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HPEflMCJlOBME

nepcneKTHBHoe HanpaBJieHHe pasBHTHfl aneprerHKH CBflsano c rasorypGHH-
HHMH (fly) H naporasoBbiMH (nfy) 3HepreTHnecKHMH ycTanoBKaMH rennoBbix
3JICKTpOCTaHUHH. 3lH yCTaHOBKH HMCK)T OCO6tIC KOHCTpyKUHH OCHOBHOFO
H BcnoMoraiejibHoro oCopy^OBaHHH, pe>KHMbi paGoibi H ynpas^eHHa.

B nocjie^HHe ro^bi 6binH ycoBepiiieHCTBOBaHbi MCTOAH pacneTa TenjioBbix
CXCM H 3JieM6HTOB FTV H nfy C npHMCHCHHeM MaTCMaTHMeCKOrO MO^eJIHpOBa-
HHfl H KOMRblOTepHOH TCXHHKH. B HaCTOSmeC BpCMfl SHaHHTCJlLHOe BHHMaHHC
yjiejifleicfl nporpeccHBHbiM rexnonorHflM oKHraHHa ronjiHBa B KaMepax cropa-
HH« ITy H yjiynmeHHto SKOJiorHnecKHx noKasaTeneii ycTanoBOK. UpH cos^aHHH
rasoBbix xyp6HH HcnojibsyioTca HOBWC MarepHajibi, y^ynmaioTca cHcieMbi oxjia-
HCJjeHHfl HX 3JieMCHTOB, npHM6HJHOTCfl KOHCTpyKTHBHblC CXCMbl C HOBblUieHHblMH
3H3MeHHflMH ^aBjieHHfl Bos^yxa nocjie KOMnpeccopoe, c ero npOMeacyronHbiM ox-

npoMeacyTOMHbiM neperpeBOM rasos B rasosbix rypSHHax, ncnojib-
perenepaTHBHbie UHKJIH H cxeMH c BHPHCKOM napa H BOO.U B FTy.

nocTO«HHO coBepmcHCTByeTCfl napOBofi UHKJI nry, ocyiuecTBnaeTCfl nepexo/i
K JIByXKOHTypHbIM H TpCXKOHTypHHM KOT^aM-yTHHH3aTOpaM C npOMeacyTOHHbIM
neperpeBOM napa. fyix cra6H.nH3au.HH napaMerpoB H noBtrmeHHa MOIUHOCTH yc-

HcnojitsycTca ^oacHraHHe TonjiHBa. CxeMbi npHMCHseMbix nry pasjin-
K3K no cocrasy, raK H no TexHOJiorHiecKOMy npoueccy. B OTJIHMHC OT

napocHJiOBbix ycTanoBOK FTV H nry xapaicrepHsyiOTca sHanHTejibHoS nyBCTBH-
TCJibHOCTbK) K H3MeH6HHK> napaMCTpOB HapyiKHoro BO3^yxa, MTO o6Hapy>KHBaeT-
cfl npw aaajiHse HX noKasaiejieH.

MHoroHHCJieHHbie nySnHKauHH nocBHiueHbi FTy pasjiHHHoro HasHaHCHHa,
B asHauHH, HaseMHOM H MOPCKOM TpancnopTe, na ra3onepeK34n-

craHUHflx. B nocjiejiHHe ro/ibi snanHTejibHo Bospoc HHrepec K 3nepreTH-
MCCKHM FTy H nry, HX oco6eHHocT«M H pa6oTe Ha sneKTpocTaHUHflx. riapora-
30Bbie ycraHOBKH Ha npHpo^HOM rase — e^HHCTBeHHbie 3HepreTHnecKHe ycra-
HOBKH, KOTOpblC B KOH^CHCaUHOHHOM pe^CHMC pa60TH OTHyCKaiOT 3JICKTpO3Hep-
rnio c Kn/t HCTTO Sojiee 58 %.

B HayHHO-HccjieAOBatejifaCKOH jiaSopaiopHH ((FasoiypSHHHbie H naporasosbie
T3C» Ka(J)eapbi TenjioBwx sneicrpHHecKHX CTanuHH MOCKOBCKOTO 3HeprerHHe-
CKoro HHCTHiyra (TexHHHecKoro yHHBepCHieTa) pa3pa6oT3Hbi McxoAHHecKHe oc-
HOBbi ^HCunn^HHbi «Fa30Typ6HHHbic H naporasoBbie ycTanoBKH 3JieKTpocTaH-
UHH», HHTaeMOH aBTopaMH cTy^enraM CTapuiwx KypcoB. no.a pyKOBO^cTBOM as-
TopoB paspaSoTaHbi MCTO^HKH, anropHTMbi H nporpaMMHtie cpe^CTBa pacneTa H

TenjioBbix CXCM H nOKasaTCJieH FTy H nry T3C H HX
BHHMaHHio MHTaTejiefl yneGHoe nocoSwe o6o6maeT H

TH3Hpyer paspaSoTKH B OCHOBHUX oG^acTax npHMCHCHHa FTy H HFV na T3C.
B HanHcaHHH yneSHoro noco6Ha KpoMe aBropos npHHHMajin ynacTHe A.C. OcbiKa
(§ 5.3, 5.6) H H.F. Ky3HeuoB (§ 7.5).

AsTopbi Bbipaacarox my6oKyK) Sjiaro^apHOCTb peueHseHraM - - HJi.-KOpp.
PAH, flOKTOpy TCXH. HayK, npo(J>. JI.C. nonupHHy H coTpyAHHKain Ka(})eapbi npo-
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MbiuiJieHHofi Tenno3HepreTHKH CaHKT-neTep6yprcKoro rocy^apcTBCHHoro TCX-
HHHCCKoro yHHsepcHTCTa (sae. Ka^e^poH jjoKTOp TCXH. HayK, npoij). B.M. Bopoe-
KOB), a raK*e ruaeHOMy HH*eHepy TP3C-3 OAO «Moc3Hepro» Kana. TCXH. HayK
A.C. OcbiKe, BbiCKaaaeiuiiM paji saMeiamifi H COBCTOB, Koropbie aBTopu c 6jiaro-

,0.apHOCTbK> H nOHHMaHHCM HpHHSJlH.
Aeropbi npHHOCHT 6jiaro,napHocTb corpyflHHKaM HayHH

jiaGoparopHH «rTV H IWV T3C» KanaHAaTaM rexn. HayK C.H.
B.B. KonaKOTHHy, ATI. flyflKO, HayiHbiM coTpyjjHHKaM B.E. Top>KKOBy, M.A. Co-
KOJIOBOH, A.A. JJyuojiHHy, H.A. CrenaHOBOH, O.B. BHGHKOBOH 33 noMomb npH noa-
roroBKe KHHFH. TnySoKyio npHSHareiibHocTb supaxaioT aBTOpbi H corpy^HHKaM
PAO «E3C POCCHH», BcepoccHHCKoro TennoTexHHMecKoro HHCTHTyra, Kami. TCXH.
HayK, rnas. HHiKenepy MocaHepronpoeicra n.<D. KyjiHKOBy, npeflCTaBHrenbCTB sa-
py6exHbix 4)wpM Siemens (npoi^. flOKropy TCXH. nayK AxHMy 3ay3py), Alstom,
General Electric H Jipyrnx sa KOHcynbTauHH H npeAocTaB^eHHbie MaTepnajibi.

SaMCHaHHS H nojKejiaHHfl no coaepMcaHHK) yHeSHoro noco6Ha c j i e e r na-
npasjiatb no aapecy: 111250, MocKBa, y^. KpacHOKasapMeHHas, R. 14,

CTBO M3M.

Aemopbi

BBEflEHHE

CHjia xenjioTti HC 3aBH-
CHT OT arCHTOB, B3HTblX JJlfl 66 pa3BH-
THfl; ee KOJIHMCCTBO HCKJuoiHrejitHo on-
penejiHeTCJi TeMnepaTypaMH TQJ\, Meacjiy
KOTOpblMH, B KOH64HOM C1CT6, npOH3BO-

nepeHOC

CaduKapno, 1824s.

YpOBCHb Kyjibrypbi nejiOBCMecTBa onpeflejiflCTCH BO MHOFOM coijiaHHeM H HC-
nOJlb30BaHHCM HCTOHHHKOB 3HCprHH, KOTOpafl MHOFOKpaTHO yBCJlHMHBaeT BO3-
MOJKHOCTH JIIOACH. B p33BHTb!X CTpaH3X B paCMCTC H3 OflHOTO )KHTCJlfl
cfl Gojiee 10 K B r - H aneprHH BCCX BHJIOB, HTO B 100 pas 6ojibiue
M01HHOCTH HCJlOBCKa. 3lO o6cTOflT6nbCTBO nO^HCpKHBaCT B3)KHOCTb n03H3HHfl
npoueccoB nojiyneHHa H xpaHenna, npeo6pa30BaHHfl H nepeaaMH 3HeprHH. Hc-
TOHHHKH Hbine uiwpoKo Hcnojib3yeMoro opraHHiecKoro TonjiHBa — yrjis, HC(})TH,
npHpo^Horo rasa — npaKTHHecKH HCBocnojiHHMbi. MX 3HeprHfl
MHJl^HOHLI J1CT, a Mbl 66 paCXOflyCM 33 CMHTaHHblC CTOJlCTHfl.

OnacHOCTb rno6ajibHoro 3HepreTHMecKoro KpnsHca ocosnaH
H no3TOMy 3HepreTHH6CKafl npo6;ieMa fljia TCXHHKM H nayKH HMCCT npHopHTei-
HbiH xapaicrep. B Be^ymHx cipaHax ornycKaiOTCfl 6ojibiiiHe cpe^cTBa Ha HayHHO-
TCXHHHeCKHe HCCJIC^OBaHHfl.

MeiTa H3o6pecTH ^BHrarejib, KOTopbiH CMOF 6bi pa6oTarb BCHHO, «K3K BCM-
HO H HCOCTaHOBHMO flBHJKeHHC He6eCHbIX CBCTH^», MHOFHC BCKB BJia^CJia yM3-
MH HejioBeiecTBa. VnopHbie noncKH HC npouuiH ^aporn. B 1769 r. aHrjiHHCKHtt
ecTecTBOHcnbiTaTCJib J\weRMc Barr nojiynnn nareHT Ha H3o6pereHHyK> HM na-
poByio MaiiiHHy -- nepBbitt TeniioBOH flBHrarejib. Meatfly napo^H as MerpHHe-

CHCTCMa eflHHHu (CM) yBCKOBCMMjia ero HMS, H c 1960 r. MomnocTb Bbipa-
B Bairax.

HHaccHep CaflH KapHo B 1824 r. B CBOCH KHHre «Pa3MbiuuieHHfl
o ABHiKymefl CHJIC orna H o MaiiiHHax, cnocoGnux pasBHBaTb 3ry CHJiy»
HCB03Moa(HocTb nojTHoro npeBpamcHHH rennoTbi B pa6ory H,
ynasaii na HeB03MoxHocTb co3^aHHa BCHHoro flBHraiejifl. I~Io3)Ke, B 1850 r. <})H3HK
P. KnaysHyc Bbisen ^opMyjiy TepMHHecKoro KUJ\ renjioBOro ^BHraTejifl, craBiiie-
ro CHMBOJIOM sapoacflaromerocs HH^ycrpHajibHoro MHpa, npeBpamasiijero Tenno-
Ty B jiBHaceHHe UCHOH Heo6paTHMbix noTepb 3HeprnH.

OapOBbie MaiiiHHbi pa6oTa.nH na nape, nojiyMaeMOM B napoabix Kornax, cacn-
raioiuHx yrojib HJIH ^posa. Bcero nonropa cTonerHa Ha3aa He(|)Tb cHHTajiacb HC
Gojiee MCM jTHnKoft JKHAKOH rpasbio, MemaioiueH co;iejio6biTMHKaM. OHH saKpbi-

HcnopMCHHbie ero conesbie Konoflubi. Cero^Ha He(])Tb nasbieaiOT Kpoebio
yneHoro EeHjiHcaMHHa CHHJiHM3Ha H npeflnpHHMqneocTb
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BoewHoro 3flBHHa ^pefiKa .noKasajw, HTO He<J>Tb oSjiajjaeT CBoRcTeaMH ropionero
H CM33KH H 66 MO5KHO fl06bIB3Tb 6ypeHH6M CKB3)KHH B 36MJ1C. IlepBajJ B MHpC

CKBa>KHHa 6biJia npo6ypeHa B AsepSaHflncaHe KOMna-
Ho6HJiflM.

b . L . IllMCHCHHC BblpaDOTKM 3JieKTpO3HCprHH B Mllpf

H306peTeHHCM B oSjiaCTH 3HeprCTHKH CT3JIH pa3pa60T3HHbie
H. Tecjia renepaTop nepeMCHHoro Toica H TpaHc^opMarop HanpjDKCHHfl — KJIK>-
qeBbie 3JieMCHTbi BCCX 3jieiap03HepreTHHecKHx CHCTCM. CBOH npaea Ha H3o6pe-
TCHHC OH nepeaaji ,ZJ. BecTHnraysy, 4>HpMa Koroporo nepsofi nocipoHJia SJICK-
TpocraHUHK) ana reHepauHH nepeMGHHoro TOKa H JIHHHH 3JieKTponepe,naHH.

3jieKTpHHecKaji aHepm* He cpasy 6bijia npHsnaHa. Xy^OKHHKH yTBepac^ajiH,
HTO 3JieKTpHHCCKHH CBCT MCIliaeT BHACHbK) HX KapTHH, 3H3THbie ^aMbl — HTO OH
npHaaeT MepTBCHHocTb HX JiHuaM, MHOFHC jKaJioeajiHCb na pesb B ritasax. B HTOFC
no6eflHJi SApasbifi CMHCJI.

B JiroSoH CTpane snepreTHKa aBJiflCTca 6a30BOH oTpacjibro 3KOHOMHKH. OT ee
COCTOHHHfl H ypOBHfl pa3BHTH3 3aBHCflT COOTBCTCTByroiUHe TCMObl pOCT3 ApyTHX
oTpacjien xo3HHCTBa, CTaGHiibHOCTb HX paSoTbi H 3HeproBOopyiKeHHocTb. 3nep-
reTHKa cosflaer npeanocbuiKH RIW npHMeneHHfl HOBMX TCXHOJIOPHH, oSecneHHBa-
CT HapflZiy C flpyPHMH iJiaKTOpaMH COBpeMCHHblH ypOBCHb 5KH3HH HaCCJieHHfl CTpa-
Hbi. BHCCTC c TCM ona OKa3bisaeT saMCTHoe BJIHSHHC na oKpyacaromyio cpe^y, «B-
jiflHCb O^HHM H3 ocHOBHbix noTpe6HTCJieS nepBHHHbix 3HepropecypcoB — opra-
HHHecKoro H jmepHoro ToniiHBa, rHApopecypcoB. HMCIOT MCCTO 3HaHHTCJibHbie
Bbi6pocbi TeniiOTbi, npo^yKTOB cropannfl TonnHBa, ujyMOBbie B03^eHCTBHfl, KOTO-
ptie Bpe^Ho B^HflroT na nejioBCKa H oKpyjKaromyK) npHpoay.

Bo BCCX CTpanax OTMe^aeTCfl HenpeKpaiuatomHttcfl pocr npoH3B04CTBa 3jieK-
Tp03HeprHH (Ta6n. B.I H B,2). 3HepronoTpe6HTCJTH ecero MHpa nporH03HpyK)T
B SjiHxaHuiHe 30 jieT y^BoeHHe 3JieKTporeHepnpyiomHx MomHocTcH.
yrna B 2020 r. flOCTHrneT 7 • 109 T, a npnpojiHoro ra3a 4 Tpjin M3 B ro^.
A3C B sneprcTHKe neMHoro CHHSHTCH, HO o6mHH o6i>eM npOH3BO^CTBa 3jieK-
Tpo3HeprHH na A3C B03pacTeT. Xopomo npocMaTpHBaeTca nepcneKTHBa
HHpyromero npOH3BOflCTBa 3jieKTpo3HeprHH na TennoBbi
OKHraromwx opraHnnecKoe TOHJIHBO.

Bee 6ojibinee snaHCHHe HpHo6peTaer cosAaHHe MHpOBoro pbiHKa 3JieKrpo-
3HeprHH, r^e HMnopTepbi CMoryT noKynaTb 3neKTp03HeprHK> no uene HHKC co6-
CTBCHHblX TapH(J)OB, a 3KCHOpTepbI peaJIH30BbIBaTb B03MO*HOCTH 3JlCKTpOreHepH-
pyiomnx MomnocTeK, npeBbiiuaroiUHx co6cTBeHHbie noTpeGnocTH B oT^ejitHbix
pernoHax H cTpaHax. B saBHCHMOCTH OT BpeMenn cyTOK H ro^a MoryT 6biTb pea-
jiH30Banbi jibroTHbie Tapm|)bi npo^a^H H noTpeSjieHHH 3jieKrp03HeprHH.

TexHHHecKHH nporpecc B 3neKTpo3HepreTHKC pasBHTbix crpan xapaKTepnsy-
OCHOBHUMH HanpaBJieHHHMH:

BbICOK03KOHOMHHHbIX 3HCpro6jIOKOB C CynepHpHTHHCCKHMH nap3-
napa Rnx pa6oTbi no onpe^ejieHHOMy rpa4)HKy narpysKH c BOSMO>KHO

Sojiee nonHoii aBTOMaTHsaunefi TexHononiMecKoro npouecca;
noBbimeHHCM SKOHOMHHHOCTH H coeepmeHCTBOBaHHeM crpyKrypbi

rioKasarejib

BbipaoriTKa 3JieKTpO3Hepnm cyMMapHas, MJipjj
KBT- H

nous oSmefi Bbipa6oiKH no 3C, %:
A3C
T3C Ha rase
T3C Ha Masyxe
T3C Ha yrjie H npo^HX Bnaax TonjiHBa
T3C H 3C HaapyrHx, BosoSHOB^seMux,
HCTO4HHKaX 3HeprHH (BH3)

BwpaSoTKa 33 no pernoHaM, %:
Bananas Espona
BocTOHHaH Espona
A3HH H ABCTpaJIHJl
AMCpHKa
Cpe^HHii BOCTOK H A$pHKa

YcTaHOB^eHHaa MOiUHOCTb 3C B MHpe, TBr,
scero
B TOM HHCJIC, %:

A3C
T3C na rase
T3C na MasyTe
T3C na yrne H npoinx BHjiax ronjiHaa
F3C H 3C Ha .apyrax BH^ax BH3

1990 r.

11 900

17
14
12
38
19

20
18
21
36
5

2830

12
17
15
33
23

2000 r.

15 100

16
19
10
37
18

19
13
28
34
6

3580

11
20
14
32
23

2010 r.

19500

14
23
9

36
18

18
12
34
30
6

4450

10
22
13
32
23

CHH^CHHCM y^ejibHbix KanHTajibHbix saTpar npw npoH3Bo^CTBe 3JieKTpHMe-
CKOH H TenjlOBOfi 3HeprHH|

BblCOKOfi HaaOKHOCTH SaiUHTbl OKpyafafOmCH Cpe^bl OT BpC^HOrO BOSflCHCTBHa
3JieKTpOCTaHUHH.

TpCTbfl HaCTb MHpOBOPO O&bBMa SHCpreTHHCCKHX npOCKTOB H KOHTpaKTOB CO-
cpeAOTOHena B Eapone H .aocTHraeT 50-109 AOJIH. C11IA. JlH^epaMH B 3Tofi 06-
JiacTH B Espone flBjiaroTCfl KOMnaHHH Siemens (FepMaHwa) H Alstom (BCJIHKO-
SpHTaHHfl). B Espone cymecTByeT mecTb coe^HHCHHbix Meacay coSon snepreTH-
HCCKHX CHCTCM:

a) e^HHaa snepreTHMecKafl cncTCMa (UPS) — CCTH E3C POCCHH H BOCTOHHOH
Esponw;

6) coeflHHCHHbie Me»cay co6ofi 3HeprocHCTCMbi BOCTOHHOH Eaponu (IPS) -
CCTH UeHTpajibHOH H BOCTOHHOH Esponu;

B) o&beAHHCHHbie no KoopAHHauHH npoH3BoacTsa M nepe^ami 3JieKrpo3Hep-
(UCPTE) CCTH 3ana^HOH Eeponu;

r) opraHHsauwH no SHepreTHnecKOMy coTpy^HMHecTBy crpaH esponeHCKoro
cesepa (NORDEL) — CCTH CKaH^HHaBCKHx rocy^apCTB;
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T a S J i H U a B.2. npoH3BOflCTBO uiCKTpivHieprini B CTpana\ MHpa,

Kanaaa
CILIA
ABCTpHH

OpaHUHSl

HH,nepjiaH,abi

EonrapHfl

HexHfl
BenrpHfl
rioJibiiia
PyMblHHS
Poccwa
YicpaHHa

1990 r.

482,03

3197,27

50,41

70,85

25,76

54,38

420,16

549,88

14,52

216,89

71,87

146,51

319,00

42,14

62,56

28,41

136,31

63,77

1082,15

298,48

4,51

20,90

55,79

57,54

1995 r.

560,70
3280,00

52,60
74,80
35,20
67,40

474,90
510,00

16,80
232,40

86,10
148,30
336,50

39,50

57,38
34,67

142,30
66,70

940,00
193,60

4,65
26,82
58,22
88,38

2000 r.

595,95
3572,00

57,00
76,00
41,00
80,30

526,00
534,00

17,60
285,40

94,60
155,80

'382,90

46,20
63,24

37,65
165,10
81,50

1050,00
208,90

4,77
35,85
61,38

139,28

2005 r.

635,00
3867,00

62,40
81,75
43,20
86,70

528,50
550,00

20,20
354,60
100,00
158,00

411,70
49,00
65,00
41,69

187,95
97,30

1160,00
240,20

5,12

46,51
62,69

207,06

2010

693,45
4112,00

69,40
87,20
41,90
94,30

552,50
573,00

23,50
405,10

103,50
160,20
499,80

52,00
66,80
45,71

214,00
125,00

1210,00
265,30

5,47
56,85
63,46

307,97

a) CENTREL — CCTH, coeaHHflioiiiHe sneprocHCTeMbi H CCTH OojibiiiH, Benr-

PHH, HCXHH H CJIOB3KHH;
e) 3HepreTHHecKaa cwcreMa CCTCH BejiHKo6pHtaHHH, cBJmHHaa KaSejieM ne-

pes npoJiHB Jla-Mannj c KOHTHHCHTOM H coe^HHaiomafl CCTH AHFJIHH H <DpaHUHH.

BaacHbiMH (JmKTOpaMH npH OUCHKC S^CKTHBHOCTH pa6oTbi oT^enbHbix 3Hep-
rocHCTCM cjry>KaT ceSecroHMOCTb ornycKa 3^eKTpO3HeprHH, yjieJibHbie 3arpaTbi
na pa3JiHMHbie Bimu sneKTporenepHpyioiuero o6opyaoBaHHfl H cpOKH BBoaa pas-
jiHHHbix o6i>eKTOB 3HepreTHKH B 3iccnjiyaTauHK). YHCT 3THX <J>aKTopOB ocymecT-
BJiflercs npH paciUHpeHHH 3HeprocHCTCM H noflBJieHHH HOBUX reHepHpyromnx

MOUlHOCTeH.

CeSecTOHMOCTb OTnycKa 3JieKTp03HeprHH B \inpc, UCHT/(KBT-H)

yrojibHaa T3C
naporasoBan ycTaHOBKa (FIFY) Ha npHpo^HOM raae . .
A3C c peaicropaMH BB3P-1000. .
KoreHepauMOHHbie ycraHOBKH 1.2 2,8
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sarpin i.i Ha paiJiMHHbie enabi 3JieKTpoi CHepupyiomero oBopyjlOBanHH B MHpe
(2000—2010 rr.)

TexHOJiorwfl, Hcno^bayeMaa ana npoH3BoacrBa 3JieKrp03HeprHH rantHue BJIOXCCHHII,
aojiji. C1UA/KBT

, jH3eJiLHbie sjieKTpocraHUHH ................................ 325
KoM6HHHpOBa»HtiH uHKJi (nrV) ................................ 535

T3C ....................................................... 1150—1470
ycoBepuieHCTBOBaHHbie T3C ................................... 1350 — 1600
KOTJIH c UHpicyjiHpyiomHM KHnsiiiHM CJIOCM noa jaBJieHHCM .......... 1340—1370
KOTJIW c uHpKyjiHpyiomHM KHHHIUHM CJIOCM npw arMoc^epnoM aasJieHMH . 1370 — 1400
LfyiKJiu c ra3H4>HKauHCH ToniiHBa (yrjia) ........................... 1435 — 1450

A3C ....................................................... 1500—2500
BoJiHOBLie ycTanoBKH 6eperoBoro THna ........................... 4800
FIpHJlHBHIJe 3JieKTpOCTaHUHH ................................... 1840—3680
T3C SoJibiuoH MOIUHOCTH ...................................... 1840 — 2760
F3C MajiOH MOIUHOCTH ........................................ 11 50 — 3450
TeoTepMajibHtie T3C o6bi4Horo THna ............................. 1150 — 1720
TeoTepMajibHbie T3C GHHapHoro THna ............................ 1440 — 1720
BexpoBbie 3^eKjpocTaHUHH 6eperoBoro THna ....................... 1200
CojmeHHLie 3JieKTpociaHUHH (C3C) .............................. 3220
YcTaHOBKH na SHOMacce ....................................... 1 700 — 2760
KorenepauHOHHbie yciaHOBKH .................................. 400 — 800

i>eKTOB 3HcpreTiiKH B 3KcnjiyarauHio

FIpOaO^MCHTe^ bHOCTbTnn ycraHOBOK cxpoHTejibCTBa, roa
T3C ......................................... 6 — 8

nry ..................................................... 1—3
A3C ..................................................... 7—10
KoreiiepanHOHHaa ycranoBKa ................................. 0,5 — 2

BHOTOHJIHBHafl SHCpFCTHKa, HCCMOTpfl H3 HaJlHHHC OFpOMHOFO KOJIHHCCTBa Op-
OTXOJIOB, npcACTaBJiena jiHiiib onbiTHbiMH oGpasuaMH no npoH3BOA-

GHorasa. B POCCHH cymecTByer onbiT 3Kcn;iyaTauHH FeoT3C, HO npn HX
paSoTe BosHHKaeT p*m npoSjieM: nocTynjieHHe Sojibiuoro KOJIHHecTBa MHnepajib-
HMX cojieii us HCAP BMecTe c Ten^OHOCHTeneM (BO^OH), nona^aHne 6ojibiiioro KO-
JiHiecTBa HH3KonoTeHUHa^bHOH TenjioTbi B BepxHHe o6ojioHKH Gnocdpepbi, o6pa-
3osaHHe rw^popaspbiBOB H KaaepH B rjiySHHax SCMHH H3-33 or6opa TennoTbi H
BO3HHKHOBCHHe HanpJDKCHHfl B SCMHblX DOpOflaX.

CojiHeMHbie M serpoBbte snepreTHHecKHe ycTanoBKH HMCIOT neocnopHMbie
3KojTorHMecKHe npeHMyiucCTBa, o^naKO OHH saaHcar OT cesoHHbix H cyroHHbix
KOJie6aHHH, a T3K*e OT mMCHeHHfi noroAbi.

^AepHaa 3HepreTHKa MHOPHMH cneunajiHCTaMH paccMarpHBaeTca KaK
H3 OCHOBHblX COCTaBnflKJIUHX pOCCHHCKOH 3Hepr6THKH. OKOJIO 17%
3.neKTpo3HeprHH, BbipaGaibiBaeMOH Ha A3C, cnacaiOT namy njiaHery OT
2,3 Mjrpa T BbiSpocoB napHHKOBbix rasoB. BMCCTC c TCM nojinocTbto HC paspeme-
HU Bonpocbi pa3MemeHH», nepepaSoTKH H saxopoHCHHa a^epHbix OTXO^OB. Ba*-
Hofi npo6jieMoK JiBJiaiOTCH Bbieofl HS SKcnjiyaTauHH H KOHcepsauHfl 3Hepro6.no-
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KOB A3C OTCJiywHBiUHx ceoR pecypc. BbinonHCHHe STHX pa6or noTpeSyer AO-
noJiHHTeJibHbix HHBCCTHUHH B pa3Mepe or 30 flo 100 % cyMM, nepsoHaq.
TpaneHHbix Ha coaaaHHe A3C. OpH pacqeTe ceSecTOHMOcTH 3Jie
BblpaSoTaHHOH H3 A3C, 3TO o6CTOHTejlbCTBO H6o6xOflHMO yMHTblBaib.

PoccHfiCKaa OeaepauHJi ynacTByeT B MejKAynapoflHbix corjiauieHHflX no
He oKpywaromen cpeflw. Ha EsponeHcKOM KOHTHHCHTe HopMbi BbiSpocos 3
Ha juoSoH T3C He AOJIXCHU npesbimaTb 50 Mr/M3, Toraa KQ.K 4)aKTHHecKHe KOH-
UCHTpaUHH 30JIbI B BblSpOCaX HCKOTOpblX T3C SHaHHTCJlbHO BbHIIC. OpH CJKHra-
HHH 1 T ycnoBHoro TBepfloro TonjiHBa BbiSpacbiBae-rcfl 780 KF yrneKHCJioro rasa,

,H cxHraHHH Masyra 6onee 520 KP, npnpoflHoro rasa npHMepno 370 KT. Giew
earejibHO nepexoa na npwpOAHbiH ras B 3Hepre™Ke HOSBOJIHT paAHtcajibHo CHH-
3HTb Bbi6pocbi yrJieKHCJioro rasa B aTMoc^epy. CoKpamenmo Bbi6pocoB cnocoo
CTBYCT H noBbimeHHC S^BKTHBHOCTH TexHOJiorHHecKHx npoueccoB npoHSBOj]
Ba iieKTpHHecKoB H TcruiOBOH 3HeprHH. JlyHiiiHe napocHJiOBbie GjioKH c cynep-
KPHTHM6CKHMH napaMCTpaMH napa H ero ABotfHUM npOMOKyroHHbiM neperpeBOM
n03BOJiaK)T BWpa6aTbIBaTb B KOH^eHCaUHOHHOM pOKHMe 3JieKTp03HeprHK) C K11A
Herro 44-^»6 % KoH^eHcauHOHKbie napora30Bbie 3Hepro6noKH c KOTJiaMH-yn
[HsaiopaMH (KY) BbipaGaxbiBaroT sjieKiposneprHK) c KOfl HCTTO, ^ocTHrawmHM

58— 60 %. CymecTBeHHO oTJiHHaiOTCH npn STOM yaejibHue saTpaTbi na socnoji-
HCHHC sKOJiorHHCCKoro ymep6a or T3C pasJiHHHoro inna:

HaporasoBbie ycraHOBKH T3C
PasoMaayTHbie T3C c napocmioBbiMH ycxaHOBKaMH
YrojibHbie T3C c napocujiosbiMH ycraHOBKaMH. . . .

Tbl Ha BOCnOJlHeHHC 3KOJ10rHMC-
cKoro yiuepfia, UCHT/(KBT • H)

2,0
3,1

4,1

OpOMbllUJieHHOe pa3BHTHC SHCprCTHKH K3K OTpaCJIH 3KOHOMHKH HanaJIOCb C
sAaHHfl cHCTCMbi nepeMeHHoro TOKa (1886 r), cooTBCTCTByiowero o6opyflOBa-
fl ana reHepauHH 3JieKTpHHecKOH 3HeprHH, TpaHc4>opMauHH HanpjDKCHHH H ne-

peHOca 3JieKrpo3HeprHH Ha 3HaMHTejibHbie paccToaHH». FlapajiJienbHO crpoHJiHCb
TenjiOBLie H THApaBjiHMecKHe cTanuHH ^jiH npoHSBo^CTBa 3JieKTp03HeprHH. Cero-
^HH na T3C noaaB^flromee SonbiiiHHCTBo renepaTopoB 3neKTpHnecKoro TOKa
HMeer Typ6HHHbiH npHBO^- riapocHJioBbie ycranoBKH c naposbiMH TypSHnaMH
npoH3Bo^«T flo 80 % 3JieKTp03HeprHH B POCCHHCKOH Oe^epauHH.

B KOHue XIX B. FycTas Jlasajib (IllBeuHfl) H Hapjib3 FlapcoHc (AHFJIHH) cos-
43J1H nepBbie npOMbiuuieHHbie napoewe typ6HHU, FIocToaHHo
HX npHMCHJiKiT H flo HacTOJimero BpeMeHH, noBbiiiiafl napaMCTpbi napa H
Hyro MouiHocTb napocHjiOBbix ycTaHOBOK.

B nanajie XX B. 6bijiH nocTpoeHbi nepBbie rasoTyp6HHHbie ycTanoBKH (fTY)
FI.^. Ky3bMHHCKHM (fl POCCHH), lilTOJIbUC B FepMaHHH, ApMCHrO H JlCMaJlCM BO
OpaHUHH. B 1939 r uiBenuapcKafl tjinpivia «BpayH—EoBepH» cos^ana nepsyio
3HepreTHHCCKyK) FTY, HcnbiraHHyro A. CTOAonon.

TepMo^HHaMHMecKHH UHKJI PeHKHHa — ocHOBa TexHOJiorHMecKoro npouecca
napOTyp6nHHbix ycTanoBOK T3C. B nanane XX BCKa nepe^OBbie ycraHOBKH 370-
ro THna paGorajiw c HanajibKbiMH napaMCTpaMH napa 9 MFIa H 535 °C, cpe^Hflfl
TCMnepaTypa noflBo^a TenjioTbi B UHKJI, 3KBHBaneHTHbiH uHKJiy KapHO, cocTaBjia-
na 317 °C. B HacToamee epeMa GonbUinHcrBO napocwjioBbix ycTaHOBOK HMCIOT
HanajibHbie napaMerpbi napa 24 Mlla, 540 °C c npOMOKyroiHbiM neperpesoM
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540 °C, a cpe^HflH reMneparypa noaBo^a TennoTbi B UHKJI HC npesbiiuaeT
400 °C. HeBbicoKHH TCMn pocTa 3TOH cpeziHefi TCMneparypbi (70 °C sa CTOJICTHC)
CBH3aH C TeXHOJlOrHMCCKHMH CJK»KHOCTflMH H nOBblUJeHHblMH Tpe6OBaHHflMH K
KOHCTpyKUHOHHbIM MaTCpHaJiaM npH HSrOTOBJieHHH KOTCJlbHOrO H TypSHHHOrO
oSopyjjoBaHHH, ocoSeHHocTflMH HcnojibsoBaHHfl pa6onero rejia (BojaHHoro napa).
Heo6xo4HMo OTMCTHTb, HTO ^Jifl napa cpaBHHTejibHo npocTo peuiaercfl saaana
cHH)KeHHS ero cpe^Hefi TCMneparypbi npH orBOfle TenJioxbi H3 UHKJia npn COOT-
BCTCTByioiueH TeMnepaxype UHpKyjiauHOHHoR Bo^bi.

raaa B ra3oryp6HHHbix 3HepreTHHecKHx ycTanoBKax (FTY) cy-
ynpomaer sa^any noBbiuieHHa cpe^Hen TCMneparypbi paGonero Tejia

nojjBOJje Tenjioibi B UHKJIC BpaiiTOHa. BMCCTC c TCM 3Ha4HTejibHo CJIOXHCC
reMneparypy rasa npH OTBOfle renjiOTbi HS UHKJia, Koropaa HMCCT TCH-
K yBeJIHHCHHK).

B HCTOpHH TenJlO3HCpreTHKH MO)KHO 3aMCTHTb CBOeo6pa3HOC «COpeBHOBaHHC»
napoBblMH H raBOBbiMH ycxaHOBKaMH H HX TepMOflHHaMHMecKHMH UHKJiaMH.

OrcyTCTBHe cooTBCTCTByHDiUHx TexnojiorHfi B npouuioM ne nossojiajio Hcnojibso-
eaTb npoayKTbi cropaHHa B KanecTBe paSonero rejia, H BOASHOH nap npHMCHfljicji
KaK npOMOKyroHHoe pa6onee TCJIO. FlapajuiejibHoe pasBHTHe rasosux H napOBbix
UHKJIOB, oflHaKo, HC npHBejio K HX auTaroHHSMy. HanpOTHB, HaMeTHnacb TeH^eH-
UHfl MaKCHMaJlbHO HcnojibSoaaTb HX nojioacHTejibHbie CBOHCTBa, cos^aB KOM&UHUPO-
eannyto napoeasoeyto ycmauoGKy. B HCH Tennora Bbixo^Hbix rasoB FTY wcnojibsy-
CTCfl nOHTH nOJIHOCTbK) B HHJKHCfi napOBOH M3CTH 0&bC4HHeHHOrO UHKJia BpaHTO-
H3 - PCHKHHa, HTO 3H34HTeJlbHO nOBbllliaeT 3KOHOMHHHOCTb DFY.

OntiTHbie naporaaOBbie ycTaHOBKH noaBHJiHCb B Hanane XX B. Hx cosAanne
CB«sano c HMenaMH U.J\. Ky3bMHHCKoro (PoccHfl), XojibUBapxa, llliojie (FepMa-
HHS), A.M. JIo>KKHHa (U.KTM, POCCHS) H cneunajiHCTaMH 4>HpMbi «BpayH — EOBC-
PH» (UJBeHuapHfl).

B 60-x ro/iax XX B. Hanajica SypHbiH pocr H npaKTHHecKoe ocymeciBJienHe
uejioro pa^a naporasosbix yciaHOBOK (iJjHpMbi General Electric H Westinghaus,
C11JA, ABB, LllBeHuapHfl — UJseuHa, Siemens, FepMaHHfl, Alstom, BejiHKoGpHra-
HHfl H ^p.). MomHocTb naporasoBbix ycraHOBOK cocTaB^aer OT 5 jio 700 MBr
npH KFm npOHSBOflCTBa 3JICKTpO3HeprHH B KOH^eHCaUHOHHOM peXCHMC 50 —
60 %. 3ro e^HHCTBeHHbie KOH^encauHOHKbie T3C c raKHMH BHCOKHMH 3Hepre-

B naporasoBbix ycTauoBKax Tenjioia
K paGoHCMy Tejiy (rasy) npn Bbico-

KOH TCMneparype npo^yKTOB cropaHHa opra-
HHHecKoro TonjiHBa, a OTBOA renjiorbi nponc-

B oGjiaCTH HH3KHX TCMHepaTyp KOHACH-
Bo^flHoro napa. B H^eajibHOM oSpaiH-

MOM UHKJIC KapHO naporasosoH ycranoBKH
H3o6apHbiH npouecc OTBO,aa Tenjioibi B raso-

MaCTH MaKCHMaJlbHO n H 6 j l H M < e H K H30-
npoueccy no^Boaa Tenjioibi K napo-

BOH MacTH riFY. Onpe^ejieHHbiK nofl6op KO-
JiHHecTea pa6oiHX TCJI u npHMCHCHHe caepx-
KpHTHiecKoro ^aBJieHHfl napa no3BOJiaioT no-
JiyiHTb HfleajibHbiH UHKJI FasoBoro H napoBO-
rO paSoHHX TCJI, COOTBCTCTByiOlUHH oGpaTH-
Mowy UHKJiy KapHO (pHC. B.I). (rai—IKVIHIIOH nap)
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TepMHHecKHH KFIfl Taroro UHKJIB aasHCHT OT TeMnepaTypbi pa6onero
npn noflBofle Tennorw K rasoeott nacTH nry T, H oTBo.ua TenJiorw OT ee napoBoii

l _ ̂  (B 1}

npH TCMneparype oKpy^atomefi cpejibi 15 °C H nanajibHOfl TCHnepaType ra-
30B 1000 H 1400 °C npeflejibHoe 3HaHCHHe TepMHHecKoro KFIfl nrv cocTaBHT
coojBCTCTBeHHO 77,4 H 82,8 %.

PeaJibHbie nHKjibi nry oTJiHnaiOTCfl OT H^eanbHbix psmoM oco6eHHOCTett, cpe-
flH KOTOpblX M05KHO OTMCTHTb BOSpaCTaHHB 3HTpORHH B npOUCCCaX C^caTHH H pac-
iiiHpeHHfl pa6oHHX Ten, B03MO)KHocTb TenjiooGMena Jimiib npH HajWHHH TeMnepa-
TypHoro nanopa, orpaHHMCHHoe HHCJIO cryneHeft no^Boaa TenjiOTbi K rasosofi
MacTH nry H ap.

B 3HepreTHKe peariH30BaH psw Tenjiosbix CXCM Dry, HMeromHx CBOH oco6eHHO-
CTH H pa3^HMHfl B TcxHOJiorHHecKOM npouecce. HH)Ke paccMOTpeHbi npHMCpbi npo-
CTCfiUIHX TCnJlOBblX CXCM HPy H HX TepMOAHHaMMMCCKHC UHKJlbl B 7", 5-aHarpaMMC.

HaHSojibiiiee pacnpocTpaHCHHe nojiyMHJiH UFV c KomjioM-ymwusamopoM
(pHc. B.2). B HHX Bbixo^Hbie rasw TTV HanpaBnflK>TCfl B KOTeji-yTH^H3aTop, me
3H3MHTenbHaH MacTb TenjiOTbi (npouecc 4 — 3) nepenaeTca napoBOflflHOMy pa6o-

Tejiy H reHepHpycTca neperpeTbiR nap, KOTopbift nocTynaeT B
B HTore o6man DjieKTpHMecKaa MomHocTb

rae A^r
3 H N* — 3jieKTpHHCCKHe MOIUHOCTH ra30BoK H napOBofl cTyneHefi ycTa-

HOBKH, yBejlHHHBaCTCfl HO OTHOlijeHHK) K 3JieKTpHHCCKOH MO1UHOCTH FTV H3
40 — 50 %, COOTBCTCTBeHHO BO3paCTaCT 3KOHOMHHHOCTb BCeit yCTaHOBKH. FIOTCpfl

c BbixojiHbiMH rasaMH orpaHHMHBaeTca TOJibKO njiomanbio 1' — 1 — 5 — 5'.
MaKCHManbHOH yTHJiHsauHH TenjiOTbi 3THX rasoB B KOTne-yTHJiHsaTOpe noa-

MajibHbie 3HaM6HHfl TCMneparypHbix Hanopos Gj H ©2>
 nPH

3TOM TeMnepaiypa yxo^aiUHX rasos KOTJia KOJie6iieTCfl B jiHanasone 80 — 140 °C
(npH paSoTe Ha npupoflHOM rase). MMCCT MCCTO paseHCTBO Tenjiosbix ROTOKOB,

nJiouiEWaM 5' — b — c — d—e—f H 5' — 5 — 4 — 4', MTO
pacxoa napa,

(B.2)

Tenno-

_n

G " *_-*
Z)n — a6cojitOTHbifi pacxofl napa; G r — Macca rasa; cpr —

rasa npn HOCTOIIHHOM AaBJieHHH/7.

noTepb TenJioTbi c yxo^aiuHMH rasaMH KOT^a-yTHJinsaTOpa q2 H

3KOHOMHMHOCTb
3jieKTpHHCCKHH

B KOHfleHcaTope FlTy ^ 2 » a TaKxe yBejiHHeHHe yaejibHoro pacxo^a napa noBbi-

6pyiTO c Ky MOJKHO onpeaejiHTb no 4)opMyne

(B.3)
Q* r

cropanHa OKHraeworo B KaMepe cropaHHH TTY Ton^Hea,
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PMC. B.2. l lpocTi - i in iHM renjioeafl cxeina (a) H UHKJI EpaHTOHa— PeHKHua B T, ,s-,iiiai p a M M t (ff)
nry c KY

— oceuofi EMMnpeccop; KC — Kainepa cropanHa; FT — rasosaa TypSmia; 37" — 3^eKrporeHepa-
Top; /TV— ra30Typ6HHHaa ycranoBKa; KV — KOTeji-yTmimaTOp; /77Y — - napOTyp6MHHa« yciaHOBKa;

KM— KOHJKHcarop; H~ nacoc; N* ; N* — 3jieicrpHHecKHe MOIUHOCTH ITy H HTV; Q\ — Tenno-
ra catHraeMoro B TTY tonjiHsa; 0,, 02 — HeaorpeBbi cpeAw; g, — yaejibHoe KOJIMICCTBO noaBO-

AHMOH B TTV TCnjiOTu; q2, q2 — yACJibHoe KOJIHHCCTBO OTBOAHMOH xeniioTbi cooTBercTBCHHO
B KoHaeHcarope c napow H B arMoccJiepy c ra3aMH

B onpe^eneHHbix cjiynaax B uenax CTaGwnHsauHH napaMCTpoa paSoHHx TCJI B
pace MoTpeHH oft Bbime nry H yBejiHHenHfl ee MOIUHOCTH B CXCMC, npeflCTaBJien-

fi Ha PHC. B.2, MOJKHO npHMCHHTb floacHraHHe TonjiHsa B cpe^e BbixojiHbix ra-
Ty Ha Bxofle KV (pnc. B.3). Rnx HPV c KV u dooKuzanueM momuea 3J1CK-

TPHHCCKHH onpe^ejifleTca HS cooTHomeHH«

•n
"nry = (B.4)

e TennoTa cropaHHs Tonjinsa, aono^HHTCJibHO cjKHraeMoro B KaMepe
nepe^ KV, KBr.

bie ra3bi TTV npe^craBJiaioT co6oR ropflHHH aoa^yx, 3a6annacTHpo-
BaHHbifl npoAyicraMH cropaHna Tonjinea. 3ro csasaHo c 4>opMHpOBaHHeM B KaMepe
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PHC. B.3. npocreiimafl renjioeafl cxewa (a) a UHKJI EpaHTOHa — PcHKiiiia (6) » T, s-;marpaMMC
c KV H nowurnaaeM ron/iHea (ofiosiiaieuiin CM, no/mncb K PHC. B.2)

cropanna FTy HanajibHoft xeMnepaxypbi rasos nepejj rasosoH xyp6HHOH (FT)
QloSaBjieHHeM Bos^yxa). B uxore B saBHCHMOcxH OT HanajibHOH xeMnepaxypbi H3-
6biTOK Bosayxa B rasax sa FTy otyx = 2,5 — 5, o6-bCMHafl KonueHTpauHs KHCJiopo-

aa CQ = 13 — 16 % H TCMnepaTypa Bbixo^Hbix rasos T4 = 450 — 630 °C, 3ro no-

3Bojiaer cos^arb TenjiOByro cxeMy nFY co c6pocoM rasoe FTV B ronoHHyio Ka-
Mepy 3HepreTHHecKoro KOTJia. TCXKHMCCKHS npouecc B nry co cSpocoM rasos
FTy B TonKy naposoro KOTjia (e c6pocnbix UH/) oSjia^aer pjmoM ocoSeHHOCTew,
o KOTOpux peqb noHjeT ^ajibiiie. npocTefiiuaa TenJioBaa cxeMa TaKOH nry npH-
Be^eHa na pHC. B.4. Bwxo^Hbie rasw FTy nanpaBJiaioTca B ropejiKH 3HepreTHHe-
cKoro napoBoro KOTjia, rae OHH HcnojibsyiOTca B KanecTBe oKHCJiHTejia. 3xo 06-
cToarejibCTBo nosBojiaeT oTKasaxbca or B034yxono^orpeBaTejia KOTJia H or AyTb-
eBbix BeHTHjiaxopoB. B napOBOM KOXJIC MOHCHO cscwraTb opraHHqecKoe XOHJIHBO
JiK)6oro BH^a c ynexoM ero peaKUHOHHOH cnocoSHOCTH. /Jjia oxjiaiK^eHHa ^biMO-
BLIX rases Koxjia (HX KOJIHHCCXBO sospacxaex na 30 — 40 %) ao npHCMJieMOH XCM-
nepaxypu B ero xBocroBofi nacxH Bsawen BOS^yxonoaorpeBaxena ycxaHaBjinsa-
fox TenjiooSMCHHHK, HHxaeMbiH nacxbio ocHOBHoro KotmeHcaxa H nHxaxejitHOfl
Bo^ofi FlTy. TexHOJlorHHecKoe npewMymecxBO ^aHHoR CXCMU nry saKJitonaerca

14
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PHC. B.4. IlpocTciimafl 'renjiouan cxeMa (a) H UHKJI Kpafi'iona—PciiKiiiia
(6) B T, s-a«arpawMc IirV cSpocnoro Twna

nn

PHC. B.5. IIpiKTciiiiiaii IIFV c napajijiejibHoti cxeivioH
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B BO3MO5KHOCXH oSecnCHHTb aBTOHOMHblH peJKHM pa6oTbI FaSOBOH H
Ee 3JieKxpHHecKHfi Kn,3, MO>KHO onpe^eJiHXb no (J)opMyjie

+ AT
"Hnry- (B.5)

IJapoea306bie ycmanoeitu c napannenbnou cxeMou padombi (pHC. B.5) B no-
cjie,aHHe roflbi npHMenaiox Aocxaxo-mo nacTO. BbixoflHbie ra3bi FTy HanpaBjia-
roxca B Ky, rjje renepHpyexca neperpeTbiii nap BLICOKOFO HJIH cpeflHero flasjie-
HHJI. nap nocxynaex B rojiOBHyro nacTb napoBOH xypSHHbi JinSo B ropanyio HHTKy
npoMOKyxoinoro neperpesa. B oSonx cjiynaax OH cMeuiHBaexca c napoM, reHe-
ptipyeMbiM B 3HeprexHMecKOM napoBOM Koxjie. napoByro narpysKy KOTJia npn
3TOM HCCKOJII.KO cHHacaiox, no^AepacHBaa HOMMHaJibnyK) HJIH MaKCHMajibHo BOS-

narpysKy napoBon xyp6nHbi. B XBOCXOBOH nacxn Ky FTV pasMemarox
B Koxopbie no^aexca nacxb OCHOBHOTO KOH^encaxa H nnxa-

xenbHOH Bo^bi nxy ^Jia CHHaceHHH xeMnepaxypbi yxo^amnx rasos. SHannxejib-
HbiM npeHMymecxBOM ycxanoBKH aBJiaerca B03MO>KHocxb ^ocxaxoHHO npocxo ne-
PCHXH K aBTOHOMHoft pa6oTe rasoBOH H napoBOH nacxen nry, KOTOpbie csasanbi
MOKfly coSoH TOJibKO xpyGonpOBO^aMH napa H BO/ibi, ana 3xoro ^ocTaxoHHo ne-
peKpwxb KJianaHbi /, VI H VII. VcxaHOBKa jiaex ^onojiHHxejibHyK)
paGoxbi no CXCMC nry c Ky npH OXKJIIOHCHHOM sneprexHHecKOM Koxjie.
SXOM saKpbieaiox KJianaHbi II—IV, VII u IX, a oxKpbixbiMH ocxaroica KJianaHbi /, V,
VI H VHL B SXOM pe»(HMe naposaa TypSnna paSotaex xojibKO na nape, renepH-
pyeMOM B Ky, a ee narpysKa cooxeexcTBeHHO 3aHH*eHa.

npeHMymecxBo nry c napajuiejibHOH CXCMOH saKjiroiaexcfl B BOSMO^HOCXH
cacnraxb B sneprexHiecKOM napoBOM KOXJIC opraHHHecKoe XOHJIHBO JiroSoro BH-
zia no oSwHHOH CXCMC. 3jieKTpH4ecKHH Kn^ nry MO)KHO onpe^ennxb no 4>op-
Myjie (B.5).

noAo6HbiR xexHOJiorHHecKHH npouecc peajiHSOBaH B UFV c nonysaeucumou
cxeMou padombi (pnc. B.6). KaK H B npe^bi^ymeM cjrynae, sa FTy ycxanaBJiHBa-
K)X Ky. Tenjioxa Bbixo/iHbix rasoe rasoBOH xypSnHbi yxHJiH3Hpyexca B xenjiooS-

BbicoKoro (TO-Bff) H HH3Koro flaBJieHHa (TO-Hff), ny^a nocxynarox
nnxaxejibHOH BO^BI HOCJIC nnxaxejibHbix Hacocos H nactb OCHOBHOFO KOH-

Aencaxa oGbinno nocjie O^HOFO TIHJJ, napoxyp6nHHOH ycxanoBKH. B SXOH Iiry
xanace JICFKO ocymecxBHXb nepexo^ K afixoHOMHofl paSoxe raaoBOH H naposoH
lacxett ycxaHOBKH, a B sneprexHiecKOM napoBOM KOXJIC MOJKHO OKnraxb opranH-
necKOe xonjiHBO JiioSoro BH^a. Oxjiaac^eHHe BbixoflHbix ra30B TTV (c T4 ao 7"5)
nosBOJiaex Harpexb soay (ycJioBHbiK npouecc b—b'). no^orpeB BO^W B UHKJIC
PeHKHHa (ynacxoK b'—c) ocyiuecxsjiaeTca B pereHCpaxHBHbix noflorpeBaxejiax
oxSopHbiM napoM xypSnHbi, a xaKace B 3KOHOMaH3epe 3HeprexHMecKoro naposoro
Koxjia. SneprexMHecKHH Kn^ Ofy onpeACJiaexca no $opMyjie (B.5).

H3 nepBbix nry, npHMCHseMbix B 3HeprexHKe, SbiJia I7FV c ebicoKona-
napo^eHepamopOM (puc. B.7). Ee ocoSeHHOcxb — HajiHHHe o6meR Ka-

Mepbi cropanjia rasosoH H napoBOH ^acxeii nry, (JtyHKUHH Koxopon BbinoJinaex
BbicoKOHanopHbiH naporenepaxop (Bnr). TexHonorHHCCKHM npouecc FTV pas-

. C^axtiH B03^yx nocjie Kownpeccopa nocxynaex B BnF, Kyaa no^aexca
cacwraHHa xonjiHBO. /^biMOBbie rasbi reHepHpyrax B XOOKC Bnr nap, HMeroxca

OCHOBHOH H npOMCHcyxoHHbiH naponepcrpesaxejiH, nap nanpaejiaexca B
naposyK) xypGHHy. nocjie npoMea<yxoHHoro neperpesaxejia yxoflamne rasu BnF
c xeMnepaxypoH 600—700 °C nocTynarox B rasosyjo xypGnny, r^e, paciiiHpaacb,
16
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ycraHOBKH nry. B napoBojwHOM KOHType HcnoJibsye-rca Taiotce TenjioTa rasoe
rasoreHepaTOpa ajia renepamin napa.

#pyrofi xexHOJiorHMecKHft UHKJI nry (pHC. B.IO) c HenpflMbiM OKHraHHeM yr-
jjfl ocHOsan na npHMCHeHHH HHpojiHsepa yrna H KepaMHHCCKoro Bosayxono^or-
pesaTejia, pacnojio>KeHHoro BnyrpH TOHOHHOH icaMepu. TOHKO pasapoSjieHHbiH
yrojib noABepraeicn npH noHH^eHHOM co^epwaHHH O2 nHpo:iH3y B cpe^e BU-

ra30B FTV c HHaceKUHeft H3BecTHHKa #jia cBasbmaHHsi cepw. OSpasyio-
a KOKC oKHraeTca B npejjToiiKe c JKHAKHM uiJiaKoy^aJieHHeM. B OCHOBHOH

qacTH TOHKH ycTaHOBJien BbicoKOTeMneparypHbiH B03jiyxono,aorpeBaTe.nb c Kepa-
MHH6CKHMH SJieMCHTaMH. B HCM HHCTblft BOS^yx HarpCBaeTCfl npH6jlM3HTejIbHO
flo 1000 °C. J^ono^HHTenbHbiH ero narpes nponcxoAHT B KaMepe cropaHHfl, rjje
CJKHraerca HeSojibuioe KOJiHqeciBO npHpo^Horo rasa. FltipojiHs H TonKa pa6oTa-
H>T npH aTMOc^epnoM jiaBJieHHH. Tenjiora yxofljimHX rasos TOHOK H FT Hcnojib-
syeTca B KOTJie-yTMJiHsaTope AJIH renepauHH napa .ILJTH OTV ycraHOBKn nry.

B CT34HH npoMbiiujreHHoro BHeflpeHHa HaxoflSTCfl nry, B napOBbix KOTJiax
Koxopbix opraHH30BaHO c^uraHHe yrjia B yupKyjiupyioufeM KuwmeM cjioe nod
daejieuueM. OnncaHHe 3Toro TexHOJiorHHecKoro npouecca aano B § 11.5

(CM. PHC. 11.33).
BapiianTbi TenJiosbix CXCM nry c peaKmopoM vacmwHozo oKucnenun (P^O)

npe,aJio>KeHLi corpy^HHKaMH MHCTHTyra BbicoKnx TCMnepaiyp PAH. B PHO B pe-
3yJibTaTe peaKUHH HaciHMHoro OKHCJICHHH H3-3a otcyTCTBHa flOCTaTOMHoro KOJIH-
HCCTBa KHCJlOpO^a TOHJ1HBO HC CTOpaeT HOJlHOCTbK) H oSpasyCTCa ra30Baa CMCCb
MOHOKCHna yrnepOAa (CO) H Bo^opoAa, T.e. CHHTCTHMecKHH ras. PeaKUHji npoHC-
XO^HT npH TCMneparype ~ 1300 °C H aasjienHH 2—6 MTla. 3xo nossojiaex BKJTK)-
HHTb PHO B TCnJlOByK) CXCMy rTy. OKHCJieHHC TOHJTHBa MO3C6T 6bITb SaKOHMCHO
B KaMepe cropanna nepejj rasoBoft Typ6HHOH Hfl, a TenjioTa Btixo^Hbix rasos HC-

c nupu.'iiiiepoM JTJIH H BUCOKOTCM-PHC. B.IO. BapiiauT npocTciuucii TCHJIOBOH CXCMBI
neparypubiM BotjyxoiiojiorpenaTejicM
/ — • nnpojiH3ep yrjis; 2 - — rasoBbifi npeflTOnoK; 3 — ocnoBHas nacTb TOOKH c BWcoKOTeMneparyp-
HHM BoaayxonojiorpeBaTejieM c KepaMH^ccKHMM KOMnoHeimiMH; 4 — mjiaK; 5 — aajioSjieHHbifi
yroni.; 6 — copSenx (H3BecTH«K); 7 — ropejiKH juia cacMranHH KOKCB; 8 — KOKC; 9
rai; 10 — UHKJIOH O»)HCTKH nHpoan3Horo rasa OT aonw H MBCTHU copSenra
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PMC. B.ll. TenjiOBaH cxeMa nry c peaKTOpOM lacTiiinoro OKiicjieiuiH
a — BapHaHT c jwyxcTyneHHaroH FTV; 6 — c OAHocTyneHHaiGK TFV; FT Bfl, FT Hfl
TypSmia BbicoKOro H HHSKOFO aaBjieHHa cooTBercTBCHHo; T — TOIIJIHBO; Kfl •— ~
KH— KOHaeHcaTHUH nacoc; F— ropejiKH napoaoro KOTJia

PHC. B.12, TeiuiOBHH cxeMa HFY c ycTanoBKOH BueuiHero rupemia
BH — BosayxoHarpeBaxejib; BI7 — BO3ayxonoaorpeB3Tejib naposoro KOTJIB (ocjanbnue o6o3Haie-
HH8 CM. pHC. B . l l )

B KOTJie-yTHJinsaTope FIFy (pnc. B. l l , a). BOSMO^CH BapuaHT c
FTy c pacuiHpeHHCM CHHTCTHHecKoro rasa nocjie PHO B

Typ6HHe ^o aTMoc<J>epHoro ^asjieHHa H c era oKOHHaxejibHbiM oKMc^eiineM B TO-
noMHOH KaMepe naposoro KOTJia (pnc. B.ll , 6).

Tenjiosaa cxeMa UFV c ycmanoeKou eneiunezo zopeuun npHBe^eHa Ha
PMC. B.12. B Hefi FTy BXO^HT B cocraB 3nepro6jioKa, paSoraioiuero npeHMyme-
•TBCHHO na yrjie. O6ecne4eHHe HanajibHOH xeMnepaTypbi paSoMero TCJia (BO3Ay-
<a) nepe^ rasoBOH Typ6HHoft ocyiuecTBjiaeTca ero HarpeBOM B BOSflyxonarpeBa-
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xejie, pacnonoiKeHHOM B TonoMHott KaMepe napoBoro Korna. nocjie pacuiHpeHHs
B FT B03,ayx HanpaBJiseTCa oSpaTHO B TonKy KOTjia nnx oKuraHna B HCM yrjia.
MacTb 3Toro eos^yxa MOJKHO HcnojibSosaTb B KY, pa6oTaK>meM napajuiejibHO c
napoBbiM KOTJIOM. )KaponpOHHbie cruiaBbi HC MoryT SMTB HcnojibsosaHbi npii
TCMnepaxypax BBIUIC 900 °C, nosTOMy BoaayxonarpeBaTejib MOJKHO HsroxoBHTb
H3 MeTaJIJlOKCpaMMKH.

BosMOHCCH BapnaHT florpeea BOSAyxa B KC FTY ^o HanajibHOH TeMnepaTypu
raaoB c noMOUjbio OKHraHna jjonojiHHTejibHoro KojiHHeciBa npiipojjHoro rasa.

OcoSoe MBCTO cpe^H riFV saHHMarox rasoxypGHHHbie H napora30Bbie xenjio-
3JieKxpoueHXpajiH (KoreHepauHOHHbie nFY), B Koropbix ocyinecTBJiflexcfl KOM6H-
HtipOBaHHaa Bbipa6oTKa 3JieKXpHHecKOH H xenjioBofi sneprHH. CxeMbi Korenepa-
UHOHHHX nrV sasncax OT THna nry. B HCKOTOpbix cxeMax nry oxSop xenjioxbi
ocymecxBjiaexca na KpnoreHnyio HJIH onpecHHxejibHyio ycxanosKy (xpHrenepa-
UHa). noApoSnee cxeMbi H TepMOAHHaMHHecKHe uHKiibi rTV-T3I4 H nrV-TSLJ,
paccMOTpeHbi B TJI. 9 H 10.

nporpecc B cxpOHxejibCTBe 3HepreTHHecKnx FTY cBasan npea<ae Bcero c poc-
TOM nanajibHoK TCMnepaTypbi ra30B nepea FT, KOTOpaa sa nocjie^HHe aecaTHJie-
THH yBejiHHHJiacb c 700 flo 1500 °C. HanajibHoe flasJieHne rasa sa 3TOT nepnozi

c 0,6—0,9 40 1,5 — 3,0 MOa. B pesyjibtare nosbicHJiacb H TCMnepaTypa
rasoB FTY c 350 AO 630 °C, a oSteMHaa KOHueHTpauHH KHcuopoAa B

HHX coKpaTHjrocb c 18 £0 12 %. 3iH oScTOSTeiibCTBa sacTaBHUH 3HepreTHKOB no-
HHOMy BbiGiipaTb cxeMbi npHMeHaeMbix nry FIapora30Bbie ycranoBKH c KOTJIOM-
yTHJiHsaropoM npaKTHMCCKH BbiTCCHHjiH FIFy c BbicoKOHanopHbiMH naporeHepa-
TopaMH. IJJHpe npHMCHaroTca FtFY c napajuienbHoH cxeMOfl, HcnojibsoBanHe
«c6pocHbix» nry csepatHBaeTca yMeHbiuiiBiuHMca cojiep^aHneM OKHCJiHTejia H

TeMnepaTypoK BLIXOSHUX rasos FTy.
IpH HanHcaHHH flaHHOH KHHFH Hcnoiib30BaHbi GoraTbitt onbiT npe^CTaBHTe-
poccHttcKoH iiJKOJibi ra30Typ6HHocTpoeHHH, MHoroHHCJieHHbie xpyau HS-

BecTHtix cneunajiHCTOB pa^a HHCTHTyxoB H opraHnsauHH. O6iiiHpHaa HH^opMa-
no coBpeMCHHbiM 3HepreTHHCCKHM FTy H nry cojiep>KHTca B paSorax 3a-

Bypnoe pa3BHTHe rasoTypSHHHbix ^BHraTCJieil Ha4aJiocb B 40 — 50 roflfai XX B.
scero AJIH aBHauHH H MopcKoro 4>jiOTa. Xopomo H3BecTHbi flocTHaceHHa B

3TOH oSjiacTH KpynHbix KOHCTpyKTOpOB B.-H. KjiHMOBa, H.,2,. KysHeuosa,
A.M. JTiojibKH, A. A. MuKyjiHHa, C.K. TyMaHCKoro n up. 3apy6e>KHbie cneunaJiH-
CTbi (aMepHKancKHx 4>HpM General Electric, Westinghaus, Pratt & Whitney H CB-
poneKcKHx $HpM Rolls-Royce, Siemens, ABB, Alstom) TaioKe saHHMajincb 3TH-
MH npoSjieMaMH.

PoccHMcKHe ynenbie M.E. flefln, A.F, KOCTIOK, C.3. Konejies, B.H. JloKafi,
3.A. MaHyiiiHH, K.M. nonoB, F.KD. CrenaHOB, fl.H. lllHee, B.B. ysapoB, JI.B. Ap-
CCHeB, B.F. TblpblUIKHH, r.r. OjlbXOBCKHH H MHOFHe flpyFHe BHeCJIH 6ojlbIlIOJi BKJ134
B TeopHK) FTY H nry. Xopomo H3BecTHbi paSoTbi sapy6e>KHbix yneHbix B. 3KKep-
xa, K. EaMMcpra, Y XayTopna, J\IK. XopjiOKKa, B. Tpaynens, By Hynr-Xya H ap.

Bojiee noapoSHoe H3Jioa<eHHe xeopnH SHepreTHnecKHx rasoxypSHHHbix H na-
pora3Osbix ycTanosoK MO»CHO HaftTH B [3, 5, 9, 36].
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HacTb
dHEPPETMHECKME rASOTYPBUHKblE YCTAHOBKM

TEHJIOBblE CXEMbl, TEPMOAMHAMMHECKME
M XAPAKTEPMCTMKM TASOTYPEMNHblX YCTAHOBOK

1.1. 3HEPrETMHECKME ITY PA30MKHYTOrO UMIO1A

CymecTsyKxr FTY c saMKHyTbiM H pasoMKHyTbiM (otKpbiTbiM) UHKJIOM (npo-
UCCCOM), Koxopbie OTjinnaioTca pa^OM oco6eHHOCTCH: HanHHHeM e^HHofi nocjie-
^OBaTejibHocTH no^roTOBKH pa6o4cro Teiia onpe^ejieHHbix HanajibHbix napaMCT-
pOB H erO HCnOJlb30BaHH6M npH nOJiyHCHHH 3HepPHH.

B FTY C 30MKHymblM tjUKJIOM (pHC. 1.1) B OTJ1HHH6 OT ̂ BHraTCJlCH BHyTpeHHC-
ro cropaHHa no^roTOBKa paSonero Tejia H ero HcnojibsosaHHe pas^e/ieHbi no MCC-
xy H BpeivieHH. Fas npH HHSKHX TCMnepaType H aasJieHHH nocTynaeT B KOMnpec-
cop K, me ca<HMaeTCfl H HanpasjifleTca B rasoBbin KOTCJI FK. B KOTJie, B KOTOPOM
OKwraeTca opraHHHecKoe TonnHBO, CHOTbiR ras HarpesaeTca ^o BbicoKofl TCMne-
paxypbi. noAorpeTbiH ras BbicoKoro flaeJieHHa nanpasjiaeTca B rasOByro Typ6MHy
FT, rue, pacmnpaacb, cosepiuaeT paSoxy, nepeflaBaeMyro na B3Ji ycxaHOBKH.
HacTb paSotbi 3aTpaMHBaerca na npHBO^i KOMnpeccopa, a ocTajibnafl nojiesno HC-
nojibsyexca fljia Bbipa6oTKH 3JieKTpo3HeprHH B sjieKTporenepaTope 3F, OTnycnae-
MOH noxpe6HTejiaM.

PaSonee TCJIO (ras) nocjie FT oxjia>K,aaeTca B oxjia^HTene H nepejiaeT TenjioTy
HJIH oKpywaromeMy B03flyxy. 3aT6M ras cnosa nocxynaer B KOMnpeccop H

npouecc noBTopaerca.
^Jifl BKjiKJHeHHH FTY B paSoxy Hcnojibsyexca nycKOBoe ycTpoficTBO. HM MO-

MCCT cjiyjKHTb caM 3JieKTporeHepaTOp B pe^HMe 3JieKTpoflBnraTejia HJIH cneun-
aiibHoe nycKOBoe ycxpoHCTBo.

B FTY c saMKHyTbiM UHKJIOM B KanecTBe
paGoMero TeJia MO>KHO Hcnojib30BaTb jiioGoH
ras, a B rasosoM KOTJIC cxnraTb HOMMMO ra-
sooGpasHoro H TBepjioe TOHJIHBO. KpoMe TO-

B 33MKHyTOM UHKJI6 ^aBJICHHC BO3^yX3
KOMnpeccopoM MOJKCT SbiTb 3HaHH-
Bbiuie aTMOc<f>epHoro, cjieflosa

B03Mo>KHa pa6oTa npH Sojiee BbicoKHx
c MCHbiiiHMH oGteMaMH rasa H

raSapHTHbiMH pasMepaMH ycTa-
MoiUHOCTb FTY saMKHyTOFO UHKJia

H3-33 KOJlMHCCTBa T33a B
1.1.

CXCMe H HSMCHCHHa flaBJlCHUJI B 3JieM6HXaX T

ra30Typ6HHH»H
UHKJIOM

ToniiHBo; K— KOMnpeccop; /T

yCTJIHORKa

. HeaocxaxKH xaxofi FTY — c7o>K- 1°™* Typ6HHa; OxJl

— ra-
rasa;

Htle L 3F— 3JieicrporeHepaTOp c IWCKOBI.IM yci-
pOMOSitKHe KOHCXpyKUHH raSOBOFO pofldBOM^/f-nHOBHftKorenMK-aic.

iH-rpna orpaHHHeHHafl XCMne- KyMyjm-rop paSoqero Tejia; H — Hacoc
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PHC. 1.2. SIpocTciiuint renjioBbie cxcivibi PTV pasGMKHyroro uiiKJia (a — d). K o i i c r p y K i M B i i a n
C X C M H ofli ioBpeMCHHoJi FTV (e)
OK— OCCBOH KOMnpeccop; 7T — rasosaa rypSHHa; KC — nawcpa cropaHHn; 3F— 3JieKTporeHeparop;
KH$, KBfl — KOMnpeccopti HHSKOFO H Bbicoxoro jasjieHHa; TBfl,, THff — raaoswe TypSHHU BticoKoro
H HJOKoro jjaBJieHiis; KCI, KC2 — KaMepbi cropaHHH nepsofi n BTOpofl cxyneHH; CT — CHJiosas
iyp6nHa; T— ToruiHBo; a — BXOA Bosayxa; b — nojjaia TonjiHsa; c — Bbixjionnbie rasu; d — nepeaaia
MOIUHOCTM 3jieKTporeHeparopy; / — KOMnpeccop; 2 — icaMCpa cropannx; 3 — rasosaa Typ6nHa

parypa ra3a nepe^ ra30BOH Typ6HHoK,
MexanJia noaepxHOCTett TenJiooSMena B KOTJIC.

3xH HeflOcraTKH QTcyTCTsyiOT B fry c pasoMKuymbiM yuKjioM. Ha pwc. 1.2 npH-
HanSojiee MacTo BcrpenaiomHecfl npocTeKmne TenjiOBbie cxeMbi xaKMX FTY;

ITY (1.2, «);
FTY c pereHepauwen (1.2, &)',
FTV c npOMeacyTOMHbiM oxjia^flenneM (HO) UHKJIOBOFO Bos^y-

xa H npoMe^yxoHHUM neperpeBOM ra3OB (nil) npH HX pacuiHpeHHH (1.2, e). Bos-

Moa<Hbi cxeMbi c pereHepaUMefi H 6e3 Hee;
^ByxsajibHaa FTY c CHJIOBOH Typ6nHofi (1.2, z);
AByxBajibnaa TTY c npOMeacyxoHHbiM oxjiaacjieHHeM H noflorpesoM xonjiHBa,

c TepMOXHMHHecKOH peKynepauHCH xonnHBHoro rasa H BnpbicKOM napa (npoeKT
C HOBblMH XeXHHMeCKHMH peilieHHJIMH) (1.2, d) H flp.
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PMC 1.3- npHHUnnHa^bMaa TcnjioBaa cxe-
(a\ TepMO^HHaMHiecKHfi miKJi Bpa«-/' * ,_ _B T, 5-awarpaMMe (6) u Sajiawc awep-

UTa

H

HaH6ojiee miipoKoe npHMeneHHe nonynnjiH npocxue o^HosajibHbie TTV pa-
soMKHyroro UHKJia 6es pereHepauHH paSonero xejia, KOHcxpyKTHBHaa cxeMa KO-
xopwx H3o6pa>KeHa na puc. 1.2, a.

TexHOJiorHMecKHfi npouecc snepreTHMecKOH o^HOBajibnoM FTY oxpajKCH na
npHHUHnHa^bHOH xenjioBoR cxeivie (pnc. 1.3, a). npeo6pa30BaHHe
* 3HeprHH no^Bo^HMoro opraHHHecKoro xonjinsa B 3JieKxpHHecKyK>

3cymecTBjieHo B npeaenax O^HOH KOMnaKTHOH ycxanoBKH B OXJIHMHC ox 6onee
cJiojKHbix napocH^oBbix ycxanoBOK.

Jco6eHHocxbfo TTV aBjiaexca Mcnojib30BanHe B Kanecxse pa6oHero xejia axMO-
pepHoro B03^yxa, nocxynaromero B oceeofi KOMnpeccop OK. SacacbisaeMbin KOM-

ccopoM B03^yx OKHMaexca B HCM (npouecc 1—2 na pnc. 1.3, 6) H BBO^HXCJI npH
OTBexcxByioinHx xeMnepaxype H ^asjienHH TKK H pKK B KaMepy cropaHHa KC

Cio^a >KC noABo^Hxca oprantiHecKoe xonjiHBO (o6biMHo npupo^Htifl ras, pe)Ke
: rasoxypgHHHoe xonjiHBo). ^asjieHHe npiipo^Horo rasa B no^aromea MarH-

IH^Mar noBbimaeTCH ao)KHMaK)inHM KOMnpeccopOM/^f^o neoSxo^HMoro ^as-
[fl Pr OztHOBpeMCHHO BO3MOK6H no^orpes xonjiHBa B no^orpesaxejie fJTji 40

3apy6ejKHOii JiHTepaiype npHMenaercsi TCPMHN «TepMO^HHaMHiecKHH UHKJI RKoyim*.
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xeMnepaxypbi /r ana noBbimeHHfl 34><j>eK-
THBHOCTH npouecca. Hepes xonjiHBHbie
KJianaHbi TK cttcxeMbi xonnnBonoflaHH xo-
niiHBo BBOAHXCSE B KaMepbi cropaHHfl FTY,
me cropaer B cpe^e oicaxoro no,aorpexoro
Bos^yxa (npouecc 2—3). TaM >Ke <J>opMH-
pyexcfl HaHOJibnax meMnepamypa zc&oe
nepeA FT rHT, oSecnenHBaeMas noBw-

iiieHHbiM H36biTKOM B03.ayxa B rasax 33 Ka-
MepoR cropaHHs a K C .

Hanajibuoe daenenue zasoe pH T 33BH-

CHT OT jjaBJieHHfl Bosjiyxa sa KOMnpecco-
pOM H flBJIflCXCfl B6JIHHHHOH nepeMCHHOH
(CM. TJI. 2 H 4). B rasosoH xypSnne

PHC. 1.4, Oco6eiii iociM c%aTim u pacmiipe-
HUH paCo-iero rejia B TCXHojiorniecKOM npo-
ueccc TTV

(B xennoBOM flBHraxejie ycxanoBKH) rasbi pacmnparoxcfl no KonenHoro
pKT (npouecc 3—4), SJIHSKOPO K axMOCfJtepHOMy, H ynajiaioxca nepes

xpy6y. ripn oxjiaacAeHHH paSonero xejia B oxjia^nxejie B FTY c 33MKHyxbiM UHK-
JIOM H B arMoc<J>epe jyia FTY c pasoMKHyxbiM UHKJIOM saepnia He saxpaHHsaexca
H HC nojiynaexcfl. I~Io3XOMy pasoMKHyxbin npouecc FTY 6es ymepSa ana XOHHO-
CXH pacnexa sneprexHiecKoro 3(|)c[>eKxa MOHCHO ycjiosno saMKHyxb H3o6apoH ox-

(npouecc 4—l\
pscxoxyieHHfl H3o6ap c BospacxaHHCM xeMnepaxyp H sKceprHH

pasHocxb xeMnepaxyp rasos npn pacuiHpeHHH A f 2 saMexno Bume

p33HocxH xeMnep3xyp B03^yx3 npn ero c>KaxHH A f | (pnc. 1.4). Cjie^osa-

), MoiuHOCTb, pasBHBaeM3fl FT, Bbime TOH, Koxopyro noxpeSnaex KOMnpec-
cop. 3xa ps3HHU3 o6ecneHHB3ex nojiesnyK) MomHocxb FTY B BHJJC sjieKxpune-

CKOH MOIUHOCTH H3 BbiBO^ax reHepaxopa (3F) JVr
3 .

3neprHa (pa6oxa), noxpe6jiaeM3fl H3 Bajiy KOMnpeccops (CM. pnc. 1.3):

H.. = c^(T,-T,\ (1.1)

H3063pH3fl yflCJTbH3fl XCnKOCMKOCXL B03jryX3.

PaSoxa, pasBHBaeMaa H3 sajiy FT, cocxaBJiaex
raecpB —

H3o6apnafl xennoeMKocxL rasa.

Hrr
H..

„ T

(1.2)

(1.3)

3HeprexHHecKHe FTY c perenepauHeH (CM. pnc. 1.2, 6) nosBOJisiOT
B perenepaxope nacxb xenjioxLi Bbixo^Hbix rasos xypSnHbi fljia .uorpesa UHK-

jiosoro Bosayxa nepea ero noAaneH B KaMepbi cropaHHfl FTY, HXO nosbiiiiaex 3KO-
HOMHHHOCTb, HO yCJTOHCHSeX SKCHJiyaxaUHH) H CHH)K3eX H3#e)KHOCXb yCXaHOBKH.

npOMeacyxoHHbiH neperpes rasoB B flonojiHHTejibHoft KaMepe cropaHwa (CM.
pwc. 1.2, e) noBbimaex 3KOHOMHMHOCXb ycxanoBKH 6jiaro^apa npH^JiHsceKHK) pa-
Soiero uHKJia FTY K uHKJiy KapHO.
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2. XAPAKTEPMCTMKM TEPMOAMHAMMHECKMX UMKJ10B ITY M MX AHA^MS

FTY co cropaHHCM xonjinsa npH p - const —

KJ1 BpsHXona ^Jifl peajibHoro npouecca — H xenjiosaji cxeMa 3HeprexHHecKoB
rTY SbiJiH npHBe^enbi Ha pnc. 1,3. PaccMOXpHM OCHOBHWC xapaKxepHCTHKH H

Ka3aTejHi 3XOFO UHKJia B HflCaJIbHLIX H peaJIbHHX

CxeneHb noBbimeHHfl jtasjieHHa sosayxa B KOMnpeccope H cxenent
rasos MOHCHO o6o3HaMHXb:

n K =PK.KfPH.v nn =PH.-IPK.T> (1-4)

me p H PKK ~ flasJieHHe B03^yxa B nanajie H B KOHUC KOMnpeccopa; /JHT H
p — ,o,3BJieHHe rasa B Hanane H B KOHUC xyp6HHbi.

CxeneHb noBbimeHHjf ^asjieHHa csasana co cxenenbK) OKaxHH e = VIV

^K = £ K , rae k

rponbi (a^HaSaxbi). Dpn npaKTHHecKOM aHajinse xepMO^HHaMHnecKHx UHKJIOB
OTHOmeHHeM ^aBjienHfl paSonero xejia. HeKoxopoe cHHMceHHe RZM-

Bos^yxa B KaMepe cropanwa H3-sa aspojjHHaMHHeCKHx noxepb xpaKxa
«KOMnpeccop — ra3osaa xyp6nHa»

a K03(j)4)HI*MeHTOM X2 = 0,96—0,98 — cooxsexcxByiomHe noxepn ^aBJieHna B
CHcxeMax BcacbiBaHHa B03Ayxa nepejj KOMnpeccopoM H Bbixo^a TSSOB 33 FT. Ec-
J1H o603H34HXb X = X j ^ j j T0 B HXOPe nO^yMHM

7l r T^X7lK . (1.6)

ConpoTHBJieHna BXO^S Bosjiyxa B KOMnpeccop H Bbixo^a rasos FTY npn ee
paSoxe B 3BXOHOMHOM pe)KHMe o6biHHO cocxsBJifliox ApBX » A/7BUX ^ 1 Klla.

OnpejiejieHHe napawiexpOB paSonero xejia H anajins UHKJIOB FTY Bbinojinaiox
no napaMexpan a^Ha6axHoro xopMoacenHfl, oSosHaqeHHbiM ssepxy SBes^oHKOH,
npH CKOPOCXH rasa c = 0:

r=r+

(1.7)

CTH Tpbl ;iBH>K>'UieroCfl noxoKa npHBO^sxca 6es HH^eKca «*».
reMnepaxypbi T, flasjieHHa p, 3HxajibnHH h H HJIOXHOCXH p AaHLi c HC-
HH6M SHaHCHHH y^CJIbKblX H306apHbIX H H30XOpHbIX XenJIOCMKOCXeH Cp

rasosoH nocxoHHHOH R. HsMepHxeji&HbiH npnGop, noMemenHbifl B raso-
3K' n°KaxeT Tewnepaxypy, 6jiH3KyK> K xeMnepaxype a^nsSsxHOro (noJi-

C 0>KeHHa- Ha PHC- 1>5 npHBc^enbi SSBHCHMOCTH paccMaxpHsaeMbix na-
paSonero xejia ox HHCJia Maxa (oxHomeHHa CKOPOCXH XCMCHHH paSone-

:a K M6CXHOH CKOpOCXH 3ByK3).
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TIT. P*/P
2,0

1,4

1,0

FHC. 1.5. 3aBHCHMOCTb napaiHerpOB pafio-ie-
ro icjia or -mc.ia Maxa

PHC. 1,6. OSpaTHMbiii U.HKJI EpaiiroHa npo-
croii TTY fljia siacajibiioro rasa (a) H 3aen-
ciiMOCTb TepMHHecKoro KIIJJ UHKjia Epafi-
roiia OT creneHH nOBbiuiemin
B KOMnpeccope (6}

Kflff o6pamuMoeo
(pnc. 1.6, a) npH cp = const onpe,aejiJiexcfl

0,6

0,4

0,2

*=1,4

1

0 10 ^ 20 n,

Epaumona ana HfleaiibHoro rasa

(1.8)
7

m = (k - IVk — noKasaxejib CXCHCHH; Y= (PJ/P])
m = n)c — napaMexp no-v y > i, i' iv

pa6onero xejia B KOMnpeccope.
napaMexpa FnpHBe^eHO Ha pnc. 1.7. KaK BH^HO HS pnc. 1.6, 6 H

1.7, TepMHHCCKHH KFIfl HHKJia Bpanxona npH a^na6axHOM cxaxHH Bosayxa B03-
pacxaex c yBejiHHeHHCM CXCHCHH noBbiuieHHa aaBJieHiia B KOMnpeccope.

CjieayeT oxMexHXb, HXO npouecc cacaxna sos^yxa B KOMnpeccope FTY MO^CT
6bIXb H3OXepMHHCCKHM, aaHa6aTHHM HJ1H nOJlHXpOHHblM. CpaBHeHHC 3(J)4)eKXHB-
HOCXH UHKJIOB FTV npH p = const ^jifl cjiynacB c pasjiHHHbiMH npoueccaMH cwa-
THfl H npH yciioBHH paBeHcxBa no^BojiHMOH xenjioxbi gj, BbinojiHCHHoe aKaa.

B.C. CxeiKHHbiM, noKasbmaer, HTO xepMHHecKHe KFIfl STHX UHKJIOB csasaHbi MC-
,- u aa noji H3orepM

)K^y COOOH cooxHomeHHCM r\t >r\t >T]t

TeMnepamypubiM KO3(p^uifiieHmoM (cxenenb nOBbiiueHHH xeMnepaxypbi) UHK-
jia npHHflxo Hasbisaxb oxnouieHHe naiajibHOH TCMnepaxypbi paSonero xena B
FTV T H T K xeMnepaxype HapyMcnoro sos^yxa THB:

t = T IT (1-9)
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3TOT KO34nJ>HUHeHT OKa- Y
3bIBaer cymeCTBennoe B^HS-
Hne na noKasaTejiH pa6orbi
yCT3HOBKH.

fIo4BO4HMafl B FTy Ten-
o6ecneHHBaeT padomy 2

easoe B TT,
K(fl>K/Kr, rae (CM. pHC. 1.3, 6):

yjejibnaa TeopeTHiecKaa
pa6oTa pacuiHpeHHfl rasos 40 "jfc-Vi

f -T );(1.10)
PHC. 1.7. IliMCHcinie iiapaivierpa ¥ B 3aBiicHMOCTH or cre-

paSoxa paciUH- HCHH noBbiuienHti jaBJicium B KOMnpeccope n
c ynexoM noxepb B

npOTOHHOH H3CXH FT

= cpr(T^-TKT); ( i . i i )

rasoBOH xypSHHW, oueHHBaiomHH noxepH pacnonaraeMOH aneprHH npn
rases B ee nporoHHOH nacxn,

r///rrn, Cl 121I I I(J' V. '• l^-J

me TKT H TKrt — xeMHepaxypa B KOHUC FT B peajiLHOM n H303HTponnoM npouec-
Ce COOTBCXCXBeHHO.

B KOMnpeccope FTV saxpaHHBaexcfl 3HeprHfl Ha noBbiuieHHe ^aBJieHwa Bos^y-
xa (paSoxa cxanu), Kj\yK/Kr, npn STOM:

xeopexHHecKaa pa6oxa cacaTHa
(T -TV (\ ii\V ^ K . W J H . K / ' U-1J7

paSoxa cacaxHfl c yneroM noxepb B npoioHHOH nacxn KOMnpeccopa

H3O3HXpOnHbIH KD/J KOMnpCCCOpa, OUeHHB3K>mHH OXHOlUCHHe H303HTpOHHOH
cxaTHH Bos^yxa K HOJIHOH paSoxe, aaxpaqnBaeMOH na 3x0 OKaxne:

TIK = tivJHv. (\ 151' K KU K ' V 1 ' ' ~ V

rue fK K H TKKl — xeMnepaxypa Bos^yxa B KOHUC KOMnpeccopa B peaJibHOM H 1130-
3HXpOHHOM npOUCCCe COOXBexCXBCHHO.

OJie3H33 y^ejibnaa pa6oxa, ncnojibsyeMaa B snepreTHHecKOB FTY ^Jia npn-
3JieKTporenep3xopa (c yiexoM HO^BOJJS ronjiHBa), K^>K/Kr:

//pj-y _ (1.16)

G
K M3cca B03^yxa na Bxo^e B KOMnpeccop; Gr — Macca rasa Ha BXO^C FT;

rr^K (1.17)

pacxo^ xonjiHBa, KF/KF,
yaejibHyio paSoxy sneprexHHecKOH FTY MO>KHO Bbipa3HXb c MC-
ciencHH noBbiuieHHfl ^aBneHHH pa6oiero xejia H .apyrnx

Bbime BCJIHHHH:
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D-. (1.18)

H3MCHC-
HHC nojre3HOH y^ejibHOH paSoTbi FTY
npe>K.ae scero B sasHCHMOCTH OT cre-
neHH noBbJiueHHa jjaBjieHHS pa6oie-
ro Tejra B KOMnpeccope. flpn 7CK = 1

PHC. 1.8. Xap.irr.pHuc TOIKH saBHCHMocTH . fi
HOJUMHOH pa6oTti npocTOH TTY or creneuu
noBbimeMHR flaBJieHHa BOH TypGHHtl Hrr H

aneprMH B KOMnpeccope HK

paBHbi Hyjiro. YBeJiHHCHHe CTeneHH noBbiuieHHfl ^aBJienH3 B KOMnpeccope npn

// pasHbiM Hyjiio (pnc. 1.8). MaKCHMajibnoe 3HaneHHe H^y HMCBT Mecro

3Hane-

, rue
TCM-

npn CTeneHH oKarna 7t K ^ « T r i r T r i K . OHCBHJIHO, MTO

HH3 nojiesHOH y^eJi&HOH pa6oTbi 6yjiyT B03pacTaTb H
cTeneHb HOBbimeHHa ^asjieHHa sos^yxa B KOMnpeccope npH
neparypHoro K03(J)4)HUHeHTa % 6ojitme (pnc. 1.9).

OTjtHMHe peajibHbix npoueccos HSMeneHHa cocTOanna paGo^ero Tejia B FTY
OT TeOpeTHHCCKHX HpHMCHHTeJlbHO K yCTaHOBK3M C paSOMKHyTbIM UHKJIOM 33-
KjiiOHaercfl B cjie^yiomeM. B KOMnpeccope OKaxne B03,ayxa nponcxo^HT c noTe-
paMH H3 TpCHHC H HpOUCCC / — 2 (CM. pHC. 1.3, 6) OTKJlOHaCTCfl OT

rHT=isoo°c

r =iooo«c

0 10

Pnc. 1.9. 3aBHCHMOCTb riOJieinoii yae.iLiiofi pafiorbi TTV or creneHH noBbiuienHfl
B KOMnpeccope H iia-iajii-iioii TeMneparypw rajos nepea FT npH TeMnepayype HapysKHoro
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'
cymecTByroT noTepH flaBJieHHS, noaroMy aaejieHHe rasa nepeji FT
sa BOs^yuiHbiM KOMnpeccopoM. B FT pacuiHpaioTca raaw, OTJIH-

OT OKHMaeMoro B KOMnpeccope so^ayxa Maccofl H XHMHHCCKHM co-
aBOM. paciiiHpeHHe rasa ns-3a noTepb B Typ6HHe oTKjioHfleTca OT

W (npouecc 3—4t) B CTOpony yBejwqeHHfl 3HTponHH: npouecc 3—4.
reHne ra3a sa FT Bbime .aaBjieHHfl sos^yxa nepeji KOMnpeccopoM H3-33

MHMecKHX noTepb B CHCTCMB no^Bo^a B03flyxa H oTBo/ia BbixoziHLix ra30B.
Ba^HOii xapaKrepHCTHKoft FTY asjiaeTCfl enympennuu Kllfl pea^bHoro UHK-

jia yHHT&iBaioiiZHH see noxepn npeoSpasosaHHa 3HeprnH, B TOM HHCJIC noTepH
TpeHHa B npoueccax csKaTM H paciuwpeHHa. BnyTpeHHHH KIl^ MOJKHO Bbipa3HTb
qepe3 paccMOTpeHHbie Bbime sejiHiHH&i, xapaKTepH3yiomHe paSoTy ycxanoBKH.
rjpMMCM, HTO H6p63 KOMHpecCOp HpOXOflHT 1 KF BO3flyXa, a HCpCS FT COOTB6TCT-
B6HHO (1 + gT) KF npo^yKxoB cropaHna, me gT — KOJIKHCCXBO TonjiHsa, nojiaBae-

Moe B KaMepe cropaHHJi (KC) na Kax^utt 1 Kr

I

(1.19)

Tenjiora c TOHJIHBOM,

TCHJIOCMKOCTL

!

ql - cp(Tar - TKK) --

; r|KC — KFI^ KaMepti cropaHiia; cp

npouecca no^Bo^a TenjioTbi B KaMepe cropanHa

(1.19) MOHCHO 3anHcar& TaKace B

(1.20)

n,

AH3JIH3 Bbipa^eHHfl z(jifl BHyTpeHHero KD^ FTV noKa3WBaer, MTO OH saBHCHT OT
HaqajibHoi* TCMnepaTypw OKpyxaromero (HapyacHoro) Bosjryxa THB (pac. 1.10, o),

CTeneHH noBbiuieHHa Aas^eHHfl B KOMnpeccope nK (pnc. 1.10, 6), H303HTponHbix

-n^ FT r]rT H KOMnpeccopa TIK (pnc. 1.10, e). CymecTseHHoe BjiHJiHHe na

PCHHHH KFl/l oKasbieaex TeMnepaTypnt-ifi K034>4)HUHeHT FFY T (pHc. 1.11).

3aBHCHMocTB BHyTpeHHero mj( FTY OT jtK T3K xe, KaK H

iaa pa6oTa, HMCCT xapaKTepHbie TOHKH. HpH 7TK - 1 r| f = 0.

JCM POCTC CTeneHH noBbiuieHna

>63 M3KCHMyM, HTO6bI B
HtlIM Hyjifo (PMC. 1J2).

owiue 6bijio OTMeneHo sjiHHHHe Kn^ rasosoH xypSHHbi T] rT M KOMnpeccopa

K Ha BHyipeHHHH KTIJI FTY ECJIH oSosnaHHTb oTHouiCHHe MOUIHOCTH, pasBH-

MOH FT, K MOUIHOCTH, noTpe6jifleMOH B KOMnpeccope, Hepe3 &N, T.e.
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PHC. 1.10. 3aBHCHMOCTH BHyrpeHHero
Fry OT HaiajibHoii TeMnepaTypw
ncpea KoiunpeccopoM (a), creneHH noBbime-
H H H , iaH.]CHHH (ff) II H303HTpOHHblX
TypGiun.1 H KOMnpeccopa («)

(1.21)

rae JVrT H A^K — MOIUHOCTH FT H KOMnpeccopa, TO MOJKHO noKasaTb, HTO

t)rT H t)K Ha BHyTpeHHHfi KO^ yMCHbinaercfl c POCTOM oTHomenHH

p^. nocjie^Hee yBeJiHHHBaercfl c BospacTanHCM TeMneparypnoro K

Ta T. B TaSji. 1.1 npHBCflCHW sHaneHHa $N flJia pasjiHHHbix nK H T. B pacneTax

TCMnepaiypa TWK - 15 °C, a K03(|)4)HUHeHT T paccHHTbiBaj

TCMnepaiypbi rasoB TaT, paBHOH 900, 1100, 1300, 1500 °C.

HTO pocT CTeneHH noBbiuieHHs ziaBJieHHJi Bos^yxa T C K B KOMnpeccope yMCHbiua-

CT OTHOUICHHe MOIUHOCT6H p^ H COKpaiHaCT AOJIK) nOJI63HOK MOUJHOCTH, KOTO-

pyjo MOJKHO nojiynHTb B 3JieKTporeHepaTope TTY. SnaieHHe p^ /IOJDKHO 6wTb

1 (npn p^ = 1 T), = 0).

yMeHbUICHHfl OTHOUIeHHfl P^ C pOCTOM SHaHCHHfl JCK B03MOJKHO

npH yBejiHHCHHH nanajibHOH TeMnepaTypw rasos nepezi FT, Koxopoe
IIpHOpHTCTHblM B p03BHTHH COBpeM6HHbIX
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FTV.

Pnc. 1.11. 3aBHCHMOCTb niiyTpciinero KII/l FTY OT crenenii noBbniiciiiiH aas-
B03jiyxa B KOMnpeccope H na'iajibiioii TCMneparypbi raaoa (7"HB = 15 °C)

T a o ; i M u a 1.1.
MOIKHOCTCH p , B FTY

OTHOHICHHH
pa3JiiiiHbix

CMMOCTb BHyrpeHHero KH^ FTy or
"Pecco

n°B1>IuleHHH B0i;iyxa B

"K

5
10
15
20
25
30
40
50

OrHomeHHe MOiiiHocTeH P^/npH

T = 4,07

2,081
1,706
1,520
1,400
1,313
1,246
1,148
1,077

T = 4,77

2,438
2,000
1,781
1,640
1,539
1,461
1,345
1,262

T - 5,46

2,791
2,289
2,039
1,878
1,761
1,672
1,540
1,445

T = 6,16

3,149
2,582
2,300
2,118
1,987
2,886
1,737
1,630

33
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uaxHUM napaMeTpoM FTy
nonesnou

K
9 =

(1.22)

Ero 3HaneHHe saBHCHT OT CTeneHH noBbimeHHa flaBJieHHa B KOMnpeccope 71K H

TCMnepaTypHoro Kos^^HUHCHTa i H HaxoflHTcfl B npeaenax 0,35—0,40. HHSKHC
SHaneHHsi K03$<}mu.tIeHTa nojicsHoH paSoTbi tp o3HaHaKrr, HTO 66jibiiiaa nacTb pa-
6oTM, 3HeprHH, npoH3BOAHMofi FT, pacxoAycTCs Ha npHBOA KOMnpeccopa (B na-
pOTypSnHHOH ycTanoBKe (FITy) aHanorHMHaa BejuiHHHa 6jiH3Ka K e,aHHHn,e). C
nOBblUICHHeM 3HaHCHHfl 7CK K03$(J)HUHeHT (p HCyKJlOHHO yMCHbUiaeTCS, a pOCT

3HaM6HHH T npHBO^HT K 6FO yBeJlHH6HHK).
B 3HepreTHMecKHX FTy HcnojibsyroTca T3K)Ke cjieayioiUHe saacHbie napaMer-

pbi: ydeiibHbm pacxod zasa d, ••"/-TT-^ w vAwhHnn fihixoduax Momnocmb Nvn yc-

TaHOBKH, K^K/Kr HJ1H KBT/(KF

, G G _ i .
^rry >

H ydejibuax ebixoduax MOinnocmb N yc-y A

(1.23)

NiFT GH rry

N iTT (1-24)

G, -"rry

//,[rry
d 'i

I'
il
i l

1 1

V

pHBe^eaHbie napaMCTpu onpejiejiaioT paSoTOcnocoSHocTb 1 KF paSonero
B FTy. Ha PHC. 1,13 aana saBHCHMOCTb yjiejibHbix noKasaTejiett d H //rTy OT

CTeneHH noBbimeHHs ^aBJieHHfl B KOMnpeccope. fljia yMentEieHHa y^eJibHoro
pacxo^a rasa HeoGxo^HMo yBCJiHHHBaTi, TeMnepaTypHbiw K03i|)(^HUHeHT T, T.e.

TeMnepaTypy ra30B Ha BXOAS B FT.
pacxoa paSonero Tena Ha 1 KBT • H BMpa6aTbiBaeMOH 3JieKrp03Hep-

FHH B COBpeMCHHblX FTV 3aBHCHT OT
HX MOIIIHOCTH H HaHajibHbix napaMeT-
POB nepea FT: A™ ycTanosoK ManoK
H cpeflHefi MomnocTH d = 15—
20 Kr/(KBT • H); ^Jifl MOmHbix cospe-
MCHHblX 3H6preTHHeCKHX FTV d =
= 7—9 KF/(KBT • H).

BHyTpCHHflH MOLUHOCTb 3J1CMCH-
TOB FTy H BCCH yCT3HOBKH, KBT, CO-

paBHa:
(1.25)

(1.26)

(1-27)

MO«HO

P»c. 1.13. 3aBHCHMocTt yae^tnoro pacxona raja
rf, Kr/Kjl»c, M y/ icj iKiiaf t nujic'iiioii
icJl>K/Kr, PTV or crencHH nosbiiueHHti
BO3Ayxa B KOMnpeccope
34

BHyrpeHKHK KFI/I,

N irry (1.28)

nvi
HH3iuafl cropaHHfl pa6oneH Maccbi

, noTPe6JiaeMa« FTY
noTepn na sajiy ycraHOBKH MO>KHO HS

Mex
KFI/J

364>eKTHBHafl CnoJie3Hafl Ha w Fly

MCX '
heKTHBHbifl KF1J], FTy

; BrT — Macca TO-

a
(1.29)

(1.30)

(1-31)

TepMHHCCKHH T|( H BHyTpeHHHH f\ { (a6cOJIK)THbIH BHyTpCHHHH) KFI^ TTY X3-
naKTepHsytOT Hcnojib30BaHHe no/iBeAeHHOH TenjtoTbi npH ee npeo6pa30BanHH B
na6oTy B uHKJie H yHHTbisaroT noTepro TenjiOTbi B XOJIO^HOM HCTOHHHKC (oKpy-

cpeAe). Kim FT r]rT H KOMnpeccopa r\K (BHyTpeHHHe OTHOCHTCJibHbie
jxaHHHecKHH TiMex, s^eKTHBHbiH KTIJ\ \, KHR sjieKTporeHepaTopa r\3r

i, HBJiaaCb OTHOCHTCJIbHblMH KFl^, XapaKTCpH3yK)T CTeneHb TeXHHMCCKOrO CO-
BepmeHCTBa cooTBeTCTsyiomero 3JieMCHTa oSopyjjoBaHHa ycTaHOBKH.

TenJioByro SKOHOMHHHOCTb 3HCprcTHMeCKOH FTV oueHHBaioT c noMombio
npOH3BOflCTBa 3JICKTp03HeprHH

N!
(1.32)

6pyTTO

Ha BbiBo^ax sjieKTporenepaTopa (3F) c yneTOM ero KFlfl Ti3r; AA^3r — noTepa
MOIXTHOCTH B 3F, KBT.

Tenjiosyio 3KOHOMHMHOCTb FTy ouenHBaioT H c noMombK) yztejibHoro pacxo-
fla ycjioBHoro Tonjinsa HCTTO, T/(KBT • M):

.3.H 122,8
6y = — J , (1.33)

'C.H ^oira pacxoaa 3JieKTpo3HCprHH Ha co6cTBCHHbie
flO>KHMHoro KOMnpeccopa TonjiHBa.

aKTepncTHKaM FTy MO>KHO OTHCCTH ee ydejibuyio Maccy,
C°OTUoujeH
paGoMero

myfl = Ty/A'r H CBfl3aHHyK) C 66 KOMHOHOBKOH, napaMCTpaMH

i, cocTasoM BcnoMoraTejibHoro o6opy,aoBaHHa H £p. T^Jia coBpeMCH-
oHa cocTaBjiaeT 2—6 KP/KBT, a juifl aBHau,HOHHbix ra-

•-_- ^»«iU1wti,n (FITO He Soiiee 0,1—0,2 KF/KBT.
wibHbiu oQ-beM FTy cjiyscHT Menee onpe/tejieHKbiM napaMeTpoM no cpasHe-

yfl H 33BHCHT OT KOMnOHOBOHHblX peUieHHH H3 T3C, THHa yCTaHOBKH H

' A^a SHepreTHMecKHx TTV yae/ibHUH oSteM 6VFIa JlTlr. _ _ /fl
0,001 M "

0,4 2 M3/KBT,



Hcnojib30BaHHe npHBejjeHHbix Bbiiue xapaKTepHCTHK FTY nosBOJiaeT
ee coBepiueHCTBO, HaMeTHTb nyTH yjiynmeHHa TenjiosoH SKOHOMHHHOCTH.

3HepreTHqecKHe FTY oTKpwToro UHKJia HMCIOT BbicoKyK) TCMneparypy yxo-
flfliUHX ra30B. HaiiHHHe Sojibinoro KOJiHMecTBa BbixoflHbix ra30B (100—700 Kr/c)
C TCMnepaTypOH 500 600 °C SBJiaeTCa npHHHHOlt CHH>K6HHa 3KOHOMHHHOCTH
ycTanoBKH. Bo3MO»Hbi TenjioBbie cxewbi FTY c pereHepauwefi TenjiOTbi 3THX ra-
3OB c HcnoJib3OBaHHCM TenjiooSMeHHbix annapaTOB — perenepaTOpos. B HHX
yxofljiuiHe rasbi nepeaaiOT nacrb cBoen TenjiOTbi c>KaTOMy B KOMnpeccope UHK-
jiosoMy B03Ayxy (CM. pwc. 1.2, 6). TepMojiHHaMHHecKHti UHKJI BpattTOHa fljis Ta-
Koro cjtynaa npe^CTaBjieH Ha pnc. 1.14. OneBHflHo, HTO TeMnepaTypy Bo3flyxa sa
KOMnpeccopoM MOIKHO B npe^ejie nosbicHTb no TeMnepaTypti yxojjamnx ra30B
FT. TaKOH TeopeTHnecKH npe^ejibHbifi peacHM cooTBCTCTByeT cmenenu pezeuepa-
IfUU TCnJIOTbl O = l . OSblHHO HCnOJIb3yK)TCfl TeXHHMCCKHe peilieHHfl, npH KOTO-
pbix o = 0,6—0,8; o onpeaejifliOT no <J)opMyjie

e»(rp-'«-iiia (1.34)

T — TCMnepaTypa Harpesa B03Ayxa B perenepaTope.
creneHH perenepauHH yBCJiHHHBaeT KBK 3KOHOMHHHOCTb ycxa-

HOBKH, xaK H yjieJibHyK) njioma^b nosepXHocTH perenepaTopa, M2/Bx (pwc. 1.15):

(1.35)per _
KH, 1-CT

^"per — njioma^b Tennonepe^aiomeH nosepxHOCTH pereHeparopa, M2; K —

K03<^4>HUHeHT rennonepeAaHH, BT/(MZ • rpa^); G — pacxo^, Bosayxa nepe3 pere-

Heparop, KF/C.
BHyTpeHHHtt KFIJ5 FTY OTKpbiToro UHKJia c pereHepaunefi TenjiOTbi SBBHCHT

OT CTeneHH noBbimeHHa AaBJieHHa sos^yxa B KOMnpeccope, TeMnepaTypnoro KO-
34>4)nuHeHTa T, coBepuiencTBa SJICMCHTOB cxeMbi, a TaK)Ke OT CTeneHH perenepa-

UHH o (pnc. 1.16).

rt

o 0,8 1,0

PHC. 1.15. SaBHCHMOCTb yaejibHOH
nRpnxHncTH nereuepaTOpa OT CTeneHH p«PMC 1.14. TepMOAHHaMHHecKHii UHKJI BpaH- noBepxi

ic i i tpai i i iw oroua c pcicutpanneii
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Fasosafl TypSnii

KapHOTH3auHa

FIpOMOxnaoHTejib

VTHJIHSaTOp

FleperpeB

FasonapOBoft
npoiiecc

Flapor130HI.IH
UHKJI

BnpucK napa

HcnapMxejibHMfl
UMKfl

PHC. 1.17. llpiifljniiKeiiiic peajibiiLix UHK-
JIOB ra3OTyp6niiiioro 11 KOMomii ipoRai i -
HOTO raionapoBoro npoueccoB K UIIKJIV
KapHO

PHC. 1.16. BaBHciiMOCTb BHyrpeHnero KITJI TTV c pereHepauneii renjioTbi OT cicntim noni.i-
UICHHH aaBJieHHH B03flyxa B KOMnpeccope HK, CTencmi perenepauiiH o 11 TCMnepaTypHOro KO-

T

C MOMCHTa Haiajia paSoTbi nepBOH B MHpe FTY HC npeKpamajiwcb nonbiTKH
onTHMH3Hpo8arb ee xapaKTepHCTHKH c ueiibK) ysejiKHHTb ee 3^)(J)eKTHBHOCTb H
3KOHOMHHHOCTb. IlepBbie yCHJIHS 6bIJlH HanpaBJlCHbl Ha KapHOTH3aUHK)

UHKJia EpaHTona. C 3Toft ueJibK) HcnojibaosajiHCb BHeuiHee
eosayxa na cxaztHH ero cacaTHa B KOMnpeccope, pereHepauna

rasoB H no^orpeB CH<aToro B KOMnpeccope Bosayxa nepefl
cropaHHH, npoMea<yTOHHbiH neperpes rasos npH paciiiHpeHHH (pnc. 1.17). Bee
STH MeponpHflTHH neoSxo^HMo KOMnjieKCHO npoaHanH3HpOBaTb H paspaSoTaTb.

BcjieflcTBHe TOPO HTO OT 50 40 70 % MOLUHOCTH FT Hcnojib3yeTca ^jia npHBO-
M KOMnpeccopa, Heo6xo^HMOCTb coBepmeHCTBOBaHHs TexHOJiorHMecKoro npo-
Uecca OHeBHjiHa. HanpHMep, 1 %-HOC CHHJKeHHe SKOHOMHMHOCTH rasoBofl
HU npHBOflHT K CHHXeHHK) HOJieSHOH BUXO^HOH MOUIHOCTH Ha 2—3 %.
MBJICHHS na BXO^C B KOMnpeccop H Bbixo^e H3 Typ6HHbi aaroT HOXOJKHH

o oco6eHHo Ba)KHo npii BBejieHHH BHenJHero npoMeacyTOMHoro
TCnJIOTbl BblXO^HblX fasOB.

Kn,2, ycTanoBKH c noMombro KapnoTHsauHH UHKJia
(pcreHepauHeH) TenjioTbi B KOMdHHauHH c ncnojib30BaHHeM

^e^yTOHHoro oxjia^HTe^a BO3^yxa B KOMnpeccope, onTHMHSHposaHHoro
•HMaJIbHOfi MOUIHOCTH. C 3TOH UBJIbK) npOMe*yTO4HbIH OXJia/lHTCJIb

KOMnpeccop na ^Be CCKUHH, KajKflaa H3 KOTOpbix ^o^M(Ha oSecnenHTb
"PH° P^BHyio CTeneHb noBbimeHHfl ^aBJiennfl (pwc. 1.18). B neficTBHTejibHO-

5 ' PeKTHBHOCTb perCHCpaUHH TCnjIOTbl 3HaMHT6^bHO yMeHblliaeTCfl H3-33
8 KO ° °^1>eMa oxjiaac^aiomero BO3^yxa, TpeSyeMoro ana cospeMeHKbix FTY,
yCT

 bIX PaSOHCe T6JIO HMCCT BbJCOKyK} TCMHepaTypy. K TOMy }K6 CTOHMOCTb
>BKH Pereneparopa oqenb BbicoKa.
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PHC. 1-18. KapHOTinauiifl
SHHHOPO npouecca c

rasoryp-
HHCM
(HO)

n perenepaTHBHoro noaorpeea
xa B pereHeparope (Fez)
KI, K2 — oceutie KOMnpeccopfai; 3F-
3jieKTporeHepaTop; FT — raaoBaa ryp
6HHa; KC — KaMepa cropaHH»; T

Kl IT2

PHC. 1.19. KapHOTinamia rasoTypSHHHOro npouecca
c n p i i M e i i e i i H C M iioc.rieaoBayc.ii .HOio c/iciirainm TOIIJIII -
Ba, aByxCTyneHiaToro npoiviesKyTOHHoro
(I7OI H fIO2) n perenepaTHBHoro no/iorpeBa
(0603HaieHUH CM. na puc. 1.18)

nyTb noBbimeHHa
3(J)4)eKTHBHOCTH H MOIUHOCTH
FTY — neperpeB rasos B npo-
uecce nocjieflOBaTejibHoro C>KH-
raHHa TonjiHBa. OnTHManbHbie
ycJiOBHa npii6jiH)KeHHH UHKjia K
UHKJiy KapHO npn 3TOM aocTHra-
ioTca c Hcnojib30BaHH6M perene-
pau,HH TenjioTbi H oxjiaameHHa B
HecKOJibKHX npoMeacyTOHHbix
oxJia^HTCJiax sos^yxa B KOM-
npeccope (pwc. 1.19). no^o6-
Hbie cjiojKHtie FTY 6biJin no-
CTpOCHbl K3K no OTKpblTOMy, T3K
H nO 33KpbITOMy UHKJiy, HaCTb
H3 HHX naxo^HTca B paSoTe HJIH
B pa6oHCM cocToaHHH yyKt m-
CKOJlbKO flCCaTKOB JI6T.

B KOHCMHOM CH6TC, BM6CTO
H no^orpesa BOS-

B perenepaiope c 6onb-
IIIHM npCHMymCCTBOM 6bIJ10
peajiH3OBaHO HcnojibsosaHHe TC-

Bbixo^Hbix ra30B FTY fljiH reHepauHH napa B KOTJiax-yTHJinsaTOpax, HTO
no3BOJiHJio BbipaGaTbisaTb B napoBoii TypSHHe ycTaHOB*
MOIUHOCTb. TaKHM o6pa30M, noaBHJIHCb KOM6HHHpOBaHHbie

KOHTpOJIbHbie BOnpOCbl

1. PaCCKaJKHTC 06 OCOGCHHOCTflX TepMOflHHaMHHCCKHX UHKJIOB FTY.
2. HTO onpeaejiaer H3MCHeHne TepMHMecKoro Knj, o6paTHMoro UHKjia BpaflTOHa TTY?
3. OT KBKHX noKasare^eii 3HepreTHnecKOH FTY aaBHCHT ysejinHeHMe nojiesHOH yaeJibHofl pa-

GOTtl UHKjia ^pyy?
4. KaKoe BJIHHHHC OKasMBaei TeMneparypubiH K03tJn])HUHeHT »a BHyrpeHHHfi KFIfl peaiibHoro

qnK^a EpaftTOHa?
5. KaK H3MeHnercji oTHomeHHe |3N BHyrpeHHen MOIUHOCTH rasoBoft Typ6nHbi FTY H noTpe6nae-O

MOH KOMnpeccopoM MOIUHOCTH c yBe^HHCHHeM creneHH noBbimeHHa ^aejienHH soiziyxa TIK .
6. OStacHHie (J)H3HMecKHH CMLICJI cxeneHH perenepauHH a B TenjioBofi cxeiwe FTV oTKptiToro

BTOpaa

OCEBblE KOMnPECCOPbl SHEPrETMMECKMX rA30TYPBMHHblX
yCTAHOBOK

2 1 KOHCTPVKTMBHAfl CXEMA OCEBOFO KOMRPECCOPA.
' MHOrOCTVnEHHATblE KOMRPECCOPbl

KoMnpeccopaMH HasbiBarox MaiiiHHbi, npeflHasHanenHbie
H nepCMemeHHfl rasos (B nacTHocTH, B03^,yxa). FIocTpoeHHe

BCHTHJiaTopa saHHMajio yneHbix He Menee, HCM DOHCKH 4>HJioco(|)c KO-
TO KaMHa H H3o6pexeHHe seHHoro ABHraxejia. H3BecTHbiR ajixHMHK Hapauejibc B
1537 r. co3jiaji jitoSonbiTHyio MO^ejib BeHTiinaxopa, KOTOpaa npHBo^wjiacb B JJBH-
5K6HHe XHMHH6CKHM TOnJIHBOM. IlapaUeJlbC nepBblM HCnOJIb30BaJI BCHTHJiaTOp B
rexHHMecKHX ucjiflX ana pasziyBaHHa ymett B nuasHJibHOM THFJIC.

OCHOBHOH cnoco6 paSoxbi coBpeMennbix TypSoKOMnpeccopoB — - ^HHaMH^e-
CKHH — o6ecneHHBaeT nenpepbiBHOCTb cscaxHa ra3a H ero nepeivieiueHHe Giiaro-
^apfl CHJioBOMy BosaeHCTBHK) BpamaiomHxca jionaxoK n noTOKa rasa. KoMnpec-
COp — Ba)KHblH 3J16M6HT TCXHOJIOrHMeCKOH CXCMbl COBpeMCHHOH 3HepreTHH6CKOH
riV, a Bosayx, ca<HMaeMbifi B HCM, nocTynaer B KaMepu cropaHiia n 3axeM B BH-
fle ropaHHX rasos B rasosyio xypSuHy yciaHOBKH (pnc. 2.1).

Flo KoncmpyKifuu KOMnpeccopw name Bcero pa3^e;iflK)TCa na oceebie H paduait>-
Hbie (yentripodeoKHbie). B FTY npHMenaioT npeHMymecTBenno ocesbie KOMnpecco-
pbi, KOToptie B flajibHeHiueM H Sy^yr paccMOTpeHbi. FIoBbiiueHHe jjaBJieHna B HHX
npoHcxo^HT ^o 2 MFIa H 6ojtee, 3THM OHH H oTjiMMawrca OT ocesbix BCHTHJiaTopoB,
B KOTOpblX OTHOUICHHe ^aBJ16HHM Ha BblXOJie H BXOflC SHaHHTCJIbHO MCHbUie.

KoHcmpyKmuenaH cxeMa ocesoro KOMnpeccopa FTV npe^CTaBJiena na
PHC. 2.2. B HCH MOHCHO BbwejiHTb ocnoBHbie 3JieMCHTbi, KOTOpbie oSecneHHBaiOT
pa6ojy KOMnpeccopa (CM. xaK^e pwc. 1.2, a, e). Bos^yx nepe3 KOMnjieKCHoe B03-
4yxooqHCTHTejibHoe H iiiyMonojiaBJiaHDmee ycTpoflcTso (KBOY) 3a6wpaeTca H3
aTMoc^epu H nocxynaex BO BXOAHOH naxpy6oK 1 (ceneHiie HK—HK) H KOJibue-

H KOHtpysop 2, a noKimaer KOMnpeccop nepe3 cnpaMJiatoiuHH annapar 3, JIH^-
'Py^op 7 n Bbixo^HOH naxpySoK 6 (ce'iCHHe KK—KK). OCHOBHOC Ha3HaneHHe

x Heno,aBH>KHbix 3JieMCHTOB — nojiBecTH BO3^yx K pa6oHMM cryneHaM KOM-
eccopa, a aaTCM OTBecTH ero, o6ecneiHB MHHHMajibHbie noiepH, paBHOMepnoe

CKopocTeK H flasjieHHH Bos^yxa. B coBpeMCHHbix ocesbix KOivinpeccopax
L B03^yxa secbMa cjioaceH. ITocjie KOH^ysopa ycTaHOBJieH BXO^HOH Hanpas-
^HH annapar (BHA) 8, 3aKpyHHBaH3uiHH BO3jiyx B cxopony BpaiueHHa poxopa,

biH ^jia H3MeHeHHfl pacxo^a sosziyxa H BosaeHcTBHa na pe^HM pa6o-
^ajiee pacnojiojKeHbi pa6onHe cxyneHH KOMnpeccopa I, II,..., z, Ka-

H3 KOTopbix COCTOHT H3 paSoHero JionaroHHoro annapaxa — paSonero KO-
(v>\r\v ^ H cjie^yioLuero sa HHM nenojjBHJKHoro HanpaBJiaiomero annapaxa
" HeKoropbix KoncTpyKUnax oceBbix KOMnpeccopoB nepebie CTynenn HMC-
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PHC. 2.2, KoHCTpyKTiiBiian cxeivia oceeoro KOMnpeccopa FTY
CeieHiia HK—HK — Ha BXOAC B KOMnpeccop; KK—KK — Ha Btixo^e us KOMnpeccopa; A — A
KS—G — Ha Bxojie B npoioiHyio HBCTL KOMnpeccopa H Ha Btixojie H3 nee cooTBercTBeHHo; 1 —
BXO/IHOH naTpySoK; 2 — Komjiyaop; 3 — cnpjiMjisiomHH annapar; 4 — flan KOMnpeccopa c CHCTB-
MOH ynjiOTHeHHH; 5 — nofliifflnHHK; 6 — BMXOJI soajiyxa H3 KOMnpeccopa; 7 — jui(J)<j)y3Op; 5 —
BXOJIHOH nanpaB^aioiUHit annapar

WT T3KH(e noBOpOTHbie HanpasjiaioiuHe annapaxw (OHA), Koropwe BMCCTC c
BHA BKJiiOHeHbi B cHCTCMy ynpaBJieHHfl paSorofi fTV. PaSoHHe jionaTKH oSbinno

aa JIHCKSX H BMecre c sajioM, Ha KoropoM OHH pacno^owenbi, o6pa-
poxop KOMnpeccopa. OH Moacer SHTL BbinojiHen H3 cxaHyTbix MOK^y co6oH

6ojiTaMH awcKOB B BHjjc 6apa6aHa (pnc. 2.3). Meac^y zincKaMH KOMnpeccopa no
BHyTpeHHeMy /iHaMerpy j\nn oGecneneHHa maflKocTH npoxoHHOH qacTH Moryx
6bixb aaKpenjieHbi paspesHbie KOJitua.

CmamopoM KOMnpeccopa nasbiBarox Kopnyc c pasi-eMOM H saKpenjieHHbiMH B
HCM HanpaBjifliomHMH jionaxKaMH. B KOHcrpyKUHio (CM. pnc. 2.2) BXO^SX xaK«e

5 H Baji KOMnpeccopa c CIICXCMOH ynjioxHeHHfi 4. nocjie^nne npe-
no^coc sos^yxa HS axMoc(})epbi BO BXOJtHyfo qacxb H yxeHKH na BW-

npoxoHHOH ^acxn.
Cxewa cmynenu oce8o^o KOMnpeccopa H KHHCMaxHKa noxoKa sos^yxa B Hen

ipHse^eHbi Ha pnc. 2.4. Ee ocnoBHbiM 3jieMenxoM SBJTflercs paSonee Ko^eco, B
°TopoM no^BOflKMafl K KOMnpeccopy MexaHHHecKaa 3Heprnfl npeoSpasyexca B
HeprHK) rasa. FIpoHcxojiJix ero c>KaxHe no noJiHXpone 1 — 2 n noBbiuieHne ,aaB-

cp} Rop2. Bo sxopoM sjieMCHxe cxynenn B HanpaBJisromeM annapaxe ocy-
npeoSpasosaHHe KHHexHHecKOH sneprHH rasa B noxeHUHajibHyro,
asjieHHe ysejiHTOBaexcs B nojiHxponHOM npouecce 2—5 cp2 a.op3,

Pouecc cacaxM rasa B cxynenn ocesoro KOMnpeccopa npHBe^eH Ha pnc. 2.5.
*nu ^neHH oceBOro KOMnpeccopa MO^HO KjiacCHi|)HUHpoBaxi, no cmenenu peaK-

C2U
1U (2.1)

41
40



PHC. 2.3. 06mtiH Biifl pOTOpa 3HepreTiiHecKOH TTV (GT 13 E2 tpupMbi ABB) («) H KOHcrpyKUHS
poxopa TTY OJmpiubi Siemens) (ff)

PHC. 2.4. CxeMa cryneun OCCBOFO KOMnpeccopa 11 KiuieiviaTUKa noTOKa B licit
/ BbicoTa BXOAHoro ceneHna B c-Tynent; rK, r — KOPHCBOH H cpeaHMS pa^Hycbi cryneHu; 8 —
cpeAHHH paflHajibHbiH 3330p; Cj, C2 — aScojiiOTHbie CKOPOCTH Bxojia B03ayxa B paSo^ee KOJICCO
H HanpasjiHiomHH annapar; vc, H w2 — oTHocnxejii.Hi.ie CKOPOCTH Bxoaa soaayxa B ^onaT04Hbie Ka-
HajiH paSo^ero KOJieca H HanpaBJiaromero annapaTa; Czl, Cz2 — ocesbie cocTaBJiatomne aSconiOT-
HOH CKOPOCTH Bxoaa BO3,nyxa & paSoiee KOJICCO H HanpaBJiarom™ annapaT

a 6 e s
PHC. 2.5. npouecc CJKHTHH rasa B cryneiin occnoru KOMnpeccopa no napaMex-
paw TopMoHteHHH H npH ^BHjKyiueMCH no'iOKc rasa B T, s-AitarpaMMc (n —

nojiitrponbi; k — noKaiaxejib H303Hrponbi

CKOpocxb, M/C, paSoMero KOJieca no na-
a6cojiK)T-poTopa; Cw, C2U

(
 CKOpOCTH B03,ayxa npOCKUHH aScOJIIOTHOH CKOpOCTCH, M/C, H3

* flBHJKCHHJI JIonaTOK.
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npHMeneHHe nojiynnjiH cxyneHH oceeoro KOMnpeccopa co cxene-
6 = 0,5, KOToptie TeopexHHecKH HanSojiee 3KOHOMHMHbi. OHH
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saKpyHHsaiox HOXOK nepea paSoMHM KOJICCOM B cxopouy BpameHHa poxopa.
B cxyneHflx co cxeneHbio peaKXHBHocxH 6 - 1 ROXOK sosAyxa nepeA paSoMHM KO-
jiecoM saKpyHHsaexca B cxopony, npoxKBonojioKHyro BpaiueHHK) poxopa. TaKne
cxyneHH o6ecneHHBaiox 6onee BbicoKiie AasjieHna paGonero xejia no cpaBHenmo
co cxynensMH, y Koxopbix 6 < 1. B HHX sea paSoxa cscaxna ocymecxanaexca B pa-
6oH6M KOJiece, a HanpaBJiaiomne jionaxKH xojibKo noBopaHHsarox HOXOK BosAyxa.
Kaacflbitt BHA cxynenett HMeex CBOH npeHMymecxBa H oGjiacTb npHMeneHHJi.

Ko3fp(j>ui(ueHm nojiesnozo deucmeux cmynenu KOMnpeccopa no3Bonaex oije-
HHXb coBepmencxBo npeo6pasoBaHHa noABOAHMoii K HBH 3HeprwH. OH onpeae^a-
exca oxHomeHHeM

Tlcr^^non.cT^cT- (2-2)

3Aecb Haoa CT , HCT — nojiesnaa H saxpanHBaeMaa paSoxa OKaxna 1 KF BosAyxa

(rasa) B cxyneHH, K^/KF.
Flpouecc cacaxna Moacex npoxenaxb KaK HsorepMHHecKHH, H303HxponHbiK

HJIII noJiHxponHbiH. CpeAH SXHX npoueccoe HaHSojibiiiHH HHTepec npeflcxaBjisiex
nojiumponnbiu npoi\ecc 1—3 (pHC. 2.5). ECJIH oxjiaacAeHna Hex, xo BCSJ npoHSBe-
ACHHaa pa6oxa pacxoAyexca na cacarne H nepCMemeHHe rasa Maccoti 1 KF Meat-
Ay ceneHHaMH 1—3. DojiHafl pa6oxa cacaxna COCXOHX HS nojiesnofi paSoxbi ne-
peMeiuenHa H cacaxna rasa H AonojiHHxejibHOH paSoxw, saxpanHsaeMoK KOM-
npeccopOM H3-sa noxepb B cxyneHH. 3xa paSoxa npespamaexca B xenjioxy, ne-
peAaexca rasy (aosAyxy), yBejiHHHBaex ero oSteM. OosxoMy nojiesnaa paSoxa /n

paBHa njiomaAH 1—3'—3"—1 H eospacxaex Ha BenHHHHy A/, paBayio njiomaAH
1—3~ 3'~ 1.

Adua6amiibiu npoi^ecc oKaiHS 6es xenjioo6Mena c OKpyaoromew cpeAOH, HO c
norepsMH B npouecce cacaxna onenb SJIHSOK K AettcxBHxejibHOMy npoueccy cxa-
XHS B KOMnpeccope H B T, 5-flHarpaMMe H3o6paa;aexca aHajiorHHHo nojiHxponno-
My (PHC. 2.5) c nepeMeanbiM noKasaxejieM nojiHxponbi n.

KaK npasHJio, noA nojiesnoR pa6oxoR cacaxna nOHHMaiox HS03HxponHbifi HJIII
noJiHxponHbiH Hanop (paSoxy CXBXHX), npn SXOM cooxsexcxByioiiiHe Kn^, cxyne-
HH KOMnpeccopa paBHbi

, t / M(A-1)/AH \P\fP\) -1
3 r. . ; (2.3)

//

//, n k-\

''"•" ^K.CT «-l k S(a-3"-3~e}

r^e S (a—3"—3'—3—1—6) H S (a—3"—3~e) — luiomaaw MHoroyrojibHHKOB
(PHC. 2.5).

Csasb 3xnx Krm cxyneHH ycxaHaBJiHBaexca no

- I
"liner

-1

Flo Mepe
BOspacxaeT H cxanoBHxca cymecTBeHHoH.
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B cxyneHH pasnocTb Cnn c T -

iTjia nenoABHH(Hbix 3JieMeHxoB KOMnpeccopa
MeHfljox rHApas^HMecKHe nojiHxponHbie H aAHaSaxHbie

KOJIHHCCTBO rasa, npoxeKaromee Mepe3 cxynenb KOMnpeccopa B e^HHHuy spe-
HasbiBarox pacxodoM. MaccoBbifi, KF/C, H oSbeMHbifi, M3/c, pacxoAbi cxyne-, ^

Meayiy CODOH njioxnocTbio rasa:

GCT = pKCT = pFCJC=l = 0,25(D2
H - z£)Crl p . (2.6)

« cb ^7 — njioma^b npoxo^Horo cenenHa cxynenn, M2; DH, Z)BT — COOXBCTCX-

£HHO HapyacHbifl H BHyTpeHHHH (BxyjioHHbiH) ^HaMCTpbi cxyneHH, M; Crl — oce-

fl cocxaBjiJiioiuaa CKOPOCXH noxoKa rasa, M/C; p — njioxHocxb rasa, Kr/M3.
npH oxcyxcTBHH yxeiCK rasa H3 cxynenn era MaccoBbifi pacxoA ocxaexcn ne-

H3MeHHbiM, a ero oSteMHUH pacxo^ MCHJiexcji no AJIHHC npoTOHHoH nacxH
npeccopa.

Cmenenb noGbimenun daejienux zasa B cxyneHH

flOssyKOBbix CKOpocxsx xeHeHHa pa6oMero xejia B cxyneHflx KOMnpeccopa
cxeneHb noBbiiiieHHfl ^aBJieHHa He npesbimaex 1,2, HXO sHaHHxejibHo HHace neoo-
xoflHMOH cxeneHH OKaxna fljra coBpeMCHHOH FTV. FIo3XOMy npnxoAHxca npHMe-
naxb ocesbie Koiunpeccopbi, B Koxopbix HHCJIO cxyneneH AOXOAHX AO 20. B MHO-
20cmyneHHambix Kounpeccopax cxynenn AOJDKHbi 6bixt no^oSpaHbi xaKHM o6pa~
SOM, HToSbi ras, BbixoAauiHH MS OflHOH cxyneHH, onxHManbHbiM o6pasoM
peiuexKH paSonero KOJieca cjieAyromeH cxynenn c naHBbiroAHeHiiiHMH
axaKH. Ocesaa CKOpocxb rasa C.j no npoxoiHOH nacxn KOMnpeccopa

He3HaiHxejibHO, HecKOJibKO yMCHbmascb B KOHUC npoxoHHOH nacTH H3-sa
HeHHa A-JiHHbi nocjieAHHx jionaxoK. B saBHCHMOcxH ox XHna ocesoro KOMnpecco-
pa ocesaa cKopocxb C:l = 100^130 M/C (HH3KOHanopHbie) H C=1 = 140^170 M/C
(BbicoKonanopHbie ocesbie KOMnpeccopw).

PasjiHHarox doseyKoewe (HHCJIO Maxa M < 0,75), ceepxseyKoebic (no BCCH BLI-
coxe JionaxoK cKopocxn rasa npeBbimarox CKopocxb sByo, M > 1,1 — 1,2) H

Koebie cxyneHH KOMnpeccopa (CKOPOCXH rasa SJIHSKH K CKOpocxn seyKa,
<- 0,9 — 1,1). Heo6xoAHMOCXb ysejiHHHBaxb ycxanoBOHHyio Momnocxb FTY 3a-

CTasjiaex npHMenaxb B nanajie npoxOMHOfi Macxn KOMnpeccopa CBepxssyKOBbie H
TpaHC3ByKOBue cxynenn, HXO nossoJiaex noebicnxb npoHSBOAHxejibnocxb H cos-

npomoiuou vacmu oceeoro KOMnpeccopa Bbi6npa':ox, npHHHMas
Jin6o HapyacHbiH (DH), Jin6o BHyxpeHHHH (-DBT), jinGo cpeAHHH

op) AHaiuexp cxyneHefl. PeiiieHHe npHHHMaexca Ha 3xane xepMOrasoAHnaMH-
)r° pacH.exa npoxonnoH nacxH KOMnpeccopa. CoBpeMCHHbie XCXKHHCCKHC

to A Ba M MeTOJIbI TpexMepnoro npoeKXHpoBaHiia OOSBOJISIOX KOHCxpynpoeaxb
-JJiH jionaxoHHoro annapaxa c npeAsapHxenbHo sa^anHbiM pacnpeAeJieHHCM

^cxefl rasa (xaK HasusaeMbie aspoAHHaMHHecKne noBepxHOCxn c KOHTPOJIH-
.

IU1H" Han°P (paSoxy OKaxtifl) ocesoro MnorocxyneHHaxoro KOMnpeccopa
0 P^cnpeACJiarox paBHOMepno Me>KAy cpe^HHMH cxynenaMH, yMeHbiuaa ero
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ana HanpEBJimoiuHx Jiona-roK Typ6HHbi A *

PHC. 2.6. KoHcrpyKTMBHbie ocoGeimocTH Ha 06otore Hanpa&ronomHx
KOMnpeccopa ((fwpivibi Siemens) nona-roic cnapyxH Poiop^

B nepBbie o^Hy-jise cxyneHH (%m nojryneHHa npneMJieMbix MHCCJI Maxa).
npHHHMaiox cpejniHH nanop cryneHH #KCT = 20—32 K^JK/KP. ITepBaa cxyneHb KOM-

npeccopa pa6oTaer B naHxyflumx ycnoBHJix (SoJibinoH o6teMHbiH pacxofl, naH-
M6Hbiua3 cKopocTb 3syKa), H nosxoMy ee HarpysKy BbiSHpaioT HaHMeHbiueM.

B onpeflejieHHbix cjrynaax pacxofl Bos^yxa nepes ocesoK KOMnpeccop MOJKHO
ysejTHHHTb, npoeKxnpya era Ha noBbinieHHyio nacxoxy BpameHHH (AO 5000 H 60-
jiee OS/MHH). B 3TOM cjiynae noflKJironeHHe sjieKxporeHepaxopa K TypSoKOMnpec-
copy ocymecTBJiflercfl nepes peayKTop (aanpHMep, FTY V64.3 4>npMbi Siemens,
FTY MS5001M 4>HpMti General Electric H flp.). 3xoMy cnocoScxsyeT H yBe^Hne-
HHC jiHaMexpa BXO^HOH CTyneHH KOMnpeccopa.

npoeKTHpoBanne coBpeMennbix ocesbix KOMnpeccopoB H6B03MO^(HO 6es BCCOX-
BaTbisaioiUHx HcnbiTaHHii ana oxpa6oTKH HX KOHCTpyKUHH. Ha cneunajibHbix CTCH-

H3MepflK)TC3 TaKHe napaMexpbi, KaK pacxo^ Bosjjyxa Ha sxo^e B KOMnpeccop H
H3 Hero, xeMnepaiypa H /jaBJienHe sa CTynenaMH, nycKOBbie H AHHaMHne-

CKHe xapaKxepHCTHKH H ap. PesyjibxaTbi HcnbiTaHHfl yHHTbiBaroica B KOMnbtorep-
Hbix MO^ejiax AJifl coBepriieHCTBOBanHH KoncxpyKUHH (pwc. 2.6).

Hpouecc cjKaxH3 B MHorocxyneHnaxoM OCCBOM KOMnpeccope ycJIOBHO noKa-
saH na PHC. 2.7, a ero H303HxponHbiH KUJ\ B nojiHbix napaiviexpax noxoKa onpe-

H3 cooxnomeHUfl

(2.8)TIM =H*/H*A*.V3 K

Cxenenb noBbiuieHHa rasa B oceBOM KOMnpeccope

(2.9)

UapaMexpbi B03,nyxa na axo^e B KOMnpeccop cooxBexcxByiox napaMexpaM noxoKa,
He BO3MymeHHoro paSoxoM KOMnpeccopa. B 3HeprexHMecKoH FTV npH 3a6ope B03-
jiyxa HS OKpyacaromeH cpe^bi cxaxunecKHe H nonHbie napaMexpbi (napaMexpbi xop-
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PHC. 2.7. Ilpouecc «.„. rasa B MHorocryneH- PHC. 2.8. H3MeHeHHe napaMexpoB paSon
^TOMOCCBOM KOMnpeccope B ft, ^narpaMMe TC^a „ njIomMeil n^oSinf ««H.™

PH.B' ^H.K' /'K.K' P\~PZ — cooTBeTCTBeHHo flaBjie- B MHorocryncHiaTOM KOMnpeccope
HHC Hapy»(Horo Boaayxa, .naBjienHe rasa (B03^yxa)
B ceieHHsx HK—HK H KK—KK (CM. PHC. 2.2)
H 33 cryneHHMH KOMnpeccopa 1-—:

coBna^aiOT, a cKOpocxb noxoKa aos^yxa pasna nyjiro. Opu no^ane caca-
xoro Bos^yxa nocne KOMnpeccopa FTY B KaMepy cropanna ynnxbiBaiox CKOpocxb

3xoro noxoKa. B Kanecxse nojiesnoH 3HepniH npHHHMarox pa6oxy cacaxHs H* ox

^aBjieHHfl PHK AO nojiHoro AaBJieHHH p*K, a 3KOHOMHHHocxb KOMnpeccopa oueHH-

saiox H303HXponnbiM (ajjuaSaxHbiM) KUJl no napaMexpaM xopMOJKCHHfl (2.8).
HpHMep HSMeneHHa napaMexpoB B03^yxa H njiomajiefl npoxo^Hux ceneHHH B

MHorocxyneHHaxoM OCCBOM KOMnpeccope npHBejieH Ha pnc. 2.8.
KoHCxpyKXHBHbie oco6eHHOCXH KOMnpeccopa GHJIH noK33aHbi Ha pnc. 2.2.
acaa ero cxynenb o6uHHO npe^cxasjiaex coSofi ox^ejibHbnl JJHCK poxopa c JIG-

H c BMOHXHpoBaHHbiMH B KOpnyc nanpafijiaiomHMH JionaxKaMH. Tanaa
una nosBOJiaex ofijrerHHXb nycK KOMnpeccopa. /^HCKH co6Hpaiox c no-

napa^jiejibHbix OCH KOMnpeccopa cxa>KHbix 6ojixoB. /JnaMexp oKpy^ao-
CTH oxBepcxHH ^jia cxajKHbix 6ojixos BbiSHparox xawiM o6pasoM, nxoSbi o6ecne-
HHXb flHHaMHHecKyio secxKOCxb poxopa H xopoiuyio nepejiany MOMenxa Bpame-
HH^. B pa^HajibHOM Hanpas^eHHH nojioaceHHe JJHCKOB 4>HKcnpyexca no nasy OKO-
no nocajiOHHoro oxsepcxHa. Mex^y KpOMKaMH ^HCKOB npe/iycMoxpeH OCCBOH sa-
30P JUia KOMneHcai^HH xenjiosoro pacmnpeHHa npH nycKe-

eHHe cxeneHH noBbimeHHa AaBJieHHa B UIIKJIC EpawxoHa HPHBO^HX K no-
xeMnepaxyp Ha Bbixo/ie HS KOMnpeccopa, noaxoMy ero cxyneHH nsroxaB-

MS BbicoKonpoiHbix MaxepHaJioB c B&ICOKHM co^epacaHHeM xpoMa, Mo;iH6-
'eHa, Bana^Ha H ;rp. Jlonaxo^HbiH annapax paccHHxaH jura pa6oxbi B XHMHnecKH ar-

P^CCHBHOH cpejje 6es flonojiHHTejibHoro nOKpbixna. B npoeKxe 3HeprexHHecKOH
' THna TT3-180, nanpHMep, paSoHHe jionaxKH nepBbix socbMH cxynenen KOM-

Peccopa Bbino^HCHW HS xHxana, a JIHCKH — HS cxajin MapKH 26XH3M2OA (npo-
eifr AO JIM3, OAO «ABHa^BHraxejib», HepMb, AO BTH).
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2.2. XAPAKTEPMCTMKM MHOfOCTyriEHHATblX OCEBblX KOMF1PECCOPOB.
PEXMMbl PABOTbl

OceBOH MHorocxyneHMaxbiH KOMnpeccop 3HeprexHHecKoH TTY paSoxaex
B iiinpOKHx npejienax H3MeHeHHJi pacxoaa pa6onero xejia H cxeneHH ero OKaxHfl.
npH nycox H ocxanoBax KOMnpeccop npoxoznix pe)KHMbi c nacxoxofi BpameHHa
MCHbiue pacnexHOH, napaMexpbi rasa (sosayxa) Ha Bxoae B KOMnpeccop Moryx
HCnpepblBHO MCHflXbCfl.

FIpoeKXHpoBaHHe KOMnpeccopa H onpeflejiewHe ero KNR, pacxo.ua rasa, cxe-
noBbiuieHHfl ^aBJienHii BbinojiHfliox %m pacnemnozo (fiaweozo) pewuua no

MoKflynapo^HOH opranHsauHH cxan,aapxoB -- ISO OiOKyMenx 2314)
npH cjieAyromHX napaMexpax Bosjjyxa: TCMneparype TH B = 15 °C,

pa B - 0,1013 MHa, BJiaacHOCTH t/H B = 60 % H HOMHHaiibHOH Harpysne.

TCJibHO K 3TO\iy pe>KMMy onpe^ejiaioT njiomaflb npoxo^Hbix ceMeHHK CTynenen
npoioMHoK nacTH, reoMCTpHK) ^onaTOHHoro annapara H flpyme napaMexpbi.

peacaMbi paSoxbi KOMnpeccopa flBjiawTCJi nepeMeunuMu (nepac-
H3-sa HSMeHCHHfl napaMexpOB Hapyxnoro eoa^yxa H narpysKH ycra-

HOBKH. AJIS onpeaejieHHfl BjiHHHHa pe>KHMa pa6oTbi KOMnpeccopa na OCHOBHUC
napaMCTpbi pa6oMero rejia HcnoJibsytox saBHCHMOCXH cxenenn noBbimeHHa ^ae-
jieHHa H KHA ox pacxo^a Bos^yxa (pnc. 2.9). HpHMCHJieMbie aHajiHxHMecKHe 3a-
BHCHMOCXH HexoHHbi H3-sa 6ojibinoro HHCJia 4>aKxopoB, BnHaromHX Ha npouecc.
Ho3xoMy xapaKxepncTHKH KOMnpeccopos cxpoax Ha ocHosaHHH ncnbixaHiifi, Ma-
xeMaxHMecKHx MOflejien c HcnojibsoBantieM coBpeivieHHbix xpexMepnbix pacner-
Hbix ajiropHXMOB H anajiHsa cymecxByromHX aHajioroB. VAain
KOHCxpyKUHio KOMnpeccopa $npMbi MHoroKpaxno coBepmeHcxsyrox,
rox Macmxa6 raSapHXHbix pasMepos cxynenefi, jjoSaBJiJirox nyjieebie H

xejibHwe cxynenH H x.fl.
XapaKxepHcxHKH KOMnpeccopa MO>KHO nocxpOHXb am a6cojiK>xnbix

napaMexpoB (pnc. 2.9, a), wcnojibsya GK HJIH FK urn pfl^a 4)H3HMecKHX

nacxoxbi poxopa KOMnpeccopa 2 ,-- 6- KOM-

npeccopa 3HeprexnnecKoa TTY npn ee pa6oxe B 3Heprocexn n$ = const H pa6o-

MCH 6yflex OAHa nacxoxa BpameHHa. B pewiiMax nycKa H ocxaHOBa 3xa nacxoxa
nepeivieHHa: n < n^. Ha JIHHHH n^ = const Sy^yx pacnojiaraxbca XOHKH pe*HMOi

paSoTH 3HeprexHHecKOH TTY B saBHCHMocxH ox HarpysKH H HanajibHOH xeMne-
paxypbi rasOB. Ka^OMy pesHMy cooxBexcxsyiox CBOH 3HaHeHH« cxenenn nosbi-

meHHa ^aBJieHHfl TIK* H 06-beMHoro pacxo^a B03^yxa VK npH cooxsexcxByromeM

3HaneHHH KUR i\*31t. 3xn xapaKxepHCXHKH H3MeHJiioTca npH pasjiHHHbix napa-

Mexpax napy)KHoro sos^yxa H, npe^e scero, npn HSMeneHHH ero xeMnepaxypbi,
n03XOMy HX HeoSxOflHMO npHBCCXH K yCJIOBHHM, COOXBeXCXByiOlUHM HOpM
ISO JtJifl 3XOH uejTH npHM6Hjnox xaK na3WBaeMbie ynueepcaabHtae xapaKmepu-
cmuKu KOMnpeccopa (pnc. 2.9, 6). ApryMenxbi 3XHX xapaKxepwcxHK onpefl'
B COOXBCXCTBHH c rHApo^HHaMHMecKOH TeopHeH no;io6Hfi. Vflo6Hee ecen
nojibsoeaxb xan HasbinaeMbie npueedewibie napOMempw, Koropue HMCIOX ez:
UH, 6jiH3KHe K eflHHHUaM oGbiMHbix napaMexpoB, HO He 3aBHCflx or

napaMexpoB
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2.9. SaBHCiiMocTb O C I I O B H I . I X napaMerpOB KOMnpeccopa OT pu/Kiivia ero paGon.i, nocipo-

no aStojiionibiM aiia-ieinii i in napawerpOB (a) n no yiiMBCpcajibHbiM napaMerpaM (6) —
xapaKrepitcTHKa Koiunpeccopa

omnocumeJibHaH npueedeHncw nacmoma

% = V^.BO/^,- (2-10)
e ^H.BO = 15 °C (no ISO); T*B — xexymaa xeMriepaxypa HapyacHoro sosztyxa

8 PaccMaxpHBaeMOM POKHMC paSoxbi KOMnpeccopa, °C. KpHBbie nnp (pwc. 2.9)

. B pacicxHOM pe>KHM6 «np = I, a npHBejieHHafl nacxo-
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6) omHOCumejibHbiu npueedennbiii pacxod eosdyxa

(2-12)

me GK , GK O — MaccoBbie pacxo.au Bosayxa nepacnexHoro H pacnexHoro pe*H-

MOB paSoxbi, KF/C; /?* B , p* B0 — ^aBJieHHa HapyiKHoro sosayxa HepacnexHoro H

pacneTHoro peacHMOB pa6oxbi, Mfla.
JJjifl onpe^eJieHHa xapaKxepncxHK KOMnpeccopa B nepacnexnoM pejKHMe HC-

oQxojiHMO pacnojiaraxb AByMa napaMexpaMH:

<= / i(Gn p ,«n p); (2.13)

^^(Gnp'^p)- (2-14)

XapaKxepHcxHKH ocesbix KOMnpeccopoB noxoxn na xapaKxepncxHKH BCHXH-
jiaxopOB H HacocoB, HO neKoxopoe HX oxjiHHHe csasaHo c cacHMaeMocxbK) pa6o-

Ba>KHOH xapaKxepHCXHKofi oceBoro KOMnpeccopa aBjiaexca zpanui^a nomna-
oica, cBflsaHHaa c flBJieHHeM noMYiaotca. B npouecce paSoxbi ocesoro KOMnpeccopa
B03HHKatOT B03MyiUeHHfl, BbBblBaCMbie H3M6HeHHaMH KaK HaCTOTbl BpameHHa,
xaK H conpoxHBJicHHa ceTH — rasoBOH ryp6HHbi. OHM Moryt Bbisecxn cncxeMy
KOMnpeccop — FT us paBHOBecusi. BaafHbiM noKasaxeneM 3TOH CHcxeMbi
ca aKKyjuyjiupyioufafi cnoco6nocmb cemu, onpeflejiaeMaa BOSMO^KHOCTbK)
JICHHS HCKoero H36biTOHHoro pa6onero rejia no cpaBHeHHto c ero ycTa
iiiHMca TCMeHneM. Ha 3TOT npouecc MOJKCT noBJiHHTb xaKace HSMeneHHe UJIOXHO-
CXH B03flyxa. B xaKOH CHCXCMC Moryx pasBHBaxbca pe^HMbi c spamaiomHMca
cpbiBOM noxoKa, HapyiuaioiUHe ycxottMHBocxb xeneHHa H npHBoaamne K nyjibca-
UHflM. SXH jiBJieHHa B03HHKarox, B MacxHOCXH, npw CHHxeHHH pacxo^a paSoMero
xena H yMeHbiiieHHH Macxoxti BpameHHfl. FIpu AaJibneftmeM cHHaceHHH pacxo^a B
oxflejibHbix aonax npoxoHHOH nacxu KOMnpeccopa cos^aexca ycxoHHHBbiH spamaio-
miiHca cpbiB noxoKa, Koxopbifi CHJII.HO saMefljisexca, H Mo>Kex iiMexb MCCXO o6pax-
noe xeneHHe (C2l < 0). PasBHxne 3xoro Bpamaromeroca cpbisa npH AajibHettmeM

yMeHbiueHHH pacxo^a B KOHUC KOHUOB npHBO,o,HX K nonnofi noxepe ycxoHMHBOCXH
noxoKa H noasjieHHK) KOJie6aHHH ^aBJienHfl B cncxeMe KOMnpeccop — TT, T.e. BOS-
HHKaex noMnax. 3xo aBJienne xapaKrepHsyexca napacxaromMM ryjroM B paSoxaio-
meM KOMnpeccope, xjionKaMH B 3a6opHOM ycTponcxse H Bbi6pocoM sosjiyxa, no"
HBJieHHCM BHSpauHH jionaxoHHoro annapaxa snjioxb «o ero paspymenHa.
BpeiweHHO pesKo nanaex KFIJI, KOMnpeccopa, noaxoMy aBJieHiie noMnaaca

nycxHMo fla^e KpaxKospeMenHo!
FpaHHua pe^HMos, npn Koxopbix HMCK>X MBCTO neKHe MHHHMajtbnbie (B OTHO-

IUCHMH B03HHKHOBeHHfl noMnaa<a) pacxofl BO3^yxa H oxHOCHxenbHaa npHBe^eH-
Haa nacxoxa BpameHHfl, uasbiBaexca rpaHHueti noMna>Ka. Hacxo BMCCXO nee Ha
xapaKxepncxHKe KOMnpeccopa yKasusaiox epamtify ezo ycmomueou pa6omu, co-
oxBexcxByromyK) npejjnoMna^cHbiM peacHMaM. PacnexHbiM nyxeM onpe^enaioxcfl
3anacw raaoAHHaMHqecKOH ycxoHHHBOCXH KOMnpeccopa. BjiH3OCXb peacHMa pa-
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KOMnpeccopa K rpanHue ycxoflHHBOCXH MOM<HO KOJiMHecxseHHo oueHHXb KO-
sanaca ycmouHueocmu',

G.,71K K.ytrr « 1,1— 1,15,
wnp=const

(2.15)

rae GK CT, ^KJCT — pacxoA H cxenenb noBbimeHHa ^asueHHa Ha rpannue ycxoH-

IIHBOCXH npH xoK TKQ Hacxoxe BpameHHa nnp, npn KoxopoK onpeziejieHH GK , n*K

B A3HHOM pOKHMC.

CjieAyromeH Baacnon oco6eHHocxbK> xapaKxepHCXHK KOMnpeccopa
HX 3HaHHxejiBHaa Kpymusna, Koxopaa ysejiKHKBaexca c noBtimeHHeM

nacxoxbi spameHHa (pnc. 2.9, 6} H c H3MeHeHH6M HJIOXHOCXH sos^yxa.
cxyneneH B MHorocxynennaxoM KOMnpeccope H HCM Bbime cxeneHb no-

^aBJieHHa B Kaaf^OH cxynenH, XCM Kpyne xapaKxepncxHKH ^aHHoro
KOMnpeccopa.

BaJKHeMmeH oco6eHHOcxbH) xapaKxepHCXHK KOMnpeccopa aBJiaexca HX saeu-
cuMOcnib om napauempoe u (pusimecKiix ceoucme eosdyxa. HsMeHenne ero XCM-
neparypbi Bbi3bisaex H3MeneHHe njroxnocxH H, cjieaosaxejibHo, MECCOBOFO pacxo-
^a. B MeHbrnen Mepe na njioxnocxb sos^yxa BJinaex H3MeneHHe ero AaBJienna H
BJiaiKHocTH. ripoHcxo^ax xaKiKe H3MeneHHa HHCJia Maxa H noKaaaxejia H303nxpo-
nw, HXO Bjienex sa coGoH HSMeHenne xapaKxepHCXHK KOMnpeccopa. Cne^yex
noMHHXb, HXO paSoHHM xejiOM B KOMnpeccope sneprexHHecKOH FTV aBJiaexca 3a-
6HpaeMbiH H3 axMoc4>epbi BO3^yx, nosxoMy ycxanOBKa pearnpyex na H3MenenHa

npoeKXHpoBaHHH ocesoro KOMnpeccopa xpeQyexca peuivm. cJioacHyio aspo-
HecKyK) 3a,flaHy cBe^eHHa K MHHHMyMy paSoxti, pacxo^yeMOH na OKaxne
. 3xo no3BOJi«ex 3$4>eKXHBHee HcnojibsosaTb pa6oxy, coBepmeHHyro FT

FTy. Oco6o sa^Hoe 3HaneHHe B KOHCTpyKUHH jiK)6oro KOMnpeccopa HMCCX cno-
coSnocxb ycxpaneHHa cpbisa noxoKa Bos^yxa c sjieMcnxos ero npoxonnoH nacxw.
Hpn nycKe FTV Hacxoxa BpameHHa KOMnpeccopa H3MeHflexca ox nyna ^o HOMH-
HajiLHoK, nosxoMy sa)KHo npejiycMoxpexb xaKofi pacxo^ sos^yxa nepes KOMnpec-
cop, HToSbi ne flonycxHXb ero noBpeacaeHHs n3-sa HCH36ea<Horo cpbisa noxoKa
npn pa6oxe na nojioxeHnon nacxoxe BpameHHa H HCKJiionnxb cpbiB noxoKa na
HOMHHajibHOH Hacxoxe BpameHHfl. ^Jia pemeHHa 3XOH sa^aMH npH nonnaceHHOH
^acxoxe BpameHHa npHKpbjBarox BHA c uejibro orpaHHinxb pacxoA, a xaK^ce HC-
nojibayrox nepenycK sos^yxa H3 O^HOH HJIH HCCKOJIBKHX cxynenefi KOMnpeccopa.

H .aencxBHa ocjia6jiaiox HHxencHBHOCXb cpbisa noxoKa H HCKjnonaiox Bepoax-
CTS noBpe>K,aeHHa sjieMenxos npoxoHHOH nacxn KOMnpeccopa.

KOMnpeccop jiroSoH sneprexHnecKOH FTY cnaSacen anmunoMnaofCHou cucme-
°w- OHa Hcnojibsyexca B peiKHMax nycKa H ocxanoea FTY, a xaKace npn nona^a-

;e B pexcHMbi, 6jiH3KHe K rpaHHuc ycxoH^HBOH pa6oxbi. Ha pnc. 2.10 npHseflen
«ep aHXHnoMnaHCHOH cncxeMbi coBpeMeHHOH FTY. Ona COCXOHX HS asyx cxy-

copoca B03jiyxa B axMoc^epy qepea aHXHnoMnaa<Hbie KJiananbi (AFIK), pac-
EHHbIe 3a BropoH H naxoH CTyneHflMH KOMnpeccopa. B npouecce nycKa FTY
"lnaacHbie KJianaHbI ocxaroxca oxKpbixbiMH ^o xex nop, noKa nacxoxa spame-

°Topa He £ocxnraex npH6jiH3Hxe;ibHO 90 % paSonero sHaneHHfl. FlocJie sxoro
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PHC. 2.10. CxeMa aHiiniOMiia ' /Kiioii ciicreivibi KOMnpeccopa FTV GT8C (ABB)
1 — npoayBoiHbiH KojinaK; 2 — - rjiyiuHTCJib; 3, 4 — anTHnOMnaafHbie Kjiananbi nepBOH
5 — aHTHnoMnajKHtin Kjianan BTOpofi CTynenn; 6 — aHTHnoMnamiasi cHcieMa KOMnpeccopa; 7 —
KOMnpeccop; 8 — OTBOA oxjiajKflaromero B03.nyxa; 9 — CHCTCMB peryjinpyioiuero B03ayxa am aH-
THnoMna^KHbix KJianaHos; 10 — npeaoxpanHTejibnoe pejie BTOPOH CTyneHH aasjieHHa; // — npeao-
xpaHHTCJibHoe pejie nepBoii CTyneHH aasjieHHir; 12 — BO3jiyiiiHbiH oxjiaflHiejib; 13 — cncrcMa B03-
BpaTa Macjia; 14 — BO3jiyiiiHbie (JiHJibTpbi; 75 — BcnoMoraTCJibHbiH KJianaH BTOPOH CTyneHH c6po-
ca; 16 — BCnOMoraTCJibHbiii KjianaH nepBoit CTynenn cSpoca; 17 — mapoBbie 3anopHbie KJiananbi;
18 — iwKJiOHHbiH cenapaxop; 19 — nHTaxejibnaa flHa<|>pa™a BTopoft cTynenn; 20 — AHaiJtpanua
BTOPOH CTyneHH; 21 — o6paTHbiH Kjianan BTOPOH CTyneHH; 22 — nnTaTejibHaa ^Ha(})parMa nepBOH
cxyneHH; 23 — juiaiJiparMa nepBofl CTyneHH; 24 — oGparHbiii KJianaH nepsoH cTynenn; 25 — CHC-
TeMa peryjiHpyiomero Mac^a flJifl cSpocHbix K^anaHOs; 26 — peayKTop BTOPOH cTynenn; 27 — pe-
Ayiorop nepBOH CTyneHH; 28 — cepBOflBHraiejib (HcnojiHHrejibHbiH

KJianawbi saKptmaroxca H ocxaroxca saKpBixtiMH npH HopiuajibHOH 3KcnnyaxauHH
Fly. FlpH ee ocxaHose npouecc noBxopaexca B o6paxHyK> cxopony.

B aHxunoMnaacHOH CHCXCMC Hcnojtbayexca BOSflyx, 3a6HpaeMLiM 3a KOKnpecco-
POM 9 H oxjiaagiaeMbiH B sosjiyiiiHOM oxjia^Hxejie 12. FlocJie cenapaxopa 75 H BOS-

^HJibxpoB 14 peryjiHpyromHH sos^yx 9 nepes pe^ynxopbi 26, 27 H npe^o-
pejie 10, 11 HanpaBJiaexca B HcnojiHHxejibHbifi ^BHraxejib (cepBO-

anxHOOMnajKHbix KJiananoB (3 — 5). Hpn 3XOM Hcnontsyexca peryjiH-
MacjiflHaa CHCxeMa FTY ana cSpocnbix KJianaHOB (BXO^ 25, Bbixofl 13).

oxKjifOHeHHH FTY jiaBJieHHe Macjia B CHCXCMC perynHposaHHa 25 HCMe^jieH-
HO noHHHcaexcfl. npe^oxpaHHxejibHbie pene 10, 11 BbiKJijonaioxcfl, peryjiHpyro-
IUHH B03jiyx cSpactiBaercH HS cepso^BHraxejieH AF1K 3 — 5, nocjre nero OHM ox-
KpbiBaroxca noa aettcxBHCM BCXPOCHKI.IX B HHX npyacHH.

3aiuHxy ocesoro KOMnpeccopa ox noMnajKa MO>KHO ocymecxBHXb xanace, npH-
noBOpox JionaxoK BXOflHoro nanpaBJiaiomero annapaxa, MXO
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PHC. 2.U. CxeMa HO.IO^CCMHH .louaroK BO BXOJHOM
Hai!pau,iHioiiie.M annapare oceBOro KOMnpeccopa
if rpeyroJibHHKH cK'opocrefi npu noBopore jionaroic

6e3OxpLiBHoro o6xeKa-
npo(j)HJieH npoxoHHow nac-

XH. FloBOpoxHbie rronaxKH Moryx
6wxb HC xojibKO y BHA, HO H y
HecKOJTbKHX Cao nexLipex) nep-
B&IX cxynenefl oceBoro KOMnpec-
copa, HXO nosBOJiaex H3MeHflxi,
ero xapaKxepHcxuKH. HsMeneHHe
ynna nosopoxa jionaxoHHoro an-
napaxa BHA no cpaBHCHHK) c

ycxanoBKH
CKO-

pocxb noxoKa C:l H pacxo,a BOS-
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Puc. 2.12. CMeuieHue HtojpOMti iia ymiBepcajibHoii
xapaKTepHCTHKe KOMnpeccopa FT3-150 npH
HHH yrjia noeopora jionaroic BHA

Mepea KOMnpeccop (pnc. 2.11). BuHaHwe yrjia ycxaHOBKH BHA Ha pa6oxy
KOMnpeccopa TTY xHna TT3-150, paeoxaromero na TP3C-3 OAO «Moc3Hepro»,
noKasan Ha pwc. 2.12. FIpH npHKpbixHH Bxo/iHoro HanpaBjrflromero annapaxa

Hx 3HaHHxe;ibHoe cMeujeHHe H3o/ipOMti Ha yHHsepcajibHOH xapaxxepH-
(CM. pHc. 2.9) KOMnpeccopa BJICBO — BHHS ox XOHKH 4 40 XOMKH 1. Flo ^an-

BTH, npHKpbixwe BHA Ha 15° npHso^wx B KOMnpeccope TTV xnna TT3-150
CHH»<eHHK> npHBejieHHoro pacxo^a eos^yxa H npOH3B04HxerjbHOCXH KOMnpec-

copa Ha 13 H 10% cooxsexcxBeHHo. B jjaJibHeHuieM Sy^ex paccKasano 06 HC-
30BaHHH BHA ^jia peryjiHpoaaHHfl Harpy3Kn aneprexMHecKofi TTV u napa-

rases 33 FT.

Bonpocu

•
3. KaKofi n

P '
"1*' '6 K

KOMnpeccopa TTY.
B03^xa nepes ciyncHi. oceeoro KOMnpeccopa GCT?

npH Pa6oTe OCCBOTO

re 4)yHKuHH BxoflHoro HanpaBJiaiomero annapaxa KOMnpeccopa FTY.



fnaea rpeiba

KAMEPbl CrOPAHMfl SHEPPETMHECKHX ITY

3.1 . BMflbl CXMPAEMbiX B KAMEPAX CfOPAHMfl FTV TOn/lMB. HA3HAHEHME
M OCHOBHblE XAPAKTEPMCTMKM KAMEP CPOPAHMfl ITY

3HeprexHHecKHe FTV opHCHTHpoeaHbi Ha cjKiiraHHe rasooSpasHbix H
opraHHnecKHX XOIUIHB, OTseMaiomHx secLMa acecxKHM TpeSoeaHHaM,

cneijHcyHKOH xexHOJiorHMecKoro npouecca.
ropiOHHe raabi (npupodnbiii zas) cocxoax H3 CMCCH pasjiHHHbix yr-

jieBoaopOAOB, B KOTopoH AOJis MexaHOBoro psjia, H npesqie Bcero Mexana, snaHH-
xeJibHa (GoJiee 90 %). B CMCCH HMeexca Taxxce He6ojibmoe KOJinnecxBO CO2, N2 H

Zip. HH3Uias xennoxa cropaHHfl npupoAHoro rasa cocxaBJiaex 45—^8 MJJac/Kr.
PSA, 4>wpM H opraHHsauHH ocymecTBJTaiOT pacMCT xenjioBOfi CXCMH 3HepreTHHe-
CKHX FTY ana ataJTOHHoro npHpo^Horo rasa, cocTOHinero H3 MHCTOFO Meiana

(CH4 = 100 %, Q] = 50 056 K^ac/icr), HTO oSjiernaeT cpaBHHMOCTb TaKHx pacne-

TOB pasHbix TenjiOBbix CXCM. HpH Heo6xoAHMOCTH peanbHbie xapaKTepHCTHKH TO-

ruiHBa yMHTLiBaroTCfl cooTBeTCTByromHMH nonpaBKaMH.
IlonymHbiu zas — noSoHHbifi npo^yKT 3KcnjiyaTaunn He4>THHbix MecTopoatfle-

HHH -- HMCCT xapaKTCpHCTHKH, 6jlH3KH6 K XapaKTCpHCTHKaM npHpO^HOFO T33a
npw SoJibiiieM, HCM B npiipoaHOM rase, coflepacaHHH BUCIIIHX yrjieBoaopoaoB H

pa36poce 3HaneHHR HH3iiieR xennoTbi cropanHa.
HcKyccmeeuHbiu (cunmemuHecKuu) zas nojiynaioT B rasoreHepaxopHSix ycxa-

HOBKax npH ra3n4>HKaUHH pasuHHHbix MapoK yrneH. B HCM 3HaHHTCjibHa aoiia BO-
H oKciiaa yrjiepo^a, npHcyTCTBywT cepOBOAOpo^ H asox B S^Jibiiiux KO-

., HCM B npnpoAHOM rase. Htnuiaji xenjioxa cropaHHa xaKoro rasa 3Ha-

xejibHO MeHbiue H oSbiMHO He npeBbiiuaex 10 Mj^ae/Kr.
IloAaBJiJ!K)mee HHCJIO coBpeMCHHtix 3HeprexHnecKHX FTY paccHHXbiBarox Ha

OKiiraHHe npHpo^Horo rasa, nocxynaromero Ha 3jieKxpocxaHUHH c Mecxopo^fle-
HHH no MarHcxpanbHbiM rasonpoBOAaM. Sanacbi 3xoro xonjiHBa Ha T3C no no-

npHHHHaM He npeAycMaxpHBaiox, no3xoMy aKxyajieH sonpoc o pesepB-

jiHBe AJia rxy
B sHeprexHHecKHx FTY Hcnoiibsyioxcfl cjieAyioniHe BHAH ycudnoso monnuea'.
a) za3omyp6uHHoe, B KoxopOM o6teMHaa KOHuenxpauHfl yrjiepo^a cocxasjifl-

ex 86—87 %, BOAOpOAa 12—12,5 %, a Q] = 42,5—43 Mflac/Kr;

6) du3ejibitoe, B KOxopoM KonueHxpauHji yrnepofla cocxasJiaex 86 %,

A3 13 %, a Q\ = 42,5—43 MRx/Kr;
B) BbicoKoKa4ecxB6HHbi£i Masyx (^HOTCKHH) MapoK O-5, O-12.
OcHOBHbie napaMexpbi ^KHAKOFO, rasoTyp6HHHoro H rasoo6pasHoro
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e jiapiiMeTpi.i rasooBpaiHoro Tonjinea (npnpOiflHbifl ras no FOCT 5542—87)

ritora cropaHHfl npH 20 °C H 0,1013 MOa, Mfl5K/M3 (KKaji/M3),
HH3iuafl

 3 l5g (760Q)
ug McHcc. . • -

THOCTb npH 20 °C H 0,1013 MRa, icr/M3 0,676—0,83
osafl KOHueHTpauna cepoBo^opo^a, r/M3, HC 6ojiee 0,02

KOHueHTpauHa MepKanxaHOBOH cepu, r/M3, HC Sojiee 0,036
OSteMHafl KOHueHTPauna KHCJiopo/ta, %, HC 6ojiee 1,0
Macca Mexann^ecKHX npHMecefi B I M3, r, He SoJiee 0,001
TeMnepaxypa BOcnjiaMCHeHHa, °C 600—800

npe^eJiw BOcnnaMeneHHfl (no Merany), %:

1 c
eepxHHH

r i D H M e i a H H e . Flo coraacoBaHHro c noTpeSHie^eM aonycKaeTca noaana rasaanfl 3HepreTHHCCKnx ue-
j,eH c 6o^ee BLICOKHM coaepataHHCM cepOBOjiopofla H MepKanTaHOBoii cepw.

OcHOBHbie napaiviexpbi raioTypSHHnoro Tonjiwea (no FOCT 10433—75)

Bim xon^Hsa
FlapaMCTp A b

YcjioBHan BasmcTb npH 60 °C, ne 6o;iee 1,6 3,0
Hn3uiaa xeniioTa cropaHiw, M^ac/Kr, ne Menee 39,8 39,8
3oJibHOCTb, %, ne Sojiee 0,01 0,01
MaccoBas KOHUCHTpauna, %, HC Gojiee:

0,00005 0,0004
H KajiHfl (B cyMMe) 0,002

0,0004
cepbi 1,8 1,0
MexaHHiecKHX npHMecefi 0,02 0,03
Bojbi 0,1 0,5
cnHHua 0,0001

KoKcyeMOCTt, %, ne Sonee 0,2 0,5
leMnepaTypa BcntiuiKH, onpeaejiflejuaa B 3aKpbiTOM THFJIC, °C,
He wenee 65 62
TeMneparypasacTbiBaHHH, °C, He BMine 5 5
WojiHoe MHcno, r Ho^a Ha 100 r xonjiHBa, HC 6ojiee 45

npH 20 °C, Kr/M3, He Sojiee 935

. CepOBOflOpOfl H BO^OpaCTBOpHMbie KHCJIOTbl H 1UCJIOHH OTCyTCTByfOT.

napaMerpbi acuflKoro TOnjiwea (flHsejibnoc no FOCT 305—82)

HeMaTH^ecKaa Bj^Kocxb, MM2/c, npn TeMnepaxype:
20 °c- 1,5—8,0
50 °c.. " * ' ' • ' * • * • * • ' • ' . . . . . . . . . . . . . . . . . , . . . , . , . . . , , . . . , , , . . ^ . .
"eparypa aacTUBaHHa, °C, HC Gojree -60 10
"eparypa BCIIUIIIKH, °C, ne MCHCC . . . . 35—90

/0, He 6ojiee 0>01
0' He SoJ>ee 0,035—0,37

a» KOHueHTpaiiHa cepw, %, HC Gojiee 0,15—0,5
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Maccoeaa KOimeHTpauna MerajuioB, Mr/Kr, HC Gonee:
(0,3)
(0,5)

Haxpun (B cyMMe)

CBHHUa .......................................................
npH 20 °C, r/CM3, He 6onee ................................. 0,81—0,88

renjiora cropaHHfl, M^/icr .................................. 42,5- — 42,8

. MexaHHsecKHe npiiMecii H Boaa OTcyrcTByiOT. B CKo6Kax npiiBeaenti

B KanecxBe pe3epBHoro xonjiHBa, Kor^a ocHOBHbiM XOHJIHBOM flBJiaexca npn-
ra3, MOXHO Hcnojib3OBaxb KaK JKH^Koe XOIUIHBO, coxpanaeMoe B xonjiHB-

Hbix pesepsyapax (CM. FJI. 5), xaK H npHpo^HbiH ras, nocxynaromHH no nessBHCH-
MOH rasoBofi MamcxpajiH. FIpHHUHnHajibHbiM asjiaexcfl Bonpoc o flaBJieHHH no-
cxynaiomero Ha 3neKxpocxaHU,HK) ManicxpajibHoro npHpo^noro rasa. C ynexoM
noTepb B rasopacnpe,ae.nHTe.nbHOM nyHKTe T3C 310 ^aBJieHHe Ha 0,3—0,5 Mlla
AOJDKHO npeBbimaTb MaKCHMOJibHoe ^asjieHHe sosjiyxa, HanpaBJiaeMoro H3 KOM-
npeccopa B KaMepbi cropanHa TTY (CM. pnc. 1.2, a):

(0,3-0,5) MOa. (3.1)

B TCX cjiynaax, Koma 3x0 yciroBHC ne coSjirojiaeTca, HeoSxo^HMa ycxanoBKa ao-
)KHMHHX KOMnpeccopoe noBbiiueHHfl flaBJieHHH rasa.

HMexb B BH^y, MXO B ^oadiMHbix KOMnpeccopax see sjieMeHxw,
B COnpHKOCHOBCHHe C ra30BbIM TOnJIHBOM, Hejlb3fl CM33bIBaXb M3CJ10M.

MOIKHO HcnoiTbsoBaxb cooxBexcxByrorune no^xoflHmne Maxepwanbi (xetJjjroH H x.n.).

Bee niHpe npHMenaexca no^orpeB Hcnojibsyeivioro B FTY xoniiHBa (npHpofl-
Horo rasa). 3xox no^orpeB cxporo KOHxpojiHpyexca (J)HpMaMH-npoH3BOjiHxejiflMH
o6opyaoBaHHa, Koxopbie yKasbisarox ero npe^ejibHoe SHaneHJie (jina FTV V 94.2
(JHipMbi Siemens, HanpHMep, He Sojree 150 °C), csasaHHoe c KOHCxpyKuweH H na-:
paMexpaMH KaMepu cropaHHfl.

i, HcnojibsyeMbie B Kaiwepax cropaHHa FTV, B Koxopbix oSibeMHaa KonueH-
flOpo^a H2 cBbime 1 % H/HJIH aueTHJiena C2H2 Sojiee 0,1 %, Moryx

xo^bKo B AH^4>y3HOHHOM xyp6yjieHXHOM nuaMCHH (CM. .najiee). B npo-
THBHOM cjiynae (HanpHMep, B pe>KHMe npejjBapHxe^bHoro CMemeHHa Bos,nyxa H

H coajiaHHfl oSe^HeHHOH CMCCH) cymecxsyex onacnocxb paHHero sosro-
, ^exOHauHH H nojinoro paspymenHa ropenOK.

K KaMepaM cropaHHa coBpeMeHHbix snepreTHnecKHX ycxaHOBOK npeAtasjifl ex-
es Sojibinoe HHCJIO pasjiHHHbix xpe6oBaHHfi, perjiaMeHxnpyiomHx MX SKOHOMHH-
Hocxb, Ha/iea<Hocxb H orpaHHHeHHtiH BbiSpoc BpejiHbix semecxB (3KOJiorHnecKHe
xpeSoBaHHn). FIpw npoeKXHpoBaHHH 3HeprexHHecKHX ycxaHOBOK oSecneMHXb nw-
xaroxca see xpe6oBaHna, HO He sceraa 3x0 y^aexca.

PaccMoxpHM no^poGnee SXH xpe6oBaHHa.
1. 3KonoMUHHocmb paGoxbi KaMepbi cropaHHfl oueHHBaiox, npe)Kn,e scero, KO-

nojinombi czopanux xoniiHBa (xenjiOBOH KHR KaMepbi cropaHHfl):
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O xennoxbi, BbiflejiflKnueecfl B paSoHCM oSteMe KaMepu cro-
npH ropeHHH xonjiHBa sa e^HHHuy BpeMenn H saxpa^HBaeMoe na Harpesa-

H B03^yxa' nocxynaromero HS KOMnpeccopa, KBx; gn — nojiHoe KOJIHHCCXBO
, Koxopoe Moa<ex Bbi^ejinxbca sa e^HHHuy BpeMCHH npn cropaHHH xon-

B KaMepe cropaHHa FTY, KBx.

B nacnexHOM pe^HMe coBpeMeHHbie KaMepbi cropanna 3HeprexHMecKHx FTY
BLICOKOH 3KOHOMHMHOCXbro: T]KC = 0,98—0,99, a B ̂ nanasone

pa6oHHX HarpysoK r]KC - 0,95—0,99.

jTpyrHM noKasaxeneM SKOHOMKHHOCTH (3^4>eKXHBHocxH pa6oxbi) KC cjiy)KHx
K03(hd)uiiueHm eoccmaHoejiemm nonnozo daejiemix, oueHHBaromHH noxepn

pa6oHero xejia B KaMepe cropaHHfl:

(33)

rae p* , p*KK — nonntie aasjienHfl rasos nepeji rasosofi xypSnHOH H Bos^yxa 33

KOMnpeccopoM, MFIa; A/?JC — o6mHe noxepn nojinoro jiaBJiennfl (noxepn Ha

TpeHHe A/?* , xypSyjienxHbie noxepn A/j^,p5 , noxepn B noxoKe npH no^BO^e

xenjioxbi A/>* ), MFIa:

. (3.4)

B coBpeMeHHbix KaMepax crop3HHfl sneprexwHecKHx FTY snaneHHe a* > 0,97.
YBejiHHeHHe 3xoro 3HaneHHa — ojjna HS ocnoBHbix 3anan npoeKxnpoBaHHa

cropanna (KC), xaK K3K pocx noxepb A/>KC na 1 % npHBOflHX K

MOUIHOCXH FTY B CpC^HCM H3 1 % B 33BHCHMOCXH OX CXeHCHH nOBblllieHHa

HHa B KOMnpeccope n*K H xeMnepaxypbi rasos nepezt rasoBOH xypSHHofi 7**_T.

2. HadejKHOcmb pa6oxbi KaMepbi cropaHHa FTY MOHCHO oueHHXb pfl^oM _ . r _ _
""*. Bo-nepBwx, 3x0 mennonanpHDtceHHOcmb padonezo oQ-bema KaMepbi ero-

Uy, Bx/(M3 • Fla), H ee cenenm UF, Bx/(M2 • Fia). OHH onpejjejifliox coox-

raSapnxHbie pasMepbi H MexajuiocMKocxb:

(3.5)

(3-6)

tfrr — MaccoBbiK pacxoa xonjiHBa B KC FTY, Kr/c; Q] — unsmafl xenjioxa

Kc- ron-THBa, KR-jK/Kr; r\KC — KOS^IUHCHX nojinoxbi cropaHHa xon^nsa B
' ^KC-

Kr; r\KC — KO3^>^MUH

o6i,eM orHeBow 30Hbi njiaMeHHoH xpySbi KC, M3; FKC

nonepenHoro ceneHHa nnaMeHHOfi xpy6bi KC, M2.
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Kawepu crop™* 3HepreT«HecKHX FTV xapanepuyKrcoi OTKWHMH Be-
= 80-200 BT/(M3 - n.) H UF - 50-300 BT/(M> • Ha).

*„, , KT TTV oGecneHmaeTca 3a«aco.M sHaneHHH napaMeT-pa6o™ .K. MTV ̂ o6e ne ^ ̂  MexaHmecKHX

oTHomeHHK> K KP"THH"K™3 ncoB. 3a«aK,T OTHOCH-

(3.7)
U *

cropaHHa:

r* -T*-1 max mm 0/0 ?

cp

06-

^ , n cooTBeTCTBCHHO MaKCHMajibHaa H MHHHMajibHaa xeMnepaxypa

TOpMO>KeHHfl ox,nejibHbix cxpyfi noxoKa rasa B BBIXOAHOM CCHCHHH KC; T* _

cpeAHaa (pacnexHaa) TCMnepaxypa TOpMO^eHHfl noxotca rasa sa KC.

B SHeprexHHecKOH FTY 6T < 5 — 10 %.
HaAexHocTb pa6oTbi KaMepbi cropaHHa B oxHOiueHHH opraHHSauHH paSonero

npouecca oueHHBaiox xaic HasbieaeMoii cpbienou xapaKmepucmuKou, npeflCTas-
jiaiomeH co6oH saBHCHMocit pacxoaa sosayxa GB

 =/(WKC). Sflecb aKC

mee sHaneHHe K03$^HUHeHTa HsStiTKa Bos^yxa B KC. PaGonne pexHMbi
o6ecneMHBaTb AQCTaTOHHoe yAaneHHe OT rpannu cptma nuaMeHH npH ropeHHH
KaK Soraxoft (HSSWTOK Boaayxa a < 1), TaK H SeziHOH CMBCH TonJiHBa H Bosjjyxa
((X > 1). CpblBHajJ XapaKTCpHCTHKa SaBHCHT OT KOHCTpyKUHH KC, HapaMCTpOB
Bosjiyxa, BHfla cafHraeMoro ToruiHBa H cnoco6a ero noaaMH.

KaMepu cropaHHH aoJDKHbi o6ecneMHBaTb tpopMupoeatme HauajibHou m&Mne-

pamypbi easoe r*T nepeA rasosofi Typ6HHofi, Ha^exHuR H 6bicTpbift nycK FTV,

yctotlHHByK) paSoTy na pasnnMHbix peacHMax, aBTOMaxHHecKHH nepexoA c OCHOB-
Horo Ha pesepBHoe TOHITHBO. OHH AOJDKHU HMeTb flocTaTOMHyio aonroBeHHocTb
KOHCTpyKUHH, yfloSCTBO H 6e30naCHOCTb 3KCnJiyaT3UHH, pCMOHTOHpHrOAHOCTb.
B HHX He AOJI>KHO oSpasoBbisaTbca Harapa, napyiuaromero HopMajibnyio 3KC-
HJiyaTauHio flerajiea KC H npoxoMHofi nacTH rasosoti TypSnHbi.

3. ^KOJlo^uHHocmb pa6oTbi KC 3nepreTHHecKHx TTY npHo6peTaer Bee 6ojib-
uiee 3HaM£HHe H3-sa yxecTonenHfl HopM BbiSpocoa Bpe^Hbix semecTB B onpy-
)KaK)myro cpeay. npH 3KcnjiyaTauHH FTY TaKHMH BpeAHbiMH BemecTBaMH asjia-
K>Tca: OKCHAH asoTa NO H NO2, o6o3HanaeMbie NO^, OKCHA ymepoAa CO, necro-

pesuiHe B pesyjibxaxe nenojiHoro cropaHHa yrneBOflopoAbi, OKCHAW cepbi SO2 H
SO3, o6o3HaHaeMbie SOX, H TBep^tie nacTHHbi. HecropeBinne yrjieBOAopoA^1

BKJHOHawx B ce6a JieTynne opraHHnecKHe coeAHHenMa, KOTopbie cnocoScrBytot

oSpasoBaHHK) aTMoc4>epHoro 030Ha.
Bojibiiiaa nacTb OKCHAOB asora (mepMiwecKux oKcudoe) o6pa3yerca B npouec-

ce OKHraHHa TonjiHBa B KC. OKCHAW asora o6pa3yroxca TaK>Ke B peaynbTaxe CBS-
3H asoxa, npHcyxcTByromero B caMOM TOHJIHEC, c KHCJIOPOAOM — monjiueuo-cf^-

zaHHbiu asotn.
*/

TepMHnecKHe OKCHAW asoxa oSpasyroxca B pesyjibxaxe KHMKHCCKHX peaKUHH
B COOXBexCXBHH C M6XaHH3MOM SeJlbflOBHia CKOpOCTb o6pa30BaHHfl 3XHX OKCH-
AOB HMeex sKcnoHeHUHajiLHyK) sasHCHMOcxb ox xeMnepaxypu nnaMCHH. CJieflO-
eaxeJibHo, KOJIHMCCXBO oGpasyrouiHXca OKCHAOB asoxa asjiflexca (J)yHKUHeEi «e
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PMC. 3.1. SaeiiciiMOCTb o6pa30Bamifl TepMiinecKHx oKciiaoB a3ora OT reMneparypbi rasos
H BpeiHCHH npe6biBaHHH STHX raaoa B sone MaKCHMajib»bi\ TCMneparyp (njia cyxHX raios npii
o6i.eMHOH KOHueuTpauHu KHCJiopoaa 15 %; TonjiHBo — npHpoAHbifl ra3, reMneparypa BO3/iy-
xa uocjie Koivinpeccopa 400°C)
L, MC — BpeMfl npeSbiBaniia ra^os B 3OHe MaKCHMa^tntix TCMnepa'ryp: L= 150 MC — B BbiHOCHbix
KC; L ~ 30 MC — B KOJIBUCBLIX KC; L = 15 MC — RJIS KC HOBOFO noKOJieHHS

T , K

xojibKO xeMnepaxypbi nnaMCHH, HO
H BpeMeHH, B xeneHiie Koxoporo CMCCB
ropaMHx rasoB naxoAHxca npn xeMnepa-
Type njiaMeHH (pnc. 3.1). 3xa 33BHCH-
Mocxb asjiaexca JIHHCHHOK ^yHKUHeii
BPCMCHH. TaKHM o6pa30M, TeMnepaxypa 250°
i BpeMa Haxoa<AeHHa rasos npH axott

fewnepaType onpeAejiaioT ypOBHH BHXO-
a TCpMHHCCKHX OKCHAOB a30Xa H flBJlfl-
TCa B3)KHeHUlHMH nepCMCHHblMH, KOXO- 2000
UMH KOHCTpyKTOp AOJDKCH OHCpHpO-

MX06LI CHH31iTb BblSpOCbl NOT.
^ A-ia KOHKpeTHoro TonjiHBa cKopocxb

'a30BaHHa OKCHAOB aaoxa MO>KHO npeA-j_ 13UU
H36bITKa

I*MC. 32 i»TepM HCHMOCTII CKOpOCTII O0pa30BaiIHH
;«»x OKCHaoB aaoxa DHO^ H TeMnepaTy-

CTH K -. 1" °T K03(l)4>"UHeHTa 3KBHBajieilTHO-
^ aJ1H a(llaKOro He(|)TenpoayKTa npw

narpeBc eos^yxa jio 315 °C

1000

300

200

100

0,5 1,0 1,5
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(pHc. 3.2), KaK cjieAyex HS pwcyHKa, HaHBbicmaa cKOpocTb o6pasoBaHH3 OKCHAOB
a30Ta HMeeT MCCTO npH cxexHOMexpHHecKOH (aAHa6axHHecKon) xeMnepaxype njia-
MeHH. BfiHAy Toro MTO pasHbie BHAbi oKHFaeMoro xonjiHsa xapaKTepHsyioxca pas-
HOH MaKCHMaubHOH xeMnepaxypoK njiaMeHH, cjieAyex o>KHAaxb cymecxseHHtix pas-
JIHHHH B BblXOAC OKCHAOB 33073, HTO H Ha6"jIK>AaexCa H3 npaKTHKC.

CKOpocTb oSpasoBaHHa OKCHAOB asoxa yMenbiiiaexca no Mepe oSeAneHHa TO-
nJWBHOH cMecH (a > 1) B soHe ruiaMBHH, T.e. no Mepe yMGHbuieHwa ero xeMnepa-
Typti. no xofi >Ke npHHHHe Ana CHHaceHwa BbiSpocos speAHbix aemecxB B KC
BnpbiCKHBaiox BOAy (nap) B KonHHecxse DB < (0,5 — l,5)5rT — xaK HasuaaeMbie

MOKpbie KOMepbl CZOpttHUH,
MHHHMaiibHbix ypOBHeii oKCHAa asora MO>KHO Ao6iiTbca, npHMCHaa cyxue KC

C oGCAHeHHOH TOHJ1HBHOH CMeCbK).
BHCOKHC 3KOJiorHHecKHe noKasaxejiH KC H BCCH FTY MO^HO nojiynHTb rpe-

M3 OCHOBHblMH MBTOAaMH:
a) npHMeneHHCM MOKpblX KC oSblHHOft KOHCTpyKUHH C AH^4>y3HOHHbIM (J)a-

KCJIOM H eripucKOM BOAH (napa);
6) npHMeHeHHeM MHKpo4)aKejibHoro MHorocTyneHHaxoro cawraHHa oSeAHen-

HOH xoniTHBHoW CMecH B cyxiix KC;
B) AOnOJTHHXejlbHblM HCnOJIb30BaHH6M KaTaJlHTHMCCKOH OMHCXKH BblXOAHHX

ra30B FTY.
Flpouecc ceJieKTHBHoro KaTajiHxnnecKoro BOccxaHOBJieHHa (CKB) DENOX

asjiaexca HaH6onee uiHpoKo npHMenaeMOti TexHonorHeft BocciaHOBJieHHii OKCH-
AOB asoxa NO^ B BLIXOAHUX rasax FTV. OH npeACxaBJiaex co6oK MCXOA npeoSpa-
sosaHHa OKCHAOB asoxa B BUXOAHHX rasax TTY B MoneKyjiapHbiR asox, soay H
KHCJIOpOA 3d CM6X XHMHHeCKOM peaKUHH 3THX OKCHAOB C aMMM3KOM B OpHCyxCT-
BHH KaTanHsaxopa. B KanecTBe npHMepa npuBCAeHa cxeMa ycxanoBKH, pa3pa6o-
xaHHOH AaxcKOH ^)HPMOH «XajibAep Tonce AO» (pnc. 3.3). BoccxanoBJieHHe OK-
CHAOB a3oxa npOHCxoAHx npH BnpbiCKe BOccxaHaejiHBaiomero areHTa — BOAHOFO
pacxBopa aMMnatca B BbixoAHbie rasbi FTY npH TCMnepaxype 300 — 420 °C H no-

eM npoxoAe CMCCH aMMHaK— BbixoAHbie rasbi nepes KaTajiHsaxop. Flpn
KaxajiM3axopa OKCHAU asoxa npeBpamaiOTca B asox H BOAHHOH nap:

4NO

6NO

4NH3

8NH3

O2 -̂  4N2 + 6H2O,

7N2 + 12H2O.

TaKHM oSpasoM, KOHBepcna OKCHAOB asoxa He cosAaex BXOPHHHOFO
KaxaJiHsaxop CKB — 3x0 pH^jieHaa MOHOUHXHaa nuacxHHa na BOJIOKHHCTOM

HocHxejie, ycHJieHHOM TiO2. OH HsroxasjiMBaexcfl B BHAC 3JieMenxoB, 3aKJiK)MeH-
Hbix B cxanbHbie nuacxHHbi pa3MepOM 466 x 466 x 572 MM. B KanectBe KaxajiHTH-
HecKH aKXHBHbix MaxepHaJioB HcnojibSosaHbi OKCHAH MexaJiJioe (nanpHMep, neH-
XOKCH.U sanaAHa), 3x0 nossojiaex csa3biBaxb AO 90 % OKCHAOB asoxa.

B nepcneKXHBe oacHAaexca nepexoA K xaKtiM KC, B Koxopwx KaxajiuxH^ecKHH

peaKxop pacno^05K6H BHyxpH.
CoBpeMeHHbie 3HeprexHMecKHe FTY npH Hcnojib3osaHHH npnpoAHoro ra3

Aarox HH3KHe ypoBHH BbiSpocoB OKCHAa asoxa H yrjieKHCJioro rasa (B npeACJia*
VO — 40 ppm, x.e. 10—40 nacxeH Ha MH^JIHOH no o&teMy B cyxoM cocxoaHHH 1

oSlCMHOH KOHUCHTpaUHH O2 15 %).
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FioA TepMHHaMH «KOHU6HXpauHa NO^w, «coAep>KaHHe NO^ H «ypOBi
MO » oSbiMHO nOApasyMesaexca KOJIMHCCXBO NO^, ppm (oS-bCMHbix nacxen

(CM. X3K5K6 § 5.6).
NO^ Macxo yKasbisaexca B MHJiJinrpaMMax Ha nopMajibHbiK

Mexp. AJIH nepesoAa H3 OAHHX eAHHHu B Apyrne (BO BJia>KHOM HJIH
oM rase) MOIKHO Hcnojibsosaxb

N0,[ppm 06.] = 22,415 . (2

Tina xoro Mxo6bi nepesecxH coAepacanne NO^ BO BJiaacnoM rase Ha coAep;
B cyxoM rase HAH naoSopox, MOMCHO Hcnoubsosaxb (|iopMyjiy

I (-

1-
100

NO - cpeAHaa
BJiaiKHoro rasa; NO

, oxneceHHafl K peanbnoMy 3naHen
O2 A-H3 BJiaiKHoro rasa; ^ cyx — xo ace AJI« cyxoro rasa; H2O — peajibnaa o
eMHaa KOHuenrpauHa H2O, HSMepCHHaa B npoueHxax.

BbimeyKasaHHaa (JiopMyjia npHMCHHMa AJia nepeBOAa KOHuenxpauHtt BI
KOMnOHCHXOB BblXOAHblX r330B, H3 COACpaOHHa B CyXOM ra3e B COAep^OHHC
BJiaiKHOM rase H Hao6opox (sa HCKJiioHeHHeM H2O). PeajibHaa o6"beMHaa KOHU

O2 BO B^aa<HOM rase ae paBHa oSteMHOH KOHuenxpauHH B cyxoM, H j
xanace CAeAyex ncnojibsosaxb 4>opMyjiy (3.9).

3-3. Cxeiwa ycraHOBKH CKB DEN'OX (4>iipMi,i «Xajitflep Tonce»)
"THiecKoro Boecia i iOBJic i i i iH OKCHAOB asora NO

ceJieKTHBHoro i

n pemeTKa c coiuiaMH ana no^aiw pa36aBjienHbix napOB Bo^HOro pacxBopa i
Ka ' a B "OTOK B*>ixo.HHbix ra30B FTV; 2 — HcnapiiTejit BOAHOFO pacTBopa aMMHaKa; 3 —
Hb

 a 5a"nace Buxo^Hbix mos TTV; 4 — cMecwxejib napos BOJHOFO pacTBopa aMMHaKa c
faaaMH 6aflnacHoro noTOKa; 5 — 6atinacHtiH HOTOK rasoB; 6 — KJianaH KOHTPOJIH

fla °Pa aMMHaKa; 7 — nacoc noaaMM Boanoro pacraopa aMMHaxa c peryjurropoM nocroaHHi
Hu KojijieKTope; 8 — 6aK xpaHCHHH Bo^Horo pacTBopa aMMHaica; 9 — pacxoflOMep; 10



npHBe^eHHa coAep>KaHHfl NO^, oTHeceHHoro K jrroSoM ^pyrofi
z, %, cyxoro rasa, K 15 %-HOH KOHueHTpauHH O2 cyxoro rasa H

N0x[z%02] NO,r[z%02]

21 -z = 21-15 '

me NO;C[15%O2] -- KOHueHTpauHa NO^, OTHeceHHaa K 15 %-HOH

KOHUCHTpaUHH O2 (cyXOH T33); NO,t[z%O2] — KOHUeHTpaHHfl NO^, OTHCCCHHaJI
K Z % oSteMHOH KOHueHTpauHH O2 (cyxoH ra3).

Heo6xoflHMO HNiexb B BH^y, HTO npHMeHCHne 3HepreTHqecKHx FTV c perene-
paUHCH TCnJlOTbl BLIXOAHUX TaSOB npH O^HOBpeMCHHOM nOBHIIieHHH 3KOHOMHH-
HOCTH cBflsano c yBejiH^eHHeM TeMnepaTypw UHKJIOBOTO Bos^yxa, no^BO^HMoro B
KC. FIpH 3TOM ypOBCHb 3MHCCHH OKCH^OB 330Ta B KC 4H$(J)y3HOHHOrO THim pe3-
KO BO3pacTaeT (npHMepHO BJIBOC c yeejiHHeHHeM STOH TeMnepaTypbi Ha Ka^ue
100 °C). CymecTByroT pasjiHHHbie TexHHnecKHe pemeHna, nosBOJiaiomHe H36e-
>KaTb pocTa KOHueHTpauHH NO^ B TaKHx

3.2. TMHbl KAMEP CfOPAHMfl M MX KOHCTPyKTMBHblE CXEMbl.
OCOBEHHOCTM OKMfAHMfl TOH^MBA

Kaiuepbi cropaHHa 3HepreTHHecKOH FTY — ycTpoflcTBa,
^jia npeo6pa30BaHHa XHMHHCCKOH 3neprHH TonJiwaa B TenjioeyK) 3HeprHio pa6o-
nero Tejia, HMeromero napaMCTpbi, cooTBeTCTByromHe Tpe6oBaHHflM TexHOJiorn-

npouecca. Sa^aHHbiH TCMnepaTypHbiH ypoBCHb npo^yKTOB cropaHHa ne-
FT oSecneHHBaeTCfl nojianeH sos^yxa B KOJiHHCCTBe, npeBbiuiaromeM neo6-

nojiHoro cropanna Tonjinsa.
Tnn KC H ee KOHCTpyKUHH saBHcaT OT HasHaneHHa, KOMHOHOBKH, Hanpaajie-

HHS noTOKOB pa6oHero Tejia, KOJiHHecTsa ropenoK H £p.
Kaiviepbi cropaHHa 3HepreTHHecKHx FTV noapa3aejiaK>Tca:
no HasHateHUK) (ocuoeubie, npOMe^tcymoHnozo nodozpeea ra30B, doyfcueanu^

TOHJiHBa — B cxeMax nrV);
KOMnonoGKe e cxeMe FTV (ebinocnbie (pHC. 3.4), pacnojio^eHHbie pa^oM c

FTV H coe^HHeHHbie TpySonposojiaMH no^BOfla sos^yxa, TonjiHBa H OTBO^a ra-
SOB; ecmpoenubie (pHC. 3.5), HMeromHe oQmHH Kopnyc c FT H KOMnpeccopoM);

KOpnyca u maMennbix mpy6 (KOJibi^eebie (pwc. 3.6, a, e)', mpyo~
(puc. 3.6, 6 H d) H ceKijuonHbie (pnc. 3.6, e, z))',

Konunecmey sopejioK e odnou nnaMennou mpy6e (odnozopenouHue H MHOZOZO-
ioHUbie, CM. pnc. 3.5),
BbmocHbie KOMepu cropanna pacnojiaraiOTca nepneH^HKyjiapno HJIH

npojiojibHOH OCH FTY, HX jierne KOMnoHOBaTb, oScjiyacHBaTb H
poBaTb. HajiHHHe ^JiHHHbix rasoxo^oB Me>Kjiy KC H FT yjiynmaer n
HHC npo^yKTOB cropaHHa c Bos^yxoM. O^HOBpeMeHHO yBejiHMHeaioTca norep'
Hanopa, Macca H ra6apHTHbie pa3Mepbi ycTanoBKH. TaKHe KC nojiynHJiH npHM
HCHHC B poccHHCKHx FTY THna FT-25-700, FT3-35-770, a TaKace B KoHCTpyKU«'
ax FTY pa^a sapy6e>KHbix <J)HpM ABB H Siemens. BMCCTC c TCM B
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PHC. 3.5. npHMep KOMHOHOBKH BcrpoeHHbix KC mepremHccicoH rf V (MS6001FA (piipMbi General Electric)
CM. noaniicb K p«c. 3.4
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poccHHCKtie H 3apy6e>KHbie npon3BO£HTeJiH 3HepreTHHecKHX FTY
OT H c no jib3O Banna BbinocHbix KC.

KC OTJIHMaeTCa KOMnaKTHOCTbK) H JterKOCTblO KOHCTpyKU,HH
noJiaraeTca Me>Kay KOMnpeccopOM H FT Bonpyr sajia FTY Ee pa6oHHH
npe^cTasjiaeT co6on cnjioiuuoe KOJibuesoe npocTpancTBO Meac^y
H napy>KHUMH o6enaHKaMH nnaMeuHbix Tpy6. HHCJIO (jx>pcyHOK
T3KHM, HTOSbl <}>pOHT nJiaM6HH HOJlHOCTbK) 3anOJIHaJI CeHCHHe KOJlbUCBOro fin"*
CTpancTBa njiaMennoH Tpy6bi.

B mpyduamo-KOJibifeeou KC BHyTpeuuHH H napyiKHUH Kopnycbi, Kan H
KOJibueBOH KC, — o6mHe. FIOTOKH rasos, Bbixo,aaiune HS nnaMeHHbix Tpy6, 061,
eAHHsnoTca B KOJibuesoM ra30c6opHHKe HenocpeflCTBCHHo nepea conjiOBbiM an-
napaTOM KC. HHCJIO nnaMeHHbix Tpy6 BbiGnpaiOT B saBHCHMocTH OT ceneHHa ne-
pe^neH nacTH ra30BOH TypSnHbi B npe^enax OT 6 40 12. FIjiaMeHHue (a<af
TpySbi coe^HHCHbi Meacjiy coSofi naTpySnaMH nepeSpoca njiaMeuu STHX
FlpH nycne FTY nepe6pocKOii njiaMenu OT ropamero ^aKejia nycKOBbix
o6ecneMHBaeTca BOcnjiaMeneHHe TonJIHBa BO scex njiaMennbix TpySax. 3TH
naTpy6KH cnoco6cTByK>T BOccTanoBJieHHK) ropenHa npn cpbiae 4>aKejia B
ns nnaMeHHbix Tpy6 H BbipasHHBaHHio AasjieHHa rasos B HHX.

CeKl^UOHHOR KC COCTOHT H3 OTfl6JTbHbIX SjTOKOB nJiaMCHHblX Tpy6 CO CBOHMH
KopnycaMH n nepexo^HHKaMH, uo^BOflauiHMH rasbi K conjiosoMy annapaTy FT,
Pa6oTa KaHf^oro 6noKa asTOHOMHa, HO HMeroTca naTpySKii nepeGpoca njiaMenH.
HHCJIO 4>opcynoK B Ka^oM CCKUHH 33BHCHT OT raSapHTHbix pa3Mepos njiaMCH-
HOH Tpy6w H ee KoncTpyicuHH. B KC snepreTHHecKon FTY 4>HpMbi Siemens
(pnc. 3.4) TaKHX ^opcyHOK no 5 HIT. B Ka>K,aoH njiaMCHHOH Tpy6e.

Flepexo^ OT BbiHOCHbix (6yHKepubix) KC K BCTpoeHHbiM KC HMBCT cjieAy>o-
IUHC npHMHHbi:

Hcnojib3OBanHe BCTpoeHHbix B KOHCTpyKUHio FTy KC nosBojiaeT ocymeci-
BHTb sasoACKyio cSopKy, ncnwTaHHa n oTrpysKy BCCH ycTanoBKH 6e3 npoMe^y-
TOMHOM c6opKH;

o6ecneMHBaer ^opMnpoBanne TeMnepaTypnoro npo<j)HJia rasoB ua
HTO noBbimaex cpok ee cjiy>K6bi;

jierne npoH3BojiHTb TCKymee o6cny>KHBaHHe H PCMOHT;

nepexo^Hbie ynacTKH, coeflHHJuomne BCTpoenHbie KC H FT, HMBIOT
pasMepbi. OHH Menee noasepaceHbi MexaunnecKHM nospe^^eHHaM
CKHMH yCHJIHaMH, B03HHKaK)mHMH B KC. MCHbUiaa ^JIHHa CHCT6MbI C 60J1I>I1IH
HHCJIOM KC oSecneMHBaeT Sojiee BWCOKHC nacTOTbi anycTHHecKHX KOJiefiaHH
HTO yMeHbtiiaeT sepoaTHOCTb nonajiaHHa ux B pesonanc c KOJieGannaMH
HHa ropamero rasosoro noTOKa;

BO BCTpoeHHbix KC o6pa3yeTca Meubiiie OKCH^OB asoTa Gjiaro^apa Ji
peMeuiHBaHHK) H MeumieMy BPCMCHH HaxoMffleHHa TonjiHeuoH CMBCH B

noBbiuieHHe HanajibHon TeiunepaTypu rasos THT B coBpeMeHHbix FTY no

yMCHbuiHTb pasMepbi KC;
KC c MeHbuiHMH raSapHTHbiMH pa3MepaMii MoryT 6biTt pa3pa6oTaHbi H noJ1^,

.K) onpoSoBanbi na jra6opaTopHbix cTenaax 4)HpMbi-npoH3BO^HTeJia. STO rap'
THpyer coBna,neHHe HX xapaicrepHCTHK c pa6oHHMH B npouecce 3KcnjiyaTaunH-
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OTBCPCTHJI,

KOTOpblX Upe^yCMOTpCHO HCCKOJTbKO TaHreHUHaJIbHblX K3Ha^OB. CHJIbHO
'

06 no^a^H TonJIHBa B KC onpe^e^aeTCfl era BHJIOM. FasooSpasHoe TOH-
TCfl c noMombio ropejioK B BH^C KOjinanKa c npocBepjienHbiMH

e° E
 OTBepcTHflMH. FopejiKH Sbisaio

f°wl
 ra3a qepe3 Kpyrnbie HJIH

MHOrOKaHaJTbHblMH H ^p.

e TonjiHBo ^o3Hyercfl B KC c
blX Up .
nOTOK TOHJIHBa BblXO^HT H3 COHJia (J)OpCyHKH B BH^6 KOHHHCCKOH

c onpe^ejieHHbiM yrjioM pacKpbiTHfl.

preTHqeCKHX FTY oSblHHO HCnOJlbSyiOT KOM6HHHpOBaHHbIC TOpejIKH ^Jlfl
raHHfl rasooSpasHoro H >WKoro TOUJiHBa.

B yiI1He npOHSBO/iHTejiH sneprcTHqecKHx FTY nenpepbiBHo coBepmeHCTBy-
KOHCTpyKUHK) KC, ^o6HB3flCb BblCOKOH 3$(J)eKTHBHOCTH BblfOpaHHa TOHJIHEa

BceM ^Hanasoue HarpysOK npn MHHHMajibHOM Bbi6poce spe^Hbix semecTB.
npouecc ropeHH« TOUJiHBa B KC anepreTHHecKHx FTY cjioiKHee, HCM B TO-

noiHbix KaMepax ^pyrux snepreTHHecKHX ycTanoBOK. FIpH OTHOCHTejibHo Hesbi-
COKHX TCMneparypax xHMHHecKaa peaKUHH ropeHHJi upOTexaeT ^QCTaTOHHO ivie^-

, a noTpeSjieHHe KHCJiopo^a BO MHOFO pas MeHbiiie BOSMO^HOCTH ero jjoc-
K (|)poHTy HJiaiweHH, KOTopbifi paa^eJiseT TonjiHBOBosjiyiuHyio cMecb H npo-
cropauHfl. OSiuafl cKOpocib peaKUHH orpauHHeHa KHHCTHKOH XHMKHCCKO-

ro pearnpoBauHJi Ha noBepxHOCTH, H 3iy TeMneparypHyH) o6jiacTb peaKUHH na-
3biBaK>T KUHemiwecKou o6nacmbio zopenuz, Fipn BHCOKHX TewnepaTypax npo-
uecca oSmaa cKopocTb peaKUHH onpe^ejiHeTcs yc^osneM no^sozia KHCJiopozia.
/(ocTaBJiaeMbiH jjH4>4>y3HeS K nosepxHocTH KHcjropojj MFHOBCHHO BCTynaeT B pe-

, a ero KOHueHTpauHa y noeepXHOCTH npH6;iH)KaeTCJi K Hyjiro. OopMHpy-
tKjxJtysHOHHafl oSjracTb ropenHa. TaKHM o6pa3OM, CKOPOCTL npouecca ro-
npH cMeitieHHH CTpyn TonjiHBa c B03^yxoM orpaHHHHBaeTca He XHMHne-

peaKUHett, a 6ojiee Me^jieHHbiMH ^H(J)$y3HOHHbiMH npoueccaMH MaccooS-
TaKHe KC HasbisaroT dixptpysuoHHWMU.

,AH4)^y3HoHHbifi 4>aKeji cuocoSeH ycTOHHHBo rop6Tb B CM6CH, HMeiomeH pas-
I COCT3B, HO HJIOTHOCTb TCUJIOBOrO HOTOKa H yCTOHHHBOCTb CKOpOCTH CFO HC-

tH HeBCJIHKH. 3TU HCflOCTaTKH MOryT 6bITb yCTpaHeHbl HCKycCTBCHHOfi CTa-
UHCH ropeHHH H HHT6HCH(J)HKauHeH CMeceo6pa3osaHHfl. npoHCxo.zwmee

CMeiueuHe npouecca ropeHHa H3 £H<j)(J)y3HOHHOH o6jiacTH B KHHeTHne-
c°npoBOHc^aeTCa saivieTHbiM noBbiuieHweM ero HyscTBHTejibHocTH K H35brr-

Kjiacc Xa aHOBHTCa HeB03MoacHOH pa6oTa npu 6ojibiuoM H36biTKe B03^yxa.
CKHM nyreivi Bbixo^a MS 3Toro nojio>KeHHa aBjiaerca pa34ejientie

nepBHMHbIH H BTOpHHHblH.
^ "i

v nPe-ItCTaBJieHa npHHUHnnajibHaa cxeMa H KOHCTpyKuna
i 3HePreTH4ecKOH FTY B HCH BbweneHbi ^se 30Hbi; zopenm H

opraHH3auHH pa6oMero npouecca B

na0(
 BeTCTBHH c BbiuieH3Jio)KeHHbiM KC FTY

(PHC °i Qle
SOHH.

no B03^yxy (PMC- 3-7' a H 3-8' ^)- ™§Q no Ton-
^CMneparypa rasos B nanajie TypSHHbi T naxo^HTca Ha
oy- „

HMCCT TeniieHUHK) K yBejiHicHMio. POCT TeivincpaTypbi
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PHC. 3.7. IIpHHminiiajibHaH cxeina (a) oaHocryneHHaroH KC 3HeprerH<iecKoii FTV it ee KOHCT-
pVKUHH (6)
1 — Kopnyc; 2 — luiaMCHHaa ipySa; 5 — <j>opcyHKa; 4 — aasHxpHTejib B03ayxa (peracTp); GB, G\,
GOXJI, G2 — B03ayx, nocrynaromHii cooTBeicTBCHHO B KaMepy cropamis, nepes perHCip, lepea mejiH
oxjiancaeHHH H B CMecHTejit; Gr — KOJiHiecTBO npOAyKTOB cropannH, nocrynaiomHX B FT; T — TO-
HJIHBO, nocxynaiomee B ̂ opcyHKy; (}* — yron pacKpwTHfl ToruiHBHoro 4mKeJia; 3OT — 3ona o6paT*
HKIX TOKOB; Z,or — stwa ropemw; LCM — aona CMemeHHs; 5 — TpySica; 6 — BtiflBHraeMoe aanaubHoe
ycTpoficTBa (cBena); 7 — cjKaibiH Boaayx nocjie KOMnpeccopa GB, 8 — BO3Ayx jyw cxairaHHfl ion
JiHBa G,; 9 — • oxjia»maioiunH B03Ayx GOXJ1; JO — B03ayx 4>opMHpOBaHHJi TeMnepaTypbi ra3oa nep^
FT Gz; 11 — nepexoAHOH narpy6oK; 12 — Bxoa B FT (HanpaB^sH)mne jtonarKH nepaofl

xaponpOHHocxtio H acapocxoHKocTbio Maxepna^OB. J\n%
xeMnepaiypbi Ha HassaHHOM yposne HeoSxc^HMo noBbimaxb inSbixoK
ra3ax, Koxopwtt MO^KCX KOJieGaxbca B npe^ejiax aKC = 2,5—4. TeMnepaxypa

ayxa noc^e KOMnpeccopa B sasHCHMOcTH ox creneHH noBbimeHHfl ero ,aaBJi
cocxaBJiaex 300 — -350 °C, a CKOpocxb noxoKa Bosziyxa ^OXO^HT 40 50 M/c.
O^HH BHA opraHHMecKoro xoruiHBa npw xaKHX ycjiOBHflx (CKOPOCTH, xeMnepaxyP
noxoKa, H36bixK6 Bosayxa) Sucxpo H KanecxBeHHO ropexi. He MOMCCX.
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TonjiHBO

OTBepCTHft

V
nepsaa B-ropaa I 3ona
CTynem. CTyneni, I

BTOpHHHblg
BO3flyX

a)

B03flyX 3OHW

ItlOCKOCTb

TOILIIHBO

OTBCpCTHK

3oHa

Bo^oyx nepuHiKOH
30HW

H3 BXOfl ^̂  YnpaBJIflKHUHH

PHC. 3.8. CxeMbi paw.ieiiim pa6oiero rejia B KC no ronJiiiBy (a) u no Bflsayxy (6)

B npocxpancxBe, orpaHimeHHoM KopnycoM KC (rniaMCHHOH xpy6bi), Bbmejra-
K>X 3ony zopenuH, B 3ty Sony nocxynaex xojibKO Macxb o6mero KoJiKHecxsa BOS-
flyxa G[. BMecxe c XOIIJIHBOM sxa nacxb B03^yxa o6ecneHHsaex oGpasosaHHe BW-

coKopeaKUHOHHOH CMecM, cropaioiueH aocraxoMHO 6bicxpo npw BbicoKoH TCMne-
paxype. ^pyraa Macxb B03^yxa G2 noflaexca B 30Hy cMemenHfl, r#e (J)opMHpyexcfl

ajiaHHaa Hana^bHan xeMnepaxypa rasos nepea rypSHHOH 7T
HT. HeSojibiiioe KOJIH-

'BO B03^yxa GOXJ] Mepes cneimaJibHbie mejiH H oxsepcxHs oxjia>Kflaex Kopnyc

njiaweHHOH xpy6bi. Ha pnc. 3.9 npHBe^en npmviep oxjia»cjieHHH CXCHOK\7C\A 1 . . TS, . - .
xp

V94.2 H V94.3 (papMbi Siemens, a Ha puc. 3.10 — saBHCHMOCTb ^OJIH
•°Boro noxoKa Bos^yxa, HanpaBjiaeMoro B KC TTV, ox HanajibHoft xeMnepa-

LI rasoB nepes FT.
nPH n 'HJItHoe ropenne Aena<ymeMca xonJiHBOBos^yiiiHofl CMCCH BOSMO^HO
Mena(0 °TBe CKOP°cxeH noxoKa H pacnpocxpaneHHSi njraNieHH. JJjix 3xoro npn-
jiH3li

 leUHa^bHbie xexHHHecKHe pemeHna. npenc^e scero cxpeMsxca Typ6y-
oofi T n°TOK B 3OHe ropeHHfl, qxo HnxencH^HUHpyex npouecc xenjio- H
HBH Ha' yjiyqmaeT cMeceo6pa30B3HHe H ysejiMMMBaex crapocxb pacnpo-
Hxe njlaMeHH- ,3,Ji» Typ6yjiH3aiiHH noroKa Hcnojib3yK)x jionaxonnbie sa-

IJI reiia, pacnojiaraeMbie BO $POHXOBOM ycxpon-CTBe

1(06

njloxo

(3OTi
co3/iaexcfl

mo-
rasa
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5 = 12 MM

o o / o

PHC. 3.9. Oxjia/K/iCHiic CTCHOK KaMCp cropaHHH ITY V94.2 (a) n V94.3 (6) (({mpMbi Siemens)

KOJlbUCBOH CTpyCH, BblTeKaiOlUCH H3 JlOnaTOHHOFO 3aBHXpHTCJia. 3TO CXa6HJIH3H-
pyex noJioaceHHe cftpoHxa njiaMenn H o6ecneHHBaex saacHraHHe sceii xoruiHBHOH
CMCCH. OpH TaKoM odpoduHcwiwecKou peifupKyjixifuu npOHcxo^HT nepenoc ropfl-
mero xonjiHBa HaBcxpeny nocxynaromHM CBCJKHM nopunaM xonjiHBa. 3a CMCT xe-
niiOTbi nozicacbiBaeMbix K Kopnio (JtaKena nposyicroB cropanna nponcxo^flT no-
florpes, HcnapeHtie H 3a)KHraHne CBOKHX nopuHH Tonjinsa.

3. noziBOA nepBHHHoro B03Zi,yxa no fljinne 30Hbi ropeHHfl ocymecTBJisercfl H

cpasy, a B onpe^e^eHHOM nocjieflOBarejibnocTH, ocHOBannoH na
npe^cTaBJienHflX, 3KcnepHMeHTajibHLix H 3KcnjiyaTauHOHHbtx
TeMneparypa rasos B 30He ropeHHa RQJiyKua 6tiTb He nwace 1500 °C.

4. ITepexofl K MHKpo^aKCJibHOMy OKnraHHio xonjiHBa c yBejiHneHHHM ^
JIOM ropejioK (nanpHMep, B KOJibuesbix KaMepax cropaHHa 100—150 IDT.) coKp
maeT ^jiHHy njiaMeHH (JmicejioB H o6iuyio AJiHHy KC.

5. C>KHraHne ronjiHBa B KC 3HepreTHH6CKHX TTV xapaKTCpHsyeTCfl H3M6H'
HH6M napaMerpOB cxcHMaeMoro B KOMnpeccope BO3,ayxa, HarpysKH H peacHMa p
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100
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"NO.
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CCQ, ppm
1300

-co
200

100

1,0 2,0 m
PMC. 3.11. B.TiiiiiiMe BnpucKa iiojhi (IIJIH napa)
Ha 3MHCCHIO NO .̂ H CO, ppm, npii 15 %-HOH
KOHueiirpauHH O2 H npH cyxoM ra3e (m — OT-
Honici iHc Mace BOJLI (HJIH napa) H rori-niBa)

PHC. 3.10. BaBHCHMocTi. aojieii Maccoeoro noTOKa BOiayxa, HanpaBjiHeivioro B Kaiwepy cropa-
HHH, OT HaiaJitHOH TeMnepaTypM rasoB nepe/l FT (no ISO)
G — n e B H i H u f t Bos^x ana cropaHHa Ton^Hsa (noKaaana ero 3aBncHMOCTb or H36tiTKa
B rasax a); Gn — BTOpiiiHWH B03jiyx ana fyopmtpOBawvi naiajibHofi TeMnepaxypti rasoB; GOXJI —
oxjiaacaaiomHH Bosayx: A — B nepsHMHofl 3one KC; B — B nepexoanoM OTCCKC Me?Kjiy KC H FT;
C — npn oxjiajKAeHHH poxopa H nepBoro paaa coneji

6oibi. riosTOMy B TaKnx ycjioBHax BosMOHcen eme O^HH cnocoS CTa6njiH3auHH
npouecca ropeHHfl — npHMeneHne ,ae)KypHLix ropenoK, SBJifliomnxcfl HCTOKHH-
KOM nocToaHHoro nofla<Hra TonJIHBa.

rexHHHecKHe peiueHHs HQ Bceraa nosBo^aioT ^o6HTbca y^os-
3KOJiorHHecKHX noKasarejieH pa6oTLi KC 3HepreTHnecKHX TTV,

Koropbix 6biJiH paccMOxpcHbi Bbiiiie. B onpc/teJicnHbix pe>KHMax MX
WT B TaK HasbiBaeMbifi MOKpuii peacnM pa6oTt.i, snpbrcKHBaa B HOTOK ra-

o n e

'
KOJIHHCCTBO BOSH (napa) (pHC. 3. 1 1). O6t,iiHo m = GBOJ[/5rT =

u BnpbiCK BO^bi CHHxaeT HHteHCHBHOCTb Tenjjoo6pa30BaHiia H reMnepa-
3 % 13°B nPH6jIH3HTe-'itHo na 2 %, ysenHMHsaa MODjHOCTb TTY npHMepno na

* 3TOM Yflaerca CHHSHTI. yposeHi, BLiSpocoB OKCH^OB asora NO^ npH6jin-

0 ppm H HHHCe. noSoHHblMH flBJlCHHflMH T3KOrO peUICHHa flB^JTIOTCfl:
MH H c

 HHe nePH0^OB MCHCfly npO(|)HJiaKTHHeCKHMM TCXHHHeCKHMH OCMOTpa-
cJi

a< ejltHbie sarpaTbi na no^roroBKy H snpbiCK BO^W (napa) H up.
p-pyejlbHLIM npopbiBOM B npoeKTHpOBaHHH cospeMenHbix KC 3HepreTHHe-
ejib

 3eTc» nepexoa K deyxcmyneHnambiM KaMepaM czopanun c nped-
3o°6pa3Ho CMeuienueM monnuea u eosdyxa, cnocoSHbiM pa6oxaTb Kan Ha ra-
iaa c K H Ha . Ha pHC. 3.12

KC, cnpoeKTHposaHHOH H onpoSoBaHHow B pa6oxe
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T "-HCoimo BeHiypH

Topuee

Pnc. 3.12. npiuniHiiiiajibiiaii cxeivia KC Tuna DLN ((JmpiHbi General Electric)

(jmpMOH General Electric H HMeromew MapKHpoBKy DLN (Dry Low NO^ — cy-

xne HH3KH6 NO^). KoHCTpyKUHfl xaKOH KC BKJitOMaeT B ccGs nexbipe OCHOBHUX

KOMnoHCHxa: cucxeMy BnpbiCKa TOHJinsa, njiaMCHHyio (scapOByro) TpySy, conjio
BeHTypH, ueHxpajibHyio CCKUHIO HJiaMeHHOfi xpy6bi,

3xn KoMnoaeHTbi oSte^HHeHbi B oSmyio KOHCTpyKUHK) H o6pasyioT ABC cTy-
neHH KC. B pexcHMe npeflBapHTejibHoro npHroTOBJieHHfl TOH^HBHOH CMCCH nep-
Baa cxyneHb KC cjiy*HT AJIH TmaxejibHoro nepeMeuiHsaHHa TonjiHBa c
H nOJiyHCHHH OflHOpOAHOH GeflHOH, HeCropCBIIJett TOnJlHBOBO3JtyiUHOH CMCCH
no^aiH ee BO BTopyro cxyneHb KC. PHC. 3.13 HJiJiKxrrpHpyeT paSoxy KC xnna
DLN na npHpoAHOM rase B OAHOM HS nepemicneHHbix HHIKC pe>KHMOB. (npejsa-
pHxejibHoe nepMeuiHBaHHe xonjinsa H npHpo/moro rasa H cropaHne xonjiHBOBOs-

CM6CH saBHcsT OT HarpysKH ycxanoBKH):
I (nepemnbiu) — npoHcxo^HT 3ascHraHHe xonjiHBa, na6op nacxoxbi spa-

FTY, pa6oTa noji HarpysKOH, paBHoH 20 % HOMHHajibHoH. CMecb B03Ayxa H

nocTynaex xojibKo B ropejiKH nepson cryneHH, r,ae TOHJIHBO H cropaer;
// (odedneHHbiu — o6edmHHbiu} — FTV paSoTaex B HHTepBane Ha-

rpysKH, paBHoS 20—39 % HOMHHajibHofi. Ciwecb Boa^yxa H xoruiHsa no^aercs B
o6e cTyneHH KC H ropeHHe ocyinecTB^aeTCfl B STHX ^syx cTynensx;

^,. /// (emopwHbiii) — paSoTa TTY npH narpysKe, pasHOH 40 % HOMH-
i. CMecb B03Ayxa H TonjiHBa nocTynaer TO^BKO BO BTOpyro cryneHb K

me H cropaex;
pewuM IV (npedeapumejibuozo cMeiuenuH) — pa6oxa TTY B wnxepBaJie na-

rpysoK 41—100% HOMiinajibHoit. CMecb sosayxa H TonjiHBa noaaeTCfl B o
cxyneHH KC, HO ropeHHe nponcxojiHT xonbKo BO BTOPOH ee cxyneHH, me
ex see ronjiHBO.

BosMOHceH aBTOMaTHMecKHK nepexo,a OT cacHraHHa npHpo^Horo rasa K
HHK> acn^Koro TonjiHBa. Cneuna^bHbie fleTeKTopbi nuaMCHH oxciroKHBarox
HHe B nepBOfl H BTOpoft cTyneHflx KC. Cneu.H4>HHHa H paGoTa CBeneH
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cropa

UP v6Hp3K)TCfl BO Bp6MS pa60TbI.
tfOTOPW

DHoe sa*HraHHC xoniiHBa B nepBOH CTynenn npH BMCOKHX

nepsaa ceKUHfl npHroxoBjieHHJi xonjiHBOBOsjiyiiiHott CMCCH orpanHMena CTCH-
-.^nnoH cxyneHH KC H nepe^HHM KOHycoM conna Benxypn. LIocjienHee nne-tfOH '•'"r ,- "

cTByer o6parHOMy saOpocy ropannx rasos HS aropofl B nepByio cxynenb KC.
9d)<beKXHBHOCXb KC THna DLN H3MCHfleTCfl B saBHCHMOCTH OT HarpyaKH. Pe-

pOBaHHeM KaiiHSpOBaHHoro KJianana ocymecxBJifleTca pas^ejieHHe TonjiHBa
., pa6oTbi B saflaHHOH TOHKB, onpeAejieHHoii no pacMeTHOH TewnepaType saiKH-
Hfl (pHC. 3.14). npHHUHnHaJibHa3 CXCME CHCTeMbi no^ann H

oBOro xoHJiHBa B KC FTY THna DLN noKasaHa Ha pnc. 3.15.

TOH^HBO
TlepBH'H-IHH pCXHM pa6OTW,
OT saxMraMHS no 20 % Harpysioi

XOIIJIBBO nepeKJiroieHHe na npeasa
pffrenbHoe cMemenne

ToruiKBO

Pit 1 1 1 ¥1
• J.13. Pencilivibi pagoTbi MHoroKaiMepiioii (no ronjiney) KC THna DLN

IlepBHHHblfl pSXHM

1288 T, °C

naa aHarpaiviMa pacnpcaeJieHHn raioabix HOTOKOB B ciiCTciwe DLN
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PHC. 3.15. Cxeivia CHCTCMLI noaaiH H pacnpeacjiemifl rasoBoro Toiumaa B KC FTY THna DLN
57? P— K/ianaH laaamm CKOpocTH/CTenenn oSeAHeHiw TonjiiiBOBoaAyuiHofi CMBCH; GCT KJianaw
peryjiHpOBanHH pacxo^a rasa; GSV— KnanaHM pacnpeACJieHHa rasoBbix OOTOKOB; P — nepsaa CTV-

; S— Biopaa cryneni.; GTV— nepeKJitoneHHe rasostix OOTOKOB

3aaairaHne PasBeaeHHe dynem,
CMCCH BtixpeS

XiiflKoe
TOIIJIHBO B03flyx

Pnc. 3,16. ,HByxKOHycnaH EV-ropejiKa
ABB Ajia OKHraHiifl B cyxosi peatiiivie aeyx BHZIOB

CacuraHHe TonjiHBa B KC c cyxHMM MaJiOTOKCHHHtiMH ropejiKaMH THna DLN
na coBpeivieHHOM 3HepreTHM6CKOM pbiHKe cHHTaeTCfl HaHMeHee
MCTO/IOM 6opb6tl C BblSpOCaMH NO^, npH 3TOM JKKTHFHyTa KOHUCHTpaUHfl
Hbix BbiSpocoB B BLixo^Hbix rasax FTY 25 ppm. Hosbie KOHCTpyKUHH ropeJioK
THna DLN-2.6 npn 7HT = 1327 °C no3BOJiflK)T yMenbiiiHTb BbiSpocu NOX flO

15 ppm, a npn 7HT = 1396 °C — 40 9 ppm.
CxpeMJieHHe K pa6oTe Ha cBepxSe^HOH TonjiHBOB03^yuiHOH CMCCH B coBpeMCH-

HHX cyxHX MajioxoKCHMHbix KC BCTpenaeT onpe^ejieHHbre xpy/iHocxH. BosMoacHbi
B03HHKHOBCHHa Hecxa6njibHocxH njiaMCHH H nyjibcauHH^aBJieHHfl, axaKM<e npocKOK
njiaMCHH B CJiyMae BHesannoro BocnjiaMeHeHHS CMCCH B xpaicre nepefl

ITpH HCnOJIb30B3HHH CyXHX KC THH3 DLN HMCCT MCCTO OrpaHHHCH
KOHueHTpauHH MeTaHa CH4 B xonjiHBHOM rase flo 85 %. CTOHMOcxb KC c ropejiKa-
MH THna DLN cocxasjiaex no 10 % oSmeH CTOHMOCXH 3HeprexHHecKoH FTY (OKOJIO
1 MJIH aojiJi. CILIA Ha o^ny FTY 6ojibmoH MOIIIHOCXH).
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III

PHC. 3.17. KoHCTpyKUHfl EV-ropcJJKH (^iitpMbi ABB)
(a) H ocoSeHHocTH TexHOJiorHHecKoro npouecca cropa-
H H H Tonjiuea (6)
I — Boaayx ana cropaniia xonjiHsa; 2 — noaaia npHpoA-
HOro rasa; 3 —- Bbixoflnaa KpoMKa EV-ropejiKu; 4 — oTpLiB
BHXpen; 5 — npensap lire JIB HOC cMeiiieHHe B03ayxa H xon-
KHBa; 6 — 4>ptmT njiaMCHH; 7 — 3aBHxpHT6Jib; I—IV -
3TaiiLi cropanHH TonjiHBa B EV-ropejiKe

A-A

Bopasyiorca
n°CTynaeT _
BnPtiCKHBaeM
pWaJliHofl

c
feji.

KOHuepn ABB (]
UlBeuHfl) flocxnr 3HaHHTenbHbix ycnexoB

B p33pa6oXKe COBpeMCHHblX CyXHX MaJIOXOK-
CHMHHX KC OpHTHHaJlbHOH KOHCTpyKUHH -
xaK HasbiBaeMtix EV-ropejioK (Environmental
Burner — 3KOJiorHHecK3fl rope;iK3). O6maa
cxeMa xaKoit ropejiKH npe^cxaBJiena Ha
pHC. 3.16, a KOHCTpyKUHS H OC06CHHOCTH 66

paSoxbi noKasaHbi Ha pnc. 3.17.
KaK BHJJHO HS pncyHKOB, EV-ropejTKa co-

CTOHX H3 AByX KOHHH6CKHX nOJIOBHH, KOTOpbie
CMemenbi oflna oxHocHxentHO ^pyron B oce-
BOM H3npaBjieHHH. B pesyjibxaxe CMemenHfl
AJiHHe ropejiKH. Hepea SXH mjiHUbi B ropejiicy

ropeHHa, Koxopbifi nepeMeiiiHBaexca c npHpo^HsiM ra30M,
oxsepcxna no KpaaM IIIJIHUOB. Busrojiapa

ropejiKH BHyxpn nee oSpaayexca HOXOK xonjiHBOBO3ziyiiiHOH
BbicoKofl CKopocxbK), KoxopbiH noKH^sex KOHyc H nocxynaex B

mjTHIja no

n
-tomn MexaHHnecKoro cxaSmiHsaxopa njiaMCHH. TaKHM o6pa3OM, MOIKHO
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EV

PHC. 3.18. YcTaiiouKa EV-ropeJIOK B ni.iuotnoii
KC FTV THna GT13D ((jmpivibi ABB)
/—3 COOTBeTCTBCHHO BHyipCHHHH, npOM65KyTOM-

M BHeniHHfi Kopnyc KC

sranw
uecca ropeHHa (pHc. 3.17, 6):

I. FasooSpasHoe TOHJIHBO (e) no

4aercs BO BXO^HOC ycrpOHCTBo H cpa,
ay nepeMeiiiHBaerca c BO34yxoM (e}

II. BbicoKaa ocesaa CKopocTb TO-
nJ!HBOB034yiHHOH CMCCH (TBC) npe_
40TBpamaer ee
Kopnyca.

III. O6e4HCHHafl
4yuiHaa CMecb noKnuaex KOHyc ro-
pejiKH H nojiaeTca B ropamHH
3ona o6paxHbix TOKOB
ei ropeHiie.

IV. CKOpOCTb
(e) H TonjiHBa (m) samHuiaeT nosepx-
HocTb Mcranjia OT njiaMCHH 4>aKena.

Bjiaro^apa TOMy HTO
EV-ropejiKy XOJIO^HUH

ropeHHa nocrynaeT BOBnyrpb H
ne HMeex KOHxaKxa c Kopny-

COM ropejiKH, nocjie^naa ocraeTcs
CpaBHHTCJIbHO XOJIOAHOfi H HC HOfl-
BepraeTca H3Hocy. EV-ropejiica npn-

CMemaHHoro
ra30o6pa3Horo H

I

. IIpH paSore na JKH^KOM TOruiHBe OHO pacnbuiseTCfl na BepiiiHHe KOHyca
H nepeMeiuHBaexca c Bos^yxoM ^JTS c^wranHfl.

Pa6oraa na npupojiHOM rase 6e3 snpbicKa napa/BO^bi, EV-ropejiKH oSecneHHBa-
IOT KOHueHTpauHK) Bpe^Hbix Bbi6pocoB NO^ MeHee 25 ppm, a npH pa6oTe na *Hfl-

KOM TonjiHBe 3TH 3HaHCHHa MoryT 6biTb OKOJIO 42 ppm.
Ha PHC. 3.18 npHBe^en sapwaHT ycxanoBKH EV-ropejiOK B BblHOCHOH KC TTY

THna GT13D (jwpMH ABB.
POCT 3KOJIOrHMeCKHX Tpe60B3HHH K HOBbIM MO^H^HKaUHflM 3HepreTHMeCKHX

FIT orpasHJica H B pa3pa6oxKax Kpynnoro 3HepreTHMCCKoro Konuepna
(PepMaHHa). nepBOHanajibHO 4)HPMa noBcewecTHo npHMenajia
(puc. 3.19) c 4H(|)4)y3HOHHbiMH ropejiKaMH. TcMnepaxypa njiaiweHH B 3THX
CHH^cajiacb Sjiaroflapa BnpucKy BO^W HJIH napa. TaKaa «BJiaa<Hafl» TexnojiorHH
3BOJifljia yMeHbiiiHTb SMHCCHK) NO^ ^o 50 ppm. Eme Gojiee HHSKHX BbiSpocos y

sajiocb 40CTH^b npH Hcnojib30BaHHH npHpo^Horo rasa nyxeM ero
c onpeziejieHHbiM o6i>eMOM napa eme 40 no4anH B KC (pnc. 3.20).

OCHOBHOH HC40CTaTOK BJiaa<HOH TexHOJiorHH saKjiroMaeTca B
noTpeSjieHHH oGeccojieHHoK BO4bi. FIo3TOMy cjie4yroiUHM
TOM cneuHaJIHCTOB (})HpMbi 6biJia pa3pa6oTKa ropenoK npe
HHa 6es npHMCHCHHs napa HJIH B04bi (rax nasbisaeMaa cyxaa TexHOjrorHa), 8 K
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w

ra3/XM4KOe TOH-IHBO
1 I

OTXOflH-

FopejiKa

*V3-19.

IlpHpOJlHblft r33/3KHflKOe TOIUIHBO

*yiKc H nLTr MilJII>HaiI cxewa rasoBoft Typ6HHbi TMna V94.3 ((JmpMbi Siemens) e BIJHOC-
JM"P(py3HOHHl,IMH
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(NOx+H2O)/NO.

BnpwcKHBaHHe
napa H npHpoflHoro

3KCXpeMaJlbHO
NO .

CMCCB H3
Koxopaa nos^e
ropeHHa B KC
ropejiKH

0,2

0 0,2 0,4

PHC, 3.20. VMeHbUieHHe IMHCCHH NO.
ujiH napa

HH3KH6 3MHCCHOHHbie

ynacTKe
HHH <|>opMHpyexca
xonjiHBa H Bosflyxa,
Bcxynaex B peaKUHro
BMBCXC c XCM xanne
B3)KHbIH
secbNia ysKOM paSoneM AHanasone yc.
xoHMHBoro npouecca ropeHHa. npH HS-
GbiXKe sosAyxa a = 1,85 njiaMa npeABapn-
xejibHoro cMeuiHBaHHH saryxaex. OHPMC

mm Siemens yAanocb peuiwxb 3xy
cxa6HJiH3HpoBaB njiaMa HOXOKOB

He6ojibiiiHM nw-
njiaMeHeM, H pac-

AHana30H cxaSHJibHOii paSoxbi.
Bbiine pa3pa6oxKH no3sojiHJin 4»HpMe Siemens co3Aaxb xaK Ha-

nyreivi

3biBaeMyio rH6pHAHyio ropeuKy (pnc. 3.21), Koxopaa npH HHSKHX narpy^Kax pa-
Goxaex B Kanecxse flHfJi^ysHOHHOH, a npH noBbimeHHH narpysKH FTy no3BOJi«-
ex nepeKJitOHaxbcfl B pe^HM ripens apHTejibnoro cMeuieHHfl. npH pa6oxe Ha npw-

ra3e ropejiKa HMCCX xpw cucxeMbi conji:
conna AH<j)4)y3HOHHOH ropejiKH;
conjia ropejiKH npeflsapHTejibHoro cMemeHHfl;
conna nHJioxHoR ropejiKH (Hcnojib3yeMOH B peiKHMe npeABapHxenbHoro CMS-

c OAHOFO BHfla conn na Apyroft ocymecxBJiaexca
CKH 6es ocxaHOBa FTy cneuHajibHWMH uiapOBbiMH KpanaMH (pnc. 3.22).

pa6oxbi na MCHAKOM xonjiHBe rn6pHAHaa ropeiiKa cna6w:eHa
CH(HraHHH XKHflKOFO XOriJTHBa HCnOJlb3yiOT BnpbICK BOflbJ HJJH

napa A-^ cHHiKCHHa BpeAHbix BbiSpocoB.
/JonojiHHxeiibHoro paciuHpeniiH paSonero Awanasona ropejiOK npeABapHxeiib-

HOFO CMemeHHa MO^HO AOCXHII, nyxeM H3MeneHHfl pacxoAa B03Ayxa nepes KOM-
npeccop, Hcnojib3ya ero BXOAHOH HanpaBJunomuft annapax. 3aKpbixH6M BHA
pacxofl BOSAyxa nepes KOMnpeccop CHHHcaexca flo 80 % HOMiinaJibHoro. HpH no-
cxoflHHOH xeMnepaxype ra3os 3a FT MoiuHOcxb FTy yMeHbiuaexca AO 70 %, a no-

xonnHBa — AO 83 % HOMHHaAbHOH, MXO oco6eHHO Ba^no B pe^HMe pa6oxb
no cxeMe Firy. B pesyjibxaxe 3xoro 3HaM6HHe HsSbiTKa so3Ayxa a

ca B AnanasoHe, HeoGxoAHMOM A^a paSoxu ropeiroK B peacHMe
ro CMemeHH3 (pHC. 3.23).

Bbi6pocbi BpeAHbix Bemecxe c BWXOAHUMH raaaMH FTy B COOXBCXCXDIIH c
xpe6oBaHHHMH cospeweHHbix CTaiiAapxoa AOJiambi 6wxb cHHaceHbi. C 3XOK u
jibK> pa3pa6axbisaK)xcfl see HOBHC xwnbi KC FTV. OwpMoii CCS (CLLIA) npeAJi
>Kena CHCTGMa OKHFaHHH xonJiHsa B KC xnna Xonon (o6paxnoe anrnHHCKoMy
cjioBocoMexaHHK) «HexNOx»), B KoxopoK Hcnojibsyexca cxyneHMaxoe ero OK«ra-
HHC, B XOM MHCJie B cpeAe Kaxa^Hsaxopa npn noHH>KeHHOH xeMnepaxype rasa, n

rasa K coruiaM
niuioTHux ropeno

HOTOK npHpoflHoro
rasa K coiuiaM

IIoTOK npHpOflHOfO
rasa K connaM

">ic. 3.21. Paspen niSpii.iiioii ropejiKU 4»npMi,i Siemens
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PHC. 3.22. Fiona-la upHpOAiiorn
ra'ia K i ii6pn;iiii,iM ropejiKaiu

Kjia-
Pery.nan npupoflHoro rasa; 2

rasa; 3—
nptipoaHoro rasa; 4 — KjianaH

5 — sanopubifi KjianaH
ropejiOK;

ma

HUH; 6— 3anopHbiH Kiianan IIH
JIOTHHX ropejiOK; 7— KjianaH
c6poca narpy3KH; 5 — flHa^par-

HHMajiKHoro nycKOBoro
9 — Ana<J>parMa

narpy3KH; 10-
icnanaH nmioiHoro rasa; 12

aananbHoro rasa; 13
K BOCtMH ro-

pe J1K3M

. 3.24 npHBe^ena
CXCMa T3KOH KC, KOTOpafl COCTOHT H3
HeTbipex ocHOBHbix HadeM:

Kauepbi npedeapumejibHOZo czopa-
HUR ToruiHBa %m sanyCKa FTY. Pacxoa

B H6H HSMCHflCTCfl OT nyCKOBOFO
HeoSxo^HMoro npw HOMHHajibHoK Ha-

no^epncaHHa nepea KaraJiH-
saTOpOM Tpe6yeMoH TeMnepaTypbi peaK-
U.HH, npH KOTOpOH K3TaJlH3aTOp aKTHBH-
3Hpyexca H oSecneMHsaercsi ero HOp-
MajibHaa paSora;

ocHoenozo mowiuenozo
pa, cocToamero H3 MHO^ecTBa
TpySoK BeHTypH (MTB), Ka^K^aa H3 KO-
TOpblX HMCCT MCTblpe OTBCpCTHfl )
Bnpbicna TonJTHBa. CwcreMa BKJiioM
ce6a 93 xaKHe MTB, CHaGacaKJinwe
JIH3aTOp TOnjTHBOB03,aymHOH

PHC. 3.23. KOHUCII ipamiw speaHi-ix
B BbixoAHbix raaax raaoeott Typ6Hiibi TH
V94.2 (pejKMM 6e3 anpticKa eoaw H

NO .̂ flo 9 ppm npn OTcyrcTBHM

PHC. 3-24. KoHcrpyKTHBHaa cxcwa KaTajiHTHiecKOH Ka\iepi,i cropanHH Xonon JiiepreTii-ic-

/ — Bxofl Tonjinsa B KaMepy npeflBapHTCJibHoro ropCHHsi; 2 — Karnepa npeaBapHrejibHoro ropeHiia;
3 __ BXOA OCHOBHOro TOHJlHBa; 4 - HHHfeKTOp OCHOBHOro TOHJIHBa; 5 — K3TaJlH3aTOp; 6 - BHA6O-
KaMepa; 7 — CMKOCTB ajia nocTKaxajiHTH^ecKOH peaKimn; 8 — yiacTOK nepexo^a; 9 — conjiosaa
KOpoSxa (BXOA rasoB B Typ6nHy); 10 — BXOA sosayxa; 11 — nep^opnpoBaHnaa

, C(|lOpMHpOBaHHOrO H3 rO^pHpOBaHHOH, yCTOHHHBOH K OKHCJ1C-
HHK) MeTaJIJIHHeCKOH (^OJTbrH TOJTIUHHOH 50 MKM. B HCM OKHfaCTCa TaKOC KOJTHHC-
CTBO TonJIHBa, KOTOpoe o6ecneHHBaeT na Bbixozte reMnepaxypy, ^ocxaTOMHo Bbico-
Kyio 4Jia ycKOpeHHfl roMoreHHoro ropeHHa Ha nocjie^neM ynaciKe KC;

eMKocmu nocmKamanumuHecKou pea^uu c (pyTepOBKOH, B KOTOpoH nponc-
iroqHTejibHaa peaKUHJi roMOreHHoro ropeHHa. B HCH saxaHMHBaeTca
TonjiHsa H npo^yKTOB ocTaBiiieroca CO ^Jifl xoro, HTo6bi ^OCTHHI,

Bbi6pocoB. ToMOreHKbre peaKUHH ropeHHa ronjiHBa ao;i>KHbi 3a-
£0 npnca^KH BTOPKHHOPO Bos^yxa, (bopMHpyiomero TeMnepaTvov ra-

nepea IT rH<T.

KaMepu cropaHHa cncreMbi Xonon xapaKrepHsyroTca o^HOpo^HbiM xeMnepa-
pHbiM nojieM BbixojiHbix rasoB H MHHHMajibHbiMH nepena^aMH aasjieHiM. OHH

SHU cneunajibHOH aBTOMaTHHecKoii CHCTCMOH ynpaBjienna TexHOjjorHie-
i npoueccoM, HTO oSecneHHBaer csepxHH3KHe BbiSpocbi NO^ na yposne 3 ppm.

I- TEn/IOBOfi PACHET KAMEPbl CHOPAHMq 3HEPrETMHECKO« FTV

KC 3HePreTHHeCKOH obiHHo HaHHHaror c
OKHraeMoro TonJIHBa. OnpeAejiaioT HJIH npHHHMaroT no cnpaBOH-

ero HH3iuyro TenjiOTy cropaHHa Q\, K^S/KP, TeopeiHHecKH Heo6-

•e KOJIHHCCTBO B03^yxa ^Jia oKHraHHa 1 KF xon^HBa LG, KT/KT, a TaKHce KO-

rBa, xr/Kr: TpexaroMHwx rasoB L BO^IHHX n a O B Ln o, asora IN ,

KaJK^oro KOMHO-
"HT

rr- U 3THM onpe^ejiaroT MaccoBbie

r

cropaHHa:

LH °
(3.11)
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Lr — KOJIHH6CXBO npOJiyKXOB CFOpaHHfl, KF/KF

Lr — -^Ro2
 + -^H2o

 + ̂ N2
 + LQ, + LT> (3.121

rfle KonHHecxBO xonjiHBa B rasax, KF/KF,
LT = *-%(> (3.13)

npn aKC = 1,0 H r]KC - 1 HMBCM Lo = 0 H IT = 0.

TenjiO(J>H3HHecKHe cBOHCxsa Fasos yxonnsiox no xa6jrau,aM [14], nociie Hero
onpeflejiaiox snaneHHa napaMexpa cocxasa rasos p r H MoneKyjiapHoft Maccu npo-

jiyKxoB cropaHHa j^r. /J,Jia Bosflyxa HMeex MCCXO p = p — 1,0; MOJieKyjiaoHan
Macca B03jryxa (iB = 28,97 Kr/KMOJib.

Ko3(|)4)HUHeHx H36biXKa Bos^yxa B KC FTY onpe^ejiaexca m cooxnoiueHHa
GKC

aKC - L B • (3.14)

TBK KaK npo^yKXbi cropaHHa 1 KF xonjinsa coAepJKax (aKC - l)LQ Kr Bos^yxa H

(1 + i0) KF HHCXbix npoayKXOB cropaHHa, xo Maccosaa jjojia sos^yxa r B raso-
BOH CM6CH

r- = lTZTT5- (3-I5)WKC^O

3j(ecb a.KCLQ + 1 — nonHbifi pacxoa Bos^yxa, nocxynaromero B KC H nciiojib-

3yeMoro ^Jia cropaHHa 1 KF xonjiHBa H ^opMHposaHHa HaiajibnoH xeMnepaxypu
ra30B nepe^ rasosoH xypSHHofl.

COOXBCTCXBCHHO Maccosaa Aojia HHCXWX npojryKxoB cropaHHa onpe^e^ii'xca
no 4>opMyjie

l.+jL,
^.n.c = a L +l> (3-16)

Ha puc. 3.25 npHBe^ena saBHCHMocxt Kos^c^HUHeHxa nsSbixKa Bosayxa aKC

ox napaMexpa cocxasa ra30B. MHHHManbHoe
3HaneHHe (3 B = 1 ^Jia HHCTOFO BO3^yxa coox-

BexcxByex Givr* —^ <~^i a MaKCHMajibHoe p r* 1\L.
= 2,0 — HHCxbiM npo^yKxaM cropaHHa.

TenjioBOH pacnex KC MOXCX 6bixb oo*
milM HJIH nO3OHHblM, PaCCMOXpHM
H3 HHX. O6mHfi xeniioBoH Sananc KC
Aweaexcfl H3 xenjioxu, BHeceHHofi c
XOM, xonjiHBOM H pacnbuiHcaioiuHM areHTOM
— napoM (npH c^nraHHH acnziKoro xon^H-
sa), xenjioTbi, BbmejieHHoii npn ropenHH, H

PHC. 3.25. JaaiicHMocTb K034>4>nuueHTa "
Bosayxa aKC OT napaMerpa xenjioTbi, BUHOCHMOH H3 KC c

ra30B p

0
1,0 1,2 1,4 1,6 1,8
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hT,n+SpacM
= GHA.T. (3.17)

— pacxofl, Kr/c, cooxBexcTBCHHO sos^yxa nocjie KOMnpeccopa.

B KC, H pacxos rasos na BXOAC B FT; 5rT — pacxofl cacurae-

FTY xonjiHBa, KF/C; T)KC — KOS^^HUHCHX noJiHoxw cropaHHs xon-

h h h ha^ — 3HxajibnHH, K/T^/KF, cooxBexcxBeHHO cacaxoro Bosny-JIHB3; «K.K' T.n' n' H.T
KOMnpeccopoM, no^orpexoro xonjiHBa, pacnbijiHBaiomero arenxa (napa) H
na sxo^e (B nanajie) B FT; gpacn — JJOJIH pacnwjTHBaiomero arenxa (na-

pa), Kr napa/KF xonjiHBa.
K 1 KF CHciiFaeMoro xonjiHBa xenjioBOH 6ajiaHc KC MO»:HO sa-

= 0):nncaxb B (g pacn

(3.18) peuiaexca MCXO^OM nocjie^osaxe^&Hbix npH6jina(eHHH, ^jia 3xoro

Hxajibnmi ra30B nepe^ FT H H36bixoK BO3^yxa no xa6jiiiuaM [14]. VpaB-
(3.18) MoacHO peuiHxb xaioKe rpa<})HMecKH, sa^as necKOJitKo sHaneHHH HS-

6wxKa B03^yxa B KaMepe cropaHHa aKC. B xa6ji, 3.1 H Ha pHc. 3.26 npHBe^en npii-

Mep pemeHHfl ypaBHeHHfl xenjiosoro Sajianca KC FT xnna FT3-115-1170
(AO «Typ6oaxoM», r. XapLKOB) npn OKHranioi npupojiHoro rasa H xeMnepaxype
HapyacHoro eos^yxa tK B - -5 °C.

B XOHKC nepeceneHHa KpiiBbix hK K (sHaneHwe H3 pacnexa noK33axejieH KOM-

npeccopa) H h'KK (sHaneHHe us pacnexa xenjiosoro 5ajiaHca KC npw aKC = var)

pacnexHoe SHaneHHe cc^"1 = 2,43. J\nn Hero onpe^ejieHbi

P r - 1,22; n r - 28,87; hllT - 1384 K^/KF. SHxajiLnna sosjiyxa 33 KOMnpeccopoM

\.K = const = 342,5

laoiiHua 3 .1 . BcnoMorarejihHaB
TaCijiHua juia pemeuitH jpanHcmin h, Kjlx/sr

1
MaSti-

TOK BQ3-
KC«KC

~~~— ,
2,1
2,2
2 1

2 5

2,6

(J.I 8)

rasoa HaBxo,ne B FT

«lrtr
— —

1395
1391
1387
1384
1381
1379-— — .

Toro B03ayxa, no-
CTynaiomero B

KC hK , K/tHc/Kr,

193,2 20°
243,8 2,

^
P*

/

^1^2

C
F~

^
v^*"1

4

^

1 2,2 2,3 2,4 2,5 a
289,8

332,6 PHC. 3.26. rpa^ifiecKoe onpeAejieune Ki)'j(|)(()iiuHeiiT
371 5 HsStiTKa B03jiyxa B KC TTY
. - / — H3 pacnera noKaaaTejieft KOMnpeccopa; 2 — 113 pacne

' Ta vpaBHeHHfl Tenjiosoro SanaHca KC
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Pacxoj ToniiHBa, nocxynaromero B KaMepy cropaHHH FTY, onpejiejiaioT

(3.19)

3.4. KAMEPbl TOFU1MBA B CPEflE BblXOflHWX PA30B I~ry

BbixjionHbie rasbi 3HeprexHHecKHX FTY HMerox flocxaxonno BbicoKyro
paxypy, a o6i>eMHaa KOHuenxpauHa OKHcjinxena O2 B HHX cocxaBJiaex 13—16 °/

CneflOBaxejibHO, HX MO>KHO paccMaxpHBarb B xanecxBe MajioaKXHBHoro
jia npouecca ropeHHa.

B pafle cjiynaeB B HFY uejiecoo6pa3Ho do^cuzanue neKoxoporo
TonJIHBa (o6biHHO npHpojinoro rasa) B cpe,ae BbixoflHbix rasos FTY. 3xo
jiaex noBbiCHTb HX xeMnepaxypy, Momnocxb HFY H cxaGHJinsnpoBaxb napaMexpti
renepHpyeMoro B KOXJie-yxHJiHsaxope napa.

OprannsauHa xaKoro ^oH(HraHHH csasana c ^osojibHO ^KCCXKHMH TpeSoBaHHjjMH
K ropeiioMHbiM ycxpoHCTBaM KaMepbi AojKHraHHfl, Koxopbie ^.OIDKHM oSecneMnxt,
BbicoKyio cxenenb nojinoxbi cropanHa xonjiHBa, yciOHMHsoe ropeHHe npH BbicoKnx
CKOpocxflx HaGeraroiuero noTOKa BbixoziHbix rasoB FTV, HajjeafHoe BocnjiaMeneHHe
,ao>KHraeMoro TonJIHBa, cos^aHHe paBHOMepnoro xeivmepaxypHoro HOJIH nocjre ro-
pejioK, HX Majioe rH^paBJiHHCCKoe conpOTHBJieHHe. OGbinno 3XHM xpedosaHHaM ox-
Benaiox MHKpo^aKejibHbie ropejiKH, BbiropaHwe xonjinsa B KOxopbix ocymecxsjiaex-
cfl B 3one peuHpKyjiauHH 3a njioxo o6xeKaeMbiMH xenaMH (yrojiKH H x. n.).

FioBbiiiieHHe cxenenn Sajuiacxiipo Banna BbixojjHbix raaos FTV HHepxHbiMH
rasaMH yxy^maex noJiHoxy cropaHHa xonjinsa H cyacaex o6jiacxb era ycxoiiHHBO-
ro ropeHHa B saBHCHMocxH ox K034>4miiHeHxa H36bixKa B03flyxa. Cymecxsyex HC-
Kaa KpHXHHecnaa xo^Ka, HHMCC Koxopow ropeHHe flO'acHraeivioro xonjiHsa HCBOS-
MO)KHO. Flo flaHHHM BcepoccHHCKOro xenjioxexHHHecKoro HHCXHxyxa (BTH) npH
xeMnepaxype rasos B npejiejiax 400 — 550 °C H o6"beMHOH KOHuenxpauHH KHCJIO-
poaa B oKHCJiHxejie 13 — 19 % ycxoHHHBoe ropeHHe BOSMOJKHO npw nsSbixKe B03^y-
xa a = 4 — 5. FlpH ofoeMHOH KOHi^eHxpauHH O2 Menee 15 % H xeivinepaxype OKHC-

jiHXCJifl 100—150 °C HHxepsaji ycxofiHHBOH pa6oxbi ropejiOHHoro ycxpoKcxBa pe3-

KO cyacaexca. TaKHM oSpasoM, npH onpe^ejienHbix ycjioBHax (Co < 13 — 13,5 /° H

Heo6xoxeMnepaxype rasa TT < 100 — 150 % °C) B ropejiKH

flHwa no^ana ^onojiHHxejiLHoro B03flyxa B SOHB
B xenjiOB&ix cxeMax FiFY c KoxjiaMH-yxHJiH3axopaiviH 3Kcnnyaxauna

Hbix ycxpoflcxB KaMep ^oMcnraHHJi B03Moacna npH Co > 12—14 % H a > 2.

Ha PHC. 3.27 flan npHMep KOHcxpynuHH AH4«{>y3HOHHo-cxa6HJiH3axopHOH
pejiKH KaMepbi ^oa<HraHHa, ^ocxaxoHHO nacxo npHMCHaeMOH Ha npaKXHKe.
ropejiKH MO^HO ycxanaBJiHsaxb B nepexo^HOM rasoxo^e, coe^HHaiomeM
sop FTY c xenjioo6MeHHHKOM (KOXJiOM-yxmiHsaxopoivi).

FopeHHe xonjiHsa npH aH(|)4)y3HOHHO-cxa6HJiH3axopHOM cnoco6e o
npHpoAHoro rasa ocymecxB^flexca B Kaiwepax ^oa<HraHHfl B xypdyiieHXHOM cJfl
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a = 0,4

CH,

PHC. 3.27. JIii<J><|)y3noHHO-CTa6njiH3aTopHaH ropeji-

/ — CTa6H^H3axop; 2 — oct CTpyw rasa; 3 —
coruio

33 cxaSHJiHsaxopoM. /yia sxoro npHpojiHbiH ras BBO^Hxca B sony peu.HpKyjiau.HH
CHCXCMOH cxpyn Mepes cneunajibHbiH xpyGnaxbiH" KOJIJICKXOP HJIH nepes oxsep-
CXHJI B xbuibHOH cxopoHe cxa6HJiH3axopa. BbixoflHbie rasbi FTY nocxynarox B so-
Hy ropeHHa HS o6xeKaiomero cxaSnjiHsaxop noxoKa. Cio^a a<e peuHpKyjisuHOH-
HbiM npoxHsoxoKOM no^aexca neKoxopoe KOJiHHecxso npo^yKxos cropauna, cno-
co6cxByromHX cxaSHJinsauHH npouecca ropeHHa. TaKoH cnoco6 ztOMCHraHHS xon-

oxjiHHaexca BbicoKoK HHxeucHBHOcxbio npouecca CMeceoSpasoBaHHa npn
(paKejia no noxony (uecMOxpa na pas^ejibnyio no^aiy BbixjionHbix

rases H xonjiHBa). POKHM ropennfl paccMaxpHBaeMoro flH4)4)y3HOHHoro (JjaKejia
K peacHMy xyp6yjieHxnoro ropeHHa roMorennbix CMecen.

Bonpocw

» onpe^ejiner 3KonoMHHHocTb paGoTu KaMepti cropaHHs FTY?
3- KaK JJUITe *aKT°PM' n°3BoJiawmHe nofiticnTb HaaeacHocrt pa6orti Katnepu cropaHHa FTV.

TexHHiecKHe pemeHHH oSecneiHBaioT noBbimeHHe 3Ko^orHHecKHx xapaKTepHCTHK
4 KOMepu cropanHa FTV?

B KOHCTpyKUHHx FTV oj^aioT npe^noiTeHHe HC BWHOCHBIM, a BcxpoeHHbiM KaMe-
5 {j™* cropaHHa nv?

H4at°TC)i cxeMbi paSoTbi FTV c o^HocxyneHHaTbiMH H ^ByxcxyneHHaTbiMH Ka\ie-
' CrO

M36HTOK B03ayxa B KaMCpC CFOpaHHS FTV?
tii n°BMuieHneM naiajiLHOH TeMnepaxypti rasoe ra30Bofl

*e



l~/iaBa

FA30BWE TYPBMHbl 3HEPrETMHECKMX

4 1 KOHCTPVICTMBHblE CXEMbl SHEPrETMHECKHX rTV M HAHAJlbHblE nAPAMETPbl
TA30B TASOBblX TVPBMH

B xenJioBott cxeMe sneprexHHecKott FTV rasoeaa xypenna BbinojiHaer (J)yHK.
UHH xenjiOBoro ^BHr3xejifl, npeoSpasyioniero sneprHK) ropsHHX rasoB B Kpyta-
IUHH MOMCHT Ha Bany ycTaHOBKH. 3x3 3HcprHfl ^acxHHHO noxpe6jiflexcfl KOMnpec-
copOM (60—70%), 3 ocxaBiuaaca ee H3CTb nepeaaexcji gjieKXporenepaxopy,
K KOxopOMy noflKJironaexca Harpy3Ka (pHC. 4.1).

PHC- 4<1- nPHHUHn p
F — 3Heprnfl; Q — noABoa xenjiOTLi; C — a6-
COJIKITHafl CKOpOCTb F33a; W - OTHOCHTeJlL-

CKOpocTb rasa; U — OKpyamas cKOpocxt
raaa; PJI — paSotue jionaTKH; HJl — • Hanpag-

CJI — conjiOBbie JionaTKH

Typ6HHa coneraeT B
panee

KaK
crapa-

6bina co3*ma B

' Me Brown-Bovery
3

CoaaaHHe CMCTCMHI
reuepaiiHM nepcMCHHoro

TOK3 H JIHHM3

CTp OMT6 JI bCTBO
3JieKTpOC
1886 r. — .

1939 r- — 3H6prcTHi£ecKaa
rry (BBC)

1891OCHOBaHHOH
EpayHOM H Ba*bTepoM

. nPH TeMnepaxype moB
raaoBofl Typ6HHOH 550 C

H MOWHOCTH 4000 KBx OH3 nP0-
3JieKXP03HeprHK) C

18 °/0 OcnbrraHHfl npoBojiH-
c yqaCTHCM A. CTCWOJIW). C

1939 r. He npeicpamajiHCb ycHJina
no coBemeHCTBOB3HHK) 3Hepre-

HapOBtie xypSaHbi
1883 r. — TycxaB Jlasajit

1884 r. -
IlapcoHC (Anrniifl)

eHHero
cropaHHa

1867 r. -H.A. OTTO

1893 r. - Pyaojii.4)

FlapoBbie MaiiiHHii
1769 r. —

reiuiOBbix
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THM6CKHX FTy H yjiyqmeHHK) HX PHC- 4'2- HCTOpHfl
3KOHOMHMHOCXH, HTO nOSBOJIHJIO
nOBblCHXb MX MOUlHOCTb flO 300 MBT H 3JieKTpHHeCKHH KHJJ 40 40 %.

KoHcrpyKXHBHSfl KHHCMaxHHecKaji cxeMa FTy 3aBHCHX or napaMerpOB xepMO-
AHHaMHHecKOro uHKiia EpaflxoHa, nsjiHHHa npoMeacyroHHoro oxjis^ie
xa, cxyneHHaxoro OKHraHHfl xonjiHBa, npHMeneHHa perenepaxuBHOro
UHKJioBoro Bos^yxa H flp. Ha PHC. 4.3 npHBe,aeHbi BapHam-bi rannx cxeM pa^a co-
BpeivieHHbix snepreTHHCCKHX FTy Flpocxoe xexHHMecKoe pemeHHe (pnc. 4.3, a) oc-
HoaaHo Ha HSJIH^IHH o6mero poxopa y KOMnpeccopa H FT (CM. xaK^e pwc. 2.1; 2.3).
KOHCXpyKXOpU X3KHX yCT3HOBOK HO B03M05KHOCTH OTKa3bIB3K)XCJI OX IIpOMOKy-

H pas^ejieHHfl sajioB KOMnpeccopa H FT ^jia ynpomeHHSi
'. HcnO^b3OB3HHC OTp36oxaHHoH KOHCTpyKXHBHOH CXGMbl KOM-

eccopa H o6ecneneHHe cooxBexcxByiouj;HX napaMexpOB cscHMaeMoro B H6M
3flyxa CBasaHbi B onpe^ejieHHbix cuyMaax c npHMeneHHCM CHJioBbix arperaxos
BMrn^tt MaCTOToK BpallteHHJ, (n = 5000—10 000 06/MHH) H yCXSHOBKOH pe^K-

04KjiroMeHH3 sneKTporeHepaxopa (pnc. 4.3, 6).
3OBanHe MHorocxyneHHaxbix cxeM cacaxna sos^yxs H paciiiMpeHna rasos

"jo H3 PHC. 4.3, e, z, e. B XSKHX cjiyi3flx arperar BbicoKoro jafijienHfl, BKJIK)-
H TBfl, BbinojiHarox c nojibiM saJiOM, HXO no3BOJiaex nponycxnxb ne-

arpersxa HHSKOTO ^aBJieHHs, cocToamero H3 KHfl H TH^. 3jieKxpore-
"HH [°^KJiroHaroT oSbiHHO c XO^O^HOH cropOHbi KOMnpeccopa HHSKOH) ^aBJie-
CM3TD

 Mo)KHb' xexHHMecKHe peiiieinifl, Koraa B KOHcxpyKXHBHOH cxeMe npe^y-
"PH. MBaiOT OT4ejibHyK> CHJiosyio raaoayK) xyp0HHy CT (pnc. 4.3, e, OK), Koxopaa1QZIUT t\ u
(npOH ACHCTBHC 3JieKTporeHepsxop. TaK BbinojineHbi, HanpHMep, FTy-16
3j|eKrn TBa ^^^ «MamnpoeKT», n HnKOjiaeB, yKpsHna) H up. Flo^KJiioMeHHe

eHeparopa K FT HH3Koro ^asjieHHa noKaaaHo na PHC. 4.3, e.

87

a

ioji

p

H&D ' °



KaMepa cropaHHS
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PHC. 4.3. IIpiiMCpbt KOiicrpyKTHBHWx CXCM coBpeivieMHbix 3HepreTnieCKHX FTV
a — nr-110 (AO «Pbi6HHCKne MOTOpbi»); rT3-115-1170 (AO «Xapi,KOBCKHH Typ6iiHHbifi
BapiiaHT c npOMe>tcyTOHHbiM noauiHnHHKOM Meamy KOMnpeccopoM H rasofloR TypGwHoii); T
(AO J1M3); V.94.3A (Siemens) H ap.; 6 — V.64.3A (Siemens); GT8C (ABB) H pp.; e — GT35 v -~
H AP-; 5 — rr-140-1100 (AO JIMS); LM 6000 (General Electric) H pp.; d — GT24, GT26 (At
Hflp.; e — FTy na 6a3e aBnaunoHHoro flBHrarejifl Pfl-36-51 (AO «Pti6nHCKMe MOTOpbi»); ̂  ̂
MS3002; MS5000; MS6001; MS7001; MS9001 (General Electric); 3r — MCKiporeHeparop; A 1
KOMnpeccop; KHfl, KBff. — KoMnpeccopu HH3Koro H BbicoKOro aaBJieHiia; FT— raaoaaa rypon
TBJJ, THff, — raaosbie TypSwHbi BbicOKoro H mnKoro xaBneawi; CT — CHJIOBBJI raaoBan jypoH
KC — KaMepa cropaHn«; /7O — BOUHnott npOMOKyroHHufi oxJiaflHTCJib BO3flyxa; T —
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675/676 °C
714/715 °C

^m

A- 5520/5433 o6/MHH
ff 5810/5703 o6/MHH

If

IMS
ynH

M
A 0,42/0,41
(Mna)
fl: 0,44/0,44
(Mna)

1,23/1,21
(Mna)
1,30/1,29
(MHa)

xl
0,59/0,58
(MHa)
0,62/0,61
(MHa)

XJ

532/535 °C
565/568 °C

368/369 °C
388/387 °C

,0,1013 MHa

ce
ss

3000/3600 oB/MHH
A: 16,1 MB?
ft 18,4 MBx

KoMnpeccop
m HM

FaaoBaa Typ6nna

PHC. 4.4- Ten^oBaa cxeMa rnna TTY GT35 ((jmpivibi ABB) (napaMeypbi
ISO; 3f — 3JieKTporeHeparop)
A — 6a30Ba» narpysKa; B — nnKOBaa

no VC.IOBHHM

Ha pwc. 4.4 H 4.5 npHBCACHbi npHMepbi xennoBofl M KOHcrpyKTHBHofi CXCM
rTYTHnaGT35 (ABB).

B xenJioBOH cxeiwe coBpeMennbix 3HepreTHMecKwx FTY XHHOB GT24 H GT26
(npoH3BO^cxsa ^upMti ABB) HcnojibsyeTca CTynennaxoe c^nraHHe TonjiHBa B
KaMepax cropaHHfl KCI H KC2, MTO nosBonaex noBbicHTb cxeneHb npHSjinaceHHS

Epafixona K UHKJiy Kapno (CM. pnc. 4.3, d). B 3xofi CXCMC FT BbicoKoro
Ha COCXOHX H3 oflHOH cxyneHH, o6e rasosbie xypSHHbi (TBff H THff) H

KOMnpeccop HMCIOT o6mnH poxop.

H3MeH6HHe aaBJieHHH H xcMnepaxypw pa6onero xejia no xpaicry
cKofl FTV HMeex CBOH oco6eHHocxH, cBasaHHbie c ee KOHcrpyKTHBHoH
(.pHc. 4.6). Ha rpa$HKe npHBe^enbi ynacxKH noBbimeHHH aasjieHHa H xeMnepaxypbi

3^yxa B KOMnpeccope, OKHranna TonjiHBa B KC H (JtopMnpoBaHHH HanajibHOH
nepaxypti rasoB nepefl FT, pacmnpeHHa ra30B B FT c yMeHbiueHHCM jiaBJieHHfl

reMneparypu rasos, BJiHSHHa zni(|)4)y30pa na napaMexpw Bbixo^Hbix rasos FTY

, nP°TOHHOH nacxH FT 3HeprHfl ropflMHX rases nocne KC npeoSpasyexca B
Ha Bajiy ^Bnraxejifl (CM. pnc. 4.1). B conjioBbix pemeTKax nponcxo^HX

Ha n ,Pa30BaHHe noxeHUHa^bHOH sneprHH rasoB B KHHexHHecKyK), Koxopas saxeM
'HHX JionaxKax xypSHHbi npeoSpasyexca B MexaHHHecKyto 3HeprHK>.

cH ^ [0'IIHHaMH4eCKHH UHKJI BpattxoHa FTY MOJKHO oxapaKxepH3OBaxb ^ByMa
IHMH naPaMeTPaMH: cxeneHbio noBbimenHfl ^aBJieHHfl paSonero xena,

HaM ^
H TeMnepaxypoH 3THX rasos

n SbIJ1

ra30B nepezi rasosoH xypSHHoii p

BO3,ayxa sa KOMnpeccopoM
onpe^ejiaeMaa noxepflMH B rasosoM xpaKxe KOMnpeccop -

nepefl FT. HaMajibHoe ^aBJieHHe rasos pK T — BeiiHHHHa
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IV IVa Va V

PHC. 4.5. KoHCTpyKTHBHan cxeiwa FTY rnna GT35 (4>npMbi ABB) (a); (/— K/7—
THHbl nOAUIHHHHKOB UHJIUB FTY) H KOHCTpyKTHBHaH CXCVia I IO.mUHIIHMKa KaiCHHfl (6)
! — noflsoa Macjia; 2 — oSjiacri, c AasjieHHeM MCHtuie aTMOC^epHoro; 5 —
mero Bosayxa; 4 — no/taia sosayxa; 5 — BosaeiicTBHe aaB^eHHa rasos; tf — BH.H

; 7 — BLIXOJI Mac^a H B03/iyxa

nepeMeHHaa H saBHCHT OT napaMCTpos Hapy)KHoro sosjiyxa, narpysKH ycraHOBKH.
M3CTOTSI B 3J16KTpHHeCKOH C6TH H pp. B COBpeMCHHtlX TTV /JHT = 1,0 - 3,0

HCHSMeHHOH Ha^ajitHOH TCMnepaType rasos yseJinieHne crenenH
^aeneHHfl B KOMnpeccope HPHBOAHT K cHHaceHHK) TeMneparypw

HWX rasoB. Ha PHC. 4.7 npHBe^eHo necKOJit-KO BapnaHTOB
UHKJTOB EpaflTOHa npH nocToaHHoR HanajibHoH TCMnepaType rasoe c
creneHbK) noBbimeHHa jjaBneHHa: UHKJIM A, B H C, noaTBep^cjiaiomHe 3Ty
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PHC. 4.6. mweHejme aaBjieHHfl H Teuneparypbi rasoB no rpaKry FTY
— KOMnncKCHoe BosayxooiHCTHTejibHoe ycTpoflcTBo; OK— OCCBOH KOMnpeccop; FT— ra-

M TypSHHa; KC — KaMepa cropaHna; fl—xnfy$y3op, 3F—3jieKTporeHepaTOp; T—TOHJIHBO

T

KOMnpeccope TIL na TCMiiepaTypy
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PHC. 4.8. SaeHCHMOCTb TCMneparypbi Bbixoam>ix raaoB TT 7"KT or cicnemi noBbiinciina
Huti Bcnayxa B KOiwnpeccope nK H Ha'iajibnoii TeMiieparjpi.1 raiou 7"HT

a — npn T)K = Tipp = 0,87; 6 — AJIH KOHKpeTHOH FTY npH t|K = 0,89 H T]^. = 0,91

KOHKpeTHbix ycJiOBHH Ha pHC. 4.8 noKasaHa cBHSb uQyKsy crene-
Hbio noBbimeHHH flaBJieHHH B KOMnpeccope, nanajibHOH TewnepaTypoH rasoa H
xeMnepaTypoii BbixojiHbix rasoB FTY.

Bee aKTyajibnee cTaHOBHTcu HcnojibSOBanne cospeMeKHbix 3HepreTHHecKHx
FTY B KOM6nHHpOBaHHbix nrV, B Koxopbix BbicoKafl TeMoeparypa Bbixo^Hbix ra-
30B sa FT nosBOJiaeT renepHpOBatb nap noBbimeHHbix napaMexpOB. Hccjie^oBa-

3HepreTHHecKHx 4>npM B POCCHH H sa py6e>KOM noKasaJin, HTO on-
CTeneHb noBbimeHHfl ^aBjieHHa Bosziyxa B KOM6nHiipoBaHHOM UHKJIC

EpaHTOHa— PeHKHHa TIK = 14 — 48 H cooTBCTCTByromee en HanajibHoe

/7HT = 1,3—1,7 MRa (pnc. 4.9).
HanajibHas reMnepaxypa rasos B cnjiy ocoSeHHocTCH rasoBoro TpaKTa

CHT OT npHHflTOH ^HpIWOH-HSrOTOBMTCJieM MCTOflHKH 66 Onpe^eJieHHfl, H3-33
cymecTByiOT pacxo^flCHHa B ee snaieHHH. MeacflyHapoflHaa opraHH3auHa
jiapTOB ISO B ^oKyMeHTe 2314 «Fa3OBbie TypSHHbi — npneMOHHbie HcnbiTaHHfl»
onpe^ejiaeT HanajibnyK) TCMnepaTypy rasos rHT = Tlso Kan neKyro onopnyK)

TCMnepaTypy BO BXOAHOM Kanaiie FT, KOTopaa B oSmeM cjiynae He pasna
paType B UHKjie BpaHTOHa. Ona paccHHTblBaeTCH H3 TennoBoro Sajianca
c^HranHH TonjiHBa H flBJiflerca cpej(HeB3BeiiieHHOH TeMnepaTypofi scex
MWX KO Bxo^y FT MaccoBbix HOTOKOB.

PasjiH^HH npn onpe^e/ieHHH TUT xopouio BH^Hbi na pHC. 4.10. POCCHHCKHC npo-

H3BOflHTejiH 3HepreTHHecKHx FTV, ^HpMbi Siemens, ABB, Alstom H flpyrHe noJi
syiOTca Mero^o^orHeH ISO, Toraa KBK apyrne c^HpMbi (nanpHNiep, General Electr

H Westinghaus) B KanecrBe nanajibHofl npHMeHJiK>T TeMneparypy 7^

TCMnepaTypy cpe^bj na Bxoae nepe^ nepBWM pa^oM pa6oHHX jionaroK).
CoBepmeHCTBOBaHHe coBpeMennbix 3HepreTHHecKHx FTV

npeac^e scero POCTOM HaiajibnoR TCMnepaTypu rasos, HTO
^aHHUMH pHC. 4.11. EaceroAHoe yBejiHneHHe 3TOH TeMneparypbi
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48
250

• 49 t
' J»BHCHMOCTb

^•ooHKumiry
MOUIHOCTH,

550 N™, KBT/(KT/c)

3JieKTPMHeckroro KO^ FTY HCTTO t]3^ npocroH CXCMW OTKpbiroro

° KOTJIOM'yTIIJ1H3ar°POM AByx .lati.ieHiiH (8 H 0,6 MHa) (6) or ux
reMneparypbi raiOB T^ n crcnemi i iu i i i - imei iMH
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(VX4.3A:1400°C)
r,*
(VX4.3A: 1326 °C)

r,— 'ISO
(VX4.3A:119(,°C)

CHHXCHHe TeMnepajypbi raaoB Sjianmapa
noflaie oxnaamaromero soaayxa
B nepBtift pw COIUIOBHX Jionaiox

HanpaEJienpie noxoxa rasoB

Pit c. 4.10. K onpesejieuuio HaiajibHofi TCMneparypbi ra30B nepej IT snepreTii'iccKoii TTV
(THII VX4.3A OTHOCHTCH K ceiweiicTBy FTY HOBOH MOflucpuKauHH 4>HPMI-* Siemens V94.3A,
V84.3A, V64.3A)
rj" — TCMnepaxypa nojiHoro TOpMtmeHHH rasos nocne nepexojjHOH CCKUHH 3a KC; 7"2*
TCMnepaxypa nojiHoro TOPMOMCCHHS ra3OB B IIJIOCKOCTH Bbixoaworo cpesa nepsoro paaa COIUIOBLIX
jionaTOK FT; rlso — HanantHaa TCMneparypa rasos B cooTBeTCTBHH c aOKyMCHTOM 2314 ISO «Fa-

ncribiTaHHn»)

1975 1980 1985 1990 1995 2000

PHC. 4.11. HiMeneiinc no ro,ia\i uaiajibHoti TtMueparypbi rasoe u IKOHO-
raioBMx ryp6HH (JmpMbi Siemens

94

13 °C, HTO

B

TTV «a
-o/0/ro*- flocrH«eHHe OTHX no-

3H3HH-
ycHJiHH TexHOJioros, MC-
, KOHCTpyKTOpOB.

B MHPe nPOH3Bo-
General Electric

-HCHJia MOUIHOCTb CBOHX
15 pas. TpeTb pocxa STOH
HOCTH oeecnenena ysejiHH
KOJiHHecTBa pa6onero xejia, npo-
nycKaeMoro nepes Typtay. a
4B6 TpeTH nOBblUieHHCM H3H3
nofi TSMnepaTypbi rasoB c 800

1300 °C. 4M 500 600 700 800 9001000 1100°C
KaK 6bi.no noKasano B npeAbi-

Tiviiietf maBe, ^JiHHy KC BbiGnpa- p"c- 4-12- TeMneparypiioe nojie B raiosoM noroKe us
,- Bbixo^e H3 KOJibueBOH KCIOT raK, HToSbi BpeiweHH npeobiBa-

HHfl B HCH xon^HBOBOSjiyiiiHOH CMCCH XBaTHjio Ha saBepiucHne peaKUHH ropeHHa
npw cMCHraHHH paajiHMHbix BH^OB ToniiHBa H Ha nocjie^yiomee paaGaBJieHHe npo-
^yKToe cropaHHfl naSbixoMHbiM sosziyxoM ^Jia 4>opMHpOBaHna npo4)HJia xeMnepa-
xyp ra3os. Pa^HajibHbiH npo(J)HJib TCMnepaxypbi nocjie KC oSecnenHBaeT 6ojiee
HH3KH6 xeMnepaxypbi y Kopnefi JionaroK, rae ueHTpo6ea(Hbie HanpflHfeHHfl AocxHra-
IOT csoero MaKCHMyMa, a xaKHce y BHCIUHCH SOKOBOH CXCHKH — xaM csoero MaKCH-
MajibHoro sHaneHHH jtocxHraiox nanpaaceHHa H3FH6a CHJiosoro annapaxa.

Ilo Mepe yBCJiHHeHHa cpe^HCMaccoBOH xeMnepaxypbi rasa nponcxo^Hx ysejiH-
MeHHe a6cojTK>THoro snaqeHHa HepaBHOMepnocxH xeMnepaxypnoro nojia H ^pyrnx
napaMexpoB noroKa, HTO MOJKCT npHBCCTH K HeKOTOpoMy yxy^meHHio KUJ\ FT. Ha

•• 4.12 npHBQaen npHMep HepaBHOMepnocxH xeMnepaxypnoro nojia B rasoBOM
'TOK6 Ha BblXOZlC H3 KOJlbUCBOH KC C aeCflTbK) $OpCyHKaMH.

•2. HPOTOHHAq HACTb M 3JIEMEHTU KOHCTPVKUMM TASOBO^ TYPBHHbl

'TOHHaa nacxb coBpeiweHKbix FT c oceBbiM noflBcmoM rasoB TpaanuHOHHO
ecKojitKo cmyneneu (ox xpex ,30 naxn), cocxoamnx H3 conjiosbix M pa6o-

ee
 lr°K (PHC. 4.13 H 4.1). CoBOKynnocxb ox^eJitHbix cxyneHew FT o6pa3ytx

a3p
 04HbiH annapax, a BMCCXC c BXO^HHM, Bbixo^HbiM H npoMexyxoHHUM

l aMHMecKHMH ycxpOHcxsaMH — cc npOTOHHyio nacxb.
•- [e B conjioBbie nonaxKH (conjioBOH annapax — CA) xypGnnHOH cryne-

ra30B oSjia^aex sanacoM TennOBoK aneprHH,
neHHeM PQ, TeMnepaxypOH 70 H SHxaJibnaeR A0. B

cxb noTCHUHajibHOH 3HeprHH noxoKa nf
rHK>, B pesy/ibxaxe nero yMenbiuaroxca ero ^aajieHHe c p0 40

conjioeoro
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spamaioxcfl no

PHC. 4.13. ripHMep KoncTpyKTHBHOii cxcMbi npoTO'iiioii iacni IT (VTV THna GT8C (Jmpivibi ABB)
/ — necymaa nacrb Kopnyca c KEHajiaMH noaeoaa oxjiaamaiomero Boaayxa; 2 — connoBbie Jionar-
KH; 3 — pa6oine JionaxKH; 4 — HanpasjieHHe noroKa rasoa

a) * - a

PHC. 4.14. Cxeiwbi cKopocreii noTOKa (a) H ycHJlHH (6) B crynenH
/ — connoBafl peuieiKa; 2 — paSonaa peiueTica

nepaxypa c T0 40 Tlt sospacxaex ero CKopoctb c CQ %o c{. CxeMbi cKopocreti

xoKa ra303 c H ycujiHH B cxyneHH FT npHBefleHbi Ha pnc. 4.14.

UOXOK rasa, Bbime/iiuHH H3 conjioBoro annapaxa nox yrjioM a,,

KUWJibi paSoHefi pemexKH. HpH o6reKaHHH 3roft peiuexKH npOHCxoflHX H3M£
HHC HanpaBJieHHfl rasos, MX ycKOpeHHe H HSMeneHHe KOJiHMecxsa ^BH*ei
Cxpyjf rasa BO3,aeficxByex Ha pa6onne jionarKH c ycHJiHCM R. PaSoMHe Jionai
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QOHHMH
OCXH CO CKOpOCXblO U, RO3XOMy CO-

" afl

cT ^

R na see
cos^aex KpyxamHtl MO-

rasa nepe.n cxynenbK) onpe^e-
~~no napaMempaM nonnozo mopMoycenw

JI*K)T \ \ 5)- OxpesoK O—O' cooxBexcxsyex
HHecKoH 3Hepnin rasa, HMeiomero Ha
B conJiosyio peiuexKy cKopocxb c0, npo-
9'__/ pacuiHpeHHK) rasa B COHJIOBOM

;, npouecc 1—2 — pacuinpeHHro rasa

B pa5oH6H pemexKe. CooxBexcxBCHHO //0*c H
pacnojiaraeMbie xenjionajieHHfl na co-

H paSoMyio peiuexKH, a H$ — xenjio-

na BCK> xypSnHHyio cxynenb.
CxeMa MHorocxyneHHaxoH FT c HHCJIOM A

cxyneneH z H npouecc paciunpeHHa rasa B
/i, 5-^HarpaMMe npHBe^eHbi na pnc. 4.16. Ha

HCM noKasanbi pacnojiaraeMoe //0* H ncnojib-
PHC. 4.15. TenjioBOH npouecc B cryne-

Hf XenJIOnajjeHHfl B FT, KOXOpbie HH TypfiHHbl B A, s-j\

n03BOJIflK)X B o l U B M BHflC
KFIfl npOXOHHOH HaCXH FT (oXHOCHTeJTbHblH BHyXpCHHHH

(4.1)

BHyxpeHHiOKt MomHocxb FT (npH nocxoflHHOM pacxofle rasa G Hepes npoxon-

K T , a xaioKe 3HaneHH3

H p*T H xeMnepaxyp xopMoafeHHfl T*^, H Tl

saBHCHT ox pasiviepoB M KOHxypa ceneHHfl npoxoMHOH

(4.2)

roaHHe rasa na Bbixo^e FT noKasano c ynexoiw HajiHHHa jjH^x^ysopa.
PH nocxpoeHHH npouecca pacuiHpeHHJi rasoB B FT HcnojibsosaHbi

iTHMecKHx ^aBjicHHit p H n „, H xeMncpaxyp rHT H T Tn.i x R.I' i ^ • H.l K.I
H xeMnepaxyp xopMoafeHHa

KPynHwx oceBbix FT T

°pH' OT CKOPOCXH rasoB 3a FT H pasen 0,9—0,94.
K°HCTn ra30B°H TypGHHLI OCHOBHOH 3JT6MeHX 66 npOXOHHOH HaCXH. ErO
CTOHT jj UHa onPeflejli!eTCa KOHCxpyKTHBHOH cxeMOH FTV (CM. pnc. 4.3). OH co-
KOB ' Bajia' onHpaK>merocj! na noziiunnHMKH CKOJibaceHHJi HJIH"C3^Ca ijtir

1HWX Ha B3J1 H CXflHyXblX CKB03HHMH 6oJlXOBbIMHIn T J I T \
'•;, H JionaxoK, yKpenjienubix B jjHCKax. Hacxoxa Bpamenna poxopa

lacxoxofi 3HeprocHcxeMbi, CCJIH OH nepes My^xy Henocpe^cxseHHO
'^H K 3JieKxporcHepaxopy. Ona MO^ex 6bixb snannxejibHO Bbiuie

HcnojibsoBaHHH So^ee CJIO>KHOH
4 i ra3°BOH TypSHHbl MOM<eX SblTb CKOHCXpyHpOBaH nO OflHOH H3
•''). HpeHMymecxBOM o6jia,aaex poxop, B KOTOPOM na OCHOBHOH ean
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PHC. 4.16. Cxewa upoToiiioii nacTii rasoBoB TypSiiHbi (a) H npouecc pacumpeHHfl
B A, s-flHarpaMiwe (&)
1—1 — ceieHHe Bxoaa B KomJiysopHbiH naxpySoK FT; O—O — ceneHHe sxofla B conJiOBbffi *
pax nepBofl ciynenH FT; z—- -— ceneHiie BUXOM rasoB H3 nocjie^Hett cxyneHH; d—d — ceie
Bbixoaa raaoB H3 flu^^opa FT; p* =pHT', p* = P^

<yTbl
, HMeioiUHe xupmoeoe sauenjienne no nepHMexpy. OHH

IHH c6opoHHi,iH yseji, MXO o6ecneHHBaex nponHocxb H acecxKOCxb K0n^. r^
. KpHXHqecKaa Hacxoxa Bpamenna xaKOH KOHCxpyKUHH naMHoro npeBWiwI_,- «,,fvnB I

pa6oMyio. FIpHMeHeHHe CKBOSHMX cxarHBaiomHX 6o;rxoB paSonnx
„-. naaeacHocxb nepeaanH ycHJinfi. 0

poxopa FT BbinojiHfliox us Koeanbix saroxoBOK na 6ase HHKeJieB

cnjiasa. fljia FTV xnna FT3-180 (AO «ABHaABHraxeiib» H AO JIM3), """""^
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PHC. 4.17- BapwanTbi KOHcrpyKUHH poropa rasoeoH
a — flMCKH COeUHHCHbl UCHTpa^bHOfl CT85KKOH; 6 — flHCKH 33BapeHbi; 6 — flHCKH HacaxCHH H3 B3JI;

CTflHyTbl HCCKOJIbKHMH aHKCpHLIMH SOJITEMH

HcnoJib30B3H Maxepnan MapKH 26XH3M2OA. MsroxoBJieHHbie H3 saroroBKH JIHC-
KH npH c6opKe uenxpyioxcfl no xnpxaiu. Ilpn 3XOM noac IKCCXKOCXH H30JiHpoBaH
ox npoxoHHofi nacxH noflcoM JiaSHpHHXHbix ynjioxHeHHH, HCKJiK)HaiomHx nepe-
rpeB MexajiJia npH npoxe^Kax raaa nepes jra6HpHHXbi.

Kaac^wH ^HCK poxopa FT o6biHHO npoxo^wx HeoSxo^HMbie wcnsixaHHa npn
BbicoKOH xeMnepaxype ji,m nposepKH HeHSMennocxH ero pa3Mepos.

Oco6eHHOcxbK> KOHCxpyKuHH FT aBJiflexcfl Sojibiiiaa y^ejitnaa MOIUHOCXS
xyp6HHHofi cxyneHH. FfpH o^HHaKOBOH BHyxpeHHefl Momnocxn naposon n raso-
BOH xyp6nH 300 MBx narpysKa na Kasc^yio cxynenb B FT na nopflflOK Bbime.
C^e^yex noMHHXb, HXO 3JieKxpHHecKaa MoiuHocxb FTY npHMepno B 3 paaa MeHb-
uie, MGM BHyxpeHHHfl Momnocxb coScxBeHHo FT. Fasosbie xypSnHbi xapaKxepHsy-
K)XCfl BLICOKHMH ra3O^HHaMHMeCKHMH H3rpy3KaMH H 60JlbUIHMH OKpy^HblMM

flocxHraromHMH 450 M/C.

^ He HanajiLHoH xeMnepaxyp&r raaos nepezt xypSHHOH sacxasjiaex no-
ecxHo npHMCHarb oxnaacAeHHe npe^Ae scero ee jionaxo^Horo annapaxa.
3ToH I^CJIH npHMCHaiox uHKJiOBofi B03^yx, 3a6HpaeMbiM 3a ox^ejibHbiMH cxy-

IMH KOMnpeccopa B KOJiHHecxse /io 10 % o6mero pacxo^a. C yMCHbiueHneM
Typ5HHHwx cxyneHCH #0 ^syx-xpex B Ka^c^oH H3 HHX cpa^axbisaexca
; 3HeprHH rasa H cnjibnee CHHacaexca ero xeMnepaxypa (pnc. 4.18). B FT,

°xjia CT^neHeH B Koxoptrx ^OXOAHX ^o naxH, aeoSxojiHMo HanpaBjiaxb 6ojn.me
KM. r aiou(ero B03flyxa, qxo saMcxno BJIMHCX na xapaKxepncxHKH seen ycxanoB-
CtjiiTaneUHaJIHCTI>I paAa 4)HPM-H3roTOBHTejien FTY (AO JIMS, Siemens H flp.)
Hoe c ' MTO MeTbIpexcxyneHqaxaa KoncxpyKUHfl FT oSecneiHBaex onxHMajib-
fiB0^0 ^o^eHHe Meac^y aapo^HHaMHHecKHM KFI/i H noxepaMH, CBjnaHHUMH c

°xJi
l1 ra30BOH Typ6HHbi rasoBoro noTOKa cos^aiox Bpa-

poxop. CpaBHHxejibno HeSoJibiune KOJie5a-
noji ^ettcxBHeM BHemnnx 4>aKxopOB Moryx Bbnsax

HCKJiiOHHXb BepoflXHOcxb pesoHaHca Hacxox
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0 1 2 3 4
IIopaflKOBHH HOMCp TypBHHHOfl CTyneHH

PHC. 4.1S. Hi iMCHCHiie Teivinepai) pi.i rasa Tr

no Tpanry nporoiHOii nacTH FT npii rpex (/)
ii H U T U (2)

PHC. 4,19. JIonajKH IT 4mpMbi General Electric
1 — Hoacita jionarKH; 2 — KpenjieHHe xeocTOBHKa; 3
HHfl; 5 — ynjiOTHCHHfl MCHfjiiiCKOBoro npocxpaHCTBa

noiiKa; 4 — mraiftTbi yruiOTHe-

CKH HSMCHfliomerocfl ycujiHfl, co3,naBaeMoro rasoebiM ROTOKOM, H co6cTB6HHbix
nacTOT KOJie6aHHw nonaTOK na ecex CKopocrax BpaweHHa poxopa, ocoSenno npH
nycKe H ocxaHOBe. /JJIH HajjeacnocTH Typ6iiHHofi KOHCTpynuHH Heo6xoflHMO TaK-
>Ke 3$4)eKTHBHoe noflaBJieHHe Bn6pau,HH.

ConjioBbie H pao"oHne JionarKH FT cymecTBCHHO OTjinnaioTCfl no KOHcrpyK-
U.HH or aHanoriiHHbix JionaTOK napoBbix Typ6wH, npe>K,ae ecero 3x0 OTHOCHTCH K
CJIOJKHOH cxeiwe BHyTpeHHHX KaHanoB ^JIH nponycna oxjiaJKjjaiomero eos^yxa.

Ha pwc. 4.19 npuBejieH npiiiwep KOHcrpyKUHH coBpeMeHHbix jionaTOK rasoewx
xyp6HH (J)HpMbi General Electric. Ha pncyHKa BHAHO, HTO K pa6oneM nacxH
npHMbiKaeT HOXKa ^OBOJibHO SojibiiioH AJiHHbi. B ee 4>yHKUHH BXO^,HT
Una AHCKOB poTOpa H ocna6jieHHe flHHaMMHecKOH MyBCTBHiejibHOCTH.
HoacKH K ^Hcxy ocymecTBJiaeTCfl c noMombio ejionHoro HJIH sySHHKOBoro XBOCTC
BHKa, 6jiaro^apa HCMy B oSjiacTH noacKH JionaTKM coxpaHaeTca HCBbicoKaa xeMnt
parypa, a KOHueHTpairtia HanpflaceHHfl cse^ena K MHHHMyMy.

/tonojiHHrejibHbiM cpeACTBOM ^6Mn(J)HpoBaHHa KOJie6anHH cjiy^ar uiTHtp
Koropbie ycTanaBJiHBawTCfl npHMepno Ha cepe^HHe ZUIHHM jionarKH noji rpaHi
oT,n;ejuiK>meH ee OT HO^KH, Me*^y CMOKHHMH jionaTKaMH.

TaKHx mxiKpTOB (^aKTHqecKH noflasjiaeT see BHABI
HanpaBjienHH H cymecTBCHHO CHHa<aeT aMnjiiiTy^

FHX peacHMax.
Koneu jionarKH HMCBT 6aH^a)KHyio noiiKy, KOTOpaa cjiyjKHT TaK5Ke sa>K!

UIHM cpe^CTBOM no^aBJieHHsi BHSpauHH. TaKHMH 3HTHBH6pauHOHHbiMH noJi
cna6>KaK)T jionaxKH BropoH H nocjiejiytoiUHX CTynenefi TypSHHbi. FlepeA
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I

,
060*. EcxecTBCHHoe CTpeMjreHHe ^onaroK pacnpnMHTBca

CHJI

MH Bo6oWMax
FT3-180) Him .

C JIHTblMH COT3MH (fl yK33aHHOM CJiy-
BX-4JT), flonycKaromiie nacxHHHoe KacaHHe, ne npHBo-

H3roTOBJieHHa JionaTOK npoTonnoff nacxn FT csiyxnn cnjias
Kanecxsa Ha HHKeJiesoH HJIH Ko6ajibTOBOH OCHOBC c npwca^KaMH xpo-
iaeHa, BOJib^paMa, THTana H ajnoMHHHa.

TexHOJiorHfl npeini3HOHHoro BaKyyMHoro jiHTbfl o6ecneHHBaex

x jionaTOK co c.uo>KHO>i CHCTCMOH oxjia^^aromHX KaHaJioe. ^3,jia
,K H npe^oTBpameHHa ^e^eKToB Marepna^a Ha rpaHHuax sepna npHP

jionaTKH c HanpasJieHHOH" KpHCTaJiJiHsauHeH H MOHOKpHCTajuinnecKHe ^onaTKH.
noJiyiaeMwe npH 3TOM npeHMymecTea no npOHHOCTH oSecnenHBaroT B03MO>K-
HocTb noBbimeHHfl ^onycTHMofi xeMnepaTypu noBepxnocTH JionaTOK na 25 °C
npii nanpaBJieHHoK KpHCxanjiHsauHH H na 50 °C — npH MOHOKpncTajuiax (B HTO-
re 3Ta xeMnepaxypa ,nocTHraeT 950 °C).

B nepcneKTHBe HaMCMaexca npuMeneHHe KepaMHHecKHX MarepHaJios, 4x0
IBOJTHT yseJiHHHTb TeMnepaTypy nosepXHoCTH ^onaxoK, KFI/J H Moiunocxb

. Bejjexca pa6oxa no noBbiiueHHio na/ie>KHOCXH HX H3roTosjieHHa, a
no yjiynnieHHK) xaKHX napaiweTpoB, K3K B33KOCTb H KopposHonnaa cxofi-

MaxepHajiOB.

oSecneneHna BE.ICOKOH Ha^ewHOCTH npw 3KcnJiyaTauHn ^onaxoK, ocoGenno
nepBoK xyp6HHHOH cxyneHH, npHMenaioT xeonosaiUHTHbie (TepMo6apbepHbie C^OH)
H aHTHKopp03HHHbie noKptiTHfl (o6biMHO ^ByxcjionHbie: KepaMHKa + Mexajui). 3xn

no3BojiaK)x y^JiHHHTb cpoK pa6oxbi JionaTOK npH xeMnepaType rasos
1200 °C RQ 15 Tbic. H. KoHCTpyKUHa npoxoHHOH HacxH nosBOJiaex 3aM6HHxt>
JionaTKy 6es HSBJieneHHa poxopa H ̂ onojiHMxeJibnofi ero SajiaHcnpoaKH.

Bee JionaxKH npoxoHHbix nacxeli FT H KOMnpeccopa npoxojiax liH^HBH^ya^b'
CTeH^oBVHi nposepKy. Kaac^aa jionaxKa B3BeuiHBaeTca, H ee napaMexpbi

ifOTCD.
Bo H

Bu* ^onaxoK FT b ̂  ° pe30HaiICHtIM" Kojie6anHaMH KojiHHecxBo conjzo-
?"fc«ott ^onaTK, Z PaBHWM MH KpaTHb'M nP°c™M ^cjiaw. Macca OT-

r?,a "PHBe^HH KOH. T3BHTb °T 10 4° 3° Kr B Ta6jl' 4-] ^ Kanecree npH-

^Il5"^(np<S^^BT naPaMeTPtI nP°T04HO" L— fTy T™^aMern «Typ6oaTOM», r. XaPbKOB).

'° T0T
T ̂  600KMMPa60HHX JT°naTOK °6LIHH° HC "P—™ 2 -. » HX xoj^HHa

H^°^ (KOMnpeccopa H FT) Bpamaexca B onopnb.x

RI^HnHH^™V«TnnWni1 ̂ ^ ™™*»™ ™ **<*™. ^Op-
> o? naTPy6Ka "°PHb[X "^"""nHHKoe Pacnojio>KeHbr B

^HOM Konnv^ Pa' BTOP°a °nopHUfl no^HnHHK o6b,4Ho
>nyce B 30He Bbixoanoro naxpy6Ka FT.
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X a 6 n n u a 4.1. KoHCTpyKTKBHbie napaMerpbi nporoiHOH iacTH TTY THna rT3-llS-ll7A

Bttcora COOJIOBOH JionaxKH, MM
Bbicoxa paSoHCH JionaxKH, MM
HHCJIO connoBbix JionaxoK B cxyneHH
MHCJIO paSoHHx JionaxoK B ciyneHii
PeaKXHBHOCxb CTyneHH
Pacnpe^ejieHHe MOIUHOCXH no eryneHHM, %

3HaieHne napainexpa Ha cryneHH rasoBOti Typ^T"

1-fi

144
155
84
107
0,36
31

2-ii

207
256
72
86

0,38
24

3-H

336
398
66
89

0,42
24

4^~-

510
600
72
97

0,45
21

]

8) 6)

i'llC. 4.20. y i U I O I H O H H i l B npOTOHHOH 'laCTH TVpGllllbl
a — KOHUCBOC; 6 — KOpneBoe; e — SaHaascHoe; 1,3 — KOpnyc H poTop xyp6nHbi; 2 — rpeSenb
yiuioTHCHHa; 4 — AHa4»parMa; 5 — JHCK; 6 — Sanaaac

rioaiiinnHHKH cMa3biBaioxcji H oxjiaxjiaioxcfl MacjioM, nocxynaioinHM H3 Mac-
CHCXCMbi. Kopnyca nofliunnHHKOB HMCIOX ropH30HxajibHtiH
3TOMy pesH3Ha, peMonx H saMCHa noaiiiHnHHKOB Moryx Sbixb

HU 663 BCKpblXHH ra30Typ6HHHOFO 6^0K3.
npH npoxo)K,neHHH ropflHHX rasoB no cxynenaM FT nacxb HX nona^aex B &

30p MC^Jiy OSOHMOH COHJIOBOH peiUCXKH H pOXOpOM, a HaCXb yXOflHX H6pe3 3330]
Meac^y BepiiiHHaMH paSonux nonaxoK H KopnycoM ryp6HHbi, 3xn yxeMKH pao
nero xejia ne coBepmarox nojiesHyro pa6oxy. J\nn yMeHbiuennfl yxe^CK rasa M^^
Ay CTynenaMH B xypSnae ycxanaBJiHsaiox BHyxpeHHwe ynnomueuufi pasHOH n
cxpyKUHH (PHC. 4.20). YnjioxHeHHe Bpamaioiueroca poxopa co cxopoHW «
npeccopa H BE-IXO^HOH nacTH FT ocymecxsjiaexca KOHueBbiMB ynnoxHeHHfl
pa3JlH'IHOH KOH^HTypaUHH H COOXBCXCXByiOIXieH 34»c[)eKXHBHOCXH (pHC. 4.21)-

Crarop ra30Typ6nHHoro arperaxa COCXOHX H3 oxziejibHbix ceKunw: Koacy
KOMnpeccopa, KC H FT BMecxe c ,aH<]>4>y3opoM sosziyiiiHoro Ko^yxa, KO^y
KOMnpeccopa H KOMnpeccopnoro Bwxjiona, oSonoHKH KC, KowyxoB xypoH ^
Bbixjiona. 3xH 3JieMeHXbi Kopnyca, pasziejieHHbie ropH3OHxanbHbiM
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] 1,00 _rr

0,88

] 0,86

J 0,62
PHC. 4.22. Cxeivia nayiopn c oce-
BBIM (a) 11 zdiaronajibiibiM (6) Bbixo-

pa6oiero tejia
PHC. 4.21. KoHueBbie

^OTHCHHH Paoo,eroKJ,a
 Ba^a FT

wa BCPXHIOK) H HH)KHK)K> HOJIOBKHbl, COeflHHCHbl 60JIX3MH H o6pa3yK)X
KOHCxpyKUHK). KopnycHoM SJIOK c noMombio cxyjibes co cnapeHHWMH «Mepxsbi-
MM» X04K3MH onHpacxca Ha ocHOBHyro 4>yH,aaMeHXHyK) paiviy.

HeKoxopbix FTV Ha paMe xnna cajiasoK c MaKcHMajibHo BOS-
paaMemeHHCM BcnoiuoraxejibHbix arperaxos, xpy6onpoBo^oB, ajienxpo-

npoBojiKH xapaKxepHO ^Jifl ycxaHOBOK HeGoJibixiofl MOIIIHOCXH. TaKoe KoncxpyK-
XHBHoe pemeHHC nosBOJiaex coKpaxHXb cpoKH H saxpaxbi na MOHxaac, noBbicHXb
ero icanecxBo, ynpoinaex ycxpoKcxBo tJjyHflaMenxa H o^Jiernaex ^ocxyn fljia oc-
Morpa H peMOHxa.

BbixojjHbie rasbi FTV jin6o oTBO^ax Henocpe^cxBCHHO B flbiMOByio xpySy, JIH-
oo HanpaBjifliox jyis HcnojibsoeaHHa SojibmeH nacxw HX xenjioxbi B xenjioo6M6H-
HHKax, Kox^e-yxMjiHsaxope H x.n. Bo BCCX cjiynaax B KOHUC xpanxa ycxanaBJiHBa-

nepeKpbiBatomyro sacjiOHKy npoxHB ycKopeHHOro pacxojia>KHBaHHa xyp6HHbi
ft 4HMOBOH xpy6bi B nepnoflbi npocxoa.

Bbixo^e HS npoxoHHOH qacxH FT rasbi HMCIOX BbicoKyro xeMnepaxypy
1 C) H 3HaHHxejibHyio oceByro CKOpocxb, ^ocxwraioiuyio 200 M/C H 60-

-onpoxHBjreHHe rasosoro xpanxa 3a FT npeoflojieBaexca H36tixoHHbiM flae-

H
 !e ra3QB, H c ero yBejiHHCHHeM CHHiKaroxca ncnojibsoeaHHoe xenjiona^e-

3JieicrpHMecKaa narpysKa FTV.

^y3o BLl6ope KOHCTpyKXHBHOH cxeMbi BbixoflHOPO naxpySKa FT B
'HTLIBaiOX Xpe60B3HHa 3(J>4)eKXHBHOCXH H H3fle)KHOCTH.

Han >^3°P B coBpeMCHHbix FTV nacxo BbinoJiHaiox c ocesbiM HJIH flnaro-•mHtu,
(PHC. 4.22). OH odecneMHBaex cHH>KeHHe CKopocxw rasos H

noxoKa raaos, HCKoxopoe ero yBejinneHHe no cpaBne-
leHHeM raaoB sa nocjie^HeH xypGnHHofi cxynenbio, x.e. npeo6pa3oea-

3HeppHH B
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PHC. 4.23. Pa6oHin1 npouecc MHorocTyneHiaroii FT c BLIXOJIHUM 3ii<j}<f)yiopoM B It, s-
A//PT,,, — yBejiHieHHe pacnojiaraeinoro H303HTpormoro renjionaneHHa B FT //pj-^ B
ycTaHOBKH BHxojHoro An4H|>y3Opa; H'^^ — nojiHoe pacruwiaraeMoe n303HTporiHoe TenJionaaCHHe
B FT c yiexoM ycTaHOBKH £H<j><J)y3opa

xapaKTepH3yroT ero /J rjfl, paBHbiM OTHOIUCHHK)
HOFO npHpocxa noTeHunajibHOH 3HepniH K MaKCHMajibHO B03MO>KHOMy npn HSO-
3HXpOrTHOM OKaTHH (pHC. 4.23):

h2-H2.
* 0,65—0,70.

4.3. OXJlA)KflEHME TASOBblX TVPBMH

(4.3)

3JieKTpo3HeprHH
M6CKHMH ycranoBKaMH 3aBHCHT npe>Kfle ecero OT creneHH
HHfl B03^yxa B KOMnpeccope H TeMnepaxypbi rasa nepejj FT. B Ta6n. 4.2 npHB
^eHbi ^aHHbie o pocTe 3HaHeHHH 3TOH TeMnepaTypbi, noBbiuieHHH HcaponpoHi
CTH KOHCTpyKTHBHHX MaTCpHaJIOB npOTOHHOM M3CTH TypSHHbl H 3(j)$eKTHBH<
CTH BC6H yCTaHOBKH.

TaSjmua 4.2. napaMerpbi sHepreTiiiecKiix FTV

IlapaMeip

HaMaiitnaa reMneparypa rasoa
nepea IT Ta r , °C
)Kaponpo4HocTb MaTepnajios Jio-
naroiHoro annapaTaFT TM, °C

3/ieKTpH^ecKHii KFI^ FTV T)^. , %

Fo^bi ^______ —

1960

700

700

24—25

1970

800

750

26—27

1980

900—1000

800

28—30

1990

1100—1250

850

19 14j£, — j^

2000

1300-1*°

900

38-̂
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„ win .IM- . MaxepHajioB npoxo^Hoii MacxH FT nocne 60-x ro-r̂. ,n nOCT« rtva>J r „
TeMfl un vcTvnaer pocry HanajTbHOH xeiunepaxypbi rasa. OCHOBHWM

..ouHxe-nt1" j J - __ i^TTrnos 3H3 " IC,U-,TIIHM rapaHTiipoBaxb Ha^e^Hocxb paooTbi FTY B STHXnn3BOJl"**'̂
cfBoM' r nanne pbicoK03^4)eKTHBHtIX cucxeM oxjiaac^eHH^, npeaqje Bcero jro-
flB^«eTCS nnapaxa npoxoHHoti Hacxn FT. B no^asjiaiomeM HHCJIB xaxiix CHcxem

^MH° jarrt, uHKJioBoro BO3flyxa KOMnpeccopa FTY, o^HaKo npn SXOM
n,-)VgXC" Itn-i" • J

ca nojiesHaa paooxa, coaepuiaeMafl paoOMHM TCJIOM B TypOHne.TTj3.GTC?* H^-1

T6M onpe^eJieHHoro ynynmeHHa 3<p(peKXHBHocxH FTY MOJKHO 40-
HeH3MeHHOM 3HaH6HHH TW T, Hcnojibsya 4Jia ^onaxoHHoro annapaxa

c noBWiiieHHOfi scapocTOHKocTbio, HTO cHHHcaex noxpeGjieHHe ox-
r*T touiero B03,ayxa H3 KOMnpeccopa H csasaHHbie c STHM noTepH. 3Kcnjiyara-

itie xapaKTepHCTHKH FTY MOMCHO yjiy^iiiHTb, npHMCHan 6o:iee -
u H FT.

fi HX

CHCTeMbi oxJiaaweHM ropflHiix
'b CHCTCMa oxJiaiK^eHHJi FT ^oji>KHa OTBCHaTb pH^y TpeSoBaHHH, cpe^H KOTO-

ptix MO^HO BW^ejiHTb cjieAywiune:
aJien FT flOJi>KHO nponcxo/iHTb jio TCMnepaxypbi, npn KOTO-

o6ecneMHBaeT HeoSxoflHMyro npo^o;i>KHTeJibHocTb pa6orbi;
nojiesHoii paSoTbi BCJie,acTBHe pocra nanajibHOH TeMnepaxypbi

ra3a JJOJDKHO oSecneHHBaTb sKOHOMnnecKHH S^^GKT 6ojibiUHH, HCM sarpaxbi,
c npHMeHCHHeM CHcreMbi oxjiaac^eHHs;

TCMnepaxyp oxjia^^eHHbix /lexajieH FT He ^ojiacHbi npHBO^HTb K
onacHbiM 3HaneHHaM xeMneparypHbix HanpflHceHHfi;

ycjiojKHenHe TenjioBoR cxeMbi FTY, ee KOHCTpyKUHH H PC>KHMOB 3Kcnjiyaxa-
UHH H3-33 nOflBJieHHfl CHCT6MbI OXJiaaC^CHHfl HC £OJI>KHO HpHBO^HTb K 66 SHaMH-
xejibHOMy y^opo^aHHio H CHH^eHHio Ha^eMfHOCTH. CncTCMa oxjiaa<^eHHfl ^OJI>K-
H3 04HH3KOBO 3<|>4>eKTHBHO /teHCTBOB3Tb H3 BCCX pCXHMaX pa6OTbI yCTaHOBKH.

B coepeMeHHbix FTY oxjia^Aarox npaKTHHCCKH see ^exajin FT: porop, noa-
uiHnuHKH, conjiOBbre H paSoMne JionaxKH, KOpnyc. Flpw oxjiaacjieHHH JionaiOHHO-

innapara Hcnojib3yiOT ne rojibKO B03,ayx, HO H B nocjie^nee BpeMfl nap,
uiHpoBanHyK) Bo^y, >KH^Kwe MCTajuibi (Na, Na + K),

BL'n

oxJiaac^eHH3 FT Bbinojinaer ABC ocnoBHbie (JjyHKUHH:
3JieMeHTOB, no^BepaceHHbix BOs^eHCTBHK} xeMnepaxypbi no-

H °6ecneHeHHe 3KOJiorHMecKOH MHCTOTbl FTY. B pa3Hbie KPHTHHC-
IKH FT noaaCTCH BO3^yx Hya(HOro ^asjienHfl H TeMnepaxypbi.

b3yioTca HecKo^bKo THHOB CHCTCM oxjiaac-nenHa (pnc. 4.24):
B KOTOpOH npHM6HaeTC3 UHKJTOBOH

H3 pa3JIHHHbIX OTC6KOB erO npOTOHHOH H3C-
3TOT B03Jiyx BblBO^HTCS B npOTOHHyPO KaCTb FT,

Ha3bIBaiOT omKbimou (PHC. 4.25). B saKpumbix Bos^yuiHbix
iuaeTCfl oGpaxHO ^jia ^o>KaTHfl B KOM-

TexHHHecKoe pemenHe BOSMO^HO, CCJIH oxjia^aiomnfl

'MCl

ojIHe H

) /-*i. *
f l B ° ( '° naf>0602° , B KOTOpoii

_ g
^^s (noR PHMeHeHHe CBflsano co 3HaHHT6JTbHo MeHbUiHMH noxepaMH

' U ocymecTBJiflercfl B acHAKofl 4>a3e). TaKHe

HCM
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PHC. 4.24. CHCTCMbi ox.ia^jennn FT FTV
a, 6 — OTKpwrafl H saKptiraa CHCTCMW BoaziyiiiHoro oxjiaacjieHH«; e,s — oTKpbiraa H aaRpbiras CHC-
TeMLi napoBoro oxjiaameHiis; A" — KOMnpeccop; FT— rasosas Typ6nna; KC — Karnepa cropaHiw;
3T — 3JieKTporeHepaTop; KY — Koreji-yTHJiiwaTop; XBO — XHMBOAOOHHCTKa; H —
nacoc; GyT — noTepH Bosayxa c yienKaMn; Gn — pacxoA napa na

Moryr SbiTb oniKpumbiMU (CM. pnc. 4.24, e} H saKpbimwMU (CM.
PHC. 4.24, z\ me nap nocjie oxjia^eHHfl gBo^HTCfl B KC FTY;

B) KOM6uHupoeaHHa% cucmema oxnaztcdeHuH, B KOTOpoH nepexo^nafl CCKUHH,
coejHHaiouiaa KC H Bxo,a rasos B FT, a TaKJKe nepsaa cTyneut jionaron (npeHMy-
mecTBeHHO conjiOBwx) oxjia^^aroTCfl napoM, OTBO^HMWM o6paTHo B Tenjiosyro
cxeMy riFY OcraJiLHbie 3JieMeHTi>i npoTOHHoit ^acTH FT oxjiajKnaioTCfl UHKJTO-
BblM B03^yXOM HO OTKpblTOH CXCMC.

BJIHHHHC naposoro oxjia>KaeHHa nepBofi CTynenn conjroBbix jionaTOK B FT <PHP~
Mbi General Electric (TexHOJiorHa H) na napaMerpbi paSonero TCJia noKasano H
pnc. 4.26. Kan BHZIHO H3 pncyHKa, TeMnepaTypa rasa nepe/i nepaow cTyneHbio pa"
SOHHX ^onaTOK FT c naposbiM oxjia^jieHHeM conjiOBofi pemerKH Bbnue na 1 H Sd
FIpH BosjiyuiHOM ox^aacaeHHH ws-sa Bbieo^a oxjiaac^aromero Boaflyxa B HOTOK ra-
sa npOHCXOAHT 6ojibmee cHHaceHHe 3TOH TeivinepaTypbi.
106
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PHC. 4.25. npiiMep noaBoaa oxjiaacaaromero B03ayxa KOMnpeccopa K 3JieiweHTaivi ra30Boii xyp-
0UHM (rTY V94.2 dmpMbi Siemens)

OiKptrraa Boaayiiraaa CiicreMa napoBoro
CHTCM3 OXJiaJUflCHHfl

26. BjiiiHHiie cuc'icMti oxjiaacaeHHH na napaiMCTpbi paSoiero rejia B nepBOM crynemi co-
"X pemeroK (riV i|)HpMbi General Electric, TexHOJioriiH H)

TeMnepaxyphi rasos B nepBofl cxynenii conjioBLix peuiexOK c yieTOM BtmycKa
Bosayxa B npoioiHyio

Q ' °c°^bl ox^aacaeHHa
CK

 l C°njlOBbie JIOnaTKH
°B C BL'COKOH

bl IC

pasiiHHHbix FT saBHcaT OT HX KOHCTpyKUHH. Pa-
ns BbicoKOKanecTBeHHbix MeTajuinHe-

, MCMy CnoC06CTByK>T HX OTHOCHTCJlbHO
r™...wpM. ^..^ivn p^w^wo oSbiMHO BbinojiHflioT HS CTajien nepjiHTHoro

'THoro Kjiacca, MTO oSjiernaer HX HsroTOBJieHHe H yjiyHiuaer pa^ HX xa-
nne ' WK' H0 TeMnepaTypa Harpesa MeTajuia B npouecce pa6oTbi ne AOJIHCHE

Bttiart 550 °C.

:knD rr
3aiJ'Hfl oxjiaofcdenufi pomopa FT saswcHT OT pasMepos ycTaeoBJieHHbix

Bos^yxa Mepes xsocTOBbie KpenneHHa paSoMHx jionaTOK
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PMC. 4.27. Oxjiaacjieiiiie poropa TypOtuibi npojiyB-
Koii uojAvxa 'icpet xeocTOBbie Kpen/ieHiin pa5o-
IHX

PHC. 4.28. Oxjia/Kjeiiiie ancKa c

/ — porop; 2 — Kanaji AJIH no^BO/ia oxjiajKjjaiome-
ro B03/iyxa; 3 — Kopnyc TypSHHbi; 4 — aeijiJieKTOp;
5 — pa6oHne JionaiKH; 6 — XBOCTOBHKH iionaTOK,
7 - ffKCKM

/ — ynjioTHCHHe; 2 — Kopnyc; 3 —
<J>jieKTop; 4 — /PICK

O) # ff) 2)

PHC. 4.29. QopMbi KanajioB (a—«) H cxeivia TCICHHH Btwayxa (?) npn crpyfiHOM

/ — Kopnyc; 2 — Kanajibi a.nn noaBoaa oxjiaw^aromero sosjiyxa; 3 — RUCK (R
d - JHaMCTp OTBepCTHH B K3H3J1C; h, I - BbICOT3 H mar OTBCpCTHa)

paawyc

(PHC. 4.27) OKasbisaerca ^ocraTOHHOH flJia oxjiaac^eHHa B xex cjiynaax,
pasMepti nojioTHa ^HCKOB OTHOCHTejibHO HCBejiHKH. ECJIH porop FT HMCCT
c GojibuiHM nojroTHOM, TO npHMCHflroT flpyrHC cxeMbi HX oxjia^eHHa:
JiHBaroT cneuHajibHbie noKptiBHbie ^HCKH 4e4)JieKTOpLi (pnc. 4.28),
HCnojib3yK>T crpyHHoe oxjia>K^eHHe nosepxHOCTeH flHCKa (pnc. 4.29 H 4.30). Co-
leTaHHe B KOHCTpyKTHBHOH cxeMe FT nepe4HCJieHHbix cnoco6oB
o6ecneHHBaeT orSop OCHOBHOFO KOJIHHecTBa TeniiOTbi or pa6oHHX JIHCKOB B
6ojiee Harpexoii HX Macrn — B KpenjienHH XBOCTOBHKOB paSoinx jronaTOK.

Oxjia^/cdenue Kopnyca FT nosso/iJieT CHHSHTL ero reiunepaTypy H H3roTOBHT&
ero H3 Soiree aeuiesoro MaxepHajra. ^JTH axoro npHMeHHioTCfl cneunajrbHbie pe6-
pa, ycTanaBJiHBaeTCfl AonojiHHTejibHaa TenjiOHsojiauHH, npe^ycMaxpHBaioTca OT-
108

pnc. 4.30- KoMSiiimpOBaHHoe crpyHHo-
paflHajibHoe ox^aataeHHe jiiCKa
1,3 — Kanajiw noflBOAa oxJiasKflaiomero

; 2 — Kopnyc; 4 —

PHC. 4.31. Cxema oxnaataeHHfl Kopnyca FT
I -— Kopnyc; 2, 5 — Tenjion3oji»UHa; 3 —- OT-

4 — pcSpa; 6 —~ cerMCHTbi; 7 — oSoSrua; 8 —
coruiosaa

npoxofla oxjia>Kflatomero sos^yxa, KOTOpbiti no
K OTAejibHbiM MacTflM Kopnyca FT (pnc. 4.31 H 4.25).

Han6ojiee CJIOKHOH sajjaMefi aBJiaeTca oxna^tcdenue jionamoHnozo annapama
npoTOMHOH nacTH FT. .HonycTHMaa TCMnepaTypa Mexajuia JionaxoK no
acaponpoHHOCTH H BosHHKaromnx HanpsHcenwH B KOHCTpyKUHH
FTY npn6^H3HJiacb B 2000 r. K 900 °C. TaKHM o6pa3OM, pa3HHuy Meacjiy na-

TeMnepaxypOH rasa H TeMnepaxypoR nepsoro pajia JionaxoK, cocxas-
400 — 500 °C, Heo6xo,miMO KOMnencnpoBaTb cooxBexcxeyiomeH CHC-

Cnoco6bi oxjia^^eHHfl JionaxoK nocxoanHO coBepiueHCTBypoxcfl.
HX 3<})4)eKXHBHOcxH Hcnojifa3yroT nOHflXHe uHmeHcuenocmu

7^* FT*

(6e3pa3-

(4.4)

rfle T*, T*^ B - - cooTBexcxBCHHO xeivtnepaxypbi nojinoro xopMO>KeHHfl rasa H

oxjia>K.aaK)mero sos^yxa; TM — xeivinepaxypa Mexajuia oxjraac^aeMbix JionaxoK.

xjiajK^eHHS MO)Kex HSMeHflTbCH: 1 > 0 > 0. Ona paena ny-
oxjiaxjieHHe JionaxoK oxcyxcxsyex, H yBenHMMBaexca c pocxoM 3<J)4)eK-

THBHOCXH sxoro oxjiaacjieHHfl. Ha pnc. 4.32 noKasanbi npO(j>njiH JionaxoK FT c HC-
bSOBaHHCM pa3JlHHHbIX CnOC060B HX OXJia^fleHHfl.
Bospacxaex c yBenHMCHHCM 6e3pa3Mepuozo napamempa

G, c -. s p a

G — -
njioeMKocxb oxjia>K,aaK>mero

B03jiyxa, KF/C; cps

r • K); k — K

(4.5)

xe-
xenjroox-
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4. IIopHCTOe oxjiaxaeHHC

5. IlapOBoe oxnaameHne

0 0,4 0,8 1,2 1,6

PHC. 4.32. Ox.naiKaeHHe jionaTOK
'iacTH FT H ouetuca ero 3<j}<JteKTHBHocTn c no-

6e3pa3MepHoro napaiwerpa

oxjiaacaenna jionaTOK raaoBwx ryp-
6iiH; 6 — aaBHCHMocTb HHTCHCHBHOCTH oxjiaac-
ACHHfl OT p

no npoiJmjiK) JionaTKH (cpe^Hee 3HaneHHe), Bx/(M2 • K); Fn — onoma^b no

sepxHOCTH JionaTKH rasoBofi cxopOHu, M2.

B coBpeMCHHbix FT B 3aBHCHMOcxH OT HanajibHOH xeMnep3xypbi rasos ^OJI
oxjiajK^aiomero B03Ayxa, OTSnpaeMoro 33 oxfleJibHUMH cxyneHSMH KOMnpecco
pa, cocTaBJisex

= -*-£ > 0,04—0,10, (4-6)

OXJI.B — cyMMapHbiii pacxofl sosflyxa, KF/C, oxSupaeMoro HS KOMnpeccopa
i
CHcxeMbi oxjiaacaenna; GK — KOJIMHCCTBO nocxynaromero B KOMnpeccop

i, KP/C.

yMCHbiiieHHfl KOJIHHecTBa oxjiajK^aromero B03,ayxa nocxoflHuo cosepmeH-
TexHOJioriifl oxBo.ua xenjioxti co CXCHOK oxjiaacflaeMbix jionaTOK.

MHxeHCHBHocTb oxjiaac^eHHa MoacHO ouenHXb, aa^asafl
KoncxpyKTHBHbie ocoSeHHocxH jionaxoK H £OJiK> oxjiaHc^aK)iuerC

(pMC. 4.33). 3xo nossojiaex onpejiejiHTb B nepBOM npH6jiHxeHH
paxypy oxjiaac^aeMbix jionaTOK.

Bbi6paHHyro ciicxeMy oxjiaac/ieHHa 3JieMenxoB npoTOHHOH nacxn FT H ee
MoacHO CHHxaxb HanGojiee 34xpeKTHBHbIMH nPH npH6jinaceHHH KDA H

MOIUHOCXH 3TOH FTV K noflodHbiM napaMexpaM ycjioBHOH FTY, B KO-
110

HanajibHaa xeMnepaxy- 0

1200 °C; 7; - 30. °C;

= 2,2 %.

.HCHBHOCTB oxna & = 0,43. Pace™-
TCMneparypy MeTajiJia

HO V • •*'

1200 -7"M

3-0 gm

pHC<4.33.
jeHHH cpeflHHHoro yiacTKa npoi|iH-
^ j|0naTOK c BHyrpeHHiiM ae^.ieK-
Topoivi
I — rJiaflKas BHyxpeHHSfl nOBepXHO-
CTH; 2 — ope6peHHa»; 3 —~ opeSpeH-

T = 813 °(•*M
EcnH T > T™* , TO neo6xo/4HMO ysejiHHHTb ^o-

JIK> oxSHpaeMoro HS KOMnpeccopa oxjiaacflaromero Bos/iyxa gOXJT.

PaSoMHfl npouecc B FT c oxjia)K,aeHHeM jjexajieil oxjiHHaexca OT pa6onero
npouecca B Heoxjia^aaeMtix FT. OCHOBHUC ocoSenHocxH COCXOHT B cjie^yiomeM:

pacxofl pa6onero xejia B npoxoMHoii MECTH HSMCHaexca no xpaKxy FT H yae-
no Mepe noABo^a oxjiaiJKflaiomero B03,ayxa K pa6oHHM H cormosbiM

KFIJJ, FT CHH^aeTca H3-3a ^onojiHHTejibHbix noTepb;
TenjioTbi B npouecce pacuiHpeHHa rasa H noAMeuiHsaHHe

mero BO3ayxa B npoTOHHyro nacTb FT npHBO^ar K H3MeHeHHto napaivieTpos pa-
Tejia — CMCCH rasos H B03Jiyxa — no cpaBHeHHK) c napaMCTpaiviH FT 6e3

jiaiKjieHHa. STO OTpa^aeTCH na reoivieTpHH 3JieM6HTOB npoxoHHOH nacxH.
B HTore CHH>KaeTC3 yjjejibHaa Momnocrb FT no cpaBHennio c yaejibHOH MOUI-

FT 6es oxnaac^eHHfl. JJ^jia oSecneqeHHs saaaHHon MOIIJHOCTH Heo6xo,aH-
M0 5°Jii>mee a^HaSaTHoe TenjionaACHHe B xypSiiHe.

3 oxjiaacflaeMbix FT no cpaBHenmo c Heoxjia^KflaeMMMH B03HHKaiox
'Hwe noxepH, Koxopue MOJKHO Kjiaccni^HUHpoBSXb cjiejtyromHM

nepu Ha npomHKy oxjiaytcdafoufeso eosdyxa, oGycjiosjieHHwe 3axpaTOH
i Ha noBbiuieHHe CKOPOCTH oxjiaiKflaiomero sos^yxa AO sHaneHHa OKpyac-
JOTBeTCTBytometi MCCTy ero Bbixojia us pa6onefl JionaTKH. STH noTepn

HOT nP°n°PyH°HajibHi.i KBaflpaTy 3TOH CKOPOCTH H pacxo^y BO3Ayxa. K STUM

Bo ' ' OTHocax THjj[paBJiHHecKHe noxepH no TpaKxy noaBO
a TaK^e noxepii ox xaK HasbisaeMbix 6e3B03Bpaxnbix

conn " UHGMUlieCKue nomepu, BH3B3HHbie XCM, MXO B npouecce
nPn r ^ H Pa^OHHX JionsxoK npoHcxo^HT OTBO/I HSCTH xenjioxu ox noxoKa rasa
T°MHV HHH er° ° OXJiaac-Ila[O1^HM BosayxoM, BbixeKafomHM H3 jionaTOK B npo-

CTb ' H B O H T K noxepe3a 'HHOM SHaneHHH xetvinepaxypbi rasa nepefl
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nomepu, oSycnoBjieHHbie Heo6xo4HMocTbio OTCTynaTb
o6bi4Hbix aspOflHHaMHHecKH coBepineHHbix npo^HJieii, HTo6bi pacnojio*!-

JionaTOK Kanajibi ajiH noaBo.ua oxjia>KZiaioinero sos/iyxa. KPOMKH
Sojiee TOjicTbiMH, yrjiu saocrpeHHa 66jibiiiHMH. YBejiHMHBaeTca

Tojimtma npo^HJifl jionaxKH, yTOJimaKyrcfl BbixoflHbie KPOMKH co
njiosbix JionaTOK;

nomepu npu cMeuienuu oxjia>K.aaiomero Bos^yxa c OCHOBHUM HOTOKOM rasa
H6Hs6e>KHbie B QTKpbiToH CHcxcMe oxjia>K£eHHa. OHH TCM 6ojibiue, MCM "
paSHOCTb CKOpOCTCH CMeiUHBaTOIiniXCa nOTOKOB H SoJlbllie OTKJIOHCHHe
HHfl BflysaeMoro sosayxa OT nanpaBJieHHa OCHOBHOFO noTOKa rasa;

nomepu om nepemeKanux sos^yxa B HOTOK rasa Mepes Jia6npHHXHbie ynjioT-
HCHHfl H 3a30pbl B HCnOflBH^HblX SJieMBHTaX KOHCTpyKUHH FT.

TaKHM oSpasoM, cjieziyeT OTMCTHTb, HTO cncTCMa oTKpbiToro B03flyiiiHoro ox-
npH BC6H CBOeH OTHOCHTCJlbHOH npOCTOTC OKaSblBaCT SaMCTHOC BQ3-

Ha KFJfl oxjia>KAaeMbix CTyneHew. fljia npeflBapHTenbHOH OUCHKH STOPO
MO^HO BOCnOJlbSOBaTbCfl (JjOpMyJIOM

- C 1 +«)B03BK)a.TlcTJI + («-'7OXJ,)
TlcT]/"' (4.7)

OXJ1 „ I^nTTrzie TICT , TICT, — cpe^HHM Kn/j, oxjia>K,aaeMbix H HeoxjiaafjiaeMbix CTyneHeH; n —

o6mee MHCJTO cTynenefi B ryp6HHe; noxj[ — MHCJIO oxjiaac^aeMbix CTyneHefl;
aeo3B — K03(|K|)HUHeHT B03BpaTa TCRJlOTbl B MHOrOCTynCHHaTOH FT.

Tliifl npeflBapHTejibHbix pacneTOB napaMCTpos oxjia>K^aeMOH FT npHHHMaK>T,
MTO Ka^jibiH 1 % pacxo^a oxjra^HTejia, BKJitoiaa n ero yTeHKH, na 1,0—1,5 % no-
HHHcaer KHR cooTBCTCTByioiiieH cTyneHH.

CymecTByioT cjiejjyromHe cnocodbi oxnaycdenux nonamoK FT. FIpH OTHOCH-
TejibHO HeBbicoKHx nanajibHbix reiwnepaTypax rasa npHMenatoT cucTCMy c
PCHHHM KOHeeKmUGHblM BOS^yilJHblM OXJia^flCHHeM H npOflOJlbHO-nCTJlCBblM
3KCHHCM BOSAyxa. Flocjie nepeiviemeHHa no BHyxpeHHHM KanajiaM jionaTOK "•
BunycKaeTCfl Mepes HX Bbixo^Hbie KPOMKH (puc. 4.34). TaKofi cnoco6
oSecneHHTb CHHJKCHHe TCMnepaTypbi Hapy^cHOH noBepxnocTH CTCHOK JionaTOK Ha
150 °C. AHajiorHHHbie pesyjibTatbi MoryT Sbn-b AOCTHrHyTbi npn oprannsauHH
T3K HasbiBaeMoro ompaotcamenbHozo oxjia>K4eHHa CTCHOK JionaTOK. KOHC
c npHMeneHHCM fle^jieKTOpoB H nonepeMHbIM TencHHeM oxjra^flaiomero
nosBOJiaer HHTeHCH^HUHposaTb TcnjiooSMCH. Bosflyx noziaeTca B XBOCTOBHK Ji1

naTKH c BbinycKOM ero Mepes mejiH B Bbixo^HoK KPOMKC H aajiee B nporoiHy

HaCTb TypSHHbl.
^aJibHeHHiee nosbimeHHe nanajibHoK TeMnepaxypu rasa MO>KeT SbiTb o6eci

HCHO HcnojibSosaHHeM B nepBbix cxynenax jionaxoMHoro annapaxa TaK nastiB*
Moro sazpadumejibnoeo oxjiayKdenux, npn KOTopoM oxjia^HTejib oSpasyer Ha
pyacHofi noBepxHOCTH JionaTOK TOHKHH, oTHOCHTejibHO XOJIOAHUH saiuH1"1

CJIOH. PasjinnaroT flsa THna sarpajiHTeJibHoro ox.na>K,aeHHJi: menoHHoe H nop
moe (3<J)(l>y3HOHHoe). B nepBOM cjiynae oxjia^AaiomHH Bos/iyx npoxo^HT B 3
pbi MejK^y ae^jieKTopaMH H BHemneR o6onoMKOH, a saTCM nojiHOCTbio H"1-1

THMHO BblXO^HT HCpCS MHOrOIHCJICHKbie OTBCpCTHH (pHC. 4.35—4.37). Ha
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PHC. 4.34. Buy i pciniee
oxJiajKaeiine JionaTOK ra30Bbix Tpy6
a — ox^aacaaeMaa conjiosaa JionatKa
c npoaojitHo-neTjiesbiM aBHacewHeM B03-
ayxa H BHyxpeHHuM opeSpeHiieM; 6 —
jionaiKH c npoaojibHbiM H cMcniaimi.iM

Bosayxa
npo-

7, //

2 —

nep4>opauHH; ///, IV — c nep-
; / — BLicTynu B BH^C pe6ep;

<HOCTH JionaTKH oSpasyexcH njieHKa, Koxopaa samnujaeT 3Ty noBepx-
HTaKTa c ropaMHMH raaaMH. FIjieHKa ^OBOJibno SbicTpo paspymaeTca,

•^JitiHe ' njieHOMHOM oxjiaaffleHHH ny>KHO npeaycMaxpHBaTb flocxaTOHHoe
HocTb j] OTBePCTHK BbinycKa sos^yxa, MTO cnniKaex KoncxpyKTHBHyio npoM-
C?n -,?,!,TKH' nPOHc>;o4HT yBejiHMCHHe noTpe6jieHHfl oxjia>KflaiomeroO)ui u,t)7— n no ^ f

-u,Uj npH rjiySHHe oxjiaac^eHHa ^o 250 °C).
C °AH0fi H iCTBa H HeflOCTaTKH KOHBCKTHBHOrO H OTpaacaTCJlbHOr
PHc- 4.38 ' r°pOHbI H njieHOHHoro oxjia^aeHHJi - - c ApyroM, noKasaHbi Ha

HX yMHTblBaiOT npH npOCKTHpOBaHHH HpOTOMHOfi HaCTH FT.

1 1 3



PHC. 4.35. He4>JieKTOpHbie comiOBbie jionaTKH c KOHBeKTiiBHO-njieHoiHbiM BosaymiibiM ox.ia-

a _ rTY T»na M7001; 6 — TTY rana GT200; / — aeijiJieKTop; 2 — OTBepciHS B fle^jieiorope ana
pasflaHH Bosayxa; 3 — OTBepcraa B CTCHKB sjia Bunycica Bcwayxa; 4 — TypSyjiHsaiopbi (iimjpH);
j — cnHHKa-KOptiTo; 6 — nepeflHfla KPOMKB; 7 — sa^naa KpoMKa

PHC. 4.37. OfiiUHH Bna (a) H paspes (6) COIUIOBWX
TOK C KOHBCKTHBHO-nJieHOHHOH CHCTCMOH OXJiaJK
I — nepcAHHii fle4>JieKTop; 2 — OTBCPCTHH B
KpOMKe; 3 — OTBepCTHa Ha BornyTOH CTopone j
H Ha cnnHKe; 4 — 3aaHnii ae4>JieKTOp; 5 — IUCJIM
rnyrofl cropoHe nonarKH

PHC. 4.36. Cxewa oxna-yKjeiiHn paSoiefi jionarKH c aeifr-ieKTOpoM H nepeivibiHKaMH
/ _ ae^jieitTop; 2 — nepeAwaa KpoMKa c BHyxpeHHHM ope6peHtieM; 3
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^OCTOHHCTBa/HeflOCTaTKH
HHTeHCHBHOCTb OXJiaXPfHttX

HyBCTBHrenbHOCTb K aaipasHCHHK) rasa (P 6)

PHC. 4.38. ,HocTOHHCTBa H HeaocTarKii KOHBCKTHBiioro H orpaacaTejibHoro oxjiaiKjciujn («)
no cpaBHCHHio c njieHOHHbiM oxjiaJKjjeHHeiw (6) JionaroiHoro annapara TT

HHT6HCH<j)HKami!o Tenjioo6M6Ha H yBejiHHCHHe nry6HHi,i oxjia-
MOJKHO o6ecneMHTb, Hcnojibsya npOHUKaioii^ee (nopucmoe) oxjiajKjieHHe.

B KOHcrpyKUHH jionaTOK npoaycMaxpusaiox nopucxyio npoiJjHJibHyio o6ojiOHKy c
BHyrpeHHHM necymHM cxep>KHeM (pwc. 4.39 H 4.32, a). Oxjia^K^aromHH B03flyx
nocrynaer B sasopbi Me^ziy Hecymeii KOHCTpyKUHen H nopHcxofi o6ojioMKOH H
BbmyBaerca Hepe3 nopHCTyio crcHKy 8 norpanHHHLift CJIOH, oSpasyiomHKca Ha
Hapy>KHOH noBepxHocxH. TaKoe peiueHHe yjiymiiaer 3(JKJ)eKTHBHocTb oxjia^^e-
HHfl, HO CBflsano c Sojiee BbicoKHMH TpeSoBaHHflMH K HHCTOTc oxjiax^aiomero
B03flyxa. IloBbiiiieHHafl uiepoxoBaTocxb nosepxHOCTH jionaxoK yxyjjmaeT ee aa-
POflHHaMHHGCKHe XapaKTCpHCTHKH.

OCHOBHOH npo6jieMoH, npenaxcTsyiomeH BHe^peHHio nopHCTbix MarepHajios,
JiaeTca sacopenne nop nacTHuaMH nwjiH, nociynaiomeH B CHcreMy ox^aa<Ae-

[, H TsepflbiMH BKjiKJHeHHJtMH B npoayKTax cropaHHa. 3x3 npoSucMa CBiisaHa c
'ojib3OBaHH6M CHcxcM (JiHKbTpauHH oxjia>KflaioiiJ,ero Bos^yxa. FIopHCxue Maxe-

lajibi Moryx 6bixb nojiyqeHbi no xexHOJionm no-
;OH MexajijiyprHH jin6o c HcnojibsoBaHHCM
TeXHOJIOPHH.

fljia FT i
KOT°Ptie

THp( '
H' Bo"nePBtIX'

BHyT

'
P°T°pa'

JionaxoK U.CJIHKOM
c

Ha Bnyr
TpaKxa KOMnpeccopa. TaK Kan

POJIB ueHxpH(J)yrH fljia rpa3H
> TaKOH Bbl6op XOHKH OX00pa

y KOJIH1CCXBO nOCXOPOHHHX
^"lA K ICO1TTA/T\ /-wf rn\-.v<-T,n,,,,

npn npoen-
oxjia-

pa3MemaiOT

B03-

K
no- PHC. 4.39. ConjiOBaH

H cnoco6Hbix sa-
B Jionar-

nenocpe^cT-
HecymHH cTepateHb; 2 — no-

O6OJ1OHK3
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PHC. 4.40. OUCHKS 3<t»(|>eKTHBHOCTH oxjiaMcaeHHH rypSHHHbix coiuiOBbix JionaTOK nepsoft
T-max1H — MaKCHMajibHO ApnycTHMas TCMneparypa cieHOK Kopnyca JionaroK FT; 0 —
oxjiaacaeniw; 7^ 0 — TCMiieparypa CTCHOK Kopnyca JionaTOK FT npn OTcyrcxeHH oxjiancfleHmi (0 = 0);

Tc — TCMneparypa roos y CTCHOK Kopnyca JionaTOK FT; A7"CT = TT - T™** — cnmKeHiie TeMnepa-
Typbi CTBHOK Kopnyca jionaroK FT B pesyjn-Taxe oxjiaxaeHHa; TOKn B — TCMneparypa oxjiaiKAammero
Boaayxa

BCHHO caMHMH JionaxKaMH, noxoMy HXO njioiuajit npoxojjHoro ceneHHS KOHTypa ox-
rejibHo So^biue njiomajn.H OTBCPCTHH pa^^aMH oxjia>KAaiomero BOS-

B jionaxKax. STHM o6ecneHHBaeTCfl MaKCHMajibHoe na^eHne jjaBJieHHa B uenax
HaH6ojiee 3(J)4)eKTHBHOH xenjionepeflaHH OT JionaxKH. FlpH pa3pymeHHH jionaxoK
KOJIHHCCTBO B03flyxa, nocxynaiomero B 3TH jionaxKH, sospacxaex, KaK
onbix, HMCioixiHHCfl y sapySeiKHbix H POCCHHCKHX 4>MPM, STO nosBOJiaeT
BbicoKO30JibHbie Taacejibie BHjibi TOHJIHB 6e3 onacenna sacopHTb BHyTpeHHHe
jibi cHCTeMbi oxjiaataeHHfl JionaTOK.

. __yxa K conjiOBHM jionaTKaM H Kopnycy FT ocymecxsjiaexca ox
TpySonpOBo^aMH H cooTBercTByiomHMH KanajiaMH (CM. pHC. 4.25)

isroTOBHTCJiflMH 3HeprexHHecKHx FT oueHHBaexca
B HX KOHCTpyKUHflX CHCTCM OXJiaJK^CHHS. B KaMCCTBC npHMepa H'

pHC. 4.40 H 4.41 npHBe^eHbi HOMorpaMMbi ^Jia TaKOH oueHKH.
KaK Biiflno H3 pnc. 4.40, npH oxcyxcTBHH oxjiaacfleHHfl (© = 0) TeMnepaTyp

MCTajuia JionaTOK pasna xeMnepaxype rasa, Koxopbifi HX oKpya<aex
pa3Hbix cnocoSoB oxjia^KjieHHa JionaxoK (0 > 0) H HcnojibsoBanHe
ro B03,ayxa c pasjiHHHOH xeMnepaxypoft yBejiHMHBaioT pa3HHuy A7CT = Tr -

npoMe>KyTOHHoe oxjiajKaeHHe oxjia^/iaiomero sosjiyxa nosBojiaex ynpo
KOHcxpyKuuto jionaxoK H Hcnojib3OBaxb oxjiajKAenne KOHBeKunen (pnc. 4.41)-

FIpHMeneHHe BOAaHoro napa BMBCTO B03,ayxa B KanecTee oxjia^Hxejifl xypo^
Hbix jionaTOK noBbimaex rnySuHy HX oxjia^jjeHna H jejiaex BOSMoacHbiM nepe?i
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Tf

2. npOMeacyro^Hoe oxjiaam
xa

PHC. 4.41. OueHKa JIJXJICKTHBIIOCTII oxjiaacflCHHH paoo-nix JionarOK FT B ^JIBHCMMOCTM or cnoco-
6a HX o\jiaxaeaaa a c iicnojibioDaiiiioi npoineacyroiHOro ox-ia/KjciiMfl oxJiaataaromero
1 — dxjiaameHHe KOHBeKqwefi; // — OTpaataTeJibHoe oxjiaacaeHwe; /// — njieHOHHoe
9 — HHTCHCHBHOCTt. OXJia^AeHH3; RMS 0 = 0,5—0,8 npHMCHSIOTCfl BCC CnOCo6tI
C" = 900 °C

npii reMneparype 150—300 °C (c
° —

H napa npii neperpeBe SO °C H asiBjteaaa 4—5 Mlla

napa ue™ He

arenxa B nuoeofl <l>a3e.

na no^orpeB napa
. 3TO H03BOJIHT

KOHBCKXHBHOrO BO34yiUHOrO

B 2,5
O^HOFO
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fat. 4.42. OxjiawAemie jionaTKH FT c TepMOiauiiiTiibiM
A — OTpajKarejibHoe oxjiaacjieHHe; B — KOHBeicniBHOe oxjiaJKKemie c TypSyjinsauHeR

cpejjbi; B — Tenjionepeaaia B Tene nonaxKH; F — njienoHHoe (3arpaAHTejii>Hoe)

K o,uHOMy MS HanSoJiee xenjioHanpjDKCHHbix ynacxKOB npo^wjui JionaTKH (Bbrxojj-
HOH KpoMKe) nocxynaex y>Ke CHJIbHO nojjorpexbiH B03,nyx. Flpn o^HHaKOBOM Mac-
COBOM pacxojje K03<tnpHUHeHT xenjioox,aaHH OT CXCHKH jionaxKH K BojjJiHOMy napy
Syflex Bbime. H3-3a MCHbiueH nnoTHOCTH napa noTpeGyexca npn ero npOKanKe no
KanajiaM nonaTOK Mepe3 OTBCPCTHS nep(J)opauHH HJIH nepe3 nopMCTbifi CJTOH npH-
Mepno na 30 % 6ojibiiiHH nepenafl ^aBJiennfl.

CymecTBeHHbiH pocr 3<))^)eKTHBHOCTH oxjiaayieHHfl c HcnojitsoeaHHeM napa B
KanecTBe oxjia^HTejia nosBOJiaer na snaHHTe/ibHOH MacxH nepa jionaxoK coxpaHHTb
KOHBCKTHBHblH HpHHUHH OXJiaHyjeHHa HJIH OFpaHHHHTb Bbl^yB OXJiaAHTCJlfl JIOKajlH-
30BaHHbiMH yiacTKaMH npot|)HJia. TaKoe penieHHe npHBCflei K yMeHbmeHHio raso-

noTept. H3-3a CMeiucHHa noxoKOB rasa H oxjiaacaaiomero B03;jyxa.

JIH oxjia^^eHHa JionaTOK napa K3K Sojiee 3<jj^)eKTHBHoro ox-
no3BOJiHT ysejiKHHTb HanaJibHypo reMnepaxypy rasa sa KaMepon cropa-

Ha 100 — 200 °C npn xex >Ke cxewiax oxjiaHf^eHHa H rex see pacxo^ax oxjia-
, x.e. cosflaxb 34>4)eKTHBHbie KOMSHHHpoBaHHbie napoB03^yuiHbie cHCTeMbi

oxjia>KfleHHfl FT,

B nepBbix cxynenax xyp6HHHbix jionaxoK cneunajibHbix TepMO-
H aHXHKOpp03HOHHbIX nOKpblTHH BHOCHX OnpeflCJICHHyK) CnCUH(|)HKy B

npouecc HX oxjia^^eHHa (puc. 4.42). OSbinno 3TH noKpbixH^ cocxoax H3 ^syx
CJTOCB: noflJ4ep>KHBaK>inero H TepMo6apbepHoro (xepMOsauiHTHoro). npouecc co-
xpaHCHHfl TCMnepaxypbi Mexajijia jionaxoK Ha onpeACJieHHOM ypoBne COCTOHX H3
OT^eJIbHblX 3T3nOB, BKJHOHaiOmHX KOHBCKXHBHblH, OTpa>KaxejIbHbIH H
cnocoSu oxjiasc^eHHJi.

Pacnex cucxeMbi oxjiaac^eHHfl MOSCHO ycjioBHO paa^ejinxb na cjiejjyioiuHe
memoeou pacnem, no3BOJiaiomHii onpejjejinxb pacxoij oxjiaac^aiomero BO34X"

xa fljifl noHH>KeHHa xeMnepaxypbi aexajieH FT 40 xpeSyeMWx snaienHH. Cyiuecr-
BCHHoe BJiHflHHe Ha pacHcx oKasbiBaiox xnn H KOHCxpyKUHa oxnaac^aeMOH ,zi.eTa~
JIH. ripHxo^Hxcfl pemaxb cjioa<Hyto CHcxcMy ypaBHCHHR xenjiosbix SajiawcoB.
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o3BOjiflex onpe^ejiHTb yposenb xeivinepaxyp Mexajuia, pacxoA
3^vxa, pasMepbi xennopacceHBaromeH noBepxnocxH;
zudpaenwecKuu pacnem, B npouecce Koxoporo onpe^eiiaiox npoxojjHoe cene-

HHe KaHanoB ^Ji* npoHHKHoBenHfl neoSxo^HMoro KOJinnecxBa oxJiaafaaromero
B03^yxa, paccHHTHBaiox ^eKcxBHxejibHbifi pacxo^ Bos^yxa nepes CHcxeMy oxjia-
jKfleHHfl. BaaceH Bbidop K03(J)4>Hi];HeHxa pacxo^a, oueHHsaiomero oxnoiueHHe 3xo-
PO ^eHCXBHxeJibHoro pacxojia K pacxojiy npH HCxenenHH 6e3 noxepb H no^orpeBa.
0pH 3TQM yiHXbiBawxcfl KOH(J>HrypauHfl Bos^yuiHbix KanajioB, mepoxosaxocxb HX
nosepXHOCTH, cxeneHb no^orpesa sosjiyxa 33 cnex xenjioxw oxjia^jieHHa H .gp.
03-3a CJIO^HOCXH sajjaHH npHxoziHxca pemaxb ee MCXOZIOM nocjie^osaxejibHoro
npn6/iM>KeHHfl, Hcnojibsya MOjiejTHpOBaHiie H apyrne TexHHiecKHe cpe^cxsa.
npHMeHflpoxcfl xaK)Ke cTCHAOBbie Hpo^yBKH zieTajieH;

pacnem meMnepamypHbix noneu ocHOBHbix ^exajieii rasosofi xypSnnbi H oifen-
Ka 3(p(peKmueHocmu CHCXCMH oxjia^^enHH.

Pesyjibiaxbi pacnexa cncxeMbi oxjraac^eHHfl nossojiaiox yjiynuiHTb napaMexpbi
paSoxbi FTV.

B FTV (pH_( H rHT)

KoHTpo/TbHbie Bonpocbi

1. FIoacHHTe xapaicrep n3MCHeHHn HanaJTbHUx napaMeTpos pa6onero
8 33BHCHMOCTH OT napaMCTpOB H3py)KHOrO BO3^yX3.

2. KaKne (J>yHKUHH BbinoJiHflex 4H(J)4iy30p, ycTaHaBJiHBaeMwfi aa rasoeoM xypSMHoil FTV?
3. riOHCMy B npouecce paGoxti MenaeTca xeMnepaiypa Btixo^Htix rasoB raaoBofi
4. floneMy coBpeMeHHtie FTY o6opyaoBaHi.i cHcreMott oxJia»c^eHH3 ropainx

BOH XypSMHbl?
5. HasoBHTe xnnbi CHCXCM oxiia*^eHH3 rasoatix rypSHH H npiiMCHJieMbie
6. OSbflCHHXe 4>H3H4CCKHH CMUCJI HHTCHCHBHOCTH OXJiaMUieHHS 0.
7. KaKHe cnoco6ti oxjia'Ms.euua nonaxoK npHMCHaioTcfl B coBpeMCHHtix rasostix

ITepeHHCJlHTe HX KOHCXpyKTHBHtie OCOSCHHOCXH.

raso-



nsxaa

3KCn/iyATAUMJI 3HEPFETMHECKMX rASOTYPBWHHblX YCTAHOBOK

5.1.0CHOBHblECBEflEHMfl

3Kcn.nyaxaH.Hfl cofipeMeHHbix sneprexHHecKHX FTY ocyiuecxBJiaexca B aBxo-
MaXHHCCKOM pOKHMC, HCMy CHOCOSCXByfOX COOTBCTCTByiOmHe 3BXOMaXHHeCKHe
CHcxeMbi ynpaBjieniifl xexHOJiorHHecKHMH npoueccaMH (ACY TIT). Cjiejiyex ox-
MCXHXb, HTO FTY HM6IOT pfl4 HpeHMymeCXB nepCJI napOCHJIOBblMH yCXaHOBK3MH;

HH3KH6 KanHXaJIOBJItmeHHS;
KOpoxKoe speMfl sanycKa H Bbixofla na pe?KHM HarpysKH;
npHro,ziHocxb K nacxbiM H 6bicxpbiM sanycKaM;

cpoK cxpOHTeJibCTBa. SnanHxenbHaa nacxb MOHXHpyeivioro oGopy-
SaBO,ZlCKOrO HSrOXOBJICHHS;

HH3KHC SKcnjryaxaHHOHHbie pacxoflbi;
KOMnaKTHOCTb yctaHOBKH Ha 1 KBx ycxanoBJieHHOH MOIUHOCXH;
B03MO>KHocxb ziHCxaHUHOHHoro ynpaBjieHHfl H 3KcruiyaxauHH.
BMCCTC c XCM cymecxsyeT pa^ oScxoaxejibcxe, KOTOpbie .aejiarox 3HeprexHHe-

CKHC FTY OTKpbixoro KHKJia yfl3BHMHMH B oTHOiueHHH aKcnjiyaxauHH:
B KanecTBe pa6onero rejia Hcnojibsyetca aTMoc^epHbiti B03jiyx;
ron^HBo Henocpe^CTBCHHO BBOfliiTca H cropaer B odteiue paSonero xejia -

H Ap-
B OTJ7H4HC OT napOCHJJOBblX 3HepreTHMCCKHX yCTaHOBOK, HCnOJIb3yK>mHX B

KanecTBe pa6onero Tena oSeccojieHHyro BO^y H MHCTMH nap (B npe^ejiax cywe-
cTByiomnx HopMaTHBOB), Bosjyx, nocTynaroiUHH B KOMnpeccop, a xaK>Ke opraHH-
necKoe TOHJIMBO ccxaepacar xaKHe sarpflSHHTenH, K3K nbijib, COJIH Harpua, Bana^Hfl
H npOHHX 3J16M6HTOB, OKa3bIBaiOmHe HeraTHBHOC B03^CHCTBHe Ha yCT3HOBKy BO
BpeMfl ee paSoTbi. OHH BbisbisaroT 3arpa3HeHHe, aposHKt, KopposHK) KOMiipecco-
pa, cyjibtJjHTHsauHK) H Koppo3HK> PT. 3xo nptiBo^Hx K yxyAiueHHro xapaKxepH-
CXHK H CHH^CHHK) CpOKa CJiy>K6bI COOXBCXCXByiOIUHX KOMOOHenXOB FTY H, B KO-
HCHHOM Hxore, K BbiHy>K,aeHHbiM npocxoaM H npeiK^eBpeMeHHbiM xeKymeMy H Ka-
nHxajibHOMy peMOHxaM.

Be3aBapHfiHyK>, na^OKHyio, BbicoK03KOHOMHHHyro 3KcnjiyaxauHK> 3Heprexn-
HGCKHX TTY oSecneHHsaex pflfl CHCXCM. 3xn ciicxeMbi MoatHo pas^ennxb Ha
djiowbie, cBasaHHbie HenocpeAcxBCHHO c xexHOJiorHHecKHM npoueccoM
TTV, M odutecmaniiuoHHbie, o6cjiy>KHBaK)mHe HeCKOJibKO 3HeprexHH6CKHX
Ha rasoxypSHHHoH 3jieKxpocxaHu,HH.

5.2. B/lOHHblE CMCTEMbl SHEPrETHMECKHX ITV

3HeprexHHecKne FTY CHa6)KeHbi SJIOHHHMH cwcxeMaMH, noxoptie
B3K)X HX H JIBJTflK>XCH H3CXbK) BCeM yCX3HOBKH. OHH o6ecneMHBaK)T
paSoxy FTY npn BCCX pe^HMax ee SKCnjiyaxaunn. HasoeeM OCHOBHUC HS HHX.

1. CiicrcMa TonjiHBonoaa»iH TTY npe^Ha3HaHeHa AJW no^BO^a c^HraeMO-
ro xonJiHsa B KawepLi cropaHHfl FTY H paccHHxaHa ana paSoTbi Ha OCHOBHOM H

xonnHBe. B 3HeprexHMecKHx FTY c uejibio oSecneiHTb Bticoicyio Ha-;
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xpe6yeMyro
KOKajiopHHHbie

Bbic
 TOn^HB. K HcnoJibsyeMOMy B FTY xonjiHBy

6e3aBapiiHHoii paSoxu
copxa ra30o6pa3Horo H

monnueo (npHpo^Hbin, nonyxHbiH mbi) He OO^JIOKHX xpane-
Ha xeppiixopHH 3JieKxpocxaHUHH. OHO no^BOAHXC3 no MarncxpajiLHbiM ra-

oBO^aM B ra30pacnpe,ae;iHxejibHbiH nyHKX (FPFI) 3JieKxpocxaHUHH, r^e opra-
3

H3yeTCji ero oiHCXKa ox nocxopOHHHx npHMecefi, KOppeKxwpyexca ero ^asjie-
!!He, H3MepaK)xcfl ero napaMerpbi. HeoSxo^HMoe .aasjieHHe rasosoro xonjinsa ne-
pea'rTY SBBHCHX ox cocxasa rasa, ero xeMnepaxypu H HJIOXHOCXH, a xaK>Ke ox yc-
^oBHfi oKpy^aromen cpe^bi (xeMnepaxypw B03^yxa, reo^esHqecKOH BMCOTU yc-
TaHOBKH FT). OHO pacc4HXbiBaexca 4)HpMOH-H3roTOBHxejieM FTY Ha ocHOBaHHH
npHHflxbix B npoeicxe napaMexpos H, npex^e scero, ^asjieHHJi oKaxoro B03/iyxa
3a KOMnpeccopoM. ripHHaxoe 4>Hpwoii-H3roxoBHxeJieM ^asjieHHe xonjiHBa asjia-
excfl paciexHbiM sHaMenneM AJifl BCCX PCHCHMOB pa6orw ycxanoBKH, B caMOM ne-
6jiaronpHflXHOM cjiynae (npn MHHHMajibHOH reMnepaxype napyacHoro B03^yxa,
MaKCHMajibHoii xeMnepaxype rasos Ha BXO^C B rasoeyio xypSiiny, anpBicKe BO^M
JU\R cHH)KeHHa BbiSpocoB NO^) OHO jjoJiacHo rapaHXHpoBaxb 3Kcn;ryaxauHK> FTY
c npeaejibHOH MomHocxbK>. FIoxepH /tasjieHHa B cHcreMe cna6)KeHHfl raaoetiM

3a npe^ejraMH FTY (B FPFl, (|)Hjibxpax XOHKOK OMHCXKH rasa M ,up.) ne
Tca H .aoJDKHbi ^oSaBJiaxbCH K xpe6yeMOMy .aasjienHK) rasa.

nocxaBiuHK xonjiHBa HC Mo^ex oSecnennTb rpe6yeMoe ziasjieHHe rasa,
B XOM HHCJIC H BCJieZICXBHC C630HHbIX CFO KOJieSaHHH, XO H3 SJICKXpOCXaHUHH MJTH
B cxeMe cHCTCMbi xonjiHBonojiaHH FTY ^oji)KHa 6bixb npe^yciwoxpeHa ycxanoBKa
noBbnueHHfl ^aBJieHHfl rasa (floiKHMHbie KOMnpeccopbi).

B npHjroac. n.6 npHBeaena cxeMa no^K^roMeHHfl JJO^HMHOPO KOMnpeccopa B
CHcxeMy xonjiHBono^anH sneprexMHecKOH FTY.

TeMnepaxypa npHpo/iHoro rasa, HCnojibsyeMoro Henocpe^cxBCHHO B FTY,
HMeex HH>KHee H sepxnee ^onycxHMbie snaneHHa, Koxopbie saBHcax ox KOHcxpyK-
UHH H cxeMbi KC. TeMnepaxypa oKHraeMoro rasa ^o^acHa 6bixb na 10^15 °C
Bbiuie XOHKH pocbi, 3x0 nosBOJTflex HsSexaTb HaJiHHHfl B rase XH^KHX KOMHOHCH-
TOB H KOpposHH 3JieMeHxoB cHcTCMbi. MaKCHMajibHoe sHa^eHHc xeMnepaxypbi ra-
33 33BHCHX OX pBJKHMa pa6oXbl KC H nOflJICJKHX COrjl3COBaHHH> C (J)HpMOfi-H3rOXO-
pxejieM FTY. SanycK FTY npoHSBOflnxca xojibKO npn nocxoaHHofi xeiwnepaxype
rasoBoro xonjinsa, Koxopaa BbiSHpaexca B j(Hana30He Me>K,ay ee MaKCHManbHbiM
H MHHHMajIbHbIM SHaneHHflMH.

Tenjioxa cropaHHa oKHraeMoro npnpo/iHoro raaa Mo>Kex HaxoflHXbca B npe^e-
«ax 35 000—50 056 K^/KF (npn o6-beMHoK KOHuenxpauHH CH4 100 %).

HHJKC npHBe^eHbi ^onycxHMbie npe^ejibi HSMeneHHa yKasannux Bbiiue napa-

3HepreTHHecKH\ FTy

napatneipa

H3MeHennn napawcTpOB rasoeoro ronjiHea

FlapaMeTp ]

Harpy3Ke 0—15 % HOMHHajitHOM
Harpy3Ke 15—100 %

H3M£HeHHfl jiasjieHHa, He 6ojiee

± 5,0
± 2,5 %

0,02 MHa/c

MHHHMMtHOe SHaHCHHC 1 Q— 1 5 °C BUUIC TOHKH pOCtl
1 50 °C H 6ojiee B 3aBiicnMOCTH or peKOMC

(|)HpMt.I H KOHCTpyKLJHH KC FTV
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H3MCHeHHfl TCMneparypbi
CKOpocxb H3M6HeHMH TCMnepaTypu, HC Sojiee . . . .
PaCHeTHbift flHanasoH H3MeHeHHH Tenjiorti cropa-
HHH TonJiHBa
OTKJlOHCHHe OT paCHCTHOrO 3H3HeHHfl
CKOpOCTb HSMCHeHHil TCnJlOTbl CPOpaHHfl TOHJIHBa,
He Soiree

± 10 °C K paCICTHOMy
1 °C/c

35 000—50 056 K
± 5 %

0,1 %/c

3arpa3HCHHa B Tommse npHBOAaT K KopposHH 3JieMenTOB nporoHHOH
FT, no3TOMy BBO^aTca cooTBCTCTByiomHe orpaHiineHHa, KOToptie oTHocjrrca KaK
K ToiuiHBy, TaK H K sacacbisaeMOMy KOMnpeccopoM sos^yxy (Ta6)i. 5.1).

FasooSpasHbie xonjiHBa, HMeioiune oSteMHbie KOHu.enTpan.Hn H2 6ojiee 1,0 %

H aneTHJiena C2H2 6ojiee 0,1 %, MOJKHO oKHraxb TOJIBKO B peacHMe junJxpysHoH-

Horo ropCHwa (CM. TJI. 3).
CxeMbi nodaw zasoodpasuozo monnnea B KC FTY pasjiHHaroTca ana pasnbix

ycTanoBOK, HO BCCX HX oS-fae^HHaei najiHHHe cionopHbix M peryjinpyio-
KJiananoB, ^HJibTpOB, JIHHHH noflaHH sanajibHoro Tonjinsa. Ha pnc. 5.1 npn-

npHMep raKOH cxeMbi, o6i>ejiHHeHHOH co cxeMOfl no^anH pesepsHoro )KH^-
Koro TonJIHBa.

npHpo^Hbitt ras no^aeTca B ToniTHBHyio cncTCMy rasocHaS^eHHa 30, KOTO-
paa oTflejiena OT 6noKa cucTCMbi TonjiHBonoaanH FTV rjiaBHbiM CTonopHbiM
KjianaHOM 26, Flpn BKJironeHHH sa^HraHHJi sanycKaeTca BbiraacKoH BCHTHJiflTop
32, oTKpbiBaeTca cxonopHWH KJianaH sanajibHoro rasa (nponaHa) 13 H ras no-
crynaeT B ae^ypHbie ropeiiKH. BbiTaacnoK BeHTHJiaTop cosjiaer paape^eHHe B
Kaiwepe peryjinpyiomnx rasosbix KjianaHOB H y^anaeT B03Mo>KHbie yxeMKH rasa.

Flocne sajKHraHMa rasa OTKpbiBaerca rasoBbin peryjiHpyromHH KJianan 17 CHana-
Jia B COOTB6TCTBHH C npOPpaMMOR nyCKa, a SaTCM (nOCJie CHHXpOHHSaUHH 3JICKTpO-

Ta6ni iua 5.1. /tonycTHMbie ^;n pvnncHiiH Tonjiiisa H FTV

3arpsi3HHiomee BeuiecTBo

Flbijib (fljia rasooSpasHbix TOIIJIHB) npn pa3-
Mepe HacTHU,;

d < 2 MKM
1<d< 10 MKM
d> 10 MKM
Bcero ntum

BaHaAHii
CBHHCU
HaipHH + KajiHii
KajibiniH
Sojia (AJIS acH^KOro ronjinea)
AueTHJien C2H2

Bo.aopo.zi H2

CflHn,(«>2)

OSbCMHan KOHueHTpa-
UHH sarpflSHCHHH B TO-

njlHBC 33 4>HJlI>TpaMH

18,5 ppm
1,5 ppm

0,002 ppm
20 ppm

< 0,5 ppm
< 1,0 ppm

< 0,3—0,5 ppm
< 10 ppm
< 100 ppm

<0,1%
£1,0%
< 10%

OGteMHaji KOHueHtpauHfl 3a-
rpjisHsiomero BemecTBa B BOS-

ayxe, ppm, Ha Bxojie B KOM-
npeccop nocjie 4>HjibTpOB

KBOY

<0,06
<0,02

£ 0,0002
<0,08
< 0,001
< 0,002
< 0,001
<0,02
< 100

— —
—

_
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PMC. 5.1. Cxoia nojiaHH rasooGpasHOro,
KOFO H 3anajibHoro ronjiuea
Fly (GT8C-AO «AEE—HenciCHfl»)
1,3 —- saflBHJKKH; 2 — TonjiHBOpacnpe.ne.iiH-
xejibHbie rpeGenKH; 4 — peryjinpywiUHH KJia-
na»; 5 — o6parHbiH Kjianan; 6
7 — ras na saatnraHue; 8, 11 — JIHHHH
jKHjncoro ron^HBa; 9, 10 — JIHHHH no^Boaa ra-

Q j. 3Oo6pa3Horo ronjiHBa; 12 — cxonopHbifl KJia-
30 \31 nan Ha JIHHHH nponaHa; 13 — CTonopHbin KJia-

l_l iJ_"J_j nan/Kjianan CBCHH Ha JWHHH nponana; 14 —
EV-ropejiKa; 15 — aescypHaa EV-ropejixa;

o ras na 3a»cHraHHe/npo^yBO4HbiH KJianan; 17 — peryjiHpyiomHH KJianan rasa; 18 — peryjiH-
PyiouiHii KJianan acHAKoro TonJinsa; 19 — cncreMa sanajibHoro ronjiHsa; 20 — aBapHHHbiH CTonop-
HWM KJianan rasa; 21 — asapHHHbiH cionopHHH KJianaH acnflKoro ronjiHBa; 22 — cranopntiH KJia-

aH nponana; 23 — rpnseyjiOBHTejib; 24 — nacoc acnaKoro TonjiHsa; 25 — 4)HJlbTP; ^6 — rjiaBHbin
fonopHbiii KJianan raaa; 27 — (Jmjibrp acH^Koro ronjinsa; 28 — rjiasHbifl cTonopHbiii KJianaH acna-

Koro TonjiHsa; 29 — Gajuion nponana; 30 — BBO^ rasooSpasnoro Tonjinsa; 31 — noaa^a *HaKoro
TonjiHBa; 32 — BbmnKHoii BeHTHjiarop; 33 — KC TTY
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FTV) c yneTOM 3JieKTpHHecKOH narpysKH. KjranaHbi 1—6
saxpuBaroTca B COOTBCTCTBHH c sa^aHHOH s^eicrpHHecKOH HarpysKOH.

H ocTaHOBe rasoTyp6HHHoro arperara peryjiHpyiomHH KJianaH rasa 17 sa-
eTca H ropejiKH KC OTKJiioMaioTca. 3aTeiw aaKpbisaeTca rjiaBHbiH cxonop-

Kjianan rasa 26, oSecnenHBaeTca c6poc paSonero Tejia B aTMOC(|)epy AO
a OKpyaoromeii cpe^fci. BbixflHCHOH BeHTHJiaTop ocTanaBjiHBaeTca. Bo
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aeapHHHoro ocTanosa Tjy aBapHHHbiH CTonopHbifi KJianan 20 H
Kjiananw saKpbiBaioTca o^HOBpeivieHHO.

CXCMO nodanu ztcudKozo morwuea (pHC. 5.1) COCTOHT HS pacxo^noH UHCTCDH
npOMbixoro TonjiHsa, asyx cTynenefi nacocoB ^H^Koro Tonjinsa (na pHcyHKe n 1
xasana TOJIBKO BTOpaa CTynenb Hacoca) 24, mejiesbix H cernaTbix 4>HjibTpoB I
florpeBaTCJifl TonjiHBa. Cxeivia paccHHTaHa Ha aBTOMaTHMecKoe nepeKJitoMeHHe Kr
c o^Horo BHjia TonjiHBa na apyroe (pesepsnoe), ana STOFO npHcnoco6jiem>r w
oTBeTCTByromne ropejiKH.

2. Ciicreivia MacjiocHa6jKeHHH FTY npe^HasHaneHa fljia oSecneneHH.
CM33KH nofliiiHnHHKOB arperaTa, 3y6naTbix nepe^an pejiyKTopa (CCJIH OH npen
CMOTpeH B KOHCTpyKTHBHOH CXCMC), lUapHHpHblX COe^HHCHHH y3JIOB aB
necKoro peryjiHpOBanHH H ^pyrax 3JieMCHTOB ycTanoBKH. npn CMasKe
uiaeTca K03<|>4)HHHeHT TpeHHfl B nofliimnHHKax, noBbimaeTcs
paSoTbi. CucTCMa Mac,noc Maecenas oGecneMHBaeT OTBOJI TenjioTbi OT Harpeibix
3JTCMeHTOB FTV nH HX CMa3K6.

^na 3HepreTHHecKHx YTV npHMenaroTCJi cneuwajibHbie Macjia (ra6n. 5.2).
KOJIHHeCTBO TCnJIOTH, OTBO^HMOH OT nO^UIHHHHKOB, H paCXOZl M3CJia,

4HMOFO K TpyiUHMCfl HOBepXHOCTflM, MOJKHO OOpCfleJlHTb paCHBTHblM HyTCM.
3TOM HarpeB Macjia B HHX npH HopMajibHon paSore ne ^OJUKCH npeBtimaTb 15 °c

PaSoTa 3HepreiHMecKHX TTy csasaHa c onpe^ejieHHHMH noTepaMH paSoqero
Macjia H3-sa yTCHCK BO ̂ anuesbix coe^HHCHHax, HcnapeHHa Macjia H ap. B cpea-
H6M nOTCpH HpH6jlH31iTejlbHO COCTaBJIHIOT 0,5 • 10~6 Kf/K/tJK OTBO^HMOH TCnJIOTH.

^aB^eHHe Macjia nepea nofluiHHHHKaMH o6biMHo pasno 0,15 — 0,18 MOa, a
BMCCTHMOCTH 6aKa /ioji)KHO xsaTHTb Ha 5 — 10 MHH paSoTbi maBHoro MacjiHHoro
Hacoca. B asapHHHbix cHTyauwiix, Koraa no^ana Macjia npenpamaeTca, npe/iy-
CMOTpeno ero notrrynjieHHe HS cneunajibHOH «rpaBHTauHOHHOH» CMKOCTH, pao
nojioaceHHOH na BbicoTe 8 — 10 M no OTHOUICHHIO K nojmiHHHHKaM. OTpaSoTaH-
HOC M3CJ1O CaMOTCKOM CJIHBaeTCfl B o6myK) CMKOCTb.

Ha pHC. 5.2 B KanecTBe npHMepa npHBe^ena cucTCMa MacjiocHa6a(eHHa TTV TH-
na GT8C (ABB— HCBCKHH), nojjKJHOHeHHaa K sjieicrporenepaTopy nepe3
B CHCTCMC npHMCHenbi nacocbi rHj[ponofl-beMa porapa ,njiJi oSjierneHMJi

PesepBHbitt MaansHbiH nacoc HMCCT sjieKTponpHsozi nocToaHHoro TOKa. Flpe-
cHCTeMbi o6pa6oTKH MacjisHbix napoB B 3KcraycTepe c B03BpaTOM BW-

jjenaeMoro Mac^a B OCHOBHOH 6aK. CneuHajibHbiH HarpesaTCJib no3BOJiaer no^or-
peTb Macjio H sanycTHTb cncreMy nocjie aJiHTejibHoro npocToa TTV.

TO^OBOH pacxo^ Macjia AJia 3HepreTHHecKOH fiy MomHocTbro 5 MBT cocraB-
OKOJIO 1,3 T/roji.

TaSjmua 5.2. napaMerpbi Mace.i, ucnojib3yeMbix B 3HepreTiiiecKHx

FlapaMCTp

3ojibHOCTb, %, ne Gonee
KHCJIOTHOC IHCJIO
leMncpaTypji 33CTt>iBaHHfl, C.
KnHeMaTH4CCKafl BH3KOCTL, MM2/C:

npn 50 °C
npn 20 °C

F
M22,

TOCT 3274-1-72

0,005
0,02
-15

20—23
—

-lapKa Mac^a, craHjiap
J122,

TV-38-1-ONIOO-71

0,005
0,05
-15

20—23
—

T
Bee MapKH,

TOCT 10289-7^

0,005
0,04
-45

7—9,6
30__^
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H.4 npHBeflen npHMep CXCMU MacjiaHoR CHCTeMbi 3HepreTHHecKOH
MOLUHOCTH THna «TaH(J)yH» (Alstom).

cwcreMa KOMnpeccopa FTY. Pa6oTa ocesoro KOM-
HeB03MO>KHa npH B03HHKHOB6HHH HOMna^ca (CM. HI. 2). HaSe-

nosBOJiaioT cama KOHCTpyKTHBHas cxeMa KOMnpeccopa H
CHcreMa c cooTBeTCTByiomHMH KJiananaMH BbinycKa BO3^yxa

(CM
' A KoiwnJieKCHoe BosayxooHHCTiiTejibHoe ycTpottcTBo (KBOV) FTY. B 3Hep-

* eCKHX TTV OTKpwToro UHKJia B KanecTBe pa6oqero Tejia Hcnojibsyerca aTMo-
KepHbifl Bos^yx, nosTOMy B KOHCTpyKUHH TaKHx Fiy npHHHMaroTca
6e Mepw no OHHCTKC B03^yxa OT HbiJiH H flpyrnx 3arpa3HeHHH, a TaK^e no no^as-

B03HHKaiomero iiiywa. OnHCTKa UHK^OBOFO sosayxa OT ecxecTBeHHoH H
HMJIH H 3arpa3HeHHH samnmaer BosflymnwH H rasosbiH TpaKTbi OT

3D03HH H KOpp03HH. J&fl OHHCTKH oSblHHO HpHMCHaiOTCfl ^ByXCTyneHHaTblC 4>HJlbT-
pbi. CHCTeivia OHHCTKH BO3jiyxa (puc. 5.3) BKjiioHaeT B ce6a Tanace acajiiosHHHbiH ce-
napaTOp, ycTaHOB/ieHHbiM nepe^ (]>HJibTpaMii, H uiyMorjiyuiHTejib.

)KaJiK>3H npeaoxpaHfliOT TpaKT OT nona^aHHa ^oac^a, Kpynnbix nocTopOHHHX
npeflMCTOB (KaMHCH, HTHU). OcHOBHblC <j>HJIbTpH BblHOJlHaiOT H3 MHOFOCJIOHHOH
nopHCTOH TKaHH, HJiOTHocTb cjiocB KOTopofi yBCJiHHHBaeTca no HanpaBJieHHK)
flBHXGHHfl B03^yxa. S^^CKTHBHOCTb yuaBJIHBaHHJI MCJIKOH HblJIH B03paCTa6T, 6C-
JIH cMaqnsaTb TKaneBbie 4)HJi&Tpbi (nepsaa CTynenb OMHCTKH) cneunajibHbiM co-
craBOM (BHCK03HHOM). Flo Mepe 3arpa3HeHHa (|)HjibTpa ocymecTBJifleTca ero ne-
peMaTbisaHHe c Bepxnero 6apa6ana na HHacHHH.

BTOpaa CTyneHb OMHCTKH sacacbmaeMoro KOMnpeccopoM B03^yxa BbinojiHena
B BH^e ceTMaTbix 4>HjibTpoB c HenoflBHXHbiMH HJiH nepeMemaeMbiMH nanejiaMH,
C6TKH (J)HJIbTpOB T3K>Ke CM33bIBaK)TCa CnCUHaJTbHtlM M3CJIOM (pHC. 5.4).

34>4)eKTHBHocTb yjiaBJiHBaHHfl HbiJiH B KBOV SHaHHxejibHa H .aocraraer 0,995.
CKopocTb nepeMemenna B03AyiiiHoro noTOKa BbiSHpaerca He 6onee 3,0 M/C, HTO
npHBo^HT K GojibiuHM ra6apHTHbiM pa3MepaM KBOy. rH^pasjTHMecKoe conpo-

BJieHHe CHCTeMbi (J)HJibTpoB HCBejiHKo H cocTasjiacT 50—70 Ha.

a30Typ6nHHbie ycTaHOBKH asjiaioTCJi MOIUHWMH HCTOHHHKaMH myma, OKasw-
.ero Ha 3/iopOBbe o6cjiya<HB3iomero nepconajia Bpejjnoe Bos^eMcTBue. 3ro OT-
i-ca K 3JieMeHTaM 3a6opa sos^yxa (KBOy) H BbiSpoca Bbixo^Hbix rasos.

HOB ' pa6°Te rTy BOSHHKaCT UiyM B UIHpOKOM AHana30H6 M3CTOT. ^JIH yCT3-
140 V1^110071*10 10° MBT myM B °6jiaCTH BblCOKHX M3CTOT MOXCT
Ho

 4 • ycTaHOBKa cneunajibHbix my Moray uiHTCJieH ^oji>KHa cnnsH
BHMX 3HaHeHHfi ~~ He Bblme 80 ^B (HOpMbI COOTBeTCTByKtT MaCTOTHOH

HejlOBeHeCKoro yxa)- BosHHKatomHH iiiyM oSycjioB^en HCOAHO-
npn aspoziHHaMHMecKOM B3aHMO^eMcTBHH H6-

H\ < HanpaBJiaK>UIHX H Bpamaiomnxca pa6oMHx jionaTOK Ha Bxoae B KOM-
aHHe Ha yP°fieHb myMa OKasbisaiOT H nepHOflMMCCKHe cpbiBbi BOS-

noTOKa npn nepacneTHOM oGTCKaHHH npo^HJien JionaTOK.
aB'neHHa myMa nPHMeHaK)T znywumejiu njiacTHHHaToro THna. IlaHejiH
HMeK)T MeTajIJIHnecKHe neptJjopupoBaHHbie CTCHKH, KOTOpue BHyTpn
T°HKHM CTCKJIOBOJIOKHOM HJIH MHHepajibHOH BaTOH c njioTHOCTbio na-

Kr/M3. ToiimHHa nane^H cocraBJiaeT 100 — 200 MM, a ee ra6apHT-
no KoncTpyKTHBHUM coo6pa>KeHHaM. CyMMapnoe
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eMa Macjioc epreTHiecKofi FTV rnna (GT8C-AO «ABB—HL*BCKIIH»)
C' ^ Hacoc CHCT6MM rHflponoflteMa poTopa; 2—7 — o6parHbie KJiananbi; 8 — ynopHbiti noa-

MacJi* " T0pa; 9, // — onopHbie noAiunnHHKH peayKTopa; 10 — peAyKTOp; 12, 14 — onop-
HHK reH P RH reHeparopa co cxopOHti cBoGoAHoro KOHIW sajia; 13 — renepaTop; /5 — onop-
noJlU1^nHHK TypSuHw; 16 — Typ6nHa; 17 — KOMnpeccop; IS — onopnbiH noaujHriHHK KOM-
no!i ,Q __ ynopHbifi noAiiinnHMK TypGwHbi; 20 — onopHbifl noAmnnHHK npoMeacyroHHoro aa-

noAmnnH«KH sana peAyKTopa; 23 — ranpaBJiniecKoe BanonosopoTHoe ycr-
Macnonacoc cncTCMbi CMBSKH; 25—30, 72 — Apoccejin; 31 — asapHHHaa

o6paTHbifl KJianan; 33—35, 37, 38 — BHSHPHHC crexjia; 36 — oSparHbifl KJia-
HHM OTBgpCTHeM; 39 JIHHHfl 00^60^3 MaCJia CHCTCMbl CM33KH K nOflUlHriHHKaM;

nan c W CJ1nBa MacJia OT noAiunnHHKOB; 41 — jiHHHa noAa^H Macua B CHCTeMy peryjuipOBaHHfl;
^" 'oeHHblH dtHJlbTp MaCJlOCHCTCMbl peryJlHpOBaHHfl; 43 — CABOeHHblft $H]1tTp MaCJlOCHCTeMLI
42 - '&* MacjiooxiraAHTejib CHcxeMbi peryjiHpoBaHHa; 45, 63 — asapHftHbie MacjiocHCTeMbi
CM33Kt, cucTCMa ynpaBJieHHa rHflpasjiHHeCKoro BanonosopoTHoro ycTpoftcrsa (MacjinHOro);
CMa3KH, HpyiomHH KJianan; 48 ~ KJianan peryjiHpOBaHHS TeMnepaiypw; 49 — Kjianan nocroflH-
tf P TieHHa' 50 — (JiHJibTp; 5/, 67 — cHcreMbi oxjiajKflaromefi BOflti Run oxnawiiemia reHepaxo-
Horo fla^j]OOXJ!aAHTej1eH CM33KH; 52 — CHJIOBOC (nanopHoe) Maciio B CHCTeMy BajionOBOpora; 53, 60,

M QpaTHbie KJiananw; 54 — Mac^oox^aAHTeiib CHCTCMbi CMBSKH; 55 — 3Kcraycxep MacjiHHbix
, eg HacocHaa yciaHOBica; 57 — o6paiHLifi KJianan; 5S — pyHHOH nacoc; 59 — KJianan pe-

"noBaHHH TeMnepaxypbi; 61 — npeAOXpaHHTejibHtiH KJianan; 62, 64 — KJiananu nocTOaHHoro
^eHHfl' 66 MacJio6aK cncT6Mbi THApOBajionoBOpOTHoro ycTpoficTsa; 68 — 6aK; 69 — nacoc

^flcjiocHCTeMbi peryjiHpoBaHHa; 70 — ciicteMa 3a6opa Macjia H3 uacjioSaKa CHCTCMti peryjitipoBa-
' jj Harpesaxejib; 73 — nacoc aBapiifiHOH MacJiocHcxeMbi CM33KH; 74 — BcnoMoraTejibHbiH

nacoc MacjiocHcteMU CM33KH; 75 — HarpesaTejib; 76, 79 — 6aKH; 77 — cHcxeMa xpaHCHwa Macjia
peryjiHpOBaHHa; 73 — cwcTCMa xpaneHHfl Macua cucTCMti

PMC. 5.3. KoivinjieKCHoe eojAyxooHH-
cTirrejibHoe ycrpoftcTBO
/ — HcajiK>3HHHbifi cenapaxop; 2 —
KOpnyc (noMeiueHHe) <j>HJibTpoB; 3 —
nepaas CTynem> (jmjibTpaijHH; ^ —•
BTopaa cTyneHb <j>HJibTpamiii; 5 — K0.
H H H e C K H M npHCOejIHHHTeJIbHblH H3T-
pySoK; 6 -— myMonryiuHTeJib; 7 — no-
BopOTHbifl narpySox; 8 — BXOAHaa
nacTL KOMnpeccopa; 9 — BXOAHOH
naipyOoK; A — BXOA 3acacb)BaeMoro
Boaayxa; E— BXOJI Boaayxa B KOM-
npeccop

THApaoiBjiHHecKoe conpoTHBjieHHe rjiyuiHTejia niyMa npH CKOPOCTH sos^yxa 10 M/C
«3HTejibHo paBHo 80 Oa (PHC. 5.5).

np ' ;TaB KBOY McmeT Bxo^HTb npOTHBOoSjie^eHHTejibHafl cucxeMa, Koxopaa
TB^autaeT o6pa30BaHHe jib^a B B03,nyxo3a6opHOH cHcreMe H na nepstix jio-

5
3THX

3a eMOe

n*>aBJieHHi1'

HcnojibsyeTca HeSoiibiiioe KOJinnecTBO ropaHero BOS-
Deccopa, BKJiiOHeHHe CHCTCMH ocymecTBJiaeTca c

-—- „.,.. npoxo^HT nepes CTonopHbiK KJianaH 6, ^poccejib 5,
onpeflejiaex nponycKHyio cnocoSnocTb CHCTCMU, iiiyMorjiyiiiHTejib 3 K
'O-QorpeBarejiK) /. no^aBaeMbiS sos^yx nponycKaeica nepes pacnpejie-

fttaR ̂ ^P^60"?080^"' pacnojiaraeMbie nonepeK scero cenenHa BXOAHOFO
;aoopHoro 6;ioKa; B Tpy6onposoaax c^eJiaHbi OTsepcTHa fljia BbinycKa
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PHC. 5.4. Cxeivibi BO3AyuiHbix
a HHCpUHOHHLlfl l}>HJlbTP;
4>njibip; / — (JtHJii/rpyromafl TKam,
paSan

PHC. 5.5. Cxeiwa rjiyiiiHTejin uiy-
\ia, jcTaiiaRjmuaeMoro B KBOV

PMC. 5.6. IIpOTHBOofijieaeHHTejibHaH ciicreMa
ro MS aTMOctyepu Bo3jyxa (FTY rmia GT8C-AO «ABB—
HeBCKHH»)
1 — B03Ayxono,aorpeBaTejii>; 2 — B03,ayxo3a6opnbift narpy-
SOK; 3 — myMornyuiHTejih; 4 — KOMnpeccop; 5 — flP0^
cejibHas maft6a; 6 — CTonopHbift KjianaH; 7 — npoiHBOOO
jieaeHHTejibHafl CHCTeMa (oiSop Bos^yxa); 8 — BXOA napy
HOFO BOsayxa; 9 — cacaTtiH B03Ayx noc^e KOMnpeccopa

ropanero soa^yxa, B03,a,yxonoAoipcBa.icjib y^ianaoj,^^^,, ,,^F~« —
B03flyuiHbix (jmjibTpOB. AHTHodjiefleHHTejibHafl cucTCMa He samnmaer cj>H.ni>TP
OT 3scopeHHJ! CHeroM. OpH TCMnepaType HapyjKHoro B03,ayxa 0 °C cHCTewa o
ne4HBaeT noBbiiiieHHe ero T6Mnep3Typbi na 6—10 °C (npH 100 %-HOH Harp
FTV). CnrHaji «PHCK o6jie,aeHeHHH» noflBjiaerca na mHTe ynpafi^CHHa FTV ^
KHH pas, Kor^a TeMnepaTypa napyiKHoro sos^yxa CTSHOBHTCH HHSCC 5—7

ero BJiajKHOCTb npesbimaeT 70 %.
paSoTe aHTno6Jiea,eHHTejibHoK cucTCMbi nponcxo^HT neKOTopoe

HH6 MOLUHOCTH H 3KOHOMHHHOCTH FTY.
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H Ha 3JreKTpocTaHUHH HMeeTca HCTOHHHK napa, TO MOHCHO opraHH3OBaTb
B npoTHBOoSjie^eHHTejibHOH CHCTCMC no cxeMe,nee B0 , e^eHHO

0^° . 5 7. KoH^eHcar napa noaaexca nepes KOH^encaTOOTBOflHHK 5 H TpyGo-
a P' B03BpaTa KOH^encaxa 6 o6paTHO B napoBOH KOTCJI 4. Vc^OBHa 3Kcnjrya-

raKHe )«e, K3K H B CHCTCMe Ha pHC. 5.6, a Bos^yxonoaorpeBarejib pacnojia-
npeae^ax KBOY.

np

5 CHCTeMa ynpaBJiemiH BXOAHLIM HanpaejisnoutHM annaparoM (BHA)
' peccopa TTV. B rn. 2 6wjia npHBe^ena HH^opMauHa o HasHaneHHH BHA

H o6cJiyacHB3HHH 3H6preTHHecKOH TTY Ero Hcnojib30B3Hne napa^y c noso-
OTHWMH HanpaB^flromHMH 3nnaparaMH (DMA) nepsbix pa^oa CTyneHen KOM-

npeCCOp3 n03BOJiaeT nOBblCHTb 3KOHOMHHHOCTb p360TbI yCT3HOBKH B H3CTH4-
HWX pe>KHMax, CTa6HJiH3HpoBaTb napaMCTpti Bbixo^Hbix ra30B TTY,
Ha^e)KHOCTb aKcnjiyaraqHH B nepexo^Hbix pe>KHMax. Ha PHC. 5.8
cxeMa ynpaBJieHHa BHA.

CMCTC-
napa (FTV

AO «ABB-HeBcKHfi»)
n7n

0JHB,0o6jie;'eHHrejl£Ha» CHcreMa (no-
~~ B03^yxonoAorpeBaTejiL; 3 —

; 4 ~ naP°B<>H Kore^; 5 -
; 6 — B03Bpar KonaeHca-

» 3Ha no^orPeToro B03ayxa B KOM-
— KOMnpeccop

Ta

yiipaB.ieHH« - FTY GT8C-AO

Macjia
peryjinpymmero Banana; 6 -

peryJiHpoBaHim; S - nHJioTHa*
- CHTo; 77 - HSMepeHHe nepena^a

BHA' /5 ~

BHA; 4 -
Me-
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JionaTKH nepsofi CTyneHH KOMnpeccopa Moryr nosopaHH-
BOKpyr CBOCH OCH. OHH c noMouibio crep>KHeBOH KOHCTpyKUHH coeflHHe-

HW c peryjiHpoBoiHbiM KOJibueBbiM MexaHH3MOM, ynpasjiacMbiM no OKpyscnoCTH
c BHeiiiHefi CTOpOHbi Kopnyca KOMnpeccopa B oSjiacTH ero BXOJTHOK naciH, KOTO-
paa TaK>Ke MOHCCT noBopaiHBarbca. FlOBOpox jionaTOK BHA ocymecTBJiaeTca
BpameHHCM peryjinpoBOHHoro KOJibua, Korapoe, B CBOK> onepe^b, nepeMemaerca
rHApaBJIHMeCKHM HpHBOflHblM yCTpOHCTBOM.

Bxozmofi HanpaBJTfltoiuHfi annapaT Haxo^HTcs B npHKpbiTOM nojioxeHHH npH
nojiHocTbK) ocTaHOBJieHHOH FTY. B npouecce ee sanycKa BHA KOMnpeccopa
npHOTKpbmaeTca flo 3apaHee onpe^ejieHHoro nycKosoro noJio>KeHHa. KaK TojibKo
jlocTHraeTCfl JiH6o snaieHHe HanajibHofi TeMnepaTypbi rasa nepe^ FT, COOTBCTCT-
syiomee ypoBHK) HOMHnajibHOH HarpysKH, jinSo MaKCHMajibHo .aonycraMoe 3Ha-
qeHHe TeMnepaTypbi rasa sa FTy, BHA HaHHHaeT OTKpbisaTbca ao nopMajibHoro
noJio>KeHHJL KpiiTepHCM peryjinpoBaHHfl flBJiaeTcs o6ecneneHHe nocToancTBa na-

TeMnepaTypbi rasa nepe^ FT HJTH no^aepacaHHe TCMnepaTypu rasa sa
na ypoBHe, ne npeBbimaiouieM MaKCHMajibHo ^onycTHMoro sHaneHHa. B re-

paSoTbi FTy Ha pejKHMe HOJIHOH narpysKH BHA oCTaeTca B HopMajibHo
noiioaceHHH.

HOpMajibHOM (uiTaTHOM) ocTaHOBe HJIH pasrpyjKeHHH Fiy BHA ycTaHae-
B nojioa(eHHe, npoTHBonojioscHoe TOMy, Koropoe cooTBeTCTByeT peww-

My nycKa HJIH narpyaceHHa. Tonnaa npoue^ypa saBHCHT OT CHTyaqHH, B KOTOpofl
npOH3BO^HTCfl OCT3HOB HJIH pa3rpyaceHHe FTy

CncTCMa oSecneMHBacT aBTOMaTHiecKyro HacTpoHKy BHA BO BpeMa pa6oTbi
nocpe^cTBOM KOHTpojia ee noKasaTenen. Flpn 3TOM KOHTpojinpytOTca cjie-

napaMerpsi: MaKCHMyM Kn/J FTy npn pa6ore c MacTiiMHon HarpysKOH
H HSMeneHHe nojio^eHHa BHA c yneTOM aocTH^eHHa MaKCHMajibno jjonycTH-
MOH TCMnepaxypbi rasos sa FTy. HpH paSoTe Fiy c HaerHHHOH narpysKofi no-
JIOJKCHHe BHA M05KHO HSMCHHTb AHCT3HLIHOHHO CO UIHT3 ynpaBJI6HHfl, H6 ^0-
nycK3fl npeBumeHHa M3KCHMaJiLHo ^onycTHMoro SHaneHHfl TeMnepaTypbi BW-
xoflHbix rases.

yrjiOBaa ycTaHOBKa JionaTOK BHA H nojioaceHne npHBO^noro wexaHHSMa 6
(pHC. 5.8) KOHTpojiHpyjOTca. ECJIH yroji ycTanoBKH JionaTOK B BHA yMeHtmaeTcs B
npouecce pa6oTbi FTV HH>KC sa^aHHoro npejjejia, TO CHanana BbwaeTca cnrHaJi Tpe-
Boni. ECJIH 3TOT yroji npOflOJDKaex yMCHbiuaTbca, TO FTy asapHMHo oTKJuoHaerca.

B npnjiox. H.5 HpHBe^eH npHMep cwcTeMbi ynpaBJieHHfl BHA 3HepreTHHS-
CKOH Ffy THna «Tan(j)yH» (<J)HpMbi Alstom).

FfepeMHCJieHHue SjiOHHbie cHCTeMbi snepreTHHecKHx TTy BKJiioMeHbi B 06"-
CHCTCMy — ACY TH (CM. § 6.7).

5.3. OBIUECTAHUMOHHWE CMCTEMbI rA30TyPEHHHblX3/lEKTPOCTAHI4Mfi

5.3.1. TonniiBHoe xosflMCTBo

TonjiHBHoe XOSJIHCTBO rssoTypGHHHbix 3JieKTpocTaHUHH oSecneMHsaer
ocHOBHoro H pesepBHoro Tonjiwea K ftnoHHtiM CHCTCMSM TonjiHBono^aMH. Ero Ha
SHaHCHHe CBO^HTCfl K XpaHCHHK) 33naCOB >KH.HKOrO ra3OTyp6HHHOrO TOnjlHBa, KOfO
poe o6bi4Ho flBjiacTca pesepBHbiM, K opraHHsauHH BBO^a npHcajioK B ronjiHBO
6opb6bl C KOpp03H6H H Rn% HHTCHCH^HKaUHH npOUBCCa rOpCHIM. B TOnjTHBHOM X
SHHCTBC ocymecTBjiflioTCfl oHHCTKa H npOMbiBKa acHAKoro TonjiHBa, ero noziorpeB
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PHC. 5.9- CxcMa TOnjiHeonoaaHH TTY-T3C ua HCH/IKOM TOII . IHRC
I _ nacoc; 2 — JiH^bTp; 3 — - noAorpeBaiejib; 4 — cjiHBHaa 3craKaaa; 5 • — npHCMHWH peaepsyap;
6 — 6ax AJia xpaHCHHfl TOnnHsa; 7 — noABoa rpewiuero paSonero xejia; 5 — pacxo^Htm 6aic; 9 —
6aK ana xpaHeHHa KOHTpo^npyeMOro xonjiHBa; JO — yseii nepeKJHOMCHHs o6pa6oxaHHoro TonjiHBa;
// — oiHCTica 3aMa3yieHHbix BOH; 12 -— CJIHB rasoiypSuHHoro TonjiHBa; 13 — CJIHB ^H3enbHOro TO-
njiHBa; 14 — npoMtifloiHan soaa H aesMyjiLraTOp; 15 — npncaflK3; 16 — TOIIJIHBO K FTV; 17 —
peunpKyjiaqHOHHtie Tpy6onpoBOflti; 18 — B ciicTCMy noAorpeBa npn CJIHBC; 19 — cSpocbi B MaayT;
A — ocHOBHaa cxeMa (xojibKO Ha iierKOM xonnHBe); E — pacxoaHWfi 6aK c nacocoM; B — - JIHHHS nyc-
KOBoro TonjiHBa; r — cxeua BBO^a npiica^KH (piic. 5.10) H KOHTpOJitntifl 6aic;,# —

(PHC, 5.11)

, o6ecneHH BaK>mafl pa6oTy FTy Ha
HOM rase, COCTOHT us rasopacnpe^eJiHrejibHoro nyHKxa H B OTjiejibHbix
BKjiioHaeT Ao^HMHyio KOMnpeccopHyro CTanuHK).

B cxeMy no^aHH ^HAKOTO TonJinsa (pnc. 5.9) EKjnonaroT He Menee AByx BM-
KOCTCH ^jifl ero xpaHCHHfl c yneTOM BOSMOMCHOCTH nHTaHHfl Fiy B reneHHe cyTOK
H3 OJJHOH UHCTCpHbl. B ^pyFOH UHCTCpHC 33 3TO BpCMfl HpOHCXO^aT OTCTOH H

TonJTHBa npw TernnepaType 45 — 60 °C. 3a6op TonjiHBa HS uHCTepn BO
nonajjaHHs BOAW H MexanHiecKHx npHMecen OTCTOJJ ocymecTBJiaeTca

ycrpoHCTBOM. B oSaaaTejibHOM nopswKe HS TonjiHBa y^ajiaror Bojiy.
B 3CHAKOM TOnJIHBC BO^bl CHOCOSCTByCT CFO OKHCJICHHK). B 80^6 MOryT

coe^HHeHHa KopposnoHHo-aKTHBHbix 3JieMeHTOB (Na, K, Ca, Mg
H flp.)- KpoMe xoro, so^a Memaex 3^4>eKTHBHoK (^HjibTpauHH TonjiHBa B TonnHB-

CHHiKCKHfl CO^epHC3HHfl B HfHflKOM TOHJIHBe 3JI6MCHTOB, Bbl-
npOToiHOH nacTH FTV, ero npe^sapHTejibHo 06-

cneuHajibHbiMH npnca^KaMH (HHrn^HTopaMH) (pHC. 5.10).
npuca^oK ncnojibsyioT MarHHesyH) cojib jKHpHbix KHCJTOT H^H cneun-

KOMfiHHHpoBaHHyto npHC3HKy (Mg + Cr). Ho^roTOBJieHHbie npnca^KH
IeniHBaK)Tca B CMecHTejiax 10 c TonjiHBOM ii nanpasjiaioTca K ToruiweHbiM na-

BToporo no^teMa.
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PHC. 5.10. Cxeiwa BBoaa npncaAOK K rasoTypSuHHOMy Ton.'iimy na ycraHOBKe IT-100
/ — npHCMHbiH 6aK; 2 — 6aiKn c npiicaAKOfi; 3 — nacocu; 4 • — 6aK jjjis ao3npoB3HHa
5 — 6aK join npurOTOBneHiia npHcaAKH B TonjiHBo (c MeiuajiKow); 6 — 4)mibTp; 7 — Hacoc-A03aiop;
8 — peryjinpyioiiinH Kjianan; 9 — • Sy^epnas CMKOCTb; 10 — CMecmejit.; // — K nacocaiw Bioporo

; 12 — apenaac; T — TOIIJIHBO; 77 — npiicaAKa; P — pacxsop npiicaAKii B TOIIJIHBO; B —
— ropflnaa

Tfl>Kejibix 4>paKunfi no^BepraiOT AByxcTyneHMaTOfl npoMHB-
Ke (pHC. 5.11). OpH 3TOM yflaJlHWT KOpp03HOHHO-aKTHBHbie 3JI6MeHTbI. HpOUCCC
npoMLIBKH ocymecTBJiflCTCa B cenaparopax nepsoii 15 H BTOPOH 9 cryneaeH. Ho-
MHMO 3Toro acH^Koe TonjiHBo noAorpesaiOT zuifl JiyMiiiefi xpaHcnopTHpoBKH no
TpySonpoBojiaM H oSecneHeHHH BbicoKoro KaneciBa pacnbina B ronjiHBHbix 4*°?"
cyHKax (piic. 5.12).

B CHCTCMC TOnJIHBHOrO XO33HCTBa ^H^KOrO TOHJlHBa HCnOJlt3yK>TC5I
Hbie ^HjitTpu pasJiiiHHOH KOHcxpyKUHii (pHC. 5.13 — 5.15). B KanecTse
pyiOlUHX SJICMCHTOB npHM6H3K)TCa MeTaJIJIIIHCCKHe npOBOJIOHHbie C6TKH
aMefiKH 0,5—2 MKM), HCKyccTBCHHbie TK3HH, TCpMocTOMKaa 6yMara,
paMHHecKHe MarepHajibi.

FIpHpo^HbiH ra3 ueiiecooSpasHO ncxaasaTb na BXO^ B ra3oxyp6HHnyK)
TpOCTaHUHK) C HOCTOfllHHblM H flOCTaTOHHO BblCOKHM ^aBJieHHCM, KOTOp
0,3 — 0,5 MFIa npeBbiiuaex MaKCHManbHoe .aaBJieHne sos^yxa B KC FTY. B
CTBC npHMepa na pnc. 5.16 npHBeaena npoeKTHaa cxeMa no^aHH npnpoflHoro
sa K TTY na TP3C-3 OAO «Moc3Hepro». B rase MoryT co^epacaTbCJi
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Piic. 5.11- THnoBaa cxewa aayxcTyneHHaToK npoivibiBKii Taate^oro acHaKoro ron^HBa AJIH FTY
I . nenpOMbiToe TOITJIHBO; 2 — pesepeyap AJIS xpaHemia Heo6pa6oxaHHoro TOiijiHBa; 3 — OIH-
me»Ha« eoaa; 4 — oTAejieHHoe OT BOA&I Tonjinao; 5 — oiHCTica 33Ma3y4eHHWx BO/I; 6 —
BOAS; 7 — noAorpeBaTejit cBewefl BOALI; 8 — yerpoilCTBo Jinn H3MepeHHfl Maccw BOAW B
9— cenaparop BTopofi cryneHH; 10 — soaa, oTcenapupoBaHHaa BO Biopofl cryneHw; // —• CMCCH-

BTopofl cTynemi; 12 — Bo/ia, OTcenapnpOBaHHaa B nepBofi cryneHw; 13 — TonjiHBOBOAflHaa
14 — 6ax c ,ne3Myjit,raTopOM; 75 — cenapaiop nepBofi cxyneHH; 16 — cGpoc injiaKa; 77 —

nepBofl CTyneHw; 18 — napoBofi (s^eKtpo) Ton^HBonoaorpeBaTejib; 19 — TOIIJIHBO-TO-
njiHBHbifl noAorpeBareJib; 20 — npOMtitoe TOOJIHSO; 21 — cMecHxejib; 22 — rpySwfi <j>HJib'rp; 23 —

- ; 2 4 — HECOC

nDh ' " <-xcMa no.'ioi peiia rnacejioro
c/IHBe Ha rry-T3c

ePHa' •? — ycrpoiiCTBOinu ' T ' • — ycrpoiiCTBO AJIH nocxynjreHHa noaorperoro
. , a ' CJ|nBa ocHOBHoro ronjiHsa; 3 — CJIHBHOH rpyfionpo-
. .r ^ySonpoBoa no^orpeToro TOnjiMBa; 5 — ruaposa-

"" nPHeMHbifl peaepsyap; 7 — Hacoctr; S — noAorpe-
njiMBa; 9 - — • napa; 10 - — OTBOJI

PHC. 5.13, CcTiarbiii ion-

/ — KpbiiiiKa; 2 — Kopnyc;
3 — ceTKa; 4 — Kapnac
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Put. 5.14. II.iaCTHHHaTblfi TOn.lHBIII . l i i 4>llJlbTp
/ — MaxoBHK; 2 — Kopnyc; 3 — ruiacTHHnaTas 3B63-

4 HllC. 5.1S. O&bCMHblH TOnJlHBHblil
4>MJIbTp

12

13

-S- ;, -L- 2,

Pur. 5.16. Cxenia nojiaiH npwpojiHOro rasa K ycraHOBKe FTY run a FT-100 Ha FP3C-3
OAO «Moc3iiepro»
1 -— KJianan c iiHeBMonpHBOAOM; 2 — npeaoxpaHHTejitHbiH KJianaH; 3 — BtmycK rasa B aTMOc4»epy
«Ha CBeny»; 4 —• cenaparap; 5 — cSopHHK KOHJiCHcara; 6 — M3MepHTeJibHaa aHa<J(parMii; 7 — narHe-
Tarejit nptipoflHoro rasa c 3JieKTponpHBOflOM; 8 — nepenycKHOH Kjianan; 9 — pecHsep (V= 200 M )',
10 — (JiHJibTpbi; // — raa H3 ra3onpOBOAa (1,2 Mlla); 12 — ras K CHCTBMC pacnpeACJieimfl KC HH3-
KOTO flaBJieHH«; 13 — TO JKC KC BLICOKOFO flaBJieHHn; 14 —- c6poc B rasonposoa napocmiOBofi nac-
Til 3^eKTpocTaHunn (0,7 MHa); 75 — B03ayx Ha npoflysicy

BOjia, coe^HHCHHa cepu, no3TOMy ero noABepraroT OHHCTKC, a B
H flonojiHHTe.rrt.HOMy noflorpesy.

B CHCT6M6 cjreflyeT npe^ycMaTpHBaTL npo^yBKy oTfl,ejibHbix ynacTKOB
CTpajiett rasa 3a (J>HJitTpaMH H nepefl KC nepes Tan HasbisaeMbie «CBCHH», o6opy-

flOBaHHtie KirananaMH, KOTOpbie BbiBo^flT npo^ysaeMbiH soaayx Ha napya<Hyio CTO-
pony rjiasHoro sjiaHHH 3JieKrpocTaHUHH. Flepeji sanycKOM FTV H nocne ee ocraHO-
sa Bee TonjiHBonpoBOflbi npo^yBaioTCfl Bosj^yxoM. Ha TonJiHBonpoBo^e,
AflmeM npHpojjHbiit ras K KC, Heo6xo,aHMO npeaycMarpHBaTb
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ycrpoficTBa, npe^oxpaHaromHe ras OT nonajiaHHa B Hero sos^yxa npn
X ocTaHoeax HJIH na^eHHH ^aB^eHHfl B monpoBO/iax. TaKwe Mepu

H CBfl3aHbI C TOKCHHHOCTLK) OpHpO/IHOrO T33a H B3pLIBOOnaCHOCTLK)
M6CH npHpo^Horo rasa c B03^yxoM (npH o6T,eMHoK KonqeHTpauHH rasa B CMCCH
T 5 ^o 14 % H ee TeMnepaType OKOJIO 300 °C).

B KanecTBe npHMepa r^a^HM onHcanne TonJiHBHoro xo3«HCTBa FP3C-3
Q^O «Moc3Hepro». B Hero BXO^JIT:

3CTaKa/ia npHeMHo-cjiHBHoro ycTPOHCTBa (OCy) c HacocHofi Bepxnero H HHJK-
Hero c/iHsa, npHCMHbiM pesepsyapOM c norpy^HtiMH HacocaMH, no,aorpeBaTejifl-

TonjiHBa, naponpOBo,aaMH na nojiorpeBaTCJiH cjiHBa ToruiHBa c naposbiMH
H Tpy6onpOBo^oa ra30Typ6nHHoro TonjiHBa;
MeTaji^HnecKHx pesepByapa .mis xpaneHHa ra30Typ6HHHoro TonjiHBa
Tbio 10 000 M3 Ka^flbiJi H #63 MeTajuiHHecKHx pesepByapa ^JTH xpane-

HHfl ^H3CJlbHOrO TOnJIHBa BMCCTHMOCTbK) 1000 M3 KaJKflblfi;
HacocHaa BBo/ia npHca/toK c o6opy,aoBaHHeM ^jia npOMbiBKH ra30Typ6HHHoro

ronJiHBa OT coJieH Kajina H naTpna H ^osHposaHHofi no^anH npHcajjoK fljia CBH-
3bipaHHX co^epxameroca B TOnnHse BaHa^Ha;

HacocHaa KH^Koro TonjiHBa (H>KT) c HacocaMH nepsoro H BToporo no^teMOB
H peuHpKyjiauHH, c no^orpeBaTeiiaMH Tonjinsa, (|)HJibTpaMH cpe^Hefi H TOHKOR
OHHCTKM H CHCTCMOH TpySonpOBO^OB, COCTOfllXieM:

H3 TonjiHBonpoBojjoB jjJifl npoKaHKH TonjiHBa BHyTpH H^(T, ero no^aHH K FTY
ii BOSBpaTa no JIHHHH peuHpKyjiflUHH;

flpeHaaceH ronjiHBonpoBo^OB BbicoKoro H Himoro aaBJieHHH, nacocoB nepBo-
ro M BToporo noflteMOB, no^orpeBaTejieii, <J)HjibTpoB cpe^nen H TOHKO^ O^HCTKH
co c6pocoM B ̂ peHaa<Hbie npHaMKH;

rpydonpOBOflOB TexHHHecKofl BO^H, npe/iHa3HaMeHHbix AJis no^aHH Ha oxjia-
no^uiHnHHKOB nacocOB nepsoro H BToporo no^teMOB H TopueBwx yn-

Tpy6onpOBo,noB napa jjjifl no/iaHH ero Ha no^orpesaTeJiH raaoTypSHHHoro TOH-
sa, KOJiJieKTop napOBbix cnyTHHKOB, cxeMy napoeoK npo/iyBKH o6opy40BaHH«;
TpySonpOBojjOB KOH^encaTa napa.
Ha pHc. 5.17 noKasaHa cxeMa HacocnoH oiHBa Tonjinsa.
npH6biBaromHe Ha TeppHTopuro TorniHBHO-TpaHcnoprHoro uexa (TTU) PP3C-3

cTepHLi c TonjiHBOM nocTynaroT na iKeJiesHo^opOKHyK) 3CTaKa,ay c npneMHO-
ycTpoMcTBOM. ^jia npeflOTBpameHHa nona^anHa HUJIH H aTMOC(pepHbix

TOHJ1HBO H3 UHCTepH CJIHB3IOT 33KpbITbIM CHOCofiOM C nOMOIUbK) yCT3HO-
J°K HHHCHero criHBa. Pasorpes (npH neo6xo4HMOCTH), CJIHB B npiieMHbie pesep-
p>W, nponapKa H sanHCTKa uHCTepn ocymecTBjiflioTca nepconaJioM TTIJ,. Kane-

•TBO TonjiHBa onpe/iejiaeTca nepconajroM XHMHHCCKOH jiaGopaTOpnu.
B npoijecce cjinsa ra30Typ6HHHoe ronjiHBo nocTynaeT caMOTeKOM B npHeM-

H pesepsyap, orKy^a norpyacHbiMH HacocaMH nepeKanHBaeTca B pesepsyap
HCHHS. TlHseJitHoe TOIUIHBO nocTynaeT caMOTeKOM BO BcacsiBaiomHS KOJineK-

P HacocHOH cjiHsa Ton^HBa H nepeKaHHsaeTca B pesepByap xpaneHHa.
"e3epsyapbi BMeCTHMOCTbro 10 000 H 1000 M3 npe^HasHaneHbi fl/ra xpaneHHfl sa-
J TonjiHBa H no/iroTOBKH K oKHfaHHio, 3aKjiK>MaioiueHC« B ero no^orpese H OT-
; Ana OT^ejieHHfl npHMecett. PesepByapbi cna6?KeHi.i oSopy^oBaHHCM (yposHe-

PU, TepMOMeTpbi, npo6ooT6opHHKH, JIK>KH, jiasbi), o6ecneHMBaromHM HX o6c;iy-
H TexHOJiorHHecKHH KOHTpojib npaBHjibHofi M SesonacHofl 3Kcn.nyaTau.nn.

H C H M o T
Ba , , , B a m H M HX oc;iy-

aHHe H TexHOJiorHHecKHH KOHTpojib npaBHjibHofi M SesonacHofl 3Kcn.nyaTau.nn.
p. 3aBHCHMocTH OT Ha3HaHeHHfl ToiuiHBHbie pesepByapbi no/ipasjejiflioTCJi Ha

^OflHtie, pesepsHbie (ropflnero Tonjinsa) H jina AJiiiTejibHoro x -AJiiiTejibHoro xpaneHHa. TCM-
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CjIHBHOft KOJIJI6KTOP A
^L.

CjIHBHOft KOJlJICKTOp
rasoTypSHHHoro TomiHBa

-C*S-

V
B peaepByapbi B pesepayapu

raaoTypSHHHoro TomiHsa HHaejibHoro TOIUIH

PHC. 5.17. Cxenia iiacocHOii CJIHBB Tonjiiiea na TP3C-3 OAO «Moc3iiepro»
A — npHeMHo-c.iHBHoe ycipoflcTBO c sciaKaAOH; E — Hacocnafl HHJKHero cjinea; B — nacocHa»
sepxHero cjinsa; F— npneMHbiii peaepsyap ra30Typ0HHHoro xonjiMBa; / — nepeKaiHBaiomHe Haco-
cbi an3ejibHoro TonjiHBa; 2 — nepeKaiHeaioiUHe nacocbi ra3<nyp6iiHHoro TonJIHBa; 3 — norpyafHtie
iiacocti nepenaiKH ra30Typ6HHHoro Ton^Hsa H3 npneMHoro pe3epByapa; 4, 5 — 4>HJitTpbi rpy6oH
OHHCTKH; 6 — nonerpesareJIH; 7,9 — rps3eoTCTOHHHKn; 8 — nepeKaiHBaioiiiHe HECOCU Hacocaoa

CJ1HB3

nepaTypa TonnHBa B pesepsyapax B 3aBHCHMOCTH OT HX HasnaneHHa Ha
nepHOA 3KcnjiyaxauHH ^ojiHcna no^flepiKMBaTbCH nocroaHHOM H cocTaBJiaTb:

50—55 °C B pacxoflHOM pesepsyape;
35—40 °C B pesepBHOM pesepByape;
10—20 °C B pesepsyapax fljifl ^JiHTejibHoro xpaneHHa.
YKasaHHbie yposHH TeMnepaTypw onpejiejiaioTca ycjiOBHHMH 3KOHOMH4Hott

pa6oTbi TonniiBHoro xosaficTBa.
rioflroTOBKa pesepBHoro peaepeyapa K paSoxe ocymecrBJiflerca 3a6ji2roBpeMCH-

HO c yneTOM BPCMCHH pa3orpeBa B HeM TonjiHBa, OTCTOH H y,aaneHHfl sarpasHCHHii,
TonjiHBo no^orpeBaerca unpKyjiaiiHOHHbiM cnocoSoM — nyxeM

c paGoTatomHM nacocoM. FIoaorpeB rasoTypSiiHHoro TonjiHBa ocy-
B naposbix noAorpeBaxejiax.

CymecTByroT TCXHOJIOPHH JIJIH npoMHBKH ronjiHBa OT COJICH HaTpwa H KaJiHfl
yrneHbiiieHHa KopposHH jionaTOMHoro annapara xyp6HHbi. DpoMbiBKa Bbinoji-

B HecKOJIbKO CTyneneH c ^oSaBJieHHeM B TOHJIHBO BOflbi H flesiuyjibraTOpa.
a sozia pacTBOpaer naTpHH H KajinFi, H 33T6M pacTBop BbiBOAHTca H3

B cenapaxopax. B TOHJIMBHOM xosaHCTse TP3C-3 anpoSHposaHa TCXHO-
npHca^oK B TOHJIHBO MJia CBasbisaHHa co^ep>Kameroca B KCM Baaa-

H yMeHbiiieHHa BaHa^weBOH KopposHH ^onaTOK TypSHiiu. STOT MCTOA #aet
3<J)4)eKT npH co^epMcaHHH BanaAHa B Tonjinse TOjibKO 6ojiee 40 MT/KF M no3TOMX
He nojiyHHJi mtipOKoro npMMeHCHHa.

Hacocnaa wHaKoro TonjiHBa (pwc. 5.18) cxpyKTypHo pas^ejiena na cxeiwy no-
,aaMM rasoTypSHHHoro TonjiHea H cxewy no^aHH ji.H3ejibHoro
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CxeMa no^aHH ra3Oxyp6~HHHoro TorniHsa BbinojiHena c nonepenHbiMH
x.e. JiK>6"oH Hacoc nepBoro nojn>eMa MO)KCT no,aaxb xonjiHBo Ha Jiio6oH
xejib xonnHBa, rpynny ^Hjibxpos, Hacoc Bxoporo noateMa. CxeMa noaann
Horo xonjiHBa BbinojmeHa SJIOHHOH, x.e. Kaa<abiH nacoc nepsoro no^teMa
no,aaTb xoniiHBO XOJII>KO Ha CBOKJ rpynny tjjHJibXpOB H nacoc Bxoporo no^teMa
XaHOBJieHHblH 3a HCH. 3XO CBasaHO C T6M, HTO flH3ej!bHOe TOHJ1HBO npHMCHaexc"
xojibKo npH nycKe FTY H ero pacxonu SHannxejibno MCHbuie pacxozios rasoxvn
SHHHOFO TonjiHBa, HcnoiiwyeMoro ana pa6oTbi FTY no,a HarpysKOH.

O6opyAOBaHHe TOHJIKBHOH HacocnoR npeAHa3HaMeno tfjia najie^HOH H csoe
BpeMCHHOH noflaHH K FTY TonjiHBa nopMaTHBHon BSOKOCTH, ox^HJibxpo Ban Horn
OT npHMeceK, B KOJinnecxBe, cooxBexcxByromeM narpysxe FTY, H npn flasjieHHw
Heo6xo,nHMOM .mia HOpMajibHoti pa6oTbi ropenoK.

TonJlHBO CMHTaexca nojiroxoBjieHHbiM K no^ane H Moacex 6bixb noflaHo K TTY
ecjiH H3 Hero yflajiena BOfla H co6jno#eHbi cjie^yromne ycjiosna:

xeMnepaxypa ra3oxyp6HHHoro TonjiHBa 65—70 °C, ^H3t
6es noflorpesa;

aasjieHHe ra30Typ6HHHoro H 4H3ejibnoro Tonjinsa (8,0 ± 0,2) MFIa;
TOHKOCXb 4"HJltTpaUHH HaCTHU, pa3M6pOM HC SOJICC 20 MKM.
Hacocnasi >KH^Koro TonjiHBa BKJHOHaeT B ce6a cjie^yiomee
1. FJ,eHxpo6ea(Hbie Hacocbi nepBoro no^tCMa rasoxypGnHHoro xonjinea

HK-210/200, ropH30HxaJibHbie, o^HOCxyneHHaxbie. fl63 H3 TPe*
HacocoB nepBoro nozii-eMa rasoxypGnHHoro xonjinea — pesepBHbie.

TexHunecKHe AaHHbie nacocos: npOH3Bo,aHxejibHOCTb 210 M3/n; nanop 2 MFIa;
MOlUHOCTb 200 KBT.

2. Fj,eHxpo6e>KHbie Hacocbi BTOporo no^teMa rasoTyp6HHHoro xonjiHBa xnna
HFIC-200-700, ropH3OHxajibHbie, BocbMHcxyncHnaxbie. flsa H3 Tpex ycTaHOBJien-
HHX HacocoB — pesepsHbie.

TexHHMecKne flaHHbie HacocoB: npOH3BO4HTejibHOCTb 210 M3/n; nanop 2 MOa;
MOllIHOCTb 500 KBT.

3. OnjibTpbi cpe^HeR OHHCTKH THna OFI-50-0,2.
TexHHHecKHe flaHHbie c[)HJibTpoB: nponycKHaa cnoco6nocxb 50 M3/n; TOHKOCTb

4>njibTpauHH nacxHU pasMepoM 40—70 MKM (cpe^Haa (^HJibxpauna); 15—20 MKM
(TOHKaa (J)HjibTpauHa); jjaBJieHHe paSoMee (MaKCHMajibno) 2,5 MFIa; njiomaflt.
(J)HJ]bTpOBaJTbHOl! nOBepXHOCXH 3,5 M2.

<t>Hjibxpbi xnna OFl-50-0,2 B saBHCHMocTH ox BH^a (J>HJibxpoBajibHoro 3Jie
MCHxa Moryx oSecnenHsaxb cpe^HiOK) H xoHKyro cxenenb (J>HJibxpauHH
pbi caMOOHHmaiouiHeca, o^na H3 naxn ceKunR Bcer,aa naxo^HTca noa 1
XOKOM, H nepnojiHHecKH noonepeflHo CCKUHH nepeKJironaioxca na npoxHBC
npH 3TOM ox(J)HJibxpoBaHHbiH oca^OK oxSHpaexcfl. B cxeMe noAaHH rasoxypow
HOFO xonjiHBa na scace nacocoB Bxoporo no^teMa ycxanoBJieHO nexbipe q)H
pa CpeAHCH OHHCXKH H UlCCXb (|)HJlbXpOB XOHKOH OHHCXKH. B CX6M6 nO^a^11

3ejibHoro xonjiHBa na nanope HacocoB nepsoro no^teMa ycxanoBJieHO no o,
My $HJibxpy cpe^Hefi OMHCXKH.

4. U,eHxpo6ejKHbie Hacocu nepBoro noa'beMa ansejibHoro xonjiHBa i
5H-5x4, ropH30HTajibHbie, nexupexcxyneHHaxbie. OAHH HS flsyx ycxaHOBJi
HblX HaCOCOB JJH3CJIbHOrO TOnjlHBa p63epBHbIH.

TexHHHecKHe AaHHbie Hacocos: npoHSBOflnxejitHocxb 90 M3/n; Hanop 3,4
MOlUHOCXt. 160 KBT.
138

aHseubnoroTleHT.po6e)KHbie Hacocbi Bxoporo
r 120/65-750, ropH3OHxanbHbie, BOCbMHcxyneHMaTbie. OJIHH H3

^ HHbix HacocoB ^HsejibHoro TonjiHBa — pesepBHbiH.
B°B'i 'xHHMe

iHOCTb 400 KBX.
XOHKOH OHHCXKH

xonjiHBa xnna
ycTa-

flaHHbie Hacocos: npoH3BoaHxenbHOCTb 88 MS/H; Hanop 7,8 MFIa;

'
<t>-\2Q CJieflyK>IUHe XeXHHHCCKHe

' . nponycKHyK) cnocoGnocxb 120 MS/H; xoHKocxb ^HjibxpauHH Hacxwu pa3-
^aH ' J5—20 MKM; MaKCHMajibnoe paGonee flaBJienne 10,0 MFIa.
MCPp, Qjtana ra30xyp6HHHoro xonjinsa Ha c>KHraHHe B FTY ocymecxBjiaeTca H3

xoaHoro pe3epByapa. Flo xpySonpoBo^y Dy 200 XOHJIHBO caMoxeKOM nocxy-

Ha Bcac paGonero Hacoca nepsoro noflteMa, npoKanHBaexca HM nepes pa6o-
'ufi nojiorpeBaxenb xonjiHBa, TRQ noflorpesaexca #o xpeSyeMOH xeMnepaxypbi, H
1
 e MSpe3 rpynny t^HjibTpos cpe^Hen H XOHKOH OHHCTKH (xnna OFI-50) nofla-

fl Ha BCac HacocoB BToporo no^teMa, Koxopbie no^aioT ra3oxyp6HHHoe XOHJIH-
00 B xonjiHBHbie KO^JieKTopw FTY.

a ^H3ejibHoro TonjiHBa Ha ca<HraHHe B FTV ocyiuecTBJiaeTca H3 pac-
pesepsyapa Xa 3 (4). Flo xpySonpOBo^y Dy 200 xonjiHBO caMoxeKOM

nocxynaeT Ha Bcac pa6onero Hacoca nepsoro no^teMa SnoKa ^HsejibHoro xon-
jiHea, c noMombro Koxoporo ;iH3ejibHoe TonjiHBo no^aeTCfl nocjieflOBaTCJibHo na
d)HJibTp cpeanefl (OF1-50) H XOHKOH (0-120) OHHCXKH, a saxeM na Bcac nacoca
Bxoporo no^teMa, KoxopbiH B CBOK> onepeflb, no^aex /[HsejibHoe TOHJIHBO B xo-
nJiHBHbie KOJiJieKxopbi FTY

TonJlHBO H3 H5KT no xpySonpoaoAaM D 150, nponoa<eHHbiM no 3CTaKa^e,
nocxynaeT B rasoxypSnHHbiH uex.

Flepe^ noflanen B KC XOHJIHBO npoxo^nx Mepes (J)Hjibxp TOHKOH OHHCTKH XH-
na O-120. fljia npe^oxspameHHa noBbiuieHna jiaBJieHHa B xonjiHsonpoBO^e ne-
pefl SjioKaMH xonjiHBHbix KJianaHOB FTY ycxaHOBjienbi peryjiaxopw ^asjieHHH.

c6poce HarpysKH FTY OHH nepenyCKarox HSJIHUIKH xonjiHBa B JIHHHJO pe-

jjnsejibHoe n ra30xyp6HHHoe TOHJIKBO no ^eyM pa3^e;ib-
HHM xpySonpOBOflaM penHpKyjiaiiHH Dy 100 BO3Bpamaexca Ha FDKT. UnpKyjia-
IHa TonjiHBa npn Hepa6oxarom,Hx FTY ocymecTB^aeTca cooTBeTCTsyioLUHMH Ha-
•ocaMH peuHpKyjiauHH ra30xyp6HHHoro H ^H3ejibHoro xonjinsa.

TonjiHBo nocxynaex K KC nepes xonjiHBHbie KJianaHw: CTonopHbift H peryjin-
.HH. CxonopHbiH Knanan HMCCX zisa noiroxeHHa — oxKpbix H saKpur, pery-

JpyromHH KJianan peryjinpyex KOJinnecTBo Tonjinsa, nocTynaromero B xonjiHB-
8 KOJlflCKTOp FTY

B ce nP°BePKH xapaKxepncTHK (jjopcynoK ^H^KOTO TonjiHBa, ycTanaBJinsaeMbix
AO

 4H ^C (no OAHOH Ha Ka^yK) CCKUHK)), B rasoxypGHHHOM uexe ecxb flea
pacni iqHbllx CTeHfla. OopcynKH HMerox TBep,aocnjiaBHbie pacnbuinxeiiH, KOTopbie
TBepji MBaK)T Ton-nnBo 40 MCJIKHX Kanejib. PacnbiJinxejiH cneKafOTca H3 nopoiiiKa
n Co aBHbix MaTepwajiOB H OTjiKHaioxcji OJIHH OT apyroro reoMerpnefi KaHajios
rHcTDbi^CTBeHH° nPOH3BO-^HTejll>HOCTbw. FIjiaMeHHbie xpy6bi n saBHXpnxejiH (pe-
Ha Bb,x ^ TaK)Ke HMBIOT pasHbie npoxojjHbie ceieHHa (pa36poc AO 5 %), no3xoMy
Ht)BaHna ~- H3 ceKUH^ ^*-- TCMnepaxypa ra3OB MoafeT 6bixb pasjiHMHOH. J],JIH Bbipas-
"X) (H

 TeMnepaxyp rasosoro noxoKa nepea TypSHHOH, § op MHpo Banna oKpy>KHO-
fe*°H3BQ ajIbHOro) nojien xeMnepaxyp nepeji xyp6nHOH 4)OpcyHKH noji6HpaK)x no
Ht>Ie nojr TejlbHocxH, HHjiHBHAyajibHo noflroHaa HX K ceKUHaM KC. TeMnepaxyp-

npoeepaiox npn paSoTe FTY no^ Harpy3KOH no noKaaaHHaM TepMO3.ieK-
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TpHMecKoro repMOMexpa sa xypSHHoR c ynexoM nosopoxa rasosoro noxoKa B Jiona
XOHHOM annapaxe xypSHHbi. KpOMe xoro, HMerorca «3HMHHfi» H «jrexHHH»n rtl^l^TT I nfH f+TT t i-*t"rmr* *-*.•*•* -.^' * • - KQ\pacnbiJiHTeJiew, ycxanaBJiHBaeMbix B saBHCHMOcxH OT cesona: 3HMoft d)0
CyHKH C 66J1WJJHM, JTCXOM C MCHblllMM paCXO^OM.

OopcyHKH nposepaiox na njioxHOcxb (naner pacnbuinxejieH COCXOHX m
xpex aerajiett), nponsBo^HxejibHOcxb, KOHxpojiHpyiox yroji pacnbijiHeaHns,
opomeHHa, TOHKocTb pacntuiHBaHna (pa3Mep Kanejit).

JJjia HanaJibHoro socnjiaMe Henna xonjinea B KaMepax cropanna FTY, pag
xaiomHX Ha JKHJIKOM xoniTHBe, HcnoJib3yeica sanajibHbiK ras HS SanjionoB c npo~
naH-6yraHOM. Ha pnc. 5.19 noKasana cxeMa o6ecneH6HH3 sanajibHbiM rasoM Ka"
Mep cropanHfl BbicoKoro (KCBfl) H HHSKOFO (KCHfl,) jiaBJieHHH. Baji^OHbi c npo-
naH-6yTanoBOH CMecbio nocxynaiox Ha 3jreKxpocTaHUHH) H xpanaxca B cneuHajij,-
HOM noMemeHHH (rasoSaJiJiOHHaa ycxanoBKa — FEY). Fas nepe3 pe^yKxopbi no-
jiaexca B o6ixiHH KOJTJieKxop, H3 KOToporo no cucTCMe xpy6onpOBOflOB c sanon-
HOH apMaxypofi nocxynaex K sanctiraxejiflM B KC. FIpH oxna^^eHHH Ha cxeHKax
xpy6onpoBojiOB MOXCX KOHfleHcnpoBaxtcH BJiara, noaxoMy ra3 nocxynaer Mepe3
OTCXOHHHK, pacnOJTOHCeHHblH B HHH<HCH TOHKC CHCXCMbl. H3 HCFO BJiara DepHOJIH-
MecKH CJiHBaexca OXKPLIXHCM pynnoro seHTHJia (npn Hepa6oxaK>meK FTY). Ha
KCB/I ras c eos^yxoM K sanaJibHHKaM Moryx nocxynaxb pas^eJibHo HJIH nocjie
npe^BapHiejibHoro CMemeHHa, a na KCH/^ B sanaiibHHK nojiaexca ywe roxoaaa
ropronaa CMCCL. 3xo CBflsano c XCM, HXO npH nycKe FTY cnaqa^a

FHC. 5.19. CxeMa nofluoaa aana^bHoro rasa K KC TTV rnna TT-100

noroM • — KCHfl. FIocjie^HHe pacnojioacenbi no xoay rasa, H eos^yx
a

 cTynaex 3a6aJuiacxHpOBaHHbiM npo^yKTaMH cropaHHa KCB^ c MCHb-
DwaHHeM KHCJiopo/ia, no3xoiviy AJia 3a«HranHa npHMenaexcH BO3,ayx ox

( rnMecKoro KOMnpeccopa. Ha FTY xnna FT3-150 ^-na sa^HraHHa XOHJIH-
gKa(e HcnoJIb3yeTCJI npe^BapHxejibHo no^roroBjieHHaa ropiOMaa

Ba B fivxaHa c B03AyxoM ox xexHOJiorHHCCKoro KOMnpeccopa.
Bbie xyp6nHbi na FTY-T3LI B r. 3;ieKXpocxajib (B nacxoamee BpeMa

° Typ6HHa runa GT-35) pa6oxaK>x na npHpojiHOM rase. Cna6)KeHHe FTY-
'npHpo^HWM rasoM ocymecxsjiaexca no xpySonposo^y c ycjioBHbiM npoxo^oM

300 ' MM ox ra30pacnpefle^nxejibHOH cxanuHH ^aBJienneM 1,2 MHa. Fas nocxy-
rasopacnpeaeJiHxe^bHbiH nynKT (FPH) (pnc. 5.20), saxeM H3 FPO no xpy-

D 500 no^aexca B Koxejibnoe oxflejienne H no xpy6onpoBo.ay Dy 300

noJKHMHyK) KOMnpeccopHyK) (pnc. 5.21). Hs ZIO>KHMHOH KOMnpeccopHOH xpy-
fionpoeoflOM D 150 xonjiHBHbiH ra3 nocxynaex K KC FTY. FasopacnpeAejiHxe^b-

nyHKX paccMHTaH Ha pa6oxy c MaKCHMajitHbiM pacxo^oM 45 000 M3/H npH pa-
1,2 MHa.

na

Ha Bxo^e B FPO ycxaHOBjienbi #Ba q^mibxpa (OCHOBHOH H pesepBHLifi), B KO-
ropbix ra3 OHHmaexca ox MexaHiinecKHX npHMecefi. FiapajuiejibHO 4»Hjn.xpaM yc-
TaHasjiHBaexca 6aRnac. Hocjie c[)HjibxpOB ras pasjiejiaexca na ^sa noxoKa H nepes

Ha cseiy»
a

& j. b_

^•^»

feaHa
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cxeiwa rasopaciipeaejiHTe^tHoro nyiiKra rTy-T3U, B r. 3,ieKTpo-

rasa B aojKHMHyio KOMnpeccopHyro; 2 — noAa-ia npiipoflHoro rasa u «o-
noaana npHpoflHoro rasa OT ra3opacnpe.neJitiTe.JiE.fiOH CTBHUHH (rPC); 4 —

5 — raaoubie <J)iuibTpbi; 6 — pacxoaoMepHLie flHa^parvibi
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HXH
PHC. 5.21. TexHOJiomiecKaa cxeivia JIOHJHMHOH KOMnpeccopuoii rTV-T3II
B r. 3jieKTpocrajib
/ — ras Ha «CBeHy»; 2 — noaaia ra3OBoro TOruiHBa OT
CT3HUHH; 3 — no/iana rasoBoro xonjiHBa B FTV inna GT-35; 4 —

; 5 —• 3JieKrpoiiHeBMOKJianaH

pacxojjOMepHbie jjHa<j)parMbi no,aaexca: B JIHHHH peztyuHposaHHa
H flajiee B KoxejibHoe ox^ejieHHe; B AOJKHMnyto KOMnpeccopnyio. Pe-

rasa ocymecxBJisexcs B JIBC cxyneHH, H na BUXO^C ras HMCCT #aB-
JICHHC 0,1 MFIa. FIpeflycMOxpeHbi TPH JIHHHH pe^yuHpoBaHHa (CM. pnc. 5.20): Ma-
nbix pacxo^OB 3 c pacxoflOM #0 5000 M3/q H JIBC JIHHHH peAyuHposaHHa 1 H 2
(ocHOBHaa H pesepBHaa) c pacxoaoM 20 000 M3/H. HHHHJI Majibix pacxoAOB npe,a-
HasHaneHa HJH sanojineHHa cncxeMbi HJIH juia paSoxti c MajibiM pacxo^oM. Ha
BUXOAHOM KOJiJieKXOpe HS JIHHHH pe^yuHposaHHa ycTaHOBJiCHbi fls
xejibHO-cGpocHbix KJiaoana (FICK), KOTopbie oTRpbiearoTCfl H cSpacbiBawr
HHC rasa npH npeBbimenHH pacneTHoro ^aBJieHHH na 15 %.

Fas B .ao^KHMHyro KOMnpeccopHyro (CM. pnc. 5.21) nocTynaeT nepes 3JieKTpo-
HHeBMOKJianaH H ASJiee no^aeTca na BXO^ ^O^HMHHX KOMnpeccopos MapKH
2KOA-1W, me cacHMaeTca ^o ^aBJieHHJi 1,9 MOa. B ^O^HMHOH KOMnpeccopHOH
naxo^aTca zisa ^oacHMHbix KOMnpeccopa: OCHOBHOH H pesepBHbifi. MaKCHMaJib

HUH pacxoa rasa B JIHHHH cocraBJiaer 25 000 M3/n. B rasonpoBo^e nocjie KOM
npeccopa ycranoBJieH (|)HJibTp ^JIH OHHCTKH rasa H yjiaBJiHBaHna MacJia H3 TI
jiHBHoro rasa. Ha Bbixojie HS ^O>KHMHOH KOMnpeccopHOH TaK)Ke CTOHT 3JieKTpo'

. Oapajijiejibno ocHOBHOMy 3jieKTponH6BMOKJianaHy Ha BXO^C H i
JIHHHH GaHHaca ycTanoBJieH xaKoK «e KJianaH Dy 20, npeflHasHaieHHW

sanojiHCHHfl cHCTCMbi npH nycKe rasa. SjieKxponneBMOKJianaHbi — BbicoK<
yCTpOHCTBa, OHH OTKpbIBaK)TCfl TOJlbKO npH HaJlHHHH Ha HCnOJlHHTCJI

HBIX MexaHHSMax cacaxoro eos/iyxa H 3JieKxponHxaHHa.
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eHHe npnpojiHoro rasa B nepxe HacejiCHnoro nynicxa HC ^OJIJKHO npesbi-
1 2 MHa (xpeSoBanne npaBHJi 6esonacHOCXH). J\nx HcnojibsosaHHa
' B Kanecxse ronjiHsa ero nya(HO ciKaxt, JIG flaBJicHHa, npeBbiinaiomero

HHe B UHKJie riV Ha 0,3—0,5 MHa, x.e. 40 snaneHHa ne Menee 1,9 MHa.
- rax ueJiefi npe^HasHaneHbi ^o»CHMHbie rasosbie KOMnpeccopbi. B

GT-35 nocxaeneHbi H ycxanoBJieHbi Ha rTV-TSLJ, ^sa
eccopa MapKH 2KOA-1W npoH3BoacxBa $HpMbi DRESSER RAND

K°MIIAV OCHOBHOH H pesepBHbiR. 3xH KOMnpeccopbi nopuineBoro xnna ABycxo-
* neRcxBHa (asa UHJiHHApa), nponsBOAnxejibHocxbio 1,25 Kr/c, nacxoxoH

P°* eHHJ! 990 o6/MHH. OHH nocxaBJiatoxca SJIOHHO B SByKOsannixHOM KOHxeRne-
.~™ nij^T-aHMunHHOR aRTOMaTHijerK'oe vnnnRneHHR

pe
Ha Bcex ynacxKax rasonposoAOB, orpaHHMCHHbix sanopHOH apMaxypon,

HX rasoM H BLixecneHHs rasa BOSflyxoM HJIH HnepxHbiM rasoM HMC-
nnnnVBOHHbie CBCHH H ySJlbl HOflKJlIOHeHHa.11L/VJA^ *f *

KoMnpeccop paSoxaex cjieAyromHM o6pasoM. HpHpoaHwR ras nocxynaex B
oHHCXHxeJib (cKpy66ep), r^e npOHSBOAHXca OMHcxKa rasa ox MexanHne-

CKHX npHMeceH H acHAKOcxH. ^aJiee OH nocxynaex napaJinejibHo B asa BnycKHbix
pesepByapa, npeAHasnaMenHbix AJIS crjiaatHsaHHa nyjibcauHH AaBJie-

rasa. Hs HHX ras noABOAHxca K unjiHHApaM (^sa pesepsyapa CMKOCXH, ABa
, c>KHMaexca H nocxynaex B BbinycKHbie 6y<j)epHt,ie pesepsyapbi. Ho-

cjie rasoBbix KOMnpeccopOB ycxaHOBJien rasosbiR t|)HJibxp ^Jia OMHCXKH rasa H
yjiaBJiHBaHHa Macjia HS rasosoro xonjiHBa. flajiee ras nocxynaex K KC FT (nepeji
HCH HMeexcji (JtHJibxp A-na yAajieHHa HS rasa KOHAencaxa). Ha KOMnpeccope npe-
aycMoxpena SaHnacnaa JIHHHH, no KoxopoR Hs6bixoK rasa c6pacbisaexcji Ha
rasoBoro 4>HJibxpa. HHHHH Moa<ex pa6oxaxb nepes oxjiaAnxejib rasa HJIH,
ero, B sasHCHMocxH ox xeMnepaxypbi rasa. PacxoA rasa peryjinpyexca
HCCKH HSMeneHHCM Hacxoxbi BpameHHa ox 500 AO 1000 o6/MHH H nepenycKOM ra-
sa nepes 6aRnacnyK) JIHHHIO. KoHxenHep oSopyAOBan AaxHHKaMH HaJinnna B KOH-
Tefinepe nepeKaHHBaeMoro rasa H AbiMa (orna). O6opyAOBaHHe ycxanaBJiHsaexca
B HOMemeHHH AOHfHMHOH KOMnpCCCOpHOR CX3HUHH, HM66X SjlOHHyiO HOCXaBKy H
TOXOBO K noAKjiioHeHHK) H pa6oxe. B AOHCHMHOH KOMnpeccop sajiHsaexca Macno
SAE W40 Mobil-Pegasus.

5-3.2.

xexHHMecKoro B04ocwa6a(eHHa Ha ra30xyp6HHHbix 3jieKXpocx^,mHHX
eHHBaex no^aHy oxjia^^aromeH Bo^bi B sosflyxooxjiaAHxejin FTV, rasoox-

TeJin 3JieKxporenepaxopoB, a xaioKe oxjia^Hxejin Macjianon CHCXCMW H CHC-
Mb| PeryjiHposaHHa.

LIHHO CHCT^Ma xexHHMecKoro BOAOCHa6s(eHHa BbinojiHaexca no o6opoxnoH
BKJIK)MaeT B ce^a UCHXpo6e)KHbie nacocbi c 3JieKxponpHBO#OM, rpaawpHH

TenjlOTbi B oKpy^aromyio cpe^y. Bojiee BbicoKaa xeMnepaxypa oxjia-
rn ^ Bo^b1' nocxynaiomeH ox FTV, nosfiojiaex ncnojibsOBaxb Benxnjiaxop-
noR

JIM^H11 HJ1H cYXHe rpajjHpHH, B Koxopbix MOHCHO orpaHHMHXb noxpeSjie-
LBO4HOH BOAbI HS ecxeCXBCHHblX HCXOMHHKOB.

P 5jleHHe oxjia^^aiomeH BOflbi na cospeMeHHbix FTV-T3C npHSjinsa-
- ̂  (KT/C)/KBX yCXaHOBJlSHHOH MOLUHOCXH, a HOXCpH xeHJIOTBI C

— 0,2—0,25 KBx/KBx.
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5.3.3. npOTHBOnoxcapHan cwcreMa

FIpOTHBonoxapHaa CHCTeiwa ra30Typ6iiHHbix 3JieKTpocTaHu,HH ciiy>KHT .ZUIH 06-
napy>KeHHfl no>Kapa H BspbisoonacHoro COCTOHHHH B noMemeHiiax FTy H fljia TV-
meHHa no^apOB. JJaTHMKH onpeflejifliOT KOHueHTpaunio B sosayxe rasos, flbiMa H
conocTaBJifliOT 3TH flaHHbie c flonycTHMbiMH. OHH peanipyioT H Ha MaKCHMajib-
Hyro xeMnepaxypy ox^ejibBbix ^erajieH FTY Ha pnc. 5.22 npHBeACHbi cxeMa CHC-
TCMbl CHFHajIHSaUHH H HpHMCp AaTHHKa flHCJ^epeHAHaJILHOrO THna.

CnrHaji o BOSHHKHOBCHHH no>Kapa no^aeica K SjiOKy 3JieKTpoMarHHTHbix
KjiananoB, nosBojiaromiix nofleecTH orHeracamee BemecTBo K sneMeHTaM FTV

(pHc. 5.23).

PHC. 5.22. Cxeiwa npoTHBonoatapnOH
Bl—B3 — BbiKJHOHaTejin; D — aaiHHK cHFHajiH3auHn; Kl—K3 —
pejie; C — cwpeHa; JI — jiaivina cnrHa^H3aunH; RJ—R3 — conpoTHB-
jiemia; / — aaiMHK cHrnajiHaauHH AHtt^epeHUHaJitHOro T»na; 2 —

cnaii

PHC. 5.23. Cxeina CHcreMbi ryiueHMH no^apa
/ KOJuieKTop; 2, 7 — TpySonpoBoabi; 3 — GJIOK
KJianaHou; 4 — o6paTHbitt ^axeop; 5 — rojioBKa-33TBOp; 6
8 •— CHrHanbHoe OHKO
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4. nVCK SHEPFETMHECKHX ITV

nycK 3HepreTHHecKOH FTy — O^HH HS aaxcHux pexHMOB ee ,
Cjje^yCT OCymeCTBJlflTL B CTpOrOM COOTBeTCTBHH C HHCTpyKUH6H 33BO^a-H3-

TOBHTCJia, coSjiio^aa npaBH^ia TexHHMecKoit 3KcnjiyaTauHH H 6e3onacHocTH.
Fipe>Kjie MCM npHCiynHTb K nycKy FTy, Heo6xo/iHMo nposepHTb HcnpaBnocn

cHOBHoro H BcnoMorareJibHoro o6opy^oBaHHfl, TexnoJiorHMecKHX saiijHT, CHCTC-
i nervJiHpoBaHHfl. FIo^JiOKHT npoBepKe KanecTBo Macjia B MacjumoH cncxeMe w1-* f r"^\r r-

ronjiHBa. OnepauHH no nycxy FTV ODbiHHO nojiHOCTbio aBTOM9TH-
M Be^yTca no,a Ha6jTK)fleHHeM 3KcnjiyaTaiiHOHHoro nepconajia.
nycica npe^craBjiHer coSoii Bbiso^ FTy na MHHHMajibHbifi peacHM yc-

TOHHHBOH paSOTbl. JfylX CTO OCymeCTBJlCHHa HCOSXO^HM BH6I1JHHH HCTOHHHK
3HeprHH- 3TO oSiacHaeTca TCM, MTO ^o nanana BpameHHa poTopa FTy HCBOS-
MO«HO 3a*eMb TOHJIMBO B KC. Ffpn Maiibix Hacxoxax spameHHa FT cosjiaBaeMbifi
ero KpyTfliUHH MOMCHT MeHbuie MOMCHTa, Heo6xo^HMoro zuifl BpameHHa KOM-
npeccopa. OpH onpe^ejieHeoii nacTore BpameHHa MOMeHTbi BpamenHa KOMnpec-
copa H FT BbipaBHHBarorcfl, H TOJibKO nocjie 3xoro Moa<Ho OTKJiroHHTb nycKOBoe
ycTpoflcTBo (cxaprep). B KanecxBe craprepa MOJKHO HcnojibsosaTb 3JieKrpoABHra-
xejib, ^BHraxeJib BHyxpeHHero cropaHHH, cacatbiH B03,ayx H3 cneunajibHoro pesep-
syapa, nepeso,a 3JieKTporeHepaTopa FTy B pexcHM ^BuraTejia c noMombK) THpH-
cTopHoro nycKOBoro ycrpoMcTBa (TFiy) H flp. FiocjieflHHH cnoco6 BCC name npn-
MeHHercfl na coBpeMCHHbix Kpynnwx 3HepreTHMecKHx FTy.

MomHOCTb nycKOBoro ycxpoHCTBa pacxo^yeTca na noKpbirae pa3HOCTH MO-
MCHTOB BpameHHa Typ6HHbi H KOMnpeccopa, a TaioKe Ha pasron poxopa FTV. B
xeneHHe Bcero nepiiojia nycxa ero MomHOCTb /loji^cna 3HaMHTejibHO npeBocxo-
4HTb He^ocTaromyK) MomnocTb na saJiy FTY nxoSw yMenbiUHTL BpeMa sanycna.

FlycK H ocraHOB FFy xapaKrepHsyioTCH pajjoivi ocoSeHHOCTCH, KOTopbie Heo6-
XOAHMO yHHTbiBaib npn HX npose^eHHH, a HMCHHO:

B03HHKaiOT OMCHb BblCOKHC
HanpJDKCHHJI B JIO-

naro^HOM annapare nporoHHOH
iacTH, B KopnycHbix ^exaJiflX, B
potope;

HMerox MCCTO 6ojii>uine ^e-
H KOpo6jieHHfl BC6X

FTy H oco6eHHO KC;
COBMCCTHblX pCJKHMOB

Typ6HHBi H KOMnpeccopa
b—c~d—e, pHC. 5.24)

B6J1H3H JIHHHH HOMna-
ocoGeHHo xapaKTepHo

^ pe*HMa nycKa);
npH nycKe H ocraHOBe po-

1 KaK npasHJio, npoxo^HT
P^K) KpHTHMCCKyiO HaCTO-

Bospacraer

PHC. 5.24. PstQo'iaii xapaiorepHCTHKa KOMnpeccopa na
nycKOBbix pc/KHvi:i\ FTV
rHT —• Ha^ajimaa xeMneparypa rasa, °C; K — K03(j)^)n-

3anaca ycToii'iHBOCTH; « -— npHBeflCHHan lacTora

GT
onop. K 3TOMy

HTO XOTfl

G
pacxoa Boaziyxa icpes KOMnpeccop;

AaB^eHiin B KOMnpeccope

- npHBCJ(CHHIJH
crencHb
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poTop H npoKpyqHBaexca BajionoBopoxHbiM ycxpowcxBOM nepe,a nycKOM H no-
cjie ocxaHOBa c HeSojibiiiOH nacxoxoH BpameHHa (naK npaeroio, 5 — 10 o6/MHH)
see ace y poTOpa HMeexca npora6, ocoSeHHO y JUIHHHMX H xaaceiibix poxopos!
Bcjie^CTBHe 3Toro xaKace Bospacxaex BnSpauHa, Koxopas ysejiHHHBaexca no rex
nop, noKa oci, Bajia He npHMCT «CBOK>» JIHHHK>;

B no,muHnHHKax HMCCT MecTO HeycxaHOBHBLUHHcs peacHM pa6oxbi c nojiycyxnM
TpenneM. HacTo £Jia oSjierneHHa paSoxbi no^uiHUHHROB B nycKOBLix peacHMax Ha
HHX ycxanaBjiHBaexca rHflpono^teM. 3xo ocoSenno saacno AIM xaacenbix poxopos-

peacHMa ocxanoBa He6jiaronpHsxHbie nocjiejicxBua csasaHbi c Heynpas-
npouecca na saBepmaioiueM sxane. HanpHMep, npn ocxaHOBe xyp6nn

THna FT- 100, FT3-150 XOHJIHEO oxoiOHaexca npH nacxoxe BpameHHa nyxb HHace
Macro™ xojiocToro xoaa. Fipn STOM na jionaxoHHOM annapaxe CKanoK xeMnepa-
ryp cocxaBJiaex 300 — 400 °C.

FiycKOBbie onepauHH coBpeMCHHbix FTY npoBOflsrrcs xojibKo
H CKOpocxb nycKa H HarpysceHHa onpe/iejiaeTCfl, maBHbiM o6pa30M,
TCMnepaxypbi rasos H orpaHHHCHHeM TepMHHecKHx HanpsaceHHH.

Pe»cHM nycKa FTV Han6ojiee xpy^no noaAaeTca pacnexHOMy anajiHsy. Oc-
HOBHbie axanbi sanycKa npoxeKaioT npn napaMerpax, BecbMa oTJiHHaiomHxca OT
pacncTHbix. OcHOBH&ie sa^aHH 3auycKa FTY csasaHbi c opraHH3auHeti npouecca,
npH KOTOpOM Ha^eacHO oSecneHHBaioTca:

pa6oxa KOMnpeccopa B ^onoMna^HOH o6jiacxn npH MHHHMajrtHOH MOQIHOCXH
nycKOBoro ycxponcxBa;

BblXOfl H3 MHHHMajILHbtK CXailHOHapHblH yCXOHHHBblH pa6OMHfl

oxcyxcxBue B npouecce nycKa cymecxBeHHbix xepMHHecKHx neperpysoic.
3xH ycjioBHa jiojiatHbi coSjiro^aTbca H npH BOSMoacnoM yxyjiuieHHH xapaKxe-

PHCXHK FTY a xaK>Ke npH nanQojiee HeSjiaronpnaxHOM HSMeneHHH napaMexpos
napyacHoro Bos^yxa. CoScxBenno nycK nanHHaexca c BKjnoneHHa Macjianoro Ha-
coca, oSecneHHBaroiuero CMasKy no^uinnHHROB, rH^ponoflT)eM (npn ero HaJiH-
HHH), a xaK»<e no^any Macjra B cwcxeMbi peryjinpoBaHna.

HHace paccMOxpenbi npoueccbi sanycKa sneprexKHecKOH FTY oxKpbixoro
UHKjia, BbinojiHCHHOH no npocxoH cxeiwe (pHC. 5.24), Koxopbie MOHCHO pasaejinxb
na ox^ejibHbie sxanBi. Ha pnc. 5.25 npHBejeHO HSMCHCHHe OCHOBHWX napaMex-

poB FTY: pacxo^a B03,ayxa G nepes KOM-
npeccop, pacxo,aa xonjinsa ST B KC, HC^OC-

xaromero MOMenxa na sajiy FTY AAf, KOXO-
pHH ^ojia<eH o6ecneHHsaxbca paSoroH nyc-
KOBOFO ycxpoHcxBa, B saBHCHMocxn ox

" nacxoxbi BpameHHa n .

PHc.5.25.3aBHCHMocTBpacxoflaBo3ayxa
G, Heaocraiomero woMCHra Ha Bajiy FTV
Ml H pacxoaa loiuniea BT or yfltyibHoii
i ipHBcacuHOH lacTOTbi Bpamci iHH ROM-
npeccopa n npn 3anycKe TTY
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3manl(n = 0 -» nl ) ox XOHKH 0

a Hasbisarox 3xanoM xonodnozo paszoua (B K1

HC nojiaexCH XORJTHBO). YBe^HHCH
BpaineHH* poxopa FTY n npoHcxo^x
^apa pa6oxe nycKOBoro ycxpoKcxBa. B XOHKC
ocymecxBJiaexcfl saacHraHHe xonjiHBa B nycK°'
Bbix ropejTKax KC. Teivmepaxypa H
paSOHCrO XCJia HaHHH3K)T nOBbUIiaXbCa.

HT nporpes FT (xoHKa b). CwcxeMa ynpasjienHfl aHXHnoMnaacHbiMH
ymecxB^aer HX oxKpbrrae, HXO noaBojiaex oSecneHHxt ^aJibHettiuHH paaroH poxo-
FTY npH cooxsexcxBypoiueM K034>(J>HUHeHxe ycxoKHHsocxn K = 1,06—1,1.

[, mHocxb nycKOBoro ycxpoficxsa cocxasjiaex 2 — 6 % MOIHHOCXH F
3xnx ycjiOBHax npH MaJiott nacxoxe spameHna Ha6jiK>aaexca

e Kri,ZJ KOMnpeccopa. B pesyjibxaxe yBejiMHenne xeMnepaxypbi pa6one-
cBbime onpe^ejieHHoro npejjejia npHBO^wx He K yMeHbiiieHHK), a K no-
ro He^ocxaiomero MOMeHxa A M. ripOHcxo^HX xaK HasbisaeMoe «saBHca-

e)> fTY — yBeJiHieHne no^aHH xon^wsa ne npHBOAHX K yBejiHHeHHro nacro-
BpameHna. npH nona^aHHH B noMnaac ycxpannxb ero He y^aexca 6e3 ocxa-

00a FTY. 3xan / saKaHHHBaexca npH n{ » 20 — 25 % nacxoxw spauieHHa KOJIO-

0

cioro x x

3manII(n, —* n.} — cmapmepHO-mypduHUbiu paszou c omKpbimuMU anmu-

KJianauaMU (XOHKH a~b—c). IlpOHCXOAHx yBejiHMCHHe no^anw TO-
B KC FTY H nocxeneHHoe npHKpwxHe aHXHnoMnaacHbix KJianaHOB, HXO no-

K y = 1,1 = const. HaHHHaexca3BOJiflex nposecxH pe>KHM «b — c»

yqacxne FT B pasrone ee poropa.

3man III («2 — * «3) — cmapmepno-mypduHHbiu paseon npu sctKpbimbix an-

KJiananax (XOHKH c — d). B KOHUC sxoro 3xana B TOHKC d MOUI-
FT npeBbiiuaex Momaocxb, noTpeSjiaeMyw KOMnpeccopoM, H asjiaexca
oHHOH ^Jia caiwocxoaxeJibHoro paarona poxopa.

3man IV (n3 — * «4 = « x x ) — 3man zoptmezo caMOpaseona 40 pe)KHMa xo-

Jiocxoro xo^a (XOMKH d— e). B XOHKC t/pacxojj xonjinsa Sojibiue Heo6xo^HMoro

no Sajiancy, no3xoMy nocjie oxKjuoneHHa nycKOBoro ycxponcxsa (npH «3 =*

* 50 — 60 % «x x ) npoHcxoflHT ^aJibHeHiuee noBbiiuenHe qacxoxbi BpameHHfl no
3HaneHHa nA-n4 x.x

XapaKxepwcxHKa nycKOBoro ycxpoficxBa (cxapxepa) npHBe^ena aa pnc. 5.26,
Ha Hem BH^HO 3H3HHxejibHoe npeBbiiueHHe MouiHOCxH nycKOBoro ycxpoHcxsa
^n Hajj 3HaneHHeM Hcflocxaromero Moiwenxa spameHHa AM HsSbixonnbiH MO-
M6Hx AM' ycKOpaex pasron poxopa FTY. yseJiKHeHHe MOIUHOCXH nycKOBoro
CTpOHcxsa yMCHbuiaex BpeMa nycKa FTY, HO npH 3XOM cjie^yex yHHTbisaxb

"Porpes Aexajiefi ycxaHOBKH.

Swan V - - cuHXponuscfym 3HeprexHHecKOH FTY c SHeprocHcxeMon. Ilocjie
e;<oaa FTY K ycxoHHHBOii pa6oxe na XOJIOCXOM xo^y ocymecxBJiaiox CHHXPO-

3aqHK> ee sjieKxporenepaxopa c SHeprocHCxeMoii H npncxynarox K narpyate-
Pacxo^ xonjiHBa cooTBercxBeHHO yBejuiHHBaexca.

JPH Hey^anHOM sanycKe FTY nocjiejiyiomHe nonuxKH cJiejiyer HaHHnaxL no-
j ieHTHjiauHH ra30B034yuiHoro xpaxxa, qro6w y^ajinxb ocxasmeeca xaiw xon-

T& XJIOHKOB (B3pbIBOB). FTV HyjKHO HCMeZlJieHHO OCXaHOBHXb
lTbIBaHHH

npH noaBJieHHH cxyKOB, cKpea<exa H

BbiSope npoziojiacHxejibHocTH ox^eji&Hbix aranoB nycKa Baacno onpe^e-
—xeMnepaxypHbiH peacHM. Xo^o^HbiH nycK (0 — * nl ) nponc-
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H.T.npefl

Ta6j inqa 5.4. napaineTpbi sa py6c>K m,i x TTV

PHC. 5.26. 3aBHCHMOCTb iiejocTaiomero MOMCHTa na Bajiy fTV Mf (1) H MOUIHOCTH nycKOBoro
ycrpoHCTBa Mn (2) or yacjibHofi npHBejieHHofi lacTorbi BpauieHHn n xypSoKOMnpeccopa

PHC. 5,27. PCVKKM inMCHetina TeMneparypbi rasa npu nycice FTV
JIHHHS: ! — pasHOBecHbix POKHMOB; 2 — XOJKVIHOH pacKpyiKH; 3 — paaroHa Ha rpannue noMnawa
npM K = 1,1; 4 — pasrona npu npeaejibHOH xeMnepaxype ra3a; 5 — pasrona npH nocioaHHOM pac-
XOAC TonnHsa; 6 — MMeneHHH TeMneparypw no rpaHnue noMnaaca; - — reMneparypa ra-
sa Tr; ----- — pacxoa Tonjmua fiT

xoflHT npw npaKTHMecKH nocxoflHHOH xeivinepaxype (pwc. 5.27). VpOBeHi.
HHH xeMnepaxypbi ra30B npn pasrone poTOpa no JTHHHH 3 cjiejiyeT BLi6npaTb c
yneTOM Kos^^HUHCHTa ycxoHHHBOCTH K = 1,1. FlpH nacTOTe BpameHHa n' TCM-

nepaiypa raaos AocTHraex csoero npeflejibnoro sHaneHHa.
B xa6ji. 5.3 n 5.4 npHBCAenbi AaHHbie no nycKOBbiM xapaKxepncTHKaM

Hbix xnnoB aneprexHHecKHX FTV.
3anycK 3HeprexHiecKOH TTY onpe^ejiaeTca HHCxpyKunaMH 4>HpM

Tejia. Ha pHC. 5.28 npHBe^SH p«A xHnnHHbix KPHBHX peacHMa aBTOMaTHHecKoro sa-
nycKa FTY xnna V94.2 B cTaimapTHbix ycjiOBHflx OKpyacaiomeR cpe,o,bi ISO (Ta 6 =

= 15 °C;/7HH = 0,1013 MHa; dHR = 60 %). TTV BXOAHX B pexcHM 6a30Bofi narpy3KH

B XCMCHHe 17 MHH (fi TCHeHHC 9 MHH B pe>KHM6 GblCTpOFO Harpy5K6HHJl) (pHC, 5.29).
ECJIH FTY HC noflionoHeHa K BajionoBopoiHOMy MexaHH3My, xo M a c KO-

na 3anycK H HananoM nycKa npoxoflHT 30 c, B xeneHHe 3xoro

5.3. nycKOBbie napaMerpu TTY THna rT3-115-1170 (AO «Typ6oaTOM», r. XapbKOu)

napawerp

MomHocTb, KBx:
nycKOBoro yctpoHCTBa
raaoBoH rypSHHbi
noTpe6jisieMas KOMnpeccopOM

TeMnepaTypa BbixoflHtix ra3OB FTy, °C
AasjieHHC BbixojiHbix rasoB FTY, MFla
HaqajibHaH TeMnepaTypa rasos nepea FT 7"HT, °C
AasJieHHC raaoe Ha Bxo^e B FT pH T, Mlla

1200

3002
4864

60
720

0,1014
773

0,1620

1500

3745
7073
10508

63
735

0,1014
823

0,2094

1800

5436
15340
20371

66
739

0,1015
873

0,2856

2100

3493
33043
36037

74
720

0,1018
923

0,4037

2400

-3791
64065
59674
84,9
645

0,102:
923

0,582
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BeJIHHHHa

j^n~nycKOBoro ycxpoHCTsa*

MomHocTb nycKOBoro ycr-
poHcTBa, KBx
npo^ojiJKHTejibHOCxt 3anyc-
ica H HarpyaceHHa, MHH

d>Hp \ia-n3roTOBHTejib H Tun FTy

General Electric

M9001

ABC,
3A

1300

16

M7001

ABC,
3A

700

Westinghaus

501A

900

15

1101

3A

1850

ABB

13A

rny,
ABC,
3A

10—15

11B

rny,
ABC,
3A
900

Siemens

V93.2

rny,
ABC,
3A

1350

4

V94.2

rny,
ABC,
3A

2600

8

* flBC — .HBHraTCJib BHyrpeHHerocropaHHfl; 3A
yCTpoHCTBO

; Tny^THpiicxopHoe nycKoeoe

tl,
O6/MHH

2500

2000

1500

1000

500

500

400

300

200

100

0 12 14 16 18

110

100
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80
70
60
50

40
30
20
10
02 4 6 8 1 0

BpeMa, MHH
P«c. 5.28. 3anycK H narpyaccHHC FTV rnna V94.2 (cpupMbi «IlHTCpTyp6o», r. C.-rierepSypr)
"PH ycjioBHnx OKpyjKatouieu cpeaw no ISO (6es ynera noxepb na BXOJJC H Bbixo^e)

HopMajibHoe HarpyaceHHe co cKopocrbio u = 11 MBT/MHH; c — d — narpyaceHHe B pe-
Harpy3KH co cKopocTbro u = 4 MBT/MHH

pa

*HMC

CTynacx B pa6oxy cncTeivia CMa3KH, ^aBJienne B KOTOPOH flOBOAHxca 40 HOMH-
3axeM THpncxopHoe nycKoeoe ycxpOHCTBO sjieKxporeHepaxopa (npe-

c perynHpyeMoii nacToxoK) naHHnaex pasron Bajra arperaxa. B
x ycjioBHflx BHA KOMnpeccopa c H3MeHH!omHMCfl maroM HaxoziHTca B

nojio>KeHHH (peacHM MiiHHMaiibHoro nponycKa Bos^yxa). Hpn
°TLI Bpameniifl 500 o6/MHH BKjuonaexca ra303JieKTpHMecKaa c

"IpH nacxoxe spameHHa OKOJIO 700 oG/MHH oTRpbieaexcfl cxonopHbiR KJia-
(n r°njIHBH°K CHcxeMbi H B ITY noaaexca MHHHMajibnoe KOJIHHCCXBO xon^HBa

0jni3HxejTbHO 10% HOMMHajibHoro pacxojia). Flpn aocxHHteHHH nacxoxu
^HHH 1000 o6/MHH noxoK xon^HBa HaHHHaex nocxenenno Hapacxaxb juia yc-
Ha pasroHa sajia arperaxa. FIpH nacxoTe 2100 oS/MHH oxKJitOHaexca nycKO-
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n,
06/MHH

3000
2000
1000

Hepexofl npn JVg = 40 MBT
20 MBi

I, MHH

PIIC. 5.29. HopMajibiibiii li Gi.icTpbiH sanycKH H iioBbimeHiie 3JieKTpii'iecKoii HarpysKii TTV
THna V94.2 (4>npMu «HHTepryp6o», r. C.-IIerepSypr) npii ycjioBHHX OKpyacaiomcii cpej»,i no
ISO (6e3 yiera norepb Ha BXOJC H Bbixojie). CimxpoiimamiH c nOMOiubio iiycKimoro Tiipii-
CTopiioro ycrpOHCTBa MOiunocTbio 5,5 MBr
/ — HopMajibHbifi 3anycK (3KBHBa;ieHTHoe BpeMH SKcruiyaxamiH (3KB = 10 + 0 = 10 H); 2 — Gbicrpbift
3anycK (3KBHBa;ieHTHoe BpeMH 3KcnnyaTauHH /3KB= 10 + 30 - 40 H); &.T— roMeneHHe reMnepaTypw
rasoB, ittMepeHHoe y BbixoflHoro narpy6Ka FT; — npHpoAHUH ras; _ — _ — acMfl-
Koe ra3QTyp6iiHHoe TOHJIMBO; 3 — SaaoBbift pe*HM paSoTbi; 4 — nHKOBbiii pevKHM paSorw

Boe ycTpoftcTBO, H pasroH arperaxa AO cHHxpoHHoH nacxoTbi (OKOJIO

3000 o6/MHH) npoflona<aeTca FX. Mepes 20 c oSecnenHBaeTca B03Moa(HocTb

MaTHMeCKOH CHHXpOHH3aUHH C 3HeproCHCTeMOH.
HarpyaceHHC FXy HaHHHaeTca c narpysKH 15 MBT. 3aT6M BnnoTb

)KeHnsi SasoBOH HarpysKH HarpyxeHHe npoHCxoflirr co cKopocTbio 11 MBT/MHH
HoMHHajibHaa TCMnepaTypa BbixoAHbix ra30B aocTHraercji npHMepHO npn nono
BHHHOH narpysKe FXy. Ilocjie 3Toro BHA KOMiipeccopa c HSMenaioiuHMCfl a

FOM nepeBOAHTCfl B oTKpbiToe nojioaceHHe. HarpyaceHne ao nHKOsoft Har
paspeiuaeTca co CKopocTbio 4 MBT/MHH. npH sanycKe arperara HS xoJi
Tenjioro HJIH ropsnero cocTOflHHa npuMenaeTca o^na H Ta ace npoueaypa.

Flocjie noaaHH KOM3HAH Ha ocTaHOB fiy cHaTue narpysKH ocymecTBjiaeTCfl c

yKasaHHUMH Bbime CKOPOCTHMH, T.e. co cKOpocTbK) 4 MBT/MHH AO 6a3HCHoH Ha-

rpysKH H co CKopocTbio 11 MBT/MHH AO HyjieBOfi HarpysKH.
PejKHM sanycKa Tiy THna GX13E2 (4>HpMbi ABB) oSecnennBaer noJiHyw HI

MHHajibHyK) HarpysKy B TeqeHHe 12 MHH nocjie xojioflHoro cocToflHHfl (pnc. 5.^u

AHajiorHHHbiH rpa(pHK npuseAeH na pHC. 5.31 AJW TXV THna GT26 (ABB).
B nocjieAHee BpeMa B KaqecTBe nycKOBOro ABHraTejia, KaK npaBHJio

erca 3JieKTporeHepaTop FXV, paSoTaioiUHH B PCJKHMC ABHraTejia c
ynpaajieHHeM c noMQiubio THpHCTopHoro nycKosoro ycrpoRcTBa (XnV).
nax THHOB TX3-150 (AO J1M3) H TX3-25y (ypamcKHH TypSoMOTopHbiK
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PIIC. 5.30. PeatHM 3anycKa TTV Tiina GT-13E2 (4)iipnibi ABB)

HarpyaceHHe

r, MHH

t, MHH

PHC. 5.31. PeatMM 3anyc«a TTV THna GT-26 (((mpMbi ABB)
1 — sneKTpniecKaa Harpy3Ka; 2 — pacxoa BwxoaHbix rasos; 3 — TCMnepaiypa BtixoztHbix ra30B;
4 — nacTOTa BpameHHfl; 5 — cHHxpOHH3a^H5^; 6 — pocT nacTOTbi BpameHHH

flJia nycKa Hcnojib3yeTca rapHCTOpHoe ycTpowcTBO. MOLUHOCTL XflV Typ6nHbi TH-
na TO- 150 cocTasjiaeT OKOJIO 11 MBT, THna FX3-25y — 1,6 MBT (npn nycKe).

HycK TypSHHbi THna TX3-150 ocymecTBJiaeTCfl cjieAyromHM oSpasoM:

npon3BOAHTca pasroH poxopa AO HacToru BpameHHa 1000 o6/MHH, nocne nero
ocymecTBjiaeTCfl UHKJI saiKHraHna. CKanoK TeMnepaTyp npn 3TOM cocTasjiaeT
'pH6jiH3HTejibHo 300 °C. MacTOTa BpameHHfl yBejiHHHBaerca npHMepHO AO

J0 06/MHH, aHTHnoMna^HLie KJiananbi OTKpbiTbi;
nPOH3BOAHTca pasroH poTOpa AO nacTOTbi 2600 o6/MHH, anTHnoMna>KHbie KJia-

1 s c j i . CxeneHb cxaTHfl sosAyxa B KOMnpeccope
c 7 AO 8, a TCMnepaTypa rasos nepeA TypSnHOH

Ha 25 °C;
Xny npOHCxOAHT na nacTOTe XOJIOCTOFO xoAa 3000 o6/MHH, HTO

H

K CHH>KeHHK> HBCTOxw BpameHHa Ha 20 o6/MHH. TcHepaTOp
ABHrarejia B eH(HM renepaTopa;

3fleK
 IOJ1HaeTca cnHxpoHHsauna nacTOTLi Bpameniia renepaTOpa c nacTOTOH

Hena 'HliecKOH CCTH, 3aKjiK>Maromaaca B coBMemeHHH $a3 nepeMCHHoro TOKa re-
aT°Pa H CCTH;
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nocne CHHxpoHHsauHH npoBOAHTca HarpyweHHe FTY co CKopoCT,
10MBT/MHH.

onepauHH npn ocTanoBe TypGnHbi THna FT3-15Q CJ

pasrpyjKCHHe FTY co CKOpocTbio 15 MBT/MHH 40 narpy3KH 6 MBr H
renepaTopa OT CCTH;

Bbmep>KKa FTY na peacHMe XOJIOCTOFO xo,aa B TeneHHe 2 — 5 MHH juia Cta6
jiH3auHH TeMnepaTyp B npoTOHHOH nacTH;

CHHxeHHe Macro™ BpameHHJJ pOTopa TypSoKOMnpeccopa #0 2550
npH 3TOM OTKpbiBaroTca aHTHnoMna)KHbie KJianaHbi;

ocxaHOB FTY nyTCM OTKJiioMeHHfl no^aHH TonjiHBa;

nOCJIC CHHJKCHHH HaCTOTW BpameHHfl KQ 100o6/MHH BKJlK>HaeTCa
pOTHoe ycxpoHCTBo, Koxopoe npOKpynHBaeT poTop c HacTOTofi
3,5 o6/MHH.

AnajiorHMHo npoHSBo^HTca nycK TypSHHbi THna FT3-25Y: UHKJI
ocymecTBJiflerca npH nacTOTe BpameHHs renepaTopa 800 o6/MHH, MTO
syeT nacTOTe BpameHHfl xypSHHbi 1600 o6/MHH. Hoc^e 3Toro reHepaxop (c
pa6oraeT B peaciiMe cTa6HJiH3auHH Bpamaromeroca 3JieKTpoMarHHTHoro
140 H • M c yBejiHHeHHCM nacTOTbi BpameHHsi poxopa H aKTHBHofl MOIUHOCTH
TOY AO 1 ,6 MBT. B jiaJibneHmeM aKTHBHaa MOUIHOCTL H BpamaromHfi MOMCHT
TFIY yMeHbiuaiOTCa AO 14 H - M H THY OTKJiiOHaeTCH (npH nacToxe

2400 — 2500 o6/MHH). THpHciopHoe nycKOBoe ycTpoficTBO MOXCT
(40 120 MHH) pa6oTarb B peiKHMe Me^jieHHoro BpameHHfl H

FTY npH nacxoTe BpameHHfl renepaTopa 400 — 500 OS/MHH, o6ecneHHsaa
na «Bbi6ere» TypSoarperaTa. THpHCTOpHoe nycKOBoe ycTpoficTBO o6ec-

neHHsaer pasron TypGoarperara K3K npH paSoxe BaJionosopoTHOro ycrpoRcTea
(4 o6/MHH no Bajiy reHepaxopa), TaK H npH TporaHHH c MCCTa (6e3 pa6oxbi BriY).
fljifl onTHMH^auHH paSoMHx napaMCTpoB npn nycne npHMeneHo noBOpotHoe ycr-
POHCTBO H3 nepBbix Hexbipex HanpaBjiaioiitHX annapaTOB KOMnpeccopa.

Ha FTY THna GT-35 (FTY-T3U B r. SjieKTpocTajib) B KanecTBe nycKOBoro
ycTpottcTBa npHMenaeTca cncxeMa, cocxosimaji H3 cnenyiomHx 9JieMCHTOB:

pesepByapa cacaToro B03^yxa BMecTMMocTLro 3,7 M3 aaBJieHHCM 9,0 MOa;
BosflyuiHoro KOMnpeccopa, noziaromero sos^yx B pesepsyap;
nycKOBoro ycTpoKcTBa, cocToamero H3 nepeABHJKHoro narpy6Ka c MexaHM

MOM nepeKJiioHeHHji H c 3aceKTopaMH, nepes noxopbie nepe^aeicfl B03 ,̂yx Ha B;
KOMnpeccopa HHSKOFO aaBjienHa;

pe^yKUHOHHoro KJianana, noHHiKaromero ^aaneHHe B03Ayxa, KOTOpbiH no.
K 3HCCKTOpaM;

coejjHHHxejibHbix Tpy6onpOBOAOB H apMaxypbi.
FlycK BbinojiHflCTCfl B cjiejiyiomeH nocjie^oBaTejibHOCTH:

naxpySoK nepeKpbiBaex BXOflHon B03flyuiHbiH Tpaicr;
H3 pesepByapa no,aaeTC3 Mepe3 peziyKUHOHHUH KJianan K

nepes conjia BBO.IIHTCJI B pe3epByap nepefl BXO^OM KOMnpeccopa,
HsSbiTOMHoe aaBneHHe 0,05—0,08 Mfla;
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PHC. 5.33. HaivieHeHMe nacroTbi
poropoB FTV THna GT-35 (ABB—Alstom)
"i—"3 '~~ "lacTora BpaiueHH» cooTBeTCTBen-
HO pOTOpa BblCOKOro H HH3KOFO

pHc 5-32. HweHemie nycKoebix napaMCT-
p0B FTV THna GT-35 (ABB—Alstom)
/ __ TeMnepajypa ra30B T nepea CH^OBOH
rypSHHofl TTV; 2 — flaBJienne paSoiero TC-
jia p B KC PTV; 3 — cjeneHb orKptiraa pe-
ryjiMpywmero ToruiHBHOro KJianana /JKJI FTV

B03^yx, npoxojia nepes jionaTOHHUH annapar KOMnpeccopoB Himoro H BWCO-
Koro MBJieHHa, pasroHsei poTopu ao MacroTbi BpameHHH 500 o6/MHH. Hepes 3 c
nocjie Toro KaK ̂ aBJienne B03,ayxa nepejj KOMnpeccopOM ^ocTHrneT 1,0 Kfla,
BKC no^aeTCfl H 3a«HraeTca Tonjinso;

pOTOpbi FTY pasroHflioTCH H HaMHHaiOT 3a6op sos^yxa B 6ojibiueM o6teivie,
nocjynaeT nepes 3aceKTOpbi. ^asjienne Bos^yxa na sxoae B KOMnpeccop no-

, nHeBMaiHHeCKHtt npHBOjt nepeMemaer nepe^BH^HOH narpySoK B 06-
HanpaBjieHHH H OTKpbiBaeT flocTyn Bosayxa B KOMnpeccop nepes B03Aym-

tpaKT. I^HKJI 3a>KHraHHa AJIHTCSI 30 c;
3areM ocymecTBjiaeTCH ^aJibHeHiiiHH nycK Typ6HHw nyxeM yse^HHeHHa pac-

ia PHC. 5.32 H 5.33 npe^CTasjieHbi rpa^HKH H3M6HenH3 napaMCTpos FTY
•35 npH nycKe. Y)KC ^epes 80 c nocjie nanajia nycKa poxop CHJIOBOH

JP HHW HMeer nacxory Bpamenna 3000 o6/MHH H TOTOB K npose^eHnK) CHH-

B03M '°" HHL1 OCyiUeCTBJiaCTCfl OTKJTIOMeHHeM TOnJIHBa npH MHHHMaJlbHO
H HarPy3Ke- npH yMCHbiiieHHH nacTOTbi BpamenHS poTOpa

O B?^°THOe yCTpOHCTBO, KOTOpOC npOKpyHHBaCT pOTOp HH3KOFO
—150 00/MHH. POTOp BblCOKOFO AaBJICHHa BpamaeTCa nOTOKOM B03-

P TOPa HH3l<oro .aasjieHHa. BajionosopOTHoe ycTpoficTBO, npHBoflHMOe B
-j^ 3JIeKTPOABHrarejieM, BXOAHT B sauenneHwe c poxopoM Hfl c nowombio

BK 'Pan°BtlM MexaHHSMOM. OpH onpe^eJieHHOH CKOPOCTH ueHTpo6ea<:HaH
D"0a< «co6aMKH» OT KOJieca xpanosHKa H

ycTpoHCxsa
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KI

(uiraTHbiH) ocraHoe FTY npeayCMOTpen
$HKOM noKpbiTHfl Harpy3KH, njianaMH TexHHnecKoro oGcjiy^KH Banna
HHH H COOTBCTCTByKMUHX peMOHTOB yCTaHOBKH.

npH nocxynneHHH CHrHana Ha nnaHOBbifi ocxaHOB nepcoHaji B
CKOM HJIH JIHCTaHUHOHHOM pOKHMC OpraHHSyCT TTJTaBHOe yMCHbllieHHe Happy
ITY H saTeM OTKJTIOHaeT ee 3JieKTporeHepaTOp OT CCTH. SareM BKinonaeTca n "
KOBoe ycrpoHCTBO, o6ecneHHBaiomee no;mep>KaHHe Heo6xo£HMOH nacroTbt '

, HpeKpaiuaeTcs no^ana TonjiHBa B KC, opraHHsyerca HHTencHBHas
ra30B03_ayixiHoro TpaKTa ycTanosKH. npoAysaioTca see TonjTHBHbie

jieKTopbi, ^opcyHKH H ropeiiKH, HTo6bi ne flonycTHTb o6pa30BaHHa
HOH CMecH. FlocJie npo^yBKH saKpbiBaioT rasoBbie nmGepbi co CTOPOHM
KOMnpeccopa (>Ka.nio3H) H Bbixjrona TTY BO Hs6e5KaHHe nona^aHHa BJiaru,
H HeflonymeHHfl ecTecTBeHHoii TJIPH, pacxonaacHBaiomeH npOTOHHyro nacTL
Ha pHC. 5.34 npHBe^enbi npHMepbi pasJiHHHbix KOHCTpyKUHH rasosbix
ncnojTbsyeMbix 4-fia STHX uejieii.

CneiiHajibHOMy KOHTPOJIW H perHCTpauHH no^jieacHT ewSez pomopa
ero nojiHOH ocTanoBKH). AnajiH3 ero H3MeHCHHa nosBOJiaeT BLIXBHTE co-

nenojianKH MexaHHHecKOH CHCTCMbi poTopa.
BanonoBOpoTHbiM ycTpofiCTBOM (Bny) MOJKHO ynpasjiaTb npoueccoM OCTLI-

FTY nyreM npHKpbiTHH mnGepoB Ha Bcace H Bbixnone H noBopoTa BHA
Ha 3TOH CTajjHH TJiaBHaH sa^ana — paBHOMepnoe ocTbiBaHne poTopa H CTaTopa c

HsSeiKaTb HX pasjiHHHoro paciiiHpeHHfl, T.e. conracoBaTb CKOPOCTH oxjiaac-
ripn THXoxoflHOM BriY H

fl_

ft
/ \

/ \^ s,.

PHC. 5.34. BapiiaHTbi raioebix iiiiiGepoci ra3o-
xoaoB TTV H nry
154

TOT6 BpameHHfl pOTOpa 5 10 06/MHH
OCTbIB3HHe MCflJieHHOe H HCpaBHOMep-
HOe, OCOSCHHO B6JIHKa paSHOCTb CKO-
POCTH oxna>KjieHH3 sepxa H HHsa Kop-
nyCHblX JJCTaJlCH. 1 IpH .HJIHTeJIbHOM
npoKpyHHBaHHH poTopa BFIY HMCCT
M6CTO SHaMHTCJIbHWH H3HOC HOfllllHn-
HHKOB. BblXOA H3 3TOFO nOJlOJKCHHil —
npHMeneHHe nmponoji'beMa poTOpa.
EbiCTpoxo^Hoe BFTY oSecnenHBaer

BpameHHa 150—300o6/MHH
K FTY Tuna GT-35 —

123 O6/MHH), HTO JlOCTaTOHHO
HOMepnoro oxjia)K^eH:
yziOBJieTBOpHTenbHOH paSoTbi
IXIHHHHKOB. HpH 3TOM p63KO
BaeTCfl MoinHocTb SHY npH
nacTOTe BpameHHfl poTopa
UICHHfl HCpaBHOMepHOCTH

nepeKpbiBaTb -
TpaKT ^jra npeziOTBpaiUeIi

caMOTHra B ^biMOBOH Tpy6e. 1

CpOK, TO myGOKOrO nvnawnpHMfl 3rf
para ne Tpe6yeTcs.

'
noj

jaii-in i ni njin uu ptujtn HIM ji \v I i (lunun r
H aocTH>KeHHH npe^ejTbHo aonycTHMOR -lacTOTbi spameHUfl poropa;

..,„ ^onycTHMoro SHaneHHfl ocesoro cuBHra poTopa;

B TOnJIHBHyKt CHCTCMy T00-

...... jiaBJieHHfl Macjia HJIH yeejTHHeHHH ero TeMnepaTypbi Buixie
rjHHeHHH Bbiine HopMbi HanajibHOH TeMireparypbi rasos nepefl FT;

LracaHHH 4>aKejia B KC FTY;
.HH*eHHH HH5KC HOpMbI ^aBJTCHHfl

^Ba'gaTbisaHKH saiUHTHbix ycTpoficTB ajieKTporenepaTOpa FTV;
03HHKHOB6HHH nOMHa)Ka H flp.

o ycjioBHflX aBapHHHoro ocTanoBa FTY HpesBbinaHHO
nroTOBKa 3KCHJiyaTauHOHHoro nepconajia, ero yMenne opHeHTHposaTbca B
H HeiHTaTHOH CHTyaUHH, JieHCTBOBaTb SblCTpO H HpaBHJlbHO B COOTB6TCTBHH

no SKCnjiyaraiiHH.

s nnbIT aKCnJlVATAUMM 3HEPrETMHECKMX (TV B 3HEPrOCMCTEME
OAO «MOC3HEPrO» M MX OKCnJlVATAmiOHHUE nOKASATEHM

K BasHCHinHM SKcnjiyarauHOKHbiM noKasaTejiaM rasoTypSnHHbix anepreTH-
qeCKHX yCTaHOBOK OTHOCflTCH HaAC^HOCTb H 3KOHOMHHHOCTb. B 3aBHCHMOCTH OT

rpa<})HKa (peHfHMa) FTV MO^BT Haxo^HTbca: B pa6oTe; pesepse;
ocTaHOse na TexHHnecKOM oScjiyacHBaHHH; peMOHTe; KanHTajibHOM pe-

MOHTB; npocToe nocjie asapHH.
C yneroM aaHHHx o BPCMCHH npeSbiBaHHa B Kaw^oM TaKOM COCTOSIHHH onpezie-

JlflTOT KOMTUieKCHblH HOKasaTCJIb HafleatHOCTH, KOTOpblH B COOTB6TCTBHH C TOCT
13377 BbipaxaeTCfl c noMombK) HecKOJibKHx o6o6maiomHX K

K03(p<pHH,HeHTa TOTOBHOCTH

K = (5.1)

p — BpcMa paSoTbi FTY, H; TBn — BpeMa Bbmy^^eHHbix npocToes FTX H;Bn

TeXHHHCCKOrO HCHOJIbSOBaHHS

(5.2)
n.n.p

njianoBo-npejiynpe^HTejibHoro peMOHTa.

OUCHKH 3KcnjiyaTaunoHHbix noKasarejieil FTY
Hyac^eHHbix npocToes

TK B>nB -n a = — - l = 1 _ j r •T_ K A r >

_ z
6C30TKa3HOCTH HyCKOB

HCJIO ycneuiHbix nycKOB, z' — HHCJIO nycKOB.

(5.3)

(5.4)
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3™ KostJx^HuiieHXbi Moryx Sbixb onpe^ejienbi .zuijj FTY, BbinymeHHtix B AO-
cTaxoMHOM KojiHHecTBe, HeM 6ojibuie cepHfl, TOM 6ojiec flocxosepHbi o6o6maio-

K03$(|>Hu,HeHTbi. OHH c BbicoKoH cxeneHbio Ha,ae>KHocxH Moryx SbiTb HC-
npH pa3pa6oxKe AHcnexHepcKoro rpat|)HK3.

OUCHKH pa6oxw FTY, paSoxaiomHx B IIHKOBOM poKHMe, HcnojibsyeTca
yCJIOBHblH K03(Jp4)HU,HeHT FOTOBHOCXH, npeACTaBJIJHOlUHfl CoSoM OTHOUieHHC BpC-
MCHH paQoTbi FTY K cyMMe BPCMCHH ee paSoTbi H BbiHy^eHHbix npocxoee:

K»_ = _^E __ , (5.5)

me (T + TB n) /TK — oxHouieHHe BPCMCHH, Koma pa6oxa xpe6oBajiacb no

HM 3HeprOCHCT6MbI, K KaJICHflapHOMy BpCMCHH OXHCXHOFO HCpHO^a TK .

Ee30TK33HOCTb 3anycK3 oco6eHHo Ba>KHa fljifl FTY, paSoxaioiUHx B HHKOBOM
pejKHMe. HanpHMep, Ha ycxaHOBKax THna FT-100 (co CJIOJKHMM UHKJIOM) cpcflHne
KO34>4>iiHHeHXbi 6e30TK33HQCTH nycKOB cocTaBJiflrox 94—98 %, Ha FTY, pa6o-
xaioiuHx no npocTOMy UHKJiy, na^oKHOCTb eme sbime K5 n = 98—99 %. B Poc-

CHH fljia 3HepreTHM6CKHX FTY B COOTBCXCXBHH FOCT 29328-92 wYcxanoBKH ra-
30xyp6HHHbte AJifl npHBO^a xyp6orenepaxopoB» ycxaHOBnenbi cjie^yiomHe KO3(p-
(IjHUHCHTbi: Kr = 98 %, K^M = 92 %, K5 „ = 95 %. ^Jia FTY, paSoxaromnx B nn-

KOBOM pe>KHMe, Kr = 0,97. CpeflHa^ Hap36oxKa Ha oxnas ^ojia<Ha cocxaBJiaxb ne

Menee 3500 H npn pa6oxe B GasoBOM pea<HMe H He Menee 800 H npH pa6oxe B nn-
KOBOM pe^HMe.

OCHOBHOe MHCJIO OTK330B CB333HO o6b!HHO C BBOflOM B 3KCnJiy3T3U,HK) HJIH
cra^neH 3KCnjiy3X3UHH 3HepreTHMeCKHX srperaxoB: B 3x0 speMfl Bbi-

He,aopa6oTKH KoncxpyKTHBHoro xapaKTepa HJIH Henojia^KH B XCXHO-
CXCMC. Flocjie ycTp3H6HHH He^opaSoxoK Ha^,eM(HOCTb arperaxoB 3a-

MCXHO yBejlHHHB36XCJi. FlpHHHHaMH OTK330B B 3TO BpeMfl oSblHHO flBJISIIOXCfl 3KC-
xpeMajibHbie ycjioBHsi (nanpHMep, nycic FTY no^ narpysKy BHC aHcnexnepCKoro
rpa4>Ht:a) HJIH ne^ocxaTKH KOHCxpyKunn, npoaBJiaiomHeca c XC^CHHCM BpeMCHH.
HaKoneu, no Mepe BbipaSoxKH y3JiaMH H aexajisMH arperaxa pecypca nponcxo-
/IHT HX Bbixofl H3 expos. flpo(J)HJiaKXHHecKHe paSoTbi, 3aMena H3HomeHHbix H
Bbiuie^iuHX H3 cxpoj) ^cxajiefl H ysjiOB nosBOJisfiox npo^Jinxb «>KH3Hb» 3HeprexH-
neCKOro arperaxa. SnanHxejibHO yBejiHiHBaex HaAeacnocxb paSoxbi arperaxoB
nepexoA K nojiHocxbK) aBTOMaxH3HpoBaHHbiM oicxeMaM ynpaBJieHHJi paSoxofi
FTY, Koraa ynacxHC onepaxopa HJIH MauiHHHCxa B nycKe HJIH ynpasjienHH arpe-
raxoM orpaHHHHBaexcfl BHsyajibHbiM KOHTpojieM 3a paSonHM nponeccoM.

Onbix 3Kcnjiyaxau,HH OTenecxBeHHbix H sapy6e>KHbix FTY cBH^eTejiLcrsyex o
TOM, HXO Hajie^Hocxb arperaroB sasncHT ox cjie,n,yK>mHx 4)aKxopoB (xa6ji. 5.5):

coBepuiencTBa KOHCTpyKUHH H xexnojioFHH H3roxoBJieHHa ysJioB H
FTY Ha 33Bo^e-H3roxoBHxejie;

KOMROHOBKH oSopy^OBaHHfl, CJIOHCHOCTH UHKJia H XCnJIOBOH CXCMbi;
3KcnjiyaxauHH H KBajiH(J)HKauHH nepconajia.
xapaKxepHbix HeHcnpasHOCxeK H HOJIOMOK Ha FTY no3BOJiaex

CJieziyiomHH BWBO^: HOJIOMKH rypSHHHbix JionaxoK npowcxoflflx H3-sa
HJIH HeyAOBJieTBOpHTejibHoro oxjia^^eHHH, xepMoycxajiocxHbix
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5.5. 3iccnjiyaTauHOHHbie napaMerpu 3HepreTHiecKHx FTY B CHCTCMC OAO «Moc3Hepro»

napawerp ny

CpeaHHs HapaSoiKa Ha ox-
Kas, i/nycKH, HC Menee
K03(})4)HUHeHT TeXHHMC-
CKOrO HCnOJlb30B3HHH Kr a,
He MCHee
Ko3(JxJ>HpfaeHT 6e3OTKa3HO-
CTM nycKOB K6 n , ne Menee

Ko34>4>HUHeHTrOTOBHOCXH
KT, ne MCHee

Pecypc jo cnncamifl*,
H/nycKH, ne MeHee
CpeAHHH pecypc Meacay
KanHiajitntiMH peMonxa-
MH, H/nycKH, He MCHee
PacHexnaa xpyjoeMKOcxb
KanHxajibHoro peMOHra,
Hopiwoiac

FT- 100

—
0,92

0,95

0,98
0,97**

100 000/320

25000/80

4000"/IOOO"

THII ny

FT3-150
(7;T-950*C)

—

0,92

0,95

0,98
0,97"

100 000/320

25000/80

4000* V 1000"

FT3-150
(7-HT=1100°C)

800"/100**

0,92

0,95

0,98
0,97**

— /3000

10 OOO/—

GT-3S

—

—

—

—

130 000

40 000/200

264

TT3-25y
(npoeKT)

3500

0,92

0,95

0,98

100 000

25000

2500

* Rmi ITY Ttmon FT-lOO n rT3-150 SHCJIO nycKOB B HHKOBOM peatHMC — HC MCHCC 5000.
** PaSoia B HHKOBOM

nsposHH, nona^aHHa nocxopOHHHx npe^MexoB B npoxoMHyio HHCTB
H ^p. ripHHHHaMH nojioMOK KOMnpeccopHbix jionaxoK name Bcero HBJiaroxca noM-
na*, HX KopposHfl HJIH BH6pauHa. BecbMa xapaKxepHbi ajia npoTOHHon nacxn
KOMnpeccopoB sacopenne MX MaxepnajioM SJIOKOB uiyMorjiyuienHfl, nbiJibio, no-

c BcacbiBaeMbiM sosflyxoM, H oce^aHne Mac/ia, sacacLisaeMoro H3
. Flocjie xaKHX asapHH oSbi'iHO npnxo^Hxcfl BCKpbiBatb secb arpe-

rax H paaSwpaxb 6ojibmoe KOJIHHCCXBO BepxHKajibHbix n ropH3OHTajinibix pa3be-
MOB. CxoMMOCTb 3aM6Hbi jionaioK cocTasjiaeT BecbMa Sojibiiiyio ^OJHO CTOHMOCXH
>eMoHTa (cxoHMocxb BceFo JionaTOHHoro annapaTa — 3x0 40—45 % CXOHMOCTH

Typ6HHbi). Fipn SXOM npHxo^HTca BbinojiHflTb noSoHHbie paSoxbi: fle4)eKxocKO-
[HK) M6T3JIJI3 BCCH npOTOHHOH H3CTH, CJI6C3pHO-c6opOHHbie psSoTbl (fl 60JlbtIIOM
l&beMe), SajianciipOBKy poxopa nocjie saMenu jionaxoK B saso^cKHX ycjiosHax

H Ha Mecxe. K sxoMy cjieziyeT ^oSasHXb, HTO BpeMs BtiHy>K^eHHoro npocToa
Mo>KeT flocTHraTb nojiyro/ja H Sojiee.

'^opMauHH H o6pa30saHHH xpemHH B n^aMennbix xpySax n ropeji04Hbix
^cxsax KC H B .apyrnx ^exajiax ropaneFO xpaicra npojjoJDKHxejibHocxb H CTOH-

T^ peMOHxa xanace Moryx 6wrb secbMa 3HaHHxejibHbiMH. xaK KaK saMacxyio Kyc-I\H "^'pli-r
' 3JieMenxoB nona^aioT B npoTOHHyro nacxb FT, noBpe^zias ee JionaxKii.

f- e$opMauHa KopnycoB, noBpOK^eHHC onopnbix n ynopnux nojiinHnHHKOB
Hofi 3a CO^OH 3afleBaHHa BpaiuaroiuHxcs Hacxeft, yBeuHHCHMe sasopoe npoxon-
Mo

 ac™ H CHH>KeHHe MOIUHOCXM H KI1# arperaxa. FIpoztojiacHxejiLHOCTb pe-
a H ero cxoHMocxb xaKMce Moryx 6bixb SHannxejitHbiMH.
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PHC. 5.35. npiiHUHnHajibHas Tenjioeaa cxeitia FTV THna TT-100-3 (AO JIM3)

,3,jia npHMepa paccMOTpHM onbiT aKCnnyarauifH FTY THna FT- 100, ycTanoa-
jieHHbix na FP3C-3 B CHCTCMC OAO «Moc3HCpro». YcraHOBKa THna FT- 100
(pHC. 5.35) flBJiacTca AByxBajibHbiM arperaTOM CJIO^KHOFO UHKJia. IJHKJIOBOH B03-
ayx nocrrynaeT B BocbMHCTyneHnaTbifi OCCBOH KOMnpeccop HHSKOFO AaBJieHH3
(KHff), npHBOflHMbiH naTHCTyneHHaTott TypGnHOH HHSKOFO RaBJieuHH (THff). Ha
3TOM ace Bany (nacTOTa BpameHHa 3000 OS/MHH) naxojiHTca 3JieKTporeHeparop
(3F). Flocjie KHff UHKJIOBOH B03^yx oxjiaac^aeTca BOJIOH (G = 3000 T/H) B Asyx

(BO) H nocTynaeT B 13-cTyneHMaTt.iH KOMnpeccop BbicoKO-
(KBff}, npHBo^HMbin OT TpexcTyneHHaTOH TypSwHbi BbicoKoro ^as-

(TBff) c nacTOTOH BpameHHfl 4000— 4100 o6/MHH. no£Bo,a Tonjinsa -
, B Kaiwepbi cropaHHa BbicoKoro (KCBff) H HHSKOFO (KCHff)

cooTBCTCTBeHHo nepefl TBff i! THff. Kaac^aa KC COCTOHT HS 12 njia-
Tpy6 H oSmero KOJiJieKTopa rasos nepea Typ6HHOH. PassopOT Bajia BW-

COKOFO ^asjieHMfl ocymecTBJiaeTca nycKOBott napoBOH TypStiHofi (I7T). Baji HHS-
KOFO ,aaBJieHH3 TporaeTca c BajionoBopoiHoro ycTponcTBa (3 — 4 o6/MHH) OT raso-
Boro noTOKa. HanajibHaa TCMnepaTypa rasos nepej; Typ6nHaMH 750 °C, MaKCH-
MajitMoe AasjieHHe sosziyxa B U.HKJIC 2,5 MFIa, pacxo^ sos^yxa B uniaie 450 KF/C,
pacxoji ra30Typ6HHHoro TonjiHBa 30 T/H. Pa6oTa SJICMCHTOB npOTonnoS nacTH CBH-
33Ha C BblCOKHMH TCpMHHeCKHMH Hanpfl)KeHHflMH (OCOSCHHO B nHKOBOM peJKHMC
3iccnjiyarauHn), a TaKace c Bos^efiCTBHeM KOpposHOHHO-aicrHBHOH cpejiu. YcTaHOB-
jieHHbie na FP3C X2 3 FTY HHTencHBHO 3KcnjiyaTiipyK)TCfl B nnxoBOM pe>KHMe.

3KcnnyaTauHOHHbie noKasaTCJiw SHCpreTHHecKHX FTY FP3C-3 H FTY-T3U
B r. 3jieKTpocTajib 6bmH npHBe^enbi B Ta6;i. 5.5. Ho HHCjiy nycnoB, HapnSoTKe K
BtipaSoTKe 3JieKTpO3HeprHH arperaTbi FP3C-3 OAO «Moc3Hepro» npeBocxoA^T

FTV, BsejieHHbie B 3KcnjryaTauHio panee (KpacHo^apCKaa T3LJ, H T3LJ «HiioTaw)-
B TeneHHe Bcero BpeMenn 3KcnJiyaTaunH na FP3C Ke 3 OAO «MoC3Hepro»

FTV nOABepraioTca OKero^HbiM noapoSiibiM TenjioebiM HcnbiraHMflM 30 u
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Ta6jiM U a 5.6. HapawcrpLi TTV THna TT-100 Ha TP3C-3 OAO «Moc3Hepro»

CtaHUHOHHblH
noMep FTY

1
2
3

Tun FTV

FT- 100-3
rr-ioo-3
rr-ioo-3M

j^aja BBOfla B SKC-
njiyaTauHio

Oespanb 1977 r.
OKTsSpb 1978 r.
OeBpant I980r.

napaweTpti wa cepejuwy 2001 r.

OSiuee iHCJio
nycKOB

3593
3493
3576

O6maa
HapaSoTKa, H

13865
14338
14468

BbipaSoTKa
3J16KTp03Hep-

THM, MJ1H Kfil/H

925,23
969,21
947,99

80 h-

PHC. 5.36. CHH»!eHHe pacnoJiaraeiMOii MOUIHOCTH TTY rnna TT-100-3 B npouecce 3Kcnjiyara-
UHH na FP3C-3 OAO «MocsHepro» (npHeeaeno K ycjiOBiisM): p = 760 MM pr. CT.; THB = +5 °C;
ro,,.B « 6 °C; rH.TTBJl = 750 °C; 7^^ = 700 °C;/= 50 Fu

peMOHTOB c noMombro HMeromenca HCCJie^oBaTejibCKOH ocnacTKH.
TaKHx ncnbiTaHHli FTY rana FT-100 npe^CTasjieHbi na pnc. 5.36, H3

KOToporo BHflHo, HTO pacnojiaraeMaa Momnocrb ycTanoBKH cymecTBCHHO na^aer
B nP°Uecce 3KcnjiyaTauHH H nacTHHHO BoccTaHaBJiHBaeTca B pesyjibTaTe npoBe-

peMOHTOB, npH 3TOM HMCCT oSlUyK) TCHJieHUHK) K CHH3<eHHK). 3TO CHHafe-
MOUIHOCTH no xapaKTepy BJiHHHHa Ha Hero pejKHMHbix H 3Kcn;iyaTauHOHHbix

MO>KHO yCJIOBHO pa3flCJIHTb Ha RRQ COCT3BJlflK)mHe:
1- CHHJKCHHe MOIUHOCTH 3a Me»(peMOHTHyiO KaMnaHHK) oSyCJlOBJICHO 33HO-

w HpOTOHHblX HaCTCH KOMnpCCCOpOB H yxyj[UieHHeM 3KOHOMH4HOCTH TypSHH
HSMeneHHa paanajiLnbix sasopOB. CHH>KeHne MOJUHOCTH saBHCHT OT HHTeH-

BHOCTH SKcnuyaTauHH H cocTasjiaeT ana FTY Xs 1 or 2 40 10 MBT sa Becb ne-
6 7

0?/KcriJiyaTai*HH (PHC- 5-36), ^Jifl FTY X<> 2 H 3 3a nocjie^HHe naTb jier 2,8—
* iBT H 3,7 — 7,2 MBT cooTBeTCTBCHHO. KaK npasMJio, TpeSoBaHHa cTaH^apTa

^eXHHHCCKHX yCJIOBHH 3aBOfla-H3rOTOBHTeM O MaKCHMajIbHO ZlOnyCTHMOM CHH-
H MOUiHOCTH 33 MBJKpeMOHTHyK) KaMnaHHK) (5 % HOMHHaJIbHOH MOUJHOCTH)

159



2. HeBoccTaHaBJiHBaeMoe PCMOHTOM CHH^ceHHe MOIUHOCTH FTY oSycjioBJieno
H6O6paTHMbIMH H3MCHeHH2MH rCOMCTpHH npOTOHHOH M3CTH. ^Jlfl FTY (pHC. 5.36)
nocjie nepBbix HSTH KanHTaibHbix peMOHTOB CHH>KeHne MOIUHOCTH cocraBHJio
3,6 MBx, nocjie cjie^yiomHX nerbipex PCMOHTOB 6 MBT H nocjie noc.ne.nHHX
pex 8,4 MBT no cpaBHeHHio c cocroaHHeM TypSoycraHOBKH nocjie

^jifl FTY JN2 2 H 3 3HaneHHe pacnonaraeMOH MOIUHOCTH nocjie
peMOHTOB 1991 r. OTjinnaeTca OT «napanHbix» 3HaneHHH Ha 10 H 6,5 MBx COOT-
BCTCTBeHHO.

SHaneHHa pacnojiaraeMofi MOIUHOCTH npHBCAeHbi K TeMnepaTypaM rasa nepejj
TB,Zl H TH/J 750 H 700 °C cooTBeiCTBeHHo. OrpaHHHeHHe TCMneparypbi rasa ne-
pejt THfl, no cpaBHCHHK) c npoeKTHbiM anaMenneM 750 °C BtuBaHo ne^ocTaTOH-
HOH npOHHOCTbK) JionaTOK CTyneneH 1\\J\.

FipH paspeiiieHHoR .zyia HopManbHOii SKCHJiyarauHH TCMneparype ra30B 3a TH/I,
paBHOfi 350 °C, TCMnepaTypa rasos nepefl THJ\ B pa3Hoe speMa ro/ia coCTasjiaeT
660—680 °C, a MOuiHOCTb FTY CHHiKaerca na 10—15 MBT. Pa6oTa c noHH>KeH-
HKIMH TeMneparypaMH nepezi TH,H, H He^ocTaTOHHaa rnOKOCTb CHCTCMH peryjiHpo-
Banna orpaHH^HBaioT TaKace reMnepaxypy raaoe nepe^ TBfl na ypoane 710—
730 °C, HTO Bbi3biBaer aonoJiHHTejibnoe CHHa<eHHe MOUIHOCTH na 2—3 MBT.

CyMMapHbiit «Hezto6op» MOUIHOCTH, TaKHM o6pasoM, cocTasjiaeT ne Menee
25 MBT, HTO, B CBoro OHepeAb, npHBo^HT K yBejiHHeHHio y^e^bHoro pacxojja TO-

npiiMepno na 60 r/KBr • H.
OCHOBHOH HCflOCTaTOK FTY THH3 FT-100, BLIHBJieHHblH B npOUCCCe 66 3KC-

jnonaeTCH B ^6(J)opMauHH cTaTopHbix ^eTajiefi. Kopo6neHHe UH-
£Ha4>parM, KOTOpoe HC MO>KCT 6biTb ycTpaneno PCMOHTOM, npHBO^HT K

UHjiHHjjpoB no (J)JiaHiiaM H nepaBHOMepHOCTH pajinajibHbix sasopos
H, K3K CJie^CTBHC, K BblXOJiy HpO^yKTOB CFOpaHHa B MaillHHHblH 30J1 H CHH^CHHK)
3KOHOMHHHOCTH arpcraTa.

MnorOHHCJieHHbie cnoco6bi, paspaSoTaHHbie saBO^OM-HaroTOBHTejieM c uejibK)
yMCHbiiiHTb ae^opMauHK) UHjiMH^pOB, 6bmH nposcpeHbi B ycjiOBMax 3Kcnjiyara-
UHH, HO nojTOHcHTCJibHoro 3i|)4)eKTa He flajni. HaHMeHbiiiHH pecypc HMCIOT nuaMeH-

Tpy6bi KC HHSKOFO ^aBJieHHa. Hepes 1500 H paSoTbi (HJIH nocjre 400 nycKOB)
KaiKflyio peBH3Hio Ha oSenaHKax njiaivieHHbix Tpy6 oSHapyMCHBa-

TpemHHbi, KopoGiieHHa, OTpbiBbi saKJienoK H Apyrne zie^ieKTbi. Pecypc KC
BbicoKoro ^asJieHHS npHMepno B^Boe Bbime. Cpe^naa npojiojiHCHTejibHocTb ea<e-
roAHbix KanHTanbHbix PCMOHTOB FTY na FP3C X»3 OAO «Moc3nepro» 3a no-
cnejjHee speMa cocTaanjia npnMepno 100 Kanen^apHbix ^neii. ^Jia M04epHH3a-
UHH ycTanoBKH THna FT-100-3 sasoflOM-HsroTOBHTejieM 6biJiH ocymecxBJieHbi:

pacKpbiTHe BxoflHoro nanpaBJiaromero annapara KH^I, na 15° fljia ysejiMHeHna
pacxo^a B03^yxa;

yMCHbiuenHe pacxojia sos^yxa na oxjiaac^eHHe poTopa TBJI,;
H3M6HeHHe MecTa ox6opa sos^yxa Ha oxjiaac^enHe TH,H;
peKOHCTpyKUHa renJiOBOH HSOJISUHH KOpnyca KCH^;
noBbiiueHHe npOHHOCTH pa6oMHX JionaTOK pflfla CTyneneH KOMnpeccopos H

Typ6HH nyTeiw H3MeHeHHfl TexHOJiorHH H npHMCHCHHa HOBbix MarepHajiOB.
FOJTOBHOH o6pa3eu MOAepHHSHpoBaHHOH ycxanoBKH Twna FT-100-3M 6tlJl

nymeH B 3KcnjiyaxauHro B 1980 r. Ha FP3C JYe 3 OAO «Moc3Hepro» (FTV Ks 3)
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OnbiT ee SKcnJiyaxauHH noicasaji, HTO o6maa xeH^eHUHa nocToflHHoro CHHMce
MOIUHOCTH H 3KOHOMHHHOCTH MOAepHH3HpOBaHHOH yCT3HOBKH COXpSHHJiaCb.

3KCn^yaT3UH3 arperaTOB THROB FT-100-3 H FT-100-3M craHOBHTca SKOHO-
MHHCCKH see 6ojiee pacTOHHTe^tHofl H3-3a Sojibiiinx y^ejibHbix pacxo^os
^aromero Tonjinsa, SHanHTeJibHbix aaxpax na PCMOHT, He^onycTHMfcix
B aTMOC{J>epy TOKCHHHI>IX OKCH^OB a30Ta.

Ha 3JieKTpOCT3HUHaX PO HC06XOZ(HMO BHe^pSTb SoJICe COBpeMCHHUC, BblCO-
K03KOHOMHHHbie H Ha^ejKHbie 3HepreTHHecKHC FTY (CM. m. 7).

KoHTpojib napsMexpOB H cocToaHHfl FTY no3BOJiaeT cBoespeMeHHo o6H3py-
jKHTfc H npejiynpe^HTb B03MoacHbie nenojia/iKH H asapHH. FIpw nycKe, pa6ore H
ocTaHOBe FTY asTOMaTHHecKH KOHTponHpyroTcfl npaKTHHecKH see OCHOBHHC na-
paMCTpbl, H O COCTOflHHH FTY M03(HO CyZlHTb HO TOMy, HaCKOJIbKO COOTBCTCTBy-
JOT re HJIH HHfaie napaMerpu pacHerHUM HJIH onbiTHbiM sHaneHHaM, onpe^ejieH-
HWM pa3pa6oTHHKOM H nocTaBEiHKOM FTY. FIpH pa6oTe FTY KOHTpojiHpywTca:

TCMnepaTypa rasos nepefl H 3a rypSHHofi;
sanac ycTOHHHBocTH pa6oTbi KOMnpeccopa;

nepenaA ztaBJieHHfl B03^yxa na BXO^HOH saSopHOH KaMepe (pa3pea<eHHe Ha
Bcace);

B ijHKJie FTY;
njiaiweHH B KC;

spameHHa poropa (poropOB);
Tennepaxypa Macjia Ha cjiHse H ^aBJieHHe Mac^a, no^asaeMoro na

TCMneparypa

cocToaHHe nozuiiHnHHKOB H poropoB;
OC6BOH CABHF pOTOpOB;
Harpy3Ka;
TCMirepaxypa H pacxozi CCTCBOH BOJIM H jip.
KpoMe 3Toro KOHTpojiHpyiOTCfl ycJiOBHfl SesonacHOH paSoxbi co6cTBeHHO
Y: HajiHHHe ra33 B KOHTeilHepe (npn KOHxeHHepHon nocxasKe FTY); no>Kap

B KoHxeHHepe; yxenica Bo,aopo,aa na ynJiOTHCHHH reHepaxopa H MHoroe zipyroe.
HaKOHeu, npoBepaeTca paSoxa BcnoMoraTejibHoro oSopy^osaHHa: nacocos BO-
4ti, Macjia, B03/iyxa (xexHOJiornHecKoro HJIH BcnoMoraxeJibHoro); ^ojKHMHbix
(raiOBbix) KOMnpeccopos; KOMnpeccopa nHCBMopacnbuia H ̂ p.

B qejiax KOHXpoJia H no^epjoHHa Ha sa^aHHOM TexHHMecKOM ypoene napa-
'teTP°B TTY npOBO^Hxca ee xexHHHecKoe o6cJiyKHBaHHe. B saBHCHMOCxn OT
'OUIHOCTH H KOMnjieKxauHH nocxaBKH 3HepreTHHeCKoK FTY — Qjionnaa, B KOH-
£HHepe H^H noysjiOBaa c nocjie^yiomeH c6opKOH Ha 3JieKTpocT3HUHH — cocxaB-

Tea HHCTpyKuna no xexHWHecKowy o6cjiy>KHBaHHK) ycxanoBKH. B UCJIOM xex-
Ci>-!ieCKOe °6cJiyacHBaHHe MOSCHO ycjiOBHO pas^ejiHTb no cpoKaM: na OKeflHesnoe

r B ce6n o6cjiy)KHBaHHe nepes KaMcziwH nac c sanncbK) B acypHaJie), eace-
^JitHoe, e^eMecaHHoe, nojiyrojioBoe, ajKero^Hoe (ceaoHHoe).

eryjiapHo BbinoJinaexca xexHHHecKoe o6cjiy»CHB3HHe npn6opoB,
-J3MepeHHH, samnxbi, cHrnajiHsauHH (exe^HCBHoe, e^ceHe^ejit
°e» TpexMecflHHoe, nojryroAOBoe, ro^osoe).

Tv, pa6oxaiomHX B HHKOBOM pe»:HMe, BaiKHbiM ^aKxopoM ^,Ji» onpe^e-
—.MCHxa xexHHMecicoro o6cJiy«HBaHHa aB^aexca KOJIMHCCXBO nponsBe-

'x nycKos, B TOM HHCJie c BbiBO^oM Ha MaKCHMaJibHyro HarpysKy. riepHo-
perjiaMCHXHbix n PCMOHTHBIX pa6ox ycxaHaBJTHBaexcfl c ynexoM ycuo-

iiHMg
(BK

H^e

annapaxypbi



fi 3Kcn.nyaTan.HH OHKOBOH FTY npH MHCJIC nycKOB B rO£ ne Sojiee 500 npH
cpeflHefi npo^ojiHCHTejiLHocTH nycKa 2—3 H. TaK, fljia ryp6HH Tnna FT3-150 H
FT-100, pa6oT3K>mHX HMCHHO B TaKOM peatHMe, TexHHHecKoe o6ony)KHB3HHe
oSopy^OBaHHfl pa6oTaiomeH FTY MOIKHO no,apa3,aejiHTb Ha o6cjry)KHBaHHe: ne-
pes Kaawwfl ^ac; nepes 1,5— 2 H nocjie nycKa (1 pas sa nycn); 1 pas B cyiKH
(B^HeBHyro CMeny); I pas B He^ejiro; nepes 25—30 nycKOB; nepes 100 nycKOB;
nepes 500 nycicoB (peBH3Ha H peMOHT).

OSoiyjKHBaHHe pa6oTaiomeii FTY (xnna FT-100, 3fleci> H HHIKC) nepes Ka-
nac saKJironaeTca B cjie^yromeM:

Kaofcdbiu nac sanojiHflKvrca cyxoHHtie BCJIOMOCTH ^jia sanncn napaMCT-
poB pa6oxbi FTV, KOHxpojiHpyiOTCH napaMexpLi paSoTLi FTY, 3JieKTporenepaTO-
pa, flpyroro odopyAOBanna sjieKTpocTaHUHH, ocMaTpHBaroTca H npocjiymiiBaiOT-
ca Kopnyca ryp6oMauiHH H Kopnyca nofluiHHHHKOB;

nepes 1,5— 2 H nocne nycm ocMaTpnsaroTca BOS^yxooxJiaAHxejiH, Macjioox-
jiaAHTeiiH, Macjionacocbi H Mac;io6aK cncTCMbi cMasKH, (J)HJibTpbi TOHKOH OHHCT-
KH TonJiHBa, uiH6epbi na scace KOMnpeccopa HHSKOFO aaBJieHHa (KH^) H BMXO-
.jie ryp6HHbi HHSKoro ziaBJieHHfl (THfl), TonjiHBHbie Hacocu nepeoro H Broporo
noA'beMa, rpa^HpHa, n,HpKyji3UHOHHbie Hacocti, TpySonposo/ibi BCCX HasHaie-
HHH, CHCT6MbI BCHTHJlflUHH, OTOnJI6HHfl H OCBeiUCHHS MaiUHMHOFO 33Jia, TORJ1HB-
H06 X033HCTBO BHyTpH MaiUHHHOrO 33J13, (|)HJlbTpbI ^KH^KOrO TOHJIHEa (fi HaCOC-
HOH), noacapHoe XOSSHCTBO, o6opy^oBaHHe CHCTCMH no^aHH yrjieKHCJiOTbi
B 6noK BHyTpeHHMX iKxuiiiHnHHKOB, flbiMosaH xpy6a, jipeHaiKHLie Hacocu (TOH-
jiHea H Macjia), MacjioSaK CHCTCMU peryjiHpoBaHHfl, Bos^yiUHO-MacjiaHLiH aKKy-
Myjiarop, aHTHnoMnaacHbie KJianaHbi H Tpy6onposoabi K HHM, KonoHKa peryjiH-

FTY, SJIOK oSsasKH ysjios perynHposaHHa, H3MepHTejitHLie npnSopbi,
naneiiH, Ka6ejibHbie H HMnyjibCHbie xpaccbi, cocroaHHe HSOJISUHH Ka-

BbicoKoro HanpajKCHHa;
/ pas e cymxu e dueenyio CMeny ocMarpHBaeTca B03^yxo3a6opHafl Katviepa c

(})HJlbTpaMH H BKJIKJMaiOTCa H3 nOHHaca MaCJlOHaCOCtl CHCT6M MaCJIOCHaS^CHHfl H
(ecjrn FTY He sanyCKajiacb B Te^enne cyroK); nposoziaTca Hcnbi-

3jreKTpoMarHHTHbix BbiKJHOHaTejieK ryp6HHbi (no rpa(J)HKy nposepKH sa-
Tca napaMeTpbi 3JieKTporeHepaTopa; ocMarpHBaioTCfl: 6aKH-or-

CTOHHHKH Macjia, 6aKH sanaca rypSHKHoro Macjia, 6aK ciiHBa Macjia, a
H jipeHa^HbiH MacjioSaKH, aseKTop oTcoca Macua H3 SnoKa BHyrpeHHHx
HHKOB, MaCJlOOT^eJlHTCJIH J1HHHH OTCOC3 napOB MBCJia H3 BHyTpCHHHX
HHKOB, ^peHaacHbiit 6aK TonjiHsa, paciiiHpHTejib ApenaHceK UHJIHH^POB;

1 pas e nedejiK) H3 xonjiHBHoro 6aKa 6epeTca npoSa M<HAKoro TonnuBa
pe^eneHHa era HHSIUCH TenjiOTbi cropanmi H OJIOTHOCTH; BbinojiHaeicfl
HUH nycK FTY ,ao Bbixo^a Ha XOJTOCTOH xofl c nposepKOH napaMerpoB paSoTbi
FTY, Haxo^fliueflca B pesepse); npoBeparoxcfl BKnroneHHe pesepBHbix H
HacocoB CM33KH H napaMCTpbi HX pa6oTbi, SepeTca npo6a Macjia H3 MacnoSaKa CHC-
TCMLI CM33KH H3 aH3J]H3 (J)H3HKO-XHMHHeCKHX CBOHCTB, OpOBepaeTCfl pa6OT3 (JjHJH>T"
pa TOHKOH OHHCTKH Macua. Ha He paSoTaromeH TypSwHe nposepaercfl cpa6arbiBa-
HH6 CHCT6MbI OTKJHOH6HH3 TypSHHbl OT KHOOKH aBapHHHOFO OTKJUOHeHHfl HE KOp"
nyce nepe^Hero noAnmnHHKa H OT KHORKH na KOJiOHKe peryjiHpoBaHHfl
CTCJI nposepKa rHApaBUHHCCKofi 6jiOKHpOBKH OTKptiTHfl cepBOABHrarejia
pyromero KJianana nycKOsoM TypSwHbi, Qeperca npo6a H3 MacnoSaKa cwcTCMbi pe*
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nposepKH najiHHHa B Macjie BO^H, MexaHHHecKHX npHMeceK,
OCMOTp H HpOBCpKa pa60TbI KOHUCBblX BblKJIfOHaTeJieH Ha 3^6KTpO-

, peryjiHpyromnx H 3HTHnoMn3>KHbix KJiananax, npoBepaerca pa6ora co-
KJiananoB B jiHHHax cHCTCMbi 3a)KHraHHa, npoH3BO,aHTCfl npo(J)HJiaKTH-

OCMOTp 3JieKTpOHHbIX nOTeHUHOMCTpOB, MOCTOB (c HHCTKOH
nposepKa 3amHT FTY B DOJIHOM oSteMe, pejiettHow nacTH CHCTCMbi
CKOPO nycKa; ocMaTpHBaroTca naponpoeoa nycxoBOH TypGnnn (FIT), ajKeicropbi OT-
cocs napa HS ynjiOTHCHHH FIT, myuiHrejiH H onopbi Bbixo^Horo naponposo^a; on-
peflejiaercfl HHCTOTa eo^opo/ia B Kopnyce reneparopa; HSMepaeTca enGpauHa KOH-
T3KTHbIX KOJTCU, BbinOJlHSeTCa KOHTpOJlbHLIH 3HajIH3 Ha COZtepMfaHHe BO^OpO^a B
6jioKe BHyTpeHHHx nofliiiMnHHKOB Meamy THfl H reHepaTopOM;

nepes 25—30 nycKoe 3aMCHaioTCfl no ABC 4>opcyHKH BbicoKoro H HHSKOFO
jieHna na sanacHbie (no rpatjmicy), a cnaTbie <|)OpcyHKH no^BepraiOTca
OHHCTKC H npO^yBKC Ha (|>OpCyHOHHOM CTCH^e; npOH3B0^3TCa OCMOTp H OHHCTK3
cer^aTbix ^HJibTpos Ha MacJioSaice cHCTCMbi CM33KH, c^aeTca Ha
npo6bi H3 ocaaKa M3CJio6aKa Ha HaJiiinne B HCM MeTajuiHMecKHx
OHHmaiOTCa CCTKH H (ftHJIbTpyjOmne 3JieMeHTtI Ha BOJlflHblX H TOnJIHBHblX 4>HJIbT-
pax; npoH3BOfl3Tca OCMOTP H OHHCTKS ^HJibTpos H SJICMCHTOB myMorjiyuiHTejifl
B03flyxo3a6opHOH KaMepbi; onpe^eJiaeTca yTenKa Bo^opo^a H3 Kopnyca renepa-
Topa; ocMaTpweaioTca H oHHmatoTca CCTKH MacJianoro ^HJibTpa MacjioSaKa CHC-
xeMbi peryjinpoBanna n ztejiaeTca ananns oca^Ka c MacJio^HJibTpos; npoBepacTCfl
ncnpaBHOCTb paSoTbi nacocoB peryjiHpOBaHna n nepeKjuonarejia pacuennoro
ycTpoHCTBa; OHHmaioTCH KBapuesbie CTeK^a OT npoayKTOB cropaHHH, npoBepjnoT-
ca xapaKTepHCTHKH ^OToconpOTHBJienHa; BbinoJiHjnoTCfl OCMOTP sjieKTpoflBnra-
T6JI3 M6XaHH3Ma ynpaBJ16HHfl H OrpaHHHHTeJIfl MOIUHOCTH H eTO OMHCTKa OT HblJlH
H rpasn; ocMarpnBaroTCfl 4>HnbTp-npecc, MacjioonncTHTejibHaa ycTanoBKa Tnna
riCMI-3000; nponsBo^HTca o6cjiy>KHBaHHe MOCTOBOFO Kpana;

tepes 100 nycKoe jieMOHTHpyroTca see ropejiKH BbicoKoro n HHSKOFO ^asjie-
HHS c 4>opcyHKaMH, sa^nraTCJiaMn, (|)OToaaTHHKaMH, nponsBOztflTCJi nx oincTKa,
onpeccoBKa H npo^ysKa 4)OpcyHOK na cTenjje; c noMoiubro nepenocHofl jiaMnti n
3epKana BLinojinaeTCfl OCMOTP njiaMenHbix Tpy6 nepes narpySKH UHJIHH^POB;

OCMOTP 3H,iiocKonoM JionaTOHHoro annapaTa qepes naTpy6KH un-
cteMHtie JIFOMKH, Hcpe3 jiWKH co CTOpoHti Bbixnona H Bcaca (npn na-

); nposepaeTca cocToanne Tpy6nbix CHCTCM BosAyxooxjiaflHTejiefl; ocMaT-
rasoxoji H B03jiyxo3a6opHaa KaMepa c c])HJibTpaMH; BbinoJTHaeTca non-

anajiH3 Macua CHCTCM cMasKH H peryjinpoBanna n anajina «H4Koro TonJinsa;
OCMOTp BC6X TOnJinBHblX (])HJIbTpOB CO BCKpblTHCM B TOnjlHBHOH H3-

H MaillHHHOM 3aJIC H HX OHHCTK3 HJIH 3aMCHa; npOBCpaiOTCfl l|)HJILTpbI H3
Bcace TonjiHBHwx Hacocos; ocMaTpHBaroTca nacocbi CM33KH, flpeHaacHbie, ron-
'HBHbie, BeHTHJiflTop Ha^ysa 6;iOKa BHyTpeHHHx no^mnnHHKOB, BCHTHJISTOP OT-
Oca napOB Macjia ns BnyTpeHHero noziuiHnHHKa; nposepaeTCfl pa6oTa ysJios n
pHSopoB cncTCMbi peryjinpOBaHHH.

^H^opMauHfl 06 o6napyM<eHHbix npH oScjiyacHBaHHH .netJjeKTax oSopyflosa-
8 saHocHTca B onepaTHBHbiK acypnaji, HX no BOSMO^CHOCTH ycTpanaroT, CCJTH

ltili He npenarcTByioT paSore o6opyAOBaHHa. Ilo Mepe nsnoca o6opy^oBaHHH
ePHO^HHHOCTb H o6t6M pernaMCHTHblX paSOT MOryT MeHHTbCfl no CpaBHCHHK) C

ne
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PHC. 6.10. B J I K H H H C remnepaTypbi tiapyxcuoro Boaayxa Ha 3JieKTpH-iecKyio MomHocrb 3nepre-
(ABB)

MOIUHOCTB H cooTBeTCTByfomaa MouiHOCTb 6a30Boro
narpysxa; 2 — niiKOsaa Harpysica

A'' , Nrf — TCKymafl
(TH B = +15 °C); / —

PHC. 6.11. BJIHHIIHC leMiitparypbi Hapywnoro BO3jyxa na 3jieKTpitiecKHB KllJl 3iiepreTiiie-
CKOH ITY (iJiHpMbi ABB)

ml., Tiro — TeKymee

narpy3Ka 25 %; 5 - — niiKOBan

3JieKTpnHecKoro KH/I H 3JieKTpH4ecKiiH KIT,ZJ B 6asoBOM pe%nMe
Harpy3ica 100%; 2 — narpy3Ka 75 %; 3 — narpy3Ka 50 %; 4 —
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PHC. 6.12, BjiHflHHe TeMneparypbi HapyatHoro B03ayxa iia pacxoa BbixoflHbix raaos snepreTB-
rry (ABB)

3HaieHne pacxoaa BLIXO^HBIX ra30B n MX pacxoa B 6a30BOM peacuMe (TH B
 =

PMC. 6.13. Uj iHHHite TeivinepaTypbi iiapyxiioro BO3ny\a Ha OTKJIOHCHHC TewnepaTypbi
Hbix i iitoB ATKT OT ee Jiia'icmin B SJIJOUOM pc>Kiii\ic npii 7"HB = +15 °C (7"KTO)
1 -— HOMHuanbHan warpyaica 100 %; 2 — narpyaica 75 %; 3 — Harpyaica 50 %; 4 — narpysKa 25 %',
5 — nHKOBafl Harpy3Ka
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COBpeMCHHOH 3HeprCTHHeCKOH FTV npH MOmHOCTH B 6330BOM pe^HMC 53 MBT,
HanaJibHOH TeMnepaxype rasos 1100 °C H creneHH cncaTHa B Kownpeccope 71 = 16.

03 PHC. 6.9 cjie^yeT, MTO npn H3MeneHHH reMnepaTypbi Hapy^noro B03^yxa B
paccMaxpHBaeMOM AHanasone 6ojibiiie scero HSMenaeTca sjieKipHMecKaa narpys-
Ka Fry. Flo cpaBHCHHro c 6a30BbiM (pacneTHbiM) peacHMOM npn T = +15 °C STO
n3MeneHHe cocxaBjiiieT AO 70 %. C yneTOM STOTO HOMHHajibHyro MomnocTb 3JieK-
TporenepaTopa BbidHparoT Bbime, HCM MomHOCTb FTV B pacnexHOM pes(HMe. Ha-
npHMep, OTfl ycxanoBKH THna FT3-150-1100 (J1M3) npw sneKxpHMecKoK MOIUHO-
CTH B pacnexHOM peiKHMe OKOJIO 150 MBx ycxaHaBJiHBaexcs 3JieKxporeHepaxop
MOlUHOCXbK) 210 MBX.

3HeprexHHecKHe FTy paccMHxaHbi P.JIX paSoxbi B xaK H33biBaeMOM aBxoHOM-
HOM peafHMC H3 OCHOBHOM HJIH pe3CpBHOM BHflC XOHJIHBa C Bbl6pOCOM BbIXOJ(HbIX

Hepe3 B ra3oxo,a H xpySy (H 100—120 M).
B xaKOM pejKHMe 3Kcnjiyaxau,HH OCHOBHMMH noKasaxe/isiMH flBJiaroxca SKOHOMHH-
Hocxb H Ha,n,e>KHocxL paSoxbi npn HOMHHajibHon H nacxHHHbix Harpy3Kax (40
60 % HOMHnajibHoro 3HaneHHa).

BMecxe c xeM see Maine B 3HeprexHKe nepexo^ax K BHezipenHK) napora30Bbix
ycxanOBOK, B Koxopwx xenjioxa Bbixo^Hbix ra30B FTy nojiesno HCnojibsyexca
flnfl Harpesa cexesoH so^bi H reHepauHH xexnojiorHMecKoro napa (xenjiosbie cxe-
MW FTy-TSIJ,) HJIH JIJIH renepauHH napa asyx HJIH xpex ^asjieKHH H BLipaSoxKH
flonojiHHxejibHOH 3JieKxp03HeprHH B napoxypdHHHOH ycxanoBKe (xenjiosbie cxe-
MM nry). B SXHX ycjioBHax saacHbiMH napaMexpaMH aBJiaioxca 3JieKxpHiiecKHH
Kn/], B aexoHOMHOM peafHMe, 3HaneHHa napaMexpos Bbixo^Hbix rasos H ziHana-
30H HX H3M6HeHHa, B ps^e cjiynacB cHcxeMa ynpas^eHHfl FTy ne B COCXOSHMH

Ha SXH napaMexpbi. Hs-3a BJIHSHHS napaMexpos Hapya(Horo BOS-
H npe)Kjie scero ero TCMnepaxypbi pacxoa H xeMnepaxypa Bbixo^Hbix rasos

JHflioxca, HXO He no3BOJisex cxa6HJiH3Hposaxb napaMexpbi pa6o-
nero xejia B cxeMax FTy-T3LJ, H nry (pnc. 6.14). FipuxoAHXca npH6eraxb K jjo-
a<HraHHK) xonjiHBa B cpe,fl,e Bbixo^Hbix rasos, HXO ycJioacnaex H noBbimaex CXOH-
Mocxb ycxanoBKH, sanacxyio cHH^aa ee 3KOHOMHHHocxb.

B HeKoxopux cjiynaax B sasncHMOcxH ox xeMnepaxypbl napyjKHoro
xapaKxepncxHKH FTV BbiGnpaioxca xaKHM
o6pa30M, Hxo6bi npn 7H B - -(10—20) °C ^.T,°c

3-neKxpHMecKaa narpysKa ycxanosKH cxano-
MaKCMMajibHoii, a ee ysejiHHeHHe or-

nponycKOM sos^yxa B KOM-
npeccop c noMombro BHA H cHcxeMbi pery-

Fiy (CM. xaSJi. 6.1).
npHBefleHHbix B xa6ji. 6.2 ^annbix Ha-

BHjjHbi pe3yjibxaxbi cxaoHJiH3auHH A en*TJv
Hc-6,14. HiMci ieHi ic TeMncparypi,! Bbixoanbix raaoa

3"epreTHHecKHX FTV pasnt-ix THROB B ( H B H C H M O C I H
OT TewnepaTypbi Hapyacnoro nosayxa
1 — V94.2 (Siemens); 2 — nT-110 (AO «Pbi6HHCKHe
MOToPbi»); 3 — HK-37-1 (OAO «CHTK HM. H.^. Kya-
«euoBa»); 4 — nr-25 (HHO «MamnpoeKT»); 5 — 350
JV-55CT20 (3AO «3HeproaBna»); 6 -- rTr-16V

«Typ6oMOTOpHbift 3aBOfl») 40 20 0 -20 T "CH.B'
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6.2. Iliiviciienne napaMCTpOB 3apy6eiKHoii tOBpoicinioii 1'1'V MonuiocTiiio 70 MBr
npii i ioMiiuajibiioii narpyiKc njia ycjioimii cesepa EaponeucKoif nacTH POCCIIH

flapaMCTp

OiHOCHxejitHaH ajreiapHHecKaa

MOIUHOCTI, FTV N*/Nrf

OlHOCHTejIbHblH SJlCRTpHHeCKHH

KUA i i «ir/nro

OTHOCHTCJlbHUH paCXO^ BblXO^-
Hbixra30BGKT/GK1<)

OTHOCHTejitHaa TCMnepaxypa
Bbixoanbix rasoB TKr/TKTO

3HUHCHHC napaiwerpa npw Teinnepatype HapyjKHoro eoaayxa, °C
-51

1,216

0,993

1,141

0,98

-36

1,216

1,025

1,108

0,981

-15

1,155

1,022

1,087

0,984

-6

1,114

1,099

1,062

0,987

+15

1,0

1,0

1,0

1,0

+30

0,905

0,969

0,950

1,017

. Huaeicc «0» OTHOCHTCH K 6a3OBOMy pe>KHMy no ISO (THB = + 15 °C).

6.3. Ilpeaejibi inMeiieiuin i cMi iepa iypb i BbixojiHbix raaou -ji iepminecKiix I T Y
ja B. IHHHHH r e M i i e p a i y p b i isapv ' -Kiioio B03jyxa (HOMimajibHaii tmpyiica)

Tun ITY

TT3-180n (J1M3, «ABHaABnraTejib», BTH)
rT3-150-1100(JTM3)
FTF-llO (AO «Pbi6HHCKHe MOTOpu»,
HFIO «MamnpoeKT»)
FT3-16V (VTM3)
FT3-1 15-1 170 (AO «Typ6oaTOM»)
MS9001 FA (General Electric)
V94.2 (Siemens)
V64.3 (Siemens)
V94.3A (Siemens)
GT26 (ABB)
GT8C (ABB)
GTXIOO(ABB)
GT13E2(ABB)
GT13D(ABB)

flHana30H H3Me-
nenHa jewnepa-

Typbi HapyxcHOro
B03^yxa A7"HB, °C

-40... +40
-25. ..+30
-40... +45

-5 5... +45
-40... +45
-55... +35
-37... +37
-20... +50
-51... +30
-15. ..+35
-20... +50
-15. ..+30
-20. ..+50
-20... +50

Flpejieji HSMeneHHfl
TCMnepaiypbi

BbixoflHbix raaoB
rTyArK T ,°c

70
70
122

220
76
56

31,4
41
22
45
48

24,5
40
22

rKT
/7"K.TO

0,945—1,030
0,916—1,026
0,849—1,085

0,558—1,070
0,890—1,035
0,938—1,032
0,967—1,025
0,980—1,055
0,979—1,017
0,966—1,031
0,968—1,054
0,976—1,020
0,983—1,058
0,985—1,027

7"KTO— -
nepaiypa BbixoflHbix rasos FTY B npe^ejiax inMenemifl reMnepaTypbi HapyjKHoro

ixojiHbix rasoa B SasosoM p 7' — TCM-

TeMneparypbi BbixoztHbix rasos FTy. B IUHPOKOM .ananasoHe H3MCHeHHfl reMne-
parypbi Hapy>KHoro BOS^yxa SHaneHMe 7T

KT H3MeHHCTca HesnaMHTejibHO -
B npe.ae.nax 4 %. B 3THX yciioBHax npn xeMnepaxype B034yxa HHHte -15 °C npH-
KpbiTHeM BHA H orpaHHHCHHeM nponycKa BO3^yxa nepes Kownpeccop 3jieKTpH-
MecKaa MouiHOCTb FTy no^^epacHBaerca nocxoaHHOH. Flporpecc B 3TOH
HjiJirocTpHpyrox npHBe^ennbie Ha PHC. 6.14 Kpusbie H3MeHeHHfl 7^^, no^
BM TeMnepaxypbi napyacHoro sos^yxa. B pa^e FTy xeMneparypa Bbixo^Hbix ra-
3OB HSMeHflercfl B 3HaHMTejTbHbix npeflejiax. B ra6ji. 6.3 npneejieHbi ^annbie 06
H3MCH6HHH TeMnepaTypbl Bbixo^Hbix ra3OB opn HSMeHeHHH TCMnepaxypbi na-
pyacHoro BO3Ayxa AJIS p^Aa 3HepreTMMecKHX FTY
204

6.5. CTABMflMSAUMfl TEMnEPATYPbl B03AYXA, nOCTVnAIOmErO B KOMnPECCOP
3HEPrETMHECKOM ITY

B coBpeMCHHbix KOHCTpyKUHflx 3HepreTHHecKHX FTV yflaerca cymecTBCHHO
cTa6H^H3HpOBaib TCMnepaxypy Bbixo^Hbix ra30B. fljia STOH UCJIH ncnojib3yK>Tca
BHA H FIHA nepBbix CTyneHefi KOMnpeccopa ycranoBKH H CHcxeMa peryiiHpoBa-
HHfl Fiy (PHC. 6.15). HsMeHCHHeM yrjia noBopora nonaTOK STHX ycTpoKcTB y^a-
eTca BHOCHTb onpeaejieHHbie KoppeicraBbi B xapantepHCTHKH FTy TaKoe TCXHH-

pemeHHC npo6jieMbi ycjiosno MO>KHO nasBarb eHympeuHUM.
CymecTByiOT pemenHfl no cTa6HJiH3auHH xapaKTepHCTHK 3HepreTHMCCKHx

KOTopbie MoatHO Hassaxb eneuiHUMU. CpejjH HHX MOXHO oTMCTHTb: eo3deu-
cmeue na meMnepamypy napyztcHoeo eosdyxa, 3a6HpaeMoro KOMnpeccopoM us
aTMOC$epbi. 3xo B03^eHCTBHe ocymecTBjraeTca B 3one OTpnuaTejibHtix TCMne-
paxyp H o6ecneiHBaeT noBbimeHHe TeMnepaTypbl 3a6HpaeMoro B03jiyxa. TCM
caMbiM orpaHHHHBaioTCfl MpesMepHoe noBbimeHHe MOIIIHOCTH ycxaHOBKH H CHH-
KeHHe TCMnepaTypu Buxo^Hbix raaoB. ^Jia TCXHHHecKoro ocymecTBJieHHa a,aH-
Horo peiueHiia B B03^yxo3a6opHOM ycTpoftcTBC ycTanaBJiMBarox Tenjioo6MeHHH-
KH, nepe3 KOTopbie nponycKaiox rperomyro cpe^y: nap, Bo^y. FloflorpeB B03^yxa
MOXHO ocymecTBHTb, Hcnontsya TaK)Ke TennoTy Macxn Bbixo^Hbix rasoa FT.
B coBpeMCHHbix ycjroBHax sKcnuyarauHH FTy ^onycTHMO no^MeuiHBaTb

ra30B K sacacbiaaeMOMy aos^yxy (puc. 6.16). Flo onbnmiM
4—5 % BUXOAHHX rasos B KOMnjreKCHoe BO3,ayxooHHCTHTejibHoe ycr-

pOHCTso FTy npocxoH TenjioBOH cxeMbi nosBOJiJtex noBticHTb TCMneparypy sa-
cacbiBaeMoro B03Ayxa Ha 15—20 °C.

A

1,00

0,92

0,84

0,76
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PHC. 6.16. TenjiOBaa cxeMa FTY c B03-
aeiicTBueivi na TCMneparypy 3acacbi-
BatMoro KOMnpeccopoM

-5 -10 -15 *BHA

PMC. 6.15. Bo3ae»CTBHe na xapaKTepucTHKH 3HepreTiiHecKoH PTV H3ineHCHHeM yrjia oTKpbi-
THH BHA KOMnpeccopa npa HOMUiiajibHOii narpysse (4>upMbi ABB)

BHA B
BHA B HCpaCHCTHtlX

205



TeMnepaxypy 3a6npaeMoro H3 axMoc(J)epbi B03,nyxa MO>KHO HSMeHHTb H B
BbicoKHX nojiojKHTejibHbix TeMnepaTyp, HTO no3BOJifleT yjiyniiiHTb xapaicrepHCTHKH
FTY OTHOCHTCJILHO npocToe pemenHe — pasMecTHTt BO BXO.HHOM Kanajie
xosaSopnoro ycTpoflcTBa nocjie B03.uyiiiHbix 4>HJibTpoB HcnapHTejibHbift
TCJib HJIH TenjiooSMCHHue noBepxnocTH cneunajibHoro xojio/jHJibHoro arperara.

HcnapumejibHoe oxnaycdenue ocHOBbisaeTca Ha pasSpbisrHBaHHH B HOTOKC BOS-
.nyxa onpeflejieHHoro KOJiHHecTBa BO^H, KOTOpas, Hcnapaacb, noHH^aeT reMnepa-
Typy BOSflyxa, ysejiKHUBaeT ero njiOTHocTb H, cjie.zjoBaTejii.HO, MaccoBbin pacxozi
B03,ayxa nepes KOMnpeccop. Bo.na, pacnbuiseMaa B HOTOKC B03,ayxa, oxjiaamaer era
jjo TeMnepaTypbi MOKporo TepMOMCTpa. TaK, npH xeMneparype HapyjKHoro B03,n,yxa
+35 °C (cyxoii TepMOMerp) H OTHocHTejibHOH BjiaacHocra 60 % HcnapHTejibHbifi ox-

, paSoTaromHH c KO^J, 85 %, MO^KCT cHH3HTb TeMnepaTypy sos^yxa na
B KOMnpeccop flo 29 °C, noBbicHB era BJia>KHocTb AO 92 %. DpH STOM MOUI-

HOCTb FTV BOSpaCTCT H3 3 %, 3 3JieKTpHHeCKHH KYIR npHSjIHSHTCJIbHO Ha 0,2 %.
SaipaTbi na TaKyio ycTanoBKy, no sapySe^HMM ^anHbiM, oueHHBaioTCfl na ypOBHe
160—180 flojui. C11JA Ha 1 KBr AonojiHHTejibHoM MOIUHOCTH.

TaKHMH HcnapHTCJibHbiMH ycTpoKcTBaMH cne^yeT no^L30saTbCfl c ocTopoa(Ho-
crbio, nocKOJibKy KOHZtencauHfl H ynoc BJiarw cnocoSHbi ycKopHTb 3arpH3HCHHe
KOMnpeccopa H, cjie^OBaTejibHo, CHHSHTb 3KcnjiyaTauHOHHbie xapaKTepncTHKH yc-
TaHOBKH. 3a TaKHMH CHCTCMaMH CTaBflT BJiarOOTfleJIHTCJIH HJIH CJIOfi npOKJia^OK flJlS
cHHHceHHa BepOHTHOCTH yHoca BjiarH. H3 pHc. 6.17 BHflHO, MTO HaH6ojibiuaa Bwrojia
OT HcnapHTejiLHwx oxjia^HTeJieH AOCTHraercfl B ycjiosHax xapKoro H cyxoro KJIH-

. FlpH 3TOM AHana30H TCMnepaTyp HapyacHoro sosjiyxa, B KoropoM Hcnojib3y-
HcnapHTejibHoe oxjia^ACHHe, orpaHHieH TeMnepaxypofi 7 °C ns-sa B03Moac-

16

12

10 16

PIIC. 6.18. Ox.ia/Kjciiiie nocrynaioiuero
Bo3ayxa (THK = +35 °C, (pH.B = 60 %) c HC-
rio.'ibiOBaimeiM oxJiamiTejiH KOMnpeccop-
Horo THna no TeMneparypbi nepe/i KOM-
npeccopoM THK = +15 °C, (pH.B = 100 %
TO — TenJIOOSMCHHHK I/JMCCBHKH OXJI3M(aaK>-
meii Boabi); // —• Hacoc; LJ,H — UHpKyjiauw-
OHHbifl Hacoc; fp — rpajmpna; KX-K — mM-
npeccopHbifi xonoaHJibHHK; K — KOMnpec-
cop; T— TonjiHBo; FT—- rasosaa

fe f

21 27 32 38

mimic HcnapHre/ibiioro HB xiipi i ieiepiicTiiKii 3HeprcTHieCKOH TTV

onacHOCTH o6jie,aeHeHHfl KOMnpeccopa npn 6ojiee HHSKHX TCMnepaTypax. 3d).
(|>eKTHBHOCTb OXJia5K^eHHa 33BHCHT OT OTHOCHTCJlbHOH BJ13>KHOCTH BO3AyXa.

B HcnapHTCJibHbix oxjia/iHTejiflx JLJIS snpbicKa npHMenaiOT ne OHHmeHnyio OT
MHHCpaJlOB BO^y, HTO yjiyMUiaCT UCJlOCTHOCTb n^CHOMHOH Cpe^bl OXJia^HTeJlfl. Flo
CpaBHBHHIO C 6a30BbIM BapHaHTOM npHMCHCHHC HCnapHTCJIbHOrO OXJiajJHTejia
yBCJIHHHBaeT npOH3BOAHT6Jlb HOCTb CHCTCMbl TeXKHHCCKOFO BOJJOCHa6*eHHa, HO-
BbriuaeT Tpe6osaHHa K BO,uonoAroTOBKe, HTO ysejinnHBaeT 3aTpaTbi Ha 3Kcruiya-

FTY Ha 15 — 20 aojui. CLLIA 33 1 H (no 3apy6e>KHbiM

34) 4>eKTHB aocTb HcnapHTejibHoro oxjia^AeHHfl orpaHHHena

rypbi MOKporo TepMOMeTpa.
BojibiiiHMH BO3MO)KHOCTflMH oSjia^aiOT oxjiadwnejiu-menjioo6MeHHUKit, B KO-

Topwx CHH^enne TCMnepaTypu sos^yxa nepe/i KOMnpeccopoM HC orpaHHHCHo
MOKporo TepMOMeTpa. O6biHHo ncnojibsyiOT O^HH H3 Jisyx sapH-

ycTaHOBOK: c xojioamibHHKaMH KOMnpeccopnoro HJIH a6cop6uHOHHoro TH-
na (pHC. 6.18). OpHBejieHHaH na puc. 6.18 cxeMa CHHSieHHa TeMnepaTypbi 3aca-
cbisaeMoro KOMnpeccopoM BO3,ayxa no3BOJTHJia ysejiKHHTb 3JieKTpHMecKyro MOIU,-
HOCTb FTV npH6jiH3HTejibHo na 7 % npn yBejiHHCHHH yjjejibHoro pacxo^a Tenjio-
TM Ha 0,6 %, MTO cxajio pesynbTaTOM noBbiiiieHHa conpoTiiBJienHfl BXOAHOFO

KOMnpeccopa npHMepno na 40 Klla H3-3a pasMemeHHfl Tenjioo6MCHHoro
. Pacxo^ UHpKyjiauHOHHOH Bo^bi na 3JieKTpocTaHUHH yeejiHHUJicx

npH6jiH3HTejibHO Ha 60 Tbic. JI/MHH. C yneTOM ocxajibHbix saTpaT y^ejibHaa CTOH-
MOCTb CHCTCMbi no 3apy6eM(HbiM flaHHbiM cocTaBJiaeT 165 aojiJi. CLLIA sa 1 KBT
flOnOJlHHTejIbHOH MOIUHOCTH TTY.

Ajlfl KOHKpCTHOH SHepreTHHCCKOH FTY MOHCHO npHM6HHTb HaSOp TCXHHHe-
CKHX peuieHHH, KOTOpbie HOSBOJIHJIH 6bi npespaTHTb JioManyio JIHHHIO 33BHCH-
MOCTH SJieKTpHMCCKOH MOIUHOCTH OT TeMnepaTypbi Hapy)KHOFO B03^yxa B JIH-

HHIO A^3 = const (PHC. 6.19). SnepreTHHecKaa KOHsepCHOHHaa FTY THna

LM6000 (General Electric) npn HOMHHajibHoit narpysKe xapaKTepusyeTca sna-
tHTejibH:,iM iBMeHCHHCM MOmHOCTH npH KOJicSanHH TeMnepaTypbi napy>KHoro

. KpiiBaa 1 na pnc. 6.19 HMCBT MaKciiMajiLiioe N* = 42 MBT

MBr

CRoB ^aBMCIIMOCTI> -
(Ge' Mouill°CTH rTy Tuna LM6000

"eral Electric) OT TCMneparypbi na-
ywMo
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B COOTB6TCTBHH C Bbl6paHHOH MOIIJHOCTbK) 3JieKTpOreHCpaTOpa, a naflCHHC 3TOfl
MOIUHOCTH npH TH B < +15 °C oSecneHHsaeTCfl paSoTofl BHA KOMnpeccopos.

flo^orpeB B03,ayxa na BXOAC B KOMnpeccop B jnianasone TCMnepaxyp 7"H B =
= -18. ..+15 °C H ero oxJia>K,aeHHe B ̂ Hanaaone TCMneparyp THK = +15. ..+38 °C

no3BOJijnoT nozwepiKHBaTb nocToaHHOH 3JieKTpHiecKyio HarpysKy FTY N* =

= 42 MET = const (JTHHHJI 2, pnc. 6.19).

6.6. BRPblCK BOflbl/HAPA B SHEPrETHHECKME ITY

NO _

NO.,. B

4mpMbi-npoH3BOAHTejiH snepreTHiecKHx FTY Hcnojib3yK)T BnpbicK
BOflbi/napa B ycranoBKH npeHMymecTseHHO AJISI no,zmep)KaHHs KonueHTpauHH OK-

a30ia B BbixoflHbix rasax B npeztejiax nopMbi. TaKoM BnpbicK OKasbisaeT
H na 3HepreTHHecKHe noKasareiiH ycranoBKH.

B POCCHHCKOH OeAepaiuiH ^eficTByer FOCT 29328-92 «YcTaHOBKH rasoryp-
SHHHbie flJIH npHBO.Ha Typ6oreHepaTOpOB», KOTOpblH JIHMHTHpyCT KOHUCHTpaUHH

rasax FTY:

FTV npn pa6oTe na ra30o6pa3HOM H XH^KOM xonjiHBe —
150MF/M3;

jiJifl BHOBb co3^aBaeMbix FTY, 3KcnjiyaTauHa KOTOpbix HanHHaeica nocjie
1995 r.:

npH paSore Ha ra30o6pa3HOM Tonjinse — 50 Mr/M3;
npn pa6oxe B >KH;IKOM tonjiHBe — 100 Mr/M3;

BnpbicKHBaeMyio so^y (BO^HHOH nap) nponycKaiOT nepes
4>H-ntTp. Hap, B HacTHOCTH, BnpbiCKHBaexcfl B 3ony aKTHBHOro ro-

Mepe3 TonjiHBHbie (J)opcyHKH. TOHJIHBO (npwpoflHbiM ras) nocrynaer no
Kanany (J>opcyHKH, a nap — no ee napy>KHOMy KOJibueBOMy Kana-

jiy. Flpn snpbiCKHBaHHH nap cMemiiBaeTCfl c noTOKOM B03,ayxa nocjie KOMnpecco-
pa, HcnojibsyeMoro ^Jia ^opMHpoBaHMH nanajibHOH xeMneparypbi rasos nepe^
FT. Flap xaK»:e Moacei cMeuiHsaTbca c sosayxoM, oxjia^^arouiHM Kopnyca KC.

Bo^a (Bo^flHoK nap) npn snpbiCKe B orneByio sony Snaro^apa Sojiee BHCOKOH
y^ejibHOH TennoeMKocTH, HCM y npo^yKTOB cropannfl, nporpeBaexca 40 TeMnepa-
rypbi rasoB H 3a6npaeT nacTb TenjroTbi. B pesyjibTare TeMneparypa B SOHC peaK-
UHH noHHHcaeTCfl, HCM oSecneHHsaeTca noHH^eHnaa SMHCCHH OKCH^OB asoxa.

fljia KaacflOH FTY H KajKfloft" KOHCTpyKUHH KC cymecTByroT CBOH npe^ejibHbie
3HaneHHfl o6i,eMa snpbiCKa Bo^bi/napa, KOToptie HC cjie^yeT npeBbimaTb, Mro6bi
He paspyuiHTb CHCTCMy cacHrannfl xonjiHsa H ne nospe^HTb FT.

BnpbicK BOflbi/napa H cpOK cjiyacSbi paSonHX nonaxoK FT saBHcar OT THna
fl. ZlJia FTY, pa6oTaromHX B peiKHMax 6a30Bofi Harpy3KH,

HcnojibsyiOT cucTCMy peryjinpoBaHHfl,, KOTOpaa noHH«:aeT TCMnepaTypy
nocpe^CTBOM BOpblCKa BO^bl, MTO CHH5KaeT KO3(J)4}HUHeHT TenJlOOT^aMH

H He npHBojjHT K yMCHbuieHHio cpona cjiya<6bi jionaTOK. Jfyix nHKOBbix na-
pK CHCTCMa peryjiHpoBaHHfl pa3pa6oTana T3KHM oSpasoM, HToSbi no^^epJKH-
TCMnepaTypy ropeHHs nocToaHHOH npH pa3JiHMHbix oSieMax BnpHCKa. 3TO

C BblpaSoTKe AOnOJlKHTCJlbHOH MOIUHOCTH, OAH3KO yMCHblliaeT CpOK
B3HHJJ. YCTaHOBKH C T3KHMH CHCTCMaMH peryjlHpOBaHHH

HKOBWX HarpysKax c MajibiM MHCJIOM nacoe paSoTbi B
nepcoHaji ajieKTpocTaHUHH npuxo^HT K ebieoay, HTO

HOCTH.
noBbiuieHHCM MOIU-

B KC nap HOSBO-

CO, MJIH-I

200

100

NO,

41)

0 0,5

PHC. 6.20. BJIHHHHC
NO,H CO

1,0 1,5 2,0

= B
uojHiioro napa
ID \

nap Tonji'

X

B KC

KOJ1HHCCTBO BbICOK03HTaJlbnHH-
Horo paSonero TCJia. Bjiaro^apa
CHH^eHHK) TeOpeTHHCCKOH TCM-
nepaTypbi ropeHHa B CTCXHO-
MCTpHiecKHX 3onax H yjiyHiue-
HHFO KHHCTHKH npOUCCCa o6eC-

cymecTBeHHoe no-
npouecca oSpasoBa-

HH9 OKCHJIOB a3OTa. BbinOJIHCH-
Hbie B HBT PAH pacneTbi noKa3ajin, HTO npn OTHOUICHHH pacxo^a napa K pacxo-
^y npHpo^Horo rasa, paBHOM npHMepno 2, o6pa3OB3HHe NO.,. BO <|)poHTe njiaivie-
HH CHHM<aeTCfl 6ojiee HCM na nopa^OK. 3TO nponcxoztHT npn COBMCCTHOH noAane
napa H Tonjinsa nepes cooTBeTCTByromHe 4>opcyHKH. BMCCTC c TBM MpesMepnoe

TeMnepaxypbi rasoB B CTexHOMerpHnecKHX sonax ropCHHa npiiBo-
K oSpaaoBaHHK) npo^yKTOB HenojiHoro cropanna TOnjiHBa B

yrjiepozia H ̂ p. (pnc. 6.20).
BnpbicK Bo^bi/napa MOIKCT cymecTBeHHO ysejiKMHTb MOmnocTb

BCJieflCTBHe yBCJiHHeHHS MaccoBoro pacxo^a pa6onero Tejia, XOTH npn STOM BOS-
MO>KHO CHHHCeHHC 3KOHOMHHHOCTH FTY Ha pHC. 6.21 nOK33aHO BJIHflHHC Bnpbl-
cKa napa Ha xapaKTepucTHKH FTY THna MS7001 EA. BnpbicK napa oSbmno He
npcBbiuiaeT 5 % oG^eMa Bosjjyxa, sacacbmaeMoro KOMnpeccopOM. FIpH BnpbicKe
BO^bl OTHOUICHHe BOAa/B03flyX HaXOAHTCH npHMCpHO Ha TOM H<e ypOBH6. HO A3H-
HUM (jjnpMbi ABB (PHC. 6.22), snpucK BO^H yBCJiHMHBaeT 3JieKTpHMecKyK) MOIU-
HOCTb ycTanoBKH, HO CHH^aeT ee 3KOHOMHMHocTb B 33BHCHMOCTH OT TCMnepaTy-
pbi BnpbicKHBaeMOii BOflbi. AnajiorHiHbie ^aHHbie $HPMOH Mitsubishi nojiynenbi

K FTV MomnocTbio 120 MBT. BnpbicK

3 6 9
BnpucK napa, KT/C

a) 6)
, KT/C

PHC. 6.21. B J I H M H H C enpucKa napa B KC TTY THna MS7001 EA (General Electric)
na J^eKTpHiecKyio MomnocTb N^ (a) H Teimieparypy BbixoAHbix niiOR TKT (6)
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1,14

1,10

•
1,06

1,02

0,98

0,94

PMC. 6.22. BjiiiHHiie snpbictca Boaw G"np B KC 3
reTii'iecKoii FTY (4>iipMbi ABB) Ha 3JieKTpimef
MOfflHOCTb H 3KOHOMH4HOCTb yCTatlOBKM (G -K
HCCTBO Bosayxa, jacacbiBaeiwoe KOMnpeccopoM

MOIUHOCTH SajBOro
3 Bn

CK3; N— TO )KG npH H3JIHHHH BOpblCKa); 2
3KOHOMHHHOCTH yCT3HOBKH r|/T]0 npli CB = 15Q Q.
TO ace npH tB = 100 °C; 4 — TO ace npH tB = 50 °C

3 <Vp/G*

B KOJIHHeCTBe 30 T/H npHBOAHT K
H6HHK) MOIUHOCTH 3TOH FTY Ha 9 MBT.

Fa30Typ6nHHbie ycxanoBKH, B Koxopue
BnpbicKHBaexca BOAa HJIH nap, AOJI>KHH 6biTb
paccHHxaubi na neKOxopoe yBejinneHHe 36-
4>eKTHBHOrO CCHCHHa npOTOHHOH H3CXH FT.
KpOMe xoro, npeBbiuieHHe AonycxHMoro ypos-
Hfl snpbiCKa Moacex yMCHbuinxb sanac ycxoH-

HHBOCTH KOMnpeccopa no noMnaacy. Crenenb noBbiuieHHfl AaBjieHHa B03Ayxa B
FTY c BnpbicKOM BOAbi/napa Bbime, HCM y aHajiorHHHOH ycTanoBKH 6e3
YBejinieuHe MOIUHOCTH FTY BCJie^cTBHe BupbiCKa CBasauo c
noBbimeHHCM pacxoAa xonjiHBa, H 3x0 HeoSxoAHMO yHHTbisaxb npn pacnere cncxe-

H3 OTJIHHHH 3HeprexHHecKHx FTY c BnpbicKOM BOAbi/napa B KC ox
FTY COCTOHT B CymeCTBCHHOM H3MeH6HHH COOTHOIUCHHa pa60MHX TCJI,

nepe3 KOMnpeccop H FT, HTO npHBOAHT K Heo6xoAHMocxn COOTBCT-
cTByiomero ysejinHeHHa nnomaAH npoxoAHbix ceneHHH npoTOMHofi nac™ F
AjibxepnaTHBiioe peuienHe — 3TO yBejinneHHe CKOpocxu paSonero xena
B npoxoHHou nacTH FTY H yMCHbineHHe KYIJ\.

POCCHHCKHMH yHCHbiMH npoBCACHbi nOApoSHbie Hcc^eAOBaHHa napaMeipoi
FTY c BnpbicKOM BOAU na BxoAe B KOMnpeccop ycxanoBKH. FIpw TaicoM enpbicii
BOAbi HMCCT MCCTO HC3HaHHTejibHaa cenapauHfl Bjiani, a B AaJibHefiineM ce v
peHHe, CBflsaHHoe c neKOTopbiM BospacxaHHCM noTepb — AO 1,6 % na Kaacj
1 % BnpbiCKHBaeMOH BOAbi no OTHOUICHHIO K o&beMy B03Ayxa. CHH^KCHI

aeMOH KOMnpeccopoM MOIUHOCTH H3-3a HcnapuxejibHoro oxJia>KAen
B npouecce OKaxua npeBbimaex AonojiHHTejibHbie nOTepn B KOMnpeci

\ %

f{a
I

(

}
npei

pacxo^a rasoB nepes TypSnuy B peayjibTaxe
Bxo/ie B KOMnpeccop H yBejinneHHe ero KO^ (na 4 %) B UCJIOM
Ty FTY. nojieSHaa MOIUHOCTI. ycxaHOBKH npH snpbicKe 0,5
meHHHD K 06-beMy Bosayxa) eospacxaeT Ha 7,5—14 % npn
necKoro Krifl npH6jiH3HxejibHo Ha 3,5 %.

CjieAyer HMexb B BH^y, HTO BnpbicK BOAbi/napa B xpanx 3a
peA KC npaKXHHecKH HC BJiHaer na BbiSpocbi OKCHAOB a3oxa. b

OwpMa Siemens npHMCHHJia B KOMnpeccopax CBOMX T
BJia>KHoe c^caxne: BOAHaa aaposojib HanpasjiaeTCfl na BXOA KOMnpeci O3^yx3-
jiH4eHHfl pacxo^a paSonero xejia H CHHaceHHfl y^ejibHOH pa6oxbi cacai B^ ^
OnpecHeHHaH BOAa (pHJibTpyeTCH H HanpaBJiaexcfl B BOAJIHOH KOJIJICKXI - gynijj

gjieicrpHKecKHX KJiananoB noaaeT sxy BOAy Mepes c
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v O H B03AyXOBOA KOMRpeCCOpa. RpH C^aTHH CMGCH BOSAyXa H BOflbl no-
HJ!a Hcnap>'eTCfl> oxjia^Aaa B03Ayx B nepsux CTynenax KOMnpeccopa. Taxoe

tt
 qecKOe peujenne no JtaHHbiM (JwpMbi CHHJKaex pacxoA Tonjinsa B FTY Ha

te?Ho/0 a renepaUHio OKCHAOB asoTa ua 20 — 40 %. Opn HcnojTLsosaHHH FTY
eM'ax riFY y-na>KHoe oKaxwe npHBo^HT K yBejinneHHio naponpOHSBOAnxejib-

ICTH KY Ha 2-— -3 %- PacxoA BOABI B 3xofi cxeMe saBHCHT ox OKpy^aromnx ycjio-
«fi H OCoSeHHOCTH MOACJ7H FTY.

npH 3KcnjiyaTauHH FTY Ha >KHAKOM Tonjinse uejiecooGpasno
obicKHsaeMbiil nap B Kanecxse pacnbuiu saw mere arenxa, HTO no3BojiaeT

•iHTt KanecTBO pacnbijinsaHHa Tonjinsa, cnocoGcxsyeT HOHH^CHHIO
oTpa6oTaBiiiHX rasax OKCH^OB asoTa, a TaKa<e yMCHbiiiaeT

OAH3KO HapJI CO CHH)KCHHeM 3MHCCHH ^ BBOA B 3OHy TOpCHHa BO£bI HJIH

BO;(aHoro napa AaeT pjiA neraTHBHbix S^^CKXOB, saiviexno Bjinjnomnx Ha Apyrne xa-
KC. 3™ KacaeTca npeacae scero HHTeHCHBHocTH H nonuoxbi Bbiro-

xonjiHBa, HXO csasaHo B OCHOBHOM co CHUTKQHHQM xeMnepaTypbi B 4)aKejie.
npojiyKTOB H6Aoa<ora yraeBOAOpOAOB, npeacae scero CO, B Bbi-

xoAHbix rasax 3H3HHTejibHO sospacxaex. FIoAana B KC BOABI HJIH napa BjinaeT H ua
npouecca ropeHHa. BepoaxHocTb BnSpauHOHHoro ropeHHa npH STOM
, a AHanason pe>KHMOB ycxoHHHBOH paSoTbi KC (AnanasoH ycTOHHH-

Boro ropeHHa no npeACJibHbiM (cpbiBHbiM) cocTasaM CMCCH) cymecxBCHHo cnnaca-
exca. BepoflTHOcTb BH6paiiHOHHoro ropenna npH BnpbicKe napa HJIH BOAbi ocoSen-
HO cMbHa npH pa6oTe KC na npnpOAHOM rase. Kojie6aHH« AHHaMHHCCKoro Aasjie-
HHH (nyjibcauHH) nponcxoAaT BO BCCX KC c AH(}p$y3HOHHbiM njiaMCHCM H renepH-
pyioxca npoueccoM ropeHHa. 3xn KOJie6aHHfl MoryT BsaHMOAeHCTBOBaxb c aKycxn-
H6CKHMH KOJieSaHHHMH B KC H yCHJIHBaTbCa, Bbl3bIBafl yCKOpCHHC H3HOCa KOHCT-
pyKUMH HJIH npe)KAeBpeMeHHoe ee paspymeHne,

BnpbicK BOAbi o6biHHO BbiSbisaex Sojiee CHJibHbie KOJieSanna AHHaMunecKoro
AasjieHHa, neM BnpbicK napa. Flpn nocxyn^euHH B KC nap jiynme nepeMeman c
B03JiyXOM, HCM BO^a, H BCJICACTBHe 3TOPO CJiaSee T3CHX HJiaMH B UHpKyjIHpyiO-
H6M noTOKe. FIo3TOMy npn BnpbicKe B KC BOAbi HJIH BOAanoro napa orpaHHHH-
3H)T KaK MaCCOBblH paCXOA BOJJbl HJIH napa, T3K H npCACJIbl KOJie6aHHH AHHaMH-

paccMaTpHBaTb B UCJIOM peajiH3auHK> snpbicKa BOAbi HJIH napa B FTY, TO
-Ayex OTMeTHTb cymecTBCHHoe BospacTanue xpyAosaxpax npn cxponxeJibcxse

^KcnjiyarauHH CHCTCMM. STO o6T.acHfleTca TBM, HTO KpoMe ycjioacHCHHa KOHCT-
H caMofi FTY BO3HHKaeT noTpe6nocTb B AoporocToamnx OHHCTHbix coopy-

*x, TaK KaK BnpwcKHBaeMaa BOAa AQJiacHa 6bixb onnmeHa ox npHMecefi.
B no pH]^eHeHHe BnpbicKa napa B KC AJifl CHuaceHHa BbiSpocoB OKCHAOB asoxa

MHCKHX cxaunoHapHbix SHeprexMnecKux FTY Bnepstie 6bijio ocymecxBJie-
TY THna FT- 100 (FIO JTM3) Ha KpacnoAapcKou T31J H Ha FP3C Ka 3

^ «Moc3nepro».
^ae

 nepBOM cjiynae nap npu AaBJieHHH 1 MOa H TCMnepaxype 250—300 °C no-
KOJIHMeCTBe 3 Kr/c B Kc HH3Koro AaBJieHHH (KCHfl). 3xo AaJio noBbi-

FTY Ha 2 %. 3aMCTHoro CHH^KCHHJI KOHueHTpauHH OKCHAOB
H3 FTY rasax sa^HKCHposarb ne yjiajiocb, HTO noATBepa<Aaex

T ' HTO B ^(-'^^' pa6oTarouieH ua BO3Ayxe, saSajuiacTHpoBanHOM npo-
0 ' cr°paHHa Kauepu cropaHHs BbicoKoro AaBJieHHfl (KCB^), oGpaayexca

aQQ Hx

"POHCXOAHT B KCB#.
a B OCHOBHOM (6oJiee 85 % OKCHAOB
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T a 6 j i H u a 6.4. Pesy-ibTarbi mia.ima TOKCHIHOCTM KI,IXO;IIII>IX rajon ITY THna FT-lOO
f lp l l I I C I I M T a t l H H X C BnpblCKOM Ililpa

HOCTh,
MBT

60
60
60
65
68

BnpbicK
napa,

T/H

0
9

14,5
0
19

O&bBMHafl KOHUCHTpaUHfl

O2, %

16,5
16,4
16,5
16,3
16,1

CO2, %

3,5
3,2
3,3
2,6
2,7

NO.,, MF/M3,
aaTH/VaaTBA

320/-
200/-
140/-

432/300
140/81

NO* , Mr/MJ

430/-
268/-
188/-

560/494
187/130

CO, Mr/M3

125
188
150
120
290

SO2,
Mr/M3

300
320
320
238
400

HUB no Ba-
xapaxy

5
5
5
4
8

* NO* — MaccoBa» KOHueHTpauHH NO^. npw oSbCMHOH KOHuempamiH O2 B CMCCH, PEIBHOH 1 5 %.

Bo BTopoM oiynae (Ha FP3C N« 3) npoBOjiHJicji anaJiHS BnpucKa napa B KCBfl
yjiyniueHHa xexHHKo-3KOHOMHHecKHX H 3KOJiorHHecKHx noKasaxejieH FT- 100.

BnpbicK napa npoH3Bo,o,HJica npn Harpy3Ke 50 — 68 MBx (Ta6ji. 6.4).
FIpH BnpbiCKe napa B KCBfl npn Hsrpysice 50—60 MBT B KOJinnecxBe 9—

14,5 T/H ycTOHHHBOCTb ropeHHfl TonjiHsa He CHH)Kajiacb H 33MexHOro yxyflme-
HHJI noJiHOTbi ero Bbiropanna ne npoHCxo^HJio. MaKCHMajibHoe SHanenHe yjjso-
CHHOH 3MnjiHxy,nbi nyjibcauHH jjaB^eHHfl B oS^CMe KC npaKTHMecKH He HSMCHH-
jiocb H cocTaBHjio 0,1 MFIa (nacTOxa 1—5 Fu), T.e. OKOJIO 4,5 — 5 % HOMHnajib-
HOro. KoHueHTpauHfl CO sa TH/I, cocTasjiajia 0,014 — 0,015 % (nojiHora Bbiro-
panna 99,8 %), noKasaxejib ^biMJieHHs 6biji OKOJIO 5. FIpH pacxo,ae napa 9 T/H
KOHueHTpanHs OKCH^OB a30Ta NO^ 3a THfl CHHSHJiacb B 1,6 pasa, a npH ysejiH-
HCHHH pacxo^a #o 14,5 T/H — B 2,3 pasa. Bo BTOpon cepHH HcnbrraHHH (npn na-
rpysKe 65 MBx) noxasaTejiH SHJIH eme Btiixie, HO npH 3TOM necKojibKo
HHJIOCb

6.7. CMCTEMbl ABTOMATMHECKOfO PErV/lMPOBAHHfl M YHPAB/lEHMfl PA50TOM
3HEPFETMHECKMX ITY

CoBpeMeHHbie 3HepreTHHecKHe FTV ocHamaroTca aBTo Manon posaHHbiMH
cHCTeiuaMH ynpasjiCHHa OCHOBHHM H BcnoMoraTCJibHbiM o6opyflOBaHHCM. Hx
pa3pa6oTKa 6a3npyeTca na MHKponponeccopHOH TEXKHKB H coneTaexcfl c ycxpoH-

MaTHHecKoro ynpaBJieHHH*.
aBTOMaTHnecKoro ynpasJieHHa (CAY) BbinojiHflioT 3JieKTporH,npaB"

JIHHCCKOH HJIH 3JieKTpOnHeBMOrH^paBJIHHeCKOH («CyXOH») B 3aBHCHMOCTH OT pa3-
paGOTOK KOHKpCTHblX $HpM.

AsTOMaTHSHpoBaHHafl cncTCMa ynpasjieHHa TexHOJiornnecKHM npoueccoM
FTY AOJiacna BunoJiHaTb cjieayiomHe i^yHKUHH:

a) ynacTBOBaTb B peryjinpoBaHHH nacxoTbi H MOIUHOCTH B 3HeprocHCTeMe B
mraTHOM H aBapHHHOM pe^HMax;

6) nposepflTb BbinojineHHe uejioro pflfla npezinycKOBbix ycjiosHH H, ecjiH OHH
He BbinojiH3K>Tca, BbwaBaTb onepatopy coorseTCTByiomyK) HH(J)opMauHio;

JIM3, «ABHaaBviraTe^b», BTH, «HeBCKHii 3aB<w», HHKTHT, Genera'

B) ocymecTBjiHTb aBTorviaTHHecKHH pa3BOpoT sajia FTy, sa)KHraHne TonjiHBa B
KC, BblXOfl H3 XOJlOCTOfi XOfl, CHHXpOHH3aUHfO C 3J]CKTpHHeCKOH CCTbK) H BblXOfl
Ha pe)KHM 3a^aHHOH narpy3KH (pexHMbi HopMajibHoro HJIH ycKopeHHOro nycKa),
pemcTpauHio nycKOBbix PCMCHMOB;

r) o6ecneHHB3Tb aBTOMaTH'iecKoe peryjinpOBanHe nacroTbi BpaiueHna, orpa-
HanajibHOH TeMnepaTypbi rasoB nepe^ rasoson xypSHHOH, cTa6H^H3a-

peacHMa 3a#anHOH MOIUHOCTH, no^JiepHOHHe sanaca ycTOHHHBOCTH #o rpa-
noMna>Ka KOMnpeccopa na BCCX pe)KHMax;

4) ocymecTBJiflTb npeAynpe^HTeJibHyK) H aBapHHHyio cnrHajiHsauHio, 3amn-
o6opy^oBaHHe FJy B asapH^Hbix CHTyauHax;

e) oSecneMHBaTb HOpMaJibHbiH ocxanoB H oxjiajKjjeHHe FTy na
peHHbix pe^HMax H aBapniinbiH ocxaHOB c MrnoBeHHbiM oTKJiiOHeHHeM

Electric wap.
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>K) o6ecneHHBaTb njiaBHbiM nepexo^ c o^noro BH/ia TonjiHBa Ha
3) oSecnenHBaTS HCMe^JieHHoe OTKjuoneHHe FTY B cjiynae:

npeBbimeHHfl HanajibHOH TCMnepaxypbi rasos nepea FT;
nacTOTbi spameHMa poTopa csepx flonycTHMoro npejjejia;

neaonycTHMoro ocesoro c^BHra, ne^onycTHMbix oTHOCHTejibHbix nepeivie-
meHHH poTopOB KOMnpeccopa H FT;
He^onycTHMoro noHH^eHna jiasjieHHa Macjia B cncTCMe CM33KH HJIH yposna

B Macjio6jioKe;
noBbiiueHHa TCMneparypbi MacJia na CJIHBC H3 jno6oro no^-

HJIH H3 JHOO"OH KOJio^KH ynopHoro noAiiiHnHHKa;
noracanna r^aKCJia B KC;
BospacTaHHa BH6pauHH no^mnnHHKOBbix onop Bbime ^onycTHMbix 3HaneHHH;
ne^onycTHMoro noHH^eHHH ^aBJieHHfl rasooSpasnoro HJIH >KH,aKoro TonjiHea;
B03HHKHOBCHH3 nOMHaXa KOMTIpCCCOpa HJIH He^OHyCTHMOrO npH6j!H)KeHHiI
K rpannue noMnaaca;
Hej,onycTHMoro H3MeneHHa ^aBJienna eosflyxa sa KOMnpeccopoM;
OTKjuoHeHHfl 3jiCKTporeHepaTOpa FTy;
HcnesHOBeHHfl HanpfliKCKHfl H3 ycTpOHCTBax ACV TFI, pcryjinposaHMfl HJIH
Ha BCCX KOHTpoJibHo-H3MepHTejibHbix npn6opax.

ABTOMaTH3HpOBaHHaa CHCTCM3 ynpaBJICHHil Fjy BbinOJIHSCT
UHOHHblX 3343H, 3 TaKHCC p3CH6T TeXHHKO-3KOHOMHHCCKHX

TexHHHecKoro cocToaHHfl ycTanoBKH H ̂ p.
aBTOMaTHHecKoro ynpaBJieHHa jion^Kua HMCTb:

CTeneHb HenyBCTBHTejibHOCTH peryjiaxopa nacTOTbi npn JiK>6oH H3rpy3KC He
6ojiee 0,2 % HOMHnaJibHOH;

HenyBCTBHTejibHOCTb peryjiaTopa TCMnepaTypbi ra3OB K H3MeHeHHio TCMnepa-
Menee HCM na 10 °C.

aBTOMaTHHecKoro ynpaBJienna BOSjjeHCTByeT na ycxpoKcTBa, KOTO-
peryjiHpyK>x: oSmnfi pacxoa TonjiHBa; yrjibi ycT3HOBKH noBopOTHbix H3-

annapaTOB na fixo^e H B nepBbix cxynenax KOMnpeccopa; nojioace-
aHTHnoMna^CHbix Kjiananos; pacnpejjejieHHe Ton^nsa H BO3,ayxa B KC.

FlepBbie ACY TFI 3HeprexHHecKHX FTy GBIJIH ocHosaHbi na rnjipOMexaHHMe-
CHCTeMax peryjrnpoBaHHs napOBbix xypSHH. K HHM ̂ oSaBJiajincb nneBMaxH-

cncxeMa peryjinpoBaHHa HanajibHofl xeMnepaxypi,! rasos, cHCxeMa orpa-
s noflaHH TonjiHBa npH nycKe H pyHHoe nporpaMMMposaHHe sa^aHHeM

napaMexpOB. HesaBHCHMbie ycTpoftcxBa o6ecne4HsajiH samuxy OT npeBbiuieHnfl
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CKOPOCTH H TCMnepatypbi, nojicapa, saryxanHa njiaivieHH,
CM33OMHOrO MSCJia H pOCTa BH6p3I4HM.

B KOHUC 60-x TO^OB XX CTOJICTHS Gbijin co3,aaHbi nepBbie sjieicrponHbie CHC-
TCMU ynpaBjieHHs FTY FIpHMepoM raKoK cHcreMbi MOJKCT cjiyiKHTb CAY «Cnnji-
pOHHK Mark I» (pnpMbi General Electric (C11IA). B neft TonnnsHbiH peryuarop,

cncTCMa peryjinposaHna TCMnepaTypbi H 3JieKTpoMexaHHHecKan
peryjiHpoBaHHa nojjaHH Tonjinsa BO speMfl nycKa Gbum peanHsosaHbi c

nOMOIUblO 3J16KTpOHHOH T6XHHKH.
3a nocjiejiHHe flecflTHJietHH npotooiiiJio 3naHHTejibHoe ycoBepmcHCTBOBanHe

«CnH,npOHHK» H nepexo^ OT CAY Mark I K MOACJIH Mark V (raSji. 6.5).
B CHCTeMe ynpasjienHfl SHeprerHHecKon FTY «CnH,apoHHK Mark V» ncnojib30-

16-6HTHbie MincponpoueccopHbie KOHTpojuiepbi c TpofinbiM pe3epBHposaHHeM
H pesepBHpOBaHiieM ^syx H3 Tpex KanajiOB KpnTHHecKoro ynpaBJieHna n sauiHTbi.
npHMeneHa T&KJKQ nporpaMMa no oGecneneHHio ycxoHHiiBOCTH K oTKasaM (SIFT).
flaTMHKH KOHTpOJia H SaUiHTbl C TpOHHblM pesepBHpOBaHHCM nO^ep^HBaiOTCfl BCC-
MH Tperna ynpaBJisnoiuHMH npoueccopaMH. BuxojiHbie cnrHajibi CHCTeMbi CHanajia

na BbiBo,aax coJienoH^a, a ^ajiee Ha jiorHMecKOM yposHe. STO nosbi-
ne TOJibKo KaieciBo samHTbi, HO H HajieafHocTb 3KcnjiyaTau,nn.

HHTept|)eHC onepaTOpa COCTOHT H3 UBCTHoro MOHHTOpa H KJiaBHarypbi n o6ec-
neMHBaeT eiwy nn^opMaunio o TCKymHX ycjiOBnax paSoTbi. Csasb Meac^y HHiep-
4)eficoM oneparopa H CAY FTY ocymecTBJiJieTCfl nepeaaneH cnrnajia or npouec-
copa oSmHx aannbix («C») K TpeM ynpasJiaiomHM npoqeccopaM («R», «S», «T»).

.5. /tocTnaceniifi Koiiuei i iuiH :).icKTpoiinoro yi ipaf i^c i iHf i B CAY «Ciiii;ipoiii!i;»
(General Electric, CIUA)

CtyHKUHH CAY

riporpaMMii-
poBaHne
YnpasJieHHe

BaujHTa

OroSpaaceHHe
JtaHHblX

BBOJI aaHHbix

VCTOfiHH-
BocTb K Heno-
na^KaM

Tiin CAV «CnHflpOHHK» (roa COSHBHHH)

Mark 1(1966)

Pejiefmoe

^HCKpCTHOe
nojiynpoBOfl-

HHKOBOC
PeneHHaa

AnajioroBbie
HSMCpHTeJIb-
Hbie npn6opbi

H peiiefiHbiH
HHflHKaTOp

Mark 11 (1973) Mark III (1976)

JlHCKpeTHbie nojiynpoBOAHH-
KOBbie 3JieMeHTti

HHTerpa^tHtie
CXCMbl (HC)

PejieflHaa H no-
jiynpOBO^HH-

Kosaa

HC H MHKpO-
npoueccop

HC H MHKpO-
npoueccop

AnaJioroBbie H un<jipoBbie H3-
MepHre^bHwe npuSopbi; nojiy-

npOBOJJHHKOBblH HH/lHKaTOp

PbinaacHbie nepeKJitoiaTeJiH

PyMHafl cucTCMa oGHapyaceHHa
HenoJia^oK

ABTOMaTMHC-
CKoe onpe^e-
^eHHC HCHC-
npaBHocrii

Mark IV (1982)

MHKpO-
npoueccop

MuKpo-
npoueccop

MHKpO-
npoueccop

3jieKTpOHHO-
jiyHesaa Tpy6m
(3JIT) H CBCTO-

^HOflHblH HHaH-
K3TOp

MeMSpaHHbie
nepeKjuoHarejiH

ITporpaMMHoe
o6ecneieHHe

Mark V (1991)

MHKpo-
npoueccop

MHKpO-
npoueccop

MHKPO-
npoucccop

UseTHaa
rpa^HKa

KnaBiiarypa
H/HJ1M KOH-

TaKTnaa pa3-
HOCTb noreH-

UHaJIOB
FIporpaMM-
Hoe o6ecne-

„».HCHHC VCTOHfitT~"T*MHBOCTH Sir

Hnace npHBe^enbi neKOTopbie 4»yHKunoHajibHbie BOSMO^HOCTH CAY
POHHK Mark V».

B COOTBCTCTBHH c BH^oM TonjiHBa, BbiSpaHHbiM onepaxopoM, ynpaBjiaK)iu,HH
cnrnaji no TonjiHBy no^aerca nepes ACJiHTe^b cnrnajia Ha cHCTCMy no^aHn raso-
o6pa3noro H acn^Koro Tonjinsa. FlycK MOJKCT 6biTb ocymeciBJien na JiK»6oM BH^C
Tonjinsa. ^.Jia no^epncaHUfl cTaSHJibnoro ypoBHs narpysKH FTY nepexo^ c o#-
HOFO BH^,a Tonjinsa na apyrofi npoHCXO^HT nocne HCxeneHHS cooTBercTByromero

sanojiHCHMJi (pnc. 6.23). ABTOMaTH3iipoBaHHbin npouecc npoziyBKH ne-
ToniiHBHOH CHCTeMbi naxoflHTca nofl nocTOHnnbiM

oneparopa. Flepexo^ c o^Horo BH^a xonjiHBa Ha ̂ pyron Moacer SWTB
npH HapymeHHH noflain OCHOBHOFO Tonjinsa (o HCM onoeemaeT

cHrna-n) H saeepmeH 6es BMeuiarejiscTBa onepaTOpa. Bos-
epar K ocnoBHOMy TonjiHBy ocymecTBjiaeTca BpyHHyro.

Cxeiwa flByxcxyneHHaTon CHCTeMbi peryjiHpoBaHH« no^aMH ra30o6pa3Horo
(ocHOBHoro) Tonjinsa, B KOTOpon pcryjinpOBaHHC /laBJieHHH ocymeCTBjiaeTCa B
33BHCHMOCTH OT qacTOTbi BparneHHHi H pacxofla B COOTBCTCTBHH c ynpaBjiaioiUHM
cnrnajioM no TonjiHBy, npHBejiena Ha pnc. 6.24. FlpHMeHeHHe STHX nsyx cryne-
nefi peryjiHpoBaHHfl oGecnenHBaex cxaSHJibHbiH Kos^^HnneHT cHH>KeHHa narpys-
KH (100/1), flocTaTo^HOH fljifl ynpaBJieHHa B ycnoBHSx nycKa H nporpesa, n M3K-
CHMaJlbHblH paCXO£ npH BblpaSOTKC nHKOBOH MOUiHOCTH B yCJIOBH3X MHHHMaJlb-
HoH TCMnepaTypbi oKpy^Kaiomefi cpe^ti.

Kjianan, peryjiHpyioujHH nacTOTy Bpamenna B 33BHCHMOCTH OT flae^en
CTsyeT KaK He3aBHCHMUH cTonopHbifi KJianaH. OH o6opy^oBan BCTpoeHHbiM

peJie c PH^paBJiHMecKHM npHBOflOM, KOTOpoe MO*:eT 3aKpbisaTb KJianan
OT ynpaBjisnoiuHX cwrnaJioB, nojiaBaeMbix na Hero. H cTonopnbin, n

peryjinpyiomHH KJiananbi — STO oSpaTHwe KJiananw c ra^paBjiHHecKHM
Koropbie saKpbmaiOTca npa noTepe cnrnajia no noTony Jin6o no
4aBjienHK>. Pacnpe^ejieHHe TonjiHsa MOK^y ropejinaMH B ^ByxcryneHMaTbix KC
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SanonaeHHe 30 Hepexoa 60 t, c
'iMo nepexofla Koneu nepexo^a

6.23. XapaKTepucTHKa aByxron-
I O M cucreMbi FTV iipn nepexoae

c ra3oo6pa3noro TonjiHBa na
Electric)

no BceMy TO-
; 2, 3 — ynpaBJiJooiUHe

3oo6pa3HOMy n
COOTBeTCTB6HHO

PHC. 6.24. CucTCMa [jciyjuipuHainiu noaain ra3000-
pa3Horo TonjiHBa FTV (General Electric)
/ •— noaana ToniiMBa; 2 — cTonopntiii KJianan; 3 —
peryjiaTop noAaiH ronjiHBa; 4 — peryjiMpyiomHH KJia-
naH; 5 — KojibiieBoR KOJIJICKTOP; 6 — Kawepa cropa-
HHfl; 7 flByXTOnJlHBHblH JlHHCHHblH AH(j)(j)epeHUH-

npeoSpaioBaTejib CKOPOCTH; 5 -
_ _ 9 — K^anan; 10 —

11 — noflana Maciia
pejie;
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PeryjinpoBaHiie
pacxofla
TOIUIHBa

PHC. 6.25. CiicrcMa peryjinpoBanmi noja-in jKMjiKoro ron-imsa TTV (General Electric)
/ — (jiiinbTp; •? — CTonopHbifi KJianaw; 3 — npezioxpaHHTejibHbifi KJianan; 4 ~ TonjiHBHbiii Hacoc;
5 — KJianaH pen.npKyjisunn; 6 — rnapounjinHflp; 7 — nonava Macjia; 8 — HHjiHBHjiyaJibHbie 33-
nopHtie KJiananbi; 9 — aejiHtejib noroKa Tonjinsa; 10 — noaana jKHflicoro TonjiHBa; // — TOHJIHB-
Hbie (JtopcyHKH (o6biiHO 10 IIIT.); 12 — TpexcKOpocTHoii peayKTOp c flsyMfl 3y6iaTbiMH nepeaana-
MH; 13 — ycHJiHTe.ib CHrnajios

ocymecxBjiaexca c noMomwo KOJibuesoro KojuieKTopa. FlpH 3XOM xmaxejibHo KOH-
xpojiHpyroxca npoxo^Hbie ceneHHa XOHJIHEHUX (popcyHOK.

CncxeMa perynnpOBaHHs no^anH JKHAKOFO xonjinsa cxeMaxHMHO
Jiena na puc. 6.25. B HCH npHMCHaeTca xonjiHBHbin nacoc o6i>eMHoro
peryjiHpOBaHHe pacxo^a xonJiHBa ocymecxBuaexca jiByMa noxoKaMH: co cxopo-
HW Bcaca nacoca H UMpKyjiflunen nacxn xonjiHBa. Heo6xo^HMbiH K034>4>HUHeHT

HarpysKH nojiynaexca yMHoa<eHHeM cnrHajia ronjiHEHOH cwcxeMti Ha
, nponopuHonajitHbiH nacxoxe spaiueHHa sajia FT. Pe3yjibXHpyiomHH
ycxaHasjiHsaex nomo peunpKyjiauHH ^Jia nacoca jiHSo peryjinpyex OT-
6annacHoro KJianana xaKHM o6pa30M, nxoGti (JjaKXHMecKHH pacxo^ xon-

noxoKa MfH^Koro xonnnsa, 6bin pa-, HSMepeHHbiH nepes CKopocTb
BCH paCHCTHOMy 3HaqeHHK).

B CAY 3HepretHMecKHX FTV (JiHpMbi General Electric npe^ycMoxpeHa
^apTHaa nocjieflOBarejibHocTb asTOMaTHHecKoro nycna, H3Jio>KeHHafl
(PHC. 6.26).

Ilocjie ycneiiiHoro sasepmeHHa aBTOMaTH^ecKHX nposepoK CHcxeMbi H ycra-
HOBJteHHs ^aBjieHHS CMa3OHHoro Macna sanycKaeiCfl nycKOBoe (crapxepHoe) ycT-
pOHCTBO. FTV npocToro UHKjia c nanpaBjieHHbiM BBepx Bbixo^OM rasos ofibiHHO
HC HyHc^aiOTca B npo^ysKe rasoxo^oB nepezi saacnraHHeM ToruiHBa, ocymecTB-
jiaeMbiM npH flocTHMceHHH onpeaeneHHoro snaMCHHa nacTOTbi BpameHHfl poxopa
(25—30 % HOMHHajibHoH B saBHCHMOCTH ox napaMerpoB oKpy^KaiomeH cpe_abO-
ECJIH B TeneHHe 60 c nocjie nanajia onepauHH BOcnuaMeneHHe ToruiHsa He npo-

, TO CAY aBTOMaTHiecKH 3anycKaeT npoue^ypy npojiyeKH rasoxcxaoB
KOTopoR ocymecTBJiaeTCfl nonwxKa noBTopnoro

SianH nycKa FTy

PHC. 6.26. ITycKOBbie xapaKTepHCTHKH 3HepreTHHecicoH TTV (General Electric)
/ — nycK BcnoMorateJibHoro o5opyaoBaHna H nporpeB AHSCJIH; 2 — npo^yBKa; 3 - — Bpameniie
no HHepUHH (B rex cjiynasx, Kor^a ^H3ejibHbiH arperar Hcnojibsyexca B KaiecTse nycKosoro ycr-
poflcTBa); 4 — nacTora Bpaiuemifl poxopa FTY n, %; 5 — Bocn;iaMeneHne Ton^nsa; 6 — nporpeB
nporoiHofi nacTH FTV; 7 — ycKOpeHHe poropa ITV; 8 — reMneparypa ra30B na sxoae B FT TH T, °C;
9 — jiQJVi noaaiw TonnHBa B KC FTY no cpaBHeniijo c HOMHnajitHbiM pacxojOM, %; 10 — crenenb

fl BHA, %; // — 3Tan paSoTbi FTY na XOJIOCTOM

B CHCTCMax, yTHJiHSHpyiomnx Ten^ory Bbixo^nux rasos FTY B
HHKaX P33JIHHHOH KOHCTpyKU,HH, HMCfOTCSI HOJIOCTH, B KOTOpblX MOryT CK3nJIH-
BaibCfl ropromie BemecTBa. B xaKJix cjiynasx ^Jia oSecneneHHa 6e3onacHoH pa-
6oxw npoH3BOAflT npo^yBKy raaoxo^OB. Heo6xoj3HMaa Hacxora Bpamenna sana
noaaep^cHBaeTca HOCTOSHHOH B xeneHne acero BPCMCHH npo^yBKH, Koxopoe co-
cxaBjiaex 1 — 10 MHH B 3aaHCHMocxH ox xwna H KOH(})HrypauHH TeruiooSMeHHH-
KOB. Flocjie saBepiuenHfl npo^yBKH nacxoxa BpamenHfl poxopa cHHacaerca 50 3Ha-
M6HHH, HCOSxO^HMblX ^Jlfl OCyineCXBJieHHfl SaaCHraHHfl XOnjIHBa. 3XH 3Ha4CHHfl
Bbi6Hpaioxcfl jura MHHHMH3auHH xepMHHecKOH ycxaJiocxH rasoxoflOB, pacnojio
xeHHbix B o6^acxH BMCOKHX xe\inepaxyp, H oSecneMCHHS HajjeacHoro 3a«HraHHfl
H nepeKpecxHoro BOcnjiaMeHCHHa B KC.

FTpoue^ypa sa>KHraHHfl saKJnonaexca B no^ane HanpaxenHJi Ha sanajibHbie CBC-
HH H ycxaHOBKe pacxo^a xonjinsa, neoOxo^HMoro ^jia Bocn^aMCHeHHa. Flpoueccu

H nepenpecxHoro BocnjiaMeHCHna sasepniaioxca, Koraa ^axmiKH, pacno-
na npoxHBono^oacHOH cseMaM cxopone KC, ^HKCHpyrox ropeHHe.

riocjie saaepmeHHH nporpesa pacxo^i xonJiHBa yBejiHHHBaexca, H ycKopeHHe Ba-
TTY Bospacraex. Fipn ^ocxna<eHHH nacxoxbi BpameHHs, pasnoH 30 — 50 % HO-

BKjiroiaexca nporpaMMa c sa^anHbiM anropHXMOM H3MeHCHHfl nacxoxw
: Me^JieHHoe yBejiH^eHiie BHanajie H pe3Koe yBejiH^eHHe nepe^ ^ocxH^e-

paSonero SHaneHHa. TaKOM xapaicrep HSMCHeHHa CKopocxn BpameHHfl no3BO-
cHHSHXb xepMHiecKHe HanpsDtceHHfl, BosHHKaromne npn nycKe.

FlpH Macroxe spaiueHMfl, pasHOH 40 — 80 % HOMHHajibHoii, KpyxauiHK MOMBHX
fT Bospacxaex HacxojibKO, HXO ycxanoBKa MOKBX paSoxaxb 6es BHeuiHero HCXOH-
HHKa 3H6prHH. FfpH HaCXOXC BpamCHHfl, paBHOH 80 - 90 % HOMHHaJIbHOH, BHA



KOMnpeccopa, KOTOpbift 6biji saKpbir BO BpeMa nycna, pacicpbisaeTca B
HHC, cooTBeTCTByromee HOMHHajibHOfi nacTOTe spameHHa Ha XOJIOCTOM xo^y.

FIpn npH6jra>KeHHH HacTOTbl BpameHHa poTopa FTY K HOMHHaubHOH sanyc-
Kaerca CTynennaTaa npoue^ypa CHHXponHsauHH, KOiopaa saKjnoHaerca B corjia-

HacTOTbl BpaujeHHfl H Hanpn>KeHHa sjieKTporenepaTOpa H sneproceTH H
aBTOM3THHecKoro BbiKJironaTeJiH B MOMCHT, Korzia paccomacoBaHHe

4»a3 TOKa JIOKHT B jjonycTHMbix npeflejiax. ^Jia npeflOTBpameHHa oTKjnoneHHa
sjieKTporeHepaTopa OT CBTH H3-33 o6paTHoro nepeTOKa aneprHH B M'OMCHT HOA-
KinoHeHHa nacTOTa BpameHHa poTopa ne aojiJKHa oTJin^aTbca OT MacTOTbl CCTH
6ojiee HCM Ha±0,l Fu.

SaKJiroHHTejibHbiM 3TanoM Hpouenypbi nycK3 FTY aBjiaeTca aBTOMaiHHecKoe
3JieKTporeHepaTopa c nocToaHHofi H HapacTaiomew HSCTOTOH Bpa-

AO 33,a3HHoro SHanenHa narpysKH. B ra6ji. 6.6 npuBe^eHbi 3H3neHHa spe-
M6HH nycKa H narpy>KeHHa pasjiHHHbix THROB SHepreTHnecKHx FTV 4>wpMbi Ge-
neral Electric (ClllA).

OTKJUOHCHHe OT CCTH B HOpMaJlbHOM pe^HMC OCymeCTBJlflCTCa HO KOMaHJje
onepaTOpa. OTMeHa KOManzibi na OTKinoneHHe B03MO*Ha 40 Tex nop, noKa BH-
KJiioHaTejib 3JieKTporeHepaTOpa He pa30MKHyT H naaeHHe nacTOTbi spamenHa sa-
jia HC npCBbimaeT 5 % HOMHHajibHOH. Flpoue^ypa OTKnioneHna FTV HaMHHaeTca
c HBTOMaTHMecKofi pasrpysKH 3HeproycTaHOBKH. CooTBeTCTsyromee pejie pa3Mbi-

maBHbiH BbiKJironaTejib sjieKTporeHepaTopa H ycTanasjiHEaeT MHHHMaJibHbiH
ToniiHBa, AocraronHbiH jinnib juia noAaepxaHHH njiaMCHH. Flpn cHHM<eHHH
i BpameHHa ao 30 % HOMHHajibHOH HPOHCXOAHT nojinoe npeKpameHHe no-

TonjiHBa. LJ,ejib ((ropanero OTKjijoneHHaw 3aKJiK>Haerca B CHH^CHHH TepMHne-
CKOH ycrajiocTH rasoxo^OB, pa6oTajomnx B oQnacTH BbicoKHX TeMnepaTyp.

6.6. BpeMfl nycKa, M H H , 3HepreTHiecKHx TTV npocroro UHKjia (Genera) Electric)

Tun nv

MS5001P

MS6001B

MS7001E(A)

MS7001F
MS9001E

XapaKTep
nycKa

HopMaJlbHWH

VcKopeHnoe
HarpysceHHe

AsapHHHblH
HopMajltHUH

VcKopeHHoe
HarpyaceHHe

HopMa^E.HbIH
VcKopeHHoe
narpy JKCH He

HopMaJltHLIH

VcKOpeHHoe
narpy>KeHHe

THH nycKO-
Boro ycx-
POHCTB3

Hmpo-
CTapTCp

4n3ejit

4n3ejit

3^CKTpO-
flBHra-

TCJIb

3jieKTpo-
ABHra-

TCJlb

BpCMfl
nporpesa

amena Tnp

—

2
0,5

0,5
2

0,5

—

—

—
—
—

BpeMa
nycKa

TypGHHbl
nyCK

7,0

7,17
7,17

4,0
10,0

6,67

—
7,5

13,5
8,17
8,17

OGmee BpeMH nycKa
rTy^p + v.)
JIQ HOMHHajibHOH

CKOpOCTH
Ha XOJIOCTOM xo,ay

7,0

9,17
7,67

4,5
12,0

7,17

—
7,5

13,5
8,17
8,17

FlojiHoeBpeMH
nycKa PTV
H Harpy>Ke-

HHH flO 6330-
BOH HarpysKH

12,0

13,17
9,67

5,0
16,0

9,17

19,5
9,0

25,5
20,17
9,67

Docjie npeKpameHHa nojjaHH Tonjinsa saJi snepreTHHecKOH FTY
no HHepUHH c saiwejiJieHHeM ^o BKJironeHHa BanonoBopOTHoro ycTpoflcTea
(BFIV). PoTOp ^o^H(eH BpamaT&ca onpezie^eHHoe BpeMa AJia npejoTBpameHHa
ero nporH6a H3-sa HepaBHOMepHoro oxjiaac^eHHa, npHBO^amero K BHSpaunaM
npH nocjieztyiomHx nycxax. Bpe\ia paSoTbi BFiy H oxjiaacaeHna FTY JICKHT
B npe^enax 5—48 M B saBHCHMOCTH OT MOILEHOCTH ycTaHOBKH. FIpH neoSxo^H-
MOCTH npoue^ypa oxjiaa<^eHHa M05K6T 6biTb npepBana RJIX HOBOFO sanycKa.

3HeprcTHMecKHe FTY, oSopy^OBanHbie nycKOB&iMH ^HsejibH
MH, MO^CHO sanycKaTb 6e3 BHemnero HCTOHHHKa 3JieKTp03HeprHH B TaK
MOM pe^HMe aBTOHOMHoro nycKa. ABapHHHbin nacoc nocroaHHoro TOKa,

cMa30HHoe Mac^o j^jia sanycna, H Hacoc nocToaHHoro TOKa,
TonjiHBO B pescHMe aBTOHOMHoro nycKa, nojiKJHOHeHw K

HOH Sarapee 3Hepro6;ioKa. FlyjibTbi ynpasjieHHa FTY H sjieRrporeHeparopa TZK-
•xe nHTawTca OT aKKyMyuaTopHOH SaTapeH. HnsepTOp o6ecnenHBaeT no/iany ne-
peMCHHoro TOKa, HeoGxo^HMoro JUTS BOcnjiaMeneHHH TonJTHBa H no^nnTKH HH-
TeptJ)eHca onepaTopa Sjioxa. HanpaaceHHe Ha BeHTHJiflTopbi cncTeMbi
H«a nojiaeTca OT renepaTopa Hepes TpaHC(J)opMaTop Hanpa>KeHHa nocjie Toro,

BpameHHfl 3JieKTporeHepaTopa npesbiCHT 50 % HOMHHantHOH. J\n% o6ec-
pa6oTocnoco6noCTH cHCTCMbi c npHMCHCHHeM aBTOHOMHoro nycKa HC-

BFIY, nHTaeMoe OT aKKyMyjiaTOpnofi 6aTapeH nocroaHHoro TOKa
H o6ecneHHBaK>mee pea<HM oxjiax^eHHa poTopa.

General Electric B nponsBOflHMbie FTY H FIFY BHe^paer nocjieziHioio
ACY TIT «Mark VI». FtpHMeHenHe UH<|)poBbix CHCTCM no3BOJiaeT

noBbicHTb Ha^e^Hoctb ACY TFI ao 99,98 %, npH STOM cpe^Hee BpeMa ycTpaneHHa
HencnpaBHocTeH Menee 30 MHH. 3TO nosBojiaeT yMenbiiiHTb TCKymHe H3^ep)KKH,
coKpaTHTb MHCJieHHOCTb o6c^y)KHBaiomero nepconajia, HHCJIO oTKa30B B paSoTe.

CncTeMa aeTOMaTHMecKoro ynpasjieHHa o^HOBajiLHOH 3HepreTHHecKoH FTY TH-
na TT3-180 (AO JIMS, «ABnaABHraTejib», BTH) BbinojiHeHa 3JieKTpora^paBJiH4e-
CKOH. OHa cTpyfcrypHO pas^ejiena na sjieicrpHHecKyro H3CTb cncreMbi peryjiHpOB3-
Hna, BbinojiHeHHyro Ha 6a3e MHKponpoueccopHOH TCXKHKH (3^CP-M), H na nm-
pasjiHHecKyK) nacTb (FHCP), pa6oT3 KOTOpbix BsaHMocsasaHa.

CncTCMa 3HCP-M ynp3BJifleT nono>KeHHeM peryjiHpyromnx TonjiHBHbix KJia-
nanoB (PK) B pasiiHHHbix pe^HMax pa6oTbi FTY. B CBOCM cocTase OHa HMCCT
cjieflyromne 4>yHKUHOHajibHbie SJIOKH:

nporpaMMHbie saaafHHKH COOTBCTCTBCHHO Majioro naia^bHoro OTKptiTHa
PK, nacTOTbi BpameHHa, reKymero sHanenwa MOIIIHOCTH, KoneMHoro 3HaneHHa
MOIUHOCTH;

qacTOTbi BpameHHa, TeMnepaTypbi ra30B, sanaca no noMnaacy;
napaMerpOB;

H cejieKTOpbi KanajioB peryjinpoBaHna;
napaMerpOB;

CejlCKTOpbl MaKCHMajIbHOrO H MHHHMajIbHOrO
B FHCP COOTBCTCTBeHHO BXO,fl,aT CJlC/iyiOlUHe
1. CHCT6M3 ynpaBJieHHH HaCTOTOH BpameHHa pOTOpa H 3KTHBHOH MOmHO-

CTbro 3jreKTporeHepaTopa, paGoTaiomaa no CHrna^y 3^JCP-M H BO3^eficTByK)-
ll1"" Ha sneKTpoMexaHHHecKHH npeo6pasoBaTejib (FI3M) HSMeneHHeM TOKa. STO



npeoSpasyexca B nepeMemeHHe urxoKa F13M H, cjiejjoBaxejibHO, B ne-
peMeuieHHe 30JioTHHKa peryjiflTOpa CKOpocTH, H3MeHHK)mero pacxo/i Maciia.

2. CncxeMa xonjinBonofla^H. OCHOBHOH nmpaBJiHHecKoti nacxbio CAY
excs HcnoJiHHTejibHbifi flBwraTejib npHBo^a KyiiaHKOBoro sajia
KJianaHOB ra30o6pa3Horo H iKHjiKoro xonjiHBa. HajiHHHe KyjiaiKOB Me>Kfly HCHOJI-
HHxejibHbiM ABHraxejieM H KJiananaMH nosBOJiaex ocymecTBHTb HX npo^HJinpoBa-
HHC H nonyMHTb HeoGxo^HMbie KO3(|>4)HUHeHXbi ycHJienHs npH peryjiHposaHHH
npn 3eaHHxejibHO MeHaiomeMca ^aBjieHHH xonjiHBa nepefl 4>opcyHKaMH. B pac-
cMaxpHBaeMQH FMCP ecTb ocoSoe ziosHpytoiuee ycxponcxBO — SJTOK sanopnux
KjianaHOB Ha ocnoBe jjpoccejibHbix manS, c noMombro KOToporo pacnpejiejiaeTca

ToniiHBa Ha nanajibHOM sxane nycna.
3. CncxcMa samnxbt or HeflonycxHMoro noBbimeHHa HacTOTbi epameHHa po-

Topa FTY, no3BonaH)inaa 6trcrpo npeKpaTHTb noflany TonJlHBa K t^opcyHKaM H
OCTaHOBHTb ycTaHOBKy. Bra CHCTeMa o6ecneHHBaeT TaKJKe nposepKy paSoTocno-
co6nocTH y3JioB SBIUHTU npH pa6oTe FTY no,a HarpysKOtt,

4. CHCTCMa aHTiinoMna^Horo peryjTHposaHHa, samnmaromaa KOMnpeccop OT
neflonycTHMoro npHSjiw^eHHa K rpaHHue noiunaaca H OTKpbiBaromaa aHTHnoM-
na>KHbie KJianaHbi B pe^HMax nycna H ocrraHOBa FTY..

5. CncTCMa MacnocHa6>KeHHa CAY, npeflnasnaHeHHaa ana OHHCTKH MacJia or
MexaHHHecKHX npHMeceK, BbiaejieHHfl B03flyxa H3 Macua H no/iaHH Macna no,a ^as-
jieHHCM 2 Mria K ys^aM peryjiHpoBanna. CncreMa Hcnojib3yeTca xaK^ce ^Jia KpaT-
KOBpeivieHHoro noaflepaoHHa HanopHoro ^aBjreHHa Macjia 8 cncTCMe peryjiwpoBa-
HH3 H npH KpaTKOBpCMCHHOH OOTCpe HHTaHHfl CO6cTB6HHbIX Hya<fl T3C. CHCTCMa
MacjiocHaSateHHa FHCP HMeeT ^sa 3JieKTpoHacoca nepeMCHHoro TOKa, OAHH H3 KO-
TOpbix pesepBHUH. B ycTaHOBKe THna FT3-180 CHCTeivia CM33KH nofluinnHHKOB or-
^ejiena OT CHCTCMbi MacjiocnaSKCHHa CAY, HTO nosBOJiaeT oSecneMHTb jiyMiuyro
OMHCTKy Macjia B ciicxeMe perynnpoBaHHa, HCM B o6men CHCTCMe. HcnojibsyeMoe
Macjio HMeeT MapKy Tn-22. BojibiunncTBO CXCMHBIX H KOHCTpyKTHBHbix
CHCTCMbi MacjiocHa6McenHfl n y3JioB FHCP anajiornMHo oTpaSoTaHHUM
peryjinpOBanna naposbix H rasoBbix TypGnn AO J1M3.

3nepreTHHecKaa FTY THna FT3P-12 (OAO «HeBCKnn 3aBOfl») HMBCT
nyro CHjioByio TypGnny n perenepaTop xenjiOTbi BuxojiHbix rasoB. Flpn pa3pa6ox-
KC CAY 3TOH FTY 3a OCHOBy SbiJia npHH^Ta ocBoewnaa 3aBo,noM 3jieKTponH6B-
Morn^paBjiHMecKaa («cyxaa») cHCTCMa ynpasjienHa*. HacTb STOH CHCTCMH npe^-
cTaBJiena na pnc. 6.27.

npH 3Kcn.nyaTau.HH FTY Boajiyx B CHCTCMy peryjinpOBanHa nocxynaeT H3 oce-
BOFO KOMnpeccopa nepes SJIOK Bos^yxono^roTOBKH H peryjiarap ^aBjieHHfl «nocJi^
ce6a» 5. Csast Meac^y 3JieMCHTaMH CAY ocymecTBJiaexca c noMOiin>K> B03^y(UHblX

JIHHHH npOTOMHoro B03^yxa V, npejjejibHOH samHTbi IV H nocTOHHHoro ^aBJieHH:
///. JlHHHa nocToaHHoro ^asjieHna o&be/iHHaeT TonjiHBHbiK peryjinpyiomHH KJiana
2, CTonopnbiH Kjianan 6, OTceHHOH SOJIOTHHK 4, peryjiaxop aaBJieHHs 5 H flBa 3J
TpOMarHHTHbix KJianaHa (seHTHjia) (3MB). B 3Toft JTHHHH Ha scex pe>KHMax
Tbi FTY peryjiflTopoM 5 no^ep^HBaeTCa nocxoaHHoe AaBJienue 140 KFIa.

FIpoTOMHasi B03.uyuiHafl jiHHHa V oSpasyeTca ns JIHHHH nocxoaHHoro
HHH nepes ApoccejibHyio maH6y ^naMerpoM 4 MM, ona CBH3biBaeT MCMfjiy co

peryjiflTop CKOPOCTH 1, peryjiHpyKJiuni1 KJianaH 2, OTCCHHOH SOJIOTHHK 4, o
npHCMHCTocTH 12 H 3MB. BwnycK Bos,ayxa H3 JIHHHH V MO*er o

CKHB6^o^CTeMa PeryJIHpOBaHHfl H y P»B«"" 3HepreTH4ecKofi TTY FT3P-I2 (OAO «HeB-

I — peryjiarop CKOPOCTH; 2 — Kjianan peryjiMpytomHii; 3 — - KJianan BbinyCKHOti; 4 — SOJIOTHHK OT-
CCVHOH; 5 — peryjisxop ^aBJieHHa «nocjie ce6fl»; 6 — KJianan cTonopHbifl; 7 — KJianan— To
°>9 — KJianaHw SafinacHbie; 10 — SO^OTHHK nepeKJiioiaiomHii; // — K/ianaH 3jieKTpOMarHHTHtifl
12 — o r a H H; 13 — SJIOK HMnyjiLCHOH p a 3 r 3 K

ropejixe; 16

aiomH; — K/ianaH 3jieKTpOMar
orpaHHHHrejit npHCMncTOCTH; 13 — SJIOK HMnyjiLCHOH pa3rpy3KH rypSHnw; 14 — K

rope^KaM; 15 — K sanajibHofi ropejixe; 16— K e ^ c H ropejiKe; 17 —
nocjie KOMnpeccopa TTV; 19 — MHCJIO; ......... — B03,nyx nocroaHHoro

jiLHofi 3aiUHTbi IV; --- . _
B npOIHX JTHHHSX VI| -------

* CMCTCMB ynpaejiCHMs pa3pa6oia!ia AO HMKTHT.

OCHOB-
ras; /S —

III;
V;

JIMHHfl IJieKTpMHCCKOH CB83H VII

^ep63 peryjiaxop CKOPOCTH, orpannMHTejib npneMHCTOCTH H 3MB.
PoBeHb AaBJieHHfl B 3TOH JTHHHH onpe^ejiflCT CTeneHb OTKptiTHfl peryjiHpyiome-

K^anana H cooTseTCTBeHHO MoumoCTb FTY (HanajibHoe jjasjieHHe 60 KFIa,
Mai«CHMajibHoe 120 KOa).

OCHOBHWM 3JieMCHTOM B CAY cjiyacHT sjieKTponHeBMorH^paBjTHHecKHH peryjia-
P CKOPOCTH 1, noaaepacHBaroujHH 3a,a;aHHyio nacTOTy spaiuenHfl sajia CH^OBOH
PQHHbi. Pery^axop CKOPOCTH cHa6)KeH MexaHH3MOM ynpasjieHHs, nosBOJiatoiUHM
FHflTB (aBTOMaTHHCCKH, JIHCTaHUHOHHO HJ1H HOBOpOTOM pyKOSITKH) SaJtaHHC HO
r°Te BpameHHfl npH nycKe H ocxaHOBe FTY, cnHxpOHH3auHH 3JieKTporenepaTO-

' no,a narpysKott (aBTOHOMHas 3JieKTpHMecKafl cert), a xaK^ce H3MeHflTb
yeraHOBKH nocjie CHHXpoHH3aunH (3HeproCHCT6Ma SojibiiioH MOIUHO-
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OCOBEHHOCTM KOHCTPYKUMM M XAPAKTEPMCTMK
OTEHECTBEHHblX M SAPYBEXHblX SHEPrETMSECKMX ITY

7.1. OnPEAEflEHME SHEPrETMHECKMX nOKA3ATEJ1E& ITV 3JIEKTPOCTAHLJHil
HO 3ABOflCKMM XAPAKTEPMCTMKAM

PacneT TCHJIOBOH cxeMbi 3HepreTHMecKOH FTY B nepeMCHHOM pe*HMe —
BecbMa cjiOMCHaa sajjana. B nojinoM oSteiwe ona BbinojiHfleTCfl 4>HpMaMH-H3roTo-
BHTCJIfllMH yCTaHOBKH C HCnOJIb30BaHH6M CO6CTBeHHbIX paCHCTHUX MCTO^OB,
CTCHflOBblX HCnbIT3HHH, MO^eJlHpOBaHHH H pC3yJlbTaTOB H3MCpeHHH XapaKTCpH-
CTHK nepBbix onbiTHbix oSpasuoB. HayHHo-HccjieaoBaxejibCKHe H npoeKTHue HH-

SHepronpe^npHHTHS, sysbi H ^pyrne opraHH33UHH Hcnojib3yroT npeji-
"tHpMaMH XapaKTCpHCTHKH H HO HUM OU6HHBaiOT BO3MO^HOCTH

HJ1H HHOH FTY. FIpH H3JTHHHH flOCT3TOMHOH HHI^OpMaUHH 3HepreTHHeCKH6
33T6JIH FTY AHfl p33JIHHHbIX p6>KHMOB pa60TbI MOHCHO OnpeflCJIHTb, annpOKCHMH-
pya HH^opMauHio (J)HpM-H3rOTOBHTeneH o6opyflosaHHH, HpeflCTaBjraeMyro HMH B
rpa4>HHecKOH HJTH TaQjiHMHoii 4>opMe.

B MOCKOBCKOM sneprcTHHecKOM HHCTHTyTe B HHJ1 «Fa30Typ6HHHbie H napora-
3OBbie T3C» co3j[aHa nporpaMMa annpOKCHMauHH TaKHX TaQjiHMHbix ^aHHbix c HC-
nojib30BaHH6M MCTo^a naHMCHbiUHx KBa^paTOB, KOTOpaa no3sojiaeT no^yniiTb 3a-
BHCHMOCTH 33BO^CKHX XapaKTCpHCTHK OT HBCKOJIbKHX nepeMCHHblX.

C noMombW 3ToM nporpaMMbi o6pa6oT3Hbi TexHHHecKHe .aaHHbie pa^a oTene-
CTB6HHHX H 33py6e>KHbIX FTY H nOJiyHCHbl ypaBHCHHH, C flOCTaTOHHOH CTenCHbK)
TOHHOCTH (norpeiiiHocTb 0,5—1,0 %) onHCbiBaiomne snepreTHHecKHe xapaKTepH-
CTHKH 3THX FTY B paSJIHHHblX pClKHMaX.

OpOBe^eHHbie pacneTbi noKaabiaaiOT, HTO xapaKTepHCTHKH FTY npn HOMH-
najibHOH HarpysKe MO^HO onncaTb nojiHHOMaMH c Hcnojib30BaHHCM MHoronjie-
HOB BTOpOrO H TpCTbCrO HOpfl^KOB:

faji.. (7-0

(7.2)

ycjroBHw no ISO (TK
— 1 C

me FQ — HOMHHaJibHaa xapaKTepHCTHKa FTY

paB = 0,1013 MDa, (p H B = 60 %).
K npHMepy, aJTfl 3apy6ea<HOH anepreTHHecKOH FTY cpe^Hefl MOUJHOCTH noJi

H ncnojib3OBaHbi npH pacHCTax
ajieicrpHHecKOH HarpysKH FTY,

= 24,6(1,075 -3, 182- 10 H B - 1,017-f \ r H . * * - ' 1,494- 10 6rM
3

B);

3jieKTpHHecKoro KTIR FTY, %:

= 34,2(1,006-4,002-10-4rHB);

pacxo^a rasoB sa FTY, KF/C:

= 79,2(1,057 - 3,52 • KHT^ - 1,97 - 10^);

TeMneparypbi rasos 33 FTY, °C:

yxT = 534(0,9887 + 7,003 • 10-4rHB
 + 2>727 ' l°"6^H

2
B)-

HCKOTOpHM 3HepreTHHCCKHM FTY CBOHCTBCHHO HaJlHMHC H3JIOM3
CTHK paSoTbi npH onpe^ejieHHOM TeMnepaxype Hapy>KHoro eos^yxa T ,

oStflCHiieTCJi orpaHHHeHHSMH MaKCHMajibHo B03MO>KHOH 3jieKTpHMecKoH
KH reHeparopa FTY. B xaKOM cjiyiae xapaKrepucTHKH ycraHOBKH Moryr GBITB co
craBJieHbi HS ^syx ypasHCHMH, Ka^^oe H3 Koropbix KoppeKTHO
ro HHTepsajra xeMneparyp:

(7.3;

B KanecTBe npHMepa xapaKxepHCTHKH sapySeatHOH 3HepreTHMecKoH ri"V
MomnocTH, annpoKCHMnpoBaHHbie c yneTOM H3JiOMa, npe^craBJieHbi

B Ta6ji. 7. 1 .

ECJIH Heo6xo^HMO annpoKCHMMposaTb sasHCHMOCTH napaMexpoB TTY He
OT TeMnepaxypbi napy^Horo sos^yxa, HO H OT ee narpysKH, TO nojibsy-

6ojiee cuoacHbiMH saBHCHMocTflMH. B o6meM BHfle OHH Moryr 6biTb

7.1. Ko3(J)(|)MUHeHTi.i c;, df xapaKiepHCTHK TTV

floKasaTCJib

^eKipHHecKaa
MomHocxb rrv, MBT

^eKTpHHecKMii
Kn^ rry, %

at-^oa rasoe Ha BLI-
Xo^e rry, Kr/c

TvT~ — — —
'^neparypa ra3oe

rta BWXO^C rry, °c

Ko3(|>4)HUHeHT

ci

dt

c,

4
cl

dt

ci

4

3HaieHne K034>4iMUHeHTOB npn i, paeHOM

0

70

68,10

36,29

36,22

211,66

200,99

522,6

522,7

1

0

-0,3448

-0,01232

-0,02821

1,736

-0,5386

0,2757

0,3074

2

0

-7,119 -10-4

-1,136'KH

-1,430- 10-3

0,08334

-2,984- 10-3

-1,544- 10-3

-3,768- 10-3

3

0

0

0

1.354-10-5

1,371 • 10-3

0

4,856- 10-6

7,829 • 10-5
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(7.4)

rue TV - OTHocHxejTbHaH HarpysKa FTY
)npeAejieHHH 3AeKxpHnecKoro
MOIUHOCXH SblJIH HOJiyHCHbl

nojiHHOMa npn n = 3:

/
-0,5044- 10 0,1233- 10

_i

sapy6e>KHo£i 3HeprexHnecKOH FTY
3HaneHHJi a

-0,4125- 10"

-0,1411 • 10

0

~2

-0,1355-10
,-2

0,2722 • 10'

0,6003 • 10
~3 -4

0,

-0,8318- 10
-4

10 -0,8317-10 0,8372-10

B 3XOM nojiHHOMe cpeAHeKBaApaxHHecKoe oxKJioneHHe npH annpoKCHMauHH
paBHO 0,22 %, HXO snoJiHe yAOBJiexsopaex XOHHOCXH pacnexoe. FipoBezieHHbie HC-
cjieAOBaHHH noKasaiiH, HXO AajibHeHiiiee ysejiKHeHHe n > 3 He OPHBOAHX K HOBH-
meHHio XOHHOCXH onpeflejieHHa xapaKxepncTHK.

7.2. TMROPASMEPbl M XAPAKTEPMCTMKM OTEHECTBEHHblX SHEPfETMHECKHX ITV

7.2.1. raaoTypSwHHbie ycTanoBKH
P o c c r.- , (

Fa30xyp6HHHoe MaujHHocxpoeHHe B COBCXCKOM Coiose nexKO pa3AejiaAoci> no
BeAOMCTBeHHofi npHHaAAe>KHocTH: aBHauHOHHoe, cyAOBoe H SHeprexHnecKoe,
npHHCM aBHauHOHHoe H cyAosoe KaK oxHOcameeca K oSoponnoMy KOMnjieKcy na
npoxa>KeHHH AecaxHJiexHH nojiynano npHopHxernoe pasBHXHe H Aocxnrjio 3H3HH-
xejibHbix ycnexoB. 3a HCKJuoneHHeM OAHOFO aBHaABHraxejiecxpOHxejibHoro, OA-
HOFO cyAOcxpoHxejibHoro H OAHOFO 3HeproMaiHHHOCxpoHxejibHoro npeAnpnaxHJi,
OKasaBLUHXCfl nocjie pacna^a CosexcKoro Corosa Ha xeppHxopHH YKpanHbi, Becb
noxeHHHaJi rasoTypSHHHoro MauiHHOCTpoeHHS ocxaAca B POCCHH.

HaHGOALlHHH HayHHO-xeXHHHeCKHH, KOHCTpyKXOpCKHH H npOH3B04CXBeHHblK
noxenuHaji rasoxypSocxpoeHHa cocpeAoxoneH na aBHaABHraxejiecxpoHxejibHbix
npe^npHaxnax. B CBBSH c AeMnjinxapHsauHen 3KOHOMHKH POCCHH, npHBefltiiett K
MHoroKpaxHOMy coKpamenHK) saKasos na aBHaflBnraxejiH, noaaBJiaioiuee 6o:ib-
IIIHHCXBO aBHaABHraxejiecxpOHxejibHbix npe^npHaxHW B xeneHne nocjieztHHX Jier
3aHHMaexca cosaaHHCM 3HeprexHHecKHx FTY na 6ase cymecxByK>mHX H nep-
cneKTHBHbix aBH3ABHraTejieH c HcnojiL30BaHHeM coBpeMeHHwx TexnojiornH npo-
CKXHpOBaHHa H npOHSBOACXBa.

npOH3BOflCTBeHHbIMH H HayHHO-npOH3BOflCXBeHHbIMH O&beAHHeHHJJMH PoC-
CHH pa3pa6oX3H IHHpOKHfl pafl 3HepreXHHCCKHX FTY eAHHHHHOH MOUiHOCTbK) OT
1 AO 180 MBX (HO ISO). FIpH HaJIHHHH 33KaSa SoJIblllHHCXBO H3 HHX B KOpOTKHC
CPOKH Moryx 6tiTb H3roxoBJieHbi ^jia paSoxu Ha rasoxypSHHHbix 3jieKxpocxaHUH-
ax B aBXOHOMHOM peacHMe, na ra3oxyp6HHHbix T3IJ H na naporasoBbix T3C.

Flo ruepe coBepmencxBOBaHHfl yBejinnHBaiiHCb naparviexpbi paSonero xeJia
FTY B 33BHCHMOCXH ox HanajibHOH TCMnepaxypLi rasoe nepe^ FT FTY MO*HO
yCjIOBHO p33AeJIHTb no «nOKOJICHHflM»:

FTY 1-ro noKOJieHHa — 7HT < 850 °C (no ISO);

226

FTY 2-ro noKOJieHHa — rHT = 850—1050 °C;

FTY 3-ro noKojienna — THT =1050—1200 °C;

FTY 4-ro noKOJienHa — T^ =1200—1350 °C;

FTY 5-ro noKOJieHHa — TH^ Sonee 1350 °C.n. I
B Kanecxse OCHOBHOFO xonjiHBa B FTY npHMCHaexca npnpOAHbiH ras, pesepa-

HMM asjiaexca a<HAKoe TOHJIMBO (AH3e^bnoe HAH rasoxypgHHHoe).
npHBOA sjieKxporenepaxopa MO^CCT ocymecTB^HTbca HenocpeACTBCHHO OT saAa

TypSoKOMnpeccopa FTY HJIH OT BOJia OTAeJibHOH CHAOBOH xypSHHbi (CT), pacnoAo-
aceHHOH no xoAy rasos nocAe FT ra3oxyp6wHHoro ABHraxena (FT,H). Opw Bpame-
HHH saAa xyp6oKOMnpeccopa HJIH CT c nacxoTOH spameHHa 6oAee 3000 o6/MHH
npHBOA 3AeKTporeHepaxopa ocymecxBAflexca nepes noHnacaiomHH peAyKxop.

OcHOBHbie npoH3BOAHxeAH H paspaSoxHHKH oxeHecxBCHHbix 3neprexHHe-
CKHX FTY:

1) OAO «JIeHHHrpaacKHH MexaAAHHecKHH 3aBOA» (J1M3), r. CanKT-FieTepSypr;
2) AO «YpajibCKHH xypSoMoxopHbiH 3asoA» (TM3), r. EKaxepHnSypr;
3) OAO «HeBCKHH 3aBOA» (HJ73), r. CaHKx-FIexep6ypr;
4) AO HHKTHT (Haynno HCCAeAOBaxeALCKHH nncxuxyx TypSoKOMnpeccopo-

CTpoenHa), r. CaHKT-OeTepdypr, H Ap.
KpynnbiMH npoH3BOAHxejiaMH 3HepreTHHecKHx FT/I sBJiaroTca HFIO «Mam-

npoeKx» (r. HHKOJiaeB, YKpaHHa) H FIO «3apa» (YKpaHna), 6oAee 20 jiex Bbinyc-
KatomHe rTJ\ H sneproycxaHOBKH CAHHHHHOH MOUIHOCXH 2,5—30 MBx AJIH ny)KA
3HeprexHKH H rasoBOH npoMuuiAeHHocxH na 6ase cyAOBbix FT/J. Bcero B 3Kcn;iya-
rauHH B naseMHux ycAOBHax HaxoAHxcfl 6ojiee 600 3HeproycxaHOBOK, Hcnojibsyio-
mwx rasoxypSHHHyio TexHOJioniio. ^Jia Hy>KA SHeprexHKH KaK B OTAajiennbix or
3HeprocHcxeM pernoHax, xaK H B uenxpaJibHbix panoHax cxpan CHF H 3a pySewoM
npoAOJDKHxejibHoe speMa HaxoAaxca B 3KcnjiyaxauHH 6ojiee 110 FTY, H3 HHX B pe-
IKHMQ FTY-T3I4 — 32 sneproycxaHOBKH. Ha niecxw njiasynHX sjieKT
cxanuHflx «CeBepHoe CHSHHO) pasMemeHo eme 12 3HeprexHHectcHx FTY

B nocjieAHee AecaxnAexne BBHAy CHH^CHHS saKasos na FT.ZJ AJifl ny^A t
UHH 6ojibUiHHCTBo aBHaunoHHbix 3aBOAOB H KB nanajio npe^JiaraTb FT^
npHBOAa 3A6KTpHHecKHx reHepaxopoB. OcHOBHLie poccHHCKHe npCAnpHaxna-nO'
CXaBlUHKH FT^ AAfl HyH(A M3AOH H CpeAHCH 3H6preXHKH:

1) SAO «3neproaBHa» H MKB «Coio3», r. MocKBa;
2) rn MKB «FpaHHx», r. MocKBa;
3) OAO «CaxypH», r. MocKBa;
4) OAO «Pbi6HHCKne Moxopbi», r. PHSHHCK;
5) OAO «FfepMCKHe Moxopbi» H OAO «ABHaABHraxejib», r. flepMt.;
6) FHnn «Moxop», r. Yijja;
7) AO «MoxopocxpoHxeAb» H CKBM, r. CaMapa;
8) OAO CHTK HM. H. J\. Kysneuosa («^BHraTejiH HK»), r. CaMapa;
9) AO KFin «ABHaMoxop» H OAO KMHO, r. KasaHb.
HOMHMO nepeHHCAeHHbix npeAnpHSTHH eme OKOAO ^ecaxn aBHauHOHHbix

H BepxojiexHbix npeAnpH3XHH npeAJiaratox FT^ AJia 3neprexHHecKHX ycxanoBOK
M3AOH MOIUHOCXH (OT 0,1 AO 4 MBT).

PaccMoxpHM paSoHHH npoeKX HOBOH 3HeprexHHecKOH FTY xnna FT3-180, noA-
foroBjieHHtiH OAO JIM3, OAO «ABHaABHraxejiE.)> HepMb) H OAO BTH no conia-
UICHHK) C PAO «E3C POCCHH». ripH npOeKTHpOBaHHM 6tIJIH HCriOJIbSOBaHbl OHblT
°AO JTM3 no cosAaHHK) n sKconyaTauHH FT3-150 Ha FP3C-3 OAO «Moc3Hepro»,



pa3pa6oTKH OAO «ABHa,aBHraTejib» no aBHauHOHHOMy ^BHraxejiK) FIC-90 H ycra-
HOBKe THna FT3-12, pa3pa6oxKn AO BTH B oSnacTH rasoTypSocTpoeHHs.

Pomop TypSoKOMnpeccopa cnpoeKTHposaH H3 oTjjejibHbix ,O;HCKOB, Hecymnx Jio-
naTKH KOMnpeccopa H FT. IJeHTpHpOBaHne ^HCKOB MeHcn,y co6oH H nepeAHefi H saa-
HCH KOHHeBblMH H3CTHMH OCy 111,6 CTBJIfleTC3 nO XHpTOBbIM HOaCOM. OGlIjaa )KCCT-
KocTb poxopa oSecneneHa ueHTpaxibHOfi CTJJ>KKOH. POTOP xypGorpynnw onnpaeTca
Ha JIBa OHOpHblX nO^UJHnHHKa CKOJIbJKCHHa C aHTHI^pHKUHOHHblM nOKpHTHCM,

KoMnpeccop ycxanoBKH 13-CTyneHnaTbiH, oAHOBajibHbiH c KOHCOJibHbiMH na-
npaBjiaroiUHMH jionaTKaMH BCCX CTyneneH. Pa6oMne JionaTKH cTyneneft KpenaTca
K flHCKaM 3aMKaMH THna wjiacTOHKHH XBOCT». 3anac no rasoaHHaMHMecKOtf yc-
TOHHHBOCTH KOMnpeccopa BO BpeMa nycKa oSecneHHBaeTca KJianaHOM nepenycKa
B03,ayxa sa 8-ft cTynenbK) H noBOpOTHbiMH JionaTKaMH BHA H FIHA I-H H 2-fi
cTyneHeii. Bee nosopOTHbie jionaxKH ynpaBJiaiOTca CHHXPOHHO.

3a 4, 8 H 13-H CTynensMH ocymecTBJiaK>Tca oT6opbi B034yxa B cHcxeMy ox-
jia>K.aeHHa FT. Bee oTGopbi BbinojiHaioTca H3 Hapyacnoro Kopnyca no BHeuiHHM

KaMepa cropaHHfl FTY HMCCT TpySnaTyio cxeiviy H COCTOHT HS 12
Tpy6. Hcnojtb30Ban npHHu.Hn ca(HraHHfl SeflHOH roMoreHHO
CMecH. T^JIS ee npe^BapHTejibHOH no^roTOBKH npHMencHa BHxpesaa ropejiKa,
HMeroiuaa BcnoMoraTenbHbiH TonjiHBHbitt KOHTyp, c noMonibio Koxoporo ocyme-
CTBJiaioTca sanycK FTY, paSora Ha peacHMax c HHSKHMH napaMeTpaMH H no^ziep-
acaHHe ycTOHHHBOro ropeHHa OCHOBHOFO KOHTypa Ha paGonnx peacuMax FTY. He-
pes BcnOMoraTCJibHbiH KOHTyp TonjiHso nocrynaeT HenocpeflCTBeHHO B sony ro-
pCHHfl nJiaMCHHOH Tpy6bl.

B Ka»CAOH nuaMCHHOH TpySe KC ecTb 19 BwxpeBbix ropenoK. TaKaa MHoro-
MO^yjibHas KOHCTpyKUHfl no3BOJiaeT nojiyMHTb 6ojiee o^Hopo^Hoe TeMneparyp-
Hoe nojie na BXOAC B FT H ocymecTBHTb 6o;iee rnSKoe ynpasjieHHe CHCTCMOH

KC ocymecTBJiseTca c noMombio BocnjiaMeHHTejiefl, KOTopbie ycra-
Cfl B Kaac^yK) njiaMCHHyio Tpy6y H paSoTaioT Ha nponaH-dyraHOBOH

CMCCH OT aBTOHOMHOft CHCT6MbI TOnjIHBOnO^aHH. HajlHHHC njiaMCHH B HJiaMeH-
Hbix Tpy6ax KOHTpojiHpyerca HH^HBH^yajibHbiMH TepM03JieKTpHMecKHMH npeo6-
pasoBaTeiiflMH, ycTanoBJieHHbiMH 3a FT.

0)KHjiaeMbifi yposcHb BbiSpocoB NO^ OT FT THna FT3-180 npn 50 — 100 %-HOH

HarpysKe cocTaBHT OKOJIO 50 Mr/M3 npH pa6oTe na npHpo^HOM rase H OKOJIO
100 MF/M3 HpH C»CHraHHH XH^KOFO TOnjIHBa.

Fasosaa TypSnna — - HeTbipexcTynennaTaa c sosjiyiiiHbiM oxjiaac^eHneM nep-
BLIX Tpex cTyneneH. FIpe^ycMOTpena oTKptiTaa B03ZtyuiHaa cncTCMa oxna>K.ueHHa
OCHOBHLIX ysiiOB H ̂ erajiBH. Bos^yx nocjie KOMnpeccopa 40 no^anH Ha oxjiajKjie-
HHe npoxo^HT nepes BOflSHOH Bosayxooxjia^HTejib, rae oxjiaa(aaeTCfl 40 220 °C.

ConjioBbie H paSoMHe jionaTKH I-H CTynenn FT HMCIOT KOHBCKTHBHO-njie-
HOHHoe oxjiaac^eHHe c neTJieewM 4BH)KeHHeM B03Ziyxa BO BHyTpeHHeH nojioc-
TH. CxeMa oxjiaacaeHHa paSoMHX jionaTOK 2-0 H 3-ft CTyneneH BKJiioMaeT B ce6a
BHxpeBbie MaTptiubi, oSpasosaHKbie npo^oiibHbiMH H HaKjioHHbiMH peSpaMH.
BO34yX H3 JIOnaTOK BblXO^HT HCpeS OTBepCTHa Ha KOpblTC SS^HSH BblXOZlHOH
KpOMKH. PaSoHHe JionaTKn 4-K cTyneHH ne oxjiaacaaiOTCfl, a conjiosbie JionaTKH
HMCIOT BHyTpeHHioK) nojiocTb, Mepes KOTOpyio noflaeTca sosflyx, OT6npaeMbiK
3a 4-H CTyneHbio KOMnpeccopa H BbmycKaeMbiH B pacceHKy jiaSnpHHTHbix yn-
JIOTHCHHH.
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PacneTHbiH KO3(j)<J>HUHeHT nojiesHoro jjeficTBHa FT r\ rT = 95,76 %, HTO

3HaHeHHH Kn/i OTjiejibHbix CTyneneH. 3TO oStacHaeTca ysejiMHeHHeM pacxo^a
rasa no crynenaM Gjiaro^apH no^MetuHBaHHio oxJiaHc/iaioiiiero B03jryxa.

CncTCMa aBTOMaTHMeCKoro ynpaBJienna noBOpOTOM JionaTOK BHA KOMnpec-
copa oSecnennBaeT:

nycKOBOH MOIUHOCTH 6jraroztap3 ycranoBKe BHA B npHKpbiToe
npw nycne FTY;

xapaKTepHCTHK FTY B OTHomeHHH coxpaneHHa sanacos raso^H-
ycTOHHHBOCTH nyTeM noBopoTa BHA npH H3MeHCHHH TCMnepaTypw

BO3MO)KHOCTb flOnOJIHHTeilbHOrO HpHKpblTHa BHA HpH 3KCnjiyaTaUHH FTY
B CXCMC HFY. B pesyjibTaTe MO^HO yBejiHHHTb na 50 °C TCMnepaTypy Bbixo^Hbix

— 3
rasoB ycTanoBKH B pe^HMe A^r = 85 %.

AO «JleHHHrpa^CKHH MCTaJIJIHHeCKHM 3aBO^» OCyiUeCTBJlHCT npOCKTHpOBaHHC
HOBOH CepHH COBpCMeHHblX SHCpreTHHCCKHX FTY THna FT3-60 — O^HOBaJIbHblX
^syxonopHbix ycranoBOK MomnocTbro no ISO 64 MBT npH Kfl/I npoH3BojjCTBa
3iieKTp03HeprHH 36,5 %. MacTOTa BpameHHa rasorypSHKHoro jjBHraTeiia
5441 o6/MHH, ycTaHOBKa CHa6^eHa pejjyKTopOM. HcnojibsosaHHe KOJibuesoH KC
c flsyxsoHHbiM ropenHCM J;OJI»:HO o6ecneHHTb o6teMHyro KonueHTpauHK) Bpe#-
Hbix Bbi6pocoB He 6onee 25 ppm.

Eme o^na FTY 3Toro saso^a THna FT3-350 BbinonneHa no .asyxonopHOH cxe-
M6 B BH^e O^HOBaJlbHOH yCTaHOBKH C HaCTOTOfl BpamCHHS B3Jia 3000 O0/MHH.
TeMnepaTypa rasos sa KC npHMTa 1500 °C, a cnjioBbie JionaTKH I-H CTyneHH
oxJia^f^aiOTca napOM, TaK KaK FTY njianHpyeTca HcnojibsosaTb B cxeMe OFY

HeBCKHH saBoa coBMecTHo c AO HHKTMT paspaSaTbisaer cepHK) FTY zuia
3HeprerHKH Ha 6a36 ycTaHOBKH THna FT3P-12. Ho/iroTOBXieHbi BapnaHTbi MOLUHO-
CTbio 10, 12, 16 H 30 MBT, KOTopwe MoryT SbiTb Hcnonb30BaHbi H B cxeiuax riFY

OTKpbiToe anuHOHepHoe oSmecTBO «CHTK HM. H. }\. Ky3HeupBa» (r. CaMapa)
— KpynneHiuHH npoH3BOflHTejib aBHaiiHOHHbix ^BHraTejieH. Oo 3aKa3y PAO «E3C

POCCHH» na 6ase ra30Typ6HHHoro jiBHraTejia HK-321 cos^ana SHepreTHHecKaa
FTY THna HK-37 MomnocTbto no ISO 25 MBT npn Kllfl nponsBOjicTBa 9JieKrpo-
3HepriiH 36,4 %. TaKaa FTY ycTaHOBJieHa na BesbiMancKOH T3H, (r. CaMapa).

OTKpbiroe aKuHonepHoe o6mecTBo «ABHa^BHraTe;ib» (r. OepMb), cos^aHnoe
Ha 6ase KB Bejiymero poccHHCKoro KOHCTpyKTopa A. R. UlBeuoea, paspaSoTano

3HepreTHHecKHx FTY THHOB FTy-2,5n, FTY-4H, FTY-12n H FTY-16H.
y^acTByeT B paSore Hazt KpynHoH FTY THna FT3-180.

aKUHOHCpHblM o6m.6CTBOM «Pbl6HHCKH6 MOTOpbI» (r. PbI0HHCK)
B coflpyasecTBe c HOO «MauinpoeKT» (r. HHKOJiaeB, YKpanna) paspaSoTana ce-
pHfl 3HepreTHHecKHx FTY Cpe^H HHX FTY THna FT3-1 10 MomnocTbio 1 10 MBT
(no ISO) H Kn,2, npoH3Bo^CTaa sjieKTpHHecKofi 3HeprwH 36 %. H^annpyeTca no-

MOIUHOCTH STOH ycTanoBKH ^o 150 MBT H ee KO/J RO 38 %. Ha 5a3e
TJl 4"HPMa pa3pa6oTajia 3nepreTHHecKHe FTY TMHOB FT/I-6PM

. B co^py>KeCTBe c OAO «A. JlrojibKa — CaTypH» pa3pa6aTbiBaroTca
3HepreTHMecKHe FTy MomnocTbio 35 MBT (no ISO), KYIR npoM3BO4CTBa SJICK-
Tpo3HeprwH AO 40 % H yposne SMHCCHH NO^ H CO He 6oJiee 25 ppm.

npe^npHSTHe «CaTypH» (r. MocKBa) 6onee 50 JICT npoHSBo^HT aBHauHOHHbie
flBHraTCJiH noA pyKosojicTBOM A. M. JTiojibKH. HM paapaSoTana 3HepreTnnecKaa
FTY THna AJI-31CT3 MoiUHocTbio 20 MBT (no ISO).



«MoTop» (r. y$a) na 6ase asHauHOHHoro ^BHraTena THna
P13-300 co3flajro sHeprerHMecKyro FTV THna TT3-10/95 MomHocTbro 10 MBT,
Knj\ 29 % H 3MHCCHCH NO^ He 6ojiee 25 ppm.

TexHHiecKHe ^aHHbie snepreTHHecKHX ny npHseaenbi B Ta6ji. 7.2, HOKasa-
TeJiH paSoTbi TXy saHbi juis ycnoBHH ISO 6e3 yneTa aspoflHHaMHHecioix noTepb
B03flyxo3a6opa — ra30Bbixo,aa.

TexHHMecKHe jiaHHbie 3HeproyctaHOBOK na Sase aBHaunoHHbix H cy^OBbix
FTfl aim ycjiOBHM ISO npHBe^eHbi B Ta6;i. 7.3 H 7.4. ra6apHTHbie pasiuepbi KOH-
sepTHpoBaHHbix TTA cymecTBCHHO MCHbiue ra6apHTHLix pa3MepoB cneunajibHO
npoeKTHpyeMbix 3HepreTHHecKHx Try HaH6ojiee MomnbiH FTfl THna rifl-HO
(ra6ji. 7.4), paspaSoTaHHbifi HOO «MamnpOKT» na OCHOBC TexHOJiornK cy^osux
rT£, HMeeT flJiHHy Bcero 7 M npn ^HaMCTpe 3,1 M. AHajiorHHHbie 3HepreTHHecKne
riy (CM TaSii. 7.2) HMCIOT cymecTBCHHO SojibiiiHe pa3Mepbi: 24,2x6,8x5,8 M
(TT-100-3M) H 18,1x6,1x4,5 M (IT3-115-1170). B Tafoi. 7.3 H 7.4 sjia npHMepa
npHBCACHbi paaMCpbi HecKojibKHx TT^. Bee ocrajibHbie paccMOTpeHHbie
HMCIOT zuiHHy He Soiree 6 M, a no miipuHe H Bbicore cooTBeTCTByroi
My *ejie3Hojiopo)KHOMy ra6apHTy.

KoHCTpyKTHBHO TTV ^Jia npHBOiia 3JieKTporeHeparopOB BBinojiHatoTCJi no o^-
HOBajibHOfi CXCMC, Koraa KOMnpeccop H TypSnna pacnojioxeHti Ha O^HOM Bajiy, H
no flByxBajibHotf CXCMC c jisyMa KOMnpeccopaMH H ^ByMa Typ6HH3MH, c pacno-
jiojKCHHeM Ka)K^OH rpynnbi na OT^ejibHOM sajiy.

Bajibi Moryr pacnoJiaraTbca COOCHO no cxeMe «B3Ji na Ba;iy», xoma O^HH H3
BaJioB (KOMnpeccop — Typ6HHa BbicoKoro ^asjieHHsj) BbinojmeH nojibiM, HJIH no
xo^y rasoBoro noTOKa nocjiezioBaTejibHo O^HH 3a ApyrHM. CHJioBaa TypSwHa
o6bi4HO ycraHaBjiHBaeTca na oT^enbHOM HesasncHMOM sairy, He cB33aHHOM c ra-

TaKHM o6pa30M, no KoncTpyKUHH npHBO/iHbie Typ6nHbi
1) Ha oflHOBajibHbie c npHBoaoM renepaTopa nenocpeacTBeHHo OT Bajia;
2) ^syxBajibHbie c OAHHM oSuwM sanoM ra30Typ6nHHoro /iBHraTejia (KOM-

npeccop — Typ6"HHa) H npHBO^oM 3JieKTporeHepaTopa or oT^ejibHOfi CT;
3) .asyxBajibHbie c ^syMa sanaMH H npHBO^OM renepaTopa OT sajia KOMnpec-

cop — Typ6nna HHSKOFO ^aBJieHHa;
4) TpexBajibHbie c ^ByMn BanaMH FTfl K BanoM npHsoaa renepaTopa or CT.
OTenecTBeHHtie snepreTHHecKHe FTy, KaK H FTV, H3roTOBJiaeMbie B yKpan-

HC, HMCIOT o^HOBa^bHyfO cxeiwy HJIH ^ByxBajibHyro cxeMy c CHJIOBOH ryp6HHoH.
HcKnioMeHHe cocTasjiiHOT ycraHOBKH: THna TT3-30, BbinojineHHaa no TpexsaJib-
HOH CXCM6 C CT, H THH3 IT-100-3M, BblHO^HeHHafl HO /IByXBaJIbHOH CXCM6 C HO-
cJie^oBaTejibHbiM pacnojio^eHHew Bajios. Tanne TexHHHCCKHe pemenHfl npHBO-
AHT K yBejiHHCHHK) raSapHTHbix pasMepoB arperaTOB: /umna ycTaHOBKH xwna
TT3-30 cocTaBJiaer 15,3 M, Macca 90 T, a SJiHHa ycranoBKH Tuna TT3-100-3M
24,2 M, Macca 367 T (CM. TaSji. 7.2).

ra3oryp6nHHbie ^BHraTejiH .mm npHBo^a 3JieKTporeHepaTopOB,
Hbie Ha OCHOBC aBHauHOHHbix H cy^osbix aBHraxeJien, KaK npasn/io,
no .asyx- H TpexBajibHofi CXCMC c CHJIOBOH TypSwHOH. HcK^roneHH
o^HOBajibHbitt jiBHraTeJib THna FTA-HO, pa3pa6oTaHHbitt ana Hyacfl 3HepreTHKH
na OCHOBC TexHojiorwH cy,n.oBbix aBHraTejieii.

OTM6THTB, MTO paSoMHe xexKH^ecKHe xapaKTepHCTHKH r
c yneroM noTepb Ha BO3Ayxo3a6ope — rasosbixo^e, B pe^yKTope H -

reHeparope B saBHCHMOCTH OT Mecra H KJiHMaTHMecKHX
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pacnoJio)KeHHfl njioma^KH FTY-T3U. FlosTOMy 3KcnjiyaxauHOHHbie
XCnJIOBOH 3KOHOMHHHOCXH ITY HCCKOJIbKO HH5K6 SHaHCHHH,

i. 7.2 — 7.4. 3Kcnjiy3xauHOHHbie noK333xeJiH RJIX neKOTOpbix XHHOB FTV
ajiee B n. 7.2.4,

B pswe cjiynaes SHeprexHiecKHe Fiy KOMnJieKxyiox JIO^HMHUMH KOMnpecco-
paMH ana noBbimeHHJi flaBJienna npHpo^Horo rasa nepezi cncxeMOfi xonjinBonojia-
HH. B onbiTHO-npOMbiuineHHofi ycxanoBKe THna FTy-25-39 c F*m ™na HK-37
(OAO «CHTK HM. H. R. Ky3HeuoBa», r. CaMapa), nanpHMep, HcnojibSOBaH nopm-
neBoK flByxcxyneHHaxbiH niecxHn,HJiHH,apOBbiH AO>KHMHOH KOMnpeccop THna
EFX Model EA 1000-2-6. 3jieKTponpnBO.il ocymecxBjien c noMombio acnnxpOH-
Horo sjieKTpojiBHraxejis MomnocxbK) 900 KBx (3,6 % ycxaHOBJieHHon MOIU.HOCXH
FTy no ISO). B cxeMy Bxoaax TaK>Ke rasoMacjiooxjiannxejiH, CHCxeMa ynpasjie-
HHJI, BcnoMoraxeJibHoe o6opyAOB3Hne, cHCxeMa no>opoxy manna, cncxeMa KOH-
Tpona sarasosaHHocxH H jnp. npnpojiHbiH ras nocjie rasopacnpejiejiHTejibHoro
nyHKTa (FPFI) cxaHHHH nona^aex na BXOAHOH <J)HJibxp ^jia OHMCXKH. 3axeM npo-
XOJIHT BO Bxo^nyK) KaMCpy nepBoS cryneHH OKaTHa H B Tpn unjiHHApa nepBOH
cxyneHH ao>KHMHoro KOMnpeccopa, npHBo^HMbix B AeKcxBne KOJieHBajiOM ox
sjieKxpoflBHraxejia. Ilocjie ca<axH5i ra3 nona^aex B BbixoflHyro KaMepy nepson
cxyneHH. Fiocjie nee ras npoxo^nx ^epes oxjiaanxeJib, cKpy66ep H nocTynaex BO
BTOpyto CTynenb cacarHH. Ha Bbixo^e H3 BTOpoii cxynenn npHpo^HbiH ras onaxb
oxjiaac^aexcsi H nocxynaex B Bbixo^HOH (J)HJibTp.

•

7.2.2. SneKTpHHecKHe renepaTopbi A/ifl FTV

^na FTy e^HHHHHoK MOUIHOCXH ox 6 40 62 MBx B OCHOBHOM npHMeHflrox
3JieKxporeHeparopbi c B03jiyuiHbiM oxjiaacfleHHeM OAO «FlpHBOA», r. Jlbicbsa,
POCCHH. ycxanoBKH Momnocxbio 45—200 MBx oSopyziyioxcfl sjieKxporenepaxo-
paMH c BOSAyuiHbiM oxjia>KAeHHeM xnna TO nponsso^cTBa AO «3jieKXpocHJia»,
r. CaHKT-FIexepSypr.

OcnoBHbie xexHHMecKHe ^aHHtie 3JieKTporeHepaTopos OAO «npHBo^» H AO
«3jieKTpocHJia» npHBe^eHbi B xa6ji. 7.5.

Ta6j inua 7.5. TexHHHecKiie aanHbie sjieRTporeuepaTopOB fljia TTY MouiHOCTbio 6 — 150 MBr

MoiUHOCTb
rry, MBT FcHepaTop

MoiUHOCTb

MBT MBA '
HanpfliKe-

HHC, KB
HacTora

O6/MHH
KIL& % Macca, T

OAO «npHBoji»

6
10—12
15—20
25—30
45—62

T-6-2V3
T-12-2Y3
TC-20-2V3
T-32-2B3
T-63-2B3

6,0
12,0
20,0
32,0
63,0

7,5
15,0
25,0
40,0
78,75

6,3/30,5
6,3/30,5
6,3/10,5
6,3/10,5
6,3/10,5

3000
3000
3000
3000
3000

97,6
97,65
97,7
98,4
98,4

20,0
28,7
60,0
81,0
147,7

AO «3jieKTpocHJia»

45—60
100—110

150

TO-60-2
TO)- 11 0-2
Td>- 160-2

60,0
110,0
160,0

75,0
137,5
200,0

10,5
10,5
10,5

3000
3000
3000

98,2
98,4
98,5

120,0
189,0
262,0

B MoiuHbix sjieKTporenepaTopax T3C .mifl oxjraacfleHHa OSMOTOK poxopa H
cepfleiHHKa cTaTopa npHMCHflCTca Boaopoa, a OGMOTKH cxaxopa - - sojia.
CxpcMJieHHe oxKasaxbca ox orHeonacnoro BOAOpo^a npHBeno KOHCTpyKxopoB
AO «3jieKxpocHJia» K cosaaHHio 3JieKxporenepaTOpoB c nojiHocxbio BO^HHUM ox-
jia^jjeHHeM, HMerouiHM paji cymecxBennbix npeMMymecTB: BspbiBonoxapoGeso-
nacnocxb, paaHKajibnoe cHHaceHHe npeBbimeHHfl xeMnepaxypbi OGMOXOK H cep-
fleHHHKa, noHH^enne BHSpaunn, ocoSenHo no6oBLix o6MOTOK cxaxopos, noBbi-
nieHHyio Ha^e>KHOCXb Siiaroziapji HCKJUOHCHHIO aBapHHHbix ocxaHOBOB H3-sa yxe-
MCK BOAopo^a H Ap. 3jieKTporeHepaxopbi cepHH T3B MomHOCTbK) 800 MBx Ha
PasaHCKOH H RepMCKOH FP3C, MomHocxbw 110 MBx na T3I4-27 OAO «Moc-
3Hepro», MoiuHOCXbio 320 MBT Ha MHHCKOH T3I^-5 noKasajin ce6a c jiynmeH cxo-
pOHbi, HTO nosBOJiHJio paspaSoxaxb Ha AO «3jieKxpocHJia» cepHio xaKHx
renepaxopoB c nojiHbiM BOAflHtiM oxjia>K4eHHeM MomnocTbro 110—1500 MBx.

7.2.3. KOMnoHOBKH OTenecTBeHHbix FTV

B 33BHCHMOCXH OT KOHCTpyKUHH ra30Typ6HHHOFO HpHBO^a 3JlCKTpOreHepaTOp
MO^CT pa3MemaTbca KaK c xoJiOAHoro Topna FTy (co cxopoHbi sos^yxooaSopa H
KOMnpeccopa), xaK H c ropHMero xopua (co cxopoHbi rasoBbixo^a ox rasoeofi HJTH
CHJIOBOH Xyp6HHbl). Bo BTOpOM BapH3HTe OTBO^l OTpa6 0X36111 MX T33OB OX TTy
ocymecxBJisjexcH nepneH^HKyjiapHO noxoKy KBUxeHHx BbicoKoxeMnepsxypHbix
rasoB. ROTOR noBopaHHB3eTca B rasooTBO^HmeH K3Mepe-«yjiHTKe» ITY, nepes
Koxopyro npoxo^HX npHBO^non B3Ji 3JieKTporeHep3xop3.

flpH CXpOHXejILCXBC HOBblX SJlCKTpOCTaHUHH npeflHOHTHTeJlCH nepBblfl B3pH-
3HT KOMHOHOBKH FTV (xyp6oreH6paxop ycTaHOBJien co crapoHbi KOMnpeccopa).
TaKoe xexHHMecKoe pemeHHe nossojiaex coKpaxHTb jjnHHy FTV, ocymecTBHTb c
MHHHMaJlbHblMH FIOTepHMH nOJJBO^ OTpa60TaBIHHX Ta3OB FT K KOTJiy-yTHJlH3aTO-
py (Ky) H opraHH30saxb nojicoeflHHeHHe HarpysKH Henocpe^cTBeHHO co CTOpo-
Hbi 3JieKxporenepaTopa.

Flpn peKOHcxpyKHHH H nepeBoopyMfeHHH aencxByroiunx 3Heproo6'bekTOB e
Hcnojib30BaHH6M ra3oxyp6HHHbix xexHOJiorHH H pasMemeHHH ocHOBHoro oSopy-
AOB3HHH B cymecxByiomnx noMemeHH^x orpanHMeHHbix pasMepos npejjnoHTH-
xejibHbiM cxsHOBHTca BxopoK BapHaHx KOMnoHOBKH FTy (reHCpaxop
co cxopoHti rasosbixo^a). XOTJI B 3TOM sapnaHTe H3-3a najiHMHa
«yjiHXKH» o6mafl flJiHHa FTy Sojibine, HCM B nepBOM Bapnanxe, HO Ky MOWCT

ycraHOBJien Ha^ ITY, HXO nossojiaex pasMecruxb xaKyro sneproycxaHOBKy
ymecTByromeM 3/ianHH. OTnycK 3JieKTpo3HeprHH ox FTy npoHSBO^nxca

no uiHHonpoBo/iaM, npoKJiaabisaeMbiM Bnyxpn noMemeHHS sxoro ^annsi, MTO HC-
CKoiibKo ycjioafHaex npHHHMaeMbie sjieKTpoxexHMHecKHe pcmeHHfl.

7.2.4. CpaBHeHwe OTenecTBeHHbix H sapy6e)KHbix rTV

cpaBHCHHH paccMaTpHBajiHCb oxenecxBeHKbie M 3apy6e>KHbie
6JIH3KHC 3HaHCHHfl 3JICKXpH4eCKOH MOIU.HOCXH H OTHOC3IUHeCa K

HOMy nOKOJlCHHK).
cpaBHHxejibHOM anajiMse Sbijiu paccMorpeHbi xpH xnna HauSonee Macxo

x oxenecTBeHHbix FTy MajroK H cpeztHew MOLUHOCXH, a HMCHHO one-



TaSjiima 7.14. Tex niiiec Kite aamme SHepreTiiiecKiix FTV
(no ISO 2314 na yponiie MOpn)

Solar (CUIA)

3jieKTpHHecKaa
MomnocTb, MBx
3jieKTpH4eCKHH
KRfl, %
L'TeneHb noBbinieHHH

B KOMnpeccope
HanajibHaa reMnepa-
Typa rasoa, °C
PaCX04 BtlXO^HblX
ra30B, KP/C
TeMneparypa
BbixoaHbix rasoB, °C

Pacxoa TonjiHBa
(npHpo^biHras,

KF/C
yaejibHbiM pacxoj
paSo^ero Tejia,

Macca FTY, T
Fa6apnTHtie
paaMepbi FTV, M:

^jiHHa
iHHpuna
BblCOTE

Tun TTV

«Satum-
20»

1,21

24,3

—

— .

6,46

516

0,10

19,2

9,9

7,9
1,9
3,0

«Cen-
taur-40»

3,515

27,9

—

—

18,61

437

0,252

19,1

27,2

8,8
2,4
3,0

«Mer-
cury-50»

4,072

40

9,1

1165

16,2

368
(nocne
perene-
paropa)
0,203

14,3

43,1

9,8
2,7
3,5

«Cen-
taur-50»

4,345

29,2

—

—

19,01

501

0,297

15,8

27,2

8,8
2,4
3,0

«Tau-
rus-60»

5,2

30,3

—

_ _

21,37

486

0,343

14,8

27,2

8,8
2,4
3,0

«Tau-
rus-70»

6,844

32,3

—

—

26,57

479

0,423

14,0

50,2

12,5
2,7
3,6

«Mars-
90»

9,285

31,7
_

—

39,17

464

0,585

15,2

82,1

13,9
2,9
3,9

«Mars-
100»

10,695

32,5

17,1

—

41,65

488

0,657

14,0

82,1

13,9
2,9
3,9

«Titan-
130»

12,611

32,8

—

—

—

—

0,768

—

74,8

11,1
3,5
3,5

rypa Bos^yxa nepeji KC yBejiHHHBaercfl 40 593 °C, a TeMnepaxypa Btixo^Hbix ra-
30B CHHJKaeTca ^o 368 °C,

OnpMofi Solar (B cocTase KOMnaHHH Caterpillar) coa^aH THnoBOH paji H3 jje-
BSTH FJy MouiHOCTbK) 1,2—12,8 MET. y>Ke ocymecTBjieHa nocTaBKa B 85 crpaH
CBbime 10 000 FTY

OnpMa Nuovo Pignone (HxajiHa) HanHHaa c 1961 r. B co^pyacecTBe c 4>HP"
MOH General Electric HsroTOBHJia 6ojiee 900 FTY B Ta6^. 7.15 npHee^eHW oc-
HOBHbie TexHHHeCKHe ^aHHwe BbinycnaeMbix <fmpMOH cospeMCHMbix 3HeprerH-
MBCKHX FTY

KoMnaHweii Volvo Aero paspadoraHa FTY THna VT600 MomHOCTbK)
600 KBT, KOTopaa COCTOHT H3 oAHocryneHHaToro ueHTpo6eH(Horo KOMnpeccops
(n K = 8) H jTByxcTyneHHaxoft FT. ycTanoBKa MoaceT paSoTaTb B CXCMB
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PHC. 7.9. KoMisoHOBKa TTY «Mercury-50»

TaSjimia 7.16. Pacnpeflejiemie npomeojlCTBa SHepreTHHecKoro o

HoKasaiejib

^OJIfl npOH3BOACTBa 3J16KTPO-
3HCprHH Ha MHpOBOM pblHKC
C HCnOJIb30BaHH6M OpraHHHC-
CKOFO ToruiHBa, %
flojifl npOHSBOflCTBa H npoaaacH
anepreTHHecKoro o6opyAOBaHHfl
H3 MHpOBOM ptlHKe, %
ZIojia npoH3BoacTBa H npo^awH
ACV Til H3 MHpOBOM pblHKC, %

General Electric

27

8

—

Siemens

20

8

11

Alstom

15

17

14
(ABB)

Mitsubishi

11

12

—

B nocjie^HHe 10—15 JIBT npoiisoiiiJio cjmsHHe <J>iipM-nocxaBJUHKOB 3Heprexn-
4ecKoro o6opyuoBaHHsi B MHpe. TaK, cfmpMbi Nuovo Pignone (1994 r.), John
Brown, Stewart & Stevenson (1997 r.) H EOT (1999 r.) BJiHJiHCb B $HpMy General
Electric. <I>HpMbi GEC (1989 r.) H ABB Power Generation (1998 r.) o6-be^HHH-
JiHCb nozi SPHJIOH (JwpMu Alstom. B <J)HpMy Siemens BJiHJiHCb <|>HpMbi Parsons
(1997 r.) H Westinghouse Fossil Business (1998 r.). B rafin. 7.16 nonasaHbi no3H-
UHH, saHHMaeMbie seayiUHMH nocxasmHKaMH sHeprexiinecKoro o6opyaoBaHnn B
MHpe Ha Hanano 2001 r.
260

7.4. KOMFIOHOBKA r/lABHOPO KOPHVCA rA30TyP5MHHOM 3J1EKTPOCTAHUMM

KoiunoHOBKa niaBHoro Kopnyca ra30Typ6HHHOH T3C saBHCHT OT
CKHX yc^oBHH, oco6eHHOCTeR 3KcnjiyaTauHH, THna ycTanaBJiMBaeMoro
B3HHH H Ap. PasjiHMaioT oTKpbiTbie H saKpbiTbie KOMnoHOBKH niaBHoro Kopnyca.

J\I\X CTaHflapTHOfi OTKpblTOH KOMHOHOBKH (pHC. 7.10) XapaKTCpHO OTCyTCTBH
rjiaBHoro Kopnyca. HpH 3TOM Hcnojibsyercfl npocxoH yHHtJtHUHpO

^aHHoro THnopasMepa FTY (fjyHAaMCHT, B KoroptiK BMOHTHposaHW
Hbie Ko.rco.mibi H Tpy6bi juia npoKJia^KH Ka6ejieH. Oyn^aMCHT npe^cxasjiaeT co
6ow apMHpOBaHHyio acejie3o6eTOHHyK> njiHTy, nosepXHOCTb Koxopofi
CH SeroHOM. EJIOKH FTY H 3jieKTporeHepaTopa noji^ep^HBaiOTca Ha

H aHKCpHblMH SoJITaMH. OyH^aMeHTW JJia CTaJILHblX KOHCTpyK
GJIOKOB BcnoMorarejibHoro oGopy^osaHHa, B03Ayxo3a6opHoro ycrpOHCTea

3JieKxpoTexHHMecKoro H apyroro o6opyAOBaHHH ox^ejienbi IIIBOM o'
FTY ^Jia npe^oxspameHHa nepe^anH BHSpauHK.

CoScTBCHHO FTV, 3jieKiporeHepaxop H SJTOK BcnoMoraTejiLHoro o6opy40Ba
HHS pacnojiOHcenbi B samnxnoM Koacyxe. CxanbHoft Kapnac Koacyxa cjiyacHT onop
HOH paMOH 4Jia naHeuefi Koacyxa, Koxopue cocxoar H3 pa^a norojio-, ssyKo- H xe

CJIOCB. OHH JICFKO yjjajiaioTca am nposefleHHfl xexHHHeCKoro 06
H peMOHxa. B COOXBCXCXBHH c npaBHJiaMH no>KapHOH SesonacHocxH

see flsepH Koa<yxa oSopy^osaHbi ynjioxHeHHHMH, nanoKHbiMH sanopaMH, aea
pHHHbiMH CBexoBbiMH xa6jio H aBxoMaxHHecKHMH sarjiyiiiKaMH. SaKpbixwe £Bepi
B Jiio6oe speMa Moryx 6uxt, oxKpbixbi nsnyxpH.

Koacyx-yKpwxHe BeHXHJiHpyexca fljia oGecneneHHfl oxso^a xenjioxbi nocpe^
CTBOM BO3^yX006MCHa B KO*yXC flJIH HOjmepiKaHHS MHHHMaJIbHO H6O6xOflHMOi
xeMnepaxypbi c noMombFO HarpesaxeJiefi B nepno^bi ocxaHosa FTY; npe^oxspa

o6pa3OB3HH8 BSpblBOOnaCHblX KOHUCHXpaUHH ra3OBO34yiHHOH CMCCH.
oxKpHxoK KOMDOHOBKH FTY ycxpansaexca paSonee H aBapHHHoe ocse

^lOMHHecueHXHbiMH jiaMnaMH (ocBeiueHHocxL 250 JIK). JlaMHbi H nycKO
peryjinpyioiuHe annapaxw AJIH HHX Kpenaxca K KOacyxy OTKpwxOH KOMHOHOBKJ

o6pa30M, HxoSbi npH npose^eHHH peMOHxoB He xpeSosajiacb HX pa36opKa

Ha HJioma^Ke oxKpbixon ycxaHOBKH FTY pacnojiaraexca nopxajibHbiH Kpat
Ha^OKHoro no^-bCMa H nepeMemeHHfl caMoM xaacejioH ^erajiH — poropa

HMeioxca xaKM<e nojrbeMHHKH ^Jia xexHHMecKoro o6cjiya<HBaHHJi BcnoMoraxeiib-
HOFO o6opyztOBaHHfl. Ha njroiuaaKe AOJIMCCH Sbixb o6ecneieH npoe34 xpancnopxe
npH cSopice, 3KcnjiyaxauHH H XCXKHHCCKOM o6cjiy)KHBaHHH o6opy^oB3HHfl.

TnnHHHa3 saKpbixaa KOMnonoBKa (pHC. 7.11) niaBnoro Kopnyca HMeer xe )Kt
OCO6CHHOCXH, HXO H OXKpblX3fl KOMHOHOBKa. OXJIHHMC COCXOHX B HaJIMMHH 3,0.3-
HHa, BHyxpn Koxoporo pacnojio^eHLi FTY, 3JieKrporeHepaxop H H3cxb scnoMora-
XejIbHOrO o6opy^OB3HHH. HopTajIbHLIH Kp3H SaMeHCH MOCXOBblM.

MaiiiHHHbiH 3aji cna6)KeH ^onojiHHxe^bHOH BeHXHjiflUHCH ^Jia
TeMnepaxypbi B noMemenHH nocpe^cxsoM BO3^yxoo6Mena npw
FTY H c noMombio HarpeB3xe^eH — npH ocxsHOBjieHHOH FTY

ECJIH yCX3HOBK3 CH36aC6H3 3ByKO3amHXHbIM KO^yXOM, XO OX^ejlbHafl B6HXH-
JiflUHOHHaa CHCxeMa (pHC. 7.12) oSecneHHBaer uHpKyjiauHK) HSCXH BO3flyx3, no-
flaBaeMoro nepes 3ByKO3auiHXHbiH Koa<yx. Ilocjie 3roro sos^yx BosspamaeTCfl
B MauiHHHbiH 33^ J1H0O oxBO^Hxca Henocpe/iCTBCHHO B axMoc<|)epy.



PHC. 7.10. TMfiM'iHau CTaH^apTHan oTKpbiraH KOMHOHOBKa rjiannoro KOpnyca rasoTypGmmoH T3C
/ — GJIOK TTV; 2 — GJIOK reneparopa; 3 —- KaMepa cropaHHa; 4 — GJIOK scnoMoraTejibHoro oGopyaosaHHa; 5 —
acHAKoro TonjiHBa; 6 — jibiMOBaa Tpy6a; 7 — MOAyjib nycKosoro ycrpofiCTBa; 5 — MOAyjib CHCTEMM ynpasJieHHa; 9
MOAyjib aKKyiwyjiaTopHbix Garapefi; 10 — M.Q$yjtt> BMKJiiOHaTejia reHeparopa; // — Tpanc(J)opMaTop coGcTBCHHbix
12 — rjiaBHbiii rpaHcij)OpMaTOp; 13 — nycKosoii TpaHc4>opMaTop; 14 — uiMHonpOBO^bi reHeparopa; 15 — (Jtuntxp BOS-
^yxo3a6opHoro ycrpoficTBa; 16 — soaaHbie oxjiaflnrejin; 17 -— SJIOK pery^HpyjouiHX KJianaHOs; 18 — GJIOK TOiuiHBHoro
rasa; 19 — GJIOK Bnpbicica soffbi; 20 — BOajiyxooxjiaaHTenb BbicoKoro flaBJienHs; 21 — B03/ayxooxjiaflHTejib HHSKOFO

; 22 — GJIOK noflKaiKH TonjiHBHoro raaa; 23 — Moayjib pacnpeaycTpoficTBa (saKpbiToro); 24 — GJIOK
Horo an3ejibHoro ^BHraTeira; 25 — GJIOK oxjiaacaaromeS

PHC. 7.11. CraH^apTHaa saKpuraa KOMnoHOBKa maBHoro Kopnyca rasoTypfmHHOH T3C
1 — GJIOK FTV; 2 — GJIOK renepaTopa; 3 — KaMepa cropaHHa; 4 — GJIOK BcnoMoraTejibHoro oGopyfloeaHHs; 5 — GJIOK )«ng-
Koro ToruiHBa; 6 — abiMosaa ipyGa; 7 — MoayJib nycKOBOro ycrpoiicTBa; 8 — Moayjib CHCTCMU ynpa&Jiemia; 9 — Moayjib

GarapeH; 10 — MOAyjib BbiKJiioiaTejia reHeparopa; 11 — TpaHc^opMarop coGcTBCHHbix Hy»cA; 12 — niaB-
Tpanc^opMarop; 13 — nycKOBoft rpaHc^opMarop; 14 — uiHHonpoBOflbi reHepaxopa; 15 — (JiHJibTp B03Ayxo3a6opHoro

ycxpoHCTsa; 16 — Bo/JXHbie oxjiaaHTejiti; 17 — GJIOK peryjin-
20400 pyromHX KJianaHos; 18 — GJIOK ToruiHBHoro rasa; 19 —- GJIOK

Bnpbicica BO AM; 20 — BosjiyxooxjiaAHrejib BbicoKoro aasjieHHa;
21 — BO3ayxooxjiaijHTejib HHSKOFO AasjieHna; 22 — GJIOK noa-

TomiHBHoro rasa; 23 — MOAyjib pacnpcAycrpoHCTBa (33-
Kpbixoro); 24 — GJIOK aBapHHHoro

i; 25 — GJIOK
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PHC. 7.12. CHCTeiwa Ben HUIUUHH •sByKOHsu.mpyKiiuero Ktmyxa 3HepreTii4CCKOH FTV

BnyTpeHHee OCBemeHHe B MaiiiHHHOM sajie ,H;OJI>KHO oSecneHnsaTL 3KcruiyaTa-
IJHOHHOMy H pCMOHTHOMy nCpCOHaiiy B03MO)KHOCTb OCyiUeCTBJIJJTb ynpaBJICHHC,
TexHHHecKoe o6cjiy>KHBaHHe H peMOHT FTY

7.5. riPMMEHEHME ABMAUMOHHblX M CVflOBblX rASOTVPBMHHblX flBMrATE^Etl
HPM C03AAHMM 3HEPrETMHECKMX rTV

HcTOpHHCCKH aBHaUHOHHHC TypSopeaKTHBHWC (TP )̂ H TypSOBHHTOBbie
(TBJ\) flBHraTejiH GbiJiH nepsbiMH FTY, nojiyHHBiiiHMH MaccoBoe npHMeHCHHe B
BoeHHOM H rpaac^aHCKOM caMOJieTOCTpoeHHH. Ha puc. 7.13—7.15 noKasahbi KOH-
CTpyKTHBHblC CXCMbl aBH3UHOHHb!X TP.U, HaSblBaCMblX TaK^e ra30Typ6HHHbIMH
JUBHrarejiflMH (FT^). OHH BbinonHaiOTCfl o^HOKOHTypHbiMH HJIH flByxKOHTypHbi-
MH. Fa30Bafl iyp6HHa TaKHX ABHraxejiett npeAHasnaMeHa B OCHOBHOM RJIX npHBo-
Aa cooTBeTCTByromero KOMnpeccopa, H ee MOIUHOCTB npH6jiH3HTejibHo cosnazia-
6T C MOUIHOCTbK), nOTpeSjIflCMOH KOMnpCCCOpOM. FaSbl B FT paCIlIHpHJOTCfl AO

Bbiuie aTMOC^epnoro, a ocTaBiiiHHca xenjionepena^ pacxo^yeTcs B pe-
conjie H co3^aer cwny Tflrw.

Ha PHC. 7.16 npe^cTaBjiena AwarpaiviMa Tenjiosoro npouecca Typ6opeaicrnBHoro
caMOJiernoro ABHrarejia. Flpouecc 1—7* cooTBCTCTByer OKETHK) sos^yxa BO BXOA-
HOM ycTpoHCTBe ABHraTejifl; npouecc 1*~2* — cacarnio B03,ayxa B KOMnpeccope;
npouecc 2*—3* — noABOZty TennoTbi B KC; npouecc 5*—4 —- pacmnpenHK) rasoe
8 FT H MX Bbixo^y npn onpezieneHHOM sHaneHHH cKOpoera. Flpouecc 4—5 cooTBer-
CTByer aajibHeniiieMy pacmnpeHMK) rasoB B peaKTHSHOM conne H ycKopeHHK) noro-
Ka, a yMacroK 4—4* noKasbisaer noBbiiiieHHe TeMnepaxypu npH nepexo^e OT cra-
THHecKoro ^aBJieHHa rasa na Bbixo,ae HS Typ6wHbi p4 K jjaBjreHHK) nojinoro TOpMO-
HfeHHn noroKa pi.
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PHC. 7.14. Cxeiwa amiamioif iioru Typ6opeaKTHBHoro flBHrarejin
/ — ,HH<j)(J>y30p; 2 — KOMnpeccop; 3 — KaMepa cropamis; 4 — rasoaaa Typ6nna; 5 — peaKTHBHoe
conjio

PHC. 7.15. Cxema J B V X K O H T V P H O I O rypSopeaKTHBHoro /....,.„. w./.
I — KOMnpeccop HHBKOFO OABSICHHH; 2 — KOMnpeccop BBICOKOFO flaBjieHHs; 3 — HapyjKHHH KOHTyp
.HBHrarejm; 4 — KaMepa cropaHHs; 5 — TypSmia KB/I; 6 — TypSmm KH/I; 7 — peaKTHBHoe conjio
BHyipeHHero Konxypa; 8 — peaKTHBHoe conjio Hapy*noro KOnrypa: ». — ABHaceHHe paoonero
Tejia BO BHyxpeHHCM ronrype; *. —• ABHJKCHMe pa6onero Tejra B HapyxcnoM KOHType

Hapa,ay c GOTOKomypHSIMM mnpo-
Koe npHMeneHHe B POCCHH H sa py6e>KOM
nojiyHHJiH AByxKOHTypHbie TP^. B HHX
KOMnpeccop HHSKOPO aaBJieHHfl (KHfl)
HpHBO^HTCH B flCHCTBHC FT HH3KOFO 3,a.B-

(THfl), a KOMnpeccop BbicoKoro
KB^) COOTBeTCTBCHHO FT

BbicoKoro ^aBJieHHfl (TB/J). B HCKOTO-
pbix KOHcrpyKUHflx HOTOK somyxa na
Bbixo^e KS KHA pas^ejiaeTca Ha ase nac-
TH (CM. pnc. 7-15): o^na H3 HHX nocTyna-
er BO BHyTpeHHHH KOHTyp KBfl, itanee
B KC H B TBfl. B KOHue KOHUOB 3TOT ra-
3OBUH HOTOK BbiSpacbiBaerca nepes uen-

nacTb peaicrHBHoro conjia.
nacTb B03^yxa

PHC. 7.16. /(iiarpaMMa
rypSopeaKTHBHoro

B Hapya<HOM KOHType H c yMepenHOH CKopocTbro Bbi6pacbmaeTCa TaK>Ke Hepes pe-
aKTHBHoe conjio H yjiynmaeT xapaicrepHCTHKH jjBHraTe^a na crapTe H npH yMepeH-
HblX CKOpOCTHX nOJICTa.

B HacToamee BpeMa B POCCH&CKOH aBHauHOHHOH npOMbiuuieHHOCTH Bi»iCBo6o-
AHJ7HCb 3HaHHTejlbHbie M01UHOCTH HO HpOHSBOJICTBy 3BHaUHOHHbIX H Cy^OBblX
TPJl (CM. n. 7.2.1), KOTopbie MoryT SbiTb Hcnojib30BaHbi H nepeo6opy^oBaHbi B
3HepreTHMecKHe FTY, T3K K3K HMeroT pa^ npeHMymecTs:

MaJiyK) CTOHMOCTb yCT3HOBKH;

He6oJibiiiHe pasMepbi, HTO B pa^e c^ynaes no3BOJiaeT HX npHMenaTb B cyme-
3jreKTpocTaHUHH;

Maccy, HTO 3HaHHTejibHO oSjieriaeT H ycKopaeT nposezieHHe pe-
MOHTHblX pa6oT. FIpH 3TOM B03MO»CHa 33MCHa UCJIblX 6JIOKOB HJIH 3JieM6HTOB yc-
T3HOBKH;

BbicoKyio npHCMHCTocrb — BpeMa sanycKa ne npeBbimaeT 2 MHH, HTO ocoSeH-
HO B3>KHO flJifl nHKOBbix peacHMOB pa6oTbi;

xopouiyio npHcnoco6jieHHocTb RJVI ^HCTanuHOHHoro ynpasjieHHa.
FipH nepeBo^e TypSopeaKTHBHoro flBHraxejia B sjieKTporeHepaTopHyro ycTa-

HOBKy (pnc. 7.17) HeoQxo^HMo BbinojiHHTb paji paSoT, nosBOJiaiomnx ynecTb
OCO6eHHOCTH 3KCHJiy3TaUHH 3TOFO ^BHraTCJIfl:

a) y^aJiHTb peaKTHBHoe conjio H rasbi FT Typ6ope3KTHBHoro ^BHraTejra na-
npaBHTb B cHjiosyro Typ6nHy, psSoxaromyio na oSmeM Bajiy c 3^eKTporeHepaTo-
pOM. TaKHM o6pa30M B3JI (B3JIbl) Typ6op63KTHBHOrO flBHrSTCJlfl COXpaHHT BO3-
Moa<HocTb paGoTbi npH BbicoKOH HacTOTe epameHHa 10 000—20 000 o6/MHH, HTO
oSecneHHT KOMn3KTHocTb ycTanoBKH. CHjioeyro rasosyro Typ6nny coe^HHHTb c

TOJibKO KOpoSaMH ^Jia no^BO,a3 rssos. T3KH6 TexHHHecKHe pemeHHa
HcnojibsyioTCfl poccnttcKHMH H 3apy6ea<HbiMH (^npMaMH. HanpHMep,

4>HpMa Genersl Electric p33pa6oT3Jia ceMencTBo snepreTHnecKHx FTY cepHH LM
HS 6s3e aBHauHOHHbix /iBHraTejieK. TexHOJiorHHecKaa cxeMa TSKHX FT^, nepeoSo-

B 3HepreiHHecKHe FTY, 6bma npHBe^ena na pnc. 4.3, G. AHajiorHH-
npHMepoM cjiyacHT HcnojibsosaHHe FTfl npn co3flaHHH sneprerHHecKOfl FTY

rana FT8-30 iJmpMOH Turbopower (CM. pnc. 6.5) H FT3-180 (AO J1M3 H AO
«ABHa#BHraTejib», r. FlepMb) na 6a3e asHauHOHHoro /iBHraTejia FIC-90;

renjioBoro npuuccca
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PMC. 7.17. Cxeiwa gHepreTiiiecKOfl JCUIIIOBKII c iiciio,ii.ionaiiirc.vi aBuauHOHuuro
/ — TypGopeaKTHBHbiii jBHrarenb; // — cHjiosaa Typ6nna; /// — 3JieKTpniecKHrt reneparop
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6) peKOHCxpynpOBaxb BOSAyxosaSopHHK Typ6opeaKXHBHOro
HHB ero KOMnncKCHbiM BOSAyxooiHCXHxejibHbiM H myMonorjiamafOiuHM ycTpoti-
CXBOM;

B) KOMnpeccopbi xyp6opeaKXHBHoro flBHraxeJia cnaS^HXb BHA (ecjiH OHH ox-
cyicxBytox) RJ\X yjiymueHHii ynpaeneHHa ycxaHOBKOH H noBtimeHHfl ee SKOHO-
MHHHOCXH na HacxHHHbix narpysKax;

r) neoSxoAHMO saxpaxnxb sHaHHxejibHbie ycHJiHH na npHcnoco6nenHe KC FTY
K pa6ore na npnpoflHOM rase H JierKOM ^HsejibHOM xonjiHBe BMCCXO npHBbiMnoro
aBHauHOHHoro KepocHna. HeoSxoAHMo ^OBCCTH KOHueHxpainiro BpeAHbix BtiSpo-
COB NO^ H CO AO HOpiwaxHBHbix snaHeHHH B ycjiOBHax 3JieKxpocxaHH,HH;

A) ocymecxBHXb cHcxeiviy ynpasjieHHfl 3HeprexHqecKOH FTY B pea(HMe n =
= const nyxeM peKoncxpyKUHH cHCxeMbi ynpaBJieHHfl Typ6opeaKTHBHoro ^BHraxejia.

ABHauHOHHbie FTfl xapaKxepH3yioxcfl npe^eiibHo yMeHbuiennbiMH raSapHx-
HUMH pasNiepaMH H MaccoM. Macxoxa BpameHHH (3000—16 500 o6/MHH) H cxe-
neHb noBbiiucHHa aasjieHHa Bosjiyxa TIK = 20—30 y HHX Bbiiue, MBM y sneprexn-

MCCKHX FTV. KoMnaKTHOCXb poxopoB xaKHx FTJ], nosBOJiacT ocnamaTb HX mapn-
KOBblMH HOAUIHHHHKaMH, HC Xpe6yK)LUHMH rpOMOSJJKOH CHCX6MbI MaCJIOCHa6^6-
HHfl, npe^ycMoxpeHHOH B oGiueH CHcxeMe MacjiooxjiaiKjieHHfl. LUapHKOBLie nq^-
UIHHHHKH Moryx 6e3oxKa3HO pa6oxaxb ao 100 000 H. #jia aBMauHOHHbix FTfl xa-
paKxepna Sojibiuaa HepaBHOMepnocTb noKasaxeJieR paSoxw npn HSMeneHHH xeM-
nepaxypw napyacHoro B03^yxa no cpaBHeHHK) c snepreTHMecKHMH TTY.

B nocjie^HHe ^ecaxHJiexHa na KOMnpeccopnbix cxaHUHax He4)xera30Bofi npo-
MbiiiijieHHOCXH BCC uiHpe Hcnojibsyrox aBnauHOHHbie H cyaOBbie FT/J ^JIH xpanc-
nopxa npHpo^Horo rasa no MarHcxpajibHbiM rasonpOBO^aM H fljia ero o6paxHoK

B CKBaacHHbi npH jtaBjreHHH 40 50 MDa.
U6HXpo6ea(HOH KOMnpeCCOpHOH MaiHHHbl B COMCTaHHH C FTfl,

B HaCXHOCXH flJlfl ^HHCHHblX KOMHpCCCOpHblX CX3HUHH MOUlHblX PaSOHpOBOAOB,
BbiaBHjio xexHOJiorHMecKHe npeHMymecxsa xanoro pemeHHa — SojibiiiOH oSteM-
HblH paCXOA npH OXHOCHXeJIbHO HCBblCOKOM JiaBJICHMH.

B POCCHH H YKpaHHe cos^aHO noKOJienne HOBHX rasonepeKaMHBaromHx ar-
peraxoB (FFIA) c rasoxypSHHHbiMH ^BHraxejiflMH. B xa&i. 7.17 npHBeaeHH xex-

nepcneKXHBHbix FFIA H FTfl fljia rasoxpancnopxHbix H raso-
npe^npHflXHH H npe^^e scero AJIH OAO «Fa3npOM». Hcnojibso-
HayHHo-xexHHMecKHH noxenuHaji OAO «HI1O CarypH», «CyM-

CKoro HFIO HM. <E>pyH3e», OAO HFiO «HcKpa», HFIO «MauinpoeKx» (YKpanHa),
OAO KMFIO, OAO «HCBCKHH 3aBo^», OAO «ABHaflBHraxejib», OAO «CHTK
HM. KysHeuoBa» H Ap.

LUnpoKoe HcnojibsoBanHe na KOMnpeccopHbix cxanuHflX MarwcxpajibHbix raso-
npoaoAOB FTfl, AJia npHso^a narHexaxejien npHpoAHoro rasa no3BOJiHJio cymecx-
BCHHO yjiymuHTb xexHHKo-SKOHOMHHecKHe noKasaxejiH 3XOH oTpacjiH. BMecxe c
XCM aKxyaiibHOfi cxana saAana yxHJiH3au,HH xenjioxbi BbixoAHbix rasos FT. B OT-
AejibHbix cjiyMaax (na KOMnpeccopHOH cxaHUHH «MOCKOBO» rasonposoAa Hejifl-
SHHCK — IlexpOBCK) sa FTY xnna AJI-31CT AonojiHuxenbHO ycxaHaBJinsaiOT KO-
xeji-yTHJiHsaxop rwna n-94 (AO «rioAonbCKHH MaiuHHOCXponxejitHbiH saBOA»);.
KoxopbiH reHepnpyex nap AJifl TexHHnecKnx HyycA cxanuHH.

Bojiee nepcneKXHBHa KOMnjieKTauna KOMnpeccopHbix cxaHUHH AononHHTejib-
HoH napoTypSHHHoK ycTaHOBKOH H KorjioM-yTHjiHsaTopoM, pa6oxaK>mHMH
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Ta6jinua 7.17. TexHHiecKtie aamibie iiepcneKTiiBHbix rasorypGiimibix
raaonepCKamiBaioiiiitx arperaTOB KOMnpeceopHbix cTaiiiiiui

KoinnpeccopHaji crai-mmi x»nrriA/rxA MoiUHOCTb
FT/1, MBx

K T

'

ITepMTpaHcras

HapaSoTKa
npHBoaa, H

riepMCKafl

•

Op,HHHCKajJ

rbpH03aBo,qcKan
HrpHHCKaa (IIlapxaH)
A™™

rnA-i2«yPaji»/nc-9o
rnA-u-i6p/nc-90
rnA-u-i2/nc-9o
rnA-i2M «ypajr»/nc-90

rriA-i2p/nc-90
rnA-i6p/nc-9o

rriA-16 «ypaji»/nc-90
rry-25n/nc-9orn-25
n>KT-21C/AJl-31CT

12
16
12
12

12
16

16
25

16,6

34
36,3
34
34

34
36,3

36,3
39,5
35

13361
8163
7941
186

26809
14225

86
_

6877

«HrpHM»
KapnHHCKaa

HA3C 2500

rnA-U-16PH/AJI-31CT
2,5
16,8

22
37

CaMaparpancra3

TOJILHTTHHCKaa

CbispantcKaa
KC-23A

rnA-U-16P/HK-38CT
rHA-U-25/HK-36CT

rnA-U-6,3B/HK-14CT
niA-lJ-16P/HK-38CT

16
25

8
16

38
36,5

32
38

11 128
14417

548
9233

29772
1176

MocrpaHcraa

OKTfl6ptCK3fl
HanjibinmcKas
floHcicasr

mA-U-6,3C/^T-71
rnA-U-6,3C/flT-71
TTH-25-1

6,3
6,3
25

BojirorpaHcras

«riOHMHKM»
«rioMapi,i»

rnA-25HK/HK-36CT
riIA-16 «Bojira»/HK-38CT

25
16

31
31
32

34,5
38

11 486
15570
42347

_

600

|«HeBa-16»/AJI-31CTH 16,8 36

K)rrpaHcra3

MoKpoycoBCKaa FTHP-16 16 32.5 6096

Cypry-rrasnpOM

«Ko5eppa-182»//],r-90 I 17,5 35 29470

EejiTpancraa

16 35 5156
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no naporasoBOH CXCMC. TaKHe FIFY paSoxaiox Ha KOMnpeccopHbix cxaHUHJix
«BaHflxayc» (OFF), «MeccnHa» (HxajiHa) H «Fpfl30Beu» (PoccHx).

Ha^cxpOHKa rasonepeKaHHeaiomero arperaxa xHna FTH-25-1 Ha SXOH cxaHUHH
KOXJiOM-yxHJiHsaxopOM H napOBOH TypSHHOH Tnna K-ll-10n no3BOJiHJia nosbi-
CHXb MOIUHOCTL ycTaHOBKH c 25 flo 35 MBT H ee Kn/Jj Ha 10 %. CnpoeKXHpOBa-
Hbl nO,U06"Hbie FIFY ^JISI KOMOpeCCOpHLIX CXaHUHH «/JOHCKaiI» H «npHBO^HHO».

IlpH OnilCaHHH OCOSeHHOCTCH KOHCXpyKUHft H XCXKHHCCKHX JJ3HHbIX OTCHeCT-
BCHHbix H sapy6e)KHbix 3HeprexHHecKHx FTY 6wjiH HcnojibsoBaHbi peKJiaMHbie
npocneKTbi 4>HpM, ny6jiHKauHH B poccHHCKHX >KypHajiax: «Tenji03HeprexHKa»
(oSaopbi HJi.-Kopp. PAH f. F. OnbxoBCKoro H ap.); «3jreKTpHHecKHe craHUHH»;
«Taa<eJioe MaiiiHHOCTpoeHHe», a xaKa<e B sapySeatHbix xypHajiax: «Gas Turbine
World»; «MPS»; «Paper ASME»; «VGB Kraftwerkstechnik»; «Power»; «Turbo-
mash. Int»; «Private Power Execut.»; «Euro Power News»; «Energ. Spektrum»;
«World Energy Cowrs» H ,ap.

1

KoHTpo/ibHbie Bonpocbi

1. Flo KaKOMy npH3HaKy pas^ejiaioT 3HeprerHHecKHe TTV no
2. ITepeHHcnHTe ocoSeHHOCTH POCCHHCKHX 3HepreTHHecKHX FTV, BtmojineHHtix Ha 6aae aawa-

UHOHHHX H cyjioBtix ra3OTyp6nHHtix jBHraTejieii.
3. KaKyio KOHuenunio HaroTOBJieHHH HMCIOT 3HepreTHnecKHe FTY cjmpMbi Siemens?

Hacib

nAPOrA30BblE YCTAHOBKH

HAPOrASOBblE YCTAHOBKM C KOTJ10M-yTMJ1M3ATOPOM

8.1. TERJIOBblE CXEMbl M ROKASATEJIM nry C KOT/10M-YT11/IM3ATOPOM

FlaporaaoBaa ycranoBKa c KOTJiOM-yTHJiHsaropOM (FtrV c KY) —
nepcneKTHBHaa H niHpOKO pacnpocTpaneHHaa B 3HepreiHKe naporasosaa ycxa-
HOBKa, OTJIHHaiOlUaflCa npOCTOTOH H BblCOKOH 3(|)(|)eKXHBHOCTbK) npOH3BO^CXBa
3jieKxpHHeCKOl:i 3HeprHH. 3xn FIFY — ejjHHCXBCHHbie B MHpe 3HeprexHnecKHe
ycxanoBKH, Koxopwe npn pa6oxe B KOHjjeHcauHOHHOM peHCHMe oxnycKarox no-
xpeSHxejiHM 3JieKxp03HeprHto c K.YIR 55—60 %.

3Kcruiyaxau,HOHHbie H3AepM<KH MOIUHOH COBPCMCHHOH FIFY B^BOC HHJKC no
cpaBHCHHK) c H3,nepH<:KaMH na nmieyrojibHOH T3C. CpOKH cxpOHxenbcxsa F1FY c
KY, B oco6eHHocxH npH nosxannoM BBojie B 3KcnjiyaxauHK), naMHoro Kopone,
46M CpOKH CXpOHXCJlbCXBa MOIUHblX XCHJlOBblX 3J16KXpOCXaHUHS ^pyFHX THHOB.

HS rjiaBHbix npHHHH nepcneKXHBHOcxH F1FY SBjiaexca HcnoJib3OBaHHe
rasa — xonjinsa, MHposbie 3anacbi Koxoporo o^enb BCJIHKH. Fas —

3x0 Jiyniuee TOHJIMBO flJUi 3HeprexH4ecKHx FTY — OCHOBHOFO sjieiwenxa ycxaHOB-
KH. FlpHpoflHwit ras xopomo xpancnopXHpyexca na ^ajibHHe paccxoaHHa no Ma-

rasonpOBoaaM. Ero MCWHO nocxasjiaxb H B JKH^KOM BH^C, KaK
npnpOAHbiH ras (LNG—LiqueFied Natural Gas). TaKHM xonnHBOM,

HanpMMep, noJibsyioxca ^Jia FIFY B ^HOHKH H K)a(HOH Kopee.
Flapora30Bbie ycxanoBKH Moryx xaKHce pa6oxaxb npH HCnojibsosaKHH B FTY

XHjKenoro He(J)XHHoro xonjinsa, cbipofl HC^XH, no6oimbix npo^yKxoB nepepa6oT-
KH netpxH, CHHxeximecKoro rasa, nojiyMaeMoro npH rasn^HKauH

FlpocxeHiiiaa xenjioaaa cxeMa F1FY npe^cxasjieHa Ha pnc. 8.1, a
MHMCCKHH UHK^ EpaHxoHa—PeiiKHHa H3o6pa^ceH na pnc. 8.2*. Bbixo^Hbie
SHepreTHHecKOH FTY nocxynaiox B KY, me 66jibiiiafl nacxb HX xenjioxu nepe,aa-
excfl napoBo^anoMy pa6oM6My xeny. FeHepHpyeMbiK B KY nap Hanpaejiaexcfl B
napoxypGHKHyro ycxanosKy (FITY), me Bbipa6axbiBaexca ^onojiHwxejibHoe KOJIH-
46-CXBO 3JI6KTp03HeprHH. OxpaSoxaBIIIHH B napOBOH Typ^HHC (FIT) nap KOHflCH-
CHpyexca B KOHACHcaxope F1TY, Kon^encax c noMombio nacoca no^aexca B KY

Tenjiosaa cxeMa renepauHH napa B KY c Hcnojib30BaHHCM xenjiosoro noxeu-
Bbixo/iHbix rasoB FTY npe^cxaBJiena Ha pnc. 8.3 BMecxe c Q, 7-,anarpaMMo£i

xenjioxw ox rasoa K naposoAHHOMV pa6oneMy xejiy. Rnx KY npHHHMaiox
HaHeHHfl xeMnepaxypHoro nanopa © (pinch point — « H H H M

noHHX») Ha XOJIO4HOM KOHue HcnapHxejia, wcnojibsyrox B Kanecxse noBepxHOCxefi

* HexoTopbie 3apy6e>KHbie aBTopu B CBOHX paSorax iicnojibsyioT repMiiH «UHKJI fl^oyjin—PeiiKHHa».
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PHC. 8.1. Hpocreiimafl renjiOBaa cxeivia JIFV c KV
3f — 3JieKTporenepaTop; K — KOMnpeccop; PT — ra-
30Ba* T g H H a ; KC — KaMepa cropaHns; FIT — napo- P(1C 8 2 UHKJI* Typ —

Typ6nHa; KV — KOTeji-yriumsaTOp; K-p — KOH- EpailTOHa_ PeMKHHa napora^OBofi yc-
; H— nacoc T«HOBKH c KV

Hal— *Ti
4

4'

4"

J_

' 1

HE

ff

3K

3 ITT»-
11

8_

10
—\

rx /̂
J7

4 —
B jitiMOByro OT imraTejib-

ipy6y HOTO nacoca

PHC. 8.3. Q, r-;uiai paMMa re mi 006*1 eita B
flE — naponeperpeBaTCJit,; H — HcnapHTCJit; 3K — 3KOHOMati3ep; E •— 6apa6aH

PHC. 8.4. Cxeivia renjioebix HOTOKOB IirV c
Ky
2^ — Tenjioia CMCHraeMoro B TTV TOHJIH-
Bai (?KV — nofle^Has Tenjiosaa Harpy3Ka

KV; 2r'T — TenjiOTa BbixoflHbix raios

v i nKV iAT
t r_ t — J--n—

nOT. 2 n . C?nOT — noiepii
Tbl COOTBCTCTBCHHO B FTY, B KY, B I7TY

Harpesa Tpy6bi c napy>KHbiM opeGpenneM H o6ecneiHBaK)T rnySoKoe
HHC BbixoflHbix ra30B FTY ao ypOBHfl 80—130 °C, MTO 3HaHHTejibno noBbimaeT

3KOHOMHMHOCTb F1FY
CxeMa TenJioBbix FIOTOKOB nFY c KY npHeejieHa na puc. 8.4, r^e

oTAejibHbie ee 3JieMeHTbi M cymecTByiomwe xexHonorHMecKHe

772

AnajiH3 TepMo^nnaMHMecKoro unKJia EpaMTOHa—PeHKHHa nosBOJiaeT nojiy-
Bbipaacenne AJUI BnyrpeHHero KTIJ\ FIFY c Ky

'nry QKY

Oc
^r

y"1*
Qr

me Nury — BHyTpeHHflfl MomHocTb FTY; Qc
r — Tenjioxa OKHraeMoro B KC FTY

ronjTHBa; QKy — TenjiOTa napa KY, nocTynaiomero B nTY; 2gnoT, S^noT — a6-

coJiioTHbie H oTHocHTCJibHbie cyMMapHbie norepn renjiOTbi B nry.

vVr, -A^n — BHyxpeHHfla MomHocib rasoBoti H napoBOH ycTaHOBOK; i l r ,Ti n -

COOTBCTCTBCHHO BHyTpeHHHe KFJ^ rasoBOH H napoBOH cTyneHeii nrY
Bbipa^enne (8.1) c nenoTopbiMH BapHauwsiMH npe^Jiaraercfl B paGorax paajiHH-

Hbix asTopoB [5, 8, 9, 11, 18, 19, 22, 26, 29]. 3TO no^TBepiKjiaeT o6iuenpMHflxoe
npeflCTaBJieHHC 06 ocoScHHOCTax TexHOJiortmecKHx npoueccos B nFY c KY

ECJIH npe4nojio>KHTb (CM. pnc. 8.2), HTO QKy = ^nry' T-e- MTO BCfl

napa Ky nocTynaer B FITY, TO cnpaBe^jiHso

(8.2)

I3H3 Gr, Du — pacxoA COOTBCTCTBCHHO BbixoflHbix r330B FTY H reHepHpyeMoro

B Ky napa, KP/C; qr, qn — yuejibHbie pacxo^bi TeniioTbi raaos FTY H renepHpye-

Moro napa, KJ^K/KT; Tr, 7*n B — cooTBercTBCHHO TemnepaTypa rasos H

HOFO pa6onero Tejia.
OTHocHTenbHbiH pacxo^ reHepHpyeMoro B KY napa HCBC^HK H3-33

moR TcnjioTbi BbixoflHbix rasoB FTY:

da=DJGt. (8.3)

nojiesnoro AencTBHfl KY no npflMOMy Sajiancy onpeaejiaercfl Kan
bixo^Hbix rasoB gKy, HcnoJib3OBanHOtt KJIX reHepauMM napa,

B03MOH<HOMy 3HaHenHK) npH T5 = rmjn = THB (CM. pnc. 8.3):

OTHomeHne

K ee

HcnoiibSOBaTb nonflTHe «cTeneHb 6nHapnocTn» nFY c ICY.
CTeneHH 6HHapHOCTH npH6jiHacaercfl K e^MHMue, Kor^a yaacTca no^TH HOJIHO-
CTbio HcnojibsosaTb Tennory BbixojjHbix rasos FTy ^Jia reHepauHH napa B napo-
BOH CTyneHH ycTaHOBKH. B SHHapHOH nry norepH xenjioTw £?,IOT = 0 M K.HJS,
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%,rv

<Tlnry

noTePH BcerAa

6nHapHocTH

(8.5)

B flCHCTBHTeJIbHOCTH, CTCHeHb SHHapHOCTH nry C OJJHOKOHTypHLIM KY CO-
cTaBJiaer OKOJIO 0,90, TaK KaK B T3KOH ycranoBKe ne y^aeica oxjiaAHTb Bbixofl-
Hbie rasbi FTY jjo TCMnepaTypbi HH^C 150 °C. OrHOCHTejibHo HesejiHKH H KOJIH-
HecTBa renepHpyeMoro napa H BLipaSaxbiBaeMOH B FITY 3JieKTp03HeprHH.

Ha PHC. 8.5 npHBe,aeHa TenjiOBasi cxeMa FIFY c oAHOKomypHbiM KY, a Ha
PHC. 8.6 — cooTBeTCTByromas Q, 7/-AHarpaMMa TermooSMena MOK^y Bbixo^HUMH
rasaMH FTY H napoBOflflHtiM pa6onHM TCJIOM. FasoBbifi no^orpeBaxeJib KOHfleHcaTa
(FnK) saMeHfler oTcyTCTsyiomHe B nTY noAorpesaTejiH HHSKOFO AasjieHHa. Ha-
rpes ocHOBHoro KOHflencaxa B H6M BbBbisaeT noHH^KCHHe TewnepaTypbi rasos 40
KOHCMHoro 3HaneHHfl 6yx- B cxeMe npeflycMOTpeH .ueaapaTOp nHiarejibHOH BO^BI,

nHTaeMbifi oiSopHbiM napoM naposoM TypSHHti. naporeHepHpyroujHH KOHTyp OA-
Horo AaBjieHHa COCTOHT H3 SKOHOMaKsepa, ncnapHTCJia H naponeperpeBaTejia. MH-
HHMaiibHbiH TCMnepaTypHbiH nanop HMCCT MCCTO na KOHUC ncnapHTejibHbix no-
BepXHocTeH Harpesa: 0 = 63 - Tmc = 8—10 °C, a coorBercTByiomafl pa3HHua TCM-

nepaTyp — ua ropaneM KOHUC naponeperpeBarejtfl 0HE = •&] - TnE = 20—40 °C.
Bo H36e>KaHHe KopposHOHHOro H3HOca TeMnepaTypy KOHAencaTa Ha BXOA,e B KY

7*K
BX noAAepa(HBaK>T na ypoBHe 50—60 DC npH oKHraHHH npnpOAHoro ra3a H HC

HH>Ke 110 °C npH nepexoae na xnjiKoe rasoxypSHHHoe TOHJIHBO B FTY
B KanecTBe HJuirocTpauHH paccMOTpHM npntviep nry (CM. pnc. 8.5), B KOTO-

B-KanecTBe FTy npHHjrra ycTanoBKa Tnna V64.2 (Siemens). Ee ocHOBHbie
npHBe^eHbi B Ta6n. 8.1 H 8.2.

TMC. 8.5. Tcii.ioBini cxewa nry c OflHOKoHTypiibiM Ky
ri7K —• raaoBbifi no^orpeBarejib KOHAeHcara; ff — aea-jpaTop; UH, KH — niiTaTejibUbifl H
carHbifi HacocLi; dt—65 —reMneparypa rasos (ocTa^bHbie oSoaHaneHna CM. piic. 8.1 H 8.3)
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PHC. 8.6. Q, T-jiHarpaMMa Teiuioo6\ieiia B
T — TCMnepaxypa napa H BO/JLI

(CM. pnc. 8.5)

T a o . n M u a 8.1. Texnu'iecKiie aai iHbie 3iiepreiHiecKOii PTV*

noKaaarejib

.ZlaBJieHHe, Mfla
TeMnepatypa, °C
3«TajibnHfl, xjjw/icr
H36biTOK Bosjiyxa
Fasosaa nocioaHHaH, KRx/(Kr • K)
MaccoBHH pacxoa paSonero
Te^a, Kr/c

Flepea ocesbiM
KOMnpeccopoiM

0,1013
15

15,15

—
0,28798

1

FlepezE Kawepofi
C L X > f > a H H H

1,0686
323,6
332,3

—

0,28798
1

Flepea rasoflOH
rypGHHOH

1,042
1050

1206,8
3,21

0,29199
1,01793

Ha Bbixojie ra-
3OBOH TypGHHbl

0,1043
551,8
601,9
3,21

0,29199
1,01793

1) ToniiHBO — MeiaH CH4 100 %; Q] = 50 056 Kfl>K/icr;
2) Kn^KCTiKC = 99,7%;

3) MexammecKHH KUR KOMnpeccopa T)^ = 99,9 %;

4) MexaHMHecKHfi KO/1 FT ti^x = 99,9 %;
5) H303HTponHbiii KHR KOMnpeccopa ri K = 88,2 %;
6) H303HTponHWHKnflrTTi r r = 88,4%.

Ha 1 Kr/c waccoBoro pacxoaa pa6onero rena nojiyneHbi:
1) MOIUHOCTB, noTpeS/ijieMas KOMnpeccopoiwA' =317,545
2) MomHOCTb PTA'rT = 615,094 KBx;

3) MOiUHOCTb 3jicKTporeHepaTopa TTY A'3 = 294,574 xBr;

4) Tenjioja, noaBOflHMaa c TORJIMBOM u KC; Q\ = 897,328

5) KHfl npoii3BO^iCTBa 3JieKrpo3HeprnH r\3
r = 32,827 %.
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8.2. TCXHH-ICCKHP ,I;IIMII>IC napoeoii cryneim H BCCH I1FY (KY oflHoro

COCTOflHHe H M6CTO paSoHCTO TCJI3
B renjioBOH cxeiue

neperpeTwH nap aa KV
flap na BXOfle B naposyro Typ6Hny
Or6op napa wa ITT B aeaaparop
rioaana napa B KOH/ieHcaTOp
KoHflCHcaT nocjie KouaeHcaTHoro nacoca
TloAaia pa6oiero Tejia B ̂ eaapaTOp
nHTareJitHaa so^a nocjie aeasparopa
FlHTaTeJitHas Bo.ua
PaSoiee xe.no Ha JIHHHH HactimeHHs
B HcnapHTCJie

Dn/JGK

0,13433
0,13433
0,0025
0,13183
0,13183
0,13183
0,13433
0,13433
0,13433

p,MUa

6
5,7

0,121
0,006
0,189
0,151
0,121

7,2
6,32

T,°C

525
523,6
106,5
36,2
36,2
95
105

107,2
279

H, KfljK/KF

3480,8
3480,8
2663,2
151,5
151,7
398

440,2
449,4
1231,8

* flonojiHHTejibHbie.aanHi.ie:
1) Dn/n — pacxofl napa/Bo^bi; GK — pacxon soaayxa B Kownpeccope;
2) TCMnepaTypHbiii nanop na XOJIOAHOM KOHIK HcnapHiejia 0=10 °C;
3) napaMerpbi raaoB no xpaxty KY (CM. pwc. 8.6):

iJ3 = 289 °C; h3 = 302,8 K
04 - 192 °C; A4 = 201,9 K

= 1 62 °C; A5 = h yx - 1 70 K

4) MomHOCTb 3fleKtporenepaTopa FITY Nn = 153,601 KBT/(KP/C);

5) 3jieKTpHHecKaa MOuiHOCTb nry ^nrv = 448, 175 KBT/(KP/C);

6) KYIJ\ npoH3BoacTBa 3JieKTpo3HeprHH riFY Tinpy =49,95%.

noKasbiBaror, HTO B paccMaxpHBaeMOH nry c
KY y^aexcfl oxjiajjHTi, Bbixo^nue rasw FTY RQ TeMnepaiypbi 162 °C H
HeBbicoKoe snaneHHe Kn/], npOHSBO^CTBa 3JieKrpo3HeprHH. BMBCTC c TCM xenjiOBaa
cxeivia TaKofi ycxaHOBKH npocxa B 3KcnjiyaxauHH H xapatcrepHsyeTCJi HHSKHMH

KanHTajlOBJIOaceHHflMH. BblSop ^3HHOrO THna FlPy 3KOHOMH4eCKH
B TCX cjiyiaax, Konta npHMenaeTca ^euieBoe TOHJIHBO, a 3JieKTpocTaH-

paccHHTana na pa6ory c HHKOBbiMii HarpysKaMH HJIH Koma npHMenaerca TOFI-
JIHBO c BWCOKHM co^ep^aHHeM cepLi. Ha pnc. 8.7 npHBe^eHa cxeMa nry c xpeivia
6J10K3MH FTy — KY, OJHOH nTy H KOTJiaMH-yrajiHaaTopaMH O^HOFO flaBJieHHfl.

flajibHeHmee noBbiuienHe SKOHOMHHHOCTH nry c KV BOIMOJKHO npH 6o/iee
r;iy6oKOM oxjian(^eHHH Bbixo^Hbix rasos FTY. TenjioBaa cxeMa KV
H3-sa yBejiHHeHHfl HHCJia KOHTypoB renepauHH napa (^o ^syx-rpex) H
npoMeacyTOMHoro neperpesa napa, Ana Hero ncnojibsyioTCfl FTV c yjiyniueHHbi-
MH 3HepreTHMecKHMH xapaKTepHCTHKaMH. fljis HHX xapaKTepHa Sojibiiiafl HanaJib-
Haa TCMneparypa rasa nepe^ FT — na ypoBHe 1200 — 1350 °C H 6ojiee.

Ha PHC. 8.8 H 8.9 npHBe^enbi BapnanTbi CXCM nry c ^syxKOHTypHbiM KY, a
Ha PHC. 8.10 cooTBcrcTByromafl Q, T-jiHarpaMMa TenjiooGMena. B Tenjiosbix cxe-
Max HM6K>TCfl HeKOTOpbie pasjiHHHa. 3KOHOMaw3ep KOHTypa B,H BbinoJiHfliOT 04-
HO- HJIH /JByXCTynCHHaTblM B 3aBHCHMOCTH OT KOHCTpyKTHBHblX OCO6eHHOCTeR KOT-
Jia. fljifl nHranna Bo^,oS KOHTypoB H^ H B/J npe^ycMOTpenbi ^Ba cawocTOflTejibHbix

Hacoca. B HCKoropbix Firy ycTanaBJiMBajoT oanH nacoc c OT6opoM
HS ero npoMe>KyTOHHot! cTyneHH. B renjiosyK) cxeMy KY MO^CCT 6b!Tb
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If.

PHC. 8.8. npHHUHHHaJibHaa TenjioBaa CXCMB UFV c ;myxKOHTypHhiM KV
HE Bfl flE Hfl ~ naponeperpeBareJiH BbicoKoro H Hn3Koro AaBJieuiu; H Bfl, H Hff — Hcna-

e noBepxHOCTH BbicoKoro H HHSKOTO MBJieHna; 3K Bft — 3KOHOMaii3ep Bbicoxoro
; FUK ~ naoBbifi noaorpeBaxejib KOHflCHcaxa; MflB — aeaapaxop nHxaxejibHon BO-

HHff — lacxH BbicoKoro H HH3Koro aaBJieHiw napOBoii xypSHHbi; K-p — KOHfleHca-
Top- KH— KOHAeHcaiHbifl Hacoc; HH Bff, UH H£ — nirrarenbHbie Hacocbi cooxBexcTBenno
BLicoKoro H HraKoro aaBJieHH»; HPif — Hacoc peuHpKyjiauHn; PK —

HapBfl
PMC. 8.9. npHHHHHHajibHaH TeruionaH cxewa II
HbiM Ky (Fry ue upHBc/ ieua; o6o3HaHCHHH CM. nojiimcb K PHC. 8.8)
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71*

PHC. 8.10. Q, T- /utarpatviMa TeiuiooGiweiia B asyxKOHTypHOM KOTJie-ynuiHsaTope
•0j — TeMneparypM npoayKxoB cropamia no xpaicxy KY; 7} — xeMnepaxypbi napoBojwHoro

no TpaKiy KY; ©^ — xeMnepaxypm,ie uanopu

Hacoc peuHpKyjiauHH KOHAencaxa ^jia no;mep)KaHHfl
xeMnepaxypbi na Bxofle B KOTCJI. BMCCXO Hero B cxervie FITV MO>KHO
Baxb O^HH noAorpesaxejib HHSKOFO flasjieHMJi (IIHJJO, Koxopbin sKJironaexcfl B
pa6oxy no Mepe HeoSxoflHMocxH.

riiixaHHe KOHxypoB BMCOKOFO H HH3Koro AasucHHa ocymecxsjiaexca ,u,ea3pn-
oflOH c MaccoBOH KOHueHxpau,HeK KHCJiopo^a O2 He SoJiee 10 MKr/Kr.

MO>KHO ocymecxBHXb B KOH,aeHcaxope, Aea3paxope nnxaxejitHOH BO-
flbl HJ1H B 060HX 3XHX 3JieMCHXax XenJlOBOH CXCMbl. B03MOaCHbI HCCKOJlbKO X6X-
HHMCCKHX peixieHHH:

a) cosflaexcfl BOAHHOH ^eaapaxopHbiH Koaxyp (Hcnapnxejib ^easpaxopa), B
KoxopOM BbipaSaxbiBaexcs onpeziejieHHoe KOJIHHCCXBO napa. JtaBJieHne B Konxy-
pe onpeAGJiflexcfl xennoisoH HarpysKOfi sxoro HcnapHxejifl B saBHCHMOcxn ox
pacxo^a H xeMnepaxypbi rasos nepe^ HHM. PaSoxa ^eaapaxopa na napOBO^flHOH

Moxex cosjjaxb onpe^eneHHbie xpy^nocxH, HXO oxpaHfaexca Ha ero KOHCX-
(CM. PHC. 8.7);

6) ^eaapaxop cnaSacaexca napOM MS MarncxpajiH napa HH3Koro
(CM. pnc. 8.8);

B) nnxaHHe ^easpaxopa npOHSBOjiHxcfl napOM H3 ox6opa naposoH
(CM. pnc. 8.9), npH 3XOM Moa<ex cHHSHXbca 3KOHOMHMHOcxb nrV.

YcoBepiueHCXBOBaHHUH Bapwanx xenjiosott CXCMU riFY c
KY— nry-320 npHBe^en na PHC. 8.11. B HCH HcnojibsoBana TTY xnna FT3-200
(J1M3), cnpoeKXHpoBaHHaa Ha Sase TTV Tuna TT3-150. YcxaHOBKa BbmonHena OA-
HOBajibHOH c flsyxKOHxypHbiM KY, B KY ecxb soceMb ynacxKOB xenjiooSMena, BKHIO-
Mafl npOMe>KyxoMHbiH naponeperpesaxejib, rasosbiK noAorpesaxejib KOHAencaxa H
wcnapHxenb aeaapaxopa noBbiuienHoro cKonbsjimero aaBJieHHa (1,3 — 1,4 MOa).
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s s o. o a

B nry-320 ncnojibsoBaHbi nuTarejibKbiH 3JieKTpoHacoc H nacoc peuHpKyjiayHl

fljifl no/iaepa<aHHfl TeMneparypu KOH^eHcaxa na BXO^C B KOTCJI He HHa<e 60 °C
B cxeiwe npe^ycMOTpen pereHepaTHBHbiH no^orpes npHpo^Horo rasa 40 140 °(
B BO^HHOM no^orpeB3Tejie, oSorpesaeMOM nHTarenbHOH BO^OH H3 Aea3paTopa
Ko3(J>4)nuHeHT nojiesHoro zieHCTBua npon3BOACTBa 3JieKTpo3HeprHH SpyiTo pac

fy cocTaB^aeT 54,9 %.

c Ky asyx flaBJieHHH (CM. PHC. 8.9) BbinojineH packer xapaKtepHCTHi
KOHTypa (xaSji. 8.3). B nry iicnojibsoBana ra ace 3HeprerHHecKaj

MTO H B nry c OAHOKomypHbiM KOTJIOM (CM. TaSu. 8.1). BunojiHeHHbiH pac
net noKa3WBaeT, HTO HcnojibsoBaHHe B cxeiwe nry Ky

Ta6jinua 8.3. TexHWHecKne /IHIIIIMC napoeoS cryneHH u seefi jisyx

COCTOSHHC H MCCTO paSoiero re/ia
B TenJIOBOH CX6MC

nap B.H nocjie KV
Flap B/I Ha sxoae B naposyio Typ6nHy
nap nocjie HB/I napoaoK Typ6nHbi
nap H,a nocjie KV
Flap H/l nep&a TOHKOH cMemeHHa B napo-
Bofi TypOnne
nap nepe^ Macxbio H/I naposoH xypSHHW
OrSop napa H3 HBCTH Hfl naposofl rypSn-
Hti Hajea3paxop
nap Ha Btixo^e napoBOH rypSHHtr
KoH^eHcar nocjie KOH,aeHcaTHoro nacoca
nHTareJibnaa so^a nepea^eaaparopoM
nHTarejitHafl so^ia nocjie Hacoca BJI
nniaTejibHafl Bo.ua nocjie nacoca H/t
fTapaMeTpti Ha JHIHHH HacwmeHHa B Hcna-
pnre;ie B4
napaMCTpbi iia JIHHHH HacwmeHHfl B ncna-
(jHte^e HA

v°«

0,13208
0,13208
0,13208
0,03007
0,03007

0,16214
0,00308

0,15906
0,15906
0,15906
0,13208
0,03007
0,13208

0,03007

,,Mna

8
7,9

0,464
0,488
0,464

0,464
0,127

0,006
0,189
0,151

9,6
0,586
8,4

0,51

T,°C

525
523,3

—
213,1

—

—_

36,2
36,2
95
105
105

298,4

152

MA^r

3459,5
3459,5
2808,6
2883,8
2883,8

2882,5
2614,1

2263,1
151,7
398

447,2
440,5
1336,5

643

1) TeMnepaTypHbiii wanop Ha ropaneM io)Hue naponeperpeBBTe^n BR 0nE = 26,7
2) TCMnepaiypHbiH nanop Ha XOJIO^HOM KOHUC HcnapHxejiefl B,fl n Hfl 0 = 10 °C;
3) napaMexpbi ra^os no Tpaioy KV (CM. pHC. 8.9):

0,= 551,7 °C;Af= 601,9 KJjjK/«r;
133 - 308,4 °C; h3 =
•Q4 - 223, 1 °C; hA = 235,2 K
06 = 162 °C; A6 = 168,8
*8= 133,3 °C;A8= 139,6 Kflw/Kr;
09 - 96,1 °C; A9 = 100,4 K^HC/KF;

4) BHyTpeHHHH Kn/l npotoiHofi nacTH napOBOfi rypSHHbt: ao TOHKH orSopa t] Q, = 0,90; .ZUIH scero
A oc= 0,85;npouecca pacuinpeHHa

5) MoujHocTb 3/iCKTporenepaTopa UTV

6) 3jieKTpHiecKaii MouiHocTb nry A'jj

7)

* = 173,7 KBr/(Kr/c);

=468,3 KBT/(KP/C);



xermoBOH cxeMbi, HO noBuuiaex sKOHOMHHHOcxb ycxaHOBKH no cpaa-
HCHHK) C HCnOJIb30BaHH6M KOXJia-yXHJTH3aXOpa OflHOPO ^aBJieHHa H3

STlnry = [(0,5219 - 0,4995)70,4995] 100 = 4,48 %.

B nacxoamee BpeMa B jiyquiHx coBpeMennbix SHeprexHnecKHx FTY
xeMnepaxypbi rasa npH6jiH3Hjiocb K 1500 °C, a cooxBexcxByromee

rasa (no ISO) cocxaBjiaex 1,8—3,0 Mfla. npH SXOM xeMnepaxypa
rases npeBticHJia 600 °C. Rzamoe oScxoaxejibCxao HOSBOJIMJIO nepeKxH K

coBepmeHCXBOBaHHKt naposoH cxyneHH nry c KV H ocymecxBHxt xen.no-
cxeMy c xpeMa KOHxypaMH renepauHH napa H ero npOMOKyxoHHbiM neperpe-

BOM. nocjie^HHH MOJKCX npHMCHflXbca H B KY c flByMfl flaBJicHHflMH napa. B oGoHx
cjiynaflx 3x0 peiueHne nosBOJiaex cHHsnxb BJiaacnocxb napa B nocjie,HHHx cxynenax
napoBOH xyp6HHbi H oxKasaxbcs ox HcnojibsosaHHH cenapaxopa B^ara.

Ha pHC. 8.12 npHBe^ena xenjiosaa cxeMa riFV c KY xpex jiaBjieHHH napa H
npOMOKyxoHHWM neperpesoM. YcxanoBKa COCXOHX H3 ̂ syx FTY xnna V94.3A
(Siemens) c KY H O.UHOH napoBOH xypSHHti. OCHOBHOC XOHJIHBO — npHpo^Hbitt
ras, pesepBHoe XOHJIHBO — JKHWKOe, rasoxypSHHHoe. Momnocxb nrY nexxo co-
cxasjiaex 632,7 MBx npH Kn^ oxnycna 3JieKxpo3HeprHH 56,6 %. FlapaMexpbi
rasoB nepea KY: pacxoji 656 Kr/c, xeMnepaxypa 584 °C. Tnn Koxjia — ropnsoH-
xajibHbiH c ecxecxBCHHOH UHpKyjiauHeH. B Koxjrax renepHpyioxcH: nap BWCOKO-
ro .aasjieHHs (231,5 X/H; 9,95 MITa; 550 °C); nap cpe^Hero aaBjienHa (42,1 X/M;
2,63 MOa; 316 °C); nap HHSKOFO ^asjieHHa (30,2 X/H; 0,47 MRa; 227 °C). B xen-

rrv

PHC. 8.12. Tciuioean CXCMS nrV c KV rpcx
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JIOBOH cxcMG 4ea3parop He npejycMoxpen, H ^easpauHH KOH^eHcaxa ocyiuecxB-
nflexcs npeHMymecxBeHHO B KOH/ieHcarope napoBOH xypSHHbi.

H3MeneHHe o6meft SKOHOMHHHOCXH nrY B pesyjibxaxe coBepmeHCXBOBaHHa
napoBoro Konxypa MOMCHO npoHJiJirocxpHposaxb ^aHHbiMH 3apy6e>KHbix wccjieao-
eaHHH, nojiyneHHbiMH na 6ase TTY Momnocxbio 150—200 MBx (pwc. 8.13
H8.14). IlepexoA K 6o;iee cno»cHOMy napoBOMy UHKJiy H K CBepxKpHXHnecKHM
napaMexpaM napa cymecxseHHO nosbiuiaex 3KonoMHMHOCXb ycxaHOBKH.

OnxHMaJibHbiH naporasoBbitt UHKJI Bbi6Hparox HS 6ojibmoro HHCJia B03MOHtHbix
peiiieHHH. 3xox Bbi6op o6biHHO ocymecxBJiaexca B xpH ocnoBHbix 3xana: aHajins 33-
npocoB saKaaHHKa sneproycxaHOBKH, c6op HH^opMauHH 06 ycnoBHax paSoxbi 060-
py^oBaHHfl, Bw6op uHKJia nry.

3aKa3HHK onpe^ejiaex sepxHHH H HHJKHHH npe^ejibi MOUIHOCXH ycxaHOBKH,
npHeMJieMbiH ypoecHb MOIUHOCXH TTy c ynexoM ee Kllfl npH HacxHHHOH Harpys-
KC. Bbi6Hpaexca rpa4)HK noKpbixna SXOH HarpysKH.

OKpy5Karomafl cpejia OKa3biBaex cymecxseHHoe BjinsmHe na pa6oxy nry qe-
pes xapaKxepHCXHKH ny. Fasosaa xypSuna, pa6oxaK>maa npH xeMnepaxype Ha-
pya<Horo B03£yxa 0 °C, BbipaSaxbiBaex na 20 % Sojibine 3JieKxpo3HeprHH, neM xa
JKC xypSnHa npn 30 °C. ECJIH MCCXO cxponxeiibCXBa ycxaHOBKH pacnojioaceno na
BblCOXC 100 M HOA ypOBHCM MOpS, XO MOIUHOCXb fly Ha 1 % MCHbllie, HCM M01U-
Hocxb FTY Ha yposne MOpa, HXO oSycjiOBJieHo pasHHuefi B AasjieHHH B03^yxa H ero
njioxHOCXH. Baa<Ho snaxb sKcxpeMajibHbie ycnoBHK H xnnHHHbie HSMeneHHa napa-
MexpOB oKpy^awmefi cpe^bi B xeneHHe scero ro^a. Bjia>KHOCXb Bosjiyxa

4 -

-I

//

-2 - -1,75

(Siemens)

PHC. 8.13. BjiHHHiie napaMerpoe napoBoro UHKJIS iia KII/l npona-
BOflCTBa 3JICKTp03HeprHM IIPV C KV
/ — flOKpHTHHecKwe napaMcrpbi napa (8 MHa, 540 °C); // — caepXKpH-
THHCCKHe napaMBTpu napa (25 MHa, 540 °C); 1 — OAHOKOHTYPHLIH
ICY; 2 — AByxKOHiypHbiH Ky; 3 — OAHOKOHrypHbift KV c
HLIM neperpeBOM napa; 4 — TpexKOHTypHtifi KY; 5 —
KY c npOMCMcyTOHHtiM neperpeBOM napa
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2SO

BnrV-320 ncnojib3OBaHbi nuTaxeJifcHbiH ajieicrpofracDc IT
fljia noAaepwaHHJi xeMneparypbi KOHAencaTa Ha Bxojie B KOXCJI He HHKC 60 °C.
B cxeMe npe^ycMOTpeH perenepaTHBHUH no^orpeB npwpoAHoro rasa ao 140 °C
B sojiflHOM noflorpesaTejie, oSorpesaeMOM nHTaxeJibHoti BOfloR H3 ^ea3paTOpa.
Ko3dpdpHUH6HT nonesHoro ACWCTBHSI npoH3BoacTBa 3JieKTpo3neprHn SpyTTO pac-

iry cocTasjiaeT 54,9 %.
nry c Ky zisyx AaBJienHfi (CM. pwc. 8.9) BbinonHen pacqex xapaicrepHCTHK

Konxypa (Ta6n. 8.3). B nry HcnojibSOBaHa Ta *e 3HeprexHMecKaa
HTO H B nry c OAHOKOHxypHbiM KOTHOM (CM. TaQji. 8.1). BbinoiiHeHHbiH pac-

Hex noKasbisaet, MTO HcnoJibSOBaHiie B CXCMC Flfy KV aeyx ziaB^eHHH npHBO^HT K

Ta6iiHUa 8.3. TexmmecKHe ;iaiiHi.ie cryneHH 11 «ceft IITV (KV RBV\

COCTOBHHC H MccTo paSoHero Tejia
B TenjioBoR cxeMe

Hap B£ nocne KY
flap B,H na Bxo^e B napoByro TypGnny
Flap nocjie MB4 napoBon xypSHHW
Hap Hfl nocjie KY
flap H/l, nepea TOIKOH cMemeHHH B napo-

riap nepe,a Macxtro Hfl napoeon TypGnnti
OrSop napa H3 nacTH HH napOBofi xyp6n-
HW Ha jiea3paxop
Flap Ha Btixo^e napoaoH Typ6HHij
KoH^eHcar nocjie KOHaencaxHoro nacoca
TlnxarejibHaa soja nepea aeaapaTopOM
ITHTaTejibHas! Bona noc^e Hacoca EK
nHxaxeJibHaa sozta nocne nacoca H4
riapaMerpbi Ha JWHHH HacwmeHHfl B Hcna-
pHiejie Bfl
RapaMexpti HU JIHHHH nacumeHHs B Hcna-
pHteJie HA

<WC.

0,13208
0,13208
0,13208
0,03007
0,03007

0,16214
0,00308

0,15906
0,15906
0,15906
0,13208
0,03007
0,13208

0,03007

p.MHa

8
7,9

0,464
0,488
0,464

0,464
0,127

0,006
0,189
0,151

9,6
0,586

8,4

0,51

T, °C

525
523,3

—
213,1

—

__

—

36,2
36,2
95
105
105

298,4

152

*,KA*/Kr

3459,5
3459,5
2808,6
2883,8
2883,8

2882,5
2614,1

2263,1
151,7
398

447,2
440,5
1336,5

643

* JJ,onojiHHTejibHbie AaHHbie:
1) TeMnepaTypHbiR Hanop Ha ropaneM Koniie naponeperpeeaTejifl BJI QnE = 26,7 °C;
2) TeMneparypHbiH nanop Ha xonoflHOM KOHUC HcnapHTejieft B7J H H/4 0=10 °C;
3) napaMeipbi rasoe no Tpaioy KV (CM. puc. 8.9):

15, = 551,7 °C; A, = 601,9 Kflnc/Kr;
03 - 308,4 °C; h-^ = 324 K^JK/KP;

. = 91^ "> vft-SK/Kr-«4 = 223,1 °C;^4^23
^6 - 162 °C; h6 = 168,8 K
«8= 133,3 °C;/i8-139,6 K
d9 = 96,l "C;h9= 100,4

4) BHyxpenHHt! KFIfl nporoiHoR naciM napoBofi Typ6nHbi: 30 TOHKH orSopa v\0i- 0,90; AJIJI ucero

npoueccapacuiHpeHHfl f\Qi =0,85;

5) MomHOCTb 3neKTporenepaTopa riTY Nn = 173,

6) 3jieKTpH4ecKafl MomHOCTb Firy ATnry = 468,3 KBi/(Kr/c);

7) KFlfl npoHSBOflCTBa 3JieKip03HeprHH nry ri^-y =52,2%.



fa/t

Iff.

Na

PHC. 8.8. ITpiiHiiHHiia.ibnan Teiuioeafl cxeivia I ITV c jByxKomypiibiM KV
UE B$, HE Hfl— naponeperpeBaTejiH BHCOKOFO H HH3Koro jjaBJieHHs; H B/J, H HJ% — ncna-
pHxe^bHbie noBepxHocTH BbicoKoro H HH3KOro aasjieHHfl; 3K BM — 3KOHOMafl3ep BbicoKoro
Aas^eHHs; riJK — rasoBbiii noAorpeBaxejib KOHfleHcara; RUB — aea3paiop miTaie^bHOH BO-
flbi; ^Bff, mifi, H3CTH BblCOKOrO H HH3KOIX) aaBJlCHH« napOBOfl TypSHHH; K-p KOHflCHCa-
TOp; KH — KOHAencaTHbifl Hacoc; IJH BJJ, FIH Hff — nHTaxejibHbie Hacocbi cooTBCTCTBeHHO
BbicoKoro H HH3icoro RaBJitHwi; HPif — Hacoc peunpKyjiHUHn; PK — peryjiHpyiomHH KJianaH

B flbiMOByw Tpy6y

-

FHC. 8.9. UpHHHii i i i i i i . ib i ian Tenjiosan cxewa nrV c aeyxKOHryp-
HbiM KV (FTV HC npiiBejieiia; oeirnsaHcuiiH CM. nojiniicb K pnc. 8.8)
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PHC. 8.10. Q, T- 4 war pa MM a TciuiooGMciia B aByxKOHrypHOM KOTJie-yrHjiiuaTOpe FIFV
•&f — TeMnepaiypbi npoayicTOB cropanHa no Tpaicry KV; 7)— -TeMnepaiypbi

no TpaKry KY; ©; — TeMnepaTypnbie nanopw

nacoc peunpKyjiauHH KOH^eHcaia w* noji^epacaHHs Heo6xo^HMOH
TCMneparypbi Ha Bxozie B KOTCJI. BMCCTO Hero B CXCMC RTY MOHHO Hcnojibso-
BaT& OflHH no^orpeBaTejib HHSKOFO aaBJieHHH (IlHfl), KoxopbiH BKjiroMaeTca B
paSoxy no Mepe HCOSXOAHMOCTH.

KOHTypos BbicoKoro H HHSKoro ^aBJicHHa ocymecTBJiaeTca #ea3pH-
BO^OH c MaccoBOH KOHu,eHTpauneK KHCJiopo/ia O2 ne 6ojiee 10 MKr/Kr.

MO«HO ocymecTBHTb B KomtencaTOpe, ^ea3paxope nHTaxejibHOH BO-
ffbl HJIH B OSOHX 3XHX 3JieMCHXaX XCnJlOBOH CX6MbI. B03MO>KHbI HCCKOJlbKO X6X-
HHHCCKHX peineHHfl:

a) co3^aexc3 BO^SHOH ^ea3paxopHbiH KOHiyp (wcnapHxejib Aea3paxopa), B
KOiopOM Bbipa6axbiBaerca onpe^ejieHHoe KOJIMHCCXBO napa. flaBJienne B Konxy-
pe onpejiejisexcfl TenjiOBOH narpysKOH axoro ncnapHxejia B saBHCHMOCxii ox
pacxo^a H xeMnepaxypbi rasoB nepe,a HHM. Pa6oxa ^eaapaxopa na napOBOflflHOH
CMecH MO)Kex cosflaxb onpe^ejieHHbie xpy^Hocxn, MXO oxpaacaexca na ero KOHCT-
pyKUHH (CM. pnc. 8.7);

6) ^ea3paxop cnaSacaexca napoM HS MaracxpajiH napa HHSKOFO
(CM. pwc. 8.8);

B) nnxaHiie ^easpaxopa npoH3BO^nxcfl napoM H3 ox6opa naposofi
(CM. pHC. 8.9), npH 3XOM MOaceX CHHSHXbCfl 3KOHOMHHHOCXI. nfY.

YcoBepuieHCXBOBaHHbiH sapnaHX xennoBoH CXCMU nry c
KY — nrY-320 npHBe^en Ha pnc. 8.11. B HBH HcnojibsosaHa TTY xnna TT3-200
(J1M3), cnpoeKXHpoBaHHaa na Sase FTY xnna FT3-150. YcxaHOBKa BbinojiHena o^-

c ^ByxKOHxypHbiM KY B KY ecxb BoceMb ynacxKOB xenjiooSMena, BKJIK>-
npoMOKyxo^HbiH naponeperpesaxejib, ra30Bbifi noAorpesaxejiL KOH^eHcaxa M

HcnapHxeiib ^eaapaxopa noBbimeHHoro CKO^bSJiinero ^aB^enHa (1,3—1,4 MFIa).
279



HiraHWC napOBOfi CTynemi M Bceft Iiry (KY o/iiioro flaujicuHM)*

COCTOHHHC H MCCTO paSotero Tena
B TennoBofl cxewe

rieperpeTUtf nap sa KY
Hap Ha exo^e B napOByio Typ6nny
Ox6op napa HS m B fleaspaxop
flo^ana napa B KOH^eHcaTop
KoHflencaT nocne KOH^encaTHoro nacoca
rio/taia pa6onero rejia B jieaaparop
riHTareJitHaa Boaa nocJie^eaapaTopa
OHTaTejibHafl eo,aa
PaSoiee TCJIO Ha JIHHHH HactrmeHHSi
B ncnapHTejie

Dn/BIGK

0,13433
0,13433
0,0025
0,13183
0,13183
0,13183
0,13433
0,13433
0,13433

p, MFIa

6
5,7

0,121
0,006
0,189
0,151
0,121

7,2
6,32

T,°C

525
523,6
106,5
36,2
36,2
95
105

107,2
279

h, K^ac/Kr

3480,8
3480,8
2663,2
151,5
151,7
398

440,2
449,4
1231,8

1) Dn/H — pacxofl napa/BOflbi; GK — pacxo^ eoaayxa B KOMnpeccope;
2) TCMneparypHbifi nanop wa XOJIO.HHOM KOHUC Hcnapnrejifl 9 = 10 °C;
3) napaMerpw rasoe no TpaKTy KV (CM. piic. 8.6):

d3 = 289 °C; hj = 302,8
«4 = 192 °C; h4 - 201,9
* = = 162 °C; h = h = 170

4) MomHOCTb 3JieKTporeHepaTOpa

5) 3JieKTpHHecK3» MoiuHoctb HFY

^n = 153,601 KBT/(KF/C);

=448,175 KBr/(Kr/c);

6) Knfl npon3BO^CTBa 3jieKTpo3HeprHH nry =49,95%.

Ta6jiiiu noKasbrsaroT, HTO B paccMarpHBaeMOH nry c
KY y^aeTca oxjiajiHTL Bbixo^Hwe ra3bi FTY Jio TeivinepaTypbi 162 °C H
HesbicoKoe 3HaneHHe Kim npoH3BO^cTBa 3JieKrpo3HeprHH. BMCCTC c TQM
cxeMa TaKoit ycxanoBKH npocra B 3KcnjiyaraiiHH H xapaKrepH3yerca HHSKHMH

KanHTa^OBJio)KeHHaMH. Bti6op aaHHoro rana nry 3KOHOMHnecKH
B rex cjiynasx, Koma npHMCHaeTca aemeBoe TOHJTHBO, a sjieicrpocTaH-

paccHHTana na pa6ory c nHKOBbiMH HarpysnaMH HJIH Koraa npHMenaeTcs TOII-
JIHBO c BbicoKHM co^epHcaHHeM cepbi. Ha pnc. 8.7 npHBe^eHa cxeMa nry c Tpewa

— -Ky, O^HOH my H KOTJiaMH-yTHJiH3aropaMH o^noro ^asjieHHa.

noBtiuieHHe 3KOHOMHHHOCTH nry c KY BOSMOKHO npw Sonee
oxjia>K,aeHHn Bbixo^Hbix ra30B TTY TenjioBaa cxeMa Ky ycjio)KHsieTCfl

H3-3a yBeJiHMeHHfl HHCJia KOHTypOB rcHCpauHH napa (JIG .aByx-rpex) H
npOMOKyroHHoro neperpesa napa, ^Jia ^ero Hcnojib3yioTCfl TTY c
MH 3HepreTHHecKHMH xapaKTcpHCTHKaMn. ,3,-Fis HHX xapaKTepHa
Haa TeMnepaiypa rasa nepe^ FT — na ypOBHe 1200 — 1350 °C H 6ojiee.

Ha pHC. 8.8 H 8.9 npHBeaeHbi BapnaHTbi CXCM HFY c AByxKOHTypHbiM KY, a
na pHC. 8.10 cooTBeTCTByromaa Q, T-ziHarpaMMa Tenjioo6Mena. B TenjioBbix cxe-
M3X HMClOTCfl HCKOTOpbie paSJIHHHfl. 3KOHOMafi3Cp KOHTypa B^ B&inOJIHSIOT 04-
HO- HJIH AByXCTyneHHaTLIM B SaBHCHMOCTH OT KOHCTpyKTHBHblX OCOSCHHOCTeH KOT-
Jia, ̂ a nHTaHiia BO^OH KOHtypos H.ZJ H Bfl, npe^ycMorpeHbi ^sa caMOCTOjrrejibHbix

Hacoca. B HCKOTopux nry ycTaHaBJiHsaiOT OAHH Hacoc c ox6opoM
H3 ero npOMOKyxOMHOH cryneHH. B Tenjiosyio cxeMy KY MOSCT 6biTb
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Bceraa ecrb

, a CTCnCHb OHHapHOCTH

(8.5)

B .HeHCT BHTCJIbHOCTH, CTCHeHb SHHapHOCTH FIFY C OAHOKOHTypHhIM KY CO-
CTasjiaeT OKOJIO 0,90, TaK KaK B Taicon ycTanoBice He yziaeTca oxjia^HTb BBIXOA-
Hbie ra3bi FTY AO TeMnepaTypbi HH«C 150 °C. OTHOCHTeiibHo HesejiMKH H KOJIH-
qecTBa reHepHpyeMoro napa H BbipaSaTbiBaeMofl B FTTY 3JieKTpo3HeprHH.

Ha pHC. 8.5 npHBe^ena Tenjiosaa cxeiwa FIFY c o^HOKOHTypHbiM KY, a Ha
pHC. 8.6 — cooTBercTByiomafl Q, TVanarpaMMa TenjiooSMena Meatfly
rasaMH FTY H napOBo^HHbiM paSoHHM TCJIOM. FaaoBbifi nowrpeBaTejib
(FFIK) saMenaeT oTcyTCTByromHe B FITY noaorpesaTejiH HHSKOFO MB^eHHsi. Ha-
rpes OCHOBHOTO KOH^eacaTa B HCM BbBbisaer noHHJKCHHe TeMnepaTypbi rasos AO

SHaneHHfl $yx. B cxeMe npeflyciwoTpeH fleaspaTop nHTaTejibHoK so^bi,

OTSopHbiM napoM napOBon TypSHHH. iTaporeHepHpyiomHH KOHTyp o^-
COCTOHT H3 3KOHOMaH3epa, HcnapHTejia H naponeperpesaTejia. MH-

TeMnepaTypHt-iit Hanop iiMeeT MecTO na KOHUC ncnapHTejibHbix no-
aarpesa: & = 03 — JHac = 8—10 °C, a cooTBeTCTByromafl pa3HHi;a TBM-

nepaTyp — na ropaneM KOHUC naponeperpeeaTCJia ©nE = d, - TnE = 20—40 °C.
Bo H36e«aHHe KopposHonnoro HSHOca TeMnepaTypy KOHfleHcara Ha Bxojje B KY

T*x noAflepacHBaioT na ypoBHe 50—60 °C npn CHcwraHHH npHpo^noro rasa H He

HHHce 110 °C npw nepexojie Ha afH^Koe ra30Typ6HHHoe TOHJIHBO B FTY.
B KanecTBe HJUitocTpaunH paccMOTpHM npHMep rTFY (CM. PHC. 8.5), B KOTO-

poft B KanecTBe FTY npHHSTa ycTanoBKa THna V64.2 (Siemens). Ee ocHOBHbie
jiaHHbie npHBe^enbi B Ta6ji. 8.1 H 8.2.

noro

I'wc. 8.5. Ten.ioeaa cxema IirV c O;IHOKOH i ypiibiM KV
— ra30Btifi noAorpeBarejib KOH/jeHcaxa; ff — fleaspawp; HH, KH —

caTHbifl HacocLi; 6, — 0S — reMneparypa ra30B (ocTa^bHbie oGoaHaneHHs CM. PHC.
274

H
8. 1 ti 8.3)

PHC. 8.6. Q, 7"-JtHarpaMMa renjioodMCHa B KV nry (CM. p«c. 8.5)
T ~- - TCMnepaiypa napa H

T a 6 n w u a 8.1. TcxmiiecKHe aannbie sHepreTHiccKofi FTY*

noKasa™

^aBJieHHe, MFTa
TeMnepaTypa, °C
SHTajibnHH, Kflw/Kr
H36tiTOK B03ayxa
TaaoBafl nocToaHHaa, K^/(KT - K)
MaccoBbiK pacxoa paSoiero
Tejia, Kr/c

Flep&a OCCBblM
KOMnpeccopOM

0,1013
15

15,15
—

0,28798
1

FlepeflKaMepofi
cropaHHH

1,0686
323,6
332,3

—0,28798
1

riepea rasoBofi

1,042
1050

1206,8
3,21

0,29199
1,01793

Ha Bbixojie ra-
3OBOH TypSlIHbl

0,1043
551,8
601,9
3,21

0,29199
1,01793

* ^onojiHiirejifaHbie TexHHnecKHe aaHHbie:

1) TOIUIHBO — MCT3H CH4 100 %; Q] = 50 056 K^SK/KP;
2) KnAKCTlK C = 99,7%;

3) MexaniiHeCKHfi KHfl KOMnpeccopa n*ex = 99,9 %;

4) MexaHHiecKHfi KR4 FT i\^ =99,9%;
5) H303HTponHbift KFIfl KOMnpeccopa i) K = 88,2 %;
6) H303HiponHbifiKn^ FT 1)̂  = 88,4%.

Ha 1 Kr/c waccoBoro pacxoaa paGonero xena nOflyneHbi:
1) MomnocTb, nOTpeGjiaeMaa KOMnpeccopOM NK ~ 317,545
2) MouiHocTb FT NrT = 615,094 KBT;

3) MOiUHocib 3JieKTporeHepaTopa TTV N* =294,574 KBT;

4) Tenjioxa, noflBOflHMafl c TOIIJIHBOM B KC: Qr ~ 897,328

5) KFIfl npoH3BO^CTBa 3JieKTp03HepriiH TI' =32,827%.
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ipySy *H.B
PHC. 8.1. UpocTeHuiaii TeiuiOBaa cxeiwa IIPY c KY 0
3F— 3JieKTporeHepaTop; K— KOMnpeccop; FT— ra-

Baa TyP6HHa; KV -
^HcaTOP;//-Hacoc

K-p - KOH- EpaiiTOIia_peHKHHa napora30BOH

WHOBKH e KV

Hairy BUT
4

A*T

4"

5_

HE

H

3K .

—* — ̂ -
11

10
1

"X^/
_l 9

8
B jiwMOByio Or nimTejii.-

ipyBy Horo nacoca

PHC. 8.3. Q, 7"-aHarpaMMa TenjiooSiweiia B KOTJie-yTHjimarope
HE — naponeperpeBaieJib; ff — Hcnapmejib; 3K — 3KOHOMafi3ep; E -— GapaSaH

PHC. 8.4. Cxeivia iciuroebix IIOTOKOB Iiry c
KY

2r — xenjiora catHraeMoro B FTY TOIIJIH-
Ba; QKV — nojie3Haa TenjiOBaa Harpy3Ka Cr'

KY; Qr — xenjioTa BbrxoanLix rasos
-><• ^KV ^n

TBI COOTBeTCTBCHHO B TTY, B KY, B HTY

Harpesa xpySbi c napy^nbiM ope6peHH6M H o6ecneHHBarox rnySoKoe

HHC Bbixo^Hbix rasoe FTY ^o ypOBna 80—130 °C, HTO snaHHTejibHo noBbimaex
3KOHOMHHHOCTb HTY.

Cxeivia TenjioBbix DOXOKOB nry c KY npHBe/ieHa na pnc. 8.4, me
ox^ejibHbie ee 3JieMenTbi H cymecTByromHe TexHOJiorHHecKiie
272

Bbipa>KeHHe zuia BHyxpenHero Kn/I, nry c

AV™ -V. " "'nrv

Ql

me A'nry ~" BHyTpennfla Momnocxb FTY; QC
F — xenjioxa CM<HraeMoro B KG FFY

xoniiHBa; ^KV — Tennoxa napa KV, nocxynaromero B FITy; SgnOT, 2g-nOT — a6-

comoxHbie H oxHocuxejibHbie cyMMapHbie noxepn Tenjiotbi B nry.

-^nSSW (8.1)

Nr, Nn — BHyTpeHHHH Momnocxb ra30BOH M naposoH ycTanoBOK; Tl r ,Ti —

cooTsexcTBeHHo BHyxpeHHHe Kn^ raaoBofl H napOBOH cxynenett nry.
Bbipa>KeHHe (8.1) c neKoiopbiMH BapnauHflMH npefljiaraexcfl B paGorax pioiiHM-

HUX asxopOB [5, 8, 9, 11, 18, 19, 22, 26, 29]. 3xo nojjxsepacflaeT oSmenpiinaxoe
npe^cxaBJienHe 06 oco6eHHOCxax TexnojiorHHecKHx npoueccoB B nry c KV.

ECJIH npeanojioacHXb (CM. puc. 8.2), HTO ^Ky = 2nrv» T<e- MTO BCfl TenjlOTa

napa Ky nocrynaex B TYYV, TO cnpaBe^jiHBO Bbipa>KeHHe

S4 Sll
n B d , = G^r = ̂ n, (8.2)

rji2 G,-, Dn — pacxoji cooxBexcxBeHHO Bbixo^Hbix ra30B FTy H reHepHpycMoro

B Ky napa, xr/c; qr, qn — yjjejibHbie pacxojiu xenjioru rasos TTV M reHepiipye-

Moro napa, K^ae/Kr; Tr, Tn B — cooTBexcxBeHHO xeMnepaxypa rasos H napoBOAfl-

noro pa6onero xejia.
OxHocHTejibHbiH pacxoA renepHpyeMoro B KV napa HCBCJIMK ns-3a ne6ojib-

IUOH Tcrijioxbi BbixoAHbix rasoB TTV:

dn=Dn/Gr. (8.3)

Ko34>4tHUHeHT nojiesHoro aeHcTEHfl Ky no npflMOMy Gajiancy onpejiejiflercfl KaK
OTHomeHiie renjioxbi Bbixo^Hbix raaos Qyy, HcnojibsoBaHHofi AJia reHepauHH napa,

K ee MaiccHMajibHo B03MOM(HOMy 3HaneHHK> npn 7"5 = Tm^n = TH B (CM. puc. 8.3):

e /,--,max /o A\
Ky/QKy • (8-4)

MO>KHO Hcnojibsosaxb nonsTHe «CTeneHb 6HHapnocTH» nFV c KY. Sna^enne
cxencHH SHHapHocxM npHSJiHxaexca K e^HHHue, Koraa y^aexca nonxH HOJIHO-
CTbio Hcnojib30Baxb xenjioxy Bbixo^Hbix rasos FTy ^jia renepau,HH napa B napo-

cxyneHH ycTaHOBKH. B SHHapnoH nry noxepH xenjioxbi S^noT - 0 H Kn^l
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in y paooTHHJi na KOMnpeccwpHMjrTTaniuwx
«BaHAxayc» (OPF), «MeccHHa» (HrajiHs) H «Fpfl3OBeu» (PoccHfl).

HaacxpoHKa rasonepeicaHHBaiomero arperaxa xnna ITH-25-1 na sxofi cxaHUHH
KOXJiOM-yxHJinsaTopoM H napOBofi xypSHHOH XHna K-11-IOF1 nosBOJiHJia noBbi-
CHTb MomHOCXb ycxaHOBKH c 25 40 35 MBr H ee KFI^ na 10 %. CnpoeKXHposa-
Hbi noAo6nbie nFY AJIH KOMnpeccopHbix cxaHUHfl «^l,oHCKaa» H «FlpHBOAHHo».

FIpH onwcaHMH oco6eHHOcxeH KOHcxpyKUHH H xexHHiecKHx AaHHbix oxenecx-
BeHHbix H 3apy6e>KHbix 3HeprexHiecKHX FTY 6bijin HcnojibsoBanw peKJiaMHbie
npocneKXbi (^HPM, nySjiHKauHH B POCCHHCKHX a<ypHajiax: «Tenji03HeprexHKa»
(oSsopbi HJi.-Kopp. PAH F. F. OjibxoBCKoro H flp.); «3jieKxpHMecKHe cxanuHH»;
«TflHce^oe MauiHHocxpoeHHe)), a xaK*e B 3apy6eacHbix acypnajiax: «Gas Turbine
World)); «MPS»; «Paper ASME»; «VGB Kraftwerkstechnik»; «Powen>; «Turbo-
mash. Int»; «Private Power Execut.)); «Euro Power News)); «Energ. Spektrum»;
«World Energy Cowrs» H Ap.

KOHTpO/lbHbie BOnpOCbl

1. no KaKOMy npM3H3Ky pas^ejiaiOT snepreTHHecKHe FTY no noKonenHaM?
2. riepeHHCJiHTe ocoGenHocrH poccwficKHx 3HepreiHHecKHx FTY, BtmojiHeHHbix Ha 6a3e

uHOHHtix H cyaoatix rasorypSuHHux ^BHraiejieR.
3. KaKyro KOHuenunio H3roTOBJieHH» HMCKH SHepreiHMecKHe FTY (JfHpMti Siemens?

nAPOFASOBWE YCTAHOBKH S^EKTPOCTAHUMM

f n a s a

nAPOPASOBblE YCTAHOBKM C KOTJ10M-YTMJ1M3ATOPOM

8.1 , TEH^OBblE CXEMW H HOKA3ATEJ1M niT C KOT/10M-yTMJlM3ATOPOM

naporasosaa ycTaHOBKa c KOTJiOM-yTHJinsaTopoM (FIFy c KY) - — HaH6ojree
nepcneKTHBHaa H uiHpoKo pacnpocxpaHCHHaa B 3HeprexHKe naporasoBaa ycra-
HOBKa, oTjiHHaiomajica npocxoTOH H BLICOKOH 34>(^eKTHBHOCTbK) npoH3Bo^cTBa
3JieKTpHH6CKOH 3HepPHH. 3TH FirV - eAHHCTBCHHfcie B MHpe 3HepreTHHCCKHe

Koropbie npH pa6oxe B KOH^eHcauHOHHOM pejKHMe OTnycxaroT no-
3jieKTpo3HeprHK) c KFI/], 55—60 %.

3KcnjiyarauHOHHbie HSJtepscKH MOIUHOH coBpeMenHOfi Firy BABOC HH>Ke no
cpaBHCHHK) c H3j3epafKaMH Ha nujieyroJibHOH T3C. CpoKH cTpOHTeiibCTBa FIFY c
KY, B ocoGeHHocTH npH no3xanHOM BBO^C B 9KcnjiyaTauHK>, HaMHoro Kopo^e,
MCM CpOKH CTpOHTCJlbCTBa MOlUHblX TeOJlOBLIX 3JI6KTpOCTaHUHH flpyPHX THROB.

H3 PnaBHblX npHHHH nepCneKTHBHOCTH nry aBJlflCTCfl HCnOJIb30BaHH6
rasa — xonjiHBa, MHpOBbie sanacu KOToporo onenb sennKH. Fa3 —

3to jiynmee TOHJIHBO RJIK 3HepreTnnecKHX FTY — OCHOBHOFO sjieMenra ycTaHOB-
KH. FIpMpoflHMH ras xopomo TpancnopTHpyexca na flaiibHHe paccTOflHHa no Ma-

rasonposoAaM. Ero MO^HO nocTasjraTb H B JKHTIKOM BHjje, KQK
npHpoziHbiH ras (LNG — Liquefied Natural Gas). TaKHM TOHJIMBOM,

HanpHMep, nojibsyiOTca flJifl FIFY B >InoHHH H K)>KHOH Kopee.
FlaporaaoBbie ycTaHOBKH MoryT TaKace paSoraTb npH Hcnojn.30BaHHH B FTY

THjKCJioro He(J)TaHoro TonnHBa, cbipoH He(J)TH, noSo^Hbix npo^yKTos nepepa6ox-
KH He^TH, cHHTeTHHCCKoro rasa, nojiyMaeMoro npH ra3H(JtHKauHH yrneH.

npocTCHiuafl TenjioBaa cxeMa FIFY npe^CTaBJieHa Ha pnc. 8.1, a xepMojiHHa-
MH'iecKHH UHKJI EpafiTOHa— PeHKHHa H3o6paxen Ha pHc. 8.2*. BbixoflHbie ra3bi
3HepreTHMecKOH FTY nocrynaioT B KY, rae Sojibiuas nactb HX TenjioTbi nepe^,a-
eicfl napoBojiHHOMy paSoMeiviy xeny. FeHepHpyeMbiw B KY nap HanpaBjiflerca B
napoTypSHHHyio ycxanoBKy (FITY), rjie BbipaSaTbiBaexcfl /jonojiHMTeJibHoe KOJIH-
HCCTBO 3JieKTp03neprHH. OTpaSoTaBuiHH B napOBoR xypSHHe (FIT) nap KOHACH-

B KOHfleHcaxope FITY, KOH^encax c noMombto Hacoca no^aexcji B KY.
Baa cxeMa renepauHH napa B KY c ncnojibsOBaHHCM xeniroBoro noreH-

Bbixo^Hbix rasos FTY npeflcxasneHa na PHC. 8.3 BMecxe c Q, T-AHarpaMMOH
xennoxbi OT rasos K napoeoAflHOMy pa6oMCMy xejiy. J^na KY npHHHiviaiox

MHHMMajibHbie 3HaneHHfl xeMnepaxypHoro Hanopa 0 (pinch point — «nHHH
nofiHX))) na XOJIOAHOM nouue HcnapHxena, Hcnoubsyiox B Kanecxse nosepxHOCxeH

* HeKOTopbie 3apy6e>KHbie aBiopbi B CBOHX pa6oiax HcnoiibayiOT repMHH «UMKJI flwoyjisi
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Typ"<J(JC»M HMHUI U
HUB ero KOMiuieKCHbiM Bos^yxooHHCTHTejibHbiM H iiiyMonorjiamatoiUHM ycxpoH-
CTBOM;

B) KONinpeccopu xypSopeaKXHBHoro ABHraxejia cnaSflHXb BHA (BCJIH OHH ox-
cyxcxByrox) RJIH yjiyiuieHMfl ynpaBJieHwa ycxanoBKOM H noBbimcHHa ee 3KOHO-
MHHHOCTH Ha HacxHHHbix HarpysKax;

r) neoSxoflHMO saxpaxHXb SHaHHxejibHbie ycnjiHa na npiicnoco6jieHHe KC FTV
K paSoxe na npHpo^HOM rase H JICFKOM ansejibnoM xonJiHBe BMCCXO npHBbiMHoro
aBHauHOHHoro nepocHna. HeoSxo^HMO ^OBCCXH KOHueHxpauHio spe^Hbix BbiSpo-
COB NOj H CO 40 HOpMaXHBHblX SHaMCHHH B yCJIOBHflX 9JieKXpOCXaHU.HH;

%) ocymecxBHXb cncxeMy ynpaBjieHHfl 3neprexHHecKOH FTY B pea(HMe n =
= const nyxeM peKOHCxpyKUHH cncxeMbi ynpaBJieHHH xypSopeaKXHBHoro ABnraxejia.

ABHaunoHHbie FT^ xapaKxepHsyioxca npe^ejibno yMCHbuieHHbiMH raSapnx-
HUMH pasMepaMH H MaccoH. Hacxoxa BpameHHa (3000—16 500 o6/MHH) H cxe-
nenb noebimeHMfl flasjieHHa sosziyxa nK = 20—30 y HHX Bbime, new y sneprexH-

HCCKHX FTY. KoMnaKXHocxb poxopos xaKHX FT/], no3BOJiflex ocnamaxb HX mapH-
KOBblMH nOZUUHnHHKaMH, H6 XpeSyiOIUHMM FpOMO3^KOH CHCX6MbI MaCJlOCHa6>Ke-

i, npeAycMoxpeHHoii B o6mefi CHCXCMC Macjiooxjia)KJieHH2. IlIapHKOBbie nofl-
Moryx 6e30TKasHO paSoxaxb ^o 100 000 H. ^jia aBnauHOHHbix FTJl xa-

panxepHa Sd^biuaa HepaBHOMepnocxb noKasaxejieK paSoxu npn nswenenHH XCM-
nepaxypu napyacHoro sos^yxa no cpaBHeHHio c 3neprexHMecKHMH FTV.

B nocjiejiHHe AecaxHJiexHa Ha KOMnpeccopHbix cxaHunax He4>xera30BoM npo-
MbiuiJieHHOCXH see lUHpe Hcnojibayiox aBHaunoHHbie H cy^osbie FTfl flJifl xpaHC-
nopxa npHpoflHoro rasa no MarwcxpajibHbiM rasonpoao/iaM n ^JIH ero oSpaxHoM

B cKBaacHHbi npH jjaBJieHHH AO 50 Mlla.
UCHXpoSeaCHOH KOMnpeCCOpHOH MaUIHHbl B COHCXaHHH C FT/l.

B M3CXHOCXH flJlfl JlHHeHHblX KOMDpCCCOpHblX CX3HUHK MOlItHblX PaSOHpOBOAOB,
BbiflBHJio xexHOJiorHHecKHe npeHMymecxsa xaKoro peiueHHa — Gojibuiofi o6teM-
HblH paCXOA npH OXHOCHXCJlbHO HCBblCOKOM flaBJlCHHH.

B POCCHH H YnpaHHe cosjiaHO noKOJieHne nosbix rasonepeKanHBaioiUHX ar-
peraroB (FI1A) c rasoxypSnHHbiMH 4BHraxejiflMH. B xa6n. 7.17 npHBe^enbi rex-

flanHbie nepcneKXHBHbix FFTA H FT/1, 4Jia rasoxpaHcnopTHbix H raso-
npejjnpHflXHH H npOK^e Bcero ^Jia OAO «FasnpOM». Hcnojibso-

san SojibuiOH HayHHo-xexnnHecKHH noxeHUHaji OAO «HnO Caxypn», «CyM-
CKOFO Hno HM. OpyHse», OAO HFIO «HcKpa», HFTO «MamnpoeKx» (YKpaHHa),
OAO KMnO, OAO «HeBCKHli 3aBOA», OAO «ABHaABHraTejib», OAO «CHTK
HM. Ky3Heuosa» H ,ap-

UlHpoKoe HcnoJibsoBaHHe na KOMnpeccopHbix cxaHunsx MarncxpaJibHbix raso-
npoBO^oB FTfl ;yia npHBO^a HarneTaxejieH npnpoAHoro rasa no3BOJiHJio cymecx-
BCHHO yjiyHiiJHXb xexHHKo-3KOHOMHHecKHe noKasaTejiH 3XOH oipacjiH. BMCCXC c
XCM aKxyajibHoii cxana sajiana yxnjiHsauHH xenjioxbi BLixo^Hbix rasoe FT. B OT-
AejibHbix cjiynaax (na KOMnpeccopnoH cxaHUHH «MOCKOBO» rasonpoBo^a Hejia-
SHHCK — FlexpOBCK) sa FTY xiina AJI-31CT jjonojiHHxeJibHO ycxanasjiMBaiox KO-
xeji-yTH^H3axop xwna Fi-94 (AO «no,aoiibCKHH MauiHHOCxpoHxejibHbiH 3aBO,a»),
KoxopbiK renepHpyex nap 4Jia xexHHMecKMX Hyac^ cxaHUHH.

Bonee nepcneKTHBHa KOMnneKxauHa KOMnpeccopHbix cxanuHfi aonojiHHxejib-
HOH napoxyp6HHHOH ycxaHOBKOH H KoxiiOM-yxHJiHsaxopOM, pa6oxaioiHHMH
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fljm ra H![i(.>[i.'i,-,riiMinni[HHX arperaroB KOMnpeccopHbix cianmiii

KoMnpeccopnas craHUHa Tun rrwrrfl MoiUHOCTb
rrfl, MBT Krifl rxfl, % HapaGoTKa

NpH BO 43, 1

tlepMTpancraa

TlepMCKafl

OpflHHCKafl

rOpHO33BO/[CKaH
HrpHHCKaa (LUapKaH)
AJiMasHaa

rnA-i2«ypa^»/nc-9o
rnA-u-i6p/nc-9o
rnA-u-i2/nc-9o
rnA-i2M «ypaji»/nc-9o

rnA-i2p/nc-90
rnA-i6p/nc-90

rnA-i6 «yPaji»/nc-90
ny-25n/nc-9orn-25
n^T-21C/AJl-31CT

12
16
12
12

12
16

16
25
16,6

34
36,3

34
34

34
36,3

36,3
39,5
35

13361
8163
7941
186

26809
14225

86

6877

«HrpHM»
KapnHHCKaa

FTA3C 2500
mA-U-16PH/AJI-31CT

2,5
16,8

22
37

11 128
14417

CaMaparpancraa

ToJlbHTTHHCKaa

CtispaHbCKaa
KC-23A

OKT»6pbCKaK
HanjitirHHCjcaa
floHCKaa

«riOMHHKH»
«rioMapbi)>

PaceBCKaa

rnA-U-16P/HK-38CT
rnA-U-25/HK-36CT

rnA-U-6,3B/HK-14CT
rnA-U-16P/HK-38CT

16
25

8
16

38
36,5

32
38

548
9233

29772
1176

Mocrpancras

rnA-U-6,3C/AT-71
rnA-u-6,3C/AT-7i

ETH-25-1

6,3
6,3
25

31
31
32

11486
15570
42347

BojiroTpaHcraj

rnA-25HK/HK-36CT
TRA-16 «Bo^ra»/HK-38CT

25
16

34,5
38

—
600

JleHTpancraa

«HeBa-16»/AJI-31CTH | 16,8 | 36
_

lOrrpaHcras

MoKpoycoBCKaa FTHP-16 16 32,5 6096

CypryrrasnpoM

EoraHflHHCKan «Ko6eppa-182»/Ar-90 17,5 35 29470

EejirpaHcras

HecBHJKCKaa rnA-u-i6C/flr-90Ji3 16 35 5156



PHC. 7.14. Cxeivia aBiiauiioHHOro TypSopeaKTHBHoro
/ — AH(])4>y3op; 2 — KOMnpeccop; 3 — KaMepa cropaHHfl; 4 — rasosaa TypSuna; 5 — peaKTHBHoe

3 4
L. I

11 / /--/A^
M=^rm>s3-

PHC. 7.15. Cxeiwa jiByxKOHTyptioro TypSopeaicTHBiioro
/ — KOMnpeccop HHSKOTO aaBJiemisi; 2 — KOMnpeccop BticoKoro jaBJieHHfl; 3 •— HapjoKHLift Komyp
SBHraiew, 4 — KEMepa croparoia; 5 — xypGima KB/I; 6 — rypSHHa KH#; 7 — peaKTHBHoe conno
BHyrpeHHero Konrypa; 8 — peaKTHBHoe CODJIO HapyacHoro Komypa: ». — ABH»ceHHe
TeJia BO BnyrpenHeM Konrype; — *. —- jjBHHcenHe pa6onero reua B HapyjKnoM Komype

HapJUry C O^HOKOHXypHblMH IIlHpO-
KO6 npHMeHCHHC B POCCHH H 33 py6e>KOM
nojiyHHJiH #ByxKOHTypHbie TPfl. B HHX
KOMnpeccop HHSKoro /laBJieHHa (KHfl,)
npHBOjiHxcfl B ̂ encTBHe FT HH3Koro ^as-
neHHS (TH^), a KOMnpeccop BBICOKOFO
aafijieHHa (KB^) COOXBCXCXBCHHO FT
BbicoKoro ztaBJienna (TB^). B HeKoro-
pblX KOHCTpyKUHflX HOTOK B03Ayxa H3
Bbixo/te H3 KH/I pasaejraexcfl na ^BC Hac-
XH (CM. PHC. 7.15): ojjHa H3 HHX nocxyna-
ex BO BHyxpeHHHH KOHxyp KBfl,
B KC H B TBJl. B KOHue KOHUOB 3xox
30Bbifi noxoK Bbi6pacbiBaexca nepea
TpajibHyro nacxb peaKTHBHoro conna.
flpyraa nacxt sos^yxa paciuHpaexca
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PHC. 7.16.
TypSopeaKTHBHoro

TenJiOBoro upouccca

B Hapy^KHOM KOHXype H C yiCTGBCHHOH CKOpUUTbKJ
aKTHBHoe conno H yjiymiiaer xapaKxepHCTHKH jjBHrarejia na cxapxe n npn yMepeH-
HWX cKopocTflx nonexa.

B Hacxoamee BpeMn B poccwficKoK aeHauHOHHoH npoMbimjieHHOCXH BbicBoSo-
flHJTHCb 3HaHHXejlbHBie MOUIHOCXH no npOHSBOJICXBy aBHaUHOHHMX H Cy^OBblX
TPJl (CM. n. 7.2.1), Koxopue Moryx 6bixb HcnojibsosaHbi n nepeoSopy^osaHbi B
aneprexHiecKHe FTY, raK Kax HMCIOX psm. npeHMymecxs:

MajiyK) CTOHMOCTb yCXaHOBKHJ
He6ojibuiHe pasMepti, HXO B pa^e cjiynaes no3BOJiaex HX npHMenaTb B cyme-

cxByiomHx noMemeHHax 3JieKxpocxaHn.HH;
He6ojibiuyK> Maccy, HXO SHannxejibHO oSjiernaex H ycKopaex npoBe^eHHe pe-

MOHXHUX pa6ox. Flpn SXOM B03Mo>KHa saMCHa uejibix SJIOKOB HJIH 3JieM6HxoB yc-
X3HOBKH;

BbicoKyio npHCMHcxocxb — BpeMfl sanycKa He npesLimaex 2 MHH, HXO ocoSen-
HO BaacHo AJIH nnKOBbix POKHMOB paSoxbi;

xopoiiiyio npHcnocoSjiCHHocxb AJifl ^ncxanuHOHHoro ynpasjieHHa.
Flpn nepeso^e xypSopeaKXHsnoro ^Bnraxejia B sjieKxporeHepaxopHyro ycxa-

HOBKy (pHc. 7.17) HeoSxoflHMO BbinoiiHHXb pa^ pa6ox, nosBOJunouiHx ynecxb
oco6eHHocxH 3Kcn;iyaxauHH sxoro ABHraxens:

a) y^ajiHTb peaKXHBHoe conjio H ra3bi FT iyp6opeaKTHBHoro ABHraxena na-
npaBHXb B cHJiosyio xyp6HHy, paSoxaromyto na oSmeM Bany c 3JieKxporeHepaxo-
pOM. TaKHM oGpasoM Ban (sa/ibi) xypQopeaKXHBnoro ^BHraxena coxpaHHx BOS-
MO)KHocxb pa6oxbi npn BLICOKOH nacxote BpameHHfl 10 000—20 000 o6/MHH, HXO
o6ecnenHx KOMnaKXHocxb ycxanoBKH. CHJiOByio rasosypo xypSnHy coeAHHHXb c

xoiibKO KOpoSaMH AJin nojiBOjia rasos. TaKHe xexHHHecKHe peuieHHfl
Hcnojibsyioxca POCCHHCKHMH H 3apy6ea<HbiMH ^npMaMH. HanpHMep,

General Electric pa3pa6oxajia CCMCHCXBO 3HeprexHHecKHX FTY cepHH LM
Ha Sase aBHauHOHHtix flBHraxeneR. TexHOJiorHHecKaa cxeMa xaKHX FTfl, nepeo6o-
pyAOBaHHbix B 3HeprexHHecKHe FTY, Sbijia npHBeAena na pnc. 4.3, e. AHajrorHH-
HLIM npHMepoM cnyacHx Hcnojib3OBanHe FT^I, npH co3,aaHHH 3HeprexHHecKoH FTY
xnna FT8-30 4>HpMOH Turbopower (CM. pnc. 6.5) H FT3-180 (AO JIM3 H AO
«ABH3ABHraxejib», r. OepMt) na 6a3e aBHauHOHHoro ziBHraxenfl FiC-90;

PHC. 7.17. Cxeiwa 3HepreTHnecKOH ycTanoBKM c i icnoj ihioDai iucM aBHauHOHHoro
/ — TypSopeaKTHBHbifl jmnraTejit.; // — CHJiosaa rypGHHa; /// — 3JieKTpniecKHii reneparop
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CTBOM;
B) KOMnpeccopu xypGopeaKTHBHoro asHrarejifl cnaSjiHTb BHA (ecjin OHH

cyTCTByrox) fljra yjiynmeHHa ynpasjieHHa ycTaHOBKOH H noBbimeHHa ee
MHHHOCTH Ha HacTHHHbix HarpysKax;

r) Heo6xo,nHMO saxpaTHTb 3HaHHrejibHbie yCHJiHH Ha npncnocoGjienHe KC FTy
K pa6ore Ha npHpo^HOM ra3e H jierKOM ^HsejibHOM TonjiHBe BMCCTO npHBbiHHoro
aBHauHOHHoro KepocHHa. HeoGxoAHMo ^osecTH KOHueHTpaiiHK) Bpe^Hbix Bbi6p0_
COB NO^ H CO £0 HOpM3THBHbIX SHaiCHMH B yCJIOBHflX 3JieKTpOCT3HHHH;

fl) ocymecTBHTb CHcreMy ynpaBjieHHfl 3Hepre™iecKOfl FTY B pe>KHMe n =
= const nyxeM peKOHCTpyKHHH CHCTeMbi ynp3BJieHHfl xypSopeaKTHBHoro aBHraxejia

ABnauHOHHbie FT^ xapaKTepnayiOTcs npe^ejibHO yMeHbuieHHbiMH raSapHt-
HHMH pasMepaMH H MaccoK. HacToxa spameHHH (3000—16 500 o6/MHH) H CTC-
neHb noBbimeHHa AaejieHHfl B03Ayxa TIK

 = 20—-30 y HHX Bbiuie, neM y 3HepreTH-

H6CKHX FTY KOMHaKTHOCTb pOTOpOB T3KHX FT/J HOSBOJIflCT OCHamaTb HX IliapH-
KOBblMH HO^UIHnHHKaMH, H6 Tpe6yK)IIIHMH rpOMO3,UKOH CHCTCMbl M3CJIOCHa6)Ke-

, npeAycMOipeHHoK B oSmefl cucxeMe MacJiooxjiaac^eHna. LLIapHKOBbie noa-
MoryT 6e30TK33HO pa6oTaxb ^o 100 000 H. fljia aBHauHOHHbix YTJ\ xa-

paKTepHa 66jibiuaa HepaBHOMepHOCTb noKasaTejiew pa6ofbi npn HSMeneHHH TCM-
nepaxypbi napyacnoro B03^yxa no cpaBHennK) c 3HeprerHHecKHMH FTY

B nocjiejiHHe ^eciiTHJieTHfl Ha KOMnpeccopHblx CTanij,HflX He<J)Tera30BOH npo-
MbiuiJieHHOCTH see uinpe Hcnojib3yK>T aBHauHOHHbie H cyjioBbie FTJH AJia TpaHc-
nopra npHpo^Horo rasa no MarncipajibKbiM rasonpoBo^aM H AJIS ero oGpaTHow
nojiaiH B CKBajKHHbi npn flasjienHH flo 50 MFla.

FIpHMCHeHHe UCHTpo6eHCHOH KOMnpeCCOpHOH MaillHHbl B COMCTaHHH C FTfl,
B MaCTHOCTH ^JIH JIHHeHHblX KOMnpCCCOpHblX CT3HUHH MOIUHblX Pa3OnpOBOJIOB)

BbiasHJio xexHOJiorHHecKHe npeHMymecTsa raKoro pemeHHfl — 6ojibinoH oG^CM-
HblH paCXOA HpH OTHOCHTCJIbHO HeBblCOKOM ^aB^eHHH.

B POCCHH H YKpaHHe cosflano noKoneHne HOBbix rasonepeKaHUBaroiUHx ar-
peraTOB (FF1A) c rasoxypSnHHbiMH ^BHraTejiflMH. B TaSjr. 7.17 npHBe^eHbi rex-

nepcneKTHBHbix FFIA H TTR ^jia rasoTpancnopTHbix H raso-
npeAnpHHTHH H npe>K,ne scero ^Jia OAO «Fa3npOM». Hcnojibao-

B3H SojibuioH HayHHO-TexHHHeCKHS noxeHUHaii OAO «HF1O CaxypH», «CyM-
CKOPO HFIO HM. OpyH3e», OAO HFiO «McKpa», HFIO «MamnpoeKT» (YKpaHHa),
OAO KMFIO, OAO «HCBCKHH 3aBOA», OAO «ABHa^BHraTejib», OAO «CHTK
HM. Ky3HCUOBa» H Jjp.

IllnpOKoe Hcnojib30BaHHe na KOMnpeccopHblx cxaHUHax MarncTpajibHbix raso-
npoBOAQB FT^ AJIH npHBOiia HarHexaTejieH npHpo^Horo rasa no3BOJnuio cymecT-
BCHHO yJiyHUIHTb T6XHHKO-3KOHOMHHeCKHe nOKa3aT6JIH 3TOH OXpaCJIH. BM6CX6 C
T6M aKTyajibHOH cxajra 3a^ana yxHjiHaauHH xenjioibi BbixojjHbix rasos FT. B OT-
MCJibHbix cnynaax (Ha KOMnpeccopHOH cxaHUHH «MOCKOBO» rasonposofla Hejia-
SHHCK — FlexpoBCK) sa FTY THna AJI-31CT zionojiHHxejibHO ycxaHaBJiHBaioT KO-
TejI-yTHJlH33TOp THna FI-94 (AO <(FIO,aOJIbCKHH MaiUHHOCXpOHTeJlbHblH 33BO,a»)'
KOxopbiK reHepHpyex nap juifl xexHHMecKHx Hyytw CTaHUHH.

BoJiee nepcneKTHBHa KOMnjieKTauHa KOMnpeccopHblx cxaHUHH
Hofl napoTypSHHHOH ycxaHOBKOH H KOTJiOM-yrajiHSaTopoM,
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KoMnpeccopHan craHUHa THn rnA/FTA MoiUHOCTb
rr̂ , MET Knfl TTfl, % HapaSoTKa

npHBoaa, H

flepMCKas

OpjjHHCKaa

rbpHosaeojiCKaa
HrpHHCKaa (UlapKan)
AjiMaana*

rnA-i2«ypaji»/nc-90
rnA-u-i6p/nc-9o
rnA-u-i2/nc-9o
FRA-12M «Ypaji»/nC-90

rnA-i2P/nc-9o
rnA-i6F/nc-90

rnA-i6«ypaji»/nc-90
rry-25n/nc-9orn-25
n>KT-21C/AJI-3ICT

12
16
12
12

12
16

16
25

16,6

34
36,3
34
34

34
36,3

36,3
39,5
35

13361
8163
7941
186

26809
14225

86
—

6877

TtoiweHTpaHcraa

«HrpHM»
KapnuHCKasi

IIA3C 2500
niA-U-16PH/AJl-31CT

2,5
16,8

22
37

11 128
14417

CaiHaparpancras

TOJitflTTHHCKaa

Cbi3paHtcKafl
KC-23A

rnA-U-16P/HK-38CT
rnA-U-25/HK-36CT

rnA-U-6,3B/HK-14CT
rriA-U-16P/HK-38CT

16
25

8
16

38
36,5

32
38

548
9233

29772
1176

MocrpaHcraa

OKTfl6PhCKaa
ManjibirHHCKaa
flOHCKafl

rnA-u-6,3c//rr-7i
mA-U-6,3C/AT-71
TTH-25-1

6,3
6,3
25

31
31
32

11 486
15570
42347

BojirorpaHcrai

«riOHHHKH»
«rioMapti»

rnA-25HK/HK-36CT
TRA-16 «B0Jira»/HK-38CT

25
16

34,5
38

—
600

JleHTpaHcras

«HeBa-16»/AJl-31CTH 36

MoKpoycoBCKaa

lOrrpancras

FTHP-16 16 32,5 6096

CypryrrasnpoM

|«Ko6eppa-182»/flr-90 17,5 35 29470

HecBHaccKaa 16 35 5156
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o naporasoBoS cxeivie. TaKHe nry paSoxarox Ha KoMnpeccopnbix
xBaitaxayc» (OPF), «MeccHHa» (Hxajms) H «Fpa3OBeu» (Poccna).

- poflKa raaonepeicaHHBaromero arperaxa xuna FTH-25-1 Ha sxofi
:oxjiOM-yxHJiH3axoPOM H napoBOH xypSHHoff THna K-ll-10n no3BOJiHjia noBbT-
:Hxb Moiimocxb ycxaHOBKH c 25 jjo 35 MBx H ee KUR Ha 10 %. CnpoeKXHpoBa-
bi nosoGHwe HFY zm KoMnpeccopnbix cxaHuuft «£oHcKafl» H «nPHBO£HHo»

onHcaHHH oco6eHHocxefl KoncxpyiajHtf H xexHHiecKHx ^HHBIX oxeiecx
HHHX H 3apy6e;KHbix 3HeprexnHecKHx FTY SWJIH ncnoirbsosaHbi peKJiaMHbie
lOcneKTti <jwpM, ny6/iHKamiH B poccHfaHx HcypHajiax- «Tenji03HenrpTH^v,** T\ » i T r^i T r * *^«i-P1*-'jrT wL'i \v I ti t\t4.f)
30pu HJI,-KOPP. PAH F. F. OnbxOBcKoro H ^p.); «3jieKxpHHecKHe cxaHUHH»-

MauiHHOcxpoeHHe», a xaKJKe B sapySeacHux xypHajiax: «Gas Turbine
orld»; «MPS»; «Paper ASME»; «VGB Kraftwerkstechnik»; «Power»- «Turbo-
-sh. Int»; «Pnvate Power Execut.»; «Euro Power News»; «Energ. Spektrurmr
'orld Energy Cowrs» H £p.

[HTpOJlfaHbie BOnpOCbl

lo KSKOMy npH3HaKy pasjiejisiOT 3HeprerHiecKHe TTY no noKOJieHHSM?
1HT6 OC06CHHOCTH pOCCHHCKMX 3HepreTHHeCKHX FTY, BHHO/IHeHHWX H3 6036 3BHa-

;HOHHWX H cyjiostix rasorypgnHHtix XBKraTenefi.
KOHqenuHio nsroroBjieHHa HMCIOT 3HepreTHHecKHe FTV QWMU Siemens?

Hacib
HAPOrA30BblE YCTAHOBKM

nAPOPASOBblE YCTAHOBKM C KOT/IOM-YTHJIMSATOPOM

8.1. TEn/lOBblE CXEMbl M HOKASATE^M nrV C KOT^OM-VTM/IMSATOPOM

Flaporasosafl ycxaHOBKa c KOXJiOM-yxmiiisaxopOM (nFY c KY) -— HawGoJiee
nepcneKXHBHaa H mnpOKO pacnpocxpaHCHnaa B sneprexHKe naporasosaH ycxa-
HOBK3, OXJIHHaiOmaflCa npOCXOXOfi H BtlCOKOfi 3^{f)eKTHBHOCXbIO npOH3BO^CXB3
3^eKXpHH6CKOH 3H6prHH. 3xH F1FY CJIHHCTBeHHbie B MHpe 3HepreXHMCCKHe
ycxaHOBKH, KOxopwe npw pa6oxe B KOH^encauHOHHOM pexHMe oxnycKawx no-
xpe6HxeJiaM s^eKxposneprHio c Kn^ 55—60 %.

3KcnJiyaxauHOHHbie nsjiepJKKH MOLUHOH coBpeMeHHOH nFY B^BOC HHJKC no
cpaBHeHHio c HS^ep^KaMH na nuneyroJibHofi T3C. CpOKH cxponxejibcxBa F1FY c
KY, B oco6eHHOcxH npn noaxannoM BBO^C B 3KcnjiyaxauHio, HaMHoro Kopone,
4eM cpoKH cxpoHxejibcxsa MomHbix xenjioBbix 3JieKxpocxaHUHH jipyrnx xHnoB.

O^HOH H3 TJiaBHblX npHHHH nepCnCKXHBHOCXH nry flBJIflCXCfl HCnOJIb3OBaHHe
npnpo^Horo rasa — xoruiHBa, MMposwe sanacu Koxoporo onenb BCJIHKH. Fas —
3x0 jiymuee XOH^HBO ^Jia SHeprexHnecKHx FTY — OCHOBHOFO 3jieM6Hxa ycxaHOB-
KH. npHpo/iHbiH ras xopouio xpaHcnopxnpyexcfl na jjaJi&HHe paccxoannfl no Ma-

rasonposoziaM. Ero MO*HO nocxasjiaxb H B IKHAKOM BH^e, KQK
npnpojiHbiH ras (LNG—Liquefied Natural Gas). TaKHM XOHJIHBOM,

HanpHMep, iiojiLsyroxca ^JTH nFY B ^HOHKH H K)>KHOH Kopee.
naporasoBbie ycxaHOBKH Moryx xaK^e paQoxaxb npw HcnojibsoBaHHH B FTY

xaMcejioro He(J)XflHoro xonjiHBa, cwpofi HC^XH, noSoHHbix npojiynxos nepepaSox-
KH Hei|)XH, cHHxexHHecKoro rasa, nojiyqaeMoro npH ra3H(J)HKauHH yrjieii.

fliiiaa renjiOBaa cxeMa nFY npe^cxaBJiena Ha pnc. 8.1, a xepMojinna-
UHKJI Bpa^xoHa—PenKHna H3o6pa«eH Ha pHc. 8.2*. BbixojiHbie rasw

3HeprexHMecKoH FTY nocxynarox B KY, r^e Qdjibiuafl Macxb HX xenjiorw nepejja-
exca napOBo^aHOMy padoqeMy xejiy. FenepHpyeMbifi B KY nap HanpaBjiaexca B
napoxypSHHHyio ycxanoBKy (nTY), nae BbipaSaxbiBaexca ^onojiHHxejibnoe KOJIH-

3jieKXpo3HeprHH. Oxpa6oxaBUiHfi B naposoM xypGnne (n?) nap KOH^CH-
B KOH^eHcaxope nTY, KOH^encax c noMombio nacoca no,aaexcH B KY

Tenjiosaa cxeiwa renepauHH napa B KY c ncnojibsoBaHHeM xenjiosoro noxen-
BbixojjHbix rases FTY npejcxaBJiena na pnc. 8.3 BMCCXC c Q, T-AHarpaMMoil

xen^oxw ox rasos K naposo^HHOMy paGoneMy xejiy. /Jjia KY npHHHMaiox
3HaHeHHfl xeMnepaxypHoro nanopa 0 (pinch point — W H H H H

noft"Hx») Ha XOJIO^HOM KOHue Hcnapwxejifl, Hcnojibsyrox B Kanecxse noeepxHocTefi

* HeKOTOptie aapySejKHtie aBiopw B CBOHX paSorax HcnoJitsyiOT repMHH «UHKJI



rpy6y

PHC. 8.J. npocTeiiuiaii Teiuioeafl cxeMa UPV c KV
3F — sjieKTporeHeparop; K — Kownpeccop; FT — ra-
30B3H
BM TypGHHa; KV -
aeHC«op;tf-Hacoc

; TIT- napo- P(|C 8 2

K-p - KOH- BpaiiTOHa_peHKHHa naporaiOBOii yc-
TRHOBKH c KV

Hairy BITT
4

4't

4"

5_

HE

H i

9K ,

11

10
1

A
rt^J-"/
JJ 9

8
B fltiMOByio OT nnraTejib-

tpySy Horo nacoca

PHC. 8.3. Q, TVaiiarpaMiwa TeiuiooSweiia B
HE — naponeperpesaTeJIB; H — HcnapHTCJib; 3K — 3KOHOMaii3ep; B — SapaSaH

PHC. 8.4. CxcMa renjioebix IIOTOKOB ITFy c
KY

Qf — Tenjiora CJKHraeMoro B FTV TOOJIH- _ t

Qr

irviJV i G i JV+ r | ^nor |"n

I
f o r

nKT
yr Ky _ _ _ L __

fon

sa; QKy —

KV; Qr — jenjioTa BbixoflHLix ra3OB
rTy; Quav, Qllt> Qln — noxepH Tenjio-
TW COOTBeTCTBCHHO B TTV, B KV, B OTY

Harpesa Tpy6bi c napy>KHbiM ope6peHH6M H o6ecneHHBaioT rjiy6oKoe
HHC Bbixo^Hbix ra30B TXy 50 ypoBHa 80—130 °C, MTO sHaiHTejibHO nosbimaer
3KOHOMHMHOCTb UTV.

CxeMa TenjiOBbix FIOTOKOB nry c Ky npHBe/teHa Ha puc. 8.4, r/te
OT^ejibHbie ee sneMCHTbi H cymecTByroiuHe TexHOJiorHHecKiie CBHSH.
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TepMOAHHaMHnecKoro UHKjia BpaHTOHa—PeHKHHa no3BOJisieT nony-
BbipaaceHHe AJia BHyTpeHnero KTIJ\ TITV c Ky

Nnry

Ql Ql Ql

A^nry — BHyxpeHHaa MOiUHocTb FTy; Qc
r — - renjiora CH<HraeMoro B KC FTY

Tennoia napa Ky, nocTynaromero B UTV;

coiiioTHbie H oTHocHiejitHbie cyMMapHue norepw renjioTbi B

+ ^n - ^ r ^ n -^n^nor ' (8-1)

BHyTpeHHflH Momnocxb rasosoEi H napoBOH ycTanoBOK; t i r , r tn -

cooTBeTCTBenno BHytpeHHHC KUfl rasoBOH H napoBOH cTyneHefi nry.
BbipajKeHHe (8.1) c HCKOTOPLIMH BapHauwaMH npe/tJiaraeTca B pa6oiax p

Hbix asTopoB [5, 8, 9, 11, 18, 19, 22, 26, 29]. 3ro nojrrBepjKflaeT
npe^cTaBJieHHe 06 ocoGennoCTflx TexnojiornnecKHX npoueccos B UTV c KY

ECJIH npeAnojio>KHTb (CM. pHC. 8.2), HTO QKy = Q\\ry T-e- HTO BCfl

napa Ky nocTynaeT B UTV, TO cnpaBejiJiHBO Bbipa^eHHe
S4 S\\

n^S = Grq^Dnq^ (8.2)

TO3 Gr, Dn — pacxo^ cooTBeTCTBCHHo BbixojiHbix rasoB Fjy H renepHpyeMoro

B Ky napa, Kr/c; gr, qn — y^ejibHtie pacxoflbi TenjiOTM rasos FTV H reHepHpye-

Moro napa, K^ac/Kr; TT, TnR — cooTBeTCTBenno TCMneparypa ra30B H napoBOflfl-

Horo pa6oiero Tejia.
OTHOCHTejibHtiH pacxoji reHepHpyeMoro B Ky napa HeBCJiHK H3-3a He6ojib-

xcnjioTbt BbixoAHbix rasoB FTy:

=DG. (8-3)

K ee

Ko3(jxj>HUHCHT nonesHOro AencTBHa KV no npaMOMy 6ajiancy onpeziejiaeTca
TenjioTLi BbixojiHbix raaoB Q^y, Hcnojib30BaHHOH ^Jia renepauHH napa

ti B (CM. puc. 8.3):T5 = Tmin

MO>KHO HcnoJibsoBaxt noHaTHe «creneHb 6HHapnocTH» nry c KV.
6HnapHocTH npHSjinycacTCfl K e^HHHue, Koraa y^aerca HOMTH HOJIHO-

HcnojibsosaTb renJiOTy Bbixo^Hbix rasos TTy ASIX reHepaunn napa B napo-
cryneHH ycraHOBKH. B SuHapHofl nry norepH TenjioTbi SgnOT = 0 H Kllfl
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"Hn

<Tlnry > a CTeneHI>

r H n - B peajibHoft nry noTepw sceraa ecTb

B JjeHCTBHTeJILHOCTH, CTCnCHb 6HH3pHOCTH TITV C OflHOKOHTypHWM KY CO-
craBJiaeT OKOJIO 0,90, T3K KaK B TaKOH ycxaHOBKe HC y^aerca oxjiaflHTb Bbixcxa-
Hbie rasbi FTy AO TCMnepaxypbi HHJKC 150 °C. OxHocHTenbHo HCBeJiHKH H KOJIH-

renepHpyeMoro napa H Bbipa6aTbiBaeMOH B nTV 3JieKTp03HeprHH.
Ha PHC. 8.5 npHBe^ena TenjioBaa cxeMa nry c o^HOKOHTypHbiM KV, a Ha
. 8.6 — cooTBCTCTByiomafl Q, 7"-,n,HarpaMMa Tenjioo6Mena Meatay

FTy H napoeoflSHbiM pa6oHHM TCJIOM. Fa30BbiH no^orpesaTejib
(FnK) 3aMCHseT OTcyTCTByromHe B nTy noAorpeeaTejiH HH3Koro aaBJieHHa. Ha-
rpes ocHOBHoro KOHflCHcaTa B HCM BbBbisaeT noHH^KCHHe TCMnepaTypu rasoB jio
KOHeiHoro SHaneHHjr •& B cxeMe npe^ycMOTpeH 4ea3paxop nHraxejibHOH

HOFO
oT6opHbiM napOM napoBOH TypSHHbi. FlaporeHepHpyromHH KOHTyp QH-

COCTOHT H3 SKOHOMafoepa, HcnapHTCJifl H naponeperpeBaTejia. MH-
TeMneparypHbiH nanop HMeer MCCTO Ha KOHUC ncnapHTejibHbix no-

BepxHOCTefl Harpesa: © = 63 — T = 8—10 °C, a cooTBexcTByromaH pasHHua TCM-

nepaTyp — na ropflMeM Konue naponeperpesaTena 0nE - $] - TUE = 20—40 °C.
Bo H36e>KaHHe KopposnoHHoro nsnoca TCMnepaTypy KonaencaTa Ha sxo^e B KV

rK
BX no^jiep>KHBaK)T na yposae 50—60 °C npn ciKHraHHH npHpo^noro rasa H He

HHHfe 110 °C npH nepexo^e na )KHAKOC ra30Typ6nHHoe Tonjinso B FXy.
B KanecTBe HJiniocTpauHH paccMOTpnM npHNiep nry (CM. pnc. 8.5), B KOTO-

poH B KanecTBe FXy npHHflTa ycTanoBKa THna V64.2 (Siemens). Ee ocHOBHbie
npHBe^eHbi B Ta6ji. 8.1 H 8.2.

PHC. 8.5. Ten.ioeaH cxesia nry c oa»OKOHTypnbiM Ky
mK— ra30Bbifl noaorpeBarejib KOHaeHcaTa;^? — aea3paTop; /?//, KH — nHTaxejittibifl H
caTHbift Hacocbi; 0,—65 — xeMneparypa ra3OB (ocrajibHbie o6o3H3HeHHn CM. pHC. 8.1 H 8.3)
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PHC. 8.6. Q, T-^HarpaMMa TenJiooSiMena B KV nry (CM. pnc. 8.5)
T — Teinnepatypa napa H

3uepreTH*iecKOHTa6j inua 8.1. TexHHiecKue

noKasarenb

flaBJieHHe, Mfla
TeMnepaTypa, °C
3HTaJitnHa, K^SC/KF
HsStiTOK B03flyxa
rasoaafl nocTOHHHafl, K/I>K/(Kr • K)
MaccoBbift pacxoa pa6onero
xejia, KF/C

HepeaoceBbiM
KOMnpeccopOM

0,1013
15

15,15
—

0,28798
1

HepeAKaMepoR
cropanna

1,0686
323,6
332,3

—
0,28798

1

Hepefl rasoBoR
Typ6HHOfl

1,042
1050

1206,8
3,21

0,29199
1,01793

Ha BbixoAe ra-
30Boii iyp6HHbi

0,1043
551,8
601,9
3,21

0,29199
1,01793

* flonojiHHiejibHbie TexHiinecKHe aaHHtie;

1) ToniiHBO — Meran CH4 100 %; Q] = 50 056
T\ l^TT TT \ff^ -n == GO *T O/ *£) I\l tf^ f\.\^ I j |/-p — ^*'* ' '**!

3) MexaiuiHecKHfl KFI/l KOMnpeccopa n*ex = 99,9 %;

4) MexaHHHecKHft KHfl IT r^ = 99,9 %;
5) H3O3HTponHbiii Knjt KOMnpeccopa T\K- 88,2 %;
6) H303HTponHbifiKnjT, IT 11̂  = 88,4%.

Ha 1 KP/C MaccoBoro pacxo^a paGonero Tejia nojiyieHbi:
1) MomHOCTb, noTpeSjiaeinaa KOMnpeccopoM NK = 317,545
2) MoiUHOCTb FT NFT = 615,094 KB-r;

3) MomHOCTb 3JieKTporeHepaTopa FTY N* = 294,574 KBr;

4) renJiOTa, noflBOAHMaa c TonuiiBOM u KC: Q* = 897,328

5) KFIfl npOH3BOflCTBa 3JieKTp03neprnn ̂  =32,827%.
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8.2. TextmiecKHe aamibie napoBoii CTyneHW H BCCH nry (Ky ojinoro
CoCTO»nHe ii MCCTO paSo^cro rejia

B TenjlOBOH CX6M6

HeperpeTWH nap 33 KV
flap Ha Bxoae B napoByro xypSuHy
OxSop napa HS PIT B aeasparop
rio^aia napa B KOH^eHcaxop
KonaeHcax nocjie KOHjjeHcaTHoro Hacoca
rioaaMa pa6oHero xejia B ,aea3paTOp
FlHTaTejitHaa so^a nocjiejieaapaTopa
riHTaTejitHan so^a
Pa6oiee re^o Ha JIHHHH HacwmeHHa
B HcnapHxejie

^B/cK

0,13433
0,13433
0,0025

0,13183
0,13183
0,13183
0,13433
0,13433
0,13433

p, MFIa

6
5,7

0,121
0,006
0,189
0,151
0,121

7,2
6,32

T,°C

525
523,6
106,5
36,2
36,2
95
105

107,2
279

ft, Kfl)K/Kr

3480,8
3480,8
2663,2
151,5
151,7
398

440,2
449,4
1231,8

* J],onojiHHTe.nbHtje,aaHHi>ie:
1) Dn/K — pacxoji napa/Boau; GK — pacxoa sowyxa B KOMnpeccope;
2) TCMnepaTypHbiH nanop Ha XOJIO;IHOM KOHUC McnapHieJia 0 = 10 °C;
3) napaMCTpbi raaoa no ipaioy KV (CM. pwc. 8.6):

$3 = 289 °C; h3 = 302,8 K/Jac/Kr;
04 = 192 °C; h4 =• 201,9 K^JK/KF;
«5 - Oyx - 162 °C; A5 - A^ - 170 K^ac/icr;

4) MoiuHocib 3JieKTporehepaTopa riTY A^n = 153,60! KBT/(Kr/c);

5) 3JieKTpn4ecKaH = 448,175 KBr/(Kr/c);

6) Kn/lnpoH3BoacTBa3jieKTpo3HeprHHnry =49,95%.

noKa3bmaioT, MTO B paccMaxpHBaeMOH FiFY c
KY y^aerca oxJiajiHTb Bbixo^Hbte rasu FTY ^o TCMnepaiypbi 162 °C H
HesbicoKoe 3HaiieHHe KFl/t npOH3Bo^CTBa 3jieKrpo3HeprHH. BMCCTC c TBM
cxeMa raKofi ycxanoBKH npocxa B 3KcnjiyarauHH H xapaKrepnayeTCfl HHSKMMH
yj,ejibHbiMH KanHTajioBJioa<eHHflMH. Bbi6op aaHHoro THna FIFY 3KOHOMH4ecKM
o6ocHOB3H B rex cjiyqasx, Koraa npHMen^erca ^eiueBoe TOUJTHBO, a 3JieKTpocraH-
UHH paCCHHT3H3 H3 pa60Ty C OHKOBtlMH Harpy3K3MH HJIH KOma npHMeHaCTCH TOfl-
JIHBO c BUCOKHM cojiepafaHHeM cepbi. Ha pnc. 8.7 npHBe^ena cxeMa FIFY c rpeiua
6J10K3MH FTY-— KY, CWHOH FITY H KOTJiaMH-yTHJIH33TOpaMH OAHOrO ^aBJICHHfl.

/j,ajibHefiuiee noBbimeHHe SKOHOMHMHOCTH FIFY c KY BOSMO^CHO npn
rjiySoKOM oxjiaaczteHHH Bbixo^Hbix rasoe FTY. Tenjiosaa cxeiwa KY
H3-sa yBejiHMCHHfl HHCJia KOHTypoB reHepauHH napa (30 ^syx-xpex) H
npoMeacyTO(moro neperpesa napa, ^Jia Hero Hcnojib3yK)TCfl FTY c yjiymiienHbi-
MH 3HepreTHiecKHMH xapaKTepHCTHKaMH. J\na HHX xapaKrepHa 6ojibmaa HaHajib-
H3H TeiwnepSTypa rasa nepe^ FT — Ha ypoeHe 1200—1350 °C H 6ojiee.

Ha pHc. 8.8 H 8.9 npHse^eHbi BapwaHTu CXCM nry c ^ByxKOHTypHbiM KY, a
Ha PHC. 8.10 cooTBeTCTByromafl Q> r-^warpaMMa TenjiooGMena. B xenjioebix cxe-
M3X HMeiOTCfl HCKOTOpblC paSJIHHHH. 3KOHOMaH36p KOHTypa BJ5 BbinOJIHfllOT O#-
HO- HJIH AByXCTynCHMaTblM B saBHCHMOCTH OT KOHCTpyKTHBHblX OCoSeHHOCTCH KOT-
Jia. fljifl nHTanna BO^OH KOHTypoB H^ H B^ npe^ycMOTpenbi Jisa caMOCTOjrrejTbHbix

nacoca. B neKoropbix riFY ycTanaBjiiiBaroT O^HH nacoc c ox6opoM
UJ\ H3 ero npoMeJKyroHHofl cryneHH. B Tenjiosyio cxeMy KY Moacer
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PHC. 8.8. [[pHHUHima.ibi iaf l renjioBati cxeMa Iiry c aayxKOHTypHbiM Ky
UE Bfl, flE Hff — naponeperpeBaTe^H BbicoKoro M HHSKOFO aaBJieHHfl; H Bff, H Hff — HCna-
pHTCJlLHWe nOBCpXHOCTH BblCOKOrO H HH3KOFO aaBJIGHHfl; 3K BM 3KOHOMafi3ep BHCOKOrO
AaBJieHHa; FUK — ra30Bbiti noflorpeBaTe^b KOH^encaTa; RUB — aeaapaTop nHTarejibHofl BO-
flbi; *fB,fl, miff, H3CTH BblCOKOrO H HH3KOTO flaB^CHHfl napOBOH TypSHHbi; K-p
TOp; KH — KOHAeHcaTHbiit Hacoc; IJH Bfl, fJH Hfl — nnTaxeJitHbie Hacocbi
BticoKoro H HH3Koro AaBJieHHa; HPif — nacoc pemipKy^auiiH; PK — peryjmpyioiUHH KJianaH

B .nNMOByio Tpy6y

rry
PHC. 8.9. JIpHHHHima.ni.ifaH TeiiJioaati cxeivia nry c flByxKOHTyp-

y (pTy HC npHBeaena; oGoiHaieHHH CM. no/jiiiici, K PHC. 8.8)

PHC. 8.10. g, 7"- jwarpaiHiwa reiuiooSMCHa B jiRyxKonrypHOM KOTJie-yrHJiHsarope
$. — TCMneparypbi npoayKTOB cropaHHH no xpaKiy KY; Tf — TeMneparypt.!

no TpaKTy KV; 0; — TeMneparypntie nanopbi
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Hacoc peuMpKy^sunH KOH^CHcaxa jyia nojmep>KaHH5i
TCMnepaxypbi Ha axoae B KOTCJI. BMCCTO Hero B CXCMC DTy MOHHO Hcnojibso-
Baib OJIHH no^orpeBaxejib HHSKOFO ^asjieHHs (IlHfl,), KOTOpbifi sKjuonaeTca B
pa6oxy no Mepe Heo5xoAHMOCTH.

OiiTaHHe KOHxypoe BbicoKoro H HHSKOFO flaBjieHHH ocymecrBJiflercfl ^eaapn-
POB3HHOH BOflOli C M3CCOBOH KOHUeHTpaUHCH KHCJlOpO^a O2 H6 SOJICC 10 MKF/Kr.
/JeaapauHio MOJKHO ocymecTBHTb B KOHfleHcarope, Aeaspaxope nHTaxejibHoa BO-
Jlbl H^H B O60HX 3THX 3J7CMeHTaX TCnJlOBOfl CXCMbl. BOSMOTKHU HCCKOJIbKO TCX-
HHHCCKHX pemeHHH:

a) co3,uaeTCfl BO^SHOH ^eaapaTopHbiii KOHTyp (ncnapHTejib Aea3paxopa), B
KOTOPOM BbipaSaTbiBaexcfl onpej:ejieHHoe KOJinnecTBo napa. ^aBJieHHe B KOHTy-
pe onpej^ejiaerca TenjroBOH HarpysKOii 3Toro HcnapHiejia B sasucHMOCTM OT
pacxojia H TeMnepaxypbi rasos nepe^ HHM. PaGoxa jieaapaTOpa na napOBo^flHOH
CMCCH Moacer cosjtaTb onpe^ejieHHbie xpyjjHOCTH, MTO oxpaacaeTca na ero KOHCT-
pyKu,HH (CM. pHC. 8.7);

6) ^eaaparop CHaSacaercfl napoM H3 Marncrpa^H napa HH3Koro
(CM. pHC. 8.8);

B) nnraHHe ^eaapaxopa nponsso/iHTca napoM us orSopa naposofi
(CM. pnc. 8,9), npH STOM MOJKCT cHH3HTbca 3KOHOMH4HOcxb OFy.

ycoBepuieHCTBoeaHHbiH BapHaHx xeniTOBOH cxeMbi nry c
KV— nry-320 npHBezieH na PHC. 8.11. B nefi Hcnonb3OBana TTy xnna FT3-200
(J7M3), cnpoeKxHpoeaHHaa na 6a3e TTy THna FT3-150. YcxaHOBKa BbinojiHewa o^-
HOBajibHOH c ^.syxKOHxypHbiM Ky B Ky ecxb soceMb yiacxKOB TenjiooSMena, BKJIIO-
naa npOMeacyxo^Hbift naponeperpeeaxejib, rasosbiH no^orpeBaxejib KOH^encaTa H
HcnapnTejib zieaapaTOpa noBbiuieHHoro CKOJib3simero Aas-neHHa (1,3 — 1,4 Mlla).
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B nrV-320 HcnojibsosaHbi nHTarejibHbiH 3JieKrpOHacoc H Hacoc
RJIX noAuepHcaHHfl TeMneparypbi KOH^encara Ha Bxojje B KOTCJI ne HH>Ke 60 °C.
B CXCMC npeflycMOTpcH perenepaTHBMbiH no^orpes npHpOAHoro rasa AO 140 °C
B BOflflHOM noflorpesaTejie, oSorpeeaeMOM OHTaTCJibHOH BO^OH H3 fleaspaTopa.
Ko3<j>(|)HiJ,HeHT nonesHoro fleficTBHfl npoH3BOjicTBa 3JieKTp03HepriiH Spyxro pac-

ry cocxaBJiaeT 54,9 %.
nry c Ky asyx .aaaneHHil (CM. PHC. 8,9) BbinojiHCH pacneT xapaicrepHCTHK

KOHTypa (raSn. 8.3). B nry HcnojibSOsaHa Ta «e 3HepreTHHecKaH
HTO H B Dry C OflHOKOHTypHbIM KOTJIOM (CM. TaSjI. 8.1). BbinOJTHeHHblH paC-

HCT noKasbisaeT, HTO HcnojibsosaHiie B CXCMC Firy Ky ^Byx aaBjieHHH OPHBOAHT K

8.3. TCXIII IHCCKHC Jiauiibie napoeoii CTyiieiui H Bteii HI 'V (KV Jinyx

COCTOHHHC H M6CTO pa6oHero Tejia
B TenjiOBofl cxewe

Hap Bfl nocjie KY
TTap Bfl na sxoae B naposyio Typ6nHy
Hap nocjie H"B,H napoBOH xyp6HHLi
Hap H^ nocjie KV
Tlap Hfl nepea XOHKOH CMemeHna B napo-
BOH TypSHHC
Hap nepe/t nacxbio H.3, napOBoH Typ6nHw
OxSop napa HS ^acTH HJJ napoBoR xypSn-

Flap na Btixoae napoaofi TypGnnw
KoHACHcar nocjie KOH^eHcarHoro nacoca
FlHTaxejibHaa sojia nepea ^ea3paTopOM
riniaxejibHaa Bo^a nocjie nacoca B/l
flHxaTejTbHafl so^a nocne nacoca Hfl
napaMexpbi Ha JTHHHH nacbimeHHa B Hcna-
pHxejie EJl
riapaMerpbi Ha JIHHHM nacwmeHHa B Hcna-

v°«

0,13208
0,13208
0,13208
0,03007
0,03007

0,16214
0,00308

0,15906
0,15906
0,15906
0,13208
0,03007
0,13208

0,03007

p, MO*

8
7,9

0,464
0,488
0,464

0,464
0,127

0,006
0,189
0,151

9,6
0,586

8,4

0,51

T,°C

525
523,3

—
213,1

—

—
—

36,2
36,2
95
105
105

298,4

152

fc-frte

3459,5
3459,5
2808,6
2883,8
2883,8

2882,5
2614,1

2263,1
151,7
398

447,2
440,5
1336,5

643

1) TeMneparypHbiH nanop Ha ropaieM KOHUC naponeperpeBaieiiH BJ\ QnE = 26,7 °C;
2) TCMneparypHbiii nanop na xojioanoM KOHU.C HcnapHtejieii EJ], H HR 0=10 °C;
3) napaMCTpti rasoe no rpaioy KY (CM. puc. 8.9):

i3[ = 551,7 °C; A, = 601,9
«3 = 308,4 °C; h3 = 324 K)
94 = 223,1 °C;/j4 = 235,2
06 = 162 °C; h6 = 168,8 K^JK/KF;
i5g= 133,3 °C;/iB= 139,6 Kflw/Kr;
d, = 96,1 °C; h9= 100,4 KRx/Kr,

4) BHyrpeHHHH Knfl npotOHHOfi lacrn naposoR typSHHti: no TOHKH OT6opa TI Oi = 0,90; an* scero
,m ~ 0,85;

5) MOIUHOCTb 3jierrporeHepaTopa my N* = 173,7 KBT/(KF/C);

6) 3jieKTpnHecKan MomHocTb nry N^.y =468,3 KBT/(kr/c);

7) KO.ZI npon3BoacTBa 3JieKTpo3HeprnH nry ii^y - 52,2 %.
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ycjio)KHeHHio xenjioBOtt cxeMbi, HO noBuiiiaeT 3KOHOMHHHOcxb ycxanoBKH no cpae-
H6HHK) C HCnOJIbSOBaHHCM KOXJia-yXHJlHSaXOpa OAHOrO JiaBJieHHa Ha

S^lnrv = [(0,5219 - 0,4995)/0,4995]100 - 4,48 %,

B nacxoamee BpeMa B nyHiiiHx coBpeMCHHbix 3HeprexnqecKHX FTY
HanaJibHOH xeMnepaxypbi rasa npH6jiH3HJiocb K 1500 °C, a cooxBexcxayromee
neHHe rasa (no ISO) cocxaBJiaex 1,8—3,0 MFIa. FipH 3TOM reMnepaxypa B
rasoB npesbicHJia 600 °C. #aHHoe o6cxoaxejibCTBo no3BOJiH.no nepettxH K
meMy coBepmeHCXBOBaHHK) napoBOH cxynenH FIFY c KY H ocymecxBHXb xenjio-
Byro cxeMy c xpewa KonxypaMH renepauHH napa H ero npOMOKyxo^HbiM neperpe-
BOM. FIocJieAHHH MO>Kex npHMenaxbca H B KY c AByMS AaBJieHHaMH napa. B o6oH\
cjiynaax 3X0 peuienHe nosBOJiaex cHHSHxb Bjia>KHocTb napa B nocncAHHX cxynenax
napoBOH TypSnHbi H OTKasaxbca ox HcnojibsoBaHHa cenapaxopa BjiarH.

Ha pHC. 8.12 npHBeAena xenjiosaH cxeMa riFY c KY Tpex flaBJieHHH napa H
npOMeacyxoMHbiM neperpesoM. YcxanoBKa COCXOHX us flsyx FTY xana V94.3A
(Siemens) c KY H O^HOH naposoM xypSHHLi. OCHOBHOC TOHJIHBO — npHpoAHbifi
ras, pesepBHoe XOHJIHBO — JKHAKOC, rasoxypSHHHoe. Momnocxb FIFY nexxo co-
cxaBJiaex 632,7 MBx npn KFm oxnycKa 3neKTpo3HeprnH 56,6 %. FiapaMexpbi
rasoB nepeA KY: pacxoa 656 KF/C, TeMnepaxypa 584 °C. Tun KOXJia — ropHSon-
xajibHbiH c ecxecxBeHHofi UHpKyjiHUHeH. B Koxjiax reHepapyiOTCs: nap BbicoKo-
ro MBjieHHa (231,5 x/q; 9,95 MFia; 550 °C); nap cpe^Hero aaBJieHna (42,1 X/H;
2,63 MOa; 316 °C); nap HHSKOFO j&BJiQHm (30,2 X/M; 0,47 MOa; 227 °C). B xen-

Hs KV2

ny

PHC. 8.12. TenjiOBaH cxeiwa flFV c KY rpex j(n«jieiiiiii (Siemens)

JIOBOH cxeMe Aeaspaxop ne npe^ycMOxpeH, H .aeaapauHfl KOH^eHcaxa ocymecxB-
npCHMymecxBCHHO B KOH^eHcaxope napoeOH xypGnnbr.

o6iu;eK SKOHOMHHHOCXH FIFY B pesyjibxaxe cosepuieHCXBOBaHHa
napoBoro Konxypa MO>KHO npOHjunocxpHpoBaxb AaHHbiMH sapySeatHbix HCCJICAO-
B3HHH, nOJiyMCHHblMH H3 6a3C FTY MOlUHOCXbK) 150—200 MBx (pHC. 8.13
H 8.14). FiepexoA K 6ojiee cno)KHOMy napoBOMy UHKjry H K csepxKpHXHHecKHM
napaMexpaM napa cymecxseHHO noBbiiuaex 3KOHOMHHHocxb ycxanosKH.

OnxHMajibHbiH naporaaoBbiH UHKJI BbiSHparox MS Sojibiuoro HHCJia B03MOH(Hbix
pemeHHK. 3xox Bbi6op oSbinno ocymecxsjiaexca B xpw OCHOBHLIX sxana: ananHS sa-
npocoB saKa3HHKa 3neproycxaHOBKH, c6op HH(J)opMauHH 06 ycjioBHax paSoxbi 060-

, BbiSop unKjia FIFY.

onpejiejiaex sepXHtra H HHacHHH npe/tejibi MOIUHOCXH ycxaHOBKH,
ypOBCHb MomnocxH FTY c ynexoM ee KFI/J npH nacxHHHOH Harpy3-

KC. Bbi6Hpaexca rpa<J)HK noKpbixwa SXOH HarpysKH.

OKpy^aiomaa cpe^a oKaabieaex cymecxseHHoe BjiHaHHe na pa6oxy F1FY ne-
pes xapaKxepncxHKH FTY. Fa30Baa xypSnna, paGoxaiomaa npH xeMnepaxype na-
pyacHoro B03flyxa 0 °C, BbipaSaxbisaex na 20 % SoJibiiie sjieKxposneprnH, HCM xa
•XQ xypGHHa npH 30 °C. ECJTH Mecxo cxponxejibcxBa ycxaHOBKH pacnojio^CHo na
BblCOXC 100 M H3A ypOBHCM MOpa, XO MOlUHOCXb FTY Ha 1 % MCHLllie, HCM MOLU-
Hocxb FTY Ha yposHe MOpa, HTO oSycjiOBJieno pasHHuett B aaBJieHHH Bos^yxa H ero
njioxHocxw. BaacHo 3Haxb SKCxpeMajibHLie ycjiOBHa H xHnnHHbie HSMeneHHa napa-
MexpoB oKpyiKatomen cpe^bi B xeHenne scero ro^a. Bjiaacnocxb Bos^yxa Mano

-1

-2

//

K *

? ?

[T] 4

*ft
(N
+ *
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;

+

2 5

--1,75%

PHC. 8.13. BjiHHMHe napaivieTpOB napoeoro uiiKjia na KII/I ripom-
eojcTBa 3^ieKTpo3HeprHH nrV c KV
/ — flOKpHTHHecKne napaMerpu napa (8 Mlla, 540 °C); // — cuepxKpH-
THHCCKHe napaMerpbi napa (25 Mlla, 540 °C); / — OAHOKOHTypni.iH
KV; 2 — AByxKOHTypHbifl KV; 3 — oflHOKOHTypHbifi KY c
HLIM neperpeBOM napa; 4 — rpexKOHTypubiH KY; 5
KY c npoMOKyToiHLiM neperpesoM napa

283



,MBT

- 700

660

MRa

PHC. 8.14. BjniHiiHC npocpmifl napoeoro UHK.ua na 3,icKipn i i tCKHii KIT/],
H MOIUHOCTI, nry c Ky OIJIH TTY MoiunocTbio 200 MBT)
X — BapHaHTLI C KOHCHHOH CyXOCTtK) napa 88 %; 2]1, 3$ - KOTJIbl-yTHJIH-
saropti flsyx H Tpex aaBJieHHH napa; 1717 — npoMeafyToiHHH neperpea na-
pa; p KpHTHiecKoe pa6o4ero Tejia; pB^ — napa

BJIHHCT na MOiUHOCTb H K.HR VTV. B ocHOBy o6mnx pacneToa xapanrepHCTHK
ycTaHOBKH nojio>KeHbi ycnoBHs ISO 2314 (+15 °C; 0,1013 MTIa; oTHOCHTejibHaa
BJia>KHOCTb B03,ayxa 60 %). Heo6xo^HMo HMexb B BH^y, HTO HSMenenHe 3THX xa-
paKxepHCTHK oKasbisacT BJiHSHHe H Ha xapaKTepHCTHKH napoBoro KOHTypa

TonjiHBO no TCXKHHCCKHM H 3KOHOMHHecKHM npHHHHaM jiBjiflexca
4>aKTOpOM, T3K K3K CFO BHfl H COCTaB OKa3bIBaK)T HCnOCpCJICTBeHHOe BJlHSHHe Ha
MOIUHOCTL FTy H BCCH yCTaHOBKH, H3 Bbl6pOCbI BpC^HHX BeiUCCTB. Co^ep^aHHC
cepbi B TonjiHBe onpe^ejiaex AonycTHMyio TCMnepaxypy KOH^eHcaTa Ha sxoae B
Ky B 6ojitiiiHHCTBe cjiynaes nry MOHCCT paGoxaib Ha jjsyx paajiiiHHbix BH^ax
TOHJlHBa, npH 3TOM yTOHHflCTCJI, K3KOe TOHJ1HBO flBJiaCTCfl OCHOBHbIM H KaK M3CTO
Hcnojib3yeTca BTopon BIW TonjiHBa.

y^ejitHtie KanHTajiOBjioweHHa B nry HOSBOJISJIOT oueHHTb, KBKHC HHBCCTH-
B 3JieKTpocTaHUHK> HBJiHfOTCfl uejiecoo6pa3HbiMH ^JIH 3ajiaHHoro KTIR npo-

3JI6KTpO3HeprHH. ECJIH, HanpHMCp, OHH COCTaBJIfllOT 1000 ^OJ1J1/KBT
H CymeCTByCT B03MO)KHOCTb HOBblCHTb 3KOHOMHHHOCTb napOFaSOBOfO UHKJ13
C UCJIbK) yBCJIHHHTb MOIIlHOCTb H3 10 MBT HpH H6H3MeHHOH HO^aHC TOHJlHBa, TO
TaKoe pemeHHe onpaB^ano B cjiynae, CCJIH ^onojrnHTejibHbie HHBCCTHUHH cocTa-
BflT Menee 1000 ^OJTJI/KBT.

Konuenuiin KOMHOHOBKH oSopyaoeaHHH nry. naporasoBtie ycTaHOBKH
c Ky H 3HepreTHHecKHMH FTy He6ojibiuoH H cpe^Heti MOIUHOCTH HMCIOT nojiH-
6^iOMHyK> KOMnoHOBKy, B KOTOPOH npe^ycMOTpcHbi oztna naposaa Typdnna co
CBOHM 3jieKTporeHepaTopoM H necKOJibKO FTy c Ky H
(CM. PHC. 8.7). BneApeHHe B naporasoByio TexHOJiorHio MouiHbix
TTy nosBOJimio nepefiTH K ojlHOBanbHtiM
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no cpaBHeHHto c MHoroBaiibHbiMH oflHoaajibHaa KOMnonoBKa nry HMCCT
npenMymecTB:

B03MO*HOCTb HCnOJIb3OB3Tb OT^CJIbKbie MOflyjlH, HTO 3KOHOMHT 3aTpaTbI H3
npoeKTHposaHHe;

yMCHbuieHHC o&bCMa raaBHoro Kopnyca 6naroAapa KOMnaKTHoti KOMnonoBKC,
coKpameHHe BPCMCHH na crpoHTCJibHO-MOHTajKHbie pa6oTbi H BBO^ B 3KciuiyaTa-

cHH»ceHHe saTpaT na TexHHHecKoe oScjiyacuBaHHe H noBbimeHHe
o6opyAOBaHH3 H ap.

B saBHCHMocTH OT cnocoSa pasMcmcHHa o6opy^oBaHHH Ha Bany pa3jiHHaroT
ppa. HcnojiHeHHfl oAHOBajibHbix nry (pHC. 8.15):

3JieKTporeHepaTOp pacnojio>KeH co CTopOHti napoeoH Typ6HHM Ha KOHU.C
(p«c. 8.15, a);

3JieKrporeHepaTop pacnojio^en Mea^ay rasorypGHHHOH H napOTypSnHHOH
HOBKOK. npe^ycMOTpeHa caMosauenJifliomaflCfl (pacuennaa) My(Jyra (pnc. 8.15, 6).

nepsbiH sapHanT HcnojibsyeTca B nry (JmpMbi General Electric, BTopoK -
B oflHOBajibHbix nry 4>npM Siemens H ABB — Alstom. Ee3 My$Tbi ycTanoBKa jie-
uieBJie, HO HcnoJib3OBaHne My^Tbi oSecnenHsaeT noBbiuieHHyio ManeBpeHHocTb.
AKcnajibHbiH BblxoA napa B KOHjiencaTOp noBwmaeT KHJ( ycTanoBKM.

Pacuennafl My<f)Ta Mexfly sneKTporeHepaTopoM H napOBofi TypSHHOH oSecne-
HHBaeT o6biHHbiH nycK FTV c noMombK) THpHCTopnoro nycKOBoro
nociie CHHxpoHHsauHH c ceTbio B Ky HaHHnaeT renepHpOBaTbCfl nap,

aanycTHTb naposyio TypSnny no caMocToaTejibHOMy nycKOBOMy rpa-
3ateM BKJHOMaeTca caMosauenjTHiomaflca Myt^Ta, H naposaa TypGnna nozi-

K 3JieKTporeHepaTopy H HarpyacaeTca.
Ha pwc. 8.16 H 8.17 npHsejieHbi npHMepu TennoBLix CXCM o^HOBajibHbix

c pasjiHHHbiMH cnoco6aMH pa3MemeHHfl OCHOBHOFO oSopy^OBaHHa na sajiy.

nrv

IBM

4
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~~~

'Ynrv

— V v

PHC. 8.15. KoHuenuHfl oflHOBa^bHofi KOMIIOHOBKH
a — craHAapTHoe HcnoJiHeHHe; 6 — KOHqenuwa <J)HpMbi Siemens; / — Boaayx; 2 — TOHJIMBO; 3 —
B KY; 4 — H3 KY; 5 — KOHfleHcarop (BLIXOA napa H3 HBCTH Hfl HanpasjieH BHHS); 6 — OTBOA KOH-
acHcara napa B KY; 7 — 3JieKrporeHeparop; 3 — caMoaauenjiaiomaacfl (pacuennaa) Myijira; 9 — KOH-

(aKCHajitHbiii suxoa napa m HBCTH Hff)
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PHC. 8.16. TeiuiOBan cxeiwa OAHOBajibHofi IITV c TpcxKOiirypiibiivi KY (Siemens)
BJ%, Cff, H$— napOBOAflHbie KOHtypbi KY BbicoKoro, cpeflHero H HH3Koro aaBJieHHii; / — npw-

raa; 2 — yKKnyoe TOHJIMBO; 3 — caM03auenjisH>maflca (pacuenHas) My(jtTa; 4 — KOH-
nacoc; 5 — KOHAeHcarop; 6 -

11,3 Mlla
320 °C | *-<*

•*

3000 06/MHH

op> I ,/a_
PHC. 8.17. npHHUHnHajibnafl Tenjioean cxeiwa O^HOBaJibHOfi nrV BomyuiHHft r^-i
•jjieici-pociaHUHH «GENT RINGVAART» KOMnaHHH SPE (Eejihriifl) KOHneHcarop I—I KH
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8.2. KOT/lbl-yrmiMSATOPbl B TER/10BOM CXEME RFY

8.2.1. KoHCTpyKTHBHbie cxeMbi KY

KOTJIbl-yTHJIHSatOpbl - - BaJKHWH 3JieM6HT TeXHOJlOriiHeCKOH CXCMbl 6ojlb-
uiHHCTBa Firy, BbinojiHaromHM BO Bcex cjiynaax pojib yTHJiH33Topa Tenjiorw BH-
XO^HLIX T330B 3HeprCTHMeCKOH FTY B SaBHCHMOCTH OT CXCM H UFY B KY
pHpyeTCfl nap OT o^Horo ao Tpex AaBJieHHH, noAorpeBaroTcfl so^a H
Bbipa6aTbiBaeTCH TexHOJiorHiecKHfi nap H Ap. KoTJibi-yTHJiH3aTopbi, cnpoeKTHpo-
BaHHbie TOJibKo fljifl no^orpeBa soflbi, Ha3biBatOT eme rasoBo^aHbiMH TenjiooG-
MeHHHKaMH (TBTO). TaKHM o6pa30M, KY nOApa3aejiflK>Tca na napoeue, nap KO-
ropbix HcnojibsyeTca mis pa6oTbi B naposbix Typ6HHax HJIH HanpaBJiflerca TCXHO-

noTpeSHTejiHM, eodnubie, B KOTopux HarpeBaroTca ceTesaa
HJIH nHTaTCJIbHaa BOfla riTY 3HCpro6jlOKOB, H KOMSHHHpOBaHHLie.

1~IO KOHCTpyKTHBHOMy HCnO^HCHHIO H COCTaBy TCnjIOBOH CXCMbl KY MOryT
Hx THROB:

a) ropH30HTajibHbie HJIH BepTHKajibHbie. IlocjieflHHe BbinojinaiOT noflBecHbi-
MH HJIH caMoonopHbiMH;

6) c ecTecTBCHHoH HJIH npHHy^HTCJibHOH uHpKyjiflUHeft H npaMOTOHHbie.
B onpeaejieHHbix ycjiosHax B 33BHCHMOCTH OT BH,o,a cacHraeMoro B FTY TOH-

jiHBa KY cHa6«aroT aononHHTCJibHo cejieKTHBHHMH KaTajiwsaTopaMH rasos, 3Ha-
MHT6JIbHO CHPDKatOIUHMH B HHX KOHUCHTpaUHK) NO.,.. MeCTO paCnOJIO^CHHa K3T3-
jiH33Top3 B KY onpeAejiacTCfl TexHOJiorHnecKHM npoueccoM. BoccTaHOBJieHHe
OKCH^OB 330Ta npOHCXO^HT npH BttpblCKC B BblXO^Hbie F33bl TTY BOCCT3HaBJIH-
Baromero areHTa — BOflnoro pacTBopa aMMHaKa npn TCMneparype 300—420 °C.
CMCCL 3MMH3K — BbixoflHbie rs3bi nponycKacTca nepes KaTajinsaTOp.

KY MoryT SbiTb ocnameHbi Aoa<HraKtmHMH ycTpoficTBaMH. B HHX B cpe^e BM-
xojjHbix rasoB FTY ^onojTHHTejibHo c^nraeTca TOHJIHBO, 3TO HPHBO^HT K noebi-
mcHHK) H cxa6HJiH3auHH TCMncpaTypbi rasoB nepeA nosepXHOCTHMH narpesa KY
noBbimaeT ero naponpowsBOflHTejibHocTb. PaccToaHHe OT ropejioK KaMepbi JJO^H-
raHHfl AO noBepxHOCTeK narpesa nepsoro naKexa Tpy6 AOJI^KHO 6biTb He MCHCE
5 M (ziJia BbipaBHHBaHHa TCMnepaTypbi H CKOpocra rasosoro noTOKa).

OoBepxHocTH Harpesa KY ^ejiaiOT H3 craJitHbix TpyQ c HapyambiM ope6peHH6M
CnnpajibHO-jieHTOHHoe opeSpenne Tpy6 BbinojinaiOT B 3aBO^CKHX ycjiOBHax na cne-

ycTanoBKax c HcnojibsosaHHeM TOKOB BHCOKOH nacTOTbi. 3TO nosBOJiflei
K TpyGaM JieHTy pasjiHHHOH TOJimHHbi, KOH^nrypauHH M pa3Mepa.

KpynHCHiiiHM npOH3BO^HTejieM KY H opeSpenHbix Tpy6 ^jia HX nosepxHocTeC
Harpesa flBJiaexcs AO «FIojioJibCKHH MauiHHocTpoHTejibHbiK 3aBo/i». 3asoA H3ro-
TaBJiHBaer opeSpennbie TpySbi cjie^yiomnx napaMexpos: ^naMerp 22—114 MM,
TojimHHa cxeHKH 2—12 MM, Bbicoxa peSpa 5—25 MM, xojiiHHHa pe6pa 0,8—2 MM.
mar BHTKOB ope6peHHa 4—15 MM, MaKCHMajibnaa flJinna ope6peHHOH xpy6bi
22 M. Ope6peHHe MOSCBT GbiTb c^ejiano HS yrnepo^HCTtix, jiernpoBaHHbix H ay-
CTCHHTHblX CTajICH. FlOMHMO 3TOFO B03MO^<HO T3K>Ke npOCCHHOC OpeSpCHHC Tpy£
(pHc. 8.18). B MO^yjiax, H3 Koxopux HsroxaBJinsaiOT KY, Macca ope6peHHbi>
xpy6 ^ocTHraeT 45 % ero o6mefi Maccu, a caMO opeSpeHHe yMCHbiuaeT ee E
cpejjHeM B 1,5 paaa no cpaBHCHHto c rnaflKOTpy6HbiMH noBepxHOCTaMH Harpesa.

B zopusoHmaiibHbix KY nosepXHocxb narpesa COCTOHT HS OT^ejibHbix CCKUH^
(pHC. 8.19, 8.20), o&beAHHfleMbix B nane™. Kaac^aa CBKUHS oGbiMHo BKinoMaei
B ceSfl BCpXHHH H HH^HHH KOJUlCKTOpbl, COeaHHeHHblC Ope6p6HHbIMH Tpy6aMH
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PHC. 8.18. 3jiCMCHTbi noeepxHOcreu iiarpeBa K
a — HapyscHoe opeGpemie Tpy6; 6 — Kpenjienne Tpy6 uiaxMatHoro TpySHoro nyiKa; 1—2
cnjiouiHoe opeSpeHiie; 3—4 — npoce-moe opeSpeHHe

PHC. 8.19.
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iopmoina;ibiioii K O M I I C U I O B K H (THIIOB n-87, FI-88 AO HM3)

n- n-n- p-
u-z. a-z,a- ' a- 2

a- a-

Tasw -O- -O-r
rry i I i

-o-

rry
Hap

PHC. 8.20. KoHcrpyKTHBHbie i iapaMerpti C C K U H H noaepXHOcTefi ira i pcea KKOMnOMOBKIl

a — njiaH pacnoJioaceHHa ceKqHH KV (HHCJIO ceKuuft /„); 6 — maxMarHoe pacnojioseHHe rpy6
B CCKUHH; e — opeSpeHHasi rpySa; z — ynpoiueHHbifi BH/I THnoBoft CCKUHH KY ropH30HrajibHOH
KOMHOHOBKH; d — HapyacHbiH ^HaMSTp rpySbi; / , 6 — COOTBCTCTBCHHO JUIHHH H TojimHHa
CTCHKH rpyGu; 5npfi, hr^, b - — cooTBeTCTBCHHO TOJiiuMHa, Bticoxa H mar peSep; slf s-, — none-

marH xpy6 B rpySHOM nyiKe

uiaxMaTHoe pacnojioaceHHe. B OJHOM pa/iy no xo^y raaoB -
OT Tpex AO iirecTH ceKUHil, coe^HHCHHtix Meytdffy co6ofl no noTOKy pa6o-

nero tejia c noMOWbK) KOJTJICKTOPOB H nepeMtineK. STH coe^MHeHHa pacno^oace-
Hbi B cneuna^bHtix OT^QJIQUMHX BHC noTOKa rasos B HHxnefi H Bepxnefi uacTax
Ky HHCJIO naKeTOB CCKUHH no xojry rasos Z saBHCHT OT paccHHT&iBaeMOH no-
BepxHocTM Harpesa, a o6mee MHCJIO naKeTos I*Z = ZnE__B% + Z^_B^ + ... onpe-
^enHCTca TenjioBoM cxewofi KOTJia.

B KOTjie-yTHJiHsaTope n-88 (AO fIM3) craHAaprnaji CCKUHS HMCCT BbicoTy
11,8 M, iinipHHy 2,34 M H n^omaAB nofiepxnocTH CCKUHH F^^ = 646,7 M 2 .

KoHcrpyKUHfl eepmuKanbHbix KV HMCCT CBOM ocoSeHHocTH. MX nosepXHOCTH
narpesa Bi>ino;iHsiK>T B sn^e oTAejit-Hbix Mo^yJiefi, yKpenJiseM&ix OAHH naA Apy-
FHM C ITOMOIUbK) K3pK3Ca (pHC. 8.21, 8.22), B KOTOpOM HpeAyCMOTpeHW SOKOBbie
6oKcw AJifl pa3MemeHHS KO/uieKropoB H KOJICH Tpy6, He OMLrBaeMbix AMMOBLIMH

. OcHOBnas nacTb MO^yjia B saBHCHMOcra OT ero AJIHHLI HMCBT HecKojibtco
HX neperopo^OK. B HHX npocBepjienw oTBepcrns AHaiweTpoM, npeBbiuiaK)-

Hapy>KHtiH AHaMCTp opeSpeHHofi Tpy6w Ha 8—JO MM. OpeSpeHHbie TpySw
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PHC. 8.21. KoTCJi-yrHJiioaTop BepTHKajibHofi KOHCTpyKiiiiii (11-86, II-86-I AO I1M3)

3aBO^flTCfl OflHOBpCMCHHO HCpCS BC6 OTBepCTHS H ODHpaiOTCH B nepempO^KaX H3
CBOH peSpa. B 6oKOBbix 6oKcax ocymecTBJunoTCfl csapKa KOJIBH H npHBapna rpy6
K KojijieKTOpaM. B cjiynae noBpe>Kji.eHHJi jiK)6yK) TpySy MO>KHO saMCHHTb, oxpe-
3aB ee OT KOJien HJIH KOJiJieKTOpa. DpHMeHeHHC uiaxMaTHoro pacnojioiKeHHa xpy6
B nyHKe oSecneHHsaeT HX cBoSoflHoe TennoBoe pacmnpeHHe.

B BepTHKajibHOM KY nosepxHocTeH narpesa H3 OT^CJIBHUX
HMeeT ps,u npeHMymecTB:

B03MO)KHbi OT^ejibHoe HSroTOBJieHHe Mo^yjieK H saBOflCKaa nposepKa HX Ka-

KV,

noBbimeHHe KanecTsa MonraacHbix paSor H coKpamemie HX
HOCTH;

o6ecneneHHe SjiaronpHHTHWX ycjioBHH RJIX TpancnopTHpoBKH
TaK Kan Mo^yjib o6biHHO HMeer uiHpiiHy 3—4 M npH ;mnHe ne Sojiee 15 M.

BojibiiioM onbiT CTpoHTeiibCTBa KV HaKonjieH sapy6e)KHbiMH (J)HpMaMH. C ue-
Jibto coKpaTHTb BpeMfl MCHcziy Bbi^aHeft saKasa H BBO^OM ycTanoBKH B paSoTy KV
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TpyfiHHC flOCKH

Mecia yciaHOBKK
KOJPieKTOpOB H KOJI6H Tpy6

Tpy6

I * 4 I I I

PHC. S.22. KoMHOHOOKa (JJIOKS ope6peHHbix noBepxiiocTeii Harpeea BepTHKajibHoro KY

Kpynnbix MOflyjieH npe^BapHTejibHo coSHparor na
b HMCCT C-o6pa3HyK> 4>opMy (pnc. 8.23) H COCTOHT HS

paMbi, Kopnyca, HSOJIHUHH (BKJHOHaa oSjiHUOBKy), a xaK^ce Tpy6 H KOJineKTOpos.
HapyatHbie CTCHKH Kopnyca BbinojiHeHbi H3 cxa^bHbix JIHCTOB H ncejiesHbix npo-
4)HJieH, coe^HHCHHbix CBepxy H cHH3y B KpynHbie 3JieMeHTbi (nanejiH). HlTH(])Tbi
fljia KpenneHHH oSjiHuoBKH npHBapeHbi BHyTpn Kopnyca. HsojiflUHOHHbie M o6jin-
UOBOHHbie HJIHTbl HM6K)T OTBCpCTHfl HsSblTOHHblX pa3M6pOB, AOnyCKaiOmHC TCp-

pacuiHpeHHfl Tpy6, H KpenflTca c noMOujbio IIITH<J>TOB H npHBapeHHbix
o^KJia^Hbix maH6. EjiaroAap3 3ToM KOHcrpyKUHH nporaS OSJIHUOBOH-

HOH nJiHTbi BO speMfl nycKa npe^OTspamaeTCfl H H36eraeTca HarpysKa Ha Kpe-
nea<Hbie iiiTHijiTbi H3-sa Kacaiejibnoro HanpaaceHHa.

^erajiH no^ ^aBJieHHCM H3roTaBjiHBaroTCfl H3 KOJIJICKTOPOB H Tpy6 H csapHBa-
K>Tca B ysjibi, Kaa<4t.iH yseji no^sepraeTca rH^paBJinnecKOMy ncnbiTaHHio H HMe-
eT onopbi tfjifl KpeixneHHfl Tpy6.

Ha GTpoHTejibHOH njioma/iKe npoTHBOJieacamHe C-o6pa3Hbie MO^yjiH csapHBa-
WTca nonapHO. Flocjie CBapKH OHH oSpasyioT npaMoyrojibHyio saMKHyxyio CTpyK-
Typy c ejJHHCTBCHHblM rasOBbIM KaHaJIOM. KOTJIbl-yTHJIHSaTOpbl FTY MOIUHOCTbK)
SO — 150 MBT HMCK)T OT UI6CTH ^O ^B6HajmaTH MOflyJICH.

EapaGaHbi KOTJTOB nojinocTbio cHa6acaK)TCfl BCCMH BCTpoennbiMH ^eTajraMH na
3aBoae-H3roTOBHTejie H TpaHcnopTHpyroTCfl B T3KOM BH^e K MecTy ycTaHOBKH.
BXOAHOM Kanaji rasos, no^odHo KOHCTpyKUHH Kopnyca KY, H3roxaBJiHBaeTCfl H3
npOCTMX 3J16MeHTOB (naHeJlCM) H noCTaBJlflCTCS B KOMHJICKTe C HSOJlflUHCH H

H O0J1HUOBKOH. fla>Ke KOMnjlCKT He6oJlbIIIHX HpOKJia^OK M6JK^y MO^y-
sapaHee Ha saso^e (puc. 8.24). CTajibnaa jiLiMosaa Tpy6a Tpanc-

nopTHpyexca B pasoSpaHHOM BH^C H MOHTHpyeTca Ha MecTe ycTanoBKH. THKHM
06p330M HOBbllliaeTCfl Ha^CJKHOCTb CHCTCMbl KY H OflHOBpeM6HHO 3KOHOMHTC3

H CHHXaiOTCfl HS^epXKH.
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Puc. 8,23. Monyjn. ropmoHTajibHoM KOHCTpyKiitm KV
} — rjiasHaa SaiiKa; 2 — nonepeiHafl onopnaa GaJiKa; 3 — necymaa Sanica flJia flerajieii noa flas-
JieHHCM; 4 — Kopnyc; 5 — KpenjieHHe OSUIHBKH; 6 — momuan; 7 — flonojiHUTeJitHtie onopti jjia
KperuieHHJi Tpy6; 8 — yrjioswe COCAHHCHHS; 9 — pacmnpnTejii>Hbie HanpasJiaiomHe AJIJI
noa aaejieHHCM; 10 — KOJIJICKTOP; 11 — KpenjieHHe Tpy6; 12 — Tpyfoi; 73 — HHiKHHe

onopw KojiJieicropa; 14 — mvmepjKH Bare was KOHCTpyKiwa rpy6 B BMJJC ap4>f>i

10

rpy6e; 5

PMC, 8.24. MoayjibHaa KOHCTpyKuun KY
raaoBbifi IIOTOK; 2 — H3o;mpoBaH-
o6jIHUOB3HHbie BHyTpH KaHa;i!,HbIC

3 — CO-KarajiH3arop; 4 —
NO_,-KaTajiH3aTop; 5 — naporeHeparop-
; 6 — BtinycKHoii KaHan; 7 — K AMMOBO^
KOMneHcarop paciuHpenmi; 9 — 6apa6aH

KOHxypa H^; 10 — SapaSan Konxypa Bfl
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npw SbiCTpbix nyCKax repMHHecKHe H MexaHHMecKHe
npH npoeKTHpoBaHHH Kor^a, Bee TpySnbie npoxo^bi Kopnyca KOT-

HMCIOT rasonenpoHHuaeMbie KOMneHcaropbi — cHJib(J>OHbi, H Tpy6bi Moryx
CBo6oa.no nepeMemaxbCfl. ysejiMMeHHe BHyrpeHHefi xeMneparypti Bbrxo^Hbix ra-
30B FTy na COTHH rpa^ycoB B MHHyxy ne B03flef!cxByeT oxpHuaxejibno na KOH-
CXpyKUHK) KOXJia.

CKopocxb rasoe nocjie jiH<j)4)y3opa FT cocTaBJiaer 60—80 M/C u CHH>Kaexcs
Ha Bxo^e B Ky #0 6 M/C. fljia nonnaceHHa CKOPOCTH rasos nepe^ Ky npHMeHaiOT
cneunajibHbie BHyrpeHHHe npHcnocoSjieHHa.

Bo BXOJIHOH H Bbixo^HOH HacTsx KOTJia ycxaHaBJiHBarox cneuHajibHbie CHCXC-
MW samHXbi OT uiyMa OTpaSoxaBiiinx rasos FT, KOTopbiH pacnpocxpanaexca no
nosepxHOCXH CTCHOK Ky.

POCCMHCKHMH KOHCTpyKxopCKHMH 6ropo H saBo^aMH sneprexHHecKoro MaiiiH-
HOCxpoeHHa pa3pa6oxaHO MHOFO THHOB KV. STH KOTJIBI npHMenaiOTca jjjia reHe-

napa B cocxase FIFy na FTy-T3Lt jjjia BbipaSoiKH xen^oTbi ^jia TCXHOJIO-

UlnpOKo HSBCCTHbi cjieflyroiiwe 3aBo^bi-n3roTOBHxe;iH Ky;
1. AO «noj]OJibCKHH MauiHHocxpOHxe^bHbiH 33Boji» — napOBbie H

Hbie Ky flJia FTy C^HHUHHOH MouiHOCTbio 40 150 MBr.
2. AO «KpacHbiH KoreJibiUHK» (TK3, r. Taranpor) — napOBbie H Bo/iorpeH-

Hbie Ky fljia FTV eflHHHHHOH MomHocTbK) 40 150 MBr.
3. AO «Seji3HeproMaiij» (B33M, r. Eejiropo/i) — naposbie H Bo^orpeKHbie

Ky ^^a FTy C^HHHHHOH MOLUHOCXbK) 40 25 MBT.
4. 3AO «yxTHHCKHH 3KcnepHMeHxajibHo-MexaHH4ecKHfl 3aBo^» (y3M3) -

KoMnaKTHbie Bo^orpeiiHbie Ky (FBTO) jina 3HeprexHHecKHx FTy e^HHHHHofi
MOlUHOCTbH) 1—25 MBT.

5. AO «JIeHHHrpa#CKHH MCTaJiJiH^ecKHH 3aBo^» (J7M3, r. CaHKT-FTeTep-
6ypr) — BO^orpeitHbie Ky (FBTO) jina FTy e^HHHHHOH MomHocTbio 15 — 45 MBx
C FOpH3OHTaJIbHbIM BblXOflOM.

6. OAO «CneuHa;ibHoe KOHCTpynropcKoe 6K>po KOTjiocTpoeHHfl» (CKBK,
r. CanKT-rieTepSypr) — MaJiora6apHTHbie naposue Ky MOpcKoro HcnojineHHa
4Jia 3HepreTHHecKHx FTy H cy^osbix FT/t C^HHHHHOH MomHocTbK) ̂ o 15 MBx.

KpOM6 TO^LKO BOAOrpeMHblX HJIH napOBblX Ky npOMblUIJICHHOCTb npOHSBO^HT
KOM6HHHpoBaHHbie KV, BbipaSaTbiBarouiHe KaK nap, xaK H ropanyio Bojjy, — 3TO
napoBbie KOTJIW, B Bbixo^HOH nacxH Koxopbix (nocjie 3KOHOMaH3epHoro yqacTKa)
pasMemeH ^onojiHHTejibHHH (FBTO).

PeryjiHpoBaHHe ornycKa TCHJIOTM OT Ky ocymecTBJiaeTCfl JiwSo SaHnacHposa-
HHCM MacxH rasosoro notOKa, npHBO^aiUHM K H3M6HeHHio pacxo^a rasos nepe3 xe-
njiooSMCHHbie noBepXHocxii, jinSo snpbiCKOM eo^bi 3a naponeperpeBaxeneM.

OcHOBHbie rexHH4ecKHe flaHHbie H aaBOflbi-HsroxoBHTeJiH Ky npHsejieHbi
Bxa6ji. 8.4—8.6, B rafin. 8.7 zionojiHHxeJibHO npe^CTaejieHbi TexHHnecKHe flannwe
HCKOTOpblX KX BbinyCKaCMblX AO «no^OJIbCKHH MamHHOCXpOHTejIbHblH 3aBO^».

B Kanecxee npHMepa paccMOTpHM KoncxpyKUHK) Ky A-^fl FIFy-325 Case
THnaFT3-lIO + ^sa KV Tuna H-88 + o^na FIT xiina K- 1 10-6,5), KOTOpyro
nojiaraexca ycTanOBHTb Ha KoHaKOBCKofi FP3C.

noBepxHocTH Harpesa Ky BbinojmeHbi HS rpy6 c HapyatHbiM crrapantHbiM opc6-
PCHHCM H no^BemeHbi K KapKacy Koxjia qepes
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8.5. TexmiiecKiie aaHHwe BoaorpeftHbix KY fljia rTV-T3IJ c yCTawoBicaMH 2Q MBr
7"HB = IS °C)

_

HOCTb, FKaJI/H
Te\inepaxypa BO^U, °C:

na Bxoae
^aBJieHHe BOflti, MFIa
BaflnacupOBaHHe raaos
^HanaaoH peryjiHpoBaHns

HcnOJIHCHHC***
Macca KOT^a, T
Fa6apHTHbie pasMepti, M:

ajiHHa
L U H p H l i a
Bbicoxa

Xnn KY (3aBo^-H3roTOBHTeiib) npM MOIUHOCTH TXY

rnCB (ana
ny-20
(nM3)>

27,7

143
60
2,5
HCT
—

B
38,8*/I01,8

—
—
±_

20 MET

rncB (ana
rTY55CT-
20 (HM3))

34,2

166
60
2,5
Hex
—

B
47,0*/120,3

10,6*
7,0
16,4

YTO (ZUIH
FTYSSCX-

20 (Y3M3))

34,2

115
70
1,2

ECTb
1:10

B
—

—
—
—

25 MET

YTO Una
TT3-25Y
(Y3M3))

35,6

115
70
1,2

ECTb
1:5

r
32,4

3,4
3,6**

1,7

50MBt

rncB (JJIH
TT3-45-1
(OM3))

68,0

141
60
2,5
Her
—

B
102,8*7245,8

* B HHCJiHxejie — Macca Ten^ooSjueHHtix noBepxHOCTeft,
** PaaMepbi O^HOH CCKUHH, Bcero yciaHOBJicHO SBC CCKUHU.

*** B — BepTHKajibHoe, F — ropH30Hra^bHoe

o6maa Macca Korjia.

294

(CM. PHC. 8.19, 8.20). KOTCJI rana Ff-88 rasonjiOTHbiM H paccMnxan Ha aaBJicHHe ra-

30B nocjie FT FTV pjT" < 4 idla, sa KOTJIOM ycTaHOBJien rasosbifi sanopHbm iiinGep,

3aKpbiBaeMi>iH npn ocraHOBe FTY Pa6ora FTV Ha ocxaHOB^eHHbii! KY HC npe,ay-
CMOTpena, XOTH 3KOHOM3H3ep BJ\ H FFlK BbinojineHbi HeoTKJiHDHaeMbiMH. Fiepe^
nycKOM FTY ocymeciBJiaerca BeHTHJiauna rasoBoro xpaicra Koxjia B xeneHiie ne MC-
Hee 10 MHH c pacxo^oM B03jiyxa ^o 25 % HOMHHajibHoro pacxo^a rasos.

B xenjiOBOH cxeMe Koxjia npe^ycMOTpenbi 6bicxpo^eHCTByiomHe pe^yKUHOH-
ycxponcxBa (BPOV) BbicoKoro aasjieHHa, paccHHTaHHbie na

pacxo^ napa npH pa6oxe O^HOH FTY H 6bicxpoaeHCTByiomeM pe-
ycTpoMcxBe (BPY) HM3Koro AaBJieHHfl co cSpocoM napa B KOH^eH-

napoBOtt xyp6HHbi. PeryjiMposaHHe xeMnepaxypu neperpexoro napa B^
H Hfl He ocymecTBJiaexcH. YposeHb Bojjbi B 6apa6ane BJ\ no^ztepacHBaexca nyc-
KOBLIM H OCHOBHUM peryjiHpyiomHMH KJiananaMH (PK) 3a 3KOHOMaH3epoM B^, a
s 6apa6ane H/J cooTBeTCXByromHMH PK, ycxanoBjreHHbiMH nepe^ HHM. TaKHM 06-
P33OM, 3KOHOMaH3ep Bfl H FFIK BbinOJlHCHbl HCKHnflUlKMH. TojTbKO npH 50 %-HOH
Harpy3Ke H HHHCC BOSMOJKHO neSojibmoe KHneHHe BO^U, MXO ^onycKaerca.

Rnx KY npHHflxa xenJiOBaa cxeMa c pasAejibHbiM nnxaHHCM KonxypOB BbicoKoro
HHSKoro .aaBJieHHfl H ecTecTBeHHoft UHpKyjiflUHeM paSotero xe/ia B HcnapHTejiax.
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Ta6jirma 8.6. TexHHiecKHe napoBbix M KOMSmiHpoBaHiiux KY aJi« FTV MOuiHocTbio 6 — 25 MBt (npH T9M = 15 °C)
_

TCJIbHOCTb, X/K

IlapaMexpw napa:

Tewnepaxypa, °C

JldBJlCHHC, Mi 13

Ha^Hiwe FBTO

TenjionpoH3BOAn-

pOHCTBO

Macca KOTJia, T

FaSapHXHHe pasMe-
pt.i, M:

IIIHpHHa

Bbicoia

Tun KY (3aBoa-H3roTOBHTenb) npw MOIUHOCTH fTY

6 MBT

TKY-5
(TK3)

10,0

319

0,9

Hex

—

Hex

—

11,0

6,2

10,5

KFTY-IO
(E33M)

10,0

320

2,1

Hex

—

Hex

—

4,3

4,2

19,0

KYH
2500

(CKBM)

11,5

275

1,35

Hex

—

Hex

36,6

3,6

4,7

5,5

10 MBT

KFT-13
(E33M)

13,0

187

1,2

Hex

—

Hex

60,0

—

—

KFT-17
(B33M)

17,0

325

1,6

Hex

—

Hex

53,0

3,0

3,0

8,0

KFT-25/14
(E33M)

22,0

322

1,8

Hex

—

Hex

137,0

7,8

4,2

21,1

16 MBT

Kynaioo
(CKBM)

26,2

310

1,55

Hex

—

Her

41,25

4,6

5,3

5,6

n-86
(F1M3)

72,0

255

2,5

ECTb

7,9

Ecxt

300

13,2

6,2

24,8

n-86-1
(TIM3)

60

450

4,0

Ecxb

9,2

ECTb

—

13,2

6,3

24,8

TKY-1
(TK3)

60

440

4,0

—

—

EcTb

—

t

—

20 MBT

KYn2500M
HHO «Mam-

npOCKTW

40,0

275 "

1,4

Hex

— ._

Hex

48,2*

4,6

5,3

5,6

FI-92

40,0

275

1,4

Hex

__

Hex

—

13,2

6,3

20,0

25 MBT

KFT-40/14
(E33M)

40

275

1,4

Hex

—

Hex

—

:

—

KIT-50/14
(B33M)

57,0

375

1,6

Hex

—

Hex

290

7,8

6,9

25,0

C yieTOM Maccbi cenapaTopa
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opeSpeHHbix Tpy6 c iiiaxMaTHbiM pacnojioaceHHCM, o6i,e,anHeHHbix KOJuieKxopa-
MH AHaMexpoM 168 MM, TOJIIUHHOH 15 MM. CeKUHfl o6pa3OB3Ha 66 xpy6aMH, KO-
TOpue pa^HOJibHO Bse^eHbi B KOJijieKTopw c Hcnojib3OBaHHeM riiSa na yroji 15°
paflnycoM 130 MM. UJHpHHa THHOBOH CCKUHH 2340 MM (no OCJIM Tpy6), a Bbicoxa
H 800 MM (HO OCHM KOJlJICKTOpOB).

Fasoxozi KOTJia (no mnpHne, no KpaaM H B cepe£HHe CCKUHH)
COO"OH cHCTCMy napajiJiejibHbix KanajioB, B KOTopbix Hcnojib3yjOTca
3KpaHbi H3 cTajibHoro jiHCxa TOJIIUHHOH 2 MM, MTO yjiyimaeT BH6pauHOHHbie xa-
paKxepucTHKH HOBepxHOCTCH Harpesa.

Harpesa KY xnna 11-88 HMCIOT cjie^yiouiHe napaMCTpbi:

njiomaat noeepxHoc™ FJIOJIKOH ipyGbi 0,1 M2/M
njiomaab nosepXHOCTH pe6ep 0,7716 M2/M
miomaat nojmoH noBepxHOCTH ope6peHHOft xpySu (yBenn^eHHe njio-

ma£H noBepxHOCTH no cpaBHCHHio c njiomajiwo noBepxHOCTH 1 M nia^KOH TpySti
cocTaejiaer 8,52 pasa) 0,852 M2/M
YaeJibnafl nnomaflt BHyrpeHHCH noBepxHOCTH xpySbi 0,0754 M2/M
Macca 1 M rnaflKofi xpySbi 2,762 KF
Macca 1 M ope6peHHOH ̂ y6u (yeeirHHeHHe Maccw no cpaeneHHio c Maccoft rjiaj-
KOfi Tpy6bi cocraBjiHCT npH6j!H3HTe;ibHo 2,0 paaa) 5,647 Kr
Macca 1 M2 ope5peHHoft noeepXHOCTH Harpeaa '... 6,63 KT

naponeperpeBarejib iyj KY zuia nrV-325 (CM. pnc. 8.20) COCTOHT no UIHPHHC
rasoxo^a H3 nerbipex SJIOKOB, B Ka^Litt H3 KOTopbix BXOAST Tpn THnoswe CCKUHH,
coe^HHeHHbie Meatzty co6on mecTtio nepe6pocHLiMH rpy6aMH AnaMexpoM 57 MM H
TOJ11UHHOM 4 MM TiO npOTHBOTOMHOH CX6MC C HH^CHHM OTBOflOM napa.

HcnapHTCJib BR HMCCT 10 pflflOB THnoBbix ceKUHH no xo#y rasos no Hexbipe
CCKUHH B pflfl. OHH oSte^HHeHbi B nexbipe ox^ejibHbix UHpKy^auHOHHbix KOHTypa

noBbimeHHH HaiieiKHocTH uHpnyjiauHH paSonero xena. noBepxHocxb narpesa
BbinojiHaexca H3 12 nocxasiiaeMbix sasoziOM SJIOKOB. napOBo^flHafl

H3 BepXHHx Hacxeft xHnosbix CCKIXHH Hepe3 npOMeacyroHHbie KOJineKxopbi
B SapaSaH, a HH^KHflfl nacxb CCKUHH nnxaexca KOXJIOBOH so^ofi H3 6apa-

6ana nepe3 BepxHKajibHtie KOJineKTOpbi jinaMexpOM 325 MM H TOJHUHHOH 25 MM.
3KOHOMaii3ep 8,3, oSpasosaH naxbro pajjaMH THnoBbix CCKUHM no xozty rasos,

xpySaMH ^HaMexpOM 57 MM. Ho mnpHHe rasoxojia nexbipe CBKUHH
xaKace coe^HneHbi xpySaMM.

naponeperpeBarejib H^ COCXOHX TOJILKO 113 o^HOro pa^a no xo^y rasos, co-
cxoHmero HS ^erbipex xunoBtix CCKUHH.

HcnapHrejib HR oGpasosan ^eBJixbio p3^aMH xnnoBbix ceKUHH. ITpHMi-HeHa
xa xe cxeMa, HTO H B HcnapHxejie BJ\.

ra30Bbifi nojjorpeeaTejib iconacHcara — nocjie^Haa nosepXHOCTb Harpesa
Koxjia — COCXOHT us C6MH pa^oB xHnoBbix ceKUHH no xojry TasoB, o6i>eAHHeH-

pswa nocxasjifleMbix 3aBO,aoM GJIOKOB.
o6pa3OM, nosepxHocxL Harpesa BJl COCTOHT H3 18 pazioB CCKUHH no

4 xnnoBbie CCKUHH B p«4, HTO B cyMMe paBnaerca 72 ceKUH»M, a noBepxnocxn
iiarpesa H/I, COCTOHT H3 17 pajioe CCKUHH no 4 CCKUHH B pa^, T.e. H3 68 THnoBbix
CCKUHH. KoxeJi-yxHjiHsaTop HMCCT 140 xnnoBbix
298

BapaSaHH Bfl, H H71 KOTjia BbinojineHbi ^HaMexpoM 1600 MM npii HJIUHS UH-
H3CXH 10,5 M H XDJllUHHC CT6HKH COOTB6TCTBeHHO 90 M 20 MM. Ce-
B SapaSane H.3, opraHH30Bana c ncnojibsoBaHHCM acajirosHHHo-

6oKOBbix CTCHOK H HaKJioHHOro cflBoeHHoro noTOJioHHoro cenapaxo-
pa, a B 6apa6ane BJJ, Hcnojib30BaHbi 45 BHyTpH6apa6aHHbix UHKJIOHOB ^HaMCTpOM
315 MM H TaKOH we noTOJiOHHbiH cenapaxop. Hacxb KOXJIOBOH BOAM (B pasMepe
1 %) nanpaBJiaexca na HenpepHBHyro npo^yBKy H3 cojiesbtx OXCCKOB SapaSanoe.

B renjioBOH cxeMe KY HcnoJibsoBana peuHpKy;umHJi MacTH Harpexoro B FIIK
KOH^encaxa ^Jia no^ep^aHHS ero xeMnepaTypsi Ha BXO^C B KOTCJI He
60 °C. STHM HCKJiionaeTCH (npn paSoTe Ha npnpojjHOM rase) KOH^eHcauHa
Hbix napes, co^epHcaiUHxca B npoayKTax cropaHHH, na Tpy6ax FilK. C
HHCM xeMnepaxypbi nocxynaromero B KOTCJI KOH^encaxa nTY yBejiHHHBaeTca AO-
jifl peitHpKyjiauHH. Ona saBHcnx xaKace OT xapaKxepHCTHK FTY, csasaHHbix c TCM-
nepaxypofi napyacHoro sosayxa. npH ee H3MeneHHH ox +45 #0 -40 °C D =

= 19—162 T/H (100 %-Haa narpysKa FTY) H Dpeti "^$96—612 T/H (40 %-Haa na-

FTY). ^JIH yMenbiueHHS pasSpoca B oSteMe peuHpnyjiauHH BOAW B cxeMy
oziflHOH xenjiooSMCHHHK oxnycKa xenjioxbi noTpe6HxeiTHM.
D CHHJKaex TCMnepaxypy yxo^amHX rasoB KY HS-sa pocxa

HarpysKH FFIK, no3TOMy noTpeSyexca ysejiH^eHHe ero noBepxHOCTH
narpesa.

fljta peajiH3auHH B KY 6e3,ztea3paxopHOH cxeMbi noxpeSoeajiHCb 6bi ncnojib30-
6jiOHHOH oSeccojiHsaiomeH ycTaHOBKH (BOY) npn 100%-noM pacxo^e

H ero nojiorpeB 3,0 60 °C.
Tenjiosafl nsojiauHa nopnyca KOTJia npn TCMnepaxype Hapy^Hoit CT6HKH He

6oJiee 55 °C c^enaHa H3 cynepxoHKoro BOJiOKna H3 ropnux nopofl MapKH BCTB
XOJ11UMHOH OKOJIO 200 MM.

8.2.2. TenjioBoii pacner H oco6eHHOGTH pa6orbi KV B CXCMC nry

PacMCT KY OTJinnaexcfl OT anajiorHMHOro xenjioeoro pacnexa 3neprexHHecKoro
napoBoro Koxjia, HXO o6"bflCH3eTCfl cneun^HKOH xenJioBOM cxeMbi HFY TenjioBon
pacnex KY Mo^ex 6i>ixb KoncmpyKmopcKUM HJIH noeepowbiM. KoHcxpyKxopcKHH
TemiOBOH pacner ocymecxBJiaexcsi fljia 6asoBoro (pacHexnoro) peiKHMa pa6oxw
nrY Rn% KoaaeHcauHOHHbix FiFY c KY — 3x0 oSbinno pe>KHM npn cpeAHero^o-
BHX napaMexpax HapyacHoro sos^yxa (^Jifl MOCKBBI: TaB = 4 °C). AJIH naporaso-
Bbix Tenji03JieKTpoueHxpajieH — HanSoJiee o6mero cjiynaa xenjioBOH CXCMW
nry c KY — 6a30BbiM, KaK npaBHJio, flBJiaexca peacHM, cooTBeTCTByromHH cpe,n-
Heti xeMnepaxype B03flyxa sa oxonnxejibKbiH nepHo,a. B pesyjibxaxe KoncxpyK-
TopcKoro pacnexa KY onpe^ejiaroT npeac^e Bcero njiomajib nosepxHocxH TCHJIO-
o6M6Ha, KOJiHnecxBo H napaMcrpbi reHepnpyeMoro napa.

B ycjioBnax 3KcnjiyaTau,HH peacHMbi pa6oxbi FfFY Macro MenaioTC/r H3-sa neno-
cxoflHcxBa TCMnepaxypbi H ,aaBJieHH3 Hapy*Horo B03^yxa, a xaioKe BOSMO^HOFO H3-
MeHCHHa narpysKH. Hs-sa axoro H3MeHflK)TCfl napaMexpbi ra30B na sxojie B KY
(xeMnepaxypa, pacxo^, nsSbiTOK BO3^yxa H ap.). Koxeji-yxHjiHsaxop B oxjinnne ox
naporenepaTOpa napociiJioBofi ycxanoBKH oGbiHHo paSoxaex B nepacnexHOM peacH-
Me, no3XOMy 6oJibinofi HHxepec npencxaBjiflex ero nOBepoHHbin pacner. flpn 3TOM
H3secTHbi napaMexpbi rasos Ha Bxo.ne B KOTCJI, reoMexpHa H miomaJlH nosepxHocxH
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Ta6jiniia 8.8. B.iimmie a3pojnmaMH-iecKoro coiipoTHBJiemiH KV na napaiuerpbi IIFV

HapaMexp

3jieKXpHHeCK3H MOIUHOCXb FTY, KBT
TeMnepaxypa Bbixo^Hbix rasoB FTY, °C
Pacxofl napa BR, Kr/c
Pacxoa napa UK, KF/C
3jieKxpHHecKaH MOIUHOCTL IITY, KBr
TeMneparypayxoAfliUHx rasoa KV, °C
3jieKTpHHecKafl MOmHOCXb FIFY Spyxro, KBT
KUH BbipaGoTKH 3JieKxpo3HeprHH 6pyiTO Firy, %

A3poflHHaMHHCCKoe conpoTHBJieHHe KV, ria

2450

147910
550,7
61,72
15,50

165 530
92,9

461 400
51,33

3420

146 990
552,2
61,61
15,53

165 600
92,5

459 600
51,145

4430

146 060
553,9
61,50
15,56

165680
93,1

457 800
50,93

HarpeBa ox/tejibHbix sjieMeHXOB. B pesyjibTaxe pacnexos nojiynaiox napaMexpbi pa-
6oHnx TCJI Koxjia Ha Bxo^e H Bbixo^e KajKAofi nosepxHocxH HarpeBa.

Eme OJIHOM ocoSeHHOcxbio FIFY c KY asjiaerca Heo6xo^HMocxb napaiuiejibHO
c xemiOBbiM BbinojiHaxb rHflpaBJinnecKHH H aspoflHHaMHnecKHH pacHCTbi KY.
FlepBbiH H3 HHX nosBOJiaex naxojiHTb ^asjieHHa napa H BO^M B 3JieivieHTax KOTJia,
a BxopoH — onpejiejiHTb a3pOflHHaMHHecKoe conpoTHBJieHHe 3JieM6HxoB H scero
rasoBoro xpaKTa KY, Koxopoe OKasbisaex BjiwaHHe na napaMexpu ra3OB 3a FT H
oco6eHHO na sJieKxpHnecKyio narpysny FTY Ha npHMepe KY nFY-450 c FTY
Tnna V94.2 (Siemens) B xaQji. 8.8 noKasanbi HSMeneHHe sxoro conpoxHBJieHHa H
ero BJiHSHHe na xapaKxepncxHKH ycxaHOBKH (pacnexbi BTH).

npHBe^eKHbie Bbiuie ^annbie CBH^exejibcxByfox o HeoSxoaHwocTH pacnexa
MCXO^OM HXCpaUHH 3JTCMeHXOB FlFY (pHC. 8.25).

KOHCTpyKTOpCKHH paCHCT KOT^ia-yTHJIH3aTOpa. LJeJIb KOHCXpyKXOpCKOrO
pacHexa KY - - onpe.ae.nHXi> njiouiaflH noBepxHOCxen Harpesa, reoMeTpHK) or-

3JieM6HxoB npn sajiaHHbix ycjiOBHflx, naponpoH3Bo^nxejibHocxb H napa-
renepHpyeMoro napa.

HpH BbinojineHHH KOHCxpyKxopcKoro pacnexa KY ncnojibsyrox cjiQjj.yiom.ne
XCXHH4CCKHe ^HHbie, H3B6CTHbie H3 paCHCTa TCnJlOBOH CXCMbl FTY:

BHfl H cocxas -cMfHraeMoro B FTY xonjiHBa;
napaMexpbi Bbixo^Hbix rasos FTY (pacxo^ G K T , KF/C; xeMnepaTypa 7T

KT , °C;
H36bixoK Bos^yxa O C K T ; cocxas Bbixo^Hbix rasos);

KOHCxpyKXHBHbie napaMexpbi cxaH^apxHOH THHOBOH CCKUHH noBepxnocxeK
HarpeBa KY, napaMerpu opeSpeHHLix Tpy6.

OcHoenbie nono^tcenuR, mpeGoeanm it donymeuun KoncmpyKmopcKozo pac-
nema KV. HacTOflmne peKOMen^auMH ^anw npHMeHHxeiibHo K cxeMe KY c aey-
MS KOHTypaMH renepauHH napa (CM. PHC. 8.8). Cjie^yeT saMCTHTb, HTO 6o;ib-
IIIHHCXBO nojio>KeHHH HMccx o6miiH xapaKxep H cnpaBeajiHBo xaK^e npH pacne-
TC flpyrnx xnnoa KY

I. fljia jifoSofi H3 noBepxHocxen Harpesa KY (naponeperpesaxejia, Hcnapnxe-
Jia H x.n.) MO>KHO sanncaxb ypaBnenne KOJiHHecxBa xenjioxu, nepejiasaeMOH Bbi-
xo^HbiMH rasaMH FTY naposojWHOMy pa6oieMy xejiy:
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/
Baofl HCxoflHbix flaimux

/

Pacier peaoiMa pa6oTU

KoppeKTHpOBKa HCXOflHlJX
AaHHtix fljia pacieTa

n

Paciei KY

KoppeKTHpOBKa HCXOflHUX
aaHHHX wis pacieia KY

PHC. 8.25. yiipomcifiiaH cxeivia paciera renjiOBOii cxeivibi IIFV c KY

3flecb G K T , D t — pacxo^bi rasos sa FTY H napOBO^aHoro paSonero Tejia,

A/i r ;, A/in B / — pa3HocTH 3HTajibnHH cooTBeTCTBeHHo ra30B H naposojWHoro pa6o-

nero xejia, K^^/KF; kf — cpe^HMH Kos^^HUHenx Tenjionepe^aMH B /'-H nosepxHOcxH

Harpesa, KBx/(M2-K); Ft — njiomaAi> /-ft noaepXHocxH narpesa, M2; AT^J —

cpe^HHR jiorapH(J>MHHecKHH TeMnepaxypHbiH Hanop B i-vi noBepxnocTH narpesa,
°C; (f) — KO3(|)4)HUHeHT coxpaHeHHfl TenjroTbi B KY ((p = 0,994—0,996).

Hoe ypaBHCHHe (8.6) CBasano c ypaBHenneM TenjiOBoro 6ajianca no
H napoBOflflHOMy Tpatcry, a xaKace c ypaBHeHHCM TenjiooSMeHa. fljia Ka-

rpynnbi noBepxHOCTefi narpesa peiiiaK>TC3 ypaBHCHHfl TenjiOBoro 6a;iaHca
H Tennonepe^aHH, KOTopbie oSpasyiOT cHcxeMy HejiHHeHHbix ypaBHeHHH. Hx pe-
meHHe ocymecTBJiaeTCfl B onpeAejieHHon nocneAOBaxeJibHocxH ^na oTflejibHwx
noBepXHocxeK narpesa KY OflHOBpeMCHHo npoBO^aTca rHflpaBJiHHecKHH H aspo-
JJHHaMHHCCKHH paCM6TbI SJICMCHTOB KY

II. KOHCTpyKXOpCKHH paCHCT KY BbinOJIHHIOT npH O^HOBpCMeHHOM KOHTpO^C
npasHiibHocTH BbiSopa napaivieTpOB H KOJiH^ecTBa renepHpyeMoro napa BbicoKo-
r^> H HHSKoro AasJieHHfl c HcnojiLsoBaHHeM Q, T-flHarpaMMbi xenJiooSMena B KY
(CM. pHC. 8.10). B npouecce pac^eTa:

AJifl noBbimetiHfl sneprexMHecKHx noKasaTCJieM HFY H Soiiee HOJIHOH yxnjTH-
33UHH xenjioxbi yxo^fliUHx raaoe npHHHMarox MHHHMa/ibHbie xeMnepaxypHbie na-
nopw Ha xo^oziHbix KOHuax noBepxHocxefi HarpeBa HcnapHxeiiett B^ H \\J\\ 0, H

©2 B npe.ne.nax 8—10 °C. 3xo cooxsexcxByex nposeflennbiM XCXHHKO-SKOHOMH-
MCCKHM pacnexaM u peKOMCH^auHHM Be^yiUHx POCCHHCKHX H 3apy6e:>KHbix 4>npM
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H HHCXHxyxoB. Pacxotf napa B Konxypax B# H H/J paccHiixbiBatox no SXHM
BaeMbiM nanopaM;

KOHxpoJiHpyiOT TCMnepaxypHbifi nanop Ha ropa^eM KOHUC naponeperpeBaxejia
BA ®nE - ^O—30 °C; yMCHbiiieHHe SHanenHa 0nE yBCJiHMHBaex MexajuioeM-
Kocxb naponeperpeBaxejia, ero cxoHMocxb, aspojjHHaMHHecKoe conpoxHsjieHHe
KY BMecxe c XCM yMenbiueHHe 0nE nossojiaex nosbicnxb xeMnepaxypy neperpe-

xoro napa. /JaBjieHHe napa H ero xeivinepaxypa asjiaroxca «conpaaceHHbiMH» na-
najibHbiMH napaMexpaMH*, H HX Bw6op .HOJDKCH o6ecnenHXb zionycxHMyio BJia*-
HOCTb napa B nocjie^Hnx cxynenax naposon xypSHHbi;

npoeepatox xeMnepaxypy yxo^amnx rasos sa KY. C ee noHHHceHHCM yjxyqma-
wxca 3HeprexHMecKHe noKasaxeJin nry, HO SHannxejibHO yBCJiHHHBaexca cyM-
Mapnaa nosepxHOCXb Harpesa. OSbmno ^odHBaioxca xoro, nxo6bi BLinojinajiHCb
cjre^yiomHe ycjioBna: -Qyx = 80—100 °C npH cacnraHHH npnpojiHoro rasa; ^ =

= 120—125 °C npH c>KHraHHH afHAKoro rasoxypSnHHoro xonjiHBa;

^jia npe^oxBpameHHa KOppo3HH Bbixo^Hbix noaepXHocxeH Harpesa KY npn-

iniMaiox xeMnepaxypy Kon^encaxa na Bxo,ae B KOXCJI T™ > 55—60 °C, xan K3K

cymecxsyex onacnocxb KHCJIOPOAHOH KOpposHH F11K npn HcnoJibsosaHHH

peKOMCH^yeTca npoeo^HXb B HC-
K CXCM6,

III.TenJioBOH KOHCxpyKxopCKHH pacner
CKOJIbKO 3X3nOB (yK33aHHfl MIOTC
HapHC. 8.8).

3 ran i. PeiiiaroT ypafineHHa xennoBoro 6ajianca ^Jia nosepXHOcxeH Hsrpesa
B/I. npH axoM, yHHTbmajj THnw npHMCHHCMbix TTV H cooxBexcxByiouiHe HM na-
paMexpbi yxo^amnx rasos, B nepsoM npH6^HH<eHHH peKOMeH^yexca

RJT
napa B 6apa6ane Bfl p6 = 6 — 10 MFIa;

sa

xeMnepaxypy

nacocaMM

33 3KOHOM3H3epoM 73
B

K
blx =

conpoxuBJienne naponeperpesaxejifl B^I (npHHHMaexcfl JiH6o

A/7n^r - 0,2—0,3 MHa;

neperpexoro napa B

B pesyjitxaxe peuienHfl ypsBneHHH xenjiosoro 63JiaHca neperpeaaxeji^ B/(,
HcnapHxe^a B/^ H 3KOHoM3H3epa Eft, onpe^ejiarox napaMexpbi napa, ero pacxoji,
a Tanace xewnepaxypbi H 3Hxaji&nHH rasos sa ox^ejibHbiMH noBepxnocxflMti Harpe-
sa; nposepsfox snaneHHa He^orpesoB 0( H @nE. 3HTajibnHK> rasoe
no xa6jiHU3M xenjiO(J)H3HMecKHX CBOHCXB sos^yxa H ra3OB.

* «ConpsaceiiHbie» HanaJibHtie napainerpbi — napHtie anaieHHs
auo H TO *e 3naieHne KOHCHHOH napa B ryp6HHe.

MnepaTypu
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npHBe^eHbi ypaBHCHHSi xenjiosbix 6a;i3HCOB ^Jia nosepxHocxeS H3rpeea
. pHC. 8.8 H 8.10):

LIE - h'B) = QUE BR (8.7)

H m- GK > T(A, - A2)<p = D(h^ - ) = 2H Bfl ; (8-8)

3K B^: GK>T(A2 - A3)q> = D™(h™ - hUH BR) = Q3K Bfl . ' (8.9)

H aanee /z, — 3HX3jii,nHa rasos /-H noBepxHocxbro HsrpeB3 Ky.

napa, renepHpyeMoro B KOHxype B^ KY, onpeflenatox H3 COOXHOIUC-
(6es ynexa npo^ysKH H3 6apa6ana B^):

r fi, h \«

, DW , Bb,A
"TIE "3K

npOBe^eHHH noBepOHHbix xenjiOBbix pacnexoB KY xeMnepaxypa neperpe-
xoro napa sa naponeperpesaxejieM B ,̂ Sy^ex HSMenaibca BCJieacxBHC HSMCHCHHa
napaMexpOB Bbixo^Hbix rasoB FTY. ECJIH 3xa xeMnepaxypa Bbiuie pacnexHoK, xo
B paSoxy BKjnonaexca BnpbicKHBaiomHH napooxjia^Hxejib, pa6oxaK>mHK Ha fle-
a3pHpoBaHHoR nnxaxejibHOH Bo^e, HJIH npoHSBoanxca SaHnacnpOBaHHe nacxH
napa MHMO naponeperpeBaxejia B/I. FIpH SXOM o6teM BnpbiCKa HJIH SaMnaca noji-

3xan 2. PaccnnxLiBarox no snanorHH c sxanoM 1 ypaBHCHHfl xenjiosoro 6a-
jianca fljia HcnapHTCJia H naponeperpesaxejia Hfl,. B nepBOM npHSjiHaceHHH npn-

nap3 B 63p363He
I T T T
$= 0,5—0,7 Mlla;

pnil = ( 1,1^1,1 5 )p6 ;Bojjbi sa nnxaxejibHbiMH nacocaMM

conpoxHEJienne naponeperpeBaxejia FT/J (npHHHMaexca

paccMHXbisaexca) A^fJ§r -0,04—0,05 MOa;

.Ha _Hfl . Hflr
neperpexoro napa

B pesyjibxaxe peiueHHa ypaBHCHHH Tenjiosoro Ga^anca naponeperpesaxejia
H^ H Hcnapuxejifl H/^ onpe^enaiox napaMexpti napa H ero pacxoa AJiJi Konxypa
H/J,, 3 xaKxe xeMnepaxypbi H snxajibnHH rasoB sa nosepxHOCxaMH Harpesa H^.
KoHxpojinpyiox Heaorpes 3a HcnapnxejieM HHSKOFO ^asjieHHa 02. ECJIH HC y,aa-

exca peuiHXb ypsBHCHHa xenjiosoro Ssjianca c ynexoM BbiuienepeHHCjieHHbix xpe-
60B3HHH, XO B03Bp3maK)XCa K peiUCHHR) ypaBHCHHH XenJlOBLIX GaJiaHCOB H3 3X3-
ne 1, HSMenaa pacxo^ napa B Konxype BJS, H ero napaMexpbi.

HHXC npHBe^eHbi ypaBHCHHa xenjiOBbix 6ajiancoB AJia noBepxnocxeit narpesa
. PHC. 8.8 H 8.10):

DE (8.11)

HHfl: C?OTC*4::**)«''.•^^Tw-
3xan 3. Ha 3TOM 3tane pemarox ypaBHenna rennoBoro H MaTepHajibnoro 6a-

jiancoB Aea3paxopa nHxarejibHOH eoflw H TDK KY. flea3paTop nHTaerca o6biHHO
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napOM H3 KOJiJieKTOpa HJJ, KOTJia, HTO nosBOJiaex OUCHHTB .naejieHite B fleaspaxope

Pz = (Q,9~ 0,95)pJg,Mna.

ripn pacnexe fleaspaTopa npHHHMaiOT xeMnepaxypy BOAH 3a ITHC KY T^fJjJ , °C,

HTo6bi oSecneHHXb ero ycTofiHHByio paSoxy.
YpaBH6Hne xenjiOBoro SajiaHca FFIK KY (CM. pHc. 8.8 H 8.10) 3anHCbiBaK>T

B

KOJIHHCCTBO Boau, HanpaBjiflCMoe na peuHpKyjiflUHio D AJIH no,zmep>KaHHa

MaxepHajibHoro Sajianca ,aea3paTOpa:

rae — pacxoji napa B

renjiOBoro Sajianca aea3paxopa:
.-.n . Hfl , r-Bfl r-.HIl, , ,

xeMnepaxypbi TenjioHOCHxejia Ha BXOJIC B KY T™ ~ 60 °C, onpejiejijnox H3 pac-

nexa cMecHTCJia B0,abi Ha BXOfle B mK. Pacxo^ KonaeHcaxa nocjie KOHflencaxopa
napOBOH xyp6nHbi onpeACJiaiOT no ((jopMyjie

fl.^ + fl?". (8.14)

(8.15)

,0 , -.(8.16)

B saKJiroMCHHe onpejjejiaioT pacxofl rpeiomero napa B ,aea3paTop H TeMnepa-
Typy yxoflamnx ra3OB KY H cTpoar B MaciiiTa6e Q, T-^HarpaMMy (CM. PHC. 8.10).

3xan 4. ,H,aHHbiH 3ian KoncTpyKTOpcKoro pacnera KY BbinojiHHioT TOJibKO
nociie roro, Kan cBeflenbi ypaBHCHHa TenjioBbix 6ajraHcoB Bcex noBepxHOcreH Ha-
rpeea H BbinojiHeHbi npHBe,ueHHbie Bbime peKOMCH^auHH. J\JIH Ka>K,aoH H3 no-

narpesa peuiatOT ypaBHCHHe TenjiooSMCHa

J . (8.17)

n/ioma^H noBCpxHocTeft narpesa KY Fi MS ypaBHCHHa renjione-

3THX noBepxHocTCH. npe^BapHTejibHO neoSxo^HMO Bbi6paTb THn
opeSpeHHbix rpyS H napaMerpu ope6peHHfl. Cpe^HHii K03(J)4)HUHeHT Tennonepe-
AaHH paCCMHTblBaiOT B COOTBCTCTBHH C peKOMCHflaUHflMH HOpMaTHBHOFO MCTO^a
TenjioBoro pacnexa naposbix KOTJIOB. ^o onpe^ejieHHH K03())4)Hu;HeHTa Tenjione-
pe^aHH Haxo^sT cKOpocxb pa6oMHx TCJI, npoxo^amHx nepes noBepxnocTH narpe-
aa KY PeKOMen^yioTCfl sHaHenHH cKOpocxn B npeztejiax wr = 10 — 12 M/C, cKopo-

CTH napa H soflbi B xpySax wn = 10—15 M/C; WB = 1,2—1,8 M/C cooTBeTCTBCHHO.
3ran 5. Onpedenemie noeepxnocmu naspeea Komjia-ymwiusamopa. Ko TCJI-

y T H J l H 3 3 T O p r O p H S O H T a J I b H O H K O M O O H O B K H .
^JIH KY ropH30HTajibHofl KOMnonoeKM HeoSxo^HMO onpe/ieJTHTb ra6apHTHbie

pa3Mepw H KOHCTpyKTHBHyro cxeMy CCKUHR, HS KOTOpbix KOMnjieKTyioTca no-
sepxHocTH narpesa. CxeMa MO^CT 6bm, BbinojineHa c HHMCHHM H sepxHHM KOJI-
JlCKTOpaMH J1H60 TOJibKO C HH>KHHM KOJlJlCKTOpOM. ^JlHHa Tpy6 B CCKUHflX H MX
•IHCJIO MOryT MCHflTbCfl B SaBHCHMOCTH OT TCXHOJlOrHH OpOHSBO^CTBa KY BbJCOT3
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ceKUHH, HX MHCJIO B OAHOM psfly H KOH(|)HrypauHfl xpy6Horo nyMKa
ceMCHHe AJia npoxojja ra3OB, a cJieaoBaxejibHO, H CKOpocxb ra30B. HHCJIO xpy6
B OflHOH C6KUHH HpHHHMaiOX HO yCJIOBHSM KOMIIOHOBKH, 66 PaSapHXHblX p33M6-
pOB H MaCCbl.

nosepxHOcxH rnaAKofi xpy6bi

rfH/Tp. (8.18)

SOKOBOH nosepXHOcxH peSpa

BHyTpeHHeH Topuesoa nosepxHocTH peSpa

^H^peS"

Hapy?KHOH TOpueBOii nosepxHOCTH peSpa

noBepxHocxH xenjioo6M6Ha opeSpeHHoii
i ff 4- f — F ~\J /Avr ne6 r Han.neS r BH.oeS/ * TD' °oe6'

(8.19)

(8.20)

(8.21)

Tp " rji.Tp ' v'peS "' ''Hap.peS ^'BH.peS^'Tp'^peG' {a.22)

dH M /Tp — napya<HbiH AHaMexp xpy6bi H ee p,jmna, M; h 6 H 5 6 — Bbicoxa H
pe6pa, M; b 5 — paccxoaHHe Meac^y OCHMH pe6ep, M; FnE Bfl, FH Bfl —

nJioma/iH noBepxHocxeii Harpesa naponeperpesaxena B^ H HcnapHxena BJ\, M2.
noeepxHocxH TennooSMena OAHOH CCKUHH

(8-23)

rfle n — MHCJIO rpy6

KOJIHHCCTBO
rases

CCKU.HH.

ceKUHH B H3 noBepXHocTefi Harpesa KY no xo^y

BR E WKcK ^CCK): 2H Bfl = ^H Bfl^ceK^ceK) H T-a"
r^e mceK — HHCJIO CCKUHH OAHOFO pa^a no xo^y rasa (mceK = 3 — 6).

KoTeji-yTHjiH3axop B e p T H K a n b H O H K O M n o H O B K H .
CTH Harpesa OAHOFO pa^a Tpy6 6j]OHHoro naKeTa (CM. PHC. 8.22)

F =F npaa l Tp "rp '

r^e F

noBepxHO-

(8-25)

Tp
erca no

i
n^.

njioma^b noBepxnocxH xenjiooSMena ope6peHHOH xpy6w
tpMyjie, npHBeaeHHOH Bbiiue jura KY ropii30HTajibHOH KOMHOHOBKH);

HHCJIO opeSpeHHbix xpy6 o^noro paaa.

KojiHHecxBO pflflOB xpy6 B OAHOM 6jioHHOM nanexe KY
X&!I = FJF (8.26)

rae F, — njioiuajib nosepxHocxH Harpesa oxflejibHux 3JieM6HXOB xenjioBOH cxe-
MH KY (HE B^, H Bfl H x.^.). KOUHMCCXBO pa^OB Tpy6 B OMHOM GJIOHHOM naKexe
x < 20. Cjie^oBaxeJibHo, MO»:HO onpe^ejiHXb HHCJTO SJIOKOB OAHOFO xana B no-
BepxHOCXH narpesa KY.

3xan 6. BbinojiHarox aspoAHHaMHiecKHH packer KY B cooxsexcxEHH c HOp-
MexoAOM a3poAHnaMHMecKoro pacnexa xoxejibHbix ycxanoBOK.
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M TciuioTbi yxo^HiUHX ra3OB i i y B leiuiuBbix uxeivmx

rTV-T3IJ, cabana c neKOTOpbiM noBbimeHiieM conpOTHBjieHHH Bbixo,aHoro xpaicra

H POCTOM AaBJieHHfl ra3OB 3a FT, HTO HPHBO^HT K HeSojibiuoMy cniDKeHHK) 3jieicrpH-

HCCKOH Harpy3Ktf, a COOXBexCXBeHHO H Kn/J, H K He3HaHHXeJIbHOMy yBeJlHMeHHK)

TCMnepaxypbi ra30B 3a FTY 3xo BJiHHHHe MOJKHO oueHHXb c noMombK) 3asHCHMO-

CXCH, nojiyneHKbix aexoparvin no xapaicxepHcxHKaM psma coBpeMeHHux FIFY:

MO1UHOCXH

J^stfVjVr f as 1.0-
FT

(8.27)

rae N
r.aer

MOIUHOCTb TY HpH paSOTC B aBTOHOMHOM

3JieKTp03HeprHH

= 1,0-0,555;^
r.aaT

BblX (8.28)

HpOH3BO,ZlCTBa 3JieKTp03HeprHH FTY B aBTOHOMHOM pCJKHMe;

K034>4>HHHeHT

0,2725;?

TCMneparypbi na

FT

V ,

noTepfl

xyp6HHbi

BUX '

Ha

(8.29)

rasosSpskx^^VW'Pa™ —

FT
xypOHHw; A/?Bhlx —AonojiHHxejibHoe aspo^HHaMHMecKoe conpoxHBJienHe Ha

xofle FTY H3-3a ycxaaoBKH KY HJIH rasoBo^Horo xenjioo6MCHHHKa.

FT
, HTO snaHCHHe 5/?B o6biHHO MCHHCTCs B npc^ejiax 0,01- -0,03,

-ryp-B pe:>KHMe yxHJiH3auHH xennoTbi ra3OB MOH<HO

6HHBI MCHbllie Ha 0,5 1,5 % no CpaBHCHHIO C MOmHOCTbK> B aBTOHOMHOM

MC, npn 3TOM npoHcxo^HT yBejiHHeHHe TCMneparypbi rasoe na Btixo^e ra3OBOH

TypSuHbi Ha 0,3—1 %.

B TCXHOJIOrHMeCKOH CXCMC KV npCAyCMOTpCHa yTHJIH3aUH3 TCnJIOTbl

rasoB FTY BMCCTC c TCM H3-33 HSMeneHHfl xapaKTepHCTHK 3THX ra30B u HX

HHH na napaMerpLi renepHpyeMoro napa MoaceT OKasatbca uejiecooSpasnbiM

MeneHHe AoafHraHHa TonnHBa B cpe^e yxo^amHX rasos na Bxo^e B KY

B034yxa B yxoflfliinix rasax FTY a > 2,5. ^JIH ^.oxHraHHfl TonjiHBa nc

npocTeffiiiHe ropejio^Hbie ycrpoHCTBa, ycraHaBJiHBaeMbie B flH^tjjysope nepeji KOT-

JTOM (CM. pHC. 8.21). PaccTOflHHe OT ropejiOK ,no nepsoro naneTa nosepxHOcrefi

rpeBa (naponeperpeaaTejia) AOJI^CHO 6biTb He Menee 5 M AJia cTa6HjiH3auHH

parypHbix H CKOpocTHbix xapaKTepHCTHK noTOKa rasoB. B 3TOM ciiynae oTKa3bi0a-

WTca OT opeSpeHHfl Tpy6 naponeperpesaTeJiH B ,̂. HacTO OKasbisaeTCfl jocraTOH

no.norpeTb rasbi nepe^ KY nyreiw ^o^nraHHfl TonjiHBa AO TeMnepaxypbi 590

HToSbi o6ecneHHTb TpeGyeMbie napaMCTpbi reHepHpycMoro napa

Ope^ejibHaa TCMnepaTypa rasos nocjie ^oacnraHHa, no

HCTOMHHKOB, MoaceT ^ocTHraTb 750 °C 6e3 oxjia*AeHHfl

noJiHseMbix H3 acaponpOHHOH CTajiH c cooTBeTCTByromHM ope6peHHCM (pe°P

CHapy^H CTCHOK B cjioe napyscHOH HSOJIJIUHH).

ii pacney KV. noBepOMHbitt TenjioBOH pacner KY T3K >KC, Ka

KOHCTpyKTOpCKHH, BbinOJIHflK)T, peiliafl ypaBHCHHS TCHJIOBblX H lb
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OajiancoB H ypaBHeHHH TenjiooSMeHa MCJ^ay Bwxo^HbiMH rasaMH TTY H .„

HbIM paSoMHM TCJTOM B KOTJie. O^HOBpeMCHHO AejI3K)T rHApaBJlKMCCKHii H „„.

naMHHecKHH pacqeTbi KY B HTore npw HssecTHbix reoMerpHHecKHx pasMepaTno-

BepXHOCTefi narpesa onpe^ejiaioT KojinnecTBO H napaMerpu renepupyeMoro napa

napaMerpbi rasoa B KY B Ta6ji. 8.9 aaHbi KOHCTpyKTHBHbie napaMerpbi fljia TCHJIO-

eoro pacnera ropHSOHTanbHoro KY (CM. PHC. 8.8, 8.10, 8.19), BbinojineHHoro am

TeMnepaTypbi Hapy>KHoro sos^yxa +4 °C c HcnojibsosaHHeM nporpaMMHbix

cpe^CTB HHJI «rTY H nry T3C» M3H. B Ta&i. 8.10 npHBe^eHbi pesyjibraTbi no-

eepoMHoro Tenjiosoro pacneTa 3Toro KY xjvt Tpex SHanenHfi STOH TeMnepaTypbi.

noBepoHHbiH TenjioBofl pacneT nosBOjiHCT nosepHTb rpaHMuu HSMeneHHa na-

paMCTpOB H pacxo^a renepHpyeMoro napa B KY npn 3KcrpeMajibHbix sHaneHnax

TCMnepaTypu napyacnoro B03jiyxa, HSMCHeHHH BH^a cjKHraeMoro Ton^HBa H na-

rpysKH TTY H HX BjiHanne aa naposyio Typ6HHy. Hpn anajinae yMHTbiBaeTca BHA

renjiOBOH CXCMBI YITV (MOHO HJIH nojiHg^oHHaa), a TaKjKe B03Mo>KHocTb pa6oTbi

naposoH Typ6HHbi ycranoBKH na O^HOM H3 HMerouinxca KY

TCnjIOBOH 3KOHOMHHHOCTH KY. DpHBC^eM TCnjIOBOH SaJiaHC KY:

(8.30)

Q™ — TenjioTa Bbixo^Hbix ra30B TTY; Q — renjioxa floaeiiraeMoro B KY

eyx yx ,-,K.T

Ky-aKy^r — Tenjiora yxo^smnx moB KY;

°— norepH Tenjio™ B oKpyjKaromyK) cpe^y; Q°Ky — TenjioTa, nocTynaromaa OT

KY c napOM na napoTypSHHHyio ycxaHOBKy

yx

(8.31)

06mee HHCJIO craHaapTHtix CCKUHH

no xo^y rasoB Z

EKjnoneHHtix Tpy6

nj|omazib noflepxHOCTH Harpesa, M2

aHaMerp Tpyfiti, MM

mar, MM

mar, MM

npoxo^a M

ceneHHa ^jia npoxo^a napoBo-

HEB^

12

3

264

7770

32

72

85

54,46

0,119

HBfl

40

10

2640

25900

32

72

85

54,46

1,194

3KBA

20

5

264

12950

32

72

85

54,46

0,119

HE HA

4

1

264

2590

32

72

85

54,46

0,119

HHA

36

9

2376

23310

32

72

85

54,46

1,075

niK

"28

7

264

18 130

32

72

85

54,46

0,119

UjarPe6ep g
OMn°HOBKe noBepXHocTefi Harpesa Hcno^b30B3Hti napaMerpbi cTanaaprHofl CCKUHH OAO nM3:
MM' Bt>ICOTa Pe5Pa 13 MM; rojiiuHHa peSpa 1 MM; Jumna opeSpeHHOH Tpy6bi B CCKUHH 11,5 M; IIIH-

2,34 M; Bbicora OJIHOK CCKUHH 11,8 M; nnouiajib noBepxHOCTH Harpeaa CCKUHH 646,72 H2.
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cx
0

KY
OTHQCHxejibHbiff pacxo# xenjioTH c napoitf Ha napOTyp^HHHyfo ycra-

H03Ky; p^ — ^ojifl xenJioTU ^o>KHraeMoro B KY TonjiHsa; Qc
r — Ten^oxa,

irf^ T~"-t-\T nor f-titOT , .-.c
c TonjiHBOM B KC FIY; ar = Qr /QT — OTHOCHTejibHbie noxepH re-

vx HOT
B T y; aKy , aKy - cooTeercTBeHHO .HOJIH norepb TCHJIOTU c

rasaMH KY H B oKpyacaromyio cpe/iy KOTJia; T) — Kn^ npOH3BO,qcTBa 3J76K-

Tpo3HepFHH FTY npw ee paSoie B cocTase flFY.

OTHocHTejibHbie norepH KY c yxo^amHMH rasaMH MOXHO npe^cTaBHTb cjie-

o6pa30M:

yx
CCKy-

Q

QK r

K.T y r .
Gr

h^
k~v

K.T ^K,T , K.T
&, /?,

(8.32)

pacxo^os rasos MOJKCT 6wTb oueHeno ran;

K T

.K.T

r
G

K.T
G

JJSK
^^ "̂"-

K-T

B B
"flx

= 1 + , (833)

o

K.T
— MaccoBtm pacxoa rasos cooTBeTCTBCHHo 3a KY H FT, KP/C;

K — MaccoBtiH pacxo^ eosAyxa B KOMnpeccop FTY, KF/C; 5 — MaccoBbiw pac-

VV K "T

B KY ron^Hea, KF/C; hKy , Ar' — 3HTajitnHfl rasoe COOTBCTCT-

BCHHO sa KV H FT, K^x/Kr; A, — H36biTOK B03^yxa B npoziyKTax cropaHHfl FTV

(A, = 2,5 — 3,5); LQ — TeopeTunecKH Heo5xo4HMoe KOJTHHCCTBO sosAyxa fljia C>KH-

1 KF TonJiHsa (^JIH npHpojiHoro rasa I0 = 17 — 18 KF/KF),

Torjja ^aiKe npn 3HaMHTeJibHoH creneHH jjoxHraHHfl 3^ = 0,5 OTHomeHne

r
T - 1,008—1,012, (S.34)

T-e. pacxofl rases 33 KY npH 3TOM yBejiHHHBaeTca na 0,8 — 1,2 %.

OrHomeHHe 3HTajitnHfl rasos sa KY H no Hero MOHCHO onpe^eJiMTb no 4>opMyjie

KY

K.T . K.T
T

K.T
(8.35)

' c

Ho

ra30B npw HOCTOHHHOM
pr

H 3a TT,

coBpeMeHH&rx FTY reMneparypa yxo^amHX rasoB cocxaB^aeT

™ °C5 a y BbicOKoreMnepaxypHbix TTV xeMneparypa ra3OB 3a

°C (HanpHMep, y TTY rnna GT26 4>HpMbi ABB). TeMnepaxypa ra3OB

Bcero OT TexHojiorHnecKOH cxeMbr? HO B jiK>6oM

renjiorbi ra30B FTY Fa3M Ha

r

&
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H3 KY HMerox xeMnepaxypy B AHanasone 80—120 °C. TaKHM oGpasoM, oxnome-

HH6 SHXaJlbOHH

A&/C=0'12— °'28' (8'36>

B pesyjibxaxe oxnocHxejibHbie noxepH xenjioTbi c yxo^amnMH rasaMH MOXHO

oneHHXb raK:

ag,- 0,12-0,29, (8.37)

npH 3TOM Menbuine 3HaHCHHfl cooxBexcxByiox MeHbiiieH xcMnepaxype ra30B 33 KY

OxHOcnxe-iibHbie noxepH KY B OKpyxcaioiuyK) cpeay, no POCCHHCKHM H sapy-

6e>KHbiM

nor
aKy

Q

nox

KY
0,005—0,01. (8.38)

nojie3Horo KY onpejiejiaexca no Sajiancy renjioBbix

nOTOKOB H3

noT

(8.39)

,T K.T

C yBejiHHeHHCM cTencHu £G)KHraHHfl KFIfl KY 6y#ex noBumaxbca npii yc^o-

BHH, HTO TeMnepaxypa yxo^flmMX rasoe KY ocraHeicfl HeioMeHHoii. Ha pHc. 8,26

no JiHTepaxypHbiM flanntiM nocrpoeHLi rpa^HHecKHe 33BHCHMOCTH KFI^ KY ox

xeMnepaxypbi rasos na BXOAC H BLIXOAC.

OcoSeHHOCTH 3KcnayaxauHH KOTJioB-yTHJiHiaxopoB. PeacHMbi 3Kcnnyaxa-

U,HH KY xapaKxepn3yioxcfl ocxaHoeaMH B HOHHOC epeMfl H uHKjiHHHOCTbio pa6o-

, HeKOxopbie HS KY ocxanaBjiHBaiox H nycKarox scero necKOJibKO pas B rosy,

100

90 1-

80

70

60

50

JtnanaaoH 3HaviennH Kim KV

B COCTaBe COBpeMCHHMX

500

400

i i

40

8.26. 3aeucHMOCTb

60 80 100 120 140 160

OT TefrinepaTypbi i aiou na exo^e B KOTCJI H Bbixo^e H3

310

a ^pyrne — 0.0 200 pas. ripn HOHHOM ocxaHose oTKjiioHeHHe KY ocymecxsjiaexca

3aKpbiTHCM iiiH6epa na Bbixo^e ra3OB. npH nenjiOTHo saKpbixoM mn6epe H npocKO-

Ke rasoB ceKuna BA KOTjia nonnomaex HX xenjioxy. npn STOM nacTb BOJIU ncnapa-

paSonero rejia Bospacxaex, a yposenb Bojjbi B GapaSane

. OepeA nocjre^yiomHM nycKOM HFY yposenb eojibi B 6apa6aHe

o6biiHoro nycKOBoro snaHeHHfl. rio^nnxoHHaa so^a npH oxcyrcxBHH napa

ee ^easpauHH B ̂ easpaxope oKasbieaexca o6oraweHHOH KHCJiopo^oM. M xoxa B no-

CJie^yiomeM KHCJiopoa yflan3K)x H3 Konxypa, Bce-xaKH npOHcxo^HT ycKOpennaa

KOpp03HJi KoxejibHbix xpy6. 3xy npoSjieMy MOXHO peniHXb, opraHHsya ^easpauHK)

BOflbi H B pe>KHMax ocxanosa, a xaK>Ke noBbimaa njioxnocxb saKpbiTna iiiH6epa KY

naponeperpesaxejib B/I — nepsaa nosepxHocTb narpesa no xojiy rasos, pa6o-

xaiomaa npH HaiiSojibmen TCMnepaxype 3THX ra30B — caMbifi yfl3BHMbiH 3JieMCHT

KY. Bbicxpoe HSMenenne xennepaxypbi npHBO^nx K naKonjieHMK) xepMHHecKOii yc-

TaJiocTH. /Infl yjiynuieHMfl ycjioBHft 3KcnjiyaTauHH npHMeHaioxca KOJineKxopbi na-

poneperpeBaTejifl H3 nerHpOBanHOH cxajin, 310 no3BOJiaex CHH3HTb TOJimHHy HX

CT6HOK. ApyroK cnoco6 — ysejiH^eHHe MHCJia HHXOK naponposo^OB H CHH^CHHC

KOJiJieKTOpOB. Hcnojib3y(OT cncxetviy £peHa>KeH ^ocTaroHHoro jjMaMexpa

Sbicxporo y^ajieHHfl KOHflencaxa, o6pa3yiouj;erocfl nocjie KpaxKOBpeMennbix oc-

xaHOBOB FTY, a xaKace njioxHyro 3acjioHKy ra30B aa Bbixo^e Koxjia, nxo6bi ne jjo-

nycxHXb ero «xojioAHbiH» nycK. 3xox oSpasyKtmnncfl Konaencax napa HMCCX noHH-

aceHHyio xeMnepaxypy HacbimeHHfl BcaejicxBHe CHHateHHfl xeMnepaxypbi raaos.

Hxo6bi H36e)Kaxb nocjie^yiomero xenjiosoro nepena^a H B03HHKHOBenHfl xepMHHe-

CKHX HanpjDKenHtf, peKOMCHiiyexcH noBbimaxb BpeMH nycKa, cnHJKaa xeMnepaxypy

napa. HesaeHCHMo ox sxoro cue^yex opraHH30BbiBaxb HHxencHBHbiH ^peHaac KOH-

H3 xpy6 n KOJiJieKxopoB naponeperpeBaxeiis.

onacHbiM pexHMOM zuifl naponeperpesaxejia KY asjiaexcji cnn^eHHe

AaBjieHna napa nepejj napoBow xyp6nHon BO speMa nycKa H conpa-

npoAonacHxeJTbHocxH nycKa. HpH SXOM CHHs<aexca xeMnepaxypa Hacbiuie-

cpeflbi. Oocjie Bbixo^a FTY na HOMHHajibHyio narpy3Ky H nofibiuienHfl XCM-

nepaxypu Bbixo^Hbix raaoB sosHHKaex nosbiuieHHaa pasnnna AT = TKT - Twac,

T.e. B03MoacHbi noBbimeHHbie xeMnepaxypHbie HanpaxenHa.

Bo BpeMa HOHHbix ocxanoBos KY xeMnepaxypa pa6oiero xejia ns-3a HCKOXO-

poro npncoca rasos nepes KOXCJI noBbimaexca na 70 — 90 °C no cpaBHCHHio

c H°pMa^bHbiMH paGoHHMH 3HaM6HHaMH. FIo^aHa Bojibi H3 aea3paiopa B BO^SHOH

nocjie nycKa nponcxo^Hx npH 33MexnoM noHH>KeH0H ee xeMnepa-

riocxyn^eHHe XOJIO^HOK nnraxejibnoH BO^H B ropa^He xpy6bi

K HepaenoMepHOMy H3MeneHHK) HX ̂ HaMexpa n

xpemnHoo6pa30BaHHK). FIpoSjieMy MOXHO peiunxb nyxeM HSMCHC-

3Kcn.nyaxan.HH — oprannsauHen npo^yBKH XOJTO^HOH nHxaxejitHOH

bl Me»my ^easpaxopoM H 3KOHOMan3epoM nepea Kaac^biM nycKOM.

PH JiraSoM nycKe KY HaG^ro^aexcfl «BcnynHBaHHe» oGbCMa BO^bi B 6apa6a-

ConPOBo>K,naeMoe nojiHbiM 3anojiHeHHCM BoaoMepnoro cTewia. B OXJIMMHC

-eprexHHecKnx napoBbix KOXJTOB, aBxoMaxH4CCKH oxKjrtoiaeMbix npn

^ BbIC°Koro ypOBHa BO4bi B SapaSane, KY, KQK npaBHJio, ne oxKjiro

MY Hx 6apa6aHbi .aojiJKHW HMexb 66jibiiiHH oGteM. BMecxe c xeM BBICOKHH
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PHC. 8.27. VcTaHGBKfl BO^flHoro mryucpa

B onyciCHOM Tpyfioiiponojie

nycK
H

3KCI1
H, —, — onpejtejieHna ypoBHS ne-

nycKOM H BO epeMfl

ypOBCHb BOflbi B 6apa6anax B CBSISH c ynocoM BJia>KHoro napa cnocoScTByex 06-

SHaHHxeJibHoro KOJinnecxBa OTjio>KeHHH B TpySonpoBOflax H

cxernbi. PemeHiieM npogjieMbi MOJKCX 6bixb opraHHsauns

, HTO cnoco6cTByeT jiyHiiieMy ynpaBjieHHio ypoBHCM Beau B 6apa6a-

nax. HaiiSojiee onxuManbHa ycxanoBKa BO^HHOTO uixyuepa B onycKHOM rpy6o-

npoBO^e HHJKC 6apa6ana ^jia usiwepeHHa ypOBHfl BOAM npn nycne. Tanoe ycTpoH-

CTBO no3BOJTfleT onepaxopaM sanojinaxb 6apa6an ^o yposna, oSecneHHBaromero

ero peryjinpoBaHiie npH «BcnyHHBaHHH» H B TO ace BpCMfl aocTaxoMHoro mix na-

samHTbi o6orpeBaeMbix Tpy6 OT neperpesa (pnc. 8.27).

KY pacciHTbiBaroT ^Jis KJiHMarimecKHx paKoHOB c TeMnepaxy-

poK Bos^yxa He Hnace-60 ° C H ceHCMHHHOCXbK) #0 8 Sanjios no uiKajie PHxxepa.

OCHOBHLIM H pe3epBHbiM xonjiHBOM npeHMymecxBCHHO cjiyacnx npHpo^Htm ra3,

a aBapHHHbiM — ^HsejitHoe TOHJIMBO. Pa6oTa na HCM paspeiiiaeTCfl o6uHHO ne

6onee 10 cyT B rojiy, a HenpepbiBHOH 3KcnjiyaxauHH — He 6oJiee 2 cyx.

Flepe^ nycKOM FTV ocymecTBjiflroT BGHTHJiaunio rasoBoro TpaKxa KY B xene-

I|

HHe HC MeHee 10 MHH c pacxo/iOM Bos^yxa 0,25 Gr

Pa6oxa FTY nepes OTKJiKtHeHHbiH KY He ^onyCKaexca. HeoSxo^HMO npe^y-

CMaxpHBaxb

HOM

8.2.3. XapaxrepMCTHKH KV H oco6eHHOCTH HX pa6oru B cxewe nry

H cpaBHCHHH pa5oxbi sneprexHHecKHx napoBbix KOXJIOB TenjioBbix

fi H KY B nrY MOHCHO BbiflBHTb pa^ pasjiHHHH, OKasbiBawmnx cymecxBen-

Hoe BJiHjmne na HX pa6oxy. Q, 7-^HarpaMMbi xen;ioo6MeHa jjsyx cpaBHHBaeMbix

6apa6aHHbix KOXJIOB c ecxecxBCHHott UHpKyjiauHeH na .aoKpnTHHecKHe napaMex-

pbi napa npHBe^enbi na PHC. 8.3 H 8.28. HaiajiLHaa xeMnepaxypa rasoB B snepre-

THH6CKHX HapOBblX KOXJI3X SHaiHTCJIbHO BblUIC H ^OCXHraCX B saBHCHMOCTH OX

OKwraeMoro xonjiHBa 1700—2100 °C. B KY BXO^Hafl xeiwnepaxypa rasos snaMH-

xejibHo HH*e H oSbmHo He npeBbimaex 600 °C, HXO sacxaBjiaex KOMnoHOBaxb ero

nosepxHocxH no-^pyroMy, ycxaHasjiHBaa na sxozie rasos naponeperpesaTejib.

OTHOIUeHHC BOflflHblX 3KBHBaJieHXOB Hapa/BOAbl H BblXOflHblX raSOB CXaHOBHXCSI

Mentiiie e^HHHUbi, xonaa K3K a 3HeprexHnecKHX naposbix KOTJiax OHO snaHHxejib-

HO SojiLuie ejiHHHUbi. B Hxore MHHHMajibHbiH xeMnepaxypHbitt Hanop nepeMema-

exca c xojio^Horo KOHua 3KOHOMafl3epa B 3HeprexHHecKOM napOBOM Korjie Ha xo-

Koneu HcnapHxejiefl KY. Run 3HeprexH4eCKOro napoBoro Koxjia OXHO-

Dn/Gr = 1S0 — 1,1, a RJ\% KY OHO 3HaMHxejibHo HH>Ke H ne npeBbimaex

0,25. 3HaHHxe;ibHo 6ojibinee KOJiHHecxso rasoe na eflHHHuy Maccbi reHepupye-

Moro napa aacxaBjiaex KoncxpyKxopoB cxpeMHTbca K wtaKCHMajibno rjiySoKOMy
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PHC. 8.28. Tenjioaafl c\eMa u Q, 7"-^iiai pacviMa 6apa6aHuoro nbuieyrojibHoro KOTjia

i — napooSpasyromHe nosepXHOCTH; 2 — iiiHpMOBofi naponeperpesaTejib; 3, 4 — ropanafl H xo-

JiOAHaa ceKquH KOHBeicrHBHoro naponeperpeBarejî ; 5, 7 — BTOpaa H nepBafl cryneHH BO/WHOPO

3KOHOMafl3epa; 6, 8 — BTOpaa H nepBaa cxyneHU TpySnaxoro BO3AyxonoHnorpeBarejifl

oxjiaacjieHHio ^biMOBbix rasofi. C ynexoM napaMerpos raaos noBepxHocxn narpe-

Ba KY BbinOJIHfllOX KOHBCKXHBHblMH. MsrOXOBJieHHC HX H3 FJia^KHX Xpy6 npHBeJIO

OH K OHCHb GojibuiHM pasMepaM noBepxHOCTH, 3H3HHxejibHoK Macce Koxjia., pa6o-

Taiomero no^ AaBJieHHeM, CHHacenHio na^ejKHocxH H3-3a 6ojibiuoH ^JIHHSI xpy6 H

cooxsexcxByiomeMy iHCJiy csapHbix CXHKOB. Bo HsSeacaHHe sxoro npHMenfliox,

K3K yace Sbijio oxMeneHO, ope6peHHe noBepxHocxefl Harpesa. Bojiee noJiHoK yxn-

xennoTbi Bbixo^Hbix rasos FTY cnocoScxfiyioT MHHHManbHLie xeMnepa-

Hanopbi na xojio^Hbix Konuax wcnapHxejiefi 0, = 6—10 °C.
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PHC. 8.29. B3aHMOCBfl3b

Horo TCMnepaTvpiioio Hanopa 0t

B KV, vaejfbtibix KaniiTajibHbix BJIO-

TaKHM o6pa30M, njioma^b noBepXHocxn

KY, 3HaneHHs xeMnepaxypHbix nanopoB

H xeMnepaxypa yxo/wmwx ra3OB Koxjia B3aiiMO-

CBfl3aHbI H nOAJlS^^T TeXHHKO-3KOHOMHHeCKOH

onxnMH3auHH. Ha ptic, 8.29 noKasana B33HM-

Haa CBfl3b oxnycKaeMOH 3JieKxpo3HeprHH B XH-

noBOH nry c KY, y^ejrbHbix KantixanbHbix 3a-

xpax na Koxeji H MHHHManbHoro xeMnepaxyp-

HOFO Hanopa. KanHxajibHbie saxpaxbi Bospacra-

K>X BMecxe c yBejinneHHeM Bbipa6oxaHHoS

3jieKxpo3HeprHH npn cHH^ceHHH xeMnepaxyp-

Horo nanopa.

B uejiflx HHxeHCH^HKauHH xenjionepejianH

B KY npHMeH3K)x opeSpeHHe, xyp6yjiH3HpyK)-

H saKpy^fHBaFOiiiHe HOXOK BcxaBKH, HCKyc-

KOTCJI Atf H Bbipa6oTKH cxBCHHyK) iiiepoxoBaxocxb noBepxHOCTH. HH-

nrv 3nry xeHCH()HKauHfl xenjiooSMena npocruM

neHHeM cKOpocxii noxoKa 3HeprexHnecKH

eKXHBHa, nocKOJibKy rn^paBjTHHecKHe noiepH B03pacxaiox Gbicxpee, HCM yBe-

xenjiooTflana. HeoSxc^HMbi onxMMH3auH3 SXHX xapaKxepHcxHK, npa-

BbiSop Mexo^a HHxeHCH(J)HKauHH H reoMexpHHccKHX napaMexpoB HH-

HpytomHX 3JieMeHXOB. Mexo^bi HHxeHCH^HKauHM conocxaBJiflH>xcs no

xexHOJiornHHQCXH H CXOHMOCXH. Kpoivie 3xoro, Bbi6op onxHManbHoro Mexo^a HH-

^HKauHH xenjiooSMCHa ocymecxBJiflexcs c ynexoM AJiHxejibHocTH 3Kcnjiya-

, CnOCOSOB H B03MO^<HOCXH OHHCXKH H Jlp., X.C. C nO3HUHtt Hafle^CHOCXH TC-

noBepxHocxen. Y^o6HO H Harjia^HO cpaBHCHHe pa3JiHHHbix MCXO-

KauHH nyxeM conocxaB^eHHa y^ejibHoro xenjiocteMa npn paBHbix

MomHOCTflx Ha xpaHcnopxnpoBKy pa6onero xejia. TOHHOC conocxasjie-

npH pasjiHHHbix 3HaneHHflx HHCCJI PettHOJTbztca H npaH^xjia.

Heo6xoAHMO HMexb B BH/ty, HXO xeMnepaxypHbiii nanop Me^^y ra3aMH H pa-

SOMHM xenoM KV B 30He napoo6pa3OBaHHfl H naponeperpeBaxene Ha nop^moK

)Kes HCM B 3HeprexHHecKOM napOBOM KOXJIC (CM. piic. 83 H 8.28).

flaBJieHHfl paSonero xejia B KY na 5 % Bbi3biBaex cooxBexcTeyromee

xeMnepaxypbi Hacbimenna, 3xo yMCHbiuaex renepauHK) napa B nacxH B^ npH-

Mepno Ha 2 % H B nacxii H^ Sojiee neM na 3 %. fljifl 3HeprexHnecKoro napOBoro

Kox^a 3x0 snaneHHe Haxoflnxca B npe^ejiax XOHHOCTH pacnexa. B KY Hejib3fl npo-

H3BOJIbHO H3MCHflXb nOflBO^ TCnJIOTW C BblXO^HblMH Ta3aMH FTY, H H03XOMy X6M-

nepaxypHbiii Hanop H xeMnepaxypa paSonero xena ^oji^Hbi Sbixt paccnuxaHbi

no B03MOHCHOCTH XOMHO,

OpHMeHCHHe ^Jia noBepXHOCxeti HarpeBa KY xpy6 c napyncHbiM ope6peHHeM

no3BOJiflex no^ynnxb oxHomeHHe njiommw napy^Hofi noBepXHOCXH xpy6u K nno-

ee BHyxpeHHeK noBepxnocxH Ha nopsmoK 6ojibiiie, HCM 3x0 OTHomeKHe AJW

xpy6ti (pnc. 8.30). BjiHflHHe BHyxpeHHefi Tenjioox^anH Ha K03(|)4>MUHeHX

k opeSpeHHoM noBepxnocxH KY snannxejibHO Gojibiue, HCM B napo-

Bbix Koxjiax c rjia^KHMH xpy6aMH. GneflOBarejibHO, Heo6xo^nMO xonnee onpe^e-

KO3(J>4)HUHeHX xenjioox^aHH ox CXCHKH K pa6oneMy xejiy o^ He xoJibKO

noBepxHOCXH Harpesa B UCJIOM, HO H fljifl oxACJibHbix ee nacxeK.
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* 8.30. XapaKTCpiiCTiiKii TciuioofiMeiia nosepxHocTeii HarpeBa HI uiajKwx (a) H ope6pen-

(6) rpy6

K pa6oneMya OT ra30B K

, Br/(M * rpa^); k — KO^^H^CHT xenjionepeAaHH, Bi/(M2 •

H BHyipeirHeH nosepxHQCTett HarpeBa; xpySbi AHaMexpOM 38 MM,

pe6pa 15x1,25 MM (200 peSep na 1 M)

H OT

H

3,2 MM,

Pacnex xenjiOBoro noxoKa npn xenjiooSMene oSbiHHO ocymecxBJiaexcfl c HC-

nojib30BaHHeM KO3(t>(J)HUHeHxa Tenjionepe^aMH H cpe^HejiorapH^MHHecKoH pa3HO-

CXH xeMnepaxyp, ^ji3 6o;iee XOHHOFO onpe^ejieHH^ xenuoBoro noxoKa B KY neoS-

xoflHMo aonojiHHxeJibHO yMHXbiBaxb jioKajibHyio pasnocxb xeMnepaxyp B KOHKpex-

HOH noBepxnocxH narpesa, ^Jia axoro KasmyK) H3 nosepxHocxeH ^ejiax Ha MHOFO-

HHCjienHbie ynacxKH KaK c ra30BoH, xaK H c napOBO^flHOH cxopoHbi. Ha pnc. 8.31, a

noKa3aHbi y^acxKH oxjia^c^eHHfl ^biMOBbix ra30B B naponeperpeBaxejie KY (I— IF)

H napoBbie ynacxKH (7 — 76), a na puc. 8.31, 6 — H3MeneHHe xeMnepaxypnoro Ha-

nopa. TeiuiOBOfl HOXOK paccHHxan /uifl Bcex jiOKajibHbix ynacxKOB. Iljioniaab no-

BepxHocxH HarpeBa, onpeaejieHHaa nocjje cyMMUposaHHfl ^aHHbix, na 10 % M6Hb-

me, HCM niioma^b nosepXHOCXM, paccHHxaHHaa oSbi^HbiM cnoco6oM.

HHxepec ^ajibHefimee noBblmeHHe XOHHOCXH pacnexa npn Ka^caoM

HOM mare, CCJIH ox.nejibHbie CCKUHH no ra30Bofi cxopone pa3aejiHXb eme H napaji-

HanpaejieHHK) noxona ra30B (pnc. 8.32). KaK BH^HO H3 pncynKa,

pa3jiejieHHe noxoxa no BepxHKajiH (At B, C, D) npHBOOTX K

yxoHHeHHK) pacneTHbix ^aHHbix H B03MO>KHOCXH 6ojiee nojiHo ynecxb 3HaneHne

TeMnepaxypbi rasos.

HoxepH ^asjieHHM c napOBOflEHOH cxopoHbi nosepxHocxH Harpesa KY H3-3a

conpoxHBJieHHa cne^yex paccMHTHBaxb MO^eJinposaHHeM xen-

noxoKa Ha oxaejibHbix ynacTKax axoK noBepxnocxH. 3xo noseojiaex, Ha-

npHMep, B 3one napoo6pa3OBaHHa nojiynnxb xoHHyio xeMneparypy

xeMnepaxypnoro Hanopa Ha Kanc^oM jiOKanbHOM ynacxKe

pacner noxepn aasjieHHfl c naposo^HOH cxoponw H

ox CXGHKM K paSoneMy xeiry a2 ocoSeHHO Baleen npn
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PHC. 8.31. HsMCHeHiie napaMerpOB paGo-iero TCJIB B naponeperpeaareJie KY (a),

Jiennoro B npouecce paciera Tenjioeoro noroKa na oracjibHfaie yiacTKH (5) no raiy (/ — IV}

H no napy (I — 16)

A • BXOA napa; E — BUXQR napa; B — Bxofl mos; 7" — stixoa raios; ff — cpeflHejiorapn<J)Mn-

HecKHfi TCMneparypHtiH nanop yiaciKOB /— IV naponeperpeBaiejis; E reMneparypa napa Ha

yiacTKax 1--16 naponeperpesarejifl; )K — H3MeH6HHe xeMnepaTypti rasos npH HX npoxoaytenHH

B naponeperpefiarejie; 3 — cpeAHHe 3naiieHHfl reMnepaxypbi rasos ()K) Ha ynacTKax I— IV naponepe-

rpeBarejur; H - cpe^Hee 3naieHne TCMnepaxypbi napa (£^ Ha yqaencax I— IV naponeperpesaTejiH

A B

J*HC. 8.32. H ( M < M i e n n e TeMneparypbi rasoa no

naponeperpeeaTejia 11 HcnapHTejia BUCOKOFO

IIEBfl

noeepxHocreH

(o6o3HaieHHs na puc. 8.31)

HarpysoK KY, Koma HeoSxoflHMO HafiTH peajTbHyro naposyro

H TCMneparypy napa. Ha PHC. 8.33 noKasana B33HMOCBfl3b norepn ^aejieHMfl

(napa) B KOHType H/t Ky njioma^tK) noBepxnocTH Harpeea H KOJiHqecTea

pHpyeMoro napa. ECJTH opn onpejiejieHHOH nnomaAH noBepxHocTH narpefla (PaC

HCTHtlH peaCHM) ^aBJICHHC OTJTHMaeTCa OT paCHCTHOrO, TO H3MeHflfOTCfl

316

paooiero

HZf
Ap «a

njioma^H noBepxiiocTH

-20

0

PHC. 8,33. BjtHflHHe noiepH

narpcea AF, % (<z), H pacxotfa napa A/>JJ£, % (&), B naponeperpenarejie muKoro jiaBJieHUfl KV

/ - pacneTHbift petftHM; 2 — naBJieHne B 6apa6ane HJ\ Bbiine na 50 Kfla; 5 — ^aBjiemre B 6apa6ane
HH»ce na 50 KHa

nosepXHOCTH (pHc. 8.33, a) H pacxo/i renepHpyeMoro napa H/I (pnc. 8.33, 6}. He-

TOKHbllt paCHCT nOTCpH /laBJICHHfl C napOBO^SHOfl CTOpOHbl KOTJia HJIH CO CTOpO-

Hbl napOBOtf TypSHHbl H COOTBCTCTByiOmHX TpyGonpOBOflOB MO>KeT OpHBCCTH K

3HaHHTCJIbHbIM OTKJIOHCHHHM nJIOIUa^H HOBCpXHOCTH HarpCBa OT CC HCTHHHOTO

sHaHeHHa. ECJIH npw onpeACJieHHOH njiomajin noeepXHOCTH Harpesa (^aKTH4e-

cKoe cooTHoiueHHe ^aBJieHHH paSonero Tejia oTjiHqaerca OT pacnerHoro, TO H

MaccoBtiH pacxoji Sy^er KHMM (pnc. 8.33, 6).

npflMOTOHHbie KV HM6IOT npOCTyiO KOHCTpyKllHK), C(J)OpMHpOBaHHyK) B BH-

fle naKera Tpy6, B OJ;HH KOHCU KOTOporo nocTynaeT BO^a, a H3 ^pyroro BBIXO/IHT

neperpeibiH nap. KpaTHOCTb unpKyjiauHH paSonero Tejia paBHa e^HHHue, 4>a30-

nepexo^t ocymecTBJiaercji B TenJiooSMCHHHKe, H Heodxo^HMocTb B 6apa6aHe

aaeT. PeryjiHpOBaHHe ypOBHfl Bo/tbi B 6apa6ane, ero npojiyBKa, 6ojibiiioe

3BHJK6K H .flpyrHX 3^eMCHTOB B npflMOTOHHOM KY H6 HyJKHbl. IlpaMOTOH-

KY HeoSxo^HMbl npH CBepXKpHTHHCCKOM ^aBJICHHH napa, HO HX MO)KHO

SHflTb H npH JIOKpHTHieCKOM ^aBJICHHH. Ha pMC. 8.34 flJTa CpaBHCHHS npH-

cxeMbi H Q, T-^HarpaMMbi TenjiooSMena 6apa6aHHoro H npji-

KY OHCBH^HO, HTO npflMOTOMHaa cxeiwa KY oSecneqHBaeT

yTHjiH3auHH TenjioTbi Bbixo/iHbix rasoB.

^TOMHblH KY M05KCT pa6oT3Tb DpH 60JI66 6bICTpblX HSMCHCHHaX HarpyS-

w - -^Y 6apa6aHHoro Tuna c ecTecTBeHHofi HJIH npwHy^HTejibHOH mipxyji*-

• B nocjie^HHx JiHMHTHpyiowefi xapaicrepHCTHKoa ssjiaeTca MaKCHiwajibHbiH

p _ ePaTypHbifi rpa^HCHT, BwsuBaeMbiH TeMnepaTypHbiMH HanpaaceHMflMH B 6a-

80n He ECJIH cenapaTOp npaMOTOHHoro KY MOJKHO BbinojiHHTb flnaMCTpoM

~~~'000 MM, TO o6biHHbitt 6apa6an B^ Ky cocrafijiaeT 2600 MM. COOTBCTCT-

H aonvr;TMM».ff» pa3HoCTH TeMnepaTyp.
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PMC. 8.34, TenJioBbic CXCMW H g, /"-aiisrpaMMbi TeiuiooGMeua 6apa6aHHoro KV 40KptiTH'ie-

CKOro jiaBJKHHH napa (a) H npHMoroiHOro KV csepxKpHTiiHCCKoro aaBJieHHH napa (6)

Uff — nHTarejibHtifl Hacoc; U,H — UHpKy.JiflqHOHHi.iH Hacoc; 3K — 3KOHOMafisep; H - Hcnapii-

TCJII.; HE — naponeperpesaTejib; E — SapaGan; C — cenapaTop; TIT — napoBaa Typ6nna; / -—

Teiuneparypa ra30B; 2 • • TCMnepaxypa napoBoAsHoro paSoiero Tejia; B3, $3 • cooTBercTBeHHO

BCTpoeHHaa H jipoccejitnaa 3a,HBH>KKH (KJianantr)

OneHb BaacHO KaHecxso BO^SI B npamoxoHHOM KY B 6apa6aHHbix KY

HHC Bojjbi OT napa nponcxo^HX B SapaSane npn cooxBercxByiomeH npoj:yBKe

KOXJIOBOH BOflH. B npaMOxoHHOM KY TaKoH npo^ysKH Hex (KpoMe nycKOBbix pe-

HMOB), najiHMHe co^eff (CCJIH HX He y^ajiaxb H3 nnxarejibHOH BO^H) npHBOjiHX

o6pa30BaHHio Hauexa na noaepxnocxH narpeBa.

BMCCTC c XCM HSMeneHHe xapaKxepncxHK rasos H nepexoji K nacTHHHoii na-

py3Ke ycranoBKH npHBo^ax K xoiviy, MXO xen^oxa, BHOCHMaa c rasaMii FTY B KY,

5ojTbuie, HCM xpeSyexca. C^eaoBaxeJibHo, npHxo^HXca npHHHMaxb cneuMaJibHbie

ttJia ^HKcaiiHH KOHua HcnapHxeJibHOH SOHW. B npoTHBHOM cjiynae npowc-

yBeJiHieHHe pa3MepoB wcnapHxejibHOH H neperpeBaxejibHOH 30H,

pa6onero xe^a.

narpysKH TTY H xemioBoro noxeHUHaiia ee BHXO^HLIX ra30B

PHBOJIHX K 3HaHHxeJibHOMy noBbiuieHHio xeMnepaxypw yxo^atUHX rasos

OHHoro KY /tojia naponeperpesaxe^a B o6men njioma^H noBepxnocxH

BejiHiHsaercfl MHoroKpaxno. HxoSbi coxpaHHXb nojioKenne Konna ncn,

OH 30H&I npn CHHJKCHHH HarpysKH Koxjia, nepexo^ax K cenapaxopHOMy

iSoxbi H npoKanHBaiox Mepe3 3KOHOMaH3epHo-HcnapHxejibHyio nacxb

3ro cenapaxopa eo^y B KOJiH-iecxBe, npeBbimaiomeM ee pacxo^ B

8

^H

»

. 8.35. CraSH-ibHOCTb noTOKa KOHBEKTIIBMO 060-

' :iontr ((.if>on6p3JOBaiiim npM.vimoiMoro KV

COOTBCTCTBeHHO npflMOTOIHOe, KOM0HHHpOBaH-

nooTHBOTOiHoe aBMJKeHne pa^oqero
i "r

pe>KiiMe. 3biTOHHb pacxo^ paSonero rejia

H3 cenaparopa cSpacwBaercfl B pacxonoHHyK)

^a^ee B KOH^encaTop napoeofi ryp-

noBBimeHiw reMneparypM yxo-

rasoB, BcrpoeHHyK) sa^BH^Ky H cena-

parop uejiecoo6pa3HG pasMecxHTL B KOHUC HC-

30Hbi, cooxBercTByioineft HOMH-

npo6;ieMa

-• • -

3

3

. >
h,

1

OHHHft

i

D

noroK paSonero Tejia B KOHseKTHBHO oSorpesaeMOH napooSpasywmefi noBepx-

HOCTH Harpeea (pile, 8.35), ocoSeHHO B cxeMe BKJiioHeHHfl no npoTHBOToiey,

oSecneMHBaromeii HaHMCHbiiiHe njroma^H noBepXHOcru Harpesa H caMbie HH3-

noiepH flaBjieHHfl. npH cnimeHHOM pacxo^e paSo^ero rejia B OT^ejibHbix na-

xpySax napoo6pa30BaHHe Hacrynaer paHbiue, HeM B ̂ pyrax, H Ha^H-

neperpeB. BcJie^CTBtie aroro yMeHbiuaroTca reMneparypHbiH Hanop H 3Ha-

TenjioBoro noxoKa Ha ynacTKe SOHM neperpeea.

FIpflMOTOHHoe ABHxceHHe pa6oHero tejia, HanpoxHB, XOTH H ^aer B HTOFC Han-

6ojiiiiiiHe HJioma^H noBepxHociH Harpesa, HO Bee )Ke 6ojiee cTa6u;ibHo. Ero OCHOB-• f '

HOH He^ocxaxoK saKJTtoqaexca B 3KcanyaxanHOHHLix ocofienHocxax cxeMbi: H3-3a

3HaHHxe^tHoro xeMnepaxypHoro Hanopa Ha Bwxo^e KoneMHaa xowa napooSpaso-

BaHHa npn nacxHHHbix narpysKax npaKXHnecKH ne nonaaaex B o&nacxH napooSpa-

3osaHHa. npHMCHeHne B HcnapuxejibHOii CHCXCMC npaMoxoMHoro KY KOMSHHHDO-
r

saHHoro ^BHaceHHa pa6oqero rejia aaex B wrore npw cpe^HHX 3HaneHHflx cyMMap-
j r

HOH njioiua^H nosepXHocxH xenjiooSMena H noxepb ^aBJienna acejiaeMyio cxa6njib-

HOCTL noxoKa.

Hcnojii,30BaHHe npaMOTOHHoro KV c HecKo^bKHMH .aaBjieHHaMH renepHpye-
1̂  « r

napa nossojiaex cHH3HTb xeMnepaxypy yxo/iamiix rasos TTY, x.e. npaMO-

npHHUnn paGoTbi KY MO?KHO pea^H30Baxb H npH AOKPHXH^CCKHX napa-

j^erpax napa. C HcnojitsoBaHHCM aneprexMHecKOH TTY xnna GT 24 (ABB) 6bijio

pacqexHoe nccjie^oBaHHe HCCKOJI&KHX xen^osbix CXCM nfY c KY,

SHJIO HcnojibsosaHO pas^HMHoe KHCJIO Konxypoe reHepaqnn napa (AQ-

napaMexpoB) H ero npoMejKyxoHHbifl neperpes (xaSji. 8.11).

Hccjie^osaHHa noaxBep^HJiH npemwymecxBa HcnojibSosaHHa npaMO-

ix KoxjioB-yxH^H3axopoB CKR napa.

paxypa napa Ha Bt.ixo.ne HS npaMoxoHHoro KY woxex Gbixb o(5ecneiieHa

cnoco6aMH: BOs^eficxBHeM na KO^HMCCXBO no^Bo^HMOH xen^oxbi c BW-

rasaMH TTY H H3MeHeHweM pacxo^a nnxaxejibHOH BO^W.

B

H

xeMnepaxypw napa no nepeoMy cnocoSy dy^ex SwcrpUM H aaeic-

THWM, HO KOJIHHCCXBO H napaMexpw rasos FTY oSbiHHo HSMenaioxca npH

H napaMexpoB Hapy>Knoro sos^yxa HJIH caciiraeMoro xon^nsa B pe)KHMe
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8.11 napaMeTpb, KY
c FTV Tim. GT 26 (ABB) H

MX KoHd,HrvpauHeft

llapawexp

^asjieHHe napa B/l, MITa

flaBJieniie napa cpe/mero

^asjienHfl, MFIa

/(asjieHHe napa H/I, Mna

/JaBjrcHHe npoMeacyTOHHO-

ro neperpesa, MRa

TeMnepaxypa cBesfero

napa, °C

TeMneparypa napa cpe^t-

flByx

^aB-

.leHEI!

11,28

—

0,63

570

nero ^aBjienna, °C

TeMnepaxypa napa H/I, °C

TeMneparypa npOMejKy-

TOHHoro neperpeea, °C

Tewnepaxypa yxo^amnx

ra30B, °C

CreneHt cyxocxH napa

\ * .j
MoinHOcxt napoBofi ryp-

SHHLI, MBx

QGmaa MOIUHOCTL ycra-

HOBKH, MBT

KH,H ycxanOBKH (HCXTO), %

* oirn ^ — —

198

78,3

0,88

116,7

351,7

56,05

tpex

MB-

Jiemif

9,55

2,5

0,595

570

238

168

78,1

0,88

117,4

352,6

56,19

fuoj A/4a,pj|Vtlflf

+ npOMeacy-
*-•

TOiHbiH nepe-

rpes (nn)

16

—

2,1

2,1jf

570

_

L pcx ̂ aB^e

HUH c nn

cpe^nero

^aBJieHHn

12,31

2,38

0,58

.

570

570

262

570

120,4

0,977

117,9

352,9

56,24

Tpex

jiaBJie-

HHii +

+ nn

16

3 4J,T

0,58

3 4^,T

570

271

168 178

78,9

0,88

119,4

354,3

56,46

570

88,3

0,931

124,7

359,6

57,28

.nsyx jiae-

JTCHHH

HaCKfl* +

+ nn

26

1,6

1 ^

Tpex fl3B-

jieHHii-f m -+f x j i t -

H3CKA +

+ nn

28

0,59

i
1,O J

570

248*v TVl

570

111,5

0,933

126,3

360,3

57,40

570

98<ZOJ

17^1i t*t

570

86,2

0,938s

132,4

366,2

58,33

napaneTpbi napa.

narpysKH. Pacxoa rmxaxejibHOH BOflti MOJKHO H3MeHaxb c IIOMO-

HbKJ peryjiHpyiomero KJianana na exo,ae B 3KOHOMafi3ep. MO^KHO xaKHce ncnojib-

i/ibafr enpbicK Bo^bi na exo^e B nocjie^Hroro crynenb naponeperpeBaxejia.

1.3. nAPOTVPBMHHblE VCTAHOBKM B TEOnQBGM CXEME nry

B napoxyp6HHHOH ycraHOBKe Hcnojib3yexc# nap HeCKOJibKwx ^BITCHUM, rene-

HpyeMMH B KY flFY, MOIUHOCTS no^KJiioneHHoro K napOBOH lypSime 3jreKTpo

Hepaxopa cocraBJiaex £o 50 % MQUJHOCTH FTY RJIR napoBHX xyp6HH

c o6biHHbiMH napocii^oBbrMH ycxaHOBKaMH xapaKxepHH yMenotu

HS B npoT04Hoft HacxH B cwjiy 6ojree HHSKHX napaMexpoe napa H ^

pacxcxqa napa no xofly ero aBn?KeHHfl B xypSHne. Pa6oxa raKHx nap°

blX Xyp6HH SaBiiCHT OX H3MCHeHHfl pe)KHM3-

Ha AO JTM3 pa3pa6oxana H npoH3BO^Hxca cepHfl napofibix rypSHH

oiuHOCTbK) or 100 40 180 MBx (xaSji. 8,12).

VKasaHHMe B Tafin. 8.12 napoBbie rypSHHbi npe^HajHaMeHbi ^Jia nFY c

inpHMep:

nry-435 c HcnoJibSoeaHHeM zisyx TTY xHna GT13E (ABB—Alstom);

,0

8.12.

;ioo

nry^35

K

* nry

HapaMeip
nry-450

nry-2 3 5

MOlUHOCTt

MBr

ceeacero napa

, Mlla

°C

pacxo^ napa, T/H

napaMeipti

(HA):

, Mria

°C

pacxoa napa, T/I

TeMneparypa

C

napa

napa

KOJIHHCCTBO CTyneneH-

B

K- 150-6,0 T- 150-6,1

151,5 143.5

6

495

420

0,6

270

110

20

' -

6

485

430

0,6

270

110

20

273

> K-J5Q-7,

170 91 / "J+-T

7,5

517

462

0,6

193

102

27

— —

7 X- 1 50-7,:

I ££ n
156,0

i

7,5

517

462

0,6

193

102

27

355

' K- 150-6,

113,3

6,6

485

305

0,6

220

80

15

'

5 1-150-6,5

101,5

0,6

485

305

0,6

220

80

20

190

20

2x4

T t*
2,0

20

2 x 4

A(]
28

IQi y

2 x 4

27

)yKTHB«aa cxeMa lyptfurui UB£ + l\HJ\ H ̂ poccejibHoe napopacnpe-

nry-450 c McnoJibsoBaHneM nsyx FTV xnna V94.2 (Siemens);

nry-325 c Hcnojib30BaHHeM ^eyx FTy xnna FT3- 1 1 0 («Pbi6"HHCKHe
Moxopw» — «MamnpoeKx»).

ryp6HHH pa3H6ix xwnos pasJiHMaroxca KoncxpyKUHCH UHJiHH^pa

a B L[B,K npHHHxa nex^eBaa cxeiwa xeneHHfl napa. Pery^HposaHHe MOIUHO-

CTH xypSHHbi ocymecTBuaexcfl cnocoGoM CKo^bsaujero ^asjieHHH B nepeMeHHbix

P^JKHMax. riaporasoBbie ycxanoBKH c Ky pa6oxaioT npH noJiHocxtio oxKpbixbix

i KJiananax naposoH xypSuH&i 6e3 ^onojiHHxe^bHbix noxepb Ha

e. ^eyxKOHxypnoM KX HanpHMep, nap H/J noziaexca B Kaiwe-

cxyneHSMH c napaMexpaMH, SJIHSKHMH K jioKajibHbiM na-napa (pnc. 8.36).

HapoBbie rypSMHw nry c Ky MMeiOT noB&iuieHHbiH oSteMHbiH pacxoA napa

e3 noc^e^HiOK) cxynent D,v,. ITpn BbiSope paaiwepoB sxofi cxyneHH ncnojTb-

g T OI7bITHwe flaHHbie saBoaoB-nsroxoBHxeJieH (pnc. 8.37), HXO no3Bo^aex BU-
Tt onTHMajTtHoe 3HaneHHe oSteMHOro pacxo^a H BWXQAOB

'* (8-40)

uejroro
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PHC. 8,36, BapnaHT TenjioBoii cxenibi HTV B cxeivie ITfy c KV

C — cenaparop BJiarn; IjBfl, L(H$ — coOTBeTCTBCHHo UHJIHH^P BUcoKoro H HH3Koro

7 — TOHKH pacnera napaivieTpoB napa B nporoHHoif nacTH naposoft TypgHHW (CM,

6HMU

pacxo^

JIG

I

pnc. 838)

pacxoA napa nepe/i Macrbio H,H o^HOUH^HHZtpoBofi napOBOft xyp-

cpaBHHBaexcs c jjanHbiMH aaeojicKHx pacnexos H^. OSbiHHo

MCHLme, H KaMepy CMemenHsi pacnojiaraiox sa HecKOJibKo cxy-

(CM. PHC. 8.36).

Tenjiona/ieHHe H aKOHOMHHHOcxb npoMCBcyxoHHbix cxynenett naposoi! xyp6n-

Hbl C H3MeHeHH6M HarpySKH He OCXaiOXCfl nOCXOflHHWMH BCJlCJCXBHe HSMeHCHHfl

HanaJibKbix napaiviexpoB paSoqero xejia H, npe^c^e Bcero, ero TeMnepaxypbi.

B JiyniHHX ycjiOBHSX Haxo^axcfl xe naposbie xypSHHbi, Koxopbie paGoxaiox B xen-

JiOBbix cxeiviax FIFY c cospeMeHKbiMH FTY, cHaSaceHHbiMH BXQJIHMMH HanpaB-

annapaxaMH nepBbix cryneHetf KOMnpeccopa. rfapaMexpbi stixo^Hbix

xaKHx FTV B uinpOKOM ^nanaaoHe H3MeaeHHfl aarpysKH H npH H3MeneHHH

xeMnepaxypbi Hapy?KHoro Bos.ayxa MCHJIIOXCH HesHannxeJibHO, HTO cnoco6cxByex

coxpaHCHHK) HanajibHOH xeMnepaxypbi napa nep&a napoBOH xypSHnon H 3KOHO-

MHMHOCTH npOMe^cyxoMHbix cxyneHef!. t

PIpHMep onHcaHHa npotiecca pactuHpenHa napa B naposofl xypGnne nfY

c.aByxKOHxypHbiM KY npHBe^eH na pnc. 8,38. flocxpoenHe npouecca MOMCHO

ocymecTBtiTb c Hcnojib30BaHHCM cjie^yioiUHx peKOMeH^auHH*,

K BHyxpeHHHii oxHOCHTejibHLiii KFI^ nporonnoH Hacxn IJB/t ,ao

napa onpe^ejiaiox no npHSjiH^ceHnoft SMntipHHecKoH

0,92-
0,2

\

V

Bfl
*" 7

+

V
2 - 104

(8.41)

i • r

c - Q,5(v0 + vz) —

2" B LJB/I AO CMeiiieHHfl,

pa3pa6oTKH

o6teM napa, M3/Kr, rpynnti cry-

H c HcnojibsoeaHHeM h, j

Typ6HHM3H.naposbix M
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*?

PHC. 8.38. npe^craBjietnie npouecca pacuiupe*

HUH napa B nporoHuoif *facTH napoBoii ryp6n-

Hbi, Bxoafliueii B cocraa J1FV c KV (CM.

PHC. 8.36)

o 1000 2000 3000

6)

PHC. 8.37. Bbixo^Hhie xapaKTcpucrii KH UH/I co ci'sH/iapm MUII jioiraricaMH OAO JIM3M M P ' 1 4

a — norepH c BLixo^Hoft CKOPOCTUO napa A/fn B 3aBHcHMocrn or ofh>eMHoro pacxo^a Dv^\ 6 —
' ' I- A

Krm nocJieAHeH cxyneHii; / — /7 - 550 MM, dK - 1350 MM; 2 — /z - 755 MM, dK = 1350 MM; 3 —

fz= 755 MM, dK - 1520 MM; 4 — lz~ 960 MM, dK = 1520 MM; 5 — I, - 1000 MM, i/K = 1800 MM; 6 —

/. - 1200 MM, dK - 1800 MM; BO BCCX c^y^aax 4aciOTa BpaiueHHs 50 c"1; df —

ciyneHH; DvK — o5beMHbifl pacxo^
"

rpaMMbj; //0' pacnojiaraeMoe (H303HTponnoe) Ten^ona^eHHe rpynnw,

ac/Kr, cryneHett Z UB/J ;̂o cMemeHHa.

2, Tenjiona^eHHe napa, KRyK/Kr, B l^B^ ao

3. 3HTajibnHK) napa B IJB,ZJt nocjie cMeiueHHH (CM.

K)T, Hcno^bsya ypaeHCHHa

pwc. 8.8)

B

(8.43)

4. nonpaeoHHWH

H.

BjiaacnocxH napa

,B^

'o
^—-.—^
rp.ct'

(8-44)

I
0

323



3BJ1 — KO3(J)4*HUHeHT ynexa BJIHMHHS cpe^nen BJiaiKHocxH na

T!O/ B 3aBHCHMOCTH OT KOHCTpyKUHH npOTOMHOH MaCTH (P M = 0,1—0,2);

yQ, y. — BJia>KHOCTb napa B nanajie H B KOHUC rpynnbi cryneneH z; H™, //QPCT —

pacnojiaraeMoe (H303HTponHoe) Tenjiona#eHHe, K^ac/Kr, cooTBeTCTBCHHo B 06-

BJiaacHoro napa n BCCH rpynnu CTynenen z.

5. BnyTpeHHHH oTHOCHTejibHbiH Kn^ npOTOHHOH HacTH HJ\ onpejiejunoT no

SaBHCHMOCTH

tCT - 400^

104

K..-
B CB.C

H

(8.45)

o

A#B C

K,H>K/Kr;
'CT

noxepa 3Hepnin c BHXOAHOH cKopocTbio napa (CM. PHC. 8.37),

— pacnojiaraeMoe (H303HTponHoe) Tenjiona^eHHe rpynnw ciyne-

H6H H3CTH HJl, Kj\1K/Kr.

6. ,H>HCTBHTejibHoe TenjionaACHHe napa B nacTH Hfl, K

-HB

''

7. SHTajitnua napa B Konue npouecca onpe^ejiaexcfl no //,-'M n

B KOHACHcaxope/JK c noMomLK) /?, j-^HarpaMMbi.

Pacnexbi no nn. A—7 BLinojiHfltox MexoAOM nocjieflosaxejibHoro

HHfl, 3aaasafl 3HaneHHe y. H yxoMHfls ero.

B ^ajibHefiiiieM onpejjejrsnox oSteMHbiii pacxo/i O^HOFO noxoKa napa B MacxHf '» -*

H/J H no rpa^HKaM pnc, 837 BbiSnpaiox cxaH^apxHyio Jionaxny nocjie^HeH cxy-

nenH napoBon xypGHHbi, Koxopaa cooxsexcTByex npHHaxoMy 3na4eHHK> noxepn c

BMXOAHOH CKOpocxbio napa A//BC.

DpH HaJiHHHH cenapaxopa BJiarH HeoSxo^HMO ynnxbisaxb H3MeneHHa B npo-

uecce paciunpenHfl napa (pnc. 8.38). OSbinno npHHHMarox cxenenb cyxocxn napa

3a cenapaxopoM x" ** 0,99, a noxepio naBJienHfl B HCM Ao « 1—2 %. KOJIHHCCXBO
• M C ^

BJiara, y^ajiaeMoe H3 cenapaxopa, onpeACJiarox H3 BbipaHcenna (pnc. 8.38):

h7-h

(8.46)

me qH^ — MaccoBbitt pacxoA napa B

C noHHHcenHeM xeMnepaxypbi napy^cnoro B03^yxa H npn H3MeneHHH xapaK-

Bbixo^Hbix ra3OB TTY KOHeHHaa BJia>KHOCTb napa sospacTaex H

Bbime ^onycTHMLix 3HaneHHH juifl ^JiHHHbix jionaxoK

HUX napoBbix xyp6HH OfV (y™m < 7—8 %),

3po3UH jionaTOMHoro annapaxa nocjie^nefl, HanSojiee narpyxeHHofi cxyneHH

napoBbix xypSHH B TenjioBOH cxeMe Firy npHBO^HT K cHHEceHHK) ee KD/^ H Bbi-

3tJBaer noBepxnocTHoe paspymeHHe jionaxoK. FIpH npoeKTHpOBaHHM 3Ttix Typ-

6HH B03HHKHOBeHHJI 3pO3HH H36eraK)T nO MCpe BO3MO»CHOCTH, HCnOJlb3yfl

xexHHM:ecKHe pemeHna. HanpiiMep, npuMeHfliox

KJia^KH Ha jionarKH H3 crajiH BbrcoKofi TBepflOCTH, opraHM3yioT

324

B no-

^peHa^ca BJiarH B KOH^encaxop

3yiox nojibie iionaTKH co

BeHue coneii, r,ae

C HX nOBepXHOCXH

nepe3 mejiH, no BOSMOXCHQCTH o6ecne-

npouecc pacmnpenHS napa c

BJia^HOCXbio He 6ojree 6—

8 %. B o6jracxH Bjia^cnoro napa KH^

o6biHHo cHHHcaexcfl nponop-

cyxocxH napa.

Ha pnc. 8.39 npiiBe^ena cxeMa no-

conjioBoro annapaxa LJH^ na-

xypGnHLi — HaHSojiee 34»4>eK-

THBHoro Mexo^a 6opb6bi c aposHen.

B pesyiibxaxe HarpeBa H3Hyxpit Jiona- PHC. 8.39. Cxewa noaorpeBa conjioeoro anna-

napOBoii

B KOHjieHcaiop

BnyrpeHHee

KOJIbUO

Bneiimee

TOK nocjie^nero conjioBoro annapaxa PaTa nocjieAHe cjynetm

Hcnapenne * 6"HbI <siemens) (n ~

KH c HX nosepxHocxH, cxanoBHXCfl ne-

B03MO^cHbiM o6pa3OBaHHe Kanenb BO-

, Koxopbie ne ynocflxcfl c noxoKOM napa H ne noBpeflcjiaiox Bxoanbie KPOMKH

JionaxoK nocjieanefi crynenH.

Ha pnc. 8.40 H B xaSji. 8.13 B KanecTBe H^jnocxpaunn npHBe^eH npHMep

xenjiOBoH CXCMM FITV H ee 3HeprexHnecKHe napaMCTpw AJISI

c KV CyprytCKOH TP3C.

B napoBLix xyp6tiHax HFY c KV oxcyxcxByrox neperyjinpyeMbie perenepa-

XHBHbie oxSopLi napa. B HeKoxopbix cjiynaax ycxanaBJiHBaiox OAHH no^orpeBa-

Hfl ^JTH noflorpeBa KOH^encaTa nepe^ KOTJIOM npH nepexo^e na pesepenoe

H3 JTUIOTHeHHH

21 17

BKY

PHC. 8.40. npHHUMnHajibHaa leiuioiiaH cxeivia naporypSiiinioii ycraHOBKH

C - cenapaTop BJiara; OV • oxjiajiHTejib napa ynjiOTHCHHM (CM. Ta6n. 8.13)
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TLT
2,5

2,4

2,2

2,0

1,8

1,6

1,4
0 10 » ,KlIa

Puc. 8.41. 3aBHCiiMOCTb o)iiociiTe,ii.iitix TCHJIOUMX noicpt B KOH;ICII-
caTOpe or aan.ieiina KOHjieHcauHH H HaqaJibHbix napaMerpos napa

HoMep KpHBoii

1
2
3
4
5
6
7
8
9
10
11
12
13

flaBJiemie napa, MFIa/ero reMnepatypa, °C

3,5/435
8,0/500
9,0/535

3,7/426 + 0,6/200
6,71/503 + 0,63/162
7,0/505 + 0,58/200
7,7/525 + 0,56/205
8,0/530 + 0,68/200
9,0/535 + 0,6/200

10,5/505+2,0/505 + 0,55/156
1 1,0/540 + 2,7/540 + 0,48/260
11,2/541 +2,98/541 +0,49/266
15,3/540 + 3,9/530+ 1,0/345

T °C'0> *-
236
274
283
223
245
246
253
257
261
259
254
257
264

T0 — cpeflHsa TeMnepaiypa pa6oiero Tejia npH
paxypa nuTaie^bHOH BOBM 1 00 °C)

xenjiOTbi (reMne-

, paSoxaiomHx B cocxase FIFY c BbicoKOxeMnepaxypHbiMH FTY c 6ojiee BBI-

COKHM Kim, npOHSBOflCTBa 3JieKXp03HeprHH.
Ko3<l>4)HUHeHx none3Horo fleficxBHfl FITY no Bbipa6oxKe 3JieKxp03HeprHH on-

no $opMyjie

YpaBHCHHe 3HeprexH4ecKoro 6a;iaHca flTY FIFY cocxaBJifliox H petuawT c
ynexoM HHCJia KOHTypoe renepHpyeMoro B KV napa. npHMeHHTejibHO K cxeMe na
pnc. 8.36 c ynexoM npouecca paciunpeHHfl napa B rypSHHe (CM. pHC. 8.38) nojiy-

iaeM 3HaneHHe SJICRTPHHCCKOH MOIU.HOCTH HTY

(8.53)

330

N - BHyTpeHHflfl MOUIHOCTB napoeoH TypSHHti, KBr; Tir

norepw B 3JieKTporenepaTope.
BHyTpeHHHH Kfl/I, napoBOil

(8-54)
Q 0

K npoeKTHbiM napaMeTpaM H pacxo/iaM napa nFY-450
fTY + ABa KY + o^na naposaa rypSHHa nT) HMCCM

N* = [122 (3776 - 2832,2) + (122 + 32)(2833,1 - 2607,9) +

+ (122 + 32 - 0,4)(2673,7 - 2275,7)] x 0,985 = 170 697,2 KBT.
KopnopauHCH Westinghouse paapaSoxana cepua naposbix Typ6HH

cxbio OT 80 40 250 MBT fljia nepcneKTHBHbix nPY, SasHpyroiUHxca Ha
ra30Typ6HHHOH TcxnojiorHH. OAHonoToinaa MHorocTyneHHaTaa
naa naposaa TypSnHa c npOMeHfyTOHHLiM neperpeBOM napa HMeer
oceBoit Bbixoa H nonaTKH nocjieziHeH crynenH KSIHROR 1067 MM HS THTaHOsoro

. YHTena BbicoKaa Harpy aceHHocTt nocjie^nnx CTyneneH napofitix xypGHH
c KY A^yx ^aBjieHHH H SoJiee BBH^y napacTaiomero noTOKa napa nepea

npoTOHHyio nacTt.
OCCBOH BLIXO^ A3CT BOSMOatHOCTb MOHTHpOBatb Typ0HHy H3

B Bime njiHTbi H Hcno^bsosaxL ee B cxe\ie HFY c o^HOBa^
ITocKOJibKy y FTY H FITY o6mHH sjieKTporeHepaxop, see ocHOBHbie
CXCMbl HMCK)T C^HHyK) CHCTCMy CMaSKH.

UHJIHHAP BbicoKoro aaejieHHH (U,Bff) napOBOH TypGnHbi COCTOHT H3 BHCUI-
nero KOpnyca, ziwa^parM, AyMMHCHoK oSottMbi, BHyrpeHHero H BHeuinero napo-
Bbix yruioTHenHH H poxopa. BxcjiHaa soHa LJB# npe^cTaejifleT co6on nenpepbiB-
Hoe KOJibuo naposnycKa, o6ecneMHBaromee paBHOMepnocTb nporpesa npn nycKe

coKpameHHfl cpoxa MOHTaa<a IJ,Bfl nocraB^flercfl B coSpaHHOM BH-
BMCCTC c poTopoM.
B KOHcxpyKUHH JU,B^ ncnojibsoBaHa BbicoKonpoMHaa CTajib c floSaBKofl 12 %

. JIonaTKH BbinOJlHCHbl C yCTOHHJIBblMH T-o6pa3HbIMH XBOCTOBHKaMH, JjaiO-
AonojiHHxejibHyK) npOHHocrb npw noBbiiueHHbix reMnepaxypax. Poxop

H3 XpOMOBaHaflHeBO-MOJIHS^eHOBOH CTaJIH 663 U'CHTpa.1bHOH
paCTOHKH C HOMHHaJIbHOH HaCTOTOfi BpamCHHfl, ^aJlCKOH OT pe3OH3HCHLIX. Hc-
nojibsofiaHa xaK^e cwcTCMa BCHTHJiauHH, nossojiaiomafl npn nycKax H ocraHOBax
HanpaBHTb nap H3 I^B^ B KOH^encaTOp.

CoBMemeHHWH oaHonoTOHHbifi UH^HH^P (UC/t + UH£) COCTOHT H3 Kopnyca,
flHat})parM, cerMenroB ynjioTHenHH, ayMMHCHbix oSoHM H poropa. KaK H B B B
coBMemeHHOM UC^ + IJH/I Hcnojib30B3H KOJibueBoM naposnycK. POTOP Q
De3 UCHTpajlbHOH paCTOHKH HM6CT 43CTb CR H3 XpOMOBaHaa

KoTopaa npneapeHa K nacTH HS ctajiw c ^oSaBJieHHCM 3,5 % HHKejifl
CHHa BUCOKOFO conpoTHBjieHHa nojisynecTH Bxo^Horo ynacTKa QZJ H BWCO-

Opo npe^ejra npoHHOCTH Bbixo^Horo HarpyaceHHOro ynacTKa Hfl.
AyMMHCHbie o6ofiMbi, ^Hac|)parMbi H p,pyrne 3jieMCHTbi cxaropa B

3ai<penJieHbi TaKHM o6pa3OM, HTO BOSMOKHO HX csoSo^Hoe
acuiHpeHHe HJIH cxaTwe. FIo.miiJinHHK Hfl oSecneneH KanaroiuHMHCfl
H> ITO noBbimaer cTa6njibHocTb poxopa H cHHJKaex MexaHMHCCKMe noxepH.
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KopnopauHfl Toshiba 1C (UIT. neHCHJib Banna, CILIA) paapaSorajia
jiHH,upOByK> ojjHonoTOHnyio naposyio TypGnny c poropoM, MaxepHajr Koroporo
HM66T KaK BblCOKOC COnpOTHBJICHHe nOJIsyHCCXH, T3K H BblCOKyiO npOHHOCXb. Ma-
Tepnajibi nacxeii BJ\ H UJJ, poTopa no^sepraioTCH pasHofl xepMoo6pa6oxKe. npn
nacxoxe 50 FU jxnHHa JionaxoK nocjie^HeH cryneHH xyp6HHbi B 3aBHCHMOcxn OT
ee THnopasMepa AocTHraex 1016 MM.

TaKaa TypSHHa HMCCT MeHbiuyro cTOHMocTb, nocKOJibKy HsroxoBJieHHe poxo-
pa, Kopnyca, jionaTOK, noflumnHHKOB H oxcyxcxBtie naponepenycKHWX Tpy6 csa-
3aHLI C MCHblUHMH 33TpaxaMH HO CpaBHCHHK) C 3aTp3T3MH H3 H3FOTOBJieHHe

AByXUHJIHH.HpOBOH Typ6HHbI, MaCCa XypSHHbt MOIUHOCXLK) 150 MBT
MCHbiiie, ee fljiHHa KOpone npHMepno na 5 M, HTO coKpamaex saxpaxbi Ha

CTpOHTCJIbCTBO SJICKXpOCXaHUHH. YMeHblliaeTCfl HpHMepHO Ha 2 MCC H

KFI/I Typ6HHbi TaKoro TMna oSecneHHBaerca MCHbiiiHMH KOH-
UCBblMH HOTCpflMH, MCHbUiefi o6mCH ^JIHHOH ynJIOTHBHHH, COKpailieHHCM HOTCpb
napa, OTcyTCTBHCM naponepenycKHbix Tpy6 H ̂ p.

TeMnepaTypa napy)KHoro Bos^yxa onasbiBaeT saMeTHoe BJinsiHHe na napaMCT-
pbi Bbixo^Hbix rasoB FTY, ee MomnocTb H 3KOHOMHHHOCTb. B cxeMe nry c KY
KOTCJI H naposaa rypSHHa flBJisiOTCfl naccnsHbiMPi ancMenraMH, Koxopue He
^ojiacHW OKasbisaTb BjmaHHfl Ha pa6oTy FTy. B uejiOM ^ce AJIJI nry B onpe^ejieH-
HHX ycjioBHflx MoryT BOSHHKHyTb HHace nepeHHCJieHHbie orpaHHHCHHa co cropo-
Hbi napoeoH TypSHHbi H KX KOTopbie 6y^yT npensTCTBOBaTb ee HOpMajTbnoK 3Kc-
njiyaTauHH. KPHTHHCCKHMH MoryT OKasaTbca cjie^yiomHe peacHMti:

Hpe3Mepnoe H3MCHeHHe TeMnepaTypbi neperpeToro napa B CTopony KaK noBbi-
UICHHa, T3K H nOHHJKeHHS OTHOCHTCJTbHO ^OnyCTHMblX SHaMeHHH, KOTOpOC HC HO-
sBo^aeT oSecnennTb Tpe6yeMyro ^JiHTejibnyio npoHHocTb ^eTajiett naposnycKa
napoBOH TypSHHbi;

He,aonycTHMoe noBbiuieHHe ^aBjienna napa B KOHuencarope napoBOH xyp6HHbi
H3-33 H3MCHeHHfl TCMnepaxypbi oxjraa^aioiizeH BO^U H nponycKa napa. B
CJiynae Moryr BOSHHKHyTb onacnbie aBTOKOJieSaHna JionaTOK nocjie^Hen

HCflonycTHMoe yBCJiHHeHHe Bjia^HocTH napa B UH^ H oco6eHHo B
CTyneHH, BbisbiBaiomee HHTencHBHyio aposmo pa6oHHx nonaTOK.

/],jifli KOHKpeTHoro THnopasMepa 3HepreTHHecio>H FTY sa>KHo, HToSw ee xa-
paKTCpHCTHKH 6b[JIH K3K MO^HO MCHCC nOflBepXCHbl BJ1HHHHK) napaMCTpOB Ha-
pyHCHoro Bos^yxa, Rns. 3TOH ue^n npHMenflioT pasjiHHHbie TexHHHecKHe cpe,acTBa
(BXOAHOH HanpaBJiaiomHH annapax (BHA) H nosopoTHbie HanpaBJisnomne anna-
paxbi (F1HA) oceBoro KOMnpeccopa FTV), a xaK^e BosaeHCTByiox na CHCTeMy TO-

H ,ap.
peiueHHe 3ToH npoSjieMbi peaJTHsosaHo B 3HepreTHiecKOH FTY, xa-

paKxepncxHKH KOxopoH npHBC^eHbi B xa6ji. 6.2. Us npHBCfleHHbix ^annbix BH/IHO,
HTO B uiHpoKOM ^HanasoHe H3MeneHHfl xeMnepaxypbi Hapy^Horo B03^yxa ox -51
£0 +30 °C npoHcxo^HT HesHaHHTe^bHoe HSMeneHne napaMCTpos BbixoziHbix ra-
3OB FTY, qxo n03BOJiflex o6ecneMHTb cxaSHJibHbie xapaKTepncTHKH napoBOH CTy-
neHH nry (naBJieHHe, TCMnepaTypy neperpexoro napa H #p.). TaKHMH napaMex-
paMH o6jiaztaioT He BCC 3HeprexHHeCKHe FTY (CM. pwc. 6.14 H xa6ji. 6.3), HTO p.e-
Jiaex aKtyajibHbiM sonpoc KOMnneKCHoro BbiGopa FTY B cxeMe nry c KV,
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B onpeaejieHHbix cjrynaax MOJKCT oKasaxbca uejiecoo6pa3HOH cTa6miHsauna
TGMnepaxypbi sos^yxa, nocxynaiomero B KOMnpeccop 3HeprexH4ecKOH FTY Rn%
3XOH ueiiH Hcnojibsyror pa^ XCXKHHCCKHX pemeHHH: npHCa^icy nacxH Bwxo/iHbix ra-
30B (^o 5 %), HcnapHxejibHoe oxjiaxseHHe, oxjia^HTejiH-TenjiooGMeHHHKH H ̂ .

g.4. 3HEPrETMHECKME FIOKASATE/IM flfY C KV

SnepreTHHecKHe iTOKasarejin nFY MOMCHO onpeaeiiHTb, ncnojibsya ee cxeMy

tenJiOBbix noxoKOB (CM. pnc. 8.4). Tenjioxa OKHraeMoro B FTY ranjiHBa Qc pac-
xo/iyexcJi na HPOHSBOACXBO H oxnycK 3JieKxpo3HeprHH, a KUR
3JI6KXp03HeprHH HCXXO paCCHHXbl836X03 H3

3-H ^riry
Tlnry -"~:

\73'H
"nry

(8.55)

rae A^nry — sJieKxpn^ecKaa MOIIIHOCTB Herro nFY' O — xennora nninwa nr.' i-'H ax*iivivyiu DV/J/J, V A.d, 11U~
crynaiomero B FTY.

3jieKXpHHecKyro MomnocTb nexro OFX KBx, MO>KHO npe^craBHXb B BH^C:
H/-3-H j.r3 ,, , / » r 3 » r 3 \ /
/Vnry - JVnry( 1 — 3,..) = (N. -f Nn)( I ^3^, , ) , (K Srtlin y in >"• C.H/ v r n / \ C . H / > t_o.jo^

rae ^f - 3JieKxpHHecKaa MomHocTb FTY npn ee paSoxe B cxeiwe nFY; N3

sjieKxpiinecKaa MouiHOCXb nTY B CXCMC nFY; 9C H — ^OJIH pacxo^a 3^eKTpo-
3Hepr»H Ha coScxBCHHbie Hyx^bi nry.

Tenjioxy, KBx, nojjBo^HMyK) B FTY c xonjiHBOM, onpejjejiaiox no Aopiwyjie

Ql^B^Ql + h^); (8.57)

TenjroTy, nocTynaromyro c HapyjKHbiM sos^yxoM B KOMnpeccop FTX MOXHO
B

yB = P B £?r- (8.58)

3^ecb SrT — pacxo£ c^nraeMoro B KC FTY TonjniBa, KF/C; Q] — xenjroxBopHaa

cnocooHocxb TonjiHBa, K/tac/Kr; hrn = cTTT — 3HT3JibnHs catHraeMoro no^orpe-
TOFO Ton^HBa, K^/KF (CT — y,aejibHaa TenJioeMKOCXb Tonjinsa, K/I>K/(Kr •

ero xeMnepaTypa, °C); PB = QB/Qc
r — ̂ ojia xenjioTH, nocTynaioiueH c B03-

KOMnpeccop rry.
Bwpa>KeHHe (8.55) MO^HO npeoSpasosaTb c Hcnojib30BaHHeM cjieayiomHx no-

npOH3BoacxBa 3JieKTp03HeprHH FTY B asxoHOMHOM
,,3.aBT

fij+fi
(8.59)

3
=KNNr • - aneKTpHHecKafl MomnocTb FTy npn ee paSoxe B aBxonoMHOM

; KN= I -0,55(ApBb|x//7aTM) - KO3<J>(j)HUHeHX CHHMCeHHfl 3JICKXpHHeCKOH

FTY H3-33 ^onojiHHxejibHoro conpoTHBjieHM KV; A/>flb[X — HSMewe-
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HHC .aaBjieHHa Bbixoantix rasas FTY npa ee pa6oTe B cxeMe nry, Ua;p

MOc$epHoe AasjieHne, Fla;
KO3(J>4>HUHeHT OTHOCHTCJIbHOH MOUIHOCTH ttFY

i r3 / » r 3

B HTore nojiynaeM
,r3.H / . , 3B

Mr

(8.60)

(8.61)

B pe>KHMax, Koma nepea KY aojKHraerca TOHJIHBO, ero AOJIK> MOXCHO npe,u-
CTaBHTb B

?^ = WC*r + *r) -
Bbipa^eHHe (8.61) B STOM cjiynae MOHCHO

3.H
^Inry - ~

B KY TonjiHBa.

,3.H
-'nry

(8.62)

o6pa3OM:

(8.63)

MacTo TennoToii, no^BOAHMOH c BO3^yxoM B KOMnpeccop FTY,
npHHHMaa pB = QR = 0 (CM. piic. 8.4).

B KanecTBe npHMepa npHBezieH TenjiosnepreTHMecKHH Sajianc nPY c KY A-I
T3C Gandhar (HH^HS) no npoeKiy $HpMbi ABB. OCHOBHOC o6opy^oBaHHe ycia-
HOBKH BKJiKJHaeT B ce6a TpH FTY THna GT13E, TpH KY H ojiny FTTY OTHOCH-
TCJIbHO HH3K3H SKOHOMHHHOCTb nPY oStaCHSCTCH BblCOKOH T6MnepaTypOH H3-
py^Horo Bos^yxa, yxy^uiCHHbiM paspmeHweM sos^yxa B KOH^encaxope OX
H napaMCTpaMH rasa na BXO^C B FT. YKa^KCM ocHOBHbie cxaTbH 6ajiaHca.

1 . noABo^HMaa K TpeM FTY renjiora, MBi:

co oKHraeMbiM B KC TOHJIHBOM Qr = 1383,7;

c B03,ayxoM, 3a6HpaeMbiM KOMnpeccopaMH FTY, QB = 28,49 (B TOM HHCJIC

renjiora Bosjiyxa nepeA KBOY KOMnpeccopa npH 7H B = +27 °C Q'a =

= 37,6 MBt); Ten^ora, OTHHMaeMaa npH HcnapHxejitHOM oxjia>K^eHHH
Bosjiyxa B KBOY, QHOXJ] = 9,11 MBi;

Bcero— 1412,19.
2. 3jieKTpHiecKafl MoiUHOCTb ycxaHOBOK, MBT:

Tpex FTY ^N* - 432,9;

A^n
3 = 224,49 ;

(epyrro) N^ = 657,39;

nry
pacxojja 3JieKTp03HeprHH na coScTBCHHbie Hyai^bi 3CH = 0,0134;

(nerro) N^y - 648,6.

3. noKasaTejiH TenjioBoR SKOHOMHHHOCTH nFY:
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KTIJS, 3JieicTpO3HeprnH 6pyiro T1nry = 0,4655;

ornyCKa 3neKTpo3HeprHH FiFY T^py = 0,4593.
4. noTepH TenjioTbi B KoHfleHcaTope nTY (uoKpue BCHTHJiHUHOHHbie rpa-

- 32 °C, 7B2 = 43 °C) — 472 MBT.
5. FIoTepn TenjioTbi c yxo^amHMH raaaMH Ky 151,6 MBT.
3HepreTHHecKHe noKasaTeiiH nFY c KY onpeflejiaiOT B pesynbTaTe pacnera ee

TenjioBoK cxeMbi. B KaMecxse Sasosoro pacneTHoro peacHMa paSoTbi KOHfleHcauH-
OHHOH F1FY npHHHMaiOT pe>KHM npH cpejiHeroAOBofi TeMnepaType HapyatHoro BOS-

^yxa Qyw MocKBbi T^s = +4 °C). Hcxo^HbiMH AanHbiMM jyiji pacnera

3HepreTHMecKHe napaMerpbi FTV npH HOMHHajibHoH Harpy3Ke. OSbinno
KJT A^HHbie (J)HpMbi-H3roTOBHTeji3 FTY jiH6o paccMHTbiBaioT ee TennoByio cxeMy.

B 6a3OBOM pacHCTHOM pe)KHMe TenjiOBOti cxeMbi FIFY ocymecrsjiaroT KOHCT-
pyKTopcKHii pacHCT KY, BbiSnpaioT npo<|)HJib H KOHCTpyKTHBHbie napaMBTpbi na-
poBOH TypSHHbi H ee KoHfleHcaTopa. liaporeHepHpyiomaH cnoco6HocTb KOHTypos
BbicoKOro, cpe^Hero H HHSKOFO AaBJieHHJi KoppCKTHpyeTca nponycKHOH cnocoS-
HocTbro HacTefi RJ\, CJ[ H H^i napOBQH TypSHHbi. flanee pacciHTbiBaeTca npo-
uecc paciiiHpeHHa napa B ee npoTOMHOH nacTH, yTOHHflioTCfl ^aBJieHne napa
B KOH^eHcaTope H ero xapaKTepncTHKH.

Eiofl xapatcrepHCTHKOH KOH,aeHcaTOpa noHHMaroT sasHCHMocTb jiaBJieHHH napa
B HCM OT TCMneparypbi oxjia^aaiomeH so^bi TR] Ha sxojie, OT naposoW Harpy3KH

H pacxo^a oxjia5K,aaK)meH eoflbi. npH 3TOM yKasbisaiOTcji cocToaHHe sarpasneHHa
nosepXHocTH TennooSMeHa H BOSAyLUHaa njioTHocTb KonaeHcaTopa.

,3,jia nocipoeHHfl pacneTHoft xapaKTepHCTHKH KOH^encaTopa onpe^ejiaroT T6M-
nepaTypy KOHAeHcauHH napa B neM

rH = rBl + Ar+e K . (8.64)

TeMnepaTypa oxJia^AafomeK BOAH cooTBCTCTByeT pejKHMy paSoTbi H cBasana
c TCMnepaTypoii oKpyaoiomeH cpe^H H CHCTCMW TexHHnecKoro BOAocHa6*eHHfl.
He^orpeB so^bi ^o TeMnepaxypbi nacbimenHa, °C, na Bbixoae KOHjieHcaTopa

onpe^ejiHTb no (JiopMyjie A.B. IHemaeBa:

0 - n/(31,5 + TKl)(DK/FK + 7,5), (8.65)

DK — napOBaa narpysKa KOH^encaTOpa, KF/C; FK — njioma^b nosepXHOCTH

no
B Kon^eHcaTOpe, M; n 5—7.

MO>KHO

Tu Ha JiHHHH HacbimeHHa onpe^ejiaiOT

4>opMyjioM Jl.fl. BepMana:

«- 1).

napa B KOH-

(8.66)

narpes oxnaacaaiomeH eo^bi B KOH^encaTope, °C;

KOJIHMCCTBO TenjioTbi, OTflaeaeMoe napOM npn KOHaencauHH, KRx/Kr; 3Ta BS-
npa nocrpoeHHH npouecca paciiiHpeHHa napa B TypSwHe
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H c Hcnojib3OBaHHeM
njioeMKOCTb BO^M,
KOH,aeHcaTope;

Tenjio<f)H3HHecKHX cBoitcTB napa H BO^LI; C
• =• K); m = G X J B / £ >

re-
O X J } B K KpaTHocTb oxjiaacaeHHa B

(8.67)
k — K03(j)4>HU,HeHT Tenjionepe,naHH, onpe/tejuieMbiH no MCTOjjHKe Jl.ff,. EepMana*.

B HTore onpe,ae.riaK>T 3HeprerHMecKHe noKasaxeJin flFY B pacieTHOM SasosoM
pejKHiwe pa6oru. AHaJiorH'JHt.ie noKasare^H BbiiHCJiawT ^JTJI uejioro pa^a TeMne-
paryp napyscHoro Bos^yxa, juix HecKOJibKiix HarpysoK TTX OCHOBHOFO H pesepe-
HOPO BHWOB TOnJIHBa, CCJ1H OHH pa3JIH4aK>TCJf MQ)Kfl,y C060H, VmiTblBaiOT COCT3B
oSopy^osaHHa TCHJIOBOM CXCMW FIFX ee npo^HJit (MOHo6jioiHas, j;y6jib-6jioi-

urn TpHnji-6JioHHaa).

Ha pnc, 8.42 H B ra&i. 8.14 npHBe^eHW xen^osaa cxeMa KOH^eHcaqHonHofi
y c KV Ha 6a3e ITY rana 9FA (General Electric) c naposofi rypSwHOH xwna

K- 150- 7,7 (AO JIM3) H anepreTHHecKHe xapaicrepHCTHKH ycTanoBKH B

A?

Coio3Tex3Hepro, 1982.
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no reruioBOMy pac-iery nosepxHOCTHbix

(General Elec-

H A3C-

Homep

H3
PMC. 8.42

1

2

. J 4 . 9uepreTHliecKiie napaMCTpw

HapaMerp

I7Fy

i, MI7a
[Pacxpa Bosflyxa, Kr/c

jvinT

Pacxoj ronjiHBa B FTY, Kr/c
Ten^ora no^BO^HMoro B FTV ron
KBr

Moiunocrb FTV,
Pacxo/i Bbixo^Hwx rasoB TTV, xr/c
TeMneparypa BUXO&HMX rasoB TTV,

BLIXO^HWX ra30B TTV,
TeMneparypa rasos, °C,

9
/0
77
12
13
14
15
16

17

7^

19

23

Pacxojj KORaeHcara, sr/c
TeMneparypa KOimeHcaTa, CC
TeMireparypa paSoiero rcna, °C
/laBJieHne B Aeaapaiope, Mfla

TeMneparypa Boaw B ^ea3paiope, °C
Pacxo^t paSof era rejia, Kr/c
Pacxog pa6oiero re^a, Kr/c
Pacxoji paSo^ero rejia, KP/C

^aBJietme neperpexoro na
MHa

TeMneparypa neperperoro napa
HE

Pacxtyi neperperoro napa B^I D , KT/C

cBewero napa B/k MHa
TeMneparypa ceewero napa B.ZJ, °C
Pacxoa cseMcero napa BJ, Kr/c

-55

oJ
666,94

~07099~
666,94

"apyxHoro Bosjiyxa, °c

43 r^)5 ( + 3 5

723 128

0,1
660

0^099
660

147867
723 069

0,1

-!!£
0,099

631,94
13,861

0,1 0,1

°'°99 I 0,09T
^22_| 542^2

12,861

°C

247 000

681,67
560

0,104
532
525
483
447
319

315
275
232
192
185
136

86̂ 39
26

123

0329

HZ
2£4
70

16,58
9,76

25H)00
675
571

<U04
540
533
491
452
321
317
275
233
191
184
134

87/78
26
127

0311

241 000
645,83
582

OJ04
548
540
496
456
321
316
273
232
189
181
132

86,11
26
120

0^296
133

2,29
70^83
15,19
9,99

218000
605
597

CU03
552
543
497
456
319
315
271
230
187
179
130

84,17
30
119

0,289
\32_

2,16
70

H22

186900
553^89"

616
0,103
556
547
498
456
317
317
269
228
184
177
127

8~19J
30
U7

0,276
131

524

70

9^55"
522
70

532

71,39

540

70,83

9,81 I 9,77
530 538

71-3 9 70,83

540

70

9^65"
538
70

540

68,89

538
68,89
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ue maojj. 8.14

Hoiuep
nO3HUHH

HE
PMC. 8,42

25

26

27

28

napainerp

JJaBjieHHe napa 3a Hacrtio B/T, MITa
TeMneparypa napa 33 ̂ acrtio Bfl, °C
Pacxo,A napa 33 laCTbio B/(, KP/C
Pacxo.a napa B HBCTH HJJ, KF/C
4aBJienM6 napa nepeji iacTt.ro HK, MFIa
TeMneparypa napa nepe^ nacTbio H/I, °C
SjieKTpHiecicaa MOIKHOCTB nTY, KBx
Pacxoa napa B KOHflencaiope, KF/C
/JaBJieHHe OTpaSoraBuiero napa, idla
TeMnepaiypa OTpaSoiaBiuero napa, °C

Teinneparypa uapywHoro sosayxa, °C

-55

2,5
334
70

86,39
2,17
517

118960
86,39
3,38
26

-43

2,55
339

71,39
87,78
2,22
525

122469
87,78
3,38
26

-3,3

2,51
344

70,83
86,11
2,18
533

121715
86,11
3,38
26

+ 15

2,46
343
70

84,17
2,14
536

1 1 7 822
84,17
4,23
30

+35

2,41
342

68,89
81,94
2,09
539

115432
81,94
4,23
30

OnpedejineMbie npupacveme nap

3jieKTpHiecKaa MOIUHOCTB TTy B CXCMC
nry, KBT
K03l|)(J>HUHeHT CHHJKeHHS 3/ieKTpHHe-
CKOH MOIUHOCTH FTY B CXCMC ttFy, KBr
SjieKTpHHCCKaa MOUJHOCTB nry, KBx
K(33(J)4)HUHeHT OTIIOCHTC^bHOH MOIUHO-
CTH nry Knry

XaejiLHUH pacxoji 3JieKTpo3HeprHH
na co6cTBCHHbie Hyx^ti nry
Kn/l BtipaSoTKH 3jieKTp03Hepran PTy

B aBTOHOMHOM pOKHMC T]r

Knjl BblpaGOTKH 3JieKTp03HeprHH HCTTO

aMempbi

243 406

0,9854

362366
0,6717

0,02

0,3415

0,4910

cxeMbi ({

247401

0,9856

369 870
0,6688

0,02

0,3471

0,5012

me. 8.42,

237 674

0,9862

359389
0,6613

0,018

0,3573

0,5221

215 112

0,9867

332934
0,6461

0,017

0,3481

0,5211

184482

0,9870

299914
0,6151

0,016

0,3296

0,5184

reMncpaxyp Hapy^KHoro Bos/iyxa OT -55 AO +35 °C. OCHOBHUM H pesepBHLiM TO-
npHpo^HbiH raa; oSteMHbie KOHLjeHTpaqnn cocrasjifliotaHX, %,

CH4 — 98,325; C2H6 — 0,15; C3H8 — 0,001; N2 -- 1,107; CO2 -

0,371; H2 — - 0,046. rijioxHOCTb Tonjinsa pTJ1 c = 0,73- — 0,76 Kr/M3, ero TenJiora ro-

Q] = 47 065 K^MC/KF.

renepHpyeT nap BWCOKOFO H cpe^Hero
BO^U HMeer CBOH KOHTyp reHepauHH napa Hfl,, POKHM pa5oTbi -

CKOJib3siiu[ee .uaBJieHHe. DorepH ^aBneHHfl napa Meat^y KOTJIOM H napoanycKoM
napOBOH Typ6HHbi cocraBJiaioT ApBn - 5 % H A^c^ = 3 %. TeMiieparypBi napa

B^ H napa npoMejKyTOHnoro neperpesa pery^Hpyiorca BHPLICKOM.
pena npo^ysKa 6apa6aHOB KoTJia B oSteiwe 1—2 % noAa^M paSoMero xejia.
XOA 3JieKTp03HCprHH H3 COScTBCHHbie HyMC^bl B CX6MC UVV 3C „ COCT3BJIfleT 0,02-

OcHoBHbie pesyjibxaTbi pac-iera TenjioBoB CXCMW UTV
pnc. 8.43—8.45.
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«3-Htirny

-43 15

PHC. 8.44. HsMCHCHHe Kn# ornycKa MCKTpoatieprim HCTTO nry, IUI7J FTy
B aBTOHOMHOM peJKHMC H KO^IIKHCHTa OTHOCHTCJlbHOfi MOIHHOCTH
"P" 'H.B * (CIM. Tafti. 8.14)

70

40

HE

-55 -43

\, Mlla
11,0

10,5

10,0

15

8.45. Jf3MeHeHHe napaMerpoe KoHTypa BA Ky
np» TM = var (CM. . 8.14)
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33BHCHMOCXb Nn OT HaHajibHbix napaMexpoB napa aBJisexca jiocxaxoH-
HO nojioroft H HMeex onTHMyM, HaH6onee apKo BbipaaceHHbiH B cjiynaax, Koraa nry
cos^aexca Ha 6a3e FTY c yMepeHHbiMH xeMnepaxypaMH raaos na Bbixojie TKT, HTO
xapaKrepHO flJifl GojibiiiMHCTsa POCCHHCKHX FTY MajioM H cpeAneK MOUIHOCTH.

FipH KOHKpeTHoR TCMnepaTypc BbixoflHbix rases FTY 71
KT TeMnepaTypa rene-

pHpyeMoro B Ky napa onpe^enaeTca TCMnepaxypHbiM nanopoM OnE. PbMeHenne

0nE B flnanasone OT 20 AO 120 °C HesHaHHTejibHo BJinaex na BbiGop on-
jiaBJieHHJi neperpeToro napa. TCM HC Menee, yivieHbiiieHHe @nE, a

H ysejiKHeHHe nosepxHOCTH naponeperpeBaxejia Ky npHBoujrr
K H6KOTOpOMy nOBWUieHHK) 3KOHOMHHHOCTH FIFY, H OKOHMaTCJlbMLlfi Bbl6op 3Ha-
HCHHa 0nE HBJTJieTCfl TeXHHKO-3KOHOMHH6CKOH 33^34611.

B o6meM cjiynae ycjiOBHe cymecTBOBaHH3 onTHMyMa na^ajibHbix napaweTpOB
napa, renepHpyeMoro B KY, MO>KHO nonyHHTb,
Flfy no 3HTponwH H npHpaBHflB nojiyneHHoe Bbipa^ceHHe

a//..
= 0,

BbiTei:aeT cooTHomeHHe, HMeromee MCCTO B TOHKC

(8.69)

H
(8.70)

"n.r "in.T
TSKHM o6p330M, H3 (8.70) cjieflyeT, HTO M3KCHM3JibH3a MomnocTi, napoBOH

B cocxaBe nFY-K3C c KY, a cjie^oBaxejibHo, H MaKCHMajibiiaa xenjio-
B3fl 3KOHOMHHHOCTb HFV B U6J10M HMCKJT M6CTO flpH paBCHCTBC OTHOCHTejIbHblX
H3MeHCHHH pacxo£3 napa D H cpa6aTbiBaeMoro xennonepena^a /^n T .

C ynexOM 4>opMyji (8.68)—(8.70) MOKHO CAenaxb cjie^yromHft BWBOJI: H3M6-

HCHHe jVn HpOHCXOflHT B 33BHCHMOCTH OT TOFO, KaK3fl COCTaBJlflKtUiafl MOUtHOCTH

Nn BCJie^cTBHe sapbHpOBaHHfl HaHajibHbix napaMCTpoB napa HSMenseTCH HHTeH-

. TaK, B c^ynae, Kor^a npn yBejiHHeHHH pacneTHoro flasjieHHa napa OTHO-
pocT cpaSaTbmaeMoro renjionepena^a onepeacaer yMCHbiueHHC pac-

napa, HMCCT MecTO POCT 3JieKTpHqecKofi MOIIIHOCTH F1TY, H HaoGopoT.
B TOT MOM6HT, KOTOa CTCnCHH HSMeHCHHa COCTaBJlStOIUHX MOIUHOCTH CpaBHHBa-

roTCfl, GypffT HaSjiroAaTbCfl onTHMyM N^ . ECJIH *e B paccMaTpHBaeMOM ^nanaso-

He BapbHposaHHfl napaMCTpos TeMnbi H3MCHeHHa sHaneHHH DnT H // ( n T npaKTH-

MCCKH pasHbi, aiieKTpHMecKaa MOIUHOCTI. napoaoH xypSHHbi H,
TCnJlOBaa 3KOHOMHHHOCTb nry ^OCT3TOHHO CTa6HJTbHbI.

B npouecce Hccjie^oBaHHa noKasaxejiew xenjiOBbix CXCM nFY-K3C na 6a3e
THHOB FTy GWJIO ycTaHOBneno, HTO npn ycnoBHH nocToaHCTBa npH-

BHyTpCHHCrO OTHOCHTe^bHOrO Kn/t npOTOHHOlt H3CTH napOBOH Typ6HHbI
Bbixo^Hbix rasos FTV HC OKasueaeT BJii tf lHHH Ha KaHecTBenHbifi xapaKTep

H3M6HeHHa TCHJlOBOfl 3KOHOMHHHOCTH FIFY. H3MeHCHHe aCHCTHOrO 3H3HeHHfl
H36biTKa B rasax FTV a K T B pa6oMCM

T3K>Ke HO OKasbisaeT saMCTHoro
nFY-K3C. 3TH nonoHceHHS, a TaK)Ke
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npH nponnx
na xapaKTep HSMeHeHHfl KF1M

pesyjibTaxos pacnera

600 r ,°c

PMC. S.4S. HsMCHtime onriiMajibiioro aaB.ieinia neperperoro napa, renepHpyeMoro B OZIMO-
KOHTypHOiM KY, B 3aBHCHMOCT» OT TeMiieparvphi BbixoaHbix riuoB TTV TKT

p t p — aaBJieHHe cooTBCTCTseHHO B KomreHcaxope H fleaapaiope FITV

K BblBOJjy, HTO OCHOBHbIM napaM6TpOM, BJ1H3K)1UHM H3 XapaKTep H3MC-
H6HHfl TCnJlOBOft 3KOHOMHHHOCTH nFY-KSC npH Bbl6ope OHTHMaJIbKHX H3HaJIb-
HHX napaMCTpoB napa, aBJiaeTca TCMnepaTypa rasoB sa FTY.

Ha ocHOBaHHH pesyjibTaTOB pacneTOB aBTOpaMH nojiyneHbi saBHCHMocTH
(pHc. 8.48), xapaKTepHsyromHe HSMeneHHe onTHMajitnoro ^aBJieHHa napa OT
TeMneparypbi Bbixo^HLix rasos FTy npH BtiGpaHHOM TeMnepaxypHOM nanope Ha
Bxojie B naponeperpesaTejib KY

J\na y^oSnoro Hcnojib3OBaHH3 nojiyneHHbix pesyjibxaTOB aBTOpaMH
annpoKCHManHa KpHBbix (pnc. 8.48), H nojiynena (pyHKUHOHajibnaa

me a =-0,7928; b = 4,159 • 10'3; c = -2,669

"HE

10-6: d 2,514-10-3- e =

= 6,121-10-7; / = -8,391-10-5; g - -1,528 • 10"3; h = -1,050-lO'3; / =
= -4,512 - 10-5;y = 2,795 - 10^7.

CpeflHCKB34p3THHHOe OTKJlOH6HHe HpH annpOKCHM3UHH p3BHO 0,05 %. C HO-
nojiyneHHbix SSBHCHMOCTCH na npe^npoeicrHoH cxa^HH MOHCHO onpezie-

OnTHM3JIbHOe B OTHOIBCHHH TCnjIOBOH 3KOHOMHHHOCTH H3H3JIbHOC
flJia jiaHHbix TCMnepaTypbi Bbixo^Hbix rasos FTY H 9nE.

KOHKperHoro Tnna FTY, TexHHHecKHe ^aHHbie KOTOpon
BT36jl. 8.1, BbinOJIHCH p3CHCT 3KOHOMHHHOCTH F1FY C OflHOKOHTypHbIM KY B
CHMOCTH ox ee xapaKxepHCTHK: jjaBJieHHa H TCMneparypbi neperpexoro napa, TCM-

nanopOB B KY H pp., npn /lafijieHHH napa B KOHflencaxope naposoH
\ = 6 KUa. JlyniuHe noKasaxejin nFY HMCCT Tenjiosafl cxeMa, B Koxopofi

oxSopbi nsp3 H3 napoBOH xypSHHbi H3 pereHep3u,HK) (pnc. 8.46, e).
Heo6xoAHMO HMexb B BHjiy, MTO nosbiiiieHHe H3najTbHoro ^aBJienHfl napa

^^ ^laac > ^2Hac noBbiiiiaex xeMnepaxypy yxo^amnx rasos
!
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3.6p

6MIIa

SMIIa

4MIIa
6MHa

0,500

PHC. 8.49. BjiHHHHe reMnepaiypbi caesKero napa Ha KIT/t npoinBO/icraa ijieKiptoncpi HH 6pyiro
nry npn paaiibix SHaieiiHHX jiaBJieium CBOKCIO napa 11 cxciviax, npHBeaennbix na piic. 8.46
1—3 — jyia cxeMbi pwc. 8.46, a; 4—6 — ana CXCMW pwc. 8.46, 6

napa B xypSnne H Bbipa6oxKy 3jieKxp03neprHH. B MeHtnieM cxeneHH yxmiHsupy-
exca xenjioxa BbixoflHbix rasoB TTV (Q\KV < Q^y}-

AnajiorHHHoe Hccjie^OBaHHe fljia pacCMaxpHBaeMoro THna nry SLIJIO npoee-
fleHO c uejibro Bbumnxb BJIHSHHC xeMnepaxypu cBCHcero napa na noKasaxejw yc-
xanoBKH (pHC. 8.49). Bo Bcex cjiynaax ee yBejinneHHe noBbimaex SKOHOMHHHOCXL
ycxanoBKH, Koxopaa Bbime scero ana xenjiOBOH cxeMbi c rasoBbiM no^orpeBaxe-
JICM KOHaencaxa (CM. pnc. 8.46, 6).

3aMexHoe BJiHflHHe na sneprexHMecKHe xapaKxepHCXHKH nry OKasbisatox xa-
KHC napaMexpbi, KaK xeMnepaxypnbie nanopbi Ha XOJIOJIHOM KOHU,C HcnapHxejis
0j H na ropaneM KOHUC naponeperpesaxejifl 0nE KV, BHyxpenHHH oxnocHxejib-
Hbivi Kn^ npoxo^HOH nacTH napOBoft xypSHHbi T|0/ H BJiaaiHocxb napa B ee no-
cjieziHHX cxynenflx. XapaKxep sxoro BjiHaHHa oxpaa<eH na pnc. 8.50 JUIH xenno-
BOH cxeMbi (CM. pnc. 8.46, e}. B peanbHbix ycjiOBHHX 3KOHOMHHHOcxb ycxanoBKH
HHHCe, M6M B H^eajlbKblX.

/JaBJieHHe napa B KOHflencaxope napoeoH xypSHHti sasHcwx ox xeMnepaxypbi
napyjKHoro R03flyxa, npHHaxofi CHCxeMbi xexHHiecKoro Bo^ocHa6aceHHa, Kpaxno-
CXH OXJia^flCHHfl H HHCXOXbl nOBCpXHOCXH xenJIOOGMCHa. 3XO AaBJlCHHC OKa3b]B3-
ex 33MeTHoe BJinaHHe na 3HeprexHHecKne xapaxxepHCTHKH nry (pwc. 8.51). OHH
yxy^maioxcfl npn noBbimenHH aasjieHHfl B KOHACHcaxope, H XCM cHiibHee, MCM
HHHCC aasjieHHe neperpexoro napa.

B xemioBbix cxeMax nry c o^HOKonxypHbiM Ky oSbiHHO npHMenaioxcfl TTV
He6ojibuioH H cpe^HeH MOIUHOCXH c xeMnepaxypofi BbixoAHbix rasos 450—550 °C.
npoMOKyxoHHbifi neperpes napa B STHX ycjioBHax ne o6fl3axejien, H ero
He flejiaiox. BMCCXC c XCM OH Moa<ex npHBecxw K jjonojiHHxejibHOMy
3KOHOMHMHOCXH nry B oSjiacxii onxHMajibHbix 3HaM6HHH ^aBJTCHHfl neperpexoro
napa. Pesyiibxaxbi HCCJie^osaHHa, npOBe,aeHHoro AJIH FTy (CM. xaSii. 8.1), npe,n-
cxasjieHbi Ha pnc. 8.52. Ms pncynKa BH^IHO, HXO npoMeHfyTOHHbiH neperpes napa
noBLimaex 3KOHOMHHHOcxb ycxaHOBKH npn ^aBJieHHH neperpexoro napa ne Bbiiiie
10 Mna. nocxpoenne Q, 7'-,aHarpaMMbi xenjroo6MeHa B Ky c npoMencyxoHHbiM
neperpeaoM H 6e3 Hero noKasajio, HXO B nepBOM cjiynae ero KFI/I, MOJKCT 6bixb
HH>Ke H3-sa 6onee BbicoKoH TCMnepaxypbi yxozifliuwx rasos [CM. 4)opMy;iy (8.39)].
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PHC. 8.50. BjiunHue H ^ M C H C H H H paaa napavieypOB
paSoTM nry wa ee 3JieKTpHiecKiiH KH^ npu H3-
MeiieiuiH AaejieHHn CBC/KCIO napa

0,495

PnE = 4 MHa

/•HE = 8 MIIa

10 20 30
J

40 T'C

4 6
PHC. 8.51

v, idla

ITapaMBTp

BwyTpeHHHfi OTHOCHTejibHbifi Krm m ri0(

Kba^HpHeHT yneTa BJia^HOCTH napa

0 ,BKy

®FIE B KV

SHaneHiie napaiweipa ans KPHBOH Ha pnc, 8.50
7

1

0

0

0

2

1

0

0

31,7

3

1

0

10

31,7

4

0,9

0

10

31,7

5

0,9

I

10

31,7

6

0,9

1

10

31,7

j

0,8

1

10

31,7

©, — TeMnepaTypHBifi Ha6op napoflo^Hoft CMCCH na XOJIO^HOM KOHUC ncnapHrejw KV; e
TCMnepaiypHbiii nanop napa na ropaneM KOHUC naponeperpesaTejiH KV HE

RnH"HHe

napa ,ia npo»3BoacTBa Spyrro

0,50

PHC. 8.52. MsMeneHHC Kn^ npomaoacTBa 3jieK-
TpoaneprHH Spyrro nry B aaBHCHMocTH or np«-

npOMewyrotHoro neperpeea napa B oa-
npw Tn^ = 525 °C

aaHHbie TTV CM. B TaGji. 8.1; T -
> Pn.n ~ 0,25pnE; aas^eHHe napa B KoimeHca-

rope napoBofl TyP6HHLi PK = 6 idla; 1 — c npOMe-4 6 8 10 12 />nE,MHa ' nap°B°a ^P6™"1 P« = 6 KlTa; / - c
wyTOHHMM neperpeBOM napa; 2 — 6ea Hero
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SHaieHne naponpoHSBo^HxejibHocTH KOTJIH Ha eaHHHuy pacxozta BH-
rasoB DUE/Gr B cxeMe 6es npoMejKyTOHHoro neperpesa Bbime, MCM npn

npoMe>KyTOHHoro neperpesa, npuSjiHSHTejibHO na 18%.
Tonjinea B KY. Bbixo^Hbie rasbi snepreTHHecKHX FTY HMCK>T

BbicoKyro TCMnepaiypy, a oSieMHaH KOHU.eHTpau.Hfl O2 B HHX cocraB-
13 — 16%. Cjie^oBaxejibHO, HX MOHCHO paccMaxpHsaTb B KanecTBe

THBHoro OKHCJiHTejifl npoLjecca ropeHHfl.
B pjme cjiynaes B FirY uejiecoo6pa3Ho dootcuzanue HCKoxoporo

(oSbiHHo npHpo^Horo rasa) B cpefle Bbixo^Hbix ra30B ITY. 3xo nosso-
noBbiCHTb HX TCMHCpaxypy, MomHOCTb nry H cTa0HJiH3HpoBaTb napaMCTpti

renepHpyeMoro B KY napa.
OpraHH3auHfl xaKoro AoacuraHHJi cBjnana c ^oBOJibHo ^KCCTKHMH

MH K ropejioHHbiM ycTpoHCTBaM KaMepbi ,ao>KHraHHJi. OHH AOJixcHt
BbicoKyro nojiHoxy cropaHHH ronjiHBa, ycTOHHHBoe ropCHHe npn BBICOKHX cKopo-
cTflx Ha6eraiomero noroKa Bbixo^Hbix ra30B FTY, Ha^exnoe BOcnnaMCHeHHe 40-
HCHraeMoro ronjiHBa, cos^aHHe paBHOMepnoro TeMnepaxypHoro nous nocjie rope-
JIOK, HX Majioe aapOAHHaMHMecKoe conpOTHBJieHHe. OSbiHHo 3THM TpeSoaaHHaM
OTBenaioT MHKpo^aKCJibHbie ropejiKH, BuropaHHe Tonjinsa B KOiopbix ocymecr-
BJlflCTCa B 30H6 pCUHpKyjlflUHH 3a HJIOXO o6T6KaeMbIMH TCJiaMH (yrOJTKH H T.n.).

noBbimeHHe CTeneHH SajuiacTHpoBaHHH Bbixo^Hbix rasos FTY HHepTHbiMH
ra33MH yxyfliiiaeT noiiHOTy cropanHa TonjiHBa H cyacaet o6;iacTb ero ycTOHMHBo-
ro ropeHHfl B saBHCHMOCTH or K03({nJ)HUHeHTa H36HTK3 Boaziyxa. CymecTByeT HC-
Kafl KpHTHHCCKafl TOHK3, HHHf6 KOTOpOH rOpCHMC .HCDKHraeMOFO TOHJIHBa HCBO3-
MO>KHO. no jjaHHbiM BTH npH reMnepaiype rasos B npe^ejiax 400 — 550 °C
H oGteMHOfi KOHUCHTpaUHH KHCJTOpO^a B OKHCJIHTCJie 13 - 19 % yCTOflHHBOe TO-
peHHC B03MOWHO. FIpH KOHUCHTpaUHH O2 MCHCC 15 % H TCMnepaxypC OKHCJIHT6-
jin 100- — 150 °C HHTepsaii ycTOHHHBOH paSoTbi ropejioMHoro ycrpoHCTBa pe3KO
cyacaexca. TaKHM o6pa30M, npn onpe^ejienHbix ycjioBHax (C

uTr< 100 — 150 °C) B ropejiKH KaMepbi flOHCHranHH neo6xojiHMa
HHxejibHoro Bosziyxa B SOHC peuHpKyjiauHH.

B xen^OBLix cxeMax FIFy c KY sKcnjiyarauHJi ropenoHHbix ycrpoiiCTB
AoafuraHHa B03Moa<Ha npn Co > 12 — 14 % H a > 2.

Ilpii 40>KHraHHH ToniiHBa B cpe^e Bbixo^Hbix rasoe FTY Ha Bxo,ae B KY
ypoBCHb HsSbiTOHHoro BO3Ayxa B STHX rasax aocraTOHHo BSICOK: a K T - c/

= 3 — 4 (B saBHCHMOCTH OT HanajibHofi TeMneparypu raaos nepe,a
Hofl). Cjie^QBarejibHO, noAana aTMoc^epHoro Bos^yxa ^Jia cropaHHfl
HO aoiKHraeMoro TonjiHBa ne ny)KHa. FIpe^ejibHo BOSMOMCHOC Hcnojib30Banne KH-
cuopo^a B Bbixo^HLix rasax FTY nepeso^HT OFY c KY B nry cSpocHoro THna.

FopejioMHbie 3JieMCHTbi cHcreMbi ^OHcnraHHa Ton^HBa pa3MemaK>T B rasoxo^e pfl-
aaMH c o^HHaKOBbiMH npOMexyTKaMH Mt'Amy AH(J)$y30pOM FT H KY, HTO o6ecne-
MHBaeT paBHOMepnocTb TCMnepaTypHoro npo^HJifl B npouecce pa6oTbi. FopejionHbie
ycTpoficTBa pacnojiararoT TaK, HTo6bi HX conpOTHBJieHHe He npeBbimajio 100 Ha-
TeMneparypa raaos nocjie Kaiwepbi ^o>KHraHHfl He ̂ oJincna npeBbimaTb 750 °C BO H3-
6eH(aHHe noBpe>KaeHHa Kopnyca KOTJia H apyrwx ero sjieMeHTOB.

POCT Kn,ZJ npoH3BOACTBa 3jreKTpO3HeprHH nFY BOSMOHCCH, CCJIH OTHOCH*
TCJlbHUH npHpOCT SJieKTpHMCCKOH MOIUHOCTH UTV B COCTaBC UTV
346

o < 13 — 13,5%
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Pnc. 8.53. Q, T-aMarpaMivia TenjioofiMena B oaHOKOHrypHOM KY FirV (0j —

piittH Hanop Ha XO.IOJUIOM KOHUC ncnapiirejiH KV)
— npoqecc 6ea joacnraHHa ronjiHsa TO ace c ,no)KnraHHeM lon^HBa

6yaeT 6oJibiue, HCM OTHOCHTejibHbiw npnpocT ^onojiHHTCJibHoro KOJIH-
TenjiOTbi Tonjinsa, no^Bo/iHMoro K ycTanoBKe.

YBejiMHeHHe pacxo^a reHepHpyeMoro napa npH ^OHfHraHHH conpOBO)KaaeTCfl
nepepacnpe^ejreHHeM Tenjioaoro noroKa rasoB Meamy noBepxnocTflMH Harpesa KY
B COOTBCTCTBHH c TenjioBbiMH H MaccoBbiMH Sa^aHcaMH. yBejiHHeHHe pacxo^a napa

H6 TOJTbKO 33 CH6T nO^BO^HMOTO npH ZtOKHTaHHH
TenjioTbi, HO H 6naro,aapfl ^onoJiHHTenbHott yiHUHsauHH

o
B ra3ax FTY, B pesynbTaTe T > Tyx (pnc. 8.53).

TOnJIHBa B TeriJlQBOH CXCM6 nrY C O^HOKOHTypHblM
KY BJiHflCT na xapaKTep Tenjioo6Mena, HTO oTpaacaeTca na ero Q, T-^narpaMMe
(pHc. 8.53). HsStrroK Bos^yxa B Bbixo/iHbix rasax FTY npH OTcyTCTBHH /io«Hra-
HHfl coxpanaeTca HeH3M6HHbiM Ha Bxo^e B KY: CC K T = aj^-y = 3,21.

HHH TonjjHBa H yseuHneHHH TKy STOT asSbiTOK Bosziyxa HaHHHaex
c POCTOM pfl7K cHa-rajia ^o snaneHHa a'Ky = 2,6, a saTCM 40 SHaneHHa ct^y ~

''T cooTBeTCTByer pexcniviy HHTeHCHBHoro aoacHraHHfl. npHMep npHBe^en
TexHHnecKHe flaHHbie Koropoii npe^cTaBJieHbi B xaSn. 8.1.

JT 3TOH FTY 6bIJ10 HCCJie40B3HO H3MeHeHH6 Kn/t npOH3B04CTBa SJTCKTpO-
B SaBHCHMOCTH OT y^eJlbHO^ MOUJHOCTH nFY npH HCCKOJIbKHX 3H3HeHH-

neperpeToro napa KOTJia (pnc. 8.54). YBejiH^eHHe y^ejibHoii MOIU-

K^yK/Kr ra3OB, npOHCxo^HT c POCTOM #OJIH /to*nraeMoro
H c yMCHbiiieHHeM H36biTxa eos^yxa B rasax na BXO^C B KY nocjre

. STOT npouecc ycjiosHo aaKaHHHeaeTca npn TeopeTHnecKH
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16 14

400 600 800 1000

PHC. 8.54. 3aeHCHMocTb KI1/J npoiu&o.icTiia 3jieKTp03iiepriiH 11 y.ic.nbiioii MOUIHOCTH
O T C T C H C H H j(KKnratiMH TonjiHBa (am JKeiuiH inGbiTK-a Rojjyxa a B m.ixoaHi,rx ra3ax iiepej
KOTJIOIW; o^ = 3,21 — joiKiiraime oTcyrcTByej) upii paiiihix 3HaiCHH»x <iaBJie i i>iH neperpe-
roro napa pnE, Mlla
x—x — rpanmia, Jiesee KOTOPOH MHHHMajibHbiH TeMnepaiypHbifi Hanop Haxoanxcfl Ha XOJIOAHOM
KOHue HcnapiiTejui; y— y — rpantma, npasee KOTopofl MHHHMa^tHbiti TeMnepaTypntiH nanop Haxo-

Ha XOJ1OAHOM KOHUC 3KOHOMaH3epa (CM. pHC. 8.53)

HOM 3HaH6HHH tt^y = 1,0. Ms pHCyHKa BH^HO, HTO npH Onpe^eJieKHblX

a HsSbiTKa Bos^yxa (rpaHHua <a— x», a'Ky > 2,6)

nanop 0| naxo^HTCfl na XOJIO^HOM KOHUC HcnapHTejia, a npH

< 1,8 (rpaHHua <f.y—y») OH nepexo^HT na XOJIO^HUH KOHCU no-

nosepxHocTH Harpesa (3KOHOMaH3ep) B paccMarpHBaeMOM BapHanre TB-
cxeMbi (CM. pwc. 8.46, e).
onpe^ejieKHbix 3HaneHHflx ^asjieHHa neperpeToro napa HMCCT MBCTO ne-

KOTopoe HOBbiuieHHe 3KOHOMHHHOCTH nfY jio rpaHHHbi «x — x». ^ajibHeHiiiee
creneHH ^oxnraHHfl ronjiHBa H noHHJKCHHe a^y HPHBO^T K cyme-

na^eHHK) SKOHOMHMHOCTH ycTanoBKH.
pesyjibTarbi nojiyneHti B paGore P. Kejibxodpepa (R. Kehlhofer),

OHH npHse^eHbi Ha pnc. 8.55. FIpHHflTa renjiosaa cxeivia, cooTBercTByromas
pnc. 8.46, e, c zionoJiHHTejibHOH ycraHOBKOH aeaapaTOpa na oTSopnoM nape napo-
BOH rypSHHbi. HcciiejiOBaHHe noKasano, HTO jio^HraHiie TonnHBa H noetimeHHe
TCMnepaTypbi rasos nepea oflHOKOHiypHbiM KY T'Ky 40 750 °C noBbimaiOT 3KOHO-

MHHHOCTb nry, XOTH ^ajibHeMiuHH pocT TCMnepaTypbi cymecrBeHHo yMCHbiuaer
3KOHOMHHHOCTb yCT3HOBKH. npOHCXO^flT nOCTOSHHOC yBCJIHMeHHe MOIUHOCTH n3-
poBOH GTyneHH H Bceft naporasoBOH ycTaHOBKH, cHHaceHHe KO3<p4>Hu,HeHTa OTHOCH
TejibHOfi MOIUHOCTH TITY [CM. (8.60)]. Hs Q, y-^HarpaMMbi TenjiooSMeHa, nocTpo-
CHHOH HJIX TpeX SHaHCHHH TCMnepaTypbl ra3OB, BH^HO, HTO HMC6T M6CTO
MHHHMajibHoro TCMnepaTypHoro Hanopa c xojioflHoro Konua HcnapHTCJifl K
HOMy KOHuy 3KOHOMafoepa KOTjia. BapnaHT, npn KOTOPOM TeMnepaTypa rasoB
cjie jjoMCHraHHfl npeBbimaeT 1500 °C, nepeso^HT cxeMy nry c Ky B
Horo THna, ^Jia KOTOpoH TpeSyerca cooTBCTCTByiomafl peKOHCTpynuHfl
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A

c o^HOKOHTypHMM KV (a) npH
ra3OB 33 TT (naauMc P. Kejibxo^epa) (6} M Q,

500

P«c. 8.55. Hcc.iejoHamie J K O H O M H H H O C T H
HHH ^oatm ai i i iH Tonjuma B cpeae Bbixo^H

npoiieccoe flJia rpex .iHa'iciiHii TeMneparypi.1 7"̂ . : / — /// (e)

FT; 2 — KY; 3 — jea3parop; 4 — napOBa» xypGHna; 5 — Hacoc; 6 — KOMnpeccop; ATnry =

/Njyy — KO3d;4tMUHeHT OTHOCHTe^tHOH MOIUHOCTH riFV; Tf — TCMneparypa ra30B B KV, °C;
KOjiniecTBo .aojKHraeMoro B cpe^e BLIXOAHWX rasos FTY Tonjiwea; Q^y — Tennora, iiepe-
raaaMH B KY; A — H3MeneHne TeMneparypw ra30B B KOTJIC; B — HsMeHeHue TCMneparypbibi B .

DaporaaoBafl ycraHOBKa c AByxKOHTypHMM KV

Hepexo4 B nfy K 6o;iee CJIOJKHOH TennoBOH cxeine naposoH CTynenn no3BO-
ST HOBblCHTb ee 3KOHOMHHHOCTb (CM. § 8.1 H pHC. 8.14). 4J[J! 3TOFO yBejIHHHBa-

*°T MHCJIO KOHTypoB reHepauHH napa B Ky ^o ^eyx-rpex, BBORRT npOMe^yTOH-
HtiK neperpes napa H up- TaKHe TexHHHecKHe peiiieHHS BbinojiHaiOT napajrjiejibno
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c noBbimeHHCM HanaJibHbix napaMexpoe FTV H ee MOUJHOCTH, HTO oxpaacaexca Ha
noBbiiiieHHH pacxoaa paSo^ero xejia (ra30B) H HX xeMnepaxypbi Ha Btixo^e raso-
BOH xypSHHsi.

B nacxoamee epeMa na sjieKxpocxaHUHax nanSojiee pacnpocxpaneHbi nry
c flsyxKOHxypHbiM KY B KoxopOM HHoraa npHMenaexca npoMexyxoHHbiH nepe-
rpeB napa. OnxHMnsauHfl napaMexpoB napoBOH cxyneHH xaKoK ycxanoBKH npn-
MCHnxejibHO K Bbi6paHHOMy XHny FTy — Gojiee cJio>KHaa sa^ana no cpaBHCHHK)
c oniHMHsamieH napaMexpoB nry c o^HOKoHxypHUM Ky. /Jjia sxoro ncnojibsy-
wx Q, TVawarpaMMy xenjiooSMena B KOXJIC (CM. pnc. 8.10).

AHajiH3 xenjioBoft CXCMH nry c .HByxKOHxypHbiM Ky H FTy c xapaKxepHcxH-
K3MH, npHBezieHHbiMH B xaSji. 8.1, no3BOJisex c.aejiaxi, CJie^yiomHe BLIBOAU.

HsMeneHne .aaBJieHHH neperpexoro napa B/| H HJS, jiaex B03MO)KHocxb HaSxH
MX onxHMaJisHoe cooTHoiiieHne H B3aHMocBa3b c Kn# npoH3BOAcxBa 3JieKxpo-
3HeprHH nry npn nocxoflHHOH xeMnepaxype neperpexoro napa (B KOHKPCXHOM

cJiynae T*£ = 525 °C) (pnc. 8.56).

3KOHOMHHHOCXb NTY C ^ByXKOHXypHblM Ky B03pacXaCT C yBeJTHHCHHeM XCM-
nepaxypbi H ̂ asJieHHa napa BR. npe^iejibHoe 3HaneHHe SXOH xeMnepaxypbi onpe-
jjejiaexcfl xeMnepaxypoii BUXO^HBIX ra30B FTy H npHHaxbiM xeMnepaxypHbiM Ha-
nopoM na ropflHCM KOHUC naponeperpeBaxejia (pnc. 8.57).

Hcnojn,30BaHHe jiByxKOHxypnoro Ky oSecnenHBaex Sojiee rjiy6oKoe ox;ia)K-
46Hne BbixoflHbix rases TTy no cpaBHCHHK) c HX oxjia^jjeHHCM B nry c OAHO-
KOHxypHbiM Ky, HXO yjiyHiuaex ocHOBHbie noKasaxejiw ycxanoBKH (PHC. 8.58).
B nry 3xoro xnna ueJiecoo6pa3Ho coBepmeHCxeoBaxb oxjjejitHbie sjieMCHxbi xe-
n^OBofi cxeMbi H onxHMHSHposaxb sHaneHHa xeMnepaxypnbrx nanopoB. Ilepexoa
ox HAeajibHHx K peajibHbiM ycjioBHflM pa6oxbi B paccMaxpHBaeMon CXCMC
(npH BbiSpaHHOM xnne SHeprexunecKOH FTy) H era BjraaHHe na KH
cxBa 3JieKxp03HeprnH B sasHCHMocxH ox AaBJieHHji neperpexoro napa B^ noKa-
3aHbi Ha pnc. 8.59.

3KOHOMHMHocxb nry 3aBHCHx xaK^e ox AaBJieHHa napa B KOH^eHcaxope, ona
yMCHbiuaexca c noBtiuieHHeM ,aaBjieHHa B HCM (pwc. 8.60).

0,515

PHC. 8.56. H i fue i i c i ine KllJS, nponjBOjCTBa IJICK-
Tp03iiepi'HH nry c fleyxKOHTypHbiM KV npn

BHi.ocTOfliniOH icMneparypc napa TnE = 525 °C
a-iH pa3iii>ix aaBjienwii neperperoro napa B,1
B 3aBHciiMOCTM OT AaBJieHHH napa H/l pnE

aaHHbie rTV npHBeaeHw B xa6ji. 8.1;
napa B KOHAencarope I1T pK = 6 idTa

350

PHC. 8.57. 3a&ncHMocTb
ea 3.ieKTpo3iitpriiii nry c

KV B jjiianasoiie reuncparyp H
neperperoro napa B^T,

KV

6 8 10pnE,Mna

PHC. 8.58. Ko3(J)(J,HUHeHTbi nojie3Horo

IKV, napoTypSHHHOH ycTanoBioi nnTy »

Tlnry « 3aBHcHMOCTH OT aaB^eHHH neperpeToro napa
TexHHHecKHe flanHue FTY CM. rate. 8.1, flaBJIeHHe nana
B KOHAEHCaTOpe pK = 6 KlTa- ViStT

,
B KOH,aeHcaTope pK = 6 KlTa; - — nry c ziByx
jypHWM KV; ---- - — flFY c oaHOKOHTypHWM KY

PHC. 8.59. IIpiiMep nomarOBOro lu.vieiieinia napaivieTpoB npii nepexoae OT nneajibHbix
paSoTbi K pe&HbHbiM njia o UPV c /iByxKoii j ypHUM KV

®RE ' ®HE — TeMneparypnue nanopti Ha ropainx KOnuax naponeperpeeaTejieii Bfl H H/l; €>,
TeMnepaTypHtie uanopu Ha XO^O^HUX Konnax HcnapHTejiefi B/t u HJJ,; f]0i — BnyTpeHHHi

HTejitHbni KFf/I naposoft TypGnHbi; kN — KO3(j)(}>Hn,HeHT yneia B^HSHHH BJia»cHoCTH napa apt
3HaieHHH aaBKCHiia neperpctoro napa B/[; TexHHiecKHe aaHHbie FTV CM. ra6^. 8.1; aas-

napa B KOHAEHcaiope napoflofl TypGtiHbi pK = 6 KlTa

71^6P^nry

Jio

6bi^a HCCjje^OBaHa saBHcHMocxi, SKOHOMH^HOCXH nry c ^ByxKoH-
Ky ox cooxHomeHHs xeMnepaxypHbix Hanopos na XOJIOJHHX Konuax HC-

nanffrenpft BbicOKoro 0| H HHSKOPO 02

napa (pnc. 8.61). Kan H cjie^osa-
"", B COOXBCTCXBHH C ^3HHbIMH

(BTH H ^p.) H sapySeacHbix
__.ieft (Siemens, ABB, General

Electric, Alstom, Westinghouse H ,ap.),
yse-rtHHeHiie 0t H 02 yxyjiuiaex SKOHOMHH-
Hocxb ycxanoBKii. B nry-450 yBejinneHne
xeMnepaxypHtix nanopoB 0, H 02 B KV

PHC. 8.60. B/iHHHHe re.vinepai ypti KoiiziciicamiH B
Koti/ieiica'iopc napOBoii rypfiHHbi ua KII/l npons-
BoscTBa 3jieKTpo3HeprHH Jiry c asyxKOHTypHbiM
Ky jjjiH pa3JiHHHbix ;iaBjit'Hnii iieperpCTOro napa
BA npn T$ = 525 °C = consl

\ — 1
s

20 30 40
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PHC. 8.65. Q, 7"-aiiarpaMMa Tt-njiooSMeiia B aByxKOHTypiiOM KV
Ba B cpeae Bbixo^Hbix rasoe TTV
/, 3

TOHJIH-

aoacHraHHe ronjiHBa OTCyrcxByeT; 2, 4 — pe)KHM c aoJKHraHHCM TonjiHsa; Q^ — Teiuiora,
ncnapHrejiio Hfl; Tns, Tr — rewneparypa napOBo^aHoro paSoiero re^a a raios K'Y

rypa H^t yMeHbtuaerca, H npw p > 25 % ero naponpon3BO£HTejibHOCTb craHo-
BHTCfl paBHOH HyJIK). ^JW He3KaHHBHTCfl paBHOH HyJIK). ^JW He3KpaHHpOBaHHbIX CT6H pbl 4

xeMnepaxypa rasos Ha exo^e B KOXCJI Tr < 750 °C.

Q, T-awarpaMMbi xenjiooSMena (pHc. 8.65) B .aeyxKOHxypHOM KV nry
ranHeM ronJiHBa BH^HO, HXO B OXJFHHHC ox OAHOKOHxypHoro KOXJia MHHH-

TeMnepaxypHbie Hanopu coxpaHarox csoe MecxonoJicmeHHe na XQJIOR-
Htix KOHuax HCnapuxejieH BbicoKoro H HHSKOFO ^asjieHHa jisyxKOHxypHoro KY
C yMeHbiueHHCM H36biTKa sos^yxa B rasax na^aex KOJIMHCCXBO xennoxw, nepe/ia-
BaeMoe B Hcnapnxejib H£(. ^oacwraHHe xonJiHBa Ha BCBM ^nanasoHe HSMCHeHHa

eHHa neperpexoro napa B/J npn o^HOBpeMCHHOM yMCHbiiieHHH M36bixKa BOS-
H noBbrmeHHH y/ieJibHOH MOIUHOCXH nFY npneo^HT K CHHJKCHHK) ee 3KOHO-
OCTH (pwc. 8.66). 3xo CHHaceHHe XCM cymecxseHHee, HCM HHJKC ^asjieHHe

neperpexoro napa.

pacnexHoe HccJie^OBaHHe 3apy6eJKHbix aaxopoB noKaaaJio, mo npe-
ao>KHraHHe xonjiHBa B saBHCHMocxn ox HaMaJibHoH TCMnepaxypu rasos ne-

xyp6HHoil 7*HT B pa3Hofi cxeneHH

354

Ha KHJl npoH3BO/icxBa 3^eK-
nry (pnc, 8.67) H 3x0 BJiHHHHe TCM cymecxeeHHee, HCM Bbime THT.

ABB paspaSoxana H sanymena B 3KCn^yaxaqHH> MomHaa coBpeweH-
8 3HeprexnHecKaa FTY THna GT24 Ha 50 Fu c npOMOKyxoiHbiM neperpeaoM

i3°B noc^e nepeofi cxyneHH rasosotf xypSHHbi B ^ono/iHHxejibHoii KC. Ha
£Hc- S.68 npHBe^en UHKJT BpanxoHa— PeHKHHa UVV c TTY THna GT24. KaK BH^-
^ H3 rpa<J)HKa, xanoe peiueHHe 3KBHBa^enxHo aoacHraHHro xonJiwaa nepe^ KY.

PeHMymecxBO npoMeacyTO^Horo neperpesa rasoe COCXOHT B TOM, 4x0 HMeer
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PHC. 8.66. BsaHMocBHSb KJIR
3jieKTpO3HeprHH, yAt.iMioii MOWHOCTH TIFV
c AsyxKOHTypHbiM KY H ny6HHbi jioiKiiraiuiii
TonjTHBa (npH a = 3,2 ,novKiiraHHC OTcyxcTBy-
er) AJia paiHbix 3HaienHH naajicuiiH neperpe-
roro napa B,H (a — inSbiroK B03jyxa B BEI-

rasax nepeA KV)

0,35 h

PMC. S.67. B.iiniiiiie uo/Kiiraiiim Toii-iima H
yBt.mieintH TeMneparypbi rases nepeA KY
ii pi! pajJiHHHoii iiii'iajibiinii reMiicpaType
pafioiero rcjia ncpea rasoBoii rypSHiioit na
aKOHOMHHHOCTb IIFV C HBVXKQHTypllblM KV
/ — nptmecc B nry 6es

AO«nraane TOnjiiiea
O2 pasna 5 %)

MCCXO AonojiHHxejibHaa Bbipa6oxKa 3JieKxpo3Hep-
THH B FTy H, cjieAosaxejibHO, noBbimeHHe SKO-

HOMHHHOCXH ttFY
B npaKTHKe sKcnjiyaxauwH nry c Ky npHMe-

Hflexca BnpbicK BOAflHoro napa B KC FTY c ue-
JlbtO H3MGHHX1. H3Fpy3Ky H CHH3HXB BblGpOCbl OK-
CHAOB a3oxa. TaKoe TexHHHecKoe peuieHHe OKa-
Sbisaex satvieTHoe BJinaHHe Ha MOIUHOCTS rasosoH
H napoBoft xyp6wH H nry B UCJIOM, H3Menflex ee
3KOHOMHHHOCXb. fljia 3HepreXHH6CKOH FTV (CM.
xaSji. 8.1) cooTsexcxByiomHe pe3yAbxaxw pacne-
xa noKasanbi Ha pnc. 8.69. yBeJinneHHe enpbiCKa

napa pa3JiHHHOH xeMnepaxypbi (cse*e-
MaCTHPen- ro napa

aPHC. 8.68.
MH^ecKiix UHKJIOB
KHHa nrV c KV H npHMeneuHeM
npOMeatyroiHoro neperpeua ra5OB Bfl npH T = 327 °C) npHBOflHX K
B ra30Boii lypfl i iuu (7) HJIH aoiKHra- 3JieKXpHHecKOH MOUJ.HOCTH FTV, CHHJKCHHIO H3-
HHH TonjiHBa (2) rpysKH my, xoTfl oSmaa 3JieKXpHMecKaa MOIU-

Hocxb nry B03paCTaex na HeCKOJibKO npoueH-

XOB. 3KOHOMH4HOCXb HTV B O6OHX CJiyMaflX T6M HH)Ke, M6M bl-

CKHBaeMoro BOAanoro napa.
B HacToamee BpeMa AocxaTOMHo no^poGno nccjie^OBaHa

npHMCHCHHa perenepauHH B ra30xyp6HHHOM npouecce. Hcnojib30BanHe
xenjioxbi BbixoAHbix rasos VTV ajia narpeea UHK^OBOTO sosAyxa KOMnpeccopa
no3BOJiflex noBbicHTb ee 3KOHOMHMHocrb. npe^CTaBJiflex HHxepec ue:iecoo6pa3-
nocTb HcnojibsoBaHna FTV c perenepaxopoM B xenjiosbix cxeMax Fify c K^
OHCBHAHO, HXO B DXOM cjiynae noHM^aexca xeMneparypa raaos nepeA KOXJIOM w
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1,20

0,01

PHC. 8.69. BJIHHHHC Bnpbicica BoaaHOro napa GBn B KC FTV Ha MOiUHocrb H 3Koi ioMHii i f i e ib
c jiByxKOHTypntiM KY (B JIO/IHX KOJiunecTBa raioe FT Gr) (FTY c napa\ieTpaMii no

i. 8,1 npn AaB.iciiH« B KOHACHcaTope nTY pK = 6

Nr , Nn, N^y — cooTBCTCTBeHHO 3JieKrpnHecKajj MouiHocTb FTX my H nry; napaMCTpu

6e3 snpbiCKa napa HMCK>T HHACKC 0; anptiCK CBeacero napa BR npH TnE = 525 °C HJIH OTGopHoro
napa 33 nacTbio B^ UTV npn Ta = 327 °C

KOJIHHCCXBO renepHpyeMoro napa. Ha pnc. 8.70 noKasano, HTO pere-
npaKXHHecKH scema npHBOAHX K yMentmeHHK) SKOHOMHHHOCXH nry.

Bbnne cxeneHb perenepanHH H SoJibine AasjieHHe neperpexoro napa B^, TCM
KTIR nponsBOAcxsa 3JieKTpo3HeprHH nry.
nojibsoBaHHe B nry xpexKOHxypnoro KV nosBOJiaer AonojinnxejibHO nosbi-
3KOHOMHHHocxb ycxaHOBKH. FlpHMeHeHHe era uejiecoo6pa3HO B MOIUHHX

3HeprexHnecKHx TTY c BbicoKHMH napaiviexpaMH BbixoAHbix rasos (7*KT > 580 °C).
HHe Kn^ npoH3BOACxsa 3jieKxp03HeprHn B xaKHx nFV oSecnennBaexor
Bcero KojiHHecxBOM napa, renepupyeMoro na yposne Hfl. PacxoA napa BA

B TpexKonxypHOM Ky HCMHOFO Menbiiie, neM B AByxKOHxypnoM KY, T3K K3K napo-
neperpeBaxejib cpeAHero AasjienHa (C^) pacnoAaraexca na 6ojiee BUCOKOM xewne-

ypoBne, HXO yMeHbuiaex KOJIHHCCTBO xenjioxbi, nepeAasaeMOH B nacxn
Kotna. B Ky xpex AaBJieHHH AasjieHHe B CCKUHSIX Bfl H Qfl neo6xoAHMO noBbi-

OAHOBpeMCHHO. OnxuMajibHoe oxHomeHHe sxnx AaBJienHH cocxaBJiaex OKOJIO
,25, a MaKCHMaubHaa Momnocxb nT B cxeMe nry onpeAejiaexca Aaejie-

B CCKUHH H^. AScojiioxHbie sHaneHna AaBJieHHH napa B xpexKOHiypnoM
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3.6p

PHC. 8.70. 3KOHOMHiHOCTb nry c flayxKOHTypHbiM KY H PTY c pcreiiepamieii rasoB u
CHMOCTH or janjieiniH neperperoro napa B/l 11 cTeneim pereiicpauiiii B FTV a

Crenenb
= T'r- 10

napa Bfl

fl3BJieHna B KOMnpeccope nx = 10,6; TeMneparypa neperpeioro napa Tn£ =
fle Tr — xeMneparypa rasos nepea KY); npw o = 0,082 reMneparypa neperpeioro

- 525 °C

= 0,4 — 0,6 MHa;
R7T

KY />BA - 10,0—1 1,5 MFIa; p^ = 1,5—4 MFla;

neperpee napa 6,3, npHMensiexcji ao Tun

HeKOTopwe HTOFH. B xeruioBOti cxeMe KOHfleHcauHOHHOii FIFY cy-
mecxsyex onpe,uejieHHafl CBJBL Meac^y 3JieMCHTaMH. 3HepreTHHecKaa FTV B co-
OTBercTBHH c pexHMOM paSoxbi (HarpysKa, napaMerpbi OKpyacatomero B03^,yxa,
BH,a cHtHraeMoro TonnHsa H ap.) cjiy>KHT onpe^ejiaroiuHM SBCHOM TexHOJiorHHe-
CKoro npouecca, oTAaeaa KY H HTV xenjioty CBOHX Bbixo^Hbix rasos. KaK 6biJio
noKasano panee, B saBHCHMocTH or noTCHUHajia 3THX rasoa MOJKHO peajiH30BaTi>
napoeoH UHKJI c O^HHM, AByMfl HJIH rpeMa KonrypaMH, BKJHonas npoMe>KyTOH-
HHH neperpeB napa. Ilocjie KV renepHpyeMbiH nap nocrynaeT B FIT, Koropan,
CO CBOCH CTOpOHfcl, BMBCTC C KOH^eHCaTOpOM OKa3bIB3eT OHpe^ejieHHOe BJlHflHHe
Ha KOTCJI. B oSbiMHbix napocHJioBbix ycxanoBKax nyieivi noa,aHH xonjiHBa H BOAM
MOJKHO HSMeHHTb naponpoM3BO^HTenbHOCTt KOTjia H MoniHOCTb nTY B onpefle-
JieHHbix npe^ejiax. B cxeMe nry Taicon BOSMO^HOCTH net. FIpH onpe^eJieHHofi
HarpyaKC TTY Me^ay KY H FIT ocymecTBjiaeTca csoero po^a «KOHcencyc» no
napaMeipaM napa H MOLUHOCTH napOBon CTyneHH, a naposaa ryp6HHa CJiywHT

«ceTtK»>, na KOTopyio paSoraeT KOTen. B 3TOM cjiynae OCHOBHOJI uejib -
MaKCUMonbnou Moufnocmu FITY, a cjieAOBaxenbHO, H nan6ojibii]ero

FIFY

(8.71)

A':
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JlioSoH OT6op Mac™ reHepHpyeMoro napa HS no^BoaauiHX naponpoBOflOB
HJIH H3 nepery^HpyeMbix OT6opoB FIT na pereHepaTHBHLifl noaorpes nHTare;ibHofi
eo^bi H Ha Apyrne BHyrpeHHHe noTpeGnocTH HFY HPHBOAHT K CHH>KeHHK> ee 3KO-
HOMHHHOCTH. BMCCTC C T6M UeJieCO06p33HO COBeplUCHCTBOBaTb KY H FITY, nOBbl-
uiaa HX KFm (8.71). OKonnaTejibKbiH Bbi6op cocrasa TenjiOBoH CXCMU KO«meHca-
UHOHHOH FITY ocyinecTBjiaeTCH Ha 6ase TexHHKo-3KonoMHHecKOH onTHMHsauHH.

CymecTBCHHoe yjiymiieHHe noKasaTejiei! FTFY c KY npoHcxojjHT npn JIOCTH-
XCHHH HanajibHoft TeMneparypow THT rasos FTY cxexHOMeTpHnecKoro 3Hane-

HHfl, OCOGCHHO CCJIH 3TO COHCTaCTCa C yBCJIMHeHHCM CTCneHH nOBUUieHHfl A3B-
jienHfl Bosziyxa B KOMnpeccope 7tK . Ilpn 3TOM KFI^ npoH3BO,acTBa 3JieKTp03Hep-

THH H6TTO M03CCT npCBHCHTb 70 %, a y/lCJlbHaa BblXOJlHafl MOmHOCTb yCiaHOBKH
COCTaBHTb 2000 K#>K/Kr.

8.6. PEry^MPOBAHME HAfPy3KM nAPOPASOBUX VCTAHOBOK
C KOTJ10M-yTM/lM3ATOPOM

8.6.1. Cnoco6bi peryjiHpoeaHMB 3JieKTpHHecKOM HarpysKM

cxeiwa FIFY c KY oSbinno GbisaeT: MOHOSJIOHHOH (CM. pwc. 8.7)
(IxFTY + IxKY + IxOTY + lx3F), ^y6jib-6jiOMHOH (2xFTY + 2xKY + IxOTY +
+ 3x3F) HJIH TpHnji-SjiOHHOH (3xFTY + 3xKY + IxHTY + 4x3F). Hpo^HJib STOH
cxeMbi cymecTBCHHbiM o6pa30M BJinaeT Ha BbiSop peafHMOB pa6oTbi npii peryjiH-
pOBaHHH 3JieKTpHMecKOH HarpysKH FIFY

Bo BCCX STHX TenjiOBbix cxeMax OCHOBHBIM 3JieMCHTOM cnyacaT snepreTHMecKHe
FTY, OT pe>KHMa pa6oTti Koxopbix saBHcaT xapaicrepHCTHKH BCCH FIFY. OcrajibHbie
sjieMCHTbi (KOTJibi-yTHJiH3aropbi, napoTyp6HHHbie H ̂ easpaTOpHo-nHTarejibHbie yc-
TanoBKH H flp.) aBJTfliOTCfl naccHBHbiMH 3JieMCHTaMH. MX paSoxa onpe^ejiaeTCfl KO-
JIHHCCTBOM H napaMCTpaMH Bbixo^Hbix rasoB FTY, ee MomnocTbK) H SKOHOMHHHO-
cTbio B saBHCHMOCTH OT HarpysKH H xapaKTepHCTHK oKpyxaromero sosjiyxa. 3ro He
03HanaeT, HTO, nanpHMep, cocroaHHe H napaMerpw nporoHHOH nacxH FIT,
C3TOpa, 3X6KTOpHbIX H JJpyrHX yCTaHOBOK H6 BJIHJHOT H3
HocTb, TCMneparypy H ztasJieHHe renepHpyeMoro B KY napa. CymecTByrox secbMa
cjioacHbie TexHOJiorHHecKHe CBHSH, Koropbie neoSxo^HMO anajiHSHpoBaTL He TOJibKO
B OTfleiibHbix cTarHHecKHx pe2(HMax paGoTbi, HO H B ^HHaMHKe. Ha Sase
HecKoro H nporpaMMHoro oSecneneHHH cos^aiOT BcepeacHMHbie
CKHC MaieiviaTHHecKHe MO^CJIH FIFY c KY. Tanofl onbix HMeiox pjw (J)HpM B POCCHH
H 3a pySeacoM H, B nacTHocTH, AO «OnpMa OPFP3C»*.

B MaxeMaTHHecKHX Mo^ejiflx FtFY HCCJie^yiOTcs, nanpHMep,

a) B zasomypduHHou ycmanosKe — MaccoBbie H 3HepreTHMecKHe SaJiaHCbi,
osaTHfl sos^yxa H pacuiHpeHHH rasoB, cafHraHHS Tonjinea B KCf BJIHH-

cHctCMbi oxjiaai^eHHfl Ha paSoxy FTY, H3MCHeHHe conpoxHBJieHHa xpanxa no
H rasaM H T.n.;

.H., HoJiaKOB B.C., PyfiaiiiKHH A.C. Hcno^b30B3Hne KOMntioTepHOH MOJJCJIH nrV-490
HecxauHOHapHbix npoueccoB H onTHMHsamiw Ten^oBoii CXCMW 3Hepro6jioKa // 3^eKTpn-

CTBHUHH. 1998. Xe 5.
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6) B Komjie-ymwusamope — npoueccu xenjio- H MaccooSMCHa, xeruiOBbie 6a-
jiaHcw npH nepe^aHe xenjioxbi rasos FTy paGoneMy xeny B oxflejiLHbix noBepx-
HOCTSX Harpesa, npoueccbi aspo,aHHaMHKH npoxoncaeHna rasoe no ra3OBOMy
xpaKxy, BKJiioMaa oxKjiK>HaK>mne muSepbi H jbiMOBbie TpySbi; HSMeHeHwe rHfl-
paBJiHnecKoro conpoxHBjieHHa napoBoflaHoro xpaKxa; npoueccbi nporpesa Me-
xaiiJia KOJiJieKxopOB H 6apa6aHOB oxaejibHbix Konxypos H ,ap.;

B) B napomyp6uuHOu ycmauoeKe — Maccosue H 3HepreTHMecKHe Sajiancbi,
npoueccbi xeqeHHfl napa H MaccooSMCHa B npoxoiubix nacxax nT H B peryjin-
pyiom,HX Kjianauax; npoueccbi xenno- H MaccooSMCHa B KOH^eHcaxopHOH ycxa-
HOBKC, BKJiiOMas paSoxy aiKCKiopOB; npoueccbi xenjio- H MaccooGMeua B napo-
npoBOflax, fleaapaxope, B neperpesaxejiax \\J\ (npH HX najiHHHH); paSoxa nycKo-

cSpocHtix ycrpOHCXB;
r) B 3JieKmpoeenepamope — 3JieKXpOMexanHHecKHe npoueccbi B renepaxopax

H OCHOBHHX 3JieKXpOflBnraxejisx MexaHH3MOB co6cxBeHHbix Hy>KJi; pa6oxa xnpH-

cxopnoro nycKOBoro ycrponcxBa H .op.;
a) B ACV Tn — MOflejmpOBaHHe pa6oxbi OCHOBHLIX aBxoMaTHHecKHx ycx-

poflcxB, oSecneHHBaioiiiHx 4>yHKUHOHHP°BaHHe 3Hepro6noKa: peryjiMpyiomwe
KJianaHbi TORJIMBHOH cncxeMbi FTy, noAanH napa B FIT, no^flepacaHHe ypoBHs BO-
flbi B SapaSanax KV H B KOH^eHcaxope, peryjiaxop ziasjieHHa napa
FIT, npeaoxpaHHxenbHbie KJianaHH Bfl KOXJia; xexHnqecKHe SJIOKHPOBKH H

JIH nacxefi xenjiosoH CXCMH HFy CB33aHbi MOKfly co6on MO^ejiflMH
romHX HX 3jieM6HxoB: xpy6onpOBOflOB, cMecnxeJieH, sajXBnxeK, KjianaHOB H Ap-
3HeprexHMecKHe FTy oxjinnaioxca ox FlCy XCM, MXO pa6oxa B pacvemnoM pe-

(no ISO-2314 3TO napaMexpw sosflyxa Tw B ~ 15 °C, p^ B - 0,1013 MFIa,

BiiaxHOCXb 60 %) AJifl HHX CKopee HCKJiWHenHe, MBM npasHJio. napaMexpbl Ha-
py)KHoro B03,ayxa, saSapaeMoro KOMnpeccopoM, nocxoanHo HSMCHaioxcfl, H B pe-

e cymecxseHHO HaMenaroxcH OCHOBHUC xapaKiepHCTHKH FTV: 3JieKxpH-
MomHocxb, KFI^ npoH3BOAcxsa sjieKxposneprHH, noxpe6jieHHe xonnnsa,

O H napaMeipbi BbixoflHbix rasoB (CM. PHC. 6.9). 3neprexHHecKHe FTV
MacTb BpeMeHH paQoxaiox Ha Hepacnemnbix (nepeMennbix) pewuAtax.

H3MCHeHHe 3JieKTpHHecKofi Harpy3KH FTy npH ee 3KcnjiyaxauHH ocymecxB-
Jiaiox HSMeHeHHCM pacxo.ua aacacbisaeMoro KOMnpeccopoM B03flyxa (KOJIHMCCX-
BCHHOC peryjiMpOBanne) jipi6o H3MeneHHeM yfleJibnon nojie3Hon paSoxu ra3os B
FT (KanecxBCHHoe perynwpoBaHHe). B o6onx cjiynaax B03,ae£iCTByiOT Ha XOHJIHB-

Hbie KJianaHbi, HSMenaa pacxoa xoniiHBa B KC FTV.
OpH nepexoAe K nacxHHHbiM Harpy3K3M uenecoo6pa3Ho xaK opraHHSOBaxb pa-

6oxy ycxanoBKH, HtoGw MaKCHMa^bHO BOSMOXHO coxpatrnxb ee 3KOHOMHHHocxb.
3xo yjiaexcfl npH KonnnecxBeHHOM peryjinpoBaHHH, RJI% ^ero see coBpeMeHHbie
3HeprexHHecKwe FTV caa6aceHbi BHA H nHA nepsux cxyneneH KOMnpeccopa.
npHMeneHne SXHX ycxpoKcxB nosBonaex H3Menaxb npoxoAnoe ceneHHe npoxoH-
HOH nacxn KOMnpeccopa H ocymeciBJiaxb paSoxy FTV npw napaMexpax, oxBaxbi-
Baromnx BCKJ npneMJieMyro sony yHHBepcaiibHofi xapanxepwcTHKH KOMnpeccopa-

nporpaMMa CHH^eHHa 3JieKxpHMecKOH Harpy3KH FTV THna GTX-100 (ABB)
c HcnojibsOBaHneM BHA KOMnpeccopa npHBeaena na pHC. 6.4. Kan BHAHO H3 rpa-
4»HKa, nepBonaMaJibHO Momnocxt TTV peryjinpyeTca ynpaeiieHHeM 3xoro anna-
para, noKaxeMnepaxypa BUXOAHUX rasoe ycxanosKH He noBbicwxca 40 aonycxH-
Moro 3HaMCHHfl 600 °C. T^ajibHeHiuee cHuxeHiie HarpysKH ^ocTHraexcfl noHH^e-
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HHCM HanajibHOH TeMnepaxypbi rasos nepea ra3OBOH xyp6HHofi H saKpbixneM
BHA 40 MHHHMajibHO so3MO)KHoro nojioHceHHfl. Hpw 3XOM yMCHbiuaexcfl cxeneHb
noBbimeHHa AaBJienna sos^yxa B KOMnpeccope nK H Bospacxaex xeMnepaxypa ra-
308 na Bbixo^e FTy H na BXOAC B KY.

PeryjmpOBaHHe sJieKXpHnecKon narpysKH FTy c noMoiubio H3MeHeHHa xojii,-
KO HaiaJibHOH xeMneparypbi rasos (KanecxBeHHoe pery^HposaHHe) neraxHBHO
cK33biBaexcfl na ee snepreTHnecKHx xapaKxepncxHKax (CM. pnc. 6.3). HecMoxpa
Ha neKOTopoe yBejiMMCHHe pacxo^a rasoe, HX xeMnepaxypa Ha BLixo^e rasosoH
xyp^HHti saMexHO cHH^aexca.

03 BbimecKasaHHoro cjie^yex, MXO Mexoflbi peryjiHpoBaHHa 3JicKTpHMecKoft
MOIUHOCXH FTy OKa3bIB3K)X BJIHAHHe HC TOJIbKO H3 66 SKOHOMHHHOCXb, HO H H3
napaMexpbl Bbixo^Hbix ra30B. 3xo, B CBOK) onepe^b, HSMeHflex napaMexpu H KO-
jiHHecxBO renepHpyeMoro napa, Moiunocxb nTy H aceM nry

B xenjiOBbix cxeMax HFy, BtinojiHeHHbix no Ay6jib-6jio^HoH HJIH
it cxeMe, B03MO^Hbi pa3JiHMHbie sapHaHXbi pasrpyaceHHa FT -

HJIH nocjrejjOBaxejibHbiM, — HXO cKasbiaaexca na noKasarenax nry. B KaacaoM KOH-
KpexHOM ciiynae HeoSxo^HMo BbiSwpaxb onxHMaJibHyio nporpaMMy pa3rpy3ceHHJi.

SaBHCHMOCXb KYIJI npOH3BO^CXBa 3JI6KTp03HeprHH T3C C nry, BKJlIOHaiOmH-
MH B ceSa ceMb o^HHaKOBbix MOHOG^OKOB, ox narpy3KH noKasaHa Ha pnc. 8.71.
Harpy>KeHHe 3XHX sneproSjioKOB (HJIH HX pasrpysKa) ocymecrsjiaexca nocjie^o-
eaxejibHo c HnxepsajiaMH 5 MHH BKjuoneHHeM (oxionoHeHHeM) ox^eJibHbix arpe-
raxoe. 3xo nossojiaex B uinpOKOM AHanasone narpysKH coxpanaxb SKOHOMHH-
HOCXb nry C Ky. OxHOCHXejILHO HeBblCOKHC 3Hai6HHa KH/t npOHSBO^CXBa 3J16K-
xpo3HeprHH npn HOMHHajibHOH narpy3Ke oGtacnaioxca xapaKxepncxHKaMH 060-
pyjlOBaHHfl OAHOBajibHoS nry Ha yKasaHHon T3C Futtsu (JTnonHa): o^na FTy XH-
na MS9001E (General Electric) Momnocxbio 113 MBx (no ISO) npn HanajibHOH
Tewneparype rasos THB - 1085 °C H nK = 12; o#Ha naposaa xypSnna MomnocxbK)

52 MBx npw napaMexpax napa BRp = 6,4 MHa, T= 531 °C H H^/7 = 1,5 Nflla,
T= 198 °C H AaejieHHH napa B KOHAencatope 5 KHa.

HpH HSMeHCHHH SJlCKXpHHeCKOH Harpy3KH 3KOHOMHHHOCXb HFY BO MHOFOM
33BHCHX ox napaMCipoB Bbixo^Hbix rasoB FTy H ox xapaKxepa HX HSMeneHHa.
B Tafwi. 8.16 npHBe^eHbi pacnexnbie (npoeKTHbie) jjaHHbie Ky B cocxase HFy. Hx
aHajiH3 noKasbiBaex, HTO ocoGeHHo CHJibHo H3Menaexca xeMnepaxypa neperpexo-
ro napa B/I H, cjieflosaxejibHO, sKOHOMiinnocTb nxy. B pa^e coBpeMCHHtix 3Hep-

FTy 6jiaro^apa jiynmeH nporpaMMe peryjiMposaHHa yjjaexca B sna-
Mepe cTa6miH3HpoBaTb STH napaMerpbi.

SJlCKTpO-
Mc- 8.71. 3aBiiciiMocTb __ r .

***PrHn HCTTO na T3C «3 CCMH
T Har» H npH noCJIeaoBaTejii,MOM EKJHOICHHH (or

arperaroB (T3C Futtsu, " 0 20 40 60
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Ta6;inua 8.16. HJMenemie napaMerpos pafiorbi SJICMCHTOB TCIKHOBOM cxe%u>i I1FV B
or 3JieKTpHiecKOH narpysKH (2XFTF-110 + 2xKy + IxflT)

riapaMCTp

riaponpoH3Bo,nnTejii>-
Hom> KOHTypa B3, KF/C

flaBJieHHe neperpexoro
napa Bfl, MHa

TeMneparypa napa Bfl, °C

naponpoHSBOjiHTejit-
HOCTI, KOHtypa H/I, KF/C

/laBJieHMe neperpexoro
napa Hfl, MITa

TeMnepaxypa neperperoro
napa HR, °C

KOJIHMCCTBO rasoB nepeji
KY, Kr/c (Ha 1 Kopnyc
KOTJia)

TeMnepaxypa ra30B
nepea KY, °C

TeMnepajypa yxo^aiuHx
rasoB KY, °C

CKOpOCTb UHpKyjTflUHH
cpeflti B KOHType HcnapH-
rejia BR, M/C

CKOpocTt uupKynnuHH
cpe^fci B KOHType Hcnapn-
T6J1S Hfl, M/C

A3pO^HHaMMHeCKOe
conpoTHBJieniie KY, Ila

3^eKTpHH6-
CK3H H3-

rpy3Ka FTY

niiKOBaa

100%

40%

riHKOBaa

100%

40%

FlHKOBaH

100%

40%

FlHKOBaa

100 %

40%

llHKOBafl

100 %

40%

IlHKOBafl

100%

40%

ITHKOBaJ!

100%

40%

FlHKOBafl

100%

40%

riHKOBafl
100%

40%

fTuKOBaH

100%

40%

FInKOBajl

100 %

40%
FlHKOBaH

100 %
40%

TeMnepaiypa HapyjKHoro sosayxa, "C

-40

42,44

36,89
17,44

5,8

5,8

1,6

439

418

294

13,81

14,19

9,56

0,63

0,63

0,42

227

229

198

442,3

442

437,9

467

438

296

113

119

131
—

—15

49,19

43,69

19,31

7,3

7,3

2,8

482

462

329

12,36

12,81
11,14

0,7

0,7

0,42

228

230

211

407,3

406,4

403,7

531

499

332

106

109

128
—

— —

2860
2835
2605

2540
2510
2210

-3

48,56

43,89

21,08

7,3

7,3

3,3

490

471

348

11,64

12,03

11,28

0,7

0,7

0,42

227

229

213

388,6

388,6

385,9

541

512

353

104

107

126

0,35—0,76

0,24—0,56

0,35—0,48
0,27—0,46

2340
2330
2070

+15

47,17

42,78

21,89

7,3

7,3

3,4

500

481

361

10,64

11,0

10,56

0,7

0,7

0,42

225

227

213

362,6

362,3

361,4

554

524

367
104

106

124

—

+45

44,86

41,06

22,64

7,3

7,3

3,68

520

501

384

9,36

9,67

9,17

0,7

0,7

0,46

224

226

213

320

319,8

318,1
579

549

393

107

109

127

—

— ̂ >

2070
2050
1850

1665
1650
1490

%
58

56

52

48

44
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PHC, 8.72, npeiiMyuiecTBa B J K O H O M H I H O C T H iipu pa6oic c lacni'iiioii
ojufOBajibitoii nry no cpaBHeinno c rpmui-C.io'inoii

llaporasoBbie ycranoBKH, BunoJiHCHHbie no Ay6"iu>-6jioHHo£i HJIH TpHnji-6jion-
HOH cxeivie, nponrpbiB3K>T o^HosajibHbiM flFY npH pa6oTe na HacTHHHbix Harpys-
Kax. 3xo no^TBepacAaerca xapaicrepOM HSMeneHna Kn^ npoHSBoziCTBa
3HeprHH rpynnbi 3Hepro6.no KOB, BbinojmeHHbix no o^HOsajibHoft H
HOH cxeMaM, noKasaHHbiM Ha PHC. 8.72.

8.6.2, MaHespeHHOCTb 3HepreTMHeCKHX nry c KV. FlycKOBbie cxeMbi
H xapaicrepHCTHKM nycKoebix onepauMH

oSopy^osaHHe nry ^OJI*HO HMCTb pacMernbie
ManeepeHHOcmu, ^JiHTejibHOCTH nycKOB H cKOpocxn HSMeHCHHfl narpysKH B npe-
Jiejiax peryjinpOBOHHoro ^Hanasona.

B COOTBCTCTBHH C Tpe60B3HHflMH HOpMaTHBHblX flOKyMCHTOB FlFy C KY
4ojiafHbi o6ecneHHBaTb BosMoacnocTb ocxaHOBa HX B peseps B Hepa6onne ^HH
Q4 — 55 H) H Ha HOHHOe BpeMa (5 — 8 H) c TexHHHecKHMH xapaKTepHCTHKaMH no-

nycKOB (rafin. 8.17).

Ta6j inua 8.17. MaiicBpenntic napaMerpbi IIFy c KV
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riapaMerp

fljiHTCJibHocTi, nyCKa ao BSSTHS
noJiHof* narpy3KH, MHH
B TOM iHCJie OT naia^a nycKa FTY
ao cHHXpoHM3auHM 3JieKTporeHe-
paTopa flTY, MHH
JXrtHTejibHOCTi. nycKa TTY B asTO-
HOMHOM peSCHMC, MMH

IlycK nocne oCtaHOBa

Ha 6 — 8 i

60

30

15*

Ha 24—25 M

90

45

20*
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HH»CHHH

paSoTbi oGopy/iOBaHHH FIFY noa

peryjinpoBOHHoro ,nnana3OHa, %
nry

MHHHMyM HarpysKH, % HOMHHanbHOH MOIUHOCTH
cjieayiomnx CXCM:

oflHa rxy + o;ma nxy
j*ne rry + oxm nry
TPH rry + owa nry

rry + oana my

50

50
25
17
13

CicopocTt. H3MCHeHHfl HarpysKH B npe^ejiax peryjiHpOBOHHoro
jinanasoHa, % HOMHHajibHoK MOIUHOCTH Firy/MHH ........... 10
PacnexHoe HHCJIO UHKJIOB HSMCHCHHa HarpysKH 33 cpoK

nry ......................................... 10 ooo

OSopyAOBaHHe nry (KpoMe FTV) AOJI>KHO GbiTb paccHHTano Ha o6"mee KOJIHHC-
CTBO ocTanoBOB (nycKos) sa secb cpoK cjry^6bi ne Menee 100 H3 xonoAHOro co-
CTOflHHS, 1900 — H3 HeocTbiBuiero H 8000 — HS ropaMero. Pecypc AO CHHcaHHfl
FTY AOJDKCH 6brn> HC Menee 5000 ociaHOBOB (nycKOs) (jinSo 100 000 H paSoTbi).

napora30Bbie ycTanosKH c Ky AOJDKHIJ AonycKaTb c6poc MOIUHOCTH c jnoSo-
ro 3HaneHHfl HcxoAHofi HarpysKH AO HHHCHCFO npeaejia peryjinpOBOMHoro Awana-
3ona npH noAane cnrHajios OT peryjiflTopa MacTOTbi BpameHHfl H BHCUIHHX CXCM
ynpasjieHHfl co cKOpocTbio, onpeAejiaeMofi 6bicTpOAencTBHeM perynnpOBaHHa
nT na c6poc HarpysKH. FIpH STOM Harpy3Ka AOJiacna ycTanaBJiHBaTbca B cooTseT-
CTBHH c HarpysKoK, saAanHOH nT B nocjieaBapHHHOM pe>KHMe.

/I,onojiHHTejibHbie TpeSosaHHa ManeBpeHHocTH npeAi>flBJiflK)TCfl H K KY Ero
KOHCTpyKUHs AOJiacna AonycKaTb pasrpy3Ky na CKOJibsameM AaBJieHHH B
3One OT HOMHHajibHOfi HarpysKH AO HH^Hen rpaHHUbi peryjinpoBOMHoro
30H3. BMCCTHMOCTb SapaSaHOB KOTJia H KpaTHOCTb H.HpKyjl3L[HH B HCnapHTCJIb-
HHX KOHTypax cjieAyeT BbiSnpaTb c yneTOM HaGyxaHHa ypoBHfl npH nycKe ycTa-
HOBKH 663 HCnOJIb30BaHHfl aBapHHHOrO CJlHBa. KpaTHOCTb UHpKyJIflUHH B 3aBHCH-
MOCTH OT HarpysKH H TeMnepaTypbi napyafHoro B03Ayxa MOIKCT cocTasjiaTb 5—

50 KF/KF.
FasoBUH TpaKT KV cnaSacaiOT rasoebiM mnSepOM, oSecneMHBaiomHM ero

njioTHoe oTKJTiOHeHHe OT ABIMOBOH Tpy6bi npH ocTaHOse FTy
,3,ononHHTejibHbie TpeGoBannfl npeAtflBjifliOTCfl TaKace K ni B TenjioBbix cxeiviax

nry HanpHMep, cHCTeMbi oSorpeBa (|)JiaHueBbix coeAHHeHHfi UHJIHHAPOB B^ H
cjieAyer BbinojiHHTb 6es CTOPOHHHX HCTOHHHKOB rperomero napa

peryjiHpOBaHHfl ero napaiweTpOB HJIH pacxoAa npn nycKax.
IJJHHAPOB C^ H H/l TypSHHH AOJl^CHa 6bITb pacCHHT3Ha Ha

pacxoA napa H3-sa oTcyTCTBHa pereHepauHH H noABOAa napa H3 KOHTypos C l̂, H MM-
KoHACHcaTop nT AOJIKCH oSecneHHBaTb npneM napa H eo^bi npn nycKax, oc-

TaHosax H cSpocax HarpysKH nFY B COOTBCTCTBHH c nponycKHOH cnoco6HocTbK>

nycKoc6pocHbix ycTpoitcTB.
npHMeneHMH 6e3Aea3paTopHOH TenjiOBotf cxeMbi nHTarejibKbie Hacocbi
AonycKaTb He MCHCC 200 UHKJIOB nocTynjieHHfl XOJIOAHOPO '
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B cjiynaax cSpocos HarpysKH 3JieKTporeHepaTOpa OT AO HarpysKH
Hy^A HJIH xojiocToro xo^a.

naporeHepHpyiomHe KOHTypbi BbicoKoro, cpeAHero H HHSKOPO AasjieHHsi K^
B CXCMC FIFY cjieAyeT ocHamaTb nycKOc6pocnbiMH ycTpoHCTBaMH, nponycKHa
CHOCoSHOCTb KOTOpblX paCC^tHTblBaeTCfl Ha HOMHHaJIbHyiO npOHSBOAHTCJlbHOCT
KOHTypOB npH HOMHHaJlbHOM AaBJI6HHH napa. 3TH yCTpOHCTBa AOH)KHbI 6bITb 33
nopHO-ApoccejibHoro THna 6e3 OTKJiioMaiomeK 3anopHOH apMaTypbi.

IlycKOBbie cxeivibi FIFY c KV AOJiacHbi oTBenaTb H3jio*eHHbiM Bbiiiie Tpe6o
H o6ecneHHBaTb naAea<HbiH H 6ecnepe6oHHbiH nycK H ocTaHOB oGopy

B HHX AOJlJKHbl 6bITb OpeAyCMOTpCHbl nyCKOc6pOCHbIC yCTpOHCTBa
pacuiHpHTejiH npoAysoK, sjieivieHTbi, noBbimaiomHe naAea'HocTb apMaTypbi Tpy
SonpOBOAOB npn nycnax H ocTanosax, H Ap. Ha pnc. 8.73 npnaeAeH npHMej
nycKOBOH cxeMbi nFY-325 (AO BTH, OAO «HHCTHTyr Tenjio3JieKTponpoeKT»
AO JIMS). HenpepbiBHaa H nepHOAHHecKas npOAyBKH 6apa6aHOB B/l, H
aBapHHHblH CJIHB H3 HHX KOTJIOBOH BOAbi napes ApocccjibHbie lu
K)TCfl B paciHHpHTCJib npoAysKH. Hs Hero nap nocTynaeT B AeaspaTop, a
B XHMBOAOOHHCTKy HJIH H3 c6pOC.

Bo H36eM<aHHe KHnenna BOAU B rasosoM noAorpesaTejie KOHAeHcaTa (FnK) 3£
HHM ycTanaBJiHBaioT peryjinpyiomne nHTaTCJibHtre KJianaHbi. noAoSHoe TCXHH-
necKoe peiueHHe HcnojibsyeTCfl B 3KOHOM3H3epe BJ\, FAC KjianaHbi

peryjiHposaHHfl yposHfl BOAU B 6apa6aHe.

. 8.73. cxewa nry-325
^^ BXOA BwxoAHbix rasoa TTV a KV; 2 — orcenHofi raaoBbifi mn6ep; 3 — yxowmiie rasw KV;

pacuijipHTejib npoayBKH; 5 — apoccejibHLie maflSbi; 6 — HenpepbiBHaa npojiyBKa 6apa6aHOB
TJia; 7 _aeapHHHbiR CJIHB; 8 — nepnoAHiecKafl npoayBKa 6apa6aHOB KOTJia; 9 —

c B£; 10 — nHTarejibMbifl Hacoc HJJ; n __ CBa3b co BTOptlM KOpnycoM Ky; J2 — B
UCTKy; 13 — KOHfleHcaTHbifi Hacoc; 14 — Hacocw peuHpxynauHH KOHjeHcaTa
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PHC. 8.74. l ly tK naporasosoii ycratioiiKii T3C Dragen-
wos (Eejibrnn)
/ — TCMneparypa rasos 33 rasoBofi xypGHHofi, °C; 2 —
TCMnepaTypa cseiKero napa 33 KOTJIOM, "C; 3 — Harpy3Ka
raaoBOH rypdnHU, %; 4 — naponpoH3BO,nHTejibHOCTb KOT-
jia, T/M; 5 — jiaBJieHHe cseafero napa; T —

nycKOBbix onepamiH, MHH

32 T, MHH

CxeMa nycKa FIFY c ^ByxKOHTypHbiM KY no-
Kasana Ha pile. 8.74. FeHepauHs napa B KY nanw-
naeTCfl c MOMCHTa nycKa FT H ocymecTBJiaeTcs
npH cKOJiLsameM ^asjieKHH. K MOMeHTy naSopa
FT nojmoH narpy3KH naponponsBojiHTejibHocTb
KOTJia, TeMnepaTypa H ^aBJienne cBe>Kero napa
JJOCTHraiOT CBOHX HOMHHaflbHblX 3HaH6HHH.

KoTJibi-yTHjiHsaropbi 6apa6aHHoro THna c
MHoroKpaTHOH npHHy^HTejibHoii UMpKyjiauneft
no^BepHceHbi snaHHTejibHOMy H3MeneHHK> TCM-
nepaTypbi BLIXOAHUX rasos FTY BO BpeMs nyc-
Ka H Ha6opa narpysKH ycTanoBKH, H 3TO npHBo-

K CymeCTBCHHblM HSMCHeHHflM ypOBHfl BO-
B 6apa6aHe H SoiibUiHM TeMnepaTypnbJM

B cTCHKax 6apa6aHOB.
B KOTJiax-yTHJiH3aTopax asyx ^aBJieKHH B03HHKaex npo6jieMa cornacoBaHHJi

peryjiHpoBaHHH ypoBHfl H ^asjieHHa B oSonx SapaGanax. PCSKHC H 3HaHHTejibHbie
KOJieSaHHfl AaBJieHHfl B 6apa6aHe HJ\ MoryT npHBecTH K ocTanoBy FTFY ns-sa
cpa6aTbiB3HHfl npeaoxpaHHTejibHbix KjiananoB H napyiueHHa nHTaHHfl KOHTypa
B^. FIoBbiiiieHHe ^aBjienns B SapaSane H/| ycTpaHaeTCfl CHCTCMOH peryjinpoBa-
HHa, KOTOpaa B03jieHCTByeT na nHTaTenbHbiH nacoc H o6ecneHHBaeT ^aBJienne
HHJKC ycTasKH cpa6aTbiBaHHfl.

npH CHH)K6HHH napOBOH H3Fpy3KH KY (fiO H36eH(aHHe KHnCHHS B 3KOHOM3H3e-
pe) nepe3 Hero npoKaHHBaeTca sojia (pacxo^, SJIHSKHH K HOMHHanbHOMy), a Hs6bi-
TOK BO^bi H3 SapaSsHa c6pacbmaeTca B pacmnpnTejib. B ^ByxKOHTypnoM KY HsSbi-
TOK Bo^bi H3 6ap363na BJl c6pacbiBaercfl B 6apa6aH H,H. STO oScroHTejibCTBo yc-

peryjinpoBaHHC yposna H aaBiieHHa, ocoSeHHo B 6apa63He Hfl.
FlycK 4y6^b-6jioHHOH OfY c ^eyxKOHTypHbiM KY — flocTaTOMHo cuo^Hafl

. XapaKTepHCTHKH iiiTaTHbix nycKOB nocjie 2-H3coBoro (pnc. 8.75), nocne
48-HscoBoro npocroa (pnc. 8.76) H H3 xojio^Horo cocTOflHMa (pnc. 8.77) npHBe-
flenbi B 3aBHCHMOCTH OT TeMnepaTypHoro COCTOSHHJI oSopyziOBaHHfl, T.e. OT Bpe-
MCHH HpOCTOfl. FIpOAOJlXHTeJILHOCTb nyCKOB npH 3TOM H3MeHflCTCfl OT 2 flO 3 4-
Bo Bcex cjiynaax ocymecTBjiaeTca nponycK onpe^ejieHHoro KOJinnecTBa napa
nepe3 Sannacbi nycKocSpocHoro ycTpoficTBa. FIpoAOJiHCHTeJibHocTb paSoTbi 6aH-
nacoB TCM Go^bine, MBM ^JinxejibHee nycK. no^oSnbie xapaKTepHCTHKH nycKOB
nocjre ropaMero H XOJIO^HOFO COCTOHHHH fliis o^HosajibHOH FIFY
250 MET npHBejieHbi Ha pnc. 8.78 H 8.79.

B KanecTBe npnMeps B Ta6;r. 8.18 npHBe^eHti nycKOBbie xapaKTepHCTHKH
BajibHbix nry c Fly THna MS7001E (General Electric — Hitachi) no ziaHHbiM 3KC-
njiyaTauHH mecTH TaKHX 3Hepro6noKOB na T3C Shin-Oita (flnoHHa), rue ncnojib-
30saHbi 6ojiee coBpeMeHHbie 3HeprerHHecKHe FTY xnna F7FA (General Electric).
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PHC. 8.75. HycKOBbie xapaKTepiiCTiiKH
H3 TOpHHCrO COCTOHHHfl, Tnp £ 2 l)

60 T, MHH

nry c jByxKoinypii t iM KV (nycK

l\ ' ^2 — 3JieKrpHHecKafl MOiuHOCTb I-H ii 2-fl TTV; N^ — ajiempHHecKU MOIUHOCTL RTV;

» PnE2 — AaBJieHHe napa Brj B KY-I H KY-2; D* "" — pacxoa napa iepe3 eaiinacHbiti napo-

niY; T , T2 — TCMnepaxypa napa B^ B KY-I H KY-2; A — nycK FTY; B — cnnxpo-
3jieKTporeHepaTOpoB TTY; C — CHHxpoHH3aqHH 3JieioporeHepaTopa HT; D — i;oMHHajib-

naa 3^eKTpH4ecKaa narpysKa F1TV; T — npo^ojiiKHTejibHOCTb nycxosbix oriepannH

JV.MBi;
n '
KT/C

200

150

100

T,'C

600

500

400

300

200 -

"- 1001-

p, Mlla

• • ^—• • ^^ • - * .hi — .——A—*— '
A B 20 B40 60 80 C 100 120 D140 T, MBH

PHC. 8.76. TlycKOBbie xapaKrepHCTHKu ayfijib-Sjioiiioii nry c flByxKOHTypHbim KY (nycK
«3 i.vucTbiBinero COCTOHHHB, Tnp £ 48 H). OGosHaiciriin CM. pnc. 8.75
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PMC. 8.77. HycKOBbie xapaKrepiiCTHKH ay6jib-6jioiHoii HFY c flByxKomypHbiiw KV (nycK
H3 XO.lOJIHOrO COCTOHHMll)
O6o3H34eHH)i CM. Ha pwc. 8.75; «nT — nacTOia spameHna poropa FIT; E — nycK FIT; F —
Bbiaep>KKH napaMerpoB FTY H KY

i&
10
8
6

4
2
0

Bfl
ni

500

400

300

200

100

0

A£. a

,°c^»,
100

60

20
0̂

Saiin tpi ">
100

60

20

/ 3
2 IT

i i i i i i
B 20 40 60 80 100 1, MHH

nr

i i i i i i i i i i
o 20 40 60 80 100 T, MHH

FIIC. 8.78. HopMajibHbiH (luraTHbiii) nycic oaHoeajibiioii ITrV c KV MOiuiiOCTbio 250
»3 ropaiero COCTOHHHH

2 — ; 3 — N* ; 4 — HacTOTa BpameHHS poxopa ycxaHOBKH n;5—N*',6 — -'-
A — nycK FTV; B — CHHxpomttauus FTY H ajieKTporenepaTopa; C — oTKpbirne SaHiiacHo
ponpOBO^a FITY; D — cHHxpOHHsaimn ITT H 3JieKrporeHepaTOpa c noMowtio caMosauen-iaio
(pacuenHofi) My^Tbi (CM. pnc. 8.15, 6); E — 33KpbiTne SaftnaCHoro naponposoAa IITV; T —
aoji)KHTejibHOCTb nycKOBbix
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PHC. 8.79. HopMajibHbiH (mraTHbiii) nycs ojiHoeajibHOu nry c KV MOIIHIOCII.IO 250 MBr
113 XOJIOJIIIOrO COCTOHHIIfl
O6o3Ha»ieHHfl CM. na pnc. 8.78; F — Bpeins

8.18. IlycKOBbie xapaKTepiicTKKH IIFV c KY T3C Shhi-Oita (Muoini«)

BpeMH npocToa
nepea nycKOM

S M
32 H

XoJiOflHbiH nycK

BpCMJI

OT nycica FTY 0.0
CHHXpOHHSaUHH, MHH

20
43
126

OTCHHXpOHH3aUHH FTY ^O
noflBo.na napa K napoBoii

12
0
0

OT nojiBoaa napa K
nTflo KOHuanycKa,

18
47

184*

O6mee Bpe-
M«, MHH

50
90

310*
nporpeB I1T.

8.7. ABTOMATMSMPOBAHHblE CMCTEMbl VnPABflEHMfl TEOJIOBUMM F1POUECCAMM
nrycKY

Ho Mepe pa3BHTna T3C or^ejitHbie naciH TexHOJiornqecKoro
CTaHOBHjiHCb Gojiee coBepmeHHbiMH, a T3C 6oiiee KOMnjieKCHWMH. B 3THX 06-
CTOflTejibCTBax oco6oe 3HaneHHe npHoSpejin KOHTpojibHo-H3MepHTejitHaa anna-

iaTypa H ynpasjifliomHe ycxpofiCTBa. CrpeMHTejibHoe pa3BHXHe CHCTCM aBTOMa-
H3HposaHHoro ynpasjieHHa H peryjiHpoBaHHfl, KOMnbiOTepHOH TCXHHKM H MHK-
33JI6KTpOHHKH OTKpblJlO HOBblC B03MOHCHOCTH flJIfl nOBbllDCHHfl

[ 3KOJlOrHHHOCTH 3HepreTHHCCKHX yCTaHOBOK, 3 BMCCT6 C TCM H HX

coepeMCHHtix Firy ocymecTBUflerca c noMombro
KOMnneKca ACy TO. B cocraB KOMnjienca BXO^JIT:

H3MepHT6JlbHbie yCTpOHCTBa (A3THHKH);
ynpaeJieHHfl MaccoBblMH noTOKaMH;

CHCTCMa ACy TFI JIJIH BbinojiHCHHfl sajjaM peryjiHpOBaHHfl, ynpaB-
KOHTpOJia H aBTOM3TH3aUHH;
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UIHT ynpaBJTCHHa, peajlHSyjOIUHH ByHKUHH HRUHKaUHH H BSaHMOHeHCTBHJI C
onepaTOpoM B CHCTCMe ACy Tfl H pemaiomHH sauaHH 3KcnjiyaTauHOHHoro H 3p-
rOHOMHqecKoro npcxjmjui.

Flojmas aBTOMaTH sauna ra30Typ6HHHbix H naporaaosbix ycTaHOBOK o6ecnenH-
BaeT MX HaflOKHyro paSory H onTHMajibHoe HcnojibSOBaHHe pacxo^yeMoro TonjiHBa.
C noMOiiibK) cpe^cTB KOHTpojia H ynpaBJieHHfl Ha 6ase 3BM onepaxHBHbiH nepco-

TexHOJiorHHCCKHH npouecc. Ha cxeHe B noMemeHHH miiTa ynpaejieHHH
onepaTopaMH oGbinno pasMemena MHCMOCxeMa ycxaHOBKH, KOTopaa ocHa-

mena pesepBHposaHHbiMH 4)yHKUHOHajibHbiMH MO^yJiflMH H no^rpynnaMH, ycTpoR-
CTB3MH JJJIH KOHTpOJTS npOMe^yTOHHblX H o6lUerO TCXHOJlOrHHeCKHX KOHTypOB, HH-

H CHrHanHsaTopaMH COCTOHHHH o6opy^OBaHHfl H ero sautHTbi.
4)HpMbi H opraHHsauHH npejuiaraiOT Ha SHepre-nmecKOM pbiHKe

CBOH cHCxeMbi ynpaBjicHHH HPy c Ky. Ha CeBepo-3ana#HOH naporasoBOH T3U, B
CanKT-rieTepSypre (JwpMa Siemens BHe^pHJia aBTOMaTH3HpOBaHHyK> CHcxeiviy

TexHOJiorHHecKiiM npoueccoM THna TELEPERM ME, KOHtJmrypa-
KOTopoH npHBejiena na pnc. 8.80.

TlaHHaa ACy TIT MOXCT BbinojiHflTt Bee ByHKUHH, HeoGxo^HMbie ^Jia aBTo-
M3TH3auHH TexHojiorHMecKHx npou.eccoB: ynex H o6pa6oTKy xexHOJiorHMecKHx

, peryjinpoBaHHC M ynpasjienHe, pacnexbi H onTHMHsaunio. npH 3TOM
KOHTPOJIL, BbiBOjj coo6meHHH, oScjiy^HBaHHe H Ha6jiK>jieHHe

8

^

—

9 A

10

Y

=

10 JT ,1 ]
11 12

r ,1
13

M

PHC. 8.80. Koiictim ypamiii ACY TH AJIH CeBepo-3anaaHofi T3U B CamcT-neTep6ypre
(TELEPERM ME, Siemens)
/ — Tpa^HUHOHHoe oQopyaoBaHHe ynpaBJieHHa; 2 — MOHHTOP ynpaB^enns npoueccoM; 3 — TpH
KpynHOMacuiTa6Hbix sKpana; 4 — cHCTCMa ynpasJieHHa H KOHTpona (OS265-6); 5 — UIJIKW CBHSM;
6 — ycxpoHCTBO CTpynrypHpOBaHHH (PSWS30); 7 — uiHHHaa ciicreMa c ropH3OHTajibHO-BepTM-

cTpyKTypoii (CS275); 8 — CHCTCMa aBTOMarHsauHH TTY (AS220EHF); 9— 14 — ciicreMW
(AS220EA) cooTBercTBeHHO KY, UTY, napoBoaanoro UHKJia FirY, ciicTeMbi xenJio-
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aBTOMariiiecKoro ynpaBjieHMH rexHOJiorHHecicoro npouecca

B Gapaeane Kowa B ;̂ 2 -oflHOHMnyjibCHLiH peryjniTop
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' KOHiieHcaT^ "T; 9 -
BA Ha Bxoae fl nT

pacxofla cpeflbi;
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3a TexHOJiorHMecKHM npoueccoM B AHaJiorosoM pe>KHMe c HcnojibsoBaHHeM MO-
HHTOpOB H KOMFiaKTHOH IIWTOBOR TCXHHKH. B CXGM6 HCHOJIbSOBaHa CHCTCMa aB-
TOMaTHsauHH AS200EA, HMeromaa MOAyjibnyK) KOHCTpyKUHto H npeAHasHaneH-
Haa fljifl aBTOMaTH3auHH npoueccoe. Hepes uiHHHyio CHCTCMY CS275 cncTCMa
AS220EA no^iepjKHBaeT csasb c ocxajibHWMH cHcreMaMH aBTOMarHsauHH, c
ycTpoikTBOM cTpyKTypHpoeaHHH PSWS30 H CHCTCMOK o6cjiy>KHBaHHa H HaSjno-
flCHHfl, ynpasjieHHfl H KOHTpons OS265-6. npHHUHn paSo™ aBTOMa-rasauHH
AS220EA onpeAejiaeTca (JiyHKUHOHaJibHbiMH H cnrHajibHbiMH SjioKaMH. Bee 3a-
aaHn aBTOMaTHsauHH pemaiOTca AeueHTpajinsoBaHHO (JjynKUHOHanbHbiMH SnoKa-
MM, paSoTaroiUHMH aBTOHOMHo. ^jia KaJK^oro npHMCHaeMoro B CHCTCMC
AS220EA 4>yHKUHOHajii)Horo H cnrHaiibHoro 6jiOKa HMeiOTca GJIOKH HHTep^ett-

COB. OHM BbinoJiHaroT cne^yiomHe (^yHKUHH:
opraHHsaumo o6MCHa AaHHbiMH c cucTeMOH o6c;iy>KHBaHHa H HaQnro^eHHa OS;

4>opMHpoBaHHe rejierpaMM OT 6;iOKa K 6noKy;
noAroTOBKy scex CHrHanoB B HaxonHTejie nepe^anH.
IlpoeKTHpoBaHHe H H3roTOBJieHHs TaKHX ACV TT1 ocymecTBuaroTca poccHH-

cKO-repMaHCKHM npeanpHaTHeM SAO «HHTepaBToMaTHKa».
CxeMa aBTOMaTHHCCKHx peryjiaTopOB, HcnojitsyeMbix RJI% ynpasjieHHa paGo-

Toi! oTfleJitHbix ysjios nry c KY, B KaMectse npHMepa noKasana Ha puc. 8.81.
CocTOHHHe ysJiOBbix 3JieM6HTOB o6opy,n,OBaHHa riFY B Ka)KflbiH

MOM6HT OnpCAGJiaeTCH C nOMOIUbK) CHCTCMbl HHarHOCTHKH -

ACV TIL

28.350 2,
31.500

8.8. nPOEKTMPOBAHME RfY C KV

BonmioK onbir npoeKTHposaHHa Firy c KY HMeexca ne TOJibKo y 3apy6e>K-
HblX (J>HpM, HO H y pOCCHHCKHX npOCKTHblX OpraHHSaUHJi H HHCTHTyTOB: OAO
«HHCTHTyr Ten;i03JieKTponpoeKT», OAO «Moc3HepronpoeKT», OAO «BHHnH
3HepronpOM», OAO BTH, OAO HFIO LJKTH. HMH SHJIH BbinojiHenw npoeKTbi
uejioro pa^a naporasosbix ycxaHOBOK: nFY-450, riFY-325, nrY-46, nFY-27 H
Ap. B HHX HcnojibSOBanbi FTY THHOB FT3-110 (HIIO «MamnpoeKT», AO «Pbi-
6HHCKHC MOTOpbi»), V94.3A (Siemens), V94.2 (AO JIMS, Siemens), AJI-31CT3
(AO «A. JlrojibKa — CaTypn»), GT8C (ABB — «HeBCKHfi») H Ap-

Ha pHC. 8.82 npHBe^eHa npHHUHnHajibnaa KOMnoHOBKa 3Hepro6jioKa nFY-325
(OAO «HHCTHTyT Tenji03JieKTponpoeKT»), B KOTOPOH Hcnojib3oeaHbi jiBe FTY
THna FT3-110 c 3jieKTporenepaTOpaMH Tiina TOF-110 c B03^yuiHbiM oxjiajK^e-
HHCM (AO «3jieKTpocHJia»), Asa AByXKopnycHbix KY xwna FI-88 (AO «noaojib-
CKHH MauiHHOCTpoHTejibHbiH 3aBOA»), oflHa naposaa Typ6nHa K- 1 1 0-6,5
(AOJ1M3) c 3JieKTporeHeparopoM THna TOFI-110 c eos^
(AO «3jieKTpocmra»).

OcHOBHbie npHHUHnw KOMHOHOBKH 3Hepro6;iOKa FIFY-325:
nonepe^Hoe pacnoiro^eHHC FTY B OT^ejibHOM TpexnpoJieTHOM rasoTyp6nH-

HOM oTAejieHHH (12 +12 + 15 M);
napOTypSHHnaa ycTanoBKa H KY pacnoJio>KeHbi B oxflejibnoM (eawHOM

CKOJIbKHX 3Hepro6jIOKOB) OAHOnpOJlCTHOM (33 M) KOTJIOTypSHHHOM OTej l

3Hepro6jiotca cocxaBjiaeT 108 M.
KOMnoHOBOMHoe pemeHHe HC sBJiaerca
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12000 12000 15000 24000

PHC. 8.82. IIpnimii i i i ia j i i , i iaH K O M I I O I I O B K H 3nepro6jiOKa nrV-325
1 — rasorypSoreHCpaTop THna FT3-110; 2 — BosayxooHHCTHTejibHoe ycTpOHcxuo; 3 — KY; 4 —
napoTypSoreHepaxop; 5 — fleaapaiop; 6 — 3,aaHne SJIOMHOPO mnxa ynpaBJienHS H pacnpeje^HTCJib-
HOC ycTpoiicTBo COGCTBCHHLIX nyiKA; 7 — 3jieKTpoTexHH<iecKiie noMemeHHa; 8 — nycKOc6pocHtie
ycrpoiicTBa; 9 — 3ona pa3MemeHnn nHxaTe^bHbix Hacocos BJ\ H H/J

KOMnonoBKy HMBIOT o^HoeajibKbie FIFY, B KOTOpbix
HanGoiiee KOMnaKTHO pacnojioacHTb OCHOBHOC H BcnoMoraiejibHoe
HHe. npHMep TaKoH KOMnoHOBKH fljia OFY THna GUD2.94.3A (Siemens)

Ha pnc. 8.83 — 8.85. AHajiorHHHbie xexHHMecKHe pemenHa npHHaTbi npn KOM-
3Hepro6jiOKOB OFY c KY rana STAG 107FA (General Electric).

reHnjiaHa TenjioeoH 3JieKTpocTaHUHH c naporasoBbiMH 3Hepro6jioKaMH
T3C Paka (MaJiatafl) o6meR MomnocTtio 1212 MBx npHBe^eH na pnc. 8.86.

^ TenjioBOH cxeMe ee 3Hepro6jioKOB McnojibsoBanbi FTY V94.2 (Siemens) Ha
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22,5 M

PHC. S.85. KoivinoMOBKa maciiuro Kopnyca ounuHa.ibiioH IIFV MOUiHOCTbio 385 MBr (Siemens).
IIoiiepeiHbiH paspes

PHC. 8.86. remuiaH napora30Boii T3C c KV (T3C Paka, Ma-iainini, Siemens)
/ — aaamie TT; 2 — ROTejii>Ha>i/6afinacHas TpySa; 3 — 3,aaHne FIT; 4 — s^anwe Hacoc-
HOfi cxaHUHH oxjiasdaromeii BOflbi; 5 — ycranoBKa eo^onojiroTOBKH; 6 — onpecHHTCJib-
Han ycranoBKa; 7 — TpaHC(J)opMaTOpbi cramum; 8 ~ KOHTeiiHep ACY TF1; 9
GJIOKOB miira ynpasjieHHfl; 10 — MacrepCKHe H

npwpo,aHOM ra3e, BepTHKaiibHbie Ky GapaQannoro runa c npuHyaHTejibnoH
Ky/iflUHCH (Deutsche Babcock), njy rnna E-30-16-Llx6,3 c OCCBBIM OTBOAo^
napa H noBepxnocTHHM Kon^eHcaTopoM.

B npoeKTax nry T3C JJOJIKHO 6biTb npe^ycMOTpeno 6ecnepe6oHHoe Kpyrjio
roflHHHoe cHa6»:eHHe npHpo^HbiM ra30M no .asyM nesasHCHMbiM MarHCTpajraiu
ABapHHHbiM MoaceT cjiy>KHTb ^H^Koe ra30Typ6HHHoe TOHJIHBO. 3KcnjiyaTaun:
nry-T3C m JKH^KOM TonjiHBe cHnacaei ee SKOHOMHHHOCTL.

ycxanoBKa FTy H nry na 3jieKTpocTaHUHjix uejiecooSpasna, CCJIH c MOMCHT;
nanajia npoeKTHpOBaHHs ao c^anw o&seKTa «no4 KJHOH» npoxo^HT HC Sonee ^By;
JICT, MTO nosBOJiaer onpas^aTb HcnojibsosanHbie Kpe^HTHbie cpe^cTBa.

8.9. TEXHMMECKOE BOAOCHABXEHME HA 3flEKTPOCTAHUMflX C (IfY

Ha napocHJioBbix T3C B KOH^eHcaxop HT nocrynaer 40 2 KF OTpaSoTaBiiien
napa Ha 1 K B T - M npoH3Be^eHHOH 3JieKTp03HeprnH. 3xo snaneHHe npHMepni
B^Boe 6onbuie na aiOMHbix 3JieKTpocTaHunax [(dK ~ A KF/(KBT • H)]. B o6oHx cjiy

naax na T3C oSbinno Hcnojib3yK>T nosepXHOCTHLie KOH^eHcaTOpbi H pa3JiHHHbr
CHCTeMbi TexHHHecKoro BOAOCHa6a(eHHa (npaMOTOHHbie, oSopOTnue c
MH HJIH npy^QM-oxnajiHTeJieM).

B nry c Ky ^ona oTpaSoxaBiuero napa B KOHAencaTopax my no
K 3jieicrp03HeprHH, BbipaSaTbisaeMOH BCCH nry, SHa^HTejibHO HHH<e BCJICJICTBH
ocoSeHHOCTCH TexHOJiorHHecKoro npouecca H cocTaBJiaeT d K = 1—1,2 KF/(KBT • H"

3TO o6cTOHTenbCTBO B pfl^e cjiynaeB nosBOJiaeT na T3C npHMenaTb Bos^yxoox
jia^^aeMbie KOH^eHcaTOpbi (BK), MTO ynpomaeT npoeKTHpOBanne H CTpomejib
CTBO 3JieKTpOCTaHUHH, yCKOpS6T MX BBO.H B 3KCnjiy3TaUHK). T3KH6 peiUCHH
BCTpenatoTca ziocraTOHHO nacxo B npaKTHKe cTpoirrejibCTBa naporasosbix T3C.

^jia eosdyiuubix KOHdencamopoe npaKTHHecKH He nyacHa Bo^a, H OHH xopom<
BnHCbIB3K)TCH B TCHnjiaH 3JieKTpOCT3HUHH.

Pa3JiHH3K)T cjreziyiomHe THHU BK:
a) sosjiyiHHbie KOH^eHcaTOpbi c cyxuMH oxjTa)KAaeMbiMH noBepxHOCTaM

npflMoro oxnaac^eHHa (Tpy6KH c napy)KHbiM opeSpeHHCM) (pnc. 8.87, a);
6) eos^yuiHbie KOH^eHcaTopti c cyxuMH oxjia*,aaeMbiMH nosepxHOCTflMH ne

npaMoro oxjiaac^eHHa (Tpy0KH c napy^HbiM ope6peHHCM, pacnojioacenHbie B rpa
4npHe) (pnc. 8.87, 6);

B) BOSJiyiUHbie KOHflCHCaTOpbl C MOKpblMH OXJiaiK^aeMblMH nOBCpXHOCTflMH.
OCHOBHbIM 3JieM6HTOM BK CJiy)KHT KOHflCHCaTOp BO3flyiIIHOrO OXJia^AGHH

(KBO) (pnc. 8.88). npa ero npoeKTHposanHH cTpeMSTca oSecneMHTb:
CKOPOCTH BO3AymHoro noroKa no JUIHHC TpySoK;

o^HHaKOBoro KOJiHHCCTBa oTpa6oTaBiiiero napa B oT,aejibHbi
KBO;

rH^paBJTHMecKoe conpoTHB^eHwe no naposoH cTOpone Tpy6oK KBC
OAHH3KOBO6 ^aBJICHMe KOH4CHC3UMH B KOHU6 npOU6CCa.
B AeHCTBHTCJIbHOCTH, CKOpOCTH BOSZiyxa B nOnepCHHOM CCMeHHH KBO H60AHH2

KOBbi: HM66T M6CTO HCKpHBJieHHbJH npO(})HJIb CKOpOCTCH BO3£yXa BO3^6 BCHTHJIflTC
POB. Hs-sa nepaBHOMepHoro pacxozia napa no xpy6K3M aaejieHHe KOH^eHcauHH
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PHC. 8.87, CxeMbi BosayuiHbix KonaeHcaropoB c cyxiiMH
nOBCpXHOCTHMIl ( lpy6KH C l iapyJKHLIM OpeSpCHHCM)
a — npaworo oxjiaaoieHHa; 6 — HenpsMoro oxnsx^eam (ipySnH pacnojumemj
B rpa^HpHe); / — KOHflencarHbifi nacoc; 2 — UHpKyjwuHOHHMH Hacoc; 3 — nouepx-
HOCTHWH KOHflCHCaTOp; 4 — BCHTHJIJlTOp; CM — CMCCHTeJlt.

PHC. 8.88. KoHfleucaTopbi BOMvmnoro
a — o/tHOCTyneHHartiH, 6 — auyxcTyneHiarbiH; 1 — no/isoa napa; 2 — OTBOA KOH^eHcara; 5 — B03-

BCHTHjiaTopti; 4 — AByxifcaaHaa cpeja; 5 — 3OHa, onacHas ana saMepaaHHH

HHC

Tpy0K3X HCO^HHaKOBO. PaSHOC ^aSJICHHe KOH^CHC3T3 H3 BblXOUC
CKopocTH Boa^yxa OT nepBoro K nocjie^HCMy pa#y TpySoK H3-sa 33-

conpOTHBJieHHa. HsSeacaTb 3Toro B onpeaejieHHon cTenenn no-
MoraeT npHMCHCHHe 6ojiee CJIOXHOH cxeMbi ^ByxcTyneniaToro KBO.

HcnojibsosaHHe BK csasano c onpe^ejieHHbiMH npo6neMaMH. B )KapKoe BpeMa
ro#a OHH SHaniiTCJibHO xyse oSecnenHBaiOT nozwepjKaHHe BaKyyMa, HTO npHBO^HT
K CHHJKCHHK) 3KOHOMHMHOCTH H HOTCpe OKOJIO 1/3 MOUJHOCTH nrV. OpH HCKOTOpofi

BbicoKofi TCMnepaType Hapyacnoro BO3^yxa (T > 24—30 °C) ycraHOB-

ca
B xojio^HtiH nepno/i paSoTbi nry H3-sa oSjie^eneHHa nacTH Tpy6 Hapyiuaer-

napa B KBO. ECJIH na STO BOBpeMa HC OTpearHposaTb, TO nepes
nacoB BO3Moa<Ha pa3MOpo3Ka ero TpyGoK, MTO SBTCM noTpeSyer

TeJIbHOTO pCMOHTa yCT3HOBKH.
378

BO3ayiuHbix KOHjieHcaropoB HeoSxoflHMo cooTBeicTBy tomee
HTHJiaTopOB, 3Ji6KTpo^BHraT6JieR H ,up. Hx Heuejiecoo6pa3HO

Ha nry, paSoraromHx B OHKOBOM pescHMe.
rpy6oK KBO HMeer Sojibiiioe 3HaM6HHe. Mepes onpe^ejienHbie HH-

BpeMCHH, oStinno Hoibio, HX OHHiuaroT or oceBuieft Ha HHX nmin, HC-
noJib3ya BO^anyK) o6.nyBKy. 3ra onepauna ceasana c ocTaHOBOM 3Hepro6jiOKa Ha
flocraTOMHO juiHrejibHbiH npOMeacyiOK BpeMenn AJIH neoSxo^HMoro

Tpy6oK nepe,a npoM&iBKOH.
Jtjia npeAOTBpameHHfl o6jie^eHeHHfl TpySoK KBO BK oneHb Baacen

sa npHcocaMH Bos^yxa B CHCTCMy. BOSMOSCHO oGpasosaHHe jiOKajibHbix B03,ayuj-
npoSoK, MeiiiaromHX HOpMajibHOMy TeneHHio napa H B HTOFC npHBo,aamnx K

TpyGoK, no3TOMy TiuaTCJibHO KOHTpojiHpyiOT pacxojj Bos^yxa nepes
CHCT6My 3>K6KTOpOB (pHC. 8.89).

^jia BK HcnojibsyiOTca KOHCTpyKUHH c MSMenaioimiMca maroM jionaroK BBH-
THJlflTOpOB (3HMHHH H JICTHHR BapHaHTbl). HeM MCHbllie flJiaMCTp npHMCHSeMUX
BCHTHJlflTOpOB, T6M HHSCC BHCOT3 KOHCTpyKUHH KOH^CHCaTOpa, HO T6M 60JIbUie
HHCJ1O 3THX B6HTHJiaTOpOB.

3j]eKTpOABHraTCJlH H KJlHHOpeM6HHbie nepC^aHH npHBO^OB BCHTHJiaTOpHblX
KOJiec CMOHTHpOBanu no^ TpySnbiMH nyHKaMH KBO, HTO oGjiernaeT HX MOHTax
H peMOHT. Kojieca oSbinno ajnoMMMHeeue HJIH n^acTMaccoBbie. BeHTHJiaTOpu
CHa6aceHbi BUKjnoMaTenaMH ana asapHHHOro OTK^KtneHHa npn BOSHHKHOBeHHH

BC6 3JieKTpOO6opyAOBaHH6 B3pbIBO3amHmCHHOe.
H KBO coSpanbi H3 TpySoK c napyiKHbiM opeSpeHHCM. Fjia^Kaa nacTb Tpy-

6oK BbinojiHena H3 ymepoaHCToK CTann, a opeSpeHHC — HS ajHOMHHHa. MaKCH-
MajibHO /lonycTHMaa TCMnepaTypa 250 °C, flJiHHa TpySoK 40 12 M, B nynKe KBO or
Tp6X £0 BOCbMH TpySOK B 33BHCHMOCTM OT TCnJlOBOrO paCTeTa H npHHflTOH CXCMbl.

CpaBHHBaa cncTCMbi TexHHnecKoro BOflocHaSjKCHHS c HcnapHTcnbHbiMH rpa-
^HpHSMH C CyXHMH BOSflyXOOXJia^flaCMblMH KOHflCHCaTOpaMH, HCOGXOJIHMO OT-
MeTHTt, MTO rpaflHpHH XapaKTCpHSyiOTCfl MCHblllHMH yflC^bHblMH KanHTaJlOBJIO-
aceHHaMH H jiyniuHMH noKasaTCJiaMH paSoTbi T3C B jopKyro noro^y. Bo3Aym-
Hbie KOH^eHcaTopbi, KBK yace SbiJio CKasano, npaKTHMecKH HC noTpe6naioT oxjia-

i. npH HX 3Kcn^yaxauHH ne cyinecTByeT npoSjieMbi o6pa30BanHa
os^yxa, 3arpa3Hjnomero oKpy>KaK>myK> cpe^y.

B KanecTBe KOMnpoMHcca BOSMoacno npHMeneHne cncTCMbi c napcuuiejibHou
TenjioTbi OTpa6oTaBmero B naposbix TypSHHax napa. npH napa^-

KOH^eHcauHH 3TOT nap nanpafijiaeTca o^HOBpetvieHHo B cncTeMy BOS-
AyuiHoro KOHflencaTOpa H B nosepXHOCTHbiH KOHflencaTop (pnc. 8.90). OSpaso-

B HHX KOH^CHCaT COSnpaeTCa B o6mCM KOHflCHCaTOCSopHHKe, BbinOJl-
oflHo c noBepXHOCTHbiM KOHflencaTopOM. KOJIHHCCTBO napa, nocTy-

naiomero B Ka»c^bifi H3 KOHAencaTopoB, B jisoSon MOMCHT BpeMCHH sasncHT OT
napaMerpoB napy>KHoro sos^yxa, narpysKH T3C H HaJinnna oxJia^aaiomeH BO-
£*>!» floGaBJiaeivioH B cHCT6My. O6a KoaaencaTOpa (noBepxHOCTHbiH H
Hb'fi) paSoTaioT nocTOHHHo npH HOHTH ojiHHaKOBOM jiaBJieHHH

HsMeHCHHe TeMnepaTypu Hapy^noro sos^yxa npHBO^HT K nepepacnpe^eJieHHio
Harpy3RH Menc^y KOHflencaTopaMH. ITpH noHH>KeHHH 3TO& TeMneparypbi SHMOH
KoHA6HcaunoHHaa HarpysKa ciwemaerca K cyxoiwy KOH^encaTopy, H ero Harpy3ica
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PHC. 8.90. CiiciCMa rexHHiecKOro (io;iocia6sKCHMH c napa juie.it H OH

Bospacraex. npH ^ocxHaceHHH onxHMajibHoro jjasjieHHsi npoH3BOAHxeJTbHOCxb no-
BepxHOcxHoro KOH^eHcaxopa aBxoMaxvmecKH cHnacaexca 40 ero oxmnoHeHHa.

B xenjioe BpeMH ro/ta xenjioBaa Harpysna aBxoMaxHMecKH nepexo^Hx K no-
sepxHocxHOMy KOH^cHcaxopy c yaep>KaHHeM aaBJieHHfl na xpeSyeMOM no yciio-
BHJIM 3KOHOMHHHOCXH ypoBHe. Biviccxe c xeM qacxb xenjioxw oxpaSoxaBiiiero na-
pa npOAOjmaex oxsoflnxbcji nepes BK ,aa>Ke B caMyro xapKyro noro^y. 3To no-
3BOJIflCX 3KOHOMHXb OXJ13)KHaK)UlVK) BOflV H OrpaHHHHBaCX pa3MCpb! CHCXCMbl C

KoHipo/ibHbie Bonpocu

1. OGtacHHTe nonaTHe «cxeneHi, 6HnapHocTH nry c Ky».
2. noHCMy nepexoa B nry OT o^HOKOHTypnoro K AsyxKOHxypHOMy naposoMy uiiKJiy HOBU-

maer ee 3KOHOMH4HOCTb?
3. KaK H noHBMy BJiHaer yBe^HnenHe HanajitHOH TeMneparypw ra30B 7HT Tiy Ha noKasaxejiH

3KOHOMHHHOCTH nFy C KV?
4. KaK <J>opMHpyK>Tca noBepxHOCXH narpesa Ky 11 HCM oS-bacHaroxcfl HX oco6eHHOCxn?
5. HTO orpaHHiHBaer xeMnepaxypy KOHjieHcaTa na axo^e B Ky?
6. Hxo onpe^enaeT cneuH<J)HKy KOHcxpyicrHBHOH CXCMW rasoBwx xypSnH nry c Ky?
7. KaKoe BJIHSHHC oKastiBaiOT xeMnepaxypHtie Hanopu Ha XOJIOAHOM KOHUC ncnapHxejiefl

B Ky Ha noKasaTejiH flFy?
8. O5LacHHTe npHiHHi.1 npHMeneHHS jiOHcuraHHH Tonjinsa B Ky H ero B^HHHHe na n

Tejin nry.
9. noHCMy npHMCHfliox npOMeacyxoHHtiH neperpes napa a xenjioBOH cxeMe naposoro

nry c Ky?
JO. KaKHe cnocoGbi Hcnojitsyfoxcs ana peryjiHpoBaHHa 3JieKTpHnecKOH narpysKH nry c

na nry c Ky Macxo npHMeHuioT BoaayiiiHbie KOHACHCaropbi napa napostix xypGnH?1.
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fjiasa

KOMBMHMPOBAHHAfl BblPABOTKA 3J1EKTP03HEPFMM M TEHJIOTbl
HA nAPOPASOBblX YCTAHOBKAX C KOTJIOM-YTIIJIMSATOPOM.
HAPOrASOBblE TEnJlOS^EKTPOUEHTPAJlM

9.1. OCHOBHblE nOJ10)KEHMfl

uenxpajiHsoBaHHoro xenJiocHa6aceHHfl eosHHKjia B xo#e pasBHxna
peflJioKenne Hcnojibsosaxb nacxHHHo oxpa6oxaBiiiHS B naposbix

TypSimax nap AJIJI Hy?KA TennoBbix noTpeGHxejieH SbiJio HeoacHjiaHHbiM H RQ re-
HHanbHOCTH npocxwM — .ziocTHrajiacb sHaHHxejibHaa 3KOHOMHJI TonjiHBa. IlepBaa
xenji03JieKxpoueHTpajib (T3LJ,) 6bijia OTKpbiTa B 1882 r. B Hbio-HopKe, a yxe
B 1888 r. xaKaa ace T31J, 3apa6oTana B MOCKBC. Co BpeMCHeM Kpynnbift ropoa
CXaHOBHJICJ) CJIOJKHeillllHM OpraHH3MOM, IIpOHHSaHHblM MHOFOKHJIONiexpOBblMH
cocyaaMH xenjiocexeK.

U,eHTpajiH30BaHHoe cHa6>KeHHe nacejieHHbix nyHKTOB xeiuioxoH c Hcnojibso-
BaHHCM KOMSHHHpOBaHHOH BblpaSOTKH 3J16KTpO3HeprHH H TeDJIOTbl Ha TCnjIO-
3JieKTpou.eHTpa.njix HasbisaiOT mennofyuKCfyueu.

llInpOKoe npHMeneHHe nojiyHHJiH napocMjioBbie T3U,, B KOTopbix HacTb napa
peryjiHpyeMbix oTGopoB HanpaBJiflerca B ceTCByro Tenjio4)HKauHOHHyK> ycTanoB-
Ky napOBoR ryp6HHbi. HeM 6ojibiue napa Hcnojii.3yeTca AJifl Tenjio4)HKauHH, TCM
Bbime 34><j)eKTHBHOcTb KOMSHHHpOBaHHoK BbipaSoTKH (Kozeuepaifuu). B HTore
sra 34»^eKTHBHOCTb onpe^eJifleTCfl o6mHM BbmrpumeM B TonjiHBe no cpaBneHuro
c pas^e/ibHoEi BHpaSoTKOH TOFO ace KOJinnecTBa xennoTbi n 3jieKTpHHecKOit 3Hep-
FHH B paHOHHblX KOTCJIbHblX H Ha KOHACHCaUHOHHblX T3C. CjIOlKHee OU6HK3 CC-
SeCTOHMOCTH TCnJIOTbl H 3JieKTp03H6prHH T3M, F^C HCHOJltSyiOTCa p33JIHlIHbie
cnoco6bi pa3flejieHHa Tonjinsa Mea<,ay BH^aMH sneprHH Ha T3LJ, ynHTbiBaioTca
COCTOSHHC TonjiHBHoro H 3HepreTHHecKoro pbiHKa, nojiHTHKa UCH, counajibHbie
H 3KOJ10rHHeCKH6 4>aKTOpbI H T.II.

TonjiHBa Ha T3LJ, B KOMSHKHposaHHOM UHKJIC cymecTBCHHO
Bbi6pocbi NO^ H CO B aTMoc^epy no cpaBHCHMio c pas^ejibHbiM npo-

H3BOACTBOM TeHJIOTbl H 3JieKTp03HCprHH.
B nocjiejiHHe ro^bi npoasjiflioTCJi TeH^enuHH CHHaceHMfl S^^CKTHBHOCTH Ten-

Jio(J>HKau:HH, HCMy cnoco6cTByer pa^ npHMHH:
yMCHbiueHHe SKOHOMHH OT ueHTpajinaauHH TenjiotJiHKauHH H3-3a yBejiHneHHfl

KI~m KOTejibHbix, noHTH noBceiviecTHo nepexofljimnx c yrjis na cacwraHHe npH1

pojiHoro rasa, noBbiuieHHe 3(J)4)eKTHBHOCTH Bbipa6oTKH sjieterposHerHH na K3
HSHomeHHocTb H TCXHHHecKaa oTCTauocTb TennoTexHHHecKoro

T3LJ, npH HCBbicoKOH y^ejibHoK Bbipa6oxKe 3jieKTpo3HeprHH na no-

noBbimeHHe aBapHHHOCTH renjiOTpacc, HH3Kaa Ha^eacHoctb
pocT sax/par na peMOHXHbie paSoxw. HajiHHHe cymecxBeHHbix noxepb
(40 20 %) B xenjiosbix cexax BCJICACTBHC njioxofi HSOJiauHH H zipyrnx
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oxcyxcxBue KOHTpojibno-HSMepHxejibHOH xexHHKH, $HKCHpyjoiuefil HcnoJibso-
He xenjioxbi noTpeSHTejiaMH H peryjiHpoBaHwe xeMnepaxypu sos^yxa B ox-

ix noMeweHHax

CTOHMOCXH 3JieKxpo3neprHH H xen/ioTbi, BbipaSaTbisaeMOH Ha
T9U. H3-3a njiaxw 3a SCMJIIO, BO^y, 3a ymep6 ox BbiSpocoB spe/iHbix semecxB, 33
noJiy^eHHe Kpe^nxa 6aHKaM (npoueHXbi), HHBCCTHUHH H np.

riepeHHCJieHHbie npo6jieMbi paspeuiMMtr, H peiueHne HX Moacex cyiuecxBCHHo
nOBHCHXb 3(|)(J)eKTHBHOCTb XenjIO<])HKaUHH. OHO AOJiaCHO 6bITb npHOpHXCXHblM

CM B passHTHH 3HeprexHKii B POCCHH, nosBOJisromHM SKOHOMHTB op-
xonjinso, yjiynmaxb 3KOJiorHHecKyro oGcxaHoBKy B HacejienHHX

nyHKxax, peuiaxb paj, couwaJibHtix npoSjieM. Bo MHOFOM 3xy sa^any MoacHo pas-
peiiiHTb, saMCHaa ycxapesmee o6opy,aoBaHHe napocHJioBbix T3I4, ncnoiibsya ra-
3OTyp6wHHyK) H naporasosyro xexnojiorHio.

M^ea^bHwe xepMOAHHaMHiecKne UHKjibi naporasosbix xenJio4)HKaqHOHHbix
ycxaHOBOK npHBe^enbi na pHc. 9.1, a H 6. Ha HHX OTpaaceno npuHunnHajibHoe
oxjiHMne 3xnx UHKJiOB ox aHajioniHHbix Rsw napocHJioBbix T3L(. npHMeneHwe
xenjio<J)HKauHH B cxeMax TLTY He M3MeHflex pa6oxy rasoBOH cxyneHH UHKJia, HO
saMCTHo yMeHbiiiaeT no^esHyio pa6oxy B naposoft cxynenw. Tenjioxa oxpa6o-
xasmero napa He xepaexca B KOHZieHcaTOpe, a nepe/iaexca xenjiosbiM noxpeSH-
xejiaM, uxo nosBojiaex 3KOHOMHTb TOHJIUBO B 3HeprocHcxeMe. OSpasuoBbie UHK-
jibi xeruio4>HKauHOHHbix nFY M3o6paaceHbi na pnc. 9.1, e H a OHH oxpa>KaK)x
06l)eKTHBHOCTb npOUecCOB, B KOTOpblX (B OTJIHHHC OX

r+

Pnc. 9.1. IlaeajibHwe naPora30Bue UHKJIW Tenjioi|>HKauHOHHbix
'cranoBOK (a a 6) H oSpsnuoBwe UHKJIBI TenJio<|.MKamiOHH.lx

napora30Bbix ycraiiuDOK (« H z)
a — c or^anefl Tenjioibi na TexHojiormecKHe nyscaw; 6 — c

ora AM noaorpesa cereBofl BO^LI; e — c OTflaneft
IBI; i - c MHorocryneHHa™ OTBO^OM re-

no^orpeBa cexesofi BO^U; Lp Ln - no.e^Ha, pa6ora r Jo-
cTyneHefl nry; c Q

TTY
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ocymecTBHTb HsoxepMHHecKHH noABOfl TenJIOTbl npH onpe^ejieHHOH
TCMneparype.

TepMOJIHHaMHHeCKyK) 34><})eKTHBHOCTb TenjIO(|)HKaUHOHHbIX UHKJ1OB H6BO3-
MOHCHO OUCHHTb HX TCpMHHeCKHM Kfl^- Ana 3T°M UGJIH HCnOJIb3yK)T y^CJlbHytO
BbipaSoTKy 3jieKTpo3HeprHH Ha xeruiOBOM noxpe6jieHHH 3T (xpyjibi A.M. Aimpio-

, B.5I. PbI>KKHHa, E.fl. COKOJIOBa H £p.):

me 3 — BHpaSoTKa 3jieKxp03HeprnH Ha TCIIJIOBOM noxpeSneHHH; A3C H — no-

TpeSjieHHe 3JieKxp03HeprHH Ha co6cTBeHHbie nyamw T31J; £0T ~~ KOJIHHCCTBO

oxnycicaeMOH na T3LJ[ xenjioxbi BHCIIIHHM noxpe6HxejiaM.
BejiHHHHa 3T — BejiHHHHa oxHOCHxejibHaa. HxoSbi ssipasHTL ee B e^HHHitax

Tenjioxbi (KanopHH HJIH zwoyjib), ny>KHO yMHO>KHTb oxHocHTejibHoe SHaneHHe 3T

na 1163 KBT-H/fKaji HJIH 278 KBx • n/TRx. cooTBexcTBeHHO. KaK BH^HO HS
puc. 9.1, ecjiH Tcnjioxa oTpaSoxaBiunx rasos FTV nojinocTbio Hcnojibsyexca B
napOBOii cxynenn rifV, xo sea 3JieKxpo3HeprHfl B axofi ycxaHOBKe BbipaGaxtisa-
exca KOMSHHHpoBaHHbiM cnoco6oM.

OSbiHHo npHMCHflioT ^Ba THna naporasoBbix Tenjio(J)HKauHOHHbix ycxanosoK
c KY: naporasoBbie T3IJ H ra30xyp6HHHbie T3LJ. Hx npocxeKujHe xenjiOBbie cxe-
Mbi npHBe^eHti na pHC. 9.2. Tenjioxa Bbixo^Hux ra30B TTY na rTV-T314 HC-
nojibsyeTca B KV HJIH B rasoso^flHOM TenjiooSMeHHHKe flJia OTnycKa TCHJIOTW
(pHC. 9.2, a). Ha naporasosbix T3U BOSMO^HO npHMeHenne KaK Typ6HH c npora-
BO^aBJieHHCM (PHC. 9.2, 5), TaK H napoewx xypdnn THna KO (c KOHZieHcaTopoM
H CCTCBOH TCnjIO^HKaUHOHHOH yCTaHOBKOH).

Oco6eHHOCTb KoreHepauHH B 3JieKxp03HeprexHKe saKJuonaexca B XOM, HXO
B CHJiy xexHOJiorHHecKoro npouecca na T3q 3JieKTp03Hepraa ciryxHT ocHOBoft

, a xennoTa, oxnycKaeMaa noTpeSHxejiio, — ^onoJiKHTentHbiM npo-

PHC. 9.2. npHHUHimajibiibie TenjioBbie CXCMBI H TepiwojiHHaMMHecKHe UHKJIH B T, s-a«arpaMM<
a — npocTettuiefi rTV-T3U; 6 — npocxeilmefi nrV-T3U (o6o3HaieHHa Ha puc. 9.1); KV-

; 777 — TenjioBofi nOTpe6nTejib; K— KOMnpeccop; KC — KaMepa cropaHiia
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PHC. 9.3. TcnjiorenepHpyiouiafl ycraHOBKa c npoinBoacTBOM ^lek-rpo^iicpmH na 6aie Bbipa-
gOTKH TCnJIOTU
g— KOMnpeccop; /T-— rasoBas TypSHna; 3F— ajieKxporeHeparop; QT — noipeSMTejii.

Q^ — norepw renjioTbi xonnHBa B KOTC^I,HOH; Qlm — renJiora ron^HBa, OKuraeMoro B

oxnycKa renjioxbi yjiynmaeT noKasaxejin 3KOHOMHHHOCXH
TenJi03JieKxpoueHTpaJieH. Pazi 4*aKropOB orpaHHMHBaex xaKyro KOMGHHHpoBan-
nyio Bbipa6oxKy 3JieKxpo3HeprHH H xenjioxbi. npex^e Bcero, 3x0 no^Haa 33BHCH-
Mocxb noKasaxejien T3IJ ox HajiHHHH noxpeSHxejiefi xenjioxw B SOHC pacnojio>Ke-
HHS 3JieKTpocxaHUHii. flo 3XOH npHHHHc KoreHepauHfl He peajiH3yexca Ha pa^e
Kpynnbix T3C H A3C. KpOMe xoro, cpe^nero^oBOH c yneTOM PCSKHMOB Koa^n-
UHCHX HCHOJlb3OBaHHfl TenJIOTbl TOHJIHBa

tlH.T = (^ + fiTVfir» (9-2)

UIHpOKO HCnOJIb3yeMbIH B POCCHH H 33 py6e>KOM nOKa3aT6JIb OHCHKH 3(|)(J)eKTHBHO-
CTH KOM6HHHpOBaHHOfi BbIpa60TKH, HC npeBblUiaCT H3 T3L( SHaMCHHfl 0,8. Kfl/I KO-
xejibHbix, oxnycKaromnx xenjioxy noxpeSnxeJiaM, Aocxnraex 92 %, H nosxoMy BBI-
pa6aTLiBaeMaa Ha T3I4 TenjiOTa Moacex OKaaaxLca HCKOHKypeHTocnocoSHOH.

B CBfl3H C 3THM B pfl^C CJiyHaeB npH KOrCHepaUHH H3XOJIHT npHMCHCHHe HO^-
xo^, npw KoxopOM xenjioreHepHpyroijjyK) ycxanoBKy (nanpHMep, paSoHHyio KO-
TejibHyio) najjcxpaHBaiox aneprexHHecKHM xenjioBbiM flBHraxejieM (rasoxypSHH-
HOH ycxaHOBKOH, jjBHraxejieM BHyxpeHHero cropaHna), H BbixojiHbie rasw 3THX
flBHraxejieH c6pacbiBaroTCfl B TonKy KOTJia. SKOHOMHHCCKHH a^^efcr B xaKon yc-
TanoBKe onpe^ejiaexca BLixecneHHeM nacxn xonjiHBa, cacHraeMoro B KOTJIC, xen-
-noxoii Bbixo^Hux rasoB. 3KOHOMna xonjinsa H o&bscHaex cnnxeHne ce6ecxOH-
MOCXH BbipaSaxbiBaeMofi 3JieKxp03HeprnH (pnc. 9.3).

9-2. K/lACCM<WlKAUMfl TEH/lOBblX CXEM HAPOrASOBblX
TEn^03/lEKTPOUEHTPA^E(i C KV

003op pa3jiHHHtix xenjiOBBix CXCM naporasOBbix xenjiosjieKXpoueHxpaueH
Q c KY, npHMeHfleMbix Ha coBpeMenawx T3U, Jin6o cnpoeKTHpoBaH-

B POCCHH H 33 py5e>KOM, no3BOJiaex ycjioeHo pa3,aeJiHXb HX na xpn rpynnw.
rpynna I. Ha nrY-T3Lt 3ToR rpynnu xeniroxa Bbixo^HLix raaos FTY HCHOJIB-

B KY AIIX renepauHH napa AByx HJIH xpex jxasjienHH, Koxoptiii HanpasjuieTCfl
3 Tenjio(})HKauHOHHbie naposbie xypSnHw xnna KO (c KOH^eHcaxopow H peryjinpye-

ox6opaMH napa). Cexesaa no^orpeBaxejiLHaa ycxaHOBKa nnxaexca orSopHbiM
. B 33BHCHMOCTH OT npHHSTOFO Ha T3L( 3H3HeHHfl K03(J>4>HUHeHTa

B 3TOH rpynnc BbmejieHbi ^sa BapHanxa CXCM:
a) ccT3y = 1 — nHK noxpe6jieHHfl xenjioru noKpbiBaeTca nHKOBWMH cereau-
no^orpeBaxeiiflMH (CH), nnxaeMbiMH napOM KY (pwc. 9.4). Tanoe xexHH46-
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PHC. 9.4. TlpHHUHnuajibHafl reii.iORaa cxeivia nry-T3U Bapnairra la

CROC pemeHHe npHHsrro, nanpHMep, Ha Cesepo-SanajiHOH nrY-T3IJ, CaHKT-FIe-
TepSypra (npoenr Cesepo-3anaaHoro oxnejieHHS BHHriH3HepronpoM). B Ten-
JIOBOH cxeMe oTcyTCTByeT perenepaTHBHbiH noflorpee nwTaTejibHOH Bo^bi, npe^y-
CMOTpeHa pe^yKUHOHHO-oxjia^HTejibHaa ycraHOBKa (POY) A)™ nHTaHHJi npH HC-
oSxOflHMOCTH CB65KHM HEpOM nHKOBOFO CO-3, HCHOJlbSOBaHbl
6apa6aHHbiH KY H ^eaapaTOp HHxaTejibHOH BOJIM;

6) ctT3L[ < 1 — Tenjiosaa cxeMa Firy-T3Ll, OTjiHHaeTca OT npe^bwymeH TCM,

HHK noTpe6jT6HHfl TenjioTbi oSecneHHBaeTcs B nHKOBbix BO^orpeflHbix KOT-
Jiax (pHC. 9.5). Hcno^bSOBaHHe napa ICY B ceTesoH nojiorpeBaTejibHOH yciaHOBKe
He npeAycMOTpeHO. rio4o6Hoe TexHHHecKoe pemeHHe npHHflTO B npoeKTe ^Ji«
CypryxcKOH nrY-T3LJ (General Electric).

Fpynna II. B nry-T3lJ rpynnbi II HcnoiibsyjoTca oflHOKOHTypHbie KY, XBO-
cTOBbie noBepxHOCTH KOTopbix BbinojiHeHbi B BH,ae ra30Boro ceTeBoro no^orpe-

(FCri). 06biHHo OH EKJironaeTCfl napajuiejibHO ceTesoH
B KOTOPOH HarpesaeTCfl nacTb cereson BO^bi. B 3ToH rpynne

T314 MoacHo BbwejiHTb flsa BapnaHTa TenjioBbix CXCM:

a) a T3y = 1 — nry-TSLJ, c napOBott xypSHHOH c npoTHBo^aejieHHeM H

HOKOHTypHblM KY (pHC. 9.6). B 3TOM KOTJIC HpeflyCMOTpCHbl flB6 CTynCHH
xon^HBa: na sxo^e Bbixo^nux rasos FTV B KY H nepe^ MX BXO^OM B FCH.

CFI yCTanoBKH nHTaeTCfl Mepes POY CBeafHM napoM KOTJia. Tanaa te-
cxeMa nossojiaeT B IIIHPOKOM flHanasone perynnposaTb 3JieKTpHnecKyK)

H TennoByro narpysKy T3LJ, HSMenaa Harpysny FTY (npHMeHflroT AySjib-Sjioi-
Hbie HJIH TpHnjT-SjiOHHbie TenjioBbie cxeMbi) H Bos^eficTBya na KOJIHHCCTBO
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PHC. 9.5. TIpuHUHnHajibHafl remiOBaa cseMa Iiry-T3lt Bapuaiira 16

A? \KC

PHC. 9.6. TenjioBan cxeiwa nry-T3IJ Ila
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PHC. 9.7. ripiii iuHiniajiMiafi renjiOBafl cxeivia nry-TBU, Bapuaura 116

ToniiHBa. B KanecTBe npHMepa Moacer cnyauiTb T3LJ, Nossener

Briicke B ̂ pesaene (Siemens) (CM. TaKa<e PHC. 9.32);
6) otT31i < 1 — TenjioBaa cxeMa Tanon nry-T3IJ (pnc. 9.7) OTiranaeTca OT

npeabiAymefi oTcyTCTBHCM AoacnraHHn TonjiHsa B KY ILHK noTpeSjieHHa xenjio-
TM noKpbmaeTCfl BOAorpeHHbiMH KOTJiaMH. B XBOCTOBOH nacTH KY pasMemen
FCn, BKJiiOHeHHbiti napajuiejibHo ceTCBofi noflorpesaTejibHOH ycTanoBKe napo-
BOH TypGHHbi. npHMepoM TaKOro TexHPiqecKoro pemeHna MoaceT cnyacHTb npo-
CKT lOacHOH T3U, r. CbiKTbiBKapa (npoeicr CeBepo-3ana^Horo
BHHI1H SnepronpoM, IVO Power Engineering LTD, <]>HHJTHH,zmfl).

Fpynna III. 3TO nrY-T3L( KOM6HHHpoBaHHoro THna, KOTopbie MoryT
Tenjiosyio cxeMy c pasjiHHHbiM cocTasoM oGopy^oBaHHH. O^HH H3

TaKOH cxeMbi npHBe^en Ha pHC. 9.8, me npeflCTaBJiena npoMbimneH-
T3IJ,. KojineKTop napa BJ\ CBflsaH c 3HepreTHMecKHMH napoBbi-

MH KOTJiaMH (na pHcyHKe noKasan O^HH H3 HHX F1K-1) H c KOHTypoM B^ KY Ms
3Toro KojiJieKTOpa MoryT nHTaTbca napoM KaK naposbie Typ6nHbi c npOTHBOJiaB-

UT1, TaK H napOBbie Typ6nHw THna KO c peryjinpyeMbiMH OTSopaMH H
IJT2. OAHH H3 KOJiJieKTOpos TexHOJiorHnecKoro napa CJ\ (2) nn-

cooTBeTCTByiom.He noTpeSHTCJiH, TaK ace KaK H KOJUICKTOP TexnojiorHHecKO-
ro napa Hfl (5). B ^ea3paTop nHTaTejibHOtt BO^U ffTIB nocTynaioT KOHflencaT H3
napoBOH TypSHHbi, KOHflencar TexHojiorHnecKoro napa noTpeGHTejiefl TenjiOTbi
TfJl H 7772, a TaKace floSaBOHHaa so^a H3 XKHBO^OOMHCTKH.

rioAoSHaa TennoBaa cxena nrY-T3I4 peanHsosaHa Ha T3C Kirkniemi
B OHHJIJIH^HH c HcnojibsoBaHHCM TTY THna 6FA (General Electric).
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PHC. 9.8. IIpmmmiiiJi.iMiafl ren^oBan cxeivia liry-T3H KOM6iiHiipoBaHHoro rana
1 — naponpOBOfl B/I; 2 — TexHOJiorHqecKHfl nap C^ 7777; 3 — TexHOJiorH4ecKHfi nap HH3Koro aau-
jieHHfl 7772; flKl — 3Hepreni4ecKnii napoBOH KOTCJI; I7K2 — nmcoBbiH napoaofi KOTCJI; 777J — no-
Tpe6Hiejii> OToniiTejibHoii Harpy3KH c ceTCBott Boaow; T — noaana forumsa; KV — Koxeji-yTHjiH3a-
TOp; XBO — xnMBoaooHHCTKa; FCn — ra30BWH cexesofi noaorpeBare^L; ffUB — aea3parop nHTa-

THnbi TenjiOBbix CXCM rpynn I — III nrY-T3U, MoryT 6biTb MO-
HO-, ^y6jlb- J1H60 TpHn^-6jlOHHbIMH B 33BHCHMOCTH OT KOHKpeTHOFO TeXHOJIOPHHe-
CKOFO Bbi6opa, xapaicrepaTenjiOBOH HarpysKH, THna npHHHTbix 3HepreTHH6CKHX FTY

B TenjiOBbix cxeMax nry-T3I4, B cooTeeTCTBHH c nopMaTHBHbiMH ^oKyMCH-
B aBapHHHbix ycjiOBHflx AOJiacHO 6biTb npeflycMOTpeHo yMeHbiiienHe nojiaiH

ne Hnace 70 % cyMMapnon OTonHTejibHOH narpy3KH (KpoMe pattoHOB
KpaiiHero Cesepa H CeBepo-BocTOKa) c oTKJHoneHHeM npOMbiiujieHHbix noTpe-

9.3. nOKA3ATE^M TEn/lOBOfi 3KOHOMMMHOCTM nrV-T3U C KY

Ope^JiaraeMaa aBTopaMH MeTOflHKa onpe/iejieHHfl noKasaTejien TenjiOBofi 3KO-
HOMHHHOCTH nry-T3LJ, c KY ocnoBaHa na HcnojibsosaHHH OCHOBHWX nojroace-
HHK TCOpHH TCnJTOBblX 3JI6KTpOCTaHUHH (B.5I. PblHCKHH H flp.) H o6o6LU6HHOH
CXCMH TenilOBblX nOTOKOB (pHC. 9.9), B HCf) yHTCHbl OC06CHHOCTH TCXHOJlOrHHe-
CKOPO nponecca H B03MoacnocTb ^oacHranHfl ronjiHBa B KY B cxe\ie
C-ieflyioiiiHe ocHOBHbie napaMCTpbi, KBT (CM. TaKace o6o3Ha4eHH« B § 8.4):

1) TenJiOTa Bbixo^Hbix rasos TTY

er"=
, K.T . K.T
r hr (9.3)
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PHC. 9,7. npHHummaJibHaa Tenjioeaa cxeMa Tiry-T3II napiiaiiTa 116

ronjiHBa. B KanecTBe npHMepa MOJKCT cnyxHTb T31], Nossener
Briicke B flpe3aeHe (Siemens) (CM. TaKHte pnc. 9.32);

6) aT3U < 1 cxeMa T3KOH nFY-T3Fj, (pnc. 9.7) OTJinnaeTCH OT

npejibmymefi OTcyTCTBHCM flOXHraHHfl Tonjinsa B KY F!HK noTpeGjienns Tenjio-
Tbi noKpbisaeTCH BOjiorpeHHbiMH KomaMH. B XBOCTOBOH nacTH KY pasMemeH
FCn, BKJHOMCHHbiH napajiJiejibHo ceTeson iioflorpeBaTejibHOH ycxaHOBKe napo-
BOH Typ6nHbi. FIpHMepoM TaKoro TexHHHecKoro peineHHs MO5K6T cjiy)KHTb npo-
BKT lOxHOH T3L1, r. CbiKTbiBKapa (npoeKT CeBepo-Sana^noro
BHHFIH SnepronpoM, IVO Power Engineering LTD, OnHJiaH^Hfl).

Tpynna III. 3to nFY-TSlJ, KOM6HHHpOBaHHoro THna, KOTOpbie MoryT
TenjioByro cxeMy c pasjiHHHbiM cocTasoM o6opyAOBaHHH. O^HH H3 BO3Mo*Hbix
BapnanTOB TaKon CXCMM npneeaeH Ha pnc. 9.8, rae npe^craBJieHa npoMbiiiiJieH-
HO-OTonHiejibHaa T3FJ,. KonjieKTOp napa 6,3, csasaH c anepreTHHecKHMH naposbi-
MH KOTJ13MH (Ha pHCyHKB HOKa3aH OAHH H3 HHX FIK-1) H C KOHTypOM Bfl KY H3
3Toro KOJineKTopa MoryT nHTaibca napoM K3K napOBbie TypSHHbi c npOTHBO^aB-

7777, TaK H napoBbie Typ6HHbi THna KO c peryjinpyeMbiMH oT6opaMH H
7772. OflHH H3 KOJiJieicropoB TCXHOJiorHHecKoro napa CJ\, (2) nH-

COOTB6TCTByK)IUHe nOTpe6HTeJIH, T3K KC K3K H KOJIJlCKTOp TCXHOJIOrHHeCKO-
rO napa H^J, (5). B ^eaapaTOp nnTaTejibHOH BO^bi/777S nocTynaioT KOH^eHcaT HS
napoBOH TypSnHbi, KOHAencaT TexHojiorHMecKoro napa noTpe6HTejieH TenjioTbi
T777 H 7772, a TaK>Ke AoSaBOMHaa so^a HS XHMBO.UOOHHCTKH.

FIoflo6Hafl Tenjioeaa cxeMa FIFY-TSIJ, peajiHSOBana Ha T3C Kirkniemi
B OHHJIHHAHH c Hcnojib30B3HHeM FTY THna 6FA (General Electric).
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PHC. 9.8. IlpHiii i i i ima.ni>uaii Tenjioean cxeivia ni'V-T'^U, KOM6HHHpOBaHHoro Tnna
7 — naponpOBOA B/I; 2 — TexHOJiorHHecKHH nap CA TUl\ 3 — TexHOJiorHHeciaift nap HHSKOFO jjaa-
JICHHJI TfJ2; riK.1 — 3HepreTHiecKiift napoBoft KOTCJI; I7K2 — OMKOBWH napoBoii KOTCJI; TITS — no-
Tpe6HTejib oronHTejibHOH Harpy3KH c cereBoii BOAOH; T — • no^aia Ton^HBa; KV — KOTe:i-yTHJiH3a-
TOp; XBO — XHMBoaooiHCTKa; FCR — rasoBufi cereBofi noAorpeeaTejib; ffFIB — aea3parop n»Ta-
TeilbHOH

THHW TenjiOBbix cxeM rpynn I — III nrY-T3IJ MoryT SBITL MO-
HO-, flySllb- JIHSO TpHnj]-6jlOHHbIMH B SaBHCHMOCTH OT KOHKpCTHOrO T6XHOJ10rHHe-
CKoro Bu6opa, xapaicrepa TennOBOH Harpy3KH, THna npnHHTbix 3HeprernHecKHx FTY.

B TenjiOBbix cxeMax nrY-T3L[ B COOTBCTCTBHH c HopMaTHBHWMH
B aBapHHHbix ycjioBHax HOJIMCHO SbiTL npeflycMOTpeno yMCHbiiieHHe

He HHace 70 % cyMMapnoK OTonHTeubnoK narpy3KH (KpoMe paHOHOB
KpaHHero Cesepa H Cesepo-BocTOKa) c oTKinoneHHeM npoMbiuurenHbix noTpe-

9.3. nOKASATEJlM TErUlOBOM 3KOHOMMHHOCTM nrV-T3U C KV

npejuiaraeMas aBTopaMH MeTO^HKa onpe^eneHHa noKasaTejien TCIIJIOBOH 3KO-
HOMHHHOCTH nrY-TSIj C KY OCHOBaHa Ha HCnOJIbSOBaHHH OCHOBHblX ITOJIOiKe-
HHH reopHH TenjiOBbix 3JieKTpocTanuHH (B.fl. PbmKHH H flp.) H o6o6meHHOH
cxeMbi TenjiOBbix HOTOKOB (pnc. 9.9), B HCH yqreHM ocoSennocTH
CKOPO npouecca H BOSMoacnocTb flO)KHraHHa Tonjinsa B KY. B CXCMC
cjie^yiomHe ocHOBHbie napaMeTpu, KBT (CM. TaKHce o6o3HaHeHHa B § 8.4):

1) TenjioTa BUXO^HUX raaos FTY

6K.T „ K.T . K.T
r =G r hr . (9.3)
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PHC. 9.9. O6o6iuemian cxeiua renjiOBbix I I O I O K O B nry-T3U

K T - KOJIHHCCTBO ra3OB, KF/C; h*T — 3HTajIbnHH

2) xenjioxa, oxnycicaeMasi c renepHpyeMbiM napOM HecKOJibKHx ztaBJieHHH KY
na flTY,

k

Ky- £Acy(/)(^Ky(0~^Kyu)).? (9-4)
(=1

0 , , 0 , n.fl
Ky(/) — pacxofl napa pasnoro ypoBHfl aaBJieHHH, KF/C; %y(,), «Ky(/) — 3H~

cooxBeTcxBCHHO napa pa3Horo ^aBJieHHfl H nnxaxejibHOH soflbi;
3) cyMMapnaa renjiosaa narpysna QT, oxnycKaeMaa noxpeSnTejiaM ox

rjje

4) renjioTa, oxnycKaeMaa OT KY B BHJJC ropjiHefi cereBofi BOJ^W Ha OTonjieHHe
HJIH npOMbiinjiCHHOMy HOTpeSHTCJiK) B BHfle TexHOJiorHHecKoro napa,

<" «
^KY = 2^Kyc.B(O^Kyc.B(,-)~^Kyc.B(/)) + X^Ky n(/ ) (^Ky n (0~^Ky n.B(/) ) ' ^ '

1=1 /=]
we GKY c B^ — pacxo^ CCTCBOH BOABI, nocxynaromen B TCfl KY, KF/C; Z)^ „ ̂  —

pacxo/i TexHOJiorHHecKoro napa, ornycKaeMoro npoMbiuiJienHOMy noxpeSnTejiK)

OT KY, KF/C; ^^y C B ( J ) , ^KyXcB(o — anxajit-nHfl cereBOH BOABI Ha Bxo^e B KY H BM-

Axo^e MS Hero, K^X/KF; AKy n(l) , / z y n B(() — 3HTajibnHa TexHOJiorHHecKoro napa

H nmaTejibHOH Bo^bi Ha BXO^C B KY, K^/KF;
5) noTepH TenjiOTti c yxo.mnn.HMH rasaMH KY

eyx -yx , yx ,Q f:\
Ky = ̂ ^ » °

FAC GKy — pacxo^

F330B KOTJia, K
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rasos KOTJia, KF/C; h^ — 3HTajii,nHfl

6) norepH Tenjiorw 2nr B KOH^eHcaTope napOTypGHHHoS

7) noTepH xenjioTbi Q™T , Q™y , Q^y cooTBercTseHHo B TTY, KY H nTY.

^JTS anajiHsa Tenjio(|)HKauHOHHbix peacHMOB paSoxsi nrY-T3IJ,
AOJHO xenjioxbi, OTnyCKaeMOH BHemneMy noxpe6HTe^io, no OTHO-

K xenjroxe cacnraeMoro B FTY

Q v -ni
'ni- (9.7)

Tennosaa HarpysKa nrY-T3I4 MOJKCX 6bixb oSecneneHa ^ByMa 3JieMCHTaMH
renjioBOH CXCMH: KY M riTY, a npHBe^eHMbiH noKasaxejib ne onncbiBaex nx
BKJiaa B cyMMapnoe SHanenne Qr. B aaBHCHMocxn or pacnpe^ejieHna Mewjiy SXH-

MH sjieMeHxaMH flOJiH oxnycKacMOH xenjioxu Menaexcfl sjieKTpHHecKaa MOUI-
Hocxb FITY H, K3K cjieflCTBue, anajiorHMHaa MomnocTb BCCH nFY-TSlJ,,
B npejjjiaraeMoM aBTOpaMH Mexo^HKe Hcnojibsyexcs eme O^HH noKasaTejib:
xenjioxbi, OTnycKaeMOH ox KY,

Kfi = Qly/Qi- (9-8)

ECJTH sea xenjioxa oxnycKaexca ox KY (pea<HM npespameHHa nrY-T3I4
BiTy-T3]-0, xo AT = 1, a npn oxnycKe xenjioxbi nojiHOcxbio MS oxSopoe FIT

onpe^e^CHHH snepreTHHecKHx noKasaxejieH jno6oH T3I_t
CXO^ paaaejienHfl oSmero pacxo^a xonjiHBa Meac^y BHjjaMH

4HMOH npO^yKUHH — 3JICKTpHHeCKOH SHCpFHH II TenjlOTbl. HSBCCXHbl ()H3HHe-
CKHfi, nponopuHonajibHbiH (AO «OHpMa OPFP3C»), 3KceprexHHecKHfi, jjHcnex-
nepcKHH H .apyrne Mexo^bi (nx Sojiee flBa^uaxH). Tatcoe pas^ejieHHe pacxo^a xo-
njiHBa npHMCHaexca Ha POCCHHCKHX H 3apy6e»cH&ix T3LJ (B Sana^HoM Espone
H CIIJA). Mexoji pa34ejieHH3 cymecxBCHHO BJinaer Ha pesyjibTaTbi pacMexa noKa-
SaTe^CH 3KOHOMHH6CKHX yCXaHOBOK.

Bonee oSmHM no/ixo^OM jtBJiaexcji pasflejienne saxpax npH oxnycne
MCCKOH 3HeprHH H xenjioTbi B ycJiOBHax nepexo^a K PHHOHHUM
Bo3Moa<Hbi

3axpax nponopUHOHajibno pacxo^y xonjiHBa:
TapH(|)OB, COOXBCXCTByiOmHX yCHOBHSM pblHKa XenjlOBOH

BMCCXO panee HcnojibsoBaBmeroca B sHepreTHKC 4>H3HHecKoro Mexo^a
Ha 3jieKxpocxaHUHflx npHMenaexca nponopuHOHajibHbiH MCTO^. B ero ocnoBy no-
JroxeH npHHuwn pas^ejieHna pacxo^a TonjiHBa T3U, npn KOTOPOM KH^ no Bbi-
paSoTKe BHAOB 3HcprHH nponopUHOHajibHbi KFTJI npH nx pas^ejibHOH BbipaSoTKe
(na K3C H B KOxejibHbix). B npe^jiaraeMOM Mexo^e (AO «OnpMa OPrP3C»)

K03<J>4>HUHeHX npOnopUHOHaJIbHOCXH

(9.9)
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r^e TiK3C, TIKOT — Kim BtipaGoxKH cooxBercxBeHHO 3JieKTpo3HeprnH (Ha K3Q\

H Tenjioxbi (B KOxejibHon); r)^3Ll, riT3U -- KflJS, BbipaSoTKH cooxBexcxBCHHo
3jieKXpo3HeprnH H xenjioxw na T3LJ,.

IlpH xaKOM noflxoAe B nponopunoHanbHOM Mexojje pa3ACJieHHfl oSmero pac,
xoaa xoniiHBa na T3L( KFIJ1, npoHSBO^cxBa XCHJIOBOH 3HeprHH flocxnraex snaHg,
HHH, npeBbimaiomHx 100 %. 3xox noKasaxenb HMCCX ycjiosHbiH xapanxep H He-
OSXO^HM npH CpaBHCHHH KOM6HHHpOB3HHOrO npOH3BO,acXBa 3HepfHH Ha
ero pas^ejibHHM npOHSBO^cxsoM. B saBHCHMOcxn ox npHHaxbix ycnoBHH

fj = 0,45—0,52.
O6mHH pacxo^ xonjiHBa na nry-T3IJ, cocxaBJiaex (CM. § 8.4)

(9.10)

Bury , -#nry 3HaneHHH

•nry

, pacxojiyeMoro Ha npoH3-

B

B

COOXBCXCXBCHHO 3JieKXp03HCprHH H XCIUIOXbl. ^OJIH 3XMX paCXO^OB Ho
MexoAy onpe^ejiaioxca K3K

3 V r 3 i 3.3BT
:. .J [ . —> (9-U)

nry Nnry

nry •nry

Bnry Knry nft,
B

(9.12)
nry

OcHOBHbiMH noKasaxejiHMH xennoBOH SKOHOMHHHOCXH nrY-TSU, cjiy>Kax:
npOH3BO^CXBa 3JieKXpO3H6prHH

Nnry + Knry nft,
K

(9.13)
nry

Ha pnc, 9.10 nonasan xapaKxep HSMCHCHHa sxoro KUJ\ B saBHCHMOcxa ox KO-
oxHOCHxejibHOH MOIUHOCXH FIFY £nry H aonH xenjioxbi, oxnycKae-

0,5 0,6 0,7 0,8 0,9 Xnry

PHC. 9.10. HtMcucii i ic KII4 Iiry-T3IJ no npOMJBoacTBy uieKTpoaneprHH B jaBHCiiiwocTH or
Knry u AOJIU TenjioTbi, QTiiycKaeMoii uiieuiiicMy iiorpeSHTejiio (nponopuHO-

MCTOfl)
pacieTHbie aaHHbie; — npaanojiaraeinbie 3HaneHHa
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noxpe6nxento, PT 6e3 ynexa ao>KHraHHfl xonnHBa. H3
HXO npH yBejIHHCHHH MOLUHOCXH OTV FIFy (yMeHbUICHHe

n 3(n)
HyBejiMHeHHH oxnycKa Tenjiorw PT SHaneHHe r|nry sospacxaex,

2) pacxo^ ycjioBHoro xoruiHsa na ejiHHHuy reHepHpyeMOH

r/(KBx • H),

3) Kf\J\ npoHSBO^cxsa XCHJIOBOH

T{n) _
Lnry

(9.15)

4) pacxo^ yciiOBHoro xonnuBa Ha e^HHHuy npOH3B04HMOH xennoxbi,

= 34,1217^. (9.16)

cpaBHHxejitHOM anajiHse BapnanxoB xenjiOBbix CXCM nry-T3LI, npHMe-
noKasaxejiH, HC saBHcamHe ox Mexo^a pas^eneHHa o6mero pacxo^a xonjin-

Ba na T3U;
5) KO3(J>4)nu,HeHT Hcnojib3OBaHna xennoxbi CMcnraeMoro xormtiBa (nojiHbiR

T3U)

\r3 j- n L- 3-aBT • I ' o
H.T JTI^ -= ^r ,. . "ry,\ (9.17)

renjioTa OKHraeMoro B OFY Tonjinsa.

BbipaxeHiie Hama^Ho oTpaacaeT
cxeMbi nfY-TSU B HOBbimeHne S

SJICMCHTOB xexHO-
CKTHBHOCTH

H T
OKHraeMoro xonjiHBa. Ha pHc. 9.11 noKasaH xapaKTep H3M6HeHHa T)nry ;

6) yflejibHaH BbipaSoTKa 3JieKrpo3HeprHH Ha TenjiOBOM

;Vnrv
nry (9.18)

0,5 0,6 0,7 0,8 0,9 *nry

PHC. 9.11. HiMeiieiine KonJujjimntH ra Hcnojib30BaHun
1 UIUlHBa Ha nry-T3I^ B 3aBHCHMOCTH OT KOT((!(j)ll Ulieill 3 OTHO-
CHTejibHOfi MOUIHOCTII nry H aojiH oTnycKacnnjii renjioTbi
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0,5 0,6 0,7 0,8 0,9 PHC. 9.13. IIoicaiaTejiH nrV-T3U; (6e3 H-
raimfl) H pH p;mioii flojie renjioBofi MomHo.
CTH KY

PMC. 9.12. IliMCHCHiie juaiciiuu yaejibHOH KO!vi6niinpOBairiioH BupaSoTKH uiciKTpo'3iieprifH
ua nry-T3U, B 3asHCHMocTH or K03([>4)imin:iiTa oTiiocHTe.ii.Hofi MOLUIIOCTH HTV H JIOJIH OT-

BJIHSHHe K03(|>$HUHeHTa OTHOCHTeJIbHOfi MOUJHOCTH FIFY H flOJIH

M TenjioTbi na 3npy npHBeaeno na pnc. 9.12. KaK BH#HO HS rpa<J)H-

KOB, C yMCHbllieHHeM ra30Typ6HHHOH MOII1HOCTH, K034>(j)HUHeHTa OTHOCHTCJIbHOt*

MOUIHOCTH nry H AOJIH oTnycnaeMOH TenjioTbi (3T sHaneHHe 3nry Bospacraer.

K03(|)(j)HUHeHT OTHOCHTCJIbHOH M01IIHOCTH FIFY Knry SaMETHO BJlHflCT H3 BC6
noKaaaTCJiH TenjioBOH SKOHOMHHHOCTH nry-T3LI. Ha PHC. 9.13 nOKasano H3Me-
HCHHe 3TOFO K03(J)(J)Hli;HeHTa B SaBHCHMOCTH OT KOfl HpOHSBO^CTBa 3JTCKTp03Hep-
THH TTV B aBTOHOMHOM pe>KHM6 pa6OTLI II ^OJIH TCH^OBOH HarpySKH KOTJia-yTH-

ka H Been nry-T3IJ, pT . C yBejiHHCHHeM KOS^^HUHCHTOB ka (c POCTOM

Ky B noKptiTHH TcnJiOBOH HarpysKH nry-T3LJ} H pT yMCHbinaeTCfl 3JieK-

MomHOCTb nTY H BospacxacT K03^)$HUneHT Knry. fljifl riy-TSLI,
3TOT K03^4>HUH6HT nOCTOflHCH H p3BCH 1 .

rpa<|)HKH na pnc. 9.13 HOSBOJIJIIOT oueHHTb MaKCHManbHyro TennoByro narpys-
Ky, KOTopyro MOXCT o6ecnenHTb rTry-T31J B saBHCHMocTH OT npHHSToro Tiina
3HepreTHMecKofi FTy B ee TCHJIOBOH CXCMC. Ms pucyHKa cjie^yeT, HTO SojibiuHM
OTHOCHTeJIbHbIM nOTCHUHaJlOM B OTHOllieHHH npOH3BOflCTBa TCnJlOTbl H3 T3KHX
T3LJ, o6;ia^aeT FTy c MeHbiiJHMH sHaneHHaMH KYIJI npOHSso^CTBa sjieKTposnep-
THH B 3BTOHOMHOM pe>KHM6 (HMCCTCfl B BH^y pa6oT3 FTY C Bbl6pOCOM ra30B H6-
nocpeflCTBCHHo B flbiMosyio Tpy6y).

9.4. 3ATPATU SHEPrUM HA COBCTBEHHblE HSOKAW nrV-T3U

OueHKa TenjiosoH SKOHOMHHHOCTH FTy H OFY ocymecTBJiaeTCfl c HcnoJib3o-
KH/I npoHSBojjcTBa H oTnycKa 3JieKTpo3HeprHH, pacxo^os ycjiosnoro
H yjjejibHbix pacxo^oB TenjroTbi. Flpn STOM Heo6xo#HMo ouenHTb pacxo-

3J16KTp03HeprHH H TenJIOTbl H3 COScTBeHHblC Hy^^bl C yHCTOM THH3 HCHOJIb'
BcnoMoraTejibHoro o6opyflosaHHfl H TenjioBOH CXCMW

npoeKTHposaHHH Firy-T3I4 HpeAycMaTpHBaiOT oKHraHiie
ro HJIH acH^Koro TonjiHBa. flua TaKHX sjieKTpocTaHUHH BbwejiaroTCfl o6mecTaH-
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unoHHbie H 6jiOHHbie cHCTCMbi oScjiy^HBaHHfl H onpeaejiaeTCfl pacxoa 3jieKTpo-
3H£prHH na coScTBCHHbie Hyxubi.

JfyiH o6ecneneHHH craSujibHoro ropennfl npHpoaHbiK ras ^OJDKCH nocrynaTb
,(rope-no^HOMy ycTpoKcTBy KC FTy npn onpe^ejieHHOM aaajieHHH, saBHcsimeM OT
tuna Fry. npH OTcyTcTBHH na nnomaflKe sneicrpocTaHUHH rasonpoBo^a Bfl Tpe-

,ziJifl paSoTbi FTY AasjieHHe TonnHBHoro rasa flocTHraeTCfl nyTeM noBbiiue-
AaBJieHHfl nocrynaiomero Ha rasopacnpejjejiHTejibHbiM nyHKT (FPFI)
rasa c noMombio ^oiKHMHbix KOMnpeccopos (flK). Heo6xoziHMocTb

KH 3THX arperaTOB oKasbisaer cymecTBennoe BjiHanne na pacxo^ 3Jieicrpo3HeprHH
Ha COScTBCHHHe HyaWbl. B 3aBHCHMOCTH OT CymeCTByiOtUHX HOpMaTHBOB H npHHH-
TWX npoeKTHbix peiiieHHH HcnojibsycTca jiH6o oSmecTaHUHOHHaa jjo^HMnaa KOM-
npeccopHaa cTaHUHa, iiH6o HHflHBH,ayajibHbiH ^K ans Kaamofi HS FTY. FIocjie^Hee
cnpaseAUHBo H npH npoeKTHpOBaHHH sneicrpocTaHUHfi c rasoji,H3ejibHbiMH flBHraTe-
JI«MH BHyTpeHHero cropaHHH (flBC).

TpeSyeMoe jjaBJieHne rasa (npHpoflHoro, nonyTHoro He(J)TflHoro, cHHTCTHMe-
cKoro, npo^yKTa ra3H4)HKauHH yrjia H ap.) nepe^ FTV onpej,ejifleTcsi AJIJI ycjio-
BHR MaKCHMaJlbHOH CTeneHH HOBbiiueHHa aaBJieHHfl Bosayxa B KOMnpeccope FTV
c yqeTOM conpoTHBJieHHfl rasoBoro TpaKTa, cooTBeTCTByromero TexHonorHHecKo-
ro sanaca no AaBJieHHK) H oroBapHsaeTCfl 4)HpMOH-npoH3B04HTejieM FTY Ana^HS

ra30Typ6HHHbix ycTanoBOK noKaabisaeT, MTO npn onpeflejieHHH pacxo^a
, Heo6xoflHMOH fljia npHBo^a ^K, Tpe6yeMoe aasjieHHe rasa, nocTynaio-

mero B KC FTY, MOMCHO oueHHTb no <J>opMyjie

max
K.K

— MaKCHManbHO B03MOM(Hoe

(9.19)

cafaToro Bosayxa, MFIa, B KOH-

ue KOMnpeccopa FTY B npouecce ee sKcnuyaTauHH. B SojitiiiHHCTBe FTY 3TO
3HaneHHe ne npeBwmaer 3 MFIa. B raso^HsejitHbix ^BC .naBJieHHe TomiHBHoro
rasa Moncer 6biTb sHaHirrejibHO HH>Ke — OT 0,1 MO 0,45 MOa.

B COOTB6TCTBHH C pa3pa60TaHHbIMH (|)HpMaMH-npOH3BOflHTeJiaMH HHCTpyK-
UnaMH no 3KcnjiyaTau.HH FTY, xpe6yeMoe ^asjieHHe pr aoJiacHo nojiziepJKH-

BaTbca cTa6njibHbiM neaaBHCHMO OT peacuMa paGoTbi snepreTHHecKOH ycTaHOB-
KH H sapnaHTa npHHSToti cxeMbi rasocHaQacenHJi. ^aBJieHHe ToniiHBa nepea J^K
AOH^HO GbiTt Bbiuue aTMOC^epnoro, OHO onpeaejifleTCH flaBjieHHCM rasa Ha FPFI
3JieKTpOCTaHUHH.

B KanecTBe flK FTY H raso^HsejibHbix ^BHraTejieH, KaK npaBHJio, npHMenfl-
K>TCJI BHHTOBbie H nopujHCBbie KOMnpeccopbi.

fJopiuneebie J\K oGbinno HcnojibsyioTca B cxeMax 3HepreriiHecKHX FTY MOIU-
HOCTbK) MO 25 MBT. YCTaHOBKH 3TOFO THna, KaK npaBHJIO, HMCFOT oGmHH KOJICHHa-
TbiH Baji H npoTHBonojio>KHo nepcMeiuaiomHecfl nopuiHH. riopmeHb npHBO^HTCJi B
ABHJKCHHe 4)HKCHpOBaHHbIM IIITOKOM, KOTOpblfi npOXOJJHT MCpCS CaJlbHHKOByK) KO-
Po6Ky. FojiOBKa nopmna coe^HHeHa c KOJiennaTbiM BajioM nepes uiaTyn. TaKHM 06-
pasoM, UHJIHHMP HSOJinpoBan OT Kaprepa AHCTanuHOHHOH jjcTajibK) (maTynoM), a
Macjio B KapTepe He conpHKacaeTca c rasoM. LjHJiHHJrp MOaceT SbiTb KaK OJJHHOHHO-
ro, TaK H MBOHHoro AeHcTBHa (pHC. 9.14). OSmee HHCJIO UHJIHHJJPOB B TaKHx KOM-
npeccopax cocTasjiaeT OT 2 jjo 10. Hx MOJKHO BKJifonaTb no xoziy c^HMaeMoro rasa
KaK napawiejibHO, TaK H nocjiefloBaTCJibHo. B STHX KOMnpeccopax CTenenb nosbi-
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PHC. 9.14. riopiiiHCBoii KOMnpeccop co cGajiaiiciipoBainioif ropinonra.ii.noH KomJ)nrypamiefi
UHJimupoB, pac»u.'io!Kciuii>ix ojHH npoTif B apyroro
1 — UHJIHHAP; 2 — HanpaBJiafomafl rojiOBKa muiiiHjipa c npoTHBonojioacHHMH noroicaMH; 3 — 6a-
jiaHCHpOBOiHaa rafiica; 4 — cajitHHK; 5 — nopnienb; 6 — BCacHaaioiUHH KJianan; 7 — Tsxejiaa pa-
Ma; 5 — majyn; 9 — IIITOK

iiieHHH jiaBjieHHs Jtr ziocTHraer 200, nponsBoziHTejibHocTb 90 — 10000 M3/i.

nopuiHCBOH J\K — MaiiiHHa oS'beMHoro THna, KOTOpaa pa6oTaeT c <j>HKCHpoBan-
HMM oSteMOM rasa, npH HopMajibHoH pa6ore OH saSnpaeT HenoTopoe KOJIHHCCT-
BO rasa H3 JIHHHH BcacbiBanna, cjKHMaeT ero H BbiaaeT B JIHHHIO HarneTaHHa
(pnc. 9.15). HMCIOT MCCTO .asa KPHTHHCCKHX orpaHHieHHa paSoTbi KOMnpeccopa:

pa6onee ^aBjiCHHe (nepenanpiDKCHHe) H TCMnepaiypa Ka>K,n,oro
(HSHOC H TepMH^ecKas Harpysna). ^Jia npeaoxspamenHfl HSJIHIUHHX

sarpaT na TexHHHecKoe o6c;iya<HBaHHe TCMnepaTypy rasa orpaHHHHBaroT 150 °C.
3TO TpeSoBaHHe onpe^ejiaeT KOJIHHCCTBO CTyneneH KOMnpeccHH. Flocjie Ka^^oH
HS HHX ras oxjiaac^aeTCfl A^a AaJibHeHiiiero cacaTna (pwc. 9.16), npimeM nocjie
nocjie^HeR CTyneHH OH MoaceT oxjia^jjaTbca ^o TeMnepaTypbl, c KOTopoS no^a-
CTCfl B 3HepreTHMeCKyK) ycTanoBKy (riV HJIH rasosbiH ^BC).

Oxjia^HTCJiH rasa BbinojiHfliOT Jin6o TpySnaTbiMH BOflHHoro THna, JinSo BCHTH-
JlflTOpHOrO THna C B03AyUIHtIM OXJia^fleHHCM. B ^K 60JIbI110H npOHSBOJJHTeJIbHO-

(OHH Sojiee KOMnaKTHti). K oxjia>K^aK)-
COOTBCTCTByiOIUHe Tpe60BaHH3

npHMecen.
H so^a npn

o6pasyK)T
HOCJIC

CTH Hcnojib3yK)T
XH^KOCTH (aHTH(})pH3,

no

= const

THH H
CKpy66ep,

10
12 n

PHC. 9.15. p, K-jnarpaiviMa nopiiiHCBoro 3,K
1 — Bbixoa ra3a 33KpHT; 2 — Bbixoa rasa OTKPMT; 3 —
BbixoA cacaioro ra3a B JIHHHIO HarneTaHHa; 4 — paciiiH-
peHHe; 5 — cacaTwe; 6 — BXOJI ra3a saKpbir; 7 — BXOA
T333 OTKpbIT; 5 — BCaCbIB3HHe r33a; 9 AOJIfl, %, O&b-
CMHOH npOH3BO^HTeJIbHOCTH (3({K})eKTMBHOCTH); 10 -
100 %-HOC BbiTecHCHHe ra3a; //, 12 —- COOTBCTCTBCHHO
HHJKMHH M BCpKHflS «MepTBbIC TOHKH»
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vd^

rasa

PHC. 9.16. TexnoJiorii'iech?an cxeiua raioboii KOMispeccopiioii cuereMbi c arpciaraMii nopiune-
Boro rnna
/ — cxyneHb KOMnpeccHH (nopuiHCBOH KOMnpeccop); 2 — CKpy66ep; 3 — oxJiaanrejib ra3a; 4 —
6jiOK ynpaBJieHHfl KOMHpeccopaMH; 5, 6 — K apeHaacy cooTBeTCTBCHHo HHSKOFO (BbicoKoro)
HHS; 7, 8 — K KaHajjy npoayBKH cooTBCTCTBeHHO HHSKOTO (BbicOKOro)

cryneHH KOMnpeccHH, coSnpaeT KOH^encaT H CMasoinoe Macjio or UHJIHHJIPOB, H
flaJiee 3TH aCH^KOCTH BblHOCflTCa B KOJTJjeKTOpHyK) CHCTCMy (pHC. 9.16)

ECJIH flaBJieHHe HarneTaHHa noanHMaercfl Bbime onpe^eneHHoro SHaneHHa (ne-
33BHCHMO OT npHHHHbl), TO BOSpaCTaCT MOUJHOCTb, nOTpeGjlflCMafl KOMnpeCCOpOM, H
MCHccTyneHHaTbie napaMCTpw H3MenaK)Tca. EoJiee BbicoKoe ^asjieHHe no ceMeHHK)
crynenH npHso^HT K Sojiee BBICOKHM rewinepaType na Bbixo^e H Harpysne na IIITOK
nopiiiHfl. fijw 3amHTH KOMnpeccopa Kaxaafl ero CTynent ocHamena nepenycKHblM
KjiananoM Ha cTopone HarneTaHHJi, HH^HKauweH BbicoKon TeMnepaTypbl Ha
c no/janeR sByKOBoro cnrnaJia, nocjie KOTOporo KOMnpeccop ocTaHaBJiHBaeT

OjioTHocTb rasa H ero oSteivi HSMenaioTca npaMO nponopnnoHajibHO
HHK) H TCMnepaType, noaTOMy ^O^HMHWC nopuiHCBbie KOMnpeccopbl
cfl BxoAHbiM peryjiHpoBOMHbiM KJianaHOM, KOTOpwH no,zmep>KHBaeT aaBJienne Ha

na nocToaHHOM ypoBHe, y^ep^KHBaa ero HHa<e ^aBjieHna B nojjaiomeH Ma-
. STO npe^OTBpamaeT B^HflHne KOJie6aHHH aasjieHHa ra3a na nponsBO-

KOMnpeccopa.

B nopiUHCBbix KOMnpeccopax He nponcxo^HT caMoperyjinposaHHa nponsBo-
flHTCJIbHOCTH B 33BHCHMOCTH OT saflaHHOFO HarHCTaTeJIbHOrO JjaBJICKHfl, n03TOMy
cymecTsyeT peajibnaa HOTpeSHOCTi, B peryjinpoBaHHH HX pacxo^a.

OflHH H3 npocTCHinHX MCTOflos ynpaBJieHHfl npoM3BojiHTejibHOCTbK) nopuiHe-
Boro KOMnpeccopa — peuHpKyjumHa cpe^bi (PHC. 9.16). /Jjia coKpaiiieHHH OOTO-
Ka HarHeTaeMoro rasa OTKpbisaiOT JIHHHIO Safinaca H H36biTOHHbiH HOTOK nepena-
npaBjiaioT o6paTHo na cTopony scaca. O^naKo ^aHHWH MCTO^ ynpaBJienna nea^)-
4>eKTHBeH: KOMnpeccop IIOCTOHHHO paSoTaeT co 100 %-HOH" narpysKOH, ^aace ec-
JIH 4>aKTHHeCKHH nOTOK HH30K HJIH paBCH HyJIK). 3TOT M6TOA UeJICCOOSpaSHO HC-
nojibsoaaTb RJIX TOHKOH peryjiHpOBKH npOHSBO^HTejibHocTH HJIH fljia pasrpy3KH
npH sanycKe KOMnpeccopa.

PeryjiHpoBaHHe npoHSBOjiHTejibHOCTH KOMnpeccopa MO>KHO ocymecTBJiaTb,
Hcnoiib3ya ^poccejinposaHHe noTOKa rasa Ha Bxojie. ECJIH ocTajibHbie napaMerpw
rasa noAAepacHBaioTcfl nocTo^HHbiMH, TO B pesyjibTaTe ^poccejinpoBanHfl CHHM<a-
CTCH njioTHocTb rasa H yMCHbuiaerca ero MaccoBbifl pacxoa. HcnojibsoBaHHe sxoro
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npHBOjiHT K yBejiHHCHHio BXO^Hbix TeMnepaTyp H Sojibuiefi narpysKe na
IIITOK IIOpIIIHfl H3-33 BOSpaCTaHHfl COOTHOUieHHS JiaBJieHHH.

PacnpocxpaHeHHbiM cnocoSoM CHH^CHHH npon3Bo,aHTejibHocTH nopmHeBoro
J\K SBJIflCXCa HCnO.Tlb30BaHHe T3K HaSblBaCMblX «3a3OpHbIX K3pMaHOB» nyCTLIX

c KJiananoM B HOJIOCXH UHJiHH^pa. «KapMaHbi» HMCK>T HSMenaeMbiH
H npHBOflaica BpyHHyio npH noMouni MaxoBHKa, nepeMemaiomero nop-

UICH& snepe^ H nasaa. KoHcxpyKUHa nopiiiHCBbix #K nosBOJifler Hcnojibsosaxb
HX B uiHpOKOM ^HanasoHe paGoHtix flaBjieHHH.

Buwnoebie fl,K ocymecxBJiarox FIOHXH HsoxepMHHecKoe OKBTHC rasa npn HC-
SHaHHTeJIbHblX OKpy>KHbIX CKOpOCXHX, HTO HOSBOJiaeX H36e>KaXb aBJICHHS 3p03HH.

3XOM o6eCnCHHBaK>XC3 BblCOKHe SHaHCHHfl CXenCHH nOBbllUCHHa JiaBJlCHHS
(nr < 40) npH HesnaHHTejibHOM ero HarpeBe. 3TOT THO KOMnpeccopos

xapaKTepH3yexca xopomen npoHHOCTbio paGonnx 3JieM6HTOB (iiiHeKOs) H no na-
aea<HOCTH conocTasHM c TypSoKOMnpeccopaMH. MaKCHMajiLHa^ npOH3Bo^HTejib-
HOCTL T3KHX KOMnpCCCOpOB ^OXOAHT ^O 100 000 M3/H. KOHCTpyKUHH BHHTOBOPO
flK nosBOJiaex ocymecTBJiaTb nuaBHOe peryjiHpOBaHne pacxo^a rasa nyxeM MSMC-
HCHHa MacTOTbi BpameHHfl ^BHraxejia.

Bee THnbi ^(K xonJiHBHoro rasa xapaKrepHsyioTCfl aiiHTejibHbiM pecypcoM pa-
SOTbf, Z[OCTHraK)IUHM 40 J16T.

ripoMe)KyTOHHoe oxnaac^cHHe cacHMaeMoro TonjiHBa B MHorocryneHHaTbix /JK
cHHHcaer y^enbHyio pa6ory oKaraa H noBbimaeT Hafle^Hoctb SKcnjiyarauHH. BMC-
CTC C T6M OHO yBeJIHMHBaeT paCXOA 3JICKTpO3HeprHH Ha npHBOfl HaCOCOB H B6HTH-

ox.na>KZieHHa, T.e. noBbimaer pacxo^ 3jieKrpo3HeprHH Ha co6cT-
i. TeMnepaxypa c>KaToro TonjiHBHoro rasa nocjie J^K aon^cHa 6biTb

na 10—15 °C Bbime TOHKH pocbi, HTO HCKjironaex co^ep^aHHe B HCM >KHAKHX KOM-
noHCHTOB H KopposHK) 3jieM6HTOB cHCTCMbi. HTO HcnojibsoBaTb, oxJia^qieHHe rasa
nocjre KOMnpeccopa HJTH ero AonojiHHTejibHbiH no^orpeB, onpeaeji^eTca xpeSyeMOH
TCMnepaxypofi TonjiHBa nepe^; KC FTY Oaa saBHCHT OT HX KOHCTpyKUHH, cnocoSa
nojjroroBKH H cacnraHHa 3ioro xonjiHBa (an^ysopHbie ropejiKH, rope^KH c npe^-
BapHreJibHOH no^roxoBKOH oSeflHCHHofi xonjiHBOB03AyuiHOH CMCCH) H ,ap. 3xa xeM-
nepaxypa oroBapHBaerca 4)HpMOH-npoH3BOAHTejieM FTY H MOXCX jjocxuran.
150 °C. B npouecce 3KcnjiyaxauHH ee noaaep^KHBarox nocxoHHHoii.

THH npHBojia RK saBHCHx ox ero MOIUHOCXH H Mecxa pacnojioacenHa 3Hepro-
ycxanoBKH, Koxopyro OH o6cjiya(HBaex. Hpn He6ojibiiiHx H cpe^HHx MOUIHOCTSX
npHMeHflrox 3jieKTponpHBo^, a npH 6o^buiHx MomHOCXflx — ^BC HJiH rasoxyp-
0HHHbjH npHBOfl. ^,jifl peryjiHpoBaHHfl ^asjieHHa xonJiHBHoro rasa H nponsBO^H-
xejibHocxii RK c 3JieKxponpHBOAOM peKOMenflyexca npHMenaxb nacxoxHoe pery-
JIHpOBaHHe MOIUHOCXH.

npH anaiiHse xennoBbix CXCM c iicnojibsosaHHeM FTY H HX sneprexHHecKHx
noKasaxejiefl neo6xo4HMO yinxbisaxb flojiro pacxojia 3JieKxp03HeprHH na co6cx-
BeHHbie nyjK^bi, Koxopaa usin 3HepreTHnecKOH FTV onpeAenaexca no

rrv
,„ Nl

Ar:
(9.20)

N:

me Nr =Nr' — 3JieKxpHHecKaji MomHocxb Spyxxo snepreTHHecKOH FTY npw ee

pa6oxe B asxoHOMHOM pe^KHMe c Bbi6pocoM BUXO^HUX rasos HenocpeacTBCHHO
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xpySy, KBx; Nnp — MomHOcrt 3^eKxponpHBOjioB nponnx MexaHH3-

MOB, oScjiyiKHBaroiUHx 6jioMHbie CHCxeMbi FTY, KBx; N^ — Momnocxb, noxpeS-

jlflCIViafl ^OM<HMHbIM KOMHpeCCOpOM C 3JieKXpOnpHBOZlOM B 6J10HHOH KOMnOHOBKC

FTY, KBx; a"^ — flojia pacxojioB 3JieKxpo3HeprnH na co6cxBCHHbie HyK^u npo-

HHX MexaHHSMOB 6JIOHHWX CHCX6M FTY; 3™ XO ace flJlfl /],K.

Ha pnc. 9.17 npHse^eHbi saBHCHMOcxn MOUIHOCXH, noTpe6jiaeMofi npHao-
40M ^K, ox cxeneHH noBbiuienHfl ^asjieHHa xonJiHBHoro rasa B KOMnpeccope.
SaBHCHMOCTH nocxpoeHbi fljia pafla FTY <J)HpMbi Siemens MomHocTbro ox 60 flo
250 MBx.

B 3HeprexHnecKHX FTY 3JieKXp03Heprnfl Hcnojibsyexca ^JIH npHBozia
IUHX MexaHHSMOB xexHOJiornnecKOH cxeMbi: nacocoB no^aMH MCHAKOFO
xonJiHBHOH CHCxeMbi; KOMnpeccopa nneBMopacnbura JKH^KOFO xonjiHBa BosjjyxoM
B ropejixax KC; BCHXHJIHTOPOB pasjinnnoro HasHaneHHa (BeHXHJiauHa oxcena nyc-
KOBOFO xonjiHBa — nponana, BeHXHjiauwa samnxHoro Kopnyca ycxanosKH, BOS-
^yiiinbix oxna^Hxejiett H jip.); MacjiaHbix nacocoB (OCHOBHMX, rH^ponofl-beMa po-
xopa, CHCxeM npHBO^a Bxo^Horo H nosopOTHbix HanpaBJiaromnx annapaxos KOM-
npeccopa, npHBo^a BaiionoBopoxHoro ycTpoftcxBa H ^p.); sjieMenxoB, noxpe6-
jiaromnx 3JieKTpo3HeprHK) B CHCXCMC ncnapHxejibHoro oxjiaiK^eHHa, B cxeMe
ACY Tn ycxaHOBKH H 4p.

/Jojia pacxofla sjieKxposneprHH na coScxBeHHbie Hynyibi nponnx MexaHHSMOB

6jIOHHbIX CHCXCM 3^ SaBHCHX OX KOHKpeXHblX XCXKHHCCKHX peiUCHMH. FlO /(3H-

HbiM oxenecxBeHHbix H sapy6e>KHbix (|>HpM, ona cocxasjiaex 0,015—0,02. Mom-
Hocxb npHBO^a ffK. saBHCHx ox ero xexHOJiorHHecKOH CXCMLI.
MH npH6jiH»ceHHaMH paccHHTbrsaiOT xeMnepaxypy cjKaxoro xonjiHBa H
pa6oxy OKaxwa, a saxeM H noxpeSjiaeMyio Momnocxb.

PHC. 9.17. HsincHci iue ;:io.ni MOUIHOCTH npuBOja ZIK B o(!me» MOIUHOCTH
nV (aBTOHOMHWH peiKHM, 100 %-H3H liarpy3Kjl) B 3aBHCIIMOCTH OT CTeHC-
HM noBbiiueHiin aaiKienHn B JJ,K ajia paiui,i\ T H R O B TTV ^iiipMbi Siemens
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Ko3<J)(|)HUHeHx nojie3Horo
3HeprexHHecKoH FTY npH

npH
ycxanoBice flK paseH:

o npueoda

~3

nne Brr — pacxojj xonjinea B KaMepe cropaHHH FTY, KF/C; hr

#orpexoro xomiHBa ,30 xeMnepaxypbi TT, Kj\yK/KT;

npH Hcnonb3OB3HHH MexanmecKOZo npueoda ffK

M3

II / i nprry.

HCXXO

(9.21)

3HxajibnHfl no-

(9.22)

roe -SMn — pacxo^ xoniiHBa Ha MexaHHHecKHK npHBoa #K, KP/C; < 2 / M n —

xenjioxBopnaa cnocoGnocxb, K,H>K/Kr.
B xenjiOBbix cxeMax naporasosbix T3LJ HOMHMO npHBOfloB

BcnoMoraxejibHbix MexaHHSMOB FTY neoSxoAHMO yiiixbisaxb cjie^yiomHe noxpe-
3JieKxp03HeprHH coScxBeHHbix Hymn: nwxaxejibHbie nacocbi KV;

nacocbi HcnapHxejibHbix nosepxHocxeH KY; nacocw
HOH Bo^bi CHcxeMbi oxjiaHCfleHHfl; BCHXHJiflxopbi annapaxos BO3^ymHoro oxjiaitc-
ACHHS; nacocbi CHCXBM perenepauHH H BOflononroxoBKH; npoHHe BcnoMoraxejit-
Hbie M6XaHH3MbI H CHCXCMbl. FIpH OXOyCKC XCOJIOXbl BHeiUHCMy nOTpeSHXCJIK)

ynecxb H noxpeSjieHHe 3JieKXpo3HeprHH cexeBbiMH H #peHa>KHbiMH Haco-
xenjioij)HKauHOHHOH ycxaHOBKH.

CyMMapHbifi y^ejibHbiH pacxozi sjieKxposneprHn Ha coScxBCHHue
nry

nry-T3IJ1 3C H

flK, a xaioice
no 4>opMyjie

= 0,03 — 0,06 (B saBHCHMOCXH ox MOIUHOCXH, noxpe6;iaeMOH

noxpeSHxejiaMH, npHBeaeHHbiMH Bbiiue) H

nry
3^,. =

,C.H
'nry 'nry A',

-3npnrV + ̂ KJf u "̂  -Jf ti (9-23)

'nry

= 7Vr +7Vn — 3JieKXpHHecKaa Momnocxb nFY, cocxoamaa cooxsexcx-

BCHHO us MoiuHOCxeS ra3oxyp6HHHOH H napoxypSHHHOH ycxanoBOK npw HX pa-

6oxe B cxeMe Firy-TSLl,, KBx; N^-y — MOIUHOCXL sjieKxponpHBOflOB MexaHHS-

MOB, o6cjiy>KHBaiomHx SjioHHbie CHcxeMbi nry-T314, KBx; 3^Y — AQJia pac-

xo^a 3JieKxp03HeprHH na coScxBeHHbie Hyacflbi npOHHx MexaHH3MOB nry.
334t4*H1iHeHx nojiesHoro jencxBHa npoHSBOflcxsa sjieKxposneprHH nexxo
c KY (Bapnanx HcnojibsOBaHHH ^K c 3JieKxponpHBO^OM)

3.H
•I nry

+ N- nry. (9.24)

400

KFIR ncnojibayjoxca npH onpe,aejieHHH y^enbHbix pac-
HCXXO Tennoxbi H ycjioBHoro xonnHea Ha e^HHHuy oxnycKaeiuofl 3HeprnH.

Onpe^eneHHe 3HeprexnqecKHX nonasaxejiefi HCXXO nosBOJiaex SoJiee OOJIHO
oueHHXb 34>4>eKTHBHocxb npoHSBO^cxsa 3JieKXpO3Heprnn H xenjioxbi B rasoxyp-

H naporasoBbix ycxanoBKax.

9.5. OCHOBHblE nO/lOXEHUfl METOflMKM PACHETA TEHJ10BOM CXEMbl nry-T3LJ C KV

B xennoBOH CXCMC HOHXH Bcex XHHOB nry, H B XOM HHCJIC nry-TSLJ,, 3Hann-
MCCXO saHHMaex 3HepzemufecKuu Modyjlb «ra30xyp6HHHaa ycxaHOBKa —

xoro Hxo6bi paccHHxaib pa6oxy Mo^yjia c sa^anHbiM pacxo^oM napa, ne-
npOBCCTII HXCpaXHBHblH (C nOCJie^OBaxeJlbKblMH npH6jlHMCCHHJIMH)

pacnex KY H FTY na pasnHHHOH narpysKe c KOppeKxwpoBKOH na KaycaoM mare
yK33aHHbIX HCXOflHblX ^aHHHX. OpH HCnOJlb3OBaHHH CHCXCMbl ^OXKHraHHS 3T3
npouejiypa eme 6onee ycjio^naexca, xaK KaK Heo6xoflMMbiH pacxo,a napa Ky
MOSCHO nojiyHHXb pa3JiHMHbiMH KOMSwHauHflMH pacxo^oB xonjiHBa B KC FJy H B
KaMepbi flo>KHraHHH Ky.

OflHOBpeMeHHbiK pacHex Moflyna TTY-Ky H F1TY npOBo^Hxca c ynexoM HC-
noJib30BaHH9 oflHoro, flsyx HJIH xpex noTOKOB napa c pasjiHHHbiMH napaMexpaMH.
ripn SXOM pacnex saencHX ox cxpyKxypbi npoxoMHOH nacxH napOBon xyp6HHbi —
cHcxeM napopacnpe,ueJ]eHHfl Ha Bxojje B xypGnny H na BXO^C B paSoiHe OXCCKH
nocne KaMep CMeineHna. FIociiejiHee o6cToaxejibcxBO nrpaex HCMajiOBa)KHyK>
pojib. IlpH Hcnojib3OBaHHH B FIT coiuioBoro napopacnpeflCJieHHs He xojibKo B
MacxH BLICOKOFO, HO H B HacxH HHSKoro ^aBJieHHS flaBJieHHe napa KY MOIKCX noa-

Ha saaaHHOM ypoBHe. Flpn no^nocxbio oxKpwxbix peryjinpytomnx
(pea<HM cKOJitsamero aaBjieHHfl) B pacnexax HeoSxoaHMa nocxosiHHaa

KoppeKXHpoBKa flaBJieHHfl napa, reHepHpyeivioro KY, no BceM cymecxByiomuM
KOHxypaM, x.e. HHCJIO nxepaunoHHbix iiiaroB snaMHTejibHO yBejiHHHBaexcH. Heo6-
xoflKMa nocxoaHHasi KoppeKXHpoBKa H xeiwnepaxypbi nuxaxejibHOH BOAH (HJIH
KOHjieHcaxa) Ky, xaK KaK ee sHanenne saBHcux ox paQoxbi KOHACHcaxopa u no-
AorpeBaxejiefi cexeBOH Boj,bi.

TaKHM oSpasoM, ana paccMaxpiiBaeMbix CXCM Firy-T3FJ, (c KY) HCBo3Nio>Kfio
peajiH30Baxb xanyio nocjieAOBaxejibHocxb pacnexa, npn Koxopofi cnanajra paccim-
TUBajiacb 6bi riTY, a noxoM naporenepHpyiomHH MO,ayJib (FTY-Ky), K3K sxo iweex
M6CXO AJ1M XpaAHUHOHHblX napOCHJTOBWX 6J10KOB. OMCBH^Ha 3HaHHX6JlbHO QoJlblliafl

ajiropHXMa pacnexa xenjiOBOH cxeMbi 6jiOKa nry-T3U, no cpaBHCHHio c
pacnexa xpaaHUHOHHbix napocHJiosbix T3U- Heo6xoAHMO paspaGo-

Taxb xaKOH ajiropHXM H cosaaib cooxsexcxByiouiHe MauiHHHbie cpe^cxsa pacnexa.
FIpH cocxaBjieHHH aJiropHTMa pacnexa xenjiOBbix CXCM pa3JiiiMHbix BapnanxoB

nFY-TSLJ, aBxopaMH HcnojibsosaHbi HccjieAOBaHna H paspaSoxKH, BbinojiHeHHbie
B HHJ1 «FTY H nry T3C» M3H, a xaK)Ke pa6oxbi flpyrHx aBxopos [2, 29].

UCJIH pacnexa xenJioBOil cxeMbi B jiroSoM pejKHMe pa6oxbi nry-TSLI,:
onpe,uejieHHe napaMexpOB paGoHHx xeji B FTY H B KV;
pacnex xenjioBOH cxeMbi FIT (onpe^ejieHHe napaMexpos H pacxo^oB paSonero

B Ka)K,noM OXCCKC);
pacnex ApyrHx 3JieMeHxoe xenjioBOH cxeMbi (cexesbix noAorpeBaxejieH, &e-

, KOHjieHcaxopos, POy H jjp.);
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sjieKTpHHecKOH H XCIIJTOBOH MOIUHOCTH SJICMCHTOB CXCMBI;
pacxoaoB xonjiHBa B KC FTY H KaMepbi AOiKHraHHs (Kg) KY.

HeoSxOAHM JIflH OnpejieJieHHH BO3MO5KHOCXH paSoTbl SJieMCHTOB CX6-
MW H CXCMbl B UCJIOM B pa3JIHHHbIX pe>KHMaX (HOMHHOJlbHblX H HepaCH6THbIx). OH
npoBOAHXca c uejibio onpeAejiHXb noKasaxeim renjioeoH 3KOHOMHHHOCTH nrV-
T3U, AJia anajiH3a SC^CKXHBHOCXH xofl HJIH HHOH CXCMH, peatHMa paGoxbi, OU,CH-
KH roAOBbix noKasaxejieH H T.n.

VCJIOBHO pacHCT xenjioBoK cxeMbi nry-T3lJ MO>KHO npeAcxaBHXb B BHAB no-
cjieAOBaxejibHOCTH cjieAyromHX pacnexoB:

1) npedeapumejibHbiu pacvem OrY-TSU npoBOAax AJia onpeAencHHa
TpHHeCKOft H XCnJIOBOH MOIUHOCTH BC6H T3IJ, H 66 3JI6M6HTOB. fl
pacHexa cxeMbi nry-T3LJ, HeoSxoAHMO npeABapHxejibno oueHHTb xenjiosbie no-
TOKH. Pacnex ocHOBbisaexca H3 ypasHCHHsx xcnjioBoro Gananca 3JieM6HTOB xen-
JIOBOH cxeMbi H npOBOAHxca jyifl necKOJibKHX TCMnepaxyp Hapy^noro B03flyxa c
ynexoM H3MeH6HHfl xenjiOBbix narpysoK;

2) KoncmpyKmopcKuu pacnem — onpe^ejieHHe cxpyKTypbi H KOHt^HrypauHH
noBepxHOCTCH narpesa KY, xapaKxepHCXHK OXCCKOB npoxoMHoil nacTH HT, xenjio-
o6M6HHoro oSopyflosaHHa (cexeBbix noflorpesaxejieH, KOH^eHcaxopOB H np.).
fljis KajKAoro 3jieMCHTa CXCMH pacneT npoBO^flT HH^HBHayajibHo c ynexoM oco-
SeHHOCTCH ero pa6oTbi npH pasjiHHHbix ycjiOBHax (narpysKa, xeMnepaxypa na-
pyacHoro sos^yxa H T.n.);

3) noeepoHHbiu pacnem (nepeMCHHoro peacHMa paSoTbi) nry-T3IJ, ocymecT-
BJIJHOT c yqeTOM xapaKxepHCTHK sneMCHTOB ^Jisf onpe^ejieHHfl noKasaxeneH pa6o-
Tbi ycTanoBKH B pasjiHHHbix pexHMax. noBepOHHbiH pacnex npeztcxaBJiaex co6oH
CTaTHHecKyro Mo^enb 3HeproycTaHOBKH H nosBojiaex onpe^ejiHTb noKaaaxejiM pa-
SoTbi TOHI.KO B OJIHOH TOMKC rpa(J)HKa pe)KHMa paSoTti.

OcTanoBHMCfl na ocoSenHOCTsx paciexa OCHOBHHX cocraBjunomMX 3jieivieH-
TOB nry-T3U B STHX xpex cjiynsax.

Pacier FTY B Kaac^OM H3 Tpex 3TanoB pacMera nfy-T314 ne ^ejiarox, a HC-
nojibsyrox saBOflCKne jjaHHbie o pasjiHHHtix napaMexpax HX paSoxbi B
CTH ox narpysKH, naiajibHbix napaMCTpax paSoMero xejia, napaMexpax
mero Bosjiyxa H up. Moryx Qbixb HcnoJib30B3Hbi KaK rps^HHecKHe, X3K H 3HajiH-

sasucHMOCTH. B pcsyjibTaxe onpeAejiHiox TaKHe noKasaxejiH paSoxbi
, KSK 3JieKTpHHecKafl MOiiiHocxb, pacxofl, xonjiHBa, napaMexpbi H cocxas
rasoB H £p. B npe^JiaraeMOH MCXO^HKC HcnojibsosaHbi pesyjibxaxbi

MaiUHHHOH oGpaSoXKH saBO^CKOH HH<J)OpMaUHM HO pfl^y Fly JIJIS pa3JIHHHblX XH-
HOB oxenecxBeHHbix H sapy6e>KHbix ycxaHOBOK (CM. § 7.1).

Pacner KY oxjiHHaexca ox aHajioranHoro pacnexa oGbPinbix 3HeprexHnecKHX
napoBux KOTJIOB, Hxo o6i>s[CHflexcfl cneuH^HKOH xeniiOBOH cxeMbi nry FIpH
npe^BapHxenbHOM pacqexe cxeMbi nry-T3LJ, AQCxaxoHHO nposecxH xojibKO xen-
JIOBOH pacnex KV no ypaBHCHHflM xenjiOBbix SajiancoB ziJia noBepxHOCxeK XCHJIO-

npn KOHxpojie xeMnepaxypHbix HanopoB H MHHHMajibHOH xewiiepaxypH
rasoB 3a KY. J\nx xenJiOBoro paciexa 33fl3K>x jiSBjiennfl napa B

psx, 3HaneHHfl xeMnepaxypHbix HanopoB sa 3KOHOMavi3epaMH (xaK
«nHHH-noHHXbi»), xeMnepaxypy nnxsTejibHOH BOAH.

KSK yxe Sbijio notcasaHO, MO^CT 6biT& npHMeneHa KaMepa ̂ o»cHr3HHfl XOHJIH-
Ba B KY, xenjioBOH pac^ex Koxopofi npoBo^ax MCXOAOM nocjieaoBaxejibHbix npn-
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6;iH>KeHHii. AsxopaMH npeajioaceH cjieAyromnR ynpoiueHHbiR ajiropHXM xenjioeo-
ro SaJiancoBOFo paciexa KaMepbi Ao^wraHHa KY:

a) sa^arox xeMnepaxypy rasos Ha BbixoAe HS KaMepbi AOHcnraHHa KY TBU* ••* r *> r '
6) HS ycJiOBHa, HXO B nepBOM npnGjiHaceHMH H36bixoK BOSAyxa B rasax 3a Ka-

MepoR AO)KHraHna paeen Hs6bixKy BOSAyxa AO KaMepbr, paccMHXbisaiox 3Hxajib-
, BWX

nHK) ra30B nT ;

B) onpeAejiaiox pacxoA, KF/C, Ao»cHraeMoro B KaMepe xonjiHBa no
. BblX , 8X

^BX hr ~hr 1
(9.25)

rae Gr
BX = GKT — pacxo^ HS B KaMepy KY;

3HxanbnHH ra30B na BXOAG B KaMepy AoiKHraHHa H BbixoAe H3 Hee; QT — HH3-

maa xenjioxBOpnaa cnocoSnocxb xonjiHBa; /IT — 3HxajibnHa xonjinsa Ha BXOAC B
KaMepy AQjKHraHHs; r\K^ — KFI^ KaMepbi AO^Hranna (npHMepHo 0,98—0,99);

r) yxoHHaiox SHaMenne usSbixna BOSAyxa B rasax sa KaMepoH

K.T K.T
(9.26)

; L —TAB aK T — HsSbixoK B03Ayxa Ha sxojie B KaMepy

CKH neoSxoAHMoe KOJiHHecxBO Bos^yxa AJifl OKHraHHfl 1 KF xonjiHBa;
A) noBxop nyHKxoB «B» H «r» AJia AOCXHaceHwa HCOGXOAHMOH XOHHOCXH

(KaK noKasajiH pacn;exbi, AJifl onpeAejiennfl pacxoAa xonjiHBa c xoHHocxbio AO
0,01 KF/C xpeSyexcfl 4 — 6 HxepanHH).

ToHHocxb xaKoro pacnexa KaMepbi AOHcnraHHa xonjiHBa B KY Aocxaxonna AJI^
OUCHKH xenjiOBbix 6ajiaHCOB 3JieM6HXOB xenjiOBOM CXCMLI HTY.

TeMnepaxypa rasos nepeA cxynenbio AOJKHraHHa no peKOMeHAauwflM POCCHH-
CKHX KOXCJlbHblX 33BOAOB flOJ!H(Ha GblXb HC HHiKC 250 °C AJIH oSecneHCHHfl yCTOH-
HHBOCXH npouecca ropeHM. MaxcHMajibHoe snaneHHe xeMnepaxypw rasoB na
BbixoAe HS CHcxeMbi Aoa<HraHHa onpcAenaexca xpe6oBaHHHMH K nosepxHOcxaM
narpesa (AJia KC c HesKpaHHposaHHbiMH cxeHKaMH He Bbime 750 °C). Flo pesyjib-
TaxaM npeABapnxejibHoro pacnexa KY onpeAe^arox KOJIHHCCXBO H napaMexpbi re-
HepHpyeMoro napa B Ka>KAOM Konxype ^aBjieHHa.

KoHcxpyKXopCKHH pacHex KY BbinojiHarox AJia SasoBoro pexviMa pa6oxbi npn
onpeAejieHHOH xeMnepaxype B03Ayxa. flpH HSMeneHHH napaMexpos rasoB nepeA
KY neoSxoAHMo COBMCCXHOC BbinojiHeHne xenjiosoro, rHApaBUHnecKoro H aapo-

pacnexoB Koxiia. KaK npaBHjio, KY pa6oxarox B Hepacnexnbix pe-
H3-sa H3M6HeHHfl napaMexpOB noxoKOB xenjioHOCHxejieii, CBasbisaiomHX

Koxeji c ra30xyp6HHHOH, napoxypSnHHOH H xenjio4>HKauHOHHOH ycxaHOBKaMH.
B 3aBHCHMocxii ox nocxaBJieHHOH 33A3MH H ycjioBHft paSoxbi AJia nFY-T3Ll 6a-
30BbIM MOHCCX 6bIXb OAHH H3 CJieAyKJIUHX pe>KHMOB:

MaKCHMSJlbHblH 3HMHHH pOKHM;
paCHCXHO-KOHXpOJltHblH pe>KHM, COOXBeXCTByiOlUHH CpCAHefi 3a H3H60Jiee XO-

Mecau roAa xeMnepaxype sosAyxa;
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cooxeeTcxByromnH cpe^Hew xeMnepsxype BOS-
sa oxonHxejibHbiH ceson.

KoHcxpyKXOpCKHH pacHCT 6a3OBoro peacnMa CBHSSH c ApyrHMH
nanpHMep c oSecneneHHeM reMneparypbi renepHpyeMoro naps B
4H3na3one, Hcnojib30B3HneM cncxeMbi AoacnraHHa. Flpn 3XOM ny>KHO
napsMexpbi pa6oxbi KOXJIS B ycnoBHbix «KpaHHHx» peacHMax,
npe^eJibKbiMH MHHHMSJibHbiMH HHH MSKCHMajibHbiMH napaMexpaMH napa (nanpH-
Mep, xeMnepaxypon napa). RJIH KV (6es ^oacnranHa xonjiHBa) jno6oro THna
HO BbwejiHXb flsa KpaHHHX pe^HMa:

peacHM paSoxbi, B ycjiOBHax KOxoporo renepHpyexca nap c
xeMnepaxypoK. 3xo pea(HM npH MHHHMajibHOH xeMnepaxype Bosjjyxa H

pacxo^e rasos sa Fiy. fljia sxoro peatHMa Heo6xoflHMo npose-
paxb, Hxo6bi xeMnepaxypa renepHpyeMOro napa SbiJia Bbiiue MHHHMajibHO Aonyc-
XHMOH no ycJiOBHHM 3KcnjiyaxauHH xeMnepaxypbi napa Ha axo^e B FIT;

«BepxHHH» PCHCHM xapaKxepH3yexca HanGo^biueH xeMnepaxypoM napa npn
oxcyxcxBHH peryjiMposaHHa MaKCHMaJIbHOH HapyacHow xeMnepaxypoit Bos^yxa H
MHHHManbHbiM pacxo^oM yxo^amHx rasoB Fiy. B sxoM pe^HMe onpe^ejiaexca
cooxHomcHHe xeMnepaxypbi napa Ky H MaKCHMaJIbHOH ^onycxHMOH xeMnepaxy-
pbi napa na sxofle B FIT, H B saBHCHMOcxn ox aero paccHHXbiBaexca CHcreMa pe-
rynHpOB3HHa xeMnepsxypw CBe)Kero napa: snpbicK nnxaxejibHoH so^bi B pacceM-
Ky noBepxHocxefl naponeperpeBaxejra, nacxHiHoe SaHnacHpOBaHne naponeperpe-
Baxejra HJIH ^,p. 3xox pe?KHM asjiaexca pacnexHbiM fljia cncxcMbi perynnpoBaHHa
xeMnepaxypbi cse^ero napa Ky

FIpH npoeKXHposaHHH Ky c KaMepofi jjojKHraHHa nocjie naporeHepHpyromnx
noBepxHocxeH Heo6xoj(HMO ynnxbisaxb CHH)KeHHe xeMnepaxypbi rasos 3a SKOHO-
MaKsepHbiMH HosepXHOcxflMH npn noBbimeHHH xeMnepaxypbi rasos nepe^ napo-
neperpeBaxejieM. HaHMCHbiiiaa xeMnepaxypa 3a naporeHepnpyiomeH noBepxno-
cxbio Ha6jnoj(aexca npH MaKCHMaJIbHOH cxeneHH jioacHraHHfl B nepsoR KaMepe M
MaKCHMaJIbHOH xeMnepaxype napy>KHoro Bosjjyxa.

PaCHcr nporoHHOH nacTH napoBofl TypGHiibi (H cucxeMbi perenepauHH npH
ee najiHHHH) npoBo/wx o^HOBpeMeHHo c pacnexoM cexeBOH no^orpeBaxejibHOH yc-
xanoBKH. FIpH npoBefleHHH npeABapHxejibHoro pacnexa XCHJIOBOH cxeMbi Firy-T3U
saaaiox rpa(|)HK oxonHxejibHOH narpysKH, pacxo^a H xeMnepaxypbi cexeBOit BO^H.
B 3aBHCHMocxH ox K03t|)4)HUHeHxa xenjio(|)HKauHH H cxeMbi T3LJ, npHHHMarox nyac-
Hoe KOJIHHCCXBO cxyncHeH no^orpeBa cexeBofl so^bi (oSbiHHO He 6o^ee 4). Heo6-

xenjiosyio narpysKy pacnpe^ejiaiox Meacay no^orpeBaxejiaMH cexeBOH
onpe^ejiaiox TCMnepaxypw na Bbixo^e H3 Ka5K,aoro no^orpeBaxeJia. C yiexoM

Heflorpeea B no^orpesaxejiax H noxepb ^aajieHHa B naponpoBo^ax paccHHXbiBaioT
3HaHeHHa ^asjieHHn napa B ox6opax FIT JAJIS xex cxyneneH, Koxopbie nHxaiorca ox-

napoM. Flpn HeoGxojjHMocxH naxo^ax pacxo^ napa nepes pe^yKUHOHHO-
ycxpoRcxBO H KOJinnecxBO BnpbiCKHBaeMOH BOflbi. Flocjie 3xoro

H cxpoax npouecc pacuiHpeHHjj napa (B h, 5-Koop^Hnaxax) uns na-
oxceKa (nozi OXCCKOM noflpasyMesarox rpynny cxynenefi c o^HHaKOBbiM pac-
napa). FIpH STOM HanajibHbie napaMexpbl napa 6epyx H3 paci;exa Ky c yne-

TOM noxepb B xpySonpoBo^ax, a ^aBJienne B KOH^encaxope npHHHMatox HJIH pac-
C4HXbiBaiox (CM. HI. 8). ^ajibHCHiuHH pacHex npouecca xopomo nssecxeH H onwcaH
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B jiHxepaxype. npH paciexe peryiiHpyioiUHX cxyneneH H OTCCKOB (rpynn neperyjiH-
pyeMbix cxyneHen) oxHocwxejibHbie BHyxpennHe KYIR onpeaejmiox corjiacHO peKO-

3aBOAOB-H3rOTOBHXejieK HJIH no JIHXepaxypHbIM HCXOHHHKaM.
nocxpoeHHs npouecca pacuiHpeHHa napa paccHHTbisatox xenjiosue 6"a-

cexesbix noaorpeBaxejieH, yxoHHjnox pacxojjbi napa B HHX H qepes OTCCKH
yp6nHbi, onpe^eiisnox sjieKXpunecKyK) Momnocxb FIT H apyrae napaMerpu pa-

rejia B 3JieMenxax nTY.
KoncxpyKXopcKHH pacHex FITy npOBOflax npn onpe,aejieHHOM GasosoM pe>KMMe
o6a3axeJibHO cosna^aiomeM c 6a30BbiM fljia paciexa Ky). BbiSop Sasosoro pe-

XCnJIO(j)HKanHOHHOH xyp6HHbI CJIOJKHCC, HCM AJIS KOHflCHCaUHOHHOH, OH
33BHCHX ox MHOHcecxsa <})aKxopoB: neo6xoflHMo yHHXbisaxb H3MeneHHe rpadpuKa xe-
HJIOBOH narpysKH, HaJiHiHe nHKOBMX cexesux noflorpeBaxejieti, MHCJTO KonxypOB
flaBJienna napa, H3MCHeHHe naponpoHSBo^HxejibHocxH Ky H ^p. ECJIH xypGnna
HMeex Konaencaxop, xo Hyacno yinxbisaxb xpe6oBaHHfl K pa6oxe MacxH Hfl B KOH-
aeHcauHOHHOM peMCHMe. IiponycKHas cnoco6HOCTb OXCCKOB FIT oueHHBaexca no

naponpoHSBOAHxeiibHocxH Koxjia. KoHcxpyKXOpCKHH pacnex KOH-
pe^KHMa MaKCHMajibnoro pacxo^a napa B

ana pacHCia cny>Kax cjieayiomHe
napaMexpbl napa na Bxofle B CHCxeMy napopacnpe^eJieHHa LIT (O^HH, ^sa HJIH

xpH KOHxypa jiaBJieHHfl);
pacxofl H xeMnepaxypa cexeBOH Bojjbi B o6paxHOH H npHMofi MarHcxpanax

(B COOXBCXCXBHH c xeMHCpaxypHMM rpa^HKOM cereaofl BO^bi);
pacxofl H xeMnepaxypa oxjiaac^aiomeH soflbi na BXO^C B Kon^eHcaxop, xapaK-

xepHCTHKa KOHneHcaxopa (npn HcnoubsoBaHHH xyp6HHbi c KOH^encaxopoM);
napaMCTpw pa6onero xena no oxcenaM FIT B pacnexHOM (onopnOM) pe^HMe;

napa nepe^ peryjiHpyfomeH ^Ha^parMOH (B ycxanoBKax c peryjin-
oxSopaMH).

H pacnex xenjiOBOH cxeMbi 3Hepro6;iOKa nry-T3IJ, H nose-
pac4ex KaKoro-jiH6o pe^HMa paSoxbi 6;iOKa ^ocxaxoHHO

CXBHC xoro, HXO napaMexpbl ocnosHbix sjieMenxoB CXCMM 3Hepro6jioKa
T31J BjiHsnox OflHH Ha ^pyroii, no3XOMy B03HHKaex HeoSxo^HMOCXb nxepauHOH-
HOFO pacHexa Been CXCMW.

CHanajia no xeMnepaxype Hapy)KHoro B03^yxa H 3a^aHHofi narpysne onpeae-
JUHOX napaMexpbl pa6oMero pexHMa ITY, npHHHMaa SHSMCHHC 33po^HHaMHMe-
CKOFO COnpOTMBJICHHSI Ky H COOTBCXCXByJOIUHX raSOXO^OB paBHbIM npHMCpHO
2—3 KDs. riociie 3xoro paccMnxusaiox KV. FIpH noBepOHHOM pacnexe
3HaneHHfl rHApaBJinnecKHX H 33po^HHaMHHCCKHX conpoxHBJieHHH Ky H
noBxopHbifi pacnex MO^yjia «FTy-Ky» no cKOppeKXHpOBanHbiM ^aHHHM
onpeAejiarox napaMexpbl pa6oMHX xeji B CXCMC napoxyp6HHHOH H xen.no4>HKauH-
OHHOH ycxaHOBOK. Pacnex Fliy no3BOJiaex CKOppeKXHposaxb Hcxo^nbie ^annbie

HOBxopHoro pacnexa Ky H naporenepHpyiomero MOflyna «FTy-Ky» B ue-
. 3axeM noBxopjnox pacnex FITV c Mo^yjieM «Fiy-Ky» c nocxoaHHOH Kop-

Hcxo^Hbix flaHHMX. OjiHOBpeMeHHo onpeacuaiox saxpsxbi xenjio-
BOH H 3jieKrpHiecKOH SHCprnH H3 co6cxBeHHbie HyjK^bi. Flocjie HeoSxoflHMoro

maroB pacnexa peacwMa Firy-T3U c nocjieaoBaxejibKbiM npH6jiH)KeHHeM
H 33,a3HHOH xenjiOBOH MOIU.HOCXH T3FJ,-
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B saBHCHMocTH OT 3TOPO MCHfliox OTHocHTejibHyio HarpysKy FTy H eecb pacnex
nry-T3LJ noBxopsiox .no flOCxiiaceHHH HyycHoM cxenenH CXO^HMOCTH.

KoppeKXHpyeMbie flaHHbie fljifl pacnexa TenjioBOH cxeMbi 6;ioKa B pasiiHHHOH
cxeneHH BJIHJIK>X Ha pcsyjibxaxbi Kastfloro noBTOpHoro pacnexa seen CXCMW.
K npHMepy, yxoHHeHHe xeMnepaxypbi nnraTejibHOH BO^M Ky BHOCHT Soiiee 3Ha-
MHxejibHbie HSMeneHHfl B pacHBT, H6M HSMCHeHHC SHaHCHHs aspoflHHaMHHecKoro
conpOTHBJieHHH Ky.

Ha nocjie^HCM sxane paccHHTbmaiOT noKasaxeiw xemioBOH SKOHOMHMHOCTH
nry-T3U corjiacno pa3pa6oTaHHOH MexoanKe. ynpomeHHaa CTpyKTypnaa cxe-
Ma pacHCTa peacHMa paSorw 6noKa nry-T3LJ npHBe^eHa Ha pnc. 9.18.

npejuio^KCHKbiH ajiropHTM nosBOJifler onpe,aejiaTb xapaKTepHCTHKH sjieMCH-
TOB TennoBOH cxeMbi, cooTBetcxByioiUHe onpejiejieHHOH TOMKC B rpaiJ)HKe pe>KH-

MOB

HiepaUHOHHtlft COBMCCTHIjft
irry H T<py

Her

Paciei noKaaaieneft
TCIlJIOBOft 9KOHOMMMHOCTH

paciera

PHC. 9.18. ynpomcimaii c\e»a pacnera pewuivia paSoTbi
(T'I>y —
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9.6. AHA/IM3 PE)KMMOB PAEOTbl nry-T3U C KV

Ha cxa^HH npoeKTHpoBaHHfl sneproycxaHOBOK H BO BpeMn MX sKcnjiyaxauHH
ocyiuecxBJifliOT onxHMHsauHK) peatHMOB paGoxu, HanpaBneHHyio na Sojiee 3$-
d)6KXHBHOe npOHSBOJJCXBO 3JI6KTpO3HeprHH.

npH Hccjie^oBaHHH peatHMOB Iiry-TSU, c KV aBxopbi npe^jiararox Hcnojib3o
eaxb duazpaMMbi peotcuMoe, nocxpoennbie B oxHOCHTejibHbix

«MoiUHOCXb—xeniioTa» HJIH «Ar
nry - ^nry ». Ho OCH a6cn,Hc

OXHOCHTeJlbHOH 3^eKXpHHeCKOH MOIUHOCXH 3HCpro6jIOK3

,1 ,V3.H0M ) ^^

3Ha-

a no OCH op^HHax — 3HaneHHfl ero OTHOcnxejibHOH Tenjioeofi MOIUHOCTH:

A'

(9.28)

•> QT — TeKymne 3HaneHHa COOTBCTCTBCHHO 3jieKTpHHCCKOH H Teniro-

BOH MOLUHOCTH Firy-TSLJ,, MBr; A^r
3lHC * — HOMHHajibHaa sjieKTpHMecKaa Mom-

HOCTb FJy npn KOHKpexHOH TeMnepaType napy)KHoro sos^yxa (100%-Haa na-
), MBT.

Hecjioacnbie npeo6pa30B3HHfl, MO^HO npejjcraBHTb KUR npons-
3JICKTp03HeprHH [(CM. (9.13)] B

3(n) nry (9.29)

_ K03$4)HUH6HT npOnOpUHOHaJIbHOCTH [CM. (9.9)].

cooTHOiueHHH HCnojibsoeaHbi jina nocTpoeHHa ^narpaMM pe^HMOB pa6o-
TM nry-T3LJ, ^,JIH KOKKPCTHMX ycjioBHH, HanpiiMep:

npii Bbi6paHHofi (sa^aHHoM) xeMneparype Hapy)KHoro B03Ayxa;
TeniioBOH cxeMbi onpe#eJieHHOH KOH(|)HrypauHH c KOHKpeTHbiM THIIOM

FTV;
MOHO-, ^y6nb- HJIH TpHnji-6jioHHoK TenjiOBoii CXCMW 3Hepro6jioKa

npHHaxoro TCMneparypHoro rpa4)HKa cexeBofi sojibi (150/70 °C; 130/70 °C
H flp.) H ApyrHX yCJIOBHH.

HnH<e npiiBe,ueHbi npHMepw jjnarpaMM peacHMOB ana nexbipex BapnaHTOB KOH-
4>HrypauHH TCHJIOBOH cxeMbi nry-T3U (CM. pnc. 9.4 — 9.7). OHH nocTpoenbi 4Jifl
TeMnepaxypti Hapya<Horo Bos^yxa 7HB = -26 °C H xeMnepaxypHoro rpa4)HKa

150/70 °C c Hcnojib30BaHHCM MonoSjioiHoK cxeMbi Tenno3JieKxpoueHxpaJiH H
3HepreTHMecKOH TTy xHna V64.3A (Siemens), fljifl GojibiiieH HarjiflflHocxH na
AHarpaMMax HaneceHbi KFIfl FlPy no npoHSBO^cxsy ajieKxposneprHH, onpe^e-

RSIH ^syx MCTO^OB pas^ejieHHJi xonjiHsa na T3I4 Me^^y BH^aMH npons-

nponopuHOHanbHoro Mexo^a, H3JioaceHHoro B § 9.2 (uixpHX-nyHKXHpHbie

J I H H H H —
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fljia 4>n3HHecKoro MCToaa, panee wcnojibsyeMoro B poccnMcKOH 3HepreTHKe
3(40 \

(nyHKTHpHbie JIHHHH — Tlnry)-

Hs jjnarpaMMbi POKHMOB fljis TenjioBOH CXCMBI FIFY-T3I4 BapnaHTa la (CM.
PHC. 9.4) BHJIHO, MTO onpeflejiCHHyio TenjioByio MomnocTb MO>KHO renepHpOBaTb
c pasjiHHHbiM KF1A npoH3B04CTBa 3JieKTp03HeprHH (PHC. 9.19). HanpHMep, Ten-

JlOByiO MOUJHOCTb gnry = 0,8 HJIH Qr = 64,1 MBT B a6cOJIK)THbIX C/lHHHUaX
MOJKHO oSecneMHTb c HanSojibiiieH 3(|)[[)eKTHBHocTbfo npH paSoTe FTY c HOMH-
HajibHOH (100%) Harpy3Kott H nacTH4HbiM nponyCKOM napa B
(nponopuHOHajibHbitt MCTO^;). Bbipa5oTKa sjieKTpHHecKOH sneprHH

N nry - 1,28 HJIH = 102,5 MBT. B TenjiO(J)HKauHOHHOM pe-

JKHM6 (npHHHTO «T3L, = 1) OTHOUlCHHe TCnJlOBOH MOIUHOCTH K 3JieKTpHMCCKOfi
COCTaBJIflCT 0,9, a KOSt^tJlHUHeHT OTHOCHTCJlbHOH MOIUHOCTH UTV Kury H3M6HJI-

CTCJI OT 0,69 a;o 0,83.
7JnarpaMMa aa PHC. 9.20 OTpaacaeT B03MO)KHbie peacHMbi paSoTbi nry-T3IJ,

sapHaHia 6 (CM. pnc. 9.5) B KOHKpeTHbix ycjiOBHax. XapaKTep H3MeneHHa noKa-
saTejieH TenjioBOH SKOHOMHHHOCTH TaKofi ace, KaK na pnc. 9.21. OTHoiueHHe TC-
n^OBOH MOIUHOCTH K 3JieKTpHH6CKOH (npH KOS^^HUHeHT
a T3U = 0,6) jjocTHraeT 0,75. STO o6T>jicHJieTc» TQM, HTO nap KY HC
B ceTCBOH no^orpesaTejibHOH ycTaHOBKe H, cjie^OBaTeJibHo, He nponcxo^HT CHH-
^CHHfl 3JieKTpHH6CKOH MOUiHOCTH FIT H BCCH nFY-TSLI,, HOSTOMy, B HaCTHOCTH,
noKasaTejiH renjiOBOH 3KOHOMHHHOCTH B waKCHMajibHOM Tenjio(J)HKauHOHHOM pe-
5KHMC HecKOJibKo JiyHiiie no cpaBHCHHK) co cxeMOH sapnaHTa la.

naporasoeafl T3U eapnaHTa Ila (CM. pHC. 9.6) no csoefi CXCMB cymecTseHHO
OTJinqaeTCfl OT pacCMOTpennbix Bbime: oTcyTCTByeT KOH^encauHOHHafl nacTb FIT,
HMCK)TCfl ^B6 KaMCpbl ^OHCHraHHfl TOOJlUBa B KY (npHHflTO <XT3U == 1). TaKHM 00-
pa30M, peryjiHpoeaHHe TenjioBOH H 3jieKTpHMecKoH HarpysoK MOJKCT ocymecTB-
jisjTbca HC TOJibKo H3M6HeHHeM narpysKH FTY, HO H HSMeneHHCM pe>KHMa paSoTbi
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PHC. 9.20. , ' lHarpaMMfl pe»CHMOB paSoTti nrV-T3U iiapiiaura 16
((})) — 4>H3HHecKHH MCTOfl pa3AejieHHa TonjiHBa na T3LJ; (n) — nponop-
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2,2

2,0

1,8

1,6

1,4

1,2

3
1,

1,0

-61%

63%

05 1,10 1,15 1,20 1,25 "nry

PHC. 9.21. J^uarpaMivia pewiiMoe pa6on.i nrV-T3I], iiapiiaura Ila (npu
100 %-HOH iiarpjMKc TTV)

KaMep AO>KHraHHs, a TaK>Ke GaHnacHposaHHeM FCF1. JJnarpaMMa peafHMOB pa6o-
TU TaKOH T3L], noKasana Ha pnc. 9.21, rae BbijjeneHa TOJibKo o6jiacTb ,ao>KHraHHfl
TonjiHBa B KY O6;iacTb «a—6—e~~^» xapaKTepnayeT pa6oTy .asyx KaMep AOJKH-
r3HHfl H HX BJlHflHHe Ha BbIpa63TbIBaeMyK) 3JieKTpHH6CKyK> H TenJlOByK) MO1UHO-

- R^"1
PRIK«a — = 0; «e — 0,15; «z—

__ -= 0; «a— 6» —
_ A- 0,15.
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B pesyjibxaxe .ao^KHraHHs xonjiHBa B
nepBOH KaMepe noxnTaHKa Kfl-1 Ha
Bxojie B Koxeii yseJiMHUBaexcfl xeMnepa-
xypa ra30B H CHH^aexca HX xeMnepaTy-
pa nepeA FCO, HXO yMCHbiuaex ero xen-
JIOByK) MOlIIHOCTb.

flojiHbiH flHanasoH HSMeneHHa Ten-
JIOBOft H SJieKTpHHCCKOfi MOlUHOCTCfi
nry-T3IJ, B oxHocnxejibBbix e^HHMuax

Ha pHc. 9.22. OtHomeHHe
XenjIOBOH MOWHOCXH K
npH HaH6ojibiiieH cxe-

neHH jioacHraHHa £OCTnraer
paSoTbi ^gj ^npH aT3y = 1)5 HTO cpaBHHMO CPHC. 9.22.

nry-T3U BapHanra Ha

OHHbix napocHJiOBbix T3LJ,. Ko34>4>HUHeHx OTHOCHTCJibHOH MOIUHOCTH FIFy co-

HacTHbiM cjiynaeM 3ioro BapwaHTa MOXHO CHHTaTb TcnnoByio cxeMy nry-T3IJ[,
npiiBe^eHHyK) na pHc. 9.7. HsMeneHHe Tenjiosoit MOIUHOCTH ocymecTajtsieTCfl
HaCTHHHbIM HJIM HOJlHblM SaHHaCHpOBaHHeM rCO H HSMCHCHHeM H3rpy3KH 3HCp-
reTHHCCKOH FTY npH TH B = -26 °C KOa^tpHUHCHT TenJIO(J)HKaUHH, K3K flJlfl CXC-
Mbi nry-T3U sapnaHTa 16, cxT3U = 0,6, a K03(})4)HUHeHT oTHocnTejibHOH MOIU,-
HOCTH Kury = 0,78. ^oacHraHHe TonJIHBa OTcyTCTByex (pnc. 9.23).

no,no6Hbie awarpaMMbi PCHCHMOB MO^HO cocxaBHTb 4Jia nio6oro jipyroro sa-
pnaHTa Ten^OBbix CXCM nry-T3U c HcnojibsosaHHeM pasjiHMHbix THOOB FTV.

Pea<HMbi paSoTbi nry-T3IJ, MoryT 6biTb npejjcTaBJieHbi KSK rpa^HHCCKH, TSK
H aHaJiHTHHecKH, HTO y^oSno npH npiiMeHCHMH nepcoHajibHbix KOMnbKxrepOB.
AHajiHTHHecKHe BbipaiKeHHfl no3BOJiflK)T npoBOjjHTb onTHMHsaunK) pe^fHMa pa6o-
Tbi B uejiflx ^ocTHaceHHfl HaH6ojibiiiero KI1/| nry-T3LJ,.

B oSmeM cjiynae npH KOHKPCTHOM SHaneHHH TeMnepaxypbi Hapyacnoro Bos^y-
xa (TH B = const) KYIJI, npoH3BO^CTB3 3neKTpo3HeprHH na Firy-TSLJ, MO^CT 6biTb

B BH^e (JjyHKUHH HecKOJibKHx nepeMeHHblx:
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" <P(2nry» (9.30)
~ TenJiosaa H sjreKTpHHecKaa MOUIHOCTH ycTaHOBKH;

narpy3Ka Fiy, %; (3^ — creneHb jo^cHraHHfl

3jieKTpHHecKaa MomHOCTb T3U,, B CBOK)
BOH MOIUHOCTH, HarpV3KH FTV H CTCnCHH

oSpasoM,

(|}yHKUHeH xenjio-
TOnJIHBa B KV:

(9.31)

3jieKTpo3HeprHH Ha nry-T3Lt

TeMnepaTypbi B03#yxa (B COOTBCTCTEHH c rpa^HKOM TCIIJIOBOH Harpys-
KH). Toraa 4)yHKUHfl Tpex nepeMeHHbix (9.32) npeBpamaeTca B (j)yHKUHK>
nepeMCHHbix:

fl» (9-33)
H nOK33aT6^H TCnJIOBOS 3KOHOMHHHOCTH B ^aHHOM pe^CHMC (npH 33JiaHHbIX 3H3-

H t H £?npy) 6yayT onpe^ejiflTbca HarpysKoft FTy H CTeneH&io ^o

TonJIHBa B KY ^Jifl pacHCTa HaHSojibiiiero 3HaneHHa 3JieKTpHHecKoro
H3HTH M3KCHMyM (J)yHKUHH ^Byx nepeMCHHbix B

THMWX SHaneHHH 3THX nepeMeHHbix (puc. 9.24):

(9-34)
B >H W -

Jia 3TOFO, K3K M3B6CTHO H3 T60pHH ^H(J)(|>epeHUHaJIbHOrO HCHHCJieHHfl,
CHCTCMa 4H(J>4>epeHUHajibHwx



= 0.
(9.35)

ECJIH B pesyjibTaTe BbiHHCJieHHfl BbiacHflercfl, HTO 4)yHKUH3 ne HMCCT
na BCCM AHana3one H3MeneHHa 3HaneHHH nepeMCHHbix, TO HCOSXOAHMO HCCJIC-

Ha 3HaneHHfl , p ) 06-
onpeAejieHHa PrTy H p^ (9.34), oSosHaneHHOH 1—2—3—4 na PHC. 9.24.

HecMOTpa na 6ojibiuyK) cjio)KHocTb Hcnojib30BaHHa aHajiHTHiecKHx saBHCH-
MOcreH no cpaeHCHHio c rpa4>HHeCKHM MBTOAOM, npHMeHenne nepconajibHbix
KOMnbfOTepoB AejiaeT npHBJieKaTCjibHbiM TaKOH cnocoS HccjieAOBaHHfl POKHMOB
pa6oTbT. K TOMy ace nonejiaeTca B03MoacnocTb yHHTbisaTb H3MeHCHHe napaMer-
poe H noKasaTejien 3Hepro6jioKa BCJICACTBHC AerpaAaunn o6opyAOB3HHa nyTCM
BBeAeHHH nonpaeoHHbix 3aeHCHMocTeH (oaBHbiM apryMCHTOM MO^CT SbiTb KO-
JIHHCCTBO H3COB H3pa6OTKH HOCJIC peMOHTOB H Ap.).

9.7. noKA3ATEJin

HeoSxOAHMO OTMCTHTb, 1TO Ha TemiOBbix 3JieicrpocTaHUHflx ocymecTBJiaercfl
npoH3BOACTBO (supaSoTKa) onpeAejieHHoro KOJinnecTBa 3JieKTpHHecKOH 3HeprHii 3
H TenJIOTbl Q, pa3M6pHOCTb 3THX BejIHMHH KBT ' H HJIH R^HC (1 KBT ' M = 3600 K^x).
3a BbiMCTOM noTpe6jieHHa sneprHH B TexHOJiornnecKOM npouecce T3C na coScT-
BCHHbie HyacAbi A3C H H Agc H, HMCCT MCCTO oTnycK (noTpe6jieHwe) 3jieKTpHne-

CKOH 3HeprHH H TenjioTbi (HCTTO noKasaxejiH T3C) 3H H QH.
TexHOJiorHMecKHH npouecc Ha T3C xapaicrepH3yeTca npeo6pa30BanHeM XHMH-

HecKOH 3HeprHH opraHHHecKoro TonnHBa nocneAOBaTejibno B Tenjiosyio, noTCHUH-
ajibHyro, KHHCTHHecKyio, MexaHHHecKyro, sjietcrpHHecKyK) H Apyrwe BHABI 3HeprHH
B 33BHCHMOCTH OT TCnJIOBOH CXCMbl H B COOTBeiCTBHH C 3aKOHOM COXpaHCHHJI 3HCp-
THH. CKOpOCTb nepCAaHH 3TOH SHCprHH npHH3TO Ha3bIB3Tb MOmHOCTbK), TAC A^ =

3HeprHfl)/BpeM3 = 3/x HMCCT CAHHHuy ^,>K/C = Ba-rr.
PC^HMOB, aHajiorHHHbie paccMorpeHHHM eume, Moryr SbiTb co-

JiK)6oH TCMnepaxypbi napyxcHoro BO3Ayxa. 3TO neoSxoAHMO Ana on-
onTHMajibHoro peacuMa pa6oTbi (c MaKCHMajibHbiM KFT^) npH pasjiHH-

HUX 3HaqeHHflx TCMnepaTypbi B03Ayxa c uejibio pacciHTarb nonasaTejiH pa6oru
B TCHCHHe roAa. ^HarpaMMbi, cocxaBjieHHbie AJia pa3Hbix TeMnepaTyp,
cBeABHbi B OAHy roAOByio AnarpaMMy pexcHMoa pa6orbi nry-T3Ij, c KV.

Hcnojib30B3HHe roAOBbix AHarpaMM pa6orbi paccMOTpeno na npHMepe
T3L], TenjiOBOH cxeMbi sapwaHTa la. ^nanason H3MeHeHHa TeMnepaTypbi B03Ay-
xa B TCHCHHe roAa AJTS AaHHoro perHOHa pa36HBaK>T Ha ynacTKH. Run HJiJiiocTpa-
UHH 6biji npHHflx AHanasoH KOJie6anHa TeMnepaTypu B03Ayxa OT -30 AO +40 °C,
KOTOpbiK ycjioBHo 6biJi noAejieH Ha TpH ynacTKa c rpannnHbiMH TeMnepaTypaMH
-30 °C, 0 °C H +40 °C. J^Jia STHX TeMnepaTyp SHJIM paccnnTaHbi AnarpaMMbi pe-
MfHMOB paSOTbl SHeproSjTOKa B OTHOCHTCJlbHfalX KOOpAHHaTaX «TCnjlOBafl MOW-
HOCTb - 3JieKTpH4eCKafl MOmHOCTb» (pHC. 9.25).
412

H3 pHC. 9.25 BHAHO, HTO M3KCH-
3HaMCHHH OTHOCHTeJlbHOH

MOIU.HOCTH npaKTHHCCKH HC
H3MeHaK>Tca, B TO speMa KaK HaQjiio-

3JieKTpHHeCKOH M01UHOCTH C nOBblllie-
TeMneparypbi BOSAyxa. STO ne

MTO B aSCQJHOTHblX CAHHH-
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/JnarpaMMbi, nocTpoeH-
Htie B a6cojiK)THbix eAHHHuax MOIU-
HOCTH, SblJlH 6bl HCyAOSHMMH AAJI HC-
noJib30BaHHfl. K TOMy ace norpem-
HOCTb OnpCAGJieHHa OTHOCHTCJlbHblX

;H MOIUHOCTH 3Hepro6jiOKa P««-9.25.
nPOMe>KyTOHHbix SHaneHHH TCM- Pa6°TbI ^eproRiona nry-T3U

B03Ayxa 3HaMHTCJIbHO
MeHbiue norpeuiHocTH onpeAejieHHH
a6conK>THbix

nry

la
~~

__

TenjiOBaa MomnocTb npH TCMnepaxype -30 °C flJia 3Hepro-
Sjioica nrV-T3U c TenjiOBOH CXCMOH la cocTaBJiaeT 88,5 MBT (a 3jieKTpHHecKaji
MomHocTb B 3TOM peacHMe — 97,1 MBT), MaKCHManbHaa ajieKTpHHecKaa MOIH-
HocTb Ha6jiK>flaercfl npn STOH >KC TCMnepaxype B03Ayxa B KOH^eHcauHOHHOM pe-

H COCTaB^flCT 117,5 MBT.
pacnexa ro^OBbix noKasaTejiefi HeoSxofltiMo 3HaTb pacxoa Tenjiorbi C^H-

raeMoro TonjiHBa na 3Hepro6jiOK HJIH CTaHiiHK).
npH yneTe BJIHSHHSI TeMnepaTypw napy>KHoro sos^yxa 4>yHKUHJi Tpex nepe-

MeHHbix (9.32) npespamaeTCfl B 4>yHKUHK) neTbipex nepeMennbix:

3H3HH-
MaKCHMyMa TaKoW (JiyHKUHH conpflaceno co

HO HCnOJIb30B3HHe nepCOHaJlbHblX KOMnbK>T6pOB
ynpomaeT 3Ty npoueAypy.

OU6HK6 nOKa3aTCJiett 3KOHOMHHHOCTH KOreHCpaUHOHHblX yCTaHOBOK
pojib nrpaeT TeMnepaTypa Hapyacnoro B03Ayxa. flna HX pacneTa Ha na-

T3U, HcnojibsyeTca anpoSHpoBaHHaa MCTO^HKa, uiHpoKO ocBemen-
B JiHTepaType.

Ha 3HepreTHHecKHe noKasaTeiiH riFV cymecTBCHHoe BJIHSHHC OKasusaeT HS-
MeneHHe TCMnepaTypbi napyatHoro B03Ayxa, no3TOMy pacneTHbie HCCJieAOBaHwa
HeoSxoAHMO npoBOAHTb na BCCM AHana30He roAOBbix KOJieSanHH TCMnepaTypbi.
npH 3TOM MCHflCTCfl SJICICTpHHeCKaH MOlUHOCTb FTV - OCHOBHOFO SJlCMCHTa
firy, a TaK*e pacxoA H TeMnepaTypa rasos Ha BbixoAe us FT (pHC. 9.26).

IlaporasoBbie T3LJ, c KY — BbicoK03KOHOMHMHbie KoreHepauHOHHbie 3Hepre-
THHecKHe ycTanoBKH. npHMep TenjiOBOH cxcMbi TaKoH nry-T31J, npHBe^eH na
PHC. 9.4, a caMa CTaHUH* (CeBepo-SanaAHaa T3U B r. CaHKT-FIeTepSypre) Haxo-
AHTCH B paSoTe c AeKaSpa 2000 r.

Pa6oTy nry~T3LJ, npeAJiaraeTca oueHHsaTi, no noKasaTcnaM AByx THnos: cyM-
sa PDA H roAOBbiM noKa3aT6JiaM SKOHOMHMHOCTH. CyMMapnbie roAoswe

xapaicrepHsyiOT KOJiuvecmeeHHyK) CTOpony paSoxbi nry T3IJ,: KOJiHne-
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PHC. 9.26. OTHocHTCJibHoe HJMCHCiiiie reiuioTbi yxojmmHx i asoe TTV
pa:)Hbix TIIIIOB B 3aBHCHMocTii or TCMneparypbi HapyjKiioro Bojjyxa

CTBO OTnymeHHOH noTpe6HTejiflM 3JieKTpHMecKofi SHepniH H TenjioTbi H cyMMapHoe
KOJIHMCCTBO TOHJIHBa Ha T3LJ. OHH H03BOJISK>T OnpCJieJIHTb 33TpaTbI Ha TOHJIHBO H
npnSbiJib OT peajiH3au.HH OTnymeHHOH 3jieKrpHHecKofi anepniH H TenjioTbi.

FoAOBbie noKasaTejiH TeruiOBOH SKOHOMHHHOCTH HOSBOJISIOT jjarb KcmecmeeH-
nyto oueHKy paSoTbi nry-T3lJ H xapaicrepHsyioTCfl FOJIOBLIMH KO34>4>H
nojiesHoro jjeScTBHfl no OTnycKy 3JieKTpHMecKOH sneprHH H renJioxbi,
Kn^ HcnojibSOBaHHH Ten^oTbi Tonjinsa H TO^OBOH y^ejibHOH BbipaSoTKOH 3jreK-
Tpo3HeprHH na TCHJIOBOM noTpe6jieHHH. 3TH nonasaTejiH ne AaroT ojiH03HaHHoro
OTBera na sonpoc o npeiiMymecTBax KOHKpeTHoro TexHunecKoro peiueHHfl 6e3
yneTa KanHTaJiOBJioaceHMH, HO HX MOIKHO Hcnojib30BaTb npH cpaBHCHHH
TOB paGoTbi Ha KOHKPCTHOH nry-T3L(.

pacMCTe ro^OBbix noKasaTCJieM Ten^osoH SKOHOMHHHOCTH
HSMCHCHHe cpe^HecyTOMHofl TCMnepaTypu B TeqeHiie ro^a B

Tm-m < Ti < 7max H saBHCHMOCTb MHCJia nacofi pa6oxbi nt npn TCMnepar

xa, paBHOH TJ HJIH HHHCC, na BCBM jtHanasone TCMneparyp B BH^C (J>yHKUHH ni =

= /(7^), annpoKCHMHpya craTHCTHHCCKHe cnpaBOHHtie ^aHHbie. lllar

TCMnepaTypbi Bos^yxa BbiGnpaiOT BOSMOSCHO MeHbiiiHM: AT= 1—2 °C. B
Tare M05KHO onpejiejiHTb HHCJIO pacneTHbix TOHCK Ha BCCM ziHanasoHe

max ~ min^\ . .
AT ) + ' '

Rust Kaac^OH i-fl pacHCTHoM TOHKH onpe.aejTjnoT MHCJIO nacos B ro^y c
paTypoH Bosjiyxa, Jieacamen B HHTepsajie OT Ti - A772 ,ao Ti + AT/2

HO. HanpHMep, kt = nf- n,_, = <p(IJ) - (p(^j). rpa4)HK 33BHCHMO
COB kj OT TeMnepaTypLi npHse^en na pwc. 9.27.

ECJIH HSBCCTCH njiaH SKCHJiyaTauHH oSopy^oBaHHa nry-T3L], c yieTOM njiano-

BblX pCMOHTOB, TO HHCJTO paSOHHX H3COB COCT3BHT $ = fcf - tf , HUB if - 1HCJIO
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PHC. 9.27. HiMeneBHC iiicjia iacoi* pa6orbi B roay npn
paiypi.i

reMiie-

FoaoBbie HOKasaTejiH nry-T3U MOKHO onpe^ejiHTb H3 npHBe^ennbix
aBH6HHfl.
CyMMapnoe KOJIHHCCTBO OTnymeHHOH TenjioTbi, m»c,

CyMMapHoe KOJIHHCCTBO OTnymeHHOH 3jieKTpo3HepraH, KBT • H,

CyMMapnoe KOJIKHCCTBO TCHJIOTH cwnraeMoro TonnuBa,

(9.38)

(9.39)

(9.40)

KFi^ oinycKa 3jieKTpo3HeprHH

. _
'Inry -

(9.41)

i=\
KnjJ OTnycKa TenjioTbi BHemneMy noTpeSHTejno
n

/*/(!-*»/)
. _

'Inry -

Ko3(JnJ)HUHeHTbi nojiesHoro

MOCTH OT npHHSToro

(9.42)

rjnry/ H ^nry/ onpe^ejisioT B
TonjiHBa na T3U Me*ay BHHOMH OTnyc-
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KaeMofl 3HepraH (nanpHMep, ^HSHHCCKMH, nponopuHOHajibHbiH, 3KceprexHHe-
CKHH H ,ap.).

FOJIOBOH KYIJI Hcnojib3OBaHHfl renjioTbi xonjinea (nojiHbiH Kn/J T3U)-

H.T.r<W_
'1 nry -

Q
nry roa

JICHHH
Bbipa6oxica 3Jieicrpo3HeprnH Ha

_ roa

(9.43)

noxpe6-

(9.44)

nojiyneHHbie cyMMapntie ro^OBbie noKasaxejiH H noKasaTCJiH xenjiosoH 3KO-
HOMHHHOCTH CJiyHCaT HCXO^HblMH JJ3HHI.IMH RJVl npOBC^eHlia HCCJie^OBaHHH 4>H-
H3HCOBOH 34){J)eKXHBHOCTH KOHKp6XHOrO HpOCKXa nry-T3U.

ynpomeHHe cxeMbi oxnycKaxenjioxti or nry-T3LJ saKJuonaeTca B TOM, HTO CHH-
xarox, HTO xenjiosaa sHeprwa oxnycKaexcfl B xenjiotJ)HKauHOHHOH ycxanoBKe Firy-
T3L^ (H3 ox6opOB FIT H c napoM Ky) H B nHKOBOM BojiorpeiiHOM KOXJIC (IIBK), T.e.
cyMMapnoe KOJIHHCCXBO xenjioxsi na BHeuinero noxpe6Hxe;ia Q7 n = Q^

o6biHHo, Kos^^MUHeHx Tenjio^HKauHH onpe^ejiflCTca H3 Bbipa)KeHHfl

aT3U
7* -Tnp o.c
7* -Tn.c o.c

(9.45)

me QT — xenjioTa, oxnycKaeMaa c Firy-T3Lk gnBK — renjioia, oTnycKaetnaa
c FIBK; 7^c, T , Tnt, — cooTBercTBeHHO TCMnepaTypLi oSpaTHOH CCTCBOH
ceTesow BO^W nepe,zi FIBK H npaMOH cereBott BO/ibi.

npejjejieHHofi xeMnepaxypbi napy>KHoro B03j;yxa 7"H

TenjiosyK) MOILEHOCTI, Td>y nry-T3LJ, Q™*, npH pacneTe

KpHTepneM cnyacHT MHHHMajii.HbiH nponycK napa B KOHAeHcaxop riT. ^jia STOFO
HM6K)T M6CTO COOTBCTCTByfOlUHe 3H3HeHHfl 3H6KTpHHeCKOfi MOIUHOCTH

H pacxo^a TenjiOTbi tonjiHBa Snry/- HeoSxoAHMafl MomnocTb ITBK
B paCHCTHOM

2
'; T .-Tnp i o.c /

(9.46)

^cooTBexcxByromHii pacxo^ xenjioxbi xonjiHBa Q™K onpe^ejiaioT c

>ro Koxjia.

BCJIHHHHbl n03BOJIflK>T Onpe^CJIHTb nOKasaTCJTH TCnJIOBOH 3KOHO-
MHHHOCTH paccMaTpHBaeMoro pexHMa pa6oTbi nry-T3U, nanpHMep KO/1 HC-
nojib30BaHHfl Tcnjiorw xonjiHBa:

(9.47)
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— <J>n3nHCCKHM,(n) — nponopunoHajii>Htifl MQTOJOJpaMeiieHHsToruiMBaHaT3L[,

B KanecTBe npnMepa Hcnojib30BaHHfl npe^JiaraeMoK MCTO^HKH OUCHKH Bapn-
aHTOB TenjiOBbix CXCM firV~T3l\ npHBe^eHbi ^aHHbie ^Jia HCTbipex BapwaHTOB
ycxaHOBOK (TaSji. 9.1):

nry-T3I4 no BapwaHxaM la H 16 c ^ByxKOHxypHbiMH Ky 6es ^OHCHraHHa xo-
n^HBa (pjpg = 0). B nepBOM cjiynae ctT3ll = 1, oxcyxcTByex FIBK (ero saiwenflex
oxSop napa H3 Koxjia). Bo BTOPOM cjiynae npejrycMOTpeH FIBK;

ITry-T3I4, no BapwaHTaM Ila H 116 c o^HOKOHxypHtiMH Ky B nepBOM cjiynae
OTcyxcxByex FIBK, ero saiwenaeT ^oa<HraHHe Tonjinea, a BO BTopoM HcnojibsosaH
riBK. B XBOcxoBofi nacxH Ky ycxaHOBJienbi ra30Bbie ceTeBbie no^orpeBaxejin,

Taiomne napajuiejibHo c cexeBoii ycxanoBKOH FIT. PacneTbi cjie^aHbi ^jia
THna V64.3A (Siemens) npHMenHTCJibHo K TeMnepaTypHOMy rpa4)HKy cexe-

BOH Bo^bi 150/70 °C B HHTepsajie TeiwnepaTyp napy^Horo eos^yxa ox -30 40
+40 °C. HcnojibsoBaHbi naKexbi nporpaMMHbix cpe^cTB, paspa6oTaHHbix B HHJT
«rry H nry T3C» Ka^e^pbi T3C M3H.

Hs npHBCAeHHoro pacnexHoro HCc^eAOBaHHfl BH^HO, HXO rojjosbie noKaaarejTH
3KOHOMHHHOCTM nry-TSIJ ^Jlfl BapH3HTa I BbllilC, HCM AJIS BapHaHT3 II. SHaHC-

KUR OTnycKa 3JieKTpo3HeprHH B BapManxax Ila H 116 aaeucxr ox Mexo^a pa3-
HHfl TonjiHBa.

IJeJiecoo6pa3HOCTb H sc^eKXHBHOCTb HcnojiLsooaHHa TOTO HJIH HHOFO
TenjiOBOii CXCMW nry-T3I4 onpeAeJiJHOT ^jia KOHKpeTHux yc^OBHH paGoxu.
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3TO 3a_aana TexHHKo-3KOHOMHMecKnx K KOHKper-

Ha craflHH TexHHKO-3KOHOMHnecKoro oSocHOBanHa npoeKxa BapHaHTbi T3IT
paSJIHHaiOTCa COCT3BOM OCHOBHOFO 3HepreTHHeCKOrO 06opy,HOBaHHS, TCnJIOBOfi
cxeMOH, peiKHMaMH paSoTbi H flp. HMECT MCCTO TaK>Ke pasjiHHHoe KOJIHMCCTBO OT-
nycKaeMOH sjieiopHHecKOH 3HeprHH H lenjioru. B CBJOH c STHM KoppeKTHoe
cpaBHeHHe sapnaHTOB 3Heproc6epe>KeHHa o6ecneHHBaeTca BbipaBHHBanHeM OT-
nycKaeMbix sjieicrpHHecKOH sneprHH H TenjiOTbi c noMombro saMemaiomeH 3Hep-
FHH. ^onojiHHTenbHaa TenjioTa BbipaSaTbisaeTCfl saMemaiomeH KOTejibHoH, a 40-
noJiHHxejibHaa 3JieKTpo3HeprHa — na saMematomeft K3C. Ha pwc. 9.28
o6o6meHHaa cxeMa BapnaHTa 3Heprocna6a(eHHa paiioHa.

npHBe^eHHbie yAejibHbie pacxo/iw TenjiOTbi ronjiHBa na OTnyiuennyK)
3HeprHK) H TenjioTy ZJVL J-TO BapHaHTa 3HeprocHa6>KeHHfl onpe^ejiaiOTca MS

(9.48)

(9.49)

oxnymeHHOHH &KOT/ — yziejibHbie pacxoflw TonjiHBa na'K3Cy " "Kvrj
COOTBCTCTBCHHO K3C H

Henna (9.48) H (9.49) nossojiaioT nojiyHHTb saBHCHMocTH
npueedeHHbix tacoBbix noKasaTejieit SKOHOMHHHOCTH cpaBHHsaeMbix
3HeprocHa6)KeHHa npH KOHKPCTHOH TCMneparype Hapyacnoro sosziyxa:

pacnexa

i Sat
' K1

lem
OTCj

A<4tf
t ,
aiomaa i
ibHan I_ - _ _ .

AC^

I
I
i
I¥

noTpefim ejiB

•

nC.TGnr

t

finrv/

^1C-3 A ^ C

WHTW AyKsc/

TTT-V TOTT ' 3aMeiuaioiuafl '
K3C '

^

TCIlIlOTbl

T

M3 ' A W3

•^nrv; i A/VK3C/
i

i
i
i
i

' T
IIOTpeGHTCJIb

3Jiexrpo3HepniB

PHC. 9.28. OSuiaH cxe.viay-ro uapnama jufprociiauyKeiii i i i paiioiia
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OTnycKa 3jieKTp03HeprHH

r3
'K3CJ

(9.50)

3
inrv

.

OTnycKa TenjioTbi noTpe6HTCJiK>

^j + ^j
ST, AfiT , '

(9.51)

K034»4)HUHeHT HCnOJIbSOBaHHfl TCnJIOTbl TODJlHBa

M.TT!,. = (9.52)

KaK 6bijio cKasano Bbime, ^Hanason TeMneparyp HapyacHoro sosayxa pa36H-
eaeTca Ha m ynacTKOB H ̂ Jia KaiK^oro 3HaneHHa TeMnepaTypw sos^yxa Tf paccHH-

SHaneHHfl aaMemaromen TenJiOBofi H sneKTpHHecKofl MOIUHOCTH

T,Y = fio i - Q-rJi H AArK3CyV = ̂  " ̂ jf' (9-53)

Qof NQi — 6asoBbie SHaneHHa COOTBCTCTBCHHO TCHJK

CKOH M011IHOCTH £Jlfl BCCX paCCMaipHBaCMblX BapHaHTOB 3HeprOCHa6*CHHa.
Ilocjie 3Toro B aaBHCHMocTH OT THna saMemaiomHx 3HeproycTaHOBOK

acjioro 3HaMCHHa xeMnepaTypbi Ti onpe^ejiaiOT KFI^ OTnycKa saMematomett 3Hep-

THH OT 3THX CTaHUHH 1\Y3Cji H ^KOTJI' ^aTCM paCCHHTblBaiOT npHBe^eHHblC HOKa-

aaTCJiH 3KOHOMHHHOCTH no (^opMyjiaM (9.50) H (9.51) 4-na Ka^iyioro snaneHHa
TeMnepatypbi 7}. rouoBbie noKasaTCJin SKOHOMHMHOCTH CXCM

onpejiejiaioT no anaJiorHH c (9.41) H (9.42):

TOJIOBOH npHBe^eHHbiH KFI/J OTnycKa 3JieKTpo3HeprnH

TI " =J (9.54)

KTIR OTnycKa TenjiOTbi

(9.55)

1=1
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ne,noBbipa6oTKa 3JieKxpO3HeprnH B KZJKRQMJ-M sapnaHxe oueHHBaex-
ca Kan pasHocxb oTnymeHHofi sjieKXposneprHH B SasosoM H
BapHanxax

(9.56)
i=\

HeflOBbipaSoxKa TenjioBOH

(9.57)

npHBe,neHHbie noKasarejiH nosBOJunox oueHHXb 3KOHOMHMHocxb BapnaHxa
cxeMbi 3neprocHa6>KeHHa ^aHHoro panona H npoBo,anxb HccjienosaHHa no ero
OHTHMHSaUHH.

9.8. AOKMFAHME TOFIJIMBA B KV nry-T3U

flOJKHraHHfl Tonjinea B cpe^e Bbixo^Hbix rasOB FTY na
H&IX riFY c KY 6biJi paccMoxpen B npeflbi^ymeH rjiase. Ha nrY-T3U,
Hue TonjiHBa (npOKJie Bcero npnpoAHoro rasa) ^enaeTCfl c TOH ace uejibKX
jiHSHpOBaxb napaMexpu raaa nepe^ KY, ysenHHuxb MomHOCXb ycxanoBKH, a Kpo-
MC xoro, noBbiCHXb ornycK Tenjioxu BHeniHHM noxpe6HxejTHM.

YcxanoBKOH c ^oacuraniieM xonjinsa B KY npHHflxo nasbmaxL cncxeMy, B KO-
xopoii xeMnepaxypa rasos na exo^e B KOTCJI BCJiejicxBHe AoafuraHHfl He npeBbi-
uiaex 900 °C.

B xenjioBOH cxeiue nrY-T3U, MO^CHO Bbi^ejiHTb xaK Ha3biBaeMtiH 3uepreTH-
Moayjib, cocxofliUHH HS FTY H KY ^Jia HCCJie^OfiaHHfl paSoxbi xaKoro

6bIJI B3SX OflHOKOHTypHblfi KY, B XBOCTOBOH H3CXH KOTOpOFO 6bIJI Hpe^y-
CMoxpeH FCn, paSoTaKMUHft napajuiejibHo c ceTeBoii no^orpeBaTejibHOH ycTa-
HOBKOH Ten^o^HKauHOHHoii nT. BLIJIH paccMoxpenbi BapnaHTbi c
(pnc. 9.29, a) H flsyMfl (pnc. 9.29, 6) KaMepaMH ^o^nraHHa.

KOXCJI c oflHOH K^ npe^HasHaneH npeHMymecxBeHHO ;ma BbipaSoxKH
MajibHoro KOJiHHecxBa napa Heo6xoAHMbix napaMexpOB. Eojiee rjiy6oKoe oxjia>K-

rasoB nocjie 3KOHOMaii3epa ocymecxBJiaexca H3MeneHneM narpysKH PCD.
B KOXJIC c ^syMfl Kfl cymecTByroT onpefleiieHHbie orpaHHHCHHa, oGycjiOBJiH-

KOMnoHOBKy noBepxHocTeM TenjiooSMena B Koxne. npeat^e ecero, 3TO
oxHOCHxca K xeivinepaxype rasoB na BXO^C BO BTopyro KR, ycxaHOBJieHHyio
FCn. no peKOMen^auHH npoH3BoziHTejieH KY 3Ta xeMnepaxypa ne .nojijKH
HHiKe 250 °C fljia o6ecneHeHHfl HOJIHOPO BbiropaHHfl ,ao)KHraeMoro Tonjinsa. fla-
porenepHpyioiUHe noeepxHocxn He RonyKHbi cHwaoxb xeMnepaxypy ra3OB nepe,a
BxopoS KJ\ HHHCC sxoro 3HaH6HHa. CooxBcxcxBeHHO Bospacxaex xenjiosaa narpys-
Ka rcn (npn paBCHCxse noxepb xenjioTbi c yxo^smHMH rasaMn). B SXOM saK^ro-
naexcs cymecxscHHoe OT^HKHB KY c AByMfl K^ OT KY c O^HOH K^ Meac^y KOT-

yxHJiHsaTopaMH ^syx THHOB.
ia anannsa HSMeneHHa xapaicrepHCTHK KY npH paQoxe O^HOH HJIH ^eyx Kfl,
Bbino^HCHbi noBepoHHbie pacnerbi KY B 3HeprexHHecKOM MoziyJie, B cocxaB

KOxoporo Bxo^HJia TTY rana V64.3A (Siemens). Pacnerw 6buiH c^ejiaHbi ^Jia /ina-
nasona xeMneparyp napyacnoro B03ayxa OT -26 AO +30 °C H HarpysoK PTY 100, 80
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PMC. 9.29. Tenjioeaa cxewa iHcprtTHHecKoro MU;IVJHI nrV-T3U[ c O^HOKOH rvp-
HbiM KV, TCI! H JiByMfl KHMepaiMM aoiKinai inn KR-l H Kfl-2
a — OAHOCTyneHiaToe ao)KMraHHe TonjiHBa; 6 -

H 60 %. BbiJi HcnojiLsoBan KY ropnsoHxajibHOH KOHCXpyKUHH c THHOBHMH
MH, paSpaSoxaHHblMH «nO,HOJIbCKHM MaillHHOCTpOHTejIbHblM 3aBOAOM».

BUJIH Hccjie^OBanbi pe>KHMbi paSoxbi 3HeprexHMecKoro MO^y^a (pnc. 9.30, a),
B Koxopbix xeMnepaxypa rasos nocjie Kff-1 noBbiiuanacb ao 600 °C. Pesy^bxaxw
pacnexoB npHBe^enbi B xaSji. 9.2. OcoSeHHOCXbio FTY THna V64 cepHH 3 H 3A
4wpMbi Siemens H TTY pa#a ^pyrnx fyupM aejiaexca Hajinnne TexHHHecKHx
cpejjCTB cxaSHJiHsauHH xeMnepaxypi,! rasos sa TT B ̂ Hanasone narpysoK or 55
AO 100 %. Pacxo/i rasoe sa FTY B STOM >KC AHanasone Menaexca JIHHCHHO. Ru-

HSMeHeHHa napaMexpOB ycxanoeKH ocxaexca npHMepno nocxoaHHoM
BCCX xeMirepaxyp napy>KHoro sosjiyxa. Flapanjiejibno c STMMH pacnexaMH
cpaBHeHHa dbiji BbinojiHen KoncxpyKxopCKHH pacnex Hccjie^yeMoro KY 6e3

Pesyjibxaxbi BbinojmeHHbix pacneTOB noKasajin

naponpoH3BOAHTejibHocxb KOTJia B pesyjibxaxe AOXHranna xonjiHBa H nosbi-
TeMnepaxypbi rasos Ha exojie 40 600 °C (yBejiHieHHe cocxaBHJio ox 14 40

30 °C) Bospocjia B cpe^neM Ha 5 — 7 % nesaBHCHMo ox narpysKH;
xeMnepaxypa neperpexoro napa sa KOXJIOM yseJinnHjiacb na 7 — 8 °C. 3xo yse-

JiHHeHHe npOHcxo^wx Kan c noBbimeHHeM xeMnepaxypw napyHcnoro B03jiyxa, xaK
H c yMeHbmeHHCM narpy3KH. B SXOM cjiynae noxpeSyexca Hcnojibsosaxb napoox-
•naAHTejiH H oSecneHHXb ^onycxHMyio xeMnepaxypy Ha Bxojie B ITT. rioBbiiueHHe
TeMnepaxypbi neperpexoro napa c noHHSteHHCM narpysKH Bbiseano yMCHbiueHH-
6M pacxo^a raaoB H cooxeeTCTBeHHO naponpon3BOAHTejibHocxH KOXJia;
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TaSJ iHua 92. IlapaMeTpti pafioru KY npii aoaturamm ion.iiii>a B onaowt -rt
H noBtimeHHH TCMncparypbi raaou na axoae B KOTCJI no 600 '

(CM. PHC. 9.29, a)

riapaMcrp

TeMnepaxypa euxofl-
HUX rasoB ITy THna
V64.3A, °C

Pacxoji renepHpyeMoro
B KOTJie napa, icr/c

TeMnepaxypa neperpe-
roro napa, °C

TeMnepaxypa rasoB
33 3KOHOMaH3CpOM, °C

Harpy 3Ka
rry, %

100
80
60

100
80
60

100
80
60

100
80
60

TeMnepaTypa napyatHoro BO3Ayxa, °C

-26

570,8
570,8
570,8

31,03
26,70
22,86

555
558,7
562,5

195,8
193,7
191,8

-10

572,4
572,4
572,4

29,78
25,62
21,93

556,1
559,8
563,4

195,2
193,2
191,3

-3,6

573,2
573,2
573,2

29,26
25,16
21,55

556,5
560,2
563,9

194,9
192,9
191,1

0

573,8
573,8
573,8

28,96
24,91
21,33

556,8
560,4
564,1

194,8
192,8
190,9

15

578
578
578

27,66
23,79
20,39

557,9
561,5
565,1

194,2
192,2
190,4

30

586,4
586,4
586,4

26,24
22,55
19,34

559,2
562,8
566,3

193,5
191,6
189,9

xonjiHBa noHHacaex xeMnepaxypy rasos 33 3KOHO-
no cpaBHemiK) c xeMnepaxypofi rasoa B peacHMe 6e3 AOJKHraHna. 3jo

yBejiHHCHHeM xenjiocteMa naporeHepiipyromHX noBepxHOcxeM H
nOBbimCHHCM napOnpOHSBO^HTCJlbHOCTH KOTJia. 3TO oScXOaXCJIbCXBO HCOSXOAH-
MO yHHXbIB3Tb npH npOCKTHpOBaHHH KY C JJByMfl K# B CB33H C Xpe6OB3HH6M
oSecneMHTb MHHHM3JibHyro xeMnepaxypy T330B nepeji Kff-2 He HHace 250 °C.

Pacnpe^eiieHHe oxHocMTenbHOH MOIUHOCXH HOXOKOB xenjiOHocHxejiefi jjia KV
c O^HOH Kfl npHBCACHO Ha pwc. 9.30. no OCH aScuHCc oxjio>KeHa
ienjiox3 cropannH xonnHBa npH /-H Harpysne FTy, onpeaeJiHCMOH no

Qt = 100%, (9-58)

Q rrv 100%
jTonJi
'KV xenjioxa oKHraeMoro B FTY H

BK/J, KOTJia xonjiHea, KBx; Srry ioo% = ^moo%!2/ — xemioxa xoiuiHBa, OKH-

rseMoro B FTY npH 100 %-HOH nsrpysKe, KBx.
Ha PHC. 9.30 noKasana jiHHeHHaa aasncHMOCXb MoiUHocxeR xenjiosbix noxo-

KOB napa H cexeBOH BO^BI B FCn npn yBejiHMCHHH H3rpy3KH FTY 40 HOMHHajib-
HOH (ao 100 %). npn BKjnoHCHHH KJ\ jiHHeMHbiH xapaKxep coxpanaexca, HO MC-
HHioxca yrjibi HaKJiona npaMbix. 3jieKXpHHecKaa MomHocxb FTV ocxaexca nocxo-
SHHOH, a xenjiOBaa Moinnocxb KY snannxeJibHO yee^HMKBaexca, CHH^caa MOIU-
HOCXb FCn, HTO npOHCXOflHX H3-33 CHH)KeHHfl XCMHCpaxypbl rasOB 33 3KOHOMaH-
sepOM Koxna (xa6ji. 9.2).

npn noBbimeHHH xeMnepsxypbi rasoB nepeA KOXJIOM B pesyjibxaxe
xeopexHMecKH MO>KHO nojiyntixb HOHXH Hyjiesyro Moinnocxb FCn. 3xo Sy^ex
XHrnyTo npH SojibiiiOH naponpoH3BOjiHxejibHOcxH KOXJia H sHaHHxeJibHbix pacxo^ax
nHxaxejibHOH BOAW. TeMnepaxypHbiR Hanop na XOJIO^HOM KOHUB 3KOHOMaH3epa
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MOLUHOCTb,
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TeiuioBaa MOIUHOCTB
rcnxy

TeiuioBaa MouiHocTt noxoica
BupaSaraBacMoro KV napa

MOmHOCTB ITY

ECS floxaraHHS B KV

70 75 80 85 90 95 100 105

PHC. 9.30. TeiuiOBaH cxeua (a) H pacnpe/iejienue oniociiTejihiioii MOIUHOCTH noro-
KOB TenjioHocHTejieii B O;IHOKOHTJ'PHOM KV Iiry-T3[| c O.IHOH KJ (6)

x cxpeMHXbca K HyjiK), x.e. Syayx BbipaBHeHbi xeMnepaxyps Bxo,zwme$ B 3KO-
HOM3H3CP BOflbl H XCMHCpSXypa yXO^HIUHX ra30B. ECJIH BHSyaJIbHO HpO^OJlMCHTb
npHMbie JIHHHH B npasoS nacxn pncyHK3, xo MOSCHO nojiynnxb xoHKy HX nepeceie-
HHH, orp3HHHHB3K>myK> MoiiiHocxb FCO. TaKOH peacHM npaKXHHecKH Heocymecx-
BHM HO pfl^y npHHHH (HapyilieHHC rH4pO^HHaMHKH KOXJ13, HCflOnyCXHMO BbICOK3fl
xeMnepsxypa rasos nepe^ KOXJIOM H ap.)-

BHJIH Hccjie^OBanbi XSK^CC peacHMbi psSoTbi 3neprexHHecKoro Mo%yn% (CM.
PHC. 9.31, 6), B Koxopwx B KV psSoxatox ^BC KaMepbi ^o^nraHHa Kfi-1 H Kff-2, 3
KY HMeex MCHbmyK) miomMb naporenepHpyromeH noBepxHOCxn. FTV psSoxaex
B ^Han33one narpysKH ox 60 ^o 100 % c nocJie^yiomHM BKJifOMCHHeM ^syx K^.
Pesy^bxaxbi Hccjie^OBaHHH npHBe^eHbi Ha pnc. 9.31.

no CpaBHCHMK) C flHafpSMMOH H3 pHC. 9.30 ^Jlfl H3Fpy3KH TTV HC SOJICC 100 %
Ha PHC. 9.31 BH^HO yMeHbiueHne MOLUHOCXH naposoro noroKa Koxjia npn jjByxcxy-
nCHHSXOM ^O)KHraHHH H3-33 yBeJIHMCHHfl XCnJIOBOH M01IIHOCXH FCH npH OJIHH3KO-
Bbix noxepax xenjioxbi c yxo^amnMn ra33MH KOTJIS. 3ra pasHHUs no^ynaexca B pe-
3yjibxaxe noBbiaieHHa xeMnepaxypw rasoe 33 3KOHOMaK3epoM co 195—-200 °C (oji-
Ha cryneHb AoacnraHHa) ^o 250 °C (paSoxaiOT o6e cxyneHH ,ao>KHraHHa).
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OTHOCHTeJI Mian
MOlIIHOCTb,

TemioBaa Mouiiiocii,
rcriKY

PHC. 9.31. TenjioBan cxeMa (a) H pacnpeaejieHHe OTHOCHTCJIBHOH MOIUHOCTH
noroKOB Tcn . iOHOCH rejieii B oanoKOH rypiiow KV nrV-TSU, c AByiMfl KR (6)

Ha jiHarpaMMe JIHHHCH a — b noKasano pacnpe^eJieHHe Teruioxbi MCXAY napoM
H BOAOH B FCn npH OTKJHOHCHHOM KJJ-2, TRQ TOHKa b cooTBeTCTBycx TCMnepaTy-
pe rasoB Ha BXO^C B KOTCJI 700 °C.

OBpeMCHHOH pa6oTe o6eHx KJ\ ToruiHsa 6biJiH paccHHTaHbl peactiMbi c
coneTaHHeM TCMnepaTyp sa Kff-1 H Kff-2, HTO nosBOJiHJio nocxpoirrb

nyHKTHpHyio ceTKy: ropHsoaxajibHue nyHKTHpnbie JIHHHH onpeaejiflioT Tewnepa-
Typy ra30B 3a Kfl-1, a HaKJiOHHbie — 3a Kff-2. B KanecTBe npHMepa na
UH(|)paMH oSosHaHCHbi cuejiyiomHe

riapaMerp

TeMnepaTypa rasos 3a Kfl,-l,
°C

TeMnepaTypa ra30B sa Kfi-2,
°C

TOMKM «a puc. 9.31

/

600

300

2

600

350

3

650

350

4

700

350

CriJiouiHaa JiHHHfl a—1—2—3—4 xapaicrepHsyeT pacnpe^ejreHHe renjiosbix
MOUIHOCTCH Meacjay noBepxHOCTSMH napoaoro KOHrypa H FCH B yicasaHHOM pe-
HCHMC paSoTbi KJ\.
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Ha pwc. 9.31 nosso^fleT onTHMHSHpoBaTt. pacnpe^ejieHHe
B Ky B saBHCHMocra OT TeHJioBofl H a^eKxpHqecKoK narpysoK 3nep-

^yjia HJIH B cxeMe 3Hepro6jioKa nry-T3lJ,. HanpHMep, npw
15%-HOM pacxo^e Tonjinsa na aoafHraHne (oxMCTKa no OCH a6cuHcc 115%)

MOJKHO oSecneHHTb sa Kff-1 TCMnepaTypy rasos 700 °C, OKHraa see AononHH-
reJibHoe TOH^HBO B HeK, sa Kff-2 — TeMnepaTypy npHMcpno 380 °C, HanpaBjiaa
see aonojiHHTCJibHoe TonJiHBO BO BTopyro Kfl-2. B nepsoM cjiyiae B HTOFC yse-
jiHHHBaeTca 3jieKTpHHecKafl MOuiHOCTb npy-T3I4, T3K KaK noBbiuiaeTca napo-
npoH3BOflHTejibHocTb KOTJia, a BO BTopoM — TcnjioBas HarpysKa FCn.

/lo)KHraHHe TonjiHBa B Ky HcnojibsyeTca Ha nry-T3Ll B pjme cxpaH MHpa.
B TepManHH Ha nry-T3U Nossener Brucke (r. /JpesjieH) npHMCHCHa Tenjiosaa
cxeMa c BbicoKHMH MaHeBpeHHbiMH xapaKTcpMCTHKaMH (pwc. 9.32). Mcnojibsoea-
HU TPH FTy THna V64.3 MomHocTbro 62 MBT npn K\\J\ npOHseo^crBa 3jieKrpo-
3HeprHH 35,4 % (no ISO). Kasf^aa FTV HMCCT o^HOKOHTypHUH Ky c ^syMfl K/J.
Tenjiosafl cxeMa nfy-TSLI, coenaaaex c TOH, Koxopaa noKasana na pHC. 9.6. Bce
xpn KOTJia HanpasjisioT neperperbin nap B nT c npoTHBOZiaBJieHHeM c npoH3Bo,iicx-
BCHHWM H oxonHTejibHbiMH oT6opaMH napa. nap ox6opoB nT o6ecneHHBaer xexHO-
^orHHecKyio TenjiosyK) Harpy3Ky H no^orpeB cexesofl BO^LI B ^ByxcTynennaTOH
ceresofi ycTaHOBKe. F[HK noTpeSucHHa Tenjioxbi o6ecneHHBaeTC3 CBCSHM napoM
B nHKOBOM napoBOM 6oHJiepe, a TaK>Ke BKJironeHHeM Kfl nepe^ FCH B Ky B peacn-
MC 6e3 ^oacHraHMfl xon^HBa Tenjiosaa MomnocTb nry-T3Ll cocxaBJiaex 230 MBT,
a B pe>KHMe ^BofiHoro ^oiKHraHH^ oHa sospacTaex /to 480 MBT.

H3MeHCHHe no^BO^a TonjiHBa B o6e K^ scex xpex KOTJIOB H narpysKH xpex
nosBOJiaex nry-T3LJ, paSoxaxt B mnpoKOM ^Hanaaone 3JieKxpHMecKofi H xe-

OH HarpysoK.

B FepManHH B npoeicrax neKOToptix nry-T3L( npe^ycMOTpeHbi Ky, HMeiomHC
no ra30BOMy xpaicry ^o nflTH cxyneHew ^OHfHraHHa xonjiHsa, MTO 3HaMHxenbHO pac-

MaHespeHHbie B03Moa(HOCTH T3IJ, HO ycjio^HaeT ee 3KcnjiyaTaunio.
aBHHxejit-HbiH aHajiHS BJIHSHHS .aojKHraHHfl TonjiHBa B pasjiHHHbix cxeMax
c Ky BbinojiHen AJifl Fiy Twna MS7001EA, pa6oxaiornHx Ha npnpojiHOM

rase. PaccMOxpenbi cJiejiyiomHe BapHanTLt FTFy (General Electric):
A. Fasoxyp6HHHaH T3LJ, c o^HOKOHxypHbiM Ky, renepHpyroiUHM TexHOJiorn-

HCCKMH nap ^aBJieHHCM 1,14 Mna. ̂ oa<nraHHe TonjiHBa OTcyTcxByer.
B. Te ace Hcxo^Hbie ycnosHfl. ^.onojiHHxejibHo ycxaHOBJieHa KJ\ Tonjinsa &sia

noBbiuieHHa TeMnepaxypbi rasos Ha sxozte B Ky 40 870 °C.
C. naporaaoeafl T3U, c jjByxKOHxypHbiM Ky 6es ^OH(HraHHa xonnHBa c Hcnojib-

30BaHH6M HT c npoTHBo^aBJieHHCM. ilapaMexpbi napa Komypa B :̂ 8,72 MOa,
482 °C; KOHxypa napa H^: 1,14 Mna, 200 °C.

D. naporasoBaa T3IJ, c o/tHOKonxypHbiM KV, B KOTOpoM ycTanos^eHa KJI ^Jia
noBbimeHHs xeMnepaTypbi rasoe na Bxo^e RQ 870 °C. B KOTJIC reHepnpyexca nap
c napaMCTpaMH 8,72 MHa H 482 °C, nocTynaiomHH B nT c

E. KoH^eHcauHOHHaa nry c ^syxKOHTypHbiM Ky 6es
FenepHpyeMbiH nap (napaMexpbi ero TaKHe «e, K3K B BapwaHxe C) nocxynaex
B KOH_uencauHOHHyK> HT.

F. Xe ace ncxoAHbie ycjiOBHfl, KaK H B BapwanTe E. ycxanoejieHa K/t xonJiHBa
noBbiineHHa TeMneparypti rasos Ha exo^e B KV RO 870 °C.
esyjitxaxbi pacnexHtix Hcc^e^OBaHHB — noKasaxejiH paccMOxpeHHbix YIFV

c Ky npHBe^eHbi na pnc. 9.33. Ho OCH a6cuHCc oxjioacena renjioBaa HarpysKa

425



0.
fcf

^ S

a
H
U
B
«o=x

^Bo y

IS

- I
g°i^ if «
12II
s s ^

2 5 g
£ H °oM -

&H 8.
si IW i± 9

C o H
o G p

° o

y Sa 2

S S

s s gB 9 S

?fa u ou a ' w
c_, B tv, -• « ,i ie-

426

/ 2

^

3

160

140

120

100

80

D

9F
6)

PHC. 9.33. npocTeiiuiHe reiiJioBbie cxewti
H xapaKTepiicriiKi! BapnanroB nry c KV
H TTV xnna MS7001 (General Electric)
a — renjioBaa cxema FTY-TSLI; 6 — xenjio-
Bas cxeMa nry-T3IJ; e — xapaKrepHCTHKH
BapHaHTOB A—F FIFY c KY; 1 — B03ayx;
2 — xonjiHBo; 3 — Koieji-yTHjin3aTop; 4 —

nap

0 200 400 600 a,,

riapaMerp

SjreKTpHiecKas MOuiHOcib nry HCTTO, MBr
OtnycKaeMas BHCIIIHHM noTpe6nTe;i9M
TeriJiOTa, M/^K/H
VAejibHWH pacxofl TenJioitf Ha npoiiSBojCTBO
3JI6KTpO3HeprHH, K^3K/(KBT " l)

BapHanx cxcMBi nry
A

89,5
410

6420

B

88,7
895

6040

C

104,0
366

6040

D

125,2
781

5370

E

126,5
0

8420

F

172,5
0

9280

BHeuiHero noTpe6HTCJifl (B BapHanrax E H F QT = 0), a no OCH opjjHHar — 3JieK-
narpy3Ka HCTTO ycxaHOBKH.

bie jtaHHbie no3BojiaioT cpaBHMTb pas^HMHtie sapHanTw nry c Ky
H oiieHHTt, BJiHflHHe ^oxHraHHa TonjiHBa Ha HX noKasaTCJiH.
fia cymecTBCHHo noBbimaer 3^eKTpH^iecKyK> MomHocrb nry
ro THna, yMCHbiuaa HX 3KOHOMHHHocTb. #o)KHraHHe ronjiHsa na
H nry-T3LJ O^HOBpeMCHHO yBCUHMHBaeT KaK 3JieKTpHHeCKyK), TaK H
MouiHOCTb ycTanoBOK H B onpe/iejieHHbix ycjiOBHSX MOHCCT nosbimaTb HX 3Hep-

paSoTbi 3HepreTHMecKOH FTY npH nepeMCHHOH Harpy3Ke B Tenjio-
BOH cxeivte nfy-T3Lt c ^oafHraHHeM TonJiHsa B Ky MO>Ker c^y^HTb pa6oTa
3Hepro6jioKa TTy rnna V64.3 H TermotfiHKauHOHHOH FIT THna KO (pnc. 9.34).

^jifl oSecneieHHa cooTBeTCTByromHX narpy30K 3Hepro6.noKa nry-T3I4 npn
FTY c noHH)KeHHOH Harpy3KOH BKjiroMaeTCfl CHCTeiwa flo>KHraHHJi

BKJiWHeHHe BTopofl CTyneHH £OJKHrariHH nepe^ KOHTypoM reHepauwH
napa H/I He ^OJIJKHO noBbimarb TeivinepaTypy STOFO napa Bbime 250 °C, Tan KaK
B FIT 6y^eT nponcxo^HTb nepeMeuiHsaHHe 6ojiee ropflnero napa Hfl c OTHOCH-
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PMC, 9.34. TIpHiiUHiiHajibHan Ten.ioiiaH cxeiwa Morio6.no«iHoii nfV- T3U c dByxKOHiypi ib iM KV
H asyxcTyncHiaTbiM jo/KiiraimeM loiumea B KOTJIC FTy Tana V64.3 (Siemens)
J7H, KH, HP — cooTBCTCTBeHHO nHTaTejibHtjft, KOHjteHcaTHtiH H nacoc peuMpKyjumnn; HC, BC —
cereBLie noflorpesaTejiH HJDKHCH H Bepxnefl cTyneHefl; Kff — KOH^encaTop; Pfl — peryjinpytomaa
aHa<J>parMa FIT; Kfl,-l, Kfl-2 — Kamepti jionairaHns ronjiuBa B KY

XOJIO^HUM napoM B/J (nocjre ero pacmnpeHHH B TypSuHe) H BospacTyT
3KcepreTHiecKHe norepH. OrpannHeHHa no TeivmepaTypHbiM HanpJDKeHHflM, csa-

c KOHCTpyKunoHHbiMH MaTepnaiiaMH, npH T3KOM CMemeHHH OOLIHHO co-
HC 6ojiee 50 °C.

TenjiOByjo Harpysny CHCTCMbi ^oacuraHHfl TOHJinsa B KY
nry-T3IJ H3MeHjnoT B saBHCHMOCTH OT 3JieKrpHHecKOH narpysKH FTY ^Jifl

cooTBeTCTByromHx HarpysoK 3Hepro6;iOKa (pwc. 9.35).
TonjiHBa B KOH^encauHOHHOM pea(HMe paSoTbi nrY-T3LJ npn-

K CHHaceHHK) KFI^ npOH3BO^CTBa 3JieKTpo3neprHH ^jia So^bmoro jHana-
3OHa narpysoK FTY. JTMiiib Hainan c Harpy3KH 50 % H nnace, MOHCHO c noMO-
mbio flO)KHraHHfl noBbiCHTb STOT KYIR sa CHCT HOBbiiiieHHfl napaMCTpOB cse^ero
napa (pnc. 9.36).

MaKCHMajibnaa Tenjiosaa Harpy3Ka nrY-T3LJ, saBHCHT, niaBHbiM oSpasoM, OT
3arpy3K« FTY H TenjioBOH MOIUHOCTH cncTCMbi .aoauiraHHH TonjiHBa. MiueeT MC-
CTO HesHaHHTenbHas ee saBHCHMOCTb OT TCMnepaTyp npHMOH H oSpaTHOH ceTe-
BOH Bojjbi. C yBejiHHeHMCM MaKCHManbHOH TenjiOBoH narpysKH aospacTaeT TCM-
nepaTypnoe Hanpa>KeHHe AZ

ripHMCHeHHe AO)KHraHHa TonjiHBa B cpejie BbixoziHbix rasos cjie^yer nposo^HTb
c yqeiOM BjiHHHHa HarpysKH cospeMenHbix 3HeprerH4ecKHx FTY Ha napaMCTpu
3THX ra30B. B03M03KHO HCnOJTb3OBaHH6 B 3THX FTY BXO4HOPO H nOBOpOTHHX Ha-
npaBJiaromnx annapaTOB (BHA H 11HA) KOMnpeccopoB. npn noHH>KeHHH, nanpn-
Mep, narpysKH FTY THna V64.3 HSMenaeTCfl nojio^enHe flHA nepeux HCTbipex
428

PHC. 9.35. MaKCHMajibHan ren/ioBan
Harpy3Ka CHCTCMI,! jo^vuraniiH ron-
JIHBa B KV B 33BHCHMOCTH OT JJICK-
TpHiecKoii iiarpy3KH FTV rnna
V64.3 (Siemens)

34

PHC. 9.36. 3aBiiciiMOCTb KIT/I npoiissoflCTBa 3jieKrpo3HeprHH iia

(Siemens) npii QT = 0 OT 3JieKTpHiecKO0 narpy3Ka 3iiepro6jioK3 A
IHHX VCTpOHCTH KV gaJK

pK = 4 KHa — aaBJieHHe B KOHAencaTope; A^r
3 , %, — MomnocTb FTV

c FTV THna V64.3
M MOIUHOCTH

KOMnpeccopa ^JIH ^poccejiHposaHHa sacacbiBaeivioro Bos^yxa. TeMnepa-
rasoB nepe^ FT HecKOJibKO noHHHcaeTCfl #0 TCX nop, noKa TeMnepaTypa BBI-

xojjHbix rasoB ne ,aocTnrHeT 3HaneHHa, cooTBCTCTByiomero HOMHHaJlbHOH narpysKe
(juia KOHKpeTHOH TeMneparypbi Hapy)KHoro B03^yxa). ilpn STOM TeMnepaTypa yxo-

rasoB KY ocTaeTca HeH3M6HHOH. ^aJibHeMiuee noHHacenHe narpysKH FTY
no nporpaMMe c yMCHbuieHHCM naMajibHOH TCMneparypbi rasoB, HTO

K yBejiHMCHHK) TeMnepaTypbi yxoflamHx raaos KOTJia.
Flepexo^ Ha nHKOByro HarpysKy FTY (orpaHHMCHHyio no BpeMeiiH) ocyiuecT-

BjiaeTca noBbimeHHeM nanajibHOH TeMnepaTypbi rasos (^Jia FTY THna V64.3 3TO
nepexo^ OT 1130 ^o 1170 °C). B pesyjibTaTe noBbimaioTca TeMnepaTypbi BBIXOM-
HLIX rasos ycTanoBKH H neperpeToro napa B KY. TeMnepaTypa yxo^amnx rasos
KOTira cHHJKaeTca H3-sa noBbimeHHa ero naponponssojiHTejibHocTH. Cue^oBa-
TejibHo, nojiynaeTca 3(j)(j)eKT, ana^orHHHbiH ,ao;KHraHHK> TonjiHBa, HO conposo)K-

flonojiHHTejibnoH BbipaSoTKofi 3JieKTpo3neprHH.
epreTHHecKHH MO^yjib «FTY — KY» MO>KHO HCnontsoBaTb npH Mo^epnH-
cymecTByroiuHX napocHJiosbix T3LJ,, npHMeHaa npn STOM ^OHcHranne Ton-

. Han6ojiee nepcneKTMBHo, no MHCHHK> aBTopos, nojiyneHHe B STOM MO.ay.ne
napa c napaMCTpaMH 10 MFIa, 500—535 °C HJIH 14 MFIa, 535—560 °C ^jia o6ec-
neneHHa paSoxbi TenjiocpHKauHOHHbix napoeux Typ6nn THna T H FIT MOUIHO-
CTbro 25 — 100 MET H Bbiiiie.
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napa orenecTBeNHbiMH naporyp6HHHbiMM
yCTHHOBKaMH npH HOMHHaJlbHGH

Tun FIT
Pacxoa napa
Ha TypGiiHy,
Kr/c

T-25-90
36

X-50-90
68

T- 100-90
124

HT- 12-90
23

nX-25-90
45

IXX-65-130
102

HT-80-130
121

PIcnoJibSOBanne TTV B 3HepreTHiecKHx Mo^yjuix, nanpHMep, 4>HpMbi Siemens
nosBOJiaex renepiipoBaTb nap B KojiH^ecTBe:

FTY THna V94.2 6e3 AOJKHraHHs #0 68 KF/C; c MaKCHMajibHo BOSMOKHUM jjo-
>KHraHHeM 40 111 KF/C;

V64.3A 6e3 flOJKHraHHJi flo 28 KF/C; c MaKCHMa/ibHo B03MOHCHHM ^OJKH-
KQ 47 Kr/c.

.ZJjifl noBbimeHHa naponpOH3BO^HTejibHocTH KV B TenjiosoH CXCMC nry-T31Ji

MOJKHO HcnoJibsosaTb floxHraHHG TonjiHBa, ycTanaBJiHBaji AonojiKHTejibHyio Ka-
Mepy flOJKHraHHs MOKjiy naponeperpesaTejieM H HcnapHTCJiew KOHTypa BR napa.
Ha PHC. 9.37 npHBeaena Tenjiosaa cxeMa naporasosoH T3U, c FTV THna V94.2,
FIT THna FIT-60-130 H Ky c ^ByxcTynenHaTbiM aojKHraHHCM TonjiHBa. B HBM re-
HepHpyeTCH nap B KojinnecTBe OKO^O 100 Kr/c, TexHOJiorHMecKHH nap OKOJIO

70 77 =£>

FHC. 9.37. TenjiOBan cxeMa ^syxKOHTypHOro KV c aByxcryneHiaTbiM
B KOTJie a-ifl nry-T3U c Try THna V94.2 (Siemens) H HTy runa HT-60-UO (JIM3)
rC!J — ra30Btifi CCTCBOH noaorpesaTeJii.; / — BbixoflHwe ra3bi FXy rnna V94.2 (GKT = 504,1 KI'/C
T^ = 551 °C; A K T - 602,7 K^JK/KP); 2 — auxoaHbTe raati KV (GyK = 506,38 Kr/c; Tyx = 100 °C); ^
4 — noaorpes cereBofl BOAW B 7T77 no TeMneparypHOMy rpa4)HKy 150/70 °C; 5 — BO3Bpar W>H
AeHcara npoMbiiujieHHoro oiSopa napa (DOK = 25,6 Kr/c; roi( = 100 °C); 6 — npOMbiuuieHHbifi i
OTnycKacMbifl BHCIIIHHM noTpe6nTe^»M (Da = 25,6 KF/C; pn = 1,3 MRa; Tn = 300 °C); 7 —
naa BOaa OT nxy c Typ6HHofi Tuna nT-60-130 (Tn B = 238 °C); 8 — neperpexMH nap,
loifi B FIX THna nX-60-130 (£>nE = 101 KP/C; Tne = 555 °C; PnE = 14 MHa); 9 — napaMexpbi
3a KM-1 (Gr = 504,56 KP/C; rr - 590 °C; Ar = 647,5 K^*/Kr); 10 — napaMerpbi rasoB 3a HE
KV(Tr = 490 °C; hr = 537,6 Kflac/Kr); II — napaMerpbi rasoB 3a Kff-2 (Gr » 506,38 Kr/c;
= 590 °C; hr = 647,5 K
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HEBM HBM IIEfflHHfl 9KHM fCH
CKy, KBr

PHC. 9.38. Q, r-jjaarpaMivia aeyxKOHTypHoro Ky c jujyxcTyneHHSTbiM
raHiteM TonjiHBa: Ha BXIXK B Ky H nepea HcnapHTCJieivi BJJ (CM. pac. 9.37)

25 KF/C, H OTnycKaeTca TenjioTa Ha OTonHTejibHbie nyaqibi c ropflMen CCTCBOH BO-
flOH (TeMnepaTypHbiH rpadpHK 150/70 °C). Q, 7"-^HarpaMMa Tenjioo6M6Ha Ky Ta-
KOH nry-T31^ noKasana na pnc. 9.38.

/Jjifl ^eJioBoro ueHTpa «MocKBa-CHTH» ycTanaBjiHBaeTCfl oSopy^osaHHe firy-
T3LJ, no npoeicry 4>HpMu Alstom. OHO COCTOHT HS ^Byx 3Hepro6;ioKOB Tuna
KAX100-2DH. KajK^biH H3 HHX BKjnoHaer B ce6a ^se TTy rana GTX-IOO

43 MBT, ^Ba Ky H o^Hy naposyio TypSnny MomHOCTbio 30 MBx.

KoHrpo/ibHue Bonpocu

1. O&bflCHHTC OCOfiCHHOCTH pa3J!HHHi,IX FpyHH TeilJIOBUX CXCM
2. B HCM pasnHHHe (j(H3HHecKoro H nponopUHOHajitnoro MCTO^OB pasjejieHHn o6mero pacxo^a

TonjiHBa Ha nry-xaq?
3. 4eM oStHCHaercfl HeoSxo^HMocTb npHMeneHna JO^HMHUX TOHJIUBHUX KOMnpeccopoa Ha

neoSxo^MMO paccHHTWBaib, pasaejiaa nepnoji 3KC-
HSMCHCHHa TCMnepaiypbi Hapy*noro sos^yxa?

TonjiHBa B KV nfy-XSU? KaK OHO BjiHaer Ha 110-

4. UoieMy ro^OBtie

- KaK H no^eMy Hcno^t3yeTca
Tenjioeofi 3KOHOMHHHOCTH



rASOTYPBHHHWE TEI1JI03J1EKTPOUEHTPAJ1M

10.1. TEHJIOBWE CXEMbl M flOKASATE^M 3KOHOMMHHOCTM rASOTVPBMHHblX
TEn/103/1EKTPOl4EHTPA/1EM

Fa3oxyp6HHHaa xenji03JieKXpoueHTpaJib (FTY-TSUJ — 3x0 HacxHbifl cjiyHaii
naporasoBoit T3LT, B KOXOPOH xen;ioxa BbixojjHbix rasos FTY Hcnojibsyexca B
KY xojibKO ^Jia ornycKa xennoxbi BHCIUHHM noxpeSiixeJiflM. MomHocxb FTY-
T3LJ onpe.ae.nji exes, npeac^e Bcero, xnnoM npHMenaeMbix B xenjiosoH CXCMC
FTY H KOJIMMCCXBOM iioxpeSjiaeMOH xenjioxbi. B OXJIHMHC ox napocHJiosbix T3LI
npOH3Bo,zjcxBo 3JieKXp03HeprHH na FTY-T3IJ He c&rcaHO c oxnycKOM reruroxbi
noxpeSHxeJisM H yxnjiHsauHeH" xeruioxbi Bbixo^Hbix rasos FTY. Ten^oxa Bbixo^-
HblX T330B 33BHCHX OX H3MaJTbHbIX H KOHCIHblX napaMCXpOB r330B, XapaKXCpH-
CTHK HapyacHoro B03^yxa H 4P- MaKCHMaJibHo B03MoacHoe HcnoJii.30BaHne ren-
jioxbi BbixoflHbix ra30B FTy Ha FTy-T3Lt npoHCXO^nx npw cooxBexcTByiomeH
opraHHsauiiH ee xenJiosofi CXCMH c ynexoM rpa(J)HKa oxorraxejibHOH narpysKH.

B saBHCHMOcxH ox xapaKTepa xen^osoH HarpysKH FTy-T3H Moryx 6bixb
omonumeJibHoao, npOMbiuuienHozo xnna H^H c KOM6unupoeaHHou xenjiosoH cxe-
MOH. Ha pHC. 10.1 npHBCJieH XepMO^HHaMHHeCKHH UHKJI FTV-T3H, B KOXOpOM
M

-
BtmejiHXb xenjiO(J)HKauHOHHyK> A/y H pasjieJibHyio A/JJ23

nacxMy

BpaHroHa, a xaK?Ke nacxb xen^oxbi Bbixo^Hbix rasos FTY q , Koxopaa rep>iexcfl
c yxojramHMH rasaMH KV.

OmonumejibHbie rTV-T3lf npe^HasHaHCHbi ^JTS KOMSHHHpoBaHHOfl BbipaSox-
KH 3JieKxp03HeprHH H xenjioTbi npH HarpeBe B KY (rasoBO^aHOM xenJioo6MeHHH-

<
fr:

CH

Puc. 10.2. BapiiaiiTti renjiosbix cxeM ornnii-

a — 6e3 npoMOKyTOHHoro
6 — C npOMCJKyTOHHblM TenjIOOSMCHHHKOM
(TO}; e — pa3JiHHHbiMH cnoco6aMH peryjiHpOBa-
HHH ornycKa Ten^oTLi nOTpeSHTCJiaM; CH — ce-
TCBbie nacocw; H — nacoc xenjiooSMeHHHKa;
Fill — ra30BbiH iiiHGep (sacjioHKa); Kfi — KHMC-

TonjiHBa; FIBK — nHKOBbiii
KOTCJI

KC — FBTO) cexeBOH BOAU cHcxeMbi xenjiocHa6>KeHHa BbixojiHbiMH rasaMH FTY
Bo3Mo>KHbi xenjioBbie cxeMbi c nenocpejicxBeHHOH no^aneM SXOH BO.AH B FBTO
Jin6o c Hcnojib3OBaHHeM npOMeacyxoHHoro xenjioo6M6HHHKa ana saiinixbi no-
BepxHocxeii narpesa ox sarpinneHMfi (PHC. 10.2, a, 6).

M3-33 3HaHHX6JIbHbIX CyxOHHblX H CC3OHHbIX KOJieQaHHH OXOnHXeJlbHOH Ha-
rpy3KH npHxoflHxca ycxanaBJiHBaxb na FTY-T3LJ, necKOJibKO FTY H OHKOBUX HC-
TOHHHKOB Tenjioxbi. ^jia 3XOH ucjiH Ha FTY-T314 B T. 3jieKxpocxajiH (pHC. 10.3),
HanpHMep, HcnojibsoBanbi nHKOBbie BO^orpeHHbie KOXJIU (c(T3M < 1). flpyroe pe-

uieHne noKasano Ha pwc. 10.2, e: peryjiMposaHHe noxpeSjieHHa xenjioxbi ocyme-
CXBJICHO flo^HraHHCM xonjiHBa B cpezie Bbixo^Hbix rasos FTY H SaHnacHpoBaHH-
eM nacxH SXHX ra3OB MHMO KY B Ka>K,zi,OM ox^ejibHOM cjiynae Heo6xo^HMO o6oc-

npHHHwaeMbie xexHOJiorHHecKHe CXCMU c ynexOM ncnojibsyeMoro 060-
H xapaKxepa HSMeneHMfl oxonHxejibHOH Harpy3KH.

2 rry-T3Lf (puc. 10.4) npe^HasHaneHbi ^jia reHepaumi xex-
HojiorHnecKoro napa B KY HsMeneHHe xexHOJiorHiecKOH xenjroBoK HarpysKH
xapaKxepH3yexca MeabiuHMH tcojieSanHSMH B xeneHHe ro^a, HXO o6jiernaex Bbi-
oop THnopasMepa H HHCJia npHMeHaeMbix B cxeMe FTY H cnocoSw peryjiHpoBa-

HarpysKH.

Koxjibi-yxHjiHsaxopw npoMbimjieHHbix FTY-T3L1, oSbiHHO BbinojTHaiox OJIHO-
AonojiHiixejibHoro noHHM<eHHa xeMnepaxypbi yxoflJimnx rasoB

B HX XBOCXOBOH HacxH ycxaHaBJiHBaiox rasoBbic cexeBbie no^orpeBaxenH
ilJifl noKpbixHH HMeiomeHca oxonHxejibHOH HarpysKH. TaKHe FTY-T3F4

B poccniicKyio 3HepreTHKy. FlepsbiM npHMepOM
B POCCHH MOHCCX cnyjKHXb flicyxcKafl PP3C. Ha cxaHUHH ycxaHOBJienbi

'iexupe FTY xnna FT-25 J1M3 (B Hacxoamee speMa HPOBO^HTCJI saMena STHX ar-
peraxoB na FTY xnna FT-45 XT3) H nexbipe FTY xnna FT-35 XT3. RHX yKasan-

3HeprocHCT6Mbi xapaKxepHa 3HaMHTejibHaa npojiojiacHTejibHOCTt, oxonHTejit.-
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PHC. 10.3. HpiiHumiJia.ibHaH Tenjioeaa cxewa oroniiTejibiiofi ITy-T3U (r. 3jieKTpocrajib)
/ — AOHCHMHOH KOMnpeccop; 2 — FTV; 5 — raaOBOZWHofi TenjiooSMeHHHK; 4 — BO
TenjiooSMeiiHHK; 5 — BoaorpeRHbifi KOTCJI; 6 — naposoii KOTCJI; 7 — aeaaparop niiTaTejibHOH BOJHJ
H noanHTKH BOflorpefiHbix KOTJIOB; 8 — xHMBo/jooHHCTKa; 9 — noaorpeBaTejiL aoGasoMHOH BOAM;
10 — noflorpeBareJi!. cbipoft BO^W; H — CCTCBOH Hacoc; 12 — flbiMosaa Tpy6a BOjiorpefiHbix H na-
pOBwx KOTJIOB; 13 — B auMOByro TpySy FTY; 14 — nmaTejibHUH Hacoc; 15 — nacocbi KOHTypOB

FBTO H BOflorpefiHbix KOTJIOB

Jfa JfV-2 H Ay-3 OniycK napa

B xy-2 H xy-3
PHC. 10.4. Cxema iipo,\iwiu,iciiiioii (AcrpaxaHCKou) ITy-T3U
VT — rasOBaa TypSHna; KV — KOTeji-yTHJiiwaTOp; FIB — neperpesaTejii. napa; H
fCn — raaoBbifl ceTCBofl noflorpeBaTCJib; HH — nHTaTe^bHbifi Hacoc; CH — cercBofi nacoc;
777— renjioBoii noTpeSHrejib
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Horo cescma, HTO no3BOJifler HcnoubsosaTb aneprHK) TonjiHBa c GojibiiioH 3(|)4>eK-
THBHOCTbK). FaSOBO^flMbie nO^OrpCBaTCJlH CCTCBOH BO^bl BbinOJIHeHbl HO TpaZIHUH-
OHHOH CXCM6 C HCnOJIb30BaHHeM Ope6p6HHbIX Tpy60K. MHHHM3JIbHafl TCnJ10npOH3-

Kaaczioro FBTO cocTaBjjseT OKOJIO 8,15 MBr. MaKCHMajibHaa Ten-
FBTO c ^o*HraHH6M TonjiHBa flOCTHraeT 40 MBT

. O6maa Hapa6oTKa FTy 5lKyTCKOH FP3C cocTaBHJia 6ojree 850 xwc. H
npH 11 TWO. nycKOB. ^KyTCKaa FP3C 3Kcn;iyaTHpyeTCfl B HSOJinpoBaHHOH 3Hep-

Ona cjiyacHT OCHOBHHM HCTOHHHKOM cHaS^eHna 3JieKTp03HeprHefl H
r. ^KyTCKa H ueHTpajibHoro panona ^KyTHH. ^Jisi 3HeprocHCTCMbi xa-

paKTepna Gojibiuaa cesoHHaa H cyTOHHaa HepaBHOMepHocTb rpa^HKOB 3JieKTpH-
H6CKOH H TenjiOBOH HarpysKH. PeryjiHpOBaHHe TenjioBott HarpysKH ocymecTBJia-

HSMeHCHHCM pacxo^a H TeMnepaTypbi rasos, nponycnaeMbix Hepes noflorpe-
. HpH CHHHCCHHH HarpysKH HacTb ra30B cSpacbiBaeTcs MHMO nojiorpeBaTe-

nepe3 SannacHbie rasoxoflbi, B Koropux CCTB peryjinpyiomne iiiH6epa. ITpH
nOBbimenHH TenJiosoH HarpysKH TCMnepaTypy rasos nepe^, no^orpeBaTejiHMH
MOWHO yBejiHHHTb nyTeM cxnraHHfl B rasoxo^e Meac^y HHMH H Fiy aonoJJHH-
reJibHoro TonjiHBa. fljia 3Toro B raaoxo^e ycTaHOBJieHbi cneunajibHbie K^. 3KC-
n^yaTauHfl .HKyTCKOH FP3C no^TBepAHJia 3(J)$eKTHBHOCTb ncnojibsoBaHHa raso-
TypSHHHOH TeXHOJIOrHH ^Jia KOMSHHHpOBaHHOrO 3HCpronpOH3BO^CTBa.

B cepe^HHe 70-x TO^OB FIO «3apfl» (r. HHKOJiaeB) OCBOHJIO npoiisBojicTBO ra-
30Typ6HHHbIX SHeprCTHMCCKHX yCTaHOBOK THna FTF-12 MOIIIHOCTbK) 12 MBT C
KOHBCpCHOHHblM Cy^OBUM ^BHraTCJICM THH3 /JU59.

Ha OCHOBC 3Toro rasoTypSHHHoro flBHraTejifl (FT/t) yacropo^cKHH saso^ ra-
30Typ6HHHbIX yCTaHOBOK OCBOH^ npOH3B04CTBO nOJIHOKOMnjlGKTHblX FTy KOH-
TeHHCpHOH KOMHOHOBKH THH3 FTFy-12. ITepBafl yCTaHOBKa H3 3TOH CCpHH 6bIJia

B 3Kcn;iyaTauHK) B 1976 r. (r. CoBCTCKaa Faeanb, XaSapoBCKHfl KpaH),
— B 1992 r. (flMSyprcKaa FT3C, paSoTatotuaa B peacHMe FTy-T3LJ,).

Fa30Typ6HHHbie T3LJ, MajioM MOIUHOCTH c 3HeproycTaHOBKaMH THna FTFy-12
6biJiH yKOMnjieKTOBaHbi FBTO npOH3BO^CTBa ypajibCKOro Typ6oMOTOpHoro 33BO-
^a (yTM3), BbipaSaTbmatomHMH TennoTy B BH^C ropflHen BO^BI fljia Hyac^ OTO-
njieHHa H/HJIH ropflnero B040cna6a(eHHfl. B saBHCHMocTH OT renjioBOH
B pafione pasMcmeHHfl FTy-T3Lt npoH3BOAHTejibHocTi. 3THX FBTO
4,7 MBT fyTHJiHsamioHHaa ycTaHOBKa YT-4) HJIH 9,4 MBT (yTHjinsauHOHHaa yc-

yT-8). FasoBo^flHHOH TenjiooSMeHHHK pacnojiojKCH na
ra3oxoAe. MomnocTb FBTO BbiGnpaJiacb B saBHCHMOCTH OT

H MecTa pacnoJio>KeHHfl FTy-T3I_(.
B nepHO^ 1981—1991 rr. B cesepHbix pernonax POCCHH SWJIH nocxpoenbi H

B 3KcnjiyaTauHK> pa^ FTy-T3C, paSoTaiomnx B pe^HMe FTy-T3Lt. Ha
3THX 3JieKTpocTaHUHHx 6bt/iH HcnojibsosaHbi FTy THna FTFy-12 3JieKTpHMecKOH
MoiUHocTtK) 12 MBT c FBTO BepTHKajibHoro HcnojTHCHHfl, pacnojio>KeHHbiM na^
Fry, TenjionpOHSBojiHTe^bHocTbK) 9,31 MBT (npH TeMnepaType Taa = -20 °C),
npOH3BoflCTBa yxTHHCKoro MexaHHHecKoro 3aBo,aa (y3M3, r. yxTa). TenjroBaa
MOIUHOCTb 3THX 3JI6KTpOCTaHUHH COCT3BJiaeT OT 56 MBT (ypeHFOHCKafl FT3C,
TroMeHCKafl o6;i.) ,ao 93,1 MBT (MHpHHHCKaa FT3C, flKyTna).

KpaTKHe TcxHHMecKHe 4aHHwe fleHCTByromHX FTy-T3LJ npiiBe^enbi
Bra6n. 10.1. Bee STH FTy-T3LI, npeflHasHaneHbi ^Jta oSecneneHHH OTonjieHHS
H/HJIH TOpflHCrO BOflOCHa6)KeHHfl H OTHOCSTCfl K OTOnHTCJIbHblM (KOMMyiiaJlb-
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rTV-T31J,, pasMemaeMtie Henocpe^cxeeHHo
g UGHTpe Tcnjioetix narpysoK, HasbisaiOT TaKace ctaHUHSMH Tenjio3JieKTpocHa6-
jKeHHfl (rTY-CT3C).

B HanaJie 1998 r. na #M6yprcKoH rTY-T3C, paSoTaromefi B 6a3OBOM pe>KHMe
oTOHHTeJibHott rTY-TSLJ,, Swjra ocymecTBJiena 3aMena FTfl, ™na AU59, BbipaSo-
Taeiuero 6ojiee 2/3 csoero pecypca, Ha FT ;̂ rana 89CT-20 (dpHpMbi «rpaHHT»). Ha-
paSoTKa HOBOFO 6;iOKa rTy-T31J, na KOHCU 2000 n cocTaBHJia OKOJIO 3000 H.

B nocjieAHne roflu HHTepec K npoeKTHpoBaHHio H crpOHTCJibCTBy rTV-TSlJ
B POCCHH SHaiHTCJIbHO nOB&ICHJlCS. HanpHMCp OAO «MoC3H6prO» nOCTpOHJIO
B r. 3jieKTpocTajib rTV-T3U (CM. pnc. 10.3). Ee cxeiwia ocHOBana Ha Tpex FTY (aee
fTY Tnna GT-35 npoH3BOACTBa ABB MomHocTbio 20 MBr H ojiHa rypSwHa THna
FT3-25Y MOiuHOCTbK) 32 MBr). CyMMapnaa Tenjiosaa Harpy3Ka 3TOH FTY-T3I4
157,1 FKaji/H (183 MBr). Flo^orpeB cexeBoR BOA^I ocymecTBjiaeTcsi AsyMa cxyne-
HJJMH no TCMnepaTypHOMy rpadpHKy 150/70 °C: nepBaa cryneHt — Tenjioo6MeHHHK
Ha BbixoAe FTY — HarpesaeT so^y 3a CHCT CHH)KeHHa TeMneparypLi yxoflaiunx ra-
30B FTY or 420 AO 100 °C; BTopaa CTyneHb — scmorpeHHbie KOTJIU Ha
rase — florpesaer ceieByio so^y flo HeoSxo^HMOH reMneparypbi
HJ1H HepC3 npOMeJKVTOMHblH TenJlOOSMeHHHK. B CBfl3H C T6M MTO H3 T31J, nJI3HHpy-
ercfl ycTanoBHTt TpH FTY H npHHax HesbicoKMH K03(J)4)HUHeHT xenno^HKauHH,
o6ecneHHBaeTca BbicoKaa Haae^HOCTb TenjiocnaSiKeHHa. TaK, npH Bbixo^e H3 pa6o-
Tbi nK>6oH H3 TTY ocTaBiiieecfl oSopyjjOBaHHe o6ecneMHT oxnyCK xenjioTW B o&te-
MC He MeHee 70 % narpy3KH B pacieTHOM pexcHMe. B nanajie 1999 r. Ha FTY-T3LJ,
(r. 3jieKTpocTajib) BBe^ena B 3KcnjiyaxauHK> nepsaa FTY

FIoflo6Haa cxetvia c HSMenenHeM MHCjia H THnopa3Mepa oSopy^QBaHHfl 6mia
npefljioKena H ^Jia nocjie/iyromHx npoeKTOB FTY-T3I4, paspaSorannbix 4Jra
OAO «Moc3Hepro»: T3LJ-21, T3I4-28, T3U B r. ITjepSHHKa. OHCBHAHO, HTO oc-
HOBHblM ^OCXOHHCXBOM 3TOH CXCMbl ^Jlfl pOCCHHCKOFO 3HeprOHpOH3BO^,CTBa 3BJ1H-
exca onbix AJiMxejibHofi H Ha,ae)KHOH 3KcnjiyaxauHH HHKOBoro BOAorpeiiHoro KOX-
Jia KaK HCXOHHHK3 TCnJlOTbl.

B nocjieflHee BpeMa BBH^y BOSHHKIIIHX Tpy^HOCTCH c $HHaHCHpoBaHHeM
KpynHblX oS-beKXCB XpajIHUHOHHOH 3H6preXHKH B03POCJTO KOJIHHCCXBO 3aK330B Ha
FTY-T3I4 Majiofi H cpe^Hett MOIUHOCXH. B Hacxoamee BpeMa nocrpoeHU MJTII
cxpoaxca cue^yiomHe oronHxejibHbie FTY-T3LJ,, Bbipa6aTbiBaiomne xenjioxy B
BH^e ropaneH BO^BI, H npoMbimjienHbie, BbipaSaxusaiomHe xenjioxy B BHfle napa
HJIH napa H ropflneH BOAW (TaSji. 10.2). FlpejicxaBjieHHbie B xa6jiHue ^anHbie OT-
HOCJIXCH xojibKO K rasoxypQHHHofl nacxH 3JieKXpocxanuHH.

B Kanecxse FTY Ha STHX FTY-T3IJ, npe^ycMoxpeHO npHMeneiiHe sneproyc-
MomnocxbK) 15 MBx xHna FTY-15 (HFIO «MauinpoeKx») c ra30xyp0HH-

xnna flJK.59 (HOBOC 3aBo,ucKoe o6o3HaneHHe FTF-16 000). Opo-
sxoro FTfl nocjiy>KHJi ITfl xnna ^Ll,59, npo/jojiHCHxeiibHoe Bpema pa6o-

Ha FTY-T3F4 ManoM MOIUHOCTH.
BbinojiHeno cxpOHxejibCxao FTY-T3U, c FTY ManoH H cpe^neK MOIUHOCTH c

3HeproycxaHOBKaMH rnna FTY-55CT-20 («3HeproasHa»), HK-37 («,D,BHraxeJiH
HK») H FT3-10/95 («MoTOp») H pa^a Jipyrnx FTY MomnocTbro MCHCC 6 MBx na
6a36 KOHBCpCHOHHblX aBHaUHOHHLIX FTfl. OAO «Pbl6HHCKH6 MOXOpbI» COBM6CT-
HO c OAO «POC3FI» paspaSorajio npoeKT GjioMHO-KOMnjieKXHOH FTY-T3U

FT3C-2,5 co cjie/iyiomHMH napaMeTpawn: N* = 2,5 MBx; Q™* = 4,5 MBx.
B 2000 r. 3anymena B 3KcnjiyaxauHK> FTY-T3IJ, «FIlHrHJiH» (BaiiiKOpxocxaH)
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w c ^ - S j ^ s O K K >
§ s 1 s § • » -°i y o

S f n a 3 a
E o e > ^ ^ °S " 0 o w - n K> £,""15 3 ( P H - ) o y> 2H„ Ox p X ]=i _ to >; ^ . K 1 ^ —
» Si J5 o» * w 4^ w g i P3 "•*
g n Q s s« pi ID y13 P ,Q- ° T W O

o w
•o P o "o H^ n
•a D" O O O i
0 "» "3 S3 *- ^ " — ^ {"̂  --, ^
w 2 ia E - , ^jX S o S< CD 3
111 i 3 5=° 0 W gj

r

SjICKTpOCTailbC

W

H
H
C*

FTY-T3U
;

B r. M
uiHM

Safi

-̂IH
•<
Kta•S-
3
5

KFTY «AKTK>6HHCK-
He4>Tt»

X1

a
oCO

HanMCHC
B3HHC 3JICKTpOCTaHUHH

2 CO J3 3 ^ ""i ^ ^ ^ ^>n , s s w 2 s s t i s 2
3 ^ s - g | " s g 2, a i i0 o ° 3 w Q z , ' 9 H § R s" O - S ^ o P " ^ "S *< o H F°p U v - j S M H H - a - so ^ SO ^ -^ tj ? ^ ^ *^ 53 P S 2
i B § i f 3 B B s " ^ s 1
1 ' i l l ' s 1 ^ t ? 1 so P Q 3 O 2 i f l 5 ^ o
g S £ § f i l ^ S f ig g ' ^ ^ 3 g w go ?9 !̂ "̂  O

r 1 51 ?!
"̂  .a V
J3 COH

o p^

n w a • ĵ
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HaSase SHepreTHiecKoro Moayjm «ypaji-2500P» (OAO «ABHaaBHraTent»

H OAO «FIepMCKHH MOxopHbiM 3aBOfl» (FIM3)) c napaMCTpaMH: JVr
3 = 4

10.4. Texim-iecKiie KpynHbix rTY-T3U B CI11A H 3aiiH,inoM Eepone

KpoMe nepeHHCJieHHbix Bbime npoeKTOB rTY-TSIJ, HaxoflHiuHxca B

peajiHsauHH, Be^ymHMH oxeqecxBeHHbiMH HHcxHTyxaMH sHeprexHHecKoro npo-
(JjHJifl Bbinojmeno Sojibuioe HHCJIO xexHHKO-3KOHOMHHecKHx oo"ocHOB3HHH (T3Q)
H npoeimm KOM6HHHpoBaHHbix HCTOHHHKOB Tenji03JieKTpocHa6)KeHHfl Ha 6ase
ra30Typ6HHHbix xexnojiorHH. CxpOHxeubCXBO Majibix rTY-T3U (MHHH-T3LQ ny-
T6M Ha£CTpOHKH fleHCTByiOIUHX H BHOBb CTpOflIU.HXCfl pafiOHHblX KOTCJIbHblX FIO-
3BOJIHT B HCCKOJlbKO p33 yMCHblllHTb pa3MCp KanHTaJlOBJIO3<eHHH B CHCTCMy Teri-

OcHOBHbie TCXHHHecKne flanHbie neKOXOpbix npoeKTOB rTy-T3LJ, Majiofi H
MOIUHOCXH npHBeaeHbi B Ta6n. 10.3.

npoMbiuijienHbie rry-T3U ncnojibsyioTca £JTJi nponsBO^CTBa xexHOJiorHHe-
CKoro napa. TaKHe ycTanoBKH aocTaTOHHo IIIHPOKO pacnpocTpaneHbi B MHpe, OHH

10.3. TCXKHHCCKHC naHHwe npoeKTOB FTV-T3U
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** Cxewa co c6pocoM B ao^orpeflnbifl (3HepreTHiecKnft) KOTCJI.
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rioicasaTejib

•^^icTpHMecKaa MOiiiHocTb T3IJ,, MBT
qnc.no H THII Fiy
Tenjiosaa MOLUHOCTb T3U, MBr
gwpa6oTKa 3jieKTpHiecTBa Ha Tenjio-
BOM nOTpeSjlCHHH, KBT-H/TKajI
Ko3tp4>nnHeHT Hcnojib30BaHHa Tenjio-
Tbi ronjiHsa, %

6e3 oxnycKa TenjiOTbi

MCCTO pacnojioaceHHji rTY-TSLJ,
XblOCTOH,

CUIA
300

4xM7E
426
820

75,0

31,0

JlepKHHC,
HiiaepJiaHjibi

49,4
IxGTS

73,3
785

77,8

31,5

CHKOMOP,
CllJA
300

4xM7E
440
790

77,5

31,5

MnaBeii,
CE1A
225

3xM7E
316
830

75,8

31,5

o6ecneHHB3H>T nesaBHCHMoe npOH3Bo,n,CTBO napa na nya(jibi npeAnpnaTna. HpH-
MepoM Hcnojib3osaHHfl FTy 4JI3 npOH3BOflCTBa TexnojiopHMecKoro napa MOIKCT

FTy-T314 He(J)Tenepepa6aTbiBaK)mero saBO^a SJIHS r. KopHH<J> (Fpe-
cocToamaa us flByx rasoTypGnnHbix renepaTOpHbix SJIOKOB Tuna GT 35

ABB, HMetomnx BHXO^ rasoa B KX KOiopbift nponsBO^HT napa ,ao 70 T/M. Jlan-
Hbie o HecKOjibKHx sapy6e)KHbix npOMbiuuieHHbix FTy-TSIJ, c arperaTaMH cpe^t-
neft (10—50 MBT) MOIUHOCTH npHBeaenbi B Tafin. 10.4.

OTMCTHTb, HTO ycTanoBKa TaKHX FTy-T3U na npOMbiuuieHHbix npe£-
n03BOJTflCT TaKHCC HOBblCHTb nOKa3aT6JIH FOTOBHOCTH H Hajie^HOCTH BC6-

ro npOH3Bo,acTBa, yMenbiiiHTb saxpaxbi, Tenjioxa yxo^snuHX rasos, KaK H KOJIHMCCT-
BO Heo6xo#HMoro xexHOJiorHHCCKoro napa, ecxb BCJiHMHHa, npaKTHHecKH ne 33BH-
csimafl OT TeMrreparypbi Hapy)KHoro B03jiyxa, no3TOMy MOSCHO yxsep^jiaxb, HXO
FTy-T3Ut no npoHSBOZtcxBy TexHOJiorHnecKoro napa MOHCHO Hcnojib3osaTb fljifl
Kpyrjioro,aHHHOfi CTa6njibHOH pa6oxbi B yxmrnsauHOHHOM pea(HMe. Ha TaKHX T3L1
BbipaSaxbieaexca nap ^aBjieHHCM ^o 6 MFIa H xeMnepaxypon AO 400 °C.

Ha cero^HfliuHHM fleHb B POCCHH npoMbiuuieHHbie FTy-T31J, ne namjiH mnpo-
Koro npHMeneHHH. B nanajie 2000 r. B Pecny6jwice Eejiapycb sanymeHa B onbiTHO-

3KcnjiyaTauHH} HoBonojrouKaji FTy-T3U,, B cocxas Koxopon BXO-
ra30Bbie xypSHHbi THna FT3-20/55CT (sjieicrpHHecKafl MomnocTb 20 MBT,

30 %) H zisa Ky npoH3BO4CTBa FToaojibCKoro ManiHHOcxpoHTejibHoro saso^a
napa 14 aTM, Temnepaxypa napa 275 °C, npOH3BOAHTCJibHocTb 45 T/H).
SL], npe^Ha3HaMeHa A-na CHa6>KeHHfl napOM HoBonojiouKoro HetJtTenepe-

paSaTbiBaiomero sasojia.
Ha EaKHHCKOH T3F(-1 ycneuiHO pa6oxaeT npoMbiui^eHHaa FTy-T3I4 na 6a3e

THna GT8C2 (Alstom). ycTanoBJieHHaa Momnocxb T3LJ, npH ^syx FTy co-
cxaBJiaex N3 - 114 MBx H DnE = 400 T/H.

10.2. SHEPrETMHECKME ROKASATEJIM ny-T3U

440

Tenjiosaa cxeMa ITy-T3U H COOT BCTCTBy toman efi cxerna xenjio-
noTOKOB npHBefleHbi Ha PHC. 10.5. yxHJiH3auHH TenjiOTbi Bbixo^Hbix rasoB FTV

B Ky Qr cBflsana c HeKoxopbiM noBbimeHHeM conpoTHBjieHHa Bbixo^Horo Tpaicra,

K CHH)KeHMK>, npe)Kfle Bcero, 3JieKTpHHecKOH Harpy3KH (CM. § 8.4).

6biJio npejiJio>KeHo ymrrwearb K034>(|)HUHeHXOM KN = N^/N^ .
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PHC. 10.5. IIpocTefimaB renjioeaa cxema (a) H cxeivia TemiOBbix HOTOKOB (6) rTV-T3IJ

Bo3MO>KHbi peacHMM paSoTW FTY-T3LJ c AO>KHraHHeM xomiHBa B cpe^e BM-
xo£Hbix ra30B FTy £jia noBbiiiieHHfl TcnjiOBOM HarpysKH T3LJ, cxa6HJiH3aUHH na-
paMexpoB reHepHpyeMoro xexHOJiorHHecKoro napa H ̂ p.

MomnocTb Ky (FBTO), KBr, B saencHMocTH OT THna TCOJIOBOH Ha-
onpejie^HTca us COOTHOIUCHHII:

1) B peiKHMe 6e3 floacHraHHfl TonnHBa

Qr - ̂ (h^-h^v =Dn(hn~hOK) = G^(hn.c-hQ.cl (10.1)

rae G K T — KOJIMHCCTBO Bbixo^Hbix rasos FTX KF/C; Da, G C B — KOjiHnecTBo co-

TexHojiorHHecKoro napa H cereson BOflbi, KF/C; A K T , h — 3H-
cooTBeTCTBCHHo BbixojjHbix rasoB FTy H yxo/wiUHx rasoB KV, K^K/KT;

hn, hOK — 3HTajibnHa cooTBeTCTBCHHO TexHOJiorHMecKoro napa n ero oSpaxHoro

JK/KF; hnc, hoc — 3HTajibnnfl COOXBCTCXBCHHO npjiMOH H oSpar-
cexeBOii so^bi, K/I)K/Kr; (p — K034>4)HUHeHx coxpaneHHa xenjioxbi B KV',

2) B peiKHMe c ^oacHraHHCM ronjiHBa [CM. xaKxe (10.1)]

Qr = (G,T + 5flJ(AKy - A^Xp = GKy(V- V)^' (10'2)

rae S^ — KOJIHHCCXBO ^oacHraeMoro nepefl KV ronnHBa, KF/C; GKy —

CXBO rasos na Bxojie B KY, KP/C; /?Ky — 3HxajibnHfl rasos na Bxo^e B ICY, K

BejiHHHna gT CBflsaHa c Tennoxoii BbixoaHtix rasoe TTY saBHCHMOcxbro (pe-
>KHM 6

Qr = = GKT(hK T - A x ) ( p =yx -GKA (10.3)

442

npocKxupoBaHHH TTY-T3U cxpeMsxca nojiynHTt BOSMO^KHO caMyro HH3-
KyK) xeMnepaxypy yxoA«mHX ra3OB KY 7yx = 80-100 °C c ynexoM XOHKH pocbi.

TexHHHecKH neocymecxBHMa.yxHJiHsauHfl Tenjioxu

K034>4>HUHeHT TCHJIOXbl B KY (p6)KHM 663

(10.4)

SaBHCHMocxb 3xoro noKasaxejia ox xeMnepaxypbi Bbixo^Hbix rasos FTY TKT H

reNinepaxypbi yxo^amnx rasoB 7yx KY npHBeaenbi Ha pHC. 10.6. KaK H cjie^osa-
OH yBeiiHMHBaexca npw noBbiuieHHH xeMnepaxypu TKT H CHH»ceHHH

j , .„ ,„ B rpanHuax 0,7—0,9.
npH analyse noKasaxejiefi FTy-T3U, asxopaMH HcnojibsoeaH xaioice KoatJi^H-

UHCHX noxepH xenjioxw c Bbixo^HbiMH rasaMH FTY

PK.T = firT/fiJ. (10.5)

SaBHCHMOCTb p K T ox THna npHMCHflCMbix FTY H napaMexpoB napyiKHoro
B03flyxa ana uejioro pa^a 3neprexHHecKHX FTY THHOB: HK-37-1; FTY-16Y;
FT3-115-1170; FT3-110; 9FA (General Electric); GT8C, GT13D, GT13E2 (ABB);
V94.2, V64.3 (Siemens) H flp., npHBe^ena Ha pnc. 10.7. Ha rpa^HKe He

0,70

Pnc. 10.6. 3aBHCHMocTb crenewH yrHJimauHH rasoa iia Btixoae FTV or TeMneparypbi
3a TT npn pa3JiHHHbix sHa'ieniiHx rcMneparypt i aa ra30aoji5iHbiM
^ — Tvx = 60 °C; 2 — rvx = 80 °C; 3 — Tvx = 100 °C;

-30 -25 -20 -15 -10 -5

PHC. 10.7. 3aB»CMMOCTb icoic|>(t>iiiiHeiria pK T OT TCMneparypbi
iiapyiKiioro BO3^yxa JJIH pnjia THIIOB FTY
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THnbi 3HepreTHnecKHx FTY, KoxopbiM cooTBeTcreyer Kaaf^aa us JIHHHH, nocKOJibKy
KO3(j>$HUHeHT 3K.T npaKTHMCCKH H6 33BHCHT OT TUna FTY. Ha HCrO M3JIO BJlHflKtT

napaMerpbi raaos nepezt rasosuMH Typ6nnaMH. OH yBejiHHHBaeTcs,
ecero, Koma reMneparypa HapyacHoro Bos^yxa craHOBHTca Bbime 0 °C.

Flo anajiorHH c FITY, aBTOpaMH BseaeHO noHjmie flojiH renjioTbi na BHeumero
no OTHOIUCHMK) K Tenjiore OKHraeMoro TonJiHsa [CM. (9.7)]. BCJIH-

HO OUCHHTb C nOMOIUBIO K03(|)4>HUHeHTOB [3yT H 3 K T H
B ycpe^HCHHOM BH,ae cooTHOineHHCM (norpeiiiHOCTb B npejiejiax 1- — 3 %):

c
**T

(10.6)

TaKHM o6pa30M, napa^y c napaiweTpaMH rasoe Ha exojie H Bbixo^e KY
(fBTO) rTy-T3U, ocnoBHbiM napaMexpoM, OKastiBaiomHM BJinaHHe na BCJIHHH-
Hy 3T, flBJiaerca H TeMneparypa HapyatHoro sosziyxa TH B. Ha pnc. 10.8 3x0 BJIHJI-
HHC noKasano ^Jia pfl#a THHOB 3HepreTHHecKHx FTV, Bbixo^Hbie rasbi Koiopbix
oxjia>K^aK)TCfl B TBTO jjo T = 100 °C. EojibiiiHe SHaneHHJi

T
KaK c

a B, TaK H c POCTOM TCMnepaxypbi Bbixo^Hbix rasos FTV B COOT-

B6TCTBHH C HX KOHCTpyKTHBHOH CXCMOH H HaHaJlbHblMH HapaMCTpaMH Ta30B.
KaK 6biJio y>Ke OTMeneHo, FTY-TSU, — 310 nacTHbiH cjiynaH 6onee o6meii cxe-

Mbi napora30Bott T31J, (CM. rn. 9). Ha FTY-T3L1, oxcyrcTByeT Bbipa6oTKa 3JieKTpo-
3HepriiH Ha 6a3e yTHJiH3aunH xenjiOTbi BUXOAHUX raaos FTY. BMCCTC c TCM, B ,aaH-
HOM cjiynae TaKa<e aioyajieH sonpoc o Mero^e pas^ejienHfl oSmero pacxo^a TOHJIH-
sa na T3LJ, Me^,ay BnaaMH oinycKaeMOH sHeprHH (sjienrpHHecTBo H

OSiUHH pacxo^; TonjjHBa na FTY-T3Lt onpe^ejiaeTca c ynexoM ero
HHH B cpe^e Bbixo^Hbix rasoB FTY nepe^ KY fl,ojiK> pacxojiOB -ronjiHBa jjjia npo-
H3BO^CTB3 COOTBeTCTBCHHO 3JieKTpHHCCKOH 3HepFHH H TeOJIOTbl HO «npOHOpU,HO-
HajibHOMy» MCTO^y HX pas^ejieHHfl (MCTO^ OPFP3C) onpe^euHM H3 COOTHOUIC-

(9.11) H (9.12), npHHaB fljia FTY-T3U, N^y = N? H ̂ Tnry = 1, i.e.

(10.7)

-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 T^.'C

riic. 10.8. 3aBHCiiMocTb Ko)iJ)(J)iiuiiciiTa PT OT TCMneparypbi napysKHoro soaayxa njia
rry

A — rT-16V; P — HK-37; + — GE9FA; x — TT3-115; O — GT8C; 0 — TIT-llO;
GT13E; * — V64,3; • — V94,2; • — GT13D
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45
0,48 pT

PMC. 10.9. 3aBHCiiMOCTb KI1/I nponsBojCTBa j.ieiapH'iecKoii 3Hepriiii FTy-T3U OT aojtu rcn-
JIOTU, 3aTpaieiiHOH Ha BHeiunero noTpefinrejifl, npn pa3JiiiliHbix ivieTo^ax paiyiejiewiin TOIIJIH-
sa H pa3Hbi\ ^i ia' ici iMflx KII^ Tj^'881

/ — 0,37; 2 — 0,35; 3 — 0,33; 4 — 0,37 ; 5 — 0,35; 6 — 0,33

(10.8)

OcHOBHbiMH noKasarejiflMH xenjioBOH 3KOHOMHHHOCTH FTy-T3Ll c
(CM. § 9.3):

n —
+

3Toro KIT^ OT flonH TenjioTbi PT H o6mero

pacxo^a ToniiHBa na T3U, ^JTSI HCCKOJIBKHX snaieHHH KFJ/J TI^ aBT (0,33; 0,35; 0,37)

npejjcTaBJieaa Ha pnc. 10.9. CnjiouiHue JIHHHH cooTBercTByrox pacnpe^ejieHHK) TO-
no «4>H3imecKOMy» MCTo^y, a nynKTHpHSie — no «nponopuHOHajibHOMy»
. FTO CpaBHCHHK) C KFI^ npOHSBO^CTBa 3JieKTp03HCprHH FTY B aBTOHOMHOM

biH Knji juia FTY-T3F4 B03pacraeT npa «nponopUHOHajibHOM»
xonjiHea Ha 30 — 50 % B saBHciiMOcrH OT sHanemiH (3T;

2) pacxoA ycjiOBHOro TonjiHBa na e^HHHuy renepHpyeMOH 3JieKTpo3HeprHH,
T/(KBT • H),

(10.10)

3) KI~m npoH3B04CTBa Tenjiotbi

a ,, 3.3BT , a ~
KN^r +M

ilr-" : =

C yBejiHHCHHeM ^OJIH TenjioTbi 3
npeBblCHTb 100 %, HTO

(10.11)

npoH3Bo^CTsa TenjioTbi na FTY-T3I4
npuHaroH OPFP3C MBTOAHKH
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.fleJiemui Tonjiasa. STHM noKasaxejieM cJieayex nojibBoeaxbCH
uHHbix BapnaHTOB cxcM omycKa xennoxbi tioxpeGHxejiHM;

P J) pa^ofl ycnoBHoro xomiHBa «a ewiHHuy HPOHSBO^HMOH xenjio™,

oaBHHxejibHOM aHajiHse BapHaHxoB xenjiOBbix CXCM FTY-T3U
l He 3aBHC*mHe OT Merosa pa3AeneHH« o6mero pacxo*a xonjiHBa

HT HCnOJIb30BaHH* TCHJIOTbl OKHFaCMOFO XOIIJlHBa

(10.13)

1-+P,

THBHOCTH
Tbi. n H P ) K = 0 nojiyMaeM

npeflcxaBJiKCT coQoii noKasaieJii, cyMMapHOH TCHJIOBOH 34)(J>eK-
BblpaGOTKC K3K 3JieKTpHHeCKOfl 3H6prHH, TaK H T6HJ10-

(10.14)

(10.15)

= r T
6) yaeJibHan Bbipa6oTKa 3jieKTpo3HeprHH Ha xenjioBOM norpeSjieHHH

10.3. OCHOBHblE nOJ10)KEHM5l PACHCTA TERJIOBO^ CXEMbl ITy-T3U

PacHeT TenjioBOH CXCMH FTY-TSLl, HMeer neKOTOpue ocoSeHHocTH H Menee
cjioacen no cpaBHCHHio c pacnexoM aHajiorHMHbix CXCM OCY H Firy. BasosbiMH
3jieM6HTaMH cxcMti cjiyxat 3HepreTHHecKaa TTV H KY, KOTopbiK Ha oronHTejib-
Hbix FTY-T3U, aBjiaercfl ra30Bo^aHbiM TenjiooSMeHHHKOM.

3HepreiHMecKHe xapaKrepHCTHKH H napaMeTpbi pa6oTbi TTY MO>KHO onpeae-
JIHTI, npH pacnexe ee xenjiosoH CXCMH jiH6o BocnoJibsoBaxbca cooxBexcxeyiomefi
HH^opMauHCH ^HpMbi-HsroxoBHxenfl. HaynHO-HCCJieflOBaxejibCKHe H npoeKXHbie
opraHH3auHH nojibsyroxca xapaKxepucTHKaMH FTY, Koxopbie ^HpMbi npeAocxas-
JIHHDX B xa6jiHHHOft HJIH rpa^HHccKoft (JiopMe B sasHCHMocTH ox HarpysKH, napa-
MexpoB HapyjRHoro sos^yxa, BH^a c*HraeMoro xonjiHBa, H3MeHCHHfl conpoxHB-
JieHHfl ra30B03^yuiHoro xpaicra H ap. FlpHMep annpOKCHMauHH SXHX aannbix RJIH
HX HcnojibsoBaHHH B MaiiiHHHbix pacHexax npHBeaeH B § 7.1. CooxBexcxByiomHe
nporpaMMHbie npoflyKXbi paspa6oxaHbi B HHJ1 «FTY H FiFY T3C» M3H H B

yrHX opraHHsauHax.
Pacier raaoBOflsuioro Tenjioo6ivieHHHKa. Cymecxsyex necKOJibKo cnocoSoB

npeflcxaBJieHHfl xapaKxepHCTHK xenjroo6MeHHbix annapaxos 6es (j)a30BLix npe-
BpameHHH xenjioHOCHxejieM. OZIHHM HS xaKHx MCXOHOB aBJiaexca P-NTU-MexoA,
KOXOpblH yA06eH HM6HHO 4JIfl MaiHHHHblX paCH6XOB, xaK K3K HOSBOJiaCX H36e*aXb

i cpe^HejiorapH^MHiecKOtt pa3Hocx« xeMnepaxyp, MXO nosbimaex
ocb paSoxbi KOMHLioxepHoK nporpaMMbi pacnexa. Hcnojib3ya ?-NTU-
MO^HO onpeflejiaxb napaMerpu xenjioHOCHxejiefi Ha Bbixo^e H3 Kaa<aoro

eKUHH (B HaeajibHOM ciiynae npHHHMaexca, HXO xeMnepaxypHbiH peacHM
oSoHX xenjioHocHxejieH nocxoaneH no eceMy psiay CCKUHH). .fl.jui 3xoro BBO^flxca
BcnoMoraxeiibHbie napaMexpu P, R H NTU. Tenjioeaa 3^4>eKxHBHOcxb P npeA-
cxaBJiaex co6ott oxHouienHe H3MepeHHoH reMnepaxypw raaoeoro xenjionocHxejTfl
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PHC. 10.11. OBosHa-ieniiH napaMerpoa

, X.C. K p33HOCXH M6)KZiy BXO^-K MaKCHMailbHO B03MO«HOH p33HOCXH
xeMnepaxypaMH paSoHHX xeji.

^jifl o6o3HaneHHH, npHBe^ennbix na pwc. 10.11, a, napaMexp P
xan:

P =
BX BblX

T _ TBX BX

FlapaMexp R — 3x0 oxnoiiieHHe
nepaxyp

3KBHBaneHTOB HJIH

R =
W

j,B _ B
BOH BblX BX

m ^X - ^BbiX

NTU (number of transfer units) onpe^ejiaexca no

e t-Hap wap

(10.16)

TCM-

(10.17)

(10.18)

rasa H ; 5Hap —

CBKUHH, M2; kKap — K03<jxj>HUHeHx xenjio-

Wra3, ffBOJ[, Bx/K, —

Hapya<HOH HOBepxHocxH

nepeaaHH, oxneceKHbiH K njioma^H napyacHoS noBepxnocxH, Bx/(M2-K).
BejiHiHHa NTU CBJBana c ypaBHCHHCM Sajianca nepejiaHH xenjiOBOH 3HeprHH

B xenjiooSMCHHHKe:

G r — MaccoBbifi pacxo^ rasoB, KF/C; A7*r — pasHOCXb xeMnepaxyp B xenjiooS-

no rasoBOH cxopone, °C; AT^ — cpeflHejiorapH(j)MHqecKHH xeMnepa-

xypnbiH nanop B TenjiooSMeHHHtce, °C; cr — yflejibnaa xenjioeMKOcxb xenjiono-

CHXCJlfl npH nOCXOHHHOM AaBJlCHHH, K/3,)K/(Kr • K).
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PHC. 10.12. Cxeivia /iBHiKeuHH TenjiOHOCHTejieH B ra3OBoa«HOM

Gr,

, cnpase^JiHEO cooxnomeHHe NTU = AT^/AT1 . ECJIH BCJIH-

H £Hap nocxoJiHHbi, xo NTU npflMO nponopinionajibHa njioma^H no-

BepxHocxn xenjiooSMena S . /"-NTU-Mexo^ nossojiaex npOBo^nxb pacner c BLI-
COKOH xoMHOcxbio, Aenaa nonpaBKy na reOMexpHHecKyro KOH^nrypauHK) HOXOKOB
xenjioHoCHxejien O^HH oxnocHxejibHO Apyroro. Mexo^ ocHosaH na noaxanHOM
pacnexe xenjioo6MeHHoro annapaxa. Pacner HanHnaexca c ropaMeH nacxn nojior-
pesaxejifl, x.e. co cxopoHbi Bxo^a ra30B. TaKaa cxeMa pacnexa ^JIH FBTO, HMCK>-
mero MHCJIO xoflOB Z, noKasana Ha pnc. 10.12.

TeMnepaxypa BO^bi na Bbixo^e H3 FBTO B nepBOM npHSjiHacenHH onpe,ae^a-
H3 ypaBHeHHfl xenjiosoro 6ajiaHca (6es ynexa xenjiosux noxepb):

(Tr -Tr )I V " RX BtlX'W
T =TBblX fl (10.19)

Ha Kaa<^oM mare no H3BecxHbiM napaMexpaM xenjioHOCHTCJifl nepe,a pa^OM CCK-
naxo^axcfl ero napaMexpbi. /I^ra i-ro ps^a ceKUHii (xo^a) noflorpeBaxejia 060-

xeMnepaxyp npHHHMaiox BH^ comacHO pnc. 10.11, 6. Flo BbiHHCJieHHbiM B
mare napaiwexpaM c HHJJCKCOM i («BXO,aHbie» napaMexpbi) paccniiXbi-

eaioxca napaMexpbi c HH^CKCOM i + 1 («BbixoziHbie» napaMexpbi). Pacnex
xofla no Bo^e (pa^ia CCKUIIH) HMeex cjiejryiomyK) nocjie^OBaxejibHocxb:

a) onpejiejieHHe K03<J><])HU,HeHxa xenjioox^ann co cxopoHbi rasos;
6) BbiHHCJieHHe K03{^(J)HUHeHxa xennoox^aHH co cxopoHbi BOABI

MexojiOM HxepauHH nocne onpeACJieHHS xeMnepaxypbi cxeHKH xpy6bi);
B) pacnex K03^4tnuneHxa xennonepejiaHH, oxHecenHoro K miomaflH napyac-

HOH noBepxHocxH;
r) onpeflejieniie napaMexpa R:

IW •BOB' " raa-
4) pac^ex NTU;
e) BbiHHCJieHHe napaMexpa P =f (NTU, R, cxeMbi esanMHoro

(10.20)

xen-

IK) onpejiejieHHe xeMnepaxyp xenjionocMxeiieH c HH^eKcoM i + I:

T*-RPT*

i -RP
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3)
H)

pa, era

paciex pajja
pac^ex pa^a

HHX

(10.22)

TCMnepaxypu pa6o-

(10.23)
i + l

(10.21) TOIIHC

UHH X

15-674

(10.24)
«Bbixo#Hbie» napaMexpu xen^oHocHxeJiew £.1* ^aHHoro pa^a aBJiaroxca

«BxojiHbiMH» am cjie^yromero pa^a.

Floc^e nojiHoro pacqexa o^Horo puna CCKUHH Btino^Haexca HecKOJibKo HTepa-
UHfi aaa yxoHHeHHa xeMnepaxypHbix, ra^paBJiMMecKHx H a3po/(HHaMHHecKHX yc-
J10BHH, xaK K3K OHH BJIHflKIX Ha HpOUCCC xenjIOOSlMCHa MOK^y paSOMHMH TCJiaMH.

Flocjie pacnexa nocJie^Hero xo^a (x.e. nocjie^Hero pa^a cenuHH) B xenjiooS-
MCHHHKe cpaBHHsaioxca nojiyqeHHaa exo^Haa xeiwnepaxypa BO^W H Hcxo^naa H
npoBO/iHxca KoppeKTHpoBKa no cyMMapHHM a3pojjHHaMHHecKHM H rnapaBjiHHe-
CKHM conpoxMB^eHHaM. SareM BbinojiHaexca HecKOJibKo maros HxepauHH.

Ha pHc. 10.13 npejicxaBJiena yKpynneHHaa cxpyKxypnaa cxe\ia KOHcxpyKxop-
CKoro xen^oBoro pacnexa FBTO FTV-T3I4, a Ha pnc. 10.14 — cxpyKxypnaa cxe-
Ma pacnexa rjiaenoro Mo^y^a FBTO.

PacHer renjioBoH cxeivibi ororiHTejibHoii FTy-TSIJ,. Ha OCHOBB paspaSo-
xaHHbix nporpaMMHbix npo^yKXOB fliia pac^exa 3JieMCHxoB FTy-T3IJ H MCXOJIH-
KH pac^exa pasjiHHHbix xenjioBbix CXCM FTy-T3I_t, npHBe^eHHbix paHee, cos^ana
nporpaMMa, pea^H30BaHHas Ha 6ase 3JieKxpoHHHx xaQjiHU Microsoft Excel 5.0
H npe^cxaBJiaiomaa coSoii paSonee npocxpaacTBO HS HecKOJibKHX ^awJioB. Flo
3XOH nporpaMMe c yqexoM HCXOAHUX ^aHHbix paccMHXbiBaiox noKasaxejm pa6o-
XH oxonHxeJibHOH FTY-T3I4 (npH onpe^ejieHHow xeMnepaxype, B npunaxoM
£nana3OHe xeMnepaxyp H rojjOBbix nonasaxejiefl npOHSBo^cxsa H ornycKa 3^eK-
xpHMecKOil 3HeprHH H xenjioxbi),

ripw pacnexe ynnxuBaiox xnn H cocras xonJiHBa, BJiHanne aspoziHHaMHiecKo-
ro conpoxHBJieHHa FBTO Ha napaiwexpLi FTY, a raK^ce Hcnojibsyior ajiropnxM
nonpasoK paSoxbi FTV-T3I4 Ha £o>KiiraHne xon^HBa B noroKe yxo^aiiiHx rasoe.

Ha pHc. 10.15 H3o6pa*eHa yKpynneHHaa cxpyKxypHaa cxeMa onpezie^eHH«
noKasaxeJien xenjiosoH SKOHOMHHHOCXH FTy-T3Lt, B Koxopow ^ana oSujas no-
cjie,noBaxejibHocxi> maros npii BbiHMCJieHHH SXHX noKasaxe^eii: onpe^e^enHe HHC-
Jia pa6oxaioiUHX FTY, nHKOBoro ncxo^HUKa H oxnycKa xenjiotbi noxpeSHxe/iSM,
paciex 3HaneHHH npowsBO^HMofi H oxnycfcaeMOH" xenjiorw, noKasaxe^en xen^o-
BOH 3KOHOMHHHOCXH FTy-T3Lt-

Ha pHc. 10.16 npe^cxaBJien (JjparMeHT cxpyKxypHofi CXCMH pHc. 10.15 B paa-
BepnyxoM sapnaHTe: noxasaH pacnex napaMexpos FTy-T3U ^jra onpe.aejieHHOH'
xeMnepaxypbi HapyjKHoro B03^yxa B xenjioBOH cxerne c HcnojibsoeanHeM
raHHH xon^Hsa H SalinacHpoBaHHa Hacra rasos MHMO FBTO.

McnojibaoBaHHe aannoro nporpaMMHOro npo^yKxa nosBOJiaex c
xoMHOCXtro onpezteJTflxt noKaaaxe^H pa6oxw FTy-T31H^jia pasjraiHbix KOM6HH3-

xennoBwx H 3jieKxpnHecKHX HarpysoK.
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/ Bsofl aaHMMX no TOIUIHBY (HS (paitna) V

BBOH flaHHLix no THnoBoft ceioiuu (HS tpaftjia)

OnpejiejieHHe reoMerpiraeciaix napanerpoB KOMHOHOBKH
Tpy6Horo nyqita

Bfioa KOHCTpyxTHBHHx napaMcxpoB noflorpeBarais (n

BBOS peacHMHux napaMerpoa ITV (GKT, O]CT, TK T)
no BceMy flManaaoMy TCMnepaxyp (HS 4>afina)

/ Bfloa pacxofla cereaoii BOJIH GC /

/ Bsofl TeMneparypu BOJQJ na sxoae T^ /

*Bsofl TeMneparypH Hapyxnoro sosoyxa T B

OnpeaeneHHe napaMerpoB TTY (GtLT, aB
epi

I
OnpeaenCHMe TCMnepaiypu BOfliJ 7"oc

B nepBOM npitSjiHxccHHH npHHHMaercH 7^ = T'

OnpefleneHneflflflnepBoronpH6jiiaceHHH
MS TeiuioBoro 6ajiaHca

PHC. 10.13. VKpynHeiiHan crpyKTypiiaa cxewa paciera TBTO
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MnepaTypu TennonocHTejiefi nocne
: no Bofle r " .„; no rasaM rJBbJLArLM D

ITpeflBapHTwibHoe onpeaejieHHC TCMnepaTypu TeimoHocirreneit
nopsnaMccKUMfl

AapoflHHaMmecKHe conpornajieHHa npnmiMaiOTCfl paBHtiMH nyjiio

Haiano pac-iera paaa

Onpeflejienwe cpejiHHX no pany leMnepaiyp TennoHOCHreneK
H onpeflejieHHe no HUM: W*t R^, tt

OnpejiejieHBe TeMnepaiypbi CTCHKH

y-roiHCHHe TCMnepaiypu CTCHKH

Pacgei nmpaBJiinecKHX conporaMenHfl TpySo

yTO^HCHHe KO3(p<|>HmieHTa a.

OnpeaejicHHe Koatp^nuHeHTa xenjioncpefla^H k

PacHCT leMnepaTyp TenJiOHOCHTejieii 7j.^.j, 7" .̂]

I
Packer aapoflHHaMmecKoro conpoTHBJieHHH pafla

OnpcflejicHMC MOIOHOCTH noflorp
QB, no raaaM Q

PHC. 10.14. CrpyKTypHan cxeMa paciera rjiaBnoro Moayjin TBTO
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B«6op CXCMM rry-xsu,
BBO3 MCXOflHHX flaHHhlX

Packer npoHssoacTBa H omycica arcewpmecKoft
3Hcpran H TCIIJIOTIJ, pacxofla ToiuiHBa;

TCIBIOBOii 3KOHOMH1HOCTH

Paciei napaMerpoB FTy-T3Ll
npH pa6ore B JieiHHft nepnoa

OnpeflejieHHe roflosux nOKaaarejieft rry-T3U,
packer roaoBUX noKaaaxejiefi TCILJIOBOH 3KonoMHinocTH

rxy-xsu,

PHC. 10.15. CTpyKrypnaii cxewa pacicia FTy-T3IJ

PHC. 10.16. CrpyKTypBaa cxena paciera napawerpoB rTV-T3U, flJis CXCMW c aoacHraHHCM TO-
ujiiiita H 6aiinacHpOBaHHeH -lacrii ratoe
452

ren/ioBoii CXCMBI npoMbiuiJieHHOfl rTV-T3It. TanoS paciex BO
MHOFOM noBxopaex aHajjorn^Hbift pac^ex xenjioBofi CXCMBI FIFy c Ky (CM. TJI. 8).
KoHCTpyKXOpcKHH H noBepoHHbiii xenjiOBOH pacnexw nocjieflHero no3BoJiaK>x on-
pe^eJiHXb KOJTHHecxBO H napaMexpw renepHpyeMoro TexHOJiorHHecKoro napa.
3HeprexHMecKHe noKasarejiw raKOH FTy-T3H paccMHXbiBaiox no 3aBHcnMOcxaM,

B § 10.2.

10.4. PEry/lMPOBAHME OTRVCKA TEfl/lOThl HA rTY-T3M

AnajiH3 xenjiOBtix CXCM npOMbiuiJieHHbix H oxonnxejibHbix FTy-T3I4 noxasu-
saex, MXO neoSxojiHMo ynnxbrnaxb ocoSeHHOCTH rpa^HKOB oxnycKa xenjioxw no-
xpe6HxejiaM (pnc. 10.17). IlpH BbiSope onxHMaji&Hoft cxeMbi ^jia Kaac^ofi H3 3XHX
T3LJ, cymecTsyioT paajiH^Hwe xexHo^ornHecKHe pemeHHa. HanSojiee o6men MO-
scer 6bixb xenjioBaa cxeMa FTy-T3L(, npHBe^ennaa Ha pnc. 10.18, Koxopyio
MO*HO Ha3Baxb KOM0HHHpoBaHHOH (yHHBepcajibHOH). Tanas cxeiwa o6ecneHHBa-
ex noKpwxne oxonnxeJibHott narpy3KH H oxnycK xexHOJiornHecKoro napa, FIpH
axoM npe^ycMoxpeHo ao^nraHHe TonJIHBa H SaHnacHpOBanne ra30B B o6Bo^ Ky

PeryjiHpOBanHe oxnycKa xenjioxu HaH6oJiee aKxya/ibHO ^Jia oxonHxejibHbix
FTy-T3U, Koraa npnxo^Hxca pemaxb o^Hy H3 ̂ Byx sajian;

1) noABO^ ^onojiHHxejibHoro KOJiUHecxsa xennoxw B XOM c^ynae, ecjin xenuo-
saa MomHocTb FBTO MCHtuie, HCM xpe6yexca corjracno oxonnxejibHOMy rpai|)HKy;

2) yMeHbiueHHe xenjioxu, nepe^asaeMOH npOMwuuieHHOMy H (H;IH) xenjiO(f)H-
KauHOHHOMy xenjiOHOCHxejiio B XOM cjrynae, CCJIH xenjioBaa MOIUHOCXB FBTO
npeBuiuaex xennoByio Harpysny cexw.

F7pn pemeHHH nepsofi sa^ann BosMoatHbi CJie^ytomne Bapnanxbi:
nHKOBbix BojiorpeRnbix KOTJIOB ^Jia ^orpesa cexeBofi BO^bi;

^o)KHraHHH xonjiHsa B noxoKe yxojxamHx rasos nepe^ FBTO. Hpn
ft cxeMbi H ̂ o^KHraHHH 3HaqnxeJibHoro KojiKHecxsa xonJiHBa npaivie-

Haexca peuupKyjiauwfli rasos ^Jia CHHacenna xeMneparypnoro HanpaJKCHHji B FBTO;
BnpwcK BO^bi (napa) B KC xyp6iiHbi;

FTy B pe>KHM nuKOBoii narpysKH.
jjono^HHxeJibHoS xen^orti MOXHO H36e*axb, ecjiH BbiSpaxb raso-

oSopyjjoBaHHe AUK FTy-T3H xaKHM o6pa30M, nroSbi xenjioxa yxo^a-
rases FTy (HJIH HecmnbKHx FTV) OKasanacb ^ocxaxoHHOH ^jia noKpwxHa

Hwyiwa xenjiOBOH Harpy3KH. 3<J>$eKXHBHOCXb
xaKoro pemeHHa ne oneBH/iHa.

CpeztH B03MO*Hbix TenJioBbix cxeM /iJis peiue-
HHfl BXOpOfl 33A3HH BHJjeJTHM CJie/iyK>mHe xeXHHH6-
CKHC pemeHHa:

FTy-T3I^ BKJHonaex B ce6a HecKojibKO 3Hepro-
SJIOKOB FTy c rasoso/iaHbiMH xenjioo6MeHHHK3MH,
paccMHxanHbix na pasnyio

PHC. 10.17. HsMeHeHHe renjioBou iiarpy:iKn B TCHCHHC
SJia npoMbiui/ieuHOH (1) H oioimreju-Hiifi (2) T3IJ

TeMneparypa HapywHoro &Q3jsy\a, cooTseTCTByiomas
ofl (MaKCHina^bHOfl) OTonHTejitHofi narpysKe; T —

TeMiiepaTypa HapyM(Horo Bt>3n.yxa,
(KOHUy) OTOnMTCJIbHOrO CC30H3
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TOIIJIHBO

AHMOCOC

PHC. 10.18. yHHBepcajibHaH TeiuioeaH cxeivia ITy-T3U

paSotbi. Hx nooHepeAHoe BKJiiOHeHHe H HSMeneHne narpysKH FTY B
Hbix npeAeJiax HOSBOJISHOT noKpbisaTb Sojibiiiyio nacTL TenjiOBbix narpyson;

CHHJKCHHa TCHJIOBOH MOIUHOCTH FBTO HCnOJIbSyCTCfl 6aHnaCHpOB3HHe
c noMombto SaiinacHoro rasoxoAa H cooTBercTByiomHx mnSepOB;

OTnycK TenjiOTbi peryjiHpyeTca B CXCMC c HcnojibSOBamieM peunpicyjiauHH
nepes FBTO H no^MeiUHBaHHeM oSpaTHon CCTCBOH BOAW K BOAC Ha BHXO-

Ae H3 FBTO;
peryjiHpOBaHHe TennoBoR narpysKH FTy-T3IJ, TaKJKe BOSMOJKHO B pesyjibTaTe

H3MeneHHa HarpysoK FTV.
JJjia peryjiHposaHHa TenjiOBbix narpyaoK B npeAejiax cyTOHHbix KOJie6aHHH

TenjiOTbi HcnojibayioT aKKyMyjiaTopbi ropflneH
Ty-T3LJ, B03Moa<Ha pasjiHHHaa

TeXHHHCCKHX pCllieHHH. IlpH 3TOM H6O6xOflHMO yMHTblBaTb
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npn ocTaHose O^HOH S^OHHOH ycTanoBKH FTy-T3IJ, ocTaBiiiHeca SJIOKH BMC-
CT6 C DHKOBblMH HCTOMHHK3MH AOJI^Hbl o6ecn6MHBaTb 70 80 %

na OTonnenHe, BenTUjrauHio H ropanee BoziocHaSacenHe;
B HCKOTOpbix cjrynaax nepe^ana TenjiOTbi OT KV (FBTO)

Ha ocymecTBJisiTbca nepes npoMexyroHHbiH KOHTyp, B KOTOPOM
KyjTHpyeT oSecco^eHHaa Bo^a HJIH KOHjjeHcaT. ripn STOM yjiynmaeTca Tenjioo6-

B FBTO, OH samwmeH OT sarpaaneHHa, OTnajiaeT neoSxo^HMocTb B peunp-
BOflU, HO SHaHHTCJlbHO yBeJIHHHBaiOTCa MeTaJlJIOCMKOCTb yCT3HOBKH H

CTOHMOCTb.

pa3JiHHHbix MCIOJOB nojjBOAa .TonojiiiHie.ibnoii renjio-
TW na rxy-T3IJl. rioKasaTejiH FTy-T3F( paccHHTbisaioT AJIH pasnbix TeMnepa-
Typ napyacHoro Bos^yxa. B 3aBHCHMocTH OT cxeMbi FTy-T3U, H rpa<})HKa ojnyc-
Ka TenjiOTbi HcnojibsyiOT paajm-mbie aJiropHTMbi onpe^ejieHna OCHOBHHX noKa-

FTy-T3LI.

ECJIH TenjiOTbi rasos na Bbixoae FTV ne xsaTaeT fljia oTnycKa noTpe6nTejiaM,
oSecneHHTb noABOA flonojiHHTejibHoro KOJiHHecTBa TenjiOTbi. OAHH H3

nanSojiee nepcneKTHBHbix cnocoSos TaKoro no/iBOAa rennoTbi —
nojiHHTejibHoro KOJiHHecTBa TonjiHBa B cpeAe BLIXOAHHX rasos. B cxeMe
HHH B FTy-T3U[ AOJiacHbi 6biTb npeAycMOTpenu pasiiHHHbie 3KcnjiyaTauHOHHbie
peacHMbi paSotbi, TaKwe K3K:

IM 6es AoacuraHHa TonjiHBa;

c AOHCHraHHCM TonjiHBa B cpc^c yxoAamHX rasoB FTy HJIH B XOJIDJI-
HOM BOSAyxe BCHTHJiaropa aBTOHOMHoro peacHMa;

aBTOHOMHblH pe^HM (FTV ocTaHOBJieHa) H cacHFaHHe TonjiHBa B cpe^e XOJIOA-
HOFO BosAyxa.

OAHHM us noKasaTCJien TenJiOBOH SKOHOMHMHOCTH FTV-T31J, cjiyscHT neo6-
XOAHMOe KOJIHHCCTBO TOHJIHBa A.IIJ1 flOHCHraHHfl. DpH 3TOM CJICflyeT yCTaHOBHTb,
HacKOJibKO nojiHO yTHJiH3HpyeTCfl TenjiOTa, nojiy^aeMaa npn catHraHHH
B AonojiHHTejibHOH KaMepe AO»cnraHHa.

CxeMa TenjiOBbix HOTOKOB B FBTO H AonojiHHTejibHOH KaMepe
npeACTaBJiena na pnc. 10.19. TenjiOBbie HOTOKH, noKasaHHbie na pHC. 10.19, MO-
ryT 6biTL sanHcaHbi TaK:

TenjiOTa rases nepe^ FBTO npH AOjKHraHHH

(10.25)

(10.26)

(10.27)

(10.28)
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yTHJinsupyeMaa B FBTO,

Ten/ioTa, oTnycxaeMaa noTpe6HTejno,

TennoTa yxo^amnx rasos FBTO npn

tt*



FBTO FBTO \

PMC. 10.19. CxeMa pacnpe/iejieiiHn TenjiOBbix HOTOKOB B FBTO
Oea ^OJKiiraHHH (a) H npii jo/KHraiiim (6) TOII.IHBH

Bosjjyxa

Flocjie BbiHHCjieHHa noicasaTejieH rasos nepejj FBTO npOBOHHTCfl noeepOHHbiH
pacneT FBTO, onpe/iejiaiOTca napaMerpbi rasos 33 HHM. flajiee Haxo^HTCfl ysejiH-
neHHe TeimoTbi rasoB sa FBTO H no (10.31) paccHHTbisaeTca fleHCTBHTejibHbiH pac-
xoji TonjiHBa B K^. Flocjie nero pacneT noBTopaeTca. ECJIH nocjie 2-K HiepauHH
TOHHOCTb pacnera xya<e acejiaeMOH, nposo^HTca 3-a HTepauwa H T..U.

ECJIH B cxeMe FTY-T3LI npejjycMOTpeno Hcnojib30B3HHe necKOJibKHx Typ-
SHH, TO napaMCTpu rasos nepe^ FBTO .zyia /-H HTepaunn c yneTOM KOJinnecTBa
^o^HraeMoro TonjiHBa onpe^ejiaroTca cjie^yioiiiHM o6pa30M:

C yneTOM Bbipa>KeHHH (10.25)—(10.28) pacnpe^e^CHHe TCIIJIOTW ^o>KHraeMo-
ro TonjiHBa MOHCHO 3anncaTb B BH^C

(10.29)

onpe^eJiaeM cooTHOiueHne Meac^y ^onojiHHTejibHOH Tenjroroii, Tpe-
Sytomenca ^Jia OTnycna noTpe6«TejiK), H pacxoaoM no^Be^eHHoro B K,

(10.30)

TenjiOTbi floacHraeMoro TonjiHsa, ynocHMOH c yxo^amHMH rasaMH (Q

~Qyx)> HeSHaHHTCJIbHa, H B HepBOM npHSjIHaceHHH ee MOaCHO npHH8Tb paBHOH

Jito. Tor^a

(10.31)

rae «T — HHCJIO FTV; Z0 — TeopeTHHecKH Heo6xo^HMoe KOJIHHCCTBO

^jia OKHPSHHS 1 KF TonjiHBa.

PscHCTbi noKasajiH, HTO ^Jia ^ocTHacenHa TOHHOCTH npn onpe^ejieHHH TCMne-
p3Typw rasoB sa FBTO B npe^ejiax ±0,05 °C Tpe6yeTca TpH-naTb HTepauHH.

HHCM paSoTbi FBTO. VcTanoBjieHO, HTO npn Hcnojib30B3HHH ^oacnraHna yse^H-
HCHHe TCMneparypbi rasoB sa KJ\ conpOBoac^aeTca POCTOM TeMnepaTypbi rasos
3a FBTO. OflHaKO cjie^yeT OTMeTHTb, HTO OTHOcHTejibHbiR npnpocT TenjioTbi ra-
3OB sa KJJ 3H3HHTejibHo npeBwuiacT aHajiorHHHbiH npnpocT renjioTH rasoB sa
FBTO. O603H3HHM 3TH COOTHOIUCHHa TaKI

^ = ̂ ^; (10.37)

onpejiejiaeM
POH

rasos

e ax
K.T=

3HTajibnHK> rases

napaMCTpbi rasos sa

(10.32)

(10.33)

" ~
-yx

Q,

CoOTHOlUCHHe
1̂  K no^Bo^HMOH TenjiOTe B FTY

= £T = ̂ Tr^RlK p ft
Ql B™

SaBHCHMOCTb K03(J)4)HUHeHTOB £yx H

rw FTY-T3q na npwMepe FTY
pHC. 10.20.

(10.38)
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KOJiHHecTsa

(10.39)

OT (3^ ZlJIfl p33JIHHHbIX pOKHMOB

GT8C 4)HpMbi ABB noKasana H3
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0,02

PMC. 10.20. 3aBHCHinocTb OTHOCHrejibHoro npHpocra renjiorbi TA KaMepoft
H 3a TBTO k or aosm aojKiiraHHH ronjiuea |3a)K npu pacxoje cereaoil Boabi Gc_B, Kr/c:
/ — 500; 2 — 400; 3 — 300; 4 — 200

Hacxo jxna wnoJiHHxejibHoro oxnycKa xenjioxbi noxpeSnxejuiM B nepHO^bi ee

nHKOBOro noxpeSjieHHfl Hcnojibsyrox nHKOBbie BO^orpenHbie KOTJibi (FIBK). Ko-

JIHHCCXBO TonjiHBa, OKiiraeMoro B HHX, onpe^ejiarox MS BbipaacenHa

n n rry-x3u _ „ rexo

B™v = ~^- = ^— . (10.40)

3xox pacxofl saBHCHT ox npHHsxoro Koa^^HuneHxa xenJio<J)HKauHH H KOH-

KpexHoro pe)KHMa paSoxw FTY-TSIJ B COOTBCXCXBHH c rpatJtHKOM oxnycKa xen-

Jioxbi norpe6HxejiaM.
CpaBHeHHe ^syx ynasaHHbix BapnanxoB noKpuxna nHKa noxpeSjieHHa xenjio-

TU Ha rTV-T3Lt ocymecxsjiflrox B Kaac^OM KOHKPCXHOM cjiynae c ynexoM BCCX

ocoSeHHocxeH npHHflxbix xexHOJiorHHecKHx peiiieHHft.

Mcnojib3oeaHHe pasnbix renjioebix cxeM oTBoaa HSJiHuiHeii

B TBTO rTy-T3IJ. B cjiynae, Korjja renjiOBofi noxeHunajr rasos Ha
FTV npeBbimaex KOJIHHCCXBO xenjioxbi, neoSxo^HMoe RJIH oxnycKa noxpeSnxe-

jiK), B03HHKaex noxpeSHOCXL B OTBO^C onpe^eJienHOH nacxn xenjioxbi 3XHX rasos.

Cpe^H paSJIHHHblX xeXHOJlOPHHCCKHX peuICHHH, n03BOJlflIOIliHX peiHHXb fl3H-

Hyro npoGjieiwy, HanSojiee npHMenaeM oSsofl BMXO^H&IX rasos FTY MHMO FBTO.

OCHOBHOC npeHMymecxBO xaKOH cxeMbi — neBbicoKne flonojiHHxenbHbie Kannxa-

JiOB^o^eHHa, a xaK«e 3HannxejTbHaa ManeBpeHHocxb H Ha^eHfHOCXb ycxanoBKH.

FIpn Hcnojib30BaHHH 6aHnacHpoBaHHfl rasos nyxeM HSMeHCHna pacxo^a rasoe
nepe^ FBTO npOHCXo^Hx HSMeneHHe xapaKTepncxHK xen^oo6MeHa B FBTO.
3xo, B CBOIO onepe^b, npHBoflHx K H3MeH6HHK) napaMexpoB rasoa na Bbixofle FT.

Hcxo^a H3 3xoro, KOJiHHecxBO rasoB, nojjaeaeMbix B TBTO, cjre^yex
HxepauHOHHtiM MCXOAOM, Hcnojibsys
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onpe/iejieHHe xeMnepaTypw npflMoM cexeBon eoaw np« ycjiOBHH orcyxcxBHS
HHfl nacTH rasos (c ynexoM napaMerpoB rpa$HKa oxnycna xen/ioxw,

n it noKasaxejiefi paSoxbi FTY)

rncl =/(«T, GK T ; -,c?r (10.41)

npejiBapHxejibHoe onpe^ejieHHe KOJiHHecxsa rasos, npoxoflamnx Hepe3 FBTO,
Ha OCHOBe xenJIOBOro Sajianca Ges ynexa JOMeHeHtis TCMnepaxypbi ra30B 3a FBTO:

•̂  ; ; (10.42)

xenuoBOH pacnex FBTO, onpeaejieHHe xeMnepaxypbi npflMOH ce-
c ynexoM SaHnacupOBaHHfl nacxn rasos (pacnex nposo^Hxcfl no pas-

paGoxaHHOH B HHJT «FTY H FIFY T3C» M3M nporpaMMe)

rac, = Program GVTO(«T? G5 M, TKT, aKT, GC.B, roc). (10.43)

ECJIH reMnepaxypa npaMOH cexesofl aoflu nojiyMena c ynexoM 3a/iaHHoK XOH-
HOCXH, xo onpe^ejiarox see Heo6xojiHMbie napaMexpbi cexesoR ycxaHOBKH; CCJIH
HCT, TO yTOHnaiox pacxo^ rasoB nepes FBTO

- V8/-1
1 ~~ o.c

(10.44)

nonocjie nero Bosspamaioxca K onpejieJieHMK) xeMnepaxypbi cexesofl
(10.43) c ynexoM yxoHHeHHoro pacxo^a rasos qepe3 FBTO.

HoKasaxejiH xenjioson 3KOHOMHHHocxH FTY-T3L1 B pe^HM
rasoB naxo^sxca, KaK oSbmno.

fljia HesHaHHxejibHoro CHHJKCHHa no^BO^a xenjioxbi, a xaKwe jyia
peiKHMa Ha,aea<HocxH FBTO (^Jia no,zmep)KaHHa xeMnepaxypbi BO^H na
B FBTO na ypOBHe 60—70 °C) MOJKHO npHMenaxb cxeMy c no^MeiiiHBaHHeM 06-
paxHOH CCXCBOH BOflbi B JIHHHK) npaMOH cexeBOH Bojjbi, Hcnojtbsyfl KOHxyp peunp-

i. YnpomeHHaa xexHOJiorHHecKaa cxeMa xaKoro BO^anoro nonxypa
3Hepro6jioKa npHse^ena na pnc. 10.21.

JlHHHa 6aiinacHpOBaHHfl HeoSxoflHMa juia nojiMeiuHBaHHfl o6paxHOH cexeBOH
c uejibfo cHH3HXb xcMnepaxypy BOflbi nocjie FBTO 40 snaHenHfl, cooxBex-

cTByromero cexeBOMy xeMnepatypHOMy rpa(J)HKy.
), HXO cjie^yex onpejiejiHXb xeMneparypy so^bi na Bbixo^e H3 FBTO,
ox xeMnepaxypbi BOABI B npaMOH H oSpaxHOH cexn H xeMnepaxypbi

na Bxojie B no^orpeBaxejis.
CocxaBJiaeM ypaBHCHne xenjioBoro Sajianca ^Jia XOHKH cMeuieHHS Bo/ibi JIH-

HHH peuHpKyjiauHH H oSpaxHOH cexcBoii BO^W (npwHHMaeM, HXO y^eJibnaa xen-
JioeMKocxb BOflbi nocxoflHHa):

G (T — T ) — (G — G }(T — T } (10.45)

OxKyjia



1

FBTO

J

TBX
GrBXO

T T 71,.'sax. BHX n.c
GFBXO

BP^
Tsax

i rf \
3 **>

.

T•*o.c

GC.B

r

CH T
-fiV-i

npH.viasi
TeruioBan
CCTb

O6paTHaa; TcnjioBaa

PHC. 10.21. YnpomeHHaa cxeivia Konrypa jncprofi^oKa no cereBoii
PBTO — ra30BOflflHOH TeruiooSMeHHHic; HP — Hacoc peuiipKyjiauHH; EK — 5m-
nacHufl KJianan; CH — ceTCBoti nacoc; EC — npaMaa CCTB; OC — oGparHaa CCTL

TenjiOBOH SajiaHC ^Jia XOHKH cMeiuennfl BO^bi H3 o6paxHO^ CCXH H Bo,abi na-
me FBTO BbirnflAHT c^e^yromHM o6pa30M:

GsafinC^, - ro.c) = (GC.B - G6afin )(rBHX - rn.c); (10.47)

T — TBHX n.c
r -TBblX O.C

(10.48)Gfi - =

Pacxoj Bo^bi Hepe3 nojiorpeBaTejib CBasan c pacxojjoM cexeeon BO/IU COOXHO-

(10.49)

= Gpeu-
Ha Bbixojie H3 FBTO na

6bITb [H3 COBMCCXHO-

(10.50)

paBCHCTBa pacxo^OB GC B = GrBTO Heo6xo^HMo,

BbinojiHHJTHCb 3TH paBCHCTsa, TCMnepaxypa
anasoHe TeMnepaxypbi HapyxcHoro BO3^yxa

-o pemeHHa (10.45) H (10.48)]

TeMneparypa Ha Bbixo^e sceraa /ioJiM<Ha npeBbiiuarb Bxo^Hyio TeMnepaTypy
pa3HocTb TCMnepaxyp npHMOH H o6paxHOH cexeBOH soflbi. TaKHM

3aBHCHMocxH xeMnepaTyp BO^bi ox xeMnepaxypbi Hapyacnoro sos^yxa
FBX = 60 °c npHBe^eHbi na pHC. 10.22.

KaK BHJIHO H3 pHC. 10.22, 3XOX MCTOfl peryilHpOBaHHfl BHOJIHC HpHCMJieM. OH
io3Bojiaex npH HeSojibiiiHx KannxajitHbix BjioaceHHjix nonyMHXb Ha^eM<Hyio cxe-
<ty peryjiHpoBaHHH oxnycKa xenjioxbi noxpeSHxejiro. Hapa^y c GaKnacHposaHHeM
^asoB aaHHbiH Mexofl HaH6o;iee npneMJieM B flCHCTByroiuHX ycxanoBKax.

/JocxaxoHHo npocxo CHHsnxb xennory rasos, yxHJiH3HpyeMbix B FBTO,
/MCHbuieHHeM HarpysKH FTY. He^ocxaTKOM xaKoro pemeHHfl Moacex OKasaxbca
;HHaceHne Kllfl nponsBozicxBa sjicKTposHeprHH coScxseHHO FTX HXO cepbesHO
JJiHaex na noKasaxejiH XCUJIOBOH SKOHOMHHHOCXH FTy-T3U B UCJIOM.

160

r.-cp
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40
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PHC. 10.22. 3aeHcnMOCTb reMneparypbi BO;IM OT Teiuneparypbi
napy%Horo Boiayxa (CM. cxe»y na pwc. 10.21)

O C ' BX' BblX' n.C

90

85

80

75
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PHC. 10.23. B.iiiHHise H3MeneHHH iiarpyiKii FTV na 3KoiioMH iiHOfTb rTY-T31(
1,2 — 6e3 BHA; 3,4 — c npHMeneHneM BHA (7"H B - -5 °C)

npeHMymecxseHHo Hcnojibsyioxca Asa Mexo^a peryjiHpoBaHHH HarpysKH
nyxeM HSMCHCHHa HanajibHOH xeMnepaxypbi rasos nepe,a FT FTV;
nyxeM H3MCHeHHfl pacxo^a BO3^yxa nepea KOMnpeccop FTy c noMombro BHA.
Ha pHC. 10.23 npHBeflCHbi noKasarenH HSMeneHHs SKOHOMHMHOCXH FTy-T3IJ

npn peryjiHpoBaHHH xennoBoK HarpysKH nyxeM HSMCHCHHSf HarpysKH FTy B ;nia-
nasone ox 78 j;o 100 %. /I,aHHbie nojiyMenbi RJIX FTV xnna GT8C npn xeMnepa-
xype napy>KHoro eoa^yxa — 5 °C.

KaK BHJIHO H3 pnc. 10.23, npHMeneHHe BHA no3Bo^flex peryjinposaxb narpysny
FTy-TSTJ, c MeHbiiieH noxepett 3KOHOMHHHOCTH, IBM HSMeneHHe HanajibHOH XBM-
nepaxypu rasos B FTV, npn SXOM noKasaxe/in SKOHOMH^HOCXH (KFl^ npoH3BO^CTBa

3JI6KXp03HeprHH Tlr H KO^J HCHOJli,30BaHHH XeUJIOTbl XOHJIHBa T1HT) CXaHOBflXCfl

Bbime. npH HCnojibsoBaHHH o6oHX MCXOAOB orpaHH^eHa BOSMoacHOCTb peryjiwpo-
Baxb ^nana3on HarpysKH (ox 60 #0 100 %). KpoMe roro, 3TH Mexoflbi peryjiHpoaa-
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5 % — apyrae norepn

PHC, 10.24. TenjiOBaH cxeivia FTY-TSU^ c aKKyMyjiirropoM
777 — TcnjiOBofl nyHKx; H — Hacoc; OTc — ofjbeicr

OTc

HarHexaxejib

PHC. 10.25. Cxcivia xeujroBOro

HHSI H6Jlb3fl npHMCHSTb npH 3aHaHHOM 3H3HeHHH OTHyCKa 3JieKTpO3H6prHH. Hx HC-
nojibsoBaHHe uejiecoo6pa3Ho BMCCTC c MerojjaMH SafinacHpoBanHfl nactH
rasoB MHMO FBTO H peuupKyjumHH nacxH CCTCBOH BO^LI (CM. puc. 10.21).

mewombi Ha rTY-T3L( yjiynmaiOT yTHJinsaiiMK)
rasoB FTV, ran KaK nosBOJiflrox KOMnencHpoBaxb B

npejjejiax KojieSaHHe oTHocHTejibHOH narpysKH y noTpeSHTejien B reneHHe cy
TOK (PHC. 10.24). 3ro .aaex B03MO)KHOCXb ocymecxsjiaxb noflorpee CCXCBOH BO^B
npH HCHSMCHHOM ee pacxojje H coxpaneHHH HarpysKH FTy. HsSbixoHHoe KOJIH
HCCXBO 3XOH Bo^bi nocxynaex B xenJiOBon aKKyMyjiaxop, npHHUHn paSoxbi KOXO
poro noKasaH Ha pHC. 10.25. OxHocwxe^bHo He6ojibiiiHe no BMCCXHMOCXH xenjio
Bue aKKyMyjiaxopw nosBOjunox yjiyniiiHXb noKasaxe^H xenjiosoH SKOHOMHHHO
CXH FTy-T3Ll. Ha CbiKXbTBKapCKoR nry-T3Lt ^na SXOH UCJIH ycxaHOBJienbi as
Sana — aKKyMyuaxopa ropflHen cexeBoK BO.W BMecTHMocxbro no 5000 M3 (B co
OXBCXCXBHH C HOpMaXHBHblMH
462

10.5. MCnO/lb30BAHME flMAPPAMMbl PEJKMMOB PABOTW 3HEPrETMHECKOrO
«rry - KV {rBTO)» rry-rau HA CTA/IMM EE

10.5.1. OcHOBbi nocTpoeHHfi AHarpaMM pe^HMos pa6oru aHepreTHiecicoro

riy-T3L( HMCCT CBOH oco6eHHocxH, csasaHHbie c nocxoaH-
H3MeH6HHeM napaiwexpOB paSonero xejia B TTY Flo^ BjrnaHHeM napaMerpOB

sosAyxa H3MCHflK)xcfl MomHocxb na BbiBOAax sjieKxporenepaxopa yc-
xanoBKH, xernnepaTypa, pacxo^ H xenjioxa rasoB 33 FT, 3jieKXpHMecKaa narpysKa
FTy o6biHHo peryjiHpyexca H3MeneHHeM yrna naooHa BHA H FIHA nepsbix
cxyneneH OCCBOFO KOMnpeccopa Fiy, a xaK^ce B03,aeHcxBHeM Ha pacxo^ xonjiHBa.
Pa3JiHHHbie XHiibi 3HepreiHHecKHx FTV no-pa3HOMy pearHpytox Ha H3MeneHHe
3JieKxpHqecKoK narpysKH H napaMexpos Hapyacnoro sosayxa.

CpaBHCHHe BapnaHxoB xenjioBbix cxeM FTy-T3LJ, ocHOBbifiaerca, npeacae sce-
ro, Ha aexa^bHOM pacnexe HX xenjioBbix CXCM, Koxopbiii nosBOJiaex onpe^ejjHXL
ocHOBHbie noKasaxejiH xen^oBOH SKOHOMHHHOCXH. FIojiesHUM HHcxpyMenxoM
npH npoeKXHpoBaHHH H 3Kcn;iyaxauHH FTy-T3L[ Moryx Swib ^warpaMMbi peacn-
MOB paSoxbi, n03BOJi«K)iUHe sHannxejibHO ynpocxnib oueHKy H Bbi6op oSopyjio-
BanHfl, a raKace onxHMajibnoro cocxasa FTy-T3LJ.

OcHOBHbie napaMexpbi pa6oxbi FTy-T3IJ,, oKasbiBatomne BjiHflHne Ha ee 3KO-
HOMHMHOCXb, flBJlflK)XCfl BCJTHHHHaMH BSaHMOCBflSaHHblMH, H HX MOJKHO npe/jCXa-
BHXb H6 XOJlbKO B aHaJIHXHHCCKOM, HO H B rpa(J)HMeCKOM BH^C.

B Ka^ecxse napaiviexpoB, Hcnojib3yeMbix npn nocxpoeHHH jiwarpaMMbi peacn-
MOB, 6buin BbiSpanbi

xeMnepaxypa T C;

npH pa6oxe B aBXOHOMHOM peacHMe3jieKTpHHecKaa

MBx;
xenjioxa rasos Ha B&ixo^e FTy QKT, MBx;

Bbipa6axbiBaeMafl renjioBaa MOUIHOCXL FTy-T3U Q^, MBx.

3xH napaMexpbi cBssanbi Mex^y co6oH KaK noKasaxe^aMH
xaK H cjie^yromHMH BcnoMoraxejibHLiMH napaMexpaMH:

KFI/I FTy B aaxoHOMHOM peacHMe rir' , %;

_
Bbipa6oxKOH 3JieKXpo3HeprHH Ha xenjiOBOM noxpeojieHHH 3r

3KOHOMH4HOCTH,

xeMnepaxypoH na TK T , °C;

xeMnepaxypoH yxo^amnx rasos 33 rasoBOZlflHbiM xenJiooSMCHHHKOM Tyx, °C.

aBxopaMH flnarpaMiwa pe*HMOB pa6oxbi 3HeprexH4ecKoro MO-
«rTY— FBTO» FTy-T3q (pnc. 10.26) COCXOHX HS nexbipex

HacxeH, cBflsanHbix Meayiy co6oS. B nepsoK nexsepxH ^aHbi rpa^HMecKaa 33BH-
CHMOCXH 3jieKxpHHecKOH Mom.HocxH (a6cojiK)XHaa H oxHocuxejibHafl narpysKa)
H Kl~m no npOH3Bo^cTBy SJICKXPHHCCKOH 3HeprwH FTy ox xeMnepaxypbi napy»c-
HOFO BO3Ayxa. TaM ace pacnonoiKeHbi saBHCHMocxH aScojiioxHOH a^eKxpHneCKOH
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rue QT — MOIUHOCTB KY (FBTO); QK r — xenjioxa cropfiHHs
xoruiHBa Ha Btixo^e FT; Tyx — reiwnepaxypa yxoAamwx raaoe sa KY (FBTD).

TeMnepaxypa yxoflaiuHX rasoe 3a KY Ha Ha*jajibHoH cxa^HH npoeKTH
BbiSnpaexca c ynexoM ycjiOBHH, B Koropux njiaHMpyexca 3KcnjiyaxauHfl 3-yoro xe-

B HeTBepxoB nacxH flnarpaMMbi no ycnoBHaM nocxpoeHHH nepeofi H xpexteft
HexBepTeft na OCHX pacnojioseHbi aScojHOTHaa 3JieKXpHHecKaa MOIUHOCTB FTY H
xennoBaa Momnocxb FBTO, HTO nosBOJisex ncnojibsoBaxb AaHnyro Hexsepxb

pacnexa y^ejibHOH BbipaGoxKH 3jieKxpo3HeprHH Ha xenjiosoM noxpe6neHHH 3* .

10.5.2. npHMep nocTpoeHMfl H MCnonbaoeaHHsi flMarpaMMW POKHMOB pa6oibi
rry-T3i4

nocxpoenHfl flHarpaMMbi peacHMOB pa6oxbi rTy-T3U npeac^e Bcero
no 3Haxb saBHCHMOCXH ox xeMoepaxypbi napya<Horo B03^yxa H oxHocuxejibHoli

FTV xaKnx napaMexpoB FTY, Kan:

FTY

sjieKxpHHecKHH KHfl T)r HJiH pacxo,a xonjinsa na FTY £rT;

pacxofl rasoB sa FTY G K T HJIH nsSbixoK sos^yxa sa FTY a K T ;

xeMnepaxypa rasos sa FTY TKT;

cxeneHL c^axHa Bosziyxa B KOMnpeccope 7rK (npH pacnexe ao)KHMHoro KOM-

npeccopa).

ITpH 3XOM

N3.WT

5^ = -^-; (10.56)

G\.J T-"f- RJJ r**r-
(10.57)

HassaHHbie saBHCHMocin Moryx 6i,iTb npe^cxaBJieHbi jiH6o B xaSuHHHOH fyop-
MC, Jin6o B BHjje annpOKCHMHpoBaHHbix 4>yHKUHH. Bxopon BapHanx yfloSnee npH
nocxpoenHH ^HarpaMMbi c noMOWbro KOMHbioxepHbix nporpaMM.

Ha OCHOBC paccMOTpennbix noJTOHceHHH SMJIH nojiyneHbi saBHCHMOCxn, Heo6-
jifl nocxpoeHHs ^HarpaMMbi sneprexHMecKoro MOxyna FTY-TSU 4Jifl

xyp6HHbi xnna GT8C (ABB).
.Una 4>yHKUHH BHfla (10.51) H (10.52) nyreM annpoKCHMaunn pe>KHMHt.ix na-

paMexpoB aBxopaMH SbijiH nojiyneHLi

0,003935 i
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SXHX aaBHCHMOcrefl noKasano, HXO pesyjitxaxbi, annpoKCHMa-
UHH xopomo corjiacyioxcfl c sasoflCKHMH xapaKxepHcxnKaMH (norpeiiiHocxb Me-
Hee 1—2 %}.

ocxajibHbix napaMexpoB, xpeSyeMbix npn nocxpoenHH jiHarpaMMbi, 6bijiH
saBHCHMocTH, HXO nossojiHuo nocxponib ^narpaMMy peacn-

MOB ^tJifl 3HeprexHHecKoro Mo^yJifl FTY-T3LI na 6ase raaosoH xypGnnbi xnna
GT8C ABB (PHC. 10.26).

pa6oxe c ^narpaMMofi MOHCHO Hcnojibaosaxb necKOJibKO pasiiHHHbix no-
onpe^ejreHHfl noKasaxeiiett SKOHOMHHHOCXH FTy-T3Up B 3a-

BHCHMOCXH ox pe>KHMa paSoTbi. HasoBBM xpH npHeMJieMbie nocjie^oBaiejibHocxH:
1. OnpeflejieHHe BOSMOXHOH xenjiosoH narpysKH FTY-T31J; B 33BHCHMOcxH

ox sa^aHHOH sneKxpHHecKofi HarpysKH FTY H xeMnepaxypw oKpyacaiomero BOS-
4yxa. ^Jifl 3xoro B nepsoK HexsepXH ^HarpaMMtr no OTHocHxejibnoH sjieKxpHHe-
CKOH narpy3Ke FTY H xeMnepaxype napyxHoro B03jiyxa onpe^ejiaioT a6co;nox-
Hyro 3JieKxpHHecKyio narpysKy H sjieKipHHecKHft" KFI/J FTY-T3I4. ^anee BO
BxopoH nexBepxH npH sa^anHOH TCMnepaxype Hapy^KHoro sos^yxa H OXHOCH-
xejibHott narpysKe FTY (3HaHeHiifl oxnocHxejibHofi HarpysKH B nepsofi H BxopoH
nexeepxax ^HarpaMMbi paBHbi) naxo/iflx xeMnepaxypy rasoB H xenjioxy rasoB na
Bbixoae FT. 3axeM B TperbeH HexsepTu jjHarpaMMW no xeMnepaxype
ra30B 33 xenjrooSMeHHHKOM onpe^eirawx xenjiosyK) MOIUHOCXB
Ka. riocjie 3xoro no HCTBepxoH HexsepTH ^narpaMMbi naxo^ax y^ejibHyio Bbipa-
SoxKy 3JieKxpo3HeprHH na xenjioBOM noxpeSjieHHH (Bapnanx / na pnc. 10.26).
TaKaa nocjiejioBaTejibHOcxb ncnojitsoBaHHfl zinarpaMMbi peMfHMOB paSoxbi FTY-
T3U, no3BOJifleT ^Jifl Kax^ofl Teiunepaxypbi nojiynnxb necKOJibKo peacHMOB pa-
6oxbi T3U^ c pasJiHHHbiM oxnycKOM xenjioxw H cooTBexcxBytomHMH noKasaxenfl-
MH xennoBoK SKOHOMHHHOCXH.

2. Bxopaa nocjie^oBaxejibHocxb ncnojib30BaHHfl ^narpaMMbi peiKHMOB pa6o-
TW 3HeprexHnecKoro Moziyjifl FTY-T3LI no3BOJiaex peinnxb yKasannbie sa^ann
B oSpaxHOM nopa^Ke: npw saflaHHOH xeonoBOfi narpysKe H npuHaxoS TeMnepaxy-

rasos sa FBTO BO Bxopott nexsepxH onpe^ejiarox xpe6yeMyro ox-
3JieKTpHHeCKyK) Harpy3Ky FTY, nocjie nero no nojiyneHHOMy 3Ha-

naxo^sx aSconioxHyio 3JieKxpHMecKyio narpysKy H ocxajibHbie napaMerpti
rTY (BapHanx 2 na puc. 10.26).

3. Tpexbs noc^e^oBaxejibHOCxb ncnojibsyexca xor^a, Korna neo6xojiHMO no^-
HOMHHajitHyio 3JieKTpHHecKyio HarpysKy H BOSMO^HO 6attnacHpOBa-

xenjiooSMeHHHKa no raaoBoM CTopone (BapnaHT 3 Ha pnc. 10.26).
Bapnanx / pe^HMa paGoxw FTY-T3I4 npe^nonxHxeJieH B cjiynae, CCJIH M3K-

B03MOJKHas xcnuoBaa narpysKa xenjiooSMCHHHKa MCHbiue, HCM xpe-
aa, H ecxb neoSxojiHMocxb B AonojiHHxejibHOM noflBo^e xenjioxbi. Hanpw-

, onpe^eiiHM KOJiHiecTso xenjioxu, Koxopyro MoafHO nojiynnxb na FTY-T3U
xeMnepaxype napy)KHoro Bos^yxa TH - +8 °C H HOMHHaJibHOH Harpyane FT.

467



B nepBOH nexBepxH jiwarpaMMbi <|>HKCHpyeM 3JieKxpnHecKyK> MomnocTb 7Vr
3'aflT

= 55,5 MBT H 3JieKXpHHeCKHfi Krifl T|r aBT = 34,7 %. BO BTOpOH HCTBepTH

ARM BbixoAHbie napaMexpbi FT: xeiwnepaxypy rasos TKr = 515 °C H xenjioxy ra

SOB <9KT = 102,5 MBx. VHHTbiBaa, HXO KOHCTpyKuna xeruioo6MeHHHKa oGecnetH
saex xeMnepaxypy yxoflflujHx rasoa 3a FBTO Tyx = 120 °C, onpe^ejiaeM B xpext

e8 nacxH flnarpaMMbi xenjiosyro Harpysicy FBTO <2T = 83,5 MBr. B flaHHOM pe,

HCHMe pa6oTLi Bbipa6oTKa 3JieKxp03HepraH Ha xenjiosoM noxpe6jieHHH cocxas^a.

er a* = 185 KBx-H/F/JjK.

j^Bapnanx 2 HcnoJibSOBannfl ^narpaMMbi PCJKHMOB pa6oxbi SHeprexHMecicoro
M0,ayjia FTy-T3IJ npHMenaexca xorjta, Kor^a xenjrora yxo^amnx rasos rasosofi
xypSHHbi B HOMHHajibHOM pe)KHMe SojTbiue, HexejiH xpeSyexcfl ^Jia oxnycKa 33-
^aHHOH xenjioTw. HanpHMep, nyiKHO onpe^ejinxb pe^HM pa6oxbi FT, B Koxopoiw
Heo6xo^HMO oxnycxHXb xenjioxy QT = 72 MBx npH xeivrnepaxype

Bosjiyxa TnB = -3,6 °C. B xpexbefl MexsepxH anarpaMMbi npH xeMnepaxype

sa FBTO Tyx = 120 °C Haxo^HM xenjioxy rasoe Ha auxo^e FT QKT = 93 MBx.

Flocjie sxoro BO BXOPOH HexBepxn onpe^ejiaeM oXHOCHTejibHyro HarpysKy rasosofi

xypSHHbi A/'r = 84 % H TCMnepaxypy ra30B 33 ra30BOH xypSHHoH TKT = 455 °C.

Bailee B nepBOH HCTBCPXH ^narpaMMbt naxo^HM sJieKTpHnecKyK) Momnocxt

-/Vr
3aBT = 49,5 MBx H 3JieKXpHHecKHH KUJJ, FT T)^aBT = 34,2 %. Cjie^oBaxejibHO,

B aaHHOM cjiynae Bbipa6oxKa 3JieKxp03HeprHH na XCHJIOBOM noxpeSjieHHH cocxae-
T

r = 192 KBr-M/F^,

ECJTH npii ^aHHofi Bbipa6oxKe xen^oxbi neoSxo^HMo o^HOBpeMCHHo oSecne-
HOMHHajibHyio BbipaSoxKy 3JieKxp03HepniH, xo Hy>KHo BO Bxopofi H nepsofi

Hexsepxax ^HarpaMMbi nawxH napaMexpbi FT npH HOMHHajibHoM HarpysKe: ox-

HOCHxejibHyio narpysKy Fjy Nr' = 100 %, xeMnepaxypy rasos 7KT = 508 °C,

3JieKTpHHecKyio FTV = 59 MBx, FTY

B rafiji. 10.5 npHBejjeHbi noKasaxenu pa6oxw FTy-T3F4,
^warpaMMbi jjjia onpe^eJiennfl noKasaxejiew. TaKHM oSpasoiu,

xapaKxepucxHKH FTy H wcnojibsya pa3pa6oxaHHyK> aaxopaMH MCTO-
, B03M05KHO 6e3 npofie^CHHa cjiotKHbix pacHexoB Sbicxpo H xoHHO
noKa3axejiH 3KOHOMHMHOCXH FTy-T3LJ B pasjiHHHbix peacHMax.

IIonpaBOHHbie KoD^)<J)MUHeHrs.i /IJIH /inarpaiviMbi PC>KMMOB paGorw
reTHMecKoro ivioayjin rTV-T3I^. C^e^yex OTMexuxb, HTO nocxpoeHHe
MM POKHMOB 3JieKxpHHecKoro Mo^tyjia Fiy-T3I4 npOBO^HTca 6e3 ynera BJJH»'
HHa aspoflHHaMHHecKoro conpoxHBJieHH3 FBTO Apa Ha napaMexpbi FT H BJJHJI-
HHa K03$4)HUHeHTa pacceHsaHHa xenuoxbi B FBTO Ha BbipaSaxtiBaeMyio xenJIO"
xy. ynaaaHKbie BCJIHIMHU He oKasbisarox 3HaHHTejibHoro BJIHSHHS (0 — 1,5 %) H3
o6im-ie noKasaxejiH 3KOHOMHMHOCXH FTy-T3U. TCM ne Mewee npw
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10.5. Pacier noKasarejiefi TTV-T3U Ha Case 3HcpreTHiecKOH FTV rnna GT8C (ABB)
c Mcnojn,30BaHiieM ,'marpaMni.i peatHMOB pa6orbi 3HeprerHHecKoro

vT »—

•^^arypa Hapywnoro eosayxa TM, °C

^eKTpHHecKaa MOWHOCT& ITY:
— 3.8BT

OTHOCHTCJltHafl Nf , /Q

• r3.aUT fc »Orv,aGcojrioTHaa Wr , MDT

KILH TTY no BMpa6oTKe 3jieKTPo3HePrHH rfm , %

TeMneparypa raaos Ha Bbixoje FTY rK T, °C

Tenjioxa rasos Ha Bi.ixo.ne FTY QK T, MBx
,« r^nT1/^ T ooTeMnepaTypayxo^HiUHX ra30B 3a 1 oiu I , L,

TenJiosaa narpyaKa FTY-T3IJ; gT, MBx

BwpaSoTKa 3jieKTpo3HeprHH Ha TCHJIOBOM noxpe6-

J1CHHH 3^, KBT ' H/F^aC

BapHaHT pc>KiiMa no pwc. 10.26
1

+8

100

55,5

34,7

515

102,5

120

83,5

185

2

-3,6

84

49,5

34,2

455

93

120

72

192

3

-3,6

100

59

35,2

508

106

EafinacHpoBanHe
nacTH rasoB

72

192

4HarpaMMbr peacHMOB aJia noJiyneHHa Sojiee XOHHWX peayjibxaxoB cjie^yer BHC-
CXH nonpssKH.

B nepBOH H Bxopoi! Mersepxax jiHarpsMMbi BBO^ST nonpaBOHHbie KpHBwe Ha
cjie/tyromne napaMexpbi:

3jieKxpHMecKyio MOuiHocxb FTy (nepsaa MCTBepxt)

'B>HD,ApJ, (10.58)

xenjioBOit noxeHUHaji ra30B Ha Bbixojie ra^OBOfi xypSHHbi (Bxopaa

, Aft). (10.59)

, HXO HSMCHCHHe SaBHCHMOCXCM (10.58), (10.59) npH H3M6HeHHH
conpoxHB^eHHa HOCHT JiHHeHH&iH xapaKTep, ueJiccooSpasHO

HanecxH nonpaBOMHbie JIHHHH JIHIIH. ^Jia oj,Horo 3HaneHHH A/Ja, nxoSu HC 3arpo-

Ko3(f>(}>HUHeHx pacceHBaHHa xenjioxbi (p B FBTO OKasusaex BJIHSHHC na xpe-
T*>K) H HexBepxyro nacxH ^HarpaMMSi.

nonpaBOHHbie KpnBLie Ha ^narpsMMe CJIOIKHO, nosxoMy npe^Jia-
peineHHe:

a) B nanajre nowcKa pemeHMa B nepBOH HSCXH /tH3rpaMMt>r (BapHaax 1) npo-
WT nepecMCT ^fiyx noK33axejieii, nojiynenHbix 6e3 yiexa ^onojiHHxejibHoro co-

nPoxiiBJieHHa:
narpysKH FBTO

p; (10.60)
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10.6. Cpa Emetine P«KHMOB SHeprerHiccKoro TTy-T3U

nojcaaa'WJft

TeMneparypa Hapya<Horo eos^yxa TH B, °C

SjieKTpHiecKaa MOIUHOCTS FTY OTHOCHTe^bHas N ' ,%

KIT,! FTY no BtipaSoiKe 3JieKTp03HeprHn Ti^aBT, %

TeMnepaxypa raios Ha Bwxoae FTV 7"K T, °C

TenjiOTa rasos na Bbixo^e FTY QK T, MBr

TeMnepaxypa yxo^aiuHX raaoB 33 FBTO T . °Cyx
Tenjiosaa HarpysKa FTY-T3U QT, MBr

Bbipa6oTKa 3neKTpo3HeprHH Ha TenjiOBOM norpeSjieHHH

3^ , KBT • H/F/I^

Eea BBcaetura
nonpaBKH

+8

100

34,7

515

102,5

120

83,5
185

C nonpaeKoft

+8

100

34,1

519

103,2

120

83,8
183

BblpaSOTKH 3JICKTp03HeprHH H3 TenjiOBOM
TO

• < p ; (10-61)

6) paSoTaa c ^HarpaMMOH no sapnaHTy 2 HJIH 3, BnanaJie nepecHHTbiBaKxr xe-
nnoByio narpysKy c yieTOM Koa^nuHeHxa pacceHBanns xeniiOTbi [CM. (10.60)],
nocne nero crpojiT .nnarpaMMy JXTIJI nojiyMennoro snaneHHH.

ECJIH nposeCTH nepecHCT nojiyqeHHbix pesyjibiaTOB no BapHamy I c yieTOM
no rpem HOOTCH", TO noJiyHHM HecKOJibKo ornniaiomHeca flannbie. Pesyjib-

cpaBHCHHfl npHBefleHH B Tafwi. 10.6 npw cjie;jyiomHx nonpaBOHHux 3Hane-
HHSX: A/>a = 3 Klla, (p = 0,99.

10.6. MCHO/lbSOBAHME FTV fl/Ifl HAflCTPOMKM TEnJ10«MKAUMOHHbfX CMCTEM

Bo,norpe£iHLie H naposbie KOTJIM HHSKOFO ^aBjienna B cncTeiue TenjK>cj)HKau.nH
MOHCHO najiCTpoHTb, Hcnojibsya snepreTHnecKHe FTY. Pa3JiH4Hbie BapnanTbi Ta-
KHX na/iCTpoeK paspaSoxaHbi cneunajiHCTaMH BTH, Tenji03iteKTponpoeKTa,
BHHFJHSnepronpoM. Ha pnc. 10.27 H3o6pa>KeHa npHHUHnnanbHafl Tenjiosaa
cxeiwa naACTpoflKH BoflorpeflHoro KOTjia THna KBFM-116-150 FT (AO «Ee;i3Hep-
roMaui») c npHMCHenneM FTY-16 (HI7O «MauinpoeKr»).

BojiorpennbiH KOTCJI ^OJIXCH 6un. noABeprnyT HeoSxo^HMon peKOHCTpyK-
, Mxo6i)i B ero rasoxoA MO*HO Sbino eanpasHTb see BWXojjHwe rasbi FTY HJIH

HX. FIpn pa6oTe KOTejibHoR B OTonHTejibHbiH nepHO,a TenjiOTa ornycKaeTCfl
33 CH6T yTHJIHSaUHH BblXOflHblX ra30B FTY B TOnKC KOTJ13 H flO-
c^Hranna B HCM TonJIHBa. OKucjiHTejieM c;iya<HT npeacfle scero

H36biTOK BosAyxa B STHX rasax.
B HeoTonHTejibHbifi nepwo^ Bo^orpeHHbiH KOTCJI ncnoJib3yeT TOJILKO Tenjiory

Bbixo^Hbix ra30B FTY, a TOnnHBO (npHpo^HUH ra3) no^BOAHTCfl B KC FTY
OpH KOM6HHHpOB3HHOH BbIp360TKe 3JICKTpO3HeprHH H TCnJIOTbl yjiaeTCfl C3KO-

HOMHTb OT 20 ,no 30 % ToniiHBa. B cjiynae npeKpameHHH no^aHH npupo^Horo rasa
BOAorpeHHbifl (napOBott) KOTCJI nepeso/iaT Ha c>KHraHHe pesepBHoro
MasyTa, a FTY ocTaH3BJiHBaK)T. Bos^yx K rasoMasyTHWM ropejiKaM
470
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PHC. 10.27. nptniiuiiriiajibnafi CXCMH &noKa FTY-lfi H BO/iorpeiiuuro KOTJIB KBrM-116-150 FT
/ — FTV-I6 c aowHMHWM KoMnpeccopOM (oAHa); 2 — Boj,orpeflHtiH KOTSJI KBFM-I16-150 FT
(OAHH); 3 — BCHTHJISTOP KOTJIS (O^HH); 4 — MIMOCOC Kouia (O^HH); 5 — sanopHwe raaonjiOTHbie
KJianaHbi (ipn); 6 — peryjinpyroiune Kjianauw (icTwpe); 7 — aanopHue KJianaHw (leTtipe); 8 —
ropeJiKH; 9 •— B-ropHHHtifi aosayx; I — eosjiyx; II — npHpoflHtifl ras; III — npswaa cexeBaa
IV— oSparHaa ceTesaa BOfla

c noMombio BeHTHJiaxopa. 3KcnjiyaTauHa FTY B asxoHOMHOM pexcHMe co c6pocoM
BHxo^Hbix rasoB B AHMoeyio TpySy oSbinno He npe^ycMOTpena.

KoMHOHOBKa BO^OrpCHHOH KOXeJlbHOH C npHMeHCHHCM 3HepreTHH6CKOH FTY
npe^cTaBJiena Ha pnc. 10.28 (AO T3IT H «EeJiropo#3Hepro»). B KOTeJibnoH pac-
nojioHceHbi 4se FTY-16 H jjsa so^orpenHbix KOTJia THna KBFM-100-150 FM.
ripelycMOTpeHbi o6iuaa ni-iMOBaa Tpy6a, ^biiviococbi H ̂ ytbesbie BCHTHJISTOPH, a
FTY-16 cHa6)KeHa ZIO^HMHUM KoMnpeccopOM npnpo^Horo rasa.

HHTepeceH onbiT ueHTpajinsoBaHHoro Tenjiocna6HceHHfl B ,B(aHHH. OionHTeJib-
HbiH cesoH B cTpane cocxaBJiHeT OKOJIO 220 /IHCH B ro^y HJIH npH6jiH3HTejn.Ho
2900 rpa^yco-^HeH B ro^ npH cpeflHCH Teiuneparype HapyscHoro B03^yxa B aHBa-
pe 0 °C. HHCJIO rpa^yco-^Heii B ̂ CHB onpe^ejiaercfl KaK pasHMua Meac^y 18 °C H
„ TeMnepaTypoR Hapy^Horo B03^yxa. 3Ta pasHHua cyMMHpyeTCfl no BCCM

onHiejibHoro cesoHa*.

iHHUposaHHaH CHCTeMa, pa3pa6oTaHHaa B flaHHH, conexaeT B ce6e UCH-
TpajiH30B3HHoe H £eueHTpaJiH30BaHHoe TenjiocHaS^enne. Ha napocn^OBbix

~ ~ ocyiqecTBJifleTCfl no^orpes ceTCBOH BORbi OT6opHbiM napoM noHHHceHHoro
2HHa ^o 90 °C, HTO noBbiiiiaeT yjiejibHyio BbipaGoTicy 3JieKTpo3HeprHH na

noTpe^JieHHH (pnc. 10.29). B XOJIOAHOC speMa rojia AorpeB ceTCBOH
B COOTBCTCTBHH C TCMnepaTypHUM rp3(j)HKOM OCymeCTBJIfleTCfl B KY

(FBTO), nojKjnoieHHbix K noTOKy Bbixo^Hbix rasoB FTY H^IH raso^nseJibHoro

* Ho inaTepna^aw ^arcKoro ynpaBjienna 3HeprernKH.
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PHc. 10.28. VcraHOBKa FTY-16 B
a — BHfl CBepxy; 6 — nonepeHHtitt Pa3Pe3

re

10.29.

0—5' 5 TTOa 0 — rofloBofi OT-
Ha ropaiee BoaocHa6»:eHHe;
— ronoBOH ornycK renjioTti

T3U; 2'—2-3-3'—2' — ro-
oxnycK TeruioTbi Ha MHHH-T3LJ; 1—2—

Bbipa6oTKa TenjioTbi B IJHKO-
M KoreJibHoii 3'

BHyxpeHHero cropannfl s,
}. TaKHe MHHH-T3LJ pacnonara-

Ha njiomaanax BHyrpn KBapTajib-
HHX TCHJlOBblX UCHTpOB.

HeSoJibinaa nacxb HHKOBOH na-
rpy3KH na TO^OBOM rpa(|)HKe TenjiocHa6)KeHHa noKpbiBaeTca HHKOBBIMH
TpeHHblMH KOTJiaMH J1H60 CHCTCMOH flOKHraHHS TOHJIHBa B Cpe^e BblXO^HblX T3-
308 TTY HJIH ABC (pnc. 10.30).

B 3TOH CHCTCMC TenjiocHaS^ceHHfl coxpaneHbi 4ByxTpy6Hbie MarHCTpa^bHbie
cexH, ^JIH HHX HeoSxo^HMO pacnojioaceHHe 6a30BLix napocHjiOBLix T3LJ, B npeae-
jiax ropoziOB, HXO ycjio^cHHT HX SKOjiorH^ecKyro oGcxanoBKy.

KoMSHHuposaHHaa cHCTeiwa xenjiocHaSiKeHHa y^ynmeHHOH MOZiH^HKauHH
npeflJio^eHa B CapaxoBCKOM rocy^apcxseHHOM XCXKHHCCKOM yHHBepCHxere
(A.H. An^proiueHKo). Ha napocHJiosbix T3LJ,, pacnojioaceHHbix na

• 10.30. KoMduiiiipoBaimafl CMcreiMa*-// ~

. I

T3U;

,BWCOKOrO H HH3KOFO AaBJI6HHfl napOBOH TVpGHHtl fJff/T ~
; 71
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P-T3IJ

PHC. 10.31. CXCMH KOMfimmpOBaiiHoro Tcruiocna6;KCiinfl or paiioHHoii T3U H MH-
HH-T3U (BapiiaiiT)
1 — KOHaencaTop — noaorpeBarejib BOAW (nepsaa cxyneHt noAorpesa); 2 — XHMBO-
AOOHHCTKa; 3 —BQRHHOR noflorpeBare.™ (a-ropafl cryneHb noaorpesa); 4 — AFB; 5 —
KV FTY; 6 — nuKOBbifi Korea; 7 — o&beicr TenjiocHa6)KeHHH

paccToaHHH OT Kpynnbix ropoaos H oKHraiomHx noMHMO npHpo/uioro rasa H xsep-
TonjiHBO, B TeneHHc Bcero rofla xemioxa npw KorenepauHH oxnycKaerca
ropanero Bo,aocHa6>KeHHa H no^nHTKH MCCTHWX CHCTCM oxonjiennfl. Flo

Tpy6HHM MaracTpajiaM ropanss Bo^a npH TCMnepaxype He Bwuie 65 °C nanpaBJia-
erca Henocpe^cxBCHHo noxpeSHxejuiM HJIH B xenJiOBbie neHTpbi. HcnojibsosaHHe

TenjioTbi ana ropflHen cereBOH sozibi (AFB) na yK33aHHbix T3U
HM paSoraxb no rpa({)HKy OTnycKa 3JieKTp03HeprnH, nocKOJibKy OH npH-

MepHO cosnaaaer c rpa$HKOM ropflnero BOAOCHaSaceHHa (pnc. 10.31).

OTOHJlCHHe TOpO^CKHX MHKpOpaHOHOB H rpynilbl 343HHH OCymCCTBJiaeTCfl M6-
CTHblMH MHHH-T314 C HpHMCHeHHCM Ha HHX FTY HJ1H J(BC, paSoTaiOlUHX TOJlbKO
B OTonHTejibHbiH nepHO^. CyMMapHbitt FOAOBOH pacxo^ xenjioTbi Ha ropaqee BO-
4ocHa6jKCHHe B uenTpajiLHbix pattonax POCCHH BCJIHK (40 % H Sojiee), nosxoMy
KOJ1H1CCTBO CO^CacCHHOrO H3 MHHH-T3F4 TOHJlHBa no CpaBH6HHlO C KOJIHHCCTBOM

pacxojiyeMbiM Ha pasjiejibHoe TenjiocnaSaceHne, yMCHbiUHTca
. Fo^osaa 3KOHOMHfl npapojiHoro rasa B STOH KOM6HHHpoBaHHOH

TenjiocHa6a<eHHfl, no MneHHro ee aeTopOB, cocTaBHT flo 50 % no cpaBHCHHK)
c ero pacxo^OM aa ropo^cKHx napocHJiOBbix T3F4.

npii oSecneneHHH 6biTOBbix H npOMbiujJieHHbix TenJio^HKauHOHHbix narpy-
SOK H 3JieKTpocHa6aceHHa MOHCBT BosHHKHyTb KOHKypenuHH ueyKffy T3L(, pa3#e-
JlCHHblM npOHSBO^CTBOM TCHJIOTbl B pafiOHHLIX KOTCJIbHtlX H BHOBb COS^aBaCMbl-
MH HCTOHHHKaMH 3HepFHH H3 npOMblUIJICKHblX npC^npHSTHSX. J\JW OUCHKH KOH-
KypeHTocnoco6HocTH T3LJ B KanecTBe KpHTepna MO^HO npHMenaTb MHHHMyM
cyMMapHbix ^HCKOHTHpoBaHHbix saTpaT sa pacMCTHbifi nepHO^. CpaBHCHHe ycxa-
HOBOK Momio c^ejiaxb H no ueH3M oTnycKaeMOH npo/iyKUHH, ycTanaBJiKBaa KOH-
TpOJIb 33 oSoCHOBaHHOCTbK) U6H KOHKypHpyiOUIMX HCTOHHHKOB SHCprHH.

TpHrenepauHH. O^HHM HS HanpaBJieHHft paciuHpenna Tpa^HUHOHHbix TCXHO-
JIOFHH cjryjKHT coH6TaHne FIFY c xojioAHJibHOH ycTanoBKOH (pHC. 10.32). FasoTyp-
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PHC. 10.32. Tenjiosaa cxeiwa CHCTCMbi Tpiirene|tannH
/ — KOMnpeccop XOJIOAHJII-HOH ycraHOBKli; 2 —- oxjiazwTejib; 3
Hbifl BCHTHJib; 4 — HcnapHTejit; 5 — acHHXpOHHtifi aBHrarejib-n

ycranoBKa no^KJHOHena K acHHXpOHHOMy ^BHraTejito-reHepaTopy H KY,
B KOtopoM reHepHpyexcfl nap. flonoJiHHrejrbHoe KOJIKHCCTBO 3Jiefcrpo3HeprHH BM-
pa6aTbiBaerca B napoTypSHHHOH ycTanoBKe. Csasb xpex sjieMCHTOB «FTY — ^BH-
raTeJib-renepaTOp — xoJioflHJibHas ycxaHOBKa» ^aex BosMoacnocxb FTY H KY pa-
6oT3Tb HenpepbiBHo npn nojiHOfi HarpysKe. Konaa Momnocxb FTY Menbine noxpe6-

HocxeH KOMnpeccopOB xojiojiHJibHOH ycTaHOBKH (jVr = 0), aBHraxeJib-reaepaxop

noxpeSjiacT 3JieKTpo3HeprHio HS sjieicrpocexH. ECJIH MOiUHOCXb FTY npesbimaer
norpe6HOCTH KOMnpeccopos, TO jiBHraTejib-renepaTop BbipaSaTbisaex

rejibHoe KOJIHMCCTBO 3JieKTpo3HeprHH (A^ > 0). KoTeji-yTHJiHsaTop

HO BbipaSaTbmaex nap, KoxopbiM HanpaBJiaexca K&K B napOByro Typ6HHy, xaK
H B cHcxeMy a6cop6uHOHHoro oxjiaacaeHHX (npn HeoSxoAHMocxH) H BHCIIIHHM no-
Tpe6HTeji3M xexHOJiornnecKHx nyaca-

COBMCCXHOH paSoXC BC6X 3JieM6HTOB yCT3HOBKH K03(J>4>HUHeHT HCnOJIbSO-
Tenjioxbi Tonjinsa (OHO no^BO^HTca TOJlbKO B KaMepbi cropaHHfl FTY) ^oc-

THraex 90 %.

Ha FTY-T3FJ, B r. 3jieicrpocTajiH yace necKOJibKo JICT flencTByex 3JieKxpocxan-
UHa, B cocxase Koxopon paSoxaeT FTY XHna GT-35 (fiHpMbi ABB. TenjiOBaa cxe-
Ma ycxanoBKH npe^cxaBJiena na pnc. 10.33.

OCHOBHOH UHKJI FTY —- rasoTypSHHHHH c CHCXCMOH xeruio(|}HKanHH, pa6o-
na xHjiHsauHH xenjiotbi yxo^amnx rasos. OTpa6oxaBiiiHe B FTY rasbi

B yTHJIHSaUHOHHblH TenjI006M6HHHK, BKJUOHeHHWH B 33MKHyXbIH
CO CBOHM UHpKyJIflUHOHHblM HaCOCOM, H SaxeM c6p3CbIBaiOTCfl B

Tpy6y.

TenjioBaa cxeMa CKOMnoHOBana HS jjsyx Konxypos no^orpeBa cexesoH
KOHxyp — no^orpeB cexeBofl BOAH B xenJioo6MeHHHKe nepBHHHoro KOH-

Typa no^orpeBaxejifl cexeBofl Bo,nbi, paSoxaromero ox rasosoH xypSunu xnna
^T-35, H Bxopoii KOHxyp — no^orpeBaxejib cexeBoH BOflbi, paGoxaKHUHH ox BO-
AorpefiHoro Koxjia xwna KBrM-30. KOXCJI pa6oxaex na ^syx BH^ax xonjiHBa (rase
^ Masyxe) H no3BOJiaeT o6ecneHHBaTb 6ecnepe6oHHoe xenjiocHa6ateHHe noxpeSH-

B cjiynae asapHH na rasonpoBO^e HJIH npn orpaHHMeHHH pacxo^a Ton^HB-
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B ropoflCKyio
Teimocexb

PHC. 10.33. TcnjiOBaa cxeiwa aeyxKOHTypHoro Ten^ocHaBiKeHHn c FTV-T3U (r. 3jieKTpocrajib)
/ _ KOTeji-yrajiHsaTOp THna TF-80; 2 — BOflo-BOAaHOfi TenjiooSMCHHHK nepBHHHoro KOHTypa
(BBTO); 5 — Aea3parop arMoccJiepHoro THna; 4 — 6aic c6opa ApeHaacen; 5 — inipKyjumHOHnbiH aa-
coc nepBH4Horo KOHTypa KV; 6 — nojuiHTOiHbiH nacoc nepBHHHoro Konrypa KV; 7 — BOJZO-BOJW-
HOH Teiuioo6MeHHHK nepBHHHoro KOHTypa BOflorpeHHoro KOTJia; 8 — BojjorpeHHbiH KOTCJI Tuna
KBrM-30; 9 — ijHpKyjiJmHOHHLiii Hacoc nepBHHHoro KOHTypa BOflorpeilHoro KOTJIB; 10 — nacoc 01

,HpeHa)KHLIX BOA

Horo rasa. B saBHCHMocxii OT pacxo^a CCTCBOH BOAH H xeMnepsxypnoro pe>KHMa
cexeB3fl eo^a Moxcer no^orpeBaxbCfl B O^HOM 113 .asyx KOHTypos HJIH nocjieflOB*

xejibHO B nepBOM, a 3axeM BO BTOpOM KOHxype.
Cexesaa eo^a HS oSpaxHoft JIHHHH xenjiocHaS^eHwa ropo^a npH xeMnepaxype

42—70 °C nocxynacx B BBTO OCB xypSHHbi GT-35, rae ocymecxBJiaexcfl ee n
wrpeB (xeMnepaxypa 70—80 °C). Aanee cexesaa Boaa MOJKCT nociynaxi, B saw
CHMOCXH oTXCMnepaxypHoro pe^HMa pa6oxi>i noxpe6HTejiro HJIH ^onojiHHrejib
noAorpeeaxbCfl B 11CB Koxjia (MaKCHMajisHaa xeMnepaxypa no^orpesa >
150 °C). HoMHHaiibHtiH pe>KHM paSoxw: B Konxype FT xnna GT-35 no^orpeu
70 40 105 °C H B KOHxype BOflorpeHHoro Koxna no^orpes ox 105 ^o 15(
MaKCHMajibHaa xeMnepaxypa BO^LI nepBHHHoro KOHxypa Ha Bbixo^e H3 KV T
TF-80 160 °C. AJifl npeAOTBpameHHfl BCKHnanna Boau B Konxype nofl,aep>KH0i

exes H36bixoKHoe AaBjienwe OKOJIO 1,4 MOa. B Konxype xypSnHbi GT-35 pac*<
BOAH cocxaBJiser 288 X/M, B KOHxype Bo^orpeBHoro Koxjia 430 X/H,
HUH pacxofl cexeeOH BOABI 640 X/H.
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HOpMHpyeMoro KanecxBa BOflbi saMKHyxoro nepBHHHoro KOH-
H BOflorpeHHoro Koxjia npe^ycMOxpena nenpepbiBHaa npo/iyBKa, Koxopaa

eTCJI B aeaapaxop mi* KY H B pacuinpHxejib HenpepbiBHbix npoflysoK —
ocymec

 rpeHHoro KOXJI3. HenpepbiBHaa npo^yBK3 nossojisex oSHOBJiaxb BOjjy
1

 M nepBHHHOM KOHxype c o^HOBpeMCHHOH no^nnxKofl KOHxyps Hacoca-
T1HXK3 X3K5K6 flCJiaeXCJI flJIfl nO,ZWepJK3HHfl H36bIXOHHOrO flaBJieHHH B KOHXy-

Mli" n >4y;i3JieHHJi uuiaMa H3 HH>KHHX XOHCK saMKHyxoro KOHxypa KY npejiycMox-
^ noBe^eHHe nepHO^HHecKHx npo^ysoK nepes ^pena)KHbie xpySonposo^bi.

! yeT oxMeTHXb ocoSeHHOCXb paSoxbi FTY-T3I4. XOTJI no xenjiOBOH cxeMe
' B0aa nocJie no^orpesaxeJifl cexesoK BO^W FTY nocxynaex B Konxyp BO-

-nefiHoro Koxjra, pa6ora npH HHSKHX xenjiosbix HarpysKax ocymecxBJiaexca
roJibKO FTY (c FICB), HJIH BOAorpeHHbiM KOXJIOM. 3xo CBasano c xeM, MXO

Baa narpysKa HHSKB H Hex neo6xoaHMocxH Aorpesaxb cexeByto so^y B KOH-
BoaorpeKnoro Koxjia. B nepcneKXHse c yBejiHHeHHCM cexeBott narpysKH

oHxyp BO^orpeHHoro KOTJia xaKxe Moacex 6tixb BRjironeH B pa6oxy COBMCCXHO
c nCB FTY CorjracoBaHHbiH rpa4)HK xeMnepaxypbi CCXCBOH Bo^bi, Hflymeii na
oxonjieHHe JKHJIUX ^OMOB, sasHcnx ox xeMnepaxypbi Hapyxnoro BO3^yxa H flBjifl-
excfl nepeMeHHUM. MsMCHflercfl H sjieKxpHiecKafl Harpy3Ka xyp6HHbi, x.e. FTY
pa6oxaex B nepeMCHHOM peacHMe. FIpn SXOM y^ejibHbie pacxo^Li ycjioBHoro xon-
jiHBa Ha eziHHHuy BbipaSoxanHbix xenjioxw H 3JieKTpHHecKofl 3HeprnH saBHcax ox
KFm FTY (Koxopsm saiwexno yMCHbinaexca c yMeHbuieHHeM narpysKn) H pesKo
yBejIHHHB3K)TCfl (npH0JIH3HXeJIbHO B 2 p333) npH H3rpy3KC MBHCC 50 % HOMH-
naJibHOH. Kor/ia narpysKa MCHbiue 8 MBx, FTY ocxaHasjiMBaexcfl H BKJuonaexcs
Bo^orpeHHbifi Koxeji. ,ZI,onycKaexca pa6oxa FTY xnna GT-35 B cyxoM peacHMe,
T.e. 6e3 soflbi B nepBHHHOM KOHxype, npH SXOM HMeexcfl orpsHHMCHHe no xeivine-
paxype yxojwmHx rasos FTY (470 °C). B SXOM pe^HMe ^ojiaceH 6bixb CJIHB so^ibi
HS nepsHMHoro KOHxypa H c^ejianbi neKoxopbie HSMenenHfl B CHCXCMC ynpasjie-
HHfl FTY (cHflxbi samnxbi no «BO^,e» H ̂ p.).

CoScxBCHHo FTY HMeex HeBLicoKyro xeMneparypy Ha BXO^C B xyp6nny n co-
oxBexcxseHHo ne oneHb BbicoKHH KFl/J npOHSBOAcxsa sjieKXposneprHii. OjinaKo c

" yXHJIH3aUHH XCnjIOXW B KY CyMMapIIblH K03$$HUH6HX HCnOJIb30B3HHfl
Bospacxaex ^o 84,3 %, HXO MOXHO cnnxaxb yjtce /tocxaxontio BHCOKHM

, a y/iejibHbiH pacxoa xonjinsa na BbipaSoxxy xeiuioxbi H 3JieKxpo-
3HCprHH — CaMblfi HHSKHtt B CHCXCM6 OAO «MoC3HCprO». TaKHM o6p330M, KOM-

^OBaHHaa Bbipa6oxK3 3JieKxpnnecKOH aneprHH n renjioxbi nosBOJiflex SHann-
|"0 nOBblCHXL 34)(J)eKXHBHOCXI, HCnOJI!>30B3HHS FTY

MV ^OTy^wms ycx3HOBKa THna GT-35 HMeex cJio>KHyK> KHHeMaxH4ecKyro cxe-
mHn

 Cr° D 'O'P^HH6 aecsxb no^mimnHKOB: poxop H^ cueHxposan na naxn noa-
Rnfs "HK5X' P°TOP Bfl cueHXposan Ha xpex nojiiiJHnHHKax H, nanoHeu, poxop CHJIO-

Ha ^Byx nofluiHHHHKax (eme O^HH nofliiiHnHHK B renepaxope).

paciuwpeHHe FTY-T3LI, B r. 3jieKTpocx3JiM c ncnojib3OBa-
THna FT3-25Y (OAO «Typ6oMoxopHbifl 33Bo^», n EKaxepHHSypr).

3HeprexHHecKOH ycxaHOBKH BOHflyx:

jiu --^Fv«HH3a ycxaHOBK3 xHna FT3-25Y c ciiCTCMoK aBTOM3Tii46CKoro pery-
HHa H saUJHXbl, MaCJIflHbIM XO3HHCXBOM, BXO^HblM BO3JiyxOBOAOM H BblXO^-

i, xpySonpoBO^aMH c apMaxypoH B npe^ejiax MauiHHHoro sajia H pp.;
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noHH>KaK>mHH pe^yKTOp una. npHBojia renepaTopa KOMruieKCHo c
TCJibHbiMH nojiyMycjvraMH (HsroTOBHTeiiB OAO «KoMnpeccopHuR KOMnjyeKc»
r. CaHKT-FleTepSypr);

TypGorenepaTOpHbiH KOMiuieKC c reHeparopoM THna T-32-2B3, CHCTCMOH 803,
SyaC^CHHJl H THpHCTOpHblM IiyCKOBblM yCTpOHCTBOM TOY-1,25
reHeparopa — AO «npHBOjp>, r. JlbicbBa; CHCTeMbi B036y>K^eHHfl
«3jieKTpoMaiiJ», r. CanKT-nerepSypr; THpHCTopHoro nycKOBoro ycrpoficTBa
AO «B3H-AHcajib^o», r. MocKBa);

noflorpeBaTejib ceieBOH BOflbi c npoMeHcyroHHbiM KOHTypOM B cocraBe KY, BO-
.ZIO-BOflflHOrO TenJ10o6MCHHHKa H flblMOBOfi TpySbl (HSrOTOBHTCJlb 33BO,a «Kpac-
HUH KOTeJibUiHK», T. TaraHpor);

CHCTeMa aBTOMaTHHecKoro ynpaBjieHHfl TexHOJiorHHecKHM npoueccoM
(ACV TH) (HsroxoBHTejib HRO «ABTOMaTHKa», r. EKarepHH6ypr).

B TaSji. 10.7 npeflCTasjieHbi TexHHiecKHe aaHHbie 3HepreTHHecKoro
rry-T3U c rrv THna rt3-25y.

B o6i>eM nocTaBKH TaK>Ke BXO^HT KOMnjreKCHoe B03^yxooHHCTnrejibHoe yci-
poHCTso, npe^HasHaHCHHoe AJIJI 3a6opa B03^yxa B UHKJI TTV, annapaxw
Horo oxjiaJKACHHii Macjia (CMESKH H perynHposaHHsi) H aHTH4)pH3a
renepaxopa), a TaKH(e 3ByK03aiUHTHoe yKpbiTHe arperaxa, npeflcraBjiflfomee co-
6oii oSuiHBKy arperaxa B BH^C anrapa. Ten^OBaa cxema anepreTHHecKoro arpera-
Ta anajiorHMHa CXCMC GT-35.

riV BbinojmeHa ojiHOBajibHOH no cxeMe npocToro OTKpbiTOro SespereHepa-
THBHoro uHKJia H paSoTacx Ha npHpo^HOM rase. npHBOA reHepaiopa ocymecTB-
jiflexca Hepe3 noHH^aromHii pe^yKTOp, pacnonoa<eHHbiH co cToponbi BcacbieaHHa
B03jiyxa KOMnpeccopoM FTY FTpn ojiHOBaJibHOH KOMnoHOBKe o6ecneHHBaroTca

npenMymecxBa:
npocroTa KOHCTpyxuHH;

6ojibiuafl Ha^e^HocTb peryjinpoBanna npn 6bicTpoM HSMCHeHHH uarpysKH;

Ta6jiima 10.7. TexiiunecKue J U H K L I L - 3HepreTiiiecKoro ftnoica FTy-T3L( c FTV Tiina rT3-2SV

—
Cpe^Haa napa6oxKa na OTicas, 4

Pecypc AO cnHcanna

CpeAHHH pecypc Meatfly Kann-
TajIbHblMH peMOHTaMH

Pac'icrnaa TpyaoeMKOcrb KanH-
TajiLiioro peMOHxa, Hopinonac
K03^l({lHUHeHT TCXHHMeCKOrO
Hcnoji b3o Banna
Ko3(l)4)HUneHT HaaeSCHOCTH
nycKOB
K03(})4)HUHeHT FOTOBHOCTH

(c Acy in)

3500
20000— Acy in
HeMCHee lOOxtic. 4

12 Jier— ACy TH
He Mcnee 25 THC. li

2500

0,92

0,95

0,98

PeayKiop

4000

He Mcnee
100THC. 4

He Menee
25 TbIC. H

—

—

—

—

Typ6o-
renepa-

TOp

2700

40 jier

8 J1CT

3200

—

. —

0,997

THpHCTOp-
Hoe nycKoeoe
yCTpOHCTBO
rny-1,25

—

25 J16T

—

40

—

0,99

0,998

Flojiorpe-

cereBofi
BOflbl

8500

40JI6T

6J16T

—

— •

—

— •
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B fltiMOByio Tpy6y
& x

OlBOfl H nQQBOJl CCTCBOH BOfllJ

PHC. 10.34. Te\nojiorHHecKan cxcivia nozioi pcnaTe.iH cereBOfi BOJU.I TTV rnna rT3-25V
! — UHpKyjifliuioHHhifi nacoc; 2 — Boao-BOfljmoH

onacHocTH noMnaaca B KOMnpeccope np« nycne H ocTaHOse FTV;
BH6pOHaAe«HocTi> poTopa H jionaTOHHbix annapaTOB KOMnpeccopa H

Typ6nH&i npH nocTOHHHoii nacTOTe spameHHa;
Jiynmaa craSHJibHocxt KHfl ycxaHOBKH npH fljiHTCJibnott 3KcniiyaTauHH;
B03MO)KHocTb nycKa FTY c HcnojibsoaaHneM ajieicrpo- H THpHCTopHoro nyc-

KOBOPO ycTpoficTBa renepaTopa.
Potop xyp6oKOMnpeccopa TTy Ha HOMHHajibHOH HarpysKe Bpamaeicfl c nac-

5940 o6/MHH, TypSoreHepaxop — c MacTOTOH 3000 OS/MHH. nepeflana
^OUJHOCTH K renepatopy ocymeciBJiaeTca c noMombro noHHMcaiomero pe^yKto-
P, HMeiomero K034)4>nuHeHT noHHaceHHa 1,98. B KanecTBe nycKOBoro ycrpoficT-
13 Hcno^bsyeTca reHepaxop, paSoraiomHti B pe>KHMe ^BHrarejia.

cocTas 3Hepro6jioKa riy-T3LJ[ BXOZIHT no^orpesaTejib ceresoH BO^SI
Pnc. 10.34), KoroptiH uBJiJieTCfl asyxKOHTypHbiM TenjiooSMeHHHKOM H paSoraer sa

TenjioTbi yxoAfliUHx rasos rTV. OepBbiM KOHTyp — rasosbiH no/iorpesaTeJib
POMexyjoMHoro TenjioHocHTejia (FBTO), BropoH KOHxyp — Bo^o-Bo^flHoa ren-

ICHHHK, B KOTopoM ceTCBaa Bo^a noflorpcBaeTCS npoMesyroHHbiM Teimoiio-
- Hcnojib30BaHHe npOMe>KyTOHHoro KOHTypa c TennoHOCHTejieM noBbimaex

Hocxb paSoTbi nCB Sjiaro^apa CHHHCCHHK) Koppo3HH SJICMCHTOB KOHTypa,
Hoc 'bUlaeT Heo^oaHMyro nosepxHOCTb noflorpCBaTena npOMe>KyTO4Horo renjio-
n
 Te;ia' Ta« KaK cojiesbie oxjioaceHHa Ha sjieMCHTax TBTO oTcyTCTByroT, a raiewe

BojiaeT CHH3HTE. Tpe6oBaHHa K Ka^ecTay cereBott Bo^bi H ncumepxHBaTb pasHbie
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Tpy6y

PHC. 10.35. Cxeiwa KOTjia-yrHJimaTopa (FBTO) rTV-T3U

ypOBHH flaBJicHHa B Konxypax. LjHpKyjiaiiHa xenJiOHocHxena npoHSBO^nxca Haco
MH (#Ba nacoca B paSoxe, O^HH — B pesepse) npH .aasjieHHH, npe^oxBpamaJOiue
ero BCKHnaHHe. CxeMa KV (FBTO) npe^cxaBJiena aa pnc. 10.35.

10.7. SHEPrETMHECKME YCTAHOBKM C flBMrATMflMM BHVTPEHHErO CfOPAHMfl

B poccHHCKOH 3HeprexHKe HOMHMO Kpynnux xen^o4)HKauHOHHbix ycxaHOB
npoeKXHpyroxca H BBO^axca B ^eKcxBHe HeSojibiiiHe 3HeprexHqecKHe oS-ber
KOM^HHHpOBaHHOH BbIpa6oTKOH SJICKXpHHCCXBa H XCHJIOXbl, KOXOptlC flOJI*'.
HMexi> ^ocxaxoHHO BbicoKyK) xenjioeyio SKOHOMHMHOCXL npH oxHOcnxeJibHO
6ojibiuHX KaniixajiOBJiOHceHHflx H cpoKax BBO/ia B 3KcnjiyaxaunK).

Oco6oe MCCXO cpe^H SXHX nepcneKXHBHbix sneproycraHOBOK
raxejiH BnyxpeHHero cropaHna HOBOPO noKOJieHHfl, pa6oxaK>m,He na
rase no UHKJiy OTXO, — raaosue ^BHraxejiH c npHHy^HxejibHbiM (HC
acHranHCM. TaKHe rasosbie ^BHraxejin-reHepaxopbi (sneprexHHecKHe flBC)
K)X BblCOKHfi KFIA npOH3BOJJCXBa 3JlCKXpO3HeprHH, HH3KHH ypOB6Hb
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3a-

2 5 %).

MrHoseHHo ouenHBaxb
H xeMneparypw B B03jiyuiHOM xpaKxe, pacxo-

y

sopoxKHe cpoicH nocxasKH «nofl KJIJOH» H CTpOHxeJibcxsa.
ll3r0TOBJiflK>T na 6a3e ocfioeHHbix

o 3 H b i M pacnojio>KeHHeM UHJIHH^POB, HHCJIO Koxopux ,aoxo.zuix ao 18. Jle-
K cJKHraHHK) B HHX xojibKO npHpo^Horo rasa ocymecTBJieH xaKHM o6pa-

pex°fl
 TQ ^aejieHHe rasa MOJKCX 6bixb He6ojibiiiHM -- or 0,1 £0 0,45 MFla.

3°M' cMarpHBaeMwx ABC He xpe6yK>xcfl, KBK nacxo Gbisaex npH HcnojibSOBanwH
B P^C

n0porocTOflmne ^oacHMHbie KOMnpeccopti, MOHxaac H 3KCn.nyaxau,HH KOXO-

lX'co3£aK>T piw npo6jieM.
JTo ne^aBHero speivieHH npHMeHenne rasoBbix jiBHraxejieH cjtepXHBajiocb BU-
oft 3MHCCH6H OKCM^OB aaoxa NO^ H oKCH^a yrjiepozia CO. HcnoJibsoBaHne HO-

."UIHX TexHOJiornM, B Koxopbix npe/iycMOxpeHbi cncHraHHe o6e^H6HHOH xon-
HOH CM6CH, npHMCHeHHe aBXCMaTHICCKHX peryJIflTOpOB COOXHOIUCHHS «B03-

HBO» H 3JI6KXpOHHOrO 3aafHraHM n03BOJIHJIH H3 HOBblX /JBC CHH3HTb
pe^Htix OKCH^OB asoxa ^o ypoBHa 1,0 — 1,2 r/OBx-n) H OKCH^OB yr-
2 — 2,4 r/(KBx • H) (npH o^BeMHofi KcmueHxaunH O

3JieKTpoHHbie peryjiflTopw
spamcHHa /JBC,

xon^wsa H 3HaieHH3
3MHCCHfl BpejjHux BeujecxB y ra30Bbix ^BurareJieH cymecxeeHHo HH*C, HCM

ycxanoBoK. fl,j\a oxenecxBeiiHbix ^Hsejib-renepaxopOB c 2000 r.
Bbl6pOCOB OKCM^OB 330X3 ^OJIXH3 COCX3BJ1SITL 10 r/(«Bx ' H), OKCH^OB yr-
— 3 r/(KBx • H).

B KOHcxpyKUHH rasoBbix ABC npejiycMoTpeHa ycxanoBKa B rojioBKax UHJIHH-
cneunajibHbix 4*opK3Mep (npe^KaMep 3a>KHraHHa) ^JIH npejjBapHxejibHoro

B HHX oSorameHHOH ra30Bo3^yuiHOH CMCCH. OopKawepa flBJiaexca ia-
cx&w rojioBKH ^BC H COCXOHX H3 oxfle^bHoro Kopnyca c XOHJIKBHUM KJiananoM,
CBCHH 3a>KHraHHH H rojioBKH Bbixojia 4>aKeJia 3a;KHraHHs xonjiHBa (rasa) B OCHOB-
HOM UHJiHHZipe. HeKoxopbie 3ranbi paSorbi xaxoro ^BHrarejia npe^cTaBjieHbi Ha
PHC. 10.36. B caMHX uHJiHHzipax B03,ayx H npHpo^H&ifi ra3 npe^cxaBJiarox co6oM
oSe^HCHHyio CMCCI., H npoijecc c»cnraHH3 raKOH CMCCH oSecnenHBaex noHHweH-

BbiSpocM NO^ H CO. HsSbixoK B03#yxa cocxaBJiaex 2— 2,3 (pHc. 10.37). ̂ w

npouecca sa^HraHHfl H cropanna xaKOH oSe^neHHOH CMCCH B 4)op-
KaMepy nojjBo^ax oSorsmeHHyio ra30Bo34yuiHyK) cMecb, KOTopyro sa^Hrarox
CBeqoH, pacnojiojKeHHOH Henocpe^cxBeHHo B 3xoii 4>opKaMepe. O6pa3yK>mHHca

Ken npe^cTaBJiaer co6oH BticoK03HeprerHHecKHfl HCXOHHHK 3a>KHraHHa OCHOB-
D TonjiHBa B UHJiHH,ape. B npe^KaMepHOM rasoBOM ABHrsxeiie cH34ajia BOC-
weHaexca xonjiuBnaa CMecb B ̂ opKaMepe, a 3axeM B UHJTHHape. 3xox cryneH-

H npouecc B Kaac^OM uHJiHHjipe KonxpojiHpyexca H nenpepbiBHO peryjiHpy-
3aBHCHMOcxH ox napaMexpos: MOIUHOCXH ^BC, cocxasa xonjiHBa, napa-

'B OKpyjKaiomero so3^yxa, nopMbi BbiSpocoB Bpe^Hbix BemecxB. B npoqec-
xonjiHBa floji>KHbi SbiTb HCKJUOHCHW pe*HMM pa6oxi,i ^BHraxejia

°Hy '3eTOHaUHH (PHC. 10.37), KOXOpOM COOXBCXCXByex H36bIXOK
1,0—1,4. ^jia sxoro cwcxeMa ynpasjieHHa ^BC

npouecc ropeHHa Ha sa^aHHOM paSoneM ypoBHe 6e3 cHHJKCHna
CT" (PHC. 10.38).

yc ? 30Ta ra30Bbix ABC no cpaBHCHHio c TTy xapaKxepnsyexcfl 6o;iee BbicoKiiM H
MHB npoH3Boj;cxBa 3JieKxpO3Hepnin, aScojitoxHoe snaHeHHe Koxopo-

yMCHbmaexca co CHHMceHHCM Harpy3KH (PHC. 10.39). Taic, npH
481



YCTpOftCTBO
juifl cinemeHHfl raaa OopKainepa

PHC. 10.36. 3yanbi paSorbi raio«oro jienra-
TCJIH BHjTpcmicro cropaiiufi Ha oSeflHCH-
Hofi ra30B03jiyiiiiioH CMCCH
a — snycK B03,nyxa H rasa; 6 — oKarae BOS-
ayxa H rasa; s — BOcnJiaMeHenHe

& m
0,4

0,6 0,8
_i 1 1 1 1—i 1 .
1,2 1,4 1,6 1,8 2,0 2,2 JfeG&rroK Bosayxa a

PHC. 10.37. "Js iRHCHMOcib iiapamerpoB paoOTbi 11 KIL^ npomBOACTBa 3.ieirrpO3HeprHM Jl&C
18V34SG 4>npMi>i «BapTCHJiH» (3JieKTpHHCCKan MomuocTb 5500 KBT) OT cocraua CMCCH T|

BO—Bot/iyx H H}6biTKa Boaayxa (A — oSjiacrb nponycKa

482

KoHTpOJIbHHH

OCHOBHOFO
rasa N-

KOHTpOJIbHHli
rasoBwfl
KJianaH

PHC. 10.38. CxeMa ciicreMbi KOHTpOJiH H pcryjinpOBanHM no;iaHH B03jiyxa
H ronjiiiBa B coBpeMeHHbix raioBbix /IBC <]))ip\(bi «BflpTcnjia»
MCU — MO^yJib ynpaBJieHHH; Pl — peryjiHpyromHfi opran; T— aariHK reMne-
paiypti;/) — AarHHK aaBJieHHa; K— aaTiHK ^eTonaiiHH; N— flaTHHK MOIUHOCTH

; G JtaTHHK MOIUHOCTH flBHraTCJIfl B U6JIOM

20 80 10040 60
Harpysna, %

10.39. HsMeHCHHe KHJJ, npoii' iboaciBa 3jieKTpo3iiepriiii COBPCMCHIILIX JJBC u FTV
OT HarpyjKti

flBofinoro Ton^HBa (ras + scmtKOe TOHJIHBO) c 3a*Hra»HeM npw cacaTHH (ABC THna
CMBCH c HCKPOBMM 3a»tHraHHeM (^BC THna

TY (THna V64.3, Siemens)
18V46, «BapTCHJis»); 2 —
34SQ, «BapTciiJia»); 3 —

3JI6KTpHHeCKOH HarpySKH JJO 50 % HOMHHaJlbHOH 3JieKTpHHCCKHH
rasoBoro ^BHraxejia cHHHcaeTCH xoJibKo Ha 7 — 10 %, raaosoH TypSHHbi — Ha

20- — 30 %. FasoBbie Menee iyBCTBHTejn>Hbi K B^HSHHIO xeMnepa-
Typbi HapyjKHoro Boaziyxa, MCM rasosbie xyp6HHH. CnHJKeHne MOUJHOCTH raaoBoro
^BHrarejia-reHepaxopa naHHHaexca npn xeMneparype soaziyxa ebiuie 25 °C, H npH
^0 °c MomHOCTb rasoBoro ^BHraxejia yMCHbUiaercfl rojibKo Ha 2 — 3 %.

B xa6ji. 10.8 H 10.9 npHBe^eHw ocnosHbie rexHWHecKne aaHHt-ie rasofibix
raxejieH BHyxpeHHero cropaHHa (J)HpMbi «BspxcHJifl» u «KaTepnHjrjiep».
rMHHbie ,ZJBC BbinycKaroT HssecTHbie dpHpMbi: MAN (THHOB MAN 28/32SG;
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T a 6 j i n u a 10.8. TexmiiecKiie j»aHHi,ie raaoeux «BHpiCHjm»

XHII

175SG*

180SG

220SG

25SG

28SG

34SG

HHCJIO
UHJIHUHpOB

12
16
16
18
16
18
12
16
12
16
18
16
18

3jieKTpHie-
CK3fl MOIU-
HOCTb, KBt

775
1010
1360
1500
2800
3200
2100
2800
3000
4000
4500
4885
5500

C K H M KFTJ^, A*

35,0

36,0

39,0

40,0

41,0

42,0

HacTora spa-
menHH sajia,

O6/MHH

1500

1500

1500

1000

1000

750

MHHHMajlbHOe

JiHBa nepea
flBC, MRa

0,115

0,115

0,45

0,4

0,45

0,42

Macca, Kr/ng

10,'?
14,7

~7o" — *

15,3
\6jT~
14,7
14,0
18,8
18,2

. YnejibHbiH pacxoji cMaao'inoro Macjia 0,3 — 0,6 r/(KBT-i).

TaSiiima 10.9. TexHiiiecKHe aamibie raaosbix (|)MpMbi «KaTepniuiJiep»

THO flBHratejiH

G3606
G3608
G3612
G3616

HHCJIO
UHJlHKHpOB

6
8
12
16

3jieKTpHHe-
CKaa MOIU-

HOCTb*, KBT

1265
1685
2540
3385

Pacxoji TO nji li-
sa**, M3/1

380
504
756
1005

HacToxa epame-
iin« Ba.ia.

06/MHH

1000
1000
1000
1000

MliHHMUJltHOe
flaBJlCHHC TOnJIHBa
nepe^ABC, MOa

0,30
0,30
0,33
0,33

Hpii TCMnepaiype BOHbi na BXO^C oxjiajmrejis TB = 32 °C H B03jyxa nocne Haaflysa 7"B03 - 54 °C.

rasa c Q\ = 33,72 MRx/u* (7933 KKan/MJ).

1, Bpewbie BwSpocbi NO, ue 6oJiee 0,94 r/(KBT-i) (125 ur/u3), CO HC Sojiee
2,5 r/(KBT-H)(331 Mr/M3) npHoSteMnoii KOHueHTpauHH02 B Bbixo^Hbix rasax 15%.

2. Pecypcflo KanMTa^bHoro peinoHTa ne Menee 100 000 4.
3. YaejibiibiH pacxoa cMasoinoro iwacjia 0,43 r/(KBr • i). CpoK cjiy»c6i.i we Menee 5000 H.
4. Creneiib CHOTMH pasna 9,2.

MAN 32/40DG); Deutz (xHna DEUTZ TBG632); Nigata (XHHOB Nigata V26HX-G;
Nigata 33CX-G) H jip.

JIro6oH us nepeHHCJiennbix Bbiuie RBC cnocoSen jiJiHxejibHoe speMa paSoxat
DCS CHHaceHHa niweHCHOCTii npH 40 %-HOH Harpy3Ke. Tasosbie ^BHraxenn pa6oxi
IQX 6e3 cHHJKeHHH MomHQCTH Ha rase c MexanoBbiM HHCJIOM ne HHJKC 80 % H i
njioxoii cropaHHfl 33—40 M£>K/M3. Pacxoji 3jieKXp03Heprnii na coScxBennbie «
jicabi 3JieKxpocxaHUHH c rasoBbiMH ABC cocxasjiaex 1—3 %, a noxpeSneHne cM3
30MHoro Mac^a HaxojiHTCfl B npe^ejiax 0,3—0,6 r/(icBT • H).

TasoBbie flBHraxeJiH-renepaxopbi no CBoefl 3(J>4ieKXHBHocTH He ycxynarox nap'
CHJIOBUM ycxaHOBKaM, xoxa HX e^HHHHHaa Momnocxb nosBOJiaex cos^aeaxt
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X a S j i K u a 10.10. OCHOBHWC pa3Mepw 4>HpMi.i «BnpTCHJii!»

flpTCH;l»»
- —
175SG
. —
25SG

28SG

34SG

HHCJIO UHJIHIiUpOB

12
16
12
16
12
16
18
16
18

AjlHHa, MM

4000
4380
7600
8800
8200
9360

10 100
10750
11 500

UlHpHHa, MM

1860
I860
2050
2050
2550
2550
2550
2780
2780

Bticora, MM

2400
2400
3205
3205
3600
3600
3600
4600
4600

ycxaHOBjieHHoii Momnocxbio TOJILKO £0 40 MBx. 3i})<J)eKXHBHocxb xa-
KHx ra30Bbix ycraHOBOK yBejiHHHBaexcfl npn yxnjiH3auHH xennoTbi BBIXO^HBIX ra-
30B H ^pyrHX XenJIOBMX nOXOKOB B UCJiaX KOMSHHHpOBaHHOH BI>rpa60TKH 3JieKXpH-

H xenjioxbi (xeMnepaxypa raaoB nocne ^BHraxejia npHMepHO 400^500 °C).
narpysoK ox 75 40 100 % KOJIMHCCTBO BWXO^HWX rasos ^BC

nponopUHonajitHO Harpy3Ke, a HX xeMnepaxypa ocxaexca noqxH
OHa npaKTHMecKH HC aasHCHT ox napaMexpos Hapyacnoro Bosjiyxa.
KflR rasoB&rx ^BMraxejieH no BbipaSoxKe 3Jieicrpo3HeprHH AO 42 % cHHJKaex BH-
Spocti C02 B nepecnexe Ha 1 KBx • H B cpejineM Ha 25 % no cpaBneHHio c Bbi6po-

coBpeMCHHbix rasoxypSHHHbix ycxanoBOK. B xa6;i. 10.10 yKasaHti OCHOBHUB
rasoBbix ^BHraxejieH-reHeparopoB «BspxcHJifl».

Tenjioea3 cxeMa RBC-T3l\, npe^cxasjieHHafl HE pHC. 10.40, flBJwexcn anajioroM
HJIH npOMbiuiJieHHOH rxy-T3Lt, ee MOJKHO paccMaxpusaxb KaK sa-

npHMeHCHHa napora^OBoro UHKJia. YTHJinsauHfl xenjioxbi BwxojiHbJx rasos
.aBwraxeJia, xennoxbi oxjia^Hxejiefi paSonero B03^yxa nocne TypSonaany-

Ba, Macna, oxjiaacnaromeH Bojibi H Bbixo^Hbix ra30B nossojiaex renepHposaxb B KY
cyxoii HacbimeHHbiH nap npeHMymecTBeHHO ana oxnycKa xenjioxu BHeniHHM no-

. KoHfleHcax rperomero cexesyio so^y napa nepe^ no^aqeH B 3KOHO-
KV npoxo^Hx nepes pa^ xenjioo6M6HHHKOB, rae npe^BapuxejitHO Harpesa-

ca, nocjieAOBaxejibHO oxjia^^aa CMaiOHHoe Macjio, paSoHHH sosjiyx H oxjia^c-
K>myio Bo^y ^BHraxena. B cxeiwe xaioKe npe^ycMoxpeHO HeiaBHCHMoe oxJiancjie-

3Tiix noxoKOB c HcnojitsoBaHHeM oxjia5K,ziaromeH BO^M iiHpKyjiauHOHHoro KOH-
*ypa c rpaaHpnefi ;UIH paSoxbi flBC B asxoHOMHOM peiKHMe.

B BapHanre flBC-T3q OT O^HOTO rasosoro ^Biiraxejia xnna 16V25SG (3JieK-
ecKas MouiHocxb 2800 KBx, KO^ npOH3BOflcxBa 3^eKxpo3neprHH 40 %)
o nojiyMHXb 1960 KBx Tenjiorw B BH^e ropflHCH BO^bi H 0,67 Kr/c napa ̂ as-

|pi nopa^Ka 0,8 MFIa. Ilpn SXOM KOS^^HUHCHX Hcnojib30B3HHa xenjioxu xo-
^ na T3q cocxasiix T] H T - 89 %.

Ton H B naP°ra30BtIX ycxanoBKax c TTV, na ^BC-T3I4 BO3MO>KHO ^o)KHraHHe
c

 JIHBa B noxoKe Bbixo^Hbix rasos nepea KV. Tanoe pemeHne no3BOJtaex HOBW-
' napaMCTpbi H KOJIMKBCXBO renepHpyeMoro napa. ^ojKHraHne 35—45 % pac-

xonjiHBa rasosoro jj.Bnra.Tena xnna 16V25SG noB&iuiaex naponpons-
KY 40 1,6 KP/C npH coxpaneHHH npaKXHHecKii HCHSMeHHoro 3Ha-

renjioxbi Tonjinsa.
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PIIC. 10.40. npHiiuHnHajibHaa renjioeaH cxema JJBC-T3I1, c arperarawH rana 18V34SG
(«BHpTCHJlfl»)
/ — Typ6oBO3AyxoayBKa, 2 — Tenjioo6MeHHHK oxjiawaaioineit soabi; 3 — oxjia^HTejib pa6oiero
B03flyxa; 4 — oxjiaaHiejib Macjia; 5 — • BeHTHJifliopHas rpaanpHn; KV — KOTeji-yrHJiHsarop; M,
3K — cooiBCTCTBeHHo HcnapHTejibHaa u 3KOHOMaH3epHaa noaepXHOCTH narpesa; H — nacoc;
KH — KOH^eHcaTHbiH nacoc; 777 — noTpeSiiTejib

B Kanecxse THiiHHHoro npHMepa Tenjio3JieKxpou.eHxpa.nH c rasosbiMH
«BflpxcHJia» MOKCT cjry>KHTb flBC-T3IJ Stovring (flaHna).

3KcnjiyaxaunK> B 1995 r. CxaHuns oSopyflOBana xpeMa rasosbiMH
xnna 16V25SG c BOflorpeflHbiMH KY. 3jieKxpHHecKaa Momnocxb xaKOH
T3I4 cocxasjiaex 8,4 MBx, xennoBaa 10,86 MBx, KOS^^HUHCH
xenjioxbi xonjiHBa 90 %. PC^HM paSoxw MyHimnnanbHOH T3LJ, — nMKOBbiH, c
nycKaMH B nepno^bi HHKOB Harpy3KH, a xaKJKe npn BMCOKHX xapntjiax Ha 3JieK-
xp03HeprHK>. Tennoxa ropaHeii so^bi, BbipaSoxaHHaa 3a nepno^ npoH3BO^cxBa
3j]eKxpo3HeprHH, aKKyMyjinpyexcfl B 6aKe BMeciHMocxbK) 3500 M3 H

3KC-

xenjiocHaS^eHHa B nepwo^bi npocxoa /I,BC-T3I4.
BbicoKaa cxenenb aBTOMaxH3au;HH xexHOJiorHMCCKHX npoueccos

cymecxBCHHO coKpaxnxb HHCJICHHOCXI, nepcoHana 3JieKTpocxaHUHH. TaK,
njiyaxauHOHnbiH H peMOHXHbiK nepconajibi Haxo^axcfl Ha cxaHUHH Stovring
KO B aneBHoe BpeMfl. CncxeMa ynpasjieHHa ocymecxsjiaex aBxoMaxHMecKHti nycK
M pa6oxy flBC-T3Lt npn UHKJIHHCCKOM H3MeHCHHH HarpysKH. OctaHOB cxaHU""
npH aKKyMyjiiiposaHHH B 6axe MaKCHMajibnoro KO^HnecTBa xenjioxbi Jin6o B CBS-
3H c nanajioM nepHO^a HHSKHX xapH^os na sjieKxposneprHio xaK^ce
exca aBxoMaximecKH.

flswraxejiH BnyxpeHHero cropaHHa, paSoxaiomHe na npHpo^HOM rase no
OTXO, H cosjiaHHbie na HX Sase T3C oS^a^arox pa^OM nojio)KHxeJTbHbix KanecTB
IlpH Knfl npOH3Bo^cxfia 3jieKxpO3HeprnH 40—42 % BbiSpocbi CO2 B nepecnexe H
1 KBx • q B cpeziHeM na 25 % Menbuie no cpaBHeHHfo c Bbi6pocaMH
486

E/lHHHMHafl MOI1JHOCTb rasoBbix flBC
OBJicHHoH MomHOCXbio 30—50 MBx npH uene 700—900 .nojui. CL11A Ha
ycxaHOBJieHHoR MOIIIHOCTH. VKasannbie npeHMymecxBa c ynexoM KOMnaKx-

* TH H BblCOKOH 3BXOMaXH3aUHH ^aHHOFO oSopy^OBaHHfl n03BOJlSK)T pCKOMeHJlO-
ABHraxeJiH-renepaxopbi K Hcnojib30BaHHto npH npoeKXHposaHHH H
3Heproo&beKTOB He6ojibiuoH MOIU.HOCXH H paccMaxpnsaxb BOSMOJK-

napora30Boro UHKJia Ha flBC-T3U, npn Bbi6ope oixniMajibHoro

CXOPOHHHKH npHMCHCHHa 3HeprexHH6CKHx FTY B naporasoBOM UHKJIC
HIT Ha cJieAyromHe HX npeHMyiuccxBa no cpaBHCHHio c sneprexHHecKHMH raso-

!biMH ^BHraxenflMH BHyxpeHHero cropaHHa:
1. B flBC saMena Macjia nponcxo^HX KaacAfcie 5000 H, xorua KaK B FTY HMCCX

MCCXO MHHHMaJibHoe 3arpa3H6HHe Macjia, xaK KaK OHO He HaxoaHTca B KOH-
xaKxe c npo^yKxaMH cropaHHH.

2. Pacxo^ Macjia B MacjianoH CHCXCMC 3HeprexHnecKHx ycxaHOBOK MOIUHO-
cxbio 5 MBx cocxaBJiaex:

TTY— 1,3
flBC — 70

3. BbiSpocbi spe^Hbix BemecxB B conocxasHMbix ycjioBHax cocxasjiaiox, ppm:

TonjiiiBO

npnponHbiH ra3

)Knaicoe TOHJIHBO

Tun ycxauoBKH

rxy
TTD/""1
/^Dv,
ny
TTD/^J-\D\^

NO,

25
118
50
185

CO

60
107
75
50

Flocjie flBC, KaK npasnjio, npejrycMaxpHBaiox ycxanOBKy KaxajiH3axopa
4. KanHxajioBJioaceHHa H saxpaxbi na Monxaac 3HeprexHMCCKHX ycxaHOBOK c

flBC Bbime no cpaBneHHio c KannxajibHbiMH BjioaceHHHMH H saxpaxaMH Ha
TTY O^HHaKOBOfl MOLU,HOCXH COOXBCXCXBCHHO B 1,3 H 1,1 p33a.

5. OxHomeHHe oxnycKaeMOH ox flBC-T3LJ, xenjioxbi K BbipaGaxbisaeMOH

3JieKxpo3HeprnH Qr/N%BC ~ 0,9 , xoma KaK na rTy-T3I_t OHO cocxasjiaex

1,8 — 2,0. riosxoMy XHH 3JieKXp03HeprexHHecKoro o6opy,aoBaHHfl ^Jia
3Heproo6'beKxa MajioM MOIUHOCXH Bbidnpaiox no pesyiibxaxaM xexHHKO-
3KOHOMHHecKoro HccjieflOBaHHfl c yHCTOM HMetomHxcfl xexHHHecKHx orpa-
HHneHHH, rpa^HKoe 3JieKTpHMecKoK H xeruioBOH narpysoK, pe^HMOB pa6o-
Tbi, $HHaHCOBbix CXCM peajiH3auHH npoeKxa H ̂ p.

KOHTpOJIbHbie BOnpOCbl

• "CM pasjiHiaiorca xenjioBbie CXCMBI OTonHTejibHbix H npoMbimjienHbix FTY-TSLl,?
• KaK BJIHHCT AOJIH ren^OTbi BHeuiHero noxpeSHxejia fi Ha noicasaxejiH 3KOHOMH4HOcxH

TexiiHiecKne peuieHHH peryjinpoB3HHa ornycKa Tenjioiw na rTV-T3U H HX npen-
Myuiecxaa?
rioKa>KiiTe na npHMepe, K
Moayjia rTV-T3U.

• KaKHe ocoSenHOCTH xapaKTepHbi anx HajjcTpoeK
6- HBM oxjiHHaiorca ^naejibHbie RBC OT raaoatix

pa6oxbi 3HepreTHiecKoro



r/iasa

HAPOrASOBAfl TEXHOJlOfMfl HA nblJlEYrOJlbHblX
3J1EKTPOCTAHUM5IX

11.1. HAPOrASOBblE VCTAHOBKM nblflEYrO^bHblX T3C C HAPAflJlEribHCW CXFMn,i
PAEOTbl

11.1.1. TeruioBbie cxeMbi firy

JlyHiiiHe noKasaxejiH SKOHOMHHHOCXH cpe^H scex THROB Firv HMCIOT nry c

KY npH pa6oxe Ha npnpOflHOM rase c HOMiinajibHOH narpysKoR OHH
oSecneHHBarox npoHSBoncxBo 3JieKTpo3HeprHH c KUJ\ HCTTO 40 60 %. BMCCTC c
TCM flJis MX pa6oTbi HeoSxoflHMO SecnepeSoftHoe KpyrjioroziHHHoe cHa6>KeHHe
npnpOAHbiM rasoM BbicoKoro AaejieHHa (p > 4 MHa).

Kom>iOHKxypa pbiHKa snepreTHnecKHx pecypcoB B POCCHH sacxasjisex
ajibxepnaxHBHbie HCXOHHHKH xonjiHBa, cpeAH KOTOpbix Ha nepsoe MCCTO
yroiib. npHMCHCHHe naporasoBOH XCXHOJIOPHH Ha nbiJieyrojibHbix 3JieKxpocxaHUH-
HX no3BOJiJiex 3HaHHxejibHO conpaxHXb noxpeSjieHne npnpoAHoro rasa npH OAHO-
BpeMCHHOM yjiyniueHKH noKasaxejieR xenjioBOH H o6men 3KOHOMHHHocxH 3Hepre-
XHHCCKHX oStCKTOB.

3HepreTHKa POCCHH HyHcaaexca B HOBOH «yrojibHoH» noJiHTHKe. KopennoK
Bonpoc pe(J>opMHpOBaHHa TonjiHBHO-3HepreTiiHecKoro KOMHJieKca (T3K)
ecero Kacaexcfl Bbi6opa pasyMHon nponopuHH Meacjiy He4>Tera3OBHM H
TOnHHBOM.

OcHOBHue sanacbi yrjia B MHpe Haxo^aTca B POCCHH, CI1IA H KHTae. B POC-
CHH OH BbiroflHo paccpejioTOHen no TeppnTOpHH crpaHbi, a TCXHHKO-3KOHOMHHec-
KHC XapaKTepHCTHKH pOCCHRCKHX MCCTOpOHCJieHHH JiyHIUHC B MHpe.

FlepeopHeHTHpOBaHHe MHpOBoK 3HepreTHKH npeHMymecTBCHHo Ha yrojib -
Hew36e>KHbiH nyib. 3KOJiorHHecKafl 6e3onacHocTb H 3KOHOMH
HocTb yro^bHOH 3HeprexHKH 6y,ayT o6ecneHenbi npH nepexo^e OT cacuraHHa
B TonoHHbix KaMepax K xexHOJiorHflM my6oKOH KOMnjieKCHofi ero nepepaSoTKH.
3KOHOMHHCCKH pa3BHTHC CTpaHbl (CLUA, fCpMaHHfl, BeJIHKOSpHTaHHfl, MnOHH^
H flp.) BKJianbiBaiOT 3HaHHTenbHbie cpe,acTBa B paspaSoTKy ra30Typ6HHHofi H na-
porasoBOH xexHOJiorHH c npHMeHeHHCM yrjia.

CTa6jWH3auHa UCH na yrojib, npHpoAHbiH ras H Masyx na ypoeiic 1,3
it 2,5 (npHpoflHbiH ra3, Masyr) CBpo/Ffl^ K 1999 r. Sujra Hapyuiena, H
c 2000 r. npOHsomjio HX saMCTHoe pacxo^^eHHe. U,eHbi na yrojib
nopT PorrepflaM) noBbicniiHCb ecero jio 2,0 eBpo/m*, Tor^a Kan Ha MaayT H
pOAHbiK ras yBejiMMH/iHCb ao 5 eBpo/FJJxc. 3ro oficToaTCJibCTBo cymecTBCHHO no-
BJlHflJlO Ha OpHCHTaUHK) 3HeprCTHKH eBpOIieKCKHX CTp3H B CTOpOHy HCnOJlb30B3-
HHJI yrojibHbix T3C,

3HepreTH^eCKHH Mo^yjib «ra30Typ6nHHasi ycxaHOBKa — KOTeji-yTHJiH3aTOp»
nrV c napannenbHou CXBMOU pa6onibi ncnojibsyeTCH flJiJi renepauHH napa,
npaBJiaeMoro B TennoByio cxeMy nwjreyrojibHbix 3Hepro6jiOKOB
HJIH CBepxKpHTHHecKHx napaMCTpoB. 3to Moxcer SbiTb nap BbicoKoro,
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MTO OKasueaex BJIHHHHC na npo<pHJib xenjioBOH cxeMbi
xaKHX CXCM npHBe^eHbi Ha pnc. 11.1. B HHX KY BbinojiHatox

o6pa3OM' HT°6M AOCxaxoMHO HOJIHO Hcnojibaosaxb xenjioxy BbixoflHbix rasos
3xoro K ero naporenepHpyromnM nosepxHocTjiM Harpesa Ao6aBJiaiox

noaorpcBaxejiH BWCOKOFO H HHSKOPO AasjieHHa, B Koxopbix
HaCTb OCHOBHOPO KOH46HCaxa H OHXaxeJlbHOH BOAbl.

xenjiOBbie cxeMbi, B noxopbix B KY reHepnpyexca nap Bfl,
I a' i j . l , 5; 11.1,^): neoSxoAHMO yHHTbisaxb, MXO npn saKpnxHMecKHX

c' T'paX napa Ha napocnjiOBOM 3Hepro6iioKe reHepHpyiomnK Konxyp KY AOJI-
BbinOJlH6H npflMOXOMHblM. 3XHM 06yCJ10BJI6HbI COOXBCTCXByiomHe

T0eooi»an»- K ero xenjioBOH CXCMC.
npH pa6oxe nry c napamiejibHOH CXEMOH AOJIXHU Sbixb coSjuoAenbi HCKOTO-
e orpaHHHCHHa, csasaHHbie c napocHJiosbiM 3Hepro6iiOKOM. UejiecooSpasno

iSMpaxb XHH sHeprexHHCCKOfl FTY xaKHM o6pasoM, nxoSu KaK MOSCHO nojiHee
ucnojib30Baxb xenjioxy ee BbixoAHbix rasoB, oxjiauHB HX AO oSbiHHOH AJia KY

Mnepatypbi (-go___ioo °C). 3xo noxpe6yex B onpe^ejieHHux cjiynaax CHH3HXb
Harpy3Ky 3HeprexHHecKoro napoBoro KOTJia H MaKCHManbHo aarpysnxb napoM na-

napoBbie KOTJibi o6biHHO MOIKHO pasrpyaoxb AO 60 % HOMH-
HarpysKH B saBHcuMocxn ox BHfla cscwraeMoro yrjis, coflep>KaHHa B HCM
H ox CXCMU opraHHsauHH xonoMHoro npouecca.

HarpysKH naposoK xypSHHbi 40 ee MaKCHMajibHoro 3HaneHHfl
orpaHHHHBaexca zionycxHMbiM nponycKOM napa B ee KOH^eHcaxop H npe^ejibHon

ee 3jieKxporeHepaxopa.
nFY c napajuiejibHOH cxeMOfi HMBIOT npeHMymecxsa: pa6oxa

3HeprexHHccKOH FTY HC oKasbisaex BjiHanne Ha xonoMHbiK npouecc napoBoro
Koxjia, cropanne B HCM xonjinsa ocymecxEjiaexca no xpa^HUHOHHOH CXCMC; JICFKO

nepexoa, ox naporasosoro UHKJia K asxoHOMHOMy (caMOCToa-
pea<HMy paSoxbi OCHOBHHX sjieMCHTOB ycxaHOBKH; KOxeji-yxHjinsaxop

H napocHJioBofi SJIOK coeaHHCHbi Me^ay coSon xojibKo no napy H Bo^e COOXBCX-
cxByrotiiHMH xpy6onpoBoaaMK H sanopHbiMH 3a^BHiKKaMH.

B xenjiosyio cxeMy paccMaxpHBaeMOH nry 6es ee peKOHCTpyKUHH MOWHO
BHyxpn 3HeprexHnecKoro naposoro Koxna ycxanoBHXb cncxeMbi asoxonoflasjieHHa
(DENOX) H y^ajieHHJi cepbi HS flbiMOBbix rasos (pnc. 11.3). C ynexoM BOAHO-
XHMHHecKoro pea(HMa oQa naporenepaxopa (KY H OCHOBHOH nbijreyrojibHbiM
Koxeji) nHxaioxca o6eccojieHHofl BOAOH ojjHHaKOBoro Kaqecxsa. B ^aHHOM cjiynae

FTY xnna V64.3 (MOiUHOCXb no ISO 64,8 MBx, xeMnepaxypa Bbi-
rasoB 560 °C, pacxo^ xenjioxw xonuHBa B KC 175 MBx). KoxeJi-yxHJiH-

HMCCT xeMnepaxypy yxoAsmiHX rasoB OKOJTO 90 °C.
JlaporaaoBbie ycxaHOBKH c napajurejibHoR CXCMOH MoacHO npHMenaxb B poc-

napocnjioBbix 3Hepro6jiOKax KaK Ha BHOBI, npoeKXHpyeMbix nbmeyrojib-
3JieKxpocxaHunax, xaK H npH peKOHcxpyKUHH AeMcxByroutHx. 3ziaHHe, me

pacnojiaraxbCH SHeprexH^ecKaa FTY, KY H HX scnoMoraxejibHoe oSopy-
, Mo>Kex Haxo^HXbca pa^OM c rjiaBHbiM KOpnycoM T3C.

Ha PHC. 11.4 H 11,5 npHBeAenw xenjiosbie CXCMM nry c napaMCJTbHOH CXCMOH
a case MOAH^HUHposanHbix napoxyp6uHHbix ycranoBOK XHHOB K-225-130 H
u 24° (-AO <<J1M3>>)- HcnoJibsosaHbi FTY XHQOB V64.3 H V94.2 (OAO

;HHxepxyp6o»-- Siemens) H KY, B Koxopbix reHepHpyexca nap cpe^Hero
no cpaBHCHHio c napo\i npoMe^cyxoHHoro neperpesa H3 OCHOBHOFO
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p»ic. U.I. BapiiaHTbi renjiOBbix CXCM nbiJieyrojibHbix nry c napajijiejibiioii CXCMOH paSoTbi
a — flByxKOHTypHbifl KY napa BbicoKoro H cpe^Hero AaBJieHHH; 6 — TO ace, HO ra30B«

TOHHbift neperpes napa cpeanero aaBiieHHa ocymecxajiaeTCfl K3K B 3HeprexnliecKOM
KOTJie, rax H B KV; e — AByxKOHTypHbifi KY napa cpe^Hero H HHSKOFO AaBJi

TypHbifl KY napa cpe^Hero AasjieHiia; d — oaHOKOHTypnbiH KY napa BbicoKoro
1 — rasbi nocne TTY; 2 — yxojwmne rasw KY B flbiMoayio Tpy6y; 3 — nbijieyrojibHbie
3HepreTimecKoro napoeoro KOTJIB FTK; 4 — KoaneHcarop FITY; nn — raaoBbifi
neperpea napa B I~IK
490
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Flic. 11.2. npiiHimnna.ii.naH Teiuioaan cxeMa nbijeyrojibHoro napora3oeoro 3Depro6.noKa
c iiapajuie.rii.HOH C X C M O H (napiiaii r)

/—6 — HanpaajieHne DOTOKOB paSoHHx TCJI; 7 — noaorpeBarejit BR; 8 — noAorpeBa-rcjii, H/4; 9 —
rasoBwii noaorpesaTejib KOHaencara; 10 — raaosbiii noaorpeBate^b niiTareJibHOH BOAM; // —
Boa«Hofl 3KOHOMafi3ep; 12 — HcnapHTejibHbie nosepxHocTH; 13 — naponeperpesaTejib; 14 —•
UHpKyjiauHOHHbifi nacoc; 3f — ajieicrporeHepaTop; fl — ^easpaxop; 777 — TypSonpHBOfl; KH

nacoc; K-p — KOHaencaro

5,6 MHa/535 °C

24,8 MHa/545 3C



12,8 Mlla/ 540 'C
25,3 KT/C y 169,6 KT/C

2,7 Mlla/539'C
X 179 KT/C

3,9KlIa
148,9 KT/C

= 240 MET

roj^y

I'nc. 11.4. TeiiJioBan cxettia IIFY c nbuieyro.ii.HtiM iiapncti.ioni.iM SJIUKOM, iiapoBuii rypfiifHOH
Tima K-225-130 (AO «JIM3») H TTY THna V64.3 (OAO «HHrepTyp6o» — Siemens)
77/77 — naporenepHpyromHe noBepxHOCTH KY; TOBK — Tenjioo6M£HHHK BJ\ KY; TOUR ~
TenjiooGMCHHHK H^ KY; KH, ffH, !7H — coOTBeTCTseHHO -""" --^-OMH.

Hacocti

3HepreTHiecKOro KOTjia, ^ojia napa KY B cxeMax FlfY cocTaBJiaer OT 17 40 32 %•
FTY oxjia)K^aK)TC» B KV npH6iiH3HTe^bHo AO 80 °C 6jiaroflapu HcnoHb30-

Tenjioo6MCHHHKOB BticoKoro H HHSKoro ^asjieHHii. Hepe3 HHX nponycxa-
OT 40 40 60 % OCHOBHOFO KotmeHcaia B 06304 noAorpesaTejia H/],

OT 7 jjo 13% nHTaTejiLHofi BO^bi, KOTopafl 3a6HpaeTca nocjie nH
Hacoca, a saxew nocTynaex 3a rpynnoii noflorpesaxejieH Bfl (OB/],). EC^H
pacxoji nHTaTe^bHofi BO^H, wcnojibayeMOfl ^jia HcnapHteJibHoro KOHTypa, TO

pa6oTbi no naporasoBOMy UHKJiy nepea FIB^ napocHJiOBoro 611°
eci

^11
npoxcviHT MCHbiuee KOJIHMCCTBO nHTaTenbHoR eojiti.

H narpysKH OCHOBHOFO naposoro KOTJia M3M6HfleT
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23,54Mna/540'C
66xr/c ^35,2 KT/C

4,75Mna/538°C
/272KT/C

TOHM

80 °C

! 17

/

36

4°C
|
1

jrE
£ff©\

°c
143,5 KT/C

PHC. 11.5. Teimoeaa CXCMH RfY c nbuieyrojiLHbiM napocnjioBi-iM ,
napoBon TypSHHOH THna K-330-240 (JIM3) H TTV T«na V94.2 (OAO
«MHTepTyp6o» — Siemens)
(O6o3HaieHHfl CM. Ha pnc. 11.4)

npOTOHHOH nacTH napOBOH TypSHHbi H naponeperpeBarejifl
neperpesa no cpaBHeHHro c pacMCTHbiM.

Tenjr 0nPe'aejieHHbIX CJiy^a«x B saBHCHMOCTH OT THna npuMCHseMbix TTY H
nana XeMbI nrV Heo6xo-IIHMO noBbiciiTb TCMnepaiypy H CTa6HJiH3HPOBaTb
KOTn, 6TPLI HX BbIXO;iHbIX ra30B- flna 3TOH U6JTH OCymeCTBJIflfOT ^OJKHraHHC HC-

o, 3 KojiHHecTBa TonjiHBa B K/I nepeA KY, B KOTOPOH Hcnojib3yeTca H36bi-
a KOHueHTpauHfl OKHCjiMTejia B rasax.

I Ha nbiJieyrojibHbix OFY c napajuiejibHoH CXCMOH noTpeGjienne
T C°CTaBJiaeT He 6ojlee 25
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11 .1 .2. noKasarejiH renjiOBOH OKOHOMMHHOCTH nry c napa/mejibHOH
CXCMOH pa6oTbi

Bbi6op onxHMajibHOH xennoBOH CXCMW paccMaTpHBaeMoro THna Dry
COOXHOUICHHH MOIUHOCTH ra3OBOH H OapOBOH CTyHCHCH yCTaHOBKH, pe>KHMOB ee
3KcnnyaTauHH MO>KHO ocymecxBHXb npn no^po6HOM anajinae npeac^e scero
noKasaxejieK ee xenjioBOH SKOHOMHHHOCTH.

AsTopaMH paspaSoxana MexoziHKa, HcnojibsyeMaa H ,an« onpe^ejieHHa
noKasaxejien flpynix THHOB nry H ocHOBaHHaa Ha cxeMe xenjiOBbix OOTOKOB.
B Ka^KflOM cjiynae 3Ta cxeMa HMCCT CBOH ocoSeHHOCTn H CBOH cocxaB ocnosHbix
3JieMCHTOB H HOTOKOB 3HepFHH (pHC. 11.6).

3jieKxpHHecKafl Momnocxb YIW JVnry pasna cyMMe 3jieKrpHHecKHx

3JieKrporeHepaTOpOB FTV N H riTY . CooTHomeHne STHX BCJIHHHH MOJKHO

OUCHHTb C nOMOllibK) K03(f)4)HUHeHTa OTHOCHTeJIbHOH MOWHOCTH

A T 3 M3 + \f3

'vnry /vr ^ J vn
(11 -1 )

O6m.ee KOJIHHCCTBO TenjiOTbi, no^BOflHMoe c TOHJIHBOM B Tenjioayio cxeMy

Dry, 2nry COCTOHT HS xenjiOTH, nocTynaromeH B KC FTV Qc
r, B TonoHHyro

KaMepy SHepreTHMecKoro naposoro KOTJia (nK) QnK H B KJ\ KV Qc
Ky . Ronx Ten-

^o)KHraeMoro ronjiHBa

B Ky nocTynaex Tenjiora Bbixo^Hbix rasos

^F -^K.T^K.T'
6ojibinafl nacxb Koxopon HcnojibsyeTca B HCM fljia nepejjaHH pa6oiejviy xejiy (napy
H BOfle).

jv,nry

PHC. 11.6. CxeMa renjioebix HOTOKOB nrV c napajijiejibuou
u rif iuri iriuiHPM [OlUri l l iJ l Ha BXO/IC B KV
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rrV — 3HepreTHHecKaH raaorypSHHHaa ycTaHOBKa; KV— KOTeji-yTHjiiwarop;
UK— 3HepreTHiecKHfi napOBoil KOTCJI; HTV — naporypGHHnafl ycxaHOBKa

renjiosafl narpysKa KV onpe^ejiaeTCJi c yneTOM TenjiOTbi
Moro B STOM KOTJie

,T - pacxo* Bbixo^Hbix rasos FTV, KP/C; B^ - pacxo^ J!0>KHraeMoro

ra-B , KF/C; AK T , A'Ky , /zyx — SHTajibnna cooTBeTCTBCHHO

soB TTX rasoB na sxo/ie B Ky H ero yxo^mnx rasos, Kfl>K/Kr; <p
£HT coxpaHeHHfl xenjioTw B KY (p = 0,99—0,995).

noJie3Haa TenjiOBaa HarPy3Ka COCTOHT m TenjiOTbi napa, reHepHpyeMoro

B KOTJie QKY H HanpasjiaeMoro B ni H Tennoru oxjtaBaeMOH Mac™

H nHxaxejibHOH BO^H ^Ky, HarpeBaeMofi B TBTO (CM. xaK)Ke PHC. 11.2).

TaKHM o6pa30M, Kn^ Ky, c ynexoM noxepb B HCM xenjioxbi 0™*̂  Ky '
H3 COOTHOUieHHS

eiw eJv + c?5v + a^
_ (115j

QK
r
T + QC

Ky QKrT + QKy

TenjioBoH 6ajianc SHeprerHHecKoro napoBoro KOTJia B cooTBexcxBHH co cxe-
S xenjiOBbix HOTOKOB onpe^ejiaex ero Ty>rirr

rp

2nK

Koxjia; r| Tp —

QHK QYIK

xenjioxa, KBT, nocTynaioiuaa B

(11.6)

ox SHeprexHMecKoro naposoro
xpancnopxa xenjioxw.

B flTy xaKM<e no^BOAHTca xenjioxa c napoM, reHepnpyeMLiM B Ky, c KOH^eHCa-
TOM H nnxaxejibHOH BOJJOH, no^orpeBaeMoK B HBM. B Hxore oSiuee KOJinnecxso
teniioTLi, nocxynaiomeH B FITy ^jm npoHSBO^cxsa sjieicrposHepnoi, cocTaBJiaer

nrv -

3JI6KTp03HeprHH B UTV

N. N.

(11.7)

(11.8)

o xparcra Ky (CM. § 8.4)

N3

~L - if ~,3-3BT
c-^^r ,

t:r

yH6TOM

(11-9)

le

C

aSTOHOMHOM

« 0,985—0,99 — KO3^)$HUHeHT CHHJKCHHJI MOIUHOCTH TTy npn ee paSore

pa6ore
C Bbl6pOCOM BHXOJIHblX rO3OB B Tpy6y.
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c napajijiejibHoK cxeiwoft
^ 1

N: + AT

B oSweM H3 COOTHO menus

Gnrv

6pyrro

01.10)

cJieayiomHe BcnoMoraxejibnbie K
TenjiOTbi napa, nocxynaiomero H3 KV B napoxyp6nHHyio ycxaHOBKy,

(11.11)

xennoxbi, nepe^aHHbie H3 Ky B ITTy c KOHflencaxoM H

(11.12)

(11.10), HcnontsoBas Kim SJICMCHTOB XCTIJIOBOH cxeMbi
H npHHaxbie BcnoMoraxejibHtie KOs

c
6

B 3HaMenaTejie

Qr_ 1

AV3 KNT£

o6pa30M:

UK QUK l-Knry ^OK

n

Hocjie noACTaHOBKH nojiynaeM Hxorosoe BbipaacenHe fljia KFI^
3JieKxpo3HeprHH Spyxxo Flfy c napaJinejibHon CXCMOH paSoxbi:

1 (11.13)

+ I 1 —

FIpH nepexo^e ycxaHOBOK nry K aaxoHOMHOMy pe^HMy paSoxw
3jieicrpo3HeprHH

napocunoeozo

MX
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3HepzemiwecKOu FTV

C?r- (11.15)
HeKoxopue (JiHpMbi npejiycMaTpHBaK>x BO3Mo>KHOcxb nepesofla xenjiOBofi

paccMaxpHsaeMOH nry B pe>KHM pa6oTbi no CXCMC nry c Ky (CM
K..-.B.5). B STOM cjiynae ocxaHaBjinsaioT 3neprexnMecKHH napOBon KOTeji H
B naposyio xypSnny nocxynaex nap, renepHpyeMbm xoiibKO B Ky FTY Knil
npoH3BO^cxsa sjieKxposneprnn B xanoM peiKHMe onpe^ejinxca B COOTBCTCTBHH
C 33BHCHMOCXflMH, npHBe^eHHWMH B § 8.4.

11 . 1 .3.
pa6oibi

rennOBOH cxeMbi naporasosbix ycraHOBOK c

HccJie^oBaHna noK33aTejieH xenjioeoH SKOHOMHHHOCTH nry c napaji-
cxeMott H MX onxHMHsauHH Hapa/iy c npe£.no>KeHHOH Bbime MCXO^HKOH

asxopaMH pa3pa6oxan ajiropnxM, cxena KOToporo npHBe^ena na pnc. 11.7, H
nporpaMMHbie npojiyKTbi, peajiH30BanHbie na coBpeMenHbix cpe^cxBax BbmncJiH-
TejibHOii XCXHHKH. Ha nepBOM sxane BbiSnparox ocnoBHoe oSopyjjoBaHHe, xwnbi
Illy H FTy, xen^OByw cxeMy Ky, xnn OKHraeMoro B gjieMenxax cxeMbi
sa, cuCTCMy TexnnMecKoro BO^;ocHa6a<eHHa, xapaKxepwcxHRn BOflH
ro npouecca H flp.

3axeM ^ejiaioT npe^BapHxejibHbiH packer Ky H flTy c yqexoM noxoKOB
KOHjjeHcaTa H nnxaxejibHoK BOflbi, no^orpesaeMbix BHC CMCxeMbi ee perenepanHH.
riocjie 3xoro npoBo^ax noBepoinbin pacnex SHeprexHiecicoro naposoro KOTjia na
43CTHMHOH narpysKe B COOTBCXCTEHH c Tpe6oBaHHflMH xexHOJiorHHCCKoro npouec-
ca, npoxeKaiomero B HCM, n pacnex Ky Flocjie coorBexcTByiowHX HxepaunK nepe-
XO^HX K onpeflejieHHK) noKasaxejiefi xenjiosoH SKOHOMHHHOCXH BCCH nry

HaKex KOMnbioxepHbix nporpaMM BKJiK)Maex B ce6a oxpacjiesbie nporpaMMbi
OLHOV, TRAKT, pa^ nporpaMMHbix cpe,acTB, paspaSoxanHbix B HHJI «FTy H
nry T3C» M3H ^JTH pacnera Ky H noKasaxeJieii xenjioBon SKOHOMHMHOCXH FIFy

ITpH HccJiefloeaHHH noKasaxenen SKOHOMHHHOCXH pa3JiHHHbix sapnaHTOB
reujioBbix CXCM nry SBIJIH paccMorpeHbi cjieayiomne pea<HMbi pa6oxw:

peacHM A — 3JieKxpHHecKyio narpy3Ky nTy nozwep^HBaiOT MaKCHiwajibHO
B03MO)KHoft. npHHHMaiox npe^ejibHo jjonycTHMbifi nponycK napa B npoxoHHyio
Macxb nTy c ynexoM orpanHHeHPiK nponycKa napa B Kon^eHcaxope H 3JieKxpn-
H e c o f i narpysKH reHepaxopa. TasoxypSHnHaa ycTanoBKa pa6oxaex c

HarpysKOH, a ee xapaKxepHCTHKH cooxBexcxByrox napaMexpaM
n Buoy OKHraeMoro xonjiHBa.

narpysKy sneprexHHecKoro napoBoro Koxna H ero naponpoH3Bo,UH-
H3MenaK>x B cooxBexcxBHH c paSoxoi! TTV n KO^HHCCTBOM renepHpye-

B Ky napa. ECJIH 3xa narpysKa OKasbiBaexca nnace ^onycxHMOM no pe>KHM-
HWM cooSpaxeHHJiM, TO HeoSxo^HMo peryjinposaxb Harpy3Ky FTV, HTOHa 3

B03MO>KHbie
pa6oxw H BbiSHpaxb xnnopasMep OCHOBHOFO o6opy,aoBaHHa nFY;

B — xenjioBaa HarpysKa H naponpoM3Bo^HTejibHocxb 3HeprexHHecKoro
napOBoro KoxJia cooxBexcTByiOT HX HOMimajibHbiM 3HaneHHS[M H noAaep>KHBaK)TCfl

0cTosHHbiMH. napOTyp6HHHaa ycTaHOBKa, KaK n B peacHMe A, paSoxaex c
^ C BO3Mo>KHbiM nponycKOM napa nepea npoxoHHyio Macxb. HarpysKa
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BfiOfl HCXOJIHIJX flSHHHX

paciei KV

KoppCKTHpOBKa
HCX03HHX

aanHMX KY

Packer anepreTHqecKoro
KOTJia

HCT

fla

Paciei 3HepreTH^ecKHx

BHBOJI peayjibxaTOB pac^exa
_ /

PHC. 11.7. Cxeivia ajiropiiTivia pacieya Tenjioeoii cxeMLi nFY c napajuiejib-
iioii

3HepreTHHecKOn FTV nsMeHflercfl B COOTBCTCTBHH c neoQxoAHMOH naponpoii3BO
^HTejibHOCTbK) Ky TaKOMy peacHMy (OMCBH^HO Menee npe^noHTHTejibHOMy)
cooTBCTCTBoeaTb onpe^ejienHbie TunopasMepbi OCHOBHOTO oSopy^oBanHfl

Rm nbmeyrojiLHoro 3Hepro6noKa c niy THna K-210-130 (OAO «JTM3») 6a-
JTO BbinojiHCHO aHajiHTHHecKoe iiccnejioBaHiie SKOHOMHHHOCTH npn ero nepeso^e
B pe>KHM pa6oTbi no naporasoBOMy UHKjiy. B xenjiosoM CXCMC (pHC. 11.8) Pfl'
cpaBHeHHfl HcnojiB30BaHbi ^sa THna snepreTHnecKHX TTy V64.3A (Siemens) H
GT8C (ABB — «HeBCKHH», CanKT-DeTepGypr). B rojioBHyro nacTb napoBOH
ryp6HHbi nocrynaeT HCH3MeHHoe KOJIHHCCTBO napa 168 KF/C. 3jieKTpHHecKa#
MOUIHOCTI, FTy H BCCH nry saBHCHT OT napaMCTpoB oKpyacaromero BO3,ayxa.

B xa6ji. 11.1 npHBe^eHU ocHOBHbie noKasare^H paccMarpHBaeMofl
nmreyrojibHofi nry. OJIHHM H3 ycjiOBHK cpaBHeHHa SHJTO nozutep^aHne
MerpoB reHepupyeMoro B Ky napa B COOTBCTCTBHH c napaMerpaMH neperperor
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napa 3HeprexHnecKoro napoeoro KOTJia. B oT^ejibHUX peaciiMax .ana
3xoro ycjioBHa noTpeSosajiocb #o>KHraHHe neKOxoporo
nepe^ KY B cpejie BWXO^HMX rasos FTY

noKasano, MTO 3KOHOMHHHOcxb ycxanoBKH saBHCHT OT THna
HCnOJlb3OBaHHOH B TCnJlOBOR CX6M6 FTY H HaJIHHHfl flCDKHFaHHfl TOnjTHBa. BJIHH-

napaMexpOB HapyiKHoro Boiflyxa HesnaHHTejibHO. FIpHMeneHHe nry c na-
cxeMofi nosbiCHJio 3KOHOMHHHocTb nbineyrojibHoro 3Hepro6jiOKa B

Ha 4 %, EBIJIH HayneHbi TaKace xapaicrepHCXHKH KY. Ero KOHCxpyK-
6biJi BbinojnxeH npH TK B = -4 °C, a nosepOHHbie TenjioBLie
Apyrwx sHaneHHH STOH TeMneparypH. EbiJio BbiaBJieno, HTO

reHepHpyeMoro B KY napa sasuciiT OT napaMCTpOB BbixojjHbix rasos
fTY, ee }iarpy3KH, He^orpeBa Ha XOJIOAHOM KOHUC HCnapHiejia 0j H

HHTaTeJIbHOH BOflbl RQ TCMnCpaTypbl HaCbimCHHfl B 3KOHOMaH3Cpe A73K . 3TH

33BHCHMOCTH flJlS TCnJlOBOfi CX6MbI nFY C FTY THna V64.3A npHBCJieHLI Ha
pHC. 11.9. KaK BH^HO HS noJiyneHHbix pesyjibTaTOB, HSMCHCHHe naponpOH3-
BO^HTCJibHOCTH KY nfY orpaHHHCHO 3THMH ycjiOBHSMH H napaMeTpaMH napa na-
pocHJiOBOro 3Hepro6jiOKa. YcTaHOBJieHO TaioKe, HTO SKOHOMHHHOCTL paccMaxpn-
eaeMOH nry 3aBHCHT OT cTeneHH BbiTecHeHHfl perenepauHH HJ\ nTY. Ee

HOBblCHT KHJ\ npOH3BOflCTBa 3JieKTp03HeprHH ^Jlfl KOHKpCTHOrO
paSoxbi c 43,45 AO 44,36 %.

asTopaMH Bbipaacenne 4Jia Kn^ nponsBOjiCTBa 3JieKTpo3HeprnH
FTY c napanjiejTbHoH CXCMOH paSorbi (11.13) no3BOJiaeT onpe^ejiHTb BjiHHHne
OCHOBHLIX 3jieMCHTOB TenjioBOH cxeivibi (FTY, KY, napOBoro KOTJia, nT) H
nOTOKOB pa6oMero Tejia na SKOHOMHHHOCTb ycTanosKH.
onpe/iejifleTCfl, npeac^e Bcero, xapaicrepHCTHKaMH paSoTbi FTY,
napOBoro KOTJia, CTeneHbK) yTHJiHsauHH xenjioTbi Bbixo^Hbix rasos FTY B KY,

o6sofla no BOAC no^orpesaTejieH BbicoKoro (nBfl,) H HH3Koro (FIH/],)
H cooxHomeHHeM MOJUHOCTCH napoBoR H rasoBOH CTyneHett FIFY.

B KanecxBe npHMepa npHBe^CM HOMorpaMMy onpe^ejieHHS HSMeneHHa KYIJ{
no.a fleHCXBHCM yKasaHHbix 4>aKTOP°B- B cxeMe nFY HCnoJtb3OBaHbi

Tiina V64.3A (Siemens), nTY THna K-210-130 (OAO «J1M3») H

r,n iDy, KT/C

50 60 70 80 90 N* %

Ht- 11.9. 3aBiicHMOCTi» pacxojia reHcpiipyeMoro napa B KV OT icitiiicpaTypbi
THB H narpy3KH TTV (e( = 7 °C;

= -26 °C; 2 — TKB = 4 "C; 3 — TH

500

= 12 °C; GK r = 201,5 ier/c;
= 15 °C

= 573
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PHC. 11.10. HoMOrpaiwMa onpeaeJieHHH renJiOBoH IKOHOMHHHOCTII flFY c napaji.iejn.il OH
paSoTbi |cocT3B ocHOBHOro o6opy;ioRamiH: FTY rnna V64.3A (Siemens), IITV THHH K-210-130
(OAO «JIM3») ii nbiJieyrojibiibiii napOBOii KOTCJI TIIE-2I51 npw
napOBoro Korjia
*, 0 — 65 % HOMimantHoft cooTBCTCTBeHHO npH Tyx = 100 H 150 °C; •, D — 75 %
COOTBCTCTBCHHO npH T = 100 H 150 °C; *,©— 85 % HOMHHajlbHOH COOTB£TCTBeHHO
H 150 °C ; A, A — 95 % HOMHHajibHOH cooTBeTCTBCHHo npn T = 100 H 150 °C;
r = 100 °c; ------ — r x = 150 °c

napoBofi KOTCJI Tuna TFIE-215 (TK3), pa6cxraK>meH Ha Ky3HeuKOM

yrae (pnc. 11.10). PeacHM paSorti FTY HMCCT cjie^ytomne xapaKTepHCTHKH: Nr =

= 70 MBx; G K T -193,9 KF/C; TKT =575 °C; a K T = 2,82. BLIJIH HccjiesouaHbi
pa6oTLi napOBoro Korjia npn HSMCHCHHH ero naponpOH3Bo,aHTejibHOCTH

65 — 85 % HOMHHaJitHOM H npe^ycMorpeHbi pasjiHHHLie eapnaHTbi

o6BO.ua nacxH KOHaeHcara MHMO FIH^ B KOJiHnecTBe DK H nacTH

MHMO
KV
U R ,B KOJIHHCCTBe D , HTO npHBO^HJIO K H3M6HeHHH

TCMneparypw BLIXO^HLIX ra30B Ty}i KV. OflHOBpeMCHHO

3HaneHHfl nponycKa napa B KOHjjeHcaTop DK < D™K H 3JieKTpHHecKOH MOIUHOCTH

nrv yvn
3<^max.

Sa^asaa, HanpHMep, TeMireparypy sa KY Tyx = 100 °C H

MHMO TIHR B KOJTHiecTBe D™ = 64 KF/C, npH HarpysKC naposoro KOTJia,

65 % HOMHHajiLHoK, H oSBO^e nuTarejiLHOfi BO^BI MHMO FIB/i B

Z>n B =42 KF/C nojiynaeM nponycK napa B KOHflCHcaTOp LIT, paBHutt 107 KF/C, **'

HH>Ke npe^ejibHo ^onycTHMoro 3H3MeHHa. B STHX ycJioBHflx MOIUHOCTB T

7Vn
3 = 184 MBT, a KD^ npOH3BO4CTBa 3jieKTpo3HeprHH HFY npH pa6ore i

napajiJiejibHoH cxeMe cocraBHT Ti^ry = 45,7%. Hs HOMorpaMMbi Ha pnc. 11-
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HTO cymecTsyer uentiH
3KOHOMHMHOCTI,H>

BOSMOJKHBIX POKHMOB pa6oTbi c

naponponsBOAHTCJibHOCTH napOBoro Korjia npH N ~ const H

HCH3MeHHOH naponpoH3BO^HTeji£HOCTH KY noBbimaeT pacxoji CBea<ero napa na
Typ6HHy, HTO npHBO^HT K yBeJlHH6HHK> 3JieKTpHHeCKOH MOIUHOCTH nFY H
pacxofla TenjiOTbi. B HTOFC KIl^ npoHSBo^ciBa 3JieKTpo3neprHH IirY T|nry

npaKTHnecKH HC MenaeTCH. BMCCTC c TCM cHHacaiOTca
OTHOCHTCJlbHOtt MOmHOCTH FlfY H CC 3KOHOMHHHOCTb,

irw
ECJIH yMCHbmaTb ,UOJIK> o6Bo^a KOH^eHcaTa MHMO OHfl DK H MHMO

r/-y •!
£> , TO CHH3HTCH cTencHb yTHjiH3auHH TenjTOTbi rases B KY (N = const H

napOnpOHSBO^HTCJIBHOCTb nK HCH3MeHHa). 3TO DpHBOflHT K yMCHbUieHHIO
3jieKTpHHecKOH MomHOCTH FIFY H3-3a MCHbiuero pacxo^a napa nepes ee
npoTOHHyio nacTb, H B HTOFC 3KonoMHHHOCTb OFY TOJKC CHHacaeTca.

B OTHOlIieHHIi TenJlOBOH 3KOHOMHMHOCTH HaH60Jiee 3(|)l|)eKTHBHbIH pOKHM
paSoTbi riFY c napajuiejibHOfi CXCMOH ^ocTHraeTca:

npw MHHHMajibHo B03Moa<Hofi naponpOHSBOflHTejibHocTH nK, onpe^eJiaeMOH
CFO TeXHHHCCKHMH flaHHblMH;

M3KCHMaJIbHO B03MO)KHOH yTHJIH3aUHH TenjiOTbi Fa3OB B KYj
B03MO^CHOH ^ojic oSBOfla no Bo^c UBJl, onpeziejiaeMOH MHHH-

TCMneparypHbiM nanopOM na XOJIO^HOM KOHUC TOB Î,;
npH Sojibiuefi MomnocTH FTY H 6ojiee BWCOKOM sHaneHHH ee

3JieKTpHHecKoro KFlfl r] r.

11.1.4. SKcnjiyaiamifl nfY c napa^Jie/ibnoii CXGMOH pa6oru

FlaporasoBaH ycTaHOBKa c napajijiejibnoi! CXCMOH MO^CT HMeTb cjreziyioiuHe
peacHMbi pa6ont:

paSoTa no napora30BOMy uHKJiy;
pa6oTa c ocTaHOBJieHHofi FTY H SKcnjiyaranHeH TOJibKo napocHJiosoro 6jioKa;
aBTOHOMnaa pa6oTa asyx OCHOBHWX 3JieMCHTOB HFY B pasjiejibHbix peatHMax

npa ycjioBHH, HTO KY FTY HMCCT SannacHbiH rasoxo^ H cooTBercTByiomyio
rasoBbix iiiH6epoB.

FTY H KY BOSMOIKHO na BCCM jjnanasoHe MOUIHOCTH
°CHOBHoro 3Hepro6jioKa. YnpomeHnaa ^narpaMMa nycna FiFY c napajuiejibHofi

H renepauHefi napa cpeAHero ^asjieHHa noKasana Ha pnc. 11.11.
sanyCKOM FTY ocymecTBJiaioT npo^ysKy ra30BOflflHbix

H nponycKaioT nepes HHX MHHHMajibHoe KOJIKHCCTBO BO^M. Flocne
naporenepHpyiomero KOHTypa H ero HcnapnTejia BOJIOH

BKjitoHaerca B paSoTy peryjiHTop AasjieHHH na JIHHHH neperpeToro napa sa
npn 3TOM napoBbie KjianaHW K ropaneH HHTKC npOMCMcyTOHHoro neperpesa

°CHOBHoro 6jioKa saKpbiTti. Bo speMfl na6opa narpysKH FTY ocymeCTBJiaioT
nPo/iyBKy 6aRnacHoro raaoxo^a KY (uiH6ep Ha KOTJIC aaicpbiT, a na 6aiinace
PKPBIT). nocjie cnnxpOHHsauHH FTY c 3HeprocHCTeMOH iiinSep Gannacnoro

saKpbiBaexca, a mn6ep KY oTRpbieaerca, HTO nosBOJiaeT ocymecTBHTb
ero rasoxo/ia (xeMnepaTypa Bbixo^Hbix rasoe oStinno ne npeebimaeT

a Hx pacxo,u cocTaBJiaex OKOJTO 50 % HOMnnajibHoro).
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PHC. 11.11. JUiarpaiwwa nycKOBbix onepamifi IIPY c iiapa.iJiejibHOH cxeivioii pafioTbi
H rcHepamivii B KV TTV napa QH
A — paSora napocujioeoro SJIOKB B asrOHOMHOM peaoiMe; E — nycK, cimxpoHHsainia ITY, paSoxa
npH MHHHMajitHOH Harpy3Ke, BKJHOHaa 10-MHHyiHyio npoaysKy ra30Boro xpaicra KV; B — naSop
3JieKrpHHecKoti narpysKH ITY AO HOMHnajiLHoro SHancnna B TeieHHe 20—30 MHH (BKJiroteHa
oSBOflHan (dannacnafl) cncreina napa cpeanero .naBJieHHfl KY); F— peaoiM nepexoaa K napajmejibHofi
paSoxe riY, KY n FIT no napora30BOn cxerne c noflaien napa CA KY B KOJiJieKTOp npOMeacyToinoro
Konrypa napoBoro KOTJia (10 MHH); ff — pa6oTa ycranoBKH no naporooBOft cxeine

IToBbiiiieHHe HarpyaKH FTY conpoBo>K,ziaeTCjj ysejiHHeHHeM naponpon3Bo-
flHTCJlbHOCTH Ky H AOCTH^eHHCM paSOMHX napaMCTpOB. ripl! 3TOM C05jlK)flaK)TCa
cooTBeTCTByromHe TeMnepaTypHbie orpaHHMeHHa. J\o aocTH^eHHH napaMerpoB
conpfl>KeHHii c OCHOBHHM napocHJioBbiM GJIOKOM renepHpyeMbiH B KV nap
OTBO^HTca nepes 6aHnacHyro CHCTCMy CR B KOHflencaTop napoBOH TypSuHbi.
FlapOBbie KjianaHbi K naponposo^y ropanero napa npoMeacyxoHHoro neperpesa
OTKpbiBaiOTCfl, Korjia ^aBJieHHe ^onojTHHTejibHoro napa HCCKOJIBKO Bbiiiie, a ero
Tervinepaxypa necKOjibKO HHace, HCM B OCHOBHOM noToxe. Oocjie OTKpbiTHfl
napoBtix KjiananoB SaKnacHaa cHcreivia saKpbiBaexca.

Fa30Typ6HHHaa ycTanoBKa MOHCCT paSoraTb na Bcem .awanasoHe Harpy3KH
riapocHJioBOro 3Hepro6jioKa, HTO rapaHTtipyer BbicoKHH KYIJ\

Ha BceM flHanasoHe narpysoK pa6oxaeT
Ha CKOJib3ameM AaBjienHH npn AonycxHMbix cKopocxax paSo^ero xejia B ero
noBepxnocxax Harpesa. npw CHH)KCHHH xeMnepaxypbi reHepHpyeMoro napa HHJKC
flOnycxHMoro npe^ejia KY oxKJHonaiOT ox naposoK MarncxpajiH, H ero nap nepes
GaHnacnyio JIHHHK) nocxynaex B KOH^encaxop.

Xapaxxep BJinaHHa narpysKH na noKa3axejin SKOHOMHMHOCXH 3JieM6HxoB
c napajuiejiLHOH CXCMOH npH 3Kcnjiyaxau.HH T3C «Ajibx6ax
(FepManna) npHBeflCHbi na pnc. 11.12.

o 100 200 300
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PHC. 11.12. IIiMeiieniit noKaiare.ieii J K O I I O M H ' I H D C T H
HCTTO na T3C «Ajibr6ax Jl,cHuinay» (Siemens, repiwa-
HHfl) B 111BIICHMOCTH OT HSl pyjKH BCCH IIPV C IiapaJl-

cxeMoii H FTV H napocnjioeoro 5jioica npii HX
pa6ore

/ -— noKasaxejiH PTY Tuna V64.3 B BBTOHOMHOM peacnMe;
2 -— noKasaxejiH napocmioBoro nwjieyrojibHoro 3nepro6^o-
Ka; 5 — nOKaaaTCJin nfY c napaiuiejibHOfi CXCMOH

11.2. DAPOrASOBblE VCTAHOBKM C nO/lV3ABMCMMOM CXEMOM PABOTbl

TennoBaa cxeMa ilFY c nojiysaBHCHMofi CXCMOH paSoTti BO MHOFOM coenajia-
eT c TCHJIOBOH cxeMofi FIFY c napajiJiejibHOH cxeMoH. Pa3JiHHHe COCTOHT B TOM,
HTO teniioTa BWXO^HWX rasos FTY Hcnojib3yeTca B FBTO (KY) &na narpesa
KOH^encaTa H nuTarejibHOH so^bi. STO 3naMMTejibHO ynpomaer
npouecc H KOHCTpyKUHK) KOT^a, a Tanace o6cny)KHBaHHe napocH^osoro
6noKa. Ero narpystta He csasana c pa6oTOH sHeprerHHecKOH FTY, a THH H xapaK-
TCpHCTHKH 3TOH yCT3HOBKH Bbl6HpaK)TCa T3KHM o6pa30M, HToSbl B KY o6ecnCHH-

iacb flOGTaTOHHo nojinas yTHjraaauHa TenjiOTbi BbixojjHbix rasoB.
CoxpanaioTCH yK33aHHbie B n. 11.1.3 orpanHHeHHa B OTHOUICHKH FITY Yse-

pacxo^a napa nepes orflejibHue oTceKH nporoHHOH HacTH FIT
yMCHbiiieHHa oT6opa napa na perenepaTHBHbie no^orpeBaTCJiH He

K npeBbiiueHHK) flonycTHMbix SHaMCHHH pacxo^a napa B
3JieKTporeHepaTOpa.

FIpH npoeKTHpOBaHHH H cTpOHTeiibCTBe nry c nony3aBncHMOH cxeMoii
HCHOJib30BaTb MOflepHHsnpoBaHHbie nTY, no3BOJiaromHe nponycxiiTb no-

BbimeHHoe KOJiHHecTBo napa nepe3 npoTonnyK) nacTb B pextiMax paSoTbi no na-
pora3OBOMy UHKJiy.

npHMepbi nry c nojiysaBHCHMOti CXCMOH npHBe^enu na PHC. 11.13—11.15.
3TH nry BbinonHenw no MOHo6ji04HOMy npHHunny c HcnojibSOBaHHCM FTY TH-
HOB FT3-115-1170 (AO «Typ6oaTOM»), V64.3 H V94.2A (Siemens) H napOTyp-
6iiHHbix ycTaHOBOK THHOB K-340/400-23,5-6 (AO «Typ6oaTOM»), K-225-130 H
K-330-240 (JIM3). yKa3aHHtie cxeMti HMeiox o^HHaKOBbie THHU Ky, B Koxopbix
ycTanoBJieHbi TenjiooSMeHHHKH BbicOKoro (TOBfl) H HH3Koro (TOH/J) AaBjreHHfl.

B ox^eiibHbix cjiynaax B03MO)KHO HcnojibSosaHHe ao)KHraHHa xonjiHBa B cpe-
Ae Bbixo^Hbix rasoB na axo^e B KY jjJifl ysenHHeHHa narpysKH FiFY.

KC
n

TO

np

TO ffl

nn

fn.B

m

H2

m

" TJd 1CM M6,

.KHI

PHC 11.13. npHHUHniia.NbHaH renjioeati c\CMa nry c nojijianHCioioii CXCMOH paSorbi.
Hcnojib30BaHW Try TMna rT3-115-1170 H RTV mna K-340/400-23,5-6 (AO «Typ6oaTOM.>)
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12,8 MITa/ 540 °C
169,5 KT/C 2,62 Mlla/540 °C

169,5 KT/C

l,9MHa

x «T = 240 MET

4Klfa
151,7icr/c

KH

I'm'. 11.14. npiiniiniiiia.iii.HaH icn.iOBsn cxe»a HIT c no.iymBiiciiMoii cxeiviou paSorhi.
UcnojiuoBaHbi: FTy TMna V64.3 (Siemens) H IITy Tnna K-225-130 (JIM3)
KH, fiH, TIH — cooTBeiCTBeHHo KOH/ieHcarHtiH, apenaJKHbifl n nHTaTejibHtifl HSCOCW; ff, —

renjiOBOH 3KOHOMHHHocTii paccMarpHBaeMoro raiia HFY MO%HO
, Hcno^&3yfl npHMCHaeMyio aaropaMH MCTo^HKy n cxeiviy TenJioewx

noroKOB (pwc. 11.16). CnpaBe^nHBH see Bbipa3<eHHfl /i^« 3JieM6HTOB CXCMLI H
BCCH nrv, npHBe^CHHwe B n. 11.1.2, B HHX cjie^yeT npHHHMaib (3n = 0 (nap B KV

He renepHpyeTCfl).
HToroBoe Bbtpa^CHHe fljia KIT/I npoHSBO^CTsa 3^eKTpo3HeprHH 6pyrro

B STOM cJiynae HMeer BH/I (npHHax sapnaHT c ^oacHraHiieM ronjiHsa B Ky):

Tlnrv=

506

23,5 MHa/540 °C
250,OKr/c 43,5Mna/540°C

244,3 KT/C

229,0 KT/C

A; =360MJ3T

PHC. 11.15, IIpiiHUHniiajibHaa TeiuiOBau cxema ITTy c noJiy3aBHCnMofi CXCMOH
Hcno/ibioBaHbi: Fiy Tana V94.2A (Siemens) M IITy THna K-330-240 (JIM3). O6o3HaieHHH
CM. na PHI:. 11.14

^nry
A'.

PMC. 11.16. Cxeivia ren.ioiii.ix IIOTOKOB nry c cxeMou
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B HHJl «rjy H nry T3C» M3H paspaSoTana MemaHKa pacnera xenjiosbix
CXBM H noKasaxejiefl 3KOHOMHHHOCTH nry c nojiyaaBHCHMOH CXCMOH. BbiJi HC-
nojib30BaH naKCT nporpaMMHbix cpe^cxB, BKjiroHatomHH B ce6s nporpaMMbi pac-
MCTa Ky OLHOV, TRAK.T, onpeaejieHHS noKasaxejieH BCCH nry.

Ha nepBOM 3Tane BbmojiHaioT xenJiOBOfl pacnex Ky H ero xemiooGMeHHHKOB c
ncnojibsoBaHHCM xapaicxepHCXHK Fjy npH sajjaHHbix BHfle xonjiHBa, narpy3KC H
napaMexpax Hapyxnoro Bosjiyxa. riocjie STOFO ^ejiarox noBepoiHbiH pacnex xen-
JIOBOH cxeMbi Hiy H, npn HeoSxo^HMOCTH, 3HeprexHHecKoro napOBoro Koxjia.

HecKOJlbKHX npHSjiHsceHHil yTOHHarox KOHcxpyKXHBHyro cxeMy Ky, npose-
orpaHHHeHHfl no paSoxe HTy H 3HeprexHHecKoro Koxjia. 3axeM onpe,aejia-

K>X noKasaxejiH xeruioBoft SKOHOMHHHOCXH nry.

B xa6ji. 11.2 npHBe^enbi noKasaxejin xenjroBOH SKOHOMHHHOCTH ntuieyrojib-
HOH nry (CM. puc. 11.13), B Koxopow HcnojibsoeaHa FTV THna rT3-115-1170,

paSoxawmaa na npnpo^HOM rase (Qr
f =49 180 K/JSC/KP). ffpx ycjiOBHii ISO npn

xeMnepaxype Hapy>KHoro B03^yxa 15 °C H HOMHHajibHOH narpysKe HMCIOT MCCTO
cjie^yroiUHe xapaKxepucTHKH BUXQUHUX ra30B Fiy: pacxo^ G K T = 400,58 KT/C,

xeMnepaxypa Bbixo^HLix rasoe 71
KT - 521,6 °C.

napOTypSHHnaa ycraHOBKa xnna K-340/400-23,5-6 (AO «Typ6oaTOM») paccHH-
xana ATS pa6ox&i B nry c noJiysaBHCHMOH H napaJi^ejisnoH cxeMaMH npH OXKJIK)-
HeHHbix UBJl H MacTimnoH pa3ipy3Ke nHTt c ysejiHHeHHeM ajieicrpimecKoK Mom-
HOCXH or 340 #o 400 MBx. .ZJjia nee Hcnojib30Bana 6e34ea3paropHafl xenjiosaa cxe-
Ma c niiTaxejibHbiM 3JieKTponacocoM H ciwecHTeJieM KOH^encaTa nepe^ HHM. KOH-
jieHcaTH&ie Hacocbi BTopoti cTynenH HcnoJib3yK)Tca raiGKe B KanecTBe 6ycxepn£ix
nacocos, B KanecrBe nepsoro no xo^y KOHjiencara HHfl ncnojibsyexca no^orpesa-
Tejib CMeuiHBaiomero THna, a nocjie 3Toro IIH^ ocymeciBjiaexca ox6op KOH^enca-
xa B TOHfl, Ky, noc^e Koxoporo KOHaencax sosBpaiqaexcfl B cMecwxejib.

SKOHOMHMHOCTH nry c nojiysaBHCHMOH cxeMott (rafiji. 11.2),
c noKasaxeJiaMH 6a30Boro ra30M33yxHoro 3Hepro6jiOKa,

ro c Kn/I npOH3Bo^cxBa 3JieKXp03HeprHH 6pyxxo TiJjC
p
y = 43,43 %.

3KOHOMMHHOCXH xaKoro 3Hepro6^0Ka npH nepexo^c K paSoxe no naporaaosoMy
UHKJiy cocxasjiaex B cpe^neM 2 — 3 %.

Eojiee 20 Jiex nFY c nojiysasHCHMOM cxeMoM paSoxbi SKcrniyaxHpyioxcfl B
KaccaHO

1 1 .3. flAPOrASOBblE VCTAHOBKM CEPOCHOPO TMHA

11 .3.1 . Oco6eHHOGTM ren/iOBbix CXCM nry cSpocHoro rnna

xenjiosaa cxeivia H xepMO/[HnaMHHecKHH UHKJI Bpanxona — PCH-
cSpocnoro THna SWJIH npHsejjeHbi pawee (CM. pnc. B.4). TexnoJiorn-

npouecc 3HeprexHHecKoK TTy xapaKxepH3yexca ^ocxaxonHo BbicoKoR
TCMnepaTypOH Bbixo^Hbix rasos H sHanHTeJibHbiM co/iep^aHHCM B HHX OKHCJIHXC-
jia. O6a 3TH napaMCTpa aBJiflioxca onpe^enaioiuHMH B xexHo^orHqecKOM nponec-
ce nry cSpocnoro THna.
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K,T
B HHX

B Ory sxoro THna BbixojtHbie rasbi FTY HanpaBJiaioTCfl B ropejiKH
CKoro napoBoro KOTJia napocHJioBoro 3Hepro6noKa nun OKHraHHa B HX cpe^e nti-
jieyrojibHoro HJIH rasoMaayxHoro TonjiHBa. B OTfleubHbix cjiynaax Bbixo^nwe
MOXHO nacTHHHo Hcnojib3OBaTb B nbiJiecHCTCMe Korjia npH noflcyuiKe H
yrjis, a TaKnce cSpocnxb neKoxopoe HX KOJIHHCCTBO B ero KOHBeKTHBHyio maxxy.

MaccoBbiH pacxojj rasos FTY npH6jiH3HTejibHo Ha 30 % 6ojibme pacxojra
B03,ayxa, TaK KaK STH rasbi 3a6ajuiacTHpOB3Hbi npo^yKxaMH cropaHHa

B KC FT. Ho npH BMCOKOH xeMnepaxype rasos coKpamaexcji HeoSxo-
KOJIHHCCXBO TOHJIHSa H, CJie^OBaxejIbHO, KOJ1HHCCXBO OKHCJIHXejIfl.

CoBpeMeHHbie 3HeprexHHecKHe FTY npoeKXHpyioT npewMymecTB
pa6oTbi B xennoBbix CXCMSX FJFY c KY, HMeromHx HaHSoJibinyio
/Jjia 3xoro Heo6xo,zi,HMO yBejinneHHe naiajibHOH reMneparypbi rasos nepe,a FT
yMepeHHOM pocre cxenenH noBbimeHHtf aasjieHHsi sosayxa B KOMnpeccope nK.

3TOM CO^epHOHHC OKHCJIHTCJlfl B BblXO^HblX T33aX FTY CHH^caeTCfl. HpH
Hoti TeMneparype rasos cooiBeTCTBeHHO 850 H 1250 °C H36biTOK sosjiyxa a

B BbixoflHbix Fasax pascH 4,4 H 2,8, a o6-beMHaa KOHueHTpauwfl
cocraBJiaeT 16 H 12,7%.

CoBepmeHCTBOBaHHe CHCTCM oxjiaac^eHHfl ^erajiett npoTonnofl nacTH FT,
BbicoKOKaMecTBCHHLix MaTepHajios H TepMo6apbepHbix samHTHbix

,iojtepHH3auHfl TexHOJioniH c^HraHwa Ton^HBa B FTY IIOSBOJIJHOT
npn6jiH3HTL ifanajibHyio TCMneparypy ra3os K CTexHOMeTpHHCCKofi, a o6beMHyro

OKHCJIHTCJIH B BblXO^HblX T33aX -- K SHaHCHHflM, HpH KOTOpblX
nFV c6pocHoro THna.

sHeprexiiMecKHx FTV c 6ojiee HHSKHMH snaHenHflMH reMne-
paxypu Bbixo^Hbix rasoa H c SoJibuiHM co^ep^anHeM B HHX oKHCJiHTCJia no^eo-
juiex cacuraxt noHTii BCC BH^bi opraHHHecKoro xonjiHBa no c6pocHofi naporaso-
BOH CXCMC, HO npH 3XOM CHH>KaeTCfl ee 3KOHOMHHHOCTb.

rioBbimeHHe HanajibHoM TCMnepaTypbi rasos B FTV HPHBOJIHT K yBe.iH
TCMnepaxypbi Bbixo^Hbix raaos, noxopaa MOSCCX ^ocxHraxb 620 °C. Fa3Li c
xeMnepaxypoK nejib3a 6e3 oxjiaHc^eHiia no^Bo^HTb K ropejiKaM napOBbix KOXJIOB.
Ejraro,aapa HeoSxo^HMocxn oSoramaxb Bbixo^HLie rasbi BneuHKJioBbiM (Hapy*-
HWM) B03^yxoM 4Jia noBbiuieHHfl co^ep^aHHa B HIIX oKHCJinxejia HacxHMHO (B sa-
BHCHMOCTH ox THna OKHraeMoro TonjiHBa) 3Ty npo6jieMy MOXCHO peiunrb.

HTo6bi Hcno^b30Baxb sneprexMHecKHe FTV ^Jis HacTpoHKH 3HeprexHMecKoro
napocnjioBoro 6;iOKa no cSpocnoH CXCMC, HeoSxo^HMo pa3Memaxb HX B neno-
CpCZlCTBCHHOH 6JIH3OCXH K napOBOMy KOTJiy RSIX COKpameHHfl
aecbMa Sojibiiinx no ra6apHTHbiM pasMepaM rasoxojioB. TaKoe ycjioBHe
BbiiiojiHiiTi. npw peKOHcxpyKUHH H Mo_aepHH3au,HH zieHcxByromHx snepr
BOK H3-3a oxcyTcxBHs cBo6o^Hbix nnoma^oK. B CXCMC riFV npHxoAHTCfl yc1

HecKo^bKO rasoBbix uiH6epoB Sojibiuoro ztnaMexpa ^JTH nepepacnpej
uoxoKa BbixojjHbix rasoB FTY npH n3MCHeHHH pe>KHMa paSoxbi H o6e<

HX Ha^e^Hyto sKcnJiyaxauHio. OHH flonwHW 6wxb SMCTposanopHbiMMt
HX 3KcnjiyaxauHa — aBTOMaTHSHpoBaHHOti B umpoKOM ^aanasoHe Harpy3OK.

B 6a30BOM BapHanxe Ten^oBOH cxeMbi nrY cSpocHoro THna B naposoM KOI
OTcyxcTByeT B03,ayxono.aorpeBaTejib. O6mee KOJiHnecTBo rasos, KOTOpbie npoxo/1'

510

MepC3 nosepxHocTH Harpesa Koxjra, yBenHHHBaeTcs na 30 — 40 %, a HX xeMnepaxy-
pa 33 KOTJ10M (X.C. 33 BOflflHblM 3KOHOMaH3CpOM) COCTaBJIHCT OKO^O 300 °C. fljlfl OX-

3THX rasoB no xeMnepaxypw 120 °C B KOHBCKTHBHofl maxxe Koxjia yc-
asoBo^flHbie TOB# H TOH/J, B Koxopbix narpeBaexca qacxb KOH-

H nHxaTejibHOH soflbi, OTBO^HMOH H3 CHCTCMLI perenepauHH FITY. 3To
pacxo^ napa B KOH^eHcaxop OT, noBbimaex ee 3-fieKTpHHecKyio

MOlUHOCTfa H CHH)KaeT 3KOHOMHHHOCTb FITY FIpH 3TOM C06jlK)flaK)XCfl
no MaKCHMajibHOMy pacxo^y napa B KOFmencaxop H npe^ejibHOH
aarpysKe reHepaxopa F1TY 3aB04-H3roxoBHxeJib FIT (J1M3) peKOMeH^yex cjie-
/lyiowHe MaKCHMajibHbie sHaieHHfl nponycKa napa B KOHflencaxopbi: jjJia fTTY
THn3 K-800-240— 420 Kr/c; K-300-240— 210 Kr/c; S.SIH K-210-130— 125 KP/C.

npH c^HraHHH xonjiHsa B cpe^e 3a6ajui3CTHpoBaHHbix npo^yKxaMH cropaHHa
ra30B FTY TCMnepaTypa B sone aKTHBHoro ropeHHfl xonjiHBa (3AF) TOHOHHOH Ka-
Mepbi nspoBoro KOTJia noHH^eHa, HTO B CBOK) onepe^b CHHHCSBT o6mee KOJIHHC-
CTBO BbiSpocoB NO^ B TIFY c6pocHoro xwna na 25 — 30 % no cpaBHeHHio c BH-
6poc3MH napocHJiOBbix 6jioKOB anajiorHMHOH MOIUHOCTH.

03-33 oSmero ysejiHHeHHfl KOJinnecTBa ^biMOBbix rasos 33 naposbiM KOTJIOM
npH6jiH3HTejri,HO Ha 40 % npH nepexo/ie K naporasOBOMy UHKJiy noxpeSyiOTCfl
peKOHCTpyKuna TaroflyxbeBOH ycxaHOBKH H ysenHHeHHe npoH3Bo^HxejibHOCXH
flbiMOCOcoe. HsMCHflxca xaK*e ycjioBHa psSoxbi flbiMOBOH Tpy6bi, noaxoiviy neo6-
X04HMO nepecHHxaxb sniopti cxaxHHecKoro ^aBJieHna rasos B HBH H odecnennxb
ee H3fle>KHyK> 3Kcnjiyaxaunio.

B KanecTBe npHMepa na pnc. 11.17 H 11.18 npnaejieHbi xenjioBbie cxeMbi HFY
c6pocHoro xHna c ncnoJibsoBaHHCM Mo^epHHSHpOBaHHbix FTTY XHHOB K-225-130 H
K-330-240 (JIMS) H FTY THHOB V64.3 H V94.2A (Siemens). B SXHX CXCMSX juix

xcMnepsxypbi suxo^Hbix rasoe FTY H noBbimenHS co^epacaHHH B HHX
npe^ycMoxpeHa npncaana BHeuHKJiOBoro (napy^Horo) B03^yxa B raso-

nepeji ropejiKaMH naposoro KOXJia, Koxopbifi B nepBoK HS CXCM cocxaBJiaex
35 % oQmero KOJinnecTBa rasos FTY (no ISO). Bo Bxopon CXCMC H36bixOHHoe KO-
HHM6CXBO (OKOJIO 16%) BblXO^HblX ra30B FTY BBO^HTCfl B KOHBCKXHEHyK) liiaXXy
napoBoro KOTJia, a ocxaJitHbie (OKOJIO 84 %) nocxynaiox B ero ropeJiKH.

B oSeHX cxeMax B KOHBeKTHBHofl maxxe Koxjia ycxaHOB^CHbi xenjiooSMenHH-
KH BbicoKoro H HHSKOFO ^asjienHa. B HHX nocrynaer 50 — 70 % OCHOBHOFO KOH-

B oSBozi HH^I H OKOJTO 35 % nnTaxejibHOH BO^ibi B oSsozi OBfl. FIoKasa-
3KOHOMHHHOCTH 3THX yCXSHOBOK HpH HCnOJlb30B3HHH ra3OMa3yXHOrO XOH-
npHBC^enbi B xaSjr. 11.3.

1 1 .3.2. noKaaare/iH renjioBow 3KOHOMM4HOCTH firy c6pocHoro mna

HpH onpe^ejreHHH STHX nonasaxejieH aBxopaMH HcnoJib30Bana Mexo/iHKa,
npHMenaeMafl ^nfl 4pyrnx XKHOB FIFY H 6a3Hpyiom3flca Ha cxeMe xenjiosbix no-
TOKOB (PHC. 11.19) (CM. xaoce § 8.4 H n. 11.1.2). Ox^HHHe COCXOHX B TOM, HTO
B sxofi ycxaHOBKe oxcyxcxByex KY, TaK KSK Bbixo^Hbie rasbi FTY cSpacbiBatorcfl
npeHMymecxBCHHO B xonoHHyio KaMepy sneprexHHecKoro naposoro KOTJia.

FlaporasosyK) ycranoBKy c6pocHoro xnna MO»CHO ycjioBHO pacCMaxpHBaxb K3K
HeKyio riFY c KY npn npe^ejibHOM AoacHraHHH B HCM TonjiHBa B cpezie ebixo^Hbix
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12,75 MFIa/540 °C
lS3,8Kr/c

2,61 Mlla/540 "C
167,2 KT/C

100 °C

KH
PHC. 11.17. npiiiiiuiniia.ibiitifl TtmjioBaa cxeiwa nry cgpocnoro THna c nciiOJib30Ba-
HHCM TXy THna V64.3 (Siemens) H HTy rnna K-225-130 (JIM3)
TOBfl,, TOHJJ — TenjiooSiueHHUKH BticoKOro H HiiSKoro aaB^enHa, pacnojio^enHue

KOHBeKTHBHoil maxTe napoBoro KOTJia; ff — ^eaapaTop; ffB -
BCHTHJIflTOp HpHCMKH BO3flyX3 K BLIXOflHtIM r333M FTY; KH, $11, Tin -

COOTBCTCTBeHHO KOH^CHCaTHblH, flpCHajKHtlfi H nHTaTCJlbHtlit HBCOCbl

rasofi rry. S^ecb pojib KY BbinojiHsex napoaofl KOTCJI 3nepro6jiOKa, a \

/^Jifl pacHCTa npHMenaioT HcnojibaosaBiiiHecfl panee noKasarejiw H
CHTW OUCHKH 3KOHOMHHHOCTH yCT3HOBOK:

HT OTHOCHTCJIbHOH MOIUHOCTH HTV K^py (ll.l)j
npoi43BO£CTBa 3JieKTp03HeprHH FTY c yneroM ee pa6oTW B cxeM

$Q

Tenjioxy Bbixo^Hbix rasos FTY (11.3).

512

23,5 Mlla/ 540 °C
122,7 MBi 269,3 KT/C

4,7Mna/540°C
KT/C

= 360 MBT

100 °C

>. npHHUHnnajibnan ren-nouaa cxeiwa nry cGpocHoro rwna c Hcnojii,30Ba-
TV THna V94.2A (Siemens) H my THna K-330-240 (̂ M3)

ooo3HaHeHH« CM. PHC. 11.17)

3. HoKasaTejiH 3KonoMHHHocTH nry cfipocHoro THna (ycjiOBHa no ISO)

Herro, %

nry (pry nma V64.3
HnTyTHnaK-225-130)

62300
240 000

2,7

302 300
45,99

0,036

44,33

nry (rry ™na V94.2A
wHTy rana K-330-240)

121 400
360 000

7,3

481 400
49,14

0,044

46,98
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PHC. 11.19. Cxeiwa renjioBbix IIOTOKOB IirV c6pocnoro rmia

Sojiee no/ipo6Horo atianHsa paSoTbi nry npHMCHJnoT TaniKe cjie^yioiuHe

cooTHomeHiie TenjiOTbi TOHJIMB, cafaraeMbix B FTV H B SHepreTunecKOM na-
pOBOM KOTJIC,

p c =er / f in K ; ( i i . i T )

^ojifl renjioTbi FTy, HanpaBJiseMOH c Bbixo^HbiMn ra3aMH B snepreTHHecKHft
napOBoH KOTCJI,

PyT = fiS/^- 01-18)

B COOTBCTCTBHH co cxeMOH TenjiOBbix noTOKOB onpe^ejieHLi TaKHce cjiejjyio-

(11.19)

napOBoro KOTJia (no npaMOMy

r,ie QUK — nojiesnas Tenjiosaa narpysKa KOTjm c yneroM ocoSennocTeri ero re-

nJlOBOH CXCMbl, KBT (pHC. 11.19);
xpaHcnopia

Kn.3, npOH3BO/tcTBa

— nojiHbifi pacxo^ TenjiOTbi na my c yneroM oco6eHHOCTefi
CXCMbl, KBT.

nojie3Horo

"Hnry-
Nnry

nry

(11.22)

BblflBJICttHfl BJIHSHHS OTACJIbHblX SJICMCHTOB TCnJIOBOH CXCMbl nrv

3KOHOMMHHOcTb ycxaHOBKH
HBIMH cnoco6aMn:
514

(11.22) MOJKHO npcoSpasoBaxb
pas-

cnocodA

Q nry

C yMCTOM (11.17) H (11.18) MOHCHO

riocJie no^cTanoBKH nojiyiHM

(11.23)

ripn pa6oTC napocHJIOBOro 6jiOKa B aeTOHOMnoM peacHMe H ocTaHOBJiennoK
Pc

 = P j = 0, H Kn# 6jiOKa npH

6pVTTO

cnoco6 E

H3 rjncy =

^nry
N:

Qnry (11.24)

3aBHCiiMOCTH (11.23) H (11.24) oTpaacaioT csasb SKOHOMHHHOCTH nry c no-
SKOHOMHHHOCTH pasjiHHHbix SJICMCHTOB TenjioBoH CXCMU ycraHOBKH.

nry cSpocHoro inna c niy THna K-300-240 (JIM3),
TT3-110 («Pbi6HHCKHe MOTOpw» — «MamnpoeKT») H

KOTJIOM Bbino^Hen pacner H nojiyneHbi noKasarejm TenjioBofl 3KOHO-
MHHHOCTH npn HOMHHaJIbHOH HarpysKe 3JieMCHTOB CXCMIJ

ynasaHHOH Bbime M6TO5HKH:

Ton^Hsa B TTV Qc
r =314 240 KBx;

T H R = 15 CC c iic-

Ton^HBa B napOBOM KOTJIC ~ 689 705

MomnocTb ycTaHOBOK N* = 106 700 KBT; #n
3 = 337 300

nry - 444 000

TeruioTa BMXOAHUX rasos ITV, nocTynaromaa B napoBofl KOTCJI,
2°3 400 KBT (GKT = 360 KP/C; TKT = 519 °C);



Tenjiora, nojiBOAHMaa K KOHjjeHcaTy H nuTaTejibHOH BOjie B renjioo6MeHHHKax
napoBoro KOTJia, ^STOHTI ~ -^" 100 KDT; i^TORji = l-^o yUU KDT;

COOTHOUICHHe TenjIOTbl TOnJIHB, CXHraCMblX B FIFX

PC = Ql/Qm = 314 240/689 705 = 0,45 562;

TenjioTw FTy, HanpaBJiaeMOH c Bbixoj;HbiMH raaaMH B napOBoM KOTCJI,

= Qw/Ql = 203 400/314 204 = 0,64 728;

[xJwuHeirr oTHocurejibHOH MOIUHOCTH FIFY

= Nr/Nnry = 106 700/444 000 = 0,240 315;

Tpancnopra TeanoTbi T]TO = 0,99 (npHHar);1 c

npOH3BOflcxBa 3JieKTp03HeprHH TTV f]3
r = 106 700/314 240 = 0,33 955;

paCXOJJ TCnJTOTbl 11IV Ha npOH3BO,ACTBO 3JieKTp03HeprHH t/riTy = ^Ov*fi ~

-An.B) + -^n.n^n.n + ^TOB^ + QTQHR = 258,33(3323,1 - 1217,5) + 238,778(3534,1 -
-2976,4) + 38 100 + 128 900 = 844 106 KBr;

KFm npoHSBOACTBa 3JieKTp03HeprH(i B napoxypSuHHOH ycraHOBKe

= 337 300/844 106 = 0,39 959;
renjiOBaa Harpy3Ka naposoro KOTJia

= QfTfy/^rp = 844 106/0,99 = 852 632 KBr;

napoBoro KOTJia (npsMOH SajiaHc)

..-°S*—=
 852632 =0,95468;

O
c +gK-T 689705 + 203400

KFI/J npowsBojCTBa 3JieKTpo3HeprHH FIFY Spyrro:
A) no (^opMyjie (11.23)

i^ - °'39 955 ' °'99 ' °'95 468^' + °'45 562 ' °'64 728^
-0,240315)

= 0,44 226;

= 0,44 220;

B) no (J)opMyjie (11.24)

3 0,33 955
nry~ 0,240 315(1 + 1/0,45562)

B) no 4>opMyjie(11.22)

444 000
314240 + 689705

= 0,44 226.

1 1 .3.3. Ten/iOBbie cxeMbi nbmeyro^bHbix Dry c6pocHoro mna

npOCKTHpOBaHHH TeHJIOBblX CXCM c6pOCHUX llFy .HJIfl 3HCpro6jIOKOB H6-
H^X^epCHUHpOBaTb BH£bI 3HepreTHH6CKOrO TOnJIHBa H yHHTblB3Tb

cneuncjmicy paSoTfci FlFy. BbixoziHbie rasbi FTY Moryr nocryaaxb:
B CHCreMy nbiJienpHroToBJieHHa;
B ropejiKH 3nepreTHMecKOro naposoro KOTJIB BMecre c yro^bHOH
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B cGpocHbie conjia TOHKH 3HepreTHHecKoro napoBoro KOTjia;
B pacceiKy noBepxHOCTH Harpesa KOHBCKTHBHOR uiaxTti naposoro KoTJia B co-

OTB6TCTBHH c HX TeMnepaTypofi;
B flbiMosyio Tpy6y TTY npH ee aBTOHOMHOii paSore.
PeacHM COBMCCTHOH pa6oTbi napoBoro Korjia H FTY (x.e. pe>KHM FIFy)

er paccMaTpHBan* K&K OCHOBHOH. Flpn STOM Heo6xo,aHMO yHHTbmaTb
HOCTL paSofbi ycraHOBKH B nepeivteHHbix peacHMax, a OCHOBHOC BHHMaHHe npa
pa3pa6oTKe renjioBnx CXCM c6pocHbix FIFY Heo6xo#HMO yaejwTb BOSMOJKHOCTH
coBMCCTHoro <J)yHKUHOHHpOBaHHfl napo- H rasoTypSiiHHbix Hacxeit ycxaHOBKH.

B oTiiejibHbix cjiynasx, Konqa B KOMnoHOBKe napoBoro Korjia coxpanflioTca
B03,ayxono,ziorpeBaTejib H ^yri>eB00 BeHTHjisTop, nocjie^HHS MOXCHO Hcnojrbso-
B3Tb npH nyCKe FTV B KanecTBe cxapTOBoro ycTpoflcTBa, pacKpynHBaiomero po-
rop ycraHOBKH #o HeoSxojiHMoii ycToHHHBocTH nacTOTM BpameHHa. Koraa TTV
ocTanoBJieHa, jjyTbCBOH BCHTMJi3Top H Bosjiyxono^orpeBaTejib wcnojibsyioT npH
aBTOHOMHofi paSote napocHJiosoro 3Hepro6jiOKa.

MOJKHO BtweJiHTb HecKo/ibKo BapwaHTOB TCOJIOBLIX CXCM nbiJieyro^tHbix FIFV
c no^aKefi Bbixo^Hbix rasoB FTV npenc^e scero B cHcreMy ntuienpHroTOBjieHHa
napoBoro KOTJia.

B CXCMC, npHBeACHHofi Ha pHC. 11.20, Hcnojib30Bana cHCTCMa ntLienpuroTOB-
jieHHfl npaMoro B^ysaHHfl c MejibHUuaMH-BeHXH^flTOpaMH. B F1FY npe^ycMOTpe-
HO 4>°PMHP°BaHHe HeoSxoaHMoii TCMneparypbi cymnjibHoro areara Ha Bxojje
B cHCTCMy nbiJienpHroTOBJieHHfl H cyuiKH ron^HBa c noMombio no^MeinHBaHMfl K
BbixojjHbiM rasaM FTY oTpaSoxaBiuero cyuiHJibHoro arenra H yxo^aiUHX rasos
KOTJia jyia CHH^eHHa xewnepaTypbi nepe^ MejibMHuen, MJIH no^MeuiHBaHHfl TO-
noHHbix rasoe — fljia ee noBbimeHHS. B KanecTBe oxjia)KAaioiuero areHTa
6biTb Hcnojib30BaHO He6oJibiiioe

cxeMy MOXHO npHMCMTb rorna, Koraa KMcuopo^a, coaepaomerocH
a rasax FlFY, ^ocTaroiHO AJifl no^aepacaHHa npouecca ropeHHH yrojibHofl nbiJiH H B
napOBOM KOTJie oTcyTCTByer Bos^yxonoflorpeBaTeJib. B XBOCTOBOH HQCTH KOTjia 12
nocjis ociroBHoro aKOHOMaHsepa KOTJia pacnojioaceHbi ^onoJiHHtejibHbie 3KOHOMaft-
3epw BwcoKoro H HIOKOFO ^asjieHHa. Hepes ^onojiHHTejit.Hbiii TOB^ 13 ocymecr-
BJiHeTCfl nojiHbiH HJIH ^acTHMHbiH o6BO^ rpynnu no^orpeBarejieH B/J. Hepes RQ-
no^HHTe;ibHbiKi TOH^ 14 nponycKaerca nacTb noTOKa OCHOBHOFO KOH^eHcara. 3a-
6op ocHOBHoro KOH^eHcara MOJKHO ocymecTBJiaTb B pa3Hbix TOHKax KOH^eHcarno-
nHTaTejibnoro Tpaicra, ^Jia 3xoro ocymecrBJiaioT onTHMHsauHK) TenjioBOH cxeMbi.

C 33UHCMMOCTH OT COOTHOlU6HHfl Fa30Typ6HHHOH H napOTyp6MHHOft MOIliHO
cieK B Firy, BH^a cacHraeMoro B 3HepretH4ecKOM KOT^C ronJiHBa, P&XIIMOB par
GOTU o6opyjioBaHHfl FTFy ^OJTH HOTOKOB Bbixo^Hbix rasos FTV, nocrynaioLUHX
"a cyiiiKy H B Koren, Moryr sHaiHTejibno MCHaTbca. FfpH HcnojibaoeanHH FTV c
6ojibuiMM o6'beMOM OTpaSoTaBiiiHx ra30B naCTb HX MOHCHO cSpacbiBaxb B ra'ioxoA
noc^e ocuoBHoro 3KOHOM3H3epa (TOHKa 72).

npii SojibuiOH flone ra30Typ6nHHoH MOIUHOCTH (no oTHoiueHHio K MOKUIOCTH
ocnoBHoro 3Hepro6noKa) cymecTseHHO sospacraeT oSteM Bbixo^Hbix ra3OB. 3xo
BJICMCT 33 co6ow yBejiHHeHHe CKOPOCTH rasoB H a6pa3HBHbiH HSHOC nofiepxHo-

narpesa Kox/ia, a xaKa<e yMCHbiueHHe TeMnepaxypbi B 3one aKTMBHoro rope-
TOHKH, HTO MOKCT OpHBCCTH K CHH^KCHMK) 34>(J)eKTHBHOCTH H yCTOH4HBOCTH
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3ry npoSjieMy pemaror, BbiSHpaa onpejiejienHbiH ranopaaMep TTY (c ne6ojib-
pacxo,noM rasoB sa FT). npH 3XOM onxHMHSHpyrox cooxHomcHHe MOLUHOCXCH

paspaSaxbieaeMOH nry, ran Kan SoJibiiiaa ra3oxyp6HHHaa Momnocxb H cooxBex-
CfB6HHO SoJibiiioK pacxoji rasoB sejiyx K yBeiWHCHHio oGteMOB nocTynaromnx B
tonKy raaoB, a npHMeneHHe FTY oxHocwxejibHo Majiofi MOIUHOCXH MOHCCT CBCCTH
Ha Hex BCC npeHMymecxBa nry co c6pocoM rasos B KOXCJI. O^naKo, KaK noKasaji
npe,HBapHxe.nbHbiH anajins, npH HcnojibsoBaHHH FTY aaace He6ojibiuoM MOIUHOCTH
(0,15 — 0,2 MOIUHOCTH napOCHJTOBOH yCTaHOBKH) 3KOHOMHMHOCTb TITY 3HaHHTCJIb-
jio npeBbimaer SKOHOMHMHOCTb oSbiHHoro nbmeyronbHoro 3Hepro6jiOKa. B STOM
cjjyqae anfl CHCHraflHS yrojibHofi nbuiH B KOTJie MO*CT ne xsaTHTb OKHCJIHTCJIH, no-
3TOMy B raKHX yciiOBHflx Bbiro^nee HcnonbsosaTb TenjiOByio cxeMy c Bos^yxono-
^orpeBaiejieM (pnc. 11.21). npw paSoxe B pejKHMe nry ^oSaBOHHbiR sos^yx na-
rpesaeTCH B nocroaHHO paQoraromeM Boaayxono^orpeBare^e 13, ^anbHCHuiee ox-
jia)K^eHHe /ibiMOBbix rasos npoHCxo^HT B ̂ onojiHHTeiibHbix TOBfl H TOH# 15 H
16, pacnoJioaceHHbix B OAHOM H3 napajiJiejibHbix rasoxojjOB. npw asroHOMHOH pa-
gore napoTyp6HHHoK nactH ycranoBKH BOsjiyxono^orpeBaTejib oxjiaiKflaer jjbiMo-
Bbie rasbi KOTJia AO HeoSxoflHMOH xeMnepaxypbi, H OHH nocxynarox MHMO 3Kono-
MaHsepoB B napaiiJiejibHbiH rasoxoa H ̂ ajiee K j;biMococy.

npeHMymecxBo yKasaHHOH cxeMbi COCXOHX B XOM, HXO yciioBHa ropenHfl
yronbHOH nbuiH B xonne Koxjia B SXOM cjiynae sna^axejibHo yjiynuiaioxca no
CpaBHCHHK) CO CX6MOH H3 pHC. 1 1 .20, K TOMy )KC HCKJTIOHaeTCJI yCXaHOBKa HOTIOSI-
HHxejibHoro napoBoro KajiopH(})epa ^jia no^orpesa KoxenbHoro sosjiyxa npH pa-
6oxe 3Hepro6jiOKa B aBxoHOMHOM peHCHMe.

ftns yMCHbiueHHa noxoKa Bbixo^Hbix rasoB FTy, nocxynaiomnx B xonKy,
MOM<HO xaK*e Hcno^b30Baxb cxeMy c pasoMKHyxoH nocjie pasMOjia CHCXCMOH nw-
jienpHroxoBJieHMa, B KoxopoH oxpaSoxaHHbiH cyiiiHJibHbifi arenx HOCJIC cyiiiKH
npH TeMnepaxype HC 6ojiee 120 °C c6pacbiBaexca B axMOC^epy, a ropeHwe B xon-
Ke noaaepacHsaexca nacxHHHo nyteM cSpoca ocxasiueHca nacxn rasos TTY B
xonKy Koxjia. He^ocxaroiUHH oKHCJiHxenb (sos^yx) nocxynaex no o6biHHofi cxeiue
MS Bos^yxonojiorpeBaxejia 13. fljia MaKCHMajibnoro ysejiKHeHHa pacxo^a BUXO^-
HLIX rasoB FTy na cyiiiKy xonjiHsa neoGxo^HMo oxjiax^axb HX na Bxoae B Me^b-

MHHHMajibHO flonycxHMOH xeMnepaxypbi cyuiHJibHoro arenxa, onpejie-
HS xenjiOBoro pacnexa CHCXCMBI nbiJienpHroxoBjieHHa.

ropeHna yroJibHOfl HUJIH KaMeHHbix H 6ypbix yrjieK B cpefle
rasoB FTy noKasajio BO3MoafHOcxb H BMecxe c xeM cjio*HOcxb peme-

HHfl 3TOH Sa^aHH. HcCJICflOBaHHe 6bIJIO npOBC^CHO C HCnOJIb30BaHH6M CCpHHHblX
naposbix KOTJIOB npOH3Bo^Hxe;ibHOcxbK) OKOJio 190Kr/c. TenjioBbie pacnexbi
KOTJIOB 6bijiH BbinojiaeHbi ^jia pasjiHHHoro co^ep^aHHa OKHCJIKXCJIJI B rasax,

B xonoHHyio KaMepy npH OKHraHHH xon^HBa. B xa6jr. 11.4 npHBe-

co cSpocoM rasoB FTV

,̂ ^^H

Mc- 11.20. nnHHUHnuajibiiaii Tcruiniiaii txewa nbijieyrojibHOH
B KOTCJI

- rasoBaa TypSHHa; 2 — KOMnpeccop; 3 ~ KaMepa cropaHHfl TTY; 4 — SyHKep cwporo yrji«;
~ ycTpoficTBO HHCxoaauiefl cyiiiKH; 6 — cenaparop; 7 — MeJibHHua-BCHTHnsTop; 8 — KOTCJI; 9 —

PC^KH Korjia; 10 — cGpocHtie conjia; // — sa6op ronoiHLix rasos Ha cyiiiKy; 12 — cSpoc
<OAHUX rasOB TTV B KOHBCKTHBHBie noBepxiiocTH KOTJia; 13 — TOBZl; 14 — TOHA; IS -

IMOCOC; 76 — 3a6op yxoAamnx rasoe Ha cyruicy; 17 — naposaa ryp6HHa; 18 — cSpoc Bbixo^Hblx
T ^ B arMOC(|iepy; BOY — SjioHHau o6eccojiHBaiomaH ycraHOBKa; 19 — npoflyKTbi cropanHfl

> 20 • — oTpaGoraHHbifi cyuinjibHtifi arenr; 21 — ronoiHtie raaw; 22 — nap; 23 — eo^a
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11.4. TexHHiecKiie ;iaHiit,ie TOI IO- IUOIO npouecca cwHraimH yniJii.insii iibi.ni
B napoBOM KOTJie nry cGpociioro Tuna

&--""

Boro «u

.---—•

Tn-io9

'
TTIE-430A

— — •
TiiE-216

BHH OKHraeMoro
TonjiHBa

Ky3Hei»cHB
KaineHHbiH yrojit

MapKH rcm

KySHCUKHH
KaMCHHtiK yrojib

MBpKH /I

EepC30BCKHH
6yptiH yrojit

OStewHaa
KOHUCHTpa-

UHJI O2 B OKHC-
JiHTejie, %

21
17,5
14,5
21

17,5
14,5
21

17,5
14,5

TeMnepa-
typa ra30B
Ha Bbixoae
3AF*, °C

1330
1330
1120
1401
1370
1120
1239
1261
1080

MexaHHie-

Ba Bbixoae H3
TOHKH q4 , %

2
4
14
3,2
3,3
12,9
2,7
2,5
7,0

TeMnepary-
pa rasoB

na Bbixojie
H3 TOPKH, °C

1050
1090
980
1113
1126
1016
1043
1066
982

MaccoBaa KO
UCHTpaUHS

OKCHaOBaSO"
N0r, r/M

3

0,63
0,58
0,48
0,86
0,85
0,61
0,26
0,27
0,20

— 3QH3 aKTHBHOrO rOpCHHfl TOIIJIHBa.

TexHHHecKHe .naHHbie TonoHHOro npouecca B saBHCHMociH OT BHua
Ba H co^epacaHHfl OKHCJIHTCJIJI B rasax (no oamifciM LJKTH).

KaK noKasajiH npose^enHbie Hccjie^oBaHHa, nesaBHCHMo or BLICOKOM pea
THBHOCTH KaMeHHbix yrneK MapoK F H J\ pesKoe yxyfliueHHe TonoHHOro npoue
ca nacTynaeT npH CHHIKCUHH oSteMHOH KonuenTpauHH O2 B OKHCJiHTejie ,

14,5%, HTO npHBO^HT K yBejiHHCHHK) MexaHHHCCKoro HeflOiKora Ha Bbixo^e
KaMepw 40 13%. Flpn ciKHrauHH 6yporo yrjia BnHjmne o6-beMHi

KHCJiopona B oKHCJiHTejie MCHee Bbipaaceuo H noTyxaHHe 4>aKe
nacTynaeT npH KOHueHTpauHH O2 Menee 13 %.

HcnojTb3OBaHHe KaivienHbix yrjien B nbijieyronbHbix OFV c6pocHoro Tuna, A
KOTopbix xapaKTepna HCBbicoKaa peaKTHBHOCTb (sbixoa JieryiHX MCHCC 30 %, yr.
MapoK CC, 3KH6acTy3CKHH, nepiOHrpHHCKHH H ap.)> HCuejiecooSpasno.

CHHafCHHC O&beMHOft KOHUCHTpaUHH O2 B OKHCJIHTCJie CKaSblBaCTCJI HU KOJ1

46CTBC BblSpOCOB NO^ TOJIbKO npH KpHTHMCCKHX SHaHCHMflX O&bCMHOfi KOHUC

npouecc cropanHfl TonjiHsa npoSjieMaTHHen. CHHa<eHHe
rasoB B TonoHHOH KaMepe MOXCT cnocoScTBOBaTb yMeHtmeHHio

3KpaHHbIX nOBepXHOCTCfl.
Ha^eiKHoro ropeHHfl yrjia B TonoHHyio KaMepy HeoSxo^HMO

KojiHHecTBo Bos^yxa OT ̂ yTbeBoro seHTHJiflTopa. Ero
^o 30 % cyMMapHoro oGbCMa Bbixo^Hbix rasos TTV H

Horo

BKor riPHMminHajibiiaa reiuioBan cxeiua ni»i.ieyrojibHOH IirV co cSpocoM raaoe F

5^~ ra3oBa;[ ryp6nna; 2 — KOMnpeccop; 3 — Karnepa cropaHHH FTY; 4 — Symcep cbiporo yr
r0pe JCTP°«CTBO Hiicxoflameft CYIIIKH; 6 — cenaparop; 7 — MejibHima-BeHmnHTOp; 8 — KOTBJI; 9
BL[XO

KH K°T^a; 10 — cSpocHLie coima; // — 3a6op TonoiHbix rasos Ha cyiiiKy; 12 — c6[
ayike X ra30B riy B KOHBeicTHBHbie noBcpxnocTH KOT^a; 13 — B03AyxonoaorpeBarejii,; 14
KQ-J. IH BeHTMsTop; 15 — TOBfl; 16 — TOHfl; 17 — abiMococ; 18 — 3a6op yxo;wmnx ra:

"a c u ; 19 — napoaaa TypSwHa; 20 — cGpoc BbixojiHbix raaos TTV B aTMOC(}iepy. Ocia.
CM. noanncb K puc. 11.20.

520



B pjwe cTpan HaKonjieH ORBIT paGoxbi nujieyrojifcHbix FIFY cGpocHoro THna.
HpHMepoM MOJKBT cjry>KHTb naporasoBbiM sneproSjioic MomHocxbio 765 MBx na
T3C B r. Bepne (FepMaHHa), B cocTaee KOTOporo HcnojibsoeaHa FTY THna V64.2
(Siemens). TOHJIHBOM &nx napoaoro KOTJia npOHSBo^HxejibHocxbio 500 Kr/c
(pn£ = 19,5 MFla, TUE = 535 °C) cjiy>KHT Sypbitf yrojtb c BUCOKHM coflepMcanHeM

jieTyHHX. Knfl npOH3BOflCTBa 3JieKxpo3HeprHH 6pyrro FIFY (no ISO) npH nepe-
xo^e K c6pocHOH cxeiwe noBbicujica c 39,3 #0 44,2 %.

^jia HryMHOBCKOH T3U B HHaceropo^CKOM <J)njinajie TenjiosjieKxponpoeKxa
na 6ase naporasosofi TexHOJioran paspaSoxan npoeicx ee paciiiHpeHHa ^ayMa nw-
jieyrojibHbiMH 3Hepro6;iOKaMH Ha KysneuKOM KaMeHHOM yrjie. B naac^oM H3 6110-
KOB npe^Jio^eHO ncnojibaoBaxb ^Ba naposbix Koxjia xnna EK3-420-140, o^Hy na-
posyK) xypGMHy FIT-145/165-130 H o^Hy FTY rnna HK-37 HJIH V64.3 (Siemens).
PaccMOTpeHbi ^Ba sapnaHxa xexHOJiorHnecKHx peiueHHH.

BapiiaHT T3II-BTH. SanpoeKXHposaHa rasoTypSHHHaa Ha^cxpoilKa K napocn-
3Hepro6jiOKy c no^aneH Bbixo^Hbix rasos FTY nepBOHanajiLHo B O.UHOKOH-

H KY, B KOxopOM reHepHpyexca TexnojiorHMecKHH nap (napaMexpw napa:
2,5 MFIa H 350 °C) B Ko^HHecxse OKOJIO 20 KF/C (^JIH BHeuiHero noxpe6Hxejifl).
Vxo/iamHe raati KY npn xeMnepaxype OKOJIO 270 °C HanpaBiisiioxcH B ropejiKH
3HeprexHHecKoro napoBoro KOT^a H HacTHHHO (nepes rasoBbifi
mnSep - - FPlll) B ero KOHBeKXHBHyio maxxy sa ocHOBHbiM
B 3TOH iiiaxTe ycraHOBJieHLi xaK^ce xennoo6MeHHHK Bfl, RIIX no^orpesa nHxaxejib-
Hon B0£*>i nocjie aeaspaxopa H xennooSMeHHHK H^ 4113 Harpesa nacTH OCHOBHOFO
KOH^encaTa B 06604 OH/t. TemnepaTypa yxo^amnx rasos napoBoro Koxna npn
3TOM MOH<eT SblTI, CHHHfCHa npH6jIII3HXeJIbHO AO 200 °C (pHC. 11.22).

BapiiaHT AO «3HKO-ueHTp». BbixojjHbie raabi FTY HanpaB^fOTca B flByx-
KOHxypHbiH KY, B KOTOPOM rcHepHpyexcfl TexHOJiorHHecKHfi nap fljia BHeiunero no-
Tpe6Hxej7H AByx rpynn napaMexpos: B KOJiHMecxse OKOJIO 20 KP/C npn^n = 2,5 MFIa

H Tn = 350 °C H B KOJiHHecxBe npH6jiH3HTejibHO 12 KF/C npn pn = 0,9 MFIa H

Tn = 250 °C. Yxo^aiuHe rasbi KY npn TCMnepaxype OKOJIO 110 °C MacxHHHo no-

cxynaioT Ha scac ayTbesbix BeHTiuiflxopoB 3HeprexniecKoro napoBoro KOTJia H
Hcnojibsytoxca 3axeM KaK oKHCJinxejib B ero XPHOHHOH Kaiwepe. HsSbiTOHHoe KO-

SXHX rasos y^ajiflexcfl B zibiMosyK) xpy6y (pnc. 11.23).

HS 3XHx ^syx cxeM HMeeT CBOH ^ocTOHHCTsa H ne^ocxaTKH. CpasHe-
HHC H Bbi6op onxiiMajibHoro pemeHHfl BbinojiHarox na cxa^nw xexHi-iKO-3KOHOMH-
lecKoro aHOJiiisa.

OcHOBHbie nojioKCHiisi pacnera renJiOBOH cxeivibi nbiJieyroJibnoH nrV
cGpociioro rnna. A^ropwxM pacnexa xenjiosoH CXCMU nbijieyroJibHow HFY
c6pocnoro xwna COCXOHX H3 necKOJitKHx SJIOKOB H OCHOBaH na naneTe HcxoztHbix
/taHHbix o xapaKxepHCXHKax SHeprexuneCKOH FTY, ca<HraeMOM xonjinee, napa-
Mexpax pa6oxbi OCHOBHOFO oSopyAOBaHHa 3Hepro6jioKa.

FlepEbiH sxan BKjnoiaex B ce6a pac^ex xenjioeoH CXCMH anepreTHiecKOH FTY
HJIH yTOMHCHHe ee xapaKxepHcxHK no aaHHbiM <j)iipMbi-H3roxoBHTejifl. nocjie 3TO-
ro ocymecTBjiaiOT nepsyio HTepauwio pacMeTa xenjiOBOH cxeMbi FITY H
K)T pacxo/i TonjiHBa na 3HeprexHqecKHH napoeoH KOTCJI.
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MaracrpanB TexHOJiorHHecKoro napa

B jjbiMonyjo
ipy6y

OBpaTHtifl KOHflCHcar
8 TexHOJiorHiecKoro napa

OSpa-raaH
TeiuiOMamcTpani.

Pnc. 11.22. Ten.ioBHH txema nmieyrojibHoro 3Hepro6;iOKa IIFV cSpocnoro THiia
T3H-BTH)
1—D= 195,1 KF/C, r = 0 °C; 2 — D = 3,891 Kr/c; 3 — D = 5,734 KF/C; 4 — D= 154,3 KP/C; 5 —
/> = 44,5 Kr/c, T = 266 °C; 6 — D- 204,64 Kr/c, T= 181 °C; 7 — D = 65,7 Kr/c,p = 13,8 MOa, 7=
- 560 °C; 5 — D = 57,2 KP/C; 9 — D - 1,89 KT/C; 10— T= 162 °C; 11 — 7=230 °C; 12— T^
= 151 °C;73— T=63°C;14~ D = 8,9 Kr/c, 15—16 — D = 0; 17 — D = 2,8 Kr/c; 75— T- 30 °C;
19 — D = 20,1 KP/C, p = 2,5 MITa, T = 350 °C — TexHOJiorniecKHtt nap

B xenjiOBOM pacnexe cHcxeMbi nsuienpHroxoBJienHfl (npHMeneH nporpaMM-
HbiH npoziyKT HHJT «FTY H OFY T3C» M3H) ncnojibsyiox napaMexpbi Bbixoa-
HBIX rasoB FTY, a xaK^e THnopasMep pasMOJibnoro ycxpoflcxBa, xapaKxepHCXHKH

(cocxaB, K034>4»HUHeHT pasMOJiocnocoSnocxH Kno H x.n.). B pacnexe sa^aior

BJiajKHocxb yrojibHOH nbijiH Wnn HJIH xeMnepaxypy oxpaSoxaBUiero cy-

arenxa T2 (oSbmno 100—120 °C). SaxeM onpe^eiifliox pa3MOJibHyio

npoH3Bo^HT6JibHocxb MejfbHHU, HeoSxo^HMoe KOJiHHCCXBO cyuiHjibHoro areHTa

(CA) H ero xeivmepaxypy T\.

ocymecxEJiarox xenjioBOH paciex 3HeprexHnecKoro naposoro Koxjia
oTpacjieeyio nporpaMMy TRAKT), B TOM HHCJie

3KOHOM3H3epa (J^3K), ycxaHaBjiHBaeMOro B KOHBCKTHBHOM maxxe BMCCTO
xonoaorpeBaxena H^H napajurejibno c HHM. B cocxaBe /J3K
Bfl (^3KBA) H HR (A3KH^). Pacnexbi npOBO^ax COBMBCXHO c pacMexoM xenjro-
BOH cxeMbi FITY (Hcnojib3yK>T oxpacjiesyK) nporpaMMy OLHOV). YTOHHaiOT

523



7 rryranaV64.3 '—'

KY

3

?
.

*
8

A

1
S
S

1

|

ML

I
*

,
.

I

a ?

B flHMOE

PesynbTaxti paciexa xeiuioBoii CXCMM TTY
*MC

UK

MarHCTpanb TexHOJiorniecKoro napa

BBOfl Hcxoamjx flaHHbix pacieia nTY B aBTOHOMHOM pexHMe paSoxbi.
npeflsapHTejibHoe onpeflejiemie napaMerpOB H pacxoflOB paSoinx Ten

I npn6jiiuceHHe onpeaaneHua pacxoaa napa na IIT DQ, D

PHC. 11.23. Tenjioeaa cxeiwa iibuieyrojibiioro 3nepro6jiOKa
AO «3HKO-ueHTp»)

cSpociioro THna

paGoHHX TCJI H o6opyAOB3HHa: A',.3 = 65,7 MBT; N* = 50,8 MBr;

l — D= 195,1 Kr/c; T= 0 °C; 2 ~ D = 3,819 KF/C; 5 — D = 20,1 KF/C; p = 2,5 MRa; r=350°C;:

4 — D= 12,lKr/c;p = 0,9Mna; T= 250 °C; 5 — D = 198,9 Kr/c; T= 110 °C; A = 115 K^ac/Kr; (S —
Z> - 51,9 KP/C; 7— D = 5,462 KF/C; S — D = 147 KF/C; T = 266 °C; 9 — D - 152,46 KP/C; A -
= 1459K^)K/Kr; 70— 71- 477 °C; h = 556 K^jK/xr; 11 — D= 152,46 KF/C; A = 396 K^JK/KF; 72 —
7J- 152,46 KF/C; 7= 110 °C; h - 122,5 K^JK/KP; 73 — T = 230 °C; 14 — D = 87,8 KF/C; /> - 13,8 MOa;
r=560°C; 15 — D = = 68,3 KF/C; 7tf — D - 2 KF/C; 17~T= 162 °C; 18— T= 151 °C; /9 —
D= 44,7 KF/C; 71 = 63,4 °C; 20 — Z) = 57,2 Kr/c; 21 — D = 11,1 KF/C; 22 — Z) - 8,9 KF/C; 23 -
O = 2,64 Kr/c; 24 — D- 3,1 KF/C; 25 — T = 30 °C; a — nHTareJibnaa ao^a B/l;
Bojja Hfl; e — noaorpexbifi KOHjeHcaT nocjie TIIK; z —

TCMneparypy H KOJIHHCCTBO HOTOKOB nHTaxe^bHOH so^bi H ocnoBHoro
ra H coS^ro^aiOT orpaHHHeHHfl no MaKCHMajibHOMy nponycny napa B npoMexy-
TOHHbiH neperpesarejib H KOH^encaTop, no HarpysKe 3JieKTporenepaTopa.

KOJIHHCCTBO HxepauHH onpe/iejisieT CKopocrb CXO^HMOCTH CHCTCMBI. HeoSxo-
^HMOCTb ^aJlbHCHUIHX paCHCTOB 33BHCHT OT H3M6HeHHfl peSyJTbTaTOB

OporpaMMHbiH npo^yKT pacnera TenjioBOH CXCMH nbiJieyrojitHofi
cSpocnoro THna H CXCMU onpe^ejieHHa ee noKasaTejieK aKOHOMHiHOcru paspa-
60T3H B HHJT «riy H nry T3C» MSH H npHBe^eH Ha PHC. 11.24.
524

I npH6jii»KeHHe onpeflejieHHH pacxoaa ToiuiHsa na napoBotf Koieji (UK) B

BBOfl HCXQflHMX fl3HHHX JUIH paCMBTa CHCT6MH nblJienpHrOTOBJieHHfl (Cfin)

BtiSop ™nopa3Mepa MCJibHUU yrjw

riOBepOHHtlK paCICT paSMOJlbHOii npOH3BOflHTCJlbHOCTH MBJIfcHHU B

fla

Pacier Heo6xoAHMoro KoninecTBa cyuimn>Horo arenra H ero TCMnepaTypu

OnpeaeneHHe pacxoaa Btixoamix rasoB fTV (nCIT)
B KOHBSKTHBHbie HOBepXHOCTH 1IK

Onpe^ejieHHe H36biixa Boaayxa B TOnKe ITK

OnpeaejieHMC pacxoaa

1

11.24. CXCMB pacneTa renjioBoii CXCMI.I nbiJieyrojibuoii IirV cSpocHoro THna

525



ricm.
Pacier naposoro KOTJia

'ue TeMnepaiypbi
, i

C \3poaHHaMHiecKHfi paciei CILTI, IIK H ra3"

paxypM npH cMemeHHH
TonoiHhix rases H nCFT

t ,VpHHHMaeica pacxon iraTaTejiwioii uoabi iepc

...its HOBOC 3HaieHHe pacxoaa
ejieHHe pacxoaa

oaw icpes XOBfl

x ..
- 3 TOHfl H MecTa ero orSopa

pereHepauHH IIT

CT TCIIJlOBOfl CX6MH IlXy COBMCCTHO C

1
OnpeaoieHHe pacxoaa napa Ha 111 V

OnpeaeJieane pacxoaa -roruiHBa
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Koneu paciera nocjie oKOHiamiH MTt?

PHC. 11.24. (OKOH«UHB«)

1 1 .3.4. FasoMaayrHbie nry c6pocHoro tuna

ycTanoBKH cSpocnoro xnna Ha ra30Ma3\THOM Tonjinse
speMa Haxo^axca B 3Kcn;iyaTauHH Ha FP3C s PecnySjiHKe .

B HX cos^aHHH aKTHBHoe ynacxHc npHHHMajiH corpyziHHKH qKTH (r. CaHKx-De-
xepSypr). Ha 3JieKxpocraHUHH ycxaHOBjieHbi ^sa naporasoBbix 3Hepro6jiOKa MOIU-
Hocxbio no 250 MBx, B Koxopux HcnojibsosaHbi TTV xwna FTV-35 (AO «Typ6o-
axoM»), naposbie KOXJILI xnna TME-215 (AO «TK3») H naposbie xyp6HHw xnna
K-200- 130-3 (AO «JTM3»). KOTJIH paSoxaiox na Masyxe, a FTV — Ha npe^BapH-
xejibHO npOMbixoM H o6pa6oxaHHOM npnca^KaMH rasoxypoKHHOM xonjiHBe.

ycxoHHHBoe ropeHwe Masyxa H npapo^Horo rasa B cpe^e Bbixo^Hbix raaos TTY
OT o&beMHoii KonqeHTpauHH OKHCJICHHJI 0, T T.2 K.I

HHxepecHoe xexHHHecKoe pemeHHc no ra30Typ6iiHHOM H^acxpoMKe 3nepro-
oKa MomnocxbH) 300 MBx KocxpoMCKOH TP3C SbiJio paspaGoxano B BTM

(n.A. BepesHHeu H ̂ p.). Bbiii npe^ycMoxpen c6poc BbixosHbix rasos TTY THna
TT3-IIO B 3HepreTHHecKHH napOBofl KOXCJI c nacTHHHbiM BbixecneHHeM pereHe-
parHBHoro noAorpesa nnxaxejibHOH Bo^bi B xenjiosoR CXCMC riTV. OCHOBHOC 060-
py^oeaHHe 3Hepro6jioKa: ra3OMa3yxHtiH naposoH KOTCJI xnna nn-1000/255 FM
(TrMn-314) (H3roxoBHxejib TaranporcKHfi KoxejibHbiH saBoa) H OTV c xyp6n-
Hofl Tuna K-300-240 (J1M3). ABXOHOMHLIH pe>KHM paSoxbi npH
Harpy3Ke HMCCX

napOBOH KOXCJI: DnE - 930
-94,12%;

: 7Vn
3 =30 1,4 MBx;

= 79 M3/n; Tvx - 136 °C; aT - 1,05; T]UK -vx

= 39,33 %.3Hepro6jioK: N^y = 301,4 MBx; N^y = 292,4 MBx;

B naporasoBon CXCMC ycxaHOBKH B KoncxpyKUHH naposoro Koxjia
- • ^onojiHHxejibHo TBTO BbicoKoro H HHSKOFO ^asjieHHfl, nepes Koxopbie no-

si COOTBCXCXBCHHO nacxb nnxaxe-jibHofi BO^U nocjie nHTaxejibHbix nacocoB
B 06x04 HB^ H nacTb OCHOBHOFO KOH^encaxa nocjie nH#-2 (sapnaHx) c nocjie-

noflaHeti B seaspaxop nHxaxejibHOH BO^H. 3xo no3BOJiflex oxjra^HXb RU-
ra3bi napoBoro Koxjia 33 TOB,ZJ AO xeMnepaxypbi npn6jiH3HxejibHO 200 °C

1 3a TOH,H AO 120 °C. TasoBOAflHbie noAorpesaxejiH, BbmojiHCHHbie H3 xpy6
2 nonepeMHo-cnHpajibHbiM opeSpeHHeM, pasMemenbi B AonojiHHxe^bHOH KOHBCK-
THBHOH maxxe B BHAC BepxHKajibnoro rasoxoAa c pasMepaMH 8350x8200 MM (BW-
coxa x-asKAoro naKexa xenjioo6M6HHHKOB OKOJTO 3 M).

R.-.a HopMajibHOH 3KcnjiyaxauHH nry npeAycMOTpeno necKOJibKO rasoxoAOB
ra30BbiMH uinSepaMH (KjiananaMH) c flucxanuHOHHbiM ynpasiieHHeM

I 1.25), ycjiojKHflromHx KOMnoHOBKy 3Hepro6;iOKa. B npeAJiaraeMOH CXCMC
eicoHr-rnvKUHH coxpaHeHbi pereHepaxHBHbie BosAyxonoAorpeBaxejTH (PBH) H

BCHTHJiaxopbi (^B) Koxjia, no3Bo^aiomHe nepexoAHXb K aexonoMHOH
30CHJiOBoro 3Hepro6jiOKa.

.^.MOBaHne noKasaxejiew paccMaxpHBaeMofi FirV cSpocnoro xnna (ycjioBMfl
:oKa3ano c^e^yiomee. Rpn HeH3MCHHOM pacxoae napa na nT 930 T/H pacxoA

_ Pa na npoMeMcyTOMHbiH neperpes no cpaBHCHHK) c aBxoHOMHbiM peacHMOM pa-
DTM ojioKa yBenHMHJica na 100 T/H, a xeMnepaxypa nHxaxejibnoH BOAW nepeA
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PHC. 11.25. TenjioBan cxema nepeuoaa rasoMaaymoro 3Hepro6jioica 300 MBr B peaciiM pa6oru
nry c opocnoro rmia (BTH)
/ — O-CHOBHOH KOHJieHcar nocjie cMeuiHBatomero FIHJI-2; 2 — OCHOBHOH KonaeHcai B
3 — rn-rraTejibHas BO.ua nocjie FIH; 4 — niiTaTeJiLHaa Boaa B cMecHtejii, nocjie FIB^; 5 —

6 — nHTarejibHaji sojia B 3KOHOMafl3ep OK; 7 — «xojio,qHi.ift» nap
; 8 — «ropfliHH» nap npOMeacyroiHoro neperpesa; 9 — CBencHft nap B FIT; T — TOIIJIHBO;

- JWMOCOCbl

KOTJIOM — c 270 flo 315 °C. Pacxozi ycjiosHoro ronjiHsa Ha naposoH
KOTCJl CHH3HJ1CH C 91,31 flO 84,72 T/H. OpH 3TOM B KC TTY 6bIJIO C03K3KCHO

3 8,6 T 33 1 H.
napora30BOM peacHMe paSorti 3jieKtpHHecKHe MOIUHOCTH TTY, HTY H

pasHM, MBi: 106,7; 337,3; 433,3. Kostp^imHCHT nojiesHoro
OTnycKa 3jieKrpO3HeprHH cocTaBHJi 43,16 %, no cpaBHeHHK) c Kn^ na-

pocHJiOBoro 6jiOKa OH yBejiHMHJica Ha 2,83 %.
BjiaronpHflTHLie ycjioswa .zuia BHe^peHHfl naporasosoH TexnojiorHH HMeiOTCfl

Ha TP3C-24 OAO «Moc3Hepro», r^e 3KcnjiyaTHpyeTC3 rasoMasyTHWH snepro-
SJIOK 300 MBT, cnpoeKTHpoBaHHbiH 4Jifl Mr^-ycraHOBKH THna 3C-500. Ee cxe-
Ma 6;iH3Ka K cxeMe nry cSpocHoro THna, raK KBK B naposoM KOTJIC npe^ycMor-
pCH TenjIOOSMCHHHK B^, Ha3BaHHblR npe^BKJIIOHeHHblM 3KOHOMaH3CpOM (FI3K).
Ha CBoSoMHOH njioma^Ke pa^oM c KOTJIOM, rae AOJIXCH Sbiji naxo^HTbca
528

renepaTop, MOHCHO pasMecTHTb TTV. OapoBOH KOTCJI THna Dn-1000-255 (11-74)
BbinojiHen rasonjiOTHbiM c ypaBHOseujeHHOH TaroR H o^Ho6aHnacHoR nycKOBott
cxeMoii ^jia paSoxbi Ha npHpo,aHOM rase. DapoBaa TypGnna THna K-300-240-4
(AO «JIM3») yKOMnjieKTosaHa aneicrporeHepaTopOM THna TBB-320-2 EV3.

TexHHHecKHe npe.o,jio>KeHHfl no Ha^cxpofiKe 3Toro 3Hepro6jioKa rasoTypSHHHOH
ycTaHOBKOH 6bijiH Bnepsbie pa3pa6oTanbi B BTH, HacTb nHTaTejibHoM BOJIW nepe#
riB^ HanpaBJiaercH B npe^BKJiioHeHHbiH SKOHOMafiaep KOTJia, a MacTb HarpesaeTca
B riB#. CrvieuieHHe ocyujecTBJifleTca nepe^ ocnosHbiM 3KOHOMaH3epoM KOTJia.

B HMJI «rry H nry T3C» M3H COBMCCTHO c Ka^ejjpoii naporeHepaxopo-
cTpoeHH« M3H (M.A. HsroMOB, B.M. CynpaHOB) BtinojineHo TCXHHKO-SKOHOMH-
necKoe HCCJie^oBaHHe ra30Typ6HHHOH HajjcrpOHKH yKaaaHHoro 3nepro6jioKa c
Hcnonb30BaHHeM 3HepreTHHecKOH FTy THna FT3-110 (AO «Pbi6HHCKHe
MOTopbi» — «MauinpoeKT»). PaccMaTpiiBajioct necKOJibKO TexHHHecKHX peuie-
HHH (pnc. 11.26). OnnuieM npe^noHTHTejibHbiH BapnaHT.

no^osaa HacTb KOTJia peKOHCTpyHpyeTca RSIX ycxaHOBKH no^osbix ropejiOK,
paccHHTaHHbix juia pa6oTbi TOJILKO na Btixo^Hbix rasax FTY CSpocHue rasbi OT
FTy B LuxaTHbie ropejiKH He no^aioTca, T.e. coxpaHaexca oSbiMHaa cxeivia aBTo-
HOMHOH pa6oTbI KOTJia. 3TO HCKJTIOMaeT HCOSxO^HMOCTt yCTaHOBKH HJlOTHblX
KJiananoB B Bos^yxoBo^ax AJia o6ecneqeHH3 KOM6wHHpOBaHHoW pa6oTbi npH HC-
nojib30BaHHH uiTaiHbix ropejiOK. OjtHaKo B STOM cjiynae npn pa6oxe Sjiona B
KOM6HHHpOBaHHOM pC^HMC (pa6oTa TOJlbKO HO^OBblX FOpeJlOK) BOSHUKaCT H6O6-
xo^HMocTb oxjia>KjieHHa niraTHbix ropejiOK. B ^ajibHefimeM 3Ta npoSjieMa ^ojiac-
na 6biTb TiuaTejibHO Hccjie^osaHa.

B KOMSHHHpoBanHOM pe>KHMe c ra30BOH Typ6HHOH pereHepaTHBHbiH B03,u;yxo-
no^orpefiaTejib OOJIHOCTLK) OTKjnonaeTca no rasosoH H Bos/iyniHOH cxoponaM.
Becb pacxojj ^biMOBbix rasos nponycKaexca nepe3 TOH^. FasOBbifl KJianan na

L^-l| IT

V

PHC. 11.26. Pac<ieTHan TenjioBan cxe.via naposoro
3HCpro6jiOKa 300 MBx npii npoiiyCKe nepe3 ronKy acero oSieivia
raaOB FTV Vac nun HacTHHHOM OaHnacHpOBamiH (mVai)
(H3K — npeflBKJiroieHiibiH 3KOHOMafi3ep Koxjia)

773̂
(TOBff) TOHM
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nepenycKe rasos nocjie PTY B Bo^3Hott 3KOHOMaR3ep MOKCT 6biTb oTKpbiT HJIH
saKpbix B 3aBHCHMOCTH OT HarpysKH JIT npH nojiHOM SaHnacHpoBaHHH napo-na-
poBoro Tenjioo6M6HHHKa. TonjmBo B iiiTaTHbie ropejiKH ne no^aexca — B paSoxe

oflOBbie ropejiKH.
aBTOHOMHOM pCHCHMC FTY OTKJIFOHaeTCfl OT KOTJI3; TOHfl OTKJHOHaeTCJl

no rasaM H KOHflencary, a perenepaTHBHwe Bo^onoAorpeBaxeJiH Haxo/wxca B pa-
6oxe. TonJiHBO nojjaexcji TOJibKo B uiTaTHbie ropejiKH, noflOBbie ropejiKH no xon-
JTHBy OTKJIK)HeHbI.

1. TemioBOH pacner napofioro Korjia. JJ^jia pacHCTOB KOTJia 6biJia
aana OTpacjiesaa KOMnbKyrepHaa nporpaMMa TRAKT, a^anTiipoBaHHaa
HHa pacneroB B ycjiOBHax cSpoca npojiyKTOB cropaHHa nocjie FTY B
KaMepy.

CneinifpHKa Be,aeHna pacneTOB c Hcnojib30BanneM nporpaMMbi TRAKT 33-
KinoqaeTca B TOM, HTO B pesyjibTaxe pacqexa naxoaaT KIT^ KOTJia ne no OTHOIUC-

HHK) K CyMMapHOH TCnJIOTC, BBO^HMOH B KOT6JT, Qr + 5TJI Q\ , 3 JlHHIb HO OTHOIUe-

HHIO K TenJTOTe cropaHHa TonjiHBa 5TJ] Qj (r.e. snaneHHe r\ TJT), no3TOMy

sHaieHHe KO/t KOTjia onpe^ejiaeTca no (|)OpMyjie

rae BTlt — pacxofl Tonjinsa na KOTCJI; Qr — nonesnoe Tenjiosbi^ejieHHe B TOHKC

napOBoro KOTJia, KOTOpoe BRjironaeT B ce6a Tenjioxy Tonjinsa H npo^yKTOB cro-
paHHa PT; QUK — xenjioxa, OT^aHHaa KOTJIOM FITV c neperpeTbIM napoM, napoM

neperpesa, a Taoce B PI3K H B

D, pa6oHero xeiia nepes 3KOHOMaH3ep,

3KOHOMaH3ep, BTopMHHoro napa H BO^M Mepes ra30BbiH no^or-
Hfl; hnE, h'3K, , h'U h , h"K, h'K nepe-U3K, nu,

rpeToro napa, na sxo^e B 3KOHOMaH3ep, na Bbixo^e H sxozie
3KOHOMaH3epa, BTOpHHHoro napa na Bbixofle H na Bxo^e B KOTCJI, KonjieHcaTa Ha

H Bxo^e ra3osoro noflOrpesaTejisi HJJ,.
KOTJia nposo^HJiH ^Jia TeMnepaTypbi Hapya(Horo sosjiyxa +15 °C,

0 °C H/-15 °C npH ycJioBHH, HTO Bbixo^Hbie rasbi PTY 6es npe^sapHTejibHoro ox-
JiaafjieHHa BBo^axca B HHHCHIOIO nacTb TOHKH napoBoro KOTjia.

OcHOBHbie pesyjibTaTbi pacMexa KOTjia B ycjioBHax cSpoca B Hero scero o6T>e-
Ma npo^yKTOB cropaHHfl npejjcTaBJienbi B TaSji. 11.5.

Ho pesyjibTaTaM pacneTa KOTJia MO>KHO c^ejiaTb cue^yromHe BbiBO^bi.
1. PIpH pacnexe Bti^epafHBawTca TpeSyeMbie napaMCTpbi no TpaKTy KOXJia*

B TOM HHCJie pacxo^ H xeMnepaxypa cBe>Kero napa npoMeacyTOHHoro neperpesa
na Bbixo^e MS KOTJia.

2. npH Bcex xeMnepaTypax Hapya<HOro BO3jiyxa oSecneHHBaeTca Heo6xo-
J,HMblR KO34>4*HUHeHT H36blTK3 BOSJiyxa B TOHKe KOT^3 6e3 BKJHOM6HHfl
xonojiorpeBaTejifl,
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11.5. PesyjibTarbi renjiOBoro paciera KOTJia THna 11-74

"—
I~Iaponpon3Bo.nnTejii,HocTb KOTjia D0, KF/C (T/H)

Pacxoji BTopiiHHoro napa D nn , KF/C (T/H)

Pacxo£ BOjjbi nepes IT3K 7J>n3K , KF/C (T/H)

Pacxoa BOflu nepes TOH/I ^TOH/I' Kr/c (T/IH)
TeMnepaTypa paSonero xejia na Bxo^e B xpaKTbi:

ntiTaTejlbHOH BOABI Ha BXOA6 B 3KOHOMaH3Cp
T1/ O/^
^.K' C

aoflti Ha Bxoae B D3K 7"n3K , °C

BO^ibi Ha Bxcwe B TOH.U f^ , °C

napa na Bxoae npoMOKyro-moro neperpeBaxejia
T1' O/^

TeMnepaTypa paGonero Tejra Ha euxo^e:
CBe^cero napa Ha Bt.ixo.ne MS KOTJia TQ, DC

Bo/it.i na Btrxozte H3 TOH/I T^', °C

nHTaxejibHOH BO/K>I Ha Btixo/ie H3 I I3K 7 n^i/- , C

napa na Bbixo/ie npOMeMfyxOHiioro

Pacxo^ TonjiHBa Ha KOTCJI BnK, M3/H

Tenjioxa na HarpesaHHe paSonnx xeji Qn K , MBx

Tenjioxa, BHOCHMaa BTonKy, Q^, MBT/M3

l/"TI TT ,^ /TTTTTTKII/J^ KOTjta (KII/J, Hcno/ib30BaHna xonjiHBa
H TCnJlOTE.1 Fa30B B KOTJie) T) K , %

KlJUblTOK B03,HyX3 B KQHLJC TOIIKH Ct

AAHa6aTHHecKaa TeMnepaTypa 7"a, °C

Tervineparypa yxo^auinx ra3OB 7" v, °Cyx

E
Prr

270,83 (975)

222,4 (800,6)

0

0

276,0

—

—

300,0

545,0

—

—

545,0

75,0

39,877

93,486

1,15

1669,0

137,0

PeacMM nrV npH reMneparype
Hapy^Horo somyxa

-15 °C 0°C +15 °C
270,83 (975)

244,83(881,4)

135,42 (487,5)

83,33 (300)

258,0 255,0

170,0

253,0

57,0

311,0

141,0

240,0

66,9

803,64

46,378

93,245

1,15

1582,0

122,0

545,0

137,0

234,0

545,0

66,46

802,51

46,324

93,844

1,094

1669,0

118,0

135,0

230,0

65,6

801,39

46,723

94,126

1,07

1719,0

117,0

3. YcjioBHa paSoTbi noBepxHocTew narpesa KOTJia npaKxunecKH He
OT cSpoca ra30B PTY B xonKy, H nocjie sepxHefi pa^HauHOHHOH nacTH
paxypbi napa no TpaKTy npaxTHnecKH coBna^aioT c HX anaHCHHaMH B aBTOHOM-
HOM pe^fHMe pa6oTbi KOTJia, nojiyneHHbiMH B pacneTax HojiojibCKoro MamHHO-
CTpoHTejibHoro 3aso,aa.

4. TeMnepaTypa OCHOBHOFO KOH^encaxa nocjie TOH/I npn sa^aHHOM pacxOJie
Mepes Hero (300 T/H) nojiynaeTca HecKOJibKo 3aHHaceHHOH (135—141 °C) -
MeHbiue, HCM B TOHK6 BosBpaTa KOH/ieHcaTa B pereHepaxHBHbrK xpaKT Typ6oycTa-
HOBKH (nocjre PlH/t 156—160 °C). B CBSSH c 3THM cjie^yeT noHH3HTb pacxo^ oc-
HOBHoro KOH^encaTa nepes TOH^ ^o 200 T/H.
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Bo ecex paccMOTpeHHbix pe>KHMax Kn/I, Koxjia (KOS^KPHUHCHT
HcnojibsoBaHHfl TenjioTbi TonjiHBa H cSpocHbix rasos) naxo^HTca Ha
ypOBHe H cocxasjiJieT 93,2—94,1 %.

2. PaCHCT TCIIJIOBOH CXCMbl IITy. OTJIHHHTejIbHOH OC06eHHOCTbK>
3Hepro6"jioKa c ra30Typ6HHHOH Ha^CTpoHKOH aBJiaercfl 3aBHCHMOcxb ero xapaKre-
PHCTHK OT MHOFHX napaMcxpoB, K HHM npejKfle Bcero OTHOCSTCH:

reMnepaTypa napy>KHoro sosjiyxa, o teas bisato max BJIHHHHC na Momnocxb FTY
pacxozi H TCMnepaxypy ra3os nocjie nee;

pacxoflbi Bo,abi nepe3 U3K H TOH/J, BJinaromne Ha pacxo^ napa npoiue>KyxoH-
Horo neperpesa H Mom,HOCTb naposoH xyp6HHU.

flpH pa6oxe 6jioKa c ra30xyp6HHHOH najicTpOHKOH HSMeHswxca pacxo^ BXO-
pHHHOro napa H pacxoflbi napa B cncxeMe perenepamiH FITY, HTO MO>K6T noTpe-
6osaTb HSMCHCHMH pacxo^a cBexeero napa AIM coxpaneHHa ^onycTHMoro pacxona
napa nepes nocjieflHHe cxyneHH rypennbi. TaK>Ke MoryT BosHHKHyxb orpanHMe-
HHfl no MOIHHOCTH ycTaHOBJieHHoro 3JieKTporeHepaxopa.

PeacHMbi c 6ojibiiiHM pacxoflOM cBeacero napa H BbiTecHCHHeM perenepauHH
MoryT Sbixb orpaHHHeHbl saBOflOM-nsroTOBHTeneM napoBou Typ6HHbi H3-sa 6o:ib-
IUOH M01UHOCTH, p33BHBaeMOH Typ6HHOH. MaKCHMaJlbHOC SHaMCHHe MOIUHOCTH
TypSwHbr THna K-300-240, ynasaHHoe B xexHHHecKHX ycjioBHax na xypSuny
pacxoAe napa 975 T/H H OTKJironeHHbix IIBfl cocTaBjiaeT 345 MBx. no
AO «JIM3», AJTH TypSHHbi THna K-300-240 BCCX MOflH^HKamiM npe^ejitHbiH npo-
nyCK napa B KOH,aeHcaTop cocxasjiaeT 750 r/q.

Pacnexbi riTY npoBoziHjiH no nporpaMMe OLHOV ana 6a30Boro peacHMa H
nrv ^Jia Tpex xeMnepaxyp Hapy>KHoro B03^yxa.

11.6. Pe3yjibTarbi pacnexa renjiOBou cxeMbi I1TY

noKasarejib

Pacxofl napa B rojiosy TypSmibi Z)Q, Kr/c (T/H)

Pacxoa napa na npoMOKyTOinbiH neperpes
Dm> KF/C (T/M)

TeMfiepaTypa napa na BXOAC B npOMe>KyTOH-
HOM neperpceaTejib T'nu , °C

Pacxo^ aojjbi nepes I13K Dn3K, Kr/c (T/H)

TeMnepaxypa eo/ibi na Bbixoae EI3K r '̂3K , °C

Tenjiosaa MOOIHOCTE, T13K Qn3K, MBT

Pacxo^ BOAU iepe3 TOHfl DTOU%, KF/C (T/H)

TeMnepaTypa BOZIW na Bbixo^e TOHJt T'^, °C

Tenjiosafl MOIUHOCTL TOHA QTOHR > ^^T

3^eKipHHecKaa MomnocTb FITV N^ , MBx

PacxoA napa B KOHaencaTOp DK , Kr/c (T/H)

EaaoBbift pea<HM

270,83 (975)

222,4 (800,6)

300,0

0

—

0

0

—

0

308,7

153,4(552,2)

PeaiHM Firy npn T6MnepaT>'pe
napy>KHoro Boaayxa

-15 °C 0°C + 15 °C

270,83 (975)

244,83(881,4)

311,0

135,42 (487,5)

240,0

41,168

234,0

37,511

230,0

35,074

83,33 (300)

141,0

29,607

338,1

184.4
(663,8)

137,0

28,191

337,7

184,0
(662,4)

135,0

27,524

337,5

183,8
(66 1̂
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TaGjmua 11.7. renjioBOft 3KOHOMH1HOCTH HFY cSpocMoro THna na FP3C-24

Pacxofl ToruiHBa na KOTCJI, MS/H
3jieKTpHHecKaa MOiuHoctb my, MBT
KHfl KOTJia, %
3jieiopHHecKaa MomnocTb TTY, MBr
3jieicrpHHecKa» MomHOCTfa flfy, MBT
Kim 6pyrro 3Hepro6jiOKa, %

POKHM

74,834
308,7

93,486
0,0

308,7
41,688

PewHM nrv

leMneparypa HapyiKHoro eosayxa
-15 °C

66,90
338,1

93,245
133,0
471,1

45,769

o°c

66,457
337,7

93,844
120,0
457,7

46,165

+15 °c

65,60
3375

94,126
110,0
447,5

46,662

nHxaxejibHoli EOfftt icpea FI3K cocTaBJiajr 50 % oSmero pacxo^a nw-
TaxejibHOH eoflbi (487,5 T/H), a pacxo^ OCHOBHOIX> KOH^eHcara nepes TOH/I, no^-
/lepxHBajicfl ana Bcex PCSKHMOB Ha ypoBHe 300 T/H. Pacxo^ napa B rojioey Typ-
6HHM TaKace npHHHMajica nocTOflHHbiM H paBHHM 975 X/H. PesyjibTaTbi pacneTOB
npeflCTasjieHbi B Ta6n. 11.6.

Kan BH^HO HS pesyjibxaTOB pacnexa, 3^eKTpHHecKaa Momnocxb H pacxojj napa
B KOH^encaTop B o6oHX BapwaHrax He npeebiiiiaroT MancHMajibHbix 3HaneHHH,
npHHaTbix B TeXHHHecKHx ycjioBHflx Ha xyp^HHy.

B TO yKe Bpeiwa npn BWTecHeHHH perenepauHH FITY orpaHHHCHiia no pacxo^y
napa Moryx KacaTbc» HC TOJibKo nocJieziHHx cxyneneH uHJinn^pa H/t, HO H cxy-
neHefi BbicoKoro H cpejjHero ^asJienHa, no3TOMy Ha nocJie^yiomHx cTa^Hflx pas-
pa6oxKH npoeicra peKOHCTpyKUHH FP3C-24 pexHMbi paSoTbi xypSHHbi
6wxb corjiacoBanbi c AO «JIM3».

3. PacHcr TenjioBOH SKOHOMIIMHOCTH 3Hepro6jioica. 3HeprerH4ecKiie -
T6J1H nPY onpeae^SJlH B COOTBCTCTBHH C MCTOAHKOH, H3JIOXeHHOK BblUIB B H. 11 .3.2.

OcHOBHbie peayjibxaTbi pacneTa TCHJIOBOH cxeMbi IIFY cSpocnoro THna
B TaSjr. 11.7.

1 1 .4. nAPOPASOBblE VCTAHOBKM C

nujieyro.ibiibie flFY c BHyTpnuHKJioBO^ rasH^HKauneH yrjia (BI4ry)
J1JHOX no^HOCTbK) 33MCHHXb npHpO^HblM F33 B KC 3HepreTHHCCKHX FTV CHHTCTH-
necKHM rasoM, nojiynenHbiM B npouecce ra3H<j)HKauHH.

TexHOJiorHH riFY c Bltry — nepcneimiBHoe HanpasjieHne sHeproTexno.io-
THHecKoro iicnojibsoBaHHa opraHHHecKoro TonjiHBa, peajiH3yeMoe B 3HepreTHKe
pflfla cTpaH. O^HO HS HanpaBJieHHH STOH xexHOJiorHH pa3pa6oTano H sanaxeHTO-
Bano coxpy^HHKaMH HncxnTyxa BMCOKHX TeMnepaTyp (HBT) PAH no^ pyKOBO-
ACXBOM C.A. XpHCTHaHOBHHa. Pfl^ HCCJie^OBaHHH H p33pa6OTOK B 3TOH 06J13CTH
BtmojiHcH cneunajincTaMH L(KTH (r. CaHKr-IleTepSypr) H BHHFlH3HepronpOM
(MocKBa). B npoeKTax ncnojibsoBaHo cacHraHne cHiiTCTHHecKoro rasa ra3H<J>HKa-

H B BucoKOHanopHbix naporenepaTOpax.
Pa6ory riFY c BI^FY MOXCHO paccMarpHBaTb tcaK TexHOJiorwio cTyneHHaToro
HraHHs yrnett c yaaJieHHCM ape/iHbix cocraBJiaiomHX na npoMOKyTOHHbix, oirfH-

BbiSpaHHWx cTa^Hax. Bo BCCM MHpe yrojit CJIVXCHT O^HHM us BaiKHeHiiiHX
epBHHHOH 3Heprmi, nosToMy eeiiHKa pojib 3KOHOMHHecKoH H 3KOJiorH-

onTMMHsauHH npoueccoa ero raan^HKamiH. Rm naporasoBOH TexnoJiorHH
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B IienOflBHJKHOM CJIOC
800-100 °C, 1 -4 Mlla 800—100 °C, 1— 2,5 MHa

Yroflh
(1-5 MM)

jiexyiHM noTOKOM
yrojibHofi ntinH

1500-1900 °C, 1-4 Mlla

Fas
Yrojib i Yrojit

(0,1 MM) (0,1 MM)

Hap + Hap +
+0, 1 +0,

a) 6)

PHC. 11.27. TexHOJiorwH rasiuJniKamiH yrjieft

flocrynHbiMH HeKOH^HUHOHHtie («3arpa3HeHHbie») BH^W TonjiHBa,
nero HcnojibsytoTca npOMbimjieHHo ocBoenHbie MCTOJILI BU,rY

Opouecc ra3H{J)HKauHH ocymecTBJiaeTca B peaKmopax-zasiKpuKamopax (zasoze-
uepamopax), me npH KOHTaKTe HSMejibHennoro yrjia H OKHCJIHTCJIS B KOHennoM
HTore o6pasyercH ra3oo6pa3Hbitt npo^yicr ra3H<l>HKauHH (cHHTCTHHecKHfi ras). 803-
MoatHbi pasjiHHHbie TexHHHecKHe pemeHHfl: ra3H(f)HKauHfl B nenoflBHacHOM cjioe yr-
jifl (piic. 11.27, a) H B KHnameM cjioe yrjifl (PHC. 11.27, 6), ra3n4>HKauHa jieryMero
noroKa yrojibHofi nbuiH (PHC. 11.27, e) H c HcnojibsoBaHHeM TenjioTbi peanuHH Me-
pes TennooSMCHHHK ()KH^KHH Merajui) (pnc. 11.27, s).

Hcnojib30BaHne ra30o6pa3Hbix xon^HB c renjiOToii cropaHHfl HHace, HCM y
npHpOflHoro rasa (CM. § 3.1), cymecTBCHHO noBJiHaex na noKasarejin 3KcnjiyaTa-

UHH TTY. CHHaceHiie Q] noTpeSyer yBejiHHCHHfl pacxo^a ToniiHBa, a

HHC 3Tofi Maccbi, He no^JieacameH onaTHro B KOMnpeccope, ysejiHHHT
HK>K> MoiuHocib FT H 3jieKTpHHecKyio Harpy3Ky ycTanoBKH. B 3TOM cjiynae HC-

yHHTblBaib CJiejiytOIUHC oScTOflTCJIbCTBa:
Maccosoro pacxo^a rasos B FT FTY npHBO^HT K yBeJiHlieHHto

cTeneHH noBLiineHHfl jiaBJieHHa sos^yxa B KOMnpeccope, HTO MO^KCT Bbi3BaTb as-
JieHHe noMnaxa;

noBbiiueHHe BHyrpeHHeK MOIUHOCTH FT MOJKCT npHBecTH K
KpyraiuHX MOMCHTOB H B psi^e cjiynaes K HeoSxo^HMOCTH

6ojiee MOIUHBIH reneparop FTV;
co CHHaceHHCM TenjioTbi cropaHHfl TonjiHBa Bospacraex noTpedHocib B BOS-

fljiji ero c^HraHHH. B FTY c BbicoKOH nanajibHOH TeMneparypoti rasos MO-
OK33aTbCfl HCBOSMOaCHblM CXHFaTb TOlIJlHBHblH (CHHTeTHHCCKHH) ra3 *

OHBHb HH3KOH Q\ . . :)
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PHC. 11.28. ynpouieiiiiaa cxeMa naporaiOBOH 3^eKrpocTaHUHH c BU,Fy
A — ceKUHfl ra3H(JiHKaqHn yrjia H nojiyieHHa cHHTeTHiecKoro rasa; E — ceKmw TTY; B — CCKUHH
napocHJiOBOii ycTaHOBKH; / — no^ana H3MejibieHHoro yrjia; 2 — raaoreHepaiop; 3 — yaajiCHHe

; 4 — rasooxnaaHrejit rasorenepaTopa; 5 — nHTarejTbHaa Bo^a; 6 — nap; 7 — mooinCTica;
MeMeHTapnasi cepa; 9 — ntijib; 10 — oiHiueHHtifi CHHTeTH^ecKHfl ras; // — ycranoBKa

sosayxa; 12 — O2; 13 — N2; 14 — BO3ayx; 15 — Bbixoflnwe ra3bi B jbiMosyio xpy6y

cxeMa naporasoBOH 3jieKTpocraHUHH c BLJFy npHBe^eHa na
PHC. 11.28. HacTb Bos^yxa nocjie KOMnpeccopa 3HepreTHHecKofi FTV HanpaBJia-
eica B yciaHOBKy pacmenJieHHa sos^yxa, OTKy^a KHCJiopo^ B KanecTse OKHC^H-
Tejifl (sanacxyK) BMCCTC c HCKoropbiM KOJIHHCCTBOM napa) nocrynaeT B rasH^JH-
Katop (rasorenepaxop). Cio^a ace nepes injno3-6yHKepHyio CHcreMy noflaercs
pa3MejibH6HHbiit copTHpOBanHbiH yrojib. KoHTaKT yrjia H napOKHCJiopo^noro

ocymecTBJifleica B rasoreHepaTOpe B rypSyjieHTHOM KHnameM cnoe
HHbiM cnoco6oM) npn TCMneparype OT 1000 ^o 1900 °C H AaBjieHHH OT 0,1

4,0 MITa B sasHCHMocxH OT npHMenaeMoro TexHOJiorHHecKoro npouecca ra-
. JTeTynaa sojia H ocTaTOHHbifi yrnepo^ oi^ejiaiOTca B uHKJionax H

B03BpaiuaK>Tca B rasn^HKarop.

TeHepHpyeMbiH ra3 (cTeneHt KOHBCPCHH cocraBJiaeT 93 — 95 %) nocjie rasn-
4>HKaTopa oxjia>KaaeTca B rasooxjiaAHrejie, B KOTOPOM reHepnpyerca nap

napaMerpoB. Fas sareM noaeepraeTCH OHHCTKC OT SOJIH H
ras HanpasjiaeTca B KC FTV, a BbixoflHtie rasbi 3TOH

nocrynaioT B ^ByxKOHTypHbiH KV, nocjie KOToporo renepHpyeMbiK nap
3yerca B OTY ^Jia reHepauHH aJieKTposneprHH. TaKHM oSpasoM, B OFY c
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yCJIOBHO MO)KHO BblflCJlHTb TpH OCHOBHblC 3OHbi: raSOrCHepaTOpHyK) C
noflann TonjiHBa H OMHCTKH CHHTCTHMecKoro rasa; ra3OTyp6HHHyio ycTaHOBKy c

OTBOJIOM nacTH UHKJIOBOro BO3.ayxa KOMnpeccopa B cHCTCMy ero
Ha KHCJiopo^ H 3307; napocHJioByio ycraHOBKy c Ky H FIT.

3a py6e«oM Haxoflarcs B 3KcnjiyaTauHH, CTpoaica H npoeKTHpyroica Soiree
70 nry c BUry, ocHoeaHHOH na pasjiHHHbix npoueccax reHepauHH ra30B (Texaco
PRENFLO H flp.) c HcnojibsoBaHHCM, KaK npasHJio, napOKHCJiopo^noro ayiba'
Cpe^H fleHCTBytomnx MOHCHO nassaxb nry c BUTT MomnocTbio 284 MBt
(epyrro) (T3C «Buggenum», HHflepJiaHAbi) c rasH^HKauneH yrojibHOH nujin
no^ ^aBJieHHeM 2,5 MHa (1994 n); ycTaHOBKa MOmnocTbK) 262 MBr Ha yrjie
(T3C WaBash River, ClUA) BnepBbie 6biJia nymena B asrycTe 1995 r, nry
c BLJfy MomHOCTbK) 250 MBT na T3C Polk (CHIA) c rasHfjwKatopOM Texaco
na B03,ayniHOM ayrbe H FTy THna 7FA — B 1997 n; Firy c BUTT MOIUHOCTHO
107 MBT 6pyTTO (T3C Pinon Pine, CIIIA) c FTV THna 6FA H ras
KRW c KHnaiUHM CJIOCM — B 1997 r.

B nacToamee BpeMs B POCCHH ecTb RBZ npoeicra Firy c BlJ,ry:
250 MBT jyia HoBO-TyjibCKow T3U Ha 6a3e FTY THna TT3-45-2 c TH T - 850 °C (pa-

Sonaa flOKyMCHTauHa na CTPOHTCJILCTBO H HsroTOBJienHe oSopy^OBanHa) H MOUIHO-
CTtio 370 MBT fljia KHPOBCKOH T3LI.-5 na Sase FTV THna TT3-115-2 c THT =

= 1070 °C (TCXHopa6oHHK npoeKT oSopy^osaHHa H TexHunecKas ^OKyMeHTanwa Ha
cTpoHTCJibCTBo). FIocjieziHHH npoeKT BbinoJiHCH B paMKax POCCHHCKOH rocy^apcr-
BCHHOH HayHHO-TexHHHecKOH nporpaMMbi «3KOJiorHMecKH HHCTaa 3HeprerHKa».

npojjyKTbi cropanna cHHTerHnecKoro rasa B FTV npaKTHHecKH He co^epacaT 30-
Jibi, coe^HHeHHH cepbi H OKcnaoB asora, MTO oSecnenHBaerca onTHMHsanweH npo-
ueccoB cHcnraHHa B KC FTy Ha onbiTHo-npOMbiiii^eHHOH ycTanoBKe Cool Water
(CIIIA), nanpHMep, aocrHrHyra oSteMHaa KOHueHTpauna NO^ 3a Ky MCHCC 25 ppm.

Ha HcnancKOH T3C Puertollano nofl Ma^pH^oM c ynacTHCM 4>HpMbi Siemens
nocTpoen naporasoBbiH 3Hepro6;ioK c BL(ry MOiUHocTbK) 320 MBT. yroJib o6pa-
SaTbiBaeicfl B MCJibHHuax ^o nojiyneHHa MCJIKOH yrojibnoR HLIJIH H npH KOHTpo-
JiHpyeMOH nojjane oKHCJiHie^a O2 c ycraHOBKH pacmenjienna sos^yxa nocne

KOMnpeccopa FTV MCTO^OM PRENFLO (PRessurized ENtrained FLOw)
HO oKHCJiaeica 40 nojiyneHHa cHHTCTHHecKoro rasa (CM. pnc. 11.27, e). npHHUH-
nnajibHaa Tenjiosaa cxeMa 3Hepro6jioKa BRjnonaeT B ce6a yciaHOBKy no,aroTOBKH
yrjia, rasorenepaTop c CHCTCMOH OHMCTKH rasa, CHCTeMy pacmenjieHHa sosziyxa,
3HepreTHHecKyio Tty, KV H OTV (pHC. 1 1 .29). Kim npOHsso^CTBa 3JieKTp03Hep-
THH ^aHHoro 3Hepro6jiOKa npH HHSKHX Bbi6pocax Bpe^Hbix semecTB cocTaBJiaer
He Menee 45 %. Hosbie paspaSoTKH se^ymnx 4>^pM B STOH oSnacTH AOJIJKHH
o6ecneHHTb KITfl HCTTO nry c BU[ry Bbniie 50 %.

npHMepno 7 % BbipaSaTbiBaeMOH na YirV 3jieKTp03HeprnH pacxoayeTca ^o-
HGjiHHTejibHo na CHCTeMbi rasH^HKauHH, OHMCTKH cHHTCTHHecKoro rasa H #P-
3TO CHH^OCT HX SKOHOMHMHOCTb HO CpaBHBHHK) C IlFy H3 npHpOflHOM ra36.

B cxeMe nry c BUry HeoSxo^HM KHCJIOPOA, KOTOpbiH npHMeHaerca ^Jta ra-
3H(J)HKauHH yrjia B rasoreHeparope, J\nx ero nojiyMeHHfl HcnoJibsyexca ycTaHOBKa
pas^ejieHHfl Bosziyxa na KHCJiopo^ H asoT (KpnoreHHaa, MeMSpannaa), HHTerpHpo-
eaHHaa c FTV. Ha puc. 11.30 npHBefleHbi sapHaHT&i TaKOH HHTerpauHH ^Jifl ycTa-
HOBOK <J)HpMw Siemens. CxeMbi nosaojiaioT coxpaHHTb MaccoBbie pacxo^bi pa6o-
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PHC. 11.29. Ten.ioBan cxeivia nti.ieyro.ibHoro naporaioeoro 3nepro6jioKa c
PRENFLO)
/ — yrojib; 2 — ycTanoBKa Apo6jieHiis H cyuiKH yrjia; 3 — 6ymcep; 4 — nHTaiejit ynur J —
moreHeparop; 6 — HcriapHTejiLHbie H naponeperpeBarejibHtie noaepxHOCTH Harpesa rasoreHeparapa
7 ~ HCOHHiueHHuft CHHTeTHiecKHH ras; 8 — npOMMBKa rasa; 9 — cro-maa sofla' 10 — yaaneHwe
cepM H3 ma; 11 — oiMmennbifi CHHTeTHHecKHii rta; 12 — ycxanoBKa pacmenjieHHa uosjiyxa; 13 —
nHTarejibHWH Hacoc KV; 14 — nuTaTejibHtiii nacoc moreHeparopa; 15 — Bbixo^Hbie rasbi KV

rpy6y

HC. 11.30. HHTerpHponamie ycxaHOBKH pacmenjieHHa aosayxa n FTV B cxemw IIFV c

— MenHierpHpOBaHHaa CXCMB; 6 — lacriiMHo HHierpHpoBaHHaa cxeMa; e — nojinocTbio HHrerpH-
OBaHHaji cxewa (T3C Buggenum H Puertollano); / — ycraHOBKa pacmenjieHHa Boaayxa; 2 —

reHeparop; 3 — noaana H3MejibneHHOro ynm; 4 — oiHmeHHbifl CHHTCTHHCCKHH ra3; 5 —
x; 6 — Bbixojmbie rasbi TTV nocjynaiOT B KV

qero Tejia B KOMnpeccope H FT B rpannuax, cymecTByiomnx

cropaHtia CHHTeTH^ecKoro rasa sacTasjiaer pa3pa6oTHHKOB
T yBejiHMHBaTb ero pacxo^, coBepmeHCTBOBaTb CHCTeMy pacnpe^ejieHHa TOHJIH-

3Toro Hcnojibsytor HOBUC ropejiKH Kawep cropaHHa FTV (Siemens) c
OTBepcTHflMH NX no^aHH CHHTeTHHccKoro rasa (puc. 11.31).
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PHC. 11.31. CpaBHCHHe ropejioK KC ITY fl.ua npHpo/iiioro (a) » ciiiiTeTHiecKOlo (&) rasa
(Siemens)
/ — BOiayx; 2 — npHpoAHHH ra3 Ha AH<JMJ>y3HOHHyio ropejiKy; 3 — raa Ha npeABapHTejitHoe cMeme-
HHC; 4 — JKiiflKoe TonjiHBO Ha AH4i4>y3HOHHyio ropejiKy; 5 — JKHflKoe TOIUIHBO Ha

; 6 — CHHreTHHecKHH ras; 7 — npHpo^Htrfi ra3 H nap Ha w$$y3nonnyK> rOpejiKy

11.5. riAPOrASOBblE VCTAHOBKM CO OKHfAHMEM Vr/lfl B KHFlflUIEM CJIOE

TexHOJiorHa KHnamero cjioa ocymecTBJiaeTCfl c noMOiutro B03,ayxa,
MOPO B TonoMHyro KaMepy, me <J)opMHpyeTca CJIOH ynw, sojibi H nssecTHaKa, pa3-
)KH>KaeMoro STHM B03,ayxoM. OoTOK Bosjiyxa BbisbisaeT TypSyjieHTHoe nepeMe-
iiiHBaHHe CMCCH, noBbimaiomee 3(J>4)eKTHBHocTb oKHraHna Tonjinsa H yjiyHniaro-
mee 3KOJiorH4ecKHe napaMexpbi ycxaHOBKH: SO2 cBfl3biBaeTcs c H3BecTHJiKOM,

HHSKO^ TeMnepaType ropeHH3 reHepHpyexca MCHbiuee KO^HHCCTBO
. XapaKTepHbiM napaMeTpoM Korjia c KHOHIUHM CJIOCM aBJiaeTc

3HaneHHe OTHomeHHa «KonHHecTBo reHepHpyeMoro napa — pacxofl
ra30B» BCJieflCTBHe BblCOKOtt BJiaacHOCTH TOnJIHBa. 3X0 npHBOflHT K yBeJlHMCHHblM
raSapHTHbiM pasiviepaM KOTJia.

B KOTJie c UHpKyjiHpyromHM KHnamHM CJIOCM (UKC) Marepnaji 3Toro cjiofl
BblHOCHTCfl B B6pXHK)K) HaCTb TOnOMHOH KaMCpbl. /],JIS 6FO BOSBpaTa B TOHKy yC-
TaHaBJiHBaroT cenaparop, B KOTOPOM yjioBjieHHWH B HCM Maxepnaji B03BpamaeTca
B HHJKHfOK) HaCTb TOHOMHOfi KaMCpbl. TaKOH KOT6JI COCTOHT H3 KOTCJlbHOH H3CTH
(TonKa, cenapaxop, KOHBCKTHBHaa luaxxa), CHCTCMH noAanw H oTBo^a Teep^wx
MaxepwajioB, no^aMH BO3^yxa H .zjpyroro BcnoMorarejibHoro oSopyAoaaHHa. Flep-
BHHHbiK BO3jiyx (^o 60 % o6mero pacxo^a) pacnpe^ejraeTca nepes pemeTKy B no-
^e TOHKH, a BTOpHHHiifi B03/tyx nocTynaex 4epe3 3KpaHbi B HHJKHCH MBCTH xonKH
H npOHHKaer nepes njioTHbitt CJIOH nacTHu.

KaK H B o6biHHbix napOBbix KOTJiax, B KOTJiax c UKC SapaGaHHoro xnna
JieHHe napa peryjiHpyerca c nOMOmbro pacxo^a c*:HraeMoro ronjiHBa, a
paxypa neperpeToro napa onpe^ejiaeTCH pa3mepaMH naponeperpesaTejia H pery-
JiHpyeTCS snpbicKOM BO^u. B npflMOTOHHbix KOTJiax c LJ.KC HcnojibsyeTCfl pery-
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napaMCTpoB paSoMero TeJia no cnrHajiy «sozia — TonjiHBo» c npHMe-
snpbicKa BO^BI.

FlaporasoBbie ycTanoBKH co OKHraHHCM yma B KOTJiax c LJ,KC no^
c UKC/O — HawGojiee 3i})4)eKTHBHoe ycTpOHCTBo peajiHsauHH

KHnsmero CJTOS ropenna TonJIHBa. «KHneHHe» ocymecTBjiaerca
nepea conjia, pacnoJio>KeHHbie no^ HHafnefi ^acrbio TonoHHOH KaMepu.

B TonKy KOTJia nocrynaeT CMecb BO^H, H3MejibHCHHbix jjo paaiviepa 6 MM nac-
THU yrjia H HSBecTHflKa. B 3Tofl rycTofi Macce aojia TBepjjbix nacTHu cocTaBjiaer
OKOJIO 75 %. TeMnepaiypa ropeHHfl no^ep^HBaercfl Ha ypoBHe 800 °C HesaBH-
CHMO OT narpysKH, a ^aBJieHne sos^yxa B cjioe — npHMepHo 1 Mria.

30JIbI TOOJIHBa nOSBOJiaCT yBCJIHMHTb npO^OJDKHTCJIbHOCTb H3XO-
MaxepHajra cjioa B rasosoM TpaKTe KOTJia c yneioM HCTHpaHna nacTHu

HSBCCTHHKa. 3TO COKpamaCT KOJIHMCCTBO H3BCCTHaKa, HC06xO^HMOe /(Jlfl o6p330-
BaHHH KHnamero cjioa xpe6yeMOH Bbicoxbi.

B nry c UKC,H BbiBoa SOJIH c^wraeMoro yrjia ocymeciBJiaeTca nepes Kepa-
MHMCCKHH Tpy6naTbiH 4)HJILTP- Co6paHHaa BMCCTC c SOJIOH ca)Ka HecropeBiuero
TonnHBa Bbiropaer B H6M, a BbwejiHBmaacH npn STOM Tenjioxa Hcnojibsyexca B
UHKJie nry. TaKHM oSpasoM, a^^SKTHBHocTb Hcnojib30BaHHa TonjiHsa noBbima-
exca no 99,5 % (pnc. 11.32).

OcHOBHbie npeHMymecTBa nry c UKC^, peanHsoBaHHOfi 4>HpMott EPDC
3aKJiioHaK>Tca B TOM, HTO ona oSecnenHBaeT BbicoKyro 3Ko.iorHHe-

SesonacHocTb npH pa6oxe c yrjieM uiHpoKoro accopTHMCHTa.
OKCH^OB cepbi B cjioe, CTeneHb KOTOporo SHaMHTejibHo BospacTaeT c
HHCM MaCTHU H3B6CTHaKa, COHCTaeTCfl C BOCCTaHOBJICHHCM OKCHJJOB a30T3 B
TpaKTe ropannx rasos B ycraHOBKe cejieKTHBHoro KaTaiiHTHHecKoro BoccraHOBJie-

H noJIHOro yjiaBjiHBaHHa KepaMHHecKHM (J)HJibTpoM TBep^bix MacTHU npn Bbico-

PMC. 11.32. cxewa HFV c UHpKy.iupyioiuuM K»nHii|MM CJIOCM EPDC,

/ — TTY; 2 — 30Jia; 3 — UHKJIOH UHpKyjiamiH sojibi (aaa); 4 — uepTHKajitHbie xpySbi (ABB); 5 —
naposaa Typ6«Ha c 3JieicrporeHepaTopOM; 6 — no^ana ymH, MasecTHflKa, BOJI.I; 7 — AfciMOBan
Tpy6a; 8 — nacoc; 9 — KOHaeHcarop; 10 — ceneKTHBHoe HeKaTajiMTHiecKoe BoccTaHOBjieHwe NO(;

-=- UHKJIOH; 12 — oincTKaTlt'iMOBtrx raaoB

539



Kof( xeiwnepaxype. B Hxore npH cacnraHHH yrjieft c oSteMHOH KOHu.eHxpau.He ft
cepbi ,ao 2 % H sojibHOCxbK) 14 % oSecneqHsaroxcs xopoiiiHe 3KOjiorHHecKHe na-
paMexpbi CHCTCMH: $OX < 10 ppm, NO^ < 10 ppm, BbiSpoc SOJIM B axMoctpepy

1 MF/M3 F33OB. 3AKJ1K)HEHME

KoHipo/ibHbie sonpocu

1. [lepeHHCJiHTe ocoSeHHOCTH 3HeprexHiecKOro Moayjifl «ITy—KV» B xenjiOBwx cxerwax
nrV c napajuieJitHOi* cxeMoH pa6oxi,i H npe^-bSBJiHCMue K HHM xpeSosaHHa.

2. KaKOfi peiKHM HSMCHeHHa 3JieKTpHHecKoH HarpysKH nry c napannejitHofi CXCMOH paSoxti
6ojiee BtirojeH?

3. Kaicwe orpaHHHCHHsi HMCK>X MCCTO npn npoeKxuposaHMH nry c6pocHoro
4. nepeMHCJTHTe OC06CHHOCXH nry C BHyXpHUHKJIOBOH ra3H4»HKaUHCH
5. nepeiHCJiHTe oco6eHHOCXH nry c UHpsyjiHpyiomHM KHnamHM CJIOCM

cxa-

MHC MaiepHio H ,flBHa<eHne,
H s nocxpoio BcejieHHyro

Pern ffeKapm (1640 e.)

3HeprexHnecKaa nojiHTHKa pasBHXtix cxpan B SHainxentHOH Mepe
poBana Ha paspaSoiKy 3KOJiorHMCCKH nucxbix XCXHOJIOFHH,
poro o6opyflOBaHHfl H cos^aHHe aneprexMHecKHX MO^yJie

HayHHbie opraHHsauHH H saeoAti nenpepbiBHo saHHMaioxca
FasoxypSHHHoro oGopy^OBanHa, Koxopaa, c oAHofi cxoponbi, csasana c FJiy6oKHM
nOHHM3HHeM 4>H3HMCCKHX npOUCCCOB, a C ApyPOH — C HpHMCHeHHCM o6lUHpHOFO
MaxeMaxH^ecKoro annapaxa, coBpeMCHHHx MCTO^OB pacnexa H MOUIHOH BLIHHC-
JIHXCJIbHOH X6XHHKH RJ13 o6pa6OTKH SoJIbUIOFO KOJlHHCCTBa HH(J)OpMaUHH H peilie-
HH3 CJIOJKHblX CHCXCM AH^dpepCHUHaJIbHblX ypaBHCHHH.

Bojibinoe BHHMaHHe y^ejiaexca nponnocxH ajieMenxoB FTY H noncKaM xaKofi
ee KOHCXpyKUHH, npH MHHHMajlbHOK MaCCe KOXOpOH H MHHHMajIbHOM HCnOJIbSO-
BanHH Maxepaajia oSecnenHBaexcH Heo6xo£HMaa pa6oxocnoco6nocxb.
Hocxb 3JieM6HTOB FTY pacciwaxpHBaexca HC xojibKO B xpexiwepHOM, HO H B
pexMepHOM npocxpancxBe, Korna HexBepxaa Koop/iHHaxa — 3x0 BpeMa. B 3aBH-
CHMOCXH OX BpCMBHH yHHXblBaiOTCfl HCCXaUHOHapHblC HpOUCCCM, HpHBOZWIUHC K

OnxHMH3auHa npodpmieH npoxonnbix nacxeH KOMnpeccopos H rasosbix xyp-
6nH ocymecxBJiaexca npn paccMOxpeHHH xpexMepnoro xeneHHJi paSonero xejia,
aspo^HHaMHHecKOM HCCJiejOBaHHH H cooxsexcxByiomeM pacnexe npo^HJien. Co-
BepmeHcxBOBaHHe xepMOAHHaMHiecKoro u,Hoa BpanxoHa CBsoaao c HOBbiiiieHH-
CM cxeneHH cacaxHa B KOMnpeccopHoR rpynne ao nK - 50—70, .mia Hero noxpe-
oyroTcs cjio^Hbie KOMnpeccopbi c SojibuiHM HHCJIOM nponycKOB. Bojiee nepcneK-
THBHO, B XOM HHCJIC H B OXHOIlieHHH napOra3OBOH XCXHOJIOrHH, nOBWIUCHHe H3-
HajibHOH xeMnepaxypbi rasoB, Koxopaa Ha coBpeiweHHbix 3HeprexHnecKHx FTY
npH6jiH3HJiacb K 1500 °C. FlpH ee yBejiHHCHHH BOSHHicaiox onpejjeneHHbie npoxn-
BOpCHHS: C OflHOH CXOpOHbl, HCOSxO^HMa BblCOKaa 3KOHOMHHHOCXb KC, 3 C flpy-
FOH — HH3Kaa KonuenxpauHfl Bpe^Hbix BbiSpocoB NO^ H CO. BeziymHe 4>HpMbi-

npoH3Bo^HxejiH FTY cnnxarox 3MHCCHK> Bpe^Hbix rasoB nyxeM oxpaSoxKH CHC-
npeABapHxejibHoro CMemeHHfl xonjinsa c Bos^yxoM B KC FTY RJW co3^a-

oGeaHCHHbix cMecett B conexaHHH c CHCXCMOH KaxajiHXHHCCKoro ropeHHa.
O^HHM H3 pemeHHH npoSjicMbi Moacex 6biTb yAajieune asoxa HS B03^yxa H

c*HraHHc xoniiHBa B cpezie, o6orameHHOH Kwcjiopo^oM, HXO no3BOJiHX ocymecx-
BHXb ropenne npH BHCOKOH xeMnepaxype. ^jia SXOH UCJIH Hcnojibsyiox MeM0paH-
Hbie xexHOJiorHH ox^ejienHa asora H oSorameHwa Bos^yxa

CoBpeMCHHbie HSFOXOBUXCJIH FTY npHJiararox GojitiiiHe ycHJiHH
H Hcnoiib3OBaHHfl HOBbix XHOOB MaxepHajioB, xaKHX KaK KepaMHKa H MexajuiOKe-
paMHKa. 3jiacxHHHocxb KepaMHHecKHx MsaejiHH o6ecneHHBaexca U.CJIOH uenon-

xexHOJiorHH, B KOTOpbix Hcnojib3yioxcfl JierKHe KOMno3MXHbie Maxepnajibi:
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6"opoajiK>MHHHeBbie, SopoTHTanoBtie, yrneTHTanoBbie. SnaMHTejibHbie ycnexn
B o6jiacTn cos^aHHH coBpeMCHHbix rasoxypSHHHbix jiBHraTejiefl AocTHrnyTbi Ta-
KHMH BeflyiU.HMH <{>HpMaMH POCCHH, KaK «CaTypH», «Pbl6HHCKH6 MOTOpbD)
«ABnaflBHraTeJib», «J1M3» H flp.

FIporpaMMa ATS, pa3pa6oTaHHaa B CLUA H ocymecTBJifleMaa MHHHCTCPCTBOM
3HepreTHKH CUJA (DOE), craBHjia pjm CJIOSKHWX sajaan, KOTopue K KOHuy 2000 r.
6biJin npaKTHMecKH pemcHH. B npocroM UHKJie 3HeprerHMecKoM FTY, pa6oTaK>mef{
B aBTOHOMHOM pOKHMC, 6bIJl HOJiyHCH KFi/J npOH3BO^CTBa 3JieKTpO3H6pniH 40 %.
B UHKJIC c peKyneparopOM (KFi# peKynepauHH OKOJIO 0,9), peajiH3oeaHHOM B

FTY THna Mercury 50, nojiyneH KI~m Bbiiiie 40 % (A^r
3 - 4,2 MBx, 7tK = 9, TH =

= 1435 °C). PeiueHHfl yKasaHHbix sajjan 4>HpMbi Ao6HBaiOTCfl nyxeM BHe^penHa H
orpaSoTKH HOBbix BbicoKOTeMnepaTypHbix MaTepnaiiOB TypSnHHbix AHCKOB, pa3,
paSoTKH H ocymecTBJieHHfl B03^yiiiHO-njieHOMHoro oxjiaacfleHiia rasoBofi xypGnHbi,
paspaSoxKH H HsroTOBJieHHfl KepaMHMecKHx conjioBbix annapaTOB, BHCApeHH3 HO-
BblX BbICOK034>4>eKTHBHbIX TCpMOCTOfiKHX nOKpblTHtt.

K ocymecTBJieHHK) nepenHCJieHHWx Bbiuie nporpaMM Sbijin npHBJieneHbi cne-
UHa^HCTbi Be^ymHX opraHHsauHH H HHCTHTyxoB CLUA.

C yneTOM B03pacTaromHx noTpe6HOCTCH 3HepreTHnecKoro pbiHKa nporpaMMa
ATS 6biJia npoflOJDKCHa HOBOH nporpaMMoH XXI B. (Vision 21), nasBaHHofi
«nporpaMMa no nepe^osbiM Typ6HHHbiM H flBHraTejibHbiM CHCTCMaM» (ATESP) H
cocTOfliueii H3 AByx no^nporpaMM: «Fa30Bbie TypGnnLi cjieziyromero noKOJieHHa»
(NGGT) H «riepeAOBbie ^BHraTejibHbie cHCT6Mbi» (AES). B nporpaMMe NGGT
nocTaBJiena uejit ^OCTHHB B cxeMax Flfy c KY H coBpeMCHHbiMH sHepreTHnecKH-
MH FTY KFTfl npOHSBOflCTBa 3jreKrpo3HeprHH 70^75 % na npupo^HOM rase H
KIl^ 60 % jjjiH firy, pa6oTaromHx na yrjie npH ypoBHe SMHCCHH NO^ H CO,
6JIH3KOM K HyjIK). ITpH peaJlHSaUHH 3TMX nporpaMM ^OJlKHbl GblTb C03^aHbI 3H6p-
reTHMecKHe FTY c KHJS, npocToro u«KJia 46—47 %. KoneHHaji UCJIL — cos^aHHe
ycTanoBKH Vision 21, B KOTOpoK GyayT peajinsoBanbi see jiocTH>KeHHfl pa3pa6a-
TbiBaeMofi nporpaMMbi,

O^HH H3 pasflejiOB nporpaMMbi NGGT nocBfliueH cos^aHHio rnSpH^Htix CHC-
TCM «TonjiHBHbie sneMCHTbi — rasoBaa Typ6HHa». OS^eflMHeHHe STHX sjieMeHTOB
snaHHTejibHO noflbicHT KFi^ coCTaBHbix nacTeii, KOTOpwK no npornosaM cocTa-
BHT He MCHee 80 %.

TonjiHBHbie 3jieMCHTbi npe^cTaBJisiOT coGoK sjieKTpoxHMHnecKHe ycrpOHCT-
Ba, npeoSpasyromwe XHMHMecKyro 3neprHK> TonjiHBa nenocpe/tcTBeHHO B 3JieK-

. OHH BbipaGaTbisaiOT 3JieKTp03HeprHK> B pesyjibTaTe sjieKTpoxHMHMe-
peaKUHH. Hx KIl^ HSMenaeTCfl OT 40 AO 61 %, nosTOMy TonjiHBHbie 3Jie-

MCHTbl MOPyT CT3Tb OCHOBOH BI>ICOK034)(J>eKTHBHOrO 3HepreTHMCCKOrO TH6pH/lHO-
TO UHKJia. 3(|)(|>eKTHBHOCTb TOHJIHBHOH aHCHKH H6 33BHCHT OT 66 pa3M6pa H H3-
rpysKH (pwc. 3.1), a oSpasyiomaflCJi B npouecce peaKUHH Tenjioxa MOKCT SbiTb
3<t)4>eKTHBHo HcnontsoBana B KoreHepauHH. CaMH TonjiHBHbie a^eHKH HMCIOT HC-
KJlKtHHTeJIbHO HH3KHC ypOBHH Bbl6pOCOB BpeflHblX BCUieCTB.

fljlfl FH6pH^HbIX UHKJTOB OCOSCHHO nO^XO^flT TBepflOOKCH^HblC H «CHflKOCTHO-
Kap6oH3THbie TonjiMBHbie 3JieM6HTbi c BbicoKOTeMnepaTypHbiM HOTOKOM rasa na
BblXO^C, 3HCprHK) KOTOpOrO MOJK6T HCHOJIbSOBaTb FTY (pHC. 3.2).

SnaMHTejibHbie ycnexn B paspaSoTKe TonjiHBHbix aneeK ^ocTHrny
Siemens (FepMaHHfl). Cos^aHbi fleMOHCTpauHOHHbie H ^eticTByiomHe
no^TBepjKAaiomHe nepcneKTHBHOCTb npoBO^HMbix nccjiejiOBaHHH (CM. Ta6.n. 3.1).
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PMC. 3.1. Cxoia paSorw ronjiHBHbix a.iemeinoB (Siemens)

PHC. 3.2. KoHueimiin coieraHmi PTy c TOIIJIHBHI,IMI! 3JieMeiiraMU
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3.1. TexmnecKHe ToiuiHBHbix i.'ieMcinou $iipMi>i Siemens

Tvin TonjmBHoro ajieMemra (T3)

PEM — FC (noj]HMep-3JieKrpojiHT,
Meivi6paHHHH T3)

PAFC (<])OC(l>OpHO-KHCJlOTHI.IH T3)

MCFC (ruiasKHe Kap6oHaTLi B T3)

SOFC (TBep^OKepaMHiecKHH T3)

TeMnepaTypa
cpeau, °C

60—80

160—220

620—660

800—1000

KI~m reHepa-
UHH 3JieKTpO-
SHCprHH, %,

HC Sojiee
40

40

65

70

Hcnojib3yeMoe
TOHJIHBO

npHpOflHUfl
ras, Bo^opofl

To ace

HpHpoaHbiH
HJIH CHHTCTH-

HCCKHH F03,
BOflOpOfl

To ace

npHMCHaHHe

AeMOHCTpa-
UHOHHafl

ycraHOBKa
KoMMepHe-

CKOe H3POTOB-
jieHHe 6ojiee

200 3K3.
flCMOHCTpa-

UHOHiiax
ycranoBKa

To ace

cjiHJiHHa c no^pas^ejienHeM $HpMbi Westinghouse 4>HpMa Siemens
opueHTHpyexcH na cos^aHHC 3HeproycraHOBOK c TBep^ooKCH^HbiMH TonjiHBHbi-
MH 3JieMCHTaMH Tpy6H3TOH KOHCXpyKUHH.

TonjiHBHbie 3jieMCHXbi KOMnonyioxca B oxjiejibHbie GJIOKH H cocxoax H3 icpyr-
JIHX HJIH npHruiroCHyxbix TpySnarbix SJICMCHTOB anHHoit 50—150 MM. MOUJHOCTI,
oztHoro sjieMCHxa flOCTnraer 200 BT npH Hanpfl)KeHHH 0,65 B. yjjejibHbie nonasaTe-
JIH ToniiHBHbix s^eMCHTOB He npCBbiiiiaiOT 200 BT/KP H 200 BT/MS, a y^ejibHbie 33-
TpaTbi cocTaBHJiH B 1998 T. 12 000 aojiJi. na 1 KBT ycTanoBJieHHOH MOIIIHOCTH
C TCH^eHUHCH CHHMfCHHa 3TOTO SHaHCHHfl K 2006 H ^0 500 ^OJIJI. (npOFHO3).

ycTpoHCTBo, cocToamee HS Mo^yjien T3, CHCTCM no^anH Tonjinsa H OKHCJIH-
T6J13, OTBOfla npO^yKTOB peaKUHH H aBTOM3THKH, Ha3blBaK)T SJieKTpOXHMHHCCKHM
reHcpaTOpoM (3XF). 3HeproycraHOBKa Ha OCHOBC T3 Kpoivie 3XF
B ceSfl cjie^yiomHe CHCTCMLI: no^roTOBKH H nepepaSoTKH TOnjiHBa H
npeoGpasoBanna nocToaHnoro TOKa B nepeMCHHbiH (HHBepTop), nepepaSoTKH

peaKUHH H yTHJinsauHH HX reniroTbi.
Ballard Power Systems (Kanaka) paspaSoTana CTauHOHapHaa snep-

roycTanoBKa c TsepjionojiHMepHbiMH T3 MoiuHocTbio 250 KBT, paSoTaioiuaa na
npHpo^HOM rase. OupMa International Full Cells Corporation (CLUA) cosflaJia 06-
paseu 3HeproycTanoBKH c (poccpopnoKHCJibiMH T3 MomHOCTbK) 200 KBT H KOM-
SHHHpOBaHHOH BblpaSOTKOH 3JieKTpH4CCKOH 3HepFHH H TCnJlOTbl.

Fa30Typ6HHHi>ie ycTanosKH MoryT 6biTb HcnojibsosaHbi c BHCOKOH SICOHOMHH-
nocTbK) B TennoBbix cxeMax BO3/iyiiiHo-aKKyMyjiHpyromHX rasorypSHHHbix T3C
(BAFT3C). Fpynnbi KOMnpeccopoB HHSKOPO, cpe^Hero H BbicoKoro ^asjieHHfl
(PHC. 3.3) c TenjioooMeHHHKaMH npoMc^yTOHnoro oxjia^^eHHa Bos^yxa nosbi-
majOT ero ^aejieHHe ^o BWCOKHX SHaneHHH H saKaiHsaioT STOT sos^yx B no^3CM-
HLIH pesepsyap. KoMnpeccopbi npHBOflsrrca B ̂ ettCTBHe sjieKTpoflBHraTejieM c HC-
nOJIb3OBaHHOM ^eiUCBOH «HOHHOH» 3JieKTp03H6prHH CHCTCMbl. B 43CbI HHKa HO-
TpeojieHHa 3nepriiii cacaxwH Bosziyx H3 xpaHHJiwiua nocTynaer B KC ra3OBOil xyp-
6HHbi, r^e opraHH3OBaHO ^ByxcTynenqaToe OKaxne xonjiHBa.

Tennoxa yxoaamnx rasos FTy Hcnojibayexca B xenjiooSMeHKHKe
HHxenbHoro narpesa Bos^yxa. f i

544

Bosflyx

PHC. 3.3. npiiHUunHaabuan cxeivia BosjiyiiiHO-aKKyMyjiiipyioineii raioiypSiiiioii T3C
KHJ~(, KC$, KB/l — KOMnpeccopw HH3Koro, cpe^Hero H BLICOKOTO ^aBJieHHa; TBff,
THfl — raaOBbie TypSuHw BHCOKOFO H HH3Koro aaBJieHHa; T — TOHJIHBO; B — BO3ayx;
Bill — BO3ayuiHbiH miiSep; M — caMOpacuenJiaiomaaca Myi|iTa; KC — Karnepa cropa-
HM«; 37" — 3JieKTporeHeparop; 3JJ

ECJIH B oSbiHHOH 3HeprexHHecKOH FTV npHMepHo 2/3 BHyxpeHHefl MOIUHOCTH
rasoBOH xyp6HHbi nepe^aexca KOMnpeccopy, xo B BAFT3C fljia SXOH ueiiH ncnojib-
syexca ^eiuesaa «HOHHaa» 3JieKxp03HeprHa. 3jieKxporenepaxop H 3JieKxpo^BHra-
xejib asjiaroxca e^KHbiM MexaHH3MOM, a caMOpacuenJiniomHeca Myijixbi na oSoHx
ero KOHuax no3BOJiaiox eMy pa6oxaxb nonepeMeHHo flJui npHBo^a KOMnpeccopoB
(HOHbK)) H flJlfl BbIpa6oXKH 3JICKXpO3HeprHH (flHCM). no CpaBHCHHIO C oSblMHOH F3-
30xyp6HHHOH T3C xaKaa cxe\ia no3BOJiaex 3KOHOMHxb ,uo 67 % cacHraeMoro xon-
jiHsa (npHMep: BAFT3C xwna «MaKHHxoui)> Momnocxbto 110 MBx, C11IA).

CojiHeHHyro SHeprnio MO^HO 34)4)eKXHBHo ncnojibsoBaxb jj-na noBbimeHHa
MOUIHOCTH HJIH 3KOHOMHH xon^HBa Ha UrV c KY. CojiHue B 3XOM cjiynae Bbinoji-
Haex xonjiHBocSeperatoiuyK) (J'yHKUHK) (pnc. 3.4). Hepes conneHHbie 3JieMCHXLi,
paSoxaromHC no npHHunny npaMoxoHHoro KOTjia, nponycKaexca nacxb nHxaxe^b-
Hofi Bozibi napoTyp6nHHOH ycTanoBKH nry, H B HHX reHepHpyeTCa nap onpeae-
JieHHbix napaMexpOB. nocjie^HHH nocxynaex B iacxb HJ( naposoH xyp6HHbi. no
Mepe no^aHH B nee napa, BbipaSoxaHHoro c HcnoJiLsosaHHeM coJineHHOH snep-
THH, MoiiiHOcxb 3HeprexHiecKOH FTV Sy^ex noHHHcaxbcs c o^HOBpeMeHHbiM co-

noTpe6naeMoro xonjiHBa (pe^HM xonjiHBOc6epe*eHH«). 3xox nap
HCnOJIbSOBaXb flJIfl BblpaSOTKH 3JieKTp03HeprHH H nOKpblXHa nHKOBOH H3-

rpysKH B paHonax, TRQ 3xox HHK coBna^aex c BpeMeneM HHTencHBHoro conneH-
Horo H3JiyneHHS (pexHM noBbimeHHa MOUIHOCXH). npn HensMeHHbix saxpaxax
opraHHHecKoro xonjinsa xaKOH peacHM nossojiaex noBbicnxb BbipaGoxKy 3JieKxpo-
3HeprHH B pafionax, SoraTbix COJIHUBM, ^o 40 %. Rsw nojiyneHHa MOIUHOCTH
100 MBT Heo6xo^HMa njioma^b cojiHe^Hbix SJICMCHTOB 0,6 KM2.

TexuHHecKoe nepesoopysKeHHe H MoaeptunaiiHii T3C. Kn^ npOH3BO^cxBa
3JieKxpo3HeprHH na T3C, BBeflCHHbix B 3KcnjiyaxauHio flBa-xpH flecsTHjieTHa na-
33 ,̂ cymecxseHHO HHJKC KO^ cospeMeHHbix T3C. STH sjieKxpocxanuHH ne oxse-
Maiox xaKace xpeSosaHHSM HajieacHocTH, SKOJiornqecKOH HHCXOXU, ypoBHio aBxo-
MaxH3aunH xexHOJiorniecKHx npoueccos. npn BbicoKOH ^ojie pacxo^yeMoro na
T3C opraHHiecKoro xonjinea (6ojiee 65 %) OHH ^OJIJKHU HMexb HOBbie, yjiyn-
uieHHbie xapaKxepncxHKH.
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IIOJIC COJIHeiHUX 3JICM6HTOB
— 1050 M-

HC, 3.4. l Ipn i iUHnHaj ib i i aH Ten^oeafl cxema fll 'V c ncnojii , ionanne.vi co.ntic'fiioii 3uepriiM

TexHHHecKoro nepeBOopy^eHHs T3C y sHepreiHKOB HMeroTca ABa ajib-

1. npHMCHCHHe CaMblX COBpeMCHHblX TeXHOJIOrHH npOH3BO,aCTBa 3H6prHH, B
)H HHCJIC c HcnojtbsoeaHHeM rasoTypSHHHOH H naporasoBOH rexHonorHH, npe)K^e
;ero na HMeromHxca HJiomaziKax AeilcreyioiuHx T3C. 3ro noasoJiHT Hcnoiibso-
iTb cymecTByioiuHe CBHSH c 3HeprocHCTCMOH, sJieMCHTbi TexHHHecKoro BO#ocHa6-
eHHfl H TonjiHBono^anH, HMeromyrocfl HH^pacTpytcrypy, sKcnjiyaxauHOHHbifi nep-
»Han. ITpH STOM npe^nojiaraerca nocjie^oBaTejibHbiH BUBO^ H3 SKcnJiyarauHH MO-
uibHO ycTapeBiuero H HesKOHOMiiiHoro oSopyjiOBaHna H napairjiejibnoe crpoH-
JltCTBO Ha T3C COBpeMCHHblX BbICOK03KOHOMHHHbIX yCTaHOBOK.
2, Hcno^bSOsaHHe HMeiomeroca TexHHHecKoro H HayHHoro noxeHUHajia jiJia

napocHHOBoro oSopy^OBaHHa T3C B COOTBCXCTBHH c coBpeMen-
Tpe6oB3HH,flMH.

B ycjioBHsx POCCHH (naK H B apyrnx cTpanax) >KejiaTejibHO peiuaxt STH npo-
eMbi c yneroM «TonjiHBHoro» npH3H3Ka. B EBponeficKofi nacTH cxpaHLi, rue
ia npwpo^Horo rasa Ha T3C npeBbiiiiaeT 80 %, qeJiecoo6pa3Ho:
CTpOHTCJItCTBO KpyHHLIX KOH^CHCaUHOHHblX T3C C flFY C KY MOHOSJIOIHOH

Ha npHpo^HOM rase B^ MarHcxpajibHbix rasonpoBo^oB;
no sKOJiorHHecKMM coo6pa>KeHHflM npHpo^Horo rasa B ropo^-

HX T3I4 c pasjiHiHbiMH MO^H(J)HKaiiHaMH naporasoBOH xexnojiorHH.
B paiioHax pacnojioafeHHfl yrjie^o6biHH BOSMOKHO coopyiKeHHe Kpynnux nw-

i/rojibHbix 3Hepro6jioKOB cynepcBepxKpHXHMecKHX napaiviexpoB napa na pac-
>flHHH ox yrojibH&ix paspesos He 6ojiee 500 KM.
Ha PHC. 3.5 noKasaHbi BOSMO^HOCXH noBbiiueHH>i xeruioBofi SKOHOMHMHOCTH
C npw pocxe HananbHbix napaMexpoB napa H coBepuieHCTBOBaHHH TexHOJionine-
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Ta6j iHUa 3.2. TeximiecKiie jainihie HMnopTHbix yr.iefi TiO-,

ripOHCXOHCaCHHe
yrJia

ABCTpajws
KnTafi
HnaoHe3HS
lOacHaji A^pHKa
CUJA

Hn3ma» renjioTa
crupanHB. MRx/Kr

• 26,9
25,2
23,8
24,5
27,9

Bjiaat-
HOCTb, %

8,9
8,0
16,0
9,0
7,0

3ojib-
HOCTb, %

11,9
12,6
4,7
14,0
9,4

CoflepwaHne
JlCTyiHX, %

39,0
39,0
47,0
25,0
38,0

Cepa, %

0,4
0,9
0,6
0,5
0,7

7*,°C

1350
1365
1220
1350
1480

* Teinneparypa naiajia ae(j)opMaMHH.

CKIIX CXCM 3Hepro6jioKOB. ^aHHbie noKasbraaiox, HTO B nacxoamee BpeMa peajibno
Ha 6ase ^aJibneHiiiero coBepmeHCXBOBaHHfl HeaycxennTHLix cxajiefi .aocxHib Ha-
HajibHOH xeMnepaxypbi napa 600 °C M KUR oxnycica 3JieKXp03HeprHH HCTTO 45 %.

HcnoJib3OBaHHe HMnopTHoro yrjia SKOHOMHHCCKH 3<|K}>eKTHBHo npn Tpanc-
nopTHpOBKe ero na cy^ax no BOSMOJKHOCTH 6es nepesajiKH 40 T3C. B jaGji. 3.2
npHBe^eHbi TexHHiecKHe ^aHHbie ynrcH, npe^JiaraeMbix na MeayiyHapo^HOM TO-
njIHBHOM pblHKe.

ribijieyrojibHbie H ra30Ma3yTHbie 3Hepro6noKM B COOTBCTCTBHH c coBpeMCHiibi-
MH SKOJIOFHHeCKHMH HOpMaMH HCOSXO^HMO CHa6aC3Tb yCT3HOBKaMH a3OTO- H CC-
pOOHHCTKH. Ha pHC. 3.6 npHBC^eHa CXeMa COBpCMeHHOfi CHCTCMbl CepOOHHCTKH
H3BCCTH2KOM, a Ha pHC. 3.7 - ceJICKTHBHafl KaTa^HTHHeCKaa CHCTCMa 3(|)(J}eKTHB-
Horo cHH^eHHfl BbiSpocoB NO.,.. B STOH CHcxcMe Mcnojib3yK)Tca cjre^yioiUMe Ka-
TajiH3axopbi: Ti02, V2O5, WO3, MoO3, OKCH^H Fe, Cr, ueojiHT.

CejieKTHBHaa KaxajiHTHHecKafl CHCTeMa HMCCT cjieayiomne npeHMymecTBa:
npocToxa KOHcrpyKUHH H caMoro npouecca npii BUCOKOH S^^CKXHBHOCTH (HC

Menee 90 %);

Boanyx

PHC. 3.6. CncreMa cepooHHCTKH abiMOBbix raion napoobix KOTJIOB c
(CaCO3 + SO2 + 2H2O + 1/2 O2 -* CaSO4 + 2H2O + CO2)
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ii3BecT..MKa

NOX,02,S02

N2, H20, 02, S02 (S03)

PHC. 3.7. Cc.'ieKiiniiiaH KaTajiHTiiicticaH ciicreMa
napOBbix KOTJIOB (cHCreiwa SCR)

no6oHHbie
B03MO>KHOCTb

OKCH,UI» asora B raso-

ra30B.
nepexoj, K naporasosofi rexHOJiorHH c nocjiejjyromHM

jjeHCTByiomHx Ha nbuieyrojibHbix H rasoiviasyxHbix T3C flTY H cymecx-
BcnoMorarejibHoro o6opy^.OBaHHfl. ^jia peajinsauHH xaKOH I7FV c KOAi6u-

HupoeaHHou CXCMOU paflOM c rjiaBHtiM Kopnycoivi T3C cneflyer nocxponxb 3,uaHHC
3HepreTHHecKHx Mo^yjieH «rTV — KV». FIpHMepoM xaKOH pe-

MO)Ker cjiy>KHXb T3C «Peterhad» B LUoTJiaH.fl.HH (pnc. 3.8, 3.9). Hap,
B KV FTY, nocxynaex B ox^ejibHbie orceKH npoxoHHOH qacxn napo-

BOH xypSHHti, a caMH KY nHTatoxca KOH^encaxoM cymecxByiomeH nTY. 3xa
peKOHCxpyKUHa no3BOJiHJia nosbicnxb KYlfl, npOH3Bo^cxBa 3JieKxpo3HeprHH Ha T3C
ox 0,38 AO 0,55 H CHH3HXb BbiGpocbi NO^ na 50 %.

Bo3MO>KHbi pasHbie TexHHnecKHe peuieniifl npH peKoncxpyKUHH POCCHHCKHX
T3C c 3Hepro6noKaMH 200, 300 H 800 MBx npH HcnoJib3OBaHHH
CKHX MOAy-IieK «rTy -- KY» C COBpeM6HHbIMH BbICOK03KOHOMHMHbIMH
THHeCKHMH FTV.

^JIH rasoMasyTHoH T3C c ^ayM>i 3Hepro6;ioKaMH 200 MBx npHMeneHHe pac-
civiaxpHBaeMoro eaptiaHTa nry (JJBC FITV THna K-200-300, cpeziHeroziOBofi

ornycKa 3JieKTpo3HeprHn 35 %) np« ncnojibsoBaHMit TTY xiina V94.3A

549



PHC. 3.8. oruumi BHU T3C «Peterhad» B (Siemens)

T
B -

PHC. 3.9. Tenjioean cxeMa 3Hepro6jiOKa nry c KOM^nHiipoBaHHOH cxeiwofi na T3C «Peterhad» B UIoTJiaHAHii (Siemens)
Bfl, — BbicOKoe aaBJienne; CJJ -— cpeAHee flaejreHHe; ff/J — HHSKOC aaejieHHe; 17/7 — npoMeacyToiHbiH neperpes; G — 3JieKTporeHeparop; UH, KH

M KOH/ieHcaTHbiS Hacocw; RUB — aea3paTop; T— TOHJIUBO; B — BCo.nyx; /, 2 — niiTaTejibHaa Bo^a HHBKOTO H cpejinero



PIIC. 3.10. IIpHnminHajibHLie TenjioBbie cxeiwu nFV c KV flJifl 3iiepro0jioKOB 200
H 300 MBr (5)
1,2 — xojio^Hbifl H ropaiufi nap npoMOKyroiHOro neperpeaa
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MBi (a)

(Siemens) ztaer BOSMOJKHOCTB noBbicHTb KIT/t HCTTO jjo 54 %, coicpaTHTb no-
Tpe6jieHHe npHpojinoro rasa Ha 39 % npw o6meM CHHHCCHHH MOIUHOCTH T3C He
6ojiee 6,5 %. Tanas Mo/iepHH3aUHH norpeGyer HHsecTHUHK Ha yposne
315 ^OJUT/KBT (6es yqera HanoroB).

Tenjiosafl 3JieKTpocTaHH.Hfl c jiByMa 3Hepro6^0KaMH 300 MBr MOKCT SLITL MO-
^epHH3HpoBaHa npH ̂ onojiHHTejTbHOH ycTaHOBKe ̂ syx 3HeproMO,ayjieff «rxy Twna
V94.3A (Siemens) — KY». B STOM cjiynae MOIIIHOCTB T3C sospacTCT Ha 25 %, no-
xpeGjieHiie npHpo^noro ra3a coKpaxHTca npH6jiH3HTejn>HO na 16 %, a noTpeSHocTb
B HKBeCTHUHSX COCT3BHT OKOJIO 285 ^O^JI/KBT (6e3 yHCTa HaJIOFOB).

B HHJI «rjy H nrv T3C» cosMecTHO c coTpy^HHKaMH Ka<J)e,zipbi napostix H
ra30Bbix ryp6HH M3H BbinojiHeHbi noBepoHHbie pacnerbi npOTOHHOfi HacTH na-
pOBbix TypSHH 200, 300 H 800 MBr (JTM3) H KOHCTpyKTopcKo-noBepoHHLie pac-

y AJIJI peKOHCTpyKUHH ^eKcTByromHX T3C. FlepeBoopy^eHHe T3C no
cxeMe nossojiHT C3KOHOMHTb 3a ro^ 40 20 % noTpe6jifleMoro

raaa (^Jia PO — 1 5 • 1 09 M3/ro^).
Ha pHc. 3.10 npHBe^eHbi npHHUHnHajibHbie TenjioBbie CXCMW nry c Ky

3nepro6jioKOB 200 H 300 MBr, a B Ta6n. 3.4 H 3.5 .aanbi TexHHHecKHe
3THX 3HCpro6jIOKOB, B KOTOpblX COXpaHCHbl IlTy THHOB K-200-130 H K-300-240.

FlepcneKTHBa HHierpauHH POCCHH c eBponencKHMH H BceMHpHbiMir opranHsa-
npe^onpe/iejiaeT neo6xoj]HMocTi> npHHHTHa pjma 3aKOHOB H no^aaKOHHwx

. BaacHoe MCCTO npH STOM ^OJDKHO 6biTb y^ejieno rapMOHHsaiiHH poccnit-
CKHX ciaHjiapTOB na sHeprorenepHpyiomee oSopyAosaHHe c

K »iHCJiy HawGojiee HSBCCTHUX MeacflyHapo^Hbix H perHonaJibHbix
BonpocaMH CTaHziapTHsauHH 3HeproreHepHpyiomero o6opyao-

oTHocflTca: MexjiyHapOAHaa opraHH3auna no ciaH^apraM MCO (ISO —
International Standardization Organization); Mex^ynapo^Hafl 3^eKTporexHHHe-

KOMHCCHH M3K (IEC — International Electrotechnical Committee); Espo-
KOMHTCT no cT3H,ziapTH3auHH (CEN — European Committee for Stan-

dardization); EBponeficKHii KOMHTBT no CTan^apTHsauHH B oSjiacrn 3JieKTporex-
HHKH M 3JieKTpOHHKH (CENELEC — European Committee for Electrotechnical

Ta6j!»ua 3.4. TexHHiecKHe naauue naporasoBbix GJIOKOB c 3HepreTiiHecKHMH
r'fY Tuna V94.2 — KV H naponoii rypQaaoa imia K-200-130

n™

Pacxo^ napa Bfl, Kr/c (T/I)
Pacxoji napa H& KF/C (T/H)
BnyrpeHHHH OTHOCHTeJIbHtlfl

MoiUHOCTb, MBr:
nry
iTy
nry

KHfl nry (6pyrro), %
y^e-ibHtiH pacxoa ycjioBHOro
TOHJiHBa, r/(KBr • H)

nTyTMnaK-200-130 +
+ aue riy rana V94.2

87,2(313,9)
46,5(167,4)

81,5

164,4
320,8
485,2
51,1

240,7

+ Fly rana V94.3A

64,3(231,5)
31,8(114,5)

78,4

108,9
272,3
381,2
53,7

229,1
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Ta tui H ua 3.5. Texmiieciciie ,iainn.ie naporaaosbix (UIOKOB c nicpi L > T I I ' I C C K I I M H
FTy rnna V94.3A — KY H napoBofi rvpoiuioii mna K-300-240

rioKaaaxejib

Pacxcw napa Bfl, KP/C (T/M)
Pacxofl napa Hfl, KP/C (1/4)
BHyTpeHHHH OTHOCHTe^tHtlH
KITfl niY (ycpeaHenHbifi), %
Momnocrt, MBT:

nry
rrv
nry

KnAnry(6pyTro),%
yuejibHbiH pacxoa ycjiOBHoro
TonjiHea, r/(KBT • H)

HIV THna K-300-240 +
+ TpiirryTnnaV94.2

115,2(414,7)
94,1 (338,8)

81,2

245,0
481,2
726,2
51,3

239,8

HTV THna K-300-240 -t-
+ flBerTy™naV94.3A

129,9(467,6)
67,0(241,2)

81,5

240,3
543,7
784,0
55,4

222,0

Standardization); Mexrocy^apCTBeHHbiH COBCT no
H cepTH(|>HKauHH CHF (MTC CHF).

B rapMOHH33UHH pOCCHSCKHX CT3H4apTOB C
cBasana c nepexo^oM 3KOHOMHKH POCCHH Ha pbiHOHHyio ocHosy, a

c Heo6xo^HMocTbK) ycTpaHHTb xexHHHecKHe 6apbepbi B MOK^ynapoflHOH
roproBJie. 3TO 6y^er cnoco6cTBOB3Tb ynpomeHHio SKcnopia poccuncKoro 3Hep-
roo6opy40BaHHfl B flpyrae cxpaHbi, a Tanace o6;ierHHT HcnojibSOBanne nepe^oBbix
sapy6ea<Hbix TexnojiorHH H 3Heproo6opy^oBaHHfl B POCCHH. BMCCTC c TCM B POC-
CHH H .iipynix CTpanax-npoHSBojiHTejiflx 3Toro oGopy^oBaHHa c^OHCHJiHCb npnn-
UHnHajibHo pasHbie no^xo^bi K ero craHflapTHsauHH. HpHMepoM Moryr c^ya<HTb
HauHonajibHbie cTaH^apTbi: ANSI — American National Standard Institute, BSI -
British Standard Institute, DIN — Deutsches Institute fur Normung, AFNOR -
Association Francaise de normalisation.

B HacTOflmee speMH cpe^Hfla cxenenb rapMOHHsauHH POCCHHCKHX
c Me^flyHapo^HbiMH oueHHBaeTCfl 3KcnepTaMH ua ypoBHe 35 % oGmero

HCO/M3K. Pa6ora B STOM Hanpas^eHMH

(200™ ? b 3HEPr°BJIOKOB B PAO I(E3C » HO «TOnJWBHOMy»

SneproSjioK
c TypSHHOH THna

K-200-130
K-300-240
K-500-240
K-800-240
Bcero3Hepro6jiOKOB

HHCJIO 3Heppo6.uoKOB (MOUIHOCTB, MBx)
o6mee

76(15200)
77(23 100)

7 (3500)
14(11200)

174(53000)

Ha rase
44 (8800)

44(13200)
—

12 (9600)
100(31 600)

na Masyre

—
6(1800)

—

—
6(1800)

Ha yrjie
32 (6400)
27(8100)
7 (3500)
2(1600)

68(19600)

npmioxeHMe 2

3Hepro6jioic

K-200-130
K-300-240
K-500-240
K-800-240

3Hepro6j,OK

Ha rase
62,8
60,3
—

87,4

Ha Masyre
1,9

11,1

1,1
1,4

Ha yrae
35,3
28,3
98,9
1,2
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3KCnmATAUMOHHblEXAPAKTEPHCTMKM BblBPOCOB C BblXOAHbIMM FA3AMM
3HEPrETMHECKOfi ITV
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ItepemiroieHHe naaoiflKoe TOILUHBO

I.JQ Pa6oTa na raaoBOM ToiuiHBe
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Konuei iTpamiH Bpe^Hbix BbiSpocoB B BbixojHbix rasax iHepreTa-iecKoii TTY »pn
aByxTonjiHBHoti CHCTCMW KC rmia DLE (ABB—Alstom) c ojHoro BJiaa ronjiii-

BH na apyi oft

24-HACOBUE XAPAKTEPMCTMKM PABOTbl FTY «TAM<DyH» MOUlHOCTbK) 4,9 MBr
(BASOBAfl HAfPySKA)
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jHcpreTH'ietKoii TTY c KC riina

CXEMA MACJlflHOM CMCTEMbl aHEPPETMHECKOM PTV «TAM*yH>» (ALSTOM)

MarHCTpajib,
B ce6a peryjiHpywmne KJianaHhi
TeMnepaTypu H ^asjieHiia

OlBOfl M3CJIHHIJX
napOB
B aTMOc4>epy
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CXEMA CMCTEMbl rHAPAB/lMHECKOrO HYCKA 3HEPrETMHECKOM FTV «TAM*yH»
VI B03AEMCTBMS1 HA BXOAHOH HAHPABJlfllOlUMM ARRAPAT YCTAHOBKM (ALSTOM)

/ — iioaa-ia Macjia H3 MacjinHofi cncreMbi ^BHrarejin (ryp6uHbi); 2 — oceBoii nopmueBOU
cTaprcp i ii;ipaB tiii4cCKOH CHcreivibi nycKa; 3 — rMApaBjiniecicafl CHcreivia nycKa; 4 — fiycTep-
Hhiii MacjiHBbifl Hacoc (npiiBOjuiMuii OT ^jieKTpojiBiiraic.ia iicpeMciiMoro TOKa); 5 — oce&oii
nopujHCRoii Hacoc rii'ipaBJin'iecKoii cuc'reubi nycKa; 6 — Hacoc (\iexaiiii'iecKiiii),
B aeiicTBiie BHA; 7— MariiCTpajib ncnojuiHTCJibHoro Mexammia BHA

^
PeryjiBTOp

IToflaia

6,,sidu
rHflpOUKHHHap

JUM 3OJlOTHHKOBOrO
KJianana

Cenapaio
Macjia

-1 1

MacywHuS
H3COC

OxjianHiejih
MacjiHiibiii Macaia

4>HJIBTp

MacjiooT-
flCJIHTeJIb

558
559



PA3PE3 rASOTVPBMHHOrO «TEMPEST» (ALSTOM)

1 — Koscyx KOMnpeccopa sa6opa soaayxa;
2 — KOpnyc BXOflHoro noauinnHHKa;
3 — TepMonapa ana HSMepenHH reMneparypbi sadwpaeMoro B03flyxa;
4 — noBopoTHoe ycTpoficTso KOMnpeccopa;
5 — KOpnyc KOMnpeccopa H annapar JionaTOK craropa;
6 — cTpyflHaa ropejiKa;
7 - KaMepa cropaHHJi;
8 — Tpy6a;
9 — AH<|)4>y30p;
10 — nepexoanoH Kanaji H CORJIOBOH HanpaBJiaroiuHH annapaj;
11 — Typ0HHHa3 ycranoBKa;
12 — sanajibnaa csena;
!3 — ynpaBJiflromHH MexaHHSM peryjinpyeMoro Hanpasjiaiomero annapara;
A — sa6op Bosjiyxa B KOMnpeccop;
B — Bbixo^Hbie ra3bi FTY

560

BMA SHEPrETMHECKOfi ITV TMHA V94.3A (SIEMENS)

Mojjejib
raaoBoa xypSuHH

V64.3A

V94.2A

V94.3A

MoiIIHOCTL
Spyno, MBi

67

130

265

Kim
6pyrro, %

36,8

35,2

38,5

Pacxofl
yxoflamnx rasoB, KT/C

191

520

656

TeMnepaTypa
yxoaamnx rasos, °C
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585

584

561



npM/ioxemie 9

POTOP OCEBOTO KOMRPECCOPA 3HEPTETMHECKOM ITY CEPMM «3A» (SIEMENS)

PABOHAfl (a) M COn/IOBAfl (^ flOnATKM TA30BOM TYPBUHbl ITV CEPMM «3A» C n/IEHOHHbIM OXJ1A)KAEHMEM (SIEMENS)
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SHEPrETHSECKAfl rASOTVPEHHHAfl VCTAHOBKA «BOflOJlEM»

B HriO «MaiunpoeKT)> (YKpaHHa) pa3pa6oraHbi 3HepreTHiecKHe FTY rnna «Boflo-
neft» MoiUHOcTbJo 16 H 25 MBr, B Koropux opraHHsosaHbi noaana napa B npoTOHnyio
naCTb ycTanoBKH H ero perene pauHs H3 naporasosoH CMCCH B KOHTaKTHOM KOHflenca-
T0pe — rasooxJia^HTejie. .Una STOH uejiH naporasoBbiH UHKJI STIG flonoJiHen KOHACH-
caropoM, ycraHaBJiHBaeMbiM na BBIXOAHOM narpyfiKe KY Fasw oxjiaacaaioTca AO TOHKH
pocbi, a napbi nepexojwT B JKH^Kyro (J>a3y, KOTOpyio coQiipaioT H sosBpamaioT B OCHOB-
Hofi 6aK wra nocjieAyroiuefl peuapKyjisuHH. FIpH STOM y^aeTca yjioBHTb BOAy, nojiyieH-
Hyto B pesyjibtare xHMHHecKoft peaiajHH B npouecce cropaniw ToruiHsa.

noflBoa nacTH napa B 30Hy ropeiwa Kawep cropaHHa FTY cymeciBeHHo cnnacaeT
Bbi6pocbi NO^.

B ycjiOBHax ISO ycranoBKH «BoflOjiefl-16» H «BoflOJieH-25» HMCIOT KFl^ npoHS-
3J16KTpO3HeprHH 6pyiTO COOTBCTCTBeHHO 43 H 45 %.

K!X

cxeivia aiiepreTii'ictKoii ytTanoRKii «Bojo.rjeii»
KHfl — KoMnpeccop HH3Koro aaBJienHH; KBff — KOMnpeccop swcoKoro ^aBJieHHH; KC —
cropaHHa; TBff — TypGnna BbicoKoro AasjieHHa; THff — TypSima HH3Koro ziaBJieHHa; CT — CHJIO-
saa Typ^HHa; 1 — rasoxypGHHHufi /iBHrarejib; 2 — reneparop; 3 —• KOTeji-yraJmsaTOp; 4 — cena-
parop; 5 — Aeasparop; (j — KOHTaKTHbifl KOHaeHcarap; 7 — peaepsyap uns xpaHCHHH BO^W; 8 —
oxjia^HTCJib KOHflenciipoBaHHofi BOflbi; 9 — nHTaxeJibHUti nacoc; 10 — mipKyjiflUMOUHMfi Hacoc;
// — CHCTeMa Bo^onoaroTOBKH KOTJia; 12 — noaaia TexHHiecKoii BO^LI K cwcTeMe BoaonoflroroB-
KH; 13 — noaana TexHHnecKOH BOAM K CHCTCMC oxjiaiKaeHHa KOH^eHCupOBaHHofl BOABI; 14 — Hacoc
KOHjieHcupoBaHHoft BOflbi; 15 — nonojiHCHHe Bo^bi KOTJia; 16 — BWXOAHOC ycTpo^CTBo; 17 —
iJ)HJiLTp KOHflCHCHpOBaHHOH Bo^w; 18 — noABHa napa aim nOBbiiiieHHa MOIUHOCTH; 19 — no/wia na-
pa jjia yMeMbuieHHH BwSpocoB NO^; 20 — Apenaac H3 KOHflCHcaropa; 21 — noAaia
Bo^bi K KOHacHcaropy; 22 —
564
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OCHOBHWE TEXHMHECKME TPEBOBAHMfl HPM nPOEKTMPOBAHMM COBPEMEHHOM
SHEPrETMHECKOM FTy

3HepreTHHecKHe TTY B OCHOBHOM npHMCHaioTca AJIH npHBo^a 3JieKTporeHepaTo-
pa sa^aHHtix MOIUHOCTH H ^acroTti apameHHa. Hx SKcnjiyaTHpyiOT B OHKOBOM, nojiy-
nHKOBOM H 6330BOM pOKHM3X paSOTbl 3BTOHOMHO JV\» BblpaSoTKH 3JI6KTp03HeprHH
HJIH B TCnJlOBOfl CXCM6 yCTaHOBKH, B KOTOpofi npOHCXOflHT yTHJIH3aUH3 6oJIblIieH MaC-
TH renjioTbi ee Bbrxo^Hbix rasoa (naporasoBwe T3C, rasoiypSHHHbie T3JJ, H up.).

HHHbie yciaHOBKH flOJiwHbi GbiTb pacciHiaHbi mifi pa6orbi c HcnoJibso-
BHZIOB TonjiHBa: npupo^Horo rasa (FOCT 5542-87) H

(FOCT 305-82). B oraejibHbix cjiynasx oroBapuBaiOT Hcnojib30BaHHe H apyrHx
TonjiHBa: HHSKOKajiopMHHtix rases ra3H4)HKauHH, nonyTHoro rasa, BbicoKoKaiecTBeH-
Horo Ma3yra.

YBejIKMCHHe 3JieKTpHMeCKOfl M01UHOCTH FTY flO 10% HOMHHaJlbHOfl BO3MO>KHO
npH noBbimeHHH HanaJibHofi TeMneparypu rasos nepe^ FT.

OcHOBHbie TpeSosaHHa K KoncTpyKUHH FTV:
1. B3pbiBono^apo6e3onacHocTb npn nycKax, ocTanoBax H paSore noa narpys-

KOH. HeaonycTHMbi cKonjieHHa H sacron ra30o6pa3Horo Ton^HBa H napes
TonjiHBa K3K B npoTOHHofi facTH FTY, raK H B BbixoflHbix rasoxo^ax, BRjiro^
Byio Tpy6y.

2. npe^oiBpamenne npOHHKHOBeHHfl B oKpy^aromee FTY npocipancTBO npo,ayK-
TOB cropanna, Macjia H jjp. OrpaaHTejitHtie ycrpoiiCTBa flojiacnti samwmaTb o6cjiy)KH-
BaroiuHH nepcoHaJi OT KonraKTa c ropanHMH (swuie 45 °C) noBepXHocTflMH.

3. 3nepreTHHecKaj( FTY 40Ji)KHa HMBTL KJiHMaTuqecKoe HcnojiHCHHe H KareropHto
pa3MemeHHfl B cooTBeTCTBHH c FOCT 15150-69. Ee o6opyflOBaHHe
Baii. ceftcMHiecKHe BosaencTBHa HHTCHCHBHocTbK> He MeHee 7 — £ SajiJiOB no
MSK-64. /tna KOHKPCTHOH T3C MOryr 6biTb BHecenbi yiOHneHHa.

4. KoMnpeccop FTY ,aoJi>KeH o6ecneMHB3Tb ycTottiHByio pa6oiy, SKOHOMHHHOC
cwarne n no^any Bosayxa B KC Ha nycKOBbix H paSonnx peacuwax, npn
narpy3Kax H TeMneparypax Hapyacnoro B03flyxa.

3anac ycTOHHHBocTH Ha paSoiMX pe^HMax flOJDKen Haxo^HTbca B
15—20%.

B KOHcrpyKUHH KOMnpeccopa aoji^na SbiTb npejiycMOTpeHa ero oiHCTKa MOIO-
mett jKHUKOCTbio flJia BOccTaHOBJieHHa npoiisBOflHTeJibHOCTH, ocHOBHbix napaMBTpos
H 3KOHOMHMHOCTH.

FTY ocymeciBjiaeTCfl c HcnojibsosaHHeM KOMnjieKciioro sosayxo-
ycTpowcTBa. CpeztHero^OBaa sanbiJienHOCTb sosayxa nepea KOM-

npeccopOM aonacHa SbiTb He 6ojiee 0,3 Mr/M3 c KOHueHrpauHeft nwjiH (c
6ojiee 20 MKM) ne Bbiiue 0,03 Mr/M3.

5. Fasoeax myp6una FTY aon^na 6uib cHaSafena HaaeafHOH CHCTBMOH
B COOTBCTCTBHH C nepejJOBblMH aOCTUJKCHHaMH B 3TOH o6jiaCTH. MoryT 6bITb

HcnojibsosaHbi pa3JiHMHbie MeTOflbi sauiHTti H oxjiaacaenna conjiosbix H paSonnx Jio-
naiOK c npHMCHeHHCM UHKJIOBOFO sosAyxa, naposoro oxjiaacaeHHa H np.

JTonaTKH nepstix cTyneneft rasosofi TypSuHti flO^acHw HMCTb CToftKHe n aHTHKop-
pO3HHHbie noKptiTiia, yflJiHHJiiomHe cpOK HX 3KcnjiyarauHH.

Ha Bbixoae 113 raioeoH rypSHHti ycTanaBJiHeaioT flH(p4>y30p,
UIHH ne MCHee 80 % 3neprHH BHXOAHbix ra3oe H noBbimaKnnHH
soxojiax 33 FTY.

rasoB B ra-

565



6. XapaierepHCTHKH KOMepbi czopamw FTV flOJiacHbi cooTBercTBOBaTb TpefioBa-
HHSM FOCT 29283-92. B npouecce SKcnjiyaxauHH KC o6ecneMHBaeT nojinoe ycTofl-
HHBoe OKHraHHe ToruiHBa (OCHOBHOFO H pesepBHoro) Ha scex nycKOBbix H paSoqwx
pe>KHMax. OKpyjKHas HepaBHOMepHocrb TCMneparypHoro nojia 8 KC aojiacHa 6wTb ne
6ojiee 10 % cpeanero 3HaneHHa GaJiancoBOH reMnepaiypbi B Kaacflott H3 njiaMCHHbix
Tpy6, flOJDKHbi 6biTb HCKJiiOMeHbi BH6paiiHOHHoe ropeHHe, cpbiBti nuaMeHH npH pe3-
KHX HSMCHCHHaX pCJKHMa paSOTbl FTY.

KaMepy cropaHHfl ocnamaioT 3(!>4>eKTHBHOH CHCTCMOH 3a>KHraHHa Tonjinsa H KOH-
Tpojifl 4>aKeJia. Ha ee Kopnyce npeflycMarpHsaiOT cMorpOBbie JIIOHKH BH3yajibHoro
KOHTpOJIfl.

7. 3HepreTHHecKaa FTY jioji)KHa HMerb Hajie>KHyio ciic/reMy passopoTa sajia H
nycKa ycraHOBKH. ^Jia 3THX UCJICH B saBHCHMOCTH OT eAHHHHHOH MOIUHOCTH FTY HC-
nojibsyiOT: THpncxopHoe nycKOBoe ycrpOHCTBO, ajieKxpoflBHraiejib, jiBHraTeirt BHyT-
peHHero cropanHa, cacarbiH sosayx H ̂ p., npeAycMarpHBaiOT BOSMOJKHOCTI. nopMajis-
noro H ycKOpeHHoro nycKa c asTOMaTHHecKOH CHHXpOHH3auHeH ajieKiporenepaTopa
c ceibio.

HopMajibHoe pasrpy^eHHe H ocTaHOB FTV AOJiacHbi ocymeciBjiarbca aBTOMatHMe-
CKH BO3^eHCTBHeM Ha oflHH ynpaBJiatouiHH opran no cooTBeicTByiomeH nporpaMiwe.

AeTOMaTHMecKHH nycK FTY flojia<eH BKjnoMaxb B ce6a 3Tan npo^ysKH rasoBosaym-
Hoixt rpaicra B TeieHHe 5 MHH c pacxo^oM sos^yxa HC Menee 20 % HOMHnajibHoro.

Flocjie Bbi6era poTopa FTY npH ocTanoBe flOJKKHti 6biTb nepeKpbiTbi BcacbiBaro-
UIHH H BblXO^HOtt TpaKTbl.

8. B monjiuenou cucmeMe FTY HeoSxo^HMO npe^ycMOTpeTb o6opy,aoBaHHe JlJifl
noziorpeBa ^H^Koro H rasooSpasnoro Tonjinsa. CHCieMa HHiaHHa aoJi^Ha oSecneiH-
saTb pasHOMepHoe pacnpeaejieHHe ToniiHBa Me^ay ropejncainH H njiaMennbiMH xpy-
6aMH. ^penaacHbie ycrpOHCTBa TonjiHBHOtt cHcreMH aonacHu ncmnoiHTb sosMoac-
HOCTb nonaflanna Tonjinsa na zteraJiH FTY, 3jieKipHHecKoro reneparopa H BosSyan-

a raK^e B noMemeHHC, rae pacnojioacena FTY.
npHpoAHoro rasa B ronjiHBHOH CHCTCMC (nepe^ CTonopntiM KjiananoM)

noaaepacHBaTb B ycTanoBjieHHbix npeflejiax (CM. ra. 3), T.e. OHO Ke AOJIJKHO
AaBjieHHe sosayxa B KC Sojiee HCM na 50 %.

CronopHLie H peryjiHpyroiune ronjiHBHbie KJiananu FTY BbinojinsiOT HJIOTHLIMH.
OHH «pacxa>KHBaiOTca» Ha HOJIHWH xo^ nepea Kaac^biM nycKOM, a raKace eaceflneBHo
na MacTt — xo^a — npH nenpepbiBHOH paSoTe. He pe?Ke 1 pasa B Mecau npOBeparor
njiOTHOCTb ToniiHBHbix KJianaHOB FTY.

9. Macjiflnyto cucmemy FTY npoeKTHpyior AJifl pa6oTbi K3K Ha Heij)TaHbix, TSK H
H3 CHHTCTHMeCKHX TypGHHHblX M3CJI3X (MapOK TI1-22, OMTH H flp.). B H6H HC flOJl^C-
HO 6wib yTCMKH H BbiSpoca Macjia nepe3 ynjioiHeHHa Kopnycos noaiiiHnHHKOB, 6e3-

noTepii Macjia npn CMenax H perenepauHH Macjia, peMOHTe FTY H BCH-
MacjiflHoro 6aKa. Bee STH noTepn He aojiatHbi npeBbimaTt 5 % KOJiniecTBa

Macjia B MacJiocHcreMe B ro^.
B MaCJlflHOH CHCT6M6, K3K npaBHJIO, yCTaHaBJlHB3K)T flBa MaCJIOHaCOCa HOJIHOH

npOHSBOAHTCJibHOCTH c npHBOflOM OT 3JieKTpoflBHraTejieH nepeMeHHoro roxa (pa6o-
4Hfi njiroc pesepBHbift) H OAHH pesepBHtifi Hacoc nojinon npOH3BOflHTeJibHocTii c npn-
BOAOM or sjieKTpo^BHraTejia nocroaHHoro TOKa.

Ha cjiynan noTepn 3JieicrpHMecKoro HHTanHfl coScrBenHbix ijyx.R B KOHCTpyKUHH
FTY npeaycMaTpHBaroT yCTpottcTBo nHTaHHa MBCJIOM no^mHnHHKOB na BbiSere poTopa.

3HepreTHHecKyio FTY ocHamaioT cHCTeiwofl rHaponoateMa poropa c
MblM o6opyflOBaHH6M H KOMnneKTytOIUHMH
566

H MapKHpoBKe 3HepreTHHecKOH FTV o6o3HanaeTCH (MapKHpyeTCfl) ee HO-
MomHOCTb B SasoBOM peiKHMe no ycjioBHaM ISO. 3TO 3JieKTpHHecKaa

6pymmo, H3MepeHHaa na Bbmo^ax 3jieKTporeHeparop3.
3jieKTpHHecKaa MomHOCTb FTY uemmo onpe^ejiaeTca c yieTOM MOIUHOCTH, sa-
iHsaeMOH Ha npHBOfl cjieAyromnx BcnoMoraTejitHtix MexaHH3MOB:
floacHMHoro rasosoro KOMnpeccopa c caMocToaTeiibHbiM npHBO^OM;
TonJiHBHoro, MacjiaHoro H Boaanoro HBCOCOB, HMeiomnx caMOCTOHTejibHbie npw-

M6XaHH3MbI (3JI6KTpOZlBHraTeJIH);
npHBOfla BCHTHJiaTopoB, BKjnoqaa BeHTHJiaxopbi rpaawpeH (ecjiw OHH HMeiOTca).
l l .B npouecce 3Kcn;iyaTauHH aonycKaerca CHHaceHHe HOMHHajibHOH MOLUHOCTH

FTY npH HOMHHajibHOH nanajibHOH TCMnepaType rasoB na sxoae B rasosyio Typ6n-
ny B TeneHHe MeafpeMOHTHoro nepHO.ua ne 6ojiee ^ICM na 4 %, a 3JieKTpHHecKoro
KDA — ne Sojiee 2 %.

12. ̂ onycTHMbie 3Ha4CHHa oSuieii BH6pauHH na paGonnx Mecrax B noMemeHnax,
r#e paSoTaiOT snepreTHMecKHe FTY, aonacHbi cooTBeTCTBOBaTb FOCT 25364-97.

13.Co3aaBaeMbifi paSoTaiomen FTY iuyM (3ByK) HC AOJISCGH npesbiuiaTb 80 nE na
paCCTOSHHH 1 M OT yCT3HOBKH. Ha SJieKTpOCTaHUHflX, pacnOJIO^CHHblX pfl^OM C Ha-
cejieHHbiMH nyHKTaMH, ypOBCHb myMa Ha paccTosHHH 100 M OT scaca HJIH Bwxjiona
FTY ne AQJia(eH npeBbiuiaTb 45 flE.

pnjio^eHHfl H.12 ncnojib30BaHbi paspaSoTKH AO «BTH», OTC-
H sapy6ea(Hbix 4>HpM-npoH3BOZiHTejieH o6opy,aoBaHHa.
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TaGjinna 11.13.1. XapaKrepHCTHKM nycKoeux PCJKHMOB KOMnpeccopa rTV-45-y

—
TeMnepaTypa paSoiero Te^a
nepea TT T*, K
MaccoBbifi pacxoa B03^yxa B OCCBOM
KOMnpeccope G K , Kr/c

CTeneHb noBtimeHH3 ^aBJieHHa
Bos^yxa B KOMnpeccope, TIK

CTeneHb paciuHpeHna pa6oiero Tena
BFT, JlpT

G/Gmax

H3O3HTponnbiH KTlfl KOMnpeccopa

BnyrpeHHaa MomHocTb, noTpe6^ae-
Ma« KOMnpeccopoM, A^^, KBr

Kn^FT^n-,%

BHyrpeHHsa MomnocTb IT A^-pr, KBT

OTHocHTeubnaa npHBeaeHHaa ^acTOTa
BpameHHa KOMnpeccopa nnp

OHSH'iecKaa yacroTa BpameHiia KOM-
npeccopa n fa , 06/MHH

MOMCHT, C0343BaeMbIH nyCKOBbIM yCT-
pOHCTBOM (A^ =2 MET), MR , H • M

PacxoA Ton^Hsa B KC FTV B^, Kr/c

IlpO.HOJI)KHTe.IIbHOCTb nyCKOBOFO
pesKHMa, c

HycKOBwe pcacHMM

2'

288

3,54

1,045

1,008

0,0205

45,1

26

69,5

1

0,081

485

4750

0

40

3'

288

7,07

1,071

1,033

0,0411

48,1

75

70,6

10

0,112

673

4750

0

45

4'

288

10,61

1,112

1,073

0,0616

50,3

169

72,3

33

0,147

885

4750

0

66

5'

288

16,98

1,221

1,179

0,0986

55,8

466

74,4

125

0,203

1217

4750

0

123

6'

800

16,98

1,495

1,442

0,0986

55,8

964

74,4

756

0,203

1217

4750

0,118

213

7'

807

21,14

1,699

1,639

0,1227

58,7

1532

75,6

1282

0,241

1448

4450

0,143

246

8'

839

41,45

2,885

2,784

0,2406

70,5

5412

80,7

5435

0,425

2550

3000

0,264

416

9'

855

51,31

3,522

3,398

0,2979

74,8

7727

82,4

8188

0,517

3100

2300

0,323

493

10'

872

61

4,17

4,024

0,3541

78,5

10189

83,9

11 267

0,607

3640

1000

0,384

551

11'

888

70,51

4,825

4,656

0,4093

81,9

12733

85,1

14642

0,695

4170

—

—

—

12'

904

79,85

5,484

5,292

0,4636

83,9

15513

86,0

18207

0,782

4690

—

—

—

13'

921

89,03

6,146

5,931

0,5169

85,6

18418

86,6

21956

0,865

5192

—

—

—



Ta6/jnua n.13.2. XapaKTepiicTHKH nepeMemmx pewmwoB KOMnpeccopa rTV-4Sy
"PH TH.T = var, rH.H = +15 °C

no—
npHBejieHHbiH pacxofl
B03ayxa B KOMnpeccope
G , KF/C

Cxenenb noBbimeHHH

B KOMnpeccope nK

H303HTpOnHblH KO/J
KOMnpeccopa TIK , %

^H.T* K

1700

121,14

15,066

86,1

1600
122,87

14,336

86,5

1500
124,42

13,527

87,0

1400

124,6

12,688

86,7

1300

124,77

11,83!

85,8

1200

124,77

10,961

85,2

1000

124,94

9,246

84,4

. OTHOCHTejibHaa npuBe^ennan nacxoTa BpaiueHHS KOMnpeccopa «„„ - 1.

FI.13.3. XapaKTepiicTHKH ncpciviciuibix pexnMOB KOMnpeccopa rTV-45y
npH rH.E = var, 7^ = 1500 K

no«m

OxHOCHxejibHaa npHBe-
.fleHHafl lacToxa Bpame-
HHH KOMnpeccopa n^

npHBe^eHHHH pacxoa
Bosayxa B KOMnpeccope

L_'TCn6HE> I lOBLHIIcHHH

B KOMnpeccope KK

H3031IXpOnHE,IH KIl/4
KOMnpeccopa r\K, %

T*.,, °c
+35

0,967

116,01

12,688

86,7

+25
0,983

119,82

13,089

86,8

+15
1,0

123,98

13,527

87

0
1,027

130,31

14,194

86,5

-25
1,078

140,83

15,303

85,9
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r030Typ6HHHblH flBHraTCJIb A049P
rojoTyp6HHHbiii flBHraienb fl049P cnpoeKinpOBflH no

OflHOBd/TbHOH CX6M6 H HM66T BCTpOCHHbm COOCHblH peflyKTOp CO
cropoHbi KOMnpeccopa.

OT/iH4HTenbHOH ocoSeHHOCTbio flBHraienn |]049P
CTOHKOCTb K COpHHCTOH KOppOJHH H MOpCKOMy K^HMQTy.

fl049P flB/iaercfl BbicoKOJCpdpeKiHBHbiM npHBOflOM
reHeparopa finoHHO-KownneKTHOH Tennos/ieKTpoaaHUHH ri3C-2y5,
MOW6T npHMSHflTbCfl fl^3 MOflepHHHLJHH 3/ieKTpOCTQKUHH THHQ
flA3C-2500, 3T-2500, a TOKXB B KanecTBe

ra30Typ6HHHue

pOBQHbi no flByxsanbHOii
paropoM H co CBo6oflHOH
co CTOpoHbi KOMnpeccopa.

TTfl OT/lHHQIOTCfl BblCOKOH
Ol6HpaTb

fTfl-6PM H ITfl-SPM
TTfl-6PM H TTfl-8PM cnpoeKTH-

cxeue c oflHOBD/ibHbiM rasoreHe-
ryp6nHon. Or6op MOUIHOCTK -

TTfl-6PMHOfleXHOCTblO.
BOJflyX

6-7 Kr/CM2 B o6teMe no 6000 II/HUC. TTfl-6PM H rifl-SPM
npHMeHflWTca B KQHecTBe npHBOfla lypSoreHeparopn HJIH
MexaHHiecKoro npHBOfla.

ra3oryp6HHHbiH ABHrarenb fTfl-110

TTfl-llO - rajoTypSHHHbiii oflHOBO/ibHbiH flBHraTe^b t flsyxonop-
HblM pOTOpOM, C OT60POM MOUJHOCTH CO CTOpOHbl KOMRpeCCOpG.

OTJlHHHTe/lbHOH OC06eHHOCTbK) flBHraT6Jlfl FTfl-110 flBHfieTCfl
ero Mo/ibix yflenbHbiii sec M ra6apnibi. FTfl-110 nocTOBnfleTCfl B
BKcn^yaraLjHio efltiHbiM Moay^eM Ha pane, nojiHocibio rorosbiM K
MOHTOWy.

TTfl-110 fiBjiaeufi OCHOBOII MOiijHocTHoro pnqa 3HepreTHHecKHX
FTfl B flHantnoHe or 60 flo 160 MBr H npHMGHaerca fl/ifl

rra-no, nry-170.

xapainepHCTHKH (B yaiOBHiix ISO)

HoMHHanbHQd MOUlHOCTb, MBl
KojcpcfiHiiHeHT no/iejHoro fleHCTBHfl, %

TewnepaTypa HQ Bbixofle m flBHrarenji, °C
Patxofl pa6. rena nepes flB«raTenb, Kr/e
Pacxofl Ton/iHBHoro raia, KF/HOC
CteneHb nosbiuieHun naB^eHHSt
Macca, T
Fa6apnTbi, M

A049P
2,85
28,5

460
15,0
740
12,0
2,3

2,61x1,25x1,90

FTA-6PM
6,56
25,6

460
46,0
1900
8,63
3,7

3,42x2,30x2,50

fTA-BPM
8,67
26,0

500
50,0
2460
9,58
3,7

3,42x2,30x2,50

FTA-llO
114,5
36,0

517
362

23500
14,7

<60*
7,12x3,68x4,25

1730-2,5

FBC-2,5 - BbicoKOJtpcpeKTHBHem Tennos/ieiapo-
CTQHqHfl HM6CT 6nOHHO-MOfly/lbHyiO KOHCTpyKUHX) M
nonHOCTbio yKonnneKTOBOHO BCCMH HeofixoflHMbiMH
CHCTeHCIMK.

fl/in o&ecneieHHfl 3/ieKTpnnecKoii H
3Heprneii npoMbitii/ieHHbix npeflnpmiTHM,

nocenKOB H patioHoe B KaneciBe OCHOBHOFO Km
pejepsnoro HCTOHHHKO sHeprmi B 6a30BOM, IUIKOBOM H

arperaru
FTA-6PM N FTA-8PM

FTA COCTOHT 113 FTfl-6PM HJIH rTfl-8 PM HO eflHHOii
c Typ6oreHepaiopoM pawe 6ej penyKiopa; MOXBT

Typ6oreHepaTopaM»

rTA npMueHfliOTCfl pnfl cipOHTe/ibtTBD raso-
Typ6HHHblX Ten/103neKTpOCTaHUM(i MOUIHOCTblO
KpQTHOH 6 H 8 MBl COOTBeTCTB6HHO, flB/lfliOUlHXtfl
OCHOBHbIM HJIH pejepBHblH HCTOHHHKOH SHepFHH B
6Q30BOM, no^ynHKOBOM H nHKOBOM pesuiwax.

TexHHHecKHe x

HoMHHQ/lbHGH aneKTpHHeCKQH MOUlHOCTb, MBT
HoMHHQjibHQH TennoBtui MouiHOCTb, MBT (Fkon/n)
Ko3Cplf)imneHT HCnO/lblOBQHHfl TOn/IHBQ, %

KHfl BblpafiOTKH }fieKTp03HepFHH, %

DpaKTepHCTHKH

FT3C-2,5
2,5

4,5 (3,87)
>72
26,5

fTA-6PM

6
15,1 (13,0)

>85
23,0

fTA-8PM

8
18,3 (15,7)

>85
23,4

IT3-110,
napora30Bbie yaoHOBKN FirV-170 H firY-325

Fa30Typ6HHHan 3HeprernLiecKflfl yaanoBKo FT3-110 npeflnaj-
HaneHa RI\H pa6oTbi HHflHBHflyajibHo vim B cocTOBe
naporajoBbix ycraHOBOK riFV-170 H FlfV-325 B 6a30BOM H
no/iynKKOBOM Knaccax npHM6HeHna.

TexMHiecKiie xa|

3neKTpH4eCKQH MOlUHOCTb, MBT
Knfl Bbipa6oTKH 3/ieKTpojHeprnn, %

)QKTepHC
m-no

no
34,5

FHKH
nry-170

170
52,5

nry-325
325
51,5

HO pawe.
MoryT pafioTarb HO pa3/iHHHbix BHflax TOHJIMBO - ra30o6paiHOM H XCHJIKOM.

152903, POCCHJI, JlpocnascKaji ofin., r. PHSHHCK, np-T JleHnna, 163
D>peKL|Hfl no HQieMHbiM npoMbimneKHbiM nporpaMMOM: Ten. (0855) 24-31-18; tpaKC (0855) 24-38-64

VnpaBneHHe npoflax npOMbiuiJieHHbix ra30Typ6HHHbix KounneKcoB:
Ten. (0855) 24-32-52, 24-38-53, 24-38-06; cpaKc (0855) 24-38-95, 24-38-06



3HEPrOOEbEKTbl "ROA KJliOH"

rpynna "MnTepTexsjieicrpo" obbeAMHneT B CBOBW CTpyioype npeAnpM*™, cneicrp OCHOBHOM
KOTopbix BKJiKmeT Buno/iHeHiie saflaH npoeKTHoro M cTponre/ibHoro
OpraHMSaUMK) 4>MHaHCOBO~3KOHOMMHeCKOrO M MaTepHa/lbHO-TeXHMHeCKOrO

oSecneHeHMH, a raKxe CTpowTenbHO-MOHTEDKHbie, nycKO-Ha/iaAomie, peuoHTHue paborw,
3KCF¥iyaTau,wo, cepBMCHoeo6c;iy)KMBaHiieM noAroTOBKyKaApos.

MHoroc|)yHKUMOHajibHOCTb KOMnaHMM, BXOAfliMMx B fpynny, no3BO^neT nanaflMTb 3$$eK-
THBHbie OpraHH3aUMOHHO-npOM3BOACTBeHHbte M KOOpAHHaUMOHHO-ynpaBTOH4eCKHe CBfl3M,
oSecnennBafl CAMHUM TexHO/iorHHecKnw npouecc CTponTenbciBa "noA KJIIOH" SHepreTiinecKHx
oGteiaoB, BicnioHafl MX npoeianpoBaHwe, crponTe^bCTBO, MOHTa)K, Ha^aAKy M CAasy B

HHCiblX
rpynnu ocymecrB/iatoT pa6oibi no BHeApeHMio 3KOHOMnmix M

npOMSBOACTBa 3HepmM B T6CHOM COTpyAHHMeCTBe C 3aBOA3MM-
3Heproo6opyAOBaHMfl M BeAymMMM POCCMMCKMMM Hay4HO-ncc/ieAOBa-

B coApyxecTBe co CBOMMM napTnepaMM - SAO "3HeproMaiu3KcnopT - Cnjiosbie
jieTOM 2002 roAa rpynna "MHTEPTEX3/lEICrPO" ofibsiB^eHa no6eAMTe/ieM B

TeHAepe HacrponrenbCTBo "HOA K/IIOH" 6/ioica nry~450 MBT HaYc|)MMCKOti T3I4-5.
KoMnannflMn, BXOA ÎMMMM B fpynny, paspafiaTbisaiOTCfl

npoeicrbi GTpoMTe^bCTBa IT3C Majiovi MOLMHOCTM A^^I
oSbeicroB He<}>Tera30Boro KOwnjieKca c MGnoJibsoBanweM
nonyrnoro Hec|)TqHoro M npwpoAHoro rasa. B A6Ka6pe
2002 roAa BWHrpan Tenflep M noAnwcaH KOHTpaicr na
crpOMTe/ibCTBo "noA K ÎOH" rasotypSuHHOM 3/ieiapo-

MOtMHocTbio 24 MBT na Mro/ibCKO-TanoBOM
KAeHMM OAO 'TOMGKHe<|)Tb".

B Hacrofluiee BpeM« B OAO "TtoMeHbSHepro" KOMnaHMM
Tpynnw "HHTEPTEXS^EKTPO" nposoART pafioTW no
peKOHGTpyKUMM TfOM6HCKOM T3U-1 - B33M6H M3HOHJ6H-
Horo ofiopyAOBaHMsi ycTaHasjiMBaiOT coBpeMennbiCi

HMCTHM naporasoBbiM S/IOK nry-220;
pa6oTbi no CTpOMTenbCTsy M BBOAV B

BTOporo 3Hepro6^0Ka 800 MBr na
HuxHeeapTOBCKOM FP3C.

Ha ceroAHfluiHMti ^enb 310 Han6oflee
npoeictbi POCCHMCKOM SHepreTMKM.

BeAVTCfl pafiOTbi no BBOAV B

119991, MocKea, KpynHeHtuero B ysbeKHCTane 3Hepro6nOKa
JleHHHCKHii np-T, 19 800MBTHaTa/iHMap,q)KaHCKOtirP3C.
Ten. (095)7974359 S^eKTHBHafl paSoTa rpynnbt o6ecneHMBaeTCfl

Email:(?te@In9ginT7u3 CMCTeMOM KaneCTBa, cePT^»W°A
BaHHO" Ha

www.engin.ru coOTBeTCTBHetpedOBaHHflM ISO-9001 -2000.

PO-l 23022 MOCKBA,yji. Kpacnas nPecm,28 Te^e^on: 007(095)363 95 05, choice 007(095) 363 95
_ e-mail: info@vadn.rn, www.vado.biz _

SAO "BAflO MHTepHeMweHe/i-CHr" npeflcraBnaej HO POCCMMCKOM pbiHKe WBeMuapCKyio
"TURBOMACH", KOiopan ycnewHo pa6oraeT B o6nacrn noKeTMpOBOHMfl Typ6nH npOMSB
"Solar" M "Rolls Royce". HpoflyKumo 4>npMbi "TURBOMACH" oTJiMHaer BbicoKoe KOMeciBo n

<J>np

B pa6oie.
nocraBKO ra3OTyp6nHHoro

! o6opyflOBQHne
CucreMQ ro3Oo6pO3Horo TonnnBo
CwCTeMO CMO3KM
CwcTeMo MMCTKM KOMnpeccopo jyp6nHbi
PaMa-ocHOBOHMe

flTURBOMACf
Ml* inrlnstrial pnprnu svstpm

Kopnyc
CnCT6Ma
MHTerpMpoBOHHasi CMcreMa
npOTMBOnoxapHoe o6opyflOBOHne
SjeKTpHKecKMe Ka6e™ I ^r jndustriaj ene ^
L.DOpKO,BBOA B SKCnjiyaTOUMlO M '•"•"•1T"1'""

HoMHHanbHbie SKcnnyaTauHOHHbie xapoKtepHCTHKH npu yciiOBHflx ISO
TURBOMACH
Tnn MOflyna

TBM-S20
TBM-C40
TBM-C50
TBM-T60
TBM-T70
TBM-M90
TBM-M100
TBM-T130
TBM-RB211
TBM-RB211-T

IBM -TRENT

Moflenb
TypSMHbl

Saturn 20
Centaur 40
Centaur 50
Taurus 60
Taurus 70
Mars 90
Mars 100
Titan 130
RB 21 1 24G
RB 21 1-T
24GT
TRENT

BbixoflHaa
MOUtHOCTb
KBl
1204
3515
4601
5499
7520
9284
10681
14000
28775
31745

51190

TennoBaa
MOUlHOCTb
K/I)K/KBT-H

14643
12914
12270
11847
10661
11370
11089
10466
9534
9216

8660

noflBOfl.
rennoia
K/lx/ceK .

4897
12609
15682
18094
22251
29323
32901
40701
77804
81267

123140

KHA
%

24.58
27.88
29.34
30.39
33.80
31.66
32.46
34.40
36.9
39.0

41.5

PacxoA
Bbix/i. rasoe
Kf/C6K
6.45
18.61
19.08
21.89
26.94
39.15
41.75
49.74
94.5
94.0

159.2
Rosanpocy soaMOxen Apyrofl fluanaaoH MOLUHOCT'

Pe<J>epeHu-/incT HO nocTaeneHHoe



3AO «AK EspOKOHTpaKTW - pOCCHHCKOC npCflnpHHTHC, OCyigeCTBAHIQIIjee

npoH3BOflCTBO, HcnbiTaHHH, nocTBBKy, metp-MOHTaJK, MOHTaiK H cepBHCHoe

BblCOKOBOAbTHblX 9ACra3OBbIX BblKAIOiaTeAefi B 6aKOBOM H

KOAOHKOBOM HCnOAHCHHH, a TaKIKC paS-beAHHHTeACH H OrpaHHIHTCAeH

ypOBHH Hanpji;«eHHH 110-750KB

OCyUjeCTBAHCTCfl B COOTB6TCTBHH C AHLI,eH3HOHHbIM

nauiefi KOMnaHHefi c «Siemens AG» - O^HHM HS npHSHaHHbix MHPOBWX

B 06A3CTH SHeprCTHKH, Ha CO6CTBCHHOH npOHSBOACTBCHHOH 6a3C, C HCIIOAb-

npOHSBOAHMafl 3AO «AK EBpOKOHTpaKT» TCXHHKa npOUIAa CepTJKpHKaiJHK) B

ccAeAOBaxeAbCKOM ijenTpe BbicoKOBOAbTHOH annapaTypbl PAO «E9C POCCHH»,

noAOiKHTeAbnoe BKcnepTHoe saKAronenHe na npaso SKcnAyaTaiiHH B CCTHX PAO

«E9C POCCHH» H cooTBCTCTByeT no KanecTBy AynuiHM MHposbiM anaAoraM. FapaHTHHHbiH

CpOK pa6OTbI 5 A6T.

B 2001-2003 rr. name o6opyAOBaHHe 6wAO nocTaBAeno B OAO «BeAropOA9Hepro»,

«AHnei|K9Hepro», «BauiKHp3Hepro», «HoBropofl9Hepro», «BopoHCJK3Hepro»,

«HeAfl63Hepro», «Ky36acc9nepro», M9C BOAFH, K)ra, CH6Hpn, YpaAa, CeBepo-3anaAa,

, OAO «KonaKOBCKafl rP3C»,«HepeneTCKaH FP9C», «KpacnoHpcKaa

3AO «AK EspoKOHTpaKTw npouiAH odyneHHe B yne6HOM ijeHTpe

« Siemens AG» H HMCIOT ero

KanecTBo pa6oT KOHTpoAHpyexcH « Siemens AG».

3AO «AK EBpoKOHTpaKT» — Bam HaAeJKHbifi naprnep npn peaAH3au^H npoeKTOB no

TexHHHecKOMy nepesoopy^eHHio H peKOHCTpyKijHH oG'beKTOB SAeKTpoceTeBoro xoaaficTBa.

Hamii

129010, r.MocKea, FAyxapee nep., «.4/2, erp.l

TeA.(095) 788-67-67, .pane (095) 788-67-68, e-mail: ek@kescom.com


