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9-Mavzu: O‘zgaruvchan tok zanjiri. Sinusoidlar va fazalar (davomi).

(9t Topic: AC Circuit. Sinusoids and Phasors.)
O‘quv rejasi: J

9.5. Qarshilik va o‘tkazuvchanlik (impidance and admittance).

9.6. Chastotalar sohasida Kirxgof gonunlari.
9.7. Qarshilik kombinatsiyalari.
9.8. Qo‘llanilishi.
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9.7. Qarshilik kombinatsiyalari.

ogadi. Kontur bo‘ylab KVLni qo‘llaymiz.

N ta ketma-ket ulangan impidenslarni ko‘rib chigaylik. Xuddi shu tok kuchi I impidenslar orgali

Kirish terminalidagi impidensning ekvivalenti quyidagicha aniglanadi.

I Z, Z, Zy U
L —L_h Zum=ZBq=7=Zl+Zz+---+ZN
Vl VZ VN
Vi@ yoki,
|—>
Zl ketma-ket bog‘langan Impidenslarning umumiy yoki

eq
9.17-rasm. Ketma-ket ulangan N ta impidenslar.  ekvivalent impidensi individual impidenslarning yig‘indisi

Photo source: [18] -Fundamentals of Electric Circuits, Charles K. Alexander . e . . .
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., - ekanl |g|n| kO rsatadl.

2013. -p 390.
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Bu qarshiliklarning ketma-ket ulanishiga o‘xshaydi.

N=2 bo‘lsa, impedanslar orqgali to kuchi quyidagicha hisoblanadi.

—Il- Zl U
I = (9.60)
Z1+Z,
ty -
+ .

V+ v,| |z, Shunday qilib, U; = Z;I va U, = Z,I, u holda

- = kuchlanishni bo‘linish goidasi quyidagicha yoziladi.

9.18-rasm. Kuchlanishni bo‘linishi. U, = Lo | U, = 2 . (9.61)

Z1+Z, Z1+7Z5

Photo source: [19] -Fundamentals of Electric Circuits, Charles K. Alexander
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 391.
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N ta parallel ulangan impidensning ekvivalent impidensini olishimiz mumkin.

Har bir impidensdagi kuchlanish bir xil.

Tugunda KCL ni qo*llaymiz, I=Li+L++Iy=U(;-+-+-+—) (962
; Z, I Zy
------- — Kirish terminalidagi impidensning ekvivalenti
i [y o
quyidagicha aniqglanadi.
1 C*) \Y Z, 7, Zy
1 1 I 1 1 1
|—>— a—z—eq—a—z—l+z—2+”'+a (963)
I . : :
Ze, Ekvivalent admittensi esa,
9.19-rasm. Parallel ulangan N ta impidenslar. Y, = qu =YV, +Yy+ -+ Yy (9.64)

Photo source: [19] -Fundamentals of Electric Circuits, Charles K. Alexander

and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 391.
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N=2 bo‘lsa, ekvivalent impidens aylanadi.

111 747
Zum = Yum Y1+Y2 %+%  Z1+Z, (9.65)
Shunday qlllb, U = ZumI — 1121 — 12Z2
Impidenslardagi tok kuchilarining bo‘linish qoidasi
' lll\ B idagicha yoziladi
quyidagicha yoziladi.

I (*) \Y% Z A Z,

9.20-rasm. Tok kuchini bo‘linishi. Iy =Z——-1 Iy =7—71 (9.66)
1 2 1 2
Photo source: [19] -Fundamentals of Electric Circuits, Charles K. Alexander

and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 391.
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Rezistorli zanjirlarga qo‘llagan delta-to-wye va wye-to-delta transformatsiyalari impidenslar

uchun ham amal giladi. o
Y — A konvertatsiyasi:

| ZyZy+ ZyZ3 + Z3Z,

7, = zlzz+zZ3+Z3z1 (9.67)
Z1Zo + Z2Z5+ 737,
Z, = -
3

A —Y konvertatsiyasi:

A
Z1 —
C Zo+Zy+Z,
i _ ZcZg
9.21-rasm. Y va A gatlamli tarmog]lar. Z2 =747 (9.68)
ZaZb
Photo source: [20] -Fundamentals of Electric Circuits, Charles K. Alexander Z3 =
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., - Za + Zb + Zc
2013. —p 392.
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A yoki Y zanjiri, agar u uchta tarmoqda teng impidenslarga ega bo‘lsa, muvozanatli deyiladi.

A -Y zanjir muvozanatlanganda (9.67) va (9.68) tenglamalar quyidagicha bo‘ladi.

Zy=3Zy yoki, Zy=-Z, (9.69)

bU yerda ZY — Zl —_ Zz —_ Zg Va.ZA —_ Za —_ Zb — ZC'

O‘zgaruvchan tok zanjirlari uchun kuchlanishni bo‘linishi, tok kuchini bo‘linishi, zanjirni

gisqgartirish, impidens ekvivalenti va transformatsiya tamoyillari tahlil gilindi.
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9.7.1-masala: 9.22-rasmdagi zanjirning kirish impidensini toping. Faraz gilaylik, zanjir
‘ w = 50 rad/s da ishlaydi.

2 mF 02 H Yechish: Zanjir elementlarini chastota sohasiga
o— o‘tkazib olamiz.
Zi—n> %“2 8 Q) Zl:j;c':jso-zl-m-f_jlw
) —— 10 mF zz=3+j(‘)i6:3+j50_10_10_3=(3—j2)n
9 22-rasm. Z3 =8+ jwL =8+j50-0,2 = (8 +j10) 2
Kiruvchi impidens,
Zin = Z4 + Z,||Z5 = —j10 + (3-/2)(8+j10) —j10 + (44 +/19A1 - j8) _ —j10 + 3,22 — j1,07 0

11+ /8 112 + 82

Z;, =3,22—j11,07 2
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9.8. Qo‘llanilishi.

zanjrlar ham o‘zgaruvchan toklarda ishlatiladi.

O‘zgarmas tok sharoitlarida RC, RL va RLC zanjirlaridan foydalanishni ko‘rib chiqdik. Bu

Ularning o‘zaro ulanish tartiblari, fazani o‘zgartirish zanjirlari, filtrlar, rezonans zanjirlar,

o‘zgaruvchan tok ko‘prigi zanjirlari va transformatorlarda mavjud hisoblanadi.
Quyida ikkita holatlarni ko‘rib chigamiz:

» RC fazasini o‘zgartirish zanjirlart;

» O‘zgaruvchan tok ko‘prigi zanjirlari.
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9.8.1. Faza o‘zgartirgichlar.

S | Fazani o‘zgartirish zanjiri  ko‘pincha zanjirga Kkiruvchi faza
+
. +V almashinuvini tuzatish yoki maxsus kerakli effektlarni yaratish uchun
‘], o
- — ishlatiladi.
O
a) Y?takCh' chiqish; RC zanjiri bu magsad uchun mos keladi, chunki uning sig‘imi
— R . . - . . .
O———AMA——— qo‘llaniladigan kuchlanishni zanjir tok kuchiga olib keladi.
.
N
Vi T % Ikkita ko‘p ishlatiladigan RC zanjiri 9.22-rasmda

b)%rtda goladigan chigish. ko‘rsatilgan (RL zanjirlari yoki har ganday reaktiv

9.23-rasm. Ketma-ket ulangan RC faza  zanjirlar ham xuddi shu magsadga xizmat qilishi

‘ [ J [J - - -
o‘zgartirgich zanjiri: ,
5 5 J mumkin).
Photo source: [21] -Fundamentals of Electric Circuits, Charles K. Alexander
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 396.
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— zanjirdagi tok kuchi I go‘llaniladigan kuchlanish U;, ni ba’zi bir faza
| o . : : :
+ N burchagi 8 bilan olib boradi, bu yerda 0 < 8 < 90°, R va C giymatlariga
V, R>YV, bogiliq.
o Agar X, = —1/wC bo‘lsa, u holda umumiy impidens Z = R + jX,
a) yetakchi chiqgish; bo‘ladi va fazaning siljishi quyidagicha hisoblanadi:
0 = tan‘l% (9.70)

Bu shuni ko‘rsatadiki, faza almashinuvi miqdori R, C va ish chastotasi qiymatlariga bog°‘liq.
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Rezistor bo‘ylab chigish kuchlanishi U, tok kuchi bilan fazada bo‘lgani uchun, 9.24-rasm, a da

ko‘rsatilganidek, Uy U; dan oldinda boradi (musbat faza siljishi).

9.24-rasm, b da chigish kondensator bo‘ylab olinadi.

| - U;dan @ ga oldinda boradi. Cdagi u,(t) wu;(t) dan kechikadi.
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a) oldinga chiqish, b) kechikish bilan chiqish.
9.24-rasm. RC davrlarida faza siljishi.

Photo source: [21] -Fundamentals of Electric Circuits, Charles K. Alexander and Matthew N.
0. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -2013. — p 396.
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9.8.1-masala: 90° yetakchi fazani ta’minlash uchun RC zanjirini loyihalang.

~j20 Q —20 Q - -
o / I Vi / I 5 YeChISh. R = |XC| =20 02;
N I ] L ¥
=tan"1=> = tan™! 0 = 45°
V. 20 Q § 2OQ§ s 0 = tan R 0=tan""1-
° ~ ‘ Z = 20(|20 — j20y = 22207720 o g
, = 20[[(20 —j20) = 20-720 J
9.25-rasm. Kuchlanishni bo‘linish goidasi,
e __Z =220ty V2 4c0p,
— 1= 7520 U; = Y Ui =3 £45°U; (9.8.1)
N [ Va
. + 20 _ V2 o
Oldinda — v, REY, Uo = 55=570 Ui =5 445°U; (9.8.2)
o (9.8.1) tenglamani (9.8.2) tenglamaning hadlari o‘rniga qo‘yamiz.
I R \/_

p— 2 V2 1

O———MMN——— e o) (V2 orr | _ * °

N ) U0—<3445)<3445Ui>—349oui
Ortda — v, cC=FV,

~ - Shunday qilib, chigish kirishni 90° ga oldinda boradi, lekin uning kattaligi kirishning

o atigi 33 foizini tashkil giladi.
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ko‘prigi zanjiridan foydalaniladi.

9.8.2. AC ko ‘priklar.

Induktor L ning induktivligini yoki kondansator C ning sig‘imini o‘Ichashda o‘zgaruvchan tok

U noma’lum garshilikni o‘lchash uchun Wheatstone ko‘prigiga o‘xshash va xuddi shu prinsipga

amal giladi.

L va C ni o‘lchash uchun galvanometr o‘rniga o‘zgaruvchan tok manbal va o‘zgaruvchan tok

o‘Ichagich kerak bo‘ladi.

O‘zgaruvchan tok o‘lchagich sezgir o‘zgaruvchan tok ampermetri yoki voltmetr bo‘lishi mumkin.
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9.26-rasmda ko‘rsatilgan umumiy o‘zgaruvchan tok ko‘prigi zanjirini ko‘rib chigaylik.

Hisoblagich orqali tok kuchi o‘tmasa, ko‘prik muvozanatlanadi. Bu shuni anglatadiki U; = U,.

Z, Z,
- -
Z2 V[ V2 Z\

Kuchlanishni bo‘linish goidasini qo‘llash,

Demak,

9.26-rasm. Umumiy o‘zgaruvchan tok ko‘prigi.

Photo source: [22] -Fundamentals of Electric Circuits, Charles K. Alexander
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 399.
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2y _ _ Zx
1= 74z, Us,=U U (9.71)

27 Za4Z, S

Zp,  Zyx
Z1+Z, Z3+Z,y

— Zng — lex (972)
yokKi,

(9.73)
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tenglama (4.30) ga o‘xshaydi, bundan tashgari R lar Z bilan almashtiriladi.

Bu o‘zgaruvchan tok ko‘prigi uchun muvozanatli tenglama bo‘lib, qarshilik ko‘prigi uchun

__R3

R. =
X 7 Ry

R, (4.30)

L va C ni o‘lchash uchun maxsus o‘zgaruvchan ko‘priklar 9.27-rasmda ko‘rsatilgan, bu yerda L,
va C, o‘lchanadigan noma’lum Indukiv va sig‘im, L, va C, esa standart induktiv va sig‘imdir

(ularning giymatlari katta aniglik bilan ma’lum).

Har bir holatda, ikkita rezistor, R, va R, o‘zgaruvchan tok o‘lchagich nolga teng bo‘lguncha

o‘zgaradi. Keyin ko‘prik muvozanatlanadi. (9.73) tenglamadan biz quyidagini olamiz.

Lx — _LS (974) Va Cx — _LCS (975)
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9.27-rasmdagl  o‘zgaruvchan  tok
ko‘priklarini muvozanatlash o‘zgaruvchan
tok manbasining f chastotasiga bog‘liq
emas, chunki f (9.74) va (9.75)

©. © tenglamalardagi munosabatlarda

a) L o‘Ichash uchun; b) C o‘lchash uchun. ko‘rinmaydi.

9.27-rasm. Maxsus o‘zgaruvchan tok ko‘prigi:

Photo source: [22] -Fundamentals of Electric Circuits, Charles K. Alexander and
Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -2013. — p 399.
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TEKSHIRISH UCHUN SAVOLLAR!

9.1. Quyidagilardan qaysi biri sinusoid A cos wt ni ifodalashning to‘g‘ri usuli emas? 9.8. 9.28-rasmdagi chjqigh kuchlanishi uo(t) qaysi chastotada kirish
A) A cos 2 ft. B) A cos(2m t/T). kuchlanishiga u(t) teng bo‘ladi?
C) A cos w(t—=T). D) 4 sin(wt — 90°). A) 0 rad/s. B)1 rad/.S. . . C)4 rad/s.

D) rad/s. E) yugoridagilarning hech biri.

9.2. Belgilangan oraliglardan keyin takrorlanadigan funksiya deyiladi: 1Q

A) faza. B) garmonik. C) davriy. D) reaktiv. W
+

9.3. Ushbu chastotalarning gaysi birining davri gisgaroq? v(t) C:) TH % (1)
A) 1 krad/s. B) 1 kHz. -

9.4. Agar u; =30sin(wt+10°) va u, = 20sin(wt +50°) bo‘lsa, ushbu 9.28-rasm.
bayonotlarning gaysi biri to‘g‘ri?
A) u; u, dan oldinda. A) uz u, dan oldinda. 9.9. Ketma-ket RC zanjiri |Uz| = 12V va |U;| =5V ga ega. Ta’minot
B) u; u, dan ortda. C) u, u, dan ortda. kuchlanishining kattaligi:
D) uyvau, fazada. A)-7V. B) 7 V. C) 13 V. D) 17 V.

9.5. Induktordagi kuchlanish tok kuchini 90° ga olib boradi. 9.10. Ketma-ket RCL zanjiri R = 30 2, X, = 50 2 va X; = 90 2 ga ega.
A) To*g'ri. B) Xato. Zanjirning impidensi:

_ _ S A) 30+ ;140 0. B) 30 + ;40 0.

9.6 Impidansning hayoliy gismi deyiladi: C) 30 — j40 (. D) —30 — j40 .
A) resistance. B) admittance. E) —30 + j40 .
C) susceptance. D) conductance. E) reactance.

9.7 Kondensatorning empedansi chastotaning ortishi bilan ortadi.
A) To‘g‘ri. B) Xato.
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