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5.3. Teskari (inverting) kuchaytirgichlar.

foydali operatsion kuchaytirgichli zanjirlarni bu bo‘limda ko‘rib chigamiz.

Biz ko‘pincha murakkab bo‘lgan zanjirlarni loyihalash uchun modul bo‘lib xizmat giladigan ba’zi

Bulardan biri teskari kuchaytirgichdir.

o AAAA Bu zanjirda teskari bo‘lmagan (non-inverting) Kkirish
e 0A massa (ground) ga ulangan.
— 1 V1| —»

1 u, teskari kirish qarshilik R; orgali ulangan va gayta

-
<
+0

aloga o‘rnatuvchi (feedback) garshilik R esa teskari kirish

T
=,
S

va chigishlar orasidagi garshilik hisoblanadi.

\
/
O |

-4 Biz kirish kuchlanishi u; va chigish kuchlanishi

5.9-rasm. Teskari kuchartirgich u, o‘rtasidagi bog‘liglikni topamiz.
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! R, 1-tugun uchun KCL ni go‘llaymiz:

———WW
il R 0A il — iz — ui};ul — ulR_uO (58)
—_— 1 U}/\rb 1 f

=)
<
+ 6

Ideal operatsion kuchaytirgich uchun u; =u, =0

chunki, teskari bo‘lmagan terminal massaga ulangan.

=

o Ui _ k% - __Rr,
L BT R yoki  u, = R, Ui (5.9)
5.9-rasm. Teskari kuchartirgich S " R
Kuchlanishni ortishi 4,, = =2 = — L ga teng.
1

P

5.9-rasmdagi zanjirning invertor sifatida belgilanishi maﬁfiy belgidan kelib chigadi.
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(yo‘nalishini) o‘zgartiradi.

Shunday qilib, Inverting kuchaytirgich kirish signalini kuchaytirganda uning polaritesini

E’tibor bering, kuchayish gayta aloga garshiligi kirish garshiligiga bo‘linadi, ya’ni kuchayish fagat

operatsion kuchaytirgichga ulangan tashgi elementlarga bog‘liq.

(j i (5.9) tenglamani hisobga olgan holda, teskari
R ~ Rf kuchaytirgich uchun ekvivalent zanjir 5.10-
v — U v
1 : Y R, ¢ rasmda ko‘rsatilgan.
O O : .
Inverting  kuchaytirgichi  masalan, tok

5.10-rasm.5.9-rasmdag?inverter uchun kuchidan-kuchlanish  (current-to-voltage) ga

ekvivalent sxema. aylantirish uchun ishlatiladi.
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5.3.1-masala: 5.11-rasmdagi operatsion kuchaytirgichga garang.
Agar u; = 0,5V ga teng bo‘lsa, tashqgi kuchlanish u, va 10 kQ rezistordan o‘tuvchi tok kuchini

aniglang. Yechish: u, Ry
25 kQ2 U; _ R1
St AA A a—
Uy 1.
10 kKO 4 B uo _ Rf . 25 _ 2 5
“if’i{%—o w; R, 10 7
+
v; Ug=0 W KCL - u, = —2,5u; = -2,5(0,5) = —-1,25V
To o Z P z - 10 kQ rezistor orgali o‘tadigan tok:
5.11-rasm. = o u;—0 05-0 50 uA
i =iy + s ‘TR, " 10-108 H
Qoida: u; —0 u;—u - JPTT :
1) Massani belgilang; l _ i Yo, 25 kQ rezistor orgali o‘tadigan tok:
DUs=Up,Vi Ry Ry - w;—u, 05— (—1,25)
3)I4y =15 =0,A4; v, . = _ I = = =70'LLA
DI+ # I, A: - R¢ 25-103

5) Har doim KCL va Tugun tahlilidan foydalaniladi.
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5.4. Teskari bo‘lmagan (noninverting) kuchaytirgichlar.

kuchaytirgichdir.
Bunda Kirish kuchlanishi u; to‘g‘ridan-to‘g‘ri teskari bo‘lmagan kirish terminaliga ulanadi va

Operatsion kuchaytirgichning yana bir muhim qo‘llanilishi teskari bo‘lmagan (o ‘g ‘ri)

rezistor R; massa (ground) bilan teskari terminali o‘rtasiga ulanadi.

2R Tashqi kuchlanish ortishini ko‘rib chigamiz.
———\WMW—

R L |y Teskari terminal uchun KCL ni go‘llaymiz,
——AWW\ >

+
. + =iy o = (5.10)
5 (1) 4, ! f
o

5.12-rasm. Teskari kuchaytirgich.
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uq, = U, = u; bo‘lgani uchun (5.10) tenglamadan quyidagini olamiz,

—Uj _ Ui—Ug - _ Rpy.
Ty yoKi u, = (1+ Rl)ul (5.11)

Kuchlanish ortishi Ay, = % =1 +? dir, bu salbly belgiga ega emas. Shunday qgilib, chiqgish
[ 1

kirish bilan bir xil yo‘nalishga ega.

Teskari bo‘lmagan kuchaytirgich — bu zanjirdagi kuchlanishning ijobiy o‘sishini ta’minlash

uchun mo’ljallangan operatsion kuchaytirgichdir.
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ga teng bo‘ladi.

O‘sish fagat tashqi rezistorlarga bog‘lig.
Agar teskari rezistor R¢ = 0 (berk zanjir) yoki R; = oo (ochiq zanjir) yoki ikkalasi bo’lsa, ortish 1

5.13-rasmda, bu kuchlanish takrorlagichi (voltage

follower) deb ataladi, chunki chiqgish kirishdan keyin keladi.

Kuchlanish takrorlagichi uchun

/

v

UO — Ui (512)

v. (T — . 10V
l - ?/0 U" Input
10V Output
ViN Qe +

O Vour %
5.13-rasm. Kuchlanish takrorlagichi

(The VOItage fOI Iowe r)- Photo source: [15] - https://www.learningaboutelectronics.com/images/Voltage-follower-example.png

O |
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Chigish kuchlanishi kirish kuchlanishidan keyin bo‘lgan elektron zanjir kuchlanish takrorlagichi
deb nomlanadi.
Boshqgacha gilib aytaganda, kuchlanish takrorlagichi - bu chigish kuchlanishi kirish kuchlanishi

bilan bir xil bo‘lib goladigan elektron zanjirdir.

Operatsion  kuchaytirgich  yordamida

\ kuchlanish  takrorlagichini  loyihalashimiz

i
Birinchi + T Tkkinchi mumkin.
bosqich Ui % bosqich

5.14-rasm. Elektr zanjirining ikkita kaskadli bosqichini
ajratish uchun ishlatiladigan kuchlanish takrorlagichi.
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tasvirlanganidek, bir zanjirni boshgasidan ajratish uchun oralig bosqichli (yoki bufer) kuchaytirgich

Bunday zanjir juda yugori kirish garshiligiga (impedens) ega va shuning uchun 5.14-rasmda

sifatida foydalidir.

Voltage follower or Buffer amplifier Kuchlanish  tagrorlagichi  ikki
- BY VRFUM SHOrS Eiecaurs bosgich o‘rtasidagi o‘zaro ta’sirni
Ry il minimallashtiradi va bosgichlararo

yuklanishni bartaraf giladi.

Photo source: [16] - https://i.ytimg.com/vi/gt)Peh3HvHU/maxresdefault.ipg
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5.4.1-masala: 5.15-rasmdagi operatsion kuchaytirgichli zanjir uchun tashqgi kuchlanish

u, ni aniglang.

10 kO Yechish: Superpozitsiya usuli bo‘yicha:
l—f\/\N\.rf Uy = Uyq T Upyo
4kQ Uy | 2 R 10
> — — u =6V 0=——fl- u =——6=-—-15V
il b. i >_?. ol u Rlu ol 4
6V 4\/(‘*‘) A Uy, =4V |y =(1+&)u- u02=(1+ﬂ)4=14V
— (0 0] R1 l 4_
0
U, =Uyy + U, =—154+14=-1V
5.15-rasm. — 2 = =
Atugun uchun KCL dan foydalanamiz: 6 —-wu, u, —u, -
T N 4 10 -4 a-u,
Zlm zlout ui_o_ui_uo = 1:; —> 5= —uo

4
R, RO Ug =uUp =4V

i1:i2+i3
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5.5. Umumlashtirish kuchaytirgichi.

Kuchaytirishdan tashqgari, operatsion kuchaytirgich go‘shish va ayirishni ham amalga oshirishi

mumkin. Umumlashtirish ushbu bo‘limda tasvirlangan yig‘ish
R, _’1._ R, _’__} kuchaytirgichi tomonidan amalga oshiriladi.
V) O—MWW— ——ANVWA——
l, , 0 Umumlashtiruvchi  kuchaytirgich  bir  nechta
R, _2|_° . L . . . L
v, O_,me_" I R Kirishlarni birlashtirgan va kirishlarning vaznli yig‘indisi
R, _zl a_» + _i bo‘lgan chigishni ishlab chigaradigan operatsion
V3 O——VWW— 0 v, kuchaytirgichli zanjiridir.
O o Bu teskari konfiguratsiyasi bir vagtning o°zida

ko‘plab  kirishlarni  boshgarishi  mumkinligidan

5.16-rasm. Kuchaytirgichni umumlashtirish. foydalanadi.
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Har bir operatsion kuchaytirgichning kiruvchisiga kiradigan tok kuchi nolga teng ekanligini yodda

tutishimiz kerak. a tugun uchun KCL ni go‘llaymiz:
. __Ui—Ug ., _ Up—Ug . _ U3—Ug .,  Ug—Ug
i = Py , Iy = Rz,lg— R3,l— R; (5.14)

u, = 0 va (5.14) tenglamani (5.13) ga almashtirsak, quyidagiga ega bo‘lamiz:

——————————————

! i i . R R R
b ke o= =Gl + e + ) 515
| AHEK y o
5o L = :—>a—>> Chigish kuchlanishi kirishlarning vaznli yig‘indisi ekanligini
kAU =7 ko'rsatamiz. Shuning uchun yig“indi deb ataladi

0 T o Yig‘indida uchtadan ortiqg kirish bo*‘lishi mumkin.
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5.5.1-masala: 5.17-rasmdagi operatsion kuchaytirgichli zanjir uchun tashqi kuchlanish

uy Ni va tok kuchi iy ni aniglang.

Yechish: Ry Ry R
5kQ 10 kQ Up = (U + - Uy +R—u3)
A AN 1 2 3
a W 2t
\ L, 10 10
> u,=—|—-—2+—11=-4+4)=-8V
2.5kQ R IS 0 5 2,5 ( )
2V |
2kQ S g, .
v % KCLboyicha | i = iou | | iy =iy +1i;
— u~- = —8V _ U, —u u, — 0
5.15-rasm. - ? ip = ———— + —
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5.6. Farglovchi kuchaytirgich.

Qo‘shish umumlashtirish kuchaytirgichi orgali amalga oshirilgan bo‘lsa, ayirish farglovchi
kuchaytirgich orqali yoritiladi.
Farglovchi (yoki differensial) kuchaytirgichlar ikkita kirish signallari orasidagi fargni kuchaytirish

uchun turli hollarda go‘llaniladi. Ular kuchaytirgichli asboblarning birinchi avlodlari hisoblanadi.

— MWW ———— Farglovchi  kuchaytirgich - bu ikkita Kkirish
R, U, _O., < signallari o‘rtasidagi fargni kuchaytiradi.
¥ ”f—o" >_i Lekin ikkita kirish uchun umumiy bo‘lgan
@;«W& éﬁ _________ % signallarni rad etadigan qurilmadir.
= ) L=lp=04 | "~ T =,
5.16-rasm. Farglovchi kuchaytirgich. T —
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22w a tugun uchun KCL ni gqo‘llaymiz: i1 = iy
iq R, 7, _0., O-ug+u; _ uUg—ug . Uuq . Ug Ugq _ U, \ & _Uq + Ug _ Uuq
- i Rq 0 > O Rl RZ ’ R1 R1 - Rz Rz ’ RZ Rz Rl Rl
3 b Vy ———
C— A4 - +
36 i _ (ﬁ ) _Rp
or 4 ER“ 4 u, Ry +1)u, Rs Uq (5.16)
5 = = - -
= b tugun uchun KCL ni qo‘llaymiz: i3 =14
0O—up+u, __ Up—0 . R4
R, R, yoki,  up, = ot W2 (5.17)
u, = uy bo‘lganligi uchun, (5.17) tenglamani (5.16) tenglamaga almashtiramiz:
R
Ry(1+31
R, R, R, : 2\TTR, R>
U, = (—+ 1) U, ——1U oki, u, = Uy, ——Uu 5.18
o = \z, RatR, 12 TR 1 y 0 R1(1+§_i 2 ", W (5.18)
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AW Farglovchi kuchaytirgich ikkita Kkirish uchun

~ umumiy signalni rad etishi kerakligi sababli,
& \,\/53,\, il 7 >—3 kuchaytirgich u, = u, bo‘lganda u, = 0 bo‘lgan
RRor 2R “  xususiyatga ega bo‘lishi kerak.
= ) Bu xususiyat mavjud bo‘ladi gachonki,
e p BB (519

Shunday qilib, operatsion kuchaytirgich zanjiri farglovchi kuchaytirgichi bo‘lsa, (5.18) tenglama

quyidagi ko*rinishga keladi: A u, = ﬁ—j (uy—uy)  (5.20)
Ro(1+p, R; R, . o
Up = R,.%2 " g ¥ — —— -bumiqdor A ni bildiradi.
Ri(1+3%) 1 R, 2 = Aty—u1)
o — 2 11
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R1 — RZ
R, = R, Farglovchi kuchaytirgich chiqgish bilan ayiruvchiga aylanadi:
R
R,(1+ %+ R
Up = }[\;z Uz _R_Zul — U, = Uy —Uq (5.21)
Rl(l + R_4_ 1
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5.6.1-masala: u, Vva u, Kirishlari bilan operatsion kuchaytirgich zanjirini shunday

loyihalashtiringki, u, = —5u; + 3u, bo‘lsin.

Zanjir quyidagini talab etadi:

u, = 3u, — 5uy (5.6.1)
Yechish: 1-usul: \
R,
VY R, (1 +¥%) \R i
2 1

R, v, 9 Up = Rz Uz = pth yoki,

AAAA > Ri(1+ %% 1 R, = 5R, (5.6.2)
R? v —O- &
- b +
16 s o s
n Y, = —> R = =
@) » § R, (143) 14p2 5
O .
1 yoki, 2=1+2 — R;=R, (5.6.3)

5.16-rasm. Farqlévchi kuchaytirgich.

Agar biz Ry = 10 k2 va R; = 20 k£ ni tanlasak, u
holda R, = 50 k2 vaR, = 20 k()
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5.6.1-masala: u, Vva u, Kirishlari bilan operatsion kuchaytirgich zanjirini shunday

loyihalashtiringki, u, = —5u; + 3u, bo‘lsin.

Agar biz bir nechta operatsion kuchaytirgichdan foydalanmoqchi

Yechish: 2-usul:

bo‘lsak, 5.17-rasmda ko‘rsatilganidek, teskari (inverting) kuchaytirgichni

3R,

—\VV\— SR, va ikki Kkirishli teskari umumlashtiruvchini kaskadlashimiz mumkin.
ot L [ o ben ennen
a % | R; |
L | U= U~ U U =1~ (uz—uyq) |
B | 1 |
R] | |
v O—AAMA— I Ra g |
1 | Ry Agar, R, =10k, R;=10k0,
5.17-rasm. = | yoki, |
| |
Umumlashtirish uchun: T :

Ry =10 kf) va Ry = 20 k{2
u, = 3u, — 5u4 yoki,
(5.6.5)

Inverting uchun: u, = —3u, R; = R3 = 10 k2 ni tanlashimiz mumkin.
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