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MNPEIAHWCJIJIOBHUE

B nocsenHue TOABI Bce yalle Ha CTPaHHUAX PaJHOTEXHHYECKON JiH-
TepaTypbl MOXHO BCTPETHTb TEPMHH «KACKOAHBIH YCHJIHTENb». B oTaH-
gue OT OGBIYHOTO YCHJHMTE/bHOrO Kackaja, o6pa30oBaHHOrO 3JeKTPOHHOI
JaMlofl M HEeCKOJbKHMH [acCHBHBIMH CXEMHLIMH 3SJeMEeHTAMH, KacKol-
HHIl YCHJIHTeJb MNpefcTaBJsieT cobofl yCHJIHTENbHYIO CXeMY, B KOTOPOil
ABE HEMOCPe/ACTBEHHO COCJIHHEHHBle JaMMbl BKJIOYEHbl Tak, 4YTO uepes
HUX NPOTEKaeT OfHAa H Ta XK€ NepeMeHHas COCTaBJsOLas aHOLHBIX TO-
KoB. B rakoil cxeme oana u3 JaMm, paboTtas YCHJIHTENeM, CAYKHT Of-
HOBPEMEHHO JAHHaMHYeCKHUM HATPY30UHBIM COMPOTHBJEHHEM IJs1 ADPYro#
jgammel. CjencTBHeM 3TOTO ABJAKTCS COBEPIIEHHO HOBble CBOHCTBA YCH-
JUTENS: yBeJIWYeHHOe BXOLHOE CONPOTHBJ/EHHE, BBICOKOE YCTORYMUBOE
yCHJIEHHE NpH MaJjoil BeJluuynHe cOOCTBEHHBIX LIYMOB H Ap.

KackonHble ycHAHTEIH HMEIOT MHOro pasHoBuaHocTefi. HauGoaee
pacrnpoctpaHeH YCHIHTENb Ha ABYX TPHOAaX, B KOTOPOM OJAHH H3 HHX
BKJIOUEH MO cXeMe ¢ OOUIHM (3a3eMJEHHBIM) KaTOIOM, a BTOPOH IO cXe-
Me ¢ obuelt ceTkoll. Cxema 3Ta, KOTOPYIO Mbl EDHMEM 3a OCHOBHYIO, Xa-
paKTepudyeTCa BBICOKMM YyCHJIeHHeM (GJNH3KHM K YCHJEHHIO B CXeMe C
MEHTOAOM) M HH3KHM YypOBHeM COOGCTBEHHBIX LIYMOB (Kak B OGLIYHOM
TPHOJHOM ycuauTesne). Manas cBsi3b BBIXOMA YCHJIHTENA CO BXOLOM, MHO-
Aywamomascs 6sarogaps 3a3eMJIEHHIO CEeTKH BTOPOrO Tpuona, Onpefe-
JfieT BBICOKYIO YCTOMUYHMBOCTH YCHJMTENsl. TakHe YCHIUTENH LIHPOKO
NPUMEHSIOTCS B KayeCTBE BXOJHBIX KAaCKAajOB YCHJHTEJel BBICOKOM, Mpo-
MEXYTOYHOH M HH3KOH 4acTOTH H BO MHOTHX JPYTHX CXeMax.

B cxeMy KacCKOMHOTO YCHJHTeJass MoXeT GbiTh JIerKo BBefEHa Lelb
YacTOTHO-3aBHCHMON 06paTHOfl CBSI3H, YTO MNO3BOJSET CO34aTh HH3KC
YacTOTHLIE H3OHpPATC/ALIIBIE YCHJAHTENM C GOMBIIOH 10GPOTHOCThbIO. |
3JeKTPOHHBIX CTAa0HAH3ATOPaX HANpPAXKEHHS NPUMEHSAIOTCH KAaCKOHLIY
Y3KOMOJIOCHblE YNDAaBJSIIOUIHE  YCHJAHTENH ¢ 6oJblIMM Ko3dhdHUHEHTON
yCHJIEHHUS.

3HaYUTENbHBIMY NPEHMYLIECTBAMH MO CPaBHEHHIO ¢ OOGBIYHBIMH Ki-
TOJHBIMH MOBTOPHTENSMH 06/1aJal0T NOBTOPHTE/H, MOCTPOEHHHBIE MO Kal-
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KOAHOH cxeme. [ToMHMO Gosee BBICOKOTO BXOJHOTO CONPOTHBJEHHS B
Go/IbLIOM IUHAMHYECKOM [HANa3oHe H GJIH3KOIO K ennuune Kosdduuuen-
Ta mepefayd HanpsKeHHs, KaCKOJHble KaTOAHBIE MOBTOpHTENH obiana-
10T elle COBEPUIEHHO HOBBIM /s KaTOAHBIX MOBTOpPHTENEH CBOHCTBOM —
ONHAKOBO XOpOlIed mepegayeil Kak MOJOMKHTENbHBIX, TAK H OTPHIATEb-
HBIX [lepenajoB HaMNpSXKEHHd, UTO ONpejessieT HX IIMPOKOe TPHMEHeHIe
B MMIYJbCHBIX YCTPOMCTBaX.

Mmuorye cBoficTBa KacKoAHBIX YCHJAHTENCH COXpPaHAITCA H B Cjayuac
TPHMEHEHHS] BMECTO JIaMN TPaH3HCTOPOB. KackoaHble yCHJIHTENH Ha
TPaH3UCTOpPaX 06/1a7a10T BHICOKOH YCTOHUHMBOCTBHIO MO CPaBHEHHIO ¢
OOBIUYHBIMH, UYTO I103BOJHET H36€XKaTh CJAONKHBIX CXeM HelTpaJu3alHuu.
OMUTTepHble NMOBTOPHTEJH, BKJIOUEHHBIE MO KaCKOAHOH cXeMe, OT/IHYa-
I0TCS OYeHb BBICOKHMH 3HAYEHHSIMH BXOJHOIO CONPOTHBJEHHS, AOCTH-
TaloMHMHA fecaTKa MeroM. Kackoguble SMHTTEpHblE MOBTOPHTENH COXpa-
HSIOT TakXKe CBOHCTBO HEHCKAXEHHOH Mepefaud JIBYXMOJSAPHBIX CHIHA-
JIoB mpu pa6oTe Ha eMKOCTHYIO Harpysky, XapakTepHoe i1 JaMIOBBIX
KacKOJlbIX MMOBTOpPUTENEH.

B 3Toifi Kuure paccMOTpeHbl CBOICTBA ® OCOGEHHOCTH Pa3JIMYHBIX
KaCKOJHBIX YCHJIMTeJed, NpHBefieHa MeTOo/luka MX pacuetra W [aHBl IpH-
MepLl NPAaKTHUECKHX CXeM. BO BTOpOM H3/laHHHM 3HAUYHTENLHO paCuIBpeH
pasjiesl, NOCBAIUEHHBIH  KacKO/AHBIM KaTOITIbIM MOBTOPHTENSIM, BBeieH
paszfes o0 ycHJAHTeNRX C AMHAMHYECKOH aHOJHOM Harpy3koil, MpHBedeHbl
NpUMepLl MPUMEHEHHS TPaH3UCTOPOB B CXeMaX KAaCKOAHBIX YCHJHTeJe.
B kHHre MWKPOKO HCIIONB30BaHbl MaTCpUasbl, OnyGJMKOBAaHHbIE Kak B
OTe4ecTBEHHOMH, TaK U B 3apy0exKHON nuieparype.

Asropot



'TABA NINIEPBA4
AHAJIU3 U PACYET KACKOAHbIX YCUJUTEJIEH

1. OCHOBHASI CXEMA KACKOAHOIo yCUJMUTENSA

HauGonee xapakTepHoii oco6eHHOCTBIO mpHBecHoll na puc 1 cxe-
Mbl KaCKOJHOTO YCHUJIHTEJNST SIBJISETCS HEIOCPEe/ICTBEHIIOe CCeAdHeHHe aHO-
la mepBoro tpuofa JIj, paboTalollero B KauecTBE YCHJAMTENS ¢ OGIHM
(3a3emyieHHBIM) KaTOAOM, C
KaToOAOM BTOporo Tpuona Jly, 2+
ceTka KOTOpOro 3a3eMJcHa 0 0
N0 MNepeCMEeHHOMY TOKYy uepes3 a !
kouzeHcatop C,. Hanpsxe-

Hue Bxopsoro curHaita Uca
nmogaercss ia CeTKY TpHO-
na J,.

AnopHO# Harpyskoi 3To-
ro TpHOZA CJAYXHT BXOZHOE
CONpPOTHBJIEHHE CO CTOPOHDI
JaMmibl Jl;. B KayecTBe aHOL-

HOHl Harpysku Jamne Jlj
MOXeT ObITb HCIONb30BAHO g4
KaK aKTHBHOe CONpPOTHBJeE-

HHE, TaK U pe3OHAHCHLI KO- &
TYp HJH TpaHcdopMarop.

Heo6xomimoe nanpsme-  Pic. 1. Ocuosmnas cxema KkackogHoro
HHe CMelleHHsl Ha CeTKy JiaM- VCILTITed.
nel JI; momaeTcst ¢ AeaHTens
HanpsKeHHsi, 06paloBaHHOro
conpoTuBaenuaMH R; 1 Ry 3a cyer NMOCTOSHCTBA HOTEHINAJa CeTKH
namnel JI; u3MeHeHUs MOTeHUWasa Karoja 3Toil JaMmnl orpaspueiibl
CaegoBatenbHo, aamna Jl; paGotacr npi MOYTH NMOCTOTHIHOM HalpKe-
HIIK Ha aHoxe.

310 00CTOATEALCTBO I CO3/1AET YCJAOBHS AJ51 MOJYUYEHHS OUYeHb 60Jb-
IIOr0 YCHJIEHHS Ha TPHOAAX, BXOASIUHX B KAaCKO/HbBI ycumuTesb, GJIH3-
KOTO MO BeJifudlie K YCIJIEHHIO, oJyyaeMoMy na nedtodax. IIpumenerue
TPHOLOB MO3BOJIsAET H30EKAThL TAKOTO CYULACTBOIHOrO 1ef0CTaTKa MeH-
TOJHOIO YyCHJIMTEJIA, KakK 6oaLMoN YPOBeHL COﬁCTB(‘HHbI\ MMyMoOB.

o
p%4

Bbixoi

L
L L
l

{,
a2 ﬂ:

11

L}

o
~

12




2. ONPEREJNIEHUE 3KBUBAJIEHTHBIX MAPAMETPOB
KACKOJLHOTO YCHJIUTEJA

Ias onpefeseHnst 3KBUBAJNEHTHBIX MapaMeTPOB KAacKOMAHOTO YCHJIH-
TeJISI UCMOJIb3YEM ypaBHEHHE [JIS NEeDPeMEHHOM COCTaBJsSIIed aHOAHOro
TOKa Tpuoja B JHHEHHOM pexXuMme

= SUc.x+ —— Uax s (1)
R;
rae [, — mepeMeHHasi COCTaBJsiiollAst aHOJHOTO TOKA,
Uc.x — mepeMeHHasi COCTABJAIOLIAS HAMPSIXKEHHS MeXAy BbIBOAAMHU
CeTKH M KaToma TpHOJa;
Ua.x — nepemMeHHasi COCTaB/siIOIlAs HampsiKeHHsl lia yuacTke alOof—
KaToJl TpHOAA;
S — KpyTu3Ha;
R ; — BHyTpenHee compoTuBJcHlie 1DPHOMLA.

B cooTBeTCTBMH ¢ 3THM ypaplietiiieM TIecpeMeHHas CcOoCTaBJdmllas
AaHOJHOT'O TOKa& JaMIIbl ./71 KacKOJIIOro YCHJINTEJs1 ONpenenseTcs Bbipa-
KeHHeM

I3 = 81Ua1 + Ual , (2)
a s naMool J1g

Iyp =8, (—U (Ia2Rq 4 Uar)- (3)

ul) -
Rz
3Hak MHHYC B NTEPBOM cJjaraedon npaBoil yacTi papeHcTBa (3) mo-
CTaBJIeH NMOTOMY, YTO CHrHAaJ NPHJIOXKEH He K YNpaBJsiiolleif ceTke, a K
KaTony JaMmbl Jlp; MHHyC BO BTODOM cJaraeMoM paBeHCTBa (3) noay-
yaeTcs MOTOMY, YTO BhIpaxelile N71st Hanpsxenns Uz e samnnt JIp ume-
eT BHUA:

rr I o T n rr
Ua.uk2 — Ly — 13203 — Uy
Hanpsixkenne aHoaHoro nuranus E, He nMeer nepemeHIofl cocTas-
JIH}OHIGI':[, U CJeJoBaTesbHO, He OKa3biBaeT BJAHSHUA HaA ne‘pemeHHy}o Cco-
CTaBJIAICULYIO aHOAHOro TOKa Tpuona. 310 caaraemMoe MOMKHO ONYCTHTD.

Torna BuipakeHue nas U,.xe, NMOACTABJAsIEMOe BO BTOPOH ujeH ypaBHe-
Hud (3), npuobperaer BuA:

Ujeg = — (la'zRa +Ua) .

Hafinem us ypaBHenusi (2) 3nauenne U,y . B nmaneHelimem pacuer
BeJleTCsl B MPENNOJNOMNKEHH!, UTO MPH BCEX M3MeleliusiX BXOXHOro Hamps-

IhCl'Il’l)l LCIU“IHDIL TOKH UGCH/\ Jlaiviil UlLyILlUyK}l
Benencreue storo [a1=1I,2=1I,, 1 MOXHo 3anncarhb:

Ual = IuRil — SJUclRt'l .

[ToncraBup 3TO BLIpaX{eHiie B ypaslelue (3), NOAYUHM:

1
a=S2(Ri1S1Uc1 — I,R;1) — R (IaRy + T\ Rju —R;1S$1Uq) -

i2



Orclona ciaefyeT, uTo IleDeMeHHas COCTaBJSAOLIAS AHONHOTO TOKA

1C4Y Hnono 10oxa

KacKoJHOro ycuautess, ob6pasosanuoro Jamnamu J; u Jy,
= RinS1 (RS + 1) Uiy
T Ryt Ri (RisSat 1)+ Ry

ITpeo6pasyeM 3To BbiDaXKeliiie, HCMOMb3Ys H3BECTHOe COOTHOIIEHHE
MeX1y napamerpaMi Tpuoxa M=SR;:

B (pe 4+ 1) Uca @)
Ry+Ry(pa+1)+Ripe

Honyl{em{oe BpIpazxKelnye mno cBoeH CTPYKType alaJIorTMYHO BbIpaxKe-
HHIO, CBSI3LIBAICHIEMY TCPRCMCINTYIO  COCTARMGONITYIO  dAHO/IHOTO0 TOKa H

I,=

a
Beizad
Ry
7+
17 Fa
-a
- »
U
U bt
-,
T
e
) 0)
. . Puc. 3. 9kBuBa-
Puc. 2. Tpuomupifi yCHJIHTE]b C OMHUECKOH Ha- feHTHas cxeMa
TPY3KOH. KaCKOJHOTO YCH-
a — MPHMHUHNHAMLH 1A cXeMa; 0 — 3KBHBaJIeHTHAs cxeMa. JIUTEJA,

BXOAHOE Hanpsi¥KeHHe CHrHasa oGbIYHOro TPHOAHOTO YCHANTEJS, NPHIILHU-
NHaJbHAsl H SKBHBAJEHTHAs CXeMbl KOTOPOTO NpHBENEHBl Ha puc. 2. Huas
TaKOoH CXeMbl

bl

R3+Ri

CpaBiende ofeux ¢Qopmysa N0O3BoOJsAET CAeNaThb BBIBOLA, 4TO [J4
KaCKO/IHOTO YCHJHMTENS BepHAa 3KBHBAJEHTIAsg CXeMa OOBLIYHOTO TPHOI-
HOTO YCHJHTENs, B KOTOPOH BMeCTO CTaTHYECKHX [apaMeTpoB TpHOJa
HCIIOJIb30BAHbl 3KBHBAJIEHTHBlE CTAaTHUECKHe MapaMeTphl KacKOJHOro ycu-

Jutensa. 3 npuBeleHHOH Ha pHC. 3 SKBHBAJEHTHOH CxeMe 3KBHUBAJEHT-
HbIH KO3 (P ULHEHT yCHJEHHS

Py = (U2 1), (5)
a BblpaKeHHe IJIfi 3KBHBAJIEHTHOrO BHYTPEHHErO CONPOTHBJIEHHS YCHJH-
TeNsl UMeeT BUI:

ta

Ri,=Ru(pe+ 1)+ Ry . (6)

W3 ¢opmyasl, cBs3blBalolleldl BeJHYHHB CTAaTHYECKMX NapaMeTpos,
HafileM 3KBUBAJIEHTHYIO KPYTH3HY BOJBbT-aMIepPHOR XapaTepHCTHKH Kac-
KOJHOI'O YCHJIHTEJNS:



S. = s _ P'I(HZ‘*‘I)
> Ry Ru(pe+1)4+Rp '

Paagenus uucinTens v 3HaMeHaTedb Ha Ry, MOJYYHM:

Wz 1
S, =8, P (7)
i2
et 1+ =
Riy
Hame Beero B KaCKOANLIX YCHJLtIedax HpHMeHsiiolcy an6o NBOUHBIC

TPHOABI, JH60 ONHHAKOBHlEe MO CBOHM NapaMerpaM OJHHOYHbie TPHOALL.
B stom cayuae dopmyan (5), (6) u (7) Aas 3KBMBaJIEHTHBIX Mapamer-
POB KaCKOJHOTO YCHJAHMTENsi COOTBETCTBEHHO NPHOOperaloT BHI:

By =p(p+1);
Ri):Ri(“'”‘}‘Q);
_ghtt

S
Bt 2

HIH TIPHOJIHAKEHHO
By = p2;
Ry, =Ry
S; =S

L

ITocnentne BoipaxKeHusi HauboJsee HarIsIHO MOKA3LIBAIOT OTIHYHE
SKBHUBAJIEHTHBIX CTAaTHYECKHX [1apaMeTPOB KacKo/AHUOro YCHJHTENS OT
CTaTHYeCKUX [apaMeTpoB TpHOZA.

Ha ocHoBaHun nosyuyeHHBIX BbIpa)KeHu#l AJs 9KBHBAJEHTHBLIX Mapa-
METPOB KAaCKOAHOTO YCHJHTENs MOXKHO NpPOH3BECTH CpaBHeHHe CBOHCTB
KaCKOJHOTO YCHJIMUTENs Ha TPHOGax M MNEHTOJHOro YCHJAHTEJBHOTO Kac-
Kafa. BenuuynHa >5KBHBaJEeHTHOTO CTaTHUecKoro KoadduuueHrta ycuue-
HHS KacCKOJHOTro yCuJuTe s NpHOIH3UTebHO paBHA NPOH3BeAEHHIO CTa-
THYECKHX K03(QUIHEHTOB YCHJAEHHS TNpPHMEHsieMBIX TPHOJOB. B cayuae
OAHHAKOBLIX TPHOAOB OHa pabHa KBaApaTy CTATHYECKOIO KOS(pPHuHEH-
Ta ycusenus tpuoaa. O6wpiuilo Ois YCHJHTENbHBIX TPHOAOB BeaHYHHA [
aexur B npefenax ot 20 no 100. CienosaresbHo, BO3MOXKHble 3Haue-
Ha WP, MoryT coctaBasth ot 400 o 10 000. ITpumepiio B 3THX Xe mpe-
genax JeXHT M BeJMYHHa CTaTHYecKoro KosddiueHTa yCHIEeHHs MeH-
Toza.

DKBUBA/JEHTHOE BHYTPEHHEC CONPOTUBJIEHHe KACKOJHOTO YCHIHUTENS
GoJbllle BHYTDEHHEro CONMPOTHBJEHHS NEPBOTO TPHOAA NPHUOIH3UTENBLHO
B Wy pa3. Tak Kak GOJIBIIMHCTBO YCHJAUTEJNbHBIX TPHOMOB HMEET BHYT-
peHHee CONMpPOTHBJEHHe B npemenax ot 4 no 120 xos, TO KacKOAHBI
yCHAHTENb MOMKET 06safaTh BHYTPEHHHM CONPOTHB.IeliieM 0T 80 xom
10 12 Monm. Tlentonn umeror Beauuuny K; ot 10 kom no 2,5 Mom. Ta-
KM 00pa3oM, # 1Mo 3TOMy napaMetpy HaGJioflaeTcs COOTBETCTBHE Kac-
KOJIHOTO YCHJHMTEAA MEHTOXHOMY, MpHuYeM BepXHHil Tpefen BeJTHUHHBI
R; B KacxoauOM ycuauTese gaxe Bhllle, uem y nentona. ITocnennee o6-
CTOSITEJIBCTBO I03BOJISIET HCIIOIL30BATH KACKOAHBIL YyCILIHTENb A IMO-
JYUEHHs1 O4YeHb GOJBLUIOTO YCHJEHHS B Y3KONOJOCHBIX CHCTeMax.

BenyuuHa 3KBUBAMEHTHON KDPyTH3HBI XAPaKTePHCTHKH KAacKORHOIO
yCHJIHTEJNS] TIPHMEPHO paBHA BeJHYHIle KPYTH3HBI XapakTePHCTHKH Mep-

Q
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Boro Tpuoja. Kak cnenyer us ypasiteius (7), naXe Npu NpUMeHeHHH B
KacKOAHOM yCHJHTesle NBYX Pa3jHuHbIX TPHOLOB, BHYTPEHHHE CONPOTHB-
JeHHs KOTODHIX OTJHYAIOTCA B HECKOJILKO Pa3, JKBHUBAJEHTHas KPYyTH3Ha
Gyner He3HAUHTeNbHO OT/IMYATLC OT S; NMPH JOCTATOUHO GOJBbLIMX BE-
JauuHHax fe. KpyTH3Ha XapaKTepHCTHKH COBPEMEHHBIX YCHJHTEJbHbIX
TPHOMOB Ppa3/MyHa M y HEKOTOpHIX THNOB JoCTHraer 45 ma/s.

eHTofbl HMetor  KpyTH3Hy 10 30 wma/s. Caeqyer OTMETHTh,
yTo B KACKOJHOM  YCHJHUTeJe HepeJKo TpPUMEHSIOTCH  MeHTOAbI
B TPUOJHOM BKJIOUYENHN, KDYTH3HA X4DAaKTePHCTHKK mpH 3ToM na 20—
30% Bbillle, YeM TPH MEHTOAHOM BKJKUEHHH. YBEJTHUYCHHe KPYTH3HBl Xa-
PaKTepHCTHK NEeHTOA3a B TPHOANCOM BKJAIOHYEHHH OGBACHAETCH TEM, 4TO B
3TOM CJy4ae TOK 3KDaHHDYIOIeH CeTEH JMaMmbl HCMOJb3yeTcsl B LemH
aHoAHOA Harpysku. Taxum 06pa3oM, NPH MPUMEHEHHH B KACKOLHOM YCH-
JHTe/NEe ABYX MEITOMOB B TPHOANCHM BKJIHOYEHHH SKBHBAJCHTHAS KPYTH3-
Ha XapakKTePHCTHKH YCILMITENT MOKCT 1PeBBIIATL KPYTH3HY nMelnToAa Ha
20—309%.

W3 npuBeneHHOro aHasi3a BUHO, UTO CTATHYECKHE MApaMeTphl Kac-
KOMHOTO ycHaHuTeNss JH60 COOTBETCTBYIOT CTAaTHYECKUM [1apaMeTpaM MeH-
Tofa, JuGo mnpeBocxoAAT uX. IIpn 3TOM KacKOIHHII yCHAHMTENL HMeeT
TaKoe BaXHOe MPEHMYLIECTBO Mepel MCHTOAOM, KaKk 3HAUUTeJbHO MEeHb-
mag BeauyuHa wymoB. Co6cTBelible LIyMbl KaCKOAHOTO YCHJAMTENd
NPMEPHO paBHHl IIyMaM OJAHOIO TPHOJA, KOTOPble B 3—5 pa3 MeHblle
IIyMoB TeHToAa, o6nafawlllero TAKOH 7Ke KPYTH3HON XapakTepHUCTHKH.

3. KO3®dPHUHUEHT YCUJNEHUA KACKOAHOIo YCHUJIHUTENA

Koaddunnent ycuaenHs KackOQUOro yCUJUTENs ONpegesserca Kak
OTHOILEHHEe NepeMeHHON coCTaBfsiolllell HanpsaXelils Ha aHOOHOH Ha-
rpyske R, Tpuona J/; K mepeMelNoil cocraBasiollell HanpsiXKeHHs BXON-
HOro curHazna Ucy, MpUMIOXKEHHOIO K CETKe Jamnbl Ji;:

Uz|2
K=——.
Ua
IMoncrasasis Bymecto g2 ero 3Hagcliue
Uaz =Ry,

¢ yuetoM paBeHcTBa (4) moayuvaem:

B (pe+ R,y

K= ; 8
Ro+Rix (ba+ ) +Ria ©
s Ry
K= 9
Rn + R[s ( )
Paspenup uiic/u7e.1b 11 3HaMenaTeb Npasoil uacTi paseHcrsa (9)

Ha Ry, noayuum euie oJiHO BHpaxeHHE Ut Koa(diHenTta ycuaeHHA
CXEMBI

Koe—t (10)
[ o Ris
Ra

it



M3 3Tor0 BBIpaxKeHHs BUJIHO, 4YTO MpPH BBIMOCJHEHHH YCTIOBHUS
Ry > Rys ko3 dHUMeHT YCHIEHHA KacKOAHOrO YCHUMUTENs CTAHOBHTCH
61M30K K BeJyYHdHe 3KBHBAJEHTHOrO0 CTaTHYECKOro KostduuHeHTa YCH-
JIeHHS KacKOJAHOTO ycHJAuTens. B peanbHHX cayuasx peanud3oBaTb 3TO
MakcHuMaJbHOe 3HaueHHe ycuJeHis OblBaeT BecbMa TPYAHO.

B ycuauTensx HH3KOIl YacTO1bl yBEeJHYEHHe OMHYECKOTO CONPOTHB-
JeHHs Harpyskd OGBIYHO COMPAMEHO ¢ YyBejuueHueM tpeGyemoro Ha-
NpsXEHusa aHoAHOTO mnuTaHusa Ea. DTo Heo6XOAHMMO AN COXPaHEHUA
BuGpaHHOTO moJoXeHHs pafouell TOUKW, a C/IE/0BATE/NbHO, H BCeX CTa-
THYECKHX napaMeTpoB ycuautens. Ilonoxenue 3T0 crnpaBeadBo B Pas-
HGH Mepe H AJs MEHTOAHBIX ycHinTelel. B y3KomosocHbIX pe30HAHCHBIX
YCHIHTENAX BeJNHYHHA Ra, BbiMO/sieMass B BHIe aKTHBHOrO COMPOTHBIE-
JiHsi Pe3OHAHCHOTO KOHTYpa, Orp:illHYHBALTCS TOJLKO JAOCTYMHOM Besi-
YHHOH MOGDOTHOCTH KOHTYpA.

U3 ckasanHoro cremyel, 41 B Y3KOMOMOCHLIX cHeTeMax Kackoad-
Hble YCHJIHTENH TO3BOJAIOT Peast :08aTL ouelb 6o/blioe yCHJIeHHE,

B LIHPOKOMNOJOCHBIX KaCKOMHLIX YCHAUTENSAX OOBIYHO BLIMOJHAETCS
ycaosue Ra&Ris . B atom caydae yaoGHee npUMeHsTb pacueTHYIO dop-
MyJy, MOJyyaeMylo AeJeHHeM UYHCIITeNs M 3HaMeHaTens NPaBOH YacrTH
enipaxenus (9) Ha Rys:

S
K = "‘—31%—— . (11)
14—
Ria

B cayyae Masofi BequudHnl R, no cpaBlieddio ¢ R;s BTOPLIM Cja-
raeMelM B 3HaMeHaTene sbipaxenuss (11) moxkio npenebpeun. Torma
KO3PGHIHEHT YCHIEHUS

K ~ SsR, . (12)

DTo BbIpaNKeHHE XOPOWIO H3BCCTHO 13 TEOPHH TEETOIHBIX yCHAUTE-
Jefl, AJsi KOTOpBIX 0ObIUHO BLIMO.Isercs yeaoBHe Ry R;. U3 Bhipaxe-
rua (7) caepyer, uTo KPYTH3HA \apaKTepHCTHKH KacKOMIIOTO yCHJHTe-
JIs B OCHOBHOM OMNpefeasieTcst Kp\ 1H3HOI nepsBoro Tpuoga. 3Hauut, AJs

nocTuKeuua Haubonsinero kosddy el Ta vouneuma n IMUNDAKATOIO0CHAM
MOCTHMN Cona RanVOasiutio K2 . aniCurd yChdaendad B wrdpOROnO/AUCHOM

KacCKOJHOM YCHJMTeNe CaedyeT BLICHpArh, B KauecTBe Jamiusl J/; TpHOX
C BO3MOXHO Oosbliell KpyTu3HOH iapaktepucTukd. [lomyTHo 3aMeTHM,
uyTo 4eM GoJsblle KpyTH3HA XapaKrepHCTHKH TPHOAA, TeM MeHbllle €ro
co6CTBeHHble WIYMBI, YTO HEPE/IKO 1rpacT pelliailiVio podb B UHPOKO-
MOJIOCHBIX YCHJ/IMTEJISAX.

4. YCTOMYUBOCTb KACKOOHOI0O YCUJHUTEJA

OnHuM H3 HauGoJee CYyLIeCIBEHHLIX KauecTs J0OGCro YCHAMTEIS, 0Co-
GeHHO TpeNHa3HAUeHHOro AJS YCHJIEHUS BHICOKHX uyacioT, ABJSETCH ero
ycToiiuuBocTh. PaccMoTpum asst mpiintepa pe3oHaHCHBII KAaCKOIHBIH ycH-
JUTeNb, BO BXOMHOH U BBIXOIHOIl IlEMsiXx KOTOPOI'O HMEIOTCA pe3oHalc-
HhIe KOHTYPBHI.

Ilpn ananu3e Bompoca YCTOfUiROCTH pellatwLIViO POJb HFPaer BO3-
MOXHOCTb CBSI3{ BEIXOAA C BXOJACM uepe3 NPOXOAHble eMKOCTH JaMT.
CyuiecTByeT MHOTO IpPYrHX MHyTefi napasuTHbIX 06paTHLIX cBA3eH, HO
pce OHM MOryT 6bITb yCTpalieHnl I1PH pAallHOHAJILHOM MOHTa)Ke M KOH-
CTPYKLUHH.

12



PaccMOTPUM YCTONYHMBOCTb YCHJHTENAA ¢ 3a3eMJelHOH CeTKOH u
YCTOMUMBOCTb YCHJIHTENsl € 3a3eMJIEHHBIM KaTOAOM MO OTAEAbHOCTH, HO
C yueTOM BJHSAHHMS HX LPYl Ha JApyra B KacKOLHOH cxeMme.

Heo6X04HMO OCTAHOBHTCbS Ha HEKOTOPHIX OCOGEHHOCTSIX YCHAHTe-
A5 C 3a3eMJEHHOH CeTKoil. DKBUBA/EHTHAss CXeMa YCHJMTeNs MpHBee-
na Ha puc. 4,a. Mcrounuk curuana c s.a.c. Er W 5KBUBAJEHTHBIM BHYT-
PeHHHM CONMpPOTHBJEHeM Rp MOAKMOUCH K KATOAV JaMNbl VCHJIHTENs

{,,41 _/IZ'U;;I;

! - Rz

|
R { R
2 | . f‘. H :

: = Z, Zirel | 3
2 | /"«(\1

|

[
. 5# L

a) ag)

Puc. 4. YcuJauTesb ¢ 3a3€MJEHHOA CeTKOMH.

a — MoJIHad 3KBvBaJieHTHasi cxeMa: 0 — 3KBMBa-
JeHTHas cxemMa Oe3 BXOJAHOH LeNH.

(rouka A). Tpuom 3aMeHeH 3KBHBAJCHTHON CXeMOIl ¢ MCTOUHHKOM 3.X.C.
Wo U yo H BHYTPEHHHM COMpOTHBJeHHeM Ry, NpuyeM 3KBHBANEHTHAs
3.4.C. TpHoJa u Hanpskeuie U, .o nefictaylor cundasuo. Ha puc. 4,0
NpHBelleHa 3KBHBAJIEHTHAs cXeMa BXOJHOH WHeNu Tpuoda, B KOTOPOH

Z,,, —NOJHOE BXOAHOE COMPOTHB/EHHe MPaBOfl YacTu SKBHBAJIEHTHOI
cxeMbl, u3o6paxeHHoil Ha piic. 4,a (npasee Touex AB). OueBupgHo, 9TO

MpUKJaJbiBaeMoe K KaTody TpHojAa HanpsKedue U .., 3aBHCHT OT CO-
OTHOLLUEHHS COMpoTUBAeHHll R, M Zy .o . M3 3kBHBajenrroii cxeMel cae-
IyeT, 4To
Usxe=14Zpxs . (13)
C npyroii cTopoHbl, H3 piC. 4, a BIANO, UTO0
Ugpxe+ Mo Unxe
Ry + Zy

I,=

(14)

. UBX2 + MZ quz
R[Z + ZH Bxe

Orciona

Zy+Rps
T — —2 L 212
BX2 T (15)
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M3 nocienHero BbIpaXkeHHs BHAHNO, YyTo BXOAHOE CONPOTHUBAEHHE
YCHJHTE]S] ¢ 3a3eMJIEHHOH CeTKOH 3aBMCHT OT COMPOTHBJIEHHA HarpyskH,
T.e. B TaKOM YCHJHTele UMeeTCS BHYTpeHHAs o6parHas CBA3b.

B d¢opmyse (15) conpoTusienne BrIXOZHOTO KOHTypa Zy CJAEAYIO-
ugM 06pasoM 3aBHCHT OT PaccTPofiKu KOHTypa:

0o
Zy, = — 15a
{ ! dest+jy ( )
rae Pz = — BOJIIIOBOE CONPOTHBJEIHE KOHTYpa;
0oCyq

Cp — nosHast eMKOCTb KOHTYPa;
Yy — OTHOCHTeJbHas paccTpoiika KOHTYpa,

=1

y f )
0
rae [ -— Tekyuwas uacrora;

fo — pe3oHaHcHaf uacioTa KOHIypa.

B dopmyne ans Zy "HCAHTENb M 3HAMEHATENb MOXKHO YMHOMKHTD
Ha KOMILJIEKCHO CONPSIKEeHHYIO BeJludiy 3HaMmeHaTteds dag —jy. Torma
MONYYHM OTHENbHO aKTHBHYIU COCTABIAOWIYI0 Ry H PEaKTHBHYIO CO-
cTaBAfOW Y0 Xy CONPOTHBJEIHS

P2 (dsa — jy)

Z:
dzg‘i‘yg
d . . P2y
R“:——s}—% “]XH:’—I‘TZ__{-

3aBHCHMOCTE 3THX BEJHUNH OT DPacCTPOHKH KOHTypa NOKa3aHa Ha
puc. 5,a. Ilpu pesonance (y=0) conpoTuBneHHe KOHTypa Zy paBHO
BesuunHe Ry, y=p3/dse.

BXxojHoe CONPOTHBJEHHE YCHIMTEIs C 3a3eMJIEHHON CeTKOH Zgyo
TaKXKe MMeeT aKTHBHYIO M PEAKTHBHYIO COCTAB/ISIOLIHE, KOTOPHIE MOXHO
HafitH, npeo6pasosaB Gopmyay (15) crenyrouum obpasom:

1 RH XH
Zgys = — -+ +7 .
TS, 14 pe I 4 3
OyeBHAHO,
1 Ry
RBX‘Z_" 82 + 1 + p, ]
. . XH
JXpxoe=j 7T,
I P

STH cOCTaBJA0IIHe BXOAHOIO COMPOTUBJ/IEHHS MOKa3aHel Ha pHC. 5, 6.
dopMysy Als aKTHBHOM COCTABJSAIOLIEH MOXHO 3aMHCaTh U TakK:

Ry
1 ——
+ Rlz

Rgxs = S,

14
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.
Mpu R, Ry monyuum Rypo = 1/S,, Ho o6biuno Ryno MOPAAKY Be-

JUUHHBL 6/143KO K Rj2, MO3ITOMY MOJIIOE LpEACTaB/eHHe O BXOMZHOM CO-
TIPOTHBJIEHHH YCHJHTENsl ¢ 3a3eMJeHHOH ceTkoit naer puc. 5, 0.

BceaencTBHe HU3KOrO BXOAHOTO CONDOTHUBJEHHSI YCHAUTENST €ro KO-
sthulHeHT ycu/eHua no MoixHocTi Mman. [ToaToMy TaM, rae XenaTedb-
HO MMeTb MaJjble COGCTBEHHble LIYMbI, MPHMeHeHHe YCHJUTENs C 3a3eM-
JeHHOI CEeTKON MMeeT TOT HENOCTATOK, UTO BCJAEACTBHe MaJjoro Kosbdu-
LYEeHTa YCHJEHHS N0 MOUIHOCTH CHJIBHO CKa3bIBAOTCH WIYMBI MOCJELYIOo-
iux KackagoB (cM. § 8). Manoe BXojHoe CONPOTHBJEHHE TaKKe Orpa-
HHYHMBaeT 06JacTb NIPUMEHEHHS YCHJHTes el ¢ 3a3eMJIEHHON CeTKOH B TexX
clyuyasix, KOrga Ha BXoJAe Hajo MMeTb OTHOCHTENbHO y3KONOJOCHBIH Ha-
cTpoeHHbI! KOHTYp. Bce e Ha wactotax YKB amnanaszona ycusnutenu c
3a3eMJIEHHOM CeTKOH HaXOoasT AOBOJIbLHO LIHPOKOe MpUMeHeHHe BBUAY HX
BBICOKOH yCTOHYHBOCTH.

Kax O6biio mOKa3aHo paHee, 5KBHBAJEHTHOe BHYTpPeHHee CONPOTHB-
JieHHe KaCKOJAHOTO YCHJIHTead

Ris=R;2+ R (1 + pa).

Has ycunutens ¢ 3a3eMJeHHOI ceTKoll, 3KBHBaJIeHTHas cxema Ko-
TOPOTO TPHBeAeHA Ha DHC. 4, MOXKHO BBIBECTH aHAJOrHUHOe BhbipaXKeHHe
JUIsl BBIXOQHOTO CONPOTHBJEHHS

Ranx = Riz - R (1 4 P2) o

B ciyuae Hcnosib30BaHHS YCHJIHTeIS ¢ 3a3eMJeHHO# ceTKOH B Kac-
KomHO# cxeme Rpr=Rjj .

Takum o6pa3oM, B ycHAHTese ¢ 3a3eMJEHHOH CETKOH BXOJAHOe CO-
NPOTHBJEHHE 3aBHCHT OT COMPOTHBJIEHHS] Harpy3KH, a BbIXOJHO€ — OT
BHYTPEHHEIO0 CONPOTHBJIEHHSI HCTOUHHKA curHaia Rr. Koabduuuenr
YCHJIEHHA IO HANpSIXKeHHIO YCHJAHTeNA ¢ 3a3eMJeHHO#l ceTkoH

l.]BlIXZ
Ky = —2HX2_

. ’

BX2

rne Uppx2 — HanpspKeHde Ha BBIXOJE YCHAWTE/sS C 3a3eMJeHHOH ceTkoil.
Tak Kak Upyx=/3Zy, T0 ¢ yueToM 3aBucuMoctd (14) monyuuwm:

Zy Zy
Kzzﬁm_]”m Kzz——sz—'l—,

Riz "]"ZH 1+ Au

Riz

TaK Kak oObIuHO |+ o= o.

PaccMoTpum Bompoc ycTOHUHBOCTH. B ycunurtesne ¢ 3a3eMJyeHHOH
CeTKOl TPOXOAHON eMKOCTbIO siBasieTcst eMKocTb Ca.x. 3HaueHHe 3TOR eM-
KOCTH Y IIpHEMHO-yCHINTEABHBIX TPHOLOB 10CTATOUHO Beanko. OGYHO oHO
QUL B HCCKOMBKO pa3 MeHblle eMmkoctd Ca.c. Tompko y cnenumais-
HBIX MasfiYKOBLIX TPHOJOB, INPHUMEHsIeMblX B JeLlMMETPOBOM JAHama3oHe
4acToT, 3T3 €MKOCThb 3HauuTeabHO yMenblleHa. TeM He MeHee YCHIHTENH
¢ 3a3eMJIeHHOH CeTKoii, mocTpoelinblie Aa)ke Ha OOBIYHBIX JaMmax, O4eHb
yeroiunsbl. [IpuuuHoil 3TOro siBAsieTCs Tak¥e M TO, YTO MOJIHOE COMpo-
THBJIEHHE LIeNH MeXAY KaToJOM U 3a3eM/eHHOHl TOuKoil mo mepeMeHHo-
My TOKY OueHb MaJjo, H NMO3TOMY HaBOAHMMOe Yepe3 eMKocTb Ca.x Hamps-
JellHe 11a 5TOM CONMPOTHBJCHHH TaKXKe MaJo.
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Bnusnne emxkoctH C, x 3KBHBAJEHTHO HAaMM4MI0 HEKOTOPOH KOMI-
JIEKCHOH INIPOBOJHMMOCTH MeXKIAY KaTOAOM M CeTKOH JaMmbl. 3Ty MpOBO-
OMMOCTb HA3bIBAIOT JIHHAMHYeCKoll BXOAHOH mnposoguMocThbio. Yepes
eMkocTb Cja.x TEUET TOK

L)
ic2 =UpxjoCax,
rae Ua.x — HanpsikeHde MeXAY aHOAOM M KaTOLOM. DaBHOE:
Ua.K= stz— Usnix2

Buixomnoe Hanpsxenue Upyxe CB3a10 ¢ BXOAHBIM Upxe uepes Ko-
spunnent ycunenusa K, ITosTomy moxHo 3amicats:

. . bgé
Upnixe = Upxa '__‘ZH .
|
+— Rlo
C yyeToMm Bcero 3TOTO TOK uepes eMKocTh Ca x Gymer:
. ) . S.Z
Teo=j]®CaxUspxe 1“"__——‘; .
1+
Rl2
Toky Tc2 COOTBETCTBYyeT ONpelesneHHAas BeJHYMHa IPOBOAMMOCTH:
1 Z
2 = j 0 Cay—j 0 Ca 52———ﬂz—. (16)
Usxz [ 4 =8
R

[lepsoe cnaraeMoe B NpaBoOil YaCTH 3TOro BbIpaXKeHHs TPEACTaBIsA-
eT co6oli npoBoaHMOCTh eMKOCTH Cax, @ BTOpOE CjaraeMoe — KOM-
IVIEKCHYI0 IHHaMH4YeCKYy!0 BXOAHYIO NPOBOAHMOCTb, B COCTaBe KOTODOH
eCThb aKTHBHA$l U DPEeaKTHBHAs COCTaBJSIOLIHE

y}m = an + ]'B;L‘z )

roe Y,» — KoMnueckHas JHHaMHuecKas BXOAHAs MPOBOJHMOCTb YCH-
JHTENS C 3a3eMJEHHON CeTKOH;

Gie — aKTHBHAs COCTaBJsiOllas 3TOH IIPOBOJHUMOCTH,

jBpa — ee peakTHBHAs COCTaBJsOLIas.

[Moacrasnss 8 Gopmyny (16) 3nauveHue Zy u3 Bbipaxenus (l5a) u
u36aBaasch OT MHHMMOCTM B 3HaMeHaTeJe [0JyYeHHOTro BHIpAXKeHHS,
HaliieM QopMyJabl 18 aKTHBHOH W peakTHBHOH COCTaBJSIOLIMX BXOLHOM
NMHAaMHYeCKOH NpPOBOJAHMOCTH:

Gpa=— 0 Cax S2p2 — y ;
1 ":'l’l 2
L + R, )+y
<1+I§;H) (17)
jBre = — j0Ca.x Sz p2 R i2 .
e
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Benuunda akTuBHOH cocTaBJsAOLIEH BXOAHOH AuHAMHYECKOH mnpo-
BOJHMOCTH MOXeT NPHHHMATb KaK MOJOMXKHTeNbHble, TaK H OTpPHIATE/b-
Mhie 3HaueHHs B 3aBHCHMOCTH OT HanpaBJeHHsi paccTpoliku (3HaKa Y).
Ilpn y<0 (ycuaumBaeMast 4acTOTa HHXKE Pe30HAHCHON 4acTOTHI KOHTypa
H CONpPOTHBJIEHHE KOHTyDpa HOCHT MHAYKTHBHLIH Xxapaktep) Gy >0, u BO
BXOJHYIO Henb JaMibl Jl; GyAeT BHOCHTLCS AOTMOJHHTENbHOe 3aTyXaHMHE,
T.€. HMEeT MecTo ciaydall OTpHLaTeJbHOH obpatHol csasu. Ilpu y>0
npoBoauMocte (3 <0, U moTepu BO BXOXHOH Lend JaMmnbl JI; KOMIEH-
CHPYIOTCA 3a cueT ofpaTHOH cBs3H yepe3 eMKocTb Cyx OGpaTHas CBf3b
NpH 3TOM SBJAfIETCS TOJNOXHTeNbHOH. Ecau o6illas npoBoguMocTh BXOX-
HOH 1enu Jiamnel JI; IPU Kakoi-1MGo BeJIHYMHE PACCTPORKH Yy cTaHeT OT-
puuaTesabHod, TO HACTYNHT caMoBO36yKaeHHe.

CyMMapHast akTHBHAg NMPOBOAMMOCTb BXOAHOH ILenu Jamnel JIa CO-
CTOHT H3 CYMMBI aKTHBHOH BXOAHOH NPOBOAMMOCTH naMibl JI; mpu OT-
cyrcTBuM 0O6patHOH CBs3H uepe3 eMKOcTb Ca.k, BRIXOLHOH NPOBOAHMO-
CTH JaMnbl JI| B aKTUBHOH AMHaMuuecKoli BXOAHOH NpOBOAMMOCTH JaM-
net Jl;. Ha puc. 5,8 npuBeseHsl rpaduki YaCTOTHOH 3aBHCHMOCTH BCEX
nepeyucaeHHbx cocTaasiomux. I[Iposoaumocts Gpgxe onpesnensieTcs 3Ha-
yeHHAMH Rpxe H jXsx2 (pHc. 5,6) u MoxeT GuiTb BHYHCAeHa 1O (op-
MyJie

. Rpy2

Gpxa = o 9 .
Rux2+' Xax2

IToxasaHHoit Ha pHC. D, 8 BENHYHHOI BBIXOAHON NPOBOAHMOCTH JaM-
1

nul JI; 06bl4HO MOXKHO npeHeGpeub, Tak Kak —T— & Gpy2. AKTHBHAs
i1

IHHaMHueckasi mpoBoaumocth (.o lpHHIMaeT MHHHMAJbOe 3HayeHHe

NPH paccTPOHKe BBIXOJAHOTO KOHTYpa, paBHOIL:

Rs.u
=dyp|l-}F—].
) ‘:—32( F R )

[ToxcraBuB 310 3HaueHue y B dopmyny (17), naiigeM, 4To MuHH-
MaabHAfl aKTHBHAS COCTABJSIONlAs AHMHAMHYECKOH NPOBOAUMOCTH

I

(G)L‘z).mm =—0CxS: P2 R .
2dos (1 + ——Bﬂ)
Riz
Cnenyer OTMETUTB, YTO rlpuRa—'H &« 1 BennunHa Gpxe~Sj;, a MHHH-
i2

MYM AHHaMuueckoil mpoBoAUMOCTH (G nz)ynn HMeeT MecTo npu y=dgg,

IIpu yBeauueHHu OTHOLIEHHSHA =28 pennuuia Ggxe yMeHblIaercs, 4
i2
noJoXKeHHe MUHHMyMa CMellaeTcsi BIIPAaBo BAOJb OCH Y.

ITpoBonumocts Ggxe Bcerma nonoxutedbHa, a (Gpe)yus OTpHLA-
TeabHa. [losToMy, ecnmd MUHHMYM CyMMapHOH TNPOBOAHMOCTH HACTymaeT
B YAacTHOM CJyyae Ha pe30HAHCHOH YacToTe, Bcerfa COOTBETCTBYIOLIEH
MHHHMyMY TpoBOAUMOCTH (pxg, TO 3HaueHHe CYMMapHO{l NpPOBOAMMO-
CTH B 3TOH TOUKE BCErJa NOJOXKHTELIO.
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Haun6o.1bl1asi onacHoCTb CaMOBO30YXK/IeHHsS MMeeT MeCTO NpH pac-

R,.
cTpoiike y= dj2 (1 + -5—:) 6an3kofl K MUHHMYMy GyHKIHH Gpg.

TakoMmy 3HaUeHHIO pPacCTPOWKH BCErZa COOTBETCTBYET NOJIOTHH yuya-
ctox KpuBoi Gaxe. OObIMHO Rs.u MeHbllle Rjo. B sTom cayuae npu pac-

3:-H -
cTpoiike y == dsg [ 1 - ~—> MOZKHO TPHHATH
i2

Gax2 - S2 .

TakuM 06pa3soM, ¢ OTOBOPEHHLIMH Bbillle AOMyLIEHHsIMI yCJIOBHE OT-
CYTCTBHSI caMOBO3OYXK/ClHA MOMKHO 3aMHCaTh Kak

S2 + (G,L‘Z)MHH > 0.

[Moacrabasis sMecto (G 2)yny €10 3HAUEllHE, MOJAYYIHM:
1

9, (1 + 'f;'“)

Sz = 0Cy.48: p2°

i2

Tak kKak P2=Rs5.4d52 , TO HEPABEHCTBO MOXKHO npeo6pa3oBaTh CJe-
ayoluM obpasom:

3.H

R;s

Jpobs B .1eBOil wacTi 3TOIO HepaBelcTBA CCTb HE YTO HHOE, Kak
Kos(hunnent ycusennss Ky npu pesonanctod yacrote (cM. Buime). ITo-
3TOMY YCJAOBHE OTCYTCTBHA caMOBO30YXKIeHHs NpUHUMaeT BHIL:

28,

Ky < -

CpaBl—iHBaH 3TO BblpaxKeHHe ¢ LIHMPOKO H3BECTHBIM YCJIOBHEM OTCYT-
CTBHUSA CaMOBOSéy}KILeHHH KacKaza ¢ 3a3eMJeHHbIM KaToAaOM, HMEIOLIEero
Ha BXOJe W Ha BbIXOJe O/IHHAKOBble pe3OHAaHCHBIe KOHTYDHI

28
o CH.C

Ko

MOXKHO TNPHATH K BBHIBOALY, YTO NDH OAMHAKOBBIX 3HAUEHHUSIX €MKOCTEH
Ca.c =C,x ¥ oaUHAKOBBIX BEJHUHHAX KPyTH3HB Sp=S ycuaureap ¢
3azeMJieHHOH ceTKO# MosKeT ofecrneuutb GoJsbillee YCHJIEHHE, YeM YCHJH-
TeJb C 3a3eMJEHHBbIM KaTOAOM.

B Gosiee mIMpOKOM CMBbIC/e DO/, YCTOHUHEOCTBIO YCHJAHTENS ¢ 3a3eMJICH-
HO#l CceTKON MOJpa3yMeBalOT He TOMbKO OTCYTCTBHe CaMOBO3GYXKAEHHSI,
HO H orpaHuyenHoe BJHsiHEe o6paTioill cBsA3W uepe3 eMkocTb Ca.x Ha
BeJMYHHY U XapakTep BXOAHOH NMPOBOAMMOCTH JaMnbl JIo. [TosToMmy BBO-
JAUTCA MOHATHE KO3(p(HIHEHTa YCTOMYHBOCTH Ry, KOTOPHIH XapaKTepH3y-
€T, HacKO/MbKO JajeK YCHJHTeNb OT CaMOBO36YXaeHHS.
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OxoHuartenpbHas ¢opMyJaa Aas NPOBCPKI YCTOIUHBOCTH YCHAHTE.IS
C 3a3eMJeHHOM CeTKOH, BXOASIIIEro B COCTAB KAaCKOMHOFG YCHJIHTEJN,
MMeeT BUI:
28, (1 —
Ky < 282 (1 —ky) . (18)
0Cq ¢
OGriyHo npuanuMarwT ky==0,8 +0,9. Ilpn takom BhIGOpe ky BXofHas mpo-
BOJAHMOCTb MOXET H3MeHAThCS 32 CYET CBHA3H yepe3 eMKOCThb Cax HE
GoJiee yeM Ha 10—209%.
Ipumep. OmnpenenuM A0NYCTHMBbIH KO3(QGHIHEHT YCHIEHHS KacKa-
[a C 3a3eMJIEHHON CETKOH, BXOASLIET0 B COCTAB KaCKOAHOIO YCHJHTENS,
BuImoJIHeHHOro Ha Jamne GHI4IT.
Onas sroft namnbl Cax =0,3 ngp nu S;=S,=6,8 ma/s. PesoHaucuyio
4acTOTy KOHTypa npuMem papHoifi 30 Mey. 3agaguMmcs BeauuyuHON KO-
s¢pdunnenta ycrofiunpoctin ky=0,85. Torga

L 25(l—ky) _ 2:6,8:107°(1—0,85)
®S @Cax  2.3,14.30.10%.0,3.10712

DTO [O0BOJLHO BLICOKOE 3HAUCHHC JOMNyCTHMOro Kos(pdguunenta
YCHJIEHHS Ha TakKo# yacToTe.

PaccMoTpuM Temepb YCTOHYHBOCTL YCHAHTENSl ¢ 3a3eMJEHHBIM Ka-
TOLOM, BXOJSIIEro B COCTaB KaCKOAHOTO ycHaHTens. Ha Bxome 3Toro
YCHINTEIT HMEETCS PE30HAHCHBI KOHTYD, aHaJIOTHUHBI DPE30HAHCHOMY
KOHTYPY Ha BBHIXOJ€ YCHJIHTENS C 3a3eMJeHHOH ceTKoH. 3aBHCHMOCTH
AaKTHBHOTO H pPeakTHBHOrO CONDOTHBJIEHHII BXOZHOTO KOHTypa OT pac-
CTPOHKHM HMeIOT BMJ, NOKa3aHHbI Ha DHC. 5,a, ¢ TOH JHWIL pas3HHLEH,
4TO MpH APYTHX BEJHYHMHAX 3aTyXalllsl BXOHOTO KUHTypa ds1 H BOJHO-
BOTO CONMPOTHBJAEHHS D1 H3MEHHTCA Macwital 3THX KpusbiX. [Ipu peso-
HaHCe COMDPOTHBJIEHHE 3TOr0 KOHTypa

= 37,

R _bh
91 — ’
ds1
a4 AKTURHAG TNINDORONTUMOCTE
a axTHBHag 1DOBOJIHMOCThL
1
GBXI::
Ry

Harpyskoit ycuautenss ¢ sa3eM/eHILIM KaTOAOM CJAYXKHT MNOJHOe
BXOJHOE CONMpPOTHBJIEHHE Zo YCHJIHTE/A C 3a3eMJeHHOH ceTKoH, KoTopoe
B o0llleM clyuyae HMeeT akTHBHYIO Ry W peakTuBHYIO jX, cocTaBasioLiue.
OTH cocTaBAfAIOIIHE CBA3aHbBl C TOJIBLIMH NPOBOAMMOCTAMH CJeyIOMLH-
MH COOTHOMICHHSIMH:

¢ iB
RG=—2—O_~7; ;iXﬁ:‘“_QL-O—Z";
Gy + By Go+ By

raie Go— cyMMapHas aKTHBHAs NPOBOAMMOCTb BXOAHOH Iend JaMmb
JI, (oHa MoXeT ObIThb HalijleHa Kak rpaduyeckd M3 pHC. 5,8 Tak H aHa-
nutHdeckd Go=Gpg2+Ur2, ecin BMecTo Gpxe U Gpp NOACTABHTL UX BHI-
pakeHusi, NpHUBeJeHHbIe BhIlle);

jBo — cyMMapHas peakTHBHAsl MPOBOAMMOCTb BXOAHOH Henu JaMIibl
Jl; (3Ta NpPOBOAUMOCTbL CKJAaLbBIBAeTCs M3 TPOBOJHUMOCTH oOfllell pac-
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npenenenHolt emxocth Cp, KyAa BXOJAT eMKOCTb cetka — KaToj Ce.k.
namnbt JIs, eMKOCTb aHod — KaTol Ca.x JaMnbl JIs, eMKOCTb KaTOn-—Ha-
kagd Cx.u naMnbl JJs, BEIXOOHAst eMKOCTh Cpyx aMnbl J1; H eMKOCTb MOH-
taxa Cy).

[Tposonumocte eMkocTH Cp pasia joCp. Beauyuna peakrurHoil
IMHaMHUeCKOH BXONHOH NPOBOIHMMOCTH YCHJMTENAS C 3a3eMJeHHOl ceT-
Koit jBns ompenensercs popmysaoit (17). Ta mpoBOAMMOCTb HMeeT HH-
AYKTHBHBI xapakTep. PeakTuBHas BXOAHas NPOBOAHMOCTb, KOTOpas
uMeeT MecTo 6aarogapsi OTPHLATE/NbHOI 06paTHOM CBA3H uepe3 Jammy
B yCHJHTENe C 3a3eMJeHHOIl CeTKoH, Moxer ObThb HalijeHa uepe3 H3-
BECTHBIE YyXK€ 3aBHCHMOCTH BXONHBIX AKTHBHOTO Rpx2 U DEaKTHBHOTO
X px2 conmpoTuBJeHUR (cM. pHuc. 5,6) no ¢opmyie

Xaxe
2 2
Rax2 + XBx2

TakuM 06pa3oM, CyMMapHYIO0 PeaKTHBHYIO MDOBOAHMOCTL MOXHO Tpe.-
CTaBHTb B BHJE CYyMMBbI

jBy = j®0Cp— jBya + jBgxs .

Bce cocraBadlollne 3TOH NPOBOAMMOCTH MOKa3aHbl Ha pHC. 5, e.

IToanoe BXOLHOE COMPOTHBJEHHE Zp YCUJHTENST C 3a3eMJEHHOH ceT-
KOH MOXET HMeTb KaK HHAYKTHBHBbIH, TaK H eMKOCTHBI xapakrtep. Ho
Mo cBoOeil aGCo/IIOTHON BeNHYHHEe CONpOTHBAeHHe Z;, KaK NpaBHJO, 3HA-
YUTEJbHO MeHbllle BHYTPEHHEro COMPOTHBJEHHS R;; NepBoro TpHoza.
[ToaToMy c /0CTaTOUHOH CTEMEHLIO TOYHOCTH KO3(P(DHUIHEHT YCHIEHHA
Kackaja C 3a3eMJeHHbIM KaToi0M MOXKeT OBbITb BbIpaXKeH (DOpMyJIOH

K]_ ~ Sl ZO .
Tok yepes npoxonHyio eMkocTb Cg.c NMepBoil JaMImel

1.(:1 = Ua.c joCa.c

iBpxe = —j

rae Uja.c— Hampsixenne Mexnay anogoM # cetkolt, Ujs.c=Ugxi— Usux1.
C yueToM TOro, 4TO 3HAK HANpAXKEHHA HA BHIXOJE yCHIHTENd C 3a-
3eMJIEHHBIM KaTOLOM H3MeHsieTcs Ha 06paTHHIH, MOXKHO 3amMHCaTh:

UBlel = _'qul Kl = —‘stl S1 Zo-
Torna
1c1 == jwca-c stl (1 + Sl Zo) .

Toxy [c1 cooTBeTcTBYeT BesIHUlla TPOBOAHMOCTH

e

. = joCa.c+ jolac S1Z, .

I7
U Bx1

IlepBoe cnaraemoe B MpaBo# YacTH 3TOrO PaBEHCTBA SIBJASETCH MPO-
BOJHUMOCTbIO MOCTOSIHHOHN eMKOCTH Ca.c, KoTOpast n06GaBjsgerTcd K eMKO-
CTH BXonHOro KoHTypa. BTopoe cnaraemoe npeacraBjasier co6oil KoM-
TVIEKCHYI0 OHHAMMYECKYIO BXOAHYIO MPOBOJHUMOCTh Y;1, KOoTOopasi WMeeT
akTHBHYI0 G, H peakTHBHYIO jB.1 cocraBasiomye:

Ypi=Gp+ jBpu -
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[lpencrasuB compotusnenne Z, B Bupe Zo=~Ro+jXo, MOXHO 3anu-
CaTh MO OTAEABLHOCTH BHIDAXKEHHS NJis1 aKTUBHOH M pEakTHBHOH COCTaB-
JAIOLUX BXOAHOH AMHAMUYECKOH HPOBOAMMOCTH

Ga1=—0Ca.c S1 X5 jBa1= j0Cac SR .

PeaktuBnas nposonuMmocTb jBp; Bcerna HMeeT eMKOCTHBI Xapak-
Tep, T. €. K eMKOCTH BXOJHOTO KOHTYpa 3a CYeT CBA3H 4Yepe3 eMKOCTb
Ca.c noGasJisiercs ellle HEKOTOpasi AHHAMHUYECKAs BXOAHAS eMKOCTb, PaB-
Haa Ca.c81R0

Tak kak
. . By
Xo=—j—F7—"
Gy + By

TO AKTHBHYIO IMHaMHYECKYI0 BXOLHYIO POBOAHMOCTh MOXHO BBIP@3HTb
yepe3 MpPOBOAUMOCTH BXOQHOHM Ienu JaMnel Jo

Bﬂ
Gar = 0Ca.c 1 —5——
G3+ B}
Ycnosue OTCYTCTBHUA CaMOBOSéy)K,'leHHH MOXKHO 3anucathb TakK:
Gea+ G, >0,

T.€. pe3yJbTHPYIOLIAst aKTHBHAA COCTABJ/AOLIAS NPOBOIHUMOCTH KOHTYpa
JNOMXKHA OBITh NOJOKHUTEJHHOH.

Hau6osee onacHblM sBJSeTCH caydalf, Korja BXO/HOH KOHTYp Ha-
CTpOEH Kak pa3 Ha Ty 4YacToTy, Ha KOTOPOH aKTHBHaa cocTaBJsdiollas
BXOJHOH NHHAMHUYECKON NPOBOAHMOCTH HMeeT MHHUMAJLHYIO BeJHUHHY.
C yueToM 3TOro yCJOBHE OTCYTCTBUS caMOBO3OYXKAEHUA HMeeT BHA:

1
+ (GAI)MHH > 0.
Ral

OcraeTcsl BBISICHUTh, NMDH KAKUX DACCTPONKAX M KAKOH BesuynHul
HMeeT MeCTO MHHHMYM coctaBJjswoouleir Gyp, ¥ HallTu ero Besuuyuny. Jas
Toro 4roGnl BenuunHa Gy 6blia OTpUUATE/bHOH, BeJMuHMHa By TaKKe
JNOAXKHa GbITh OTPHLATENBHOH, YTO COOTBETCTBYET UHAYKTUBHOMY Xapak-
Tepy NpPOBOAMMOCTH BXOAHOH uenu naamnbl JIs. M3 rpacduxos Ha puc. 5, e
BUJHO, 4YTO MUHHMYM Gy MOXKET UMEeTb MeCTO TOJNbKO HpPH OTpHLATe/Nb-
Hoii paccrtpoiike (y<O0). OcHoBHOe 3HaueHHe 3JeChb UMeeT BeJHYHHA
cBA3U 4yepe3 eMKoCTb C,.x BTOPOH JaMNbl U BeJWUHHA CONDPOTUBJEHHSA
Harpy3KH BTOPOM JaMmbl Rs.y. OUeHHM HOPSJIOK BeJUUUH OTHEJBHBIX
COCTaBJAIOLIMX peakTUBHON mnpoBoauMocTH [Bo. PeasnbHoe 3HaueHue
eMKoctH Ca,xcoctaBasier B cpenHeM okoso 0,5 ng. Torpa naxe npu
MaKCHMaJbHO NONYCTHMOM C TOUKHM 3peHUs YCTOHUMBOCTH 3HAUeHUH
Ko3(pduIHeHTa YCHJIeHUs, KOTOPBI B NMpHBEJCHHOM Bhlllle npHMepe Gbl1
paBeH k=237, MHHUMaJbHOE 3HAUEHHUE BXOJHOH JMHaMHUECKOH peaKkTuB-

HOM TPOBOIMMOCTH 3a cueT eMKOCTH 6ymeT — jw-0,5- 10712 .37,
IMpoBomumocte 3a cuer emkocTH Cp GyaeT He MeHbUIEH BeJHUHHB,
Tak Kak Cp o6biuHo npepbiwaer 20 ng. I1o3TOMy npakTHYeCKH MOXKHO
CYHTATh, YTO 3@ CYET BXOJAHOH NHHAMHUCCKOH NMPOBOIMMOCTH JaMmbl JIg
MHHUMYM npoBoauMOCTH (j1 He npuHoGpeTeT OTPHIATEeNbHOTO 3Haue-
nusa. OCHOBHOe Xe BJusiHMEe HA npoBoaumMocThb (1 OKasblBaeT BeNHYHHA
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peaKTHBHOIH BXOAHOM QHHAMUYECKOH NPOBOJAMMOCTH 34 CYET OTPHULATE/Ib-
HOH o6patTHoil cBsisu uepe3 samny JI,. Torma c HekoTopbIM npubauxe-
HHEM MO0JHOe CONMPOTHBJEHHE BXONHOH memu Jamnbl JI, (cM. puc. 5,e)
BhIpaxaeTcs (popMyJnoi

! Do
Z, =~ -+
YOS (T4 me)(dse - jy)

[MopcTaBuM 3TO 3Hauecine B (GOPMYJay A KOMMJACKCHON BXORHOH
JIHHAMHYECKO MPOBOAMMOCTH JaaMmnbl JI

! Do
Yy =j0Ca.cS [— - 2 ] .
al = [0la.c ot So (1-F o) (dse + jy) |

YMHOXKHUB UHCJIHTEJNb Il 3HAMEnarteJb BTOPOil Apolu Ha COmpsizKeH-
HYIO BEJHUHHY dsg—jY, MOKHO NOJYUuTh TO OT/EJbHOCTH BbIparkKeHUs
JJA aKTHBHOII U peakTHUBHON COCTABJAAIOIIHX BXOAHOH AMHAMHYECKOH
NPOBOJHMOCTIL:

y
G = 0Ca.c S1 . 5 o
(14 wy)(dy +77) 19
S 8102 das )

jBni = joCa.c | =
Al a.c S, (1+P2)(d32+y2)

D e |

Hac unTepecyer MuHHMManbHOe 3HaueHHe aKTUBHOM COCTaBJMIOLLE
nuHaMuueckoft nposoauMocTit (Ga1)vuu . DTOT MIHHMYM HMeeT MecTO
NpH paccTpoiike y=-—d 5. BeauunHa ero pasna:

P2
G = —0C3.cS
( 111)me a.c 12(1_}"2} d%
Yenosue OTCYTCTBHSA CaMOBO36y)K,'I€HH$I MOXHO [mepenucath Tak:
1 pg
—— —0Ca.c St >0
Ral 2(1‘,"“2)‘1-}‘2/

WIH, noAcTaBasAs P2/d3=Rs.y, m0Ny4UM:

©Ca.cRs1 S1Rsu < 2(1 +1p) .

o

B stofi dopryne npoussefienie S Ras.y MOKHO paccMaTpHBATh Kak

KO3()PHIMEHT YCHJEHNST KACKOMHOTO YCHJAMTEJS B 1IeJOM, NMOTOMY HTO
06BbIMHO HMeeT MeCTO HepaBelcTBO Ry Ry, rie R;s— 5KBHBaJEHTHOE
BHYTpeHHee COMPOTHBJEHHE KACKOAIOrO YCHIUTE/s

Torna yeioBue oTCYTCTBHS caMOBO36YXK1eHHA

_20hpy)
®Cj.c Rs1
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B ciyuae, ecid Ha BXOJe H BBIXOJE€ KACKOIAHOIO YCHJUTEJS HMEIOTCS
ONMHAKOBHE KOHTYpH, Rs1=Rs5.,=R5 [lo3TOMy, yMIOXKHB uHMcauTENL M
3HaMeHaTe/ b NPaBOH YacTH LEPABEHCTBA Ha S;, NMOJyYHM:

PR IETTT N
wCa.c K )
OKOHuYaTeNbHO YC/IOBHE OICYTCTBHSI CaMOBO30YXKAEHHA HMeET BHI:
K < 281 (1 + po) .
®Ca.c

Ho uro6bl mpu oTCyTCTBHH €aMOBO3GYIKICHHA TaKkKe HCKJIOUHUTh
BIMAHHE BBIXOJHBIX LleMelf Ha BXO/HO{l KOHTYp, cjeiyeT BBeCTH B ¢op-
Myay Kosdduuuent ycrofiuuocTH ky. Toraa dopmyna aas nposepku
KaCKOJHOr0 YCHJHTeJsl Ha YyCTOHYHBOCTb NMpHOGpeTaeT BHA:

_ 281 (1 4 po)(1 —-ky)
K < oCy ¢ . (20)

O6bluno ky=0,8-+-0,9. Tlpu 3ToM pesyabTupylollie mNapaMeTpsl
BXOMHOTO KOHTYpa W, B YaCTHOCTH, BEJHUMHA TOGPOTHOCTH H3MEHSIOTCSH
BCJeaCcTBUHE o6paTHOl cBsI3u uepe3s eMKocTb Cy.c Bcero JaHub Ha 10—
20%.

[Tocnenuss ¢opMyna npuMeHSeTCA A NPOBEPKH HAa YCTOHUUBOCTD
YCHAUTENS] C 3a3eMJEHHBIM KaToJ0M C YYeToM BJIHAHHS YCHJIUTENS C
3a3eMJIEHHOH CeTKO#l B cJayuyae HX HENOCPeACTBEHHOTO COeANHEHHs, KaK
3TO HMeeT MeCTO B KackoaHoMm ycujaute.le. [TosTomy B dhopmyny BxoasiT
KaK napaMmeTphl NepBoi, TaK napaMeTpbl BTOPOH JaMIbl.

lpumep. Onpenennuth JonycTHMBIH KO3 IULHEHT VCIIeHHS Kac-
KonHoro ycuauteas Ha saamne 6HI14I1, nas kotopoit Cac=1,8 ng, W=
=ne=25 u §;=8,=6,8 ma/s.

Yactotra ycunusaemoro curHajia pashHa 30 Mey. Koadouuuent
ycTOHYHBOCTH npuMeM paBHHIM ky=0,85. Toraa mo dopiyre (20)

K< 281 (1 4 po) (1 — ky) —

©Cy.,

2.6,8-103 (1 + 25) (1 —0,85)

=12,5.
2.3,14.30-10%.1,8.1071

L WHpOKOMONOCHOIO YCHIHTE/IS 3TO BIOJHE AOCTATOUHAS BEJHUI-
Ha, HO I/ Y3KOMOJOCHOTO YCHUAMTENS 3TOTO 3HAUEHUS] YIXKe HenocTa-
ToyHo. [To3TOMY B KacKoZHOM YCHJHTese oOblUHO HEHTpaausylor nefict-

nua avuacTy (. - ONUUM ud cHOCOB0R. NMOKA23UHLIY HUMKA Ha KOUERNDAT-
BHe €MKOCTH Ua.c OAHMM U3 CHOCODOB, NOKa3aHHBIX HHAE Ha KOHKpET

HBIX mpuMepax. Kpome Toro, HHOrza B aHOAHYIO HeMb JaMnbl JI; BKJIO-
4aioT J00aBOUHBIH pE30HaHCHBIII KOHTYD, HacTPOHKOH KOTODOTO TaKkKe
MOMHO HECKOJIbKO MOBBICHTb YCTOHYHBOCTL KaCKOLHOTO YCHJIMTEJSI.

CrenyetT OTMETHTb, UYTO AJISl yCTOHUHBOH pabOTHl KacKOAHOrO YCH-
JddTens tpebyeTcs ONHOBpEMEeHHOe BblMosHeHHe ob6oux ycjoBuit (18) w
(20). B cayuyae, ecqiu OJHO H3 3THX YCJOBHE He BLINOJHAETCHA, HEOGXO-
AUMO TMDUMEHHTb HeHTpaJH3alHi0O COOTBETCTBYIOUIEH NPOXOAHOR eM-
KGCTH.
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5. BBIBOP JIAMI AJi0 KACKOJHOTIO YCHUJIUTEJNSA

HauGonee o061 uM TpeOOBaHHENM NP BHIOOPE 3JIEKTPOHHBIX JaMO /s
KACKOLHOTO YCHJHTENS fABJASgETCA MX KO3(h(HIHEHT IMIHPOKONOJOCHOCTH,
UM 1O6POTHOCTb. DTOT MapaMerp XapaKTepU3yeT BO3MOXKHOCTb MpHUMe-
HEHHMS JaMNbl AJs1 YCUJIeHUs B LIHPOKOH MoJoce YacTOT H paBeH MaK-
CHMaJbHO BO3MOXKHOMY 3HAQUEHHIO HDPOM3BeNeHHsi KoadduIHeHTa ycu-
JIeHHA Ha MOoJIOCY MpONYyCKaHHs (RAf)maxe- U3 TEODHH IIHPOKOMNOJOCHBIX
ycunuTeaefi U3BECTHO, 4TO /14 o6ecrieueHus TpeOyeMON MHOJOCH IpoO-
nyckaHus Af conmpoTHBJenuc Harpy3kd He NOJIKHO NpEBbIIATh Mpejesb-
HOTO 3HayeHusd

1

Rn.maxc: QHAf(CBx'*‘Cuux) )

rne Cax ¥ Cppx — COOTBETCTBEHHO BXO/HAsl M BBIXOAHAS €MKOCTH JaMII.
3HaueHHe CONMPOTHBJEHHS HArPY3KH Ru.make YMEHbIIAeTcs NPH Yue-
Te APYrHX eMKOocTefl, MOAK/IOUCHHBIX NapajielbHO Harpyske (B TOM

yHcJae eMKOCTH MOHTaxa H T. I).
Ko3¢pduieHT HIHPOKOMONOCHOCTH AJI51 KACKOLHOIO YCHAUTEN MOXK-

HO 3anucaTh, BOCMOJb30BABIIHCL ypaBHeHHeM (12):

(21)

3
(KAf)make= .
231 (CBX + CBbIX)
Ecin o6e JaMIbl KaCKOJHOTO YCHANTEas OAWHAKOBBL, TO 3TO BbIpa-
*eHHe npuobperaeT BHA:

S

A ¢ = . 22
(O e = o+ Con) )
M3 Boipaxenua (22) sunmHO, uTO KO3(h(UIHEHT IHPOKONOJIOCHOCTH
He 3aBHCUT OT YCH/JIMBAeMOH 4acTOTHl, BEJTHUMHBl CONPOTHBJIEHHS HArpys-
KH # T.M., a2 OnpefensieTcsl JHIIb KPYTH3HOM H KOHCTPYKTHBHBIMH €MKO-
CTAMH Jnamn. 3HaueHUsl KO3(Q(PHUUHEHTOB IUHPOKOMOJOCHOCTH AJA

Han6osee pacnpocTpaHEHHBIX TUNOB JaMm npusedeHbl B Ta6a. .

Tabmma 1
1 3 é
E‘ z QE =
[lapamerp JaMmmbi 62K4 :8% 6KIN |Ec=gl & = E’-;E § {%
z 2 avE T
553 ZELE B3| 5|22 B | &
Beanuuna s
CBX+CBI)I}
Ma
AP ... ... .| 0,82 — | 0,77 — 1,55 1,6 12,337 1,662 2,3
JKBUBANEHTHOE COMPO-
THBJEHHe WyMoB, ox| 700 | 220 | 1800 | 380 350 | 250 | 200 700 | 300
BxoxHoe comporusae- 1,2
HHe, KOM . . . . . . |2—6!|2—6' | 12—25' | 12=25' | &! 3t 407 0,54

! Ha vacrote 60 Mey.
2 Ias BrOpOro TpHoJa.
8 Ilna 6C3IT.

¢ Ha yacrorte 200 Mey.

25



K HegocraTkaM KackOAHBIX YCHJIHTeJell OTHOCATCSl HEKOTOPBIE clie-
unduueckne TpeGoBalus, MpeLbSB/ISgeMble K JaMllaM, HCIOJb3YEMBIM B
Hux. OZHUM U3 TaKHX TpeGOBaHUH ABJsETCS BO3MOXKHOCTb paGoTHl MpH
HH3KHX 3HAYeHHSX aHOJHOTO HanpsXeHHs. ITo TpeGoBaHHe BHITEKAET
13 HeoGXOQHMOCTH MOC/JeA0BATeJNbHOTO BKJIOUEHHS JlaMi, B Pe3yJabTaTe
yero K KaxKJIOH M3 JaMn MoxKeT GBITb MpUJIOKeHO He 6oJee MOJOBHHBI
HanpsXKeHHs] HMCTOUHHKA MUTAHU BTOpEIM TpeGoBaHHeM SBJsETCS He-
06XOZUMOCTb BBICOKOTO CONPOTUBJICHHS H30JSLUHM MeX1y HHTBIO MOALO-
rgeBa M KaTOAOM «BEPXHEH» JaMObl KaCKOLHOLO YyCHJHTeNs, MOTOMY
YTO KaToj BepXHell JaMmbl HEMOCPEACTBEHHO COeAMHEH ¢ aHOLOM HHXK-
Hell JaMnbl M, CAeAOBaTeNbHO, HaXOAHTCH O] BBICOKHM [1OTEHIHAJIOM.
[MpaBaa, st TpeGoBaHHSA He OTHOCATCA K TaKHM CX€MaM pe30HaHCHBIX
KaCKO/JHLIX YCHJHTeJel, B KOTOPBIX NO MOCTOSIHHOMY TOKY JIAMIbI BKJIO-
YeHb! NapaJJenbHo.

Pa3spa6oTaHbl crnenuanbHble THIBl TPHOLOB, NpejHa3HauyeHHHe AJA
NPHMEHEHHsI B KAaCKOAHBIX yCHAHTeasX. K uucay UX OTHOCHTCA ABOMHON
tpuon tuna 6HI4IT. Opgna nosoBuHa 3Toll JaMmnbl npegHasHayeHa A
paGoTbl B KauecTBe YCUJMTENs C 3a3eMJeHHBIM KaTogoM. J[ist yMeHblie-
HUSI UHAYKTHBHOCTH BBIBOJA €€ KaToJ4 COeAMHeH ¢ [ABYMs HnapaJelb-
HO COeJMHEHHBIMH LITHIpbKaMH. Takasf Mepa cmocoGcTBYeT MOBHILIEHHUIO
BXOJHOI'0 CONMPOTUBJIEHUS] JlaMNbl Ha BBICOKHX 4YacTOTaxX, TakK KakK 3TO
CONPOTHBJIEHHE B CHJIBHOH CTemeHH 3aBHCHT OT HHAYKTHBHOCTH KaTon-
HOrO BbIBOJA. B saMne KOHCTPYKTUBHBIM MNYTEM Y/1aJA0Ch YMEHbUIHTb
€MKOCTb CeTKa — aHOJ, CH/JIBHO BJMSIOULYIO Ha YCTOHYHBOCTh YCHJHTENS
C 3a3eMJIeHHBIM KaToaoM. BTopas mosoBuHA JaMibl, npelHa3HadeHHAas
st paGoThl B cXeMe C 3a3eMJIEHHOH CeTKOH, MMeeT YMEeHbIIEHHYI0 MeX-
OY3JEKTPOHHYIO eMKOCTb aHOJ — KaTo/l. DJEKTpHUYeCKHe e mapaMeTphl
060UX TPHOAOB aGCOJIOTHO MIAEHTHYHBI.

IToBbILIIEHNE YCTOHUMBOCTH JIOCTHraeTCs TaKkKe yMeHbLIEHHEM eMKO-
cTeff Mexay aHopaMu TpuofoB. [lo cpaBHeHHIO ¢ ApPYrHMH JaMoaMu
nogo6uoro tuna B jgaMmne 6HI14I1 ycunena usonsiuus MeXxay KaTonoM H
HUTBIO moporpeBa. HomunanbHoe aHOAHOe Hampsi:KeHHe s KaXKAOro
Tpuona paBHO 90 6, 4TO MO3BOJISIET HCMOJL30BATh TPHOABI B KACKOLHOM
VYCHJIMTeJNEe [MpPH CTAHZAPTHBIX HCTOYHHKAX MUTAHHS.

JpyruM TunoM crmenuaibHOH Jamnbl  siBJAfeTcH ABOHHOE TpHOX
6H23IT. On Gonee yHuBepcaseH, Tak Kak ofa ero TpHoaa HMeEIOT Npak-
THYECKH OJMHAKOBHIEe pacnpejejeHuble eMKOCTH. TpHoabl pa3zpeseHbl
3JeKTPHYECKNM 3KpaHOM, HMeolluM oTaenbHbli BhiBon. O6a Kartona
HMEIOT N0 OAHOMY BBIBOAY. ITO sBJASETCS NPUYHHOH yMeHbUIEHHS
BXOJHOrO COMPOTHBJIEHHS KacKaja C 3a3eMJEHHbIM KaTOAOM HO cpaBHe-
Hulo ¢ Jamnoi 6HI4I1. 3ato moGportHocts snamnbel 6H23IT B 2,6 pasa
6osbule, uem naMmbl 6H14I1, yto npuBoanT K GoJiee BBICOKOH peasbHOM
YYBCTBUTEJLHOCTH IpHeMHHKa ¢ Jamnoii 6H23I1 Bo BxoaHOM Kackapge.
StoMy xe crocoOCTByeT Gosee HU3KOE 3KBHBAJEHTHOE IIYMOBOE CO-
npotusjenne (cM. Taba. 1). CreayeT OTMeTHTh TakXKe, 4TO Jamna
6H23I1 umeer HaubGoJsee BBICOKOE MO CPaBHEHHIO C APYTHMH TPHOZAMH
OTHOIIEHHE KDPYTH3HBl K MOCTOSIHHOM COCTaBJIsIIOMIEH AHOAHOIO TOKa.
Ona tpuoma 6H23I1 Benmunna S/[,=0,85, a nnsa 6HI4I1 ouna pas-
Ha 0,65.

Benuunna otHouleHuss S//o siBisiercss nmokKasaTeseM 3KOHOMHYHOCTH
1 30(hEeKTHBHOCTH YyNpaBJleHHS aHOAHBIM TOKOM. EMKOCTb MeXJy aHo-
AaMH [ABYX TpHofoB He npeshiwaer 0,6 ng.

Xopoune pe3yabTaThl JaeT NPHMEHEHHE B KAacCKOJLHOM YCHJHTeJe



Ta6bnuua 2

[TapaMeTphl JAaMHubl 6H14IT | 6C3IT | 6C4IT | 612311
HanpsixeHue, 8 6,3 6,3 6,3 6,3
Haxkan Toxk, a 0,35 0,3 0,3 0,3
Pox nHakana {ocBeH- [KocBen-|KocseH-|KocBen-
HBIt HLIH HBIA HbIT
Harnnawauo atrnnma n an 10 18N an
Liaupasmliine dini’id, o v 1oV 10U Jgu
CONPOTUBJACHHC B LCTH KATO- 125t 100 100 85!
na, oM
Tox anHoxa, ma 10,5! 16 16 15t
KpyTusHa xapakTepuCTHIH, 6,8t 19,5 19,5 12,7t
HoMuHaabHbie ma/s
JMEeKTPHUECKHEe
ZaHHbIE
Koadduument ycuieuus 25t 50 50 32,5
BxoxHne cOnpoTHBACHHC!, 402 — — 0,57
KOM
IJKBHBAJEHTHOC CONPOTUBIAC- 700 200 200 300
HHUC LIYMOB, OM
Haudoabuiee HanpS#CHUC 180 160 160 300
aHoua, 6
[Tpeneabno ponyc- | Moumocts, paccensaevas 1,5t 3 3 1,8
THMble 3HAYEHHS AHOLOM, 6/
HanpsxeHne MMy KaTOLOM 2508 160? 1603 250
W moaorpepatency, 8
Bxonunas 4,94 6,7 11,45 | 3,6
2,68
BhixoHas 2,94 1,65 3,758 2
Mexay31exTPoR- 1,5%
Hble eMKOCTH
[TpoxoaHnas <0,3¢ <2,4 | 0,178 | 1,558
<1,8° 0,24

U JIas KaKIoro TpHoua. )
2 I BTOPOro TpHOJA Ha uactote 60 Mey.

® N T S oA

Ilpu oTpHUATEJHLHOM NOTEHLIAJAC NOAOTPEBATEINA.
Ilns nepeoro TpHoOAA.

s BTOpOro TpHoad

B cxeMe ¢ 3a3eMJIeHHOH CEeTKOH.
Ha yacrtore 200 Mey.

B cxeMe ¢ 3a3CMJIeHHLIM KaTo/lOM
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aamn tuna 6C3IT u 6C4I1. O6a 3tTux Tpuoza UMEIOT COBEPLIEHHO OAH-
HAaKOBble 3JIeKTPUUECKHE MapaMeTphl, HO KOHCTPYKTUBHO OHH BbINOJIHEHE
paanuuno. Tpuon tuna 6C3I1 npennasHauen nJas pa6oTel B CXCMe ¢ 3a-
3eMJIEHHBIM KaTOJOM M MMeeT YMEHBIIEUHYI0 HHAYKTHBHOCTb KATOJHOIO
BEBoaa. ¥ Tpuoaa tuna 6C4T1, npeanasHaueHHOro AJsi MPHMCHEHHS B
cxeMe ¢ 3a3eMJIeHHOH ceTKol, YMEHblleHa HHIYKTHBHOCTh CETOYHOrQ
BEIBOJIA. BeilencTBHE pasiHYHOrO KOHCTPYKTHUBHOLO BHINMOJIHEHHS BHIBO-
[OB Pa3JuuHbl U MEXKAY3JNCKTPOLHblE EMKGCTH 3TUX TPHOMOB.

ITo cpaBuennto ¢ nBoitHbIM Tpuoaom 6HI4IT tpuoawn 6C3IT u 6C4I1
uMeloT GoJsiee BBICOKOE 3HaueHHE KDYTH3HBI XapaKTepPUCTHKH H, CJeno-
BaTe/JbHO, MeHblIMe WyMHE. HepgocTaTkaMu ycuauteneli Ha ABYX TaKHX
OTHe/bHBIX TpUOAAX SIBJIAIOTCS yBEeJHUeHHE BABOE yHc/aa 0alijIOHOB,
yBeJHUEeHHEe MOIIHOCTH, pacXoAyeMoli Ha mojaorpes, GoJee BBEICOKOE
aHoOJHOe HanpsiKeHue (HOMUHAJbHOE aHONHOE HANpsiKeHUE AJS TPHOLOB
6C3IT u 6C4I1 pasno 150 8).

[MapameTphl 3/1€KTPOHHBIX JlaMIl, MPeJHA3HAYEHHBIX CNENUANbHO /s
NnpuMeHeHHsI B KACKOAHLIX YCHJHTEJSX, NPHBeNeHH B Taba. 2.

6. IPUMEP PACYHETA KACKOIOHOI'O YCHUJHUTEJA

PacueT KackoAHOTO yCHJHTE/SE B OCHOBHOM No0GeH pacdueTy O6by-
Horo ycuauteas. s HarasigHOCTH PacCMOTPUM MOC/AEI0BATENbHOCTD
pacyeTa OCHOBHBLIX MapaMeTPOB H peXHMa KAaCKOLHOrO YCHJAMTeJsl Ha
KOHKPeTHOM mpHuMepe. PaccunTaeM pe30HaHCHBI KaCKOMUBIA YCHJHTeNb
Ha saamne tuna 6HI4I1 mo ocHoBHO#l cxeme. Pe3oHaHcHas wactoTa ycH-
aurens fo=30 Mey, nosoca mpomyckauusi Ha yposue 0,707 Af=5 Mey.
CxeMa ycu/auTessi NpeicTaB/ieHa Ha puc. 6, a.

Harpyskoit ycuautens ClIyXKHT DPe30HAHCHBI KOHTYp, 06pa3oBatublil
Katywkoi L, u pacmpefeleHHHIMH eMKocTsMH. s moJyuenust 3apaH-
HOH NOJIOCH! MpOMYCKaHHSI KOHTYp 3alUYyHTHPOBAH CONPOTHBJeHHeM Rs.
Boi6panuas cxeMa, B KOTOPOH KaTylWlKa WHAYKTHBHOCTH BKJIOUEHA B

,@JJ'F qill\ ;;
T

1
G
Y/
)
L
-——1 ! Rl] 'Q.f ’QJIJ
H =l
Lk & .
ClaT 5 M3 Ugr
L
a) 6)

Puc. 6. Pesomatcublii KacKoHLIH yCHIUTEND.

a — NpHHUHNHaNbHAs cxeMa; 6 — 3KBUBAJIGHTHasg cxeMa.
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CeTOUHYIO LeMb MOCJAeNYIOUIEH JaMIbl, a UWIYHTHPYIOUiee CONpPOTHB/EHHE —
B AHOJHYIO llenb paccMaTpHUBaeMOf .1aMIMbl, OTJIHYAaeTcs OBbICTPHIM BOC-
cTaHOBJEHHEM MOTEHLHAJa Ha pa3fejuTeJbHOM KoHAeHcaTope Cs,
KOTOPLIi MOXKET 3apsAiHTbCS CeTOYHBIMM TOKaMH Jamnel JI3 MpH mepe-
rpyskax, BEI3BIBAGMBEIX CHJbHBIMH CHIHAJIaMH.

TMocne KacKOAHOrO YCHJHTeNs BKJIOYEH YCHJAMTENb Ha JaMne THRA
6)K1T1, BxomHOe CONPOTHBJIEHHE H BXOAHAS €MKOCTb KOTODOH HOJZKHBI
6bITh YUTEHB! IpH pacyeTe.

Ha puc. 6,6 npusejeHa 3KBUBaJEHTHasi CXeMa pacCUHTLIBAEMOro
KAaCKOJHOTO YCHJHTe/s Ha pe30HaHCHON uyactoTe, B 3ToM ciyuae KOHTYp
3aMeHsieTcsl aKTHBHBIM conpoTusjeHHeM Ry. JIJs MIHPOKOMOJIOCHOTO
YCHJIUTEJS] CONPOTHBI/ICHHE NMapaJsljle/IbHOro KOHTYpa NMpH peasibHbIX BeJH-
ypHaX AOGPOTHOCTH KOHTYypa HaMHOIO NpEBBIAeT BEJHUHHY WIYHTHPYIO-
Lero COnpOTHBJEHHA Rs.

Bxogunoe conpotuBieHne Rpx Jjamnbl Tuna 6)KIIT ma wuacrtote
30 Mey coctaBjsieT HeCATKH KuaooM. [To9TOMy MOXKHO MNpPUHATH, 4YTO
KaK [0 [OCTOSHHOMY, TaK M 1O NEPCMEHHOMY TOKY 3KBHBAJEHTHOE CO-
MpOTHB/ICHHE HAarpy3KH KacKOAHOrO yCuiuTeds Rs.y =Rs. Takum oGpa-
30M, 3Ta cXeMa MOJHOCTBIO aHA/JOTHYHA OCHOBHON CXeMe KacCKOLHOrO
yCHIUTE/s, IpHBeJeHHON Ha puc. 1.

HuayktuBHOCTE L) aHOMHOTO KONTYpa ompejenseTcst U3 COOTHOLIE-

mus @ = 1/} LC:
1= !
(27f)2 (Cpxs + Cauxa + Cu)

1
T (2-3,14-30-10°)%.(4,354+2,9+8) 1

0z ¥ 1,9 mxen,

rae Cpxs =4,35 ng — BXoaHas eMKOCTb JaMibl JI3;
Cpnuxa=2,9 n¢h — BbIXOAHAS €MKOCTL JaMmbl JIg;
Cy— eMKocTh MoHTaxka (npunumaeM Cy =8 ng).

Bejyuuiy SKBHUBAJEHTHOIO HArpy304HOI'O COMPOTHUBJGHHS Ha peso-
HAHCHOH YacToTe HaXOAHM no ¢opMyne, aHaloruuyHoit Qopmyne (22) u
yYUTHIBaIOUle eMKOCTb MOHTaXa:

i
Ry x= =
5H QJTAf (Cax3 + CBle2 + CM)

1
T 92.3,14.5-10° (4,354-2,9--8). 1012

= 2,1 xom.

[Mpunumaem Rz=2,2 xoM.

Ofa Tpuoja KacCKOZHOI'O YCHJIHUTE/sS CTaBHM B YCJIOBHA HOMHHAJb-
voro pexkuma st namnbl Tuna 6HI4IT. Tlo cTaTHueckuM xapakTepHCTH-
KaM 3Toli JaMnbl, IpUBEAEHHBIM Ha puC. 7, HAXOAMM PaBouyld TOUKY H
onpepe/aseM HanpsiXKeHHe CMeUleHHs

Uax1 =Uaxe =90 8; Ia=10,5 na;
Ucxi=Ucxe=—1,6 8.
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Uro6bl 1moayuynTh TaKOE HAampsKeHue CMelleHus, cOnpoTHBiAeHHe Ry no.-
¥HO OBITh:

UC-KI 116
R = e T 10500

x 160 om,

Onpejlensies HanpsiKelue Ha anole aaMaul JI; OTHOCHTENRRO 3eMJ
Ua1 = Uax1+ Uex1 =90+ 1,6 = 91,6 6.

Henutens u3 conpotusieHnit Ry u Ry nomxken ofecnednTn Tpebye-
MY BEJHUHHY HaNpsKeHHs CMeIleHHd AJs Jamnbl JIo, paBHyo Ue.xe=
=—1,6 8. 15 3TOro moTenlHas CeTKH JaMmbl Jl; OTHOCHTEJbHO 3eM.JIii
JOMKEH ObITh:

Uc2:Ual+ Ue.xe = 91,6+(—1,6) =90 s.

3HaueHuss conpoTUBJeHHH R; # R, HaiizeM, Onpeme/inB npeaBapu-
TEJNLHO HanpsiXKeHue HCTOYHMKA nuTanusa E,. Ilas storo, 3Has BeJHYUHY
CONpOTHBJEHUS Rs, mposeneM uepe3 paGouylo TOUKY Ha ceMelcTBe xa-
pakTepHCTHK HArpy30uHyl0 NpSAMYIO, COOTBETCTBYIOULYIO 3TOMY CONpO-
TuBJNeHH!O. Touka nepeceyeHHst 3TOU OpPSIMOH C TOPH3OHTAJBHON OCBIO
MoKaXeT BeJquuuHy Hanpsikenus U'=116 s.

wa[ 7T [ ) l
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Puec. 7. Cratuueckre XapakTeplCTHKH ABOHHOro TpH-
onga 6H14I1.
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HanpsxeHnue HCTOYHHKA NHTAHHSA
Ea=U +U;=116491,6 =207,6 s,

[tpuaumaem E,=208 s.

Besnuuy compoTus/ennit Rz u R, ompenesnsem, Hcxoas U3 Tpebye-
moro Hanpsikenud Uca=90 8 u 3ajnaBascb cyMMapHOfi BeJHYHHOHN
Rs+R4=03 Mom (BBULY OTCYTCTBHSI CETOWIHIX TOKOB Ri+R; 06myHO
pHbupaerca B npepenax 0,1—1 Mouwm):

R, = Ucz(Rs+Rs)  90.0,3.10°
TR, ~ 7 208

R3=1(0,3—0,13) 10% = 170 xon.

~130 xown;

Onpenensem cTaTuyecKue napaMeTphl Tpuoja W, R; u S B paBoueit
touke, [/ 3TOro Ha aHOJHOH XapaKTeDUCTHKe CTPOHM mnapaMeTpHue-
CKHIt TPEYTrOJIbHUK B OKDECTHOCTAX paboueil TOYKH M HAXOJHM CTaTHYe-
CKHe napaMeTphl KaKk OTHOLIeHHEe COOTBETCTBYIOWIHX MpHpaLleHui:

Al,  7,4-107°

= = =17,4 ma =0,
S AU, " Maje npu AU, = 0;
AU, 26
=872 g Io=0;
0 AU, " npu Al, = 0;
AU 26
R;= a = 3,5 xom npu AUc=0.

Al,  7,4.1073

HOJTy'-IeHHbIe pe3yJbTartbl MOXIO NPOBEPHTH, HCOOJb3yss COOTHOWE-
HUe MeXAy CTaTUYeCKHMH nmapamMeTrpaMH TpHuonaa

w
Ri=——.
S
Hoxcrasass B sty Qopmydy laii/leHHble 3HAadYeHHs P H S, MONYYHM:
R 26 3,5
= X Kom.
7,4.1078 ’

Hanee HaxoAMM 3KBHBAJNeHTHBlE CTATHYECKHE TMapaMeTphl KacKOANO-
ro ycusutens. ITockoibky o6a TpHOAa HMEIOT OLMHAKOBHIE MapaMeTphl,
MOXHO BOCHOJ/Ib30BAThCSI YNPOLIEHHBIMH (GOpMynaMu:

ps = p2 = 262 = 676 ;
Ri;5 = R;p=3500.26 = 91 xox;

Ss =~ S=7,4 najs.
Kosthpuunest ycu/eHnss Ha De30HaHCHOM yacToTe
K=SR;=17,4-10"2.2,2.10° = 16,3.

PacueT GMOKHPOBOUHBIX M Pa3leNHUTeNbHBIX KOHAEHCATOPOB MPOU3-
BOAUTCS OGBIYHBIM CrnOCOGOM.
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Hefitpanuayioniagd waAaykTuRnocth Lo, ofipasywom I
eMKOCTbIO Ca.c1 NEPBOM J1aMIBl NIlapaJJ/esbHBi pPe30HAHCHBIH KOHTYD,
Mo3BOJIIeT MOBHICHTH YycToluuBOCTb. Has snamnel JI; Cy.cp=1,8 neg. Be-

JYYHHY MHIYKTHBHOCTH HAXOAUM 1o (hopMyse
1 1

= @72 Cacs | (2:3,14.30.10°)%.1,8.10 1

L, = 15 mxen,

7. PACYET KACKOOHbIX YCUJNHUTEJEN
MO XAPAKTEPHUCTHKAM

Beiure GeII0 BBeJeHO MOHSTHE O SKBHUBAJNEHTHLIX CTATHYECKHX MMapa-
MeTpax KaCKOAHOrO YCHJIHTeNst M OMpefeseHa uX CBA3b ¢ H3BECTHLIMH
CTaTHYeCKMMH mapaMerpamu ABYX Tpuomos. Oanako aHalHTHUECKHH Me-
TOJ pacyeta He Bcerna ObiBaeT YAOOeH Ha MpakTHKe, Korja Tpedyercs
BHI6pATh DeXHUM, YUMThIBas 00J/bLlIoe KOJHYECTBO YCJOBHH M OTpaHuue-
Huil. BecbMa XenareqbHO HMeTb CEMCHCTBO CTAaTHUECKHX XapaKTepHCTHK
KAacKOJHOrO YCHJAUTEJS B LEJOM, MO KOTOPBHIM MOXKHO Ouljio Gl BHIGpaTL
pa6ounil peXuM H BO3MOKHBle objactu paGoThl YCHJIHTENs, OLEHHTh BCC
orpaHu4eHus, NMpUcyllde aHHOH cxeMme.

CraTuHuecKue XapaKTEepHCTHKH KAaCKOLHOIO YCHJAUTENs (3aBHCUMOCTD
aHOIHOro TOKa /a2 OT aHogHOro HanpskeHuss Uaze mnpu pas3/MyHBIX Ha-
npsXKeHUsiX CMelleHUss Ha CeTKe NepBoft gaaMnel Uep ¥ HeH3MEHHOM
noTeHuuase ceTku BTOpPod jamnbl Uce ) MOXKHO NOJYyYUTh ABYMSI CIOCO-
6amu. IlepBrit cmoco6 3akmaiouaercss B 3KCIEPIMEHTaNbHOM CHSATHM Xa-
pPaKTepUCTHK KAacKOJHOTO YCH/IHTeNs, MOKa3aHHOro Ha pHC. 1.

Cerka namnbl Jl; MoxKer Obl1b npHcoeiuHeHna JHOG0 K JAeJHTENIO H3
conpoTtusJeHull (puc. 1), obecneunsawimemy TpefyeMoe 3HaueHHe HAnps-
JKEHHS Ha ceTKe JaMibl JIp Jullb fpH OTCYTCTBHH CETOYHBLIX TOKOB, JHOO
K OTAEJBHOMY HCTOUHHKY MOCTOSIHHOrO HaNpsi?KEHHsi ¢ HU3KHM BHYTPEH-
HUM conporuB/enueM. [loncoenuneune ceTku Jaamnbl Jp K J@JAHTEJIO
BCTpeuaeTcss ropasfo uaule. B 3ToM ciayyae npu CHSATHH X4PaKTEPUCTHK
Heo6X0AUMO B3STh CyMMapHoe colportuBieline R;+R; Takofl Ke Be/H-

IMHBI, Kakag 6yaeT NpUMeHATLECS B peasesHol cxeMme {(oOniuno 0,1—1 }MO_M)7

YHHE], Kakas 6yaeT NpUMeHSTLCH B peassHol cxeMe (06wl M

M MOJKJIOYHTL 3TOT AEJHTENb K HCTOUHHKY [MOCTOSIHHOTO HaNpsiXKeHHs,
KOTOpOE [OJUKHO OCTABAThCS HEH3MEHHBIM [pH CHSITHH BCEX XapaKTepH-
cTHK. IIpakTiuecKn npu CHATHH XapAKTePHCTHK COMPOTHBJEHHS R; H R
cjedyeT B3STh OAUHAKOBOH BeJHUMHBI W TOAKJIOYHTE HX K HCTOYHHKY
NOCTOSIHHOrO HanpsxeHus, pasHoro 2Uce. Anon samnbl JIp coenHHARTCS
yepe3 MHJIIMAMIEPMETP C MOJOMKHTE/NbHBIM 3aXXKHUMOM HCTOYHHKA MOCTO-
SHHOTO HampsXeHUus ¢ peryinpyembiM BbixogoM. CeTka jammnl J/; uepes
MHKPOAMIEPMETP MOAKAIOYAETCSH K APYTOMY HCTOYHHKY MOCTOSIHHOTO Ha-
NpSKEHHSI C PeryJHpyeMbIM BeixogoM. HanpsixeHue Ha ceTKe JaMnbl /I

M3MeHSeTCSA CTyMeHAMH OOBIUHO uepe3 | 8 oT HyJeBOro 3aHaueHusd 4O Ha-
NpSAMEHUs, COOTRETCTRYIOUIErQ DeXHMY, GAHIKOMY K 3aNUpaHUI0 JaM-
nbl J7;. KpuBble cTposiTcst 10 CHSITBIM TOUKAaM, KOTODble HaXOASTCA MyTeM
u3MepeHHs ToKa [ap MPU pas3sHbIX 3HaueHusx panpsizkeHdus Uag.

[Tpomecc cHATUs ceMeficTBA Xapak1epHCTHK KACKOMAIOIO YCHJAUTEJS
N0BOJbHO TpyfaoeMok. [losToMy npesncraBasier MHTepec BTOpoil cnocol
MOJIyYEHHS] XAPAaKTEPHCTHK KACKOAHOTO YCHJMTENS — MyTEM NOCTPOEHHS
HX MO H3BECTHBIM CTATHYECKUM XapaxkrepuctukaMm Jamn J, u J, Haa
obmHocTy GyneM cuutath, yto JaMmnsbl J| u Jy 06nananT pasiHYHHIMHU
XapakTepDUCTHKaMU, NOKa3aHHLIMU 1ia puc. 8,a u 6.

32



25
aalle

S
~
1)
Q‘tyg
o
~7s
%
U
-\@_‘
8
=
Y1
N
~708
S
—

<& S

)

N
N
\,&

/

O

———

\
/\
o4 / /
/ pd Uy / A U
100 200 300 4006 100 200 300 4006

-

a) 0)

25 v T T
na| lge ] z/ ;;?/ %7 AS
$ / N/
20 - / / ”.
Y
i vi /lb%
15 E—s s

10 1 1 ==/ 1
4 7" 16 o
SMife /6 7Y,
‘5 // / // L 1// ///

Z
AY
BNE |
(%)
|
~
NS
o
>
\\{
L
N
\

7 S e e A P
00 /\ 200 300 400 5008
Uz Ugpts 6)

Puc. 8. Crarnueckne auOMHO-CETOUIl{bie XapakKTEPUCTUKH.

a — nas aamnel J; 6 — naa aamnel Jlp; 8 — 441 KACKOLHOTO YCHJIMTEJIA.

llocTpoeHve MPOU3BOAUTCA B CAeAYIOIEH NOCAeA0BaTeNbHOCTH. B cu-
cTeMe KOopAnHAT /52, Uase (puc. 8,8) cTpoutcs yacTb ceMeiicTBa aHOLHO-
CETOUHBIX XapakTepucTuK Jamnbl JI; (puc. 8, a) nasa Bcex suauennit U ¢y
U 10 3HaueHuii Up , HECKOJIbKO MPEBbIIAIHUX BEIGpaHHYI0 Benuuuny U co.
Hanpsxenue Ucg OOBIUHO MPHUHMMAETCST PABHBIM HOMHMHAJBHOMY ailof-
HOMY HamnpsiXKeHHio &g Jamnsl JI.
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3aTeM Ha 3TOM e YepTeXe CTPOHM CEMEHCTBO aHOJHO-CEeTOUHEBIX
XapakTepHCTHK JaMnbl JI (puc. 8,6), HO Tak, uToGHl NpeKHee Hayaso
KOOpJAMHAT KPHBBIX 3TOro ceMmeiicTBa ObljC CM2LUeHO BAOJAL ocH U ag
Bnpaso Ha BeanuHHy Ucs. Kpupas cemeiicTBa, cootBeTcTByIOMAN HANps-
KeHHIo Ue.xe=0, HaumHaeTcst M3 3TOH CMeILEHHON ToukH. Kaxnmas wus
OCTaJbHBIX KPHUBBIX CEMeficTBA CTATHYECKHX XapaKTEePUCTHK JaMmbl Jo,
nepBoHauasbHOE MOJOMXKEHHe KOTOPBIX NTOKa3aHo Ha puc. 8,8 MYHKTHPOM,
JOTOJIHUTENLHO CMelllaeTcs BNpaBo ellle Ha BeaHyuHy Uc.xe . D10 Heob-
XOAMMO HNPOU3BECTH N0 TOH NMpuurHe, uTo cMelueHue Uc.xe a5 JaMnsl /s
ofpasyeTcsi JIHIIb B pe3ysbTaTe COOTBETCTBYIOLUIErO MOBLILIEHHS Hamps-
JKeHUsi Ha Kartoje Jamnbl Jl; M, Cle1OBaTe/bHO, Ha aHOde JaMmbl JI|.
CeMeliCTBO XapaKTEPHCTHK JaMnbl /I ¢ yueTOM CMELLEHHsT NOKa3aHo Ha
pHc. 8, 6 CNIOUIHBIMU JIMHUSMHU.

B touke Use=Ucs BOCCTAHABAURAIOT MEPHEH/IHKYAAD K OCH Hampsi-
KEeHHH M HaxoJAT TOUKH ero nepeceueHusi ¢ KpHUBHIMU ceMeHcTBa Xapak-
TepucTHK JaMnbl JIy. [losyyeHHble TouKM (3HAau€HHs TOKa) MEPEHOCHT
(npoeKTHPYIOT) Ha KPHUBYIO ceMelicTBa XapaKTEpPUCTHK JaMIbl Jlp, COOT-
BeTCTBYIOILYIO Hanpsixkeiuio Ue.xe =0 8. HalineHuole Takum o6pasonm
ToukH /,2, 8 1 4 COOTBETCTBYIOT BMOJIHE ONpPENEIEHHOMY PeXHMY KACKO/I-
HOro ycuJutessa, koriaa uampsikenne Ue.xe MeHsieTcs B npeneaax ot ()
10 —3 8 npu Heu3MeKHOM HanpsikeHun Uc.ze =0 6.

YTo6Ll MOCTPOUTH TOYKH I, 6, 7 1 8, COOTBETCTBYIOUIUE HANPSANKEHHUIO
Ucke =—5 6, BOCCTaHAB/IMBAIOT MEPNEHAHKYJASp K OCH HanpsiKeHHil
B Touke Uaa=Uce +5 6. 3aTeM HAXOAAT TOUKM MepeceyeHHsi 3TOro rep-
MEeHIHKYJAspa C KPUBBIMU ceMeHCTBa XapaKTepHCTHK JaMnul JI; U Tnepe-
HOCSIT NOJIyYeHHEIe TOUKH Ha KPHUBYIO CceMelicTBA CTATHUECKHX XapaKTepH-
CTHK JaMnbl JI,, COOTBeTCTBYIOWYWO Hanpsakenuio Ucxe =-—5 6 u npen-
BApUTEJNbHO yXKe CMeIlleHHYI0 BNpaBo Ha 5 8 (cnnomuHasg jguHus). TakuMm
o6pa3oM nosyuaeM TOYKH 5, 6, 7 u §.

Anasoruuso crpouM Touku 9, 10, 11 u 12 nas nanpaxenus Uexe =
=—10 6 u touku I3, 14, 15 u 16 pna Uc.xo=—15 s.

Toukn I, 5, 9 u I3 COOTBETCTBYIOT PEXKHMY KacKOJHOIO YCHJHTENs
NpH OJHOH M TOH e BeJHUMHE CMEUIEHHNs Ha ceTKe JaMnel JI;, a HMEHHO
npu Ue.x1 =0. A Tak xaK CTATHYECKUMH AHOAHBIMH XAPAKTEPUCTUKAMHU
KaCKOMHOIr0 YCUJHTENS SBJAIOTCA rpaduky 3aBUCHUMOCTH aHOJHOrO TOKa
BTOpOI JlaMNbl OT Hanps:KeHHUs Ha aHOAe BTOPOH JIaMMBl MPH PasMYHBIX
3HAYEHUAX CMeLIeHHs] HAa CEeTKe MepBO# JaMIbl, TO AJsi MOJYYEHHss OJANOU
KPHBOH H3 3TOro ceMeHCTBa OCTA€TCsl TOJbKO COEIUHUTh Touku I, §, 9
u 13. Ilanee coenuHsieM MeXnay co6Goil Touku 2, 6, 10 u 14 u mojyuaem
ellle OHY KPHBYIO U3 CeMeHcTBa CTaTHUECKUX XapaKTePHCTHK KacKOAHOro
YCHJIUTENS], COOTBETCTBYIOIULYI0 HanpsikeHuo npu Ucx1 =—1 8. TouHo
Tak ¥)e cTpostcs kpusble npu Ucx1 =—2 8, —3 8 U T. 1.

[TosnyyeHHOe ceMeCTBO cTATHYECKUX XapAKTEPHCTHK KACKOJHOro yCH-
JIATENS] MOXKHO NPOJJAHTL H B 00J1aCTh NMOJOXKHTEJbHBIX 3HAueHHi Hanps-
xKenus Uc.ka , T. €. B o6sacTh paGoThl ¢ CETOUHBIMH TOKaMu JaMnul Js.

Jna npakTHYeCKHX NPUMeHEHHI peXuM padoThl ¢ CETOUHBIMH TOKaMH
MaJjo NPHroJeH, OAHAKO PAacCMOTPeHHe MOBEJEHHS KACKOAHOTO YCHJHTe-
Js1 AJs BCeX BO3MOXHBIX 3HAueHUil M3MEHEHHs HaNpPsKEHHs HCTOYHHMKA
aHOJHOTO HanpsiXeHHs NpeACTaBJ/sieT HECOMHEHHbIH HHTepec, MOCKOJbKY
NpH ONpefe/elHbX aHOAHBIX HAMpPSKEHUSX MOTYT BO3HHKHYTH CETOYHHIE
TOKH. B ciyuae KackogHOro COEAHHEHHS BXOAHOH SBJISETCS LeNb CETKH
jJamnel JIj, a BHIXOQHO# — Lenb aHona JaMnn Jl;. QueBMaHo, 4To Bes-
KHH, KTO NPHUMEHsieT KaCKORHBIH YyCHIUTeJb, NpeacTasaser cebe, MpH
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KaKHX YCJOBHUSX MOSIBJSETCS CETOYNLIH TOK B JaMme JI; M CTpPeMHTCS
1ie LONMYCTHTb 3TOro, NMoJaBasi Ha CETKy Jamnsl JI; HauasjbHOe OTpHIA-
TesibHOe cMellleHHe. [TosiBleHHe CeTOYHBIX TOKOB JIaMMbl JI; 3aBHCHT JIHIIb
OT HaNps)KeHHs Ha ee CeTKe M He 3aBHCHT OT TOrO, Kak BEIGpPaHo HAmps-
xenHe Uae. OqHako npu BHIGPaHHOM (PHKCUPOBAHUOM NMOTEHIHAaJe CeTKH
JgaMnbl JI2 BO3MOXKHO NMOSIBJIEHHe CETOYHBIX TOKOB 3TOH JaMmnbl. DTo npo-
u30iAeT Torjga, Korjga HanpsKeHde Ha aHofe JaMmnnl JI; ynajaer HUXKe
panpsiKeHus Uez. Ho HanpsikeHue Ha aHole MaMmnhbl JI; 3aBHCHT OT Ha-
npsixkeHuss Uyg . TTosTOMy Kak TOJbKO HanpsiKeHue Uae NOHH3HTCH Ha-
cTOMBbKO, 4TO paGoyas TouKa nepefifier B o6acTb jesee KPHBOH A JaM-
nel J, npu cMelileHun Uc.x2 =0 (puc. 8,8) mosiBATCH ceTOYHBle TOKH
namibl JTp. B aTolt 0o6sacTi aHOAHBIe TOKH ABYX JlaMN He PaBHLl MEXAY
co60fi, ¥ CTAHOBHTCH CHPABEAJHBLIM CJeAyiollee OUYeBHAHOEe COOTHO-

LIeHue!:
1a1:[a2+[c2 .

Boarmyto ponb B MOBefleHHN CTATHYECKHX XAPAKTEPHCTUK KACKOJLHO-
ro ycunurtend B 0OGMacTH CETOYHLIX TOKOB JIaMNu JI; HrpaeT BeJHUYHHA
o6Liero conpoTu/eHHs Aenutens R+ Ry Korga cetounnie toku otcyrer-
ByloT, BeauunHa Uce ocTaercs HeudmenHo#. OaHako ¢ mosiBjeHdHeM ce-
TOYHBIX TOKOB JIaMMbl JI; HAURHAET H3MEHAThbCS NajeHne HanpsKeHHs HA
CONMpoTHBJEHHH R, a c/Je0BaTeNbHO, U HampsXKeHue Ha ceTke Ucg. ITO
B CBOIO ouepejb CKa3bIBAETCS Ha BO3MOXKHOM auMana3olie H3MeHeHWii ce-
TOYHLIX TOKOB JaMibl JIs.

B cBSI3H ¢ 3THM ¥XeJaTeTbHO PAacCMOTPETh ABA TPAHUYHBEIX CJAydad:
1) cnyuaii, xorga Hanpsi)KeHue Ha CeTKe JaMNh Jl; CO34aeTcsi BHICOKO-
OMHLIM JIeMHTEJeM Ha CONpOTHBJAEHHSAX Ry H Ry, u 2) cayuaii, Korga Ha-
OpsiXKeHue Ha CeTKY Jamnbl Jly TORaeTcs OT OT/eNbHOr0 HCTOUHHKA,
HMeIOlller0 OYeHb HH3KOe BHYTPEHHee CONPOTHBJEHHE (HampuMep, OT cTa-
6HJ/IH3UDOBAHHOrO0 HCTOYHHKA MOCTOSHHOTO Hanpsxenus). B nepsom cay-
yae CeTOUYHbIH TOK [c2 JaMnbl JI; OTPaHMYHBAeTCss COMpPOTHBJEHUEM R,
HaCTOJIBKO, YTO BEJUYHHOH CETOYHOrO TOKa MOXKHO mpeHe6peyb Mo cpaB-
HEHUIO C BeJHYudaMHu TOKOB a1 M lap. KoHeuHo, npu 3tom Hanpsxenne
Uce n3MensieTcss ONHOBPEMEHHO C H3MEHEHHEM HanpsameHust /a3 TakK, uTo
pasuuna Ugs — Ua1r = Uc.x2 npuMepHO paBHa HyJI0 Bo Bcell 06.1acTH
paboTLl C CEeTOUHBIMHM TOKaMH JaMnbl JI;. Bo BTopoM cayuae Bozpacranue
CETOYHOIO TOKa /2 JaMmbl JI; He JOMXKHO CKa3HBAaThCS Ha BeJHYHHe Ha-
npsxeniis U, T.€. TOK [co UENMKOM ONpefensieTcsi pasHOCTbIO MOTEH-
nuaaon Uge—Uag.

Ha puc. 9 mnpuBefelo NMOCTPCeHHe KACKOAHBIX XapaKTepHCTHK AJsd
ob.qactu paboThl ¢ CeTOYHBLIMH TOKaMH Jamne Jlp pJjsa cayuas, Korza
ceTKka Jamnbl JI; NMOACOeNMHEHAa K BBICOKOOMHOMY fAenuteno. Ha -atoT
PHCYHOK NepeHeceHHl MOJIyYeHHEle paHee Ha pPHC. 8, 8 cTaTHuYeCKHe KACKOJ-
Hble xapaKTepHcTHKH npu Uc.x1 =0, —1, —2, —3 g, orpaHuuenHble cjeBa
Toukamu /, 2, 3 u 4, KoTOpble NPUHALJIEXKAT TaKkKe KPUBOIl u3 ceMelicTBa
CTATHYECKHX XapakTepxuCTHK JaMnbl /Iy npu Uc.xs =0..Cnesa na puc. 9
noKa3anbl CTaTHYeCKHe XapaKTePUCTHKH JiaMnbl JI; DM Da3JMUHHIX CMe-
weHusax Ue.kl.

IpoaanM ofHy U3 c1aTHYECKHX KACKOJHBIX XapaKTePHCTHK, HAIPUMED
xapaktepuctuky npu Ue.xi=—1 8, B 06J1aCTh C€TOYHBIX TOKOB JaMmbl Jo.
Teoperyueckn MOXKHO CYHTaTh, YTO TOYKa 2 siBJseTCS KpuTHueckoi, Pe-
UM KaCKOJHOTO YCHJHTENsT B TOuKe 2 COOTBETCTBYeT C/eAyIOLIHM 3Ha-
YeHHSIM TOKOB M HampsiXKeHHH: ceTOUHLle TOKH 00euX Jamm paBHBEl HYJIO,
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aHOJlHole TOKH JAMI DaBHEI Memuy’coﬁoﬁ H paBHbI 3HayeHHO I/, moka-
3aHHOMY Ha puc. 9, Hanpsixenue U, ,; Ha aHone siamnel JI; paBHo Ha-
npsikennio Ucs Ha cetke naMnul Jlp, HanpsKeHHe MeXIy aHONOM H Ka-
tonoM U, o Jamnsl JI, onpefedsieTcs Mo XapaKTePHCTHKAM Tak, Kak
JTO MOKasaHo Ha puc. 9. [as nmocTpoeHUus caenyiolledl TOUKH, JieBee TOY-
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Puc. 9. IToctpoeHue CTaTHYECKHX XapakTepH=
CTHK KaCKOJHOro YCHJAUTEJS AJd OﬁﬂaCTH ce
TOYHBbIX TOKOB.

KM 2, 3ajlaeMcsi 3HauYeHHeM aHOLHOrO ToKa jaMmel JIp, paBHeM [”. Ilpu
HaJH4uM B LENH CeTKH JaMibl J/Jp BEICOKOOMHOIO JEJHTENsI CeTOYHBIi TOK
naMiel JJp, KaK yXe OTMeYa/och paHee, HAMHOIO MeHblle aHOLHOTO TOKa,
lca K Iaz . TlosToMy aHOAHBE ToKM Jamn JI; u JI; TpUMepHO paBHHI,
T.€. TOK Jamnsl JI; lay=1”. Uro6n HaliTh HOBoe 3HaueHHe HANPSKEHHs
Ha aHone JaMmnbl JI;, HAXOQUM MO OTAENBHOCTH HOBble 3HAYEHHS HAMpsi-
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mokasaHo Ha puc. 9. 3artem, noGasass rpaduyecku K 3HaueHuwo U,
BeauyuHy Ua.xs, HAXOAMM HOBYIO TOYKY, NPHHAMJIEXKAILYI0 JaHHOH KpH-
BOH M3 ceMelicTBa CTATHYECKHX KaCKOOHBIX XapaKTePUCTHK. AHAJOTHUHO
Ha puc. 9 MOCTpPOeHBl U ApYyrue TOUKH 3TOH KPHUBOH.

B canyuae, ecnu cetka samnnl /Iy MOAK/IIOYEHA K HCTOUHHKY MOCTOSH-
Horo HanpsxeHust Uce ¢ MajblM BHYTPEHHHM COMDOTHBJEHHEM, MOsBJe-
HHE H U3MEHEHHe CeTOYHOro Toka /.2 He CKa3blBalOTCs Ha BeJUYHHE Ha-
npsaxernsi Ucg. C nosiBieHHEM CETOUHBIX TOKOB /¢y COMPOTHBJEHHE Yua-
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CTKa CeTKa—KaToJ JaMibl JIz CTAHOBMTCA HE3HAUHTEJbHBIM (COTHH OM)
MO0 CPaBHEHHIO C BHYTPEHHHM CONPOTHBJCHHEM MO MOCTOSIHHOMY TOKY
gamnel JI; (BHyTpeHHee COMPOTHBJIEHHE MO MOCTOSIHHOMY TOKY paBHO
OTHOILUEHHIO TMOCTOAHHONH COCTaBJSIOUIeH HANPSKEHWY Ha aHojde JaMIIbl
K MOCTOSIHHOH cocTaBJsiolled aHoiHoro Ttoka). [losToMy MOXHO cuH-
TaTh, UTO HaNpsiXkeHHe HA aHode JaMnbl J/; He MOMKeT ymnacThb HHXKeE,
yeM Ha HECKOJbKO BOJIBT MO OTHOWeEHHI0O K HaupgxeHuro Ues , T. €.
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Puc. 10. CratHueckie XapakTepHCTHKH KAaCKOAHOTO YCHJAHTENS Ha JaM-
ne 6H14I1, mocTpoeHHBIe rpadHyecKy.

M3 3Toro MOXHO chejath BBIBOJ, YTO CTaTHYeCKHe KACKOIHLle Xa-
PaKTEPUCTHKM NpH NOHUKEHHH Hanpsaxenus Uzp mnoiiyr nmpumepHo mo
craTHyeckoii KpuBOH Jsamnel JIp Aas cMmeuleHus Uec.xo=0 (HECKOMBKO
JieBee 3TOH KpPHUBOH).

IOast no6oro WHOro 3HAYEHUS BHYTPEHHErO COMPOTHBJEHHS MCTOY-
HAKA HanpsiKeHuss Uca WM BEJHYHHBI OOLIETO CONPOTHBJEHHUS AEUTENS
R+ R, craTHuecKHe KaCKOAHbI€ XapaKTEPHCTHKY B 0GMACTH CETOYHBIX TO-
KOB Jlamnbl JJ; 3afiMyT HEKOTOpOE MPOMEKYTOUHOe MOJOKEHHE MeXKIy
KPHUBOH, nocrpoentoil Ha puc. 9, u xpusoll namnsl Jp nipu Ue.xa=0.

Ha puc. 10 nokasanb cTaTuueckue XapakTepPHCTHKH KACKOJHOTO YCH-
qurenst Ha snamne 6HI4I1, mocTpoeHHbie B COOTBETCTBHU C pacCMOTpeH-
Ho#t meronukoil. Hanpsixkenue Uce=90 8 oGecneynBaeTcs ¢ moMOLIBIO Bbl-
COKOoOMHOTO nenuiens R Rz [locTpoeHHe BBIMONHEHO AJis-3HAYCHHI CMe-
mennd Uexi=1, —2, —3, —4 8.

Ha puc. 11 npuBeneHsl 3KCIepHMeHTA/bHO CHSATHIE KpPUBble OJS Ta-
KHX Xe 3HaueHHH CeTOUHbIX HanpaAxenuit. Hanpsixenne na cerky snamnel
JI3 CHEMa/Ioch ¢ BLICOKOOMHOTO I@HTeNS. ROAK/IIOUEHHOro K OTATbHOMY
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Puc. 11. DkcnepumeHTa/bHO CHATBE CTaTHHECKHe
XapaKTePHCTHKH KacKOZHOTO YCHJHTENS Ha JaM-
ne 6HI14I1.

B uenu ceTrku JaMmnbl JI; BKJIOYeH BHICOKOOMHBIH HesH-
T€Jlb Ha CONPOTHBJEHHSX Ri=R:=200 Kom, Uc2=90 8.
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Puc. 12. DkcrnepuMeHTa/JLHO CHATBHIE CTaTHYe-
CKHE XapaKTePUCTHKH KAaCKOJHOIO YCHJHTE/s
na jaamne 6H14I1.

Cerka JaMnsl JI, MOaKJAOuerna K HCTOUHHKY Halps-
wenuss U g=90 6 ¢ MaJbelM BHYTDEHHHM CONDOTHB-

JIEHHEM.



ucTouHuKy. ConpoTuBieHHs AennTedss coctaBaaaun no 0,25 Mom. Ilpu
HanpsKeHuu ucrounvka 180 6 Ha cerky mojasasoch Hanpsxkende 90 s.

SOKcmepuMeHTaJbHO CHSITHIE CTATHYECKHE XapaKTePHCTHKH KacKOAHO-
ro ycuautens Ha aBoinom Tpuoje 6HI4IT nocrarouno 6ausku K nocrpo-
eHHbIM rpaduyecku. Heo6xoauMo yuMTBIBATB, UTO XapaKTEPUCTHKH Ha
puc. 10 cTpoH/IHCL MO yCpeAHEHHBIM aHOLIIO-CETOUHBIM KPHBBIM, KOTODHIE
OTJMYAIOTCH B KAKOH-TO Mepe OT KPHBLIX AJA ZAHHOIO K3eMIaspa JaM-
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Puc. 13. PaGouas o6.1acTb Ha cedMelicTBe cTa-
1HYECKMX XapaKTePHCTHK KacKoILOro yCHJIH-
Tesd.

nel 6H14IT. Ha puc. 11 KpecTtHkamu OTMEUEHbl T€ TOUKH HAa KaCKOAHBIX
XapaKTepuCTHKAX, KOTODHIE COOTBETCTRYIOT NOARJCHUIO CETOUHEIX TOKOB
aaMmmnsl J1o.

I KacKoJHOTO YCHJIMTE]S Ha 3TOH Ke jamne OLIH CHATH Xapak-
TeDUCTHKY [PH MONKJIOUEHHH CeTKH Jlp K MCTOUHHKY HAlpsiKeHHeM
+90 8 ¢ mManblM BHYTPEHHHM CONpOTHBJEHHeM (puc. 12). MomeHTh! no-
AIRJIEHUs CETOYHBIX TOKOB OTMEUYEHLl KPeCTHKaMH. X0/ KPHBBIX [0 MOSB-
JIEHUSI CETOYHLIX TOKOB MOJIHCCTBIO COBMAlaeT ¢ KPUBBLIMH, MOKA3aHHBLIMH
Ha puc. 11. ITocne mosiBIEHHST CETOUINBIX TOKOB JaHHble KPHUBBIE UIYT TO-
paszo Kpyue, uTO MONTBEpPIKAAET BLIBOIbI, C/lejaHuble paHee npu rpadu-
YeCKOM MOCTPOEHHWH KACKOJAHBIX Xxapakrepuctuk Ha puc. 10. Ha puc. 12
MPHBEJECHA TaKXKe 3ABUCHMOCTb CETOUHBIX TOKOB Jc2 OT aHOJHOrO Ha-
npsikenust Uap NJI8 pasiHuHBIX BEJHYHH CMELLEHHST Ha CeTKe IepBOH
aamnbl. Kak BHIHC U3 3THX KPHBHIX, CETOYHBIE TOKH B JIAHHOH CXeMe MO-
IYT JOCTHraTh 3HAUHTEJLHBIX BEJHUHH.

Ha puc. 13 npuBeleHBl NOCTPOEHHbIE paHee KacKOJHBIE XapaKTepH-
cTuku (puc. 9) W oTMeueHa IUTPHXOBKOH pabouast obGnacte. Pabouas
TOYKa MpH padoTe KAaCKOAHOTO YCHJHTENs B JHIEHHOM peXume He JOoJ-
KHa BHIXOAUTH 3a Tpejeabl 3T0H o6aactH. Jluuus A, orpannyuBamoLias
3Ty 06J1acTb CJeBa, sIBJISIeTCsl MPEeNeJoM, 32 KOTOPbIM BO3HHKAIOT CETOU-
HBIE TOKH JaMmnel Jp. 3Ta JMHAS HIET HECKOJBKO MpaBee CTaTHUCCKOH
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AHOJHON XapaKTepHCTHKH JaMmnbl JIy npu Uc.xe=0. CBepxy pabouas 06-
JlacTh OrpaHuueHa JuHHeR b, ujyllell HeCKOJBbKO HHIKE CTaTHYeCKOH Kac-
KONHOH xapakTepucTUKH 148 Ue.x1=0. Ilpu nepexoae uepes suuuio b
BO3HHMKAIOT CETOYHbIe TOKH JaMnbl 1,

[Tonoxenue nuuuu B onpejpensieTcss NOMYCTHMON BENWYHMHON MOLIL-
HOCTH paccesiHHA a4 JaMmnbl Jlp. DTa JAUHUS [CPEHOCHTCS Ha JAHHBIH
PHCYHOK CO CTATHYECKHX XapaKTePUCTHK JaMinul Jly, HMeElHXcs B Crnpa-
BOYHUKAX MO paauoJaMIam.

o0

Ma

5

10

Puc. 14. K onpencaennio paboucii Touku, IKBI-

BaNEHTIBIX MapaMeTpoB 1 Ko3(Q(uUienTa ycH-

JIeHHs KACKOJHOro  vewTiTeJs  Ha  JaMIe
6H 14I1.

Jlunns I, orpanuunBatomlas pa6ouyio o6aacth cnpasBa, HaKAajibiBa-
eT OrpaHHueHHe Ha MaKCHUMa/LIOe 3HauelHe HanpsKeHWA HCTOYIIMKA
aHogHoro nuranust. Jluuus [ obyciaoBieda HanuMuieM HENUHEHHBIX HC-
KaXKeHul, BO3HUKAIOILMX U3-32 COMIKEHHS XapaKTepHCTHK npH GOAbMIHX
Besunnax cmewenns. [Tonoxeune nunnit I' u [ He siBasercss ctporo
OnpeJlefIeHbIM H 3aBUCHT OT 11asl1auCHUA W TpeGoBaniii K Ka 10My Kol-
KPETHOMY YCHJHUTEJI0.

[TocTpouB cemCHCTBO KACKOMHBIX CTATHUCCKIX XapaKTCPUCTHK H rpa-
HulEl pafodcih 061acTH, MOXKHO BRIGPATL NOJOXKCHHE paboueii TOYKH H
ONpEeeJNUTh 3HAUEHHE 3KBMBAJCHTHBIN TMapaMeTpPOB KACKOLHOIO YCHJU-
tena B pafoucit Touxe. Ha puc. 14 npriBesiens! KacKOANBIE XapaKTEPHCTHKH
U paGouas o6aacTe aast ycuautens na aamne 6HI4TL Tlo stum xapakre-
PUCTHKAM MOXKHO ONPENE/HTb 3KBHBA/JEHTHbIE CTaTHUECKHE MapaMeTphl B
Toli xe paloucit TOuKe, Kakas Oblna BhiGPaHa B NPeABIAVILEM MPUMEpE
(§ 6). DT mapameTpbl HAXOASTCS MCTOOM TPEYTONLHIKA H DaBHb;

Al  3,8.107°

S, = = -
A Uc-xl 0,5

= 7,6 na/s;
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AU, 340

ps = AUc = 0"5 ;

AUj,s 340
= = — =90 xom.
Alas  3,8.1073

Ria

Ecin cpaByuTb 3TH pe3yJabTATHl C MOJYYEHHBIMH PACUETHBIM MyTeM
B § 6, TO MOXHO BHAeTb O6/MM3KOE UX COBNAJIEHHe,

Brifpas conpOTHB/IeHHE HArpy3KH (HCXoAs W3 TpeGyeMol MoJOoCH
MPONYCKaHUA) M MOCTPOUB HArpy304HYK MNPAMYI0, TPOXOMAILYIO Hepes
pabouylo TOUKY, MOXKHO HaWTH KO3(PGHHUUHCHT YCHJIEHHS KacKOTHOrO yCH-
Jutens B kauecTBe npumepa ONSITh BO3bMEM CONPOTHBJCHUE HATPY3KH,
pP2BHOC KRUBANCHTHOMY aKTHBIIOMY COMPOTHBJCHUIO HATPY3KW, Hal/eH-
Homy B mnprmepe § 6 3ro conporusachue pasvo 2,1 kom Tlposenem
yepe3 pafouylo TOUKY HATrpy30YHYIO TPAMYIO U OnpenenuM Ko3p(UUHEHT
ycusenus [lns sToro, 3a4aBIHCh NpesesgaMH H3MEHEHHH CeTOUHOro Ha-
npsxenuss Uegp =1 8, onpesenum npejensl U3MeHEHHT aHOAHOTO Hampsi-
)kenuss Ugs =15 8. Pasjenus BeJHUHHY HM3MeHEHHS BBIXOJHOTO Hamps-
pust Ujge Ha BesIMUHHY H3MEHEHHs BXOAHOro Hanpskenua Uei, TONyUuM
KO3 PUUHEHT YCHICHHS KacKOAHOro ycuaurteds K=15.

Takum of6pa3oM, rpadHuecKHii MeTOm pacyera KacKOAHOTO YCHJIHTE-
JIST MOYKHO ¢ yCIeXoM MpHUMEHATb /s BbIOOpa peXHMa VCHAUTeNs, OleH-
KH BEJWUHHDBl YCHJEHUS mpH TpeGycMoil BeNHUHHe HArpy3KH, onpeiene-
Fusl AONYCTHMOrO QHHAMMUYECKOro JHanasoHa u T. 0.

8. LWIYMOBbBIE CBOMCTBA KACKOIHOTO YCHUJIUTEJA

Kackonuble ycHauTes u, Kax AOpaBIIo, OPHMCHSIOTCS B TeX caydasx,
Korna tpefyeTcs CHH3HThL colGCTBenlible WYMB K0 Muuunmyma. [Tostomy
0 KACKOAHOI CXeMe cTposiTcsl OOBIUIIO BXOJHBIE KacKaabl paavuonpHcM-
HHMKOB, Tak Kak COGCTBEHIIble VMBI BCEro MpHEMIKa ONpenesasioTes B
OCHOBHOM WIYMOM MEPBOTO KacKajd. YPOBeHb HIYMOB, BO3HMKAIOLUIMX B
IpHeMHUKE, B KOHEUHOM CUeTe ONpeje/sieT YyBCTBHTEbHOCTh MOCJAeNHe-
ro. Uem umxke ypoBenb myma, Tem Gojee cualble cUrHafjbl MOXKHO TNpH-
HUMATbD.

KosdhdunueHToM HyMa yCHIHTeNs] Ha3biBaeTCA OTHOMIEHHE BEJHUHHbI
MGUIHOCTH IIyMa Ha BbIXOJE pPeaJbHOrO YCHNNTENS K BEJHUHHE MOUIHOCTH
IIyMa Ha BbIxOJle HellyMslero (MAeaJbHOTO) YCHJIHTENS C TEMH XKe KO-
3hhUILHCHTOM YCHIEHHS, BXOAHBIM M BRIXOLHBIM COMpOTHBJAeHHAMH. {19
onpenenenus KoxhhuLuHeHTa WyMma MOXKIIO pa3jleqUTh OTHOLIEHHE CHTHA-
Ja K WyMy na BXOZe YCHJMUTE/JS Ha OTHOHIEHHe CHrHajsa K IyMy Ha
ero BBIXO€.

Ecnu yeuanienb He cO3JaeT WIYMOB, TO K03 HIMEHT UlyMa paBeH
enuHHue. 110 BO BCEX pea/jbHpiX CXeMaX KO3(OHIHMEHT iyMa Beerga
Goabllie eMHHIL. Uem 6amXKe KO3(DGHIHUEHT HIyMa K €AHHHIE, TeM CO-
BepllleHHee cXxemMa € TOYKH 3peHHs WYMOB.

KackonHblil yCHAMTENb MOXKHO PacCMaTPHBATL COCTOSALIMM H3 NBYX
Kackanos ycuieHus. KospduuuenT myma AByX KackajpoB YCHJEHHS

Uy -1
[U==[[[1+“_k—— , (23)
M
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rie I} — kosbdunueHT mWyma mepBOro Kackaja (C 3a3€MJCHHBIM KaTo-
HOM);
Ill; — ko3 dHUHEHT WIymMa BTOPOro Kackaza (C 3a3€MJIEHHON CeT-
KO#);
ky— KO3((MHUUHEHT yCIVIEHHS MO MOLUHOCTH MEepBOro Kackaaa.

HM3BecTHO, YTO KO3((UIMEHT WIyMa YCHAHTENEH ¢ 3a3eMJ/ICHHBIM Ka-
TOJAOM M 3a3€MJICHHOH CEeTKOi NPHMEPHO paBHHI, T. €.
017 IYMOB BTOPOro TPHONA B

H U]]_ ~ wg .
’g 1 -
A L, Lz RI( R./I
Rez
L [y
,{ “ e\ £
a)
o01reM nryMme KackoaHoro YyCHJd-

Kosddunuent ycunenus 1o
J‘%—C TeJs pe3Ko TMajaeT M, CJIeJoBa-
~s

ky> 1.
ITostomy no dopmyne (23)

MOLIHOCTH MNEPBOro KackKana yCH-
TeJbHO,

JIeHUs] Ha TPHOJe C 3a3eMJIEHHBIM
KaTOLOM HMeeT 3HAuATEeJBHYVIO
BEJIHUUHY
Loyl Ja J_ 2 & 1l ~ 1l
~ 1,
LiRes b £ T. €. KO3QOUIHEHT IUyMa KacKoJ-
i HOTO YCHJAMTENS MOYTH TAKON Ke,
* L kak Ko>bdHUHEHT mymMa TpPHOI-
o) HOTO  YCHJIHTEJS HAa  OJHOM
TPHOC.
Puc. 15. DxBHBa/NeHTHLIE  CXEMBI Ilenecoo6pasHocTh npHMeHe-
BXOJHOH LIeMH AJS aHajau3a IIyMOB. HUSl KACKOJHOrO YCUJIMTE/A 3aBH-
a —nonwas cxema; 6 — ynpoliennas cxe- ~ CHT B OCHOBHOM OT TOrO BBIMIDBI-
Ma. ma, KOTOPLIl JaeT npUMeHeHHe B
TepBOM Kackaje TPHOZA BMECTO
nentona. Kosddunmedt myma
KaCKOJHOTO YCHJHTeNs MOXHO DacCMOTPETb Ha NpUMepe pPe30HaHCHOro

KACKOMHOTO YCHJIMTEJIA, 3KBHBAJICHTHASE CXeMa BXOIHOH L€ KOTOPOTO
nokasaHa Ha puc. 15, a.

ITpeanonaraercs, 4To U Ha BXOJE, M HA BBIXOJE YCHIMUTENs HArpy3Ka
BLINOJHEHA B BHIE DPE30HAHCHBIX KOHTYPOB, HACTPOEHHBIX HA 4acTOTy
curnagaa fo. O6o3nauennas na cxeme eMmkocTbh Cx BKawouaeT B cefs co-
CPEeIOTOUEHHYIO M BCE pachpesie/icHHble eMKOCTH, KOTOphle HMEITCS B Ce-
TOYHOH LMK, BKJOYas BXOAHYID €MKOCTL JaMIIbL.

ConpotuBjieHHe R; mnpejacrtaBasier co6oit BXOJHOe CONPOTHUBJEHUE
JIaMIIbi, KOTOPO€ PE3KO YMEHBIIAeTCsl C yBEJMUEHHEM uacTOThl, U B JHa-
riasoHe ¥YBUY, Korzpa ycunuBaemble 4acTOTEl COCTABAAIOT HECKOJbLKO JecsT-
KOB Merarepl, CTaHOBHTCSI COH3MEpHUMEIM C COTNPOTHBJIEHHEM BXOJIHOM
nenyd. Ha HU3KUX yacToTax 3TO COMPOTHBJEHHE HACTONLKO BEJIHKO, 4TO
ero He yuuthiBaotT. OHo o6ycnoBiuBaerTcs LByMsl pHuHHamH, [lepsast —
9TO BJIMSIHHE BPEMEHU INpOJeTa 3JeKTPOHOB, KOTOpoe Ha GoJbIIMX YacTo-
Tax CTAHOBHUTCSl CPaBHMMO C NepuonoM KoJeGaHuii. Bropas — BausHue
HHAYKTHBHOCTH KaTOJHOIO BHIBOJA JaMIbl. BXoaHOe conpoTuBaeHHe yObl-
BaeT 06paTHO NPONOPHHOHAJILHO KBaapary YacTOTH
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A
R, - ”}2* ) (24)
rae A — nocTostiHbI KOpHIMeHT;

f —uvacToTa ycHiMBaeMoro curiiaga.

B crnpaBOUYHMKAX MO 3JCKTPOHKLIM JIAMIAM [IPHBO,IATCS 3l1aUels
BXOMHOrO CONPOTHBJEGHHS Ha ONMPE/C/RINOI YacTOTe, Yyallie BCOro 1la Uac-
rorax 60 u 30 Mey. Hanpumep, aaa aamnel 6HI4IT R1=40 kox na uac-
tote f=60 Mey. usa aamnsl 6)K11IT 11a Toii ®e gyactrore R =12--25 kon.
B OTHOWeEHHH BXOIIOrO COMNPOTHB.JIEHHSI TPHOJAbI M MEHTOJBl MPUMEDHO
paBHOLEHHBL.

ITo ¢opmvae (24) Bcerna MOKHO HalTH 3Hauellle COMPOTHBJEHHS
R, nnst moGoit 1pyroft 4acTOTHI.

Conporusaentic Ry (puc. 15,a) yunThiBaer 3KBHBAJCITHOE CONpO-
TUBJIEHHE [10Tepb KOHTYpa, TNepecyilTalllioe B Mapasuesblioc KOHTYpy
COMpOTHBJEHHE, a TaKiKe BHEUIHeC CONPOTIBJIElNHe, MOo1KJouaeMoe mna-
paJsJebHO KOHTYpPY AJAst ofecneycunsa 1eo6Xo1HMOH MOJ0cH NPOMyCcKa-
Hus. Ha mupuHy nmosocsl mponyckaniid BARTIOr B paBHOIT MCpPE CONPOTHR-
Jenue Ry, compoTHBJelHe Rj, a Tak/AKe MepecuiTaliioe ConpoTilBACHHE
WUCTOYHHKA BXOJIIOTO CHrHaJja:

R;x =m?R

BY ?

’
rape RBX — nepecuynraltoe COnpoTHBIACHIE HCTOUHIIKA BXO,THOrO CHrHaJjaa;

m — Ko duuuent Tpanchopyaniy;
Rpx — CONMPOTHBJIEHHC HCTOUIIIKA BXO,IHOIO CHrHaJja.
Buerniee cOnpoTHBJAEHHE HEOOXO,UIMO ONpeTesiTh C YY4eToM BCex
3THX CONPOTHBJCHHH.
[IymMbl, BO3HHK2IOUIME HA CONPOTIBJICHHII Ry, OTAHUAIOTCS Mo CBOekl
MpUpO/Ie OT MIYMOB, 06a3auHbIX conpoTuricnuio K. Ha conpotiusaeny
Ry passusaercs 3. 1. c. wyma Ej, Beqnunlla KOTOPOil BLIYICASAETCS MO

topmyae

E,=VarTR AT, (25)

rne  k=1,37-10% dxcfabc. 2pad — dusnueckas xolcTauTa;
Af — nojioca nponyckanus, 2i;
T — aGcomoTHast TeMmnepartypa {oObMHO /151 KOMHATHBIX YC/JIOBMI
npunumMaior I'=290°C).

BosuukHOBeHHe 3. 1. ¢. WyMa E; ofracuserca Gecrnops 10UHbIN JIBHU-
JKEHHEM 3JEeKTPOHOB B CAMOM COMPOTHBIEHHH.

D/eKTpoaBHIKYIIMe cHMJIbl WiymMa Ly Ha conpoTuBaenuu R.q MOACUH-
ThIBaeTCsA No Qopny.ae

Es=7V 4T, R AT . (26)

B 3roit dopmy.c £, — MOCTOAHHBIA KO3)GUUHEHT, Ha3biBaeMbli 3J€KTpH-
yecKoil TemmepaTypoii compoTtusdgeHust R;. Has 6oaALIIEHCTBA AanMm fy
HaXOAHTCS B mpenenax 2,6—5.

Hpyrumu cnoamu, IYVbl BXOIHOIO COMPOTHBJACHHUS Jainbl GoJblile
IIYMOB, BO3HHKAIIIHX HAa OMHUYECKOM CONPOTHBJCHUH TOH K€ BEJIMUHHbI,
Haxo/ISIeMCsl B KOMHATHBIX YCJOBIUAX.

DnekTpoaBUKYIIHe cuabl wyma Ey u E, nokasannl Ha puc. 15, a
BKJIOUEHHBIME MOC/A€10BATENLHO C CONMpOTHBJAeHUAMH Ry W R, Bceraa
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MOXHO Ha 3KBHUBAJIEHTHOH CXeMe 3aMEHHTb MapaJjJielbHO BKJIOYEHHbIe
CONpOTHBJEHUS Ry U R; OJHUM 3KBUBAJIEHTHBIM CONpPOTHBJEHHEM Ra
(puc. 15, 6) Tak, uto6ul
1 1 !
—_— + .
Ry Ry R;

370 conpoTtuBieHHe 6yaeT UMETb CBOW 3JEKTPHUECKYIO TeMrepaTy-
py t3, KOTOpasi 3aBHCHT OT COOTHOLUEHUS COTPOTHBJEHHA Ry W R, u Jje-
XUT B mnpeldenax or | jo ¢;. Bennuuny {5 MOXHO ompeaenutb no ¢op-
VyJe

_ _Rat Rty
> R4+ R

Mpu Ry >R, Bemuuuna 1, 6yner npubankatees K fn, a npu Rx&R, 6y-
HeT CTPEMHUThCS K e[HHHIE. DJeKTPOABHIKYUIAS CHJA IIYMOB 3a CYeT
COMPOTHBAEHNS Ry MOACUMTHIBAETCS] MO GOPMyJe

Es=V 4kTt, R4 Af . 27

Heo6xonnmo momMuuTh, yTo BCAEACTBUE 3aBHCHMOCTH R; OT 4acTOTH
(24) Bennuunbn Ry M fy TakXe 3aBUCST oT uactoThl. OaHako dopMmyJaa
(27) B GOMBIUMECTBe TMPAaKTHUECKHX CJYUYaeB NaeT YIAOBAETBOPHTENbHBIE
pe3VALTAThL, TaK KaK OOLIUNO OTHOLICHWE MoJockl mponyckanus Af k He-
cyuel uacrore fo B pe30HAHCHBIX YCHJAHTENAX HAMHOTO MEHblIe eIHHUIILL.

ConporuBnenue Ry, nokaszanHoe Ha puc. 15, sBAsSETCS (DHKTUBHLIM
COMPOTHBJEHHEM, 110 BeJHUWHE KOTOPOro CyAAT O LIyMe MPHMeHSeMO#
namnsl Benenctaue ¢h.1yKTyauuii aHOTHOTO TOKA, BBI3LIBAEMBIX TeM, 4TO
B KaXXAYIO €IHHHWIY BpeMeHUW KaTol MOKHIAeT HEOAHHAKOBOE KOJIUUECTBO
37€KTPOHOB, K yXKe pacCMOTpEHHBIM IyMam aoGamiseTcst ellle IyM
JIaMMbl, 4acTO Ha3biBaeMblil 1po6oBLIM 3dekTom. PaykTYyalnuss aHOAHOrO
TOKAa YBEJNHUHBAETCS MPH MEpepacrnpesieseHlld 3/J1eKTPOHOB MEXAY 3JeKT-
pomaMu, HMEIMHUMU TMOMOXKHUTENbEBH noTenuuan. [Tostomy wmymsr Muo-
roceTouHblx Jamn Gosblie miyMoB Tpuoma. O6bluHo aAns yno6eTBa pac-
CMOTpEHHS] IIYMOBBIX CBOHCTB YCHAWTENs CUHMTAIOT, 4TO (JIYKTyaluH
aHOIHOIO TOKA JaMIlpl 00513aHBl COMPOTHBJEHHIO R, a caMmy JaMrny Ha
3KBHUBAJIEHTHOH CXeMe CUMTAlOT HewyMsllell WaeanbHoii snammnoii. Besu-
YHHA UIYMOBOrO CONPOTUBJEHHS JaMnbl IIPHBOJHTCH B CMPAaBOYHHKAX MO
3JIeKTPOHHBIM mpr6GopaM. OHa ocTaeTcsl HeH3MEHHOH AJA NaHHOi JaMmbl
B LIHPOKOM nauanasoHe 4actorT. ¥ TOJIbKO Ha caMbIX HH3KHX YacToTax
Ry, yBennuuBaeTcss BCJIEACTBUE MEMJEHHBIX (QUVKTYalHd 3a CueT U3MeHe-
PHS CTPYKTYPHl KaToja (3¢ deKT «MepLanus» KaTtona).

Benmuuuna Ry AJS TPHOJAOB ompenesasieTcss no dopmyde

R 2,56 +3
u ~ S ’
rpe S — KpyTH3HA XapaKTepHCTHKH JIaMIIbl.,
Jns nentoma BeauuyHHa Ry 3HauuTeJbHO Gosblile (06bI4HO B 3—5

pa3) ¥ paBHa:
2,5 ( 2013) I,
S S2 In+1, '

rae /q — aHOANBIH TOK NMEHTOMA;
[ 9 — TOX 1eNH 3KpaHUPYIOULEH CETKH.

.

Ry~
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Ha sksuBaseHTHO# cxeme (puc. 15) compotuBaeHHe Ry BKJIOYENO
TaK, YTO OHO HE WIYHTHPYeT KOHTYP. DJIEKTPOABHKYLIASl CHJIA LIYMOB,
BO3HHKAIOULKX HA COMPOTHBJEHHH Ry, UOACHITHBACTCA [0 OOLIYHOI]

¢opmyne:
Es=7V 4kTRuA [ .

VcToyHuK curiasna, nojKJaiodaeMblii K BXOQHLIM 3a:KHMaM YCHJHTE-
a8 (K nepBHyHOl o6MOTKe TpaHchopMaropa B ciydyae TpaHChOpMaTOp-
HOH CBfI3H), MMeET cBoe COGCTBEHHOE CONpOTHBAeHHe Rpx, KoTopoe 6Y-

4

JeT NMepeCYnTHIBATLCA B KOHTYP KaK CONpPOTHBJEHHe Ryy .
Jaa nepejadn MaKCHMa/JbHOH MOLIHOCTH OT MCTOYHHKA B KOHTYP
Ko3(dduiHeHT TpaHChHOPMAUHUH LOJKEH OblThb:
R,
mh[ = .
RBX

BcoiencTeue TOro, YTO NEPECUHTAHHOE CONPOTHUBJCHHE MOAKJIIOUAETCS
napaniejbHo K Rs a CONpOTHBJeHHe Ry COeNHHEHO ¢ HUMH AByMs MO-
CJI€]0BAaTENbHO, NOJYYaeTc AOBOJBLHO CJOXKHAsI 3aBUCMMOCTb AJs1 OI-
peleneHus ONTHMAJbHOro0 Ko3(hduuHeHTa TpaHchOpMalUu C TOYKH 3pe-
HHS BeqMuunbl WymMoB (mm). Ilpu Beamunnax Ry, COM3MepUMBIX C Rj,
Ko pHIHEHT TpaHCHOPMALMH My HECKOJBKO MeHblle BEJHYMHBl Miy.

MMeHno wu3-3a TOro, uTO CONDPOTHBJEHHE Ky TPHOAA B HECKOJBLKO
pa3 MeHbllle Ry NEHTOAA C TOH e KPYTH3HOH, BHIrOAHO BO BXOIHBIX Kac-
Kajax npuMeHstTb TpuoAnl. IlpuMeHeHHe Kackoauoro ycusaurensi, o6ia-
pamouero 6ogblIod yCTOHYHMBOCTBIO, 03BOJsieT H30exKaTh OMACHOCTH ca-
MoB0O36yxkaeHHs1. OfHAKO M3 PacCMOTPEHHS 3KBHBAJIEHTHOH CXeMbl Ha
puc. 15,6 MOXHO caenaTtb BBIBOJ, UTO Oco6eHHO 3(PheKTUBHO NpHMeHe-
HHE KACKOJHOTO YCHJMUTENSt BMECTO MEHTOAHOrO TaM, rjie BXOMHOH KOHTYp
IIMPOKOMONOCHBIH, T. €. BelHYHHa R, Masna. B atom ciayuae wym, o6yc-
JIOBJIEHHBIl COMPOTHBJEHHEM Rm, HIPaeT OCHOBHYIO POJb.

9. KACKOOAHDBIE YCHJIUTEJH HA TPAH3UCTOPAX

KackonHble cxeMbl HaXOAAT IIHPOKOE NMPHMEHEHHE HE TOJBKO B YCH-
JUTENSIX Ha 3JEKTPOHHBIX JaMMax, HO U B YCHJHTENAX Ha TPaH3HCTOpaX.
OfHHMM M3 HEJOCTATKOB TPAH3HCTOPOB MO CPABHEHHIO C 3JIEKTPOHHBIMH
JaMnamu npu paGoTe Ha BBICOKHX 4acTOTax siBasieTcsl GoJblias BHYTPeH-
HAs o0paTHasi CBS3b U3-3a 06paTHOH NMPOXONHON NMPOBOAHMOCTH, HMelo-
e KOMIUIEKCHBI XapakTep. DTa NPOBOAMMOCTb IOHHXKAET YCTOHYH-
BOCTb yCHJHUTEJSI, BbI3bIBACT B3aHMO3aBHCHMOCTL HAaCTPOEK BXOJAHOTO H
BBIXO/IHOTO KOHTYPOB H T. II.

Jlasi ycTpaHeHHsi BJAHSHUS BHYTPCHHEH o0paTHOM CBsi3W B OOBIYHBIX
(He KaCKOAHBIX) YCHJIHTENSX WHPOKO HCMOMb3VIOTCH Lend HefTpasu3a-
UM, DTH LeNd NPHXOTHTCH HACTPAHBATh AJs KaXKAOTO TpaH3HCTOpA H3-
3a pasbpoca OpPOXOAHBIX nNpoBoaumocTeli. Kpome Ttoro, Hemocratkom
HeHdTpaau3aluu SBJSETCS €€ Y3KONOJOCHOCTh (LenH HeHTpasu3anuH, BbI-
nosHennble Ha 3;aeMeHtax R w C, oGecrneuyBaioT HelTpan3all{io JHIID
B OTHOCHTEJbHO y3KOM JAHanasoHe uactoT). [Ipu u3veHeHHH pexHMa
TPAaH3HCTOPOB M TEMIepaTypbl OKpyxXKawoouleii cpeibl HacTpoilka Lenei
HeHTpasH3allMH TaKXe Hapyllaercs.
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B KackOAHBIX TPaH3HCTOPHLIX YCHJMTENAX BHYTpeHHsAs o6paTHas
cBsisb okasbiBaercsd B 100—1 000 pa3 menbllle, 4eM B YCHJIMTEJbHOM Kac-
Kaje ¢ o6ILMM 3MHTTEPOM. DTO NMPHUBOLHT K NOBBILIEHHIO YCTOHYHBOCTH
B LIHPOKOM [Hana3oHe YacTOT M K YMeHbilleHHIO B3aHMO3aBHCHMOCTH Ha-
CTpOEK BXOJHBIX M BLIXOJHBIX KOHTYpOB. Kackonwblii ycuantenb Mo3BoO-

JsieT MOJMy4YuThb OoJibiliee ycuJe-
1. HHe, YeM B OOBIYHOM YCHJIHTeJE
Ha TpaH3UCTOpe ¢ OOLUHUM SMHUTTE-
pom.

YmpoilleHHass cxeMa KacKof-
HOTO YCHJIHTENs TI0Ka3aHa Ha
puc. 16. Ilpu masoit BesuuuHe
YCHINBAEMEBIX CHIHAJIOB 3Ty cXe-
My MOXHO paccMaTpuBaTh Kak
HEKOTOPLI 3KBUBANEHTHBIH  akK-
THBHBIH 4eThIpexnoJIocHHK. Kax-
OBl TpaH3HCTOp, BXOAAWMA B
KaCKOIHYIO CXeMy, MOXHO TaKke
paccMaTpHBaTb KaK HEKOTOpbIH aKTHBHBIA ueThbipexnosiocHuk. [is aua-
nmu3a ynoGHee BCEro BOCINO/bL30BATBCS CHCTEeMOH y-napaMerpoB (xa-
paKTepHCTHUECKHX NPOBOJAKMOCTell) TPaH3HCTOPOB, TaK KaK OHHM Jerye
OPYrHX MOTyT GBITb ONpefeJseHbl dKcrepuMeHTanbHo. C noMoOIIbIo CHCTe-
Mbl §-NlapPaMeTPOB BbIPAXKAIOTCS 3HAYEHHS BXOLHOTO M BBLIXOJIHOTO TOKOB

[, u I, yepe3 3nauyeHHst BXOAHOTO M BbixoHOro Hanpsxenuii U; u Us:

Puc. 16. YnpoiuenHas cxema Tpatl
3HCTOPHOTO KaCKOJHOIO yCHJH
TeJNsl.

i1:y1101+y1202;

. i . (28)
Io == yor Us+ y22 Us,

TZe Y1} — BXOJAHAs MPOBOAMMOCTb TPAH3UCTOPA MpH KOPOTKOM 3aMbiKa-
HHMM HA BhIXoxe, T. e, yu=1I/U; npu Upy=0;

Y12 — IPOBOJAUMOCTL O6paTHO} CBA3M, B3ATas C 0OpAaTHBIM 3HAKOM
(3Ta NPOBOXAMOCTH XapaKTepH3YeT BJWsHHe BHIXOAHOrO Ha-
nmnnalzxywauguuag ua Dvnnur\u ’T‘n!{ mmnu VA'\"\(\ I({\MI 2A2AMLIKAHUU HA RXO-
MPSDKEHHSt Ha BXOAHOI! NPy KOPOTKOM 3aMHIKAHWH Ha BXO
ne, 1. e. yra=1/Uy npu U;=0);

Y21 — MPOBOAMMOCTD, ONpeleNsiCllas YCHAUTEJbHble CBOHCTBA TpaH-
3ucTOpa (OHa aHAlOrHuna KpyTH3He S SMEKTPOHHOf JaMIbi),
Ya=1I2/U, npu Uy=0;

Y22 — BBIXOJHAS l'IpOBOILHMOCTb TPAH3UCTOPA NP KOPOTKOM 3aMbiKa-
HHM Ha BXoje, T. e. Yoe=1Io/U, npu U;=0.

Bce 3TH mpoBOZUMOCTH B 06/1aCTH BLICOKMX YacTOT MMEIOT KOMIJIeK-
CHBII xapakrep. OIHAKO HA HH3KHX YaCTOTAX OHM MOTYT OLITh 3aMeHEHLI
aKTHBHBIMH NDOBOAMMOCTAMHM. /I MajJOMOUIHBIX TPAH3UCTOPOB AKTHB-
Hbi€ COCTaBJsiiOiiilie MPOBOAHMOCTEHl TPaH3UCTOPOB B CXeMax c OOLIHM
IMHUTTEPOM HMEIOT CJEAVIOUIHC BeJTHUHHBL:

1
~1073 = 1072 —;
g1i15 on

~ 1070 —
gi2s on

’
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: 1
gats = 1072 = 1071 ——
oM

1
02y =~ 1074 —— |
g2 oM

Bemuuunnr Uy, Us, I u [; B cHcTeMe ypaBHenuil (28) B o6uiem cay-
yae ABJAIOTCA KOoMIJaeKcHbIMH. CHcreMe (28) cOOTBeTCTBYeT SKBHBAJIEHT-
Has cxeMa TpaH3HCTOpa, NMOKasaHHad Ha pHc. 17,a. B stoll cxeme ume-
JOTCS JIBAa 5KBHBAJEHTHLIX FeHepaTopa HeM3MeHHOro (He 3aBHCALIErO OT
OCTAJIbHBIX 3JIEMEHTOB CXeMbl) TOKa. DTO O3HAyaeT, YTO yepe3 BETBL, B
KOTOPOH HMeeTCsi TeHepaTop TOKAa, NMPOXOJHT HeM3MeHHBIH TOK, He 3aBH-
CAUIHH OT perkiMa ocTta.abiioil 1enn. Ha-3a Toro, uto 3KkBHBagenTHAST CXO-

Puc. 17. CxeMbl 3aMellleHHsT TPaH3uCTOpA.

a — ¢ ABYMSI 3KBHBaAJEHTHBIMH TEHCPATOPAMU TOKA; O — C OJHUM 3KBHBAJCHTHBLIM
reepaTopoM TOKa.

Ma TPAH3HCTOpPA COACPYKHT 3KBUBAJEHTHBLIC reHepaTophl TOKA, OHA OTHO-
CHTCSl K UHCJAY CXeM 4KTHBHBIX UYETLIPEXMOJIOCHHKOB. To#i iKe caMoi cH-
cTeMe ypaBHelWid (28) cOOTBeTCTBYeT 3KBHBAJIEHTHAA CXeMa ¢ OJHHM re-
HepatopoM Toka (puc. 17,6). OGe cxeMbl MOTYT OTHOCHTLCS K JIOGOI U3
Tpex BO3MOKHLIX CXeM BKJ/HYCHHA Tpansuctopa. Ilpu sToM kaxjoil cxe-
Me BKJIOYEHWs COOTBETCTBYIOT CBOH 3HAYEHHS Y-HapamMeTpOB.

OGo3nauum napaMmeTpbl, OTHOCSLIHECS K cXeMe ¢ OGLIMM 3MHTTEpPOM,
HHIEKCOM «3», T. €. Y11, Y125, Yois, Yozs. IlapaMeTprl cxembl ¢ o6uiei
6a30ii 0603HauUNM HHIEKCOM «O».

[MockoabKy oCHOBHasg CXeMa KaCKOJHOrQ yCHJAUTENs, NpHBeleHHas!
Ha puc. 16, coctout M3 JBYX TPAH3HCTOPOB, BKJIOYEHHBIX N0 CXeMaM C
ofmwuM sMHTTepoM U OOLleit 6a3oi, To 3alavell aHaa¥3a CBOHCTB Kac-
KOJHOTrO YCHJAUTEIsT SBJACTCA B IepBYI0 Odepeln OlpeleleHue napa-
MeTpoB KAacKoJIHOro ycuaiTcedst B ueaoM, O603HaUNM HX HHIEKCOM «C»,
T. e. Yirer Y1zes Yolcs Yooc . CxeMma UeTbIPEXIMO.II0CHUKA, 3KBHBAJIEHTHOTO
KacKOJHOMY YCHJHMTENI0 B LCQJAOM, OyAeT 1IMeTh TOT »e BHI, 4TO M Ha
puc. 17,6, TOIbLKO BCe MPOBOINMOCTH, 0003HAUCHHLIE HA HeH, LOJXKHEI
HMeTh HHJCKC «C»,

Xopowo M3BeCTHO, YTO HAPAAY C CHCTEMOH Y-nmapaMeTpoB WIHPOKOe
TNpUMeHellMe HAXOAUT cucTeMa f-mapaMeTpoB, T. e. CMelaHHAs CHUCTEMA
AapametpoB. [nst Hee B OTJAHYHe OT ypaBHeHuii (28), rle 3a He3aBU-
CHMble MepeMeHHble MPHHATH BXO/JHble M BbIXOAHBIE HAINPSKEHHS, HC-
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MOJIB3YIOTCS YPAaBHEHHS, B KOTODHIX 3a HE3aBHCHMble NepeMeHHble MpHu-
HHMAIOTCst BXOIHOHA TOK /i u BBIXOAHOe HanpsiKeHne Uj, T. e

Uy = hyy I'1 + hys Us;
Io=thoy Iy + hoo U,

h- -lapaMeTpbl HMEIOT OMpeje/NeHHbIH GUaHUecKHil CMBICH:

hy=U, /11 npH Uz—O— HOJIHOEe BXOJHOE CONPOTHBJIEHHE NPH KOPOT-
KO3aMKHYTOM BBIXOIE;

hiw=U,/U, npu 11—0—K03(1)(pHU.HEHT oOpaTHOH CBsf3U MO HanpsiKe-
HHIO MPH Pa30MKHYTOM BXOJE;

hyy=1,/l| npn Uy=0 — KO3((PHLUKEHT YCHIEHHSI O TOKY IpH KOPOT-
KO3aMKHYTOM BBIXOILE;

h22—-12/U2 npu 11—0— BBIXOJHAS1 MPOBOAMMOCTb MpPH Pa3OMKHYTOM
BXOJe€.

CyulecTBYIOT X ApYrHE CHCTeMBl NapaMeTPOB ueThipeXMOJNIOCHHKA,
B uyacTHOCTH, ypaBHeHMAM HYeTHIPEXNJIIIOCHHKA, B KOTOPHIX 32 HE3aBH-
CUMble NepeMeHHble MDHHUMAIOTCA BBIXOAHON TOK /2 M BHIXOJHOe HaNps-
Kenue U, cOOTBETCTBYeT cuCTeMa Q-NAapaMeTPoB

(29)

Ul-‘-“u Uz—-amjz; (30)

Iy =aUs—ag1,.

Jlns 9TOH cHCTeMBI
U ,
ap; = ~1~ npu I, =0,
U.
U .
Qo = —.1— npu Uy = 0;
/

7
1

1

Qg1 =
U,

I .
Qg = ~_1— npu Us =0,

Iq

3uaHue a-napaMeTpoB TPAaH3UCTOPOB ¢ OOGUIMM SMHTTEPOM H OOLIEH
6a30i, BXOASALIUX B COCTAB KAacKOJIHOr0 YCHJHTENs, N03BoJiseT onpeje-
JUTb Q-lapaMeTpbl KackogHoro ycuauresns. CylecTBylOT [A0CTaToUin
MpoCThie 3aBUCHMOCTH, CBSI3blBAlOUIME g-MApaMerphl JABYXKacKalHOro
YCUIUTENS C a-MapaMeTpaMH OTHEe/bHbIX TPAH3UCTOPHBIX KacKanoB. s
KacKOJHOTO YCHJIUTEJS:
Ay1c = Q115 @116 + Q135 Q216 5
A1oc = Q115 Q126 T Q125 X226 5 31
d21c = Q2150116 + Q225 42165
Qooc = Qayp Q126 1 Q295 d226 .
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a-napaMeTphbl TPaH3WCTOPHOUIO Kalkaila C ODIIHM 3MHTTEPOM H KdcC-
Kana ¢ obuweil 6a3oi, BxoaswHe B GopMyan (31), MoryT Gbith HalAeHbI

710 H3BeCTHbIM Y-NapaMeTrpam:

Yoo | )
Q11 = — "~

Yo1

1

Qig= — """,

Y21

!
. Y11Y2: — Yiel21
Qg1 = — :
Yo1

Y1
Qog = — 7

Y21

(32)

CienoBaTesbHO, MOXHO ONpeneNdTb d-NapaMeTpbl KaCKOAHOTO YCH-
JUTEeNs [0 M3BECTHLIM y-liapaMeTpaM COCTaBJAIOILKX ycuautenel (c o6-
IAM SMHTTEpOM H oOlieil 6a3oft) myTeM NMOACTAHOBKH 3HaueHui (32) B

¢dopmysel (31). B pesyaprate mosyuum:

Y226 (Ya25 + Y116) — Y126Y216

1= ’
Y215 Y216
Yeos + Y116
Bgoc= )
Ya1s Y215
_ Y11s Yoo (Y2 + Y116) — Y125 Y215 Y226 — Y11s Y126 Y16
1= :
me Y13 Y216
Yi1s (Y25 + Y116) — Y125Y215
Qo= .
Y215 Y216

(33)

y-napaMeTpbl KaCKOLHOTO YCUJIHTENss MOTYT OBITb BLIpaXKeHbl yepe3

a-napaMeTpsl no 06paTHbLIM GOPMYyNaM CBs3H, a HMEHHO:

Qg2 ]

Y1 2

_ G118y — 1289
Y12 s ’
oL, *
Yo1 = i1

_ M
b = a

(34)

Tenepb BbIpAa3HM H-NapaMeTpbl KaCKOJHOro YCHJHTeJd yepes y-na-

paMeTpbl COCTABJIAIOIINX YCHIHTE/EH
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Y115 (Y25 1 Y116) — Y12s Yo1s
Y22 + Y116
— Y12s Y126 |
Y205+ Y116
— Y216 Y215
Yaes -+ Y116
Y206 (Y225 1 Y116) — Y126 Y216

Yoo = .
: Ya2s 1+ Y115

Y11=

Y1oc==

Yo21c=

OTH BHIpaXeHHUA M5 y-NapaMeTpoOB KaCKOJHOTO YCHJUTENS MOMKHO
YIOpPOCTUTD, HCMOJMb3Ysi COOTHOLIEHHS M2XKAy Y-napamMeTpaMu TPaH3UCTO-
pa, BKJIIOUEHHOTO MO CXeMe C OOLIHM 3MHUTTepOoM H ofuiel 6a3oi, Yugs >
D Yeoar Y11s > Y12s; Y16 ® — Y216-

YnpouieHHble BhIpaXKeHUsi AJst Y-napaMeTpoB KacKOAHOI'O VCHIHTEJs
HMEIOT BHA:

Y1ie = Y1s;s

Y126
Yiee = Y129 _y‘ 5
216 (36)

Y21c = Yo1a,
Y216 Y126

Yoo — .

Y116

u

BulpaxkeHHsT A5 Yi2e M Yooe MOZKHO HECKOJIbKO BHAOU3MEHHTb, eCJH
HCIONL30BATL CBSI3b MeXKIY Yy-apamerpaMy u fi-mapamerpamu:

Yi2e = Y125 196 ;

A
Yoaae = Il296 .«
[TocueHsiga BeJiMYHHA OYeHb MaJa.

Taxum oOpa3oM, ykKe U3 pacCMOTpPeHHs Y-MapaMeTpoB KAaCKOJIHOTO
TPaH3HCTOPHOrQ YCHJHTENs CJeayeT, 4To BXOJAHAsi NPOBOAMMOCTbL Kac-
KOJHOTO YCHJ/HTEeJs NPAKTHUECKH paBHAa BXOAHOH NMPOBGAUMOCTH YCHJIH-
TeJIsl ¢ OGLIMM SMHTTEPOM, MPOBOAHMOCTb Y21 (T. €. «KpYTH3HA») TakkKe
MPaKTHUECKH He u3MeHsercs. Pe3ako (Ha 1ecKosNbKO MOPSIKOB) yMeHblla-
eTcsl BHyTpeHusia o0paTHas ¢BSI3b. Bhix0o1Hasi MpOBOAUMOCTE KaCKOIHOIO
YCHJIHTENS NPU KOPOTKO3aMKHYTOM BXO0/€ paBHA BBLIXOAHOH TPOBOAHMO-
CTH ycHJHTENS ¢ o6ulell 6a30il IPU PAa30MKHYTOM BXO[e€,

[ KaCKogHOro YCH/HUTENs C y4eTOM NPOBOJHUMCCTH HATPY3KH Yy
H BLIXOLHOH NPOBOAMMOCTH HCTOYHHKA CHTHAJA Yr MOXKHO ONpeNesuTh
BXOJHYIO M BBLIXOJHYIO NPOBOIXHMOCTI, a TaKXKe KO3((hHUHEHTEl YCHIEHHSA
MO TOKY W [0 HANpPAXKEHUIO,

Bxoauass npoBOJUMOCTL paBHa:

Yi2c Yo1c
?
Yoz -+ Yu

Yx = Y11c —
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Rnouny ar
OBH i

cae1Hell hopmyse 0OGBIYHO

e 1. 11 NMTANT I o
nnd Yize Y2ic BTOpPbBIM CJiad

0XHo TpeHebpeunb, Toraa
Yex = Yi1c ® Y15 .
BuixoxHasi mpoBOAUMOCTb KAaCKOLHOTO YCHAMTEJs

Yi12¢ Ya1c
Yiie + Yr

Yeuix = Yo2¢ — = Yaze ® h226-

KosdduuuenT ycuaenus no HanpsKeHuio

Ky — — Yare | Ya1s
H= - .
Yooc 1+ Yu hass + Yy

Kosdduunesr ycuaeHus no Toky

Ya1c Yu Yo15 Yn
Ky = ~
Y1ic Y22c — Y12¢ Y21¢ + Y11e Yn Y115 (haos + Yu)

MaxkcumanbHo JOCTHXKUMBIA KO3(PQUUHEHT YCHJIEHHS N0 MOILIHOCTH
KaCKOIHOrO YCHJIHTENs OGBIYHO B HECKOJIbKO pa3 6oJblile, yeM YCHJIHTENs
(kackazma) c of6wuM sMuTTepoM. K ToMy Xe peananzoBath GoJbllioe yCH-
JleHHe B ycuauTeNae ¢ OOGLIHM 3MHTTEDPOM He YAAaeTcs u3-3a OrpaHHueHHH,
CBSI3aHHBIX ¢ ofecneyenHeM YCTOMYHBOCTH,

[TocKo/aLKY MpOBOAHMOCTh OOPATHOH CBA3H B KACKOLHOM YCHJHTEJe
OKasbiBaercsl YMeHbUIEHHOH HA HECKOJbKO NMOPSJAKOB, TO 3THM [OCTHra-
eTcst MOBbLIIeHHe YCTOHYMBOCTH PaboOTH. B GosbuiMHCTBE NpakTHYECKHX
c/lyyaeB KacKOAHbIe YCHJMTENM Ha TPAH3UCTOpPax He TpeOyIOT HUKAKOH
006aBOUHOK HeHTpaJH3alHu H YCTOHYHBO paboTaloT B IIMPOKOM [Hala-
30He yacToT. K TOMy ’Xe y KacKOAHOTO YCHJIHTeJsi YMEHblUIaeTcs BeJu-
YHHA BHIXOAHOH NPOBOLHMOCTH, YTO 06ecneuyuBaeT BO3MOXKHOCTb MOJHOTO
BKJIIOUEHHS] KOHTypa B IlieNb KoJuaektopa., Cineayer TakXe OTMETHThb, UTO
H3-3a Ma/JOCTH BOAHYHH Yaoc M Yizc YMCHDIIARTCH BJIHsAHHE pEXHMOB pa-
GOTLI KACKOAHOIO YCHJMTEIS MO MOCTOSIHHOMY TOKy Ha J0GpPOTHOCTh H
PE30HAHCHYIO 4acTOTy HAarpy3O4yHOro KoHTypa. [lo 3THM Ke [pHYHHAM
KaCcKOJHble YCHJIMUTENH C PYYHOH H aBTOMATHYeCKOH PEryJHPOBKOH yCH-
NeHHs HMeIOT MpenMyLIecTBa MO COXPAHEHHIO YAaCTOTh HACTPOHKH KOHTY-
POB M HX 4aCTOTHBIX XapaKTEPHUCTHK BO BCeM IHHAMHUeCKOM [uanasoHe
peryJiupoBaHusl.

3HaueHUst MaAKCHMAaJbHO BO3MOXKHOPO YCTOWYMBOro Ko3(gHIHMeHTa
YCHJIEHHS KACKOJHOTO YCH/MTEJS MOXHO NOJYYHTh M3 aHaaH3a YCJAOBHI
Gananca ¢a3 u Oajainca aMIUIATYJH. YCHIHTENb MOXHO CUHTATh abCo-
JIOTHO YCTOHYHBBLIM (B CMBICJE OTCYTCTBHSi ONACHOCTH TeHepaunHu), eciu
NpH BLINOJHEHHH YCJIOBHS 6anadca ¢a3 He BBINOJHSETCA ycJIoBHe Ga-
JaHca ammauTyn. OnHako B 6oJiee LIMPOKOM CMBIC/E TOJ YCTOHYHBOCTBIO
KAaCKO/JHOTO YCHJHTE/s HA TPAH3HCTOpAX, TAaK Xe KaK 3T0 6bLIO NMpHHSA-
TO Bbllle AJs JaMIOBOro KACKOLHOTO YCHJHTeNs, CJAeLyeT MOHHMaTb He
TOJILKO OTCYTCTBUE CaMOBO36YXKIEHHUS, HO ¥ OTCYTCTBHE BJHSHHUSA BBIXOX-
HBIX lenefl Ha HACTPOHKY BXOAHHIX Ienei. IlosTomy B maHHOM ciayuae,
TaK Xe KaKk H B CJyyae JaMMOBOro KaCKOAHOTO YCHJHTENS, Heo6X0AHUMO
BBECTH KO3(GHIHEHT yCTONYMBOCTH ky,XapaKTepH3yIOLIHH, HaCKOMLKO [a-
JieK HOpMaJbHbIH peXXuM pasoThl YCHJHTENs oT nopora camMoBo3GyiKie-
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uus, Beauuwna %y Tak Xe, Kak u pawubille, BeIGHpaeTcs B Mpefienax
0,8—0,9

[Mpusenem 6e3 BruiBoda (GOPMYJY J[Js MaKCHMaJbHOTO AONYCTHMOTro
Koa(pHIHeHTa yCHIEHUS

| Yo1c | 1
[Y12¢] 14 cos O

rae | Ye1c |— MOAYAL KOMNIEKCHOH NPOBOAMMOCTH Y .
Ecnu BEIpa3HTh KOMIJIEKCHYIO NMPOBOAHMOCTb Yorc Y€pPE3 MEHCTBH-
TeNbHYI0 (AaKTHBHYI0) H MHHMYyIO (peaKTHBHYIO) cOCTaBJSAIOLIHE, T. e,

Yo1c = Loic 1 jboic

KH.MaKc < 2 (1 _ky) ’ (37)

TO

[Yo1c | = 1/ ggm -+ bglc .

Ananoruuto

| Y1oc | = 1/ g??c + b122c

®a30Bbli yroa § 3aBHCHT OT COOTHOLIEHHS MEACTBUTENBHON M MHH-
MOH COCTaBJISIIOIHX KOMIJEKCHOH BEJHUYMHBI Yigc Yo1c, & HMEHHO!
b1s b
C ' 21¢
0 = arctg ——— - arctg ——— = 032¢ + O21c -
812¢ 821c

dazosble yrabl Oi2¢ ¥ B3¢ COOTBETCTBEHHO MPOBOAMMOCTEH Yi2e H
Y21c MOIKHO Jerko H3MepuTb, ITockoabky Beanuuna cosf, Bxomsmas B
BblpaxeHue (37), MoXeT M3MeHATbCS oT —1 Ho 1, TO npu 3TOM MHHH-
MasbHoe 3HaueHHe Apobu nmox xopHewm cocrabaser 0,5. [lostoMy ans Ka-
YeCTBEHHOH OLEHKH BLINTPHIILA, KOTOPLIH naeT NpHMeHeHHe KacKOMHOTo
yCHIHMTENS B CaMoM Xylilem caydae, T.e. npu cos® =1, Hano cpaBHuTh
3HAYeHUs MOJYyJeli NPOBOAUMOCTEl KACKOMHOTO YCHIUTENN Yore M Yioe C
aHAJIOTHYHBIMH Be/HYMHAMU A APYTHX THIOB YCHJIHTENeH,

[TockosibKy, Kax yKe OTMeuajoch Bbllle, Yoie X Yo1sr 8 Yrze =

Y196
X Yios y““ ,TO, YTOGLI OLEHHTb BLIMIPbLILI, HEOGXOAHMO YCTAaHOBHTL, BO
216
CKOJIBKO Da3 Yizc MEHbIIe Yg5. JlJs 3TOoro BocnoJb3yemess GopmMymamu
CBA3H MeXNy y-napaMeTpaMH, OTHOCAUIMMHCA K BYM PasJIMUHBIM CIIOCO-
6aM BKJIIOYEHHS TPAH3UCTOPOB:

Y116 = Y115 + Y125 -+ Y15 -+ Y205 ;

Y126 = — Y12s — Yoos 5
Y216 = — Y215 — Y225 ;
Yose = Y223

Taxum o6pasoM, COOTHOLIEHHE Yioc H Y125 MOXKHO ONPENENHUTb KakK

Yios 1+ Y225

Yioc = Y12
¢ ° Ya1s 1 Yoo

.
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[ToCKOIBKY OOLIYHG Y212 > Y125, TO OTCIOAA H NOJYyYaeTts BBIMTPHILI,
Tak, HaNpUMep, MO NPHBEIEHHLIM BLILIE 3HAYEHHSIM AKTUBHOH COCTABJISIIO-
mell y-mapaMeTpoB TPaH3HCTOpPA ¢ OOUIMM 3IMHUTTEPOM MOKHO TIpy6o
OLIEHUTb NMOPSNOK BEeJUUHHD! Yi2c Ha HU3KHX YACTOTAX:

Yi2¢ = (0,001 —C,01) yya, .

[Tpu Taxoil oleHKe NONYCTHMBIH yCTCIUUBBII KO3(G(HUIHEHT YCHJICHHS
KackonHoro ycuiauteas B 10—30 pas GoJblie, yeM yCUIMTEIs] ¢ OGLIHM
SMHUTTEPOM,

Yto6H BBIYMCAATL TOUHOE 3HAaYeHHe BLIHTpHIIA 1O YCTOHYUBOMY KO-
apdHULMEHTY YCHJIEHHS, KOTOPbIH AaeT KaCKoJHas cxeMa, § abCO/IOTHO®

Puc. 18. Il-o6pa3ras mojenupyoulas cxe-
Ma TpaH3HuCTOpa.

3HayeHHe MAaKCHMaJbHO NONMYCTHMOTo Ko3((QHIHEHTa ycHJEHUR Ha ONpe-
Ie/NeHHOM 4acToTe, TpeOYeTCs ONpeae/IuTh KOMIJIEKCHble 3Hauenus napa-
METPOB Yi2s, Yoo U Y21 JUO0 IyTeM HEMNOCPEICTBEHHOTQ H3MEpeHHs HX
Ha 3TOH yactore, AxGO pacCUMTaB HX [0 MU3BECTHHIM fapaMeTpaM 3KBH-
BaJI€HTHOH MOJEJHpPYIOLLel cXeMbl TPaH3UCTOpA.

Mopnenupymoouiie cxeMbl TpPaH3HCTOPa OTpa)KaloT €ro cBoficTBa B
nuanasoHe uvacroT. Har6Gosee no/qHO B IHPOKOM jAHanas’oHe 4acTOT OTPa-
Xaer cpoiictBa Tpauslicropa Il-o6pasnast 3xBuBaJeHTHass MOZAeJHpYIO-
mas cxema. drta cxema, u3obpaxenuas na puc. 18, cnpasensuBa NoyTH
AJIs1 BCEX THMOB TpaHsucTopoB. Ha cxeme:

ro — 00beMHOE CONMpOTHBACHHE 0a3bl (rog=10-=-100 om);
ros— napaJjesbHOe CONPOTHBJEHHe 3MUTTepa (ros =100--1000 om);
Cos— napa/nenbHas eMkocTb 3MHTTEpa (Cos= 10010000 ng);
rox— CONPOTHUBJIEHHe KOJIeKTopa (rox~1--10 Mom);
Cox — emxocts Kostektopa (Cox=10--50 ng);
K.6 — MeXIY3JeKTPOAHAS EMKOCTb KoJlekTop—6asa (mns MaJoMoll-
Hblx Tpausucropos Ck.g=1 ng);
A — GespaaMmepHbIi KO3 (HINEHT, XapaKTepU3YIOUHI yCHIHTEbHbIE
ceoiictea Tpausucropa (A=100+5000);
I'x.s— CONPOTHBJIEHHE, MoJeaupyollee npouece Aubdy3un HEOCHOBHBLIX
HOCHTEJel OT 3MHTTepa K KOJIeKT™opy (rg.o=1000—10000 ox);
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Lx.s — HHIYKTHBHOCTb, MOJEIHpYIOIIas NMpouecc AMdPY3HH HEOCHOBHBIX
HocHTenefi (Lg.; paBHa eIMHUMUAM MUJIUTEHDH).

KoMnaexcHoe conpotusaenne Zx.s=/x.s+ j®Ly.5M0XKHO paccMaTpH-
BaTh COTJIACHO 3KBHBA/IGHTHOH CxeMe Ha pHC. 18 xak BHyTpeHHee COTPO-
TUBJIEHHe SKBHBaNeHTHoro rexepatopa 3.4.c. AUps. DopMysnl, Bblpa-
Kailllye y-napaMeTpbl TPAH3HCTOPA uepe3 MapaMeTpbl €ro MOIEJHpPYIO-

———— r

@ @ ? Tpu,mucmapjl '—®—¢— Tpanaucmap
|

| |
a) -
)

~) (U, T paraucmop : Tpansucmaop ’ @ @

e r
I 1 { l )\

Ly )~

Puc. 19. CxeMbl s M3MepeHMsT y-mapaMeTpOB TPAH3HCTOpA, U3MepeHHE
napamerpa:

a—pang yu; 6 — 0NA Yo, 6—IMIA Y, e—AIAA Yoo}

el cXeMmbl, IPUHUMAIOT YAOOHBIM AJst pacueta BMJ, eCJM BBeCTH IOHS-
THe O HEKOTODHIX XapakKTepHbIX YacToTax:

fo= —1_—___ . e .
N ’ a1 ’
ol 03 21tLy.5
2nCos ——
ro -+ L)
f 1
% ey
2 2nCys o5

[TpoBoAMMOCTE Y115 MOXHO TpPEICTABHTh COCTOSILUE] U3 AKTHBHOH H

1
eMKOCTHOH COCTABJAIOWMX Y115 = —— -+ {@0Cy15. Besuunnl rip5 4 Criy
Ti1s

YacTOTHO-3aBHCHMBL. MIX 3HaueHUst CBSI3aHBI ¢ YacTOTOH H MOZENHPYIOLIU-
MH napaMeTrpaMH TpPaH3UuCTOpa:

_f_ 3
1+<fs)
r11s = (ros 4 7y) read-ro [ f\2 ;
e Ty (7:)
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Cis =

I3

fs

(38)

2n for,

ITpoBOAMMOCTb Y215 MPH pacueTax yloGHee BHIPa3UTh yepe3 ee MO-

RyJab | Y21s | 1 da3oBulil yron Qs
Yoo

[ Y215 | =

@, ~ arctg (——-

re.s Tos T 7o

).

N

Pe3koe yMeHblIEHHe BEJHUMHLI | Y215 | HauuHAETCA ¢ yacTOTH [=fg

—— f215 .
2

Ha KOTOPOH |Ys215|=

I1poBoaUMOCTE Y315 MOMKET G6HITh

npeacranJeHa B BUAE€ NPOBOAMMOCTH NMOC/JEN0OBATENbHOTO COeAUHEHUS Ya-

CTOTHO-3aBUCHMBIX CONPOTHBJEHHSI r215 U HHAYKTUBHOCTH Lgj, NpUieM
I'x.s Tos+ 71y .
215~ ’
A o5
Ta13
Loys~——. (39)
2nf
ITpoBOAMMOCTE Yoo  MOXKHO

NpeACTaBUTb B BHIE NMapaJl/ieJbHOro
COeHHCHUS YaCcTOTHO-3aBHCHMBIX
aKTUBHOTO CONPOTHBJIEHUS a5 U €M-
koctu Cogs. AHasnoruunoli cxemoli Mo-
XeT ObITb NMpeACTaBJeHa U NPOBOIU-
MOCTb Yi29.

TakuM o6pa3oM, 3Has MOJIEJH-
pymoolne (co6CTBEHHbIE) MapaMeTphl,
KOTOpbIe He 3aBHCSIT OT CXEMBI BKJIIO-
YeHHS, MOXKHO ONpelesuThb pacyer-
HBIM 06pa3oM y-mapaMeTphl TPaH3HC-
Topa. Cuaenyer mNOAYEpPKHYThb, YTO
y-napaMeTpsl MOXHO [JOCTaTOYHO
NPOCTO  ONpefequTb  3SKCIepHMeH-
TanbHO Ha pabouelt yactorte. Pexum
KOPOTKOrO 3aMbIKaHHSI Ha BXOJe
HJK BbIXOJE TPaH3UCTOPa, KOTODLIA
Heo6XoauMO CO3RaTh I/ H3MepeHUs
Y-napaMeTpoB, JIETKO OCYLLECTBJSIET-
Cs1 3aMbIKaHHEM NepeMeHHOl cOoCTaB-
Jifollell BXOXHOTO HJIH BBHIXOJHOrO
TOKa Yepe3 J0CTaTOUHO 6OJIbIIYIO eM-
KOCTb.

Pue. 20. CxemMa KacKopHOro ycH-
JIMTesT HAa TDAH3UCTOPAX.
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Cxembl A71s1 onpejeseHHsi XapaKTepPHCTHUECKHX HPOBOAMMOCTEN Y11,
Y2, Yo1 ¥ Yoo NOKa3aHel Ha puc. 19, a, 6, 6, e coorBercTBenHo. Hanpsxe-
HHSi HCTOYHMKOB CHIHana [LOJXKHBE ObiTb HACTOJNbLKO MaJbLIMH, UTOOLI
TpaH3HCTOp paboTas B JHHEHHOM pexuMe,

[To HajiaeHHBIM AJs ONpele]eHHON HacToTbl y-napaMerpaM MOXKHO
no gopmyae (37) HaiiTH abCOMIOTHYIO BEJIMUMHY MaKCHMaJabHO TOMYCTI-
MOro K03 (HUHEeHTa YCHJICHHS N0 HANpAXKeHulo Ky waxe A8 KacKagHOTo
ycuauTeasa. Pe3y/bTaThl TAKHX DacuyeTOB, UMEIOLIHECs B JHTepaType, Mo-
Ka3biBaloT, uTo npu ky=0,8 115t TpaHszucropos I[1401—I1403 B pexume
no nocrosiHHoMy Toky Ugx=—6 8, /x=3 ma, na vacrtore 0,5 Mey Beau-
yuHa Ky .make=1000, a Ha uactote 5 Mey Ky.maxe=150. Touno B Takowm
JKe peXHMe M Ha TeX K€ TPaH3UCTOPAX YCHJHTEeNb ¢ OOUIUM IMHTTEPOM
nMeet Ha vacrote 0,5 Mey Ky.ymaxe=30 u na wactote 5 Mey Ky maxe=10.

Onna W3 npaKTHUCCKHX CXeM PE30HAHCHOTO K4aCKOJIHOTO YCHJHTEIS
npuBeleHa Ha puc. 20. Cxema BbinosHeHa Ha TpaH3ucropax [1415 u pa-
Gotaer na uactoTe 30 Mey Ge3 ponoauuTeqaLHOH mefiTpasusanun. Tox
3MHTTEpa KaXj1oro Tpausucropa paseH 2,5 ma. Cocrasssioullic BXOIHBIX
1 BBIXOAHBIX CONPOTUBJCHUI /IS KaXKI0M CXE€MBl UMEIOT cJAedylouive 3Ha-
ueHHs: Rpx=100+400 on; Cpy =15+ 100 n¢h; Rpyux=5-+20 Kom; Cyux=
=10~ 18 ng.

FTABA BTOPA4

1

NPUMEHEHHUE KACKOIAHbLIX YCUJIUTEJEN

10. YCUJIHUTEJIb BBICOKOHW YACTOTHI
TEJTEBU3UOHHOIO NPUEMHHUKA

B ra. 1 (puc. 6) npuBoamiach cXeMa pe30HaHCHOTO KAaCKOAHO-
ro ycuauteas. Takas cxema MoiKer ObITL MOJIOXKEHA B OCHOBY CXCM yCi-

2 JuTesell BBICOKOH H mpoMe-
[ e WVYUTOUHON UaCcTOTLE DANTUO-
. HKYTOUHOH HaCTOTH Pajio
3 rpueMielx ycrpoicts. Hu-
I3 K> OyAyT DAacCMOTPEHBI

KOIIKDeTHble CXE€Mbl, TIpH-

Bournd MelsieMble B Pa3JjiHuHOIl

ﬁ

paanonpueMHofl  anmapa-
W U | o

8rud sutan == ' p B coBpeMeHHBIX Tese-
.- — BH30pax, o6janamllnx Bhi-
L L—L"F#j B0 cokoit 4yBCTBUTEJILHOCTLIO,
] te| |» CUrHasj W3 aHTEeHHBI 06bIY-
-/27 % u?fa Gs HO MOCTyMaeT Ka Kackol-
4 IR? 100 IILIH  VCUJINTENb BBLICOKOH
L0 G n uyac1oThl. KoOHCTPVKTHBHO
o5 3 T KacKOIHbIH YCUJTHTE/D
L pa3melaercss B 6JoKe me-
~Eor peKJIovaTesnss TeJeBH3HOH-

Puc. 21. CxemMa KaCKOMHOr0O YCHJAHTENS Bbl HBIX KaHaJoB,
COKOH 4acTOThl TeNeBH3HOHHOIO MpueM- Ha puc. 21 npusenena
HHUKaA. MpHHUHUMHAJLHAS cxema



KAaCKOJHOTO YCHJIHTEJs] BbICOKOH YaCTOTHl B MepekJiouyaTtese Te/NeBH3HOH-
HeIx KaHanoB IITK-1, BeinosiHennoro na asoiinoM tpuone 6HI4T1. Tpuoaw
9TOM J1aMmbl BKJIOUEHB! H N0 TOCTOSHHOMY, H MO NepeMeHHOMYy TOKY MO-
cnejgosareabro. [1pu mepex/aoueHuy AHanasoHoB KaTywku Ly, Ly, Ls u L,
BKJIIO4AlOTCsl B cxeMy OapaGannbiM TlepekiouyateneM (Ha CXeMe OH HE
nokasaH). CMelleHHe Ha CeTKY JIeBOro (mo cXeMe) TpHoia JaMmhl Io-
JaeTcs OT peryJjsitopa KOHTpacTHOCTH. HanpsiKenue cMeuleHHs HA ceTKe
MpaBoro TpHOJAa 3aBUCKT OT COOTIIOIIEHHS COMPOTHBJAeHHH Ry ¥ Rs. CBs3b
¢ aurennofl — unaykTHBHAsA. CeTOUHLI KOHTYp 3allyHTHPOBAH COMPO-
THBJeHHeM R;. EMKOCTb KOHTYPa COCTaBISAIOT €MKOCTH JlaMMbl U MOHTAaXa,

Kounencaropsl C; u C3 BMecTe ¢ MeXKIY3JeKTPOAHBIMH €MKOCTAMH
Ca.c ¥ Cc.x nesoro TpHoja Jamnbi 06pasylOT MoCT, B ONHY AHaroHafb
KOTODOTO BK/IOUeHa KaTywKa Ly, a B APYTYIO y4acTOK aHOA—KaToJ[ 3TO-
ro tpuosa. Ilpu c6asaHCHDOBAHHOM MOCTE NMPOUCXOAUT HEHTpAJH3aLHKs
eMKOCTH Cj.c. DTO NOBbILIAET YCTOHUMBOCTb YCHJIMTEJS, a TaKkKe YCT-
paHsieT NpocauHBaHHe HaNpsKEHHs FeTePOIUHA U3 BBIXOMHOH lenH JaM-
IBl B AHTEHHYIO LeMb.

Karymka Ls macTpaHBaeTcst B PE30HAHC C paclpelesieHHbIMH eMKO-
cTAMH Ha yactory npuMepHo 140 Mey Tax, uToGH BHIpABHSATL yCHJEHHE
Ha MepBOM M JBeHaANAaTOM Te/eBH3MOHHBIX Kananax. Koutyp, o6pa3oBan-
HBI 3TOH KaTYIUKOH H pacrpelc/eHHBLIMH eMKOCTSIMH, uMeeT OYeHb TY-
NyI0 HacTPOHKY H3-3a IIYHTHpPYIOLUlero AeHCTBHsI BXOJQHOTO CONPOTHBJe-
HHS npaBoro tpHoaa JAaMmnbl, [losToMy Her Hago6HOCTH B mMEepeK.IOYEHUH
KaTyIIKH Ls Npu nepexojie C OJHOrO AMANa3oHa Ha Apyroil.

Hunyxrusnocts katywku Ls onpeneasierca no dopmyde

1

L= —F—7,
/Ln?f;‘)l Cy

rae fu —uacToTa HacTpOHKH KOHTYpa;

Cuux] CB\Z .
)
CBbel+ Csz

Cy — pacnpeseseHHasl eMKOCTb KaTYIIKH;

Cpux1 — BBIXOAHAsl eMKOCTb YCHJHTEJsI ¢ 3a3eMJEelHbiM KaTolOM;
Cpxs — BX0/1Has eMKOCTb YCHJNTEJSt C 323eMJIEHHOl CeTKOH,

Karywka L; coBmecrio ¢ Koumencatopom Cy4 u pacnpelleqCHHBIMH
eMKOCTAAMH 00pasyeT BLIXOJHOM KOHTYP KaCKOJHOTo YCHAHTeas. DTOT
KOHTYp HHJYKTHBHO CBfI3aH C CEeTKOH CMECHTeAbHOH JaMIbl, KyAa noia-
eTcA TaKiKe HaNpsiKeHHe reTepojuHa.

Co = Cx\' _[‘

11. LIKPOKOMNMOJIOCHBIN YCUJIUTEJIb BBICOKOW YACTOTbI
C MAPAJIJIENIbHBIM BKJIIOYUEHUEM JIAMII
o NMOCTOSSHHOMY TOKY

ITpunuunuanbHas cxeMa yCHUAHUTeJs npuseleHa Ha puc. 22. Ilo BHI-
cokoil uactote TpHOIH JI; u JI7 BK/IIOUEHBl NOCAENOBATENbHO, T. €. Tmepe-
MeHHas COCTaBJ/sollass aHOMHOTO TOKa MX OJHa M Ta XKe. [loatoMy Bce
CBOIICTBA KACKOAHOTO YCHJMTENsl, pacCMOTPEHHble paiee, B PaBHO CTe-
TIeHH OTHOCATCS U K AaHHOH cxeme. OCOGEHHOCTBIO ¥e 3TOH CXeMbl SIBJISI-
ercst T0, YTO 1O NOCTOSHHOMY TOKY JaMnel J7; u /Iy BK/WOUYEHB Napad-
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JieJIbHO. DTO NO3BOJISIET NDHMEHSATb HCTOYHUK aHOAHOTO MHTAaHUS, HMElo-
Ui B 2 pa3a Menblllee HanpskeHue. Monosb3oBande B cxemMe TPHOIOB
¢ GoJbLIOH KPYTH3HOH NO03BoJisleT NOHU3UTL LIYMHI,

Curran oT BXOJHOro BBICOKOUACTOTHOrQ pasbeMa MOJAeTcss Yepes
paspesuTesbHbIH KoHgeHcatop C; Ha uacTb Katymku L. [Tocneausa co-
BMECTHO C €MKOCTAIMH CXeMbl HACTPOEHA Ha Pe30HAHCHYI0 YacToTy. ABTo-
TpaHchopMaTOpHOe BKJIOUEHHe KAaTYUIKH MO3BOJseT COMacoBaTb CETOU-
Kbl KOHTYp C HCTOYHHKOM BXOJHOrO CHrHaJa, MCXOJsi M3 YCJOBHS MI-

Rzod

>
[ ryian0

[

Puc. 22. Cxema KacKoJHOIo ycHJAHTeJs ¢ mapa.i-
JeJbHBIM  BKJIIOYEHHEM JaMIl [0 [OCTOSHHOMY
TOKY.

wusrvara TTTumMan Tlanaca mnn 7 o
HUMYMa LIYMOB, 110JioCa NnpomnycKa CETOUI (OHTYpa ONpeiA&/IAcTCA

EXONHBIM COMPOTHBJAEHHEM JaMIIbl JII, 9KBnBaneHTHuM COHpOTI/lBJ]eHH}O
noTepb KaTyWKH Ly, a TakXKe MepeCYUTAHHBLIM CONPOTHUBJAEHHEM HCTOYHH-
Ka BXOJHON'O CHTHaJa (B LaHHOM CJyyae MepecyHThIBACTCs BOJHOBOE CO-
NPOTHBJIEHHEe KOaKCHAJBHOTO Kabens).

Jlamna J1, narpy:keHa Ha HH3KOe BXOJHOe CONDOTHBJ/IEHHe JIaMIbl
JTo. Katymka Ly HacTpauBaercst ¢ pacnpefieieliHbIMU eMKOCTSIMH Ha YCH-
nAuBaeMylo yactoTy. Kouryp, cocrosimimit u3 kaTywku Lz ¥ NpoxonHO#
eMkoctH Ca.c Jamnel JI;, HacTpauBaeTcss Ha pPe3OHAHCHYIO YacToTy.
ITUM HECKO.bKO TOBBILIAETCS] YCTOHYMBOCTb NEPBOro Kackala Ha Jamne
JI;. KpoMe Toro, katymka Lg Cay:XMT AJs1 Toro, uToGbl 3aMKHYTb KaTo[
Jgamnbl JI; Ha 3eMJI0 N0 TOCTOSHHOMY TOKY.

Pexum Jjamn JI; u JI; ycrauaBiuBaercs BHIGODOM HAIpsKeHMHI
aNOJHOTO MUTAHUS M CMellleHMs, B JaHHOW cxeMme CMelleHHe KaK Ha cerT-
Ke jamnbl JI;, TaK ¥ Ha ceTKe JaMnbl /I, 06pa3yeTcst 3a c4eT KaTOLHOIO
TOKa COOTBETCTBYIOUIEH JlaMIbl.

AnonHoit Harpyskoit aamnel JIp CAyKHUT KOHTYp, 06pa30BaHHbI Ka-
Tywikol L4 ¥ pacnpeliejeHHEIMH eMKoCcTAMH. KOHTYp o BBICOKOH 4acTo-
Te 3alIyHTHPOBAH COMpPOTHBJAeHHeM Rs, KoTopoe BhiGMUpaeTCs, HCXONS H3
Tpe6yeMoil TTOJOCH TPOMyCKalHsl,
=

H8



12. YCUJIUTEJDb OJI1 AHTEHHOW NPUCTABKH

Tlpu nanbHeM TIpHeMe TEJEBHIEHHMS yacTO MCIOJB3YIOTCS AHTEHHblE
yCUJIHTENH, pacroJiaraemble psiiom C aHtedHo#, Ilocrynarowmuit mHa a-
TeHHbIH YCUIHUTENb CHTHAJ YCHJIHBAETCH M 3aTeM 10 Kabeso mojaercs Ha
tenesusop. Ha puc. 23 nokasana cXema aHTeHHOH IPUCTaBKH, BBINOJ-
HeHHAass Ha KaCKOJHBIX ycuauTensix. IIpuMeHenHe xacKoAHOro yCuJHTE-
JS Ha BXOJe, HernocpeiCTBEHHO MocJe aHTEHHHB!, MO3BOJAET MOBLICHTL OT-

Ro i !
560 U
—r—
, 3000 p—tr Boiz00
Ly ¢, 1000 | wa xafess
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Puc. 23. Cxema KackoJHOTo YCHJAHTENs J/S alTeHHOH MPUCTaBKH.

HOlIeHHe CHTHAJ/UIYM H TeM CaMbIM yBEJIHYHTh JaJbHOCTh NpHeMa TeJje-
BH3HOHHBIX NPOTpaMM.

K ocoGennoctsiMm 3Toil CXeMbl CJeIyeT OTHECTH CMocof NoJyueHHs
HANpAXKEHUs] CMELleHHs] Ha CeTKax IpaBbix (Mo cXeme) TPHOAOB JaMIL
He6osbuioe otpunatenbHoe cMmellenne oGpasyercss 6arofapsi sJeMeH-
taM R3Cs u R;Cy, BK/IIOUEHHBIM B CETOYHBIE HEMH JAMII.

[Mutanve MpUCTABKH OCYILECTBJSETCS [0 TOMY Ke [BYXMTPOBOAHOMY
Ka6eio, 0 KOTOPOMY BBICOKOUACTOTHBIH CHFHaJ NOJAeTCA C MPHCTABKH
Ha TefeBH3op. Ha npucraBKy mno atomy Kabeaio nojaeTcss HanpsiKeHde
6,3 8 uactotoit 50 ey. Ha o6oux KoHuax kabesss TpOM3BOAUTCA pasjefe-
HYe CHTHa/Aa BBHICOKOW YaCTOThl M HANpsiKEeHHs NUTAaHHUS.

13. OCHOBHbBIE OCOBEHHOCTH KACKOJHbBIX YCHUJHUTEJEH
HU3KOH YACTOTbI

B03MOXHOCTh NMOJIYYeHHS B KaCKOJHOM YCHJHTeJe O4eHb GOJBLIOTO
yCH/IeHHsl TIpH MAaJoM ypoBHe COGCTBEHHBIX LIYMOB HCIOJB3YeTCs M B
YCHJHTENsIX HU3KOil uyacTorhl. Ilosoca mponyckaHus KackKoRHOTO YCHJH-
TeNsi, Kak M OOBLIUHOTO, ONpC/eNseTcss BOJAMUHHOH CyMMapuofl eMKOCTH,
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NOAKJIOYEHHOH NapaJsiiesbHo aHOMHOH LEeNH, H COMpPOTHBJIEHHEM aHOMHOM
Harpy3ku. OTHOCHTEeJbHO y3Kasl HOJ0Ca YacTOT, KOTOphie Heo6X0AMMO
YCUJIUBATDL [JIs1 HEHCKAaXKeHHOrO BOCNPOM3BEJEHHS MY3bIKH M peud (Bcero
oxkoJo 15 xey), mo3BoJssieT yBeJHUHBATH CONPOTHBJEHHE AHOAHOM Ha-
rPY3KH, BeJUUHHA KOTOPOTO MOXKeT AOCTHUraTh 3Hauenui Ry>R;s. Bra. 1
6blJ0 NOKa3aHo, YTO B 3TOM cJydae YCHJIEHHe KacKOJHOrO YCHJHTeJs
6/1M3KO K MaKCHMaJbHO BO3MOXKHOMY, T. €. K M .

B ycunurensix HU3Ko#l wacToThl, ocofeHHo B TeX, Y KOTOPbIX BbLICO-
KOOMHBIIT BXOJ, BaKHOe 3HaueHHe HMeeT BXOJHas eMKOCTb. B ciyuae Ha-
JUUMST B aHOJAHON Len¥ YHCTO AKTHBHOH HATPY3KH JMHAMHUYecKas NpOBO-
NHAMOCTb JaMIbl npuoGpeTaeT YHCTO eMKOCTHBIH Xxapakrtep. last TpHoaHO-
ro yCHJHTES ¢ 3a3eMJIEHHBIM KaTOJOM Ha OCHOBaHuu 3aBucuMocrteir (18)
1 (19) MoXHo moJy4uTh CJeiyollee BbipaxKeHHe BXONHOH eMKOCTH.
06ycaoBJIeHHOH cBA3bI0 Yepe3 eMKocTb Ca.c:

Caxl = Ca.c(1+K)'

[Tpu GosblinXx KodddHLHEHTAaX YCHAEHHsS BXOJHas €MKOCTb y TpH-
OJIEBIX YCHJHTEMed MOXKeT JOCTHraTh cOTeH nukodapan. ¥ KacKomHoro
e YCHUJIHUTeas] NepBHIH TpHOX paboTaeT ¢ Kos(pdHUHEHTOM YCUJeHHd,
6auskuM K enunuue. ITostoMy ausi KaCKOAHOTO YCHIHTeasl BeJMYHHA

Coy1 3HAUNTENBHO YMEHBUIAETCS U pABHA:

Cop1=2C
Bx 1~ ““a.c*

ITH 0co6eHHOCTH O6BACHSIOT IIHPOKOE TNPAMEHEHHEe KACKOIHBIX YCH-
Juresell B MHKPO(MOHHBIX Kackalax M TpelBapHTEbHBLIX YCHJIHTENbHBIX
Kackajax KaHaJoB BOCIPOH3Be/eHHsI MArHUTHOH 3aNHCcH, T.€, B YCHJUTe-
JsiX, paGoTaloLUX NpH oueHb HU3KHX YPOBHSIX BXOJHOTo cHruana, Kak
H2BeCTHO, TakKHe YCHJIUTENM [OJKHBI o6JajaTh HAHOGOJBUIHM BO3MOXK-
HbIM YCHJIEHHEM IpH HauMeHbIIEM ypoBHe COOGCTBCHHEIX IIYMOB,

Kackoznnble yCH/IHTEeNM HaXOAST NMpUMEHeHHE W B 3JEKTPOHHBIX CTa-
Gunusatopax Hanpsikenus, [IpumeHeHHe B HHX KaCKOJAHBIX CXeM MO3BO-

JIgeT CYLUIeCTBEHHO YJYUIIHTb napaMeTpbl 3JEKTPOHHOTO CTaéunnsaTopa
HATIDGXKeHud

..... pPAMChnA,

DakTHYeCKH KaCKOAHBI YCHAHTEJNb HMeeT JBa He3aBHCHMbIX 3/eMeH-
Ta yNpaBJieHHsi: CeTKH TNepBOTO M BTOPOTO TPHOMOB. DTO MO3BOJSET HC-
NOJb30BATb KACKOAHBIE CXeMbl B YCHJHTENSAX ¢ ABOHHBIM YMpaBJeHHEM
M B M30HMpaTeNbHBIX YCHJHTENSX, 3HAUHTENbHO PACUIHDPSST HX BO3MOXKHO-
cru. Haxonen, MHOrounc/ieHHble BHAOU3MEHEHHs OCHOBHONI CXeMhl Kac-
KOJHOTO YCHJNTE/Ns B COYeTAaHUH B BO3MOXKHOCTBIO ABOHHOro ynpasje-
HUA 006/a7al0T OCOOBIMM CBOHCTBAMH, XapaxKTepHBIMH JHUIb AJs 3THX
CXeM.

ITpuMepbl NpaKTHYeCKOro NMpUMEHEHUsS] Pa3/JHUHBIX KAaCKOAHBIX YCH-
JuTeJell HH3KOH 4YAaCTOTH, MX TNapaMeTpbl M OCOGEHHOCTH [PHUBOAATCSH
HHXKe,

14. MUKPO®OHHBIN YCHUJHUTEJND

XapakTepHele OCOGEHHOCTH KacKOJIHOTO YCHJIHTeas HauGojee TOJNHO
HCIIOJb3YIOTCS] B MUKPO(OHHBIX KaCKalax W NpelBapHTeJbHBIX YCHJHUTE-
JIIX KaHAaJOB BOCNDOH3BEJEHHS] MAarHHTHON 3amHCH, OTJHUAIOUIAXCS
OuYeHb HU3KHM YDPOBHEM BXOJHOro curaasa. KackomHblii BXORZHOH yCHJIH-
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Teab N03BOJsieT OOecHeyuTb B 3TOM CJydae INpeBblllleHHe CHrHasa Hal
(L'yMOM, 10CTaTOYHOE JJ/15 BHICOKOKA4YeCTBEHHOr0 BOCIPOH3BeJeHUs 3BYKa.

TIpunounmuansHas cxeMa H pacuer HH3KOYaCTOTHBIX KaCKOJHBIX YCH-
JMTeJeH TpPAaKTHUECKH He OTJIHMYAIOTCA OT BhIcOKOYacTOTHBIX. [losnas
1pHHLUNHAMBHAS CXeMa KaCKOJAHOrO MHKPO(OHHOTO yCHINTEAS IPHBE1eHa
Ha puc. 24. YcuauTeab npelHas’Haued AJs paGoTH ¢ JHBAMHYECKHUM MHK-
podoHOM M uMmeer MOJHBIH KO2QdHIHEHT ycHaeuns 51 96,

+ 2506

147k Tpi 1 4
l’ '?7 }?2' =
i el) 3 T4
- I T _Tlroge
e
Puc. 24. Cxema mukpodounoro Kac- Puc. 25. Cxema MuKPO(QOHHOTO
KOJHOTO YCHJHTEJ. KAaCKOJHOrO yCHAHTENs € OTPH-

natenbHOH 06paTHOH CBA3LIO.

HengocraTtkoM 3TON CXeMbl SIBJAseTCH NpHMeHeHHe (UKCHPOBAHHOTO
cMmeutednss Tpuoia JIp. TIpu u3ameHelun napaMeTpoB JaMiinl H3MEHSETCH
H ee pexaAM. DTOT HENOCraTOK MoKeT ObITh yCTpaHeH NpHMEHEHHeM
ABTOMATHYECKOTO CMeLIeHHs, CO3/1aBAeMOT0O CETOUHBIM TOKOM TpHona Jlp
Ha conpotuBjenud Rs (puc. 25). [To HanpsoKeHHIo CUTHa/a CeTKa 3TOTO
TpHOJa 3a3eMJeHa uepe3 Konaencatop Cj.

Jns noBblIeHUs JHHEHHOCTH YCHJAMTENs W DACUIMPCHUS €ro JHHA-
MHYecKoro AuanaszoHa MoKeT GbITb BBeJeHa oTpHlATe]LNas obpaTHas
cBs3b. Hanpsikende o6paTHOH CBSI3N MOJAeTcA C alHOJHOH HArpyskH
TpHojaa JI; yepe3 fesuTesb HanpsKeHHs Ry R, na cerky Tpuona JI.

K KoucTpyKuuu MHKPOQOHHBIX KACKOAHBIX YCHJAHMTEJeH NpelbAaBJa-
I0TCsI Tpe6oBaHMSA, aHAJOTHUYHble TPEOOBAHHAM K OOBIYHBIM BXOJHBIM Kdc-
KajxaM, paGoTalolliM IPH HH3KOM YpOBHe BXOJAHOTQ CHIHaJa: TILATE]b-
HBIl MOHTaX, SKpaHHPOBKA BXOAHBLIX UEMNed, NpeloXpaHeHHe Jamm OT
BHOpaLUUi 15 NpeloTBpalle’usi MHKpodoHHOro addekTa u T. .

15. YCHJHUTEJNDb MMOCTOAHHOIO TOKA
C OYEHDb BOJNbIIUM YCUNEHUEM
B psne 3N1€KTPOHHBIX cXeM GhiBAeT HeOGXOAMMO MOJYYHTb OUEHb BbI-
COKHe 3HauyeHHs KO3Q(PHUHEHTa YCHUJEHHs MOpPH JOCTATOYHOH YCTOHYHBO-
CTH paborhl ycuaurenas. Hanpuuep, ot Besuyunnl KosddHuMenTta ycue-
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HHSl YOPABJAIOMEro YCHAXTeNA 3aBHCHT BHIXOJHOE CONPOTHUBJEHHE, a CJae-
L0BaTebHO, H 3QPeKTHBHOCTL paboThl 3JeKTPOHHOTO CTa6H/IM3aTOpa Ha-
npsixkeHHs. BeqHunHa BHIXOLHOTO CONMpPOTHBJAEHHs cTabGHJH3aTopa oIlpe-
JleqsieTCs BBIpaXKeHHeM

1
Su K’

rie Sp— KpyTH3Ha XapaKTepHCTHKH NOC/Aef0BAaTeNbHOM JaMIHL;
K — KoapduuuenTt ycuaeHHs ynpas/asioLiel JaMIIbl.

Raux =

p ual s
1500 ok
1000} 2 1+
500+ 1 o1}
- 1 |/ 1 1 RH 1 1 | [a —
i Mom W 100 1000 na
a) 6)

Puc. 26. XapakTepHcTHKH KacKOJHOTO YCHAHTENS.

@ — 3aBHCHMOCTb KO3 (}HIHEHTa YCHJIEHHA OT CONPOTHBJIEHHS Harpy3ku; 6 — 3a-
BHCHMOCTb KDYTH3HBl OT aHOJHOTO TOKa.

TunoBoft ycHAHTeNb HA NEHTONe B 3TOH CXeMe HMeer K03(pduIHeHT
ycaaenns K=100 u npn XpyTH3He XapaKTepHCTHKH I10C/eLOBaTeabHO
namMnbl S=>5 Ma/é BHIXOAHOE CONPOTHB/AEHHe CTaGUIH3aTOpa Rpnx=2 OM.

Kak Bunno u3 ¢opmyant (11), ycuiaenre KackoqHOro yCHAHTeNs yBe-
JIHYHBAETCA C yBeJHYeHHeM aHONHOj Harpy3kd, Opnaxko OeclipefenbHO
YBEeJHUYHBATL CONPOTHBJEHHe AHOXHOH HArpysKH Hean3si. delo B ToM,
YTO HAlpsiKeHHe AHOJHOTO MHTAHHS YIPABJSIOWIEr0 YCHIHTENS HMeer
TOCTOSIHHYIO BEJIHYHHY, PaBHYIO BBHIXCRHOMY HaNpPSXKeHHIO craGHau3aTo-
pa. IlosToMy npH yBeJqHuYeHHH CONPOTHBJIEHHS aHOJHON HATPY3KH yMeHb-
LraeTcsi aHOAHBIH TOK TPHOAOB KAaCKOJHOLO YCHJAHTEJS.

Ho ¢ ymenblleHHeM aHOJHOrO TOKa TPHOJA yMEHbIIAeTCA 3HAUeHHe
ero KpyTusHbl. IloaToMmy npu yBe/lHYEeHHH CONPOTHUBJEHHA AHOLHOH Ha-
TPY3KH TpHOAa JI; CBepX HEKOTOpOro npejiesna yCHAeHHe Kackaja lepe-
craer pacta (kpuBas I nHa puc. 26,a). Ckasansoe NoATBepXKAaeTcs
puc. 26,6, Ha KOTOpOM [0Ka3aHa 3aBHCAMOCCTb CTATHUECKOH KPYTH3HHI
TPHOAA OT aHOJHOrO TOKA, CHATAS NPH OYeHb MaJblX 3HAYEHHAX MOC/IeA-
Hero,

KoappuuueHT ycHaeHHss KaCKOAHOTO YCUJAMTENA C OYeHb GOJBIINM
COTNPOTHB/IEHHEM aHOIHON HArpPy3KH MoXKeT GblTh MOBBILIEH NyTeM YBe-
JIHUEHUS] KPYTH3HBl XapakTepHCTHKM Tpuoja JIy. Ias aToro, kax caenyer
u3 puc. 26, 6, Heo6X0MMO YBeJHUUTh TOK TpHOAa. B cxeme Kackomsoro
ycuauteas, u3o6paxkeHHoil Ha pHC, 27, yBelHYeHHe aHOTHOT'O TOKa TPHO-
na JI| HOCTHraeTcsi NMOJK/MIOYEHHEM €ro aHoja Yepes X06aBOYHOe CONPO-
THBJEHHe Ry K MCTOUHHKY aHOJHOTO MHTAHHS.
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[Tapametpul S 1 R; TpHOJda H3MEHSAIOTCS NP H3MCHEHHH aHOAHOTO
TOKA, OJHAKO HX NPOH3BEAEHHEe, paBHOe [, OCTAETCSH NOCTOSIHHBIM, DTO
03HAuYaeT, 4TO B CJyyae NMPHMEHEHHA B KarKOAHOH CXeMe OJAHHAKOBLIX
TPHOJOB, KOT/a TOKH HX DA3JHUMBI, COOTHOILIEHHS MeXAy napaMeTpaMi
3THX TPHOAOB OYIyT c/le1yIOULIIMH:

Riy# Ry Sy# 8y pr—=p, =,

R4/
- 3008
q +£ R?m el
.
Bbizos
+U, L
Brod G
R |
‘.E e
-£, -
& 4
Puc. 27. Kackoprit
yeranTteab ¢ ysean-  Puc. 280 JaexkTpoinii cTabuadzaTop Hamps-
YEHHDLIM TOKOM J1aM-  KCHHS C KaCKN LM YIpPaBIsOWUM  YCHJIH-
sl J. Te1eM

B stom cayuae dopmyaa (8) aaa kosdpuunenra ycuaeHHs KacKod-
HCTo ycuaiicsass npuoGperaeT BHI:

_ R A1) Ry g n2 Ry,
RytRu(-+1) -+ Ry Ry+FRuu-FRp

Pazeans wic/anTeap H 31HaMCHATCAL NMPaBoil uacTu 3TOTO BbIpaKe-
HHSL Ha WR;p, yOCKAaeMcs, 4To KoSP(HIUHEHT yeH/Ienns KacKO HOMN cXe-
MBI MIPAMO MPOMOPUHOHAJEH KPYTHIHC MEPBOTO TPHOLA:

K

K~ ———t (40)

PesyibraTol 3KCICPHUMENTAILIOTO 1ICC/IE10BAHMST YCHACHHS KacKOX-
HOTO YCHJMTC/IS C YBEJHUEHHLIM TOKOM TpHoAa JI; npuBeleHnl HA
puc. 26, a (kpusas 2). Ecii B 00blullOM KAaCKOAIIOM yCHAMTeJe NMpPU yBe-
JUUeNH HArpysounoro conporusicuns ot 200 xom go 4 Mom ycuaenie
OCTaBaJ/IOCh TpHMEPHO MOCTOAHILIM, NPHOAH3HTEb0 pasibiM 100 (KpH-
Bast /), To B cxXeme ¢ A00aBOUHBIM TOKOM Tpuoaa JI; yCHJIeHHe ¢ po-
CTOM HArpyskil HerpepniBio pacreT W gocturaer aiauenust 1700 mpn
conpotHBJcHAN anolHoft Harpysku 4 Mom, Tlpu cusatuu ofenx xapaxTe-
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PUCTKK, H306paXKeHHbIX Ha pHC. 26, a, pexuM TpHoaa JI; BeIGHpaJcs Ta-
KiiM, yTOOBl MajieHHe HANpsi?KeHHs1 Ha COLIPOTHBJEHHW AHOAHOM HArpys-
KH OCTaBaJioChb NOCTOSHHLIM,

[TonHasi cxeMma 3JIGKTDOHHOIO CTa0H/AM3aTopa HANpSKEHUs], B KOTO-
POM B KauecTBe YNPABJSIOLLErO YCHJHTEes HCHNOJb30Balla KacKogHas
cXeMa C O4eHb BBICOKHM KO (PHLHEHTOM YCHJEHHs, [I0KAa3aHa Ha pUC. 28.
CtabuanTpoH JI4, NOAKJIIOUEHHBI K KaTOLY JaMibl /1|, CAYKHT DJS CO-
3faHUs OnopHoro HanpsaxeHus. Ilajenne Hanpsi:KeHUs HA CTaGUJIMTPOHe
MOCTOSAHHO H NPAKTHYECKH HE 3aBHCHT oT KoJseGaHHii Hanpsi)KeHus nuTa-
Husi, YacTb BBIXOJLHOTO HaNpsAXKeHHs 3/JEKTPOHHOro cTafuiansaTopa CHi-
MaeTcs ¢ JesuTe s HanpsiKeHus1 RgRy W MOABOAMTCA K CeTKe JaMbl J.
Mexay ceTKoit H KaTOZOM 3TOM J1aMMbl 0Ka3blBAeTCs MPUJIOKEHHOH pas-
HOCTb ONOPHOTO HANPSKEHHs W HAlpsXKEHUs, CHUMAEMOro C AEJHTes.

ConpOoTHB/EHHA Je/]uTe sl HanpsiXKeHHsi BLIGHpPAIOTCA Tak, uTOGBI
pPa3HOCTHOe HanpsXKeHHe GblJIO PABHO HANPAKEHHIO CMELlEHUS saMnbl /1,
B paboueil Touke. [lagenne HanpazxcHHUs Ha aHOAHON narpyske Rs siBJs-
eTcsl HanpsKeHUCM cMelleHus Jamnel /I3 B ee paboueir Touke. [Ipu or1-
KJIOHEHHH BeJHYWHbl BHIXOAHOTO HANpPAXKEHHs 3/EKTPOHHOro CTaGHJ/H3a-
TOpa OT 3aJlaHHOrO 3HAUEHUs MEXKAY CETKOH M KaToj oM JaMmnbl JI| oxa-
3bIBaeTCSl MPHJAOXKEHNHbIM HaNpsXKeHHe, oT/HYalolnieecs Ha Beauuuny AU
OT HauyaJuabHoro cMmewenusi, OObiuHo AU Ha3LIBAIOT CHTHAJOM OLLIHOKY.
YcuseHHbIH KaCKOAHBIM YCHJHTeJNeM CHTHAJ OLUWOKH TpHKJIaAbIBaeTcs K
ceTKe JaMilbl J/3, H3MeHsisl ee BHYTpCHHee conpoTusJelie. COOTBETCTBEH-
HO H3MEHSAETCd U BbIXOAHOe Haﬂpﬂ}KEHHe CTa6l/mn3aTopa.

OueBuaHo, uTO ucM GoJblle YCHJIEHHE KAaCKOAHOTO YCHJHUTENIs, TeM
NpH MEHBIIMX 3HAUEHHSX CHTHAJa OWHOKM NMPOMCXOIUT M3MEHCHHe BHYT-
pEeHHEro COMpPOTHBJEHHUS naMibl Jl3, 10CTAaTOYHOe AJs KOMIIEHCAUHH 5TO-
ro CHrHaJ/Ja OWHOKH, T. €. TeM Bblllle CTA0UALHOCTL BBIXOAHOTO HamnpsiikKe-
HHA 3JIeKTPOHHOro cTabu/H3atopa.

CrabH/aHTPOH, ABAAIOIHUICA HCTOYHHKOM OMOPHOTO HANpsiKeHus, 00-
Jajaer AOCTaTOUHO OOJILIIMM BHYTpEHHHM cONpOTHBJeHueM. Ha stoM
CONMPOTHBJIEHHH, BKJIOUEHHOM MCXKAY KaTofom Jamnel JI; u 3eMaed,
€o3jaeTcsl 3a CUeT aHOAHOTO TOKa JaMmel JI; oTpauaTe]bHas o6paTHas

CRAZL UTN nnunn'lu'r K VMelLINIeHHUID Vnnrhrhununu'rq VCUJIeHa vIInar/Js-

LOASD, iU LapADUAnT B yMCHLLILTHAIY AVSYYWaALatora yLdalndgn yapaban

IOIIET0 YCHJHTENs N0 nepeMeHHOMYy ToKy. [uas ycrpaHeHus oGparHoi
CBSI3H CTAOWJHTPOH GJoKupyercst KoHAeHcatopoM C;. Uro6bl HCK/IIOUHTL
BO3MOXKHOCTb BO3HHKHOBEHHs DE/JAKCAUHOHHBIX KOJ/eOaHHi, K KOTOPLIM
CKJIOHHBI CXEMbl CO CTaGHJAHTPOHOM, Mekay CTaémmpOHOM U KOHJeH-
caropom C) BKJIOUeHo cONpOTHBJAeHHe Riq.

Ilpu compoTuB/ieHHH aHOJHOH Harpysku kKackaga Rs=2,2 Mom H
NOJHON €MKOCTH B CETOUIION LeNu J1aMmbl JI3 OTHOCHTE/LHO 3eMJH, paB-
HOH 32 n¢h, moJioca NPONyCKAaHHA YAPaBJSIIOUIEro YCHIAHTEsT (MpH Hepas-
HOMEDHOCTH aMMJHTY/HO-4aCTHYHOH XapaKTePHCTHKM, paBHo#l 3 06) co-
crasaser 2,5 xey.

B cBA3H C BLICOKHM KO3 (OHIHEHTOM YCHJEHHS YNpaBJsOLIero ycH-
JUTe]sl Cepbe3HOe BHHMalHMe o6palllaeTcss Ha ero 3alHILEHHOCTb OT Ha-
BOJOK MepeMeHHOro Toka. Kak nokasasna npakTHKa, LIyMbl Ha BbIXoJe
KacKOAHOro yCHJHTeNAs C ouellb GOAbLINM KO3 (QHUIUUEHTOM YCHJEHHA Oll-
penefsioTCs B NMEPBYIO Ouepelb HABOAKAMH Ha ceTKy JaMnil JI;. YMeHb-
uienue ¢OHa IIYMOB AOCTHraeTCsl TLIATC/JAbHbIM BbINOJHEHHeM MOHTAaXKa
3/IEMEHTOB H COeIHHEHH[ CeTOYHOIH UenH JaMmnul JI| U npHMeHeHHeM OT-
HOCHTE/LHO HH3KOOMHOTO AEJHTeJsl Ha CONpOTHBJACHHAX RgRy. KonieH-
catop Cp IIYHTHpPYeT BepXHee MNJeyo JEJNHTENS] HANpsKeHHs, NOBbILAaf
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ero Koadduuuent nepefaud Ha BbICWIHX paboynx yacrortax. [Ipu BumoJ-
HEeHMH BCeX Mep NMpedOCTOPOXKHOCTH YPOBEHb LiiyMa Ha BBHIXDJE YNpaBisi-
[oliero ycu/auTtesas, o6yC/aoB/JAeHHOr0 HaBOJKaMHu M3 leNell Hakajga Ha ceT-
Ky NepBOii JaMnbl U COOCTBEHHBIMH LIYMAaMH YCHJHTENS, He NpPEBBILIAET
100—200 mxs.

Brixonnoe conpoTHBJEHHe 3JEKTPOHHOr0 CcTaGuaH3aTopa Halpsxke-
HHA C KaCKOAHBIM YNpaBJAOLHM YCHIUTeNeM cocrasaseT 0,5 om aas no-
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Puc. 29. Vayuilennas cxema 3/1eKTpOHHOrO cTaGH/IH3ATOpa
HanpsKeHu .

5

i

CTOSIHHOI'O TOKa M ymeHbwaercsa no 0,2 om mas wacror mo 30 x2y B pe-
ayabrate HedcTBUs KoHlencatopos Ci u Ci.

OnHuM H3 HENOCTAaTKOB NMPHBEAECHHOH Ha pHC. 28 cXeMBl 3/JEKTPOHHO-
ro craGHaH3aTopa HANPSMKEHHS SBJSETCA y3Kasg noJjoca NpONyCKaHHA
ynpaeasioutero ycuauteas. OHa onpeflensiercs 3HaueHHeM LIYHTHPYIO-
LIHX aHOAHYIO HArpy3Ky KacKOAHOH cXeMbl eMKOCT€H, U3 KOTOPBIX Npeos-
Jajamwplilee 3HauUeHHe HMeeT BXONHas €MKOCThb MOLIHOH JaMmnbl JI3. Bo
MHOTHX CJ1y4asix BMECTO ORHOH JaMnbl J/I3 BKJAIOYAIOTCA NapasJienbHO He-
CKOJIbKO OJMHAKOBbIX JaMn. Torjga COOTBETCTBEHHO YBeJHYUBAeTCs H
BXOJHAsl €MKOCTb.

YnyulneHHe YacTOTHBIX CBOMACTB KA4CKOAHOIO YCHJHTENS C BBHICOKOOM-
HOH Harpyskoit Moxet OBITb NOJy4YeHO BBeJEeHHEM KaTOJLHOTO NOBTOPHTE-
Js MeX[y aHOJAHOH HarpyskoH yNUpaBJSIOILero YCH/JIHTeNs H CeTKoi MOo-
clefoBaTeAbHON JaMnbl, MoaudUUHpOBAHHAsA cxeMa 3JEKTPOHHOro CTa-
6unxsatopa NMoKaszaHa Ha pHc. 29.

Kak n3BecTHO, BXOAHA5% eMKOCTb KaTCAHOTO NOBTOPHTENs Ha TPHOIE,
paBHas

Cox = Ce.a+ Cex (1— k),

3HAuMTEJbHO MEHblIE BXOAHOH eMKOCTH OGBIYHOTO YCHJHTEJIbHOro Ka-
cKaja H3-3a BBeJleHHSI OTPUUATENbHOH 06paTHOH CBA3H (k] — K03 PHIH-
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€HT nepejayd KaTOAHOrQ IOBTOPHTEJs, O/H3KHi K eauHuue). B cBsasyu ¢
TE€M, UTO KO3((HUUHEHT mepejauu XaTOAHOLO MOBTOPHTENs! NpaKTHYECKH
He 3aBHCHUT OT KoJeOaHHil HaNpsKeHUs aHOAHOTO MUTAHMSA, aHOJ JaMIIbl
Jl5 MoxKer GBITL COEJHHEH HeOCPEeICTBEHHO C BHINPSIMHTE/EM,

PaccmarpuBaemblii KaCKOZHBIH YCHJIUTENb, SIBJAKILIANACA NpaKTHUe-
CKH YCHJMTEJEM NOCTOSHHOIO TOKa, objajaeT oOLAM AJst 3THX YCHJIHTE-
Jlei HeJOCTAaTKOM: ero BbIXOJHOe HaNpsKEHHe 3aBHCHT OT HANpPAMKEHHs
MHTAaHUS HaKaJabHbIX Lenell, B paboueM pexKuMe aHOAHBIH TOK JaMIIbi
OrpaHHUeH JIMIIb MOTeHIHalaMH 3/1eKTpoJoB. M3MeHeHHe HaNpsKeHHs Ha
HHTH HaKaja NMDUBOJHT K H3MEHEHHSAM CpelHero 3HAueHHs HauaJbHbBIX
CKOpOCTE)] SMHTTHUDyEMbIX KATOLOM 3JEKTPOHOB. DTO BHI3bIBAET COOTBET-
CTBYIOIll€Ee H3MEHEHHEe aHOJHOrO TOKA JAMIBL NIPH TOCTOAHHBIX MOTEHIMA-
Jiax 3nekTpoaoB. /s oObIUHOTO YCHAHTEAsT MOCTOSIHHOTO TOKA, e aHOl-
HbIH TOK MaJ IO CPaBHEHHIO C TOKOM 3MHCCHH KaTOA&, 3TOT 3(okT
NPpaKTHYECKH He 3aBHCHT OT aHOJHOro Hanpsikenus. ITpu kose6aHuax ce-
TEBOro HanpsiKeHus B npenesnax =10% BHXOZHOe HampaxeHHe CTabH-
J¥3atopa Mo cxeMe Ha pHC. 29 3a cyer M3MEeHEHHs aHOQHOTO TOKa B Kac-
KOAHON cxeMe MeHsieTcs Ha *=0,4 8.

[asa noaepXkaHnsg aHOAHOTO TOKa IOCTOSIHHBIM MOYKeT ObITb HCMOJb-
30BaHa IIMPOKO pacnpocTpaHenHas cxema KaToJHOH KoMmeHncamuu. ycra-
HOBJIEHO, YTG YBC/AHYEHHE HaNpsXKeHHsi Ha nojorpesatese Ha 10% 3KBu-
BAa/JICHTHO YMECHBIIEHHIO NOTeHnHMaJa KaToda Ha 100 ms. 3To u3MeHeHUe
MOXKHO XKOMIIEHCHPOBAThL BREJCHHEM B LI€Nb KaToja paBHOIQ HANPSXKeHHs
NPOTHBOMOJIOKHOrG 3HaKa. OObIYHO KOMNEHCALMS OCYIIEeCTBJSETCS MOA-
KIIOYeHHEM K KaTo1y JaMNbl KOMIEHCHpyeMoro ycuautens JI; kaToia
namnet JJe, BKJIIOUEHHOI Mo cXeMe KaToJHOTo MoBTopHTeas. B mpocTeil-
meM cJaydae, Koraa Jamnbl /1, i Jlg 3aKaiouensl B 0AUH GaJJOH U uX Ma-
pPaMeTpbl OJHHAKOBBI, MOX(HO CYHTATh, YTO H3MEHEHHe HAaMNpsIKEHHUs Ha
KATOAHOM CONDOTHBJIEHWH JIaMIl 3a CYET ToKa siaMnbl /I MOMHOCTBIO KOM-
TIEHCHpYeT H3MeHeHHe TOKa B samme JI,.

Jlamnsl JI, u vlg Ha puc. 29, BHINOJHEHHLIE B Buje ABOHHOTO TPHOAA,
TOCTABJeHbl NPAKTHYECKH B OJMHAKOBBIH PEXHM, TAK Kak ONOPHOe Ha-
UpsXKeHHe co cTabuauTpoHa JI4, NPHJIOKEHHOe K CeTKe JaMnbl Jg, JHILb
Ha 1—1,5 6 oTuIHUAETCS OT HAMPAKEHUS, NMPUAOIKEHHOTD K CeTKe JAMMIEL
JI;. BEICOKOOMHBIH BX0J KATOMHOTO MOBTOPUTES C 1AM JIg m03BOIHI
TPUMEHHTE CrIaxUBAOWHA GUALTP RoC) ¢ GOMbIIOH NOCTOAHHON BpeMe-
HH B Lenu OMODHOI0 HANpSIKEHHS Npi HeGOJbUINX 3HAUEHHSIX eMKOCTH
¢HabTpA.

B 370l cxeme npu M3MeHeHHMH HamnpsiKeHHs ceTu B npedenax +10%
BBIXOJHOE HaMpsixKeHHe cTabuIM3aTopa U3MEHAETCST BCEro Jiuib Ha 70 M8
npu BbIXo1HOM Hanpsikenuu 300 s.

16. 3JIEKTPOHHbIM HUHTETPATOP HANPS)KEHUS

Emte OoJjiee KecTKHe TpeGOBaHHA CTAGHJILHOCTH NPeNBABJAIOTCA K
YCHJIHTE/IAM ITOCTOSAHHOTO TOKa, NPHMEHsIeMBIM, HalpHMep, B CXeMe 3JeK-
TPOHHOTO HHTErpaTopa Hanpsaxenus, HHTerpupymomine ycHauTesH, BHI-
XOJHOe HANpsXKEHHe XOTOPHIX MNpPOIOPLHOHAJLHO HHTErpaJdy BXOLHOTO
CurHaJja, MOJNYYHJIH LIHPOKOE pacnpoCTpaHEHHe B BBIYHCAHTENbHBIX YCT-
policTBax, CXeMax TOUYHOTO HM3MEPEHHHT IpPOMEXKYTKOB BpeMeHH H Ip.
B uacrHocTH, Ha TOM CBOJICTBe, YTO HHTErPAJOM HEKOTOPOH MOCTOSHHOI
BeJIHUHHDI SIBJISICICH JIMHEHHO Bo3pacraloilas (YHKIHS, OCHOBAHO NpHMe-
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HeHHe WHTErpuUpYIOUIHX YCHJIHTENed AJS MOJyYeHHMst MH/A006pa3HOro Ha-
npsizKEeHHsl Pa3BEPTKH C OYEHb BBICOKOH JIMHEHHOCTBIO I/l TOUHBIX 3JIEKT-
PCHHEIX NMpHGOPOB. BXOAHBIM CHIHAJIOM Takoro yCHJHTeJs SIBJSETCS I0-

_'1; Rex I U
sz ! Zy — 1=
Usz Uiz Usx Ugoir
Yeunumens Yeunumens
e —
a) 0)

Puc. 30. VIHTerpupyourit yCHJu reds.

@ — CTPYKTYpHasi CXeMa YCHJHTenss ¢ o6paTHOH CBA3bLIO; 6 — CTPYKTYpHas cXxeMa
HHTErpHPYIOLLEro YCHJIHATENS.

crosiHHOEe HanpsiKenne. JIMHEAHOCTL BoIXOAHOTO HaNpsXKeHuss HHTErpatopa
3aBHCHT B [€pBYI0 ouepelb OT CTa0HJBLHOCTH VCHJHTENs MOCTOSHHOIO
TOKa.

Boirod

Bxod

[
1k
L{ Puc. 32. Katoguast Kom-
- neycauus HectabUILHO-
CTH HanpsiKeHUs MOJ10-
rpeBaTelsl.

Puc. 31. Cxema HHTErpHPYIOLLETO YCHJH-
TSI

Tpunnun pa6oThl HHTETPHPYIOiUIEro YCHAHTeas caedytomu#i, Ecau »
yeuaurene (puc. 30,a) coslath OueHb CHJbHYI0 OTpHIUaTeabHylo ofpat-
HYI0 CBfI3b NyTeM [OJAa4yd €ro BLIXOAHOCO HANpsXKEHHs HA BXOJ uepe3
uens o6partHoil CBSI3u Zp, TO MPH OUeHb GOJBLIIOM KO3(dHlIHEHTe YCHJe-
HHSl YCHJHTeJsl HalpfXKeHHe Ha BXOAHBIX 3aXKHMax YCHJHMTENsI OCTaeTcs
NpaKTHUeCKH MOCTOAHHBIM NpPH JIOOBIX H3MEHEHHAX BXOAHOro CHrHaJa.
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STO NPOHCXOAUT NOTOMY, YTO JIOOOMY H3MEHEHHIO BXOAHOIrO CHTHAaJa Co-
OTBETCTBYEeT NPOTHBOAEHCTBYIOIlee M3MeHeHHe CHrHana o6paTHOH CBS3H,
KOMIIeHCHpYIOllee U3MeHeHle HanpsXKeHus Ha BXofe. Eciu BXoxHaa uens
ycu/uTesns He norTpebaserT TOKa, TO BBIXOAHOe HalpsiKeHHe TAKOIO YCH-
JHTEJs

Upux = — IZo,

rae Zo— CONpOTHBJEHHe LENH OGPATHOH CBs3d.

Ecau nanpsxkenne cHMriaja nojaaercsl uepe3 MNOCJef0OBaTelbHOE CO-
npotusaeHde Rpx, a LeNb OTpHUATEJIbHON 06paTHOi CBSI3H o6pa3oBana
koHaeHcaTopom C (puc. 30, 6), To BHIXOAHOe HANpPSAMKEHHe YCHJIHTENA

UBle:: j UBthr (41)

T RuC

T. €. BXO/lHO€ HanpsKeHHe Ta-
81 Ugyix KOTO YCUJIUTE]s] MPOIMOPIHO-
300 - HaJbHO HHTerpajly no BpeMe-
} HH OT HanpsixKeHUsl CHrHAJA.
|
i
|

3 [lpuHuunuanbHas cxema
MHTEIPUPYIOLLETO  YCHJHTES
npusefeda Ha pHuc. 31. [loBbi-

N | IenHble TpeGoBaHHA K CTa-

OGHJIBHOCTH yCHAHTEJA Npu KO-

100 - Je6aHHsAX HampsiKeHHs Haka-
Ja 3acTaBJfOT HECKOJbKO

Uy, YCNOMHHTB cXemy KaToOgHOH

KoMneHcauuu (puc. 32). 3xech

—Z2=1 0 1 2 36 3(pheKT u3MEHEeHHS 3MHCCHH
Katoja NMpH KoJsebaHUsIX Ha-

Puc. 33. BbixoaHble XapaKTepPUCTUKH NpsiKeHWs Hakana BOCIPOU3-

HHTETPUPYIOLLIEr0 YCHIUTENA. BeJeH I'eHepaTCpOM HampsiKe-

Husg AE, BKJ/IOYEHHBIM I[OcCJe-

JoBaTelbHO ¢ KatoAoM. KoM-

nercanus Hanpsaxenuss AE AocTuraeTtcst najeHueMm HanpsiKeHHs Ha CO-

NPOTHBJIEHHH Ry 3a CUeT TOKa KOMIIEHCHDYIOlel JiaMnbl. JTa cXeMa BEpHA

TNPH YCJOBHH, UTO TOK JaMmbl /I BO MHO, 0 pa3 MeHblle TOKa JaMnsl JIy H

najieHHe HanpsiXKeHHs Ha CONPOTHBJEHHH Ry onpenefsieTcsi B OCHOBHOM

ToxoMm Jamnbl JIa. Conporus/iente Ry BbIGUDPAETCS M3 YCAOBUSA

_k
=

-
N3

200

! | ] I 1

Ry

rae k& — xo3¢h®dHUuHeHT NPONOpPUHOHAIBHOCTH;
S; — KpYTH3HA XapaKTepHCTHKH JaMmbl Jl.

Ecau namnel JIy n JI; uMeloT oAHHAKOBhie napaMerpbl, To k=1 H
R,=1/S.

TouHocTb BbINOJIHEHHS! paBeHCTBa (41) B HHTErpUpyIOLEM YCHJHTE-
Jie TeM Bbllle, ueM GoJblle KO3(hOHIHEHT YCHAEHHS YCHJIHTENs MOCTOSH-
#Horo toka., OmH6Ka HHTErDUPOBAHUS paBHA HYJIO NpPH GeCKOHEYHO 60Jb-
UIOM YCHJIEHHH. DTO ycJOBHE H onpejesier HeoO6XOAHUMOCTb NPUMEHEHHS
B HHTErpHpYIOLleM YCHJHTeJNe KaCKOAHOH CXeMbl, 3Jech IOKasan elle
OJHH MeTo[ NOBBIUIEHHS] YCHJAEHHSA MyTeM BBEJEHHsA MOJOMKHTEbHON 06-
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patHoil cBsA3H. HanpsixKende ee BBONMTCH H3 KaTORHOH uenu Jamnul JI,
B KaTofHYIO uenb JaMnel J1; U peryjaupyercs conpoTHBjaeHHeM Rs.

BoixonHble XapaKTeDUCTHKH HHTETPHPYIOLIEr0 YCHJAHTES C IOJOMNKH-
TeJIbHOH 06paTHOH CBSI3bI0 NMpPHBeAEHH! Ha puc. 33. Bes moJoxuTebHOMN
o6patHoit cBA3H (kpuBas /) XapaKTepPHCTHKA BBIXOJHOrO Hamps-
JKeHHS] HMeeT OTHOCHTENbHO Majylo Kpyrtuany. KpuBasa 2 oTHocurces K
€Jy4al0 ONTHMAaJIbHOH pPEryJHPOBKH MOJOXKHTEJbHOH OOGpaTHOH CBSI3H,
Koraa Ko3(guuHeHT yCHJEHHss KaCKOMHOH cXeMbl (M, CJen0BaTelbHO,
KPYTH3HA BBIXOLHOM XapaKTEPHUCTHKH) GecKOHeYyHO BeduK. B aToM cayyae
co6/roaeTcs yCJI0OBHEe TOYHOrO HHTETPHPOBAHMS, M YCHJIUTeNb JHHEHHO
paboTaer BO BceM AMHAMHYeCKoM JHanasowe, nocturatomem 175 8. Ipu
CJ/IMIIIKOM CHJILHOH TOJIOXKUTeJbHOR o6paTHOM cRA3u (xpusag 3) nogena-
eTCsl YUaCToK C OTpHLATeJNbHBIM YIJIOM Hak/JoHa. CxeMa CTaHOBHTCH
CKJIOHHOH K pe/JakCallHOHHBIM KoJ/leGaHHsM,

Ipu ucnoJib30BaHHM JMIUb YACTH AMHAMHYECKOTO JHANA30HA YCHJH-
resi (20—50 8) nacTpoika NMOJIOXKHTe/BHOI 06paTHOf CBA3K /s MOVIY-
4eHHsl «6eCKOHEYHOTO» YCHJIEHHs HEKDHTHYIa M [omnycKaeT He6OJbLIME
OTKJIOHEHHs] OT TOYHOH YCTAaHOBKH CONPOTHBJeNHs Ro.

17. CAMOBAJIAHCHPYIOLLIUHNCST KACKOJ HbIH
®A30HHBEPTOP

Hanuune B KaCKOXHOM YCHJAMTENE ABYX YipaB/sioliliX CeTOK No3Bo-
AsieT NPOU3BOMHTL pa3ie/bHYIO PETYJHPOBKY aHOAHOTo TOKa no KaXkKao#
M3 CeTOK. DTa BO3MOXKHOCTb ABOMHOrO YNpaBJ/ieHHs, Mo3BoJsiomas 3¢-
dexTHBHO H30/IMPOBAThL LeNH CHCHala H oGpaTHON CBA3H, LIMPOKO
HCMOJIb3YeTCs NIPH CO3MAHMH YCHJHTENell C MOJIOXKHTENbHOR H/IH OTpHIA-
TeNbHOH 06paTHOM CBSI3bI0 H30HPATENbHEIX YCHAMTENel H T. m.

W3 BHipaxkenus (8) ciefyer, yTo KOIPPHUUHUEHT YeHIEHHS KACKOLHOM
CXeMBl OTHOCHTe/NbHO CETKH JaMnbl JI; (HHXKHell) B clydae ONHHAKOBHIX

Jamn
p 1) Ry
Ka= ~ SRy. 42
A R (Wt DR, H (42)
40 OTHOCHTEILHO  CETKH
Boixod!  Bbizad? #4556 nammm JI; (Bepxmefi) Ko-
3¢ puUHeHT yCHJIeHHS
G3 404 J Koy = PRy ’
Ry+(+2)R;
(43)

T. €. NpHMepHoO B W pa3
MeHbe, yeM K¢i. Hasna-
YyeHHe U 0COGEeHHOCTH YCH-
JHUTE/IS OmNpele/sioT, Ha
Kakyio H3 ceToKk (GoJee
19 YYBCTBHTENBHYID HJH Me-
Hee YYBCTBHTEJ/bHYIO) NO-
HaeTcsl OCHOBHOM CHT'HAJ U

~1508 Ha KaKylo nonaercss CUrHasn
. o6paTHOH CBSI3H.
Puc. 34. Camo6anancupyiowuiics ¢a3ous- B H36HpaTeJbHBIX
BEPTODP € MepeKPeCTHLIMH CBS3SIMH. H YacTOTHO-KOPPEKTHPYIO-
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IHX YCHJIATE/SAX, Te Heo6X0AUMO MOJYYHTb GOJBLIOE YCH/IEHHE B Lienu
o6paTHON CBfI3H, AJI OCHOBHOTO CHTCHa/Ja OGBIYHO HCIOMb3yeTCS CeTKa
Jamnel JI;. B oGbIUHBIX e YCHJAHTeJbHBIX Kackagax ¢ o6paTHOH CBSA3bio
OCHOBHO/ CHTHAJ nojaercs Ha ceTKy JIy, a A/ BBeieHHs 06PaTHOH CBs3y
HCHoJb3yeTcsl ceTka Jgamnbl Jo.

Ha puc. 34 npusenena cxema camofasaHcHpylowerces asouHnsepe-
HOTO KacKaja. 3Jechb BO3MOXHOCTh yNpaBJIeHUs N0 ceTKe JaMnul JIp uc-
MoJIb3yeTcs1 A/l aBTOMaTHYecKoi 6a’sIaHCHpOBKM cXeMmbl, [Js 3Toro BBe-
JIeHbl NepeKpecTHHe CBA3H NG NOCTOSHHOMY TOKY ceTok Jamn JIp u JIy ¢
KarojamH. CoxpaHeHHe NHHAMHYECKOTO AHana3oHa (a3oHHBEPCHOTO Kac-
Kaja W MOJIOCHl NMPONYCKa#Hsd NPH OJHOBPEMEHHOM YBEJHUEHHH KO3(¢-
¢buunenTa ycHAeHHS [OCTHTaeTCs YBeJMYEHHEM aHOMHOTO TOKA TPHO-
noe JI; u JI3 nyreM BBeqeHUs CONPOTHBJAECHHH Ry u Ry

BrinmoJiHeHHbI# 110 NpHBeNeHHOH Ha pHc. 34 cXeMe YCHJHTENb MO3BO-
JAeT MOJYYHTh Ha BBIXOAE JBYXTAaKTHOe HaNlpsiXKeHHe CHTrHa/ja ¢ aMIilJjH-
tynoit 100 8. Kosduunent ycuiesus cxemsl okoao 500.

18. U3BBUPATEJIbHbIN KACKOJAHBIH YCHUJHUTEJD

M3 Bcex cxeM H36upaTeabHBEIX yCHJAHTeNel HauboJbllee pacnpocTpa-
HeHWe NOJYYHJIH CXeMBl ¢ ABOHHBIM T-06pa3HBIM MOCTOM B LeNmH OTpH-
nateabHoit o6paTHOM cBA3W. OHHM OTJAMYAIOTCH NPOCTOTOMH, JIErKOCTBIO
HACTPOMKH H cTabuJabHOCTbIO mapaMeTpoB. OOCBUHO H3OHpaTeNbHBL

6)

Puc. 35. KackoznHniil uabuparedbHblli YCHAUTEND.
a — XapakTepHCTHKa H36HpaTe-ﬂbHOCTH; 6 — NpUHUXWNUAaNlbHasg CcXeMa.

MocT, o6/ajaiolluil YacTOTHOH XapakTEPHUCTHKOH, BHELIHE HalOMHHAlo-
IIHA XapaKTepHCTHKY DE30HaHCHOrO KOHTYpa, BKJIOUAeTcs MeXAy aHo-
JAOM H CETKOH YCHJHTeJbHOro Kackajga. YacToTHash XapaKTepHCTHKA
TAaKoro H36HpaTesNbHOrO YCHJIMTE/SI NMpUBeJeHa Ha pHuc. 35, a.

OKBHBAJNEHTHAs «I00POTHOCTb» YCHUJHTENSA C ABOAHBEIM T-06pasHbiM
MOCTOM, HasblBaeMas OGBIYHO €ro KauecTBOM,

Q, = _f_o_ ~ Ei—_l
>TUoAF T 4
rie K—kosdouunent ycuieHns kackaga 6e3 uenw o6paTHOH CBS3M.
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Kak BugHO U3 370l (OPMYJIbl, H3GHPATENLHOCTb YCHJAHTENS 3ABHCHT
ot ero Koadouiuenta ycuienus. CoueTanue B KacKoJHOM yCHAHTe/]e Ta-
KHX KauecTB, KakK BBICOKHH KO3(Q(QHUHEHT YCHJIEHHS M BO3MOXHOCThb
JBOMHOrO ynpasJeHus, NO3BOJ/AET CO3/1aTh Ha €r0 OCHOBe U36HpaTeabHBLi
YCHJUTENb C BECbMa BBICOKOH H30HDPATE/]BHOCTBIO.

U3 dopMya (42) u (43) BHAHO, 4TO AN NOCTHIKEHHS BBICOKOTO
KauecTBa CHrHaJ oGpaTHOH CBASH C/IEAYeT MojaBaTh Ha ceTKy JaMmwl J1.
Paspenedue ueneit o6paTHOM CBA3M M CUrHaJja, KOTOPHI mojaeTcs Ha

+2508
-”3 N,
6H8C \
[ 1
0 85 \g,}
Bxod
R, ) 0505 | 6,05
282 HA
Bsixod
g
918
3

Puc. 36. KackomHbili yCHJHMTENb C BHLICOKOM
1361paTebEOCTHIO.

CeTKy JaMnel JI3, TaKxke Cnoco6CTBYET NMOBHILEHHI0 H36HpaTeabHOCTH
YCHIHTENSA 3a cUeT YCTPAHEHHA IUYHTHPYIOLIEro AeHCTBMS LENH cHTHAJa
Ha u3buparespHbi Moct. O6lmas cxemMa u36MpPaTEeNbHOrO KAacKOJHOTO
YCHJHTEA npHBeAeHa Ha pHc. 35, 6. DxkBUBaJeHTHAass J0O6pPOTHOCTb Ta-
KOTO yCHJHTE/ISI NOJCUHTBIBaeTcs mo ¢opmyJe

0 n SRt SiRy

IMpumep npakTHyecKo# cXeMbl H36HpaTeNbHOrO0 KacCKOAHOTO YCHJIH-
TeJst npusefen Ha puc. 36. IloBhileHHe sKBMBaJieHTHOH A0GPOTHOCTH B
3TOH CXeMe JAOCTHTaeTCsl TaK¥kKe PasBA3KOH aHOJHOH HAarpy3kH YCUJAHTEJs
¥ u36HpaTesbHOrO MOCTa NOCPEACTBOM KATOJHOIO MMOBTOPHTE/sl HA JaM-
ne JI3. Bbicokoe BXOJHOE CONMPOTHBJIEHHE KaTOAHOTO MOBTOPHTENS MO3-
BOJIHJIO MOBBICHTb CONPOTHBJIEHHE aHOJHOH Harpy3kM KacCKOJHOH CXEeMBL.
ITomumo GydepHOro AeHCTBHS KaTOAHOTO IOBTODHTEJS, €r0 MpHMEHEHHe
TaKXKe I[10JIe3HO C TOYKH 3DEHMsl NMOHHXKEHHS CONPOTHUBJEHHS HCTOUHHKA
cHrHa/ja jass u3bupatesnbHOro Mocra. CxemMa paccyHTaHa Ha BhlAeNeHHE
cHUrHasoB yacTtoTel o =800 2y.

. (45)

19. BUHOU3SMEHEHHBIE CXEMb! KACKOJLHOIo YCHUJIUTEJIA

CymectByer 60JblIoe KOJHYECTBO Pa3J/HUHBIX BHIOM3MEHEHHH oOc-
HOBHOH CXeMbl KacKoAHOro ycuaurens. [lpuoGpeTass HOBEe cBOHCTBA H
rapaMeTphl, 3TH BHAOH3MEHEHHS 3aYaCTYI0 TeDAIOT HEKOTOpble CBOHCTBA,
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xapakTepHble A/ KacKoaHoi#l cxembl, Hanpumep, Takoe naMeHeHue kac-
KOJIHOH CXeMbl, B KOTOPOH BHIXOAHOH CHrHaJ CHHUMAEeTCK He C aHOAA JaM-
nel JIp, a ¢ aHoaa Jamnbl J7;, MO3BOJIAET MOJYYHTb CBOMCTBA, XapakTep-
Hble JJisI aHOJHOTO NMOBTOPHTeJIS.

6) 2)

Puc. 37. BunonameHneHnsi 0CHOBHOH cXeMbl KaCKOJIHOrO YCH-
JHTEJS.
a ~— aHOAHBIA NOBTOPHTENb, 6 — KaCKOIOHBL:Hl aHONHBIH NOBTOPHTENIb;

8 — 3KBHBaJIeHTHasd CXeMa KacKOJHOro aHOJHOTO NOBTOPHTENS;
2 — nuddepesuHanbHbIl  YCHAUTEND.

AHonHBIH NMOBTOpHTENb, CXeMa KOTOPOro npHBefeHa na puc. 37,a, xa-
paKTepu3yercsl OTHOCHTEJNbHO HMU3KUM BBHIXOJHHIM COMDOTHUBJIEHHEM H KO-
3¢ GUUHEHTOM nepejayd HanpsKeHus (KO3(p(pHUUEHTOM  yCHJ/EHHs),
6su3KuM K eiuHuue. OT KaTOAHOrO NOBTOPHUTE/sI aHOJHbLIH NMOBTOPHTEJb
OoT/IHYaeTcst B OCHOBHOM T€M, YTO B HEM NPOUCXOLUT mnepeBopoT (a3bl
nepenaBaeMoro curiasna. OCHOBHBIM HENOCTAaTKOM aHOAHOTO MOBTOPHTe-
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A5 ABJAseTCs] HU3KOe BXOJMHOE CONPOTHBJIEHHE, 00ycJ/OBJEeHHOE LIYHTH-
pyloliuM geficTBHEM LENH NapajjenbHoi o6paTHON CBS3H MO HampsixKe-
HHIO (4epe3 conpoTHBJIeHHe Rj).

Ha puc. 37,6 npuBeaeHa cxeMa aHONHOIO HOBTOPHTE/S KaCKOMTHOI'O
THNA, KOTOPAs OTJHYaeTCs 3HAUMTENbHO GOJDLIIHM BXOAHBLIM CONPOTHB-
JIEHHeM H JyqlIHM Ko3(GHIHEHTOM nepejayd HanpsiKeuus Gaaronaps
OTCYTCTBHIO B 3TOH cXeMe UenH mapaJienbHoil oGpaTHoit cBs3u. Ha nus-
KHX YaCTOTaxX BXOAHOEe CONM[OTHBJIEHHE ONpelensieTcs B OCHOBHOM COMPO-
THBJIEHHEM R¢1 YTEUKH CETKH BXOAHOM JaMIbl, BeJHYHHA KOTOPOrO MO-
JKeT JOCTHraTh HECKOJbKHX MeroM. Ha ocHoBauuu 3KBHBaJeHTHOI cxe-
MBI KaCKOJHOrO aHOAHOro nosTopuTeas (puc. 37, 8) MOXHO HamnucaTb
ypaBHEHHs1 KOHTYpHBIX TOKOB Iy u ;. Tonaras

U =Up =0, umeeM Uco = —p U+ 11 R; =11 R;.

Torna
Uy
Iy=—;
! Ri
/- Uy + ne Uco _ U, (14 )
2 Riz Riz '

TIpu ycnoBHH NpUMEHEHHs OJMHAKOBBIX JaMmm, Koraa Ry = R =
=R; W W= U= > 2, MOKHO 3aNHCATb Bblpa)KeHHe [/ BHIXOA-
HOTO CONDOTHBJIEHHS CXEMBI

R; 1

“+2z S

Ias onpenenenus Kosdpduunenta mepenaun npunumaeM Upx#0.
Torga MOXKHO 3amuCaTh CJAelYIOLLYI0 CHCTEMY ypaBHeHHH:

151 U+ e Ueo = [a (Ri1+ Riz);
UBbIX = Ia Ril — W Ucl;

RBbl‘( =

Uer = Usy;
U= — Usnix.
Orciona
— (14 po) (Ui Upy) _ Usx 11
" Ru(14pe)+R;s Ryt R
1+ ps
a TaK Kak
K — UBle’
UBX
TO BhIpaxenue A/ Ko3¢d¢dHIHEHTa Nepelaud HMeeT cJeAYIOIHH BHI:
U1 Rje
K= — . 46
Rist Rin+ 2 R “0)
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B cayuae npUMeHeHHs JlaMIl C O/MHAaKOBBLIMU TapaMCTpaMu 3TO Bbipaxe-
HUe ynpollaeTcs:

3HaK MHHYC Nepe] BbipaKeHHeM MOKa3biBAET, UTO B CXEME NPOHCXO-
JUT TmepeBOpoT (ha3wl curHajna Ha 180°.

HanpHefiniee Buaou3MeHeHHe 3TOH CXeMbl MOMET H/(TH 110 TYTH BBe-
JleHHsl YNpaBJIeHHs 1o ceTKe Jamnbl Jlo (puc. 37,2). Takas cxema sBJasA-

F+3008
+2508

100

a

Puc. 38. Ycunuteap ¢ nOCTOSIHBIM ALOAILIM TOKOM.

a — NpUHIHIIHAJAbHASA cXeMa; 0 — BBIXOJHble XaPAKTEPHCTHKH; &8 — cXxeMa ¢ KOM
nencauHel npeitda.

ercst dakTHYecKd AuddepeHinanbHbIM ycuauteaeM. [e BBIXO1HOe Ha-
npsKeHue B 0OLLeM CJydyae OMpenessieTCst CAeAYIOLIHM BbIpaKeHHeM:

Po RixUca — 1R Uy
Rip(14+pme)+ Ry

Hans cayuasi oiMHaKOBBIX daMi JI; u JI2 9T0 BbipaKeHue npUHEMaeT

UBle =

(47)

BUL:
Upnx = ~L (U — Ucl)
p4-2
WJH, MpU BBINOJHEHHH YCJOBUSA WD 2,
Upux = (Uca — Uct).

C BO3MOXKHOCTBIO ABOIHOTO YMpaBJ/eHHsl CBsI3aHO BooGlle GoJblioe
KOJIMYECTBO BHIOH3MEHEHHH OCHOBHOH KacKoAHOI cxeMbl. K Takum BH10-
H3MEHEeHUSIM MOXKHO OTHEeCTH U cXeMbl ¢ ofecreyeHueM MOCTOSHHOIO
aHOJHOTO TOKA YCHJ/IMTEJS, H CXeMbl ¢ KOMMeHcauuell apeiiba 3a cuer
KosieGaHHil HanpsKeHUs nojorpesatens, obJajnalolive CBOHCTBOM BeCh-
Ma GOJBIION IIHPOKOMOJOCTHOCTH.
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CxeMa ¢ MOCTOSIHHBIM AHOAHBIM TOKOM YCHUJUTENS, HJUHOCTPHPYIO-
asi ele OAHY BO3MOXKHOCTb MOBBINICHUA KO3(QUIHEHTA YCHJIEHHS,
npuBeseHa Ha puc. 38, a. Kak yxe ynoMuHa/l0Cch, BO3MOXKHOCTb MOBBI-
IEHHS] YCHJIEHHSI B Y3KOMOJOCHBIX YCHJIWTENSIX NMyTeM YBeJHYeHUs CO-
NPOTHBJEHUS AHOAHOH HArpy3Kd OTPAHMYEHa NpejeibHBIM 3HAUEHHEM
HAnpsXKeHUs] UCTOUHHKA nuTanust Ea. OfHaKo, ecin BHIXOIHOE HaMpsiKe-
HHe CHUMaTb C aHoja jaamnbl JI;, a jJamny JI HCNo/Ab30BaTh B KauecTBe
HACpy3KH, TO MOJYYaloTcs COBEPIIEHHO HOBHE cBOfCTBA. B 3ToM cay-
yae jamna Jl,, paboras KaTGAHBIM NMOBTOPUTEJEM, BOCIPOHU3BOAUT Ha Ka-
Tole HanpsikKeHUe NONMOJHHTENbHON GaTapen E, BKJIOUEHHOH MeXKAY ee
KaTogOM M ceTKch. Popmyna A/ aHOLHOrO TOKAa TAKOH cXeMbl MOMKeT

HRrrmy aUANTTA N w

Aoy onon
UDIID odadlintdadnd D G yIvng

E,—Ujy-+wmE

= . 48
"= Riz+ (et ) R, (48)

Takum oGpa3oM, jJamna JIy 3KBUBaJEHTHA CONPOTUBJIEHHIO
R"=Rjs+ (n2+ 1) Ry, (49)

NPHCOSAHHEHHOMY K 3KBHBAJEHTHOMY HCTOYHHKY AHOJHOIO MHTaHHs Ha-
npsAKeHHeM

E,= E,+p,E. (50)

3To 03HauaeT, YTO HANpPAXKEHHE UCTOYHHWKA MUTAHHMA Kak Obl yBeNMUMBA-
ercst Ha My E. CooTBETCTBEHHO MOXKeT GHITh YBEJNHYEH H K03 uIHeHT
YCHJIEHUS CXEMBI.

B npuBenenHoli Ha puc. 38,a cxeMe wuCMOMb3YIOTcA NeHTOX JI{ H
TpHOA JI3. BHIXOQHBIE XapaKTePHCTHKH 5TOT0 ycuautenas (kpuBasi I) u
O6GLIYHOrO MEHTOMHOrO YCHJAHMTeNd (KpuBas ?) mpuBefieHH Ha pHc. 38, 6.
B nenTonHOM ycuauTese, aHOAHOH Harpyskoil KOTOPOrO CJIYXKHUT TPHOI,
ycuienne gocturaer 7 000, B 1o Bpems Kak B oObIYHOM MEHTOAHOM YyCH-
JUTeJe MaKCHUMaJbHOe ycujeHHe He mpesbiiaer 600.

B ortnuuue OT onmMCaHHOHR CXeMBI C NOCTOSIHHBIM aHOAHBIM TOKOM B
OueHb NMOXOXKell Ha Hee CXeMe YCUJIMTENS MOCTOSHHOTO TOKa ¢ KOMMeHca-
uuedl HecTaGUMBLHOCTH HanNpsXKeHUs HaKajJa HeT HCTOYHHKA CMellleHHA
Jgamnbl JI,. Opnako u 3fieck (puc. 38, 8) namna Jlp BHIMOJHSAET QYHKUHIO
HArpy304YHOTrO COMpPOTHUBJEHHUS A5 YCUJAUTENBbHON gamnel JI;. Cxema 3Ta
He N03BOJISeT NOJYYHTh BHICOKHE 3HAUCHHS YCHJAEHMSI H3-3a OTpaHHYEH-
HOHl BeJUYHHBl HaNpsiKeHUs aHOJAHOTO MHTAHUS, TaK KaK (UKTHBHOTO
NOBBILIEHUS] HanpsiXKeHWsl NMHTaHHS 3a CUeT JONOJHHUTEJbHOTO MCTOYHHKA
(kak B mpenbAyllell cxeme) B Hell Het. MHTepecen 3TOT yCHJHTENb TeM,
4TO H3MEHEeHWe aHOAHOTO TOKAa YCUJAUTEJbHOHN JaMnbl JI; K3-3a Kojeba-
HHJl HanpsieHUsl MoJ0rpeBaTe/iss He BBHI3LIBAET B HeM H3MeHEHHs I10-
CTOSIHHOTO TOTEHlHaJa aHojxa Jgammbl J;.

Ecau ofe jamnbl 06/1a7a10T OJAHHAKOBBIMH MapaMeTPaMH H CHrHaJ
Ha CeTKy Jamnbl JI; He NOJdaeTcs, TO NPU YCJOBMM PaBeHCTBA KaTOAHBIX
conpoTuBJeHHit Jamnsl (R=Rx) HanpsiKeHHe Ha BHIXOZE

E,

Uo‘[:?.
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[Ipu mopaue Ha ceTKy HUXKHeR Jamnbl JI| CUrHaJja HANpsKeHWe BHI-
Xoj1a 6yILeT HU3MEHATECA MO SaKOHy:
Uy = HRiH B+ DR/IR + ( + 1) R]) Ea — pUy 51)
2 I+ ([Ri+ (@ + D R/[R: + (n+ 1) R))

uan npu R = Ry

v B _WUa
a1 = - .
2 2

TakuM o6pasoM, ycu/ienue cxeMbl paBHO W/2. BhIXxonHoe HanpsKe-
HHe JHHeHAHO OTHOcHTeNbHO HamnpsiKeHusi Uci, TakK Kak B BBIpaXKeHHH
I/ Hero OTCYTCTBYET 3HaueHWe BHYTpeHHero conpoTusjeHus. OnHako
MOCJE/Hee CNpaBeIMBO JIHIb NDPH NPHMEHEHHH OJMHAKOBHIX TPHOLOB.
ITpn paBeHCTBe KATOAHBIX CONMPOTUBJAEHHH 06EMX JaMI BHXOAHOE cOMpO-
THBJIEHHE CXEMBI

RH—(}H—URK
2

Rpux = (52)

KoMnencanus B cxeme oGbACHSeTCA TeM, UTO NpPH H3MEHEHHH Ha-
npsiKeHUsl NOJOrpeBaresiss B paBHOH CTENEHH U3MEHSIOTCS aHOIHBIE TOKH
obeux JaMn. BHyTpeHHHe CONPOTHBJEHHS JaMM U3MEHSIOTCS Ha OJHY W
Ty e BeJUUYHHY, M, CJAeIOBaTeNbHO, HANpsiKeHHe Ha aHode Jamnbl JI,
oCTaeTCs Bcerjga NMocToAHHbIM. Takum o6pa3soM, jgamna Jl; WCmoJb3yercs
KaxK Harpyska Jamnel JI;, BeJHYHHA KOTOPOH aBTOMAaTHUYECKU H3MelseTcs
B TaKT C U3MEHeHHEM ee BHYTpPEHHEro CONpPOTHBJEHUS NpH KoJeGaHUsX
HanpsKenus nutanusa. Ecau jamnel JI; ¥ JI; uMeoT pasjiuuHble Xapak-
TEPUCTHKH IO HANpSXKeHWI0 HaKaJja, TO BJUSHHe KosneGaHUH HampsixKe-
HUS MOXeT ObIThb yCTpaHeHO COOTBETCTBYIOLIMM BBIGOPOM COOTHOLUEHHS
conpoTusJeHuit R n Rx.

B npuBeaeHHOH cxeMe MPH HCNOJNL30BAaHUH ABOHHOTO TpHOIIa 6H2T1
(w=100) ycunenne paBHo M/2=50. [1pu TouHO MOLOGPAaHHOM CONPOTHB-
JeHuu R yaaeTcs MOJYyYHTb NPAKTHUYECKH MOJHYIO KOMMeH cau' Hio gpetiga.
Ocrartounnlit npefi¢ He npeBbimaer 150 mxs/4.

3ta cxema obnajgaeT elle OJHMUM 3aMeyaTesJbHBIM CBOfCTBOM —
60/IbLIOH IHPOKONOJOCHOCTbIO, 4TO O6YCJOBUJO ee WIHPOKOe NpHUMeHe-
HHe B HMAYJbCHOH TeXHUKe [Jf Mepelayl OYeHb KOPOTKUX HMIYJbCOB.

20. YCUJHUTEJIDb C JUHAMHWYECKOHN AHOOHOW HATPY3KOH

B03MOXKHOCTb yMpaBJieHHs1 BEJIHUUHON CONPOTUBJEHUS aHOLHON Ha-
TPYy3KU B TaKT C CHTHAJOM IO03BOJISIeT 3HAUUTEJbHO YJYYLIHTL CBOHCTBA
BUEOYCHINTENEH, NpejHa3HayeHHLIX [JIs YCUJIEHUS MMIYJbCOB OUYeHb
Masnofl aJuTeabHOCTH. 12 paGoThl ¢ TAKUMH HMMYJbCAMH BUIEOYCUJIH-
Teslb JOJIKEH fepefaBaTb OYeHb KOPOTKHe (POHTLI, [/ UETO BepXHSs
rpaHuLa €ro noJOCH NPONyCKaHHsA JOMKHA JexaTb B 06JacTH MHOTHX
Mmerarepll. Ilccnennee Tpe6oBaHHe BCTynmaeT B MPOTHBOpeuHe ¢ HEO0GXo-
JAUMOCTbIO TOJYYEHHUs] NOCTATOYHOTO YCHJIEHUS WHMMyJbca, TaK KakK YBe-
JMUUEHHE YCHJIEHUS Ha JaMmMe ¢ HEeKOTOPBIM 3HaueHHeM KPYTH3HBl BO3-
MOKHO JIMIIb 32 CYeT YBeJHYEHUS] CONDOTUBJAEHHA Ra, YyBeJIHUEHUE XKe
Ra conpoBoxjaeTcss yBeJWueHHEM MOCTOSIHHON BPEeMEHH AHOAHOH LenH
yCUJIHUTENSA, T. €. CYXeHUEM ero HOJIOCH,
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[To3ToMy cnocOGHOCTb BHAEOYCH/HTeNs] paGoTaTb C HMMIYJAbCaMH,
MMEIOUIMMH OYeHb KODOTKHE (POHTH, MOXeT GBITb OXapaKTepH3OBaHa
NpoH3Be/IeHHeM ero kosddHunenta ycuienus K Ha nosocy nponycKasus

Af. Benuuuna KAf pns BbiGpaHHOTO
THIA JIAMIIBI TIOCTOSIHHA, TaK KaK OHa
onpejensieTess KpyTH3HOH ee Xapax-
TepHCTHKH H emKkoctbio C, oGpaso-
BaHHOIl ee BXOJHOH M BBIXOMHOH eM-
KOCTSAMI:

~
KAf o

OcnroBHOe OrpaHpueHie MOJOCH
MponycKaHus, a clefoBaTeNbHO, CKO-
POCTH HapacTaHHsl HanpsKeHUs Ha
aHoJe JlaMnbt BHJCOYCH/IUTEJST MpO-
UCXOAHT H3-3a TOrO, 4TO MPH 3anu-
paHuy JaMnsl OTPHLATENbHBIM (HPOH-
TOM MMMOYJbca Ha CeTKe HampsiKeHue
Ha ee aHO/le He yCleBaeT U3MeHSThCH
BCJel 32 M3MEHeHHEM HanpsKeHus
Ha CeTKe, TaK KaK BBHIXOJLHAs eMKOCTb
He MOXeT MIHOBEHHO 3apSAHTbCs
...................... D ' ety
CTODOHBI, TMPH OTMNHPAHHH JIAMIIHL,
Korja Ha ee CeTKy Hojaercsi noJo-

Puc. 35. Cxema ycuadTenas ¢ Au-
HaMHuecKO# aHOQHOH Harpyskoil,

KUTEIbHBIH (POHT MMNyJbCa, pa3psif, BHIXOAHOH eMKOCTH NPOHCXOAUT
Ycpes akTHBHBHA 3JIeMEHT — JIaMIy, H CKOPOCTb M3MeHEHHs] HaMpsIKeHHs
Ha ec anoje B 3TOM cJyyae 3HAUUTEJbHO BHILIE.

a) 6)

Puc. 40. DkBUBaJEeHTHbIE CXEMbl YCHJIM-

TeJad.

a — aas onpenesneHus KosbdHIHEHTa YcHe-
HHSI, 6 — AJsA oOmnpeneJieHHS BBIXOLHOIO CO-

NPOTHBJCHHS.

Ri=R;s=R;.

B ycunurene ¢ nuHaMuue-
CKOH aHOZHOH Harpyskof, cxe-
Ma KOTOPOro mokKa3aHa Ha
puc. 39, conpoTuBseHue Ry 3a-
MeHeHO aKTHBHBIM  3JieMeH-
TOM — JiaMno#f, AHHaMHYECKOe
COMpPOTHBJEHHE KOTOPOH pery-
JUpyeTcsl CaMHM YCHJHBae-
MBbIM HanpskeHueM. Takxas
cXema OTJMyaeTcs OueHb HH3-
KHM [JIs1 JIAMIIOBOTO YCHJIHTe-
Jisl BBIXOAHBIM CONPOTHUBJIEHH-
eM, 4To ofecrneuyBaeT 3HaYH-
TeJbHOE paculipeHHe MOJOCH
nponycKaHus npu BbIOpaHHOM
KO QulIHeRTe YCUJIEHHUS.

OKBHBaJIeHTHas HHU3KOYa-
CTOTHAasl cXeMa 3TOTO YCHJH-
TeJlsl NpHBedeHa Ha puc. 40, a.
Hns ynpolienus aHanusa cuu-
TaeM, yTto oGe JaMNbl HiEeH-
THYHB, T. € Hpr=HUgs =N H
Hanuuwem
ypaBHeHHE KOHTYPHBIX TOKOB
oJjs GOJMBIIOTO KOHTYpa:

-1
bt }



I1 (2R 4 Ry2) + 12 R = (Upx + Uv2),
rape
Uc2= '“‘ILRKZ-
Torpa
[112R; 4 (14 ) Ryol 4 12 R; = pU . (53)
JLast BepXHEro KOHTypa ypaBHeHHe HMeeT BH.:
I1R;+ 13 (R; + Ry) == pUc2 = n (— 1 Rya).

Ero MoxHO npeo6pa3oBaTh CIAEAYIOIUM 06pa3oM:

Iy (R; + pRy2) + F2 (Ri + Ry) = 0. (54)

Peurasa cosMectHo ypaBHenust (53) u (54), nonyuaem BhIpaxKeHue
s Toka Io:

- P"UBX (Ri + P"RK2)
R2i+RK2Ri+(1-}—“)RK2RH + 2Ri RH

C napyro#t cToOpoHB, KO3(D(ULUHEHT YCHJCHHUS CXeMbl ONpe1essieTcs Bbl-
paxKeHueM

K = g_‘ilix — Lz Ry
Upx Usx

[NoacraBuB B Hero ypaBHeHue (55), MONyuMM 3HaueHHe KO3(dHUIHEHTA
YCHJIEHUS YCHJIMTES C QMUHAMUYECKOH aHOAHON Harpyskoil:

UBbIX _ __&_ H(Ri‘{‘uRM)
Usx Ry (Ri-FRy)+(14-p) Ryo - 2R;

K= (56)

Hns cpaBHeHHS MOXXHO HaNnOMHHTB, YTO KO3(DGHIMEHT ycuJeHHsT 06bu-
HOTO JIaMIIOBOTO YCHJIMTeJs! Onmpejessercss ypaBHeHHeM

MRy

S k1. S 5
K R; 4 Ry (o7)

Haitaem Ttenepn BblpaskeHue 1Js1 BBIXOAHOTO COMPOTHBJEHUST YCHJU-
Teqs. DKBUBAJEHTHAsl cXeMa [Jis 3TOrO mpHBejeHa Ha puc. 40,0. Ias
OTpejiesieHNsl BHIXOJAHOTO CONPOTHBJEHHUS Tpenoaraercs, 4To BXxo ycH-
JIUTeJs KOPOTKO3aMKHYTBIH, a K BBIXOAHBIM 3a)KHMaM YCHJIHTENAs 1101-
KJIIOUEH MCTOUHHK NepeMeHHOro HanpsixeHust Up = Ugyx. Toraa sbixon-
HOe COMPOTHBJIEHHEe PaBHO OTHOUIEHHIO HANpSIKeHWs, pa3BUBaeMOro re-
HepaTopoM, K OT/aBaeMOMY TeHepaTOpOM TOKY.

YpaBHenue (53) AnA KOHTYPHHIX TOKOB GOJBUIOTO KOHTypa mnpu
3TOM MpUHUMAeT chAelyIOUHH BUA:

78



11 (2R; -+ Ryo) -1, R; = Pl¢q,

rak xak PUc¢1 =0.
[Mocsie npeo6GpasoBanuilt W npu  ycaoBun Uce=—IRgs noayuaem
BhIpaXKeHHe

I1[2R; -+ (1 -+ p) Rye} + 12 R; == 0. (58)
JIs BepXHero KOHTypa SKBHBANEHTHOH CXeMBI MOMKHO 3amHCaTh:

[1R; 4 I3R; = wUes — Up
)+ IR = —U,.

. s 5 ;== EG
SN PYANKZY T 22 AN vJ

{50
\vv)

B pesyjntaTe COBMECTHOrO pelleHust ypaBHeHH#l (58) u (59) nocse
npeoGpa30oBaHUil MoOJyyaeM:

_ Ur[2R;i+ (1 4-p) Ryo]
R; (R; - Rxe) '

]2=

Brixognoe conportusienne Rpyx=Up/—[y (3Hak MmuHyca nepen [,
03Hayaer, 4To HampaBJieHHe 3TOTO TOKA MPOTHBOMOJOXKHO TOKY OT HCTOY-
Huka Up npu yKasaHHOH Ha cXeMe MOJSPHOCTH ero BKJIOYeHUA) B ITOM
cayyae OmpelensieTcs. ypaBHCHIIEM

Ri(Ri+R1<2)
2R; + (1+p) Ry

(60)

Rgux =

Ha puc. 41, a npuseaeHsl NOCTpoeHHble N0 ypaBHeHHsiM (56) u (57)
KPHBBIE 3aBHCHMOCTH KO3(uUHEHTa ycu/IeHHs K 0T CONPOTHMBJ/IEHHS Ha-
IPY3KH Ry AJA p43NHUHBIX 3HaueHuit Rke. M3 aTux KpuBBIX BHAHO, 4TO
TNPH MasdblX HAarpy3OuHBIX COMPOTHBJAECHHSIX KO3(MGHUHUEHT yCUJIEHHs YCH-
JHTeId C AMHAMHYECKOH aHOJHOH HArpys3Koil NpeBblliaeT Ko3h(QUUHEHT
ycHJeHHs] OOBIYHOTO YCHJIHTENS B HECKOJNbKO pa3. Hampuwmep, npu Ry=
=1 kom n Rge =560 om BHINIPHILI B KO3(Q(ULUHEHTE YCHAECHUS COCTAB-
astet 2,75.

Ha puc. 41,6 noxasana 3aBHCUMOCTb BBLIXOJHOTO  COMpPOTHBJEHHS
Rpux  ycuadrtesst ¢ AMHAMHYECKON aHOLHOH Harpy3KOif OT BEeJHUMHBI CO-
npoTtuBseHus Rys. KpuBas nocTpoena no ypasHenuio (60). M3 Hee Bun-
HO, 4TO, Hampumep, npu Rk2=560 om BbIXOAHOE COMPOTHB/EHHE DABHO
1,1 kKom, uto B 5 pa3 MeHDLIIE BBIXOJHOTO CONPOTHBJEHUsT OGHIYHOLO YCH-
JIUTEJISI C TEMH XKC mapaMeTpaMi.

Ananus ycuauteas ¢ AMHaMMYECKOH aHOLHOH HAarpyskoll ¢ yueTom
NnapasuTHBIX U MeXJy3JeKTPO1HBIX eMKOCTell B CXeMe NO3BOJIAET ONpe-
AeJHuTh ero moJocy nponyckanus. Takoit aHajius BecbMa rpoMo3aoK. B
KayecTBe NpHMepa MOXKHO yKa3aTk, UTO NMpH Rxa=560 om u Ry =1 xom
noJoca NPOMYCKAaHUsI YCHJMTE/s C AMHAMHYECKOH aHOMHOH Harpyskol
Ha samne 6H3IT (W==35, R;=5,8 xom) paBua 4,95 Mey.

M3 kpusbpix Ha puc. 41,a MOXKHO HalTH, 4TO KO3(QUUHMEHT ycuae-
Hust Aas 3THX ke ycaoBuit K =16,8. Takum o6pasoM, npousseienue
K Af yeunutens ¢ AMHaMH4YeCKOH aHOLHOM Harpyskoil pasHo 83 Mey. B
Tex Xe ycJoBusx npousseienne KA f o6brunoro ycuaurens (npu K =6)
coctaBasger okojo 30 Mey.
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Ha puc. 41, 8 npuBelentl KpUBble 3aBUCHMOCTH Npou3BeneHus KAf
OT eMKocTH Harpy3ku Cy AJNA yCHJAUTeNs ¢ AMHaMHUYecKo# aHOAHOH Ha-

40 K |
32 ]
3 AR g
I e e
KR o g AP
18 Y./ /4 "
A 1/
8 /’é*’
)/
v R

0 2 4 s 8 10 xom
a)
xoml[R, T
J
N
z N
1 S
Rz
0 02 04 06 08 10xem
6)
760 [47;
120 0
<
a0l ——N o
L1 -
40 ~2%
[
0 10 20 50 40 50 np
)
Puc. 41. XapakTepHCTHKH YCHJIHTEJ]A

C AMHaMHYeckKOH aHOAHOH Harpyskoi
na namne 6H3IT (u =35, R;=5,8 xon).
a — 33aBHCUMOCTb Ko3hdulLMeHTa yCHJIeNHH OT
Ry (I —pans o6biuHOTO yCHAMTeNd; 2 ~— IDH
R,y =360 om; 3 —mpu R,y =560 om; 4 —npn
RK2=820 oM); 6 — 3aBHCHMOCTb BBIXOZLHOI'O
CONPOTHUBJAEHHS oT RK2; 8 — 3aBHCHMOCTb
KAf ot CH nas obblyHoro ycuawmreas (1)

H AJAs YCHJIHTEJNS ¢ JAMHaMHYeCKOH aHOAHON
Harpysko#t (2) npu Rygo =560 ox.

80

rPysKO# M [J51 aHaJOTHYHOTro
&My OOGBIYHOTO  YCHJIHTEJS.
Yeunutenb ¢ AMHaAMHYecKoH
aHOJHOH Harpyskoi obecmne-
yusaeT BelArpeill 10 80% npu

Cy =15 np u 200% 1pu
Cy =55 ng.
Jlnss  gocTHXKeHHs Hau-

6o/1bLIero 3HAaYeHUs: [NPOU3Be-
nenust KAf caenyer yBemnuu-
B8aTb KO3((DUIUEHT YCHACHHS
CXeMbl, T. €. YBEJIHYHUBATb CO-
npoTHBJeHHe Rgg. 3TO compo-
BOXKAAeTCsl yMeHbLIEHHEeM [0-
Jocel mpomyckaHusa. OnHaxko
CKOPOCTb  YBEJUUYEHHS KO3(-
(HUIHEeHTa YCUJeHHUS NpeBbllla-
€T CKOPOCTb YMeHbIIEeHHs T0-
JOCHl TpOMYyCcKaHWs, Tak 4YTO
Rya uenecoo6pasno BeGHpaTh
BOo3MOXHO GosbmiuM. Ho npu
yBeJIHUeHHH Ry yBelHuuBaer-
¢s1 cMelieHde Ha Jgamny Jlp,
YTO NPUBOAUT K YMEHbIUEHUIO
ee TOKa, T. €. K YMEHbILEHHIO
ee W u S. Jlas coxpaHeHus
BBICOKHX 3HaueHu#ti W M
Jamnel JIp ciefyeT onHOBpe-
MEHHO ¢ yBeaudeHHeM R g2
yBeJUYHBATL M AHOJHOE Ha-
npsiKeHue jgamnel. Takum o6-
pasoMm, Tmpenes yBeJUYeHHH
Rye ompenenseTcss  MaKcH-
MaJIbHO AOMYCTUMEIM aHOJLHBIM
HaNpsiKeHHeEM OaJis 3ToH JsaM-
THL.
Us puc. 41, 8 BuAHO, 4TO
yCHAUTeNh ¢ JAUHAMHYECKOH
aHOJHOH HArpysKo IeJeco-
06pa3sHO NPUMEHATh B CXEMax,
rge napasuTHas €MKOCTb Of-
penensieTcss B OCHOBHOM €M
KocThio Harpysku. Korga xe
NOCAeiHsisi CTAHOBUTCA OJHOTO
nopsiiKa BeJIHYHHBI C MeXIy-
3JeKTPOJHBIMH  eMKOCTSIMH,
NpeuMYILecTBa 3TOr0 YCHJANTE-
Jisl He3HAYHTEJbHBL.
Onno wu3 Hau6osee xa-
PaKTepHBIX HNpHMeHeHu#l ycH-
JUTENsl C AMHAMHYEeCKOH aHOl-
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HOf Harpyskolf — B cxeMax ObICTpoRefCTBYIOIIUX TPHITEPOB. B 3TOM
ciaydae HauboJsiee HaTJISAAHBIM napaMeTpoM BHAEOYCHJIUTEJNsS, BXOAALIEro
B KaxKAyl0 H3 INOJOBUH TpHUrrepa, SABJSAETCA BpeMsa HapacCTaHHsA MNepen-
Hero quoma BBIXOQHOTO HMITyJbCa, KOTOpOEe MepeCUYHThIBAECTCA B IOJIO-
CY NpPONYCKaHHs YCHIATENS

1
Af=0,35 —.
f T,

H

Ha puc. 42 npuBeneHb nepexoaHble XapaKTepHCTHKU YCHJAHTENS ¢
IMHAMHYECKON aHOAHOH Harpyakoii (a) u obbyHOrO ycuaureas (6),

HMEWOUIMX OJHHAKOBOEe 3HaueHHe Ko3GhdHUHUeHTa yCu/IeHHA. XapaKTepH-
CTHKH MOKa3biBalOT 3HAYUTEJbHOE

yBeJMueHHe BpeMeHU HapacTaHHS
y OOBIYHOTO YCHJIUTENs NPH Ha-
rpy3Ke, MpeBhILAOLEd eIUHHIBI
nuKodapa, YyTo CONpoBoOXKaaeTcs
B TpUITEpax COOTBETCTBYIOLIHM
yMeHbLIeHHeM MaKCHMaJsbHOH ya-
CTOTHl UX MEepPeKJIOYeHUs.

CxeMa GblcTpojeficTByIOLIErO
TPUITEpa Ha YCHJIUTEISAX C JUHA-
MHYeCKOH aHONHON Harpyskoi
noxasasa Ha puc. 43. Ilpu yxa
3aHHBIX Ha CXeMe JaHHBIX TpPHUT-
rep ofecrneynBaeT B CUETHOM pe-
KHMe YaCTOTy MHepeKJIoUeHHs 10
40 Mey.

brictponeiicTtBHe  Tpurrepa
ompejeasieTcss TeM, 4TO [epesa-
psan kKouaeHcatopoB C; u C; B
HeM NPOMCXOAUT He yepe3 COMpO-

HaMHUYECKOH  KOJJIEKTO THBJHHS ~ aHOAHOM  HArpysKu

IPY3KOL. (xorma cOOTBETCTBYyKCIIaA JaMmmna

JI, wiu JI; 3amepra), a uepe3

3aMeHsIOLIMe HX [JUHAMHYECKHe

conpoTtuBieHuss Jgamn (Jy u Jly

cooTBeTcTBeHHO). B cooTserTcTBHM ¢ puc. 41,6 BHIXOAHGEe COMPOTHUBJEHHE

KaXJO0ro yCH/IUTeNs1 Rpyy, BeJHUHHA KOTOPOro onpejenser CKOpPOCTh Iie-

pesapsiiia, yMeHbUIaeTcs ¢ yBenanyelnneM Rge. Jas mosayuenus 6oJbluero

6bicTponelicTBiS 6e3 yBeJdMUEHHs] HampsiXKeHHs NHTaHUs TpHUITepa mocne-

JOBATEJBbHO C COMPOTHUBJEHHEM R g2 BKJOUEeHA KaTylIKa HHIYKTHBHOCTH,

nopuimatouias 3GQPekTUBHOe 3HaueHHe CONPOTHUBJEHUsT MeXIy KaToa0M

u cetko#l Jamnbl Jlp (win JI4) Ha BpeMs nepekmodeHusi, B pesyabrare
3TOr0 BpeMs HapacTadusi B CXeMe YMEHbUIEHO A0 25 Heek.

B 3akJloueHHe MOXKHO CaesaThb BBIBOX, UTO MpHUMeHeHHUe yCHJAUTeJeH
¢ AMHAMHYECKOii aHOAHON Harpyskoil LeJsecoo6pa3HO NpH CO3JaHUH BH-
JleOyCHJHNTeNell C MpeaeNbHON BeuunHoi nponsBenenus KA f. B ycuan-
TeJsix co cpenHHM 3HaueHueM KA f Takas cxeMa [03BOJISIeT NPUMEHAThb
B HHX BMECTO JlaMI C BBICOKHMH 3HaueHHsSIMH W ¥ S OObIUHBIE JaMIBI
cpe/Hero KauecTBa, YTO 3HAYHTEJbHO YMNpOIlaeT W YyHelleB/seT anma-

patypy.
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Ha puc. 44 npuBoANTCA CXeMa YCHJUTENA C AMHAMUUYECKOH HArpys-
KoM, BHIMOJNHEeHHas Ha TpaH3uctopax. UTo6bl yMeHbLHUTH WIYHTHpPYIOLlee
nefictBue Ga3nl TpaH3ucTOpa Ty Ha KOJIEKTOp TpaHsuctopa T, Hamps-
*eHHe CHrHaJja ¢ Kojnektopa T; mojaercst Ha TpaHsuctop Tg uepes
SMHTTEPHBI MOBTOPUTENb Ha TpaH3ucTtope T.

[TABA TPETbHJ

KATOOHBIE MOBTOPUTEJH KACKOIOHOIO TUNA
21. MOLUPHUKALUSA KATOAHOIO MOBTOPUTEJIA

B coBpemeHHBIX 3JEKTDOHHBIX YCTDOHCTBAX LIMPOKO NPHMEHSIOTCA
YCUJHTENbHBIE KaCcKaabl ¢ KaTOZHOH Harpyskoi, BIMOJNHSIONIHe OGLIYHO
(YHKUMM COIJIacOBaHHSl CONMPOTHBJEHHHA. XapaxkTepHoii 0COGeHHOCTHIO
TaKHX KaCKaloB SIBJSETCS CPaBHUTENLHO
BBICOKOE BXOJHO€ COMpPOTHBJEHHE, HH3KOe +F
BBIXOZHOEe COMNpOTHBJeHHe U OJU3KHR K e
e/lHHHIEe KO3(hULUEHT Nepejadyn Hanpsxe-

Hus curHagaa. [locnenHemy CcBOHCTBY Kac- ?—l -

Kaabli C KaTojHoH Harpy3kc#h u ofa3aun ' [

CBOHM Ha3BaHHeM <«KaTOAHBle MOBTOpuTe- Uy, av

au». CxeMa KaTOOHOTO MOBTOPUTEJS TPH- ¢

BeJeHa Ha puc. 45. Uz

OGeuHO KaTOAHbIE MOBTOPHUTENH HMe-
I0T BXOJHBIE CONPOTHBJIEHHS nopsigka 107—

108 oM, BBIXOJHBIE COMPOTHBJIENHS MOPSAKa 7 p
102—10% om u mosocy MpPoONmyCKaHHs OT Hy- iz Z
Jist 10 HecKoJbKHX Merarepil. Kosdduuuenr ————

Tepefauy HanmpsiKeHWst N1OCTHTaeT 3HavyeHHil
0,8—0,9. B GoaburiHCTBE NPAaKTHUECKHX CITY- Puc. 45. CxemMa xatomHoro

Uaen Kacwan ¢ TAKUMII ITanaMeaTnNaMu nMORARND- TTNARTANL
1aCh Aatnhal © TanuMn flapaMcipadMa nusoy 1OLBT0

JIFeT YCMEUIHO OCYUWECTBUTh CBSI3b MEXKAY
YyCTpPOACTBAMM C BLICOKMM BHIXOAIBIM CO-
NPOTHRJEHHEM, He [OMYCKawWIMMH 3aMETHHIX HArpy30UHBIX TOKOB, ¥
yCTpOCTBAMM C HU3KHM BXOAHLIM COHpOTHBJAeHHEM. OCHOBHHIM HejO-
CTaTKOM cOrJacyiollero Kackajla ¢ KaTONHOH Harpys3Koi siBJAAeTCs TO,
4TO €ero Ko3(GHLUHEHT Nepeiayu He NOCTHUraeT eAHHHULH, T. €. NMpPH TaKOM
COTJIaCOBAaHUH MPOUCXOAUT NOTeps HANpSKEHHUs cuUrHaa,

W3 cdopMmyan a5 Ko3Q¢HUHEHTA Mepelayd KaTOTHOTO MOBTOpHTE-
Js1, CXeMa KOTOpOro NpuBeJeHa Ha pHc. 45,

IRy
R;+(1 + 1) Ry '

K= (61)

rie Rx=R,+R,, Buaso, uto K Tem OmiKe K eauHHUe, YeM GoJbllee
3HayeHHe MPUHHUMAEET BeJUUHHA Ry IPH YCIOBHH, YTO [ JaMNbl 3HAUH-
TeJbHO 60Jblie eAMHHIL. JTO YCJHOBHE NMPAKTHYECKH BCErJa BHITOJHS-
ercsl, TaK KakK AJs GOJBUIMHCTBA TUMOB JaMI [l HMeeT 3HAYeHHS 1ecCsT-
KOB M coTeH. BMmecre ¢ 3THM yBeaudeHue Ry compoBoxjaeTcs BO3pa-
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CTaHueM BXOJHOro COMpPOTHBJIEHUS RBx KaTOAHOr0O IMOBTOPHTEJSA Ha
HU3KHX 4YacToTaX, YTO BbITeKaeT U3 CJeAYIOUIero BhIpaXKEHHS:

1
Rpx =R 1— Ry . (62)
(Ry+ Rz)[u——l — ]
W S(R11-Ry)

Onnako ysemuueHue Ry 10 3HaueHHH, NpPeBBIIAIIINX HECKOJIbKO
KHJIOOM, BCTpeyaeT psj NpakTHUECKUX TpyaHocTell. Jleno B TOM, YTO 37O
COMPOTHBJIEHHE HAaXOJHUTCS B IeNH aHOAHOIO TOKA JaMNbl H OrpaHHYH-
BaeT €ro BeJHMUUHY. YBeJuueHHe Ry TNPHBOAHUT K YMEHBIIEFHIO MaKCH-
MaJ/IbHOIO aHOJHOTO TOKa, KOTOpPHI MOXeT NMpoTeKaTh yepe3 jJamny. s
COXpaHeHHs JMHAMHUECKOTO [Hanal3oHa KacKafla OJHOBDEMEeHHO C yBe-
Ju4yeHHeM Ry cJjejyeT yBeJHUHBATb W HampsiKeHUe HCTOYHHKA aHOMHOTO
MUTaHusl. JTa Mepa MO3BOJSIET B HEKOTOPHIX Mpedes]ax CKOMINEHCHPOBATh
BJMsHHe yBesuyeHHss Rk Ha pexuM Kackana. OnHako, koria Ry mocTH-
raeT 3HaueHHUs] COTEH KUJOOM, TAaKOl MeTOJ TakKiKe CTaHOBHTCH Hesddek-
THBHBIM, TaK Kak B 3TOM cJydyae [Js MOJYYeHHS AOCTAaTOYHOrO MaKcCH-
MaJIbHOTO aHOJAHOTrO TOKa HeoGXOAMMasl BeIHYHHA HaMpsiAKeHHs aHOAHO-
ro MUTaHUS AOCTHLAET TAKMX 3Ha4YeHWil, 4TO HAuWHAeT MpeBbIIAaTh J0-
NYCTHMbIe /s OOBIYHBIX JIaMIl 3HAaYeHHS aHOJHOTO HanpsXKeHusl.

C apyroii ctopossl, u3 ¢opMyasl (62) BbiTekaer, uto npu P> 1 n
S(Ri + R2) > | BeqnuHHA BXOJIHOIO COMPOTHUBJIEHHS! KaTOAHOTO MOBTO-
putenst Rpx BO3pacTaeT ¢ yBeJHYeHUeM OTHoOWeHHs Ry/R; mpu 3azanHOM
3HauyeHUH Re U R;:

(R
Rox — R (1+R1 ) (63)

3to obpscHAeTcs caenyomuM obpasom. Ecaum R, =0, To BxoaHoe
COTMPOTHBJ/IEHHEe KAaTOJHOTO MOBTOPUTENS NPH HU3KHX YACTOTAX OMpeje-
JsleTCs MPaKTHYECKH BEJHUHHOH COMpOTUBJeHHs Rc:

R..~R
\Bx ~ ¢

B toMm cayuae, koraa conpoTuBJgeHue Re HUXKHHUM BHIBOJOM MOAKJIO-
YyeHO K TOuKe MexX1y CONPOTHBJEHHSIMH R; U Rj, K ero HUXKHEMY BHIBOAY
MOJABOJAUTCS HanpsixKeHHe BBLIXOJAHOro curHana Upy KaTOJHOrO NMOBTOPH-
TeJssl, YMeHbIIeHHOe BCJEJCTBHE JAeJieHHs! ero Mex/Iy CONPOTHBJEHHAMH
Ry u Ry 1o 3HaueHus

R,
Ri+Ry’

Tox uepes compoTHBJeHHe cMellleHHs] Rc, ONpejessiollHii BeJUUHHY
BXO/JHOTO COMpOTHBJEHHS, OOYC/IOBJNEH B 3TOM cJ/yuyae He MOJHBIM Ha-
npsiXKeHHeM BXOJHOTO CHrHAJa, a JHIUb ero 4acThblo

Ry

AU = Uy -— KUgy m‘ .

BxoaHo#l TOK TeM MeHblIe (a BXOZHOE COMpOTHBJeHHe GoJblle), ueM
Goablie HampsiKeHnue U, u, ciejloBaTenbHO, ueM GOJbIIE COTPOTHBJIEHHE
R, mo cpaBHeHHIO € Rj.

U2 = KUBX
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3HauuTeIbHOE YBEeJIHYeHHe CONPOTHBJEHHS] Rp ¢ IleJbio MOBHIIEHHS
Ko3(duiueHTa nepelayd KaTOAHOrO NOBTOPHTES W €ro BXOAHOTO CO-
NpOTHBJEHHs Ge3 YKa3aHHbIX BbIle OrpaHHYeHHdl MOMKeT GBITH JOCTHTHY-
TO NpM 3aMeHe 3TOTO COMPOTHBJEHHS 3JEKTPOHHOH namnoil. [lpu 3ToM
yAauHO MCHOJBL3YIOTCS CBONHCTBA JaMIbl IPONycKaTh 3HAuMTeJbHBIE
aHOJHBle TOKH B peXKHUMe MOKOs NPH OJHOBPEMeHHOM BLICOKOM BHYTpEH-
HeM JHMHAaMMYecKOM ee CONpOTHBJeHHH. TakuM o6pasoM, cTaTHyecKoe co-
NPOTHBJIEHHE JIAMIIB, KOTOPOE MOKeT y
6BITh C/le.TAHO BecbMa HHU3KHUM, [103BOJIS- 51 E g
eT KaTOAHOMY IOBTOpHUTEMO paboTarsb
npu GoJblIMX TOKaxX, T. €. C MaJbiM Co- o} —\
H}’I;OTHB.TIEHHEIVI R,, B 10 BpeMs Kaxk Aii- = /7’
HaMuyecKoe COMNpPOTHBJEHHE, NOCTHraio-
lee y NEHTOAOB, HANPUMED, COTEH KHJO-
oM, obecneynBaeT BbICOKOE 3HauyeHHe CO-
npoTHBJeHHst R2 W upe3BbYaiiHO Manyio
BeauunHy AUc.

CxeMa JBYXJIaMIOBOTO KaTOAHOTO
MIOBTOPUTEJISI, B KOTOPOM DPOJIb KaTOAHOH
Harpy3ku urpaetr ofHa M3 JlaMIl, NpH-
BelleHa Ha puc. 46. [IpnMenenue B Hel
B KayecTBe KaTOAHOH HAarpy3Ku MeHTOAa

oflvenopneun ar0 BECLMA BLICOKUM DUUT.
S AS AV LY Civ o D Dyl

PE€HHUM CONPOTHBJIEHHEM. 3ameyaTesb-
HLIM CBOWCTBOM TaKOro KaTOAHOTO MOB-

TOPHUTEJIS SABJSIETCS BBHICOKAs JHHEeHHOCT,

ero BHIXOJAHOH xapakTeprcTHKH. OGbsic- —Ee»
HSIETC 3TO TeM, 4TO BEJHYHHA M MHO- Puc. 46. Cxema JuHeitHoro
[MX TPHOAOB MpPaKTHYECKH He 3aBHCHUT KaTOAHOI0 MOBTOPHUTES.

OT HampsiKeHUs MeXAy aHOAOM H KaTo-
AOM TPHOJA NpPH MOCTOSIHCTBE €ro aHof-

HOTO TOKa. JTO 03HAyaer, YTO KATOARHI MOBTOpPUTeNb GyneT HMeTh MO-
CTOSIHHBIA KO3((HIMEeHT nepeaayd B 3HAUUTENbHOM AHana3oHe H3MeHeHHH
BXOJHOro curxana. CiefoBaTeslbHo, ec/i IPUMEHHTh KaTO/LHOe COMPOTHE-
JeHie, obecreyuBarollee NMOCTOSHCTBO aHOAHOTO TOKa TPHOAA, TO 3alaya
NOBLIILeHHsT JHHeHHocTH OyJAeT pelleHa.

B kauecrBe Jamnsl JI5, o6ecreuuBaronied mMocTOSHCTBO TOKa, MOXeT
ObiTb MPHUMEHEeH KaK MeHTOM, TaK H TPHOA. [IpeuMymecTBOM MeHTOa SiB-
JIeTCA MaJiasi 3aBUCHMOCTb €r0 aHOAHOrO TOKa OT HanpsiXeHHS MeXIy
aHOJIOM H KaTOZOM. BeiuunHa aHOJHOro TOKa MeHToAa ompejensieTcs
HanpsiXKeHHeM Ha ero ynpasJ/AKOILed ceTKe (CONPOTHBJ/EHHEM aBTOMATH-
YECKOro CMelleHHsl Ha pHC. 46) U TMOTEHHMANOM Ha 3KpaHUpYIOLLei CeT-
Ke. [Ipn Gospumiom AUHAMHYECKOM [Mana3oHe CHMriaJa MOTEHLUMaJ Ha K-
paHupyolell ceTke NOJKEH HMETb BO3MOXHO MEHBIUYIO BEJHUMHY, TaK
KaK NpH yMeHbWEHHH aHOJHOTO HANpSIKEHHs 10 YPOBHSA HaNpsiKeHHs HA
3KpaHupywolleil ceTke MPOUCXOAUT TepepacrnpejeleHUe TOKOB MeX1y
lenbio aHoAa M Ienbio 3KpaHupyiowei ceTkn. Besenctsue storo mpouc-
XOJUT 3aMeTHOe yMeHbIIEeHHe AaHOJHOIO TOKa BeCJed 33 VMeHbUIeHHEM
aHOJHOr0 HampsKeHHUs.

[TpumeHeHue JJsi OOeCNedyeHHsl NMOCTOSHCTBA TOKA B KaTOLHOM TO-
BTOpHTEJE TPHOAA MO3BOJSET MOJYUYHATh 3HAUHTENBHO GONBINYI0 yCTOHYH-
BOCTb CXeMbl B OTHOIUEHHM Jpeil]a, BHI3BaHHOro KoJeGaHHsIMU Hamps-
XKeHHSl MOoJorpeBaress, 4eM B C/yyae NpHUMeHeHMs neHTojAa. Dto ofyc-
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JIOBJIEHO TeM, UTO H3MeHeHHe HanpsiKeHus MOJOTpeBaTessi MEHTOAa CO-
npoBoxkaaetrcsi ApelioM HanpsKeHHS CETOYHOTO CMeEUIeHHS He TOJBbKO
3a CUeT U3MEHeHUS aHOJHOTO TOKa, KaK B CJAyyae TpPHOAa, HO M 3a cuer
H3MeHeHUs] TOKa 3KpaHUpPYIOUleHd CeTKH.

B tom cayuae, xorga B KauecTBe KaTOJHOH Harpy3kd MOBTOPUTEs
HCMOJIb3YeTCsl TPUOJ, yPaBHeHHe ero aHoJAHOTO TOKa MOXKeT ObiThb 3amu-
CaHO B CJIeJVIOLIEM BUJE:

N Ua + U,
TR (LR

Ia

ecqn OH paboTaeT B DeXMMe MaJbIX CETOYHBIX TOKOB, Koraa Ua > U..
Torpa skBHUBaJIeHTHOE CONDOTHBJEHHE TPHOAA, BHIIOJHSOUIEEe (QYHKIHIO
KATOAHOrO COMpPOTHBJ/EHHS R; KaTOJHOIO HOBTODHTES,

Ri‘.’a :R;: Ri2+ (1+“’2) RK?' (64)

Ha puc. 47 nokaszaHbl KpHBBe, XapaKTepH3YIOLUIHe OTKJIOHEHHEe BHI-
XOIHOH XapaKTepUCTHKH OGBbIYHOrO KaToAHOro mnosTopHTeds (!) u ka-
TONHOrO NMOBTOPHUTEJS C MOCTOSHHBIM TOKOM (2) OT JIMHEAHOH NpH H3Me-
HEeHUH HalpsiKeHHsl CHrHaJja B WIHMPOKOM AManaszoHe. KoadduuueHnt mne-
pelayu KaTOJAHOTrO MOBTOPUTe/SI C 3JEKTPOHHOH JaMMOH B KayecTBe Ka-
TOAHOIO COTIPOTHUBJIEHHS ONpejessieTcsl BHpaKeHHeM

1
o H‘L‘{— 1 .
w1 Si[Rke (14 ps) -+ Ro]

BrixogHoe CONMPOTHBJIEHHE TAKOro KaTOZHOrO TMOBTOpUTENsSA, KaK U

f\ﬁLY"uﬁFn Narun nﬁr\n-runﬁ ReJTUUUUA KNVTUAHET YanakTenucTUKL
o6uiuHoro, paBHce ofpartHoft BeauuuH e KpPyTH3H Bl XapaxKTepUCTHK
aaMnbl Jy:
1N —
Rpux = 5. (65)
1

IIpumenenne B KaueCcTBe KaTOAHOTO CONPOTHBJIEHHS 3/IKTPOHHOH
JaMmbl, ofecneynBalouiell MOCTOSIHCTBO TOKa, HMEET elie OJHO MpeHMy-
L1eCcTBO, OCOGEHHO CyLIeCTBeHHOe B YCTPOHCTBaxX ¢ GOJBIIMM KOJHYECT-
BOM KaTOJHbIX MOBTOpPHTeJeH, HanmpuMep B BHIUHCAHTENbHBIX MallMHaX.
9TO NpPeMMYINecTBO — 5KOHOMMYHOCTb TaKMX KAaTOJHHEIX MOBTOpHTENeH.
Jeno B TOM, 4TO MpU mepefaye OGHIYHBIM KATOAHBLIM IOBTOPUTESIM GOJIb-
WIMX MOJNIOXKHUTENbHBIX HANPSXKEHUH CHABHO Bo3pacTaer norpebisieMass UM
MOUIHOCTb., YBeJHuYeHHe NaJeHHs HanpsKeHHs1 Ha KaTOQHOM CONpOTHB-
JIEHUH, CONPOBOXKalollee nepeaauy GOJbIIMX MOJ0KHTEAbHbIX HampsiKe-
HUH, NPHBOAHMT K NPOMNOPUHOHAJBHOMY BO3pacTaHHIO TOKa 4yepe3 3TO CO-
nporusnenue. CienoBaTenbHO, BO3pacTaeTr H MOIIHOCTb, paccenBaemas
COMpPOTHUBJIEHHEM. JTOr0 MOXKHO OblI0 Ob U3bexaThb, yBeNMYHBAs COMpO-
THB/NeHHe Ryx TMpPONOPUHOHAJIBLHO TNepefaBaeMoMy HampsikenHio. Toraa
KaTOAHBIH MMOBTODHTENL HOPMaJbHO mNepeiaBaj Obl MONOXKHTebHBIC Ha-
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MpsKeHHs 3HAYHTEJbHOH BeJHUYHHLI Ge3 OGOJBLWIOrO YBEJAHUEHHS MOII-
HOCTH.

DyHKIHA TAaKOTO PeryJupyeMoro KaTOLHOrO COMPOTHBJEHHS H BHl-
MOJIHSET 3JEKTPOHHAA JaMNa, BKMOYEHHAS BMECTO COTPOTHBJEHHS Rg.
Uepes Hee MNpOTeKaeT TOK, BeJIHUHET KOTOPOrO He 3aBHCHT OT MNaleHHs
HanpsiKEeHHst MeXAy ee aHOAOM H KaToJoMm (B mpeaenax paboueil oGna-
CTH), T. €. He 3aBHCUT OT BEJHYHHBI Me-
pelaBaeMOro KaTOLHBIM TOBTOPHTE/EM +E
curHana. B pesyabTaTte 3TOrO pacced-
BaeMasi KaTOJHbIM NOBTOpHUTE/AeM H30bI-
TOouHas MOLIHOCTb yMeHbIHAeTcs MpH-

arantra o 200/
MEPpHO Ha ovp.
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Puc. 47, XapakrepucTHky JuHefiHocTH. Puc. 48, CxeMa 3KOHOMHYHO-
FO KAaTOJHOrO MOBTOPUTEMS.

1 — o6bi1HoTO KaTOMHOro MOBTOPHTENA;
2 — CJIOXKHOTFO KaToJHOr0 MNOBTODPHTEJA.

CxeMa KaTOAHOrO TOBTOPHTEJSI C MOHHXKEHHHIM MMoTpebieHneM MOUI-
HOCTH npuBefeHa Ha puc. 48. [last yMeHblleHuss pacceMBaeMoil JaMrmoii
J MOIIHOCTH JaMIla WYHTHPOBaHAa COMPOTHUBJAEHHEM R4, OTGHPAIOMIUM
4aCTh MOL{HOCTH. TO f03BO/AET NpHMEHHTh MajdoMoiinyio daMny. C ge-
mutenst Ry Ry, Ha ceTky namnbl JI; nogaercs (GUKCHPOBAHHOE HANpsixKe-
Hue cMellleHnsi. KaTon 3TOf naMNEel coefMHEeH C fe/nuTeseM HanpsxKeHHs,
COCTaBJIEHHBIM M3 CONpOTHBJeHHH R; W R, Takum o6pasom, moreHUuan
KaTtola JaMibl JI; H3MeHsIeTCsl OTHOCHTEJbHO PMKCHPOBAHHOrO IOTEHIHA-
Jla CeTKH B COOTBETCTBHM C H3MeHEeHHeM BHIXOJIHOrO HampsiKeHHusd. ITo
[03BOJITeT [AOMNOJHUTENBHO Pery/JHpOBaTh BHYTPEHHee COMPOTUBJIEHHE
JaMnbl JI; B COOTBETCTBHH C BeJHUMHON BHIXOAHOrO cHrHaJja. [Ipu ysenu-
YeHUH BBLIXOJHOrO HANpSIKEHHA yBeJHYHBaeTCs HaNpskKeHHe Ha KaTtoje
JaMnbl Jl;, TaK 4TO €e aHOAHLIH TOK YMeHbIUaeTcs NPONOPIHOHANLHO
IPUPOCTY TOKa yepe3 comnporus/ieHHe R3 U R,. CyMMapHH# TOK uepe3
Jgamny JI, ¥ CONPOTHUBJEHHUS] Ry, SIBJASIOIIUACT KATOAHBIM TOKOM JaMIbl
JI;, ocTaercs MpUMEpHO IMOCTOSHHEIM.

HanbHefilnee pas3suTve NPHHUHNA PEryJHpyeMoll CHHXPOHHO C CHT-
HAJOM KaTOAHOH Harpysku IPHBOLHT K CXeMe KaTOZHOrO MOBTOpHTENd
KaCKOIHOTO THMA, ABJAIIIErOCs NPaKTHYECKH ABYXKACKaAHLIM YCHJHTE-
JieM ¢ O6UIMM 3/JeKTPOHHBIM TOKOM, 06/afatouHM CBOHCTBAMU KaTOJLHOrO
noBropureas. JlOMONHATENbHbIE NPEMMYLUECTBA, XapaKTepHbe AJs Kac-
KOJHOI'O KATOAHOIO NMOBTOPHUTEJNS, IOCTHMAIOTCS TeM, UTO 3/eCh 3JEeKTPOH-
Hasi JaMIa, BHIMOJHAIWAS POJb KaTOAHOTO CONPOTHBJEHHS, ONHOBpE-
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MEHHO CJOYMKHT TaKkKe YCHJIHTeJeM o6GpaTHOM CBSI3H 1O CUTHAJY, a BO
MHOTHX CJAyyasiX BBITIOJHSIeT (YHKIMH OCHOBHOH JaMmnul, paGoTamouel
Ha Harpysky (HampHMep, MNpH Mepefaue OTPHUATENbHBIX HMILYJ/LCOB).

Huxe npuBomuTcsl aHanu3 KacKOAHOro KaTOLHOIO MOBTOPHTEJs, Ha-
urefuwero 67arofapsi CBOMM OCOGBIM CBOHCTBAM IUHPOKOE MPHUMEHeHHE B
TeXHHUKe.

22. ONNPEAEJEHHE NMAPAMETPOB KACKOIHOTIO
KATOJHOIo NMOBTOPHUTEJIA

OcHoBHasi cxeMa KacKOJAHOIO KaTOJHOrO MOBTOPHTeNS IpHBeIeHA
Ha puc. 49. Ilpunuun paGothl ero TakoB. Hamnps:xeHHe BXOAHOrO CHrHa-
Jga Upx mopaercst Ha cetky Jamnbl JI;, paGoraiouieil B pexuMe OGHIUHO-

+E,44

¢ ¢

Puc. 49. OcHoBHas cxeMa KacCKOJHOTO KaTO.I-
HOTo MOBTOpHTEJISI.

rO KaTOJHOrO MOBTOPHTENS, U BOCIPOH3BOJAUTCS Ha ee KaTole KaK BHI-
xcHoe HanpsKeHHe Upyx. OYHKUHIO KATOZHOrO CONPOTHUBJIEHHS MOBTODPH-
Teast BeIMOAHAeT Jamna Jls. OnnoBpemeHHo Jgamna JI; paboTaer B Ka-
yecTBe (ha30MHBepTOpAa HampsiKeHUs OOpPaTHOH CBs3H, CHUMAaeMOro c ee
aHOMHON Harpy3ku Ra. ITO HanpsixkeHHe, NPOTHBOGA3HOE BBIXOLHOMY
CHFHaJy, NMOJaeTcsl yepe3 MepexONHBIH KoHaeHcatop C Ha CeTKy JaMIhl
Jl, v yupaBaseT BeJUUYUHOH ee aHOAHOrO Toka Jaz. BcaenctBue mosTop-
HOoro H3MeHeHHs ¢asnl curHasna o6paTHoil cBs3u Ha 180° mpu ycuJjeHuu
ero namnoi JI; HanpsixKeHue cHUrHasta oGpaTHOH CBS3H Ha ee aHOLe COB-
najgaer no ¢ase C BHIXOAHBIM HanpskenueM. TakuMm o6pa3oM, 3aMblKaer-
¢ Lenb IOJOXHTeJbHOH o6paTHoil cBSI3W no curHany. Baaropaps srtoi
neld KOMIEHCHDYIOTCA B HEKOTOPOIl CTeMeHH MOTepH CHrHaJja npu mnepe-
naue ero KaTOAHBIM NOBTOPHTE/]EM, YTO NPUBOAUT K MOBBILIEHHIO KO30b-
¢uuueHTa nepelayd ¥ YMEHBHIEHHIO BBIXOLHOTO COMPOTHBJEHHS CXEeMBL.
Bcaenctsue toro, uto ofiulee ycuJeHHe B Lend o6paTHOi CBA3M He mpe-
BHILIAET eJMHHIIbl, OACHOCTH CaMOBO30yKeHHs KaTOLHOr0 NOBTOPUTE/S
Ha HU3KHX yacToTax Her. Y auwb xorna ¢pasoBble CABUTH B leNH AOCTH-
raioT 3HauMTeNbHOH BeJMYHHB (Ha yactorax mopsiaka 10 Mey), BxoaHoe
COTIPOTHBJIEHHE KaTOJHOro INOBTOPHTE/S CTAHOBUTCS OTPHLATEJNbHBIM.
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IIpu mepenave KaTOZHHIM NOBTODHTeJEeM BXOAHOTO CHrHajga OTPH-
HaTeJbHON MOJSPHOCTH, & TaKXKe NpH paboTe cO 3HAUMTEJIbHBIMH OTPM-
HaTeJbHBIMH TMepenajaMHy Hanpsikends (KOrja uX AJHTENbHOCTH Orpa-
HHyeHa) Jamna Jlp OTKpbIBaeTCs TOJIOXKH-
TeJIbHBIM CHTHaJIOM OGpaTHOH CBs3H, MOCTYyMa-
IOLUM Ha ee ceTKy, M ofecneyHBaerT 3HAUH-
TeJbHble TOKH pa3psifa, KOMNEHCHPYs TeM ca-
MBIM HEYAOBJIETBOPHTEJbHYIO paGoTy KaTOAHO-
ro MOBTOpUTeNs Ha Jawmne J/; mpH TakKuX yc-
nAoBUAX. Pafora KackomHOro KaToOQHOro IIO-
BTOPUTEJIS C CHFHaJaMH OTpHIATeJbHOH Mo-
JSIPHOCTH, T .e. OTPHIATeNbHBIMU Mepernajgamu
HampsXkeHus  MOAPOGHO  paccMaTpUBaercs
HHXKE.

B coorBeTcTBMM C NpHBENEHHOH Ha
puc. 50 3KBHBaJEHTHOH cxeMO#l KaCKOAHOTO
KaTO/AHOTO TMOBTOPHUTEJIST ypaBHEHHs KOHTYD-
HBIX TOKOB B CXeMe HUMEIOT BHI:

la1Ra-+ 11 Ry 1a1 Ry = Ueys (66)
TaoRijs +1a2 Ry+ I3 Ry= PoUcs . (67)

Puc. 50. SxBuBaJ/eHT- Hanpsixxenue MeXAy ceTKOH M KaTOAOM
Hag cXeMa KacKOJHOTO  jaMnu JI;, ompefensioniee aHOTHBIH TOK JaM-
KaTOMHOTO NOBTOPH-  mbl, BCAEACTBHE XapaKTepHOH AJs KaTOAHOTO

TeJs. TNOBTOPHUTENST TAYGOKOHN OTpHIATEIbHON 06paT-

HOH CBA3M paBHO DAa3HOCTH BXOJHOrO H BHI-
XOJHOr0 HampsixKeHuH:

Ucl:UBx_UBbxx=Uax—lalRH+132RH- (68)

YpaBJsiiomEM HaNnpsKeHHeM 1/ JaMiel JIp sBJseTCsl HampskKeHHe
o6paTHOil CBfI3H, CHUMaeMOe C CONPOTHBJEHHA Rj:

Uece = —1Ila1Ra. (69)
B coorBercTBHH C 3THM paBeHcTBa (66) u (67) MoxHO mpeoGpaso-
BaTh CJeAYIOMIUM 06pa3oM:
Ial (Ra ‘I‘ Ril + RH + 231 RH) —132 (RH + M1 RH) = Mg st;
— “’1 UBX + [a2 RH (I'HJ'I) .
Ra+Rii+(1 +p) Ry’
Tag Rig+Taa Ry + 121 Ry = Pa 121 Ra;
,_ _la(psRa—Ry)
a2 — ——
Riz + Ry

la1 (70)

[ToacraBass BeipaxkeHue [32 B ypaBHeHHe (70) u mpeoGpasys ero
MOXHO MOJYYHTb ypaBHeHHe ToKa JIi:

7 :P«anx (Ris + Ry) —Ja1 (L2 Ra — Ry) (1 -+ py) Ry
a [Ra + Ri1+ (1 4 p1) Ry] (Ri2 -+ Ry)

O6o3nauum Rjzs+ Ry = Ry2 U Ra+ R;; =R;.
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Torna

=PIUBXRHZ""Ial(HzRa-RH)(1+M1)RH .
[Ri+ (1 4+ w1) Ru] Rae ’
— H1 Usx Ry ) 71)
[Ri+(14-py) Ry] Rua+ (M2 Ra — Ry) (14 p1) Ry
Ananoruyneie HpeOGpa:—lOBaHPlﬂ JalnT BbBIpaxKe€HHe nJs TOoKa JaMIbl J]z:
_ M1 st (p'ZRa—RH)
[Ra+(14-p1) Rul Ruz + (B2 Ra — Ru) (1 + p) Ru

Ta1

la

(72)

la2 =

3HaMeHaTe b NTPaBbIX yacTelt ypaBHenuit (71)
u (72) nyTeM mepeMHOXeHMsi M TCPYIIUPOBKH
COCTABJ/ISIIOIUX €0 YJeHOB MOKeT GObIThb NpHBe-

IeH K ClefyloleMy BHAY:
Pu UA’AA.Z
] Ry [(14p1) (Riz + pa Ry) + Ri1 + Ra]l +
+ Riz (Ra+ Rin) = Ry [(1 + p1) Re + Ri] +

L. . + Ri2 Rly

Puc. 5i. ¥mpomen- rae Ry= R+ MaR,.
Has 3KBHBaJeHTHas

cxeMa  KacKOJHOro Ha ocuoranuu ypasuenust (71) u (72) mo.
KaToaHOro TMOBTO- XeT OBbITh NOJIYy4Y€HO Bbipa)KeHHUe AJid BBIXOIHOTC
pHTeﬂﬂ. HanpsXerusg KacKOOAHOTO KaTOOHOTO TMOBTOpHTe-
Jsg H ero KosddHlMeHTa Tepefayd HanpsiKeHHs:
By Upx RoRy
Usux = (Tax —Ta2) Ry = ’ (73)
Ry [(14-p1) Re+Ry] +Ri2 Ry
Usuix i R2 Ry

K= Ty :nrlil._\n D1 LD n ° (74)

Usx Ky [\l pg) Ko+ | 7 K2 KXt

Ina onpeneneHuss OQHOTO M3 OCHOBHHIX TapaMeTPOB KaCKOAHOrO
KaTOAHOTO TNOBTOPHUTENS] — ero BHIXOJHOTO CONPOTUBJEHHS Rpnx HaXo-
IVM BEIDAXKeHHE AJIS1 BBIXOJHOTO HaNpsi?KeHHs] HAaHEeIPYKEHHOT0 MOBTOPH-
tensi (Ry— o) [Ipn Ry— oo K03 PULMEHT Mepeaydl paBeH OTHOLIEHHIO
KosbdunuerToB npu Ry B dopmyne (74):

K, = Usnix o . 1 Re (75)
P Use (14 m)Re+Ry

CpaBHenue BulpaxeHus (75) ¢ BelpaxkeHHeM (74) NOKas3kBIBaeT, 4To
B cJy4yae HEHarpyXeHHOIO0 KaTOAIOrO MOBTOpHTeNs ero Ko3(hduuueHt
Nepefayd Hamnpsi)KeHHs yBeJHUMBaeTcs H3-3a OTCYTCTBHS B 3HaMeHareJe
BTOPOro usieHa, OGYCJOBJIEHHOrO COIPOTHBJEHHEM Harpysku. Buusuue
CONPOTHBJ/IEHHS HAarpyskd Ry Ha BeJHYHHY BBIXOLHOI'O HAaNpsiKeHHs B
COOTBETCTBHM C SKBHBaJeHTHOH cXeMoOf, u306paxeHHON Ha pHc. 51,
onpegeseTcs CIelyIOUIHM COOTHOIIEHHEM:

_Ru
RH+ RBblx '

(76)

UBbIX = UBbIX 0

90



Orcioga BHIXOQHOE CONPOTHUBJIEHHE KAaCKOAHOrO KAaTOJHOTO MOBTO-
purens

UBleO
Ruux = (* —1) Ra, (77)
UBle
rae Upuxo — BBIXOJHOE HANpS)KeHHe NMOBTOPHTeNs NpH Ry— co.

[Tpu noacraHoBKe B BHlpaxkenue (73) 3HaueHuss Ry— 00 MOXKHO IO-
JYYHTB:

M1 Usx Ry
(I4py) Re+ Ry

Usnx o =

IMoncraBasss B BbipaxenHe (77) 3uaueHne Upyywo H  Upyxy H3
ypaBHeHusi (73), nojyuyaem obliee BLIpaXKeHHe /IS BHIXOJHOTO CONpPOTH-
BJICHHS

Ryl[(1+m)Ry+ Ry +Ri2 Ry
Ry [(! + w1) Ry + Ry)
Ry Ry
(14 p) Ry + Ry
[MoxcraBuB B ypaBHenne (78) 3uaueHuss R; u Ry, NoayuuM NoJHOE

BhIpaxKeHHe paJ1 BbIXOAHOI'O CONPOTHBJIEHHS KAaCKOAHOrNo KaTOQHOrO MNO-
BTOopHuTe s

Rpux = ( —1) Ry;

(78)

RBle =

Ri2(Ra+R;1)
(14p1) (Riz+pa Ra) + Ra +Rin

Rpux =

(79)

[Tpu6nuKeHHYIO OIEHKY BBHIXOMXHOI'O COMPOTHUBJEHHS H KO3 dHIMEH-
Ta nepefayd HaNpsiKeHHS JJs KacKOLHOTO KaTOAHOT'O NOBTOPHTENsS MO~
KHO MOJYYHTHb AN ABYX cjayudaeB: |) UpH HCMNOJb30BAHHH B HEM TPHO-

man > 9\ nnu UATANTLAARAUIUT MaumAnan
AOB M <) IIpd HCIO/Ib30Bandhd NE€HTOAOB.

B nepBom ciayuae npu paboTe ¢ MaJjbIMH CHIHaJaMM BHIMOJHAETCS
ycioBue Ry > Ry, Kpome Toro, nmpakTHuecku Bcerga Ko3QhHIHEHT
YCHJEHHs] [ J1aMN 3HAYHTENbHO NPeBHIUAET €AHHHLY, TaK UYTO MOXKHO
npuHATh &+ 1 ~~W. [ ynpomeHHs MOXKHO CUMTaTh, YTO JaMnu JI; H
JI; omuHaKoBH, T.e. Rjpu=Ris=R; n p1=p,=p. ro ycaoBue B 60Jb-
IUMHCTBE CJyYaeB BBIMOJHSETCH, €CJH NMDUMEHHATh CrenuasbHo paspabo-
TaHHble NBOMHBIE TPHOABI ISl KacKOZHOro BKJAOuenus. [Ipu sTUX momy-
IEHUSIX MOXKHO 3alHCaTh:

R; (l—{— R—l>
Rpux = 2 2 ’
PR ;4R ;+u? Ra-+pRa+R; + R,
R ( I+ g‘—)
RBbe = 2 .

(114 )+ S (it 2)
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R;
YuuthiBag, 4TO — &1, MOXHO OpHOGNHKEHHO CUHMTATb, HTO

Ra
R; Ry _ 1
Rowx ¥ T " s ()

ITpu mopcTaHOBKax 34echb HCNOJB30BAJIOCh H3BECTHOE COOTHOLIEHMUE
MeXIy nmapaMerpaMu JaMmnel S R;=H,

W3 Beipaxkenuss (80) ciepyer, uTO BBIXOJHOE COINPOTHBJEHHe Ka-
CKOJHOTO KaTOJHOr0 NOBTOPHTE/S Ha TPHOAAX B [ pa3 MeHblIe, ueMm
y 0OLIYHOTO KaTOJIHOTO NMOBTOPHTE/S, BHIXONHOE CONPOTHUBJIEHHE KOTOPO-
ro ompeje/sieTcss BEIpaXKEHHEM,

1
Rypx = ?

OKclepHMeHTa/ bHasA MPOBepKa MOATBEp:kAaeT CAeJaHHbIE BBLIBOIBL
PesynbTaThl H3MepeHMH BHIXOLHOIO CONPOTHBJIEHHS KaTOAHOTO IOBTO-
purenss KackogHoro tunma (1), o6bIYHOrO KaTOLHOTO MOBTOPHTENS C
napajie/bHO BKJIOYEHHBIMH TpHOZAaMH (2) W mpOCTOro OMHOJaMIOBO-
ro KatojgHoro mosTopuTenss (3) npuBemensl B Tabu. 3. B cxemMax 6bia
HCNONIB30BaH aBoiHo# TpHox 6H6IT, Ha KoTopwiil nogasasnoce cHHycOH-
lanpHOe HampsiKeHue 4actoThl 1 xey. Ina cpaBHenus B Tabaulle mpH-
BeIeHbl TaKXKe PacueTHBbIE daHHLIe.

Ta6auma 3

BrixoaHoe compoTuBaeHHE 1 2 3
RBHx(aKcnepumeHT). OM e v v v o v v o 34 128 255
R (PACUET), OM v o o v o o o s o o » 35 ] 125 | 255

BbiX

KosdduuuerT nepenauu HanmpsiKeHHs B 3TOM C/lydae MOXKeT GITh
3anucad c/aelyriHuM o6pasom:

R;
”(R—a -HL)
K0= R R- .
(L) (40 4+ 14+ 2

C yueroMm npuuartoro pomymenus R;/R, € 1 noayuaem:

p‘2
Kom mpm L (81)

U3 nocnepnero BhipaxeHHs BH/IHO, 4TO Ko3(b(HIHEHT Nepegaun
HanpsixKeHusi KaTOJIIOro INOBTOPHTENs KACKOAHOro THIla 3HAYHTENLHO
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6aM:Ke K efuHuIe, uyeM KO3(DQHIHEHT nepefauynd OOGHIYHOrO MOBTOPHUTENS,
npuGIH3UTENbHO PABHEIN:

B
1
HpH HCNOJB30BAHHH B KAaCKOOHOM KaTOOHOM IIOBTOpHUTEJIE IEHTO-

[0B, BHYTPEHHee CONPOTHBJEHHE KOTODBIX COCTABJSIET COTHH KHJOOM,
a Takxe npu paGorte ¢ GOJBIIFMH CHrHa/laMH, KOrga CONpPOTHBJeHUE Ra

K,

aM Rhl:z
g0

\
A

A\

N

' N\Nh
L [Ta
0 2 4 6 8§ KoM

Puc. 52. 3aBuCUMOCTb BBIXOZHOTO CONpPOTHB-
JIEHHs KaCKOZHOI'0 KaTOAHOTO MOBTOPHTENS OT
BEJMUHHBI TOJIOXKHTENbHOH 06GpaTHON CBSI3H
a5 nedtonoB 6K1IT ¢ kpyrusnoit S=5 ma/s.

maJjo, cobaiofaerca ycaoBHe R,& R;;. B 3ToM cayuae ypaBHemue
(79) Moxer ObITb 3aMHCAaHO Tak:

1 1
Rpux = ~ .
T (14p) (RizF+pe Ra) +Rin+Ra i (Rig+paRa) + R
Ri2 (Ra+ Riy) Ris+ Rn
Orciona
1
Rgux = . (82)

S1(1+ S2Ra)

U3 nocnegnero ypaBHEHHS BMIHO, UTO TNpPU HMCMOJb30BAHUM IIE€HTO-
OB BHIXOJHOE CONPOTHBJEHHE KaTOAHOTO NOBTOPUTE/S 3aBHCHT lie
TOJBKO OT MapaMeTpoB JaMI, HO H OT BeJHUHHH CONMPOTHBJeHHsS o6part-
Ho#t cBsian Rs . XapakTep H3MeHEHHs] BEHIXOJHOTO CONPOTUBJEHHA KRpnx
OT BEeJMYHHBl CONPOTHB/IEHHs OGpaTHOH CBA3M MOKa3aH Ha pHC. 52
Kpusas cusara pas nenronoB tuna 6)K1IT ¢ kpyTusHOH xapakTepHCTHKH
S=5 ma/é u BHYTpPeHHUM conpoTuBjgenueM R;=300 xox.

PaccMoTpeHHe XapaKTEPHCTHKH NO3BOJSET CAeNaThb BBIBOM, UTO BbI-
XOJHOE CONpOTHBJIEeHHe Rpnx Pe3KO yMeHbWIAeTCss NPH YBeJHYEHHH
R, po 3naueHus npuMepHo 4 xom. IlanbHefiiiee ypesauueHue Ry He
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COMPOBOXKAaeTcsl 3aMeTHbIM H3MeHeHHeM Rpyx. Cienyer MOMHHTB, uTC
yBesqHueHHe R, CKasblBaercss Ha 10J10Ce NPONYCKAaHHS YCHIMTENdA, O 4eM
6yIeT cKasaHO paJjblie.

Ha puc. 53 npuBemeHbl KpHBBIE 3aBUCHMOCTH BLIXOJHOTO CONPOTH-
BJIEHHS KAaCKOJAHOIO KAaTOZHOI'O NOBTODHTEJS] OT CONPOTHBJIEHHS Harpyas-
KH 17151 caydasi MajbiXx 3HaueHudl R,. KpuBnie 1,2 u 8 cHATH A/s KaToOx-
HOrO MOBTOPHTE/IS HA TPHOHAX C PAa3JHUHON KPYTH3HOI XapaKTEpPHCTHKH,
a xpuBasg 4 OTHOCHTCH K HOBTODHTENI0 Ha TNeHTogax THma 6IT15I1.
OnHoBpEeMEeHHO C 3KCHEePHMEHTaJbHO CHSITHIMH KDHBBHIMH Ha pPHCYHKE

oM IR, ... ,
oz ;
2|
MR \\\
AN
*Q\\ by
* \ N
10 AN
N
\‘\
N
1 Ry
10 100 1000 oM

Puc. 53. 3aBHCHMOCTE BBIXOJHOTO COMPOTHBJIEHHS
OT BeJ/IHYHHH TOJIOKHTeJbHOH 06paTHOH CBA3H.
! — nna namn 6H8C ¢ kpyruasHolt S=2,6 ma/s;, 2 — nns
aamn 6H3IT ¢ kpyruswoit S=5,9 ma/g, 3 — Ana JaMmn

6HI9IT ¢ kpyrusnoi S=13,5 ma/8; 4 — naa aamn 6ITI5IT
¢ KpyTtusHoli S=12,7 ma/s.

HAaHECEHLI paCueTHble KDHBHIE [JS 3THX JKe JaMI. KpuBas, H3oGpakeH-
Hasg IWITPHXOBOH JIMHMed, nocTpoena aJs ypaBHeHus (79), a xpuBas B
BHEe INTPUX-MYHTHDHON JMHMH — [/ ypaBHeHus (82). [na xpusoit 1
WTPUX-MYHKTHDPHAS JIHHUS INIOYTH Ha BCeM IIPOTSIKEHHH COBnajgaer ¢
MOJNYYEHHOH SKCMepUMeHTalbHO. PacxoxoeHHe MeXxJ1y HHMH CTaHOBHTCSH
3aMeTHHIM JIMIIb MNDH 3HauyeHHAX Ry, NpPeBHIUAIMHKX HECKOJbKO CO-
TEH OM.

Cnenyer 3aMeTHTb, UTO BCe NpejblAylIHe paccyXAeHHs OTHOCHIHUCH
K ciydaio paGoThl KaTOLHOro NMOBTODHTeNf B JMHeHHOH 06.1aCTH Xapak-
repuctuk. OjHaKo NMana3oH J/HHeliHo# paGOTH KaCKOAHOTO KaTOJHOTO
MOBTOPUTEJS] CHJIbHO 3aBHCHT OT BEJHMUMHBI CONPOTHBJEHHs 06paTHOI
cBsi3H R, DTO eCTeCTBEHHO, TaK KaK B KacKOJHOM NOBTOpHTENE NHHA-
MUYeCKUI [HAMa30H ONpeaefsercs He TOJbKO OCHOBHOHN JaMmod, HO H
JIaMIOH, Ha CeTKYy KOTOPOH CHTHaJ IOJaeTCsl ¢ CONPOTHBJeHHs Ra.
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[Tpu paGore mocnenHed JaMnel B HeluHelHo# o6mnactu (npu 6oJb-
IIOM CHMrHajle Ha ee CeTKe) INPOHCXOMHT pe3KOe yBeJlHuyeHHe BHIXOJ-
HOTO CONPOTHBJIEHHS INOBTODHTENS H3-3a YMeHbUICHHs YCHUJIEHUs B
LeNH MOJIOXKHTENbHOH 06DaTHOH CBA3H. DTO NOATBEPIKLAETCS KPUBBIMU
Ha pHC. 54 CHATBIMH Ans JABoHHOro tpuoma 6H3I1 npu comporussenun
Harpysku Ry=20 om. M3 KPUBBEIX BHIHO, YTO NPH CONPOTHBJEHHH Ry=
=] Kom BLIXOJHOE CONPOTHBJEHHE yBeauuuBaercs Ha H0Y npu BXxomgHOM
HanpsiKeHWH, paBEOM npuMepHo 1,4 8, B To BpeMs Kak npu R, =3 kom
yBe/JHyeHHe BHIXOJHOIO CONPOTHUB-
genns na 50% wHacrymaer yxe INpH
BXOAHOM  HaNpsDKEHHH  NOpAJKa 0M | Ry
0.8 a. /

Bce cxaszannoe BbIlIe MO3BOJS- /

4

eT copMYyJHPOBATb HEKOTODHIE pe- 30 //]

KOMeHIaluu AJs BbiGOpa CONPOTHB- I
JeHnss obpaTHOH cBsA3H Ra. BriGop
onpeje/seTCs TeM, KaKOH M3 mapa-

METPOB  KAaTOAHOrO  HOBTOPHTEJS 28 ]
Haubosee BaxeH. Ecau OCHOBHBIM 2
TpeGoBaHHEM SBJISETCS HH3KOE BHI-
XOJHOe CONPOTHBJEHHE KaTOLHOTO
MOBTOPHTEJsSI, TO CONPOTHBJEHHE R, 10 pd
JOJ/KHO OBITb BO3MOXKHO GOJBUIMM.
370 HaKJAagbiBaeT OrpaHHueHHs Ha
JHHAMHUeCKHH aManma3oH BXOAHOrO U
CHTHaJla W YMeHbIUdeT MoJOoCy Mpo- t
NyCKaHHS KAaTOJAHOTO IIOBTOPHTEJIS. 0 500 000 M6
Ecnu ke oCHOBHHIM TpeGoBaHHeM

SIBJSETCH JIMHeWHas mepejaya Ha- Puc. 54. BuusiHMe BeJHYHHBI
NpsSKeHHd 3HAYMTeNbHOH BeJNHUMHB,  MOJOMKHTENbHOMH o6GpaTtHo#
TO CONMPOTHBJEHHE Ra NOKHO OBITh  CBSI3W Ha BBIXOAHOE COMpO-
YMEeHbIIEHO [0 HECKOJbKHX COTell THBJIEHHe KaTOJHOro MOBTOPH-
H [aXe [eciTKOB OM. DTO CONpo- Tess.

BOXKIaeTcsl yBeJHUYEHHEeM BBIXOJHO-

aUuuUa U ANNTRATATDULN
TC CONPOTHBJCHHSA ¥ COOTBETCTBYIC-

LIUM yMeHblIeHHeM KoO3(hdHUIHeHTa
nepenaud. B ToM ciyuae, eciH COmpoTHBJeHHe Ry NpPH 3TOM TakXke Ma-
Jo (3HauHTENBPHO MeHblle | KoM), MOXKeT oOKaszaTbcsi 60Jiee BHIFOAHBIM
NpHMeHeHHe cXeMbl OOLIYHOTO KaTOAHOTO MOBTODHTENs C ABYMs Mapal-
JIeJbHO BKJIOYEHHBIMH J1aMIIaMH, a He KacKOLHOH CxeMHl.

PaccmorpuM Tenepb KO3 @UUHEHT Nepefaud HanpsKEeHHs KAaCKOMHO-
ro KaTOHHOTO NOBTOPUTENs Aas cayuas R, &R

1

A A

I —npu R, =1 xom; 2—R q =3 KOM.

Uprixo = U .
puIeo B I+ _1_+ R;+R,
P W (Rt pe Ry)
Ecau npeneGpeub BeJHuMHOH Rj,. 1O CpaBHeHHIO ¢ R;y, TO
1
Usuxo = R .

1
¥ R + 2 R
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OTciona

K, = 1 = 1 . (83)
1 1
+Sl (Ri2+p2Ry) + S1(14-S2R,) Rys

W3 nocnegdero ypaBHeHust BHAHO, uTo Kp Tem 6amKe K efHHHLE,
yeM GOJ/IBIIYIO BeJHUMHY HMeeT BhIpaxenue S; (Rj2 -+ Ms R,). CrenoBa-
TeJIbHO, AJS JOCTH:KEHHs] MaKCHUMaJbHOTO 3HAUeHUs Ko3dhdUIMeHTa mepe-

12 (% T
08— \2
/
04 /
R,
i 7 z J & HoM

Puc. 55. 3aBucuMocts ko3¢ dHuUMEHTa Tepeaa-
UM HanpPs)KeHUS OT BEJUYHHBI MOJOXKHUTEJIbHOM
o6paTHOil CB#A3H.

I —npu R I kom; 2—mnpu R, =125 om.

n-

Jauyd HanpsKeHus LenecooOpasHo BblGHpaTh Jaamny JJ,; ¢ Haubouabuiei
KDYTH3HOH.

[Mpu ycnosuu Wy=pa=p 1 R;j1=R;2=R;, dopmysa (83) mnpuobpera-
eT C/AeAyIOLUUN BHA:

K. — r (1 4+ SR,)
0= ~
B(l1+ SRa) + 1
Ha puc. 55 npuseseHbl KpHBbie 3aBUCHMOCTH K03 dHIMeHTa nepena-
YH HaNpsKeHHMsA KACKOJHOrO KATOJHOTO MOBTOPUTENS] HAa NMEHTOZAX THNA

6)KIIT nng nByX 3HaueHMH Harpy3oyHOro CONPOTHBJIEHHST Ry. DTH KpH-
BblE COOTBETCTBYIOT YPaBHEHHIO

K= " ;
1 -

" S1Ru (14 S:Ry)

NOJNYueHHOMY M3 BHpaxenus (74) nas ycaoBuil Ry R;e 1 Ra&K R

M3 3THX KPUBBIX BHAHO, YTO KO3(OHIUHEHT Nepefnayd BecbMa MaJ B
TOM CJlyyae, eC/H CONPOTHBJAeHHe Ry HMeeT TOT XKe NOpSNOK, 4TO H BHI-
XOJIHOE CONPOTHBJ/IEHHE KAaTOJHOrO NOBTOPUTENS, H 3TO MOXKHO JHIIb B
HEKOTOPOH CTenmeHH KOMNEHCHDPOBATH YBeJHYEHHEM CONPOTHBJEHHs o06-
paTHoil cBsi3H Ra.
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23. NEPEXOIHBIE XAPAKTEPUCTUKU KACKOJHOrO
KATOAHOI'O NOBTOPUTEJNA

B GO/bIIMHCTBE CJyYaeB KaTOANEIE MOBTODHTEIH NMPUMEHSAIOTCA A7
NepeJayl HMNYyJbCOB Pas3vuHOid ¢opmbl. [as toro urobul xapakTepHio-
BaTb NPOXOXKIEHHE HMNYJbCOB uepes J060H HMOYJAbCHLIH YCHAUTEND,
O6bIYHO NOJb3YIOTCS ME€PeXONHbIMH XapaKTePUCTUKAMH YCHAUTENs, OTpa-
KalOWMWMH CKOPOCTb H3MEHEeHMA HAaNpsAXKeHHs Ha BbIXO4e YCHJIUTENd,
Korjla Ha ero BxO4e [efiCTBYeT UMMy bC HaNpsiKeHHs B BHAE CTYNEHbKU
6eCKOHEUYHOH AJUTEeJIbHOCTH.

5 .

Ty,
S } T
&8 Low >~

* ]
y{ca . I Sy p 6~

KaTOAHOIro MOBTOPHUTEIA.

CKOpOCTL HapacTaHMd HanpPsiKeHHd B cXeMe KaCKOIHOro KaTOXHOTO
[IOBTOPHTE/IS ONpeAesIsieTcs Napa3uTHBIMH H CXeMHLIMH eMKOCTAMH. Pac-
npeje/seHde eMKOCTel, yuMTbIBAEMbIX NDH aHa/nH3e NepexOfHbIX Mpolec-
COB, NOKa3aHO Ha pHc. 56. OueBRHAHO, UTO CKOPOCTH Mepesapaga €MKOC-
1eft M, CNe0BaTe]bHO, CKOPOCTb HAPaCTaHHsi BLIXOLHOIO HANpPAXKEHHA
onpenessiorcss BbiOOPOM 3/IeMEHTOB CXeMbl H pPeKMMa KATOZHOTO MOBro-
pHTeas, o0ecledHBaIOWHX MaKcuManbHble TOKH. [losiHbii ananus nepe-
XO[HbIX MPOLECCOB CJMOXKEH H TPOMO3/0K, MO3TOMY HHIKE MPHBELEHHI
JIMUIL €0 KOHeuHble pe3y/bTaThl.

Ha puc. 57 npuBeneHb! XxapaKTepHCTHKH BPeMeHH HapacraHust o6biy-
HOrO KaTOAHOrO MOBTOPHTENs M KAaCKOAHBIX KaTOJHBIX [IOBTOpPHTE/E Ha
TpHonax u neHrozax. [loj BpeMeHeM HapacCTaHus 31eCh NMOApa3yMeBaer-
csl MHTEpBaJ BPEMEHH, 3@ KOTOPblfi BLIXOLHOE HarpsiKeHdHe U3MEHSeTCH
or 0,1 no 09 coero HauGO/bLIEr0 3HAYEHHS. DTH XapaKTEPUCTHKH, Kak
H nocaefyoulne, oTHOCsATCS K samnam tuna 6)KI1I1. [Tpu ucnonb3zosaHuu
3TOH JlaMNbl B Ka4eCTBe TPHOIA BTOPasl H TPETbS €e CETKH COEAHHSIOTCH
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C aHOIOM; B MEHTONIHOM KaCKOIHOM NOBTODATENEe SKPaHHPYIOUIRE CeTKR
KaK OQHOH, Tax M APYrofi /namnbl COEIHHSAIOTCH 4Yepe3 KOHAEHCATOpHl ¢
KaToaaMu cBOMX namn. [1na Bcex xapaKTepUCTHK Ha puc. 57 B KauecTse
NOCTOAHHBLIX NapaMeTPOB B3fATbl CONPOTHBJEHHE MOMOKHUTENLHOR oGpaT-
HOH cBA3H Ra=3,9 KoM, conpoTuB/eHue Harpysku Ry=125 om, KpyTH3Ha
XaPaKTepPUCTHKH JaMn
S=5 ma/s. VI3 cpaBHenus

Heek| T,

A ) KPUBbIX BHAHO, 4TO HaH-
: MeHblllee BpeMs HapacTa-
7/ Z- 3~ HHS Y KacCKOAHOro MOBTO-
120 V4 pHTENST Ha  TeHTOIax.
/Z Bpemsi HapacTaHus y Kac-
T 7 — KOAHOTO [MOBTOpPHTENS HA
/ / / tpuosax Ha 309% meHbuie,
60 7 / yeM COOTBETCTBYIOLLEE
// p BpeMsi ¥ O6bIYHOrO KaToL-
74 Horo nostoputeas. Ilo
/ Mepe YBeJMYEHHS] BHYT-
40 DEHHET0  COMPOTUBJEHHSN
/ MCTOYHHKA cHurHana R
BpeMs HapacTaHus y Bcex
R,! KaToQHBIX  TOBTOpHTeNeH
0T E E Wwew  JRemumiern v ok
ARG CUllpUlHﬂJltn“C UUPa'
Puc. 57. 3aBucuMocTh BpeMeHM Hapa- 3yeT C BXOAHOH €MKOCTbIO
CTaHUSl OT BHYTPEHHEro CONpPOTHBJACHHA KaTOQHOro  NOBTOPHUTENA
reHepaTopa CHrHana. MHTErPUPYIOLLHH — KOHTYP.
I — 0ns OObLIUHOTO KaTOMHOTO MOBTODHTENS Bxonnan emxocts onpe-
Ha neHTole; 2 — AN KacCKOAHOTO KaTOAHOro peﬂeﬂﬂeTCﬂ Koa(bd)”u“eﬂ-
NOBTOPHTENN HA TPHOMAX; 3 — ANS KACKOLHO- TOM I[epefadyd HampsKe-
ro KaTOLHOro NOBTOPHTEJNS Ha NeHTodax. HUA K KaToOAHOro mnoBTO-

puTens:
Cox=Cac+ Cex (1 —K)+Ces, (84)

rae Ca.c — €MKOCTb MeXKIY 2HONAOM H CeTKOf TPHOAA;
Ce.x — EMKOCTb MEXZY CEeTKOH M KaTOLOM:
Cc.a — MOHTaXKHas €MKOCTb MeXIy CeTKoR M 3eMmuefl.

W3 Bripaxkenus (84) BuAHO, uTo MHOXHTeab (1—K) GbicTpo yMeHb-
mwaetcs no Mepe npubaukenus K K eaunuue. TakuMm 06pa3oM, yMeHb-
HleHHe BpeMeHW HAPacTaHUs Yy KACKOAHOTO KAaTOAHOrO MOBTOPHTENs
SBASIETCS CAEACTBHEM <ro 6oJiee BbICOKOTO, YeM y OObIY4HOrO KATOAHO-
ro MOBTOPHTENS, KO3(QPUUMEHTA [epefaund HanpsaKeHUs.

KpyTusne kpusuit Ty =[(R) 415 KuCKOAHOrO MOBTOPHTES HA MeH-
TOA2X NMPHMEPHO B 2 pa3a MeHblle, YeM y OObIUHOTNO KATOLHOrO MOBTO-
putens. JTo o3HauaeT, uto npu Ry, npesocxoasuiem | kom, npu Beex
P4BHbIX YC/IOBHAX MpPHMEHEHHE MNEHTOAHOIrO0 KaTOIHOTO NOBTOpUTES
KAacKOAHOro Tvna no3soJfaet NOJIYUYHTb [lBpraTHbl]:l BbIUTPbILD BO Bpe-
MeHH HApaCTaHWA NO CPABHEHWIO C OObIYHLIM MOBTOPHTedeM. [lonoaHu-
TeAbHbIHA BblMrpbill 34eCh AOCTHraeTCss Kak 3a cueT MeHblLueH €MKOCTH,
cootsercrayoilell emkoctH Ce.a Aa% TPHOAOB (415 NEHTOAA 3TO €MKOCTh
Cecic2 ), Tak H 32 cuerT 6OJILLIOTO BHYTPEHHErO COMPOTHBJCHHS HUXK-
Hero MEeHToJa MO CPaBHEHUIO C TPHOJAOM, YTO CIOCOGCTBYET yBEJHUYEHHIO
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Ko3hduuyenta nepefayd KaTOLHOMO NOBTOPUTENS! W MPUBOAHT K yMeHb-
wenuio MHOXHTeNn (1—K) B BbipaxeHunu (84).

M3 xapakTepucTHK Ha PHC. 57 BBITEKAeT, YTO [A/s YyMeHbIIEHUs
BDEMEHH HapacTaHus, T. €. AAS M[ONYYEHHS Ou€Hb KPYTHIX (POHTOB,
c/lelyeT yMeHblaTb BbIXOLHOE COMNDOTHBJAEHHE KacKaa, ¢ KOTOPOro

HCEK | Ty
16 \
) 1
12 \\ f & ﬁ- /14/'—"'—_
i /]
A |
8 ]
2 2
2
4 ‘ fa L‘
0 m 8 12K0M / R,
11) 0 A 8 Kot
_ o)
neek|T,
16 \"‘"’-—_ o T T |
L+ 1 %\d [ ‘
) —
|
12 \ )
/
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8 20 /|
/
~ — /
L/. 2 —— RH / RH
0 0)"7" 0’8 1,2 l‘{l.')..')vf D J Li‘ 0’8 K UM

Puc. 58. TlepexonHnie xapakre-
PHCTHKM KATOAEDBIX NUBTOPHTeNeH.

Q@ — 3aBHCHMOCTbL BPEMEHUW HapacTauHisl

Puc. 59. Beanunusl BeIGpG-
COB B KACKOAHOM KaToA-
HOM NOBTOpPHTEJE.

J HTeNbHOHN -
OT CONPOTHBAEHHA NOJOXKHT 06 a — B 3aBucumocTH oT R, npu

paTHOH cBA3K 11pH Rr=l xkom (1) u R 1 &
R =125 om (2), conpoTuB/ienue Ha- 21‘ =l rom (1), R, =125 om
rpysku R =125 om; 6 — 3aBHCHMOCTb (2) 1 conpoTHBAeHUH HATpys-

ku R, =125 om; 6—B 3asH-
cumoctd ot R, nopH Rp=
=500 om.

BpeMEHH HapacTaHHs OT COIPOTHBJe-

HUA Harpyskn aas oObiunoro (1) H

KacCKOAHOro (2) KaTOAHOro NOBTOPHTE-
Jed.

CHHMAeTCs CHrHaJ Ha KaTOAHbIN MOBTOPHUTEJD. B Ttowm cjayvae, €CiIH
3TO CONpOTHBJ¢HHE HE [OpeBbllIdeT 1 KOM, TUpHMEHeHUe KacKOAHOro
MOBTOpHTE/IA HAa TpHOAax He [faeT nNpeumyllecTB. B 3tom cayude AJs
obecneyeHuss HaMMeHbLUero BpPeMeHH HapacTdHUs MOXKeT ObiTb npuMe-
HeH KacKOAHLIA 1oBTOpHUTEJNb Ha MNEHTOoAAX. Ecaun CONpOTHBJEHHE HCTOM-
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HHKa BXOLHOTO CHTHaja He MOXeT OwTb yMeHbliieHo A0 | xom, To
neJsecoo6pasHo npHMeredHe Kak TPHOLHOrO, TaKk W NEHTOAIIOr0 KaToj-
HOro NOBTOPUTE/S KAaCKOLHOro THIA.

Ha puc. 58, a nokasaha 34BUCHMOCTb BpeMeHH HapacTaHus Ty ¥
KaCKOAHOr0 MOBTOPHTeEJsl OT COMPOTHBACHUS NOJNOKHTENbHOK 06paTHON
cBsA3M R,. Xapak1epucTUKY MOCTpoeHbl ana Rr =125 om n Ry =1000 ox,
4TOObBl YY4ecTb TaKXKe 3aBUCHMOCTb Ty OT Kr B COOTBETCTBHH C MpeAbl-
AYLLHM DHCYHKOM.

W3 puc. 58 BuaHo, uto ans 3HaueHuH R ,, mpesuinalomiux 3—4 ko,
BeJMUHHA Ty OueHb MaJjo 3aBuUcHT oT Ry. C Apyroft CTOpOHBI, H3 pHuC.
52 M 53 H COOTBETCTBYIOWIMX YPABHEHHH Mbl BHAMM, UYTO YyBeJHYEHHe
CONpPOTHBJEHUSt Ry BedeT K CHUXKEHMIO BbIXOLHOLO CONPOTUBJ/IEHHS Ka-
ToAHOro mnosToputens. CaefoBaTeNbHO, MpH OTCYTCTBHU CREHANbHBIX
OrpaHHYEHHH 10 BPEeMEHH HapacTaHusl LenecooOpasHo YBEAHYUTL Ra
[Ipeaen ero yBeauueHHs onpelensieTcss TeM, 4TO OHO COMPOBOXKAAETCS
YMEHbLWEHHEM 4HOHOrO TOKA NOBTOPHTENsSE U KPYTH3HbI XaPAKTEPUCTH-
KM Jamn. A 3TO B CBOK ouepelb COOTBETCTBYeT COKDalleHMIO AMHA-
MHUYECKOro AHana3oHa KaTOAHOrO HNOBTOpPUTeEJs.

YBenuueHue CONPOTHs/ACHHS Ka COLPOBOMAAETCA NOSIBJAEHHEM BLI-
6poca HanpsiXeHHs, T. €. KPATKOBPEMEHHbLIM MpeBbllUeHHEM NOCTOSHHO-
fO ypOBHA BBIXOAHOIO HAMpAXKeHHs. Ha puc. 89, a suaHo, uTO BBHIGpOC
U A0CTHlraceT ‘./o OT BeJHYHHbI yYPOBHA BbIXOAHOIO HaANpsAKeHHWs 1pH
R =125 om u npu Rz=I Kom, ecam conpoTusieHue Ky npesbilliaer
HeCKONbKO KuJooM. [lpu Goablwux 3Hauyenussix R BeauuuHa BuiGpoca
NPaKTHYECKH He H3MEeHSeTCs.

Ha puc 58,6 nokaszasa 3aBHCHMOCTb Ty OT CONpPOTHBJ/EHUS Ha-
[py3Ku Ry OOGBLIYWHOMO KaTOAHOrO MOBTOPUTES 4 KACKOAHOIO NOBTOPHTE-
Js NPH TeX Ke YCA0BMAX (CONPOTHBJEHHEe Ra KAaCKOALOIO NOBTOPUTENA
paBhno 3,9 xom). 3aect BUAKO, YTO Ty OObLIYHOrO KATOAHOTO MOBTOPH-
Te/1sl NPaKTHYeCKH HE 3aBUCHT OT Ry. YBeauuyeHHe Ke Ry B KacKOAHOM
MIOBTOpHUTENE CONPOBOXKAJETCS pe3KUM yMeHblUeHHeM BpEMeHW HapacTa-
HHS M NosBjeHueM 3HayuTesabHoro (Ao 40%) BuGpoca (puc. 59, 6).

Ecau CONDGTUBASHHE Harpyix o an0n anaNa Hanae
LCJH CONpOTHBACHHE Halpy3KH 0OpeBbLilaeT 4UuU OM, TO BpCMA HapacTta-

HHS Yy KacKOLHOro [OBTOPHTENs B 3 pasa MeHblie, ueM Y OGbIY4HOrO
KaToAHOro mnoBToputens. llostomy B TOM cayuae, Korga AONYCTHM 3Ha-
YuTeNbHbIA BbIOPOC, Ueneco06Pa3HO CTPEMHTbCS K YBEJMUYEHHIO CONpO-
THBJCHUS] HAarpy3KW ANs COKpalleHHsi BPeMeHH HAPaCTaHUA.

Ha ocnoBaHuM pe3yqbTaToB aHaau3a napamerpoB KacKOQHOrO Ka-
TOJAHOrO MOBTOPUTENAA H €ro MePexOAHLIX XdPaKTePUCTHK MOXKHO npo-
M3BECTH CPaBHUTEJbHYIO OLEHKY KAaCKOAHOrO H OO6LIYHOTO KaTOAHBIX
NOBTOpHUTEJEN.

Hanpumep, npu Ry=125 om n Rr>1 xom Ko>dpdHuMeHT nepepaun
O0bIUHOr0 KartogHoro nosroputens Ha Jgaamne 6)KII[1 cocrasaser 0,385.
Koadgduuuent nepenayn KacKoJHOrO KaiGOHOLO TOBIOPUTENsl HA 3THX
xe namnax npu Ra=3.9 «kom pasen 0,93. Mubimu cnoBamu, kKo3dpdUUHEHT
nepenaud Bo3pacraeT B 2,42 pasa. B To :Ke Bpems KaCKOAHBIH KaTOAHBII
NOBTOpHTENb 006/1afacT BABOe MeHbLIMM BpeMeHeM HapacTaHMsA, T. €.
BLBOe 6oJbluell nosocoil nponyckaHus,, yeMm oObluHbli noBTOpUTENb. Ta-
KHM 06pasoM, MOJHbIH BBIMIPLIL, AABAaeMblil KACKOAHBIM KaTOAHBLIM IIO-
BTOpHTE/EM, PaBeH MpO.A3BENEHUIO BbIMIPbIIA 10 HOJOCE NPONYyCKaHHH
Ha BBHIMTPLI 10 KO3a(QUUUEHTY nepejadu (npuMepHo B 5 pas).
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24. PABOTA KACKOJOIHOIo KATOOAHOIO NOBTOPHUTEJNA
HA EMKOCThH

OnHOM U3 BaXKHEHIIHX 0COGEeHHOCTEH KaCKOAHOTO KaTOAHOTO MOBTO-
pUTEJsl SBJASIETCA €0 CNOCOGHOCTb PaboTaTh Ha 3HAUNTENbHYID €MKOCT-
Hyl0 Harpysky, nepenaBast 6e3 MCKaXKeHHl OTpHUATeNbHble mepenabl
HanpsxeHns Goabwlod BeJUunHbl. B uacTHocTH, 3TO nosmoaseT MCAO/b-
30BaTb KAaCKOAHBIA MOBTOPHTENb 1/ Nepelauyd KOPOTKHX OTpHUATENb-
HBIX HMNYJAbCOB ¢ aMIJIUTYOOH, COCTaB/AlOULle#l HECKOMbKO [eCATKOB
BOJIbT.

HssectHo, uto npu nepenave NOJOXKHTENbHOrO uMnyasca (puc. 60.a)
KaTOJIHHIM MOBTOPHTENEM Ha Harpysky, COCTOSLLYI0 W3 napannenbHo
BKJIIOUEHHBIX COMpOTHBJCHHA Ry M eMkoctw Cy, Hanpumep, Ha Hecorna-
COBAaHHO HarpPysKeHHbI Ka6elib, NPOUCXOMHT 3HAUHTEJIbHOE 3aTAruBa-
HHe OTPHIAaTeNbHOro nepenajga HanpsiyKeHHA, HATpUMeEp, 3alHero (GPoHTA
MOJIOXKHUTENbHOr0 uMnyabsca (puc. 60, 6).

B MomeHT 5, KOrla OKAaHUMBAETC(H UMMYJLC, HANpsIKeHHe Ha CeTKe
JaMnbl Pe3ko NalnaeT OT BeMHUYHMHBL, PaBHON aMIIMTyle WMMyabca, A0
BeJWYHHB HauyaJbHOro cMeuleHHs Eey. Onnako emkoct, Cy, NOOKTIO-
yeHHast K KaTOdy JaMIbl M 3apsKeHHAast K 3TOMV BpeMeHH 10 Hanps-
xewus E oy Uyyn, He MOXKeT paspsinTbest MrHoBenHo. lMostomy cpa3sy
nocne MOMeHTa f, ceTKa JaMMbl OKAasbiRAETCH MOM HAmpaXelnueM Fey,
a_ Ha KaTole JaMfbi OCTaeTcs MOJMOKHTeNbHOE Halpsi’KeHHe, paBHOE
Ecy4-Uyun. J1avina okaseiaercst 3anepToil pa3HoCTbio STHX HanpsKeHuit.

TaKuX yc/a0BHAX eMkocThb Cy MOXET pazpaXaTbes JHIUbL Yepes
conpoTHBieHne Ry ITOT OTHOCHTENBHG MEAJEHHBIH pa3psal eMKOCTH
(nocrosHHas BpeMerH wenu paspsaa T=RuCy ) U saABAseTCA 3aAHHUM
thpoHTOM BbIXOTHOrO MMny.Jabca (puc. 60. 6). Korna pasnocts Hanpsike-
HHA MeKAy KaTonoM M ceTkoli U'c.x YMEHBIUIWTCH [0 3HauyeHWs Hanps-
XKeHHs orceukH Jnamnbt Eg-c (puc. 60, 8). mocnenwss waumer nponyc-
KaTb TOK. KOTOPHIf 3HauuTeNbHO YCKOPUT pa3spsia eMkocTH Cy. EcTect-
BEHHO, UTO A/ UMNYJbCOB C aMMJIHTYN0A B HECKONbKO NeCATKOB BOJbLT
Uuyn > Ecy. T. e. HHTepBaJ BpeMeHu f;—If,, koraa JaMna 3anepTa, 3Ha-

WUTARLITA MTNABIIIIIOAT UIIITANDAT DNAMAITY AT MO TTA A semn {ve
RUTCADNU  HIPUDDilbac nardpobdd ppciicnn, nuUlI ila Jiamiia uTHCpITd {ha

3alHeM cpe3e MMNynabca). OTO NPHBOMHT K TeM GOJbllleMy 3aTArHBaHHIO
sagHero ¢poHTa HMNyabca, ueM OoJblle €ro aMOJHTy4a H KaTogHOoe
COMPOTHB/EHHE MOBTOPUTENA.

Tax xak B 3TOM cJayuyae 3a1luil (hPOHT MMMyJbCa COCTOHT H3 He-
CKOJIbKHX yYacTKOB C PAa3aUulbIMH [OCTOSIHHLIMH BPEeMEHH, TO INONCYdeT
TOYHOTO 3HAUEHHs BPEMEHW ero YCTaHOBJEHHs ty ¢ yueToM Bcex (akTo-
POB, BJAHAIOWNX Ha CKOPOCTb paspsia eMkoctw Cy, 3aTpyianutenen. Iaa
OpPHeHTHPOBOUHOTO pacyeTa MOXKHO HCNOJb30BaTh BbipaX{eHHEe, Mpeio-
xKeunoe M. JI. BoauHbIM:

ty=2,2R,Cya,

rge @ — 3KCTepHMeHTaNbUbI KOIDMHUMEHT, yuyUTHIRAIOWHHA MWVHTHDPYIO-
ulee aeHCTBHe BBIXOJIHOTO COMPOTHRIEHHS KaTOAHOrO MNBTOPUTENS Ha
TeX v4acTKax 3anHero (GpoHTa HMMyJbCa, THe JaMna oTnepTa.

Ouepunno, uto koddhdHUHENT & TeM GauXKe K eaHHHUIlE. yeM GoJblle
otHowenue Upyn/ Eew WM, clenoBaTesbHo, ueM 6onblie WHTEpBasa Bpe-
MeHH f3—f; MO CPaBLEHHIO C HHTEPBAJOM, B TeyeHWe KOTOPOro Jammna
otnepra. Kosdduunent & Mano 3aBHCUT OT MapaMeTPOB JaMIbl M [JIH-
TEJbHOCTH 3aJHero (POHTA BXOJHOIO HMMYJbCa.
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Huxe npuBeneHa aKkcnepuMeHTasbHasg Tabaula 3aBHCHMOCTH @  OT

oTHoweHus: Uumn/Ecu I/ OObIYHBIX NPHEMHO-YCHJIUTENbHBIX JaMI
(Tabn. 4).
Ta6bauuma 4
Unmn/ Eeu 1 2 3 4 5
o 0,35 0,52 0,62 0,70 0,75

Bxod

Eﬂ/m:"_—_']'__""'-'_{> —+-

l
t, bty ty

Puc. 60. ®opma nanpsxkenuii Puc. 61. Cxema wumnysbcHoro Kac-
B CX€Me KarTOJIHOTO TOBTOpHTEJIH, KOAHOIO TNOBTOPHTEJS.
HaI‘py)KEHHOI‘O €MKOCTbIO.
a -— BXOAHOH HMNYJbC; 6 — BBIXOILHO?
HanpsiXkeHde; 8 — HaNpPsiKeHHe MeXIy
ceTKOH W KartodoM Jamnbl JI).

M3 sT1ofi Tabauuel M GopMysasl aas fy BUAHO, uTO TpH GOJbIIHX
aMNJMTydaXx CHrHAJa AJHTe1rHOCTb 3aAHero hpoHTa BBIXOILHOTO HMMYJIb-
ca 3HAyHTEeJbHO MpeBbIIIAeT TNOCTOSHHYIO BPEMEHHM BLIXOAHOH uUenu H
NpakTHYeCKH He ONpenensieTcsl [AJHTEJNbHOCTbi0 3ajHero ¢GpoHTa BXOA-
HOro MMMNyJbca.

KacxonHblii  KaTOAWLIA MOBTOPHTENb NO3BOJISET YCTPAHUTh 3TOT
TMPUHILUNHAJBHBIA HelocTaTOK OObIUHBIX KaTOAHbIX nosTopuTeneil. U3
puc. 60 BHIOHO, YTO MOXKHO 3HAaUMTENbHO YMEHbIIHTL 3aTATUBaHWe 3aj-
Hero ¢poOHTA, €CAH YMEHbLIIUTh COMPOTHBAEHHe Ry JIHLIL HAa YyyacTkKe
ts—1,;, TAe JNaMIa KaTOOHOTO MNOBTOpWTens 3anepra. Ha yuactke e
t,—t, conpoTuBieHHe Ry NOMKHO MMCTb BeJHYWHY, NOCTATOUHYIO I
nosy4eHusi Tpe6yeMoro BBIXOJIHOro HampsxeHus. TakKWMW CBOWCTBaMH
MoxeT o6manatbh Harpyska, o6pa3oBaHHas W3 COMPOTHBJEHHS M mapaJ-
aenbHoll emy Jamnul (puc. 61). JlaMnma craBuTcs B Takoll pexuM, 4To
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NpH MPOXOXKIEHHH OCHOBHOTO HMMIyJbCa Hepes KaTOMHBIAI MOBTOPHTENb
€e COMpOTHUBJEHHe BEJHKO W pPOJIb KAaTONHOW Harpysku urpaer CONpo-
THBNeHHe Ryi. [lapamerpni uenu o6paTHOf cBSI3u Reg C BbIGPaHB TaKuM
06pasoM, UTO 3Ta lenb ABAALTCA AHQPepeHUHpyOUeH N0 OTHOWEHHIO K
nepeiaBaeMoMy KaTONHbIM TOBTOpHTeJeM uMnyabcy. Yepes Hee Ha
ynpaBasoulylo ceTky aamnwui Jl, mepenaetcs MHiNbL Y3KHA OTpHUATENDb-
Hbll MMNyJAbC, COOTBETCTBYWIUHH NepenHeMy QpOHTY OCHOBHOTO M-
nyabca, U y3KHA MOJCHKHUTEJbHBI MMDYIbC, COOTBETCTBYIOUIHA 3aAHEMY
(POHTY OCHOBHOIO HMIy/bCa, BOCMPOU3BEEHHOTO Ha CONPUTHBJIEHHH Ra.

”ta

‘\ Uu.u. a)

j 0
6) K oppermupyrouL iy
\ LMy nbe
Keer T =kt

2 ol

i o- Puc 63. Hpeanbunii Bxoa-
ro uMnynbca OGBIYHOTO KaTOLHOT HOM uMnynabc (a) w cOOTBer-

nosTopuTENss Npu Ry =10 kom (4)  cTBylOIIHe eMy KOppeKTHPYIO-
M npu Ru=22 xom (2), a TakkKe LIMe UMOyAbChl nocae AHG-
KaCKONHOTO MUMMYJbCHOTO KaTONHOro  depeHuHpyOLLel IETIOYKH
nosroputenss npu Rxi=10 xom (3) 6).

H Rx1 =2,2 kom (1)

Orpuuatenbibii UMNYJMbC HE H3MEHSeT CyMMapHOrO CONPOTHBJIe-
HUS KaTOAHOW HAarpy3kH TOBTODUTENA, TaK KakK JaMna J, Majo WyH-
THpYeT conpoTuBieHde Rgi. TlonoxuTenbHel e WMNyabc Ha ceTKe
aamnel JI; MPHBOAHT K Pe3KOMY YBEJHUEHHIO TOKa 3TON JaMnul M COOT-
BEeTCTBYIOIEMY YMEeHbIUEHHIO CYyMMapHOrO CONMPOTHB/IEHHS Harpy3kn Ry
nosroputens. Ha Bpems mautenbHocTH 3toro MMnyasca emkocts Cy
MOJIy4aeT MOTOJHHTENbHYIO BO3MOMXKHOCTb Pa3psiKaThCsl Yepe3 OTKPHITYIO
aamny Jl,. B peayabrate Bpemsi paspsana emkocti Cy (M crexoBaTedb-
HO, AJINTENbHOCTL 3alHEro (GpOHTZ BBIXOLHOTO MMIy/AbCa) COKpallaeTcs.
Ha puc. 62 npuseleHbl OCUHANOrPaMMbl MONOKUTENLHOTO HMMyJbca Ha
BbiXole OOBYHOTO M KAacKOAHOrO KaTOZHOrO MOBTOpHTeNeH MJs JBYX
3HaueHu# Ryi.

OueBuano, uTO noCTOSHHAs BpeMeHH AuddepeHNUpyIOel Ilenyu
HO/KHAa OblTh BbI6paHa TakK, uTOOH 32 BpeMs AJUTENbHOCTH KODpEK-
THpylollero MMMyabca (puc. 63) Ha ceTke jamnul JI; emxocth Cy ycme-
BaJa MOJHOCTbIO paspaauTbed. Ilpu BelGope mapamerpos auddepeH-
nupytollei LemH caelyeT YYecTb, YTO MPH TMOJOKHTENLHOM HMIYJbCE
Ha ceTKe JnaMnbl JI; cOnpoTHB/eHHe Rea WYHTUPYETCS BXOAHBIM COMpO-
THBJIEHHEM JaMTIbl, KOTOpPOe B 06/aCTH CETOUHBIX TOKOB COCTaBJjsier TPH-
MepHO Rpx,n=1 xom. IlosTOMYy nocrosnHast BpemeHu AuGdepeHUHpYIO-
mefd Henu AIA IOJOXKHTENbHOTO HMINYJbca ONpefeNsieTcsA cjielyIOLHM
BHIpaXKeHHEM:
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raie Rgp— mapannenbHO CoeayHeHNBIE CONPOTHBJAeHHE Rea M BXOAHOE
COIIPOTUBJIEHHE JaMIbl.

[Toctoannas Bpemenn nuddepeHunpyOUICH Uemd He MOXeT BbIGH-
paTeCs CAHIUXOM OOAbUIOH, TaK Kak INMTENbHOCTb MPOMYCKAaeMoro e
OTpHUATE/NBHOTO HMIYJibca, COOTBETCTBYIOULETO TnepelHeMy GPOHTY oc-
HOBHOTO HMNynbCa, HE OOJIKHA NpeBbllaTh AMHTENbHOCTL NOCTeTHEro,
YTO Tak}Ke OYeBHIHO H3 puc. 63.

Ecin  n3 Boipaxenus (85) MoxHO onpeaesHTb Heo6X0UMYIO

eMKNCTH
< 1D

MAOU

T1=0C

~

C < =~ )
2,2R 2,2Rgx.1

NpH 3TOM npeanonaraercs, 4to Ree > Rpy.n, TO cjenymolliee yc/oBHe
No3BOJsieT ONPeNeNHTh CONpPOTHBJElHE Reg:

tH

Rea < 200" (87)

(86)

rae fy— LMUTeNbHOCTh UMMYJIbCA.

ITpu npaKTHUECKOM OCYIISCTBNGHMH CXeML! MMNYALCHOrG KacKe
ro TOBTOPHTEJNS TPYAHO TOMYYHUTb JOCTATOYHO GOJbWYIO aMIJIHTYRY
NOJIOXKHTENBHOTO MMIYJbCA HA CeTKe JiaMmbl JIp, TAK KaK B MepBHI MoO-
MeHT, Korga emkoctb C He 3apsikeHa, CONpOTHBJeHWe Ra, ¢ KOTOPOTo
CHUMaeTCsl HMMYJbC, OKAa3blBaeTCS CHJIbHO IWIYHTHPOBAHHBIM MaJbIM
BXOZHBIM CONPOTHBJeHHeM 3Toll gamnbl. Ecau R, npeBbiaer Rpx.n. TO
MAKCUMaJsbHOe MONOMKHTENbHOE Hanpsi)XeHHe Ha ceTke Jamnbl Jp Gyner
OnpenensiThCd MaKCHMaJbHBLIM 3HAUeHHEM aHoAHOro ToKa la.waxe J1aM-
nul JIq:

Uc2 Make = Rcz (Ia.ma}(c - Ia.Hal{) ’
rne /a.uyay— HAYaJbHBIH AHOMHBIE TOK JdaMnhl JI,

370 3HAYAT, UTO AJIS NROCTHHKEHHS MAKCUMANbHOTO [10JI0KHTENbHOTO
UMIYJbCa BeJUUMHa Ra J0MKHa GHITb OrpaHuyena.

Tak Kak onTHMasibHas BeJIHYHHA COMPOTHBJIEHHS Ra MOUTH IUIA BCEX
THMOB JlaMIl MpeBhitaeT | KoM, TO 1A COrnacoBaHus 3TOfi ILenH cO BXO-
pom Jamnbl Jlp MoxeT GBITH mpuMeHeH aBTOTpaHCHOPMATOp, 3aMeHSIO-
it conportuBaeHne Ry . Koaddunmenr ero tpancdopmanuu

Ra

n= —
RB‘(J‘

Ha puc. 64 npuseneHa cxema KaCKOOHOTO KAaTOZHOTO MOBTOPHUTENS,
B KOTOpDOM B KauecTBe JaMmnbl JI; mpuMeHeH TeTpon (MoXKeT ObiTb 3a-
MeHeH TEeHTOAOM), BTOpas CeTKa KOTOpPOro COedHHEHa HEernoCpenCTBEHHO
C HCTOYHHKOM aHOJHOTO MUTaHuA. JTa CXeMa 3KBUBAJeHTHa TpHOAHOH
cxeMe e3 COMPOTHBAEHHS Ra, HaJHUuHe KOTOPOrO B HEKOTOPHIX Cjyuasx
HeXenaTenbHo.

Ilesio B TOM, uTo Ra BKJIOYEHO moOc/en0BaTebHO ¢ BHYTPeHHHM CO-
npoTusJjenneM R;; samnsl JI; M Ha HeM mamaeT HeKOTOpas 4acTh Ha-
npsiKeHya nepefaBaeMoro CHrHaJa, 4TO MPHBOJUT K YMeHbIUeHHIO K03
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dbuuneHTa nepegayd KatoaHoro nosToputens. Kpome Toro, sBesenue R,
yBeJHUNBaeT BpeMs 3apsna NapasuTHHX eMKocTell B cxeMe, 4TO MPHBO-
JUT K HEKOTOPOMY YXY/IIEHHIO KPYTH3HbI NepefHero GpoHTa BHIXOAHOrO
UMIyJIbCa.

B cxeme na puc. 64 BBCAEHHE CONPOTHBJEHH R, NPHBOAMT JHLIb K
nepepacnpeieeHHi0O TOKOB MeXIYy BTopofl ceTkoit ¥ aHoloMm Jaamnul JI
M [OYTH He BJHseT Ha BeJuuH-

HY peryJupyolero XaToalnoro E,&+2508
TOKa JiaMIIbl.

Puc. 64. Cxema BHIOW3MEHEHHO-  Pyc. 65. ITpakTuueckas cxemMa HM-
ro HMMMyJabCHOrO KaTOAHOro Io- NMYJIbCHOIO KAaCKOAHOrO KaToJAHOro

nrmANYIT™A oy

BTOPHTEJIA. MOBTOPHTEN.

Tak e BexeT ceGst KaCKORMBIH KaTCAHBLIH MOBTOPUTeNL M TIPH Te-
peraue MMNyJ/bCOB OTPHUATE/NLHON MOASPHOCTH. M3BecTHO, uTO OBLIYHBIE
KaTONHble MOBTOPUTENH NPAaKTHUYECKH He MOTYT mnepenasaTb 6Ge3 HCKa-
JKeHUR OTpHllaTeNbHble HMMAYJ/bCHl 3HAYMTENbHOH Beauundnbl. Kak u B
paccMOTpPeHHOM Bbille CJiyuae, 3TO OOGYC/I0BNEHO TeM, UTO HanpsikKeHHE
Ha emkKoctH Cy He ycrmeBaeT C/Ien0OBaTb 34 H3MeHeHHeM HAMpSIKEHHS Ha
€eTKe JaMmmbl KaToOAHOro nosioputens. ITosTomy npu nomave Ha ceTky
OTpHILATeBHOIO HMMYJ/bCa, BEJHYHHA KOTOPOrO MpeBbilllaeT HanpsKe-
HHe 3anHpaHHs JaM1bl, HanpsXkeHHe Ka Katoae Jaamnul (T.e. Ha Cy)
pe3Ko yMeHbLIaeTCd NPHMEPHO N0 3HAYEHHS HaNpsXKeHHs 3anupaHus
E:an = Eo~¢ , MocC/le Yero CKOPOCTb erod H3MeHEeHWs CTAHOBUHTCH MaJfoil
W onpenessieTcd mocTosHHol Bpemenu T=R,Cy. HUmnyase nckakaer-
cs. [loMumo 3TOro, nmpy 3HaUUTENbHOR aMMIUTyde OTPHUATENLHOTNO HM-
ny/abca JaMra HauuHaeT paboTaTb Ha yuacTKe ¢ MaJo#i KPYTH3HOMH
XapakTepuCcTHKRH, KO3(h(UIHEeHT Nepenaud HanpsKeHUs mnagaeT H Ha-
clynaeT orceuka aHoaHoro Toka. [TosToMy HeBo3MOXHa paGoTa KaTod-
HCTO MOBTOpHTENs] ¢ GOJNLUIMMH OTPULATEAbHBIMM MMMyabcaMH Aaxe B
TOM c/yyae. KOrMa MCKaXKeHHs NepeaHero GPOHTa HONYCTHMBL.
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OueBHIHO, YTO KAaCKOAHBIA KaTONHHI NMOBTOPHTENb CBOGOIEH H OT
storo Henocratka. [lpu nonave Ha ceTKy ero Jammbl GOJBILIOrO OTpH-
LaTeJbHOrO HMMIyJbCa Hanpsi)KeHHe Ha KaTole Jamnbl JI, Bce Bpems
cienyeT 3a M3MEHEHWEM HAMpsKeHHUS Ha ceT-
Ke B pe3yabTaTe NeHCTBHA TMOJIOXKHTEJbHOM

[ o6paTHO# CBf3H Bucnencmne 3TOr0 HaMmpsxe-

¢ HHe MeXKIy CeTKOH W KaToaom Jamnu JI; B
—-| nponoJXeHne JeHCTBHA HMNYJabCa OCTaeTcs
U NOCTOSAHHBIM W J1aMna paboTaetr NPH OLHOM

LY, H TOM e 3HAYEeHHWW KPYTH3HbI XapaKTEePHUCTH-

1 I kH. KospduuneHT nepenaun HanpsirkeHus Tak-
> s ¥Ke O0CT4eTcst NOCTOAHHLIM. Taxkum o6pazom

LLPa2OM,

33 CYeT PEeryJUpOBAHUS BeJHUHHBI KaTOLHOTO
COMPOTHBJAEHHST KACKOAHOTO KaTOOHOro Io-
BTODUTENST CHFHAJOM TOJOXHUTENbHOH o6pat-
HGH CBA3M JOCTHTraercs 3HauHTeJbHOe paculH-
peHHe NHHAMHUECKOTO [IMana30Ha AJs BXOJI-
HBIX CHTHAJIOB OTPHLATENbHOH MOJSIPHOCTH.
Ipauvua AMHAMHUYECKOTO [HAaNa30Ha 371eCh
OnpefeNsieTcd MOMEHTOM HachlllleHUs JaMInbl
JI; ¥ B 3HauuTeNbHON CTeNeHH 3aBUCHUT OT Be-
JUYHHBI COTIPOTHBJEHHA Ra, Kak YXKe ymo-

Rcz

E.; MHHANOCh Bbillle (pHe. 54).
ITepeuncnenHblie cBOHCTBA KaCKOOHBIX Ka-
Puc. 66. ¥Ynpoien- TONHBIX MORTODPKTENCH MO3BOJSIOT HCNOJH30-
Hasg CXeéMa Kackon- BaTh WX AJA HeUCKa)KeHHOH mepenauu Hempe-
HOrO0 MOBTOPHTEJS PHIBHBIX KOJeGaHufl CO 3HAUUTENHHOR aMmiu-
C YCHJIeHHeM. TYNO#, B YACTHOCTH CHHYyCOWIAJbHBIX KOnefa-

uuil. [locnennss 3agava BO3HWKaeT Ha Npak-

TUKE OuYeHb 4YacTO H TPH HCNOJb30BAaHHH
OGBIYHOTO KaTOAHOrO NMOBTOPHTEJS BCEria COMPOBOXKIAETCS MCKAKEHUEM
dopMbl KonebaHUN B OTpHIlaTE/bHbIe MOJYTEepPHOIbI.

Ha puc. 65 B xauecTBe mpumepa mnpuBeneHa npakTHyeckas cxema
KacKOIHOTO KaTOIHOTO MOBTOPHTE/S, MO3BOJSAIOUIEr0 nepenaBaTb € KO-
3¢ureHTOoM, 6MM3KUM K enuHulle (Mpuw COMPOTHBIEHHWH HArpy3KH He
MeHee | Kom), ¥MMNYJAbCHl MOJIOKHUTENbHON MOJAPHOCTH C aMMINTYLOH
no 100 e, oTpuuartenbhble UMNyabchl ¢ amnautynoit no 40 8 uau cuny-
COHNANbHBIA CHrHaAJ COOTBETCTBYIOWled amnauTynel Bbixonwoe comnpo-
TuBJeHHe cxeMbl 30 oM. AMMIUTYAHO-4aCTOTHAsI XapaKTepPHUCTHKA paBHO-
MepHa B 1oJioce yacToT OT coreH repu no 10 Mey u uweer Hebosbiof
nonsem Ha 10 Mey, ecaw emrocth Harpysku 100 ng. Tlpu yBenuuenuu
Cy nonbeM cMmeluraeTcs B CTOPOHY GoJiee HM3KHX 4acToT.

HanbHefimas mMoaudHKauua KacKOLHOTO KaTOXHOrO NOBTOpPHTES
N03BOJIIET MONYYHTH CXeMy, 06Janatoulyto BceMH OCHOBHBIMH CBOHCTBA-
MH KaTONHOTO TOBTOPHTENS: BHICOKHM BXOIHbIM CONMPOTHBJEHHEM, BHI-
COKOll JIMHEHHOCTbIO M WHPOKOH IM0JOCOH MPONYCKaHHs, CNOCOBHOCTLIO
nepenaBaTth OTpUUATENbHbIE HMIYJbCH 3HAUHTEJLHON aMIUIMTYIB, HO
HMeouylo Ko3QOHUHEHT mnepenayy HaNpsAXKeHHs OGoJsblle €QHHHUUHL
YnpouweHHas CXeMa TaKOro KACKORHOTO YCHJNTEJst NpHBeneHa na puc. 66.

B TOoM ciyyae, ecad CONpOTHBJAeHHE Ry1 [JXOCTAaTOYHO BEJHKO, Pas-
BHBaeMoOe Ha HeM HanpsixkeHHe GJU3KO K BXOJHOMY HaMpsiKEHHIO JaMIbi
JI1. Tlpn Ry1, cTpeMsiuieMcsl K HYJIO, yepe3 Hero npoTekaer TOK

/] =U5x81“ +S'2Ral) ‘
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BrixofHOE COMPOTHBJEHHE KAaCKOLHOrO KaTOAHOTO MNOBTOPHTEJIs
’ UBX 1
BHX — = .

Iy S1(14 82 Ryy)

Korza Bemuunna compoTuB/eHUs Ryi TNPHHHAMAaET npoOMEKyTOYHHE
MeXAy HyJeM H GeCKOHeUHOCTbIO 3HAaueHHs, TOK 4Yepe3 Hero

R (88)

po—Us
RBle + RKl
i Yepe3 COMpPOTHBJEHHA gz NMPOTECKEET YACTh 3TOTO TOKa
[ S:Ra
14 83 R

BuixonHoe Hanpsikenne Usyyx, CHUMaeMoe ¢ aHona jsamnsl Jz, pasHo
CyMMe naneHH# HanpsKeHWs Ha COMPOTHBACHHSAX Ry1 M Rae, U KO3H-
LHEHT Mepeflayd CXeMbl MO HAanpsikKeHHio

K= R n Ras ( S2 Ra1 ) N
RKl + Rl;blx RKI + Rl;blx 1 + 82 Ral
Ry1 + Ras Ras
r— =14 ——, 89
Ry1 + Ry (89)

T. €. MpeBLIWAET €IHHHIY HA BeJHUHHY Ras/Ryi.

BrixonHoe conpoTHBJieHHe CXeMBl, yuMThiBas BhIpaxkeHne (89),
OnpenensieTcst CJAENYOWHM PABEHCTBOM:

’ RKI Ra2
R, = KR (1+_——s>. %
BbiX BbIX RK1+Raz 1 ( )

Ha puc. 67 npuseneHa mpakTHyeckas cxemMa TaKOro KAaCKORHOTO
MOBTOPUTENS C yCHJeHueM. [las yMeHblIeHUs Mapa3uTHON eMKOCTH, Ha-
TpYKaMoLLell Uenb MOJOXKHTEIbHON 06paTHON CBA3M, HanpsaXKenue obpat-
HOW CBA3M nepenaeTcss Ha CeTKy JI; uepe3 KaTOoHBLIi MOBTOPHTENb Ha
namne JI3. 9T0 no3BOJAET NPHMEHATL CONPOTHBMEHHe R, 60JbIIOH Besu-
yHHbl 6€3 3aMETHOTO YBeJHUEeHHs BpeMeHHW HapacTaHHA HanpsKeHus.
Ipn yxaszanHom Ha cxeme pexxuMe Jamna Jlp 10MYCKAaeT TOK B HMNYJb-
ce no 100 ma, He 3axons B 06J1aCTb CeTOUHBIX TOKOB. CMellleHHe JaMnbl
JI, BuiGupaeics Tak, yToObl TOK uepe3 cONpOTHBJeHWe Ry; Obli paBeH
HyJI0.

Nuonnas «nomnopka» (anon ) ceTkn Jamnel JI3 npenoxpaHser
ycuanTenbHylo aamny Jly OT CHIbHBbIX neperpy3ok. [lpu cMellleHun Ha
stoli Jamne 7,3 8 nvon 3anepT HanpsKeHuem 6 8. Korna curHan Ha cer-
ke namnbl JI3 npeBblwaer 6 8, 1MOA HauWHaeT IIYHTHPOBATb Uenb ee
CeTKH. DTO 3HAUUT, UTO HANpsKeHHe CHrHaja Ha ceTke Jamnol J Tak-
e He MOXKeT MpeBBICHTb 6 8, T. €. He cMelllaeT CETKY B 06.1aCTb CeTOY-
HBbIX TOKOB.

U3 Boipaxennst (88), (89) m (90) MoxHO onpesenuTh, uTO NpH
S =12 Ma/@ Rlelx =‘=1,33 oM, K ==98, RBHX=300 oM,
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Bpemsi HapacTaHus Ha BbIXOLe CXeMBbl NIpH EMKOCTHOH Harpyske
Cy =15 n¢g ue nupesbimaetr 50 HCek a5 OTPHIATENBHOTO HMIyJbca ¢
amnaurynoi no 125 8. s monoKuTeNbHLIX WMMYJbCOB 3TO BpeMsl He-
cko/abKO Gonbuie u gocturaer 120 xcex npu amnautyne 60 8. Ilast onpe-
IleJleHHsT JIMHEIHOCTH CXeMbl H3Mepsaaca Ko3dhUUHEHT mepenayu anas ne-
BSTH 3HAaueHWH BLIXOMHOrO Hanpsi:KeHus B guamasoHe ot 7 go 125 8. B

042 GP;],M 39k

(26m) L] (56m)

E,, l(—aao 8

Puc. 67. npaKTHLIECKaﬂ CXe€Ma KacKoIHOoro noBTopiHTe. 151
C ycHJeHueM.

3TOM [AHana3oHe OTKJOHEHHE BBIXOJHOH XapaKTEepHCTHKH OT JuHeHHOH
ue npesbiwano 1%.

INpu nameHeHuw BemuuuHBl R, MeHAIOTCS Kak KoadduuueHT mnepe-
Jauyn CXeMbl, TaK M BpeMs HapacTaHus BbIxo1HOro Hanpsaxeunus. [lpu
n3MeHeHHH Ko3ddulHeHTa nepenaud nanpskeHus ot 5 ao 400 Bpems
HapactaHus yseauuuBasoch or 40 no 100 wcex. Ilns npeioTBpatlenins
BbI6poca HanpsxKeHus npu Kosdguuuentax neperaun Menee 100 noche-
NIOBaTeJNbHO C CONMpOTHBJAEHHEM Ryx1 MOXeT ObTb BKJUeHa Hebosbuias
HHAYKTHBHOCTb. [lois yMeHbllleHus BpeMeHW HapacTaHus B CxeMme, K03d-
¢duunenT mepenauu kKoTopofl npeseiwaer 100, conpoTtuBaeHue Kyxi1 MOXeT
6biTb 3a6JOKHPOBAHO HeGOMBINON eMKOCTHIO.

Ha puc. 68 npuBenena elle oiHa npaxkTHUecKas CXeMa KacKO/JIHOTO
ycnnmem Ha 6a3ze KaToaHoro NOBTOPHATERJS. STa cxema apolle npenbi-
Ayulefl, B Hell HeT BCMOMOraTesbHOrO KaTtonHoro mnostoputens. Cxema
NponycKaeT OTpHIlAaTeNbHbie MMNYyabchl ¢ aMnauTyno#t no 40 a. Beser-
cTBue 60Jb1I0r0 KO3DPHULUNEHTA YyCHNEHHS B NeTJe MoMoXUTeabHo# 006-
paTHO# cBA3M (B CXxeMe Hcnofb3opaiibl nedtolaws 6I115I1 ¢ Kpyrtu3uoii
XapakTepucTHKH S =12 Ma/8) BbIXOjHOE CONMPOTHBJEHHE CXEMbl He Mpe
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Puc. 68. Iipociay

BUILIAET HEeCKOJbKMX OM. BpeMst HapacTaHusl HanpsiXKeHHs Ha ee BBIXOAE
T, =05 mxcek. Kosbduunenr nepenaun K =5o.

Hccnenosanus noxasasu, 4To B o6nacTu  4acToT ot 5 no 30 Mey
BXO/IHOE COTPOTHBJIEHHE CXeMbl MOXKeT GbiThb OTPHIATENLHBIM, T. €. CXeMa
CKJAOHHA K caMoB0o36yxaeHuto. J1Asi NMOBbIIEHUS YCTOHYHBOCTH MOCAENO0-
BaTeJLHO C ceTKoi JaMmbl J/i BKJIIOYaeTcsl orpaHMyuMBalollee COMPOTHB-

nenue Rorp =15 xom. BBenenne
+ 6005 3TOTO COMPOTHBJAEHUS MpaKTHYe-
15x CKH He BJIHSIET HA YaCTOTHYIO Xa-
(5 8rm) DaKTEPHCTHKY.

I, + 4506
(Ve il Ve 4
o/ 119/
Rogp 15 (22 -

I } -

1,0|__r 1K wl

CAcMa  KackogHoro  Pyc. 69, Cxema KaCKOAHOro
ﬂOBTOp}ITEJIﬂ C YCHJEHHEM. SMHUTTEPHOTO nOBTOpl/ITe.nH.

Moa iR, 11— KoM : ?
=i 1
0,3 e - 09
2\ -
g2 A = 06 —
/;// 3
a1 % 03
|- 7 ' 2
R, R I
0 4 8 12 16 KoM 0 04 048 12 wMa

a) 5)

Puc. 70. XapakTepHCcTHKM KacKoAliOro 3MHTTepHOTO MOBTODHTEJS.

1 — SaBHCHMOCTbL BXOIHOTO COMPOTHBJENM OT CONPOTHBJAEHHS HArpysku AJs Kac-
KOLHOTO (/) # OObiMHOr0o (2) 3MUTTCPHBIX I[OBTODHTENE# npH 13 =04 mMa U A

KaCKOAHOTO (3) M OObIUHOrO (4) 3MHTTEDHHIX NOBTOPHTEJEH NpPH !3 =4 ma; 6 — ga-

BHCHMMOCTb BbIXOJHOMO COMDPOTHBJEHHS OT TOKa 3MHTTepa AJs obblyHoro (/) H Kac-
KoAHOro (2) nostobuTenef
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Puc. 71. XapakTepucTuku 3MuTTEpHOTO TO-
BTOpUTENs1 npu paboTe Ha eMKOCTh.

a — 3aBMCHMOCTb [AJIHTE/NbHOCTH 3adHero ¢poHTa
Ten BSIXOLHOTO MMNyabca OT eMKocTH Cp Adst
0ObIUHOTO 3MHTTEPHOTrO MOBTOpHTENAn (/) H Kac-
KOAHOro nNOBTOpHTENs (2) npu TOKe 13=0,4 ma,
a Takxe o6blyHOro (3) W KackoZHoro (4) OOBTO-
purenefi npu [, =4 ma: 6 — 3aBUCHMOCTb M-
TeJoHOCTH 3a/Hero (PpoHTa BLIXUAHOrO HMIMYJ/bCa
OT conpouTusjenuna Ry,



Ha puc. 69 noxaszaHa npHHUHMNHAAbHAS CXeMa TPaH3HCTOPHOTO Kac-
KOJHOTO 3MHMTTEPHOrO MOBTOPUTE/S, NPUHLUHUN NEHCTBUS KOTOPOro MOJ0-
6en namnoBoMy. Kak ¥ namnoBbiff, 3TOT NOBTOPUTENb MMeeT NMOHHMKeH-
HOe BbIXOJHOE COMPOTHBJIEHHE W OTJIHYHO pabOTaeT Ha E€MKOCTHYIO Ha-
rpy3ky. OcHOBHOW OCOGEHHOCTBIO €r0 ABIRETCS BbLICOKOE BXOMHOE COMPO-
THBJIEHHe, B HECKOJbKO pa3 MNpesblllalolllee BXOQHOE CONPOTHUBJ/EHHE
O6LIYHOrD 3MHTTEPHUrO NOBTOPHTENS.

Ha puc. 70, @ npuBeneHbl KpuBLIe 3aBHCHMOCTH BXOMHOrO COTpPOTHB-
JIeHHs] OObIYHOrO M KACKOAHOrO MnoBTopuTesefi oT Harpy3ku. OcHOBHOM
Tpau3uctop Ty npu Bcex uamepenusax (aas puc. 70 u 71) umen B obeux
cxeMax Ko3¢odHUHEeHT yCHJeHHs no Toky O =0,98.

M3 puc. 70,6 BuAHO, YTO BLIXOJHOE CONpPOTHBJEHHe KAaCKORHOIO
3MUTTepHOro nostoputens B 10 pa3 MeHbllle, ueM y OGbIYHOTO SMHTTEp-
HOFO TOBTOPHTEJNI B TOM ¥Ke pexume. IDpdeKTUBHOCTb KaCKOLHOTLo
SMHTTEPHOrO MOBTOPUTEJNSl NPH nepeaaye 3ajHero (pPOHTA OTpPULATENb-
HOFO MMNYJbCa MOXHO OLEHHTb H3 KDHBbLIX, NMPUBEJEHHBIX HA pHuc. 71.

25. NOJIHOE BXOIJHOE CONPOTUBJEHWE KACKOJOHOTO
KATOAHOI0O NOBTOPUTENA

Hepeako nepea co3naTefNsiMH  pajfHO3/NEKTPOHHON H3MepUTEJLHOMN
annapatypbl, ocoGeHHO paboTaloWHUMH B 061aCTH 3IKCNEPUMEHTAJbHOM
(U3UKM, CTABUTCA 3addua paspa-
6CTKY VCTPOHCTB, BXOAHOE CONPO- Mmall, /
THBJIeHHe KOTOpbIX AOCTUFaeT 3Ha- _
yenuit [0°—10" om. IDra caoxkHas E.=906 /
TeXHU4YecKkas 3ajaya pelaeTcs ¢ e
MOMOUILIO CMeLHANbHBIX  KAaTOAHWX 808] 708
NOBTOpUTeJEeH  KaCKOQHOro  THna.
Hast mnonyueHuss Taxkux 3HaueHuUH 1
BXOAHOTO COMpPOTHBJEHHS YyKe He-
JOCTATOYHO MPOCTO HCNOJb30BATh
CXeMHble O0COGEHHOCTH KaCKOLHOTO £

L

N MIALAIIOT FANRUVATIIMAa UIrITirnamy
bnJlirvtctnna, Upnavinivn ytnibibadlb

W [OMNOJHUTENbHblE BO3MOXHOCTH, Y
BO3HHUKAWOUWIHE fph TILATENbHOM BEI-

6ope pexuma paboThl JiaMn NOBTO- N\
putens.

Ha puc. 72 npuBenenbl xapak-
TePHCTUKH CETOYHOTO TOKA KaCKOI-
HOTO KATOAHOFO MOBTOPUTEAN [N
3apybexubx jgamn ECC 80 (aua-
aornunslx  gamne 6H8C). U3 xa- I. | Mka
PaKTEDUCTUK BUAHO, 4YTO €CTb ABe
obaactn rge cetouHble TOku 6au3-  Puc. 72. CerouHble TOKH B Kac-
kn K Hyao. CeTouHslii TOK paseH  KOQHOM K4aTOLHOM [OBTOpHUTENE.

o N
>

708
806

4

v

—110 "

\E =908 )
t -210"

<

HyJl0 B pafioHe Touku A, coorser-  Hasepxy npuBemeHsl cooTBeTcT-
ctaylotleli 60JbWON KpyTH3He Xa-  BYOLMe aHOAHO-CETOUHbie Xapak-
PAKTEPUCTHKH aHoanoro Toka S. TEPUCTHKH.

Oanako 31ecs Jw06ble  HeGoJbluue

H3MeHeHHUs HanpsaxeHusa HCTOUHHKA

NMUTaHHsT OpPUBROAHT K nosABAeHHIO 6OJbUINX CEeTOYHBIX TOKOB, TaK Kak
KpYTH3Ha XapaKTepUCTHK CETOYHBIX TOKOB 3necb O4eHb 6oabLIasn.
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BesHuHHB CETOYHBIX TOKOB MaJjbl M B 06J1aCTH, JieXalled JeBee TOY-
ku 5. 3aBHCHMOCTb CETOUHbIX TOKOB OT HamnpsXKeHHs HCTOYHMKA THTA-
HHS 3[eCb HeBeJHKa, MO3TOMYy lesecoobpa3Ho BbibupaTth pabouyio TOY-
Ky B 3TOff 006/1aCTH, XOTSl OHA COOTBETCTBYET OTHOCHTEJbLHO HeOOJbLIHM
3HAUEHUSIM KPYTU3HBl XapaKTepUCTHKM aHopHoro toka. M3 puc. 72 Bug-
HO, YTOo BbIGOp paboueft TOYKH B 3TOA 06JacTH MO3BOJSIET NOJJLEPHKH-

. —10
BaTb CETOYHLIH TOK He GoJsee 10 1 a.

OnHUM H3 JOCTOMHCTB KacCKOJHOTO KaTOLHOTO IOBTOPHTENS, Kak
y¥e yNOMHHAJOCh, IBAAETCA MOJJAEPXKAaHHE UM HEHM3MEHHOFO MOJIOXEHHsA
paboueii TOYKH B GOJbIIOM JHHAMHYECKOM JAxana3oHe BXOAHBIX OTpHIla-
TeNbHbIX HaNpsKEeHHH BCAeACTBHe [eHCTBHS Lemu NOJOXHTeNbHOH 06-
paTtHo#i cBsi3u. [losioXKeHue palouell TOYKM KAaCKOAHOrO KaTOAHOTO MO-
BTOpHUTESl ONpefessieTcss BeNUUYHHOH COMpPOTHBJEHHS cMelleHHst Rkz, OT
KOTOPOrO 3aBHCHT BeJIMYMHA TOKa, NpoTekalollero uepe3 snamny Jls.

Takum o6pa3oM, KacKoaHbIi KaTOAHBIH NOBTOpUTENb obecneyuBaert
JIOCTATOUHO BBHICOKYIO BeJHUHHY BXOAHOrO compoTuBjeHna. OaHako npH
3a7aHHOl TOJIOCE NpPOMYyCKaHUsl cXeMbl Jo6oe yBenHueHue BXOAHOro CO-
MPOTHBJEHUS] HMEET CMbIC/ JiMWb B TOM CJyyae, ec/d eCTh BO3MOXHOCTD
B TaKOH e CTeneHH CHU3UTb BXOJAHYI0O €MKOCTb CXeMbl, TaK Kak Ha
BEPXHHX YaCTOTax ee BXOJHOE MOJIHOE CONpPOTHBJEHWE B 3HAUMTEJbHOH
cTenend ompeaensieTcs BAOAHOMA emkouTbio. Tak, Ha uacrorte 1 ey BXoa-

Hasi eMkocTb 1 ng umeer compoTuBieHHe Bcero X,o= z—nrz: =
=1,6. 108 om. Bxonnas e eMKOCTb OGBIYHOrO KaTOZHOFO MOBTOPHTEJS,
3aBUCALlLAs OT THNA JaMIbl U 3KPAaHHPOBKH BXOAHbIX LleMel, HMeeT 3Ha-
yeHus oT 8 10 30 n¢. Boille 6bi10 NOKa3aHO, YTO BpPeMSI HApPACTAHHS Y
KaCKOJLHbIX KaTOJHBIX NOBTOpHTENEH, ONpejensieMoe B NEPBYI0 OYepeib
BXOAHOH €MKOCTbIO, IPHMEPHO B 2 pa3a MeHbille, yeM Yy OObIYHBIX KATOA-
HbIX MOBTOpHTENed. 3TO pocTHraerca yMeHblienHeM eMxocTH Cc.x 34
CUeT CXeMHbIX OCOBEHHOCTeHl KacKOAHOro KaTopHoro nostoputeas. On-
HaKO U3 ypaBHEHHA (24) cienyeT, YTo AAf JAajbHefllero yMeHbUIEHUS
BXOJHOH €MKOCTH KaTOLHOrO MNOBTOPHTENS HEOGXOAHMO NPUHATHL MEpHI
K YMEHbIIEHHIO €MKOCTell aHOA-—CeTKa U CeTKa—3eMJs.

Ilocnennsst eMKOCTb B KaTOQHOM MOBTOPHTENE C BHICOKHM BXOIHBIM
CONPOTHBJEHHEM MOXKeT ObiTb oueHb Goabliod. [Jeso B TOM, YTO yBeJu-
YeHHe BXOAHOrO COMNPOTHBJIEHHS fesdaeT CXeMy OuYeHb UYBCTBUTENLHOH K
HaBoskaM. Ilo3ToMy BXoaHbie Henmu TAKOH CXeMbl MOAJEXKAT TILATeldb-
HOMY SKPaHHDOBaHHIO, UTO BO MHOrO P43 YBE/NHYMBAET NApPa3UTHYIO eM-
KOCTb MEXZAY CeTKOH H 3eMJeil.

CocTtaBasiolllasi BXOAHOH €MKOCTH, o6ycJioBjeHHast eMKocThio Ca.c,
MoxeT ObiTb KOMMEHCHDOBaHAa BBeJeHHEM B aHOAHYIO UeNb Jamimbl J1;
HanpskeHusl CHTHana B Tof Xe ¢dase ¥ TOH Ke aMNJHTY[bl, YTO U CHT-
HaJ Ha ceTKe 3TOH Jamnbl. B 3ToM cayyae MoGoe H3MeHeHHe HampsiXKe-
HHSI CHFHa/Ja Ha CeTKe JaMibl JJ; COMpOBOXKAAETCS TOYHO TAKHM IKe
H3MEHeHUEeM HaNpsKeHHs KOMNEHCHPYIOLLEro CHruafja Ha aHone, Tak 4To
MeXAy aHOIOM M CeTKOH JlaMNbl HeT Pas3HOCTH HAMpsIKeHUH MO cHrHaJgy,
a CcJ1e10BaTeJbHO, B 3TOM MPOMeKYTKe OTCYTCTBYET eMKOCTHbI TOK
curiata. EmMrocth (a.c IPH 3TOM MOXHO CYHTATb PABHOH HYJIO.

QD yHKUHIO HH3KOOMHOTO MCTOUHHMKA KOMIEHCHDYIOUIEro CHrHana AJs
agona Jamnbl J/; MOXeT BLINOJHATb KATOAHBIA MOBTOpPUTENb, HA CETKY
AaMnbl JIo KOTOPOTO Hampsi)KeHWe curHajia MoAaeTcsi C BbIXONa OCHOB-
HOro KatoaHoro mosroputensi, Ha puc. 73 npuseneHa ynpolleHHasi cxe-
Ma, rae gamna Jy, emkoctb Ca.c KOTOPOH [0JKHA GbITb CKOMOEHCHUPO-
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BaHa, MrpaeT poJb KaTOLHOH HArpysku KaTOZHOTO KOMIEHCHPYIOUIEro
NOBTOpHTes Ha Jamne JI;. TakuM o6pa3oM, KOMIEHCHPYIOLUWA NOBTOPHU-
TeJb paGoTaer MO KAacKOAHOH cXeMe, H Ko3(h¢uUHEHT ero nepenaym
6MM30K K efHHHIle 33 CYET BLICOKOTO JHHaMHYECKOrO COMNPOTHBJIEHHS
aamnbl JI;, C Apyroli cTOpOHH, Jamna JI; TakXe Moxer paboTaTb B
KacKoJQHOH cxeMe, MMesl B KaueCTBE KaTOAHOH HAarpy3KH BMeCTO COMpO-
THBJeHUs Rk JaMny. DTo 0OCTOATENbCTBO oBecneyHBaeT KaK BbICOKOE
BXOJ(HO€ COMPOTHBJIEHHE CXeMbl, TaK H MaKCH-

MaabHbl KO3GOHUHEHT Tepelayd Hanpsxe- +E,;
HHSI curHajJa. BxoaHas eMKOCTb Takoro ABOM- ~
HOTO KAaCKOAHOro MOBTOPHTENs Onpejensiercs /iy
BbIpaXkeHHEM

Cox== (1—K3) C;.c+ (1— K1) Ce.x+-Ce.s , 1(91)

rae K;—kosad¢uuueHT nepenaun HampsiKe-
HUSL OT CeTKH saMmnel JI; K ee aHOLy uepe3 Ka-
TOAHBbIH MOBTOpPHTEdb Ha JaMile vlg; Ko3(pdu-
nueHt Ko=K,Ks, rae Ks — xoadduuuent mne-
penauH HanpsiKeHHst OT CeTKH Jlp K ee Ka-
TOLY.

Takum ofpasom, emMkocTb Ca.c TEM 6.H-
XKe K Hyaio, ueM 6auXe K elHHUUE KO3PPH-
LUEeHTHl Tepeaayd 060MX KAaTOAHBIX NOBTOPH-
Teqeit (Ha aamne JIy v Ha namne Jip). Ilomu-

Bzod

MO KOMNEHCHpylouiero JAeficTBus, BBegeHue  Puc. 73. Ipunnun
cursasa Ha aHoA Jamnel JI; MPHUBOAMT K 3a-  aHOAHOW KOMIIeHCALHH
METHOMY [OMOJHHTEIbHOMY YBEJIHUEHHIO KO- KaTOLHOTO IOBTOPHTE-
s¢¢uuUeHTa Tepefayd OCHOBHOrO KaCKOIHO- TeJs.

ro nosroputens Ha 3Toi namne. O6bsacusercs

5TO T€M, YTO B CXeMe Ha pHUC. 73 HanpsKeHue

MexKJAy aHOAOM M KaTOQOM JaMibl J/; [NpaKkTHYCCKU HE H3IMEHSIeTCsl B
npouecce nepefaud CMriana. 3HauyeHHC KOx((HUIHUEHTa Mepesaud TAKOro
MOBTOPHUTEJSI ONpeAeNsAeTCs] BhpaXKenueM

i
K= .

I — K3 1
1
ot R

HanomHuM, uTo Aasi OGBIYHOTO KAaTOAHOrO TOBTOpHTEnst KO3hdu-
IIMEHT nepefayd Ha OCHOBAHHHM ypaBHeHHs (61) uMeeT caeaywOULHi BHA!
|
K= 1 0 .
l —_— JER——
* B SRk
Takum o6pas3om, AJ1s KaToaHOro MOBTOPHUTEST ¢ aHOLHOH KOMIIEHCA-
et KoshGUUMeHT nepelaud JCHOJHUTENBHO YBeJIHUHBAETCs, TaK Kak
BTOpOi uYJeH B 3HaMeHaTeje cTaHoBuTcs MaJa. Ilpw K==l MoxHO cuH-
TaTb, YTO KO3()(MLHEHT Mepeiayd KOMIEHCHPOBAHHOTO KaTOAHOTO MO-
BTOpUTENsl BooOGlie He 3aBUCHT OT M.
CkazatHoe Bbllle MOXHO IPOUJJIIOCTPHPOBATH NPHMEPOM, B3SITHIM
u3 kuuru 0. W. I'pubanosa!. Kosdpduunenr nepegaun o6biuHOro Ka-

1J0. U. T'pu6anos, MaMepende HanpsiKeHHH B BBICOKOOMHBIX Hensix, [oc-
sHeprousgar, 1962,
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TOAHOro mosTopHTens (namna dM-4, S=2,2 ma/s, R;=25,5 xom) npu
Ry=200 xom cocraBaser 0,66. ITpu BK/IOYEHHH KOMIEHCHPYIOLIETrO
katoaHoro nosroputenst ¢ K=0,9 B aHoanywo uens aamnsl JI; ko3bdu-
[HMEHT Mepeaayd OCHOBHOTO KAaTOZHOTO MOBTOPUTENS YBeIHYHUBAETCH A0
0,904, a ecin K=0,99, To pe3yabTHpYIOILHi KO3(Q(HUMEHT nepenauy
K,=0,94.

YmeHbiienne emMKoctd Cc.3 M OJNHOBpPEMEHHAsl KOMIEHCAIMA eMKO-
CTH 3KpaHupywuero xabeas [LOCTHralOTCS mnojaveil Ha ero 3KpaH
Hanpsi:KeHus curLana ¢ karona samnsl JIy. Ilpu 3toM eMkocTh Mexny
ceTKoif W 3KpaHOM Cc.3 OKa3blBaeTCsl BKJ/IOUEHHOH MapaJsijielbHO €MKOCTH
Cc.x ¥ KOMMEHCHPYeTCSH, KAK W MOCTe/Hss, 32 CYeT TOro, UTo Ko3hduuu-
eHT Mepejayd MOBTOPHTeNs OJU30K K eauHuue. Beaeacrsue storo pas-

wannawanua suriia MOV T wam~rAne mazeers T n

b HaNpAXEHHA CHIrHaJa MEX KOH W KaTOAOM JaMiibl vi] B

) y

(I—K ) pa3 MeHblUle HampsiKeHUs] CurHala. Bo cTosnbKoO Ke pa3 yMeHb-

—

1aeTcss M €eMKOCTHBIE TOK MeXAy ceTkoii u katoioM. B rakoil xe

CTENeHH YMEeHbLIAeTCsl H COOTBETCTBYIOUWlAs NHHAMHUYECKAsi eMKOCTD,
Tenepb BoipaKeHue nas Cpy npHOGpETaeT TaKo# BHA:

Cox=(1 =K K;)C, .+ (1 =K)(Coy TCLy) +C::.3 . (92)

OcTaBIIasicst HeCKOMIEHCHPOBAHHOM eMKOCTb Ch , COCTOHT B OCHOB-

HOM H3 eMKOCTH MeXX]y BBOLAaMH CETKH M HHTbIO Haxkana M He NpeBbI-
iaeT oObIYHO COTHIX AoJed nukopapanbl.
Taxkun o6pasom, onHcanHasi cxeMa faeT NpPHH-
a LHMHAJbHYIO BO3MOZKHOCTb KOMMSHCALHUH BXO/HOM
€MKOCTH KaTOJAHOTO HOBTODUTENs [0 3HAueHHil, He
R NpEeBBLILIAIOIKX COTHIX foJell nuxkodapansl.
e AHanu3 KacKOLHOro KaTOAHOTO MOBTOPHTENS C
aHOAHOM KOMMeHcalHell MoxeT OHTb INpPOHU3Be/IeH
G METOJOM CYNepro3uiliy, NpH KOTOPOM Kaxaas Jam-
° na paccMaTpPUBAaeTCsl KaK He3aBHCHMBIH 3KBHBAaseHT-
1 HBII TEHEPATOp, NATPYKEHHLIH HA BCIO OCTaIbHYIO
ol gacTh cXembl. (MeToa CynepnosHuMH MpHMEHHM
" 3/eCb BCJEACTBHE HCNOMb30BAHHA JaMl B JHHeH-
HOM peKHMe H OTCYTCTBHUSI MX B3aUMHOrO BJHf-
Hus). Jlamna BMecTe C COOTBETCTBYIOLIMMH €# co-
npoTHBJeHUSIMH Ry M Ry paccMaTpuBaercs Kak
Puc. 74. Jlamna  AKTHBHBIA TPEXNOMIOCHUK, XapPaKTePHCTHKH KOTOpO-
ro JOCTAaTOYHO MOJHO MOPYT ObITb ONpejeseHbl
3HAYeHMSIMH [OJHBIX CONDOTHBJEHHH €O CTOPOHBI
TOYeK @, ¢ U K (puc. 74), T. e. Mexay paccMarpu-
BaeMOil TOUKOH M JBYMSl JPYrHMH, 3aMKHYTBIMH
HaKODOTKO IO MePeMEeHHOMY TOKY.
[Tpn M3MeHeHWH MNOTeHUMata B TOYKe a Ha Beanuudy A U mpupa-
IleHHe TOKa B Lienu

K

KaK TpexnoJioc-
HHK.

Al=— SRy Al + AU—AIR(?“JFR“) :

PasnennB o6e yactu ypaBHenuss Ha AJ, MOXHO BblAEJHTb OTHOIIE-
pue AU/A I, onpepensiolliee noJHOe CONPOTHUBJEHHE B TOUKe a:
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AU
_A_ﬁlﬁ =Rg(l +w)-+R; -+ R, =Z,.

TouHo Tak Xe NpH H3MEHEHHH MNOTeHUHaNa TOYKH C (T. €. IOoTeH-
nHaga CeTKH J'laMan) MOJIy4HM BbIpaXKeHue aJig npupalleHus ToKa |
ypaBHeHHe COOTBETCTBYIOLIErO MNOJHOTO CONPOTUBJEHHS:

AT (Ra+RY
R; ’

1
Zc:=”;[Ra+Ri+(l+M)Rx]-

Al =8(AU—AIRy)—

Ris pt.? R )
1
(1+1) (14 p) 1+ Jy B
Ry P y
T A ’
/_ 1+ p - s iz
IA Riz fufUltf //‘—\ Pr.z (7+/‘3)
- .
e Vs P (1) | R (110014 ps)
+ -
R (14+-1,) R (14 (1 +10,) | &, (14 gt pe)ire e
I 7
a) 5) 5)

Puc. 75. OkBuBaneHTHBIE CXeMbl JJISi AHAJM3a KOMIIEHCHPOBAHHOIO Kac-
KOJHOTO KaTOLHOI'O MOBTOPHTE/S.

@ — OTHOCHTeJIbHO JaMnbl Jlp; 6 — OTHOCHTeJAbHo Jamnbl JI;; 8 — OTHOCHTENLHO
Jamnpl  J;.

M3Menenne moTeHuHajsa B lLenH Karoaa Jamnel NPUBOAMT K CJe-
AYIOIIUM COOTHOLUEHHUAM:

Al =S(AU—AIR,)+ [AU—A;(R“+R“)] ;
4
Ra+R;
L+p

Zy == RK ‘{”

[IpuMeHHTENBHO K MOCJAEAOBATENBLHOMY BKJIIOUEHHIO TPeX JiaMI, Kak
B CXeMe KOMMEeHCHPOBAHHOIO KaCKOLHOrO0 KaTOAHOrO MOBTOPHTENA, MOXK-
HO cjenath BBIBOA, YTO BCE IMOJHbBIE CONPOTHUBJEHHS, MPUBOAUMBIE K
KaTojy paccMaTpMBaeMOil JaMnbl W JeXaliHe Bbllle 3TOH TOUKH, JOJMK-
Hbl GbITb yMeHblueHbl B (14 W) pas, a conpoTHBJeHHs, NPHBOAUMBIE K
aHOJLy NaMNbl H Jexallue HHXKe 3TOH TOUKH, NOJXKHBI ObITb yBeJHYEHB!
B (14 1) pas.

B COOTBETCTBUH C 3THM MOXKHO COCTABHTb 3KBHBAJIEHTHblE CXEMbl
aas kaxjaoi u3 namn JIy, Jg2 u JI3 (puc. 75) u Ha uX OCHOBaHMM ompe-
JeNUTh MOJHbI TOK B CXeMe KaK CyMMY CaMOCTOSITENbHO CYIIECTBYIO-
HIMX TOKOB OT KaKJ0H JaMIbl:
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po (14 pa) (1 4 pa) U +-
[ =1 ! I3 = s
R Ris+ Ry (1 + pe) + Rax

+ (14 pa) Uy 4+ psUs (93)
X (14 pa) (14 pa) + R (14 p2) (1 4+ pg) (14 ps)

B cxeme KOMMEHCHDOBAHHOIO KAaCKOAHONO KaTODHOTO IOBTOPHTEJS
Ui=Usx u Us=Upyux. Ecn namna JI, ucnosb3yercsi Kak Heperyaupye-
MOe KaTOAHOe COMDOTUBJEHHEe AJI51 CTabUAM3alUW¥ KAaTOAHOLG TOKAa JaM-
nul JI;, TO BHnoJgHseTca ycaoBue U;=0. Hanomuum, uto Besge U u [
— IepeMeHHble  COCTaBJAWOIHE  HAaNpsXKeHUs] W ToKa. YCJaOBHe
U;=0 o3nauaet, uTo Ha ceTKy samnbl J/I; HanpfKeHHe cHUrHaja He mo-
JlaeTtcs.

[1pu stom ypaBHenue (93) npuBOAMTCA K CJAEAYIOWIEMY BHAY:

] = K1 (1 +H3) UBX+ 1% UBblx
Ris—+ Ryt (14 ps) + |Rin 4+ R (1 4 pa)] (14 py) (1 4 pa)

U3 s3kBuBaseHTHOH cxeMbl (puc. 75,a) BHUAHO, YTO BHIXOAHOE Ha-
npsiKeHue Ha aHome Jamnel J/p npu ycaoBuu Up;=0 onpegensiercs

BbipaxkenueM

(94)

Upux =1 [Rjz + R (1 + pa)] . (95)

[Toacrasus 370 3HauenHe Upwx B ypaBHenue (94), nonyuum Bhipa-
KeHHe aad KosdduuueHta nepenaud Jgamnbl JIp:

Uswix P (1 4+ ps)
Upx Ris-+ Ry (14-pa)
1 1
Fin +p3)+Riz+Rx(1+P«2)

Koadduuuent nepesayy KOMNeHCHPYIOLEro KaTOAHOIO MOBTOPHTENS
Ha Jamne Jl3

Uar
UBbIX

Ks=

’

roe Ua1 — Hamps)XeHue cUrHasa Ha aHojde Jamnel JIj,

Uar=—nUsc + 1T {Rin+ (1 + 1) [Ria+ R (1 4 p2)]} . (97)
Pewas cosmecTHo ypaBHeHus (95) u (97), noayunm:
Usux {Ril + (1 4+ P’l) [Riz + Ry (1 + P'-z)]}
= —py Upy .
Var =t st Riz + R (1 + 1)

Tenepb MoxeT GHITh NMOJYYEHO NOJHOE BHIpa)KeHHe A Ko3buiy-
eHTa nepefaud HanpsiKeHus Jjamnbl Jla

Ry K
Rig+Re(14py)

Ha puc. 76 npuBeleHa mpakTHueckas cxeMa KacKOAHOrO KaTOMHOTO
NOBTOPHUTENS C KOMneHcaudeid BXoaHO# emKocTu. M3MepeHHLle BxoAHas
€MKOCTb M BXOJHOe COMpOTHBJEHHE AJsf 3TOi cXeMbl 6e3 KOMMeHcalluy,
T. e, 6e3 qamn JIy u JI3, paBub: Cpx=43,2 n, Rex=35,5 Mon, npuuem

Ks=Ki—m (1 —Ky)+ (98)
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BXOJHO€ CONPOTHBJEHHe 3JeCb ONMpeAessyioCh NDAaKTHYECKH BeJUYHHON
conpoTHBJEHUS yTeuku Rc1. Ha Bxoge cxeMbl BK/IIOYeH KOAKCHAJMBHBIHN
Kabeabr nanHOil okoso 40 cm.

Ipu BBeneHUH KOMNEHCAUHH BXOAHAS €MKOCTb YMeHBUIHJAACh A0
snayennsa 0,2 ng na uacrore 100 ey. [1pu yBenuueHHH yacTOThl CHrHajla
3HayeHHe BXOJHOH eMKoCTH yBeauuWBaerTcs u pocturaer 0,35 ng Ha
yactote 50 Key. 3aBHCUMOCTb €MKOCTHOI'O CONPOTHBJEHHSI XC OT ua-
CTOTHl TpHBeleHa Ha puc. 77. 34ech XKe [OKa3aHa 3aBHCHMOCTb aKTHB-
HO#l 4YacTH BXOZHOrO CONpoTHBJeHHf R ot yacTtoThl. Ha uactorte okoso
3,2 key oHO cTpeMHTCH K GeCKOHEYHOCTH, a NpH AajbHefilleM MOBBILIE-
HHH 4acTOTH CTAHOBHTCS OTPHLATENbHBIM MU MOHOTOHHO yObIBaeT ¢ ua-
ctoroil. [IpuunHoit 3Toro Moryr G6uiTh HeGosblKe Ga3oBble CABUIH MHAYK-
THBHOTO Xapakrtepa B lenu o6paTHOH CBA3H.

B Tta6a. 5 npusesennl K;, K; ¥ cooTBeTcTByIOUIHe MM KO3(dHIHEH-
el KomneHcauuu (1—K;) u (1—Kz), nosnydeHHble myTeM pacueTta Mo
npuBeeHHBIM Bhille (GopMyJaM.

Ta6auna 5

K, K, (1—Ky) (1—Kz)

0,99919 ‘ 0,973 I 0+00081 ' 0,027
l I !

3aMeTuM, 4TO OGBIYHBIH KATOAHHIH MOBTOpPHTENb Ge3 KOMIEHCAlHH
B 3TOM cJayyae uMeeT Ko3dduuneHt nepemaud K=0,974, cooTBercTByIO-
mHH eMy Ko3¢pGHUHEHT Nepefauyd KaCKOLHOTO KAaTOLHOTO NOBTOPHTENs
Ki=0,99919.

Ecau noacraButh B BhlpaxkeHue (92) 3HaueHHa Ko3apdHUHeHTOR
KOMIEHCAUHH ¥ usMepeHHble 3HaueHust Cpx U Ca.c, TO MOXHO paccuu-

TaTb €MKOCTb C;.S. IMpn Ca.c =2 ng nonyuaem C..;3 =0,075 ng. dtoT

pe3yJbTaT NMOKa3blBaeT, YTO 3KpAaHMPOBAHHE BXONHOH LEMH C KOMIEHCA-
uueit eMkoctH Ce., fIBASIETCS BecbMa 3¢ (eKTHBHBIM CPEACTBOM CHHXKe-
HWA mapasuTHoO# eMKocTH Ce.a.

[MToaknrouenvue conpoTHB/IeHHsl yTeukd Rc1 K aHoay Jamnel JIp npu-
BOAHT K KOMMEHCAlUHM{ BXOJHOIO TOKa uepe3 3TO CONpOTHBJeHue, Pa3s-
HOCTb HampsXeHWH Ha 3TOM conpoTuBjJeHuH paBra (l—K;) Uspx, T.e.

BeJMYHHA BXOLHOTO TOKAa, MpOTEKalollero 4depe3 COMNPOTHBJCHHE YTeUKH,
|

yMeHbIIaeTcsl B pa3 3a cyeT fAeficTBHA OTpHUaTenbHON obpart-

I—K;
Hofi cBfizau. BeseAcTBHe 3TOro BXOJHOE COMPOTHBJIEHHE CXeMBEl BO3pa-
cTaeT 10 3HaueHus 2- 100 om.

[Tytem panbHefimero yBeqHueHus KosdduuueHTos nepenaun K, u K,
MOXHO BXOJHYIO €MKOCTb CAesaTh elle MeHblue. [IpuHIMNHANIBHO BXOX-
Hafi eMKOCTb MOXeT GbITh cBeleHa [0 HYJs NpH 3HaueHuu K, paBHOM
1,2, u 6yneT HMeTb OTpHIATe/]bHble 3HAaueHHsl NPH GOJbIIEM KO3(pULH-
eHTe Tepelau.

Ha puc. 78 npuBeneHa npakTHueckasi cxeMa, B KOTOpofi JdafbHelinee
npubankenne K, K elWHHLe NOCTHraeTcsi TeM, YTO MpUMeHsieTcs AOmoJ-
HHUTENbHBI YCHJWTENb CHIHasla KOMNeHcanWu. BxoaHoe compoTuBJeHue
cxeMbl jgoctHraetr Rpx=10'! oM B nManasoHe wH3MeHeHH{I cHrHaza
A Upy ==*100 6. Bxoanasi eMKOCTb MOBTOpHTensi 6/M3Ka K HYJIO, Tak
YTO MOJIOCA MPOoNycKaHus cxeMbl mpoctupaerca ot 0 no 10 Mey.
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Jlns toro yToGH BBHIXOAHOE HANpsIXKEHHe MOBTOPHTENs (NpH mepe-
Jaye CHUrHajla NOCTOSTHHOTO TOKa) OBbLJIO TOYHO pPaBHO BXOAHOMY, B CXeMe
MPOM3BOAMTCA KOMIIEHCAUHUSl Hanps:KeHHa cMelleHus Ucy Jamnu JI
BBEACHHEM JOMNOJHUTEJNLHOrO conpoTuBaeHus Rs;. Ecaum BeauuuHa 3TOro
COMpOTUBJIEHHS] BbIOpaHa TaKoH, UTO MajeHUE HaNpsKeHWs Ha HEM 3a
cyeT aHopgHoro Toka samnbl JI; paBio — Ucy, TO MOTEHLHAn aHona
Jaamnsl JIp (BEIXOAHOH MOTEHLHAJ) paBEH MOTEHUHANy CETKH JaMnbl JI.
IManenne nanpsaxenus va gamne Jl;
NPaKTHHeCKH He 3aBUCUT OT BJH-
YHHBl BXONHOTO CHIHaNa, TakK Kak
TOK yepe3 jamny Jl; U CONPOTHBJE-
HHe R3; U3MeHfCTCS B AHHAMHUECKOM
JManasoHe CHTHaja ype3Bblyanto

8xod

/)‘ 1

Puc. 79. CxeMa sMmuTTEpHOrO

MOBTOPUTENA C KOJJIEKTOPHOH

KOMIleHcallueH notepb Ha BXO-
ze.

Puc. 78. CxemMa nosTopu-
TeJqss C JOMNOJIHHTeJbHOM
KOMIeHcalne.

Mano (M3-3a BBICOKOTO  AHHAMHYECKOrO CONPOTHUBJCHHS jaammbl Jj).
Besencreue TOro, uto Ko3hGUUMEHT mepenauu HanpsKeHHs OT CETKH
K Kartody Jamnbl JI; BecbMa GNH30K K elMHuIe, NPaKTHUECKH HE H3Me-
HAeTCA TaKXKe B InpeldenaXx JAHHAMHUECKOro AManasoHa M MNOJOKEHHe
pabouell TOUKH 3ToH jJamnbl. TakuM 06pa3oM, OnMMcaHHAs KOMIIECHCALHS
IeHcTByeT B NOJHOM AHHaMHUECKOM [MamasoHe CHIHaJa.

Beenenue namnel JI; HECKOMIBKO CHUMKACT KO3 (OUIHENT MePeRayn OT
ceTKH JaMmnbl JI; K BBIXOJHOMY 3aXHMy, 01HAKO 3TOT 3ddexT He3Hauy-
TeJieH, TaK KaK BeJMuMHa R3 BO MHOrO pa3 MeHblle AHHAMHYECKOro co-
npotuBaenuss naamnbl Jlp. Ecau KaToaHBIE 1OBTOpUTENb NpPHMEHSETCS
IJIsl Mepefavyyd CUrHaJOB NEepEMEHHOro TOKA WJM HaYaJbHBI NOTeHUHaJ
BHIXOLHOrO 3aXKHMa He HMeeT 3HaueHUs, TO CONMPOTHBJIEHHE R3 U3 CXeMH
MOXHO HCKJIIOYUTh.

AnonHas KoMmeHcauusi JaMnsl JI; OCYUIECTBJsieTCS uyepe3 JaMmy
JI3, curajg Ha KOTOPYIO MOJAaeTcA 4Yepe3 YCHAUTeNb ¢ oOLled CETKOM,
co6panHplil Ha npaBoM (o cxeme) Tpuomde Jamnbl JI;. Komnercupyro-
KA CHTHAJA C BHIXOJA KaTOLHOrO MHOBTODHTENS MOjaeTcs Ha KaToj
3TOr0 TpHOIA.

Ha puc. 79 npuBeleHa cXeMa KOMMNEHCHPOBAHHOIO 3MHTTEPHOTO
MOBTOpHTE/sl HanpsiKeHHsl, BHIIOJHEHHOTO Ha TpaH3HcTOpax. IJosoxeH-
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TIEI€ B OCHOBY CX€MEl MPUHLKIEI KOMIEHCAlHA T€ K€, UTO W LJIA JaMIIo-
BOTO KaTOJHOTO MOBTOPUTeNsl. JLONONHUTENBHO K KOMNEHCANNH BXOAHOMN
eMKOCTH 3[eCh OCYUIeCTBJSIETCS] W KOMMEHCalMs CONPOTHBJIEHH cMe-
IleHHsA, HaJHYMe KOTOpPOro B OOLIYHOM CJyuae NPHBOLHT K CHUXKEHHUIO
BXO/[HOTO COMpPOTHBJIEHNS TOBTOpHTeNsd. B cxeme conpoTuB/ieHUe cMmelle-
Hua 6a3bl TpaH3ucTopa | MOAKJIOUEHO K €ro KOJLIEKTOpY, Ha KOTOPBIH
nonaeTcsl KOMNEHCUpYIOUlee HanpsKeHHe uepe3 3MUTTEpHHIi MOBTOpH-
Tenb Ha TpaHsuctope To. B pesyabrarte addexTHBHOe 3HayeHue CONpo-
TUBJIEHHS CMelleHHs (AJsi CHTHasa) npeBblilaeT HaKTHUECKYIO BEJHUHHY
conpotusneHuss B K, pas, rae K; — koabpHuMeHT nepenayu Hampsixe-
HusA OoT 6a3bl K KOJJIEKTOpY TpaH3ucropa T.

DTOT 3MUTTEpHBI MOBTOPUTENL C KOJJIEKTOPHOH KOMMOeHcauuel
npenHasHaueH s paboThHl Ha BXORE HMNYJbCHOro ycuaurens. s
pacUIHpeHHs €ro MoJochl NPONyCKaHHWA B 06JACTH HH3KHX YacTOT B Lemb
KOMIIEHCUHDYIOULEr0 CHrHaJIa BKJIOUEHO CORPOTHBJEHHE R3, uepe3 KoTopoe
Ha Gasy Ttpan3uctopa T, nepejaloTcs HanpsiXKeHHsT HHU3KUX YaCTOT, He
nponyckaemMsie Konaencatopom Co.

BxonHOe CONpOTHBJEHHE KOMIIEHCHPOBAHHOTO 3MHTTEPHOrO MOBTO-
pHTeNIA B HECKOJBKO a3 TpPeBbIIAeT BXOAHOE CCMPOTHBJEHUHE OGBIUHOTO.
ITpu npumeHenuu tpausuctopoB Ty # T2 ¢ K03)DUIUEHTOM YCHIEHHUS
no Ttoky 0,992 BXoaHOe COMpPOTHBJIEHHE HA uacToTe | Key cocTaBiser
1 Mom npu Ry=0.11 Monm. Tlonoca mponyckaHHs KOMNEHCHPOBAHHOIO
SMHTTEPHOrO MOBTOpHUTENs] Ha Tpausuctopax [1403 —ot 100 24 mo
2 Mey,

26. CBEPXJIMHENHbBIA KATOOHBIM NOBTOPUTEJDb

Hepenko X KaTOZHOMY NOBTODHTENIO NpenbsBAseTcd TpeGOBaHHE
ype3BHUAHO BHICOKOH JIMHEHHOCTH €ro XapakTEpUCTHKH. B wyacTHOCTH,
3TO MMeeT MECTO IpHM MNepefaye CUTHAJNOB, COCTOSILIMX M3 KoJjeGaHui
HECKOJIbKMX YacToT ¢ NpubAH3HTeNbHO OAHEakoBofi ammautynoil. Ilpu
nepejave TaKOTO CHrHasla HeJUHeNHOCTb XapaKTePUCTHKH NPHBOIUT K
TOMY, UTO aMIAMTYABl CYMMapHbIX H Pa3HOCTHBIX YaCTOT, BO3HHKAIOLIHX
M3-3a NMepeKPecTHHX UCKaXKeHHH B KaTOAHOM MOBTOpHTENE, MOTYT AOCTH-
rath OOJIbIION BeJHUYMHBI.

Bbille ynoMHHAMOCh, YTO KaCKOAHBI KaTOZHBI MOBTOpUTENb 06Jja-
JlaeT MOBBIMIEHHON JMHEHHOCTDLIO BCJENCTBHe BBICOKOTO 3HAUeHHS] Ko3dh-
¢unveHTa nepenaud Hanpsaxkedus. JanpHefiulee nosbiweHue Ko3pdu-
IHeHTa nepenavyyu HanpsxkeHua HabjonaeTcs B KOMNEHCHPOBAHHOM
KaToQHOM mnoBTOpHUTene. JIOrHuecKHM pa3BUTHEM MOC/Je]HEH CXeMHl
B UeNAX MOJyuYeHMs MaKCuMafnbHOH JHhCHHOCTH SBJSIETCS BBeReHHe
KOMMEHCAllUH B AHOAHYIO lenb Jamnsl J3 (18 KOMIEHCHPOBAHHOIO
KaToAHOTrO TIOBTOPHUTEJS1) ¥ KOMMNEHCAUMW MaaeHHs HanpsKeHHs Ha co-
NPOTUBJIEHHH Ra KaCKOZHOFO KaTOZHOrO MOBTOpHTeNs. BBenenue kax-
noit mocaenyiouleifi KOMMeHCHpYIOIIeH JAaMnbl NPHBOAUT K YBEJUYEHUIO
K03 (DUUHEHTOB TMepefaud Kaxaoll M3 HUXKecTosumx Jaamn. O6mas
cXeMa TaKOro KaTOIHOrO MOBTOpHTENsl npuBedeHa Ha pHc. 80.

B npuvuune nyTtem BBefeHHS GOJbUIOTO KOJHYECTBA KOMIEHCUPYIO-
IIMX MOCJeNOBaTeNbHEIX JlaMI MoXKeT OBITH NOCTHrHYTa mobas 3anaH-
Has CTemeHb JMHERHOCTH KaTONHOTO MOBTOPHTe s Ha Jjamne JI;. OnHo-
BpeMeHHO yBesiuueHHe Kosddulyenta nepeiayd 3TOH JaMIBl NPH TaKoR
MHOTOKpaTHO! KOMIEHCALlHH COMPOBOXJaeTcsd YMeHbLIEHHeM BHIXOLHOrO
CONPOTUBJEHHUS CXEMBI.

B mpuBOAMMOM HHXe aHa/lu3e cXeMbl CBEPXJMHEHHOro KaTOAHOIC
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MOBTOPHTe/IA MPEANOJAraeTcs, YTO CETOUHBle TOKM Yy BCeX JaMm OTCYT-
cTByI0T. PaccMaTtpuBaeTcs pafora TOJBKO TPHOZOB Ha HH3KHX 4acTOTaXx,
KOraa MOXHO mpeHeGpeub BJMSHHEM MeXIY3JEKTPOAHBIX eMKOCTell.
OCHOBHBIM HCTOYHHKOM He/NHHeHHbIX HCKaXKeHU#l B cxeMe fIBJISETCH
3MeKTPOHHAsl JIaMna, XapaKTePUCTHKH KOTODOH MMEIOT 3HAYUTE]bHYIO
KPUBH3HY B [IMHAMHYeCKOM Juana-
30He mepejfaBaeMoro curuasa. Beso-
AuMas KoMneHcaluus obecneuunaer
O/MHAKOBble H3MEHEHHA MOTeHIHa-
JIOB CEeTKH, KaTola M aHOAa JiaMnbl
JI, npu monave Ha ee CeTKy CHrHa-

Ja, Tak yto pabouas TOUKA JAMIIbI
OCTaeTcsl HEM3IMeHHOM B [AHHaMHue-
CKOM [OManas3oHe CHrHa/na. ITO Hc-
KJiouaeT BJHSHHE KPUBU3HH aHOI-
HOH XapakTepHCTHKH JlaMObl  Ha
ko3 uurenT rneperavd HanpsKe-
HUA,

«CxemMa KaCKOLHOTO KaTOIHOTO
noBTOpHTENs, A-TO NOpsAkKa (rne
n=1, 2, 3,..) conepxut 2n+2 aam-
MBl, BKJIOYEHHBIE [OCJIEA0BAaTEJ]bHO
¥ OxBaueHHble COOTBETCTBYIOLIHMH
nensMyu ofpatHoit ceasu. JIse nam-
nbl BXOASIT B COCTAB KAacKOAHOro
KaTONHOTO MOBTOpHTENS, & OCTalb-
Hble 2 1 Jamn SIBASIIOTCA KOMIEHCH-
pyowinMe. [TepBbie 7 JaMm U3 3TOTO
yjpcna  KOMMEHCHPYIOT H3MeHeHHe
HanpsiKeHHs MeXJy aHOAOM H Ka-
TOLOM Jamnel JIj, IS 4ero Ha HX
CeTKH TONaeTCs BBIXOJIHOe HANpsKe-
HMe 3ToH JsaMnel. BTopme n Jamn
KOMIIEHCHPYIOT H3MeHeHHe HamnpsiKe- £
HMS Ha COMPOTUBJIEHMH Ra. W Ha ux
cerki monaeTcn HampsKeRie C k- e OU; CXENA kounencuponan
Hero (mo cxeMe) KOHLA COMPOTHB- n
nennst Ra. -ro TNopsifKa.

HanoMHHM, YTO OJ8 KacKOJQHO-
ro MOBTOpPUTENS KOI(DOHIHEHT Mepelaynd HAMNpPSKEHUs Onpenessercs
BbIpa)KeHHeM (76) u MoxeT ObITh 3amHcaH cJeyiOIHM o6pa3om:

|
l R/’]+Pa

1+——(1 it
191 1 Ris+paR 3

BrixonHoe COMPOTHBJEHHE TAKOrO MOBTOPHUTENS OMNPeAeassioch Bhipa-
xenneM (79). O6a 3Tu BBIpaXKeHHs cnpaBelJHBHI NpU HyJdesoM (a3o-
BOM CIBHre B UeNAX CETOK JaMm BO BCeM OHana3oHe pabOYHX 4acToT.

Jlnsg KacKoNHOrO KaTOJAHOTO MOBTOPHTENS A-TO MOPSAKA MOMKHO
NONB30BaThCsl 3THMH JKe BBIPAXEHHSAMH, eClAH CAelaTh Cjeayiollne
NOACTaHOBKH:

Wy = (“i)n ; RL:I = (Rtfl)n; Ra = (R;)n ’

EIZ

K=
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rje
, [(nt2
(B)n=w Eg(“”‘f) ; (99)

, n+2 —n4—2
(Rt )n= kZB {Ri (k—1) in (I+wn) }+Ri(n+g) ; (100)

, [ on42
(R)n=Ry | I (I+n)+
| j=n+3
2n4-2 2n4-2 ’
+ Z {Rt ey | I (l‘l‘l‘f)J}Ruszrz)' (101)
i=n{4 1=k

ITpu 3TuX yCc/A0BMSX paccMaTpUBAaEMBIH CJOXKHBIA KaTOAHBIH MOBTO-
puTenp MoxXeT ObITh H306paKeH cxeMoii OGBIYHOrO KacCKOLHOIO MOBTO-
puTeNd, CONpOTHBJEHMe 06paTHOH CBfI3M KOTOPOTO HMeeT BeJHUYHHY

’

(R, )n, a BHyTpeHHee COMPOTHBJIEHHE H KOS(D(HUHEHT YCHICHHS OCHOB-
’ 4
HOH JaMmbl omnpenensirotcs 3HadeHHAMH (R )q H (L)), Tak kaxk

NADLIITTAIN iale)
fNoc/ieHHe [epetuc/EHHbIe napaMeTpbl 3Ha4YUTEALHO [pPEBLIIIAIOT TIC

BeJUMYNHE AHAJOTMYHblE NnapaMeTpbl HCXOLHOro KacKOAHOrO KaTOJHOrO
TOBTOPUTEJNSA, TO OYEBUIHO, UTO pe3yabTUPYOUWMi KoshHUUEeHT nepena-
YH M BHIXOJHOE CONPOTHBJIEHME 3HAYWUTENbHO Jydlle, 4eM B HCXOMHON
cxeme.

Kosbpduuuenr nepemauu or ceTKM K aHOAY Jamnbl JI; MoxeT GBITb
onpeje/eH CACIYIOUIHM BLIpaKeHHEM:

1
(1+ny) §'— Ry (P';)n
(”1)n [5‘2 (R;)n+ Rp+ Rn] —w S

s = (Mt 1) (R;)n"*' (Rzl)n TRy

(Ks)n =

Jlns ynpolueHuss npUMeM, 4YTO B CXeMe MpUMEHEHbl H/EHTHUUHbIE
JaMIBl, T.e. Bce JaMnbl MMEIOT OXMHAKOBBle Benuuudnl W # R;. Ilpu
ycaoBuY, uTo B> 1, Beipaxenus (99), (100) u (101) npuuuMaror cie-
NyIOUHH BHA:

(B)n = 1 (p?);
(Rit)a= Ry (1");
(Ra)n= Ry (0") + R, (" 71).
[ToncTaBuB 3TH 3HAuYeHMs B BhHIpa)KeHUs Aist KO3 OulUHeHTa mepe-
Jaud K| KackOQHOTO KAaTOQHOrO MOBTOPUTENSl, €ro BHIXOAHOTO HaMps-

JKeHHs U KO3(D(HIHEHTa Mepejaun OT CeTKH K aHOAY, MOJYUHM:
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1

s W[‘1+_R3+Ri] : (192
l"n+1 RRy+ R;

Ri(Ra+Ri)
BbIX)n ~ n N 03
(Rowdn ™ T wR R ) (%)

1

K3, =~ . 104
(K3)n L wRAR (104)

p" 1 (WR, 4R

U3 nocienHux BblpaxKeHUH BBITEKAeT, YTO HaNpsiKEHHs Ha aHole
H KaToJe OCHOBHOH JaMmbl KaCKOJHOTrO KaTOMHOrO MOBTOPUTENSI N1-TO
nopsilKa CJEAYIOT 32 HanpsKeHHEM Ha ee CeTKe ¢ TOuHocThio ao 1/ W&
a BBIXOIHOE COMpPOTHBJIEHHe TaKoH cXeMbl B " pas Menbllle, ueM y

0GbIYHOrO KACKOAHOTO KaTORHOTO moBTOpHTENs, 1 B W1} pa3 MeHblle,
yeM Yy MpOCTOro KaTOMHOTO MOBTOPHTEJS.

M3 ypaenenuss (103) BHAHO, UTO BBHIXONHOE CONDPOTHBJIEHHE Kac-
KOIHOrO KaTONHOrO MOBTOPHTENS MOXeT GbITh MOJYYEHO CKOJb YrOAHO
vajblM myTeM BBHIGOpa COOTBETCTBYIOLIErO KOJHYECTBA 271 KOMIEHCH-
pyownx namn. Onanako B peasbHBIX cXeMaX BCeria HMeeTcsi OTpulla-

o

TeJIbHBIl CeTOUHB# TOK BXORHOH JaMibl, 4YTO MPUBOAHT K HaJHYUIO
HEKOTOPOro HUIKHEro Mpeaena, 10 KOTOPOTO BO3MOXKHO YMEHbIUEHHEe
Rpux. DTOT HUXKHUII MpeReJ 3aBHCHUT OT BEJIHYHHBI BHYTPEHHEro COMpO-
THBJIEHUS] HCTOYHMKA CHUTHaJa.

B kauecTBe nmpuMepa pacCMOTPUM KaCKOAHBIH KaTOIHBIi NMOBTODH-
TeMb ¢ n=2, T. €. CXEMY, COCTOALLyl0 M3 wectH Jaamn. Ecau npUMeHHTH
JaMmBl ¢ BBICOKOH KpyTusHoH (Hampumep, tuna 6H2IT), To npu nanps-
JKEHUH aHOX — Karoa Kaxnoi#l Jgamnsl 100 8 6yner umers: [,=0,3 ma,
W=~100 u R;=10% on. Ilpennosoxum, uto Ra=10% om. Torga us ypas:
Henuit (102), (103) n (104), Haxomum:

[Mpu ucoblTaHUM TAKOH CXeMbl Ha Hee MOJaBajich CHTHAJR YacTo-
Toit 60 u 85 2y ¢ amnauTYAOH 2 8 M H3MepsIach aMILIHTyla PA3HOCTHON
vactoThl 25 24. [Tocnenusis rMmesa snaucHue 4 - 10—7 8, 4yTo cOOTBETCTBY-
eT Ko3(pdHUHEeHTy nepekpecTHol Moayasuuu 2+ 10— % . Ina cpaBHeHUs
MOXKHO yKa3aTb, YTO MeDPEKDEeCTHble HCKaMeHHsl MPOCTOro KaCKOAHOrO
NOBTOPHUTE A COCTABASIOT O+ 10—2 9.

H3mepenHoe 3HaueHHe BBLIXOAHOTO COTPOTHBJIEHHS NpH BHYTPEHHEM
CONPOTHBJEHNH UCTOYHHKA CHTHana | Kom Ha yactoTe 25 2y COCTaB/AAIO
0,5 om. 3HauuTebHOE PACXOXKIEHHE C PaCUETHBIM 3HAYEHHeM OOBSCHS-
eTcsl, M0-BUAHMOMY, CETOUHBIMH TOKaMU jammbl JI;.

[TomMuMO BCcex mepeuuC/IeHHBIX MPEeMMYLIECTB, Takas cxema o6Janaer
OYeHb HU3KUMH COGCTBEHHBIMH WIYMaMH, MaJabiM N0Tpe6aeHHeM TOKa, BHI-
COKHM BXONHBIM comnpoTHBaeHHeM. Cepbe3HbHIM HEZOCTATKOM CXeMHl B-
JISIeTCS 3HAUUTeJbHOE BPEMsl BOCCTAHOBJICHHs NOC/Ae GOJBIINX Neperpysox.

123



27. KATOOHBIX NOBTOPHUTEJIb C KO3ddHUILHEHTOM
NEPEJAYN HANPSOKEHUA, PABHLIM EOWHULE

YacTo OCHOBHBIM TpPEOOBaHHMEM, MNPENBABJIAEMBIM K COMJIACyOlieMY
Kackaay, sIBJsIETCSl OYeHbh BBICOKAS TOYHOCTb BOCIpPOH3BENEHHS NONABae-
MOro Ha Hero cHruaJa. Eciu 310 He conpoBoxKaaercs tpe6oBaHHeM OYeHb
GOJILIIOTO BXOAHOrO CONPOTHUBJIEHHS KAacKaia, TO MOXeT ObiTb HCIOJb-
30BaHa Pa3HOBU/IHOCTb KACKOXHOrO KaTOLHOT'O NOBTOPHTENS, B KOTOPOM
KO3 pUUMEHT Mepefayy NOAAEpPHHBAETCS DABHEIM EIHHHILE,

Puc. 81. Kartogrblii noetoputens ¢ KosthGhHIHEHTOM
mepefaud HampsKeHusi, PaBHLIM eNHHHUIE.

a — NPpHHIHNOHAJNbHAA CXeMa, 6 — PKBUBAJIEHTHas CXeMa.

B uso6paxenHoit Ha puc. 81, a cxeme KaTOAHOro IOBTOPUTENS Kac-
KOJHOro THNA KOMMEHCALHs NMOTepb B KATOMHOH LeNH, cO31aBaeMbIX KO-
HEUHO! BeJMYHHOH KaTONHOTO COMPOTHBJEHHS M CONPOTHUBJIEHHs BXOAHOM
LeNH nocneilyfollero Kackama, AOCTHraeTcss BBeIEHHEM TMOJOXKUTENbHON
o6paTHoil cBA3M uyepe3 samny Jl,. HanpsixKenue curmana c BHXOJa Kac-
KOJLHOTO KaTOJAHOTo MOBTOPHTENS, BhIMOMHeHHOro Ha naamnax JI; u Jls,
nonaerca Ha OydepHblit Kackan Ha Jamne Jlp. Kosbhduuuent mepenaqu
HanpsKeHus B 3aMblkaeMoil UM netsie o6paTHOi CBSI3u BBIOUpaeTcs pe-
TYyJHPOBKON BEJHUHHBI CONPOTHBJIEHHS Ry, COCTaBJAfIOMET0 ¢ MOCTOSH-
HbIM CONpOTHBJEeHHeM R JeanuTenab CHrHaja OGPaTHOH CBA3H.

Ins onpeleneHuss yclOBHH, NPH KOTOPLIX CONPOTHBJEeHHe B KaTOA-
Hoft nenu mamnsl JJ3 (Mexay toukamu A u A’) npuHHMaeT GeCKOHeuHoe
3HaueHHe, paCCMOTPUM SKBHBANEHTHYIO cxeMy yctpoiictBa (puc. 81,6).
Jlamna JI3 31ech 3aMeHeHa reHepaTopoM HanpsikeHus e. TlonHoe compo-
THBNeHHe R, ABAfIONeecs KaTOAHOH HArpy3KoH sammet JI (MeX1y TOW
kami A—A’ 5KBUBa/JeHTHON cXeMbl), HaXONMTCH MyTeM pelleHus CHCTe-
Mbl ypaBHeHHll nnsa Tokos It u Iy

Ua=—(1—12)Ry;
Ue=e—R (I1—13)+ IR,
e-+mUa—I1 (Riy+ R1) = — 1R
~MeUcz — I3 (Riz+ Re+ Ry) = — 1Ry .
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OHYCTHB MPOMeXYyTOYHbI€ BBIKJIALKH, 1T0JYUYUM BhipakeHue Aad NoJ-
HOTO COMPOTUBJIEHHS:

R;=—i~=Ru+wu+1uhx
{ 1+ Ry pe/[Ris + Re (pa -+ 1)] }
1 — Ry (Mapa — 1)/[Ria+ Re (pe -+ 1)] J

ITpuMeHsieMble B TaKHX CXeMax TPHOABI OGLIYHO HMEIOT A0CTATOYHO
BLICOKOE 3HauyeHHe M, Taxk 4TO BbLINOJHSETCH YCIAOBHe Wy > 1 H pg D 1.
Torna ypasuenne (105) MOXKHO yNmpOCTHTB:

, Ri[l 4 S: (R
RKzRﬂ'i" M1 1[ + 2( 2+R1)]
I+ 2 (Ro— s Ry)
U3 nocnegnero BbIpaXXeHHs BBITEKaeT, 4TO R; CTpeMuTCca K 0Oecko-
HEYHOCTH NpH yCJOBHH

(105)

. (106)

14+ 8 (Re—pm Ry)— 0, (107)
¥3 KOTOPOrO MOXHO HAHTH 3HAUEHHE KPHTHUYECKON BEJHUMHBI COMPOTHB-
gedus Ro:

1
Ry =y Ri— —— = Ry
S

¥p -
2

’
Ipu BriGope R2>Raxp MO/IHOE KATOAHOE CONPOTHBJEHHe R, NMPHHH-

MaeT nosoXHTenbHble, a NpH Ry<Roxp OTpHLATENbHBle 3HauyeHus. [lo-
caelHee 0ObSCHAGTCS TeM, YTO NpH yMeHblleHHH Ry nosoxKuTeibHas of-
paTHas CBSi3b, BBOAHMAas B KaTONHYl0 lenb snamnbl JIg uepes Jsamny Jy
i CONpOTHBJEHHe R}, MOMHOCTLIO KOMNEHCHPYeT MOTEPH B 3TOi LenH.
Kosddunuent nepenaus paccMaTpuBaeMoro KaToaHOrO MOBTOPHTENs

K= U3 RK ,
R;3+ (!"3+ 1)R;(
MOXeT ObITh CAeNaH paBHbIM eIHHHLEe NpH yCJOBHH

[Mocsennee ycaoBHE MOXKHO BBINOJNHHTB COOTBETCTBYIOUIHM BHIGOPOM
Bemuuunbl conpotuBsaenus Ro. M3 ypaBuenns (105) MOXKHO MOMYYHTBH
NPHG/MKEHHOE BbipaXXeHHe L5 3TOrO CONMpOTHBJEHHS, e/ NPHHATD

P>l u py >l

N RI(MIR;—F Ril) 1
2 T ; —_
Ry — Ry — Ry Se

(109)

IMoncraBus B noc/iefHee BbIpaKeHue 311ayenne Ry u3 ycaosus (108),
MOXKHO ONpefeuTh HEOGX0AHMYIO BeJUUHHY CONPOTHUBJEHUS! Rj.

B npakTuHuecKMX c/ayuasx CONpOTHBJeHHe R; B KaTOHOH LENH JaM-
nel JI; BbIGHpAeTCsi MO0 BO3MOXKHOCTH Goabwum. [is noagepiaHus pa-
Goueil Touku Jsamnbl J/; JAONOJHHTENbHOE MOJOXKHUTENLHOE HampsKeHue,
Co3/aBaeMoe Ha COMPOTUBJAEHHH R; TokoM samnbl JIa KOMIIEHCHPYeTCs
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MOAKJIOYEHHEM CeTKH JaMnbl J/i K HCTOYHHKY [OJIOXKHTEJIbHOIo CMellie-
nusi, ConpoTusienne Ry Gepercs TaKHM, YTOGH ero BeNHUMHA YIHOBJET-
4

BOp#fJaa YC/JAOBUIO NOJMYyUYEHUA Heo6X0AUMOTrO II0JIHOTO CONPOTHBJ/IEHUA RK

no ypaBHenuto (109). [Ins xkoMIeHcallMy €MKOCTH B KaTOLHOM LEMNH JaM-
16l /1) napa/ienbHO CONPOTHBJEHHIO Ry 06bIYHO BKJIOYAETCs KOHAEHCATOp
He0O0J/IbUIO) €MKOCTH.

Ha puc. 82,0 npuBeseHa cxeMa KacKOZHOTO 3MHTTEDHOTO MOBTO-
puteas, paboTaloliero no Takomy e npuHuuny. OCHOBHbIM NpeHMylLe-
CTBOM 3TOH CXEMbl NPHMeHHUTe/NbHO K TPAH3HCTOpaM sBJ/SETCS ee NOBHI-
Mom [Py [

1,,4#’“r'_

N
| +ng— ’ \\
F—— ~]
500 R, 08 u P~ —t
56«
R,
E, & 1156 7 200 #0800 xoM

2) i)
Puc. 82. KackoaHblil sMUTTepHbIH IOBTOpPHUTENb ¢ GOJbIIMM BXOJHBIM

COIIPOTHBJIEHHEM.

@ — UPUHUMMHATLHAS CXeMa; 6 — 3aBUCHMOCTb BXOAHOTO CONDOTHBJEHHT R .
OT COMPOTHBJAEHH R.

UIeHHOe BXOJHOE COIPOTHBJIEHHE, BEJHUHHY KOTOPOro MOXKHO BHIYHCIAHTH
no ¢gopmy.ae

(l a Kry )
rapll —————
T R2
Ry —=re -+ '
ry (l aKr £y
14+ p Ry ] "
rane K — xos(ppuiuent neperaund HanpskKeHls oT MHUTTepa TpaH-

sucropa T K BeIXoAHOMY 3axuMy (K Bcerza Menbule 1).

0 — K03 dUUNeHT yCcHJIeHUS TpaH3ucTopa T, MO TOKY B cXeMe
¢ ofbuieli 6as3oit;

fp — kosdduunenT ycusennss TpausucTopa Ty Mo TOKy B cxeMe
¢ OOUIHM 3MHUTTEPOM;

rs, I'x, Fg— COIPOTHBJIEHHS 3MHTTepa, KoJJeKTopa u 6asbl TpaH3d-

cropa Ty

ry — AMHAMHYeCKoe COMpOTUBJEHHe KOJIeKTOopa Tpan3ucropa I
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B GoabinMHCTBE MPAKTHYECKHX CJ/ayyaeB MOXKHO npuHare K=l 1

a
O =], Tak 4TO 4J/eH R & I. Ecan npu stom B>1 u rg mauo, 10
2
MGKHO HCMOJb30BaTh YNPOLIEHHOe BhbipaiKeHUe
Tk
Repx= . (110)

rg 1 oK
)
B\ra Ry
Heo6xonumasi BelMYMHA BXOAHOTO CONDOTHUBJEHHS CXeMBl AOCTH-
raercsi pery/iMpOBKOi CONPOTHBJEHHS Ry, T. e. H3MEHEHHEM BeJHYHHBL 10-
JOXHUTENbHOH O0OCpPaTHOH CBSA3H, KOMNEUCHDYIOLIEH I[OTEPH B CXEME.
KpuBas 3aBUCHMOCTH BXOAHOFO CONPOTUBJAEHHS] SMHTTEPHOrO MOBTODH-
TeJs OT conpoTiBJeHMs Rp npusejneHa Ha puc, 82,0,
W3 ypasuenns (110) BHAHO, yTo BXOZHOE CONPOTHBJEHHe CTPEMHT-
C K GEeCKOHEYHOCTH IpH YCJAOBHH

ry ( I aK)__ |
3 ra R, B .

OTclofa MOXCHO II0JY4HTb 3HaueHHe KPHTHYECKOH BEJHYHHB COTPO-
TUBJeHUs Ro:

rprgK a
Br.o-4r«

B kauecTBe npuMepa NpHUBedeM I[OPSALOK BEJIHYHH, COCTABJSIOLIHX
B ¢opmysae (110) mas paccmaTpuBaemoii cxembl: rx =9 Mom, p=40,
K=0,97, ry=300 xom, R;=680 xom, @=0,975. Buibpas R,=180 Kox,
nosyuum u3 Bbipaxkenus (110) Bemuunny Rpx =16 Monm,

Conporusaenue R), uepe3 KOTOpoe OCYLIECTBJASETCH CMelleHHe
TpaHsucropa T, WYHTHPYET BXOJAHOe CONDOTHBJEHHE 3MUTTEPHOro IIO-
BTOpDHTEJsl. YMeHblicHHe LIYHTHpYIOILero IeiicTBust R; [oCTHraercs
NOJAKJIIOUeHHEM €ero K 3MHUTTepy BLIXOJHOro TpaH3uctopa T, Hanpsxe-
HHe CcHrHaja Ha KOTOpOM O/IH3KO K HANpsiXKeHHI0 BXOJHOrO CHIHazla
(ko3 duuuent nepenayu HanpsxeHus B cxeMe K=0,97). B pesyssra-
TC JefCTBylOLiasi BeJUYMHA CONMPOTHBJEHHS CMenieHHsi, LIYHTHpYIOLIAs

RQ: :szp- (111)

,
BXOJHOE COMpOTHBJEHHe, R = ——‘—ik =226 Mom.

Takum o06pa3oM, NMOJHOE BXORAHOE CONPOTHUBJEHHE CXEMBI paBHO
9,4 Mou. U3z Buipaxenus (111) onpenenasiercs KpHUTHueckasi BeJHUMHA
R2=120 KOM,

Cxema npu noJoce nponyckauus ot 10 ey g0 100 xkey ¥ BHIXOLHOM
conporus/ieHus okoso 30 om pasBuBaer HanpskKeHHe CurHaaa 10 1 8
Ha Harpyske | xom.
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