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KIRISH

Fan va texnikaning jadal rivojlanib borishi energetika, avtomatika,
boshqaruv tizimi va boshqa ko‘pgina sohalarda elektr zanjirlarini
hisoblash bilan birga ularni analiz va sintez masalalari ham ko‘rib
chiqishni talab etadi.

Tavsiya etilayotgan ko‘rsatmada «Elektrotexnikaning nazariy
asoslari» fanini «Uch fazali zanjirlar»  bo‘limi bo‘yicha yuklama
qarshiliklari yulduz va uchburchakli shaklda ulanishda simmetrik hamda
nosimmetrik holati uchun faza va liniya tok va kuchlanishlarini har xil
ish holatlari uchun hisoblash usullari na’munaviy masalalar orqali
ko‘rsatilgan bo‘lib, mos ravishda vektor diagrammalarni qurish usullari
ham berilgan.

Bu talabalardan sinusoidal tokli uch fazali zanjirlarni turli yuklama
holati uchun hisoblay olish usullarini o‘rganishda ko‘nikmalarga ega
bo‘lishga yordam beradi va barcha bakalavriat ta’lim yo‘nalishidagi
mutaxassisliklar uchun dasturulamal bo‘lib xizmat qiladi.

Sinusoidal tokli uch fazali zanjirlarni hisoblash uchun mos ravishda
bo‘lgan 100 ta turli variantlar berilgan.

«Uch fazali zanjirlar» bo‘limi bo‘yicha hisob - garfik ishlarini
bajarish uchun mo‘ljallangan  mazkur uslubiy ko‘rsatma «Elektr
energetikasi»,  «Elektr texnika, elektr —mexanika va elektr
texnologiyalar», «Kasbiy ta’lim (elektr energetikasi)», «Elektronika va
asbobsozlik», «Radioelektron qurilmalar va tizimlar», «Kasbiy ta’lim
(radioelektron qurilmalar va tizimlar)» bakalavriat ta’lim yo‘nalishlarida
tahsil oluvchi talabalarga mo‘ljallangan.



Hisob - grafik ishini bajarish bo‘yicha
TOPSHIRIQ

Uch fazali simmetrik genratorning faza kuchlanishlariga Ur liniya

Z, qarshiliklari orqali yulduz yoki uchburchakli shaklda yuklama
Z ; ulangan.

Yuklamaning yulduz yoki uchburchak ulangan shakli uchun
quyidagilar hisoblansin:

1. Faza va liniya toklari, yuklamadagi faza kuchlanishlar, liniyadagi
kuchlanish tushuvi va simmetrik yuklama bo‘lganda liniyaning F.I.K.

2. Yuklamaning biror fazasida qisqa tutashuv bo‘lgan holati uchun
faza va liniya toklari, yuklamadagi faza kuchlanishlar, liniya simlaridagi
kuchlanishlar tushuvi.

3. Yuklamaning biror fazasida uzilish bo‘lgan holati uchun faza va
liniya toklari, yuklamadagi faza kuchlanishlar, liniya simlaridagi
kuchlanishlar tushuvi va uzilish simidagi hosil bo‘lgan kuchlanish.

4. Yuqorida keltirilgan hamma holatlar uchun tok va

kuchlanishlarning vektor diagrammalari qurilsin.



NA’MUNAVIY MASALA
YULDUZ - YULDUZ ULANISHNING SIMMETRIK HOLATI

Hisoblash quyidagi elektr zanjiri asosida amalga oshiriladi (1-rasm).

A > jL Zp
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— | —
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Zy ——
— b |

1-rasm. Yulduz -yulduz ulanishning simmetrik holati

Variant quyidagi uchta qiymat asosida beriladi. Birinchisi uch
fazali generatorning U, kuchlanishi, ikkinchisi liniya simlaridagi Z

qarshilik, uchinchisi yuklamadagi iste’molchi Z _ qarshiligi. Shularni

hisobga olgan holda quyidagi qiymatlar uchun hisoblashlar amalga
oshiriladi:
Up=110 V,

Z, =15-j25=29¢""" Om,
Zir =30+ j100=104,4¢"  Om.
Uch fazali zanjirlarning analizi chiziqli zanjirlar nazariyasida

keltirilgan har qanday usullar asosida olib borilishi mumkin. Lekin uch
fazali zanjirlarniing xususiyatlaridan kelib chiqib alohida hisoblash



uslubiyatini keltirib chiqarish mumkin. Bunda quydagi shartlarni
hisobga olish kerak:

1. Iste’molchining yuklamasi statik ko‘rinishga ega.

2. Generator chulg‘amlarining ichki qarshiliklari inobatga olinmaydi
yoki liniya qarshiliklarining ichiga qo‘shib yuboriladi.

Generator (transformator) chulg‘amlarining bir xilligini hisobga
olib induksiyalanayotgan E.Yu.K lar bir xil amplitudali va chastotali deb
olinadi, lekin E.Yu.K lar bir - birlariga nisbat faza bo‘yicha davrning
uchdan bir qismiga siljigan bo‘ladi. Shunda «A» birinchi faza deb
hisoblanib, uning boshlang‘ich fazasi nolga teng deb qabul qilinadi.
Eslatib o‘tamiz, bu to‘g‘ri ketma - ketlikdagi tizim hisoblanadi:

U, =110V,
U, =110e7/®" =-55-j952 1,

U, =110e">" =55+ j952 V.

Natijada generatorning faza kuchlanishlari sistemasi kelib chiqadi.
Simmetrik yuklama holatida har bir faza Om qonuniga ko‘ra alohida
hisoblanishi mumkin. U holda tok va kuchlanishlarning simmetriyasi
hosil bo‘ladi va bunda bitta fazani ko‘rib chigsa bo‘ladi. Faza qarshiligi
liniyadagi qarshilik bilan qo‘shilib topilishi mumkin:

Zy=Z, +Zir =874’ Om.

Om qonuniga asosan zanjirdagi liniya toklarini hisoblaymiz:
U, 110
B L+ Zgr 87,49]590

—1,25¢7" 4,

. . 0
U, 1107

= —__=125¢7"" 4,
VAR VAT 87,49/59

. . 0
U, 1107
- Z, +ZLisr 87,49[590

—1,25¢7" 4.
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Yuklama qarshiligidagi kuchlanish tushuvi hisoblanadi:

Uy =1, Zisr =1,25¢7 -104,4¢’™ =130,5¢" 7,
Ussy, =11, Zist = 1,25¢7"" .104,4¢’™ =130,5¢ """ ',
UIST; - jL3ZIST = 1,256'7610 -104,48'7730 = 130,56'/1340 V.

Liniya qarshiligidagi kuchlanishlar tushuvi aniqlanadi:

AULl = leZL = 1,25e7J590 -29e7J590 = 36’25e—J119° v,
AUL2 = fLZZL = 1,25ea/1790 .29e7_;59° _ 36,25(-’2380 V.
AUL3 = jLSZL = 1,25€J610 -2984590 = 36,256J20 v

Manba generatoridagi aktiv quvvatni hisoblaymiz:
Fopn =3U5 -1, cos(UFlAlLl) =3-110-1,25¢c0859° =212,4 W.
Iste’molchining aktiv quvvati:

Fr =3Us1 1} cosUg; AILI) =3-130-1,25co0s(14° +59°) =140,1 W.

Uch fazali sistemaning foydali ish koeffitsienti hisoblanadi:

PIST

n=-5.100% = 65,9%.

GEN

Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va
toklarning topografik diagrammasi kompleks tekisligida quriladi
(2-rasm):
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2-rasm. Kuchlanish va toklarning topografik diagrammasi.

Masshtab
my:1lsm/V
my:1lsm/ A



YULDUZ - UCHBURCHAKLI ULANISHNING SIMMETRIK

HOLATI
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3-rasm. Yulduz — uchburchakli ulanishning simetrik holati

Liniya simlaridagi qarshiliklar uchburchak tarmogqlardagi tokni
topishga imkon bermaydi. Shuning uchun uchburchakni ekvivalent
yulduzga almashtirib olish mumkin (3-rasm). Yulduz nurlarining
qarshiliklari quyidagicha topiladi:

;2 _ 104 4¢°™

_ e
n 3 =34 B2 _



Liniya simidagi qarshilikni qo‘shib, faza qarshiligi aniqlanadi:

Z,+Z;=10+73334+15- j25=25+j83= 26,27 Oy

Uch fazali zanjirning liniya toklari

f.m = Un = 11019.: =4 17 A,
g;\ +24; 2637
: ' 1z )
Fr e _ 110e T a g
Z,tZ; 263
' 1 _
Irs= Ug  110e =411 4

CZ +Z, 2637

Yulduzli ulanish holatidagi faza kuchlanishi

Uai =1,-Z, =41e”"" 348" =142,68¢/ V
Uso=1,,-Z, =417 3480 =142,68¢7 ¥,
Uco=1,,-Z, =41 348" =142,68¢"" V.
Uchburchakli ulanish holati uchun liniya kuchlanishi
quydagicha aniqlanadi:
U,y =U,,~U, =841+ j1145-57,6+ j129,4= 24650V,
UBICI =U 0 _Uc o= 246,597]’36012/ Vv,

B

UCIAI - Ucl()' - UAIO' = 246,5@/203025/ v
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Uchburchakli ulanishdagi faza toklari
CU,s 24650

jAB = 30 :2,46€'i10025/ A4,
U Zisn 104,48’73

Uy, 246,507

i . = 24607 4,
PG ZISTZ 104,43'/73

_ UC1A1 _ 246,5€'i203 25 _ 2,468-/130025/ A

I —
ad ZIST; 104,43'/73

Manbaning aktiv quvvati
Py =3U 1, cos(Uy,"1,,)=3-110-4,1cos19° =1270 W
Iste’molchining aktiv quvvati

Py =3U, 51, cos(U, "I, ,)=3-246,5-2,46c0873" =544,5 W.

Uch fazali sistemaning foydali ish koeffitsenti quyidagicha
hisoblanadi:

PIST

n= -100% = 43% .

GEN
Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va

toklarning topografik  diagrammasi  kompleks tekislikda quriladi
(4-rasm).
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4-rasm. Kuchlanish va toklarning topografik diagrammasi

Masshtab
my:1lsm/V
my:1lsm/ A
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YULDUZ - YULDUZ ULANISHNING NOSIMMETRIK HOLATI

«A» FAZANING LINIYA SIMIDAGI UZILISH

«A» fazada wuzilish hosil qilinsa zanjir nosimmetrik ko‘rinishga
keladi(5-rasm).

a fe = U st

5-rasm. «A» fazada uzilish hosil qilish

¥, =0.
_UFl 'Yl"'UF2 'Y2+UF3 Ys _UFl

, =55V,
0 Y, +Y, +Y, 2

UO

UAO' :UUZL :UFI _UOOV :l’SUFl =165 v,
U, =Us, —U, ==55-j952+55=952¢"" V.,
U, =Up —U, ==55+j952+55=952¢" V.
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Liniya toklari hisoblanadi:

i U, _ 95,2¢ 7"
LZ 200
ZL + ZIST 87,4@'/59
i Uco‘ _ 95,267
L3 200
ZL +ZIST 87,49/59

~1,08¢" 4,

—1,08¢"" 4.

Liniya simlaridagi kuchlanish isrofi

AULIZI.LIZLZO V,
AULz :jLz Z, =1,08¢ 7" .29¢7%" =312
AUL3 = fL3ZL = 1a08e'/310 '29e7-"590 _ 31,2e*./'28° .

Iste’'molchi qarshiligidagi kuchlanish

U :leerTZO V7

st Fy

Ur =1 Z, =1,08¢7%" 104,4¢™ =112,7¢ 7"V,

1sT,F,

U, =l z.=108"" 1044¢™ =112,7¢" V.
E L, &ist

ISTy by

Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va
toklarning topografik  diagrammasi  kompleks tekislikda quriladi
(6-rasm).
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6-rasm. Kuchlanish va toklarning topografik diagrammasi

Masshtab
my:1lsm/V
my;:lsm/ A
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«A» FAZADA QISQA TUTASHUV

AU,

Z,

Uoo’ = U.w

7-rasm. «A» fazada qisqa tutashuv.

Neytral simdagi kuchlanishni aniqlash (7-rasm):

_ UFI 'ZIST _ 110 '104,48'1730 B 11484e./730
32, +Zy,  3-29¢7 104,467 79¢™
= 145e_/54° =8523+ 1173 V,

0 UN

U, =U ~U, =110-(8523+ /1173)=2477~ j1173=120e "™ V,
U, =U, U, =—55-952—(8523+ j117,3) = -140,23 - j212,5 =
=254/
U,y =U,—U, ==55+j952—(8523+ j117,3) = —140,23 + j22,1 =
—142,8¢"™" .
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Liniya toklari

.U, -J78° o

IL = 40 = 120e — = 4,28'/19 A 5
! ZL 2997'/59

U 2548_/236"10/

BO'

L, = 291" 4,
’ ZL +ZIST 87348/59

) 189°
i - Ugg 142
: ZL + ZIST 87,46'/590

— 1,62 4.

Liniya simidagi kuchlanish isrofi

AU, =U =120 V,
AU, =1, Z, =844¢"" 7,

AU s =1, Z, =47/ 7.

Yuklamada iste’mol qilinayotgan kuchlanish

=

+ =0,
U,y =1, 2, =3038e 7,

Uc'o' - ng La= 169" V.

Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va

toklarning topografik  diagrammasi  kompleks tekislikda quriladi
(8-rasm).
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8-rasm. Kuchlanish va toklarning topografik diagrammasi

Masshtab
my:1lsm/V
my;:lsm/ A

18



YULDUZ - UCHBURCHAKLI ULANISHNING NOSIMMETRIK
HOLATI

«A» FAZASINING LINIYA SIMIDA UZILISH HOSIL BO‘LISHI

oo = 0y

b,
9-rasm. Liniya simida uzilish hosil bo‘lishi
7 .
Z,="5 =348 Om
- 3

Liniyadagi kuchlanish(9-rasm)

Uy
U, =—5-_55 V1,
2

.
I

40 UZL:UFI_Uoo' =15U;, =165 V,
U,, :UFz _Uoo' :95a297j900 v,

BO

. . 900
U, =Uy-U, =952 V.

19



Liniya toklari

. . ~god .
fL _ ) _ 95,22 - _ 3,&2—3105"] A )
! g/'\ + 5_7*151' 26:3€J

. U . Jant -,
A =9'::"2‘E_§,,=3,6.=,=n-?Tl 4
P4 E 26307

Liniya kuchlanishlari

AU, =0 V,
AU, =1 2, =367 29¢7 =1044¢ 7% = 1019 j217 V',

AU, =1y 2, =36 297 =1044¢/? =102+ j217 V.

Iste’molchi kuchlanishi

Uewr =0 TV,

ST Fy

U, =U,; =U,; —AU, ==932+1019+,217=109~ j735=126 ey,

_ . _ i _ . _ j44°
- UCIO' _Uco' —AUL3 =j95,2-1025- ;21,7 =-102+ j73,5 =126¢ V.

Iste’molchi qarshiligidagi faza toklari hisoblanadi:

. 1 g0
[ClAl = [AlBl = i = 1,297'/109 Aa
e ]

3 s

[CIBI

Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va

toklarning  topografik diagrammasi kompleks tekislikda quriladi

(10-rasm).
20
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10-rasm. Kuchlanish va toklarning topografik diagrammasi

Masshtab
my:1lsm/V
my;:lsm/ A

21



A1 va By TUGUNLAR ORASIDA QISQA TUTASHUV

1y P——
 —
Z;
Ugr = Uy >
IL3 Zy AULg
I
AUL2
1L
‘_. —J
I Z,

11-rasm. Tugunlar orasida qisqa tutashuv

ZAB = 0 R
Z = ZISTA = 0 B
j73° .

£TeT ZIEST ) 104’426 =522/ =15+ j499 Om.

_ UF3 .ZIST _ 1 106”200 . 104’4ej73l) )
- 6Z, +2Z, 6-29¢%" +2.104,4¢’™
s 184 e _ 0o 6o om
17467 42088 1580 , 2+j6.9 Om.
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U o0’ —00 nuqtadagi neytral kuchlanish

Liniya simlaridagi kuchlanish isrofi hisoblanadi:

U, +AU, —E, =0 V,

AU, =Uy, =Uyy =110—(-722+ j6,9) =1822 - j69 =1823¢ > 7,
AU, =U,, V,

UOO, +AUL2 —EFz =0 V,

AU, =Uy, ~Uyy =(-55- /952 ~(-722+j69) =172~ 1021=10326 7
AULz :UBO' v,

AUy, =Ur, ~Uyg =(-55+ /952)~(-722+j69) =172+ j883=899¢/" 1/,
AULs :Uco' V.

Liniya toklari hisoblanadi:

. AU -j2° _

i, =AY :182,3e_ " 620 4,
A 29¢ /%

AU ~j80° _

= L, _ 103,2e- 0 =3,5e7-’200 A,
A 29¢/%

. AU j15° _

iy = Ly _ 89,9¢ :3’16_/1340 4.

Z, 297

23



Iste’molchi qarshiligidagi kuchlanish tushuvi

UAICI :qu' -7 1Bz, :3’16./1340 . 5226_/730 ~1612 e/207° v,

UAIBl =0 V,
y y 1207°
UBICI :Uclo' =161,2¢’ V.

Iste’molchi qarshiligidagi faza toklari hisoblanadi:

i, =Yaa _Yaa g
“h Tz Za ’

Z.4,C, Zist

. _ . _ ].1340
ICIBI __ICIAI —36 A.

Hisoblangan qiymatlar asosida masshtab bo‘yicha kuchlanish va
toklarning topografik  diagrammasi  kompleks tekislikda quriladi

(11-rasm).
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12-rasm. Kuchlanish va toklarning topografik diagrammasi

Masshtab
my:1lsm/V
my:1lsm/ A

25



VARIANTLAR

Variant | U, Z, Zr | Variant | U, Z, Zisr
1 115 20455 20+720 30 127 5+/15 | 504740
2 115 20410 | 204730 31 127 5+/20 | 504550
3 115 | 20415 | 20+740 32 127 55 50+760
4 115 | 20420 | 20450 33 127 | 5510 | 50470
5 115 2075 20460 34 127 5415 501780
6 115 20-/10 204570 35 127 5-j20 50+790
7 115 20-715 204580 36 127 5-j25 | 504100
8 115 20-720 204790 37 127 25455 | 604520
9 115 20-/25 | 204100 38 127 | 25410 | 604730
10 115 15455 30+520 39 127 | 25415 | 60+740
11 115 15410 | 304730 40 127 | 25420 | 604550
12 115 15415 | 304740 41 220 | 25425 | 604560
13 115 15420 | 304550 42 220 2575 60+570
14 115 1575 30+560 43 220 | 25410 | 60+780
15 115 15-/10 30+570 44 220 | 25415 | 60+/90
16 115 15-j15 30+/80 45 220 | 25420 | 60+/100
17 115 15-720 30+/90 46 220 | 2045 | 70420
18 115 15-j25 | 30+j100 47 220 | 204410 | 704430
19 115 10455 40+;20 48 220 | 204415 | 704740
20 115 10+10 | 404730 49 220 | 20-20 | 60+750
21 127 | 10415 | 40440 50 220 | 2055 | 70460
22 127 10420 | 404550 51 220 | 2010 | 704570
23 127 1075 40460 52 220 | 20-j15 | 70+780
24 127 10710 | 404570 53 220 | 20-20 | 70+/90
25 127 10-715 40+580 54 220 | 2025 | 70+j100
26 127 10-/20 40+790 55 220 15455 801520
27 127 10-/25 | 40+/100 56 220 | 15410 | 80430
28 127 5+j5 504520 57 220 | 15415 | 804740
29 127 5+10 504430 58 220 | 15420 | 804450

26




Variant | U, Z, Zisr Variant | U, Z, Zisr
59 | 220 | 1555 | 80460 80 380 | 5520 | 100490
60 220 155710 80+570 81 110 10455 10+710
61 | 380 | 15,15 | 80+80 82 110 | 10410 | 10415
62 | 380 | 15520 | 80+j%0 83 110 | 10415 | 10420
63 | 380 | 15525 |80+100 | 84 110 | 10420 | 10425
64 | 380 | 1045 | 90420 85 110 | 105 | 10430
65 | 380 | 10410 | 90430 86 110 | 10-10 | 10435
66 | 380 | 10415 | 90+40 87 110 | 1015 | 10+40
67 | 380 | 10420 | 90+j50 88 110 | 10520 | 104745
68 | 380 | 10,15 | 90+j60 89 110 | 10-25 | 10450
69 | 380 | 10510 | 90470 90 110 | 7545 | 15410
70 | 380 | 10415 | 90480 91 110 | 75410 | 15415
71 | 380 | 10520 | 90490 92 110 | 75415 | 15420
72 | 380 | 10525 |90+100 | 93 110 | 7,5420 | 15425
73 | 380 | 545 | 100420 | o4 110 | 7,555 | 15430
74 | 380 | 5410 | 100430 | 95 110 | 75410 | 15435
75 | 380 | 5415 | 100440 | 96 110 | 75415 | 154740
76 | 380 | 5420 | 100450 | 97 110 | 7,5420 | 15445
77 | 380 | 545 | 100460 | 98 110 | 7545 | 15450
78 | 380 | 5-10 | 100470 | 99 110 | 75410 | 15+/55
79 | 380 | 5415 | 100480 | 100 | 110 | 7,54/15 | 15+j60
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