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

O‘quv rejasi: J

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

(8t Topic: Second-Order Circuit)

reaksiyasi.

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

8.7. Umumiy ikkinchi tartibli zanjirlar.

8.8. Ikkinchi tartibli operatsion kuchaytirgich zanjirlari.

8.9. Qo‘llanilishi.
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8.7. Umumiy ikkinchi tartibli zanjirlar.

ega bir yoki bir nechta mustagil manbalari bo‘lgan har qganday ikkinchi tartibli elektr zanjirda

Ketma-ket va parallel RLC zanjirlarini tahlil gilish usuli va bosgichlarini o‘zgarmas giymatlarga

qo‘llashimiz mumkin.

Garchi ketma-ket va parallel RLC zanjirlari ikkinchi tartibli elektr zanjirlari bo‘lsa-da, ikkinchi

tartibli zanjirlar, shu jumladan operatsion kuchaytirgichlar ham foydalidir.

Ikkinchi tartibli zanjirlar, biz uning x(t) gadam reaksiyasini (kuchlanish yoki tok kuchi bo‘lishi

mumkin) quyidagi to‘rt bosgichni bajarish orgali aniglaymiz:
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larni aniglaymiz.

1. Birinchi navbatda dastlabki shartlar bo‘yicha x(0) va dx(0)/dt hamda yakuniy giymat x(oo)

2. Biz mustagil manbalarni o‘chiramiz va KCL va KVLni qo‘llash orgali vaqgtinchalik reaksiya
shakli x;(t) ni topamiz.

Ikkinchi tartibli differensial tenglama olingandan keyin uning xarakterli ildizlarini aniglaymiz.

Reaksiyaning yugori, kritik yoki quyi so‘ndirilganligiga garab, oldingi bo‘limlarda bo‘lgani kabi,
Ikkita noma’lum konstanta bilan x,(t) ni olamiz.

3. Bargaror holat reaksiyasini quyidagicha aniglaymiz,
Xss(t) = x(c0) (8.51)

bu yerda: x(c0) x ning yakuniy giymati, bu birinchi bosgaichda aniglanadi.
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sifatida topiladi.

4. Endi umumiy reaksiya vagtinchalik reaksiya va bargaror holatdagi reaksiyaning yig‘indisi

x(t) = x () + x55(¢) (8.52)

1-bosgichda aniglangan dastlabki shartlarni x(0) va dx(0)/dt qo‘yish orgali vaqgtinchalik

reaksiya bilan bog‘lig konstantalarni aniglaymiz.

Biz ushbu umumiy tartibni har ganday ikkinchi tartibli elektr zanjirlarini, shu jumladan operatsion

kuchaytirgich qurilmalarni ham topish uchun go‘llashimiz mumkKin.
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8.7.1-masala: 8.13-rasmdagi zanjir t > 0 bo‘lganda to‘liq u(t) reaksiyani va keyin i(t) ni toping

1.t < 0, u(0) va i(0).

t = 0~ da zanjir bargaror holatga erishadi.

4Q 1 1 H I .
A Yechish: ‘
4Q 1H _! —
— X u(0™) =12V;
24 | - 2.t> 0, Cﬂz'c I"C . ,, (07)
+ - F = (- —
12V (‘) FTe yOkI l(,(f' v @ = 0.5F . i(07) =04
=0
i(0Y) = i(07) = 0 4; 1 0=ic(0") +=— ic(0") =—64;
8.13-rasm. u(0%) = u(07) = 12 v. KCL NI qo‘llaymiz: aw(or) _ 6 _ 4,V
l—lc+lR, ar 0,5— S
i(0%) = ig(0%) + 1%, () =2 =24 u(w) =2i() = 4V.

3.t > 0, Vaqgtinchalik reaksiya topiladi.

4, Tabiiy reaksiyani olamiz.

u,(t) = Ae %t + Be~3t

12

5.t > 0, u(oo) va i(o).

U (t) = u(oo0) = 4—+22 =4V

1”;;‘ 40 _F_1H d2 du
1V —— -u d 2 Sd_+6u—0
‘ ov B s24+55+6=0
Sl=—2va52=—3.

Vaqtlnchallk Jarayon

KCL ni qo‘llaymiz:  KVLni chap to‘rga qo‘llaymiz:

U, ldu 4i=1% 4y =0
dt
1d%u
+EF+U=O
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KIUT

8.7.1-masala: 8.13-rasmdagi zanjir t > 0 bo‘lganda to‘liq u(t) reaksiyani va keyin i(t) ni toping.

i L
o Yechish: | [6.¢> 0, (o) va i(w).
2Q + u(t) =u, + ug, = 4+ Ae 2t + Be 3t
12v (F) lp=—y
(=0 l t=0-> 12=4+A+B — A+B=8
s Asrasm 7.Ava B=1| WO = tus=4+Ac"+ B W Aem —3Be-
tenglamadagi v ning hosilasini olamiz. dt
4@ 1H 1, t=20
e ! l'f —12 =-2A - 3B — 2A+ 3B =12
9) + 7 -:, r 1 d = = -
2v (¥) _szé )5 F i=E+——u; A=12, B 4
2 2dt
- u(t) =4+12e %t —4e3, t>0
- (6 = (4 + 12e72t — 4¢73Y) N 1d (4 + 1202t — 4=3t)
HE= 2 2 dt ¢ ¢ )=
i(t)=2—6e %t +4e3t 4, t>0

=24 6e72t =273 —12e72t 4 67
i(0*) =i(07) = 0 A gaasosan t=0 - i(0)=0
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8.8. Ikkinchi tartibli operatsion kuchaytirgich zanjirlari.

operatsion kuchaytirgich zanjiri ikkinchi tartiblidir.

Bitta ekvivalent elementga birlashtirib bo‘lmaydigan ikkita saglash elementiga ega bo‘lgan

Induktorlar katta va og‘ir bo‘lganligi sababli, ular

operatsion  kuchaytirgich  zanjirlarida kamdan-kam

Second Order OP AMP Circuits Ex. 1

C find: differential _ ‘ iladi.
e ition =? J llaniladi

at node @:
Vv =12
s i dve
Vo . dt
) W=W=L$
®i_2  gv_ &
dtz * dt ~ dt2

Photo source: [14] -https://i.ytimg.com/vi/ZRQO4yupxaw/hgdefault.jpg
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chigamiz.

Shu sababli, biz bu yerda fagat RC ikkinchi darajali operatsion kuchaytirgich zanjirlarini ko‘rib

Bunday zanjirlar filtrlar va otsilatorlar kabi

"
‘ 1 qurilmalarda keng ko‘lamli tadbig‘ini topadi.
R R

T Ikkinchi tartibli operatsion kuchaytirgich zanjirini

vin - vee  tahlil gilish oldingi bo‘limda berilgan va ko‘rsatilgan
RF'.

l e ! to‘rtta qadamni bajaradi.

O : S

Photo source: [15] -https://i.stack.imgur.com/byytP.png
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8.8.1-masala: 8.16-rasmdagi operatsion kuchaytirgichning kuchlanish manbai

u, = 10u(t)mV bo‘lganda t > 0 uchun u,(t) ni aniglang. R; = R, = 10 k{2,

C; =20 uF,vaC, = 100 uF deb gabul giling.

¢

[ :
! Yechish: | 1-tugunda KCLni qo‘llaymiz: %s %1 _ du, e S
+ 72 - R, 2 dt R,
R v R’) 2
—’\/\/\]/\, I L AN * ’_i> ., 2-tugunda KCLni qo‘llaymiz: U1R Yo _ | d;to
1 > ¢ 2
<+> . *__ : U, =U; — Uy,
Us. _ T "o
| | - uS—ul_Cdul Cduo Cduo
| . R, Zdt tde o tde
) U —u du u
8.16-rasm. 7 2 =¢ dt" > | u; = u, + R,C; dt"
uS};u1=(4‘2%_ Zd;0+cld;0 us U, RyCidu, duo_l_R . 2u, c du0+C du,
1 ‘ ‘ ‘ R, R, R, dt 2*dt “#124gez “2d4c 't
L R.C U, yoki,
U = Up 2b1 d?u, 1 1\ du, Up _ Ug
at dt2 + (R1C2 + RZCZ) dt = RyR,CiC; R{R,C;C,
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W 8.8.1-masala: 8.16-rasmdagi operatsion kuchaytirgichning kuchlanish manbai

u, = 10u(t)mV bo‘lganda t > 0 uchun u,(t) ni aniglang. R; = R, = 10 k{2,
C, = 20 uF,va C, = 100 uF deb gabul giling.

Yechish: Berilgan R4, R,, C; va C, giymatlari bilan tenglama quyidagicha hosil bo‘ladi.
d*u, _du,
172 + 2 I + 5u, = Sug
s24+25+5=0-> s1,=-1%j2.
vagtinchalik reaksiya shakli, t — oo, sifatida zanjir bargarorlik holatiga etadi To‘liq reaksiya,
Uor = e~ "(Acos2t + Bsin2t) Up () = u;(00) = us U (t) = Upr + Upss = 10 + €7 (Acos2t + Bsin2t) mV

Uyss = Uy(0) =u,=10mV, t>0

du, (O+) __U1—Up

A va B ni aniglash uchun biz boshlang‘ich sharoitni bilishimiz kerak. e 0; t=0-> 0=10+4 — A=-10
— ¢ 2%1
t < 0 uchun ug = 0 bo‘lsa, u,(07) = u,(07) =0 du. ()
(0] — ,—tr_ _ . _ .

t > 0 uchun, manba ishlaydi. Biroq, kondensator kuchlanishining dt __ e (—Acos2t — Bsin2t — 2Asin2t + 2Bcos2t)
uzluksizligi tufayli, t = 0 giymat bersak, 0=-A+2B

U (07) =u,(07) =0 A=-10vaB = -5

1, (07) = u,(01) +u,(07) =0 u,(t) = 10 — e t(10cos2t + 5sin2t) mV, t>0
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8.9. Qo‘llanilishi.

Avtomobilni o‘t oldirish tizimini zaryadlash tizimi sifatida ko‘rib chiggan edik.

";x’ t=0

/

4Q | uF
AAAA |
| .
- - l,
?JC
" \l/
12V —/ v 8 mH _—
L N
\\ O‘t oldirish
Ot oldirish shami
g‘altagi

8.17-rasm. Avtomobilning o‘t oldirish zanjiri.

Bu kuchlanish Ishlab
chigaruvchi tizim 12 V manbai

batareya va generatorga bog‘liq.

4 Q rezistor simlarning

garshiligini ifodalaydi.

O‘t oldirish g‘altagi 8 mH
induktor tomonidan

modellashtirilgan.

Fundamentals of circuit theory

© Yusupov Sarvarbek



8.9.1-masala: 8.17-rasmdagi kalit t = 0~ dan oldin yopilgan deb faraz qilib, t > 0 uchun

Induktiv kuchlanish u; ni toping.

» F‘V;F 7 Yechish: | Agar kalitt = 0~ dan oldin yopilgan bo‘lsa va zanjir bargaror holatda bo‘ladi, u holda
fww A= \ i(07) == =34, u-(07) = 0
2V o J8mH S t = 0% da kalit ochiladi. O‘zgarmas tok kuchi sharoiti talabi bo‘yicha,
T NI i(0%) =34, uc(07) = 0
s quiot . _ _ o _ o
8 17-rasm. ucgt ) qiymatini u; (0") orgali olamiz. Meshga KVLni qo‘llash orgali t = 0* da quyidagi tenglama
hosil bo‘ladi.
ol —12 + 4i(0%) + u, (0%) + uc(0%) = 0
—-124+4-34+u,(0")+0=0 — u,(0")=0
Demak,
du(0%) u,(0%) 0
a L
t — oo da tizim bargarorlik holatiga erishib, kondensator ochiq t > 0 uchun meshga KVL ni qo‘llasak, quyidagi tenglama
zanjirda ishlaydi. U holda, hosil bo‘ladi.
i(0) =0 4% Rdi i _
a2 T TateT 0
@ =~ =250 w, = —== 1,118 - 10*
2L | ° vic wg = |wZ—a?=w,=1118-10*

a < w, reaksiyasi quyi so‘ndirilgan munosabatni berdi.
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Yechish:

Vagtinchalik reaksiyaning quyi so‘ndirilgan sharti uchun, Bargaror holat reaksiyasi,
i;(t) =e *(Acosw, t + Bsinwgy t) is(t) =i(0) =0

To‘la reaksiya,
i(t) =i (t) +is(t) = e 25%%(4cos11,180t + Bsin11,180¢t)

i(0)=3=A4+0 — A=3

di(t
d(t) = —250e72°%%(4cos 11,180t + Bsin11,180¢) +

+7250¢(—11,180 Asin 11,180 ¢t + 11,180 B cos 11,180 ¢)

t=0 0 =-2504+11,180B — B =0,0671

i(t) = e 2°%(3¢c0s11,180t + 0,0671sin11,1801t)

di
u, (t) = La = —268e7%°%5in 11,180t

11,180¢t, = m/2 yoki t, = 140,5 us.

u;(ty) = —268e72°% = —259y
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FOYDALANILGAN MANBALAR:
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TEKSHIRISH UCHUN SAVOLLAR!

8.1. 8.18-rasmdagi zanjirda t =0~
kuchlanishi:
A)0V.
B)4 V.
C)8 V.
D) 12 V.

8.18-rasm.

8.2. 8.18-rasmdagi zanjirda t = 0 da induktordagi dastlabki tok kuchi:
A)0A. B) 2 A. C) 6 A.

8.3. Ikkinchi tartibli elektr zanjirida bosqichli
o‘zgaruvchilarining yakuniy giymatlari quyidagicha topiladi:
A) kondensatorlarni yopiq zanjir gilib, induktorlarni ochiqg zanjir gilib almashtirish.
B) kondensatorlarni ochiq zanjir gilib, induktorlarni esa yopiq zanjirga almashtirish.
C) Yugoridagilarning hech birini bajarmaydi.

8.4. RLC zanjirida xarakterli ildizlarning qiymatlari -2 va -3 bo‘lsa, reaksiya gaysi
tenglama bilan aniglanadi?
A) (Acos2t+ Bsin2t)e 3¢, B) (A + B2t)e 3¢,
C) Ae™?t + Bte 3¢, D) Ae™ 2%t + Be 3¢,

8.5. Ketma-ket ulangan RLC zanjirida R = 0 bo‘lganda quyidagi reaksiya hosil bo‘ladi:
A) yugori so‘ndirilgan. B) kritik so‘ndirilgan.  C) quyi so‘ndirilgan.
D) so‘ndirilmagan. E) yugoridagilarning hech biri.

8.6. Parallel ulangan RLC zanjirida L =2H va C = 0,25 F qiymatga ega. Birlik
so‘ndirish omilini ishlab chigaradigan R qiymati:
A) 0,5 Q. B)1Q.

D) 12 A.
Kirish qo‘llanilganda, zanjir

C)2Q. D)4 Q.

da (kalit yopilishidan oldin) kondensatordagi

8.7. 8.19-rasmdagi RLC ketma-ket ulangan zanjirga garang. U ganday
reaksiya beradi?

10 1H A) yuqori so‘ndirilgan.
B) quyi so‘ndirilgan.
T C) kritik so‘ndirilgan.
8.19-rasm. D) yuqgoridagilarning hech biri.

8.8. 8.20-rasmdagi RLC parallel ulangan zanjirga garang. U ganday
reaksiya beradi?

IQ% %]H = 1F

A) yuqori so‘ndirilgan.

B) quyi so‘ndirilgan.

C) kritik so‘ndirilgan.

D) yuqoridagilarning hech biri.

8.20-rasm.

8.9. 8.21-rasmdagi zanjirlarni quyidagi elementlar bilan moslang:
(D) birinchi tartibli zanjir. R L
(11) ikkinchi tartibli ketma-ket ulangan zanjir. _
(111} ikkinchi tartibli parallel ulangan zanjir. “& ‘T '3 :" ‘
(V) yugoridagilarning hech biri. A) B)

8.10. Elektr zanjirida garshilikning (é ) I Cé \ LE -
ikkiligi: © 2D
A) o‘tkazuvchanlik. RE c :
B) induktivlik. ’ e " °
C) sig'im. 5 o
D) ochiq zanjir. 8.21-rasm.

E) gisqga tutashuv zanjiri.
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