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O‘quv rejasi: J

8.5. Ketma-ket ulangan qarshilik, induktor va kondensator (RLC) zanjirining gadam

reaksiyasi.

8-Mavzu: Ikkinchi tartibli elektr zanjiri (davomi).

(8t Topic: Second-Order Circuit)

8.6. Parallel ulangan garshilik, induktor va kondensator (RLC) zanjirining gadam

reaksiyasi.
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8.5. Ketma-ket ulangan garshilik, induktor va

kondensator (RLC) zanjirining gadam reaksiyasi.

l
=0 X R L
} VWW—111 Qadamli reaksiya o‘zgarmas tok manbasini
+ birdan go‘llash orgali olinadi.
VS C=—= v _
— t > 0 uchun halga bo‘ylab KVL qo‘llanilsa,
L=+ Ri+u=U, (8.39)
8.8-rasm. Ketma-ket ulangan RLC . du
| =C—
zanjiriga bosgichli kuchlanishni dt
(8.39) tenglamadagi i ni o‘rniga gaytadan almashtiramiz
qo‘llash.
d’u  Rdu . u Usg
Photo source: [12] -Fundamentals of Electric Circuits, Charles K. Alexander ﬁ + Z dt + LC = LC (840)
and Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -
2013. —p 331.

Fundamentals of circuit theory © Yusupov Sarvarbek



o — = (8.40) — —to—+—=0  (84)

Koeffitsientlar bir xil (va bu chastota parametrlarini aniglashda muhim), lekin o‘zgaruvchi

boshgacha.
Demak, RLC ketma-ket ulangan zanjir uchun xarakteristik tenglamaga doimiy tok manbai
mavjudligi ta’sir gilmaydi.

(8.40) tenglamaning yechimi ikkita komponentdan iborat: vagtinchalik reaksiya u,(t) va barqaror

holatdagi reaksiya ug(t); ya’ni,

u(t) = ug(t) + ugs(t) (8.41)
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Vagtinchalik reaksiya u;(t) vaqt o‘tishi bilan o‘chib ketadigan umumiy reaksiyaning tarkibiy

qismidir.
Vagtinchalik reaksiya u;(t) yuqori so‘ndirilgan, quyi so‘ndirilgan va Kritik so‘ndirilgan holatlar

uchun:

u(t) = A{es1t + A,e52t (Yuqori so‘ndirilgan) (8.42a)
u(t) = (A4; + A,t)e™* (Kritik so‘ndirilgan) (8.42b)
u(t) = (A;coswyt + A,sinwgt)e 4t (Quyi so‘ndirilgan) (8.42c)

Stabil holatdagi reaksiya u(t) ning yakuniy giymati hisoblanadi.

8.8-rasmdagi zanjirda kondensator kuchlanishining yakuniy giymati manba kuchlanishi Us bilan

bir xil.
Uss(t) = u(o0) = Us (8.43)

Fundamentals of circuit theory © Yusupov Sarvarbek



quyidagilarni keltirishimiz mumkin:

Shunday qilib, yuqori, quyi va Kkritik so‘ndirilgan holatlar uchun to‘liq yechimlar sifatida

u(t) = Ug + Aje’1t + A,es2t (Yuqori so‘ndirilgan)  (8.44a)
u(t) = Ug + (A1 + A,t)e 4t (Kritik so‘ndirilgan)  (8.44b)
u(t) = Ug + (A coswyt + A,sinwgt)e %t (Quyi so‘ndirilgan) (8.44c)
A; va A, konstantalarining giymatlari dastlabki shartlardan olinadi: u(0) va du(0)/dt.

u va i mos ravishda kondensatordagi kuchlanish va induktor orgali o‘tadigan tok kuchidir.

Shuning uchun (8.44) tenglama fagat u ni topish uchun qo‘llaniladi.
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garshilik orgali bir xil tok bo‘lgan i = C du/dt ni aniglashimiz mumkin.

Lekin kondensator kuchlanishi u, = u ma’lum bo‘lgandan so‘ng, kondensator, induktor va

Demak, rezistordagi kuchlanish up = iR, induktiv kuchlanish esa u; = L di/dt ga teng.

Shu bilan bir gatorda, har ganday x(t) o‘zgaruvchisi uchun to‘liq reaksiyani bevosita topish

mumkin, chunki u umumiy shaklga ega.

x(t) = x55(t) + x¢(t) (8.49)

bu yerda: x,; = x(o0) yakuniy giymat va x;(t) vaqtinchalik reaksiyadir.
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8.5.1-masala: 8.9-rasmdagi zanjir uchun t > 0 bo‘lganda u(t) va i(t) toping.
R=50R=40vaR =11 holatlarni ko‘rib chiging.

R LH Yechish: 1-holat uchun R = 5 2 bo‘lganda, 1.t < 0,u(0) va i(0).
- duc _ - _ ic0n. 24
l — 2 £>0, du(0) 2 = e =1(0); i(0)=m=41‘1
24v () 025F v 1O a duc©® _i0) _ 4 _ qgV .
_ dt cC 025 s u(0)=i(0)-1=4V
3.t>0, a,w _R_5 _9c. _ .
0la=_=57=25 a > w, zanjirning tabiiy
1 1 i RIS
8.9-rasm. Wy = == T = 2. | reaksiyasi yuqori so‘ndirilgan.
4. u(t)=?,s1, yoki wg v.hk. || u(t) =Ug+ Aje’tt + Aye’2t; | s;p,=—a® ,/“2 —wi=-1; —4.
_ _ du
5 A, va A, =7 u(t) = 24 + Ae~t 4 A, et _20=A4, + 4, £>0,i(t) =ic(®) = o7
tenglamani differensiallaymiz. )16 = —A, — 44, d 4
u(t) = 24+ At + Ape™; dul®) i(t) = 0,25—[24 + - (—16e71t + e7#0] =
1 2 ! It = —Ale_t — 4‘A23_4t Al = _% aAZ — 4 ’ dt 3
— — : 3 4
t=0 - U,(O) = 24 + A1 + Az, du(o) ~ ., e — 0,25[5 (166_1t _ 48_4t)]
4=24+ A, + Ay; qr - e —4dqe
t=01 4 4
—20 = A4, + A;. 16— A — A u(t) = 24 + 3 (—16e7 1t + e~V i(t) = 3 (4e™ 1t — ) A
= —4A; — 44,
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8.5.1-masala: 8.9-rasmdagi zanjir uchun t > 0 bo‘lganda u(t) va i(t) toping.

R=50,R=402vaR =1/ holatlarni ko‘rib chiging.

R 1 H y Yechish: 1-holat uchun R = 4 2 bo‘lganda.
— AN\ i )
—— du ) )
i + 5 du(0) 2 = e =10

24V <+> 025F v 1o |2t % e duc(0) _ i(0) _ 48 _

— B dt C 0,25

2L 241

Lt _,

8.9-rasm. Wo =776 = VTo2s

4. u(t)=?, s, yoki wg v.h.k.

5. A1 va AZ =7

u(t) = 24 + (A, + A,t)e™ 2

t=0 - u(0) =24+ Ay;
4.8 = 24 + Ay;
~19,2 = 4,.

u(t) = Ug + (A1 + Ayt)e

=19,2-.
S

1.t < 0,u(0)vai(0).

(0) =2 — 484
T

u(0) =i(0)-1=48V

a = wg zanjirning tabily
reaksiyasi Kiritik so‘ndirilgan.

t=0 -

u(t) = 24 + (A, + A,t)e™ 2

tenglamani differensiallaymiz.
du(t)

dt
d
+e_2tE(A1 + Azt) =
- (—2A1 - ZtAZ + A2)8_2t

d
= (A; + Axt)—e™?t
(A, + Z)dte +

’ S10=—at /az—w§=—2.

t>0,i(t) =ic(t)=C

du

dt

d
i(t) = 0,25—[24 - 19,2(1 + )e™] =

19,2 = —24, + Ay;

A, = —-19,2;
Az = —19,2.

WO — _24, + A,;

= 0,25[—

d
19,2(1+t)— -2t
(1+ )dte +

d
+e? —(=19.2(1 + )] =
= 0,25[—19,2(1 + £)(—2)e~2t + ¢~2t(=19,2)]

u(t) =24-19,2(1+t)e 2L, v

i(t)=(4,8+9,6t)e %A
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8.5.1-masala: 8.9-rasmdagi zanjir uchun t > 0 bo‘lganda u(t) va i(t) toping.
R=50,R=40vaR =1 2 holatlarni ko‘rib chiging.

i 1-holat uchun R = 1 2 bo‘lganda. :
M_f_ Yechish: °0s= 1.t < 0, u(0) va i(0).
— S = i = i(0); 0 = 2
l i du(0) duc(0) i(0) 12 % i(0)=——=12A4
2. t O, . ¢ = = = — 1 1
B u =1 . =
3.6>0, @, wy | @ =5 =5==05;
Wy = 1 __ 1 _ 5 | a<wgzanjirning tabily
8.9-rasm. VLC V1025 reaksiyasi quyi so‘ndirilgan.

wWg = (4)2 — az =
4, U(t):?, 51’2 y0k| Wy v.h.K. u(t) = US + (Alcoswdt + AZSinwdt)e_“t- d " 0

~ )= /22 20,52 = 1,936; du
t>0,i(t) =ic(t) =C—
5.A,va A, =? t=0 1 dt
u(t) = 24 + (A1c051,936t + A,sin1,936t)e™"°¢; dl;(to) = (=0+1,9364;) = 0,5(41 + 0); i(¢) = 0,25%[24 + (21,694sin1,936t —
t=0->u(0)=24+4,> 12=24+4;, - 48 = 19364, — 0,54, —12c051,936t)e %5 — 19,2(1 + t)e~?%¢]
Ay = —12. Az = 21,694; i(t) = (3,1sin1,936t +
u(t) = 24 + (Ayc0s1,936t + A,sin1,936t)e %% | u(t) = 24 + (21, 694sin1, 936t — +12cos1,936t)e % A
tenglamani differensiallaymiz. —12cos1,936t)e %5t V; o

du(t) Kutilganidek,

—— = e70%(=1,9364,5in1,936¢ + 1,936c051,936¢) — 0,5¢ "% (4,051,936t + Azsin1,936t) i(0) = 12 A ekanligi ma’lum bo'ldi.
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: . . . . T - () V A
R giymatini oshirib, so‘ndirish darajasi
- - - 40 B
pasayadi va reaksiyalar farglanadi. - Quyi so‘ndirilgan
R LH o
VVVY UUU / -
_"‘i N - Kiritik so‘ndirilgan
24v () 025F == v 10 35 - / Q\f—
20 |-
8.9-rasm. 12 L

10 Yuqori so‘ndirilgan
Ushbu rasmdan biz kritik so‘ndirilgan
: : e 5
reaksiya 24 V ning gadam Kiritishiga eng
0 | | | | | I | |
tez yaginlashishini kuzatamiz. 0 1 2 3 4 5 6 7 8 t)(s)

- ‘ o [J [ J - -
Photo source: [13] -Fundamentals of Electric Circuits, Charles K. Alexander and 8 10 rasm. SO lldll’lShlllIl-g UChta dara-l alarl
Matthew N. O. Sadiku / 5th edition, the McGraw-Hill Companies, Inc., -2013. — p 336. UChU N reak5|yalar_
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8.6. Parallel ulangan garshilik, induktor va

RLC elementlari zanjirda parallel ulanganligini hisobga olib, zanjirda o‘zgarmas tok birdaniga

kondensator (RLC) zanjirining gadam reaksiyasi.

qo‘lanilishi tufayli i ni topish uchun t > 0 holatda tugunlarga KCL go‘llaymiz,

. d
S+ i+ C = (8.46)
l i Lekin, u=LZ
dt
+
I [ = 0._>2 R I c == » (8.46) tenglamadagi u ni o‘rniga qo‘yib, LC ga bo‘lamiz.

ai 1di i I
dt2 T RC dt T LC LC (8.47)

8.11-rasm. Parallel RLC zanjiri bilan tok

manbaini qo‘llanilishi.
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Iborat; ya’ni,

(8.47) tenglamaning yechimi vagtinchalik reaksiya i;(t) va barqgaror holatdagi reaksiya i (t) dan

i(t) =i.(t) +i,(t) (8.48)
Vagtinchalik reaksiya oldingi bo‘limda ko‘rib chigganimiz bilan bir xil. Bargaror holat reaksiya i

ning yakuniy giymati hisoblanadi. 8.11-rasmdagi zanjirda induktor orgali tok kuchining yakuniy

qiymati manba toki I bilan bir xil. Shunday qilib,

i(t) =Ig + AjeS1t + A,eS2t (Yuqori so‘ndirilgan) (8.49a)
i(t) =1+ (A + A, t)e™ % (Kritik so‘ndirilgan) (8.49b)
i(t) =I5 + (Ajcoswgyt + A,sinw t)e %t (Quyi so‘ndirilgan) (8.49¢)
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(8.49) tenglama fagat induktor toki i ni topish uchun amal giladi.

Har bir holatda A; va A, konstantalarini i va di/dt uchun dastlabki shartlardan aniglash mumkin.

Ammo Induktor toki i; = i ma’lum bo‘lgach, induktor, kondensator va rezistorlardan o‘tuvchi bir

Xil kuchlanish u = L di/dt ni topishimiz mumkin.
Demak, rezistordan o‘tuvchi tok i, = u/R, kondensator toki esa i = C du/dt.

Shu bilan bir gatorda, har ganday o‘zgaruvchi x(t) uchun to‘liq reaksiyani bevosita topish
mumkin.
x(t) = xs(t) + x4 (t) (8.50)

bu yerda: x¢ va x; lar mos ravishda uning yakuniy giymat va vaqgtinchalik reaksiyadir.
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8.6.1-masala: 8.12-rasmdagi zanjir t > 0 bo‘lganda i(t) va ir (t) toping.

;=04 200 Yechish: 1.t <0,u(0) vai(0).
| . W u-H=1 <0 - s
lf l{’e s =0, t>0 l_" T i(0)=4A
A (’) 20H 20Q 8 mF v 30u(-1) V \ 1 0 A 2w 2on§ 8 mF Z 30u(-1) V
- u(0) = (30) =15V
L <0 t>0 20 + 20
. di(0) di(0) wu(0) 15
- di(0) _ _ _ Ao —
8.12-rasm. 26>0, 7= | WO =L=gm == == =5=075 a > wy zanjiming
3.t>0, a,wy, S _ 2020 _ : _ 1 1 _ _ _ 1 _ 1 _ tabiiy reaksiyasi yuqori
0212 | Rum = 3550 = 104% a = om = o0 = 6,25; Wo = 72 = oogoms — 40 so‘ndirilgan.
S12 = —a /az —w§ =625+ \/6,252 — 2,52 =—-6,25 +5,7282; s, =-11,978; s, =—0,5218.
di
4. 1(0)=? | () =I5+ Arerf + Ae%2h A I =44 d—; = —11,9784,e 11978t — 0,52184,e~05218¢;

, i(t) dan
5.A;va A, =2 i(t) = 4 _I_Ale—11,978t +Aze—0,5218t;A t=0 - d;(f) = —11,9784; — 0,5218A4,; u(t) = LZ—i ni
t=0 - i(O) =4 =4+A,+A,; A, = —A4 0,75 = (11,978 _ 0,5218)A2 — A, =0,0655 topamiz.

i(t) = 4 + A,e 11978t 4 4 o—0.5218t, p A; = —-0,0655 () = u(t) _ L di _
' ' ' ' 20  20dt
i(t) ning hosila olamiz.. i(t) =4 +0, 0655(6_0'5218t _ e—11,978t); A — 0,785e 11978t _ () 0342¢-05218t 4
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