'('

%o,

3 a- -
A B

&
-\ T. lagaxonos, M. MyxuTanHoB

MATLAB
acocJaapu

1

? Dﬁ ¥ AH.' ? ollt__] e it

x
>

> membrane [ Fie Edt View Insert Tools Window Help

d DSH& RAA/ PHD




FABRKI 1011 AHOKA BA AXBOPOTAALUTHPHL ATEHTAIIN

P4k 1 10N PATMOTEXHAKA, DITEKTPOHHKA
WA AGIOKA TAMHB-TEXHHKA KAMUWSTU

T. lajnaxonos, M. Myxurauuos

MATILAB
acocjapu

TOWKEHT
3Lk i (00 PLCTTYBITHKACH GAHJAP AKAJEMUACH
«DAH» HAIIPUETH
2008



MATLAB TuswMHHHHT acoci o0BeKTIapH, oiepaTopAapH Ba PYHKUHARAPHHHELD
Tascndu GepHaran sa ynapaad dolipanannm Hiamapu mMcoxnap socutacuma 6aés
KMANHTAH, INEKTROTEXHHK BA KYY IEKTPOHHKACH KYPUNMATAPHRHY MOASINAL Ba TAAKKK
KHIHIL pocuTanaph SaTagCHA KeNTHPHATaH.

Tanabamap, YKHTYBUHAZD, ACMHPAHTIAP, HAMHI X0AHMIAD B, WyHKHrAex, MATLAB
TH3HMHHR MYCTakHI ¥pragyBuHnap y9yH mymKannaHraH.

Takpuzunmap:

T.¢.4., npod., TATY xadeapa myaupn X.3. Hzambepoues;

&1 JACTypuYuAapHy TAHEpIALl MapKa3HHHHT
Gow aupexropu A. Mupazuzos.

ISBN 978-9943-09-735-3
© Va6ekncton PecnyBaunacy
DA «®ann pawprEry, 2008 fiun.



CY3B01IU

3amMoHaBHI KOMNEIOTEP MaTEMATHKACH MaTeMaTHK XUcolbnapHH aBTO-
Mutiaurtupdil yuyH Eureka, Gauss, Derive, Mathcad, Mathematica, Maple
V sa Gouika gacTypuii TH3UMIAP BA RACTYPNAPHMHT TYINAMIAPHHM Tak-
sistp maz. Ynap opacuna MATLAB uMKOBMATIApH Ba MaXCYJLROPIUFH
Wwkopinry 6unana axkpanud rypaau f1].

MATLAB BakT cHHOBHAZH ¥TTaH MATEMaTHK XHCOONApHH aBTOMAT-
IHINTHPHLT THIKMAAPUEAH Oupuaup. Y MATPHLABHI aMajinapHH KyJuTamra
acocnanrad, by Hapca TusnmHuHr HoMH — MATrix LABoratory-
Mitpuitasuii nadopatopuana ¥3 akCHHM TOMTAH.

Marpuuanap Mypakkab MaTeMaTix xucobnapaa, yMIaaaH, YU3UKIR
arehpa Macananapiiai e9HIILA Ba JHHAMMK TH3AMJAp XamMAa o00bekT-
IpHit Mogeanamaa keur Kynnannnain. Ynap DHHAMMK TH3INMIap Ba
O0OLCKTIIAPHHHT XONAT TEHIVIAMAadapHHH aBTOMAaTHK PaBHILAa TY3HIO Ba
CUHNIHUEE acocH 0¥ xucobnanany. ByHra MATLABHMHT xeHraiiT-
mucy Simulink Mucon 6¥mnuu MyMkuH [2].

HNeknn xo3upru Bakraa MATLAB uXTHCOCIAMTHPHATEH MATPHILARAI
THIMM verapanapufial 9uMxul, yHHBepCcan HHTerpannamral KOMOsIOTEpAa
MOJICHNAU TU3HMHTA ainanaM. «HHTerpannaniran» cysun 6y Th3uMaa
kyniii ndoaanap Ba u3oxIap TaXpHpUHCH Xucobnaruy, rpaduk gactypu
ipaieccop Ba Gomkanap ¥3apo OHpIANITHPUATAHAWTMHH CHIRUpaIH.
Ymyman onranga MATLAB MaTeMaTHKaHRHT pUBOXK/IaHHIUK AaBOMHIA
ryunanrad MareMaTvk xucobranuiap 6¥#uga Taxpudann y3uaa myxac-
CHMILALITUPTaH BA YHY TpaduK BA3yannam Ba aHHMAlUs BOCHTANApH
Gunay yiryrnamtupnnrad. MATLAB 1tusuMB HROBa KMAHHAZHNTAH
ROTTD XAKMAATH XyHoxaTnap Ounan Oumpramukga DXMHH MaTeMaTHK
rasMininan 6yinya k¥ TOMAM MabayMoTHoMa (OUNZUpry, cipapod-
k) Basdacuey GaxapHiud MyMrHH. Jlekns ymby xyxokaTiap X03Hpru
i1/ paKAT MHIIIM3 THAKOA Ba KHCMaH AMOH THIHMA MaBxkyd. Takium

munpnadrrad karodga MATLAB Tu3uMHAa MILTAIHE TAMKHI KHAHMI
st Kypud QukHITan,

hyrotia SIMULINK tusumunan doiianann® Monennam npouesy-
PN TUIKNT KRITHID yeyanapu 6ataptib 6adH KHIHMHTaR. AMannii
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Macananapau eqrul yayH SIMULRINK rususmimin xynnawra goup k¥nnab
HAMYHANM MUCOJIAAP KCATHPHIITGH.,

MATLADB Tu3uMW {Han BA TCXHUKAIKHT 2HT AHTU A¥Hanumnapu
OFHHUA XaM KYRA KYHAH ONCPAHOll MyXHT OFIn0 X13MAT KHNa onaan
B HATHRMIAPHH IOKOPH JAPLKATA BHIYAIIALUTHPHIL UMEOHHATIAPHIA
IFAINTY OHIEE XapaRTEPIataI.

Va6ekncromna MATLAB TH3MMH ¥3HHHAT XUCODIAMLTAD BA HATHAKA-
JnapHu syt 6¥iina 10Kopy caMapagopanry GHnaH Maixyp. Jlekun
MATLAB ‘rwsnmn 6¥iluua ¥30exk Tunura agabuérrapra ranal xarra
Oymmnnra Kapamail, ynap skyfia xaM, aeapiau VK aapakaga. Takaum
KHIHHAGTTAN KNTOOHK YOy OYUIMHKHH TYNANPHI HYHAMTHINABIH HIK
Kajamiapian Oupi et xncobnam MyMKHE.

Kurofna xvcobnamnap pa HaTHxanapHu su3yanaaw 6Vilnua
MATLADB TH3HMHHHHD 4ApOCH TaKAMM KWIAOWTaH aCOCHI MMKOHHAT-
nap 6aén kunuHrad. bywaan tamkapu MATLAB tuanMuuunr afipum
KCHraNTManapu XaM xypHl YMKMITaH,

MATLAB tusumunan xo3upru saxtaa Eepona, AKI, Anonus nas-
NaTRApPHAR AKCapMAT MyTtaxaccucnap doigaraHagy Ba y KVIYHIHK Ole-
paUHOH TH3HMIApLa, xKyMaaaad GNU/Linux, Mac OS, Solaris, Microsoft
Windows Ba Solikanapaa nmmatinan.

MATLAB pactypnamn tunu cudatuaa 70-fiunaap cyurufia Hero-
Mexcuko YHHMBEPCHTETHIATH KOMIIBIOTEp ¢anAapd (gakynbTeTH (MHI.
compuler science department at the University of New Mexico) nexanu
KnusoMm Moynep (wurn. Cleve Moler) ToMoHNAaH Maat 4UKHITaH.
Hmpanmanuur mMakcanu tamabanapra Linpack sa EISPACK mactypna-
pHHUHT OuOmuorexanapuaan GoprpanHu YprauMacgad Xam doiigana-
HHIN UMKOHMATHHH Sepum G¥nrar, Te3 opama sxHru Aacrypnall TUIH
foWKa YHHBEPCHTETIAPAA XaM KEeHI' TAPKaIaaM Ba aMaMi MaTeMaTHKa
COXACHAA HOUIOBYH OJMMJIap TOMOHHIAH KAaTTa KU3MKUIL OuaaH KyTHO
onunann. Huwxenep xon Jlutrn (mHrn. John N. (Jack) Little) Knupa
Moynepa sa CtueoM Baurept (uarn. Steve Bangers) 6vinan Guprannkaa
1984 #innga MATLAB tn3umMubyn pupoxinantipr yayH The MathWorks
KOMDAHWSACHHU TAWKHN xunaaunap. Bontnanuinga MATLAB Somkapum
TH3UMAapuHi noHuxanam (JxoH JIATTAHWHr acOCHt MYTaXaCCHCIMIH)
Y9yH MYIDKANNAHTAH 30H, TeKUH y Te3MHK OvnaH §ollka HIMHHA Ba HH-
KCHEPIUK coXanapuaa xaM Mawxyp O¥nou. YREaH Taenus TH3INMUOA
XaM, XYCyCaH YM3HMKIH anredpa Ba COHJH YCY/UIapHH ¥KHTHINEA KEHT
¢olinananuna GoLIIAHAH.

Xosuprn Baktaa MATLAB unMuii-texHukaeuil xucoGnamnap
YdyH 3HI MyKaMMman gactyprnam tusumugup. MATLAB tuzuMunu

4



YR MG IKKOE QUPME XYAOKATNAPpY 3COCHAA YpraHuw OOHIIoBYH-
hop sy HrHEa 9Mac, 6alKH KOMIIBIOTEpAa xucobnawm Giinda
MY LIMICCHCIUH XAM KYAa KYT BakT Ba MexHAT Taiab kunamyn. Bynnan
LR, XYIKOKATTIAP HHTTTM3 THAHAA Ba KaTTa XaxMaarn axtopot jop-
ML rap L DA KUIHHIaH,

Yoy kurebnusr maxcaay — MATLAB TH3MMUHN Fpravuwmra keTa-
U LT IKTHE MIT0%kH fopuda kaMairtHpui. Yiudy kHToGHU YKMTaHOaH Ba
YIUGL L HAMYHABR MUCOIIApHY Saxkapranjad Keiind dofaananyBUHHHAT
dpatL XyKEKaTIapH OWIaH XaM HUUIAIUH OCOHAAILANH.

MATLAB — 10K0opH YHYMIOPINKKa 3ra 6¥Irad TeXHHK Xucobawnap
nbnuep. YHAaH MaTeMaTHR Xucodalinap, MOASIIall AIropUTMIAPHHT
APTINIL, MABAYMOTIAPHHE TaXJIM/, TAEKHK KHIHII XaMaa BH3YallIallTH-
pu, niIMul Ba MHXKEHEPIHK rpadukacu, WIOBalapHH Jolinxamam sa
oonigurapaa gofinanannm mymxud. MATLAB éEpnamuna KoHKpeT Ma-
CULUIAPIE eyun GOIKA CKAaNsp JacTyplall TMIHIapHIarura (Macanas,
C'u) mrebatan 6up Hewa Mapta Te3 OGawapumanu. Canoatna MATLAB
LUUKIKOTIAPEN OaXKapHnl, WIWIAHMANapHH TaHépiam, MasayMOTIAPHH
VA KHAHLD Y9YH KOKOpPH YHYMJOpAHKKa sra 6ynrad BOcHTagup.
MATI.AB TH3uMuaary tootboxes neb aranysum RactTypiapHHHT MAXCyC
§YPYXHAPH KaTTa aXaMHATra 3ra, YHap KyD9UIuK (poiifananysdunap
yuyn 1UIMBH TAAKMKOTIAP Ba JOHUXANALIIA Maxcyc yCyJIapHH Ypranuml
mi Kynnaw HMKOHHATHHH Oepanu. Toolboxes MATLAB ¢ysxuuanapsn-
by GatadcHa KoIeKUuAcH B¥Iud, XycycHil MacananapHi eddII YUyH
NIEMOT KATaaH.

Takaum kunuHaéTran kutob 19 600zan noopar 6¥mmd, yana MATLAB
MU IMKOHHATAAPH, acOcHil 06beKTRapH, ONepaTopNapH Ba GyHKUUANA-
pu, xicobramrapHn rpadux BU3YALTAIITHPHIL ACOCAAPH, CORIH YCYInap,
MATIL.AB tusumuza gactypnam acocnapu, NOTEBOOK naketu, Control
System Toolbox makerw, SIMULINK nmaxern, SEIMULINK 6uGnuorexa-
napuiuHr Gaoknapy, Sim Powers System nakeTn, MasryMoTnapHu kabyn
wiuntn BocHTanapu Ba Gonrkanap 6atadeus KYpHO YNKHATaH.



1. MATLABHUHT UMKOHUATNAPH

1.1. MATLAB BEPCHAAJTAPHHUHI HMKOHHUATAAPH

MATLAB acocan kyiiunaru BazudanapHu Gaxapuint yuyd HIIIATH-
namu:

MaTeMaTHK XHcobnaluiap;

ANTOPUTMIIAPHH ApaTHMI;

MOZeNnaLl;

MABJYMOTAAPHY TAXAHA KMIHLI, TAOKHK KHJIHI Ba BH3YAJIAII-
TUPHL;

WJIMH Ba HHXEHEPIHK rpadpHKacy,

HnoBanapHH nunad uuxum sa Gomkanap.

1.1.1. MATLAB 4.x pepcHSCHHHHT HMKOHUSTIAPH

MareMaTHK xncoﬁnamnap coxacHuga:

MaTpHUABKRHA, BEKTOP Ba MAaHTHKUH omepaToprap;

SNeMeHTap Ba Maxcyc hyHKUHUsnap;

HOAMHOMMAJT apUpMEeTHEA;

KVH ¥rnuaMiil MacCHBJIap,;

€3yBnap MacCHBIApH;

AadeHKanap MaccHBapu.

CoHnH yCyNnIapHH aManra OLIMPHIL COXacHHa:
muddepenigan TeHTIaMasap;

Onp Y¥raaMan Ba KYN YIMAMIIM KBagpaTypanapHd Xucobmam;
yMIMKIH 6¥amarad anrebpauk TEHINIAMABAPHUHT WIAH3TapUHY
aHH{KJIAL;

Oup Heua ¥3rapysuiiin (yHKUUAIAPHY ONTUMANNANL,

Oup ¥A4aMaH Ba KYO ¥I9aMJIH HHTEPNONALNS.

Jactypnanl coxacuna:

500 nan opTHK OHPUKTHPHITAH (PYyHKIHANAD;

HKKHJIMK BA MATHIH QalINapHi KMPUTHII/YHKAPHII;

Cu pa ®OPTPAHpga é3unran nactypnapHu Kymuaii,

MATLAB amannapunyn Cu pa Cu++ TUnnapugaru nactyp MatHila-
PHUTa aBTOMATHK PABMILOA KaHTa KOAIAMI,

THNUK OOMKAPYBIH TY3UIMATIap.
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VirsyaunaloTupu L Ba rpaduka coxXachia:
* MKKH BA Y4 YnUaMiM FpagHkaHW ApaTHIl WMKOHHATIAPHHUHT
MilBXKYITUTH;

* MOBNYMOTIAPHH BH3Y4J TAXJMI KHIHHINY aManra OmlIHpHillL

Hxopnaa xenrrpuaradiapra xyumnMua pasunina MATLAB ouux
HPXITCKTYPAra 3ra, ABHH Mamkyd QyHKUHANADHH V3ITapTHPHIL BA Apa-
mtran xycycuit dyukunanapad kymmm MyMknH. MATLAB tapku6ura
witpysuy Simulink macTypu pean TH3HMM Ba KypUAMalapHH ¢yHKUHOHAI
(HOKNAPLAH TY3HITAH MORENNAD KYPUHHIINAA KHPHTHO HMHTAUMS KMIIHIL
HakonnATHHEY Gepanu. Simulink skyna katra Ba (holiiRanaHyBUHIAD TOMO-
HIJIAH AHAZA KeHrairtupunuum Mymkue Oynrad GnoxknapHuur SMGnHo-
tekicHra a3ra. bnoknapHHHT MapaMeTpiiapH coiAa BOCHTanap €poaMuia
KNPUTHAZAN Ba Y3rapTUpUIafgy.

L1L2. MATLAB 5.x BepcHACHHHUHT HMKOHUATIAPH

MATLAB 5.X TH3UMKMIA AHTH BOCHTANAD KHPWUTHIT2H Ba JacTypiall
MYXHTH TAaKOMUIIAMITHPHIIIaH:

* JacTyp ¢parMeHTIapUHMHI GakapHIHII BAKTHHH Oaxomamn y4yH
m-bafianapHUHT npodHIIoBYHCH;

+ m-daiinnap yuyyH Kyna#t uutepdeiicra sra 6ynran taxprpnarag/
co3fAaruy;

e 00BEKTra MYMKAMIAHTAH DaCTypHAl;

¢ HINYH cOXa TAPKUOMHU KY3aTHII BOCHTANIAPH,

* GYHKIUAMAPHUHT m-hailaapuEn OpadnK p-KOATa KOHBEPTALlHA
KHIHI.

* (oiinananyBuMHUHT rpaduk HHTepDEeHCHHN XOCHT KHINITHUHT
HHTepaKkTUB BocuTanapu — GUI;

* rpaduk oOLEKTNAp XOCCANAPUHUKT SHTH Taxpupaaruay— Handle
Graphics Property Editor (meckpuntop rpadMka XOCCanapHHUHYT
TaxXpupAaru4du);

* pyHixaTnap maHemnapw;

+ gMajor Ba xabapnap nanennapy;

* MATHHR TaXPHPIAIHHHT KYI CaTPiH PEXUMH,

* rpatpux OOIWKAPHII 3NeMEHTIAPHHHHT KeTMa-KETIHTHHH XOTHpara
ol

+ (omKapHI 3TEMEHTIAPH NApaMeTPIapHHART KYHaHTUPHATaH-
AUTH;

+ (hoitmanaHyBIH TOMOHHUAAH AHMKIAHATHIAH Ky pCop;
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5.3-sepeuagan Somnad xyxwaniapayn HTML (runepmatuun
oenrunaw THAH — Hypertext Mark Up Language} dopmatuia
Talépnall.

MaBnyMOTAapHUNET SHTH TYPIIAPH:

*

*

L]

K¥1 ¥auaMnu MaccuBiap;

Tapkud mMaccuenapu (&3yenap);

Xap-XHN TypAard MabAyMoTJIap A4elKaJapHHUHI MAacCHBIapH,
16-paspanra kofnanran CHMBONJap MacCUBAAPH;

IACMCHTIAPK §-pa3paira KOANAHTGH MAcCHBIIap.

Jactypnaw pocuTanapu:

*

Y3YHIUIH ¥IrapysuM apryMmeHTnap pyiixaru;

(pyHKUNA Ba ONEPATOPIIapHHHT Ba3sHQACHHH ¥3rapTHpHLI;
m-aiinnapaa JOKaN GyHKUHANIAPHH KYInau;
y3rapTupnd ynosuy onepartop- switch...case...end;

wait for omeparopu;

GuTHapHH KaiiTa HITOBYH dyHKIHA.

MaremaThx xucoﬁnamnap Ba MabAYMOTIAPHEHT TAXJHIHI

ogauit andgepenuuan reurnamManap(OJT)uu eunHudr Semra
AaHrH yeynu (solver);

Beccen yHKLUHACHHH Te3KOPNUK OHIIaH xucodaal;
CHHpaKnalraH TapKUGMU MATPHLANAP YUYH XYCYCHH KuiimMaTnap
BAa CHHTYJAp COHNapHH XHcobnans;

WKKH yodaMin KBagpaTypaiu dopMynanap;

k¥ YAuaMap UHTEprongiuus,

TPHAHTYIALHA Ba MABJIYMOTIAPHH TEPMHHANTA YMKAPUUI;

KT YIwaMad MacCHBIIApHY TaXJKN KURRIK Ba KadTa HIrald,
BaKT Ba CaHa (PyHKUHATAPUHN KaHTA HUIIALL

Onataar rpaQHKaHHHT SHIHY HMKOHUATIIADH:

T€3 B3 aHUK y4 YIdaMiIM Bu3yannaml yuyH Z-Oybepnaly;

RGBra 24-6utnu épnam;

KaTTa y4 ymuamiiy MOJSNNAD YIYH BEKTOPIAUTHPHATAH NONU-
ToHNap;

T¥nnaM odbexTaap y4yH ASCKPUNTOPIM FpadukKa;

8-pa3paanu TacBHpNApHM TEPMHHANINA YHKAPHLI, CAKJIANl Ba WM-
MOPT KNMHLL;

rpadbuk oOBeKTAAPHUHT KYIIMMYa GopMaTIapH.

[TpeseHTauns yuyH rpadyka Ba 0BO3!

»

»

HWKKHIAHTaH X- Ba y-YKiap;
ferenfa — rpapUKHHHT HuuTa EKH EHUTa KOHMALITHPUIANATAH
Sunaupruy £3yBNH YM3MK 6¥NaKIapH akIMAary H30XRap;
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o MG OOBCKTIAPHUKD IWPHG TAAPUHY OLIKapHIL,

* CUrp YCrH, caTp OCTH Ba CPEK CHMBOIIAPH;

oy YurMaMIM AaMarpaMmanap, HYHauMIn MaHAoHIapH, ACHTAIH Ba
CrepseHny rpadukaap;

¢ 16-6nrnu cTEepeooBos.

HurrepaxktHB Xy#okaTap:

¢ Netscape Navigator €xu Microsoft Internet Explorer épramuaa
KYpHul UMKOHHSITH,

» HTML Ba PDF dopmaTnapaa TYIHK OHIAMPIHY XyXAKATIAD;

» maxcyc unosa Notebook €pmaMuza «KOHTH» KHTOOIAPHM ApaTHId
HMKOHIATH.

MATLAB 5.3.1 Bepcuscu (11.1-nmnanma) ¥3 Tapkubuna 421a nacty-
[Hil MaXCYJNOTHH sKaMnarad. YnapHuHr acocMHH MATLABuHunr tagnu
1tMH Ba SHIM aManra ommpanrad Simulink 3.1 xeHrafiTManHHr NaKeTH
vnkNn kunagd. TH3HMra SHTM KOMIACHEHTNAp KYILKHATaH. Y nap opacuaa
kyiiryarunap xam 6op: '

« Data Analysis, Visualization and Application Development — man-

TYMOTIapHH TAXJIHI KHNHLI, BU3yalnJaml Ba Ky/amamu;

» Contrel Design —6omKapHIE KypHIMANAPHEE oK Xanant,

+ DSP and Communications System Design — xoMMyHHKANH-
OH Ba CUTHAANapHHU pakaMiy Kalra wlnall KypUIManapyHHHU
nofinxanau;

» Financial Engineering — MomusaBMii xucoOnap sa Gowkanap.

1.1.3. MATLAB 6 BepcHSACHHNHT MMKOHUATIAPN

MATLAB 6 roxopra KeITHPHITAHIAPAAH TAlIKapH KaTop AHIU HM-

wuinsraap OHIaH XaM XapakTeplaHanu:

+ ypuatuarad dyHkous Ba OyHpyknap coHy 600 faH OpTHK;

+ Oyitpyxnap ofinacu (Command Window), 6yfipykiap Tapuxu ofiHa-
cit (Command History), vwmiun coxanunr Opaysepu (Workspace
Browser) Ba MaccuBnap taxpupnaruun (Array Editor)napun ¥3
Nuura ONyBYM MYXMTHM GomKapuil yuyr acdobmap T¥nnamura
wra O¥nraH SHTH HHTepdeiic;

* CH'UKOHYA épIaM#ua HHTEPaKTHB HynT OHNaH rpaduKIapHH
FAXPUPIOBUM Ba dopMaTiiosu, rpadux Oyfipyknap ea aTpubyTnap
yUyH YIapHHHT KOANApMHH Ba XOTHpa capdHUHH ONTHUMAIIOBYM
s acbobmap;

o unrpaannawtHpunrad LAPACK GubanoTekacH acocHEA MyKaM-
AW THPHIITAH aJIropHTMiap,

9



+ KemOpuix yHusepcuteTH {AKI) MaccauyceT TexHonorus uH-
cTUTYTHHUHT gHrH FETW 6unGnuorckacu (Dyphe Te3 anmamTy-
PHIINAPH);

* WHTErpajl anMauTHPHLIIAPHHHT TE3KOP YCY/ANapH;

o nuddepernHan TCHINaMaNtapRy MHTETPAIAIIHKHI SHI'Y, KYYIHPOK
BA AHHKPOK ANTOPUTMIAPH;

* MKKH ¥IuaMJIiM TACBHpNapHH, CHPTAApHH Ba XakMra sra Gynrad
durypanapun maddod obrextnap cudarHia 3Kpaura YMKapHII,
AHIH 3aMOHABHII BU3yanIall GyHKUHAIAPY;

¢ nepcnekTusadu Gomkapum ea OpenGL épnamnpa rpadukann
TEIKOP UMKapIl y4yH aHrH Camera acGoliap naHenu;

» Java-npouenypaiapHu 9aKUpHII YUYYH SHI'H HHTepdeiic Ba Gepocu-
Ta MATLABgau Typud Java-o0vexmnapgan ¢oigananuur,

* Qoiigananunypuu rpadux HHTSpOEACHH NoMHXaNall YYYH SHTH,
3aMOHaBUi acbobnap;

* rpadux MasayMmoTaapHu OepocuTa rpaduka oifinacupa KaifTa
Hinam (perpeccus, HHTEPIONAIHA, ANNPOKCUMALHA Ba aCOCHH
CTATMCTHK NapaMeTpaapHu Xucobnan);

+ Visual Studio Tusnmu yayR MATLABHUHT $HTH UAOBACH, YHHHI
épramupa Gepocura Microsoft Visual Studio gan Cu Ba Cu++
ronnapun Saxapunysun MATLAB dalinnapura (MEX-daitnnap)
afimaHTHPHII MYMKHH,

+ Visual Source Safe xabu KOTHUHT BepCHANAPUHH HAZ0PAT KHAYBYH
BepcHaiap OHIaH HHTErpanHsaJIallray;

+ MATLAB#aan ramigy KypanMaaap OHiIaH MabnyMOT anMailHIld
Y4YH AHr# HHTepdeiic (keTMa-keT NopT);

Simulink 10z20aH opTHK OHpHKTHpHATaH Gnoknapra sra. booxnap Ba-
sudanapura Moc Xoama rypyxnapra OYnuHraH: cHrHamnap mMasbanapH,
KaOyn KWITHYIap, BUCKPET, Y3NYyKCH3, YH3UKIN OYIMaraH, MaTeMaTHK
$YHKUMIIAP Ba XalBajllap, CHTHAMIAP Ba TH3HMIap. PolganaHunysdn
6ack Ba Gubnuorekanap sparutl Gyskuuscura sra 6ynrannuru cababnu
Simulinkga x¥mumMua paBumza KeHrarBuy Onoknap 0HGMMOTeKACHHU
XOCHIT KMIHIT MYMKHH. BuprkTHpunran pa doiigananuaypuu Onoknap-
HUHT QYHKUMOHANNHTHEN co3NaliiaH Tamxapd Genru(3Havox) Ba oua-
Jornapaan ¢oiiaananrd doiinanannnysuyu vHTepdeiic XOCHT KWL XaM
MyMKHH. Maxcyc MeXaHHK, BJIeKTp Ba AacTypHH KOMNOHEHTAAPHUHT
(MoTOpaap, ¥3raprkuyunap, CEepBO-KIAfAHNAp, TABMHKRIAL MaHGanapu,
SHEPTeTHK KypHiManap, QUIbTplap, IWKHAMAp, MOREMNAp Ba Houka gu-
HAMHK KOMIAHEHTNApP) HILTAIIHHHE MOJENNAILTHPYBUH BROKIap ApaTHL
MYMKHH. SlpaTHirad ONOKHH Kenaxakiaa Qoiimanaruil yuyH Onbanore-
xaaa caxaad kYR MYMKHH.
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1.2, Bomka gacTYpHH TH3HMAAp DMAAN HHTETPALHSANAYBH

Kelimnu fiuapra 7oRAXAa4rIap MATEMATHK TH3IMMTAPHEHAT HHTE-
| pisAGTYBITa Ba yRapAar Oupranukaa doiinanasumra karra asTudop
Oepmorgianap, Mypakka® MaTeMaTHK MacalajgapHu OHp HeEYa TH3UMJIap
¢IUIMILL CUNIL JHT AXIIH B MOC BOCHTAJIAPHH TAHJIALE HMKOHWATHHH
Gepiit B OJUHAZHTAH HATHXKANAPHHHT HIUCHYININTHHYM OPTTHPAJH.

MATLAB Tu3nMu OHIaH XeHI TapKaATAH MAaTeMaTHK TH3IKMMIIap
{Mathcead, Maple V pa Mathemati) nuTerpanmaysn MyMKHH. MaTeMaTHK
1IHMILAPHN 3aMOHABHHA MaTHIM npoleccopnap 6unan 6upaamTHpunira
nienunn xaM Magkyn. Macanan, MATLAB sHru BepcHANapHHUHT BO-
ciraent — Notebook — Word 95/97/2000/XP maTh npoueccopnapumna Taii-
CpiittalTran XyXOoKaTHUHT Kepaknd xkoiimapura MATLAB xyxoxatnapu
I COMIN, JkaBan Eku rpadk KYpUHUIIATY XHcoOMall HaTHKaIapHHU
Kytinu umxoauaTuHr Sepaau. Hatukana «KOHIU» IEKTPOH KUTOONapHU
FACPIALD MYMKMH, Yiapaa HaMOHUII KMNUH2ETTaH MUCONIAPHU OIle-
pi kB Tap3fa ¥3rapTuprit MyMxrH. Macanay, GoulIaHFRY uIapTiapEu
yiraprupnd, MacanaHH €YMLl HATHXANAPHHHUHI ¥3TapHiiudd Ky3aTHLI
mymrni, MATLAB 6 na rpaduxnapuau Microsoft PowerPoint cnaiin-
IPHEA SKCNOPT KAMHUIHUHT TaKOMHNNAIIrad BOCHTANApH XaM k¥3naa
LY TINITQH,

MATLABRa TH3HMHH KEHTAaHTUPHLI Macalalapi Maxcyc KeHradTH-
mun naketapd — Toolbox acboOnap T¥nnamu EpoaMuaa xam KHIMHAIH.
Yanapuusr kynnapn O0owmKa gacTypnap OMiaH MHTErpAaLHMAAaIIYB Y4yH
Maxcyc pocutanapra sra. MATLAB tvzumn Onoknap kypurnlunga Oe-
PILLCQH, JAHAMMK TH3IHM BA KypHIMalapHH MOJennatll yudyH spaTHiraH
Simulink gactypuii Tu3nMH OMNaH XaM WMHTerpauusnawmrad. Busyan-
{iYuanTupunray RacTypram opWHIMOIAPHra acocnanrad Simulink Mypax-
ka0 KypHIMAJapHH FOKOPH 2HHKNMHKIA MOJENIa] HMKOHHATHHH OepazH,
Y+ napGatiza Gonika KYmIaG MaTeMaTHK TH3UMAap, Macanas, Mathcad
na Maple MATLABR 6unan o6pekTinn Ba JHHAMHK SOFNaHUIIH MYMKHH.
Hartokaga ynap MATLABmarn matprnanap 6uiaH HIITAWHKUHT 3Ggek-
THY pocHTARapUAaH GofnananuuIapy MyMKHH, KoMIbioTep MaTeMaTHK
IHIMIApHHEHT GyHaall MHTerpauHAnaIys TeHieHHuacH mry6xacus,
KCTHIPIAYK XaM JaBOM JTajH.

1.3. Marpunaguii amaanapra #yuanrTupunragnurn

MATI.AB Tu3uMHK BEKTOPIAp Ba MaTpHLAlap YCTHIA Mypakkad aman-
AP Biokapaad. YHAaH apugMeTHK Ba anredpauk aMasIapAaH TAIuKapu
MO PP HHBEPTUPNRALL, YIAPAKMHE XYCYCHH KHiIMaTnapuHu
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XUcoGaaw:, YM3HKAM TEHrNaMalap CHCTEMACHHH euYHIl, HKKH Ba yd
¥nyaMny GyHKUMANAPHUHAT FpaduKIapuul oouiy Ba Golgka kymiad
aManapHy 0axapyByYH KY4IH KalbKyNSTop cHpaTHia xaM Gonnanasul
mymkun. Ognuit con sa ¥3rapysuuaapra xaM MATLABpa 1x1 ¥auaman
MaTpuia cugarnaa Kapanaad. Uly caCabnu onamii coHnap Ba Maccue-
nap yerena GaxapunaguraH aMaANapHUHI WAaKay Ba yeynzapuaa Sup
XMIITHKKA 2PHUIHACEH. 3apyp X0ulapa BeKTOp Ba MATPHLAJap MacCHB-
napra alnaHTHpHNaAU Ba YIAPHHHT KHIIMATNapH Xap OHp 2EMEHT yUyH
xucobnanaan.

1.4. TH3IHMHHHT KeHTaloBJYAHAHTH

Xap KaHIaH KyWwisd MaTeMaTHK TH3MM XaM 103 MHADIab dolinananye-
ypiIapra 3apyp Oyaran xamma Bocutanaph ¥3 mdura onosamaigu. iy
cababny THIUM TYpIH XM MACANATapHH eUnIITa MOCaallyBdaH O¥iumy,
ABHU ¥ COLUIOBYN MATEMAaTHKHH XaM, TaXpabaxu MaTeMaTHKHH XaM,
HISKEHEPHHI XaM, HAMRNIE XOAMMHN XaM, aCIMPaHTRE XaM, CTYHCHTHH XaM
KOHMKTHPHHIN KEpak.

MATLAB — xeurarosuy TH3UM, YHH Xap XHA TYpRArd MacananapHH
EUUIITA OCOH MOCHAUITHPHII MYMKHH, YHHHT 3HT KaTTa ad3allHury Ta-
Guni #yn Sunau xenrafiki sa Oy xeHraium m-daiinnapy KypUBNIIKEA
aManra omHMAHp. Boinkaya aliTraAa, TH3MMHHHI KEHTaHuuUIapH
KOMITHIOTEPHUHT KaTTHK BHCKHAA caxiaHakid sa MATLABHuHr GupHk-
Tepunral (Haxy) hyHKUUSIAPH Ba npoueIypanapi kabi KepaKkiii BakTIa
dofipanasinl yuyR HAKHPUIATIH.

Goijipananunysan m-dain MaTHIH dopmartra sra Synrannuru ca-
6alnu yHra Xap xaHaadl seru OyHpyKHH, oHepaTopHH ékd QYHKIHIAHH
KMPUTHIIY B4 KeiHH yRhxaH OHpUKTHpHITal QyHKUHA €KH onepaTop
kabu doiizanaunmn myMkis. Bynna Beficux, Cu éxut [Mackan gacrypnam
THIIAPHAAH (GapKIH paBUILEA AHTH QYHKUHANADHH YBJIOH KHIIHUI ILAPT
smac. By wuxargan MATLAB Jlero a Popt Tunnapura ¥xwam, JMexnn
MATLABxa sauru Taspudnap ¢aiin xypurRMunga ARCKAA CAKNAHUNIH
cababau onmeparop Ba GYHKUMATAp COHHM aMaaga dyerapainaHMaraH.
TH3NMRMHT TagHY c¥saap TYINaMura Maxcyc Seslrunap aphpMeTHK UIlo-
panap Ba MAHTHKHH aMannap, apudMETHK, alre0pauK, TPUTOHOMETPUK Ba
olka Maxcyc ¢pyHrunanap, GypueHUHT Te2 F3rapTapyil PYHRIMIAPH
Ba QuUIbTPAAI, BEKTOP Ba MAaTpHiaBHA QyHKUHATAp, KOMINIEKC COHRAP
GunaH uIinam yuyn Bocurtanap, JexapT ra kyr6an koopmuHaranap TH-
3UMAapyuja rpadHKNAp Kypdll yHMyH OMepaToplap, y4 ¥irdaMmiay cupriap
Ba OowKanap kupagu. YmMyMan onranaa, MATLAR Taiiép socuranapauur
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kive i l_\é’llilil:\[]l[ll-l TAaKIHM 3TaH (ynapHuHr KaTTa KHCMH — m-(’paﬁnnap

MYPUNHINGEATH TAWKY KeHTaATMATapaup).
it K¥usua nmoroHacHHu toolbox keHraldTsanap NakeTH
TAHIKIIN YT, Y TH3IMMHH TYpiR coxajapnary mMacalallapHi edHUIra

(W namruping MMEOHMATHEA Oepagy. ByHnai coxamapra Mucod TapHka-
CHJUL MOTCMATHKAHWHT Maxcyce O¥numnapy, Guiluka Ba acTpOHOMHUA,
FENCKOMMYITHKAUNA BOCHTANAPH, MATEMATHK MOOENRIAll, X0AHCaBHH
OONTKAPIIY BYH TH3HMIIApHH NoHuxanam sa GOMKA coXalapHH KEITHPHIL
smymiin. Xymoca kuaud adtranga, MATLAB doiinananysuunapHuHr ma-
CIIEUIAPHIK SUHLE YYYH 10KOpH Zapaxalard MOCHAlIyBUaH/IMKKA 3Ta,

1.5. Kyuan gactypsain BocHTaAJAapH

Kyunad mMareMatik Tuznmiap $ofmananysdn Kactypsant Ongad
HMIILTL IIYFYIINaHMAcAaH ¥3 Macananapiii eyHiid yuys Mymramiab apa-
yiear. Jlckns Oyumail #Hanu 60MTAHWLIMIAHOK ¥3 KaMYUAHKIapura
Ml ORAIUTANM, YMYMaH OJIF2HJ1a, XaTO JKaHIHTH paBllaH 311, XaKHKaTaH
v, kynaad Macananap anropHTMIApHHA €3HUIHE COARANAIITHPYBYH Ba
W GPHTMIAPHY APATHILHUHT AHTH YCYANapHHH OepYBYH DHBOYKTAHTAH
GG YAt BOCHTATIAPWHY Tanab KuraaH.

bup tomonnan, MATLAB k¥nnad amanuil MacananapHy €4uil HMKO-
iy 6EpyBYH omepaTopiap Ba QYHKUHAIApTa 3ra. Yaap épaamuna
Kyunal amManuil MacanalapHK eyHIu MyMKuH. bynnmail Macananapru
U yIYH aBBaJIapH Mypakkad JacTyprapHM Ty3HIN 3apyp 6¥nap aau.
Mucon yuyd, maTpuuasap OulaH amManmap, XOCHAa BAa HHTEIDAJHHHT
kuiiMaIapaHE XHcobnaw Ba Oowmkanap. MATLABaa Oyupaii macana-
WA CUHIITA HMKOH OepyBuH Taliép QyHKUMAIAPHHHT COHH KEHraiT-
M IGIKCTIApHY XaM «¥mub xucofnaranga kyngad MEHrAApHH TROIKAA
RIVILIHL BA Y3OYKCH3 opTUD OopMoKaa.

Jewun, 6owika ToMosaan oaranga, MATLAB TusumMy kyums
MO TCMATHK-HIVHANTHPHATAH IOKOPH NapaKalu AacTypRall THIY cripaTHIa
npiirad. byngait #yHanum TH3HMHEMET ad3annnkaapugas 6upn 6¥mo
steoliaHagu Ba YHH SHTH, SHaZa Mypakkad MaTeMatHK MacajalapHu
UM YUYH KYTU1al MYMKHRIHIAAAH Janonar Gepanu.

MATLAB Tusumn BASICra yxmam (Poprpan Ba [lackanuuer aii-
[MIM LICMEHTAAPH XaM KYIHMATAH) KHpHIE THAUra 3ra. Hactyp xymnad
nuMnLTepaas fofaanaHyBUHIap YIYH TAHWI O¥NraH anbaHaBHH yCyi-
ni Guwulaad. byHaaH TamkapM, TH3HM JACTYPIIAPHH Xap KAaHAaH MaTH
by mpiiiriay €poaMMAa Taxpupialt AMKOHUATHHE Oepagn. MATLAB
b i cOTaTHRAM TaXpHPAArHuNra XaMm ara.
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MATLAB TH3HMHHHHT THRM MAaTeMATHK XucobralIapHyu gacTyprans
COXACHMA XAp KaHAaH MaBKyl HKOpH Iapaxkalard yHHBepcas ZacTyp-
Jam THapuzad Golipokanp. ¥ X03upry BaKTaa MaBxya Oynran aespnu
XaMMa JAcTYpraill BOCHTANAPWHH aManra olUHpaay, KyMnaaad, odsexTra
M¥IDKaJIaHTaH Ba BU3yan pacrypiamsy (Simulink Bocurtanapn €paamnia)
KaMm, Ymyman onrasaa, MATLAB tusuMpaan dolisamannm raxputanyu
JACTYPJIOBUMIIAP YUYH ¥3 QUKPNAPH BA FOANAPHHY aMalra OLMpPHLE YYYH
HEKCH3 HMKOHUATNAp bepamn.

1.6. MATLABHK yinra TYIDHDHIN B2 AWAJIOT PeKMMILIA HIUTAI

MATLABHH yra TYNIHPUII Y4yH HUTYH CTOIHHHT HACTKH Jal Oyp-
yaruaa sxoitnamwran Hyck (Start) Tyrmacn Socnnagn Ba MATLABHUHT
YPHATHITaH BepcHAcH TannaHanu (1.1-pacm).

Adobe '
T Macromedia Dreamweaaver ¢ »
Mo

@ CTaHaapTHele

¥R Administrative Tools
Microsoft Excel

£ Lexmark 212 Series ColorFine .

Bi MATLABG. .. . -l MATLABG. -

v w v

v

) CpeactoaMicrosoft Office i [# M-file Editor
Microsoft Access '@ Uninstall MATLAB 6.1

Microsoft Outlook
Microsoft PowerPoint
Microsoft Word

¥

1. 1-pacm. MATLABHH HlUTa TYRIHPHII

MATLAB yura TylWwranfan KelHH 3KpaHza YHHHI acOCHH OHHAacH
nafifo 6ynamu (1.2-pacM) Ba y Komaumanap (Oydpykmap) pexxumpaa
umnapra tafiép xonra xenazu. Oparpa Oy offHa TYnuK odnnMaiin Ba
SKpAHHMHT hakaT OMp KHCMMEN sranzaion. Yeriy YHT Oypyaruna xoit-
TalIral yyra TYTMaiaH YpTagarucuHy Gocuil Hynm 6unaH oifHaHu TYAHK
oYM MyMKHH, Yanaard TyrMa OocHiraHza ofina éNunagu, YHTOArH TYTMAa
Gocunranga 3ca MATLABHUEF HIETAMIN TYXTaTHIAIH.
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Ty N Hieucal Hetwork Toolboxal z
L ) : To ger scarted, 3elect "MATLAB Help'

] Q\Opcmzanon Taalbox

i}l ff\Parcial Differential E [ lsn

11 Q-Requirement.s Hensgenen

1) ﬂnohust Conrtrol Toolbox

{1 P simsl o
_ Hb p P efhan Ve . ]
Fk-‘ Edt View" Text Debug Breskpolnts Web Window Help .
1‘ V‘ Launch] __5-'9,_ j kpo . c i e
' 1% [ P S
wrangd o4 DEES y el c|dhn Q@5
1L # kv Histot i :
e — - | l* $Revision: 1.8 5 * -
F v 1:36 PH I§ 2 k*:i:f--zx-:::::xu::::::::- ----- === ===== ;|
~ 573 % convec.c : s
4] ¥ example for illustratiny how to use pass complex dt
5| * Erom MATLAB to C and back again
6l *
II "~ 7| * convolves rtwo complex input vectors
B *
9 * Thi= is a MEX-file for MATLAB.
10| ® Copyright 1934-2000 The MathWorks, Inc. V
“I ’ I Commss . 11 === === z

!.2-pacs. MATLADB o$tHacCHHHEHT MIITA TYLIYPHATAHAAH Ba OLIMA XHcoOnap
Gaxapunrainan KeRHHIH KYPRHHIIN

MATLAB Gunan wmmnanl ceaHCHHH ceccus (session) el atam
xnhys kunuarad. Ceccus, MOXMATH XHUXATHAAH, QolilanaHyBIHHUHT
MATLAB TH3uMy OuiaH MUUIAIIMHM &8KC 3TTHPYBYH JKOPHH XYXKKAT
GYinb xucobnanazn. YHAa KHPHTHIN, YMKAPHUI CATpPIapu Ba XATONAp
tYrpncHaa ax6opot 6¥nanu. XOTHPAHMHT HINYH COXACHEA JKOMNAIITaH
COUCHNTa KUPYBYH ¥3rapyBuniap Ba GYHKUHANAPHHHT TaBCHQIApHHU
{eeconann amac) .mat dopmatin daiin waxnuna auckka Save (Caknam) |
Byiipyru Epnamuia 83u6 ommm myMmruH. Load (IOxnamr) Gyfipyrn &pna-
M MABIYMOTIIAP AMUCKIAH HINTH coXara oknaHagy. CeccHsHuHr (par-
smentnapuin Diary (Kynganuk) Oyiipyrn épramuna KyHIATNK IAKIHIa
PUCMNATAIETHPUIRE MYMEKHAH.



1.7. MATLAB catp Taxpupaarnanuannr dyiipyxaapu

! -xcadsan

MATLAB catp Taxpupaarisunnur Gylipykaapn

o——_ Basngacn
Crrl+b Kypcopan Gup cHMBOJ ¥HITA CHIKHTHIO
Ctrl+f KypcopHH OHp CUMBOA YanTa CHLKHTHIL
Ctrl +r KypcopHH Gup c¥3 YHITa CHIKHTHI
Cirl +1 Kypcopuu S1p c¥3 4anra cHIKHTHLE

Home éxn Ctrl+a

Kypecopuu catp Gomura cHnxnTgr

End &xu Ctel +e

KypcopHH caTp C¥RITHTa CHDKHTHLI

Ctri+p Cerl+n

KupMTHI ¢aTpura kyHHmM ydyd aspanrH GyHpyKnapHh
WKOPHTa £KH NacTra sapaknam

Del Cirl+d Kypcopaan ¥uraary cHMBOIRH YHHpHI
Ctrl+h Kypcopaar qangari cMEMIHH Yaapiu
Ctri+k Carp cyurrurava ¥uuprw

Esc KHpHTHII cATPHHE T0O3a031

Ins Vpuura xyituur peskuMuuy ynau/yanm
PgUp Ceccna caxndanapHHH I0KOpHTa BapakJai
PgDn CeceHa caxnhanapHHH HacTra Bapakiall

Byngai uMxoHmsATnap opau#l G¥nmumura xapamaczan, MATLAB
TU3UMUHMHT MS-DOS yayH sepeusnapn yenyOuza HiInanr MMKOHUATH-
un Gepagw. FOKopura Ba nacrra ifyHanrad crpenxanap KypUHHIIHIATH
KJIaBHLIaNapTa ATOXuaa YbTHOOP GepHil 3apyp. Yiap aBBaX KHPHTHITAH
CaTpiIapHH BapaKIAall Ba TYTPHIAWNAD KHPUTHII HMKOHUATHEU Oepamu.
ByHpail uMKOHHAT agpan Gaxapunran Oyilipyknap catplapHHU CaKAOBYH
MAXCYC CTEK TAlIXun KWIMHTARIMIH caGabmu Mabsicy .

1.8. Ojinann GowKapnn SyApyKJIapH

Byfipyknap pexuMHEaTH aiipuM 0iHaHM Oomkapuu Gyfipykaapuau
napxon ¥3namTupud onunl GoHAagaH XOMU aMac:
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* ¢lc — 3KpaHHH To3aNARAH BA KYPCOPHH 3KPaHHHHT IOKOpH 4all
Oypuarura sxofinamTupany;

* home — KypcopHH OffHaHMHI 1XopK uan Oypuarura Kaiitapany;

» c¢cho <file_name> on — Script-daiin (pafina-cueHapuA)HUHT MaT-
HUHU 9KpaHT2 YHKApUIl PeXXHMHHH ynafigu.

* ¢cho <file_name> off — Script-palinHAHr MATHHHH SKpaHra
YHKAPHIIL PEXIMHHN Y3aaH;

» ccho <file_name> — yMKapHIl peXHMHHH TeckapHcHra ¥srap-
THpaRH;

+ ccho on all — xamMma m-daiinnap MaTHAapUHHE IKPAHra YHKApHIT
pPeXXUMHHU YNaiau;

* ccho off all — xamma m-¢aiinnap MaTHNIApPUHEH KpaHTa YHKApHII
PEOKUMRHH Y3400,

* more on — 4YerapaBuil 4YHKapHII peXXUMHHH ynaWaH (kaTTa
m-taiinnapau xypub unkamaa ¢oligann);

* more off — uerapasuit YHXapUII peXXKHMHHH y3aaH (0y Xonaa xaT-
Ta QaitmnapHy Kypud YMKHIL YYYH aHNAHTHPHII NHHeHKacHgaH
¢olijlanaHyir Kepax). _

MATLAB 6.0 Bepcuscuna clc Ba home 6yiipyknapu 6up X Hinaii-

MM — JKpaHHM TO3aMaiiuu Ba KYpCopHH OYApYK pexXMMM OHHAaCHHUMI
WKOpH Yan OypJIarnra kofnamTHpanH.

1.9. MATLAB cynepKaJIbKyJISTOp POJIHIA

MATLAB Ttu3uMu xap Kaupait Mypakka® xucobnap xam TyTrpuaaH-
TYrpH Xucobnall pexxUMHEA], AbHH JaCTYPHEH Tai&p X0Nra kenTHpMaciaH
Typu® 6axapunagurad kunub apathuaras. By Hapca MATLABHH on-
Auit apudMeTHK aMannap Ba sAeMeHTap GYHKUHANApHH XucoGmamnan
TalllKapH BEKTOpJIap Ba MaTpHIanap, KOMINIEKC COHIIAp, KAaTOpaap Ba
nonuHoMIap OHIAH XaM aMaiap Gaxapysu raipuoigull cymepkans-
Kynaropra alinantapazi. Onnuii CHHycOHAaNaH Mypakkad yd Ymaamnyu
(puryparaua 6¥nran xap xun QyHkuuLnapHd OHp 3yMaa KUpUTHD, napxon
YIapHUHT rpadHKITapHAY YHKAPU (OMUII) MYMKHH.

TuszuM OHNas TYFrpuAaH-TYFpH Xucoblammap pexXHMHIA WAL,
JManor xapakTepna OynuG «cason Gepunml, XaBoO OIMHAW» Tap3nuia
kevann. dofigananyeuy Gylpyknap caTpHAaa xnaBuaTypa éplaMuza
xucobnanaguran udonaHyu Tepaiw, arap 3apyp 6¥nca yHH Taxpupnaizn
sa ENTER xnapumiacunu Gocumr OMIaH KHpMTHUIHH Tyramnaiigw (1.3-
pacM).

2— T Dacaxcanos, M. Myxumounos 17



Using Toolbex Path Cache., Type "help toolbox_path cache™ for meks info. ed
To get stacted, select "NATLAR Help™ from the Help menu. .
. > 243
ans =
5
>» Ial:
»x ain(I)
Jans =
0,841k

I.3-pacy. Tuzum Gunad TYrpsaaH — TFpR Xpcobnaiunap pexkHMARA HIINALI

Mmucon yuyH I0KopHIarH pacMaa 2+3 ndonanu Ba sin(I) Hu xucobnanr
kentupuiarad. byHzmait coxna Muconaapman xaMm Kylingaru xynocanapra
KEIHII MYMKHH: :

* OOIIaHFHY MaBJSYMOTIAPHH KHPUTHINHR KYPCaTHII YYYH » CHM-

BOAHAaH QolaataHANagn;

* MaBIYMOTJIAP OANMH MaTH TaxXpUpIaru4u EpAaMHia KUPUTHIA-
an,

* ndomaHH XHCOONAL HATHKANAPHHHM YHKAPHIIHM OIOKHMPOBKA
KHAMIH (BAKTHHYA TYXTaTHO TypuL) y4yH YHHOAH KelinH; Oenru-
CHHM (HYKT2 Bepryi) KVHHI Kepak;

* arap xucoOnaw HaTHKaNapu Y4YYH ¥3rapyBuM KypcaTunmaray
6¥nca MATLABRUHT ¥31 ans ¥3rapyBYUcHHN TaHKHIalAH;

* V3mamTHpUIl fenrucH cHpaTHAA MaTeMaTUKNap y4yyH OAaTHi
Gynrad TeHrnuk GenrucH = pmaatunany (KynruHa Gomka Oa-
CTypnam THINIApH Ba MaTéMaTHK TH3HMJapAa Kabynm KMNHHraH
TapkuOHii benry := amac);

* YHKAPWII caTpnapupa » 6enrucu 6¥nmaiigu;

* OupukTHpuIrad QyHKUMANAp (MacalaH, sin) KMYUK Xapguap
Onman é3unanu, yIapHHHT apTyMEHTIAPH IOMOJIOK KaBC HYMHIA
K¥pcaTunaiM;

* RHANOT «CABOH BEpHIIAK, )XaBOO ONMUHIW» Tap3uAa Kevamw,
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Kedininn muconga MATLAB TH3MMKHH BEKTOp aMannaphu SaxapHol
yuyn kynnaws xypearwiras. Yuaga V=[1,2,3,4] saV=[1 2 3 4] sextopaap
$up-Gupitra Teur, APHH BEKTOP dNEMEHTRApUHM Oup-CHpuman npoden
Bnaun Cxu nepryn Gunan axparum Mymiud (1.4-pacs).

teanenand Wilid .
6 Tt yew wieh Window ‘sl
s ¥+[1,2,3,4]
¥ - w“
i 2 3 4 %3
Prov-1n2,2.3,3,4
¥ -

1.2000 2.3000 3. 0000 4, D000
*» min(v)

s - i

0. 9320 0.7457 0.1411 -0.7568

1 4-pacs. MATLAB TH23HMAHH BEKTOp amaTaphu GaxapHil yUyH Kjnmam

K¥muuruk MaTeMatHk TH3umaapaa sin(V) uu xucodnam (arap V
wcicrop 6¥nca) xato 6¥map agH, YyHKH Sin QYHKUKACHHHHET apIyMEHTH
cKanap KaTranmk 6ynuum kepak. Jiexud MATLAB — maTtpuniasuit TH3uM,
nckrop 2ca ¥ayamaapu 1x»n 6¥nran MarpHuaHgHr 6up TypH, IyHunr yuys
xncobnam HaTwkanapu yriamMnapd V BeKTOPHHHT YnyaMnapn Ounal Gup
xny 6¥nraH BeKTop KypuHHIMAa Gimamu,

Ana G6up Muconpa (1.5-pacM) mMaTpuuanap ycrraa GaskapMnagurad
CcoAlA aMannap HaMoilHIl KWIHHraH, byHna ynyamm 2%2 6ynran M
marpuua GepunraH pa MX=sin(M) marpuua xpcobnanagy, MatpHua
HCKTOpAAp KaTopiapH KYpHHHEINJA OGepHATaH Ba KBalpaT KaBC HUMra
onurad, Bexrop sneMedtaapaia GHp-GHPHRAH aKpaTH YHyH npoben
¢KH BEPryl, BEKTOPIAPHH OHP-OHPHIAH &XpaTHIN YYYH 3Ca HYKTaiH
BCPry HIINaTHIAAH. M MaTpHIaHMHI MablyM 3JIEMEHTHHM akpaTHO
xypeatun yayH M(j,i) ndonanau gorinanauunany, Gynga M — maTtpHna
HOMH, J-CATPHHHT Ba i-YCTYHHHHT TapTHG pakaMy.
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Using Toolkox Path C Type “help toolbox_path_cache” for more info.
To ger svearted, select "MATLAR Help” from the Help menu.
o> ma(1 2:3 47:
1> K
i
8 =
1 2
3 4
1>» ExX=gin(H);
Jp> mx

K =

0.68415 0.9093
0.1411  -p.7563

{.5-pacm. Marpunanap yeruna Gaxapunaauras coana aMannap

MATLAB tusuMuaa xucobnam yyyH Golrnanruy ndoaarapHy Ku-
PATHII OXaTAArd MaTHNL GopmaTia aManra omHpunamu. Xucobnam Ha-
TIDKaNapy XaMm Xyunu iyHaai gopmaraa Gepunann (rpadyk HaTHxKanap
OyHIaH MycTacHo). MHCON TapHKacHAa aitpum XucobnanapHuHr Kauaai
S3MTHIHAHN K paiInK:

To get started, select (MATLAB Helpy from the Help menu.

» 2+3

ans=5» sin(l)

ans=0.8415

» type sin
sin is a built-in function.

» help sin

SIN Sine.

SIN(X) is the sine'of the elements of X.

Overloaded methods
help sym/sin.m
» V=[12 3 4]
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Vo=
1234
» sin(V)
ans =
0.8415  0.9093 0.1411  -0.7568
» I*V
ang =
6 9 12
» V/2
*?7 Error using ==> *
Matrix must be square.
» V.22
ans=
14916
» V+2
ans =
Y4 5 6

»

1.10, Ceccun caTpJapHHi Ky4dupnin

Ajipum xommapaa kuputuaagTrad Hbona xyna yiyH 6ynud, 6urra
CATpra CUFMai KONUIUN MyMKHMH. ByHnait xoiaza H)OJaHUET OUp KMCMHHH
MR caTpra «...» K¥N HyKra (Y4 Ba YHOAH OPTHK HYKTa) épmaMuzna
KYYMPHII MYMKHH, MacajnaH:

s=1-1/2+1/3-1/4 + 1/5— 1/6 + 1/7 ...

/8 + 1/9 — 1710 + 1/11 — 1/12.

Bynpmaii ycyn KyprazManu XyXokatfapHH Taiiépnamaa oiganuanp,
yyHKH OYHHA caTp OHHAHHHI KYpHHMAaHIHMIaH KMCMHUTa KHPHIIMHHET OJIH
oIMHAZH. YMyMaH oaranga, 6HTTa caTpRard CHMBOILIAp COHH OylpyKnap
pexuMuaaa 4096 tarava OYnHmm MyMKUH, m-(aluTapHUKy 3ca YeKIaH-
marad. Jlekus OyHAaii y3yH carpiap OuiaH MUUTAW HOKYNAali.

2. MATLABHUHT ACOCHI OBBEKTJIAPH
2.1. MaremaTuk udonaaap

XamMma MaTeMaTUK TH3UMJIApAa MaTeMaTHK H(PoAa MapKasuii TYIIyHYa
Oynub xucobmaHagy. ¥V coHnap KVpHHHIINIOA (alipUM Xoiaapaa cMMBOI-
nip KYPUHHUIRAA) HUMA XHCOOJAHHMIIN Kepak SKaHIMIHHA Oenruiaiigy.
Mucon yuyH:
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2+3
2.301*sin(x)
d+exp(3)/5
sqri(y)2
sin(pi/2)

MareMaTuk udoxanap conjiap, KOHCTAHTAIAD, ¥3rapyByHaap, onepa-
TOpnap, PyRKUHATAp Ba Xap Xl Maxcyc berrunap épraMuga Ty3HIaId.
ByHzail TymiyHvanapra kyHuaa kuckada uzoxjgap OepHAras.

XakuKHil Ba KoMILIEKC conaap

Conmap — MATLAB TunuHUHr MHKIOp KHiMaTIapuHH ¥3HAA aKc
TTHPYBYH JHT cogma OOBEKTIapuanp. Arap COHHHHT HOMHM KHHMAaTHTa
Moc Kenca yHM KoHcTauTa nel atam mymxul. Connap 6yTyd, xacp, Oen-
THIIRHTAH €KY CY3YBYM HYKTANIH GYNUIIM MyMKHH. YIIapHH MaHTHCCAcH
Ba TAPTHOU OpPKANM XaM KypcaThil MyMKHH. Macajah:

0,2
-3
2.301 0.00001 123.456e-24
-234.456¢10

CoHHMHT MaHTHCcacHga OyTyH KHCM Kacp KMCMIAH BepTys OpKanu
I3Mac HyKTa OpKadd axpatHnaad. COHHMHI MAHTHCCACHHH TapTHOH-
aR AXPATHII YYYH € CHMBOAH Muinaruaanud. Mycfar coHmapHHHT
ONNTa «MIIOCY MINOpAacH KyAunMaion, MaH(pHT COHNAPHUHT ONAHIa
KU Uran «MUHYC» HILOPAcH yHap muHyc nel atanagu. CoHpary cum-
BOJUIAp OpacHra npoden Kyithil MyMKUH 3Mac. Coraap komnaexc OYIimu
MyMkuH: z=Re(x)+Im(x)*i. Bynpa#i connap xakuxuii Re(z) ra MaBxym
Im(z) xucmnapuan udopar 6ynagu. CoHmapHUHr MaBXyM KHCMH -1aaH
KBagpaT MAAN3ra TeHr 6¥nran { €xu j kynadtupysumra sra 6¥naau:

2j '

2431
-3.141i
-123.456+2.7e-31

CoOHHMHI XaKMKUH KucMR Re(z) uu real (z) gyHruuscn Kafdrapagu,
imag(z) dyHxkunacu sca — masxyM (Im(z)) kucMmurn kKafiTapany.
KoMIuieke CORHYIHT MOAYJIHHY ONHII yYYH abs{z) GpyHKuud Ba paszacuHu
onuI yuyH angle(z) ¢yHKUNS HIIATAAAIN.

Kyituna xoMmnexe cornaap OniaH HHITALITa MUCOIAp KeNTHPHATAH!
»i
ans=
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1 1.0000i
» |
(T
0+ 1.0000

» z=2+31

g =
2.0000 + 3.0000i

» abs(z)

ans =
1.6056

» real{z)

ans=
2
» inag(z)

ans =
3
» angle(z)

ans =
.9828

MATLAB tu3uMuma connapau OYTYH Ba Kacp, Y3yH Ba KHCKA Ba X.K.
COHNApra akpaTuil Kabyn KuaHMEMaral, nekud Oynzai dopmaTmapHn
Ocpunt pMxonuaTH 6op. YMyMaH olIrania coHNap YCTHAA aMallIap tKKu-
sranzan anuxauk GOpMaTHAA aManra omnpunagd. byunai dopmar counu
xHcoOnmapra K¥HHnaguran Kymeunuk tanabaapHy KOHHKTHPanR, NCKHH
IpKHH (aOCOMIOT) aHUKIUK Tanad KWIMHAZWTaH CMMBOJUIM XHcobnapra
ymyMaH TYrpu kenmalign. MATLAB tuzuMuna cumeonnn xucobuap
maxcyc Symbolic Math Toolbox kenrajfitupum nakernnas ¢poiaamanu6
XHcoGraHamH.

2.2. KoncranTajgap Ba TH3HM ¥3rapyBUsIapu

Konemanma — sroHa HoMra »ra 6¥araH Ba OXHHIAH aHMKTAaHraH
COHJIM €X¥ cUMBOJIIM KmiiMat. Connap (Macanad 1, -2 Ba 1.23) HoMcH3
conny vouemanmanap 6¥nut xucobnanaau.

MATLAB na 6oiuka Typfard KOHCT3HTANAD IHU3UM P32ApYSHuRapu
XaM MaBXyA. YAap TH3HMM IOKIAHHIIM BakTHOa Oepuiaiy Ba KaiiTa
anuKnann Mymene. MATLAB TH3uMuzna acocuil mususm yseapyeuunap
KyHuaarunap:

* 1Baj— MaBXyM OMpiHK (-1 ZaH KBaapaT UIAU3);

* pi — m conn — 3.1415926...;
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* eps — CY3yBUM HYKTAIH COHNAp YCTHAA aMaJJJAPHHHT XaToIHry
(2%,

* realmin — Cy3yBYH HYKTaJIH 3HT KHYHK coH (2-1%2);

* realmax — cy2yBYH HYKTAJIH 3HT KaTTa coH (21%%%);

* inf — MaIIYHAa YEeKCHINUTHHUHT KHiIMaTH;

* ans — 3HT CYHTTH aMaJl HaTH)KaCHHH CakJIOBYH Ba OJATAA YHHHT

TaCBUPHHH KpaHIa 9YHKApYBYH ¥3rapyBdH;
* NaN — MabAyMOTIAPHHHI COHIH XapaKTepra 3Ta 3MacTHTHHHK
K¥pcarTHiu.
TuauM ¥srapypunnapura MHCOILIap:
» 2%pi ans =
6.2832

» eps

ans =
2.2204e-016

» real min

ans=
2.2251e-308 .

» realmax

ans=
1.7977e+308

» 1/0
Warming: Divide by zero,

ans=
Inf
» 0/0
Warning: Divide by zero,

ans = NaN

HOkopnaa TabKHAIAHTaHUAEK, TH3UM YarapyBYHIApHHH KalTa aHMK-
naw (¥3raprupuiln) MyMKHH, Macajian, eps TH3MM ¥3rapysuHcHra Gomrka
KHitMaTHH Gepumt MyMiHH, eps=0.0001. Cumsorav xoncmanma — amno-
cTpodIap OpacHra ONHMHTaH CUMBOJLIAP, MacalaH:

'Hello my friend?

'Canom'
"2+3"

Arap anocTpoduap opacira MareMarTHk udrona onuurad Gynca xucob-
manMalingu, 6anky cHMBOINap KeTMa- KeTnuru aeb kapanagu. Jlexus
Maxcyc pyHKuHANap épaaMuia CHMBONTH HoJanapHi XAcobnaHagHrau
nioganapra Y3rapTupum MyMKHH.
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2.3, MaTHan uzoxnap

MATLAB mypakka® xucobmap yuyH wnuiatwnumy cababmu ynap-
NHNHr TaBcHGIapu AKKOA Ba TyHIYHapnu Oymumu kepak. Bynusr yuyn
MATH W30XJapH KYIUTaHAmaan. Mate wn3oxnapu % cHMBOJH €pRaMMIa
KUPUTHIIALH, MacallaH:

% factorial function

MATLAB unraus tunuaard maxcynort. LIy cababam usoxnap
{afiHHKca, m-dalinnapaa) pyc xapduapH épaaMuma TEpHATaH JacTyplap
HluTaMacIury MyMKHH. ByHmaH TamkapH, H3oxnapia pycua «o» xaphu
Tepunral 0ynca KeHUHIH caTpra YTud KeTHI MyaMMOCH 103ara KenajH.
by Xxonza pycya «C» HHHT ¥PHHUTA HHTIH3YA «C» HHE MIUNATHII MAKCAAra
MYBOHE.

Opatna m-gainnapuunr 6upuHauy catpiapu help «®aiin_HoMu»
fylipyfnaH KeiHH JKpaHTa YHKAPHIYBYH, YIAp TYFPHCHArH KHCKava
axbopor 6¥nagu. Etapnn mapakaga MyKaMMad MaTHJIH H30XJIapHHHT
m-afiapra KUpHTUIHIOH KeliHHYaImK ynap Guiman MnIaliHy OCOH-
NaWMTHPATH. '

2.4, Varapysunnap Ba yaapra Kuitmatnap Gepuim

Vazapyeuunap — xuliMaTiapu Xap Xun 6¥Iras MablnyMOTIapHH
CAKNOBYH HOMTa 3Ta 6¥nran ofbexrtnapanp. Bynaai mannymotiapra Mo¢
XONAa ¥3rapyBuyHIap COHIH €KH CHMBONNH, BEKTOPAH €KY MaTpHHAIH
Oynmmu MyMKHH.

MATLAB TH3uMHIa ¥3rapysdunapra MablyMm KHHAMaTaapHH Ge-
pHII MYMKHMH. ByHHHYr y4yR TeHINHK HulopacH €plaMMAa KMpDHTH-
JYBYH YINAIITHPHIN aManuaad doiganasunanu: Yazapyeuunune_
nomu=ughoda

VarapysunaapHuur TYpnapu onguHRan OenrunaHmadzgu. Yaap,
KHiMaTH ¥3rapyBdd TOMOHMAAH Y3MamTHPHIYBYW Mboaara Moc Xoipga
aHuKnaHagn. Arap udoma BekTop £€ky MaTpHUa O¥nca, ¥3rapyBuM XxaMm
BCKTOP €KM MaTpHua 6ynamy.

Vazapyeuununz nomu (yrunz udenmucpuxamopn) aMaiia 9eKIaHMATau
Y1YHIMKAArH CHMBOJUIapAaH ubopar G¥nuIy MyMKHH, AeKHH Gonnanyuy
31 cumBon 3cnab KONHHAIM Ba HACHTH(OHKAIMA KHINHADM. Xap KaHIaH
y3rapyBUMHUHI HOMH QOLIKa ¥3rapyBYMIapHHMHT, BYHKUHATAPHYUHT Ba
THIMM TIPOIIEAYPAMapHHUHT HOMH Gunman OHp XHI G¥nMacioury Kepak.
V4rapyBumnapEMET HoMuapu Xapd Gunan Golinananu Ba ¥3 WuMra
xappnap, pakamnap, TAbKUATAHI CHMBO/IH (CATp OCTH YH3HFH) _ HH OJHIIH
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MyMKHH. PakaT Y3rapyBuHHHHT HoMHEa npobennap Maxcyc Genrunap,
MacaiaH +, ., -, *, / Ba X.K. GyaMacaury kepak. Y3rapypusinap ofaTaaru
KYpUMBUIIAA KM MHIOCKCAAHTaH, S5HH BEKTOP Ba MATPULANAPHHMHTL 37e-
MEHTJIapH O¥mHIIN MyMKHH. CHMBONIH ¥3rapyBuYmIap XaM MILUIaTHIH-
IIH MYMKHH, 6YHIa CUMBON KMHMAaTiap amocTpoduiap HYMra OMHHAAH,
MacanaH s='Demo’.

2.5. YarapyBuUHIapHHHT aHHKIAHMDLTAPAHN #VKOTHII

V3rapysunnap KOMIbIOTEPHHHT XOTHPACHRa wuy coxa (workspace)
e aTanyBuH MawBAyM KOIHM sramnaiiau. Miuun coxanM Tozanam ydyH
xap Xmn makngara clear pyaxuwicunan QoinanaHmnagn, Macanan:

» clear — XaMMa Y3rapyBYHIADHHHT AHHKJIAHUINIAPHAY YUHpaaHu;

* clear x — X ¥3rapyBUHHUHT aHUKJIAHHILTAPUHYU YuHpaiy;

* clear a, b, ¢ — a, b, ¢ ¥3rapyBURNaApHUHT AaHUKIAHHILIJIAPHHA

Yuupany.

AHUKJIAHUIIAPH YYUPHAraH ¥3rapypuH HOaHMK O0Ynub Komamy Ba
KeHHHYanuK yHAaH dolganaHumra xapakaT KHAHHECA XaTo TYFpHcHIA
axBopoT YMKAAH, MACANAH:

» x=2*pi

x =
6.2832
» V=[1 2345]

V=
12345

» MAT
77?7 Undefined function or variable MAT".

» MAT=[1234;5678]

MAT=
1234
5678

» clear V

»V

??7? Undefined function or variable ‘V’.
» ¢clear

» X
7?7? Undefined function or variable ‘x’.
» M
77?7 Undefined function or variable ‘M’.
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Appan Tanmab V ¥3rapyBUHHHHT ¥3M, KeHHH 3ca mapaMeTpeus clear
Oyiipyru €pmamMeIa KONTaH xaMMma YIrapyBYHJIApHHHT aHHKIAHHIAAPH

JUMPHATAHIHTUrA YBTHOOD OepHHT.

2.6. Oneparopaap Ba GyHKIAAIAD

Onepamop — Oy Mabiaymornap (onepaHpiap) ycTuza SaxapHinaiu-
(UH MaBIyM aManiapHd ndomanoBuH Maxcyc Gearwmami. Macanan, 3Hr
coana apuGMeTHK oneparopmapra kyumm +, aiupui -, xynaiitapym *
na 6ymum / 6enrunapu xupany. Onepatopaap onepananap 6unan 6upra-
nuKaa Houtatunagu. Macanad, 2+3 udonana + Genrucu onepartop, 2 sa
J counapn aca — onepadatapanp.

lllyHn Tabkuanam YpuUHIRKH, K¥yni1ad onepaTopiap MaTpPHLABUH
aMaJIIapra TaaInyKIH O¥arasanra cababmy XKuTHi TyIIYHMOBYHIHKIAD
103ara xenumyu Mymxud. Macanan, kynalitupHin onepatops * Ba GynHm
ONEpaTOpH / UKKHUTA KYI ¥I4aMIH MacCHBAAp, BeKTOpiRap €K MaTpH-
nagapHUHr KynaditMacH Ba OyanHMacHHH xucoOmaiinu. Katop maxcyc
OTIEPaTOPAAp XaM MaBXyI, MAacanaH, \ onepaTopu yuzdar yanza OYIANIAY,
.* Ba ./ omepatopiap 3ca MacCHBTAPHH 7eMenmaapapo KYNaiTHpHII Ba
wemenmaapapo 6ymumHn wponanaiin.

IOKopuna aliTUIraHNapHu BeKTOpnap OunaH aMannap MUCONHIA
KYpaHmHK:

»VI=[2 4 6 8]

V1=
2468

»V2=[l 2 3 4]

V2=
1234

» VI/IV2

ans =
2
» V91.*V2

ans=
2 8 18 32
» V1./V2
ans =

2 2 2

OnepatopnapHuHr TYnuk pyiixatunun GyApyknap carpnia help ops
(yiipyrumoan doHranann® omumr MyMkuH. ByHnail pyitxaTHUHT apHpMe-
Fe1C OTIEPATOPIIAPHY ¥3 HUMra ONYBYH OMp KMCMH KyHHIa KEITUPHATAH:

o]
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» help ops
Operators and special characters.
Arithmetic operators.

Ptus — Plus

Up! us — Unary plus

Minus — Minus —
Umlnus — Unary minus -
Mtimes — Matrix multiply *
times — Array multiplty

mpower — Matrix power ~
poWer — Array power s
mildivide — Backslash or left matrix divide \
mrdlvlde — Slash or right matrix divide !
Idi-vide — Left array divide A
rdlvide — Right array divide S
kron — Kronecker tensor product kron

Qyuxyuasap —Oy ¥3 apryMeHTIapHHE MabIyM Tap3a ¥3rapTHPHIIHA
aManra OHIMPYBYH Ba Oy ¥srapTHpHILTAap HATHXKaCHHK KaHTapyBYH froHa
HOMTra 3ra O¥nran obvextnapaup. Hamuoarnu xaumapuw — QyHxuma-
HHUHT ¥3Mra Xo¢ Xycycusatuanp. byHna OuTTa MHKUII napaMeTpura >ra
6¥nran xucobnam HaTiKacH QYHKOHSA YAaKMPHITAH Kolra KyinnamH.

DyrknMg yMyMHI X0NIAa KaBC HUNTA ONIMHTAH APTYMeHTNap pyiixatHra
(napametpnapra ) 2ra 6¥naau. Macanan, Beccenr dyuxnuscu bessel(NU.X)
K¥puHumaa ésanagu. by xonma napamerpnap pyiixaTv ukkuTa apry-
MEeHTT3 3ra — ckamap kypunumpary NU pa eexTop KypHenmgaru X.
Kynnab yHxumsnapau napamerpuap pyiixatu 6minan papk KHIyBYH
Xap XHI axuIapia £3si MyMKKH, Arap GyHKIMs Oup Heua KviiMaTHH
KafiTapaguran 6¥nca xyiimmaruuya €3unamu: [Y1. Y2....]=func(Xl.
X2..), 6y epma YIL. Y2,...—vwuguw napaMeTplIapHHHHT pYHXaTH Ba
X1, X2....—xupuw apryMeuTnapu (mapaMeTpaapH)HMHT pYHXaTH.

OneMmenTap QyHKUHAN2pHUHT pyiixatH 6mnan help elfun Gyiipyrunu
faxapud, Maxcyc ¢yHKUMANAPHUHT piiixatu Ounad >ca help specfun
OyHpyruHy Gaxapu0 TaHHLIMII MyMXUH. OYHKUHANAD GupuKmupuizaH
(MYKM) BA mauiky éxy M-QyrKyuarap KYpUHHIINAA GYNRIIH MYMKHH.
BupukTipuaran GyHKEHANApra KeHr TapKanraH 3leMenTap GyHKunap,
Macanas, sin(X) Ba exp(y) Mucon OynuImH MYMKHH, GyHKUHS sinh(x)
GyHKIOHA 3ca TawKH QyHKUMAmMp. Tawkyn (GyHKUunsaap m-dannapna
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Yinuvur anMioiannmu (raecudu)ra sra. Bupukrupunran ¢pynkuvanap
MATLAB xoMOUNsIHA KUIHHFaH AgpocHia skoinamraHnuri caGabmu
Wylla Te3 daxapuiagy,

2.7. Hkxu HYKTa (}) OMepaATOPHHMHT KVLI1aHHANIINH

Ailtpum Xonmnapia TapTHOra CONHMHTAH COMNap KeTMa-KeTIHKN2PHHH
¢opmariam Tanab kunuHany. ByHpaii keTMa-KeTNHKIAp BEKTOPIAPHH EKH
rpadUKIapHE KypHII BaKTHI2 AGCLMCCANapHHHT KUAMATIIApUEN XOCHI
KWIKIL yYyH 3apyp O¥nagu. CoHnap KerMa-xeTIMKIapHHH (opMariam
yuyn MATLAB TH3uMUAa | (MKKH HYKTa) ONEPAaTOPKY HULIATHRANH:

Bownaneuu_ gutimam : Kadam : Cynezu_ xutivam

Bynpait koucTpykims Gomnanruy KuitMar Gunan Gomnanyeyy, Gepun-
raH KanaM OujaH faBoM 3TYRYM Ba CYHITH KuilMaT GHIaH TyranjiaHyBYH
CONNApPHHBET opTHO GOPYBYHM KETMAa-KETIIMIHHH XOCHN KURaiu. Arap
kanaM GepuiiMaran 6ynca, yHusr kuiiMati 1 ae6 kabyn xummuami. Arap
Gomwmanryy KMHMAT CYHITH KMAMATOAH KMYMK Kuaunb onuuraw 6yaca
XaTomMK TYFrpacHAa xadap OGepunaau. Kyfuna ukku Hykra (:) omepaTo-
PMHUHT KyInaHunmmy 6iinga Mucosnap Sepuiras:

» 1:5
ans =
12345
» 1=0:2:10
i=0246810
» j=10:-2:2
j=108642
» V=0:p1/2:2%pi;
»V
Vo=
0 1.5708 3.1416 4.7124 6.2832
» X=1:-.2:0
X=
1.0000 0.8000 0.6000 0.4000 0.2000 0
» 52
ans=
Empty matrix:1-by-0
MATLAB Matpuliasuit Tu3nmMnapra Mancyt 6¥nrannurn cababim,
ONepaTOPIAPAaH aHHK (olimanaHuIMaca KyTHIMarai dankallHKIapra
onu KenuId MYMKHH.
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Kyituparn muconun xypaitauk:

» x=0:5
x=
012343

» cos(x}

ans =
1.0000 0.5403 -0.4161 -0.9900 -0.6536 0.2837

» sin(x)/x

ans = -0.0862

By epaa kocHHyCHapHMHT MacCHUBHEHM Xucobaaws THFpu Gaxapiian.
JlekHR, sin(x)/x QYHKIMAHUHT MAaCCHBHHH XHcobIal OHpHHYH Kapaniga
KyTunMara 3¢ GexTHR 6epaH, SHHH ONTH SIeMEHTIH MAacCHBHH Xucobranl
YpHHra aroda KUAMAT XUcoGNanIH.

Bynnali «napanoxcHuHry cababu xyhunaruda: 6y epoa / onepatop
HKKHTAa MATpHIA, BeKTOp €KH K¥n ymuamMnu MacCHBHUHT HHCCATHHH
xucoOnaiian. Arap ynapHHUHT Yidamu Oup xun 6¥nca vatwxa OUTTa COH
Oynanu. Xaxkuxaran xaM sin(x)/x KMHEMaTHapHHAHHI BEKTOPUHH ONHII
y49yH ./ MacCHBIAPHH 3MeMeHTAapapo GVnumr onepartopuzad Qoiinana-
HUIH Kepak.

» sin(x)./x
Warning: Divide by zero,
ans =
NaN 0.8415 0.4546 0.0470 ~0.1892-0.1918

xucobnaw Oy epHa XxaM MyaMMOCH3 AKYHIAHMaIH, ABHH Xx=0 ga
sin{x)/x GapTapad KunMHANIY MyMkuH O6¥ynran 0/0=1 xypurummnnaru
HOaHHUKNHKKa 3ra. Jlekunr, xap KaHjgaih coHnd TH3uMMra ¥xmab,
MATLAB xam 0 ra 6¥numnu xato ae6 xucoGnatinu. Kyrunaérrau
coHNA KniiMaTt ypHHra NaN cHMBONAH KOHCTAHTAHH YHKapaj.
Kniimatnap TYHIaMHHA OJIMI YIyH GYHKIHAHHRHT apryMeHTH cHdar-
Ia XaM HKKU HYKTa(:) omepaTtopurad ¢oiijanauumy Mymkuu, Macanas,
KyHHJa KEATHPHATAR MHCOJIAa apTYMEHTHHUHT KuHMaTH (.5 Ba TapTHOR
0 man 5 raga 6ynran Beccen pyHknuAnapy xucobnaHras:

» bessel(0:1:5,1/2)

ans =
0.9385 0.2423 0.0306 0.0026 0.0002 0.0000

Keltunru Muconna kagaMu 1 ra 8Ba apryMeHTHRUHT Kulimartnapu O
JiaH S raga OynraH HonuHYW TaptHOnn bBeccen QyHKIMACHHMHT ONTHTA
KUBMATH XucobnaHran:

» bessel(0.0:1:5)

ans=
1.0000 0.7652 0.2239 -0.2601 -0.3971 -0.1776
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Ulyihadt kunud «:» onepatop coHNAPHHUHIr MYHTa3am (TapTuban)
KU MU-KCTIIMIHHHE OJIMIN yMYH Kynai BocuTa G6ynub XMcobnamanu. ¥
rpahisiapiy KypHmn BocHTanapH GHaH MIINANIAA KeHT KYITaHHARIH,

2.8, Xaronuxaap Ba ynapHH 6aprapad xuinm

MATLAB TH3UMHIA YamoAukaap OUAZHOCMUKACY KATTA aXaMHMATra
wu. Kupurunaérran 6yiipyk Ba udonanapun MATLAB texmupany sa
xuronip T¥Fpucuna axoopoT EKH OroXJIaHTHpHNITAp Gepaiy.

Kyiinaaru Muconnapuu kypainux. Xato ndona

» sqr(2)

knputimuG ENTER xnaenmack GocHiIca TH3HM XaTONIHK TYFpHCHOA
wxfopor Gepanu:

77 Undefined function or variable 'sqr’.

by xaGap sqr ¢dyHKINA kM Y3rapyB4YH 3KAHIHMIH aHHKIaHMaraHIHIHHH
Gimpanu. By xonma TYrpH Hdomany TepHm HYNH OUNAH XaTONHKHH
ryrpustait MymkuH. Jlekus ndona karra 6¥aca taxpuprarudnan Qoii-
JANAHHW MaKcaATa MyBodHK. ONOHH KMPHTHITaH CaTplapHH Bapakiait
yuyH wKopHra HyHanras kaasuma Socuiaamn. Kuputnm catpupa cyHrruna
kypcop 6¥nran » sqr(2) udpona xocun 6ynagu. MATLAB 6 Bepcuacuia
i Tab knapumacH Gocuiica TH3MM KHPHTRIITZH CHMBOJIIAPHN TaXJIHN
k16 TYFpH Ae6 xucobnarad BapHaHTIapHAY Gepaau. Arap BapHaHTAap
x¥u 6ynca Tab krasuwacHHu AHa GocHil kepak. TH3uM TOMOHMOAH Ta-
K STHATAH oTiepaToprapAaH OMpH sqrt HY TaHAAHMU3 Ba XaTOJMHKHH
Tysati6 ENTER knasumacuuu Gocamus. Hdopma Kyfinzaru kypHHHIIHYU
ONaNK:

» sqri(2)
mns= 1.4142

Xucobnammap KyTHNTaH HaTHka — UKKHEAH KBaApaT HIAN3HE Oe-
P,

MATLAB TuzuMHZa TAalIKA TaBcudnap (aHHKIAWAAP) XyAoH Ou-
PHKTUPHITAH GYHKUHANAD BA ONEpPaTOPNap CHHTApH KY/UTaHHAAAH.
Viapuu kynmamw 6¥inya xew KaHoalh KymHMYa Kypcarmanap 3apyp
sMac. DaKATrAHA HUNATHNAETral aHHKNAHKINGAp .M KEHTAATMAIH
paiin xypuHHIINAA MaBXKyA OVIMwM Kepak. Arap Mapxkyza OynmaraH
AIMKJIAHUINra MYPOXKaaT KHJIHHCA TH3HM OBO3 CHTHANUHH GepalH Ba
XATONHK XaKHEATH KyHuaary ax00poTHH YHKapagu:

» hsin(1)
7t Undefined function or variable 'hsin'.

» sinh(l)
ans 11752
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By muconga runepSoiuK CHHYCHH XMcOOmainuran $yHKUHSHUHT
HOMH HOTYFpH E3MIATAHIMTH yIyH TH3HM hsin HoMnu QyHKUUA Eku
¥3rapyBud HYKH GYHKIUMAIAPHUHT HIHa XaM, M-QYHKIHATADHART HYUAA
XaM aHUKAAHMATAHTHTHHK Kypcaranu. JlekuH roMy sinh 6¥nrag dysxuna
MATLAB TusnMuga MaBXxyn, ¥ m-QyHKINS KYpUHHIOHAa Oepuiras.

AifpuM xommapka HaTWXKandapHH 4HKapuml BakTHga NaN (Not a
Number — coH 3Mac) k¥pHHHIDNIAary KRCKApTUPUILIAp naiao 6ynmun
MyMkuH. NaN HoaHuKTHKHE Gunadpann, Macanas, 0/0 €kn Inf/Inf, 6y epaa
Inf xuiiMaTy MalmMHA YEeKCHU3MUrura TeHr OYnaras TusuMm Yarapysuucu.
XaTonuknap TYFPHCHIA Xap XU OFOXJIAaHTHPHIWIAP (MHIVIN3 THAHIA) HaH-
o 6¥anmwy Mymkue, Macaial, 4ektn coH Hoara O¥nuuragna « Warning:
Devide by Zero.» («Juxxam: nonza 6yauw») BErad OTOXJAHTHPHII
unkagd. MATLAB TusuMHAA coMnapHuHT auanasoHd 10°% mamp 1073%
rada 6y MyMKHUH.

MATLAB tH3uMHZa XaTONap TYFPHCHAA OFOXJIAHTHPHRIL Ba axBopoT-
HH Oup-6upunan dapkiam kepak., Qzoxranumupuwnap (ogataa Warning
cy2umaH KeiiuH) xucoOnaumapHi TYXTaTMaily, GakaT aHHKIAHTaH XaTo-
MK XHcoOsall skapadHHTa TabeHp KHIHIIH MYMKHHJIMTHHH KypcaTagu.
Xaromux Tyrpucnaa axbopot (77?7 6enrucunad KeHuH) XucobJalnapHu
TYXTaTamH.

2.9. Connapunnr dpopMariapu

Opataa MATLAB coHnH HaTHXXalapHu YHIH HYKTANaH KeiHH TYpTTa
Ba YHJIaH onpuH OHTTa paKamra sra 6ynran nopmarrauimupunzan IaxKnaa
Oepamu. Byrnait popMar xaMMa BakT XxaM xoHHKapny 6¥nmariny. [Uynnar
yayd MATLABRa connap yyyH xap xun ¢opMaTnapan OepHin HMKOHHA-
TH XaM MaBXyZ. JlekuHn xucobnap xap KaHzai Xxonda XaM HKKHIGHTaH
aHHIUTHKAR onub Gopunamn. Kepaknu ¢opMaTHu YpHATHIN yuyH
» format name
Oyiipyrunan Qoitnananunanu, 6y epaa name ~— (HOpMATHHHT HOMH.
Connu MablyMOTAap YYYH name KyHuaaraua O¥numu MyMKyH:
+ short — kucka (0ewrra benru);
* short ¢ — Kucka >kcnoHeHHan gopmata (benita Henrn ManTHCCA
y4yH Ba y4yra Oeiard TapTubu yuyH);
+ long — y3yu dukcanusnaurad dopmaraa (15ra Senrn);
* long ¢ — y3yH sxcnoHenmnan ¢opmaraa (15ta Gearu mantHcca
yuyH Ba 3ta 6enrn TapTubH yayH);
» hex — ¥H ORTHIMK WAKIAA,;
* bank —nyn GupnHkRapy yuys.

32



"JKPAHTA YMKAPUIAETTaH CORNAPHUAT Kacp KMCMUAATH AXaMHATTa 3ra
6Yumaran HomnapHy HYKoTHIE yuyH (MacanaH, 0.500000000 ruur ¥puura
0.5 ) format short g éxm format long g Gopmatnap K¥nnanunanu;

>> format long

> 1.2

ans =
1.20000000000000
>> format long g
>> 1.2

ans =

12

DKpaHTa YHKAPHIAETTaH COHNAPHUHT Kacp KUCMHHM pallHOHad Kacp-
Mp bunan annpokcumanys Kuaum yuyH format rat ¢gopmatunan doii-
JMUIQHUTATH:

>> format rat

>> pi

ans =

355/113

DKpaHra HUKApHAa&Tran caTpiap opacHaara OpTHKYa HHTEpBaIapHH
fiykoruw yuyH format compact popMaTHmaH ¢doiinananunann, format
louse gopMaTH caTpllap OpPacHUAaTH HHTEPRAIHH KaHTamaH THIMAHAM:

>> format long

>> 1/3

ans =

0.33333333333333

>> format compact
>> }/3

ans =
0.33333333333333

>> format short

>> 1/3

ans =

0.3333 _

MNapamerpcus format komanacu EpaamMuna cykyT GyiiMya uiunaTuna-
swraH format short Ba format loose XonaTnap THKNaHaOH.

>> format

>>1/3

ans =

0.3333
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2.10. BexTopnap Ba MAaTPUUAIAPHN UIAKJIAAHTHPHUI
2.10.1. BekTop BA MATPHNATADHHHAY XYCYCHATIAPH

KOkopuzga kentHpuiaran xucodnal KoHaanapn Mypaxkkad xucodnapHu
Gaxapuiu y9yH XaM Minnaatuaanay. bysnait Mmypaxkab xucobnapHn Gaxa-
pun yayH beiicnk éxu Ilackan gactypnanl THARApHAA Maxcyc OacTyp-
mapHR Ty3ul Tana® kunuarad 6ynap sau. MATLAB — BekTopnap,
MaTpuLamap Ba MAacCHBIAp YcTHIA Mypakka® XucoOnapHu Oaxapin
YYYH MYmKaniaHran mMaxcyc TH3nMaup. Bynna y xap xannaii 6epunras
¥3TapyBUMHH, YHHHT KOHKpeT KMHMATHra acoclaHu® BEKTOp, MAaTpHUA
€kn MaccuB 16 kadyn kumanu. Macanan, X=1 6epuiran 6ynca, aemax X
KuiMaTH 1ra TeHT 6YNraH sroHa 3MeMEHTIH BEKTOP. Arap y4 3JMeMeHTIH
BeKTOpHH OepHin 3apyp 6¥nca yHHHr neMeHTIAPHHUHT KHHMATIapHHH
npofeanap OumaH axpaTHO, KBAOPAT KaBC HuuMAa &3u0 YHKHII Kepak.
Mrucon yuyH
» V=[12 3]

V=
1 2 3

V Bekrop KuiiMaTtnap 1,2 Ba 3ra TeHr 6Ynran ya sneMeHTIH BEKTOpHH
udoganaiiny. BexTop KHpHTHATAHAAH KeHAH YHY TH3UM JHCILICH 3KPaHHra
yukapaan. Marpunanap 6up Heya carpnapaa k¥pecarunagu. KuliMatnapra
ara 0¥arad catprapHH Oup-OuUpUIaH aXpaTHII YUYyH ; (HYKTaNnu Bepryn)
IaH oiinanannunaiu. XyAaay Ly Oenru KEpHTUIL CATPHHHHT OXHAPHT3
K¥HHIca HATWKA 3KpaHra YHKMaiay. Mucon yays -

»M=[123;,456;,789];

KB2JIpaT MaTpHlNaHH Gepagu. DHAH YHH DKpaHTa THKapaMu3:
» M

M=

P2 3

4 5 6

7 &8 9

MaTpHua Ba BEKTOPAAPHUHAT MIEMEHTIIADHHH TH3MM YYyH MYMKHH
6ynran GyHKUHANAPHH ¥3 MYMra onyBYH apHpMeTHK Hdomanap Wiakmnza
OepuIn MYMKHH, MacaJiaH;

» V= [2+2/(3+4) exp(5) sqrt(10)]:

»V

V=

2.2857 148.4132 3.1623
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Bexrop €ku MaTPHUAHMHT alipuM 3/1eMEHTNapHHH KypcaTHll YYyH
V(1) M(i, j) x¥punumunariy ndoaanapnad poimanaunragn. Mucon
yuyu,

» M(2.2)
ans= 5

Marpuiasiar M(J, j) aneMenTura kuiiMat Gepum M(i, ))=x ndonanan
$ofinanann®d 6axxapunazy. Macanal, MaTpuLaauHr M(2, 2) snemMeHTHra
10 kuitmaTHH Gepuin Kepak O¥nca, KyAvzaruya €3unanu:

» M(2, 2)=10 .

bup unaexcnn M( 1) nionaa épgamMuna 6uTTa YCTYHra EiHATaH MaTpH-
1V WICMEHTARPHTA MYPOXKAAT KHIHIN MYMKHH:

» M(2)
tins ==
4
» M(8)

ans =
h
n M(9)

ans =
Y
» M(5)=100;

» M

M=
M2 3
4 100 6
7 8 9

JneMEeHTNAapH KOMILIEKC COHJap -O¥nraH BeKTOp Ba MATpUUANApHH
XM ONHII MYMKHH, MacaliaH:

» i=sqri(-1}:

» CM =[12;3 4] +1*[56; 7 §]

CKH

» CM — [14+3*] 24+6*1; 3+7*]1 448%]]
Kyiuoars MaTpHIaHH XOCHIT KHAAIH:
(M=

1.0000 + 5.0000i  2.0000 + 6.00001

3.0000 + 7.0000i  4.0000 + 8.0000i

Marpuua Ba BeKTOpPJAapHHHT apHM 3NeMeHTIapH 6Mnan Gup KaTtop-
JUl YNAapHUHT XaMMa 3JeMeHTIapy (MacCHBIAp)yCTHIA XaM aMalnap
UK PHID MYMKHH. BYHUHT y4yH aMan GeIrMCHHUHI ONANMTa HYKTa
nyitnmann. Macanan, * onepaTopH BekTOpIap €XH MaTPHLANAPHH KYIIaH-
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THPHIIHY 2HTAATAAN, .* ONEpaTop 3¢a MaCCHBHHHI XaMMAa 3JICMEHTIa-
pYMHR IEMEHTNapapo kynaiTupuiminn 6unanpany. MaTpuua ckansapra
kynmadTupunagurad M*2 Ba M.*2 udonanap teHr kyunu. Kyf#inoarn
MHCOILIapHH KYpailmnk:

>> M1=[1 2 3];

>> M2=[4 5 6],

>> M=M1*M2

?2? Error using ==> *

Inner matrix dirmensions must agree.

>> M=MI1.*M2

M =

41018

>> M*2

ans =

8 20 36

>> M.*2

ans =

8 20 36

>>

by epna Bexropnapnu kynadtupumi M=MI1*M2 ndoracuga kynai-
THPHII OeATUCHIAH ONIHH HYKTAa KYHHJIIMAraHJIHTH YYYH TH3HM XaTo
TYFpucHnarn Inner matrix dimensions mus! agree (MaTpHULaNapHHHT
ynuaMnapH ¥3apo MocIalIMIIM Kepak) AeraH axbopotHu Gepmu. Xaro
TY3aTHATAHAAH KeHHH TYFPH HATHXA OMHHIH.

2.10.2. MaTpuuanapiy TPaHCNOHAPAAll BA 3eMeH TTAPHHHHT
iiurHHAKCcHER Xucobaam

MatpuuanapHH TPaHCTIOHHPNAN, #EHH YCTYHAApHHU caTprnapu 6unan
aNIMAaIUTHPYII Y9yH .| onepaTophal QoiinanaHunagn. YcTyHnapuaark
3JIEMEeHTIAPHAHT HUFHHINCH sum omepatopH épaaMuzaa xucobnaHamH.
Catpnapunaru 3neMEHTAAPHUHT HAFHHAMCHHH XHCOOGNAI YHYH MAaTPHLIA
aBBaJl TPAHCHOHHPNAHAAM BA TPAHCIOHMPAAHIAH MAaTPHURHKHI YCTYH-
Napuiard 31eMeHTIAPHUHT HHUFMHAMCH aHUKIaHaayu. Bynu Kyiunaru
MHCOJUIZPAAH XaM KYPHIO MYyMKHH:

>>B=[123;456,789]

B=

123

456

789
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e i3
s =

147

258

Jou

#> sum(B)
ans =
121518
~> sum(B."
ms =
61524

e

2.10.3. MaTpunaJapHuBr YCTYHAApH Ba cCaTpIapHHU ¥IMpPHII

MaTpHLANApHWHT YCTYHNAPH Ba caTpiapuHH yuyupum yuyH [ ] 6¥m
knpapat Kasciaapaan doiganasunagy. Kyidngars MHCONHH KypaHauk:
-M=[123;,456,789]

M=

123

456

789

»> M(:,2)

ans =

2

5

]

>> M(:,2)=(]

M=

13

46

79

JHaH MATPHUAHHHI HKKMHYM CATPHHU HKKH HYKTa onepatop (i) flaH

hoiinanamnb yunpamus

> M(2,:)=()

M=

13

79
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3. HIIYH COXA BA CECCHSI MATHH
BYUUHUYA AMAJLJIAP

3.1. Auuyn coxaHu gepparMeRTanna KuamL

VirapypuHnapHn KHPHTHMIT Ba YHAPHUHI alipUMJIADHHH JUHPHIN Ha-
THXAcHZA UITYH cOXARa GYLUTHKAap Ba Xap XHN KEPaKCH3 MaByMOTIAp
furAna Gomnaiign. Ymap acra-cekuH TU3HMHHHI MALTAIUWHMHT EMOH-
MANTHHIMTA B2 ONEPATHB XOTHPAHHHT eTMail Koaumura cafab Gynumu
MyMKHH. Bynaait xonnap aiHHKCA MabIYMOTIAPHHHT KaTTa MACCUBIAPH
OHNaH MIINAHTAHLA 103273 KeMHIMH MYMKHH. YRAPHUHT ONAMHH O
yuyH pack Oylipyru €paaMuga Mindy coxa neparMeHTALINS KHIUHAIH,

Ymdy Oyiipyk €paaMuaa WIIYH COXalarH XaMMa Tapcudiap KaTTHK
AMcKKa kyuupub ésunamu. Mmuw coxa To3anaHaZn Ba XaMMa TaBcHbap,
OYLLTHKIAp Ba KEPAKCH3 MABIYMOTIAPAAH aXPATHIIHO, KATTHK HUCKIAH
HIOITH €OXara YTKa3HIagH.

3.2. CeccHn MM COXACHHN CAKJAWI

Varapysuunap sa sHr# GyHKUHSUIApHUET TascHbnapn MATLAB THzn-
MH1a XOTHPAHIHT HUTYY COXa Aeb aTagyBuy Maxcyc KHCMMIA CAK/IaHaIN,
MATLARB ¥srapypunnapHMHT KuiiMaTHiapHHH .mat kenrafitMara sra
Oynran OuHap Qaiimap KYpUHAMAAA CaKTall HMKOHHATAHR Oepann.
BynnHr save OyiipyFH XH3MaT KHJAOH BAa YHHHT KyHHIArW MIaKUIapH
MaBXyA:

* save fname ~— xaMMa ¥3rapyBYHAapHHMHT HINYH coxacH fname.mat

HOMIM OHHap (opMaTIH daiiara é3unanu;
» save fname X — dakar X ¥3rapyBUMHUHT KAfiMaTnapy €3uNagH
X,

+ save fname X Y Z — X, Y Ba Z ¥3rapyBuHAapHUHr KHiiMaTaapH

é3unany.

* Ymby napaMmerpiaapaad KedHH dainnapHu €3um GopMaTAADHHH

AHHKJAIITHPYBYH KAJHTIAPHH K¥pCcaTHII MyMKHH:

¢ .mat — ukkumk MAT-dopmar, hopmar x¥pcaTunmaraiaa xam;

* -ascli — bupnuk avuKmuKgary (8ta pakam) ASCII-popmar;

» -ascii -double — uxknnaHraH auukmukxaru (16ta pakam) ASCII-

dopmar,

» -ascti -double -tabs — axkpaTkuu Ba Talynauus Oenarunapura sra

oynran dopmar;
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¢ V4 — MAT-datinmapan MATLAB 4 sepcuscunvnr dopmaTuia

3nul;

¢ -append — masxyn MAT-dafinra k¥uiuu. _

OyHKIMAHUHT HOPMATHIA XaM SaVEe CY3UHH HLLIATHIL MyMKHH, MacaslaH:
pave ('fname’; 'varT . 'varl’)

Oy xonna daiinnap Ba ¥3rapyBUMIapHHHT HOMJIApH CATP KOHCTAHTA-
nopM k¥purHIIRIa Gepuaann. '

CcccHAHWHT TYAHK MAaTHWHH save OylpyrH épaaMmMua caxnan HMKoO-
nuaTH #yK Ba 6y Hapca Kepak XaM dMac, YyHKH CECCHAN@ KEPAKIH Mab-
nymotnap Gunad 6up KaTopAa KepaKcH3IapH xam Kyn G¥nagu , Macanas,
xironap Tyrpucuaa axfoporaap, y¥3rapysuM Ba dyHKUMANAPHHM KalTa
innKiamnap sa X.K. '

Hllynra kapamaii, arap 3apyp 0ynca ceccusnia 6akapriraH HITHHHT
(poiiian KHCMHHH TaXpHpNaryusd Ba cOIAruvgaH ¢olpananud MaTHAH
(pypMaTaa, .m keHradT™any daiin cudaruga caxmam MyMKHH.

3.3. Kyngaank woputum

Cecenanapuu gHcxka €310 OMHLI YIYH CECCHA KyHIAnUrnan ¢oiinana-
wnit MyMKH, KyHIAnuK IOpATHIN YIYH MaXCyc KOMaHIaJIap MAaBxXKyI:

+ diary filename — AHcKa KYpcaTUATaH HOMJATH MaTHAIH ¢paiin cu-
(paTHIA KMPUTHIL CaTpIApUAATH XaMMa KOMaHAalapHH Ba OJTUHTaH
HaTiokamapHu €3n6 Gopanw;

* diary off — daiinra €snuam T¥xTaTany;

* diary on — duaiinra €é3MmuK IHa Oowmaimu.

LWlynaai xumud, diary off Ba diary on komanmanapmHm kerMa-Ker
K¥sutamr #¥ny OHIIAH CECCHAHMHT KepakiH ¢parMeRTNAPUHM YIAPHHHT
topman xypuHumMAa caknail Mymkud. Bbyupma diary komanmacuuu
diary('file") xypuanmugary yHKous cudarnaa xaM GepHm MyMKHH,
Gy cpna 'file' catpu balnuuar nomuny Gepamyn. Kyiinaarn mucon diary
KOMAHAACHHY KY/Ianl TeXHHKACUHY TYMIYHTHPaIN:

» diary myfile.m

» 1+2

ans =

3
» diary off

» 243

ans =

39



» diary on
» sin(l)

ans =
0.8415

» diary off

Ymby Muconga, Gupuaun amMan — 1+2=3 — myfile.m ¢aiinura
é3unanu, UKKHHYH aMaj — 2+3=5 -— é3nunMaligy, yIHHYH aMan —
sin(1)=0.8415 — aca ésunamu. lyraai kMnud, KyHnaary xypAHHIIAATH
daitn cuenapus (Script-daiisn) XocHT KHIHHAAN:

1+2

ans =

3
diary off

sin{1)
ans =
0.8415

diary off

Bontos4u ¢oiifanaHyBYMIapHHHT KEHT TapKaliraH XaToJapHAaH
Oupu — OyHzaii dadnTapHHEHr HOMHHH K¥pcaTuG Oyiipyknap catpnzan
MILTATHIITA YPHHUIN:

» myfile
777 ans =
| Missing variable or function.
Error in ==> CAMATLAB\bin\niyfile.m

On line 3 --> ans =

Opatza, OyHOal ypuHHII XaTonHKnapra oaub xenanu. Uynakd ymby
daiin Gyiipyknap Ba ynapaHar 62KapHUIHIMMHEHT MATHIH E3YBUHAMD,
Bynnaii daiinnapna MATLAB gacTypnail THIHHMHT CHHTRKCHCH HYKTaH
Ha3apHaH XaToMUKIap K¥I, Macanan, ans =. Arap sapyp 6¥nca Oynnaii
(aHTHHHET MAaTHHHHA type KOMaHZAacH EplaMHIa KYPHII MYMKHH:

» type myfiie
1+2
ans=
3

diary off.
ans=
0.8415

diary off
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iOxopHaa K¥pcaTHIraH YaNKaIUTHKNAPHUHT OJAKHH OMHII Y4YH
Gynna#l dailanapuu .m sMac, Macanas, .ixt keuraiitmacu Ounan &3mbd
MR Kepak. Arap WNyHAaR KMAMHCA, CeCCHA KYHOATHTHIOATH MATHIM
(paftnapad XyAGKaTHAPHUHT KEPAaKNH AoHmapHra KyHHL HMKOHHATH
xocun 6ynaau,

3.4. CeccHAHMHI HIUYHM COXACHHM KAl

ABBan ¥TKa3HNraH CeCCHAHMHI (arap y caknasrad G¥mca) mumuu
COXRCHHH KAl y9YH load koMaHZacHAaH (OHIATAHHII MYMKHR:

+ load fname ... — apBan fname.mat paiinuza cCakIaHraH Kyn HyKTa
¥peuza coeuHbukanHara sra Oynrad rapcuduapHy oKal;

+ load('fname'....) — fname.mat ¢afinnu PyHKUMA WaKAAIA
KKJIALL

Arap load koMaHzacH (€ku QYHKUMACH) CECCHAHW YTKA3HI BAKTHIA
WHITATHACA Y3rapyBUHMAPHUAT xopHi kuiimMaTiapHn MAT-dalinxan
yKUAraH KHAMAaTIapra anMalnany.

IOxnanaérran dadnnapHunr noMuHy Oepuin yuyH * Genrmpan xam
Poltnananum mymkun. Bynpma, ManayM Genrunapra sra 6ynran xamma
(pafinnap winaHagH. Macanas, load demo*.mat komanmacu Gaxkapunranaa
HOMUHMHT Oommannmnaa demo Oyiaran xamma datinnap (demol, demoZ,
demoa, demob Ba X.K.} WOKNaHAZH.

3.5. XycobaamnapHy TVxXTaTHI

A#ipHM Xonnapja RacTypAarH XaTo KM euMna&rray MacajJaHHHT MY-
pukkabaurd cababmu MATLAB tyramaiiguran uukiara Tymu6 Komazu
3 HaTIKAJMApHH GepMmall Kyanw €xkm xepak 6YnMaca XaM HaTHXalapHH
rnHUMcH3 Bepa Somnadan. Byrnaii xommapaa XucoGaanIapHH TYXTaTHII
yuyH Ctrl Ba C (marnHua) KnaBumanapy SHpranukna Gocunamy.

3.6. Tuaum GnNan HIIAAIMAY TYTaanam

TysuM GUIAH MILIAMIHY TYFaIall YYYH eXit, quit KoMaHzanapy &k
Cirl+Q knasumanap xoMOuHamuAcuzas poiimanaHul MYMKHH. Arap
XaMMa YIrapyBYUIapHUHT (BeKTopJjap, MaTpHHANap} KUAMATIApUHH
caknatr xepax 6ynca, exit KOMAaHOZACHHH KHPMTHIINAH aBBaj KEPakiu
MAKIBary save KoManJacHHM GepHil kepak. CHcTeMa IOKNAHTaHAAH KeluH
load koMaHRacH Oepuica, Y3rapyBUHIIAPHUHAT KHHMATIIAPH THKIZHAIR B
MIIY ccTeMa OHTIAH MILNALI TYTalllaHFaH MOMEHTAArH XONaTAAH OaBOM
YWIHPHI MYMKWH.
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4. MABDIIYMOTHOMA BA HAMYHAJIAP BUJAH HINJAAILL
4.1. Komanaanap caTpujaH HHTePAKTHB MabJAYMOTHOMA OJRIII

MATLAB uxtepaxTs €paaM TH3MMura sra, UBTepakTHs Mabay-
MOTHOMaHM KOMaHJallap pekumHa OHp KaTop KomaHiamap &paaMuaa
YaKupHm MyMKUH. ByHna#l komaHaanapaan Oupu xyiiuparyua;

» help

Yy xoManaa onepatopiap, dyuxunanap sa MATLAB ti3umuaaru
fomka oObexkTHApHUHT TaBcHbura >ra 6yaran m-daitinapau ¥3 waura
OIIyBYM OANKANAPHUHT TYNHK pyixatuHd dnxapanu. Kyhduna Syupait
p¥iixaTHuHT Gommanrud KucMu MATLAB 6.0 TH3UMH YUYH KENTHPHI-
ram:

HELP topics:
matlab\general — General purpose commands.
matlab\ops — Operators and special characters.
matlab\lang — Programming language constructs.
matlabelmat —— Elementary matrices and matrix manipulation.
matlabielfun — Elementary math functions.
matfab\specfun — Specialized math fonctions.
matlab\mattun — Matrix functions — numerical linear algebra.
matlab\datafun — Data analysis and Fourier transforms.
mattablaudio - Audio support.
matlatipolyfun — Interpolation and polynomials.
matlab\funfun — Function functions and ODE solvers.
matlab\sparfun —— Sparse matrices.
matlab\graph2d — Two dimensional graphs.

4.2, Konkper 00bexT 0¥iinya MabnymMoTHOMA

Konkper obrexr §¥iinya MabiIyMOTHOMA ONMHIN YYYH KyHHOaru ko-
MaHganapAan ¢oiaraHunaau:

» help HoM

EKH

» doc HOM

6y epiia HOM — MaBIYMOTHOMACH 3apyp O¥nraH o0BpeKTHHHT HOMH.
Macanan, runepboauk cuHyc 0¥iNYa MABAYMOTHOMA OJTHIL YUYH YHUHT
HOMHKHH KOMaHAANap caTpuja KMpuTaMHu3 ea Enter Hu Gocamus:

» help slnh
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SINH Hyperbolic sine.

SINH(X) Is the hyperbolic sine of the elements of X.

Overloaded methods

help sym/sinh.m

Epaam ofinackaa TYAMKPOK MABIYMOT OAMLI YYYH do¢ HoM KOMaHIa-

cnaad doitpananmwnagy (6ynoa mawnymor HTML dopmatna 6¥naan).

4.3. O0bexTnap rypyxs y4yH MABAYMOT ONHLUI

MATLAB tusuMuuuHr GofigananyBYrIIapHHH KYIMYWIHK X04napaa

00BEKTIapHUAT MaBIIYM TYPYXHIA TAANYKIH (PYHKUUANAP, KOMaHIanap
Ba QOILIKa TYIIyHYanap KH3UKTHpany. OOBEKTNap TYPYXH YIYH MAbIyMOT
onuiiHM timefun ofbexTnapy MUCOMMA Kypaliank:

» help timefun
Time and dates.
Current date and time.
Now — Current date and time as date number.
Date — Current date as date string.
clock — Current date and time as date vector.
Basic functions.
datenum — Serial date number.
datestr — String representation of date.
datevec — Date components.
Date functions.
calendar — Calendar.
weekday —— Day of week,
eomday — End of month.
datetick — Date formatted tick labels.
Timing functions.
cputime — CPU time in seconds.
tic. toe — Stop watch timer.
etime — Elapsed time.
pause — Wait in seconds.
Mawnym o6bekTnap rYPYXHHHET TapkuOuW aHMK/IAHTAaHIAH KEHHH

Tadnanral o6sexT 6¥iinua 6aTadcuIpOK MabIyMOT OJNHIIL MyMKHH.

4.4, Kannur c¥3aap 6yfinya MabayMoTHOMA

MATLAB m-dyskupstap xyn 6¥nrannurn caba®nu ynapHH KamuT

cy3map épraMuia u3inalg KynadpokK. ByHMHT yuyH KyHHAaruy KOMaBaa-
napaad hoHNaNaENI MYMKMH!
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lookfor Kasum cyz

€xH

lookfor ‘Kanum cys’

Bupuryu xonaa capaasxanapuia GEpUNraH KalduT c¥3 yYpaiaHraH
XamMMa m-¢aiinap M3NaHany Ba TOMWATAHIAPHHUHT capiaBXamapu
IKpaHra udkapunany. Bysaa manawm xxapaéHyu y30K JaBOM STHIIKM Ba KaTTa
MUKZOpHara RHGOPMALHA KpaHra YHKHINH MYMKHH. M31am 20HacuHH
KaMaWTHPHII y4yH UKKHHYH akngary lookfor komannracuaan doiigana-
HUnaz4. Mucon yuys:

» lookfor 'inverse sin'

ASIN Inverse sine,

ASIN Symbolic inverse sine.

By xonga ‘ inverse sin’ c{3m, spHY aprkcuHyc axtapunid. Hkku typ-
JIaTH: OJATAArH Ba CUMBON luakngaru apkcaayc (ASIN ) Tonmnan.

5. OIIEPATOPJIAP BA @YHKIHAJAP

5.1. ApudmeTnx onepaTopiaap Ba GyHKUHARAD

Bolka gactypnant tunnapunan ¢dapwxm pasrmaa MATLAB TH3uMu-
JaTH XaMMa OHepaTop/Iap MaTprUaBHii oneparopnap 6¥mH6 xucodnananu.
ApH(METHK onepaTopiap Ba yNapHH KyInall CHHTAKCHCH KyHuJaru
KaJBalga KeJATHPUATAH:

Cynxkunn OnepaTopHAHT HOMMY Cunraxcne
Plus IImoc + MI+M2
Uplus Yurap niwoc + +M
Minus Munyc MI1-M2
Uminus YHap MHRYC -M
Mtimes MatpHuanHit KynafiTHpuur * MI*M2
Times MaccHBnapHE MeMEHTRapapo Kymafitupmur . * Al*A2
Mpower Matpuuann gapaxara kytapau MIl1*x
Power MaccHeHI ¥IeMEHTIApapo Aapanara K¥TapHm Al™x
Midivide Marphuanaprs Teckapk (¥ATAaH wanra) 6fmum \ MIM2
Mrdivide MatpHuanapug danfad ¥urra 6w / MI/M2
Ldivide MaccHBnapHH ¥Hroan gamnra areMeHTnapapo 6ynmw .\ A1\A2
Rdivide MaccHanapay yangan ¥hrra anementnapapo 6¥mum .V Al L /A2
Kron KpOH.eKepHH Ter3op K¥matiTHpsm kroa kron(X.Y)
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Xap 6up onepatopra Moc QYHKIHA MaBXKYITHIHTa >sTHOOp GepuHr.
Mucanan Matpuuasuii kynaiftapui * oneparopura mtimes(MI,M2) moc
xenaau. Kydnzarn MECONIapHH KYpaHIHK:

» A=[12 3];
» B=[4 5 6]:
» B-A
ans=
3 3 3
» minus (B. A)
ans =
3 3 3
» A2
ans =
1 4 9
» power{A,2)
ans =
1 4 9
» DAB
ans=
4.0000 2.5000 2.0000
» Idivide(A.B)
ans=
4.0000 2.5000 2.0000
» rdivide(A.B)
ans=
0.2500 0.4000 0.5000

DyHKIUANTAPHUHT ONIEPATOPNap Ba KoManaanapra mocmury MATLAB-
HUHT xapakTepnn benrunapunan Supuaup. Bynnak Mociuk 6Hp BaKTHHHD
¥3HAA XaM OMepaTOpiH AacTypiaiil XaM ¢yHKIZHOHAN AacTyphaaliaaH
(pofmananuil HMKOHUATHHE Oepany.

5.2. Hucfatnap onepaTopjapu Ba YAAPHHHT
$yHkuuANapu

Huc6atnap oneparopnaps MKKura KaTTanHKk — BEKTOpnap €Ku Ma-
TPHIAfApHN Y3aPO TAKKOCHAW YYYH XM3MaT KHiaagd. Xap 6up mucBar
OIICPATOPH MKKHTA ONnepanra 3ra O¥namy, Macalal X Ba y, Ba XydHaary
WAABANAA KYPCATHIMaHOCK E3UAAIH, '
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Eq

Lt

Gt
Le
Ge

dynxuna Homu Onepatop Mucon

Tenr == X==y
Tenr amac ~= X~=¥
Kuunk < X<y
Karra > =y
Kuyik kM Tenr <= X<=y
Karta &xkn TeHr = X>=y

Yby onepaTopnap Oup Xun YI4aMAard BeKTop €KH MATpHLUAIapHU

aIeMeHTIapapo Takkocnaiian Ba arap yimap 6up xun 6¥nca | (True)uwu,
axc xonna 0 (False}uu xaiitapazu.

» eq(2.2)
ans =

1

» 2==2
ans =

1

» ne{l,2)
ans =

1
»2~2
ans =

0
»5>3
ans =

1

» 1e(5.3)
ans =

0

Ymby <, <=, > Ba >= oneparopnap onuepananap KoMmuekc Gynranaa

YAApHHHT HaKaT XaKUKHI KHCMAZPHHH TAKKOCHAHIH — MAaBXyM KHCMITapH

aca

Tawnald wbopHiagn, == Ba ~= olEpaTOpIap 3ca ONepaToPIapHUHT

XaM XaKHKHit XaM MaBXyM KHCMIApHHH TaKKOCTaHau:

» (2+31)>-(2+1)
ans=

1

» (2+31)>(2+1)
ans=

0
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» abs(2+30)>abs(2+i1)

ms =

1

<3 (2431)==(2+1)

us =

0

» (2431)-(2+1)

ans =

]

Arap onepananapaas Oups cxanap 0¥sca, y MKKHHYY MacCHB OIle-
PRHIMHAT XaMMa 31¢MeHTNapR OHIaH TAKKOCHaHAMH:

M=

-1 0

1 2

» M>=0

ans =

0 1

11

YMyMuit Xona HUCOAT ONepaTopiaapH OUp XUN ¥nmyaMaarH MKKUTa
MUCCHBHH TaKKOCNAlHAW Ba HATYDKAHM MaccHB KypuHAImMNA Oepaan:

» M>{0 1;.1 0]

ans =

0 ¢

g !

Hucbar omnepaTopinapuuu cUMBOINH Hozanap yuyH XaM Kymilaut
MYMKHH:

» ‘b>'a’

ansg =

1

» ‘abe'= ='abe’

ans =

1 11

» 'chba'<'abc’

ans =

¢ 01

By xonza, ndoza rapxkutura kupysuu cumponnap ASCI-konnapu 6u-
naH nbonananazy. Catpnap ASCll-konnapaay ubopar 6¥nran sekropnap
cudaTtnna kabyn KANUHAON.
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5.3. ManTuknii omepaTtopiaap

Manmuxuii onepamopaap 0up Xun yui4qaMmparns MacCHMBAap YCTHHA
MaHTHKHI aMannapHH GaxapHII YUyH XH3MaT KHIadf.

Gyuruun Homn
And Mantnxnii BA (AND) &
Or Mautuknit EKH (OR) |
Not Maatukuii IMAC (NOT) ~
Xeor EKWnwu unxop sTysun (EXCLUSIVE OR)
Any T¥Fpu, arap BeKTOPHHHT XaMMa JJeMeRTAAPH HOMra TeHr O¥nca
All TiFTpu, arap BeKTOPHHET XaMMa 3JeMeHTIapA Hoira TeHr 6¥iMaca

ManTUKHI onepaTopAApHH KyANallira MUCOMIap:

»A=[1 2 3],

»B=[1 0 0};

» and(A.B)

ans =

1 00

» or(A.B)

ans =

1 1 1

» A&B

ans =

1 0 0

» AB

ans=

1 1 1

» not(A)

ans =

0 00

» not(B)

ans =

0 1 1

» ~B

ans=

0 1 1
~» xor(A.B).

ang =

011

» any{A) _
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Ann -
1

» all(f0 0 0])

AN =

0

» sli(B)

ANg =

0

» and(‘abc'’012")

nns =

111

('onnap Ba caTpaap MaHTHKHH ONEpaTOPNapHHHT apryMeHTIapH
O nmin MyMKUH. ApryMeHTIap coH O¥nranna ManTUKHi Homra dakar HOM
MOC Kesiad, Kolragr fapua COHNap MAaHTHKMI Oup Ae6 xabyn KunuHAZM.
(wrpnap sca y3napueuuar ASCII-koanapu 6unan udosanaHagm.

5.4. JaemeHTap PyHKUHAIAP
5.4.1. Anrefpank sa apHpMeTHR dyHKuHaIap

MATLAB TtH3uMuna Kyinnard anrebpank Ba apupmernk GyHKUHATIAp
MARXKY A :

+ abs(X) — X BeKTOpHHHr Xap OHp COHAH 3NEeMEHTHHHHT abcomoT
knitMaTHHY KafTapaas. Arap X HUHT TapkuOHIa KOMINJIEKC COHIap
xam O¥nca yTapHHHI MOAYJIHHH XucoOmanmy.

Mucennap:

abs(-5) =5

abs(3+4i) =5

» abs([1-21312+3i])

ans =

1.0000 2.0000 1.0000 3.0000 3.6056

* exp{X) — xap onp X 3eMeHTHHHHI YKCIIOHSHTAacCHHH KaiTapaau.,
Kommneke coH z = x + i*y yuyH exp(Z) YHKIKA KOMIUIEKC 3KCNO-
HeHTaHU XucoGmanam: exp(z)=exp(x)*(cos(y)+i*sin(y)).

Muconnap:

» exp([1 2 3]D)

ans =

27183 7.3891 20.0855

» exp(2+3i)

ans =

-7.3151 + 1.04271
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» factor{n) — n COHHHHHT CONAA KYNalHTYBYHIIADUHH ¥3 HYHra ONyB-
YH BEKTOp — CATpHH KaiiTapaau. Mucom:

f = factor(221)

f=

13 17

* log (X) — X MaccHB 3N€MCHTIApDHHHHT HATYpan JOrapHPMHAHH
Kafirapany. KoMnnekc éxku manduii z yuyH, 6y epga z = x + y*i,
xoMmmieke norapadm log(z) = log(abs(z)) + i*atan2(y,x) kyparnmuaa
xucobnaHagu. OYHKUUAHHHT AHUKJAHUIT COXACH KOMILIEKC Ba
MaH(pUA COHNAPHH XaM ¥3 HUMTa OJTaHIHTH cabaiH HOKOPPEKT
WIIIATHAraHAa KYTHIMAaraH HaTiKanapra OH0 KeTHiy MyMKHH.
Mucosr:

» X=[1.2 3.34 5 2.3};

» log(X)

ans=

-0.1823 1.2060 1.6094 0.8329

* log2(X) —X Mmaccus IEMEHTIAPHHUHAT 2 acoc OYHKMya sorapug-
MHHH KabiTapans;

[F.E] = log2(X) — xaxmkuii counap maccupu F pa OyTyH coHnap

Maccued E HH xaliTapagu,

Miucon:

» X=[2 4.678 5;0.987 1 3],

>> log2(X)

ans =

1.0000 2.2259 2.3219

-0.0189 0 1.5850

» [F,E] = log2(X)

F =

0.5000 0.5847 0.6250

0.9870 0.5000 0.7500

E =
2 3 3
01 2

¢ loglO(X) — maccuB aneMenTIapHHUHT 10 acoc 6¥iHya norapugmu-
BH KaiTapaad. PyHKUHAHMHI aHHKJAHHII COXACH KOMILICKC COH-
JIADHH XaM ¥3 HYHTa ONTAHNIHTH ¢abaliH HOKOPPEKT HIIATHATAHAA
KYTHJIMAraHd HaTHXXanapra onH0 Kenuuu MyMKHH. MHcon:

» X=[1.4 2.23 5.8 3];

» logl0(X)

ans =

0.1461 0.3483 0.7634 0.4771
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¢ sgri(A} — X MaccHBHHHI KBagpaT MIAH3HMHH Kafirapanu. X Mac-
CHBHUHT MaHdHil Ba KOMIUIEKC dMemMeHTNapH yuyH sqri(X) ¢yHk-
UHA KOMIIIEKC HAaTHXKAHH XuHcoOnalinm.

Mucon:

» A=[2521.23 55.8 3]

» BYri(A)

s =

5.0 4.6076 7.4699 1.7321

5.4.2. SIxauTaaml Ba uwopa PYHKUEAAAPH

Iup katop dyHKUHANAP COHNH MABIYMOTAAPHH AXJHDIALI Ba ynap-
MW MINOpATTAPHEY aHUKIAII YIYH HUINATHIAIH.
» {ix(A) — sneMeHTIapW HOJ TOMOHIATH 3HI AKHH OyTYH cOHrada
AXJIHTIAHTZE A MAacCHB 3/AEMCHTAAapHHH Kaiitapaau. Kommieke
A YyuyH XaKHKHH Ba MaBXyM KHCMIap aJOXHIA fXNHTIAHAAH.
Muconnap:

» A=[1/3 2/3: 4.99 5.01]

A=

0.3333  0.6667

49900 5.0100

» 1x(A)

ans =

0 0

4 5

* {loor(A) — A MaccHB MEMEHTIAPHIA MOC KEJTYBYH 3HT AKHH KHIHK
ékH TeHr OyTYH COHHM KaiiTapagn. Kommnnexkc A y4yH xakHkai#i Ba
MaBXyM KHCMIap aJoXuja AXJHTIaHagH. Muconnap: '

» A=[-1/3 2/3: 4.99 5.01] '

A=

-0.33330.6667

4.99005.0100

» floor{A)

ans =

1045

* ceil (A) — A MaccHuB IEMEHTIApUTra MOC KE1YBYH HT SKUH KaTTa
k1 TeHT OYTYH COHHH Kaiitapagn. KoMIieke A y9yH XaKUKHii Ba
MaBXYM KHCMJIap alOXHAA 4XIHTIaHaAH, Muconnap:

» o -1.789;
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» ceil (a)

ans =

-1

» a=-1.789+1*3.908;

» cei l(a)

ans =

-1.0000 + 4.0000i

+ round(X) — 3Hr 9K¥H OyTYH COHrauya sxJHTiAanraH X Maccus
IEMEeHTIApHHHN KalTapann.

Mucon:

» X=[5.675 21.6+4.897*1 2.654 55.8765];

» round(X)

ans =

6.0000 22.0000 +5.0000i 3.0000 56.0000

» sign{X) — ¥mryaMu X MacCHBHHHT ¥ir9amu OHNaH Oup xun 6ynran
Y MACCHBHH KalTapaiH. Y MacCHBHHHI 3€MEHTIAPH KyiHarnda
O6ymanu:

1, arap X HuHT Moc 3neMeHTH 0 gaH karta O¥nca;

0, arap X uueT Moc 3neMmenTh () ra TeHr 6yica;

-1, arap X HHHT Moc 3neMeHTH 0 1aH KHaHK G¥ca.

Hosra tenr 6¥nMaras Xakuxuii Ba MaBxyM X snap yayH — Sign(X)=X./

abs(X).

Mucon:

» X=[-52120-3.7]:

» sign(X)

ans =

-1110-1

5.4.3. Math — matemaTax dyaxnpaaap Gabanorexacn

Mamemamux pynxyusrap Snbnnorexacu 5.1-pacMna xypcatunran, ¥
Kyfiujarn O1oKIapHH ¥3 HYUTa 0J1ad:

Sum — a”amor cyMMarop, KHpHIINTa GepHIAJIHraH Xap Kadaaii
COHNArd CHrHAJUIApHHHT anrebpank HUFHHAHCHHH OHIN HMKOHHSTHHH
Oepaau;

Product — nkkd B2 YHAAH OPTHK KHPHII CHrHAJLIAPHEHHT Kynak-
THPHIN €KH GYNHID HATHXXAJAapUHA YHKMILAA [MAKUIAHTHPYBYH GNOK;

Dot Product — KHPUIIAArH UKKATA CKAASP KATTAJIMKIAPHY ¥3apo
KYTIaHTHPHINHH aMalira CINHPYBYH 3BeHO. YOy 3BeHO KnpHra Gepu-
NafHTaH Y3YHIHKIAPH TEHr GYNAraH HKKHTA BEKTOPHM BIIEMEHTIAPApO
KynaiTHpHIN BHFHHEAUCHEN XaM XucoOnainu;

52



. Galn — aHanor KysaiTHpruy;
. Slider Gain — napaMeTpnapd HHTEPAKTHE POCTJAHAJMIaH aHANoOr
RyMsHTHprHY, :

Matrix Gain — kupumura Bekrop OepHiaaMraH Kyd9alTHPIHY;

Mat Function — cosnam maiilonnaa MaTeMaTHK QYHKIMAIApIAH
SnpuHy Tannam Ba YHH MOAENTa KYIIKIN HMKOHHATHHH GepyBuH 6A0K;

Trigonometric Function — 4MKHIIMAA XHPHII CHTHATMHUHT TPH-
roHoMeTpHK QYHBKIHMACHHH OIAKNNaATHpYRUK Onok. MyHKOHA co3nam
MulilOHNaa TAHNAHALGH,

MinMax -— co3nam MalaOHHAArH TOMIINPHKKA acOCAH BEKTOPHHHT
MHIIEMAJT EKH MAKCAMAJ1 KMAMATHHH TaHnaiad. BnoKHEHT KMpHII CHrHATH
GOHNH BEKTOp OYNMIIM Kepak;

ABS — 9HKHIIEAA KHPHOIAATH CHTHAJAHUHE aGCOMIOT KHIMAaTHHH
iwmknanTHpysdy 6ok, PYHKUHOHAN cXeManapaa ryrpunamq PONHHU
YHnaion;

Sing — KUpHII CHTHANHHHUHT MLIOPACHra acoCaH HIWIOBYH OJI0K-perne.
YuKHII CHTHATHHHHT KHEMATH CO3NAIl M2iiloHHaa YpHATHIAH;

Rounding Function — Kupuir curHanuHu AxaumiadgAarad GNoK.
xymTnam GYHKIHACH coIam MaHAOHKIATH [IACTTa OYHITYBYH MEHIOLaH
ThMUIAHAOH;
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Combinatorial Logic — KHpHII CUTHAJIHHH CO3JAaII MaiaOHHIa
WIAK/UTAHTHPHITAH XAKHKHIUIRK KaJBaJlira MOC paBHILAA ¥3rapTHPHIIHU
amanra ommpysun Grox. Ywly Gmok xonata byn anreGpacu épaamuna
TaBcH$pNAHAIUTAH YEKTH aBTOMATHHHI Mogeau 0¥nnG xucobnananu,

Logical Operation, Relation Operator — «BA» Ba «EKH» MasTaxuii
aMAJUIAapHHEAT ONoKIapy; KHPHILIAPHHHHT COHH co3/all MakoHKAa
bepunanmy;

Bitwise Logical Operator — xap xaHjaif MaHTHKHH GYHKUHAHH
aMallra OLIIHPYBYH YHHBepcan OMoK;

Complex to Magnitude Angle — xupHIIAar¥ KOMIUIEKC KAaTTAJIHK-
HMHT MODYNH Ba PasacuAn aXpaTwill HMKOHHATHHH Oepysun 050K,

Magnitude-Angle to Complex — monynm Ba dazacu 6unal Gepunran
KHPHII CUTHAMHH KOMIUIEKC HHKHII KATTaIWrHra ainaHTHpyBuH 6710K;

Complex to Real-Imag, Real-Imag to Complex— xoMIUIEKC KaTTa-
NHKJAPHH KYpcaTKHY IUaKNJaH are0pank Makira Ba anrcOpank WakiaaH
K¥pcaTKHY Wwakiara y3raprupysus 6nok;

Algebraic Constraint — Tapxu6uit Mogenra anreSpaHk TeHrnaMa-
AapHH KHPUTHIL HMKOHHATHHH OepyBuu 610K.

5.5, ®ynKuHAAap KAAbKYJATOPHAAH doHaaanu

DOYHKNHANAPHAHT HHTEPAKTHB rpaduk kanpkymaropy fuhtool cumeo-
JH GYHKUHAIAp OMAaH HIIAIl YYyH MyJDKaIIaArad. Y X ¥3rapyBUHHKHT
HEkHTa (f(x) Ba g(X)) GYHKUMACHHH XaMJa YIapHHHT Xap XHI KoMOHHa-
UHANAPHHY TE3HK GHIaH KypHII MMKOHHATHHH GepanH.

5.2-pacs. DYHKIHANAP KaibKyIATOPHHHHT OHHACH
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MATLAB nunr xoManaanap odinacuga funtool Oyfipyruns Tepunnt
Enter xnapnmacy 6ocuaca 3KpaHRa KaJbKyJATOPHUHT YYTa aBTOHOM
oldncu xocun 6¥nanu (5.2-pacM). YIapHHHT HKKHTACH rpadUK Ba YIHH-
whew ca BomkapysyH oliHaamp:

rpaduknap capaagxara 3ra Gy¥nraH ofiHamapaa aKc >TTHPUNANN,

BomxapyBuH ofHa KyHujaarnnapra sra:

¢ (QyHKIMATAPHH KAPHTHIN YYYH MKKHATA Maiizod (f Ba g);

¢ X ¥3rapyBYHHHHI' ¥3rapyul yerapajJapHHH [min,max] opmaria

KUPHTUIU MakA0HH;

* macmTadNo0BuH 2 Kod>hPHUHEHTHH KHPHTHLI MailIOHH;

- HOmKApuLl 4-KaTOPZAA KOUIAINTAH TyrMasap opKaly aMaira olif-
praaan:

* GupuHYU KaTop- f(X) QYHKUHAHM CHMBOJIH ¥3rapTHPHII TYDH:

df/dx — f(x) ¢pynxuusHuHr DuddepeHIHATH.
int f — f(x) GYHKUMAHHUHT HHTETPaNH.
simple f — arap Mymxus 6ynca f(x) Hponanu coaaanamMITHPHIL,
num f — paunpoRan HPOAAHNHT CYPATHHU AXKPATHIL.
den f -— pauHoHaN HPORARHHT MAXPAKHHH aXKpaTHII.
1/ — f(x) um 1/f(x) ra anMamrupL.
finv — f(x} H1 Y3UHUHT TecKapH QYHKHMACHTA aNMamiTHPHIL.
* HMKKHHYH Katop- f{X) GYHKIMAHM CHMBONIH MaciiTabnam TypH:
f+a— fix) ad f(x) + a ra anMamITHPHLL;
f-— a— f(x) uu f(x) — a ra anMamTHpHII,
f* a — f{x) Hut f(x) + a ra anMamITHPHIL;
f/a— f(x) pu f(x) / a ra anMamITHPHNL;
f*a-— f(x) uu f{x) ~ a ra anNMaITHPHLI,
f(x+a) — f(x) nu f(x + a) ra anMamrTupHuLf(x + a) ;
fix*a) -— f(x) vm f(x * a) ra anmMamwTHpu. f(x * a) ;

* yugHuH Karop- f(X) ¢pyHkuuany f(x) sBa g(x) GyHKIUANAPHHUHT

kKOMOHHAUKACH GHIAH ANMAIUTAPHLI TYPH:

f+ g — f(x) vu f(x) + g(x) ra anMawTHpuIL;
f— g — f(x) uu f(x) — g(x) ra anMamTHpUII;
f* g — f(x) oy f(x) * g(X) ra aAMMaITHPULL;
f/ g — f{x) un f{x) / g(x) ra aaMamITHpHIL,
f(g) — f(x) vn f (g (X)) ra anMaWwTHPALD,

g =1 — g (x) 4 f(x) ra anmamTapu;

swap —— f(x) Ba g(x) Hu ¥3apo anMaUITHPHII,

* TYPTHHYHU KATOP-OOIKApHIL aMasiapH:

Insert — f(x) dyuknuann GUpHKTUPMATaH QyHKUUsNap OubInOTEKA-
CHI'A KHPHTHLL,
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Cycle — f(x) dyHxuuanapHn GHpUKTHpHATaH GyHKLmAnap Oubnuo-
TeKacHAAH NHKIHK PaBHIAA YHKAPHII;

Delete — f(x) dynxunann Gupuktapuirad Gynkousnap 6utianore-
KacHOaH YaupHO Tammal;

Reset — Gounmanaruy XonaTra KalTHI,

Help — &paaMud yakupHur,

Dgmo — $yHrIMANap KaNbKYIATOpHAaH GoHnanaHHmHy HaMoHMID
KHJTHLI;

Close — ydana oliHaHH €HHIL,

6. XHCOBJAIJIAPHH I'PA®HK BH3YAJLJIAHITHPHII
ACOCJIAPH

6.1. Bup Virapypuras GYHKOHAJAPHHHT rpadHrHHR KYDHIN

BesocHTa XucoOnamnap peXxXuMnia aMania TH3MMHHHT rpadHKIap
KypHIIra TaamyknH Gapya MMKORMATIApHAaH poiinananuin MyMKHH.
Asppanira oxuil MHCON, CHHYCOMIAHHHT rPAQUIHY KyPHINKEH KYPailiBk.
®yHKUAAHUAT X apryMenTd O man 10 rana 6¥naran nurepsania 0.1 kagam
Ounan ysrapcun. I'paduk Kypu yuyH assan x=0:0.1:10 BekTopHH KHpH-
THII, KeHHH 3ca rpadHk KypHII koManaacH plot(sin(x)) nan doiinanannm
eTapiu.

6./-pacm. CHHYCOHISHHHT rpadHrHHA KYPHINTa MHCO
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~ %=0:0.1:10;

. plot{sin(x))

e

Kypuaran rpaduxk 6.1-pacmMaa KeATHpHIraH.

I'padmk plot komaHmacu €pAaMnaa KypHiranaa GYHKIMAHAHT X BEK-
Top EpaaMuaa OepHNAraH HyKTAJAplardH ¥3apo CHHHK 4H3MKIap Ounal
Bupsawrtuprnand. ByHnall HyKranap conx kyn 6¥nca (Macanas, 100 1a)
rpathuk Ky3ra cHAIHK 6Ymub k¥puBanu, arap kam Gynca (Macanax 10 ta)
rpudnk xyaan CHHEHK YH3HKIapaaH ubopatiek 6¥n1ub xypusamn.

i'paduxnapun MATLAB rpaduk oiiHanap 1e6 aTaayBuH aloXxHAa
vwhnwiapaa Kypaas. By ofiia MATLABHHHT KoMaHgagap oHHacHaaH (apk
kunaau. [paduk oitHaHuAr Gom meHtocHaaru Tools (AcGoGnap) nyHKTH
$psumuaa acbolnap maHenHHM OYHIN Ba FPAQHEIAPHHHY TAPaMETPIAPHHH
OCOHAHK OHTar OOMIKapHIN MYMKUH.

6.2. fAArona oiinana 6up Aeua GpyHxmEAHRHET
rpadarsis Kypim

Bup #iyaa yura dyHKmMa: sin(x), cos(X) H sinx)/x napHiuT rpadskia-
pPHHH KypHIOTa XapakaT KHauO kypainHk. By dyHKunanapun apryMeHTH
AKKON KypcaTuaMaigurar y(x) KYpHERHIDngarn y3rapyBudnap OusaH
fenrunam MyMKHH:

»yl=sin(x); y2=cos(x); y3=sin(X)/x;

byHJail HMKOHHAT ymIOy ¥3rapyB4MIAPHHHT X ¥3rapyBuH KaOH BEKTOD
(yaragnury cababny ¥puHan. 3HaM plot KOMAHIACHHHHT IAKIIAPHHKEHT
Oupuzan ¢oiganaHHIIUMH3 MYMKHH:

plot(al,fl,a2,f2,a3,13,...).

Oy epaa al, a2, a3,..., — ¢$yHKUHA apPTYMEHTNAPHHHHT BEKTOPIapH
(IOKOpHAATH X013 ylapHHAT XaMMacd — X) , f1, 2, f3,... —rpaduknapn
AroHa oifHaga Kypuaaérrad GYHKUHANAD KAIMATIapHHHHT BEKTOPAApH.
K¥pcaThirar ¢yHKUHANAPHHHT TPadHKIapHAN Kypuill yayH plot komaH-
JTaCuHH KyHuIarnya &3aMuz:

» plot(x,y1,x,¥2,x.y3)

MATLAB kepaknu rpabHK1apHH KYPHIIHHK KYTUII MyMKHH, JIGKHH
xed KaHpaaH rpadux Kypuamaiign. Byrurr caGalnm sin(x)/x ndopann
xucobnaurna. Arap x Maccup 6¥nca MaTpulapui OYIHII / ONEPATOPHHH
KYNIam MyMKHE 3Mac, IpaduKnapuu ONHII yayH sin(x) HEHT X Ta HHC-
OaTHHH MacCHBNApHH MeMeHTAapapo O6¥auw onepaTopH ./ épraMuia
xucoOaill kepax:

>> x=0:0.1:10;
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>> yl=gin(x); y2=cos(x); y3=sin(x)./x;

Warning: Divide by zero.

{Type «waming off MATLAB:divideByZero» to suppress this warn-
ing.)

>> plot(x,y1,x,y2,x,y3)

MATLAB x=0 na Ora 6y 103 GepraiIuri TYFpHCHIA OrOXTaHTHPHII
6eprawmurura 3pTHOOp Oeprunr. I'an wryHaaky, plot, sin(x)/x=0/0 HoaHHK-
nukHH Gaprapad >THI MyMKWHAKRTH Ba ¥ OHpra TeHTJIMCHHH OniaMaiian.
ByHaali KaMYHJIHK XaMMa COHJIH XHCOONall TH3HMIapH YYyH Xapak-
TEPIH,

XOCHI KWIHHTAH Tpaduxnap 6.2-pacMaa KeATHPHITAH.

s hiqure ko,

6.2-pacm. Yura GYHKOUMAHHHT rpahUrHAN KypHII

6.3. I'padux pyuxnea fplot

MATLAB sin(x)/x xabu 6aprapad KHIHHHIIN MYMKHH O¥nran
HOAHHKIHKAApTa 3ra (YHKUHANAPHHUHT XAM TpadUHKNapHHH KypHII
BOCHTanapHura sra. Byuaa#f socura 6¥nu6 fplot rpadux xomanaacu
xucobmaHany;

fplott’f(x)’, [xmin, xmax])
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Y x apryMeHTHHHI OelrifauMaral y3rapuil KaJamaapd yqyH xmin
AN xmax rada 6¥aran uHTEpBANAA CHMBON KypHHKIIAA Oepuwiran GyHk-
UMRBUHT TpadUIUHE KYPULT EMKOHUATHHHE Gepam.

6.4. YCTYHRJIH QARATPaAaMMaJiap

AMasinii XucoGnapaa Gupop V BekTop TapkMOMHHN TacBHpNaliAMraH
yeryHaH nuarpammanap ae6 aragysus rpaguxiaap kyn yupaizd. bynna
MCKTOPHHHT Xap GHp NeMeHTH OaTaHUTNIH YHHHT KHAMaTHra MoC O¥nraH
yCIyH HIAaKIHAA KYpcaTHIann. YCTYHIap TApTHO paKaMIapHra Ba 3Hr 6a-
AL YCTYHHHHT MaKCHMAaJI KHHiMaTHra HECOaTaH MakayM macirabra sra
GYiann. Bynaait rpadmxaap bar(V) koMaHnacH EpAaMuia KypHiamu:

> V=[13579642};

> bar(V)

5

Kypuiran guarpaMma 6.3-pacMAaa KypcaTuirad.

6.3-pacm. YCTYHIH OHATPAMMAHHE KypHII

6.5. Ya Ynvamin rpadeakaapaR KypHi

MATLABAaa y4 ¥n4aMiau rpadHKIapHM KYPHIO XaM XKyHXa OCOH.
ByHuHT y4yH KaBNa#l koMaHZanap KaHIaf rpadHxnapHH KypHUIMHH
Ounui erapnd. Macanan, cMpTHUHT rpadury BA YHHHI CHPT OCTHAArH
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TEKHC/IHKKA KOHTYp rpadHKiap KYpHHHUILAIATH NPOCKUUATAPHHH KypHIL.
y4yH KyHHnara koMasaanapial ¢oigananum erapmiu:

» [X,Y]=meshgrid(-5:0.1:5);

» Z=X*sin(X+Y),

» meshe(X,Y,Z)

Kypunran rpadux 6.4-pacMaa kypcarunraH,

Appannapu Oynjai rpapHk KypHII AaCTYPHHH TY3HIN Ba YHH CO3JIaul
yuyx 6Hp Heua KyH 3apyp G¥nap »au. MATLABna 3¢ca Oy HMIIHK CaHOKIAH
AaKHKaIapaa aManra OHIMpHIN MYMKHH.

6.4-pacy. ¥4 §ruaMnu rpadukuy kypaw

6.6. T'paduxnapun cuuKonua épnamMuaa adaanTHpEIN

XocHin KHIHHraH QurypanapHi chyxkoHya &paaMujga Oypum Ba
ynapHu Xap xui Oypyak OCTHAA KY3aTHII MYMKHH. Ym0y UMKOHUATHH
MATLAB TH3HMHHHHT JIOTOTHITH — MeMOpaHaHH XOCHII KHIIHII MHCO/H-
Ja xypaitnuk, ByHHHr yuyH membrane XoMaHJaCHHH KHPHTHO GOLUTaHFHY
rpadHKHE oj1aMH3 (6.5-pacM).

I'paduxuy aHmaRTHPHII yUYH ac0obnap NareMHUHT YHI TOMORHIArH
CTpeNIKan¥ NyHKTHp aiNaHa KYpUHMIOWAATH TYTMaHHK aKTHRIANITHPWE
etapnu. CyHrpa Kypcop rpadHk ycTHra o0 KemdHaau Ba CHYKOHYaHHHT
qar TyrMacHHH GocHO aiinana xapakarnap OWinaH rpapukay afnaHTHpPHII
MyMEHH (6.6-pacm). MATLAB 6 aa 3ca xyaau wy iiyn GunaH HKKH
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PauuMan rpaduictapam XaM aitnagTHpuin MyMKHH. Bydzail aknaHTHpHII-
AP X¢N KaHJal jacTypAallHH Tanab xuaManan.

6.5-pacs. MATLAB TH3HMHHHET JOroTHRIH — MEMOPAHAHA XOCH KHITHII

Ms Edt Vw et Tock Widow Helr T
Insa@ NA2zsl@2B0.
e I s

6.6-pacs. Yu ¥aaaman QHrypaHn cHYKoHYa &paaMiia afmaHTHpanI
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6.7. FpadaKIAPHHAT KOHTEKCT MEHIOCH

I'paduxnn Taxpupram peXxXUMHra YTHU YIYH Kypoop-CTpenxa TacBH-
pura sra 6¥aran Edit Plot (Tpaduxau Taxpupnaiu) TyrMacd Gocwraam.
YVwly pexuMaa CHUKOHYAHHHT YHT TyrMacHHH 0ocu® dakupunanurad
KOHTEKCT MEHI0 EpaaMAza rpadukHH TaXpHp KHIHI MyMkuH. Kypcop y4
Ymuamau rpadHK COXacuia TYpraHAa XOCHI O¥naiurad KeHTEKCT MEHIO-
HHHT KYpHHAILD 6.7-pacMaa k¥pcatinran. CHukoHYa EpaaMna rpadKEH
Oenrunain xaM MyMKHH. Yan TyrMa 60ocHiraHia paCMHHHT aTpodHIa paMKa
xocun Gynami. CyHrpa rpadMkka CTpenKanap, YM3HAKIAp BA TYLIYRTHDYBYH
&syBnaphH (A Xapbnu Tyrma) Kyium MyMKiH (6.8-pacm).

|HCE¢MMT¢*MM . I

'if [
i)

e

6.8-pacm. I'padmku Taxpupram
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6.8. UxKkH ynuamMiIn rpagEKIapHHE TAXPHPJIAN 8COCAAPH

MATLAB TH3HMH TOMOHHIAH KypuiraH OOMUTaHFHY rpadHKIapHH
XOccanapy Ba KYpUHHIIAEHM rpadguk KOMaHAaap mapaMmerpiaphi épaamuaa
KkeH) verapasapaa yaraprupum myMked. Jlexun 6yHpa# iiyn MATLAB
THIMMHHHHAT JacTypaalll THIHHHA Ba JeCKPHIOTOP IpadpHKaCHHH sXIIH
SuhvuHn TanaG KunaaH.

MATLAB 6 HuHT AHTH BepcHAcHAAa IpadHKIAPHHHT XOccanapu-
wH ¥3rapTupuin (ynapHu dopMartiam) yuyH rpapuk oObeKTnapHHHHT
KYpPrHMIEHEK (CTHIHHH) BH3YAI HAa30paT KHIHII NPHHIMNKAAH dolinana-
nunaay. Hatwokapa rpaduiciapan daiin kypuHHIIHAA AHCKKA E3H0 onHIILAaH
unBaN yaapra oced sa coiga Hynuap OHIaH Kepakik KYpHHHIIEY GepHin
HMKOHHATHHH Oepazd. ARTHIN MYMKHHKH, O6yHZa rpadHK BOCHTaNapHH
WHiyan HYyHanTHpWITaH JacTypiall MpHHUHIUIAPH aMajra OIIMPUIITaH.

6.8.1. T'padURIAPHUHT NHHHANADHHE dopMaTAaI

MATLABHUHT aBpalre Bepcusanapuia rpaduknapHu cozmam (dop-
MOTNal) YIYH Maxcyc Xoccajap TaxpHpnaruyn — Graphics Properties
liditer (I'paduk xoccanapHHHHT TaxpHpiarHiH) 4aH QoiiaamaHunras.
Yun MATLAB komanzanap pe:xxumy ofiHacHHHHT File Mmeiocuzian Show
Graphics Properties Editor (I'paduka xoccalapHHHHT TaXpHpPIArHYHHH
K¥pCcaTHl) KOMAaHAACH €pIaMHIa YaKHPHIL MYMKHH 31H,

MATLABHHHT AHTH RepcHACHAA rpadHKIapHH GOpMATIAI KU AN~
pox Ba Kynaiipok 6¥nu6 xonmun. YHga Show Graphics Properties fyk
#a YHHHr YpHHHH Figure Properties (purypaHUHT Xoccanapm) pa AXis
I'roperties (VKIApHUMHT X0CCANapH)} KOMaHAANapH 3rajularad.

padux Kypunranga rpaduk oiiHa xocun 6ynamu. bas3n xomnapaa
y bouika oifHaANapHHHT OpKacHAa KONHO KYPHHMACIHIH XaM MYMKHH.
Arap rpaduk k¥punmaca Alt + Tab knasHmanapuHH GOCHII Ba KEPaKIH
OHHAHU TAHIIATI MYMKHH.

I'papnxun $popMaTnam ydyH rpadHk oifHacumaru acGobnap maHenu-
unnr Edit Plot (I'padukyp Taxpapnam) TyrMacu Gocunamy Ba rpaduk
Oocvnaau, rpaduk GenTHNaHany, YHHHT aTpodHaa paMKa XOCHI 0¥ namn.
CHHKOHYAHHHT KYPCOPHHM rpadHk oOBeKTnapuaaH GHPHHHHI YCTHTa
0anb kenud van Tyrmacu Gocunca o0LeKT OenruIaHaH Ba YHHHT popMaT-
Jin offHace makino G¥nanu. Macanan, TaxXpHpiall pexXAMELA CHYKOHYA
Onsta rpadHKHHAT THHHACHHH KYpPCaTHO CHYKOHYaHMHT 4Yall TyrMacH
(CUIMK OMIaH MKKM MapTa OOCHICA rpadHk MHHUACHHHET (GopMaTiail
oiinacu naigo 6¥magu (6.9-pacm, WKopHIA).
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I'paduxaHAr nacrkn KucMuaa xoitnairan Apply (Kynnamw) tyrMacu
Y3rapTHPWITad YPHATMANAPHHE AHANOr OffHacH SMuMacial Typu6 Kyanam
HMKOHHATHHH Gepagn. OK TyrMacu y3rapTapHIUIapHH KMPUTaAH Ba JHa- .
JoT oHHACHHY €nmany.
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6.9-pacs. Tpaduk ofiHack (macTga) Ba AHHUARH dopMaTnat ofigacy (JOKOpHIa)

6.8.2. TaaHy HYKTAJAp MapKepIapHHn opMaTIalll

TasHy HykTanap Mapkepnapudd ¢opMartaamun X HHHr 0.1 xanaM
bunad -15 nam 15 raga 6yaraH uBTepBannard y=sin(x) GyHKUMAHHHD
rpadurn Muconnga kypaimuk (6.10-pacm):
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>> X=(-15:0.1:15);
>> Y=gin(X);
o> plOt(X’Y)

6.10-pacs. Y=sin(x) $yHKOHAHHHT rpagura

KypcopHu rpaduk TMHHICHHHHT YCTHTA ONHO KeHd CHYKOH9IAHHHT Jan
ryrmacunn Goceax rpadukaa Mapkepnap xocun 6¥namm (6.11-pacm).

6.11-pacs. JTHHAAHHHT MapKepiapA
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Kypcopuu Mapkepnapras GHPHHHHT YCTHIA 0Aud Kenud CUUKOHYAHWHT
4all TYTMACHHH HKKH MapTa Te3nuk Omnan foccak Property Editor-Line
auanor oiinacH naiao 6ynagu (6.12-pacM).

CProperty Bditor - L

Bol.i_.d line (-).

Ty

6.12-pacm. Property Editor-Line auanor ofinacu

Marker Properties maiimonuparu Style meriocunas (6.13-pacm) kepak-
JIH MapkepHHd Tarjaa® onumMMH3 MyMKHH. Macanan, Circle HHu TaHnacak
rpaduk 6.14-pacMaa K¥pcaTHNrag KYpHHHIIHK 0J2H Ba MAPKEPIAPHHHT
yayaMiapy, paHrs, KVpHHHUINH B3 OOWIKA TapaMeTp/lapHHH Y3rapTHpuu
MYMKHH.
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Triangle-left (<)
Five-pointed star ()
Shwpointed star (h)
No marker {nong)

6.13-pacm. Style MeHIOCH

6.14-pacm. Gopmatianran rpagpuk
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6.8.3. Bup meva GYRKENA rpaPurBiANNr THHES
Ba MApPKEpHRApHEH PopMAaTIam

Bup Heua ¢yuknud rpadurpnara xap 6up GyHKuMsHHET rpadurueg
anoxnaa popmariaw MymkuH. Kyiingarn koMmanmaaapan Gaxapaitnuk:

» x=-6:.1:6;
» plot(x,sin(x),x,sin(x)."3,x,sin{x)."5);

6.15-pacMIa I0KOpHIArd KoMaHJanap 0axapunraHia OJHHAXHraH
rpa¢ukHH GpopMaTAaIra MECOJ KeATHpUArad, CHHYCHHHT Japakanapu
KaHgai OepunramMrara >sTHOOp OepuHr. Arap sin(x)"3 Ba cos(x)*5
KYpHHHIIHAA €3HACa XYyAa KaTTa XaTo O¥nap »aH, 9yHKkH Oy epha X Bek-
Top. By Xonfa . aneMeHTIapapo mapaxara KyTapuiune Gepanu.

MATEAR

&GWWIB*WM" :
ﬂnﬁnﬁﬂ“a z/[.@.eﬁ
X e"f:\m@mmo

6.15-pacsu. Yyra pyuxuHaHHHr rpadHrien hopMaTaall
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6.8.4. 'padukaapannr ¥Kaapaun gopMaraam

IOxopuna kenTHpunTad ycyanap 6unan rpaduknapHEdr 6omka o6s-
$KTTapHHH XaM QopMaTiam MyMKHE. Macanal, CHYKOHYAHHHT KYPCOpH
6nnan rpadHKIapHHEET VKIapHHHM K¥pcaTHG (yIapaa XaM Kopa KBagpariaap
K¥pHHMIIHAArH MeTkadap Gop) Ba CHYKOHYAHWHT Yall TYTMACHHM HKKH
Mapra Te3 Oocul, rpaduk YKnapuHH CO3NAMITa MOCNAHTAaH JECKPHII-
Top rpadxa o0vekTnapHHH dopmatiati Property Editor (Xoccanap
TAXPUPIATHYH, XOCCATApHUHT IpapuK TaXpHpNaruyy) ofHACHHMHT Naiino
6y aranauruan K¥pum MyMKUH (6.16-pacu).
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6.16-pacs. I'paduk yxiapEan GopMaTNAINTa MHCO
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JleckpHnTop rpaduKa XOCCATapHHUHT TPadHK TaXpHPIarH4l oHHACH .
kynnab OYyaumnapra ara. Ynapaard ¢hopMaTiaml BOCHTaNapn Copsia Ba_;
roKkopH >@dexruBnanxka sra. Macanad, Scale (Macmra6) 6ynmumu ép,ua-'i
MHJA YKIAPHHHT YH3HKIH ExH TorapudMHK MaciTabnapunn (6. 1?-pacmk_f
YKJapEHHT HOpMAJl $KH WHBepe HyHaiHmIapuau Oepum MyMkuH. Grid-
Show napamerpn épaaMua THp (ceTka) KypcaTiunany sa X.k. CuHyconzna
rpaduruauar Gup Katop dopMaTnamiapaaH KeHHHrd KYypHHHIE 6.17-
pacmaa K¥pcaTHITraH.

.'mm; - S —— Nurnurical results
Chlﬂlh dw“mw N , .Ft !Shaw‘m’ﬁsimﬂg |mapo|am .J .

. - -1,
¥ spline inlerpolant o Coeficients awidnormi of resic .
| shape-preserving intemc | Nepe-press vy i
I near 1 g .
quatkatic ; otk :t residuals = B

cubic

T #th degree pohmomial
"I 5ih degree paynomial
34 *

‘I.' Bhow eqmlons

= S
7 [Gepwaetpuee v 0 . f0 I _)_]—‘ -

S—yg splne
——  sghape-praseming
— data 2

6.17-pacm, Cunyconna rpahurdHHHHr GOPMATAAIINAN KeHHHTH KYPHHALIH
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Arap KOMIOBIOTEep KepakiH wpudtnap T¥nnaMura sra 6¥nca ésyenap-
I HHIIIH3 TWIKSArHHA 3Mac, Oanku GollKa THANApHAa, XyMianaH, ¥30ex
THIMAA XaM Gaxapuu Ba GOpMaTIAll MYMKHH.

6.8.5. E3ye Ba cTpeakajapun v#FpRIAK-TYFpH rpadukka K¥iinm

Ac6obnap naHennmars A xapdnu TyrMa Epaamuaa rpaduxka k¥ninMya
¢yyB1apHy KYHHIU MyMKWH. E3YBHHHT YpHH CHMKOHYAHHHT 4am Tyrma-
cvHu SocHu Hymy Ounan Genrnnanany (6.18-pacM).

e M 1

Blo Kk Yiow Josest Tock Window e
JjDﬁill[k Alzslpeo

F \! v e 25\ -
: InseurtText

J s : —sﬁ'l(xl

6. 18-pacy. T'padburka E3yBnapun K¥itum

Esysnapun cuvkonua 8paaMuAa GOUIKR KEPAKIH KOHTa CHIDKHTHII
vymiird. Hlynnait #yn Ounan xocun kuadHHTaH é€3yBaap 6.19-pacMaa
KY¥pcaTHIras.

B B Yew fert ook Whiow Hep
ineg&iivAA PSS
i

6.19-pacm. YuTa dYHEUHAHHAT GOPMATIAHTaN rpadurd
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6.8.6. FpadBaKHHKr ¥THaMIapHHK ¥3rapTHpHAIN BA iereHma

TpaduKHHHAT YI2aMiIapuHH Y3rapTHpHIn Tools (Acbobaap) MeHiocHaa-
rd Zoom In (Karramamrmupum) Ba Zoom Out (KuupafiTipuin) xoMaHaana-
p EpaaMHAa aMaara ouMpwiIany. Jlerenia — TyIyHTHPYBYH E3yBIapra
ara 6¥nraH aHHAA kecManapuaup. Jlerenaanu rpadukka Insert (K¥itnm)
MeHpcuzars Legend (Jlerensa) xoMaHAacH SpHaMMaa AOUNANITHPHI
MYMKHH (6.20-pacmM).

IFH&'MMTMWM . l

P> pLOT(X, 2indX) X, s4m(x) . ~3 0, 10 [x) . +5)
B Basic Ficting GOT created earishiss in the

[ ¥

6.20-paca, Jlereuna xyAnran rpagHux

Ipadukun pactypwuii fiyn Ounan xam bopmataam Mymxhd. Macanas,
text(x,y, 'legend’) xoMaHRacH €paaMHia KOOpRHHATANApH (X, y) Oynran
'legend' €3yBHHH XOCHJ KMIHUI MYMKHH. Arap GMpHHYH amocTpodaaH
KeliiH Teketan onguH \leftarrow nmapameTpn XolinamrHpuica nerenaa
9anra KaparaH c¢Tpejkazan kefuH naiino 6ynagu. Kylinaary legend('s1',
's2',...) KOMaHAa &pAaMU/a TYIUyHTHPYBYH &3yBiapd 'sl’, 's2’ Ba X.k.
OYnran ogaTgary JICTeHJAHH XOCHI KHIHIO MYMKHH.

6.8.7. I'padux oiinana r;;aq;mum CHIVKETHIN

Opnataa rpaduk ofiHaHHHT YpTacHaa xoiinamrar 6¥naan. I'paduk
offHaza rpaQHKHH CHIKHTHII YIYH rpadMKHH TaxpHpJIal pekHMMAA,
Kypcop rpaHKHMHT YCTHAA OYnranza, CHIKOHYAHHHT YHI TYTMacH épaa-
MHJa odHnagurad kontekeT MeHioaan Unlock Axes Position koMangacH
vyakupruilaan. KeidH cHdkoHya &ppaMuaa rpadukxad 3 Yiapu GunaH
OMpranukna CHUDKHTHIN MYMKHH (6.21-pacm).

n



6.21-pacm. TpadHKAH CHDKHTHIONE MHCON

6.8.8. Fpadux aynanu k¥anaw

Acbobnap nanenHaa JYNaHHUHT TaCBHPH Ba + XaMAa -— Oenrunapra
yra 6ynrad Tyrmanap 6op. Ynap épaamuaa Zoom In (+)(KarranamTepunr)
pa Zoom Qut (-) (Kuapaditupsin) koMaHaanapu Gaxapunagu. ByHnan
ramikapu Zoom In koMaHgach éppaMuaa rpadHKHAHT MaBayM Oup
KHCMHHH 43Il TyTMacH GOCHITAH CHEKONYAHH CHIDKHTHII H¥nu Gunan
fearwiam MyMKHH (6.22-pacMm}.

— sn(_ |
n0o® |
Sn'l(x)s -

6.22-pacy. Fpadrxanur GHp KHCcMERE Genrwiam
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Ve M 1

6.23-pacy. I'padukHHHT BHp KHCMUHK KYpHII

benrunanran KHCMHHHT Yerapanapy HHTMYKa HYKTaTH THHUAIAPAAH TY-
3WIrad TYPTOYpUaK WAKIHHE onafy. CHIKCHYAHHHT 4al TYTMacHHH Kyiiut
100opiica rpagHKHHAT GeNTHIaHTaH KHCMH IpaHK OfHAHM TYNHK Srajnak
au. Jactnabru Macmma® Zoom Qut KOMaHZACH épHaMHAA THKIAHAIH.

MATLAB tH3uMHHUHT ad3aiIMKIapaaal OMpH YHZA rpadHK BOCH:
TanapHHHT KynuurHaup. [padux BocHTanapaan KoMaHgamap pekHMHI
XaM, JacTypiamua XaM poiaanaHu MyMKHH.

6.9. I'papukaapHn TYFPH YH3HK KecMalapH €pAaMHIA KYPHRII

bup ¥3rapyB4HHMHr y(X) KYpHHHIIHAArH QYHKUHATApH MaTe
MAaTUK Xucobiapla Ba KOMNBIOTEPAA MAaTEMaTHK MOJE/TAamAa KeHl
KynnaHmwiagn. Bynnaii ¢gyHKUEANapHN TacBHpRalll yuyH AekapT (TYFpr
Oyp4aknu) KoopaHHaTanap cucreMacupgad doitnanannnagn. ByHma v(x
(GYHKIAA TYTYH HYKTANApHHUHT X Ba Y KOODAHHATANAPHIAZ acOCaH Te-
THOM HYKTaJap KYPHAaIH Ba yjiap TYFPH YM3HMK KeCMATapH épaaMHA:
oupnalTapuiagn. MATLAB marpanaenii TM3nM OYnrannure cababmy
¢byHKIHA HYKTaJapHHUHT koopadHatanapH OHp xun ynwampary X u Y
BeKTOpaap KYpuHMILKAA GepHaami.

MATLABza rpadHKIapHH JeKap KOOPIHHATANAD CHCTEMACHAA KYPHIL
y4yH plot KOMaHAaCH XH3MaT Kujagd. Yby KoMaHaa KaTop napamer:
phapra sra:

¢ plot (3,Y) — X Ba Y BexkTopnap &pmaMufa GepHinran KoopauHaTa:

napra acocaH y(X) GyHKUHAHMHT rpaHIHHE Kypaau:
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* plot(Y) — Y BeKTOp Ba YHMHT 2MICMEHTIAapH WHACKCIApH / ra
acocaH y(i) rpadpukum Kypaan. Arap Y BeKTOpPHHHI Tapkubuga
komIsieke aneMenTnap 6yaca plot (real (Y)6 imag(Y)) komangacu
Oaxapunagn. bolka xaMMa Xo/11apAa MabJIyMOTIapHHHT MaBXyM
KHCMH HHOOATra OIMHMAi oy,

* plot(X,Y,S) — plot(X,Y) ra ¥xmam, daxar rpadHK JHHEACHHHHT
TYPHHH S KOHCTAaHTa OpKanH Oepuin MyMKHH:

+ plot (X1,Y1, S1, X2, Y2, §2, X3, Y3, §83,..) — ymfy komaHzna
épnaMuaa GHTTa rpaduKaa Kynnad THHUANApHE KyPHII MYMKHH,
Masaymornap (X..Y..S.) kypurnmnga Gepunagy, 6y epaa X... Ba
Y... — BexTOopaap &KM MaTpHUanap, S. — carpnap.

Ky#iuna sin(x) QyHKUHTHUHT Xap XHA TYpHArd rpadHiIapHHH KypHII

namyHanapu Gepuiras:

x=[12345678910],

y=sin(x};

plot(x,y)

Kypuaran rpadpuk 6.24-pacmaa kypcatuiarad. HykTanap coHH kam

G¥nraunurn yqyH rpaduk TYFpPH YH3NK KecMadapHlal HOopaTaMri
k¥puHub Typubau,

Frijure

6.24-pacs. sin(x) QyHKUHAHHHT TpadHTN (HYKTanap COHH KaM)

Hykranap coHMHM OpPTTHpaMH3:
x=0:0.01:10; y=sin(x); plot(x,y)
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6.25-pacm. sin{x) ¢yHKUHAHHET rpadaTH (HyKTATap CORH KJI)

plot(Y) xoManzacHaaH (oHAaNaHHIITa MECOT:
x=0:0.02*pi:2%pi;

y=sin(x)+i*cos(x);

plot(y)

Kypunran rpaduk 6.26-pacmaa k¥pcaTHiran

6. 26-pacw. sin(x)Hi*cos(x) GyYHKUUAHHHT rpadaTH
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Plot(X,Y,S) koManmacuia S KOHCTAHTAHMHT KHMAaTAapy Kyitugard
cumponIap 6¥IHIH MyMKEH:

JIHHHAHHHT PaHTH

y Capuk

m Bunagiua

¢ Xasopaur

r Kysun

g Awmun

» Kk

w OK

¥ Kopa

HyKTaRHHT TYpH

. Hykra

0 Aiinana

x Kpect

+ [Tnoc

* IOnay3ua

s Keagpar

d Pom6

v Yubypuak (nactra)

a YubGypuaxk (roxopura)

< Yybypuax (yanra)

> YuGypuak (¥Hrra)

p T¥prOypuax

h Onrubypuiax

JIUHAARMAT TYPH

- ¥anyKcHs

; UKKkuIaHraH nyHKTHP

-. ITpHx-NyHKTHP

-- liTpnx

Ulyunait kpauG, S caTp KOHCTAaHTAcH EpAaMKAa THEHARHHT PaHrHBM,
TYI'YH HYKTaNapHHHHT OCITHIapHHH Ba JIWHMSIHHHT TYPHHH ¥3rapTHpHI

MyMKkHH. JIMHHANADHHHT Ba HYKTAIapHWHI PaHINapH lcypca'mnmaran

6¥nca ynap pasriap ’KaNBaldiaH aBTOMATHK paBUIIa TaHIaHamH (OK
paHr odHHMARAH). Arap JHHUANAP COHH ONTHTANAH OPTHK OYaca paH-
1IAPHH TaHnall KaHTapuiaiu.

YuTta GQYHKUMAHHHT Fpa@iMrHHY Xap XHI ycymiap OMiaH KypHINHH
w¥palfinuk:

x=-2%pi:0.1*pi:2*pi;

yl=sin(x};
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y2=sin(x).”2;

y3=sin{x)."3;

plot(x,yl,'-m' x,y2,' - +1'x,y3,"--0k")

FOxopunara nacryp EpaaMuaa Kypuirad sin{x), sin(x)?, sin(x)® pyux:
UHATAPHUHT rpadHinapy 6.27-pacMaa KeNTHPHITAH.

6.27-pacm. sin(x), sin(x}, sin(x)* ¢pyHKIHATAPHAHT rpadMKIapH

6.10. orapudmux macurrabna rpaduk Kypam

KulimaTnapn keHr Jerapasapia yirapaiuuras QyHKIMSIap yayH J0-
rapudMuk macurrabnapad doizananunany, loglogx(...) — CHHTaKcHCH
plot(...). KOMaHIACHHHHI CHHTAKCHCHTA YXMIAIL.

Kyiinna ym6y xomannagan ¢oiinananum saMyHnanapu 6epunran:

» x=logspace(-1,3);

» loglog(x,exp(x)./X)

» grid on -

Jlorapupmuk MacmTabna KypHaran exp(x)/x QyHKUAIHUHT rpadury
6.28-pacMaa kentupunran. Koopaurartanap ceTKacHHH XOCHJ KWIHL
Y4YyH grid on KOMaHAACH HOUTATHII2H.
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6.28-pacm. Morapudmug Macmtadna exp(X)/x dywkiHanaar rpadurd

6.29-paca. 20000./exp(x) yurnuaHuur rpadhury

fexp(X) GYHKUMAHMAT IpadUraHy KypHil

Keitnsrn Muconna 20000
/9¥H S KOHCTAHTZHHHT KH

Haarnya OJMHRTAH, MHHHAHKAHT

7}

AMaTaapH Ky
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TYpH — MTpHX (“—"), TYTyH HYKTaHHHT TypH — aiinaHa (‘0”), THHHTHHHT
paHrd — Xasopasr (‘b’).

x=0:.1:100;

loglog(x,20000./exp(x),"--0b’});

grid on

6.11. Sipum gorapudpmuk MacmrTadaa rpagux KypHm

Spum norapupmMuk MacmTaboa rpadHK KypHIl y4yH KyHHIAard ko-
MaHAAIAp HILNATHIANM:
¢ semilogx(...) — QpyHKUMAHUHT rpaduruan X Yiu 6¥ituda norapud-
MHK MacmTadaa (acocu 10) Ba Y §xku Oy¥inda uu3uKay MaciTabna
Kypaan,
* semilogy (...) — GyHRUMAHHHT rpadUTrHHN Y YKu O6¥iinda norapud-
MHKk MaclTaObaa sa X Yku Oyiuya 9H3HKIM MacliTabna Kypaau.
Apnm norapudmnk MacmTabaa rpadhHK KypHEl KOMaHOasapHHHUHT
napaMeTpiJapuHH €3um plot(...) komanmachHukura yxmam. Kyiinga
semilogy {...) xoMangacH épaaMuza rpadik Kypuul HAMYHAcH KeaTu-
pHATaH:
» x=0:0.5:10;
» semilogy(x,exp(x),'--or’,x,2000./exp(x),'-+b"x,1+sin{x),"-. >k")
» grid on
XocHN KHIIHHATaH rpaguiiap 6.30-pacMiia KEATHPHITaH.

6.30-pacu. semilogy (...} komangacH €paaMinaa rpadHE KypHIT
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6.12. YeTYHAH AHATpaMMAaap

YCTyHad IHarpaMManapHH KypHII yuyH KyHHIaru koMaHmaaap min-
ARTiaau:
¢ bar(x, Y) — Y BexTop &€kn Y MAaTpHLAHHMHI YCTYHJApH YUYYH
YCTYH/IH AUarpaMma KypaidH. YCTYHJApPHHMHT XONAaTH X BEKTOp
MEMEHTIAPHHUHT MOHOTOH OpTHG Gopysun KuiiMaTnapu Onnan
Genrunananm,;
* bar(Y) — woxopuparura yxmaim, daxat rpadux KypHil Y4yH X=1:m
BEKTOp HILNATUNAIH;
+ barUY,WIDTH) &ékm BAR({Y,WIDTH)} — wkopnaarura ¥xmaim,
AeKHH YCTYHHHHT keHrMTH WIDTH 6epunanu. CykyTt Xonarnga
WIDTH = 0.8, arap WIDTH > 1 6¥nca ycTyHnap opacHaa O4HK
WO KONIMaingH.
Ywby komaHpanap plot koMangacura yxwam 6ynran bar(.... 'Cnenu-
(puxauns’) popmMaTHAa XaM KYINaHHIIH MyMKHH.

Kyiinna ¥muamnapu 12x3 6§nraH BepTHKan yCTYHIH AHMarpaMMaHf
KypHlI HaMyHacH GepHiran:

» subplot(2,1,1), bar(rand(12,3),'stacked'), colormap(cool)

Onunran rpaduk 6.31-pacmaa kypcaTHiaraH.

o Ede Vew Wah Wndow Help
Dﬁ‘}é%ﬂﬂﬂlﬁl ? | Curet Ovectary: [owara o] |

> -
>
>> subplot(2,1,1} bar(randil2, 3}, 'stacked'), colornapcool)
-
II

> |
| - J
Randy . } - -~

6.31-pacmu. BepTukan ycTYHAH OHArpaMMaHH KYPHIO HAMYHACH
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VeTyHnapH TOpH30HTAR KOHNAMIraH AHATPAMMAaHH KypHII YYYH'
bar(...) komaHaacura yxwam barh(...) koMaHpacunan ¢oliganannnanu
(6.32-pacm);

» subplot(2,1,1), barh{rand(5,3),'stacked"), colormap(cool)

Ebiﬁ.ﬁﬂ‘wﬂhwwb
D! %8x8 ca| W] 2 |curenrecory [Coatiax] _f

> i -
>

2
> subplotiz,},l),barh{rand(5,3), scacksd’ ), Ccolormapicool} v‘
»

Fipure M. 1

6.32-pacm. YcTyHNapH ropH3oHTAN Xoinaliras AHArPaMMAHH KYPHIUI HAMYHACH

6.13, ®yHKmHA AHCKPET KAHMATIAPDHHMET rpadHura

ByHnaii rpaduiaap KBaHTNAHFaH CHTHAMIAPHH KYPCAaTHINAA KYIIaHH-
nanu. Ynapaa QyHKUMSHHHT KHAMaTIapHra MOC KeIyBIH HYKTanap aifna-
HaJiap OHIaH TYTOBYH BEPTHKAN YH3HK/IAp KypHHHIIHA2 Oynaau. DyHKLEs
JAMCKPeT KHAMAaTIIAPHHKUAT rpa¢MraHu KypHIl YuyH plot(...) kKoMaHAacHra
¥xwam §¥nrad stem(...) KOMaHTACH HILIATHAAOU:

e stem(X.Y) ;

+ stem{.... ‘LINESPEC";

e stem(Y,

* stem(.... ‘filled’) — mapkepnapu 6¥siurad rpadpux KypaiH.
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Ky#naa stem xoMaHAacHIAH tbon,uanaunmra MHCOJ KeJITHPHJITaH:
» X = 0:0.1:4;
wy = sin(x."2).*exp(-x):
» stem(x,y),
Ouukras rpagux 6.33-pacMia KypcaTHiaTaH.
H=STEM(...) ynxumacu rpaduk Kypaan pa rpac]mx oﬁhekrnapmmr
ASCKpMOTODRADHHHM KaHTapamd. = = = . = o .-

Fda Cait e Insert Took Window Hel I

lcsE@ A2/ [POD

6.33-pacu, QyEKINA ARCKPET KMAMATIADHHMHT rpalury

6.14, BekropaapaHur rpagukiapu

BekTopnapHn y3yHIHTH Ba OypYard KOMIUIEKC COHHHHT XaKHKHii
na MaBXyM KHcMiapu Ouwiad GenrmaanyBuH, koopAuHaTajdap Goumpan
YMKYBYH CTpe/Ka KYPUHMINKAA TAcBHPJAIl YYYH COMpass rypyxuiart
KoMaHganapaaH (oliiganaHnAaaH: _

¢ compass(U,V) — paauyc-BeKTODHH YHHHT XaKHkHil U Ba MaBXyM
V KOMNaHEHTNApHIa acOoCaH KypalH;

* compass (Z) — compass (real (Z), imag(Z)) ra 3KBHBaJICHT;

» compass(U.V,LINESPEC) Ba Compass(Z,.LINESPEC) — rko-
PHAArH KOMaHAaMapra ¥Xuall, JeKHH plot KoOMaHIACHATH CHHrapu
AHHHARapHY Kypuw crnienupuxanuacy (LINESPEC) Hu GepHIu
MYMKHH.

KeHuarn MHCONNa cOMPass KOMaHAACHAaH GofifanaHmu KypcaTHIraH:
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C e text(X,Y,Z. 'string') — y4 ¥m9amum rpaduKka ‘string’ KOHCTaH-
Tacu OGunaH GepunraH MaTHHH koopauHartanapu (X.Y, Z) 6yiaran
HYKTagaH Oomnab kupuragn.

Kyiunary mMuconaa « sin(x)"3 GpyHKUMIHHHT rpaduru » &3yBH rpa-
dukauHr (-4, 0.7) NOIUOMACHTA KOAJAIITHPHATAH!

>> x=-10:.1:10;

>> plot(x,sin(x)."3);

>> text(-4,0.8,'sin(x)*3 ning grafigi')

MatH xupuTIiiTad rpaguk 6.36-pacMaa K¥pcaTHaraH,

IY‘

6.36-pacu. TpadHkka MaTH KHPHTHIN HAMYHACH

h=text(...) dyHKUMACH text KnaccHHarn o0beKTNap AeCKpUNTOpAapH-
HHHT h BeKTOp-yCTYHHHH KalTapanu. Kyiinzarn muconga h aeckpunrop
xucofIaHATH

>> h=text(.25, .5, "\ite~{i\omega\tau} = cos(\omega\tau) + ... i sin(
omegaitau)')

h=

102.0012
Ba 6¥m rpaduxaa Kyingarn MaremaTuk popmyna TeX dopmaTaa unka-
pHagu:

e = cos(wt) +...isin(wt)
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MaTHHWHI KYIIMMYa XOCCANAapHHH GepHI yuyH KoOpAMHATanap-
wuur XY xkydraurd (xn X,Y,Z yWIHIH) «HapaMeTp HOMHE/MapaMmerp
KHiiMaTH» KydTaurn Ounan OHPraruKaa Kenuuii MyMKHH.,

6.18. MaTHHE cHUKOHYA EpaaMuia rpaduKKa KoHAAWTHPHIN

['padrkka MaTH KHPUTHIIHHHT Kyiait ycyanapHzan 6upn gtext Ko-
Maunacugan doipanaHEmanp:

o gtext('string') — cuyxoH4a OnnaH CHKMTHI MYMKHH O¥nrad
KpecT IakIMJaru Mapkep XOCHI KHNaJu Ba YHH KepaKlIH 3Koiira
0110 XenHd CHYKOMYAHUHT TyrMacy Gocuica ‘string’ KOHCTaHTacH
KYpHHHIIHAA GepHIraH MaTH xocui 6ynaam;

+ gtext (C) — carp ysrapypyunapHHuHr C MACCHBHAATH KYII CATPNH
g3yeHH rpadukKa K¥AUI HMKOHHATHHH Oepany.

gtex KOMaHAAaCHHH K¥ulall HamyHacH (6.37-pacm):

» x=-15:0.1:15;

» plot(x, sin(x)."3)

» gtext(‘Function sin(x).*3 )

&ﬂwwtwwwb

}JDt#Flél B2

Functibn si (1)3

6.37-pacs. Maruyd rpadukka cHdKonYa EplaMuia K¥ilHm

6.19, I'paduxka deredga (TYIIYHTHPRIEAAD) KHPUTHIN

JlereHna rpadMKEHHT YH3HKIAPHIa MOC KEJIyBYH TYFPH 9HM3HK KEC-
MacH Ba TYNIYHTHpHIU &3yBunad ubopar 6¥nagu. JlereHAaHH KHPHTHIN
yuyH legend kOMaggacHHUHI Xap XYW BapHAHTIApHIAH doixanaHHIn
MYMKHH:
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* legend(stringl,string?, strings,..) — napaMeTpnap pyHxaTuna K¥pcae
THATaH CaTPNap KYpHHHLIHAArM JIETEHAAHH TpapHKka YHKapaIH;

* legend (....Pos) — nerenaanu Pos napaMeTpu OuitaH G€pHITaH aHUK
*oiira K¥aau:

Pos=(} — aBTOMAaTHK paBHIIAA TAHIAHAIHIAH SHT AXIIH KOH;

Pos=] — wKopH ¥Hr Gypyak;

Pos=2 — wkopH uan 6ypuak;

Pos=3 — macTku wam Gypuax;

Pos=4 — macTky yHr Gypuak;

Pos=-1 — rpajuxpan yarra.

Mucon:

» x=-2*pi:0.1*pi :2*pi;

» yl=sin(x);

» y2=sin(x)."2;

» plot{x,yl, '-m' ,x,y2 '-.+r')

» legend( "Function ', 'Function 2",

Onnurans rpagHk 6.38-pacMia KeaTHPHITaH.

bl ald
Mo £k Yew Web Yindow Hep
ngig,aggnnlﬁiﬂwmlcmm;nvl_j

Teo get acarted, select “MATLAE Help" from the Etip menu.

»> Kk=—2¥pii0.l:2%plr

>> Fl=sinix);

>> gZusinix).*2p

> plotis, ¥l, -0’ %, ¥, ' -+T")

>> legend( 'Functionl','Function2')

2> |

1, ;
Fawdy -

- Funclion1
—+ Funclion2

6.38-pacs. T'paduKKs nerenaa (TYWYHTHPHIVIAP) KHPHTHIU
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Jlerenpasu rpadmkaad TAWIKApHAA KOHNAIITHPHIT y4yH (6.39-pacm)
legend komaHaackra -1 napaMeTpu KYUIHIANH:

x=-2*pi:0.1*pi:2*pi;

yl=sin(x); '

y2=sin{x}."2;

y3=sin(x)."3;

plot(x,yl,'-m',x,y2,"-+r',x,y3,"--0k")

legend(’ Function 1','Function 2','Function 3',-1)

B

[§ —+ Fun
-6 Funciion 3

6.39-pacm. Jlerenga rpaduk MAHZOHATAH TANKAPHER XOMIRIITAH
y4Ta QYHKOHAHHAC rpadury

6.20. I'padrk YKAAPHEHHT XYCYCHATIAPHHA GOMIKAPHIL

Onatna, rpapHkaap aBTOMAaTHK MacITabIaBHII peXHMHIA YHKa-
punagn. Kyinnard, axis x1accHzari xoManzanap 6y XonaTHH ¥3raprHpHiuM
MYMKHH!

o axis([XMIN XMAX YMIN YMAX]) — sxopuii MxkH yn4amnn
rpadHK yd9YH X Ba ¥ YKjIapH O¥iin4a KOODAWHATANAp AWANA30H-
NMapHHH Genrunaiam;

« axis([XMIN XMAX YMIN YMAX ZMIN ZMAX]) — xop#uii
y4 ¥I4aMiIH rpadHK Y9YH X Ba y YKIapH 6¥iHga XoopAHHATANAp
JHADASOHIAPHHHE Oenruaanou;
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axis auto — ¥KJApHHHT NapaMeTpiaapH ¢yKyT O¥ituua xyiunanm; |
axis manual — hold on koManzacuaaH polifaTaaNITalaa keAHArH ;
rpadHKIap WUITATHINH YMYH KOpHIi rpadHKHAUHT MacIITaO6NaHKIN -
napaMeTpIapHHH caknad Kofaiu; :
axis tight — MabIyMOTJIADHHHT V¥3rapuIllIapura acocaH Koopad- '
HATANAp ZHAN430HIAPHHN ¥pHATAIH, :
axis ij — rpadukHEHT 4an wKopH Gypuarnjan GoullaHaJMraH °
MAaTpuUaBHii TYFpu OypUakIH KOOpAKHaTANap CHCTEMACHHH YpHa- -
Tagu. Beprhkan i ¥Ku I0KOpHIAH acTra, POPUIOHTAN j VKU YanaaH
¥urra H¥Hanrax 6ynanm;

axis Xy — KoopauHaTanap ooy rpadMKHUHT TACTKH Yan Gypyard-
Ia xofnamraHd JlekapT KOOpAMHATANAP CHCTEMACHHH YpHaTan;
axis equal — x, y pa z ¥KA4pUAa MeTKaIap OpacHAars Macoda 6up
XHn O¥nraH MacmTabHH YpHaTagH;

axis image — TacBHp NMHMKCENNapH KBaAparra aiifaHajMrad mac-
wirabHy YpHataou,

axis square — YKNAPHUHT Y3YHIIATH Ba METKanap opacHjari Ma-
codanap Gup xun 6¥nran kBanpar (y4 youaMnu rpadHkIap yuyH
Ky0) KYpHHHIIBarH XOpHH VKaapHH YpHaTany,

axis normal — axis equal Ba axis square ¥pHaTmanapun Gexop
KMAuG GomnanrHy MacurrabGHM THKIAH M,

6.40-pacs. axis KoMaHJACHHH MKKM ¥ImaMiId rpadHka Kynnam HAMyHACH
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*» axis vis3d — yu ¥nuamnan ofbexTiapHu Oypull YuyH YKIAGPHUHT
NPONOPLHANAPHHY caknaiinm;

¢ axi s off — ¥xkrmapnan Genruyainnap Ba MapkepiapH¥ oaub rail-
nafam; axis on — OeATHIAMIAp Ba MapkeplapHH THKIaiau;

* V=axis — xopuit rpaduKHHHT MacmTabnam ko>OHLHEHTIapH-
HH ¥3 HYura ONYRPYH BEKTOP-CATPHH KailTapaan. Mkkw ymyaman
rpadKk yuyH BeKTop TYpPTTa Ba Y4 YirvaMui rpadHkK yuyH O THTA
KOMIIOHeHTra ara G¥nau.

Kyiinzga axis KOMaHIacHHY HKKH ¥r4aMminu rpadukka Kynnam Hamy-

nmicH kenTupuaral {6.40-pacm):

>> x=-5:0.1:5;

>> plot(x,sin(x));

>> axis{[-5 5 -1 1])

6.21. TYp (ceTxka)nu ynaul Ba y3Hm

CeTKaHu ynam Ba y3HuI yuyH grid komanaacunan QoinanaHunagm:

* grid on — xopuit rpaduka ceTKaHH KHpUTaIH;

¢ grid off — ceTkanu omub Tamnaiiauy;

¢ grid — KeTMa-KeT CeTKaHH KHPUTAIH Ba onub Tamulafam.

CeTKaHMHT MaBKyZUINTH TpadHK HYKTANAPHHHHI KOOPAHHATANAPHHM
(uxONAllHK OCOHMAINTHPAIH, MacalaH, (6.41-pacm):

>> x=-5:0.1:5;

>> plot(x,sin(x));

>> grid on

6.41-pacu. CeTkanu ynam Ba y3HIU yuyH grid KomaHaacuaan doiinamannme
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6.22. I'padukaapHn ycT™Ma-yeT K¥finm

K¥nnaé xonnapaa rpapuiiapau ycTMa-yer KYHHII Tanat KMIHHAAH.
ByHHHT y4yH rpa(uk KypHILIADHH JAaBOM 3TTHpHIN KomanzacH hold
KyHugarn makmiapia KyJaNnaHWuAamn:

* hold on — xopuif ofiHara rpapHKNAPHH YHKAPHII JaBOM ITH-
WI¥HY TabMUHIaAAH. Hartwxaza MaBxyn rpaduknapra sHrunapH
Kymunanm,

* hold off — xopnii ofinara rpaduKIapHH YUKAPUTI AABOM ITAAHTAH
pexkuM Oexop KHIHHARK; _

* hold — ynab-y3ruu cHdaTuna nmaafign, ApHH rpaduKIapHu
YHKApHIN A3BOM 3TAJAMIaH pekKHM KeTMa-KeT yJaaHagH Ba Oexop
kunuHaau. Bomkagacura aftranaa hold on komannack figure Ba
axes 00bekTIapHHHHT NextPlot xycycusatd yuyH Add kuiiMaTHHH,
hold off komannacu 3ca replace KMAMaTHHKE ¥pHATANH.

Kyi#ingaru MHconga cHHYCOHAa rpaHrHHAHT YCTHTA SHA YYTa (yHK-

LUAHHHT TPaQUTH YCTMA-YCT KYHRIAIH:

x=-5:0.1:5;

plot(x,sin{x},’-+r")

text(-4,0.9,’x,sin(x)’)

hold on

pause(0.5)

6.42-pacyu. TpadHKIapEH YCTMa — yeT KVHHM
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plot(sin{x),cos(x),’-.0k)

text(-1,0.7,’sin(x),cos(x)")

pause(.5)

plot(2*sin{x),cos{x),’-->b’)

text(-3,0.5,’2*sin(x},cos(x}’)

pause(.5)

plot(4*sin(x),cos(x),’-<m")

text(-3.3,0.8,”2*sin(x),cos(x)")

hold off

OyHXUMAIAPHANT KypHiarad rpadukiapu 6.42-pacMaa KenTHpHI-

6.23. T'paduk oiinann KacMAapra G¥anm

Butra oiiHana ¥3 xoopauHata ¥Kiaapura >ra 6ynran 6up Heura rpadu-
KJapHH XOMNamTEpHII yuyH subplot koMaHmacuaan QoiinanaHunany:

subplot — axes KaaccHRATH AHTH 00BbeKTIap (OCT-0fHANAP) XOCH
Knnanw;

subplot(m.n.p) éku subplot{mnp} — rpadmx ofiHaHm mxn oct-
oiinanapra 6ynamgu, 6y epaa m — roprsonTan 6¥iin4a ocT-ofiHamap
COHH, N — BepTHKAN OYiin4a oCcT OHHANAP COHH, p — XKOPHI Ipa-
bHK YHKApHIagHIaH 0CT-OHHAHHHT TApTHO pakaMu (OCT-OiHanap
carpnap 6yiiHya keTMa — KeT XHcobnaHaam),

subplot(H), 6y epna H — axes o6bekTH yIyH JeCKpHNTOD, XKopHi
rpaduk yuyH ocT-OHHAHH KYPCATHIIHHUHT aNIbTEPHATHB YCYIHHH
Oepann;,

subplot(‘position’,[left bottom width height]) — xoopamHaTanapu
HopMaymamTypuarad (0naH lrada OpayiHKna) OCT-OHHAHHM XOCHT
KHIaIH;

subplot{1ll) Hclf reset — xaMma ocT-oliHanapHH #yKoTaAu Ba rpa-
¢$uk oiinann ofaTHii xonra KaiiTapanu.

Ky#Hmmara Muconga T¥pTTa ocT-oiHa XOCH KUNHATaH (6.43-pacMm):
x=-5:0.2:5;

subplot(2,2,1),plot(x,sin(x),"-or')
subplot(2,2,2),plot(sin(5*x),cos(2*x+0.2},"-. k")
subplot(2,2,3),contour(peaks)

subplot(2,2,4),surf(peaks)
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6.43-pacw. T'padux ofiranyn xyucMIapra G¥num

6.24. I'padukAUET MaclITA0HHA YIrapTHPHIN

Hxxu YnuamnH rpaduxapHiAT MacTabHHKM ¥3rapTHPHII yIyH Zoom
KnaccHAard KoMaHnanapaaH ¢ofinananunasu:

Z0Om — XOpPHii rpadHKHUHT MACIHTA0HHN HHTEPAKTUB Y3rapTHPHII
PEXHMHEHH ynaG-y3anmu;

zoom (FACTOR) — macmtabHu FACTOR kodppUIHeHTHT2 acocal
VpHaTagH;

zoom on — XOpHiHl rpadHMKHHHTI MacIITa0HHH HHTEPAKTHB
Y3rapTHpHIUI PeXHUMHHH YIaHAH;

zoom off — xopHi rpa¢MKHUHT MacITAGHHN HHTEPaKTHB
V3rapTHpHII PEKUMHHH y330H;

zoom out — rpad@HKHH TYNa KYPHIN PeXXHMHHH, SEHH CTAHAApT
maciitafay YpHaTain;

zoom xon &ku zoom yon — takar x Yxu 6Viinva €kn dakat y yku
6yiinya MacmITaGHHU Y3rapTHPHID peXUMHUHUA YIaiaH;
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* zoom reset — Gepuiras rpaduK y9yH CYKyT XONaTHAArKW MacmTat

cndarnza xopaii MacmTadHK 3¢i1ad KonamgH.

Zoom KOMaHZAacH IpadHKHM MacITabNallHN CHIKOHYA €pAaMHAa
JotuKapHiL HMKOHHATHRE Gepaz. BYHUHT yUyH, CHUKOHYAHHHT KypCOpH
PPUKHHHT MacmTady Y3rapTHPUIHIIA Kepak O¥nraH jxoHura KeiaTH-
sIaaH. Arap zoom KOMaHJAcH YJIaHraH 0¥ nca (on) CHYKOHYAHUHT Yall
ryrmacy Gocunca Macurab HKKH MapTa OpTaj, yHr TyrMacH Gocmica
akxu Mapra kamaam. Kyfinaard MECOJ OPKalH Zoom KOMaHJIaCHHHHT
MINBWHEN KYpalnuk (6.44-pacM):

x=-5:0.01:5;

plot(x,sin(x.*5)./(x.*5+eps))

zoom on

Fopure Moo L

6.44-pacm. TpagUKHEHr MACIUTASHHH FI3rapTHPHII

CHUKOHSAHMHT val TyrMacu GocHATaH X0/11a TPaQUKEMHr Kepaki
KHCMMHIL ITYHKTHp TYpTOypyaK GHiaH aXpaTu MyMKHH — Tyrma Ky#AnO
toGoprranaa rpa@HKHART AKPAaTHITaH KACMH rpadEk oiiHaHH TYIHK
srajuiaiam (6.45-pacM).
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6.45-pacs. T'padurxsnsr MacliTabuHK ¥IrapTHpHIl

Ilynpaai kunu6, zoom KOMaHAACH, Mypakka® rpadHrnapHHHr alipuy
(parMeHTIApHHH KATTAJAIITHPHITAH MAclITabna Ky3aTHII YIyH ¥3Hr:
Xxot ‘myna’ QyHKUMACHHH Oaxapam.

7. COHJIH YCYJLIAP

7.1. UA3AKAM TeAraaManap CHCTeMACHHH eYHIIHHHE
3JMIEMEHTAP BOCHTAJIADH

Yu3ukan renrnamanap cucreMacy (UTC)Hu MaTpHUAaBHIl YCyIMapHHHT
HT K¥T KYNNAHENAAHTRH COXaCHAHD.

Onatga YTC Kyiiuaars KypuHRinra 3ra;

anXP a]2X2"" a]nxnzbl

Oy epna a,, a,,,..., @, — XaKHKHH EKH KOMIUIGKC KMiiMaTiapra sre
O¥nran A MaTpHUAHH TANIKHI 3TYBYM Kod(pduIUEnTIap, X, x,...., X, — X

n

BCKTODHH TallKuil TyBYH HoMawiymiap Ba b, b,..., b — B BexTopHH
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XOCHIT KHTYBYH 9PKHH TALLKUT ITYBUHIIap. YOy TeHrnaMaHH MaTpULIaBHii
k¥pHHHLLAa Kyiiuaarada &um MyMad: AX=B, 6y epma A — Tenrnama
ko3 dHIHEHTNAPHHUHAT MATPHIIACH, X — HOMABIYMIApH aHHK/IAHASTTaH
BexTOp B2 B — 3pKHH TAIIKWIT 3TYBYAIAPHHUHT BEKTOPH. A MATPHLAHHHT
kypuHHIIK Ba XapaKkTepiH Genrunapura Gorink xonaa YTCan MATLAB
TYPAH yeyinap OWnas €4yl AMKOHUATHHE Oepany.

UTChH e2HIIHUHT Xap XHWI ANMOPHTMIAPHHH aMalira OMIMpPHII Ba yaap
funan Gornuk 6¥araH MaTpHUABHI aMannapHy GakapHll yUyH Kyiuaard
onepaTopnap KynaaHunazgu:

— MATpULABHIA kKyNaHTHpHIL;

C = A*B — A sa B MaTpunanapHHHT 4d3HKIM anrebpaHk KynaﬁT-

MACH:

C, /)= E A(i. k) B(k, )

Cxanap 6¥nmaran A Ba B nap yuyH A MaTpHLA YCTYHIAPHHHHI' COHH
B MaTpuua carpmapura tenr 6¥numu xepak. CkalApHH 9¢a Xap KaHaai
ynuamaard MaTpHLAara KynadTHPHII MyMKHH.

/ — ¥ur 6¥nam. X=B/A udona épaamuaa 6Hp KaTop YU3HKIH TCHITA-
MaJap CHCTEMaNapUHHHI e9UMIIApHHH OIHII MyMKHH, Gy epaa A — mxn
ynuaMiu matpuna ea B — »n x k ¥1yamim MaTpHua;

\ — van 6ymum. X=B\A udona épmamuna xam CHp KATOp YHIHKIN
TeHTIaManap CHCTEMATIAPHHUHT eYHMIIAPHHH ONHIN MyMKHH, 6y epAa
A — m x n Y1yamMna Marpala éa B — m x k ¥nmyaMmnau MaTpHua. Arap
A kBaapart MaTpHIa O¥inca, A\B Ba inv(A)*B 6up xun 6¥n1aam, xonran
XxoJuiapja KyHugaryd papuaaTiap OYumm MyMKHH,

Arap A — nxn ym4aMig MaTpHla, Ba B — n KOMNOHEHTNH BEKTOP-
ycTyH 6¥nca AX=B TeHrnaMaHHHT ¢yuMu X=A\B 6¥aagu (eaum
MayccCHUHr YuMpHm ycyau GHIIaH TOMHIAMH).

Arap A — n X n ¥1YamIH MaTpHIa Ba B — m KOMIOHEHTIH BEKTOPD-
yeTyH G¥nca cHcTeMa TYIIMK aHMKaHMaran 6Ynaam Ba y Maxcyc ycymiap
Ounan eunnaau (MacanaH, SOFIaHMATAHJHKHHHT MKKHHYH HOPMACHHH
MHHAMAJUTAIITHPHII YCYJIH).

A — MaTpuUIaHH japaxara kytapuiui. AX=B tenrmama X=B*A"-1
WAKJIHIA eYrIaiy.

' — MATpHUAHH TPAHCTIOHHpPJAL, AbHH YHUHT CATPIAPHHH YCTYHIApH
OunaH ku TeCKapHCHTa alMamTHpHIE, Macanan, A' — TpaHCNIOHHpPAAH-
raH A MaTpHua.

YTCHu maTpuuaBuii wakaaa €3umaa A MaTpHua Ba B BekTop TYFpH
$3unrarIATHAE TeKINMpHO kypuin kepak. Hamyua (m-¢adin maknuaa):
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>> A=[210 1;1 -324:-50-1-7;1 -6 2 6};
>> B=[8 9 -5 0];

>> x1=B/A

X1 =

3.0000 -4.0000 -1.0000 1.0000
>> X2=B*A"-1

X2 =

3.0000 -4.0000 -1.0000 1.0000
>> X3=B*inv(A)

X3 =

3.0000 -4.0000 -1.0000 1.0000
)

Vinby nacTyp épmaMHIa HaTHKANAp y4 Xul ycyn GHNaH ONHBAM:
Xl =

3.0000 -4.0000-1.00001.0000

X2=

3.0000 -4.0000-1.00001.0000

X3 =

3.0000 -4.0000-1.00001.0000

KyTniranugex Haribkanap 6up X1 YAKAH.

7.2. BHp ¥3rapyByn tb};mcuuﬂcummr HOATAPHHH XHCOORAmM

MATLABHuET Gup kaTop $YHKUHANApH MATeMaTHK GyHKIHANAp
Ounad nmnamra Mymkamnadrad, I'pabuk o6beKTnapHUHT AeCKpUNTOp-
Aapura yXIam Xo/aa yaapaa QyHKIUHANAp JeCKPHIITOpAApH KNacCHHHHT
o0BbeKTNapH XaM HUUIATHWIHLIIM MYMKHH, Ynap @ cuMBon épaamuia
Gepunanm, Macanal: » fe=@exp.

Oct pyHKuHANAp JeHHnraHAa OUPHKTUpUWIraH PyHKUHANApAAH
Tamkapy m-Qafinnap kypHHHIIKAa Oepunrad doiifanaHyBuHAAPHHHT
dbyHKHanapy XaM TymryHsiaagd. Jeckpunropaap kypunawnna Oepuirad
OyHpai dyHKIMsIapHHAT CoH KuiiMaTnapu feval dyHkunscH paaMuaa
XHCoOMaHa H:

» feval(fe,1.0)

ans =

2.7183

MATLAPR TH3HMUHHHT OIQ{HTH BEpPCHAJIAPra MOC KeMHIIH YYYH
(YHKIHATAPHH CUMBON KYPHHHIIHAA ATIOCTPOdIAPHHHT HIKa €3ULT XaM
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MYMKHH, yiapHu xHcoGnam yuyH eval dyHkunscrzan doipananunany,
n-aiin apatum 3apyp xaMm 6¥aMaiizn. .

K¥nunank xonnapaa fix) = 0 kypuHNIDHAATH TEAIIaMaNnapHEH €9HIN
impyp 6¥nagn. Yiaapru euum y9yH MATLABHuar Kyfiugara GyHKEMA-
puiaH QoiinataHuul MyMKHH:

1. fzero(@fun,X) — cuMBOn xypuuHmuaa Gepunrad fun byuk-
UMACH HOJNra SPUINAAKNTaH X HHHT aHHKIAIMITHPHITAH KHIMAaTHHU
KaHTapaaM;

2. fzero(@fun,[x] x2]) — x=[x] x2] BekTOp OHnan Hepunras HHTEp-
panga fun(x)=0 6¥raguran x HHHT KHAMATHHH KaATapaau;

3. fzero(@fun,x.tol) — HaTekamu Gepunrad tol xaronHkaa Kafra-
pany;

4, fzero{@fun,x.tol .trace) — xap Onp utepamms TYFpHCHAA UHPOp-
mauus Gepanu.

Fzero GyHKOHAHMAT OepHaMIy WaKmura GOFMMK Xonaa GyHKIHAEMHr
HONWHYE H3AAM YYYH KyHHAArH COHMIH yCYJUIap aManra ODIRpHIAIH;
KCCMAHH TEHI MKKUIa GYIHUL, TeCKapy KBalpaT HHTEPHOIALMSA Ba X.K.
Kyiinaa cos(x)=0 TeHr1aMaHH €4HLIra MHCONIAP KENTHPHITaH;

>> x=fzero(@cos,[1 3])

X =

1.5708

>

>> x=fzero{{@cos,3)* 180/pi

X =

90

>

>> x=fzero(@cos,[1 3])

X =

1.5708

Mypakkabpok xonnapra apsan f(X) GyHKUMAHKHT TpadUIruHM KypHo
YIIAH KIAH3IAp ETTaH HHTEPBALIAPHH aHHK1a0 ONMII Ba CYHIpa HIOH3-
JNAPHHHT aHKK KHHMaTIapHHK TOMHIN Makcanra MyBoduk. byun Kytinaara
funl.m HOMIH M-ai1 MUCONNIA KYPaIHK:

Wnausnapu annrknana&rrag QyRkuus

function f=funl(x)

=0.25*x+sin(x)-1;

» x=0:0.1:10;

» plot(x,funl(x));grid on;
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7. I-pacm. TenrnaMa HIH3MApH KOENAUTAH HHTEDBANIAPHE aHUKTALL

7.1-pacMaan maausnap [0.5 1], 2 3] u [5 6] unTepBannapaa xoiiram-
FaHJIHTMHY TollaMu3. YnapHH fzero dykuudcu EpaaMuna aHHKIAHMHS:

» xl=fzero(@funl,[0.5 1])

xl=

0.8905

» x2=fzero(@funl.[2 3])

X2 =

2.8500

» x3=fzero(@funl,[5 6])

x3=

5.8128

» x3=fzero(@funl,5,0.001)

X3 =

5.8111

Hnausnapaan GHpH X, MKKH XA iy Oual TOMWITaHIHIHTa 55THOOP
6epunr. HxkuHYMCKHAA XaTONUKHAHT KuiMatH tol =0.001 Gepuaran.

TeHrTaMaHHHT XaMMa WIAH3NApUHH tZero QyHKIUACH OHp Hyma Tona
onMaday. Xyaau mry macanann Optimization Toclbox nakerunary fsolve
byHKkuHAcH épRaMuIa ednt Kipaiinuk:

»fsolve(@funl,0:10 )

ans =
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Columns 1 through 7

0.8905 0.8905 2.8500 2.8500 2.8500 5.8128 5.8128

Columns 8§ through 11

5.8128 2.8500 2.8500 10.7429

Unzuxnu G6¥yaMaraH TeHTJIaMaJapHH edum yuyH Symbolic Math
Toolbox makeruzarn solve GyHKUMACHAAH XaM GoHJanaHHII MyMKHH.
Ywly GpyHKUHAS CHMBOM KYPUHHIINATH HATHXKAHA Oepanu, arap 6yHmai
natHxa GYIMaca, YHMHH COHIM KYPHHMIILAA OJMII HMKOHHATHHM Ge-
paau. Mucon:

» solve('0.25*x + sin(x) -1°)

ans =

.89048708074438001001103173059554

7.3. Bup ¥3rapysuynid QYHKORAHA MHHAMANJIANI THPALI

CoHH yoynaapHHHT MacanaigapHiaH 6upu — f(x) QyHKUBIHHHT MH-
HMMYMHHH TOOHII YYYH Kyliuaaru GyHrupmrapaan goinananunanu;

* fminbnd(@fun,xl,x2) — xl<x<x2 uHrepsanga fun(x) pyHKUHAHHHT
JI0Ka)] MHHEMYMH O¥1raH X HHHT KHHMAaTHHH KailTapazn;

¢ [x,fval] = fminbnd(..) — kxymumMua papBInIa MHHHMYM HyKTacu1a
$byskunsHHHT fval kuiMaTHEN KaATapaau;

* [x,fval,exitflag] = fminbnd(...) —x¥mnmMua pasumaa exitflag
napaMeTpHHH KaliTapand. Ymby mapameTp 1 HM &KH MakcHMal
HTCpalHsiap COHHra eTHATaH O¥nca (0 HU KaliTapagH.

Ky#inaary MucosiapZia cos Ba Sin GpyHKUHAN2p MUHHMYMIa SpHIHa-

AHraH HYKTaJAap aHHK/IAHIaH:

» options=optimset(‘tolX’,1.e-10):

[x]=fminbnd(@cos,3,4,0ptions)

X =

3.1416

>> fminbnd(@sin,0,10)

ans =

4.7124

>> b=180*fminbnd(@sin,0,10)/pi

h=

269.9996

>> b=180*fminbnd{(@cos,0,10)/p1

b=

180.0000

-
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- 7.4. Bup Heya ¥3rapyBYHHHHET PYHKIHACHHM MHHHMAANALITHPHIE

Bup Heya y3rapyBuHHEHHT GyHKuuACH f(X,,...) HA MHHEMaJTAIITHPHID
aHya Mypaxkal Macana 6¥ynu6 xucobGnanagu. By xonma y3rapysuunap
Gomnanruy kuiiMaTH X, 6¥1ran X BekTOp cH(aTHAA KypcaTHnaxu. Bup
Heva ¥3rapyR4YiomH GyHKIUIAPHH MUBHMAATaIITHpH YuyH MATLABRa
Hennep-Mun cumnnexc-ycymugan doiinananunans.

Ymly ycyn SHT SXIUy TYFpHAAH — TYFpH ycy/ulapaan OupH 6¥nubd
xdcoOnaHamu Ba ¥ QYHKUHAHHHT IPAJACHTHHH XaMJa XOCHNanapuHH
xucobmamnn Tanal KuIMaigH. YHAa 4¥KKMIApHHUHT coHu n+1 6¥aran
1 YI9aMITM KeHITHKAA CHMILICKCNap Kypuiaany. VIkke Yr9amin KeHT T K-
Ha cUMIIeKe ya0ypyak, y4 ¥indaMid KeHITIHKAA 5ca NHpaMHaa Gymaan.
HrepauusHnar Xap OMp KajamMuaa CHMIUVISKCHHHT HYKAA EKH AKHHHIAA
AHTH HYKT2 TaHnal ONMHADM Ba Y CUMIUIEKCHHHI YYKKHIapHAaH Oupn
Ounad takkocnaHaaH. CHMIUIEKCHHHT HT SKHMH YYKKHCH YOy Hykra
Onnad anMamtupiaagd. Llynnaii kumud, cuMmnexc ysrapub 6opaan pa
€YUM HYKTACHHHHY aHHKpPOK XOJATHHH TONHIN HMKOHHMATRHH OepajH.
XucoOnauriap cHMMIEKCHHHI XaMMa y3rapysuunap Gyiuda Yidamiapu
Gepunran xaronuKaaH KaM OYNTYHYA JABOM STTHPHAALM.

Henpep-Mua cHMILIEKC-YCYIHHH aMajra OWHPyB4YH QyHKUHAIAD
KyHHAaruya E3unanm:

+ fminsearch{@fun,x0) — x0 nykranuar sxuHnga fun(x) ¢yHk-
UHAHHHAT JIOKAT MUHHUMYMHE OVIIraH x BekTopHH Kalitapagu. bup
Y3rapypunIE QyHKIHAHK MHHAMANIAWTApHINAa X0 ckangp ku
BEKTOD, KYI ¥3rapyBunin GYHKUMIHH MEBHMAITALITHPHIIIRA 3Ca
MarpHua 6¥ynumH MyMKHH;

+ fminsearch{@fun, xO, options) — foxopHaard GpyHKLEAra ¥XIIALL
NeKHH options mapaMeTpiap BEKTOPH HUUIATHIANH,

* [x.fval} = fminsearchC...) — k¥mumM4a papumaa fval QyHKUHAHKHET
MHHHMYM HyKTajarv KHiMaTHHH KaiTapanH.

Fminsearch Qysxnuscnnan $olzatanMIIENHr KIACCHK HAMYHACH
69nub, yuu PozenGpok Tect dynxumacu (rb(x,,x,,a) = 100¥(x, — x )* +
(a—X, ) HUHT MHHHMYMJIAPHHH aHHKIAW YIYH KYioianl Xxucobnanany.
Ymby ¢yHkuus MUHHMan KuiiMaTaapra [¢ a?] Bykrala >puiiajH.
OyakupuaHA rb.m daiinna 6epaMus:

% P03eHOpOKRHHT TecT PyHKUHACH

function f=rb{x.a)

if nargin<2 a=l: end

=100*(x(2)-x(i"2) 2 +(a-x(1)*2:

Buan xYHHAraH MacanaHi eyamus

»options=optimset( tolX',1.e-6):

[xmin. opt, rosexflag, rosout}=fminsearch{@rb.[-1.2 1],options)
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xmin =

1.0000 1.0000

opt =

4,1940e-014

rosexflag =

| rosout =

ilerations: 101

funcCount: 189

algorithm: 'Nelder-Mead simplex direct search’ .

7.5. XOCHJAHH ATIMPOKCHMALIINAJAIN
7.5.1. lanaacHAHNH ANNPOKCHMANTHAIAI

JlannacunaHHy annpokcHMauusiIalw yuyd MATLABaa kyiunara
(pyHKLMA MLIATHIANM:

del 2(11) — U dynxunsra xyunannarad Jlannac audpdepeHunan one-
PATOPHHHHT AUCKPeT aNnpoKC WMaluanall MaTpuuack L HM Kajitapann:

Al u
4

Lzl_[dz-uq_dz-u)
4 de ‘b)Z

L matpuna U MaTtpuua Ounan Oup xun ¥nyamra sra Oynamad. YHHHT
xap oup sneMeHTH U MacCHB 3eMEHT Ba yHra KYIuHH 6¥aran t¥prra
IEMEHTHHHT ¥pTadacH opacHiard gapkka TeHr 6ymamgm.

Xuacobnamnap yuyH JlannacHanHH anNpoOKCHMAUMANALTHHHT Oeul
nyKTaaH QgopMmynacu pumaTunagd. Mucom:

>> [x,¥|= meshgrid(-5:5.-4:4);

>> U=x, *x+y.*y

U=

50 41 34 29 26 25 26 29 34 4]

41 32 25 20 17 16 17 20 25 32

34 25 18 13 10 9 10 13 18 25

29 20 13 8 5 4 5 8 13 20

26 17 10 5 2 1 2 5 10 17

25 16 9 4 1 0 1 4 9 16

26 17 10 5 2 1 2 5 10 17

29 20 13 8 5 4 5 8 13 20

34 25 18 13 10 9 10 13 18 25

41 32 25 20 17 16 17 20 25 32
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>> V=del2(U}
V=

—

— — — f—— o f— p— o f—

f— et et e et et
— o j— — — o — — — p—
e e e e
bt et ot b et
e el el e e
— o p— e ot et
Pt et et brd ek
L el el e

>> subplot(1,2,1)

>> surfl(U)

>> subplot(1,2,2)

>> subfl(V)

?7? Undefined function or variable 'subfl'.

>> surfl(V)

>>

7.2-pacmaa U Ba V CHpTIApHHHT IpadUKIapH KEITHPHITAH,

Dl é Do oo | J§) ¢ fommoreanfc=] |

> mubploc|l, 2,1}
[+ ParElfu}

=> pubplocil, 2.2)
= mazfliw)

7.2-pacm. U Ba V yBKIMARapHHHT TpaduRIapH -
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7.5.2. Xocnnagn 4ek/AH aliRpManap GHJIAM AaNNPOKCHMAEMANAI

Xocnnann yekan afinpmanap OuaaH annpokCHManuanam KyAugard

dynxuuanapgan GoiaanaHunaLn:

¢ diff(X) — X maccHB €HMa-&H MIEMEHTAAPHHHHT 4eKNH aifup-
ManapuHH KaiiTapagu. Arap X — sektop O¥ica, diff(X) kyunu
yneMenTnap dapkaapuauuar [X(2)-X(1) X(3)-X(2) ... X(n)-X(n-D]
BEKTOpPHHH KatiTapazu. Arap X marpuna 6¥nca diff(X) ycrynaap
dapKnapHHHHT MAaTPKLIACHHH Kaktrapazu: [X(2:m, :)-X(l:m-1. 3)J;

o diff(X.n.dim) — dim napameTpHHET KHiiMaTHra OOFNHK X013 CAT-
paap €k ycryHnap 6¥inya X MaTpHLa Y4yH YeKIH aHMpPMaNapHi
KaiiTapagn. Arap n HAHT TapTHOH dim ra Tesr &kH yHAaH KaTTa
6¥nca diff 6¥m maccHBHM KalTapanH.

Diff pyukuuanan poiigananud Gepunaras yHKUHA XOCHIANApHHKHHT

rpadUrdHu KypHinl MyMKHH, ByHra MHCON KyiHIa KeATHPHIIaH:

» X=0:0.05:10;

» S=sinf{X);

» D=diff(S);

» plot{D/0.05)

.'mwmwm
LEARLY S8 1 ?[amorml'c-_;[ijd

7.3-pacm. sin(x) GyHKIHAZAH XOCHNaHHHT TaKpHOHi rpadurn
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KyTtunranuaex onuaran rpaguk KOCHHYC GYHKIUACHHHHT IPa)UTHIS
akuH. I'paduxHuETr abcuncea Yxu 6yimda X HHHI XaKHKHA KMAMATIapH
sMac 6ankd X BEKTOp 3NeMEeHTIAPUHUHT TapTHO pakammapH Kyiui-
raHnurara YpTud0p OGepuHr. .

Symbolic Math Toolbox kenrafitManap nmaketn &€pmaMuaa GpyHkIHA-
NapHHU aHATMTHK KYPHHHLIAA, AHHH aHAK AuddepeHIHannam MyMKHH,

7.6. Connn HETerpajnam

CoHNH HHTErpaiamaa KyAHIArdH aHHK HHTETPaN TakpuOaH xHcob-
JaBagu

[ y(xydx

Tpaneuuanap ycyasn
Kyhinna kenripunrad GyHKUIHANAP COHTH HHTETPaNALIHH TpaneLHs-
Jap ycynu OunaH 6axkapaiu:

e trapz(Y) — aHHKIAHraH HHTErpajlHu Kaiitapagu. Arap Y —
BekTOp Gynca, trapz(Y) YHHHI 3JE€MEHTIAPHHHHT HHTETDAJIHHE
Kaiditapand, arap Y Matpuua 0yirca, trapz(Y) MaTpuua ycTyHI/IapH
HHTETPA/UIAPHHH ¥3 HYKIa OJMYBUH BEKTOpP-CaTPHI KalTapalH;

* trapz(X.Y) — Y ¢yHkunagan X ysrapysyu O¥iivua MHTCrpaHH
Kaiitapanu (MHTErpaLia derapanapd X BeKTOPHUHT GOMINAHFHY
Ba CYHITH 3IeMEHTNapH £paamMuaa Oepunaan);

¢ trapz(...,dim) — dim ¥3rapyBuHHHHT KHiMaTHra GOFIHMK XO/1Ad
MaTpHUUa Y4YH caTpiap €Ki yeTyHnap 0yin4a HHTerpaiHu Kaira-
panu.

Muconnap:

»Y=[123 4}

Y =

1234

» trapz(y)

ans =

7.5000

» X=0:pi/70:pi/2;

» Y=cos(X);

» Z = trapz(Y)
Z —
22.2780
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Kyiinparu ¢ynxipanapaas Goiinananunaranaa MHTErpaiiatl TYIIaRUHII
Onsan J1aBOM >TAnH:

» cumtrapz(Y) — opanHaTanapu Y BeKTOp KM MATpHla KYPHHMIINIA
Oepunrad dyHkIMAHMHT Oupra TeHr OYnran MHTerpaiam Kaga-
MH OHNaH XHco0TaHraH HHTErpajJHHEWHT COH KHHMaTJIapHHH
KaiiTapazayu. Arap kajam 6upnan dapk Kunca, NeKHH y3rapmac 6yiaca
XHCOOMAHraH HHTCTPATHH KAAAMHHHT KaTTaAMTATA KYIaHTHPH I
eTapni. Yby GyHKUNA BEKTOPAAP YUYH BEKTOPHY, MaTpunaap
YUYH MAaTpMUAHH KaHTapaaw;

+ cumtrapz(X, Y) — ¥arapysud X OViinua Y uHTerpannanagu. X
Ba Y GMp Xun y3yHIHMKAark BeKTopnap €kH X BEKTOP —— YCTYH,
Y aca MaTpHUa OYNUIIH KEPAK,

¢ cumtrapz(...,dim) — dim ckasap OHaH aHHK/IaHray yayam 6yAuga
HHTErpannaman Gaxapany.

Mriconnap:

>>y=[12 3 4j;

>> cumtrapz(y)

ans =

0 1.5000 4.6000 7.5000

>> y=magic(4)

y=

162313

511108

97612

414151

>> z=cumtrapz(y,1)

2= .

0 0 0 0

10.5000 6.5000 6.5000 10.5000

17.5000 15.5000 14,5000 20.5000

24.0000 26.0000 25.0000 27.0000

>>

1.7. Opaui anddepenunan TEHITAMATAPHE SUHIT

Kjmna6 Tu3sumnap Ba KXypHIManapHUHT AMHAMHKACHHH TaxJIBj KHIHIN,
TeOpaHHILIap HA3aPpHACHHHHT MacajialapHHK eyMil Ba GolWKanap oanHi
aaddepennran rerrnamMaiap cucreMacuiu (OHC) edniura acocnanrad.
Onarna yaap Koy maxnuaars 6apunuy aptubne nuddepennnan Ten-
raaManap CUCTEMACH Tap3ua KYpcaTHIagu:
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F

=y
y=f»0

OIIC y4yyH verapasuii mapriap xaM Kypcatunazn: y(t, t,_ .. p)yb,
6y epaa t, t , — WHTEpPBaNHUHT GOLLTAHFHY BA CYHITH HYKTANapH.
Bomnanruy Ba cYHrri waptiap b sekrop Epmamuna Gepunant, t mapaMerp
anbarra BaKT GYNMHINH mAapT 3Mac,

%[ &

7.8. Onauii nuddepennEan TEArNAMAJAPHART €UTHYIRPH

OAT napau eunm yuyH MATLABaa Typnu xun ycynnap MaBxyz.
Ynapuu amanra oummpuin OJT euxuunapu ne6 atanagu. Keitmnyanuk
MAaTHJa KeNTHpHIagurad yMyMmiaawupmiran solver (euriy) nomu, OJIT
HH e4UHIIHHHT KyHUaarH COHMY ycyrapuaad OMpHHN aHTNaTagn: odeds,
ode23, odell3, odelSs, ode23s, ode23t , ode23tb, bvpdc &xu pdepe.
AuddepenHunan TeHTIaMaIapHAHT KATTHK, CHCTEMAIAPHHH €YHIN YIyH
dakat Maxcyc ode 155 , ode23s, ode23t. ode23tb eurmunapaan doiina-
NaHUID TABCHA THIAAH:

* 0ded45 — Oup kanaMau akxon 4- Ba 5-raprudnu Pyure-Kyrra ycyn-
napu. Y knaccHk ycyn 6¥nu0 kynnab xonnapaa aXiH HaTHXaNlapHH
6epany;

¢ 0de23 — OGup KagamaH SKKoJ 2- Ba 4-tapTHOGam Pynre-Kyrra
YCYILIApH.

* odell3 — Oup kagaman, ¥3rapyeud TapTHOAH Ajpamc-baisopt-
MynToH yeynn. Yuly amanTHe ycya IOKOPH aHHKJIUKIATH €4HMHH
GepuiiH MyMKHH.

* o0de23tb — eunmHuAT SomAHHINEAA AKKON OYnMaran Pyrre-KyTra
YCYNHAZH Ba KeHHHYaauK 2-TapTHOIN Teckapd muddepeHnyanmam
bopmynacunar doiigananysud ycya. AHAKIHK NacCTAHTHTa
KapaMacial, ymoéy ycyn odelSs ycynunaH >¢gdexturpox 6¥numu
MYMKHH;

* odel5s — cornn anddepenunannam dpopMynanapuian ¢oiigana-
HYB4YH, ¥3rapysud taptubnu (lnaH Srava, pacrnabku xonataa 5),
K¥TI KafaMIH yoyl. Y0y afanTHE yCyiaHH ode45 eurny eqHMHH
TAbMHHIAH ONIMaca KYAnam Makcaara MyBOdHK;

* 0de23s — MonudHkanHanaHral 2-Taprubnu PoserGpoka dopmy-
nacuaaH goiinananysun 6up kanamnn yeyn. Jluddepenuuan ten-
raMAapHUHT KATTHK CHCTEMACHHH €1HINIA TacTPOK aHHKIHKKA
Ba IOKOPH XHCOONANI Te3NHTHIA JTa;
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!

* ode23t — HHTEPNONSUHANH TpanenHaiap ycynu. Yy ycyn

YHKHUI CHTHANH FrApMOHHKANApH AKHH OYnran TeOpaHyBYH CHCTE-
MaNapHH XHCOONalIa AXIIH HaTHXKaJXapHu Oepanu.

Xamma eurnunap y' = F(£, y) KJpHHHIIAArH TEHIIaMaNap CHCTEMACcKHH,
ode15s, ode23s, ode23t pa ode23tb eurvunap 3ca akkon 6¥nmaran M(t,y)
y' = F(t, y} kpHHHIINATH TEHITAMANAPHH €4YKLIH MYMKHH, XaMMa euray-
mp (ode23s Ba bvpdc naH Tamkapu) M(t, y) y' — F(!, y) KypHHHIIMAATH
MUTPHUABHH TEHTIIAMANTAPHUHT WIAH3NAPHHN TOITHIDH MYMKHH.

7.9. Onanit 1n¢PepeHnHAN TEHTIAMATAPHHAT
edrninapujan Gpoizanannm

Auaddepenunan reHrnaMansapin eud $yHKUHARApHIa Kyiluzard
(Genrunam Ba Kounanap kabyn KWIHHIAH:

options — odeset PyHKUNACH XOCHJI KHNAAKTaH apryMeHT (fHa
Oup pynkuns — odeget &ku bvpget (haxar bvpdc yayH)— CykyT
Oy#inda &éxu odeset /bvpset pyBKIMANAPH TOMOHHIAH ¥PHATHITAH
napaMeTplapHH YHKAPHIL,
tspan — HHTerpajlalll HHTEPBAJIKHH AHUKIAHAHTaH BeKTOP(tO,
tfinal). EunMHH KoHKpeT BakT MOoMeHTHapuaa t0 tl ... tfinal (opTud
€kH Kamaitu® OopyBuyH TapTHOAA KoHNamIraH) TONHM yqu tspan
= [t0 tI ... tfinal] nan doifimananum kepak;
y0 — Oomnanruq mapTiap BEKTOPH;
pi, p2,.,, — F )yHKLHATA Y3aTHIYBYM HXTHEPHH mapaMeTpiap;
T, Y — Y xap Oup carpu T BexkTop — ycTyHAa KaiiTapuarad BakIra
MOC KENAAHTaH eYHMIap MATPHIIACH.
JAudpepeHunan TeHrmaManap cHcTeMallapHHy euril y4yH HIIIa-
THNAgurad QYHKIAAIAPHHHT TABCHOHUTa ¥TaMH3:
[T.Y] = solver(@F,tspan,y0) — y’=F(t,y) xypuRHmAarH quddepen-
IHa TeHramanap CHCTeMacHHH tspan HHTepBanaa v Gournanruy
mapTiapra acocan uaTerpaaiind. @F — OIT- byHKuBIHuHT
ecKpuaTope. Y eunMiap Maccusuiary xap 6up carp T BekTop-
YCTYHZ3 KaBTapHIyBYH BAKT KHAMATAAPHUIa MOC KENaJIH,
[T.Y] = solver(@F, tspan, y0, options) — tokopugarura ¥xuwaui,
JCKHH KyuuM4a odeset pyHKUHACH XOcua KHAaAMraH options
apryMeHTHHHT KuiMaTiapH OpKalH aHHKNAHYBYH NapaMeTplap
6unan. Onaraa OyHaak napameTpnapra HUCOHH XaTOMHKHHHT iyn
K¥iunaguran xufimatu RelTol (cykyT xomatupa le-3) Ba pyxcar
STHJIAgUral abcomoT XaTonHKIapHHHT BekToph AbsTol (cykyT
XOJaTH/A XaMMa KOMIIaHEHTIApH le-6 ra TeHr) KKpaau;
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* [T.Y] = solver{(@F,tspan,yO,options,pl,p2...} — wOKopuaarara
yximau, Jekud Kymumea pl, p2... napaMeTpIapHH Xap Oup 4aku-
puaragnaa m-aiin F ra yzaragu. Arap option napametpnap Gepui-
Mafiguran 6ysica yrapHHHT YpHHTa [ | £e0 &3naau;

¢ [T, X,Y] = sim(@model tspan.-y0.options,ut.pl,p2..,) — SIMULINK
MOACJHHK HDLTaTagd (YHAAH MOC €UrH4YRH 4YakupaiH). Mucon
Y4yH:

+ [TX)Y] — sim{@model....).

Huterpannam napaMerpiapu (options) m-daiinga éxu odeset koMaH-

gacd &paaMuaa KOMaHZanap caTpHIa aHHK/JIAHHIIN MYMKHH.

EuYrnunapHMHr mapaMeTpiapH pyixartuia KyAuAard napaMerpirap

OYNMIIN MyMKHH:

¢ NormControl — ed9uM BekTOpH HOpMacH [on | {off}] ra Gormux
Xonga xoTonukHH Oomkapanu, norm{e) <= max(RelTol*norm(y),
AbsTol) 6ynnin yuyH ‘on’ YpHaTHIaAHK;

» RelTol - uucOu# TaHnam gerapacu [Mycbar ckansap]. XaMma ed-
THWIAPHHHT aHHKJIWTH CYKYT xonatnaa le-3 (0.1%)ra TeHr;

¢ AbsTol — aGconmoT aHRKIHK [MycOaT ckanap €k BekTop {le-6});

¢ OutputFcn — uukaprm @yHkuusch [function] HMHT DeckpunTo-
pH;

QAT eurHanapuHHHT HINATHIKIIAHA HKKATa Ju¢depernuan TeRria-
MaZaH TY3UAraH cucTeMa KYypHHHIIHAarn Ban-aep-Ilon TeHriamacHHH
€4HII MHACONHAA KypaimmK:

W=
J"; =100(1_y1)2)’z - %-

Bomnanruy maptaap:

¥, (0) =0;

y(0) = 1.

Eunmaan oazud DHpdepeHnnan reHriaManap ¢ucreMmacu ode-
¢yHkmEa kypuruImKUNA €310 onunamu. ByHuHr yuyH Gom MeHiona File
> New > M-File Hu TannakiMu3 Ba Kyiinaarunapid KHpHTaMH3:

function dydt = vdp100(t,y)

dydt = zeros(2,1); % a column vector -yCTyH BeKTOp

dydt(1)=y(2);

dydt(2y=100*(1-y(1).72).*y(2)-y(1);

m-paiin-pyHkuusay caknaliMus, EauMun odel3s euruwy &pnamuna
BAa YHra MOC rpadUKHE OJIHII Y4yH KyHnAaard KOMaHmanapiaH ¢oiaa-
JTaHAMU3:

110



>> [T,Y]=odel5s(@vdp100,[0 30],[2 0]);

>> ploi(T,Y)

>> hold on;gtext('y1"),gtext('y2")

CYHITH KOMaH/Ia CHIKOHYA &paMHa rpaKka HKKHTA €3yB KHUPHTHII
UMKOHUATHHM Oepadn (7.4-pacm).

7.4-pacm. Ban-nep-TIon TEHINaMACHHHHT €MHMHIa MOC rpaduk

HatnxalapHy xoMaHIanap oifiHaCHAa XaM KypuIl MyMKHH!
>=T »>=Y

T=Y=

t

0 vyl y2

0.0000 2.0000 0
0.0001 2.0000 -0.0001
0.06001 2.0000 -0.0002
0.0004 2.0000 -0.0003
0.0007 2.0000 -0.0008
22.8908 1.8361 -0.0077
25.8908 1.8125 -0.0079
28.8908 1.7885 -0.0081
30.0000 1.7794 -0.0082
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8. MATLAB TH3UMHJIA JACTYPJIALI ACOCJIAFH
8.1. JacTypaaldHHHT acocHii BOCHTAJAPH

MATLAB TH3uMuZa AacTypiaap MaTH ¢dopMarhaary m-daiinaapaup
MATLAB TH3HMHAA DacTYp/all THIM KyHHJIATH BOCHTaNapra 3ra;

* Xap XHN TYpJard MablIyMoTaap;

* KOHCTaHTanap Ba ¥3rapyeuuiap;

* oneparopnap (MareMaTHK HoZanapHHHT ONEPATOPNAPHUHH XaM ¥*

HYHTA ONATH);

* OUPMKTHPHITAH KOMaHzanap Ba GyHKLIMANAP;

» doiiaananyBYHHUHT GyHKIUNAPH;

* QoWKApPYBYH CTPYKTYpanap;

¢ cHcTeMa olieparopiapu Ba GbyHKUHAIAPH;

¢ JACTYpiall THIMHU KeHTaHTHPHIN BOCHTAJIApH.

MATLAB misaMiGa JacTyp KOAJapH IOKOPH Aapaykani TWija €3nnank
Ba yIu0y THI THIHK uxmepnpemamop 6ynub xHcodnaHain, AbHH JacTyp-
HHHI Xap OHp MHCTPYKUHACH Napx0J TaHWIa g Ba Oakapunamu. XaMM:
RHCTPYKUHAUIAPHH, SHHH TYIIHK AACTYPHH KOMITMIIALMSA KHIMII 3Tl MaB-
Kyn 3mac. MATLAB Gaxapunysun gacrypnapHi aparMaiian. Jacrypnag
Pakat m-daiinnap xypuanmnaa Marxkyn O¥naan. JactypnapHuHl
pnutamy yayH MATLAB myxutH 3ypyp. Jlekun MATLABAa €snnrar
nAacrypnapad C Ba C++ jgacTypnail THANAapHra TPaHCHAANHA KHJIYBYE
KOMOHAATOpNap apathiurad. Yinap MATLAB myxutHaa TaiépiaaHran
JacTypinapHH §axapUIyBuH JacTypiapra aiflaHTHPHIO MacaJTacHHH Xal
KAnum UMKORUATHHY Oepanu. MATLAB tH3uMH yuyH KOMDUISTOpAA)
MYCTaKHJI JaCTypHH BOCHTANapaHp.

lynu >caa TyThi kepakkd, MATLABHUHT XaMMa HHCTPYKI[HATAPH
XaM KOMNHAAOHA 6¥naBepMaiiii, SHHH KOMIMNIAUHMAAAH oNauH Oynnai
JAcTypHH KaiiTa uminam 1ajnad kunuHagy. KoMIHIanHug KHAKHraH JacTyp
NapHHHT Oakapunnu tesnura 10-15 maprarada OpTHINE MYMEKHH,

8.2. MabayMoOTJApHHHT acocHH Typaapu

Array Ba numeric Typoard MabayMOoTHap eupmyan (ryéku, 6ynut
KYPHHAOHraH, 30XHpuii) 6¥nub xucodnanagy, YyHKH ynapra Oupop Oug
¥3rapyeun MaHcyG 9IMac. Ynap MaBIyMOTHApHUHT aHpHM TYpJapHHH
AHHKJIAI Ba KaMIal yuyH xusMat kunagu. ysnaH ki, MATLAB
THIUMHIA YMYMHI X083 KV ¥14amiIn MaccHB O¥raH MaBIyMOTIAPHHHT
Kyliugarna Typnapu aHHKJIaHTaH:

112



* single — oaaAni aHHKANKIATH COHIH MAaCCHBIAP;
* double — HKKUNAHraH AHAKJIHKAArH COHIIN MACCHBIIAD;
* char — cuMBon 3neMeHTAapra 3ra OYNraH caTpny MacCHBIAp,
* sparse —- COHJIHM DIeMEHTNAPH MKKIJIAHTaH AaHUKJIHKKA 5Ta G¥aran
CHIpaK/IaLIrad MaTpHUAJap; :
+ cell — sueiikanapHUHr MacCHBIIapH; ¥3 HABOATHAA A4elikanap Xam
MaccHB OYaRIuH MYMKHH,
¢ struct — MafiJoHNH TapkHGIap MacCHBIApH, YNap XaM ¥3 H4ura
MACCUBIAPHH ONHUIIIAPH MYMKMH; -
+ function_handle — pyHKUMATAPHUHT NSCKPHTITOPIAPH :
* int32, uint32 — 32-pa3spaiay COHJAPHUHT MACCHBIIAPH;
* intl6,uintl6 — 16-pa3paann OYTyH COHJIAPHHHT MacCHBIAPH;
* int8. uint8 — 8-pa3psanu GyTYH COHNApHHHI MAacCUBNApH {(COH-
NapHHHr KHiMaTaapy O naH 255 rava 6YAMIUH MYMKHH),
BynaaH Tamkapy saa 6up doiiganaHysuy TOMOHHIAH aHHKJIAHAAMTaH
MabayMoT TYpu (06bexT) — UserObject ky3ma Tyruiaran. MATLABza
MaBIYMOTIAPHUHT XaMMa TyplapH MaccHBIap 0¥nné xucodnananm.

8.3, JacTypaau TypJapu

HacTtypuit TabMuHOT 6030pHIa MATLAB TH3uMHI UnIMHA-TeXHUKABHH
xucobnap yuyyH MYKANIaHTaH IOKOPH Aapaxajard AacTypiaul THIH
6ynmub xucobnanaan. llynpai kuaub, gacTypaall HMKOHHATHHHAT MaB-
KyITUry yidy TRIHHHT MyXHUM ad3annukinapuias Oupuanp. XaKkHKaTaH
XaM, Mypakka$ MacananapH{ JacTyp/all Ba TH3HMHHHT Y€KCH3 KeHTAHHII
AMKOHHATIAPHHHHT MaBXyInura MATLAB TH3NMHHHHT YHHBEpCHUTET-
Nap Ba MIMMH MyaccacajlapAa KeHr KynaHHiIMmHra cabab 6¥mam.

MATLAB TH3uMuA2 BacTYPIamIHWHT KyHHIArd TYpIapH MaBxkya:

* OpoUEAYpPaBHIL;

¢ OneparopnH,

* QyBKUKOHAT,

¢+ MAHTHKHH,

* TapkuOM#t (MogynnH);

s ofBeKTra-MyHaITHPUITaH;

* BH3Yyan-HyHAJNITHPHIraH.

MATLAB rtapkuGuii nacTypiami MaxcynAOPIMCHHHHT &pPKHH Ha-
MyHacH 6¥ind xucobiranand. YHHHT k¥niab ¢yHKHA Ba KOMaHIanapu
TYra/uiaHrad Monyuiap 6¥nub, ynap opacuna ax6opoT aMaIIHII KMPHII
napaMeTpnapyu (aiipuM xonmapaa rnoban yrapysyunap) oOpKanu aManra
ouripunanu. Hacrypuii Moaynnap MaTHIM m-daiinnap xkypuHuEHIA
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pacMuiiTalITHpUIaau Ba NUCKAA CaKJaHafH. Ynap sapyp O¥aransa na
CTYpaapra xand KwinHaau (KyIunaaH).

Ob6vexmea-iiynanmupunzan nactypnam xaM MATLAB TH3uMHI;
KEHI KYyJUIaHHJIaa\ Ba y rpaduka MacalaiapHHN JacTyplamja aKTyal
6ynuC xucobnaHanu.

Buzyan-iuynanmupunzan pactypiau 3ca Onoknap kypuHuimnmnaa Ge
PHIraH KypHAMa Ba TH3HMIIApHH MoJelIalira My/bKautanras Simulink
MaKeTHAa ¥3 aKCHHH TONTaH.

8.4. MATLAB TH3MMHIA oMepaTOpaap, KoManaanap
23 PYHKUHANAPHHHI HKKH TOMOHJIAMAJIHIH

MATLAB TH3HMHEa KOMaHAaNap (K/IaBHATYPAAH KHMPHTHIITaHI:
Oaxxapunai) Ba JacTypuit omepatopiap (AacTyplaH Oaxkapuiaaiural
opacHHar# ¢apk WapTIMIUp. Yiap AacTYpAaH XaM, TYFpHaaH — TYFpE
Xucobnanuiap pexkHMuAa XaM GaxkapHIHINM MyMKAH. @YHKHUA MIBIY
MOTJIApHH ¥3TapTHpaAl. Y Hra KMpPHII apaMeTpiapd — apryMEHTIAPHI
k¥pcarnd MypoKaaT KHAHHTaHAAa MABIyM KRHAMaTnapHM KauTapaaH
Macanan, sin(x} ra MypoxxaaT KWIMHT2HAA X aPTYMEHTHHHT CHHYCHIa TEH)
OYnaran kuiiMaTHn Kaktapagn. LyHuHr yayH apudmerux ndozanapa:
byukuuanaH doiiganannin MyMKHH, MacanaH, 2*sin(x+1). @yHkusnaj
KyliHparaya ésunaau:

f nomu(Ilapamerpnap pyixaru)

dakar 6uTTa KHiiMaT éKK GUTTA MACCHBHH KaHTapye4M (pyHKIHA
NApHUHT HOMH KHMHK Xapdaap Ounan €3unagu. bup Heua KMAMAT €K1
MaccHBnapHu(Macanal, X, Y, Z,...) ¢yHKuManap Kyiugard IOaKkim
é3unaau.

[X.Y, Z. ...] = f nomu(ITapamerpnap pyiixaTh)

Oneparopnap Ba GYHKUHAJAPHHHT HKKH TOMOHIAMAaJHIH KaTTi
axaMuaTra sra, OnepaToplapHHHT KYMYAIHIA GYHKUMIIAp KYpHHHILK AT
Y3napuHHHT aHanornapura sra. Macanan «+» ONEPaTOPHHHHI aHAIOT}
sum GYHKIHACHHD .

Command argument

KYPHHHINKIATH KOMAHNAHH

Command(* argument’) )

KYpHHHHINAATH GYHKHMA 1IAaKIua XaM E3HII MyMKHH.

Muconnap:

» help sin SIN Sine.

SIN(X) is the sine of the elements of X.

Overloaded methods
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help sym/sin.m

» help('sin’} SIN Sine.

S8IN(X) is the sine of the elements of X.

Overloaded methods

help sym/sin.m

» type('sin')

$in is a built-in function.

» type sin

sin is a built-in function.

byHpaii HKKH TOMOHAAManHK MpolUeAypaBHH ExK PyHKUHOHAN Aa-
¢typlall YCYN¥HH TaHNAIIHAHT acOCHAA &TaiH. BHp JacTypHHHTr HYHAA
MKKkaNa yeyiaaH xaM doinanaHym MyMKHH.

8.5, Alipum YekNaHHILIAD

MATLAB TH3MMHHHHI JacTypiall THIH acocaH TapkuOHH aactyp-
nanira Hynantupunrannurg cabadnm caTpnapHHur TapTHO pakamnapu
(Yiciicukaary kabu) Ba mapren? yTuw oneparopu GO TO #iyk, Bomkapysun
TapkuOnapHuHr pakaT Kyhinaaru typnapi: if... else...eiseif...end waprnu
nipona Ba for...end xamaa while...end mukIap MaBxyA. Y IapHHAT MAKTH
Pascal TunHzarura yxmain, sbHH TahCHP KHIHII COXACH CaplaBXajaH
Gomnanany (daxar begin cyam Oy¥nMains) Ba end cyzm OuiaH Tyramia-
waiu. Tapkuluii gacTypraml HaszapBACHra acocaH yuidy BocHTamap xap
KaHgad MacanaHy eyHm yuyH erapiad. byHaan tamkapn MATLABpa
ynal — y3ruu omepatop case xam Gop.

MATLAB MyxutHza co/aa MacaidajapHu aactypiamn beiicukna na-
crypaamra xypaa yxmal kerann. Kynna6 xomnapaa Beitcuknaru JacrypHu,
CMHTAKCHCAArH apuM dapKiapHH Xpcodra o/Iral Xoaaa, TYFpuaAaH-TYFpH
MATLAB ra ¥rrasuin mymku. MATLAB#aa Cu, ITackan Ba ®optpad
JAcTypranl TAVTAPDHHUHT afipimM sneMeHTaaps XxaM Gop. Iynnai kpnu6,
MATLAB yHuBepcan gacTypiall TH/UIAPHHHHT JHT AXIIH BOCHTATApHHK
y31Ia MyaxaccaMIaHTHPraH.

8.6. Cuenapus Ba pyHKnuanapHanr m-¢aiiiapn

Komanaanap pexummia (CecCHAAa) MIUIAIN JACTYpAAL BMAC.
MATLAB THiuMuja AacTypHUHT TalIKH aTpHOyTH 6¥mmu6 m-daiinga
¢3uaraH aMalNapHHHT KeTMa-KeTIHrun xucobnanaau. MATLABna
m-paiinHu ApaTHil y4yH OHpHKTHpRITaH Taxpupnaruygad ékm ASCII
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¢opmaTHHH K¥naigurad xap KaHmal MaTH TaxpupiaarHanAaH ¢oina-
JaHul MyMkuH. Taitépnanran pa nuckia &smnrad m-daiin MATLAB
THIMMHHHUHI O#p KHCMHTa aiillaHaqu Ba YHH KOMaHOAIAp caTpHAaH 8KH
Gouka m-palingan vakupum MyMras. Hkke Typaarn m-daiinnap Mapxyn;
daiin-cuenapusnap ra daitn-pyrknusanap. Ynap, apaTHnIHmI kapaéHuaa
MATLAB TH3uMMra OMpHKTHPUITZH m-aliiapHHHT maxpuprazuy/
co3nazuwu EpiaMuia cHHTakcHc 6ViiM4a Hazoparaad yrraH Gymuuin
Kepak.

Script-paiin ne6 aTanyBue gaia-cyerapusiap KAPUII BA YHKHII
napamerpaaps 0¥iMaraH Karop KOMaHJAIApHHHT TYIIaMyaup. Ynap
Kyitizarn Tapxudra sra Synagunap;

* «ACOCHH H30X;

+ %KyumumMua 130X,

* Typnu HpOAANAPHH ¥3 HUUra onysun QailIHUHT KOOHFH.

dafin-cueHapus KyHuaaru xoccanapra sra 6ynaam:

* KHpHIN Ba YHKHII apryMeHTnapu 6aMaiinn;

+ HINYH COXANATH MABIYMOTRap Ounan Hmnaiam;

¢ BakapUIHID BaKTHAA KOMIHIANHA GYamaiinn;

+ aiin KYpUHHINHTA KEATHPHITAH, CECCHAJATHTA ¥XIIAM aMaiiap

KeTMa-KeTAUrHaaH nbopar 6ynaxy.

MaTH/IH H30XHHHT GHPHHYM CaTpH acOCUM H30X Ba KeHHHIH caTpia-
pH Kkymumua H3ox, 6¥nub xucobnanann. Acocwii u3ox lookfor pa help
Kamanoz_Homu KOMaHAanapH, TYJIHK H3oxnap sca help ¢aiin_nomu xo-
MaHAacH CaxXapHiaranma dkpanra gukaiu. Kyiugaru ¢ain-ciieHapHsHH
Kypainuk:

%Plot with color red

% CHHYcOMAaHMHT Irpapurung [xmin,xmax] AHTepBaNga

% KW3|I PaHTIH JIMHAA OulaH KypazH

x=xmin:(.1:xmax;

plot(x,sin(x),'r")

grid on .

JacTypHs pcr HOMH OHJIaH JHCKIa caknaiiMims Ba KOMaHaauap oifHa-
CHJIa KYHHAATHNapHH KHPHTaMH3:

>> xmin=-5;

>> xmax=15;

>> per

>>

Qaifn-cueHapys MBIra TYWalH Ba dkpadaa 8.1-pacMBa Kearmpuira
TACBHp XocHa G¥naau.
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8.1-pacw. daiia-cueHapns GHNaH HULTAM HAMYHACH

Hzoxmapaa % GenrncH caTpHUHT OHPHHYH MO3HUUACHTA €3WIMIIA
kepak. Akc xonga help mame koMaHIacH U30XHH KaGyn KHiIMalau Ba
No help comments found in — name.m XypHHHIIHAATH aXGOPOTHH
Gepann.

Bynnafi ¢aiiHy Hinra TYUIMpHID YYyH Xmin H Xmax ¥3rapyBudnap oi-
AMHAAH Taliépnanrad 6¥numn kepak. daiin-cueHapugaaapsa HIIATHIAAN-
raH ¥srapyBunnap raoban yarapyepuunap 6¥nmu6 xucobnanaay, A-HH ynap
CeCCHA KOMaHAanapuzaa xaMm pacTypuii GmoxnapHueT (KyMmnamaH, gaiin-
CUEHapHAIADHUHT ) HYHJa XaM Oup xun aunaiian, IIyHuar yayH ceccus-
Ja 6epuiral KuiiMatnap daiinga nmnatunany. Oafn-cueHapHANTApHAHT
HOMNAapUAaH GYHKUHSHHHI mapaMeTpaapH cHdatHaa doligzanaHum
MYMKHH 3Mac, qyHKH ¢aiin-cuenapua KRiiMaTnapHy Kaiitapmaiimn. Daiin-
CHEHAPUANAPHY KOMPURAYUA Kuaub 6yamaiiou. Yaap paiin-@ynkyusnapza
UHAGHMUPUNZAHOGH KelUH2UNA KOMRUNAYUR KUAURUULL MYMKUH.

8.7. ®ynkuHANApAA ¥IrapyBUHAAP CTATYCH

OyHKIHS napaMeTpIapHHHHT pyiixaTHaa K¥pcaTuiaduraH napaMer-
phap rokar ¥irapysumiap 6¥nHO GyHKIHA YaKHPHITAHAa YIAPHHHT

17



YpHura KYHHIAAHraH KHEMATNApHH 0RG YTHH YUyH XH3MAT KHTaIH.

Kyiiuaarn Muconnu kypainnk . Taxpupnarad ofiHacuua z = x+y
ndoaann XHCOGIOBUH HKKM ¥3rapyBUniH (X pa ¥) fun QyHKUHACH X0CH
kpnnHraH (8.2-pacw).

ttmct.ion z=tun{y,x)
Z=X 2+yn2

‘:

8.2-pacy. QyHKUMAHH XOCHI KHAHII

* Jlactypaa x Ba y ¥arapypumaap fun(x, ) QyHKUHAHHHT DapaMeT-
pnapu OynraHnukaapH cababiu, ymap nokan ¥arapypuHiapaup
®ynxuma koOHFHAAH TAlIKApH A yIapra HOJ KHiiMaTiap Oepuirad
Arap pyHkuusa keburuaa fun(2, 3) HuHr KHiiMaTH XHcobnaHaaurak
6¥nca ynapra x=2 pa y=3 kuiiMmaTnap OGepusiann. [LlyHssr yuyH Ha-
Tizka z=13 6¥nann. Jleknd OYHKUHAHHHD KOOHFHAAH YHKKaHIAY
KelHH X U ¥ ¥3rapyBumiap y3jnapuygHHT gacTnabkH HoJr:
TeHr Gynrad KniimaTnapuau omagnnap. llyepait kannG, ymo)
¥3rapyBuHaap ¥3 KMHMaTNapuHH QYHKUMA DapaMeTplapHHHHI
KHiiMaTnapura dakar Jokaa tap3ga — (QyHKIHA KOGHFHHHHI
MYHIATHHA ¥3rapTHPalH.

Xap KaHAal QyHKOMA KOOMFHAA aHHKNAHTaH ¥3rapyB4YH CHHra-

pH z ¥3rapyBuH XaM goxanl ¥srapypuuaup. Jactna® yHHHr KHAMaTe
aHuKjganMaral OG¥nagu. @yHKUHAHUAT HYnA2 ¥y z=13 kuiiMaTtaH Kabyr
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kuiau. QyHKOMAIaH KaHTTaHAaH KeHH QYHKUHANA KYIIaHUATaHTANETa
KapaMaciaaH, Y HoaHHK OVIn0 xomaaw. Arap z HH YHKAPHIIra Xapakat
KHIHHCA KOMaHAamap OHHAacHAA XaTONHK TYrpucHIa ax6opor XxocHi
BYnagu. ByHra HIMORY XOCHN KHJIHW Y9YH KyHHIArdH MHUCONHH
x¥painnk:

Taxpupnam olinacHaa GyHKIIHA KHPHTaAMH3

function z=fun(y,x)

2=X"2+yn2 :

BA YHH caknaiiMus. Komanznanap ofiHacHAaH yHU HLIra TywWypaMH3

>> fun(2,3})

7 =

13

ans =

13

7

7?77 Undefined function or variable 'z'.

>>

OyHxnnanary xamma aMamap GaskapuiraHiaH KeiHH, SbHH (yHK-
uus aiIHHEHR OXUPHTa €THIrauAaH KeiHMH QyHKUHAZaH KalTunagy,
OyHKIHAAa WAPTIN ONepaTopiap, MHKNAP €KH ynab — y3rudnap Huol-
AATHITaHAA QYHKUNAHUHT MaBiIyM JKOHMIaH KaiTHII 3apypPHATH XOCHI
OynuimKM MyMKHH. BYHHMHT yd4yH return KOMaHJacH XH3MaT KHIaIH.
Xap xanmaii xon1a XaM GYHKUMS YMKAM NApaMeTPHHHUHT KUilMaTHHH
Kafitapaau. FOKopunaru MHcoAAa z ¥3rapyB9dcH 4MKHII TapaMeTpH
6ynub xucobnanazn.

8.8. m-pain-pyHKUBAHMAr TapKubH

m-ghaiir-gyrrcyus MATLAB pactypnam THIHHHET THIHK OGBEKTHAMD.
ByHaad Talokapw y KMpHID Ba YHKHII mapaMeTpiapura ra 6ynranaurt
XaMAa JoKan Ysrapyedaunapnad $ofinansannmi ¢ababnyu TapknOuit gactyp-
Aaill HYKTal Ha3apulaH TYJaKoHAH Moxyn 6¥anb xucobnasaau. Burra
YHKKII NapaMeTpHra sra Oynrad OyHgal MOAYITHHHT TapkHOM KyHHaarn
KypuHMILTA 3Ta O¥Iamn:

function var=f_Homu (napametpiap pyHxarn)

%AcocH H30X

% K¥iuM9Ia H30X

Typnu ndoganapun ¥3 vuura onyp4yu Qain KoOurn

var=udozna

m-daiin-byaxuua Kyiugarn xoccanapra sra 6ynanu:
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+ y function yboH 6HIaH HOITaHAAH, YHAAH KeHHH ¥3rapyBYHHHHT
HOMH var — YHKHII [TapaMeTpH, QPYHKUUAHHHAT HOMH BA YHKHIO
napaMeTplapHHHHT pYHXaTH KypcaTHaaiu;

* (QyHKUHA ¥3 KHAMATUHH KaliTapagu Ba YHH MaTeMaTHK Hgomanapia
Homu(mapamempaap pyiixamu) KYpYHKLIKEA HIIJATHIN MYMKHH,

* alin-QyHKUMARIHT KOOUFRAATH XaMMa Y3TapyBYHAAp IOKAN ¥3ra-
PYBYHIApAUp, AHH QakaT GYHKUHAHHHT HYHAa YpHHIN,

* ¢ain-pyHKUHA MYCTAKHI JacTYpHH Moayn 6y¥nnb, 6owka Mo-
Oyhnap OunaH ¥3HHHHF KHPHIO Ba YHKHIN IAPaMeTPJapH OpKAJH.
anokana 6ynaam; _

¢ daiin-pyakung MATLAB TH3IHMHHH KeHTaHTHPHIO BOCHTACH-
aup;

e daiin-byHKIAA KOMDUNANHA KHAHHAZH Ba OaxapHnaau, XOCHI
KHIHHTaH MalruHa Koainapy MATLAB TH3HMHHMHT HIUMH COXa-
CHAA CaKJIaHafH.

Arap ¢yHxkumd xHcoOnall HaTHXaJAPHHK KaHTapuiuy Kepak 6¥ica

OXHPTH KOHCTPYKOMA var=ugooa KUPpHTHIATH.

Daiin-PpyHKIMAHUHT IDKOPHIA KENTHPWITAH AKX OHTTa YHKUI na-
paMeTpHra 3ra O¥iran QyHKUHANApP YUYH XapakTepiu. Arap 4HKLL napa-
MeTpiapH Ky 6¥nca, ynap function cy2nnan keliHH KBaAPAT KABCIAPHHHT
4K aa kypeaThaany. by xonaa MOAYMTHHHT TapKHOM KyHuaard K¥prHHIUTa
ara G¥namu:

function [varl,var2....]=f_HomHu (mapamerpnap p¥yiixatu)

% ACOCHH H30X

Y%KymnMua nsox

Typanr udonanapau ¥3 yaura oxysan daiin KoOuru

varl=pdona

varZ=ujpona

Byuana#d ¢yHKUHA npouedypaHd 3ciaragd. ¥ Onp smac OHp Heua
HaTHXaHH Kalrapaan. YHu OeBocuTa MaTeMaTHK Hdomanapaa xyaiam
XaTONHKNapra oMud KeaHIIH MyMKHH. LiyHHHT yayH Gyaaai QyHKuHARAH
JACTyPHHHI alnoXuaa sneMeHTH Kabu ¢oliaananunanu:

[varl,va2,... ]=f_nomu([lapamerpnap pyitxarn)

VY K¥nnaHuWAIraHRaH KeHMH YHKMIO ¥3rapysdHiaapH varl, var2,...
aHHKJIaHraH O¥IalH Ba yNAapHH KelHHHTH MAaTeMAaTHK HQoAanapaa &KH
BACTYpHHHr 00LIKa CerMEHTIapHAa HIIaTHM MYMKHH. Arap GyHnaii
¢yaxmua name(TlapamMerpnap pyiixaTu) KYpUHHIIAAA HILUTATHICA, dhaKar
OHpPHHYH MHMKWII mapaMeTpH — varl HHHr KHiMaTHHH Kairapalu.

Arap dyBxumsaary ¥arapypuinap rnoban 6Ynuwu 2apyp 6¥nca, ynap
global varl var2... komanpmacyd épraMHaa YbJI0OH KHIWHAKH.
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8.9. OcT)yHKNHAAAPHHHT HILIATHIHIIH

OctpyHKUHANAp acocuii QyHKIMARHHT HMHIA YBJI0H KHIHHAIH Ba &3H-
Jagi. OcTOYHKUMAHUHT TY3HIHIIH acocuii GyHKIuIHEKA Ounan OUp XU
Ky#inna octdyrknudara sra 6¥nran ¢yHKOHATE MHCON KEITHPHIIaH:

function [mean,stdev] = statv(x)

%USTATYV Interesting statistics.

Y% Ocmepyrryunza sza 6yrzan QYyHKYUR2G MUCon

n = length(x);

mean = avg(x,n);

stdev = sgrt(sum((x-avg(x,n))."2)/n);

%

function m = avg(x,n)

%OcTdhyHKIHS

m = sum(x)/n;

function [mean,stdev] = statv(x)

Ymby MHCONIA X BEKTOP YMEeMEeHTIApHHHHT YpTaua KHIIMaTH avg(X,n)
ocTGyHKUUs paaMiaa XucoOmaHraH

>>x={1234535];

>> [a,m]=statv(x)

a=

3

m=

1.4142

>> help statv

USTATYV Interesting statistics.

Ocmpynryusea sea 6vrzan Qynkyunza mucon

OctdyHknna nokan, sbHH y TapkuGuaa 6ynaran m-¢admHuar HIH-
Aa vinnaia. Pakart acocuil GpyHkuMara Ternmad 6ynrad m3oxau help
name KOMaHAacH, m-paliHHHI TYAHK MAaTHHHM 3¢a type name KOMaH-
JacH YHKapagd (hame HHHT YpHAra QyHKUMAHWHT HOMH €3UIagu). Arap
bykuuana xaM oCTHYHKUMAAA XaM YMYMHi Jsrapysuiiap MmiaTHAa-
AuraH 6¥nca ynap pykuHana xam ocrdyHKuHANa xaM rnoban med svnon
KH/HHKIIH Kepak.

8.10. Xaroanknapau KaiiTa mmaam

XucoOnam xapaéHuja XaTOMHKIAp 103ara KeIKIK MyMKHH. Macanan,
sin(x)/x pyHxuua xucobnanaérranaa x = 0 6¥nca xucobnauzap T¥xTakan
Ba «HOJra OYNHID) KYPHRMIIKIATH XaTONMK TYFpHcHIA ax60pOT YHKaIH.
JlekHH XaMMa XaTOJHKIap XaM XHCOONAIIADHHHT TYXTAWKIra OnuG
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KenMaiind. ARpHM X0JIapia Orox/JIaHTHpYBYH &3yB naiino O¥nann Ba
xucofnamnap JaBoM 3Tadd. byHnail xonnapHH macTypHH €3ulll BaKTHAE
9bTHOOpPra OJNMII KepakK. ;

XatonMk TYrpucugark ax60poTHH YHKapHIl YYyH error(XaTonHi
TYFpHcHAA ax0opoT') KOMaHAacH XM3MAT KuWiaagd. XaToNnnK TYFpHCHAA
ax6opoTHH sd(x)=sin(x}/x PyHKUHAHE XHcoONaW XapaéHua GepyBIH
JACTYPHHHT HULTALWAHH KYpaivk:

function f=sd(x)

if x==0 error{* XaTonuk -HosTa 6YmHm')

end

f=sin(x)/x

Y6y GpyHKUUAHUHT HOINall HATHXaNapH KyHuaarnva:

>> sd(1)

f =

0.8415

ans =

0.8415

>> gd(0)

7?7 Error using ==> sd

Xaronuk — nonra 6ymui

Arap xaronuk 103 SepraHia xaM XHcoOmallizap JaBOM THIIH Kepak
6¥nca waming ('OroxranTHpyBaH axGopor') kOMaHAACHAAH dolinanannm
MYMKHH:

HOxopuzarn ¢aiin-¢gpyHKnHara ¥3rapTHpHIL KYPUTAMH3 Ba AMCKAA
cakiaiMus

function f=sd(x)

if x==0 warning(‘OroxmanTupysuu axopot’)

end

f=sin(x)/x

Ymby xonga gactyp Kylinaaruda uumnaiigu

>> sd(1)

f=

0.8415

ans =

0.8415

>> sd(0)

Warning: Oroxaagrupysus axb6opor

> In C:\MATLAB6p5\work\MIT\sd.m at line 2

Warning: Divide by zero.
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(Type «warning off MATLAB:divideByZero» to suppress this war-
ning.)

> [n CAMATLABG6pS\work\MIT\sd.m at line 4

r =

NaN

ans =

NaN

>>

VYMyman onranga x = 0 ga sinfx}/x = 0/0 = 1 6¥arannurn caGabmn
npoaaHu Xucobmaw YpHHra 1 KnitMaTHH K¥iuim Makcanra MyBoduk Gy nap
7M. BYHHHT yYyH JacTypra Kepakid ¥3rapTHpHILUIAPHH KHPHTAMU3:

function f=sdO(x)

if x==0 =1,

else f=sin{x)/x;

end

retum

DyHpaii y3raprapumnapiaH KeHWH AacTyp X HHHI Xap KaHAaH
KHHMATHZA XaM TYFpH Hinaiau

>> sd0(1)

ans =

0.8415

>> sd0(0)

ans =

1

>>

8.11. ApryMeHTAAPDMHHUHT COHH ¥3rapyBud ¢yHKUHAAAP

Maxcyc xycycHaTnapra sra 6yarasH (yHKOuANapHH ApATHILEA KyHH-
JlaTH HKKH ¢yHKUHA doiinanu GVIHION MyMKUH:
* nargin — Oepunrad ¢GyHKIHAAATd KUPHII HapaMeTplapuHHHT
COHHHH KaHTapajau;
* nargout — Oepuaras (yHKIUANATH YHKUIL NAPAMETPAAPHHUHT
COHHHH KaHTapanH. .
Alitaiinuk, Geurra xi, x2, x3, x4 1 x5 apryMeHTIap KBaApaTHApHHUHT
AHFHHOUCHHN XucoOnaiigural GyHKUHA ApaTH 3apyp OYicHH.
Onataard i#yn Guran sum2_5 HoMNH QYHKIUSAHH APATAMH3:
function f=sum2_5(x1,x2,x3,x4,x5);
=x1"2+x2"2+x3/24+x4* 243 5/*2;
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VYHUHT UIUIAaIIMHA TEKIMUPUO KypaMM3:

» sum2_5(1,2.3.4.5)

ans =

55

» sum2_5(1,2)

??7? Input argument 'x3" is undefined.

Error in ==> CA\MATI_AB\bin\sum2_5.m

On line 2 ==> f=x1"2+x2"2+x3*2+x4"2+x5"2;

ynpait kmaub, Oemra apryMeHT Oyjaranga (YHKLIUS TYTpU HILIAii-
nu. JIekuH apryMeHT/Iap COHM OellTamaH KaM Oysica XaTOJUK TyrpucHuia
ax6opot Oepamu. X,ap KaHOail COHIArM KUPUII apryMeHTJIapu OyiaraHaa
(rokopugaru MHCOJI yUYyH OelllTaraya) TYrpd MIUIAWAUTaH (YHKIUSHU
SIpaTUIN yYyH nargin ¢hyHKOuscugaH ¢oiigaraHaMus:

function f=sum2m_5(x1 x2 , x3 x4 , x5) ;

n=nargin;

if n==I f=x1"2;end

if n==2 f=x1"2+x2"2;end

if n==3 f=x1"2+x2"2+x3"2; end

ifn==4 f=x1"2+x2"2+x3"2+x4"2: end

if n==5 f=x1"2+x2"2+x3"*2+x

DYHKIUSHUHT UILIAIIMHYA TEKITUPUO KypaMus3:

» sum2_5m (1)

ans =

1

» sum2_5m(1l,2)

ans =

5

»sum2_5m( 1,2,3)

ans =

14

» sum2_5m(1,2,3,4)

ans =

30

»sum2_5m( 1,2,3,4,5)

ans=

55

» sum2_5m(1,2,3,4,5,6)

??? Error using == sum2_5m
Too many input arguments.
Mynpait Kb, KUPUIIT mapaMeTpJapuHUHT cCOHM | maH 5 taraga
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file://C:/MATI_AB/bin/sum2_5.m

O¥aranna xucoGaawnap TYFpH Gaxkapunany. YHaaw optHk 6¥aca XaTonHk
TyrpHcHAa axGopot gHkagu. By ax6opotHu HHTepnpeTaTopra GHpHKTH-
PHIITaH XaTONHKIAPHH AWATHOCTHKA KHIHOI TH3UMA OepaH.

8.12. IHAOIIH KHPATHLT

Ky#unary 1Hanorny JacTypHH Kypainuk:

% Paouycrnu ouanoznu Kupumud auianaruNz y3yHIusuny yucobaaut
r=0;

while r>=0,

r=input(' AHNaHaAHUHT PagUyCHHH KHPHTHHT r='");

if 1>=0 disp(* A#inanaBuAr Y3yHnHure /=’);

disp(2*pi*r)

end

end

Ymby nactyp AManor peXuMAa KUPUTHIAAHTAH paadycra acoca
afiNaHAHMHT Y3YHIHTHHA K¥n MapTa XHcoOj1all y4yH XH3MaT KHAagH.
Hactypaaru disp koMaHpagapu &pAaMuIa 5KpaHTra «AlITasaHuHr
Y3YHANTH |=» E3yBH Ba alinaHa y3yHIUrHHAHr XUcoOMaHraH KHMiiMaTH
JHKApUIagH. XucoOmampu TYXTaTHul yuyH MaHpHi KuiiMaT Gepranmm
KepaK, Macajlad r=-1.

Hacrypaaru while...end 6omkapysan tapxuf xucoONAHH HHKIHK
parHmIa KaiTapu0 TYpUII yuyH MmuiaTiiral. Arap r<0 kuiimar Gepuiica
xucobmam GaxaprnaMaiiay Ba UHKA TYranaaHaau.

Yudy pactyp ayl.m somnn dain-ciueHaphs WaKixIa CaKiaHTaH
O¥nca, y Ounan nmam Kyiluaara KyprHnnaa Oymaam:

>> ayl

AHNAHAHUHT PanyMyCHHHM KHPHTHHT =1

AlnaHanuHT y3yHINTH 1=

6.2832

AMIaHAHAHT palMYCHHH KMPHTHHI =3
AMTaHAHAHT Y3yHIHIH 1=
18.8496

AWNAHAHWHT PagUYCHHH KHPHTHHT =45
AlnaHaHMHT y3yHIHrH =
282.7433

AANABAHMHr PaIMYCHHH KHPUTHHT I=-]
>>
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Input pyrknuacH Epaamuna KXTHEPHH carpHil HOOAANAPHHH XaM
KHPHTHII MyMKHUH. By Xonga y Kyiinaard kypuHuira 3ra 6ynamnm:

input{‘H3ox’, V)

Vmby dyaknua Saxapuiaranga XxucoOnallnapHu TYXTaTaAu Ba ca-
TPHH H30X KHPUTHIHIIHHH KyTaan. CaTpuil 30X KHPHTHATaHAAH KeiHH
KUPHTHATaH caTp Ka#TapunaiH. byrH Kyiingarda MHCONAAH KYpHIIAMH?
MYMKHH:

>> S=input(‘ HpoaaHn KHPUTHHI,’s’)

Hdonanu kupuruur 2*sin(1)

S = :

2*sin(1)

>> eval(S)

ans =

1.6829

>>

CuMBOn KYpUHHIINAA KUPHTHITaH HPoAaHH XaM eval KoMaHJacH
épuaMuga Xaco0nanl MyMKHHITHTHTa YbTHOOp OepHHr. YMyMay onranaa
Xap KaHza# cHMBOJM HPOXAHA KHPUTHIN Ba XHUCOOIAN MYMKHHIIHTH Xap
KaHAaH MypakkaOaHKAary JHANOT JaCTYPJIAPHH APATHII YIYH Hya ouHb
Gepann.

8.13. lllaptnn onepartop if

Yuymui#i xonaa if maprnu onepaTopH Kyiugaruda €3Haaau:

if weapm

Huempyxyusaap 1

elself wapm

Hucmpyxyusnap 2

else

Hucmpyxyuanap_3

end

Viwby KOHCTpYKUMAHUHT XYCYCHI BADHAHTIAPH XaM G¥NMIIH MyMKHH.
3ur oaawmiicu If...end:

if wapm uncmpyxyuanap end

HlapT ManTHKui 18 Kaiitapca (ABHM ‘xakukar’ Gynca) if...end Tap-
KHOHHMHI HYHAATH uHcmpykyusnap Oaxapunaid. bynma end oneparopH
HHCTPYKIMANAP TYlaralJMrasn Oungapand. PyHxaTaard HHCTpyKUusamap
Oup-Oupunan Bepry)l *,’ €Ki HyKTa-Bepryn ;> GunaH axpaTunagd. Arap
wapt Gaxapunmaca (MaHTHKRH 0) uncmpyxyusiap Xxam OaxapHIMaiay.

Sra 6Up KOHCTPYKUMAHH KYPCATHII MyMKHH

if wapm

126



Huempyxyusanap_1

else

Hucmpyxyusnap 2

end

Arap wmapm Oawxapunca uncmpykyusaap_Il, Gaxapuimaca
uHCMpYKYuAAap_ 2 Gaxapunagm.

apr kylingaru4ya é3unany:

Udopa_1 Hucbar_onepatopu Hipona_2,

HucGat onepatopnapu cHdatiaa ==, <, >, <=, >= K1 ~= ONEPaTOP-
Nap WLLIaTWIagH.

8.14, For...end uakan

for...end Typaarn OHKIAaH MabIyM MapTa XKalTapHIyBYM [HKUIAPHH
TALIKWI KWK y9yH poAaananunany. byHaai HMKIHUHT KOHCTPYKUUACH
KyHUHOATH KYPAHHUILTA 3Ta:

for var=ughooa uncmpyxyus ... uncmpyxyus end

Hdopa kynunnuk xomnapfa Kydmnaarnua éswiagu: s:d:e, 6y eppa
§ — LHKI ¥3rapyBYHCHHHHI GomiaHFuy KuiiMaTi, d — OpTTUpMACH Ba
¢ — cyHarry KufiMati. [{ukn §3rapyBuncH CYHITH KMAMaTra SpHIITaHIa
UMK TyrannaHanu. Arap d=1 6¥inca udpona s:e KYpHHHIUIHAA E3Unaiy.
Ky#nnaru Mucomnapia UMKn YrapyBqucy KHRMAaTIApHHHHT KBagpaTia-
PHHH OJIHIN Y4YH HIWIATHITEH:

> for 1=1:5, i, x=i"2, end

25

> for i=1:5; n(i)=i; x(i)=i"2; end; n, x
n=

12345

X =
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1491625
>>

» for x=0:.25:1 X2, end:
ans =

0

ans =

0.0625

ans =
1

8.15. Yia6-y3rAYHNHT KOHCTPYKUHACH

Vaab-yarug (switch) kymina® papuanTinapfaH OWpHHH TaHIaW yIyH
XH3MAT KHJIagH. YHHHT TY3WIHINM Kyiiuaarnda 6¥naan:

switch switch_uthooa

case case_ugooa

Hucmpyxyuanap _pyiixamu

case {case_l-ndoaa, case_2-udona, case_3-ndoga....}

Hucmpyxyusnap_pyixamu

otherwise
Hucmpyxyuanap_pyiixamu
end

Arap switch capnapxanan kefinaru udona case ndoaanapnad Cupu- -
HWHT KMiiMaTuTa TeHr §¥nca Moc case GnokH, akc xonaa otherwise ome-
‘paTopMAaH KeHHHIH Hucmpykyusrap_pytxamu Gaxapunany. Case_udona
COH, KOHCTaHTa, ¥3rapyBuH, fs9eiKanap BeKTOpH €KH caTp V3rapyB4ucH
OVNHIIH MYMKHH,

VY nab-y3rugHUHT KYIIAaHWIHIIWEKE KyHBAard yil.m HoMiH m-daiin
MHMCONHIA K¥paHIHK:

%Ywby aacTyp var ¥3rapyBuMCH OpKand

%oHHuHr TapTHO pakaMy KHpPHTHIraHga

' % y AMAHUHT KAHCH KBApPTATHIa TETUILINA

%%oKaHIMIHHE XHcoOnaHan.

%JacTypnaH YHKHII YYYH var Y3rapyBuHCHra

%laoan kuuHK €KH 127aH xatTa KHifMaT Gepunaan.

var=1;

while var>=0,

var=input("oy ragami var=");

switch var

case {1,2,3}
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disp('"BrpuHYM KBapTan')
case {4,5,6}
disp('HkxkHHYH KBapTam')
case {7,8,9}

disp( "YunHun KBapran')
case {10,11,12}
disp('T¥pTHHYH kBapTan')
otherwise
disp{'Tonmiupyxaa Xaronuk")
return

end

end

Hactyp Kyiimgaruda amuaiam.:
>> yil

oy ragami var=1
BupuHYH KBapTan

oy ragami var=4
HPxxkuHun xpapran

oy ragami var=7

YYHHYH KBapTan

oy raqami var=12
TYpTHHYH KBapTan

oy ragami var=13
ToniuMpHKIA XaTONHK
>>

8.16. XucoSnamnapaa naysanap (r¥xrandmiaap) Xocua KHJIHM

JacTypHHHI HIUIAIMIHHK BAKTHH4YA TYXTAaTHO TYpHII yYyH pause
oneparopuiad doliaananunaan. ¥ KyHuaard maxuiapaa HIIaaTHAHIIN
MYMKHH:

* pause — xucobnamnap Gupop xnapuma bocunryrua tyxrab Ty-

paau;

¢ pause(N) — xucobnamnap N cexyHAra TYXTainH;

* pause on — [Iay3aHH KaiTa KA PEXKHMHHH yHNainH;

» pause off — nayzaHu KaiiTa HIIJALI PEXHMHHE Y3aaH;

Kyiiugaru pauza.m ae6 Hommanran m-dainHu Kypakmuk:

=0:0.1:10;

pause

y=sin(x);

plot(x,y)
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yl=cos(x)

pause(2)

plot(x,y1)

pause(0.5)

y2=x."2

plot(x,y2)

pause(3)

y3=1./x+2

plot(x,y3)

Ymby nactyp F5 knaBumnacu éku KoMaHAanap oiHacHAaH pauza Ko-
MaHJack EpAaMHAA HIITa TYIUHPHITAHIAH KEHKMH pause onepaTopH TakCH:
puna Supop knapHia Hocunrynda xKytHO Typaau. Knapuma SocanraHnar
KedHH sin(x) HHHr rpadpurdy Kypunagn. Keitnarn rpaduxnap pause(N,
OTePATOPIAPHHHHT HUINAIIKWTA ACOCAH MAabIYM BaKT OpaJHKIApHIAE
KeHHH KeTMa-KeT KypHIaau, AbHH 2 CeKYHIIAH KeiMH cos(X) HuHr, 0.5
CeKYHINAH KeiiMH X* HHHT Ba 3 ceKyHAJaH keHuH 1/X-2 HUHT rpadurs
sKpaHAaa naigo 6¥manu.

Fivure Ho 4

§.3-pacy. XucoGnaumapna naysanap XocHn KAIHAKG onuHrad rpaduxiap
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8.17. C pa Fortran TRianaps yuyl KOAJAPHE XOCHJ KHAHIN

8.17.1. C THAH YYYH KOAAAPHE X0CAA KHABRM

MATLAB ananutux mdoaanapauar C THIMIATH KOMIAPHHH XOCHI
Ml MMKOHHMATHHH Oepaay Ba XKyHuIarn KYpHHHINNATH CHHTAKCHACIA
e

veode (s)

6y cpaa s ananurTuk mpona.

Kyiinna apanutuk ndoganapaaar C THAHZATH KOI1apHHY XOCHI
KHANNICE MICOIIAD KEITHPHINaH.

¥ ordx—+fx Hpogannur C THARZArH KOAM:

ceode(x"2+4*x-sqrt(x))

uns =

W) = x*x+4.0*x-sqrt(x};

¥+ bx — =0 TEHITAMaHUHI HIAK3IAPHHE aHMKAam dopMyacK ydyH
U runigard Kox: '

syms X

x=solve("x"2+b*x+c');

ccode(x)

ans =

x[0][0] = -b/2.0+sqrt(b*b-4.0%c}/2.0; x[1][0] = -b/2.0-sqrt{b*b-
4.0*¢)/2.0;

In(1 +x) upomanu Teiinop karopura éinm popMynacu yuyH C TH-
MWIarl KOu:

Syms X

f = taylor(log(1+x));

ccode(f)

ans =

t0 = X-x*x/2.0+x*¥x*x/3.0-x *x*x *x/4 O+x*x *x *x*x/5.0;

Keituary Muconnapaa ndonanap keTMa-KeTIHIH Ba XOCHIAcH yuyH C
TWINAATH KOAJIAPHH XOCHIT KWMHII KYPCATHITaH: '

a=x"2;

b=2*a;

f=a*b;

ccode(f)

ans =

10 = 2.0"x¥x*x*x;
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ccode(diff(*sin{x)+x"7"))

ans =

10 = cos(X)+7.0%Fx*x*x*x*x*x;

x*+ax?+ 1 =0 TeHrNaMaHUHT HWIAHIAPHHH AHUKIA YuyH C THIHIATH
KOOHH OJHIN:

syms a x

§ = solve(x"4+a*x 2+1);

ceode(s)

ans =

s[0][0] = sqrt(-2.0*a+2.0*sqrt(a*a-4.0))/2.0;

s[1][0] = -sqrt(-2.0*a+2.0*sqrt(a*a-4.0))/2.0;

s[2][0] = sqrt(-2.0*a-2.0*sqrt(a*a-4.0))/2.0;

s[3][0] = -sqrt(-2.0*a-2.0*sqrt(a*a-4.0))/2.0;

X+ ax+1=0 TeHrMaMaHUHT HIIM3NAPHHM aHUKIAI yuyH C THIHAATA
KOJHH XOCHJI KH/THLIL:

syms a X

s = solve(x"4+a*x+1);

ccode(s)

ans =
s[0]{0] = sqri(6.0)*sqrt((pow(108.0*a*a+12.0*sqrt(-
768.0+81.0%a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqri(-
768.0+81.0*a*a*a*a),0.33))/12.0+sqri(-(6.0*sqri((pow(108.0*a*a+12.0*sqri(-
768.0+81.0*a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33))*pow(108.0*a*a+12.0*sqri(-
768.0+81.0*a*a*a*a),0.667)+288.0*sqrt((pow(108.0*a*a+12.0*sqri(-
768.0+81.0*a*a*a*a),0.667)+48.0)/pow(108.0*%a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33))+72.0*a*sqrt(6.0)*pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33))/pow(108.0%a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33)/sqrt((pow(108.0*a*a+12.0*sqrt(-
768.0+81.0%a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33)))/12.0;

s[1]{0] = sqrt(6.0)*sqrt((pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(- |
768.0+81.0*a*a*a*a),0.33))/12.0-sqrt(-(6.0*sqrt((pow(108.0*a*a+12.0*sqri(-
768.0+81.0%a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(-
768.0+81.0%a*a*a*a),0.33))*pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.667)+288.0*sqri((pow(108.0%2*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(-
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TOR.(0+81.0*a*a*a*a),0.33))+72.0*a*sqri(6.0)*pow(108.0*a*a+12.0*sqrt(-
T68.0+81.0%a*a*a*a),0.33))/pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33)/sqrt({pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.667)+48.0)/pow(108.0*a*a+12.0*sqrt(-
768.0+81.0*a*a*a*a),0.33)))/12.0; ...
x*+gx+1=0 TeHrnaMaHUHI HITH3TAPAHA aHHKNAm ydyH C THIHAArH
Ko/l y3yH O¥nrannara cababnu KUCKapTHPHIATaH X013 KeTHPHIIH.

8.17.2. Fortran THIH YYYH KOJJIAPHHE X0CH KHJIHII

Fortran TN y4yH KOAJApHH XOCKI KHIHIL C THIH y4yH KOAJapHH
XOCHD KM OuiTaH VXmaw Ba KyHHAarn KYpHHHLIOATH CHHTAKCHCTA
W

fortran(s)

6y epaa s aHanuTHK Hoaa.

x?sin(x) udonanunr uaTerpasu yuyH Fortran THimoars kox:

fortran(int{'x*2*sin(x)"))

ans =

10 = -x**2*cos(x)+2*cos(x)+2*x*sin(x)

Kyiinrara Muconaa sin{ax)y ndpoaaHrHr X Ba y G6¥iindga xocunanapu
yuyH Fortran THIHAAry Ko XOCH KHIHII KeNTUPHATraH. Ymby MHCONIa
MIAIHTHK aMALIAP YYYH Y¥3rapyRduiiap CHMBOIUIE Aed (Syms a X ¥) 9bJIOH
KWIMHHLIY 3apYPIMTHHHU 3CJaH YHKAPMACIHK 3apyp.

syms a X y
f = sin(a*x)*y;

fortran(diff(f,x))
fortran{(dif{f,y))

ans =
t0 = cos{a*x)*a*y
ans =

t0 = sin(a*x)

X'+ ax+1=0 TeHrnaMaHH aHATHTHK KYpHHHIILA eywin yuyH Fortran
THIWAATH KOOHH XOCHJ KMJIHII:

syms a X

s = solve(x"3+a*x+1);

fortran(s)

ans =
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s(1,1) = (-108+12*sqrt(12*a**3+81))**(1.E0/3.E0)/6-2*a/(-108+12*sq
- #11(12*a**3+81))**(1.E0/3.E0)

8(2,1) = -(-108+12%sqri( 12*a**3+81))**(1.E0/3.E0)/12+a/(-108+12*sq
#rt(12*a**3+81))**(1.E0/3.E0)+cmplx(0.E0, 1. EO)*sqrt(3. FOY*((-108+12
#*sqrt(12%a**3+81))**(1.E0/3.E0)/6+2*a/(-108+12*sqri(12*a**3+81))**
#(1.E0/3.E0))/2

s(3,1) = -(-108+12*sqrt(12*a**3+81))**(1.E0/3.E0)/12+a/(-108+12*sq
#rt(12*a**3+81))**(1.E0/3.E0)-cmplx(0.E0,1.E0)*sqrt(3.E0)*((-108+12
#*sqrt(12*a**3+81))**(1.E0/3 E0)/6+2%a/(-108+ 1 2*sqr(12*a**3+81))**
#(1.E0/3.E0))/2

9. NOTEBOOK
9.1. Notebook acocaapn

Notebook MATLAB TH3MMHHHHI COHAH XHCOGTAUIap Ba BHU3yal-
MAMTHPHII UMKOHHATAapHAAE Microsoft Word myxutuza doftnanannm
AMKOHHATHHH Oepann. Bynaa MATLAB Gyfipyxnapuan ¥3 uuHra onyBYH
M-book nel aranagural Xy#xxaT TaléprnaHaam.

M-book GomnanfHY MabIYMOTIAp Y3rapTHPHATAHAA HATHXKAIAP XaM
yarapaaMral «kKoHAM» KHTOOMapHH, MATLAB 6unan vuimam ceaHcna-
PHHH, 3NE€KTPOH KYITAHMAJAPHH Ba TEXHHK XYXOKATIapHH Taiépnamza
KATTA HMKOHHUATNAPHH (epain.

9.2. Notebook KoHPHIypauHSCHHH TAHJAI BA YHH YpHATHII

Word mactypurusar Office 2000 Ba yHian keilimATH BepCHsIApH
yuyH Notebook ¥pHarnnaérranna KyHuaarunapHu Gaxapuiu Tanab
EKHARHAIH:

¢ Word pacTypuna Makpocnap Oy#inua ¥prada xapdhcu3IHK, ABHH

Tools MenlocunaH Macros -> Security -> Medium ¥pHaTunagu
(Word macTypuHHHT pycda BepcHscuiua CepBHc-> Makpoc-
>BesonacuocTe->Cpeanas);

* Notebook uira Tymrasaad keHHH XocHn G¥nagurad AUaior oiiHa-

Ja ywly manbara JOMMO HIMOHHII MYMKMHIHTH OenrnmaHazn.
Harnxana Gonika Makpocnap y4yH IOKOpH XaB()CH3HK CaKJaHub
KolraH xonaa Notebook Makpoclapy S5pKHH HHUIAIIH MYMKHH.

Notebook kOHpHTYpaHACHEH TaHIALL:

1. MATLAB TtusnmuHAHr Gyipyxnap ofinacujpa Kyingarn Gyipyk
Tepuaaau

notebook -setup
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ga Microsoft Word nacTypuHHHAT KOMNBIOTEpra YpHAaTHIraH BepPCHACH
TAHIIZHAAH

[1] Microsoft Word 97

[2] Microsoft Word 2000

[3] Microsoft Word 2002 (XP)

[4] Exit, making no changes

Microsoft Word Version:

2. OiiHazga xocun 6¥nrad Microsoft Word Version: ci3znnan kefiun
TaHJAHTAH BEPCUAHUHET PaKaMH €3WIaau, MacanaH, arap Microsoft Word
2000 XP ypuatharad 6¥nca 3 pakaMu €3:1aa¢ Ba JaBOM TTHPHII Y4YH
uxTHépuil knapuwa 6ocunaau. Arap Notebook YpHaTiIaéTraHAa KEpaKnK
¢aiinnap TonuaMaca, yIapHH KYpcaTHIU 3apyp (MacaigaHd, winword.exe
éxu normal.dot),

Notebook ¥praTHAranIaH KeHHH KyHHaarn €é3ye YHKaIu:

Notebook setup is complete (Notebook nunz ypuamuruwu myean-
AGHAU).

9.3. M-Book xocni KRB

MATLABsunr 6yiipyknap ofisacngan auru M-Book xocun kunum
yuyH notebook Oylipyru Tepunamu. Microsoft Word minra Tymaam Ba
Document] soman aHru M-book xocun 6ynany. Word ounnaétran pakraa
KyHnjard olfiHa YMKHIA MyMKEH 9.1-pacm):

Mpeaynpexaenne cucTembt BesonacHo. .. E\

"C:\Program Files\Microsoft OFfice\ OFFICE11{MACROSYm-bock, dot" coaepxnT
MAKPOCH, S .

MaKpoChi MOFYT COABPXATE BUPYCH]. Be3onacHes OTKMOYMTE MAKPOCH, HO BCIM
aHK HeOBX0AME!, TO YACTE GYHRUMOHANBHOCTH haxeT GbiTb yTepAHA,

L.gmnmmu MaKpoCH! | LHe OTKI#O4ATH HaKPOCH ] [ MoapobHocTy ]

9 I-pacm. Word ounna&rran sakria HHKHMH MyMKHH OFran ofina

Oiinana Enable macros (He oTkmouars Makpochl) Tannanaau. Note-
book Word Merrocura Notebook MeHIOCHHM KYIHO Kyamu (9.2-pacm):

i35



trsodt v e

9.2-pacm. Word meniocnaar Notebook MeHlocH

éxn Word HBHT pycua Bepcmsicuna {9.3-pacM):

etk e oot Word

LR AL ]

9.3-pacm. Word HaHr pycya Bepcusicugarn Notebook MeniocH
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Notebook Menrocunan MATLAB OylipyknapHHu KHpUTHIN Ba (op-
maTinam yu9yH doiganannaang.

Anru M-book xocun KuAHIIHUHT gHa §up iymu Notebook oqunran xo-
narga Word unsr File(®Paiin) meHiocnian New M-book uu tannamamp:

FRALTY WIrpAC
omeprmm - ooy ey

2 £1%. WA TLAS Nowbook Hilp Lt
AT, AT AL Homben Help
soh,

9.4-pacs. Anrn M-book XoCHR KHTHII

9.4. Mapxya M-Booknn ounm

Mapxyn M-Book gH ounili yuyH Kyluaaru notebook Gylpyraman
dolinaraunur:

notebook filename

Oy epaa filename — M-book ¢aliTHHHHT HOMH.

Magpxyn M-Book au omnataarn Word ¢atinnapu cHHraps xam ogumi
MYMKHH,

M-book ¢alinmHHHT yCTHAA CHYKORYAHHHT TyrMacH GocHiraHga
MATLAB numra tymanu (arap y viura TymypunMaral 6¥nca).

9.5. Word xyxxaTRy M-Book xyxxaTra aiinagTupuim

Word xyxoxatin M-Book Xxywoxarra alfinantupum yayn Kylingaru
amannap SaxapHiany:
Aurn M-book xocHn KHIHHAAH;
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Insert (Bcrapkxa) MeHiocuan File (@aiin) 6¥numu TaHTaHaaM;

M-Book Xyx:Karra ainaHTHPHJIHIUH 3apyp O¥naran Word xyackar
TaHJIaHaAH;

OK GocHIagu.

9.6. MATLAB 6yiipyxnapuin M-Bookra kupaTum

MATLAB Oyfipyknapunu M-Book ra KUPpHTHIUHH ¥praHHm yJYyH
asBasi MATLABHHHT notebook/pc nankacunari Readme.doc daiinu 6u-
NaH TaHHUIKII MaKcaira MyBoHK. YHAarH GOLUIAHFHY MABJYMOTIAPHH
yaraprupud Cirl+Enter &xn AIt+R knasuimnanapusnn 6ocud MATLAB
OyiipyknapHHHHT GakKapHIMIINEH KY3aTHII MyMKHH.

MATLAB 6yiipyknapn M-book ra xap xaHzal MaTH Xy>KaTH CHH-
rapd KHpHTHIAJH, MacanaH;

x=15

y=x"2

udonanapun xupuTHG Ba ynapHu Oenrunab, Notebook MEHIOCHHUHT
Define Input Cell 6Ynumunu Tannacax (€xu Alt+D xnasnmanapunu 6oc-
cak) kuputanrad MatH MATLAB Oyiipyknapura alinaHagy.

x=15

y=xX"2

ViapHUHI HUUTAWWHA Kypuwl yuyH Ctri+Enter xiasumanapuun 6oc-
CaK KyHHAATH HATHXaHK ONaMH3!

x =

15

y=

225

XyAmi WyHAHTZEK X+bx+c=0 TeHrnaMaBHHT HIZW3TapHHK aHAIHTHK
YN Qunad aRUKIAMIMMI3 XaM MYMKHH:

solve("x"2+b*x+c','x")

ans =
[ -1/2*b+1/2*(b"2-4*c)™(1/2)]
[ -1/2*b-1/2*(b"2-4%*c)"(1/2)]

Buip BaxTHHHI ¥3una Oup Heuya M-book Ounan Hunanaérrad 6¥ica,
YJIapHUHT XamMMacH yayH MATLAB srona 6ynumm cababnu, y1apHHAT
Gupupga 6GMpop Y3rapyBUHHHHT KHIMATH ¥3rapca Gomka M-book napaaru
Iy HOMJIHM ¥3rapyBYHJIapHHHI KHAMATIapH XaM ¥3rapHIIHHY Ha3apza
TYTHIN Kepak. AKC X0JIAa XaTONHKIAp F03ara KeIHIIH MYMKHH.
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9.7. MasayMoTIApHRAT GAp-OUpATra MOCTHTHHHE TABMHEHJIAIN

Arap M-book ketMma-ket Oaxapunaguran MATLAB Oyiipyknapu
KYpPHHUIIHAA Ty3WiraH 6¥nca ¢akar GupHHIHCHAAH 6ouLTab OXHPrHCH-
raya kerMa-KkeT Oakapuncaruna M-book ynap opacuaary GornagunuapHu
aHUK aKC STTHpagH. Arap GHpop sueiika ¥araprupuica M-book yHH aB-
TOMATHK Tap3Ja Kalita XxucobnaMaiiny. Hathxaga ailpM HOARHKJIHKIAD
H03ara KeJMIIH MyMKHH. Kylnaara MHCONHE K¥paliink:

=0:1:4

y=x."3

x =

01234

y=

0182764

z=sin(x)

Z =

0 0.8415 0.9093 0.1411 -0.7568

bomnanruy sueiikaparn x=0:1:4 udopanunr Ypuura x=0:1:5 &3ub
z=sin(x) nuHr yeruga Ctri+Enter Hu 6occak ONMHraH HaTHXKa TYFpH
6ynmation, apaM X 0 ga” 5 raga Yzrapmaiian:

x=0:1:5
y=x."3

X =
01234
y=

0182764

z=sin(x)

z =
0 0.8415 0.9093 0.1411 -0.7568

Alt+R gnaBumanapuan Gocunl iy am 6unar M-book Hp TYna minatué
TYFPH HATWKAHU OMUIIHMU3 MYMKHH!
=0:1:5
y=x."3
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x =

012345

y=

0182764125

Zz=sin(x)

Z =

0 0.8415 0.9093 0.1411 -0.7568 -0.9589
9.8. Aueiikanap TYPYXHHH KHPHTHLI

HAyefikanap rypyxuny (6up Heua sueiikan OHp i¥na) KUPUTHIN YIYH
ynap 6enrmnannt Notebook Mentocuaan Group Cells 6¥numMu Tannana-
on 8kH Alt+G knasumanap Socunamu. fuelikanap rypyxH ¢axar Omrra
YHKHIIra 5ra GYIuimy Kepak.

M-book wrnampaérranna GaxapaaAXHTAHE AYCHKAJTAPHH KHPH-
THILAA Notebook meniocuaan Define Autolnit Cell 6% muMu Tannananu.
Bynnaii ageiikanap TYK xyx paHrra sra 0ynand.

Xnacobnam 30HacHHH KUpUTHID YuyH Notebook meHiocnaan Define
Calc Zone 6YnnMH Tannanagn, XpucoOGnall 30HANApHHH KHPHTHIN iT¥mu
6unan M-book alipum 3oHanapra O6ynxmnaau. Eunnaérran MacajlanapHH
aJloXHa Xucobal 30HAIapHIa KOMTAWTHPHW MyMKAH. M-book summa
XHCOOMam 30HANTAPHHHHT COHH 4eknaHMaraH. Notebook MeHlocHmard
Evaluate Calc Zone 6ynumn TaHnanranna ka Alt+Z wiasnmanapu 6ocun-
rasaa ¢akaT Kypcop OMnaH k¥pcaTHAraH XucobIall 30HaCH HLMakHIu.

Kuputum svelikachan MaTHra ailTaHTHpHIR y4yH y OenrdnaHa-
IH &KM YHHHT YCTHTra Kypcop olnG kenuHaau Ba Notebook MeHocHman
Undefine Cells 6§mumu tannananau &xu Alt+U xknapvuwanap 6ocuiaau.
Xynng WyHra yXmam tap3fia YMKApRIE AYeHKACHEH MATHra ainan-
THPHEI XaM aMalra OIHPHIAAH.

M-book GaxapunaérraH BakTHa XaTONHKIAp XaM 103ara KejaHuI
3XTHMOH Gop. Bynnali xommapaa xucobnammnap t¥xramd y4yH Notebook
MeHioch1aH Notebook Options 6% MMy Tannasany, Stop evaluating on
error 6ymuMunary Gaiipokya Gearunanagu Ba OK Gocunanu.

9.9. llnxanapnan PpodaaanH

Huxnanapasn ¢oiinananmiu, SpHA alipuM gueiikanapHu Ky Mapra
xucobnam yayH Notebook MeHocHAar Evaluate Loop 6¥numHu Tannana-
ou 8k Al+L xnasumanap 6ocanagy. Kyiinaa uuxigan Gornananumra
MHCON KeJITHPHIITAH:

z=0

140



z=z+1

t=2*%z

HpomanapHi KMpUTHG Alt+R knaeHwanapHa Goccax HKKana f4eika
XxaM XHcoOnanagu:

z=0

z=0

z=z+1

t=2%z

z=1

t=2 .

HKkuBYp A9efiKaHIHT YCTHIA KyPCOpHH xoiimammapu® Alt+L xnaBn-
wanapHu Goccak Evaluate Loop oiinacn xocun 6ynanu (9.5-pacM):

f-0]

z =
0]

E=z+1

t=e] Evaluate Loop

e s bt i _
' 1 b )

L=
2]

9.5-pacm. Evaluate Loop oitaci

Xocut 6¥aras oliHaHUHT Stop After 6¥nmuMHIa HUK/UIAp COHHHH KH-
putu6 Start TyrMacHau Soccak KyHNaard HATHXaHH OlaMK3:

z=0

z=0

z=z+1

t=2%z

z=11

t=22
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IyxaHuAr GaxcapHIMIU TE3NMUTHEH Y3rapTHpH yayH Evaluate Loop
oiiHacuHuHr Loop Speed Synumumaru Slower (cexvHpoK) Ba Faster
(Te3poK) TyrManapiaH kepakiniucH 6ocunany (9.6-pacm). LInknHunr Gaxa-
PHAHIIMHA BAKTHHYA TYXTaTHG Typum yuyH Pause TyrMach sa oiiHaHH
gnum yuyH Close TyrMacH Gocrnanm.

| Evaluate Loop

e e+ 0 Rt o AR = B AR 1 S Aok ki, it e o s s g

Loop Count: 10

soww: (8]

; LoopSpeed [ Sower_| [jasterJ

I Start i[gause ]E_‘;lose ]

9.6-pacs. LIHKIHEHP GRkapIH TEUTHTHHH Y3rapTHPHIN

9.10. Unkapuuu svelikacuun yuHpHO Tamaam

YukapHil AueHKacHHH Y9upu( Tamnam y4yH.

1. Unkapmn sqeiixacH OenruaaHagy €k yHHHT YCTHTa Kypcop onub
KeNHHANH;

2. Notebook meniocuaunr Purge Selected Output Cells 6¥numMu
TaHnaHamy €ku Alt+P knasumanap 6ocunany.

Byupaii ii¥n Ownan daxkar 9HKapHm sueiKanapuruta yuupuo Tanma-
Hagu. Arap OenrwiaHraH JMana3oHaa KHpHTHII dueHkagapu xaM 6¥nca
yiap ¥3 XoJluua KoNajiH.

9.11. M-bookaaru 6¥u caTpnapHs KyKOTHIU

M-book aarn 6¥ir carpaapas Wykorumr yuyH Notebook merro-
cupad Notebook Options 6¥nnmu Tarnanans Ba xocun Oyiaran oiinana
(9.7-pacm)

9. 7-pacs. Notebook Options 6¥namu
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Compact yna6-y3ruun Genrunananu Ba OK Gocunanu.

ConnapeuHr (opmariuy y3raprupuil yuyH Notebook MeRIocHIaH
Notebook Options 6YnuMH TaHnaHaZH Ba Xocun O¥nran oHHapan (9.8-
pacm} sapyp popMar Tarnanazu sa OK docunraan.

Hlonge
dRational Jﬂ

9.8-pacs. CORNApHUAT HoOPMATHHE ¥3rapTHpHII

9.12, M-book rpaguxaapaunar ya19aMJAapaHn
¥3rapTHpAmM

M-book narw rpadHkIapRUHT ¥a4aMaapHHH Y3rapTHPHII YYYH
Notebook Menwcuaan Notebook Options 6¥nuMu Tanmanaaum ea
xocui 6¥nran o¥Haza (9.9-pacMm} rpadHKHEMHT 3apyp YiavamiIapH, AbHH
keHrmaru{ Width) sa 6anananuru (Height) kuputunagu sa OK Socunann.
Ywby oiiHaga y3yHNUKHHHT ¥14yoB Oupaurund (Macanad, Centimeters-
caHTHMerpnapaa) Units 6§muMuaary ounnysun MeHwaH (9.10-pacm)
rannam MyMxHH (Inches-moiiMmnapna, Points-nykranapna):

2.9-pacm. M-book narn rpabHKIApHEHT ¥NYaMnNapHHY Y3rapTHPHIN
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Notebook Options

9.10-pacy, V3yHaukH#HT $A40B OHPIHTHHE TaHIAII

KupuTunrad ysraprupumiap dakat M-book kaiita umra Tymmpun-
raHgaH KeHHH Ky4ra KHpagH.

Kyiingaru mMucosiza rpadyKHHHT YmHaMiaapHHH YsraptHpuun xypca-
THnrad (9.11-pacm):

g—-c:mn:a; ] Holebaok Options
FATITE W R )

9.1 I-pacm. TpaduxavHEr ¥THAMIAPHHHE ¥3rapTHPHINCA MHCOT

I'padbuKHUHT KEHITHTH 6 CM ra Ba 6anaHmIHry 4 ¢M ra Y3rapTHPHIIH,
M-book kafiTa Minra TYIHpANCa TpadHKHAHET YryaMnapH Yarapanu (9.12-
pacM):

=.4:0.1:4;
plot(x,x.”2)
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9.12-pacm. Viaamnaph y3rapran rpadux

9.13. Notebooknan ¢olaanaHAIITa MMCOLIAD

Ywby muconna auddepeHnHan TCHINIAMANapHH COHIH HHTETpal-
JIalIZa HIINATHIaguras ode23 Ba ode45 eurnunapu ¥3apo TaKKOCAaHIaH.
Xyxoxatr M-book k¥praHINIa GaxapHaras,

0de23 Ba oded5 — oanmit aupdepeHINAN TEHINAMaNapHi CORIH YY1
OunaH eunm ¢pyHKUMATapH. Ynapaa ysrapyrdH kagamau Runge-Kutia
ycynmuaan-poinananunann, ode23 pynxumscH 2- pa 3- raprabnn bopmy-
nanapra, oded5 3ca 4 pa 5- TapTu6nH Qopmynanapra acociaHraH.

Auddepesunan TeHrTAMATAPHUHT edrnunapunas $oiaanaguinHy
Ky#ngard guddepeHuyan TeHIaManap cHCTEMAacHHH €4HII MKCOJIHMIA
Kypalinnak:

Y]' = (1 - O.OIYZ)YI

yz. = ('}‘ + 002)’,))’2

ByHHHT yIyH TeHITamManap cHcTeMacHHH m-Gaiin pyHKUMA KYpuHU-
wuna €3u6

function yp = dift2(ty)

yp = diag({l — .01*y(2), -1 + .02*y(1)P*y;

yHd Oupop (Macanal, dift2) nom Ounan caknaiMus (Macanan
MATLABHuHr work nankacuaa). Keiiun 6omnanrund kuiiMaTnapsu Ku-
pUTHO ¢YHMHH ONHIOHMU3 MYMKHH.

¥Oxopuna kenrupunran pupdepeHuyan TeHrnaManap cHCTEMacHHH
0de23 Ba odedS eyrnunap EpaaMuaa eYUIDHH BA ONHATI'AH HATIKATAPHH
(9.13, 9.14 pa 9.15-pacmnap) ¥3apo Takkocmal Kypaiaux.

9.13.1. Inddepennnan Tenrnamann ode23 eurat EpaaMuia ewdin

t0 =0,

tfinal = 15;

y0 = [20 20]";

tfinal = tfinal*(1+eps);
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[t.y] = ode23('dift2",[t0 tfinal],y0};
subplot(1,2,1)

plot(t,y)

legend(‘y1°,’y2’)

title(‘y1 va y2 ning ozgarishi’)
subplot(1,2,2)

plot(y(:,1),y(:,2))

title(‘Fazaviy tekislikdagi grafik’)

y1ny=ﬁhu¢u_ﬂi".." S

250

9.13-pacm. Onddepennnan Tenrnamany odel3 euruy EpaaMuaa 4

9.13.2. dndpepennnan reAraaMann odeds earny
épnamMuna eqnu

t0=10;

tfinal = 15;

y0 = [20 207

tfinal = tfinal*(1+eps);

[t,¥] = ode45("dift2’,[t0 tfinal],y0);
subplot(1,2,1)

plot(t,y)

legend(‘y1’,’y2")

title(‘yl va y2 ning ozgarishi’)

* subplot(1,2,2)

plot(y(:,1),y(:,2))

title(‘Fazaviy tekislikdagi grafik’)
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9. 14-pacm. Aupdepenynan menznamanu odeds enzuy époamuda evi

9.13.3. Eyamaapunnr $azasuil rpadHKIapH

[T.Y] = ode45("dift2’,[t0 tfinal],y0);

subplot(1,1,1)
title('Fazaviy tekislikdagi grafik’)

plot(y (., 1),y (,2), 0, Y(:, 1), Y(5,2),+);
legend('ode23','oded5")

+q0-%

o
[
o ®
o a®

0N Cnd G+ oot 0 4@ O+8 O3

9.15-pacy. Eaumunapuunr dazasuiil rpapuiaiapa
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~ Hkxana iiyn Ounan onuHrad HaTikanap 6up-OHpura axui. ByHd o
3aBHH rpadHIVIapAaH XaM KYpHIIHMH3 MYMKHH.

9.14. @YHKIAATAPHA MHHEMAJLIAIN
9.14.1. Bup ¥3rapypunad GYHKNHANAPHH MAHEMAJJIAD

MATLAB#aa Gup ¥3rapypunnd (yHKUHANApHH MHEHMAIAID y9yR
fminbnd ¢yHxkuMsIcH Mapxyzn. ¥V KyHHAarH KypuHMLUIAPAA HUINATHAA
an:

x = fminbnd(fun,x1,x2)

x = fminbnd(fun,x1,x2,0ptions)

x = fminbnd(fun,x1,x2,0ptions,P1,P2,...)

[x,fval] = fminbnd(...)

[x.fval,exitflag] = fiminbnd(...)

[x,fval exitflag,output] = fminbnd(...)

OyHKHHIHA MUHMMAIUIALIHH Y=sin{X)+X/4 QYHKUHAHHHT -7 JaH 7 raua
6¥nran OpaNHKAArH MHHHMYMHHH aEHKIAI0 MHCONKIA KYPaH/IHK:

[x]=fminbnd(*sin(x)+x/4",-pi,pi)
x -
-1.8235

MunuMyM HykTagaryd QyHXIUSHAHT KHIIMATHHY XaM aHAKAAI MyM-
KHH:
[x,y]=fminbnd(‘sin(x)+x/4’,-pi,pi)

X =

-1.8235

y=

-1.4241

OnuHraH HaTHXKAJNapHH TeKWHpHO k¥pum yuyH GYHKUHMAHHHI Ipa-
durnnn xypamus (9.16-pacm):

x=-pi:0.01:pt;

y=sin{x)}+x/4;

plot(x,y)

grid on
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9. 16-pacy. y=sin(x)}+x/4 dyuxumaanar rpaduru

paduxan GomKata KYpUHUINAA XaM KypHil MyMKHH (9.17-pacMm):
x = -pi:.0l:p;

y = sin(x)+x/4;

plot(x,y)

set{gea,” XTick’,-pi:pi/2:pi)

set(gca,” XTickLabel’, {*-pi’,”-pi/2°,70°,"pi/2°,’pi’ })

grid on

9. 17-pacs. y=sinfx)+x/4 gynxyus zpaguzununz bowsava Kypunums
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I'padnrnapnan ONHHTaH HATHXKAIAD TYFPH KAHIMTHHA KYPUIIHNG
MYMKAH.

Kyfinnara Macanauu kypaiinmak. MynHHHr v (kM/c0aT) TEINHKIA KeT
étrad apToMo0unra kypcaraural Kapd/IMIHHE TONHID YYYH KyHHaa1
IMOHpUK dopMyTafaH (oinanaHuna u:

2 1 =2
v=24-Zvi v

Kapmmauk sHr kaM 6¥nazurad Te3THKHH TONHHT.
Eunm. AproMoOuwianHr 0 gar 200 kM/coatrada Te3uKnapuia Gy

UHAHHHT MHHHMYMHHH aBHK/IaiMu3:
[v,f}=fminbnd('24-2*v/3+v*v/30',0,200)

227 Exror using ==> inlineeval
Error in inline expression ==> 24-2*v/3+v*v/30
??? Undefined function or variable ‘v’,

Error in ==> C:\MATLABGp5\toolbox\matlab\funfun\@inlin:
feval.m .
On line 34 ==> INLINE_OUT_ = inlineeval(INLINE INPUTS
INLINE_OBJ_.inputExpr, INLINE_OBJ _.expr);

Error in ==> C:\MATLAB6p5itoolbox\matlab\funfun\fminbnd. m
On line 115 ==> x= xf; fx = feval(funfcn,x,varargin{:});

MATLAB xatoaHk T¥rpucuga ax6opor Gepau (Undefined function «
variable ‘v’ — AHuknaHmaran, v QyHKIUAMH ExH Y3rapyBun). MATLA
sapocHpary m-gaiin kypuHrmyaaru fminbnd QyHxuHA apryMent ci
darnma x ¥arapysunnad ¢oitmanasradaura cababau v HHHT YpHHra
&3HmOI Kepak.

[x,fl=fminbnd(*24-2*x/3+x*x/30°,0,200)

x =

10.0000

f=

20.6667

MacananuHr xaBodn v=10 km/coar

GOyrkuMARKHT Tpaduruny Kypu6 (9.18-pacM) OMHMHraH HaTHXasn
TEeKIApHO KypaMus:

v=0:0.1:20;
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plot(v,24-2*v/3+v.*v/30)
grid on

M

bt

21

1
30

9.18-pacn. f{v)=24- % V4 — v Pynkgusnuie pagucu

MitHHMaANaM QYHKUHACHHAHT APrYMEHTH W4k OVIHIHM XaM MyM-
kiil. BYHHHAT YuYH Kepaiiid HHTepBaiiga OHpHKTHpHATaH 00beKT {f) XOoCHN
KHIHHAIH.

f = inline("x.”3-2%*x-5");
x = fminbnd(f, 0, 4)
y = fi{x)

x -
(.8165
y —_
-6.0887

DYyHKUUAHEET rpagurudan Kypud (9.19-pacM)onuHraH HATHXKAHH
TexkmApud K¥pamus:

x=0:0.001:1.2;
plot(x,x."3-2*x-5)
grid on
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9.19-pacs. Huku apzymenmun Qyuxuyunnunz zpaguzn

Bepunrad ¢yHKUHAHHHT MHHHMYMTa 3PHIIANHTAH HYKTANaH TallKapH,
YHUHT HIBOPACHHH TeCKapucura anManmrrupud fiminbnd dyuxnus épnamu-
Aa MaKCHMYMI'4 SPHIIaJHraH HYKTaCHHH XaM TONHIIHMM3I MYMKHH:

[xmin,y]=fminbnd(‘1 ./ ((x-3).72 + .01) + 1 ./ ((x-.9)."2 + .04) —
6°,04,1)

xmin =
0.6370
y =
11.2528

xmax=fminbnd(‘-1 ./ ((x-.3).”2 + .01) + 1 ./ ((x-.9)."2 + .04) —
6°,0,1) '

Xmax =
0.299¢6
PYHKUMAHHHT rpaduruay KypHO (9.20-pacM) OHHTaH HaTHXaHH
Teximnpud KypaMia:

x = 0:.005:1;
y=1./{x-3)"2+.01)+1./({(x-9)."2+.04)—6;
plot(x.y)
grid on

152



9.20-pacm. OyHKIHAHAHT rpadHrHEH KyPHG CAHHFAH HATHXA2HH TEeKIUHPHG KYpHIN

9.14.2. Brp meva Yrapysunian $yHRNBIHHAT
MHHHMYMEHE SHHKJIRIU

Bup Heua ¥3rapyBunnu GyHKUMAHHET MHHMMYMHHH aHHKIAN Y9yH
fminsearch ¢yHXUMSCH MUUIATHAATH. YHHHr K¥pHHHWapHaaH Gupu
KyHupargga:

x = fminsearch(fun,x0),

6y epaa x0 ckanap, BexTop EKH MaTpHUa KYPAHMIDKHAATH nacmaﬁxﬂ
AKHHJIALIHIL.

Kyitnaarn muconas #kkuta ¥3rapysuwid (x1 Ba-X2) GyHKUMSHHET
MHHHMYMK aHHKJaHTaH. JlacTnabky sKHETamMm chdarusa x1=-1,5 sa
X2=2 ONHHI3H.

[x,¥] = fminsearch(’100*(x(2)-x(1)"2)*2+(1-x(1)})*2',[-1.5,2])

x =

1.0000 1.0000

y =

6.3203e-010

QyHKUMA MHHHMAN KHitMaTtra (y=6.3203¢-010) x1=1 Ba x2=1 HykTa-
napia PHITHIIA aHAKIAHAH. QONHHTaH HATHAXAHH QYHKUHAHHHD rpadH-
THHH Kypdll Hynu OHNaH TeKulHpHO KypHIIMMH3 MYMKHH.
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x2=1 yuyH rpabux (9.21-pacm):
x=0.98:0.001:1.02;

y = 100*(1-x.72)."2+(1-x).72;
plot(x,y)

grid on

ylabel{'y")

xlabel("x(1)")

title("x(2)=1 uchun grafik’)

9.21-pacw. Bap meua Yarapyeuniy GyHKUHAHAHT (x(2)=] yayn

x1=1 yuyH rpadmnk (9.22-pacm):
x=(0.98:0.001:1.02;

y = 100¥(x-172).72+(1-1)"2;
plot(x,y)

grid on

ylabel('y")

xlabel('x(2)")

title{"x(1)=1 uchun grafik’)
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i

9.22-pacs. Bup neua pzzapysuunu gynxynsnunz (x(h=I yuyn

10. CONTROL SYSTEM TOOLBOX-ABTOMATHK
BOINKAPHIU TUIUMJAAPHHHA MOJEJLJIAII

10.1. YH3HKIH TH3HM/JAPEHHT MOJE/LIAPH

Control System Toolbox nakeTs aBTOMATHK GOLIKAPHIE TH3HMAAPHHH
MOZJEJINAL, TaXJIWA KHIKLI Ba N0HHXaNall YYyH aITOPUTMIAp TYIUIaMHIa
9ra, [TakeTHHAT GYHKUUATAPH y3aTHl GYHKIHANADHHHHT aHbAaHABHH
Ba xonamiap $azocHIa TaXJUN KWIHIIEHHT 3aMOHABHI YCYIUIApHHH ¥3
naura onaau. Control System Toolbox maxern épnamuia dakaT y3nyKCcH3
TH3UMJIAPHUTHHA 3Mac Ganku AUCKPET TH3UMIIAPHH XaM TaXJIHI KWIHII
MYMKHH.

Un3UKNH TH3HMIAPHH TAOKHE KHIHII YYYH KYHHOIATH yCYJIIApAaH
dotinananHnamm:

+ auddepeHuHan TeHrnamManap

* XO0AaTNap MaliOHHIAard MoleLIap
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¢ YTKaszum QYHKIHANAPH

* «HOJN-KYTO» KYpHHHIIAATH MOAEHAAp

BapHHTH HKK# YCYN BaKT O¥itHda ycy/uiap 1ef atananH, UyHKHA yuap TH-
3UMHHHT RaKT OYHHYa X0NaTHHH TaBCHOalIH Ba CHTHA/IAP OPAcHAArY HYKH
HornaRMIINapHy aKe 3TTHpagd. KelfMHIH NKKH yCcyn 4YacToTaBHii ycyinap
Jeb aTanaad Ba ynap TH3HMHHHI 4YacTOTaBHH XapakTepHCTHKanapH GunaH
H6ornuk 6ymubd, GakaT KUPHLI-YAKHID XYCYCHATAAPHEY aKC STTHPAIH,

O6BekTnap AHHAMHKACHHHHI OOLLIAHFHY TEHITIAMANApH OJATAa HO-
YH3UKITH Auddepeanpan TeHrmaMatap Kypuaumnuaa 6¥nagn Ba ynap
onaTAa WAK/UIAHTaH PexKHM Yerapainapuaa YH3HKiH anddepeHIHaT TeHT-
JaManap KYpHHHITHTA KEATHPHAAH.

Bepuiran ¥+ 2y +3y = 4u + Su 4H3HKIH TeHTIaMaHH OMNepaTop maxi-
Ja KyAnaaryda &3uim MyMKHH:

pr+2p+3)y=(4p+5)u &xu D(p)y = N(p)u

By epaa () — xupunI curaany, v(f) — 4uKMIl CHTHAJH, P =% —
nudpepenuuanaamw onepatopd, D(p)=p*+2p+3 pa N(p)=4p+5 — one-
paTop KYpHHHIIAATY MOJHHOMIAP.

KoMnnexc s y3rapysBusan YM3UKIH CTAUHOHAp TH3UMHHUHT ymiasui
@ynryuscu W(s) vonra redr 6¥nran Gomnanriy mwaptnapia YHKHI Ba
kupuHuHT Jlanmaca 6¥iinua ¥3rapTHpHIITapHHHHT HHCOAaTHrA TEHT

Y(s}

W(s)= 76’ Y(s)= ;} (e tdr, U(s)= c\j'u(t).cz”‘dr

KOxopHaa KenTHpuaras TeHrnaMa GunaH TaBcHdIaHYBYH 3BEHOHUHT

Jrxazul GyHKLUHACH
4545

42543
ABHH, P ¥3rapyBdHHH § ¥3rapyByuura anMaliTipuiarasiaru N(p)/D{p) no-
AMHOMJIAPHHHT HHCOATHTa MOC KenaaH,

MATLAB MyxHuTHAa y3aT8Il PYHKUHICH HKKATA KYIXaN (TONHHOM }
HHHr HHCOATH KYpUHUBIMAA KApHTHAaaH. TlomuRoMaap JapaxacH KamaH-
u6 GopypuH xo>pduuHeRTIAp MaCCHBE CHHIapH caklaHagH, MacanaH,

2544
S+1.5 57 +1.5 541

W(s)=

F(s)=

YIATHIN GyHKUHACH KyiHAaru4a KAPHTHNANH:
>>n = 2 4]
n =
24
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>>d={115151]

d=

1.0000 1.5000 1.5000 1.0000
>>f=tf(n,d)

Transfer function:

25+4

"3+ 1582 +15s+ 1

éxu GolKaya KYpHHHIIA2 XaM KHDHTH/IMIIH MYMKMH;

>>f=tf([24],[11.5151]);

XoTHpaga KHPHTHATAH y3aTHu ¢yRKUMIcHHM TapcuduoBud tf xiac-
cuaard o0neKT xocun 6ynamm.

Kyputunran y3aTHin GyHKIUSCHAAH «HOLIAp-KYTOAap» IAKNAAaru
MOZEHU XOCHI KHIHI MYMKHH.

>> { zpk = zpk(f)

Zero/pole/gain:

2 (st2)

(st1)(s™2+055+ 1)

CypaTHUHT BIAN3IAPH HOMNAP BAa MaXPaKHHHT HIAU3Napu KyTdnap
ne6 aranagu. IOxopuaarn ¢ynxuns 6HTT2 HON (5=-2 HYKTaHa)} Ba y4Ta
KyTOra {s =-1 Ba 5 =-0,25+0,9682i nyxranapna) sra. KpagpaT yuxan
KOMIUeKC KyTOlap aydTaurura Moc Kenauu.

Xomarnap dazocumaru mofens AuddepeHunan TeHTIaManapHH
cranaapt Kowm maknuga (OMpHRYH TAPTHOMA TEHrNaMalap CHCTEMACH)
é3umuuK 6unaH Gornanran:

=4 x+B u

y=C x+D u

By epa x — xonar ¥3rapyBYHIapHHUHT nx] ¥I4aMiau BEKTOPH, ¥ —
KHPHIN CHFHAJUIAPHHHAT m* | {I4aMan BeKTOpH (HoluKapHIl BEKTOPH Ba
Y — YHKHIH CArHaimapHHUHr px1 Yiraamind sektopu. ByRRan tamkapH, A,
B, C Ba D — ponmuii MaTpunasap. Matpuuapyii xucoblatinap KonaacHra
acocaH A MaTpHua nxp YnuaMiIn KBajgpat MaTtpuua OyndHwH Kepak, B
MAaTpHLA HHHI ¥I4aMH nxm, C MATPHUAHUKH — p*n Ba D MaTpulaHu-
k# — pxm O6¥napu. buTTa KHpUI Ba 6MTTA YHKWOUIH TH3MM yuyH' D
MAaTPHNA — CKalAp KaTTalHK.

V3arum GYHKIMACHHH XomaThap ¢azocuuara Moaenra Y3rapTHpHII
y4yH KyHugard koMasgganan ¢odizananunagu:

>>f ss=ss(f)

' Xoprxnii agabuétaapaa 6up YnaaMan THiAMaap yaya SISO = Single Input Single
Output kuckapTHpumAaH doitaanaHuNagy.

157



a =

x1 x2 x3

x1 -1.5 -0.1875 -0.03125

X2800

x3040

b=

ul

x1 0.5

x20

x30

c=

x1 x2 x3

y1 00.50.25

d=

ul

y1 0

Y6y y3rapTupHl MOAEAHHET MATPRUANAapH Kyfunaru kypHHAKmITa
ara 3KaHIUIHHH OHIAHpaaH:

-1.5 -0.1875 -0.63125 0.5
A=| 8 0 0 JB=| 0 [,C=0 05 025],D=0
0 4 0 0

Xonatnap ¢asocHjaard Moaennu dakar myepu, AbHH, CYPATHHHHT
JapakacH MaxXpaXHHHHI Japa)kacHaaH KatTa GyamaraH ysaThin QyHK-
LHAJIApH YYYH Kypall MYMKHH.

10.2. axanaHran pexaMAary KyH9adTRpal KodPpPunHeHTH

Yu3HKIH TH3HMIIAPHUHT aCOCHH XapaKTepHCTHKaNapuaaH OHpH O¥aub
WAKJJIAHTaH peXHMAArd Ky4aiTapuu xo>¢pdHIHeHTH Eku HomKaqa
aiiTraHga cmamux Kyyaumupuut kosgduyuenmu (static gain, DC-gain)
xucobmanagu. YHu OHpra TeHr 6¥iraH KHpHm CuUrHafHAard 4UKHLI
CUTHATMHHHT HAKIAHraH KHAMaTH kabu aHnKnam MyMkrH. Lllaknnanran
PEKHMAATH KyIaHTHPHIT KO2(PPHUHEHTHHHHT ¥I40B GHPIHIH YHKHIN Ba
KHPHII CHTHATIAPHHHHET HUCOATHAAH aHHKIaHAJH.

MATLAB na f MOmeHHHT CTATHK KydYalTHpHIN ko>pdHIMeHTHHH
xucoGnam y4yH

>> k = degain (f)

KoMaHAacuaaH QoiimanaHnnagyu, MacanaH:

>> f=tR(2 4], [1 2 3])
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Transfer function:
2s+4
s"2+2s+3

>> k=dcgain(f}
k=

1.3333

10.3. HMoyabc XapaKTepHCTHKA

Hunyave xapaxmepucmuxa 1e® cHCTeMaHHHI HONra TeHr 6ynran
GonanFuy wapTnapia GHPIHK YeKcH3 UMIyNbC (aenbTa-QyHKUnIo €Ki
Jlupak ¢pyHKIHCH)AaH TAECHpNAHAILATA aHTHNAH. JentTa-pyHruud (1)
Ky#MRAry TEHITIHKNAp OPKATIH aHHKIAHAIM:

0, =0 ©
(=<’ 8(H) di=1
{t) {m’ /=0 jo ®

Henvra-pynkona aaean GpyHkuus 6yiubd xucobiaHazy Ba yHH Xed
KaHZal KypHIMa épaaMuna Xocun KMinHb S¥nMaiion.

MATLAB épaamuia HMIyIBC XapakTepUCTHKAHH aKaT CYpPaTHHUET
JIApAKACH MaXPAKUHHHT AapaXacHIaH KHunk Oyirad ysaTHo GyHKUOHS-
JIApH YuyH KypHO TVFpH Harnxka o MyMKHH (10.1-pacm).

>> f=tf{[2 4], [1 2 3]);

>> impulse(f)

B B Yew peet Tosks Wndow by .
CERSRAr  BOD

10.1-pacs. TH3MMHHHT MMIIYIBC XaPaKTEPHCTHKACH
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10.4. VTHII XapaKTepHCTHKACH

Ymuw xapaxmepucmuxacu (yram ynxuuacu) A(f) ne6 Honra TeHT
GomumaHFuy WapTAApaa CHCTEMAHHHT GHPNHK TOFOHAMH CHIHANAAH Tab-
CHpJaHWIOHra aHTHNAaAH.

VYrum xapakTepHcTHKAacH EpIaMHIa CHCTEMAHHHT MyXHM cHdaT
KYpcaTKH4IapHHH, KyMIafaH — ¥Ta pocTinau (overshoot) Ba YTHII Ka-
PagHHHMHT BaKTH (Sertling time) HY aHUKIA MYMKHH.

Vma pocmuaaw xylinaruua aHuKaaHaau;

h -h
o=%x100%,

-

6y epma h__—— h({) DyHKIMAHMHT MaKCHMAN KHIiMaTH Ba /1, = !1_1)1; h(y —
YHKHII CHTHATHHUHT IIAKLUIARIaH KUAMATH.

Vmuw wcapaénunune eaxmu 16 4AKMII CUTHATHHMHT KHHMAaTH Ba
IIAK/JIAHTaH PSRAMIArH KHEMaTH opacHiard ¢apk apsanaaH Gepuirax
KATTATNKIAH KHYHK GYITyHYa YTagHran Bakrra aiitunaan. MATLAB na
Gynpaii RaTTANHK cHbaTHAA 2% dapk KaGyn KWIMHraH. YTHID xapakTe-
pHCTHKacH step ¢yHKUMACH EépmaMuIa XOcHT KMIHHamH (10.2-pacM):

>> f=tf{[2 4], [1 2 3]);

>> step(f)

Iﬂ-ummmmub l

oSS AX/|8PD

10.2-pacm. THIRMHHHT ¥THII XapaKTepHCTHKACH
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10.5. YacToTaBni XapaAKTEPHCTAKA

UH3NKIH CHCTEMAHHHT KHPHIIMra 49actoracH o O¥arad u(y)=sinwt
rapMOHHK (CHHYCOMAAN) CHIHA/I GepHNTaHZA YHHHI YHKHILMIZA XaM
yacToTacu  G¥nrad, JeKHH aMILIMTYAacH Ba (asacu y3rapraH' curHair
xocw G¥nangu

WO =Asin(wt+¢),
6y epaa A — amnnuTyza Ba ¢ — $aza CHDKHIH.

YacToTaBHif XapaKTEpPHCTHKA CHCTEMAHHHT ™ =Cosm?+/sinm! KoM-
M1EKC IKCIIOHER AN CHTHANTA PeaklACH KabH aHHKNasamH. YHH KyPHI
yayH W(s) y3yTHl $pyHKUMACHIA 5 =j® YpHHUra kyiinian ¢oHnananum
kepak. W(jo) ndonara THINMHHHT Yacmomagui yiamuwi QyHxyuacu
€k amnaumyda-gasza yvacmomasuii xapakmepucmuikacu (ADUX) nefin-
aagu.

W({je) kaTTanuK MOAY/IH Ba 4aCTOTa opacHaard OOFTaHHILIa aMnay-
myoa wacmomasuii xapaxmepucmuxa Xxamaa W(jo) xoMnnexc cod apry-
MeHTH (dazacu) Ba YaCTOTA opacHAard OOTIaHMmra — (asa ¥acmomasuii
xapaxmepucmura (PUX) petinnagn:

ImW{ j@)
ReW{(jm)

Cucremanan YTaéTrad Xap XHJ YaCTOTAIH CHTHAIAP aMILIITY/JacH-
HHHI opTHIIHHK AUX dazacu cmnkuumny @YX xapakTtepnabian.

1.6
1.4

¢ 42

-k

Aw)=| W(jo) |, @(w)=argW(jo)=arctg

10.3-pacu. AMIIHTY13-4ACTOTABHI XAPAKTCPHCTHKA

AMIIATYIa-4acTOTaBHH Ba (pa3a-4acToTaBHil XapaKTepHCTHKAIAPHH
AroHa ofiHana KypHiu yuyH bode ¢pyrkumacuaan goitparanmnany (10.4-
pacm);

' Ypzuknd G¥nMaran cuctemanap yuyH Oymaai yMac.
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>> f=tf{[2 4], [1 2 3])
Transfer function:
2s+4

s 2+2s+3

>> bode(f)

* B Mo 1
Ble Got Yww jnset Took YWindow Help

TR X ks i I e Al P

10.4-paem. THINMHHHT AMTIUIHTYIA-4acTOTaBHI Ba $asa-yacToTabmit
XaPaKTEPHCTHKAADL

Pean ofbexTnap cypaTHHMHT Aapa)kacH MaxpaXHHHHT JapakacuaaH
Ku4HK O¥araH y3aTain dyHxuascHra sra 6ynanu, wy cababnu, yrapHuHr
AYXcu vyactora opTHIOIH OMJIAH KaMalub aCHMOTOTHK PaBHULIA HOJITA
akuunamany (10.3-pacm). Bynaai o6nekt guremp xycycuamuza sea,
SBHHH, OKOPH YaCTOTANH CHTHAIIAPHH {XATaKHTIap, Ya4am moBKUHIapH)
buneTpnaian (YTrkasMaiion). bynaait xycy cHAT rapMoHHMK GanaHc ycy-
JAMHHE KY/L1al ydyH acoc O¥IHO XM3MaT KHIaaH.

Yactotannar AUX HonpaH Kuuwk O¥naauraH KMiiMatH (Ky4a#Ti-
pum ko3$pdHIHeHTH OHpIaH KMYMK, CHTHAN NacagfH) CHCTEMAHHHT
KupKuut yacmomacy _ neb Ba -3 AB nan xuuuk 6Ynaguran yacroraca
(xyuadiTupumn xoxdguunentd (.708 nan KHYMK) Ymrasuw coxacu @,
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a6 atanagn. MATLABAa yHH aHMKNAI YYYH KyHMAar#H KOMaHAamaH
(poiigananunagn

>> f=tf(|2 4}, [1 2 3]);

>> b = bandwidth ()

b=

2.7675

MATLABza 9acToTaBuii XapaKTepUCTHKAIAPHN KYPHII YIyH AacTnab
Kepaknu JHANa3cHAa 4acTOTANap MacCHBH XOCHN KHIHHAIH. BYHHHT
yuyH linspace (an3nkmu mkana 6¥iiHua HyKTaJIApHHHT TEHT Macodanapaa
TAKCHMNAHHIIH) €kH logspace (morapudMuk mxana 6yinya HyKTanapHHHD
TAKCUMIIAHUIIN) PyHKUAATApHAaH (oiiaananaiaiy.

>> w = linspace (0, 10, 100);

komaHzacH O nan 10 raya 6§nraH HHTepBanga TEHr Kadamuap 6unaH
100 Ta HyxTagan uGopaT GYATalE MacCCHBHU WAKNIAHTHPAAH,

>> w = logspace (-1, 2, 100);

koMaHZacH aca 10! zan 10? raga G¥nraH WHTEpRanja TEHI Kaaamuap
6unan 100 Ta Hykragan HOopaT 6YIraH MacCHBHH XOCHI KHIAMH.

MATLAB#Aa auzuknd Mogen f yayH (y y3aTHIl GyHKUMACH, X0aTaap
(hazocHaary Mogen k1 «HOLTAP-KYTOnap iwaknuaa Seprimi MyMKEH»)
W TYpIArH 9acTOTABHI XapaKTepHCTHKA freqresp QyHKIHICH EpaaMHaa
xucobnaHazn:

>> 1 = freqresp(f, w);

Ymoy freqresp ¢pyHkuHa y3aTull GyHKUHACH MATPHLA KYPHHHAIIMAA
Gyaran xyn yavaMnu Mopermap (6up Heya KHpHID BA YHKHUUIH) YIyH
xaM K¥/UaHumamy MyMKHH O¥arannaru cababin yq ¥14amMam MacCCHB-
HH Kalitapaad. Burra kupuiu Ba GMTTa YKHKHINTa 3ra 6FIraH cHeTemanap
Y4YH Y4 YIgaMig MacCCHBHH KyHMIATH KoMaHIa épaamuia OHp ¥muamnu
MACCHBTa aliTaHTHPHIL MaKcaara MyBO(HK:

>>r=r);

AUX HHHr rpadHIHHE 3KpaHTa KyHHIarH koMaHaanapaas Oupu &p-
JlaMuZa YMKAPHII MYMKHH:

>> plot { w, abs(r) );

>> semilogx ( w, abs(r) );

>> loglog ( w, abs(r) );

BHpHHYH X0N/a HKKANA KOOPAHHATA ¥KJIApH yIyH MaciiTab TH3HKIH,
MKHHYH Xonaa abenucca YKi y4yH norapHMHK Ba YUHHIH X013 HKKAa
YK YYVH XaM JIOTapHDOMHK.

dazann rpagycmapma xucobnam ydyH

>> phi = angle(r)*180/pi;

KoMaHnanaH Qoipanannnagy. Keiiua OUX Kypunaau, MacalaH:
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>> semilogx ( w, phi );
ExH
>> plot ( w, phi );

10.6. Kyrénap Ba noanap

CHcTeMaHVHT KYTTIHINK JHHAMHK XyCYCHATAAPH (MacaiaH, TE3KOPIm
¥Ta pocriall) y3aTHII QYHKUHACHHUHT KyTOnapy opKanH aHHUKIaHAm
V3aTHi QYHKIHACHAHN GHPHHYM Ba HKKHHYM TapTHOMH 37IeMeHTap (am
pHOIHMK Ba TeOpaHyBYH) 38€H01Ap Y3aTHIN QYHKUHANAPHHHHT KyTiaiTMac
KYpHHHHINAA €3HI0 MYMKHH.

Anepuoauk (naBpuii 6¥n1MaraH) 3BCHOHUHT Y3ATHII (PYHKLHAC

| S -
F(s)= Tol KYpHHHIAA 6¥nub, arona xapaktepucTukara — 7 BaKkT DOk
muiicura ara, Taxmunan @,= 1/T 9acToTagan Gomnab Gynaaii 3eeHOHHE
AYXcH HOMTra TOMOH nacaitnd Sopanm.

TeGpanyB4n 3BESHOHHHT y3aTHII GYHKIMACH KyHuaarnya:

1

T 420 Ts+l’
Oy epna T — Bakr gonumuiicn Ba 0<{<1. Yacrora w = 1/T xycycui uc
cmoma (natural frequency) Ba § — cyruw napamempu €k demngupaa
koapguyuenmu (damping factor) ned atanagu. HMnynsc Ba ¥y ¢yH:
OHANAPHHHHAT TeOpaHYBYAHINWK XapaKTepH { napaMeTpHHHT KaMaitui
Ounan oprud Gopamu Ba {=0 6¥ynranna TeGpaHnmnap cyHMalianra
(xoncepeamus) 3Benora atinanaau. bomka tomonman {=1 Oynrama
MaxXpaxXHHHT MIAM3INapH Xakukuil 6Ymagd pa 3BeHO HKKHHYH TapTHOM
amepuogHK 3BeHora almaHagy.

MATLABga f y3atHin yHKIMACHHHHT KyTGMapHHH TOITHIN Y4YH pol
dynxuuscunan Qo ganaHmIagH

>>p = pole (f)

p=

-1.0000 + 1.4142i

-1.0000 — 1.4142i

Kyr6nap p 6unan Gup Bakra xycycuil yactota wil Ba aemrdupnai
KOD(PPUIMEHTH Zeta HR XaM ARHK/IAM MYMKHH:

>> [w0,zeta,p] = damp ( f)

wi =

1.7321

1.7321

Zeta =

F(s)=
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1.5774
0.5774
p =
-1.0000 + 1.4142i

-1.0000 — 1.4142i

Yiatui GYHKIMACH  HUHT HOJUIAPUHH TOMMEI YUYH Zero QYyHKIMA-
¢Haain poitaananunanu

s>z=zero(f};

g =

-2

('MCTEMaHMHT TYPTYHIHTH HOJUIAPHUHT Kkollamnmura OOFINK 3Mac,
NCKHH HOJUTap YTHID XKapadHnapHTa Ce3HNapiu TahCHp KypcaTaaH.

> pzmap ( f );

KOMAHAACH KOMIUIEKC TeKHCIIHKAA CUCTEMAaHHHT HOIUIApH (ailnananap
Gunan Genrunanany) Ba KyTonapH (kpecTdanap OunaH Gersnasaan)HuHr
oinalmm xapuTacHue Kypaau (10.5-pacm).

Bo Edk Yew [nsert ook Wndow b | . l

DeH&iNArA/ 2D
R - i

10.5-pgem. CucreMaunar nomrapw (aiinananap 6unan Genrunanrau) pa Kyrbnapn
(kpecTuanap OHaaH GenrMNAHraH)HAHT KOMOEKE TEKHCIHEIA XOMIAMMIG XapUTacH
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10.7. LTI-Viewer moayauaan ¢oiigananam

Bouikapui TH3MMNApHHHA TaXJTHI KAIHW yayH LTI-Viewer momynu-
JaH XaM oiigananum MyMKHH. Yy moayn MATLABHHHT koMaHDaap
oliHacHAa ltiview koMaHZacHHH TepHO Enter knapumacHud Gocum HynR
Onnan vakupunaau. Kyiuaa LTI-Viewer Moaynuaan xam ¢oiinananumra
MHCOJI KENTHPHATaH.,

1. V3zatum QynkunacuHn tf o0beKT WaKHAa KHPHTHIANA. ¥Y3aTHi
ns +ns+n,

dyskuiich F(s)= S +ds’+ds+d,
KYpUILIMILra 3ra 6¥IcHH.
VYHuUHT KO3 HUHSHTIADH
n = [n2 al nQ]
d=[1d2 dl d0]
Oepunamu Ba tf 06BeKT XOCHI KHIHHAIA
f=tf(n,d)
Macanan:
>> clear all
>>n=[123];
d=[1456);
f=tf(n,d)

Transfer function:
s82+25+3

s+ 452 +5s5+6

2. LT1-Viewer Moaynuui ltiview xoMaHzacy épaaMuaa HOIra Tyury-
punagu. bup Heua cexyHanaH keiiun >kpanga LTI-Viewer olfnacH xocHn
6ymamu (10.6-pacm).

_' Oroxnantapysun oifHa Close TyrMacuru 6ocub GepkuTHnamn.
- 3. LTI-Viewer oiinacuaaru File MeHtocuzarn Import 6¥mumn Tamna-
Hanu Ba f Mopen tannann6 OK Gocunaan (10.7-pacm).

166



CGetting Started wdth the | T Viewer

Thw LT) Viewar it a praphical user intedace that umplnes the analysis of
inax, time-rwariant sysbams.

Ciick the Hedp button: Lo find aut mote sbout the LTI Viswer,

™ Do not thow me this agai Clozs

S hmipart System Data

—  Irpaxt kom -
Systemns in'Workspace
@ woikspace
T MATfle
AT Hie Mame
!
SIS I
0K 1 Cancel I Hep I

10.7-pacs. Monemy oxnant

LTI-Viewer MoAynH HIIra TYmwajiH Ba 3KpaHia TH3HMHHHT YTHII
xapakTepHcTHKacH XocHn 6¥namu (10.8-pacm).
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10.8-pacm. LTI-Viewer monynn EplaMuaa ONHHTAH THIHMHHAT YTAM
XapaKTepHCTHKACH

4. X0oCHN KATHATAH XAPaKTEPHCTHKAHHHT YCTHAA CHYKOHIAHHHT YHT
TyrMacy Gocuaany (10.9-pacM) Ba KaakuO YHKYBYH MEHIONAH KYPHIHUIH
Kkepak GYNraH xapakTepHCTHKaHH TaHTall MyMKHH,

10.9-pacm. Kypuiumy xepak GVIraH XapakTepHCTAKAHA TaHIAIT
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Macanan Bode tannanca AYX sa ®UX xypuaagu (10.10-pacM).

tho E Wrdow Heb |

*s'n 8 8 e

10.10-pacu. AYX pa OUX

5. LTI-Viewer ofinacunaru Edit merrocnaaru Viewer Preferences 6¥miMu
taananca LTI Viewer Preferences oinacu xocwn 6¥namu (16.11-pacm).

I R TSR

10.11-pacm. LTI Viewer Preferences ofinacu
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Xocun G¥nran cfiHagaH Qolinanannl rpagHxNIap KOOPAHHATA YKIApH-
HUHT ¥II90B OHpIHKIapHHY Y3rapTHprm MyMkHH (10.12-pacM). Macanas,
4aCTOTAHH Tepiliapaa Ky paidaH/cexyHAAapRa, KydadTHpHI kK03ddHiH-
eHTHHH Zerubennapaa éxn abconoT KUAMaTnapaa, dasanu rpagycnapia
éxd pagMannapaa ypuartuil MyMmkuH, Bynaan tamxapu rpagukHHHT
YHIHKIH &KH JorapAPMHK MacluTaboa OYNMIIHAN TaHIaIl HMKOHHATH
XaM MaBKyH.

10.12-pacm. T'paduENap koopAHHATA YKN2PHHHHT ¥MuoB GHPIHEKNAPHEH ¥3rapTHpHLI

11, SIMULINK NAKETH
11.1. Simulink

Simulink — AMHaAMHK CHCTEMaapHH MOIEIUIAIUTHPHLI, HIMHTALMA Ba
TAXJIAN KK Y9YH HHTGPAKTHB BOCHTAIHp. ¥ rpadHk 6mok-gHarpaMma-
NMapHH KypHII SHHAMHK TH3HMIAPHH MMHTAUA KHIWI, TH3IHMIAPHHHT
HUUIAIIHHA TeKIHpHUIL B2 JOHHXaJapHH MyKaMMaJUTaIUTHPHII HMKOHH-
arnapraay Sepaau. Simulink MATLAB Ounan T¥na HHTerpajuiallran.

Xozupru Baktaa MATLABuuHT suru pepcuacn MATLAB 6.5
(Release 13) Ba Simulink 5 KeHr HOIUTATHAMOKIA.

MATLAB 6.5 nacrypnapuu 1¢3 Gaxapuunu tapmuanosuyn JIT
komnunatopra sra. lly cafaban MATLAB 6.5 texuuk xucobaamnap
coxacuaa C zacTypram THAHAR Koaial 6unaH pakobaTialliig MyMKHH.
SIHTH BepCMAHMHI AWKKaTra ca3oBop TOMOHNapuaaH Supn m-daitnnap
MaxcyaaopaurHEHAT (3 $EeKTHBINTHHAHT) asBalNrd BepcHATapAarura
HucOaTal IWKOPUIUTHAKD.

Simulink 5 KyHHZarn AHrH XyCycHATIapra ira.

Vpun Genrinanran (PHEKCAITMA KHIMATAH) HyKTa GHnaH XpcobamapHy
amManra omupyim MyMKHH, Cy3yBun HyKTa Ounan xucobnaumapaas gHx-
calyd KMAMHIAH HyKTa OMnan xucobnalunapra €xkd TécKapHCHra JTHIN
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ifynu GunaH MOJENHEH MYKaMMAaJUTALUTHPHII MyMKEH {0y xonga Fixed-
Point Blockset Hi ¥pHaTHI 33pyp).

Look-Up Table Editor ac6o0u sxansan Oj0KIapHIary MasIyMOTIap-
Hyu Kynal Xonga k¥pud WHKUII Ba TaXpHpNaml HMKOHUATHHH Oepaiu.
TaxpupnarudH{ YaKBpuIl Moaen oliHacugaru Tools MeHIocHAaH aManTa
OWIHPUNIATY.

Model Discretizer ac6o0H y3nykcus ONOKIapHH AUCKpET OMoKnmapra
TaHaa® aaMamTHpUII HMKOHUATHHHA Oepagn (Control System Toolbox,
5.2-BepcHaRY VpHaTHI Tanalb xkuauxHann). JuckpeTn3aTop Moaen oHHa-
cnaaru Tools MeHIOCHNAH YaKupHAaH.

Myxammannamrupunran Diagnostic Viewer XaToJlMKIapHE Iua-
FHOCTHKA KUIHII BOCHTACH XaTONap TYFpucHAard axGopoTiapHH KOH-
burypailds KHARI BA yjaapra THIEPCCHAKANAPHH KYWHL (KHPHTHIN)
HMKCHUATHHH Oepamy.

Mackanap taxpupiaardye Mask Editor auHamik auagor oiHacHHH
ApaTHII BOCHTacHra 3ra. Mackanap taxpupnaruduHHHT Parameters
6¥anmuaarn Cailback naHenu 610k (OCTTU3MM) MapaMeTpPIAPHHHHT
Y3rapvLIHHEH KaliTa MIaaiaurad QyHKQMATApHH KHPUTHII HMKOHUATHHA
Gepamu. S-fiinction Builder 6;10ku anrE Data Properties 6¥umura sra.
YHHHT €pAaMpAa MOpTIapAari MablyMOTIAPHUHT TYpIapHHU, KHPHIU Ba
YHKHLI CHIHAIUIAPHHHHT KYPHHUIIHEHA (XaKHKUA $KU KoMrnekc) Gepui,
NOPTIAAPHUHr MeTKa (Oenru)napiny aHKMKIaLl, CHTHALAAPHUHT OHPIHKA-
PHHA KHPHTHII MyMKHH.

Suru Model Verification library 6n6morexacy kyiuunran. bubanorexa
xucoOnall xapaéHuaa MOAEIHH TSKIINPYBYH OnoKnapra sra.

Xncobort spati ac606:1 Print details Mogen Ba 0CTTH3HMJIAPHHHT CXeé-
ManapH Xamja 610K TapHHHT NIAPAMETPIADH Ba YNAPHHHT KAHMATIapHHH
¥3 wunra onraH HTML-xyxokatnapHu wakmnantapagn. Print details
Gyiipyru File MeHIOCHTa KHPHTHAraH.

Yiby 60612 I0KOpHAa KENTHPHITAH KeHTAHTMAIAD NAKETIAPHHHAT Tap-
kuOu Ba ynap OmiaH Hlnnaln ycyinapy keartupunrad. MATLAB, Simulink
nakeTnapn 8a Toolboxes, Blocksets keHraliTManapHHUHT NakeTaapH Oyiiuda
KeHrpok Masaymoraap [1, 2, 3, 4, 5] anabvérnapna kenrHpuirad. Yaap
OMaaH LAl ycynrapy www.matlab.my cafitna Mapxys.

11.2, Simulinken ymra Tymspam

MATLAB nmactypHHHHT acocHil offHacu ovHiaraHpal keinu (11.1-
pacm) Simulink macTypuAHM KyWHOaru y4tra yCYMHMHT OHpH &paaMuaa
HUITA TYIMHPHII MYMKHH:
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Simulink TyrMacHsH SocHu;

MATLABHuHr (ow ofinacugarn Oyiipyk catpuia Simulink cy¥3uuu
Tepub knasHatypanard <Enter> wiasuimacuau 6ocHur;

File Mentocuna Open... OyiipyrHHH OaxapHIll BA MOEIHHET (bafianuH
{mdl-daitn) ounm.

e T2IF04 6:3% PR
&S5
fredry
fag i ol
$reainix)
frand L. 57)
-§51mul ink
== F/ILAOL 10: 24 PR ook

11.1-pacm. MATLAB nacTypuHHHr acocHi ofiHacH

bupHHYH Ba HKKHHYH ycynnapaaH ¢oiinananuiranga Simulink GH-
ommorexacn 6¥numaapuaunT Browse ofinacu oywnagu (11.2-pacum).

11.2-pacss. Simulink Gubnuomexacr ByruMAGpURRNz odnacu
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11.3. Simulink 6uénnRotexacn 6YaHMAapH

11.2-pacmna Simulinkuusr acocnii Subnuorexacu (OHHAHHHT Hall TO-
MOHMZA) Ba YHHHT OYnumMiapu (0AHAHHUHT YHT TOMOHHAA) KypcaTHirag.

Simulink 6uénuoTexacuna Kyiumaru acocuii 6¥THMIap MaBxya:

» Continuous — YH3NKIN OJ0KIAD;

* Discrete — nuckper Gnoxnap:

* Functions & Tables — ynxuuanap sa xxagsaniap;

* Math — MaTeMaTHK amMaiutap GrokiapH;

* Nonlinear — ausukmm G¥nmMaran Gnoxnap;

* Signals & Systems — CHrHaJap Ba TH3HMIAp;

* Sinks — perncTpanus KWIyBYH KypHIManap,

¢ Sources —CHIHalNap Ba TabCHpNap MaHOanapy;

o Subsystems — oct TH3HMIIap ONOKMapH;

Simulink 6uémorekacn GYMHMAapHHUHr pYHXATH JapaXTCUMOH LIaK-
ara ora 6Ym6 Gynpaii pyiixatnap Gurad HILIam KOURAIApH OXaTIArHIex.
BuGnuorekaHuHr 3apyp OYNHMH TaHIAHTaHAA YHUHT TapKHOW OfHAHHHT
YHr KMcMHOa o4unaad. OfiHa OMnaH MIIAIIJA MEHIOAA JKaMIIAHTaH
Oy#ipyiiapaal dofinanannnaay. Merioaa KyHuaaru TyrManap Masxya:

+ File (@aiin) — Oubnnoreka dakinnapn 6Mnan wuiaur,

» Edit (Taxpupnau) — OGNOKIapHM KYUIHIL BA YNapHH H3kaLl (HOMH

Oy iugaa);
¢ View (Kypurum) -— unrepdeiic 3MeMEeHTIAPHHKET KYPHHHILKHY
Gomkapa;

» Help (Epnam) — Bubanorexa 6Yiinua EpnaM oHHACHHH YHKADHIL.

AcGobnap maHeHaard TyrMajapHiHr sasudanapu Kyiuaaruaap:

. E Siury S-MonenHn ApaTHII (MOJEN APATHIN YUyH AHIH OMHAHH

OUHILD). :

. @ Mapxya S-Moaennapaan CUpHHH OYHDI;

. i OlHaHHHT XOCCaTapHHy ¥3rapTHPHIIL;

. Bnokun HoMH (8kH HOMRMJAry GHPHHYH cCHMBOMIAp) 6¥iinua
H3ganr. Bnox Tonuarannan keitnn 6uGanorexanmHr Moc 6¥aumu
O4YHJIAAH Ba TonunraH 6YnuM amparud kypcatHaagu. Arap 610k
TONHIMAaca U30X oiinacuaa Not found < 6ok HoMH> {QJIOK TONMI-
MaJH ) é3yBiapd naiino 6¥nagm.

11.4, Monen spaTtnm

SIMULINK MyxHTHIZA MOAEH ApaTHLl YYyH KyHuaary umipapeu Ga-
RKapHIU 3apyp:
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File/New/Model, Oyitpyru €ku acbobnap nanesugaru ﬁ TYrMa &p-
NaMHIa MOACTHHRT AHTH dainy spaTHiaay. MogeTHHHI SHIH APATHATAH
oiiracH 11.3-pacMpaa KypcaTHIras;

Mogaen oiiHacuaa OnokaapHu xoiinawTupanaid. ByHuHr yuyH GH-
ONHOTEKaHHHT Kepakiln OYnMu oqunamy (MacanaH, Sources— manGanap).
C¥urpa xkepaknu 610kHu Kypcop OMIa kypcaTHaaay Ba CHIKOHYRHWHT
yan TyrMacHHH Gocu6 gpaThiarad ofiHara cypunaau. biaoknapra sra
6ynran mozen ofivacu 11.4-paMpaa k¥pcarunran, Arap OnokHH HYKOTHIN
3apyp G¥nca yHUHI YCTHAA CHYKOHYAHHMHT Yan TYrMacHd GOCHanm, KeinH
aca knaBHatypagard Delete knaBuiiacu 6ocHnagn.

11.3-pacm. Modeanunz 6y oiinacu

Signal Soapa
Gunarater

11.4-pacm. broxrapza y2a 6yazan 6aok olinacu
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Keitnn, arap Tanat KiuiuHca, OJOKHHHT BapaMeTplapH ¥3rapTUpUNaIs.
LyHHHF y9yH ONOK TaCBHPHHHMHI YCTHAA CHYKOHUAHWHI Yall TYTMacH
HKKkH MapTa Gocunamy. BilokHHMHr HapaMeTpiaapHRH TaXpHpJiall oiHacH
ounnaan. Kepaxan yzraprupnnmap kuparuaranias xeiing OK ryrmaciin
focuiy #ynu 6unan ofina énunaan. Mucon cugarnna 11.5-pacMna Sygnal
(7enerator BIOKH NapaMeTpIapHUHY poOCTIall OHHACH KYpPCATHIFaH.

Block Parameters: Signal Gererator

~ Signal Generator—

11.5-pacm. Sygnal Generator GnokH napaMeTplapHHHA poctiaa oHHAcH

XamMa 3apyp Omoxmap cxemara XOHTamTHpHIraHAaH KeiHH cxeMa
JeMeHTaapH ¥3apo ynaHagd. BaoknapHau ¥3apo Gup-OGupHra ymam y4uyH
GNOKHHHT YHKHILINTA Kypcop oaHG Gopanagy Ba CHYKOHYAHHAT 4ail TYT-
MacH Sociiaral xoiga 6oilka OICKHHHI KMPHIIHTa4a MHHUAA YH3HAATH.
BormaHAm THHAUACKAA TAPKAIUI HYKTACHHY XOCHR KHAKII Y4YH TYTYH
WONNAWHKILIA 3apyp O¥NTaH HYKTaJa CHUKOHYAHAHT YHT TyrMacH 6ocunub
Kepaksad THEHA 4U3HAaAH. Yu3anran NHHHARH AYKOTHIN YuyH JIHHHS TaH-
NaHa/W Ba KiaBHaTypanaru Delete xnapumacy 6ocunagu. Brnoknapu 6up-
Oupu OMaaH ynaHraH MOZCIHHUHT cxeMacH 11.6-pacMaa KenTHpHITaH.
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& N [

Signat Soope
OGunergior

¥

Display

11.6-pacm. Modeanunz cxemacu

Xucobnanl cxeMacH TY3MNTaHAaH KeifuH yHH auckia (aiin cudarn-
Ja CaKkNal Kepak. ByHHHr yuyH cxema oiiHacHAaru Menionan File/Save
NYHKTH TaHIaHUO manka Ba ¢afin HOMK KYpcaTHNagH.

11.5. Monen oiinacH

Mopgen oitnacn Microsoft Offise yuyH oaatuii makiara sra 6¥nu6
KyHHAary 2neMeHTnapHH ¥3 uyura onagy (11.6-pacm):

* Caprmaexa (ofiHaHUHT HOMH §unaH). SIHry ApaTuAran ofinara Moc
TapTHO pakaMra sra 6¥nrad Untitled Homu Gepumaan;
File, Edit, View Ba fomka Gyiipyknapra 3ra 6Y1ras McHIo;
AcboOnap naneny;

¢ Monen cxeMacHHH HHFHII Y4YyH OfiHa;

¢ MonaenHHuHT XOpuH XOJNATHHH aKC 3TTHPYBYH XONAT CATpPH.

OHHAaHKHT MEHIOCH MOJSIHH TaXpHpnall, cosam, XHcobma
KapaéHuad Gomkapum, ¢adnnap Ounan didnaw Ba GolliKalap y4yH
Oyilpyxnapra sra:

¢ File (@aiin) — MopenHuur aitnnapu OMIaH Hildaul,

* Edit (Taxpupnam) — MonenHd ¥3rapTHpHIM Ba OJ0KIAPHM H3NAMI,

* View (Kiypunum) — unTepiheiic 2NeMEHTIAPHHH KYPCATHLIHH

GouiKapan;

»
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* Simulation (Mopennam) — Momennam Ba XHcoGnam kapaéHHHH
GolKapul co3NaHMaNapr(IapaMeTpIapH}HH OepHIIL

¢ Format (Popmatnam) — Onoxnap Ba MOAETHHUHT TaMKH
KYPHHHINHEH ¥3rapTHpyi;

¢ Tools (Acbobnap Bocurasapy) — Mozey OuilaH HILJIAL YYYH
Maxcyc BOCHTalapH4 Kyiam {co3naruy, YH3HKJIH TaXJuJ Ba
Goumrkanap);

» Help (Epnam) — Epram TH3HMHHHHT OHACHHH YaKHpHEL,

* Mozgen Ounad novrard yayH acbobmap maHenuaard Tyrmanapiaas
xam dofigananuiu mymkns (11.7-pacm).

[TTTTTTITTT T 1

||
1234156789]01112131415 16

11.7-pacm. Moden olinacunun: acbobnap nanemn

Acbobaap naHenH TyrManapHHHHT BazddanapH:

1. New Model — Mopenuusr suru (6yw) oftHacHHH ;

2. Open Model — Marxyn mdl-galinyu oy,

3. Save Model — ucxpa mdl-daiinnn caknam;

4. Print Mode! — MogenHHAT Gnox-nﬂarpammanapnﬂn 6ocmara
YHKApHI;

5. Cut — MopenuyHr GenrHAaHraH KHCMHHH KMPKHO OpalikK cak/ial
Oydepura onum;

6. Copy — MopnenHuHr 0enTHAAHTAH KHCMHHHET HYCXACHHH OPAJIMK
caknam Sydepura ONHIL,

7. Paste — opamyk cakinam Oydepuna cakiaHras HHGOPMAUHIHK
Mopen ofiHacura Kyinm.

8. Undo — OnguMury taxpHpsail aMaiHHH GeKop KHIHIL

9. Redo — Bexop KHIUHIaH TaXpHPIall aMANWHHHT HATHKACHHH
THKJIAIL,

10. Library Browser — bubanotekanap oliHacHEH 04uLL.

11. Toggle Model Browser — Mogen ofiHacuHy ouMl.

12. Go to parent system — OCT TH3UMAZH Hepapxua OY¥Hu4a I0KOpH
nmoroHazarn THauMra yrum. Bylipyk ¢axat oct TH3MM oumnran
6¥ncarnna unualian.

13. Debug — Mozaen coziarHYHHA HIITA TYIIHDHIA,

14. Start/Pause/Continue Simulation — MoJe/iHd 0axapHIHil Y9yH
HIra Tymmpani (Start); MOJen Hura TyDIrad/JaH KeiHH TYTMaHUHT
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TacBHPHIA CHMBOJI XOCHN O¥nanu Ba yHra sumu Pause (Mo-
DenNaliiy TYXTaTu) SyHpyFH MOC KeJladH; MOAENNAINHA AaBOM
JTTHPHIN YYYH XYAMH WY TYTMAHHHI ¥3H KaiiranaH Oocmmany,
yyHKH Oy Tyrmara maysa pexxumuna Continue (Jasom 3TTHpHM)
OyHpyFH MOC KeTanH.

15. Stop — Moneanamuu TYXTaTHLU,

16. Normal/Accelerator — Odamoaeu/Tesrawmupunzan Xacodaam
pexHmu. Ydy pexumaan Simulink Performance Tool unosacu
¥pHaTHiraH 6yncarnda ¢oiinasanum MyMKHH,

Moaen offHaCHHHHT HACTKH KHCMHIA XO0aT caTpH kolnalurad. YHAa,
CHYKOHYaHHHTI TyrMacH MHTepdedc MoC 31eMEHTHHHHT YCTHra oaub
KeNnuHranga, acbobmap naHenn TyrMalapi Ba MEHIO MyHKTIapHra KHCKa
apx1ap xocun 6¥namy. Xynau my matH Mafaouu Simulink xonaTiHHu
K¥pcaTHIO y4yH XaM Xu3MaT kunamu: Ready (Ta#ép) unn Running
(Baxxapunumi).

11.6. Bnoxaap Gunan aManjap

Bup oitwagaru GnoknapaaH WKKWHYH OHHAra KyHHII ydyH HycXa
ONUI KyHnAariga aMajira olMpHIai: Kepakid GnOauoTeka €K MoJeN-
NPOTOTHIIHHHT OHHACH OYWIagH Ba KepakiM OloK cHuKoHuYa &paaMuia
ApaTnaérrad (TaXpHp KHIHHAETTaH) MOJEIHHHT OffHacHra CypHNIAjH.

Broknapaan MeHIo Gyiipyknapn €épaaMu/ia XaM HyCXa OJIHDI MyMKHH.
Bynpa Gaxapunagurad aMamap keTMa-keTnura Kyivaaruda 6ymamgu:

» mozen &kn OndANOTEKA OiHACH/a HYCXacH OIHHHINN Kepak 6¥aran

Onok €xu Gnoknap GenrunaHanu;
¢ akruBs ofinaHuHr Edit (TYrpunam) mertocuaa Copy (Hycxa onum)
OylipyrH TaHAaHa K,

¢ OJIOKHHHT HycXacHM K¥#unanurau ofiHa aKTHBIAIITHPHIANHM Ba

yhnaru Edit Meniocnaan Paste GyApyFy TaHJIaHaH.

Xap Gup 6nokHHHr Hycxachra Simulink vom Gepagu. BnokHuHr
OUpHHYH HYCXaCHHHHI' HOMH YHUHT GHONMHOTeKaAard HoMH GunaH Omp
Xun 6¥nagu. BnoxHuHr keiiMHrY HycXaJJapHHHAT HOMHIa TapTHO pakamu
kymunagu. Poiigananysun GIOKHHHT HOMHHH Y3rapTHpPHINH MyMKHH.
brox Hycxanaps co3naHyB4YH napaMeTpIAPHHHHT KHIMATiIapH OpHIHHAN
{hycxacu onvHraH) 6noxHHKH GunaH Gup xun 6¥naqu.

Mooden 6noxknapununz Jpunnapunu armawmupru:. Monen naunarn
OnoknapeMHr YpHH CHYKOHYA EpaMuIa YIApHH cypHwl Wymu 6nnad an-
manrrdpunaau. bynna Simulink 6noknaped y3apo GofNoBuH THHAANAP-
HHU Kailitanad yn3agu. bup Heva ONoKHH OHpranHkas cypHI YYyH yJap
AKpaTHAAOH Ba axparunrad GmoxnapaaH OHpPH SHTM YPUHTa CYPHIIAIH.
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Harpxana Kosnrag axpaTunral Os10Knap XaM ynap opacHzard HAcOmii
Mucodpanap Ba 00FI0BYH NHHUANAD ¥3rapMarad Xoiaaa CypHIIaIH.

Mooen unuoa 6noxnapoan Hycxa onuu KyHHIare HKKHTa yeyaaaH
Supu Epaamuaa amMara OBIHPHAKIITN MYMKHH:

* <Ctrl> tymacuHu Gocrad xonja OJIOKHH KepakiH Xoiira cypHur;

* CHYKOHYAHHHT YHT TyrMacHHE GOCTaH Xonaa KEPakiaH xofira cy-
puin, GyHna 6nokka wasbarnaru TaptuG pakamu Gepunaan.

Baoxnu onub mawaam. bnox cxeMagaru Kepakcu3s OJI0KIapHE onG
TIAW YIYH YIapHH axpaTtab <Del> &kn <Backspace™ KNaBHUIATapIan
Gupuan Gocum etapnu. ByHAaH Tamkapd 6nok-cxeMa odHacuuuHr Edit
memocugard Clear (Tozanam) éku Cut (Kupkum) Syifpyknapuaan xam
thoiinananmu MyMknH. Arap Cut Oyiipyrunal doiinananunran 6ynca,
KcliHHYaIHK oMHG TalunaHrad ONOKHHHT HycXacHHH Paste Oyiipyru ép-
JMMHIA MOZENTa MOUNAITHPHIT MYMKHH.

Broxnu y3ub xpiumw, Baoxuy GOFNOBYH JIHHAANApAAH Y3HO KyHMII
yuyh <Shiff> knaeumacy O0CHAraH Xonaa yHH 6oLIka XoiTa Cypiiagd.

Baoxwnu Gypuwe. Bollnauruy Xonaraa 610k opkanu CHrHan JamiaH
Yurra Yragn, AbHY Yan TOMOHAA OJOKHHHI KHPHOLIApH YHI TOMOHIA
"¢H YUKHIUIAPH Xkoinamany. baokHn Sypuin yuyH KyHHIard aMaJulapHH
(Gixapuil Kepak:

* Gypum kepak 6ynran 010k aXxpaTHNany;

* Gnok cxeMa oMiHacuHUHT Format (DopMaT) MEHIOCHIATH KyHHaary
Oyitpyknmapnan Supn tannasanm: Flip Block (Baokuu 180 rpagycra
Oypum) &kn Rotate Block (bnoxuu coar crpenkacy HyHanumuaa
90 rpaaycra Oypum).

Broxuun: yavamaapuny yszapmupuss. bIIok aXXpaTHIATH Ba CHYKOH-
HAHMHT K¥pcaTkHuu 6ok Gypuak Genrnnapuian GSHpUHUBT yoeTvra onud
kennHagH. K¥pcaTKHUHUHT WAKIH UKKH TOMOHTAa HYHANTraH CTpenKa
KYPHHMIIHTA ¥3rapraH MOMEHTAa CHUKOHYAHMHT 4Yal TYTMacH 60CHIHO
KCPAK/IH TOMOHTA CYDHIAIH.

Broxnunz nomMuny yzapmuputi 8q cypuui. BIOKHHHAT HOMH ATOH2
Ba KaMuaa OWTTAa cHMBONAAH uOopaT 6¥IMIIH Kepak. BAOKHMEN HOMHHH
Y3rapTHPHILI Y9YH YHHHT YCTHAA CHYKOHYAHMHI Yan TYTMacH YepTHIa-
awm {Docub k¥iud oboprnann) Ba OXATAArH yCyJuIap pAaMKna Kepakim
§3rapTHpHIINAD KMPHTUIAAH.

[lpudTHH y3rapTHpuin yuyH Mopen oWHacuaaru Format (Qopmat)
menwcugad Font (lpudT) OyHpyrH 4akupuaasy Ba OYWIraH AMAIOT
oitHacugaH mpudT TaEnaHagH. Arap OGnoxgaH ¥TajHTaH CHTHAJHUHT
H¥HanuIIM yanaad yurra 6¥nca 6IOKHMHT HOMH YHHHT IacTHAA, CHTHAN-
iHHr #VHANHUH YHrAad 4anra 6¥iaca 1OKOpHCH/2 Ba MACTAAH KKOpUTa
CkH IOKOpHAaH nactra 6yaca OJOKHMHT YHTr ToMOHHAA G¥namm.
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Axpariiirad 670K HOMHHHHI YPHUHH HKKH XHJ yCyn Gunan ¥srapi
THPHULI MyMKUH: t
¢ CHYKOHYA EpAaMui2 OMOKHHHT KapaMa-KapiiH TOMOHHTA CYpRL,

* Monen oifRacHHUHT Format MeHiocuparn Flip Name Gyhipyrunal

doiinananum — Oy ycya xaM 670K HOMHHHM Kapama — Kaplln
TOMOHTA ¥TKa3MII HMKOHHHH Oepaau.

Brox nomunu Gepxumu yiyH Moznen ofHACHHUHT Format MeHIO-
cupary Hide Name (Homun depxuthmn) Gylipyrngad doligaranunann,
BnoxuuHr GepKUTANraH HOMHHH THKIAM yuyH Show Name (Homun
k¥pcaTHon) OyHpyFH XH3MaT KMIagu.

Cuznanngprunz bepzunapu 64 KOMMeHMAPUARAPRI(HIOXAAPHY)
xcoitnquamupu. bnok cxeManap TYWIYHApNM Ba Kyjgaid GVaumm y4ayH
JHEHANApAAE ¥TyBYd CHTHANJIApHH KypcaTyBul Gelrnaap kyium MyM-
KHH. Bearnnap ropH3oHTaN NHHUANTAPHUHT OCTHIa EKW YCTHIa, BEPTHKAJ
JMBHANApHEHT YHI EKn YAl TOMOHHUIA XoWalmTupnaagH, bearnau an-
HHAHHHT GOLINAHHINH, OXHPH EKH Y¥PTacHra KYHHII MYMKYH.

Curtan GeNrHCHHH XOCHT KHIHII YUYH JABHAHMHT YCTHIA CHYKOH-
YaHHHI Yafl TYTMACH HKKH MapTa Gocunanu Ba Ge/ITHHHHE MATHH KHDH-
THiagH. CHIKOHYAHHHT daf TYTMacH JHHHAHKUHT yCTHA2 OoCHIHLIMra
3pTHOOP OGepHlll Kepak. AKC X0n1a MOAE yuyH H30X XocHn O¥naau.

Benru cnuxon4a épaaMuaa CHIKHTHAAAN. Arap 6eNrMBd CHIDKHTHII
Baktyaa <Ctrl> xnapmwacu Gocud Typuica, AHTH Xoiaa OelNrHHUHT
HYCXacH X0CcHA G¥nazu. BeNrvHHHT HYCXaCHHH JIHHUSHUHT GOLIKA CHT-
MCHTHAA CHYKOHYAHHHT 4an TYIMacHHHA HKKM MapTa Gochin AynH Ounad
XaM XOCHJI KHIKIL MyMKHH.

Benruen TaxpHp KHIALI Y49yH YHHHT YCTHIA CHIKOHYSHKHT 49al TyT-
MacH 0OCHNa M Ba MATHIA Kepakin Y3rapTapHuuiap KHPUTHIAAH.

Benruun onm6 tamnai yays y axparunagd pa <Shift> knasumach
6ocnG tTypunran xonga <Del> &ku<Backspace> knapmmacu Gocunamm.
by xonna nuuuanarn xaMMa Genrunap onud TanimaHamu.

Hzoxnapru yocun xunuw 6a yzzapmupuw. U30xXuH OIOK cXeMaJarH Xap
KaHAa#f 6¥m epra )oHnalITHPHII MyYMKHH. BYHHHT yuyH CHUKOHYaHHHT
4an TYIMacH HKKM Mapra OocHIagd Ba Xocun 0¥arad Typrbéypuak pam-
KaHUHT HYHra M30XHHMHT MaTHH KMPHTHIAIA.

H30x crukoHYa épaaMHAa CHIDKHTHAANY. Arap H30X, CHIDKHTAIASTTaH
Baktaa <Ctrl> knapnmacu 6ocHO TYpHICa SHIH %02 H30XHHHT HYCXACH
xocHn 6¥nanu. '

X OCHTI KUIMHTaH H30XHH TaXpHP KHIROI MyMKHH. BYHBHI YIyH YHMHEP
YCTHIA CHYKOHIAHHHT Yall TyrMacy OOCHIAIH BAa KEPAKIH ¥3rapTupHLLIap
KHpHTHI2IK, IHpudTHH Y3rapTHpHII yYyH H30XHHMHI MAaTHH aKpaTHIARH
Ba OnoK cxeMa oiinacugaru Format (Dopmar) Mentocuaan Font (pudr)
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Gylpyru Tannananu. Kepaknn mpndrt, yHHHT ¥agaMp Ba aTpuOyTnapu
TmaHrangad OK tyrmacy Gocwnanm.

Hioxun onub tapuramn yqys <Shift> knasuwacu 6ocunrad xonga
<Del> éku <Backspace> klasuluach 60cHIanN.

11.7. OdbexTnapHn dopmaTiam

Format MeHlocHaa (WYHHHTIEK CHYKOHYAZHHHI VHI TyrMacu &pua-
MH/la YaKUPHIYBYH KOHTEKCT MeHIoaa) 6noknapHu dopmatiam Oyipyk-
nupHHEHT TYILIaMu Maxyld. GopMaTiraiu Oyiipykiapu GHp Heda rypyxra
Gynmnany: E3yBaapuunr KYpUHHIIHHHA §3rapTHPHIL

Font — #3yBnap Ba MaTHIH GOKIApHHHT WIpHQTNapHHA dopMaT-
Jaul.

Text alignment — MaTHHM TEKHCIALL

Flip name — ONOK €3yBHHH CHJDKHMTHIL

Show/Hide name — O0nok €3yBuHH K¥pcaTum £ku OepruTym. Biok-
TApHHHT PAaHTHHH ¥3rapTHpPHIL;

Foreground color — axpaTunrad GnoKnap THHUANAPHHHHT paH-
THHH TAHNAL.

Background color — axparunrad Gnoknap (OHHHHEI PaHI'MHH
TAHNAIL.

Screen color — wmopen oiiHacH (OHHHUHT PAHTHHH TAHTALN.
brnoxHHHr XonaTH Ba KYpPHHHMIIHHH ¥3rapTHpHILL

Flip block — BepTuxan cuiMMeTpHa ¥KHra HucOaTaH akc TacBHP.
Rotate block — coat crpenkact 6Vitnua 6sokuy 90° ra 6ypum.
Show drop shadow — GJ0KHUHT COACHHH KYpCaTyll

Show port labels — nopTnapHuHr Gearncuuy kypearnm.

boiuka ypraTmanap:

Library link display — 6ubnuorexanap Ounan GOFIaHUWIHA KYp-
CATHIIL

Sample time colors — BakT MHAMKAUAACH ONOKUHHHI paHTHHHU
TaHNaML

Wide nonscalar lines — cxansip 6¥nmaraH JIMHAANAPHUHT KEHTIIH-
THHHY OPTTHPHI/KaMailTHpHIIL.

Signal dimensions — cBrHaJMApHUHT YIIY0B GHPIMTHHH KYPCATHIL
Port data types — nopTNapHHHET TYpH TYFPHCHEATH MabIyMOT-
NapHH K¥pcaTHIU.

Storage class — xornpa xnacc. Real-Time Workshop nmunaranzaa
YpHATHAALKraH MapaMeTp.

Execution order — GaXapHIHII KeTMa — KeTIHTHIATH GNOKHHHT
TapTH0 paKaMHHHK YHKApHIL.
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11.8. Xucobaam napamMeTpJapHuHH ¥PHATHLI BAa YHH Gaxkapui

Xucobnamnap GaxapUIHIIHOAH OJNAHH XHcoOJam mapaMerpia-
pH nmaHen oWHacuHuHTr Simulation/Parameters MeHIOCH &paaMHIa
ypuatuaaau(l1.8-pacm).
Xucobnaw napaMeTpiaapHHH co3nall oiiHacu GelliTa KI0Bara sra:
¢ Solver (Xuco0) — MozenHH xucoGraml nmapaMeTplapUHH YpHa-
THIL

o Workspace I/O (Mmyu coxara MabJyMOTHapHH KHPHTHIIL/UHKA-
pam) — MATLABHHHr HIIYN coxacH OiJIaH MabjlyMOTIapHH
ANIMAIANI NapaMeTpAaApHHH ¥ pHATHLIL,

» Diagnostics (JlnarHocTHKa) — JIHArHOCTHKA PeXXKMMHHHUHT apa-
METPJIApHHH TaHJaMI .

* Advanced (Kymunmua) — KymnMya napaMerpiaapHy ¥ pHaTHIL.

* Real-time Workshop — pean BakTAa HILA3I y4yH acboO.

Monennu xucofnam napameTpaapu Sofver WnoBacHAa XOHNALITaH
OowkapHm 3neMeHTIapH EpaaMuaa YpHarvnagu. Ywby napameTpiap
yuta rypyxra 6ynuuras (11.8-pacm): Simulation time (Mopennam uxTep-
BanH €xH Gomkaua cy3 OnnaH altranga, xucobnam BakTH), Solver options
(Xucobnam napamerpaapu), Output options {Uukapum napameTpnapH).

lab

11.8-pacm. Moaennam napaMeTplIapHHy YpHaTHIN
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Xucobraut BakTd (Simulation time) Xucobaansusr GonLtanrug (Start
time) Ba CYHITH (Stop time) xuilMaThapi KypcaTinirad xonga oepuiain.
(3pataa GoIBNAHFUY BAKT HOMTA TeHr. CYHTTH BAKTHMHI KMAMaTH (oii-
AanaHyBYH TOMOHHJ2H e4HIaéIral MacaNaHHHI IIAPTIAPHRAH Kenud
uMKKaH xonga Gepunaim. ‘

Xucobnam napaMerpnapu (Solver options) HH TaHNAMINA MOHEN-
naw(Type) Ba musumHure ABTH XONATHHH XHcoONam ycynnapn Kypcats-
sagu. Type napaMeTpH y9yH HKKHTA, Oenruaanrad (GHKCAUNUA KHIHHTAH)
{Iixed-step) €xu Y3rapyBuM (Variable-step) KagamnH, BapHaHT/IAp MaB-
xya. Onatna, Variable-step y3nykcus, Fixed-step 3ca DUCKpeT TH3HMIap-
1 MOZAEIIalaa HLIATHIIAIH.

Tuzumrynz AHCH XONATHHH XUCOONANl YCYNIapuHHHT pyiixatu Oup
I1¢ua BApHAHTHY ¥3 HYHTa onagH. BupuH4n BapHaHT (discrefe) AucKper
THIMMIIAPHA Xxcobnam yayH mnathaagu. KonraH ycyanapaas yaanykcHa
TH3UMAApHH XMcobnampa doHaananunaan. Ymby ycyiiap y3myKkcH3
(Variable-step) ea Genrunanrad (Fixed-step) BakT KajaMmapH y4yH Xap
XWI, NeKUH yaap, ¥3 Moxuatu OViinua, quddeperuman TeHrnaManap cu-
CTEMaNIapHHH €9HII npouenypanapu 6ynind xycobnananu.

Ouunyeuy Type pyixaTnapHHHT NACTHJA TApKHOH TaHMAHTaH MOAEN
RAKTUHHET ¥3rapuwm ycynnra GormuK O¥araH coxa koinmawrad. Fixed-
step Tannanrayna 0y coxaga Fixed-step size (Denrunanrad KaJaMHUHT
KATTAINIA) MaTH MaiinoRH xocua G¥nann. YHUHT EpaaMuiaa Monesian
KaftaMit KypcaTiiaaH. bolanFuy Xonaa MOIENNAll KaJaMAHHHAT KaTTa-
JIMTH TH3HM TOMOHMJAH aBTOMATUK Tap3aa (aufo) KYpHAMIDINIA KYHANTAH
Oynamu. KagaMHUHT Kepakau KaTTaluri quto KKHMaTHHHHAT YpHHra CoH
wagauaa Ky XxucobnaHanuran ndoaa maxnuga Kylinnamm (Gynnaii ycyn
TH3HM TOMOHHOAH aBTOMATHK Tap3la (quio) KYHHUNaAWraH XaMMa [1apa-
METpJIap YYYH XaM ¥pHHIH).

Benrunanran (Fixed-step) KamaMHHU TaHNIalna Xycodnatn pexiMu (Mode)
HK XaM OepHit 3apyp. Mode napaMeTpH YIyH y4Ta BapHaHT MaBXyHd:

* MultiTasking (K¥u Macanann) — arap Mozenga OHp HeuTa ocT
TH3UM Napajulen MuuiadIrad 6ynca pa Mojen MINIANIMHHHT Ha-
THXANAPH OCT TH3MMIAPHUHT BAKT OYyHMua mapaMeTpiapura
Gornuk 0¥nca TannaHaay. byHaai pexum Gnokaap 6Mp — Supura
1060paéTral CHTHANNIAPHAHT TE3MHTH Ba JHCKPETAHTH ¥3apo MOC
3MACNHIUHY AHHKJTAIl HMKOHHATHHH Oepand.

o SingleTasking (AroHa Macanangu) — MOAEANALIHUHT SKYHHH Ha-
TH)KACHTA MOAEN TAMIKHI YTYBUHJAPHHHHT eTapnd Gyasarax
Japaxana CHHXPOHNAWl TABCHP ITMalANTraH MOAENNap y4yH MIn-
NaTHUNAnH.
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s Auto (peUMHH aBTOMATHK Tannam) — Simulink pexxHMHH aB-
TOMATHK Tap3la TaHAaiAH. by xonia tapkuGuiaa carHanIapHH
Xap XHJI Te3/IMKAA y3aTaauraH Onoxnap Gyaran mopennap y4yH
MultiTasking peskum Ba TapkHOHAa CHrHaJUIapHH OHp XHJ Te3-
JMHKA3 y3aTaaural Onokiap 6¥aran mopennap yayH SingleTasking
PeXHMH ¥ pHAaTHAAIH.

» Varapysan kamammu (Variable-step) BApHaHT TaHIaHIaHAA KyitH-
Jard y49Ta mapaMeTpHH YPHATHII HMKOHUATHHY OepypuH mMalinoH-
nap xocun Gynanu:

* Max step size — makcuMan xucobaam Kagamu. bolmanruy xoaaa
aBTOMATHK (aqufo) BADHAHTH YPHATHAraH Ba YHHHI KHHMAaTH
StopTime Ba StartTime opacuaaru dapkruer 1/50 ra Tenr 6ynann.
Kymuunuk xonnapaa OyHnzaii kuiimarnap keparujaH karra 6ynrau-
nHru ¢ababnm KysaTunajurad rpaQHEAap CHHHK (CHIIHK 3MAC)
YH3HKJAp KYpHHUIIHEA OYnaau. Bynaad Xonnapiaa MakcHMan
KaAaMHUHT KaTTAJIMTHHH SKKOA Tap3aa GepHin kepak.

* Min step size — XucoOManIHUHI MHHMMAT KaJaMH.

e [nitial step size — Mozennam KajaMHHHHT GOMINAHFHY KHiIMaTH,

Varapysun xagampan QoifataHuG y3IyKCH3 TH3HMIIADHH MOJEN-
nampga xucobnall aHHIVIRTY K¥pcaTaaad. Xucobsal aHHKIHIH HHCOHi
(Relative tolerance) 8xu abcomot (Absolute tolerance) 6YMHIIM MyMKUH,
Bomnanruy xonna yaap Moc xonga 10~3 Ba auto ¥pHathiras 6¥raau.

Solver HNOBaCHHHHT NMACTKH KHCMHAA MOZEINAHAETIAH TH3HM YHEKHINI
CUTHANNApHHH MUKapui NapaMerpnapu (Output options) coznaHaiu.
Ywby napamerp ydyH KyHRAarH y4ra BapHaHTAaH OHpH TaHIaHAJH:

Refine output (xoppexUHATaHraH YHKApHLI) — MOAE/ BAKTHHH Ba To
Workspace 6noxu €pnamuaa MATLAB nmum coxacuma caknaHaérrax
CHTHAJUIAPHH KalA KHIHIY SHCKPETIHIHHH ¥3rapTHUpHIl HMKOHHATHHH
6epaan. JIMCKPETNHK KaTTAAWTHHH ¥PHATHII YHI TOMOHIA XOHNailiraH
Refine factor Taxpupaam catpuga Gaxapunagu. Bouvtanrng xonna Refine
JactorauHr xuiiMaTH OMpra TeHr, SbHH, Kaia kwmm D=1 kagaM Gnnan
MoJeJI BAKTHHHHAT xap Oup KHiiMaTH ydyH Oaxapunann. Arap Refine
Jactor HuHr KuiiMaty 2 6¥nca xap MKKHHYH CHrHan, 3 6yica xap yyHHUH
curHan Kada kununam, Refine factor napamerpd (paxat OyTyH MycOar
KHHMATnapHA Kabyn KHJIHIIH MYMKHH.

Produce additional output (xymiuMya 9uKapHin) — GepHIraH BaKT MO-
MeHT/IapUJa MOJIeN NapaMeTpIIapHHA KYNIHM4a paBuilia Kakl KHIHIIHH
TabMHHJaHIN; yTapHHHT KH{MATH KBaJApaT KaBC HYHTA KOMIAIIraH
p¥HXaT KYpHHHIIHAA TAXPHPIALL cATpHra unKapunaau (0y xonua Output
times (YHKapUO BaKT MOMeHTNapH) Ael atanaau). By papuanTRaH $oii-
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JUiaHWATaHAa TagHY Kaia kanaw kuiiMata D=1 6¥nagu. Output times
pylixaTHoard BaKTHHHI KMHMAaTH Kacp cOH OynvmH xamna Xap KaHjai
BHUMK/IHKKA 3ra GYIUIIH MYMKHH.

Produce specified output only (pakar Gepunras YHKApHUIHH Bop-
MoTnam) — Output times (YMKapHII BaKT MOMEHT/IApH) MaidaoHHAA
KypcaTHIraH MOACTHUHT MapaMeTplapHHU arat OepHATaH BaKT Mo-
MCHTIApHIA YHKAPHUIO PeKUMHHH YPHATAIH.

11.9, JKapadanapad Ky3aTHII Ba KAlJ KHAHH YIYR BHPTYan
npubopaap 6nbanorexacn (Sinks)

TaakuK KUTHHAETIAaH MOAENAArd KapadHlIapHH Ky3aTHII Ba Kaijn
KWW y9yH BHpTYan npuGopnap 6ubnuorexacn (Sinks) 11.9-pacMpa
KCATHPHAraH,

" s |Dr!tl'|lsiomhtoomoddton
- Stop Simdto

Tsrminator

| 8

simout | ToWorkspace

G %y Graph

11.9-pacm. Bapryan npuGopaap 6n6nnotrexach (Sinks)
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Sinks Guéanorexacuaa KyHHIarH BHPTYaN NpaOOpIap MaBRKyxm:

Display — yn4yaHaéTraH KaTTalUKIapHH JUCIUICH IKPAHHIa paKaMill
KYPHHAULA YHKAPHII Y9yH MOCIAaMa. #

Scope — BakT O¥iiHua GOFIAHHLIIAPHM KY3aTHII YYYH OCUHIIIO-!
CKOIL. A

Stop Simulation — xkMpHIIMAATH CHTHAJ HOJTa TEHT Gy‘nmaraﬂﬂﬁ
CHMYJIALMAHH (MOJENNAILHH) TYXTaTaaH.

To file — Simulink mopenuny MatLab TH3kMH 6HTan Gornopuu GIIOK.
Ymfy 610K MoaenIal HaTHKAIApHHH KeiiMHYanuk Kaiita HInam y4yH
MatLab daiinura é30m AMKOHHATHHH Oepasy.

To Workspace — Moaennaml HaTH)XXKajAapHHH KelHHYAIHK KaiiTa
HULTALI YYYH HUI9H COXara YTKasHL HMKOHMATHHA OepaiH.

XY Graph — kyT6au KoopanHaTajgap CHCTEMacHAA Ipad Kyprud.

Stop Simulation 3/1lemMeHTHHHHT HIUTawHra Mucon 11.10-pacMaa ken-
tupuiral. Pacmaa k¥pcatunras Relatuonal Operator MaHTHKHHA 35eMeH-
TH KHpPHIUHTa Gepriiairad CHrHaIapHH TAKKOCHaHAW. Arap OHpHHYH
CHIHA/A UKKHHYHCHAAH KaTTa OYIca YHKHINHAA MaHTHKHIT OHp, ake xonaa
HOJl Xocun Gynagy. Stop Simulation 31eMeHTHHHREr KHPHIIATA Oepunran
CHTHAN HONAaH (apknu G¥nca MOAENNAM TYXTATHIHIUHEH KYpPHIUHMHI
MYMKHH,
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Ei_w___,- E,,.___._...H E__“m R ..__.__....,,4' .
a)
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D SES v =B 272> »Noma

W s.ﬁ:_:ﬂ‘

";:‘:;‘:' Stop 8lmulation
o r—
- . Il |
—s_ |
Constant Saope
oo 1 l o
by

11, 10-pacy. Stop Simulation 21eMeHTHHHET HILIAINATA MHCOIL:
a — 3MeMEHT YNaHMarad, & — yJaHrag

OccHIIOCKON Ba YHHHT pocTiail oifHack 11,11-pacMaa kypcaTunras.
Poctnam ofinacuaary Number of axes MalioRHra KHpHTHIAONTAH COH
OCUHIIIOCKOILAG OMHNAQUIaH >Kpannap CoHMHHU Oearmnaiign. Jxpanina
opAMHaTanap ¥ku OyHH4a Ky3aTHNa&TraH KaTTANHMKHHHI KuiMaTH, a-
cuuccanap Yk 6¥iivua 3ca Monen BaKTHHHAT KHAMATNADH KyHWIaTi.

Scope (ocuMIN0CKON) OMHACHEHHT NapaMeTPIapuHH GOLIKapyIl Y4yH
KyHudarunapra sra 6ynrad acOobnap nanem# Mapxyn:

/(3 Zoom — rpaHK YKIapHHHHT MaclITablapuHH ¥3rapTHpHiL;

F Zoom X-axis — aGcuuccanap yku Gyiinya mMacirabum ¥3rap-

P Zoom Y-axis — opanHatanap Yku O¥itnua macmrabGHe Varap-
THPHINT,

H Autoscale — VKTApHHHT aBTOMATHK MACIUTAGHHM ABTOMATHK
paBulZa ¥pHATHLI

ﬁ Save current axes settings — YKJIapHAHT ¥pHATUITaH MacIITAGHHH
CaKalll;
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g Properties — Scope Onoku flapaMeTpnapuHy Co3/alt OHHACHEH
OYMII; '
m Print — Scope ojiHacH MaBIyMOTNapuHH GOCMAara YHKAPHIL.

P upE parameless

IR LIRS

ﬁermll D“ml Tip: lay right clicking on 4t
o

Nwﬁmla—.rwm
‘I'hmmlw——
Tick labeft, | bottom sis only v ;
Sempling j
{Decimation _=| {1

OK | Cmeell Hd)l M.

YR IO YT TH 3

11 1-paem. OCUBANOCKONHUHT 3KPAHK Ba CO3HAIL OHHACH

AWpHM CO3NIAIIAPHA KOHTEKCT MeHIo Gyitpyiiapn épramunaa Oaxa-
pHIl MYMKHH. KOHTEKCT MEHIO CHYKOHYAHHHr ¥HI Ty'MAacHHK GocHII
fi¥ny OHNaH 9aKHpHIAIM:
* Properties Tyrmacu Gocunranaa Properties scope oifHacu ounnagn.
Yby ofiHa UKKHTa 6YnuMra sra:

¢ General (YmyMmuii xoccanap), rpapHknapHH YHKapHul GOpMATHHI
GomkapHI >1eMeHTIApHHT ¥3 HYHTA Omazu;

+ Data history (MabnyMoTNapEH caKJam), rpadpukiaapaa KypcaTH-
agaaurad MabaymornapHd MATLABHuur umun coxacura €3um
flapaMeTpiAapuHA YpHATHID UMKOHHATHHH Oepann.
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General 0ynuMu KyHAHZArH 31eMeHTHapra ara:

Number of axes MaTH MaiinoHH, Scope OlHACKA XOCHN KWITHHAZHTaH

oct ofiHanap(rpauknap) COHHHH KHPHTHII YOyH MYIDKaJJaHTaH.

Bouinaurny xosna dakar OHTTa OCT OitHa KYpcaTHAadH, XOCHI

KHJIIMHAZUTAH xamMma rpaduinap yuys Y ¥ku xycycmil 6¥nany.

Jlexur X KOOpAHHATANIAPHH WAKIUIAHTHPHIIAA XaMMa Tpadukmap

ya9yH OHp xun OYnran Mopmes BakTH onHHagH. UKKHTa TpadHKKa

sra 6¥nras Scope oiiHacu 11.12-pacmnaa kVpcaTirasx;

Time range MaTH oHHACH, YHA2 BaKT YK G¥itnya(X yku) auanazon-

HHHT YerapaBHi KudMaTnapu kypcarinanu. Yinby kuiiMaTiap Mo-

JieN BaKTAHHHT CHpIHKIapuaa SKKoI €K1 auto KanuT cy3 épaaMuaa

(Oynpa X yxn 6¥iinua BaKTHHHI YerapaBHii KHiMaTH MojenIamt

CEAaHCH YUYH OJHHTaH MOJS] BAKTHHYUHT CYHITH KMHMATHI3 MOC

Kenaoy) KYPCAaTHIHINY MYMKHH;

Tike labels ounnyean pyHxath, Scope ofinacuaa GHp HedTa rpaguk

XOCHT KHIMHIaHAa HILTATHIAIA: '

» bottom axes only — X ¥ku 6¥iiHya BakTHHUHT KufiMaTiiapH akaT
9HI MACTKH rpaduk ydyH KypcaTunany,

» all — X ¥ku O¥iinua pakTHUHT KUHMATIapH XaMMa rpaduknap
YUyH K¥pcaTHnaay;

* none — X BaY ¥xirapu OViinua xuAMaTaap k¥pcaTanMaiiu.

Sampling ounryBYH pyiixarH, rpadHKIAPHA IH3HM FABPHHTHTHHE

OOmIKApHIN BapHAHTNAPHHH TAHJALI YIYH XU3MaT KHIAIH:

¢ Decimation — «kKHpKAOI» KoxppHOHeHTH, MacalaH, Deci-
mation=3 G¥nca rpadpuk Kypuil YYYH MOAENNAIIBHHT Xap
YYHBYH KaJaMHJara KuiMatiapiad goinanaHuaagmy;

» Sample time — rpaduk KypHIIA2 HUDIATHAAHTAH KHIMATI2DHUHT
JABPHIIHATY MOSENNANl CeaHCH YYYH YPHATHIrAH MOEILIAI
BaKTH KAJZAMHHHMHI KATTANHIG OpKajld aHHKJIAHAOH.

Floating scope Gafipokdacu Scope GIOKH Y4yH «CY3YBYH» XOCCaCHHHU

YpHATHII UMKOHBHATHHY Oepany; OyHaail 6ok OupopTa Xam KHpHD: Nop-
THTa 3ra H¥aMaian, nexuH y Gnox-aHarpaMMang TAHMAHTaH GOFNIaHHII
NYHWACHIAH Y3aTUNAETraH CHTHAIHH K¥pcaTanm,

Ocuunnockon €poaMHza MOLEINAPHHHT afipHM HYKTANApHAArH CHI-
HAJLTApHHK Ky3aTHII Mymk4H (11.12-pacm).
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$1.12-pacy. Mogen1apRHED alipHM HYXTANADHAAMH CHIHANIAPHH KY3aTHI

SKpaHNapHUHT YCTHIa €3YBJAPHH KHPHTHLI YYYH CHUKOHYAHHHT
¥Hr tyrmacu Gocunaau Ba Xocunl Gynagurad KOHTEKCT MEHIONAH AXiS
properties 6ynumu Tannananu. Hatwkama 11.13-pacmaa kypcarnnarad
ofiHa ounnany, YHuHAT Title mMalinoHHra kepakiu &3y KHPHTHIANH.
bynaan Tawmkapn yuiby ofinaga abcuucca YKWHHHT MAKCHMAl Ba MUHHMA
KHIMaTNapHHM KHPUTHLI MYMKHH.

']

2 ‘Scopet’ properties: bupmH...

N-min: | -3 Y-max; l 2

Title [%<SignalLabeb ' replacad by signal name}:

I BHpuiHA curtan

ok | Cawel | Appy |

11.13-pacy, AGcurcca YKHHHAT MaKcHMal Ba MEHHMAT KHIMaTAapHH XaMaa
SKPAHTAPHHHI YCTHra €3YBHH KHPHTHI

Display 6noxn MozZenna Masxya 6¥nraH COHIIH KaTTANHKJIAPHH JKPaHra
YHKApHII YUyH XH3MAT KWiaau. biok TyprTa co3naHyBYH mapamerpra ra.
Format — yukapum QopMatnau Oenrmraiaun. GopMaT OYHIYBYH
p¥iixat épIaMua TAHTAHAIH!
¢ Decimation — Display ofiHacura YaKapHIyBYH KHHMATTAPHHHI
DaBpHILIHrHHM Oenrunanam;
* Floating display — 6rmox—nuarpammana Display Gnokunan doiina-
JIAHMIU YCyTHHH TaHIAL UMKOHHATHHY Gepazy; arap Gy Galipokya
Ypuatunran 6¥nca Display 610k «cy3yBun» 6¥naau, AsHH, KHPHIT
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noptura sra 8¥amaiian. Display ofiHacuia x¥pcaTnaaurad CHrHan
y3aTUIAANTIaH GOFNaHHIL THHAACUHHHT YCTHAA CHYKOHIAHHHT 4all
TyrMacu OocHIanu;

+ Sample Time — Display ofiHacHra 9uKapHiagHraH KHHMaTIapHHEHD
JUCKPETNNKIINTUHY Depann.

Display Gnokugan XxaM ckanip XaM BeKTOpP KHIMATAapHM YUKapHIU
yuyH ¢Qoiifananum MyMKHH, Arap HaMogH G¥nmaéTraH KaTTauuk BEKTOp
Gynca GnokHUHT (POPMATH ABTOMATHK PaBHLAA ¥3rapanaH. brokHuHr dop-
MATH Y3FAPTAHJIHIYHH YHHHT MACTKH YHr Gypuaruga Xocun 6¥nagurad
KHUYKHHA Kopa yYOypyakaaH OniM0 onull MyMKHH.

11.10. Houunsukau aoxaap Subanorexacu Nonlinear
(Discontinuities)

Hounsnuxnu Gnoxnap 6ubnuorekacy 11.14-pacmaa kypcatunrad. Yumby
onbnnoreka Kylinnaru Gnoknapra sra:

lm Simulink Lihrary Browser

D& e |
Relay: Guiput the speciied 'on' o1 i vaiue by comparng the inpd 1o the speciied
thieshalds. The on/off state of the reley is not affected by input betweenthe wpper and -
e A Backiasn
= .
= Coutomb & Viseous Friction
- 7 Ll peadzone
Sl L b crossing
Quantizer
Rate Limiter
)
@ - il Communications Blocksat ) S aturation
.. W Control System Toohox ’g?ﬁ
e o3

N

11 14-pacsm. Houuzurnu bnornap 6ubauomexacu Nonlinear
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Backlash — Mexamik penykropiapaa mogTHH aMalnra OLHpyBYH GoK.
Coulomb & Viscous Friction — MexaHVK TH3UMIApAA HIUKANAHAMIHH

amManra OmHpyEIH OJ10K.

Dead Zone — cesnnMaauran 30HaHH aMajira OIIHPYBYH GMNOK.

Quantizer — KHPHII CUTHANHHH caTX O¥HHYA KBAMTNAUIHM Tab-
MHEIOBYM Onok, [loroHanapHHHr KaTTaMHTH CO3Nam MaligoHHIA K¥pca-
THIIAJH.

Rate Limiter — kupHII CHTHAIH XOCHTACHHHHT HIIOPACHTa GOFIHK
XOlNa Xap XuN ¥TKasHII Ko3DPHUUEHTNApHH TapMUHNaian. Ymoy
KO3 OHIHCHTAAPHUHT KHITMaTHapy ONOKHHHT co3nam MaAAaoHHAA
VpHATHIATH.

Relay - ce3Maiiauran 3oHara sra 6yarad pene. MycGar pa MaH¢Hit
YHKHII CHTHAJUIAPHHHHT KHIMaTIIapH CO3/1a1l MAaHaoHHAa YpHaTuIagy.

Saturation -— YeKIaHHIIIH KyJyaATHPrad. KHpuill CHrHAMHHMHT Xap
XHN KHAMATIapHIArd YHKHIO CUTHANTHHUAT KHAMATH CO3Nall MaiqoHHIa
YpHaTHIaaH.

Kupuuurapara CHHyconan cCHraas Gepiiral HOYR3HKIH GNOKIaPHAHT
YHKHIINapuzarn ceruamrap 11.15-pacMaa kypcariiran.

a4

LARARGIO

He Edt ¥aw Semieton Fomet Tock Hlp

DIEES A DB b = o

Bd——I#

Sine Waw Hackissh

11.15-pacs, KHpHLULIApHIra CHHYCOHRAN CHIHAN GepHIraH HOUH3IHKAH GICKTApHHHT
YHKHILIAPHAATE CHTHANIAP
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11.11. Curranuap manGanapununr 6ubanotexacn (Sources)

Sources Gubnuorexacuna mMonemwnamaa sapyp 6ynaguran Oapya cur-
HannapHuHr MauOanapi Mapxyx (11.16-pacMm}. Yioap épaaMuia onHHHIIN
MYMKHE OYirad curaaiapHiar adpuMaapa 11.17-pacMaa k¥peatairas.

¢ andithed * '

e Edt Yew Gmuaion Fgrmat Tools Help

w @@ 1 b lfzm}fﬁmmF

Band-Limited  Chip Signal “%  congant Digital Clod From
White Hoirs Wolspace

foenst 2 > M} 4 W
i Around nt _J

From File e Ramp :md::n
—-n T Guneratyr umbar

o b
V& I : Signal 1p N 3

Rupeating Signal .
Saquenca OGunaiator Signal Builder  Dine Wawe Step  Uniform Random

Humber

11.17-pacm. Sources 6ubmoTekac GnoKIapy #pAaMHiaa OIMHAINTAH
CHTHAIMAPHHHT K¥PHHHIUIAPM
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Bynnan tamkapu daitnaad From File Onokn opkan uxtuépuii cur-
HaNHH XaM OepHII MyMKHH. .

Xap Gup rpaduk 610K ¥3HHUHT poctiait oifHacH OMnan OOFJAHTaH.
Macanan, aappuii cHrHamnap reseparopususr (Signal Generator, 11.184
pacM) pocTIall OHACHIA ZABPUIl CHIHAJHMHI IAKNHHKH (Wawe form)
TaHNAILl, aMIJIHTY/Ia Ba 4aCTOTACHMHH YPHATHIH MYMKHH.

glock Parameters; Signal hieperator

— s‘g’!l Gmm . e i 2 e T B 5 S T 1= At - 1o
Dulput various wave foms.

- Paramrg,.....,..\.,d..._.._...___.___.,.,.__. e e e e e P e ey
! Wave form I*‘e

Units: IHetlz ~]
¥ Inierpret vector parameters as 1-0

[ ok ]| cacd | Heo | ooy |

11.18-pacm. Signal Generator GNOKMHHET pOCTIALl OHHACK

11.12. Subsystem — 0¢T TH3IHMJRD

Ocr Ta3uM Simulink-mMoemHunr 6Hp KHCMHAHD. Y aloxHAa 670K
KYpuHHILNAA Taliépnanagun. Momen Ty3umaa ot Tusumiapnad doiina-
JAHHIO KyHHAard ad3alnukiapra ara:

1. Bup BakTHHHI ¥3WAAa 3KpaHia aKC STTHPHAAAHIaH Onoxrnap co-
HHHH KaMaHTHPaaH, AEHE MOAEIHH TACABBYP KHIMIIHH OCOHMANI-
THpPAZH.

2. Mopgen KMCMIIApHHH aJI0XHAa Taképiialll Ba CO3NAIl HMKOHHATHHU
Gepann. Taii€épnanran OCT TH3HMAAR OMKA MOJCIIAPHH TY3HILIA
(ol faaHHII MYMKHH.

Xycycnil bubanoTexanapan ApaTHI HMKOHHATHHH Oepaii.
4. [Mapannen HINAETraH OCT TH3UMIIAPHH ¥33p0 CHHXPOHJALL HMKO-

HHATHHA Gepai,

G
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5. Moaenra xycycHit MaBIYMOTHOMA BOCHTAJIADHHU KUPHTHUI UM-
KOHUATHHH Gepamy.

6. OcT TH3UM OYMNAETTaH BaKTAa m-¢aiin HINra TYyIIAAHraH KATHO
OCT TH3UMHHY M-daiin Gunan Gornam MyMKUH.

Monenaaru oCT TH3UMIIAp COHH 9YeKNaHMaraH, ByHaaH Tamkap#a oct
TWIHMHHHT M#Al'a KYPHTHIHLIIE MYMKHH OYIITaH OCT TH3HMJIap COHK XaM
CKIAHMATaH.

OcT TH3UMHUHT MoJen 6unad (€ku HepapxHa O¥ifndua HWKOPHPOK
(tOroHagary ocT TH3uM OwiaH) Gornam y4yH KHpuil (Sources 6ubnno-
Tekacuaary Inport 6noku) pa wnknm (Sinks Subnuorekacuaary Outport
6aoxu) noprnapunar doigananunagi. OCT TH3HMra KHPHIL BA YHKHII
NOpTAAPH KYIMWIraHA2 OCT TH3HMHHHT TACBHPHIA MOPTIAPHHHT Gerd-
napn naiino 6¥nagn (In Ba Out) Ba ynapau ¢ofinananyeud yuyH Kynai
Oyuran Genrunapra anMalITHPHLI MyMKHH.

Oct TH3nM BupTyan (Subsystem) Ba MOHOMUT (Atomic Subsystem)
Gyunin myMxud. Yaap opacuaaru ¢apk GmoxnapHu xpcobnam TapTu-
funapup. Arap ocT TH3KM BHPTyas G¥nca aBBan ONOKNAPHUHT YHKHIL
CHIHAUIApH XHcoOnaHann, keiinH acocuil MogenHuHr 6noknapu Ha-
WAPHIAIH, YHIaH KEHHH 3Ca gHa OCT TH3HM TapkHOHra KHpyedu Ofo-
knap xucobnanand. MoHonuT oct TH3uM axauT (6¥nuaMaiinuran) aeb
xucodnanaay. Simulink apBan ocT TH3UM TapkHOHTAa KHPYBMH XaMMa
GnoxnapHu XucoGnal uMKagH Ba KeiiMHrHHa acocHi Moaen 6I0KIapuHI
xyucofnamra ¥ragid. MOHONKT OCT TH3WM TaCBHPHHHHT PAMKACH BUPTYaJ
OCT THR3UMHUKWra HucOaTal KaTHHPOK, Gynaau.

Oct TH3uMIAp OomKapHnanuraH €ku GomkapuaMaiianran Gynumn
MYMKHH. BomKapruiaguran ocT TH3HMIAap JOHMO MOHOJNUT O¥mamu.
howxkapunagurad OCT THIMMIapia KymHM4Ya (OOWKapyBYH) KHPHIN
0ynud, yHTa OCT TH3IHMHH AKTHBJIAWNTHPYBYM cHrHamnap Oepunanu.
bOIIKapYBYH KUPHIIIAP OCT TH3MMHHHT IOKOPHCHAA EKU NacaTHaa Xoil-
sawrad 6¥nagu. Pakar Oomkapunagurad OCT TH3MM aKTHBIAINTAHIA
xucofmamnap Gaxapwirann.

Mogenga oct THIMMHHM KyHBAAaru HKKH Y1 OHIaH XOCHN KHIHUI
MYMKHH: -

1. Subsystem 6u6nHOTEKACHIAH KEPAKIH OCT TU3MM TaHJIaHAZH Ba y
MOZEAra XKOMNAMTHPUIALN,

2. MoJlenHHHT OCT TH3HMIa KMPHIIN Kepak GYnraH KMCMH CHYKOHYa
époaMuia axpartiiagd Ba moden oiiHacHauHT Edit Merrocunara
Create Subsystem komanmacy Gaxapuiagd. MoaenHHHT aXpa-
THAraH KHCMH OCT TH3AMIa OHIAIIANK BA OCT TH3UMHUHT KHPHIL
BAa YHKMIIAAPH MOC TIOPTHap OunaH TapMUHIAHAOH. Yy ycyn
OoLKapHAMaiAUraH BEPTYAI OCT THIUMHH APATHII UIMKOHHHHU Oe-
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panu. Keifnayanuk, arap kepak 6¥i1ca, 0CT THIMMHHHE TapaMeTpiia-
pHEN ¥3rapTHpHO MOHONKT OCT TH3UMIa EKH GubnHoTekanary 3apyp
OCT TH3HMAAH GOIIKAPHIN YNEMEHTIAPHHY KYIIHO GolIkapuia Hran

OCT TH3AMIa afiMaHTHPUIN MYMKHH.
Hrxrinau yoyn GHaaH OCT TH3RMHH XOCHN Kuiwinra mucorx 11.12.1-
pacmaa kenrupunrad. Hatioka sca 11.12.2-pacMaa k¥pcarsnran, Muconza
OomKapHIyBuH QYHKLHOHAT I'¢HEPaTOPHHHT MOAENUIaH dofnanannnmm,

Kl gEl—-——-r
Constant
Slgn
Produst Trarstar Fon
> X — HinQuC1 T4 S707083) "'
St4p  Rate Limiter 02% Fon
Reley | Sonpe
T
11.12.I-paca. Oct TH3HMHEM XOCKI KHITHII
Dutt >
in
Constant
e e
Uk % oal s
Step  Rate Limtter]

Subsystem

S

Soope

2l tem

liam

Produck Teansfur Fon Outz

D 4 —_ sin(u1T'1.6707063) “' «»

n2 0.2 Outs
Fen

:F“—

Relay

11.12.2-pacu. Ocm musumoarn doiioaranyssy mooen
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11.12.]1. BapTyan Ba MOHOJHT OCT TH3HMJIAD
(Subsystem Ba Atomic Subsystem)

Oct THMM napaMeTpiapHHUHAT ofiHacura Edit menwocnnarn Block
Parameters KOMaHAACH OPKANY KHPHIATH

flapavemprapu:

|. Show port labels — nopTIapHHHr METKATIAPHHH KYPCATHIL,

2. Treat as atomic unit (6aiipok4a) — OCT TH3IHMHH MOHOJHT Aed
xucobnaw. llyngali kuau6, ymdy napaMerp €paaMuna BHPTYal
ONOKHY MOHONINTTA €KH, aKCHHYA ¥3rapTHPHII MYMKHH,

3. ReadWrite permissions -— OcT TH3MMIa y3rapTHpHIILIAP KMPHTHIL
MyMKUHIUrH. KyHunarn pyixariad onuHagu:

* ReadWrite — dolinamanypdan ocT TU3HMEH OYKIUH Ba ¥3rap-
THPHIIH MYMKHH.

* ReadOnly — ®oiinananyBuu OCT TH3HMHH (paKaT KYpHUI YIYH
OYHINIH MYMKHMH.

* NoReadOrWrite — ®ojigajianysuu OCT THIMMHH OMHIIH Ba
¥Y3rapTHPHIIH MYMKHH 3Mac.

4. Name of error callback function — Oct TH3HMIA coanp G naguraH
XaTONUKIAPHY KafiTa umnam y4yH doiipananunaguran GyHKUHA-
HHHT HOMH. BuGnuHotekana Masxya 6¥nran Subsystem (Exkn Atomic
Subsystem) 6;10kH XHpHIL Ba YKKHIL NOPTIapH Ba yaapHH OOFIOBYH
IMHHANApra 3ra H¥naau.

11,12.2. Crraanunur carxy 6yiingea GoIKapRIyYBYH 0CT THIAM
Enabled Subsystem

Enabled Subsystem oct tuszuM (E-ocT TH3HM) GOINKapyBYH KAPHIIH-
Aa MycOaT curHan 6¥nraNia akTHRIAINAAN. ATap KAPHII CHTHATH BEKTOD
G¥nca yHHHT KaMppa OHTTA »neMeHTH MycOaT KuliMarra sra Gynranna
E-0CT TH3MM AKTHBIAIIALH.

E-ocT TH3HMHHET Xoccanapu Ports & Subsystems 6ubamorexacuna
maxyn 6¥nran Enable GnokMHHHT mapaMeTplapH OpKalH aHHKIAHAMH,
YHWHT napaMerplapi Kyiuga caHa® yrumras.

Hapamemprapu:

1. States when enabling — Hmra Tymmpuaaétranaaru xonati. Kyiiu-

Jaru pyHxaTnaH TaHAaHAIH:

¢ held — Appanru xonarsaH dogananum (TH3HM akTaB O¥nran
MI CYHITH XONAT). _

* reset — Bowunanruy xonargan dolizananun.
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2. Show output port (Galipokya) — YuKHLI OPTHHH KYpPCATHIN. Arap
Gafipokua YpHaTHNran 6yaca Enable 6IOKHHMHT MHUKTOrpaMMacHId
KYLIHMYA YHKHID TIOpTH Naiao 6¥1ai1d. YHAAH OCT TH3HM HYKJATH
6noknapun Somkapum y4yH ¢oifanaHHI MyMKHH. _

OcCT TH3UMIIH MOJCN Ba OCT TH3MMHHHT CXEMacH 11.12.3-pacmg£

kypcatanrad. Muconga Enable Grokununr States when enabling na-
pameTpH held kuiimMarra sra. BupuHuM yukHi nopTHHUHT OQutput when
disabled napameTpura reset xuiiMaTH Ba MKKMHUHCHHHKHra 3ca held
kniimaTy Gepwirad. Bakr auarpammanapuiad KYpuHHO TypraHHAEK
_OCT TH3MMHHHT HIIM TYXTaranaa GWPHHYY YHKMII MOPTHAAIH CHTHAN
Oomnanriuy KuiiMaTra (I5HY HONTA), HKKHHYH YHKHMIN MOPTHAArd CHr-
Hall 3¢a OCT TH3HM aKTHB 0¥1raH MOMEHTIATH XUCOOIAHTaH 3HT CYHITH
KHAMATra TeHr Oynagn.

Pulzss
Gunurator

J‘Lﬂ. .

0.26s
Transfar Fent

11.12.3-pacm. E-ocT TH3NMIaH dofNananyBul MOAER

Oct TH3HMHHHT Enable Gaokian 6oMiKkagapoK co3djamra MHACOIL
11.12.4-pacMna keatupunrad. Yuby xonna Enable 6aoknauHr States
when enabling napamerpura reset xuiimati Oepunran. Bakr auarpam-
MaNapHAaH KYpHHHO TYpraHMAeK OCT TH3UMMHHHT HIUH TYXTATHITaHAA Y
GouuTaHFHY X0JIaTraya KaiTauu.
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11.12.4-pacm. E-ocT TH3BMIaH ¢oiianaHnybun Monen

11L.12.3. Curnan ¢porTi Ounan GomKapuIyeun 0CT THIHM
Triggered Subsystem

Triggered Subsystem ocT Th3uMH (T-ocT TH3NM) GOWIKAPYBYK CHI-
HAHUHT QpoHTHAA (caTXM ¥3raprauja) niura Tyianu Ba gakar yHra Moc
KeMyBYH MOZeNIall KagaMuaa xucodauniap daxapunanu. Arap KHpuil
CHIHAIIA BeKTOp O¥Iica YHHHT 3NEMEHTIApHIAH KaMH1a OWTTaCHHHHT CaTXH
y3rapraHia OCT TH3HM aKTHBNAmaa. T-0CT TH3HM GOUIIAHFHY XOMaTra
kaliTMaiaM (ABHM CYHITH KMHMATHHHM KelMHrH MapTa HIura TyLryH4Ya
ca/aiiin), WYHUHT YYYH YAKHIN MOPTIApUHEHT States when enabling
napaMetpu held xuiiMaThra sra sa yHH ¥sraptvpub 6ynmaiay.

T-0CT TH3MMJa MOZEN BAaKTH aBBairu OJOKZaH Mepoc OYymamurae
(Macanal, Gain €xu Logical Operator) Gnoxnap éxe sample time na-
paMeTpHHUHT KuiiMaTh —1 (MuHyc OHMp) G¥nran abcxper Gnoknap uniia-
THJIAWHY MYMKHH.

T-ocT TH3UMHUHT xoccanapH Trigger O10KMHUHI napaMmeTpaapH
6unan apuxaanagu. Trigger 610KH OCT THIHMHHHT HMCTalraH xKoHuna
6YnumH MyMKHH. Y HHHT NapaMeTpiaapi Kyiuaa KenTHPHITaH.
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Hapavemprapu:
1. Trigger type — Tpurrepuuar Typu. Kylingarn pyixaraan ofu;

Hamu: :

* rising — Oct TH3UM MycOaT GpoHT OHnaH akTHUBIAWITHPH-
JNagu.

« falling — OcT Tv3uM Mandui GpoHT OUNaH AKTUBNAIITHDH-
nagu.

+ either — OcT TH3UM MycOaT QpoHT HunaH XaM MaHbHi GpoHT
GHNaH XaM aKTHBJALITHPHIAIH.
+ function-call — OcT TH3HMHHHT AKTHBAAWTHPHIHIIE GepHiara
S-pyHKUUAHHAT HIUNAI MaHTHKY OMIIaH aHHIUTAHaTH.
2. Show output port (6afipokda) — Hukun nopTvuHy KypcaTyil.
T-ocT TH3HMIa 5ra 6¥nran Mogenra mucon 11.12.5-pacvaa k¥pcarun-
rad. T-0CT TH3HMHHET ¥3H y3aTHIW Ko>dPHumeHTH 1 6¥aran GurTa Kywai-
THpruYra 3ra. Bakr aJHarpaMManapHial KYpHHHG TypraHuzek, ocT TH3HM
DOWKAPHIL CATHANMHUHT MycOaT ¢porTHAa Mmnalizd. Oct THINMHUHT
YUKHILI CUMHANMA GOIIKAPHIN CHIHAIMHMHT KeHHHIH MycOaT ¢poHTHrada
Y3rapHIICH3 KONa/H.

Pulse
Generator

J'U'L.

Sina Wave

Soope

11.12.5-pacx. T-ocT THRAMAAH doiifananyaun Moaen

200



11.12.4, CHrEATHHHr ¢ATXH BA PPOHTH GHAAH GOWKAPHAYREYH 0CT THIHM
Enabled and Triggered Subsystem

Enabled and Triggered Subsystem oct tH3umMH (ET-ocT TH3HMH)
B-xupunna myc6ar curnan 6¥nrad T-KHPUIIKTA KeATaH CHrHATHUAHTD
dpontraa mura tymand. Triggered Subsystem cunrapm yméy oct
TwinM Xam T-Kupuuinra kenagurad GolIKapyBYH CHTHAMHHHT (HPOH-
ruha (caTXu ¥3rapraHza) uwira Tymangd Ba $akaT yHra Moc KelyBdH
Mojiernam KajaMmuza xucobnaninap Gaxapunagu. Enable Gaoknauar
States when enabling napamerpu ET-ocT TH3MMHHHT MILTAIKTA TABCHD
KypcaTMaiau.

HMkxana GomiKapyByH CHTHAJ XaM BEKTOp OYIHIIH MyMKHH.

ET-ocr TH3umMra mucon 11.12.6-pacmaa keaTHpHAraH.

Pulsa
Genarator1

UL —

Pulse
Ganarxtor

nn >

Eine Wave

Enable Trgger

Gain

11.12.6-pacm. ET-oct Tu3nMra sra 6¥nran Monen

1L12.5. S-pyuxunn Sunan SomKapanaiuran oCT THIHM
Function-cal) subsystem

Function-call subsystem (FC-oct Tu3uM) C Twmza 3uiras S-Pynx-
mHA Ounad GupranvMkiaa MUNATHI YIYH MYymkaniarras T-oCT TH3MM
6ymb xucobnanamu. Maxcyc pocuranapaH Kyinab, S-pyuxuus Oaxa-
pHNaéTrad BaKT/a OCT THIUMKHHT (aXapH/THUIMHH TABMUHNALT MYMKHH.

201



FC-ocr TH3uM Houtaérrad BakTAa S-GyHKOus tyxTadiny, FC-0cT TH3H;
Oaxkapub OYnuHTaHaaH KeiuH S-OYHKUNAHUET HITAILH KaiTanaH 6o
JAaHagy.

FC-oct TH3uM Guinan GHpramrHkiaa Hiumam yuyH Function-Cy
Generator Ba xonucapuii MoAe/Iall nakeTy Stateflow HHHT BOCHTANg,
pHASH XaM GoHAanaHH MYMKHH.

11.12.6. IllapTan onepaTop Gaokn If

Basugpacu:

If Action Subsystem ocT TH3MM y4yH GOIIKAPYBYH CHTHALIAPHH :
WAKNIIaHTHPATH.

baok C tnmpary if-else onepaTopHHunr ananorn 6ynué xucob-
JIaHaIH.

Hagnavenmnrapu,

1. Number of inputs — Kupuunap cory,

2. If expression — IlapTiu Bdona. Mapran npona Kyiimnaru Genry-

TMapHR ¥3 HYMra ONHIIK MYMKHH: <. <= == ~= > >= &, |, [ ]
BAa YHAp MUHYC. Arap €3MnraH WApTim udoga xakukat Gynca, If
OAOKHHHHT YHKMI 110pTHAAa GOMIKApYByH CHMTHAN MAKITaHA/H,

3. Elseif expressions — Arap If expression ndpona &nron 6yica
Gaxapnnaan. ¥V 6urra éxku GHp-Gupunan eeprynnap GunaH axpa-
THJIFaH ANFTEPHATHB 1APTAH UoAarapHUET pyiixatniaaH nbopar
0¥ nuwa mymkns. Elseif expressions pyiixaruna ésunran xap 6up
waptid uponara Moc unkui Elseif-noprnapu 6ysame. Yiapuuar
Oupraa, moc wapTian Hpoaa Xakukar Gynranga GoumxapyBuu
CHTHAN IIAKIANaHagH, ANTEPHATHB maptnd Hponarap Hapdar
Ounar xpcoGnaHamu. Arap yJ1apdaH Gupa XakKMKaT 6¥1ca yHaan
KeHHHIuiapH xucobnanMaiian (TeKmvput kypunMaiian).

4. Show else condition (6aiipoxua) — Else-noprun k¥pcaruni. Arap
WAapTIH Hpoma Ba XaMMa anbTEPHATHR WApPTHH Hdomanap &FoH
6¥aca Else-nopraa OOmMKApyBYH CHTHA [WAKINAHALH.

Iapamerpraphaa €3unran WapTiH HPoRanap GNOKHUAT MHKTOIPAM-
Macuia naino 6ynagn. Kymunran xap 6up ansreprarus waptin udona
Elseif uukuul nopruHuHr nafifgo GyaMIIMra onué xenami.

Arap KMpHII CHTHAUTapH cKalAp 6¥nca ul, u2 ,u3 pa X.K. KYpHHHILKAATH
€aymnap, sextop 6¥nca ul(l), ul(2), u2(l), u2(2) pa x.k. KYpPUHAIIHAATH
Hdoganap vmnaTHIagH. -

If 6nokurunr If Action Subsystem ocT Tysumu Gunan GupragHkza
HOUATHI¥IIAra Mucon 11.12.7-pacmaa kypcarunran. Muconza SupHuum
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OCT TU3HM KHPUIN CUTHATHHH YHKHwra If OMoKHHMBET KMpUII CHrHaM#
0,5 nan xatra 6¥aranna, MKKHHYM OCT TH3MM 3ca 0 gaH karra G¥nranaa,
Y'UHHYH OCT TH3UM -0,5 naH karTa 6YIravaa Ba TYPTHHYK ocT TH3HM -0,5
Jun kuduK 6¥aradna YTkazaam.

If 610KMHHHT HIINMAWATE MOC KenyBuH C KOZ IOKOpHAarH MHCOMIA
Ky#naard KYpHHHIUTA 9Ta;

if (ul > 0.5)

{
If Action Subsystem 1;

!

elseif (ul > 0)

{
If Action Subsystem 2;

}

elseif (ul > -0.5)

{
If Action Subsystem 3;

}

clse

{
If Action Subsystem 4;

}

l"untitled g .
b Nay SeeEden Semst Teok Mol . }].Egrﬁpp}“m|' -
DS XMBID s e WS RE N '

ISR 258

¢
Ry

11.12.7-paca. If 6noxnnnsr If Action Subsystem ocT THanMH Gunad Gupranmkaa
HIWTATITHILH
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11.12.7. ¥nad-yarua 6a0xn Switch Case

Baszugacu:

Case Action Subsystem ocT TH3HM y4YH $OIIKapyBYH CHTHANNApHH
wakuiadtipaad. brok C gactypnam thavzarn Switch onepatopunsHr
AHAJIOTHIHD.

Hapamempnapu: ‘

1. Case conditions — KupHiu cHrHaniapuuunr pyitxard {(6yTyH COH-

nap). Pylixaraarn xap 6up KHHMaTTa alnoxuaa YHKHIL NopTH (Case-
nopT) Moc kenaaH. Switch Case 610KMMuHr KUpHIIKTa OepuiaraH
CHTHaN pyHxataaru kuiimMatnapaaH OHpura TeHr 6y¥aca yHra moc
YHKHIIIE OOIIKAPYBYH CHIHAN LIAK/WIAHAAH, Arap KAPHII CHTHANH
OyTyH GYViMaca YHHHI Kacp KHCMH Tamma® wlopHnagu. ApHM
nopTiapaa OHp Heda KHPHIN CHTHaAJapH yuyH OOIKAPYBYH CHI-
HaJIMapHH IIAKNIaHTUpHI 3apyp 6¥nca Case conditions udpomana
KBajpar Kaecnapiaad ¢oizananum MyMkuH, Macanan, {1,[7,9]}
Hpoaa HKKHT2 THKHI Case-nopTIapHH udoaanaiau. YIapEHHD
OHpAHYHCHIA KHpHII curHayH | GYiaraina, MKKHHYHCHAA 3¢a 7 EKH
9 6ynranaa GoluKapyeuH CHrHai WakmaHagn. Case conditions
ndoaana xuiMaTaap AHANA30HHHE XaM KypCcaTHII MYMKHH,
Macanan, {1:5} upona yHra Moc kenyeyd auum Case-nopruaa
KHpHW cHrHamu 1, 2, 3, 4 éku § 6§nranga GowkapyB4y CHraan
XOCKHI G¥auImHHH OUIanpany.

2. Show default case (Gaiipokua) — default case-nmopTHH K¥pcaTam,
Arap OnoxHHHT kupHIm curHanu Case conditions pyiixatHaa ca-
Hal ¥THiaran xafimaTnapHHHr GHpopTacura xam TYFpH KeaMaca
default case-nopTHHEr YHKHMKAA GOWKAPYBYH CHIHAM IIAK/LIA-
HaJH.

Switch Case Snoxuruar Switch Case Action Subsystem ocT Tisnm-
napH Guian Gupranyxna Mmramura Mucon 11.12.8-pacmaa. Muconaa
KHPHLI CHI'HANHHA GupuEYN ocT TH3HM Switch Case 6AOKUHUHT KHPHI
CHTRAAM | ra TeRr G6Yaranaa, MKKHHYH OCT TH3HM -1 ra (MuHYyC OHpra)
TeHr §¥nranaa Ba YYHHIHM OCT TH3HMM 3ca -1 &ku +1 ra Tewr 6¥nMaranga
¥3HnaH YrTwasanu.

Keatupunran Muconna Switch Case G10KkMHHHT HILTAI anrOPUTMH
Kyhuaaru C-xoara Moc Kenaau:

switch (ul) {
case 1:
Switch Case Action Subsystem 1;
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break;

case -1:

Switch Case Action Subsystem 2;
break;

defaulit:

Switch Case Action Subsystem 3;

}

Switch Caxa Adtle
Subsystem2

oazse:{}

#Action Ford

D)

in4 Outt

Switch Case Acdion Display2
Subsystem3

11,12,8-pacm. Switch Case 6n0xkrHNHT Switch Case Action Subsystem oct TH3HMIApH
Sunan SApranvkaa HUITALIHTE MHCON

12. SIMULINK BUB.THOTEKAJJTAPAHHUHT BJOCKJIAPH

12.1. Sources — cHraannap Manbanapy
12.1.1. ¥3rapmac chruan manGacu Constant

Bazugpacu:
Catxyr ¥3rapMac CUTHaN XOCHT KHITAOH.
lapamemprapu:
1. Constant value — V3rapmac karranux.
2. Interpret vector parameters as 1-D —Bextop napamerpnapury 6up
{19aMITH BEKTOp MapaMeTplapH CHHrapy TAIKHH Kunaaw {(6aiipokya
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YpuaTuaranaa). Ymoby napamerp Simulink 6néinorexkacHBRHET
ky1uiad 6noxknapuaa yupaiioa.
KOHCTAHTaHHHT KHHMATH XaKHKHIA €KH KOMITIEKC COM, XHcoOIaranMTaH
Hdoaa, BeKkTop KN MATpHIla OFIHIIN MYMKHH.
V3rapMac curnan MauGacn Constant GIOKH Ba YHHHI YHKHINHAATH
CHTHANNIApHH pakaMiy HHaukarop Display épnamuna ¥nuawra Muconnap
12.1.1-pacMia KenTUPHITAH.

ek A cameder. Laoanstaat

Censlant Display L ) ) sk
Cuipust the constant specifed by e ‘Constant vaiue’ paameber, [ :
HNEA%) -.'@] | TTonatant vakse' it & vaclor and trbevxet vactorn paremeters 2¢-1D" s on, |-
. otk s conitant vaie ax 8 1) arey. Otemiisa, autpu & Mk whh the
Conslant! splay? samo dimeriions 4 the contiant vaue. <
[ } - - Pasamutary -~ -
| {05118 |—p::1| t:mdﬂwllx
Conslant2 ]1-0.51.‘1.5-3?}
Displand T tradepeot vector preamsions 410 :
[-o.s .1] [ I%] ) . =
1.5 -2.7 C LEA] 3.7 IE—T-'i Cancel I Help l QM_J |
314ea A % X, 1
Constanid Dirplayd

12.1. I-pacm. ¥arapmac curnan manGacn Constant

12.1.2. Canycongan curuan Mandaca Sine Wave

Basugpacu:

bepuiran yacToTa, aMnauTyaa, (aza Ba CUIDKHIIra »ra 6Ynrad cHHy-
COHJaN CHFHANHY IMAK/UIAHTHPAIIH.

YHKHLI CHFHATHHH [MAKIAHTHPHII YYYH HKKHTA aJropuTMiaan Goii-
JaTaHHl MYMKHH. ANrOpHTMHHHT KypHHHIH Sine Type napameTpu
Ounan Genrmwraragu:

Time-based — >xopuii BakT 6yiinya.

Sample-based — Moaen BaKTH KaZaMUHHUHT KaTTaaHry Oyiinya.

12.1.2.1. ¥3AYKCH3 THIHMAAD Y9¥YH YHKHIN CHrHAJIHHH ROpPHEH BAKT
S¥iHYa MIAKNIAHTHPMII

Time-based pexxuMHIa YHKHID CMTHanu Kylinmaaru ndoaara Moc
Kenajau:
y = Amplitude* sin(frequency™® time + phase} + bias.
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Hapamempnapu:

Amplitude — aMnmuTyAa.

Bias — CHrHANHHHT Y3rapMac TaLIKUI 3TYBYHCH.

Frequency (rads/sec) — uactota (pag/c).

Phase (rads) — Oomnanrud dasa (pan).

Sample time — Mo4en BaKTHRHHT KagaMH. ManGanap Ba MOOEIHHET
GoilKa KOMITOHSHTIAPUHHHT HILAaNHHH GAp-GUpHra MOCIAIITHPALN YIYH
o ganagunann. Ymby napaMerp KyiHHaarn KudMaTaapHi kKabyn KUy
MymkuH: 0 (cykyt 6¥iinda) — y31yKcHM3 TMIMMIAPHH MOIENTALLIA
numatunagn. > 0 (Mycbat kuiimat) — JIHCKPET TH3HMIApHHM MOJAC/UIAIA
Oepunagu. By xonga Mogen BaKTHHHHT KaZlaMH YHKMII CUTHAJIWHH BakKT
Gyilua xpaHTIAI KagaMH cHdaTyma TaATKHH KIIHHAIH.

1 — moJen BaKTHHMHT KaJaMy aBBAJITH, AbHH YIIGY Gj0KKa CHrHAN
jofopagHrad GIIOKHHKH CHHIApH VPHATHIAAH.

12.1.2.2. IHCKpET THIBEMJIAP YYYH MAKHII CHTHAIHHE BAKTHHAT XKOpHi
KHiMaTH 6Viinaa makAianTHpHl

Xap Gup keitHaTH XHCOONAIN KaRAMA YayH MaH0a YHKHII CHMHATHHHAAT
xuiiMaTH Kyiugara npoga 6¥ivua (MaTpalia WAKNIHAA) aHHKIAHAOH:

sin(f + Ar) | | cos(Ar) sin(Ar) | sin(f)
cos(f + Af) | | —sin(Ar)cos(At) || cos(z) |’

0y epna At — xkuiiMmaTtn Sample time HuHr Kniimatura TeHr 6ynran
¥3irapMac KaTTaJMK,

12.1.2.3. YAKHIN CHTHAJARH Moie]l BAKTH B3 OnTTa Jaspnarn xncoduii

KajgaMaap conn G¥Hmva IaKIIaHTAPHIN

By xonga man(aHMHr WUKMID CHTHAJH KyHMAard udojara Moc
Kenan:

v= Amplitude* sin[(k + Number of offset samples) / Samples per pe-
riod] + bias ,

Oy eppa k — wopHii xHcobsam KagaMHHHHT HOMEPH.

Hapamemprapu:

Amplitude — AMnnutyna.

Bias — CurHanHAHT ¥3rapMac TAOIKHA 3TYBYHCH.

Samples per period — cHHycoMAal CHTHANHLHT OHTTa JaBpUra TYFpH
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KeMyBuH Xucobuii KazaMnap COHH:

Samples per period = 2x | (frequency™® Sample time)

Number of offset samples — CurHanuunr Gomnaurua asacu.

Mozen BaKTH KaZaMAapHHHHT coHu O¥itnua Geprutamy:

Number of offset samples = Phase™ Samples per period/ (2r).

Sample time —MoAen BAKTHHHAT KagaMH,

Ywby peruMaa AXJIHTIAL XaTOCH TYMIanu® GopMalinn, YyHKH Xap
6up AABp YUYH JKOpHI KaJaMHHHT HOMEPH HONgaH GomuIaHamu.

Sine Wave Grokuaan doiinananumra mucon 12.1.2-pacMaa kypca-
THJTaH. YHAAa Momen BAaKTHHHHT KHiMaTH Sine Wave 1 O0kH yuyH
Sample time = 0 Ba Sine Wave 2 610xu yayn Sample time = 0.1 onus-
raf. YHKHII CHTHAJUTAPHHHHT TpadUKAaPUHA aKC STTHPHIN YU4YH MOJENTa
BUpTYan ocuunorpad (Scope) KHPHTHINAH,

Sine Wave1 D

Scope

Sine Wavye2

12.1.2-pacs. Sine Wave Gnoxu

12.1.3. YH3HKAH ¥3rapyBaH TasCcHp Man6aca Ramp

Basugpacu:
y = Slope* time + Initial value
KYPHHHIIIATY YH3HKIH CHIHAJIHM WAKIaHTHpaau.

Hapamempnapu:
1. Slope — upKHill CHTHANK Y3TapHIIMHUHT TE3JHIH,
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2. Start time —— cHTHAN MAKIVIAHHIIHHBHT OOLINAHHIN BAKTH.
3. Initial value — Gnok YHKHIIHJATH CHTHAJNHUHT OOINNAaHFHY
CarTxu.
Ramp 6nokupan ¢oiganannmra macon 12.1.3-pacMzaa kenTHpni-
TaH.

Wi

Ramp Scope

12.1.3-pacm Ramp Gnoxu

12.1.4. Horonaau chrdan renepaTopu Step

Basughacn: ‘

[Noronany cATHAHY IAKIUIRHTHPAIH.

Hapamemprapu:

Step time — cUTHaAHHHT Y3rapuu BakTH (C).

Initial value — curHanHuHr GolULTaHFHY KHHEMATH.

Final value — cUrHamHHATr CY¥HITH KHHMATH.

CHrHaNHYHT ¥3rapHIIM KaTTa TOMOHTa (CYHITH KMHMaTH GoluanFry
KHHMATHIAH KATTa) €KY KUIUK TOMOHra {CYHITH KMAMAaTH OOMINaHruY
KHiiMaTHAaH KHYHK), Bommauryy Ba CYHITH CaTXNapHUHT KMHMAaTIapH
Manduit xam 6YnIUHIIN MYMKHH, MacajiaH, CHrHajl -5 caTxjaH -3 carxraya
¥3rapaan.

TloroHanu cCHrHan TeHEpATOPHHHHI HIINATHIHIOHTA MHcoN 12.1.4-
pacMAaa K¥pcaTHITaH.
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Step Scope

BSE- b ;

0 ; 1

Time offsst O

12.1.4-pacm. Step 6noxn

12.1.5, Curuannap reneparopn Signal Generator

Basugpacu:

Kyitnparu curnannapaad GHpUHR IAKIUTAHTHPANH;
sine — CHHYCOHAAN CHrHaml,

square — Tyrpu Gypuaxiu cHrHanL

sawtooth — AppacuMoH CHIHa.

random — Tacoauduit curaan.

Hapamemprapu:

Wave form — CHrHATHMHT KFPUHHILY.

Amplitude — CuUrHanHMHT aMIIMTYAACH.

Frequency — Yactora (paa/c).

Units — vactoranuar youos Oupnuru. Kyiduaarn MKKH KHIIMaTHH

lqaﬁyn KHJIHHIH MYMKHH.

— Hertz —I'nn.
— rad/sec — pan/c.

Curnannap renepatopuaal ¢oiiganannmra Mucon 12.1.5-pacmaa

KYpCATHATaH.
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T untitled *

12.1.5-pacm. CHrHannap reHepatopu GIoKH

12.1.6. Texnc TakcHMJIAHTaH TacoZuGmii carnanaap mandaca
Uniform Random Number

Bazugpacu:

TekHc TaKCHMITAHTaH TaCOOH(pUI CUTHAIUIAPHH IHMAKIIMTaHTHPHIIL
Mapasmempnapu:

Minimum — CHrHaJHHHI MHHHMAI CaTXH.

Maximum — CHrHanHHHr MaKCHMAalT CaTXH.

Initial seed — CurHagnyr Somnanryy KMiiMaTy.

Texuc TakcuMIaHTaH Tacoauuii curHamsap 6nokuaad goiizananuura
mucoa 12.1.6-pacMa KENTHPIUIFaH.

RLRAHITE

T
Uniform Random  Scope
Nurnber

Tim: offset D

12.1.6-pacm. Texnc TakcHMNaHraH Taconubuil cHrHannap manbacH
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12.1.7. HopMan TaKCHMIaHran Tacoaudui caruannap Manbacu
Random Number

Baszugpacu:

HopMan TakcuMIaHras TacoguHii CHrHaNapHH WAKIIAHTHPHILL
Hapamemprapu:

Mean — CHrHamHaHT ¥pTaua KHiMaTH.

Variance — Jucnepcus (¥prata KBaIpaTHK YETIalINIL).

Initial seed — bomnanruy KuiiMaTH.

e

N

Random  Scope |
Nurnber :

12.1.7-pacu. HopMan TakCHMIIAHTaR TacogHbHI cHrHannap ManGacH

12.1.8. HMnyabc curnan manbacu Pulse Generator

Basugpacu:

TV¥rpu Oypyakian HMIYIBCIAPHH IIAKLIAHTHPHUL,

Hapamempnapu:

+ Pulse Type — Curnamuu WaknIanTHpum yeynu. Kylumaru uxxu
KHAMATHH Ka0yn KHIHIIH MYMKHH:

Time-based — Xopuii Bakr 6¥iinyga.

Sample-based — MoJien BAKTHHMHI KaTTaaHTH Ba XHCOoOHH KagaMmap

conu Oyimua;

¢ Amplitude — AMnnutyzna.

* Period — [lasp. Time-based Pulse Type yuyH cexyHanapaa
ékn Sample-based Pulse Type y4yH MoAen BaKTHHHHI KagaM-
JapHza.
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¢ Pulse width —Hmnyascaapausr keurnuru. Time-based Pulse
Type yuyH pouznapaa, é&xd Sample-based Pulse Type yuyH monen
BaKTHHHHT KadamJjapuza bepimann.

* Phase delay — dasapnii keunkum. Time-based Pulse Type yayu
cekyHanapaa éxu Sample-based Pulse Type yuyH Moaen BakTu-
HUHT KajaMmnapuaa Gepunagu,

¢ Sample time — Moges BakTHHHHT Kagamu. Sample-based Pulse
Type yuyH Gepunang.

¢ Pulse Generator Gnoknaan doitganasumra mucon 12.1.8-pacmaa

KEJIATHPpHITaH,

L) 1

1 I SRR
(17:] FETSUUORPITY RV FURTOUITRIN DTN I
' l ' | _.D 864 - e e
Pulse Scope (117§ PPN : .- .................
Generator 7Y SRUSRUOREIN U SUURUOIS-0 OO ISR
ob--on. L. ; ..........
o 1 2 3 [} 5

12.1.8-pacm. Pulse Generator

12.1.9. Yn3aKAH V3rapajHral MacToTa reHepaTopu
Chirp Generator

Basugpacu:

JacToTacH YH3UKIH Y3rapaIHrad CHHycORaan TeOpanHIInapHn WAK-
AAHTHPHIIL, '

Hapamempnapu:

Initial frequence — Bomnanruy yacrota (T'u);

Target time — YacToTanunr y3rapuim BakTH (C);

Frequence at target time — YactoranyHr cyarru kuimaty (1'1).

Chirp Generator Gnokuaan doiinananumra mucon 12.1.9-pacmaa
K¥pcaTHITaH.
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Lot e

"—-

Chirp Signal Scope

‘Tims offset 0

12.1.9-pacs. Un3ngax ysrapanuran 9acToTa reHepaTopH

12.1.10. OK moBkHH renepatopn Band-Limited White Noice

Basugpacu:
Bepunran KyBBaTiH Ra 4acToTa G¥iinda TEKHC TAKCHMIIAHT'AH CHTHAN

XOCH KHnaiH.

I untitled *
ﬁ-“ m M Wm. . B e . ’
D@ R D # |amm :

Jl'll‘P'—':

BandUmited gcopa
White Nalse

Ilaui Frab iAo bbbk fftaie

wmmm[wm Erarvd-irmiecd using
; zargorded hokl.

¢ Noian povar i
| '-
| Sampla tiw
R

* Semt
ez

F inkacpmst vecion paeameters ot 1-0

¢ | Cowdl | he | . |

12.1.10-pacy. OK WOBKHH FeHepaTopH
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Haparemprapu:

Noice Power — n1oBKHHHHHI KyBBAaTH.

Sample Time — mozaen BakTu.

Seed — TacoaMduii coHnap reHepaTOPHHH HHHUIMALTALI YYYH 3apyp
OyuraH coH.

QK WOBKHH TeHepaTopHuHMr vumamy 12.1.10-pacMaa k¥pcaTuiran.

12.1.11, BakTt 6¥#inua curHan mandacn Clock

Basughacu:

XHcoOnamHHHT Xap OHp KajaMuza MOJCIIAIIHHHT KOPUH BaKTHIa
renr §¥nraH CUrHanHY WAaKITaHTHPAH.

Hlapamempnapu:

Decimation -—— ManOaHHHT TacBUpHAA BAKTHHHI KYpCaTUIHIUM SH-
ruiiaHaauarad kagaM (arap Display time napamerpunmHHr dafipoxyacu
ypuatunau 6¥nca). [lapamerp xucodnaln KalaMIapHHHHT cOHU cHATHAA
Oepunany. Macanan, Simulation parameters guanor ofiHaciza Moaen-
i xucodnaw Kapamu 0.01 ¢ ypuatunran 6¥nca ra Clock dnoxuunnr
Decimation napamerpu 1000 ra tenr neb, Sepunran 6§nca BakKTHHHT
AHCMTAHHIIE MOZeN BaKTHHUHT xap 10 ¢ ma 6up mapta cogup 6¥namm.

Display time — Man6a 6nokunarn BAKTHHHI KHAMATHHH aKkc 3TTH-
pamu.

Bakr 6¥iinua curaan MaHOacHBHHET wiumnamura mucon 12.1.11-pacmaa
K¥pCaTHITAH.

T e

188(0Po AGE @S %

Clack Disp|ay RL] AT ............ ........... ........... .
> D 111 ST ‘ ........... ,,,,,,,,,,,, , ........... J
Scope ] U, i, ‘ ,,,,,,,,,,, . ........... y
% 5 0 15 20
Time offset. 0

121 11-pacm. Bakr 6¥itn4a curaan manback
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12.1.12. Pakamnan BaKT curHanuHunr Madbace Digital Clock

Baszugpacu:

JMCKpeT BaKT CHrHAJIHHM MaKMAAHTHPIIH.

Hapamempu:

Sample time — MoJenm BAKTHHHHT KaJaMH {C).

Digital Clock manb6acuuuar numamm 12.1.12-pacmaa kypearunraH.

Scope

Digital Clock

Filare b lar bt s Parpbal 1ok

Gl b Fatanedvras Lt al 1l ke
Digita Clock.
! Outpuk custent simuletion e ot the apecified

{_ S oo
i

o] _cm |t |_con |

12.1.12. PakaMIH BaKT cHTHAMHHHHT ManGach Digital Clock

12.1.13, Mabaymotnapun ¢aiagan yKam dnoxu

From File
Basugpacu:
Tamku daiingaH MabryMOTIApHH ONUIL.
Hapavemprapu:

File Name — PaiinHHHT HOMH.
Sample time — bnok YHKHII CHTHAIMHUAT Y3TApHIN KaAaMy.
dalingary MapIyMOTIAP MAaTPHLA KYPHHHIUHAZ OYIHIIK Kepak:
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Martpuiia 3¢ca kaMHAa HKKUTa caTpRal HOopar O6Y¥iumH kepax. Bakr-
MUHI KHHMATIAapH MATPHUAHHHI OMpHHYM caTpura &é3MnraH, KONraH
Karopnapia 3ca GepHaran BaKT MOMEHTIAPHIa MOC KeJIyBYM CHIHaJLIap-
NYHr KHAMaTnapy sxolinamani. BakTHHET KufimaTinapn oprué Gopysuu
TapThOaa E3MNNILY KepaK. BIOKHWHF YHKHII CHTHATHAA PaKaT CUHrawap-
nuHr KuiiMaTiaapu Gynagu, BAKTHHHT KHEMaTIapy O¥iMainu. Arap sxopuil
MOZENHH Xucobmam KagaMp MabayMoTaap daiinuaarin BakInapra Moc
keamaca Simulink MabAYMOTIAPHY YH3HKIH HHTEPMOMALAS KATaIH.

KuiimaTtnap onnnagurad MabayMmotrnap daimu (mat-gaiin) MaTHIn
Oynmaiigu. Simulink ¢ofigananypusnapi mat-daiinuua Sinks Gubnro-
rekacuard To File() Gnokn éppaMuaa XocdT KMIKILUIApH Kynail, From
File 6noxnnan dofinananumra Mucon 12.1.13-pacmaa kypeatunrad. Yuaa
data.mat QajinugaH cHHycOHJan CHTHANHKMAT KMITMaTnapH OJMHHAIH.

v

datamat F—P L]

From File

Scope

Jime offest: 0

12.1.13-pacm. From File 6noku

12.1.14. MabaAyMoTIAPDHM HIITH coxajan ¥kum Saokn From Workspace

Bazughacu:
Mabaymornapun MATLABHUHT YIUH COXazaH VKUIL,
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Hapamempnrapu:

Data — Mawnymotnapra ara 6¥nran ¥srapyBYHHHHT HOME (MaTpH-
LHAHHHT €KH CTPYKTYPAHHUHT),

Sample time — BIoK YHKHII CHMHAIHHMHI Y3rapHIl KagamMH.
Interpolate data — Mogen BakTHra Moc KeJlaauraH KHiiMaTaapHH
Data ¥3rapyB4MCHHUHI KMHMATAAPHHH MHTCPIIOIALKUA KHIAI HYIH
Ounan aHuKIaW. '

Form output after final data value by — Yukuw curnanuauur Data
Y3rapyBUHCHIATH KHIIMaTnap TyraraHjaH KeHHHIY KYpHHHOIH:

— Extrapolate — CHrHafapHH YH3HKIH IKCTPANIONSIHIALL,

— SettingToZero — CHrHanHHHT HOJ KHHMaT/1apH.

— HoldingFinalValue — CurHayHuHT YUKHII KHAMATIapH CYHITH
KHHMaTiapira TeHr,

— CyclicRepetition — Curdan kuiiMaT/apHEHHT LIMKJIHK KaliTapH-
mvmyg. Ymly papuauT dakat Data §arapysuucu Structure without
time dopmatra sra 6¥NIrasna MLIIATHAALA.

From Workspace Gnoxunan goiizanannira mucon 12.1.14-pacmaa
k¥pcatunarad. MATLABHMHY Hiru coxacuzara simin yarapysuucura
MabayMornap Read data Gmoku épaaMuaa y3aTHIanH.

aeape

leas= o2 e A B %

Read data :
simin L -
From ‘ ;
Scope : H 5 :
Workspace 4120 5 1 5 6 10
Time offset: 0

12.1.14-pacm. From Workspace 6mokn

12.1.15, Hon carxanm cargana 6aokH Ground

Bazugacu:
Hon caTxiv CHrHANHH LIAKTAHTUPHUIL.
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llapamempnapu:

Myx.

Arap Mozenna OJIOKHHHI KalCMAMD KMpPUIIM OYHK KOJIraH (ynaH-
marad) Oynca, mofemiam Gaxapunagrrad eaxtaa MATLABrunr 6om
ofiHacuga OoroXnaHTupyeuu axbopor xocun O¥naau. ByHHHT OJIAHHHU
ONULI Y4YH ONOKHHHT ylaHMAral Kupuiuura Ground GIOKHIAH CHTHA
(epum MyMKHH.

Ymby 6noxzan dofiaananunra mucon 12.1.15-pacMaa KenTHpHATaH.
Ground OnokuaaH curHan OUPHHYM XOIHA XAMJIATHUYHHHI, HKKHHYH
X012 3¢a KYNaWTUPrU4HHHT KUpHIIapuaaH Oupura Gepuiran. Display
OaoxnapHHHHT Kypcatuuiapn Ground 610K XOCH KHIAIUraH CHTHAJ
1O KMHMATra 3ra sKaHIHrHeEH k¥pcatub Typuban. Ground 6roxu xocun
KMJIAIHTaH YHKHII CUTHANK Kabya KunyBud GIOKHHHT GoINKa KMpHIIa-
pura OepunaguraH CHTHAHHHT TYPHTa MOC X043 MAaK/UIaHAIH.

doublec 1y |SxBley, SR dodle L[  373)

Constant . Display
=1 double
e~
Ground
weets [ me T
»
c
onstantt Product Display1
r=L
Ground1

12.1.15-pacm. Ground 6xokHgas dofizanaHyira Mmconap

12.1.16. Oaspuii curnaa 6aoxu Repeating Sequence

Baszughacu:

JaBpuil CHTHATHH WAKUIaHTHPHIN.

Hapamempnapu:

Time values — Mojen BakT1apH KHAMAaTIapHHHHT BEKTODH.

Output values — Monen BaxTnapura Moc KenyBud CHrHaN KHiMaT-
JNAPHHHHT BEKTOPH.
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Xap xun KYpHHHINAATH CHTHAUIAPHH LIaK/UIaHTHPHL yuyH Repeating
Sequence Onaokuman ¢oiigananunira muconnap 12.1.16-pacMaa kenTu-
pMIIraH.

Blowk 1t eutiuted vt it Sy it v S

ST ITISAT

Fhe Egb wiswo apdshion Fomat 1::\% He@

DREAS ERB Dir aiomd MO BB ®

m”mm S
{Buputa mﬁmdmwmmaw‘

Vahame o s 4

| P33T
ilﬁswq

12.1.16-pacm. Repeating Sequence Grokupad doiiqanannura MHCOLRap
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12.2, Sinks — ppubopaap (cHruan Kadyn Ku/iru4aap)
12.2.1. Ocuunnorpad Scope

Basugacu:

TagkyK KHAWHASTTAH CHTHAJIHHHT BaxT O¥finda rpadmruHu KypaH.
Mogennaul kapadHnia CHTHATHAAT Y3rapunIHHA Ky3aTHII HMKOHHATHHH
Gepamn.

BrokHuHr TacBHpH Ba rpadMKIapHM Ky3aTHID y4yH ofHach 12.2.1-
pacMaa K¥pcaTuiras.

Sine Wave Scope

{2.2.1-pacsm. Ocuunnorpad Scope

I'paduxnapHu ky3aTHill OHHACHHH OWHINI Y4yH CHYMKOHYAHHHI 4ar
TyrMacH G/I0K TACBHMPHHHHT YCTH/IA TYXTOBCH3 HKKH MapTa GocHianH.
Ocunnnorpad ofiracunu co3naml ac6obnap manenu €paamnga Gaxa-

punamu (12.2.2-pacm).
T T T l
12 34 5 6 78 %1011

12.2.2-pacs. Scope GnoxkuHuHT acGobnap naHenu

AcBGobnap naHenn KyHHOATH KHOMKANApra sra:

1-Print — ocumnnorpad oiiHacHIard TaCBHpHH OOCMara YMKapHLI;
2-Parameters — napaMeTplIapHH pocTAall oifHacHra ¥THUI;
3-Zoom — ukkana ¥k O¥iinua MacTaOHH OpTTHpHLL,
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MacmTad 2,5 Mapra opTaau.

4-Zoom X-axis — ropusonran ¥k O¥ifnda MacmiTabHi OPTTHPHMILL,
5-Zoom Y-axis — Beptukan yx 6¥iinga MaciutaGHH OpTTHpUIL;
6-Autoscale — ukxana ¥k G¥iin4a MacIITaOHN aBTOMAaTHK Tap3aa
¥pHaTHIL;

7-Save current axes settings — >xopuil pocTaalu mapaMeTpiapHHA
caKIad xonuur,

8-Restore saved axes settings — aBBay caknaHraH pocTnanl mapa-
METPIApUHH KaiiTajaH YpHATHIL;

9-Fleating scope — ocunmnorpadin «3pKHH» PekKHMIa ¥Tkasum,
10-Lock/Unlock axes selection — OlHaHUHT skopail koopAHUHATaNap
CHCTeMacH GHJIaH aKC YTTHPHIAETTaH CHIHAT opacHaarH GoFnaHHIIHN
VYpHaTHW/y3u6 Tamnam (dakar Floating scope pexxumu JpHaTuirad
6¥nca Ypuuin).

11-Signal selection — akc TTHPHII YYYH CHTHAJIHA Tawnam (daxar
Floating scope pexuMu ¥pHaTHAraH O6¥iaca Ypunan).

AKC 3TTHpHIAETraH rpadpuknapHuHr MacmrtabnapyuHu Kyiuaarua
Hynnap Gunan Y3rapTHpHIl MyMKHH:

1. CHYKOHYAHHMHT Yan TYTMAacH F el Pl &xn | 1 KHOTIKaapaaH
6upn Ba KeHHH Kepaknd rpadMKHHHT ycrnna Gocunam{ Haruxana,

2. CHYKOHYAHHHT Han TYTMAacH | ,@ 8KH ﬁ KHOMKANApAaH

6upy Gocunaan Ba keiiMH KepaKin rpaqml-:HHHr ycTHAA GocHNTaH XoNnaTaa
cypHO, AMHAMHK paMKa €pJaMHAa rappuKHUHr MacIiTabH OpPTTHPHIH-
IMH Kepak Oynran KUCMH Kypcatumaau. Ymby xapaéu 12.2.3-pacmaa
K¥pcaTHITaH.

ik LU ELH

leasesinm srl-mwf,_

Sina Wave
N\

1

Tane cffsst: 0

12.2.3-pacm, FpadHKHHHT MAcIUTaOHHE OPTTHPHIL
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3. I'padux OHHACHHHHT YCTHAA CHUKOHYAHHHT ¥HT TyrMacH OocHIaau
Bl KOHTEKC MEHIOA2H AXes properties... komaHaacH TaHnadaau. ['padgmx
XOCCATAPUHHUAT OHAaCcH OUYMAANH. YHAarn Y-min Ba Y-max napaMerpiap
¢piaMuia BepTHRAR YKHUHT derapasiil KuiMaTIapu k¥pcarnnagu, Yuwby
vilnaga rpadMKHUHT capnaBxacHHd XaM %-<SignalLabel> ndonanunr
ypuura &3mb x¥pcaTHII MyMKHH, Scope OM0KH XOCCANApHHHHT OiHacH
12.2.4-pacMaa KeaTHPHITAH.

12.2.4-pacm. Scope GIOKH XOCCaNapHHHHT OHHACH

llapamempaapu.

BlOKHHHT mapameTpnaph ‘Scope’ parameters ofiHacHIa YpHATHIAAH.
i lapamerpnap oiftHacu Kyiingaru 6¥nuMnaapaan nbopar (12.2.5-pacm):

General — ymymuii mapaMetpnap.

Data history — curHannapan MATLABHHET HLIMH COXacHAa CAKTAIL
lnapaMeTpaapH.

12.2.5-pacs. Scope bnokuarHr yMyMiit napametprapi General
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Ot#inaeuHr General 6¥nHMHAA KyHHIaTH napamerpiuap Sepunamu:

1. Number of axes — ocunmnorpagary kupuwmnap coHH. Yoy
napaMeTp ¥3rapTHPHITAHAA GJOK TacBHpHJa KHPHILIAp COHHUIa TECHE
GyNraH KApHII MOPTIapH XOocH? O¥namn.

2. Time range — rpadHK aKC 3TTTHPHAAIUTaH BaKT HHTCPBAITHAHHT
KATTANMrH. Arap MofenHuu XucoGnam sakty Time range napamerpuia
K¥pcaTunraH BakTZaH KatTa 6¥ica rpaduk xucMnapra 6¥am6 ynkapunaan.
ByHna xap 6Mp KMCMHHET aKkc STTHPUIHII uHTepBanu Time range napa-
MeTpHA2 KYpCaTHIraH BakKTTa TeHr Gynain.

3. Tick labels — rpadux ¥KnapHHH kypcatuin/GepkuTHIL. Y Kyiiuia
KypcaTHAraH yura KHiiMaTaaH OMpHHH Kabyn KHITHIH MYMKHH:

e all — xamMma ¥Knap-Ba ynapaary €3yBiaap KypcaTHiaaiH;

* none — XaMMa YKJIap Ba ylnapaaru €3ypiaap K¥pcaTHIMaiau;

* bottom axis only —ropusonTan ¥xmaru &3yp ¢akaT 3Hr MACTKH

rpadHK yuyH K¥pcaTHIagM.

4. Sampling — rpa¢puKnapHi 3KpaHra YHKapWil NMapaMeTpiIapHHH
ypratHm., XpcoOui HYKTAJIapHH KPAHra YHKApHII pS)KHMHHH Oen-
runaiiau. Bynaa Decimation mapaMeTpuHHHT KHAmarH OepHin Hynu
6unan xucoOuii ByKTanapHyu BKpanra YUKapuill KaJaMHHHMHT Kappajm-
nHrH YpHatanagy. Decimation napaMeTpHHHHT Xap XHI KHHAMAaTIapnaa
CHHYCOHIAN CHTHaNHuUHTr rpabuknapn 12.2.6 Ba 12.2.7-pacMmnapua
KypcaTHIraH.

A -
L
Sine wave Scops
Sample time=0.1

Neagal prEdan. s

Gonwst] Doatio] T iy g ccking on wes

A

Numbsew of anas: I1 [ foating scope
Time range: 110

Tick lnbelc | botiom amis oy >

Samping
{Decimaton v} [1

S0 | o] W | ten |

12.2 6-pacm. Cunycongan curaanuuar rpagmry (Decimation = 1)
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Sine Wave Scope
Sampile ime=0.1

BENPE’ poraiis e - x

Gonral] Detabitony|  Tix vy right chekdrg on avee
Aves

Numberof oes {1 [ fosling scops
Time iange: lT__—_—

Tick Iabels: [batorn 2 onlp v

Sampling

|Decimation w| 5

ox | coce | e | oo |

12.2.7-pacm. Carycongan CHrHANHMET rpadurn (Decimation = 5)

5. floating scope —ocumworpadHy «>pKHH» peKHMra yTkasuul
(Daiipokua Gearunanranga yraau).

Bnokaunr Data history 6¥mumuna (12.2.8-pacM) Kyiinpari napamerp-
nap GepunamH:

1. Limit data points to last — rpadHkaa akc >TTHPHIAAHIAH XHCO-
Onit HyKTanapHAHT MAKCHMAal COHH. Arap XHcoOuil HyKTanap coHH
ywly kuiiMaTaan KarTa 6¥nca, rpadukHHAT HoUINaHFHY KHCMH KHPKHO
Tauanagd. Arap Limit data points to last mapameTpHHHHT KuiMaTH
YpraTaMaran 6yica ym6y napamerpHn Simulink asToMaTHK paBHaa
XaMMa XUCOOHI HYKTalapHH aKC STTHPHIIra Mocnab YarapTupanm.

2. Save data to workspace — MATLABHuHT HINYH coxacuna CHIr-
HaJTHUHT KHAMATIapHHH caKIaLl.

3. Variable name — MATLABHHHT HIIYH COXACHAA CHTHAIHHHD
KHEMATNapEHN caKnam ydyH doiiganaHHNajHran ¥3rapypuHHHHT
HOMH.

4. Format — MATLABHHHT HIIYM COXACHOA CAKJIAHALHTAH MabJy-
MmoTnapHHHT opmarn. KyHugarn kuiiMaTnapaas 6upiHH KaGyn KANHIINA
MYMKHH:

Array — MaccHs;

Structure — cTpykTYypa;

Structure with time — xymuMuya «BakT» MaiigoHHra 3ra Oynran

CTPYKTYpa.
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' Tip: twnghtcickmunm

, _Hn.mnq Hrnpe parameters

| P Lmidatapontetolaw |5cm

v }Smddalam&tpwd
Variable name: |ScopeData

Forf_na_l: IStmctue wﬂh time . :j .

12.2.8. Scope duokunuur Data history 6¥mimMn

12.2.2. Ocunanorpag Floating Scope

Floating Scope 6510KH «IpKMH» pexXuMra YTKazunrad ocuuwiorpad-
nup. YHjaH ¢oisanannmra mucon 12.2.9-pacmaa Kenmpunraﬂ.

Hlonabirng Brapie
Eile £dit  View [nsa!l Inols
Window Help

H&Il@ﬁﬁl.ﬁﬂlll_l*i

1
1 " 05
= ;

Sine Wave Transter Fon Tamminator

05
k|
Floating
Soopa

12.2.9-pacu. Floating Scope ocusnnorpadinan GoinanaHuIura MHCOI
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Floating Scope ocnuanorpad KMpUIINAapra 3ra 3Mac. AKC STTHPIIHLIMY
‘pyp GYNIraH cUrHas BochTanap nanenuzarn “Mg (Signal selection) Epna-
MH/ia TaHIaHaH. BYHHRT yayH KyHInard aMaanap Gakapiiania Kepak:

1. TpadHk aKke STTHPHIHLIM Kepak 0¥iraH KOOPAHHATAIAP CHCTEMACH-
IMHI YCTHAA CHYKOHYAHHHT Yan TyrmMacd Gocunany. HatHxana Tannavran
KOOPAMHATANAP CHCTEMACH NMepAMETPH O¥iinda K¥K paHrra KHpamH.

2. Signal selection THg Bocutacu épnamuna Signal Selector xuanor
wiiHacH ounnagy {12.2.10-pacm).

3. Yuknmnapuaard CHrHaInap Ky3aTHIHUIM kepak Gynrad 6noximap-
nHHr Saiipokuanapn GenrunaHanH.

XucobOnamnap Saxapunranjgas keitun Floating Scope GnoxunuHr
OHHACHZa TAHNAHTAH CHTHAJUIAP aKC STAMNH.

12.2.10-pacm. Signal Selector nuanor oifHacH

12.2.3. T'pad kypray X¥ Graph

Bazugpacu:

Y(X) kypunHmuaaru rpagux Kypagd.

Hapamempnrapu:

x-min —X ¥xu Gy¥N4a CHTHATHHHT MEHHMAI KAHMATH;

x-max — X YKy O¥iiia CHrHAMHHHE MaKCHMan KUHMaTH;

y-min — Y ¥xu 6¥iinya cHrHanHHHET MUHHMAan KHIAMaTH;

y-max — Y ¥xu 6Vilnua CHrHaHHET MAaKCHMaln KHHAMATH;

Sample time — MOAeA BAKTHHHHT KaJaMH,

Brnox ukkurta kupHuira sra. FOkopuzarn kupum apryMmeHT (X) HHHI
KMHMATIAPHTa MOC CHTHAJIHH, MMACTAATH KHpHIX 3¢a GyHKuuH (Y) HHUHT
KHHMATIAPHTa MOC CHIHATHHA KHPHTHII YYYH MYJDKANIaHTaH,

12.2.11-pacMpa, Mucon cuaTiaa, TeOpaHyBYH 3BEHOHUHT (a3aBHi
PacKTOPUACHHH KYPHUII KYpCaTHIraH.,
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Conalant Tiarhs Foa

OO

12.2.11-pacm. XY Graph nan dolinanannpira Mucon
['pad Kyprivuaan sakr 6¥itnya GOFIaAHUNLIAPHA KypHII Y4yH XaM doiiaa-

NAHHIN MyMKHH. ByHUET yayH yHUHT GupraYH KHpHIDUTa Clock 6noKHHHHTD
YHKHLIAIAH BAKITA MPOHOPLIHOHAN CHrHaN Gepriand (12.2.12-pacm).

Clodk

P]

$2+0 8241
Corstant  TryngterFom

L A i

=

XY Graph

12.2.12-pacm. X¥ Graph Gnokngan sakt 6¥iinua SormaHAIIIapHE
ake STrupH yuyH ¢ofiaanaHum
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12.2.4. Pakaman anenaeil Display

Basughacu:

Curnan guiiMaTNapUHH pakaMiap KYpUHHUIMAA aKC STTHpaaH.

ITapamempaapu:

Format — MaBJIyMOTIapHH ake ITTHpHU GopmaTtH. Format napamer-
pu Kyiingary kHiiMaTnapH4 KaGyn KHIHIIH MyMKWH:

short — 5 Ta kuniiMaTra 3ra 3ra 6yarad Yunu pakam.

long — 15 ta KuiiMaTra 3ra sra 6yaras yHnIu pakam.

short_e —5 Ta kuiiMaTra 3ra 3ra OViran §uiu pakaM Ba YHHHHT Aapa-
Kacuaa 3 Ta CHMBOJL

long e — 15 Ta kuiimatra 7ra 3ra O¥nraH YHIM paKaM Ba YHHHHT
Jlapakacuia 3 Ta CHMBOI.

bank — «mym» dopmari. Kacp kcMHaa HKKHTA YHIH pakaMiH Ba
dukcalTHANAHTaH HYKTand dopMar.

Decimation — KHPHII CHTHAIHHH AaKC TTHPHII GopMaTH.

Decimation = 1 6¥nrasna KUpHII CHTHAIHHVHY Xap 6up KMHMATH,
Decimation = 2 6Ynranga xap dKkkud4d Kuiimat Ba Decimation = 3
OynraHua Xap YYHHYH KMHMAT aKkc dTTHPHIAIH.

Sample time — Mozmen BaKTHHMHT KajaMH. MabayMOTIApHH aKC
ITTHPUTI AHCKPETIHTHIMHNA aHHKAZHIH.

Floating display (balipok4a) — GJO0KHH «3pKHH» pexHMIra YTKa3HILL.
Ywmby xonna, GIOKHMHT KHpHID MOPTH OYIMaliH, aKc >TTHPUIN Y4YH
CHTHAIHHA TAHNAIl CHIHANH aKe STTHPHAHIUM kepak OYaraH THRHAHHHT
YCTHAA CHYKOHYAHHHT 9an TyrMacHHH Gocuw iymn GnilaH amanra omm-
punagy. Bynpaili pexximaa Signal storage reuse xucobGnam napamerpu
yuyH off KuitmaTy YpHaTunTan 6Ynrmu kepax {Simulation parameters...
auanor ofinacnaary Advanced 6¥numu).

12.9.13-pacMna Format napaMeTpHHHHL Xap XWi BapHAHTIapK YIYH
Display 6aoxknnan Qolinanannm xypcaTuaran.

e

Conmant Display
=] e
Diplayt
-
Displayd
, m fonnat: long_e
Displawt
formel: benk
Displays

12.2.13-pacs. Format napaMeTpHHHHI Xap XHI BAPHAHTAAPH YUYH
Display 6noxunan dofiaanasusur
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Display Onokiaan ¢akart ckaniap CUrHaJUIapHHTHHA 3Mac Gaik,
BEKTOp, MAaTPpHLaBHH Ba KOMIJIEKC CUTHAJUIADHU XaM akC >TTHPHM
yuyH ¢oiipanannm MyMkaH (12.9.15-pacM). Arap akc 3TTHpHUIaéTrad
KuiimMaTnap 6nok ofiHacura curMaca, yHHHT ¥HI TlacTku Oypdaruaa 6:10k-
HH KaTTANAIITHPHLL 3apYPIATHHHE GHIIHPYBIH « CHMBON XOCHI GYiand
(12.9.14-pacmparu Display4 Gnoku).

]|
tosi116) [—e[— 1]
ryr—" [ 75
Display1

-0_5% 1 r '0:6] [ rl
[ 1.5 -3.7]_*[ 5] | 3.7]

Constantz

Displav2
3.14+4 [ 314+ &1

Constant3 Display3
[ s

Constanid Displayd

12,2 14-pacm. Display Gaokuaas BEKTOp, MATPHUABAH Ba KOMIUIEKC CHIHAITAPHH 2KC
ITTHpHII Y4yH oliaanannin

12.2.5, MogennammHu TYxTaTHW Gaoxn Stop Simulation

Bazugpacu: _

BIOKHHET KHPHIUHATH CHTHAN HOJTa TEHT GyIMaraH MOMEHTAa
xUcobGnamnap TYXTaTHAMIIAHN TABMUHAAAIE.

Hapavmemprapu:

Hyk.

BnoKHUHT KMpHIIMAATH CHTHAN HOMAra TeHr OyiaMaranza Simulink
KOPHIl KamaMaari xpcodnamnapHu 6axapaid Ba KeHHH MOIEILTALIHA
T¥xTaragu. Arap 0yokka BekTop CHIHan Gepunadrran 6ynca xucobnam-
JIApDHH TYXTallH YYyH BEKTOPHHHT OHpPTHHA 3JEMEHTHHHHI HOIra TEHT
O6¥nmacnuru xam erapau. Stop Simulation Onoxunan doiinananmmra
Mucon 12.9.15-pacMaa kentupunrad, Xucodnaitap Transfer Function
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(GNOKUHUHT YMKUIIMAArH CHrHail 3 ra TEeHr €KH YHIaH katra O6¥iaca
TYXTaTHRAMAH.

2
E r - h D
2534524043
Step Transfer Fon Soope
=
T
Relational " R
Constant Dperator Stop Simulation

12.2.15-pacm. Stop Simulation Gnoknaan dolizananumra Mucon

12.2.6. MasaymoTaapan tainaa caxaam 6aoxn To File

Bazugpacu:

'BAOK KUpHIINTA Ke1aéTTad MaBIYyMOTAApHH Qaitiara E3ann.

Hapamemprapu:

Filename — &3umw yuyH daiinuuar Homu. Cykyr Gyitnua dain
untitled.mat. somnu 6¥maau. Arap daiin yayH TYIHK HOM K¥pcaTiiMaral
O¥aca, daiin kopHii HITYM Mankaga cakIaHaIu.
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Variable name — daiinra é3unaauray MabAyMOTIApHH ¥3 HYMra
QIYBYH ¥3rapyBUHHUHI HOMH.

Decimation — xyupum curHanuday dainra E3MW KappaJHIWri.
Decimation = 1 6ynca xap 6up xknpum curaany, Decimation = 2 6ynca
Xap WKKHHYH KHpHUIO cHrHanu Ba Decimation = 3 6ynca xap yuHHYH
KHPHIO CUTHamH dafnra é3unaiu Ba X.K. :

Sample time — Moaen BaKTHHHHT KajaMH. MabslyMOTIapHHHT €3H-
JMII JUCKPETNHIIMTHHA aHAKAAHANA.

Marnymornap ¢afinga MaTpria KYpHHHIIHIA CaK1aHaAH:

£ t, S .
wl, ul, .ulg,

unl un2 .ung,

MaTpHuaHEAHET GHPHHYH KATOPHAA BAaKTHHHI KMHMATIapH, KeHuH-
TH KaTopnapHaa 3Ca CHTHallJIapHHHT GHPHH'-IH KaTOpHard BAaKTHHHT
KUAMATIapHra MOC KeTyBYl KuiiMaTnapu €3HNaan.

MabnymoTiap Esnnagnral Masaymotnap qadinu (mat-daiin) MaTHIH
daiin 3Mac. YHAArH MapIyMoTIapHHu Sources 6HOanoTexacHIarH From
File Gnoku épaaMuaa YKUII MyMKHH.

12.2.16-pacMaa k¥pcaTuiran MUcoia Xucobnam BaTikanapH result.
mat HoMnH daiinna cakmaHaam.

1
P resultmat
23+1
Step Transfer Fcn ToFile

12.2.16-pacs. To File 6noknnan ¢oiigananumra MHCON

12.2.7. MabJayMOTIapPHH HIHYH COXaAa cakaaul 6J0KkH
To Workspace

Bazughacu:

Bnok xupumnra kenaérrad ciria s MATLABHHHT HIIMH COXacHTa
€3au.

Hapamempaapu:

Variable name — MabIyMOTHApHH ¥3 UYHTa QIYBYH Y3rapyBYHHHKT

HoMu. Limit data points to last — BakT 6¥iHYa CAKJIAHAAHIAH XHCO- .
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OHit HyKTanapHUHT MakcHMan MUKAOpH. Arap Limit data points to
last napameTpuHHHT KHiiMaTH cudaThpa inf TaHTaHCca MOIYH coxana
XaMMa MabIyMOTIAP CAKJIAHAIH.
Decimation — xupum curHanvHH daiinra €3 KappamTHIHTH.
Decimation = 1 6¥nca xap Oup kupnn curaany, Decimation = 2
6ynca xap HKKMHYM KHpHI cHrHamH Ba Decimation = 3 Gynca xap
YYHHYH KHPHII CHrHANU afinra &3unagm Ba X.K.
Sample time — Mozaen BaKTHHHHT KaaamMu. MabayMOTNapHHHD &3H-
JUI AUCKPETIHINTHHH aHHKIaHIH,
Save format — caknaHaérraH MabLIYMOTHApHHHET popMath. Kyfinaaru
KuiiMaTnapaaH GHpUHH KaOyn KMNHIOH MyMKHH:
Array — MaccHs. MasnyMoTnap MacCHB KYPHHHIIKAA CAKIAHAIH.
MaccuBzaa catpaap coHH BakT O¥iin4a xucobuii HykTanap coHura,
YCTYHIIap COHH 3Ca OIOKHHHT KUpUura 6epunaéTran BeKTOPHHHT
ynuaMHura Tedr 6ynaau. Arap OROKHHUHT KHPHLIHI2 CKaadp CHTHAN
Oeprnca MaTpula dakar OHTTa yeTYHra sra O¥namm.
Structure — cTpykrypa. MasnymoTinap yura Mainonra 3ra Gyaran
CTpYKTYpa K¥pHEHIIMAa O¥naau: time — BakT, signals — curnan-
JAapHHHr cakjlaHaétran Kuimatnapu, blockName — MoaenHuHr
Ba To Workspace OnokHHHHr HOMH. Yiify dopMaT ydyH time
MaillgoHH TYIAHpHIMAHIHA.
Structure with Time — kywumua (Baxr) MaliaoHura sra 6yiran
CTpYKTYpa. Yy dopMatr yuyH time MalinoHura BakTHHHT
KHiiMaTnapy €3unanu.
12.2,17-pacmaa To Workspace OackuaaH GoiianaHuiura MECO Kej-
THpHATaH. XHcoGna HaTiKanapH simout ¥3rapyBuucHIAA cakIaHAAH.

[ 1
—” simaout
25+1 g
Step Transfer Fen To Workspace

12.2.17-pacm. To Workspace Gnokuaan $oiiianannamra MHCOA
MATLABHEAr HIIYH COXacHAa CaKNaHraH MabplyMOTIapHH YKHII

yuyH Sources 6ubimorekacuparu From Workspace Gnoxnaan ¢oiina-
TIaHWII MYMKHH.
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12.2.8. Terminator G10KH

Basughacu:

Terminator 61okH Oonika 6MoKHUHE GOHANAHHIMArdH YHKHIIHHA
ynam y4yH HUINATHIAIH.

Hapamempaapu:

Uy,

Arap 61pop GIOKHHHT YHKHIUH GOLIKa OJIOKHHHI KUPHIIHTa yIaHMaca
Simulink MATLABHHHI KoMaHAaNap OHHACHA OTOXJIAHTHPYRYH Xabap
Gepann. ByHunr onavHi omum yyyH Terminator Gnoxnpan ¢ofinana-
eunagy. Terminator 6roxugan Qoiigananumra mucon 12.2.19-pacmpa
kypcarwarad. Demux 610ku 8paaMuaa ONHHAAWTAH MAaTPHLAHWHT HK-
KUHYM 3IeMeHTHAaH (oiinanaHunMaiiay, WyHHHr yuyH y Terminator
OGNMOKHHHMHT KMPHIIHTA Y3aTHNaaM.

Demux Dispiay

Y

(1528

Constant

=

Terminator

12.2.19-pacss. Terminator G1okHAaH GofinanasHwira Mucom

12.3. Continuous — ananor daoxiaap
12.3.1. Xocnaann xucobaam Saoxn Derivative

Bazugacu:
KHpu1I curaagHuy colnu audepeHunaniaimm.
Hapamemprapu:
Hyxk.
XocHnaHu xucobmam y4yH DinepHuHr TakpHGuii gopmynacunan
(oiinananunanu:
du _ Au
& A
Oy epaa Au — KUPHII CHTHAIHHUHT Af BaKT OPATHFUAA Y3rapHIy,
Af — MOzeNn BaKTH KaflaMHHHHT XOpHH KHIMaTH.
Xucobnam GoluaHryHya KUPULI Ba YHKHIU CHTHAIAPHHWAT KUiiMaT-
Napu HOMTa TeHT 1e6 oNUHAaMH.

3
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XocHaaHH XHCOOMAW aHHKIHTH XUCOOIaI KafaMHHHHT KaTTANHIHra
OornHK. Kamam KHYMK OMMHCA XOCHNaHY XHCOONail aHHKIMTH OPTalH.

Hudpepennrannosun 6noxaan doiinananumra Mucog 12.3.1-
pacMza KenTHpHITaH. YHna T¥rpu 6ypyakiM CUTHANHHHI XOCHIACH
xucobnanran. PacMaa HaTHXkamap MKKH XHI XHcoOnaul KajaMH YYYH
(Simulation Parameters ofiHacuHHHr Max step size OynuMuga auto Ba
10 ) k¥pcarunran,

I | I | i Ousdt >

G:'rz:;ar Derivattve é}CﬂDE S Sl Palecneheans unritied - . X
Suheri Wk wl Disgrosi E Ak ! Real-Time Workeh ,!
Simulalion lime
Slart time: { GO Stap time: | 10.0
Sove opliore
typer [Vaticbiosiep w|  [odedS Dommand Prince) ~]
Ma wep size [ andto Fiekative bolerance: [ 1e-2
Min sap size |m mmino
il atog s [2k0
Tuput optiors
{Refine output =] Riefine factor {1

ok | cmod | Heb | oo |

sterehading Papaoa e =g itled - :{
sm' ok -q] Dingroet i Py .: Floa-Time Worksh rE
Simudation e

Shart e { 0.0 Stop trve: [ 160

Solve oplions

Typa [Varisbie-step v fodedS Domand Prnce] R |
Mexdiapren {162 Reietive olsranca: [ 162
Minsspsic: | auto Abackds tokerance: [[ato
ikl step aizec [ acho

Output oplicns

{Reine ouput =| Refe tacaer: 7

ok | coost | oo | s

123, ]-pacm. Carnannapin audipepenuranam yayd Derivative 6aoxuaan
ot panansm
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12.3.2. Hurterpaniopis 6aok Integrator

Basugpacu:

KupHiu CHrHAJTHHH MHTerpaniafian.

TTapamempnapu:

External reset — uHTerpaTopHH GominaHrHY X0NaTra KaliTapyB4H
TAWKU GOLKAPYBYH CHTHAN, Y KyiHHIarn pyHXxaTiaH TaHIaHaOu:

none — Hyx (DONUAHFHY XOJATra KaHTapHAMaiu);

rising — OpTYBYH CHIHaJl (CHTHAJIHUHT OJIAMHTH PPOHTH);

falling — nacaroB4YH CUTHaJ (CHrHATHHHT OpKa (pPOHTH),

either — opTyBuH €KH NacarwBYH CHTHAI,

level — Hoara teHr 6yaMaran curian (0OMKapyBYH KMPHIIAArd
CHTHAJT HOIITA TeHTr OYIMaranga HHTerpaTop OOLUIAHFHY XONIATra KaiiTa-
pHIAZH).

BomkapyBuH CHrHANHMHI TYpHM TaHIaHranza (¢pakaT none 3Mac)
OJOKHUHT TacBHpHAa Kyllumya GollKapyBdH KHUPHID Xocun O6¥naiu.
Kymumuya KApHIIHAHT éHUAA GOIUKAPYBIH CHTHANHMHT INAPTIH GeNnrucH
K¥pcaTunaau. _

Initial condition source — Yukyu curnany GonuIanFHd KHAMATHHHHT
MmanfacH:

internal — nuxn

external — Tamwku. Yoy xonga GnoKHHHT TacBHpHAA X, Guman
Oenrnnanrad KyummM4a KUpHI xocun 6¥nagu. YHra HHTErpaTop YHKHII
CHTHAJIHHUHT GOIJTAHFAY KHITMATHHH OeNrHIOBYH CUTrHAN OepHiain.

Initial condition — Sownanrny wapr. HHTErpaTop YMKMIN CHTHAIH-
HHAHI GOUUTaHFUY KUAMATHHH YpHATHII. YOy mapaMeTpra YHKHII
CHrHamu GouutanFrud KHAMaTHHHHT MaHOacu cudartHaa internal (Huki)
TAHTAHraHAa KHPUID MyMKHH.

Limit output (6ajipoxya) — YukUIl CHrHATHHH ueknagan ¢oiiga-
TAHHIL

Upper saturation limit — YukuIl CHIHATHHY YEKJAIIHHHT IOKOPH
catx. CoHjIap BOCHTACHA EKM CHMBOIUIH KeTMa-KeTHK inf, spHH + o
KYpHHMWBAA GepHIHIIH MyMKHH.

Lower saturation limit — YHkHll CHrHATHHHE YSKJAIMHHHI MACTKH
carxu. CoHnap BocHTacHAa KM CHMBOJUIH KeTMa-kKernsk inf, 4pHK + oo
KYPHHAIIAIA OepHIMIIN MYMKHH.

Show saturation port — nATerparop 4eKNalIapra YHKKAHIUTH
TYFPUCHIATH CHTHANHH GepyBUM NOPTHH aKkC STTHPHITHH GomIKapajiH.
Vmby DOpTHHHT YHKHMII CHIHATH KyHHAard KAiMaTiapHi KaGyn KHiHmH
MYMKHH:
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HoJr, HHTErpaTop YeKIanapra YHKMaras, _

+1, HHTErpaTOPHHHI YHKWII CHTHANH IOKOPHAAH Yeknamra etHd
Oopran;

-1, MHTErpaTOPHHHT YMKHLI CHTHANIYA NACTAAH Yeknawra eTub Gop-
ras.

Show state port (Gafipokua) — GIOKHHHT X0IaT MOPTHHH KypcaTHIL
OepruTHIL.

Absolute tolerance — AGCOMOT XaTOMHK.

KupHmura noroHanu curHan GepHiraHia HHTETPATOPHUHI HIUTALIH
12.3.2-pacMaa kypcarnnras (6onuianFHY mWApTiap HONra TEHT),

P

» 1 —p

Intagrator Scope

AR L R LR RS RS RS SRR R
H i

12.3.2-pacm. TIoroHANH CHIHATHH HHTETPALAALL

Ketinarn myuconga (12.3.3-pacm) -10 ra TeHr 6¥arad uuKHIl curxa-
JIAHHAT GOmInaHFrHY KHAMATH TAIUIKH NOPT OPKAJH OepHATaH.
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_| > 1
Step s >
o
. ]
10 Integrator cope
Constant

. Srope

i 13 T e SRRSO SRR i

12.3.3-pacm. TIOFOHATH CUTHAIHH YHKHII CUTHANHAY GOLTAHFHY KMAMATH YpHATHICAE
X012 HHTErpaial

HHTerpaTopHUEr KUpHiD DOPTHAAH YMKHIN CHIHaAuHK Oomnanrur
XONATTa KalTapHIl Ba XOaT MOPTHAAH TeCKApH OOFIAaHMINHH TAIDKUI
KHIUI yayH ¢ofnanannmra Mucon 12.3 4-pacMaa kypcatunra. Cxem:
Kylinparuya HIIaiax: KMPHILTATH ¥3rapMac CHIrHan HHTerpatop €paa
MiOa YH3UKIH-¥3rapyBu CHTHAIra afinaHTHpHIagH. YHKHAII CUTHANH
ra TeHr Oynras xkuiiMaTra erranga Relationat Operator 610k MaHTHEHE
CHTHAN XOCHI KHIagH. MaHTHKUH CHTHATHHHT OJIAHHTH GpOHTHAA HE:
TETPATOPHHHT YNKHII CHTHAJK HOTa TeHT G¥aran GonUTaHFMY KHAMATT:
kafitaan. Hatmxkana waterpatopHuAar yukuiuga O gad +1Braga Yarapyedr
appacHMOH CHTHAJ IIAKIAAHALH,
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Inte grator

Constant
1
1 »
—
Soope
=
_— 4+— 1
Relational Constant1

Operator

Time offeet: 0

{2.3.4-pacyu. UrTerpatop acocHIaru appacHMOH CHIHANAAP FeHEPaTOpH

Keiinuru cxemana (12.3.5-pacM) HHTErpaToOpHUHT GOLUTAHFHY KHiTMA-
THUHH YHHHT YHKHII CHFHAJIK EpaaMuga YpHaTHIO kypcaTiaran. BakTHHHT
OMPMHYH MOMEHTHAA HETErPATOP UMKHMII CHTHAJIUHHHT GOUUIAHFHY
kuiimaTH IC (Initial Condition) 6noxu SpraMuna HoJMra TeHr KHIHO
yprarunagd, Yukuin cHrgand | ra TeHr kuiiMatra etranna Relational
Operator 6J10KH WHTErpaTOp YHKHMIN CUTHATMHN OomnmanFuuy KHEMaTra
KalTapHIl CHTHAJIHHH XOCHN KHIann, byHNa MHTEerpaToOpHUHT HHBEPTHD-
NIAHTAH YHKHID CHTHan# (FBHM -1) GOwnaHryy CaTXHH OCpyBUH CHUCHAN
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O6ynaou. KefHH cXeMaHHHT WIUTANI LMKIM KaiTapuinaldy. ABBaNrH Cxe- .

MafaH dapiiu PaBHILAA r€HepaTOPHHHI YMKHII CHTHAMH MKKH KyTOnd
Oynamn.

Constant Integrator
1 —f
»il ——» D
D] >l
Scopa
IC
» [
| - 1
Sain Relational Constantd

] Operator

12.3.5-pacs. UATerpaTop acocHAa GaxapHATaH HKkH KYTOIH appacHMOH CHIHAI
reHepaTopH

12.3.3. Memory 0aoxn

Bazughacu.

KnpHnl carHanuas OUTTa BAKT TAKTHTA KeUHKTHPAAH.
Hapamempnapu:

¢ Initial condition — IuKK curHamMuuET SoMTAHFRY KHIAMATH.
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» Inherit sample time (6aiipok4a) — Monmen BAKTHHHHT KaJaMIHH
kabyn xunuu. Arap 6afipoxda ¥pratuiran 6¥nca Memory 6mokn
¥3uaaH aBBanrd 610K MOAEN BAKTHHMHI KagamuaaH (Sample time)
doiinananann,

Memory GIOKHAAH JHCKPET CHIHAHM OHTTa BAKT TAKTHTA KEUHKTH-

pHIll y4YR (oiinananamra micox 12.3.6-pacMaa KenTHpRATaH

rull - -
Swnn Wam i
[} S v pamica) = T oy " Byl iy,

[ S e 7]
(TR L e
Mgy -—— - o o e b B
Aupoly & one inlegeaion ey diley. The ouut » the .

e

o vanaion:
B
¥ il syle tem

£ obeat e

o ] e | e

o brbapnd ik st et 141

) cwed | e | e |

12.3.6-pacm. Memory GNOKHI2H JUCKPET CHPHANHH OHTTa BAaKT TAKTHTA KeUHKTHPHM
yuyH (ofifanatnura Mucos

12.3.4. Yiaram dyakumachadur 6aoxn Transfer Fen
Basughacu:
V3aTHl HYHKIUACHHA MONMUHEOMIap HHcOaTH KypuHBIIHIa Gepanu:

H(s)= y(s) _ mum(s) _ mum(1)s™ +num(2)s™ +.. +num(nn)
Tu(s) den(s)  den(1)s™ ' +den(2)s™+.. +den(nd) ’

By epna nn ea nd — y3atHil GyHKIMACH CypaTH Ba MaxpaXKHHHHT Tap-
THOH,

num — cypamoazu £Kn MaTpunacu; den — maxpaxaary xo>@dnun-
€HTIaPHHHT BEKTODH.

Iapamempnapu:

Numerator — cypataar# nonuHoM Ko3¢UnHEHTIApHHHT BEKTOPH
éKH MaTpPHLACH;

Denominator — Maxpaxnard NoJMHOM Ko3dpUUKHEHTIApPHHHAT BeK-
TOPH,

Absolute tolerance — ABcomOT XaTONHK.

CypaTHHHT TapTHONW MaxpaXHHKHIAH KaTTa GYIMACIHTH Kepak.
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BIIOKHHHT KHPHIN CHrHATH CKanap OYNHIIM Kepak. Arap CypaTiard
ko3 duunenTap BekTop 6Yica GIOKHMHI YHKHII CHIHAAH XaM BEKTOp
6ynamu. Transfer Fen Grokn épaaMusia TeGpaHyBYH 3BEHOHH MOJE/IaLL-
ra Mucon 9.3.8-pacMpa KenTHpHITaH.

“Heope

1
- 5240 5901

Y
4

Transfar Fen Soepe .

12.3.7-pacm. Transfer Fcn Gnokn Epnamnia TeBpaHyBus 3BCHOHH
MOOENBIITa MHCON

Arap cypaTiaru xosbhdauueHTIap MaTpiLa KypuHuHaa G¥pHiras
Gynca Transfer Fen Gnokn BeKTOpAH y3aTHDI GYHKIHACHHN MOAENIANIA.
Bektopian y3aTuil PyHKIMACHHH Maxpaik MOJIHHOMIApH Gup X1, TeKHH
CYPAT MOMHHOMIIAPH Xap Xun 6¥1ran GHp Heda y3aTHII GYHKUHATAPH CH-
tbatuza Kaby1 KHIMI MyMKHH. ByHia GJOKHHHT YHKHII CHIHAIH BEKTOP
KypuHHUKAa O¥naau Ba cypargarn KodQdHUMeHTIAp MaTpHLACHAATH
caTpiap COHH YHKHII CHTHATHHUHT Y¥1YaMHHM OelrHnaiau.

Bekropau ysatum dyaxunscurd Gepaguran Transfer Fen 6nokura
Mucon 12.3.8-pacMaa kentupunran. PacMaa yHra Tyna ¥xwaut, JeKHH
anoxuna Transfer Fen dnoknapuaan (Transfer Fenl, Transfer Fen)
TY3HITaH MOZeN XaM KypcaTHAraH,
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12.3.8-pacs. Bextopnun yzatnil GyHKUHacHHA Gepaanral Transfer Fen Gnokn
Ba YHHHT aHAJIOTH

Transfer Fen 6okuaas gpofinananunranga COulalyuy MIapTaap Hol-

1 reHr 6¥nanu. Arap Honra TeHr 6¥aMarad GoLUIaHFHY WAapTHap 3apyp

0yuca th2ss pyrkumacu (Control System Toolbox BocuTacH) épraMHuia

ywrnw GyHKUMACHIaH XodaTiap da3ocHIarl MOAENTa ¥THIaaH Ba OH-
nuMuk oOvexT State-Space Gnoku &épnaMuaa MoOASIUIAHANH,

12.3.5, ¥iaTHm ¢pyarunsacu 6aoxn Zero-Pole

Basudacu:
Zero-Pole 610ku KyT6aapu Ba HoJutapH OepuiraH y3aTHin (yHKUHA-
CIHH aHHKTIafaM;

Z(s) _ g (=ZWNs=Z2))..As=Z(m))
P(x) (s=P(D)(s=P(2)..(s=P(n)) °

H(s)=K

Oy cpaa Z — y3atuil GYHKUHMACH HOIUIAPHHHHT (CYpaT MONHHOMH-
HHIT HIAH3NAPH) BEKTOp €KM MAaTpHUacH; P — y3aTtHmwl QyHKUMACH
Ky 10ONIapHHUHT (MAaXpak NONUMHOMKHUHT HIOW3NapH) BextopH; K — y3a-
1 PYHKIUACHHHHT Ko>(dulneHTH. Arap y3aTHIl QYHKUMACHHUHT -
NOJINApH MaTpHUa KypHHHIOHAa Gepunran 6¥nca ko3 dpuiumeHTNap Bek-
topu. bynna K BeKTOPHHMHT ¥14aMB HOMIAP MATPRUACHHHAET CATPIAPH
cond OHIIaH aHHKTaHAOH.

[lapaMerpnapu:

Zeros — HoMMap BEKTOPH EKH MATPHIacH,

Poles — kyTOnap BeKTOPH.

Gain — y3arnin QyHKUMACHHHHI CKaNAp EKH BeKTop Kosdduiu-
CIITH.
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Absolute tolerance — AGCONIOT XaTONMHK.

V3arum QyHKnuacHAaTH HOJUIap MUKIOPH KyTONap COHMIAH KatTt
O6¥nMacnury Kepak.

Arap y3aTHm GYHKUMACHHHHT HONIAPH MAaTpHUA K¥pHHHIIMAA Gic
Zero-Pole GIOKH BEKTOPIH y3aTHII QYHKUMACHHH Moaenaaiiau.

V3aTHIl QYHKOHACHHHHT HONJIAPH Ba KYTOJapH KOMINEKC COHJa
Ounan xam Gepunumd MyMKHH,

Zero-Pole 6nokunan ¢oiinananunrania 60mnandray 1WapTaap HOMT
TeHr 6¥nanu.

Zero-Pole 6nokunan dofipanammura Mucon 9.3,10-pacMIa KypcaTiirar
MHconga y3aTiml (YHKIHACH OHTTA XaKHKHH HOJI BA HKKHTa KOMILIEKC
OornmaHrad Kyrora sra.

[

(s+1)
(9-I0.5K3+"0.6)
Zero-Fale

12,3.9-pacu. Zero-Pole 6rokunan ¢oiinaraHuira MHCOT

12.3.6. Aunamuk odbexT Mopeauunur 6aoxu State-Space

Basugpacu:
Bnok KyAHAATH X0/1aT TCHITIAMaNapH SuiaH TascHGIAHYBYH THHAMH.
00BEKT HH XOCH/ KHJIAIN:
X =Ax+ Bu
y=Cx+Du’
0y epia x — XONaT BeKTOPH, ¥ — KHPUIN TABCHPHHHUHT BEKTOPH, ¥ —
YHKHII CHTHAJUTAPHAHHT BEKTOpH, A, B, C, D — Marpuuianap.
MatpunarapauHr yadamnaps 9.3.11-pacMaa kypcaTuaran (# — xoina
§3rapyBYHIAPMHHHT COHY, M — KHPHIU CHrHaJUTADHHHHT COHH, » —
YHKHIL CHTHAIAPHHMHT COHH).
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T c D

12.3.10-pacm. State-Space GI0KH MaTPHIATAPHHHHT ¥IdamiapH

flapamempnapu:

A, B, C, D -matpuuanap;

Initial condition — Gownanruy 1MApTIap BEKTODH;

Absolute tolerance — A6coNIOT XaTONHK.

State-Space Gmokn épgaMupa JMHAMHK OOBEKTHH Mojennamra M-
coi 9.3.11-pacMaa xentupHirai. BaokHHUHT MaTpHLalapH KyAUDAarys

KWiiMaTnapra sra;
0 1
A=
‘-—5 -2

| 2=

‘0

C=l0 1], D=|0
o} =10 3.0-l0

TnmuL IQK]W]“JMJ

[2.3.1]-pacum. State-Space G10kH EpRaMBia NAHAMHK 00BEKT HH MOASIIAIITA MHCON
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12.4. Discrete — AHckpeT Onokaap
12.4.1. Anckper keunkTupam daoku Unit Delay

Bazughacu:

Kupui curdaiMey Modell BAaKTHHURT KafaMHra TeHT OYnrad Baw
KECYHKTHPAIH. g

Hapamempnapu:

Initial condition — Unkum curHanHHHAT OOMINAHFHY KHIAMATH, -

Sample time — Moxes BaKTHHUHI KaDaMH,

Kupum curnang ckanap €ku Bekrop 6yauimn MyMKHH. KupHir curm
BEKTOp 0¥/1ca KCUHKTHPHII BEKTOPHHHT Xap OUp 31€eMEHTH yuyH Gaka
nagu. Bnok KOMILIEKC Ba XaKHKHH CHIHaIap OHNIaH WIUIAIH MYMKE

Huckper curaanny O,1c ra TeHr 6¥nrad 6uTTa BaKT KaJaMHra keq
tHpum yuyH Unit Delay 6nokvuznan dofinananumra Mmucon 12.4.1-pach
KENTHPHAraH.

san.wm[ ; D
=
z :
Unit Dulay Soopc-

12.4.1-pacu. Unit Delay 6nokunan doilaganaHura MEcos

12.4.2. HosMuud TapTREAN cTpanoanTop 6oxH Zero-Order Hi

Basugpacu:

Bnox kMpHI CHIHAIHHH BaxT O¥Huva auckperaaian.

Iapamemparapu:

Sample time — Bakr 6¥#inya muckpeTaall KAJaMHHHHT KaTTaJIH:

Brok kvpunt CHTHaJIWHHHT KBAHTAAll HHATEPBAlH OoLITaHWINH,
KHIMaTUHH 2cnad Konaay Ba YMKHIIAA KBAaHTIALI HHTEPBAH TYTaryl
cax1ab Typaau. KeAHH YHKHII CHIHAH CaKkpal, KHPHIL CHIHAIHHHHT KBa
JIAITHHHT KefHHTH KaaaMH OolUIaHMIIMIaTH KMAMATHra4a y3rapamaq.
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Zero-Order Hold 6n0ku épraMuaa ZHCKpep CHIHAJHH LIAKJIAHTH-
puwra mucon 12.4.2-pacMaa KeNTHPHITZH.

Sine Wavy ZareCrcar

12.4.2-pacs. Zero-Order Hold Guickn €pnamupaa ZucKpep CHTHAIKH
MIAKIUIAHTHPHLLErA MHCON

G.1123z+;. 1038 - -['LL . o1 o
- 221 5622+0.7768 " 7| 10821 b
Step Disorsta Zeio-Ordet  Disorate Filter Soope
Transter Fon Held

suopre

lemime o a@EE

1.5
1
0.5
0

12.4.3-pacm. Zero-Order Hold 6nokunan guckper GroxknapHi ¥3apo MOCHAlITHPHIL
yuyH dofinanannm.

Honun4au Taprutnu sxcTpanongrop OA0KHAAH Xap XHI KBAHTJIAII HH-
TEPBAIMIa 5ra 6¥Aran Auckper DAOKTAPHHHI MLILNALIHAHY MOCHAIITHPHI
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yuyH Qoliaananumt mymxas (12.4.3-pacm). Muconna Discrete Transfer
Fen 6iokn uMeer Sample time = 0.4 napamerpra Ba Discrete Filter:
Onoxu 3ca Sample time = 0.8 napamerpra sra.

12.4.3. Brpanun TapTHOAN KcTPpanoaaTop 6aoke First-Order Hold

Basugpacu:

Bnox kHpHII THCKPETAAMHHHT Xap Oup TAKTHIA CUTHATTHHKHT aRBAJl-
I'H HHTEPBANIZATH THKJIHMIHIA MOC XOJIHA YHKHII CHTHATHHHHAT YH3IHKIH
YIrapyimay Xocu KHJIAIH,

Hapamempnapu:

Sample time — Baxr 6¥itvua QUCKPETIAN! KANAMMYHHT KATTANWIH.

First-Order Hold 6r0oku EpaaMusia CHHYCOHIAM CHTHATIHH SKCTParo-
AAUMA Kanuuira Mucon 12.4.4-pacMpa KenTHPHIITaH.

fienpe

Sina ‘Wive

Tine offsat: 0

12.4.4-pacm. First-Order Hold 6aoknnan pofinanaHrmra Macon

- 12.4.4. Iackper uurerparop 6aoxu Discrete-Time Integrator

Basugacu:

Brokagan muckper cHcTemanapAa HHTerpamiaul aMandHHH OaxapHi
yuyH Qofnananusagm,

Hapamempaapu:

Integration method — Counu sETerpaniam ycyan:

Forward Euler — D¥nep ycynn.

Vmby ycya 1/s yaaTHin GyHKUpACHHK annpoxcuManuscn T/(z-1) nak
doilnananagu. BROKHHHT YHKHIN CHFH&IH Kyiiupary ndonpara acocan
XMCcOoOnaHaIu:
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y(&) = y(k-1) + T*u(k-1),

¥ — MHTETrpaTOpHHHT YHKHII CHTHAIH,

U — HHTETPATOPHHHI KHPUIO CHTHAIH,

T — HmuckpeTnam Kagamu,

k — Mozennaul KaJaMHHHHT HOMEPH.

Backward Euler — DinepHUHT TeckapH yCyaH.

Ywoy ycyn 1/s yzathmn ¢yHxkuusacunun annpokcuManuacu T* z /(z-1)
Jui poHganaHagd, BIOKHUHT YHKHII CHTHATH Kyliuoary ugojara acocan
XHcoOnanaou:

¥(k) = y(k-1) + T*u(k). .

Trapeziodal — Tpaneuusnap ycynu.

Ywdy yeyn 1/s yzaTuil QyHKIHACHHA annpokcamanuacu T/2*(z+1)/
(z—1) nan ¢olinananagy. BIOKHUHT YMKHLI CHTHANH Kylingard ndoaara
acocaH XxucoOnaHaau:

x(k) = y(k-1) + T/2 * u(k-1).

Sample time — Baxr 0¥finya AHCKPeTNAIN KaltaMH.
JHCKPET HHTeTPaTOPHHHT KOATaH NMapaMeTpiapH aHAIOT HHTErpaTop-
nukura (Continuous 6udmiorekacu Integrator 6ioxu) ¥ximamn.

Tie EdE Vew St Fortdl Tock g

DI 5 @[] > = oo g

5

Diirain-Tline:
Inbngraber

- R . o ot -
12.4.5-pacwm. Discrete-Time Integrator 6aoxtapH épasMuia Typau ycyanap Guinan
COHJIH KHTerpannam
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Discrete-Time Integrator GnokH €pmaMHAa COHIH WHTEPamLila
HHHI y4ana ycynu Xam 12.4.5-pacmaa kypcarinrad. PacMaan Tannast
HHTErpannai ycyjaura Moc Xoina GIOKHHHI TACBHPH XaM ¥3rapHi
KYpHII MYMKHH.

12.4.5. duckper y3arum $pyHxuHacu 6ao0kH Discrete Transfer Fen

Basugacu:
Discrete Transfer Fen 6okd Kyinaard noauHomsap HucGaTH Ky
HHIOMIATH AUCKPET y3aTHII JYHKUHACHHH Oepau:

num(z} _ mum z"+numz” +.4Amum 2

H(z)= ,
(2) dem(z)  denz" +denz™ +...+den,

Oy epna m+1 Ba n+1 — cypar Ba Maxpaxaard kK03pQUIHEHTIAPHUHT COH
num — Cypatiard KodpQUUNeHTAapHUHT BEKTOPH £KH MATPHLACH,
den — Maxpaxagarn KodgpoHIHCHTIAPHART BEKTOPH.

Blosk Brsaeters: Do rete '!ra:.wfer fin
Diditebs Trarfor F
i swpreesion jos
vt oquek o erd Sotvs | Warkapacs 0 | Dimgrosicr| Advarced ] A
descanding power: LN

s Hhnladian Paraaet

e Sindion iena
Farametms - .

Moo Start thne: [B05 Sop tne: {1306
1[0.11250.1&:5] Solver options

Darvesingos: Tye: [Vaiablestep +§  foded5 (Domand Pr

i 120776 Madepsize oo Fielative tolers L
Sempletmefl b _ _ LV
ll—---—-—'- Min step size: Im Albcrohate toleearcy : : : :
LY b kadnepsee: faio : F SO S b

i._[ Quipet option . :
| Rofine cotput =

0% | oo

12.4.6-pacs. Discrete Transfer Fen 6noxnnan dolizananduira Macon
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Hapamemprapu:

Numerator — Cypargarn ko2ppHUHEHTIADHUHT BEKTOPH &KU MaT-
pUUAacH;

Denominator — Maxpaxxaard ko>pQHIHEHTIApHHHT BEKTOPH;

Sample time — Baxkr 6yHirua auckpersam KaaaM.

CypaTHRHr TapTHOM MaxpaKHHHT TapTHOMjaH WKopH O¥nMacmr
Kepak,

Kupum curHanu ckansp 6ynumn xepak. Discrete Transfer Fen
6noxumal dofinananumra mucon 12.4.6-pacMaa kearupuirad. Muconaa
TeOpaHyBYN 3BEHO MUCKPET aHANOTHHHHI OHPNHMK MOFOHAIM TabCHPra

peakuuacH xucolnaHain;
|

s +0.55+1°
Huckpetnaw kagaMu 6.5 ¢ oHHraH.

12.4.6, duckper y3aram pyuxunscs 610kH Discrete Zero-Pole

Baszugacu:
Discrete Zero-Pole 6iyioku KyTGiapn Ba HoNIapH OGepHara KyliHaarn
JAHUCKpeT Y3aTHII (GYHKIMACHHH aHUKIAiIn:

Z(z) K (z~Z Nz—Z,).(2-Z)}
P&) " (z-BXz-P)Az-P)’

H(z2)=K

Oy epaa Z — y3aTHm PYHKUHACH HOJUIAPHHHHT BEKTOPH &KU MAaTpUUACH,
P — y3atnu pyHkumacH KyT6napHEHHT BeKTOpH, K — HOJLIapH MaTpHLA
K¥puHAILD2 Gepuirad y3aTH GYHKUHACHHAHT ko3dduuneHTnapn Sku
KO3 PHIUSHTIAPHHUHT BeKTOPH. ByHaa K BEeKTOpPHHHT ¥n4aMu Hoiap
MaTpPHUIACHAATH CaTpIIap COHH OHNIaH aHHKJIaHAAH.

Hapamempnapu:

Zeros — Homnap pexTopn €K MaTpHUACH;

Poles — KytOnap sexropH;

Gain — Y3aTHnl QyYHKOHACHHHHT CKIAp €KH BEKTOp Kod(duunen-

TH;

Sample time — Baxr 0¥ilnva avckperaall KagaMH.

Y3aTuul pyHKIHACHAA HOLIAp COHN KYTOAp COHMAAH kaTTa O¥nmac-
JMTH Kepak.

V3aTHII GYHKUUACHHUHT HOMNAPH MATPHUA KYPUHHIIHAA OepHiica
Discrete Zero-Pole 6510k BekTop Y3aTHII PYHKITHACHEH MOIENnaiian.

Hommap Ba KyTOnap KOMilleKc-OUpHKTHpIUIraH Kyruknap 6unan
XaM OepUIHLIM MYMKHH,
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Discrete Zero-Pole 6nokunan $ofinanannnranga Gonanrny mwapriap
HON el OMHHAIH.

Discrete Zero-Pole dnokunan dolinaranumra mucon 12.4.7-pacMaa
KEITHPHITaH.

! 3[z-1%2-2)

{z-1)(z-0.5

12.4.7-pacs. Discrete Zero-Pole Snoxinan foliaananninra MUCoL.

12.4.7. Auckper $uabTp 6a0kH Discrete Filter

Basugpacu:
Huckper punetp 6noxu Discrete Filter Teckapu apryment (1/z) gan
KyHHOarn QUCKpeT y3aTHIU GyHKUHACHHH Oepann:
L] =1 =2 —n
H(/2)= num(l/z) _ num,z :-m:m,z_I+4lm1rnzz‘2 +.‘.+num,.z )
den(1/z) denz +denz” +denz " +..+den 27"

0y epna m+I B n+l — cypar Ba MaxpaX Ko>pPHUUHEHTIAPHHHHT COHH,
num — cypam Ko>bOPHIHERTIAPAHKHT BEKTOPH &KH MaTpuuacy; den —
Maxpax K03 PHUHCHTIAPHHHHT BEKTOPH.
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[Tapamempnapu:

Numerator — Cypar k03QPHUHEHTIAPHHUHT BEKTOPH &K1 MaTPHLIACH;

Denominator — Maxpax xko>bOHIHMEHTIAPHHMHT BEKTOPH;

Sample time — Bakr 6¥iinga auckpertnam Kajgamy. _

Discrete Filter Gnoxkunad doligananumra Mucon 12.4.8-pacmaa ken-
Tupunrad. Muconaa auckpernam kagamu 0.5 ¢ olHHraH.

r Mt "

S B Yaee  Cngdaban Format Took sk

Dgﬁﬂ‘;‘ j.'h"ﬁ';sz.f:] e _"Ho

H
]

01 :
1wosc'] | | |
screte Fiker ~ Stope :

12.4.8-pacm. Discrete Filter Gnoxunan boigatagHmra Mucon

12.4.8. Innamuk 00bekT MoaeadHuur 6aoku Discrete State-Space

Basughacu:
bnox xyilujaru xonat TeHrnaManapd OHIaH aHHMKIaHYBYH NUHAMHK
OOBEKTHHHT MOJENUHH XOCHI KHIAgH:
x(n+ 1)=Ax(n)+ Bu(n)
H(ny=Cx{(n)+Du(n),
0y epHa x — XONAT BEKTOPH; ¥ — KHPHII TABCHPIAPHHUHT BEKTOPH,

VY — HHKUII CHIHAJINapuHMHT BekTopH; A, B, C, D — Marpuuanap; n —
MOOEHNAll KafaMUHHHT TAPTHE paKaMH,
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n m Marpunanuar yngamnapn 12.4.9-pacmaa

KYpCaTHATaH (7 — XONnar y3rapyBYMNapHHHAT
COHH, M — KMPHIII CHTRAJUTAPHHHHT COHH, ¥ —
n A B YHKHUI CHTHAJUIAPHHAHT COHH).
Hapamemprapu:
A — CucreMaHMHr MaTpHIIACH,
B — Kupnw MaTpHuach;
T ¢ D C — Yuxum Matpunacu;
12.4.9-pacs. Discrete D — Vi Matpanach;
State-Space 610KK Initial condition — BomuianrHy mapTnap
MATPHIAAPHHHHT BEKTODH;
JrsaMiaph. Sample time — BaxTt 6Viinya aHcKpeTiai
KaJaMH,

Discrete State-Space 6moku épaamuja AHHAMHK 0OBEKTHH MoJell-
nawra mucon 12.4.10-pacmaa kypcatunrad. BIOKHHHI MaTpHIanapH
KyHAMpard KuiiMataapra sra:

1 02 .05
= . = . =‘0 11, =‘0|
0.7 -0.5 0.4
Step yiny=Cufn)+Dufn)
xin+1)=Ax(n}+Bu(n}
Discrete State-Space

vy

¥l = Cor » Dugd
1 &
: ficzardy

B:

[Eeaa

[

[

o

[

rial condiions:

I

Samole e 11 for inbwtedt

o5

[ 4 i Cavcel I Help ! Ay

12.4.10-pacwm. Discrete State-Space 6noxunan dofinamanyira Mucon
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12.5. Nonlinear -— HOYH3MKAM Gaokaap

12.5.1. Yernawm 6aoxu Saturation

Bazugpacu:

CHrHaJTHHHT KMAMATHHH YyeKnainu.

Hapamemprapu:

Upper limit — YeknaliHuHr OKOPH Ye€rapacii;

Lower limit — YernalTHHHT MACTKH Yerapacu;

Treat as gain when linearizing (¢paaxkok) — JluuranawTupumaa
yiaTHIn ko3 dunnenTu Supra TeHr H¥aran kydadTHpray cudaTnga
QML

Saturation OJ0KHIaH CHHYCOMAAN CUTHANHH YekI1aul yuyH dovigana-
ininra Mucon 12.5.1-pacMaza xypcaTHIATaH.

#ine Wawm

h 4

" Fatamu e s Satur ol

Cabirabion - e e o —
Lamil irgut signal bo the upper and lovwsr salurstion vaeluies.

Unper fmic
{os
Lower bk
fo5 ' :
¥ Trest s gain when inearising SRS SR,
7 Erwble 200 orwsing detetion ' : ; :

0K | comn | H |

12.5.1-pacm. Saturation Snoxupan doiinanannura Mucon

12.5.2. Ce3Macank 3ouacara >ra 6¥nran aox Dead Zone

Bazugpacu:
«Ce3MacnHK 30HACHY» TYPHAArd HOYHIHKIM OOFNaHHIUIHH amanra
OWHpagH.
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Ilapamempaapu:

Start of dead zone — Ce3MacIHK 30HACHHHHT GOlLIAaHMIIH (TACTK
yerapa);

End of dead zone — Ce3mMacnuyx 30HACHHHUHT TYTAIlH (FOKOPH ¢
rapa),

Saturate on integer overflow (Gaiipoxqa) — Bafipoxya YpHRaTunrasa
OYTYH TypAari CHrHA/UIAPHH YeKJIall KOPPEKT Tap3la aMara OILHPHIAAH

Treat as gain when linearizing (6aiipoxya) — JluHnanawTypuma
y3aTum Ko3pHIHEeHTH Oupra TeHr 0YaraH Kyd4adTupruy cudaTnaa onui

BnoxHHHr YHKHUI CHTHANM KyHHAATH ajJropuTMra acocaH xucod.
AaHAgH: .
Arap KMpHII CHTHA/IH C€3IMAc/IHK 30HACHHHHT Humta 6¥nca YHKHII
CHTHANH HOJITa TeHr G¥nanu;

Arap KHpHII CHIHAAN CE3MAacIUK 20HACHHHHT IOKOPH 4Yerapacura
TeHT §KH YHAAH KaTTa 6¥Nca YHKHII CHIHAIH KHPHIO CHTHA/HAAH I0KOpH
YErADaHKHT KMiiMaTH o1l TaumnaHraHwra Tenr 6ynaam;

Arap KMpHII CHTHANH C€3MaC/IHK 30HAaCHHUHT [ACTKH Yerapacura TeHr
éKd YHOAH KHYHK O¥Nca YMKHII CHIHAaNM KUPHII CHTHAMHIAH MACTKH
YyerapaHHHT KRAMATH ONKG TalunaHraHura TeHr 6¥naan.

Dead Zone Gmorkupan Qoiiganannmra mucon 12.5.2-pacMpa kipca-
THIITAH.

] Fvlﬁ m\ Rl b«'rﬂ«vu;ﬂ

ot 1

_&mh”mhm Offent ingnt signali by skl

- m..._:_.._.‘....___.‘m._._,..w__ R A
St of doad e

@

Erel of dead 200 ;
fs S W :

7 Sehurdim on rlegn cverion i :

P Tonsh e gain s ienaaing :

W Erabla mmm

l ox J r.m-li Hap J Aark I

12.5.2-pacm. Dead Zone Gnokugad doiiganaHaimra MacoI
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12.5.3. Penenu 610k Relay

Bazugacu:

Penenn HOYHIHKIHKHA aMaira OIIHPAAH.

Hapamemprapu:

Switch on point — ynannn gerapacy. Pene ynanaaurad kuiimMar.

Switch off point — yzmnumu yerapacu. Pene y3unaguran kuiiMar.

Output when on — pese ynanTan XonaTiard YHKHII CHTHAJTHHHHT
KHiiMaTH.

Output when off — pene y3uaran xonataard YHKHII CHTHAJTHHHHI
KuHMaTH.

BnOKHHHr YHKHMII CHIHANH HKKK KMHMaTAaH OHpHHM KaOyl KAIHIIH
MYMKHH. YnapnaH GUpH pene ynaHraH Ba HKKMHYHCH pelle Y3HIraH
xonatra Moc kenaau. Pene 6Hp XxonarnaH MKKHHYHCHTA cakpal yraam.
YnaHMIm Ba Y3WIHUI Yerapanape xap xui O¥nranfa 610k rHcrepesucra
yra OYnraH peneiH XapakTepHCTHKAaHH aMaiira olwnpany. bysna peneHunr
yNaHUII 9€TapacH Y3HIHLI 9erapacHiaH KaTTa GYVNHImH Kepak.

Relay 6noknaan goiinanasumra Mucos 12.5.3-pacMaa KenTHpUIraH,
BakT puHarpaMManapiaaB KYpHHHO TypraHHAeK peie KHpHII CHIHAIN
0.5ra erranga ynadaau Ba -0.5 raya macairaHaa y3uiaa.

RIS b 3 b

XY Plot

3 D05 0 05 1

Ralay
Sine UMI '
'Supe
12.5.3-pacu. Relay Gnokupan dofinamaniiura MHCoN XY raph
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Hapamempnapu:

Start of dead zone -— Ce3Mac/IHK 30HACHHMHT GONLTAHHIIH (TACTK]
yerapa);

End of dead zone — Ce3macnuk 30HACHHHHT Tyraummm (IOKopy ¢
rapa),

Saturate on integer overflow (faiipox4a) — Baiipokya ¥pHaTHITang
OyTYH TYpAATH CHTHA/VIAPHH YeKiIall KOPPeKT Tap3Ja aMalil'a oLHPHIaOd

Treat as gain when linearizing (6afipox4a) — JIunHanamTHpHILE)
y3aTam Ko3$duupeHTy Gupra TeHr OYaraH Kyd4alTHpriad cudatHia onum

BAOKHHHT YHKHII CHTHAJR KyHHIard alnropHTMIa acocaH Xucod
JTaHAOH:

Arap XKMPHII CHIHAIH CE3MAciHK 30HACHHHHT HYuza 6ynca uHKui
CHTHANH HOJIra TeHr 6¥nanm;

Arap KHPHII CUI'HANA Ce3MacaHK 30HACHHHHI IOKOPH Yerapacur
TeHT KM YHAAH KatTa O¥nca YMKUID CUrHATY KYPHIN CUTHANKIAH FOKopI
yerapaHMHT KuiiMaTi onu® TauuaHrasura TeHr 6¥namm; _

Arap K¥pHLI CHTHANH C€3MaCIHK 30HACHAMHT ACTKH YerapacHIa TeHr
€KUM YHAAH KH4MK G¥ica 4YMKHII CHIHANH KHPUII CHTHAIHAAH MACTKH
YyerapaHHHT KHHMaTH ONMH0 TallnanraHura TeHr 6ynaau.

Dead Zone Onmoxnnan doiinanannmra mucon 12.5.2-pacMaa kypca-
THATAH.
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12.5.2-pacm. Dead Zone Groxvpan goflaanannira Mucon
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12.5.3. Penenn 6nox Relay

Bazughacu:

Penenyn HOYAMKIMKHHE aMaira OWHPAIH.

flapamempnapu:

Switch on point — ynannm yerapacu. Pene ynanaguran kuimar.

Switch off point — y3unHm verapacx. Pene y3unanuran kuiiMar.

Output when on — pene ylnaHraH XoiaaTAard YHKHII CHIHAMTHHHHD
KHiMaTH.

Output when off — pene ysunran xonarfard YHKHII CHIHATHHHHT
KHPMaTH,

BlOKHHHT YHKMID CHTHANH HKKY KHiiMaTiaH GHpHHH Kabyn KMIHIIN
MyMKUH. Yaapnad OHpH pene ylaHraH Ba WKKHHYHCH pele y3u/Irad
xonatra Moc Kenaau. Pene GHp xomaTnaH MKKWH4YHCHra cakpab yramm.
YnaHHwW Ba y3WIHII HerapanapH xap xun 6ynranna 610k rucrepesHcra
ra GYrad peneny XapakTepHCTHKAHH aManTa omupand. byHna peneHuHr
YAaHYUID 4YerapacH y3HIuLl YyerapacujaH KaTTa GYIMOIM Kepak.

Relay Gmokunan doiinananumra Mucon 12.5.3-pacMaa KenTHpH/ITaH.
Bakr guarpammanapiiad KYpHHHO TYpraHHACK pene KUPHII CHTHAJH
().5ra etranga ynanagu Ba -0.5 rada macaiiranga y3unagu.
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12.5.4. Carx 6¥#inua xeantiam Saokn Quantizer

Basugpacu:

Bnok kupuw curHanusu carx, 6¥itnua Gup Xun KajgaM OunaH KBaHT-
JNAIIHH TADMHHIAHIH.

Hapamempnapu:

Quantization interval — catx 6¥iiuua KBaHTIALI KagaMH.

Quantizer 6noxupan ¢oinananumra Mucon 12.5.4-pacmaa kypca-
THATa", MHCconga keaHTnam kagamp (.2 onHHTaH.

boonphitled v

DsEs

S S S T

KL

12.5.4-pacy. Quantizer 61okuzas doilanannra MECON

12,5.5. JIrogT 6noxm Backlash

Basuchacu:

«JIrodT» TypHIars HOYH3HKIHKHA MOZeMIaiaH,

ITapamempnapu:

Deaband width — JIroTHHHr KeHIIHTH;

Initial output — Yukum curnanyuuur 60mnanFuy KHAMATH.

Ynkumzarda ciraan xupunogary curgan Deaband width)/2 kuitmartra
etrynya Imitial output kuiimarra, xeitnn 3ca U-(Deaband width)/2
KAFMATra, KHpHII CUTHATHMHAHT HYHAIHIIA Y3rapraHjad KeHHH KHPHIll
curtanu (Deaband width)/2 ra ¥3rapryHua ¥3rapuincHus Koiaiau Ba KCiuH
U+{Deaband width)/2 knlimatra 3ra 6ymany.

2358



Backlash Onoknaan ¢otizanannmra mucon 12.5.5-pacMaa kenTuphin-
. Muconaa xUpum CHTHaMH cHdaTHIa aMILTATYAACH YM3HKIH opTHO
(GopysuM rapMOHHK CHTHAN OJIHHTAH.

Sungiswne] | 0
Ft_—"_h& L b pon cimen detian
o o b owew | vk | wew |
12.5.5-pacs. Backlash 6rokuaan dolifananuiura Mucon
12.5.6. ¥aad y3ruu 6aoxm Switch
Bazughacu:

BotiixapHill cHrHaNura acocaH KUPHII CHTHA/UTAPHHE ynat yzaam.

Hapamempnapu:

Threshold — Bomkapye4d CHIHAIHHHI 9€TapacH.

bnok Kyiingarnya uuiaiay: arap OM0KHUHT YPTafari Kapuiliira Ken-
TUpHNAETraH CHTHaN OCIIKapYBIH CUTHaRHHHAT Yerapacuaan (Threshold
napaMeTPHHUHT KHIMaTHAaH) KH4HK O¥nca ONOKHHHT YNKHIDMTa OHPHHYH
(IOKOpHAATH) KHPHINHIATH CHIHAN, KaTTa G¥aca HKKHHYH (RaCTAATH)
KHPHIHAATH CHTHAN YTanH.

Switch 6roxuHnHr HmmamH 12.5.6-pacMaa KypcaTiuirad. bomikapysyn
CUrHAJIHHHT verapapuit KufiMaTH 0.5 OJMHTAHIHIH YYYH KQJIHTHHHT
Oomkapypun xupumuaary curean | 6ynranaa ynxumra Sine Wave 6no-
KHJArH rapMOHHK CHTHAN YTaau. bolikapyeun KHpHIuaard curaan 0 6yica
ynkuwga Ground $30KUaard HOJN CaTXJH CHTHa® Xocun 6¥manm.
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-Time offest: 0

12.5.6-pacm. Switch yna6 y3ruuss kyanamra MHCOX

12.5.7. K¥n kapuuny ynaé yarag 6ioxa Multiport Switch

Basugacu:

AKTHB KHPHUI TIOPTHHHHT HOMEPHHH AHHKJIOBYH OOLIKAPHIN CHIH:
NUra acocaH KHpPWII CHrHAIapHHK yiaab ysaaH.

Hapamempaapu:

Number of inputs — Kupuiap conn.

K¥n xupummyn yna6 y3rua 6noxy Multiport Switch noMepn Goun
KAPYBYH CHTHA/IHUHT KOpHH KHIIMATAra TeHr OFNraH KUpHIIAary CUrHar
HH YHKHIOTA YTKA3aqu. Arap GOMKApYBYM CHTHAN OYTYH TYPAATH CHIHa
6yn1maca Multiport Switch Gnoku CHrHaNHHHr Kacp KMCMHUHH Tamuiab -
wdopagn Ba MATLABHHHI koMauaanap oHHACHA2 OTOXJAHTHPYRYM
xabap xocun 6¥mamm.

Multiport Switch 6nokunsHr wmmamura Mecon 12.5.7-pacmaa xen-
TUPHATaH. YNal y3ruyHuHT $OMKapyBYM CHIHANH Y4YTAa CAaTXra 5Ta Ba
Constant, Step, Stepl Ba Sum Gnoxnaph SpaaMua IMAKIMAHTHPHIAIH,
KupHIn CHrHaTHHUHT caTXura Moc pasumiga Multiport Switch 6nokunHHT
YHKMIIHTA Xap XKW1 gacToTara sra O¥nraH rapMOHHK CHTHaJUTap Yrazu.

Multiport Switch Gnokuaaru kupHuIap coHunM Ilra TeHr Kunub
OJTHII XaM MYMKHH. By xonna 610KHHET KHPHIIHTA BEKTOP CHIHAN Gepuun.
Kepak. binok HoMepn GomKapyBuYM CHTHATHHHT CRTXHIA MOC KENYBYH
CHTHANHH YHKHINHTa ¥TKa3amai.

Kupuisnaa Bextop curnan 0¥aransa Multiport Switch Groxunau
doiinanannmra micon 12.5.8-pacMaa KeATHPHIraH.
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PALANBRIT S

12.5.7-pacy. Multiport Switch yna6 y3rHIHHHT HILNATHIMLIUIA MHCOS.
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12.5.8-pacm. Kapummpa sextop curean Oyaranaa Multiport Switch Groxnaan
pofiganaHymIra MHCOT
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12.5.10. ¥na6 yaru4 6aoxn Manual Switch

Baszugpacu:

Kupam cHrHannapuns ¢GoliaananyBUHHHHI KOMAHIACHTa acocaH ynal,
y3anu.

Hapamemprapu:

VK.

Yna® y3um y9yH OIOKHHHT TaCBHpH YCTHAA CHYKOHYAHHHT Yall
Macu TYXTOBCH3 HKkH Mapra Gocunmazn. 12.5.9-pacMna Manual Swite
Onokuzan oiiganaHULIra MECON KENTHPHT2H.

L

Band-Limited
White Noise —P——o ~ ]
Manual Switch Seape

TU1

Pulse
Genwrator

12.5. 9-pdcm. Manual Switch 6noxnaan dofiaanaHHIra MHCOI

12.6. Math — mMareMaTHK amMaaaap 6aoxnapu
12.6.1. Mopynnn xucobgam 6ok Biaok Abs

Basugpacu:

CHrranHuHT abCONOT KHAMATHHH XUCOO/IaiAM.

Abs 6s0KHAaH CHHYCOHIAJI CHIHAN WOPHH KMHMATHHHHI MOAYJIHMHH
xucobnamra mucon 12.6.1-pacMaa KeITUPHITAH.

Abs 610KMIaH KOMINEKC TYPAATH CUIHATHMHD MONYaHHY Xucobnam
yuyH XaM oigananum MyMenH (12.6.2-pacm). Pacmaa

u=cos(w NH+i-sin{fe-7)

Kornmnnexc cCHrHATHART MOAYJIH XHCcOONaHTad. YHUHT KHIIMaTH KyTH-
TaHUJEK, Xap KaHJaH BaKT MOMEHTH Y4YYyH OHpra TeHr.
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12.6.1-pacs. Abs GROKHAAH CHHYCOHAAN CHTHAN XKOPHH KHHAMATHHHHT MOIYIHHH
xucobramra MRCON
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12.6.2-pacm. Abs GIOKMIAH KOMIACKC TYPAArH CHTHATHHHD MOLYNHHE XHCOOMAI YuyH
dbodinanannm
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12.6.2. Hurnuauuu xucoGaam 6noxu Sum

Bazugpacu:

CHraamiap skopHit KUiiMaTIapHHUHT HHFHHANCHHR XUcoOnaiian.

Hapamempaapu:

Icon shape — OGnoknunr makmn. Kyiunars pyiixatnan onHHagu:

round-aiinaHa;

rectanguliar — tiprdypuak.

List of sign — Genrunap pyiixatu: + (moc), — (MuHyc) Ba | (Gen-
THIAp AXPaTKHYH).

Sum 6nokHIaH ckandp, BeKTOp KM MaTPHUABHANA CHTHANNApHHHT
HUFURANCHAN Xpcobnam yayHn dolinanamnm mymiun. Huranancu
xucobnaHaéTraH CUTHAJUTAPHHAT TYPIapH ¥3apo MOC KeNHIH Kepak.

Arap kupHLUIap cOHH OupzaH kyn G¥aca On0K CHrH2IAPHHHT BEK-
TOPJIApH Ba MATPHLAJNAPH YCTHAA 3IeMeHTIapapo aMaulapHH faxapa-
a4, bynpa MaTpuianap €kM BEKTOPNApAaTH IEMEHTIap COHNAPH TEHT
Oynuum kepax.

Bearunap p¥iixaruna 6urra Oenru xypcarniaran 6yaca G0k BeKTop
3NeMEHTIapHHUHT HHFHHAUCHHA XHcobnaiau.

Sum Onoxugan ¢oiinanaquura Muconnap 12.6.3-pacMaa KeNTHPUITaH.

o[-+ {—0 o)

Constant Gheplay Consland r
.- o vwroam
Constantt Constantd hd Displayt

Displayd

[705 -a2) ==
Constaniy

12.6.3-pacm. Suem 6n0KkHIaH olgataHuNIra MHCOIIAp

12.6.3. K¥naikirapum 6a0kn Prodnct

Basugacu.
Curnannap sxopuil KuiiMatnapHsuar kynadTMacuay xucobnaiiay.
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Hupamempnapu:

Number of inputs — Kupnunap coun. Con kyprHHmIHaa Eku Oenru-
Wp p¥iixatu K¥puaHIHAa GCPUIHIIH MyMKHH. Pylixaraa * (k¥naditapein)
a / (6¥num) GenrunapunaH $oiisalaHHIAIH.

Multiplication — Amanan 6axkapam yeynun. Kyfingary KuiiMaTiapHu
alysl KHITHIIM MyMKHH!

Element-wise-3neMentnap 6¥iinua.

Matrix — Marpuuasuii.

Saturate on integer overflow (Gafipoxua) — ByTyHHHHT TYIHO KeTH-
imun Hykotaau, Baiipokya ypHaTminransa GyTYH TypHard CHTHaJUTAPHH
CKN3U KOPPEKT Tap3/a Oakapuiaiu.

Arap Number of inputs napaMeTpH pyiixar k¥puHHIIHIa Geprirad Ba
Yiixaroa kymaiitupum 6earucyaad Talkapd 6Yaum GearucH xam 6yica
MPHLIIA MOC aMAJINIAPHHHT CHMBOJUIApH XocHa Gynaau.

Buiox ckaindp, BekTOp EKH MaTpHUABHH CUTHANIApHH KYARTHPHIN Ba
YIHW YIyH MIIATHIAAH. KHpHIN CUTHAUTAPHHUHT TYP/Iapy MOC KEHIIH
¢pak (KMpHLI CHFHa/UIapH OHp xua rtypaAa 6¥numu kepak). Kupuuinap
oHM cHbaTHAA | pakaMH KypCcaTHIraH OIOKHH BEKTOP EMEHTIAPHHHHT
ynafTMacHHH aHHKIAII YIYH HINIATHII MYMKHH.

Product 6noxuaan ckanap Ba snemenTaap 6yinya amannapHH 6axa-
nuaa goiigananumra muconap 12.6.4-pacMaa KeNTHPHITAH.

12.6.4-pacm. Product GnokHOaH CKAnAp BA >JIeMeHTAap G¥iinua aMannapiu GaxapHwa
tolizanannmra MucoAIap
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Marpunasuii amannapay GaxapuInaa ynapHH dakapHul KoHAANapura.
aMaJl KMyl kepak. MacanaH, ukkira Marputia 6up-6upura xynalirupuna-
érranpa OMpHHYH MATPHLAJarH caTpiap COHH WKKMHYH ManHua,uarﬂ
YCTYHIApP COHNIa TeHr GY¥JIHmY Tanab KunuHaau.

MaTpunasuii amannapan 6axkapuuina Product 6noxkuaan doiipana-
Humra Macomaap 12.6.5-pacMaa kearupuiran. Muconnapaa TeCKaplf
MATPHIAHH OIAKJIJAHTHPHII, MaTpHUanapHu O¥nuw Ba KynmadTHpum
K¥pCaTHNTaH.

Block Parameiers: Produck

- Patameters e e i

| Numbes of inputs:

B

| Multiphoation: [Matret) -
[ ok ] cocel | Hoe | aoew |
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]_,{..,, | Comoressis) 0w [owvens]
[ARAoTE) [ S0 [ 250w
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L )

—
e

Product

[-u.s .L] v [ -057] | 2857
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[..1_4 g] ' Prlon:uoﬂ Display2
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[1.9238]
Display3

Constant5

12.6.5-pacm. Matpuuasnii amannapau daxaprmna Product 6xokiiian dofiasansimra
MHCOJUIAD
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12.6.4, CHrHATHHAT HMOpacHAH aBHKAamM Saoxn Sign

Basugpacu:

Kupun CHrHaNTHHHHT HIIOPAacHHH aHHKNAHAH.

TTapamempnapu:

f;lj?l(.

Biok KYHHIAI'H aNropdTMra acocaH Hiiadmu:

Arap KHpHII cuUrHanu MycGar 6¥nca, yMkHm cHTHamH 1 §¥manmy;
Arap kupHlI cHrHaau MaHgwmii 6¥nca, ynknm cprnany -1 6ynaau;
Arap KMpHII CHTHaJIH HoJ G¥/ca, YAKHIN CHTHAJIH XaM HoI O¥nanH.
Sign GROKHHHHT HULTAIMra Mucon 12.6.6-pacMIa KeITUPHIITaH.

L0 0pe

—— ]|

Y=
Sina Wave Sign Seopa 1 g e
(1] T I o .
R N e T
_ 0 05 1 15 2
Time offset. 0

12.6.6-pacm. Sign GIOKMHHHI HLULTALIHIA MACO

12.6.5. Kyqaiivaprawiap Gain sa Matrix Gain

Basugpacu:

Knpun! cursanviu qoumuii kospduuuentra kynairupany.

Hapamemprapu:

Gain — Kyuadithpriu kodpdpunnenTn.

Multiplication — amannapuu Saxapaim ycyau. Kyiinaarn pyiixaraaru
KuAMaTHapHy Kaby/l KHIMLIH MYMKHH:

* Element-wise K*u- sneMenTnapapo;

¢ Matrix K*u — marpunaeuii. KyuafiTupuin ko>dpdpraumeHTH 9an

TOMOH/IM onepads OVmamu;
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¢ Matrix w*K — marpunaeui. Kydaiitupum xo3pduiueHTH YHT
TOMOHJH onepang Oynagn.
Gain pa Matrix Gain xyvalithpr Gnaoxmapu aroua 6nok 6¥nub,
Multiplication napameTpuHHHr KuiiMaTn OHnaH Gapk KAnagH.
Gain 6rokvHUET napameTpn mycGat 8k manbwii Xxamaa, Gupaan
KarTa &kn KHYuk XaM Oymumy myMkuH. Kygadtupuin xosddamnentu-
HH CKAldp, MaTpylia, BeKTOp &ki XxMco0aaHaguraH Hdoga KypHHAIUKIA
fepHIl MYMKHH.
Multiplication napmetrpn Element-wise K*u xypuanmuna 6yrca
OIOK CKanAp CUTHANHH €KH BEKTOP CUCHANHHHT Xap Oup »MeMEeHTHHU
Gepunrad korpduumentra kynaiirupagy. Matrix K*u sa Matrix u*K
KHH#MATIapia 3ca CHTHAIHY MaTpHUla opKanH Gepunral ko3¢dHunenTra
MaTpHUaBHit kymaiiTupum aManinad 6axkapaan. CykyT O¥iinda kyJaiTh-
pum ko3pdrunentu double Typaary XakuKHil coH G¥nan.
JneMeHTRIapape KyWaHTHUPHLI aMaldH YYyH KHPHII CMIHAQJIH Xap
KaHJal Typaarn (MaHTHKHiiAaH TalIKapH CKandp, BEKTOp &KW MaTpulla
KYpUHHIIGAa O¥aniun MyMKHH. BekTOpHUHT aneMeHTnapn OMp Xun
TYPAArd CHrEaniapra ra Oynamu xepak. Gain OGNOKHHHHT napaMeTpH
MaHTHKHAZIAH TAWKApK Xap KaHAail Typaars ckanap, BeKTop KH MaTpHOa
OVIUIIH MyMKHH.
Gain GrokH HHKHID CUTHATHHE Ky#HJarn KoHJanapra acocaH XHco0-
Taimu: '
* Arap KHpHII CHPHaMH XaKHKHi Typaa Ba KydaiTupum xo3dpunn-
€HTH KOMIUIEKC Typaa G¥nca, YUKHII CATHATH KOMNNEKC Oyaanu;

¢ Arap KHpHII CHFHATHHHHT TYPH Ky4aiTHpHII K03(pGHIMEHTHHHUHAT
TypHZAan dapk xunca Simulink kydalTHpHII KOIGHHUHEHTHHUHT
TYPHHH KHPHILI CHTHAJHHHHT TYPHTa KeNTHPUID Y4yH XapakaT
KHnaau. ByHHHr UMKOHHATH 6¥aMaca Xucobnamnap Ty XTaTHnaay
Ba XaTondk TYFpucHa xabap Oepunazu. Macanan, OyHnad Xonat
KHPHII CHTHanH uiopacus 6yTyH (uint8) sa Gain GmokHHHHT
napaMeTpH MaH(pHil COH KYpHHHULINAA GepuIraHfia 103ara KENHIIH
MYMKHH.

Cxamsp sa 3/eMeHTIapapo aMa/apHl 6axkapum yayH Gain 6noxunan
dbo#nananunira Mucomnap 12.6.7-pacMaa KeNTUPHITaH.
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12.6.7-pacm. Cxanap Ba 31€MeHTIapapo aMalnaphy Gakapuin yuyH Gain Gnokuaan
tofianaHHIIra MHCOMAP

Matpunapuii kydaliTHpHm (KMpHII CUrHANHHE GepunraH kodddu-
LAEHTTa MaTPHUABHH K¥mafTupuin) aManduin OaxcapHml YYyH KHPHIU
CUrHANH Ba KydaHTupHw ko>pduunentn single ékn double Typaaru
KOMIUIeKC €KH XAaKHKHUH CKanAp, BeKTOp €KH MaTpuuasuil kuiiMatiap
OYnuIIKn Kepak.

Matrix Gain Onokn épmaMnaa MATpHLIIABHI aMayuiapHn GaxcapHiura
MHconnap 12.6.8-pacMaa KeITHPHIraH.
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Constants Dlaplod
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12.6.8-pacxm. Matrix Gain Gnoku EpramMuaa MaTpuIasuii aMannapHu Gaxapuimn
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12.6.6. [lomzynoxan peryaarop Slider Gain

Basugpacu:

Xucobnamw xapaéHuia KyMaHTHpPHII Ko3DOHUHEHTHHY Y3rapTHpH
HMKOHUATHHH Oepaj.

Hapamempnapu.

¢ Low — Kywaiitnpuu xo>(ppHIHEHTUHHAT HACTKH 9€Tapacy;

» High — KyualiTupHimn ko3¢ pULUHECHTHHHHT 10KOPH Herapacy.

Slider Gain GnoxuHUHT KyyalTHpHm ko3dPuuHeHTHHH Low Ba
High napamerpnapuga Gepunrad guana3oHza ¥3rapTapHill y4yH pocTia-
THYHHHT MOJ3YHOKHHH CH/KHTHIN 3apyp. PocrnarnyHuHr yHr €xu vao
CTPENKACHHHHT YCTHIA CHYKOHYAHIHT Yal TYTMAacH GocHIIca Ky4aHTHpHII
ko3¢ puumuent 1% ra ysrapamu, mKanaHRHT ycTiaa Socuinca 10% ra
¥arapazu. Bnok BexkTOp Ba MaTpHUABHH CHTHANIAPHH JIEMEHTIApapo
Ky4aHTUPHIIN MYMKHH.

Slider Gain Gnokmnaan dolinananumra Mucomtap 12.6.9-pacmaa
KEJITHPUITaH.

1 b—o»l s [ 9]
Consiant Slider _ Display
Gain
I LEEN |
144 2
[ 31] 4 gl 2] 5]
Constant! Slider
Gain Display1

12.6.9-pacsm. Slider Gain 6nokxpan ¢ofganaHiwTa MECOMIAD

12.6.7. Cxansp k¥naiitupum Saoxn Dot Product

Basugacu:
HrrHTa BEKTOPHH cKalAp KynafdTHpaau.
Hapamempnapu:
Hyk.
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Bnok xucobnamapsu Kyiivaaru udoaara acocan daxkapanu:
yv=sum{conj(z1) .* u2},
Oy epra 11 Ba 42 — KUPHLI BEKTOPJIApH, COTYj — KOIUIEKC-OHPHKTHPHAraH
COHHH XHcobnall aMajiH, sum — HHFHHOKHYM XHcoOnam aMany.
Arap ¥KKana KHpPHII BEKTOPJapH XaKHKHH O¥ica, YHKWII CHIHANH
XaM Xakukui 6¥nagu. Kupum sextopnapuaaH OHpOPTACHHHHT KOMILIEKC
6YnUMUIM, YHKHII CHIHATHHHAT XaM KOMIUIekc Oynuimra onHG kenaan.

Dot Product 610KUHNHF MIIaTHNIHMBra MHconnap 12.6.10-pacMaa
KE€NTHPHUITAH.

105157
Sonstant . [
[1.4238] Dot Product Display4
Constanti
[0.5 1.542i 7) _]
Constant2 ¥ ol T80 - 321
£1.42 3.844i) —l Dot Prodyat1 Displayz
Gonstant3

12.6.10-pacm. Dot Product SIOKHHMET HOIIIATHIHWHEA MHCOINAD

12.6.8. MareMaTAKX GyHKIHAIApuH Xucobnam 6.10kn
Math Function

Basugacu:

MaTteMaTydk PyHKUHANAPHH XucOOmaiay.

Ilapamempaapu:

Function — xucoOnanaguran ¢pyHKUMAHMHT KYPHHUIUH {Kylixgarm
pyixaroad onnsaan}:

¢ exp — IKCIOHEHOHAN PYHKLUS,

* log — Harypan norapudMHHHET GYHKLRHACH;

+ 10*u — Yunuur JIApaxACH;

* logl0 — JlorapudpMauHT GyHKIHACY; .

¢+ magnitude*? — Kupui curuany MOOYJIUHHHAT KBAJPaTH,
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square — KHpum1 cHrHanHHHHT KBaJpaTH;

sqrt — Kpaapar wnaus;

pow — [apaxara xytapunr

conj -—— KoMnieke-SHpHKTHPHATaH COHHE XHcoOnaur;

reciprocal — BHpHU KupHII CHrHanura GYIMIN HATHXACHHH Gee
panu; .
hypot — Kupum cHrHannapi KBaJpaTilapiRHHT HHFUHIHCHIAN
KBaapat HARK3;

rem — BHpHHYH KUpPHII CHTHANMHH HKKHH4YHCHTa O¥nuninan
KOJMAaAHraH KOMAHKHH XucobGnanmy;

mod — BHpPHHYH KHpHUI CHTBAInHH HKKMHYUCHTra O¥numinan
KONaAguraH KonIMKHH HOIopaHH Xucobra oaraH xonaa XucoO-

nanaH;

* transpose — MaTpuuaHn TpaHCIOHAPNIANL,
* hermitian — OpMHT MaTpruacuHn XHcobMam.
Output signal type — Ynxkuit cHrHanuHUHT Typr (pyiixaTtaan onu-

HaaH):

¢ auto — ABTOMATHK Tap3/a aBHKJIaHAIH,

s real — Xakukuit curuan;

+ complex — KoMIIekCHH CHrHAIL

Kepuam curranm Ba Output signal type napamerpura GOFNHMK X0N1a
YHKHI CHTHANUHHHT Typaapy 12.6.1-kagsanga KEITHPHITaH.

12.6. i-acadean
® Kupnw UnKkaw cHrHanu
YHKIHA
CHTHAIH Auto Real Complex

Exp, log, 10, logi0,
square, sqrt, pow, real real real comlex
reciprocal, conjugate, comlex comlex error complex
transpose, hertnitian

. real real real complex
magnitude squared complex real real complex

real real real complex

hypot, rem, mod complex complex eror erTor

Math Function 6noknaan dofinananuinra mucoanap 12.6.11-pacmaa

KCNTHPHIATaH.
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Biock Farameters: Math functispd

Constant Math Display
Function
2421 p——pp| 109 [ 107 - A
Jonstantt Math Displayd
Functiont
- TF T2 [ ]
P2 2
sl e ][ 28]
Math
ConstanZ | nction2 Displayz
| ezl 7]
IHZiZ T
3 5]"" Y > 2]| 3]
Math
Constants o\ netiond Displayd

12.6.1 I-pacm, Math Function Gnokupas (hoiiaananumra MECOINAp

12.6.9. TpuronomeTpuk dyaxuusnapun xucodaam Gaokn

Bazughacu:

Trigonometric Function

TpuroHoMeTpHK PyHxUNAIapHA XHcobnamm,

ITapamempaapu:

Function — XncobnaHaauran GyHKUBAHUHT TypH (pyilxarnad Tan-
nanajm) sin, cos, tan, asin, acos, atan, atan2, sinh, cosh éku tanh.

18— T fadaxcauce, M. Myxumouros
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Qutput sighal type — Unguum cHrHaIMHHHT TypH {p¥iixaTaaH TaH-
JaHagH):
auto — TypHH aBTOMATHK Tap3aa aHHKNALI,
— real — Xakuxuii curHan
— complex — Komnnekc cursan.
Kupum cardann pexrop ékn MatrpHua Oynca 6nok Oepuiaran ¢yHk-
IUAHK 3NEMEHTIapapo Xxucobnmanau.
Trigonometric Function Guoxnpan ¢oiiganaHumra Mucomnap
12.6.12-pacMaa kenTHPHIraH.,

157 —wl sin —p{[— 1]
Constant Trigonomutric Display
Functian
3.4a+157i |- oos | —p 25070 I
Constant! Trigonometric Disptayt
Funztion1
g+2i 2 . I 2180+ 0.7 | I
‘5]—psmh —] TR [ 732)
Constantz  THgonomutric
Function2 Displa2
1
Constant3
n2l [ 23%8]
-1 Trigonometric Dizplavd
Constamd Function3

12.6.12-pacm. Trigonometric Function 6noxngan dolizanaunmra Muconnap

12.6.10. KoMnaeke COHHHHT XAKHKHIH Ba (§KH) MABXYM KHCMHHA
xucobnam 6mokm Complex to Real-Imag

Basughacu:

KoMniekc COHHUHT XaKUKHH Ba (8kHM) MaBXyM KHCMHHH XHCOO-
Jaign.

Hapamempaapu:

Output — Yuxkum curnany (pyiixatnaH TaHjiaHaaK):

Real — Xakuknil KHcm,

Image — MapxyM KHMCMH;
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RealAndlmage — Xaknxuii Ba MaBXYM KHACMH.,

bLJOKHHHI KMPHIN CHTHANH CKAJAp, BEKTOP EKH MAaTPHUABHE cHUrHAan
6YmM MyMKHH.

Complex to Real-Imag 6nokunaH doiizanannmra mucomnap 12.6.13-
pCMIA KSITTHPUITaH,

J-H‘(“) _,—F L =7
244380 |~ oY Display
Constant piied g B[ 33)
Complexto
Reakimag Display1

L0654 1421 1.6-3.2]] ] Retwy —l[_ 1}
ryrore— 5]

Complaxto " :
Raalkimag1 Display2
l ]| _<]
-0.5-1 1+2i
[ 1.5 -3.7-3.&1] o R g | o 38]
Constant3 Complaxto Display3
Real-lmag2

12.6.13-pacm. Complex to Real-Imag Giroxkraan doifganaaHIura MUCOLIAP

12.6.11. KomnJjeke CONHHNT MOAYAH Ba (£xM) apryMeHTHHH XHcobaaw
6a0kH Complex to Magnitude-Angle

Hapamempnapu:

Output — Ypkum curHani (pyiHxaTnaH ojMHAAK):

Magnitude — Monyn.

Angle — ApryMeHr.

MagnitudeAndAngle — Moayn Ba apryMmesr.

BnOKHMHT KHPHIO CUTHAJIM CKANAP, BEKTOP KM MAaTpHOABHI CHTHan
OYnUUIN MYMKHH.

Complex to Magnitude-Angle 6noxusan ¢oiifanaHumra MHCOLIAP
12.6.14-pacMIa KEeNTHPHITAH.
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3,082
J—IUI _r—l'
244351 |4 T Display
,_’u
Conmtant S [
Complex to
Magnitude-Angle Display

78]

0541 142i 15321 | v |——pl[_ 2238]

Constant! [ 3%4

Complex to
Magnitude-Angled Display2

[*55 anael]

[—
— Lo ] O |

1.5 =-3.7-2.8i

Constant2 Complexto Displayd
Magnitude-Angle2

12.6.14-pacu. Complex to Magnitude-Angle 6nokuaan dofinanannwra MECoIap

12.6.12. XaKHKHI BA MaBXYM KHCMHIA ACOCAH KOMILJIEKC CONHH

xucofaam 6aoxd Real-Imag to Complex

Hapamempnapu:
Input — Kuripumn cursanu (Kyiugara pyixaraad olIHHAIN):

Real — Xakuxuii KHCMHE,

Image — MaexyM KHCMHK;

RealAndImage — Xakukuii Ba MaBXyM KHCMH.

Image part — MapxyM kucMu (Input napameTpu Real pe6 snnon
KHNHHrad 6yuca ypuHin);

Real part — Xakuxuii kucmu (Input napamerpu Image 1e6 3sn00
KHIHHTaH Gynca YpHHIH).

BIIOKHMHT KHPHII CHTHAJIH CKAJIAp, BEKTOpP €KH MATPHUABHE cUrHal
OYnumH MyMKHH. Arap KHPHIH CHTHAIM BeKTOp &KHM MaTpHua G¥iaca
Image part sa Real part napaMeTpnapu xaM BeKTOp &KH MAaTpHLA
KYpuHHmKga OepHIHILE Kepak.

Real-Imag to Complex 6nokunas dolfinananumra Mucomnsap 12.6.15-
pacMIa KeITHPHATAH,
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241

Re —\-_
Constant ol T35
Im v
Displa
35 Reakimag to tsplay
Constantt Complex
L I
(0.5 11.5) [ utjK »ll T+051]
L 273
Constani2
Reakimag to
Camplaxi Displayt
“0.5 1 L U508 [ A+ 1]
[ 1.8 -a.9-a.s | [P KTHe B BT [ T TH)
Constanta Reak-imag to Display2
Complex2

12.6.15-pacm. Real-Imag to Complex Gnoknnan dofigananvura Mhcoanap

12.6.13. KoMnnexke cCOHEN MOAYIH BA APryMeHTHTA AcOCaH XHcobnam
f610xn Magnitude-Angle to Complex

Hapamempnapu:

Input — Kupnm curnany (pylxaTiag TaHTaHATH):

Magnitude — Mozayn;

Angle — Aprymenr;

MagnitudeAndAngie — Moayn Ba aprymMest.

Angle — Apryment. Input napamerpu Magnitude cndatnaa »snoH
KuiuHrad 0ynca YpHHEIH.

Magnitude — Monyn. Input napamerpn Angle cudarnaa »5a0H
KHAUHFaH O6Yica YpHann.

BrAokHHHT KHpHUI CHTHA/IH CKANAp, BEKTOp &Ky MAaTpyUOaBHH CHTHan
6¥nmumH MyMiHH. Knpum curnany sexTop €ku MaTpuua 6¥nca Angle sa
Magnitude mapamerprapu XaM sexkTop éku matpuua cabaruga 6eprii-
Ul Kepax.

Magnitude-Angle to Complex 6noknpgan doiinananunira Mucosnap
12.6.16-pacMIa KeITHPHITaH.
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241
I—b- H
Constant ~| [ TAmE-18%)
l _/_ »
D
079 Magntude-Angle teplay
Constant! 1o Complax
| T3019 - 0.884]
(0.5 11.85) [— u/K —pl T+ T 0018%E)
I iﬁ!-ﬁﬁ.ﬁﬁﬂ
Constant2
Magnittude-Angle

to Complaxi Displayl

N R O o s 5. | —

Constant3 Magnitude-Angle Displayz
to Complex2

12.6.16. Magnitude-Angle to Complex Groknaan doiizanaHnuira Mucosap

12.6.14. MABHEMAN EKH MAKCHMAJI KHAMATIADHH
annkaam 6aoxn MinMax

Basugpacu:

KupHinara Gepunrad CHrHaJUIap HYHIAaH MakCHMAl €KH MHHHMaJ
Kuiimartra 3ra O¥IraHHHH aHHKIARIN.

Hapamemprapu:

Function — Unkuin napaMerps. PyiixataaH TaHiaHaau:

— min — MHHHMan KHiiMaT;

— max — MakcHMan KHiiMar.

Number of input ports — Kupum nopriapuHHHT COHH.

Kupum curnanmapu ckaiasp €ku pekrop 6¥iaumu MmymxuH. biaok xu-
pumMra GepHiaran cKajaap CHTHaJIap WYHAAH MaKCHMaJl &KH MHHHMAaI
KHIMATTa 3ra OYnrannapyHy auHKIaiin. Arap KHPHII CHTHAIApH Bex-
Topaap 6¥sca Glox MHHHMAN §KM MAKCHMal KHAMATIAPHM 3JeMEHTIIa-
papo H3nafign, by Xonza BeKTOpNapHHHT ¥yaMnapu Moc GYNHINH Kepak,
Arap KHpHII NOPTAApHHUHT cOHH 1 ra TeHr 6¥nca KHpHIL BEKTOPH HYHIAH
MHHHMAJ 8KH MaKCHMal KWMMAaTra 3ra GY¥nran sNeMeHTHH H3naian.

MinMax Onokuaan dolaanannmra muconnap 12.6.17-pacMaa ken-
THpHATaH,
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24 [
comsant. —Plmax|__y[T———38]

358 | Minbax Display

Constant{

(0.5 1 1.5) f—ipl min —p}[[____ O8]

Constant2 ndin axt Display1
Corstane N S
(1.6 20.75] —I_.M'"M”‘z
Display2
Constanid

12.6.17-pacy. MinMax 6noxkngan dofinanausiura MECOINAp

12.6.15. Con kuiimaTaapHn axanTham dnoxn
Rounding Function

IHapamempaapu:

Function — Sxnutnaw ycynn (pyiixatnan onuHanu):

floor — Kuuuk 38r sku OYTYH CONra¥a AXJIMTHANW,

ceil — KatTa »Hr aKHH OYTYH COHTaYa AXJTHTIAILL;

round — 32Hr ikHH OYTYH cCOMraya sxXnuTiam.

fix — Kacp kucmunu tauniad wbopu idynu GHNaH AXITHTIAL.

BIOKHHAT KMPHI CHIHAMIAPH XAKHKHI KOMIUIEKC TYPAAru CKaiap,
BEKTOp EKH MaTpuUaByi CHrHaLAap 6yaumm MyMKHH. BekTop &xu MaTpu-
LABHH KHPUIL cHrHannga G0k 3MeMEeHTIapapo aMalllapHH Oaxapanu.

Baoxuunr ynkHm caraany double ky single Typna 6¥nanu.

Rounding Function 6noxuaan ¢oiipananawra Mmucomnap 12.6.18-
pacMia KypcaTuirai,
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241 | flaor l___j
Constant Rounding Display
Function
24— oeit |—p— 31
Constanti Rounding Display1
Function1
F200-2424208] found  [——j ::E
Constani2 Rounding :E
FunclionZ
Display2
t25.-242420] P fix ——bl—_::z ’
Consans TR [ —
Funotiond
Displayd
214300 |—— round |——pf Z+3)
Constantd Rounding Displayd
Functlond

12.6.18-pacy. Rounding Function Groxmran ¢ofgalaHumra MHCOMIAP

12.6.16. Huchar amannapunu xucobaaw 6a0oxe Relational Operator

Basugacu:

Bnok kHpHII CHIHANIAPHHUHT XOPHI KHIMAT/IdPHHA TAKKOCTAHaH,

flapamempnrapu: '

Relational Operator — HucGar amanuuuHr TYpH (pyiiXaTaaH TaH-
navanu):

= = — AlHaH TeHr;

~ = — TeHr sMac,

< — Knunk;

< = — KHYHK €K TEHT;
> = — Karta &KH TeHr;
> — Karra.

HucGar aMannapuna OMpuuyH onmepany, 0¥nud GNOKHHMT OHpUHYH
(1okopHAarn) KHpHINMra Ba HKKHHYH onepasa 6Y1u6 GIOKHHHI HKKHHYH
(macTaaru) KHpHiura GepHiarad CUrHal Xucobnanamy, BIOKHHHT YUKHIN
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cHrnann xucobnam natxacd «XAKUKAT» 6¥nca 1 éxu «EJIFOH»
Giuca 0 6¥nanm.

BAOKHHHT KHPHII CUTHANIAPH CKANAp, BEKTOP €KW MATPHIABHH CHI-
nunap O¥numKn MyYMKHH. Arap HKKajia KHpPHIIL CHTHAJIH XaM BEKTOp EKH
MarpuuaBHii 6¥1ca G0k 3neMeRTIapapo TaKKOCIal aMIHHA Gaxcapany,
6y xonaa KMpHII CHrHAINApHHHHT ¥I4amIapH ¥3apo Moc GVIHIIM Kepak.
Arap KHpHI CHrHAJIApHAaH OHpH BEKTOp EKM MaTpHUaBHil, HKKHHYH-
¢H 3ca ckanap G6ynca 610K CKandp CUTHAIHM MAcCHB MIEMEHTIAPHHUHT
xap GupH OHIaH Takkocnaw aManHad Oaxcapagn. Ymby xoiga, THKHID
CUMHATMHHHT ¥T9aMi KUPULLTAPHHHT OUPHTa KeATHPHITaH BEKTOp EKd
MaTPHLABHI CHTHAITHAHT ¥TYaMHra TeHr 6¥namm.

KoMIIneKe KHpHLI cHrHanAapH y9yH = = {(al{HaH TEHT) Ba ~ = (TeHr
Mac) amannapuan dolizanaHum MyMKHH,

BIOKHHHr KMpHUI CHTHAWIapK MaHTHKHI Typaa (boolean) 6¥nuun
XaM MyMKHH.

Relational Operator 6nokuzan dolizanannmra muconnap 12.6.19-
pacMaa KeJTHPWITaH.

21

comnt e [ S | I

X Relstional Display
Oparator
Constanti
-0.5 1 1.5
[ 1.t 0.25 o.ss]
Constant2 » _.I ali h 3
C NC O 1]
Raelational
08 | Operatort  Displays
Congtantd
e 1 y— D
Conmane -3
: ’ retatonas | —— )
F2.12-33) Oparstoz DisphayZ
Constanis
213
Constanid [—
-1
243 -—! Relatonal Display@
Dpasator3

Conttanty
12.6.19-pacm. Relational Operator 6nokuaaH dolizanaprmira MHCOLIAP
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12.6.17. MayTukuii amaanap 61oxn Logical Operation -

Bazsudpacu:

MaHTHKHI aManzapaan GUPHHA aMaira OMHPAIH.

Hapamemprapu:

Operator — ManTukuil aManHHHT TypH (PYMXaTAaH TaHIaHAHH);

AND — Mauntuxuiy k¥nairnpun (BA amann),

OR — ManTukuii kymum (EKH amanm);

NAND — BA-IMAC amann;

NOR - EKH-3MAC amann; :

XOR — 2 Monys 6¥inua kyunm amama (EKH HA yeTnauITHpr
aManu);

NOT — MauTHguii unkop (AMAC amanu).

Number of input ports — Kupum nopTiapuHHHI COHH.

1
T S [ —

0 Logical Display
Oparator
Constantd
9 1 0
1 10
P——— o] o] af 9]
™ 11 11 ]
G Logical
Oparatord Display1
Constant3
r——
(L 0 1)
Constanid
o 1
(1 o) [—pplnane | pl[ T
Corttants . [P T
Logical Display2
L L 1)y H Operator2
Constanid
1 HOT—h:EI
Constant? Logical Display3
Operator3

12.6.20-pacx. Logical Operation 6noxugan hofiaanaHmmra MECOINAD
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BAOKHHHI YHKHII CHTHAIM MAHTHKHI amMalHd XHcOOnalm HATHXXacH
«XAKUKAT» 6¥mca 1 &xn «EJIFOH» 6¥nca 0 6¥nanu.

BROKHHHT KHPHUII CUTHAJIapH CKaJAp, BEKTOp €KW MaTpHLABHI CHr-
Hannap 6¥aMIIN MYMKHMH. ATap KHPHIO CHTHA/UIAPH BEKTOp &KH MaTpH-
flaBuit 6¥mca 6Gnox anemMeHTNapapc TaKKocHall aMmanuHd Oaxkapann, Gy
X0Jida KAPHII CHTHAJVIAPHHHHT Yndamiapu ¥3apo moc OFIuilin xepak.
Arap KHpHII CHFHAJUTADHHMHT OHp KMCMH BEKTOp KM MAaTPUIABHH, HK-
KHHYHCH KMCMH 3ca ckanap 6¥ca 610k cxalsp cHrdaniap sa BeKTop Eku
MATPHIIAHKHT Xap GHp 3AeMEeHTH YYYH MaHTHKHi aMa/lapHi HaxkapanH.
Ywby xonfa YMKAII CHTHATHHUMHT ¥IdaMM KMPHUUIAPra KENTHPHITaH
BCKTOP €KM MATPHIABHI CHTHAIHHUHT ¥I4aMHIa TeHr Oynaau.

MaHTHKH! MHKOp aManuHd Gaxapuinga 6nok dakar OUTTa KHpHIm
uopTHra 2ra 6yaaan.

KupHin cHrHannapu XaKHKHi XaM, MaHTHKHH XaM (boolean) 6¥mnmy
MYMKMH.,

Logical Operation Gnoxunan doiimanannmra Muconnap 12.6.20-
pacMmaa OepunraH.

12.6.18. Hkkuank KYpHERILAAra GyTYH cOHIAp YCTHAA MAHTHKME
amannap 6aokn Birwise Logical Operator

Hapamemparapu:

Bitwise operator — MauTthinii amanHuHr Typu (pyiixaraaH TaHna-
HagH):

AND — ManTukait kynadtapuit (BA amann),

OR — Manrtuxuii kymuw (EKH amanu);

XOR — 2 Moayn 6¥itnua kymmm amann (EKH wa wernamtupam
aManM);

NOT — ManTuknii unkop (AMAC amanu) ;

SHIFT _LEFT — Pa3spaanap 0y#u4a yanra CHIKHTHL;

SHIFT_RIGHT — Paspaanap 6¥iinua yHrra CHIKUTHLLL.

Second operand — Hkkuuyn onepan. VH ONTHIMK COH GHIaH CHM-
BOJ KYpHHHOIAA Gepunanm.

Birwise Logical Operator 6nokn HKkuTa onepaHara sra 6ynanu.
YnapHHUHT GHpHHYHCH GIOKHMHF KHPHIDUra OepHIajMraH CHUTHAT Ba
HKKNHYUCH O10KHHHT Second operand napaMeTpH xucobnaHanu.

BnokHUHT KHpHII curHannapd uint8, wintlé éxu wint32typnapaary
HIDOPacH3 ¥3rapyBunnap 6YnHmu Kepak.

Kupiui curaanm ckandap, BekTop ¢KH MaTpuuaBuii 6Yaviu MyMKHH.
Arap KUPHUID CUTHANN BEKTOp €KY MATPHUA 0¥nca HKKHHYH ONEpaHI XaM
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BEKTOp €KM MaTpHUaBHH OVnMmH kepak. By Xonaa, 610k aneMeHTIapap
MEHTHKHH aMa/apHy 6axapany. ATap olepaHanapaaH Gupu BeKTop 4y
MATPHLUA, HKKHHYHCH cKaAp 6Ynca, 610K CKaAp Onepany Ba BeKTop xi
MaTpPHLABHi ONEPAHIHHHT Xap OUp IEMEHTH YYH MAHTHKHH aMaJlHA ﬁi
¥apalid. by xonIa YMKHIU CHTHANMHKUHAT ¥19aMH BEKTOp €KH Marpuuand

ONEpaHAHHHT ¥n4aMH OunaH GearuiaHani. 17|
MaunThkhi rHKOp aMannnu Gaxapuma 610k ¢akat GuTTa onepaHaN
(kUpHID curyanura) sra 6¥nanu. ]

Birwise Logical Operator Gnokuaan doizanaHHOIra MECONIAY
12.6.21-pacmna XeNTHPHIraH,

Block Parameters: Bitwise L ogical Uperator
Parameters -
Bitwise operator: [
Second operand
=
T T-»» 11
e |———p] AND o [ 3 ®
¢ o 3.5 o1l
Bliwise Displayt s
Corstant Logloal Opatator kg LS 01l
btwize
uinig222) [——in] AND » 2%)
Constant i Display
Btz
Lagloal Qperstor
uiniB222)
ol I 1
Constantl OR
oot PFOAFD) |
! Bhtse Displayt
Constant2 Logleal Oparatert
bilwisa I 25 [ 25
wint$(222) winkd(202)
[wwamo: wines(101) ] ! OR —»C )| HE]
FC 'F'E{F DY 'FOR
Constant3 Bitwisa Display2
Logleal Dperato
bitwise I =4 [ 5]
wimi(z22) [—p» aR — | = [ L]
FOP 'FORLFDY !
pvep——y s CREFD 'FOY
Pliuisa Displad

Logioal Dparated

12.6.21-pacm. Birwise Logical Operator 6noxuaan $pofimanaHuimra MHCOLTap
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12.6.19. Kombnnatop manTuk g0k Gombinatorical Logic

Basugpacu:

KnpHio cHrHanaapHHH XaKHKHHIHK XagBanHTa acocaH ¥srapri-
puJtH.

Hapamempaapu:

Truth table — xakuxHinuk xagsanu.

Combinpatorical Logic Onoxy kHpHIIl CHrHAJHHA XaKHKHILIHK XagBa-
JHIa aCOCAH AHHKIAHYBYH Kouganap Oyitnua yarapTupaay. XakMKHATHK
KaaBany GIIOKHHHT MYMKHMH G¥)IraH YHKHMII CHTHATH KHAMAaTIApHHHHT
pPYHXaTHHHY AKC BTTHpagH. XaKHKMIlJIMK KalBadMIaru caTpjap COHHK
KyAuaard HpoaagaH aHHKIaHAAH:

number of rows = 2 * (number of inputs),

Oy epma number of inputs — KHpHII CHrHAJUIAPHHHMAT COHH, number of
rOWSs — XaKHKHIINK aABanuiary caTpiap COHM.

XaxMKuinHuK KaABalvHH TY3HIIA KHPHLI cCUTHAANapH Gepunrad neb
XHcoOnaHamH. Yiap OJOKHHHI YMKHII CHFHAUIApH &3uNagurad 0ok
CATPIAPHHHHAT MHACKCHHM (HOMEpHHH) Ounjupagd. Xap Gup caTpHHHT
uHIeKCH Kyiugarn nonagaH aHHKIaHANH!

row index = 1 + u(m)*2%+u(m — 1)*2' + .., + u(1)*2™,

Oy epaa row index — CaTPHHHI HHIAEKCH, 7 — KUPHII CHTHANIAPUHUHT
COHH (KHpPHII BEKTOPUAATH MIEMEHTIAp COHH), #(1) — OCHpHHYH KHpHID
CHTHANH (KMPUII BEKTOPHHHHI OMpUHYM IEMEHTH), u(m) — cyHrru
KUpHII CHIHANH (KMPUIL BEKTOPHHUHT CYHITH 3MEMEHTH).

MacanaH, ukxku onepangnu BA (AND) MauTukmii amanu ydyH carp-
HBHT HHHACKCHHH aHHKNIOBYH Hdona kykunarnya 6ynanu:

row index = 1 + u(2)° + u(1) - 21,

Kyitnaaru xangsanaa ukiy onepariid BA (AND) ManTHKHA amaiaH
Y4YH XAKHKHATHK KAABANHHH TY3XIUTa MHCON KSATHPHITAH:

12.6.2-xcadsan
0 0 1+0-2°40-2 1 0
I 0 1+1-2040- 2! 2 0
0 1 1+0-20+ 12 3 0
1 1 141:204 12" 4 1
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Combinatorical Logic 6nokn épaamuaa MaHTHKHA BA aManum
Gaxapuura Mucoa 12.6.22-pacmaa kenrupuarad. bnoxaunr Truth tabl
mapametpu [0;0;0;1] udoxa 6unan Gepunras.

= L

: hulput the conaters specied by the Conslant vaue' prameter I

‘Constart value' it 3 vecker and Tnkevpral visctor pasamaters ae 10" i on,

Iraal the corwtant vilay ae 410 anty. Dthewsies, culipt w malrie with he:
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ok baaranan benas Lispodbnst el L

Pm et tn i it et hmmm 1
mvduc

{ ' Iriammst vecins parymiers ag 10
¥ Showe addiicnal
Otpuck dats type wade: |bociean =]

12.6.22-pacu. Combinatorical Logic 8noky EpramMiia MauTHKMA BA amannuu
GaxcapHuira MECON

12.6.20. Anre6pank koHTYp 6/10KH
Algebraic Constraint

Basughacu:

AsnreGpank TeHrnaMa UNAN3IaPHHE aHUKIAlaH.
Iapamemprapu:

Initial guess — Yukui cUrHAMMHHET OOLLTARFHY KHHMATH,

B0k KHpHIN CHIHAJTHHMHI KHAMATH HOJra TEHT O¥naguraH 4UKHIN
CHTHaNMHA GHHKIAHAH.

Kyfingard KypHHHIIZRrH HOYHM3HKIH TEHIJIAManap CHCTEMAacHHH
equmra mucon 12.6.23-pacMaa kypcaTnnran:

2 +y =6
x+y=2 ‘

Ywly TeHrmaManap CHCTeMacH HKKHTa e4uMra ara 6aranmnry cabab-
au Algebraic Constraint GrnoxnapusHHT GOIINaHFHY KMAMATIAPH BEXTOP
k¥puHHIIMAa Gepunrad, Bupnryn (lokopugarn) 6ok y4yH OomnasrHy

kuitMaT [1 -1] BekTOp GHnaH, ukkHWHYH (acTaard) 610k yayH aca [-1 1]
pexTop Ounan Gepuiras.
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12.6,23-pacm. Algebraic Constraint 6noknnan Goilananniura MECoONI

Algebraic Coustraint 6noxuaas HOYM3HKIN MaTPHUABUH TECHT-
naManapHH eYdIl Y4yH XaM {doiaananum MyMKHH. 12.6.24-pacMaa
K¥pcaTHArad MUco/ia KyHHIATH HOYHIWKIH MATPHHABHH TEeHIIaMa
€YHIraH:

13 4 4
X +2.-X+1=|4 9 -3|.
4 -3 57
Display
27 K L Algebtaia Consiralnt
3 | | R Sove wole
[ 0 2rE] [ 052 TE54]

Xa2+2X+1-M

Constand

12.6.23-pacu. Algebraic Constraint Gn0KHAAH HOYH3NKIH MATPHUABHH TEHITAMATADHH
eyHIl yuyH (poiidanaHuIura MECOI
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12.7. Signal&Systems — CHrHaNAJIapAN V3rapTupuu 6JOKJApR
Ba épaamMun Gaoxnap

12.72.1. MyasTHRICKCOp Mux

Bazugacu:

Kupum curHannapunad BeKTop XOCHN KHAATH.

Hapamempnapu:

Number of Inputs -— Kupamnap corn,

Display option — Axc >tTHpumu ycynu. Kyfiuaaru pyiixataad rams
NaHAOH:

bar — Kopa panraaru seprukan 1¥pTOypyak;

signals — Kupulll CHTHaJUTapHHHHT METKaIapUHU aKC STTHPYBYH ol{
¢ornn TYpréypuak;

none — Ok dornu TYpTOYpUAK.

BROKHUAT KUPHII CHIHAUIAPH CKAAP Ba (€KH) BEKTOp OVIHIIH MyMKHH.

Arap KupuI CUTHAJIApH OpacHjaa BexTophap Gy¥nca xupuubnap
COHHHH XaM BeKTop kypuHHIINa (Xap OHp BEKTOP SNMEMEHTIAPUHHHP
COHHHH K¥pcatraH xonga) Gepum mymkuH. Macanas, |2 3 1) udoga yura
KHPHIU CHUTHaJHHH aHHKNaHan, GUPHHYH CHIrHAJN — HKKH J1eMeHTIaH
10opar BeKTOp, HKKHHYH CHIHAN — HKKHTA 3IeMEeHTAaH HOopaT BeKTOp Ba
CYHITH CHTHal — CKaJap, Arap KUpHII BEeKTOPHHAKT ¥nyaMd Number of
Inputs napameTpraa Gepuiran ¥myam 6u1aH MOC keMaca, XucoOaalnap
6omnanumuaa Simulink xatonuk TYFpuckaa axGopot Gepagu. KupHin
BEKTOPDHHHMHT ¥nuaMHHM -1 (MHHYyc OMp) x¥puHHIIHAA GepHiIca, KUPHII
BEKTOPH Xap KaHZa¥ §agaMmra sra 6¥numu MyMKUH.

v e—
'uuunu- o amakcdpu b,

[T e gl i3 il

2T LR

12.7. I-pacw. Mux Groxunan doiifanaHuiura MHCOLAp
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Number of Inputs mapaMeTpHHH CHTHAalNnap METKANAPHHHUHT
py#ixatn k¥puHumuza (MacanaH: Vectorl, Vector2, Scalar) Gepuica
CHrHAJUIApHAHT METKaJNapH Moc OGOFICBYH JHHHANAPHHHT €HHAA aKc
YTTHPHIAAM.

DAOKHHMHT KHpHIUHTA OepuMIanHraH CHrHANNAPHHHT TYPH GHp xun
OYnHIH Kepak (XaKHKHHA KM KOMIUIEKC).

Mux Gnokuzan ¢ofizananumra MHcotap 12.7.1-pacMaa k¥pca-
THATaH.

12.7.2. AemyarTHnnexkcop Demux

Basughacu:

KHpuniarn Bexrop CHrHaIHH alnoXHIa TAIUKHI STYBYHIApra axpaTuo
Oepaam.

Ilapamempnapu:

Number of Outputs — Kupumnap coHmu.

Bus Selection Mode (6aiipokga) — Bekxtop cHIHanmapHH axpaTHIn
PERHMH.

Kupun curtanm eexktop 6¥nagy. YHKHIN CHTHAIH 3¢4, COHH Ba YiI9aMu
Number of Qutputs napamerps Ba KHPHII CHTHAMHUHT ¥14aMH OunaH
aHMKJIAaHYBYH CKaJIIp €Kit BEKTOp OYIHMIIM MYMKHH.

Arap yuknmuiap coud P (Number of OQutputs mapaMeTpHHHHT
KMIMAaTH) KMpHLI curHanmdHyaHr ymyamura (N) tedr 6§1ca 6nox xupum
BEKTOPHHH aJ0XHAa 3MEMEHTIAPTa 3XKPaTagH.

Arap yukumiap cou P kupHum curHaimHHHT YmdaMid N g3 Kd4HK
Oynca Gupunuy P-1 yuKHI CHIrHANNAPHHUHT ¥I4aMH 3MI AKMH KaTTa
coHraya axautiaadrad N/P HucGatra Tenr G6¥nmamm, 3HT CYHITH YHKHMII
CUTHAJIMHUHT ¥I4aMM 3ca KHPHII CHTHANMHHMET YIYaMH BA aBBAJTH
P-1 ydkHIAap ¥nyaMaapH AUMFABEIM Ba YHKHII CHTHANHHHHT YIyaMH
opacHaari Qapkka teHr 6¥naau. Macanad, KHpUII CHFHAAMHHET YI9aMH
8 Ba YHKMIIIAp COHH 3 OYiIca, HKKHTA OHPHHYH BEKTOPHHHI ¥M4aMH
ceil(8/3) = 3 Ba 9Hr cYHITH YHKHII BEKTOPHHHHT yn4aMu 8 — (3+3) =
2 Oynagm.

Number of Outputs napaMeTps Xap OMp YHKHII CHTHATHHHHT
VIMaMIHH aHHKJIOBYH BeKTOp EpAaMula xaM GepHIHIIM MyMKHH. Macanan,
[2 3 1] udona yura UHKHII CHrHANHHH AHHKNAHIH, GHPHHYE CHMrHAN —
HKKH 3IEMEHTIAH BEKTOP, HKKMHYM CHTHAll — Y4 3JIEMEHTIH BEKTOpP Ba
CYHITH CHTHaN — ckansp. Vmuamam -1 (MuHyc GHp) KYpHHHIIMAA XaM
GepHIi MYMKHH, By X0Nga MOC YHKUIN CHIHAAWHHHT YA9aMH KHPHIL
BEKTOPHHHHT ¥IYaMH Ba YHKHII CHTHAIApHHUHT GepHiarad yndamiapH
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ANFUHAHCH opacHiaru (apk cudaTuaa aHuknanaau. MacanaH, art
KUPHII BEKTOPHHUHT Jirdamu 6 Ba Number of Outputs napamerps [14
3] udona Sunan Gepraray 6ynca HKKHHIH YHKUII CHTHAIH 6 — (3+l)1
2 ynuamra sra G¥nag. A

Demux Gnokunal doiinanannmra Mucomiap 12.7.2-pacMaa kypel
THIITAH, !

"
3
5314 N53-14 Displays
Constant1 Constant2 14
Displays
L] —3
C— 3
—r Cinind
{1.53-1.4 24 -35 100] Displaye 11.53-1.421-35 100) %
Constants —l| Constanit o
m E
[ o) A —
Dlsplay? %)
" Oiplayto

12.7.2-pacm. Demux Gnoxuaan GofnamaHHIra MECOLIAP

Bus Selection Mode pexxumuaa Demux 610KH BeKTOPHHHT anoxHia
aneMeHTIapH GunaH aMac, Ganky TYIHK BEKTOp CHrHan (Hnan Huainu.
Yuwby pexumaa kapuw curHany Mux 6ok éxu 6omxa Demux 6moxu
&poaMpia MAKAAHTHpunume Kepak. Number of Qutputs napamerpH
3Ca KHPHII CHTHAJUVTAPHHHAHT COHHHH AHHKJI0BYH CKayAp EKH Xap Gup ane-
MEHTH yIufy YHKHII CHTHANUAATH BEKTOP CHIHAIAp COHHHM aHMKJI0BYH
BEKTOp KYpHHMILKAA Oepunani. MacanaH, yyra BeKTOpAAH HOOPAT KHPHIL
curHanuza [2 1] sexrop 6unan 6epuiarad Number of Qutputs napamerpu
HKKHTA BEKTOP CHTHATHH aHUK/IaAAH, yIapaad SHPHHIMCH HKKUTA BEKTOP
CHTHATIHM ¥3 WIHra olajgH, HKKMHYHCH 3ca OHMTTa.

DPemux 6noxnpar Buas Selection Mode pexumuna doiinananumra
Mucomtap 12.7.3-pacMaa KENTHPHUATAH.
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12.7.3-pacy. Demux Gnokuaan Bus Selection Mode pesxumnza doiizanannwra
MHCOIIAD

12.7.3. Hlgnann wmakaaantuprus 6aoxy Bus Creator

Bazughacu:

Xap XHJl TYpAArH CHTHa/UIApAaH MHHAHH WAKIIAHTHPALH.

Hapamempaapu:

Signal naming options — Curnamau HOMnam ycynu. Kyiiugaru
pyHxaTAaH TaHTaHaAM: -

Inherit bus signal names from input ports — Kupun curaannapu
110MJTAapHHU MEPOC KHIHII;

Require input signal names to match signals below — CursannmapHusr
HOMJIAPHHYE KRPHTHII Ta1al KHIHHAIM,

Number of inputs ports — KupHuw nopTnapMsEuHT COHM.

Signals in bus — [IllHHara 6HpNAMITHPHIATAH CHTHAMTAPHUHT
pytixaTh.

Rename selected signal — TaxnaHraH CHTHAJHHHT AHTH HOMM.

Hapamerp Require input signal names to match signals below on-
UMACH TaHJaHrad O¥nca YpuHIA.
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bnox xap xaHAall CHTHAJIAPHH (BEKTOp, MaTpHUAaBHi, KOMILICH
XaxkvKHH Ba Xap X1 Typraru 6YTyH COH/IAp) ATOHa LMHAra GHPIALITHPa]
Bynpaii wnHA Momennaru GOFNOBYH MHHHAIAP COHHHH KaMaATHpH]
HMEKOHHATHHH Oepaau. luHanard cHrHalJIapHH aToxXHJa TaiokH
TyBUHMIapra axparum yuyH Bus Selector Gnoxnnan Qoiixananumann;

BaoKHUHI Ky3aTHII OHHAcH CHIHAT MaHOacu O¥nrad GMOKHH aHHKNIA)
HUMKOHHATHHH Gepanu. Byuuur ydyn Signals in bus pyiixarnaas
CHIHAJITHHHT HOMHHH 2XPATHIN Ba cCHIKOHYA épyamua Find kHomKacHR
focnw 3apyp. Tannanras cureanHuHET MaHOacu O¥aran OJNOKHHHT paHE
YarapaiH. i

Bus Creator Goku €pIaMHIa [HHHAHA WAKTUIAHTHPHUEITA MICOS B
YHUHT napaMeTpaap oiiHacu 12.7.4-pacMaa k¥pcaTunran. PacMaan signa
2 curnanuuHr manbacu Constant3 GIOKY FKAHNUIMHE KYPHIL MyMEKHH,

Pl b v e Tl Ve atiar

et o st ramon vomioptoots

Terminaiosr M

Constant:

Constantt

12.7.4-pacm. Bus Creator GnokHaas ¢iofi JaaHHmra Mucon

12.7.4. lllnpanu cenextop 6aoxa Bus Selector

Bazugbacu:

lInHanaH KepakJiM CUTHAHH aXpaTaaH.

Hapamempnapu:

Signals in the bus — HInaana Maexya cHrHaanap (KMpHII CHrEAa-
JapH);

Selected signals — AsxpaTHnray curHainap (4MKMII CHTHANIApH),
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Muxed output (baiipoxua) — YHKHID CHTHaNapHHM iHHaTa Oup-
ARINMTHPHLLL

{liInna Mux €kn Bus Creator 6510ku épiaMuaa WAKIIIAHTHPHIVILA
MyMKHH.

[linHagaH CHrHAAHKM aXKpaTHOG OJHIM YYYH ONOKHHHT NapaMeTpliap
pHuacu ounnmanu, Signals in the bus olfiracHia curyan axpaTHIagy Ba
Belect kHONMKacH &€plamKla CHTHANHHHT HOMHHUHT Hycxacn Selected
Mignals oiinacura yrkasunagu. Curnanan Selected signals p¥iixatunan
panb Tammam yuayH, 610k mapaMerpiapH olffHaCHHHHT YHI TOMOHHIArd
pyAxaTza yHUHT HOMH axpaTHiaaay Ba Remove krnomkacu Gocumangy.

Up # Dowa xnomkanapu éphaMiaa IIaHaZAaTH CHTHALTADHHHT XOH-
nmmn raprubunn, Selected signals ofiHackaa ynapHa 10KOpHTra &KH
NNCTra CHIKHTHIL Hynd OMNaH, ¥3rapTHpUI MyMKHH.

Muxed output napaMeTpUHWHI YpHATHIHINHM CHTHAUIAPHH LIKHAra
fuprawITHpHII HMKOHHITHHH Oepaiu.

Bus Selector 6noxngan ¢o¥igaiaHHuira MECON Ba YHHHEI TapaMeTpiaap
ofisacu 12.7.5-pacMaa KEXTHPHITAH.

12.7.5-pacm. Bus Selector Gnoxuaan doilnananymra Mucon
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12.7.5. Cenextop 6nokn Selector

Bazugpacu:

Bextop €ku MaTpHLa#aH KePaKiIH MIEMEHTIAPHY TaHJaHIH.

Hapamempnapu:

Input Type — Kupnm curHanueuur TypH. Kyiunare pyixarag

" TAHJIAHAAH!

vector — BekTOp;

matrix — mMaTpHua.

BrokHUHT RapamMeTpaap pYHXaTi KUPHILI CATHATHHUHT TYp¥ra GoFil |,
XOJ1aa ¥3rapamu.

Source of clement indices — Bexrop 31€MeHTIapH HHACKCIAPUHHH]
manbacu. Kylinnaru pyiixaroan TaHnaHagH: '

Internal — Huku. TannaHaéTran BEKTOP MCMEHTIAPHHHHT HH,H,eKC
gapu Elements napameTtpu opkanu Gepunaim;

external — Tainkn. BexTop n1eMEHTIAPHHHHT HHAEKCNAPH TawKI
KHpPHI CHTHaNH €pjaamMuaa Gepuiau.

Elements — GIOKHHHT YHKHUINTA Y3aTHIYBYH KHPHII BEKTOPH /1€
MEHTHAPH MHIEKCNAapUHHHr p¥iixatu. BekTop KypHHMIIMAA GepHiaiH
[TapaMeTpHHHT KHiAMaTHHA —]1 (MHHYC OHpP) ONHIN BEKTOPHHHT XaMM:
MEMEHTNAPA TAHNIAHTAHIMIHHEN Sunnapany.

Input port width — Knpvm BexTOpHHHHI JO4aMH.

Source of row indices — MaTtpuua catp 3neMEHTIapU HHAECKCAapH
HHHT MaHbacH,

Rows — MarpHua catpiapi MHIASKCTapHHHHI MaHOacH.

Source of column indices — MaTpHua YCTYH 3N1eMEHTAaDH HHACK-
CHapUHHHT MaHOacH.

Columns — MaTtpHua yCTyHIapH HHACKCIAPUHHHT MaHOacH.

BIoKHHRr TalIKE KYPHHHIDH YpHATWIraH NapaMeTpiapura 60fimK
xonga ¥srapand. 3NMeMEHTIAp HHASKCIAapHHHHT TAlIKH MaHOanapH TaH-
naHranaa GIOKHWHT TaCBHPHAA Kyiinaard cuMmBonnap 6unaH Oenruianran
K¥IluM4a KHpUiunap xocun 6ynanu:

E — Tannanran BeKTOp 31eMEHTIAPH HHIEKCIIAPHHA OepyBYH KHPHLI
CHTHAJH.

R — Martpuna carpiapn HHASKCHApHHH GepyBYH KHPHII CHTHANH.

C — MarpHua ycTyHIapH WHAEKCIApHHH GepyBYM KUPHII CHIHATH.

Brnok dakar KyliHOard CHrHAJUIApDHE TaH/IaHay KM YMKHILTA Y3aTamu:

Onok mapaMeTpnapuaa aHHKIAHTaH;

TAIIKH KHPHLI CHroany Ounan Gepuira.

Selector 6noxunan poiinananumra Maconmap 12.7.6-pacMaa KeTTHPHA-
rad. PacMaa GoKHHHT Xap XHN CO3JaHHIl BAPHAHTIAPH KYPCATHTaH.
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12.7.6-pacm. Selector 6rokunan dolinanaguura Mucomwnap

12.7.6. MaccHB 21eMeRTRAPHTA SHIH KHITM2TIapan
TAKIHM >THID Gokn Assignment

Bazugacu:

Bexrop €xH MaTpHHIa SNeMEHTIADHHE aIMalITHPaAH.

Hapamemprapu:

Input Type — Kupnm curHanuHMAr TypH. Kyitunary pyiixatnan
ONKHATH:

vector — Bekrop;

matrix — Martpuua.

BnokuuHr napaMeTpiap pyHxaTy KUpHI CHTHaJHHUHT TYpHra MOC
paruiiga yarapan.

Source of element indices — BekTop 3neMeBTIApH HHASKCIADUHMHT
manbacH. Kylingarn pyiixatoad TaHnaHagn:

internal — Huku. TannaHa€Tran BEKTOP 30EMEHTAAPHHHHET HEACKCH
Elements napamerpuaa Sepunany.

external — Tamxu. Bekrop 3neMEeHTIapUHHAT HHACKCIAPH TAIUKH
KUPHIL CUrHand épraMuia Gepunajn.

Elements — BnokHHHr YHKMIIHIA YTKA3HIAAHIaH YHKHII BEKTOPH
WIEMEHTNaPR HHECKCIApHHHHT pYHxaTH. Bekrop Kypunnmnaa dbepuna-
an. ITapameTpaunr —1 (MHHYC OHpP) KHHMATH BEKTOp 3NeMEHTIApHHHHT
XaMMAacCH TaHIAHTaHIHTYHA OMnpupany.

Source of row indices — MaTpuna 3meMeHTIapH CaTPIAPH HHIASKC~
JapHHMHT MaH(acH.
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Rows — Martpuua caTtpiapH HHAESKCIAPHHHHT pyiixaTy.

Source of column indices — Matrpuua as1eMeHTIaPH YCTYHIAPH
HHAEKCNAPHHUHT MaHOACH.

Columns — MaTpula YCTYRNApH HHIEKCIADHHHAT pYifxaty.

Bnox Heaekcnap pyiixaTHra acocaH OHPHHYH KHPHII MaccHBH alpHM
3IEMEHTNAPHHH HKKHHYHM KHPUILI MacCHBH 3EMEHTIAPUTa aJIMAINTHPAIH,
Hupaexcnap pyiixarn 6nok napaMerpn cadatiaa SepHiHiun €K TaIIKH
OolKapyBUH CHTHAAaH YKUIHILH MYMKHH.

BIOKHHMHT TallkH KYPUHHOIN ¥pHATHATAH napaMeTpiapura GorHK
XoJa ¥srapangy. DneMeHTNap HHAEKCIApHHHHT TAIIKH MaHOarapH TaH-
JaHraHga OMOKHHUHT TacBHpHAaA KyHUard cHMBoimap GHitan GenrdnaHran
KYLIHNMY2 KHpHIIap XOCHN 6¥nany;

E — Tanunanras BexTop 3neMeHTIapH MHAEKCIAPHHH O0EPYBYH KHpHI
CHIHAJIH.

R — MaTtpnna carprapy nHIekcnapuHH OepyBYH KHPHII CHIHAJH.

C — Marpnua yeTyHnapu HHASKCIapuHi 6epyBud KMPHID CHIHANH.

Assignment 6noxunan doiinananumra Mucomiap 12.7.7-pacMaa
KEITHPHIATAH.

e
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12.7.7-pacm. Assignment Gnokunan GoiiRaNTaHHIIra MHCOMIAD

12.7.7. Curnajnapns Supaamrapum Gnokn Merge

Basugpacu:

biok kHpHII CHIHANTIAPHHY AFOHA BEKTOP CHrHANra2 OMpJIaLITHpPaaH.
Hapamempaapu:

Number of inputs — Kupumnap coxu.
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Initial output — Yuxum curHanHEAHr OONIMaHFHY KHHAMAaTH. Arap
yuiby nmapamerp Oephimaca, ONOKHHHI YMKHUINIA KHAMAaTH 3Hr KeiHH
xucobnanran curHan yTagu.

Allow unequal port widths (Sailipokua) — Unkniu nopnapyu ymyaM-
MapuHHHT OMp xun 6¥nMaciurura pyxcat Gepanu.

Input port offsets — KupHill cHrHanMuy CHIKHETHLL. BekTop kypu-
nuurHaa Sepunagy Ba xap OHp KHAMATH MOC CHTHAJHHHT YHKHIN BEKTO-
pHAa HKOUNAMAMIHHY aHHKJIAHIH.

Bnok »Hr keiiun xMcoONaHraH CUTHalNHUHT KHMEMATHHH YHKHIITA
YrKasagm.

Input port offsets mapaMerpu €paaMuia HaTHXABHI BEeKTOPAa KUPHIU
CHTHAIUTAPHHHUHT XKOHNAIIHIIAHE HOIMKAPHII MyMKHH.

Yukuin CHrHaaHHHRATD ¥iuaMH KyifHRard ugonara acocaH aHHK-
NaHagH;

max(w, + 0, W, + 0, .. W +0),
Oy epma w,_— Kk-4H KMpHII CHTHANHHMHI ¥a4aMH, O, — k-4n kupum
CUTHATHHHHT CH/IKHIIN.

HxkuTa CHrHATHA GupramTHpum yayH Merge GmoknmaH doiinana-
Humra Muacon 12.7.8-pacMaa kentupuiarad. Muconna Input port offsets
napaMetpu [0 3] BexTop Ounan Gepuaran.

Filew % 1ot arnebamsn: et

=
Conglant | A ] |

Margy

Constant{ Dispiey

¥

12.7.8-pacm. Kupum cHrHannapasy OMpIamTHpHIn yuyH Merge GnokugaH
tofinananuiura MHCOI
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12.7.8. CurnaanapHu mMarphauara GapaamiTHpHID 6/10KH
Matrix Concatenation

Bazughacu:

bnox xupmuinary Bekrop €KH MaTpHUaNapHH OMpRAaTHpPazH {KOH-
KATCHALHA).

Hapamempnapu.

Number of inputs — Knpunuiap conn.

Concatenation method — Bupnamrtupnm ycymu. Ky#naaru xxagsan-
AaH TaHJaHAAH!

Horizontal — ['opusonTtan. Maccupnap yur TOMOHHMTa SHIH MacCHB-
JAPHH KYLWHIL Hyny Gunad OHpnamTHPUAAH.

Vertical — Beprukan. Maccupiap octura sHMM MacCHBIapHH KyLUIMMI
ifynu 6unan GupramTHpHIaIH.

Matrix Concatenation 6nokunan dofinananumra muconnap 12.7.10-
pacMIa KeNTHPHITaH.

arn HRiE Lo |
Contant IR i | E—
[":”] [ 1] ) L]}
Wt | L] | L) |
“EH Tagiay

Blaack itar arnetoe s, “alns Cunalvnaizon

RETERC I St TS T R R T

Humhﬂ]m—- e e -1 .nmmmm

"
 Paddorm wciorinpul sipnals ane. "" whowm b 145 vt mput Gl ane l
m.m\mmn [hhd}m ‘rhmnm. L lw.tmnmh Hn‘l'.r-m Thee oulgnt i s & J
p‘ ot - R - !P.m___ ) -
- Mot of mpy; i £ Nurbe of rputs |
| i g |
* Concatension method IVM ; : :Mm]m 7 I
H [, - PR | I - P |
[ | coow | pep } ok [k ] cwon i e | ow |

12.7. 10-pacm. Matrix Concatenation Gmoxunan boiinanaHuwmra Muconnap

12.7.9. Curnannapun yiatum 6ok Goto

Basugpacu:

baok curramau From Gnoknra ¥Tkazagm.

Hapavemprapu:

Tag — Curran uneHTHPUKATOPH.

Tag visibility — Kypuuu 6enrncu. KyHuaaru pyiixaraad onMHagu:

* local — Jlokan oCT TH3HM HYKJA Y3ATHNAIH.

* scoped — Jlokam ocT TH3HMM Ba KYHH CaTXJIH OCT TH3UMIIAp HYHOA
y3aTHNaJH.
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+ global — Curnan Moaen #4YHia y3aTHIAAH,

Goto Onokn Ounan OHpranvkaa From Gnokupgar ¢oipanamum xap
KAHOAH TYypHAaru CHIHaJIHH ANOKA JMHHANAPHCU3 Y3ATHIN MMKOHHUATHHU
Gepaau.

Tannanran napaMerpra Moc pasuaa Tag visibility 610kHHANT TamkK
KYPHHHIUM Y3rapajau:

Arap k¥puauw oenrncu local kuiiMaTHra 5ra 6ynca CHrHaI HOCHTU(H-
KATOPH KBAJPAT KaRC HYHra ofnHa K. Macanan, [A], Oy epma A—- curHan
HIEHTHDHKATOPH.

Arap k¥puanul Genrucy scoped kulimatura sra 6¥nca CUTHaN HAEH-
THHUKATOpH QUrypasn KaBc HINra ONWHANY, MacanaH, [A].

Arap kypuHuw 6enrucH global kuiiMaTura ara 6§nca cHrHaN WASHTH-
(pHKATOPH NMUKTOrpaMMaja K¥LIMMYa CHMBOUIAPCH3 K¢ STTHPHIAAN.

Goto 6noxunan Qoitganannura mucon 12.7.11-pacMaa kentTypHATaH.
_J]dlll —>< A

oto

Band-Limitad <]

White Moisa
T>—b -
From Soope

12.7.11-paca. Goto 6nokuaan Qoitgananyiura MACON
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12.7.10. CuraanHu xabyn kHaam 6aoxn From

Bazugpacu:

bnok curnannn Goto 6nokuaaH Kabyn KunaaH.

Hapamemprapu:

Goto tag — Kalys KuNHHA&TraH CHrHATHHHT HACHTHQHKATOPH.
Curranau yzataérran Goto 6okHAa KYpcaTHATaH HASHTHPHKATOpPra
MOC KeTHIIH Kepak.

From 6noxu 6unan 6upramuraa Goto Gnokuaan doiigananum xap
KaHZait TypIard CHTHAOHH aloKa THHUAIAPACH3 Y3aTHII UMKOHHATHHH
Gepanu.

brokHUHT mukTOrpaMMacHia kypunHm Gearncn Goto Grokuparnra
¥xinanl Tap3fa akc 3TTHPHIAAU.

Mogenza Gupruna Goto 610kHaH cHrHAT KaGyn KHIyBYM 4EKJIaH-
MaraH coHgarh From 6goknapy O¥nuliH MyMKHH,

From 6noxnapunan doiinanannmra muconnap 12.7.12-pacMaa kentd-
puarai. Hkkura Goto 6inoxunan ¢oiganannnrannury cababny HKKHHYH
CHTHANTHUHT HJICHTU(QHKATOPH cHatuaa B onnaran. Mkxuxyu curaan
OCT TH3UMIa I0GOPHNAETTaHINIH YYYH YHHHT KYpuHuL Senrncu global
KHiiMaTHra ora 6¥nHIM Kepak (CHTBan HASHTHOHKATOPH NHKTOTPaMMaja
KYIUHMYa CHMBOJINAPCH3 aKC ITTUPHIITAH).

Dand-Limitad
Wi Noide

5

12.7.12-pacu. From 6noKMAHHT K§/LNAHHIHITH

12.7.11. Carpaandur kypaanm Searncu Gaoxn
Goto Tag Visibility

Bazugacu:
Goto O6n10xu épaamnaa y3aTHIaETTaH CHIHAIHHHT KYPHEHLI GericHHA

aKC DTTHpAjAH,
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Ilapamempaapu:

Goto tag — Goto 6ioKkH EphaMHAa Y3ATHNAETTAH CHTHANTHHAT HAECH-
THPHUKATOPH.

BAOKHH y3aTHNAETTaH CHIHANNApHHUHT K¥pHHHI coxacH scoped
KHiiMaTura sra 6ynran Moaen €ku octT TH3MMIapra Kymum kepak. brox
CHTHAJIHH Y3aTHILJA KaTHAIIMa#iaH, dbakaT y3aTHAA&TraH CATHAJIHUHT
HOMHHH aKe 3TTHPaIM.

Goto Tag Visibility 6noxunan ¢oiinanasnmra Mucon 12.7.13-pacmpa
KEJITHPHIIraH.

1o
Goto Tag
Visibillty
il »({A} W
Sine Wave Goto From Seope

E}' Goto Tag
Vasibiiity W
Su m
From Scope

12.7.13-pacm. Gote Tag Visibility Gmoxnaan ¢oiinanannura Macos,

12,7.12. ¥mymuii xoTHpa coXacHHH X0cha KHayB4n Saok
Data Store Memory

Basugpacu:
Brok MapiyMOTNapHH caKiaill y9yH HOMJIAHTaH XOTHPa COXACHHH
XOCHN KHJIATOH.

Hapamemprapu:

1. Data store mame — XoTupa COXacCHHHHT HOMH,

2. Initial value — BomnanrHya KHiiMart;

3. Interpret vector parameters as 1-D (6alipoxua} — MataymoTirap
BEKTOPHHHHT mapaMetpiapuny 6Mp yriuamaa sexktop cudartuna
TaNKHH KUNagy,

Bnox Data Store Write (MabnymoTiapuu €3uum) Ba Data Store Read

(MaBIYMOTIApHH YKHIN) 6noknapy GHIaH GMPralMKAa MIUIATHIAIN,
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Initial valne napaMeTpn cUrHANHHAT GONUIAHFHY KHiiMaTH OHnaH Oup-
TAIIMKAA YHUHT YmaaMiuHH xaM Gepaji, MacanaH, CHTHATHHHT OOLLTaHFHY
xuiiMati[0 1; 2 3] matpuna 6unan Gepunran 6yica, caknaHa&Tral CUrHAI
2x2 ymuamnH MaTpHUA GYIHIIM Kepak.

Arap Data Store Memory 610oki J0KopH caTxra ara 6¥1ras Moaenaa
6¥1ca, yHAA JKOMNAIIraH X0THPa COXacHIaH MOACTHUHT V3HA BA HEPapXHUA
O¥iiuta Kyiiu caTX/1d XaMMa oCT TU3HMiapaa o ganaHuin MyMKHH.

Bnox double Typaarn xakukuii curHaanap OHnaH nmuiaign.

Data Store Memory 6nokunuar Data Store Write sa Data Store
Read Gnoknapn OmMnas Guprannkna umnamkra Macon 12.7.14-pacmza
KeITHpHIITaH.

12.7.13. MabpayMOTIADHHM XOTHPAHHHT YMYMHIi coXacHra é3Hu 6noku
Data Store Write

Basugacu:

bnok MabAyMOTNApHH XOTHPAHHHT HOMIIAHTAH CoXacura €3aim,

Hapamempaapu: _

Data store mame — XoTHpa COXaCHHHHT HOMH;

Sample time — Mopgen BAKTHHHHT KagaMmH.

E3um aMani XMCOGNALIHUAT ONAMHTH KAZAMHAA XOCHI KHIHHIaH
CHTHANMHHHT KUHMaTH Y4yH GakapuiajH.

Mopgenna 6utTa x0oTHpa coxacura é3ysud O6Hp Heua Data Store Write
Onoknapu 6Vmny MyMmxuH. JIeKHH, yaapra MabIyMOTIapHH OHp BAKTHHHT
¥3una €31 KyTHIMAraH HaTwkanapra onnb KeJIumu MyMKHH.

Data Store Write Onokununr Data Store Memory Ba Data Store
Read 6noxmapu OGunan Ouprandkza wuuramura Mucon 12.7.14-pacMaa
KEITHPHUITAH.

12.7.14. MabLoyMoTIapHN XOTHPaHHHAT YMYMHA# coXacnaad Yknm Saoxu
Data Store Read

Basugpacu:

Biiok Ma®BTyMOTHApHHM XOTHPAHHHT HOMIIAHTAH COXacHAaH YKUHIH.

Ilapamempnapu:

Data store name — XoTHpa COXaCHHHHT HOMH.

Sample time — Mogen BakTHAHHT KagaMH.

Vkuw amang xucobnaluHUHr Xap 6up Kagamuza Gaxapunany.

Moaenna GHpraHa XoTHpa COXacHAaH MabIyMOTIApHH YKyBuu Oep
Heua 6ok OYTHINH MyMKHH.

Data Store Read 6noxuHnar Data Store Write pa Data Store
Memory Onoknapu Ounan 6upranvkaa punamura Mucost 12.7.14-pacmaa
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KeATHpUATaH, Miuconga Goikapyeys CUTHATHYHT ONJIHHIH QPOHTH
Oyiinya xucobGnamapau OakapaZuraH OCT TH3HMAAH (oimanaHuarad.
Hlyxpait xunu6, XoTHpaHUHT YMYMRH COXacHIa KHHMAaTIapHH &E3HIN
OOWKAPYBYH CHTHATHHHT MycOar HyHamumua y3rapHil MOMEHTIapHAa
amanra omupuaasd. Konran MOMEHTIapAa XOTHpa COXaCHIarH Mabiay-
MOTIAPHHHT KWAMaTnapu yirapMaiiiH.

Dais Store
Rand

=

Sine Wava

iE

bt s tem

Ble Edt Yew Simulsfon Fgrmat Jocks
DS &R 0
Tdgger
(1)
Wirtta
Jriiooi f ! E(;_g'

12.7.14-pacm. Data Store Read, Data Store Write Ba Data Store Memory SnoknapuHuHr
GUpraniKaa MNUIAUIMEA MHCON

12.7.15, CurHaa TYpHHR ¥3rapTHpyRHH 6a0k Data Type Conversion

Bazughacu:

Brox KMpUIN CHFHATHHHHT TYPHHH Y3rapTHpazH.

Hapamempnapu:

1. Data type — YRKHII CHIRAJIH MABJYMOTIapHARKEHT TYpR. Kyfingarn
KuiiMaTiapan kaldynm Kuanmy MyMknH (pyiixarnad onmuHaan): auto,
double, single, int8, int16, int32, uin(8, uint16, wint32 u boolean.

2. Saturate on integer overflow (faiipokya) — ByTyH TVnub xeru-
IUHHUMHT OAAHHE ONajH. Baitpokda Y¥praTtunrasza OyTyH typaard

- CHFHAJUTAPHH YEKNIAII KOPPEKT Tap3fa Oakapuiaau.
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Data type napaMeTpHHUHT auto KHiAMaTHAaH dolimanannnrania
ymby 610K YHKHWIIHAATH CHTHAJIHHHT QOPMATH YHEAH CHTHAN ONYBYH
GnokHuHr KupumHra GepHIHLIN 3apyp 0¥nran curdan ¢opmarura Mocnal
yaraprupuiagu.

Kupum curranu xakaxHi €k xoMmaexe OVaniud Mymua. Knpuor
CHTHAaNH KOMIUIeKe O¥aranna YKy CUTHAIH XaM KOMIUIEKe OVmaau.,

Bnox ckamip, BEKTOp Ba MATpHLABHH CHrHanIap OHIaH HILIAHOH.

Data Type Conversion 6inoknzan ¢oiigananumra mucomiap 12.7.15-
pacMaa KenTUPHITraH.

1187 | ity —ell— 1]
Constant Data Type Conversion Display
1.126+2.314i |———p (int®) | 1+2i]
Constant1 Data Typa Conwersion1 Display1
11
1.24 3.%4 L 3]
[:..u -s.es] » () M —3)
Constant Data Type Convargion2 Diplay2

12.7.15-pacm. Data Type Conversion 6nokugaH goiinananumra MHCoNIap

12,7.16. Carnanpuur ¥ayaMean ¥3rapTepam 61oxn Reshape

Bazugacu:

Brnox BexTop éKH MATpHLABHIl CHTHAJIHHHT VIYaMHHH Y3raprupais.

flapamempnapu:

1. Output dimensionality — Ynknm curHain ¥ 19aMAHHHT KYPHHUIIH,
Kyfinnaru xaneangad onHHAIH;

1-D array — bup jnmuaMnm MaccHB (BeKTOP);

Column vector — Bexrop-ycryH;

Row vector — Bexrop-catp;

Customize — bepunran ja4aMaara Marpuna KM BEKTOD.

2. Qutput dimensions — YuKHm cHrHaNM YIYaMHHHHMT KHiIMaTH.
Viuamuunr kypusumu Customize cudaruna ypnatunran 6ynca
YpuHIH.

Reshape Gnoxugan doiinanannmra mucomnap 12.7.16-pacmia ken-

THPHJIT2H.
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C——3
[:. ? [ 3]
3 — C—3F
A
Diplay
[ L=
Constagt Rashapet Dlsplayt
L O____ %]
[:i: —’lRMlpl |—>| L] 3]
Constant? Rushape2 L ] | - |
Dlspiayz
{ Rl ) 4]
129 et m —p|-4,}—u|_ 7 ¥
Ppwera— Rashapsd I | NSO 1
Diping

12.7.16-pacmaap. Reshape Groxkumaan dolitanaHHinra MECOANAp

12.7.17. Curnasnuar YI4aMHHH AaRHKA3W 6nokn Width

Bazugpacu:

KupHin cHrHaTMHHHT YI9aMHHH XHcoOmaiau.

Hapamempnapu:

Hyx.

BnoxkHMHr KHpHII CHTHAITH Xap KaHZall TYpAarH XakHKHHA EKH KOM-
TUIEKC CHTHAJN OVIIHIIE MyMKAH.

BaokHHHr uukum curHanu double Typaa 6¥naaum.

Width Gnoxunas doiinananumra Muconnap 12.7.17-pacMaa xenru-
pHIraH. '

(1232 hf’ b|:_3-i

Constant Width Display

[ 3] o2 S [ 3]

Constant1 Width1 Display1

1
1 B~ rI:_"I|

Constant2 Width2 Display2

12.7.17-pacm. Width 6noxknnan gofiganaHyira Macomwmap
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12.7.18. Curuaaunur Gepunrad Ycarasuil KHAMATHH Kecn$ ¥THIO
MOMeHTHHH aHukaam 6jaoxn Hit Crossing

Baszugacu:
CurdanHusr 6epunran Gycaragii KHHMaTHH KecHO YTMII MOMEHTHHH
AHHKJIAHIH.
Hapamemprapu:
1. Hit crossing offset — G¥ycara.
+ Hit crossing direction — Kecn6 ytaw iiynanuuu. Kyiduaaru
pyixaToad onuHagH:
* rising — oprtuiu;
o failing — xamaitum;
¢ either — ukkana H¥HanHDIAA XaM,
2. Show output port (6alipoxua) — UMKHIN OPTHHH K¥pcaTHII. Arap
Gaiipokya onHO TaulTaHca KECHIINII HYKTACH aHHK/IaHAAM, JIEKUH,
YUKUIN CHTHAIH XOCHJI KWIHHMAHIH.
Bnok kecHIINI MOMEHTHAA MOJeN BAKTHHHHT KalaMH JaBOMHIIHIHTa
TeHr 6ynrad 6HpNIHK CHUrHAN XOCHI KHIIaJH.

Hit Crossing 6a1okuznan doiinanannmra Mucon 12.7.18-pacMaa xen-
THPHIraH. BoK HKkana MyHanHiiga XaM CHHYCOHAAA CHIHaJIHHHT 0.5
carx OGMNaH KECHIIMII MOMEHTIAPHHH aHHKIAHAH.

! mc‘m - . A
Comparns e input signal to the hit croesing olfest vakus, (1 e signal ses

!MMW,HW‘NMW,“MML

: Cithmrwisg the block outpubs 2ero. For vatable-siap eolvers, Siuink Lakes

| G st tthone anvd aker e bk coouaing e

15

{ Hit croasing diection: [her =]

{5 Showoutputpat FWEI |
| & Enatiesmo

i e o5 : s 2

[ ok ] e | b | oov | [rimeowe o

12.7.18-pacs, Hit Crossing Gnoxnnas $oiganaHAILra MHCOT

12.7.19. CaruaaHMHr Gomaanruy KuiiMaTHHe ypuarum Gnoxn IC

Hapamempnrapu:
Initial value — Bomnaurig KuiimMar,

306



XucoOmamnyHr OUpMHYH KagaMmuna YukawW curHann Initial value
napamerpuaa Gepunran Gomnanruyu kuiimartra Tedr 6Ymanu. Konran
XHCOOIaIl KaJamMJIapuia KAPHIL CUTHaMA YHKKINTA Y3rapuincus Yragu.

IC Gnokupan Qoiipananumra Mucon 12.7.19-pacMaa KenTHPHNITaH.

Muc

ONAA CUTHAJHMHT Sountadruy KuiiMate 0.5 Ba xucobnam kanaMu

lc Gepunaran.

N I N |

Constant ic Soope |

[2.7.19-pacm. IC 6noxuaan doiixananumra Mucon

12.7.20. Hudopmaunon 6aox Model Info

Bazugpacu:
Brnok Momen T¥Fpucatard HHQOPMALMAHH AKC YTTHPALH.
Ilapamemprapu:

1.

[ ]

]

Model properties — MoAeJHMHET XyCYCHATIAPHU:

Created — MoaenHuHT ApaTHI CRHACH Ba BaKTH;

Creator — ABTOp TYFpHCHAA MabAYMOTIAp;

Modified by — VarapTupHimnap kMpuTras poiinanamypuu TYFpu-
CHJla MaBIYMOTHAP;

ModifiedDate — ?3rap’mpum CaHacH;

ModifiedComment — V3raprupamnapausr Tapcudu;
ModelVersion — MogenHHHr BepcHACH;

Description — Monenanar rascugmy;

LastModificationDate — DHr cyarru ¥3rapTHpHLl KHPHTHAraH
CaHa.

. Horizontal text allignment — MaTHHH TOpH30HTAN HyHanUIITA
TeHrnamTHpHAl yeyau. Kyluaarn pyixataan ogHHaLH:

Center — Mapka3sra.

Left — Yan Tomoura.
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* Right — Vur Tomorra.
3. Show block frame (baiipokua) — BJIOKHHHI PaMKACHHH aKC 3Té
THPUILL g

[MHKTOrpaMMazna M2pITyMOTIAPHH aKC STTHpALE y9yH Model properties
OHHACHIAH KEPaKJIH IapaMerp KHOTIKAcH &pAaMH/a TAXpUPIAIT
oitHackra ¥Trkasunany. bnokna doiinananys4s TOMOHHIAH KHpHTHﬂa,IlH;-
TaH CTaTHK HH$popManMAHH (MacanaH, aBTOP TYFPHCHAA MAbIyMOTNAp,
MOJCIHUHT TaBcHGM Bax.K.) Ba IHHAMHK AHTHUIaHYBYH WHPOPMALHAHY
(MacanaH, MOZENHHHT ZPATHJIHII caHacH, SHT CYHITH ¥3rapTHpHOLIAp
KHPHTHJITAH CaHa Ba X.K.) aKC STTHPHII MyMKHH.

IMukrorpammaza File Menrocuna Model Properties koMaHaacH opKanu
Gepuiirap HHQOPMALHAHNHTr OUP KMCMH XaM aKC 3TajH.

Model Info 6aokuaan ¢oitnananumra Mucon 12,7.20-pacMaa xypca-
THIIPEH.

" oy ¢ Comatss | baak

! Crasor: fro

. Cremet: [Toaw i 1 02:1.13 2008

. o] cbiriphon:
. i OgarkEnning ﬁooan

Sene Wi

12.7.20-pacm. Model Info Gnokugan gofimanannmra MUCOI

12.8. Function & Tables — pyHKUHS Ba xaABaAAAD GN0KH
12.8.1. ®ysxnuaBn KApAaTHN 6nokH Fen

Bazugacu:
Hoonann C macTypnam THIM ycnyOHAa KHPHTHIN HMKOHHATHHH

Oepamm.
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Tlapamempnapu:

Expression — KHpHII CHrHajgHMra acocal YHKUII CHIHAJNHHH
xHcobnampaa goligananumazurad udoga. Ymoby ndoga € tunuga byHk-
IHAIAPHH TY3MIL Y4yH KabGyJl KHJIHHraH KOHJanapra acocaH €3unajii.

Hbomanapaa kyFHOary KoMroHeHTAapAaH ¢oiadaHUId MyMKHH:

Kupriu curuanu. Cransip KMpHII curHaan u 6unad OenrunaHand.
BekTop KHpHII CUTHANH 3NeMEHTAAPHHKHT TapTHO pakaMilapH KaBc HYuaa
xypcataany, Macanal, u(1) pa uw(3) — KHpPHII BEKTOPHHHEr OHpHHYK
Ba YYHHYH 3JIEMEHTIAPH.

Koncrantanap.

ApudmeTuk oneparopnap (+ — * /).
Hucbar oneparopnapu (= = !=> < >= <=),
ManTakuii oneparopnap (&& || ).
Kascnap.

MaremaTuk dyrxumanap; abs, acos, asin, atan, atan2, ceil, cos, cosh,
exp, fabs, floor, hypot, In, log, logl0, pow, power, rem, sgn, sin, sinh,
sqrt, tan Ba tanh,

Hurau coxagard ysrapysumnap. Arap MIIYH COXalard y3rapyBuH
MacCHB O¥Jica YHHHI 3JMIEMEHTNApH HHAEKC/IAp €pAaMHMJa KaBC HYMAA
k¥pcarunagyu. Macanan, A(1,1) — A MaTpHIAHHHT GHPUHYH >IEMEHTH.

Hucbar omeparopnapH Ba MaHTMKHH onepaTopiap MaHTHKHH HOX
(FALSE) éxn ManTukuii 6up (TRUE) kxypuHHmMaars xuiiMaTiapHu
KaliTapadH.

HWomanapaa kynnaHuaagdrad ONepaTopiap KyHHAATH yCTYHITHK
TapTHOMIa 3ra:

1. ()

2.+ — (yuap)

3. Japaxkara xyTapuin
4.1

5./

6. + — (GuHap)
T.><<=>=

8.=I=

9. &&

10. (|

baox épmammpa BEKTOpP Ba MaTrpHUaRuii amannapan Oaxapub 6y1-
Maiifi. DIOKHHHT YHKHIN CHIHAIH XaMMa BaKT cKanap OVnaau.

Fen 6nokunan doiaananwmra muconnap 12.8.1-pacmaa k¥pca-
THIITaH.
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Y R | m—

Constant Fon Display

z 2)—W W1 2+u) SeuEruE) B

Constantl Fani

tilist b Pararaeters, Foied

~Fen

Example: sinfu{1]" exp(2.3 " 2]}

General expression block. Lize "'’ as the input vasiable name,

— Parstrebecs
Expeession;
Iml'?ﬂd2}3+ul3l'u[3]
ok | cocst | Hep | ey |
344 |——f  ooxupsingu) 05084
Constant Fon Display
(08115 || cou(iprsin(u2).5%exptui)
Display

Constant! Fend

12.8.1-pacs. Fen Gnoxupan ¢oiifananHmra MHCOMLIAp

12.8.2, MATLAB ¢Jyuxknuacaae kKHpaTHEM 6a0kn Fen

Bazugpacu:

Heopanu MATLAB nacTypnam THIM YCAYOHIa KHPHTHIN HMKOHUS-

THHH OepagH.
Hapamemprapu:

1. MATLAB function — Hjoaa, MATLAB tianaa.

2. Output dimensions — Yukim curHanusaHr yndamu, Iapamerpaunr
Kufimatd —1 (MuHyc Omp) G¥nca ¥auaM aBTOMATHK Tap3ga aHHK-

naHanu,

3. Output signal type — Yuknm curHaddHUHT Typu. Kyliuparu

*KafpaniaH ONHHAMH,
* real — XakHKHH CHrHam,
+ complex — KoMnnekc curuan;

* auto — CHIHaJHUHT TYpPHHH aBTOMATHK Tap3[a aHHKJAIl.
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4. Collapse 2-D results to 1-D — Hxg# ¥r9aMiay 48KHLI CHITHATHHH
Oup ymuaMuura alIaHTHPHLIL

Cxangp kupuml cursany u 6nnan denrvnanagi. Bexrop kapuul cHr-
HaIH IEMEHTIAPUHAHT TapTHO paxaMlapH KaBC HUMJAA KYpcaTHUIanH,
macanas, uw(l) Ba u(3) — Kupull BeKTOPHHHHI GUPHHYA BA YYUHYH
meMeHTnapu. Arap ndosa 6urra pyHakuuagan ubopar 6ynca, napamer-
pnapu kypcatuamacaurd Mymkul, Hpona MATLAB tunuzaa ésunran Ba
m-daiina KYpUHUIIHIA Tai€pnaHrad GoifanaHyB4MHAHT XyCychil dyHK-
uHAcHra sra O¥auin MymkuH. By Xonaa m-QaiinHHHr HOMH MOJEJIHHHT
tHomu (mdl-gaiin) 6unas 6up xun GYIMacIHIH kepak.

MATLAB Fen 6nokuaan doiigananumra miucon 12.8.2-pacMaa
KeNTHPHITaH. YHAA KMPHII BEKTOPH HKKHTA 3MEMEHTH KYIaHTMACHHHET
KBaZpaTH Ba HUFHHAHCHOAH KBaJpaT WiausHu XHcobaosan M1 dyHkima-
nad ¢otinananunran. @yuxunsaarr Mmatan {(M1.m Qaiin) KyHuzarnua:

function y=M1(x1,x2);

y(1)=(x1*x2)"2;

y(2)=sqri(xl + x2);

Oyukinna MATLAB function mapamerpupa 6eprunrar M1(u(1),u(2))
udona EpaaMuia YaKUpHIaIK.

n_ the inpui veluse 1o & LIAFLAR

s vﬁnmhm“ﬂd 0
1M.l:%nlu2-0mﬁh'l{l b M
+ Emamples: oin, sidyl. aduf1L &3
E_Mw..._...‘.__... L —

e Tt View Ted uh: undwm Wb Winckur gﬁmm
tp ! Output darmiors
Do :T@ '8 WS BEE ‘R

THy k1242 | ; ; Bt sigrad e Ty ~i
Tl anqreinl + x2); :
| N r o 20uf]

12.8.2-pacs. MATLAB Fen Grokniar doligananniira Mucon

12.8.3. Japaxanm kynxagan Sepum dnoxu Polynomial

Hapamempaapu:

Polynomiai coefficients — IlonnHoM Ko3pdHUNEHTIADUHHHT
BEKTOPH. BekTopaa xo3dduIHeHTIap MYCTAKMI ¥3rapyBUHHUHI dapa-
®acH kamaiiub Oopuin HyHanuminga xoitnailtafu. Macanai, x*+2x+5
nonuroM KoshgHunenTaap sexropr [1 2 5] x¥purumuaa Gepunaan.
Kosdduuuentnap xakuxuii Typaa 6ynnmm 3apyp.
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bnok monMMOMHHHr KHHMATUHH YHUHT Ko2hdHIHEHTIADH Ba KHPHIL
cHrHann Oytinga xucoOnaian. Arap KMpHII CHIHATH BEKTOp éKH MaTpHLA
6ynca 6nox HaTIKAHM MAaCCHBHUHF Xap OHp JNEMEHTH yuyH xucobsakau.

Polynemial Gioxnnan ¢oiigananumra Muconnap 12.8.3-pacmaa
KypcaTuarar, Mucomnappa 6upunas Polynomial 6ok yuyH xo3$pduuu-
entnap [1 2 5], uxknaauck yayH [1 2 0 5] Ba yuuH4ucH yuyH [4 2 3 5]
BeKTOpAap KypHHHIOHAA OepHIIraH.

Plu) — &
' omez H——3|
Constant Polynomial Display
, _ -
05118 |—p! 0 9
w3
Constantl Potynomiali :EE
Displayd
4+ 227 +3x+5
' 1
P(u)
5
orras C_— 57
Constant Polynomial Display
s b i nelers: Polynomiat
- Polpval (maek) {irk} ;
Polynomial evaluation. Caloulates P{u} given by the polpnomial cosfficient
anay P. Pis soited hight:st order to lowest oider, the form accepled by
MATLAB's pobrval funclion.
~ Paramsbars
Polyromial coefficients;
li4235)
0k | Caost | Heo | ey |

12.8.3-pacm. Polynomial 6noknaan doiizananuuira Muconnap

12.8.4. Bup ynuaman kaapana 6aokn Look-Up Table

Basugacu:

Bup ¥3rapyBuHHHHAT QYHKUHACHHH KanBal KypuHHIIHAA Sepaan.

Hapamempaapu.: '

Vector of input values — Kupuur cHrHaIHHHHT KMiAMAaTIap BEKTO-
pu. duckper Kuiimatnap (Macanas, [1 2 7 9]) €ku y3nyKcH3 XHanazoH
{macanan, [0:10]) xypuunmyga Gepunagn. BexTopHHMHT 3neMeHTIapUHH

312



(ki IHAMO30HHMHT YerapaJaprHl XHcoblaHAauTaH HPoaa KYpHHHINHAA
Oepum MyMKHH, Macanad, [tan(5) sin(3)].

Vector of output values — Kupum kuiiMATIApHHHHT BEKTOPHTa MOC
KeTYBYH YMKHII KHHMAaTIApHHUHT BEKTOPH.

Bnok KyHuaarn KoMaanapra acocaH UOUIAHAM:

Arap k¥pHII CHTHANH KHpHIN KHitMaTinapu Bektop (Vector of input
values) >neMeHTIapHIaH GUpuTa TeHr GYnca, YHKULI CHTHAH KAPHII CHT-
Hanura Moc O¥nraH yukum kuitMataapu sektopu (Vector of output values)
seMeHTAapuaaH OupHra TeHr 6¥nagn. MacaaH, KHpHII KHEMATIapHHAHT
BexTopH [0 1 2 5] Ba uyuKHII KUHMATIapHHHHT BexTopH [-5 =10 3 100]
6ynca, kupnm curnand 0 6yaranga MMKHIN CHrHAIM -5 OYnamu.

Arap KHpHII CHTHAlIH KHPHII KHIMAaTIapy BEKTOPH IEMEHTIaphaaH
xedy GHpHra Moc kenMaca, 67oK yHra 3Hr SKHH HKKHTa 3JIeMeHT O¥iinua
YU3HKIH HHTEPNONALHAHH Gakapanw.

Arap KHpPHII CHTHAJIH KMPHID KHHMATIapH BEKTOPH YerapacHiaaH
Tamkapuaa 6¥1aca, 610k BEKTOPHHHT MKKHTA YETKH IeMeHTIapd Gyiinya
YH3HKAH 3KCTPANOIAUHAHY aMaJra oUIMpaH.

Coanam #ynu GHNIAH KHPUTHIraH QYHKUMAHHHT rpadgury GIOKHHHD
MUEKTOrPAMMACHAA aKC YTajH.

BROKHMHI KMpHIN CHTHANH BeKTOp 6¥nHmM XaM MYMKHH. by xoinna
GJI0K 3NeMEeHTIapapo aMallapHH OaxkapanH.

Look-Up Table 6nokunan ¢ofinananumra mucon 12.8.4-pacmaa
KEeITHPU/ITAH,

fhe Lt e Twalten fot Toh oty . . APrAAABRD
Dis@S:EMBi i sfima WP nE S

WE_‘_—'— ]
i | “Show sklieal prmwan —-1: H

L - | cmod | oww s

12.8.4-pacm. Look-Up Table Gnoknaan $poiiganaHuILTa MHCON
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12.8.5. Hxkxu ynvamau xaaean 6noxn
Look-Up Table(2D)

Basugpacu:
Hkku y3rapyp4HHHHT GYHKIWICHHH kaABan KypuHHIuMAA Gepand.
HHapamempaapu:

1.

Row — Carp. BupuH4n apryMeHT KHIMAaTIapHHHHT BeKTOpH. bHp
Yiuamn xkanBaTHHET Vector of input values napaMerpura yxmam
Tap3ga KupyTHNanyu. Bexrop snemeHTIapn oprub Gopull Taprubuaa
KOMTaMUIY Kepak. '

. Column — VYcryH. UKKHAYH apryMeHT KMHMATIAPHHIHT BEKTO=

pH. Bekrop sneMentiapu opthHO GopHIll TApTHOMIA KOMIAIIMINK
Kepak.

. Table — ®yHKIHA KHAMATIAPUHHUHT XaABaIH. MaTpuua KypHHH-

muga Gepunagy. Catpiiap coHn Row BeKTOpHAArH 3MEMEHTIIApP CO-
HUra Ba ycTYHIap conl Column BeKTOPHAArH 3JIEMEHTIAD COHHTA
TeHr OYIHIIHN Kepax.

HKagpannu Tysui koumanapH 12.8.1-:xaaBania KEATHPIUITaH.

I2.8.[-wcadsan
Hgknnun apryment (Celumn)
4 8 10
BupuHun 10 20 15
APryMeHT
(Row) 40 20 60
70 80 60 ]

HOxopuparu xazpan yuyH 610K HapaMeTpIapHHHHAT KuiMaTNapH Ky-

jfinnaruya 6ynamn:
Row —[235],
Column — [4 8 10},

Table — [10 20 15;40 20 60;70 80 60] .
Look-Up Table(2D} 6nokunan dofigananuumra Mucoa 12.8.5-pacMaa
Kentapuiarad. BnokruHr mapaMerpinapn 12.8.1-kaneanra acocaH KHpH-

THITAH.

314



Fehst K Pt bt Led o st i, %

i~ it —— - s - P ,.,._l
Cuigut the W Tonstart amete, ¥ ’
[12345] t«mw“m-? vmnrnnmnio’um| :

mumm«:awm Cletwarwvis, ouigud 3 main wih tha: B
i 0] || sorat donareions e e corien vahin | :

I—w] . P e __ .\— e emm————
Ll 30) [ Cowantrares

(.50 }| paaes
T 60| [ F Intept vector pdmairs o410

Look-Up - - Shrons ackdlionet

1246810 Tebie (2-D) Display Dt

Constant ok f Caeol ] He b e ]
[ e T A AR DT 1 ] =

2D Lok Up Table -

— " ” " Paafoumnt 20 e irbarpolabion of input vakaes wing tha speclied table.

S aieied e e D n E 4 s 1.
| e————aE———_vmesy (L et the op o IR} gk por
K umu-m@'; Corwiart v poametn # 1§ P — - -
| Tonptart ] Tnketroat vecior pasaols i S :
thuun-DumDImwo:a-u;!?n Pow indest input vahues i
;- Parmhag == —— -= ‘
- Constart valu:
. [i2esew ; ;
[ F7 Intecoeet vactor paraneters as 10 '} [f2 50260708060
i F —Shwdﬂmdm-—-—- i i !_ -»-—-stmmum-— i
0K | Coest I Help 1 seep | ok | tace | b | e

12.8.5-pacm. Look-Up Table(2D) 6nokynas (hoiizananniura MHCON

12.8.6. K¥n ¥1gyaMian manéaﬂ 6a0ku Look-Up Table (n-D)

Bazugpacu:
Bnok n yarapysuinu (n=1, 2, 3, 4, ...) byHKUMAHY XKaaBan KYpHHHILHLA
Gepaau,

ITapamempnapu:

1. Number of table dimensions — Jaxpan ¥nyaMnapuausr (GyHK-
ITHS APTYMEHTIAPHHUHT) MHKIOPH. YII0Y NapaMETPHUNT KUiiMaTh
Kyiitugaru pyiixatnan omuHaznu: 1, 2, 3, 4, More...(Kym).

2. First input (row) breakpoint set — BupuHYH apryMenT (carp)
KHAMaTHapuHHHT BekTOpH. JuckpeT KuiimaTnap (MacanaH, [1 2
7 9]) éxu y3nykcH3 amanasoH (Macanad, [0:10]) x¥punnmmuaa
Gepunanu. BekTOpHHHT 1eMeRTNapHHH €KH IHANIO30HHHHT 4€ra-
panapuHi XHcoGnaHaauraH udoga kypuHuEAa GeplIll MyMKHH,
MacaiaH, [tan(5) sin(3)]. BekTop 3neMeHtTnapu optHG Gopum
TapTHOMIA XKOMNAIHAIA KEPaK.

3. Second (column) input breakpoint set — WKKHHYH apryMeHT
(YCTYH) KHUMATIApPHHHHT BEKTOpH. YOKopHIa KenTUPHNTAH Ma-
paMeTp CHHrapH KHPHTHI&NH.
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4. Third input breakpoint set — YunHuH apryMeHT KHAMATIapHHHHT
BeKkTopH. Ymly napaMeTpaaH kagsal ¥IuaMIapHHUHT MHKIOPH
HKKHJAH OpTHK O¥ncaruHa doiianayuim MyMKHH.
5. Fourth input breakpoint set — T¥pTHHYM apryMeHT KHHMarT-
JIADHHHHT BeKTOpH. YOy mapaMerpaH xangan fagaMIapuHuHE
MHKAOPH Y4aH opTHK Gyncaruna dofiaananum MyMKHH.
6. Fifth..Nth input breakpoint sets (cell array) — bBemunuu Ba yH-
JaH KeHHHIH apryMeHTIap KHifMATIapHHHHT MacCHBH (Auciikanap
MaccuBH). Y by mapaMeTpIaH Xagsal YIuaMIIapHHHHAT MAKZODK
TYpTAaH opTHK O¥ncaruHa (GoiinanaHi MyMKHH.
7. Explicit number of dimensions — JKaaean ynuammapuHHHr
(byHKIMA apryMeHTIapHHHHT) aHHK MHKAOpH. Y6y napamerp,
arap Number of table dimensions napamerp More KuiiMaTHra
sra O6ynca ¥puHn.
8. Index search method — Hugexcnap 6¥inya usnaw ycynn. Kui-
MaTH Kylingars pyixaTAan ONHHAZN:
¢ Evenly Spaced Points — TeHr y30KIUKIard HHAEKCIAp YIYH
H3nall. Arap apryMeHTIap opanapuaard ¢apknap ¥3apo TeHr
O¥uica (MacanaH, [10 20 30}) ym6y ycyn H3nall Te3Jaurd 6yHn4a
3HT AXIIM HaTHXanapHH Oepaju.

¢ Linear Search — Un3uknu H3nam. Arap XKMpHII CHTHAITapH
opacHgary Qapkiap KHUHK G¥ica AXIUK HaTHXa GepanH.

* Binary Search — HkxHnHk y3nam. Arap KHpHIH CHTHAJLIapH
opacHnaru Qapkiap karra Oyica AXIIH HATHXA Gepazim.

9. Begin index searches using previous index results (6aiipoxua) —
HznairHu aBBAaNrH H3NAM HATHXKaNapHIaH QoiganaHwIral xonaa
6ouwnam,

10. Use one (vector) input port instead of N ports (Gaiipoxya) — Bup
Hewa 6up Yiruamii KHpUII OPTIApH YpHHTra KN ¥14aMiy KApHIN
nopraad GofnanaHum.

11. Table data — ®yHKUMA KHiiMaTRapHHHHT Kansamd. Kyn ymaamimm
’KagBa/uIapHH WMAaKUIAHTHPHII KOHJANApHra acocar Gepumany.
12.Interpolation method — Hurtepnonauus ycynu. Kyinagarn

pyHixaTaaH ONMHAIU:

¢ None — Hutepnonaunsa Gaxapunmainou;

* Linear — Yn3HKJIU MHTEPNIONALHA;

* Cubic Spline — Ky0uk cnnaliH-HHTepNONALNA.
13.Extrapolation method — 3JxcTpanonsauna yeynan. Kylingarn

pyiixatoan onuHaau: None, Linear #xu Cubic Spline.

14. Action for out of range input — ApryMeHT KuiiMaTIapH BEKTOPH
YerapacHiaH TALIKAPHAA KHPHII CHTHAJTHHHHT YHKHLINa TaBCHPH.
Ky#inpgaru p¥iixatnaH onuHaau;
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+ None — Tabcup BHVK;
e Warning — Oroxnantupysuu ax6opotuu MATLAB xoman-
Janap CaTpPHTa YHKAPUIIL
* Error — Xaronux t¥rpucuaard ax6opotHi MATLAB koMaH-
Janap caTpura YHKapuil Ba XHCOOIAIIAPHH TYXTAaTHIL.
Look-Up Table (n-D) 6noxunan pofizananamra Mucorn 12.8.6-pacmaa
KEJITHPHITaH.

a1
Constant1 - 20T -
) |¢ >
L Display
Look-Up
7a Table (n-D)
Constant

12.8.6-pacm. Look-Up Table (n-D) GnoxHaaH QoliaataHumira MUcon

12.8.7. BenocnuTa KHpHEI MYMKHH 6¥aran :kaasana Gnokn
Direct Loop-Up Table (n-D)

Bazughacu:

ONeMEHITIAPUTA TYFPHAAH-TYFPH KAPHLI MyMICGIH OYIIraH Kyn ¥rJaMiIH skaz-
BATHU XOCII KWIAIH. JNeMeHT/IapMHAHT HHAEKCIAPH HOMIAH GoLUIaHaaH.

Hapamempaapu:

1. Number of table dimensions — JKagsan ynuamnapusunr (§yHk-
LINA apryMEHTIapHHHMHT )} cOHK. Y 0y NapaMeTPHHUHT KHHMaTnapu
Ky#uaara pyixaraan rannanagn: 1, 2, 3, 4, More...(Kim).

2. Explicit number of dimensions — JKagsan ¥rqaMmapuHuHr {GyHKImsA
apryMeHTIApHHEMHT aHHK CoHH. YOy napaMetpra Number of table
dimensions mapameTpuHuHr KufiMatn More 6¥nca KHpHII MyMKHH.

3. Inputs select this object from table — Ynkuin CHTHATHHAHT TYPH.
Kyimaaru pyiixarnad TaHnaHagu:

Element — 2neMeHT. Arap GIOKHHHI YUKHIIMIA JKaJBATHHHT SHpOp
3EMEHTHHH OJIHIN 3apyp 6¥1ca O10KHHHT KUPHIHTA SIEMEHTHUHT XaMMa
HHAEKCNapH OepUNuIlH Kepak.

Column — Ycryn. Arap GnokHHHI YHKHIIHAA YCTYH XOCHIT KH/IHLI
kepak 6¥ica OIOKHUHT KHPHILHKTa I0KOpUZard Bapuantra Hucbatan OuTTa
KaM HHAekc OepHnany.

D Matrix — Martpuna. Arap GIOKHHHET YHKHIIAAA MATPHLA XOCHA
KHIHI kepak 6ynca ONOKHHHEI KHPHIIKTa IOKOPHAArd BapHaHTra HucOa-
TaH OuTTa KaM HHAEKC OepHaamn.

n7



Make table an input — QyHKUMI KpiiMATIAPHHANT aJBAIH GIOKHHHT
anoxuaa kuphk opkanu 6epunaym, Table data napamerpH opkain Mac.

Table data — Dyuxiug KuiMaTIApHHUHT Xagsann., K¥n Ymgaman
MAacCHBAAPHH IWAKIAHTUPHLUI KOHAANIADHTA acOCaH XOCH KHIHHAAN.

Action for out of range input — ApryMeHT KHiIMaTNapH BEKTOPH ue-
rapacHaan TAIKapuaa KHPHI CHTHATHHUHT MHKHIIra TabcHph. Kylinaarn
pyiixarjaH ONHHAH:

None — Tascup Hyk;

Warning — Oroxnantupysus ax0oporiy MATLAB xomanganap
CaTpHra YHKapHill.

Error — Xaronuk TyrpacHgard ax6opothiy MATLAB komanaanap
CaTpHra YHKapHll Ba XUCOONAIIMapHH TYXTATHIL.

Direct Look-Up Table (n-D) Gnoxunan dofinanasnmira mucon 12.8.7-pacm-
Ja KerTpriIraH. Pydxuya kuiMaTnapyHusT xxaasati ([10 20 30;40 50 60;70
80 90]) 6upunyn Xonna OGN0k NApaMeTPRapHna, HKKUHYH X0J1A 3Ca AIOXMIa
wupn opraM (Make table an input Gafipoxsiach yiarran) Gepinran,

Congtams
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¥ Display3
[:: 20 gg} Cired Loowlb
n 70 80 80 Tedle{
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Table (n.0Y2 Constents
= e

12.8.7-pacm. Direct Look-Up Table (n-D) 6noxunan c]}oﬁnanauumra MHCOJ

12.9. LTI-snoBep Gnnan muljsam
12.9.1. LTI-erioBepun Linear analysis... komanaacy EpaaMuaa YaKHpHI

Mogzen oiinacuaMur Tools MeHrocHzAard Linear analysis... KOMaHZAcH
(12.9.1-pacM) TH3UMHM YH3HKIN TaX/ I KHWIMLI HATH>KaNapyara sra Gyiaran
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ofiHaHH OYHILI YUYH XM3MAT KIagd. YII0Y KOMan/a JHIMKIN TAXIUS KUl
MYMEHH OVIraH Maxcyc MoOe/Iap YIvH KynaHiwiaayn. Monennap YH3HKIH
EKM HOYH3UKIH OYNHIUH MyMKHH, Arap MofelI HOUH3HKH 0¥JIca YHUHT TaH-
N2HTaH (pparMEeHTH ABTOMATHK PaBHIA YH3HKIH KYPUHHILTA YTKA3HIANH,

N

Ttr Imput Praln.

12.9.I-pacm. Moaen ofinacuunar Tools MeHioch

MaH¢uit Teckapn anokara 3ra O¥NraH YH3HKIH TH3HMHHHT MOJENHHU
kypafinuk (12.9.2-pacM). TH3HMHHHAT TYFpU Ba Teckapu 3menonaphu Fen
ONOKMHUHT ONEpaTop y3aTHII XapakTepHCTHKaNapH épAaMHAa aMajira
omupuirad. OcuuunorpaMManapaa KypuHHHO TypraHuaek TH3HMHHHT
GUPIHK HMITY/IbCTa peakuniacH TeOpaHyBUM XapakTepra ora.

o Wi Pl Lok Helho

DB XM e D e

HJu b Parsingtyis T
- ToaaleFen - [ .
Mmhmﬂu vesclcl eupieesion b dencaninaie. ‘
swbos of Wt in the Tostfioients are| B
;hldmﬂnwdg i

12.9.2-pacu. Mandnii Teckapy anokara ra GYIraH YN3HKAH THIHMHHHT MOASIH
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YHSHKIH TaXIHJIHA aMaira OIUPHII YIYH MoZen oliHacupard Tools
MerntocHaal Linear analysis... koMaHzacHuH 6axapamus. LTI-Viewer HUHP
0ilHACH, OTOXJIAHTHPYBYH o¥iHa xaMaa LT1-Viewer HUHTr kHpHII Ba YMKHIO
noptnapura sra 6¥nran oifHanap xocun 6¥nagn 12.9.3-pacm}.

Fhe Edt Wew  Sunidstor Format  Took  Heln

DI AS s B2l afoma WS RE T @

D ES S B

e

Input Folal Gutput Folnt

T spactly tha Inpis 2red outpols
of tha anatysls modal,

12.9.3-pacm. LTI-Viewer HHHI oliHanapH

OroxnantupysuHu ofina Close TyrmacHan Gocub &mnunaau Ba LTI-
Viewer HHUHT KHpHII BAa 9YHKHII NMOPTIapH MOOENHHHI YH3HKIH TaxXJIHI
KHITHHHIIK 3apyp O6¥aran ¢parMeHTHHH ¥3 HqUra onaguraH KWiud mo-
nenra cypunaau (12.9.4-pacu).

50
—
04524541
Teansfar Fen
Blpane -
Stap ‘Input Polnt Output Point . Foope
0.1
201
Trarsfar Fend

12.9.4-pacm. MonCTHHMI TAXAKI KHIHHHIIM 3apyp OYnraH QparMeHTHHE aXpAaTHE
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Ke#inn LTI-Viewer oiiHacuaMHr Simulation Merwcnaarun Get
Linearized xomaHaach Oaxapunaay. Hatnxkaaa MOAEN YH3UKIH KYPHHUII-
ra ¥tagu Ba LTI-Viewer oliHacHAa TH3MM YTHII XapakTEepPUCTHKACHHHHT
rpaduru naigo 6¥iaaau (12.9.5-pacm).

12.9.5-pacm. TH3UM ¥THII XapAKTCPHCTHKACHHHHT PadHIry

12.9.2. TU3EMHBHT X0JATHHH TAHJIALI

TH3UMHHHT KaHJal xonaTura HHCOHATaH UM3HKIH KYypHHHIIra
VYTKa3HIHIIN XaM KATTA aXaMHATra sra, Bynpgafi xonaTHH ¥3raprHpHIL
y4yH LTI-Beropepuunr Simulink Merocngaru Set Operating Point... ko-
maHAacH TanmaHagy (12.9.6-pacMm). Bynaan Tamkapu ym6y nosuuuasa
BBIOBEP NOPTHApHHH HkoTHm ydyH Remove Input/Output Points koMan-
JIACH XaM Mapxky/.

Xocun 6ynrad ofiHaga YH3HKIN KYPHHHILTA YTKa3HII Y49YH KyHuaarua
XoNnaTnapaad GUpHHH YPHATHIL MyMKHH:

+ Initial status in Simulink diagram — 6omnaarny XoaaTra Moc

XO0nar; :
» Zero status value — HonnH OownaHFHY mapTnapra sra Gynrau
X0nat;
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» User-defined state values — ¢oiiianaHyBIn TOMOHHAAH Gepnnymm
Oowranryud xonar. .
dolinanaHyBYH TOMOHHAAH OepHAyBYH OOLIaHFHY XOJAT TaH1aHe
raHaa OnOKNap Ba NMaHE/IAPHUAHT pYHXaTH O0MNaHFHY CUTHAIIAPHUHY
KHUMAaTIapHHA KUPUTHII YYYH aKTHBAAILAAH.

<& Iniial eialeg in Simuirk degiom
€ Zotn thite wahatt

" Unr-dofined staty valuss
Hames Valu
1, e/ Trarader Fonll) I .
2 wiited/ Trarwber Fonl) I:
3. unkilied/Trarsber Fond l;:
o | ok | Conen|

12.9.6-pacs. THIHMHHHr XOMAaTHAN TaHNALI

12.9.3. Yn3HKJIA TH3MMAAPHART TpadHK XapaKTePACTHKAJAPHHEH
TaHna1l

LTI-Viewer 4H3HKAH TH3MMIAPHHUAT JACAPIH XaMMa XapaKTePHCTHKA-
TAPUHA KYPHII HMKOHHATHHH Oepanu:

* Step — ¥THII XapakTepHCTHKACH (THIHMHHHT OHPIHK HMITYJILC
CaKpallHAaH TABCHPIAHUIINY;

+ Impulse — uMnynec xapakTepUCTHKACH (TH3HMHHHT JABOMHIIATH
9eKCcH3 KHYHK, aMIUIMTYIAcH YEKCH3 KATTA Ba 103acH OHpra TeHr Gynras
OHpIHK HMIOYABAAH TABCHPAAHHIIN);

» Bode — norapudmHK aMIONHTYA-4acTOTaBHIl Ba ¢ala-yacToTaBHi
XapaKTepUCTHKATAP,

* Bode Magnitude — Qakar norapu¢MHEK aMIUIHTYIAa-4acTOTaBHA
XapaKkTepHCTHKA;

* Nyquist — HafikBucT nuarpammacu;

* Nichols — Hukonc amarpamMmacy ;

* Sigma — TH3HMHHUHT CHHTYJIAp COHJapH;

» Pole/zero — TH3HMHHHT HOJUIapH/KyTONapy.

Pyitxatnarn Hafikeuer Ba Hukonc anarpaMmanape onatia Teckapi
anoKara 3ra GYNraH TH3IUMIAPHUHT TYPFYHJIMTHHH I'paduk iiyn Ouna
TAXJIA KHIHIT Y4YH UILTATUNATH.
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12.9.4. I'padpaxnapan k¥pcaTHil KOMPHIYPIUHACHHH TAHIA

XapakTepUcTHKATAPHHHT rPabHKIAPHHH, XapaAKTEPUCTHKANIAD COHHHH
ha XKOHNAIIMII BapHAHTIAPUHM Taniad, ¢akar OupruHa rpaduk oiiHana
XaM k¥pcatHml MyMiknH. Byauur yayn LTI-Viewer oiinacuaarn Edit Me-
niocuaad Plot Configurations... koMangacu Tannasagyd. Harnxkana, Plot
Configurations ofiHacu oynnagy (12.9.7-pacm). QOHHAHKHT Yan KHCMHIAH
rpaduKnap COHH Ba YHr KucMuaan (Response type) xapakTepHcTHKanap-
MHHT KORTaIHW TapTHOH Tannanaan Ba OK Sochmany (12.9.8-pacm).

Pl Lad it s,

O TE Wi unsithel

e c "2 & 4 [Bods Magrine, v}
EIHM ']

3 4 345 afl5lls
&: [Aichob ~f

ok | Cood | beb | ocw |

12.9.7-pacm. Plot Configurations ofiHacu

Bo EX Sk Wedow b
o & #p

12.9.8-pacm. Plot Configurations offwacnga Tamnanras rpadHknap
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13. SIM POWERS SYSTEM NNAKETH

Sim Powers System naxemu tapkuGuAa Kyd 3NeMeHTIapH (KaTTé
KYBBAaTIM NIEMEHTNAp) G¥Aran cucTeMasapHU MOLENIall Y4yH MY
’KalnaHrad. Y erruta 6¥numuan nbopar (13.1-pac). Yenur Extra Library
oct 6¥numu 13.2-pacMna kypcaTHaraH.

[ ]
Egi

R R g Tl 0 B

y @mumwﬁ'i

Piowen Elnciionica

DDEOEEE

:
i
i
[
i

2

?

;.g :

I
3

2

m Ed w M - - o et e e e mim -
D o b1 poe ||
.ﬁ.
... |
Additional Machirms
Contiol Blacks
Blizcrote Measurements

Diserete Cortrol Blocks

Measuremeants

Phasor Library

Threa-Phase Libraiy

13.2-pacm. Extra Library oct 6¥mumu
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13.1. DuekTp 3Heprusaca maabanapn Electrical Sources Guéanorexacu

Yy 6ubnuorexana y3rapmac Ba ¥3rapyB4yaH TOK XaMIa Ky4IaHWLI-
nunr GowkapuaMaiiauran Ba Gomkapunagurad Magbanapn Magxyn (13.3-
PHCM).

Senliod 4 by Hrowter

l?gﬁdld&ulhnm-mhmm\&. g2

) "? __@: mhqmw

TR Real-Tims Wincows: Target

% B Red-Nime Workshop AC Cument Source
W Report: Generstor
w W SHuncion demos AC Voltage Souce
w0 Ji Smiechenics
= W ;‘ owersyshems Cortrolled Cutrent Sowe
b )
> Consadvkoon St
| Exoa Ubrery
. 3 Additional Machines OC Vokage Source
. TURNERREIETI SRS B
Jeeack A

13.3-pacm. Inextp snepruacy Manbanapn Electrical Sources

Virapyepuan kyunauum manbacs AC Voltage Source 6a0oxu Ba
YHHHI co3nam ofiHacu 13.4-pacMpa kypcaTtunrad. Yujga ysrapyBuad
KYYNAHHLIHHHT aMIIATYAacH, OolmIaHFHY ¢azacH Ba 9aCTOTACHHHHT
KHIMATIapuHU ¥pHATHID MyMKHH. Measurements MaiinoHu MaHOaHHHT
YHKHII TapaMeTpllapuHH Ky3aTHII Ba Ymdaiml yuyH Multimeter 610kuHn
Gornaml HMKOHHATHHH OepanH.

I * - X
Help  Idwal sinusoidal AC Yoltagh wouscs.

!
— . —

I,.Pm.‘.... ———— mmebeids memeeei A e e es e
} Poak ampiude
| i

I Phaee [dog)

- L ] 5
AL Vottags Beutos :
1 Fioquancy (Het
- L] H

1

— ﬂE«JJ [Tk} oot | b | oo i-

Al bk Parana ot B Wallogge e e

DSd& s ey

i

13.4-pacm. AC Voltage Source O6I0KH Ba YHAHT COIAI OHAACH
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13.2. IlaccnB raemMenTiaap oubanorexacu Elements

Elements 6ubnuorexacuaa gespiu 6apya Typaard NacCHB SNEMEHTIIa)
MaBxyA (13.5-pacm)

Bl EO Yow Jeusin Fgmel ook Lok
DSEBS|» 2B (D) ajlona  J @S

st~ P P e 'y ry s
oo
) Jo S Jefder s poase Tog s b
Peiry b 1 L Fasv FAE Losd ¢ el Phase
¢ 1€ CP TaPham = Py des RLC Laad
-Phas 3Phime  Pawllel RLC Branch —— Saries ALE ranoh
Dynamic Losd  hbultial baductsnos A‘+3| gno b
4 ] o Ak ;
A Ap ’ Ap L b At P
oA E"‘ '
b 1] 3 p Fault a={TT M P 1'1 BI ozh ﬁ’ N——i}p
e cl dc ARG 4 cp o Lo oe f——="3}
S-Phaze Brosh > Phame fault S Phast Pl Sxction E tl? I E c2p Bregkar  Digributed Param etem Ling

inaa Teanshomet

AN ap I-‘)
Fares N
. o 3 e ALC Lead
LI € i
. ¥ AW ¥ Y onp taturable Transtoimar Burge Arteiel
TarewFhase Thresphare
ToyLag s
Tearcasmer X Transhenmar
Phas-Shising Transfom
(Thews Windings) g T T Whadings)
p— U e e e e ne e
[Roacy 100% I [ Jodesk A

AFhiea Tepnsomar

ib—
g B e T e

>
i} Pasallel RLC Branoh  Parallel RLC Load Pl Saction Ling Mutust Inductance  $¥eF RLE Bransh

13.53-pacm. Taccun anementnap Gubrnorexacn Elements

KeTMa-keT Ba mapannen R, L, C sneMeHiIap: ynapHuRr napaMeTp-
TapHHH OM, TeHpH Ba (dapananapaa (RLC Branch) ékn axTup
HHAYKTHB Ba cuFUM KybBatnapaa (RLC Load) 6epHim MyMkuH
HOxnamanapuun 6yHnail kypHHHIIaa GepHIO y4 dasalid SNEKTp 3aH:
KHPIapHH TAAKHK KHANILAA XKyaa Kylad 6ynud xucobnaHamu;
yu3sHKaM TpaHchopmaTop (Linear Transformer) Ba T¥HunuIIHE
XHcoOra ofHm MyMKUH O¥araH MarHuT ¥3aknyu TpaHcgopMarTor
{Saturable Transformer);

¥3apo HHAYKTHBIMKKA 3ra 6¥nran (MarHuT 6ofaHraH) 3aHXUpnap
(Mutual Inductance);

KHPHII Ba YUKHII CHTHAJLIApH OpacHia Tanad KHIHHTAH HOYH3HKIH
SOFTAHUIIHH IIAKANAHTUPHII HMKOHUATHHH GepyBYH HOYH3HKJIH
aneMedT (Surge Arrester);

kaut (Breaker), yHHHI OYHK X0NaTAard NapaMeTpaapH (KapILUHIHIH,
HHIYKTHBIHUIH) Ba KUPHII CHIHAJTH HONTAa TEHT OYATaHAard Xonarty
(ounk &xn EMMK) co3naw MaigoHNapuAa Gepunaam;
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* yu dazann yu yyjaramnu Tpancopmaropnap (Three-Phase Trans-
former, Two Windings, Three Windings);

* Gup Ba yu da3zann JUHUATAPHHHT NapaMeTplapHHH aMaira OllH-
pyBun Gnoxaap (PI Section Line, Distributed Parameters Line).

Block Parameters: Three phase lransformer (Two windings) X

t- Thise-Phase Transformer (Two Windings] [mask) (k) -— - - - —- I

This block implemants a twse-phase transformes by using vee
! singe-phase tansformers. Set the winding connection o “rh' when pou
|wurlloaccesslhene1.dralpoﬂofﬂ'e\'lye !

i

L et it e et P+ S n i+ e e gt s pm e s e e o]

!._Pa’-ms . P PR . e e em .-—-..,.,..;
! Nmndpowelardhaw [PnNA] fn{Hz]] i
 j12506 601

 Winding 1 {BC) connection - {vn <]

Winding parsmetars [ V1 Ph-Phivims) . R1(puj . L1pu) |
J[424.353. 0,002, 0.08]

‘Ewmztabc]cumbn: [¥n R
| Winding parametens [ V2 PrPh{vime) . Rl . L2%ou) |

[[ 3553, 0.062. 0.08 ]

i 7 Satursbie cone

Magnetizabion resistance Rm (pu)

500

Magnetization reactance L [pu)

j500

b
Measurements iNm .:I [
o ] coom | Heb | aow |

[3.6-pacm. Y bazanu UKKH 4¥IFAMAH TPaHC(HOPMATOPHRHT
(Three-Phase Transformer) napaMeTpnapHHH co3/aul oifHacH

Yy4 dazanu ukxu uynramnn tpaHcpopmaropHulr (Three-Phase
Transformer) mapaMetpinapuiya cosnaw oifHacH 13.6-pacMia KenTH-
punarad. Cosaam oHxacuaa Tpanc(hopMaTOPHHHT HOMHHAN KYBBATH Ba
gyactoracH (Nominal power and frequency), Gnpnamun Ba HKKHIaAMYH
gyIFaMmIapHUHT napametrpiapk (Winding parameters), 6upnaMyu Ba
HKKHJIaM4¥ Y¥IFaMIapHAHT ynaHHm cxemanapn (Winding 1 (ABC)
Connection, Winding 2 (abc) Connection) k¥pcatunaau. Suturable Core
GaitpoxyacH TpaHcHOPMATOPHHAT TYHHHHIIHHY XHCO0ra ONHI HMKOHHHH
Oepamn. Tacrra ounmypun (Measurements) MeHtOocHAa TpaHcopMaTop-
HUHr Multimetery GmokH BocHTacHIa ¥NYaHANIM KY302 TYTHITaH XOJaT
Y3rapyeumiapn KypcaTinagm.
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13.3. Sim Powers System G6a6aHoTeKacCH MOTERNAPHHMHT KHPHIO
BR YHKHILIAPHHH ¥3apo Gornortun 6aoknap (Connector)

Connector 6nGnuorekacH 13.7-pacmaa kentupunrad. Bus Bar 6nokna-
PHHHHET CO3MAIN OHHANAPWAA KHPHILNAD B YUKHULIAD COHU KYPCATHIHINE
Kepax.

" Simulink Library Browser
| Ble EX Yow Heb
D& -nm|
| Neutral (mpuk): implements & netral poirt with a labeled number

" Bl Control System Taokbox

@ 'l OSP Blockset

i@ - i Dioks & Gauges Blockset ——  Bus Bar (thin horiz)
w7 I Embedded Target for Motorola MPCS
- I Embedded Target for T1 6000 DSP | Bus Bar [thin vert)
@ W Foced-Point Blocksst
5 S Fuzzy Logic Tookox Bus Bar [ven)
- Ml wPC Elocks

g - W NCD Blockset

- Y Neural Network Blockset

. - JJl Real-Tine Windows Target
@..’Red-mw«kshm

. Yl Report Genarstor

= W SHunction demas

@ Bl smMechanics

= Iwmm

Bus Bar (honz)

Giround (input]
Ground foutput]
L connector
Neutral finpad)
Heutral (output)

T connecior

Roady _ﬁ

13.7-pacs. Connector 6ubiEHOTEKACH

Neutral 6nokn TapTH{ pakamura ara 6ynraH yMyMHui HyKra XOCHN
KWIHII YYYH HIIaTHAaaH. Ym0y ONoKIaH CXEMaHHHT TYpJH Xoida-
pHAArH MKKH HYKTaHH JTHHUSHH 4i3Mmacaad Gornam yuyH Qoiinanannm
MyMKEH. Arap Neutral 6nokMHHHT TapTHO pakamu 0 Gyiaca y ep Ounae
Gornaum Xocun kunagu. Neutral Gnoxkunan doitaananuura mucon 13.8-
pacMza K¥pcaTiiiras.
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Cl)n
M) 0 doy

L 4

1 200 Obhms

B0Hz
&
A N L
-120 deg
BOHz 1
L v

120deq
B0OHz 2

Epra uncbarax @
Kyanasumt

L0

w»—a—j\
r2 50 Ohme
——AAN——

r3 10 Ohinee

]

ul He#rpanra gncbatan
KySnaHKI

13.8-pacm. Neutral 6nokngan doiinanannmra Macon

Ground 610ku ep 611an 6OFNaHHIN X0CH) KHNany. KupHin Ba YHKALITA
ora 6¥nran ukku Typaara Ground 6mokmapu Maexyn {13.9-pacm).

‘aezamwmwmueb

DB HS 2B r »[fomd @S H

Saties RLC Branch

1

Skiles RLC Branoh{

' GP AC Cument Sourcs

[+
¥

Voltage Measurament Soope

[100% i i

jodedS

13.9-pacs. Ground Gnokuaan QoipaTasHiira Mucon

329



13.4. Vauam 6aoxaapn Measurements

Measurements ouGauHoTexacHaarns Voltage Measurement Ba Current
Measurements 6noxnapu (13.10-pacum) SimPowerSystem 6ubnuorexacH
6noxnapunu Simulink 6uéauorekacuaard ynuamw onoxnapn Ounad Sornam
ydyH XH3MaT Kuiaamu. Impedance Measurement OI0KH TEKLIMPHIAETIaH
CXeMaJar UKKH HYKTa OpacHIAarH TY/a KapIIHIHKHUHT YacTOTaBui Oor-
NaHUMIUHHE §ayal UMKOHUATHAY Gepany.

LT Simlink A ibrasy Hiewsed .
D & -5t |
e M T ey it

5 Blectrical Sources
+ 3 EvtraLbeary
- B Macha
H Measuremants
3] Power Bleckronics
# T Sk Extras
- T Seatefiow
1 W Systerm ID Blocks

rpedance Measurersnt

Multimete:
Thees-Phaze V- Maasursment

Volage Meanuemen!

lressy 4

13.10-pacs. Measurements GudnnoTexacu

DHr K¥n HnutaTHRagurad onoknapnoad 6upu Multimeter GmoxkuaHp,
YHHHT épAaMuga TEKNTHPANAETTaH IeMeHTIApHUHT Measurement ofiHa-

CHA TAHJIAHTAH INEKTP KaTTAIHKIAD YI9aHaan.

untitlediMultimeter - T X
ik
Avuiinble Measuremunts Salciad Meacuroments
[i&- Perallel HIC Branch b Parellel FIC Bramch
Ib- Parablal RLC Branch
» |
v |
Dewm I
il |
e !

@ Piot o] jgt of rasrerecis et 1 e ou

,_m__..,_l IEPRETI ey

13.11-pacs. Multimeter ONOKHHHHT CO3MalE OHHACH

330



Multimeter GroxuHHHT cosmant oiinacH (13.11-pacm) ukkaTa Maligonra
wa, YnapHuur 6upununcuna (Available) ¥auanaguras ysrapysumiap
KYPHHANW. Y IapHHHT XaMMAacH €KH OMp KHCMM « >> « TYTMACH 8pAaMHaa
¥/uawm Ba HATIKATIADHH KAK KHIHIN Y9yH HKKHHYH OjfHara ¥TKa3HIHIIM
MYMKHH,

1.3.5, ¥4 dpazaan 3anxupnap 6nbéauorexacn Three-Phase Library

¥y ¢azann samxupnap 6ubanorexacu Three-Phase Library 13.12-
pacMia KenTHpuaras. Ymdy oudbanorekana keTMa-ker Ba napamwien RLC
KapLUIMIIHKIIap, aKTHE Ba PEakTHB KyBBAaTAapH GepHIHIIM MyMKHH GYaran
KeTMa-KeT Ba napasuien foknamaiap (3-Phase RLC Series Load ga 3-Phase
RLC Parallel Load), ynanuu rpynnanapu xap Xe1 GYiiran YusuKiM yuy
¢aszamn TpaHcdopMaTopiap, yd $asann xkaauT, yu ¢aszand kYNpHK cxe-
macy O¥ifH4a ymaHraH mEOUIH Ba THPUCTOPIH TYFpunaruuiap (6-puls
diode bridge Ba 6-puls thyristor bridge), nuumsanunr cexuuscu (PI Line
Section) Ba Gomikanap MaBxyz.

™ Library: powerlib_extras/Three-Phase Library - — X
Flle Edt yiew Fgrmat Help

13.12-paca. ¥4 dazand 3awxupnap 6ubanorexacn Three-Phase Library
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13.6. Hntepaxkrun SPTool xobnru
13.6.1. SPTool kodurn

SPTool npouenypacu Signal Processing Toolbox xeHraiitma nakeru-
HHHT IpadHK HHTEPAKTHB KOOMFHHM AKTHBJIAINTHPaAH. YHAA KylHOaru
BOCHTaNAp MaBXy/l.

* CHrHaNRapHH H3jawW Ba KypHm BocuTacH — Signal Browser;

¢ ¢dunsrpnapay noduxanosuu — Filter Designer;

* (HIETPNAPDHUHT XapaKTEPHCTHKANAPHHM KY3aTHIl BOCHTACH —

Filter Viewer;
* CHTHA/JJIApHHHT CIIEKTPJAPHHH KY3aTHII BOCHTAacH — Spectrum
Viewer.’

SPTool ko6urn MatLAB TH3SMMHHHHT KOMaHJagap oiiHacHaa sptool
koMaHgacu Tepiint Enter knaBuniacHeH 6ocHIl iynn GHnaH akrupganl-
THpunagu {13.6.1-pacm).

SPTool oiinacu yura 6¥nmumMzaH ubopar — Signals (CHraamnap), Filters
(OunsTpnap) sa Spectra (Cnekrpiap). YnapHUHT Xap OHpHHHHT 0CTHAA
KHomKanap Mapxkya. Kaonkanap moc 6¥numnapaa xoiinamrad 00beKTap
yCTHAA KaHgai aMamap OaxapHIl MyMKHHIMIHHE K¥pcaTtanu. Macanan,
Signals 6ynmamuaa daxar View kHonkacH MaBXya, AbHH ywly 0¥numna
wobnamran o§bekTNapHH (CHTHaIapHH) akaT kKypum Mmymkus. Filters
OVAHMHHMHT OCTHAA TYPTTa KHONKA Xko#inamrad 6¥nmub ymap épaaMuaa
HOMJIapH ymoy G¥numpa xoiinamran o0sekTiap (QUIBTPIAP) XOCHN
kumuHAmH (New Desigh kHomkacn), taxpup kunaaunm (Edit Design
KHONKACH) &k KYpuO yukunnmy (View KHONKAcH) MyMKHH.

SPToot: startup.spt

13.6.1-pacm. Signal Processing Toolbox kenrafitMa maketnauur SPTool ojinacu
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Illynra yxmaiwm Tap3ga, Spectra (cmexTpnap) 6¥1HMUAary cUrHaviap
yCTHAA KyiHaars aManaapHy GakapHIl MYMKHH!

» xocua kunum (Create KHONKacH);

* KYpub wakui (View KHOMKACH),

e gurufam, spHYM ymoy HoM Odiian SHrHTAaR XocHa KWTHm (Update

KHOITKacH),

SPTool ofiHacunuHr xap 6up 6ymMMiza .spt keHrajiTMacura sra OyaraH
ounK SPTool daiimuuar (yauar HoMu SPTool ofiHacuHHAT capnaBxacHaa
k¥pcaTnaran O0¥nagu) Moc ¥3rapypun &€Kd npoleaypanapHHHTr HOMJ’IapH
(MoeHTHMKATOPH ) KOHIAIIAAH.

Bupunun Mapta MypoxaaT KunuHraHia SPTool ofiHacHHUHT yuana
O¥uMu xam 6¥m 6¥nagn. Kaonkanapaan ¢gakat New Design akthe 6¥-
nany, SbHU GakaT SHrH GUILTPHH APaTHII aMaMHHH GaXKapHII MyMKHH.
Konran xHomkamapHH akTHBIAIITHPHIL YYYH KAepAaHAUp, KanAadmMp
CHIHANMap TYFPHCHAATH MALAYMOTIAPHHA HMIOPT KUIHIL Kepak. byHnai
MabIymoT/ap 0olllKa BOCHTanap €pAaMuia XOCHI KHAMHRIIH Kepak, Ma-
camaH, ynap MatLab aactypuauHr umnam &ku Simulink MyxHTHIa MO-
Je/uiall HaTiKanap OVIHIIH MyMKHH. Yap KaHAaiaup ¥srapyeuniapra,
HuMH coxara (Workspace) ki Aucknart gaiinra .mat keHraiitmacu 6unas
éswuran OYnuIM Kepak.

13.6.2. CHrHAAApHM HMIEOPT KHAHIN

SPTool épnamuaa curHanaapHin KaWTa WAl y4yH aBBaJ yJAapHH
To Worspace 6itoxu épAaMuIa MAKTIAHTHPHAILI Ba XOCHI KHIHHTaH KHii-
MaTHapHUHT BekTopnapuHd SPTool MyxHTHTa UMIIOPT KHIHIL Kepak.

Bekropuu SPTool myxutnra uMnopr khaum yuyH File (Qaiin) me-
Hwchna Import (MMnopt) xomasnacH Tainasany. Hatimkana Import to
SPTool oiinack ounnagn (13.6.2-pacm).

Impo:t to SPToal

Source
% From Werkspacs
€ Foom Dk, r—-”—'—'——'—
MAT Aile M bl
B ’
Savplrg Froquncy
1
Narm
w | _cwed | we | | [

13.6.2-pacy. Import to SPTool oiinacu
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Ounnran oHHaHHHT Source (Mauba) 6¥nmumuia From Workspace
(Hmruy coxagan) ynab-y3ruun tatnadrad. [yHHEr yuyH UIIYA coXajard
¥srapyBuniapHiHr HoMnapH Workspace Contents (HIINH COXaHHHT TapKH-
o1) 6¥umuaa nafiao 6¥nan. CHukoH4a EpiaMHIa KEPaK/IH ¥3rapyBddHH
TaHAab KHpHTHII MaiigonH (Data) ToMoHra yHamran cTpenka Socunamy.
Ilynnan keiinH Data MaiigoHnaa TaHTaHral ¥3rapyBYHHHHT HOMH Naia0
6¥namu (13.6.3-pacm).

Import to 3P ool x

Soumn ..o —ww-—. LT ey -
| el
1_____.__..__

Jr |

Samplng Fraqancy
=T T
[ e g ]

13.6.3-pacm. Tannanrad ¥3rapyeunin Data mafizonura ¥Txasv

Rtqby Sampling frequency (muckpeTnai yacToTacH) MalaOHATa Kepak-
M JHCKPETAanl 9acTOTACH KMPUTHAanH. Y1y napaMeTpHUHAT KufiMaTy
MOZEMIAIl KaJaMHHHHT TeCKapHcH O¥MMION MaKkcaara MyBO(HK.

SPTool myxuTura &3u0 onuuaauran sekrop Name (Hom) KupuTHIm
MalimoHHIa KypcaTuaraH HoMra sra Oynand. CUrHATHHHT HOMH &3HI1-
ranjaH keiiud OK tyrmacu Gocunca curnan SPTool myxurura uMnopr
KHaHHagw Ba Import to SPTool oiinacn énunanu Ba SPTool oiinacu
Y3IMHHHAT KYPHHHIIKMHK Y3rapTupaad (13.6.4-pacm).

SPToot: startup .spt

13.6.4-pacm. SPTool ofiHACHAHHI CHPHAN HMIIOPT KHM/IHHTAHAAH KeHHHIH KYPHAHIUA
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SPTool olinacuauHr Signals 6¥IMMHIa CHrHAN BEeKTOPHHUHT HOMH
naiino 6¥naaM Ba View KHONKAcH akTHBAAliadd. JHAM TANKUK KHIHHA-
¢TraH CHTHANHM K¥pull MyMKHH. Byaan TamkapH Spectra OynvMuzaru
Create kHODKacH EpaaMHIa HMNOPT KIJIHHraH CUTHAJHHHT CHEKTpan
XapaKTEPUCTHKANAPHHH OJHII MYMKHH,

Arap xapaéHHHHr BekTopy MAT-¢aiinra 3unaran 6¥iaca, yHH UM-
nopT KWIHM yuyH Import to SPTool oiinacuna From disk ynaG-y3srnun
TaHnaHuILd kepak. bynaa MAT-flle Name kupuTuin Maiinonn ra Browse
kHomKacH akTue O¥iamu. 3apyp MAT-dbalnHUHT HOMHHH KHPUTHO EKH
Browse kHonkach &paamuna kepakian MAT-dainnn tonnd SPTool ofina-
cHra xoHaamTHpuil MymMkHH, KeilHHrn amannap joxopuaa kypuo yrniaran
aMannapra yxmaim.

13.6.3. Curnaapiu R¥pub 4uKnm

CHrHana BEeKTOpH MMIOPT KWIHHTAHJAH KeHHH YHH KYpHO 4uxum
BOCHTATApHAAH (oiifanaHHl MyMKHH. ByHuHr yuyH Signals O¥nuMuna
Kepakin CHrHajanapHH Genrunam pa View KHOMKACHHH QOCHIN e€Tapiu.
Hatuxana Signal Browser ofiHacu »KpaHaa naiinao 6¥naan (13.6.5-pacum).
Ymby xosaa sigl curaan TaHnaHras.

- Sienal Braowser
Fle Makers whdow Wb L
@RI UNT emel

"1 Mt ‘I|.l1l.'.l132. -

13.6.3-pacy. UMNOpT KMNHHIAH CHTHAMMM KY3aTHU oitkach Signal Browser

OffHaHHHr ¥pTa KHCMHHA TAHJIAHTaH )KAPAEHHUHT BaKTra GoFIHKIMK
rpagury sransarad. ['padHKHUHT capnaBXxacuaa rpadukia TacBHpIaH-
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raH CHTHaJHHHT HOMH, MOC BEKTODJAPHHHT VN4aMnapH Ba JI[HCerTJIﬂJII
HACTOTacHu KY])C&THJII‘&H

Fpaduk malimoaHuHr nacriaa acGobnap maneny xolnamran 6Ymub -
YHHHT €pJaMuaa rpadMKAard MKKH HYKTAHHHT KOOpDAHHATANADHHH -
aHMK OHAMID MyMKHH. YOy HyKTanap xapaéH rpahUriHUHr HKKATA oY
KH3HN (YIITH, KH3FUI) PAHTATH BEPTHKAN MTHHHANZD GHIAH KeCHIIHIT -
HYKTanapaaup.

Beprrra MHHHATAPHHHT X0JaTHHH CHYKOHY4 EpaaMuza 3“;3rapmpmn
MyMKHH. Kypcop aundanapxan 6upura onud kendaHranga KYJIHHHT
KYpHHHOIHHK onafgy. CHUKOHYAaHHHT Yall TyrMacH Oociirad Xonataa Bep-
THKaJI JIHHHATApHH 4anra KM YHTTa cypuil MymknH. OfHanuHr Marker
O¥nuMHIa KeCHIIUII HYKTaNapHHHHT KOOpAMHATalapH X Ba Y XOoCHA
©¥naau. X koopaMHATACKH BAKTIa Ba Y KOOPAMHATACH 3C2 ¥3rapyBUMHHHT
KHAMAaTHra MOC KeaaaHu.

OifHaHHHT I0KOPH KUCMH A OHHAHH Ba rpadMk MaiiioH nuHia Maci-
TabnapHu GoliKapHiu BOCHTANAPY XOliNaLraH.

13.6.4. CHrHANIAPHHHT CHEKTPNAPHHH XOCH KHIHII

CHIHAIUIApHHHT CIIeKTpan Xoccanapinu 6axosam yuyH SPTool oiina-
CHHUHT CHTHa/uap OynuMuAa kepakin curHayn GenrumaHanu Ba Spectra
O¥NUMUBHHT NacTKH KACMHAArd Create TyrMacH GocHnagu. DxpaHAaa
Spectrum Viewer oliHacu nmaiipo 6¥magn. Y Signal Browser ofiHacura
yxuam. Spectrum Viewer oHHaCHHMHI Yan TOMOHHAA XoilaliraH sie-
MeHT/Iap €pJaMHRa CHTHAIHHHT CNIEKTPall XapaKTepHCTHKACHHH OaMIN
YCYIMHE TAHJAI Ba CUTHANHHHT KaHTa UINAQHAIWTAH HYKTAJNAPpHHHMHT
COHHUHH ¥pPHATHUI MYMKHH.

CrnexkTpuu xucobmam ycynu Method pyiixatunan taunawmagu. Y
Kyiupary >nementiapra ara: Burg, FFT, MEM, MTM, MUSIC, Welch,
YuleAR. ¥Vcya Tannanrangal KeiivH xHcoOnalapay GaxapHil y4yH 4an
MallmOHHMHT nacTuaarkd Apply TyrMmacH SocumaaH.

13.7. Simulink Blocksets/SimPowerSystems OubanoTekacHzars
6J0KNAPHHAT NHKTOrPAaMMAJIAPDHAM ¥3rapTHPHIN

SimPowerSystems GubnnorekacHgary GNOKNAPHUHI [MHKTOrpaMMa-
JapHMIaA >ACMEHTAApHUHT mapTin Oearmnapn Ouzna xabyn KEMHHIAH
wapTin 6enrmwnapnan ¢gapk kunaau. Pesncrop, KoHzeHcaToOp Ba HHAYK-
THBIHKIapHH GyHra MHcO KitHO k¥pcaruin Mymkul. Byraai dapknap
MOZeNTapHH TaxJIHI KANHULAA aiipuM HOKyIalAukmapHu KearHpuod
YHKApHILH MYMKHH.
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MATLAB TH3AMHA2 MAKTOTpaMMaNapHAHT rpadmk Kucme plot xo-
MaHAACH EpAaMua XOCH KHAHAHIK cababmu 6MOKIapHUHT MUKTOTPaM-
MIUIApHHM ¥3rapTHPHII UMKOH#ATH Mapxya. Plot komaHmack doiinana-
HajuraH Bektopiaap blocicon.m daiinnaa xoiinamran (...MATLAB6.5\
loolbox \powersys \ powersys\ private nankach).

Ipaduinapuy §3rapTHpHIl ydyH ymfy BEKTOPIApHHHT KHHMATIApHHH
AHrunapu OMaH anMallTHpWl eTapiad. Macanan, kerMa-keT RLC-
ranxupHUAT (Series RLC Branch) mapriau GearHCHHH anMalOTHpHIO yuyH
blocicon.m aifnumaru 31-38 carprapnarn Bekropaapau (MATLAB 6.5
BCPCHACH YYYH) KYHHAATH SHTH BEKTOpIAp OMIaH aNMAITHPHIO MYMKHH:

rx={0 20 20 140 140 150 140 140 20 20]; ;

ry=[00-12-12000121201;

Ix =[0252525.1525.4526.1 26.8 28 29 30.5 32 33.5 35.537.539.5
41.54344.54647.1 48.2 49 49.45 49.85 50 50 50.15 50.45 51.1 51.8 53
54 55.5 57 58.5 60.5 62.5 64.5 66.5 68 69.5 71 72.1 73.2 74 74.45 7485
7575 75.15 75.45 76.1 76.8 78 79 80.5 82 83.5 85.5 87.5 89.5 91.5 93
Y4.5 96 97.1 98.2 99 99.45 99.85 1060 100 100.2 100.5 101.1 101.8 103
104 105.5 107 108.5 110.5112.5 114.5 116.5 118 119.5 121 122.1 123.2
124 124.5 124.8 125 125 150];

ly=[0001933325.13 646 812 9.17 104 11.2 11.8 12.3 12.5
12311.811.210.49.17 8.01 6.464.93.67193001.93 3.325.13 646
812917104 11.2 11.8 12.3 125 12.3 11.8 11.2 10.4 9.17 8.01 6.46
493.67193001.933325.136468.129.1710411.211.812.3 125
123 11.811.2 10.49.17 8.01 6.46 4.9 3.671.93 00 1.93 3.325.13 6.46
8.129.17 10.4 11.2 11,8 12.3 12.5 12.3 11.8 11.2 10.4 9.17 8.01 6.46
4936719300 0];

cx1 = [0 60 60 60];

cyl = [0 0 -25 25];

cx2 =[90 90 90 150];

cy2 =[25-2500];

Series RLC Branch 6mok# nukTorpaMMacHHHHT 3CKH Ba AHI'H TacBHp-
napu 13.7.1-pacMida KypcaTuarad.

AT -

Sarias RLC Branch

YUY \—| —>
Series RLC Branch

13.7.1-pacm, Series RLC Branch 6noks IHKTOrpaMMacHHHHT 3CKH Ba AHIH TACBHpAApH
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Y4 (azany KyuIaHHI MaHGanapuHHHE MHKTOMPaMMalapuiark pesn-
CTOpP Ba KHAYKTHBIHKHHHI TACBHPJAPHHU ¥3rapTHpHII yuyH blocicon.m
daitnuauur 595 — 598 caTpnapu KyHpIaruda y3rapTHpHIamu:

resistor_x =[0 30 30 140 140 170 140 140 30 30];

resistor_y =[0 0 -10-10 00010100 ];

inductor_x =[150 175 175 175.15 175.45 176.1 176.8 178 179 180.5
182 183.5 185.5 187.5 189.5 191.5 193 194.5 196 197.1 198.2 199 199.45
199.85 200 200 200.15 200.45 201.1 201.8 203 204 205.5 207 208.5 210.5
21252145 216.5 218 219.5 221 222.1 223.2 224 224,45 224.85 225 225
225.15 225.45 226.1 226.8 228 229 230.5 232 233.5 235.5 237.5 239.5
241.5 243 244.5 246 247.1 248.2 249 249 .45 249.85 250 250 250.2 250.5
251.1 251.8 253 254 255.5 257 258.5 260.5 262.5 264.5 266.5 268 269.5
271 272.1 273.2 274 274.5 274.8 275 275 300];

inductor_y =[000 1.933.325.13 6468.129.17104 11.2 11.8 12.3
125123 11.811.21049.17 8.01 6.464.93.671.93001.933.325.13
6.46 8.12 9.17 10.4 11.2 11.8 12.3 12,5 12.3 11.8 11.2 10.4 9.17 8.01
6464.9367193001.933325136468.129.1710411.211.8123
125123 11.811.2 10.49.17 8.01 6.46 49 3.67 1.93 00 1.93 3.32 5.13
6.46 8.12 9.17 104 11.2 11.8 12.3 125 123 11.8 11.2 10.4 9.17 8.01
646 4.93.671.93000];

Viraprupuiran 3-Phase Source 6710KH HHKTOIPaMMACKHHHT KYPUHHIIH
13.7.2—pacMaa KenTHPUITAH.

O

C

3-Phase Source

13.7. 2-pacm. Varaprupunran 3-Phase Source Gmoku
MUKTOrPAMMACHHHHT KYPHHHLIH

14. SIMPOWERSYSTEMS BJOKJAPHHHHI
BHEBJIHOTEKACH

14.1, BHOAHOTEKAHHHT TAPKHGH Ba acocHii XYCYCHATAADH

MATLAB tusumuHeHr SimPowerSystems (MATLAB 6.1 Bep-
cuacurada 6ynran nomu — Power System Blockset) 6ubnnorekacu
KOHKpeT KYpPHIMAaJapHH MoOZe/Ulall Y9yH Mymkainadrad Simulink
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NUKETHHHHI KylKMM4Ya OuOanoTexanapuaad Oupn 6ynu6 xucobnananu.
SimPowerSystems 3NMeKTPOTEXHHK KYPHIManapHH HMHTALMOH MO-
Jlesam yuyH Onoknap tymnaMura sra. budnunoTekaHuHr rapkuoHra
(1aCCHB Ba aKTHB 3ACKTPOTEXHHK 3NeMEHTIAAp, 3Heprud Manbanapn,
'WIEKTPOABHTATENIAp, TpaHcdopMaTopaap, MIEKTP Y3ATHN NHHHANAPH
#a GOlIKa KYPHJIMANApHHHT MOJeNapil KHpaid. YHAA Ky4 3lEeKTPOHH-
KaCH KYypHIMAJIADHHH Ba YJIapHH DOmIKapHII CHCTEMANapHHH MoJe/uIall
Y4yH MYIDKaJIaHraH OnokinapHH ¥3 Waura oaysun O¥auM XaM MaBXyA.
Simulink Ba SimPowerSystemsHUHI Maxcyc WMKOHHATIApHAaH doiina-
nanud KyHnaard MHINapHH GaskapHil MYMKHH:

¢ KYPWIMAJapHHHT HIWTALTHHA UMUTAUHS KHWLI,

* CHCTEMAaHHHI PeXUMIApUHH XucoGmau,

* 33HXHP YYAaCTKACHHHHT HMMEAAHCHHH (T¥Na KapMIMIHTHHA)

xucobnau;

* 493CTOTABHIl XapaKTEPHCTHKAIAPHH ONUIL,

* TYPFYHIMKHH TAXJTHI KHIANIL,

* TOK Ba KYWIAHHIIJAPHH TAPMOHHK TAXJIHT KHIWIL

Bynnan Tawkapu Mypakkal >HeKTpoTeéXHHMK TH3HMIApHH Moien-
namjga UMHTAUMOH Ba TapkUOHWil Momennawl ycy/iapugaH OHpraiHkia
doipananum MyMKHH. Macanan, gpuM YTKasruuwin 3AeKTp 3Heprus
¥3rapTKMMHHHHT Ky4 KHCMHHH SimPowerSystems (noknapuaan (EMuTa-
unoH Onoknap) oiinamanud, GomkapHn KHCMHHN 3ca ogataard Simulink
Onoknapunad (dakar HmIAM ANTOPHTMHHH aKC STTHPalH, CXEeMaHH
smac) dpofinananut 6axapum MyMkHH. ByHnaii €Haamini, cXeMOTEXHHK
Monennauiial ¢Gapkii paBHIINA, MOACIHH KECKHH COANANAWITHPAIH Ba
YHUHT MLIAW TE3JMTHHA OpTTHpagu. SimPowerSystems Gnoknapugau
¢oiinanannd Tyamnran Mogenna Simulink makeTHHRHT Gomka dubanore-
KanapuHuHT 6nokaaputal xamMaa MATLAB ¢yHkumsnapuaas xaM ¢oi-
AaJaHUII MYMKHH, HaTHKAAA SNEKTPOTeXHHK THIHMAApPHH MOAENNallia
(o gataHyBYH YeKJaHMaraH HMKOHASTIAapra 3ra 6¥naau.

SimPowerSystems OnbnuoTtexkacu xyaa karrta. JIeknH, mysra Kapa-
MachaH Kepakin 6ok 6ubnuotexana Tonuamaca, Synnail 6mokun doiina-
NaHYBUMHHHT ¥34 XaM APATHIIH MYMKHH. ByHza GubnitoTekanga MaBxyl
onoxnapra acocoanu6 Simulink HEHT OCT TH3UMIAp APaTHIN HMKOHHATIIA-
punaH €ku Simulink acocu# 6ubmuotekacu 610xnap Ba GoWKAPHITYBYH
TOK Ba Ky4IAaHHIN MaHOanapuiaH doiaanaHHIaau.

[ynpai kunubd, xo3upru Bakraa Simulink tapxku6unaru SimPower-
Systems dNeKTPOTEXHUK KYpHIManap Ba TH3HMJIAPHH MOJeIall YIyH
IHT AXIIH BOCHTaNapAaH OHpu 6Vmub xucobnaHamm.
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SimPowerSystems GnOnnoTekacu eTTHTa acocHi OynumMra sra;

*» Electrical Sources — 2nekTp 2Heprusa Manbanapu;

¢ Connectors — ynaruwiap;

* Measurements — ¥mvyal Ba HAa30paT KypHIManapH;

+ Elements — 3M€KTPOTEXHHK 3JI¢MEHTIIAP;

» Power Electronics — kyd 351eKTpOHRKACH KypHIMaJapH;

¢ Machines — 3neKTp ManIMHadapH;

* Powerlib Extras — K¥LAMIa 3JIEKTPOTEXHHK KypHIManap.

Oxopnzga kentupunran 6¥numiaapaaru 6aoknapaad doinananud,
KUCKA BAKT HYHIA MYpaKKkal >IIeKTPOTEXHHK THIHMHHHT XaM TYJIAKOHIH
MOAENIUHH APATHIN BA YHHHT PeKHMIIaPHHH TAOKHK KHIHII MyMKUH.

Acocuii xycycuamaapu

SimPowerSystems-moaennapuu (SPS-moaen) apatvin ycnyou
Simulink-Moaennapun (S-moxnen) spatum ycayOGHaaH neapan ¢apk
kuMaiiay. Simulink-moaennapa siparuingary cuHrapu SPS-Mopennapan
ApaTdmaa xaM apeaj Gnoknap xofnalITHpUNagn, keduH ynap ¥zapo
ynaHagd Ba Xap Oup ONOKHHHT fapaMeTpH XaMIa MoAe/lHH XHcobnam
napaMeTpnapu Gepunanu. SPS-mojennapuu sparumza Simulink HMKo-
HUATNAapuaaH Goiinananvm MymiuH. Jlekin SPS-Moaennap alipum y3ura
XOC XyCYCHAT/apra XaM sra:
~ SPS-610KNapHEHT KMpUIL Ba YMKMILIapy Simulink 6noxnapuxukuaan
¢apkii paBHIIAA CUTHANHK Y3aTHUI AYHaITHUIMHH KYpCaTMaiad, SbHH
yIap NEKTP KOHTAKTIAPHHHT IKBHBANECHTH OV IO Xpcobilanany. neKTp
TOKH MKKaJIA HYHANHIIJAA XaM OKMIM MYMKHH: OIOKHHHI HUHIa XaM,
6noknaH TalIKapura Xam.

BornosuM nuHusIap 3nekTp cHMap BasHpacHHH Oaxxapanu, Ynapna
TOKJAp HKKala HYHanMIIAAa XaM XapaKaTJaHHI® MyMKHH. Simulink-
Mojiesuapaa ca uudopMaHoH cHTHan dakaT OMpruHa HyHamilza —
OHOKHUAT YUKUIIHAAH OOMKA GITOKHMHT KHPHILNIA XapaKaTIaHaaH.

Simulink-6noknap Ba SimPowerSystems-6noknapHu 6up-6upura Geso-
cura ynab 6¥amaiinn. Carnamay S-6noxnan SPS-6nokka GowlkapunyBYH
TOK Ba Ky4naHuul MagGanapH opkand, SPS-6noknan SPS-6nokka 3ca Tok
Ba KYWIAHMNI YI9ard'UiapH OPKANu y3aTHII MyMKHH.

Bup Hewa anoka MHHHANApUHM (CHMIapHH) ¥3apo ynam MyMKHH,
ByrHHr yuyn maxcyc 6noknap — Connectors (yaarudnap)aan oiina-
JMAHANANH,

Hounsuxnn 6noxnapra sra O¥1raH cxeManapHi xucobnamia KyHuaara
ycynnapaad ¢ofinanaHum Kepak:

* odel5s — connn auddepennmannair popMyranapuaan doiaana-

HYBYH ¥3rapyB4aH TapTHOMH k¥n Kagamnu ycyn (1 naH 5 raya);
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¢ 0de23th — eunmHUBT GomIAHUIIUAA AKKOA OYiaMmarad PyHre-
KyTrra ycynr Ba kefiHH 2-TapTHOnH teckapH aupdepeHnHaniam
dopmynanapuaan GoiiaananyB4d yCyIl.
Dnexmp 8a 3nexmp OYIMAzaH KAMMATUKAADHURZ Y408 OUPAUKAGpU
DIeMeHTIApHHHT MapaMeTplAapHHH KypcatHina abcomot (14.1.1-
Kazpain) Ba HucOnit Gupnnknapaal goHgasaHH MyMKUH.

14.1. l-ocadean

apamerp Benruaasquy ¥ nuor 6upanra
Time {BaxT) second s(¢)
Length {Macoda) meter m(M)
Mass (Macca) kilogram kg {xr)
Energy (aneprus} joule J (Ox)
Current {T0K} ampetre A (A)
Voltage (kywtaHKuI} volt V (B}
Active power (aKTHB KyBBaT ) watt W (BT)
Apparent power (T¥J1a KYBBAT) volt-ampere VA (BA)
Reactive power {peakTHB KyBBaT) var - var (BAp)
Impedance (T{na KapuInmmk) ohm Ohm (Omn)
Resistance {(KapuMimmk) ohm Chm (OM)
Inductance {HHIYKTHBAHK) henry H (I'n)
Capacitance (CHFHM) farad F (D)
Flux linkage (okum GornanHUIK) volt-second V*s(B*c)

radians per second tad/s (pan/c)
Rotation speed (fypuak Tennru} revolu_tions per prn (O6/aan)
minute

Torque (MOMEHT) newton-meter N*m(H*m)
Inertia (HHEPUHA MOMEHTH) kilogram-meter? kg*mi(kr*m?)
E::;iﬁ?) factor (wukananiu ko3GdH- newton-meter-second N*m*s(H*m*c)

AlipuM MojellapAa napaMeTpilapHd Gepuml yuyH HHcOHHA OMpIuK-
napaaH (p.u., 1.6.). HucOuii Supmiknapra §Tuio yavH yMmyMmuii gopMyna
Kyiuaars KYpHHHILra ara:

)~

y:
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By epna Y — ¢H3HK KaTTaTHKHUHT GolNarFHY OHPIHKNApP CHCTEMacH-
jgaru (Macanan, CH) kuiimMaTu (HapaMeTpHHHT, ¥3rapyBYHHHHT Ba X K.},

Y, — ¢u3MK KaTTANHKHUHP GOMUTAHFMY OHPIHKIAp CHCTEMAacHAarH
ba3zuc (acoc) KHIMATH.

SimPowerSystem Moaennapuuy TaH€pnalia eKTp KaTTaldkiap-
HMHT acocuii fasuc dupnuknapn cubaTtnaa Kyiinparn HKKHTa MYCTaKAR
KATTalNuK OJMHraH:

P, — KypHIMaHHHT HOMHHAN aKTHB KyBBatHra (P ) Tenr Gyaran 6a3uc
KyBBaT;

U, — KypHJIMaHH TabMHHJIAIN KYYIAHAUIHHHHT HOMMHAN TabCHP
Ku1yBud Kuiimatura (U) Tenr 6ynran 6a3uc Ky4iaHHII;

Yaap opxanu Gomka fapya lextp Ga3suc OHpivKAap aHMKNaHADH.
Macanan, 6a3Hc TOK:

-
&
Ga3nc KapuIumHK:

V3arapyRuaH TOK 3aHXHpIapH YUyH OJaTAa TabMHHIOBYH Kydnla-
HHIIHHAT HOMHHAN 4YacroTracura (f) TeHr 6¥nran 6azuc wactora (f))
GepHiagn.

ACHHXPOH 371¢KTp MallWHANAap Y4YH KYIOHMYa Tap3da KyHuagarunap
xaM Gepunamu:

Q2 — Gasuc Gypuak Te3NMK;

M= ?ii — Ha3HC MOMEHT.

MalunHaHRHT napaMeTpnapd HHCOR OHprHKNIapaa KHPUTHAAETTAHAA
HHEpLHUI MOMEHTHHMHT YpHHra HHEPLHOH AOHMHUIAaH doligamaHuna-
IH:

1 xJ €0
H=2____
P

i

b

Oy epma J —— HHEPIIMA MOMEHTH,

€}, — MarHMT MaiIOHK aAJaHHIIMHUAHT GypUaK TE3NUr.

Huepumon mouMuii cekynmnapaa udogananagd. HHepuuoH RouMuH
HOMHHAJT FOKJIaMa/a ainaHyBYl KHCMIApUAA iTHFHITAH KHHETHK YHEepras
XHCOOUTa 3MIEKTp MALIMHAHHHT BATH KaHUa BaKT aliaHHIIAHK KypcaTa i,
Karra KyBBaT/IH MallHHANAD YUYH YHMHT KHHMaTn 3—35 ¢ Ba KHYMK KyB-
BaTJIM MalIHHanap y4uyH 0.5—0.7 ¢ 6¥nanu.

I-mucon.

Y4 dasann HKKH TYIFAMIH TPAaHC(POPMATOPHUHT NAPaMETPIAPH MHCOJ
Tapukacuaa 14.1,2-xaqBanna KeNTHPHITaH.
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14.1.2-ncadean

. Voraon

Tapadetp Benrnnaniuy | Kaimarn Gupry
dazanap coHH m 3 —
Nominal power (HOMHHAN KYRBAT) P, 300 KBA
Nominal frequency (TapMokaarn HoMHHan s 60 & 50 I
YacToTa) "
bupnamun uynram:
YnanHW cxeMacH - 0Ny -
Nominal voltage (HOMHHAN Ky4maHHIN) ui, 25 kB
Line-to-line resistance ((pasanap apo RI. 0.01 o
KApIIHITHK)
Leakage reactance Ll 0.02 oe.
{COMHAMIN HHAYKTHBINTH)
Hxxunamun a¥aram:
Y naHnw cxeMacH - yubypuak -
Nominal voltage (HoMHBan Kyunanui) vz, 600 B
Line-to-line resistance (azanap apo R2, 0.01 oe.
KAPLIHMAHK)
Leakage reactance (COUMNNIN HHAYKTHRIH- 2. 0.02 0.
rH)
Magnetizing losses at nominal voltage in % of nominal current
(MarHMTIaHUINra Hepoduiap, HOMHHAN KYYNAHUINAA HOMHHAN TOKJaH %mapna):
Resistive (akThB}) A {10a [ %
Inducti\;e(peaKTHB) ATidp 1 %

Bazic 6upnHKIapHE aHAKIALT Y4YH Hgozaaap Ba ylapHUHT KHiiMaTIapH

14.1.3-xazpanja KeATHPHAT2H,

14.1.3-xcaosan
[apamerp Xycobuii nona Kutimatn | ¥iuor Gupanru

Frequency (4actora) 5=, 60 &xy 50 I'n
Bupnamun synram:

P 300108
Power (KyBBat) Pl == 3 100*10° BA

m

3
Voltage (xy4unannur) Ul= ul_ 2510 14434 B
R




Kaodeanwunz dasoMti

Mapamerp Xucobuit udoga Kuitmath | ¥ aos Gupaurd
c _P1, 100-10° 6.928
urrent {Tok) 71, a31a X A
Impedance (T¥na _Ul, 14434
KAPIIHIHK) 21, I 1; 6.928 2083 Om
Resistance (aKTap _ U, 14434
KapuinIAk) I, 6.928 2083 Om
Inductance (WHIYKTHB- __Rl, 2083
JHK) 2xf, 2760 3.525 Tr
HkxmnaMan qymram:
. 3
Power (KyBeat) P2 = P, = 3003 10 100* 108 BA
m
Voltage (xyranuin} U2 =U2=600 600 B
P2 100-10?
=— e
Current (ToK) 2 1, 500 166.7 A
Impedance (T¥na - U2, - 600 .
KApIUHIIHK)} 12, 166,7 3.60 Om
Resistance (axTuB _ 2, __60C
KapIUUANK) 12, 166.7 3.60 Om
Inductance (HHAYKTHB- R2, 3.60
K =52 f6 3760 0.009549 In

U§nramaap napaMeTpIapHHUHT kHiMaTnapy abcomoT Gupruxnapaa

KyHHOATHYA aHWKJIAHAOH!
bupnamyu qynram:
=0,01-2083=20,83 Om

R1=RI1,-R1,

Li=L1,-L1, '002 5,525= OIIOSFH

HKKHJ‘I&M‘{H g9y aFaMm:

R2=R2 -R2,~0,01-3,50=0,0360 Om

L2=12,-12.=0,02-0,009549=0,191 ml'n

MarnuTiam 3aHxHpH Y4yH 1%ra Tedr akTHB Hcpodnap kuiiMaTH Ba
1%ra TeHr peakTuB HepogIap KHAMATH, MArHHTAALI 33HAKHPHHUHT aKTHB
Kapmuiark 100 1.6.ra Xxamaa peaktue Kapiuuaury 100 1.6.ra renrmuruau
6unpupagn. ynnaii kunu6, MarHHUTIA 3aHXKHPH NApaMEeTpIAPHMHAET

abCcoMOT KUAMATIApH:

R _=100-R1,=100-2083=2083 kOm,
L,=100-L1,=100-5,525=55225 I'n.
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2=-MUCOA:

@aza poropan y4 Pazanu TVpT KyTOIH aCHHXPOH JBHIATeIHHHI IAa-
pametpiaapu Kyiinparuda (14.1.4-xxanpan):

14.1.4-orcadean
Tlapamer Benrunannmn | KpiiMmatn Yarion
pamMeTp Oupnurun
Qrazanap COHR m 3 -
KytOnap xyQTiHIGCIapHHHHT COHR P 2 -
Nominal power (HOMHHAN KYBBAT) P 2238 BA
Nominal frequency (TapMOKHHHT HO- 1 60 Excn 50 I'n
MHHAT YACTOTACH) "
Line-to-line voltage (HOMHHAN JTHHHA U 220 B
KYUJIaHHLIH) *
lylurual inductance (q¥nraMRapHUHT L 69.31 ——
¥3ap0 HMAYKTHBIHITH) -
Rotor inerfia (poTOPHHAT HHEPIIHA J 0.089 artar
MOMEHTH)
CTaTopHHHT MapaMeTpnapH:
AKTUB KApIHHIHE R, 0.435 OmM
HHAYKTHBIMK L 0.002 I'n
POTOPHHHT cTaTOpra KeNTHPHITAH NapaMeTpiIapH:
AKTHB KapWH/IHTH R 0.816 Om
HupykTupnura FAS 0.002 Tu

Ba3zuc GUpnUKnapHH Ba YNapHHHT KHAMATIAPUHH aHHKNAI Y4YH H(O-
Janap 14.1.5-xagBanga KeaTd pHATaH

14.1.5-acadean
Tapametp Xmcobuil ndona Kniimatu Ynaoe
OHpNHTH
Power (KyBBar) P = £ = 2238 746 BA
5 m 3

Frequency (4acrora) f=f 60 &xu 50 I'u
' 220

Voltage (xyynaHHm U,= =" 127.0 B

ge (Ky ) 5B

P T46

Current (tox) == ="Tmo 5.874 A
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Hadearnunz dagomu

. N Viaos
ITapametp Xucobuii njpona Kuitmath Gupamrh
“ 7,0
Impedance (T¥na 7 = _Uf_ - _Lz_i_._
Resistance (akTne R.= Us = _l 27,0
KapiuuanK) ¢ 1 5,874 21.62 Om
Inductance Z = __Za_ = 21,62 0.05735 T
(UBayKTHBAMK) ¢ 2mf, 2:x60 :
2xf  2:m 60
Speed (Te3nuK) Q=0 > = 2 188.5 pan/c
T p e 73603 11.87 H*
orque (MOMEHT) = a, MRTTY: . M

Jdeuraten yyaraMIapHHUHT Ba MarHATIIA 3aHXKHPUHHHT TIapaMeT-
plapvHy KyHHIarnya aHMK/Iall MyMKUH:
CTaTOPHUHT KapUIHIHTH:
R 0.435

= T=W = {.0201 o.e.
CraTOpHUHT HHAYKTHBIMIH:
L 0002
L.= T 05T 0.0349 o.e.
POTOPHAET KAPLIMIHUIH:
, _ R 0816
R = Y = (.0377 o.e
POTOPHAHT MHAYKTHBIUIH
. __ L 0002
L, = 7 005733 = (.0349 o.e.

L]
HHepuuoH JOMMHAKUHE KATTAMHIA KyRHAAruda aHuKIaHa H;

xJ € % x 0.089188.5°

H= =
P 2238

H

b | -

=0.7065¢.

ACHHXpOH MalIMHAHHHT IOKOPHJA XHCOOIaHraH mapaMeTplapH
YHUHT MOIESIM YUYH HucOHH OupmMKiapia «CykyT O¥Huya « KHPpUTHITaH
{Asynchronous Machine pu Units Onokw).

HyicOnit Gupixnapzaan doviganannin KyHHAaTH ad3aniuKaapra jra;

+ Typnu pexxuMnapaa ¥3rapyBuHIapHHHI KHHMATIapHHH TaKKoC/IaL

copganamwanu. MacanaH, >IeKTp 3aFKHPHHHAT GHPOp yYacTKacH-
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jard kyunasum 1,5 1.6, 6¥1ca, y HOMHHAN TABMUHIAL KYYIaHH
wugad 1,5 mMapTa KaTTa SKAHJIHTMHE OHNOUpATH.

» TYna KAPIIHMITHKHUHT KMHMATH KYPHIMaHHHT KYBBaTH Ba Tab
MHUHAAID KYYIaHUIIH ¥3raprasjia kaM ysrapaan. Macanas, Tpanc.
¢gopmaropnap ydyH 3 aad 300 xBA raua 6¥n1ran KyeBaTnap Aua
[a30HHAA PeakTHR COTHMHII Kapmnaury (.01 Ba 0.03 u.6. opacuna
uyyaraMiIapHUAHr Kapmsaury 0.01 sa 0.005 1.6, opacuga ¥3rapaiu
V2 nar6atuga 300 kBA man 300 MBA raua 6yaran Tpancgop
MaTopaap peakTus coumnHm Kapuuiuru 0.03 pan 0.12 #.6. raua
yynraMaapHUHr Kapwiaara 3ca 0.005 gan 0.002 1.6. rava 6ynagu.
lynzait kumud, Macanas, kyseatu 10MBA M TpaHchopMaTOpHHHT
napaMeTpiapH MabayM O¥aMaca ¥pTada KHHMaTIapHH, AbHH, CO-
9HIHLI peaKTHBIAMIH yuyH (.02 H.0. Ba 4¥iFaM KapLIHINIH Y9yH
0.0075 H.G. ONHMHCA KaTTa XaToJIHK OVIMAiaH.

¢ Huctui 6upnuknapna xucobnaninap cognanainagzy. Macanas, cucre-
MAaHHMHT T¥J1a KapIIHIHTHHH TparchopManid ko2 duuneH THapHHA
XHMcobra onMacIaH CHCTEMa NIEMEHTIAPHHHHT KApIIHJIHKJIAPHHH
oAau# Kamaam HYau ONNaH aHUKIALW MYMKHH.

14.2. Electrical Sources — 3iekTp 3Heprusicn Manbanapn
14.2.1. Maean ¥s3rapMac Kyuaanum ManGacn DC Voltage Source

Huxmozpammacu:
"
+
_l_ DC Voltage Source
A

Basugpacu:
Carx, 6¥iinga ¥3rapMac KywWIaHHIIHH XOCH KWIagH.
Hapasmempnapunu bepr oiinacu:




BrnoxHuHT napaMeTpiaapH:

Amplitude (V):

[AMnauTyaa (B)]. Man6a uMKHI Ky<wIaHHIIMHHHT KaTTalHMIH.

Measurments:

[¥myanaguran yarapysuniap). Kefinayanvk xypum yaye Multimeter
OmokAra YTKasHAagHraH Y3rapyBYMIapHH TAHIAll HMKOHUATHHH Oepain.
Yiuby napaMeTpHUHT KHHAMATH KyHuparn pyHxaTaad oqMHAAH:

* None — akc 3TTHpHUII Y9yH ¥3rapysiliap AyK;

¢ Voltage — ManOaHHHT YHKHIN KyYNAHKINY.

brox uaean xkydnanum manfacH O6¥nmub XHcobnaHalIM, SbHH YHHHT
XYCYCHI (M9KH) KapLUIMIWTH HOJTa TEHT.

Mucon.

AKTHB-HHAYKTHB KOKIAMAHHHT Y3rapMac KYYIAHHIIra YIaHHIIK
14.2.1-pacMaa k¥pcaTtinrad. ManGans roxnaMara ynam 610ku épraMHaa
aManra ompwiaan. Breaker 610kH moFoHANIW CHTHaN FEHEPAaTOPHHHHT
(Step) curHaaura acocaH 3JIEKTpP 3aHKHPHH YIAHIH. 3aHKHPAArH TOKHH
¥ngam Current Measurement Gimoxu €paaMuna 6axapunaii. Tok auarny
OPKAaIH OJIHHraH CHrHan Scope 010KM EpAaMKIa ake STTHPHIAIH.

L 11 TP e S ..........
Brdar | asumement : : : :
Shap : :

L TT1 1] PO s e
DC Vellage Soyrce Series RLE : 3 :

A Branch

>

14.2.1-pacm. AKTHBHO-HHIYKTHR IOKITAMAHHHT ¥3rapMac Ky'WHaHHIIa YIaHHIIH

14.2.2. Huean ¥3rapyeuan Kyunanim mMapbaca AC Voltage Source

TTukmozpammacu:

&
@ AC Current Source
P
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Bazugacu:
CuHyconzan KywIaHHLIHY XOCHI KHAATH.
Hapamemprapunu bepuw otinacu:

Blick Purameters AC Voltage Soure
AVl St o ok

Broxuune napamempaapu:

Peak Amplitude (V):

[AMnauTyaa). Man6a yHKHI KY4WIaHUILHHMHT aMITHTYAAcH.

Phase (deg): '

[Paza (rpan)]. Bomnanruy dasa.

Frequency (Hz):

{Hacrota (I'u)]. YacToTa.

Sample time:

[Aucxpernam xagamu). [Tapamerp AUCKpET MOAEIUIAPHU APATHILIA MaH-
0a YMKHIN KyWIaHHINHHHHT BaKT OViiHYa aMckpernall KagaMuHK Oepaiy.

Measurments:

[Vimanamguran yarapysuunap]. Ilapamerp Multimeter 610xkura yka-
3UNAJHraH y3rapyBYHIapHHM TaHIall UMKOHHUATHHU Oepann. YnapHu
keHHHYanuK Scope Onoxu &pnaMuia K¥pH MyMKdH. TlapaMeTpHHHT
KHHMaTH KyHugaru pyHxaT/aaH TaHNaHATH:

¢ None — akc 3TTUPHII YYYH ¥3rapyeBumnap Hyk;

* Voltage — MaHOaHHHT YHKMI KY4I2HHIDA,

bnok upean xywranuln ManGacu 6¥and xucobnaraau, S-HH YHWHI
XYCYCHH (HYKH) KAPIHIMTH HOAra TEHT,

Mucon:

Vsrapysuas KyunaHuln MaHGacHra aKTHB-HHAYKTHB IOKTaMAKH yilal-
HH MOJIe/UIOBYH cxeMa 14.2,2-pacmaa x¥pcatunrad. PacMaa okiaManaru
TOKHUHT TpadUrH XaM KeNTHPHITaH.
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Slep

AC Voltage Source

mﬁltﬁ?

Bresiet

Measummant

Senias RLC
Branch

0 0as 01 a5 02
Yine offsst D

14.2.2-pacs. ¥3rapyeuan Ky4naHHm MaHGACHra AKTHB-HHIYKTHE IOKIaMaHH YIalWHA

MOOSIROBYH CXeMa

14.2.3. Haean ¥3rapyeuan Tok Manbacu AC Current Source

Huxmozpammacu:
a3
dD AC Current Source
N
Basughacu:

CHHYCOHIAN TOK XOCHN KHIAZH.
Ilapamemprapunu bepuw oiinacu.

plcasdbytwanon.

1mmmem-ummmmm.. L

MWW
€]




BrokHUHT fapaMeTpriapH:

Peax Amplitude (A):

[AMnnuTyaa). MaHGa YNKHIO TOKHHHHT aMIUIATYJACH.

Phase (deg}:

[®a3a (rpan)]. Bomnanruy dasa.

Frequency (Hz):

[Hacrora (I'u)}. MaHGaHHHT yacToTacH.

Sample time:

[Aunckpernam kagamu]. JUCKpeT MOAEIIAPHY APATHIIAA MAHOA YHKHIL
TOKHHHHT BakT O¥iiHua AMCKpeTnall KaJaMHHK O¢panu.

Measurments:

[Vauananuran Ysrapysumnap]. Hapamerp Multimeter Sn0xura yTrasu-
NaguraH Y3rapyBUWIAPHA TaHJIall HIMKOHHATHHH Oepaau. YIapHH KeiHH-
yanyuK Scope OMOKH épmaMHaa Kypuil MyMKHE). [TapaMeTpHHHr KHHMaTH
KyHugaru pyixaTnad TaHIaHaaH:

¢ None —— akc 3TTHPKII YuYH ¥3rapyBunnap Hyk;

¢ Current — MaHOAHHHI YAKHII TOKH.

bnox upean tok manbGacu 6ynmb xucobnanaaH, A-HH YHHHT HYKH
KapLIMJIHTH YeKCH3 (3KyZda KaTTa).

Mucon:

AKTHB 10KNaMara HUUIOBYH HKKHTa TOK MaHOAnapHHEH MOJENIOBYH
cxema 14.2.3-pacMpa kypcatuirad. Mandanap TOKJapUHKHT aMIIH-
tTynanapu Oup xun (3 A), nexkuH yacrotagapH xap xun (50 sa 60 I'u).
FOxnamanara Tox MKKana MaHOa TOKNAPHHUHT HHFMHAACHIA TEHT.

- I
L L
L g Curre
Maasurement

.

.
Pac cunentsowon (3) AC Cunent Saurcat

P

3 F 3
Serlas RLE

Branch

14.2.3-paca. AKTHE 10KNIAMATA HMILTOBYH HKKHTA TOK MaHOanapiHy
MOHCITOBYH CXEeMa
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14.2.4. Controlled Voltage Source Bomxapuw/ayBuH Kyuianum Manback

ITuxmozpammacu.;

o]

L4

siwlT X

Controlled Current Source

Bazudacu:
BowkapH CHrHaIMra acoca Ky4JaHHuIl XOCH] KHlaIau.
Hapamemprapunn xupumum ounacu;

brnoxHuHr napaMeTpnapu:

Initialize:

[Manouamnaw]. Bafipoxua ¥pHaTwirasaa manOa Gepriran SolnaHFHY
napaMeTpnap (aMmauTysa, ¢asza Ba yacToTa) OHNIAH HHHLHAIIAHAIH.

Source type:

[ManOasuHT TypH]. Arap HHHIMAIIAI Tanab KWIHECa MaHOaHHHT TyPH
kypcarunamy. [lapameTpHUHT KHIAMaTH KyHHJArH pyHXaTaaH TaHIAHAIH:

* AC - ¥3rapypdaH Ky4naHdm MaHOacH;

¢ DC - ¥3rapmac kyunaHum mManbacH.

Initial amplitude (V):

[bouvtaniy ammnuTyza (B)]. ManGa MMl Ky4AAHAIMBHART GolnaH-
Fuy KuiiMaTH. ITapamerp Man0a HHHINamTanran 6yaca YpHHAH.
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Phase (deg):

{Bomnanrug gasa (rpaa}]. IMapamerp manba Y3rapypyad Ky<IaHUMI
manbacy cudaTvaa HHMUHANNAHTAH O¥iica YpHHIH.

Initial frequency (Hz):

{Initial vacrora (I'n}]. Manbanusr 6onrianrud gacroracu. IlapaMerp
maH0a yarapysuaH Kyu4sraHHid ManbacH chdariia HHHUHALIaHTaH b6Yiica
YPHHITH. '

Measurements:

[V ryanapuran ysrapysunnap). Iapametp Multimeter 610kura yxa-
3WIAANTaH ¥3rapyBYHNApHH TAHIAl HMKOHHATHHE Oepaan. YmapHH
keiimH9anuk Scope Onoxu épaammua xypum MymxuH). TlapameTpHuUHT
KMHMaTy KyHuaarya pyHxaTnad TaHNaHagH;

» None -— akc 3TTHpPHII YUYyH Y3rapyp4uunap iyx;

» Voltage — mMapOaHHHr YHKHIT KYUIAHMIIY,

Bnox naean kyunannm manbGacn 6ynub xucobnananu, ARHM yHUHT
HMYKH KAPUIHITHTH HOATA TEHT.

Mucon:

BomkapunyBud Ky4IaHHII ManGacH épaaMua, SONIKAPHII CUTHAITUTA
acocaH IOKNaMana TYFpH OYpYakinH KY'WIaHHIIHH XO0CHN KUITHII CXEMAaCH
14.2.4-pacMaa KEATHPHITAH,

Vilngs bs s remati

Fulse
Sanatainr

g

<+ Swigt FLIE Brarich D) (i) -~ -
Iplersarts & vmiest PLL branch,
Fasaros  Ohet

fl

Inductancs L HY

F

Capacharce C FL

i

{4.2.4-pacu. BolIKapAnyB4Y Ky9naHui MaHOacH EpaaMAna, GOKApHII CHIHATHTA
acocaM IoKnaMana TYrpn Gypyakian KyYTaHHUIHM XOCH KHITHIT CXeMacH
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14.2.5. Bomikapuaysun Tok manGacn Controlled Current Source

HTuxkmozpammacu.

)simllT X

Controllad Current Source

Bazugpacu:
Bomkapuir curaanura acocaH TOK XOCHJI KHIaJu.
Hapamemprapunu ypramuw olinacu:

Brokuu#ar mapamerprnapu:

Initialize:

[Munumannam). Bafipokya ypHaTtunranga Manda Gepunrad SomnaHrAa
napamerpiap (amruinryaa, $asa sa yacrora) OunaH MHUIWATIAHAAY.

Source type:

[ManGauuHr Typu]. Arap uHMOMannam tanal Knavaca MaHGauHHT
TypH Kypcathunaad. IlapaMeTpHUHr KuiMaTH KyHujgaru pyixataad taH-
JlaHAdu!

¢ AC — ysrapysuaH Tok manbacy;

-+ DC — ¥3rapmac Tok ManOacH.

Initial amplitude (A):
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| bowtaruy amaautyaa (B)]. Mar6a uHKuIN TOKMHHHT GoinnaHFHY
Kuiimaru. TTapamerp Manb6a nHULHAITaHrad OYiica YpuHIm.

Phase (deg):

[Bowuranryy $aza (rpaxn)]. IMapamerp Mauba ¥3rapypyas Tok MaHOacH
cH(paTHAZ HHHUMAMIAHTaH 6¥aca YpHEI.

Initial frequency (Hz):

[Initial gactora (I'y)). Mawbanunr Gemranryu vacroracu. Ilapamerp
matifa Yarapypya Tok Manbacu cudariga HHHUMANNAHraH OYica YPUHIH,

Measurements:

[V muananuray Yarapyeuunap]. Ilapamerp Multimeter 6nokura JTka-
THAAAMIal Y3rapyBUMNAPHH TAHIAWl MMKOHHATHHH OepaaH. YIapHH
keiuHYamHK Scope GokH €pnaMuaa k¥puw MymknH). [TapamerpHuHr
KuiiMaTH KyHHOArH pyixaTiad TaHNaHAIH:

+ None — akc 3TTHpHII y4YH ¥3rapyBumnnap HYK;

* Current — MaHOaHHHAT YHKHIN TOKH.

bnok ugean Tok manbacu O¥nHG XucoOGnaHanH, APHH YHHHT WYKH
KAPUIMJTHTH YEKCH3,

Mucon:

Bomkapunysan Tok ManbacHpaH Qoiizananud fokiaMaza KaTop CH-
HYCoHAan TOK HMNY/IBCHAPHHH XOCHT KMIHI cxemacH 14.2.5-pacmma
KYpcaTHITaH.

------ F ‘ Pusied josor}
i

i 1wy

& | e |

14.2.5-pacs. Bowkapunysun Tok Manbacnnan ¢oiinantannG oxniaMana karop
CHHYCOHAAN TOK WMITYJILCTAPHHEH XOCHT KHITHI CXeMacH
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14.2.6. ¥4 dazanm kyynanum ManGacu 3-Phase Source

Hunmozpammacu.
Ap
e p
Cp
3-Phase Source
Basughacu:

Y4 dazanu KydTaHUIHH XOCHI KWIaIH.
Hapamemprapunu ypramuw otinacu:

BIOKHHMHT napaMeTpJlapH:

Phase-to-phase rms voltage (V):

[Ty Ky4naHHIIHHHHT TAbCHP 3TYBYH KHAMATH].

Phase angle of phase A (deg):

[A dasagaru xyulanummHARr Souuranrud dazacH (rpan)].

Frequency (Hz):

[Hactora (I'y)]. ManGaruHT YacTOTaCH.

Internal connection:

[Maua6a ¢dazanapuHUHT yaaHHmu], Yy napaMeTpHHAHr KHHMATH
KyHugarn xagsanjaH OJHHAGH:

s Y — 101ay3,
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* Yn — HON CUMIIH HONAY3,

* Yg — HeliTpanu epra ynaHraH Jays.

Specify impedance using short-circuit level:

[Kucka TyTalmyB napaMetpnapuaan doiinananné ManbaHHHT XycycHH
T¥1a KapIIHAHTHAN OepH . Ymly napameTp YpHATHNIraHaa ManOanuHr
Jlnanor oMHacMJa KHUCKAa TYTallyB ITAPaMETPpIapUHH KHPHUTHI YYYH
kymuMua 6¥muMnap xocun 6¥nanu.

Source resistance (Ohms):

[ManrGanuBr XycycHil kapmmaurd (Om)).

Source inductance (H):

[ManGanunr xycycnii aaayktusaura (I'n)).

3-Phase shori-circuit level at base voltage (VA):

[Kyunaaumuuar Gazasuii (HOMHHAN) KHAMATHAATH KHCKA TYTAllyB
KyBBaTH].

Base voltage (Vrms ph-ph):

{PazaBuii TMHUS KYWIAHNILHHMHT TABCHP KHIYBYH KHiiMaTH]. Kucka
TYTAallyB KYBBaTH aHHKIaHTaH Ga3apui NHHMA Ky4IaHHIIH.

X/R ratio:

[MHAYKTHE KapIIHMIMKHHHT aKTHE KApIIMIHKKA HHCOaTH].

MaHOaHHHI HMNIEAAHCH KUCKA TYTALlYE KyBBAaTH OpKaidH OepHiI-
ragla MaHGAHUHT PEaKTHB KapMWIMTH KyHumarn udona Epnamuna
aHHKaHAAM!

6y epna

Q,. — KACKa TYTalys KYBBATH,

U, — KHCKa TYTailyB KyBBATHHH aHHKNaumza (oinasanuiaran MaH-
OaHHHT KydIaHELIH.

MaHGaHuHT AKTHB KapIUWIWTH KyiiHZar# udoga €paaMHia aHuk-
NaHAZH:

X
R= = ,
6y epaa
k — X uuHr R ra aucbatn (X/R ratio napametp).
Mucon:

Y4 (pazann HOCUMMETPHK IOKAAMAara yNaHral yq ¢a3zaimi KydJIaHHII
mMaHOacHHHHT cxemacu 14.2.6-pacMaa kypcatunran. Oknamapara Toknap
Multimetr 6noku &pzamuna YudaHagH.
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@’i

Sopfint HLL Dokl i

St RLC Bpnehd

UL L

EE T ARTTNT S

Awnilohie Mssswaments - Gelecisd Mebuurnments
B - - i e
Ib Series ELC Braachl Ib: Series SLC Braschl
Ib. Series RLC Branchi ”I Ib: Series RLC Branchl

14.2.6-pacm. Y4 hazany HOCHMMETPHK IOK/IAMAra YNaHraH yYv (a3aiH KywIaHHII
MaHGACHHHHT CXeMacH
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14.2.7. ¥4 da3ann RacTypAaHYBYH KYWIaHHl manbacn 3-Phase
Programmable Voltage Source

fTuxmozpammacu.
Ap
3 N—@ib 3
ch

3-Fhase
Programmable
Voltage Source
Basugacu.

AMIUTHTYAAcH, (a3zacH, YaCTOTACH Ba rapMOHHK TApKUOMHHHI BaxT
O¥iinua Yarapuuii JacTypAaHyBuH ydu Ga3anyd KywIaHHIN XOCHI KH-
Janu. -

Hapamemprapunu ypaamuwe ofinacu:

ingrararnakil
T




Hapamempnapu:

Positive-sequence: [Amptitude (Vrms Ph-Ph) Phase (degrees) Freq.
(Hz)] '

[T¥rpr kerMa-keTauk: [Amunuryaa, Paza (rpagycnapaa) Yactora
(I'n)]]. Tlapamerp yu 3neMeHTAAH HOOpaT BekTOp K¥pHHHIIHA2 OepH-
nagn,

Time variation of:

[Bakt 6¥iinya Y3rapumnu]. Ounnysyn pyiixar MaHOaHHHT BaKT GY-
finga ¥3rapyBYH MapaMETPHHH TaHNADl HMKOHUATHHH Oepagu. YmoOy
MApaMEeTPHUHT KHIIMATH KYHHIArH pYiXaTAaH TaHIaHALH;

¢ None -— Man6aHHHT BakKT O6¥iiHua ¥3rapys4H napameTpu HyK,

* Amplitude — AManuTyna,

¢ Phase — daza,

* Frequency — YacroTa.

Type of variation:

[Varapum ycynu]. Y6y napaMeTp MaHGaHHHT TaRIAHIaH NAPAMETPH
KaHAai ¥3rapumuuy Oenrunaimu. V3rapmu IWAKNH KyAHJard pyHxaTnad
ONUHAJH:

+ Step — [loronanu y3rapum,

¢ Ramp — Unsuknu ¥3rapui,

» Modulation -— Moaynsuus,

* Table of time-amplitude pairs — JKagsan — ‘BakT-KHiiMaT’.

Step magnitude:

[MoroHann cCHrH2THHHT caTxH]. TaHnaRraH mapaMeTp NMOFOHANH
¥3rapaguraH kaTTaldkay Oepaad. KyuranHil KaTTAMMTHHUHT Y3rapuiod
HucOuii Gupnrknapna (H.0.), Ga3aHHUAT ¥3rapHIIR-3IEKTP rpanyciapia pa
4aCTOTAHUHT ¥3rapumu-I'n napaa Gepumagu. Macanas, arap cCHraan am-
TUIMTYZACHEHHAT TIOFOHAMH ¥irapums 0.5 ra Tewr onunaran ynica, Manta-
HEHT YHKHI KYMTaHUIIH NapaMeTpaap oHHacHHMRT Gupunun rpadacuna
kypcaTuaranura Hucbatan 0.5 mapra opragy. YHKMIN KyYIaHHMHUHHHT
KaH4a BAKT HYAAa OPTHIOH NapaMerpiap oHHACHHHHr Variation timing
rpadachia K¥pcaTHiagH.

Rate of change (value/s):

[Varapum Teanurn (xkaTTanuk/c)). Man6a napaMeTpHEMHT Y3rapum
TE3MHTHHK KypeaTafn. KyuwianH KaTTaTHIHHHAT Yarapamu H.6./c napaa,
(asa yuyH >1.Fpagyc/c jNapAa Ba 3acTOTa yuyH- ['IV/C napaa Gephaaan.

Amplitude of the modulation:

[Moaymiuna amminrTyaacu]. Ydy rpadana Manba napaMeTpH MOIy-
TSUHACHHHHT AMIVIHTYAACH K¥pcathnalu. Kydnanuil MOTYnalMICHHUHT
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aMIUIATY AacH rucOuii Oupnukiapaa (0.6.), $pasa - >n. rpagycnapaa Ba
vacrota — ' mapaa GepHiagn.

Frequency of the modulation (Hz):

[Moaynanua gacroracu (I'w))].

Variation timing (s): [Start End)

[¥3rapumauer TancHp Kuam BakTH [Bomutapmm Tyram], Tapamerp
MaHOAHHHT TaHNAHraH HAPAMETPH Y3rapHINHHHHT OOLITaHUII Ba TYTall
BaKTJNAPHHH aHUKNaHAH. YOy mapaMeTp UKKUTa KHAMatzaH ubopaT
BEKTOp KYpHHHIIN/AA Oepriaany (GollinavuIl Ba Tyram BaKTIapH).

Fundamental and/or Harmonic generation

[T¥rpu, TeckapH EKH HOJN KeTMa-KeTIHKIAPHH Ba/éKH IOKOPH
rapMOHKKAIADHH YCTMA-YCT Kyium (Oupnamrepam)).

A: [Order(n) Amplitude Phase(degrees) Seq(0, 1 or 2)]

{A: [Tapmonnka (n) Amnnuryaa ®aza (rpag) Kerma-kernnk {0, 1
éxH 2)]). YOy rpadaga xocHN KMIMHAAHIAH Ky4lIaHHI TapMOHHKAacH
NapaMeTPIApHHHHT BEKTOPH OepHiIau: rapMOHHKAHHHT TApTHG pakaMHu,
amiInTygack (HucOuii 6upnuknapzaa), Goutanruy ¢aza, KeTMa-KeTIIHK
(0 — Bon, 1 — T1¥rpH, 2 — Teckapk). HarwkaBHii YHKHII KYZiaHHIIH
yidy rpadaja Ba Positive-sequence rpadacuna GepHIraH KywiaHsIIap-
HUHT UHFHHAKCH OViann.

B: [Order(n) Amplitude Phase(degrees) Seq(0, 1 or 2)].

[B: {FapmMonuka (n) AMnnuryaa ®asza (rpag) Kerma-xernux (0, 1
ékn 2)]]. IlapameTp oxopuaa K¥pcaTuiaran napaMerpra yxmani Tap3aa
Gepunaan, '

Harmonic timing (s): [Start End]

[l'apMoHuKaHAHT TabcHp Kwinm BakTH (¢) [bownanumy Tyramn]].
Yy rpadpana rapMOHHKAIAPHH XOCHI KWIHII Y4yH OOIINaEuII Ba TyTaml
BaKTIIAPHHHUHT BEKTOPH KYPCATHIANM.

Y4 dazanu gactypnaHyBiH KyWwlaHHI! ManOGacH MIean KywIaHHM
manbacu 6¥in6 xucoGnaHaan (YHHHI MYKH KapLIIKMIWTH HOIra TEHT).

Mucon:

Y4 azanu gacTypnaHyByH KyWIAHHII MABOACHHHHT CHMMETPHK 2KTHE
1oKJaMara ynanunm 14.2.7-pacMaa kypcarinrad. BakT dHTepBaNuHHHT
0.02 naH 0.06 ¢ raua 0¥araH KHcMMAa MaHGa KYIIHMYa paBHINAA aMIUIH-
tynacH 0.5 u.6. ra Teur GYIrad TYFpH KeTMAa-KeTIMK KYYNAHHINWHHAHT
Y4HHYH TAPMOHHKACHHH XOCHI KHIIaOW.
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Voltage Measurement
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14.2.7-pacm. Y4 pazann JacTyplaHyBYH KyWIAHHII ManOACHHHHT CHMMETPHK aKTHE
WOKIaMara YIaHULIH
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14.3. Connectors — yaaruaaap

14.3.1. Epra yaaruy Ground

Huxmozpammacu:

— Ground (input) — Ground (output)

Basugpacu:
Epra ynamud TasMHUHNARAM.
Hapamemprapunu ypramuw ogHacy:

nunad (INnp et

IMapaMerpnapu:

Hyk.

Butnuotekaga yméy GIOKHHHT HKKHTa BAPHAHTH MABXKYA: KHPHII NOp-
THra 3ra — Ground (input) Ba unkHm noprura 3ra — Ground (output).

Mucon:

Ground 6nokapugas $oinananuura Mucon 14.3.1-pacMaa KEATUPHITAH.
Muconaa manta gnkum noprura ra 6yaran Ground 6mokHra Ba HKKHTa
KaOys KHITHY KUpHII HopTura »ra 6ynrad Ground 6mokura ynaHTas.

=

L
Current
Maasurement
-
‘) AC Voltage
Source SerdesRLC Saries RLC
Branch Branchi

!

14.3.I-pacm. Ground GnoxapHvazH (ofranaHuILFa MHCON

= OGpound (inpul)

"= Ground (outpuf) = Ground {Input)
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14.3.2, HeliTpaa Neutral

Huxmoepammacu:
A
g% Neutral (input) ﬁ Neutral {outpul)
Bazugacu:

Tyrys HoMepiapu Gup xun 0yaran SI0KIapHH CHMCH3 Y3apo 3HEKTp
Gornaiau.

Ilapamempnrapunu Yprnamuus onacu.

Hapawemparapu:

Node number:

[TyryHHHHT HOMEpH].

bnox Gup-Gupuaan y30KAa xolnalirad 3MEKTP TYTYHAapHYW aloKa
NHEAsCACH3 (CuMcu3) GoFnam yUYH Xu3MaT KWwiaad. TyryH HOMepH Houra
TeHr Gyaran Gnox epra ynaHHIIHA TasMUENaiAW. Bubnuotekana ymby
GAOKHHUHI HKKHTA BAPHAHTH MABXYA: KHPHIN NOpTHra ra — Neutral
(input) Ba unkMIm noptura sra — Neutral (output).

Mucon:

Neutral 610kugan doiiganaunmra mucon 14.3.2-pacmaa kypcaTunras.
Tyryn HoMepu 7 6¥nran HKkHTa ONok ¥3apo smexTp Oornanrad. Hon
woMepnu Neutral 610k epra ylaHHIIHH TabMHHIANTH.
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[ untitled *

Fle Edt View Simuation Format Tools Help

DIGE@ B2 st JHS

—{>

A
N-@‘—B Saries RLC Branch
[
3-Phase

rogrammable
Voltage Source

Series RLC Branchi

o

Sefies RLC Branch2

L TR 3

Voltage Me

Ready flo0% "'{

14.3.2-pacm. Neutral 6aokngan $oiigaisHnilira MHCOT

14.3.3. L-x¥pusaman yaarna L connector

IMuxmozpammacu:

1

L connector
Bazughacu:

Hxkkyta KHPpYBYH THHAAHHN (CHMHM) YJTaiiaH.
Hapamemprapunu Vpramuw ofinacu:
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Hapamemprapu:

Hyx.

Mucon:

L-xypunnmparu yaaruyaad $oimanassamra Mmacon 14.3.3-pacmaa

KeTTHPHJITAH.
i ‘ Scopa

—+

Current
Measurement

“sc Veltage Saries RLC
ource Branch1

e-&

L connector

“—  Ground (output)

14.3.3-pacu. L-x§punuminarn ynarnyaan dolizananumra MHCON

14.3.4. T-kypunnmaaru ynarud T connector

ITurmozpammacu:
T connedtar
>—T—>
Fal
Basuacu:

HkknTa KHpYBYH JTHHHAHK OHpRalITHpanH.
Hapamemprapunu 6epuw oftnacu:

Lsboock Erararmetee. T oanneetor
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Hlapamempnapu:

Hyk.
Mucon:
T-KYpUHHALAATH yiarmdgaH Qoiigasannmra Mucon 14.3.4-pacmna
KCATHPHATaH,
I | Scopa
——l+
Cument
Measurement
AC Voltage
Source SeriesRLC Series RLT
: Branch Branoht
>
1 T connector L connactor

— Ground (outpul)

14.3.4-pacm. T -k§fpuHMIIIarH yrarpuaas Goizananaw

14,.3.5. lllaua Bus Bar

TTurmozpammanapu;
Y—=—"  BusBar(thin horiz)
>
>
s — B s Bar (horlz)
>
Bus Bar (thin verd Bus Bar (vert)

Basugpacu:

Bup Heua KUpyBYM Ba YHKYBYM aNOKA NTHHHATADHH OHpIamITHpany.

Hapamemprapunu ypramuw otinacu.
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Loic b Proarcmmestesg.,

Hapamempnapu.

Number of inputs:

[Kupruwiap coHH].

Number of outputs:

[Uukuuurap corH].

Bubauorexkaga OMOKHHHT TYPTT2 BapHaHTH MaRXkKyXd: FOpPH3OHTAN Ba
BEPTHKAN JKOHJIALITaH XaMJa IONKA Ba KAIHH TacBHPJIH.

I-mucon:

Bus Bar Gnoknapunan ¢oiigananmiura mucon 14.3.5-pacMaa KenTH-
pHIIraH. YHAa aloKa JHHMACH aBBAJl Yy4Ta aJl0XH/a THHHATE 2XKPaTHIaIH
(Bus Bar(vert), xelinH 3ca ana oupnamrupunaann (Bus Bar(vertl).

Sedas RLC Branch

B
AC Voltage aftes RLC Branchy

Sares RLL
Sowa

Branch3

Savies R 2
Sus Bav cverD) + RLC Bran s Bt fvary!

14.3.5-pacs. Bus Bar Gaoxnapunay polinananum
2-mucon:

[InHa 610Ky KHpHII KK 9HKHII MOPTIApHra yMyMaH 3ra 6§ aMacouru
XaM MYMKHH. BHp Heua UHKyBYH afoka IHHUANApHHH GHpIAMITHPHII
YUYH XaM mwHra 6nokuaal ¢oiiganannm MyMxuH (14.3.6-pacM1a HKKUTA
YHKYBYH Q10Ka JUHUACH GHpNAIITHPHIraH),
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=

A ]
. - Cumant
AL Voltaga Maasuremant Seties RLC Branch3
Source
‘ -
L connactor
Bus Bar (hosix)

Univasal Bridge

14.3.6-pacs. bup Heua YHKYBYM WIOKA JHHHATAPHHEH OHPIAIITHPUILT

14.4 Measurements — ya4am Ba HA30paT KYPHAMAJAapH

14.4.1. Tok ¥nuarsd Current Measurement

Huxmozpammacu:

ip

I

Current Measurement

Bazughacu:
TokHEHr oHnii KHHAMaTHHK Ymuaiiny. BIOKHMEr YHKHIN CHTHANH

opataard Simulink curran 6ynu6 yrman xap xasmail Simulink-6s0k
¢olinanaHHmH MyMKHH.
Tapamemprapunu ypramuu olinacu:

IHock Proraametors Curmend Measuanement

lapamempnapu:

Qutput signal:

[Unkum curuamu]. Brok YMKHI CUrHaMHHWHT TYpH. IlapaMeTpHUHr
KuiMaTiapuud Tamnam ¢akat Powergui OiiokH &paaMpga y3rapysdaH
TOKIA XHcoOnamw pexxuMu (Phasor simulation) ¥pHatHiaran 6¥uca Mym-
KHH, Yy Xonaa napaMeTpHUHT KHAMaTiaapH kyifiuaard pyiixataan
TAH/IAHAJH:
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*» Magnitude — AMOIUTYA (CKanap CUrHAN},

+ Complex — KomMIieke cHrHam,

* Real-Imag — UKKH 21eMEeHTIAH (CUTHAJHHHT XaKUKHH Ba MaBXyM

TAIIKHI 2TYBYMIApH) HOOPAT BEKTOP,
+ Magnitude-Angle — WKkH 3neMenTAaH (CHTHATHHHT aMITTRTYAacH
Ba (azacu) ubopar BeKTOp.

Mucon:

Current Measurement GIOKHAAH KeTMa-KeT TeOpaHyBUH KOHTYPAAIrH
TOKHM ¥nmuam yuyH do¥gananumra mucon 14.4.1-pacmMaa kypcatHiras,
Current Measurement 610ku épaaMuga XocHI KunuHran Simulinke
CHTHALAAH TOKHH ocuuiorpadaa akc STrupum yuyH dolinananuiras,
CxeManu Xpco6Grami y9yH Hoira TeHr 6ynraH OolMaHFHY HIapTiaap
Powergui 6mokuma Sepnaras.

“.‘m|m[&uimpl-ym|

14.4. I-pacm. Current Measurement 6okuaan keTMa-KeT TeOpaHyBYH KOHTYpPAATH
TOKHH ¥N4a1l yuyH doiiaanaHHL

14.4.2. Kyuaapum ¥ruarsq Voltage Measurement

Huxmoepammacu.

M+
> -
Voltage Measuremant

¥p
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Basugpacu:

CXeMaHHHT HKKH TYTYHH OPAcHArH KY4IaHWITHHHT OHHE KMiMaTHHI
{uivaiian. BIOKHHHr YHKMIO CHrHanW ofatard Simulink curman 63nm6
yHAaH Xap kanpail Simulink-6nox dofinanaHinmm MyMKHH.

llapamemprapunu ypuamuw otxacu.:

Block Parameters Vollage Measarement

Ilapamemprapu:

Output signal;

[Yuknm curHann]. brox yHKHII cCHTHaNMUHUHT Typu. [lapaMeTpHuEr
kufiMaTnaprHy Tannam dakar Powergui Onoku €paaMuna ¥3rapyedan
TokAa XxHcoOnam pexnmu {Phasor simulation) ¥pHaTunran 6ynca MyM-
kiuH. Ymly Xo013a nmapaMeTpHHHI KHHMaTinapH KyluaarH pyixataan
TaHAaHaH:

Magnitude — AMnanTyaa (Ckanap CHrHai);

Complex — KomMmnexc curaaim;

Real-Imag — UKkKu 2neMeATAaH (CHTHANTHHHT XaKMKHA Ba MaBXYM
TAHIKHJ 3TYBUHIApH) HOOPAT BEKTOD;

Magnitude-Angle — Wxkn 3neMenTIaH (CHTHAJHHHT aMIVIHTYHacH
Ba (hasacH) HOOPAT BEKTOD.

Mucon:

Voltage Measurement 6J0kuaaH keTMa-KeT TeOpaHyBUH KOHTYpPHHHT
KORICHCATOPHAATH KYWIAHHIIHY ¥iavam y4yH oitganaddmra mucon
14.4.2-pacmaa xypcatunrad, Voltage Measurement 6mokn épaaMuga
X0CHI KHIHHTaH Simulink-cHrHangan Ky4IaHMIOHH ocnIorpadaa ake
STTHpHI yuyH ofizananunran. CxeMaHu XucoONam yd4yH HONra TEHT
6¥nran Sounmmanruy waprnap Powergui 6mokuga Gepuiiran.
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+CDntinuOus

C=1g-6F

14.4.2-pacm. Voltage Measurement Gnoknaas keTMa-keT TeSpaHyBUH KOHTYPHHHT
KOHICHCATOPHAATH KY4NaHHIIHK ¥varu yuyH dofinanannm

14.4.3. MyaprTiametp Multimeter

Iuxmoepammacu.

[o]p

Multimater

Basugpacu:

Jnanor oiinacuga Measurements (¥n4aHaguraH y3rapyB4Miap) napa-
MeTpH Magkys 6¥aran SimPowerSystem dOubaoTekacuzaru 6nomapﬁmu
TOK Ba Ky4YNaHHLUIApHHH Yrdaiian.

Hapamemprapunu ypramuw ouracu:

n



Hlapayemprapu:

Available Measurements

[Vauarumu mymxun 6ynran ysrapysuunap). Yméy rpacdana 6mok-
napHuHr Measurements mapaMeTpuaa OeNTHIAHTaH Y3rapyBYHIAPHHHT
pyiixatu akc staau. PyhxatHH Update knaBumacu €paaMuaa SHrHIam
MYMKHH.

Selected Measurements

[V muanammran 3rapysumnap]. Y6y rpadana Multimeter 6okuHHET
WHKHIINTa Y3aTHNAMWTAH Y3rapyBuIap KYpcaTHNamH. ¥T9aHaaAraH
¥irapyBYWIapHUHT pYHXaTHHY OOIIKApHIN yYyH KYHHAArH KIaRHIIANap-
J\aH GoHganaHuIl MyMKHH:

* >> — AjpaTanrad ¥3rapypuHHH ¥nuaHaaMrad ¥3rapypumnap

p¥HxaTHra K¥imui;.

+ Up — Vnuananuran ysrapyBamiap pyixaTuaa axpaTHirad ysra-

PYBYHHHU IOKOPHIa CHIDKHTHIL;
» Down — Vnuananuran ¥3rapypunnap pyixaTHza axpaTHATaHd
Y3rapyBUHHH NacTra CHIDKATHII;

+ Remove — Viuanamiran y3rapyBunnap pyixaTnnan axparnirag

¥3rapyBYHHH oAHO TalInan;

» +/- — Vnuanaguraun y3rapysunnap pyitxaTna axpaTairan yara-

PYBYHHHHI HIDOPACHHU Y3rapTHpHIN. '

Output signal: _

[Uuxui curdanyd]. brok 4MKyI cHTHANWHHAT TypH. [lapaMerpHunr
Kuiimatnapuun rannam ¢akat Powergui 610ku épuaMuaa yirapysdaH
Tokaa xucobnam peskumu (Phasor simulation) ¥pratuaran 6yica Mym-
kuH. Ymby xo1ma napaMeTpHHHI KHAMariapy KydAumaru pyiixataan
TAHNAHATH:

¢ Magnitude — AMnnETYAa (CKangp curuan),

¢ Complex — KoMnneke cursan,

¢ Real-Imag — Hkku aneMeHTAaH (CHrHATHHHT XaKUKUi Ba MaBXyM

TAWKHI 3TYBIHRAPH) #GopaT BEKTOD; '

» Magnitude-Angle — HikkH anemeRTZaH (CHIHATHHHT aMIUTHTYAACH

Ba ¢pasacn) HGopar BexTOp.

BnokHy TOk Ba Ky4NaHMIDHHHT oaani ¥mgarnganapn (Current
Measurement Ba Voltage Measurement) ¥pHura xaM HIUTATHII MYMKHH.
[apamerpnap p¥iixatnaa Measurements rpadacu MaBxys GIOKIapHHHT
py¥iixatH 14.4.3-)kaaeanga KEITHPUITAH.
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14.4.3-2cadean

BAOKHHHT HOMH
AC Current Source Parallel RLC Branch
AC Voltage Source Parallel RLC Load
Controlled Current Source PI Section Line
Controlted Voltage Source Saturable Transformer
D Voltage Source Series RLC Branch
Breaker Series RLC Load
Distributed Parameter Line Surge Arrester
Linear Transformer Three-Phase Transformer (Two and Three Windings)
Mutual Inductance '

&

=R - I O (LT N LI S

—
—4

Universal Bridge

BIOKHHHT YHKHIIHAA ¥IuaHaéTrad y3rapyBunnap CHrHaNNapUHHHHT
BEKTOpPH XOCHN 6¥nanu.

Mucon:

AKTHB-HHAYKTHB IOK/1aMara HIIoBYH 61p dazany xYNpuKIH TYFpH-
JATHYHKHI cxemacH 14.4.3-pacmpaa kentupmiran. Multimeter Gnoxn
€paaMuia MaHOAHUHT Ky'WIHHINK BA I0KNaMaJIaTH KyWIaHHIO XaMIa TOK
Yir4aHamu.

Fin dow Stdalee: Formgt Teds e . -
HinmT @
R=i Ohm, L=>1s-7 Hr

14.4.3-pacm. AKTHB-HHIYKTHB I0K/JIaMara HIWIOBYH OHp dasand KYnpHKIH
TYFPHWIATHIHHHT CXeMacH
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14.4.4. Y4 dazanu ¥aruaray Three — Phase V — I Measurement

Hukmozpammacu:
A Ap
8 p
e Cp
Vibe p
AC izbe §
Thiee-Phase

V-| Measuremnent
Bazugpacu:

V4 da3zany 3aHKUpNapAa TOK Ba KYWIAHUILHH Yndaigu.
flapamempnapunu ypramuw otinacu:

Hapamemprapu:

Voltage Measurement:

[Kywiannmapu yngam]. Ymdy rpadana yn4aHa&rrad KywriaHum
TaHTaHaTH:

* no — Kyanauum ¥muanMaéigu;
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* phase-to-ground — Pa3a KywaHHOIH YI9aHATH;

¢ phase-to-phase — JIHHHAA KyYNaHHIIA ¥IYaHaIH,

Use a label:

[Merkazan doiaanaunm). baiipoxya ¥pHaTuaraiaa curuan From
6moxnra ysatunazi. From 6mokununr Goto tag napamerpn Signal label
mapaMeTpHia Gepiiran METKAHHHT HOMHIA TYFPH KeJHiii Kepak.

Signal label:

[CurnamHHHT METKACH].

Voltages in p.u.:

[Kyunanmmnnaprn HHeOuil Guprmxiapaa Ydaw). Baipoicia Ypharunranga
¥m4aHTaH KydnaHRIaap Kyhdugara ugogara acocal ¥3rapTHpHAaH:

v

UNZINB

Oy epma U, — Gasnc ky4naunui, Base voltage rpadacuna Gepurann.

Base voltage (Vrms phase-phase):

[ba3uc kyuwiaHHM (JTUHAA Ky'UIAHHIIHHHHT TabCHP 3TquH KuiiMaTh)).

Current measurement

[Toxnapuu ymuaw]. Ywby rpadana ToknapHu ynuaml TaHnaHagy:

* no — TOKJap YA4aHMaiiu;

* yes — TOKJap ynyaHajH.

Use a label

[Metkazan doinananuw). bafipoxya ¥pHaTuaranaa curuai From
6moxura yzatunaad. From 6noxununr Goto tag napamerpn Signal label
napaMeTpHia GEpUran MeTKAHHAT HOMHTa TYFPH KeITHIIH Kepak.

Signal label:

[CUrHANHHHT METKacH).

Currents in p.u.:

[Toknapun HucOHii Supnuknapaa ¥muam]. Bafipokya ypHamJlra.H,ua
Yyn4aHraH Toxnap KyHuaara pgogara acocaH y3rapTHpHIaau:

I

PIUZING)
6y epna P, — 6a3uc Kyssat, Base power rpadacuaa 6epunazn.

Base power (VA 3 phase)

[basuc KyBBaT].

Qutput signal:

[Huxuiu curHanu). Biok YHKHII CUrHanMHHHT TypH. [fapameTpHuHr
KuiiMaTIaprHy Tapam gakat Powergui 6ioku épraMmaa y3rapyBdad TOKHA
xucobnam pexxvmu (Phasor simulation) Ypratrirad 6¥nca MyMKuH. Yoy
X0J]a DApaMeTPHHUHT KHHMaTnapH KyHHIarn pyixaTaaH TaHIaHagK:
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+ Magnitude — AMniauTya2 (CKaadp CHIHam);

* Complex — KoMnnexc cHraan,

* Real-Imag -— Mkku 3neMeHTAaH (CHTHAJIHHHT XAKHKAIT Ba MaBXyM
TAIIKHUN 3TYBUHNIAPH) HOOPAT BEKTOD;

* Magnitude-Angle — HxkH 3neMeHTAaH (CHrHANIHHHT aMILTHTYAACH
Ba (pazacH) HOOpAT BEKTOP.

BrokHMHr YHKHMIHAA ¥1yaHaéTraH y3rapyBuynnap CHrHAJUIAPHHHHT

BEKTOIIAPH X0cun Oynaam.

Mucon:
AKTHB-HHOYKTHB IOKIaMara MLUIOBYH Y4 azamy KyunaHum MaH0a-

CUHUHT yJaHHIO cxemacH 14.4.4-pacmaa K¥pcaTHaraH.,
Three - Phase V - I Measurement 6noku épnamuga dasza TOKIapu Ba

KKTaMaJarH Ky4JIaHHI j’mqaua,uu.

Incm tﬂﬂmﬂ(ﬂﬂh kb
H ok o mf=mna;lu
-

LA e A

14.4.4-pacm. AKTHB-HHAYKTHB I0K/TIaMAra HINTOBYH Y Gazann KydIaHHI MAHGACHHHHT
YNaHAHIl CXEMacH
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14.4.5. T¥na kapmunank ¥avaruun Impedance Measurement

ITuxmozpammacu:

1
}22(’0

Impedance Measurement

Basugpacu:

DNEKTp 3aHAKHPH YYACTKACH TY/14 KAPIIMIKTAHHHT (HMHC,II.&HCHHHHI")
yacToTara OOFNHKNIUTHHY ¥Tyaiiig.

Hapamemprapunu ypramuu olinacu:

Hlapamempnapu:

Multiplication factor:

[Macita6 ko>ddunuentr]. [apameTpaunr Gupaan dapknu KaiiMa-
THAAH YIT9aHAETTaH KHIIMaTHH OPTTHPHII &€KH KaMalTHpHII y4yyH (oH-
JanaHunagH. Macanan, HkkuTa ¢a3a opacuaaru Tyna KapUIHNHKHH
ynuamga napaMeTpHUHr kuiMata 0.5 Oepunca dakar 6urra $asaHHHT
TYNa KApIIHJIHIHra TeHT OY1raH HaTHXKa ONHHALK.

HUmnenancHUHT YacToTara OOFIHKIMIMHH aKC 3TTHPHOI YYIYH CXe-
mara Powergui 6nokuHH YpHatHiD 3apyp. Powergui OJOKHHHHT OMa-
nor oiiHacuHu oyu® Impedance vs Frequency Measurements KHonKacH
Gocmyagy Ba AHTH ouWAraH oHHaza 3ca, Display kHonkacn Gocunagn.
Hatuxana, ofinana Tyna KapIIMNHK MOIYJH B3 APTYMEHTHHHHT YacTOTara
GOFIMEKNHTH aKC 3TaaH.

T¥na kapuunuk ymyaruanaas GoimaaHANTasIa, YHHHT TOX MaHGacH
acocnpa Gaxxapuiranauri catabiny HHIYKTHB aneMeHTnap OHnaH KeTMma-
KeT yJalll MyMKHH 3MaCIIUrdHy xucodra onum 3apyp. Bynaaii yeknasdm-
uy GapTapad) KMIHII yayH 610K eTap/H Japakana KATTa KApIIMIHKKA 3ra
O¥nran pesncrop OunaH mwiyHTIaHaAH. KapIIKIHK cXeMaHHHT Xoccanapura
TABCHPH MEHHMAaJ GYIHINHIa XapaKkaT KHIHII Kepak.
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Mucon:

KeTMa-ker TeOpaHYBYH KOHTYPHHHI T¥Ia KapIDWIHTHHA YI4¥am
yuyH Impedance vs Frequency Measurements OJOKHHH yJall CX€MacH
sa Powergui GnoxuHHHr oiiHacu rpaduxnapu Gunan 14.4.5-pacmaa
K¥pcaTUNTaH,

usitsthinl - X

Ml ER Vv Teelstion Forat  Took  Help

s
5
a k
g Axis :
§- ' Logaitui: tmpedancs
T Liwae lnpradance
T Linear Fraquoncy
0 Pham Rangs #42-
! ' e ———— ] 10:2 50000]
a ™ osd
-
8 Dp b T7 Save dats o workapace
E Wariglts arre -
a2}
I;:rm
-100 L L . .
10° w' ' 1 10 '
Freguency (Hz) Updata I . Che J

14.4.5-pacm. KerMa-keT TeOpaHyBUH KOHTYPHHHT T¥14 KapiMIAHTHHH §adam
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14.5, Elements — 3J1eKTPOTEXHHK DJIeMEHTIAP

14.5.1. KetMa-reT RLC-3anxup Series RLC Branch

ITurxmozpammacu:

-]
Series ELC Branch
Baszugpacu:
KeTMa-keT YNaHTaH pe3HCTOp, HHAYKTHRIUK Ba KOHACHCATOPHH MO~

JeIaian.
Hapamempnrapunu ypramuw oliHacu:

Fiboo b Drapetioes, Deeernee BREG Lheers by

Hapamempnapu:

Resistance R (Ohms):

[Kapmunauk (OM)]. AKTHB KApINMIHKHUHI KHitMaTH. Pe3ucTopHHHT
KuiiMaTH HoJM OepHIica Y NUKTOTpaMMala ake >TMaiiny.

Inductance L (H):

[Muaykrusmuk (TH)). MHAYKTHRIHKHHAHT KHHMAaTH. WHAYKTHBIHKHHHT
KHPMAaTH HOJI GepHiica Y MUKTOrPaMMafia ake 3TMaimu.

Capacitance C (F):

[CuruM (®)]. CurumHuHT kuiiMaTH. CurAaMHEAT KUAEMATH inf (4ek-
cu3ank) Gepuica y MAKTOrpaMMaza ake 3TMaiian.

Measurements:

[Vnuanaauran Ysrapysannap). IMapamerp Multimeter Gnokura y3aru-
naguraH y3rapysuMiIapHH TaHJIAUl UMMKOHHATHHM Gepamu. [lapaMeTpHUHT
KuiMaTIapu KyitHaaru pyHxaTaad TaHIaHAIW:

None —— ak¢ TTHPHII YUYH ¥3rapypyniap TAHIaHMANHIH;
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Branch voltage Voltage — 3aHXAPHUHT TYTYHAAPUAATH KyYJaHHII,

Branch current — sanxHpaara Tok;

Branch voltage and current — 3almxHpJars Ky4iaHHII Ba TOK.

Multimeter 6mokuaa ake ITTHPUIANKHIAH CHTHANNAPra KyiiHnarn mer-
Kanap Gepunann:

Ib — sankupaard Tok;

Ub — zamxupaara Ky*UlaHHII.

Mucon:

KetMa-keT TeOpanuil KORTYPHHUHT cxeMacH 14.5.1-pacMia KenTHpm-
ray, CxeMaaa 3aH)XMpHUHT napametpaapy: R = 0.5 Om, L = 0.0001 I'n
ea C = 0.000001 © onunran.

14.5. 1-pacm. KetMa-keT Te0paHHIll KOHTYPHHHHI CXeMacH

14.5.2. ITapanaen RLC-3anxup Paraliel RLC Branch

Huxmoepammacu:

Parallal RLC Branch

Bazugacu:
Pesucrop, HHAYKTHBIKK Ba KOHACHCATOPHHHT NApajiiesn ylaHHIIAHH
MOAEnNaigH.
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Hapavemprapunu ypramu otnacu:

Hlove b Daeeymiefesrs Parabie ] LG Brorch

Tlapamempnapu:

Resistance R (Ohms):

[Kapmunuk (OM)]. AKTHB KAapIIHAHMKHHHT KAAMATH. Pe3HCTOpPHHHI
KHiiMaTH Hon Oepuiica y MUKTOrpaMMaja aKke 3TMaiaH.

Inductance L (H):

[(Muayxrusank (TH)]. MHAYKTHBIHKHHHT KHEMATH. UHIYKTHBIMKHHHD
KHMaTH HOJ (eprica y MAKTOrpaMMaza aKc 9TMAaiiam.

Capacitance C (F):

[Curam (@)]. CurumauHr KuiiMaTH. CHFUMHUHT KuiiMaTH inf (dex-
cH3NHK) Gepuiica y MHKTOrpaMMaa akc STMaiIn.

Measurements:

[V muanamuran y3rapypunnap]. ITapametp Multimeter 6moxura ysatu-
Jamurag ¥3rapyBYMIADHH TaHNAII HMKOHHATHHH Oepaiu. [lapamMeTpHHAT
KHiiMaTnapn Ky#unarn pyixaTaaH TaHJIaHatH:

+ None — akc ITTHPHII YIYH ¥irapyBuniap TaH/IAHMAAIH;

* Branch voltage Voltage — 3aH)XKMpHHHI TyryHJIapHIard Ky4na-

HHLL,

* Branch current — 3aHXXMpIard ToK;

* Branch voltage and current — 3aEXHpHary KywIannll Ba TOK.

s Multimeter 6nokHAa akc 3TTHPHJIAAHTAH CHTHALIapra Kylingara

MeTkanap Gepunamu:

* Ib — 3aHkupIaru Tok;

¢ Ub — 3aHXVpAArH KyUTaHHNL.

Mucon:

IMapannen TeGpaHUIl KOHTYPHHUHT cxeMacH 14.5.2-pacmpa kentu-
puiarad. CxeMazna 3asxKHpPHHHr napamerpiapu: R =1 Om, L = 0.001 I'n
Ba C = 0.00001 @ onunras.
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On Gk ee Gmduie Famet Iek 9 ]
D GEHE i M2 afioma s

14.5.2-pacw. Tlapannen TeSpaHHIl KOHTYPHHHHI CXeMacH

14.5.3. KetMma-keT RLC-1oxnama Series RLC Load

IT HKMOZPAMMAcu.’

o] |
Series RLC Load

Basudbacu:

Kerma-KeT ynaHrad pe3HcTop, HHAYKTHBIHK BAa KOHACHCATOPHH MO-
Jennaiau. 3aHXKHPHHET MapaMeTpaapH HOMHHEAN Ky4N1aHHII Ba 9aCTOTa-
Nard 3aHKHP UCTEBMON KWIAAUIaH KyBBAaT OpKanu GepunaiH.

Hapamempnrapunu ypramuw oinacu:
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Hlapamempnapu:

Nominal voltage Vn (Vrms):

[Homuuan kywnaguu (B)]. SneMeHTIapHHHT KyBBATIAPHHY AHHKIAINNA
dofinananunran Ky4WIaHHIIHHHT TABCHP KWi1YBYH KHIAMaTH.

Nominal frequency fn (Hz):

[Homznan gactota (I'n)). IEMEHTIaPHAHT KYBBATIAPHHH AHUKIAIIAA
¢oilmanaHUNraH YaCTOTAHHHT KHIMATH.

Active power P (W):

{AxTHB KyBBAT (BT)].

Inductive reactive power QL (positive var):

[MHayxTHRIHKHUHT peakTHB KyBBaTH (Bap)]. HHOyKTHBIHK HCTEEMON
KWIaOHT2aH PEAKTHB KYBBAT.

Capacitive reactive power QC (negative var):

[CurmmunHr peaktue Kyspaty (Bap)l. Kosagencatop Oepanuran pe-
akTHB KyBBat. Y6y rpadana KyBBaTHHHT aOCOMIOT KHAMATH (HILOpacH
xucodra oMHHMAaraH XoJiaa) KUpHTHIAOM.

Measurements:

[V muanagnran ysrapyeuunap]. [Tapamerp Multimeter Gnokura y3atH-
AAanUraH ¥arapysunwIapHi TaHiall UMKOHUATHHH Oepamn. [TapaMerpHuHT
KHHAMATAAPH KYHHAATH pYHXATAAH TaHNAHATH!

None — ak¢ STTHpHII Y4yH Y3rapyBYKIAP TaHJaHMaliIH,

Branch voltage Voltage — 3amMpHHHT TYTYHIApHIAard KyWIaHHLI;

Branch current — 3aHKupnarH Tok;

Branch voltage and current — 3aHXHpRard KyWIaHHUIN Ba TOK,

Multimeter 6n0KHAa aKC ITTHPMUIAZHIAH CUTHAIIAPra KYHHAATH MET-
Kamap OepHnazu:

Ib — zaHxkHpaary Tok;

Ub — 3aHKHpAard KyaiaHHIIL.

KyBBaTnapHHHI KMAMaTIapHHH KyiHmarH HdomanapiaH aHHKIAOI
MYMKHH:

P=R v
- i
R+ (:JIE—OJL]
U2
QL = COL 1 Pk
R+ [E—GJL)



Oy epaa
P — akTHB KyBBaT,
Q, — UHIYKTHBIUKHHHT PEAKTHB KyBBATH,
{). — CHFHMHHHI DEAKTHB KyBBATH,
© — KyYIaHHIOHHHT aiinanMa (6ypyak) 4acToTacH,
U — KyunaHHIUHHHT TahCUp KAMYBYH KHAMATH,
Mucon:
Ketma-ker woknaMa 3arxxupugan golizananumra Macon 14.5.3-pacMaa
KEJITHPHIITaH.
e attor Sy o 1o - {-:ch_..,._._..-.__._........ e
D RS Ml s sl o Vetee soe

'Mmm
Fa

Phae (doot
[

Froquanoy Mat

n L]
25, rage source Sertes RLC Load
Sample timy

P

i Nominal fipmrcy in ek
: ckive power P W)

T

¢ Induckire seachive power Gk (powbe vl
Cfmaa

| Capaciive tazctiv power Gc (rogalive virk
; JET

' Meawsenmnits [Hore =

ok | cwod | uee | awe f

14.5.3-pacy. KeTMa-KeT l0K1aMa 3aHKHPH
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14.5.4. Hapayien RLC-oxknama Parallel RLC Load

IMuxmozpammacu.

Parallel RLE Load

Bazugacu:

IMapamnnen ynaHraH pe3HcTop, HHAYKTHBIHK Ba KOHAEHCATOPHU MOJeN-
Aafiay. 3aHKEPHHUHT NapaMeTpiapi HOMUMHAT KyWIaHHII Ba 4aCTOTaAard
3aHXHP HCTELMON KHAANHTaH KyBBAT OpKaJIH OepHIany.

Hlapamempnapunu ypramuw ounacu:

Flock Purametsss Daralbel IEC ] oad

Hapamempaapu:

Nominal voltage Vn (Vrms):

[Hommmaan xyunanum (B)]. DneMeATNapHUHI KyBBAaT/IApHHH aHUK/IA1LAA
¢dboHaaTaHUNraH KyWIaHHIIHKHT TABCHP KAAYBYH KHIMATH.

Nominal frequency fn (Hz):

[HomuHan uactota (I'u)). DneMeHTIapHAHT KyBBATIADHHH aHBKJIAIAA
(oiinanaHunran YaCTOTAHUHT KHIIMATH.
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Active power P (W):

[AkTHB KyBpaT (BT)].

Inductive reactive power QL (positive var):

[MHOYKTHBIMKHHHT peakTHB KyBBaTH (Bap)]. UHAYKTHBAHK HCTEBMON
KHIAAHTaH PeakTHB KYBBAT,

Capacitive reactive power QC (negative var):

[Curumuubr peakTHB KyepaTH (Bap)]. Konmencarop Gepapurasa pe-
aKTHB KyBBar. YOy rpadaga KyBeaTHUHr abcomor KMHMaTH (HILopacy
XHCOOra ONMMHMATAH XONEA) KHPHTHIAH.

Measurements:

[V muananuran ysrapypunnap). ITapamerp Multimeter 6moxura y3atu-
Nagurad ¥3rapyBIWIapHH TaHNam HMKOHUSTHHHA Gepamu. ITapaMerpHHHT
KHiiMaTIapH KyHMpare pyixaTsaH TaHIaHaIH:

* None — aKc >TTHPHII y9yH ¥3rapyBuMIap TaHnaHMak1H;

* Branch voltage Voltage — 3aHXMpHHHT TYTYHIApHAATH KydJIa-

HMHI;

* Branch current — 3aHXHpAATH TOK;

* Branch voltage and current — 3aHXHpAArk Ky4JIaHHII BAa TOK.

Multimeter 6nokuaa akc >TTUPHNAINTaH CHTHAIIApra Kyiuaary Mer-
kamap Gepunagu:

* Ib — 3aHXHpAaru Tox;

* Ub — 3aHXkpaarH Ky4aaHHII.

KyBBaTnapHHHr KuiiMaTnapuuu Kyinparn Hpoaanapaar aHHKIaNl
MYMKHH:

v
P= 2
U3
QL _E”
Q.= aC,

Oy epaa

P — akTHB KyBBaT,

(), — WHIYKTHBIMKHHMHT PEAKTHB KyBBATH,

(}. —— CUFHMHHHI PEAKTHB KyBBATH,

¢ — KyWIAaHHIIHHHT aiinanMa (6ypuak) dacroracu,

U — Ky4YnaHHIUHHHT TARCHP KHAYBYH KHIAMATH.

Mucon:

[Mapannen 1ok1aMa 3amxHpigaH Qoligatanumra Mucon 14.5.4-pacMaa
KEeJITHPHITaH.
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{ Invbctive soactive Powsr L [poskive vaik
. ["o000n
 Capacitivw reaciiva power Gic [negatrve vark
: [fo0

ok ] cwon | wep

f4‘5.4-pacm. Mapannen wkIaMa JaHKHPH

14.5.5. ¥a ¢azann kerma-ker RLC-3aHxup
3-Phase Series RLC Branch

Huxmozpammacu:
HA A b
NP .D_rrtﬂ_l I_B b
c Cp
3-Phase
Series RLC Branch
Basugpacu:

Vura RLC-3anxupaan ubopat y4 dazanu 3alKApHH MOJAENNaiaH.
Hapamemprapunu ypnamuu oiinacu:
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Iranch

Hlapamempnrapu:

Resistance R (Ohms): )

(Kapmuauk (Om)]. Butra dasanarn akTHE KapIIHAHKHHHAT KHAMATH.
Pe3ucTOPHHHT KHIIMaTH HOA OepHiica Y NHKTOrpaMMana ake aTMaiiay.

Inductance 1. (H):

[MuayxruBnuk (I'n)]. Butra dazanarn HHAYKTHBAYKHHHr KMAMATH.
WHIyKTHBAMKHHHT KHAMATH HON GeprNca ¥ NHKTOIPaMMaa ake 3TMaiIn,

Capacitance C (F):

[Curum (d)]. Burra dazagary cCUFHMHUHET KHAMaTH. CHFEMHHHT
Kuiimath inf (dexcu3nuk) Gepuica y NBKTOrpaMMana axc 3TMaijH.

Mucon:

Yu ¢paszann kerma-keT RLC-3aHXHPHUHT y4 dasann KydnaHW
manbacura ynanum cxemacH 14.5.5-pacmia keatapaarad. Y4 dasanu
CHCTEMaJari TOK Ba KydunaHuMMmnapH#u ymdam yuyH Three-Phase V-1
Measurement Groknzan (olinananITaH.

Shp Empai

orps
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E_ﬁ'ﬁ.’ﬁ;lﬂm'] R

14.5.5-pacs. Y4 pasanu ketMa-keT RLC-3armxapHHHT ¥4 $asam kyunaHHIL
MAHGAcHTa YIaHHII CXeMacH

14.5.6. ¥4 dazann napannen RLC-3anxup 3-Phase Parallel RLC Branch

ITuxrorpaMMacs:
qA Ap
b 3
AC cCp
3-Phase
Parallel RLC Branoh
Basugpacu:

Yura napamaen RLC-3amkupaan ubopar y4 dasanu 3amkHpHH MO-
aennangy.
Hapamempaapuru ypramuw otinacu:

Fidoe & Frirarmetrs 3 Brhoese Pagadlel BUD Branch




Hapamemprapu:

Resistance R (Ohms):

[Kapwmmmk (Om)]. butta pazagard akTHE KAPIIHIKMKHHET KHAMATH.
PezucTopuMHr xuiiMaTH Hon Oepuica y MHKTOrpaMMaza akc 3TMaitan.

Inductance L (H):

[Muanykruenuk (I'n)]. burra daszanary HHAYKTHRIMKHHHT KHHMATH.
HHIyKTUBIHKHHHT KHAMATH HON Oepriica ¥ MUKTOTpaMMAaza ake 3TMaian.

Capacitance C (F):

[Curum (P)]. Butra dasagard curHMHHHT KuiiMaTH. CHFHMHWHT
kuiiMati inf (dexcnanuk) Oepuica y NHKTOrpaMMana aKe ITMaian.

Mucon: Yu $azamn napannea RLC-3aHKHpHEAT ¥4 $a3aay KyqaHHI
manbacura ynamHi cxeMacu 14.1.5.6-pacMmaa kenTHpuiaran, Y4q dazanu
CHCTEeMAaJarH TOK Ba KyYNaHHNUIApHH ¥nuam yuyH Three-Phase V-I
Measurement 61cknaaH (poinaraHunran,

b s Y n

- ~ i
Ol : . L+ ean
P ™ |ceor

[ = 1 nabe ' '
BPhare Sbumen ) - o
!
[D_J_:-"'lﬂ easiae o Phine e |
|uu§

[

14.5.6-pacm. Y4 dazann napannen RLC-1aHRXKUpHUHT Yy dazand KyHIaHHII MaHGacura
YIaHHI CXEMAacH

14.5.7. ¥4 ¢aszamn xerma-ker REC-oxinama 3-Phase Series RLC Load

Huxmozpammacu:

LY A AN
@ m

[3-Fhase
|Series RLC Load

T
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Bazugacu:

Yura xerMa-keT RLC-rokinaManal n6opar yu dasanu samxupan
MOJe/IaiAN. 3aHKHp HEHTpasH €pra ylIaHraH 1011y3 cxeMacH Gyilnda
yNnaHaaH. 3aWKUPHHAT TapaMeTPIapH HOMHHAT KYWIAHHII Ba YacToTana
dasanapHUAT KYBBAaTIapH OpKaau OepRuaay.

Hapamempnapunu ypramuw oiRacu:

R1C 1 oad

Ilapamempnrapu:

Nominal phase-phase voltage Vn (Vrms):

[HomuHan muena kyanaaumy (B)]. SneMmenrnapunaunr KYBBaTIapHHH
aHMKjJamaa dolganaHuITad ARHUA Ky4YNaHHIIHHHHAT TaBCHP 3TYBYH
KHIAMAaTH.

Nominal frequency fn (Hz):

[Homunan yacrota (1'11)]. SMeMEHTIAPHHHHT KyBBATIAPHHN aHHKIAMIIA
dbolinanaHuarad 4acTOTARMAT KHAMATH.

Three-Phase active power P (W):

[Yuana dazanunr akTHs KyBBaTtH (BT)].

Three-Phase inductive reactive power QL (positive var):

[Vyana daza HAYKTHBIAMKIAPUHBHHED PEaKTHB KYBBaTR (Bap)).
HHIyKTHBANK UCTEEMON KWIAAUTaH PeaKTUB KYBRAT,

Three-Phase capacitive reactive power QC (negative var):
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[Yaana da3za cHFUMIapHHHHT peakTuB KyBBard (Bap)l. Curum Oe-
pagural peakTHB KyBBaT. I'padara umoepacu xHcofra onuHMaraH xonia
KYBBAaTHUHT abGCon0T KHAMATH KHPUTUNAOH.

Mucon:

V4 ¢azamm KeTMa-KeT I0XJaMa 3amkHpuiaH dolaananuinra Mucon
14.5.7-pacMIa KeATHPHITaH.

ABRIOARLABGIS .

14.5.7-pacsm. ¥u dasans KeTMa-KeT I0KIaMa JAHKHD

14.5.8. ¥4 ¢azanan napannea RLC-wknama
3-Phase Parallel RLC Load

TTukmozpammacu:

3-Phase
Parallel RLC Load

1]

Bazugpacu:

Yyra napanien RLC-oknamMazan ufopat yu dasany 3aHXKHUPHA
MoJennaiiiy. 3aHxHp HEHTpanu epra yjaHraH KOAy3 cxeMacu Oyiinua
ynaHagu. 3aHKHPHUHT NapaMeTPIIapH HOMUHA Ky'JIaHHII Ba 4acTOTana
dazanapHHHT KYBBAaT/JapH opKank GepHnazy.
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Hapamempaapunu ypramuw otinacu:

Hapamempirapu:

Nominal phase-phase voltage Vn (Vrms):

{HomuHan nuHus KyanaHumu (B)]. DneMeHTNapHHUHT KyBBaTIapHHH
aHHKJIAIAa (OMJANaHHUITAH JHHHA KYWWIAHHIDUHHMT TABCHP TYBYH
KHEMATH,

Nominal frequency fn (Hz):

[Homuuan 9acrota (I'i)]. SneMEHTIapHHHHT KYBBATIapHHH aHUKIALIAA
(doHaanaHuNTAH YACTOTAHHHT KEiMaTH.

Three-Phase active power P (W):

[Vuana ¢aszaHpHr akTiB Kyseatu (BT)].

Three-Phase inductive reactive power QL (positive var):

[Yuana ¢asa HHAYKTHBIMKIADHHHUHT peaxTHR KyeBBaTd (Bap)].
VHIYKTHBIHK HCTEBMON KHAAAUraH PeakTHB KyBBaT,

Three-Phase capacitive reactive power QC (negative var):

[Vuyana ¢a3a cHFEMIApHHHUHT peakTHB KyseaTH (Bap)]. CuruM Oe-
paaMraH peakTHs KyBeat. [padara mmopacu xucofra onyHMaran xonjaa
KYBBAaTHHHT abco/iOT KHIMATH KHPUTUIAH.

Mucon:

VY4 ¢azanu napamien 10KIaMa 3aHKHpHAAH ¢oHAasaHHIIra MHCOJ
14.5.8-pacMaa KENTHPHITaH.
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SEISLLIARES -

14.5.8-pacm. ¥4 Qazany mapanen I0KIaMani 3aHXHp

14.5.9. Yu dadaau aunaMHK 10KkAaMa 3-Phase Dynamic Load

Tuxkmozpammacu:
HA
A8 @m b
»C
2-Phasa
Pynamic Load
Bazughacu:

Yu dazanu guHaMEK lokIaMa 0noka y4 (asanH, y4 CHMIU AMHAMHK
IOKIaMaHHM Moaennaian. JIMHaMHK KIAMaHHHT akTHB KyBBaTH P Ba pe-
AKTHB KYBBaTH Q TYFPH KeTMa-KeTINK KYWIAHHIIKHHHT $YHKIUACH Kabn
¥3rapann. Teckapy Ba HON KeTMa-KE€TIHK TOKIApH MOAENTAHMAIi .

IOKNamMaHUHT TV KAPIIAIHIH KY4Ianuln Gepuiaran V . KuiiMaTaaH
KH4YMK G¥nranja yrapuiucHs KolanH, KaTTa GyaraHga 5ca aKTHB KyBBaT
P Ba peaktus kyssar Q Kyiiuparu udona 6¥iiuua ysrapamn:

P(s)= ®(+T,5)
Vo (+T,,5)°

395



(1+Tls)
v,) (+T.9)’

0(s)=0,| =

L]

oy epaa:

V, — GolmanFu4 TYFpH KeTMa-KETIHK Ky4IaHUILH;

Py Ba Q) — aKTHB Ba PEaKTHB KYBBaTNADHUHI V, KyYNaHHILJaTH
Golmnanruy KHiiMaTIapH;

V — TY¥pH KeTMa-KeTIIHK KY4YIaHHIIY;

1, Ba 1, — IOKIAMAHUHT XyCYCHATIAPHHY ﬁomlqapyaqu ,uapaxca xyp-
ca'nmqn (o,uaTna 1 nan 3 raua);

Tp , Ba ?:,2 — aKTHB KyBBaT JMHAMMKACHHM GOIIKAPYBYH BAKT JOHMMHHCH;

T, Ba T , — peaKkTHB KyBBAT JIMHAMMKACHHH GOIIKAPYBYH BAKT ZOH-
MHUICH, _

MacanaH, ¥3rapMac KaTTalMKJIard TOK IOKJaMacHHH MOJEIAL YIYH
1, Ba i, GHpra TCHIr OJIHHAAN, IOKIAMAHHHI ¥3rapMac KaTTATHKAArH T¥na
KApIIHIHTHHA GepUIl YHYH 71, Ba 1, HKKHIa TeHT G¥nann.

Hapamemprapunu ypramuw otinacu:

PRk dareemetiers 3 Prhovee Biynaee §aoad .
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Hapamempnapu:

Nominal L-L voltage and frequency [Vn(Vrms) fn (Hz)): [Homunan
JAUHYA KYDUIQHUIIH Ba YaCTOTa].

Active & reactive power at initial voltage [Po(W) Qo(var)):[Bomnarray
KY4I4HHIIAATH KTHB Ba PEaKTHB KYBBaTHap).

Initial positive-sequence voltage Vo [Mag(pu) Phase (deg.)]:[boutiranruy
TYFpH KeTMA-KeTAHK Kywianumk]. TMapameTp KywIaHHL MOAYIHHHHT
Mag Ba yHHHT Gonunanrnd ¢pazacu Phase kuiMaTnapHHu ¥3 udamra
ONYBYH BEKTOp KYpHHHMHAa Gepumaau. Bommanruy ky4nanum aucGwmit
OupnukIapaa (HOMHHAN KyunaHuIura HucOaraH) Ba ¢aza sJeKTp rpa-
Aycnapaa KMpHTHIAZH.

External control of PQ:[AxTHB Ba peakTuB KyBBaTIapHH Tamky Hoi-
kapuui]. Balipoxda ¥pHarunca GIOKHUAT MHKTOTpaMMacHAa KYIIKM9a
nopt Xxocua OYnamu, yara P Ba Q Hu GoMIKapHII y9yH HKKHTA 3NE€MEHTIaH
nbopar 6¥nran BeKTOp CHrHan Oepriaiu.

Parameters [ np nq ]:[[lapamMetpnapu n ean ). ¥Oxinama xycycusTiapuHu
fomkapyBuy Aapaxa KypcaTKHYiIapH.

Time constants [Tpl Tp2 Tql Tq2] (s):[FOxmamaHuHT BakKT NOH-
muiich].

Minimum voltage Vmin (pu):[MuanMan xydnanair Vmin). Ilapamerp
HucOHIi Oupamknapna Gepunany.

Mucon:

Y4 ¢pazann apHaMHK foknaManaH ¢ofinananHmra Mucea 14.5.9-pacMaa
KenTHpuiIraH. Y4 ¢azanu auHamek wknama 3-Phase Dynamic Load Tok
Man0acH acocHaa SpaTHAraHaurH cababnH, YHI HHAYKTHE IeMEHTIapra
keTMa-keT ynab 6ynamakinu. LIyHUHr ydyH IMHAMUK IOKIIAMAra napamien
KWYMK akTHB okaaMa (I MW) ynanran.

A |
C c >
3-Phase 3-Phase v "i 3-Phase Scopet
Pragrammable Seres RLC Branch (@O Dynamic Load
Voitage Source 3-Phase
Parallel RLC Load
= —xi 186 W



188022 ABEIE 5

14.5.9-pacm. Y4 pazann THHaMHK OKIaMaial poliaaiannm

14.5.10. ImANEan XHMORIOBYH Pa3paaAHHK Surge Arrester

Huxmozpammacu:

—l—

Surge Arraster

Basugpacu:

SAMYngan XEMORIOBYH PA3PATMHK (BADHCTOP) HOYM3HKAM BOMIBT-
aMIlep XapaKTEPHCTHKANH pe3HcTop OYnub, JHEpPreTHK XKHXO03NapHH yTa
KyunaHAmulapgaH XuMon KHnaan. KOHCTPYKRTHB KHUXATAAH Pa3paAHHK
JuanekTpuk (papdop) kopoyc HYHra KOHNMAIUTHPHATAH METaLIOKCHI
JHcKkaapaaH HOopaT. BapHCTOPHHHAT HOYH3HKIH XapaKTepPHCTHKACH
KyHHZarH SKCOHEHIHAN QYHKUHAHHHT YYTa KOMOHHAUMACH KYPHHHILIHAA
AMMPpOKCHMANHA KHIHHAOH:

V&,
Vm" Ii'!’f

Oy epna ¥ pa J — paspanHMKHHAT Ky9WianHIIH Ba TOKH,

V. B8l — paspiIHHKHHHI XMMOS KyWIaHHIIK BA YOy Ky4IaHHI-
JIArH TOKH,

K, Ba a, — HOUM3HK/M GOFNAaHHIN i-4H YYaCTKACHHHHT IAapaMeTpiapH.

Pa3paanuK BONBT-aMNEp XapaKTEPHCTHKACHHHHr rpadHKIapH
14.5.10.1-pacmzaa opauii Ba norapudmMuk Macmrabrapaa kypcaThiras.
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log{Vf:F’mﬂ

14.5.10.1-pacw. PaspagHuK BONBT-aMIep XapaKTEPHCTHKACHHUAT rpaduiIapH

Ilapamemprapunu ypramuw otinacu:

Hapamempaapu:

Protection voltage Vref:

[XHMoA Ky<wIaHHIH].

Number of columns:

[MeTannokcHa AHCKNAPAATH YCTYHNAP COHH).

Reference current per column Iref:

[Kyunanuw Vref 6¥nranpa 6urra ycTyHHUHT TOKH Vref].
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Segment 1 characteristic:

[BonsT-aMnep XapakTephcTHka Gupumau cermerTununr K pa [ ma-
paMeTpnapn].

Segment 2 characteristic:

[BonbT-amMmep XapaKTepHCTHKA HKKHHYH CETMEHTHHHHT K Ba U na-
paMeTpaapH].

Segment 3 characteristic

[BonbT-aMnep XapakTepHCTHKA yuuHun cerMeHTHHuHT K Ba L) ma-
pametpnapn].

Measurements:

[Vruananuran ysrapysumnap]. Yméy napaMeTpHHHT KnilMaTiapH
Kyluaard pyixataan oJlHHaIH:

+ None — akc STTHPHII YYYH ¥3rapyBuRIap TAHJaHMAaraH;

Branch voltage — sneMeHT KHcManapHiary Ky“iagHMI,
Branch current — DiemeHTaan §TagIran ToK;

¢ Branch voltage and current — 3neMeHTIArH KYYIAHHII BAa TOK.

Mucon:

Surge Arrester 6iroxuaan ¢ofiganannmra mucon 14.5.10.2-pacmna
KentHpHiaraH, Cxemana 500xBan TUHUSHUAT pean napameTpiaapy OluH-
rasi, apHd L=0.3Tn, C=0.00000125D, 0=314, ¢=90°. Cxema nuira
tylunpunraaan 0,01¢ kefinn kanut Breaker ylanaan Ba koHAeHCATOpAA
¥Ta KY4WIAHHLI K03ara Kenagn. Surge Arrester 010k (pa3spaaHuk) Ky4aa-
HUWHUHT Xar(IH Aapaxkaaa OpTHO KETHINMHUMET ONAHHH OJIaOH.

14.5.10.2-pacs. Surge Arrester Gnoxuaan dhofinananuira Macon
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14.5.11. Y3apo ungyxrusank Mutual Inductance

Huxmozpammacii:
i
T
AT
Mutual Inductance
Bazugpacu:

Y3apo WHAYKTHBAUK OMoKH MarHuT OoFmaHuura 3ra GViIran raurak
Ba ¥TKA3rHYNapHU MOJIEIUIAII YYYH XH3MAaT KHIATH. ?3apo HHAYKTHBIIHK
MOACIHHHHT ¢cxeMacd 14.5.11,1-pacMaa kypcaTHiras,
L2-Lm R2-Pm

RI.Re Ll-Lm °§
Ran O
: ot

R

L3Lm R3-Rm

14.5.11 I-pacm. 5"3apo HHAYKTHBIANK MORENHHHHT CXEMACH

Hapamemprapunu ypramuw otinacu:

Fibrrg b d'rarsarmestors dAutised Innductanes:

26— T Jaodawcarnos, M. Myxumduuog 401



Hapamempnapu:

Winding 1 self impedance [R1(Ohm) L1(H)]:

[BuMpuHYH Y4¥IFAMHUHT XYCYCHIl KapIIWIATH Ba HHIYKTHBIIHTH).

Three windings Mutual Inductance:

[Yu uymraMnu ¥3apo wHaykTHBNMK]. Baiipokya fenrnnanMaca Mogen-
JAaH YIHHYM 4yaFaM oiHO TalnaHamu,

Winding 2 self impedance [R2(Ohm) L2(H)]:

[MxKMHYH 9¥nFaMHHHr XYCYCHH KapUIMIMIH Ba HHAYKTHBIIWTH].

Winding 3 self impedance [R3(Ohm) L.3(H)]j:

[YuHHYM 4¥NFaMHUHT XYCYCHH KapilWJIHIH Ba nﬂmmnnurn]

Mutual impedance [Rm(Ohm) Lm{H)]:

[U¥nraMaapHUHT ¥3apo KAPLIMIHCH Ba HHIYKTHBIIHIH].

Measurements:

[Vmuanannras yarapysunmap). Yy napaMeTpHMHT KMEMATH Kyiiy-
naru p¥iixaTaaH TaHNaAHaOH:

+ None — akc 3TTHPUII YUyH y¥3rapyBuHiIap TaHJaHMAaraH;

* Winding voltages — g¥nraMIapHEHHT Ky'UIaHHLLIApH;

+ Winding currents — 4ynraMIapEHHT TOKJIAPH,

» Winding voltages and currents — 4¥nraMIapHHHT KYWIaHHIIIAPDH

Ba TOKJIApH.

Y¥nraMaapHEHT KHPUTHIAAUTaH NapaMeTpiapH KyHHIATH YCKIaHHUI-
JapHH KOHHKTUpHIIM Kepak (14.5.11.1-pacMra kapaHr):

RI,R2, R3 #Rm,

L1,L2, L3 #Lm.

Mucon:

V3apo unaykTuBank Gnoxugan ¢oiinamannmra mucoa 14.5.11.2-
pacMAaa KENTHPUIITAH.

Lt

0V | &
150Kz

14.5.11.2-pacm. ¥3apo HHAYKTEBIMK GnoKuAan (ofiRananuITa MHCOR
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14.5.12. ¥4 ¢a3zaan ¥3apo HHAYKTHBJAHK
3-Phase Mutual Inductance Z1-Z0

17 UKMOZPAMMACU.

A=tk —~AF
q—WP—ep
Je T N—c}

3-Phase
Mutual Inductance
Z1-2

Basugpacu:

Bnok ¢azanap opacHaa HHAYKTHB OoFrnanumra sra 6¥nran yu asamu
3aEKHUPHH MOAENIAI YIyH MYIDKalnanrad. ¥Yd dgaszamm y3apo HRAYKTHB-
JUK MOAEIHHHHT acock cudarnaa y4 uynrammu Mutual Inductance 6noku
HIUIATHIAAH. Y3apo HHIYKTHBIHK GIOKHHHHT NapaMeTpRapH, Y4 dha3arn
¥3apo HHAYKTHBIHK YIyH OepHITAaH TYFPH Ba TECKapH KeTMa-KeTIHK Ma-
pameTpiapu 0¥iin4a, KyHugard ndonanapra acocaH XHcoGnaHamau:

R~=(2R +R,)/3,

L =(2L,+L)/3,

R, =(R,-R,)/3,

L =(L,-L)/3,

6y epaa

R, Ba R, — y4 dazamm j3apo MHAYKTHBINK CIOKHHHHT HON B TYFpH
KETMa-KeTNHK KAPIIWIHKIIADH,

L,Ba L, — yu4 dazanu ¥3apo MHHAYKTHBIUK GIIOXHHHHT HOI BA TYFPH
KETMa-KeTIHK HHAYKTHBIHKRAPH, '

R Ba R — ¥3apo HHIYKTHBIHK GJOKM Xap GHp 4¥/IFAMUHHMHT XYCYCHI
KapIIHJIMTH Ba ¥3apo KapIUHIUTH,

L Ba L  — ¥3apo HHIYKTHBIHK GNOKH Xap GAp 9yIraMHHHHT XyCyCHHA
HHAYKTHBINTH Ba ¥3ap0 HHAYKTHBIUIH.

Hapamempnapunu 6epu oltnacu:

lis ﬁi'rﬂﬁ1 4uﬁ.ﬂfﬁdﬁé



Hapamempaapu:

Positive-sequence parameters [R1 (Ohms) L1 (H)]:

[T¥Fpu kerMa-keTank napaMerpiap]. TYFpu keTMa-KeTIIHK KAPIIAIHTH
Ba HHAYKTHBIIHIH.

Zero-sequence parameters [RO (Ohms) LO (H)):

[Hon xerma-ketnuk napamerpuapu). Hon keTMa-keTAHK KapIIMIATH
BA WHAYKTHBIUTH.

Mucon:

Yy dazanu ¥3apo MHAYKTHBIHK OGIOKHAaH (oiaanaHumra mucon
14.5.12-pacMIa K€NTHPHITaH.

Series RLC Branch e
10mM

; Phuwp angh o chaee & Kegaest
f

Fraquency [Hzl

1

Intzenal pormaction: [vp

£ Spoaiy inpodh ing shot-ciral kvl

Sphase shocoud level ol baee vokageivil it ' . " :
o ,m e e dam thareta et e ;
Base vilkaon (v chvohl: { Poslivieuencs paarat A1 (O] L1 HY B
P B =] i
| 2R e : | 2wcviguecs prassius . [0 Dhaa L B4 ;
o | Ty '

ok | oo | n | sk | o | taca | M | |

14.5.12-pacm. ¥4 dasamu ¥3apo BHAYKTHEIHK GNOKHAH $ofAaNaHHUIFA MHCOR

14.5.13. Varapysuan ToKk BAKJAK0UYATEAR (¥unpruvn) Breaker

Tuxmozpammacu: o1
2p
Ao




Bazughacu:

V3rapypuasn ToxHU yna6-y3HII KypHIMACHHH MOJEIAHmA. BHiTouaTe sy
TALUKKA CUrHan kM CHpHKTHpWITAH TaliMep €paaMuia OOIIKAPHLI MYMKHH.
KypuiMand ynaw 6upiauk GomKapHID CHIHAIH BOCHTAacHAA Oaxkapunazny.
V3um yuyH KOMaHa HOJ CaTX/M CMTHax Epramuna Oepunany. byHaa KypwiMa
TOK HOJITa4a MacaHraHga y3unay. KypHiMa BUKIIOYATENHUHT KOHTAKT/IapHTa

napauien ynaHraH yukyH (&) cyuaupysun RC-3amxkupra sra.
Hapamempaapuru Ypuamui olUHacu.:

* Brodkoy pesisiance Fion [Dhmt
_|na1 .

IHapamempnapu:

Breaker resistance Ron{Ohm):

[ BUKMIOYATETHUHT YIIAHTAH XOJaTaarn kapummurd (Om)].

Initial state (0 for ‘open’,1 for 'closed")

[BuknwouaremHHHT Gonuianruy XonatH (0 — y3unrax, 1 — ynanrau)].
Snubber resistance Rs(Ohm):

[Eit cyunupyBuH 3asKupHUHT Kapuianury (OM)].

Snubber capacitance Cs(F);

[E# cyumupypun samxupHuur curumu (O)).
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Switching times (s):

[Buiio4aTeNHHHT MimIall BakTH]. JTapaMeTp BHKMIOYATENHUHT HIL-
Nall BAKTIAPHHY AaHAKIOBYH BEKTOp cHpaTHAa Gepunaad. Macanad, y3un-
ran GomutanFig xonataa [0.005 0.01 0.02 0.03] sexTop Ounan Gepuiaran
napaMeTp kamut 0.005¢ Ba 0.02¢ BaKT MOMEHTNAPHIA YIAHHLIHHH XaMAa
0.01c Ba 0.03¢ BaKT MOMEHT/IApHAA Y3IMIHIUHHA OHNIUpaIH.

Sample time of the internal timer Ts (s):

[BHpHKTHPHATaH TAAMEPHHHT JHCKPET/IaHHII KaJaMH].

External control of switching times:

[Hunaiu BakrsvK Tamky Gomxapnm). bailipokda 6enrunatnca OIOKHHHT
NMKTOrpaMMaciaa GomKapyBdH KHpHII nopTH Xocwn 6¥nazn. Bupmuk
CaTX/ 11 OOLWKAPYBYH CHIHAJI KANHTHHHT YNAHHIUMHH TabMHHIaiay. Hon
CATXJIH CHTHAJI 3Ca KATHTHBHT Y3HWINUTH YIyH KoMaHna 6¥in6 xucobnanany
Ba GyHZa KATHTHUHT Y3WIHIIH TOK HOJNTa4a nacairanna comup 6yaanu.

Measurements:

[Vauauamuran yarapysunnap]. Ym6y napaMeTPHUHT KHAMATH Kyiiu-
JarH pyAXaTiaH TaHAAHAIH:

¢ None — ack STTHpHIN YYYH ¥3rapyBUHIap TaHJAHMafIH,

» Branch voltage Voltage- 3neMeHT KHCMaNnapuaard Ky4IaHHMIl,

» Branch current - 3MeMEHTAATH TOK;

* Branch voltage and current — 3neMeHTIArd Ky4JIaHHLI Ba TOK.

Havw o sl [rey ot (il
4 St ot spncline] iparaiin e,

Ttk T

§n 082 005 OMOE)

Agnplixin”
Fiavog

o | cw | w | e

14.5.13-pacm. Breaker 3neMCHTH EpRaMMaa aKTHB-MHAYKTHB IOKAGMAHHR YIrapyBuaH
KYUMaHMI MaHGacHra ynam cxeMa
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Mucon:

Breaker sneMeHTH épaaMHaa aKTHB-HHAYKTHB I0KJIAMAHY ¥3rapyB4yaH
Ky4dJaHdil mMaHGacura yiaam cxemacH 14.5.13-pacmpa x¥pcaTHaaH.
PacMparu nuarpammanan Breaker sneMeHTH 3aHKUpAars TOX Hoaraya
NacaiiraHaaruHa Y3WIHIIHHE KYPHII MYMKHH.

14.5.14. ¥u daszaan y3rapysuan Tok BakJaw1aTenu 3-Phase Breaker

HTuxmozpammacu.
AA Ap
yC cCp
3-Phase Bresker
Bazugacu:

¥Y3rapysuaH TOKHH y3azurad yd Qaszaay KypHIMaH{# MopaenIaHmn.
ButTa curHan Ounan Oowmkapunanurad yura Breaker 61oKMIan Talkun
TONTaH,

Hapamvemprapunu ypuamuu olinacu:

Et b A aramtess b hase Bireeker
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Hapavemprapu:

Initial status of breakers:

[Kanwraunr Gomnansuy xounath). [lapaMeTpHHHT KHAMATH KYHHAATH
py#ixarnaH onyHanH:

* open -— XaMMa KaJHTJap OUHK;

¢ closed -— xaMMa xanuTAap &MUK,.

Switching of phase A:

[A ¢azanarn xkanuTHH Gomxapumi]. Baiipokua Genrunasmaras 6ynca
kamut OomxapunMaigu. KanutEuar xonate Initial status of breakers
HapaMeTpH OURaH AaHUKAAHAAM,

Switching of phase B:

[B dazaparu xanurev 6owxapmu]. Baiipokua GenrmnanMaran 6ynca
Kanut Somkapunmaiiny. Kanutauar xonatu Initial status of breakers
napaMeTps OunaH aHWKNAHAIH,

Switching of phase C:

(C dazamarn kanuted Gomkapum]. Balipokua Genrunanmaran 6¥nca
KanuT GomkapuaMaiiny. Kanutauur Xonatda Initial status of breakers
napaMeTpu OHIIaH aHUKIIAHATH.

Transition times (s}

[Buxnrowarenaunr yuurau BakTH]. [lapaMerp BHKIIOYATETHWHT UIL-
JIalll BaKTJIApHHH aHHKJIOBYH BEKTOP KYpHUHHIOHAA Gepuiaiu.

Sample time of the internal timer Ts (s}

[BHpHKTHPHAraH TaHMEPHHHT THCKPETIAHHMII KagaMH].

External control of switching times:

[Muvram BakTHHY TawkH 6omkapyi ). baipokda Genrmnnanca GIOKHHHT
[IHKTOrpaMMAacHa GOIIKAPYRYH KHMPHII MOpTH X0ocua OYnamu. bupmuk
caTxu GOIIKApYBYH CHTHAN KAJHTHHHI YIaHHIUHHH TabMHHIAHIR.
Hon caTxnu CHTHAN 3Ca KaNIMTHHHI Y3WIMIUH Y4YH KoMaHia Oynub
xicobnaHamn ba OYHAA KaJHMTHHHr Y3HIHIOH TOK HOJTava nacafiraHga
coaup Gynann.

Breaker resistance Ron(Ohm):

[BukaoyaTenHHMHT YNaHraH X0AaTaary Kapuiiurd (Om)].

Initial state (0 for 'open’, 1 for'closed'):

[BaxnrouaTenHuHr 6ouutaHFHy xonatd (0 — y3unarad, | — ynaH-
ras)].

Snubber resistance Rs(Ohm);

[YuKyH CYHOMpYBYH 3aHKHPHHHT Kapmuaury (Om)).

Snubber capacitance Cs(F):

[YuxyH cyHaupypuH 3aHKHpHHEHT curumu (@)].

Measurements:
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[Vraanaguran Y3rapypunnap]. Y6y napaMeTpHMHT KMAMATH KyitH-
fAaru pyixariaH TaH/IaHAaIH:

» None — acK STTHpHlI YYYH ¥3rapyBuuiap TaHIaHMAaHIH;

» Branch voltage Voltage- IneMeHT KHCMalapHiarH KyuIaHHILL;

* Branch current — >IeMEHTAArH TOK;

Branch voltage and current — 3neMeHTAarH KyuJIaHHII BA TOK.

Mucon:

Vu daszanu BHKMIOUaTeNnaH doHaananumra Mucon 14.5.14-pacmna
keaTHpunran. Bukmouaren Timer 6noxn €paamuza 60umiKapHIaaH.
Multimetr 61oku ha3a TOKIAPHHH YIHAIIHH aMajira OMMPay.

bbbt

P —
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14.5. 14-pacy. Vv hazanu surouatengan goifilanannmra Mucon
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14.5.15. ¥4 dazaan kKacka TyramTHprad 3-Phase Fault

HHuxmozpammacu:

A
Fault

p 1
ABC
jC

3-Phase Fault

Bazugpacu:
dazanapuy ¥3apo Ba epra TyTAWITHPYBYH
KypUIMaHH Mofennainn. Kucku TyramTup-
THYHHHT cxeMacH 14.5.15.1-pacMaa KenTHpUI~
ran, Arap O/oK napaMeTpIapHHHHT OHHACHAR
Gepuimaran Gyuica epra ynall Kapuriiuri R
14.5.15.1-pacw, Knexn - HHHT KuHMaTH y3uiraH xonat yayH 10° OM ra
TYTAINTHPrHYHMAT cxeMach  TEHT KHITHO YpHATHIAmM.

[TapameTpaapuHu ¥pHATHIH oHHACH:

ik Froarcanbers 4}
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Hapamempnapu:

Phase A Fault:

[A dazanarn xamuTHH Oowkaprm]. batipoxkya OenrnnanMaran Gynca
kamaT GomkapumMaiizy. KaIuTHHAHT XonaTy, arap 610Kk GHPUKTHPHITAH
TaiiMepaaH Gowmkapunaérrad 6ynca Transition status napameTpH Guian
€kH TamKH curHan OwiaH Ooumikapumaérran 6¥nca Initial statusof fault
napameTpH OunaE aHHKIaHAAH.

Phase B Fault:

[B dasazarn kanutHe Gowmkapum)]. bafipoxua fenrunanmaran 6ynca
Kanut GomkapunMaiiny. KanuTHHHT Xonarth, arap 6nok GHpHKTUpHATaH
TaiiMepaaH Gowkapunaérran 6¥aca Transition status mapameTpu GuiaH
éxd TawkH curHan Ounan Gomkapuna&rran 6ynca Initial statusof fault
napaMeTpH GHIAH aHUKTaHANH.

Phase C Fault:

[C dasagarn kanuTHE O6owkapum]. baipokya 6enrunanmaran 6yaca
kanmT GomkapunMaiian. KanutHHHr XonaTth, arap 610K SMPHKTHPUITAH
TaiiMepaaH Gowmkapurmaérran 6ynca Transition status mapaMeTpH OuIaH
€KM TalmKH curHan Oumnan Gomkapunagérrad 6¥mca Initial statusof fault
napaMeTpu OuIaH aHUKIaHAAK,

Fault resistance Ron(OQhm):

[KanuTnapHHHT yAaHTaH XoJaTaard kapuruaure (Om)].

Ground Fauli:

[Epra Tyramys). bafipoxua Oenrunanrad 6yiuca epra TYTamys XOCHI
KHIHHAIH.

Ground resistance Rg(Ohm):

[Epra TyramTHpruMHEHr Kaputanurd (Om)]. YHUHr KHAMAaTH HOJITA
TeHT O¥IMacnuTi Kepak.

External control of switching times:

{Mwmam BakTHHEM TaluKH Oomkapum ). Bafipoxya Genrunanca GlIOKHHHT
AHKTOrpaMMacHaa §omKapyBYH KHMPHII NOPTH X0CKa O¥naau. Bupnuk catxmi
GolIKApyBIH CHTHAN KATHTHHHT YIAHWIIHHYM TabMUHNadau. Hon carxmu
CHTHAJI >ca KATHTHUHT Y3WIMIUH Y4yH KoMauaa 6ynmnb xucobnanaay.

Transition status [1 0 1...]:

[Kanurnapuusr xonatu). Transition times BekTopy Ounan Gepunan
(0 —xanuT y3wiraH, 1 — kanut ynaxral). [lapameTp Onok OHpHKTHpHIraH
TaiiMep €paaMHpa GolKapHAraHaa YpHHEIH.

Transition times {s);

[Kanumiusr miviamn sakTH). [lapameTp KaitHTHHHT HILUTALT MOMEHTIAPHHI
AHMKJIOBYM BAKT KMIIMATNAapHHHHT BeKTOpY KypuHiimaa Gepriamm. [lapamerp
6ok OnpHKTHpHITaH TaliMep EpraMuna OOIKApHITAHAA VPHHIIA.

Sample time of the internal timer Ts (s):

[bupHxTHpHIraH TadMEepHHHT AUCKPETIAHUIT BAKTH].
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Initial status of fault [Phase A Phase BPhase C]:

[Kanutnapuuer Souinanruy xonatu]. [lapamerp Gonuiausud BakT
MOMEHTHAA KATUTIAPHHHT XOMATHHU aHHKIOBYK Y4TA IEMEHTAAH HOo-
paT BeKTop KypuHMINMAa OcpHNagH. JIeMeHTHHHr KHHMaTu 1 6¥ica
ynanras Ba () 6¥nca ysunrad Gomnanruyg xonarra Moc 6¥nagn. [Tapamerp
KypHIMaHH TalKy OOIIKApHINAa YPUHIH.

Snubbers resistance Rs(Ohm):

[YukyH cyHOnpyBY# 3aHMUPHUHT KapuIATH (Om)].

Snubbers capacitance Cs(F):

[VuKyH cYHINpYBYH 3aHXHPHHHYT cHFUMH (D)].

Measurements:

[Ynuananuran yarapysuunap]. Ymby NapaMeTPHHHEE KHHMaTH KyHH-
Jard pyHxaTaaH TAHNaHAJH:

* None — ack 3TTHpHII YMYH ¥3rapyBuHIap TAHAAHMAaHgH,

* Branch voltage Voltage- KHcKa TYTAINTHPrHYHUHT KHPHID KHCMa-

JTApHJIATH KyYIaHHIL,

¢ Branch current — KHCKa TyTAIITHPTHYHAHT TOKJIAPH;

* Branch voltage and current — Kucka 'ry'rammprnquuﬂr KyWIaHHII-

7apy Ra TOKAAPH. :

Mucon: :

Yy ¢azany kucka TyTalITHpruvaaH Qonananumra Mucon 14.5.15.2-
pacMaa kenTHpwirar. Bakrausr 0.02¢ MoMeHTHIa (azanap ¥pTacHia KHCKA
TyTamye xocw1 kwiHHagn. Kypuimanu Gourkapuu Step Osioxw Epaamuzna
aManra owMpunaay. ®aza roxnapu Multimetr 6noku épaaMmaa ymeaHamy.

3.Fnase Sowce

ze Tault/Faolt
!h iPhase Tault-Feult B
ib: »Fhass Fault-Fault € »l

| =

14.5.15.2-pacs. Y1 dazank KICKa TYTAUITHPTHYAaH GolinananAmra Macon
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14.5.16. HapaMeTPpaapH KaMJ3HTAH JNEKTP YIATHII JHHHACH
P1 Section Line

Huxmozpammacu:

Pl Sedtion Line

Bazughacu:

TlapaMeTpnapH XaMIaHrad GHp (asan SMeKTp Y3aTHII THHUACHHH
moJemnnafigd. Peall afnekTp y3aTHII IHHHSIapHAa KApITWIHKNAp, HH-
JYKTHBIHK Ba CHFUM JuHHA O¥iinab Oup Texuc TakCHMIaHraH OYmamu.
JInauanuar Takpuduii Moaemu (14.5.16.1-pacm) 6up Eku Oup Hewa napa-
METpIapH TYIUIaHTaH GMp XHN ceKuuanapaan uGopat 6¥naan. Cexuuanap
COHM MOZe/LTamaa KaMpab osinu 3apyp 6Ynran yacroranap Auama3oHH-
ra Sornuk. Ceknuanap COHHHM TaXMHHAaH KyHuZarH Hpogara acocan
aHUKJall MYMKHH:

My
8"’

Jour =

Oy epaa
J, o — MAKCHMAJ 4acToTa,

1 ,
v= 7{5, — TApKAAHIU Te3MHUIH KM/C Japaa, MHAYKTHBIYK I'H/kM Ba

curuM O/kM napoa,
! — NHHHAHHHT Y3YHIIHIH, KM,
N — cekuusLIap COHH,

R L R L R L

2 c == C c cR ==

14.5.16.1-pacs. TlapaMeTpnapH maMnanTan Oup dazany N0ekTp y3aTHI THHUACHHHET
" Takpyubuit Monenn
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Ilapamemprapunu ypramuw otinacu:

Hapamempnrapu:

Frequency used for R L C specification {(Hz):

[JIuauaHMHr nuu Yacrotack (I'u)].

Resistance per unit length (Ohm/km):

{1 KM y3yHIHKAArH THHAAHAHT Kapunaurd (Om/kM)].

Inductance per unit length (H/km):

[1 kM y3YHIMKEArH THHEAHEHT HHOYKTHBAMTH (TH/xM)).

Capacitance per unit length (F/km):

[1 kM y3yHAMKNArH JJHHUAHHHET carimu (P/km)].

Length (km):

[JTHHHARART Y3VHITHTH (KM}].

Number of pi sections:

[[uHugnars CeKuRANap COHHA]J.

Measurements:

[Ynuamanwras ysrapysumnap). TlapaMeTpEHHT KufiMaTH KyWHAarH
pyHxaTaaH ONHHAIH:

None — yn9aHaaMran ysrapysumnap iyk;

Input and output voltages — KupHII Ba YHKHII KY4JIAHKLIIAPH;

Input and output cwrrents- KHpHII Ba YHKHII TOKJIApH;
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All voltages and currents — XaMMa Ky4JIaHHIN Ba TOKIAp.

Mucon:

Kyanannmu 500 kB Ba y3yHnurd 300kM 6Ynran 3mekrp ysaTwil
AYHYACHHY MaHOara yfau Ba y3HIU >KapaéHIapHAH MOJISIUIOBYH CXEeMa
14.5.16.2- pacmaa xypcarairad. Cxemanard sukniodaren (Breaker) 0,02c
ra Tedr O¥araH BakT MOMEHTHAA ynaHanu Ba 0,04¢ ra TeHr 6ynraH BakT
MOMEHTHA y3HIamu. OCLHHIUIOrpaMMallapaas THHHAAA CoOaup Oy nanuran
KOMMYTAUHA (M4KH) YTakywJIaHBILIAPHH KYPHII MYMKHH.

Siuabon e :

Stat o [ 00 Sop g {0 F
Sohvw opions X

thlm 'I Iﬁﬁﬁtlmﬂ 'l
o top s fato [P RRERY 7=
Mnuopare [win Bsohie whearew: [ats

Wi stugs s {m v Ol [5 vi

Gutpul g
Fmors  z] e [T T
™ | Conost | s | 2




14.5.16.2-pacm. Kyananmun 500 kB sa yayunura 300kM Gynran
BNEKTP Y3ATHIN IHHAACHHY ManGara ynam sa y3uiu mapaguiapHuu
MOJIE/ITOBYH CXEM3 :

14.5.17. llapaMeTpAApH XKaMIAHTAR YU (A3ANH WIEKTDP YIATHIN JTHHHACH
3-Phase PI Section Line

Tuxmoepammacu:
AR Ab
q-L 3 J-bp
p [+ C
3-Phasa Pl Section
Basughacu:

[TapameTprnapu kamMIanrad yd4 Qasani 3neKTp y3aTHIN JTHHHACHHH
THHEA QazalapuHUAHT ¥3ap0 HHAYKTHBJIHTHHE XHCOGTa ONraH XO0JIga Mo-
aennaian. Mogen 6utrta cekumaaan ubopat. bup Heda cekuMagan #OOpaT
MOAETHH XOCHN KHJIHII YYYH KE€pPakiH MHKAOpHAarH Omoknap KeTMa-KeT
ylaHaJH.

Tlapamempnrapunu ypuamuw oiinacu:
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Lineck Prargmeters 3 Phase PESection

241 0.01273 0.3364]

Hapavemprapu:

Frequency used for R L C specification (Hz):

[MTunugunsr Hury gactotacH ().

Positive- and zero-sequence resistances [R1 (Ohms/km) RO (Ohms/
km) ]:

[1 KM Y3yHNUKZATH NTHHHSHHHT TYFPH Ba HOI KETMa-KETIMK KapiH-
Jurd (Om/xm)). [apamerp BekTop K¥pHHuWAAa Gepunamy.

Positive- and zero-sequence inductances [ L1{H/km) L0 (H/km)]:

[1 xM y3yHNMKAAry JTHHHAHHHT TYFPH B3 HOJ KeTMa-KeTIHK MHOYK-
tHBAurH (I'a/kM)}. ITapamerp BekTop KYpHHUINHAA Oepunagn.

Positive- and zero-sequence capacitances [ C1(F/km) CO(F/km)]:

[1 kM y3yHNHKAard JHHHAHUHT TYFPH Ba HOJ KETMA—KETIHK CUFHMIIApH
(D/xM)). [Tapamerp BekTOp KYpHHHIIKAA GeprianH.

Line section length (km):

[JIMHAAHHHT y3YHIHTH (KM)].

Mucon:

Vayanuru 100 kv 6§nran yua dasain auHeAHE ManGara ymam Ba
ManOajgan y3mill kapa&HiapuHl MOIEnaoBuM cxeMa 14.5.17-pacmpa
KEJTHPHIITaH,

27— T. Badaxcawos, M. Myxumounoe 17
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14.5.17-pacw. ¥3yaurn 100 kM 6¥nrad y4 dazand nHEHAHH
mMar0ara ynail Ba MaHOagaH Y3HII KApafRIapHHN
MOIC/IAOBMY CXeMa

14.5.18. TlapaMeTpJ2PpH TAKCHMIARIAH JJIEKTP Y3aTHH JIHAHACH
Distributed Parameters Line

Huxmozpammacu:
A 1p
 —
am by
-—
p K p
Distributed Parametas Lina
Basughacu:

IlapameTpnapu TakchMIaHTaH Kyn (asaily 2JIeKTp y3aTHII THHHACHHH
MOemIaHIH.

Hapamempnapunu ypramuw oiinacu:
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Frne k Pt Thrandiated Pareneters ing -

Tapamempnapu:

Number of phases N:

[Pazanap conH].

Frequency used for R L C specification (Hz):

[JIunpseaar wmyay sactotacu (T'm)].

{Resistance per unit length (Ohms/km) [N*N matrix] or {R1 R ROm]:

[¥3ynnuru 1 kKM THHHAHHHT KapmmuaHrd (OM/xM)].

Inductance per unit length (H/km) [N*N matrix ] or [L1 LO LOm].

[Vaymnuru | kM maHngadar uaayktasianry (Fa/km)].

Capacitance per unit length (F/km) [N*N matrix] or [C1 C0 COm]:

[Vaywinrn 1 kM MuHASHART CHFUMH (D/KM)]:

Line length (km):

[JTuauasuar Y3YHARTH (KM)].

Measurements:

[Vnuanamuran Yarapysummap]. [lapaMeTpHHHT KHAMATH Kyfnnaru
p¥iixataad TaHAaHAZH:

None — ¥n4am y4ys y3rapyeumnnap iyx;

Phase-to-ground voltages — MHHAAHHHEI KHPHLI BA YHKHILUIATH €pra
HucOaTaH Ky4IaHHDIap.
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Hxxn, yu €ku ot da3amm CHMMETPHK JTHHHAHY MOJEIUIANI YIYH JIH-
HISIHHHT napaMerpiaapuad NxN (N — ¢azanap cons) ynuamnu Matpuua
KYPHHHIIHOA €KH TYFPH KETMA-KETIHK NapaMeTpiaapHHy GepHit kepak. Hika
éxH y4 (a3and TPaAHCTIOHHUPIAHTAH JIMHIA YUYH TYFPH Ba HOJ KeTMa-KEeTIHK
NapaMeTpIapuHH KHPHTHIN MyMKHH. OnTH ¢asanm TpaHCTIOHUPAAHTaH JIH-
HHA YUYH KYNIHMYa PaBHINAA HOJ KETMA-KeTJIMK NapameTprapiHu (¥3apo
KapILMIIHK, HHAYKTHBITHK Ba CHFUM) KHPUTHLI 3apyp. HoCHMMETPHK THHHAHM
Mozennam y9yH NxN Viuamiii napaMeTpiap MaTpHiacH DepHiIaiu.

Mucon:

Vayunuru 100xM Ba ky4iaHuu 750 kB 6ynran :0K1aMacH3 3EKTp
Y3aTHII JIHHHACHHH MaHOara yna0 y3HIl >kapagHNapHHH MOJE/UIORYH
cxema 14.5.18-pacmpa xypcaruaran. Cxemanaru Bukniodaten 0.005
CeKYHATa TeHr O¥nran pakT MoMeHTHAa ynaHaay Ba (.04 cexyHAra TeHr
OynraH BakT MOMEHTHZA y3HIAOM.

[= ] »+, A fazadagi kuchianish
Breakert 3
Manbaning T =3
icrhd garshiigi A T

Parametriar
Manba tagsimiangan
Nishiy birkidarda liniya

! mipm Tt st
v 4 i . B . :
rier

e

e te i
iy Rapia g [t Sphars e

Paramiars. ©

PR memtons o phass W
N
1| Py st LT el aten Py
|l = :
fi = ooy _
|| P g :
| im0 e L D

I wwerey Ty

: Eﬁ\!u?ﬁ-:
| umeh b

- - ;
: uon—-u-[w-u _v_I

E et w | T

14.5.18-pacsy. Ysyunnru 100kM Ba XywIaHAIK 750 kB 6¥aran 0IaMacH3 3RexTp
V3aTHII IHHHACHHA MaHGara ynat y3uim KapaéHmapiHH MOZC/ANOBYH CXeMa -
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14.5.19, ¥Ya dasanu yu ayaraman Tpanchopmatop Three-phase
Transformer (Three Windings)

Huxmozpammacu:
Erd
yA T e
REI
? A mp
&l
Ac b
Three-Phase
Transtormer
(Thras Windings)
Basughacu: .

Yy asanu yu yyiFamid TpaHcGopMaTopHa Moaeanainy. Moaen yra Oup
dazanu TpancopMaTOpIapaH TAIKHI TonTaH, Monenaa MarHiT Y3akHHHT
HOMH3UK/IH MarHHTJIAHUII XapaKTCPHCTHKACHHH XMCOOTa OJIHIL MYMIQH.

Hapamempnapunu ypramuw ounacu:

et

1 31563 . 0,002, .08
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Hlapamempnrapu:

Port configuration:

[Iloptinap koudpHrypauuacu)]. Ilapamerp 6nokaarn mopTiapHHHT
TYPHHH (KHpHII €KM YHKHII)} ¥3raprupHil HMKOHHATHHH OepaiM.
TMapaMeTpHHHr KRHMATH KyiHaryda TaHNaHAAH:

* ABC as input terminals — GHpnaM4H 9¥NFAMHHHT KMCMajapH
(A, B a C) xuprim Ba MKKHJIAMYH YYAFAMHHHT KucManap (abc)
yKKHI O6ynanm,

* ABC as output terminals — OGHpinaM9u Y¥1FAMHHHI KMCMaJIapH
(A, B # C) 4MKHII Ba HKXHJIAMYH YYAFaMHUHT KHcManapu (abc)
KHpHIu 6¥nany.

Noniinal power and frequency [Pn(VA) fn(Hz)]:

[TpancdopmaTopHHHT HOMMHAN KyBBaTH (BA) Ba yactoracu {I')).

Winding 1 (ABC) connection:

[bupnamMuu 4¥nFaMHHHT yIaHHI cXeMacH]. Ymby napaMeTpHHHT
KHMHMATH KyHHAaarn4a TannaHagH:

* Y — 1onays;

* Yn — HelTpa/IlH 1011y3;

¢ Yg — epra ynaHraH HeHTpaIn 100ny3;

¢ Delta(D1} — GupHHuH rypyXxau yubypuax;

¢ Delta(Dil) — ¥u Gupunun rypyxnn yudypuak.

Winding parameters [V1 Ph-Ph(V), R1(pu), L1(pu)]:

[bupuuun yysraMHHHT napaMmeTpiaapd]. JIunua kyunaaumy (B),
9¥IFaMHHHT aKTHB KapuiWiurd (HucOwuii Gupauknapaa), uynraMHHHT
HHAYKTUBJIHrH (HrcOMi Gupnuknapna).

Winding 2 (abc) connection:

[MxknHuy 9ynFaMHHHT yJaHUII cXeMacH]. Yy napaMeTpHHHT
KHiMATH KyHnzard xaapannad TaHNaHAIM:

* Y — 1011y3;

* Yn — HeATpaJl/Id W0AARY3;

* Yg — epra yJlaHraH HeHTpaJUIK 1014Y3;

* Delta(Dl) — OuprBYH rypyXnH yuGypuak;

* Delta(D11) — ¥1 OupHHYN rypyXxaH ya0ypuak.

* Winding parameters [U2 Ph-Ph(V), R2(pu), L2(pu) 1:

o [MkkuH4# 4yIFaMHHHT napaMerpiap]. Jinuua ky4wirapmuy (B),
Y¥IFaMHUHT aKTHB Kapuiuauru (HucOui 6upnnknapna), uyyi-
FAMHHUHI HHAYKTHBIMTH (HHCOnit 6upnuknapna). Winding 3 (abe)
connection:
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¢ [YuuHuN 4y¥IFaMHHMHT yJIaHHII cxeMacu]. Ymby napaMeTpHHHT
KAUMATH KyHAHAard xKajBanjaH TaHIaHadm;

¢ Y — onays;

* Yn — HeHTpannn 10a1ys3;

* Yg — epra ynaHTaH HEHTPAaIH IOIAY3;

* Delta(D1) — Gupun4H rypyxjan yubypyak;

¢ Delta(D11) — ¥u OupHHIH rypyXxJu y4bypuax

Winding parameters [U3 Ph-Ph(V), R2(pu}, L2(pu) 1:

[YuuH4M uy¥nraMHHHT TIapaMeTpiapH]. JInHua KyunaHumu (B), uyn-
FAMHHHT aKTHB KapmiHaury (HucOuii Gupnuknapaa), 4y nFaMHUHT HHOYK-
THBIHTH (HucOuii CupnuKnapaa). '

Saturable core:

[T¥#uHyRYH MarHuT ¥3ak]. baiipokua Gearunadras 6ynca tpaHcdop-
MATOPHHHT MOAENH HOYU3HKIH 6¥namu.

Magnetization resistance Rm(pu);

[MarHATIaHALI 3aHKWPHHHHT Kapuiiurd (HucOuii Oupnmknapaa}].
Magnetization inductance Lm(pu):

[MarHeTIaHHIm 3aHKUPHHMHI HHOYKTHBIHIE {HUCOGui Oupnuriapaa)).
MNMapameTp YH3AKAN TpaHCPOpMaTOpHH MoASIauiaa Ypuan (Saturable
core Dafipokyacy YpHAaTHAMAraHaa).

Saturation characteristic (pu) [il, phil; i2, phi2 ;...]

[TY¥iiHHYBYM MarHHT ¥3aKHHHI XAPaKTEPHCTHKAcH]. MarHHT/iOBIH
TOK Ba MarHAT OKMMHHKHT KuiiMaTiapy HHCOHH Oupnuknapna 6epuiaiu.
[MapameTp HOYH3UKIH TPAHCHOPMATOPHH MOAEIAIIAA YPUHIH (Saturable
core ODalpoKYacH ¥pHaTHATaHAA).

Simulate hysteresis;

[['ucTepesucHn Mozemnawm). balipokya ¥pHaTuAraHsa MarHHTIAHULE
XapaKTEPUCTHKACHA THCTEPE3HC XHCOOTa ONHHAAM.

Hysteresis Data Mat file:

[[ucTepesnc XapakTepHCTHKACHHH ¥3 HUHIa CAYBYH MABLIYMOTIAp
dalinuaunr HoMu)]. Mabaymornap dadinunn Powergui 610kH épaaMnna
xocun Kuwinm MyMkuH. ITapameTrp Simulate hysteresis Galipokuacu
yYpraTHIraHga YPHHIH.

Specify initial fluxes [phiQA, phiOB, phi0C):

[ABC ¢a3zanap yuyH Gomnanrud MarHut oxumiap]. IMapamerp
HOYM3HKIN TpaHC(OpMaTOpHH Modeniaumna ypuuau (Saturable core
OalipoKyacH ypHaTHIraHAa),

Measurements:

[Vnuanannran yarapysunnap). VinGy napaMeTpHHHT KMiiMaTH KyHH-
JIATH pYyiXaT/aH TaHNaHAJM:
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. Winding voltages — uynraMiapaark Ky4wiaHauuiap;

* Winding currents — g¥iraMnapaart TOKJap;

¢ Flux and excitation current (Imag_IRm) — caliTt 1opumi OKHMH Ba

TOKH;,
* Flux and magnetization current (Imag) — MarHuTnam OKHMH Ba
TOKH,

All Measurements (V, I, Flux} — xamMa Ky4JaHMIOIap, TOKIap Ba
MArHiuT OKHMIap,

YynraMIapHHHT AKTHB KaplLHAHKIApH, HHAYKTHBIHKNApH Ba Mar-
HHTJIAI! 3aHXHPHHUAT napaMeTpiapl aucOHi OupiHkiIapaa YH3HIOIH
TpaHC(HOPMATOPHUAT MOIENUAATH CHHIApH KHPHTHIAAH.

MarauTaanum xXapakTepHCeTHKACH HOYH3HKIIH TpaHC(l)OpMaTOpHHHl"
MOIEIHAATHIA YXInal Tap3aa OCepHIand.

V4 dazann yu gyaramnu rpadcopMaTOpHHHT MOJSNHAAH doiigana-
HHmra mucon 14,5.19-pacmaa k¥pcatHiarad.

va
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A —i A
c ;0](: [+
3000MVA 500KV 3-Phase Breaker c
Etpuivalent 450 MVA Scope3
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Saturable Transformer
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14.5.19-pacm. YV dazanu y4 qfnramnn TpaHCOPMATOPHHHT MOOCTHIAH
doiipananuiura MHCOT

14.5.20. ¥u ¢azann YHIEKIR Tpanc(bopma'rop (12-4HKHIUNA)
Three-phase Linear Transformer (12-terminals)

Tuxmozpammacu.
A Al+§ || gﬁm 4
Al AP
b Bl+§ || gﬂiﬂ- b
e B2 p
AN C1+ Ci+p
(3 § u g czp
3-Fhasa Transformer
12-teiminals
Basugpacu:

Yy dasanu YHIMKIM TpaHchopMaTopHu Momeaian. Mozen yura 6up
(asanu UH3HKIY TpaHCchHOPMaTOpIapaaH Ty3HAraH. biuok Tpancdopmarop
YynFaMIapAHHHT Xap OMp YHKHIIH YYYH anoxXHia KHCMauapra 3ra.

Hlapamemprapunu ypramuw ounacu:
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Frlewe B Fovaraerrectiegn 4 0 haeoe Tooredorreeer 12 Qe r“

Hapamempnapu:

Three-phase rated power and frequency [Pn(VA) fn(Hz)):

[Vu dazann HomuHan T/1a KyBRaT (BA) Ba HoMuHan YactoTa (T'u)].

Winding 1 parameters [V1{Vrms) R1(pu) L1(pu)]:

[Bupnamuyu yynraMHUHT napaMeTpiaapd. UynraMm KyunaHHIIWHUHT
TabcHp KHAYBYH KHiiMaTH (B), u¥nraMHHHT akTHB Kapmmaura (1.0.) Ba
COMMIHII HHAYKTHBIHTH (1.6.)].

Winding 2 parameters:

[MxkxuaaMyn 9¥IraMHHHC DapaMeTpaapH. YynraM Ky4WIaHHIIHHHHT
TabCHP KUNYBYH KHUMATH (B), Y¥nraMHUH akTHB Kapmunuru (H.6.) Ba
COYMIIHII MHAYKTHBIUTH (H.6.)].

Magnetization branch [Rm(pu) Lm(pu)]:

[MarpuTaam 3aHXHPHUHHHT Kapuidaurd (H.6.) Ba UHIYKTUBIHIH

(1.6.)].

14.5.21. BHp/aMaH 9§JIFAMH 3H3AITA YAAHCAH Yy $azaau
TpanchopmaTop Zigzag Phase-Shifting Transformer

Huxmozpamma:

ap
Vg,&bb
[

B

PTrorH

Zigzag
Phasa-Shitting Transtormer
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Basugpacu:

bupnamun ujnramu 3ursarra yJanrad y4 ¢asaad TpaHchopMaTOpHH
moaelLtalimu. Moaen y4ra y4 dazamm tpancdopmarop acocuHsaa Saxaphi-
raH. Mozesnia MarsuT ¥3aK MaTepHany MarHHT/JIaHHII XapaKTepHUCTHKa-
CHHHMHT HOYH3HKIWIHTHHY XHCOOra oMM MYMKHH,

Hapamemprapuru jpramuw otinacu:

Piloo b Frarmeteres Sage ity Triznat [

Al 00032009} IR ' N

Hapamempnrapu:

Nominal power and frequency [Pn(VA) fn(Hz)]:
{Tpancopmaropunsar HoMuHal KyeeatH {BA) ea wacroracu (I'u)).
Primary (zigzag) nominal voltage Vp [Vrms Ph-Ph]:

[Tpanchopmarop GmpsiaaM9u uynraMd HOMHHAJ JTHHHA KyWIAHHIIU-
HHMHT TaBCHp KMIYBYH KMAMaTH].
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Secondary nominal voltage and phase shift [V3(Vimms Ph-Ph) Phi(Deg)):

[TpanchopMaTop HKKHAAMYH ¥IFAMH HOMUHAJ JIMHHA Ky4NaHHIIH-
HHHI TabCHP KMAYBYH KHAMATH Ba MKKHI2MYH YyIFaM KydJIaHHAIIHHHHT
tazapuit cwxuImy (331, TPan)}.

Secondary winding (abc) connection

[MkkHRYH YYIFraMHHAHE yNaHuIl cxeMacH]. YmOy mapaMeTpHHHI KHIAMaTH
KyHHJard sKkagpanga TAHNaHAAH:

* Y — ongys;

* Yn — HeliTpannu wnays;

* Yg — epra ynaHrad HEHTpaJuIH WIAY3;

* Delta(D1) — 6upun4u rypyxau yubypyak;

¢+ Delta(D11) — ¥u Supunun rypyxau yubypyak.

Winding 1 (zig-zag) : [ Ri{pu) L1(pu)]:

[Bupurun y¥araMHHHT napamerpaapu]. Bup dazanu y4 yynrammn
TpadchopMaTop GUpHHIY TYNFAMUHUHT AKTUB KApUUnuru (HucOui
OupnHknapaa) Ba HHAYKTHBIWTH (HHcOHI OMpIMKIapaa).

Winding 2 (zig-zag) : [ R2(pu) L2{pu)}:

[MkkuHun y¥nraMEHHr napaMeTpnaph]. Bup dasamn y4 uynramou
TpaHchopMaTop OCHPHHYH YYIFAMHHUAT 8KTHB KapIIMAHTH (HHCOHI
OHpsanKnapaa) Ba HHIYKTHBIHTH (HRcOuii Oupnuknapaa).

Winding 3 (secondary): [ R3(pu) L3(pu)j:

[YunHuH wynraMHHHT napametpnapu). bup dazanu yu yynramman
TpasucopMaTop SHPHHYH SYIFAMHEHHHAT AKTHB KApWHAWru (HECOul
OupnukIapaa) Ba MHAYKTHBNIMTH (HHCOHI GHpIHKIApAa).

Saturable core:

[TViinayRYH MarHHUT ¥3ak]. Baiipokua Genrunauran 6¥nca tpancdop-
MATOPHHHT MOJENH HOYH3HKIH O¥nann.

Magnetizing branch: [Rm{pu) Lm(pu)]:

[Marawrnai 3aHKHPUHHHT napaMeTpaapH ). Marauriam 3aHxKHpHHHHT
aKTHB Kapmnaury (H.0.) Ba uHayktueanry (H.6.). [TapameTp Saturable
core alipokyacu ¥pHaTtuimaran 6ynca Ypunnu (YnsHKIM TparchopMaTop
MOJIEJUIaHAMH ).

Magnetization resistance Rm(pu):

[MarpuTaasunl 3aHXHPHHMAT Kapinanry (aucbuit Gupimknapna)).
IMapametp Saturable core HafpokuacH ¥pHaTHIMAaras Oynca YpHHIH.

Saturation characteristic (pu) [ il , phil ; 12, phi2 ; ... ]:

[TYyHHHYBYH MAarHAT Y3aKHHHT XapaKTepHCTHKAacH]. MarHMTIOBYM
TOK Ba MArHHT OKWMHHHHI KHitMaTnapu aucOuii Oupmukiapaa Gepuaanu.
TMapaMeTp HOYH3HKAH TpaHCPOPMATOPHH MoJenauina ypuamm (Saturable
core alpoKYACH VpHaTHIraHAA).
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Measurements:
[V manamuran Y3rapypumnapl. Ymby napaMeTpHuHT KMiAMATH Kyiiu-
Jard p¥iixargaH TaHNAHATH:
* None — ¥n149am yuyH y3rapyBuniap TaH/IaHMaraH;
¢ Phase voltages — uynramnapHUAr ¢aza Ky4IaEULULIAPY;
* Phase currents — ujnramnapuuar daza ToKnapu;
* Fluxes and excitation current (Imag + IRm) — cant pum oOKHUMH
BAa TOKH;
* Fluxes and magnetization current {Imag) — MarHMTIam OKHMHU
Ba TOKHY;
All Measurements (V, I, Fluxes) — xaMma KywraHHIIap, TOKIap Ba
MATHHT OKHMIIAp.
YynramJapHHHET aKTHE KApIIMINKIApH, HHAYKTHBIHKIApH Ba Mar-
HUTNAIL 3AHXKMPHHUHT TapaMeTpiapH HACOHH GUpIHKNapAa IH3UKIH
TPaHCHOPMATOPHUHT MOJENHAATH CHHTADH KHPHTHIAMM.

14.5.22. Un3nkan Tpacdopmarop Linear Transformer

TTuxmozpammacu:
»
>§ =4
>
— &
Linear Transformar
Basughacu: '

Yy €kn HKKH u¥nramiad Oup dazanu tpanchopMaTopHM Mozennaii-
au. Marsut ¥3ak mMaTepHalH MAarHUTJIAHUII XapaKTepHCTHKACHHHHAT
HOYM3MKITHIMIA XHcobra onuuMaian. TpanchopMaTOPHHHT aIMAHITHPHIN

cxeMacu 14.41-pacMaa KypcaTuiaras.
12 R2

Rl Lt y

6

&

14.5.22-pacwm. TpadchoOpMATOPHHHT AAMAIITHPHII CXEMACH
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Hapamempaapunu ypramuwu otinacu:

|
| R

| ‘i
S (3153/2411(3)0.002 0.08] /
- |

TMapamerpnapu:

Nominal power and frequency [Pn(VA) fn(Hz)):

[Homuran T¥na Kyserat (BA) Ba HomuHan gacrora (I'u)].

Winding 1 parameters [V1(Vrms) R1(pu) L1{pu)]:

[BHpHHYH Y¥nFaMHUHT NapaMeTpaapd. UynramMaary Ky4naHMIIHAHT
TaBCHP 3TYBYH KMitMaTu (B), 9¥nmraMHUHI aKTHB Kapwxiary (H.6.) Ba
COYHJIHIN HHAYKTHEANTH (1.6.)].

Winding 2 parameters:

[MkkHHYH 9¥araMHUHT NapaMerpiaph. UynramMpard KyulaHHIDHHHT
TABCHp ITYBYH KuiiMatd (B), 4ynFaMHUHI aKTHB Kapmiury (H.0.) ra
COUYMNHIN HRAYKTHBIHIA {(H.0.)].

Three windings transformer:;

[Vu aynrammn tpancdopmarop]. Baiipoxua Genrunanca tpancdop-
MATOpAa MKKHTA UKKHIAMYH 9¥1FaM, GearnnanMaca OMTTa HKKHIAMYHA
yinraM Oynamy.

Winding 3 parameters: T

[(YaunuM aynraMHAHAT NapaMmetpiaapH. UyaraMuard Ky4WIaHHIIHUHT
TabCHP 3TYBUR KuiimMard (B), 4¥ynFaMHMHI aKTHE KapuinjHrg (H.0.) Ba
COYMITHIN HHAYKTUBIHTH (H.6.)].
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Magnetization resistance and reactance [Rm{pu) Lm(pu)]:

[MarautaaHunl 3aHXHPUHHHAT Kapinunury (H.0.) Ba HHAYKTHBIUITH
(1.6.)].

Measurements:

[¥muanaguran y3rapysunnap). HapaMeTpHHHl‘ KHHMAaTH KyHHaarg
pyixaTaan onuHaaM:

D Winding voltages — 4¥nraMIapHHHr KyWIaHHLLIAPH;

O Winding currents — uyaraMJIapHHHT TOKJApH;

O Magnetization current — MarHMTNAl TOKH;

0J All voltages and currents — XaMMa TOK Ba KyWIaHHILAAp.

UynraMIapHUHT aKTHB KapiIHNHKIApH Ba HHAYKTHBIHKIAPH Xamza
MATHHTNIALO 3aHXHPHHUHT 11apaMeTpiapd HiucOui Gupnuknapaa 6epuia-
ap. Xap Oup u¥IFaM y4yH KapIIMIHK Ba HHIYKTHBIHKJIAPHHHT HHCOMH
KHiiMaTnapy Kyingara adonanapra acocan Xucobnanagy:

Oy epna R, u L, — KapmMank Ba MHAYKTUBIHKJIApHMHT HHCOKH KHii-
MaTnapu, R Ba L — KApUWHAHK Ba HHAYKTHBIHKIAPHUHT abcosior
KuiiMaTnapH,

UZ
R,= =
— 0a3uc KapIIHIHK,
_— Rﬁ
L xf,

— fa3uc MHAYKTHBIHK,

U, -— 9ynraMHMBr HOMHHAN KyYAaHHIIM, f, — HOMHMHAI 492CTOTa.

Maruutnain 3aHXHPHHHUHT [TapaMeTPIaPHHH MarHHUTAAII TOKHHHHT
KHHMaTHIaH QoHNanaHN0 TonHI! MYMKHH. Marautiall TOKH HOMHHAN
ToXka HucOaran % napma Hepunann.

Mucon:

AKTHUB JOKJIAMAaHH TABMHHIIAIL YYYH MKKH YYIFAMIHY YH3HKIH TPaHC-
dbopmaropnas Qofizananuwnray cxeMa 14.5.22-pacMna k¥pcaTunras.
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ok |

voRage I § winding | a0V irobe) FrGu L ol i

Measurement ] § QeI |

vomge  Scope || Winding 2 umarmabers IV towitt Al L 20wl ]

e Measurethent1 : oo |
Voage ! r 1mmm ;
Soure Series RLC Branch | Mag - o Lvip :
Linear <

; | M :

Pawengul ; Megmmmants [Heno i

14.3.23-pacu. AKTHB I0KNAMAHW TABMHEARNT YIYH HKKH YYAFaMITH YHIHKITH
TpancdopMaTopaan dolinyraHnarad cxema

14.5.23. Hounsuknu Tpaunchopmarop
Saturable Transformer

ITuxmozpammacu:

g’
5
Saturabla Transformer

Basughacu:
Y1 8kn MKKR uynraMnn 6Mp dasann TpaHcHOpMATOpHH MOEIIaN.

Mopenaa MarHUT ¥3aK MaTepHaid MaTHHTJI2HHIL XapaKTEPUCTUKACHHHHT
HOUHSHKIHHTH XHco6Ta oMHHraH. TpancHopMaTOPHHHT alMalITHPHIN
cxeMacH 14.5.23.1-pacmpaa k¥pcaTunra.
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L2 R2

»

Rl L

Lsat Rm%

o]

o

14.5.23. 1-pacm. HouMaukaH TPpaHCHOPMATOPHHHT ANIMALLTHPHIL CXEMACH

Mopenza MarHUTIAN 3AHKUPHHHAT KApIIHIHTE Rim MarHuT y3akaarn
‘aKTHB ucpodIapHH Ba HOYH3HKIH HHAYKTHBAMK Lsat MarHAT Y3aKHHHT
TYHUHAIIHHE XHco0ra oNagy.

Mopgenaa HOYM3HKTH XapaKTEPUCTHKA, MArHHT ¥3aKAarH MarHUT OKUM
Ba MarHUTIANI TOKH OPacHAary GOrIaHNI YH3HIJIH KHCMIAapAaH Héopar
O¥nran 6ornannm k¥prauinaa 6epraagu (14.5.23.2 g-pacm). Moaenaa
MATHUT ¥3aKkAard KONOWK, MarHHT OKAMHHM KHPUTHII MMKOHHSATH XaM
MaRXxyI. Ymby X0nga HOYU3HKIH XapaKTepPHCTHKAHNHT WKKHHYH HYKTacH
HONra TeHr G¥NraH Toxka Moc OYmuu kepak (14.5.23.2 6-pacu).

a)

14.5.23.2-pacs. Houu3uKIH TpaHC(HOPMATOPHUHT MATHHT ¥3arHpard MarHAT OKHM
BA MarHUT/Iall TOKH OpacKaarH GoFnaHnw
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Hapamempnapu:

Nominal power and frequency [Pn(VA) fn(Hz)]:

[Homunan Tina kyepar (BA) Ba HoMHREan 4acToTa (I'n)).

Winding 1 parameters [V1(Vrms) R1{pu) L1{pu)]:

[bupunuu g¥nramMHBHT napaMeTpnapH. UynraM KyulaBWIIMHHHT
TAbCHP KMAYBYM KHAMATH (B), yynFaMHHHT aKTHB Kapwumury (H.6.) Ba
COYM/THII MHJYKTHBIIHTH].

Winding 2 parameters:

[Ukkunuy y¥nraMHUHT NapaMeTpaapH. UyaraM xyuynaHHIIHHHHAT
TabCHP KWIIYBYM KH¥iMaTH (B), yyaIraMHHHT aKTHB Kapmwnurnu (H.06.) Ba
COMMJIHII MHIYKIHBIIHIH].

Three windings transformer:

[Yu uynrammi Tpancpopmarop]. Bakipokua ¥pHatraca tpancdopma-
TOpP HKKHTA HKKWIAMYH 9yIFamra €kH ypHaTuiMaca OMTTa HKKHIAM9H
ujnaramra Sra O¥naan.

Winding 3 parameters:
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[VunH4YM 4§¥1raMHAHT napaMmerpiaapd. UyaraM KyunaHHOIHHHHT
TAbCHP KUNyBUM KHiiMaTH (B), 4yIFaMHHHr akTUB KAapUIMIHIH (H.0.) Ba
COMMIHII MHAYKTHBIIUIH].
Saturation characteristic [11(pu) phii(pu); i2 phi2; ...]:
[Marsur ¥3aKHHAr TYHMHAII XapaKTEpHCTHKACH).
Core loss resistance and initial flux {[Rm(pu) phi(pu)] or [Rm(pu)]
only:
[MarHgTnam 3aHXHPIHUHT Kapiwiurd (H.0.) Ba KoNguK okuM (H.0.)
¢k ¢axkaT MarHUTIAL 3aHXKHPHHHHT Kapimwnury (e.6.).
Simulate hysteresis:
[IM'ucrepesnc moaennaw). baipokya Gesrnnanca MarHHTIAII XapaKTe-
PHCTHKACHAA THCTEPE3UC XMCOOTa OTHEAMH.
Hysteresis Data Mat file:
[THcTepe3ne XapakTEpHCTHKACHHH ¥3 HYHra ONMyBYH MabIyMOTAap
tbaitnuauHr HoMH]. MawsnymoTiap ¢daiinn Powergui 6noxu épaammuna
XOCHN KWIHHHIIH MYMKHH.
Measurements:
[Vn4anaguran ¥srapysuunap)]. ITapamMeTpHHHr KuiiMaTu Kylingaru
p¥iixaTaaH TaHNaHAOH:
* Winding voltages — 9ynraMiapaari Ky4iaHHELIap;
* Winding currents — yjnramuapiard Toknap;
» Flux and excitation current (Imag IRm) —MarHHT OKHMH Ba CanT
IOpHII TOKH,

¢ Flux and magnetization current (Imag) -— MaruuT OKHMH Ba
MATHHTIOBYH TOK;

¢ All Measurements (V, I, Filux) — xamMMa Ky4naHuuiiap, TOKJIap
Ba OKHM.

Y¥raMnapHUHT aKTHB KAPRIMTHKIAPH Ra HHAYKTHBIHKIIADH XaMAa
MATHHTJIAMI 3AEXHPHHHHT KapITWIHKIApH HUCOHI OHpIHKIapaa YusHKIH
TpaHCGHOPMATOPHHHT MOHEIHAArHra YXIuam Tap3ga KHPHTHIAAH,

Marnurnam xapaktepuctukacu (0, 0) Hykragan 6omuab MarEHTIOBYIH
TOK Ba OKMM KWHMaTIapHHUHT xyQTaHknapn Ounan OGepunagu. Tok Ba
OKUMHHHI HHCOHN KHilMaTnapd Kydumaru adozanapaan aHHKTAHALH:

!
1, x
L o
®.=3,

Oy epna
I, 1 @, — KapIMIWK Ba HHIYKTHBIAKHHHT HHCOMH KuAMaTIapH,
I ¥ ¢ — KapmHIHK Ba HHAYKTHBIHKEHHT abcomoT KuiMaTiapH,
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— Da3uc ToK,

5 2J|'.'f\/_

— Oa3Hc OKHM,

U, — GMpnamMuyy 9yIraMHHHT HOMMHAN KyWIAHHIIH,

J, — HOMMHAI 4acToTa.

Mucon:

Hkky y¥nramMad HOYMIHKIH TpaHChHOPMATOPHHHI AKTHR IOKJaMara
ynauHw cxeMacu 14.5,23.3-pacMua xextupunrad. PacMaaru ocuu/io-
rpaMmaian TpaHCHOPMATOPHHHT GHPIaMyUHl TOKH HOUH3HMKIIH XapaKkTepra

3ra 3KaHIUTHHH KYPHII MYMKHH,

Cument

Memmrmani

g Gabyrable Transfomer (mask] fink) —

| ivos v sabestl varscme. !

.p'.m‘ — [
_mmmmwmm;
[es 67

‘Winding T pacaesetees (V1 (¥t R fpu) LY (ulk
[3503/4qn13) 0,002 0.08]

Winding 2 pasantast [V24Vima} R2pud L2pul}
111083 rqa{3) 0,002 0 06]

£ Thioe windings tanaiunmer

S ahurilion chersciesenc It (bot ol 2 nhi2; ..}
fwn.-umn.zn.u,:.m
Tome iot 1osistonce and inital A [Fmpu) phifipul} o [Fmipul] onde
a0
F Simd ,
Mesnramantt [None

) ._J. o .! Mj.,dl

202 AER B -

14.5.23 3-pacy. HUkkn 9¥0ramMiy HOYMIMKAN TPAHCHOPMATOPHHHT AKTHB WOKIAMAra
YIAHHID CXeMACH
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14.5.24, ¥4 ¢asann nkkn 9¥aramad Tpanchopmarop Three-phase
Transformer {Two Windings)

Huxmozpammacu:
AA ap
yE bp
Jc % % cp
b L 4 Y np
Thrae-phase
Transtormer
[ Two Windings)
Bazugacu:

Hiku yynramian yq ¢dazanu tpaHcopMaTopHH Moetadau. Moaen
yuta 6up ¢azanu TpanchopMaTop acocuaa Gaxapwiran. Moaenna MarauT
¥3aK MarHHTIAHMII XapaKTepHCTHKACHHUHT HOUH3IHKIHAHTHHK XHcobra
OJMII MYMKHH.

Hapamempnapunu ypramuw oinacu.

Frlovck Brar Thre




Hapavemprapu:
Nominal power and frequency [Pn{VA) fn(Hz}):
[TpancthopMaTopHHHT HOMHHA KyBBaTH (BA) Ba gactoTtacu {I'm)].
Winding 1 (ABC) connection {Y, Yn, Yg, Delta(D1), Delta(D11)]:
[BupnaMy4H u¥nFaMHHHT YIaHHI cXeMacH). IlapaMeTpHIHT KWAMATH
KyHugarn pyixatiaH ondHaaH:
OY — ronnys,
O Yn — HelfTpa/utH 101Iy3,
O Yg — He#itpanu epra ynaHrat [onays,
O Delta(D1) — 6npuHud rypyxau yubypuax (lonnysra ylaHHmra
HucOaTan ky4iasum 300 31. rpagycra oNAHHTA CHIDKHIaH),
O Delta(D11) — ¥u Oupunus rypyxin yubypuak (1o1ay3ra ylaHdmra
HHucOaTaH Ky4iaanum 300 31. rpagycra opKaaa Koraam).
Winding 1 parameters [V1 Ph-Ph(V), R1(pu), L1(pu))
(bupaaM4u y¥nFaMHHHI napamerpiuapu). Jiurua kywianamu (B),
Y¥IFAMHHAHT aKTHB Kapiiuianrd (H.06.) Ba HHOyKTHBIHTH (H.6.).
Winding 2 (abc) connection [Y, Yn, Yg, Delta(D1), Delta(D11)]
[MxxunaMin ufIraMHUAHr yIaHEII cxeMacH ). [TapaMeTpHHHT KHIIMATH
Ky¥ingary pyiixarias oluHasH:
OY — ronnys,
O Yn — seifrpannu 1003ays,
0 Yg — He#frpanu epra ylaHraH ioiays,
D Delta(D1) — 6npuaun rypyxau y4dypuak (1ongysra yalaHHIOTa
Hucbaran kywraauu 300 351, rpaaycra O/IHHra CHIDKHIaH),
D Delta(D11) — ¥u OHpuHYH rypyxaH yabypuax (lonaysra ylaHumra
Hucbatan kywrarHm 300 31. rpagycra opkaaa Konazu).
Winding 2 parameters [U2 Ph-Ph(V}, R2(pu), L2(pu) ]:
[Mxxkunamuu gyaraMHHHT MapaMerpinapu]. Jlunug kyunanuiu (B),
q¥IFaMHHAHI aKTHB Kapiuaury (1.6.) Ba HHOyKTHBIMIH (H.6.).
Saturable core:
[T¥inayRyH mMarnur ¥3ak]. Bafipokua 6emrunanca tpaHcopMarop-
HHHI' MOJETH HOUM3MKIH O¥nanu.
Magnetization resistance Rm(pu):
[MarauTnos4# 3aHXMPHHAAT Kapuaury (1.6.).
Magnetization inductance Lm(pu):
[MarHHTIOBYH 3aHXHPHHHT HHAYKTHBANTH (H.6.)]. Ilapamerp un3HKiIH
TpaHcHOpMATOpHH MoOJE/Iamaa YpuHIH (Saturable core Gaiipox4acu
fenranaHMaraH).
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Saturation characteristic (pu) [il, phil; i2, phi2 ;...]

[MareaT ¥3aKHHHT TYHHHHII XapakTepucTHKach]. MarHHTIOBYH TOK
Ba MarHHT OKMMUHHHI KMiMaTiapH HHcOuil 6upnuknapna OGepuiain.
[Mapamerp HOUN3HKTH TpaHcdopMaTopHH Mogemnaaa Ypuaay (Saturable
core aHpoK4acH Genruaanran).

Simulate hysteresis:

[Tucrepesnc monennawm). balipokya Oenrunanca MarHHTIAI Xapak-
TEPUCTHKACHIA THCTEPE3HC XHCOOra ONMHaIH.

Hysteresis Data Mat file:

[TucTepesuc xapaKTepHCTHKACHTA 3ra OFIraH MABITyMOTAap bafMHHHT
HOMH]. Masnymornap daliminu Powergui 6noku EpaaMuna XOCHI KM
MYMKHH.

Specify initial fluxes [phiOA, phiOB, phiOC]:

[A, B pa C pasanap yuyH Gouuranruy Maraut okimnapi]. [lapaMerp

- HOUH3UKIH TpaucdopMaTopry Moaearaia Ypuuau {Saturable core
Haiipokuacu GenrmiaHran).
Measurements:
[Vnuanamuran ysrapypunnap]. IlapaMeTpHHHT KMAMaTH KyHHAars
pyixaTaaH TaHIaHATH:
* Winding voltages — uynraMiIapaary Ky4iaHHILIap,
* Winding currents — y¥nraMnapaary ToKJaap;
+ Flux and excitation current (Imag_IRm) — MariMT oKMMH Ba CanaT
IOPUII TOKH;

* Flux and magnetization current (Imag) — MarHuT OKHMH Ba Mar-
HHTIOBYH TOK;

+ All Measurements (V, I, Flux) — xamMa Kyu4naHumiap, TOKJap
Ba OKHM. '

Y{nraMIapHHHT AKTHB KAPIIHIKMKIAPH Ba HHAYKTHRIKKNIAPDH XaMIa
MArBHTIaN 3AHXAPKHEHT KapIIHIHKAaPH HHCOHI OupnHKIapaAa TU3HKIH
TpancGOpPMATOPHHHT MOACNNAATHTa YXIIAII Tap3/ia KHPHTH/IAAH.

MaruuTnam xapakTepHCTHKACH HOYH3HKIH TPaHC(HOPMATOPHHHT
MoOAeNHIarnra yxmam Tap3jia fepunany.

Mucon:

14.5.24-pacMaa yu ¢azanu BKKH 9YIFaMIH TpaHcHOpMaTOpIaH HH-
BEPTOP cXeMacHaa ¢oiifanaHuLIra MHCON KEATHPHITAH
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14.6. Power Electronics — Ky4 3/1eKTPpOHHKACH
NICMEHTIApH

14.6.1. Kyu auoanannr mogenn Diode

in HKMOcPpaMMAcy.

)I'@'k}

mp
Diode

JIMOAHHHT MOAENH KETMa-KeT YNAHTaH pe3ucTop Ron, HHAYKTHBRIHK
L., ¥3rapmac kyunaaum manbacu V, pa kaaar SW aan u6opar (14.6.1.1-
pacsm). KaIHTHHHr HUUIAIMHHE MAaHTHK OToKkH Gowwkapaau. Jfnoana mycGar
Kywianum 6¥nranga (V,, - V) kataT ynanaau Ba npuOOpaaH Tok yTa
Gomnaiiny, KanATHHHT (IHOAHUHT) Y3UIHHIN AHOXIAH YTaéTraH Tok I
HOAraya nacaifranga comup 6¥maau.

Jlnoa MOJENHHHMHT CTATHK BONBT-AMICP XapaKTepHCTHKAcH 14.6.1.2-
pacMIa KYypcaTHITaH.

Mogenga anoara napannen xeMonpuUpnoB4H KeTMa-keT RC — 3anxup
yIIaHraH.

Auoa nmapamerpnapunu Gepuul oifHacuH 14.6.1.3-pacmpa xypca-
THJTaH.

BrnoxHHHT napaMeTpiaapu:

Resistance Ron (Ohm)-[Ynanras xonatjard kapmuiard (Om)];

Inductance Lon (H)-{Ynanrau xonataarn naayktueaura (I'n));

Forward voltage Uf (V)-[T¥rpn ii¥nanumaaru xy4yiaHull TYIIKOIIH
B); '

Initial current I¢ (A)-[ToxHunr Gomnasruy kuiiMatH (A)). Arap yHHHT
KHAMaTH HoM O¥Aca MOIEIall THOAHHNT EMHK XONATHAAH (olnaHanu.
Mogennam AHOAHMHT OYHK XONaTHAaH OOUUIAHHIIH Y9YH TOKHHUHT
fonanriy KAiMaTH cudaTeaa MycOaT KMifMar GepHIHIUH Kepak;

Snubber resistance Rs (Ohm)-[deMndupnopyu 3aHKUPHHHT KapLIHIHTH
(Om)].

Snubber capacitance Cs {F)-[demMndupnorun 3aHXHPHAHT CHFUMH
(@)].

BrnokHUHr YMKHII FOPTHAA (M OHnaH GeNriianran) HKKM 1eMeHTIaH
HOopat BexTop Simulink-cHrHan WakinaHagH. BHPpHHYY 3NeMEHT — aHOX
TOKH, HKKHHYH DJIEMEHT 3¢a — aHOA-KAaToA KywWIaHHily,
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14.6.1. 1-pacm. THOTHHHT MORETH
A lak
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> Vak
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Mucon:
AKTHB-HHIYKTHB I0KJ1aMara HIUIoBYH OHTTa ApHM JNaBpiIH TYFpH-
JaTHIHUMHT MoAenH [4.6.1.4-pacMama K¥pcaTHIraH.

. _
s tE:T_ Veltsge

e aruremant

Dloda
Currant Wassuremand,

AL Veltage bl
6' fourm
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Sares RLE
Bamoh

14.6.1.4-pacu. AXTHR-HHIYKTHE FOKIAMAra HULTOBYA GHTTA APUM AABPIH
TYFPUIATHIHHHT MOAEAH

14.6.2. Tapuctop Thyristor, Detailed Thyristor

Huxkmozpammacu:
a El kp
g mp
Thyristor
Basugpacu:

Tupuctropuu Monemiaiian. SimPowerSystem 6uGmnoTexacuza THpH-
CTOPHHHI HKKHATA MOAETH MaBxyd: Thyristor (CoananalTHpUAraH MoJen)
pa Detailed Thyristor (aHHKNAIITHPHITAH MOJEN).

THPHCTOPHHHI COANANAIITHPHIIaH MOAEIH KeTMa-KeT YJIAHIaH pe-
suctop R, MHAYKTHBNUK L., nouMuii kKyunanum Manbacu V. Ba KaiuT
SW npan uGopart (14.6.2.1-pacm). KaTHTHHHI MOUIAIIHHA MaHTHK OI0KH
Goinkapangn. TupucTopaa Mycbar Kyuwnannw (V,, - V) Ba fomkapysuu
anexTpoana (g) mycbar curnan 6ynranza KanHT ylIaHagH Ba npubopaaH
TOK ¥Ta Somnaiian. Tupucropaan yragrran Tok I, Hoaraya nacaiiranna
KJITHT Y3HAaaH (THPHCTOp ENHIAAH).
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- AHHMKNALITHPHITaH MOZENNA GOLIKapyBUH HMIYILCHHHT JTABOMHHANHIH
THPUCTOP YNAaHAETraH BaKTAA aHOA TOKH THPUCTOPHHHI YUINA® TypHII
TokuaaH (11) karta 6YViMmE y4yH erapna OY¥IMIIM Kepak. AKc XoJaa
THpHCTOp OuHMaiizy. Tupucrop énunagérrad BakTaa manduii aHOA-KaTOA
KYYWIAHHLIHM KYHHUIU BAKTH THPHCTOPHUHT éMUNUII BaKTuaaH (Tq) karTa
6Vnumm Kepax.

Vak -
Ron Lon Vi
lak sw P

R S =

AHop g Katon

+

BommapypHH :
ATHRKTPOA MaHTHK Vak
9

14.6.2.1-pacs, THPHCTOPHUAT CONIANALUTHPHIITAH MOJCIIE

TupucTop MOAC/IMHHHT YNAHIaH Ba Y3WITaH XONATH YYYH CTAaTHK
BONBT-aMIIep XapaKTepUCTHRaIapy 14.6.2.2-pacmaa kypcaTiaras.

Alak  ynapran
w® Ynaurad
N (0>0)
Yaunrau IL;-¢ \.

| Vi Yaunran - Vak

14.6.2.2-pacm. TupucTOp MOOSMTHHHHT YIAHTaH BA YIHIrAH XOMATH YYYH
CTATHK BOABLT-aMNEP XapaKTepHCTHKARAPH

Mognenaa THpucTOpra napannen gemadapiopun GyHKIUsHE Gaxa-
pyBuH KetMa-keT RC-3amxup ynaAras.

Hapamemprapunu kupumuw ofinacu:
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Broxnunz napamempnapu:

Resistance Ron (Ohm):

[VnaHraH xonarjari Kapmmisk {Om)],

Inductance Lon (H):

[Ynanrau xonarnard uHAYKTHBIUK (['H)].

Forward voltage Uf (V):

[T¥rpu #¥Hanumaaru ky4unanum tymmum (B)).

Initial current Ic {(A): )

[Toxkuusr Gomnanruy Kuiimati (A)]. Yy napaMeTpHHET KHIMaTH
HoNra TeHr O¥nca Moemall THPHCTOPHHHT ENHK XONaTuaa, Mychat
KuiMaT Gepunral 6¥nca THPHCTOPHUHT OYHK XONaTHIA GolumaHaIH.

Snubber resistance Rs (Ohm):

[HeMndupnopuy 3aHKApHART Kapmunura (Om)].

Snubber capacitance Cs (F):

[Aemndupnosun 3awxupHiHr curuMu (D)).

Latching current Ii (A):

[Vuwiab typum TOKMHUHT KuiiMaTH (A)]. Yby napaMeTp THpHCTOp-
HHHT aHHKNAIITHPHITAH MOAenHaa Gepunany.

Tum of time Tq (s):

[Vsunmu BaktH (¢)]. Vmmbdy mapaMeTp THPHCTOPHHHT aHHKIAIITHPHITaH
Mozennaa Gepunamgn.
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BnokHHAT yHKHIE nopTHAA (M GHraH OeNrHAaHTaH) HKKH 3NeMEHTIaH
ubopar 6¥nran pexrop Simulink-cHrHan waknIaHagd. YHAHr CHPHHYH
SJCMEHTH — THPHCTOPHHHI' aHOA TOKM, HKKHHYHCH — THPHCTOPHUHT
AHOJ-KATOA KyWIAHHIIOH,

Mucon: AKTHB HHAYKTHB IOKJIaMara HIUIOBYH OHTTa ApPHM HaBpIIH
TYFPUAArHIHHAT MOAENH 14.6.2.3-pacMaa kenTHpHAraH. THPHCTOPHH
Gomxkapyeyn uMmynscnap Pulse Generator 610kH €pAaMuIa MIAKIIAHTH-
pHiraay, 6yHaa THPUCTOPHH OOIIKApHIN OypYarMHHUHI KHHAMaTu reHepa-
TopHHUHT (Pulse Generator) dasasuii keankTHpHID aAaBoMuimuTH (Phase
Delay) 6unan anukraHagm.

Y - )

Bty

Suz e

- | = 3 I_I r ._

14.6.2.3-pacs. AXTHB HHJIYKTHB IOKIIAMAra HINJIOBYH OHTTA ADHM AaBpIH
TYFPUNArHYHHHT MOIETH
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14.6.3. T¥na Gomxapunysyun tapacTop GTO Thyristor

Huxmozpammacu:
a E! kp
g mp
Gto

Bazugacu:

T¥na omKapHIyBYH THPHCTOPHH MOIACANAHIH,

T¥na GolIkaprNyBYH THPUCTOPHHHT MOAENM KeTMA-KeT YNaHTaH pe-
sucTop R, mHOyKTHBIMK L, AoMMHIA Ky4IaHHW ManGacH V, Ba kamut
SW nan ubopar (14.6.3.1-pacm). MaHTHK OJIOKH KaJIHTHHHT UULTAIIHHA
Gowkapanu. Tupucropaa mycbar kyunannm (V- V) xamaa Gomkapysau
leKTpoanaa{g) MycbaT curuan 6yaraHga KanuT yraHaad sa npubopaax
TOK ¥Ta Gouwnaiian. IpubopHy y3rm (énum) yuyH GOLWKAPYRYH CUTHAHA
Honra tenr 6¥nraH KuHMatradya kaMaiTHpuin erapni. GTO- tHpuctop
aHOX TOKM HONTaya KaMaiiTanga xam émmnang.

+ lak SW Ron Lon +vf_ -

prbp, SRS Ry

9
Eowxapyeuu Manm Vak

9
14.6.3.1-pacu. T¥na GOLWIKAPHIYBIH THPHCTOPHHHI MOJENH

T¥na GomKapuTyBYH THDHCTOPHHHT Y/IaHTaH Ba Y3i/IraH XOJaT/IapH Y4yH
CTATHK BOJIbT-aMIIEp XapakTepHCTHKaNapu 14.6.3.2-pacMaa KeNTHPHIIraH.

hkA Ynanrau
T Y
- =
< (g=0)
\
Ynaumw A
\( g»0] \
Yaunram
4 A \—’ vak
¥f Y¥nanrau

14.6.3.2-pacy. Tina GOMKAPIIYBIH THPHCTOPHMHT YJIAMTAH Ba Y3HIraH XONATIAPH
YYYH CTaTHK BONbT-aMIep XapaKTePHCTHKATIAPH
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Monenna THpHCTOpra napanien, AeMIdHpnall BasndacHHu Gaxkapys-
uH, keTMa-KkeT RC-3amxup ynanrad. byBsaas taunkapi Moesnia THpUCTOp-
HHUHT yJIaHHDI BaKTH XaM XHcoOra onuHrad. THPHCTOPHMHT EWTHI Xapa-
&HH MKKHTa ydacrkara 6¥annrau (14.6.3.3-pacM). bupnhun yyacTka aHoa
TOKM y3HIMIN MOMEHTHIArH ToKHHHAT (I ) ¥anan 6up (0,1) kucMuraua
xaMaiim BakTuHH (Tf) Ba MKKUHYH y4acTKa aHOA TOKWHHHT HOJIraya
KaMalHIu BAKTHHHHT KEYUKHIOH (4¥3AIHLINYHH XapaKTepuanay,

—- i

14.6.3.3-pacm. THPHCTOPHHHT EMUNKHUI KapadHH

Bbaox napametpnapuin Oepuin oHHacH:




Broxnunz napamemparapu:

Resistance Ron (Ohm);

[Vrnauran xonatgaru Kapuniuiury (OM)],

Inductance Lon (H):

[VnaHran xonaToard HHAYXTHBAMTH (IH)).

Forward voltage Uf (V).

(T¥rpu fiyHanumaary Kywianu tywumy (B)].

Current 10% fall time Tf (s):

[TOKHHHT Y3HAMLE MOMEHTHAArH ToKKa HucOatan 10% rava kamaium
BaKTH (¢}].

Current tail time Tt (s):

[Keunkum (uy3unnw) BakTu (c)]. TOKHHHr y3WIMID MOMEHTHAATH
Tokka HucbaTaH 10% maH Honravya KaMaifiHIl BaKTH.

Initial current Ic (A):

[ToxHHHT OoutanFuy KuiAMaTH (A)]. Yy napaMeTpHHHT KHAMATH
HOIra TeHr 6¥ica MOHeIIAll THPUCTOPHHHT €WK XONaTHAa, MycOar
kuitMaT Gepriran G¥ica THPHCTOPHUHT OYHK XofaTHAA OONITaHAAH.

Snubber resistance Rs (Ohm): '

[JeMndupaoBYH 3aHXUPHUAHT Kapmmuaura (Om)].

Snubber capacitance Cs (F):

[deMndupaopyn 3aHXUpHUHT cHFUMH (D)].

BnoxkHuHr m {unaH $enrnnaHran YHKUAIN NOPTHAA UKKHTA DIEMEHTIAH
ubopat 6¥nran sekrop Simulink-curaan xocun 6¥namu. YiapaaH SupHH-
YHCH — THPHCTOPHHHT aHOJ TOKH, HKKMHYHCH 3¢a — THPHCTOPHHHT
AHOA-KATOA KYYJTAHHILH,

Mucon:

HMnoynese kyunaHHLI pOCTIarHYHHUHT Mogenu 14.6.3.4-pacMaa k¥pca-
THATaH. YOy poCT/IarddHHHT IOKIAMAacHIard ypraya KyUIaHHIOHHHAT
KaTTanury OOLIKapyBYM HMIYJNBCHAPHHHT KEHITIHTHra OOFIHK,
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14.6.3.4-pacy. IMOyIbEC Ky9NaRHII pOCTIATHYMHHHT MOJSTH
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14.6.4. Bunoaap IGBT Tpan3HcTOp

3arBopu H3onduHanadrad ounosndp IGBT TpaH3HCTOPHHHT MOJACTH
KeTMa-keT pesucTop R, uupykrupmuk L, ¥3rapMac Ky4naHHm MaH6acH
V, Ba kanut SW nan ubopar (14.6.4.1-pacM). ManTuk 610KH KamUTHH
Gouikapagu. [GBT TpaH3ucTOp OMHIHIIM Y4YH KOMICKTOP-3MHTTED Ky4-
NaHUIH MycGaT Ba V, IaH KaTTa XaMZa YHHHT 3aTBOpHra Myc6ar (g > 0)
curtan Gepunuiud kepak. [GBT TpaH3HCTOP 3aTBOPHUAAIM KyWIAHHMII
goNraya (g = 0) kaMaiiranna énunagi. KonnexTop-3MATTEp Ky4aaHHIIH
MaHQui 6¥nranAa TpaH3ucTOp EnHK XoxaTna 6ynaau.

IGBT tpan3ucTOp MOACRMHHHT YyIaHraH Ba Y3HITaH XONaTiapH
Y4yH CTATHK BOJBT-aMIep XapakTepHcTHKanapu 14.6.4.2-pacMnaa kipca-
THIITAH.

Mopnenaa TpaH3HCTOPra napauien geMngupIoByd GYHKUHAHM 6axa-
pyBUH KerMma-keT RC-3arkHp ynaHras.

Moaenna TpaH3UCTOPHUHI &MHMIHII BaKTH XaM XHCOOTa OJHHIAH.
Enummm xapaénn HKkWTa ygactkara 6yaunran (14.6.4.3-pacM) Ba na-
calivi Bakru (T) xamna keunkui Baxty (T) OGunan xapakrepnanans.
[Macaiimm BakTHaa Tok 0,11 raua kamasmm, 6y epaa I — TupHcTOp-
HHMHT EMHIHI0 MOMEHTHAATH MakcHMas TOK. Keuukmin BakTHza sca TOK
O,IIM JaH HoNrada macasi.

IGBT TpaH3HCTOPHHHI NapaMeTpIapHHy YpHaTHI oiiHacH 14.6.4.4-
pacMaa KypcaTHNTaH.

IGBT TpansucTOpRUHAT napaMeTpiapH:

Resistance Ron {Ohm) — [Ynanran xonataarn kapuiiank (Om)];

Inductance Lon (H) — [Vnanran xonatmaru Uapykruenuk (TH)j;

Forward voltage Vf (V) — [T¥rpH iyHanumparn KyWiaHUI racaifd-
u (B}];

Current 10% fall time Tf (s} — [Emwmm xapaénnza Toxennr 0,1Imax
rada macafuIn BakTH (¢)];

Current tail time Tt (s) — [Keunxnm BaxtH (c). Toxauar 0,1Imax aaH
HO/Irava nmacadHil BaKTH;

Initial current Ic (A) — [ToxuuHr Gomnanruy KHuiiMaTH (A)]. Arap
YHHHT KHifMaTH Holl 6¥ica MOAeanall TPAHIHCTOPHHHT ENHK X0AaTHAAH
fomnanagy. Mozennam TpaH3UCTOPHHHT OYHK X0AaTHIaH GollNaHHUINH
YYYH TOKHHHT GOMITAHFHY KMiMaTH cudaruia MycGaT KuiiMaT Geprmuin
Kepak; -

Snubber resistance Rs (Ohm) — [JeMn¢upnoryn 3atKHPHHHT KapilH-
aury (Om));
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Snubber capacitance Cs (F) — [Jlemn$upioBuy 3aHEXHPHUHT CHFHMH
@)].

BaokHHUHr YMKUm nopTyaa (m OunaH Gelrunasran) HKKH 371€MeHTAaH
ubopat BekTop Simulink-cHrHan wakinaHagu. BUpKHYH 3NeMEHT —
TPAH3HCTOPHHHT KOIIEKTOP-3MHUTTEP TOKH, HKKHHYH JJIEMEHT 3ca —
TPaH3UCTOPHUHT KOJIEKTOP-IMHTTEP KYYIaHHIUH,

HopesepcHB KEHIIHK-HMNYJIBC y3rapMac Ky4laRdm Y3TapTKHYM
MORCTHHHAT cXeMacH 14.6.4.5-pacMaa Kypcaruirad. YHAa TPRH3HCTOp
JoknaMara HucOaTaH mapajnen yiaHraH. PacMIa akTHB-CHFHM IOKJIaMa-
Aard KyWIAHHII Ba TOKHHHT rpaQuKIapy XaM KeNTHPHITaH.

+ Vee -
Sw Ron Lon +Vf

e -
Co—} t—o E —oE
KonnexTop -Z SmuTrep ¢

g ManTny Ic
6nonn
JaTeop Vee
9

14.6.4. 1-pacu. 3aTBOpH HiomanHAnanras 6unonsp IGBT
TPaH3NCTOPHHET MOAEAH

Ic

Ynauran

~ « Ynawnu
~ N\ @8>0
NN
\\
Yaunmaws \ \
9=0)

V¢ Yaunran

Yaunrau

Vee

14.6.4 2-pacm. IGBT TpaHiHcTOp MOREJHRHHT YAAHTaH B2 YIWITaH XONaTIapH YYyH
CTaTHK BOABT-AMICP XAPAKTEPHCTHKATADH

451



e fiAX

0. 1imax

14.6.4.3-pacs. IGBT mpansucmoprunz énuaui wapaénu

P uadmamncmmm

the 58T mocal o intemal resiziance (Fon) and nductancs

mmmhlpmwmmw Tha interhet
mhdm bﬁd 1o 2ec0,

Dwmof H\o!ﬂT & avﬂdb wwhumsw

- Pirigniers.- .
_Hmammmx

_fum )

| owtancotonpy: 0 ET
res. e
FowadvokogoVIVT:  § L

.{1eﬁ _
R e A B
P ot
RS W -;_t'-‘rn”;;a':

PRI S N o
S o R B

twos | M f s |
i4.6.4.4-pacs. IGBT TpaH3UCTOPHHHT TapaMeTPIapHHH YPHATHII OfHacH

452




Cument Meamirement
Sarias RLC Branchy

N ,L EE'Jk
.ﬂ_ﬂ. Diode

FPulse
Genarator

¥
P
-
== DG Valtage Soutoe ml_ 68T Parall;l Rl;::' [[
ram
& w E

3
h 4
LLl| 3

Vaoltage

-1
Memurement orpe

iy

Liope '

laglopc ABEBIBEF |

\ ; i i
sz 00164 00166 O.0IR
JYime offset D

14.6.4.5-pacn. HopeeepcrB KeHIIHK-HMITYIEC ¥3rapMac KYWIAHHIN ¥3TAPTKHYH
MOBEIHHHHT CXEMacH

14.6.5. Mosfet TpansacTop

Basugacu:napaninen ynaHran TeCKapH JHOANM MaHAOHNH KyY TpaH-
3HCTOPHHH MOAENIanH.

Mosfet TpaH3UCTOPHHET MOAETH KeTMa-KeT y/iaHraH pesHctop R,
uHAykTHBIHK L Ba xamur SW man uGopar (14.6.5.1-pacm). MaHTHK
OMOKH KaTMTHHHr HIIWMHH Oowkapagd. Mosfet TpaH3HCTOP CTOK-HCTOK
KyunaHumH Myc6GaT Ba 3aTBOpura MycGar curHan (g > 0) 6epunranga

ouynnaaH. 3aTBOPAAry CHrHaJl Holrada Kamaifrasza (g = 0) Mosfet Tpan-
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3ucTOp émunany. CTOK-HCTOK Ky'WIaHHIM MaHduii 6Ynranga Tpan3HCTOp
énuK xonataa O¥namH Ba TOK TECKApH AHOA OPKany yTaad.

Mosfet TpaH3HCTOp MOAEGNHHHHT CTAaTHK BOJNLT-aMIEp XapakTe-
PHCTHKANApH YJAHraH Ba Y3HITaH Xonarnap yuyH 14.6.5.2-pacupa
K¥pcaTunran.

Mouaenna Mosfet TpaH3HCTOpra mapannea AeMIQUPIOBYH KeTMa-KeT
RC-3amxup ynaHnras.

Mosfet TpaH3UCTOPHUHT NapaMeTpJIapHEH YpHaTHIU ofiHacH 14.6.5.3-
pacMia KelTHPWIraH

Mosfet mpansucmoprunz napamemprapu;

MOSFET on-state resistance Ron (Ohm):[Ynanran xonataaru kapimu-
nury (OM)).

MOSFET on-state inductance Lon (H):[Ynanran xonatgaru WHmyK-
TuBaMry (I'H)).

Initial current Ic (A):[TokHusr 6omnanruy KuiiMate (A)]. Yoy
napaMeTpHHHr KHAMAaTH Honl 6¥nca Mojeinalll TPaH3WCTOPHHHT ENMMK
xonatHaaH GouuiaHagn, Mycbar 6¥nca ouHK XonaTHaaH GOIUIAHATH.

Snubber resistance Rs (Ohm):[IeMnuproBYR 3aKHPHART KapIIVUTATH
(Om)].

Snubber capacitance Cs (F):[AemMndupnoBun 3amXHPHUHT CHFHMH
(D))

BnokHHHr m OHnaH GeNrHIAHIaH YHKHUI MOPTHAA HKKH 3N¢MEHTAaH
uGopat 6ynran Bekrop Simulink-cHrHan maknnaHagd, YHHHT CHPHHYH
EMEHTH — TPaH3HCTOPHHUHT CTOK-HCTOK TOKH Ba HKKHHYH IEMEHTH-
TPaH3HCTOPHHHT CTOK-UCTOK KyunaHHIMK 6¥namm.

+ Vbs
] dolo  sw Ron anm .
do oS
o T 1 LT e
_-l : ManTik lg
g 6noku Vps
3atROp '

14.6.5. 1-pacm. Mosfet TPaHIHCTOPHHHT MONENH
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Yaunran
Vds

Ynannw Yaunran
g>0

-Rt=Rd
Ynaurau

14.6.5.2-pacm. Mosfet TpaH3iCcTOp MOACNHHHHT CTATHK BOABT-aMICP
X3paKTepUCTHKANAPH

14.6.5.3-pacm. Mosfet TpaH3NCTOPHHHT NapaMETPAAPHHH YpHATHIN oiiHacH
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Mucon:
Pe3oHaHC WKaMara HUIIOBYH ApHM KynpHKns Oup dazanu HHBepTOp
CXEMAaCHHHHT Moaenu 14.6.5.4-pacMia KypcaThiray,

_I- Pises  Sigral(z) 0
21 DC Voltage 5= FWM Ganeistor  Constant
Soures Mostet @_

w E

= r Sarez RLC Byanch L
TR e L

MuMimeber . 1000

Time olfest 0 10

14.6.5.4-pacs. Pe3oHanc 0KIaMara MILTOBYH ApEM k¥mpuxan Onp Pasans uuseprop
CXEMACHHHHT MOIENH

14.6.6. Hpean kanut Ideal Switch

Huxmozpammacu:
A1 _:,-:_2 b
g mp
Ideal Switch
Basugacu:

Haean xkanuTHH Moaenaafisu.
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KanuTHHar Mofienu keTMa-keT ynauwraH R pesucrop sa SW knut-
naH ubopar (14.6.6.1-pacM). MaHTHK OICKH KaNHTHHHI HINJALKHH
domxapaan. Kanur Oomkapysun kupHiiura OHpIHK MycbGaT cHrHan
(g = 1) Oepunranna ynaHaa, 3aTBOPUAArd CHIHAN HOMraua KaMairaHaa
(g = 0)y3unanu.

+ Viz -
1 o—/ o—o0 2 1 12 5w '—"“,Rm, 2
T W O
g
Bowkapypuu ManTng
snexTpoA 6noxu
g

14.6.6. I-pacx. Vlgean KaIMTHH MOOCIH

VIIaHTaH Ba y3WITaH X0IaTiap y4yH KaduT MOJEJIHHHUHI CTATHK BOJIBT-
amrep XxapakTepHcTHKanapu 14.6.6.2-pacMaa KeNTHPUITaH.

IlZﬁ Ynauwran
™ o~
Yauwnuw
~ @21
~ \
Yhauuw N \
H
Yaunrad @z Omawl =14/ Rm\l \ Yaunran
) —..
A \ Vﬂﬂ"g)l" vi2
-
\ N ]
Yanauw\ )
@=0 ™
-~ T -
Ynaurau

14.6.6.2-pacy. KanuT MOACTHHHHT CTATHK BOJLT-aMAED
XapaKTePHCTHKANADH
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Mopnenna KaMT KOHTAKTIAPHTa NapajUien JeMndgupaam BazudacuHu
Oaxxapyeun xerMa-KeT RC-3amKHp ynaHran.
Hapamemprapnu beputu olinacu.

Broxnune napamemprapu:

Resistance Ron (Ohm):

[Ynanran xonataard kapunura (Om)],

Initial state:

[Bowmmnanray Xonat]. Ymudy napaMeTpHHHT KHAMATH KAJHTHHHT O4HK
xonat yuyH 1 Ba émuk xonatH yuyH 0 Gepunagn.

Snubber resistance Rs (Ohm):

[deMnbupnoryH 3aHXHPEHHT Kapuuiaurd (OM)).

Snubber capacitance Cs (F):

[Hemnoupnorun 3arxHpPHHHT CUFHMH (D)].

BiaokHMHr m Ounan GeNrHaaHrad YHKHIN NOPTHAAZ HKKH 3JIEMEHTIAaH
uGopar (OMPHHYHCH-KATHTIATH TOK, HKKHHYHCH-KAJIHTAArH Ky4JaHHEI)
BekTop Simulink-cHrHan xocun ¥nann.

Mucoa: _

ACHHXPOH 7/1eKTp ABHIaTeNHH yuTa kanuT (Ideal Switch) épnamnaa
MaHbara ynam cXeMacHHUHr Mozemn 14.6.6.3-pacmna. Kaqutnap ydyH
fomkapyeun curHamiap Step 010ku €paaMinia XOCHI KHIHHAIH.

458



Soopet

=g T
] L
tdaal Swibih A
> O‘? 't > i D
ol e[S A i ng i N
Ideal Switeh ht *
. ™ Machings Scope
——{ & I|\r" 1 g Massurement
If-j Constant Demux
Apynchronous Maohine
Rt m ‘@ £l Unhs
Idaal Switoh2
200 T T T T T T T T
150 ;
100
S0}
0
600
400
200
0 :
200 i
] a2 04 113 0.9 1 1.2 1.4 16 1.8
- Time offtst: 0

14.6.6.3-pacy. ACHHXPOH IeKTp ABUrateaHH yuta Kanut (Ideal Switch) épnaMnaa
MaHOara yJaw cxeMacHHHHT MOJEeNH

14.6.7. ¥unpepceaa k¥npuk Universal Bridge
[Tukmozpammacu:

A

B

c

pulses
Universal Bridge
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YHuBepcan KYNPUKHHRT MOAEIH KyHHOarHaapHHd TaHgam HMKOHHA-
THAM Oepaau:

* K¥HOpHK enkanapuHHHT conH (1 nan 3 raya);

* SpUM ¥TKa3rH4YIH NpHOOPIapHHHT TYPH (AHOANAap, THPHCTOPIAP,
Haean Kauut, T¥na domkapunysun GTO tupucropnap, IGBT na
MOSFET tpassuctopiap).

Mozgenaa A, B Ba C KHCManapHHHI TYpHUHK (KAPHII £KH YHKHII) XaM

TaHnam MyMKHH (14.6.7.1-pacm).

VYuusepcan kynpuxnunz napamempaapunu ypramuue otinacu 14.6.7.2-
PacMOa Kermupurzan.

Vuueepcan kynpuxnunz napamerpinapu: Number of bridge arms —
[Kynpukparn enkanap conm]. P¥iixarnan onunaau: 1, 2 &u 3; Port
configuration — [IlopTnapHuHr xoHdurypaunicu]. Ymbdy napaMerp
TIOPTHABRT KaliCy KHCMANaph KHPHIl Ba XaliCHIApH SMKHII KHCMANAPH
O¥numuau Oenrmaadan. YHHHT KuilMaTH KyHHmard pyixataaHd oiM-
HAIH:

* ABC as input terminals — A, B u C xkucManap kupHil 6¥ianu;

¢ ABC as output terminals — A, B # C kucMamap 9uxum 6y-
nanm.

Snubber resistance Rs (Ohm) — [demndupnoBYH 3aHXHPHHHT
kapwnmru (Owm)]; Snubber capacitance Cs (F) — [leMndupnosun 3aH-
xkHpHHHT curuMH (D)]; Power Electronic device — [K¥npukuunr apum
YTKA3THYIH KYPHIMANaPHHHHT TypH). Ywly nmapaMeTpHUHT KuiMaTH
KyHHAarn pyixaTzaH oNHHALH:

+ Diodes — amoanap;

¢ Thyristors — THpUCTOpJIap;

* GTO / Diodes — Teckapu auoa OMnaH MYHTJIAHTaH TY¥na Goln-
KapHNYBYH THPHCTOpJIAp;

« MOSFET / Diodes — Teckapu nuon 6uian myHtnanran MOSFET-
TPaH3UCTOPIAP;

* IGBT / Diodes — Teckapu auwox OunadH myHTtnanran IGBT-
TPAH3UCTOPIIAP;

+ Ideal Switches — uacan kanur.

Measurements — [Ynuanaguran V3rapypuninapl. Ymby napamerp
Multimeter 6nokura yTkasunagural ¥3rapyBYHIapHH TaHJIAIl MMKO-
HUATHHH Gepajau. TannaHras ysrapypumnapie kKelHH3anuk Scope Onoku
épHaMHIa KYPHIO MYMKHH. Vnuanaguran yarapyedamiapHH KyfiHaard
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pyixaToaH TaHnam MyMKHH:

None — ¥srapyBuunap TaHJIaHMaras;

Device voltages — ApHM JTKa3rn4nu KypriMajard KyuaaHHOI-
aap;

Device currents — spuUM YTKa3srWYiIH KypHIMalapHHHT TOKNapH;
UAB UBC UCA UDC voltages — kynpuk KUCMaJapHIard Ky4-
JaHHLLNAp,

All voltages and currents — KYNPHKHHHT XaMMa KYUYJNaHKLI Ba
TOKJIApH. '

Multimeter 610KHIa aKC PTTHPHIAZHTAH CHTHAJUIAp Kyiilaaruya
GenrunaHai;

Uswl, Usw2, Usw3, Usw4, Usw5, Uswb6 — kaauTnapaard Kydna-
HHIINAP;

Iswl, Isw2, [sw3, Isw4, [swS5, Iswb — KanuTIapHHHT TOKJapH;
Uab, Ube, Uca, Udc — K¥NpHKHMET KNCMANapUAAry Ky4JaHHII-
nap.

IOKopyaa KeNTHPHITAH MapaMeTpiIaplas TallKapH JHANO0r ofiHacKza
TaHJaHraH ApUM VTKasrHYIH npuGoprap yuyH XaM napamerpiaap Gepu-

JaaH.

AXTHB-HHIYKTHUB IOKIaMara ALUIOBYH Y4 (azain THPUCTOPIM TYFpH-
IarHYHUHT cxemacu 14,6.7.3-pacMaa KenTupunrad. TYFpHUIaruy HH-
Beprop pexxumura 0,06 ¢ ra TeHr OynraH BaKT MOMEHTHIAA YTKA3HIAAM.
'padnknapaad k¥punu® typranuiek, OyHaa TYFPUIATHYHUHT YHKHII
KyYNAHUIIH HIIOPACHHH Y3TapTHPaaH.

Tecxapn auon 6unan wyHTnaHrad IGBT-Tpansucropnapna Gaxapui-
rad 6up dasany HHBEPTOPHUHT cxeMacH 14.6.7.4-pacMia KSITHPHITAH.
MHBepTOPHUHT KKIAMACH Pe30OHAHC XapaKTepra sra Orannura cababmn
YHIArH TOK CHHYCOHOAJ XapaxTepra sra,

NE >

-+

ow>

.4;&51{ " k¥ &
o1 £t

14.6.7. 1-pacm. Yuusepcan kinpux Universal Bridge
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14.6.7.2-pacm. Universal Bridge Gn0KMHUHI TAPAMETPAADHHH CO3NALI OHHACH

{4.6.7.3-pacm. AKTHB-HHIYKTHB IOKNAMATa HULIOPYH Y4 (a3almH TUPHCTOPIH
TYFPUIATHYHHHT CXeMacH
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14,6.7.4-pacm. Teckapn Tnop Bunad wyHTIaHTaH [GBT-Tpansucropiapia Gaxapuirau
6xp $aszarn WHBEPTOPHHAAT CXEMacH

14.6.8. KeHrnAK-EMOYJIbC ¥3rapTkud GOIIKAPHLE CXeMACHHHHT
BHPTYaJl MoJeNIapu

14.6.8.1. CHMMeTpHK GOMIKAPHAYBUH OHP CAKAJH KeHIMTHK-HMOYIbC
Y3rapTekHy

?3rapuac KYWIaHHII ¥3rapTKUUIAPHTa KEHTMK-HMITYIBC (MMITYIb-
CHHHT 1aBOMHILTHTY OmnaH GolKapHnaauran) y3rapTkutnap Ba y3rapmac
TOK 31€KTp TABMHHOTHHHHT HMIYNBC MAHOATapH KHpazH.

Kenrank-uMnynsc ysraprkuunap (KHY) oxaraa poctianysum
¥3rapMac TOK IEKTp IOpHTMalapHia KymunaHunanau., Tysunumu G¥iinga
KUV nap 6np enxamu (14.6.8.1,a-pacM) Ba KYNpUKIH (HKKH €IKaIH
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(14.6.8.8,a-pacm) KW Y napra 6ymunamu. Bup enxamy KHVmap ypra
HYKTanH MaHOaaH TABMHH/IaHAH.

KUV napuu GolKapuIn yuyH acocad KyHHIarn y4 YCYJIIAH (aITropHT-
MJaH) OMpH KYINaHHIanH: CUMMETPHK, HOCHMMETPHK, HapGaTnu.

Kefinaru Hxk#t yeyn daxar kynpukan KHY napaa wmnatunanm.

CummMeTpuk Gomkapuu yeymuaa KHY enxamapuparu Tpanzuctopmap
KapaMa-kapmu (a3zanapaa ynanu0 ysunamn (14.6.8.1, r-pacum).

Kapama-kapmu 3.10.x. Ba K , L 1oknaMa 6yJ1raHﬂ.a CHMMETpPHK
Gomkapanyrun KUY na Kommy'rauuou HHTEPBANNIAPHHAT X0CcHI Oy muI
KETMa-KeTJIHTH Ba IEKTPOMATHHT XapaéHAapHH Kypaitnuk. Cxema 6¥Hnya
1oKopugardy VT1 TpaHsucTop ylaHraHma Ba nacriard V12 TpaH3IHCTOp
Y3WITaHIa I0KIaMa TOKHHHHT OKHIIH yayH +U VTLR L E,-U 3amkup
xocun 6ynagm (14.6.8.1,6-pacsu). Ymby nHTEpBanna 0KIaMara TabMHH-
Al KyJyJasHlOoH Un Kyiinnaau, Tok 3ca muHIMan Imin kuiiMaTHIaH Mak-
camal Imax kuiimarraya opragn(14.6.8.1, r-pacm). VT1 Tpansucropgaru
KY4IAHHII HOJIT3, TOK Ca HKNaMa TOKHra TeHr Gymamu.

VT2 tpansucropaaru kyunauum 2U ra tedr. D2 muon yuys ymby
Ky4lagHi Manduil Ba aMoaaaH ¥TadtraH TOK HoJra TeHr Oymagn. VT2
TPaH3UCTOpP ynaHraHaa pa V'l TpaH3KMCTOP y3WIraHaa I0KJIaMaHUHT HH-
OYKTHBIIMTHAA HHFHITAH JHEPrus XHcodura TOK aBBANTH HYHanHIIHAa
oKMIIZa naroM 3TagH. bynma 14.6.8.1, B-pacmaa k¥pcaTHNTaH 3aHKHD
xocun Gynanau. FOxmama Toku 3.10.k. Ba U, Manbara nuc6atan TeckapH
iyHammmaa 6¥naan. Ymby uaTepBania ©KAaMaJaru Ky'WIaHHio ¥3 Hio-
pacHHM ¥3rapTHpaiM, TOK 3ca KaMasH.

VTI tpansucropra 2U xywlaHum T¥rpH Kenaau, D2 mgmom ouHK
OYmagy, yHOArd KyYJaHHII HOATA TEHT, TOK 3Ca IOKJIAMa TOKHTa TEHT
6ynagu (14.6.8.1, B-pacm).

Arap yuify HHTEpBanga HHAYKTHBIHKAA HHFHITaH SHEpPrHd eTapiH
0¥nMaca TOK HOAraya KamaiiuO, keluH ¥3 HYHanUIIWHK ¥3rapTHPHIIH
MyMKHH, Bynaa Tox D2 muoaman VT2 TpaHsHcTopra ¥Taiu.

CuMMerpuk GoIKapHILAA I0KIaMaa HINOPAcH Y3rapyByH KyWIaHHII
WAK/IAHAIH, Y0y Ky4IaHHIUHHHT Ypraua KuAMaTH 2¢a KyAugarn ngo-
DaJaH aHHKJIAHAIH:

12 T
U, =% JUnd;'_% }[Undz =(2y - 1)Uy, (14.6.8.1)
¥

¥ Y, = 0,5 6¥nranga Honra tenr, y > 0,5 G¥nranna wknaManaru ypra-
Yya Ky4nanum MycOar, v < 0,5 6ynranna 3ca ¥praga xKydnaHHII MaH-
tdul 6¥nagn. CummmeTpuk Oomkapumnia (14.6.8.1) ndoaa O¥iinya
xucobaanran KUY aunr poctnam xXapakTepHcTHkacH 14.6.8.2-pacmaa
KY¥pCaTHITaH.
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14.6.8. I-pacm. CumMeTpuk GOIKapHITysuH Gup enxamn KV

+Unf ]
/|

“Un

02 D4 06 O 0

14.6.8.2-pacm. CummMerpuk Gotukapunysun KUYVHWAT pocTnam xapakTepucTHKacH
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14.6.8.3-pacs. KH¥ un GomKapHImMBHAT GYHKUHOHAI CXEMACH (2) Ba 3NEKTPOMATHHT
skapa&niap (6)

KA Y11 cHMMeTpHk GOMKApHIIHN aMalra olAPagHras GyHKIHOHAN
cxema (BC) 14.6.8.3, a-pacMaa Ba YHAArH 3JIEKTPOMAarHUT Kapagniaap
14.6.8.3, 6-pacMaa KypcaTRiraH.

Hmnynecnap renepatops (I') 6MnaH TakTnanyBYH appacHMOH Ky4/ia-
nnunap rexeparopu (AKD) mappn T 6¥nran appacHMOH KyUTaHKILEH
xocun Kunagu. Conpmtupum cxemacu (CC) penenu aneMeHnt 6¥inb,
YHUHT YHEHIIAAATY CHTHAN KHpHmAaard Ba AKIHHHr YuHKHIOWIAra Kyd-
NMaHWIONap TeHr G¥naraHaa IWOCIaH MHHYCTA 8KH TECKApHCHra ¥3rapaaH
(14.6.8.3,6-pacm). KHVHH GomkapyBau aMiyibe Tapkarrid (UT) HKkHTa
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HBKMIUra ora; OMpHHYHCH — TYFPH, NKKHHIHCH >ca — HHBepe. ITHHAT
YHKHIIHAATA MMITyibcaap Kydantaprudnap (K) épnamuga xyaadrupunud
VT1, VT2 tpan3ucropnapHunr Gazanapura Gepunanu (14.6.8.1, 14.6.8.3,
6-pacmiap}.

14.6.8.2. KHYuR GomKapHun cXeMACHRHHT BHPTYAJ MOICIH

KUV nunr kys kicmy MATLABauET Universal Bridge 610x1 épaa-
Muja aManra omupunany, Universal Bridge OoKMHHHT napaMeTplIapHHH
co3aaw ojinacy 14.6.8.4-pacMaa KeATHPHIATaH. ¥ HHHI IOKOPY KHCMHAArH
KanKHO YHKYBYE MEHIOAaH | paxamH TaHnaHazu. Port configuration maii-
JOHMIA YHKuII [OpTiapy cH$aTHIa yarapysuaH TOk nopTilapH bepuiany.
KeliMHry HKKUTa MailoHra CHaGepIapHEHT N2paMeTpAapH KUPHTWIAIH.
Power Electronic device maiiioHnnars Kankut yrKysan piiixaTnaH SpHM
JTKA3FHYIH Ky4 NpHOOPHHHHT TYPH TaHnaHaad. Ymby xonga IGBT tpan-
3HCTOpNAp TaH/JIaHTaH. TpaH3HuCcTOp GHMnaH GHpraankAa TeCKapH AWOI XaM
6ynmany. Kyu KanHTUHHHT O4MK XO0JATAATH NapaMeTpaapy KelHHIH UKKHTA
MafizoHaa k¥pcatunagu. HasGarmarn Mmaifinonnapza xyd npHOOpHHMHT
JUHAMHK DapaMeTpaapH Gepunagy. CYHITH MaloHAarH Kankud YHKyRYH
MEHIOaH MoJeiam BaxThaa Multimeter Onoky épaaMuna Yn9ananvran
KATTA/IHKA3H TaHNAHAOH.

KWV un Gomkapum cxemacHHuHT MoneaH 14.6.8.5-pacMaa k¥pca-
tHarad. ¥ Simulink 6ubnanorekacHHuHr acoculi 6noknapn &pmaMuna
14.6.8.3, a-pacMaa xypcaTuiarad GyHKIHOHAJ CXEMara acocaH TY3HITaH.

Bomkapnm cxeMacugard Repeating Sequence 610k appacuMoH Kyd-
NAHHIIAP TEHEPATOPHHH aMajra omupagu. Yoy reHepaTopHHHT CO3-
nam ofiHacu 14.6.8.6-pacMIa k¥pcaTiirad. YHAHT OHpPUHEYH OHHAacHAA
appacHMOH KyWIAHHHTHHHI OFUII OCJITHCH ¥3rapajuraH JaBpIard BakT
WHTEpBaJlIapH, HKKHHYH MaHAOHUa 3ca ymby MOMEHTIApPra MoC KelyRB-
gy KywIaHHuLUIap kypcatunaan. MacanaH, 14.6.8.6-pacMaan pasp 0,002
CEKYHA, appacHMOH Ky4JaHHIIHHMHT aMIIHTYAAcH 2B Ba Ky4wiaHHII HOM
KufiMaTra HUc6aTaH CHMMETPHK IKaHIHIHHE KYPHIIKMH3 MYMKuH. Sum,
Relay Onoknap comumrupnm cxemacuun (14.6.8.3-pacmaarn CC Giok)
aManra omHpaan. Logical Operator 610K CHrHaMIHH MHBEpTHpmaiigw,
Mmux 6ok 3ca Universal Bridge Snoxusin §owmkapuin y4yH 3apyp 6¥nran
MKKHTa CKAJIAp CHrHAJIHH OUTTa BexTOp curHaira Ysraprupani. By epaa
ITyHH TAKHAATALI KEPAKKH, peasl cXeMalap/Ja TpaH3HUCTOPHH E€NMHII Yy4YH
yHUHT 6a3acHla KHYHK MaHQHH Ky4YNaHHIIHK DIAKNNAHTHPHIO 3apyp
0¥ manu. Universal Bridge pupTyan GIOKMHHHT' TPAH3UCTOPIAPHHH EMHII
yuyH OyHIall Ky4raHHm HON GYIMIIN XaM MyMKHH,
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Scope Gnoku EpmaMHaa OJNIHHTaH COLIKAPHII CXE€MACHIATH CHTHAJI-
napHuHr rpaguinapy 14.6.8.7-pacmna xypcatunran. KOxopHaara ocum-
norpaMMana AKI'HHHAT 9HKHIOHAATH Ba MACTOard OCHMAJIIOrpaMMaga
Tpan3HCcTOpHHUHT (a3ackra OGepHAasHTaH Ky4TaHHLIIAP KYPCATHIraH.

Block Parameters: Eruversal Bridge

- Universal Bridge (matk) fnk) --- e s ey

:Thsbbckmplenwiabndjeol&decled powar elactionics dewnces.

jSmRCsmbbacrcdsaecumMmpuaﬂd%ewhmdm ;
P devica. For mosl appheations: the internal inductance shoukd be sstto !
L2800, H

:_Pamm . - e .. . —eem - _i
Nurmber of biidgs amy: i] =i
: Pott confipuation [ABC az nput teminols =]
¢ Snubbes resistance Ry (Ohms)

' Ji000

Srubber capaciktance £5 [F)

{0505 ;
Power Electionic device /IGBT / Diodes BRIy
Ron {Ohms)

{1e4

Forward voltages | Device VIEY) . Diade ViVl
71y

[ Ti{s). Tt{s) 1

[[1e6, 2e4]

Measuemsnts J

14.6.8.4-pacam. Universal Bridge 6aoxMHIHT TapaMeTpIapHHH CO3NANL OiHACH

I~ untitied *
Elle Edrtgawsnmulahn Format Iools HEb o o
DS I RB D> afom  JHE- RET S
p———¥-
nOT »
In1 | ’ Outl
Mux

Ready pogw T __odess A

14.6.8.5-pacy. KAV nn 6omgapnin cxeMacHHHET MOZENH
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Block Paramelers; Repeating Seduencel
- Repeating table (mask] flink) - ---——w somee e e R

! |
- Output a repeating sequence of numbsrs specied in a table of time-value 1
| pairs. Vislues of tiewe should be monotorically increasing. t

I Pamle‘s e e e e i e

! Time vakies: §
| R F o
s Output values: l
t 2223 |

Tire off et

14.6.8.7-pacm. Mogennaw HatHxanapu

14.6.8.3. K¥npuKRAR KeHIIHR-UMARPALE Jr2apmKud

Kynpuxmn KAYauer npummanyan cxemacy 14.6.8.8, a-pacMaa kel-
THpuirai. ¥ D1 — D4 teckapn muonnu tiprra VT1 — VT4 TpaHsu-
cTop KanutaapaaH ubopar. TpaHsHcTOp KaTHTIapAaH TAWK4UA TONraH
KYNPUKHHET IUArOHANHTra rokIaMa ynanras, KHY yarapmac Tok Man6a-
CHIAH TAbMHHIAHAOH.
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CuMmmMeTpuk yeyn 6unad GomkapmiraHfa KyHpHKHHAT TYpPTTana
TPaH3UCTOP KAJHTH XaM YNaHHO ysumump MyMknd. Bynga KMV nuur
YHKHITHAArH KYWIaHHII HIIOpacH ¥3rapu® TypyBuH HMOyILC/aap
K¥puHHIIuga 6¥nanu. ¥IMOynbcnapHUHr JaBOMHENNTH KHPHII CHTHATH

épRaMHaa poCTIaHAOM.
YTt VT3 N
ul u3 D3
e |

01
| RH Lu : Uy
VT4

2 D2 i ?m

a)

——
—

ul L_l_ —I

_b

T T
“ N N
iod I o R o B o N
™ ]| N e T
— e T L T L1
o T+

6)
14.6.8.8-pacs. Kynpuxnu KUV (a) Ba yaH cumMeTpuk Goukapum anroputmu (6)

CuMMeTpHK Goukapuianuran kynphte KA Vuunr pakr 6yiiuda nua-
rpamMmanapn 14.6.8.8,6-pacmpa xentupunran, Bup enkand cxema Sunan
TAKKOCJaHraHxa ymby cxemanard Ennx tpaHsucropnapra 2U, aMac, 6amxd
YHIaH BKKY Maprta KHYuK U ra Tenr 6ynrad TabMHHNAI MaHOaCHHUHY
KYYIaHHIMH TapcHp Kunany. Iy cababiu k¥ mrauauk Xxonnapia KyNpHKIH
CXeMaHy K¥anam Maxcanra Mysoduk,
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CumMeTpuk Gomxapunaanrad kynpukns KUY aa Gomkapum uM-
mynscHapy OHp BaxXTHHHT ¥3MJa AqHaroHan O¥iinva )KOHIANITAH HKKHTA
TpaH3ucTopra 6epunaay (14.6.8.8,6-pacM).

14.6.8.4. Cummerpuk Gomxapanaguran kynpukas KH Vuanr
BHPTYRJ MONEIR

CuMMeTpuk Gomkapunagurad kynpuxan KUVHuET kyd kpeMmu
Universal Bridge 6aokpr épmamuna daxapunagu. Universal Bridge 6no-
KH NapaMeTpIapHHA CO3Nall OHHACHHHUHT IOKOPH KHCMHIATH QYHIYBYH
p¥iixaTaan 2 pakaMu TaHIaHATH.

Bomkapum cxeMacHHuHT moxenu 14.6.8.9-pacmaa kypcarnaran. Y
Simulink 6nGnHoTeKacHHUHT acOCHE GIIOKNAPH €pAaMHIA TY3HIITaH.

Fle §dt view Simulaton Format Took Hep
DSES] s B2 > »[Nomd e

IVM& NOT

Repeating
Sequence

Outt

il
:

Ready|100% [ ! lode23th A

14.6.8.9-pacm. Kynpussu KHVnu Sormxapuue cxemacununz nodenu

CuMMeTpHK OOIIKApHIN YCYJIH acOCcaH KyBBaTH kuuuk Oyaran
y3rapMac TOK DJIEKTp IOpHTManapuia HuinaTHiagu. YHHAT adsaniu-
Knapu 6YnHG coppanurn Ba pocTAall XapaKTEPHCTHKACHIAA CE3MACITHK
30HACHHMHT HYKNHruadp. KaMuuiHri 3ca 10KI1aMa KY'WIaHHUIHHHHT HKKH
KyTONunura sa wy cababay 0KI1aMa TOKHHHHT KATTa MyJILCIAHALITA 3ra
6y anmuanp.

Ymly kaM9HIHKHH Gaprapad XMamm yuyH acocaH HOCHMMETPHK
Gomkapmiaauran KUY nap xynnanwraau

Hocammerpuk Gomkapunaauran K Y napaary anexTpoMarsuT xapa-
¢énnap 14.6.8.10-pacmzaa kenTupuarad. Yaapna VT3 sa VT4 tpaHzucTop
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KaluTnap ynanut y3unaan (KHpHNI CHIHATHHHAT TeckapH KyTéuna VT
Ba VT2 kanurnap), VI1 TpaHsucTop KaaMT OOMMC 0YHK Ba TYHHMHraH,
VT2 xanut 3ca AouMO €nmuK O¥naau.

ul

w2 +
w8 - . .
ol oy IO s D S H
s ] t
e Wl i ot gl Wt
7T T %

%)

1
v | ——+1)7 ——a_

_’
w2 — £
el
3 =T T
vd Y
1T ! »
. -y
U - - -~ — T
= 1= i T .
7T ' t
6)

14.6.8.10~pacy. Kynpukmm KUY Tpansscropmapuus HecumMeTph (a) Ba HaBGar
Gnnad (6) Sowwapriu

VT3 u VT4 tpansucTopny kanutiaap ¥3apo Teckapd ¢azaga ynaaud
yaunand. Bynna KUY sHsr unkuuinaa 6up Kytoan MMy ALCiap MIak/uia-
saayu, Kypub yruaran Somkapum yoynsaMur KaMuHiaBry cxeMa OFiinya
wkopuaard (VT1, VT3) TpaH3ucTop KanHTIApHAHT NACTAArH TPRH3UCTOp
Kanurnapra HHcGaTaH KYNpoK IOKIAHHUIHAMD. YIIOY KaM4YHIIHK HaBOaT
OunaH Gowkapum ycyauna 6aprapad KHIMHIAH.

HapGar Onnan GomKapHim yCyau YYyH BAKT AHarpamMmaiapH
14.6.8.10,6-pacmna kentHpunrad. bynga, KHpHill CHTHATHHHHT Xap
KaHmal uDlopacHa XaM, KYIPHKHHEI XaMMa (TYPTTa) TPAH3HCTOp KalnUT-
napy ynaG ysunam xonarupa 6yinamu. KMV HocuMMerpuk &kM Hapbar
Ounad COWKApHITaHA JOKTAMAAA KMPHUDI CHTHANHIa NpPONOpIMOHAn
Ba AapoMuitnury yT 6Ynran 6up KyT6id HMIOYNECHap MAKITAHAAM,
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KOxnaMagarn KyWiaHHIIHUHT YpTaya KMHMATHHH KyHndarn udodazan
AHHKJIAL MyMKHH:

177
Uy = [Undt =yUp. (14.6.8.2)
0

Hocummetpuk &kH HaBOaT HunaH GowmwkapuIagural KUV Huunr poct-
nAam xapaxktepuctHracH 14.6.8.11-pacMia ke THPHITaH.

Yy
08Uy

06

04

02

14

02 0é 08

14.6.8.1{-pacm. HocHMMeTpHK &k HaBGar 6unan Gowkapumanuran KHYuunr
POCTIALI XapaKTEPHCTHEACH

Tpanzucropmn KHY e HocHMMETpHK GONIKApHINHHHT $yHKIHOHAT
CXeMacyt Ba YHAArH MMEKTPOMArHuT skapagunap 14.6.8.12-pacMaa kentu-
pwirad. ¥ umnyiasc redepatop (I'), appacHMoH KyWIaAHHILINAP reHEpaTopH
(AKI), nxknra cymmarop {CYM1, CYM2), MKKHTa COMHIUTHPHIL CXEMACH
(CC1, CC2), uxkura nMnyasc Tapkarrud (UT1, UT2) Ba kyuadTupruygan
(K1,K2) ubopar.

AKIHHHr ydKHIIHZArH Ky4dna#Hw Taghd Kydmasum Uon 6unaH
CYyMMaTOPJIAPHUHTI KHpHIIApHAa TakkocaaHaau. TadHY kKydmaHum
AKIHUHT YMKHITHIATH KYWIAHHINTA TEHT KWIHG OMHHraHIury cababnau
COMMIITUPHIN CXeMAaCHHUHI KHpuimura Uon ra CHIDKHraH appacHMOH
Ky4naHunap kenanu (14.6.8.12, é-pacm). CCl conumTHpHi cxeMacu
Vya3ununar UT1 mmuynesce TapkaTkuyy Ba K1 xyvalthpruyaapd Ounan
Oupranukaa KynpukHUHT O6mTTa enkacumard (VT1,VT2, 14.6.8.8-pacm)
yinaHAG y3ummnapaH 6omkapaan. CC2 comHiuTUpHm cXxemacu 3ca HT2
Ba K2 nap 6unan OGupranukna kYnpHKHHHT MKKAHYA enkacupard (VT3,
VT4, 14.6.8.8-pacm) ynanu® yswinmiaapan 6owkapanu. Hatxxana kupui
CHTHAJIMHMHT HuIopacura GOFAHK X0aJa KYNpHKHHHT OHp enkacHJIaru
TPaH3UCTOPIAp YNaHHO y3HIaaH, UKKHHYH eNKAaCHIATH TPAH3HCTOpAapIaH
GUpH NOMMO OYHMK, HKKMHYUCH 3¢a AOHMO &nuK Gymagu. KupHin cHrHa-
JIMHHAHT HIIOPAacH ¥3raprania KynpHK eJKaTapHHHHT LI PEXKHMIAPH XaM
anMalaam.
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Bomkapumr cxemMacHHuHr BHpTYan Mofend 14.6.8.13-pacMma kenru-
punrad. Ym0y mMonen appan kypud ¥THiran MOASNAaH KY1IHMYA HKKHTA
CYMMATop, TagHY CHJDKUTHIN ky4iaHHIAHHHT 6nokd (Constant Gnoku)

BA HMITYJIbC TAPKATKHY KaHamk GunaH ¢apK KHIagu.

Uy

|
',

H

-
-

6)
14.6.8.12-pacsm. Hocnmmerpuk Gomkapuiannras tpassucropnn KUY un
SowkapnHEHr GYHKIHOHAT cXeMacH (a) 8a YHOATH 3IEKTPOMAaTHHT KapaéHiuap (0}

" ship_maost_nesym{Contral system
Ele Edt View Simulaton Format Took Heip
DIGCEAS s DB affond @SS BETS

e

Covclamt

fpaacy Boow [~ [ boesdb T 4

14.6.8.13. KWVHN HocuMMeTprK GowKapHl GA0KHRHHF MOREMH
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14.7. Machines — 3nexTp MalIHAAJIAP

14.7.1. ¥arapmac Tox mammunace DC Machine

ITuxkmozpammacu:
b F%F- <
b k—O—A 4
ATL mp
DC Machine
Basuchacu:

VarapMac TOk 21€KTp MamIMHACHHH MoaeTaian.

Mogennuar A+ H A- DOPTIAPH MAIIHHA AKOp MYIFaAMHHHHI
ynkuouiapi, F+ 1 F- noptnap 3ca kysraTHid ujnFraMHHUHT YHKHHNINTAPH
6ynub6 xnucobnanagu. TL mopTH XapakaTaaHHINTa KapUIMIHK MOMEHTHHH
y3aTHI YYyH MyokannaHrad. Uukum nopTH m ga TYpITa 3MEMEHRTIaH
HOopaT GY.IraH BEKTOp CHTHAN MIAKIUIAHAMH: TE3MHK, AKOP TOKH, KY3FaTHIO
TOKH Ba MAalI¥HAHUHI INEKTPOMArHAT MOMEHTH.

VarapMmac TOk MalIMHacH MOMISIHHHMHT cXeMacH 14.7.1.1-pacmna
K¥pcaTHira.

LA
[ ]
i}
L 3
Te |
I Mux
Coulenwt (THE
Viscows ( Bmfw)

Friction Tompues

14.7.1. 1-pacm. YarapMac TOK MALIHHACH MOJETHHHHT CXEMAaCH
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MaWHHAHHHT AK0p 3aHXHPH KeTMa-KeT yJaHraH Ra — sakop 3aHku-
PHHHHT aKTHB KapILIHIHTH, La — AKOp 3aHXHPUHHHT HHAYKTHBJTHTH Ba
E_FCEM — axop uynramuauar 0K cunas (GomKapunyBuy Ky9IaHHII
manbacH) ubopar. Axop uynramunnar JIOK cu Kyfinnaru ndonara aco-
caH xucobaaHamu:

E=K_-ow

E
Oy epaa
E — axop u¥nramuunur 310K cn,
@ — JJIEKTPOABHIaTe] BAIHHUHT aH/TaHHIN TE3JTHTH,
K, — DIOK Ba Te3nHK opacuaary NponopLHOBALTHK Ko3duiuenTy.
JK0K Ba Te3MHK opacHAary NpoNopUHOHAIIHK K03 PHLIHEHTH MALLIH-
HAHWHI KY3FaTULI YYIFaMHIATH TOKHUHT KATTAIWTHTa GOFAHK:

K=L 1l

6y epaa

Lof— AKOP Y¥NFaMH Ba KY3FaTHIN YJIFaMH OpacHiary ¥3apo HHAYK-
THBIIHK, .

{, — MAIHHAHUHI KY3FAaTHII YFIFAMHIATH TOK.

MaluHAHUHT KY3FATHIL Y¥IFaMH YHAHT Ra — aKTHB KapIuWIXry Ba
La — MHAYKTUBAHIY CH(ATHAA KEITHPUITAH.

MopenHuHT MeXaHUK KHCMH MANTHHZ BaJHHKHT AiNaHHLI Te3NHTHHH

Kyiinnaru vdoaara acocan Xxucobnaiian

T =Ji,—?+Bco+sign(TL),

6y epna
T, — MamMHAHUHT 3NIEKTPOMATHHT MOMEHTH,
B — KafHIWKOK HOIKaNaHUW Ko3(dHnAeHTH,
T, — KypyK HIIKaJTaHHII ko>QdUNHEHTH.

MoznenHHHET MexaHHK KHCMH HHTETPATOp, Y3aTHII K03 pHIINEHTH L
6ynran ky4aiTHpruy, >kaMaary4 Ba KynantHpruyaad nbopar. 7

MawnHa 31eKTPOMArHAT MOMEHTHHHHT KATTAIMTH Kyiunard udozara
acocaH XHcoOnaHagn

T=K, I,

T "
Oy epna
I — AKop TOKH,
K_ — 3NMeKTpPOMAarHuT MOMEHT Ba AKOP TOKH OPaCcHlarH HNpenopuno-
HanuK kodduuuentn, Karranuru 6yinda K koadpduiment K, kozd-
¢$HUHEHTTA TEHT.
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THapavemprapunu ypramuu otinacu:

Block Parameters

DC M achine

T,“MW N
' wﬁﬁ“"'wmﬁuwm

';mtmdum1 - pasiive snd iegaivg At teani
mzwmz ; poaiiye and o Fak] boiivinials

Cuiput 3 Sm&*mdmlmalrte]

~ Pavastiaters - el
mmwmm[&m}uwl

{106 0012

Field reeistance dnd inductance (RE{chaa) LI H)]
i 240 120]

|18

Yol metis ) (kgm2)

It

Vm&bﬁmm:&ﬁmmﬂ-

o

Coulomb fiction torque TENanl -

. ._':ID .

_l‘

| o | Camdl | P |

Hapavemprapu:

Armature resistance and inductance [Ra (ohms) La (H) I:

[Axop 3aHXXHPHHUHT aKTHB Kapmwaurd Ra (OM) Ba MHOYKTHBIHTH
La (I'\)].

Field resistance and inductance [Rf {ohms) Lf (H) ]:

[Ky3raTui 3aHXHPHHUHT aKTHB KapUIHIHTH Rf (OM) Ba HHAYKTHB-
nuru Lf (I'n)].

Field-armature mutval inductance Laf (H) :

[AsHTraTeHHHT AKOP 3aHXKHPH Ba KY3FATHUI 3aHXHUPH OPAacHAry ¥3apo
unayxkrusauk {CH)].

Total inertia J (kg.m?):

[ZIBuraTenHuHr HHepUHUA MoMeHTH J (kr*m?)],

Viscous friction coefficient Bm (N.m.s):

[Kafimukok nmkanauum xo3dduimenty Bm (H-M-c)].
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Coulomb friction torque Tf (N.m):

[PeakTuB Kapmunnk MoMeHTH T (H-M)).

Initial speed (rad/s):

{ABuraren pBanuHHHT OowmnanFuy Gypuak Tesnury (pan/c)].

Mycrakun x¥3raTHimra sra 0¥nrae yarapMac TOK MallHHACHHHHT
nIapaMeTplapMHH YRHAT KaTanor MablyMoTiapH 6yiinya Kylinmara ngo-
Janapra acocaH aHHEJAI MYMKHH:

Uity
M,

H
I.lﬂ' Ie

Ldf =
LR,
R’

J» QOLE
Rlwiliy’

1, =(0,5 - 2)%D,

L 2(2-5)

=
7 2e, ’
B o= e
m 208,

6y epna
1 — Ky3raTHII YYNFaMUHMHET TOKH,
U, — Ky3raTim 9¥IFaMUHHAHT Ky4IaHHIIH,
R, — K¥3FaTHIU Y¥NFaMHHHHT aKTHB KapIIAJIHCH,
L, — Ky3FaTdIl TYIFaMUHHHT HHAYKTHBINIH,
I, — AKOp YYNFAaMHHHHI HOMHHAN TOKH,
U, — AXOp 4¥yNFaMAHHHT HOMHHAJ Ky4NaHHILH,
R, — axop 4yNFraMAHHHT AKTHB KaplH/IHTH,
M, — HOMWHAIT MOMEHT,
PH — HOMHHAJI KyBBArT,
n,, ~ AKOPHHHT HOMHHAN aHJIaHHII TE3THTH (aHI/MUH),
@, — AKOPHHHI HOMHHAJ almaHuII Te3nury (pan/c),

Il — MalIMHAHUHC YMYMHUIi MEXaHKK UCpodrapH.
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SIxop 3aHXXHPMHHHT HHAYKTHBIMIYHM KyHugarn dopMmynara acocaH
AHHKJIAIN MYMKHH;

La = CU_AH,
ILyn,P
6y epoa

C=(1-2,5) xoMneHCcalMOH Y FaMIid MAaITHHA YYYH (KaTTa KHiiMaT
TE3JIHI'H MAcT ABHFATENNap YUYH),

C = 6 KOMIIEHCALHANAHMATraH MAlHHA YYYH,

P — KyTO KyPTIHUKIAPUHHHT COHH.

1-mucon:

V4 morodanu wmra TymwHpHm Kypuamach (Motor Starter 010kH)
SpaaMHaa JBUTaTSIHA IOPTH3MHII cXeMacHHUHT Mofend 14.7.1.2-pacmaa
KeNITHpHATaH. PacMaa ABHTaTeNHHHI TE3MIH Ba IEKTPOMarHHT Mo-
MEHTHHHHI BakT O6¥iuya ¥3rapum rpadmknapu Ba rpad kKyprud 61oku
XY-Graph épaaMuna oMHHraH MAIOHHAHHHT THHAMHK XapaKTepPHCTHKA-
CH XaM KelTHpuIraH. Mogenga Tenmnkka GornuK GYaraH MallHHaHUHT
XapaKaTNaHHIIHIAa KAPIIHIHK MoMeHTH Gain KydyaHTHUpruu épaaMuza
XOCHJT KMMHIaH.

2.5% ohm 1.84 ¢hm 0.79 ohm

g

P~
1 3 sap
- Ot [ -
bt O
us m i

DCvoltaga ] “geey Breman e =

h 4

Gain
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14.7.1.2-pacm. ¥4 noronany Hmra TyWHPHII KyphaMacH (Motor Starter Gnoku)
ép,uaMH,ua AJBHTATENIHH KPrHIHII CXEMACHHHHT MOIEIH

Machines 6n6nuoTekacuaa yarapmac TOK MallHHACHHHHT IHCKpeET
moaenu-Discrete DC_Machine xam Mapxkya. ¥ lokoprga kypub yTaaran
MOJAENNaH AUCKpeT y3aTHMI (yHKIHugcHra 3ra 0¥nran Onoknapaan oii-
JaNaHWIraHIMre GunaH Qapk KHaaIn.

14.7.2. Acuaxpon Mmamnia Asynchronous Machine

Iuxmoepammacu:
b ap
b I} b
b op
Tm mp
Asynchronous Machine
8 Units
Basugpacu:

JBHTaTeN Ba reHepaTop peXUMIAPUIA HIWIAHAKHTAH ACHHXPOH 3JIeKTp
MAIUMHACHHH Mofennaiin. MallHHAHHHT HIINAI PeXKHMH 3/1€KTPOMarHuT
MOMEHTHHHI HUIOPAaCHIa acoCaH aHHKJIAHAMH.

Mogenunnr A, B Ba C nmoptnapy MallMHa cTaTOp 4Y¥NIFAMHHHHI
YUKHLINAPH, a, b Ba ¢ TOPTIIAPH 3Ca pOTOP YYIFAMHHHHT YHKHILNAPH OYmub
xucobnananu. MogenHuHr Tm nopTy XapakaT/IaHHIIFA KApLIHIHK MOMEH-
THHH OOWKAPHII YIyH XH3MAT KHIaJH. MONENHHET m 4UKHII NOPTHAA
21 anemeHTAaH HOOPAT BEKTOP CHIHAM IIAK/UIAHAAH. Yap KyiHAarHnap:
XapaKaTIAHMANIHTAH BA aliNaHyBYH KOOPAMHATATIAP CHCTEMAIapHAA POTOp
BA CTATOPHHHT TOKIAPH, MarHHT OKMMJIAPH Ba KY4WIAHWLUIAPH, MIEKTPO-
MarHUT MOMEHT, BAJIHHHI afilaHUIN TE3/MHIM Ba YHHHI Oypyak XonaTH.
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Bektopaan y3rapyBunnapHp axkpaTHO ONHIIHH KyJainalITHpHII yYyH
SimPowerSystems 6ubnuoTekacuaa MachinesMeasurement Demux 6710kH
MaBXyJd. ACHHXPOH MalIUHAHHHT MONEJIH IEKTP BA MEXAHHK KHCMIIAPIAH
HOopaT. JNeKTp KHCMH TYPTHHYH TRPTUONIM BAa MEXaHHK KHCMH MKKHH-
4K TAapTHOAH XomATaap (a30CHHHHT MOAETHAAH UGOpaT. XaMMa 375EeKTp
§3rapyRusIIap Ba MAlOMHAHHHT TapaMeTplIapH ABHTATENHHHI CTATOp TO-
MOHHTA KelTHpHIraH. MammHa 37exTp KUCMUHHHT OOLIAaHFHY TCHTIaMa-
napu UKKkH dasans (dq-¥KIap) KOOpHHATANAD CHCTEMACH YUYH $3MITaH,
MamyHanuEr arMamTHpHI cxemacH 14.7.2.1-pacMIa KerTHpUITaH.

q axis d oxls

14.7.2.]-pacs, ACHMXPOH MANTHHAHMHT AJIMAINTHPHIT CXEMACH

ManiiHa 3AeKTp KHCMHHHHT TEHIIaMaNap KyAuaary KYpHHHILTA 3ra:

d
Vs = in X +—(0 +m(Pﬂ's
# Tooatr ¢ =Li +L i
d g5 5 g5 m gr
Vi =Riy+—0, ~ 00,
s [ T : ")
at ¢d‘s _1"'5""4:'5-'-1"»1l dr
K d ’ !
V: =R +—¢! +{0—-0. )
gr rhgr de T ritdr R .
d (oqr Lrt d.r+Lm'[d’3
t _ ptat + [
Vi =Riy+ =0, +(@-0,)9, C oLy L
. . ¢ dr rI dar m ds
T,=1.5p(9,0,~9,d,) L=L+L
L 'r = L 'fr + Lm
Texrnamanap cHCTEMaCHIard HHIEKCIAp KyHHIATH KUHMaTiapra sra:
d — ¥3rapyBuHHHHT d ¥KKa MPOEKIUACH;
q — Y3rapyBYHHHHT q YKK2 HpOSKIHACH,
I — ¥3rapyBuH €KH POTOPHHHT MapaMeTpH;
§ — ¥3rapypuH KM CTATOPHHHT MapaMeTpH;
L — couMnum WHAYKTHBINIH;
m — MarHUTIAIN 33aHXHPHHAHT HHOYKTHBIWTH.
ManiiHa MexaHHK KHCMHEMHI' TEHTIaMaNapy KyHMlary KypHHHIUTa 3ra;

d 1
Emm—ﬁ-(?:—Fa)m—Tm)
dg -
29 =%,

31— T Qadascanos, M. Myxumounos 481



Malvea TeHrmaManapriary yarapysdwiap KyHHIard KHAMATapra sra:

R, L, — CTaTOpHHHr KapLIAJIATH Ba COYMIIHI HHIYKTHBIHIH;

R', L', — POTOPHHUHT KAPIIMNIKUIA BA COYHNMIN HHIYKTHBIHIH,

L — MarHHTHaHWII 3AHXHPHHHHT HHOYKTHBIUTH,

L, L' — cratop Ba pOTOPHHHT T¥Na HHAYKTHB/IHKIAPH;

Vqs, p —— CTaToOp Ky4IaHHIIH Ba TOKHHUHT q YKAra NpoeKUuHACH;

V' I, — DPOTOP KYWIAHHIIK BA TOKUHHUHT ¢ YKHIra (POSKUHACH;

Vo o o — CTATOP KYYJIZHMIIH Ba TOKHHUHT d YKHIa NpoeKnnacH;

V' 1y, — POTOP KYWIAHHILK B& TOKUHHHT d YKHI'a NPOEKLHACH,

@ 0 P — CTATOP OKHM GOFrNaHMINMHHHT d Ba q FKIapUTa [IPOeKLMACH;

9,0 9, — POTOP OKMM GoFmaHMLINEKHE d BA q YKIAPAIa MPOSKUVSACH;

@, — pOTOPHHHT Gyp4ak Te3aur;0

6, — potopaHHT Gypuak 6¥iinqa xonaru;

P — ky16 ®y(PTIHRIApHHHHT COHH.

ACHHXPOH MAIIMHACH MoAenuHUHr Simulink mporotunu Gunan
:toolbox\powersys\powersys nankacuaaru powerlib_models.mdl 6ubnno-
TEKaCHHH OYHO TaHHMWIMII MYMKHH.

Hapamemprapunu Vouamuw otinacu:




Broknune napamemprapu:

Rotor type:

[Poropuunr typu]. [lapaMeTpHHHT KHiMAaTH KyHHAarH pyHxataa
TaHNaHaAY:

* Squirrel-Cage —KHCKa TYTARITHPHATaH POTOP EKH «0JIMaxoH Kada-

cHy,

* Wound — ¢a3zanu porop;

¢ Reference frame:

[Koopauraranap cucreMacu]. IlapaMeTpHHET KHHMAaTH KYHHAATH
pyfixaTnaH TaHTaHAIM:

¢ Rotor — potopra HHc0aTaH CHIDKHMaHIHTaH;

» Stationary — cTaropra HHcOaTaH CHIKHMAiAHIaH,

» Synchronous — maiaoH 6unan Oupra afinasaauraH.

Nom. power, L-L volt. and frequency[Pn(VA), Un(V), fn{Hz)]:

[Homunan kyepar Pn (BA), Tancup 2TyBuM AHHHA KydnaHumy Un (B)
Ba HOMHHan vacrora fn (I'u)).

Stator [Rs(Ohm) Lis(H)]:

[Craropuunr kapmaaurd Rs (Om) Ba nexykTuemurd Ls (T'n)).

Rotor [Rr(Ohm) LIr'(H)]:

[Poropaunr xapumnurd Rs (Om) Ba uaayktupaurd Ls (Ta)].

Mutual inductance Lm(H):

[V3apo unayxrusnnk (TH)]. _

Inertia, friction factor and pairs ofpoles [J(kg*m~2} F(N*m*s) pl:

[Uaepuyus MoMentH J (kr*M”2), HIIKanauuu koadguunent F(H*M*c)
Ba KyT0 Xy TAHKIApH COHU P). '

Initial conditions [ s th{deg)isa,isb,isc(A) phA,phB,phC(deg)]:

[Bownanryy waptiaap). Ilapamerp xap 6up 2aeMeHTH KyHHAaruw
KMiiMaTnapra sra OYnrad BeKTOp KVpHHHIMAA Gepunaan:

* S — CHpNAHHII;

¢ th — ¢a3za (rpan.);

¢ isa, isb, isc — cTaTop TOKHHHHI OomanFHd KHAMATIApH (A);

* phA, phB, phC — craTop TOKHHUHT SoluTaHrHy dasanapu (Tpan.)).

MawyHanHHT GomuanFuy waptiaapu Powergui 6noxm épaamuna xu-
cO0JaHUIIN MYMKHH.

ACHHXPOH MALIHHA [ApaMeTpAapHHH XHcoOmam y4yH GolnauFud
MaBLIyMOTIap KyHuJarunapaup:

P, — mommHan Kyesat [Bm);

U, — HOMHHAJ JHHMA Ky4naHuiH {B];

f, — TapMOKHHHT 9actoTacH [['m];

1, — BAJIHHHT HOMMHAJ aliNaHn TeaurH [afin/c];
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p — KyT6 KyQDTIHKIApHHHHT COHH,

# — ¢o#iaanu m ko3dpPuuuenTy [H.6.];

€0S@ — KyBBaT ko3>¢pdrnueHT [H.6.] ;

I, — cTaTOpHUHI HOMHHAN TOKH [A];

k, — JOPrH3NII TOKHHHHT Kappaniinry [H.6.];

m, — FOPrU3HIli MOMEHTHHHHT Kappamunurd [8.6.];

m__ — MaKCHMAal MOMEHTHHHT Kappamuiuru [1.6.];

J — HHepuHA MOMEHTH [Kr*M"2].

ACHHXPOH MAIIMHAHUHT NapaMeTplapuuu Kyiunars wdomanapra
acocal XHcobnam MyMKHH:

Uy

U= v i HoMHHAN daza KyunaHuu{s];
60 1, o o
== — MarHuT MailAOHHHAHT afaHuLl Te3MUrH (CHHXPOH
Te3THK) [aiin/c];
s, =2 "M _ gomuHan cupmanmEm [H.6.];
HE T P b
1
T
Sy =85 {m,_ +jm. —1
tp = S (M mar =1 _ KPHTHK cHpnianu [H.6.];
_ 2"/ marauT MaBZOHMHEHT alNAHMI TE3NTHIH (cunxpon
r

TE3NUK) [ ? )

nn, N paa.,
@y =~ — Bal AITAHHINHHART HOMHHAJT GypYaK Te3IHTH [—c—],
£
M, =~ — "omuHan MoMeHT [Hn];
[

M

M, _=m M, -— maxcaMan MomenT [Fu];
M, =m, M, — oprusuin MoMeHTH [Fm];
I =0.01+0.05)P, — mexanuk ucpodnap [Bm];
C=(1.01+1.05) — kenrnupHii K03$pdHUHEHTH (KaTTa KyBBATIH Ma-
IIHHAJAP Y9YH KHYHK KHHMAaTIap oIHHAAN);

_1B+00

SH

. — POTOPHHMHT KEeNTHPUATAH aKTHB Kaplumwmird [Onm;

R ={—]~weC2R, ~we _ craTopuuur akTHB KapurwaMrh
’ 1 i
)

[Oum];
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U
L =] =Y
T A f(1+ CHE I,

YHIAM KHAYKTHBAUTH [[H];

— CTaTOP Ba POTOPHHUHT KSATHPWIraH Co-

L v EYYY —— CTATOPHHHT HHAYKTHBIIHIH
21 Sy 11— c0s? (@) — = e JH
3 pu Hp
(Tul;

L,=L—-L  — Mar#uTIam 3aEKHPHHUHT HHAYKTHBIIHIH [IH] .
Xncobmamnap TyraraHgad KeHHH KEITHPYII KO3(QQHUHESHTH aHHUK-
NnaHagu

L
Cl=1+-2
L

L

Ba y aBBaj kabyn kuivnrad C koadduent 6unan rakkocnanagy. dapk
KaTTa 6¥nca xucobnanurap kadTapinagH.

Mucon:

ACHHXPOH IBUraTelHH TYFPHAAH TYFPH HIUTA TYMHPHI Ba KeiluH
yHra oknaMa Oepum cxeMacu 14,7.2.2-pacmja kypcatdanrad. Bynlan
TALUIKAPH, PAcM/a BANHUHI OYpYaK TE3NHIH Ba MallMHA 3IEKTPOMArHHT
MOMEHTHHHUHT TpadHKNapy XaM KeNTHPHIraH.

T Faifing Durchak tezigl, win™ |:|
e m rad/’s

':h | | [ Erenromagn moment, Te |
rom
Sowce  Thrse-Phate chines
V-1 Measurement hd MG, o asrement "’
T Faz kuchtanishiart
-Continuous 222 tokind

swh Poararete e Threr Phase s

Wmmmu uwmmm

|l MWMM |
 Thee bl it easion vl 2 o AL VMM“Mhmwwlﬂmﬁn. !
 branech, the mmdelmﬁandhhwmaumuau - gircual W dhomanl, & retan the |
imm{N! of the bock. - s Bhoseyto-prtuend volloget w1 i ulits. i
R —— T T mﬁxwm“w“m?w::::nanhi
WNMM wlqu:rmqm npu - o i
T [ e SRR
= PR~ ——— i = e e
i Prses anghe of phase A Degress} : - H
F |- | Vakage fokase.cgound |
. e I U ;
— v
 Jorz i T Vst ;
; Source inductance H): i r Emmip : :
W fi»-*wwqcm ny

[Tk ] cocd | B | s | i T He | ao |
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14.7.2.2-pacy. ACHHXPOH IPHTATENHH TYFPUIAH TYEPH HIOTA TYIIHPUI
Ba Ke#idH YHra lokiaMa GepH
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© 14.7.3. CHEXPOH MADIHHABHHT COAJAJALITHPHATAH MOAEIH
Simplified Synchronous Machine

HMuxmozpammacu:

A

ME

PFm B
c

m,$!

w

»

b

P

i
[

mpy

by

Simptifiad Synchroncus
Machine S| Units

Simplified Synchronous
Machine pu Units

Bazughacu:

SIkKon O¥nMaraH KyTOoM CUHXPOH MAIIHHAHHHI CONNANALITHPHITaH
Moaenn O0¥nud xucobnanagu. Mogen HKKH BapnaHTaa TaliépaanraH:
Simplified Synchronous Machine SI Units (MamHHaHUHT mapamerpia-
pu Cu Gupnuknap cucreMacuna Oepunanu) Ba Simplified Synchronous
Machine pu Units (MamuHaHuHr napaMeTpnapu HucOnil Gupnuknapaa
Oepunaan). MOZeIHMHT BAPUAHTHTA GOFJIHK, X0NA3a MAITHHAHUHT KHPHII
BAa YHKHLI mapaMeTpaapd Cu OHpJIHKIAp cHcTeMacHda €k HUCOHH Oup-
JTUKAApAa YmdaHany.

Monennusar A, B sa C noprnapH MallKHa CTATOP 4YyJAFaMHUHHHT
qugnnpiapy 6ynné xpcodnanagn, Moaennuar m_SI (éku m_pu) YHKHII
noptuaa 12 aneMeHTAAH HOOPAT BEKTOP CHTHAN INAKIUIAHAAM: TOKIAp (isa,
isb, isc), kyunanummnap (va, vb, vc) ra crarop waramuauer KK sapu (ea,
eb, ec), poropuuur 6ypyak xonatu (thetam ) Ba Te3mury (vim), XaMaa 31ek-
TPOMAarHHT KyBeat (Pe). Unkum BekTopHAaH YiruaHaéTraH ¥3rapypunnapHH
akparnd ONUIIHK KyrafnawrHpui yuyn SimPowerSystems 6uénnorexa-
cuaa maxcyc Machines Measurement Demux 610K MaBxy..

MainHHa BaNUOard MEXaHUK KyBBATTa NpofopunoHan 6¥arad curkasi
MoaenHuHr Pm kupum noprura Gepunany, E kupHIu noprthara sca cratop
uynramp muaua DHOK cUHHHT TaBCHp KMIYBYH KHHMATHHH OepyBUH
CHTHaN Y3aTHJIATH.

Maumea MoenuHKHHT Xap Gup dasacy kywrapmm Manbacu Ba yHra ma-
pamnen ynasrad dasa YYIFraMHHHHT AKTHB KaPINHIHTH Ba UHAYKTHB/MIH-
naH ubopar. byHpa akTHB KapIUMAHKHHA HOJITA TEHT KHAMG Oeprll MyMKHE,
JICKHH HHAYKTHBIHK XOHMO HONAAH kartTa OVauuy mrapr. MoaemrHuHr
MEXaHUK KHCMH KyHUIard TeHIJlaMajlapra acocaH TY3WITaH:

Ao(t) = ((Tm ~ Te)dt - KdAoo(?)
0

o()=A o()+a,
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Gy epaa

A® — pOTOp TEIMHTHHHHT CHHXPOH TE3MUKAAH OFHLIH;

H — pOTOpHUNHT VHEPIHA MOMEHTH,

Tm — MeéXaHHK MOMEHT;

Te — 21eKTpOMardHiHT MOMEHT;

Kd — pemnpupnam koddduuent;

@(t) — POTOPHHHI TE31HIH;

@, —— CHHXpOH Te3nnk (1 1.6.).

Moaen MexaHuKk KHCMHHHHI TapkHOHH cxeMacu 14.7.3.1-pacmaa
KEITHPHIITAH.

1 {paL)

14.7.3.1-pacs. Mozen MexaHHK KMCMHHHHT TapkuGHii cxeMacH

Tapkubu#i cxemanan KypuHub TypraHiaek, MoJgenga pOTOPHHHT TE3-
NATH 3Mac GalkH YHHHT CHHXPOH Te3NHKAaH oFuiid (dapku)} yndaHanu.
Hapamempnapunu ypramuw otnacu:




broxnunz napavempaapu:

Connection type:

[CraTop yynFaMHHHHT ylaHum TypH). IlapaMeTpHHHT KHIAMATH Kyiu-
Jard pyHxaTnaH TaHIaHalu:

* 3-wire Y — HOJ cuMHra sra OyIMaran wigys;

* 4-wire Y -— HOJI CHMIIH 10J1]1Y3;

Nom. power, L-L volt., and freq. [ Pn{VA) Vn(Vrms) fn(Hz) ].

[Homuuan kyesat Pn (BA), Tabcup KuIyBuH NHHHS Ky4ianunin Un
(B) Ba HoMuHan gactora fn (C'm)].

Inertia, friction factor and pairs of poles [J(kg*m"2) F(N*m*s) p]:

[MHepuusa MoMeHTH J (kr*M”2), nmwkanaHum kKodpuuueHtn F
(H*m*c) Ba KyTOnap Xy(TIUKIAPUHUHT COHH p].

Internal impedance [ R(ohm) L{H) ]:

[Cratop 4¥nFaMHHHHT AKTHB KApPIIHJMTH Ba HHAYKTHBAHrd R(OwM)
L({I'1)]. '

Init. cond. [ dw(%) th(deg) ia,ib,ic(A) pha,phb,phc(deg) 1:

[bomanruy waptriap]. [TapaMeTp Kyiiuaarn aemMeHTnapra sra 6yiaran
BEKTOp KYpHHHIIAAA OepHNaan:

» dw(%) — TesnuxkHUHr oruuy ( % napaa),

¢+ th(deg) -— potopHuHT Gypdyak XomaTu (Tpan.),

¢ ia, ib, ic — craTop TOKHHHHT GolwinanFHy KuiiMaTH (A),

+ phA, phB, phC — craTop ToknapuHuHT Oolmnanruy ¢asanapu

(rpan.)].

Mucaon:

IOknamara y/laHraH CHHXPOH FEHEparop CXeMacHHHHI MOJeNH
14.7.3.2-pacmaa kypcaTaaran. PacMaa reHepaTopHHAHT (aza Kydananuim
(U,, B), cratopumnr ¢asa roxnapu (I, A), poTODHHHT afiNaHHII TE3NH-
tu (wm, Pag/c) Ba anekrpoMarsnt xyeBaTHuHr (Pe, BT) Bakt 6¥itnqa
¥3rapum rpaMKIapH KENTHPHATAH.

31—
Scope
57 .1 Al P
DmoqlL’hQB———bmlu et
C }——
~m_SI dm om [—— . g
K Simplifind Synohronous 3':'_:::
10 BT Polge—®
l Machines Scope
Measuramant
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14.7.3.2-pacm. FOxnamara yJ1aHraH CHHXPOH T€HEpaTOp CXEMACHHHHT MOIENH

14.7.4. Cnuxpon Mamuna Synchronous Machine

Tuxkmospammanapu:
A Ap AP AR
b 3 Pm *
3 pb  fFm | 3
>,
] b P
b i L P il
m_SIp m_pu p m_py
Synchronous Maochine  Synghronous Machine Synohronous Machine
S| Fundamental pu Fundamantal pu Standard
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Basugacu:

Hemngep uynramura sra 6Ynarad KJIacCHK CHHXPOH MAIHHAHHHT
mMogenu 6¥mub, yu xun BapuaHTiaa OaKapuiraH:

1. Synchronous Machine SI Fundamental (Maimnna napamerpaapu Cu

Oupnuknap cucreMacHaa bepunagn);

2. Synchronous Machine pu Fundamental (MammHa napaMeTpiaapH
HucOuil SupnukIap cHcreMacuma Hepunann);

3. Synchrenous Machine pu Standard (MamuHa agMalITHPHII CXeMa-
CHHHHI HcOMiA OMpIHKRapaarH nmapamerpiaapuias (doigananu-
Jann),

BapuanTtra MOC X024 MAIIHHAHKHT KHPHII BA YHKHIN Y3rapyB4yHIapH

xaMm Cn SHpnukiap cHcreMacuaa éxu HHCOHI GHpIHKIIapia YirdaHamu.

Monennurr A, B Ba C nopThapu MaliHa CTaTop YYJIFaMHHHHT
yHKHmIIapn 6¥mMd xucobnanagu. Moaesuuur m_SI (éxu m_pu) nopruaa
16 3nemenTHan ubopar GY¥nray KyHuWjard BeKTOp CHTHAIAp HIAKIIa-
Hau:

1-3; erarop uynraMuzard Tokaap — isa, isb Ba isc;

4-5: craTop TOKIApHHUHT ( Ba d YKnapHra npoekuusnapn — iq, id;

6-8: Ky3raTHll TOKH Ba JeMiidep HyNFaMH TOKIAPHHHHT NIPOCKIHA-
JapH i, ikq, Ba i,

9-10: MarHUTI0BYH OKHMHHHT ( Ba d YKIapHra npoeKuHAIapl — P>
SN

11-12: craTop KywIaHHUUTapHHUHT ¢ Ba d YKOapHra npoexuusia-
pu — vq, vd;

13: porop GypuaruHuHr orumyu — A8 {8 — 1oknama Sypuarn),

14: pOTOPHHHT TE3MHTH — ®;

15; anexTpoMarauT KyesaT — Pe;

16: poTOp TEIHUrHHAHT OFUIIH — dw.

Mamuna ¥3rapypuugapiHi YI9aHaéTras y3rapyBUHIAPHHHT YHKUIL
BEKTOPHAAH aXpaTHO OIHILENA KynainawTupum yayH SimPowerSystems
6ubnuoTekacuaa Machines Measurement Demux GIokH MaBxkyA.

MauivHa BanHary MEXaHHK KyBBaTTa TeHr OYiraH Kyssatr Pm Kapum
NOPTHra, K¥3raTHU Y¥IFraMUHAHT Ky'WIaHHIKAN OepyBud curnan sca VI
KHPHLI NOPTHra y3aTHIAAH,

Mogenan apatuniza Qoiipananunradg porop Gunan Gornanrad (q-d
VEJap) KOOpAMHATANIAp CHCTEMACHAATH MAIlHHAHHHET ANMAIITHPHIN CXe-
macu 14.7.4.1-pacMaa x¥pcaTHITraH.
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14.7.4.1-pacs. CHEXPOH MALUHHAHKHT AJMALITHPUL CXEMACH

PoTopHuHT XaMMa apaMeTpnapi Ba Y3rapyBuHJapH CTaTopra Kenru-
puaran. IlapaMeTpiap Ba ¥3rapyBUHIapHHHT HHASKCIAPH KyHHOATHIAPHH
H}poganaian;

* d, g: ¥3rapyBunnapHuHT d Ba  YKAApUTa MPOEKLUAIAPH;

* R, 5: poTOp Ba CTATOPHHUHT NapaMETPAapH;

* [, m: COYMIHIN Ba MArHUTNAII YKHHHHT HHIYKTHBITUKIAPH;

* f k: KY3FaTHLI 3aHXXHpH Ba AcMNdep uynFaMHHHT ¥3rapyB4H-

JapH.

CuHXpoH MamuHaHHHT 14.7.4.1-pacMaa KeNTHPUITaH anMallTAPHII
cxeMacu 6-taptubnu auddepenunan TeRrnaManap ciucreMacu OHnan
Hponganananu;

. d
Vy=Ri,+ PR 2
. d
V,=Ri, + gl PRl Y
o oo d ¥
Vﬁ = Rﬁ,:ﬁ + Eq’fd
Vi = Rigisg + 5.0l
V.F =RF r-f +£ r
kg1 tailkg T D1
Fo_pt ot d ,
Vigz = Rigalygn + = Pia2
Oy epaa

¢d=Lajd+Lma'(i'fd+ i’kd)
o, =Li+L, 1

myg kg
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@=Lt Lo kig i)
v Lod T Ll )

99'“=L' i' +meq

thz’L'mqmz +L,1,

CHHXpOH MallliHA MEXaHHK KHCMHHHHT MoAenu Stmplified Synchronous
Machine 6oxnard cHHrapu GakapunraH.

Hapamemprapunu ypuamuw ounacu:

EBaoknunz napamempnapu:

Rotor type:

[Poropuusr Typu]. Kyliunary p¥itxaraag TanmaHasu;
» Salient-pole — AKkon KyTdau poTop;

* Round — sxxon 6¥nmaran Kyténu potop.

Nom. power, volt., freq. and field cur. [ Pn{VA) Vn(Vrms) fa(Hz)
ifn(A) J:
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[Homuuas T¥na KyeBaT Pn (BA), TabCHp KHJTyBYH JTHHHS KyWIAHHIIH
Vn (B), wacrora fn (T'u), k¥3ratm Tokn ifn (A)].

Stator [ Rs(ohm) L1,Lmd,Lmq(H) ]:

[CraTopHUHT mapaMeTpaap: akTHE KapmuiaHk Rs (Om), counnum
uHAykTuBmury Ll (TH), 6yitnama ¥k 6¥iinya unpykthenux Lmd (T'H),
k¥Haananr YK 6¥inga nagyktuBmuk Lmq ()]

|Field [ Rf (ohm) Lifd'(H) ]:

[PoTop KY3FaTHIN Y¥NFaMHHHHT KEATHPHATAH NapaMeTpiapy: Kapiiy-
JHK R (OM) Ba uaayxrasank LIfd'(Tx) ].

Dampers [ Rkd',LIkd' Rkql’,Llkql' Rkq2’,Llkq2' « ] (R=chm,L=H):

[Aemnéep uynFraMHHHI KEATHPHNITaH [apaMeTplapu: G¥iinamMa Ba
kK¥EJanaeT Yiinap 6¥iinua kapuwmary (OM) Ba uHAYKTHBIUTH ('H) .

Inertia, friction factor and pole pairs [ J(kg.m"2) F(N.m.s) p() J:

[Unepuus MoMenTH J (kr*mM”2), Himxanagum ko3dgdummentd F (Hmec)
Ba KyTOnap Ky PTIHKIApHHUHT COHH P).

Init. cond. [ dw(%) th(deg) ia,ib,ic{A) pha,phb,phc{deg) VI(V) ]:

[Bommanruy waptnap]. [Tapamerp aneMenTIapH KyHraard KuiiMaTnapra
ora 6yaran BekTop KYpHHHIINAA Oepunagn:

¢ dw(%) — Te3NHKHHHT OFHIH (B %),

* th(deg) — poropHuHr Gypuak xonatd (rpan.);

* 1ia, ib, ic — cTaTop TOKNAPHHHHT GOINAHFUY KUiiMaTHapH (A);

¢ phA, phB, phC — crarop ToknapuHuar 6ouranruy ¢asanapu

(rpan);

e VI — ky3raTHI 4¥1FfaMHAHHHT Ky'41JaHHIIH,

Simulate saturation

[Tyiiunnmean Monennam]. Bafipokya ¥pHaTunranma xywnmaa
Saturation parameters MaiijoHH xocHn 6¥nann.

Saturation parameters [ ifdl,ifd2,... (A} ; vtl,vt2,... (VLL rms) |:

[T¥#inaMW xapakTepHcTHKacH]. IlapaMeTp cant IOpHIl XapakTepH-
CTHKacHHU H¢OJaNIOBIH MATPHIA KYPHHHIIWAA Geprilaagn. MaTpHuaHHHr
OupHHEYY caTpH KY3FaTHIN TOKMHH (A) Ba MKKHHYH CATPH YHKHII Ky4ia-
HUIHHH (B) ¥3 uunra osagu.

Display Vfd which produces nominal Vt

[Usecu kyunanums Vi(B) soMusan O¥nannran K¥3raTii 9y raMifiara
KywlaHHIWHART V{d(B) KHAMATHHH aKkc >TTHpHI].

CHHXpOH MalIHHa MomeNHHuMHT Synchronous Machine pu Standard
BapHAHTH YYYH CTaTOP, POTOP Ba K¥3FaTHII Y¥AFaMIIapHHHHT NapaMeTpia-
PH ¥pHHra MallMHAHHHT KyHAanaur Ba O¥iinaMa yixnap Oyiinya peakTHs
KapLIWIHKIAPU Ba BaKT nouMHinapa Gepunaim.
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Mucon:
CHEXpOH reHeparopaaH doiisananumra Macon 14.7.4.2-pacmaa ked-
THPUIATAH.
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[Tk ] cwest | b | e | o ] come | o | o |

495



14.7.4.2-pacm. CHHXpOH TeHepaTopdad dofinanansinra MHCOI

I HKmozpamMmacu.

>
>
b
>

(0.

Tm

L

Petmanent Magnat
Synchronous Machine
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Basugpacu:

JonmHui MardauTra sra O¥araH KnaccHK CHHXPOH MAIIMHAHHHT
Mogzerrd 6Ynmubd xucobmanagn. byHnall MaluHHANapia XapoJNH OPaHK
karTa Oynarapnuara cababid, Moaensa MarHUT 3aHXHPHHHUHT TYHHHHIOH
xucobra onnamarad. Mogennunr A, B sa C noprnapu MamuHa ctaTtop
YYNFaMHHHAT YMKHIUIapH Basudacuan Gaxapagn. Kupuw mopru T
OPKaMH KapIIiiydK MOMeHTH Geprnagu. MoaenHuur m yuxkum nopraaa 10
aneMeHTHaH HOopar O¥nran KylHnaarn BeKTOp CHTHANNap [IAKINAHAAHK;

1-3: cratop 4yAFaMHEHUHT TOXIAapH — i, i), i, [A];

4-5. craTop TOKIapHHHHT q Ba d ¥K1apura npoeknuanaps — i, ka
i [A];

6-7: cTaTop Ky'WIaHHULIApUHUHT ( Ba d VKIapura npoeKuHsajIapH —
V,Ba Vq, [A];

8: POTOPHHHI TE3NUIH @, {pag/c];

9: poropuunr Gypunum Gypdaru 9, [pan]

10: snekrpoMaruuT Moment 7, [H-M].

MamuHa ¥3rapyBuiIapHHi YI4aHAETraH Y3rapyBUHIAPHHHT YHKHII
BEKTOPHIAH &KpaTHOd OJIMIIHA Kynaiitaurrupui ydyH SimPowerSystems
6ubnnorekacuma Machines Measurement Demux 610kH MaBxyI.

MoaenHHHr AeKTp KUCMHA poTop GuinaH OOFIAHraH TEHrjiamanap
cucreMacy Ounan HponanaHaIu:

di—lu Ri+L"paJi
TRt T T Ve T T Py

& L L, L,

d. 1 R. L . Apo
—i,=—v, ——i +< pwi,~ P2
dt L L, . L,

T= l.5p[ﬂ:‘q+(Ld—Ld);'a.id]

PoTOpHHHAr xaMMa ¥3rapyBuHAapH Ba [apaMeTplapH CTaTOpra Kel-
THPWATAH. :

IOxkopuna kenTupharad TeHINaMalap cHCTeMacHaa Kyiuaaru Genru-
NaHUNmAap KaGya KHAMHraH:

L, L, - cratopuuHr ¢ Ba d ¥xnapu 6Viinua UHAYKTHBINKIApH;

R — cratop uynFaMHHMHT AKTHB KapIIKIHTH;

iq, id — craTop TOKMHHHT q Ba d YKIapura npoeKUHsAIapH;

Vg, Vd — craTtop xyunanHmuHHAHT  Ba d YKnapHra npoeKmusnapH;

@, — POTOPHUHT 6ypUaK TE3NNIH;

A — IOUMHI MATHUTHHHT CTATOP YYNIFaMHAA XOCHI KWIYBYH MarHAT
OKHMH;

P — KyTOnap XKyQTIHKAApHHHHT COHM;

T, — 3NeKTpOMATHHT MOMEHT.
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MozaennnHr MexaHuk KMCMH Ky#uiaru TtenrinaManap Ounal udoga-
JIAaHAOH:

d 1

"aTrwr ”F(E_Fmr_Tm)
de
=

6y epaa
J — poTOp Ba I0OKIaMAHHHI HATHXKABHI HHEPLHA MOMCHTH;

F — porop Ba IOKIaMaHUHT KAAHOIKOK HIOKaXaHuili KodpGULHEHTH;
6 — poTop XomaTHHHHT Gypyary;

T — KapWIHK MOMEHTH.

Hapamempnapunu ypruamuw ounacu:

Permanent Magnet S
A

Broxnunz napamemprapu:
Resistance R(ohm):

[CratopHuHr akxtue Kapmuaury R (Om)].
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Inductances [ Ld(H) Lq(H) ]:

[B¥yitnama Ba kYHaanaHr yknap 6¥iinya CTaTOPHHHT HHOYKTHBIUKAAPH
Ld(Om) Lq(Om)].

Flux induced by magnets (Wh}:

[K¥3rarum oxumH (B6)].

Inertia, friction factor and pairs of poles [ J(kg.m"2) F(N.m.s} p(} ]:

[Mnepuusa momentH J (kr*M”2), nmxkananum xoddduunert F(H*m*c)
Ba KyTOnap >kyQTAHKIAPHHHHT COHH p].

HoviMuif MArHMTIIH CHHXPOH MAIIHHAHHHT ABHraTeN Pe)KHMHAA HII-
Jawnra Macon 14.7.5.1-pacMa KeITHPHITAH.

iemS2p AGES

[P Sretroces Mockirs bkl 0 "'gi!i’?‘i'G‘i'i.i’d'i'J’t’&'t't'&'i’b"u’i‘i’i'&'t’i’i'o'i

Ly " " o
L]

-t h ¥ it b

. > by il
salwrenca kame Stator windings a connachad in vy o an intemal
yoiitral point.

Fiest 3 ipuits: Wachine botwinale « phates & band ¢
Hhirput Simlink signal = mechanical kngus N.:
19 tor ko eende < kor ganaabor ]
oulput: Simdink measuramant output = vaoks (1 w1} containing
into machingt

[l cunonts flowing
1-3: Statar ine cuneniz i b. ic 1A}
45 Siakor cunenty i, i
&7 Stator vollages v, wi
& FAntor spused som [red /)
9 Rator angle thelarn
10 : Elschomagrntic. kequs T8 (i.m)

By

Aesittanee Riohmi:

Induciances  LdH) LaH)

flE5es 5w

Fluae ingared by imagrs Wb

[ea7s

inwtia, hickion tacks and pee ol poles [ Wkg.m°2) FNA) O
rogsa.0. 41

78] coce | b | aen |

14.7.5. 1-pacm. JouMHH MarHHTIH CHHXPOH MallHHAHHHI OBHTATEN PEKHMHAA HIWIALK
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MoaenHUHr MeXaHHK KHCMH KyHAHJaru TeHriaManap Ounan udgomaa-
aHaIH:

d 1
4oL _po -
S, =3I ~Fa,~T,)
de
@

6y epna
J — poTop Ba IOKNAMAHHHT HATHXXKGBHI HHEPLUMA MOMEHTH,

F — porop Ba lOKIAMAaHKHT KAHHNIKOK HINKANAHHUI K03(dHIHEHTH;
8 — poTOp XONMATHHHHT Oypuari;
T — Kapmmuiavk MOMEHTH.

Hapamempnapunu ypramuu oltnacuy:

Broxnunz napamemprapu:
Resistance R{ohm}:
[CratopHHHTr akTHB Kapuaaurd R (Om)].
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Inductances [ Ld(H) Lq(H) ]:

[b¥tinaMa Ba kyHnanaer ¥xnap O¥iHYa CTATOPHUHT HHAYKTHBIHKIApH
Ld(Om) Lq(Om)].

Flux induced by magnets (Wb):

[K¥3raTum okumu (B6)].

Inertia, friction factor and pairs of poles [ J(kg.m"2) F(N.m.s} p() ]

[Meepuns MomernTh J (kr*m”2), nukananim kosdduupentd F(H*M*c)
Ba KyTOnap Ky QTIMKIapHHHHT COHH D).

JoHMHi MarHHTIIK CHHXPOH MAIDTHHAHHHT JIBHIaTe] PeKHUMHAA HIL-
nawnra Mucon 14.7.5.1-pacMaa kenTHpHITaH.

h

eEPLL AGE O -

O %Tj;)

Permanent Magn —
Synchronous Machine Te
3+ Macnlr;s ’SWDB
VIC i (V) Measuramant
Demus
SE|ORAP AEEIB ; «

prs s -'_ ——— l

P LT T D T

| Farl inguts: Machine tamsina = phasee 5, b ardle
|4 ingus Siwudesk vignal = sescharical horgus (.2
: [»0 er inokor tode, <0 for geherator mode]

1

i

; outpul Slemalink nacuramnt culpet = wacker (10xT) contising

£ 1-3: Stoks b cunents i b ic (A) :

P B ia. A

; 5

A
4

Irwetia, hiction factor and pairs of polot [Jkg.e™2) Fitmd 0}
floges.0.4)

[ ] caod | ben f oo ]

14.7.5.1-pacm. JouM¥ii MArHMTIIH CHHXPOH MAIMHHAHHHI ABHIATEN PEXHMHOA HOUIAIIH
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14.7.6. 3J‘l£lﬂ‘p MAIIHHACHAHYT ¥3irapysygnapand yavam 6aokd
Machines Measurement Demux

TTuxmozpammacu:

is_gdp
Am vs_gdp
wmp

Machines
Measurement
Demux

Bazugpacu:

Brok »nektp MamMHAHUMHE YITMAHAOUTAH ¥3rapyBuMIap BeKTOpHIAH
KepaK/IH XO/aT ¥3rapyB4HIApHHH akpaTHO ONHII Y4yH M¥IDKa/JIaHTaH.
bnokx cuHXpoH Ba ACHHXPOH MAINHHANAPHMHI MoAennapu Gunan Gupra-
JIHKAA HlITafau.

Hapamempnapunu ypramu oiinacu:




Broxrunz napamempaapi.

Machine type:

[MammHanuHr TypH]. Kyiinaarn pyiixatiad TanaaHanu:

Simplified synchronous — coaganalITHpUIraH CHHXPOH MalllHHA;

Synchronous —— CHHXpOH MaIldHA;

Asynchronous — aCHHXpOH MalllHHa;

Permanent magnet synchronous — AOMMMM MarHHTAY CHHXPOH Ma-
IMHA.

MamiHaBHHT TaHJIAHTaH TypHra GOFJIHK xosaa 610K mapamerpia-
PUHHHT OHHACHAA YHKHII ¥3rapyBYHIApHHHHT MOC TYIUIAMJIApH aKe
srrupunaau. Kylinaa xap xun Typaard MallHHANAp YYYH ¥3rapyBuunap
TYIIaMIapH KEITHPMITAH,

CHHXPOH MAaUIHHA Y4YH:

Stator currents [ isa isb isc | — cTaTtop 4¥nFaMuaara TOKAap;

Stator currents [ iq id ] — craTop ToknapuHuHr q 8a d YKIapHra npo-
eKLUANAPH;

Field current [ ifd ] — ¢cHHXpOH MANIMHAHWHT K¥3FATHII TOKH;

Damper winding currents [ ikql ikq2 ikd ] — cvHXpoH MalllHHa geMn-
(ep u¥nramu TOKNAPHHUHT NPOEKIHATAPH;

Mutual fluxes [ phim_gq phim_d ] — MarsuTnoB4M OKHMHHHT q Ba d
YKIapura IpoeKLHAIaPH;

Stator voltages [ vs_q vs_d ] — crarop KyWIaHWIWIapHHMHT ¢ Ba d
VKaapura npoekuHaIapH;

Rotor angle deviation [ d_theta ] rad — CHMHXpOH MamivHa pOTOPH
GypyardHUHT OFHIUH (f0KnaMa Gypuaru);

Rotor speed [ wm ] — pOTOpPHHHT TE3IHTH;

Electrical power [ Pe ] — anekTpoMarHnT KyBBart;

Rotor speed deviation [ dw | — poTOp T€3NHIHHHHI OFHINK;

» Rotor mechanical angle [ theta ] deg — poTopHHHT Gyprini

Oypuary;

» Electromagnetic torque [ Te ] — 3meKTpoMardHT MOMEHT;

Load angle [ Delta | deg — cuHXpOH MalIMHAHHHT K0K1ama Byp-
4arH;

OQutput active power [ Peo ] — 4MKHMIIZaru akTHB KyBBaT,

Output reactive power [ Qeo | — 4HKHIIAary peakTUB KyBBarT.

CHHXpOH MAallHHAHMHT COATANAITHPHIraH MOIEIH:

¢ Line currents [ isa isb isc ] — craTopHHHT (aza TOKIapH;

Terminal voltages [ va vb v¢ ] — cTaTop 4§iFaMHHHHT KUCMAIAPH/ATH
daza KyunaHMHIIADH;
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+ Internal voltages [ ea eb ec | — cratopruHr da3za 310K napu;

* Rotor angle | thetam ] rad — poTopHuur Gypunum 6ypuaru;

Rotor speed [ wm ] — poTOpHHHT Te3/IHIH;

Electrical power [ Pe ] — 3neKTpoMarnuT KyBBarT.

JlouMuii MATHUTIIH CHHXPOH MALIHHA:

* Stator currents [ ia ib ic ] — crarop TokiIapH;

Stator currents [ is_q is_d ] — crarop ToxnapuuuHr q ¥ d ¥xnapura
NpOEKUHANapH;

Stator voltages [ vs_gq vs_d ] — craTop Ky4laHMIIApHHHHT q H d
YKIapHra MpoeKIUAIapH;

Rotor speed [ wm ] — pOTOpHHHT T€3/1HIH;

» Rotor angle [ thetam ] rad ~— poTopHHHr Gypunum Sypyaru,

+ Electromagnetic torque [Te ] N.m — 3J6KTpOMarHuT MOMEHT.

ACHHXPOH MallHHA:

Rotor currents [ ira irb ifc ] — poTop 4¥nraMuaary Tokiap;

Rotor currents [ ir_q ir_d ] — porop ToknapuaHHAr q Ba d ¥Knapra
NPOEKUNANAPH;

Rotor fluxes [ phir_q phir_d ] — porop okuMIapHHHHT g Ba d yKknapra
NPOSKIHMANAPH;

Rotor voltages [ vr_q vr_d ] — craTop KywIaHHUUIAPHHHHT q Ba d
yxnapra npoeKUHAIAPH;

Stator currents [ ia, ib, ic ] A — cTaTop TOKIapH;

Stator currents [ is_q is_d ] A — craTop ToKJIapHHHHT q Ba d ¥Knapra
NPOEKLHANAPH;

Stator fluxes [ phis_q phis_d ] — cratop oxkuMIapHHHHT ( Ba d
YKaapra npoeKLHaIapH;

Stator voltages [ vs_q vs_d ] V — cTaTrop KyWISHHIUIADHHUHT q Ba
d yknapra npoexuuamapy;

Rotor speed [ wm ] rad/s — pOTOpHHHT Te3UrH;

Electromagnetic torque [Te ] N.m — 3€KTpOMariHT MOMEHT,

Rotor angle [ thetam ] rad — poropruHT Sypunum Gypuary.

Vuanaérran Y3rapyBuiap BEKTOPHAAH KePAKIK ¥3rapyBUHHU ampa-
THO OofHII yuyH yHH Gaiipokua OmwiaH GeNrHial xepax.

DeKTp MaUIMHACHHHUHT ¥3rapyBUYMAapHHH YIvam GnokunaH dofigana-
HHwra Mucon 14.7.6.1-pacMaa KeATHPHITaH
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14.7.7. CAHXpOH MALIAHANEHT KY3FaTHII cHcTeMack Excitation System

Hukmoepammacu:

Mg

N vstab
Excitation
System

Basugpacu:

Bnox cHEXpoH ManiHHA KY3FATHII CHCTEMACHHHHT MomaenH G6¥aud
XHCoOmaHaau. Y reHepaTop pe:XHMHIA HUIMAETTAH IEKTP MAITHHAHUHT
KHCMaNapHiary Ky4naHHIIHHY pocTall UMKOHAATHHN Oepagu. CHHXPOH
MAUIHHA KY3FATUIN CHcTeMacHHHHT Mojenn (14.7.7.1-pacM) kyaraTkuy
Ba KyWIAaHHIN pOCTIarnyaaH Hoopar.

oot : Main Ragutaber
b b Vlao#1) Beiter
+ 11 (ta.£ Hha)
1
v - 1 20 e
@) (L) M 1 0001+ e 1
Positive Seqantt (ol Fitte »l- | was Y
- & L] it
b VoRage 14 (ae1) Compensator A
@_ (it IC) Hee1ith 9% 1 proportionnal
b 0.001s
Q.41
Camping
A1)

14.7.7 l-pacy. CHHXpOH MailllHHa KY¥3FaTHI CHCTeMacHHHHT MOAETH

Bnoxnuar GupHHYM Kupuminra (vref) cTaTop KHCManapHAaH ONHHHILM
3apyp O¥nraH KywiaHHIIHMHr KuiiMatu Ocpunagd. BIIOKHHHT HKKiTH-
uh (vd) Ba yuuH4u (dq) KHMpUIIIapHTa CTaTOp Ky4YNaHHUIMHHHT q Ba d
YKIapHura IPOCKUHAIAPHHHHT JXOPHH KHEMATIapH y3aTuiraaH. biokHUHT
TYPTHHYH KMpHIINAAH (vstab) MalllliHa KYBBaTHHH CTaOKNNaLl KOHTYPH-
HU XOCHJ KWIHIN YIyH Gofimananyim MyMKHH. XaMMa KIPHII B2 YHKKII
YsrapyBunaapu HucOui Gupanxnapaa (p.u.) 6ymanu,

K¥3raTKHMHHHT MOZETH KY3FaTHI KywiaHuiH (V{) Ba pocTIaruaHuHr
gukum kyananumn (Ef) opacuaarn ysatvinl GyHKUHACH KYPHHUINMAA
uwbonananran:

Vfd(s) _ 1
e;(s)  Ke+sTe
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Hapavmemprapunu Ypramuw otnacu:

' fauo m:ml
M{M L R A I
(8 30 &
H ;"'Wﬂﬂﬂﬁm”ﬂﬁ Telal] el ik
e

- isgiaaie g e o corstan LKA THAL 3.
fill 0003

:'.i[ 315 15,0

f§[1u1291

Broxnunz napamemprapu:

Low-pass filter time constant Tr(s):

[Kyiiu qacToTanap $UIbTpHHAHT BakT fouMmHiich Tr(c)]. Kyumanum
JATYUrH GUAbTpUHHAT BaKT gouMuiicH (14.76-pacm).

Regulator gain and time constant [ Ka() Ta(s) ]

[PeryasropHHHr KydaliTipum Kod(dduunentu Ka Ba BakT fouMHiicu
Ta].

Exciter [ Ke() Te(s) ]:

[K¥3raTkn4 MOAEAMHHMHT KydalTHpHiu ko>bduuuentn Ke Ba BakT
moumuiicu Tel.

Transient gain reduction [ Th(s} Tc(s) ]:

[CraGunusaTopuunr BakT noumuiinapu Tb Ba Tc].

Damping filter gain and time constant [ Kf() Tf(s) ]:
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[Pean audpdepeHunannopu 3BeHOHHHT Ky4aHTHPHII K03 DUIIHEHTH
Kf Ba Bakr noumuticn Tf]. Teckapu 6oFnapHIIHA amManra OMHPHI YYYH
doHnanaHUNagUral K¥3raTHII KyWIAHHITAHHHT XOCHTaCHHH XpcobI0BIM
GNOKHHHT TTapaMeTpIapH.

Regulator output limits and gain [ Efmin, Efmax (p.u.), Kp() I:

[PocTnarnaruur HucOHif Gupnuiiapaaru MuruMan Efmin Ba MakcaMan
Efmax yukuin KyunaHUIJIApHHHHT KHHMATIapH Ba YHHHT Ky4aHTHPHII
xoxdpduuneHt Kpl. Arap kyuadithpu kosgpduuuentuausr Kp kuiiMati
HOJITA TSHI' OJHHCA POCTHATHYHHHI MaKCHMAaJ] YHKHII KY4IaHHILH
ysrapmac Ba Efmax ra reur 60§maagu. Arap Kp>0 6¥aca poctaaruuanunr
MAaKCHMAJI YHKHII Ky'UIAHHIOH ¥3rapyB4aH Ba KHHMATH TeHepaTop KHCMa-
napuaard kyuwiaHdmHMHT (Vif) kygaiitupum kospduunentura (Kp)
KymaiiTMacHra TeHr Gynagu.

Initial values of terminal voltage and field voltage [VtO(pu)
VIO(pu}]:

[TeHepatop KHcManapuiarn Ky4JaHHUIHAHT OOIITAHFUY KHHAMAaTH
Vt Ba Ky3raTHII Ky"UIaHHWHHKHT Oouuranriy kuiiMati VI]. Arap 6om-
JAHFHY WLAPTIAP TYFPH TAHAAHCA MOZE/Ialll kKapaéuu [IaKANAHTaH pe-
KHMIAH OLITaHHIIN MyMKHH. BYHHHT yuyH reHepaTop KucManapuiart
KyJYNaHUIIHHHT KUAiMaTH HucOnii Gupnuxnapial ra redr kuwinb Gepunany.
K¥3rarum kyunaHuIUMHAHT SonmnanFuy KuiiMaTe 3ca PowerGui 6moku-
aunr Load Flow BocuTach €paaMuaa XHcoOIaHUITH MyMKHH.

Mucon:

CHHXPOH MAaLIMHAHUHI KY3FaTUII cHcTeMacH Ounan OMpranMkaa Hinma-
mwwra Mucon 14.7.7.2-pacmaa kentupwmrad. Muconna t = 0.2 ¢ ra Tenr Oynran
BaKT MOMEHTHAA TeHEPATOPHIHT YHKHII KyWIaHHIIHHI HHCOMIT Oupnukiapaa
1 mas 0,5 ra ¥3rapTHpUIl y9yH TONMHPHK Geprirad. OcLHLIoOrpaMManapiaH
TONIIHPHKHUHT KaH#Aal (aXapuInIIHHE KYpHIl MyMKHH.

¥a  voksspu  va(pu)

5 MW
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14.7.7. 2-pacy. CHHXPOH MalUMHaHHHT KY3FaTHIO cHCTeMacH Ounad GHprandkaa
HIITAMIMTa MHECON

14.7.8. Pocrnarnyan ruapasiaik rypousa Hydraulic Turbine and
Governor

[Tukmocpammacu:

wref
fret PMP
we
PaD
dw

HTG

gate

Y I T © . V . ¥ 4

Basughacu:

BIoK pocThaml CHCTEMAacHTa 3ra OYNraH rHApaBidK TYpOHMHAHUHT
Mozenn 6¥nub xucobaanaan. PocTnamm cHCTEMAacH NMPONOPIUOHAN-
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aHpdepenunan (ITUM) poctnaruy Ba SOWKapyRYd CEPBOMOTOPIAAH HOO-
pat. Mogenuunr ymymuii cxeMacu 14.7.8.1-pacMaa xypcaruniras.

motor

pemanent
droop

hydraulic Ly@
PID _' senvo- turbine
Pm

gate

-
H

14.7.8.1-pacs. Pocmaatu cacmemacuza 32a 6)12aK 2u0paeaik mypounanun: Modeni

Bnokauur GMpHHYH MKKHTa KHPHLIATA Kepaknd 0ypyak TeIHKHHHT
{wref) Ba KyBBaTHHHT (Pref) kufimatn Gepumann. BIOKHUHT y4HHYH Ba
TYPTHHYHA KHPHIWIAPHTa TE3NHMKHHHT (We) Ba aKTHB KyBBaTHHHT (Pe)
XaKUKHUA KHAMATIAPH KeNTHPHAaan. belllMHan KHpHIITra 3¢a CHHXPOH re-
HEparop POTOPH TeNIMIHHUHT OFuINH {dw) Oeprnaau. BrokHHHI YHKHII
cHrHamnapH 0¥nub CHHXpOH reHepaTOPHHHI MOC KHPHIIAra GepHnaiura
MexaHuK Kypsat {Pm) Ba TypOuHa 3aTBOPHHHHT OUHTHII KATTANHIH (gate)
xucobnaHagn, Arap Teckapd GoFNaHMIN cigpaTHOA TE3THKHHHT OFHIINA
aMac GAJIKH 3aTBOPHHHT XO0JaTH TYFPHCHIArH CHTHaNAaH ¢oiifananmica
GNOKHHHT 2 Ba 4 KUPHIUIAPH X€4 Kaepra YIaHMACIHIY MyMKHH. BlIOKHHHT
XaMMa KHPHII Ba YHKWII KaTTIHKNapu HUCcOuil GHpruKknapaa ynyanany.

'uapaenuk TypOuHaHHHT ¥31 14.7.8.2-pacMaa K¥pcaTHIraH YM3HKIH
fynMaraH cucTema OWIaH MONCINAHAIH.

dw beta
Mux L (uRYU1)2 be 1™
aste  jyrbine —D@
oplnlng glil‘l Pl'l'l

x
|
ﬂ»n

14.7.8.2-paca. Tuppasauk TYpOHHaHHHT MOJETH
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TypOHHAHHHAT 3aTBOPHHH OOLIKAPYBYH CEPBOABHIATE] HKKHHYH Tap-
THOMH cucreMa OuiaH monennanagn (14.7.8.3-pacm).

senvo-
spaed
motor limit  position
ka
= 1 [
regulators tas+1 gate
output opening

14.7.8.3-pacs. TypOGHHAHUHT 3aTBOPHHA GOMWKAPYRUR CEPBOABHIATENIHUHT MOIERH

Hapamemprapunu ypramuw oiinacu:

t kP 1HYG

Broxuune napamemprapu.

Servo-motor [ Ka{) Ta(sec) ]:

[Ceproasuratennuer napaMerpaapu] CepBoABHIaTe]l MOREHHHUHY
napamerpJapd: KyqdadTapui kodpduurenty Ka Ba BakT gouMmuiicu Ta.
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Gate opening limits [ gmin, gmax{pu} vgmin, vgmax(pu/s) ]:

[3aTBopHH pocTiam yerapanaps gmin, gmax(u.6.) vgmin, vgmax
(H.6./c)). 3aTBOp KOOpAWHATANAPHHHHT MAKCHMAJ BA MEMHHMAaJl KWiiMaTIapH
gmin, gmax (H.0.) XaMAa 3aTBOP CHJIKHIL TE3THIHHHHI MaxkCHMan Ba
MHHHMAI KMiiMaTaapH vgmin, vgmax (H.6./c).

Permanent droop and regulator [ Rp() Kp{) Ki() Kd() Td(s) ]:

[Poctnaruunsr napamerpnapu]. Poctnardy reckapu OornaHmil
3AHKHPHHHHT y3aTHII koddduunenTn Rp, [T -poctiariy nponopLuroHan
(Kp) Ba unterpan (Ki) kucMnapuHHHT Ky4aHTHpHII KodpduIuenTIapy,
IMA-poctnarny pean anddepeHUManIoBYH 3B HOCHHHHT Ky4YaWTHPHIL
k03 dulIHeHTH Ba YHHHT BaKT AouMHAich (Td).

Hydraulic turbine [ beta() Tw{sec) ]:

[TuapaBnuk TypOuHaHuHr mapamerpiaapn beta() Tw(c)]. Tesznuk
OFMIIHHA JemndHpnam kod>¢pdunueHTH beta Ba Typbuna rHAPABIHK
KMCMH MOIEIHHUHT BaKT AcHMHiicH Tw(c).

Droop reference (O=power error, 1=gate opening):

[Teckapu Gornannwm TypH]. Teckapu OOFIaHUII CHTHAIWHHHT KYPHHH-
muHA Genrunafign: | — 3aTBOPHHHT XonaTH, 0 — 31EKTp KYBBATHHHT
aepuanuacH. Initial mechanical power (pu):

[Mexaurk KYBBATHHHI GomumaHFHy KuiiMath (H.6.) .

Mucon:

AKTHR I0K1aMara MImjoBYH THAPOreHepaTOpHUHT TypOHHa 6unan 6up-
ramuggaaru mogenu 14.7.8.4-pacmaa kentpuarad. OcuworpaMManapaa
CHHXDPOH NeHePaTOPHUHI KUPHIIHTa OepHiaaural MexaHuk KyBBaT (Pm),
TYpOHHA BATHHWHT aHnaHUIN TE3INMUTrd (Wm) pa FeHepaTOPHHHT A da3a-
cuaary YHKum Kywianums (V,) KypcaTHiran.

= ARG
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14.8.4-pacm. AKTHB I0K1aMara HILAOBYH FHIPOreHEpaTOPHAUHI TYpOHHEa OHIaH
OHpranuKgary Mogean

14.7.9. PocTnaruunan 6yr Typbunack Steam Turbine and Governor

ITukmozpammacu:
Juref  du 52p
o Pref T2 p
wm gete b
»d_thata P b
576G
Bazugpacu:

Biok pocrnai cHcTeMacura »ra 6ynran 6yr TypGHHaCHHHHr MOAETH
6ynu6 xucobnanagu. TypOuHanuur Baau k¥n Maccand (T¥pita Macca-
rada) cucreMa cHdarina MoOJAe/UNIAHMINH MyMKUH. MoAemHUHT cXxeMacH
14.7.9.1-pacMaa kypcaTuiraH.
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|; flowHP steamn

Pref ot turbine @ .
—"—.IW flowHp ’_:

b 4

Gate opaning 4 mass shatt _I )
CO—wm x (@)
wrat plrba T82[ L pisa  TMa — Pm

—o{»
I Y]
=T =
Pbeil r’d ow_%2 {1
G Il dw 52
d_theta b
’uenwpl-zl |«M"‘p0-2
3 LED
gate
-

.

14.7.9.1-pacu. Poctnariiny 6y¥ TypOHHACHHHHT MOAENH

Bnokunar GHpHHYM HKKM KupHinpra Oypyak Te3aMruHuHr (wref) Ba
kysBaTHuHr (Pref) xepaknn kufMarnapu Gepunaau. bIOKHHHT yIHHYH
Ba TYPTHHYH KHPHUIIAPHra CHHXPOH TeHepaTop TE3NIUTHHHUHT (We) Ba
10KIamMa OypuarHHHUHI XaKHKHH KHIMATIapu KeJATHPHIATH.
BroKHHHI YMKUID CUTHANNAPH KyHHAArHiap:
* K¥n MaccaliH BaJ MOIEIMHHEHT Xap OUp KHCMH Y9YH Te3MaHHBLIap
OFHIIAPHHHHT BeKTOpH (dw_5-2);

* Kyn MaccalH Baj MOAECHHHHHI Xap OHp KHCMM Y4YH MOMEGHTHHHI
Kuiimataapu (Tr_5-2);

* CHHXPOH MAillHHA OJIOKMHUHI KHPHIOHTA Y23aTHJIAIHIaH MEXaHHK
KyBBaT (Pm);

* TypOHHA 3aTBOPHHHHT CUHJIHIN KaTTanurH (gate).

¥Oxnama OypuarugaH TAIKApK XaMMa KHPHII BA THKHII KaTTATHKIAPH
HHcOHH OupnMKnapna Yadanany.

Poctnam cucreMacn nponopiyonan-auddepennuan (ITUJ) poctia-
rHY, Te3/IHK penecH Ba Oomxapys4s ceproMoTopAan ubopat. Mojteanunr
yMyMHH cxemacH 14.7.9.2-pacMaa kypcaTHaraH.

1
Q0014+ 1
Spend Relay

Sarvo-meter Sarve-motor
sond limis  positien

14.7.9.2-pacm. TypOuHa pocTnall CHCTEMACHHHHI MOAGTH
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TypOunanunr ¥3u 14.7.9.3-pacMaa kypcaTvaral T¥pT KOMIOHECHT/IH
YM3HKIH §§aMaray cHCTeMa KYPHHHITHAZ MONEIIAHATH.

—-b o

0.5 3301

Proll

»{ 1)
BawHp

14.7.9.3-pacu. Typbunanunz modenu

Byt Typbunacu xap OHpH OHpyHYH TapTUONH y3aTHIL GYHKUAACH CHNaH
MOZe/UIaHraH TYPTTA Kackaara sra. bupuHuu kackan Oyr iinrreu 631ud,
KOJIraH y4Ta Kackaj Tpy0onpoBod €KM UKKHIAMYH HCHTKHY O¥mHIIH
MyMKHH. Ko30H (kxoten) MoaemianMarad. Kozongaru GocuM ysrapMmac Ba
1 H.6.ra Tenr ne6® onuuagn. F2-F5 sneMeHTNap TypOHHAHHHT KyBBAaTHHH
BaJIHUHT TYPTH Kackaanapu OpacHIa TAKCHMIAL YYYH WULIATHIANH,

TypGuna BaNHHHHT MOZENH TYPT MaCCATH CHCTEMA KYpHHHIINAA Gaxa-
prirad (14.7.9.4-pacM). TypOuHAra 3HT AKHH Macca 2 TapIHO pakaMmra ora,
CHHXPOH IeHEpATOpra 3Hr AKHHH 3ca 5 TapTud pakaM OunaH Oenrimanany.

[=1]
Enabda
82 .
n %
O—of= —{=]
P g
d_thets b | man > :
[z »
L Tes
.
) >
phhos 1 MuMtiport
dw_§-3 Sevileht
.
- T 1
2 mame » .
— ()
- an_52
{ h1=s »
-
| I—
Mulliport
Switoh3
'-l it
; an]
i \
b1 T -
o ()
o [
- Muylipert
phe B Switoh?
pape
ol

4 wamas

14.7.9.4-pacm. TypOuna panwHRHT MOICTIH
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lapamemprapunu Yypramuw otindacu:

e ke ana Fer (KW

broxrunz napamempaapu:

Generator type

[Potopunsr Typu). Kyfinnaru pyiixargaH onuHanu:

* Tandem-compound (single mass) — Oup mMaccanu;

* Tandem-compound (multi-mass) — k¥n Maccanu.

Regulator gain, perm. droop, dead zone [ Kp Rp{p.u.) Dz(p.u.) ]:
[PocTnarH4HHHET NapaMeTpaapH]. PocTnarnuaHBr KydaiTuphiu kodbdu-
ureHTH Kp, reckapu 6ornanninay cycaiituprw ko3pduunerta Rp(H.6.)
Ba POCTAAruY cesMaiiiraH 30HAHMHI KeHIura Dz(x.6.).

Speed relay and servo-motor time constants [Tsr Tsm] (s): [Tesnnk
penecH Ba CepBOABMIaTeNHUHr BakT noHmuiinapu [Tsr Tsm) (c). Gate
opening limits [ vgmin,vgmax (p.u./s) gmin, gmax (p.un.)]:
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[3aTRopHMHT pocTnam derapanapu [gmin, gmax(H.6.vgmin, vgmax
(0.e./c}]]. 3aTBOp KOOpPAMHATANAPHHUHT MAKCUMaN H MUHHMAJI KHiIMaT1apH
gmin, gmax (0.e.) Ba 3aTBOP CHDKHLI TE3THIHHHET MAaKCHMAaN Ba MHHHMAN
KuiimMaTnapu vgmin, vgmax (H.6./c).

Steam turbine time constants [ T2 T3 T4 T5 ] (s):

[TypSunauunr BakT noumuiinapu [ T2 T3 T4 T5 ] (c)).

Turbine torque fractions { F2 F3 F4 F5 |:

[Ban ¥itnda MOMEHTHHHT TaKCHMJAaHHUI koddduunentnapu [ F2 F3
F4 F5 1]. '

Coeff. of inertia [ H2 H3 H4 HS ] (5):

[Ban Tamikua 3TYBYHIAPHHHHI HHepuus MoMenTiaapu [ H2 H3 H4
H5 ] (s)].

Stiffness coeff. [ K12 K23 K34 K45 ] (pu/rad):

[Ban Tamkun 3TYBYMIAPHHHHT OHKHpAHK koddpduuuentnapy [ Ki2
K23 K34 K45] (u.6./pan):]

Damping factors { D2 D3 D4 D5 ] (p.u. T/p.u. dw):

[Ban Talrkua 3TYBUMIAPHHHHT JdeMndHpnaHum koshduumueHTrapn
[ D2 D3 D4 D5 ] (5.6. T/ 0.6.dw):]

Initial power and generator rotor angle [ PmO (p.u.) thO(deg) ]:

[MexaHHK KYBBAaTHHHT COLINaHFHY KUAMATH Ba FEHEpaTop BaTHHHHT
Oypunmm Gypuaru [ PmO (u.6.) thO(rpaa) 1. Ilapamerprap PowerGui
Onokn épaamuga xucoGnauuum MyMKHH, Bap Maccanu cucteMana dbakat
MEeXaHHMK KYBBATHHHT GOLITaHFHY KHEMATHHH OGepuill Tanab KuiMHamu.

Arap k¥n maccann CHCTEMaza TYPITa MAacCaHHHI XaMMACHHH MoO-
IOennam Tanal KMAMHMAca, BATHHHT MOACIIAHMASTIaH KHCMIAPH YUVH
HHEpUHA MOMECHTIAPHHHHT KMHMATIapH HoJlra Tedr OY¥aHILM Kepak.
doinanannnmMaéTrad Maccara Moc OGHKUpANK koddpHUHEHTNApH Ba
cYHHII JeKPEeMEHTIAPH XHcoOra onuaMaiaud. Ban maccanapugaun Gup
KHCMH MOJEIaHMaca KOJrag Maccanap reHeparop HyHaIMILHAA CHIDKH-
THnaau. DolinananunMaéTrad Maccanap y9yH MOMEHTHHHI Baji O¥iin9a
TaKcUMIaHMI KO3QdHUHAEeHTH Honra TeHr O¥aulg Kepak. AMMO, Baf-
HHHT HHEPLUA KO3(QHUUEHTIAPH HOAra TeHr OynraH KHCMIAapH YYYH
MOMEHTHHHI TakCUMIaHHW Ko3pduiKeHTH HOMra TeHr OYIMaciiurura
XaM Hyn xyivnaau.

Mucon.

AKTHB [0KJTAMara HILIOBYE CHHXPOH NeHepaTop Ba Oyr TypOHHAaCHHUAT
moaend 14.7.9 5-pacmia xypcarninran. PacMaa makIauraH pexuM yayH
aiipuM ¥3rapyBYMIapHHHT rpadHKIApH XaM KeNTHPHIraH.
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14.7.9.5-pacs. AKTHB I0KIIaMara HIITOBYH CHHXPOH T'eHepaTop Ba OyF TypOHHACHHYHD
MOZEITH
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14.7.10. JueprocucTeMaHHHr ynaBepcan crabanniaTopn
Generic Power System Stabilizer

Huxmozpammacu:
Aln  Vistab
Ganartic
Power System Stabilizer
Bazugpacu:

JHEProCUCTEMaHHHT YRUBepcan cTabHaH3aTopH Oiokuaad (PSS) can-
XPOH reHepaTOPHUHT KY3FaTHIIHHH OOMKApHII YIM OWIaH pOTHPHHHHT
JeMnpHpIOBIH XyCyCHATIIApHAN AXIWIHAAN YIYH oiRanaHnm MyMKYH.
DHEProcCHCTEMA HIUHHHAHI OY3IHINIIA reHEpaTop pOTOPH Te3NHIHHHHIT
TeOpaHHIIATA QNG KEMHIIH MyMKAH, JHEPTOCHCTEMAHHHT TYPEYHIUTHHEN
caknab Komuir yuyH OGyHaail reGpaHuuIap cYHAHPUIHIIK Kepak.

Generic Power System Stabilizer 6oknAHHT unkyn curHany {Vstab)
TeHEPATOPHHAT KY3FaTHII CHCTEMacH YIyH KHPHII CHIHANH GYmu6 xu3Mat
KHI4gH. bIOKHHAHT KMpHUI CHTHAIH cH)AaTHAA POTOPHHMHT Te3HK O¥iiHua
xaronury (dw) €xu reHepaTOpHUHT MeXasHK KYBBATH Ba INeKTP KyBBaTH
opacHuary dbapk onHHALIE MYMKHH.

CraOMIH3aTOPHHHT MOAEIH KyHH YacToTanap GMIbLTPH, aCOCHH
KydalTHpruy Ba FOKOpH gactoTajgap dbunbtpurad néopar, Pazand KoM-
NeHCalUANOBYH CHCTEMa K€TMa-KeT yAaHraH HKKUTa OHpUHYH TapTHOIH
3BeHONapiaH Oopat. Yy 3seHoNap KYIFaTHll KyWIaHNIIH Ba CHHXPOH
MALHHAHHHE 3MEKTPOMArHUT alnaHTUpyBYM MOMEHTH OpacHIara gaza
KeYHKHIIHHY KOMNEeHCALTHA KHANI YIyH Xu3Mar Kunagu. Crabunuzatop
MoaenmuHHHT ¢xemacu [4.7.10.1-pacMnaa x¥pcaTHaras.

@__’ o Tingtd "~ TZna+1 %@
™ N\ 7 THdav T2d+ B
Sansor Owerall Warh-out
Gain

Laadlag#1 Laad-lyg#2

14.7.10.1-pacs. Cmadunuzamop Moderununs cxemacs

Hapamempaapuny jpramuw oinacu:

518



Broxnune napamempnapu:

Sensor time constant:

[MatunkHuHr BakT nouMuiicH]. KHPHII cUrHAMHHA GHABTPAAIN YYYH
XM3MaT KHJIYBUH KyHH 9acToTanap (GHIBTPUHHHET BAKT JAOMMHUICH (C).

Gain:

[KyuaiiTipain k03d¢uuueHTH]. CTabHIH3aTOPHHAT YMYMHHA Kydaii-
THpHII Ko>bouunenTH.

Wash-out time constant:

[Oxopx yacroTanap QUILTPHHUAHT BAKT ZOHMMIiCH].

Lead-lag #1 time constants: [ Tnum Tden ]

[@a3a O¥ifHua KOMIICHCALHA CHCTEMAcH OUPHHYH 3BEHOCHHHHT BaKT
JAOUMHICH

[Tnum Tden]). Tnum — cypaTHHHT BakT noumuiicu, Tden — Maxpax-
HUHT BaKT JOHMHIICH.

Leag-lag #2 time constants: [ Tnum Tden ]

[Pasa GYiiHya KOMITEHCALUA CHCTEMACH HKKUHYH 3BEHOCHHKHT BaKT
nonmuiicu [Tnum Tden]). Tnum —— cypaterHr BakT goumniicy, Tden —
MaxpaXHUHT BakKT AOHMHICH,
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Output Limits: [ VSmin VSmax ]

[UnkHul cHTHANMHUET MUHHMAN Ba MakcuMan xKuiimMatnapu [ VSmin
VSmax ]].

Initial input:

[KnpHir curHanuHUHr OoLLTaHFHY KuiMatH].

Plot frequency response

[CrabuiusaTopHUHT dacToTaBuii aBoOwHK KypHun]. Baitpokua
¥pHaTHnrad 6yaca 4acToTaBHH KaBoO KypumanM.

Magnitude in dB

[Curnan annuTYZacuHWHT Y3rapumn ab sapna). Bapokya Senrunan-
rad O¥nca 4acTOTaBHi XapaKTEPHCTHKAAArH CHTHANHHHT aMINTHTYIJAcH
ab napza ¥nuaHazgH, akc Xxonga — HACOHI Gupnukirapna 6¥namy.

Frequency range (Hz):

[HactoraBuii aanaszon (I'n}]. ITapametp cudaThaa HacToTaruii xapak-
TePUCTHKACH KYPHIUIUH 3apyp G¥nraH yacroranap BeKTopu Oepuaanu.

14.7.11. JHeprocncTeMaBHRT KVn KyT6aH cTraGanazatopn
Multiband Power System Stabilizer

Tuxkmozpammacu:
Ndw  \stab p
Multi-Band
Power System Stabilizer’
Bazugpacu:

DHepreTHK cHcreMaia COTHp OynamMrad MHKacTIZHHLLIAD Ba
HYKCOHNAp 3IEeKTP FeHEepaTOPIRPHHHT INEKTPOMEXaHHK TeCpaHHuil-
mapura onu® xenumyu MyMKHH. CHCTEMaHHHT TYPFYHJIMIHHU CakjIall
yuyH OyHzail TeGparumnap 3¢dexTHB paBHIIZa CYHAMPHIHINH KEpak.
DnexTpoMexaHuK TeGpaHHUUIAp KyHHAard TVpTTa Kateropua Oyiuda
AMPATANHILE MYMKUH!

Jiokan Tefpanmpap: reHepaTop Ba 3MEKTP CTAHUMACHHHHI KOJITaH
KUCMH ¥pTacHAa KM JIeKTP. CTAHUHACH Ba 3HEPreTHK CHCTEMaHHHT
KoJraH KHCMH Ypracupa Oymwimm MymkuH. Opataa GyHpad teOpaHu-
napHHHAr YactoTacH (0.8 ea 4.0 | opanuryajard AHano3oHRa S¥aanu.

Cra”unanap opacnaaru Tedpanunourap: OHp-OMpHra AKHH HKKUTA
INEKTP CTAaHUUACH opackaa KysaTHaand. bydpai tebpaHuLUTapHAHT Ya-
crotacu 1 man 2 'y raya O¥nuiun MyMKHH,
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['ypyxuii Te0paHuilLiap: 3MeKTPOCTAHUHAIAPHAHT HKKHTA KaTTa rypyX-
napu opacuza O6¥numu MyMKHH. YactotacH — opartaa 0.2 nan 0.8 Fn
raya 6¥1raH opanukaa,

noban TeGpaHuuuiap: CHCTEMAaJard XaMMa reHepaTopiapHUHAr dasa
OViinua Moc¢ TYILYBYH TeGpaHunapu. bynzail teGpanuimnapHUHT YacTo-
tacH 0.2 'y arpoduga 6¥nagu.

Iynnaii kuunb, xyna KkaTTa (MKKH [eKagaraya) 1Manazoniara rebpa-
HHULIAPHA CYHAMPHII Tanad KHMHHAAH.

CraCHnH3aTOpHUHT coANajlaTApUunTan cxeMacu 14.7.11.1-pacmaa
K¥pcaThUiras.

Viaax

Awmg

3
1
§—|
£
&

Fn

VH

14.7. 11 I-pacs. Conalunu3amoprunz coodarQuimupunzan cxemacn

T'enepaTop Banu aHnaHMII TE3MUTHHUHT AATHHTHAAH Kenaaural
CHTHaN y4Ta KaHaira O¥anHagn. Xap OHp kananga MawBjIyM 4YacToTanap
JAHaNa3oHHA HILIOBYH COXANMM (QUIbLTp Ba aMnmuTynAa OyHuYa curaan
yeKnaruy Mapxkyld. DunsTpraHTasiaH KeluH ydyana Cursan Aurinagu
Ba KVHMIMMYa papHIIAA aMILIMTYHa G¥itu4a yexnanagn. BIOKHMHT YHKHIU
carHamH (Vstab) reHepaTOpHH K¥3FaTHII CUCTEMACH YYYH KHpPHIL CHTHA-
auaup.

Crabummsatopuunr Gatagcun Tapkubuii cxemacu 14.7.11.2-pacMaa
KypcaTuiras.
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14.7.11.2-pacu. Cmabunnzamopnun: famagcun maprubuii cxemacu

Hapamemprapunu ypramuw otinacu:

Paramiters 11_1Fti--8a3nd PcerS
\ _FI? o v

H «_w;;.s_i;_ e [ o

8 T T '
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Broxuunz napamemprapu:

Mode of operation:

[[MapameTpnapan Geprm pexnmH). [TapaMeTPHUHT KHAMATH KyHHIATH
pyiixatiaH OJIHHAOH:

+ Simplified settings — mapaMeTpJapHH COAAANAMITHPHUATAH KYpH-

HHuaa 6epni;
¢ Detailed settings — napameTpaapuu fatadeust KYpHHUIIAA GepUIL.
Global gain

[VMyMmuit kydaiiTupmu ko2ddunnentn). CTadHIn3aTOPHHAT YMYMHH
KyuaiTHpHw koddpuuueHTH.

Low frequency band: [ FL(Hz), KL ]

[Ky#in gacroranap ¢unsrpranHr napametpnapu [FL(I'u), KL]].
Iapamerp BekTOp KypHHHIIMAZ OepunagH. YHHAHr OMPHHYM 3/I€MeH-
TH — Mapkasnif yactota ('), HKKAHYA 3JIeMEHTH — GUILTP y3aTHIU
k03pHIIMEHTHHMAT MakcuMan KuiiMmatu. Tlapamerp Simplified settings
PEXHME VIYH ¥pUHJIIH.

Intermediate frequency band: [ FI(Hz), KI ]

[Vpra wacrorann ¢uapTprunr napamerpuapi [FL(I'u), KL]]. Hapa-
METp BEKTOp KYpHHHIIKAA GepHnany. YHUHI GUPHHYH 3NIEMEHTH — Map-
Ka3uii gactoTa ('), MKKHHYM 3NEMEHTH — (HIABTP y3aTHIn Ko3dduim-
eHTHHHHr MakcHMan kuiimatd. Ilapamerp Simplified settings pexumu
YIyH YpHHIH.

High frequency band: [ FH(Hz), KH ]

[IOkopu yacToTanu ¢uabTpHuHr napamerpaapu [FL(I'm), KL]].
- [TapaMmeTp BexkTOp KYpUHHIWIKHZA OepuinafH. YHUHr OHPHHYH JJIEMeH-
TH — Mapkazuil dactoTa ('), HKKHHYK 97eMEeHTH — (QHABTp y3aTHII
xoaddummeHTHHUHT MakcuMan KaiiMatu. TTapaMetp Simplified settings
PEXKHMH YHYH YPUHIN.

Low frequency gains: [ KL1, KL2, KL ]

[Ky#n uacToTanap kaHanuHUAr Kyvaitupum kodddpuuuentnapn [KL1,
KL2, KL]].

[Tapametp Detailed settings pexxumuaa ypHrIH,

Low frequency time constants (s):

[Kyiiu qacToTanap kaHaJHHHHT BakT mouMuHcH]. [Tapamerp Bekrop
kypuanmmnaa Gepmwiamu [TB1 TB2 TB3 TB4 TBS TB6 TB7 TB8 TB9
TB10 TB11 TB12 KB11 KB17]. ITapamerp Detailed settings pexxcuMnaa
YpuHAH.

Intermediate frequency gains: [ KI1, Ki2, KI ]

[Vpra yacToTanap KaHaTMHWAT Ky4aliTHpHID Ko3d¢ummentnapn [KI1,
KI2, Ki]].
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Hapamerp Detailed settings pexxumnza ypHHIn.

Intermediate frequency time constants (s):

[Vpra 9actoTanap kaHaNMHMHF BaKT gouMuiick]. [TapameTp BekTop
kypuanmmaa 6epunaau (Til TI2 TI3 Ti4 TIS TI6 TI7 TI8 TIS T110 TI11
TI12 Kiil KI17].

[Tapamerp Detailed settings pexumizia Ypusian.

High frequency gains: [ KH1, KH2, KH ]

[IOxopH wacToTaNap KaHAJHHHHI Ky4alUTHpHW KodpPHLMEeHTRapH
[KH1, KH2, KH]]. ITapaMetp Detailed settings pe:xuMuaa YpUHIH.

High frequency time constants (s): '

[FOxopm YacToTanap kaHanHMHUHT BakT AouMHiick]. [Tapamerp BexTOp
kypunuwmaa Gepunagy [TH!1 TH2 TH3 TH4 TH5 THé TH7 TH8 TH9
THI10 TH11 TH12 KH11 KH17]. MTapamerp Detailed settings pexumuaa
¥pHHIIH.

Signals Limits(VLmax,VIimax,VHmax,VSmax)

[Uewnam carxnapu]. UHKHII CHTHAJMHH YeKNall caTxnapi: Vimax —
nacr vacroranap kaHamunma, Vimax — Jpra uacroranap kaHanuna,
VHmax — 1oxkopu 4acroTaiap KaHanupa, VSmax — HaTHXaBui cur-
HAITHH YSKNall CaTXH.

Plot frequency response

[Crabunu3zaropHuHr HacToraBuii )kasoOHHM KypHlu]. baitpok4a ypHa-
THATaH O¥aca 9acToTaBHil kap0d Kypuiaam.

Magnitude in dB

[CurHan aMonuTygacHHHHT ¥3rapumu 15 napaa). Badipokua Oenru-
nauran 6¥nca 4aCTOTABHI XapaKTePHCTHKATArH CUTHATHHHT AMILTHTYAACH
ab napna ¥maanasm, akce xonna — HucOul OGupnnxnapna Oynanuy.

Frequency range (Hz):

[Qacrorasuii ananascs (I')). [TapaMerp cubarnza yacrorasnil Xxapak-
TEPUCTHKACH KYPWIHIWH 3apyp 6¥nraH yacToranap BekTopu Gepunamm.

15. POWERGUI — SHEPI'ETHK TH3HMJIAPHH MOJAEJLIALL
NNAKETHHHET I'PAONK HHTEP®EUCH

15.1. Powergui — DofigananysuHEHuT rpaduk uaTepdeiicn

Thukmoecpammacu:
P ol Powergul
Sort -Discrete,
Ts =0.001 s.
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Basughacu:

Bnok Kyfinaarn MacananapHH edill HMKOHHATHHH Gepanm:

* CXeMaHH KOMIUICKC ycya OH/aH xucobnan:;

* NIAKATAHTaH (Kapop TONraH) pexXHMHH XHcoOnam,

¢ MOJENHH AHCKpeTiIaul;

¢ GommnmaHFuy WAPTAAPHY GepHi;

* IEKTp MAITMHAJNAPUTa 3ra O¥nrad yd ¢a3anm cxeManapHn Xucod-
nallap Wak/IJaHrad peskuMaad 0oMnaHanguran KWK WHHIHan-
aam;

¢ cxemanu Simulink LTI-Viewer HHCTpYMeHTH &pAaMHaa aHaTH3
KHIHII,

* 3aHKHPHUHT TYJIa KAPIIHUIUIHHH (MMDEJaHCHHY) aHUKJIALLI;

* rapMOHHK aHaJTH3HH (axapHIin;

* XHCOOOTHH XOCHJ KHJIMIL,

* HOYHMZHKIH TpaHCHOpPMATOp MOAENH YIYH MarHUTIAHHII XapaKTe-
PHUCTHKACHHHHT (pafiTHHH XOCHA KMIIHLIL.

Ilapamemprapunu ypramuw otinacu:

Bnoknunz napamemprapu:

Hide messages during analysis

[AHann3 naBoM 3ITaérranga xadap-
napHu GepkaTHLI).

Batipox4a Genrunanran Gymca xu-
cobnamnapun Sakapum JapoMHAA
MATLABHHHT KoMaHHaap oifHacHra
axbopoTiap YHKapuIMaian.

Phasor simulation

[Cxemanu xommiekc ycyn OHnaH
xucobnam). baiipokua Oenruinanran
O¥nca xucobnaumap KOMIUIEKC YCYi
Ounan 6axkapunaou. bynna manbanap-
HHHT 4aCTOTAaCHHU

~ Frequency rpadacnaa kuputum
Kepak.

Frequency (Hz) [YacTtota (T'm)].
CxeMaHH KOMIIEKC ycysl OMIaH XH-
coOnamaa MaHGaTapHHHT YacTOTACH.
AnanuzAauHT GONIKA TYpAapHaa yuby
napamerpra kuput 6¥nMaiing.

Discretize electrical model

[Momennm auckpernamHu Haxa-
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pum]. balipokya Senrunanran G¥nca moaen auckpernanaaM. by xonaa
IHCKpeTnalll KagzamiuM Sample time rpajacuaa Sepumi kepax.

Sample time (s)

[Auckpernaw xazamu). [TapaMeTpra MOJENHA AUCKPETHALI PEKAMH
ypHaTuATaH 6¥Nca KHpHII MyMKHH. By Xonaa OnoKHHHr ITHKTOrpaMMa-
cupa ymdy napaMeTpHUHT KATTAIMIH KYpCaTHIAZH.

Steady State Voltages and Currents

[Ky<ianuinnap Ba TOKIApHUHT WIAK/LIAHTAH KuiiMaTiapu]. Yarapysau-
NapHAAT MaKANaurad KMAEMaTaapuHu xucobnanm. KHonka Gocuaranna
Y3rapyBIMITApHHET KHIMATIapH KYpCaTUNTaH OiHA OUHIAJH.

Initial states Setting

{BoummanrHy KuiMaTnapaH ypHaThm]. Ymly kHOnka focuaranaa
¥3rapyBYWIAPHHHT OOLUUIAHFHY KUAMATIApH aKC ITTHPHITAH OifHA OYHMIAaJH.
BONUIAHFUS KUAMATIAPHY Y3rapTupyI MyMKHH. Y3raprapanran Gompiamrms
KHiiMaTiiapaan YTHIL >kapaéHaaprHH Xucobnamua GoiaanaHuIany.

Load Flow and Machine Initializations

[DnexTp MamuHanapra sra 6¥araH cxeManapHA HHALKBAJLUIAL].

Use LTI Viewer -

(LTI Viewer pan dolinananmm]. CxeMaHu TaxXAull KHAWI YYYH
Simulink LTI Viewer nau ¢oiinananuni.

Impedance vs Frequency Measurements

[3arXHPHRHHT HMOENZHCUHA aHHKNIam)

FFT Analysis

[FapMoruk ananus). Generate Report

[Xucobor ty3uim]. Hysteresis Design Tool

[(MarduTHaHWI XapaKTePUCTHKACHHH XHcoOnau).

15,2, Cxemann xomuaere yeya Gujan xucobiam

Cxemann xoMiuteke yoya Sunan xucobnam (Phasor simulation) xanur
IEMEHTIAPHTa 3ra G¥ITaH MMEKTp cXeManap y4qyH ¥3rapyBUHIapHHHT ¢akat
IaK/UIAHTaH KRitMaT1apiiK Ounnil 3apyp O¥nranna Oaxapunaan. by xonaa
MAKIUIAHTaH peXHMHA xpacobaHuHT Steady-State TypH Kynaii aMac, 9yHKH
y CXeMaJaTy KantWTiapHUHr daxat OolsaaHFHy X0MaTH y9yH Sakapunanu.

XucobnamnapHu KoMIuieke ycya Onnan 6axkapum y4yH Powergui
olinacuaa Phasor simulation Xxpcobnam pexxuMy TaHnaHagy ga Frequency
rpadracura ManOanapHuHr 9actoTacH Kaputhanaan. Phasor simulation
pexuMiIa GoiaanaHyByH, CXEMAJalrd Xap XWI KOMMYTalKAIAp BAKTHAA,
Y3rapyBUMIAPHIHT MAK/ISIAHTaH KAHMATRApH KaHaall Y3rapHmuHE Ky3a-
THIIX MYMKHH.
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Mucon:

DneKTp cXeMaHH KOMIUIEKC ycyn GumaH xucobnamra mucon 15.1-
pacMIa KeNTHPHIraH. Y T4aHa&TraH KaTTAIHK cudaTHaa 3aHmXApAarH
TOKJIAPHUHT aMININTYa KHHMATIapH OJIUHIaH.

KoMnnekc ycynaaH xyoa Mypakkal cxemanapHu xucobaalina xam
FTUII KapaSHIapHHH XHcOGNal TYpryH edUMHH Oepmaranaa ¢oiinana-

HHH MYMKHH.

i [ ERTHLR AT
DidHSi L@ | 2:2]p =[N SR RE? S

Serles RLC Cument curent
EraNCh  Measrement] Y measurementl” g

SeresRLC  Curre
Branth1 MWeasurement2

15.1-paca. IMeKTp CXEMAHH KOMILIEKC YCya GHNaH XucoOIalura MECOR
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15.3. MogennapHun JucKpeTaam

DMeKTp MOZENHH JUCKPETNALI XUcoOnall Te3MHTHHH KECKHH OPTTHPUIL
AMKOHUATUHY Gepangn. JuckpeTnaml xanaMHHUHD katTanury Powergui
OnoxuHuHr oMBacuna Gepunaam. Jluckpernam Tactina ycynsaaH (Tpane-
uuAnap ycyau €paaMuja Oenrisanran KanaM OniaH uHTerpaniaun) doiiga-
AaHuO bacapunann. 3NSKTp MalUMHATAPHHHT MOACLIAPHHH JHCKPETIalIaA
ENMK anreGpanK KOHTYPAapHH HYKOTHIR YuyH DilllepHHHT TYFPHIAH-TYFPH
yoynd ummAaTHAaaH. XHcoGNallHHAT AHHKIHTH AHCKpeT/Iall KaAaMHHUHT
KaTTanurura 6oFmuK, JUcKpeTnam KagaMK KaTra OYnranaa aHUMKIHK nacaii-
HUIH MyMKYH. JHCKpeTan KafaMHHUHT KepaKkid KAHMAaTHHY TAHAAW Y4YH
KaN2MIapHHUHT Oup Heya KHiiMaTnapuia xucobnamnap Saxapuiajs pa Ha-
THXAJIAP Y3MYKCH3 MOJEI YYYH OJJMHraH HaTHxa ap GHllaH TaKKOCTaHaIH.
Takkocnawl HaTHXKaapura acocaH JHI KarTa kajaM Tannadand. Ogataa
50 T'u yacroTana HILIOBYMM TH3HMAD YUYH AUCKpeTrall KagaMuue 20-50
MKC oMl MyMKHH. T¥na GOIKapHIyBYH KAJHDIAPHH ¥3 HYHTA ONYBYH
tHzumiaap (IGBT tpansucropaap, GTO THpHCTOpAap, CYHXHIt KOMMYTa-
IMATH CXEMANap Ba X.K.) y9yH AHCKPETIAI KaNaMIHH KeCKHH KaMaRTHpUm
kepak. Macanan, 8 k'l 4a¢cT0TAA2 HIINOBYY KEHIAMK-MMITYILC MOTYIA-
LMATH HHBEPTOP YYYH AMCKpeTnam KaaamH 1 Mkc arpoduna Gepunagn.
Huckper cxeManaphu xpcodaamaa GONIKAPUIL TH3HMIAPH Y3IyKCH3 EkU
JUCKpeT OYNHINH MYMKHH, JIEKHH AHCKpeT O¥IraHga SHr KaTTa Xxucobnam
TE3THIHIa IPHIIHIAOH.

Juckpernamnay GaxapHILaa KyHHIATH YeKTAHHIUIAPHA XHCOOra OJIHIN
3apyp:

1. T¥na Gomxapunypuy apuM YTkasrnuny Kypuwimanapau (IGBT, GTO
&kn MOSFET) nnckpernam, yrap Universal Bridge 6nokunnnr
TapKUOHIa KHpraHiaruHa 6axkapunaan. Arap 6yHuai Kypuamanap
aToxuma mumnatunaérrad 6ynca auckpernam GaxkapHiaMailx Ba
MOJENHH Xucobmam GolUTaHranaa XaTOIHK TYFPUCHOArH axdopo1ra
ara O¥araH oitHa xocun OYrang.

2. DnexTp MamUHATAp AUCKPET PEKHAMAA MOASINAHTAHAA SYHMHHHT
TeOPaHHBLIAPH 103Ara KeanilEd MyMKKH. ByHUAr oniMHE ONnyui yayH
TabMHANA MaHbanapy KHYMK KaplHIMKKa 3ra G¥nran pesucrop
OPKa/H NMEeKTp MAIUHHANAPTa yaaHanH. KapuMIHKHMHT KaTTalH-
I'H MallHHAHAHT KYBBaTH Ba AHCKPETAall KaJaMHHUHI KHiiMaTH
opKaau aHHKIaHagu. Macanan, 60 I'n yacToTaga WINNOBYM THIHM
Y9YH JHCKPETNAIl KaZaMu 25 Mic O¥nraHma pesncropaa axpanit
YUKAAHTaH KYRRAT MAIIMHAHWHT HOMUHA/ KyBBaTHra HucOatan
TaxMuHal 2,5 % 6¥numn xepak. JIuckpernam KagaMH OpTTHPHA-
TaHAa Pe3UCTOPHUHT KyBBAaTH XaM OpTTHpUnaan. MacanaH, KyBBaTH
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200 MBA Gynrasn CHHXpOH MallliHa YY9yH MOAEIHHUHT JHCKpeTIanl
Kagamu 50 Mxc G¥nranga kyummM4a pe3ucTopaa MaNIMHAHUHT
HOMHHAJ KyBBaTHra HucOatan 5% €xm 10 MBT xyeBar axpanué
yHKHLIH Tana® kuianHagH. Juckpernam KagaMu 20 Mxc Gynranna
3Ca PEe3HCTOPHUHT KyBBATHHH 4 MBT OJIMID MYMKHH.

3. YiaHraH xonartnaru AMOL1ap Ba THPHCTOPJIAPHHHT HHAYKTHEIHIUIADH
(Lon) sonra TeHr kwinG beprnman 6y kepak. Arap Lon mapamerp
HoJTa TeHr 6¥aMaca y MaxOypuil paBHILAA HOJNFa TeHTMAIOTHPHIATA
Ba SimPowerSystem 6y TyrpHna oroxnaHTUpyB4H xabap Oepann.

Muconr: AKTHB-CHFHMIIM IOKJIaMara HILIoBYM OHp dazany KyTpHKIH

TYFpHIarMYHUHAT Moaenm 135.2-pacMaa k¥pcatuarad. Pacmaa tpancdop-
MAaTOPHHHT HKKH/IaMuM 4YYIFaMHAATH KYYIaHHLI, KYNPHK JHOATApHIaH
OHpHIArH TOK Ba IOKJIAMafari KyWIaHHUIHHHT JTHCKPET XaMa Y3IYKCH?
Moneilap épaaMHuaa OJHHIAH OCLH/IIOTPaMMaNapi XaM KEeATHPUIIraH.

Powergul |E| L Series RLC
-Discrete, - Branch
Ts=1e-005s. Muttimeter1

A + L=0.1H
|§ B - R=5 Ohm
C=200e-6 F
Linear  Universal Bridge

Transfanmer
120vi24 v

R R TR T L TR R TH I P . TOX

Uw2: Linear Transiomnar

Q 00z 0.04 0.06 0.08 01

AU L

lswl: Universal Bridge

0 Tom o B om o
0 ]
0 Ub: Paralel RLC Branch

1] 0.0z 0.04 .06 0.08 01
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Saunlation sesalt e Badbioneten

O G Yow oo look whdow Hee

Dsd8hAA/ 29D

UwZ: Lingar Transhmer
m T rop— v L ]

tew1: Universal Bridge

[ — . 1 1

0 002 0.04 0.06 0.08 0.1

—-r T — —

Ub: Paralle! RLC Branch
L1 J

" i A L

0 0q2 0.04 0.06 0.0d a1

15.2-pacm. AKTHB-CHFHMIH KOXAAMATA HWLTOBYH GHp dazamm kYnpHKIH
TYFPHIIATHYHEHAT MOACTH

15.4. Mlaka1aAran pexXHMHAH XHco0.aam

Powergui GrnoknuuHr Steady-State pexkxuMH cxeManapuy ¥irapmac Tok-
Ia xHcobmam AMKOHHATHHH Gepamu. XpcoGnawunmap cxeMaHuHr t=0 BaxT
MOMEHTHAATK Xonaty yuye Oaxapunamd. Steady-State pesxuMuaa Monen-
HUHT XOHAT ¥3rapyBYH/IapH XaMaa MaHOagap Ba HOYW3HKIH IEMEHTIAp
Y3rapyBYMIapuHHAT KHHMaTIapH Powergui OnokuHANT OHHACHIA aKC 3TTH-
panann. Xpcobnauap cxeManary MaHOANAPHUHT YaCTOTACHTa TeHr O¥nrad
yacToTafAa €KH cXeMala (akar ¥3rapMac KyuraHHm MaHOGamapu Ginca
HOJAra TeHr 6Y/raH JacTorana Gaxapunany. HatkanapHH TabCHp KTy BUYH
€KH aMIINTATYdaBuH KUiMaTiaap KYPHHHIUKHAA 4KC 3TTHPHII MYMKHH.
Xucobnamap ¥3rapypdaH KyWIAHHIIAA OaxapuIrania ¥3rapyBUHIapHHHT
bazaBuil CLHKHULIaPHHN XaM Powergui OJIOKHHHHT OHHACHAA K PHIL MyM-
kHH. Cxemana kanuT seMeHTAapH 6Yranma xucobnamnap KanHTIapHART
Gommnanrud xoJaTiIapy y4yH Oaxapiiaam.
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HaTHRamapHH aKc 3TTHpHII yayH Powergui OnokmHuHT Steady-State
PeXUMHIA KyHHIATH COINAIIAPHH DaXapHII MyMKHH:

Units [Ymuam cucremach]. Yi4am cHCTEMACHHH TAaHIAHI:

¢ Peak values — amnautyzaBuii KuilMaTiap;

* RMS values — rawscup 3TyBUM KHiiMaTIAp.

Frequency [YacToTa]. ManOGanapHuur wacroracwu, I'n.

Display [Akc aTTHpunagurad ¥srapysuunap]. Moc 6alipokuanapHu
Oenranaw iiyau 6unaH Kyiiraary Xxucobuii ¥3rapyBunIapHi aKe STTHPHIL
MYMKHH:

+ States — xonar ¥arapyBYHNapH (HHAYKTHRIHKIAPIArd TOKIap Ba

KOHJIEHCATOPJIAPIAATH KYYIaHHIINAD),
¢ Measurements — VynyaHaauras y3rapyBuniap, ShbHH YI4aHHLIH
YUYYH TOK Ba Ky4JaHHLI AaTYHKNAapHd YpHATHATAaH Y3rapyr4uiap,
¢ Sources — MaHOaNapHHHT KYYJIAHHKILIAPH;

¢ Nonlinear — HOYM3HKJIH 3NEMSHTIAPHHHT TOK Ba KYWIAHHILIAPH.

Mucon:

DeKTp 3aHKHPH Ba YHHHT IIAK/UIARTAH PEXHAMHHH YIyH XHCOOIam
HaTmxanapH 15.3-pacMaa keNTHPHITaH.

el e, L=0.01 H Re3 O, L=D.001 H
——rm 8 — s
Y x

W P Ohm,
AL VDRMDE SOUTH L=0.01 H

12.74 & 55.85"
Il.kd = 10.32 4 4.32°
MEASUREMENTS :
Ub: ab - 60.56 ¥
Ub: bo L] 8.43 ¥
Oh: bd - LI Y
Usxc: AC Voltage Source = 00 ¥
Ib: ab - 20.79 A
Ib: bc L] 12.74 &
Ib: bd = 10.32 A
SOURCES : ;
AC Voltage Source = 100 ¥ BU.OU'QJ
A ” Closn I
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© b Sty Stabe fanl orenleis notihed

ook
{sTames - Units :
Il be = 9.M1 Arme  55.86° w
Il kd = 7.297 Aras 4.32°

Frequency :
MEASURENRNTS : . R
Ob: ab - 49.48 ¥ raz 105 . 34° Dis :
Ub: be - 2718 ¥ cas 61,84 plav
Ok: bd‘c - 27.18 V raz 61.84° B Shales
Tarc: Voltags Sourcs = 70.71 ¥ ras 90.00"
Ib: ab - 14.7 & raz . 332.00° & Moatuerents
Ib: ho - 9.01 4 rme  55.B5°
Ib. ba - 7.297 A s 4,32 W Souces
SOURCES - W Nonknaar elscerts
AC Voltage Source = 70.71 ¥ s 96.00* Upcdate I
— Fo nonlinear blocks — _ = ]

15.3-pacy. DAeKTP 3aHKHPH Ba YHHHT [IAK/AAHMAH PEXUMHHH YUyH Xurcobnan
HATHAAAAPH

15.5. Tapkn0naa 3aeKTp MamHHaNapHu §¥aran yu ¢paszann
CXEMATAPHH HHHIHALIAI

+ Tapxubuga 3nexTp MAINHHAAAAPH 6Yaran yu gasaan cxemaaap-
HH MAK/UIAHTAH peXXHMIgH (CHHYCOHAA TOK/Nap Ba y3rapMac Te3-
JAHKIapaa) xucoOnaliHu GoluTall YYyH aBBall CXeMAHH WHHUIIHAN-
nam 3apyp. bynanai nuuunangam Powergui Gnoxusunr Load Flow
and Machine Initialization pexumuaa Gaxapusagu, UHunuannam
TapkuOHIa CHHXPOH Ba aCHHXpPOH MauinHagap xamaa 3-Phase
Dynamic Load Gnoknapu 6¥nraH cxeMajap y4yH aMajira OHpPH-
naan. HHuuuannamun Saxapuiu yuyH Load Flow and Machine
Initialization oliHACHHHHT 9an KHCMHTa GONITaHFHY MAaBJIyMOTIAp
KUpUTHIAAH (15.4-pacM). DneKTp MAITHHACHHEHT TypHTa GOFIHK
Xonaa OolMaHFAY MABAYMOTIAP ¥3rapHINH MYMKHH:

Machines: [Mamntanap). Monenaa Masxya Oynran anekTp Manu-
HANApPHHHT pyiixaTy.

Bus type [[Iunanunr Typu]. IlapameTp OepHnainrad Mamuea na-
paMeTpHapHHUHT pyixaTHHH auukmaitap. [lapaMeTpHUHT KHIAMATH
Kyilingary pYHxaTAaH TaHJIAHAOH:

P&V Generator — AKTHB KyBBaT Ba HOMHHAJ JIHHUA KYyWIaHHITH
(TavCHp KHI'YBYH KHiiMaTH) Oepunany;

P&(Q Generator — axTHB Ba peakTHB KyBBAT 6epnna}1u

Swing Bus — JHHHA KYYNAHHUIH (TABCHP KUJIYBYH KHAMATH),
KYTHJIAAHIaH akTHB KyBRaT Ba UAN KyWIaHHIIHMHT GOLIIAHFHY
dasack (3. rpaaycnapna) 6epunaan. llunanuur Oyngai Typu
KYBBATHH HKKH HYHaNHIIDa y3aTHINHKM K¥30a TyTanu, my cababmu
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cXeMaJarH CHHXPOH MalTHHaJIapaad kamuaa 6urrack yuyH Gyrnai
HHA KYAHIUIOA Kepak.

¢ Terminal voltage UAB (Vrms) — [UAB kyunanum (TabcHp KHIYB-

yu kuiimath)]. Active power { Watts) — [Axktup KyBeat (BT)].

* Reactive power (Vars)] — [Peaktus kyspar (Bap)].

« Phase of UAN voltage (deg) — [UAN ky4naHMIIHHHT GONIIaHFHY

¢asacu (3. rpas).]

+ Mechanical power (Watts) — [Mexauuk KyBear(BT)]. [lapameTtp

aCHHXPOH MaIlWHA Y9IyH Gepunaau.

* Load flow frequency — [YacTorTa).

* Load Flow initial condition — [ Bounanruy mapmiap]. IlapaMeTpHIHT

KHiiMaTi Kyinpary pyiixatoad TanaaHagn:

» Auto — XHcoOnail aHMKIaHTaH OOUMTaHFHY [IAPTIApP YIYH
Gaxapunaau;
Start from previous solution — onAUHIY XHCOOHHHT HATHKAIAPH
KeHuHry xucobnap yuyH Golmansuy mapt cudaruaa oaHHAAN.

Cxemara y3rapTHpHLUIap KHPHTHITaHAa OollnaHruy IMApTHAPHU
kaitta xucodnamw Update circuit & measurements KHONKacHHH OocHu
itynu Ounrad GasxapHnagy.

Update Load Flow kHonkacu GochnraHna XxucoOnaHraH OolTaHFuy
WApTIap eKTP MalluHaNap ONOKIapHHHHT HapaMeTplapHra aBTOMAaTHK
taps3aa &unagd. bynnan ramkapu, arap GnoxnapHHHT KHMpPHII CHTHall-
NapuHH (FOKIaMa MOMEHTH, KHPHLI KYBBaTH Ba X.K.) ¥3rapTHpHII 3apyp
6¥nca kepaxinH KuAMaTiaapra sra 6yarad ax0opor yHkapunazu. Ymoy
kufimaTinapuu 1C Gnoknap épnamnna 6epmu Kepak.

Srochrses Tachine ST Fasdumantal B Wadhoms
2 kYL TED. 102355130106 ¥ ran
n? PERAPET 0P

o0, .
?slmrwjznno e _,.FJ';
762 L Vras [1 pu] =90.00° i
76 é Vw hw]]lzﬂisﬂ' Him Typs . -

"&1 e Tt r_._..a_._._.j 4
Ry - =
o 71 uﬁ : lm’ (6.3568-017 £ 18 et

- Ll mu)
901.69 [1,001 et
.24 w201
2361 ¥ [19. .41

ey - "'..i!..;ijf"'r,"'_

h(, oues machioe TIM—
1.8 Tras 11733 o1 0% ot o
91,05 ¥enx [1 732 pu) <150 00° - Enoee oAl veidn gk, g
.§3Bd hras (1.672 pu] 91.11" [

8164 dmae {11675 Baj Titeoas TR RTS SRPLRY
. (-] . E PR A
-SET3.A K [=2 535 pml I—-——a«.mnﬁ
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15.4-pacm. Taprubuza SNeKTp MAIHHANAPH O¥ran yu da3and cxeMalapHH HHHI[HANALT

533



O e e

v ¥

almm Machines Product (4]
Mazsmament -
Moynoherat Mashing DeEmut _[. m, 8l
105008
A Unlis Parpry FrRT ‘m b
%1 Fundamental
[EFm = Ve Scepe

Eb8. 888

8 T IY "R T
Tima offest. 0

{5.5-pacs. PoTOpH acHHXPOR ABHraTen EPIaMua XAPakatTa KeNTHPRIAIH akTHE
IOK/AMAra HILIOEYH CHEXPOH FeHEPATOPHA MO/IEILTANY

Mucon:

15.5-pacmaa kypcaTHiran cXxeMana akTHE [OKIZMara UULIOBYH CHH-
XPOH I'eHEPATOPHUHT POTOPH aCHHXPOH ABHraTen €pAaMHAa XApakarra
kearupunany. Ocuunaorpammana regepatopaiar C dasacHmard Kydna-
HHII K¥pcatunrad. OcnuorpaMManas GonuiaHFuy KyWIAHHILHMHT HOMra
TEHI' IMAC/IHTHHY KYPHIU MyMKWH.

15.6. DnerTp cxeMaaapHH TAXJIHJI KHJIMII YIYH
Simulink LTI-Viewer Bocutacuaan ¢oiinananmm

Control System Toolbox Tapku6ura kupyeun Simulink LTI-Viewer
BocHTacH Simulink ga 9H3MKIH TH3UMIAPHH TaXTHN KASHIN YYYH Kynaii
BocyTa 6¥nub xucobnanaau. YHuHr éppaMufa OUpINK HMOYABC EKU
TIOFOHAJIH TALCHPIa TH3HMMHMHI PEaKNHACHHH aHMKJIAN, YacTOTaBMi
XapaKTePHCTHKANAPHH KYPHIN, TH3HMHHHT YMYMHH Y3aTHII YHK-
LHACHHHHT HOLIApH Ba KyrOaapuHy aHMKam, HalikpucT roporpadnun
KypHllI Ba GoLKa MacajlalapHi €YHH MYMKHH. Y10y HMKOHUATIAPHAHT

534



XaMMaCHAaH 3NEKTP CXeMaJapHH TaxJIMN KHAHIAA ¢oiitaTaHHIm MyM-
kuH. Simulink LTI-Viewer sanexTp cxeManapHH TaxJIHJ KHIHII YYyH
Powergui myxurigad Use LTI Viewer kHonkacH $pgaMHAa YaKUPHIIAAH.
LTI-Viewer Hiura tymrasja ¢hoianaHyByH TaXJ A KHIKIL Y9YH KHPHIU
(System inputs) Ba uHKuUI (System outputs) ¥3rapyBUHIAPHHH KYPCATHILH
MyMKHH (15.6-pacm).

15.6-pacm. 3nexTp cXeMalapHH TAXIHN KHIU y4yH Simulink LTI-Viewer
BOCHTAcHOAH ofinanagmm

YH3HKIH TAXIMIHHHT HaTKalapHHau kypum y9yH Open new LTI
Viewer xnonkacu Gocunagd Ba LTI Viewer ofiHacHAaH rpadHKHUHT
TYPH Ta8HIaHAIW.

Mucon:

15.7-pacMaa 3M€KTp CXEMacH Ba YHH TAXJHJA KHIHII HATHXANAPDH
Kypcatunran. ['papukiapaan TabMUHIAW MAHOACHHHHT 4AacCTOTACH
Yarapranna Man®a TOKHHHHT aMILUTHTYAACH Ba Ha3acHHHHT ¥3rapHIIHHK
KYpHIIUMH3 MYMKHH.
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Soopa
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Cymant Mearuremaent
6; AC Voltage Soulve Sefles ALC Serles RLC
Branch
i Bianch1

13.7-pacm. IMeKTp cxeMacH Ba YHH TaxTH/ KM/THIL HATHXAIADH K¥pCaTHATAH

15.7. 3aHOKHPHHAT HMOCJAHCHHH AHAKJIALI

DneKTp 3aHKUPHHHHT TYNa KapUWIHTdHY XHcolnam y4yyH cxema
mozaeniaa Impedance Measurements 6nokn ¥pHaThnran 6YnHIIH Kepak.
OnexTp 3aWKHPH MUK GYITHIIN IAapT. Arap 3aHXMPHHHT aT0XHAa (€MUK
O¥nMarad) y4acTKacHHUMHT HMNEJAHCHHHN ¥yam kepak 6ynca y yMyMHid
KAPIIMJINKKA CE3HNAPAH TARCHP KHAMalanran karra apuisiyk Gunax
myHTaadagu. HatuxanapuH k¥ypum yuyH Impedance vs Frequency
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Measurements kaonkacu SocHnaau. Hatmkana Powergui Impedance
Measurement olfHacH OYHAATH.

HaruxanapHd akc 3TTHpULI YYyH KyHHZArH cosnalunapaad ¢oiina-
NaHHII MYMKHH:

Axis [Vinap]. Tpadukiap VKIapUHHHT XYCYCHATNAPH COIAHAIH:

« Logarithmic Impedance — HMneaanc yuyH Jorapu(MHK Likaa;

* Linear Impedance — uMneaanc yqyH TM3HKIH MKANa;

¢ Logarithmic Frequency — uactoTa yuys norapudmuk 1mkana;

* Linear Frequency — 4acTora yuyH YH3HKJIH LIKaJa.

Range (Hz) [Yacroranap auanosoun (I'u)]. HMnenancHu xucodnam
y4yH 44¢ToTa G¥HH4a nuanasoH. HapaMerp BeKTOp KypuUHHIIHAa GepH-
mamgy.

Grid [Cerka). 'paduraa macmtad ceTkacu Gynamgn.

Save data to workspace [Mavaymornapun MATLABHUHr H4H
coxachra €3um. batipoxua 6enrunanran 6¥nca Hatiwxkanap MATLABauaAT
HIIYH coXacura €3unaa.

Variable name [¥3rapypunaunr nomu). Hatnxamapan MATLABHUHET
HIHIYH COXACHTa E€3HII YIYH ¥3rapyBusHUHT HOMH. MasayMotnap GupuH-
YH YCTYHHJA YaCTOTA Ba HKKAHYHM YCTYHHIA HMIIEAAHC (KOMIUIEKC COH)
6ynraH MaTpuua KYpHHHIIKMAA CAaKNAHAOH.

Mucoax:

15.8-pacMaa TVna KapIIHJIKIH ¥IYaRagHraH CXE€Ma Ba YHH XHCoOaal
HaTHEanapH kypcaTuiarad. Tyna KapmuiInru yayaHaéTral cxema Kapii-
aard 1000 Mowm 6¥nran pesscrop OunaH NIyHTIaHTaH.

7 untitted *

DFES @ 2! «Noma S w ey ®
Series RLC _
Branch? I R=1e9 Ohm
Impedance
Measurement2
AC Voltage L?1= ! g "
source =1e-01H
Sertes RLC C=1g-04 F Powergui
Branch -Continuous
| i T T I |
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15.8-pacs. T¥na kapluBAHrH YI4aHARNIAH CXeMa Ba YHH XHCOGIAIN HATHXANAapH

15.8. F'apMOHAK TAXJIHJI

FapMOHHK Tax/JJH/IHH aMalira OLIMPHII YYYH TARKHK KHTHHASTIaH
curyannap MATLABHuHT winup coxacura y3aTHIraH Gynmmm kpak. By
HIUHK Scope ocunmiorpadgHu mMoc papumaa cosnad &xu To Workspace
6nokunan Qoitnananu® Gakapuml MyMKHH. Y3aTHIAAHTAH MabIIyMOT-
JapHAHT popmatH Structure With Time («sakr» Maiifoura sra 6¥mran
CTPYKTYpa) kypuuuimsa 6yanmy kepak. Mopenny xucoGnam xapaéHu
TyraraiiaH keiinH Powergui 6mokHHuHT ofinacuun 0oun® yinarn FFT
Analysis (FFT — teskop ®ypoe ¥3rapTHpHOUapy} KHOMKACHHE 0OCHII
kepak. Hatmxamapau ake >TTupHil yuyH odvirad Powergui FFT Tools
ofiHacunard Display kHonkacu Gocunaan. [apMOHHK TaXaui npoueny-
pacupu cosnail Powergui FFT Tools ofiracHaa Oepunagurad Kyinmaru
napaMerpiap épaaMiia aManra OLHPHIALH:

Structure [Crpykrypa]. Taxnunn KHIHHAAMIaH MABIYMOTIAPHH ¥3
HYHTa ONAGHTaH YIrapyBYHHHHT HOMH,
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Input [Kupum]. Kupuu cHrHanuHHHT MeTKacH (GoFiaHHII THHUACH-
HUHF Signal name mapaMeTpH).

Start time (s) [Bomanruy BaxT (c)]. N'apMoHHK Taxaun faxapHnaaurad
BAKT HHTEPBAIHHHHT GONINAaHFHY BaKTH.

Number of cycles [aBpnap coHu]. TanKAK KHIHHAETIaH CHTHATHHHT
FapMOHKK TaxJIHI GaXKapHIaNrad JaBplIapyHUHT COHH.

Variable name [¥3rapypunsnar HoMu]. [apMOHHK TaX/AHIHN 6axapHi
YIyH MaBIyMOTIapHH ¥3 HuHra omypdd MATLABHuHT HIIYM coXacHmaru
¥3rapyBYHHHHI HOMH.

Display FFT window [Te3xop ®@ypre yzraprupuunapu (FFT)
ofiHacHHM K¥pcaTum]. CHrHaJHH TapMOHEK TaXJHI 6aKapuladHran
BAKT HHTEpBaNuia Kypcaruil. Arap ymby napaMeTp TaHjaaHrad 0yica
IOKOpUAary rpadpuKaa KHPHLI CHTHANH $akaT GepHiaraH BaKT HHTEPBAJIH
YYYH aKC STTHPHIAIH.

Display entire signal [CurHamHu T¥na k¥pcatum)]. Arap ymby
napaMeTp TaHAaHraH 6ynca 0KopHIaru rpadpuxaa KHpPHID CHTHAMH
KHCOOMaHraH HHTEPRAN YUYH T¥na kypcaTHiamn.

Fundamental frequency (Hz) [Ba3zaBuii yacrora]. TaaKHK KHIHHAETraH
CUrHaj OHPHHYM FAPMOHHKACHHHHT YaCTOTACH.

Max frequency (Hz) [Makcuman qactoTa]. XHUcOOIaHHLIH 3apyp
G¥ynraH AT IOKOPH rApMOHHKAHKHT YaCTOTACH.

Frequency axis [Yactoramap ¥ku]. UacToTa YKHHHHI rpaiyHpoB-
Kacu:

* Hertz — ropusoHTan ¥Kaa rapMOHHKanap dacTtotaiapu I'n napaa

K¥pcaTHaangy;
* Harmonic order -— ropu3oHTan yKaa rapMOHHKANap YaCTOTAIApPH
I'n napma KypcaTtHnag.

Display style [Axc srtupum ycymi). TlapameTp HaTwkanap KaHaai
aK¢ FTTHpHANIDHAH Oenrunaiion:

* Bar (relative to Fund. or DC) — ructorpaMMa (GUpHHYH KM HO-

JIMHYH TapMOHHKara HucGatan % napna);

¢ List (relative to Fund. or DC) — p¥iixar (6upunun €kn HONHHAYH

rapMoHHKara HucOaraH % mnapaa);

* Bar (relative to specified base) — ructorpamma (6epunran 6asasuii

KuiiMaTra HucGatan HacOuii OHpIHKIapaa),
+ List (relative to specified base) — p¥iixar (6epunran Sazapuii
KHiiMaTra HucOaTaH HHCOHIH OHpIHKIapHaa).

Base value [bazaBui xuiiMat].

Mucon: 15.9-pacvaa RLC 3aHXHpIATH TOK YYYH rapMOHHK TaXJIHI
k¥pcatunrad. FapMOHMK TaXJHJIHH aMaira OLIMPHII YYYH TaAKHK
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KHIMHAETrad cHrHaTHH MATLABHHHr HIUYH coXacHra y3arHul y4yH
ocuuanorpad (Scope) Moc pasdlnAa co3naHrad. TaxNHiI KATHHAIHIAH
MabAYMOTIAPHH ¥3 HYHIa oJIagHrad ysrapyeuura «Tok» Homu Oepui-
ran. Y3saTwiagnrad MAabJIyMOTJIApHUHT {TOKHHHTr)} opMaTu Structure
With Time («BakT» mafiaonura sra 6¥nrag cTpykrypa) KypuHHIIHIA
TAHJIAHTaH. :

CUSLAT Pt e

Geneua] Dalah‘mmyl Tig: iy nght clicking o axes
current Scope £ Limic dats points 1o st | 000
MeasLrement K Savedata to
R=10h i
L=1-01 H Viaiiable name: | Tok
Serles RLC C=1e-04F Fomet  Shuctwe wihime =1
Beanch
Powergul
-Continuous
ok | coosi] Hoo | eow |

Prawerrpui A4 T Toaels

Ble Ct Yiew et Tocks Window Help .
Selected signal: 5 cycles Shuchae -
100 i T e fro 1
1] Inpat -
finout 1 ks
af Signal number:
g0l ft x|
-10¢ s ; . ) Sttime sy {09
0 (ikerd O.mﬁm{s)l:l.tﬁ 0.08 0.t Nusnber of sycles: {5
Fundamenta! (SDHz) = 92.15 , THD=1.84% | Ginplay eniice signal ]
sl o Fundamentaheaueny Mz
5 s
£ 1 Msrepeysa
g 4l - Ta00
[ Fraquarcy ads:
| | =
Ll | ==
=4t I "l . [ etaive 1o Fund, # DC) ]
. II_ l"][lllljllllmmmmn O
-] 150 200 250 300 3B 40
Frequency (Hz} Dispiiag J Cite _l
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Rt i FH L Tools
Ge Gdt Wew Jrsert Jook Window Hep
Salectad signal: 5 cycles

0.08

P D. N

= 92.15 peak ($5.16 ras)
Total Harmonic Distortion (THD) = 1.Bi%

0 Hz (DC) 0.45 % E
10 Hz 1,03 %
20 Hz 144 % 4
30 Hz 2.32 %

40 Hz 4.89 %

50 Hz Fund 100.00 %

60 Bz 6.17 %

70 Bz 3.3l X%

a0 Hz 2.2 %

90 Hz 1.2 %

140 He (h2) 1.41 %

110 Bz 1.21 %

120 Hz 1.08 %

130 Bz B.97 % ”
140 Oy D.BE &

Structires -

Flok =]
Input -

firout1 ~]
Signal number;

g =
Stattmelss  [05
Humber of cycles: [5
[ Dispay entire sgnal |
Fmduwltdm&lzk
|50

Mas: Fraquency [Ha):

400

Fragquency saes

= o
Display sighe -

JList pelative to Furnd or DG} =]
T

15.9-pacy. RLC 3aHXHPAATH TOK Y4YH FAPMOHHK TAXJHI

15.9. XucoBoT Ty3HII

Powergui 6ok ¥daHaéTrad ¥3rapyBus-
JApHHUHT LIAKIIJIAHTAH pekKUMIard KHAMat-
NapH, MaHGaNapHHAHT TOK Ba Ky'WIaHHIITApH,
HOYH3UK/IH MOJENNAP Ba CXEMAHMHT XoaaT
¥3rapyBuHIapyHU KHAMATIApHHH ¥3 HYUra
01yBYY XHCOOOT TY3HIUH MYMKHH.,

XHco00T rep KEHTAaHTMAJIH MATHIH
¢aiinna caknanagn. XucoOOTHH XOCHN KH-
il y49yH Powergui OnoKMHHHT OfHacHIa
Generate report kHonkacH 6ocHAraHaaH
xeiiuH oqunagurad Generate report ofiHacH-
na (15.10-pacm) xucoboTra KUPUTHIAANTAH
Oynumnap kypcarunaiam.

hE |

15, 10-pacm. Generate report

OHHACH




XuCOGOTHHHI Ma3sMyHHHM CO3IANIAa KyHHIary napaMeTpiaapyu yarap-
THPHII MYMKHH:

Items to include in the report [XncoGotra kuputninaguran Gynumuap).
Xucoborra Kyiuaard 6¥aUMIapHH KHPHTHIO MYMKWH:

+ Steady-State — ynuaraguraH ¥3rapyBYHIApHHHI II4K/JIAHTAH

pexxuMaary Kuimatnapuy;

* initial states — ¥3rapyBunnapHUHr COLLIBHFHY KMIMATIApH;

* machine load flow — 3BaexTp MamuRamap OKNTAMACHHHHT Napa-

METpRApH;

Frequency used in the report [XucoGorna doitnananunaguran ga-
cToTa]. Ymby napameTp épaaMuaa TaHNAHraH 4acTorafa XHCOOMaHram
MaBIyMOTHap XHCOBOTAa cakTaHa/H,

Units {Vmaam tusamu]. Yioyam tespmunn rannam:

* Peak values -— amnanTynaenit xuiiMaTiap;

¢ RMS values — Tapcup 3TyBIH KuiiMaTnap.

1-mucon:

DI1eKTp 3alDKHPHHE XHCOONALIHHHET IIAKIAHTaH PeXUMIAry KHiMaT-
JIapUHA ¥3 HYMra 00yBYH XHucobot Ty3umra mucon 15.11-pacMaa keaTu-
punraH,

DBES 2@ D0 b «foms i ey

Seties RLC Branch Series RLC Branch2

AC R=10hm, L=D.01H
voltage

Source

oo v

S50HZ  Serles RLC Branchi

R=10hm, L=00T H

R=10hm, =001 H

Powergus
~Continuous

[Roady [160% f ]
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Dnsstor  {we

TOCOMA L ARA P weo ek s bt

Glo Edt Yew Text Debug Ereakpoints Web Window Help
NeE roeo~ | @iMr 8B VOHIX

1] SimPowerSystems Rsport. o

2] generated by powergui,

3| 10-Aug-2006 10:43:10

4

5| Model : new Simulink model.

6| [1) 3teady-State volcages and currents:

Hi

B| States ec 50 Hz :

9 Il _Series RLC Branchl = .o A -17.44"
Il_Series RLC Branch2 =« .8 A -17.HM°
Heasureaents at 50 He ;

Ub: Series RFLC Bramch = 66.67 V D.00"
Ub: Series RLC Branchl = 33.33 7 0, 00"
Ub: Seriea RLC Branch2 = 33.3:3v D.DO*
Usrc: AC Voltage Source = 100 ¥ D.0O"
Ih: Series BRLC Branch - 63.6 4 -17.44"
Ib: 3Jeries RLC Branchl = s & -17.4%
Ib: Series RLC Bramnchz = 1.8 A ~-17.4%°
Sources at 50 He :
AL Yoltage Source » 100 ¥ 0.00"
Bonlinear elements at 50 Be ;
[2] Inirial values of States Variables:
Il_Series RLC Branchli = -9.531 A
Il_Series RLC BranchZ = -9.531 A
[3] Bachine Load Flow =olution:
Thete is no machine block in the model

f [Ln32 ol

15.11-pacm. DACKTP 3aHKHPHHH XHCOONAIHHHN WAKNIAHTAH PEXXHMIATH
KHiiMATAapHHEH ¥3 HIHTa ONYBYH XHCODOT Ty3HIIIa MHCON
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2-mucon: Kytinnaru 3nektp sawxup (15.12-pacm)

B3
n
I3
s
15.12-pacm. DDeKTP 3aHXkHP
BA YHUHT 3IeMEHTIApHHHHT napaMeTpnapH Oepunran:
20K Tok manbacu Kapmuunuknap
. J. J R, R, R, R, R R, R,

1. 3anxkupaA xucobnam yuyd MATLAB MyXuTana yHHHT MOAETUHEH
Ty3amu3s (15.13-pacm).

R1 E1 e
' LA
R4
+
ES ns RO R7
4 —— | —_
L
J&
Powerpu IEI 4
-Cortinuous

MuHimeter

15.13-pacm. 3nextp 3anwxupuaar MATLAB MyxXHTHEATH MOJEH
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2. Vnmuanazurad KaTTATHKIAPHH, ABHH, CXeMa IeMEHTIAPHHHHT TOK
Ba KyWIaHHUNapuHH Multimetr 6siokura ¥rkazwnagn. Kyiinaarn pacmaa
R1 xapmmumuxzary Tok Ba Kywianuumnapuu (Branch voltage and current)
Multimetr Groknra yTkaznm kypcatuiarad (15.14-pacm).

Block Parameters: R1

i~ Seres RLC Bramch {mask] (knk)
Implements & series RLC branch.

- Parameters - -
Resistance R (Chms}:

I24

Inductance L {H):

[o

Capasitance C [F}

fid

Measurements jBranch vokage and cuarent =}

None
Branch voltage

15.14-pacm. Yuanaguran xkaTratHkrapid Multimetr 61okura ¥TkasHm

Konran 3neMeHTAapHUHT XaM YIMaHAIUTAH KaTTAMHKIApiuHy Multimetr
Onmokura YTKasHIAHH.
3. Multimetr Gnoxuuu ouunanu (15.15-pacm).

Availabls Measwramants Sulatted Mensurements

13.15-pacu. Multimetr 6nokuHEAT oifnacu
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4, YryaHagMraH KaTTaJIHKIapHH Gelrunal >> TYTMacHHH GOcHIaaH
(15.16-pacwm).

15.16-pacu. XHcoboTha KeNTHPHIATHIAH KATTATHKIAPHN TaHAaI

5.Mozenuu vira TYIMpHiIag{ Ba Mogenam(xucodmam) TyraraiiaH
keiiuH Powergui 6noxunn odnnaam (15.17-pacm).

15.17-pacs. Powergui Gnoxnrnur ofinack
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6. Powergui Gnoknaaru Steady State Voltages and Currents G 1aMHEN
O4HIaaH Ba YHRA CXEMAJard XaMMa 3JIeMEHTJIAPHHHT TOK Ba Ky'UIaHHII-
NMApUHHET aMIITHTYAA KHHMATIapHHA KypuO sukunamd (15.18-pacm):

Bt 01 Sl St Toal pendc boebed

Tool
: ~
mET D Lmyoua o]
mE O LD =
Th: Ré = 1493 ¥ 180.00° Fraguancy :
fh: RS = 46.56 ¢ -
Ub: R = 3.366 ¥ . [ i
fee B i
e ! - .00 : .
BE D ol o
Ih: B3 = 0,693 & o0* T~ States
mE o e
Ib: F§ - 0.197 & ‘dn* F Messuremants
Ixc: J3 = 2k N
Imre: J5 = i _ee* s
1 Horinear slemerts
- Updole I
o= |

15. 18-pacm. Powergui 6moxunarn Steady State Voltages and Currents G¥mumu

7. ToK Ba KyWIAHHIINAPHHHHT TRBCHP 3TYBYH KMAMATIapHHH KypHI
yuyH Units 6¥mamMuoa RMS values uu Tannanangy (15.19-pacM):

W E 297 ¥ tne 000" St
H = - RS .op*
W R - 563 Vrax  0.00° velues 2
Ub: R3 = 11.76 ¥ rus 0.00°
Ub: B¢ = 10.55 V ras  160.00° Fi -
Ob: RE = 3292 ¥ ran 0.00°
Ub: Rb - 2.8 Vras 0.00° |50 :]'
B=m: niiE R
. - . s * .
ib: ®'7 = 079242 & ras  180.00° Display :
Ib: K2 = 0.3835 A rus 0.00°
Ibi B3 = .49 & ras 0. 00" ™ Staee
EH D oHIHE W&
: = . TAS .op*
Ib: RE = 0.1322 4 ras 0.00* ¥ Wosnromonts
Isre: 331 = 1,414 & ™oa 0.00°
Ioxe: J& = 2.121 & ™= p.on” 1~ Sources
™ Honinme shwmanky
|
o= ]

15.19-pacu. TOX Ba KY'WIaHUNINAPHHHHT TRECHD JTYBYH KMAMATIAPHHE TAHIAM

547



8. Xucofot Tysuill yqyH Powergui 610knaH oudHr Ba yHAaary Generate
report KHoTKacH GocHHr. XHco0oTra KHpHTHAAAUTaH O¥nuMaapHH
k¥pcatunany (15.20-pacM):

i

ms to include in the repat:

;Fredhency us
‘lSIJ Hz I

15.20-pacsu. Powergui 6noxkunnnar Generate report olfinacy

9. XrcoboTHY .rep KeHTalrMand MaTHIH daitnga cakiaml yuyH Save
KHOMKACHHH §ocumanu Ba HoM Oepub auckaa caknanamu (15.21-pacm):

Save the report fite

flerwa. {3 work v & &k B

a1 ) Cortrol System '

W 14 £DF_Tenglama

3 CIFeruza Yusupova

e 1} CaIDEAL

s EILPT mepr

iy 15-nekunara C0scilogrammalar

Y patina;  [Hisobot3 - ' Coxparumy I
Imnqaina  |{"ep | Ormena I

15.21-pacm. XpcoGotuy rep KenraliTmanmi MaTunn ¢aitnpa cakmam
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10. XucofoTHH K¥puIN YUyH caKiaHrad aiin ounnamu (15.22-pacm).

B A HLABGpwark\Hisohot 3

Fie Edk Yew Jlext Debug Breskpoinks Wab ‘Window
[ = AR

' " SimPowerSystems Report.
generated by powergui,
24-Dec-2007 11:40:13

Mpdel ! new Simulink model.

00 1 N ih el ) =

[1] Steady-State woltages and currents:
10| Ytates at 50 He ;

12| Messuremsntcs at 50 Hz :

13 5
t4] T R'7 - 7.84z ¥ 180.00"
15| th: RL = 29.65 ¥ 0.00"
16| Ub: R2 = 5.424 ¥ 0.00"
17] Ub: R3 = 16.63 ¥ 0.00"
18] Ub: R4 = 14.93 ¥ 180.00"
18| Ub: RS = 46.56 ¥ 0.00*
20| Ub: RS = 3.366 ¥V 0.00"
21| Usrc: E1 = 50V g,00"
22| Usxo: BES = Y 0.00"
23| Ib: R*7 = 1.307 A 160.00"
24| Ib: B2 = 0.5424 A 0.0D"
25| Iv: R3 - 0.693 A p.op"
26f Ib: R4 - 0.3554 A 180.00*
27| Ib: RS = 3.88 A 0.00* b4
rJ
Ty B o T

15.22-pacy. Caxknanral dailieuir Tapknbu

11. XpcoGOTHHHT TYTHK MATHHHH KYPHLI YYYH YHH anMamTapum Ge-
tpepura onuné OGomka aacrypra, macanar, Word gactypura yrkasniazgi.

15.10. MaruHTJaHHAI XAPAKXTEPHCTHKACAHH XHC00.1a0 BOCHTACH
Hysteresis Design Tool

Yirfy BOCHTa MATHHTIAHHI! 3PH YH3HFHHHHT MabilyMOTIZpHTa
3ra OyaraH mat-gaiaHd XOCHN KHIHII MMKOHUATHHH Gepagn. XocHn
KHJIMHTraH ¢aiil KeiiHHYaInK 31eKTp MallHHANap Ba TpaHChOpMaTOpIapHH
MOIe/Talina HIITATHIKIIA MYMKHH.

MarHHTHaHHI XapakTePHCTHKACHHH XHCOOMAII BOCHTACHHH KIra
TywHpHin yayd Powergui ofinacuaaru Hysteresis Design Tool kHOmKacH
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Gocunrannan kefinH ogmnandran ofiHaza (15.11-pacMm) KyHugaru nmapa-
METPJapHHHT KMHMaT/IapH KHPHTHIAAHN:

Segments [YgacTkanap). MarHHTIaHHII STPH YH3HFUHHA aNMpoOK-
CHMaLHANOBYH YHINKIH Yy9acTKaaap COHH.

Remanent flux Fr [Koaauk MarauT okum). Maruut oKpMHHHT |
HykTagaru (15.11-pacm) Kuiimaru.

Saturation Flux [T{#uuam okHME]. MarHHT OKHMHHHT 2 HYKTaJarH
(15.11-pacM) xuitimary.

Saturation current Is {T¥Hunum roku]. TOKHUATr 2 HyKTajaru
(15.11-pacwm) ku#imatu. Coercive current Ic [MarHuTcHInanTHpyRYH
tok). TokHuHr 3 HyKkTanary (15.11-pacm) KuiiMarh.

dF/dl at coercive current [MarHUTCH3INAHTHPYBYH TOKHUHT Kuii-
MmaTH yuyH dF/AdI koadduunent). MarHaTcH3NaHTHPY BYH TOKHHHT
KHHMATH YY9YH 3TDH YH3HKHHHI OFMII KO3pHIHEHTH,
Saturation region currents [ToxHuer xu#imatn}. T¥inanmw yqacrt-
KacH YYYH TOKJIap KHHMAaTHapHHHHI BekTopH. Bekropaaru sne-
MeHTJIap coHH Saturation region fluxes mapaMeTpH BeKTODHHHHT
yngamura TeHr 6¥nrmy kepak. XapakTepHCTHKAHUHT daKar Myc-
6at woxvyack yMyH KuiiMaTiap OepriiHiou Tanad KUIHHAIH,
Saturation region fluxes [OxuMnapuuHr Kuiimarnapn]. TYinarm
YYaCTKACH YYYH OKHMJIAp KHAMATIAapHHUHT BeKTOpH. BekTopaarn
INMEMEHTNAp COHM Saturation region currents napaMeTpu BEKTOPH-
HHHT ¥JIIYaMHra TEHr GYJIMIH Kepak, XapakTepHCTHKaHHHT (paxkaT
MycOar wox4yacH yuyH KHAMaTnap OepHiauy Tanal KHIHHAH.
Transfo Nominal Parameters {P(VA), V(Vrms), f{Hz)] [ Varaprupuu-
HUHI HOMEHan napamerpiaapu [P(BA), V(B), f(I'u)]]. Ymoy
KuifMariap, arap THCTEpPE3HC TPH YM3HFH HHCOME GUpIHKIapaa
Oepunran G¥ica, abcomior OMPAHKNAD CHCTEMacHTa YTHIO YUYH
HIUJIATHIATH.

Parameter units [Viuos GuprukmapHEuET chcteMach]. KuiiMaT
KyHnaarn pyixatnan onuganm;

* pu — HHUCOHit OHPIHK/IAP CHCTEMACH;

¢ SI — CH xankapo CHCTEMAacH.

Zoom around hysteresis [THcTepe3nc COXacCHHH keHradTupHO
kypcaruu). balipoxua Gearunanran 6ynca rpadpukaa xapakrepu-
CTHKAHHHT (PAKAT THCTEPE3UC COXACH aKC ITTHPUNAH.
Tolerances [TOL_F (% Fs) TOL_I (% Ic¢)] {Oxumuu (Fs nan %
napaa) Ba TOkHH (Ic mau % nappa)] xucoGnamw xaTonuxmapu, Arap
Special meniocuaaru Tools\Tolerances komaHmacu OakapHarax
6yncaruna ymdy napamerp ¥puHIH.
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15,1 1-pacyu. MarHUTIAHHI 3IPH YH3HFH

MarsHTaaHHW 3rpH YH3uFHHY &30 onnm y4yyH File meHocHRarun
Save this model koManpacugan doiigaraHnnagyd. MarHUTIaHHII 3TPH
YHIMFHHHHT KHiiMaTiapued SpecialEMTP\Save in EMTP format xomas-
JacH €épaaMHaa MaTHIH (aiinga xaM cakiaail MyMKHH.

16. MATLABJA MAXCYC IT'PA®HKA
16.1. AnnmManuaau rpagnka
6.1.1. HYKTaHHHI TeXHCIHKAA XApAKATAAHHIIH

HyxKTaHUHT TeKHCNHKIA XapaKaTIaHUWII TPAeKTOPHACHHY AKC 3TTH-
pHImI YuyH comet kOMaHmacunaH ¢oiinananunand. bynna Hykra usra
sra 6¥nraH KOMETAaHHHT SIPOCHHH >CHaTagd, YmOy KoMaHAa Kyluaarn
KYpHHHLWLIApAA KYUIaHWIadu:

» comet (y) — «KOMETa»HHHT y BeKTop OHlaH OepHATaH TPaeKTOPHA

6yiiMua XapaKaTNaHMIIHHA aKC 3TTHPALH;
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* comet (X,y} — «KOMETa»HHMHT y Ba x BeKTOpJap kydTiura 6unan
Oepuira TpaekTopHsa GYHHYA XapakaTIaHHIIMHY aKC ITTHPAJH;

* comet (X,y,p) — aBBaJIrd KoMaHjara yxwam, akar koMera H3H-
HHHI Y3YHNUTHHH XaM KypcaTHm MYMKUH., KOMETaHMHT H3u
Oowmka panrra 6¥anran 6¥nany, y p*length(y) kypuuuinaa Ge-
punagu (length(y) — y sexTopHHHT Ym4yamu, p<l, cykyT OViinya
p = 0,1).

Kyituga comet komannacuaad Qoiigamanuiura MUcoNIap KEATYPUATAH

{16.1, 16.2 pa 16.3-pacMnap):

>> x=-3:0.01:4;
>> y=x,"2;
>> comet(y2)

»>> x=0:0.01:15;
>> comet(x,2*sin(x)./x)

16.2-pacm. comet {X,y) KOMaHIACHUTa MECOT
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B B Nen beet ok e e
Hal B-T LW DRY -

>t = 0:..01:2%pi;
>> x = cos(2*t).*(cos(t)."2);
>> y = gin(2¥t), *(sin(1).*2);
>> comet(x,y,0.3);

16.3-pacy. comet (x,y,p) KOMaHAAcHra MHCON

16.1.2. HykTanunr ¢asoaa xapakaTiaHHINK

HykranuHr y4u ¥n4amns $a3oaa XapakaTaHWIIHHKE Ky3aTHLI YIyH Kybin-

JarH KypHHUILIapra 3ra 6¥nran comet3 xomanaacHzaHd Qoiinananunaau:

¢ comet3(z) — HYKTaHHHT Z BEKTOp OunaH OepHIraH yd ya4aMiu
3TpH YH3HK OYiHYa XapakaTIaHUIIHHH aKC STTHPAJH,

e comet3 (X,y,2) — «KoMmeTa» HYKTaHUHr gasoma [x(i),y(i),z(1)]
HyKTanap OunaH aHHKIaHAJHraH 2rpu 4H3uHK Oyi#uda xapakart-
TAHUIIMHH aKC STTHPAIH,

» comet3(X,y,Z,p) — aBBaATH KOMaHara ¥xmaul, (akaT KOMEeTa
H3HHHMHT Y3YHIIHTHHA XaM KYpcaTHI MyMKHH, KOMeTaHHHT H3H
p*length(y) x¥punumuna 6epunand (length(y) — y BEKTOpPHHHT
¥muaMu, p<l, cykyt O¥iinua p = 0,1).

Kyhnna (16.4 Ba 16.5 — pacmnap) comet3 koManmacuzan ¢oiinana-

HHIITA MECONIAP KEATHPHIITaH.

t = -10*pi:pi/250:10*pi;
z=(cos(2*t)."2).*sin(t),
(sin(2*t).72).*cos(t).t;
comet3(z);

16.4-pacy. Comet3 (Z) kOMAHIACHIa MHCON
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= -10*pi:pi/250:10*pi;
comet3{(cos(2*t).~2).*sin(t),
(sin{2*t). ~2).*cos(t),t);

I16.3-pacy. Comet3 (X,¥,Z) KOMAaHAACHT2 MHCOI

Hyxrauusr uxky Ba y4 ¥14aMiH ¢a3onaru Xapakatd 2HTr COANa aHH-
MalManapaad G¥mMmura kapaMaciaH IHHAMHK MacalnaIapHH rpaduk
BU3YANAMTUPHII HMKOHHATIApHHHA KEHIalTHpaau.

16.1.3. AHHMAUNAHAHT AcOCHIl BOCHTAIAPH

Mypakxal aHuMaUuaIap yIyH MyIbTHILIHKALMA TEXHHKAacHIaH Goii-
JanaHunaan. by X0naa TACBHPHUHT KATOP KAAPNapPH XOCHT KHAHHAAH Ba
Xap OMp Kaap MabIyM BAKT JaBOMHAA KypHHaau. KeiuH y Yunpunanu,
YHHHT YpHHTa SHTH KaAp XocHll OYymanau. Arap KymHH Kaapnap opa-
cupard ¢apk karra G¥ynMaca oOBeKT XapakaTnaHaérrangail Oynanu.
MATLAB TtusuMHIa aHHMALHAHY aMaJTra OIIHPYRIU ACOCHH KoMaHHanap
KyHHIarunapaip:

-

capture —BUACOTACBMPHIHT HyCXaJapHHK TYNnam;
getframe — aHHUMAaIMA KAJPAAPHHU XOCHT KHIIHIL,

movie —aHHMALHIHH Oaxapuur;

rotate — ¢UrypaHH alilaHTHPHIL;

frame2im — kazapru rpaduk obpasra ysrapTHpuIL,
im2frame — rpadHk o0pa3HH Kaapra ¥3rapTHPHIL,

AHHMAalMAHN aMalTa OWUPHIL Y4yH getframe Ba movie xoMaHzana-
pHIaH ¢otizananuuira Mucon (16.6-pacu):

Z = peaks; surf(Z)

axis tight

set(gca,'nextplot’,'replacechildren');

for j = 1:20
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surf(sin(2*pi*j/20)*Z,Z)

F(j) = getframe;

end

movie(F,20) % Figuraning tebranishi yigirma marta ko 'rsatiladi

'mﬂmmmmm’ . |

IDaacA Az 2D
& = i

G

|ﬂ'ﬂ!ﬂhﬂ’l1ﬂ*mtﬂb ) :

it WS *AA/PPD
o T S e e LAY

e

16.6-pacu. AHMMAIMAHE aManra OWKHPHI YIyH getframe Ba movie koMaHAATAPHAAH
tdofiganannwra Macon (GUPHHYN Ba CYHITH Kagpnap)
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I'pagux obbekTHH koopauxatatapu [1 0 0] 6¥nran V¥kka HHcOaTaH
120 rpamycra 6ypumra Muacon (16.7-pacm);

h = surf(peaks(20));

rotate{h,[1 0 0],120)

Ciime Nao

16.7-pacs. Tpabuk obwekrHn 120 rpagycra Syprimira MucoI

16.2. Jeckpuntopan (handle ) rpajduxa
16.2.1. JeckpunTopau rpadHKAHHNT 00heKTAADH

MATLABHHHT rpadHk BocHTaNapu deckpunmopau (TaBcudnopdi)
&xu Gownkaua alitranza handie rpaduxa nebé aranyepuu Kyiu Japaxamu
rpadukara acocaanagu. byHaai rpaguka MATLABHHHET rpaduk KOMaH-
NlanapHHH Ba poHpanaHyBYHHHHT HHTepdelcHHH 00beKTra MYIDKAIaHTaH
ycyl OHNaH JacTypnallHH TAEMUHIAHAH. YMyMaH OJITaHa AECKPHITTOPIIH
rpapuka MATLAB TH3MMUHHHT rpadHK BOCHTAIapu KaHAal amanra
OIIMPUNTAHIUIAHYA TYIIYHHIO Ba 3apyp O¥nrania mMyxaMman rpaduk
JacTypAApHH ApaTHII UMKOHUATUHH Gepain.

Heckpuntopnu rpadMKaBAHr MapKaszuil TymyHuacH rpabuk obbekT-
pap. 'padux o0bexTaapRUur nepapXusacH 16.8-pacmpua k¥pcaTunrad.
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16.8-pacm. Tpadpuk 00BEKTIAPHHHT HEPAPXHACH

'padnk oOBeKTIAPHHHT KYHHIATH TYPIapH MaBKyad:

¢ root (MAOH3) — KOMMBIOTEP KPAHHUIa MOC KeayBYH OHpnamuu
OOBEKT;

» figure (pacM) — rpaduk oMHaHN ApaTYRYH OOBEKT;

* uicontrol (pofizanaHyRuM TOMOHHAAH AHKK/IAHTaH GOMIKAPHIN H7ie-
MeHTH) — doiigananysun HHTephEHCHHN APaTHII OOBEKTH;

» axes (Yinap) — rpapuxHuHr figure 00beKT HHUHT ofiHacHAa Kofi-
JAUIHIN COXACHHHM OeNrHIoBYH 00BEKT;

* uimenu (poliTaTaHyRYH TOMOHHIAH AHUKIAHTaH MEHI0) — MEHIOHH
ApaTUI OOBEKTH;

* uicontextmenu (QpoiiganaHyBYd TOMOHHJAH AHUKJIAHMaH KOHTEKCT
MEHI0) — KOHTEKCT MEHIOHH APaTHII O0BEKTH;

* image (o6pa3) — pactTpny rpadHMKaHH ApaTHIL OOBEKTH;

* line (YM3HK} — YH3HKHHA XOCHII KHIHII OOBEKTH;

¢ patch (T¥rpusam, Taxpepiaam, amMok) — O6¥anran ¢urypanapau
XOCHJT KMITHII O6BEKTH,

* rectangle (r¥rpu Oypuaxan TY¥pTOypuax) — OysaraH TYrpu Gyp-
YaKJIH TYpTOYpYaKHH XOCHI KUIHII 00BeKTH;

+ surface (CHpT, 1038} — CHPTHH XOCHJ KIJIHII OOBLEKTH;

* text (MAaTH) — MATHIH &3YBNAapHH XOCHI KHIHIL 00REeKTH;

* light (épyrauk) — EpUTUNTAHAMK 3PPEKTNAPHHA XOCHI KHITHII
o0 BexTH.

I'paduk obvexTnap ¥3opo GormaHraH Ba Xap XWi 4erapapuii 3ddext-

NapHH XOCHJ KWIHII y4yH OHp-OHpHra MypoxkaaT KHIIHIUIAPH MYMKHH.
['paduk ofiHaNapHH XOCHA KHIIHLI Ba yAapHH ColIKapumiaa KydHaaru
kKoManaa Ba GyHKIMANapaaH GpolmananHIagn:

» figure -— To3a rpadHK OHHAHK OYHII;

¢ gcf — figure rpaduk oliHACHHHHT ZECKPHNTOPUHH OJHIL;

+ elf —rpadux oiiHanu To3anami;
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»*

shg — appan ¥panran (HUFWITaH, KWYHKJIAWITHPHITAH) Tpadur
oliHaHH K¥pcaTHl;

close (énuur) — rpadux ofiHaHH Ennm;

refresh (AHrunam) — rpaguk ofHaHH AHTHIALI.

KoopnuHata yKknapuHH XOCHI KHIHUIN Ba yHapHH GOIIKAPHII YYYH
KyHHZard KOMaHAAIap XH3MaT KHNaIu:

*

axes (YKknap) —KoOpAMHATa ¥KIApHHH XOCH/ KHIIHIL;

box (AUIHK) — pacMHHHT aTpodHra TYpTOypUak koHJALTHPHHI;
cla — xopuii koopauHaTa ¥KTapHAaH XaMMa rpaduk oGseKTIapHH
onu6 Tammnam (HYKOTHIL);

gca — axes rpaduk oGBEKTHHHHT AECKPHATOPHHH OJNHII,;

hold — xoopanHaTa ¥KIapuHA cakiall;

ishold — hold xoMaHgacHHHHT ¢cTATYCHHH Tekmupuu (1, arap
yKxnap caknaHras 6ymca sa ( akc xonna).

Ymby koManaanapAaH oaaTaard (IOKOPH dapaxand) rpadHkana xam
dolinanaHAI MYMKHH, MacanaH, XOCH KHJIHHI&H rpadHKHUHT KOOPIH-
HaTa YKnapuoaH xamMa rpaduk odpekTaapHi onub Tamnal yqyH.

16.2.2. JeckpEOTopan rpadura odnexTIapHAaH
doiigananHIra MECONIAP

MATLABHuHr KoMaHaaap ofiHacura figure KOMaHAACHHA KUPHTHO
ENTERHH §occak 3kpaHaa To3a rpaduk ofia odnnand (16.9-pacm):
>> figure

Figure No. 1

Fle Eck View [nsert Tools Window Help
Dsa@a& A2/ @O0

16.9-pacs. T'padux oHiHaHH oumrLl
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Komanzanap ofiHacHaa axes KOMaHAacHHHW Oaxkapcak KOOpANMHATA
Yknapu xocun 6¥naau (16.10-pacm):
>> axes

# Figure No. 1

Mo Edt Vew fnsst Lok Window Heb
ps@as/rar/|@2p0

B RRAT

O S T

16.10-pacm. Koopannata YKIapHHH XOCH KHAHIT

Koopmunartanapu (1,3), (2,4), (5,-2) Ba (7,3) 6¥nraH 4Yu3HK XOCHJI
KHIHI Kepak 6¥acuH. ByHHur yuyH line o6bekTHAaH doimanaHaMus
(16.11-pacm):

» line([1 2 5 7],[3 4 -2 3))

Fhaigre Moo 1
He Tt Yew [msert ook window o
Ds@& A2/ PPD

LT

16.11-pacs. UH3HK XOCHA KHAMII

['pabuk oitnazga &3yB XOCHI KHWIHII Y4YH teXt KOMaHAACH NLUUTATHIANH
(16.12-pacm):

text(0.02,0.8,’Koordinatalari (1,3}, (2,4), (5,-2) va (7,3) bo'lgan chiziq
‘,’FontSize’,14)
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- Figure No. 1
_50 Eﬂ* ﬁM Insert Iools Window Help o
= é"—k A2/ @ 9 o

tn

[N 7t ]

18.12-pacm. Tpaduk ofivaga €3ye XOCHT KHIHLI
Arap cla xoMaHaciHu Daxapcak rpadHk 00beKTIap OIHO TalIAAHAAH

(16.13-pacm):
>>¢la

ﬂeﬁﬂmwmlmbmmﬁeb

16.13-pacm. I'padpuk 0bbekTaapHH 0nHG Taunam

16.2.3. QO6beKTIAPHHHT NeCKPHNTODNapH

Jeckpunropnu rpadHka oObeKTAapH TyIIyHYacH OHnaH o0beKT-
JMAPHUHT MAXCyC XapakTEPHCTHKACH — deckpunmop (TaBcudmarny)
OoryaHraH. YHH KaHZaliogMp COH KYPHHHINMAArH oObeKTIapHHHT ¥3ura
X0c UAeHTH)HKATOPH («AHHKIOBYHCH», «TAHYBYHCH») Aed TymryHHId
MYMKHH.
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MATLAB neckpHnTopiapHHHI KuiiMatd GyiiH4a oO6bLexTIapHn aHHK-
nadmy, Macanan root 0OBEKAAPHHKHT AeCKPHUNTOPH JouMo 0 (HOJI)ra TeHr,
figure 00bekT ASCKPHUNTOPH 3ca Trpaduk OWHAHWHI TapTHO paKaMHHH
kypcaryBu# 6yTYH coH 0¥naau. Konran o6bEeKTIApHHHET AECKPHNTOPAAPH
3Ca CY3yBYH HYKTIH GYTYH COHNAp KYPHHWIOHrA 3ra.

Heckpunropnaap o0beKTHHHr dakaT HUKH TaBcuduHu Oepaau. Ymap
OOBEKTHHHT OJATAATH MapaMeTpiaapu OHJaH AKKON GOFNHKIHKKA 3Ta
smac, Bynnan tamkapu, MATLABHHANAT Xap Xua Bepcusnapuna Gup xun
OYIMacANTH XaM MYMKHH.

Kyiiioaru MHUconia YH3HITaH YHIMKHUAT aeckpantopu 3.0038 ra Ba
y h ¥srapysanucu Ounan Oearunanran:

>> h=line{[1 2 5 71,[3 4 -2 3])

h=

3.0038

SHAH YH3UKHAHT MapaMeTpiIapiHy OeCKpUnTopuaan goinananut set
xoMaHaacu épaamuga (16.14-pacM) Y3rapTHpHIIHMA3 MYMKHH (MacanaH
YH3HKHHAT KANHHIATHHHA):

>> set(h,'LineWidth',7)

e Mo 1 . - - X
Bo ER yow Iuwet look yndow teb
iDs@a@ x"Ar2/P2ED

16, 14-pacy. YN3MKHHAT NAPAMETPIAPHHA set KOMaHIacH EpNaMAza YarapTipH

Arap OuTTa KOMaHaa épAaMHia ONMHAIWTaH o0BeKTIap OUTTanaH
Kyn O¥nca ylnapHHHT JECKPUOTOPAapH BEKTOp KYpUHUIIHAA O¥namm.
Macanan, KyiiHgara xoMaHoa époaMuyia OHTTa OiiHAaAa CeXpiIH MATpHIR
INEMESHTIAPHHHAT KuitMaTiapH 6¥iinua Gemrta rpaduk Kypunaim Ba
xap oup rpaduk ¥3 aeckpunropura sra (h(1)=3.0039, h(2)=102.0037,
h(3)=103.0018, h(4)=104.0029 Ba h{5)=105.0016):

36— T. Hacaxanoe, M. Myxumduroe 561



»> A=magic(5)
A=
17241815
23571416
46132022
101219213
11182529
>> h=plot(A)
h=

3.0039
102.0037
103.0018
104.0029
105.0016

B Eh Yom Dewt Dok Wb b

16.15-pacu. Bextop K¥puHMWKHAA AeckpunTopaapaan dofaananum

Heckpunropnap opkanu xap 6up rpadukka anoxuaa MypoxaaT KH/IHII
BA YHHHT MapaMeTpIapHHH Y3rapTUPHII MYMKHH, MacalaH:

>> get(h{1),'LineWidth',3)

>> set(h,'MarkerSize',10)

>> set(h(1),' Marker','o")

>> set(h(2),'Marker',.")

>> set(h(2),'Marker','*")
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>> get(h(3),'Marker','s')
>> get(h(4),'Marker','d")
>> get(h(5),'Marker',''}

G Y juwt Tods yondow ik
SEAS A~/ IPpBD

16.16-pacm. Jeckpunropiap opkand Xap 6Hp rpadikka amoxuna MypoxaaT KHIHII
BA YHHHT MApaMeTplapHHH ¥3rapTHpHil

16.2.4. I'padrk odbexTaap YeTHIA GaXapHIAARIAHE AMAJIAP

I'paduk obbexTiap yayH Ky#HIard aMayiapHy Kiulam MyMKEH:

* set — rpagHk 0O6BEKTHHHT XOCCANapHHM (IapaMeTPRapHHH)
YpHATHIL, :

¢ get — rpadHK OOBEKTHHHET XOCCANIAPHHH O {dWKapHII);

+ reset — rpaduk oOBEKTHHHT CYKYT OViinya XoccaJapHHH TH-
KJan;

* delete — XOCHN KHIMHATAH rpaduk 06BEKTHH YYHpHG TalIIal;

* gco — xopHil rpaduK cOBEKTHHUHT ACCKPHNTOPHHH KaHTapanay;

* gcbo — dyHkuHacH GaxapunaéTraH oGBEEKTHHHT NeCKPHIITOPHHA
KaiiTapajH; .

¢ gcbf — bysrumacH Gaxapunaérran o6veKkTTa 3ra 6¥nraH oiina-
HHHT DeCKpHNTOPHHA KaHTapaiH;

¢ drawnow — Oa)XapHJIHMIIH KeYHKTHpHAraH HaBGatmaru rpadmk
KOMaHIaHH OakapaiH;
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* findobj — Gepunran xoccanapra sra 6¥nran o0beKTHH H3NakAK;
* copyobj —oOneKkT Ba YHAAH Xocua 6¥nraH o0beKTIapHUHT HyCXa-
CHHH OJIafIH.
BynjaH Taiikapy obrexTaap yeTHaa amanap GaxapHil Ounal 60FIHK
GYNrad yuta yTHIHTA MaBXYI: ' '
* closereq — Tanabra 6MHOaH ofiHaHu Enwmm;
* ishandle —aeckpUNTOPHH XAKWUKHANMMKKA TEKIIHPHIN;
+ newplot — nextPlot 6unaH ¥3rapTApuiaran o0BEKTHHHT XOCca-
JTapHHH THKNAL.

16.2.4. O0beRTIAPHHHT XOCCAJAPH — get KOMAHAACH

HeckpunTopnu rpadgukadiHr xap 6up oOBEKTH yHHMHI Xoccanapi-
HH aHHKJOBYH Kynnad napaMeTpiapra 3ra. QOBeKTHHHI XOCCalapHHH
KYPHII YIyH get komanaacugal goinananunaay. Mucon yuyH wKopraa
KeNTHPH/ITaH CEXPJIH MAaTPHLAHHHT rpad)UrHiard HKKHHYH YH3HKHWHT
XOCCANapHHH KYpaiIHK;

>> get(h(2))

Color = [0 0.5 0]
EraseMode = normal
LineStyle = -

LineWidth = [1]

Marker = *

MarkerSize = [10}
MarkerEdgeColor = auto
MarkerFaceColor = none
XData=[123435]
YData =[24 5 6 12 18]
ZData =[]

BeingDeleted = off
ButtonDownFen =
Children = []

Clipping = on

CreateFcn =
DeleteFen =
BusyAction = queue
HandleVisibility = on
HitTest = on
Interruptible = on
Parent = [101.006]
Selected = off
SelectionHighlight = on
Tag =

Type = line
UlContextMenu = []
UserData = (]

Visible = on
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17. MABDJAYMOT/IAPHU KABYJI KHJINI BOCHTAJAPH

17.1. Mabaymornapau Kalyn KHAHII BOCHTAJApH
TYFpPHCHIA

MawnyMoTnapan kKabyn kunuio Bocutanapu MATLAB na xocun
kuauuray M-gaiin dynknusnap sa MEX-baiinnapuunr guHaMuk
Oornawuunap 6mdnuorekacugan (DLLnap) nbopar. ¥ anaaor KupuTaui,
aHanor YHKApHII Ba PAKaMIH KHPHTHII/YHKAPHIN OCT TU3UMIADHHH ¥3
Huyyra onaay. MasnyMoTIap KOMNBIOTEPHHUHT OBO3 KapTacH (mnaTacH)
pa LPT1-LPT3 napanaen noprnapiau ¢oitaananu® KHpHTHNAOH Ba
YMKapUIaan.

KuputHID/4uKapHil BOCHTaAapH GYHKINENAPUHUHT pYHXaTHHH
MATLABHHHr KOMaHzamap oHHacHla KyAHaarH KoMasgand OaxapnO
KYpHUIE MyMKHH ((akaT OHp KHCMH KEATHPHITAH):

>> help daq

Data Acquisition Toolbox.

Version 2.2 (R13) 28-Jun-2002

Data acquisition object construction (Mavaymomaapnu Kabyn Kunuu
obvexmunn apamui).

dag/analoginput — Construct analog input object (Anaroz kupumunu

obvexmuny Apamuii).

dag/analogoutput — Construct analog output object (4raroz wuxapuw

obvexmunu spamuit).

dag/digitalio — Construct digital input/output object (Pa:;mu Kupu-

muw/quKapu 06vexmuny apamunr).

Getting and setting parameters (flapamempnapnu oruut ea ypramuu).

daqdevice/get — Get value of data acquisition object property (Mavay-

Momaapru Kabyn Kunu oGbeKMURIHURS RAPAMEMPRAPUHY OAUIL).

dagdevice/set — Set value of data acquisition object property

(Mavaymomnapuu Kadyn Kunuw 06veKMuHUHUNZ RADAMEMPRADUHY

VpHamuw).

setverify — Set and return value of data acquisition object property

(Mavaysmomnapnu kabyn Kunuw obvexmu xoccampuuune KutiMamunu

Ypramuw 8a Kagmupuu).

Execution (Baxxapuu),

daqdevice/start — Start object running (Obvexmuune uwnrawuny

bownaut).

stop — Stop object running and logging/sending (O6vexmnune uuwna-

UWUHY 80 MADIYMOMAGPHY KAUO KUAWWL/YIAMUUIHU MYXMamuus).
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trigger — Manually initiate logging/sending for running object (#uura-
muaaouzar obveKkm Yuyx Katid Kunuu/ysamuwny Kpnoa Kupumuud).
waittilstop — Wait for the object to stop running (O6sexm uunauiu-
HUHZ MPXMAMURYIURY Kymuul),

Analog input functions (AHaJOT KHpUTHID QYHKUMANAPH).
addchannel —— Add channels to analog input object (dnanoe kupumuiu
O6beKMUZa KAHAIAAPHY KPuinid),

addmuxchannel — Add mux’d channels to analog input object (4dnanoz
Kupumuus oGvexmuza MyrbMuNIEKCopal KaHATRaPHU KItutul).
flushdata — Remove data from engine (Mavaysomaapuu yuupui).
getdata — Returd acquired data samples (Oaunzan maviymom ua-
MYHANADUHY KaUMAapuui ).

getsample — Immediately acquire a single sample (Hzona namynanu
dapxon oauut).

Xap kanpait M-¢aiin ¢yHKUHAHAHT KogH CMNAH TaHHIIHAII YYYH

type function_name

KoMaHaacu GaxapHnaign, MacanaH:

type addline

MATLAB puHr TamkH KypHIManap OHIaH MABIYMOTIAP aJaMallHIO
TH3IHMH KyHHZarH ocT TH3HMIapAaH HOopaT:

* aHajor KupuTHU (analog input);

* aHAJOr YHKapHIl (analog output);

¢ pakaMan kupHTHI/9uKapHIt (digital input/output);

» xucobnarnu/Taitmep (counter/timer).

17.2, ManAYMOTIAPHH 0B03 KAPTACH 0pKa/In Kabyn KHIRII

OB03 KaPTacHHHHT YH3HK/IH KHPHIIHHH Genrnnal KyHHAard MHCOJIHH
faxkapcak MKKHTA KHPHINZAR KeNa&TraH MabIyMOTNap OHHAMM Ba ylap-
HUHr rpadura Kypunazu {17.1-pacm).

1. OB03 KapTacH Y4yH aHAIOr KHPHLII ai cOBEKTH XOCHN KANHHAAN:

ali = analoginput (‘winsound’);

2. Xocnn KHANHra" 00BEKTra UKKHTa KaHan KYLIRIanH:

addchannel (ai,1:2);

3. Mnckperiam gacToTacu {SampleRate) a xabyn Kuauvanuran
JHCKpeT kKuiiMaTnap coHl (SamplesPerTrigger) KHpHTHIAIH:

set (ai, 'SamplieRate',8100)

set(ai, " SamplesPerTrigger’,250)

4. MasnymoTnapau Kabyn KunmuHHa Sourmanagm (start), xaMMa Mab-
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nymoTnap kabyn KunuHrangaH (getdata) xeiinH ynapHuer rpaburaau
Kypuiaaau (plot):

start (ai)

data = getdata{ai):;

plot {data}

5. OnnHaran MabayMoTAapHH XoTHpagad Ba MATLAB HyHr HigdH
coOXacHaH YuHpu® TanaHaau:

delete(ai}

clear ai

Yo Atk Ve e e

Gle Ex Yew Isxt Debug Brealpoints

Window  Hslp

D@l >l & NS EE
1|-] wt » soaloginpuc| winsewmd*); 4

~} wdéchermel(at, 1)}

sev{al, ' Sampleiare’ 81000}

sec(ud, ' SamplesPerTrigger ' ,250)

=} starti{xt)

= dara = gevdataiai))
=1 ploci{daca)

=} delece(ai)

47.1-paesm. OB0O3 IIATACH OPKANH MABIYMOTIADHH KaGyn Kuiuim

17.3. MabIyMOT/IAPHH 0B03 KAPTACH OPKAJH MHKAPHIN

OB03 KapTacH y4yH aHAIO0r YHKAPHIN O00BeKTHHH XOCH KUITHHAIH:

ao = analogoutput ('winscund"):

Xocun KBIHHTaH 00BeKTra HKKUTA KaHal KYIHIaau:

addchannel {(ao,1:2);

JHcKpeTaan 9acToTaCHHH KHPHTHAALH:

set (ao, ' SampleRate’ ,44100)

Output data — UNkum cursauiapd XocHn KHIHMHAAH Ba YJIapHH
YHKApPHIU YY9yH KaHaL1apra TAKCHMJIaHAIIN:

data = sin(linspace(0,2*pi*500,44100)");

putdata(ao, [data datal])

YuKapHill HILTa TYIHPHIAIN:

start (ao})

MabaymoTnapHu xorupaiaH s8a MATLAB HHHr HIDUH coXacuaaH
Yumpyu® TamnaHanM:

delete (ao}

clear ao
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17.4. PakaMJIH KHEMATIAPHH VKU BA €30

Pakamsin kufiMaTIapHH YKHLI Ba E3HII YYYH KOMNBHTEPHHHT napaj-
aen noptvaal {LPT) ¢ofinanaHum MyMKHH:

PakaMmiIH KHPHTHII/9HKAPHII 00BEKTHHH XOCHT KHIaMH3:

{dio = digitalio{'parallel','LPT1'};)

YHra MannyMoTNapHH 4HKAapHIra MyIDKalllaHraH CakKu3Ta KaHai
K¥1amMus:

addline(dio,0:7, 'out');

UYukum KMHMaTHapHHUHT MacCHBUHH XOCHN Knnamm Ba yJapHH
YHKAPHII KaHANNAPUTa E3aMH3:

pval = [1 1 11010 1];
putvalue(dio,pval}
gval = getvalue(dio):;

MawsnymoTnapuu xotupagad Ba MATLAB HHHT HINYH COXacHIAH
YunpuO TauUTaiMH3:

delete (dio)

clear dio

17.5. OB03 KapTacHra KaHaNIapHH KYIHIO

Ananor KHPHTHIL o0LEKTH XOCHI KHIHHanH!:

ai = analoginput ('winsound');
dakar OHTTA KaHan Kymum yuyyH addchannel xoMaHmacHaaH
dolinananunagu:

addchannel {ai, 1):

By xonma aBTOMAaTHK paBHIIAa MOHO KaHan Xocun O¥nanu, Kyitngaru
KoMaHzaHy Oaxapu® OuTTa (MOHO) KaHAT XOCHN KHAHHTAHIHTHHH
KYPHILUMH3 MYMKHH:

al.Channel.ChannelHName

ans =

*Mono

Arap HKKHTa KaHAJ KYIUHICa OBO3 KapTacil CTEPEO pexXUMHra ¥Tamgu.
KanannapHu Outranan kKynm KM MKKada KaHaJHH OUp Hina KHpHTHII
MYMKHH:

addchannel (ai,1);

addchannel (ai, 2);

Kyiinnarn xomanjgann Oaxapnd HKKHTa (CTepeo) KaHal XOCHN
KUTHHTAHIMIHHY KYPHIITAMH3 MYMKHH:

ai.Channel.ChannelName
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ans =
'Left’
‘Right'

Crepeo pexHMIaH MOHO PEKUMTa ¥THIL yuyH (PaKaT HKKHHYH KaHJI
ony6 TamaHaad. Arap OUpUHYH KaHATHH OMMO TannaMokye G¥icak
XaTONMK TYFpHCHIA axGOpOT YHKAH:

delete(ai.Channel (1)}

??? Error using ==> dagchild/delete

Channel 1 cannot be deleted before channel 2
for device Winsound. (BMpMHUYUM KaHaJ MKKMHYM Ka-
HanpmaH aBBRaj onM® TamJIaAHMIM MYMKWUH BMAC)

Uxkunuy kaHanHN onu® Tannadmus;
delete{ai.Channel (2})
DHAM 0BO3 KapTacH MOHO PEeXHMHIa YTajH.

17.6. InckpeTaall YacTOTACHHH TaHJ1all

Anckpernam yacroracH (SampleRate) 1 cexynona ondHaguras Mab-
JyMOTHap (HaMyHanap) COHMHM KypcaTaaH. Kyiiumardn MHCONIa IHCKPET-
Jam yactotacH 44,1kI' onndran, seHK, 1 cekyHAAa aHATIOT CHTHATTHHHT
ketMa-keT 44100 HyKTacCHHMHT KHHMATIADH OJMHAAU:

ai = analoginput('winsound');

addchannel(ai,1);

addchannel(ai,2);

set(ai,'SampleRate’ 44100)

Kyiunumu MyMkuH 6¥nTaH JUCKpeT/Nall YacTOTATApHHAHT JHATIO30~
HUHY propinfo QyHxunacH épaaMuaa KYpHII MyMKUH:

ValidRates = propinfo(ai,"SampleRate’)

ValidRates =

Type: 'double’

Constraint: '‘Bounded'

ConstraintValue: [8000 44100]

DefaultVatue: 8000

ReadOnly: 0

ReadOnlyRunning: 1

DeviceSpecific: 0
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17.7. Tpuarrepaapaan poiigasanniu

Tpurrepnap immediate (6esocura), manual (k¥n) Ba software (gacty-
pHii) Tpurrepnaapra 0inuHaayM. MabayMoTnap ¢akar TpPHITEp HILIaraH
MOMEHTIApAarHHA OJHHHIIA MYMKHH, 9bHH ylap éplaMHAa aHAIor
CHTHAIHH paKaM/IMra aiilaHTHpHIu y9yH 3apyp O6YiaraH AucKperniam 4a-
CTOTACH ¥pHATHJIAOH.

Omnk DAQ o6bekTnapHH aHHKIaHMH3 Ba YJIapHUHT HITALUIHHA
TYXTaTAMH3:

openDAQ = daqgfind;

for i = 1l:length{openDAQ),

stop (openDAQ (1)) ;

end

17.7.1. BeBocuta Tpurrep (immediate trigger)

Besocura Tpurrep Gupnkrupuiarad tpurrep 6¥au6 START konannacu
Oepunuiy OHIaH JapXoa MALIYMOTIIADHH PErHCTPalid KHAHILHA Domm-
nam MMKOHHATHHH GepazH.

Kyiingarn Myconga aHajgor kKHpUIl OOBeKTHHA XOCH KHIIMHIaH (ai) Ba
YHTa BKKHTA KaHal KynnraH. Bynaa oeo3 niuaracHHH (winsound) crepeo
pPeKHMHA2 HIITa TYWYpHI MyMKHH. Jluckpernam 4actoracuuu 10000
o ¥paaramus (1 cekyHO AaBoMpAa aHanor cHruanaHuur 10000 nykracu
TYFPUCHIATH MABLIYMOT PAKaMIIH KYPHHHIUTA YTKa3sHaaAH), TpHITEepHHHT
SamplesPerTrigger xoccacHHusT KuiiMatiny 300 ogamus, sbxey 300 Ta
HYKTa TYFPHCHIArd MabJIyMOT XOTHpara onuHaad. OnuHrad MabITyMOTHH
GETDATA ¢ynxunsicn épnaMuaa data ¥3rapyBuncira TaxaHM KHIHHAIH,
Masnymornap ¥iyaMu TpurrepHuHr SamplesPerTrigger xoccacHHHHT
KHIIMaTH Ba KaHannap coHH OHnaH GenrunaHamy:

ai = analoginput('winsound'};

addchannel(ai, [1 2]);

set{ai, 'SampleRate', 10000);

set{al, 'SamplesPerTrigger', 300);

set{al, ‘TriggerType’, ‘immediate’}:

start(ai);

[data,time] = getdatafai):;

size (data)

ans =

300 2

Masaymotnap 300/10000=0,03 cexyun, awau SamplesPerTrigger/
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SampleRate uucGar Ounag GenTHIAHYBYH BaKT JaBOMMAa ONHHA[H.
OnuHrad MabJYMOTIAPHHHT BakT GVfinda rpaduruHn Kypamu3s (17.2-
pacm):

plot(time,data);

ZOoom oIy

title('Bevosita (Immediate) Trigger'):

xlabel ("Nisbiy wvaqt sekundlarda'};

ylabel {'Kuchlanish wvoltlarda');

s liggne H 1 5_“ Y,
Bo Edt Yew Juat Jock Window Heb
ins@ainAr fFeD

17.2 -paca. ORHHTaH MabIyMOTIAPHHHI BaKT G¥iinya rpaduru

Magxcyn Tpurrepnap p¥iixatnan MATLABHuHr KOMaHJaNap oiiHa-
cHuaa set (ai, 'TriggerType') KOMaHA3acHHH Oaxapul Kipum
MYMKHH:

openDAQ = dagfind;

for 1 = l:length{openDAQ),

stop (openDAQ (i) ) ;

end

ai = analoginput('winsound’};
addchannel (ai, [1 2]);

set (ai, 'TriggerType"')

' Manual | {Immediate} | Software ]
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Kyfingary Muconja KUpHUI CHTHATH YacTOTABHH TaxXJIHA KHIHHTaH
B4 YHHHT q)YH,I[aMeHTaJ] JacToTaCcH aHHEKJIaHTaH. MocnaMaHHHT TapKHGH
17.3-pacMmaa k¥pcaTHiarax.

Mawnymomap  Cencop

maHbacu (naTymk)
Hﬂl'l rUWlNL
_ Obo3 kapTach ~
MATLABHMHM
HILNK COXACH
— [HIEEN

17.3-pacm. Knpuin cHTHANYMHA YaCTOTABHIT TAXMHA KHAHII B3 YHHHr (yHIaMeHTan
YACTOTACH AHHKIAW MOCIAMACHHHHT TApKuOH

MabayMoT/IapHH OBO3 KapTaCHHHHT OMTTa kaHanuzaH OHp cekyHZ
DapoMuga onuHagn. Juckpernam wactotach 8000 ['u ¥pHatuaran Ba
MaHyaJ TpUrTepaaH (o garaHHITraH.

AHANOF KHPHII 00LeKTHHH XOCH KHJIAMHA3:

AI = analoginput{'winsound');

BHTTa KaHan K¥maMhna:

chan = addchannel {(AI,1);

ObbexTnunr xoccanapunu YpHaramus. KefinHrH TaxJanianapaa
toiixanannm yuyn blocksize Ba Fs ¥3rapyBunJapHEH KHPHTAME3:
duration = 1; %1 sekund davomida ma’lumot oli-
nadi s

set (AI, ' SampleRate’ ,8000) %diskretlash chas-
totasi

ActualRate = get(AI, '’ SampleRate’};

set{Al,’ SamplesPerTrigger’,duration*ActualRat
e)

set (AL, ' TriggerType’, 'Manual’)

blocksize = get (AI,’SamplesPerTrigger’);

Fs = ActualRate;

QfnexT XaMNa MaHyaJl TPHITEPHH HINIra TYWHPAMHA2 Ba MabJay-
MOTHAPHM KaGya KUIaMH3:

start (AT}
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trigger (AT)

data = getdata(AI);

O6bexThH XoTHpPa Ba MATLAB HHHI HUIYH cOXACHIAH ¥IHPHO
TAMIAHMHE3:

delete (AI)

clear AT

MaLayMOTAApHH YACTOTABHH TAXJHA KHJIAMH3:

xfft = abs(fft(data)):

% Avold taking the log of 0.

index = find(xfft == 0);

xfft(index) = le-17;

mag = 20*loglO(xfft);

mag = mag({l;floor{blocksize/2));

f = (0:length(mag)-1)*Fs/blocksize;

£ = £(:);

HaTuxkanapHn YAKapaMms:

plot (f,mag)

grid on

yvlabel ('Qiymati (dB)”’)

xlabel (*Chastota (Hz)’)

title(‘'Signalning chastotaviy komponentlari’)

© Figare Mo 1

Be Edt Yew Jeet Took Window Heb
INSEHS RA A/ 2PD
1 L] T T

17.4 -pacy. CurHANTAMHT YacToTaBHi TapkuOu

573



Omueran rpagukaad (17.4-pacM) PyHRaMeHTAN YACTOTAHH SHHK-
NnamuMu3 MyMKHH. PyHpaMenTan yacroraiu MATLAB HuHr koMauga-
nap olHacHAa KylHIarn KomaHaaHH Oaxapu( TONUHIIHMES KyNadpoK Ba
AHHKPOKAHP:

[ymax, fundamental chastotal]= max (mag)};

ymax _

fundamental chastota

Enter knaBnmacu Gocuica HaTHXKa YHKAAH:

ymax =

53.1428

fundamental chastota =
51

HdeMak pyHnamenTan vacrora 51 I'u.

17.7.2. Mabaymoraapun aactiaabkn k¥pab wuknm yayun peekdata
bynknuacunan oinananum

MarnymoTnapan gactnabku k¥pHO 4ukpm y4yH peekdata dyHxumna-
cHjad QoHaanaHdIl MyMKHH. ByHAa ONHHTaH MaBJIyMOTHAp KeTMa-KeT
KHcMuapra O¥nHHHO 3kpanra unkapunajgd. Keiinnvaauk oGBeKTHHHT
XOCCANapHIa KepaKiH ¥3rapTHpUILIap KHPHTHAAIH.

Kyiinnarn mMuconpa peekdata ¢pyukuHsacugan doiifananunran.
Masnymornap 20 cekyHn napomHaa omuHaam (duration = 20).
JAHNCKpeTnam 4acTOTACHHHHT KHHMAaTH AKKOJ CJIMHMAraHIHrd ca-
6a6nu yHHHT cykyT OViinua kuiiMatH SampleRate=8000Tn
YpHaTunagn. ONHHAAHTaH KUAMATHapHHHT YMYMHH COHH
20*8000=160000. OnnunaguraH Kuiimatnap 1000 Tapad rpadukka
ynkapwiami (plot (zeros (1000,'1) ), asHH peekdata QyHKIHACH
160000/1000=160 MapTa yaKHpHIaaH.

AI = analoginput('winsound'}:;

addchannel (AI,1);

duration = 20; % Yigirma sekund ma'lumot
olinadi

ActualRate = get(AI,'SampleRate'}:

set (AI, 'SamplesPerTrigger',duration*ActualRate)
figure

set(gc¢ft, "doublebuffer','on') %Grafikning
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tebranishini kamaytirish

P = plot(zeros(1000,1));

T = title{[sprintf('Peekdata ni chagirishlar
soni:'), num2str(0)]};

xlabel ("Namunalar soni'}, axis{([0 1000 -0.2
0.2]1), grid on

start {(AI)

i=1;

while AI.SamplesAcquired < AI.SamplesPer-
Trigger

while AI.SamplesAcquired < 1000*i

end

data = peekdata(AIL,1000};

set (P, 'ydata',data});

set (T, "'"String', [sprintf('Peekdata ni
chagirishlar soni: '},num2str(i)]};

drawnow

i =i+ 1;

end

waittilstop (AL, 2)

delete (AI)

clear AT

[ INTATYYRN o TENS

17.5 -pacm. Peekdata dyHkiHAcHIaH $olinanaHuIIra Mucon
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Juckpernanl 4acTOTACHHHUHT KHAMAaTHEH MATLAB Hunar xomMaHzanap
olifHAacHOa KyHMard KOMaHaa épaaMHIa KYpHITHMA3Z MYMKHH:

propinfo {(AI, 'SampleRate’)

Ymbéy koMaHAA HIIRAraHZaH KeAdHH DHCKPETAAll HacTo-
TacHHHHT KHHMaTH 8000 pman 44100 T'u rava O¥AMIUH MYMKHH-
aurn (ConstraintValue) Ba YHUHT CYKYT OViH4Ya KHAMATH
(DefaultvValue) 8000 'u 5kaHAUTUHU KYPUIIAMA3 MyMKHH.

ans =

Type: 'double'

Constraint: ‘Bounded’

ConstraintValue:; [8000 44100]

DefaultvValue: 8000

ReadOnly: O

ReadOnlyRunning: 1

DeviceSpecific: 0

17.7.3. KabyJ KAAHHTaH MABJIYMOTIApHH KalfiTAa HINAW YIYH
YHKapud onunI

Kabyn KumMHran MabsiiyMOTIADHH KAHTA HIDNAM YI9YH YHKAPHO OJHII
yayH getdata pyukunscHnan doiinanaHunaau. Macanan, ai o0beKTHAAH
1000 Ta HaMyHaHW YUKAPHO ONMINI Ba YNapHH data Y3rapypuncHra TakInM
KUITHI Y4YH

data = getdata{ai,1000};

ndpoaagan doigamaHuIl MyMKHH.

Kytinparu muconza peekdata sa getdata ¢pyuxumuanapn 6upranukna
MIINaTHITaH,

AT = analoginput({‘winsound’):;

chan = addchannel {(AI,1};

duration = 10; % Ten second acquisition
set {(AI,’ SampleRate’,8000)

ActualRate = get(AI,’SampleRate’);

set (AT, ' SamplesPerTrigger’,duration*ActualRate)
preview = duration*ActualRate/100;
subplot{211) .

set {gcf, 'doublebuffer’,’on")

P = plot(zeros(preview,1l)); grid on
title(‘Boshlang ich kuzatish ma  lumotlari®)
xlabel (*Namunalar’)
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ylabel (*Signalning giymati (Voltlarda)’)

start (Al)

while AI.SamplesAcquired < preview

end

while AI.SampleslAcquired < duration*Actual-
Rate

data = peekdata(AI,preview);

set (P, "ydata’,data)

drawnow

end

data = getdata (Al);

subplot (212), plot(data), grid on

title('Olingan hamma ma lumotlar’}

xlabel(‘Namunalarf)

yvilabel {*Signalning gqiymati{(Veltlarda)’)

delete (AL}

clear AI

JacTypHHHT HIINAIIH HATHKACHA HKKHATA Tpa(HK ONMHEARY. Y IapHHHT
OUPHHYHCH MaBIYMOTIIAPHHHT OHp KHCMH YYYH B3 HKKHHYHCH OJIHHTaH
XaMMa MabIYMOTIAp YYYH KYpHIaaH.

'mwmwmww o

.........................

17.6 -pacm. Peckdata pa getdata dyHxnHANTApH OMPraTHKIA HUINATHIMIUHTA MHCO
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17.8. PakaMaH KHPHTHUI/IMKapWII

Pakamiu Knputuil /aukapui oct TsiaMu (DIO) pakamnu cHrHauiap-
HH Y3aTHII y9yH XH3MaT Kunag. DIO ofwexTn nmapannen mopr GunaH
GofTaHHIIN MYMKHH.

17.8.1. HHapannen nmopr

Komneotepna ydura napamnen noptaad (LPT1, LPT2 ékn LPT3)
thoitmananum MyMKHH, YIapHUHT ¥H OJNTHIHK CHCTEMAaJary ajpeciapy
moc xonma 378, 278 Ba 3BC. MATLABpga agpecu 378 Gynran LPT1
noptaad Qoiimananmnaan. Ywby nopt yuyH DIO oOnekrn Kyiimaaruya
XOCHA KHIHHAIM:

dio = digitalio('parallel','LPT1"});

Pakamnu I/OQ o6vexTra nuuuanapud kymam yuyH addline dynkuus-
chjaH doiaananunann:

liniyalar = addline{dio,0:7,'out'):

Xocnn kuauHraH liniyalar knaccrau whos kxomaHnacu épaammuna
KYpHI1 MyMKHH:

whos liniyalar

Name 8ize Bytes Class

liniyalar 8x1 536 diocline object

Grand total is 13 elements using 536 bytes
XocHI KWIHHIaH NHHAMIAp KyHuaars xoccanapra 3ra 6fnaam (17.1-
Eamean):

17.1-wcadsan
XoCcaBHAr HOME Tancudu
HwlLine Annapatiard HASHTHPHKATOPH
Index MATLAB paru usaexch
Parent Kaficu 05BeKTHHHr aBJIOTK
Type JuAnAHHNE TYpH

XOCHN KWIHHTaH JTHHUATAPHHHT JOKOPHA KYPCATHITaH X0CCANapHHI
get PyHKOHACH £pIaMHiA aKC STTHPHII MYMKMH:
get{liniyalar, { ‘*HwLine’,’ Index’,’Parent’,’ Typ
e’ })
ans =
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(0] [1] [1x1 digitaliocl] ‘Line’

(1] [2] [lx1 digitalio] ‘Line’
i2]) i{3) [1x1 digitalie] ‘*Line’
[3) (4] [lx1 digitalio] ‘Line’
[4] [5] [1x1l digitalio] ‘Line’
[5]) [&] [1xl digitalio] ‘Line’
[6] [7] [1x1 digitalio] ‘Line’
7] [8] [1xl digitalio] ‘Line’

JInHHA Ba MOPTAApHHHT XapakTepHcTHKaNapuHH daghwinfo GyHk-
uMacH Epaamuaa KaiTapuaaiy (akc STTHPHIALH).
hwinfo = daghwinfo(dio);

Xap Gup mopTt y4yH XapaKTepHCTHKANAD:
hwinfo.Port (1)

ans =

ID: O

LineIDs: [0 1 2 3 4 5 6 7]
Direction: ‘'in/out’

Config: 'line'
hwinfo.Port (2}

ans =
ID: 2

LineIDs: [0 1 2 3 4 5 6 7]
Direction; 'in/out'

Cenfig: ‘'port’
hwinfo.Port (3)

ans =
ID: 3

LinelDs: [0 1 2 3 4 5 6 7]
Direction:; 'in/out'

Config: ‘'port’

Ywbdy na¢opManna 32 NMHHHAHHAT Xap OMPHHH KMpuTHID &KH
YHKapHII Y4yH (QolanaHAIl MyMKKHIHIHHH K¥pcaTanm.
17.8.2. Ilapannen NOPTHHHI XAPAKTEPRCTHKAZAPH

TMapannen mopt Kyitunary THHHAAZPAAH TAWIKHI TONTAH:
¢ CakkM3Ta MaBIyMOTIap THHHANADH,
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e Typrra GomWKApHIL JHHANIAPH;

* bemra xonat nHHHANApU.

DH3uK Hapajne NOPTHHHT JIHHHANAPUTa KHPHID YYyH KOMIBIOTEpHA-
r'H 25 kupuiura sra 6yaran xaGyn kunye4u paspéMaar ¢oiifananuiaim.
YHUHT K¥puHula 17.7-pacMaa kypcaTHiras.

1

Q000000000000
CO0000000000

25

17.7-pacsm. Tlapannen nopTHHHTZS KHpHINTA 3ra OYATaH pasbému

JuHnsnap MaHTuKHiE carxnapnan Qoinananaan, ®akar 1, 11,14 ea
17 xupuimTap HHBepTHpNaHrad O¥ragu. Epra 18-25 kupHiunap ynaHagn.
Konran 17 xupum y4Ta noprra axpaTHWiraH Ba YNapHHHT Basudanapu
17.1-xanpanga KeNTHPHITAH.

17.1-ocadean
Port Kapumaap Tancudn
0 29 MabLayMOTIAPHH KHPHTHLI/YWKAPHIN YYYH CAKKH3TA
NHHMA
1 10-13 82 15 Beurra xonar nunusmapi
2 1,14, 16 a 17 T¥prra SoaKapuw THHHATAPH

AdpuM xeonaapaa 0 noptaaru nueuanap 6up dyHanumm 6Ynn6
thakar wHKHIIra HINAAINM MYMKHH. YJIapHHHT HKKana AYHaIMmza Xam
Amaly y9yd komnsiotepHulr BIOS cumpa EPP (Enhanced Parallel
Port- Kenzatimupunzan napaaner nopm) &xn ECP (Extended Capabilities
Port-FHauxonuamaapu xeneatimupunzan nopm) peXXHMHHE SeArunan kepak
6¥mamm.

Tlapannen nopTHUHr XapakTeprcTukanapusi daghwinfo ¢pyHkMA-
CH €pIaMHIa KYpHIO MyMKHH:

hwinfo = daghwinfo(dic):

hwinfo.Port (1)

ans =
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LD: O

LineIDs: [0 1 2 3 4 5 6 7] {(2...9-kmupumnap)
pPirection: ‘in/out’

Config: ‘port’

hwinfo.Port{2)

ans =

ID: 1

LineIDs: [0 1 2 3 4] (10, 11, 12, 13 ®Ba 15~
KUDUUIEP )

Direction: ‘in’

Config: ‘port’

hwinfo.Port(3)

ans =

ID: 2

LineIDs: [0 1 2 3] {1, 14, 16 Ba 17-
KMUpHwnap)

Direction: ‘in/out’

Config: ‘port’

Yuby uapopMauus MabIyMOTIApHH KUPUTHIL YYyH 17 YHKHINHHHT
XaMMacCHHAH, YHKAPHIU yuyyH 3ca 12 yuxkupan $oigaiaHuIl MyMKHH-
JIMTHHH K¥pCaTaii.

MypoxkaaT KWIHIIHH COAAaNalITHPHLII YYYH KHPHTHIL/YHKAPHII
LineName XOCCACHHUHT KHHMAaTH NOPT YHKHIIMHHHT TapTHO pakaMu
Ounan Gup xun kunb onurrad. Macanax, 0 man 7 rava Gynrax annapar
nuuMAnapH ydyH 1 pan 8 rada 6ynran MATLAB unnexciapu Gepun-
raH.

Arap 3apyp 6Ynca HHAEKCIApHH AIMAINTHPHII MyMKHH, M3CaJIaH:

liniyalar(1).HwLine=1;
liniyalar(2).HwLine=0

Index: LineName: HwLine: Port: Direction:

1 ‘Pin2’ i 0 ‘Out’
2 ‘Pin3’ 0 0 ‘Out’
3 ‘Pin4’ 2 0 ‘Out’
4 ‘Pin¥’ 3 0 ‘Out’
5 ‘Pin6’ 4 0 ‘Out’
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6 ‘Pin7’ 5 0 ‘Out’

7 ‘Pin8’ 6 0 ‘Out’

8 ‘Pin9’ 7 0 ‘Out’
HHaexcnapHH aIMAIITHPHIIHHAT Golirkaya HymH xaMm Gop:
dio.Line(3) .Hwline = 3;

dico.Line{4) .HwLine = 2
Index: LineName: HwlLine: Port: Direction:
1 ‘Pin2’ 1 0 ‘Qut’
2 ‘*Pin3” 0 0 ‘Out’
3 ‘Pind’ 3 0 ‘Out’
4 ‘Pin5’ 2 0 *‘Out”
5 *Pine’ 4 0 ‘Out’
6 ‘Pin7! 5 0 ‘Out’
7 ‘Ping’ 6 0 ‘Out’
8 ‘Ping’ 7 0 *Out”’

JIunnanapra TaBcudmit Hom OepHm yuyH addline QYHKIHACH HIL-
NaTHNAAH, MacanaH OHpHHYHM NMHMATA Trigline HOMH OepHIHIIN KepaK
6¥ncuH:

delete (dio)

clear dio

dio = digitalie('parallel', "LPT1'):

addline(dio, 0, 'out', 'TrigLine"')

addline(dio,1l:7,'out?')

Index: LineName: HwLine: Port: Direction:
1 '"TrigLine’ 0 0 'Qut’
Index: LineName: Hwline: Port: Direction:
2 'Pin3* 1 0 'Out!?

3 'Ping! 2 0 'Qut’

4 *Pinb! 3 0 'Out'
5" 'Piné" 4 0 'Out!

6 *Pin7! 5 0 'out!'

7 'Pin8* 6 0 'Qut!

8 'Ping' 7 0 Oout'!
bysnaH rtamikapy LineName XoccacHAaH XxaM (oHaanannin

MYMKHH:

delete {dio)
clear dio
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dio = digitalio(‘parallel’,’LPT1'});
addline (dic,Q0:7, cut’)

dio.Line(l).LineName = ‘TrigLine’
Index: LineName: HwLine: Port: Direction:
1 ‘TrigLine’ 0 0 ‘Out’
2 ‘Pin3’ 1 0 ‘out’
3 ‘Pind’ 2 0 ‘Out’
4 ‘Pinb5* 3 0 ‘Cut’
5 *Piné’ 4 0 ‘Out!
6 ‘Pin7’ 5 0 ‘Out’
7 ‘Pin8’ 6 0 ‘Out’
8 ‘Pind’ 7 0 ‘Out!

DHAN NHHUAHHHT AHTH HOMUIAH YHIA MYPOXKAaT KHIHIN yuyH doiiga-
NaHHIWKUMH3 MYMKUH, Macanad MHHHAAAH KHPHTHII Y9yH (ofmanaHMId

sapyp 6¥nchu:

dio.TrigLine.Direction = ‘inf

Index: LineName: HwLine: Port: Direction:
1 ‘TrigLine’ 0 0 ‘In’
2 ‘Pin3’ 1 0 *In’
3 ‘Pind’ 2 0 ‘In’
4 ‘Pinb’ 3 0 ‘In’
5 ‘Piné’ 4 0 ‘In’
6 ‘Pin7’ 5 0 ‘In'
7 ‘Ping’ 6 0 ‘In'’
8 *Pin9”’ 7 0 ‘In’

BHPHHYH NHHAAHHAHT HYHANHINIHHE KEPUTHINTA ¥3rapTHpPCcak KONTaH
JTUHHANAPHUHT XaM #i¥Hannmu Yarapad. lemak 0 mopt dakar Gup
H¥Hanuuiga HIUIADE MYMKHH 9KaH, YHH HKRala HYHATHILGA XaM HII-
NaHgurad KHAum y9yeE koMnerTepHHHr BIOS cuma EPP (Enhanced
Parallel Port- Kenzaiimupunzan napannen nopm) €ku ECP (Extended
Capabilities Port-Hmxonugsmaapu kenzatimupuszan nopm) pekKAMHEH
Senrunam Kepax,

17.8.3. JInHBANapEH KHEPHTHIIFNS MHCONIAP

CakKpu3Ta KAPUTHII NHHUACHHH KYTIMIIN;
addline(dio,0:7,7in");

583



TYpTTa KHPUTUIL Ba TYPTT2 YHKAPHIN JHHUACHHA O MOpTra KymHo:
addline(dio,0:7,{'in','in', 'in', 'in’', '‘out’',
'out', 'out', 'out'});

IMapannen LPT1 nopTHHAT XaMMa YHKHULIAPH KHPHTHIU HYHAnuhaa
HIIAMNA MYMKHH!

dio = digitalio(‘parallel’,’LPT1’):;

addline (dic, [0:16],{'in’})

delete (dio)

clear dio

Index: LineName: HwLine: Port: Direction:
1 ‘Pin2”* 0 0 ‘In'

2 ‘Pin3’ 1 0 ‘In'
3 ‘Ping’ 2 0 ‘In’
4 ‘Pin5’ 3 0 ‘In’
5 ‘Piné’ 4 0 ‘In'
6 ‘pin7’ 5 0 ‘Inf
7 ‘Pin8’ 6 0 ‘In’
8 ‘Ping? 7 0 ‘In'
9 ‘*Pinl5’ 0 1 ‘In’
10 ‘*Pinl 3’ 1 1 ‘In’
11 ‘Pinl2’ 2 1 ‘In'
12 ‘PinloQ’ 3 1 ‘In’
13 ‘Pinll’ 4 1 ‘In’
14 ‘*Pinl’ 0 2 *In'
15 ‘*Pinld’ 1 2 *In’
16 ‘Pinlé’ 2 2 ‘In'
17 ‘Pinl?? 3 2 *Inf

flapannen LPT1 nopthudr 1-9, 14, 16 Ba 17-yHKHINIAPH MABIAYMOT-
NapHU YHKApUI peXUMHAA XaM WINNaf onagn:

dio = digitalic('parallel','LPT1');

addline (dio, {0:7,13,14,15,16],{'out'})

delete (dio)

clear dio

Index: LineName: HwLine: Port: Direction:

1 'Pin2* 0 0 ‘out!
2 'Pin3’ 1 0 *Qut'
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3 '*Pindg’ 2 0 ‘out'
4 'Pin5’ 3 0 'Out’?
5 'Piné’ 4 0 Tout’
6 ‘Pin7!t 5 0 *Qut'
7 'Ping’ 6 0 'Cut’
8 'Pin9’ 7 0 'Out’
9 'Pinl' 0 2 'Qut’
10 'Pinl4" 1 2 '*Out’
11 'Pinlé’ 2 2 ‘Out?
12 *Pinl?! 3 2 tout’

KupuTum/uMkapyuin aManinapuHi CONSANAMITHPHII MaKcaguaa Mab-
JIYMOT/IapHH YHKAPHII YYYH Mapaniel NOPTHHHT 2-9 YHKHIIIApHAAH Ba
MAbJIYMOTIApHH KHpHTHII Y4yH 1, 14, 16, 17 unknunapuaan doiigana-
HHUL MaKCaara MyBO(HK;

dio = digitalio('parallel','LPT1'};

addline (dio, [0:7],{'out'}}

addline(dio, [13,14,15,16],{'in','in', *in",'1
n'i}

delete{dio)

clear dio

Index: LineName: HwlLine: Port: Direction:

1 'Pin2’ 0 0 "Out'

2 'Pin3’ 1 'Cut’

3 'Pindg’ 2 0 'Out’

4 *Pinb’ 3 0 'out’

5 *Piné" 4 0 'Out’

6 'Pin7! 5 0 *Out?

7 "Pin8" 6 0 "Out

8 'Pin9’ 7 0 rout”
Index: LineName: HwLine: Port: Direction:

9 'Pinl' 0 2 'In'

10 'Pinld’ 1 2 'In?

11 '‘Pinlée! 2 2 'In'

12 'Pinl7" 3 2 'In’
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17.8.4. PaxamMaH KHPATHIN/MAKapHM 00nekTH (DIOQ) nnHHANAPHBEHMT
KHAMATIAPHHN €301 Ba ¥KHIN

PakaMimu KMpHTHW/9HKApHIl OOBEKTHIa JIHHUANADP KYLIMITAHIAH
KeHWH JHHHMANApra KHiAMaTnap €3Mi Ba NUHHATAPHHHI KHIIMATIapHHH
YKHID MyMKHH. JIHHHAIapra KHAMATAapHH E3010 YuyH putvalue dyHK-
UAACHAAH (QoipanaHwIagy. YHHHT apryMeHTH cHarnga YHAW KHHMaT
&KH HKKHIHK BEKTOPHH KHPHTHII MYMKHH. UKK#JIHK BEKTOpP MAHTHKHIA
maccue 6YVIHG YHHHT OMpHHYH YCTYHHAA JHT KHYHMK KHHMAT Ba CYHITH
YCTYHHAA PHT KaTTa KHiiMaT O¥nagu. Macanan, YHIM 23 COHH HKKHIIHK
kypunnina [1 1 1 0 1] 6¥naam, spun, [1 110 1] =20+ 21 + 27 4+ 24
VHIH connapHM PKKWIMK KYpHEEIITa dec2binvec $yHKuHACHNaH
boiinanann® xam YTKazHID MYMKHH.

Kyiingarn Muconga napaniaels noptra 23 cOHH €3HITaH:

dic = digitalio('parallel’,'LPT1'};

addline(dio,0:7, 'out");

data = 23;

putvalue {(dio,data)

Bomkaya KypHHHIOAZ XaM KAPHTUII MYMKHH:
putvalue (dio.Line(1:8),data)

HKKMNHK KYpHHHALLOA KAPUTHIL YUYH aBBan data = 23 COHHH HKKH/IHK
KYpHAADTa ¥TKazaMH3:

bvdata = dec2binvec({data,8):

putvalue {(dio,bvdata)

putvalue{dio.Line(1:8),bvdata)

HkkaIMK KYprHHLAA KHPHTHIMHHHT OoMIxada HYIH XaM MaBxKy.,
bvdata = logical{({l1 1 1 06 1 ©0 0 01):
putvalue{(dic,bvdata)

17.8.5. PakaMan KHiMATIApHNA YKHII

Bup &kn Oup Heda NHMHHARAIH paxaMiIH KHEMaTnapHH ¥KHIN yayH
getvalue pyRkuHAcHrad ¢oliganaRHaaad. YHHHr KHPRIO apTyMEHTH
cudaTHIa paKaMIH KHPUTHI/MHKAPHII OOBEKTH OJMHAIM.

Kyfinparu Maconaa dio o0BEKTH XOCHN KHIMHI'GH Ba YHTa CAKKH3Ta
YHKAPHII THHHACH KYIMHATaH, yiapra 23 coHH €3H1rad Ba getvalue GyHk-
nuAcH EpaamMuia YKHITaH:
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dio = digitalio('parallel’,LPT1’);
addline(dio,0:7,'out’);

data = 23,
putvalue{dio,data)
portval = getvalue{dic)
pertval =
1 1 1 0 1 0 0 0

Brp Heya nuHHAZArH HHPOPMALMHH XaM YKHII MYMKHH;

lineval = getvalue{dio.Line(1:5})
lineval =
1 1 1 0 1

HKkHAUK BeKTOPHH YHJIH COHra alnaHTHpHMII Y9yH binvec2dec
dyHKUMACHaH (ofinamaHunagn:
out = binvecZ2dec(lineval)

" out
23
bakat 6UTTA NHHHUAJATH MABAYMOTHH YKHII YYYH YHHHI UHZEKCH

KYpcaTHnagd, MacaaH, OCIHHYH IHHAATATH MABITYMOTHH YKHHMH3:
lineval = getvalue(dio.Line(5})
lineval =
1
Unkapuiuira HYHANTUPHUITAH NHHHANAPHHHT KUHMATIAPH CYKYT
O¥iinya O ra Ba KUPHTHIUTA HYHANTUPHIraH AHHUANAPHUHT KHHMAaTIApH
cykyT O¥iiuya | ra Tenr Gynamou:

dio = digitalio('parallel','LPT1i");
addline (dio,0:7,'out'");

portval = getvalue(dio)
portval =
0 0 0 0 0 0 C 0

delete (dio)
clear dio
dio = digitalio('parallel’,'LPT1');
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addline(die,0:7,'in");

portval = getvalue{dio)
portval =
1 1 1 1 1 1 1 1

Paxamnu KMiiMaTnapHu €3HI Ba YKUIUTA MHCOJ:

1. Pakamiu KHPUTHIL/YHKAPHIN 00LeKTHHH XO0CHI KHIAMU3

dio = digitalio(‘parallel’,’LPT1’);

2. CakKH3Ta YHKHII JHHASCHHE KYLIaMH3

addline (dio,0:7,"out’);

3. BHpHHYH TVpTTA JHHHATA 13 KHiMaTHH YHAH KYpHEHIUAA,
KeHHH HKKHJIHK BeKTOP KYPHHHIIAAA §3aMH3 B4 YJIApHH ¥KHIMA?

data = 13;
putvalue (dio.Line(1:4},data)
vall = getvalue(dio):;
vall
vall =
1 0 1 1 0 0 0 0
bvdata = dec2binvec(data):
putvalue(dio.Line(l:4}),bvdata)
val2 = getvaluel{dio);
val2 =
1 0 1 1 0 0 0 0

4. CyHrTa TYpTTa AMHHANApra 3 KHAMAaTHH YHAM KYpUHALLIA $3aMH3
BAa UKKWIHK KYpHHMIIAA YKUAMH3

data = 3;

putvalue {dio.Line(5:8),data)

val3 = getvalue({dic.Line({5:8));

valld =
1 1 0 0

bvdata = dec2binvec {data,4);

putvalue (dioc.Line (5:8) ,bvdata)
val4d = getvalue(dio.Line(5:8});
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1 1 0 0

5. Cyurru T¥pTT2 NHHHAHYHT KHHMAaTIapHHH TecKapH TapTuOza

YKHIIMH3
valdb = getvalue{(dio.Line(8:-1:5));
valh =
§ § 1 1

6. SIpaTRATAH KMPHTHII/MAKAPHID 00LeKTHHH XOTHPAaJlaH Ba
MATLAB REHI HII4YH COXaCHAAH YYHpaM#n3

delete(dio)

clear dio

17.8.6. Timer xoancaJApHHE reHepATHA KHIHII

Timer pakamiH KHPHTHIN/MHKApHI 00BEKTH THHHANAPHAATH KHAMAT-
NApHU BAaKT O¥iinda €3u6 omum HMKOHHATHHY Oepaiu. Timer xoccamapu
17.2-xamBanga KeTTHPHITAH,

17.2-xcadsan
XoccaHHAr HOMH Tascun
Running ' O6BEKT HUNIASTIAHTHIHHY K¥pcaTagn
TimerFecn M-file kaifrapunsi GpYHKUHICHHMET TalMEpPTa KHPHTHATAH
BaKT ¥TraHpad KeiuH GaxapHIHILHHE aHuKIafan
TimerPeriod TafiMep XoOHCANApH OPACHAATH BAKTHH KYpcaTany

TafiMep épaamMuaa HazopaT KMIMHAETTaH OOBEKTHHHI XOJATHHH Ky-
3aTHO TYPHII MYMKHH.

Pakamiin o0BeKTHH HIIra TYWHPHIL yuyH start byHKuuacHzaH ¢oii-
JIATTaHUNIATH:

start (dio)

Kyiinaara Muconaa oITH CeKyHA JaBOMEAA Xap OMp ceKyHAIa TaiiMep
XoAHucac 103 Oepaan.

dio = digitalio('parallel','LPTL');

addline(dio,0:7,"in'};
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set (dio, 'TimerFcn', @dagcallback)
set {(dio, 'TimerPeriod',1.0)

start (dio)
pause {6)

delete(dio)
clear dio

17.9. ManaymoTnapHH Ka0y/J KHAYBYH ocumorpag
17.9.1. Ocuunaorpadpun Hitra TYWypHin

Ocunnnorpad ¥3rapyBud MabIyMOTIApHH IUCILTEHra YHKAPYBYH
rpaduk uaTepdeiic 6ynub xucobaanann. Yau M-file nan éxu MATLAB
HHHI' KOMaHAanap ofiHacuaa softscope KoMangacHHH Gaxapuim Hymu
6unan ouun Mymxus (17.8-pacm):

softscope

IOxopunary xoMaHza GaxapUiraHiaH KeiHH KypHiama KoH$Hrypa-
UHACH OHHACH OYMNAAN. YHAA KHPUTHUI KypuiManapu GuTTafan kym
6Ynca ynapaan GHpHHE TaHNall, AHCKPETIAII Y4CTOTACHHH ¥3rapTHPHII
Ba KAHAJUIAPHH TAHAAUI MYMKHH.

Har harare [ ontige ation

Sample Rale (Hz): OO0
Ingut Type: Inc-coupied =]
Select the channels 1o add: Selact Al | Unselect All !
Hw Channel | Name Destription inpwt Range
1 Left Hardware channs 1 11 b
7 12 Righi — [Hardware thanne! 7 T1 5|
oK | Close [ Help (

17.8-paem. Ocuanorpadsn ownur
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Oitnaparn OK Tyrmacu fochica ocupnnorpadg ounnan (17.9-pacm):

[SET I TE TR
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Lot 4 Osnt Scale Canun:»srx:m
wales.
. ’ Walyel
il|.||||II||||;llln:iltll.n(llEIln\nln.||1|l‘||(|l!||l|l.i|| Frelrigger.
Lek 1.0Vidw : 10.0meidi
Right 1 0y On i Trigger il

17.9-pacu. Ocupnorpadin HIT2 TYWHPHIOL

OcmrorpadhHy HIUTa TYUIMPHIN YYYH YHHHT MACTKH YHT Gypuaruna-
rd Trigger ryrmaci Socunanu. CHrHaUTApHU Te3NHK Ouian Macirabnam
Y4YYH OCUH/UIOTPadHHHT YCTHAA CHUKOHYaHHHT YHT TYrMacH GOCHnanH Ba
KaIkHO 4uKyBun MeHiogaH Autoscale Tannanaau (17.10-pacm).

:u.uu.uuu...n.!.m..u.:..-.uu..:.u.:.n..:.n-.uu: Chann Seaiing
= 3 Horizontsl .
E 3 Arduizel
o £ Ot Heaka ,
E Bamples ti suiilne
- £ E ’ . & Fifi the dlsptay
Euniunuln“.auunuguTguuuuu....u“.;.i,,..,.....“é ¢ Copnt. EGH o
i : z 3 Vericul —_——————
g ElE) Tope |tnder;en(:onr 'I
b 4 3. x Channes [Len -
Offest Stale Congiion |ﬂminq »|

B e d:
Lo s valuet

IPRTETTETIAT Ry TRTARUTPRTIT EIPRTE R UTACLYRACINIATRUTLINIT: Prefrigger B

T Ty T T T T TT

Lt &4, 76Tty 12.35dmeciy

Right 119.01mVige - S S| |
ki

17.10-paca. Curnamnapas TeaqHk Gunan MacmraGnam

AWpHM HYKTaNapaard CHTHaj Ba BaKTHHHI KMHMATNapHHU KVpHI
YYYH CHYKOHYAHHHT KYPCOPH Kepakial HyKrara onud kenunaau (17.11-
pacM).
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Fls M Hep

T T T T T T T T T T T T T T T T T T T T T T T T T T T T

Channei Beallng Triggars

" i r....................:']
ot ﬂ"'m":cm Arquire:  |Continuous

JPight -

YRR RATRTRET]

Bamples to acguie
E 3 ' ’ & Fii e display
;l‘llIll#llll{llIIIiIIII;IIHirl#rt‘lll‘l#n{llIllil‘ll#ilré . & Court Fl}f{' i )
o ' b4 E L. Medical
E = 1 L T, | e indapendent =
ERR oy I
ot 4 _ 1 T ! =1
E Offset Seala i :
}(‘199468‘! 8250 3 I | I
TPV IV PTTH T PTTITTITITIITT
Laft 2.77 1Bty 12.354ms/dty
Right 39758mvidiv on |

17.11 -pacy. AHpHM HYKTANapaarid CHrHal Ba BAKTHHHT KHAMATIapHHHE K¥pHin

17.9.2. K¥luaM9a AHCIVICHIAPHH XOCHT KHEJIHIK

K¥mmmaa gucnneli xocua KAMMIO yuvH ocuunaorpa¢uunr Edit
MEHIOCHIAH Scope HM TaHnaiMu3 Ba yHHHI Label 6¥nuMupa saHrH nuc-
INeHHUHAT HOMHHH, MacaNaH, display2 Aed é3aMu3 ra ADD tyrMacnun
6ocamus (17.12-pacm).

Beope I Scope Properties f

rDefing & rew display

Lavel: jdisplay2]

Mdl

-Defined stope comp

Type Label
Channel Channel Scallng
o H ner “ LG IW
7 [tigyer Triggers
v

Display dispiay!

Delete’ I

l Cancel i Apply [ Help I

17.12-pacsy. Kymumaa aaciuiell XocHn KWK
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Otinagarn OK TyrmacuHn Goccak ocuwuiorpadpaa HKkkuTa gHCINEH
xocun 6¥naar (17.13-pacm).

Hiht 3 ey, .
E S E Channet Scaking ‘Triggers
£ H E Hortzontal ]
E : E acgure: [eorimaous <]
Enulnunlnlrnrnni-lnlrElnullnnnnnlnnnflné Ofsm Scale -

) Bamples o gcquire;
Lt et e e ' . & Fill the display
e | ¢ count F.-L:t‘- ’

Lot 1. Ovrdty ¢ 10.0msidiy
Right 0wy %

T TR T A T T T T T T T I T T I T T T T T T T T

Twe: independant ~
Lot b

L TN R R N R Ty R TR R TR T FENT R YRR TNATY

Va2 f

Feigger. ,.; B
INEFRTRRT YRR TRR PR AR ERTES IR SRARA TR TR TN I RS IRSI NIRRT IR

6. rneidi on | Trigger |

LR TE T LAY

T T

17.13 -pacn. Ocunnnorpadaa XOCHI KHIMHIAH JHCIUEHIap

Ocuunnorpadpuunr Edit Mentocuaan Channel 6¥numuHu TannaiMus.
Channel Editor ofiHach xocun 6ynamu (17.14-pacm).

Chanael {ditor

Channgl I Channet Properties | Channel Display|

Define 3 naw channgl

Type: [Math R4
Name: i :

Expression; |

Display.  |display! |

~Defined channels

Type | Name Data Source Display
I/ Hardware [Let _ IHardware charnnel 1 |dispiayl
7 {Hardware [Right  [Hardware channel 2 |displayl

Dglete I

0K | Cancsll Apply I Help |

1714 -pacm. Ocunnnorpadurnr Channel Editor ofinacu
38— T. Aadaxcanos, M. Myxumounoe 393



Channel Editor ofinaciaa Channel Display 6ynnMuHE TaHnaitMA3 Ba
KaHaJapHH Juclelinapra Takcumnaimus (17.15-pacm).

Clnennet Lditn

Channet} Channel Properties Channel Display |

Configure the digplay for @ach channel:
Name ] Display

et

«nof dispiayed>»

QK | Cancet | Apply ! Help I

17.15-pacm. Kapanrapan mvcrineiinapra 'faxcnunam

OK tyrMacunu Gocamus Ba Trigger TyrmMacHHY 6ocu ocuuiutorpaduu
uwra rymypamus (17.16-pacm).

P th e

Channe] Sealing Trigges

Stale Arouirg: |Cnmnuous "|

Hortzants
Ofeet
Samples i acquie:
. . ‘?F-mmp'“
e count L

Valesd @

Lk 1 70.50mvidiv B5XSTmaid Tyoe: indepandant v

FATRSENL FaCRTRATE)

= : ' g Offasl Sealy oo 1F{imng 'l
on £ \ & : E veluet.  PiL.olgh
E - & Yalued :
E ] S i 3 Premiggar §. i
SANTTTINTITISTTINETTIIT T TITN TATTTTETTUTUTINIPITIIEITIOIT: e
*
Right. 200.08mVidiv B.525Tmald on ' Trggar

17.16 -pacs. OcuunnorpadHu HIUTA TYULYPHIU
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17.9.3. Mucnneii xoccaJApHHENT KOHPHTYPANHACHHE TARJAI

Jucnnei xoccanapura KHPHITHAHT BKKH Hu Gop:

Property Inspector — ocuumnorpad OHCIACHHHHHT YCTHAA CUYKOH-
YaHHHT YHr TyrMacH Gocuiaaau Kanku0 ankypan MeHionaH Edit Properties
OynuMM TaHIaHAOH;

Scope Editor GUI — ocumunnorpadpunar Edit meHlocHnaH Scope...
6y aMH TaHXaHaNu, xocwi O¥nagurad Scope Editor ofinacnaad Scope
Properties 6¥1uMu TaHIaHANH.

BupuHud Y1 6mwnan aucivied xoccanapu ounnraHza Property Inspector
OfiHacH YMKATH. YBZard Color XOCCACHHHHT YCTH A CHUKOHYAHHHT Yar TyT-
Macu SOCHIAIM Ba Kepaknu panr TariaHami, OK Gocunamu (17.17-pacM).

R A ST TR S TN TT R B

@ Display (displayt)
~— Color
L DataTipHiRange

o) o)

17.17 -pacs. Jucnnell XocCalapHHARD KOHGHTYpaUHACHHH TaHNAIN

UkknHun #¥n Ounas aucmeil xoccanapn oynaranga Scope Editor
ofiHaCH YHKAAH. YHAa XaM paHr Tailall IoKOPHAArura yximan.
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17.9.4. MaremaTHK Ba XaBoaa (reference) KanaJnapu

Ocnunnorpadaa anmapaT KaHAINAPHTa KYIIMMYa PaBHULIA XABOJA Ba
MATEMATHK KaHAJUTAPHHA KYNIHII MYMKHH:

+ Xasola KaHannapu Gunan GornmanHran Maniaymotaap MATLAB

ysrapyBuHiapH Ba #oaanapy €paaMHAa IAKIIARTHPHIAAH,

¢ MareMaTHK KaHamiap SunaH OOfJAHraH MabkJIyMOTIIap ammapar,

© MAaTeMaTHK &KU XaBOJIa KaHAJUIapHIATH MablyMOTIAp acocHIa
MATLAB aa xucobnananu.

XA4po/la KAHANMHH XOCHI KHJIHIITa MHCOJ.

1. MATLAB HuHr komanganap oiiHacuna rpaduru KypcaTWidmu
Kepak O¥sirad nponasy MaKINAHTHPHID ANTOPUTMHHY $3aMH3, MacaslaH

t = 0:0.0001;0.2;

w = 314;

ref = 2. 7*sin(w*t);

2. Ocnunnorpapuusr Edit meniocrnas Channel OynmMuau Tannaii-
mi3. Channel Editor oiinacu ounnagu. Yaunr Type G¥nuMupary nacrtra
KaparaH cTpenxasn 6ocu® Reference nu TannaiiMu3. Name 6¥numura
KYLUIHJIAAHTaH KAHAIHHHT HOMHHH €3aMu3, Macanas, r1. Channel Editor
oiiHacHHHHT Expression 6¥nuMura rpapuri KypcaTHIHILN Kepak Oynran
udoaaHHHT HOMHMHHU &3aMu3, MacanaH, ref. Diplay 6¥nuMuzaa 3ca Kaficn
AMcnneaa KYpcaTHIHNIH Kepakiuruau kypcataMus (17.18-pacm).

Chanael Lditar

Channel | Channel Properties | Channel Display]

rDBANG 3 MW ChaRel— ~— —— e mem e mm e e

Type: [Reference >l
Name: I

Expression: jef

Display.  fdisplat ~]

—Dgfined thannels

Type Name Data Seurce Dispiay
b {Hardwars {Left Hasdware thannel 1 displayl
| [Hardware iRight Hardwara channel 2 display2

[oasi ]

oK I Csncell Apply I Help '

17.18-pacs. Xapona KaHATHHA X0CH KHAHII
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3. Add ryrmacunn 6ocamus (17.19-pacm).

Chonnel Editor

Channgl | Channel Pmparﬁes| Channel Dispiayl

['Deﬂne a new thannel -

Tree: (Mt R
iName: |

{Exprassion: |

‘Display.  |dispiat =l

N T

~Defined th |

Twe | Name Data Source Display
4 W [Hardware [Left Hardware channet 1 [display?
E_Ztﬁardware Right  {Hardware channe! 2 \display?

4 |Reference [r! ref i dispiay!

Delate I

'OK ! Cancel‘ Apply | Help I

17 19-pacm. Channel Editor olimacnumuar Add TyrMacn Gocswiranian KeHuHrY KYpHHAILY

4. OK tryrmacnau Gocamms (17.20-pacum),

o T Channel Seating Triggers
B Hartzontat . l—‘j
Ataguirs: -
|, 1l g - ol Scale quire.  |Condinuoug
J.on : Sampios 10 acqwiy:
A T 1, & Fl e dieplay
. « count Fod o 1
Lot 2474 Imvidiv 887 27Imshdy verbeal N
-1 Ok h Twe:  Jindependent ~
A L 1 L
3 z i mn i g
: 3 Offest ; ——
Fion 4§ H E sl T
=TPRTERTTRTT R URTRRTRUTAR TR YRS EAURNUTRATRA PRI TRITRRTINTS - e ———————
RIGhE 14.465mviEy BT Ems (ol Gn j Tripger |

17.20-pacy. Xapona kaHanura 3ra 6¥iran ociumnorpad

5. JldcieiiHMAT yCTHAA CHYKOHYAHHHT YHI TYTMacHHH GoCHG Xochn
6ynran meHonan Autoscale s4 Tannafimus (17.21-pacm).
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ST ATV AT PPV PPN IO TTTG FTRTTO VTN . . & Miow ispiy
' ' - r oo B

Verical -
Tex W rt ]
E w ! b T Thanngt rL?l-t—“u_:
- o R L LI Sanitan [Fizn *
: A s . 3 onn Scile Vaheat 4

E t * + h " E Wiyl
=ETTRTTATIITRPT IS IS T PR IR AT T 1T T FTITTITITIIATITITITITII T i
Pright: £4.A0mncy 0.8 IImed on Trigger il

. ——————

17.21-pacm. CHTHALIAPHHHT MacIiTabuuH Autoscale KoMaHZacH épaaMHia ¥IrapTHpHIL

MaremaTHk KaHaTHH XOCHJI KMIIHMIITa MHCOJI:

1. Edit merocraan Channel 6¥numuun TauanaiiMuz. Channel Editor
OiHACH OYITANH.

2. Vunar Type G¥nMHMuIara nactra Kaparal crpenkany Gocut Math
HH TannadiMns. Name 6¥nuMura KyIIHIagHray KaHaTHHHT HOMHEHH €3a-
MH3, MacanaH, ml. :

3. Channel Editor ofinacuanur Expression 6¥nnMura xaHaanapaary
MabiymoTiap 6unaH 6ornaHran nponanu £3aMH3, MacanaH:

Abs(Rigth)

ByHAa yHr xaHannaru MasIyMoT/ap aGCoM0T KHHMATIapHHHET Ipa-
(pHrH XOCHT KMITHHAIH. .

4. Channel Editor ofinacunnnr Display 6¥anmuna sca kymmnaérran

KaHaJ KaficH AucIuieiina kypcaTHnymmHy OerumaiiMuz, Macanat, display2
na kypcaramus Ba Add xeiinn sca OK uu Gocamus (17.22-pacm).

Top: Indépandent ¥
Lhanret: fofl bl
canaior Foamy 2]
Walyel: i

Vala?,
Prafriter.

17.22-pacm. X0cHN KANMHTAH MATEMATHK KaHan ml
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-
17.9.5. Kagaanapas §yROTHIN

Edit Mmeniocupan Channel 6¥mumuan Tannaiimuz, Channel Editor
OHHACH OYHNAZH:

Kjunmua xananmapuu idykotum yuyH yHuHr Channel 6¥nuMuHuHr
Defined channels xucMuzga KymuMya KaHanHi OenrunafimMms sa Delete
HH GocaMmus;

AcocHii KaHJIHY KYpHHMAHOHrad Kunum yuyH yuyH Channel Display
ofiHacuHuHr Display oitHacuaa not displayved TaHTaHamH.

17.9.6. Kanaanap MabLayMoTaapHHy macmrradaam

Ocunnnorpadnary kaHannapHi CWIHKHTHIN Ba MacITabnamt MyMKUH.
loprzonTan liyHanyuuinary MaciuTabnall Ba CH/DKUTHII XaMMa KaHaLIap,
BePTHKAN HyHaIAIIN2 3ca (HakaT TAHTAHTAH KaHaJUTap yuyH OaXapuimain,
On/Off kHonkac épraMuaa TaHNAHIaH KAHAIHH GepKUTHIL 8KH KYPCaTHIL
MYMKKH. Macuitabuu ¥3rapTHpum yuyH CHYKOHYAHHHT Hall TYrMacH
Scale fenrucuHHHT yeTiaa GocnnG Kepakin TOMOHTa aiilaHTHpHIaAM
(17.23-pacm).

oise Beals
3 ./’ TopHaonTaT NSctred

AR L R T D T 1

.
S Offpat

Bepratan ¥uammas
CHIDKHTHI]
.}'-’ BeprHian Macmral

U T T TR AT TR Y

KRHUIAPHH TRHIAIN

z
*

TEHMTAHTSH KRHATHMH
Lett 50,843y 75025mekiv KYPCaTHIVG EpKHTHLL
gowm el

17.23 -pacy. Ocuunnorpadard KaHa/LTAPHA CHKHTHIN
Ba Macirrabnam

[lopr3oHTan Ba BepTHKAX MacmTabIapHHHT aHHK KHHAMaTIapHHM
Property Inspector (17.24-pacm) Ba Channel Editor (17.25-pacM) ciinana-
pnia ¥pHatum MyMxHH {17.24 Ba 17.25-pacMnapaa TOpU30OHTaN MacTab
0,005 cexynn Ba peprukan Maciutad 0,1 pojasT ypHaTHITaH).
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P Mroperty Insperctoy

@ Display(

— Color i )
— DataTipHisRange 8 i
— Honzomaloﬂ'set 0.0

L HarizontalUnits
— Layar

— PhealsPerDivision
— ShowAsSclentific
i— ShowDataTip

- ShowiHorizontalValue
-— ShowName

— XGnd

— XGridColor

-~ XeHnotGrid

- XTiekColor

. T

17.24-pacs. TOpU3I0OHTAN Ba PEPTHKANI MacIUTaG/IapHHHT aHHK, KHIMATNApHHH
Property Inspector ofinacuga ¥puarum

Chennel Tilitor

Channei Channel Properties | Channel Display]

Edit the selacted channets properties:

|- Name Left i
- ShowAsScientifie False
I showindicator True
- ShowSeguenteTriggars False
I-- ShowverticaiValye Trus
+— Style continuous
- VerticalOnset -2.388
BEE o
- vericaillnits _ \ o
oK | Cancel J Help I

17.25 -pacu. TopH3ONTAN Ba BEPTHKAN MacIITaONAPHHHT aHHUK, KaitMarnapuan Channel
Editor ofiHacnaa ypuatmu
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17.9.7. Vavamaapau X0CHI KHIARIN

Ocumnorpad Spmamuaa Ya4oB OUpauknapura sra 6ynran kynnab
¥IyalmmapHH aManra OIIMpHIO MyMKHH. ByH#a GHpuKTHpHATAaH ¥invam
Typiapugan GoHanaHMII KM AHTH ¥aYall TYpIApHHH KHPHTHII MYM-
kun. CykyT G¥iinua ymyanuiap maHemd ocLurorpadpra KHPHTHIMAraH
O¥aaad. YHY KYwHm yuyH Kyfinaare #yanapHusar Oupuaas doiinananuiu

MYMKHH:

¢ Channel Scaling naHenu1a CHYKOHYAHHHT YHr TYrMacH GocHaaan
Ba KaIKuG 9uKyB4YH MeHIOOaH Add Measurement TaHJIaHAIH;

+ Edit menrcngan Measurement OVIHMH OenrHnaHamu;

¢ Edit merwcunan Scope 6¥muMHU TaHmaHAAH Ba XOCHXR OYnaauran
Scope Editor nanenmuna (17.26-pacyq) Measurement myHKTH Gearn-
JanaaH. Yoy xonaa 6¥m Measurement manein xocua 6yaaan

(17.27-pacm).

Scope Editor

Scope ‘ Scope Properties ‘

—~Define a new display

Label: |
Add I
—Defined scope tomponents
Type Labet
rV’ Channel Channel Scaling
fille sl wdm il 3o tirernee i
v Trigger Triggers
v Display displayt
Delete l
Ok ' Cancel | Apply ’ Help

17.26-pacs. Scope Editor nanenn
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M= LA Hep

Ed e

Fright = 3] .

] ks R S O L {Cortnuous =]

k z E Samplex 10 wequin:
3 H 3 . .  Fillthe display
;ul_l-ui-l—lnn-‘:"-u|-r§un+u-n-i|§ I ..vet]  Gourg Em : =
E i 3 g i o
3 : IR [enwes fen ;

Lot ¥ H E Sfhaat Btwie Sardivn:
E E 3 Hanet et
§ ':: g wamal i;
s i Fretupger BT T ser.

Lat 1 (e 10.00n v Y |
Faght: 1 Ovidév on ‘ Trigger § Add Measorerent i

17.27-pacy. Bm Measurement maHenu

S'fnqamnapﬂn KHPHTHII &KH ynap Mapxkyd 0¥aca SHTHIApHHM K IUHLI
yuvH Add Measurement xkHonkacH GocHnagn sa Measurements ma-
Heaunudr Channel 6ynavmuna kanan sa Type 6¥yaamuaaa 3apyp Ou-
PHXTHPHJTaH Yauawl TypH Tanaanagd. Macanan 17.28- pacmaa yan
KAHANJATH CHTHATHHHT MAKCHMAJT KHHMATH YA4aHraw,

e
Chaniel Seang Triggess M aguremarts
Horizontsé . - - -
o Bcaie swquie [Contnucus =] |l Channel: ek 7]
gt SeMpies 1 acquire: Type: ﬁu 'i
: 3 ' . & Filthe dieplay vawe  BIEE
é!IIliIll;nt#’l!#l;t##lllrl—l!!i —_— ¥ Show in Display
e E

oo jlmnem -

3 Coanaet Lt I
ot 4 3 Offeat Beulo conaton fFisng «]
§ é vatze ey
TN NPT Pretrigge: E—"—" B
Laft 204,51 mvoly 10.0mardw I ——
Right 205 42mWidiv o ] Triager [| adaweasurement

A it

17.28-pacs. Yan(Left) xanangarn cCHrHaNlHHHI MAKCHMAII KHIMATH ¥Idam

17.9.8. Aurn ¥avaw TYpASPUHH KHPHTHL

BupukTHpHAraH ¥aqam Typiaapy erapnu 6ynMaca sHrH Youam Typna-
pH KMpHTHNaIHu. ByHaa MaBlIyMoTaap MAaCCHBHHM KaOyn KUTHO ckaldAp
kutiMar KaiiTapyBus MATLAB dyukuusacunae ¢oigananmnagy. SHrun
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ynvam Typiap#HH KMPHTHII YYYH KyHuJarH UKk Hynnan GupHaaH
dolianaHuIn MyMKHH:

Measurements oiinacuaarn Type MeHIOCHHHHT New G¥auMuHH
TaHalI;

Measurement Editor oiinacuaary Measurement Type ocT oiiHacHIaH
dofinananu.

Kyitnnarn muconga Left kaHangarn CHrHasm XOCHJIACHHHHT OCIHILIO-
IrpaMMAacHHH OJTHII YYYH m] MaTeMaTHKk KaHan Ba m] kaHangaru curHan-
HHHT aGcomoT KHAMATHHHAT OCHHIIOTPAMMACHHH XOCHT KHIIHII YIYH
m2 MaTeMaTHK Kauaj kuputunran (17,29-pacm), Keiinn m2 maremaruk
KaHANOarH CHUTHANHUHT abcomoT KHAMATHHH ¥IIYall YYyH YIYH SHTH
ynvaw TypH KMpHTUWIraH. byHaaH Tanikapy MakcuMan KMHMaTEH yrgain
YYyH GHpHKTHPHIIFaH ¥I9am TYpHOAH XaM Qoitgananunran (17.30-pacu).
SIHrH KMPHTHIraH MaTEMaTHK KaHaunap Ba ¥NualllIapHWHT HILTAIl Ha-
Tickanapy 17.31-pacMaa KeNTHPHANTAH.

Channel Editoy

icﬁaliﬁég Channel Properllssl Channel Display]
~Define a new channel
Type: {Math M|
Name: |
Expression: |
Display.  [display! i
Add |j
—Defined channels
Type Nama Data Source Display
vV [Hardware |Left Hargware channel 1 idisplay!
v [Hardware |Right  [Hardware channel 2 idisplay!
|7 [Math m1 difftiLef) display!
7 [Math m2 abs(m1) displayl
Deleta |
oK l Cancel I Apnly ' Help

17.29-pacu. MaTeMaTHK KaHaINapHH KHPHTHIH
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Channel Scaling

Ttiggers

Horizontal
Offs st Scaty

Acquire.  |Continuous v ]

Samplas to acquire:
# Fill the display

T Count E’GG . i

_Verical

fet ]

iRight

im
Offset Scale

Tyme: Iindependem vf
Ciharnet. !E_aﬂ 'i
Condikon, ’!'{L:S.!l'ig *]

"f".x%IJ_E!? :

e Measugmuaent T

e

Type: Jabs

MATLAB Funttion: fabs

Cussor Type: inare
oK

Cangel J

" Measurements J
Channet: fmz2 7] |
Type: MNew.. ~
Value: Freq
Period
Hhiae
i) S
Charmel: 370
abs ’
Type: cos
Yalya: d

Lot 332 S5mividive
mi; G854 Imivide
Ml 35 I00myid

TIITTIF TP I

FRARTIT I

0 rasa

Channid Scaling

Trygers

Messurgmants

S TR

I HJ:

Lo Bl

b,

"

r

A i { AR HE:

T T TT
“‘“%‘
[TSTTRTITI "PTTTIVITY m

Honzuntzt . - "“r"_—'“j =

o Geale Actuire: gomnuws _i , Channet  |m2 ;
Samales to 3iuire: ; Tyoe: R =] i

’ . & Filthe depler AT YT
. iy LB Gownt F,.o:.- FFoinon misgta i
Varical vy i

o 1 !'mdnpomam 'i Gl Fﬁz -]

|i.»."-. -] I Type: i_,j"m -

e ) ives  Eoo

FF S in Dinploy

17.31-pacm. SIATH KUPHTANraH MATEMATHK KaHAIUIap BA YIYaItADHHHED
HIINAI HATHXAaltapH

Ky#nnarn Mavnymornapan MATLAB nmuu coxacura, rpaduk

17.9.9. MaLayMOTJIAPHH IKCHOPT KBJIHIT

KYpHHHLIA2 8KkH MAT-0baiin KYpHHHILAAA KCIIOPT KHAHII MYMKHH:

+ Kanannap MabTyMOTIap — MabIyMOTIIAp alNapaT KaHAIIapH, MaTe-
MAaTHK KaHamnap €KH MI0Ba KaHanapu Ounan Ooriadran Oyiaaan.
* VYnuaninap MabayMOTIIApH — MabayMoTaap ¥nuawinap Ounan 6or-

NHK O¥naam;
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* YNapHHHT aRpUMNIapH, MacaslaH, TOPH3IOHTAJ Ba BEPTHKAJ KYPCOp
MaBAYMOTIapra 3ra G¥IMacHIHIHHH Hazapaa TYTHII Kepak.

Kanan mabmymotriaprii axcniopt ki yuyH File mentocnaa Export
Ba keiinn Channels 6Ynumiapy Tannanaau. Kagan MabayMoTnapH ka-
HaTHUHr rpadHK HHTepdelicu OHnaH Oupranuxaa KCIOPT KHIHHALH.

Kyitnzarn mMconaa xypcatiiarad oilianaHyBYHHHHT rpagHkK HH-
Tepdeiicn ropuzoHTaN Ba BEpTHKaJN MacwTadiaapra sra 6¥IraH HKKHTa
annapar Ba HKKHTAa MaTEMAaTHK KaHalIapAArd MabAyMoTJIapHMHr 500
TajaH HaMyHacHHA MATLAB umue coxacHra MaTpula KYpUEHIDHAA
IMKCHOPT KHIHM YYYH CO3MaHraH. MabayMoTIapHH HIIYH ¢OXaAa cak/iall
yuyH moc papumaa c0, cl,c2 pa ¢3 ysrapypunwnapaan QodnanaHHITaH
(17.32-pacm).

- Channel Exporter

Data destination; |Workspace (amay) =]

Sarnptes to export © Number i display

Select the channels to export:

Type Name Data Source | variable Na...
¥ |Hardware Left Hardwate ch...lc0 4]
v |Hardware Right Hardwate ch...[¢1 J
v |math m1 difftiLefh 2
[ Math m2 absim®y 13 Ad
Expont i Close ! Help I

17.32-pacs. Tpaduk nHTepdeiicHy MaLTYMOTAADHH HIINM COXATa FKCAOPT
KHJTHII YIYH CO3/Iall

Export Ba xeitnn Close Tyrmanapunu 6occak manaymoriap MATLAB
HUHT HIOYH COXAaCHAA CaKNaHagu. MabayMoTnap CakNaHTAHJIHTHHH TEK-~
HWUHpHO KYpUIHMH3 MyMKHH. ByHHHr yuyH MATLAB nuar komadganap
ofiHacuaa c) KoMaHZaCHHH TepaMu3 Ba Enter HH 60camMu3 MabIyMoTIap
KaTTa Xaxmra ara 6ynrannury cababnu GpakT ynapHHHT OOLIAHFHY KHCMHK
KEeNTHPHITaH )

>=> oy

c0 =

Columns 1 through 6

-0.1570 -0.1418 -0.1368 -0.1406 -0.1340 -0.1423

Columns 7 through 12
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-0.1496 -0.1488 -0.1474 -0.1545 -0.1537 -0. 1503

Columns 13 through 18

-0.1474 -0.1460 -0.1449 -0.1427 -0.1393 -0.1353

Coluomns 19 through 24 ...

Xyaau wydra yxmam papHmaa Ooumika ¥3rapyBUHNApHH XaM
KYpHIIMMH3 MyMKHH. CaklaHraH MabiyMOTAAPHHHT OCLMILIOrpaMMa-
Jlarn MabJIyMOTIapra Moc KeIHHOIMHH TeKIMHpHO KYpHII YYyH YIapHHHT
rpaduKnapuay KypHO KYpHUITHMH3 XaM MYMKHH:

t=1:500;

plot(t,c0)

17.33-pacmu. CaknaHran MabIyMOTHADEHHT rpadurn (c0 yuyH)

plot(t,c3)

17.34-pacs. CaknaHraH MabIyMOTIapHHHT rpaduri (c3 yuyn)
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Vinuam MabiyMOTHapuHH 3KcopT Kunuu yuyH File->Export->
Measurement TaHnaHagH.

Kyiinaaru 17.35-pacmna Right kaHanaard CHrHadAHHHI MakCHMail
KuiiMati Ba ml MaTeMaTHK KaHanJard CHTHAJHUHT MHHHMAaN KHilMaTH
ymuaHraH.

3 Channs) Scating Trggers Moasuroments
E Horizonts . - X -
3 ofset Avquire;  [Continuous =) i Channel.  [Figm =]
JFignt 4 SEMPIE 10 Acgirs; Type: Max >
E . . & Fill the dispiay [ | vakue; 33788
T A I TIY m§ T W | Count $D& . i . || Showin Display
E - - Verlical
3 ) 3 Wt 1 | Type: m Channel.  {m1 bl
E 3 Cilgnpay ]Laﬁ -I Typs: i e
s [t Capaiiara i."—}l ziny 'I alue: W
’ T A Offzel Seale ¥ aize LT [~ ShWth;llﬂ!
E . 3 S Vi 2, | r——ee————
T Prerigeer iy
Right 289 55mvidly 10.0masdv
m1: 92 98 ImVicy on i Trigget i Add Measurement

17.35-pacm. Vdanran MasayMoTaap

Vnuanran KuitMaTAApHN MIIYH COXAra SKCMOPT KMIaMu3. Bymunr
yuyH oKopHaa afiTinranagek File->Export->Measurement Tannasagmn
Ba Xocun 6ynrad Measurement Exporter ofinacuaa Export TyrMacHHH
6ocamu3. By epna Right xapanmary cHTHaNMHHHET MaKCHMan KHHMaTH
mo y3rapypuHra Ba Ba ml MaTeMaTHK KaHAIArH CHIHAIHHAHT MHHHMAI
KufiMaTH ml VIrapyedydra Taka¥M KHUAHHTAHIAWTHHH KYPHII MYMKHH
(17.36-pacmM).

Measurement [x o rier

Data destination;

Select the measurements ta expart

Channel Type Variable Name
IV _|Right Manx mD
v Imi [Min mi

Export I Close l Help |

17.36-paem. Viganran xuilMaTIapHE HINYH COXATA 3KCROPT KHIAII
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Yuanran kuiiMaTnap wmdum coxara Yrrarnurian MATLAB Huar
KoMaH#anap orHacHIa mQ Ba m1 xoMaHaanapHHH Oaxapn6 TeKHpHG
KYPHITHMHA3 MYMKHH:

>> mi

m0 =

0.3379

>> ml
ml =
-0.1722

17.9.10. Ocuuanorpad koRPATYpAHHACHEN caK/IaLl

Ocunnorapuusr kondurypaupscunn softscope daitnra caknam Mym-
KHH. Softscope daiin ¥3uaa MaTHAM (aiinHy cakmafiay Ba Kyiigaruiapra
ara G¥naan:

¢ AnmnapaTr BOCHTAJAPHHHHT KOHQHTYpaLHACH;

¢ KnAMaTiapHHHT Xoccanapi;

* JKpaHHHHT NO3HIHACH.

Softscope daiinuu File MeHocunan Save &k Save As KOMaHOACHHH
TaHnal HYaH OGunaH Xocun KwinHagd. Arap Softscope daiin caknana-
€éTranfa si KeHraWTMacH KypcaTHiIMaca MaTHIH daiin xocHn 6¥naau
(17.37-pacm):

R L LT S SRR T ITRI RIS P e PR 4
e Edt Ve T m hm [ w e
DFw <" B - & &L B
Datalhamel dddede" rus® BurferSizee"100000° Channell
<DataChenne] kided="tone” PuffarSices"100000" Channel)
POkl Adduds"vua” BulferSice="100000" Colors®-
<BMthCherne] Lddeds"tTus™ TueferSioan”LO0000™ Calor="- i
<TrAgEer ACLs3Tisn="ContiNaous" COOIC="talot™ Couatt..]
<MAMCAEnt AddedstTue” BufferSites"1" Chamels~ieft
CEeasurensnt Loded="tiut” BULEALSIZe~"1T [Dugunel="Lel ;.
CHEAPILERENCTY e Enablide” true® Epressiona™ Oiamtat’y
dlmn.‘l‘pt Enahlade"rLone” Exprassion="Horiz* ﬂt!w
T’ Thet™ JLdr;;
anﬂw Enahled="crua” Exptesslom " Unn
T “minT ﬂ:iuu
eamresetTIPe EAMBLEd="tius™ EXpLéasson"at”™ Dzicis]
<Eranuaam.Type Enablede” crus” EXpressions praklpask

B
T e s 'pariod” 0.
e In L™ TRAT Iltlu.?‘-,'

CHECLIMIENHCTYPG Enablade"taue” EXpLedsion="atd" Ociur;
Slovation Beighta' 3t Tiathe"T45" Ne*0" Ya"0"'r»
<Salectedlhannele>

<Indec 26/ Tades]
Sr5alartedChanne L s
<hanellzders

<Putut 1> Chanein L Fane - Pane L

L Pune L5 Tr i ger Yo, Fane 1>

Rag TR TS ]
</ Pwne LOrdas
“Channe Pane FoLiontaliltMtimutivio="0, 017777777
< :_‘_;;‘v:mn-. Norma ot rrra s b piinann = 4™y - bl

e T nH toidd |

17.37-pacs. Matanu Softscope daiin
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Softscope ¢aiin caknaHa&Tranaa si KEHraifTMacH KypCcaTHiICa
OCUHIUIOTPaHUHT KYPHHHLIH CaXTaHAOH:

E- w m TSP A e R A AR
;IlI.IXII,IllliélII(IIIIIIITII‘I; c"“.l&mc m m. I
Right & H E ot Hot ms Acquine:  [Coninuous ] [ Chanmet Lot 7]
E - E 3 Sarmpies to acquire; we e 3]
i £ 5 Z- 3 . . & Fill g digplay Vel ]
;! i If_!H-!l-fleil-?-l ll-l#ll#li‘-#g . ... .o " Count L L ” - | |# Show in Displey
E : 3 Vorkcsl "
| i = R T T mdepondent <] {1 Channel: et v
E H 3 |rignt U chenner Tt =H jrvpe: "Te—
= - -4 r ’
E : E congilan [Piemg =]
fat ¥ = E Value: I
E kS E t!...m.m A I vaiuet: 3
STRTETTRTESTRTL IXTRTRITITRATRIIN. Odfaet Scale . - Ty
Latt 251 92mvidi 10.Omatdly Pratgger B
Right tT1.23mVigiy
mi: 4 Ovide . :
;1 0Vl on i Trigger H __soswessusroes |
. e

17.38-pacwu. Softscope daitnta cakimaHrad ocuHMIOrpaAHAT KYPHHUIIN

17.10. KomnbioTep napaJiien NOPTHAANA YHKHII CHCHAJIAPHAH
0BO3 KAPTACHHHNT KHPHIIHAATH CHTHANNAP OHAaH OoFnam

KoMneloTep napamien nopraaard YHKHI CUrHAIApHHHU OBO3 Kap-
TACHHHHI KHPHHIMAArd curHamnap Guwnan Gornam MymkuH, Macanan,
KyHHArd JacTyp KMpdml CHIHAJMMHMHI 240-KHAMAaTH HONAaH KHIHK
6ynranza mapannen NOPTHUHT 4-NHHHACHAArH YHKHII CHTHATHHHHT
MaHTHKHII KAAMAaTH HOJNTA, aKC X042 Gupra TeHr GYNHIIMHA TABMHH-
JTaiag.

d=data (240}

d =

0.2777

dio = digitalio{‘*parallel’,’LPT1");

addline (dio,0:7, out’);

if d<g

putvalue{dic.Line{4),0}

else

putvalue(dic.Line{4),1)

end

ChigishSignali = getvalue(dio.Line(4})}
ChigishSignali
1 .
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¥Oxopuja xeATHPHIraH OBO3 KAPTACH Ba Mapaiaen nopraad doiigana-
HUIN ZACTYPHMHMHI m-($aiin KYypHHUIIHAATH TYIHK MaTHM Kyiinaarava:

openDAQ = daqgfind;

for i = l1l:length({openDAQ),

stop{openDAQ(i}));

end

ai = analoginput{'winsound'};

‘addchannel (ai, [1 2]}:

set{ai, 'SampleRate', 10000);

set {ai, 'SamplesPerTrigger', 300):

set(ai, 'TriggerType', ‘'immediate'):;

start (ai};

{data,time] = getdatad{ai):
size{data)

plot{time,data);

ZooM On;

title('Bevosita (Immediate) Trigger'):
#label ("Nisbiy vaqt sekundlarda');
ylabel ('Kuchlanish wvoltlarda'}:
d=data {240}

dic = digitalio{’'parallel’,'LPT1");
addline (dio,0:7,'out');

if d<0

putvalue {dio.Line (4}, 0)

else

putvalue{dic.Line{4}), 1)

end

ChigishSignali = getvalue{dio.Line(4)}

18. MATLAB-7 JAT'H V3TAPHILLIAP

MATLAB-7 na HInYm MyXHT Ba YHAAYH KOMIIOHEHTJIAPHHHT HMKOHHAT-
JapH keHrafiTHpuaray. bup neva daiinnap pa rpaduk ofinanap 6unan 6up
PAKTAA HILNAN aH4Ya Kynafinamrad. M-daitinapud Taxpupiam oiHacu,
rpadix oiina pa ¥3rapyBuHaap Opay3epH HIIdH COXAra XOWIaITHPH/IHINH
MyMKHH. UII9H COXaHHMHT KYPHHHITHHM XOTHPala caKnall Ba KEHHHIH
HIH ceaHcHa yHH KaliTa THRIAl MyMKHH. MaccuBiap Taxpupnaruss ea
¥3rapyBunnap Opay3epH PHAW MabIyMOTNAPHH BH3Ya/UIAINTHPHW BO-
CHTAJIapHra 3ra.

Ipadux rocuTamap KucMaH Yaraprupranran, Ipaduxnap Taxpapiaaraym
YPHHHH MabIyMOTJApHH BH3YAIAMITAPHILI YUYH XHIMAT KHTYBYH HHTE-
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PAKTHB MYXHT ramaraf. ¥ rpadHk GyHRUMANAPTa MYPOIKAAT KHIARIIHH
Tanab kuamalian. Yinby myxuT rpadHKIapHH TaXpUp KHIWL YHYH KaTOp
KOMNIOHeHTIapra 3ra. I'papuknapaa Matemarnk Gopmynanapan LaTeX
tdopMaTHaa &3um MyMKHH. byHaaH Tamkapu rpaduknapra auru oOn-
CKTJIapHH, MACAJIaH, E3yBIap, FCOMETPHK (PHIypanap Ba Xap XUa TypAary
CTPENKANApHH KHPUTHHI MYMKHH. Ywby uiox bepypun obbexTiapHu
MabAyM KoopauHaTajgapra 3ra Oynran Hykra Ounan 6ornabd xyHui
MYMKBH, Yiap macmral ysrapranga xaM ¥3 xonaTuau ¥sraprEpMadizu
{xoopauHaranapu y3rapmaiinm).

I'paduk 0OBeKTHAPHRHT TAPKUOH KHCMaH ¥IrapTupHarad. YHra oon-
exTnap T¥nnaMu ycTuaa Gup Typaara aMautapHH OakapuIiHY OCOHNAI-
THUPYBYH O0BEKT-rypyXJap KYIIHIraH.

WnoeanapHu macTyplall Ba CO3Nall xKapaéHKAa KOJ aHAIN3ATOPH
M-Lint aropsTMHHHT HIITANHHA TE3NANITHPHIN BA XOTHpanaH ¢oiiaa-
JAHHHY ONTHMANAMAHHT 3Q(pekTHB ycynapueH Kypcarnd Gepumn
MyMKHH. M-daiinnap Taxpupaaruuy mapTiy TyYXTaul HyKracd Ounad
TABMUHIIAHT4H.

M-paiinnap 6unaH WIIAWHKUHT AHTKHYA YCYIN TAaKNH( KHAHHraH —
KoMaHzaap Gnokaapu saedkanap 6¥mm0, kepakny keTMa-KeTaukaa Gasxa-
pWIMINM Ba HII HaTHxKanapunu MS Word, MS Power Point, HTML &kn
LaTeX kabu keHr Tapkasaran gopmatnapaar Oupuaa, ABTOMATHK Tap3jga
XOCH/1 KMTMHAANTaH XNcobOT KYPHHHIHAA CAKIAIM MYMKHH.

Buzyanr macTypiali MyXHTHra ARTH o0bLeKTnap, MacanaH ynab-
y3ruynap Ba ynap GwiaH HILTAITHH CONIANAINTHPYBYH ITaHE] KUDHTHITAH.
I'paduk uaTepdeticra sra 6ynran Haosanap ActiveX-KOMNOHEHTIADHAAH
xam oitaanarumm MyMKHH.

MATLAB paru sdrumdenap T¥rpacugary Gatadgeun MabIyMOTHH
Math Works kommanuacHHyHr caiftuaan (http://www.mathworks.com)
onum MyMKHH. MATLAB nakeTHHH TakOMUWINAINTHPHIL Ba YHHHT KacTy-
phii TabMubOTH GHnan Math Works komnaanacunuar 1000 nan opTHK
XOIUMIIAPH WYFYILIaHaIH,

Xo3upru Baxraa (2005 fimrada 6ynran Masaymor) MATLAB nake-
THHUHF KYyHHIArH BepCHANIAPH MaBXYI:

1. MATLAB 5 — aexabp 1996 i.

2. MATLAB 5.1 — maii 1997 i,

3. MATLAB 5.3 (Release 11, RH) — susap 1999 ii.

4, MATLAB 6.0 (R12) — noa6p 2000 ii.

5. MATLAB 6.1 (R12.1) — wion 2001 i.

6. MATLAB 6.5 (R13) — uion 2002 it.

7. MATLAB 6.51 (R13SP1) — aerycr 2003 .
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8. MATLAB 7.0 (R14) — uion 2004 ii.
MATLAB 7 na aBpanry sepcusanapra HucOaraH KyHHIarH SHTHIHKIAp
MaBXYyA:

12 AHrA KOMIIOHEHT KYHMIHATAH B3 ABBAJITH BEPCHANAPIArH KYN4H-
NHK KOMOOHEHTIAPHHHT (bymcunouan HMKOHHATNAPKR KeHTaHTRH-
PHWIITaH;

aBBAJITY BEPCUSNIApIATH 28 Ta KOMIOHCHT XHIAHH SHIHTaHTaH;
MATLAB MyxuTHHUHT unTepdelicd KECKHH Y3rapTHpPHATaH;
rpaduk oHHanapHH OoWIKAPULI HMKOHUATNAPH KCHIAHTUPHITaH;
AHHKJIAHraH XaTONHKIAp TY3ATHATaH.

Surunuxnap Ba TY3aTHIUIAPHUHI TYna pyixatu 274 Getnan ubopat
oynran «MATLAB 7.0 Release Notes» xyxxkaTtHaa KenTHPHITaH,

MATLAB 7 nakern (MnaH. HUTall Y4yH KOMINBIOTEP Ba AacTypHi
TaBMHHOTTA Kyinaars tanabnap Kyiinnamu:

Pentium 3, Pentium 4, Pentium M, Xeon, AMD Athlon, Athlon XP
éku Athlon MP nipoueccopura sra 6ynran KoMneTEp;
onepaunod cucrema Microsoft Windows XP, Windows NT 4.0
(Service Pack 5 &ku 6) ékn Windows 2000 (Service Pack 3 &ku 4)
6y nnmn kepak;

KaMuza 256 Moaitr onepamn xo*mpa (512 Mba#iT 6ynuim Makca-
ra MyBorx);

ypraya xominektanuaaary MATLAB eanuecrepaa 1 I'6aiit xoiinn
srannainu;

MATLAB Notebook sunr nimsaimn yays Microsoft Word (OfTice
2000 &xu Office XP Tapkutuna).

XycycHit mex-gaiinnapiy reHepauns KUAMIL yUyH KyHKHIara TpaHc-
narophrapaad Gupu 6¥nmunu kepak:

Compaq Visual Fortran (5.0, 6.1 élcu 6.5 Bepcuacuy);
Microsoft Visual C/C++ (5.0, 6.0 &xu 7.0 Bepcusacu);
Borland C/C++ (5.0 éxu 5.02 repcuscu);

Borland C++Builder (3.0, 4.0, 5.0 &ku 6.0 Bepcusch);
WATCOM ( 10.6 éxn 11 pepcuacn);

LCC 2.4 (MATLAB 6unan 60ornadras).

Online-xy#ckaTnapam Ykuu yayn Netscape Navigator (4.0 €k ynnan
10KOPH BepcHsAcH) &k Microsoft Internet Explorer (4.0 &xn ynaau oxkopu
BepcuacH), Adobe Acrobat Reader (3.0 éku yHAaH I0KOPH BEPCHACH).

MATLAB Tu3umn acocHii kearaiitMacu Simulink 6unan Gupraaikna
(oiimananyeaunapra erxasub Gepunamd. Simulink uMETaIHOH MOJEIIIAPHH
BH3yan-HyHaXTHpUITaH Tap3na rafépnam Ba GakapHIl AMKOHHATHHH
oepamgu. MATLAB+ Simulink tH3uMuHMHT TYna Tapkubu 18.1-pacMaa
K¥pcaTHiTaH,
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Simulink

6:;&!1! Extension
® Simulink Accelerator
= Real-Time Warkshopr
® RoakTime Windowe
Targe!
* Stateflow®

Blocksels

¢ PP

@ Fixad-Poinl
» Noniingar Control Design
& Power Syttems

(IlATLAB Extension
* MATLAB Compller
* MATLAB C/C++
Math Litvacies
» MATLAB Web Serwer

* MATLAB Raport
Generalor

Toolhoxes
s Contral 8ystem
* Communicalion

e Higher Order Specaral
Analysis

* image Processing

® LMt Contral

e Model Predictive Control

e p-Analysis and
Synihasis

o NAG® Foundation

» Neural Network

® Optimization

» Partial Diffaranzisl
Equation

® OFT Cantrol Design

» Robust Conkrol

» Signal Processing

¢ Spime.

* Stelstics

¢ Sumbolic Math

» System ldentification

= Wavelel

18.1-pacm. MATLAB+ Simulink TH3#MHHBHT T¥1a TapkAGH
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MATLAB 7 repcracH KyiumM4a KOMNOHREHTIAPHHHHT TV pyiixaTn
18.1-xanBanga keNTHpUNAraH. BHpHHYH yCTyHIa * CHMBOJIH OHIIaH aBBa-
' BepcHanapuiarura Hucbaran KuAAHH TAaKOMHILTAMITHPHATAH KOMITO-
HeHTIAp KYpCAaTUNraH, AHTH KYLIMWIraH KOMAOHEHTIAp 3ca ** CHMBONH
OnnaH OenTHnaHTaH.

18 {-dcadsar
Ne | MATLAB xoMnoHeHTH Basndacu
1* | Simulink, ver 6.0 JHRAMAK CHCTEMANMapPHH MOJendal Ba Taxjann
KAJTHLI
2 | Aerospace Blockset, VyHm anmnapariapH, pakeTanap Ba XapakaTnaH-
ver 1.6 THPYBAH MOCHaManapHH Mogesnaw {Simulink aco-
cuna)
3#* | Bioinformatics Tool- BHOIOTHA BA FEHETHKARA TAKPHOA MABIYMOTIAPHHE
box, ver 1.1 TAXTHA KHIHIIHEHE MATEMATHK YCY/LIApH
4 | COMA Reference IS-95A (code diviston muitiple access, CDMA) crau-
Blockset, veM.i napTH Gyfidda CHMCH3 KOMMYHHKALMA CHCTEMANAPHEK
Nolinxanam Ba Mofennam
5* | Blockset, ver 3.0 Commaunications Toolbox yuyH gyHxumsmap 6uénro-
) TeKacH (MOXyAALHA, KOANA, ACKOAIAm )
6* | Communications Tool- | KOMMYBMKAUMOH THIHMAAPHH HOINA6 YHKMO Ba
box, vet 3.0 YHapHH pean BakT MacITabuaa Modenam
7 | Conirol System Tool- | Teckapu GOFNAHHIUTH ABTOMATHK POCTIALI THIHMITA-
box, ver 6.0 PHHH MOZAeNnail, TaXAHA KIWIHIL Ba NoHnXanam
8 | Curve Fifting Toolbox, 1 TamxpuGa MawayMoTaaphiH K2iiTa WLIaM (AMTpOKCH~
ver 1.1.1 Mallfs, TeKHC/IAM, HHTEPNONANES, SKCTPANONALH)
9 | Data Acquisition KoMnewoTepra ynanrar ¥a4ali KOMIICKCAApPHHR
Toolbox, ver 2.5 Kjnuah KyBBaTnam ydyH MYXHT. AHAOT B2 PaKaMIH
OCT TH3IHMJIAD (PaKaMIH EHaNOr YIrapTUPHmAAPHH
XaM ¥3 HYHra ONHIUH MYMEHH) OMIaH MabAyMOT
ANMALIMHIHA TAKMI KHWTHL.
10* | Database Toolbox, ManaymoTnap Ga3zackiaa caxnanalrran axSoporam
ver 3.0 TaXAMI KHIHII Ba Bayaaiam. Mavaymornapuu SQL
TIIHRATH c¥posnapaal goitnananub Tannai
11 | Datafeed Toolbox, ver | Monnapp# MatIyMOTAZp cepeepiaps Guaan anoxaHu
15 - TAMIKAN KHIHI
12 [ Dials & Gauges BomgapHil nasennapHHH IMAKINAHTHPHID YIyH Xap
Block-set, ver 1.2 XHI TYPAATH WKananap Ba Yauos npaSopnapura sra
6yaran rpadHx npuMATHEIap GUGTHOTERACH
13 | Embedded Target C166 TYpARTH MHKPOKOBTPONIEPSAD ACOCHIA YITS08-
Infineon C166 Micro- | Gomlkapye KoMnIeKcNapuHH IOHAXaTaN Ba MOHEN-
controllers, ver 1.1 Jam
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14 | Embedded Target for | Motorola pHPMacHHHHT MHKPOKOHTPOIREPAAPH ACO-
Motorola HC12,verl.1 | cHaa ¥140B-00IMKapYP KOMIIEKCIADHER JONAXATADT
Ba MOHENIAIN
15* | Embedded Target tot Motorola pHPMACHHHHI MAKPOKOHTPOLIEPAAPH aC0-
Motorola MPCS55. cHIa ¥I4oB-0OMKADYS KOMIICKCIAPHHEY NOHHXanam
ver 2,0 BE MOASANAL
16 | Embedded Target for | OSEC/VDX typaarn MHKpOKOHTPOJUICPIAP aCOCHAA
OSEC/VDX, veM.1 ¥n4oB-GolIKApYB KOMIJICKCIAPHHE No#iHXaaall Ba
Mogemail
17** | Embedded Target for Texas Instruments GUPMaCHHHHAT MHKPOKOHTPOA-
Texas Instruments JICpNapH ACOCHAA FII0B-DOWKAPYE KOMILTCKCIapHHR
C2000DSP, ver 1.0 JIOAMXANALL BA MOJE/NAL
18* | Embedded Target for Texas Instruments ¢HPpMACHHHHET MHKPOKOHTpOJ-
Texas Instruments JieprapH acOCHAA I4oB-5OLIKAPYS KOMIICKCAAPHHR
C6000DSP, ver2. 1 nofnxanaim Ba MoaeLTam
19 | Excel Link, ver 2.2 MATLAB ¢ynxumanapu sa Microsoft Excel anex-
TPOH XaJBANIADH OpAacHAA ¥3AP0 AIOKAHK TAIIKHI
KHIHIL _
20 | Extended Symbolic AHanuTHK XHCOGNAMNApHHAr KEHraiTHPHATAH ma-
Math, ver 3.1 KETH
21** | Filter Design HDL Pakamiim dunbrpiapaa HDL-xognam
Coder, ver 1.0 :
22* | Filier Design Toolbox, | Pakaman $HIETpAapHH NOHHXANAaI0 BA HMHTaLHS
ver 3.0 XaMaa TAXJH KHIHIT
23* | Financial Derivatives | ouanH ¢TaBKaNap, MONHABHI XOCH/Ianap Ba TABAK-
Toolbox, ver 3.0 KANNapHH TAXIWI KWL Ba BHIYAIIAIT )
24 | Financial Time Scries | Monuapui Go3op MAaBLIYMOTIApHAH BakT GYiinua
Toolbox, ver 2.1 KATOpJIap YCYIH GHIaH TaXIHA KHIHLI
25 | Financial Toolbox, ver | MomngeRri GOIIKADYR MAcaNANAPHHA €UKAT B3 TAX/IHI
24 HaTHXKANAPUHH Tpaduk KYPHHULIAS TAKIWM KWARL
YUYYH HHTETPAIAITAPHATAH MYXAT
26 | Fizxed-Income Toolbox, | ®uxcanud Kununran oinann Samopar xumm,
ver 1.0.1
27** | Fixed Point Toolbox, Hoctauaapt gopMaTaari CoHJap YCTHAA aMasLiap
ver 1.0 OaxapHw
28 | Fuzzy Logic Toolbox, | «HoparmaH MaHTHK) 2RapaTH ACOCHEA THIHMIAPHH
ver 2.1.3 MOJeMIan Ba TAXJHA KHAHI
29 | GARCH Toolbox, ver | Bup ¥naamnn GAHCH-monennap (General Auto-

201

regressive Conditional Heteroscedasticity) époamuna
MONHABHHA 5O30PAAPHHHI FIrapYBUAHNKTHHEA TAXTHI
KHAHI
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30tt

Genetic Algorithm and
Direct Search Toolbox,
ver 1.0.1

I'eHeTHK aTOpUTM Ba TYFPHOAH-TYEPH H3lal

31 | Image Acquisition T'padHK MabIYMOTNapHH ¥3apo aiMAalITHPHIIHH
Toolbox, ver 1.5 TAIIKHT KHIHID
32 | Image Processing Tacenpnapay kafTa HITAW {TaXJIHI KHIHIL, GHIB-
Toolbox, ver 3.2 TPNAIN, HKKH ¥IMaMAH ¥3rapTHpHILTap, THKIam Ba
XK
33* | Insirument Controt TEEE-488, HPIB, VISA nporokxoanapky dopma-
Toolbox, ver 2,9 THHA TAWKK npubopnap GHAAH MABIYMOTAAp Ba
0OIKapYBYH CHTHANIAD ATMAINHHYBHHH aManra
OWHpHI
34 | LMI Control Toolbox, | Unsminu MaTpHuapdii TeHrc3nuiaap (Linear Matrix
ver 1.0.9 Inequality, LMI) 6n1an TachdiaHyEus TH3HMNADHH
MOZEINAM B TAXAK] KHIHIN
35 | Link for Code Com- MATLAB 6unas Texas Instruments ¢HpMacHHHHT
poser Studio, ver 1.3.1 | HaTerpannamripuaran mmnat yukHm Myxutd (IDE)
opacupary Gormammmex Tamiua Kuaum (Code
Composer Studio, CCS)
36** | Link for ModelSim vet | MATLAB 6unan ModelSim (kaTrix xofHKm Moaen-
1.1.1 Jam) opacHIArH SOFNaHHLUIHH TAIKHI KHAHII
37 | MATLAB Builder for | MATLAB noiinxanapusn COM-ofbeKkTapra ainaH-
COM, veil.l THPYBYH KOMAHIATOD
38 | MATLAR Builder for | MATLAB pactypaapumu Excel MoIynmapura kKoH-
Excel, ver 1.2 BEPTAHA KHIIHII
39* [ MATLAB Compiler, m-dafinnaprn C, C++ goanapura alinavTHpYBIH
ver 4.0 KOMOHMATOD
40* | MATLAB Report Gen- | Xap xun ¢opmarnapaa (RTF, HTML, XML, SGML)
erator, ver 2.0 XMCOGOTIAD ApaTHIN
41 [MATLAB Web Server, | HaTepHeT dofpananypuunapura MATLAB-
ver 1.2.3 HNORANAPHHE cepepia GaxapHIi UMKOHHATHHH
Bepyepun Web-ceppep cepeicH
42* | Mapping Toolbox, ver | JofinapHHHT XapHTANTAPHHA PAKAMITH Kaiita Hmmam
202 HA BHIYa/LIAL
43* | Model Predictive Con- | KHpHII BA YHKHII MabAyMOTIAPH KATTA MHKIOPAA
trol Toolbox, ver 2.0 6¥nran Mypaxkka® THIMMNAPHH TaxJIHA KHIHID Ba
SOMKAPHID :
44 | Model-Based Calibra- | TaxpuGanapAu ToSAXaNAM, CTATHCTHK MOREIUIANI
tion Toolbox, ver 2.1 Ba Mypakkal TH3HMaapH¥ KaanSpaam (Gup ¥iuamra
' KeNTHPHUT)
45 | Mu-Analysisand Syn- | FOkopu TapTubnm TYpryH SH3HKAH GomKapHo TH-

thesis Toolbox, ver
3,08

IHMJTAPHHE TAXJIHI BA CHHTE3 KHIHIUHHHIE 3aMOHABHH
yCyinapH :
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Neiral Network Tool-
box, ver 4.0.3

Kuitun gopMamuzaumananysds MacajalapHi edull
YUYH CYHBHH HelpoR TapMOKTApEH KyNiaw

LAl

OPC Toolbox, ver 1.0

Pean sakt tM3usnapuaa {OLE for Process Control,
OPC) mMasnyMOTIAPHH AAMAMIHHI YYYH CaHOaT CTaH-
OAapTA2PHEH K¥IIab Kyeeatiant,

dn

Optimization Toolbox,
verd.0

Yexnaunuutapra sra 6¥nrad x¥n yarapysunny GyHk-
LUHANAPHYUHAT 3KCTPEMYMIAPHHH H3Tall, YH3INKAH
H¥nsaran TEHTNAMANAPHHE £YHIL

4V

Partial Differential
Equation Toolbox, ver
1.0.5

Xycycnit xocnnany gadGepeHIEAN TEHTIAMANAD CH-
CTEM&NAPHHHAT eYHMIAPHEHN NIAILE Ba BH3YAUTALL

L0

RF Blockset,verl.0

CHMcH3 anoka THIHMIADHHH MOISITAII BA TALKHK
KHIHLT

s'i‘

RF Toolbox, ver 1.0

CumMcus aneka TH3IHMIApPHHH MOIENTAIE BA TaAKHK
KHITHII

52

Real-Time Windows
Target, ver 2.5

Hurepdeticn Simulink yoryGnaa 6¥nrad mogennapsu
APATHIL Ba YA&PHU peall BAKT peiHMHAA SomKapHm

53w

Real-Time Workshop,
ver 6.0

Simuiink 810KAH JRarpaMManapt aCOCHEA KEHTATH-
paarad C-dopMaTaary 1acTyplIapHH XOCHI KHITHII

540

Real-Time Workshop
Embedded Coder, ver
4.0

Real-Time Workshop naxetn épnamuga taitépnan-
raH JacTypA2pHR XOTHpagan dofimananuur, Wurmans
TE3AUTH Ba KOAHHHT VKHMHIH Kymainuru O¥iinda
OnTHManIAL

35

Robust Control Tool-
box, ver 2.0.10

DXTHMONHE TaBcHpIIapTa TYpPFyH O¥ITaH GotIKapHIL
THIHMAAPHHM aHATH3 Ba CHHTE3 KUITHIN

56*

Signal Processing
Blockset, ver 6.0

Simulink Gubanorexanapi, CHIHAMNAPHI PAaKaMIH
«ypHHHIIAA KafiTa HILUTAN TH3IAMIapHHH JoHHXanam
BA MOJSANAMIra MYIHATIAHTAH. ABBANTH BEpCHA-
napratin HoMe — DSP Block-set (Digital Signal
Processing, DSP)

37

Signai Processing
Tooibox, ver 6.0

PakaMny a ananmor CHTHATITApHH KaklTa HInam

58

SimMechanics, ver 2.2

Simulink annaparti acocHaa KaTTHK KOOHKAH MeXaHHK
TH3HMITAPHH MOAeanan

59

SimPowerSystems, ver
3.1

Simulink annapath acocHEa 31eKTp Xy4 TH3HMRapHHH
mMogeanam

60

Simulink Accelerator,
ver 6.0

Simulink MyxuTHna TaliépnaHran gacTyplapHHET
YHYMIOPIHTHHU OPTTHPHIN

61‘5&

Simulink Control De-
sign, ver 1.0

Simulink MyxuThaa MolennapHH KypHIU skapaéHHHH
Bowxapui

62*

Simulink Fixed Point,
ver 1.0

Simulink MyXHTHIa SKKa KaTHaM aHWKTHKAATH XH-
cobnapuy TabMHHIam (ageanru wHoMu Fixed-Point
Biockset)

40-— T. Jadasxcarnos, M. Myxumdunog
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L

xPC Target Embedded
Option, ver 2.5

63** | Simulink Parameter Simulink MyXMTHIA MOZEITAPHUKT NAPAMETPITAPHHR
Estimation, ver 1.0 TaHnat onH
64* [ Simulink Repott Simulink nakeTH Moxeanapw Ba MaLIYMOTIApHH ¥3
Generator, ver 2.0 HYHT& OJIFaH XUcoBOTIapHH ApaTHIN
65* | Simulink Response Houwsnknn geknannmnapra sra S¥IraH aBTOMATHK
Optimization, ver 2.0 pocTAaul THIWMITAPUHY NoHuXanam, UMHTAOHA Ba
aHaaH3 xuauw {apBaard HoMv Nonlingar Control
Design Biockset)
66** | Simutink Verification | Simulink MyXnTHIA MOZENTapHHAT THFPA KYAMaHH-
and Validation, vet 1.0 | nHwu Ba KYINaHHITHION MYMXHHAHTHHYM Ha30paT
KHIHIL
67 | Spline Toolbox, ver CunafiH-annpokcHMAuMs y9yH npouemypanap 6u-
3.2.1 6nmoTekacH
68* | Stateflow, ver 6.0 UeknH aBTOMATNAP HA3APHACH ACOCHAA XORMCANap
OHnaH GOMKAPHIYBYH THIUMAZPHH MOAEIRALT
69* | Stateflow Coder, ver | Stateflow MOZeNIapH ACOCHEA TYSHATAH JNACTYPIADHH
6.0 ONTHMARALI
70% | Statistics Toolbox, ver | DxTumomtii TAXIHA METOATAPUHUAT TYTINAMH BA CTa-
5.0 THCTHK TaAKHKOT HaTHXaAApHHA BHIyamnaus
T} Symbolic Math Tool- | Maple nakeTH 1ApOCH aCOCHIA CHMBOMAH XHcob-
box, ver 3.1 namap
N* | System Identification | KHpHII Ba 9HKHII CHIHATAAPHEN TAXIRI KUIHW aC0-
Toolbox., ver 6.0.1 CHIA THIHMJIAPHH HACHTHGRXANAA KRN {MATEMATHK
MOAECAHHY OTTHII)
1B* | Virtual Reality VRML (Virtuai Reality Modeling Language) tHan aco-
Toolbox, ver 4,0 CHAA Y9 FI4aMIH BHPTYAT PeaniuK KYpHHUOIIapHHK
APATHIL ‘
4* | Wavelet Toolbox, ver | Xap X1 KYPpUHHIIAATH CHTHAN BA TACBMPNApHU
3.0 AHANM3 BA CHHTE3 KHIOMII YYYH YITYKCH3 «AHCKDET
BeHBAET-F3rapTHpHLLIAD»
75 | XPC Target, ver 2.5 KoMneloTEpHWHT aBTOHOM PEeXHUMHEA &KH YHMHT

cepBep 6nNaH GOFNMKNNTHIA pean BAKT THIHMIAPHHH
MORENIAI0 B TECTAAIl

19. MATLAB HHTEPHETIA

MATLAB naxernapuau uiwna6 unkysuy Mathworks xommanuscu ¥3
MAXCYROTIApHHY HHGOPMAaUKOH K¥Nnab-KyBBaTNalIHH aMalra OUIMpalH.
Yiiykcns surunanu® typysuu MathWorks dupmacu web-caliTHHHHT
(www.mathworks.com) Gom caxudacu 19.1-pacMaa kenTupunra-.
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19.l-pacas. MathWorks dupmacu web-caliTununar Gour caxnudacu

Yiby cafitna ¥3 MaxcyaoTNapHHH peKlaMa KWIHIIAAH TaliKapu
hupMa Munad yuxaprad JacTypHH MaXxcyNoTHapHHHT TaBcu(IIapH,
RHCHIMKRAP, HW TYFpHCHAA 3bIOHNap Ba OGolixa kymnad axGoporiap
KENTHPUATAH.

Mathworks ¢upmacH ¥3 MaxcynoTIapHHH CHHAIIl yUyH GepHIUH
MYMKHH. BYHWHT y4yH KypcaTunrad aHKeTaHH TYAARPHII Ba 3apyp
MaxXCYMOTHH TaHmam etapiy. Kefina aHkeTana KypCaTHiran afpecra mapoi
oGopunamgn. Ywly naponnar hoHaanaHub KepaknH JacTypHH MaxcyJoT
Ba YHM YpHaTHWI y4yH 3apyp Oaiinnap HHTepHeT opKanu ONHHHIIM Ba
yuaan 6up oit aapomuna Genyn doiigananuim mymxun. Xap kangai ¢oi-
nananysiy PDF-daiinnap xypuanmmnarn MATLAB xy#okaTnapnHusr
T¥na TYaNaMHHEA Ba MHITIH3 THMMAarTH Mapxya Toolboxes Subanorexacu
MaTCpHalIapUHUHK OenyJl ONHINH MyMKHH,

Softline xkomnanuacHuHHur cajfitnma (http//www softline ru) peknama
maTtepuannapufal Tamikapy MATLADB nakernapuHusr ¢aH Ba Tex-
HHUKa MacanajapuHi euuija KyIAaHWIALKN TYFpHCHIA PYC THAHBATH
MaKONaJapHu TOMHII MYMKHH. Exponenta mMatematuk caiitupa (http://
www.exponenta.ru) xaM Gonika MaTeMaTHK JacTypiap Gunan 6Hp KaTopa
MATLAB tusumu t¥rpucuna xam Kymrab MarepHapiap TYIIAaHTaH.
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