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BJIMAHUE BHYTPEHHMX ITAPAMETPOB
CTABUIIN3NPOBAHHbBLIX CBU-I'EHEPATOPOB

HA ®OPMHNPOBAHUE ABTOAMHHOI'O OTKJIMKA
TP CMJIBHOM OTPAXKEHHOM CUI'HAJIE

IIposeden ananuz asmoounHO20 OMKIUKA
6 cmabunusuposanuvix CBY-eenepamopax
8 Cyuae CUIbHO2O CUSHALA, KO20d AMNIU-
myoa ompasx)cenHoll 80JIHbl COUIMEPUMA C
AMRIUMYOO0U COOCMBEHHBIX KONeOaHull 2e-
Hepamopa.

OpHOM U3 BaXHEUIIMX MPOOIEM CUCTEM ONMKHEH
paaunonokaru (CBPJI) kak mpu rOMOIMHHOM, TaK U TIPU
ABTOAMHHOM [IOCTPOEHUHM ITpUEMOIIepeJaTUNKa ABIIAETCA
obecrieueHre UX MaKCUMAIBHOTO TUHAMHYECKOTO JIHa-
Ma30Ha 10 YPOBHIO BXOJHOTO cUTHaNa. [lanHas npooe-
Ma CBs3aHa C IIMPOKHUM TUAIa30HOM U3MEHEeHuUs Y dek-
TUBHOM TUTOIA M paccesaus (IIP) neneli n nsmMeneHus
PacCTOSHUS 10 OTPAKAIOIINX OOBEKTOB. DTH PaccTos-
HUS B pealibHbIX ycioBusix padotrel CHPJI moryT usme-
HATBCS OT MAaKCUMAJIBHO BO3MOXKHBIX, OTPEACISICMbIX
9HEPreTUYEeCKUM MOTEHIHAJIOM CUCTEMBI, 10 HEMOCPeI-
CTBEHHOT'O COIPUKOCHOBEHHS KOHTPOJIMPYEMOT0 00bEKTa
u CBPJI [1—9]. B nepBoM cirydae ypoBeHb OTpaKeHHO-
ro U3Jy4YeHHs BECbMa MaJl M 4acTO COU3MEPHUM C YpOB-
HEM COOCTBEHHBIX IITYMOB NPUEMHHKA, & BO BTOPOM —
OH BBICOK U COTIOCTaBHM C YPOBHEM 30HIUPYIOLIETO U3~
ny4yeHus nepeaaTuuka. [Ipu ’ToM Bo MHOTHX MIPHITIOKeE-
HUSX, HAIPUMEDP B PalMOB3PbIBATENAX Ul CHAPAI0B U
paKert, palnOBOJIHOBBIX JaTYMKaX OXPaHHOM cUrHaIu3a-
LU, U3MEPUTEIIAX TapaMEeTPOB U3AEIUN NPU UX adpo-
OAJITMCTUICCKHUX UCTILITAHUSIX | TIP., TIPOJIOJDKUTEIILHOCTh
HaXOXJeHus 1enu B 30He KoHTposst CBPJI u Bpems oOpa-
OOTKH MPUHUMAEMBIX CUTHAJIOB IS BBIJAYX KOMaH]I, KaK
MpaBuiIo, orpaHudeHsl [6—9]. IloaToMy B TakHX CITydasx
JUIS PaCILIMPEHUS TMHAMUYECKOTO IMara3oHa paIuoioKa-
LIMOHHBIX CUCTEM IIPUMEHEHHE PA3IUYHBIX CUCTEM aBTO-
Maruk (Tuna APY) npakTudecku HeBO3MOKHO, ITOCKOJb-
Ky OHH 00JIa/IAI0T U3BECTHON MHEPIIMOHHOCTBIO.

Oco0eHHO ocTpo MpodiieMa JUHAMUYECKOTO JIhara-
30Ha crout B aBTOAMHHBIX CBPJI. D10 cBsA3aHo ¢ 0OHa-
pykeHHbIMU Ha pyOexe 1970—1980-x ro0B crielu-
(IIeCKIMU HCKKECHISIMHI aBTOJMHHBIX CUTHAJIOB y JTH-
oaubix CBU-renepaTopoB MIUIMMETPOBOIO AUAIa30Ha,
KOTOpBIE HAOMIIOAI0TCS JaXKe MTPH MAJIOM YPOBHE OTpa-
skeHHoro u3nydenus [10, 11]. Ilpupona stux uckaxe-
HUH, KaKk 1okas3aHo B [11], iMeeT npuHIMNMaNbpHbIN Xa-
paKkTep W CBsi3aHa ¢ HEPAaBHOMEPHOCThIO Habera (hasbl
OTpPa>KEHHON BOJIHBI BCJIEICTBHE aBTOAMHHBIX U3MEHE-
HUH 4aCTOThI TeHEPAINH [10]1 BO3ICHCTBUEM OTPAKEHHO-
ro u3iryueHus. JlaHHble HCKaXKeHHs, CBOMCTBEHHBIE KaK

0OBIYHBIM aBTOJIMHAM C HEMOYIMPOBAHHBIM U3Ty4YCHH-
€M, TaK ¥ aBTOJAMHHBIM FeHepaTOPaM C pa3InyHbIMHU BU-
JaMHU MOIYJISIIUH U3ITydCHUS (aMILUTUTYTHOM, 9aCTOTHOH,
UMITyJICHOW U cMmenranHol) [11-16], B GompmmHCTBE
MIPUMEHEHUH SBISIOTCS HeXKENaTeTbHBIMU, TOCKOJIBKY Ha-
PYIIAIOT HOPMAITLHYO paboTy yCTPOHCTB 00paOOTKH CHUT-
HAJIOB Pa/INOJIOKATOPOB, OCOOCHHO B CIIydae B3aUMO-
JEHCTBHSI aBTOANHHOTO TeHEPATOpa ¢ OTPAKEHHBIM U3-
Jy4eHHEM OT paclpeieNIieHHOro oobekTa [17].

Nzyuennro mpo0ieMbl NCKaKCHUH aBTOAMHHBIX CHT'-
HAJIOB B PA3IMYHBIX aBTOTEHEpaToOpax U MOUCKY METO-
II0B 0OpPHOBI ¢ HUMH ITOCBSIIIICHO OOJIBIIIOE YHCIIO PaboT.
Cpenu 3TuX METo/I0B OBbLIIH TaKKe, TIIe MPearagoch uc-
MOJIb30BaTh OMTapMOHHYECKUE TeHepaTopsl [ 18], B Tom
YHUCIIe CO CTA0MITN3AIIUeH YaCTOThI HA BTOPOI rapMOHU-
ke [19], aBTOIMHHBIE TEHEPATOPHI C BHEIITHEH U B3aNM-
HOI cuHXpoHu3anuei [20, 21], paanouMIyIbCHYIO MO-
JIyJSIUIO U3JTy4YeHUs reHepartopa [22], a Takxke pa3ind-
HBIE BAPUAHTHI IPUEMOTICPEIAONTIX MOy e [23—25].

OnHo u3 Hanboee 3h(HEeKTUBHBIX PEIICHUH PodJIe-
MBI OBUIO HaiiIeHO MPH UCIIOJIb30BAaHUU B aBTOAUHHBIX
reHepaTropax BHEITHETo BBICOKOJAOOPOTHOTO Pe30HaTOpa
[13, 26, 27]. CTabunu3aiius 4acTOThI ¢ IIOMOIIBIO 3TOI'0
pe3oHaTopa He TOJILKO 3HAYUTENILHO YMEHbBIIIAET CTEIICHb
WCKaKEHNS CUTHAJIA U YITydIIaeT criektp m3nyuenns CBU-
reHepaTopa, HO ¥ TOBBIIIAET HEKOTOPBIE IPYTHE TAKTH-
KO-TEXHUYECKHE U IKCIUTyaTallMOHHBIE TTOKa3aTeIH aB-
tonuuHbIX CBPJI [28, 29]. OmHako Takoe TEXHHYECKOE
pelIeHre 0Ka3anoch HEJJOCTATOYHO PATUKAIbHEIM. [Tpu
YBEJIIMYEHUH YPOBHS OTPa)KEHHOI'O CUTHAJIA BBILIE OTpe-
JICTICHHOTO 3HAUCHHS B CTAOMIN3UPOBAHHOM aBTOAWHE
TaKXKe MOSBJISIOTCS UCKAXKECHUSI CUTHAJIOB, BBI3BAHHBIC
ABTOJIMHHBIMH M3MEHEHUSMH 4acTOThI. [I[puposaa ux mo-
SIBJICHUS CBS3aHA HE CTOIBKO C HEPABHOMEPHOCTHIO Ha-
Oera (ha3pl OTPAKEHHOTO HM3IIYYEHUS (3TU MCKAKCHHUSI
MOTYT OBITh IPEHEOPEIKUMO MaJIbI ), CKOJIBKO C BHYTPEH-
HIMH CBOMCTBaMH CaMOT0 TeHeparopa. Kak mokaszaHo B
[30], B manHOM city4yae mpu aBTOJMHHBIX U3MEHEHHUSX
Y4acTOTHI aBTOKOJICOAHUN TIPOUCXOTUT JIOMIOTHUTEIbHAS
MOYJISIIIUS aMIUTHTY/IBI TEHEPAIY Ha HEJIMHEHHOM y4a-
CTKE YaCTOTHOM 3aBUCUMOCTH PE3UCTUBHOM IPOBOIUMO-
CTH KoJIeOaTeIbHON CUCTEMBI. JTa MOIYIISIINS, HaKIia-
JBIBAIOIIASICS HA OOBIYHBIC ABTOIMHHBIC N3MCHEHHS aM-
TUTUTYIBI KoJieOaHui, 00yCIOBICHHbIE U3MEHCHUSIMH
(ha3bl OTPaKEHHOH BOJIHBI, BHI3BIBACT JIOTIOTHUTEIILHBIC
HCKa)KEHUS CHUTHANa, KOTOPBIE TaKXKe CO3/1al0T TPYIHO-
CTH IIPH UX 00paboTKe.
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B nacrosmeit pabote nmpeacTaBIeHb pe3ynbTaThl Uc-
CJIEJIOBaHUHN CTAOMIM3UPOBAHHON aBTOKOJIEOATEIBHOM
CHUCTEMBI JIJIs TPEJICTABIISAIOIETO TPAKTUYECKUI HHTEpEC
CITydasi CWIIBHOTO CHTHAJIA, KOTa aMILUTUTYAa OTPaXKeH-
HOW BOJHBI COM3MEpHMa C aMIUTUTYIOH COOCTBEHHBIX
konebaHuil reHeparopa. B ciydae cuiIbHOTO OTpaxeH-
HOT'O CUTHAJIa yCIIOBHS TeHEPAIiK aBTOKOJICOAHNH B 3HA-
YUTEIBHOW CTETICHH OTIPEISIISIOTCS BIUSHUEM OTPaXKEH-
HOIi BOJIHBI, U TO BJIMSHUE OKa3bIBaeTCs Mpeodiagaro-
UM HaJl BHY TPCHHIMH YCIOBHSMHU T€HEPAIINH aBTOHOM-
HOTO reHeparopa. [loaToMy B 3TOM cirydae JOKaIbHAas
MOJIeTIb FeHepaTopa TPAHCPOPMUPYETCs B IPUHLIUIAAIIb-
HO UHYIO, B KOTOPOH COOCTBEHHO I'€HEepaTop U OTpakaro-
i 00BEKT MPEACTABIISIOT COO0H pacpe eI HHYO KO-
nebaTeIbHYI0 CUCTEMY, B KOTOPOU TeHepaTop HernocpeI-
CTBEHHO paboTaeT Ha JUIMHHYIO JuHMIo [31]. HanHyio
MOJIEITb TeHEepaTopa MOKHO TPAKTOBAThH TAKKE HECKOIb-
KO MHAaue — KaK TeHepaTop ¢ 3ama3abIBaromieil oopar-
HOH CBSI3bI0, B KOTOPOW BpeMsI 3ama3IbIBaHHsI OIpe/ie-
JSIETCSI BpEMEHEM podera H3ITyUCHHUS 10 OTPaKaTeIIs 1
obpatHo [32, 33]. CiioxxHasi TMHAMUKA TaKHX CUCTEM,
BKJIFOYAs CTOXaCTHYECKYI0, UCCIIE0BAIACH TEOPETHYC-
CKH M DKCIIEPUMEHTAIILHO B OOJIBIIIOM KOJMYECTBE pa-
60T, Hartpumep B [31—38]. Kak u mro0as pacmpenesneH-
Has CUCTeMa, JaHHas CUCTeMa B 0011eM cirydae o0naja-
eT OECKOHEYHBIM YHCIIOM CTEIeHeH ¢BOOOIBI U OeCKo-
HEYHBIM Ha0OPOM COOCTBEHHBIX 4acToT. B peansHbx CBU-
TeHepaTopax KOJIMYECTBO COCTOSHUIN PaBHOBECHS OIIpe-
JEeTSIeTCs KaK MPOU3BEICHUE KOI(PPHUIIUCHTA OTPAKSHUS
Ha JuinHy nuHue [38]. [Tpu u3MeHeHuu AJIMHBI STOU JTU-
HUM, YTO SKBUBAJICHTHO MEPEMEIICHUIO OTPAXKaTes, B
TaKoH CHCTEME B 3aBHCHMOCTH OT THIIA TCHEPaTOpa MOXK-
HO HaOJFOIATh TaKUe SIBJICHHS, KaK IEPHOIIICCKUI CPEIB
1 BO30Yy>KJIeHHe KoJieOaHuH (B BUE IPEPBIBUCTO TeHe-
parum), peryasipHbIe U XaOTHYESCKHE MEPECKOKH YaCTOTHI
Y aMIUTATY/IBI KOJTeOaH!H.

Amnanu3 o0uiero ciaydasi IIPOU3BONBHOTO BPEMEHH
3ama3AblBaHUs OTPAKEHHOT'O M3JIy4YeHHs B YCIOBHIX
0OJBIIOrO CUTHAJIA, HECOMHEHHO, NIPEACTABIIsACT Hayd-
HBI MHTEPEC, HO B HACTOSAIICH paboTe OrpaHUINMCS
UCCIIeZIOBaHUSIMH 0COOEHHOCTEH (hOpMHUPOBaHUS aBTO-
JUHHOTO OTKJIMKA B YCJIOBHUSX, KOTZIa OTCYTCTBYIOT CPbI-
BbI TCHEPAIIUN U CKauK0OOpa3HbIe M3MEHEHUH pexXrMa
aBTOKOJICOAHMI BO BCEM JHAIa30He N3MEHCHHUS YPOBHS
OTPa)KEHHOT0 U3NyueHus. Takue yciaoBus, IpecTaBs-
IolIrecs HaM HauOoJiee MPUBIICKATEIbHBIMY [T [TPaK-
THKH, 00ECTICYNBAIOTCS B CITyyae MPUMEHEHUS B TeHepa-
TOpax TaKk Ha3bIBAEMBIX HEYCTOWIHMBEIX AKTUBHBIX JIe-
MeHTOB (AD) [39] u Manoro paccTosiHUA 10 OTpaKaTes
(B 30HE TIEpBOI MOJIBI TEHEPAIIMHN), T/Ie U HAOIIomaeTcs
00br9HO B aBTOAMHHBIX CBPJI cunmbHBIN OTpakeHHBIH
curnan [13, 40]. B sTom ciydyae npu aHanm3e UCKaxe-
HU B CTAaOMIM3UPOBAaHHOM T'€HEPATOpPE CYIICCTBEHHOE
3Ha4YEHUE UMEET yUeT He TOJIBKO HETMHEHHOCTH 4aCTOT-
HOH 3aBUCUMOCTH PE3UCTUBHOM COCTABIIIOLIEH POBO-
JIMMOCTH K0J1e0aTeIbHOM CHCTEMBI, HO M HEJTMHEHHOCTH
€€ PeaKTUBHOW COCTaBJISIONIEH. AHATUTHYECKHE UCCIIe-
JIOBaHUS TIPU ATOM BeCbMa 3aTPyAHEHBI, IOSTOMY B Ha-
cTosiiiel paboTe Takoi aHaJIu3 BBIMOJIHEH YHCICHHBIMU
METOJaMU Ha OCHOBE pa3pabOTaHHOM MaTeMaTHIeCKO
MOJIETH aBTOANHHOTO TeHEpaTopa.

YrcnieHHbIe METO/IBI, KaK H3BECTHO, 00J1aJal0T H3BECT-
HOH cTeneHpio opManuima. [ BBIIBICHNS 3aKOHO-
MEpHOCTeH IPOoTeKaH!s KaKUX-JIHOO0 IPOILIECCOB B CIIOXK-
HBIX CUCTEMaX OHM TPEOYIOT BBIIIOJIIHEHUS JJOCTATOYHO
60JbII0r0 00beMa BBIUUCICHUN ¢ BapUallUsIMU UCXOJ-
HBIX TaHHBIX. C IeTbI0 MUHIMH3AIHH 00beMa ITHX BbI-
YHCIICHNI aBTOpaMU BBIOPAHBI TONBKO «CTAaHIAPTHBIE»
BapHaHTHI TAPAMETPOB aBTOTCHEPATOPOB (M30XPOHHBIA —
HEU30XPOHHBI, U30IPOMHBIN — HEM30APOMHBIiA ) 1 Xa-
paKTepHbIE YCIOBUS pabOTHI aBTOANHHBIX CHCTEM.

OcHOBHBIE YpaBHECHUsA /I aHAJIU3a aBTOAUHHbIX
reHepaTopoB npvu CWIBHOM OTPAKEHHOM CHUI'HaAJIE

s noyueHus ypaBHEHUH, ONMCHIBAIOIIUX MTPOLIECC
(hopMUpPOBaHHS aBTOJJUHHOTO OTKJIHKA B YCIOBHUSIX CHIIb-
HBIX OTPa)XEHHBIX CUTHAJOB, a TAKXKE YYUTBIBAIOLIUX
BHYTpPEHHHE ITapaMeTPhl H OCHOBHBIE 0COOCHHOCTH KOH-
CTPYKIIHHY CTaOMITN3UPOBAHHBIX aBTOANHHBIX CBY-rene-
paTopoB, pacCMOTPUM SKBUBAICHTHYIO CXEMY, ITPEICTaB-
senHywo Ha puc. 1. Ha neii Y| — cpennss 3a nepuoj
KoJIe0aHU AIIEKTPOHHAS IPOBOAUMOCTH AD, KOTOpas B
o011eM cityyae ABJIsgeTcs 3aBUCUMOM OT HaNpsDKEHUS CMe-
1eHus £, aMIuIMTy bl A 1 4acTOThI (0 KojieOaHUH 1 UMeeT
pesucTuBHYI0 G, ¥ PEaKTUBHYIO B, cocTaBistomue: ¥, =
=Y(E, 4, ®) = G(E, 4, ®)+jB, (E A, ). AD Hero-
CPEICTBEHHO CBsI3aH Ha CB‘I C OCHOBHBIM (paOo4rMm)
PE30HATOPOM, MIPEJICTABICHHBIM Ha CXeMe DKBUBAJICHT-
HBIMH €MKOCTBIO C'|, MHIyKTHBHOCTBIO L, ¥ IPOBOMMO-
cThbl0 noteps G, UMEIOLIUM KOMIUIEKCHYIO ITPOBOJIU-
MOCTb Y .

Crabum3upyromuil pe30HaTop, IPEICTABICHHBINA Ha
cxeme puc. 1 ananorndnbivu snementamu C,, L, u G,
CBA3aH [IOCPEJICTBOM PE3UCTUBHON MPOBOAUMOCTH G, 1
OTPE3Ka JIMHUKU C BOJHOBOH IMPOBOAMMOCTBIO P C OC-
HOBHBIM pe3oHaTopoM. JlsinHa / 3Tol JTMHUYU KpaTHA T10-
JIOBMHE JUTMHBI BOJIHBI u3nydenus: [=nA/2. C) — em-
KOCTb OIOKUPOBOYHOTO KOHJCHCATOpa, 00ecreunBaro-
IIET0 PeXUM KOPOTKOTo 3aMmbikanus mo CBY.

BoszHukaromiye B reHepaTrope npH 1ojade oT UCToU-
uuka nmutanust U1 cmemenns Ha AD kone6aHus, IMETo-
LIM€ aMIUIUTYy A ¥ 9acTOTy (0, BBIIEISIOTCS Ha IIPOBO-
JUMOCTH BHELIHEH HArpy3ku Y, ¥ H3JIyYaroTCs B IPO-
CTPaHCTBO B BUJC JJICKTPOMATHUTHOTO M3JIy4YCHHUA YC-
pe3 mpueMonepealyo auTeHny. Bo3aeiicTBue Ha re-

ﬁ“n‘:

Puc. 1. DxBuBaseHTHas cXemMa CTaOMIM3UPOBAHHOTO
aBTOJIMHHOTO TeHepaTopa

nl?

0.0)

! Mzoapomunblii (isodromic, oT Tpedeckoro isos — OJWHAKOBEIH,
paBHbII 1 dromos — Oer) reHepaTop — aBTOTCHEpaTop, y KOTO-
pOro aMIuUIUTyAa KOJIeOaHUil HE 3aBUCHT OT M3MEHEHHUIl 4acTOTHI
reHepauuu. HenzoapomHsblil reHepaTop NpearnoaaraeT Takyko 3aBU-
cumocTh [41].
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HEpaTop OTpakeHHOTro OT 00bekTa OO U3IYUYCHHS BbI-
3bIBACT ABTOJMHHBIN 3((EKT, KOTOPHI 3aKIII0UacTCs B
M3MEHEHUAX aMILTUTYAbI A4 1 9acToThl A aBTOKOJIE0A-
HUI, @ TakxKe cpenHero 3nadenus Toka Al AD. Ilocre-
JHME B 1enu nuTanus AD npeoOpasyroTcs B HalpshKeHUe
BBIXOHOTO CHTHAJA (CUTHAJ «aBTOETCKTUPOBAHIID») C
MTOMOIIIBIO CIICITUANILHOM cXeMbl O0J10Ka peructpanuu bP
[42]. B HEKOTOPBIX KOHCTPYKLMAX aBTOJUHHBIX PAaJUO-
JIOKaTOPOB TOJIE3HBIN CUTHAN BBIAETSETCS C TOMOIIBIO
JIOTIOJTHUTEIBHOM CXeMbI «BHEIIHETO IeTeKTUPOBAHUS,
KOTOpast peodpas3yeT aBTOUHHEBIC H3MEHCHUS aMILTHTY-
IIBI MJIH 9aCTOTHI aBTOKOJICOaHUH B HAPSHKEHHE BBIXOI-
Horo curHama [17].

B cootBercTBUM € 0011eH Teopueit CBU-renepatopon
ypaBHEHHUE aBTOKoJeOaHuil s cxeMbl puc. 1, mpuBe-
JIEHHOM K Tiockoctu AD, umeeT Buj [28]

Y Y Y HY, =0, (1)

e Y o Yp — KOMIUIEKCHBIE TIPOBOJAMMOCTH CTa0MITH-
3UPYIONIETO M pabouero pe30HaTopoB, MPUBECHHBIC K
mwiockoctd AD; ¥, — NPOBOAUMOCTD BHEIIHEW HATPy3-
KU TeHEepaTopa, 0TOOpaXkaromias TakKe BO3ACHCTBHE OT-
PaXXEHHOTO OT 00BEKTa N3ITyUCHUSI:

Y (d) = G, (17) + jB(1,70); )

_ G,[1-T(,0)°] .
1+ T (t,7) + 2I'(7,T)cosd(2,T) °

G, (t,7)

2G I'(z,7)sind(z,T)
1+ T2(2,7) + 2T(£,7) cos(£,7) °

B, (t,t)=

L(¢,)=T'TU(t)/U(D)];
3(t,1)=¥Y(H)-¥(1,7).

3nech [(4,T) u &(f,T) — Momyab U (pa3a MTHOBEHHOTO KO-
s¢durmenta orpaxkenus [13, 43]; U(f), U(t,t) u W(2), Y(1,t) —
aMIuIMTyaa ¥ (asa HapsUKEHUs Ha Harpyske Y, cosmaBae-
MOT0 T'€HEPaTOpPOM B TEKYILIMH MOMEHT BPEMCHHU [ U B MO-
MEHT (/—T) U3 IPEALICTOPHU CHCTEMBI, COOTBETCTBEHHO. Be-
nranHa [ XapakTepusyeT 3aTyXaHHe U3IIy4eHHUS TIPH ero pac-
MPOCTPAHEHNH 10 00BEKTa W 00paTHO, a O(2,T) — IONHBII
Haber (a3sl OTpaKCHHOH BOJIHEI 3a BpeMs T = 2s/c pacipo-
CTpaHEHHMs] M3IYyYEeHUs IO OTPAKAIONMero 00beKTa U odpar-
HO, § — PacCTOSHHUE 70 OTpakaTells, ¢ — CKOPOCTb PacIpo-
CTPaHCHHUS M3IIY4YCHHS.

Beipaxenue (1) mocie moacTaHOBKU B HEro (2) H
BBIpAXKEHUS I KOMIUIEKCHON MPOBOJUMOCTH KojieOa-
TEJILHON cuCTeMBbl ¥ =Y, T Y b, 3 [30] u BeLACTICHUA
BELIECTBEHHOW U MHUMOW 4aCTE€U IPUMET BUJL

BB, +4000

G. +G,
T (4B, + 400D

+20(t,tmg, (t,7) |=0; (3)

B, +2G | Qg t—— 5

(1+B,)" +40,v,,
me G=G ,+G; n=G,/G,=0,,/0,, — ¥na paboyero pe3oHaro-
pa, Q,~0,C/G,, 0, =0 C,/G, — ero Harpy’eHHas U BHe-
urHsAs JJ06poTHOCTH, cootBeTcTBerHO; B =G /G|, B,=G /G , —
KO3 QUITUCHTBI, XapaKTepU3YyIOIINe CTENeHb CBsA3M pabo-

BB, Qv
1P2¥%c2 Ve ; +[‘(z,‘c)nbﬁ(l‘,‘t)}=0» “4)

Yero U CTaOMIM3MPYIOLIET0 PE30HATOPOB C JIMHUEH Hepena-
Y1 MEXKAY HUMH; V SIZ(HO)/(DC" V,=(0-w,)/0 , — oTHO-
CHUTEJIbHBIE PACCTPOMKH TEKYILUX YAaCTOT COOTBETCTBEHHO ITep-
BOT0 U BTOPOro (CTaOMIIM3UPYIONIEro) Pe30HaTOPOB, UMEIO-
mmx cobctBenHbe yactotsl 0, =1/(L,C)"2, 0 ,=1/(L,C,)"
1 cobcreennble noopotHoct O, =0, C,/G ,, 0,=0,C)/G
g,(t,7), b (1,T) — HOPMUPOBAHHBIE M3MEHEHUSI PE3UCTUB-
HOM M pPEeakTHBHON MPOBOJUMOCTEN HArpy3KH B OKPECTHOC-
TH CTAl[MOHAPHOTO PEXUMa TeHepaTopa:

. I'(#,7) + cosd(t,T) .
(D=7 T(t,7)* + 2I(t,7) cosd(1,7)” v
e sind(1,7) ©)

1+ T(t,1)° + 20, 7) cosd(2,T)

Jlnst obnerueHust aHamu3a CUCTeMbl ypaBHeHwH (3),
(4) 3aMEeHUM HeNMHEHHbIe YIEHBI AIEKTPOHHON MPOBO-
aumocty ¥ =G +jB, uX KBa3UIMHEHHOMN aNlpOKCUMaIly-
eil B OKPEeCTHOCTH PeKUMa CTallMOHAPHBIX KoJieOaHUH 1
OyzeM paccMaTpuBaTh MPOUCXOISIIIE B FeHEpaToOpe Mpo-
LIECCBI, BBI3BAaHHbIE BO3IEHCTBHEM OTPaKEHHOTO H3IIY-
YEHUs, B OTHOCUTENbHBIX (0€3pa3MepHBIX ) BapHaLlUsIX M1a-
paMeTpoB aBTOKOJIe0aHUH OTHOCUTEIIBLHO 3TOTO PEXKHUMA.
Taxoif moaxox BHOJIHE 000CHOBAH, MOCKOJIBKY COCTaB-
JAOUME NPOBOAUMOCTH Y, ABIAOTCS OOJIEe «MEIEH-
HBIMI» (PYHKLIUSMH 4aCTOThI, YeM MPOBOIUMOCTD KOJIe-
OarenbHOM cucremsl Y, . Kpome Toro, orpannuum Ha-
CTOSAIIME UCCIIEAOBAHUS CIy4aeM BbIIEICHUS aBTOINH-
HOTO OTKJIMKA 110 U3MEHEHHIO aMIUTUTYAbI KoJIeOaHuH ¢
MIOMOIIBIO BHEIIHETO JETEKTUPOBAHUS IIPH PUKCUPOBAH-
HOM HaIpsDKCHUH CMEIIeHns Ha AD: E=EO.

Crienyst M3MI0KEHHOM JIOTUKE aHAIN3a, U3 CUCTEMBI
ypaBHeHuil (3) u (4) ¢ y4eToM yCIOBHUI CTAI[HOHAPHOTO
pexuma (cm. (13), (14) B [30]) aBTOHOMHOTO reHepaTo-
pa (mpu I'(7,7) = 0), Gu30cTH 3HAYEHUHI YaCTOT M|, O,
v 0, 1 pasnoxenns Gynkunidi G, u B, B psawl Ternopa
(em. (15) — (18) B [30]) moxy4n™M cUCTEMy JTHHEAPH-
30BaHHBIX YPaBHEHUH JUTS OTIPEICNICHNs] OTHOCHTEIBHBIX
M3MEHEHUH aMIUTUTYIbI @, = AA/A ;1 9acToThl X=AW/W,,
KoJteOaHui 1 TeHepaTopa, CTabMIN3UPOBaHHOTO BHEIII-
HUM PE30HATOPOM:

oy a, e xtg 0T Tmg, (6,1)=0; (7)
B 1a,+E % b, (AT (1T, (£,1)=0, (8)

rae o, = (4,/2G,,)(0G,/04), — npuBeneHHas KpyTU3HA
HHKPEMEHTA IeHepaTopa, 00yCIOBIMBAIOIIAs CTCIICHD Pe-
reHepaluy ¥ NPOYHOCTH €ro MPEAeNbHOTO IHKIA; €=
=(0,/2G,)(0G /0m), — mapamerp, onpenensomuil He-
H30IPOMHOCTh T€HEepaTopa, YUUTHIBAIOMIMN BIUSHHUE H3-
MEHEHHUIl YacTOThl HAa aMIUIATYy KOJICOaHWN uepes 3JIEKT-
ponnyto npoogumocts AD; B, =—(4/2B,)(0B /04),tgd —
napamerp, ONpPeIeIISIOIIi HEU30XPOHHOCTh TEHEePaTopa,;
& 1;(030/2330)(833/303)0%6 — IapaMeTp CTaOuIN3alun a-
CTOTBHI YYHUTBIBAIONIMN YaCTOTHYIO KPYTU3HY PEAKTHBHOMN
nposogumoctu AD; g (%), b, (X) — HOPMHPOBaHHbIE U3-
MEHCHUsI PE3UCTHBHON M PEaKTHBHON COCTABJIAIONIMX IPO-
BOJIMMOCTH KOJICOAaTeIbHOM CHCTEMBI B OKPECTHOCTH CTALHO-
HAPHOTO peXHUMa reHepaTopa:

Bi| A+B)+Q20,x+8)°  (+B,)+9’
2| (1+B,)* + 20, +8)  (1+B,) +9

80 =

} )
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BB,
1+B,)* +9°

1 BB, (20,x +0)
b () = -
O W By + 20,0

V:VOZ/Vrp — HOPMHUpPOBaHHasi PacCTpOiiKa 4acTOThI CTaOH-
JU3UPYIOIIET0 PE30HATOPA OTHOCUTEIBHO €r0 IPAaHUYHOIO
3HatCHHA Vrp=1/(2Qc2); \)92=((Jt)(r(ncz)/u)c2 — OTHOCHTEJIbHAs
paccTpoiika cOOCTBEHHOH 4acTOTHI M, BTOPOrO PE30HATO-
pa OT YacTOTHI (D, CTAIMOHAPHBIX KOJeOaHMH aBTOHOMHOIO
reneparopa. Jludpdepenunansupie napamerpsl AD O, €,
B, m &, B popmynax (7), (8) MOTyT GBITH PACCUNTAHBI s
KOHKPETHOH peali3alluyl reHepaTopa WK OIpeJeIeHbl dKC-
MEPUMEHTAIBHO.

:(10)

[Tomryaennas cuctema ypasHenutii (7), (8) onuceiBaeT
CTallMOHApHbIE 3HAUEHUsI U KBa3UCTAaTUYECKUE U3MEHE-
HUSI aMILTATY]IBI ¥ YaCTOTHI aBTOJIMTHHBIX TEHEPATOPOB KaK
MIPU MaJIBIX, TaK U IPU OOJIBIINX YPOBHIX OTPAXKEHHOTO
U3IYUYEeHHS, a TAKXKE P IPOU3BOJILHON BEJIMYUHE Bpe-
MEeHH ero 3anaspiBanus. Orvernm, uto npu 3,=0 nan-
HbI€ BBIPAXXEHUS COOTBETCTBYIOT CJIy4al0 OJHOKOHTYp-
HOTO aBTOAMHA, paccMoTpenHoro B [11, 13, 40].

B peanbubix ycnoBusx ¢ynkuuonuponanuss CBPJI
0O0JTBIIION YPOBEHD OTPAKEHHOTO N3TYICHHS, COM3MEPHU-
MBI C aMILUTUTYIOH COOCTBEHHBIX KOJICOaHUH TeHepaTo-
pa, HabroaeTCs Ha CPABHUTEIIBHO MAJIBIX PACCTOSIHUAX
10 oTpakaTens. [Ipu Takux ycmoBUsIX paboThI aBTOIUHA,
HECMOTPsI 1aXKe Ha 3HAYUTEIbHBIC N3MEHEHUS [TapaMeT-
POB KoJIeOaHMI, BIIOJHE JOIMYCTHMO JUISI YIPOIICHI
JJIbHEHIIIEro aHalln3a yCTaHOBUBILUXCS 3HAYEHUH aB-
TOJIMHHOTO OTKJIMKA Pa3JI0KHUTh apaMeTPhl 3ara3/ibIBa-
romero Boszaeiicteus I'(2,T) u 8(£,7) B paanl Teitnopa mo
MajoMy BPEMEHH 3ama3AbIBaHus T 110 CPAaBHEHUIO C Te-
KyIIuM BpeMeHeM ¢ 1<<t[13, 32]. OrpannunBasce npu
9TOM JIBYMS IEPBBIMU WICHAMH PA3JI0KEHUH, TOTYYHM
peIIeHNs TIEPBOTO MPHUOIMKEHUS JIIsT MOAYIS U a3kl
koa(pdunuenta orpakenus B suze I'(7,7)=T, d(1,T)=wr.

C y4eroM JaHHOTO Pa3IOKEHHs MOJyYdM OKOHYa-
TeJIbHbIE BBIPAYKEHUS JUIA JaIbHEHIIero YMCIeHHOrO aHa-
JM3a aBTOAMHHOTO reHepaTopa. i 3Toro COBMECTHBIM
pemeareM (6) u (7), UCKIII0Yast U3 TIEPBOTO BBIPAKCHHUSI
IEPEMEHHYIO ), @ U3 BTOPOTO — @, TIOCIIE dJIEMEHTAp-
HBIX IpeoOpa3oBaHmii, onaras N=1, momyaum

a I/Ka+ gKH(n )+FgHH(TH):O; ( 11 )
X/L+b (0)+Tb, (T,)=0, (12)

rne K =1/[c,(1=yp)], L,=1/[§,,(1=yp)] — xo3ddurmenTs!
ABTOJMHHOTO YCHJICHHS W JICBHALMH YACTOTHI T'€HEpPaIiH;
) =8 (0 b (%), b, ()=, (X) —Y&,.(X) — HOpMHEPO-
BaHHBIC PE3UCTHBHAS M PEAKTHBHAS COCTABJISAIOIINE MPOBO-
JMMOCTH KOJIe0ATEeIbHON CHCTEMBI C YUETOM HEU30XPOHHO-
CTH W HEM30JPOMHOCTH TeHeparopa; g,.(T,)=g,(T,)—cb (T,),
b, (t) = b (1) —Y¥g,(T,) — TO ke camoe I Harpys3Ku;
v=B,,/0t;, p=€,,/&;; — KOdDOUIMEHTH HEM3OXPOHHOCTH M
HEHM30IPOMHOCTH T'eHeparTopa.

TTpu atom BeipaxkeHue aist hpassr 8(7,T), KOTOpast BXO-
JuT B hopmysbl (5), (6) A BBIYMCICHUH TPOBOAMMO-
crefi g (T )ub_ (T ), IPUMET BU]

8(t,0)=d(x, T, )=2n(1+Y)(N+T,), (13)

rae N=2s/A — 1enoe 4uCcIO TONYBOIH, YKIAAbIBAIOIINXCS
MEXK[y OTPaKaIoIMM 00BEKTOM U T€HEPaTopoM; T,= T —
HOpPMHpOBaHHOE (Oe3pa3MepHOe) BpeMmsi.

Penrenune cucremsr ypaBaenuii (11), (12) ¢ yuetom
(13) mo3BoJIsIET MPOBOUTH aHATTU3 OCOOSHHOCTEH (op-
MHUPOBAHUsI aBTOTUHHOTO OTKITUKA TI0 U3MCHEHHIO aMII-
JIUTYJIbI @ U 9ACTOTHI X, KONeOaHMI IPY M3MEHEHUH T, HA
OT/ICNIbHBIX (PPArMEeHTaX PACCTOSHHUS § 10 OTPAXKATEIS.

AHau3 BJIUSIHUSI HATPY3KH TeHepaTopa
Ha npouecc (OpMUPOBAHNUS ABTOAMHHOI0 OTKJIHMKA

CyTb aBTOTUHHOTO 3 (heKTa COCTOUT B PEaKIIUH Te-
HepaTopa Ha BO3JCHCTBHE COOCTBEHHOT'O OTPAKEHHOTO
U3Iy4YeHUs. DTO BO3JeiiCTBHE, SKBUBAJIEHTHOE H3MEHE-
HUIO yIaJICHHON Ha HEKOTOPOE PACCTOSIHHE HATPy3KH,
BHOCHT B KOJIeOaTeNbHYIO0 CHCTEMY T'eHepaTopa BapHua-
LMY PE3UCTUBHON M PEAKTUBHOM MPOBOIUMOCTH, KOTO-
PpBIC IPUBOJIAIT K COOTBETCTBYIOIINM aBTOIMHHBIM H3Me-
HCHISIM aMITTATY/IBI M YaCTOTHI Kontebanuii. B cirygae cira-
00T0 OTPAKEHHOTO M3y ICHHSI AMIUTUTY/1a ABTOIMHHOTO
OTKJIMIKA T€HEPaTOpa OOBITHO MPSIMO TIPOIIOPIIHOHATIFHA
YPOBHIO OTPaXKEHHOT'O U3JIyUYCHHUs, a popma ero OJin3Ka
K TapMoOHu4eckoi. OHaKo B ciiyyae OOJIBIIOTO YPOBHS
OTPaXEHHOTO M3ITy4eHHs TaKast TPOTIOPLIMOHATIBHOCTD OT-
KJImKa Hapymaercs. Kpome Toro, Ha mporecc hopMupo-
BAaHU OTKJIMKA OKA3bIBAIOT BIMSIHUC XapaKTEPUCTUKH KO-
nebaTeNIbHOM CUCTeMBI 1 AD reHepaTopa W BeJIHMYruHA
paccTosHUA 10 OTpakaromero oobekra. B onpenenen-
HBIX YCIIOBHSIX B aBTOJIMHHOM T€HEpaTope MpH nepeme-
LIEHUU OTpa)kaTessi MOT'YT BO3ZHUKATh CKAYKOOOpa3HbIe
WU3MCHEHHS aMIUTUTYIBI U YaCTOTHI KoJIeOaHHM, CBsA3aH-
HbIE C HAPYIIEHUEM YCIIOBHI YCTOMYMBOCTH PEKHUMA.

J11s1 BBIICHEHUS BIUSHHS OTMEUCHHBIX (PaKTOPOB Ha
0co0eHHOCTH (HOPMHUPOBAHUS ABTOMHHOTO OTKITHKA Pac-
CMOTPHM Ha OCHOBaHMHU cucTeMbl ypaBHeHui (11), (12)
¢ yaeroM (5), (6) moBeicHIE OTHOCUTEIILHBIX COCTaBIISI-
IOIIMX IPOBOAUMOCTEH g M b HAarpy3KH B 3aBHCHMO-
CTH OT OTHOCHTEIIFHBIX H3MECHEHHH Oe3pa3MepHOro Bpe-
MEHHU T, C YYETOM BHOCUMBIX AD TapameTpoB HEHU30-
XPOHHOCTH Y 1 HEM30IPOMHOCTH 0 TeHepartopa. [Ipu aTom
BEJIMYMHY BPEMEHHU 3aIa3/IbIBaHUs OTPAKEHHOTO H3ITY-
YeHHsI yUYUTBIBaTh He Oyaem, nonaras B (13) N=0.

Pe3ynbrarsl pacyeToB IpeICTaBIeHb] HAa pHUC. 2 U 3.
W3 ananm3a mory4eHHBIX Pe3yIBTaToB BHIHO, YTO TIPH Ma-
JIOM YPOBHE OTpakeHHOTO m3nmyueHus, koraa [' < 0,1, u3-
MEHEHUs PEAKTUBHOM b, (T ) M pe3uCTUBHON g, (T, ) po-
BOJMIMOCTEH MPAaKTHYECKU rapMOHUYECKHE (CM. puc. 2),
HEN30XPOHHOCTH TEHEPaTOPa M €T0 HEM30IPOMHOCTD BHI-
3BIBAIOT JIMIb UX OTHOCUTEIbHBIE (Da30BbIC CMEIICHHUS.
W3 ananmza Beipaxkenui (13) u rpadukoB puc. 2, a cie-
IyeT TaKkXe, 9TO B CIydae H30XPOHHOTO H H30APOMHOTO
reneparopa g, (T, ) ABIAETCS Y€THON QyHKIMEN BpeMe-
HU T, a b (T ) — HEYETHOH. DTO O3HAYAET, YTO NPH
CMCHE HaIpaBJICHIS IEPEMEIICHIUS OTpaXkaTens (3HaKa
npu T,) BuJ rpadukos g, (T,) HE UBMEHAETC, a rpadu-
xu b, (T,) 36pKabHO IEPEBOPAYUBAIOTCSA OTHOCUTEIBHO
ocu abctmcc. [1pu 3ToM B citydae 3aMeTHBIX HCKaKESHHH
XapaKTepUCTHK, Koraa I' > 0,1, mops1ok cie1oBaHus O-
JIOTUX U KPYTBIX y4acTKoB QyHKuuu b, (T, ) Opu u3Me-
HEHMH T, MEHSETCS Ha OOPATHBIH, 4€TO HENb35 OTMETUTD
B OTHOLICHUH QyHKIMK g, (T,). B Cilyuae HeM30XpoHHO-
ro rereparopa (y#0) mpu CUIPHOM OTPa)KEHHOM CHUTHA-
ne (cM. KpuBbIe 2 Ha pHC. 2, @, O) CMEHa 3HaKa MpH
ko3(duimenTe y BbI3bIBAET U3MEHEHHE HE TOJIBKO I0-
psijIKa CIieTIOBaHMS KPYTHIX M TIOJIOTUX YYaCTKOB Ha Tpa-
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a) 0) B)
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0.5 \K ,f/ i m ); 0,5 Fh 05 f
005 10 1s o« o 05 10 15 1o 05 10 15 1,
8un 8w /’h un /ﬂ\\
0,5 - 0,5 ‘l 0,5 f
0 0 | 0 .
05 b 05 “ 05 2
N 1 / \Jf/l \, 1 uj A J \
0 05 10 15 1 0 05 10 15 =t 0 05 10 15 =

H H

Puc. 2. 3aBucumocTn b, U g, OT HOPMUPOBAHHOTO BPEMEHH T,,, paccunTanuble npu ['=0,01 (kpusbie /) u ['=0,5 (kpusble 2)
W pa3IMYHbIX 3HAYCHUSIX KOI(DDUIIMECHTOB Y U P:
a—yY=p= Oa 60— Y= _0355 p:Oass 6 — Y:0a55 p= _055

a)
/ bHH(n) ’ ‘ ‘ T gHH(n)
°\°n 30 0 0,2 ) @1 Q\on 80 gmq(l)\ 0,2
S S
d \ 3 8u(3) /)
- 40 K, e 0,1 %0 40 ] | ! 0,1 1 e >
. N M K, 1
kit oy g) \
I (5) L 8
0 11T | H 0 --‘/ ZAL 0 =TT [ L] 0 --/ ’/ |5|?
0,01 0,1 Tr 0,01 0,1 r 0,01 0,1 Tr 0,01 0,1 r
0)
““"w b, (n) T &)
X 0,2 x 80 0,2
~ 80 bHH(l) ’ ~ gHH(l)
S | LR
~= | b (3) \4-\ =
T =
< K 0.1 | AL 0 K 0,1 @)
M’Q 40 / S ’ X 40 //[( gHH(3) | f
Al L] N ! |
NI R L LEON LA
0,01 0,1 Tr 0,01 0,1 r 0,01 0,1 r 0,01 0,1 T

Puc. 3. 3aBucumocTu K03()PUUMEHTOB rapMOHUK K, U K, a Taioke ypoBHEH NEPBBIX MATH TAPMOHMK PEAKTHBHOM b, (n)

1 PE3UCTUBHOMN g, (7) MPOBOJMMOCTEH OT BENMYMHBI MOy Kod(puuuenta orpakenus I, paccunrannsie mpu y=p=0 (a)

u y=*1, p==0,5 (6) (n = 1, 2, ..., 5 — nNOpAAKOBBIH HOMEp rapMOHUKH, /7, =1/T, — HOPMMpPOBaHHAs 4acCTOTa M3MEHEHHI
NPOBOAMMOCTH, T, — HOPMHMPOBAHHBIN MEPHOJ))

¢uxax 3aucumocTu b, (T,), HO U MOJAPHOCTHU CIIEMI0-
BaHUS OCTPBIX H IUIOCKUX ITOJYBOJH. B ciryuae ske Hen3o-
JIPOMHOTO TeHepatopa (p+#0) cMeHa 3HaKa mpu Kodppu-
IICHTE O BBI3BIBACT U3MECHEHHE TOIBKO ITOPSIIKA CIEI0-
BaHMA KPYTHIX U MOJOTUX yYaCTKOB Ha rpadukax 3aBU-
cumoctu g, (T,). 3

CpaenuBas rpaduxu 3apucumocrei b, (Tt )ug, (T,)
C OKCIIEPUMEHTAIIBHBIMHE I'paIKaMH COOTBETCTBEHHO Ja-
CTOTHOM ¥ aMIUIUTY/THON XapaKTEPHUCTHUK, TPEICTABIICH-
HbIMH B [ 13, 40], MOXKHO YBHIETH, UTO MTOCJIETHUE TIPAK-
TUYCCKU NOBTOPAIOT NEPBBIC, HO C I/IHBepCPIeﬁ MI'HOBCH-
HBIX 3HAYEHUN. DTO MO3BOJISIET 3aKIIFOUYUTh, YTO MCKaXKe-

HUS aBTOJMHHOTO OTKJIMKA B Cllydae OOJBIIOro OTpa-
JKEHHOT'O CHTHaJIa O0YCJIOBICHBI IMPEUMYIIECTBEHHO
BIMSIHUEM «HEJIMHEHHOCTH» Harpy3Ku reHeparopa, a He
OrpaHUYEHUEM CUTHANA 3JIEKTPOHHON IPOBOAUMOCTHIO
AD, xak npeamnonarainocs B [40].

B nenom, kak BUIHO U3 rpaduKoB puc. 3, XapaxTep
3apucumocteii K, u K , a Takke TapMOHHYECKUX CO-
CTaBIISIONIMX PEAKTUBHOMN b (1) M PE3UCTUBHOM g (1)
MIPOBOIUMOCTEH OJMHAKOB; €CTh HEOOJBIINE OTIHIHS
rpaduKoOB TapMOHUK PEAKTHUBHON TPOBOJAUMOCTH H30-
XPOHHOTO W M30JJpOMHOTO r'eHepatopa (cM. puc. 3, a).
ITpu Benuunne Moysst koaddunuenTa orpaxenus ['=0,1

TexHOMOTHSA ¥ KOHCTPYHPOBAHKE B YNIEKTPOHHOM anmapatype, 2011, Ne 4

47



CBY-TEXHUKA

0,5 K \) 05 \ 0,5 /
~ = 2 o
0,5 05 0,5
1 2 s
_1 _ T
1 05 0 05 1 L 05 0 o0s 1 L 205 0 05 1
b,.(t) b, (T,) b(T,)

Puc. 4. JlnuarpaMmbl pe3sMCTHBHOM g, (T,) ¥ PEaKTUBHOH b, |

(T,) NPOBOAMMOCTEH HArpy3KM Ha KOMIUIEKCHOH IIOCKOCTH,

paccunrannbie ipu [=0,01 (kpussie /) u I' =0,7 (kpuBble 2) U pa3InYHbIX 3HAUCHHUIX KOAPPHUIIMEHTOB Y U P:
a—y=p=0,6—y=1,p=-056—y=-1,p=05

KO3 ULMEHTBI TapMOHUK K, 1 Kg He npesbiaoT 10%,
U JUIsl KAYECTBCHHBIX HCCIICAOBaHUN paccMaTpHBacMBIX
niporieccoB B aBToquHHBIX CBU-reHeparopax Takum ypoB-
HEM TapMOHHK MOXKHO TIpeHeOpedb. [ToaTomy B cityuae
xorma I' < 0,1, mpu ananuse aBronuHHbIX CBY-reneparo-
POB BITIOJIHE JIOMYCTUMO UCTIOIb30BaHUE IPUOTHKESHHBIX
BBIP)KCHHUH JJIsI BBIYUCIICHHS ITPOBOIUMOCTH HATPY3KH
[11, 13, 26—29].

[Tpu yBemmaeHnn Momyitst KoadduimeHTa oTpaxeHus,
xoraa [>0,1, kak BuHO U3 rpaduKoB puc. 2 u 3, HaOIo-
JIaeTCsI 3HAUUTENbHOE YBEINUYEHHNE NCKaKEHUI N3MEHEHN I
npoBoaumMocted b (T,) u g, (T, ), PE3KUA POCT ypOBHS
BBICIIINX FAPMOHHK 3TUX (DYHKIIHI U CYIIECCTBEHHOE yMEHb-
IICHHUE YPOBHSI TIEPBEIX TAPMOHIYECKIX COCTABIIIOIINX
gu(D m b, (1). Koopdummentsr rapmonuk K, u K, 10-
cturarot 100% na Bcex rpadukax mpu ['=0,7. B okpecr-
HOCTH 3TOT0 3HaYeHMs [ oTMeuaeTcst HanOONIbIINI TTOIBEM
YPOBHSI BBICIIMX FAPMOHHUK, a TPH JANTbHEHIIIEM pOCTE
KOX(PHUITIEHTA OTPaXKSHUSI — PE3KHUI CIIa 10 HYIIS IPH
r=1.

Ha pue. 4 npencrasnens! pe3ynbTaTsl pacieToB HOP-
MHUPOBAaHHBIX OTHOCUTEIHLHO MAaKCUMAIILHBIX a0COIIOT-
HBIX 3HAYEHUH XapakTepucTuk b (T ) u g (T, ) B BUIE
rogorpadoB Ha KOMIUIEKCHON MJIOCKOCTH, MIOBEPHYTOM
Ha yroun 7/2. Toukamu Ha STHX ToHOrpadax BEIICICHEI
3HA4Y€HUsl, KOTOPBIE NPUHUMAIOT IIPOBOAUMOCTH b, (T, )
u g, (T,)9epe3 MHTEPBasIbl BpDEMEHH AT , PABHBIC H3Me-
HEHHUSIM HOPMHPOBAHHOTO BPEMEHHU Ha OJTHY JCCATYIO OT
BPEMEHHU MOJIHOTO 06opoTa roporpada: At =0,1. B ciy-
gae ['<<1 (cMm. kpuBble /) romorpadbl HMEIOT (GOpMy
OKPYKHOCTH, TIOJTHOCTBIO 3aITOTHSIONICH KBapaT HOP-
MHPOBAaHHON KOMILIEKCHOM IIJIOCKOCTH, JI1 ©30XPOHHO-
ro renepatopa (cM. puc. 4, @) M dJUIHICA I HEH30-
XPOHHOTO TeHeparopa (cM. puc. 4, 0, ). [Ipu 3Tom au-
Ha MHTEPBAJIOB MEX/ly TOUYKaMH Ha rojiorpagax npakTu-
YECKH OJIMHAKOBA, UTO YKa3bIBACT HA PABHOMEPHOCTH JIBH-
YKSHUS M300pakaroeil TOuKy 1o rogorpadam mpu us-
Menenuu T . [Tpu 60sbmiom ke ko3 duimente orpaxke-
Hus [ (cM. KpuBbIe 2) IBIYKCHHE N300pakarolei TOUKH
1o rojiorpady sBISIETCS HEPABHOMEPHBIM, YTO XOPOIIIO
BUJIHO IO MHTEpBaJIaM MeXIy Toukamu. [Ipu sToM 371-
JIUTICHI HE TIOJIHOCTBIO 3aMOTHSIOT KBaJpaT HOPMUPOBaH-
HO KOMIUTIEKCHOM MJI0CKOCTH U3-3a CMEILEHHSI CPEIHUX
3Ha4eHUH Benvaun b, (T.) u g, (T,) 3a IEpHOJ] M3MEHE-
HUs T . YIJIBI HAKJIOHA 3JLIUIICOB To0rpadoB MPOBOIH-

MOCTH Harpy3KH COBIAJAIOT C YIIAMH HAKJIOHA 3JUIHII-
COB aMILTUTYIHO-9aCTOTHBIX XapakTepucTuk (AUX) as-
TOJMHHOTO OTKIIMKA T€HEePaTopa, MOCTPOCHHBIX /IS O
HUX U TeX )Ke KOAPPUIMESHTOB Y U P. B cirydae onuHako-
BBIX 3HAKOB IPHU KOAPPUIIMESHTAX Y U O SIUIHIICHI TO/I0-
rpa¢oB 1 AUX yMEHBIIAIOT pa3Mep MaJIoOH OCH, a B CIIy-
yae pasHbIX 3HAKOB — YyBeJMUYWBaKOT. [Ipudem, mpu
YCIIOBUH Y = — 3JUIMIIC rojorpada mpoBOAUMOCTH Ha-
IPY3KH BBIPOIKIAACTCS B OKPYIKHOCTD.

Pagmyc-Bektop rogorpadoB Ha KOMIUIEKCHOH TIITOC-
KOCTH TPEICTaBIsIET COO0H MOIYIIb HOPMHPOBAHHOM
—If_([)bDAH(J;C)Ijg}ﬁgHaHPOBOHHMOCTI/I yHH(TH):{[gHH(TH)]Z-t

wi(T)] 7} % @ YTOJT MEKTy 9THM BEKTOPOM M OChIO pe
3MCTUBHOW MPOBOIUMOCTH g, (T, ) HAXOMMTCS Kak O(T,) =
= arctg[b, (1,)/g,.(T,)]. Pe3ynsTarsl pac4eToB BeIMIMH
V(T,) M IpoM3BOIHOM Q (T,) = d(T,)/dT , XapakTepu-
3YIOIICH YITIOBYIO CKOPOCTBH BPAIICHHS PaJIIyC-BEKTO-
pa, TS CITydaeB c1aboro ¥ CHIIBHOTO OTPAKEHHOTO CUT-
HaJla [IPE/ICTaBJICHb] HAa PUC. 5.

Pamuyc-Bekrop y, (T, ) 1715t ©K30XPOHHOTO M H30IPOM-
Horo rereparopa (y=p=0) uMeeT MOCTOSHHYIO BEIUYH-
HY, PaBHYIO CIMHHIHOMY PaJINyCy OKPY>KHOCTH (CM. KpH-
BbIE / Ha pUC. 5, a), ¥ BpamiaeTcst ¢ MOCTOSTHHOUW CKOPO-
CTBIO (27T) TOJIBKO TIPH MAJIOM OTPaYKEHHOM CHTHAJIE, KO-
raa I’ <<1. Bo Bcex ocTanbHBIX clay4asx HaOIonaeTCs
U3MCHEHHE €r0 JUTUHBI M HEPABHOMEPHOCTh BPAIICHHSI
TIPM M3MEHEHMH BEMYMHBI T,. B citywae cnaboro otpa-
YKEHHOTO CHTHAJIa BAPHALIIHN CKOPOCTHU BPAIICHHS 00y CIIOB-
JICHBI AJUTHIICOBUTHOCTHIO (DOPMBI roiorpada mpoBoi-
MocTH (cM. puc. 4, 6 u g), korna Y20 u p=0. B cnyqae
CHJIBHOTO CHUTHAJa KPOME 3TOTO CYIIECTBEHHOE BIHS-
HHE OKa3bIBACT TAKXKE «Ie(hOopMAIHs»y ITOTo rogorpada
BCJICICTBAC M3MCHCHUU IUIMHEI paguyc-Bekropa. U3
CpaBHCHUS XapaKTEPHUCTHK PHC. 5, 6 U ¢ BUAHO, YTO B
ciyvae Korja 3HaKH Mpu KOdPPUITMESHTaX Y ¥ P OJIMHA-
KOBBI, aMILIMTY/Ia 3TUX U3MCHEHHH OOJIbIIIE, UM IIPH UX
Pa3IHYHH.

s paccMoTpeHUs mporecca mpeoOpa3oBaHus H3-
MEHEHUH Harpy3KU B aBTOAUHHbII OTKIMK T€HEPATOPA B
«YUCTOM BUJIe», 0€3 BIMSHHUS TTOCTOPOHHUX (DAKTOPOB,
Heo0xouMo 4ToObI B BhipaxkeHusx (11) u (12) cnarae-
mble g (X) ¥ b (X) ObLIM THHEHHBIME QYHKIUAMY Ya-
CTOTBHI. TaKMMHU CBOWCTBaMH 00JaIaeT OMHOKOHTYpPHASI
KonebaTenbHas CUCTEMa B OKPECTHOCTU COOCTBEHHOI

4acToThl O, 111 Kotopo#t b (%) = O, 1% &%) = 0.
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a) 0) 6)
yHH yHH yHH
1 f\
1
: 1 ! / S i f
0,5 0,5 0,5 fj
/ >
0 0,5 T, 0 0,5 T, 0 0,5 T,
(pHH 2 (pHH (pHH 2
30 30 60
20 : 20 > 40 1
0l I\ ol a1
10 I ARY 1
0 0,5 T 0 0,5 T 0 0,5 T

H

Puc. 5. XapakrepucTuku pajnyc-BeKTOpOB ¥, (T,) U YIIOBOH CKOpPOCTH €ro Bpaulenus L2 (T,), paccuuranusie npu I' = 0,01
(xpuBsie /), I' = 0,5 (kpuBblc 2) U pa3IHUHBIX 3HAYCHUSIX KOIDDHUIIMESHTOB Y U P:
ai'\{:p:(); 67Y: 1’ p:7055; 6—Y= 15 p:095

Torma B pe3ynbrare pacyeToB coriacHo ypaBHeHu# (11)
u (12), koTopbie B JaHHOM ClIy4ae pa3pelaroTcs He3a-
BHUCUMO, T0JIy4aeM 3aBUCHUMOCTH HOPMHUPOBAHHBIX U3-
MeIEeHI/IP’I 4acToTsl ¥, (T,) U AMILTHTYIBI a, (t,) Koneba-
HUH, KOTOPbIE UMEIOT aHAJOTHYHBIH 3aBUCUMOCTAM
b, (t,)ug, (T,)BHUI, COOTBETCTBEHHO, HO C HHBEPCHEH.
AHaJIOrMYHBIM 00Pa30M HHBEPTUPYIOTCS THar paMMBbI KOM-
IUICKCHOM MPOBOIMMOCTH HArpy3ku (cM. puc. 4) B AUX
ABTOJIMHHOT'O T€HEPATOpa C COXPAaHEHHEM IKCLIEHTPUCH-
TETa U OPHEHTAIUK ocel ArumncoB. [Ipu aTom rpaduku
3aBUCHMOCTEN Koo duumentos K, u Kg, a TaKXe ypoB-
HEM TIEPBBIX AT FTAPMOHKK PEAKTUBHOM b, (1) 1 pe3uc-
TUBHOH g, (1) IPOBOMMMOCTEH OT BETMYMHBI MOJYJIst KO-
sa¢dunmenta orpaxkeHus [, nmpencTapieHHbIe Ha puc. 3,
TIOJTHOCTHEO COOTBETCTBYIOT TAKUM ¥KE 3aBUCUMOCTSIM JIJISI
K0A(p(HULMEHTOB FrAPMOHHK OTKITHKA IT0 N3MEHEHHSIM Jac-
TOTBI K, M aMIuuTyibl K- KonebaHuii i OTHOCHTENBHOTO
YPOBHsI TapMOHHK ), (1) ¥ a (1), cooTBeTCTBEHHO. [To-
Jy4EeHHBIE PE3yJIBTaThl TOBOPST O TOM, YTO B aBTOIMHAX C
OIHOKOHTYPHOMH KOJIeOaTeNbHOM CHCTeMOi (popMupoBa-
HIHE aBTOANHHOTO OTKJIMKA ITOJTHOCTHIO OMPEAEISCTCSI MO~
BEJICHUEM PEAKTUBHOM b, (1) N PE3UCTUBHOM g, (1) CO-
CTaBJISIOILMX ITPOBOJUMOCTH Harpy3Ku.

W3 BBINOJIHEHHBIX UCCIIEIOBAaHUI MOXHO CleJaTh
BBIBO/], YTO OCHOBHOM NPUUYMHON UCKa)KEHUH aBTOIMH-
Horo otkirka CBY-reHepatopoB B cirydae 00JbIIoro oT-
PaKEHHOT'O CUTHAJIA TIPH PABHOMEPHOM M3MEHEHUH (pasbl
k09(h(UIEHTa OTPAKEHHUS SABISETCS HETAPMOHUYHOCTD
M3MEHEHHs PE3UCTUBHON U PEaKTUBHON COCTABIISIFOIIUX
KOMIIJIEKCHOM MPOBOMMOCTH Harpy3Kku reaeparopa. Jo-
MOJTHUTEIBHBIM (DAKTOPOM, BBI3BIBAIOIINM HCKAKECHILSI
TIPU 3TOM, SIBIISICTCS BIMSHIC BHYTPSHHUX CBOWCTB (He-
M30XPOHHOCTH U HEH30/IPOMHOCTE ) T€HEpaTOpa.

AHAJIM3 BJUSTHUS COCTABJISIKOIIUX TMPOBOIAMOCTH
KO0J1e0aTeJIbHO# CHCTeMbI FeHepaTopa Ha mporece
(hopMHUpoBaHUSI ABTOANHHOTO OTKJIMKA

J171s BBISICHEHUSI BIMSTHIS XapaKTePHCTUK KOJIeOaTelb-
HOHW CHCTEMBI U TapaMeTpoB AD CTaOMIM3HPOBAHHOTO
reHepaTopa Ha 0COOEHHOCTH (POPMHUPOBAHMS ABTOAMH-

H H

HOTO OTKJIMKA PACCMOTPHM CHayasia IOBEICHHE COCTaB-
JAKOIMX OTHOCUTENBHBIX TIPOBOAUMOCTER g U b KO-
neGaTeNIbHOM CUCTEMBI TeHepaTopa B 3aBUCUMOCTH OT
OTHOCHTEIHHBIX H3MEHEHNH YaCTOTHI ), B OKPECTHOCTH
CTAIIOHAPHOTO PEKMUMa KoJIeOaHui, a 3aTeM — caM Ipo-
necc popMUPOBAHUS OTKIIHKA.

Paccunrtannsie cormacho (11) u (12) ¢ yuetom (9)
(10) rpauku 4acTOTHBIX 3aBUCUMOCTEl HOPMUPOBAH-
HBIX POBOAUMOCTEH g (X) U b (X) NpEACTABIEHBI HA
puc. 6. [1pu ux pacueTe OBUIO YITEHO yCIOBHE COTIIACO-
BaHM JIMHUM CBSI3U CO CTAOMIM3HPYIOIIMM PE30HATO-
poMm, koria B, = 1, ¥ NIPUHUMANIKCH Pa3IHYHBIE 3HAYE-
HUS TIapamMeTpa f3,, ONpeensomero CTeneHb CBA3H pe-
30HATOPOB, a TAKXXe U3MEHSINCH KO3()(UIHECHTH! He-
H30XPOHHOCTH Y U HEM30IPOMHOCTH P reHepaTtopa. Otme-
THM 3/1€Ch, YTO XapaKTEPUCTUKH, HOTydeHHbIe Tpu 3= 0
(cM. KpuBBIE /), COOTBETCTBYIOT CIy4ar0 aBTOAUHA C O]~
HOKOHTYPHOM KoJieOaTeIbHOM CHCTEMOH.

Ananmmupys rpaduku puc. 6, a, MOTydeHHBIS JJIS
nzoxponHoro (y = 0) u uzoapomuoro (p = 0) rereparo-
pa, OTMETHM, YTO XapPaKTEPUCTHKH YaCTOTHOH 3aBHCHU-
MOCTH PEAKTHBHOM b ()) COCTABIISIONIEH TPOBOIUMO-
CTH KOJIeOaTeJIbHOM CUCTEMBI PU YCIOBUU TOUYHOW Ha-
CTPOHKH CTAOMIIM3MPYIONIETO pe30HaTopa, Korma v = 0,
00J1a1a10T LIEHTPAJIbHOM CUMMETPHEH, 8 XapaKTePUCTHKH
PE3UCTUBHOM g () cocTaBisroniel — oceBoi. [Ipn stom
B CiIydae ciadoi CBSI3M MEXAY Pe30HAaTOpaMH, KOTaa
BISBKP, XapakTepUCTUKH b _ () ABJIAKOTCS OIHO3HAYHBI-
MU QYHKIHUSIMA YaCTOTHI (CM. KpUBBIE /[—3), a IpU CHITb-
HOH cBA3M, Korma f3, = ka, Ha rpadUKax HOSBJISIOTCS
MPOTHOBI (CM. KpUBBIE 4), UTO OBUIO OTMEUEHO TAKKE B
[30]. YuacTku rpadukoB STHX 3aBUCHMOCTEH, Ille UX
TIPOM3BO/THBIC UMEIOT OTPHIIATEIIBHBIHN 3HAK, SIBITIOTCS He-
ycroiunBeIME [44]. B mepBoM cityuae pabodast TOUuka Ha
XapaKkTepUCTHKax b (%) BCIECICTBUE ABTOIMHHBIX H3ME-
HEHUH YaCTOTHI ITepEeMEIIacTCsl HEPEPBIBHO, O€3 pa3phl-
BOB TpacKTopuu. Bo BTOpoM jxe cilyuae B JABHKCHUH
paboueii Touku HaOJFOIaeTCs KaueCTBEHHO HHAs KapTH-
Ha: B TIPOIIECCE NePEeMEIICHISI OHa MUHYET HEYCTONIN-
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a) 0) B)
bKH bKH
? 1 1
4
3 o~
_1 1 AN
1
,2 72
X -0,01 20,01 0 X
gKH gKH
2 2 i
888 1 1 M._3. | I S an xS B B S
L2
0 0 1 v
—1 ~1 -1
-0,01 0 X -0,01 0 X -0,01 0 X

Puc. 6. 3aBucumoctu b, U g, OT OTHOCHUTEJBHBIX U3MEHEHUH 4acTOThI ), paccuutanubie npu O, ,=100; O ,=1000; v=0
U Pa3IHMYHBIX 3HAYEHHAX Hapamerpa f3; u xodpHuIIeHToB Yy 1 P:
1 —B,=0; 2—B=1; 3—B,=3,4; 4—B=10;
a—y=p=0;, 6—v=05p=0,5 ¢—y=-0,5p=-0,5

BBIC YJACTKH C OTPUIATEIIFHOM IPON3BOTHOM CKauKOM C
THCTEPE3UCHBIMH SIBIICHHUSMHU.

Hamumnem octporo nposasia Ha XapakTEpPUCTHKE g, (X)
OOBSICHSICTCS PE3KHUI POCT aKTHBHOM ITPOBOIMMOCTH KO-
ne0aTesIbHON CUCTEMBI P aBTOAWHHBIX N3MEHEHHSIX Ya-
CTOTBI TEHEPAINH B JIIO0YI0 CTOPOHY — KaK IIPH €€ yBe-
JMYEHUH, TaK U TIPH YMEHBIIEHUH OTHOCUTENBHO ¥, = 0.
ITpu 5TOM BO3HUKAET AOTIOIHUTEIBHAS MOTYIISILINS aMII-
TUTYJIBI KONIeOaHUH ¢ yIBOCHHOW YacToTol. JlaHHOe SB-
JIeHUE, KaK ycTaHoBJeHO B [30], siBisieTcst NpUuYnHON He-
JMHEHHOCTH aBTOIMHHOTO TEHEPATOPa MO «aAMILTHTYIIE).

Kak BunHO 13 rpadukos, Ha puc. 6, 6 M 6, B clydae
korma AD BHOCHT B PE30HAHCHYIO CHCTEMY JIOTIOIHU-
TEJILHYIO 3aBUCUMOCTb b, U g . OT U3MEHEHHH aMILIi-
TyZbl (HEU30XPOHHOCTH) M YACTOTHI (HEU30IPOMHOCTH)
kojieOaHuil, HaOMogaeTcs KaK [eHTpalibHas, Tak U oce-
Bas aCUMMETpPUS XxapakTepucTuk. [Tpu 3Tom npu onHOM
3HAKE yXOJia YacCTOThI ¥ TpaduKu 3aBUCUMOCTH b ()
HEHU30XPOHHOT0 TeHEpaTopa MOMyYatoT YBEIUICHHS IPO-
ruba, a MpU APYroM 3HaKe — CIpsiMIIeHue. B 3HaueHue
g,+(X) 32 CYET HEM30POMHOCTH TEHEPATOPAa BHOCHTCS
BenauHa Pb, (), BCIEICTBHE YET0 NU3MEHAETCS HAKJIOH
¥ BBICOTA CKaToB rpaukoB 3aBUCHMOCTH g, (). Oue-
BUJIHO, YTO OTMEUEHHEIC 3/1eCh 0OCOOCHHOCTH XapaKTe-
puctuk g_ (%) u b_ (X) OKa3bIBaIOT CYIECTBEHHOE BIIH-
sTHUE Ha (OPMHUPOBAHUE aBTOIUHHOTO OTKIINKA TeHEpa-
TOpa IIPU CUIILHOM OTPaKEHHOM CHUTHAJIE.

[Mpouecc popmMupoBaHust aBTOJMHHOTO OTKIHKA IS
Cllydas U30XPOHHOTO U H30IpOMHOI0 reHepaTopa pac-
CMOTPHUM C TOMOIIBI0 PACCUUTAHHBIX HA OCHOBAHUU
ypaBHenuit (11) u (12) gumarpaMm, ImpeACTaBICHHBIX
Ha puc. 7. B kauecTBe «IIpOOHOT0» CUTHANA MPUHATHI
rapMOHUYECKHUE U3MEHEHUs PEaKTUBHOM U aKTUBHOM MpO-

BOJIMMOCTEH HATPy3KH C €IMHUYIHOW aMIITUTYIOM:
b, (Tt )=b (T )=sin2nt ; g (T )=g, (T, )= —COs2TT, (CMm.
nuarpamMmbl / u 6). Benmuuny mapamerpa 3, mpuMem
paBHOM IPaHUYHOMY 3Ha4€HUI0 3,4.

[IposoaumoCTh b (T, ) BBI3BIBAET, B COOTBETCTBHH C
(12), cMenienue rpaduka pe3yabTUPYIOIICH XapaKTepH-
cruku Ha b (X)+b, (T,) (cM. aMarpammy 2) o ocu op-
nuHat. [Tpn 9 TOM TOuKM TepecedeHus rpa KoM ocH ad-
CIIMCC JIAaf0T TEKYIIUE 3HAYCHUS] aBTOIUHHOTO OTKIIMKA
110 M3MEHEHUIO YaCTOThI X(T, ), KOTOPbIC B TEOPHH aBTOIIH-
HOB JJI KPAaTKOCTH MIPUHATO HA3bIBATh HaCTOTHOU XapaK-
TepucTukon apromuua (UXA). Otu usmenenus (T, ), kKak
BUJTHO W3 TUAarPaMMBI 3, TTOIYJAIOTCs B IIEIIOM HHBEPTHU-
POBaHHBIMH OTHOCHUTEIFHO «BXOIHOTOY» BO3ICHCTBISI
bHH(TH)'

KpyTH3Ha IEeHTpaIbHOTO YY4acTKa XapaKTePUCTHKA
b, (%), 00yCIOBIEHHOTO ICHCTBHEM CTAOUIH3UPYFOILIE-
ro pe3oHaropa, (CM. quarpammy 2) paBHa SKBHBAJICHT-
Hoft no6potHOCTH Q. - PACCMATPUBAEMOM KoJieOaTeb-
HOU CHCTEMBI

deH (U‘)) Bl BZ
do 1+B,)

a 3a ero mpesesiaMy KpyTH3HA XapaKTEPUCTHKY ONpesie-
NAETCsA TOOPOTHOCTHIO pabo4ero pesonaropa Q, |, 1Ist KO-
TOPOM BBITIOJIHSAETCS CUIILHOE HEPaBeHCTBO O << O .
[Tosromy 1pu MasIbIX M3MEHEHUSX IPOBOAMMOCTU b, (T, )
gacToTa KoJaeOaHWH CHIbHEEe IPUBsI3aHa K KoJIeOaTelb-
HOH CHCTEME, YeM NpHU OOJIBIINX OTKIOHEHUAX b (T ).
OTHM 00BSCHSIETCS HATMINE H3I0Ma YaCTOTHOT'O OTKITH-
Ka X(T,) Ha auarpamme 3.

QBKB = U‘)O = QHl + Qc2 4
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JUIS paccMaTpuBaeMoil KosiebaTenbHOM crcTe-

HH KH

MBI aBTO,Z[HHHLIﬁ OTKJIMK ITO U3BMECHCHHIO aMII-

/

JUTYyIBI Konlebanui a (T, ) (1marpamma &), Ko-
TOPBIH B TEOPHHN aBTOANHOB MPHHSTO HA3bIBATh
AMIIUTYJHON XapaKTEpUCTUKON aBTOJUHA

(AXA). Kak Buanm u3 guarpamm 3 u 8§, u3-
32 HEMUHEHHOCTH YaCTOTHBIX 3aBUCHMOCTEH

/

PE3UCTHBHON g, ()) ¥ peakTHBHOM b, () mpo-

T, 0,01 0
M-

BOJAMMOCTEHN KOJeOaTelbHOW CUcTeMbl Gop-
Ma OTKJIMKA CTA0UIM3UPOBAHHOTO IeHEPATO-
pa Jaxe Ipu CHHYCOUJIaTbHBIX H3MEHEHUSIX

MIPOBOJIMMOCTH HATPY3KH BechbMa Jalieka OT
rapMoHndeckoil. 3 ananuza pe3ynsraToB pas-

noxenus Gpynxuui x(t,) u a,(t,) B rapmMo-
Huueckuil psix Dypwe, IpeacTaBICHHBIX Ha

1,0

puc. 8 B BUJIE CHEKTPAIBHBIX Auarpamm x(F,)
v a,(F,), BUIHO, 9TO B OTKJIMKE 110 W3MEHE-

\\ 1,5
(6]

HHUIO 4acTOTHI X(F,) MOSBJIAKOTCSA HEYETHBIE
rapMOHUKH OCHOBHOM 4aCTOTBI, & 110 H3MEHe-

L5 1, " 0,01 0
=+ -

HHIO aMILTHTY/IB] — ITOCTOSTHHASI COCTABIISIONIAsT
W YeTHBIC TApPMOHUKH. Ha 3THX criekTporpam-
Max F = 1/T, — HOpMHpPOBaHHas 4aCTOTa aB-

TOJMHHOIO OTKJIHKA, 1’ ., — Cro Mepuoa.

Jlnst yno6ceTBa MpeiCTaBICHUS CBOICTB He-
ABTOHOMHBIX aBTOKOJICOATEIbHBIX CUCTEM H aB-

0,5 0,5

| o

TOIIMHOB IIIUPOKO UCTIONB3YETCsl yIIOMUHABIIIAS-
Cs1 BBIIIIEC aMIUTUTYIHO-9aCTOTHASI XapaKTepH-
CTHKa, KOTOpasi CTPOUTCS B AEKAPTOBOM CHUC-
@ TeMe KoopauHar a,(T,), X(T,). ITo ceoeli cyTn

0 0,5 1,0

~-

L5 1 0 -0,01 0

AUYX a,(x) npencrapisger coboit «(a3oBbIid
HOPTPET» aBTOJMHHON CHCTEMBI, TOCKOIBKY
mo0ast (1300pakarolias) ToYKa Ha 3TUX KpH-

0,01 x

BBIX 0TOOpaxkaet ee coctostHue. JJist moctpoe-
nus AUX a, () neodxonumo B (13) 3amars Tpe-
Oyemoe 3HaueHue N U pacCMOTPETh 0COOEH-

0

SO
/

gKH+gHH

HOCTH (H)OPMHUPOBAHUS OTKIMKA MO a,(T,) U
x(t,) Ha unrepsane 0 <7, < 1. Jlannas xapak-
TEPUCTUKA JUIS C1a00Tr0 OTPaKEHHOTO CUTHA-

-1,0
-1 z (-1.6)

[~

Ja 00bIYHO UMeeT Gopmy siumica. [Toatomy
B TEOPUH SBJICHUS 3aTATMBAaHUS TeHEPATOPOB

0 05 10 15 T, 0 05 1,0

00pa3oBaHusl, 3HAK «+» O3HAYACT MX CIIOKEHHUE)

CdopmupoBaHHBIC B COOTBETCTBHH C IHArPaMMOH 3
ABTOJIMHHBIE U3MEHEHHUS YaCTOTHI X(T, ) BBI3BIBAIOT MEpe-
MeUIeHUs. paboyuel TOYKU MO XapakTepUCTuKe g (X)
(mmarpamma 4). I1pu 5TOM TekyIre H3MEHEHHS TIPOBO-
JUMOCTH g, (T, ) IPOUCXOMIAT € yIBOEHHOMN 4aCTOTOH (111~
arpamma ). CymMMa rapMOHUYECKHX U3MEHEHH pe3uc-
THBHOM IIPOBOJMMOCTH g, (T, ) = £,(T,) = —COS27T,, KaK
O0TMEYAaJIOCh BBIIIE, (IarpaMmma 6) u chOpMHUPOBABIITHX-
Csl M3MEHEHUH MPOBOJIUMOCTH g, (T, ) 3 (mnarpamma 5)
JIaeT 3aKOH M3MEHEHUS PE3YIBTHPYIOLIEH TPOBOIUMOCTH
g..(T,) T g,.(T,), NoKa3aHHbIA Ha quarpamme 7. MnBep-
CHsI 9TOTO 3aKOHA B cOOTBeTCTBUU C (11) mpu npuHsTOi
BEJIMYUHE MPOYHOCTH NPEIETBLHOTO MKIA O, = 1 maeT

1,5

Puc. 7. Ilpouecc hopMupoBaHUsI aBTOJHHHOTO OTKIIMKA CTAOWIIU3UPO-
BAaHHOT'O M30XPOHHOTO I'€HEpaTropa IpH CHILHOM OTPa)KEHHOM CHUI'HA-
Jie (MOpsIKOBbIE HOMEpa AMarpamMM IOKa3aHbl B HM)KHEM IIPaBOM YIIIy,
CTpeJKaMH yKa3aHO (YHKIMOHAJILHOE HAIPaBICHHUE IIPOIECCOB Ipe-

BHEIIHEH Harpy3koi OHa M3BECTHA KaK «3J-
nutic 3atsiruBanus» [45]. s paccmaTtpuBae-
MoTO0 Ha puc. 7 ciayyast npu N = 0 u nipu uc-
TIOJIb30BaHHWM YaCTOTHOH X(T, ) M aMILTUTY/THOM
a,(T,) XapaKTEPUCTHUK (CM. IMarpammbl 3 u §)
MoJTyueHa IpejacTaBieHHas Ha puc. 9 AUX
a,(X), KoTopas, Kak BUIUM, 110 (pOPME BECh-
Ma JajeKa oT AJUINICA.

BrimonmHEeHHBIE pacueTH TOKa3al, YTO B CITydac He-
M30XPOHHOTO M HEW30J[POMHOTI0 TreHepaTopa, Koraa y
YaCTOTHBIX 3aBUCMMOCTEN PEAKTUBHOMU b, () 1 pe3uc-
TUBHOM g _ ()) COCTABIAIOIIMX MPOBOJUMOCTH KoJieba-
TEIBHON CUCTEMBI TOSIBIISTFOTCST OTMEUCHHBIC BBIIIIC aCHM-
MeTpuu (CM. puc. 6, 6 1 ), B KOMIIOHEHTaX aBTOJJUHHO-
ro oTkimMKa X(T,) u a,(tT,) (cM. puc. 7) BO3HUKAIOT JI0-
MOJTHUTEIIbHBIC UCKKEHUS, 4 TAKIKE ACHMMETPUS ITPe/I-
craBiaeHHoi Ha puc. 9 AUX. IIpu 3ToM B crieKTporpam-
Max aBTOJUHHOI0 OTKJIMKA (CM. pUC. 8) MOSABIAETCS MO-
CTOSIHHAs COCTaBJIAIOIIAs B criekTpe ¥(F,) U yBenuuu-
BACTCsl YPOBEHB KaK YSTHBIX, TAK M HEUETHBIX TAPMOHHK
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Puc. 8. CnexkrporpamMMbl aBTOJMHHOTO OTKJIMKA MO HU3Me-
HEHMIO 4acToThl Y(F,) n ammmaryasl a (F,)

1

- 0
B
=

-1

(-1,6) \ /
-0,005 0 0,005
x(t,)

Puc. 9. AUX crabHiIn3upOoBaHHOTO W30XPOHHOTO TeHeparopa
npu ci1aboi CBs3U

B CIIEKTPAX OTKJIMKA I10 H3MEHEHMIO YacTOThl X, (F)
amruutyael a, (F,) konebanui.

3akjoueHue

Takum 00pa3zom, pazpaboTaHHAS MaTEeMaTHIECKast MO-
JeNb CTaOMIM3UPOBAHHOIO aBTOJMHHOTO T'€HEpaTopa
MO3BOJINIIA YCTAHOBUTH, YTO HEIMHEHHOCTh YaCTOTHBIX
3aBUCUMOCTEH PEAKTUBHOM U PE3UCTUBHON IPOBOIUMO-
cTel konebareNIbHOM CHCTEMBI, a TAKKE BHYTPEHHHE CBOM-
CTBa reHeparopa (Hen30XpOHHOCTh U HEU30IPOMHOCTh)
SBIIAIOTCS, HAPSIAY C «HEIMHEHHOCTBIO» HAarpy3Ku, Ipu-
YHHAMH UCKQKEHUH aBTOTMHHOTO OTKIIMKA [TPY CHITbHOM
OTpaKEHHOM CHTHAJIE B CTAOUIM3UPOBAHHOM aBTOIMH-
HOM TeHepaTope. DTa MOJIeb MOKET MCIOJIb30BAThCS
JUIA YU CJICHHOTO aHAJIN3a OCHOBHBIX XapaKTePUCTUK KaK
IIpU CJ1a00M, TaK U MPU CUIBHOM OTPaKEHHOM CUTHaJIe
C YUETOM BHEITHHUX YCIOBHH paOOTHI aBTOIMHA M BHYT-
pennux cpoiicts CBU-reneparopa.

[Tonmy4yeHHble pe3yabTaThl SIBISIOTCS OCHOBOM ISt
JAIbHEHIITNX UCCIIeIOBAHNH CTa0MITN3UPOBAHHBIX aBTO-
JUHOB Ha MpeIMeT U3yUeHHs NX XapaKTEepPUCTHK U WH-
TepIpeTaluy SKCIIEPUMEHTAIBHBIX JaHHbIX.
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