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7-Mavzu: Birinchi tartibli elektr zanjiri (davomi).
(7t Topic: First-Order Circuit)

O‘quv rejasi: J

7.5. RC zanjirining gadamli reaksiyasi.

7.6. RL zanjirining gadamli reaksiyasi.
7.7. Birinchi tartibli operatsion kuchaytirgich zanjirlari.
7.8. Qo‘llanilishi.
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7.7. Birinchi tartibli operatsion kuchaytirgich zanjirlari.

Saglash elementini 0‘z ichiga olgan operatsion kuchaytirgich zanjiri birinchi tartibli elektr

zanjirlarini hosil giladi.

Differensiallar va integratorlar birinchi tartibli operatsion kuchaytirgich zanjirlariga misol bo‘la

oladi. Differentiator Op-amp Integrator Op-amp
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qo‘llanilmaydi.

Shuningdek, ba’zi sabablarga ko‘ra, induktorlar operatsion kuchaytirgich zanjirlarida deyarli

Shuning uchun biz bu yerda RC turidagi operatsion kuchaytirgich zanjirilarini ko‘rib chigamiz.

I,
Odatdagidek, biz tugun

tahlili yordamida operatsion
kuchaytirgich zanjirlarini

tahlil gilamiz.

1)UA=UBIV 3)IA+IB:/—'Ic,A
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Quyidagi uchta misol ko‘rsatiladi.

Birinchisi, manbasiz operatsion Tevenin ekvivalent zanjirini hosil gilish bilan
kuchaytirgich zanjiri bilan bog‘liq, operatsion  kuchaytirgich  zanjirini  qulay

Qolgan ikkitasi esa gadamli reaksiyalarni boshgarish mumkin bo‘lgan zanjirga gisqartirish

Imkonini beradi.

0°z ichiga oladi.

Uchta misol, kondensatorning operatsion Ren
kuchaytirgichga nisbatan  joylashishiga y
qarab, barcha mumkin bo‘lgan RC turlarini Y
gamrab olish uchun ehtiyotkorlik bilan
tanlangan. Photo source: [18] -ttps://www.cpp.edu/~elab/projects/project 08/images/Thevenin-1.gif
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7.7.1-masala: 7.34-rasm, a dagi operatsion kuchaytirgich zanjiri uchun
u(0) = 3 V ekanligini hisobga olgan holda ¢t > 0 uchun u, ni toping.

R =80 k2, Ry = 20 k2 va C = 5 uF bo‘lsin.

Yechish:
R¢ 80 kQ 80 kQ
s e 0—uq du
1 £ 1 c . 1A 1-tugun KCL: 14 = CE
% = 1
Lo s —o—D
+ v - + + 3V - & +, - Ut — U = U u=0
Ry § y, 20kQ § b (07 20kQ § : 1 2 ’ 2
- - = u—0=u U =u
O O O
a) b) c) L S
7.34-rasm. dt CR;

2 va 3 tugunlari bir xil potentsialga ega.

u(t) =3e10t | u(0) =3 =10, 1=20-103-5-10"°=0,1.

2-tugundagi potensial nolga teng. N o
2-tugun KCL.: C— = ug = —R¢C T
L _ dt Ry
u(t) = Upe T=R,C

ug = —80-103-5-107%(-30e71%) = 12710t p, t>0

U, - kondensatordagi dastlabki kuchlanish
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7.8. Qo‘llanilishi.

ragamli alogada bartaraf gilish zanjirlarini, differensiatorlar, integratorlar, kechikish zanjirlari va rele

RC va RL zanjirlari go‘llaniladigan turli xil qurilmalarga o‘zgarmas tok manbalarida filtrlash,

zanjirlari kiradi.

Bularning ba’zilari RC yoki RL zanjirlarining qisga yoki uzoq muddatli konstantalaridan

foydalanadi.

Bu yerda biz to‘rtta oddiy dasturni ko‘rib chigamiz.

Birinchi ikkitasi RC zanjirlari, keyingilari RL zanjirlari.
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Kechikish zanjirlari. RC zanjiri turli vagt kechikishlarini ta’minlash uchun ishlatilishi mumkin.

Kuchlanish manbai chirogni yogish uchun yetarli kuchlanishni ta’minlaydi.
Kalit yopilganda, kondensator kuchlanishi zanjirning vagt doimiysi (R, + R,)C bilan
belgilanadigan tezlikda asta-sekin 110 V ga oshadi.

Chirog kuchlanish 70 V ga oshmaguncha yorug‘lik chigarmaydi.

R S R, Chirogni har safar vagt doimiysida 7 =
l /o %
T (R{ + R,)C  qayta zaryadlash va gayta
+ 70V
110V — &= 01 jF G Neon yogishimiz mumkin.
- lampas . Lampochka
T vagtida
Uc < Uc >
7.35-rasm. RC kechikish zanjiri. o“chirish yogish
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Yo‘l qurilish maydonchalarida tez-tez uchraydigan ogohlantirish miltillovchilari bunday RC

kechikish zanjirining foydaliligiga misol bo‘la oladi.

Photo source: [23] -
https://www.guardiancouplings.com/-
/media/Images/Corporate/Market/Category-
Images/Mobile-Off-Highway/app-mobile-signs-
lights.ashx?h=615&la=en&w=9738&hash=6612EF5
3429DC41B659B49371AA81AAD49ESABIOD

7.36-rasm. Yo¢l qurilish maydonchalaridagi miltillovchi chiroglar.
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o 7.8.1-masala: 7.35-rasmdagi zanjirni ko‘rib chigingva R, = 1,5MN, 0 < R, < 2,5 M)

deb faraz giling. a) Zanjirning vaqt konstantasining ekstremal chegaralarini hisoblang.

b) Kalit yopilgandan keyin birinchi marta chiroq gancha vagt yonadi? R, eng katta

giymatini gabul gilaylik.

Yechish: | a) R, ning eng kichik giymati 0 2 va zanjir uchun mos keladigan vaqt

R S kK doimiysi:
MW o
o T=(Ry+R;)C =(1,5-10°+0)-0,1- 1074=0,15s
+
1OV == C == 0.1 uF C Neon _ _ _ . _ L
- lampasi R, ning eng katta giymati 2,5 M2 va zanjir uchun mos keladigan vaqt doimiysi:
t=(R{+R,)C =(1,5 +2,5)-10°-0,1-106=0,4s
7.35-rasm. RC kechikish zanjiri. _ _to _to 11
yoKi, e © = — e ©=—
b) u.(0) =0, esa u.(o0) = 110. Lekin, o _ o
¢ t Har ikki tomonning natural logarifmini olsak,
t) = + 0) — T=110[1—-e€e ' 11
bu yerda: T = 0,4 s. Chirog u, = 70 V kuchlanishda yonadi.
to i topishning umumiy formulasi:
Agar u.(t) =70V t = t, dabo‘lsa, u holda —u(o0)
to =71iln
B _to 7 _to u(to) — u(eo)
70=110[1—-e r] - n-l-er Chiroq, agar u(t,) < u(o) bo‘lsa, har t, soniyada gayta-gayta yonadi.
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Photoflash birligi. Elektron flesh birligi RC zanjirining umumiy misolini beradi.

Ushbu dastur kondensatorning kuchlanishdagi har ganday keskin o‘zgarishlarga qarshi turish

qobiliyatidan foydalanadi.

R : U asosan yuqori kuchlanishli o‘zgarmas tok manbai, tok
I
VWA —0 >¢, lf- kuchini cheklovchi yuqori R; rezistor va past R, rezistor
2

+ chirog‘i bilan parallel ravishda kondensator C dan iborat.
l

O R, “T

Kalit 1-holatda bo‘lsa, kondensator uzog vaqt doimiyligi

71 = R, C tufayli sekin zaryadlanadi.

7.37-rasm.
1-holatda sekin zaryadlashni va 2-holatda esa tez zaryadsizlanishni
ta’minlaydigan miltillovchi qurilma uchun zanjir.
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Kondensator kuchlanishi asta-sekin noldan U, gacha ko‘tariladi, uning tok

kuchi esa I; = Ug /R4 dan nolga asta-sekin kamayadi.

Zaryadlash vaqti doimiy vagtdan taxminan besh marta ko‘p talab etiladi.
k . Lzaryad = 5R1C (7.64)
a) ’ Kalit 2-holatda bo‘Isa, kondensator kuchlanishi razryadlanadi.
1““ Qisga vagt ichida cho‘qqisi I, = U, /R, bo‘lgan yuqori razryadlanish tokiga imkon beradi.
\ Razaryadlanish doimiy vagtdan taxminan besh baravar tez sodir bo‘ladi.
0 >
[ Lrazryadlanish = 5R,C (7.65)
= 3
0l i 7.38-rasm.

a) kondensator kuchlanishini sekin zaryadlanishi va tez razryadlanishi,
b) kondensatordagi tok kuchini sekin zaryadlanish toki I; = Ug /R, va yuqori razryadlanish toki I, = U /R,.
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Shunday qilib, 7.37-rasmdagi oddiy RC zanjiri gisga muddatli, yuqgori tok pulsini ta’minlaydi.

Bunday zanjir nugtali (kontaktli) elektr payvandlashda va radar uzatuvchi trubkasida ham

qo‘llaniladi (7.39-rasm).

R, 1
>4, ‘ i
2
+
v C=— v
\) RE B
7.39-rasm. Nugtali (kontaktli) elektr payvandlash qurilmasi.
7.37-rasm.
Photo source: [24] - Photo source: [25] - https://www.twi-
https://www.wcwelding.com/images/chicag global.com/image-library/hero/spot-welding-
o-electric-spot-welder.jpg istock-1137289766.jpg
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7.8.2-masala: Elektron miltillovchi tokni cheklovchi 6 € garshilik va 2000 pF
elektrolitik kondensator 240 V da zaryadlangan. Chiroq garshiligi 12 Q bo‘lsa,

quyidagilarni toping.

b) Zaryadlanish vaqtini hisoblaymiz.
tzaryad = S5R1€ =5-6-10%-2000-107% = 60 s = 1 minut

Yechish:

a) Maksimal zaryadlash tok kuchi.
U, 240

I{ =—= z =40 mA
Ry 6-10 d) Saglangan energiya.
1 1 ~
¢) Maksimal razryadlanish tok kuchi. W= ECUE =5-2000-10 ©.240°=57,6]
I = U _ 240 — 20 mA
2R, 12 _°™
e) Kondensatorda saqlanadigan energiya razryadlanish davrida Shunday qilib, sarflanadigan o‘rtacha quvvat.
hir ‘yl rgaladi. w 57,6
chirog bo‘ylab targaladi Py p = _ 480Vt
trazryadianish = dR2C =5-12-2000-10"" = 0,12 s trazryadianish 0,12
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tomonidan boshqgaruvchi kalitni ochish yoki yopish uchun ishlatiladigan elektromagnit qurilmadir.

Rele zanjirlari. Magnit bilan boshqgariladigan kalitga rele deyiladi. Rele asosan boshqa zanjirlar

S; kalit yopilganda, galtak zanjiri quvvatlanadi.

G altak tok kuchi asta-sekin o‘sib boradi va magnit maydonini hosil giladi.

T S/G T Sy Natijada magnit maydon boshga zanjirdagi
; /__‘\‘\_ Magnit harakatlanuvchi kontaktni tortib oladi va S,
o ™ " alitini yopish uchun yetarlicha kuchli bo‘ladi.
v L 2:; Galtak .
§:> Bu vagtda rele tortilgan deb garaladi. S; va S,
2) \“’“‘/ b) kalitlarining yopilishi orasidagi vaqt oralig‘i t
7.40-rasm. Rele zanyjiri. releni kechikish vaqti deb ataladi.
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7.8.3-masala: Muayyan rele g‘altagi 12 V batareya bilan ishlaydi. Galtakning
garshiligi 150 Q va induktivligi 30 mH va tortish uchun zarur bo‘lgan tok 50 mA

bo‘lsa, rele kechikish vagtini hisoblang.

Yechish: G“altak orqali o‘tadigan tok kuchi quyidagi bilan aniglanadi.
t
i(t) = i(0) +[i(0) — i(0)]e =

i(0) =0, i(0)==2=80mA: 1=2=%= 30107% _ 32 ms Ikkala tomonning natural logarifmini olsak,
150 R 150

8 8
, _tq t;=tln-=0,2ln-ms =0,1962ms
i(t) = 80[1 — e 7 lma Agar, i(ty) = 50 mA bo‘lsa, 3 3

tg c tg Shu bilan bir gatorda, biz t; ni quyidagi
50=80[1—er — -—=1—-e = _ . .
8 yordamida topishimiz mumkin.
yokKi,
t t y —7

"ilty) — i(o)
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Avtomobilni o¢t oldirish tizimi. Induktorlarning tok kuchi tez o‘zgarishiga garshi turish gobiliyati

ularni yoy yoki uchqun hosil gilish uchun foydali qgiladi. Avtomobilni o‘t oldirish tizimi bu

Xusustyatdan foydalanadi. Avtomobilning benzinli dvigateli har bir silindrdagi yogilg‘i-havo

aralashmasini o‘z vagtida yoqishni talab giladi.

_ Bunga asosan havo bo‘shlig‘i bilan ajratilgan
l f O‘t oldirish

shami bir juft elektroddan iborat bo‘lgan o‘t oldirish

V, = v L i shami orgali erishiladi.

«— Havoli tirgish

7.41-rasm. Avtomobil o¢t oldirish tizimining elektr zanjiri.

Fundamentals of circuit theory © Yusupov Sarvarbek



Elektrodlar o‘rtasida katta kuchlanishni hosil qilib, havo

bo‘shlig‘ida uchqun hosil bo‘ladi va shu bilan yoqilg‘ini yogadi.

Ammo atigi 12 V kuchlanishni ta’minlaydigan avtomobil

akkumulyatoridan bunday katta kuchlanishni ganday olish

Photo source: [26] - .
https://thumbs.gfycat.com/WhiteOpenDogwoodtwigborer-max-1mb.gif m u m kl n?

e Bunga induktor (uchqun galtagi) L orgali erishiladi.

Induktordagi kuchlanish u = L di/dt bo‘lgani uchun, biz

___________________________________________________________ juda gisga vaqgt ichida tok kichining katta o‘zgarishini yaratib,

High Valiage is then irarslered loen the distributor 10 the spark
plug berminal vin & high tension cable. A vollsgo diflerenos i3
generaled Bstagan B cieiral slecirods and ground alectrode,

di/dt ni katta gilishimiz mumkin.

Photo source: [27] -
https://thumbs.gfycat.com/SlipperyShinyBedbug-max-1mb.gif
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O‘t oldirish kaliti berkilganda, induktor orgali

l Ot oldirish _ . . :
‘ Sﬁanz?s tok kuchi asta-sekin o‘sib boradi va i = U,/R

o~
(|
g
["'-q

ning yakuniy giymatiga yetadi, bu yerda U =

- 11[’.._ Havoli tirgish 12 /.

Elektr janjirining vagt konstantasi induktorni zaryad qilish uchun besh baravar ko‘p vaqgt kerak
bo‘ladi (t = L/R),

L
Lzaryad = SE (7.66)
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7.8.4-masala: Qarshiligi 4 © va induktivligi 6 mH bo‘lgan solenoid 7.41-rasmdagiga o‘xshash

avtomobil o‘t oldirish tizimida ishlatiladi. Agar batareya 12 V quvvat bersa, quyidagilarni aniqlang:

kalit yopilganda solenoid orgali o‘tadigan oxirgi tok kuchi, g‘altakda saglanadigan energiya va havo

bo‘shlig‘idagi kuchlanish, kalitni ochish uchun 1 us kerak bo‘ladi deb tasavvur qgiling.

R _ :
\—'\/\/W Yechish: G altak orgali o‘tuvchi so‘ngi tok kuchi,
‘ l O‘t oldirish I Us 12
+ shami “R 4
Vi — v L g G‘altakda saglangan energiya,

«— Havoli tirgish

1 2 1 -3 2
W=5LI?=2-6-107-32=27mJ

Bo‘shligdagi kuchlanish,

7.41-rasm. Avtomobil o‘t oldirish

Al
U=L—=6-1073. =18 kV

tizimining elektr zanjiri. At 1-10°6
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TEKSHIRISH UCHUN SAVOLLAR!

7.1.RC sxemasi R = 2 2 vaC = 4 F gaega. Vaqt doimiysi:
A)0,5s. B)2s. C)4s. D) 8s. E) 15s.

7.2.RL sxemasi R = 2 2 va L = 4 H ga ega. Vaqgt doimiysi:
A)05s.  B)2s. C)4s. D) 8s. E) 15s.

7.3. R=20 va C =4F bo‘lgan RC zanjiridagi kondensator zaryadlanmoqda.
Kondensator kuchlanishining bargaror holat giymatining 63,2 foiziga yetishi
uchun zarur bo‘lgan vaqt:

A) 2s. B)4s. C) 8s. D) 16s. E) hech gaysisi.

7.4. RL zanjirida R = 2 2 va L = 4 H bo‘ladi. Induktor tok kuchi uning bargaror
holat gqiymatining 40 foiziga yetishi uchun zarur bo‘lgan vaqt:
A)0,5s. B)1ls. C) 2s. D) 4s. E) hech gaysisi.

7.5. 7.42-rasmdagi zanjirda t = 0 dan oldingi kondensator kuchlanishi:

3Q
W A) 10V,
+ 20 B) 7 V.
10V C_) .v(_f) = 7F Cg 6V
=0 D)4 V.
E)OV.

7.42-rasm.

7.6. 7.42-rasmdagi zanjir uchun u(oo):
A)10V. B)7V. C)6 V. D)4 V. E)OV.

7.7.7.43-rasmdagi zanjirda t = 0 dan oldingi induktor tok kuchi:

pio A)8A.

o B)6A.

0a(}) §29 . C)4A.
r=0 Dk 30 D) 2 A.

7 E) 0 A.

7.43-rasm.

7.8. 7.43-rasmdagi zanjir uchun i(co):
A)10A. B)6A. C)4A. D) 2 A. E)O0A.

7.9. Agar ug t = 0 da 2 V dan 4 V ga o‘zgarsa, ug ni quyidagicha ifodalashimiz
mumkin:

A)s)V. B)2u(®)V. C)2u(—t)+4u(t)V.

D) 2 + 2u(t) V. E) du(t) —2V.

7.10. 7.44-rasmdagi impulsni yakkalik funksiyalari bilan quyidagicha ifodalash
mumkin:

i, (A) A
2 A) 2u(t) + 2u(t — 1)V.
B) 2u(t) — 2u(t — 1)V.
C) 2u(t) — 4u(t — 1)V.
D) 2u(t) +4u(t - DV.
0 I £ (s)
7.44-rasm.
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