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5-Mavzu: Operatsion kuchaytirgichlar.
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5.4. Teskari bo‘lmagan (noninverting) kuchaytirgichlar.
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5.1. Operatsion kuchaytirgichlar.

chigdik. Bu mavzuda muhim ahamiyatga ega bo‘lgan faol zanjir elementini o‘rganamiz.

Elektr zanjir tahlilining asosiy qonunlari va teoremalarini oldingi mavzularimizda o‘rganib

Bu faol element operatsion kuchaytirgich bo‘lib, u elektr zanjirni tuzishning ko‘p imkoniyatga

ega bo‘lgan asosiy gismlaridan biri hisoblanadi. /NN

Digital Signal

OPERATIONAL
AMPLIFIER

Operatsion kuchaytirgich deb, analog signallar

SEMNSITIVITY
ADJUSTMENT

ALARM ustidan turli amallarni bajarishga mo‘ljallangan,
differensial  kuchaytirish  prinsipiga  asoslangan,

kuchlanish bo‘yicha katta kuchaytirish koeffitsientiga

“\ WY RESISTORS
BATTERY

ega bo‘lgan (K, = 10%...10°) integral o‘zgarmas tok

INFRARED

kuchaytirgichiga aytiladi.
Photo source: [1] - https://semesters.in/wp-
content/uploads/2016/12/alarm1ia.gif
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Bunday amallarga: Hozirgi kunda operatsion kuchaytirgichlar:

analog va ragamli qurilmalarda kuchaytirish,

qo‘shish,
ayirish, @ @ cheklash,

ko‘paytirish, P ko‘paytirish,
bo‘lish, f(g;)dagJ chastotanti filtrlash,
: 1 .
Integrallash, expression generatsiyalash,

differensiallash, signallarni bargarorlashda go‘llanilib kelmoqgda.

kabi matematik amallar kiradi. 4 signal o’zgartkichlar
§ 1l DAC Vo4 ADCm

RAQAMLI BOSHOARISH TIZIMLARA

Photo source: [2] - https://i.ytimg.com/vi/rCIHWunkC6Q/maxresdefault.ipg
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Operatsion kuchaytirgichlarga musbat va manfiy teskari aloga zanjirlari kiritiladi.

Teskari aloga  zanjirlari  yordamida  operatsion  kuchaytirgichlar ~ yugorida  gayd

etilgan amallarni (operatsiyalarni) bajaradilar. Qurilmalarning nomi ham shundan kelib chigadi.

Uning tashkil etuvchi gismlari
Biasing —f
+500 mV [\/\/ — — 5V
_________ | | R
! ! : | +500 mV range selected

Non-Inverting . Photo source: [4] - https://www.datocms-assets.com/53444/1664351057-

. [
terminal | amplify-signal-for-the-ideal-adc-range.png?auto=format&w=1024
|
|
|
;'ZTT:TLZ? | X A—X
i
i A
|

__________

x signal A marta kuchaytiriladi.

Photo source: [3] - https://2.bp.blogspot.com/-
ImMEED73Gb00/XEsJsh8XiOl/AAAAAAAABHY/UxOZ5sEFdLQ154Ae20cX KoN2niyWi5 4 6
XwCLcBGAs/s1600/0OpAmp%2Bsymbol.png A — Ku - 10 10
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Ishlaydigan elektron gismidir.

Operatsion kuchaytirgich - bu kuchlanish bilan boshgariladigan kuchlanish manbai kabi

Bundan tashgari, kuchlanish yoki tok bilan boshgariladigan tok manbasini yaratishda ham
foydalanish mumkin.
Operatsion kuchaytirgich signallarni yig‘ishi, signalni kuchaytirish, uni birlashtirish yoki

farglash kabi amallarni bajaradi.

Kuchlanish

Operatsion

kuchaytirgich Kuchlanish Tok kuchi Quvvat

kuchaytirgichi kuchaytirgichi kuchaytirgichi

Tok kuchi Quvvat
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Operatsion kuchaytirgich tashgi komponentlar masalan, rezistorlar va kondensatorlar uning

terminallariga ulanganda ba’zi matematik operatsiyalarni bajarishini nazarda tutgan holda ishlab

chigilgan.

Inverting
input
o

| | Output
amplifier

—|Differential | |
amplifier

Voltage

amplifier Output

o
Non-inverting
input

Block Diagram of Op-amp

Photo source: [5] -
https://ecstudiosystems.com/discover/textbooks/basic-
electronics/operational-amplifiers/images/opamp-block-diagram.jpg

Operatsion kuchaytirgich — bu 20 dan 50 tagacha
rezistorlar, tranzistorlar, kondensatorlar va diodlarning

murakkab tuzilishidan iborat elektron qurilmadir.

LidLLL Moo Iy Cathode
REEEER

$58888 R
YRRER —

Photo source: [9] -
https://4.bp.blogspot.com/-
GyFXRQArb4E/WWOMVLFhCnl/AAAAA
AAAAtc/iZgwkQ3E6VQOTAJquFIM-
00Y20alE4vCwCLcBGAs/w1200-h630-
-k-no-nu/Diode.pn

Photo source: [8] -
https://eepower.com/upl
oads/education/capacito
r.png

Photo source: [7] -
https://www.factoryforwa

rd.com/wp-
content/uploads/2018/06

/Transistor.png

Photo source: [6] -
https://upload.wikimedia.org/wik
ipedia/commons/thumb/7/75/Ele

ctronic-Axial-Lead-Resistors-
Array.jpg/1200px-Electronic-
Axial-Lead-Resistors-Array.ipg
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Biz bu mavzu doirasida operatsion kuchaytirgichni zanjir tuzish bloki sifatida ko‘rib chigish va
uning terminallarida nima sodir bo‘lishini o‘rganamiz.

Operatsion kuchaytirgichlar sakkiz pinli terminallardan iborat (5.2-rasm, a). Uning 5 ta muhim
terminallari faol hisoblanadi. 8-pin yoki terminal ishlatilmaydi, 1 va 5 terminallari bizni hozircha

qizigtirmaydi.

—/
Balans | Q g 1 Ulanish yo‘q
Teskari kirish o 2 70 U?
To‘g‘ri kirish o 3:[4;?6 1 Chigish
U- o4 > B Balans
5.1-rasm. a)

5.2-rasm. Oddiy Operatsion kuchaytirgich:

Photo source: [10] -
https://cdn3.volusion.com/btfzd.umflg/v/vspfile
s/photos/AD282-2.jpg?v-cache=1456265112

a) Pin konfiguratsiyasi;
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manfiy (-) bilan belgilanadi.

Operatsion kuchaytirgich ikkita kirish va bitta chigishga ega.

Kirishlar mos ravishda teskari va teskari bo‘lmagan kirishlarni belgilash uchun musbat (+) va

V+
o 7
Teskart kirish | 1. Teskari Kkirish, 2-pin.
(Inverting input) 2 O———— ~ Chigish
To‘g'ri kirish 3 o—— + ® (output 2. Teskari bo‘lmagan kirish, 3-pin.
(Noninverting input) .. i
3. Chiqgish, 6-pin.
O
ij% 4, Musbat quvvat manbai U*, 7-pin.
b) Ofset Nul 5. Manfiy quvvat manbai U-, 4-pin.

5.2-rasm. Oddiy Operatsion kuchaytirgich:

b) Sxema belgisi.
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Faol element sifatida operatsion kuchaytirgich odatda 5.3-rasmda kuchlanish manbai bilan

quvvatlanishi kerak. Operatsion  kuchaytirgich  zanjirlarida

quvvat manbalari ko‘pincha e’tiborga olinmasa

* ; + ham, quvvat manbaida toklarni e’tiborsiz
] + L
7 Vee goldirmaslik kerak.
2 - 0 —
6
30— 1 ‘yicha:
— 12 + == KCL bo‘yicha:
2 bi_ T Vec i =iy Fip i, i (5.1)
5.3-rasm. Operatsion kuchaytirgichni + U, — 1jobly quvvatni ta’minlanishi;
guvvatlantirish. —U.c — salbly quvvatni ta’minlanishi.
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Iborat.

Chigish gismi R, chiqgish garshiligi bilan ketma-ket kuchlanish bilan boshgariladigan manbadan

Kirish garshiligi R; kirish terminallarida ko‘rinadigan Tevenin
ekvivalent qarshiligi, chiqgish qarshiligi R, esa chigishda ko‘rilgan

Tevenin ekvivalent garshiligidir.

Differensial kirish kuchlanish u, tomonidan berilgan.

Ug = Uy — Uy (5.2)

bu yerda:

u, — teskasi (inverting) bilan massa orasidagi kuchlanish;

u, — teskari bo‘lmagan (noninverting) bilan massa orasidagi
kuchlanish;

5.4-rasm. lIdeal bo‘Imagan operatsion

kuchaytirgichning ekvivalent sxemasi.
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Operatsion kuchaytirgich ikkita kirish o‘rtasidagi fargni sezadi, uni kuchaytirilgan A ga

ko‘paytiradi va natijada chiqgish kuchlanishini paydo bo‘lishiga olib keladi.

u, = Aug = A(u, — uq) (5.3)

5.1-jadvalda kuchlanish ortishi A, kirish garshiligi R;, chigish garshiligi R, va kuchlanish manbai

U ning odatiy giymatlari ko‘rsatilgan.

5.1-jadval
Ko‘rsatkichlar O¢zgarish giymat Ideal miqdori
Kuchaytirilgan ochiqg kontur, A 10°—- 108 o0
Kirish garshiligi, R, 10°-108 Q 0 Q
Chiqish garshiligi, R, 10— 100 Q 0Q




Operatsion kuchaytirgich (Op-amp):

X AX Operatsion  kuchaytirgichning amaliy  cheklovi

A —

shundaki, uning chiqgish kuchlanishining kattaligi |U.|

dan oshmasligi kerak.

Yugori migdori - A = 10%...10°

(high gain)
ut Qayta aloga
(feedback)
">
Kirish farqi Uy = A(u+ —u")

(Differential input)
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Qayta aloga (feedback)

Qayta aloga konsepsiyasi operation kuchaytirgich zanjirlarini tushunishimiz uchun juda muhimdir.

__,\Ij\l/\,_ Chigish operatsion kuchaytirgichning

R Closed-loop gain inverting terminaliga qaytarilganda salbly

>——o Gy = -R5/R;  gayta alogaga erishiladi.

Ushbu misolda chigishdan kirishgacha

777

Photo source: [11] - https://toshiba.semicon-storage.com/content/dam/toshiba-ss-
v3/master/en/semiconductor/knowledge/faq/linear op-amps/Why-is-feedback-

used-in-op-amps_1_en.ipg bo‘lgan gayta aloga yo‘li mavjud bo‘lganda,

chigish kuchlanishining kirish kuchlanishiga
nisbati kuchaytirilgan yopig kontur deb

ataladi.
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Salbly gayta aloga natijasida shuni ko‘rsatish mumkinki, kuchaytirilgan yopig kontur operatsion

kuchaytirgichning kuchaytirilgan ochiq konturi A ga deyarli gaytuvchi emas.

The effects of negative feedback

Shu sababli, gaytish yo‘llari bo‘lgan elektr zanjiriga

il \ olib boradigan sxemalarda operatsion kuchaytirgichlar
S A o
5.99997000015 V qo‘llaniladi. 2V
+
6V — / +
I L +U \=
Photo source: [12] - https://www.allaboutcircuits.com/uploads/articles/the-
effects-of-negative-feedback 2.jpg
+ N u

11 +J o z_ I 2_"21’ K

1l
u- 1 ﬂ —t +
ﬂ I uy = A(ut —u) % -U —12 V@
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Operatsion kuchaytirgich u, differensial

mumkinligini ko‘rsatadi:

u, A
[jobiy to‘yinganlik
Uqe |
>
0 ity
- - Uec Uin — T —u
Salbiy to‘yinganlik

5.5-rasm. Differensial kirish kuchlanish u,
operatsion kuchaytirgichning chigish
kuchlanishi u, ning funksiyasi sifatida.

kirish kuchlanishiga garab uchta rejimda ishlash
1. ljobiy to‘yinganlik, u, = Uqc.
2. Chizigli mintaga, -Uc <U, = Auy <Ucc.

3. Salbiy to‘yinganlik, u, = - Ugc.

IfV, >V __thenV, = +Vcc
If V,, < Vg, then V = -Vcc

Saturation

-Vcc
Photo source: [13] - https://media.monolithicoower.com/wysiwyg/7 15.png
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Basic Operational Amplifier Configurations

\oltage Comparator Non-Inverting Amplifier Inverting Amplifier
Vs+
Vout M\
~—0 Vin R2
Vout °_'VV\I_ Vout
M = -
Vs- e R2 —
Vout = Vs+ V1 >V2 Vout = Vin * (1 + R2) Vout =-Vin * (R2)
Vs- V1 <V2 R1 R1
Volbage Follower Inverting Summing Amplifier Differential Amplifier
o—ANAA VA R1 R2
Vi + Vout i o
in ouo E R51 IVV\I IVV\I ’W\:
- vn Rn Rf Vout
— A\ Vout —o
—o0
Vout = Vin V2
= R3 A=
VOUt='Rf.[\£+"' +\_/_n] Vout= (1 +R2)(_R4__Y"V2-(R2)*M
Rl Rn | G I )
- - : : IfR1=R3 and R2=R4 Then
Differentiator Amplifier Integrator Amplifier - [Q] (V2-V1)
|1 RT
IC E
Vin Vin
°—| AL:I> Vout ° Vwﬁﬁut
R
Vout--R c* Vout=-( 1 )\ﬁndt
R*C

Agar biz uy ni chizigli o‘zgarish giymatidan

tashgariga  oshirishga  harakat  qilsak,
operatsion kuchaytirgich to‘yingan bo‘ladi va

U, = U YOKI u, = -U tenglikni beradi.

Quyidagi tenglik operatsion kuchaytirgich

uchun o‘rinli bo‘ladi.

U Su, < Uqc (5.4)

Photo source: [14] - https://i.pinimg.com/originals/c7/3d/3f/c73d3fc9a3ae30cd236935bab85098c0.jpg
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«7 5.1.1-masala: A 741 operatsion kuchaytirgichli ochig konturdagi kuchaytirilgan kuchlanish
2 - 10°, kirish garshiligi 2 MQ va chigish garshiligi 50 Q ga teng. Yopiq konturdagi kuchaytirgich

uy/ug ni toping. ug, = 2 V ga teng bo‘lganda tok kuchi 1 ni aniglang.

m * Yechish: | 1-tugun uchun KCL ni qo‘llaymiz:
20 kQ [
o MWV * f, 0k |, R,=50Q Us —th _ ! n U1 — U
l — VW —YW—— =0 10-103 2000-103  20-103

}_O I ‘ “‘T 0
- 0O + v, (D v § R;=2MQ <f> Ay 20011,5 = 301u1 — 100u0

2us = 3uy — U, — U= @ (5.1.1)

M
.
-
=
S
+

O |

a) b)
5.5-rasm. a) Asl zanjir; b) Ekvivalent zanjir. Agar, ug = 2V, u, = 3,9999398 V bo‘lsa,
O tugunida, u; —u, = 400(u, + 200 000u,) (5.1.2) u; = 20,066667 uV
Uy — Uy Ug—Auy
20-103 0 = 26,667,067u, + 53,333,333u U —u
0-10 50 uo a s i = 23 . 10‘; = 0,19999 mA
Lekin uy = —u, va A= 200 000. w, - 19999699

Fundamentals of circuit theory © Yusupov Sarvarbek




kuchaytirgichlarni gabul gilamiz.

5.2. ldeal operatsion kuchaytirgichlar.

Operatsion kuchaytirgich zanjirlarini tushunishni osonlashtirish uchun biz ideal operatsion

Operatsion kuchaytirgich quyidagi xususiyatlarga ega bo‘lsa ideal bo‘ladi:

o H_:E')' _ 1. Ochiqg kontur kuchaytirgichi cheksiz, A = co.
" C_o ’) 2. Kirish garshiligi cheksiz, R; = co.
, ’ 3. Chigish qarshiligi 0, R, = 0.
Ly
V=1
o— o

5.7-rasm. ldeal operatsion kuchaytirgich modeli.
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1. Ikkala kirish terminalidagi toklar nolga teng: i{ =0, i, =0 (5.5)

Ideal operatsion kuchaytirgichning ikkita muhim xususiyati mavjud:

Bu cheksiz kirish garshiligi bilan bog‘lig. Kirish terminallari orasidagi cheksiz garshilik u yerda

ochiq zanjir mavjudligini va tok kuchi operatsion kuchaytirgichga kira olmasligini bildiradi.
2. Kirish terminallaridagi kuchlanish nolga teng: ya’ni,

Ug=uU; —u; =0 (5.6)
yoKi
Uy = uy (57)
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Kirish terminali orasidagi kuchlanish ham 0 ga teng.

Ideal operatsion kuchaytirgich o‘zining ikkita kirish terminaliga va 0 tok kuchiga ega hamda ikkita

(5.5) va (5.7) tenglamalar juda muhim va ularni
operatsion kuchaytirgichli zanjirlarni tahlil qilish uchun

asosly omil hisoblanadi.

Ikki xususiyatdan foydalanib, kuchlanishni

hisoblash uchun kirish gismi qisga tutashuv

U-1I:

> ug = A(ut —u~) | Op-amp faqat kuchlanishni | esa kirish porti ochiq tutashuv sifatida ishlaydi.
sezadi. Shuning uchun,

sifatida ishlaydi, tok kuchini hisoblash uchun

Ug = Auin
U, = ut —u" > ip=0 Ushbu ikkala munosabat Op-amp ni hisoblashda qulaylikni ta’minlaydi.
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Operatsion kuchaytirgichli zanjirlarni hisoblash va tahlil gilishda

qguyidagi goidaga amal qgilinadi:

1) UA=UB,V
Z)IAZIBZO,A
NI + 15+ I,A

4) Har doim
KCLvaTugun
tahlilidan
foydalaniladi.
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5.2.1-masa|a: 741 operatsion kuchaytirgich yopiqg konturining kuchayishi u, /u¢ ni ideal operatsion

kuchaytirgich modelidan foydalanib hisoblang. u; = 1 V ga teng bo‘lganda tok kuchi i, ni aniglang.

B, — Yechish: " {
= w, =u,  (5.2.1) — 5 1%
L AMW——— s
s (F) 40 kQ . KBQ (VDR): L AMA————
§ 5 kQ 20kQ S 4, . " g 40 kQ i’ .
- Up = S Uy = (5.2.2) % 5 kQ d % _—

5.8-rasm.

(5.2.1) va (5.2.2) tenglamalarni (5.2.3) ga almashtirsak,

u, =1V, bo‘lgandau, =9 V.

Us = -2 Z— =9 (5.2.4) : :
O tugun uchun, i, = + —=0,2+4+045=0,65mA
o u 40 +5 20
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