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Kirish

Kundan kunga zamonaviy electron apparatlarni sxematexnik
loyihalashni mashina usulidan foydalanishni kengayib borishiga
garamasdan, electron sxema loyihachilari har doimgi amaliyotlarda tipli
uzellar va qurilmalar masalalarini tagribiy hisoblab, so’ngra olingan
natijalar anigligini Electronics Workbenche yoki tajriba yo’li bilan
aniqlashtirishlariga to’g’ri kelmoqda.

Bu kurs loyihasida ham past chastotali kuchaytirgichlarni
hisoblash avval dasturiy ta’minotsiz, so’ngra esa sxema natijalar
aniqgligini tekshirish maqgsadida Electonics Workbenche dasturida
loyihalshtiriladi.

Shunday qilib, bu kurs loyihasining magsadi electron sxemalarni
yig’ishni amaliy bilimlarini egallash va electron sxemani Electronics
Workbenche dasturida modellashtirish tajribasini oshirishdan iborat.
Bunga misol tarigasida Past chastotali kuchaytirgichni ko’ramiz. Texnik

masalaning parametrlari berilgan.



1 Nazariy gismi.
Biz ushbu kurs loyihasini bajarish davomida bir nechta aktiv va passiv
elementlardan foydalandik. Bular: resistor, kondensator, transistor va
o’tkazgich similar. Bu kurs loyisida elektr zanjirida operatsion
kuchaytirgich muhim o’rin egallaydi. Biz quyida ushbu elementlarga
alohida to’xtalib tavsiflarini beramiz.

Kuchaytirgichlar va ularning turlari. Qurilmaga kiruvchi
va undan chiquvchi signallarning fizik tabiatini va formasini
0’zgartirmagan holda kuwpuin curHaauHH COH JKHUXATHAAH OHP
Heya MapoTabara Ky4aWTHUpPHUII y4yH XU3MAT KUJIYBYU DJIEMEHT
cuzHan Kyyaumupeuu 1e0 artanaiu.

bynnaihi curHan Kydyadtupruuiap —naugo OYIUIIMHUHT
acocuit cababu TaTYuKIapaaH OJIMHAAUTaH YUKW
CHTHAJUTApUHUHT xyna saumdmurmoup (10° — 10° Br).
Cesruuyiapu yH4Ya Kata OyiamaraH 4YHMKHII CHUTHAJIM aBTOMAaTHK
cucTeMajapAaru UXKpOYHU IJIEMEHTIAPHU HUIITA TylIUpa OJIMAUIMU.
[IIlyHUHr y4yH CHUTHAJHU Ky4YaWTUPHUII, S’TbHU KHPUII CUTHAIU

KYBBAaTHUHU OLIMPUII MyabMMOCH Maiijgo Oyiau.

Cur"an Ky4yaWTupruuiap TallKd OHHEPTUs MaHOAWMHUHT

Typura kKapa® Typiaapra OynuHagu. byHmalh kywyaWTuprudiap



cmamuk XapakmepucmuKkacu ea Kyuaiumupuu

KoI(ppuuuenmnapu 6unan oup-oupunan dbapk KuJiajau.
Kyuaiitupum  kospdumueHty  Ba  TalIKH  JHEPTUS

MaHOAMHUHT KyBBaTH KYYaUTHPTUYJIApHU  XAPAKMeEPJ106UU

acocuit napamemp.ap XucoOliaHaIu.

Kyuatupum ko3P unumentn Kyhiugaruua udoaaiaHaam:

K =X
YUX
K
OyHma X, — KYYaUTUPTHYHUHT YUKHUIIUOATUd cuUrHaia, X, —

KYYaUTUPTUYHUHT KUPUIIAAATU CUTHAJ.

ONEeKTPUK  CHTHAJI  KYYaWTHUPTUWIAPHUHT  Ky4auTUPUII
k03 dunueHTuHU curHaaHuHr KyBBaT P, Tok (l) €ku KyunaHwuil
U opkanu udopanaHuIId MYMKHH, yJap MOC paBUIlaa Kyeéeam
Oyuuua  Kywaumupuwi  Koypgpuyuenmu, moxk  Oyuuua
Kyuaumupuwi  Koly(ppuuuenmu  6a  Kyunanuw  oOyiuua
Kyuaumupuw  Kod(ppuuyuenmu 160 artanaau. bapkapop
peXumMiapaard 4YMKUII CUTHAIW X, OWUJaH KHUPHUII CUTHATH X
opacumaru Oormanum X, = f(X,) curHam KydaWTHPTUUIAPHUHT

CTATHK XapaKTepucTUKacH ae0 aTtamaam.



Ilacm uwacmomanu kywaumupeuunap (YHY) ne6, xupum

CUTHAJUIAaPDUHU KyBBAaT €KUM KydJaHUII Oyiuuya KydyaWTUpHILITa

mymxanmanran Ba 20 - 20000 I'm (oBo3) wacToracu OuiaH y3rapagurad

Kypuiamanapra auTUJIaau.

Hdoumun mok kKyuaumupeuunapu (YIIT) ne6G, cekun
y3rapaguraH CUTHaJJlapHU Ba HOJIb YacTOTAJM y3rapmMac KUPHII
CUTHAJUIApDUHM KydYaWTupunaéTral CUTHaajJap JTpU  YU3UFHU
dbopmacuHu cakigad KoJraH XoJiAa Ky4daWTUpaguraH Kypuimara
auTUJIagu.

Ky4yallTupruuHuHT acocuil mapaMmeTpiapu Kyiuaaruiapaan ubopart:

HHpOKOTTOIOCHEI
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Tok oyiiuua Kyuaumupuw KoIgppuyuenm- moxk oyuuua, K,

kyunanuw oyuuua K, ea kyeeam Kp ,0yiiuua
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by epaa |l,, I, Uy, U, P,, P — KydaliTuprudra KUpHII Ba

YUKUII TOK, Ky4JaHUAII BAa KYBBATHUHT KMWUMATJIAPH.



KyualiTupruuiapHuHT acocui Xapakmepucmukaiapu

KyWuaaruiapjiaH uoopar:

1 - pacm

Amnaumyoasun xapaxmepucmuka — U,=¢@(U,) Oormanum

Amnaumyoa

Ounan OaxosiaHagu, OyHIa YUKUII CHUTHAIUHHU
KaTTaJIMTH KUPUII CUTHAJIMHUHT KaTTaJUTura
OOFIUK OYynanu.

— yacmomanau xapakmepucmuxa (A4X) —
U.=o(f) OyHIa  YWUKUII  CHUTHAJIUHUHT
KaTTaJIMTU KUPUII CUTHAJIWHUHT YacTOoTacura
OornuK OYnanau. (amanjaa mapasuT CUFUMIIApP Ba
KyIuM4Ya HHAYKTHBJIMKJIApD TabCUpHUAA XaMMa

yacTtoTajgap Oup XWJ Kydyaymaiiu.)

Dazo060 - vacmomanu xapakmepucmuxa — U,=A(f) Oynzaa

YUKUAII CUTHAJIUHUHT (a3za CUIDKUII OypUYaruHU
KAPUII CUTHAJIMHUHT (a3za cHDKUII Oypuara

OOFJIUKJIUTUTA auTUJIagn



Ymuw xapakmepucmukacu — KydaWTUPTHYHM KHPHII
CUTHAJIMHUHT cakpaiiura Oyiaran myHocabaTura
anuTUIaan.

Kyuaimupeuunapuunze  ymxkasuw  noaocacu  (moJsoca

nponyckauus) 2Af — KkydalTupruyHu
4acToTalu XapaKTEPUCTUKACUHU

ocnrunaiigu.(ymuamma  0,707*Knax)

2AT= f5-f
Kv
Kmax
0.707Kunk
.jt-‘
fH 0 B
T Af
2 - pacm

TymuHumra ocoH OVIMIIM Yy4YyH KYNUHYA aMIUIATyda —
JacToTalu  xapaktepcutka (AYX)  Kyhmpmarudya  HUCOHU

KaTTaJluKJIapaa KypcaTUIaju.



K(f)=—KK(f)

max
bynna K(f) f — vactoramaru xyuavtupui koupduneHTH. Kpmay —

MaKkcuMall KydauTupuil KodPpPuiueHTu

Kyuaumupzuunapnunz Kupuwi 6a YUKUW KAPUWUIUKAAPU
KOMILJIEKC XapakTepra sra Ba dYacToTrara OOFJIHUK

byHKIMA XUcoOIaHaIu.

U,(f) 2 ()2 YD)

~M=7% T(T),

Kyuanimupzuunapnunz wukuw Kyeeamu — Harpyckajaa axpanuod
YHKAaJUTraH KyBBar.

Kyuaiimupeuuoa cucnannapnunz  oysuauwu  (MckaxeHusd
CUTHAJIOB B YCUJIMTEJE) KUPUII CUTHAJIJIAPUHUHT (OPMACUHU
YUKW curHaau Gopmacura HucOataH Oy3UIUINUTA aUTHUIIAIU
yaap  HMKKA  XWa  kKypuHumpaa — Oymagu.  CTaTUCTHK
(HenuHEHbIE) Ba JUHAMUK(JIMHEHBIE).

Cmamucmuk (HenauHelinvle) Oy3uiuwl Ky4auTUPTUYHUHT BOJIT
aMIep XapakTepPUCTUKACHUHUHI YU3UKJIW OyiamaranH xoiluja
WIJallld HAaTUXKACUJa l03ara KejJdagul Ba KYyYaWTUPTUYHHUHT

YU3UKIA Oy3UIUII KOO (PpuIleHTH OninaH 6axolaHa .



KydJallTUpruugsapHUHT TE3KOPJUTrUra xaMm KaTTa aXaMHsT
Oepunmagu. by yaapHHHT pauHAMHK XapakTepucTukacu X,(t)
acocujga €Exm BakT goumuiicm T (c) OViinya aHUKIaHAIH.
ONEeKTPOH Ba SAPUMYTKA3TUWIM KydaWTUpPrudjiaap OSHI HOKOpHU

TC3KOPJIHKKaA 3Tra.

K A+ A+ + A

‘
A
A, — aMIUIUTYyIaHUHT N YU TapMOHUKAcHU A; - aMIIJIUTYJaHUHT
1 41 rapMmoHUKacu
Qukuw  6ockuunapununz eazugpacu —  CUTHAIHUHT
Oepunran (erapiauya KaTTa) KyBBaTHUHHU OYy3MJMILIAPCHU3 TacT
OMJIM IOKJlaMara Yy3aTHIIHUA TabMUHIam. Opatna kyn OOCKUYIIU
KydyauTupruuiapja yjiap 4YUKUII OocCKHuJiapu XucoOjaHaguiap.
Kyunanum  O0yilnya  KydaTupum  KOAPPUUUEHTH  YUKHII
OocKHMYJIap¥ YUYYH HUKKUHYM Japaxaid napameTp XucoOjgaHaIw.

[Ily cababnm acocuéi mapameTpiaap Oynubd Kyhumarumap

xucobnananu: goiidanu uw kodppuyuenmu 'l 6a nmouusuxnu

oy3unuwnap koiygppuyuenmu Kr.



doiinanu um KodQOUIIMEHTH YHUKUII CUTHAJIM KyBBaTHHU

MaHOagaH TOPTUO oMMHAETraH KyBBaTra HucOaTUra TEHr:

1
EU YHKm I YHKm
7 = ., (6.8)
EM I yvrPT
. 6y cpAaa Iltul§.m1 Utmx.m — YMKHII
U, - KaTTajJukjaap amiuiutryjgacu, £Ey -
{\ KywiaHum ManHOau, lypr — ypraua
U, | V— TOK.
U, i Houunszukiau Oy3uIuIIap
o 1P U KO3 PUIIMEHTH  YUKHII  CUTHAJIU
T min <>
= s MaKJIUHUHT KUPUII CUTHAJH
LTI{ o_ {1
U makaugad dhapkuau udonananau. by
bapk OOCKUYHUHT y3aTHIII

XapaKTEPUCTUKACUHUHT HOYM3HUKIUTU cabaldnu ro3ara Kelaau.
Kyuaiituprua OOCKHMYM y3aTHII XapaKTEepUCTUKATAPH UYHUKHII
kaTtTanuruiu  (lyygx €xkm Uyyy) xkupumn xatranurura  (lgygp €xn
Uxyp) OOFIUKIUTUHY U oOIaTaiiim. .

INBa K, karramuknapu Kyn XoJuiapaa  TPaH3UCTOPHUHT
COKMHJIMK PEXUMHU— KydauTupui cuHpu Ounan anukiananu. [y
cababnu KyBBarT KydyauTupurudjiapuaa KYJImaHuIaguran
Ky4aUTUpPrud CuHPJIapuHU KYpuO YUKaAMU3.

V3arum xapakTepUCTUKACUAATU HUINYM HYKTa (COKHHIIHUK
HyKTacHu) xojatura kypa A, B, AB ea 6owka Kywaiumupuuw

cungapu MaBxyn.



A pexcumoa COKUHIHUK pEXKHUMHUIA HINYU HYKTa Yy3aTUII

XapaKTEepUCTUKACU KBAa3WUU3UK COXa ypTracuaa xounamaaud (4 -

pacm).

- ¥

4 - pacm
Kupuill CHTHaJIMHUHT UKKaja SpyUM JaBpHU y3aTHUII
XapaKTEPUCTUKACUHUHT KBa3UYU3UK COXACHU/Ia KOUTAMTaHIUTH

ca0abau HOYM3HUKIN Oy3unuuniap Hr kuuuk (K< 1%) 6yaanu.

PacMmaan kypuHUO TypubIuKu, arap

qu(.m ZEE .

5 s Vamem = |, OViIca, y xonma (6.8)uu ypuura Kyiiuo,

KYWUJaruHu OJIaMu3

n==, (apHU 25 %).

NP



B pescumoa COKHMHIMK PpPEXKUMHUAATUM HIIYM  HYKTa
TPAH3UCTOPHUHT OEpK XoJlaTUTa MOC KeJIyBYM KBAa3WUYHU3HK COXa
yerapacunaa xoumamanu. Tpansuctop dakat mycOar sSpuM AaBp
MoOalHHuIa OYMK XoJaTAa Oyiaaau (5 — pacm).

B pexumaa K 70 % arpoduna 6ynanu. (6.8) udponara Ey

2 oy o
Ba |y, =;ILMK_m JapHU KYWUHUO, KyHHUJAaruHu XOCHJ KHUJaMU3

77=% (apHU 78 %).

B pexmMaa HOYM3UKIM Oy3WIMNUIADHU KaMaWTHUPHII
Makcagujga mycOar sSpuM JaBpHU, UKKUHUYUCU — MaHPUU gapum
JaBpHU Ky4YaWTHpaAUraH, HMKKHTAa Ky4YauTUPTAYJaH TalIKUJI
TONTaH UKKU MAKMIU cxema KyJIaHUuIaau.

AB cungpu A Ba B cundnapu opaluFugard XoJaTHH
srajjlaiid Ba UKKW TAKTJIW KypuiamMmaiaapaa KyuiaHnuwiagu. by epaa
COKMHIIMK peXUMUIa OUP TpaH3UCTOp OepK OyiAranaa, UKKUHYUCHU
ounnuin apadacuga Oymanu, nekuH Oy X0JaT aCOCUM HITUYHU SIPUM
TaBpHU KUYUK HHepuusara 3ra Oynran BAX coxacura omaub

YUKUIITa UMKOH sipatagu. 7 koddpdunuent A cundura Hucbatan

okopu, Kr<3 % 6ynanmu.



Houn3uknu Oy3uiavIlIapHU KaMaWTUPHUII Ba Ky4YaWTHUPHII
K03 hUIUEHTUHU TeMmIepaTypaBuil OapKapOpPJIUTMHU OMIUPUII
MakKcaguga Kydautuprud Oockuuura MaHPuil Teckapu alioka

KHPpHUTHUIIAOU.

Iy m

<
—~

Urnr

a) 0)

S5 - pacm

Teckapu anoxa ne® yukumgaru €Ku OUPOP OpaAIUK 3BEHO
KypUiIMacu YUKHIIUIATd DHEPrUSHUHT OUP KUCMUHU YHHUHT
KAPUIIUra y3aTUIIra auTUiaaau. DyHHHT y4yH CcXemara Maxcyc
3aHXHUP KUPUTHUIIAIM Ba y TECKApU ajoKa 3aHXHUpU Jed aTanaiu.
by 3amxup Ky4yaWTUPTru4 YUKUIIKUAATU KYBBATHUHT OUP KUCMUHHU
YHUHT KUPUIIUTA y3aTHUIITa XU3MaT Kuilaau. bup OockuuHu ¥3

WYura oJjajuraH TeCKapW ajloKa — .Maxaaiuil, KYTnOOCKUYIU



Ky4YaUTUPTUYHUHT OabpUHU Y3 MUUTra OJlalUraH TeCKapu ajioka -
ymymui ned atanaam.

Teckapu aJOKaHUHT MaBXYIUIUTH KypUJIMa YHUKHUIIUIArH
CUTHAJIHUHT, JeMaK Ky4auTUupum KodPPUUUEHTUHUHT Xam
OpTUIIM €KW KamalWumwura oJubd KeJulu MYMKUH. bupunuu
XoJIaTJa KHPHII CUTHaIu ¢azacu OuJIaH TECKapu ajioka CUTHAIU
dbazanmapu Oup — Oumpura MoOC KejaJaud Ba  yJapHUHT
aMILTUTyAanapyu Kymuiaagud — OyHJall Teckapu ajlokKa mycoam
meckapu anoka ne6 aramanu. WkxkuHum Xxomnatna sca (aszamap
Teckapu OYynuO, aMiuiMTygaigap Oup - OupuJaH aupuiagm —
OyHIall TeCKapu ajJoka MaH@uit meckapu anoka 1ed atanaiu.

Kyuaiitupruunapaa ¢gaxkat manduit teckapu ajnoka (MTA)
Kyinanuinaau. MTA HUHT KUPUTHIMIIA CUTHAJI Ky4YaWWUIIUHU
KaMalTupaau, J€KWH mapaMeTpiapHUHT OapKapopjauru opTaiau Ba
HOYU3UKIU Oy3UIUIIIAp KaMasiu.

6 — pacmaa wmaHui Teckapw ajoKajiud Oup OOCKHUUIHU
Ky4aUTUPTUY CX€MaCH KEJITUPUJITAH.

by epmna MTA obsmurrtep 3anmxupura R, pesucrtop
KUPUTUIUIIK OuiaH amaira omupuirad. Kupum KydiaHulu

Ukup opTUINIM OHMJIaH SMUTTEP TOKHM oOpTaau, Iy cabadbnu Rj



pE3UCTOpJla KyUJIaHUII Macamuiuu xam opraau: U, =I1,R,, yyHKHn
0aza- HSMUTTEp VYTUIIKAA KYYJIaHUII KUPUII Ky4dJaHUIIUTA
HucOaTaH Kkuuuk oymanu Uy, =U,,, -U,.

Kupuimr Ba Ry pe3uctopaaru Ky4dJlaHUIIWJIAPHUHT Y3rapuilu
oup - Oupura TeHr nae0 xucobOJsalml MyMKHUH, SbHHU 0a3za-dsMUTTEP
KyWIaHUIH y3apumu AU, HU Xucobra onMaca xam Oymaam.

R, opkamu okub yraétran Tok Ry mam xam okub yTaaw,
neMak, Oy TOKHUHI Y3rapulid KOJEKTOpJAaru pe3ucTopia
IMHUTTEpIAArd pes3ucropaarura Hucbaran R/R, wmapra karra

Ky4IaHUII OPTUIIKTA OJIMO Keaaau

U~pase

6 — pacwm.




by wudomara TpaH3UCTOPHUHT TOKKa OOFIUMK Oyarax
napamerpiapu kupmaau. [y ca6adiau, KOJIIEKTOp TOKH IMUTTEDP
TOKHWAaH aHya ¢dapk KWIMIIMHA XucobOra oiscak, MTA nu
KYYaUTUPTUUHUHT Ky4JIAaHUIII oyitnua KY4YauTUPHUILI
Kod(pPuureHTH KaM MUKAOpAa Oyiaca XxaM TOK KMWUMaTUra OOFJIMK

oymanu

SRy
" 1+SR,-

Ky4alTuprud KHpUII KapIIUIUTH KUUMATH Fyyp = M + BR,
MTA xucobura opraau. YuKUII KaplIIMJIWTU 3ca MaHDUN Teckapu
aJloKa XMcoOura CeKuH opTaau Ba Ry KuiiMaTura MHTUIAIH.

2 Hisoblash gismi.
2.1 Texnik masala tahlili.

Past chastotali kuchaytirgichlar (PCHK) uzluksiz davriy signallarni
kuchaytirish uchun xizmat giladi. U 10Gh dan 100kGh oralig’idagi
chastotada yotadi. Xullas, PCHK ning vazifasi berilgan qgarshilikda
oxirgi yuklamali qurilma talab gilayotgan quvvatdan kuchaytirilayotgan
signalni olishdan iborat.

Zamonaviy PCHK bipolyar va maydonli tranzistorlardan diskret va

integral holda tayyorlanmoqda.



Texnik masalani tahlil etish jarayonida PCHK ga kirayotgan signal

quvvatini quyidagi formula orgali aniglash mumkin:

Bu yerda Ry - signal manbasi garshiligi

Uex - ta’sir etuvchi signal manbayi kuchlanishi

-3\2
p _(2010°)

_5.10°(B
4-20 (Bim)

Kuchaytirgichning umumiy quvvatidan talab

kuchaytirish koeffitsienti formulasi quyidagicha:

l)chiq

gilinayotgan

bunda - texnik masalada berilgan kuchaytirgichning chigish

quvvati

3

=55 — 0-6-10°

K

Pobwy



Kuchaytirgichning umumiy quvvatidan talab gilinayotgan
kuchaytirish  koeffitsienti  detsibellda quyidagi formula orqali

hisoblanadi:

KPoﬁm[)ll;] =10lg KPoﬁm (1.1.3)

K posuios; =1019(0.6-10°) ~ 58

2.2 Struktura sxemasi sintezi.
Texnik masalaning tahlilidan shuni ko’rish mumkinki, Past chastotali
kuchaytirgichning chigishida kuchli oxirgi kaskad bo’lishi kerak.
Chiqish signalining quvvati 50mW bo’lganligi uchun, A sinfga mansub
bo’lgan oxirgi kuchaytiruvchi kaskad qo’yish magsadga muvofiqdir.
Shuning uchun chigishda B rejimda ishlovchi, transformatorsiz ikkitaktli
kuchaytiruvchi kaskad tanlangan. Bu rejimning foydali ish koeffitsienti
yuqori bo’lganligi uchun kaskadni yahshi tejaydi. Transformatorning
yo’qligi past nochizigli siljishlarni yuzaga keltiradi. Kuchli
tranzistorlardan tayyorlangan ikkitaktli transformatorsiz kaskad 30dB
gacha kuchaytirish imkoniyatiga ega.
Kirish kaskadi sifatida asosida integral operatsion kuchaytirgich bo’lgan
invertorlovchi kuchaytirgich olingan. Bu kaskad foydalanilayotgan

mikrosxemaning tipiga garab 60 va undan yuqori detsibellgacha



kuchaytirib berishi mumkin. Bundan tashgari operatsion
kuchaytirgichdagi invertorlovchi kaskad umumiy kuchaytirgichning
kirish garshiligini keng diapazonda o’zgartirishi mumkin.
Kirish va chigish kaskadlarining yahshi kuchaytirish qobiliyati
sababli, go’shimcha oraliq kuchaytirish kaskadlarning keragi yo’q.
Kirish va chigish kaskadlarini ulashda RC- zanjiridan
foydalaniladi.

Past chastotali kuchaytirgichning struktura sxemasi 1- rasmda

keltirilgan.
Bxog, Boixoan
— | —
VHbepmupyowuts Hbyxmakmuuoit
ycunumenbHoll BecmpaHc@opMamopHLul
kackag Ha QY ycunumenbHbolt Kackag
o— 0O

1-rasm. Past chastotali kuchaytirgichning struktura sxemasi.
2.3 Prinsipial sxemani qurish va hisoblash.
Past chastotali kuchaytirgich prinsipial elektr sxemasi B ilovada
ko’rsatilgan. Hisoblash jarayonida xar hil yelkalardagi tranzistorlarning
parametrlari bir xilligi inobatga olinadi.

Manbaa kuchlanishi kattaligi quyidagi formuladan aniglanadi:

Ex =\/8PBLIXRH +l’ (131)

E, =+/8-3-4+1=10.8(B)



VT3 va VT4 oxirgi tranzistorlarning kollektor tokining maksimal

giymati quyidagi formula orgali aniglanadi:

Ex
2Ry (1.3.2)

Ik max pacu —

_108 _ 1 3504
2.4

K max pacu

Sharoitdan kelib chigib, tinchlikdagi tokning giymati quyidagicha
bo’ladi:

lkp = (0.01..0.02)l K maxpacu (7 3.3)

i, =0,027(4)

Har bir so’nggi tranzistordagi kollektor o’tishdagi maksimal

quvvat:

Ek

2
A1t RH (134)

Pk max pacu —

2
_ 108" 5 5o(m)

K max pacu 2 -
Ar* .4

VT3 va VT4 oxirgi tranzistorlarni hisoblashlardan olingan EK,
Ik.max.hix, Pk.max.xis va berilgan texnik masaladagi fb ni hisobga

olgan holda va quyidagilarga asoslanib tanlanishi kerak:

Uksmax > Exk (1.3.5)



Pk max > PKmaxpacu (1.3.6)
Ik max > Ik maxpacu (1.3.7)

fha1 2 2y (1.3.8)

Bu talablarni KT825 va KT827 tranzistorlari qoniqtirishadi:

100B >10.8B

125Bm > 2.32Bm

204 >1.354

AMTIy > 15Ty

Oxirgidan avvalgi tranzistorning maksimal toki qiymati
quyidagicha aniqlanadi:

Ik maxpacu

N213min | (1.3.9)

Ik max pacu.mpex —

bunda 'Kmaxpacu _ oxirgi tranzistorlarning kollektor tokining
maksimal giymati.

N213min - oxirgi tranzistorlarning tok o’tkazish koeffitsientining
minimal giymati.

| —%:1.8-103 (4)

K max pacu.npeo — 75

Har bir oxirgidan avvalgi tranzistorlarning kollektor o’tishida

yutilatotgan maksimal quvvat quyidagi formula yordamida aniglanadi:



PKmaXpaC'l
0,9
h213min (1- R.I )
21 Kmaxpacu.npen (1.3.10)

Pk maxpacu.npen —

2.32 _
I:)K max pacu.nped 09 =6-10 3 (Bm)
750-1— 2
1000-0,0018

VT3 va VT4 oxirgi tranzistorlari hisoblashlardan olingan EK,
Ik.max.xis, Pk.max.xis va berilgan texnik masaladagi fb ni hisobga

olgan holda quyidagi shartlarni bajaradigan gilib tanlanadi:

Ugkamax npex > Ex (1.3.11)

P K max npex > Pk max pacy.npen (13 12)
I max .mpex > 1K max pacu.npen (1.3.13)

fh213.npe21 2 5fB (1314)

Bu talablarni KT825 va KT827 tranzistorlari mutlog qoniqtiradi:
125>10.8

125Bm > 6-10° Bm

204>1.8-10°4

AMIy > 15kl 'y

C5 ajratuvchi kondensatorning sig’imi quyidagicha aniglanadi:

1
mfuRu | (1.3.15)

C52



bunda fu - pastki chegaraviy chastota;

C5> 1
7-20-4

~ 3900(mx D)

C5 ajratuvchi kondensatorning nominal giymati TOCT 10318-80
ga ko’ra 4000mkF qgilin olinadi.

R7 va R8 rezistorlarning qarshiligi 100 omdan qilib olinadi va
Electronics Workbenche dasturida loyihalashtirilayotganda
aniqlashtiriladi.

Past va yuqori chastota joylaridagi kaskadning chastota siljishi

quyidagi formulalardan aniglanadi:

1 2
M = 1 N f D
mpace.l =1+ (anHRHCJ (1.3.16)

f 2
MB.pacq.1= 1+( 5 )
fha1d ’ (1_3_17)

bunda fs - yuqori chastota chegarasi.

1 2
M, s =41+ =1,06(05
et \/ (27[-20-4-3900-106J ©F)

15000’
M, = 1+(4_106j ~1(05)

6.pacu.

Ikkitaktli transformatorsiz kaskadning kirish toki quyidagicha
aniqglanadi::



_ Ik maxpacu.npes

.. =
BX N213min | (1.3.18)

| . : : .
bunda ~Kmaxpacamper _ oyiridan avvalgi tranzistorlar tokining
maksimal giymati.

~1.810°
"~ 750

= 2.4(mxA) ~ 0,0luA

R4-R5-R6 bo’luvchi toki quyidagi munosabatdan aniglanadi:

lx = (51055 (1319

|, =01ud
R5 rezistorning qarshilik qgiymati quyidagi formula orqali
aniglanadi:

rRs— URs _Upo1 +Ups2 +Upy3
! ' 1 (1.3.20)

A

Bu yerda 1/ —R4-R5-R6 bo’luvchining toki;
UBD31, UB32, UBD3, - kirish xarakteristikalari orgali aniglangan

tranzistorlarning emitter o’tishidagi ko’chish kuchlanishi.

_1B+1B+0,8B

R5
107 4

= 28x0m

VT1 va VT2 kollektor o’tishlar ko’chish kuchlanishining minimal
nochizigli siljishi ta’minlash uchun ular teng bo’lishi kerak. Bu
tranzistorlarning h2le va lib0 parametrlari bir xil bo’lganligidan

quyidagi munosabatlar o’rinli:



Ur4 +Urs +Ure =Ek (1.3.21)
Uks +Urs +(Uks +Urg) =Ek (1.3.22)
2Ugy +Ugrs + IKmaXpaCtl.npen ‘R8=Eg (1.3.23)

Shunday qilib, VT1 va VT2 tranzistorlardan xoxlagan birining
kollektor o’tishidagi ko’chish kuchlanishi quyidagi formuladan

aniqglanadi:

Eg - IKmaXpacq.npezl ‘R8-URsg
2 (1.3.24)

Uks =

bunda YR5 - R5 rezistordagi kuchlanishning tushishi.

~11-1.8-10°-100-2,8
2

Uy =Ug, = 4.01(B)

R4 va R6 qarshiliklar 0’z navbatida quyidagi formulalardan

aniglanadi:
Ra= JKI
'n (1.3.25)
4.01
R4=— == 40.1(kOm)
R6 = Uk + URs _ Ugs + IKmaXpac'l.npezl -R8

! In (1.3.26)

A



~ 4.01+1.8-107°-100
10

R6 =41,9(xOm)

Hisoblashlarda R4 va R6 qarshiliklarning giymati taxminan teng.
I'OCT 10318-80 bo’yicha eng yagin nominal giymat 50 kOm.

C4 kondensatorning sig’imi quyidagi formuladan aniglanadi:

1
21 - fH . 0,1 -R5 (1327)

C4=

bunda Tr - PCHK ning pastki chegaraviy chastotasi.

1
4:
27-20-01-28-10°

= 2.8(mKk®D)

I'OCT 10318-80 C4 ning eng yagin nominal giymati 3 mkF.
Ikkitaktli chiquvchi kaskadning kiruvchi garshiligi quyidagicha

aniqglanadi:

r - Ysx _Urs+URe _ I,(R5+R6)
BX — - -

I sx I sx I sx (1.3.28)

o _10"-(28+419)-10°

0 =699-10° (Om)

R3 rezistorning giymati quyidagi formuladan aniglanadi:

R3 = RBX ) RH.min
Rex =Rumin (1.3.29)

bundaRex - ikkitaktli oxirgi kaskadning kirish garshiligi;



Ru.min - operatsion kuchaytirgich yuklama garshiligining optimal

giymati.

R3 garshilikning bunday giymati ikkitaktli chiquvchi kaskadning
talab qgilayotgan kirish garshiligi bilan ta’minlashdan iboratdir. Binda
R3//Rkir =Rh.min bo’lishi kerak.

C3 kondensatorning sig’imi quyidagi formuladan aniglanadi:

C3 = 1 _ 1
(R3K+Rﬂ.min)2n'fﬂ'\/M12{_l 2Ry min +2m-fy - Mlzi_l’
(1.3.30)

bunda Rox = R3||RBx;

fu pastki chastota chegarasi;

Mu - chastota siljishi koeffitsienti (Mh=1.01 dB deb beramiz);

Ru.min - operatsion kuchaytirgich yuklama garshiligining optimal
giymati.
C3= L =0.875(mr @)

2.210°-27-20-4/1,01% -1
I'OCT 10318-80 bo’yicha C4 ning eng yaqin nominal giymati 3.6
mkF..
RC - aloga zanjirining uzatish koeffitsienti quyidagi formula orgali

aniglanadi:



- R R |
. - — H.Min )
Rok + Rumin + -~ 2Rumin+——
K H.MIN JO)C3 H.min JO)C3 (1331)

RC — aloga zanjiri uzatish koeffitsienti pastki chastota chegarasini

inobatga olib hisoblanishi quyidagicha:

R .
KU(fH)z H.MIN

2 1 ?
AR . —
H.Min +(2n'fn .C3j (1.3.32)

3
K, (f,)= 210 =0124

2
4(2-10°f + I
27-20-3,6-10"

Shunday qilib, RC - aloga zanjiri kirishidagi kuchlanish quyidagi

munosabat orgali aniglanadi:

Uy 14(R5+R6)
Ku(fe)  Kulfa) (1.3.33)

UBXRC =

107*-(28+41.9)-10°

U
ke 0124

~56(B)

Operatsion kuchaytirgichdagi invertorlovchi kuchaytirgich va
signal manbayi orasidagi bog’lanishni ta’minlash kerak. Buning uchun
kuchaytirgichning Kirish qarshiligi va signal manbayi teng bo’lishi
kerak. Rkir.ok = R1 bo’Iganligi uchun Rt=R. =20 Om deb olamiz.

Rl= Rrbo’ganligidan, kuchaytirgichning ko’rinishidagi

kuchlanishi quyidagi formula orgali aniglanadi:



Er
wEy

(1.3.34)

u, = 2—20 =10(uB)

Operatsion kuchaytirgichdagi invertorlovchi kuchaytirgichning
talab gilinayotgan kuchaytirish koeffitsienti quyidagi formula yordamida

aniqglanadi:

K __UBI)IX __UBXRC
OoC = =

Usx Usx  (1.3.35)

56
K.. =— — 5600
°“ " 10.10°°

R2 rezistor qgarshiligi giymati quyidagi formula orqali aniglanadi:
R2=-R1-Kgc (1.3.36)

R2 = 20-5600 =112-10° (Om)

I'OCT 10318-80 bo’yicha garshilikning eng yagin nominal giymati
110 kOm.

C1 kondensator sig’imi 1 mkF qilib belgilanad va u “Electronics
Workbenche” da loyihalashtirilganda aniglashtiriladi.

Sxemadagi barcha kondensatorlarning nominal kuchlanishi
Unom=2Ek munosabat orgali aniglanadi. Barcha kondensatorlarning

nominal kuchlanishi 22 V dank am bo’Imaydi.



2.4 Qurilmani “Electronics Workbenche”dagi tahlili

Ishlangan sxemaning tahlili Electronics Workbenche Version 5.12
dasturi yordamida amalga oshiriladi. Ossilogrammada ko’rinadiki, G va
D ilovalarda signalning amplitudasi chigishdagi chegaraviy chastotasi
xisoblashlardagidan farq giladi. Buning sababi, bu chastotalarda
uzatishning har xil koeffitsientlaridandir. (E ilovaga garang).
Chegaraviyga yagin chastotalarda PCHK ishlaganda nochizigli siljishlar
hosil bo’ladi.

Pastki chegaraviy chastotada — siljishlar “zina” ko’rinishida,
yuqorisida — signal sinusoidasining yugori qgismi kesilgan holda
namoyon bo’ladi.

C1 kondensatorning sig’imi gidirilayotkanda uning optimal
giymati aniglanadi. U 39 mkF. Bundan tashqari, R3 rezistorning
garshiligi oshirilganda pastki chegaraviy chastotning nochiziqgli siljishi
kamaymoqda. Shuning uchun uni sxemadan chigarib tashlaymiz (
R3=cheksiz).

Yuklamada signalning quvvati pastki chastotada 20 watt, yugorida

esa — 36 watt ni tashkil etadi.



Xulosa

Hisoblashlarda va ishni EWBda sxemasini modellashtirish shuni
ko’rsatadiki, loyihalashtirilgan Past Chastotali Kuchaytirgich texnik
masala shartlarini mutlog qoniqtiradi.

Kuchaytirgichning nochiziqgli siljish koeffitsienti, Foydali ish
koeffitsienti, Shovgin kuchlanishi va shu kabi boshga parameter va
xarakteristikalari bu kurs loyihasida ishlanmadi. Buning boisi, texnik
masalada bunday shartlar qo’yilmagan.

Bu kurs loyihasini tayyorlash davrida analogli elektronika bo’yicha
bilimlarni chuqurroq o’rgandim. Yana ham aniqgroq aytadigan bo’lsam,
Past Chastotali Kuchaytirgich hagida ko’p kerakli ma’lumotlarga ega
bo’ldim. EWB dasturi yordamida elektr zanjirlarini modellashtirish va

uni ishlatish kabi bilimlarni va ko’nikmalarni 0’zimga gabul gildim.

Foydalanilgan adabiyotlar.
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2-rasm. Loyihalashtirilayotgan kuchaytirgichning modeli.
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llova B
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3-rasm. Pastki chegaraviy chastotada chiqish signali ossilogrammasi.



llova V

7.3898 ms 7.46829 m=s 213.8911 ps=

11.953461 W -11.7478 W -23.4831 M

4-rasm. Yuqori chegaviy chastotada chiqish signali ossilogrammasi.



llova GvaD
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5-rasm. Loyihalashtirilayotgan kuchaytirgichning amplitude-chastota
xarakteristikasi.



