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AHANN3 KONEBATEJIbHbIX CACTEM FrEHEPATOPOB 3JIEKTPUYECKX CUTHAJIOB
HA HOBbIX ONMEPALIMOHHBIX YCUJIUTENAX
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TNpoBenéH aHamm3s konebatesibHbIX CUCTEM reHEPaToOPOB SEKTPUHECKUX CUHYCOMAATbHBIX CUMHAOB Ha HOBBIX YCUMIATENSAX, MOMTy4MB-
LMX B 3apybexHov nutepatype HazBaHue CFOA — orepauyoHHbIe yCUaMTENN C TOKOBOV 0OPaTHOV CBA3bI0. [ToKa3aHo, 4To aHanm3 1a-
KUX CUCTEM, OCHOBAHHBIN Ha JIMHENHBIX MOLENSX YCUIIUTENEM, HE MO3BOJISET MPABUTLHO OLIEHUTL MPEUMYLLECTBA U HEAOCTATKM CUCTEM,
Deann30BaHHbIX Ha ITUX YCUANTENSX. VICCIeoBaHINe CUCTEM C YHETOM MPEASIOKEHHON HEIMHEHO MOZEN YCUIIUTENS C TOKOBOM 00-
DAaTHOV CBA3bIO MOKA3aso, 4T0 MPUMEHeHMe HOBbIX YCUITENEN He AAET CYLUECTBEHHbIX MPEUMYLUeCTB MpakTUYecku Mo BCEM napame-

Tpam KonebaHui.

KntoyeBble cnosa:

KonebatenbHasi cMCTeMa, akKTVBHbIN 31EMEHT, yaiosua banaHca amnanTyg v banaHca qbaa, OI'IE‘paLMOHHbM ycununtesib C TOKOBOW 06~

PaTHOM CBA3bIO.
Key words:

Oscillation system, active element, condition of balance amplitude and balance phase, current feedback operational amplifier — CFOA.

BBepeHue

B KoHIe mpormioro Beka Ha peIHKE 3JIeKTPOHHBIX
KOMIIOHEHTOB TIOSIBUJICSI HOBBII OTEPAIIMOHHBIN yCH-
JIMUTENb B MHTErpabHOM MCMOAHeHuU. Ero otinyu-
TeJbHBIMU OCOOEHHOCTSIMU T10 CPABHEHUIO C TPaiu-
LMOHHBIMU OTIEPALIMIOHHBIMU YCUJIUTENISIMU SIBJISIIOT-
CsI; HATMYMe MHBEPTUPYIOIIETO BXOAA C MaJIBIM BXOJI-
HBIM COTTPOTHBIICHNEM; TTOSIBICHUE TOTIOJTHUTETBHOTO
BBIXOZIa C OOJBIIUM BBIXOTHBIM COIPOTUBJICHUEM,
pacuIMpeHre YacTOTHOTO AMAna3oHa U MOBBIIICHUE
CKOPOCTH HapacTaHUSI BHIXOAHOTO HAmpsiKeHWs. DTh
YCUJIMTENU TTOJTyYMIN Ha3BaHUE «OTepallMOHHbBIE YCU-
JIUTENIN C TOKOBOM OOpaTHOH CBs3bi0» (current feed-
back operational amplifier — CFOA). MHorumu ¢pupma-
MM OCBOEH BBIMYCK O3TUX ycuiuteneil. [Ipumepamu
ycuIuTeseit MoryT ciyxutb AD844, OPA622 w mpyrue.
OrnucaHue ocoOeHHOCTe! CXeMOTEXHUKU HOBBIX YCH-
JIMTENe TPUBOIMTCS B MaTepraiax GpupM — MPOU3BO-
muteneit [1, 2]. B [3] moogpoOHO omucaH YCHUINUTENb
OPA622. EctecTBEHHO, TOSBIEHIE TAKUX YCUITUTENEH
BBI3BAJIO OOJIBIION MHTEPEC B Cpelie pa3pabOTIMKOB
3NIEKTPOHHBIX YCTPOMCTB, HAIIpUMeEp, KoJIe0aTeIbHbIX
cucteM (KC) reHepaTopoB 2J1€KTpUUYECKUX CUTHAJIOB.
[TostBIIOCH MHOTO PabOT, B OCHOBHOM B 3apyO€XKHBIX
KypHaJiaX, B KOTOPBIX MpeIIaraioTcsl pa3IMJHbIC Ba-
puanTel KC reHepatopoB cHHYCOMIAIbHBIX KoJieOa-
Huit [4, 5]. B HUX TIpoBOOMTCS aHAIM3 YCJIOBUI BO3-
OyXIEeHMsI ¥ YCTAHOBJIEHUS KOJieOaHUii, OTMeUatoTcst
UX JOCTOMHCTBA U HEAOCTATKU.

VuureiBag, yto KC sgBnsieTcss ocHOBOIT J1000TO Te-
HepaTopa 3JIEKTPMYECKMX CHTHANIOB, T. K. B HEW 3a-
POXIAIOTCS U YCTAHABIMBAIOTCS TEPUOTMIECKHE KO-
Je0aHusl, U OHa ompeaenseT uxX GopMy M OCHOBHBIE
MmapaMeTphl, B JaHHOW paboTe MpOBEAEH aHaIU3
KC ¢ yu€ToM HeNMHEHHBbIX MCKAXEHUH M YaCTOTHBIX
CBOICTB ycunuTeneit Ha mpumepe 18yx KC.

OnepaLoHHbIN YCUAMTEND C TOKOBOI 00paTHO CBA3bIO

Ha puc. 1 nmokazaHa HelMHENHHas SKBUBAJICHTHAs
cxema yeunutenst CFOA tuna AD844. Cxema coiepxut
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nBa moBToputes HampspkeHust DAl u DA2, MCTOYHUK
ToKa, ynpasisembiit Tokom (MTYT), RC — uenb, uMu-
THPYIOLIAs MHEPLIIMOHHBIE CBOMCTBA, U ABYCTOPOHHUIA
OTPAHMYUTENb BBIXOTHOTO HampsokeHus. OmuH U3
BxonoB (U,,) ycunutenss — HEMHBEPTUPYIOLIUN C
0OJIBIIMM BXOAHBIM COMNPOTHBIEHHEM (IOTEHIMANb-
HBII BX0M), a BTopoii (U,,) MHBEPTUPYIOIIUI — TOKO-
BBl C MaJIbIM BXOJHBIM COMpoTUBIeHUEM (R,,). s
OTOOpaXeHUsT Pa3HBIX BXOMHBIX COMPOTUBICHHIA
B CXEM€ MCIOJIb3YeTCSl MOBTOPUTEIb HATNPSIKEHMS
DAl. Emié ogHO#l BaxkHOI 0COOEHHOCTBIO 3TOTO YCH-
JIUTENISE SIBASIETCS HAJTMUKe ABYX BBIXOJOB: «TOKOBOTO»
Boixona (1) v «noteHuuanbHoro» (U,,). Tox Ha BbI-
xozie I, paBeH BXOJHOMY TOKY 110 MHBEPTUPYIOIIEMY
BXOMy, OJaromapsl MPUMEHEHWIO B CXeME <«TOKOBOTO
3epKajia», HO OTPaHUYEH TIPeNeTbHO TOMYCTUMBIM TO-
KOM

A npu ‘II‘SImax;
=411 I, >1

max max ?

npu

-1, mpu [ <-I_ .

OObIuHbIM moTeHIMaIbHBIN BbiXon (U,,) co3maH
Ha BbIXoAe MoBToputesss DA2 mocie orpaHuyuTeNs
BBIXOHOTO HampsixeHust Ha muonax VD1 u VD2. Oco-
OEHHOCTBIO 3TOM CXeMbI SIBJISIETCSI TO, YTO B HEM Mpu-
MEHEHO OTpaHMYEHUE 110 TOKY U MO HaIPSKEHUIO.

Ha puc. 2 npencraBieHo ycJI0BHOE M300paxKeHue
YCUIIUTEJIS C IOTeHIMAIbHBIM (3) M TOKOBBIM (2) BXO-
TaMU 1 TOTEHIIMATBHBIM (6) ¥ TOKOBBIM (5) BBIXOHA-
Mu. OKPYXHOCTU CO CTpeJKaMU Y BXOTHOTO U BbIXOJI-
HOTO BBIBOMIOB YKa3bIBAaeT Ha TOKOBbI BXOI M TOKO-
BBl BBIXOA. Takoe n300paxkeHue MCIONb3yeTcs B [3].
B MHOCTpaHHBIX EPUOANYECKUX U3NAHMSX UCTIONB3Y-
eTcsl YIPOILEHHOE M300paxeHue, MPUBEAEHHOE Ha
puc. 2, 6.

HoBblit yeunuTeb MOXHO MCIOIb30BaTh MPaKTH-
yecku BO Bcex M3BecTHbIX KC, 3aMeHsIsi B HUX 00bIY-
Hbiid yeunurenb (VFOA — voltage feedback operational
amplifier) Ha CFOA. AHann3 3TuX cXeM MOXHO ITPOBO-
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Puc. 2. W306paxeHns CFOA Ha INeKTpUHECKUX CXemMax: a) ynpoLLeHHoe, 6) ycinoBHoOe C UMpPOoBbIM 1 COOTBETCTBYIOLMM BYKBEHHBIM

0003Ha4YeHMeM BbIBOLOB

JUTh U3BECTHBHIMU MeToiamu. MHTepec Xe mpeacra-
BisitoT Te KC, KoTopble MPUHLIMIMAILHO MOTYT OBITh
peanu3oBaHbl ToJ1bKO Ha CFOA 1 He MOTYT ObITh MOB-
TOPEHBI HA OOBIYHBIX YCUITUTEISIX.

AHanu3 KonebatenbHbIX cucteM Ha CFOA

Ha puc. 3 moka3aHH B Ka4eCTBe IIEPBOTO IIpUMepa
cxembl KC renepatopa Ha ogHOM ycwutene. B gact-
HOCTM, Ha puc. 3, a, TOKa3aHa cxeMa WM3BECTHOI
KC ¢ moctoMm Buna—PobuHcoHa, BBIITOJHEHHAs Ha
yCUJIUTENE ¢ TIOTEHIIMaNbHOI 00paTHOI cBsi3bio VFOA,
a Ha puc. 3, 6, mpuBeneHa HoBast KC Ha CFOA [4, 5].
W3 31010 pHCYHKA BUIHO, YTO B HOBOI CXeME HCIIONb-
3yeTcsl «TOKOBBIM BBIXOM», COSIMHEHHBIM C BBIBOIOM
5 MMKpocxeMbl. BUIHO Takxe, 4TO CXeMbI COmEpKaT
pa3HOe KOJMYECTBO MAcCUBHBIX 3JeMEHTOB. B Kiac-
CUYECKOIi CXeMe MX ILEeCTh, a B HOBOM TOJBKO YEThIPeE.
JInst ©BMEHEeHMs YaCTOThI KoJieOaHUii 00BIYHO UCTIONb-
3YIOT [IBa WJIM JaXe YeTHIpe IIepecTparBaeMbIX 3J1-
€MeHTa (mBa pe3ucTopa M (WIM) IBa KOHAEHCATOpa),
HampuMeEp, CABOCHHBIM KOHAEHCATOp IEePEMEHHOM
€MKOCTM WM CIBOCHHBINH MoTeHLuoMeTp. Ilpuuém
OJIMH U1 00a KOHAEHCATOpa AOKHBI ObITh U30JIMPO-
BaHbI OT 0011ero nposoaa. KoHaeHcaTopbl nepeMeH-
HOM EMKOCTH ¢ MEXaHNYeCKUM M3MEHEHNEM EMKOCTH
SBJISIOTCS TPOMO3OKUMU BJIEMEHTaMU ¢ OONBIIMMU
MapasUTHBIMU €MKOCTSIMM Ha KOpmyc mpubopa, yTo
CYLIECTBEHHO BIIUSIET HA YCJIOBUS TeHEepallMu U 4acTo-
Ty KosiebaHui1, 0COOEHHO B 00JIACTH MAJTbIX EMKOCTEA.

DTOT HEIOCTaTOK OTHOCUTCS U K MEXaHUYECKUM T10-
TEHIIMOMETPaM, TakKXe MCIOJb3yeMbIM AJISI Tepe-
CTpOiiKkK yacToThl. B HOBOI1 cxeMe 00a 3TH KOHIEHCa-
TOpa WJIM MOTEHLMOMETPA MOTYT ObITh COEAMHEHBI Ofl-
HUM 13 BBIBOJIOB C OOILIMM ITPOBOIOM, UTO CYIIIECTBEH-
HO YIPOILAET UX U3TOTOBJICHUE U TIPUMEHEHUE.

[Mposeném anamiz KC puc. 3, 6, [uist onpeneneHus
YCJIOBUIA reHepalu KojiebaHuii cuHycouaanbHoM hop-
Mbl. 151 3TOrO0 3anuineM cuctemy ypaBHeHmid KC npu
uneansioMm CFOA: U=1Z, U=1Z, U=U=U,, —I=I,
e Zi(p)=Ri+1/pC, Z(p)=Ry/(14pC,R,), p=ctjc.

IToncrasnsag toku [, W I, 13 IEPBOrO U BTOPOTO
ypaBHEHUI B YeTBEPTOE C YUETOM TPETHETO YpaBHE-
Hust, onyuuM [Z,(p)—Z,(p)]=0. TTocae moacTaHOBKU
COMPOTUBJIEHUH LIENM 3aMuIleM XapaKTepUCTUIECKOe
ypaBHeHue KC

P*RCR,C, + p(R,C, +RC, —R,C,)+1=0.

AHanm3upys TONYYeHHOE YpaBHEHME, HaXOIUM
yCJI0BMS BBITIOJTHEHUS! OajiaHca (pa3 v OanaHca aMILId-
Ty

a) —_ ;
* JRCRC,’
R,C,+RC,—R,C, =0.

Btopoe ycinoBue — 6ajlaHC aMIUTATY/I, BHITIOTHSIETCS

npu R=R,/2 u C;=2C, v coBNaaaer ¢ yCIOBUSAMHU, T10-

JydeHHbIMU B [4, 5], OueBuaHO, 4TO OanaHc a3 u 6a-
JIAHC aMIDIUTYI 3aBUCAT OT ONHHUX U TeX Xe dJeMeH-
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Puc. 4. YnydiwerHsie konebatenbHeie cuctembl Ha CFOA: a) ynpolueHHas, ¢ Lernbio 0bpatHou casizv B, 6) npuHLUmnmManbHas, Ha AByX
CFOA, oaumH 13 KoTopbix ucnonb3yeTcs B kavectse teru B [5]

ToB: R, C;, R, u C,, M03TOMY MEXJy YacTOTOi U aM-
TUIMTYION KojieObaHuit mmeetcst cBsa3b. [lpu pacuére
HEoOXOIMMO Y4YeCThb, YTO B COMPOTUBJIEHUE R, BXOIUT
BXOIHOE CONPOTHMBICHHE YCWIMTEN R,,, a mapan-
JIEIBHO COTIPOTUBIIEHHIO R, BKIIIOUEHO BBHIXOXHOE CO-
NpoTUBIEHUE yeunuTens R, u EMKocTb C; TI0 TOKOBOMY
Boixony z (puc. 1). B aToM cnyyae KonebaHust OyayTt
HE U30XPOHHBIE, T. K. HECTAOMJIBHOCTh MapaMeTPoOB
37IeMEHTOB OyIeT MPUBOAUTD K OJHOBPEMEHHBIM M3-
MEHEHUSIM aMILIUTYIbI ¥ 9aCTOTHI KOJIeOAHWIA.

YcTpaHUTh 3aBUCHMOCTb YacTOTBHI OT aMILTUTYIBI
KOJIeOaHUH ¥ MIPY 3TOM MPUMEHSTh YACTOTHO 3aj1al0-
HIMe B3JEeMEHThl C paBHBIMU TapaMeTpaMu MOXHO
B yayuuieHHbIX KC Ha puc. 4.

IMpoBens aHamoOTMYHBIE TPeoOPa3OBaHUs, KaK
U IS CXeMBI Ha puc. 3, 0, MOJIyYMM XapaKTepucThye-
ckoe ypaBHeHne KC

P*RCR,C, + p[R,C, +RC, - BR,C,]+1=0.

Otkyna Hailném ycioBus OalaHCOB aMILIMTYI
u a3
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0, =—F—,
" JRCRC,

R,C,+RC —-BR,C =0

e B — Ko3(hOUIUEHT MOJOXUTENbHOI 00paTHOl
CBSI3U.

B a10i1 cxeme ycaoBus 1151 BO3MOXKHOI IreHepaiyu
KosebaHuil BoimonHsoresa npu R=R,=R, C;=C,=C un
5=2. Torna yactota konebanuii pasHa @,=1/RC. Oue-
BUJIHO, 4TO 1IeMb [ 10JKHA ObITh aKTUBHOM LIETbIO —
ycuIuTeNeM, 1 UMeTh KO3(hOUIMEHT YCUJIEHUSI paB-
HeiM 1ByM. KC ¢ Takumu mapameTpaMu TpuUBeIeHA
Ha puc. 4, 6. OHa BBIIIOJIHEHA HA 3JIEMEHTAX C PaBHBI-
MU TapaMeTpaMu YacTOTHO 3a[alolIMX 3JEMEHTOB,
YTO SABJISETCS €€ JOCTOMHCTBOM. B Hell 6anaHc aMIuin-
Tya obecreurBaeTcs He3aBUCUMO OT OanaHca (a3 co-
MIPOTUBJIEHUSIMUA JOTIOJIHUTENBHBIX PE3UCTOPOB R, 1
R,, Mex1y KOTOPBIMU B CTALIMOHAPHOM PEXUME AO0J-
JKHO BBIIONHAThCA cooTHolIeHue R,=2R;. Ilpeumy-
1iecTBo 3Toi cxeMnl nepen cxemoil KC Ha puc. 3, 6,
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Puc. 5. KonebatesibHble cucTeMbI Ha AByX uHTerpatopax Ha CFOA: a) knaccuyeckas, 6) HoBasi cxema

COCTOMT B TOM, YTO KoJieOaHUsSI B HEW M30XPOHHbIE,
T. K. YIIpaBjieHUe aMIUIMTYI0i KoneOaHUi He MPUBO-
JIUT K UBMEHEHUIO UX YaCTOTHI.

WutepecHoit npencrapnsiercsi KC Ha ABYX uHTe-
rpaTopax, Kaxmublii U3 KOTOphIX peann3oBaH Ha CFOA
[4, 5]. Ha puc. 5 nokasansl 11 npumepa KC Ha nByx
MHTEeTpaTopax: Kiaccuyeckas ¥ HoBas cxema. Jlns
KOPPEKTHOTO CpaBHEHHUsI 00€ CXeMbl BBITOJHEHBI
Ha CFOA. YcnoBus 1J1s1 BBITIONHEHUSI 0ajlaHCOB aM-
TUTATYA 1 (ha3 I TIepBOi CXeMBI M3BECTHEL. 171 BTO-
POii CXeMBI 3TH YCIIOBUS HECIIOXHO 3aMicaTh Ha OCHO-
BE TepenaTOYHbIX (QYHKIMA ABYX YaCTOTHO 3aBUCH-
MbIX aKTHBHBIX 2JIEMEHTOB, PeaJlu30BaHHBIX Ha YCU-
nurensix DAl u DA2.

K.(p)= Z,(p) _ R,/(1+ pR,C) _
Z,(p)—R,  R,/(1+pR,C)—R,
_ R,
- R, =R, + pR,RC, ,

Kp=te® 1
: R3 pR3C2

TakuMm 06pa3oM, B 3TOU CXeMe aKTMBHBIC JIMHEM-
HBIE YaCTOTHO 3aBMCHMBIC 3JIEMEHTHI TEpBBIA (IIpH
R,=R=R) u BTOpO#l SBISIOTCS MHTErpaTopamu. Xa-
paktepuctyeckoe ypaBHeHue KC u ypaBHeHus 6a-
JIAHCOB aMILIUTYA U (a3 UMEIOT BUJI:

O(p) = p2R1R2R3C1C2 +p[R —R,JR,C, +R,,
1

R -R,=0.

banmanc aMIuuTyn B CHCTeMe BBITIOMHSETCS TPU
paBeHCTBe compoTubieHuir R, u R,. B To Xe Bpems,
OanmaHc (a3 u, cienoBaTe/IbHO, YacTOTa B 3TOM CXeMe
He 3aBUCUT OT CONMPOTUBJIEHUS R,. DTO MO3BOJSET
YIpaBATh aMIUTUTYION KonleOaHui 0e3 M3MeHEeHMs
YacTOThI C MIOMOIbIO U3MEHEHUS COMTPOTUBIECHUS R,.
OIHOBPEMEHHO, U3MEHSS COMPOTUBICHUE R,;, MOXHO
VIIPaBJIATh YaCTOTON KojieOaHMii 0e3 M3MEHEHMS aM-
TUTUTYABI, TpaBaa, U3MEHEHUE YacTOThl OymeT 3aBU-
CeThb OT COMPOTHUBJIEHUSI Pe3UCTOPa MO CIOXHOMY 3a-
KoHy. Takum o0pa3oM, B TaHHO# cxeMme MMeeTcsl BO3-
MOXHOCTD YIIPaBICHUS YCIOBUSIMH BO30YXICHUS KO-
Ne0aHNi 1 U3MEHEHHST YaCTOTHI C IMTOMOIIBIO Pa3HBIX
PE3UCTOPOB, COSAMHEHHBIX C OOLINM IPOBOIOM.

[TpoBeném conocraBnenne KC Ha npeameT peann-
3al[MM MX TIOTEHIIMATbHBIX BOBMOXHOCTEA.

Cxema 5, 6, IMeeT MeHblllee KOJTMUeCTBO aKTUBHBIX
Y TIACCUBHBIX 31eMeHTOB. [l e€ peanusanuu TpeOy-
€TCS TOJBKO JBa YCUIIMTENS W ISATh TACCHBHBIX 3J1-
€MEHTOB, OTHAKO HAl0 yYeCTb, YTO CErOMHs pa3HMLA
B OJMH YCWIUTEIb B MHTErPaJbHOM WCIIOJHEHUN
W JBa — TPU MACCUBHBIX KOMIIOHEHTa MPH MOCTPO-
€HMHU MPOMBILIIEHHOTO TeHepaTopa, B COCTaB KOTOPO-
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'O BXOJUT 10 HECKOJIbKMX COTEH 3JIEMEHTOB, HE CYIlle-
cTBeHHa. TeM Oosee, 4TO B cxeMe 3, a, NOMOJHUTE I b-
HBIA YCUJIUTEIb JAET BO3MOXHOCTb TIONYYUThH €I
OJIMH BBIXOJI.

3HauuTeNbHO 00Jiee BaXKHBIM SIBJISIETCSI CPaBHEHME

KC no ypoBHIO HENIMHEHHBIX MCKaxkKeHWi. Manblit

YPOBEHb HEJNMHEWHBIX MCKAXEHUN TpUOIUXKAET BbI-

XOJHOE HampsiKeHHWe K CHHYCOMAATbHOU (hopMme.

WmeHHO, cuHycouaanbHasi popMa BBIXOTHOTO HaIlpsi-

KEHUS! SIBJISIETCSI TOM 11€/1bl0, paay KOTOPOM U paspa-

0aTbIBAIOTCS Te€HEPaTOphl CHHYCOMIANbHBIX Kojeba-

HU. YMEHbIIeHUE HEIMHEHHBIX MCKaXeHUI B IIep-

BOH cXeMme JocTuraercsl oarogapss HeCKOJbKUM (hak-

TOpaM:

* OTCYTCTBMIO B Hel CHUH(pa3HBIX MCKaXEeHUH,
T. K. BXOJ YCUJIUTeNsl paboTaeT Mpu BecbMa MaJibIx
CUTHAJaX, B OTJIMYME OT HOBOM CXEMBI, B KOTOPOW
00a BXojia yCUJIUTeIed HaXOAATCS 0[] Harpsike-
HUSIMM PaBHBIMU BBIXOJHBIM HANPSIKEHUSM, YTO
MOXET MPUBOIUTH K TIOSIBICHUIO MCKaXeHU. 13-
BECTHO, uTO ycunuTenu Tuna CFOA uMmeroT cpaBHU-
TeJbHO MaJjblii KO3(hGUIMEHT MOAABACHUSI CUH-
(hazHOTrO HAMpSKEHMS,

* yMeHblIEHWE BIWSHMUS MOBTOPUTEEN HaNpsiKe-
HUIA, T. K. OHA OXBAYE€HbI MECTHOW OTPULIATEIbHOM
00paTHOI cBA3bI0. JIen0 B TOM, YTO MOBTOPUTENN
SIBIISIIOTCSI BBIXOAHBIM KackaloM B CTPYKType
OOBIYHBIX YCUJIUTENEH C MOTEeHLMATbHOM o0par-
HOM CBS3bI0, ITO3TOMY B IEPBOM — KJIACCUYECKOM
CXeMe BJIMSHUE UX UCKAXEHUN Ha MCKaXEeHUS BbI-
XOJIHOT0 HampsikeHus: 3¢h@GEKTUBHO CHIKAeTCs
00paTHOU CBsI3bI0. B HOBOI cxeMe MOBTOPUTETH
HanpspkeHui, Bxompsmme B cTpykTypy CFOA, oka-
3bIBAIOTCS B KOHTYpPE ITOJOXUTEIbHON 00paTHOI
CBSI3U, TOTOMY MCKaXEHMs HE TIONaBISIIOTCS.
s MOATBEPXKIEHUS 3TOTO YTBEPXIEHUS OBLI

MpPOBEAEH SKCIEPUMEHT MO U3MepeHuo Koahduim-

€HTOB BBICIIMX TAPMOHKK — BBIXOIHBIX MHTETPAaTOPOB.

Jlnst sKCTiepMMEeHTa B KauecTBe yCuuTeNeit BbIOpaHbl

yeuautenu tuna AD844 mpu HampsoKeHMM IUTaHUS

*10 B, pesuctopsl ¢ conpoTtuBieHusIMU 20 KOM u

KoHzieHcaTophl ¢ éMkocThio 0,03285 Mx®. M3mepe-

Hus poBeneHbl Tpu yactote 200 [ v aMruuTyne Bbl-

XOJHOro HampspkeHust 5 B. B akcnepuMeHTe mCIonb-

3oBaH TeHeparop 'C—50 (K<—120 nb) u pexekTop-

HbII GUABTp ¢ yactotoit pexxekuuu 200 Tii. Pesynbra-

ThI 3KCIIEPUMEHTA MpeACTaBIeHbI B Ta0I. 1.

Tabnuuya 1. CpaBHeHVe VIHTErPaToOPOB MO YPOBHIO BbICLIMX rap-

MOHUK, Ab
KoagppuumeHTsl WHTerpatop Ha MHTerpatop Ha
FapMOHVIK DA1, R4, @, puc.5,a | DA2, R3, @, puc.5, 6
Kar -85.3 -68,9
Ks: -90,4 -57,8
Kir -94,2 -80,5

Kak BugHO 13 Ta071. 1, 1o ypoBHIO K03 puLreHTa
TapMOHUK $IBHOE TIPEMMYILIECTBO MMeEeT Kiaccuye-
ckuii uHrerparop. Ero mckaxenus Ha 14...30 ob me-
HBIITE.
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Hpyrum BaxHbiM npeumyiectBoM KC Ha CFOA,
KOTOpOe OTMeuaeTcsl B MaTepuaiaX pUpMbl — U3TroTO-
BUTENSI, SBISIOTCS WX Jy4lIMe YaCcTOTHBIE CBOKCTRA.
DTH yCUIUTENN TTPU UCTIOIb30BAHUM TIOTEHIIMATLHOTO
BbIXOJa (BBIBOZ 6 Ha puc. 1) MMeIOT IMPOKUI Trara-
30H ycuauBaeMbiX yacToT (10 20 MIir). ITocmoTpum,
MOXHO JIM peaiu30BaTh 3To npeumyiectso B KC npu
UCIOJIb30BAHUU TOKOBOTO BHIXOIA.

st npumenenust CFOA ¢ TOKOBBIM BBIXOAOM (BBI-
BOJ 5) BaXXHO 3HATh HATPY30YHYIO CITOCOOHOCTD 3TOTO
Bbixoga. M3rotoButens ycunutens [1] rapantupyer
npefieIbHOe 3HAYeHME BXOTHOTO TOKA IO MHBEPTH-
pyroieMy x Bxomy He 6onee 5 MA. TakuMm xe Oymer
3HaueHME MpeaebHOrO TOKa MO BHIXOMY 7. DKCIIepH-
MEHTaJIbHOE MCCIeI0BaHNe MaKCUMATbHOTO 3HAYEHUST
BBIXOITHOTO TOKA TI0 BBIXOMY Z, IPH KOTOPOM HacTyTIa-
€T OrpaHWYEeHWE CHUTHAJNA IO TOKY, MAET CIIeAYIOIIne
3HaueHus: [, =2,5 MA Ipy HanpseKeHUW TTUTaHMS
+10 Bu [,,=3,5 MA nipu 15 B. [1pu nogkioueHM K
TOKOBOMY BBIXOY BHEIIHUX 3JEMEHTOB TOK B HUX
OTpaHUYMBAETCSl UMEHHO 3TUMU MaKCHMaJbHbIMU
3HaueHUIMH. OTpaHWYEHHME IO TOKY MPUBOAMT K
OTPAaHUYEHMIO BO3MOXHON aMILTMTYABl BBIXOXHOTO
HaInpsDKeHUsl MHTerpaTopa Ha JaHHO#M vactote. Pac-
CUMTaeM 3aBUCUMOCTb aMILTUTY/Ibl BHIXOAHOTO Harpsi-
KEHUSI MHTETpaTopa OT YyacToThl KojeOaHuil. CBs3b
MEX1y STUMM BETMUMHAMU C YYETOM CUHYCOMIATbHOMN
(opmbl Konebanuit maércs dopmynon 1, =2xfCU,.
Ora ¢opMyna CBSI3BIBAET MPeAEIbHOE 3HAYEHUE TOKa,
AMIUTUTYY BHIXOAHOTO HAITPSKEHUST MHTErpaTopa, ya-
CTOTY U EMKOCTb KOHJICHCATOPA.

OrnpenearM ¢ TOMOILbI0 3TON (HOPMYJIBI MOXHO,
JIM PeaTM30BaTh MOTCHIINATBHEIE YACTOTHBIE CBOMCTBA
YCUITUTENIS B CXeMe MHTerparopa. I1o JaHHBIM U3roTO-
putens [1] Hayacrore 20 MIi1 Ha moTeHIMATbHOM
BBIXOJIE MOXET ObIThb MojiyyeHo HampspxkeHue 20 B
nuk-nuk. [pu cuHycoupanbHoi popMe 3TO HampsKe-
HUE COOTBETCTBYET YBOCHHO aMILTUTY/IE BHIXOIHOTO
HanpspkeHus: paBHoit 10 B. IloxcTaBuM 31 3HaYeHMS
B TIOCJICTHIO (OPMYIY | OTPEneIuM BO3MOXHOE
3HaYeHHe EMKOCTH KOHAEHcaTopa MHTEerpaTopa Ipu
9TOM YacToTe W aMILIUTYAE HaMpsDKeHUs Mo Gopmyiie
C=1,,/2nfU,. PacuéTHoe 3HaueHHEe EMKOCTH KOHJIEH-
catopa WHTerparopa pasHo 5,6 n®. Drto 3HaueHwme
CIMIIKOM Majo I YacTOTO3amalouieil €MKOCTH
Y CPAaBHMMO C BBIXOJHOM Iapa3uTHON €MKOCTBbIO TO-
KOBOTO Bbixoaa (4,5 n®), mosToMy He MOXET paccMa-
TPUBAThCS KaK EMKOCTb MHTerpaTtopa. PeanbHble BO3-
MOXHbBIE 3HAYEHUSI TOJKHBI BHIOMPATHCS C YIETOM 10-
MYCTHMOM TTOTPEITHOCTH JacTOTHI KOJIebaHUi B TIpe-
gemnax 1.2 %, te.Bnpegenax 500 n®. Ha puc. 6
TIPEICTaBIEHBl 3aBUCUMOCTH MAaKCHMMAJTbHON aMILIH-
TyAbl BBIXOMHOTO HAMpPSDKEHUST OT YacTOThl CUTHAA
n éMKocTi mHTerparopa. Ilo rpadukam, 3Has 3Haue-
HUe €MKOCTU KOHJEHCaTopa WHTEerpatopa W 4acToTy
KoJIeOaHMiA, JIETKO OIIPeNeTMTh MAaKCHMaJIbHO BO3-
MOXHOE€ 3HAUeHWe aMIUIATYIbI BBIXOJHOTO HaIIpsIKe-
Husg. Eciu  yMeHbIIUTh aMIUIMTYAY KoJeOaHMi
JI0 YpoBHSI 5 B, TO MOXXHO rOBOPUTH O MpeeIbHOIM Ya-
CTOTe KosteOaHuit TopKo nopstaka 200 kIi.



SHepreTrka

Taxum o0pa3oM, pean30BaTh IpeaebHbIC YaCTOT-
Hble cBoiicTBa ycuumTens B cxemax KC Ha CFOA npu
€MKOCTHOM Harpy3ke TOKOBOTO BbIXOJa M aMILTUTYIAX
BBIXOJHBIX KoneOaHuii mopsaaka 5 B He ymactcst.

U, B, 10 ® 11 500 nd
10
( {
\ \
\ \ [\
5 \ NN\
\
N\
N\ N\
N\ N\
0 \&9
0,00 1 0,01 0,1 1 10 f MI'g

Puc. 6. 3aBUCUMOCTV MaKCUMabHO amrinTyabl BbIXO4HOIo
HarpsaxXeHys OT 4aCToTel CkUrHazia v EMKOCTY VHTerparopa

CpaBHeHue OcHOBHBIX mapameTpoB KC Ha noByx
MHTerpaTopax MpuBeeHo B TabI. 2.

Tabnuya 2. CpaBHeHve CXeM Ha [IBYX MHTErpaTopax

CpaBHeHue konebaTenbHbIX CUCTEM
MapameTpbl Puc.5, a Puc.5, 6
Konuyectso ycunutenen 3 2
Konmyectso naccviBHbIX 31eMeHTOB 7 5
Bbixoabl 0°, =90°, —180°| 0°,90°
KoachnumeHT rapmoHvik, A6 —(85..94) |[-(58..80)
YacToTHbIn ananasoH B KC Ha CFOA, My, no0,2 no0,2
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OcHOBHOE TIPEMMYIIECTBO, pucyliee cxemMam KC
Ha CFOA, xotopoe 0TMeYaloT aBTophl [4, 5], 3TO BO3-
MOXHOCTb coeiMHeHUsI RC 3JIeMEHTOB YIpaBICHUS
YacTOTOM U aMIUTUTYIOM KojiebaHUi ¢ 00LIMM TPOBO-
J0oM. DTO, KOHEYHO, BaXHOE MPEUMYIIECTBO, HO OHO
He ABJISIeTCSl CErOAHS OIpeNe/sIONMM, T. K. BpeMs,
Korja /sl TIePeCTPOMKM YacTOThl MCIOJIb30BAIUCH
TPOMO3JIKME MeXaHWYeCKHe CABOCHHbIE KOHIEHCATO-
PHl ¥ TIOTCHIIMOMETPBI, YXe 3aKOHUYMIOCh. CeromHs
JUISL YIIPABJICHUST YaCTOTOM MCIIONb3YIOTCS LU(ppoaHa-
JIOTOBBIE TIpe0obpa3oBaTe M U KOHIEHCATOPBI C DJIeK-
TPOHHBIM TEPEKIIOUEHNEM, TIe 3Ta IpobieMa yxke
He TaK aKTyaJibHa.

BobiBoab!

[IpumeHeHMe ycUIMTENEH C TOKOBOM 0OpaTHOM
cBs3bi0 (CFOA) B KonebareIbHBIX CCTEMaxX reHepaTo-
POB BMECTO YCWJIMTEJIEH ¢ MOTEHUMAJIbHON 0O0paTHOM
CBSI3bIO TIPUBOJIMT K:

* CyXEHMIO Juana3oHa TeHepupyeMbIX YacToT Mpu

PaBHBIX aMILIUTYIaX KOJeOaHMif,

*  YBEJMYCHMIO IIOIPELIHOCTU YACTOTHI KOJIEeOaHU;
*  YBEJMYCHMIO TADMOHUYECKUX UCKAXKEHUI.

KonebaTenbHasi cuctema reHepaTtopa 3JeKTpuye-
CKHX CUTHAJIOB C MCIONb30BaHMeM ycummreneir CFOA
HE MMEET CYIIeCTBEHHBIX IIPEUMYIIIECTB, a 110 YPOBHIO
rapMOHMK 1 YaCTOTHBIM CBOICTBAM JaXe YCTYIIaeT U3-
BECTHBIM KoOJieOaTeIbHBIM CHCTeMaM Ha TPaaMIIMOH-
HBIX YCUITUTEJISIX.
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