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OPEJHCJIOBHE

ITpo6aeMa TeOPETHYECKOrO HCCJeJOBaHHS pPa3JHYHBIX (haKTOPOB,
BBHI3BIBAIOLIMX sIBJIEHHE aMIJIHTYJHO-(Ga30BOfi KOHBEPCHH (HJIH aMn-
JIUTYJHO3aBHCUMBIX ()a30BbIX CABHI'OB) B 3JIEMEHTAaX H y3Jiax pajHo-
3JIEKTPOHHOH ammnapaTypbl, aHa/JH3 OCOGEHHOCTEH MPOXOXKIEHHS CHr=
HaJIOB yepe3 fepelaToOyHble IlelM TaKOro THIA, ONpeJeJeHHe MeTo-
IOVKH KauyeCTBEHHON M KOJIHYEeCTBEHHOH OLIEHKH aMIIHTY/JAHO3aBHCH-
MbIX ()a30BBIX CABHIOB, pa3pabOTKa CXeMHBIX pelleHHH, I03BOJIsIO-
WHX OCJAa6GUTh NPOSIBJEHHS aMIJIHTYJAHO-()a30BOil KOHBEPCHH, — BCe
3TH Bompochl B nocaennHe 10—15 Jer npHBJIEKalOT JPHCTaJbHOE
BHHMaHHe MCcleloBaTeNeli H pa3paGOTYMKOB PadHO3JEKTPOHHOH af-
napaTtypbl pasjHuYHOro HasHaueHHs. Ilokasaresem pacTyliero HHTe-
peca CHelHaJHCTOB K pellleHHI0 yKa3aHHBIX 3ajay fIBJISeTcs JOBOJb-
HO GOJIbILIOE M HENpPEpPLIBHO BO3pacTalolllee YHCAO TMyOGJHKAUHHA B OTe~
YeCTBEHHOR H 3apyGexXHON JHTepaType — KHHI, cTaTeH, JHccepTa-
Ui, omHcaHuil nmateHToB. K coXaJjeHHIO, B 9THX pa6oTax paccMar
PHBAIOTCH JHLIL ODIENbHbIe acneKThl npobjeMbl aMIJIHTYJHO-(as0-
BOl KOHBEPCHH, YTO He MO3BOJIIET CHeJdaTh JOCTAaTOYHO IUHPOKHS
06GOGIIEeHHsT B TEOPHH H BhIpabOTaTh OTJIHYAIOIIHECS YHHBeEpCab-
HOCTbIO MpaKTHYeCKHe pekoMeHAauuH. JIpyrHMH cJOBaMH, B COBpe-
MEeHHOH JIUTepaType OLIyIlaeTCss HacTosiTelbHass HeOOXOAHMOCTb B
¢byHnameHTaNbHON paGoTe, KOTOpas OXBaTHJa Obl Bce CTOPOHBI NPO+
6JeMbl aMIVIMTY.OHO-(a30BOf KOHBEPCHH, HaMeTHJa MyTH JaJbHell-
LIero pa3BHTHSI TEOPETHUYECKHX HCCJeJOBaHHH H onpelesHjaa NpHH-
IUNB H METOAbl PAaKTHUECKOH peasM3allMd YCTPOHCTB, B KOTOPHIX
HHTEHCHBHOCTb OOGYCJIOBJEHHBIX  aMIVIHTYJIHO-(a30BOH KOHBepcHeh
3¢ deKTOB He MpeBHIIIaJa JONYCTHMEIX 3HaUEHHH.

[TepBoii MOMBITKOH OCYyLIECTBJEHHS] 3TOH 3aJayH H IBJASETCS NMpelds
JlaraeMasi BHHMaHHIO YHTaTeJell KHUra.

Ee comepxkaHne cBoauTcs K caeaywollemy. B ra. 1—3 paHer o6-
LiMe TOHATHA O NPHYHHAX BO3HHKHOBEHHS aMILIHTYIHO-(a30BOf KOH-
BEPCHH B PAJIHOTEXHHUECKHX IeNnsX, NPHHLUHNAX TeOPEeTHYECKOTO HC-
CJlelOBaHHSI YCTPOHCTB H METOJOB OLIEHKH {IPOXOXJIEHHs CHrHAJOB
gepes mend. Mcmosb3oBaHE Takke BJeMeHTH HH(OPMaIHOHHO-CHC-
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TEMHOro aHaJH3a. B ria. 4—9 paccMOTpeHBl 8JIeMEHTH H Y3Jbl INpH-
€MO-yCHJHTeNbHEX TPaKTOB, B KOTOPHIX B COOTBETCTBHH C CYLIHO-
CTbIO MNPOTeKAIOIHX (PUIHYECKHX NPOLECCOB BO3HHKAET aMIVIHTYA-
Ho-(a3oBass KOHBepcHs. IIpH 3ToM TeopeTHYecKoe HCCJIeNOBaHHe JIO-
BeIEHO 1O BHIBOIOB H pEeKOMeHJalHH, NPHIOJAHBIX B HHXXeHepHOH
npaktHke., [maBel 10—13 nocesimens onucanuio yerpofictre CBUY gna-
a30Ha ¢ aMIJIHTYAHO-}a30BOi KOHBepCHeH, a TaKXe MeTOAHKe Teo-
PETHUECKOrO HCCJeJOBaHHS OCOGEHHOCTeHl NPOXOXJAEHHS CHI'HAJIOB
yepe3 pagHoTeXHHYeCKHe ycTpoHcTBa paccMaTpHBaeMoro Tina. B ru. 14
CNHCaHbl HEKOTOPHle CMocoObl H3MepeHHsi aMIJIUTYJHO3aBHCHMBIX (a-
30BBIX CIBHTOB B Pa3JIHYHBIX YCTPOACTBAX.

[Ipenucnosue, 3akawuenue, § 1.1, 1.2, ra. 2 (kpome § 23),
ra. 4 (kpome § 4.5), ra1. 7, § 13.1 namucamn I. M. KpblioBhiM,
§ 1.3, 1.4, 23, 10.1, 104, ra1. 3 (kpome § 3.3) —B. 3. Ilpycaunbim,
4 12.1—12.4 —E. A. Borartsipesnim, 1. 6, § 9.5—H. H. Kamura-
#HosbiM, 1. 5 — E. A. BoratsipeBbiM H H. H. Kanuranoseim coBmecr-
-Ho, § 4.5, 6.2—6.4 — B. U. KoposieBbiM (coBmecTho), § 4.5, ra. 8—
"H. H. TnaskoswiM, § 9.1—9.4 —B. JI. Bofitukom, § 10.2, 11.1—
114 —B. B. TekmennM, § 103, 11.5, 11.6, 12,6, 13.56—B. H. Pe-
wmwckam, § 105, 13.2, 13.3—E. JI. IlycrosoiitoBniM, § 3.3—
T. H. Mopo3osoii, § 12.5 —TI'. U. Kpeiimanom, ri. 14 — B. K. Ilpusa-
7oBLIM. B Hanucanuu § 3.5 npunumasa ydacrue I'. B. 3axaposa. O6-
lliee pefaKTHpOBaHHe BhinoJHeHO I'. M. KpblioBbiM.

ABTOpHl  NmpHHOCAT  TMIy6OKylo  GaarogapHocTb — mpodeccopy
B. I1. Xpomomy, ybH 3aMeYaHHs B Mpolecce PelleH3HPOBAHHS OKa3aJ
3HAYHTEJbHYI0 NOMOLIL B paboTe Hal KHHIOH.
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‘ AMIIVINTY JTHO-PA30OBASI KOHBEPCHUSA
N EE IIPOSABJIEHHS B PAJUOTEXHHUYECKHX
YCTPOUCTBAX

o
1.1. O6mue nonoxenus. Iemn H 3a5aun KHATH

Hacrosimas kHHra nocBsillleHa HCCAEJOBaHHIO ceUH(pHYECKHX SB-
JIEHHH, BO3HHKAIOIHX B 3JileMEeHTaX M y3JaX paJHO3/IeKTPOHHOH ammna-
paTyphl, -B YaCTHOCTH B NPHEMO-YCHJIHTENbHBIX TPaKTaX, H TPHBOIS-
IIHX K 3aBHCHMOCTH (a30BHIX CBOHCTB HOCJeJHHX OT YPOBHS CHTHaJa.
Bosibiioe BHEMaHHe yfe/sieHO Takke OCOGEHHOCTSM MPOXOXK/JAEHHS CHT-
HaJIOB M aHaJH3y METONOB, CNOCOOCTBYIOIIHX OC/IabJEHHIO YNOMSHY-
TOH 3aBHCHMOCTH.

OueBHIHO, 4TO C TOYKH 3pEHHS TPeGOBaHHH HEHCKaXKEHHOH mepe-
Ia4Yy CBS3b MeXIy NpHpallleHHSMH (a30BOro CABHT'Aa, BHOCHMOrO
NpHeMO-yCHIUTENbHEM YCTPOHCTBOM, H H3MEHeHHSIMH IIapaMeTpOB
(HanpuMep, HHTEHCHBHOCTH) CHTHAJIOB, B KOTOPHIX 3aKJIOUeHa Nove3-
Hasi HHpOpMaUMs, pacoMaTpHBaeTCsi Kak HexeJaTeJbHBIH 3ddexr.
HefictBATEIbHO, BO3HHKHOBEHHE yKa3aHHBIX SBJIEHHH B PalIHOTEXHH-
YECKHX yCTpOHCTBax (0COGEHHO BXOASAIIHX B COCTaB ()a30BBHIX CHCTEM)
HPHUBOAHMT B KOHEYHOM HTOTe K CHHXKEHHIO HX NOMeXO3al[HIIEeHHOCTH.
HsBectHo, uTo (pa3oBast MOLy/ALHSI OoGeceyHBaeT HaHOOJBIIYIO Y:-
TOHYHBOCTb CHCTEM IlepelaiyH HHGODMAUMH K BO3JEACTBHIO IOMeX.
ITosToMy BO3HHKHOBEHHE aMIJHTYIHO3aBHCHMHEIX (a30BLHIX CIBHIOB
(B obuieM ciayyae OHH JOJIKHBl PacCCMaTPHBATbOd KaK IPOSIBJIEHHE
tdasoBon Hec-ra6u.anocm) yMeHbIIaeT 3TH npeuMyliecrBa. lamene-
HHe (a30BbIX CBOMCTB TPaKTa CKa3bIBAeTCs M MPH MPYIHX BHAAX MO-
OyJsHH, HO B MEHbLIEH CTeNeHH.

- HMeHHO TMO3TOMy BHHMaHHe CNEIHaJINCTOB NPHBJEKaeT {LOBOJIbHO
HIHDOKHH KPYr 3ajady, CBf3aHHHIX C aHAJH30M TPOXOXKMAEHHS CHIHa-
JIOB Yepe3 palHOTeXHHYeCKHe LIeNH H oNpelejeHHeM 3aKOHOMepHOCTe#H
H3MEeHEHMsl CBOMCTB 3THX Lenedl (B 4acCTHOCTH, ¢pa3oBHIX), a TaKkKe C
OLIEHKOA BO3HHKAIOIHX NPH 3TOM 3(h(EeKTOB, 'KOTOPHE MPOABJISAIOTCA
B HCKaXXeHHAIX GOpPMBI CHrHaJOB. TeopeTHYeCKHM M NpPaKTHYECKHM ac-
NeKTaM pellleHHs YNOMSHYTHIX 3afiay NOCBAILIGHO 3HAUYHTEIBHOE JHCJIO
ny6JMKalKi B OTeYeCTBEHHON M 3apy6exHoi surepatype. Paccmorpe-
HHe Pe3yJIbTaTOB 3THX PaGoT JaeT BO3MOXHOCTh NPEICTaBHTb OOBEK-
THBHYI0O KapTHHy SIBJIEHHH, BO3HHKAaIOIIHX B y3Jax H 3JleMeHTax pa-
AHOTEXHHYECKHX ycrpoﬁcm Pa3/IMYHOTO Ha3HayeHHdA, M BHIpaboTaTo
PEeKOMeHIalHH N0 HX NMOCTPOEHHIO.

*  He xacasicb NpHYHH BO3HHKHOBEHHS aMIIMTYJIHO3aBHCHMHIX (a3o0-
BHIX CIBHIOB B Pa3jHYHHIX — PaGOTAOIHX B HEJHHEAHBIX pexXH-
Max — y3Jax NPHeMO-YCHIHTeJbHBIX TPAaKTOB (3TH 3pdekTn obbenu-
HHAIOTCA NOJ OOIIHMM Ha3BaHHEM <«aMILIMTYJHO-(ha3oBast KOHBEPCHA»
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uan ADK — or aHramiickoro cJoBa «conversion» — npeobpa3oBa-
HHE), OTMETHM, 4YTO TI0O YCJOBHSIM 3KCIIyaTalHH GOJBbIIHHCTBA YCT-
POMCTB B HHX JOJKHHI GbITb MPHHATHI CHelHaJbHbIe MepHl JJs1 yCTpa-
HeHHsI WIH ocyabaeHuss APK gm0 3HaueHHH, NpH KOTOPLIX NOKa3aTelHn
paspabaThiBaeMOro YCTpPOMHCTBa yXYNLIAIOTCS He3HauyHTeJbHO. B cyiu-
HOCTH, pellleHHe 3aJlayH CBOJAHTCSl K CO3MAHHIO LiellH, apTryMeHT KOMII-
JIeKCHOM (YHKIHH mepelayH KOTOPOH (KaK H3BECTHO, HMEHHO OH Ofi-
HO3HAayHO onpeensseT BHOCHMBIH lenblo (a3oBbIH CIBHI)  OCTaerct
MOCTOSIHHBIM B IIHDOKOM HHTepBaJjie H3MeHEHHH BO3JeHCTBYIOLIHX Ha
nenb ¢akropoB. [IpyrHMH cJoBaMH, Lienb JOJKHA ObITh (pa3o-HHBA-
PHaHTHOH K yKa3aHHbIM BO3fleHCTBHAM. SICHO, 4TO Ha OCHOBe H3BecT-
HBIX CXeMOTeXHHYeCKHX H KOHCTPYKTHBHO-TEXHOJIOTHYECKHX pelleHH
He TNpeJACTaB/seTcs BO3MOXHLIM cO3faHHe Takod lenH. OpmHako Ge-
3yCJOBHO peaJibHLIM SIBJSIeTCSl yCTPOHCTBO, (a30-HHBapHAaHTHOE K H3-
MeHEeHHSAM aMILIHTYAbl CHI'HaJa, HO He BO BCeX YCJOBHSX, a, BO-lep-
BbIX, B OTPAaHHYEHHOM HHTEpBaJe 3THX HIMEHEHHH H, BO-BTOPLIX, B
KOHKPETHBIX YCJIOBHSX BKCIJyaTallHH.

Heo6xoauMo OTMETHTb, YTO B pAAEe CJAyuaeB sABJEHHE aMIUIHTYAHO-(a30BOA KOH-
BE€PCHH SABJAETCA I1OJE3HBIM H IIO3BOJIAET o6ecneynTb 1~pe6yeM|>1e nokKasaTteJqH paaHo-
3JIEKTPOHHOH anmapatypbl. B TakHx ycrpoiictBax 3bdextst APK npuHuunnanbuo
HeoOXOMHMEI, HanpuMep, B MoOAyaatopax ¢asbl, CHCTEMax C NpeAbICKaXKeHHAMH
¢assl H Ap.

B mpennaraemoii KHHre npoaHa/JM3HPOBAaHbl C CaMbIX OGLIMX {IO-
3HIHH ABJEHHs, 06yCHOB/HBAOLIHE aMIVIHTYJAHO-()a30Byl0 KOHBEPCHIO
B 3JIeMEHTaxX MPHEMO-YCHJHTE/NbHbIX YCTPOHCTB; AaH TeOpeTHYeCKHH
aHasau3 nepenaTouHbix ueneit ¢ A®K; paccmoTrpenbl ¢a3oBbie CBOHCT-
Ba Pa3JHYHLIX 3JE€MEHTOB IIPHEMO-YCHJHTENbHbIX YCTPOHCTB; BhLIsIBJe-
Hbl (pakTOpHl, o6ycJoBauBaiomue Bo3HHKHOBeHHe ADK, u Ha ocHoBe
3TOro ompenefeHbl Te MeTOIbl, KOTOpPble CIOCOOCTBYIOT MHHHMH3aIlHR
s¢p¢pexktoB AOK B KOHKpETHBIX y3JaxXx H JIEMEHTaX pPalHO3JeKTPOH=
HOHl amnmapaTrypbl; TIpOaHAaJHM3HPOBaHbl OCOGEHHOCTH HPOXOXKJEHHS
curHagoB yepe3 uenu ¢ ADPK, a takxke MeTonbl H3MepeHHs 3 eKTOB
A®K.

OT/IHYHTENILHON YepTOHl KHHTH SBJSIETCS ee HHXKeHepHas Hallpabe
JIEHHOCTb, UTO IeJlaeT HU3JaraeMblil MaTepHaJ NPHTOAHBIM JIJS HCHOJb-
30BaHHA B (polliecce HCCAeNIOBaHHS M pa3pabGoOTKH MIHPOKOrO KJacca
NpPHEeMO-YCHAHTENbHBIX ycTpoficTB. Pa3syMeeTcs, mosydeHHble peKOMeH-
JauMH OyAyT NOJIe3HBHI NPH peasH3allid M APYTHX Pa3HOBHIHOCTel
pPaHO3/JIEKTPOHHON amHapaTypH, paboTa KOTOPHIX CONPOBOXKJAAETCH
SIBJIEHHSIMH aMIJIMTYIHO-(pa30BOH KOHBEDPCHH.

1.2. KpaTkuii 0630p JATEPaTYPHI

HsBecTHO HeMano paGoOT, B KOTOPHX H3JaraloTcfi Te HJIH HHHE aclmeKTH paoe
CMaTpHBaeMOl B KHHre npo6JieMhl

aK, HanmpUMep, B KHHIe BHIHOTO COBeTCKOro yueHoro B. IL AceeBa «®dasoBne
COOTHOUIEHHS B PafHOTEXHHKe», onyOJHKOBaHHOH B 1954 r., BnepBhe GBUIH HaMede-
HH OCHOBHLIE HAanpaB/eHHs TEOPETHUECKHX HCCIeNOBaHHHA (a30BHX CBOACTB WHPO~
KOro Kjacca yCTPORCTB, H3J0XKeHH (YHIaMEHTaJbHHEe HAEH M ONHCAHH NYTH HX peds
Jausaunu. [To cymecTBy, BHBOAH H NOJOXeHHS, chopmysupoBaHHue B. II. AceeBnm
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(x0Tl OHH H OTHOCATCA K ()a30-4acTOTHHM XapaKTepHCTHKaM Ilemnefl), MOXKHO pac-
CMaTpUBaTh KaK MeTOJ0JIOTHYECKOe PYKOBOJCTBO, ONpefessiolllee IIeJH H Xapakrep
MoC/eAYIOWHX HCC/Iel0BAHHH. :

B onpenenensoit crenenn MoHorpaduio B. Il. AceeBa mpomoskaer M pa3BHBaer
3aJ10)KeHHble B Hell uleH kHHra «Pa3oBble XapaKTePHCTHKH YCHJIHTEJbHbIX YCTPOHRCTB®
{6], B KoTOpO# paccMaTpHBAIOTCS (a3oBble CBOHCTBA Pa3/MYHBIX THIIOB YCHJHTeJef,
a TaKxe BXOASIHX B HX COCTaB 3JIEMEHTOB H Lienef.

B nocnenHHe necsiTHIETHS DPa3BepHYJHCb PabGOThl N0 OCBOEGHHIO HOBLIX YacTOT-
HBIX [HaNa3oOHOB M HOBHIX BHAOB MOAYJAUHH (B ToM uHcie H ¢a3oBoit), obGecneun-
BaIOLIHX MOBHILIEHHYIO NOMEXOYCTOHYHBOCTb PaAHOTEXHHYECKHX CHCTeM K Pa3/IHYHHM
BMAAM noMex. B pa3BHTHH mpeicTaBJ/ieHHH O BO3MOXHOCTAX «(}a30BBHIX CHCTEM», T.e€.
YCTPOMHCTB, NMpelHa3sHayeHHbIX AJA 06pabOTKH CHrHaJoB, B (pase KOTOPHIX 3aK/0YeHa
noJie3Has MH(opMauus, GOJblIOe 3HaueHHe HMeJH TPYALl COBETCKHX CIELHaJHCTOB.
B uyacTHOCTH, MOXHO OTMETHTb H3AaHHYl0 B 1968 r. mMonorpaduio B. B. Ilectpsko-
Ba «®a3oBbie paJHOTEXHHYECKHE CHCTEMbi», B KOTODPOH H3AO0XEHBI OCHOBHbIE BONpPOCH
Teopud ()a30BBIX KOMIIJIEKCOB, OCHOBAHHOH Ha HCIOJIb30BaHHH CTATHCTHYECKHX MeTOo-
I0B, H AaH aHaJH3 NPHHUMIOB NOCTPOEHHs ammapartypbl. dta u Apyrde paGoTh BO
MHOrOM CHOcOGCTBOBaJH LUHPOKOMY NpHMeHeHHIO ()a30BbLIX METOROB H (pa3OBHIX CH-
CTeM IIDH TOCTPOEHHH PaJAHOTEXHHYECKHX KOMIUIEKCOB pa3JIHYHOTO Ha3HaYeHHd.

IloBhilleHHBI HHTepec K pellleHHIO 3ajayd (a30Boii HecTaOMJALHOCTH NOHSATEH:
J06ast HecTaGHJbHOCTb (pa30BBIX CBOMCTB 3J€MEHTOB H Y3JI0B, BXOASIIHX B COCTaB
¢aszoBnix cucrem (4em Obl OHa HH Gbl1a OOYCJIOBJEHa — H3MEHEHHEM YacCTOThl BXOA-
HOTO CHTHaJa, ero YpOBHS, TeMNepaTypHHIX YCJIOBHH, peXHMa NHTaHHA H T. A.), NpH-
BOJHT K NOfIBJIGHHIO HEKOHTPOJHPYeMOH OWIHGKH H HCKaXKeHHI0 (OpPMbl M0JIE3HOre
CHTHaJsa, T. e. 9KBHBaJEeHTHa momexe. B cBf3H co cka3aHHHIM B JIHTepaType MHOSBH-
JIOCb MHOro nyG6JHKauuf, B KOTOPHIX aHaJH3HPYIOTCA (ha30Bble HCKaXKeHHsS, BO3HH-
Kalolllie B TMepeflaTOYHBIX LeNfAX, pacCMaTPHBAIOTCA NPHYHHB (a30BOH HecTaGHJb-
HOCTH KOHKDETHBIX YCTPOACTB, AAlOTCA PEKOMEHJAUHH IO TeOPETHYECKOMY aHaJIH3Y
H TPaKTHIeCKOA peaJiH3alHH TPAKTOB, 06/1aJalOLIHX NOBHLIEHHOH ()a30Boi CTabHJb-
HocThlo. K yHcay aTHx pa6or moxHo oTHecTH KHury B. Il. IlankpatoBa «®a3soBHe
HMCKaXKeHHS M HX KoMmneHcauus» (M.: Css3b, 1974) — B Helt paccMOTpPeHH MeTOAH
TOBHILEHHS CTAaGHABHOCTH (a30-4acTOTHBIX XapaKTepHCTHK uenefi; Kuury IT. T. Cmup-
HoBa «Lludpossie dasomerpei» [80], B KOTOPOH paccMOTpeHbl CNOCO6bl yMeHbLIEHHS
«a30B0l NOrpelIHOCTH H3MEPHTeNbHBIX NPHOGOPOB, O6YCJOBJNEHHOH Pa3JIHYHLIMH TpPH-
YHHAMH, H PAld APYTHX.

Pa3pab6oTka HOBHX THNOB aKTHBHHIX 3JeMeHToB CBU H Hcnosb3oBaHHe pasiaug-
HbIX CXEMHBIX pellleHHil, NpeAHa3Ha4YeHHbHIX AJAf paGoTh B YCJIOBHAX BO34eHCTBHSA
CHTHAJIOB 3HAYHTEJbHOTO YPOBHS, MO3BOJHJIH OGHapYXHTb NPHHUMIHAJLHO MHOH BHA
$a30Boii HeCTaGHJbHOCTH — 3aBHCHMOCTb (a30BOro cABHra OT aMILVIMTYAH KoJeba-
HHfl, MM aMILIHTY&HO-()a30BYyl0 KoHBepcHio. BrnepBroie 310 fiBjeHHe 6bi0 06HapykKe-
Ho crneunanucramun CIIA npu HccnenmoBanun Jamn Gerylled BoaHbnl B 50-X roaax.
K HacrtosillemMy BpeMeHM H3BecTeH Psifl CTaTefi H KHHT, aHaJIH3HPYIOIUHX OCOGEHHOCTH
uposiBjennss AGK B namnax Geryileff BOJHbI, OrpaHHUHTENSX, BAPAKTOPHLIX YCTpoOil-
cTBax, ycHaHTeasx H Ap. Tak, B kuure A. Il. JIyKolIKHHA H APYrHX «YCHJIHTENH Ha
TPaH3HCTOpax cO CTaGMJAbHLIMH (Pa3OBBIMH XapakTepHcTHKaMH» [7] naHO onucanue
METONOB YMEHbIIEHHsI 3aBHCHMOCTH (pa30BbIX CABHIOB JIOTapHGMHYECKHX YCHIHTejelR
OT YPOBHf BXOAHOro cHrHaja. HekoTophie cBeleHHsi 0 BO3MOXHOCTAX CTaGHJIH3ALHK
4a30BbIX CBOMCTB YCHJHTeJel, KOTOpble NpelHa3HayeHb AJAsi Pa6GOThl B YCNOBHAX
HM3MeHeHHs YPOBHS CHTHaJla B IIHPOKOM AHHAMHYECKOM JHaNa3oHe, NPHBEAEHLH B KHH-
rax <«O®yHKIHOHaNbHBIE YCHJHTENH ¢  GOJbIUHM /JHHAMHYECKHM JHANa30HOM®
(M.: Coserckoe panuo, 1976) H «I[IpHMHUMOBLI H METOABI PETryJHPOBKH YCHJEHHS B
TPaH3HCTODPHHIX ycuauTeasx » [3], a Takxke B GOJbIIOM YHCJIe cTaTeil.

Boabnioe BHHMaHHe B COBPEMEHHON JIHTepaType YAeJseTCA OLEHKe BIAHAHHA (a-
30BO/ HeCTaGMJBLHOCTH YCTPOHCTB, B ToM uHcie H APK, Ha HCKaXeHHs CHrHaJIOR.
Takas oueHka OCHOBaHa Ha HCHOJb3OBAHHH JHG0 ypaBHeHHH, KOTOPbie ONHCHIBAIOY
TIPOHCXOASALIHE B YCTPoOAcTBax (pH3HUecKHe NpoLecCh, JHGO BHEIIHHX XapaKTEPHCTHK
niepefaToYHOH lenH. 3aecb HEOOXOAUMO OTMETHTb OpHrHHaJbHble pa6oThi C. M. Foab~
JZIHHA, B KOTOPHIX Pa3BHTHI NJIOAOTBODHbiE HIAEH H NPeACTaBJeHHA O KOMIJIEKCHOHA He-
JIHHEHHOCTH YeThIPEeXMOJIOCHHKOB.

Boire GbinH nepeurcsiensl HanGoJiee KpynHbie paGoTH, KOTOpbie MOXKHO Ha3BaTh
'OCHOBOHOJIaralOWHMH H BO MHOrOM ONpPENEJISIOLIHMH Te HJH HHble HampaBlieHHs B
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pElIeHHH TEOPEeTHYECKHX H HHXKEHEPHHX 3aJay IOCTPOeHHs CHCTEM H BXOASIIHX B HX
coctaB yanoB. K coxajeHHio, B YNOMSHYTHIX pab0oTax He PacCMaTPHBAeTCs KOMI-
JIEKC BONPOCOB, CBSI3aHHEIX €O BceoGbeMiolLell OuLeHKOH (a30BOfi HecTaGHILHOCTH
3/IeMEHTOB H Y3JIOB TPaKTOB, NPOXOXJEHHS CHrHaJoB Yepe3 (pa3oHecTaGHJIbHEIE LEMH
H aHaJH30M MeTOJOB yMeHbllleHHs (a30BOf HecTaGHJIBHOCTH.

B cBA3M CO CKa3aHHLIM NPEACTaBJfeTCS HEOGXONLHMON OmeLHasNbHAasi KHWTa, B
KoTopoi mpo6neMa oGecneveHHsi ¢a30BOA CTaGHJILHOCTH NepefaTOYHHIX IHenef H ycT-
poficTB (B YaCTHOCTH, NPHEMO-YCH/HTEJbHHX TPAaKTOB) HOJYYHT BCECTODOHHee OCBe-
IleHHe C YYeTOM TOro, YTO CAeJaHO A0 HacTrosiiero BpeMeHH. KoHeuHo, o6beM Takoil
KHHrH OBl OB H3JIHIUHe BeJHK, TaK Kak B paccMaTpHBaeMofi mpoGieMe HMeeTcs
MHOTO Cepbe3HHX BONPOCOB, TPeOYIOLIHX AeTaJbHOrO aHajH3a. B 3THX ycioBHsX pa-
3YyMHBIM pellleHHeM sIBJISeTCS pacwieHeHHe NPOGJeMbl Ha HECKOJbKO OTAEJbHHEIX 3a-
naay. OpHa W3 HHX — 3ajada aHaJH3a 3aBHCHMOCTH ()a30BHX CBOMCTB LENH OT H3Me-
HEHH YDOBHS CHTHAJIa, T. €. SIBJICHHS aMIIHTYAHO-$a30BON KOHBEDCHH, — H TIPENCTAB-
JIfieT cOJiepXKaHHe KHHTH.

1.3. Kaaccuduxanus ycTpoHCTB ¢ aMILIETYAHO-(}a30B0I
KOHBepcHeH

IIpoBeneHHbIi B KJIaCCHYECKON PaJMOTEXHHKE aHaJu3 ()a30BBIX
CBOHCTB Lenefi 6a3HpoBaJCcsi Ha NPHHIHIHAJILHOM MOJOXEHHH O JIH-
HeHHOCTH 3THX lened. M XOoTs noviyyeHHble COOTHOLIEHHS IO3BOJISIOT
C BLICOKOH TOYHOCTbIO ONHCaTb peaJibHble YCTPOACTBa, TEM He MeHee
yCJIOBHE JIMHEHHOCTH OrpaHHYHBaeT KPYr 3ajad, KOTOPbie MOTYT OhITb
pellieHH ¢ NOMOILbIO PaJHO3JEKTPOHHLIX MpPHOGOPOB. JlelCTBHTENBHO,
MeTO[bl HCCJEeJOBaHHS, pa3BHTble B JHHeAHOH palHOTEXHUKe, HalOT
BO3MOXXHOCTb OL€HHTb XapaKTep H3MEeHEHHS TlapaMeTpOB IenH, B
YacCTHOCTH CO3/1aBaeMOr0 €10 (a30BOro CIABHTa, B 3aBHCHMOCTH OT dac-
TOTB.. JTOro, pasyMeercs, HOIOCTATOYHO JJisi BCECTOPOHHEro OIHCa-
HHA paJlHOTeXHHYECKHX YCTPOHCTB, OTJHYalOIIHXCs GoJjee CJIOKHOI,
HeXeJIH JIMHEeHHble LeNH, CTPYKTypoii H paboTalolluX B YCJIOBHSX Cy-
LIECTBEHHO OOJIbILIErO YHCJIa 3JEKTPHYECKHX BO3LEeHCTBHHA. YKa3aHHBIE
YCTPOHCTBA, OTHOCAILHECS K (KJIACCYy HEJHHEHHBIX H TMapaMeTpHYEcKHX
nemei, HaXOJAAT IIHPOKOE NPHMEHEHHe NPH MOCTPOEHHH COBpEMEHHOM
amnapaTyphl, BHINOJHAIOIIEH caMble pa3HooOpasHble pyHkuuu. QOvye-
BHJHO, YTO KapTHHA 3JIEKTPHYECKHMX fIBJEHHH, BO3HHKAIOIIHX B YCT-
pOHCTBaX TaKOro THNA, H 3aKOHOMEPHOCTH HX H3MeHEHHs OTVIHYaIOTCH
CJOXHOCTbIO H He MOTyT OBLITh ONHCAHEI Ha OCHOBE TOHATHH H MeETO-
A0B JHHEHHOH TeopuH. K uHCay NMOMOGHBIX SIBJEHHA OTHOCHTCS amil-
JUTYAHO-()a30Bass KOHBepCHSA. JICHO, YTO HHTEHCHBHOCTb 3 (deKTos
A®K 3aBHCHT OT MHOTHX NPHYHH H B MepPBYIO OdYepelb OTpenesseTca
BHIOM LM M XapaKTepOM NpPOTeKaloOUINX B Hell HpolieccoB. 3TO H
o6ycs10B/IMBaeT HeOGXOAHMOCTb YeTKOH KJaacCHGHUKALHH YCTPOHCTB €
aMILTUTYIHO-(a30BOM KOHBEpCHER.  °

HcxonHbiM 1/ mMOROGHOM KJIacCHQHKAUUH SBJSETCS COOTHOILIEHHE
MeXJy WIHPHHOH CNeKTpa CHIHaJla H INHPHHOH MOJIOCH NpPOMNyCKaHHs:
ycrporictBa. Korna Ha BxoJe ycTpoiicTBa JeHCTBYIOT OTHOCHTEJbHD
IIHPOKOMOJIOCHHE CHIHAJbl, Y KOTOPHIX OTHOIIEHHEe LIHDHHBI CIEKTpa
CHrHajsla A® K ero Hecyllefi 4acToTe wo AOCTATOYHO BEJHKO Aw/wo>>
>0, (370 yamie Bcero HMeeT MeCTO B JHaNa30HE OTHOCHTEJLHO HH3-
KHX YaCTOT), TO HM3-3a HEJHHEHHOro npeo6pa3oBaHHsi BO3HHKaeT pst
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fapMoHHYecKHX cocTaBJsiouux. OHH TaKXKe pacCMaTpPHBAIOTCH KaK
IIHPOKONOJIOCHBIE NPOIECCH, CHEKTPhl KOTOPHIX MOI'YT I€peKphIBaThCH.
ITosTomy Ha BbIXOI€e HeJHHEHHOTO yCTPOHCTBA, IIHPHHA MOJIOCH IPO-
NyCKaHHS KOTOPOrO IOJXKHA GbITh 3HAUHTENbHOH, JeACTBYeT CJOXHBLIM
IUHPOKOIOJIOCHBIH CHTHaJ. AHaJIH3 3aBHCHMOCTH ()a3oBOro CABHra OT
HHTEHCHBHOCTH BXOJIHOTO CHT'HaJla Ha OCHOBE CIEeKTPaJbHOTO METola
B 3TOM CJyyae CTAHOBHTCS CJOXHBIM. 3jech IeJecoo6pa3sHO NpHMe-
HeHHe psloB BosbTeppa HJIH JADPYTHX IMETOLOB, HOMOJb3YIOUIHX JHHA-
MHYeCKHe XapaKTepHCTHKH YCTPOHCTBa.

B Hacrosmeit pabore paccMaTpHBAalOTCH YCTPOHCTBa, NOJBEpraio-
IIHecs BO3LEHCTBHIO CPAaBHHTEJIbHO Y3KONMOJOCHHIX CHI'HAJOB, Y 'KOTO-
pix Aw/we<<0,1. IllupuHa noJsOCH NPONYCKAHHS TaKHX YCTPOHCTB
TaKXe MoJiaraercs HeOOJbIIOH, H MO CHEKTPaJbHOMY COCTaBY BBIXO-
HOM cHrHaJ mpaKTHYeCKM He OTJIHYaeTess OT BXxogHoro. Bosee Toro,
6e3 CKOJILKO-HHOYIb 3aMETHOH MOIPEIIHOCTH aHaJHTHYeCKoe Hccie-
JlOBaHHEe MOXHO BECTH B MPEINOJOXKEHHH, 4TO B CHEKTpPe BHIXOJHOTO
CHTHaJa NMPHCYTCTBYeT JHIIb OJHA TapMOHHYeCKas COCTaBJAONIax
(a1 ycuaurens — nepsas). ,

B Takux ycnoBHAX paGoTaloT, Kak TMPaBHJO, YCTPOHCTBA OTHOCH-
TeJbHO BHICOKOYACTOTHOrO aHamas3oHa. B HHX 3ddekT aMnaHTymHO-
(a30BOii KOHBEDCHH NpPOSIBJAAETCH B 3aBHCHMOCTH ()a3bl BLIXOJHOH
rapMOHHYeQKO#l COCTaBJIsIIOlLeHd OT YyPOBHA BXOJHOT'O CHTHaJla H MOXeT
ObITb OLleHEH CPaBHHTEJbHO NMPOCTHIMH METOJaMH.

Ilpn npoBenenHn KjaacchpHKalHH BaXXHOe 3HaYEHHE HMeET TO, UTO
A®K Bo3HHKaeT B HeJIHHEHHBIX HJH NlapaMeTPHYECKHX YCTPOHCTBaXx,
T. €. BCeNla COMPOBOX/aeTcs AMIVIHTYIHOH HeJHHeHHOCTbio. TakuM
o6pa3oM, IpH H3MEHEHHH YPOBHSI BXOJHOrO CHrHasla X HeJHHEHHO H3-
MEHSIOTCS KaK aMILIHTYRa Y, Tak H ¢a3za ¥ BeixodaHoro curHaJa. Ero
KOMIJIEKCHAsl aMILINTyJa onpelesercd CAelyOUHM O6IIHM BbhIpaxe-
HHeM:

Y (X) =Y (X)expi ¥ (X). (1.1)

B cooTBercTBHH CO CKa3aHHbIM pacCMaTpHBaeMblii Kjacc Lenefi ompe-
JesseTcs [KaK YCTPOHCTBA ¢ KOMIWIEKCHOH HeJHHefHOcTblo. Xapakrep
IIPOSIBJIEHHS -TIOC/efHell SBJSETCS OCHOBOH CHCTeMbl KJacCH(GHKAIHH.
. K nepBomy ksaccy oTHOcsTCH yCTPOMCTBa, B KOTOPHIX 3 dexThl
A®K nu60 OoTCYyTCTBYIOT, TIHGO BHIpAXKEHBI O CPAaBHEHHIO C aMIJIHTYA-
HOH HejHHeHHOCTbIO Y'(X) caa6o. B HX 4HCJIO BXOASAT OTHOCHTEJBHO
‘HH3KOYaCTOTHble YCHJIHTEJIH, CMECHTE/NH, OTPaHHYHTeJIH H ApYyTHe Ie-
‘IH, NepenaToyHass (GYHKLUHS KOTOPBIX TPAKTHYECKH IOJHOCTbIO OIpe-
JensieTcs aMILIMTYJHOH XapaKTepHcTHKoi. PopMa mocjenHell mpHH-
UHIHAJbHO 3aBHCHT OT H3MeHEHHH 4acCTOTH BXOJHOro kovieGanus. On-
HaKO B psifie CJyyaeB 3Ta 3aBHCHMOCTb NpeHeGpeXXKHMO MaJa, 4TO TIpH-
cyllle LeNsM C PaBHOMEPHOH B HEKOTOPDOM HHTepBaJe 4acTOT aMILIH-
TYJHO-4aCTOTHOH XapaKkTepHCTHKOH. SICHO, UTO B peaJIbHBHIX Lenax
paBHOMepHOcTh AUX coxpaHsieTcs JiHIIb B ONpeleJleHHOM JHana3oHe
H3MeHEeHHs] YPOBHS BXOIHONO CHTHaJa: NPH OYeHb CHJBbHBIX CHTHaJax
-paBHoMepHOocTs AUX Hapymaercs.



Bo BTOpOI1 KJacc BXOIAT YCTPOHCTBA, B KOTOPHIX aMIJIHTYJAHO-(a-
30Bas KOHBEPCHS TIPOSIBJASETCS NPH MaJblX YPOBHAX BXOIHBIX CHTHa-
JIOB, KON1a aMIVIHTYJAHas HeJHHeHHOCTb TpeHeOpexkumo Mana. IlpH-
MEpPOM CJIYXKAT OTHOCHTEJbHO HH3KOYaCTOTHble YCHJHTEJIH C YNOpaB-
JsieMbIM yCHJIEHHEM, a NPH HEKOTOPbIX JONYLIEHHSAX — OrpaHHYHTEN!
BLICOKOUACTOTHBHIX KoJeGaHuii, npeobpa3oBatenu u ap. Ileperatouna.
¢yHKIHST YCTPOHCTB 3TOrO THHA B JOCTAaTOYHO MOJHOH Mepe onpene-
asercs $a3o-aMNIHTyAHOI Xxapakrepucthkoit W (X), dopMa xoTopof
TPHHIUNHAJBHO 3aBHCHT OT YacTOThl BXOAHOro xoJebGanus. OnHako
BBHJYy TOrO 4TO 3Ta 3aBHCHMOCTb MPOSIBJSAETCS B Pa3JIHYHOH CTelNeHH,
cJelyeT pasyinyaTh [IBe pa3HoBHAHOCTH uemeil ¢ ADK. A umenHo:

ycrpoiictBa, popMa (a30-aMIVIHTYAHON XapaKTePHCTHKH KOTOPHIX
NMPaKTHYECKH He 3aBHCHT OT H3MEHEHHsS YacTOThl BXOIHOrO KoseGaHud
B LIHPOKOM YaCTOTHOM fHama3oHe (Aw/wp~~20--30%). dto ycuaure-
JIH C ympaBJsieMbIM YCHJeHHeM, IpeoOpa3oBaTesiH, OIpaHHYHTEJNH
M ap.;

ycTpoiictBa (rJaBHBIM 06pa3oM, mapaMerpuueckue), dopma da-
30-aMIVIHTYAHOM XapaKTEPHCTHKH KOTOPbIX 3aBHCHT OT YaCTOThI BXOf«
Horo koJie6aHusi. OT/IHYHTENBHON OCOGEHHOCTbIO Lemel sIBJsIETCS TO,
4TO OHHM paGoTalOT NPU CPaBHHTEJbHO HH3KHX YacTOTaX BXOJAHBIX CHI-
nanoB. Y xors a6coslOTHbIe 3HaYeHHS] BO3HHKAIOIIETO NPH BTOM 3aBH-
CHMOTI'0 OT aMILIMTYAb ¢a3oBoro Habera HeBesiKH .(no 30°), TeM He
MeHee CyLIeCTByeT ONAacHOCTb HOKaXeHHs curHaja. CtemeHb HcKaxe-
HHI 3aBHCHT OT BHZ1a H I'JTYOHHBI (MOJYJISILIHH,

K TpeTbeMy Kijaccy OTHOCSITCS ycTpoiicTBa, paboTalolHe B JHana-
3oHe CBY u orsHyaiomiHecs TeM, YTO aMIIMTYAHO-(a30Basi KOHBep-
CHsl, BO-NIEPBbIX, NPOSABJSETCSI NPH JAOCTAaTOYHO OOJIbIIHX YPOBHIX
BXOJHOTO cHrHajsa (a6cosloTHhie 3HadyeHHs: (a30BOTrO CHBHTAa MOTYT
nocturath npumepHo 100°) u, BO-BTOPBIX, €il COMYTCTBYET aMILIMTYI-
Has HeJiMHefHOCTb. B paccMaTpHBaeMoM kJiacce YCTPOHCTB (B OCHOB-
HOM — 3TO 3JeKTpoHHble ycTpoiictBa CBU) cieayer Bbigeauts JIBe
Pa3HOBRIHOCTH, pasJiHyalouHecs (OpMOH YaCTOTHOH 3aBHCHMOCTi
amvnautynuoit Y (X) u daso-ammautypHoit W (X) xapakTepuCTHK.
Tak, xapakTepHCTHKH JaMNbl Oeryileil BOHbI He 3aBHCAT OT YacCTOTHI
BXOJHOIO KoJeGaHHs B LWIMPOKOM AHanasoHe (Aw/wp=~50% u Gouaee).
B MeHbulell Mepe 3TO INpPHCYIle MHOMOPE30OHATOPHBIM KJHCTPOHAM.
A Takue npuGopbl, KaK NapaMeTpHuyecKHe YCHJIHTENH, YMHOXKHTEJH,
OPpaHHYHTENH, NBYXPE30HATOPHble KJIHCTPOHB H NPYyrHe, SABJAIOTCA
Y3KONOJIOCHEIMH. B cHJy 3TOro MX aMnauTynHas H ¢a3zo-aMIIHTYAHAS
XapaKTEePUCTHKH He 3aBHCAT OT 4acCTOThl BXOAHONO CHIHAJa JHIb B OT-
HOCHTE/JIbHO 'MaJloM YaCTOTHOM AHama3oHe, T. €. HX YaCTOTHYIO 3aBHCH-
MOCTb HEOOXOIHMO YYHTBIBATD.

B cooTBeTCTBHH ¢ NMPHHATHIMH TIPHHIMNAMH KJacCHOHKALHH H 1O+
CTPOEHO mocJenyioliee H3M0XKeHHe.

1.4. Merox ananm3a YCTPOHCTB ¢ aMIUIHTYZHO-(a30B0MH
KOHBepcHei

Ipexne yuemM paccmaTpuBaTh mposiBieHHss APK B pas3/iHYHbIX 3je«
MEHTaxX paJHOTEXHHYECKHX Ilemnefl, HEOOXOAHMO OCTaHOBHTbCS Ha TexX
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NPHHUHIHAJBHBIX MOHATHSX, KOTOPBLIMH CJeLyeT PYKOBOACTBOBATbCH,
U onpelesHuTh Haubosee 3 (PeKTHBHBIH METOJ, HCCJAENOBaHHSA.

B TeopeTHuyeckoil pagHOTeXHHKe H3BECTHBl pPa3JHYHble METOABI HC-
CJIeI0BaHHA, IOCTATOYHO XOpOLIO pa3paboTaHHbBIE H IUHPOKO MpHMe-
HsieMble Ha MpaKTHKe.

Hau6osee cTporuM H 'KOPPEKTHBIM METOAOM, MO3BOJSIOIIHM OIH-
caTb YCTpPOHCTBO Jio6oro THna (B TOM YHCJe H TakKoro, B KOTOPOM
Ha6JiofaeTcd aMIJHTYIHO-(Da30Basi KOHBEPCHS) H OLEHHTb 3aKOHO-
MEpHOCTH NPOXOXJEHHsI CHTHAJOB uepe3 Hero, fBJSETCS MeTOHd, OC-
HOBaHHBI Ha pelleHHH HeJHHeAHHX HHTerpaJbHO-IH(pdepeHIHab-
HBIX ypaBHEHHH, ONHChIBalOUHX (H3MKYy paborel ycrpoicrBa. Ilo-
CKOJIbKY MOJyYeHHe pelleHHsl, KOTOpOe YIOBJIETBOPHTENbHO OMHCAJIO
6bl MOBeJeHHe paccMaTpHBaeMOro YCTPOKCTBa B LIHPOKOM HHTepBale
TlepeMeHHbIX, HpeACTaBJAseTcss 3aTPYJAHHTENbHbIM, TO TMPHHHMAIOT PSR
VIPOLIAIOUINX MpeNnoJoXKeHHid. B pesysbprare mosyuyeHHble COOTHOLIe-
HHS VJOBJETBOPHTEJbHO OMHCHIBAIOT MepelaTOYHYyI0 leNb JHIUb JJT
YaCTHbIX CJy4aeB HJH ONpeleseHHbIX pexXHMoB paboThl. Kpome Toro,
MeTOJ He SIBJASIETCS YHHBepCaJbHBHIM, TaK KaK pe3yJbTaThl aHaJ/H3a,
Hanpumep JIBB, He pacnpocrpaHsitoTcst Ha apyrue CBY npu6ophi, Ta-
XHe, KaK KJHCTPOHBl HJIH NMapaMeTpHYeCcKHe YCTpOHCTBa, H TeM G6o-
Jiee — Ha LeJblil KJacc paAiHOTeXHHYECKHX YCTPOMCTB.

MeHee cTporuM, HO GoJee OOLIHM SIBJSIETCS 'METOJM, CYyTb KOTOPOro
3aKJI0YeHa B TOM, 4YTO YCTPOHCTBO 3aMeHsSeTCS JKBHBAJEHTHBIM de-
THIPEXIOJIOCHHKOM C HeKOTOPbIMH BHEIUHHMH XapaKTepHCTHKaMH,
CBOHCTBEHHBIMH paccMaTpHBaeMomy ycrpoicTBy. MccaenoBaHHe ienu
¢ ADK u ocobeHHOCTell TIPOXOXAEHHS uepe3 Hee CHTHAJNOB CBOJHTCH
B 3TQM cJlyyae K OlleHKe mpeo6pa30oBaHHs CHIHAJOB 4eThIPeXIOMI0CHH-
KOM C ompeleJeHHOH mepenatoyHoit ¢ynkuueil. Onpenensiomue mo-
CJEJHIOI0 XapaKTepHCTHKH MOXHO HaNTH TeOpPeTHYeCKH HJH 3KCIepH-
MeHTaapHO. Heo6xonuMo HMeTb B BHAY, YTO HaXOXIEHHE YeTHIPEXTO-
JIIOCHHKA, CTPOro 3KBHBA/JEHTHOTO pacCMaTPHBaeMOMY, SBJSETCA
TPYAHOI, MpaKTHYeOKH Hepaspellnmoii 3anavedl. TloaTomy npu aHa-
JIMTHYeCKOM HccaenoBaHHH Leneit ¢ A®K caenyer ucmosnb3oBaTh ye-
THIPEXTNOJIIOCHHK, KOTOpHIH OTpaxaeT JHIIbL OCHOBHbIE UepPTHl MOBeAe-
HHSA YCTPOKHCTBA H He YUHTHIBaeT psj NOGOYHLIX SIBJEHHH, He HTpalo-
1IMX OPHHIHUIHAJbHON poaH. EcrecTBeHHO, YTO pe3yJibTaThl, MOJYyYeH-
Hble YKa3aHHbIM 00pa3oM, TaKXke HeJb3sl CYHTAThb JAOCTATOYHO TOUHBI-
vH. OyiHaKo GYyNy4H YHHBepCaJbHBIM, METOH 1aeT BO3MOXHOCTb OGb-
SICHHTb 32KOHOMEDHOCTH INOBEJEeHHS CPaBHHTEJbHO HIHPOKOrO KJacca
YCTPOHCTB.

[Tpn oThicKaHHM 3KBHBAJIEHTHOrO 4YETHIPEXTOJIOCHHKA HEOGXOMHMO
HMeTb B BHAY CJjelylolllHe NMPHHIHMHAJbHbEIE 06CTOATENbLCTBA, Xapak-
TepH3yIOLlHe aHaJH3HpyeMble YCTPOHCTBA.

1. Otu ycrpoiictBa paGoTalOT B pexXHMe TepelayH y3KOMOJOCHBIX
'CHrHaJoB. Takne CHTHaJIbl ‘MOXHO INpeICTaBHTL B BHJE KBa3HrapMo-
HHYEaKOro KoJse6GaHHs )

x () =X (@) cos [0yt + ()] = X (f) cos D (), (1.2)

8 KoTopoM aMmautyna X HJIH (asa ¢ H3MeHSeTCsl MO 3aKOHY mepe-
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nRaBaeMmoro coobmeHnns. Pyuknun X (f) u @(f)- ompexeasior orubaio-
IYIO CHrHajla H ¢asy, eclIH OHH CBA3aHH COOTHOUICHHSIMH:

x@o=V eo+3e;

A

= arctg X&)

@ (f) = arctg 0

rae £(¢) ompenensercs HcxomHol ¢yHKuuedr x(f) B COOTBETCTBHH C
npeo6pasosanHeM 'nibGepra

(1.3)

Q(t)=l+f"‘idr (1.4)
n T—t ’

PeanbHbifi palHOCHTHAJ SBJSETCS BElIECTBEHHHIM, OIHAKO JJ1
YNPOILEHHS MaTeMaTHYECKOIO ONHCAHHS H De3yJbTHPYIOUHUX COOTHO-
IIEHHH HCNOJIb3yeTCs KOMIVIEKCHasi (HJH aHaJHTHYecKas) 3alHChb

. A
xO)=x@)+ix (). (1.5)
Ecan x(f) u £(f) cBa3anu npeoGpasoBanuem 'minGepra, TO
x()=X{)expi® (@) =X (f)expiwyt, (1.6)

rae X () = X () el®) — xoMnekcHast oru6amilas y3KOMOJIOCHOTO CHT-
HaJja.

2. Tlpn BO3neHCTBHH KBa3HTapMOHHYECKOTO KOJIeGaHHS Ha BXOl
peaJsIbHOro, T. €. HeJJHHEHHOTO, YeThIPEXTIOJIIOCHHKA Ha €ro BHIXOJe NOo-
IBJSIOTCS PSJ, ONEKTPAJbHbIX COCTaBJSIOIIHX — OYEBHAHBIA H 3aKOHO-
MEpHHH pe3yJbTaT JIlo60ro HeJHHeHHOro TpeoGpa30BaHHA PaJHOCHT-
HaJa. OTJHYHTe bHON OcoGeHHOCTbIO Hemelt ¢ ADPK sBasercss uaMene-
HHe (pa3bl COCTABJSIOUIMX B 3aBHCHMOCTH OT aMIIHTYAH BXOIXHOTO
BoalecTBHS. ITOCKOJIbKY aHaJH3HpyeMble YCTPOHCTBa SIBJAAIOTCH Y3-
KONOJIOCHBIMH, TO BBIXOXHOH CHTHaJ (aKTHYECKH TIpeJCTaBJsieT co6oh
ONMHOYHYIO CIIEKTPAJbHYIO COCTaBJSIOILYIO, TaK KaK JIpyTHe COCTaB-
JSI0lIHe OKa3bBaIOTCS 32 NpeejaMH noJockl mpomyckanusa. ITostomy
BBIXOIHON CHTHAJ TaKXe MOXHO PacCMaTPHBaTb KaK Y3KOINOJIOCHBIHA
mpolecc, T. €.

yO)=Yn(()=expilnot+¥, @) (1.7)
rae Y, (f) —MefJeHHO M3MEHSIOIAsiCs aMIVIHTYfa n-fi TrapMOHHKH;
¥n (t) — ee dasa. JIBrenne ADPK cBomMTCH K TOMY, 4TO Pn(f) OTIH«
qaercsi OT BXOJAHOA QYPKUHH ¢(f) He TOJLKO Ha JeTePMHHHDPOBAHHLIHA
Yyrosl @o, XapaKTepH3yiolnii ($a30Byl0 TIOCTOSHHYIO YCTPOACTBa, HO H
Ha yrou @[X(f)], 3aBHCALHA OT YPOBHSI BXOMHOI'O CHTHaJa

Yo ) =0 ) + 9+ [X O] (1.8)
Kpome TOrO, aMIUIHTYJL BEXOJHOTO H BXOIHOTO CHTHAJOB CBS3a-
Hbl HeJIHHEHHOH 3aBHCHMOCTBIO
Ya)=Ya[X®1 (1.9)
oTpaxKawlllel aMIVIMTYAHYIO HeJHHeAHOCTb YCTPOHCTBA.
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Bripaxenue (1.7) MOXHO 3anHcaTb B CAeAYIOIIeM BHIE:
yO)=Y,[X @) expina,t, (1.10)

YalX@Ol=Yn[X®)lexpi@[X ()] (1.11)

— KOMIJIEKCHasi aMIWIMTYJa BbIXOJHOrO CHrHaJja, XapaKTepH3yiolas
KOMILIEKCHYIO HeJIHHEHOCTh TeX YCTPOHETB, B KOTOPbIX aMIWIHTYMHas
HEJHHEAHOCTb H aMIJIHTYIHO-pa3oBasi KOHBEDCHs TIPOABJAIOTCS B
paBHO/ Mepe NPH OXHHX H TeX e YPOBHSAX BXOAHOro KoJjebanus X.
YcrpoiicTBa, B Kotophix APK mpeHeGpexkHMO MaJa, MOJIHOCTbIO Xa-
paktepusyiotcs ¢ynkumueir Yn,[X(f)], a ycrpoiicrea ¢ ADK — dyHk-
nueit [X(¢)].

Meron aHa/aH3a YCTPOMCTB C KOMIIJIEKCHOH HeJMHEHHOCTbIO C IO-
MOLIbIO BHELIHHX XapaKTePHCTHK 3aKJI04aeTcs B 3KCIePHMEHTaJIbHOM
HJIH TEOPETHUeCKOM oTbioKaHHM GyHkumit Y[X(f)] u ¢[X(f)], a Tak-
XKe annpoKCHMalHH HX YAOGHBHIMH JUIS aHaJH3a MaTeMaTHYECKHMH
byHRUuusMH, AnnpokcuMalus mepefaTouyHsix ¢yHkumi Y[X(f)] »
¢[X ()] onpemensieTcss BHAOM BXOQHOrO CHrHaJa, XapakTepoM KOMM-
JIeKCHOH HeJHHeHHOCTH, MmapaMeTpaMH HCCJeAyeMOro BbIXOJHOrO CHr-
HajJla H APYrHMH (akropamH. AMNpOKCHMAalHH MePeNaTOYHHIX (YHK-
HHH H HCCJIENOBaHHIO HOKaXKeHHH CHrHaJjJa, 3KCIePHMEHTaJbHOMY H
TEOPETHYECKOMY OTHICKAaHHIO 3THX (YHKUHH TIOCBSILEH NOCJedyIOWHUH
MaTepHaJI.

Takum o6pa3om, B HacTosllell KHHre paccMaTPHBaeTcs LIMPOKHE
KJlacC YCTPOHCTB, B O6LIEM CJydyae SKBHBAJEHTHbIX HeJMHeHHbIM dYac-
TOTHO-H3GHPaTeJbHHIM YeTHIPEXMOJIOCHHKAM: DPa3HOBHAHOCTAM H306H-
paTeJbHbLIX H alepPHOJHYECKHX YCHJIHTeNeH C ympaBJseMbiM yCHJe-
HHeM, TIpeJHa3HaYeHHbIM JJIS Mepefayd CPaBHHTENbHO Y3KOMOJOCHbIX
CHIHAJIOB; YCHJIHTEJISIM C OrpaHHYEHHeM; YCHJHTEeJbHBIM YCTPOHCTBaM
CBY nnana3oHa ¢ NOCTOSHHBLIMH M TIePeMeHHBIMH NMapaMeTpaMH; yCH-
JIMTEJIbHBIM YCTPOACTBaM. BBLIMOJIHEHHBIM Ha JiaMmax Geryllefl BOJIHBI,
KJIHCTPOHAM H Ap.; npeoGpa3oBaTensiM YaCTOTHI.

Hx oranunTesbHON YepTO# sBJSETCS BblAeJeHHe B BBIXOLHOH LeNMH
CHTHaJIa, B CNEKTpPe KOTOPOro MPHCYTCTBYeT He 6oJiee OLHOH CIIeXT-
PaJibHOH COCTABJAIOIIEd BXOAHOrO BO3AEHCTBHS.

2

SJEMEHTHI HTHO®OPMAIIMOHHO-CUCTEMHOTI'O
AHAJIA3A Y3JI0B ®A30BOH
PATAOTEXHHUYECKOM CHCTEMBI

2.1. 3aBEcEMOCT, mOTEps HoJe3HOH mHGopmMammu oT GasoBoit
HecTaOHJIBHOCTH IepPeJaTOYHOM mems

rae

OunHolt M3 npoG6JieM, BO3HHKAIOLIMX TPH MOCTPOEHHH (a30BbIX CHC-
TeM, siBJIsfeTcs obecleyeHHe YCJIOBHH, MPH KOTOPHIX amnmapaTypHas
omHn6Ka (T. €. HOKaXKeHHs] CHTHaJla, OGYCJIOBJEHHble HeCcOBEpUIEHCT-
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BOM CHCTEMbl H €€ y3JI0B) MHHHMaJibHa. TO CBS3aHO CO CTOJIb 3HaYH-
TEJbHbBIMH TPYILHOCTSIMH CXEMOTEXHHYECKOTO H KOHCTPYKTHBHO-TEXHO-
JIOTHYECKOTO XapaKTepa, YTO Ha HacCTOsIlleM 3Talle BPSA JH ‘MOXHO
roBOpHTb 06 HcuepmbiBaiollleM pellleHHH mpobJjeMbl. OlHAKO BO3MOX-
HO JOCTHXKEHHe BIIOJIHE YJOBJIETBODHTE/JbHBIX DPe3yJbTaTOB NPHMEHH-
TeJbHO K (KOHKPETHbIM Pa3HOBHAHOCTAM (a30BbIX CHCTEM, T. €. MOX-
HO TOBOPHTb O pelIeHHH yacTHOH 3anaud. [losToMy Heo6XxoaHuMbI Bce-
CTOPOHHHH aHaJ/IH3 NPHYHH, BbI3LIBAIOLIHX MOSBJIEHHE ammapaTypHOL
OIIHOGKH, H OlleHKa 3(Q(PEeKTHBHOCTH METOJO0B yCTPaHeHHs (HJIH MHHH-
MH3allHH) anmnapaTypHOH OWHOKH B Pa3/JHYHbIX yCJOBHSIX 3KCIIyaTa-
uuu, M3ayyeHne ycTpofCTB ¢ aMIMIHTYMHO-()a30BOH KOHBepcHell He0O-
XOJMMO Npexje BCEro AJs BbIICHEHHS XapaKTepa MCKaXKeHHH CHr-
HaJa.

J1st Toro 4To6b! YETKO YSICHHTb OCOGEHHOCTH NPOXOXK/EHHSI CHIHa-
Jla yepe3 peajbHOe YCTPOHCTBO H OIEHHTb BO3HHKAIOLIHE MPH 3TOM
HOKaXXeHHs, lejleco06pasHe HCIOIb30BAaTb 3JEMEHTh HH(OpMaIlHOH-
HO-CHCTEMHOr0 aHajH3a. 9To ofecleyHBaeT yHHBEpPCaJbHOCTb H JaeT
BO3MOXHOCTb C(POPMYJIHPOBaTh PAL BbIBOJOB, NMPHMEHHMBIX NpH pac-
COMOTpPEHHH He TOJbKO abCTpPaKkTHHIX IepelaTOYHbIX IeneH, HO H HX
KOHKpDETHbIX pa3HOBHAHOCTeHl. ONHaKO OlleHKa HCKaXXKeHHH CHrHaJja B
ycrpoiictBax ¢ ADK mnpencraBiasier 3HauHTesbHble TPYJHOCTH, TakK Kak
TpeGyeT ONHOBPEMEHHOTO yyeTa HeJHHeHHOCTH (pa30BOHl XapaKTepHI-
THKH, HepaBHOMEPHOCTH YaCTOTHOH XapaKTepHCTHKH H HeJHHeHHOCTH
aMIUIMTYIHOH XapaKTepHCTHKH. [103TOMYy Ha HacToslleM 3Tame ieJe-
c006pa3Ho paccMOTpeTb NMPHYHHBI BO3HHKHOBEHHSI H NyTH ocjabJieHHs
A®K Ha ocHOBe JIHHEHHBIX NMpeNCTaBJEeHH.

C uenbio ¢opManu3anuu HCCIELOBaHHS Lenb JIO60A CTPYKTYPH NpeiacTaBjsieTcs
B BHJE YeTHIPEXMOJIOCHHKA, Ha BXOAE M BHIXOAE KOTOPOro AefiCTBYeT 3JIeKTPHYecKoe
poamyuieHue x(f), a Ha Bhixode Y(¢). B u3MeHeHHSIX mapaMeTpOB 3THX BO3MYIle-
HHH, SBJISIOUHUXCA CJIOXKHBIMH (YHKUHSIMH BpPEMEHH, H 3aKJIOYEHO nepejaBaeMoe CO-
obuenne. Torga, Hcnosb3ys AJsl YNPOLUIEHHS MOJOXEHHS JHHEAHOA TeOpHH, mMpouecc
fIPOXOXKAeHHST MHPOPMAUHOHHOrO (T. €. HEeCyLIero moJe3Hylo HHGOpPMauuio) CcHrHana
gepe3 1enb B CaMOM O6LIeM BHAE MOXHO ONHCATb COOTHOILEHHEM

y()=x@®) K, 2.1)

rae K — KOMIUVIeKCHasi TepefaToyHast GYHKUHs, KOTOpasi ONMpelelsieTcss mapaMeTpaMH
3JIEMEHTOB M Y3JIOB, COCTABJSIOIMX LeMb, a TaKkKe AeficTBHEM BHEWIHHX (aKTOPOB
BIEKTPHYECKOrO H HEJIEKTPHUECKOrO NMPOHCXOXKAEHHS.

ITonyuenHele Ha ocHoBe (2.1) BBLIBOABI MMEIOT KayeCTBEHHbIH XapaKkTep H MOTyT
GHTb NPHMEHEHbl A/ OLUEHKH CBOWCTB HEJHHEHHBIX H NMapaMeTPHYECKHX uenei JHIUb
€ HEKOTOPHIM MPHOGJIHKEHHEM.

CreneHb cOOTBETCTBHSI ()OpPMbI BXOZAHOTO M BBIXOAHOTO BO3MYLIEHHH (3TO SBJA-
€TCSl YCJIOBHEM MHHHMAJIbHBIX HCKaXKeHHA HHGPODMALHOHHOTO CHTHAMa) OJHO3HAYHO
OonpeensieTcs NEKTPHUECKHM COCTOSTHHEM LiEMH M 3aKOHOMEDHOCTSIMH €ro H3MeHeHHs
8 MEHSAIOWHKXCS YCIOBHAX 3Kcmayatauudn. Ho mockonbky mo6oe ycTPOACTBO B CHIY
HeHJealbHOCTH HCKaxaeT ¢OpMy mepefaBaeMOro yepe3 Hero WHGOPMALHOHHOTO CHr-
Hajla, MeXIy (OopMOHl BXOAHOTO M BBLIXOJHOIO 3JIEKTDHYECKHX BO3MYIUEHHH OTCYT-
CTBYeT OAHO3HAauHOe cooTBeTcTBHe. CKa3aHHOe HJUIIOCTPHPYETCS PpacCyXKAEHHSIMH,
OCHOBaHHBIMH Ha aHa/H3e CBOMACTB mpeoGpasoBaHHs Pypwe. IIpn 3tom B coorserct-
BHH C pacCMaTpHBaeMofl 3afayefl — OLEHKONH BHOCHMBIX MepefaToyHoR uenbio ¢aso-
BHIX HCKaXXeHHH — MpEANoJIaraeTcs, 4To noJie3Has HHGOpMAaUHA 3aK/aoyeHa B ¢a3o-
BOM CNeKTpe BXOAHOro Bo3Myiuenus x(t) (puc. 2.1a). Hasi onucarusi GOpMbI CniekT-
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pajnbHONl AHAarpaMMHl H, CJleflOBaTe]bHO, OLEHKH KOJHYeCTBAa 3aKJIOUeHHOA B CHrHane
HHGOpMaLHKH CHefyeT HCNOJb30BaTh TAKOM NOKasaTelb, Kak oruGaiouiass ¢asosoro
cnektpa [S, (©)]x. Oru6aromas mnpeacrasaser co60fi MOHOTOHHYIO (YHKUHIO Hac-

TOTH (MyHKTHDHas JuHHA Ha puc. 2.1). IlpH mpoxoxkmenHH curHana yepe3 uenb B

0 5@ [0,

N

[5p@)], Sphep”

\ L5 ) ~
I\Tl[ T\T © | )
a) )

)

Puc. 2.1, Vamenenue ¢asoBoro cmeKTpa CHrHajJa NPH NPOXOXK-
JleHHH 4epe3 MNepeflaTouHYIO lenb:
a— $a30BHil CNEKTp CHrHajla Ha BXofie uenH; 6 — ¢das3oBHi
CIIEKTP CHrHaJa Ha BHXOAe LeNH; 8 — H3MeHeHHe (OpMH Oru6a-
foue# ($a3oBOro cnekrpa

HeM BO3HHKAalOT JONOJHHTeNbHHe (a3oBHe HCKaxeHHd. DTo o3HayaeT, 4To (asoBH#A
CMeKTP BHXOAHOrO BO3MylleHHs y(f) (pHc. 2.16) oT/IH4aeTcs OT CNEKTpa BXOJAHOrO.
CooTBeTCTBEHHO H3MeHsieTcsi popma ornGalowedl BHXOAHOTO cnekTpa [Sq (0)]y, T. e

BO3HHKAIOT NMOTEPH MONE3HOA MHGMOPMANHMH, NEPEHOCHMONR CHTHAJIOM OT NpEALIeCTBY-
IOLIEr0 3BeHa TPaKTa K MOCJAeAYIoLeMy.

Harasanoe ¢usuyeckoe TOJNKOBaHHe MOHSTHS <«MOTEPH NOJIe3HOH HHGOPMAaUHH»
MOXeT OHTb MaHO C MOMOWBIO MPOCTHX cooTHOWweHHi. Tak, eciu B curHane x(1),
nocTynaiouieM Ha BXOJ LeNH, COAEPXKHTCHA oOnpeleseHHOe KOJHYECTBO HHGOPMALHH
He, T0 B curane y(!), KoTOpHii pa3BuBaeTci Ha BHXOJNE, CONAEPKHTCA MPHHIHIH-
anbHO Jpyroe KoJuuecTBo HHbopMmauun — Hy. Ilpn atom

Hy < Hy, 2.2)
H, CJe0BaTEeJbHO,

He—Hy=AH, (2.3)
rae AH unciesso onpefensieT notepd HHGOPMAaUHH, OGYCIOBJIEHHBIE HECOBEpLIEH-
CTBOM lIeNH H OTKJOHEHHSMH ee 3/JeKTPHYECKOTO COCTOSIHHA OT HOMHHAJIBbHOrO.

IMon «HOMHHAMBHHM 3JEKTPHYECKHM COCTOSIHHEM» nepegaTouHoil menu (06o3Ha-
yuM ero 4epe3 Crom) NOHHMAETCHA COBOKYNHOCTh TOKOB H HANpsKeHHH, npH KOTO-
poii uenb BHOCHT B HH(ODMaUHMOHHHIA CHTHAJ MHHMMAJbHble HCKaXKeHus. [pyrumm
cnoBaM, NpH C=Crom NOTEpH HHOODMALHH HE NMPEBHILAIOT BEJHYHHH, AOMYCTHMOM
YCJOBHAMH SKCIJYaTalHH:

AH < AHyyy. (2.4

OTMeTHM TaKkXe, YTO B PAcCMaTPHBAEMOil CHTYaUHH KOJHYECTBO MHGOpMAUHM Ompe-
nensiercsi B aGCTPAKTHHX €NMHHLAX, KOTODhie HE CBSI3aHH C KOHKDETHHIMH pa3HO-
BHIHOCTSIMH Tepeflayd PajHOCHTHANOB. DTO MO3BOJAET CAENaThb JOCTATOYHO ObLIHE
BHBOAbl H PEKOMEHAALHH.

B JaHHOM <cJy4yae BeJHYHHaA TOTEepb HHQ)OP-MaIIHH OJIHO3HaYHO
omnpejeJsieTcss pasHOCTb OrubammHx (a30BBIX CHEKTPOB BXOAHOTO H
BBIXOJHOI'O CHIC'HaJIOB

[So (@)1 —[Se (@)1 = A Sy (@), (2.5)
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3aecb AS¢ (0) — KOMIJIeKCHass QYHKUHS YacTOTh, NPEACTaBJSIONIAA
cobofi HaMeHeHHe ¢(opMbl orubarollell ¢asoBoro crnekrpa H 06ycJaOB-
JeHHasi (¢a30BLIMH CBOHCTBAMH LienH, a ToOYHee — ee (pa30-4aCTOTHOH
XapaKTepHCTHKO# (pHC. 2.18).

Hcxoaa M3 OOMX NPHHIMIOB peajiH3allHH paJHOTEXHHYECKHX Le-
ned, HeTPyJAHO BHIEeTb, YTO BO3HHKAIOLlee MpPH MPOXOXAEHHH yepe3
Lenb H3MeHeHHe orubaiolledi (a30BOTO CHEKTpPa CHIHAJA COILEPKHT
J1Ba KOMIOHEHTa:

A Sy (©) = [A Sg (©)]¢r + [A Sg (0)] gun- (2.6)
IMTon cratuyeckuM KoMnoHeHTOM [ASy (®)]cr MOHHMaeTcs H3MeHeHHe
orubamoies ¢asoBoro cnexkrpa, o6ycaoBaeHHOe (a30BBIMH CIBHTaMH,
BO3HHKAIOIIUMH B aKTHBHBIX 3JI6MeHTaxX H NaCCHBHBIX llensiXx YCTPOHCT-
Ba, T. €. €ro HeHNeaJIbHOCTbIO. YKa3aHHas COCTaBJsiiollasi omnpeje-
JieHa NPH YCJOBHH, YTO BO3[eHCTBHS, BbI3BIBAIOLIHE OTKIOHEHHS 3JIeK-
TPHYEOKOrO COCTOSHHS OT HOMHHAaJbHOTO (T. €. JecTa0HJIH3HpYIOlHe
(haKTophl), MOMHOCTbIO OTCYTCTBYIOT. JIDYyrHMH cJIOBaMH, 3T0 — ¢a3o-
Bblil QIIBHT, BHOCHMBIf 1l€Nbl0, «3aKPHITOH» OT HeXeJaTeJbHbIX BO3MY-
LIeHHH H COeNHHEHHOMN C BHEIUHe# CPeNOi JIMIIb [BYyMS KaHaJaMH, IO
KOTOpPHIM Lienb MoJy4yaeT HHOOpPMAlUHOHHBIA CHFHAal H OTHaeT ero K
nocjaelylomHuM 3neMeHTaM Tpakra. COOTBETCTBEHHO NOJX JHHaMHYe-
CKHM KOMNOHeHTOM [AS¢ (®)]mm C/elyeT moOHHMaTb M3MEHEHHE OrH-
Oawoue#s $a3oBOro cnekTpa, KOTOpoe BbI3BaHO HeCTaGHJIbHOCTbIO (ha-
30BbIX GJBHIOB, BHOCHMBIX YCTPOHCTBOM. JTa HeCTaGHJIBHOCTb 00yc-
JIOBJIEHA TEeM, 4TO peaJibHOe YCTPOHCTBO (B CHJY CBOHCTB COCTaBJISiO-
LUIHX €€ aKTHBHbIX H MaCCHBHBIX 2/IEMEHTOB) B 3HAYHTEJbHOH CTEeNeHH
«OTKPHITO» K JeCTaOHAH3HPYIOIHM BO3JEHCTBHSM BHEILHEH Cpeabl,
KOTOpble MPHBOISAT K H3IMEHEHHSIM 3JIeKTPHYeCKoro coctosiHus. [Ipuun-
HaMH BO3HHKHOBEHHs1 JIHHAMHYeCKOH COCTaBJsIOIleH SBASIOTCS: (hak-
TOPHl BHELIHeH cpeJbl He3JIeKTPHYECKOro NMpPOHCXOXIEHHS: KIHMaTHYe-
CKHe, MeXaHHYeCKHe H paJHallHOHHble BO3NEHCTBHS, a TaKXe HavlH-
YHe B COCTaBe IeNH HeJHHEHHBIX DJIGMEHTOB, MapaMeTphl (KOTOPbIX H3-
MEHSI0TCA B COOTBETCTBHH C YPOBHEM YCHJIHBAaeMOro kKojeOGaHHS (HJIH
OnpenesieMOro Moc/aeIHHM YPOBHeM ynpaBJsiollero cHriana). Ecau
JKe BO3JAEHCTBYIOUHH Ha Ienb HHGOpPMAaIMOHHBIA CHTHAJl XapaKTepH-
3yeTcsl WIHDOKHM CIIeKTPOM, TO Ha BeJIHYHHY (pa30BOA HeCTaGHJIbHOCTH
3HayHTeJbHOE BJIHSHHE OKa3biBaeT HeJHHeHHas 3aBHCHMOCTb CONpO-
THBJIEHHS! 3JI6MEHTOB LeNH OT YacCTOTHI.

Orciona caeayer, uto BhipaxkeHHe (2.1), HamHcaHHOe B COOTBET-
CTBHH C NOJOXKEHHSIMH TEeOPDHH JIHHeHHBIX Lened, B paccMaTpHBae-
MOl CHTyalluH HenpurogHo. [leficTBHTesbHO, (2.1) caeayeT HCnoJb30-
BaTbh NPH HAJHYHH Ha BXOJe LenH BO3AeHCTBHS CPaBHHTEJNbHO cJaboi
HHTEHCHBHOCTH, KOrJa 3JEKTPHYeCKOe COCTOSIHHe ILeNlH, a cJejoBa-
TeJbHO, H ee KOMIJIKCHasi nepefaToyHas GyHKLUHS OCTAlOTCS NpakKTH-
yecKH Heu3aMeHHbIMH. Takum o6GpasoM, mpH x(t) <<x(¢)rp, rae X (f)rp—
TpaHHYHOe 3HaYeHHe HHTEHCHBHOCTH BXOJHOTO BO3JE€HCTBHs, IPH KO-
TOPOM OTKJOHEHHSI 3JEKTPHYECKOro cocTosiHuss C OT HOMHHAJbHOTO
Cron NpeHe6peKHMO Malibl,

K =~ invar [x (f)]. 2.7
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" Ecau Xe ypoBeHb BXOJHOrO CHTHaJa 3HAYMTEJIEH, TO OTKJIOHEHHH-

_MH COCTOSIHHS LielIH, KOTOpasi B ATOM CJyyae TepPeXOJHT B HeJHHed-

Hblil pexXuM, npeHeGperath HegomycthMo. CluenoBaTesbHO, KOMIIEKC-~
Has mepefaTouyHasi PYHKUHS 3aBHCHT H OT HHTEHCHBHOCTH BXOXHOTO

BO3MIeACTBHS, T. €.

K=var[x(®] npu x (&) > x(t)p. 2.8)

CoOTBeTCTBEHHO NpollecC TPOXOKAEHHS CHIHajla 4yepe3 HeJHHEHHYIO
Lenb onucbiBaeTca GoJee CJAOXKHBIM, HexXenH (2.1), GyHKUHOHAJbHBIM
COOTHOLIIEHHEM

yO)=x(@ Klx@®]. 2.9)
OG6ycnoBieHHble YKa3aHHBIMH NMPHYHMHAMH OTKJOHEHHS 3JIEKTpHUe-
CKOT'O COCTOSIHHSI OT HOMHHAJIbHOTO TIPHBOASIT K IOSIBJEHHIO JONOJ-
HHUTeJIbHBIX H3MeHeHHH (OpMBI CHrHaJia (B YacTHOCTH, orubaloieil ero
¢asoBoro cnekrpa). OHH He CBf3aHB C H3MEHEHHSMH XapaKrepa Ie-
penaBaeMoro coofllleHHss M O 3TOA NPHYHHE PaccMaTPHBAIOTCS KakK
NIOMEXH, BHI3BIBAIOIHE YyBeJHueHHe notepp HHpopmanuu. Cuenosa-
TeJbHO, MOTePH HHPOPMAIlHH, BO3HHKAIOLUIHE IIPH MPOXOXKJAEHHH CHI-
HaJa yepe3 llellb, OKa3bIBAlOTCA TeM 3HauHTeJbHee, ueM Gouibme da-
30Basi HECTaGHUJIbHOCTD LenH, T. €.

AH =Y ASy (), ©.10)

nne Yex — GyHKUHOHAMbHBIH KO3 (HIUHEHT, onpenessieMbli CTPYKTY-
poil uenH, oco6eHHOCTMH €e 3KCIJayaTallHH, XapaKTepoM H CBOMCTBa-
MH 3JIGMEHTOB CX€Mbl H T. J. )

IMo cymectBy ¢asoBasi HecTaGHJBHOCTD OGYCJOBJIEHAa OTKJOHEHHEM XapaKTepH-
CTHK peaJibHOM lenH — (pa3oBOH, YaCTOTHOH, aMIVIMTYAHOA — OT HJAEAJNbHHX XapaKTe-
PHCTHK HEHCKaXXaloIllero 4eTHPEeXMOJNIOCHHKAa. B COOTBETCTBHH €O CKa3aHHHM MoOTe-
pu HHbopMauHH, 06yc/ioBleHHHe ()a30BOA HECTaGHJBHOCTBIO IeNH, TepMHHOJOruye-
CKH onpefesieHH KaK «(a3oBHe LIyMH». YPOBeHb NMOCHENHHX CJAeAYeT HCIOJb30BaTh
B KayecTBe OGOGIIEHHOrO MOKa3aTels, XapaKTepH3YIOIEro CXeMOTEXHHYecKoe H KOH-
CTPYKTHBHO-TEXHOJIOTHYECKOE COBEPUIEHCTBO Y3JI0B (a30BOf CHCTEMBI, a CJIEl0BaTeNbHO,
H BO3MOXHOCTb HX NMPHMEHEHHs AJIsl PelieHHs KOHKPeTHOH 3afauH.

" BuHsHHe cTaTHYecKOH N JHHAMHUYECKOH COCTaBJSIOUWHX (a30BoH
HecTaGHJbHOCTH Ha TIOTEPH HHPOPMAlHH CYIIECTBEHHO pa3JIHYHO.
CraTHYeCKyl0 COCTABJISIOILYI0O MOXHO YCTPaHHTb NPH KaJHOPOBKe
OKOHeYHOTO YCTpOHCTBa. YuecTb TakHM e o06pa3oM JeficTBHe JHHa-
MHYECKOH COCTaBJIsIIOUIell He TPEACTABJASETCS BO3MOMKHBIM, [103TOMY
Tpebyloress 6osee 3QpeKTHBHbIE IMETOAb YCTPaHEHHs amNmapaTypHOH
OLIHOKH.

Kak ykasblBaJloch, OnpeflesIHTb B aHaJHTHYeCKOA ¢opMe cBA3b MexAy ¢a3oBof
HECTaGHJIbHOCTBIO H HHTEHCHBHOCTBIO BCEX AeCTaGHJH3HPYIOUHX (PAKTOPOB KOCTATOIHO
KODPeKTHbIM 06pa3oM HEeBO3MOXHO. DTO O3HAayaeT, YTO He yJaeTcs MOJY4YHTb ¢op-
MYJH, NPHroJHHE J[JISi HHXXeHepHHX pacyeToB. OJHaKo, ec/iH NMPEANOJNIOXKHTb, dYTO
BO3/EACTBHSA, OKa3biBaeMble Ha llenb BHelIHeH cpefofl, HMEIOT He3aBHCHMoOe IPOHC-
XOXJeHHe (a NpaBHJbHOCTb 3TOr0 NPEANOJOXKEHHS MOATBEpPXKAEHAa BCEM OMBITOM
pa3paboOTKH pPa3sHOOOpa3HO#l paJHO3JIEKTPOHHOH anmapaTyph), TO BHOJIHE pPeajbHHM
CTAHOBHTCA CJe[yIOIIHA BapHaHT: ofilas 3ajaya pacuJieHHeTCS Ha HEeCKOJbKO 9acT-
HHX 3aJay, YHCIO KOTOPBIX NPHHIHIHAJBHO PAaBHO YHCJAY AECTaGHJH3HDPYIOWHX BO3-
neficTBHH, a pellleHHe KaxJAOH uacTHOH 3ajaun 6e3 3aMeTHHX TpyaHocrefi (HO ¢

17



onpelle/leHHOA TOYHOCTbIO) M03BOJIAET YCTaHOBHTb CBA3b MexAay (as3oBofi Hecras
OGHJILHOCTBIO M H3MEHEeHHeM HHTEHCHBHOCTH Kakoro-jin6o nec’ra6mm3upylomero BO3-
AefictBus. TlonydenHoe TakuM 06pa3oM BHIpaXKeHHe He TOJBKO MHOJIKHO AaBaTh
HarJisiiHoe IpeACTaBJieHHe O CIJHSH‘IGCKHX SAIBJIEHHSAX, KOTOpHe IPOHCXOAST B LeENH
fIpH HAJHYHH JIHIIb OJHHOYHOrO necraﬁnnuswpylomero fB03,£lel71CTBHﬂ, HO H MOXeET
GHITb HCNOJL30BAHO AJSI TEXHHYECKHX pacyeToB. TakoA MeTOX XapaKTepH3yeTcst NIpo-
CTOTOI’I, HaIrJISAHOCTBIO H JOCTaTOYHO BHICOKOH TOYHOCTBIO pacyetoB, T. €. HMEHHO
TeMH CBOACTBaMH, KOTOpble HEOGXONHMMbl TIPH aHAJHTHYECKOM pelleHHH TPOoOJeMH.
OzHoit M3 YacTHBIX 3a7ay, NPeICTaBJSIOUIHX HHTepeC NpPH NO+
CTPOEHHH MPHAMO-YCHJHTEJbHBIX TPAaKTOB, SIBJSAETCS OlleHKa 3aBHCH-
MOCTH (pa30BOii HeCTaGHJIbHOCTH OT yPOBHSI HHOOPMAalLlHOHHOIO CHTHa«+
Jia (MJH OT YPOBHSI CHTHaJa, ympaBJ/sIOLIEro maDaMeTpaMH TpakKrTa,
HanpHUMep KO3(p¢HUHeHTa YCHJIeHHs). YCTaHOBJIEHHe OTOH 3aBHCHMO-
CTH HMeeT 0ocof0e 3HauyeHHe JJS1 YCTPOHCTB, pabOTaloUIUX B YyCJAOBHAX
H3MeHeHHs1 YpOBHS HH(OPMAIHOHHOI'O CHrHaJa (a cjaeJoBaTeNbHO, W
Ko3(p(dHIHeHTa yCHJIEHHSI) B HMIHPOKOM JHHAMHYECKOM JHana3oHe.

2.2, 3aBHCHMOCTH 3J€KTPAYECKOr0 COCTOSHHSA
nepeJaTOYHON IenH OT H3MEHeHHi mapaMeTpoB
HHGOPManHOHHOr0 M YIPABJIAONIEr0 CArHAJIOB

[Tpuemo-ycunuTeIbHbIE TPaKTHl COBPEMEHHBIX (DA30BBIX CHCTEM
O6LIYHO PaboTaloT B YCJIOBHSIX, XapaKTePH3YIOIIHUXCS 3HAYHTEJNbHBIM
H3MeHeHHeM HHTeHCHBHOCTH BXOJHOro KoseGaHusi. CKasaHHOe O3Ha-
4aeT, 4TO Y3Jibl, BXOASIHEe B COCTaB TPakTa H obecneyHBamollue OCs
HOBHbIE €ro nokasaTenH, paboTaloT B cyry6o HeJHHEHHOM pexuMe,
T. €. HX 3JIeKTPHYECKOe COCTOSIHHe 3aBHCHT OT YPOBHsS IOCTYNaloLIero
Ha BXOJ1 HMH(pOpMalHOHHOro cHrHasla. BHoBb obpamasice K abcTpakr-
HOH TepelaTOYHOH LENH, 3Ty CHTYalHI0 MOXHO ONHCAaTb COOTHOLUe-

HHeM
C=Cuoula,_o-+A C (Aso). @.11)

B psine cayuaeB menb HaXONHTcs NOJ BO3LEACTBHEM He TOJBKO HH<
(¢opMalHOHHOrO, HO M TaK Ha3blBa@MOr0 YNpaBJSIOLIEr0 CHrHaJa,
¢ MoMOLIbI0 KOToporo obecneyHBaercss HeoOXoQHMoe H3MeHeHHe Tapa-
MeTpoB uend. Toraa :

C= CHOM'ABX=0, a, =0 +AC (Anx» Aynp)o (2~ 12)

ynp

3aech Apx — ypoBeHb HH)OPMALMOHHOTO CHIHaJa Ha BXoje LeNH;
Aynp — YPOBEHb YNPaBJSAIOILEr0 CHIHAJA, MOCTYNAIOWEro Ha YIpaB-
JisieMble 3JI€MEHTHI IeMH.

He Kacasicb CyIHOCTH SiBJleHHH, NPOHCXOISIUHX B ILENH, MOXHO
cleslaTh OYEBHAHBIH BHIBOA: ()a30Bast HeCTaOHMJbHOCTL LenH (peub
HIET O AMHAMHMYECKOH COCTaBJsIOIEeH HecTaGHJBHOCTH, ONpeleasieMoi
OTKJIOHEHHEM 3JIEKTPHYECKOr0 COCTOSIHHSI OT HOMHHAJbHOTO) SIBJISIET«
¢ pyHKIHel ABYX mepeMeHHbIX

[A SW (m)]nun = '\P (ABX’ Aan)- (2 13)

B nanHom cayuae qenaeTcsi CyLleCTBEHHO ympoliaioulee JlajbHefi-
WK aHaJ¥3 NPEINOJIOKeHHe O TOM, YTO BCe JpPyrHe (aKTOpHl BHells
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Hell cpelbl, KOTOphie BBI3bIBAIOT HeKeJslaTe/bHble H3MEHEeHHS 3JIeKTpH-
YeCKOro COCTOSTHHA 1lellH, OTCYTCTBYIOT. Biaronaps sToMy mocTaBieH-
Hasi 3alzaya — OoNpeJleleHHe XapakTepa (GYHKIHOHAJbHOH 3aBHCHMO-
cTd (2.13) 4Jas KOHKpDeTHbIX pa3HOBHAHOCTEHl palHOTEXHHYECKHX YCT-
pOMCTB — MOXeT ObITb pellieHa B «YHCTOM BHIEY.

KoHeuHo, npu aHannse 3jeKTPHUECKHX weneidl Boobuie (M OCOGEHHO TeX, KOTOphie
paboraloT B cocraBe ()a30BBIX CHCTeM) HeNOCTaTOYHO OrpaHHYHBATHCH YYETOM BJIHSA-
HHUSA JIHIIb HHTEHCHBHOCTH CHIHAJIOB, BOBIIeﬁCTBle].LlHX Ha Lenb. ﬂeﬁCTBHTeJIbHO, 3JIeK~
TPHUeCcKOe COCTOSIHHE 3aBHCHT H OT APYTHX NapaMeTPOB CHrHANOB, HampHMep, OT vac-
ToTH. [loaToMy npH oueHke ¢a3oBoii HecTaGHJIBHOCTH MOCAEHIO B OOWEM caydae
cllellyeT MPeACTaBJATb B BHAe GYHKUHH GoJiblilero 4Hcia nmepemeHHbX. CooTBeTcT-
BEHHO q)asoBaa HECTaGHJIBHOCTh 3aBHCHT TaKxke H OT BHAA MOAYJALUHH CHrHaJjJa.

Hraxk, B nemu, 3jJeKTpHUECKOe COCTOSTHHE KOTOPOH OlpelesseTcs
MHTEHCHBHOCTBIO [IByX CHI'HaJIOB, HMe€eT MeCTO H3MeHeHHe (GOpPMBI OTH-
6arouieit $Ha30BOro cnekTpa HHGOPMAIHOHHOIO CHTHaJla, He 3aBHCH-
liee OT M3MEHeHHs INepeJaBaeMoro cooflleHHs, HJIH «(a30Bbie wmIy-
Mbi». JIpyrHMH CJI0OBaMH, H3MeHEHHEe yPOBHS HHGOPMAaLHOHHOTO U
yIpaBJSIOLIEro CHICHANOB NPHBOJHT K H3MEHEHHIO (a30BHIX CIBHIOB,
BO3HHKAIOIKX B LenH. B JHTepaType, MOCBAILEHHONH paccMaTpHBaeMo-
MY BONpOCY, YKa3aHHOe CBOHCTBO IepelaTOYHHIX Leneil MpHMeHHTeNb-
HO K HEKOTOPBIM Pa3HOBHIHOCTAM pafHONPHEMHBIX YCTPOHCTB (Ha-
npHMep, BXOASALIUX B COCTaB CBSA3HBIX CHCTEM) onpenensercs Kak
aMNJHTyAHO-pa3oBass kousepcusi, Hiu APK. B nocaenywouiem 3T0
onpejeseHHe pPacnpoCTPaHHAOCh M Ha JApPyrHe Pa3HOBHIHOCTH INpH-
€MHHKOB, NPHMEHfleMbIX B COCTaBe pPas3JHYHbIX pPaJgHOTeXHHYECKUX
CHCTeM,

Ins HarJsuHOCTH cJelyeT clenath rpaduyeckoe moctpoenue. [To-
CKOJMIbKY B 0o0LieM cJydae BHOCHMBIH lenbio ¢as30Bblil CILBHT SBJSETCSH
(yHKUHe#l HeCKOJbKHX He3aBHCHMBIX MepPEMEHHBIX, T. €. 3aBHCHT OT
H3MEHEeHHs] NMapaMeTpoB HH(POPMALHOHHOIO H YNPaBJSIOIEr0 CHrHA-
JIOB, TO MOCTPOEHHE AOJIKHC ObITb CJ€JaHO B MHOTOMEPHOM IIPOCTpaH-
CTBE, YHCJIO H3MEPEHHH KOTOPOro ONpefesseTcsl YHCJIOM IepeMEHHbIX.
OGycJ/ioBIeHHBIE 3THM TPVIHOCTH OYeBHIHBL /sl yNpOLIEHHS aHaJH-
3a H obecnedeHHs HeOOXOAHMOH HATJISAHOCTH, T. €. YSCHEHHS CyIl-
HOCTH fIBJIEHHil B IeNIH, MOXHO MPHHATb P TIOJIOXKEHHIL.

Bo-nepBbiX, CKOPOCTH H3MEHEHHSI yNPaBJSIOIEr0 H HHPOPMAIHOH-
HOTO CHFHAJIOB, SIBJAIOUIHXCS CJOKHBIMH (YHKUHSMH BpPeMeHH, Cy-
LeCTBEHHO pasJHyaloTcs, T. €.

dAYnP(t) (<' dABx(t)_ . (214)

dt dt

STo O3HayaeT, YTO CIEKTPbl YKa3aHHBIX CHTHAJNOB JeXaT B JaJjeKko
OTCTOSIIMX APYr OT Jpyra YyuacTKax 4acTOTHOrO JHalasoHa H, cJe-
IOBaTe/NIbHO, H3MEHEHHS] 4aCTOThl YNPaBJAAIOILEer0 CHTHaJa He OKas3bl-
BalOT BJIHSIHHSL Ha 3J€KTPHYECKOe COCTOSIHHe LenH (MJH, IO KpaiHed
Mepe, NPHBOAAT K TAKHM H3MeHEeHHSM, KOTOpble He OKa3blBalOT 3a-
METHOr'0 BJHSIHHSI Ha XapaxrTep HH(pOPMAaUHOHHOTO CHTHagla). Takum
obpa3oM, 3HaueHHe ()a30BOr0 CIBHra ONpeNesseTcs HCKIUHTENbHO
4acTOTOH HH(GOPMAaIHOHHOrO CHrHaJa. Bo-BTOpBIX, yCJaOBHSI paboT
GOJIbIIHHCTBA peaJsibHBIX YCTPOHCTB MPHHIKIHAJIBHO UCKJIIOYAIOT OLHO-
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BpPEeMEHHOe BO3JeHCTBHe Ha Lelb HH(GOPMAIHOHHOIO H YNpPaBJSIOUIEro
CHrHAJIOB 3HAYHTEJIbHOrO YpOBHs. B NpOTHBHOM ciiyyae B pesyJbTare
HX B3aHMOIEHCTBHS BO3HHKAIOT HCKaXXeHHs HH(OpPMaIlHOHHOTO CHTHa-
Jaa.

Tak, HampuMep, eciH Ha BXOX HeNH MOCTYNaeT HHGOPMANHOHHHA CHrHAJA MaJjofi
HHTEHCHBHOCTH, TO H3MEHeHHe MapaMeTpPOoB LeNH O6GHYHO OCyleCcTBJsAETCA NyTeM BO3-
AefcTBUA Ha ee Y3JIH ChneHaJbHOro YNpaBJAOLIero CHrHajJa 3HAa4YHTEJBHOrO YPOBHsA
(mocnenHui onpenensieTci HHTEHCHBHOCTbIO HH(OPMaLHOHHOrO CHrHaja), BHpa6GaTH-
BaeMoro B CIELHAaJbHOM yc'rpoﬁc'rne. B sTtoMm clyqae BJIHAHHEM YPOBHA m-ubopua-
ILTHOHHOI'O CHrHajla Ha 3JIEKTpPHYEeCKO€ COCTOSHHE UENH MOXHO npeHere'u:. Ecan xe
YPOBEHDB HHCI)OpM&nHOHHOI‘O CHTHaJla 3HAYHTENEH, TO OH MOXeT GOHTb HCNOJb30BaH
ANl H3MEHEHHs 3JIEKTPHYECKOro COCTOSIHHA LeNH, T. €. B KayeCcTBe YNpaBJAIOLIero.

Takum o6pa3oM, ynpaBJsiOIlHM MOXeT ObITb Ha3BaH CHIHAJ (HH+
(hopMaIHOHHBIA HJIH YNPaBJASIOIIKHA) 3HAYHTEJBHOTO YPOBHS, KOTOPbIX
06GYyCJIOBJIHBAaEeT 3aMeTHble H3MEHEHHSI KaK 3JEeKTPHYECKOI'0 COCTOSTHHS
IlelTH, TaK H ee NOKa3aTesel (HJIH KOMIJIEKCHOH NepefaTouHON ¢YHK-
nuH). 1A KauecTBEHHOMA OLEHKH (a30BbIX CBOHCTB LEMH, Ha BXoje
KOTOpOH JeHcTByeT KoJeGaHHe ¢ HHTEHCHBHOCTbIO, MeHsIOUleAcs B
IIHPOKOM (IHHAMHYECKOM JHamna3oHe, BHOCHMBIH (a30BbIil CABHT Heol-
XONHMO paccMaTpHBaTb KaK (PYHKIHIO JBYX TlepeMeHHHIX: YacTOTHI
HHGQOPMAIIHOHHOTO CHTHAaJa (@umg. c¢) H YPOBHS WIPaBJISAIOIUIErO CHIHA-

Ja (Aynp. c)

V=" (Oung.c » Aynp.c). (2.15)
AHasorHyHblM 06pa3oM ONpeNeJsIOT H H3MeHeHHs orubGaioieil ¢aso-
BOro crnekrpa HJH (OpMbl pa30-4aCTOTHOH XapaKTEPHCTHKH IeTH

[A Sp ()]s =¥ @ug.c » Aymp.c). (2.16)

Orciona cienyer, 4TO NOBeJeHHE MM MOXeET ObiTb KaueCTBEHHO Ole-
HEHO C NMOMOIIbIO IpadHUECKOro NMOCTPOSHHS, CIENaHHOIO B TpexMep-
HoM mpoctpaHcTBe (pHc. 2.2). Ilo onHOM H3 ocell oTKJaaabiBaercss ab-
COVIIOTHOEe 3HaueHHe (a30BOro CABHra ¢, BHOCHMOrO LeNblo, MO JpY-
roif —yacrora HH(OpPMalUHOHHOIrO
CHrHajlla (BXOZHOro), a NO TPeThb-
el — HHTEHCHBHOCTb 3JIeKTpHYe-
CKOT'O BO3JeHCTBHS, H3MEHSIOLIEro
COCTOSIHHE LENH H, CJIeN0BaTesbHO,
CTeneHb HeCTaOMJIBHOCTH ee (¢as3o-
BbIX CBOMCTB. AHaJH3 IOCJeAHHX
CBOAUTCI K HCCIeOBaHHIO Tpex-
MepHO# ¢HIypbl — NPOCTPaHCTBEH-
Horo pesnbeda, Kaxaas ToYka KOTO-
poro omnpenessieTcss 3JeKTPHUECKHM
COCTOSIHHEM LIeNH HJIH AJs paccMaT-
pHBaeMoOro  cjaydas — YacTOTOH
YCHJIHBaeMoro koJieGaHHs H YypOB-
HEeM YNpaBJSIOllero BO3JeHCTBH.
Puc. 2.2. TIpocTpaHCTBEHHHA pefb- Takum o6pa3oM, MeTOAHKA Hc-
ed, namoCTPHPYIOLIHA Pk S ClefloBaHHs 3aK/OUAETCS B OLleHKe
;‘:.}*:;‘;‘“ug’::°§“§,‘n§§§,,;’;;H‘Lf"" ;fcl:: ¢a30BHIX CBOHCTB LEMH NOCJIe0Ba-
NeHHeM TeJIbHO B HECKOJIbKHX (HKCHPOBaH-
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HBHIX SJIEKTPHYECKHX COCTOsHHAX. Omnpelensis BHOCHMHEA  (a30BbIA
CHABHT ¢ MPH HEH3IMEHHOH YacToTe BXOJHOTO CHTHaJla H DPasjMYHBIX
YPOBHSIX yNPaBJAIOIEro BO3AEACTBHS, MOXKHO NOCTPOHTb 3aBHCHMOCTH
¢="F;(Aymp. ¢), KoTOpas aBaseTcss (pa30-aMIIHTYAHOR XapaKTEPHCTH-
KOA uenH A/s (QHKCHPOBAaHHOH 4YacTOTH (NyHKTHPHas JIMHHS Ha
puc. 2.2). OgHako 3TOi XapaKTepHCTHKH HEJOCTaTOYHO JJISi HCYEpIbl-
BalOLEro CyXk/jeHHs 0 «(a30BhX IIyMax». I'opa3fo ynoGHee MOJIb30+
BaTbcsi GoJiee YHHBEPCAJbHOH 8aBHCHMOCTbIO ASg (©) =Fz(Aymp. ¢).
[To cymecrtBy, 370 — Ha6op ()a30BHIX XapaKTepPHCTHK, T. €. IpapuKoB
3aBHCHUMOCTH @=F3(@un¢. c), H3MEpEHHbLIX NPH (HUKCHPOBaHHHX yPOB-
HSIX YNpaBJIfIOLLer0 BO3/eHCTBHSA.

Heo6xonuMo ykasaTb Ha yNpolleHHs, NpelyCMOTPeHHble ONHCaH-
HOH MEeTOJIHKOH.

Bo-nepsrix, npencraBieHHoe Ha pHC. 2.2 rpadHYECKOe NOCTPOeHHe
IBJISIETCS HJeaJH3HPOBaHHBIM, TaK KaK He YUHTHIBaeT H3MEHEHHH yac-
TOTH HyJieBoro ¢as3oBoro ciBura. B OOMbIIHHCTBE peaJbHHX YCT-
POCTB BJAHSHHE M3MEHEHMH 4acTOTH HYJeBOTO ()a30BOr0 CIBHra OKa-
3bIBaeTCS HE3HAYHTEJIbHBIM H IIO3TOMY HCNOJIb3yercsi Gojiee mpocToe
NocTpOeHHe.

Bo-BTOpbIX, NpH nocrpoeHHH (a30-aMIIUTYIHOH XapaKTePHCTHKH
npeanoJiaraercs, YTo JpyrHe KOMNOHEHTH CHeKTpa CHTHaJa H3 pac-
CMOTPEHHSI HCKJIOUEeHHI,

[pennaraemas MeroiHKa siBJsieTcs BecbMa oOlLiel H MO 3TOH NpH-
YyHHe MO3BOJISIET CleNaTh sl BbIBOJOB, Ha KOTOPHIX 6a3Hpyercs aHa-
JH3 Leneil ¢ MeHswouefica B npollecce paboTH KOMIIEKCHOH mepena-
TOYHOH ¢yHKIHel. B HacrosimeM paszmese Her HeOOXONMMOCTH pac-
OMaTpHBaTh Pa3HOBHIHOCTH Y3JI0B INPHEMO-yCHJHTEJNbHHIX TPaKTOB,
s paGoThl KOTOPHIX XapakTepHO BosHHKHOBeHHe ADK. Meronpt Teo-
pPeTHYeCKOro aHa/lu3a 3THX Y3J/I0B, HMelOllHe LleJblo ONpeleseHHe 3a-
BHCHMOCTH 'KOMILIEKCHOH MlepefaTOYHON (QYHKIHH OT H3MeHeHHH ma-
paMeTpoB HH()OpPMAIHOHHOIO CHIHaJjla, H BBHIBOJ pPacYeTHBIX COOTHO-
IIeHHA JaHbl B MOCJENYIOIHX TJaBax.

2.3. OIpoasrenna APK npr pasnduHBIX BHAAX MOXYIAIHE

Hurencusrocts 3¢dektos APK, BO3HHKAIOWIHX B YCTPOHCTBaX ¢ KOMIJIEKCHOR
HeJIMHeAHOCTHIO, 3aBHCHT He TOJIBKO OT YPOBHS HH(OPMAIHOHHOIO CHrHajla, HO H OT
BHAA MOAYJAUHH. PaccMoTpeHHe B o6uieM BHAe 3afaiH 06 HCKaXeHHSAX CHTHAJOB C
PasNMYHHIMH BHAaMH MOAYJsAUHH B mensx ¢ ADK cBf3aHO cO 3HAYHTENBHHMH TPYA-
Hoctsamu. TloaromMy B HacrosimieM naparpade aaercst JHIIb KayeCTBEHHOE ONHCAHHE
paustauss A®PK Ha HcKaXKeHHS MOAYJHPOBAHHHX CHTrHaJoB. JIJsl ynpoLIeHHS Npeamno-
Jaraercs, YTO CHCHAJ IPOXOXHT uepe3 HAEANH3HPOBAHHOEe YCTPOACTBO, y KOTOpOro
OTCYTCTBYEeT aMIVIHTYRHass HeanHefiHocTh., Takas HZeainsanuss BHOJNHE XOMYCTHMA,
0COGEHHO B TeX CJaydasX, Korja Heo6XOAHMa ODHEHTHDPOBKAa B BONpPOCaX, KacaioLIHX-
csl aHaJHTHYECKOTO HCCJefOBaHHA M pa3paGoTku ycrpoficts ¢ ADK.

Daszomodysruposannsil cuznas. TIpn HaauuHH Ha BXoje ycTpoiicTBa (hasomony-
supoBanHoro (®M) xosne6GaHHS c JeTePMHHHDPOBAHHOR aMIJHTYZAOH

£(t)=Xexpi[@f+¢@) @.17y
Ha BHXOJe pa3BHBaeTcs Takoe ke PM xose6anne ¢ ¢$a30BOf NMOCTOSAHHOM, 3aBHCSH-
el OT YPUBHA CHTHAJa, 2 HMEHHO -

yO=YX)expif@f+ @)+ P(X). (2.18)
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Ha npakruke ammiantyna ®M xosne6aHHs H3MeHSeTCS JHWIb NpH BO3AeACTBHH
TIOMeX Ha TPHEMO-YCHJHTEJbHBA TPAKT H H3-3a OrPaHHYEHHOCTH ero MOJIOCH Ipomy-
CKaHHfA, YTO OGYCJ/OBJHBaeT HepPaBHOMEPHOCTb AMIVIHTYAHO-4aCTOTHOH XapaKTepH-
CTHKH M XapaKTePHCTHKH BPEMEHH TpymmoBoro 3amasaniBanusd. ITosTomy B mpouec-
ce npoxoxzaenuss ®M curHana yepes uemb ¢ AD®K moGnie H3MeHeHHsi $a3bl CHrHa-
Ja, He OGYCJOBJIEHHble H3MEHEHHEM XapaKTepa IepellaBaeMoro cooOILeHHs, HecyT B
cebe JIOXHYI0O HHPOPMALHIO, T. €., MO CYUIECTBY, SABJAIOTCH NMOMeXOi (MMEHHO MO3TO-
MY BMOJIHE MpaBOMEpHbLIM SBJSETCH CHEJIaHHOe BHLIe OTOXJAecTBjeHHe 3ddekToB
A®K c «}pa30BHIMH IIyMaMH»).

Ilpu paccMOTpEeHHH cHCTeM, NpefHAa3HAYeHHBIX MJS TepelayH CHTHAJOB C ApY-
MMH BHAAMH MONYJSAUHH (aMIVIHTYXHOH M 4acTOTHOH) Ha NepBHl B3IJAL MOXKeT
nmokasatbesl, 4To ¢ BausgHieM ADPK MoxHo He cuntaThes. Ha camom xe nene 3d-
pexramp AD®K B Takux cayyasx npeHeGperaTb Heslb3fl, TAK KaK ee BJHSIHHE Ha
¢dopmy cHrHaja, a CJIefOBaTeJbHO, H Ha BEJHYHHY NMOTepb HH(OpMALHH CKa3biBaer-
csi Gosiee CJIOXKHBLIM 06pa3oM, XOTS H He CTOJIb OueBHAHO, yeM npH M curaaaax.

YacrotnomoOyauposartoe xoasebanue. Tlpu Haauunmu Ha Bxoze uenn ¢ AGK UM
KoJie6aHHsA ¢ JeTepMHHHPOBAHHOH aMIVIHTYNOH

x(t)=Xexpi[wo+Q()], (2.19)

Tae Q (f) — dyHKUHS BpeMeHH, OTpa)kalomas H3MEeHeHHe YacTOTHl KoJebaHHS B CO-
-OTBETCTBHH C IepeflaBaeMbiM cOOGILEHHEM, Ha ero BHXoJe Takxke paspuBaerci UM
Kosie6anue

¥ () =Y (X) exp {i [0+ Q(N)] t + P (X)}. (2.209)

‘Kak BHIHO, OHO OTJIHYAaeTCs OT BXOZHOrO KoseGaHHs (a30oBBIM HaGeroM, KOTOPHIH om-
_pelensieTcss ypoBHeM BxofHoro curiana — P(X). Takum o6pasoM, MrHoBeHHas ¢asa
H 4acTOTa BHXOZHOrO KoJieGaHHS

o) = [0+ 2()+ VY (X)]¢, 2.21) -

dy (X
O = 00 -0 () - T2 2.22)
:9To o03HaYaeT, YTO H3MEHeHHe AMIJIMTYAH BXOJAHOTO KOJeGaHHS NMPHBOAHT K MOSBJeE-
HHIO NPHPAUIEHHH YaCTOTHI CHIHaJa, He OGYCJIOBJEHHHX 3aKOHOM H3MEHEHHs Iepe-
.AaBaeMOro COOGLIEHHS, T. €. MMEIOT MECTO AONOJHHTEJbHblE HCKAaXKEHHsl CHrHaja. B
HeaqH3NPOBAHHON CHTyauun ammiuTyza UM koseGanusi MOCTOSIHHA H, CJIELOBaTe/b-
HO, HMCKaXEHHSl CHrHaja OTCYTcTBYOT. OZHAaKO 1O NPHYHHAM, H3JIO0MKEHHHM BHILIE,
.aMIVIHTYAa BXOLHOTO CHTHaJia NPAaKTHYeCKH Bceraa usMensiercd. IloaToMy B peasb-
HbIX ycioBusix mpoxoxnenne UM koseGanus-uepes uemn ¢ APK compoBoxpaercs
HCKaXKeHHSAMH.

Amnautydnomodyauposannoe kosebarue. Xapaktep BIMSAHHS aMIUIUTYAHO-(a3o-
"BOfi KOHBepCHH Ha HcKaxeHHs AM kosie6aHHS MOXKHO ONpefeNuTb NMPH PACCMOTPEHHH
.CHrHa/la Ha BHxofe yenu ¢ AQPK

YO =Y (t)exp {i 0ot + ¥ [X ()]} (2.23)

Kak BHIHO, BBIXOZHON CHrHaJI. pejcTaBJiseT co6ofi aMmIHTYZHO-Pa30MOLYIHPOBAH-
Hoe ADPM KoseGaHue, 3aKOH H3MEHEHHS aMILIATYAH KoToporo Y(?) mpu OTCYTCTBHH
AMIUIHTYHOA HeJMHEAHOCTH He H3MeHSieTCS INpH NOsBJeHMM napa3uTHofi ¢asoBoit
MonyasuHu (otpaxeHo uiaeHoM WYX (f)]). Ho nockoseky. mupuna cnektpa A®M ko-
.Jie6aHHS 3HAYHTENbHO NpeBHILAeT WIHPHHY chnekTpa BXoxHoro AM koJeGanud, mapa-
3uTHasA (asoBas MOAYJALHMA NPHBOLHT K HCKaXKEHHIO 3aKOHA AMINIHTYIHOH MOAYJISA-
IHH. DTO O6GbSACHAETCA TeM, YTO peajibHble LEMH, Y KOTOPHX (a30-yacTOTHas Xxa-
PaKTepHCTHKa JnHefiHa B mpefesax MOJOCH YacToT, 3aHHMaeMmoii cmektpoM AM ko-
Jie6aHus, HelWHedHa B TpejesNax MOJOCH YacTOT, 3aHHMaeMoit cmektpom APM ko-
sne6anns. [locienHee omHCHBaeTcss BbIpaKEHHEM

y@)=Y(#)L, X lexpi(@o+n Q)4 (— 1) expi(wo —n Q).  (2.24)
n=0
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3nech Ln — K03 HUHEHTH, 3aBHCHMHE OT BHAa Moxyaupywoumefi ¢ynxuun. Taxkum
o6pasoM, HeauHefiHocTh PUX NPHBOAHT K HApYWIEHHIO OPTOrOHAJBHOCTH CHMMETPH1I-
HBX OTHOCHTENbHO Hecywleil cocrapasiomux APM kose6GaHusi H, KaK CJIeACTBHE 3TO-
ro, K NOSIBJEHHIO NAapa3sHTHOA aMMJHTYAHOA MORYJSUHH, T. €. K HCKaXXeHHIO mepe-
JlaBaeMoro COOGIIEeHHS.

2.4, O0mme NPUHOMNL MUHMMHA3ANAHA annapaTypHoi ommbkm,
BHOCHMOM y3aamu (pa30BOH CHCTEMBI

HasnaueHuem J11060r0 pagHONPHEMHOI'O YCTPOACTBa SIBJSIETCS BbI-
NleJIeHHE M3 CHTHaJjla MaXCHMaJIbHOTO KOJIHYeCTBa MOJIe3HON HHpopMa-
LLHH, T. €. JOJKHO BBHINOJIHATBCS yCJOBHE

A H—0. (2.25p

B peaabHbIX ycTpoficTBax NOJIHOE OTCYTCTBHE TIOoTepb HHOD-
MaluH — Tpe6oBaHHe HeBbimosHHMoe. [losTomMy B mpouecce paspa6or-
KH KaK YCTPOWCTBAa B LIeJIOM, TaK H OTIEJbHLIX €r0 Y3JO0B JOMKHO
6bITh 06ecneyeHo COOTHOLIEHHe

AH —> A Hyp, (2.26p

T. €. MOTepH HHpOpMalUHH He JOJIKHBI NpPEBbILIATb BEJHYHHBI, {OMYC-
THMOH TeXHHUYECKHMH TPeOOBaHHSAMH.

l'oBopsi 0 cnoco6ax peanu3aiuu cooTHourenus (2.26), caenyer py-
KOBOJICTBOBATbCSl H3BECTHBIM H3 OOLIEH TEODHH CHCTEM NPHHIHIOM
JEeKOMIIO3HLHH (HJIH pa3JioXeHHs1). B cooTBeTCTBHH ¢ HHM pe3yJbTH-
pylollasi BeJHYHHA NOTepb HHPOpMaUHH, OGYCJOBJEHHBIX HCKa)alo-
ILHM (1eficTBHEM OTJEJbHBIX Lienedl — 3J6MeHTapHbIX Y3J0B (HX COBO-
KyIHOCTb 06pa3yeT yCTPOHCTBO), ONpejessieTcss Kak

N
AH=|VAH, |+ AH, 2.27)

i=1

3aecb N — yHOMIO 3J1eMEHTapHBIX Y3J0B, O0GpasylollHX YCTPOHCTBO;
AH; — notepH mnosie3Hofi HHGOpPMaUHH, BHOCHMOH 3JleMEHTapHBIM Y3-
Jom; AHy — KOppeJssiiMOHHAsi COCTaBJsfiiollas MOTepb HHOpMaUHH,
o6ycJIOBJIeHHasl TeM, YTO paboTa OTAeJbHBIX Y3JO0B (a CleJ0BaTeNbHO,.
H HX HOKaxKalolliee J1efiCTBHe) XapaKTepH3yeTcs HaJIHYHeM CTaTHCTH-
4eCKOH CBSI3H. :

Bo3sHHKHOBEHHE KOPPENSUHOHHOA cocTaBisiiomiell OOGBSCHAETCA TeM, 4YTO NpH
onpefieJIeHHBIX YCJIOBHSIX HaJIHYHe KaKOro-iH60 OXHHOYHOrO BO3JAEACTBHS HA UeNb.
06yCJIOBJIHBaeT MNOsiBJIEHHE B MNOCJefHeH pa3iHyHBX 3¢deKkToB, npHyeM He TOJBKO
TeX, KOTOpHe NMpHCYWlH RaHHOMY Bo3aefictuio. IlosBasiorcss 3ddekTH, XapakTepH-
3ylOlllHe JeficTBHE Ha Uenb KecTaGHIH3HPYIOWIHX (PAaKTOPOB APYroro NpPOHMCXOXKJe-
HuA. AHanutHueckH AHMy MOXKHO HafiTH JIHIUL NPHGJIH3HTEJBHO, TaK KaK CBfA3H, CYy-
LIECTBYIOIIHE MEXAYy 3JEeMEHTaMH H Y3JIaMH peaJlbHOro YCTpPoficTBa H BHI3HBaloOLIHE:
BO3HHKHOBEHHE KOPPEJISIUHOHHOA COCTaBJsIOLled,, JOBOJbHO MHOroo6pasHu. bBoJb-
LIMHCTBO 3THX CBs3efl SBJASETCS MapasHTHHMH, H HX KOJIHYECTBEHHHA y4yeT He mpel-
craBisercss BO3MOXKHHM. [loatoMy Besnunna AHy onpeneisieTcss SMINHDHYECKHM ny-
TeM AJS KaXJA0ro KOHKPETHOrO YCTPOWCTBA H NpPH ONpeleseHHBX YCJIOBHAX IKCILIya-
TalHH.

PaccmarpuBaeMast cocTaBisiomlass morepb HHGOpPMalMH CPaBHHTEJBHO Mana H,
npu paGoTe peasbHHX Lenefi ee MOXKHO He YYHTHBaTh. DTO O3HayaeT, 4TO 3ajada:
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MHHHMH33aUHH 1oTepb HHGOPMaLUHH B YycrpoficTBe pellaeTcs NyTeM BHIOJHEHHS
HecKosbKHX (M) He3aBHCHMHIX omepauufi BHxa

AH;—~A Hy yuu. (2.28)

Kaxja® H3 HHX HMeeT LeJbl0 YMeHbleHHe HCKaXKalollero RefiCTBHA COOTBETCTBYIO-
jowero ysaa. B o6weM ciayyae omepauus (2.28) ocyuwectBasieTcsi MyTeM HCNOJB30-
BaHHS KOMIJIEKCa CXeMHHX H KOHCTPYKTHBHO-TEXHOJIOTHYECKHX pellleHHfi, cmoco6cT-
BYIOIIHX OcCJa6/ieHHI0 BJHSAHHA AeCTaGHJH3HPYIOIIHX (DaKTOPOB Ha SJEKTPHUECKOe CO-
crosinke y3aa. KoHeuHo, peub HAET 0 Mepax, cmenH(HYECKHX AJS KaXAOro ysja H
onpeeisieMHX BHIOJNHAEMHMH HM OGYHKIHSMH, a TaKXe ero MecTOM B COCTaBe pas-
pa6bartniBaemoro ycrpofictsa. HekoTopne H3 AecTaGHaH3HpyOlHX (aKTOPoB BO3Zefi-
CTBYIOT Ha BCe Y3/IHl NPHMEPHO OJIHHAKOBO, H 3TO O3HAYaeT, YTO HX BJHMsSHHE YCTpa-
HAETCS] MPHMEHEHHeM COOTBETCTBYIOLIHX Mep K YCTPOHCTBY B LIEJIOM.

Ipouecc MHHHMH3aUHH NOTeph HHGOpPMALHM 32 CUET H3MEHEHHH 3JIEKTPHYECKOro
COCTOSIHHSI LIeNH HMeeT psAJ ocoGeHHOCTeH, KOTOpHe 06JeryaioT pellleHHe NOCTaBJieH-
Hoft 3ajaun, Tak, HeKoTopHe AecTaGHAH3HpYOLIHe (aKTOPH NpH ompeleeHHHX Yc-
JIOBHSIX, B YaCTHOCTH NpPH OIHOBPEMEHHOM BO3JEACTBHH, B3aHMHO KOMIIEHCHDYIOT He-
XKeJaTeJbHHE OTKJIOHEHHS 3JEKTPHYECKOrO COCTOSIHHA LemH. TeM caMuM JH6O co-
Kpauaercs TpeGyemoe uHclo omepauu# BHiza (2.28), au6Go ocnabiaseTcs HX Bo3ief-
CTBHE Ha 3JeKTPHUECKOEe COCTOSIHHE.

Ha ocHOBaHHH CKa3aHHOTO MOXHO CJeJlaTb KOHKpeTHble BBIBOJHI.
ITockosbKy B yKa3aHHBIX Pa3HOBHIHOCTSX Leneil moTepH HHGOpMauUHH
o0ycJioBJeHbl H3MeHeHHeM ¢opMbl orubamonieil ¢a30BOro cnekrpa HH-
(opmanHOHHOrO CHTHaJIa, T. €. XxapakrepoM ¢yHKkuuH ASp (@), TO HC-
nosHeHHe TpefoBaHHa (2.28) mocrHraercs crabuiH3anuedi (pa3oBBIX
CBOMCTB LleNlH BO BCeM JHaNa3OHe YPOBHel yMpaBJSIOLIEro CHrHaJja.
IIpu 3TOM HOJIKHO BHINMOJHATHCS YCJOBHE:

B HJleaJu3HpPOBaHHOM cJaydae A Sy (w) = const, }

(2.29)
B peanbHOM ciydae A Sq(®) < Auun.gon

3aech Ampn. non — QYHKUHOHA/bHAS BEJHYHHA, ONpeIeJsiomasi MHHH-
MaJIbHO JONYCTHMOe H3MeHeHHe orh6Garouleli (a30BOro cmekTpa CHr-
HaJa. JIpyruMH cJIOBaMH, NPH NMOCTPOEHHH leNH JOJXKHa GbuIThb obec-
fledeHa HHBAPHAHTHOCTb ee (pa30BBIX CBOHCTB K YPOBHIO YIpaBJsioLiie-
TO BO3JEHCTBHS.

dto TpeGoBaHHe KOHKpeTH3HpyeTos ¢ yyeroM (2.6), oTpaxkaolye-
ro CTPYKTypy (a3oBoii HecTaOH/JbHOCTH uUenH. B pacomaTpuBaeMoM
pexume paborTH, T. €. TIpH yTIpaBJIeHHH KOMIIJIEKCHOH TIepelaTOYHOH
GyHKIHeH, CTaTHYECKHA KOMIOHEHT «(a30BHIX IIYMOB» OCTaeTcsl He-
H3MeHHBIM H (pa3oBasg HeCTaGHJIBLHOCTL OOYCJIOBJIHBaeTcsi JAHHaMHYe-
CKHM KOMIOHEHTOM. B COOTBeTCTBHH C METOLHKOH, KOTOpas CBOAHTCH
K aHaJH3y H Tocjeldyoliel OLeHKe HeCKOJbKHX OOYCJIOBJIEHHHX pas-
JHYHBIMH TPHYHHAMH COCTABJSIOIIHX (pa30oBoii HeCTaGHJBHOCTH, AJS
obecleyeHHs] «YHCTOTHI» pelleHHs] 3aJa4yH NpPHHHMaercs, 4YTo Bce (3a
HCKJ/IIO4EHHEM YNpPaBJSIOUEro CHrHaJa) JecralGHAH3HpYyIOliHe ¢akTO-
pui orcyrcTByioT. Tonma 3amaya ¢as3oBodi crabHau3aUMH LeNmH
ynpaBJjseMOH nepenaToyHOH GyHKIHel pellaercd NyTeM aHaJH3a
Bo3HHKalowe#l B nenu A®K, oleHKH HHTEHCHBHOCTH COOTBETCTBYIO-
IHX 3(eKTOB H OmpeJeseHHS TeXx Mep, KOTOpPble 00ecneyHBaiOT He-
o6xonuMoe ocaabGieHHe 3THX 3ddexkToB. B yacrtHOCTH, AJS yMeHblie-
HHSl JHHaAMHYecKOH cocTaBjsiolleli (a30Boi HecTaGHJIBHOCTH Tpe-
6yercs, uro6n ¢opMa (YHKUHOHAJbHOH 3aBHCHMOCTH [AS¢ (®)]qam
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B 3aJaHHOM HHTepBaJie YDOBHefl YMPaBJISIOLIEro BO3MEHCTBHA OCTa-
BaJiachb HeM3MEHHOH (B HIeaJbHOM cJydae) HJH H3MEHsAJach B Jomyc-
THMBIX npejenax (B peaJibHbIX YCTPOHCTBax), T. €.

d[A Sy ()] anE

dApp.c

ITo pHc. 2.2 MOXHO ONpejeJHTh YCJIOBHE MHHHMH3AUHH JHHAMHYE-
CKOr0 KOMMOHeHTa ()a30BOil HecTaGHJbHOCTH. CeyeHHe MPOCTPAHCT-
BEHHOTO pesibeda MJIOCKOCTbIO, NapaJliieIbHOH KOODUIMHATHOH IJIOCKO-
CTH @, Aymp. ¢ (3TO 3KBHBAJIEHTHO MNOCJEI0BAaTENbHOMY PacCMOTPEHHIC
H OleHKe HEeCKOJNbKHX 3JIeK-

TPHUYECKHX COCTOSIHHH IlellH, ¢

KaxKJioe H3 KOTOPLIX COOTBET- l
CTBYeT pAa3jHYHbIM YPOBHAM ,
ynpaBJsoliero BO3AeHCTBHSA ﬂﬂ !

H HeH3MeHHOH yacToTe HH(OP- dﬂﬂ | Wungs
MAaIHOHHOTO CHTHaJja), JOJIXK-
HO HMeTb B HJeaJlbHOM CJy-
yae ¢opMy MNPSIMOYrojbHHKa
(puc. 2.3).

Orcioga cienyer, 4To HIe-
aJH3HpOBaHHas B cMbIcie da-
30BO# HecTaOHJIbHOCTH LeNb C
ynpaBiseMbM  KOIQQHUHEH- pyc 23 Tpoctpancrsennuit penbed, xapak:
TOM NepeAayd A0JXKHA ONMHUCHI- TepH3yOWHA ¢a3oBHe CBOACTBA HAEAIH3HPO-

BaThCsl CeMEHCTBOM (pa30-aM- BaHHOA B cMHcIe (a3oBOi HecTaGHABLHOCTH
IVIHTYAHbIX ~ XapaKTepPHCTHK, TIepeNaToHOH LenH
NpeACTaBJSIOMHX COGOH OPH3OHTAJIbHbIE JIHHHH, T. €. NpH Aymp. ¢=
=var, omp- c=const Pasopblii casur ¢=const. HuaH, ocHoBHIBasICL
Ha MOHATHH O KOMILIEKCHOH HeJHHEHHOCTH, MOXHO mnoTrpe6oBaTh TO-
CTOSIHCTBA MOAYJSi H apryMeHTa KOMIJIEKCHON mepefaToyHoH (QyHK-
nuH. B peanbubix ycrpofictBax Takas ¢popma PAX He MoxeT OHTb
noiydeHa. Ho Tem He MeHee ycuioBHe @==const sBjsercs OpHEHTH-
pOM, cTeneHb NPHOJIHKEHHs K KOTOpPOMY TIO3BOJISIET CYWIIHTb O COBep-
HIeHCTBe pa3pabGaThiBaeMON LenH, a cJeloBaTeJbHO, H O BO3MOXHO-
CTSIX TIPHMEHEHHsI 3TOH LleMH B COCTaBe KOHKpeTHOH ¢a3oBOH cHCTe-
mu. TlosTomMy npu aHanuse cJaenyeT HMeTb B BHAY HeKOTOpHie Orpa-
HHYEHHS.

Bo-nepBuiX, paccMaTpHBaTh NOBeJeHHe IeNH (T. e. ee XapaKTepHcC-
THKH) B peaJjibHbIX YCJOBHSX 9KCIWIyaTallHH, B YaCTHOCTH, B KOHey-
HOM MHTepBaJie YPOBHeR yNpasJsiIOLIEro CHrHaJa.

Bo-BTOpHIX, B 3aJJaHHOM {iHana3oHe 3HaYeHHA Aynp. ¢ Pa3o-amniu-
TYJAHasi XapaKTepHCTHKa JAOJIKHA ONHCHIBATLCS CJAOXKHOA (yHKUHO-
HaJIbHOA 3aBHCHMOCTbIO, 2 (pagoBBHIfi CABHT NPHHUHIIHAJILHO He MOXET
ObITb MOCTOSTHHBIM.

Hrak, a4s peaJibHOH LienH c ynpaBJjseMbM Ko3¢(HUHEHTOM mepe-
Jlaun 3aBHCHMOCTb ¢a3oBOro cABHMra Ha (HKCHDOBaHHOH yacTroTe OT
YPOBHSI YIPaBJISIOIIEr0 CHTHAJa OMHCHIBAETCS COOTHOIIEHHEM
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q)l“)m-ld).c =const = (P..|Ay,,p_c-.o = A g (Aynp.c)s (2.31)

TIIpHYEM IPpH Ayn‘p. c. MpmgAynp. 0<Am- C. MaKc Aq) (Aynp. c) <
<Aq>mm- ;o

B 3akjloueHHe HYXHO OTMETHTb, 4TO JJs yMmeHblleHHs ADK cie-
ayert:

HOMOJb30BaTh aKTHBHBIE 3JIeMEHTBbl, XapakTePHCTHKH KOTOPBIX OT-
Juyaiorcsi 60Jiee BHICOKOH JTHHEHHOCTbIO H MeHbLIEH 3aBHCHMOCTbIO HX
$a30BbIX CBOHCTB OT yPOBHS HH(OPMaLlHOHHOTO HJIH VHIpPaBJsIoOLLEro
CHT'HAJIOB;

ynpaBJATb PeXKHMOM PabGOThbl aKTHBHBIX 3JIEMEHTOB MO MOCTOSHHO
MY TOKY;

YCJIOXKHATh CTPYKTYpHI lienell MeXXKKaCcKaJHOH CBA3H, T. €. YBeJH-
YHBaTb YHCJO CTeneHeld CBOGOIb;

YCJIOXHATb CTPYKTYPBl yHpaBJseMbIX Lieneld myTeM BBeIEHHS (1O-
TIOJTHHTEJIbHBIX JIHHEAHBIX H HeVIHHEHHBIX 3JIEMEHTOB;

BBOAHTb B COCTaB IMPHEMO-YCHJHTEJbHOIO TpaKTa CHelHaJbHbie
ycTpoiicTBa, popmupyolHe Ha30ByI0 XapaKTEPHCTHKY;

HCIIOJIb30BaTh LieNH H Y3Jbl, KOMIEHCHpyloliHe ¢(a30ByI0 HecTa-
OHJIbHOCTbD.

2.5. Ilpuanun ¢pu3NMuecKod OCYIIeCTBEMOCTH
yOpaBaseMoi nepegaTouHOi memu

Ha ocnoBaHuu npeniectByiouiero naparpada MOXHO ClenaTb BbIBOL, YTO B pe-
AlbHOH LeNH c ynpasJsieMBM Ko3p(HUHEHTOM nepeaayH HEBO3MOXKHO H36exaTb
JONOJIHTeNIbHHX, T. €. BO3HHKAIOWIHX B NpOLECCe YNpaBjeHHs NapaMeTpaMH 3JieMeH-
TOB LenH, $a30BbX HCKaxKeHHHl. M cjeaoBaTeslbHO, HEBO3MOXKHO [JOGHTbCS HHBAapH-
aHTHOCTH orx6alouleii ¢a3oBOro CneKTpa CHrHajla Ha BHXOJe LenH K H3MEHEHHSM
YPOBHSA YNpAaBJAOLIEr0 BO3AEACTBHS, NPHYEM HE3aBHCHMO OT TOrO, MPHHATH Meph
AN MHHHMH3aLHH AHHaMH4yecKofl cocraBisiouiefi (a3oBoif HeCTaGHJIBHOCTH HJM HET.
Xota, pasyMmeercs, HaJHYHe 3THX Mep CHHXXaeT (asoBYI0 HeCTaGHJIBHOCTb IIEMH.

[IprHuHMnKaibHO nMosBJeHHe «Da3oBHX WIYMOB» (a TOUHee, OJHOrO H3 HX KOMMO-
HeHTOB, OOYCJIOBJIEHHOTO aMILVIHTYAHO-(a30BO# KOHBepcHefl) OGBACHAEeTCA Cleaylo-
muM. TIpH nosBefeHHH K LemH CHTHaJia, YNpaBJIAIOLIErO €e 3JEKTPHYECKHM COCTOS-
HHeM, H3MEHAIOTCA NapaMeTpH 3JIeMEHTOB (AKTHBHHX H NMAacCHBHHX), KOTOpHe Ompe-
ZeNAoT MOAYJb NnepefaToyHoMi (YHKUMH H ee aprymeHT. YKa3aHHOe CBOWCTBO MNpH-
cylle uUensiM MHHHMaJjbHO-()a30BOro THNA, K YHCJAY KOTOPHX OTHOCHTCA KJacc YCT-
poficTB, paccMaTpHBaeMHX HHxe. COOTBETCTBEHHO NpOLECC YNpaBJeHHs, KpoMe Mo-
JesHoro 3¢pdexTa — u3MeHeHHss KodpdHIHEHTa nepejayH No TpeGyeMOMY 3aKOHY
(uaH, 4TO TO Ke camoe, obecneyeHHS HajJjexallefi GOPMH pPeryJHpOBOYHOA HJIH aM-
TUIHTYAHOR XapaKTePHCTHKH), CONPOBOXJAaeTcsi BO3HHKHOBEHHEM MNOGOYHHX 3ddeK-
TOB — H3MeHeHHeM ()OPMH YacTOTHOM H (a30BON XapaKTepPHCTHK.

MOXHO yTBepXAaTh, YTO MeXJY 3aKOHOMEDHOCTAMH H3MeHeHHs (hOpPMH peryan-
poBouHOl H (ha30Bofl XapaKTEPHCTHK HMeeTCH OYeBHAHas B3aHMOCBSA3b, CTENEHb KO-
TOPDOH 3aBHCHT OT CTPYKTYPH ULeNH H COCTABJSAIOIIHX ee aKTHBHBIX H MNacCHBHHIX
3JIeMEHTOB, Cnocoba ynpaBJieHHS 3JIEKTPHYECKHM COCTOSIHHEM, THNa M MecTa pacmno-
JIOJXEHHS YNpaBJsfieMBX 3JeMeHTOB H T. N. Cliefl0BaTesIbHO, B ONpejeleHHHX COOTHO-
LIEHHAX HAXOASITCS H BEJHYHHbI, ONHCHIEAIOILHE YKa3aHHblE XapaKTEPHCTHKH, a HMMEH-
HO: JHana3oH H3MeHeHHs Kodbduunenra nepefaud dx=Kuaxc/Kuna H npesens us-
MeHeHHs (a3oBoro cABHra (HJH BpeMeHH AH(}depeHHHaNbHOrO ()a30BOro 3anasgniBa=
HHAI) Ha (PHKCHPOBAHHOH YacroTe

rA('p=¢Makc—"fPunn NPH ©rrd.c =const
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H Aynp.c.nnngAynp.c <Aynp.c.uaxc, T. €.
A = mdy (2.32)

3nece m — KoabdHUHEHT, AAOIWHA KOJHUECTBEHHYIO OLEHKY cBsisH (asoBofi HecTa-
GHJILHOCTH H NpellesIOB H3MeHeHHS Ko3(¢HUHeHTa Nepelayd B 3aLaHHOM HHTepBaJje
ypoBHefi ynpaBJsiolero Bo3JeCTBHS, T. €. ONpeAeJNsIOIWHA HHTEHCHBHOCT, aMIIUTYA-
Ho-¢a3oBoi KoHBepcHH. Ilockosnbky K03dHLUHEHT m 3aBHCHT OT OCOGEHHOCTEH MOoCT-
POEHHS LeNH H YNPaBJIGHHS ee 3JeKTPHUECKHM COCTOSIHHEM, TO ero BejuuHHa (B mper-
nosoxenun, uto A®K paccmarpuBaercss Kak HexxeJaTeslbHOE fIBJE€HHE HJH TIOGOUHBIH
shdekT B ynpasiseMOH LefH) CJOYXHT NOKa3aTeseM COBEpLIEHCTBA LeNH (C TOYKH
3peHHs1 o6GecneyeHHs MHHHMaJbHBIX NoTepb HHMOpMaunu) H 3¢ (HeKTHBHOCTH NpHMEHeH-
HbIX pelleHHH. B COOTBETCTBHH C 3THM Pa3sHOBWIHOCTH YNpaBJfieMBIX Leneil xapakTe-
PH3YIOTCS HHTEPBAJIOM 3HayeHHH paccMaTpHBaeMOro KosdgHuHeHTa

My << M < Myage. (2.33)

Hanpumep, B npocTefillnX uensix, NPH NMOCTPOEHHH KOTOPHIX He MPHHATO Mep MO Yc-
TpaHeHHI0 MOGOYHHX 3¢ (eKToB, HeCTaGHJALHOCTH oruGaiowed (asoBoro cnekrpa (#
COOTBETCTBEHHO HeCTaGHJbHOCTb (Da30BHIX CABHrOB Ha (PHKCHDOBAHHBIX YacCTOTaX)
MaKCHMaJjlbHa, T. €. M—>Muakc. Y CAOMKHEHHe LEeNH — H3MeHeHHe ee CTPYKTYpH, NpH-
MeHeHHe HOBBIX THIIOB aKTHBHBIX H YNpaBJSEeMbIX 3JI€eMeHTOB, KOMOHHALHS pa3jiHy-
HHIX CIOCOGOB YNpaBJieHHS] — MO3BOJISIET YCTDAHHTb HJIH 3HAYHTENbHO YMEHbIUHTb
CBfI3b MeXJy XapaKTepHCTHKaMH, a CJeJ0BaTe]bHO, H HHTEHCHBHOCTb MOGOYHHIX 3¢-
tdexroB (B maHHoM cayuae — APK). CooTBeTCTBEHHO NPH 3TOM M—>Mmun, @ B Hle-
aJbHON cHTyauun m—-0.

CooTHoweHne (2.32) oTpaxaer cBOHCTBO, MPHCYIllee BCeM Pa3sHOBHAHOCTAM Ie-
neit ¢ ynpaBiasieMBM Ko3}dHIHEeHTOM NepeflaiH H 3aKJIoyaiolleecs B OJHOBpEMeH-
HOM H3MeHeHHH ()OPMBI pa3JIHYHBHIX XapaKTEPHCTHK B MNpOLECCE YNPaBJEeHHS 3JeKT-
pHyeckHM coctosiHueM. OTciofa cielyeT NPHHUHTHAILHOE NOJOXKEHHE, KOTOPHIM Dy-
KOBOJCTBYIOTCSI NPH pa3paboTKe yNpaBiseMblX NepPeJaTOUYHbLIX Liened, a HMEHHO: Re-
803MOJNCHO NOAYHUTL NPOU3BOALRYIO (DOpMY peeysuposodrol (usu amnauTyorou )
XapaKkTepuCTuku, T. €. NHana3oH H3MeHeHHS Ko3bdHulueHTa Nepenaud, u gopry ¢a-
30800 XxapaKkTepucTuku, T. €. mpefel H3MeHeHHs ¢(a30BOro cABHra, BO3HHKAIOLLEro
B npoliecce ynpasjeHHs Ko3(duLUHeHTOM nepelaud (peub HaeT 06 H3MeHeHHH (HOPMb!
orn6aromeit pasoBoro cnekTpa HHOOPMAIHOHHOrO CHTHajJa NPH €ro NPOXOXAEHHR
yepe3 ynpasiseMylo uenb). CHejaHHbI BhIBOL SIBJAseTCS (HOPMYJHPOBKON TPHHLHIA
(dH3HYecKOR OCYLIECTBHMOCTH UeNedl ¢ ynpaBiaseMbM Ko3(dHIHEHTOM nepejayH.

STOT NpHHUMI, NOMHMO TOrO, YTO YKa3HBaeT TIPABHJbHHIH MYTb TEOPETHUYECKOrO
HCCNIEJOBAaHHS DaCCMaTpHBAEMOTQ Kjacca LiemeH, TO3BOJSET TaKiKe OTpelesHTb ©€0-
6eHHOCTH peasiM3auHH YCTPOHCTB. B uactHocTH, Heo6X0aHMO HMeTb B BHAY, YTO
NPH NPOBEJEHHH KOMIUIEKCa PeryJHpOBOYHO-HACTPOEUHHX ONepalHit ynpasienHe ¢op-
MOfi KaKOH-JH60 XapaKTepPHCTHKH LeNH BHI3HBaeT OAHOBPEMEHHOe H3MeHeHHe (opMbLE
Apyrofi xapaKTepHCTHKH. B GoJbliHHCTBe ciyyaeB (0COGEHHO NpH NOCTPOeHHH (a-
30BHIX CHCTEM) 3TO HeXeJaTeJbHO H Tpe6yeT CNEUHaJbHHX Mep AJs pas3fieJbHOro
ynpaBJleHHsI JI060fi H3 XapaKTepHCTHK Ge3 3aMeTHOro BJIHSIHHS Ha [ADYrHe Xapak-
TepHCTHKH. PellleHHe 3TOfi 3ajayd MoXeT GHITb OCYLIECTBJEHO, €CJH OTHCKaThb YycC-
JIOBHS, IPH KOTOPHIX KO3((HUHEHT /m HMeeT Majioe 3HAaUEHHE.

HTak, NpHHUHN OCYINECTBHMOCTH LeNH C YyNpaBiaseMhM Ko3ddHUHEHTOM mepe-
JayH MO3BOJISIET:

OlleHHTb peaJjibHhle BO3MOXKHOCTH JI060fi pa3HOBHAHOCTH YNpaBJseMOR IenH;

NOJYYHTb OGILLYI0 ODHEHTHPOBKY NpPH aHajH3e H pa3paboTKe <HEHCKaXaloIHX»
CHCTEM YNpaBJieHHS KO3 (HUHEHTOM NepejauH;

ONpele/HTb YCJIOBHS, NMPH KOTOPHIX OTCYTCTBYIOT HJH CBel€HH K MHHHMYMY
B3aHMOCBSAI3H MeXAY pa3/MYHLIMH XapaKTepHCTHKAMH UeNH, BO3HHKAIOI[He B TNpO-
Lecce YmpaBjeHHs Ko3((dHUHEeHTOM mnepeiayd H OGYCJOBJHBAIOLIHe TNOSIBJEHHe IO-
60uHBIX 3(deKTOB.
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AHAJH3 IIPOXOXKIEHUA
HHPOPMAITHOHHOI'O CHT'HAJIA B YCTPOUCTBAX
C AMIUIUTYJHO-®A30BOM KOHBEPCHEN

3.1. MeTroasl ompefneneHns mepeAATOYHOH (PYHKIHEH YCTPOACTBA
C KOMILTEKCHOM HEeXHHEHHOCTLIO

Hckaxenus curaana, BO3HHKalollHe NPH NMPOXOXJEHHH 4epe3 yCT-
poiicteo ¢ ADK, ompenensiorcs nepelaToyHOH ¢YHKUHeH, IapaMer-
paMH CHrHaJa (IIHPHHA CNEKTPa, BHI MOAYJSUHH, YPOBEHb H Ip.) H
0co6eHHOCTSIMH paboThl yCTpPoOHCTBa (COTJIacOBaHHe C IPYTHMH Yy3Ja-
MH TpakKTa, cCTaOHJbHOCTb NMHTaHHSA H mp.) H T. 4. M3yueHHe Hckaxe-
HHH CHTHAJIOB fIBJISIETCSI HEOOGXOJHMbIM 3JIOMEHTOM aHaJIH3a yCTPOHCTB
¢ A®K u ompenesieHHss Mep K yMeHbIIEHHIO NOTepb HHOpMaLHH, au-
napaTypHO# OWIHGKH H T. J. 3leCb He pacoMaTpPHBAaeTcs BeCb 'KOMII-
JIeKC NPHYHH, BbI3bIBAIOUIMX HCKAaXKEHHS CHTHAJOB: 3TO — CJOXHasf
3aflaya, pellleHHe KOTOpPOH HelleslecoO6pa3HO He TOJIKO H3-3a TPY/JHO-
cTefi aHaJHTHYECKOrO XapaKTepa, HO H BBHAY TOI'O, YTO IIOJyYeHHOE
pellleHHe He MO3BOJIHT OLEeHHTb BkJIag ADPK H BHIABHTb YCJIOBHS, IpH
KOTOPHIX HCKaXXeHHs CHTHa.a, o6ycJjoBijeHHble ADK, MHHHMAJbHBI.

PacomaTpuBaeMble ycTpOicTBa OTHOCATCS corsiacHo [57] k kaac-
Cy KBa3HJHHeHHBIX Llened, Ha BHIXOJe KOTOPLIX BbiAeJIsieTCs JHIIb Of-
Ha TrapMOHHYeCKasi COCTaBJISIOIasi BXOJHOTO Y3KONOJIOCHOTO CHI'HaJa
(1.10). AHanu3 HCKa)KeHHH CHT'HaJla COCTOHT B ONpejeJIeHHH mepena-
TOYHOA (PYHKUHH yCTpPOACTBa, KOTOpas B OOILEM cJyyae 3aBHCHT OT
orubalouieil BxonHoro curiana X (f) u ero yactoth, T. €. Y[X (¢), o],
¥iX (1), o).

Hmeercs psan cnoco60B HaxoXIeHHS NepelaTOYHON (YHKUHH IO
SKCIIEPHMEHTAJIbHbBIM JaHHBIM HJIH 'TeopeTHYeckH. Hamnbosiee crporum
SIBJISIETCS ONpeleseHHe NepefaToyHOoi (YHKIHH IPH KOHKDPETHOM BHJIe
CHTHaJIa, MOCKOJIbKY 3TH (YHKIHH SBJSIOTCS «IHHAMHYECKHMH», T. €.
H3MEHSIIOTCS BO BPEeMEeHH IO 3aKOHY, OIpelesseMOMY oOrubaroliei
BxojgHoro mpouecca. ITockosbKy npsiMoe pelleHHe 3aayH 3aTPYyAHH-
TeJIbHO, HCMOVIb3YIOTCS CNOCOGH!, OCHOBaHHbIe Ha MNPENNOJOXEHHH He-
3aBHCHMOCTH MepefaTOYHHX QYyHKIHMA OT BHAA JeHCTBYIOIIEr0 Ha BXO-
Jle yCTpOHCTBa CHTHaJa.

IIpu stom 6Gosee TOYHBLIM, HO H 6oJjiee CJOXKHBIM B TeXHHYEOKOM
OTHOLIEHHH SBJISETCS ONpeJeJieHHe TlepelaTOYHbIX (YHKIHA yCTpOH-
CTBa NPH BO3NEHCTBHH Ha €ro BXOJ TeCT-CHTHaJga. Yame Bcero Hc-
NOJIb3YIOT JBYXTOHOBBIfI CHTHAJ — CYMMY ABYX TapMOHHYECKHX KoJie-
GaHHil ¢ QNHHAKOBBIMH aMILIHTYJAaMH H pa3JHYHBIMH yactoTaMHu. On-
peleysieMbie TIDH 3TOM NepenaToyHble (QYHKIHH He COOTBETCTBYIOT B
TOYHOCTH HCKOMBIM, HO IIDH pa3HOCe 4aCTOT KoJieGaHHH, PaBHOM LIH-
pHMHe clieKTpa HHGOPMALHOHHOI'O CHTHaJa, OlEeHKa INepemfaTOYHBbIX
¢yHxuuii 6yfer Z0CTaTOYHO CTPOTOH.



Hau6oubiuee pacnpoctpaHeHHe MOJYYHJ CJELYIOUHA OTHOCHTEb-
HO MPOCTO# cnocob ompeneJieHHs MepelaTOYHHX (YHKUMHA. SIBAsICH
«IHHaAMHYECKHMH», 3TH (PYHKIHH HacCTOJBKO MeJJIEHHO BO BpEMeHH
MEHSIOT CBOH MapaMeTpHl, YTO B TeYeHHe JOCTATOYHO GOJbLIOrO YHCJA
NepHOJOB BO3LEACTBYIOILEr0 CHTHaJa HX MOXHO CYHTaTb HeH3MeHHHI-
MH, T. €. «CTATHYECKHMH», H ONpeleJsaTh NPH mnpocrefilieM BXOXHOM
BO3/leHCTBHH — rapMOHHYECKOM KOJIeGaHHH. C HeH3MeHHbIMH aMIIHTY-
Io#t H HavaJbHOH (a3of. Torna 3aBHCHMOCTb PasHOCTH ¢a3 -MexXAay
BBIXOJHLIM H BXOLHBIM KOJIeOaHHSMH OT aMIVIHTYJbl BXOJHOrO KoJe-
Ganus [daso-amnauTynHas xapakrepucTHka W (X)] ko/sHuecTBEHHO H
KayecTBEHHO ONHCHIBaeT NMPOSIBJEHHS aMIWIHTYIHO-($a30BOH KOHBep-
CHH, a (QYHKIHOHAJIbHasi 3aBHCHMOCTb, CBSI3bIBalOLast H3MEHEHHST aMl-
JIMTYAB BXOJHOTO H BBIXOJHOTO KOJIeGaHHH [aMINIHTYJHas XapakTe-
puctuka Y (X) — AX], onpemensieT aMIWIHTYJHYIO  HeJHHeHHOCTb
(AH) ycrpoiictBa. HafineHHble XapaKTepHCTHKH NO3BOJSIOT OLEHHTb
nepelaToOuHy0 QYHKUHIO H TeM CaMblM HCKaXX€HHSI CHTHAJIOB C HeKo-
TOpo#i oWHOKOMA, KOTOpasi onpefenaseTcss OTHOCHTEJIbHOH MOJIOCOH 4dac-
TOT B CIeKTPe BXOJHOI'O CHTHaJa: yeM MeHbllle MOJIOca, TeM MeIJeH-
Hee H3MeHsieTCsl MepefaToyHast QYHKLUHS H TeM OHa OJHXKe K «CTaTH-
yeckoii». Tako#i cmoco6 MeHee cTpor, HO 6oJiee MPEQNOYTHTENIEH IO
CPaBHEHHI0 C IPYTHMMH, MOCKOJIbKY aMILIHTYAHYI0O H (a30-aMIJHTYI-
HYI0O XapaKTEPUCTHKH OTHOCHTEJbHO JIErKO HaHTH TeOpPeTHYeCKH HJH
3KanepHMeHTasbHO. B obmem ciyyae HX dopMa 3aBHCHT OT 4acTOTHI
BXoaHOro Kosie6anus. [To3ToMy Ans aHayiH3a HCKaXKeHHH CHrHaJa
cienyer onpefenstb ceMeiictBa AX n ®AX, nosyyeHHble NPH Pa3JiHy-
HBIX yacToTax BosjefictByloulero kKojebauus Y (X, o), ¥ (X, ). bua-
.TOJapst 3TOMY YYHTBHIBAIOTCS aMILIHTYJAHO-(pa30Basi KOHBePCHS H aMil-
JIHTYJHasl HeJIHHEHOCTb YCTPOACTBAa COBMECTHO C €0 HHePLHOHHBIMH
cBoHCcTBaMH. [l yCTPOMACTB, y KOTOPHIX aMILIHTYAHO-4aCTOTHasi Xa-
pPaKTepHCTHKa B NpelesiaXx LIHPHHBI CNEKTpa BXOAHOIO CHTHaJja pas-
HOMepHasl, (as3o-yacToTHas — JIHHeAHas H HX ¢opma He 3aBHCHT OT
YPOBHSI CHTHaJla, BJIHSIHHEM TIOCJEIHHX 3a4acTyl0 MOXHO IpeHeOpeuyb.
CooTBeTcTBeHHO He 3aBHcAT OT yactothl AX H @AX, uto ynmpoinaer
aHaJu3.

YKa3aHHbIM YCJOBHSIM B HaHGOJBINEHl CTeMeHH  YJAOBJETBOPSIOT
JIBB, o6aanaioomue GoublIo#i OTHOCHTENbHOH MOJIOCOH TIPONYyCKaHHs, a
-B YCTPOHCTBaxX C MaJIOH OTHOCHTEJbHOH MOJIOCOA INPONMyCKaHHS OHH
CIIpaBeJJIHBH JHUb JJS JOCTaTOYHO Y3KOMOJOCHBIX CHrHaJoB. [laa
IIHPOKOMOJIOCHBIX KBa3HrapMoHHWYecKHx curHaJsoB, AX u ®AX Koto-
PBIX B Mpefiesiax LMIHPHHBI CHeKTPa YaCTOTHO3aBHCHMBI, CJedyeT YYH-
ThIBaTb He TOJILKO mposiBaeHHss AH n A®K, HO H HHepIHOHHOCTb yCT-
POMACTBA, 4TO YCJIOXKHSIET aHAJIH3 HCKaXKEHHHA CHI'HAJIOB.

Crnenys MeTOIOJIOTHH KHHIH, 3JleCb PacCMaTpPHBAIOTCS HCKaXKeHHs
" CHTHaJIOB, oﬁyc.uon.neaﬂue Hainunem A®K u conyrcrBylomel efi amu-
JTHTYZHOH HeJIHHEHHOCTH, H He PacCMaTPHBAIOTCS HHEePIIHOHHbIE HCKa-
XKeHHs, T. e. IPOH3BOAHTCS OleHKa siBjieHHs APK «B uHcTOM BHIE».

Onpene.neﬂne HCKax<eHu# curHana Ha ocHoBe AX u ®AX umeer
"psin ocobeHHOCTeld. Bo-mepBhiX, 3TH XapaKTEPHUCTHKH CJeAyeT anmpok-
CHMHPOBaTb (pyHKUHSMH, YMOGHLIMH JJs aHaJH3a. Bo-Brophix, xa-



PAaKTEPHCTHKH, MOJNYYeHHble TEOPETHUECKH HJIH JKCIeDPHMEeHTaJbHO, AB-
JSIOTCS aMIIATYJHBIMH («aMINIHTYLHO-aMIUIMTYAHBIMH» H (pa3o-amm-
JUTYJHbIMH) H CYIIECTBEHHO OTJIHYAIOTCH OT XapaKTeDPHCTHK MI'HOBEH-
HblX 3HayeHui. [103TOMy MOACTaHOBKA MIHOBEHHBIX 3HaueHHil BXOLHO-
ro CHrHaJjia B BblpaxKeHHsi, annpokcumupyiomue AX u ®AX, Hepomyc-
THMa. DTOT XOpOLIO Pa3BHTHII MeTOJ CHpPaBeJJIHB JJs HH3KOYacTOT-
HBIX YCTPOHCTB M T03BOJISieT OLICTPO OLEHHTb HcKaxeHusa. OjHako
YAOBJIETBODHTEJIbHAS TOYHOCTb OOecreynBaeTcsl JIHIIb TIPH  YCJIOBHH,
YTO HccaedyeMasi Llemb HAXOAHTCS B peXuMe MaJOH HeJHHeHHOCTH.
Cie10BaTesbHO, B «aMILIUTYAHbIe» XapaKTePHCTHKH HEOOXOJHMO NOn-
cTaBAATb GQYHKLUHH, onpele/sIoiuHe oru6aiouyio CHrHaJa.

MeroaH, peKOMeHAOBaHHBE NPH HCC/IENOBaHHH HCKaXKEHHH CHTHaJNOB B LeENAx ¢
A®DK, npuMeHsIOTCS B 3aBHCHMOCTH OT THNA MNOCAEAHHX. [As YCTpPOHCTB NepBOro
THna (corsiacHo mpencraBieHHO# B § 1.3 knaccudHKauuH), B KOTOPHIX aMINIHTYIHO-
3aBHCHMBIMH (Da30BBIMH CIBHraMH H HX BJHSHHEM Ha NepelaTOYHYI0 (DYHKLHIO MOX-
HO npeHeGpeyb, OCHOBOH aHAJIHTHYECKOTO HCC/eNOBaHHS ABJAETCA aMIVIMTYIHas Xa-
pakTepHcTHKA. MeToabl, 6a3HpyloliHecs Ha annmpokcHMauHH AX CTeneHHBIM NOJHHO-
MOM, XOpouio H3BecTHH {[53].

Jasi ycTpoHCTB, B KOTOPBIX aMIJIHTYJHasi HeJHHEeAHOCTb NpeHeGpeXHMO Maja H
NpofABJAAETCA 3aMeTHas aMIVIHTYAHO-(a3oBasi KOHBEPCHS, pacnpoOCTPaHeH CJeAYIOIHi
Mertoa. Buxonuoit curnan 3amuchiBaercs B BuAe Y=Y cos {of+W[X(?)]}, rne Y —
aMIVIHTyJa BHIXOJZHOTO CHFHaJa, He 3aBHCAIlas OT aMIVIHTYALl CHTHaja Ha BXOJZe;
W[X(t)] — dasa BeXxogHOro KOJeGaHHf, 3aBHCALIash OT AMIVIMTYAH BXOIHOTO CHr-
Hana. Jlanee HcciefyerTcsl CMeKTpaJbHBIA COCTaB BBIXOJHOTO CHTHalla H ONpelessioT-
Csl ero MCKaXKeHHs.

Has Tperbero kjacca YCTPOACTB C KOMNJEKCHOH aMIIHTYIHOH HeJNHHeHHOCTbIO,
y korophix nposBieHnss APK H aMnuHTYRHOH HeJHHEHHOCTH NPHUGAH3HTEJNbHO paB-
HOLleHHbI, H3BecTeH MeTof [54], 3akmoualomuiica B ciepyomem. Onpepensiiores am-
NAHTYAB NMPOAYKTOB aMIVIMTYJZHOH HEJHHEeHHOCTH uenH (0) H aMIVIHTYQbl NpPOAYK-
TOB HeJMHeHHOCTH, o6ycioBieHHble fefictBueM A®K (B). Ilpeamonaraercs, uto moc-
JlelHHe He 3aBHCAT OT NPOAYKTOB aMILIHTYIHOH HeaHHe#iHocTH. Torma pesyabTHpy-
IOLIHA HeNHHEeHHBH NMPOAYKT onpejensercs Kak

¥ =a?4-f% @.1)

ITO0 OTKpHBAaeT BO3MOXHOCTb HCHOJB30BAHHS XOPOIIO PaspaGOTaHHHX NpPHEMOB
MCCJIEJIOBAHHS YCTPOACTB C «YHCTOH» aMIVIMTYLHOM HEJIHHEHHOCTbIO H <UHCTOH®»
A®K. Opnako ycaosue (3.1) orpaHHuHBaeT BO3MOXHOCTH MeToAa. Ero mpumenenne
[54] addekTHBHO mpu NeACTBHH HA BXOJe NePeNaTOYHOH LEMH CHIHAJNOB HeGOJAbIIOro
YPOBHS MJIH, JPYTHMH CJIOBaMH, IJsi ueneH, paGoTaiolHX B pPeXHMe MaJioii HeaHHei-
HOCTH.

Ilpu HccnemoBaHHM YCTPOHCTB C KOMILIEKCHOH HEJHHEHAHOCTHIO H
aHaJM3e HCKaXXeHHMH CHTHAJIOB MPHMEHSIeTC MeTOJl, KOTOpHA cBOGO-

JeH OT yKa3aHHOTO OrPaHHYEHHS H COCTOHT B HCIIOJb30BAHHH KOMI-
JIEKCHOH aMIVIHTYJHOH XapaKTepHCTHKH [55]

Y (X)=Y (X)expi ¥ (X). 3.2

3necb aMILIHTYIHash HeVIHHeHHOCTb, ompefensieMast pynkumein Y (X),
H aMILINTYIHO-(a30Basi KOHBepcusi, onpelenseMas ¢yHkuuein ¥ (X),
YYHTHIBAIOTCSA COBMECTHO. I/l pellleHHsI 3alauH CJENyeT OIpeAeJHTh
BO3MOXHbIE CIIOCOOLI MaTeMaTHYECKOH 3allHCH KOMIWIGKCHOH aMILIH-
TYUHOH XapaKTePHCTHKH, a TaKXKe OIEHHTb OWHGKY, BO3HHKAIOILYIO
H3-32 HONOJIb30BAHHS CTATHYECKHX XapaKTEPHCTHK BMECTO JHHaMHye-
CKHX.
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- 3.2. OnpeneneHne annpoxcHMHEpyIomei GyHxnuR
IepeAaTOYHOM XapaKTepPHCTHKH ycTpoiictBa ¢ ADK

AMIIHTYIHO-(a30Basi KOHBEPCHSI OTpa)KaeT SIBJEHHS, TIPOHCXOMSi-
L[He B UENH H MPOSIBJIAIOLINECS B 3aBHCHMOCTH BPeMEHHOH 3alepXKKH
BBHIXOJHOTO KOJIEOaHHSI OTHOCHTEJIbHO BXOJHOTO OT H3MeHeHHil ypOBHA
BXOJHOro cHrHaja. Takoe siBleHHe CyLIeCTByeT B Jil0GOM peaJIbHOM
ycrpoficTBe, # npeHe6peyb HM HeJIb3Sl.

OnpenennM MeTOAHKY HCCJeJOBAaHHS QlepeJaTOYHOH XapaKTepHc-
THKH HEJHHEHAHOTO YeTbipexnojiocHHKa. IlepBbiM 1wiarom sBJjsercs
Haxox/eHHe annpOKCHMHPVIOIleH (YHKUHH, [N Yero HHXKe HaMHCaHO
COOTHOLIEHHE, oNpefensioliee OTKJHK YeTHIPEXMOJIOCHHKAa Ha BXOMHOE
BO3JleHCTBHE:

y@O) =flxt—ml, 3.3)

rge v — BpeMeHHéﬂ 3aJepxKKa, co3laBaeMas YETbIPEXMOJIOCHHKOM H
3aBHcALlasA OT CHrHaJia

t=E[x @] (3.4)

Iasi onpenesieHus mepenaToOuHOH (PYHKUHH ee ciaelyeT pasjOXHTb
B pfl, HalpwMep, MO CTeNeHAM BXOAHoro Bo3saeicTBus x(f). Ilpn
3TOM 3aflepXKKa T HpeNnoJaraercs HacTOJbKO He3HAYHTeJNbHOH, YTO
3aKOH M3MeHeHHS QYHKUHMH aMIUIMTYJbl H (a3bl BXOJHOTO KBa3Hurap-
MOHHYECKOro KoJsieGaHHsi IpakTHUYeCKH COXpaHsercd, T. e.

Xt—rm)~X({t), ot—1)=~9(). (3.5)

ST0 ycJao0BHe IJsI pacCMaTpPHBaeMOro KJacca YCTPOHCTB OOGBIYHO
€06J1I01aeTCs, MOCKOJIbKY Tlapa3HTHble (a30Bble HaberH pelKo IMpeBbi-
1IAIOT MOJINepHOna BXOJHOrO KBa3HrapMOHHYeCKoro xosnebanus. B ces-
3H CO CKa3aHHBIM PacCMaTpHBaeMblil UeTHIPEXIOJIOCHHK MOXHO CYH-

TaTb O6e3bIHEPUHOHHBIM JJIS Orubaromell BXOJAHOro BO3NeHCTBHSA, H
TOrAa

x(t—r)~X({)expilwgt—1)F+0(B)]=x()expi ¥ {x ()], (3.6)

a mepefaTouHasi QYHKUHS pasJjaraetcsi B Psif @0 cteneHsaM x(f) ¢ &o-
3 duUHeHTaMH psila, ABJSIOUIHMHCS KOMIJIEKCHBIMH BeJHUHHAMHU

YO =CixO)+Cox® (O + ...+ Cax* O +..., (3.7)

rae Cr — Ko3d¢HuuueHT creneHHoro psina. IloiacraBnsisi BeIpaXKeHHe
ying curHaaa x(¢) (1.6) B (3.7), monyuyaeM pa3BepHYTOe COOTHOILe-
HHe, OMHCHIBaIOLIEe OTKJIHK:

YO =X @) expilwgt+ ¢ ()] Cy +Cp X2 (f) exp 2i [0t +¢ ()] +... +
4+ Cu Xt (t) expkilogt+9 ()] +...=

. | X
=Y CuX* () expkifogt +o ()], (3.8)
k=1

nie Q — BepxHss creneHb psna (3.7).
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TlonyueHHOe BbipaX<eHHe OmpeJeJsieT SHEPreTHYECKHA CHEKTP Npo-
Iecca Ha BbIXOIE HEJMHEHHOrO YETHIPEXMOJIIOCHHKA M CIPaBeILJIHBO

Aw
npH co6JII0leHHH HepaBeHCTBa Q?<<‘l, T. €. MPH YCJOBHH, YTO KBa-

3HFapMOHHYECKHe KOJIeGAaHHS OCTAIOTCSl Y3KONMOJIOCHBIMH MpPOLECCaMH.
ITosTomy mpuMeHeHnHe (3.8) orpaHHYeHO HeJIHHEHHLIMH LeNsiMH, Iepe-
AAaTOYHYI0O QYHKIHIO KOTOPHIX MOXHO TIPEICTaBHTb CTENeHHBIM PAAOM
¢ HeGosbHM 3HaveHHeM Q. K maHHOMYy KJaccy ciaenyeT OTHECTH YCT-
poficTBa, KOTOphle paGOTalOT B pexKHMe, JaJeKOM OT CaMoBO36yxKie-
HHSl, H B COOTBETCTBHH C 3THM OMHCBHIBAIOTCS MOHOTOHHOH TepepaTOyY-
HOH ¢QYHKIHell, He HMelollell pa3pLIBOB.

CorJlacHO HCNOJIb3YeMOMY MeETOLY ONpelesieHHS IepefaToYHON
GYHKIMH chaeyeT HafiTH ee NMpH MpoCTeHlieM BXOJLHOM CHTHaJje —
rapMOHHYECKOM KoJeGaHHH ¢ HeH3MeHHbBIMH  aMIUIATYIOH H ¢a3oh:

X _290 _o Ae=0 u x()=Xexpioy! (3.9)
dt dt
(HayanbHass dasa KoseGaHHS ¢ TIPHPaBHHBAeTCs HYJIIO).
3areM onpejelsieTcss CIEKTP BbLIXOJHOIO CHFHajla Ha OCHOBe ¢op-
MyJin psina Pypbe:

+o
y(t)=ZY,expir(ot, (3.10)

rpe Yr— KOMINIEKCHAsA aMIWIHTyZAa r-i TapMOHHKH, BbIYHC/sAEMAd Kak

. +T/2 .
Y,=%S Rey (f) exp—irotdt. @3.11)
212

IMposiBisiercsi A®PK B H3ameHeHHH (a3bl KaKOH-JHOO TapMOHHKH
NPH U3MEHEHHH YPOBHS BXOJHOro Bo3dedcTBHsA. KoMmmijekcHas aMmJaH-
TYla aHaJH3HPyeMON rapMOHHKH OmpeleJisieTcss MPH NMOACTaHOBKe BbI-
paxenus (3.8) B (3.11).

[Mpu ouenxke ADPK s Takoil pa3HOBHAHOCTH HeJHHEHHOTO YeThIpex-
NOXIOCHHKA, KaK H3GHMpaTeJbHHH YCHJHTE&Nb, aHAJH3HPYeTCs 3aBHCH-
MOETb KOMIJIEKCHOA aMINIMTYZbl lIepBOH FapMOHHKH BBIXOJHOTO CHT-
Haja OT M3MEHEeHHil YPOBHs CHTHaJla Ha BXofe. B atoM cayuyae mpi
r=1 BHIXOJAHOH cHrHasJ HMeer BHI J(f)=Y,expiwof, a HHTerpaa
(3.11)

u 4
V() =CX+C X+ +C X +.. =Y Cu X", @3.12)

m=0

rae k' — HeyeTHOe yMcia0; m=2k"+1; M=2Q+1.

BeipaxkeHue (3.12) ompeneJsieT mepefaTOYHyl0 (QYHKUHIO YeThHIpex-
NOJIIOCHHKA, 3KBHBAJIEHTHOTO Y3KOIIOJIOCHOMY YCTPOHCTBY, HNPH HavK-
YHH Ha ero BXO[e FapMOHHYecKoro koje6aHHs. TeM caMbIM OHO oOmpe-
IeNisieT «CTaTHYECKYIO» MepeflaTOuHYI0O XapaKTepHCTHKY YCTPOHCTBa C
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KOMILIEKCHO!M HEJIHHEHAHOCTbIO, €r0 KOMILIEKCHYI0 aMIUIATYIHYIO Xa-
pPaKTepHCTHKY. EC/IH MpeACTaBHTb KOMIJIEKCHYIO aMILUIHTYy BHIXOIHO-

TO CHrHaJia B BHJE .
Y (X)=Y (X)expi ¥ (X), (3.13)

TO MOXHO 3amucaTb aNmPOKCHMHUPYIOILYI0O (QYHKIHIO A MOAYJS
KOMIIJIEKCHOH aMILIUTY bl

m=0

(koTopast onpexe/sieT aMIJHTYIHYIO XapaKTEDPHCTHKY) H amNIpOKCH-
MHpYIOILYI0 (YHKIHIO (1J151 apTyMeHTa KOMIJIEKCHOH aMMJIHTY/b!

2 2

M
+ 2 b, X2 1 (3.14)

m=0

EM b X2 H
¥ (X) = arctg "'T=°———- , (3.15),
2 ap X2
m=0
(koTopas onpesensieT (aso-aMIVMTYAHYIO XapaKTePHCTHKY). 31ech
an=ReCp; bn=ImChp. © (3.16)

Brime paccmarpuBasach mpocTefias CHTyalHs, 'KOTIa Ha HeJH-
HeilHOoe YCTPOACTBO MOCTyNaeT HIeaNH3HPOBAHHBIA CHTHAJ — FapMo-
HHuYeckoe KosieGanue. [IpencTaBiasieT HHTepeC OLEHHTb BO3MOXHOCTH
MeTola B ‘6oviee CJIOXKHBIX CJAy4YasiX, T. €. MPH Nepelaye PeasibHbIX CHI-
Has0B. Ha ocHOBe HCMO/MIb30BaHHs «CTaTHYECKHX» XapaKTePHCTHK, II0-
JyYEHHBIX JJI TaPMOHHYECKOrO BXONHOTO CHTHaJa, ONpPEeNeNsIOTCs!
OCOGEHHOCTH TIPOXOXK/JEHHS PeasbHBIX CHTHAJIOB M OlLleHHBAETCS OLIHG-
ka. C 9TO# 1eJbl0 HEOGXOMMO HCCJIENOBATH SHEPreTHYECKHA CIIEKTp
peaJbHOTo CHrHajla Ha BBIXOfle HEeJIMHeMHOTO yeThipexmosiocHHka. He-
TPYAHO NOKa3aThb, 4TO TOCJe HeJHHEHHOro NpeoGpa3soBaHHs CHTHaJa,
KOTOPbIA NMPHHHMAETCS Y3KONOJIOCHHIM, €r0 3HEPTeTHUECKHHA CHEKTp
npencrasjser co60H MOCTeN0BAaTeNIbHOCTb CHEKTPaJbHbIX moJjoc. OHH
pPa3HeceHH IO YacTOTe H PacnoyioXXeHH B 06JIaCTH BHIE0YacTOT
[cnexrp Fo(w)], OKoJIO Hecymiell 4acTOTH CHrHana, L€ PacHONOMKeH
OMEKTP BXOAHOro cHrHaja Fi(®w), H B BBICOKOYACTOTHHIX 06JaCTAX
OKQOJIO TapPMOHHK Hecylled 4aCTOTH [cmekTp F,(0) mpu r=2].
DHepreTHUECKHI CIIEKTP TaKOTO CHrHaJa

F@:iﬂ@. (3.17)
r=0

[TosTomy BBHIXOLHOH CHTHaJ

® Ao
0=~ [Fi@e® dt=— [Fo@da+t
<« 0 0

| @o+A® [ r(@+A0)
it irot
+—n—j' F,(@)e dm-l-...-l-Z—n-j el7otgs, (3.18)
®o—A0 r=2 r(0,—Aw)
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3xecb A — peasibHas WHPHHA CIEKTPa Y3KONOJOCHOFO CHTHa/a
nocJsie HeJJHHeHHOro peo6pa3oBaHHsa B 06JaCTH BHAE0YACTOT.

OnpesennmM Ty 4YacTh HEPreTHYECKOrO CIIEKTPa, KOTOpas cocpe-
A0TOYeHa B OKPECTHOCTSAIX HECyIeH YacCTOTHl ®o H ONpefesseT CHeKTP
CHTHaJia Ha BbIXOJe H36HPATEeNbHOIO YCHIHTE:

+o
F, (@)= jRey(t)exp(—imtdt)=

+e . .
= 5X(t){clcos[mot+q>(t)]4-)(2(t)(:2cos2 [0t +o @) +... +

+ X% () Cy, cos® [0yt + @ (f)]} exp (— i ) dt. (3.19)
Ins BbluMcaeHHs 3TOro .MHTerpaja oyHkuud X (f)cos @(f) u
X () sin@(f) cnenyer pasioXHTb B psiabl TaiJI0pa B OKPECTHOCTAX
TOYKH !=1, OPHYEM MOXHO OrPaHHYHTbCS MEPBbHIMH YJIeHAMH PJaa:
X (t)cos @ () = X (1) cos ¢ (1) +R, (t);} .20
X (®)sing () =X (v)sing (1) + R, (),
Tae ‘
Rl (t) = (t_rl) [X (1:1) Ccos ¢ (Tl)]; } (3 21)
Ry, (@)= (t—7) [X (vy) sin g (Ty)],
Ty — TOYKa HHTepBana !{—t. s BblYHCJEHHs 3THX QYHKIHH mpejno-
Jlaraercs, YTO aMIVIHTYyZAa H ¢a3a BXOILHOro KoaebGanus X (f) u ¢ (£)—
mpouecchl MeIJeHHO H3MEHSIOUHeCs H HMEIOT HaHBBICIIYIO YacToTy

Ao, onpejensieMylo WIHPHHOHA cnekTpa cHrHaJja. Ilostomy nepsas mpo-
HM3BOJHAA 3THX QYyHKIMHA

XO0=A0X(@t) 1 ¢ () ~Ao. (3.22
ITockoambky Aw/w <1, TO
Ri() ~Aw(l—r1) X (%) [cos ¢ (v;) —sin @ (v)]; } (3.23)
R, () ® Aw(t—1) X (vy) [cos ¢ (t;) —sin @ (vy)].

Ilpoussoasi mpeo6pasoBanus M moacrasass (3.20) B (3.19), mno-
JydgaeM

M 2m41
Fi@ =Y [X@e? @] Cn+ Po). (3.24)

m=0
Kax BHIHO, 9HEPreTHYECKHH CIIeKTP Y3KOMOJIOCHOI'O CHTHaJjla Ha BHIXO-
Jle M3GUPATEJbHOTO YCHJIHTEJS C TOYHOCTbIO 10 OCTATOYHOIO 4YJIeHa
P (w) ompenensieTcsi KOMIJIEKCHOH aMIVIHTY/0H BBIXOMHOIO CHrHanja,
T. €. C HCTIOJb30BAHHEM «CTATHYECKHX» XapaKTEPHCTHK COOTHOLIEHHA
(3.23) mO03BOJIAIOT ONpEIENHTh OCTATOYHBIH YJIeH, TIPONMOPIHOHAJbHbIY
Aow/wo. CleroBaTeJNbHO, CIEKTP Y3KOIOJOCHOTO CHrHaJa, MoJBeprile-
rocsi HeJIUHeHHOMY Npeo6pa30BaHHIO, COCPENOTOYEH OKOJIO Hecymled
4acTOTH H C MaJiofi ouHGKOH onpene/sercs 3HaYEHHOM KOMILJIEKCHOI
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oru6aiolleii B HEKOTOpblli MoMeHT BpeMmeHH. IloaroMy ¢ He6oJbuIOK
OINHOGKOH IMOXKHO 3aNHCaTh

V.0 = 3 CalX Oexpin ™. 3.25)

m=0

OTciofa BHIHO, YTO HCKaXKEHHsS DeaJsibHbIX Y3KONOJIOCHBIX CHTHa-
JIOB B YCTPOHCTBAX C KOMIVIEKCHOH HEJHHEHHOCTbIO MOTYT ObITH Olle-
HeHbl Ha OCHOBE HCINOJIb30BaHHS XapaKTePHCTHK, MOJYYEHHBIX Teope-
THYECKH HJIH 3KCileDHMEHTAJIbHO B peXHMe IapMOHHYECKOr0 BXOJHOro
Bo3zeicTBHa. [ToaBnsionlasics npH 3Tom omHOKa HeBesJHKa, MPONOP-
IIHOHaJbHA Aw®/wo, H €10 MOXKHO NpeHe6peub B IPaKTHYECKHX pacuye-
Tax.

Takum o6Gpa3oM, mepefaToOyHyl0 (GYHKIHIO YeTbIPeXIONIOCHHKA, 3K-
BHBaJleHTHOro ycrpodicrBaM ¢ A®K, MOXHO ONpemesHTb CAeLyIOUHM
o6pa3oM. JKCMepHMEHTaJbHO HJIH TeOpeTHUYeCKH BHABAsloTcs AX H
®AX ycrpoiicTBa MpH TapMOHHYECKOM BXOJAHOM BO3fAeHCTBHH. [lajee
KOMILJIeKCHAsi aMTINTygHast xapakrepuctuka Y (X) = Y (X) exp i ¥ (X)
anfpOKCHMHDPYeTCS] MOJIHHOMOM MO HeYeTHBIM cremeHaM X ¢ KOMI-
JIeKCHBIMH K03 dHuHeHTaMH Cp, T.e. ompenedsiercss pyHkuus Y (X)=

M

=2 CmX?m+!, Meronsl onpenenenus Cn, H3joxeHsl Huxe., Hccaeno-
m=0
BaHHe NMPOXOXKJEHHS Y3KONOJOCHBIX CHTHAJOB, Y KOTODHIX KOMILIEKC-
Has oru6aiomas X (¢) = X (f) exp i @ ({) — MeLJeHHO H3MeHsIOIAsACS
(yHKLHS, CBOAHTCS K MOACTAHOBKe HEYETHHIX cTeneHell 3TO¥ QyHKUHH
B «CTaTHYecKylo» KoMiJekcHyio AX H omnpeneJeHHio orubaiolleil Bbl-
XOHOTO cHMrHaga Y (f).
KoMmniiekcHasi aMIUINTYIHAsl XapaKTepHCTHKA MOXeET GbITh allllPOK+
CHMHDOBaHa He TOJbKO CTENEeHHLIM IIOJHHOMOM C KOMIJIGKCHBIMH KO-
3¢ duuHeHTaMH, HO H APDYTHMH QYHKUHSIMH. -

3.3. Onpenenenne KOMILIEKCHEIX Ko3dpHuIHeHTOB
ANNPOKCHMHEPYIONIEr0 CTENEHHOro mMOJHHOMA

Komnnexchue ko3pdHUHEHTH Cpn ONpEfeNsIOTCs MyTeM annpOKCHMAUHH MOy~
YeHHOA 3KCNEepPHMEHTaJbHO 3aBHCHMOCTH Y (X).

Hcnonvsopanne B KauecTBe apryMeHTa KOMIUIEKCHOM aMIIMTYAHOM XapaKTepH-
crukn (KAX) ornGaromed BxomHoro kKoneGanus X (f) HexelaTeqbHO MO caenyomed
npuunte. IIpH 3alaHHOM CIeKTpe BXOZHOrO CHrHaja

N
i)=Y xn e ®n ) (3.26)
n=1

rae ®n(?)=(0nt+@n), H NPEACTABNEHHH BXOLHOTO CHTHAAa B BHAE KBa3HTapMOHH-
qeckoro KojeGarus x(¢)=X(¢)e!®(*) orubajomas BXOZHOIO KoJeGaHH:H

N 2 N 2
X(t)=1/ FrReXne @ | 4|V mx P [ o,
n=1

n=1
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Jlns ABYXTOHOBOrO CHrHajia
X=X,V 14 a?+2acos [y (1) — Dy ()], (3.28)

rae a=X,/X,. .

ITono6Hoe COOTHOLIEHHE MOXHO NOJY4YHTb H JAJIA CHTHAJOB Gosee CJIOXKHOHA
¢opMbl, NpeACTaBJAIOIHX, HanpHMep, CyMMYy G6oJblioro 4Hcaa KoseGanu#t (3.26).
HenocpeacTBeHHO AJ1s1 pacyeToB 3TO BHIpaX<eHHe HCMOJb30BaTh 3aTPYAHHTENbHO H,
€C/H €ro pa3JoXHTb B CTeNeHHOA psAN NPH  GJIH3KHX aMIJHTyAaxX KoJeGaHH#
(a=1), par Gymer pacxoaswHMcs. UTo6H H36ekaThb pa3JjOXKEHHs B psj BHpaxke-
Hud (3.28) M HMeTb BO3MOXKHOCTh PAacCMaTPHBATb DeXHM NepeljadH CHTHAJIOB 3HAYH-
TeJILHOTO YDOBHs, B KauectBe apryMeHta KAX Bui6upaercsi MmomHocts P = X2, B
3TOM cJuyyae Gojiee YROGHOA AJ aNNMPOKCHMALHH sIBAseTCH (PYHKUHS KOMIJIEKCHOTO
Ko3ddHIHEeHTa nepeRayH

; M
- . Y (X) ;
ROX)=K(P)=——"= CnP™. (3.29)
X
m=0

3necb H nanee aMIIIMTYAH BxoaHoro (X) u BmxogHoro (Y) CHrHaJoOB HOPMHPYIOT-
,CSi OTHOCHTEJbHO KaKOrO-JH60 XapaKTepHOro (HanpHMep, 3KCTPeMajbHOro) 3Haue-
HHSA. DTO LeNecoo6pa3HO C TOUKH 3peHHsi NojyuyeHHs GNH3KHX no ¢opme Xxapakxre-
DHCTHK, 4TO CYILECTBEHHO 06JieryaeT annpoKCHMAIHIO.

PekomeHayeTCs caeAyiollasi METOAHKA onpeaesieHHsi Cm. KommaekcHeit Koadou-
sHHEHT Ilepelaun MpeACTaBJAsieTcsl B TPHTOHOMEeTpHUeCKOH ¢opMe

K (P) = K(P) cos ¢ (P)+i K (P) sin g (P), (3.30)

H nomyckaetcs, uTo Kcos@ u Ksin@ MOXHO anmpoOKCHMHDOBaTh CTENEHHBIMH
0OJHHOMAaMH:

Re K (P) ~ A, (P); Jm K (P) ~ A, (P), (3.31)
rae
Ay (P)=ay+ a;P 4 azP? | . . .—{—amP"’;} (3.32)
Ay (P)=bo+byP 4 bP2+ . . .+ b,P™.

3necb Cm=am+ibm — HCcKOMBle KO3(QHIHeHTH BhpaxXeHHs (3.14). Hcxomubimu
a5 ux onpenenends sasiorcss AX u ®AX ycrpoficTBa, MOJyuYeHHbIe SMIHPHUECKHM
ayTeM NPH rapMOHHYECKOM BXOLHOM BO3JeACTBHH.

Ha puc. 3.1 H306pakeHsl 3MIHPHYECKHe KOMIIEKCHHE aMIUIHTYAHBIE XapaKTepH-
CTHKH peanbHuix ycrpoiicts: I u 2 — JIBB; 8 — napameTpHueckoro yMHOXHTeNs dac-
TOTH; 4 — TPAH3HCTOPHOTO YCHJIHTENSA; 5 — pereHepaTHBHOrO NapaMeTPHYECKOTO YCH-
JaHTeNsi; 6 — BapaKTOPHOro cMecHTeNs. XapaKTepPHCTHKH HOPMHPOBAHbI OTHOCHTEJNbHO
Pgx.ont — MOIMHOCTH BXORHOTO CHCHaJa, COOTBETCTBYIOWEH MAaKCHMYMY MOILHOCTH
Ha BHIXOZe. '

Kak BHAHO, XapaKTepHCTHKH G6au3kH mno ¢opme. IlosToMy paccmaTpHBaeMue
cnoco6bl MOJYYeHHs: KOMIVIEKCHHX Ko3ddHIHeHTOB noanHoMa (3.29), anmpoKCHMH-
pyioLero KOMIJIEKCHYIO aMIUIHTYAHYIO XapaKTepHCTHKY, NPHMEHHMB KO BCeM HeJlH-
nefiunim ycrpoiicteam, AX u ®AX KOTOpHX NMOAOGHH NpHBeAeHHHIM Ha pHc. 3.1.

He kacasicb 3afauu onpenesieHHsi YHCJEHHBIX 3HaueHHA Koa(dHIHeRTOB Cm, pac-
CMOTPUM HEKOTOpHIe CNOCOGH MOJYdeHHS HX aHAaJHTHIECKAM NyTeM Ha HpHMepe
JIBB, y koTopofi HauGOJiee 3aMeTHO OAHOBPEMEHHOE MNPOsBJEHHe aMIVIHTYAHOA He-
JIHHEAHOCTH H aMIVIHTYAHO-(a30BOA KOHBEPCHH.

1-t cnoco6. IlpeactaBHM KOMIVIEKCHH Ko3(QHIHEHT mnepenain B NOKasaTesb-
Hoft ¢opme

K(P)=K(P)el®® (3.33)
H npHMeM, 4TO XapakTepHcTHKH K(P) B e'®(P) B 60/bIIOM HHTepBajle H3MEHEHHS aM-

MJHTYAbL BXOAHOTO CHTHAaJa, He OrPaHHYEHHOM 06JaCTbi0 cJa60f HEJHHeAHOCTH, N0-
CTAaTOYHO TOYHO ANNMPOKCHMHPYIOTCS NMOJHHOMAaMH cTenmeHH | H L COOTBETCTBEHHO

7 L L
Ky =Y piPt; e 9P —casq(P)+ising(P) = Y P! +i P, (3.34)
<o 1=0 =0
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Torga

I L I L
kK=Y Y nap 41y, Y Pt (3.35)
i=0 =0 i=01=0

Ipousseass 3sameny nepeMenHofi B cymMax (3.35) mo dopmyne i+I=m, noayanm
Bupa}x?Hue (3.29) amas xomnaekcHoro KosddHIHeHTa mnepefaud, B KOTOPOM

Cm= Zpi§m—i, rie Sm—i =¢m—i+irm—s; 0SMm—i<<l.
i=l
VauruBas Cm=0m+ibm, HMeeM:

1 I
am = 2 Piimis bm= Y, Pirm_i. (3.36)
i=0

i=0

BO03MOXHOCTb JOCTATOWHO TOYHOM annpokcuMauud ¢yukuuit K(P) n elo(P)
MOJHHOMAaMH HEeBHICOKON CTeneHH HJVIOCTpHpYyeTcss pHC. 3.2, rae H3006paXKeHH 9SM-
nupHUecKHe XapakrepucTHKH JIBB ThHnma YB-205 H annpoKcHMHpYIOIHEe HX IOJIHHO-
MH 5-fi cTemeHH (MYHKTHP) ¢ Ko3(hQHIHEHTaMH:
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“ Puc. 3.1. TunoBHe KommiaeKcHhe Puc. 3.2. AnnpokcMManusi KOMILIEKCHOH aMIJIH-
' aAMIUIHTY AHbIE XapaKTEepHCTHKH Tyﬁ.HOﬂ XapaKTEePHCTHKH IMOJHHOMOM Q)YHKHHB
CBUY ycrpoficTs: K(P) u elo(P) — njs peanbHoit JIBB

1 u 2—JIBB; 3 — napaMeTpHuecKuft

YMHOXHTE@JNb 4YacTOTH; 4 — TPaH3HC-

TODHBIAA YCHJHTeNb;, 5 — pereHepaTHB-
_ HBIR MNapaMeTPHYECKHR  YCHJHTEJb;

6 — BapaKTODHBIA CMeCHTeNb
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po = 1,5067, o= 1,007, ro= —0,0165,

py = —0,2803, ¢ = —0,0903, ry =1,006,
ps = — 0,4769, gs = —0,4172, rg= —0,34,
ps = 0,3454, g3 = 0,369, rg= —0,0696,
ps = — 0,0869, qs = —0,1076, ry = 0,0508,
ps = 0,0076, gs = 0,0105, rs = 0,0064.

Ipencrasnenne ¢yukuud K(P) B Bume 1(3.33) m03BOJSET YCTaHOBHUTb CBS3b Me-
)xng KospduunentaMn HcxomHHX AX u PAX M KOMIJIEKCHOM XapaKTePHCTHKOMN
K(P), onpenensiemoit (3.36). DTo HeOGXOLMMO NMpH pa3feJbHOM aHAJH3e AMIUIHTY.-
HOM HeJHHeHHOCTH H aMIVIHTYIHO-¢a3oBofi KouBepcHH [54]. HepmocraTok ompezese-
HHsl Ko3pduuuentoB no ¢-ne (3.36) 3akmoyaeTcs B TOM, YTO NMPH BHIYHCJIEHHH CyMM
(3.36) mpoHCXOAHMT moTepst MEpBOHAYaJbHOM TOYHOCTH, C KOTOPOM GBUIM PacCUMTaHBl
P, q u r. CoOTBETCTBEHHO COKpalllaeTcsi MHTepBaa anmnpokcHmauuu. IlosTomy pac-
CMOTPEHHHIfI COCO6 MPHMEHSATb He Cilelyer.

2-fi cnoco6. CokpallleHHs] WHTepBaja anmpOKCHMALHH MOXHO H36exXaTb, ec]n
npenctaButh ¢yHknuio K(P), B TpuronoMerpuueckoft ¢opMe M aajee anmpOKCHMH-
poa;zirb CTeneHHEMH nonﬂﬂoma'm% ReK (P) u ImK (P), a umenno: K (P) cos ¢ (P) ~

zz anPm™, K(P) sincp(P)zz bmP™. Orciona mnojydyaercs BHpaKeHHe IS

m=0 m=0
KOMIJIeKCcHOro Ko dHIHeHTa nepejayn:

M M
K(PP) =~ X(am+ibm)1-'>’” = 2 CnP™. (3.37)
m=0 m=0
3TOT cmoco6 MosMyyeHHs] KOMIJIEKCHHX K03ddHUHEeHTOB HarasaeH, yaoben H obecre-
9HBaeT Xopoulee NMpPHOGJIHKEHHe B 3aJlaHHOM HHTepBaJe.
3-t cmoco6. Has moayyenus Kosadduunenta Cn, MOKHO HCIOJB30BAaTh KOM-
MIEKCHYI0 aMIUIMTYAHYI0 xapakrepucTHKy Y (X). Ecam 3anucats

Y (X)=Y (X)cos@(X)4iY (X)sing (X) (3.38)

H amnpokcumupoBath OyHKuuH Y(X) cos (X) u Y(X)sin@(X) ¢ cuMMeTpHUHHIMH
OTHOCHTE/IbHO Hayaja KOOPIAWHAT NpPOAOJIKEHHSMH IIOJHHOMaMH HEYETHOH CTeneHH

M M
Y(X)cospX) =V anX?™H; ¥ (X)sing(X) : bpX2mt! |
m=0 m=0

s M M
KX) = L;O ~ z X" iV b X7,
m=0 m=0

OTCIOa TOJYYHM IIOJHHOM, ANNPOKCHMHPYIOWHA (YHKUHIO KOMIVIEKCHOTO KO3(dH-
HHeHTa nepefayd Mo cremeHsm X2:

M M M
K(P)~ " anP™ +i}_ buP™ = N C,P™.
m=0 m=0 m:o

3toT cnoco6 obecneynBaeT Xopolllee NPHGIHMKEHHe B 3aJaHHOM HHTepBaJe, 49TO
noaTsepxAaercd (pHc. 3.3) pe3yJbTaTaMH amnpoKcHMalHu XapakrepucTHku K(P)
oaHo#t 3 JIBB nmosMHOMOM HATOA CTemeHH, H NMO3BoJseT H30exaTb NPOMEXKYTOYHO-
ro nocrpoesuss ¢yHkuun K(P); ero MOXKHO peKOMeHAOBAaTb [Jisi HAaXOXKJAEeHHS Ko3d-
dunpeHToB Cm.

IMpn BLIGOpe HAHBHIrORHEMIIEro METOAa AaNMPOKCHMAUHH pellajoliuM SBJSETCH
crenedb nojnHoma. OHa onpenessieTcs 3allaHHHIMH TOYHOCTBIO NMPHOGJHIKEHHS H HH-
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TepBaJiOM annpoKCHMAHHMH H C STOH TOYKH 3PeHHS MOJ/KHA GHTb BHICOKOH, a C Apy-
rOfi CTOPOHH, He AOJMXKHAa OHTb CJHIUIKOM BHICOKOM, TaK KaK YBeJHYHBaeT 00beM
BBHIYHC/IEHHH NpDH aHa/iu3e HeNHHeHHOH uemxH. TakuM 06pa3soM, BO3HMKaeT 3afaua

16 1Y =

) ]
‘\ / //N// ! /
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~04 ,/ Puc. 34. HopMupoBaHHhle aM-
> / ! NJHTYAHBIE M (Paso-aMIAHTYA-
\ Y Ksing Hble XapaKTepHCTHKH
-05 - -~
4 b7 Puc. 3.3. AnnpokcHMauus KOM-
N/IeKCHOH aMIJIMTYJHOH Xapak-
e/ TepucTukd JIBB nonausomMoM msi-

TOH CTemeHH

ZAIOCTATOYHO TOYHOH anNpPOKCHMAnHH (YHKHHH B GOJIBIIOM HHTepBaJle H3MEHEHHS
€e aprymeHTa MOJMHOMOM CPaBHHTEJbHO HeBHICOKON cTemeHH. IIpu 3ajnaHHbIX cTeme-
HH TOJIMHOMa H HHTepBaJle 3Ty 3ajJayy MOXHO pelIHTb BHGOPOM Merona NpHGAR-
JKeHHS.

CyliecTByeT HecKOJbKO MeTOJ0B NpHOJHKeHHA (GYHKHHA B 3aBHCHMOCTH OT TO-
ro, KaK OleHHBaeTcs GJH30CTb 3aaHHOM H anmpokcHMHpyowe# ¢yskuun [56]. Ha-
nboslee NPOCTO 3afaya NONHHOMHA/NLHOH aNMpPOKCHMAlUUM (GYHKIHH peIlaeTcs MeTo-
JIOM HHTepNOJIHDOBAHHS, KOrAa MJsi onpefesieHHss KO3(QHUHEHTOB MOJHHOMA HOCTa-~
TOYHO DEIUHTb CHCTEMY ypaBHeHHH

S(x,-)—f(xi)= 0, (3.39)

ONHCHIBAIOLIMX PABEHCTBO NMOJNHHOMA H 3a/laHHOH (YHKUHH B y3/jaX HHTePHOJHpO-
BaHuA. Ilo3TOMy HHTEpHOJHPOBAHHE C DaBHOMEPHHM HJH IPOH3BOJbHHM pacloJo-
JKeHHeM Y3JI0B NpHMeHsieTcs, ecJd Heo6XOAHMO anmpOKCHMHPOBaTh (GYHKUHIO B He-
GoNbIIOM JHaNa30He H3MEHEeHHS apryMeHTa HJH eciH (pyHKHHs CpaBHHTENbHO MPOC-
Tas. [IpH 3TOM annmpOKCHMHDYIOIUHA MOJHHOM HMeeT BTOPYIO MJH TPETbIO CTeNeHb.
Tak Kak peaJibHEle XapaKTEDHCTHKH HMEIOT CIOXHYIO ¢opmy ((cM. puc. 3.1), To
aNNpOKCHMHPYIOIHA HX B GOJIbIIOM AHama3oHe H3MEHeHHs apryMeHTa NOJHHOM pa-
BeH XapaKTepHCTHKaM TOJbKO B Y3JaxX HHTEpPNOJHPOBAHHA M MOXET 3HAYHTENbHO
OTKJIOHAITbC B NMPOMEXYTKaX MeXIy y3/aMH. BesHuHHa OTKJIOHEHHS, 3aBHCSLAf OT
BHa XapaKTePHCTHK H OT PacNOJIOXKEHHS Y3JIOB, MPAKTHYECKH He yMeHbIaeTcs NpR
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NOBLIIIEHHH CTENEeHH MNOJHHOMA, l'lpezl.e.n NOrpeliHOCTH HHTEPNOJHPOBAHHA B Kako#:
aA6O0 TOYKe X BHYTPH 33aJlaHHOrO HHTEpBaJia OLEHHBAeTC BHpPaXKeHHEM

max | fMHD () |
[Ru ) | <~y
rae [(M+1)(x) —npou3BOAHas aNmpOKCHMHpYeMoR  xapakrepucTHkH (M+1)-ro
nopsAKa; Xo, X1, ..., Xn — Y3J1b HHTEPNOJHPOBAHHS.

Kak BHAHO, MOTPEIIHOCTb 3aBHCHT OT CBOACTB (DYHKUHH, CTENMeHH NOJHHOMA H
BHOGOpa Y3/0B HHTEpNOJHpOBaHHA. Jlisi OmpejesieHHS! ONTHMAJBLHOIO PACIOJNOXEHHS
y3/I0B, MIPH KOTOPOM MOTPEIIHOCTh MHHHMAaJbHa, MPOIlecC HHTEPNOJHPOBaHHS, KpoMe
ycaoBust (3.39), mosKeH yAOBJETBOPSTH YCJOBHIO OOGpalleHHi B MHHHMYM Bhipaxe-
s max |S(x)—f(x)]. HOna sroro Rux(x), onpenensiouus NOrpelHoCTb
S[x—f(x)], momxen Ourtb mosnHoMoM YeGHIiNeBa, a YsAH HHTEPNONHPOBAaHHA
HOMXKHH Pacnonarathcs B HyJsX moaaHomos YeGuimesa [56]:

waxe + luma___ Iusxc — hunn 2i41 )
= —u MR cos (T —
™ 2 2 ®\emrz ")

rje Iuus — lmaxec — HHTepBaJ HHTEpnoauposanus; i =0, 1, 2, ..., M.

OnncaHHHA MeTOA MO3BOJAET NMOJNYYHTb XOPOMIYI0O TOYHOCTb AaNMPOKCHMALHH NpPH
HEBHICOKOR CTEMeHH MOJHHOMA B GOJIBIIOM AMana3oHe H3MEHEHHS MOLIHOCTH BXOJ-
HOro OHTHajia, 3HaYHTEJLHO NpeBHIIAIONIeM MOIIHOCTL HachimeHHs. [lo cpaBHeHHIO
C KBaJApaTHYeCKHMH NPHOJIHXKEHHSAMH, NPH KOTOPHX B MHHHMYM OOpamaercs CyM-

Ma [56

(x—x0)(x—x1) . . .(x—xp),

N
Nise)—f)e,
i=1

MeTOR HAMAy4YIIHX NpHOAHXKeHHA npH TOA JKe TOYHOCTH 3HAUHTEJNbHO YROGHee, Tak
Kak Tpe6yeT HeGOJBUIOrO KOJM4eCTBa TOYEK MHTEPHOJHPOBaHHs, paBHoro M+1,

rie M — creneHb MOJHHOMA.
Hrak, onpenenenne kospduunenToB Cm 3aKM0YaETCH B CIEAYIOLIEM:
smnupuyeckne AX H PAX HOPMHDYIOTCA OTHOCHTENbHO KaKof-AH60 XapaxTtep-

HOM TOYKH, HampPHMep OTHOCHTEJbHO MOIIHOCTH BXONHOTO CHTHasia, IPH KOTOPOH Ha-

CTynaeT HachllleHHe;
npu onpenenedHd Cpm NO BTOPOMY crnocoGy cTpositcsi sasucumoctH K (P), rae

P — HopMHpOBaHHBlE 3HaUeHHS BXOZHOM MOIIHOCTH -(cM. puc. 3.1);
saBucuMocth K(P) cos (P) u K(P) sin @(P) annpoKCHMHPYIOTCH  OAHHM H3

MeToAoB mojsuHoMama (3.32);
NpH onpeneneHHH Ko3apouuueHTOB Cm MO TPeTbeMY CHOCOGY BMECTO 3aBHCHMO-

creft K(P) cTposTcs M anmpoKcHMHpYloTcs 3aBucuMoctH Y (X).

BuiGop MeToma ammpoKcHManuH onpefeasercs TpeSyemol TouHocthio. C sToft
TOYKH 3DEeHHS DEKOMEHAYeTCs NpHMeHEHHe METOJAOB HaWMEHbUIMX KBaZApaToB H HH-
TepIfOJIMPOBAHHSA C PACMOJIOXKEHHEeM Y3J0B B HYJSIX NOJHHOMOB UeOHiesa.

3.4. Hesmueiinoe npeoGpa3oBaHue TeCT-CHIHAJA

IposiBaenns ADPK ymoGHee BCero OIEHHBATb N0 HCKAXKEHHSAM CHT-
HaJIoB, MPOMIIIIKHX Yepe3 DaJHOTeXHHUYecKHe ycTpoficTBa. [las oleH-
KH HEOOXOJHMO ONpENeJHTb KOMILWIEKCHYIO OrHOGAIOIyl0 BHIXOIHOTO
CHrHasa Y(f), HafiTH HeueTHble CTeNeHH OrHGalolleli BXOAHOTO CHTHa-
na X (f) H MOJNCTaBHTb HX B CTENEHHON IOJHHOM, anipOKCHMHDYIOIIH
IepesaTOYHYIO XapaKTePUCTHKY.

B nacrosimem naparpade mpuBeleHbl pesyJbTaThl HCC/EIOBaHHS
HOPOXOXKIEHHS Yepe3 HeJHHEHHOe YCTPOHCTBO TeCT-CHTHaJa: CyMMbE
IOBYX KoJieOaHMH C OJHHAKOBBIMH aMIIHTYJaMH H Pa3JIMYHBIMH YacToO-
TaMH. TaKofi cHTHaJ oueHb yJnoGeH: ero oruGaioliass He 3aBHCHT OT
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HayaJbHBIX (a3 OTHAeNbHbIX KosieGaHHA H TMO3TOMY He Tpebyercs Yyc-
pexHeHHd mo ¢ase; KpoMe TOro, MPH OLHHAKOBHIX AMILIHTYJAaX KoJie-
Ganuit orubalollasi CHrHaJla H3MeHSeTCs B MaKCHMaJIbHOM [IHHaMH4e-
cKoM pHana3oHe oT 0 (10 Umakc. a

[TosyyeHHBIe pe3yJsbTAaTH MOXHO HCNOJb30BaThb MPH ONpedeJeHHH
HCKaXXeHHH CHTHaJOB GoJiee CJOXKHOA (opMH. TeopeTHueckoe Hccie-
IOoBaHHe mpollecca HeJHHeHAHOro mpeo6pa3oBaHHs JBYXTOHOBOTO CHr-
HaJla IIeHHO TeM, 9TO €ero pe3yJ/bTaThl MOTYT OHITb TPOBEPEHHI BKCIHeE-
puMeHTasbHO. Pe3yJibTaThl aHa/H3a HMEIOT NPaKTHYECKoe 3HaYeHHe,
[IOCKOJIbKY CHTYallHsl, XapaKTepH3ylollascsd HaJHYHeM Ha BXoge yCT-
poficTBa ABYX KoJe6aHHH ¢ OJH3KHMH 4acCTOTaMH, BeCbMa pacnpocT-
paHeHa. Hanpumep, ycHJeHHe CHTHaJla B MPHCYTCTBHH IIOMEXH H Ip.

[TpocThie peKyppeHTHblE COOTHOLIEHHs, KOTOpble IOJIyYyeHH HHXKeE,
HO3BOJIAIOT OMPENEJNHTb HCKaXKeHHsS CHTHAJIOB B 3aBHCHMOCTH OT ¢op-
Mbl (a30-aMIIHTYAHBIX XapaKTeDHCTHK, OLEHHTb BJHAHHE OTIEJbHO
aMIIHTYIHONH HEJHHEHHOCTH H aMIVIHTYAHO-(a30BOH KOHBEPCHH Ha
NosiB/IeHHe TaKHX HCKaXXeHHi, TpeACTaBHTb COOOpaXKeHHs 1O «KOH-
CTPYHPOBaHHIO» NepeJaTOYHHX XapaKTePHCTHK, 06eCneYHBaIOIHX MH-
HHEMH3ALHIO HCKAaXEHHIl, a TakXe BHIIOJHHTb PSAJ JPYTHX HcCCJeLoBa-
HHH.

Ipu ananu3se mpeamosaraercs, 4TO CyMMa JABYX KojeGanuR mpeactasisier coGolt
KBa3HrapMOHHYECKOe KosebaHune

x(8) = x1 (£) + %3 (1) = Xy (£) '@ - X, (1) ! =~ X (¢) expio?.

3nech X1 (f) = Xy () exp i@s ({) u Xz (f) = X2 (!) exp igz (f) — orubaromue BXoz-

HHX KoaeGanuit; X (f) = X (f) exp i@ (f) — oruGaiomasi CyMMapHOro KoJeGaHHS.
BuixogHO# cHrHana onnchiBaercs BHpaxkenneM J(¢)=Y(¢) expiwol; ncnoassys

(3.14), MoxHO 3anucaTh

M
s=X( 2 Cr [X (1™ expi o . (3.40)

m=1

YeTHbe CTENEeHH KOMIJIEKCHOR orubalomiefi BXOAHOrO CHrHala H ee KBajapar
onpeReasoTcs

2 2 2 2 2 2
x“<t>=(2 Re»}) +(§‘_, Imx}l) =Y 2 Xp () X4 (t) cos [0p () — @ 01,

i=l1 i=1 p=1g¢=1
(3.41)

rae Op(t)=0pt+@p; Oq(t) =0g¢l+@q. C noMowpio GpopMyan ditaepa, yUHTHBAA CO-
OTHOLIeHHE 22 exp i{@p — Dq] = EZ exp i[@®q — Dp], nonyuaem
pgq pa

’ 2 2 )
xxt)=pP®)=" Y XpXyexpi[®p — Dfl. (3.42)
p=1¢=1

3aech M HHXKe 06o3HaveHdss X; B @; Kak (yHKUMH BpeMeHH ¢ JUIS MPOCTOTH 3a-
HHCH ONYMIEHH,
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Herpyaxo nmokasatb, uTo mo6ast m-s1 crenedb X2 (f) umeer BHR

2 2 2 2 2 2
ro=33...3 ¥ ...qzlxplx,,,...

Py=1 py=I p=14q,=1q;=
IR Y .Xmeq'Xq’ o . .quexpi[(bp'—{—d)p'—[— « .-|-(me—®q'_
-0, — .. .—(qu] . (3.43)
Moacrasassa (3.41) u (3.43) B (3.40), moayuaem

N N N :

N
yt)=C Y Xiexpi®;+ G > Y Y xx, x, epi@+0, —0,)+

i=1 i=1 p=1 ¢=1

.NN N N
+...+c,,,22...p§_l

i=|p,=1

N
QboZXiXp‘.‘.Xmeq.;.

1
1g¢,= qm=l

. .quexpi(d)g—l-@pl—[— . e .+0pm—®q‘—' .. .—0qm). (3.44)

Buipaxeunne (3.44) nospoJser B ofuieM BHOe ONPENENHTb CNEKTPAJbHHIA COCTaB
mpoluecca, pasBHBaeMOro Ha BHIXOJle HEJHHEAHOro ycTpoficTBa NPH BO3JEACTBHH Ha
€ero BXOJ CyMMH ABYX cursajoB. [lepBas cymma onpenensier ycuaeHHne 6e3 Hcka-
XKEHHs BXOJIHbIe CHTHaJIb; BTOPas YTOYHAET CNEKTPaJsIbHBI COCTaB, NMOCKOJBKY, BO-
MepBHX, YaCTb CJaraeMHX YTOYHSIET YpPOBeHb YCHJEHHBIX CHI'HaJIOB, H BO-BTOpHIX,
OCTaJbHHE CJaraeMbie ONpeNeNsiOT COCTaBAfiOllHe ¢ KOMOGHHAUHOHHHMH 4acTOTaMH
TpPeTbero MOpsiilka THNa 20;—wz WIH 2w;—w;. [Togo6HHIM o6pasom Jo6ast cymMMa ¢
k03¢ punnenToM C, YTOUHSET YPOBEHb COCTABJSIOLIHX, ONMpeeJEeHHHX MNpeablayLIH-
MH CYMMaMH H, KPOMe TOro, ONpeleJsieT COCTaBJAOmHe ¢ KOMGHHALHOHHBIMH Yac-
ToTaMH (2m+1)-ro nopanka: @;(m+1)—wsm umn (m+1) 0;—e;.

B (3.44) uenecooGpa3no CrpynmHpoBaTb cJjaraeMbie ¢ OIHHAKOBBIMH YaCTOTHH-
MH MHOXHTEJNSIMH H TeM CaMhiM ONpEeNeJHTb KOMIJIEKCHYI0 aMINIHTyAy Jo6ofi co-
CTaBJsAIONIeH, NOSBHBILEACA H3-32 HEJMHERHOro B3aHMOIEACTBHA ABYX cHrHaJjos. Has
yno6cTBa BBOAATCS OOO3HAUEHHS: IJI1 YAaCTOT COCTABJSAIOIHX BBIXOJHOIO CHTHaJla
©1=0i , O2=Ok ; MJIA COCTABJAOIHX ¢ 6O/lee HHKHMH YacTOTAMH 20;—03=

=0, (n+1)(o,—nmg=|(o.~n. I COCTaBJASAIOIHX Cc 6oJjiee BHICOKHMH 4YacTOTaMR
202 — 01 = O s o (n+1)oe—nw =k,
CocraBisiiolllHe C YaCTOTOH OJHOTO U3 YCHAMBaeMbIX KOJe6aHHil B BLIpaXKEHHH

ANA  KOMILIEKCHOH BBIXOAHOH AaMIVIMTYAbl cOrJlacHO (3.44) COIepKHT cJjaraeMmsie
(3anuchb amnautyn H ¢a3 BXOAHHX KoJeGaHHiI KaK (QYHKUHHA BpeMeHH OmycKaeics) ¢
MHOXHTEJIAMH: C'o—CoXsoexp igi ; C—CiXi | exp ip: Rio, rae Rio=X% , X% s
Cr—CoXi  expigi Ry, rie Rpo=X% +6X% X +3X% ; Cm—CmXi expigi Ry |
X? (m—p) xip
0 ()

m
rae Rpo=m!(m--1) 2 .
p=0

(p1)? (m — p)t (m —p — 1)

Takum 06pasoM, KOMIUIEKCHAs aMIWIHTYAa YCHJIEHHOTO CHrHazia
2 (m—p) y2p
X3 (m=p) x%°

M m
¥, =X, expigpy Cuml (m—1'Y e
o ° mgo p):o (p1)* (m —p)! (m —p — 1!

Has cocTaBASIOMKX C YacCTOTaMH o, =2'(l)io—‘(0h o HIB On =2mo —wi  (npo-

AYKTOB HeJHHeHHOro npeo6pa3oBaHHs TpPeTbero NOpsAAKa) cjaraeMble KOMIJIEKCHOR
aMHJIHTYAN HaXOASTCS COINIaCHO BHpaxKeHHIO, monobHomy (3.44), Ho Ge3 mepBoro
caaraemoro ¢ MHoxHureneM Co. Ilpu 3TOM onpenesfioTcs craraeMbie ¢ MHOXHTeJs-
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MH Cj, C; H T. A. H METOAOM MaTeMaTHYecKON HHAYKLHH — KOMILUIEKCHAasl aMILVIHTYAa
NpPOAYKTa HeJHHeHHOro npeo6pa3oBaHHsi TPeTbero MopsAKa (cocTaBisioliasi ¢ 4ac-
TOTOR ©; ):

M m
Y,l = Xfo Xp, expi (2q;i° —9;) le,,,m] (m+41)! E x%,,(m—p) X
m= p=1
X3 (o=

@2—m—p)l (m—p) pl (p— 1)

AHaJorHYHO oONpeResioTCs KOMIJIEKCHHe aMIVIMTYAH NPOAYKTOB HeJHHeAHOro
npeo6pa3oBaHHs MATOro MopsiAka (C YacTOTaMH ©i, HIH m;.,),cenbmoro nopsiaka (c
9acTOTaMH ©i, HIH nan.') H T. A. B pesyabraTe noayuaercsi cjeaymioliee peKyppeHT-
HOe COOTHOLIEHHe [Js KOMIVIEKCHOfi aMIJIMTYAHW Jio6ofi cocramisiollefi Ha BHXOHEe
€ gacToToft ®i, (1460 ®r,) npH JI060M n — uenom gucae oT 0 go oco:

M
Vi, =XV O X5 0 expi[(n 1) 9, () —n gy, )] T (m+ 1) miCr X
m=n
m x2 (m—n) ¢ X2 (p—n) ¢
) b O, 0 . (3.45)

(m—p+1+4n)l(p—n)l (m—p)! p!

PopMyna ANA COCTABJAIWHUX C YACTOTAMH Ok, aHajorwyHa (3.45), HO HeoGXOAMMO

3aMeHHTb iy Ha Ry, a Ry Ha ip. U3 (3.45) BuAHO, YTO:
ANl HAaXOXKJEHH aMIVIMTYAH cocTaBasiomeff ¢ gacroTofi w:, [mpoaykra (2n+

+1)-ro nopsigka] Heo6XoAMMa aNNMPOKCHMALHS KOMILIEKCHOrO xoﬁdmuuema nepe-
JlauH HeJIHHeAIHOro yCTpPOWCTBAa NOJHHOMOM C BepxHefi creneHbio M>n,;

aMninTyaa u (asa ycHIeHHOro koJeGaHHs HeCyT B ce6e NMapasHTHYIO MOAYJs-
LHIO, T. €. 3aBHCAT OT BPeMeHHHIX QYHKLUHA aMIUIMTYAH COCeNHero KoJeGaHHsS; KOr-
Jla YCHJHBAIOTCA CHFHaJH C YrJIOBOA MOAyJsuHefi (HX aMIJHTYAa NOCTOSIHHAass H Je-
TepMHHHPOBaHHaA), ¢a3a ycHIeHHOro koJeGaHHsA He HeceT B cebe mapa3uTHOf Mo-
AYJASUHH, MOCKOJIbKY 3aBHCHT TOJbKO OT (asH BXOAHOI'O KOJeGaHHS.

Bupaxenne (3.45) no3BoJsieT COCTaBHTb CPaBHHTEJNbHO NPOCTOH aJrOPHTM BH-
yHcaenni Ha OBM Mmanofi MOLIHOCTH H NMPOHM3BECTH aHAJNH3 NMpPOLECCa YCHJEHHS ABYX
Kose6anuf.

3.5. Onenka BAMAHHA MEPEJaTOUHLIX XAPAKTEePHCTHE
HAa HCKa¥eHHA CHrHaJja

B nannoM naparpade naloTcs OLEHKAa HCKaX{eHHH CHTHAJIOB MO BH-
Jly nepeslaTOYHbLIX XapaKTePHCTHK H peKOMEHJalHH M0 HX «KOHCTPYH-
POBaHHIO» C LeJbl0 MHHHMH3aUHH HcKaxeHHH. [ns onpenenenus
BJIHSIHHSI BHJa 'KOMILIEKCHOA aMIVIHTYJAHOH XapaKTePHCTHKH HeJHHeH-
HOro ycTpoiicTBa Ha KOMOHHAIHOHHBIE TIPOAYKTH HCKaXKEHHH YCHJIH-
BaeMbIX KoJie6aHHA NmpH HX HeJHHeAHOM mpeo6pa3soBaHHH HEOOXOLHMO
PaceMorpeTbh HeKoTopbie HOpMHpoBaHHble AX 1 ®AX (puc. 3.4). [pu-
BedeHHble AX umetor: I u VI, Il v V — nonapHo OAHHaKOBYIO MO MO-

AyJII0, HO Pa3HyIo TO 3HaKy KPHBH3Hy (BTOPYIO NPOH3BOLHYI0); IV —
MEHSIOIYIOCSl 10 3HaKy Kpmsusﬂy Kpusas 11l onpegensier JIHHeHHbI
pexum ycrpoictBa; VI — pexuM, GJH3KHH K HIeaJbHOMY OrpaHHYH-
Teso. Pa30-aMIIHTYAHbIE XapaKTEPHCTHKH HMewoT: I # 2 — pasHblil
MaKcHMaJbHEA ¢a3oBbiit HaGer (40 1 80° cOOTBETCTBEHHO) H NMOCTOSIH-
Hy10 nepBylo mpoH3BoaHywo (3,3 u 6,6 rpan/ab coorBeTcTBeHHO), Ha-
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3nBaeMyio Ko3dpduuuentom AM — O®M mpeobpasoBanns Kam— om; 2,
3, 4 1 5 — onuHaKOBHII MaKCHMaJibHHIA (pa3oBmit HaGer (80°), mpu-
uem 3 U 4 uMelOT 3aBHCHMOCTH ¢=aX? u ¢=a(2X—X?), XKpHuBH3Ha
STHX XapaKTepHCTHK OIHHAKOBAa NO MOAYJIO H pasjiMyHa MO 3HAKY.
XapakTepHCTHKa § HMeeT MEHSIOLLYIOCS MO 3HaKy KpHBH3HY, 6 ®PAX
HMeeT Ha HayaJbHOM ydacTKe TaKoi oke Kam— oM, 4TO H 4 OAX, a
3aTeM Kam— oM CTaHOBHTCS pPaBHHIM HYJIO H JaJiee IMeHseT 3Hak.

Takumn AX u @AX o6namaioT peaJsibHbie HEJHHEHHHIE HJIH CIe-
IlHaJbHBHE KOppeKTHpYyollHe ycrpofictBa. KoMInieKcHasi aMILIHTYAHAS
xapakrepucTHka (KAX) o6Gosnauaercs mByms undpamu. Hampumep,
IIT (2) onpeneasier KAX yctpofictBa, nMmeloulero Jusefinyio AX H
®AX c nocrossuubiM Kam— o m=6,6 rpan/nBb.

Ilpn aHann3e HOKaXKeHHH CHIHAJIOB OTHOIIEHHE MOLIHOCTEA OAHO-
ro M3 ycHJIeHHBX KoneGaHmit (P;,=|Y;,|?) ¥ KOMOHHALHOHHOH cCoO-
CTaBJISIOIEH TPEThero Nopsiika, 6JH3KOH 1O 4acTOTe K 3TOMY KoJe-
Ganuwo (P;, =|Yi, |?), ompepenssoch Tak XKe, Kak NPH HCCJIENOBa-
HHAX C [OMoIUbI0 TecT-cHTHaja. OTHomenne P;, [P;, oleHHBaJOChb B
3aBHCHMOCTH OT HODMHDOBAHHOM CYMMapHOA BXOLHOH MOIIHOCTH
Pz =X?; + X%, , npHueM YPOBHH BXOIHBLIX KOJeGaHHA NPHHHMAaJHCh
oanHaKOBHMH: X; = X = X.
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Puc. 3.7. 3asucumocts Py /Ps‘ = Puc. 3.8. 3asucumocts Pi [Pi =
=y (Pg)aan ycrpoficts, KAX ko- =y (Py) ana ycrpoiicrB, KAX xo-
tropux THna I (/—6) onpenensior topux THna V (I—6) onpeneasior
pausHue ®AX pausinge PAX

Ha puc. 3.5 nmpencraBnenn sasHcumoctn Pi [Pi ot Py ans caydas, Koraa

%crpoﬂcma 0611afal0T TOJBKO aMIIHTYAHOA HeauHefiHocThlo BHaa [—VI (9=0).
HAHO, YTO uem GoJbllle MOAYJAb KpuBu3HH AX, TeM OTHOIeHHe PfolP;l 6oJible.
YMenblueHHe P,;‘,/Pil ¢ poctoM Py mnpoHcXoRHT MefJeHHee Ais AX ¢ yGHBaloulef
npousBonHoOi, ueM ¢ Bo3pactatoweit. ITpy AX Buia I/ uMeeT MecTO KOMIeHCauus
HeJHHeAHHX HCKaXKeHHfl, YTO rOBOPHT O MNpeHMYIUeCTBe HCIOJb30BAHHA XapaKTepH-
CTHKH C nepernGom.

Bausune ¢opMu GAX H BeJHUHHH MAKCHMAJbHOTO (Ha30BOTO CABHra HJJIIOCT-
pHpYyeTcs KDHBHIMH, MOCTPOEHHHMH Ha pHc. 3.6 mas caywas aunefinofi AX. Ananus
KPHUBHX C OZHHAKOBHM @maxc, HO C Pa3HHM XapaKTepoM 3aBHCHMOCTH cABura ¢as
oT X (xpusHe 2—5) nokashBaeT, YT0 HaHGoJblliee BJHSHHE HAa OTHOIIEHHe P‘o/P".
okasnBaer Kam-®Mm=dp/dPys, a He aGcOMOTHOe 3HaueHHE Qmaxc. C yMeHblUeHHeM
Kam-® M OTHOmeHHe P.-./Pil yBeanuuBaerca. Jas kpueoA THna 4, y koTtopo#t c
ysenuuenreM X Kam-q¢ M yObiBaer, 3TO OTHOLIEHHEe 3HAYHTEJbHO JIyYUIe NMPH MaJbiX
Kaym -0y (Gonblinx aMniauTyfax) H xyxke npu Goapmux. IIpH cpaBHeHHH KDHBHIX
THnoB / H 2 BHAHO, 9TO ¢ yBeamdennem Kam -om B 2 pasa oTHomwenue Pi [Pi
yMeHbillaeTcss Ha 6 AB BO BceM AHamasoHe BXOAHHX CHrHajaoB. O BuuaHHH Kam-o M
Ha ypOBeHb KOMGHHALHOHHHX COCTABJSIOLIHX MOXHO CYAHTb H3 CPaBHEHHS KDHBHX
4 u 6. HeGonbmoe nx pacxoxpenne npn Py <C0,1 o6bscusieTcs BAHSHHEM NPaBHX
yaactkos ®AX. Ycrpoiicta, umetomue PAX ¢ mepern6oM — THNA 5, HCKaXKalOT CHI-
Haln B HauGoablleft cTemeHH. Ha puc. 3.7—3.9 npHBefieHHW pe3yiabTaTH pacyeToB
ANA YCTPOMCTB, KOMIUIEKCHHE XapaKTePHCTHKH KOTOPHX MpPeACTaBAAIOT COOOf KOM-
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Ounaunu AX Bupa I, V VI c pasamuuumu  DAX, H306paKeHHHMH Ha pHC. 3.4,
Ananusupys H cpaBHMBas npeicTaBieHHHe rpadHKH, MOXKHO CYAHTb O BJHMSIHHH Ha
BeJIHYHHY HCKaXKeHUA (OTHOLIEeHHs P¢°/ P‘:) ®AX passuuHo GOPMH NPH PaA3HHX
BHJAX aMIJIMTYXHOA XapaKTepHCTHKH. BuiHo, uro A®K nNpHBOAMT K YMEHbLICHHIO
orxowenuss P; /P; , ypeaHdeHHIo HCKaXerMAi CHrHaJloB npH Bcex Buiax AX u Tem
3HauHTesbHee, yeM GoJblie Kam -0 M.
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Puc. 3.11. 3aBHcHMOCTD P;OIP,‘]=1|J(P2), Puc. 3.12. 3asucumoctH P{o/Pi =
onpefendiome BauAHHe dopMnl AX npu  =v¢(Py), onpenensiomue BUIHsHHE
®AX THna 2 ¢opmu AX npu ®AX tHRa 4
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HckaioueHHe cocTaB/isileT KOMILIEKCHas XapaktepHctHka V (6). B ycrpoficTBax,
06/1aal0LNX TAKOA XapaKTEePHCTHKOM, obecmeyHBaeTcss KOMIEHCAIHsl HCKaXKeHHH 3a
cuer cneundpuyeckonn popmu PAX.

Ilpn xoMnaekcHHX xapakTepHcTHkax VI (I—6) Ha6monaercss AOMHHHpYoLlee
BJHSIHME aMIJMTYIHOA XapaKTePHCTHKH, a BausHue ¢opMn DAX H BeJHUHHH
Kam -© M cxkasnBaercsl 3HauHTeJbHO MeHbllle, ueM npH Apyrux AX. PasHoctb Mex-
ny kpuBuiMH aas [ u 2 ®AX cocrasaser 2 aBb pas VI AX u 4 1B mna V AX;
s juHefiHoi AX pasHocTs paBHa 6 ab.

PaccMatpuBas kpHBhe Ha pHC. 3.10—3.12, MOXHO OLEHHTb BJIHSHHE DPa3JIHYHW~
BuaoB AX Ha OTHOlIeHHe P.~°/ i, TpH OnHOA 3 Qopm ®AX (1, 2 u 4). Ho6as-
JeHHe HesqHHefiHO# AX NpPHBOZHT K YMEHbLIEHHIO OTHOUIEHHS Pi“/P.-I npu Bcex ¢op-
max ®AX. Hckmouenne cocraBasier AX Bupa /V, mpu kotopoii Habmonaerca He-
GoJibllasi KOMIEHCALHS.

CpaBHeHHe KPHUBHX NOKa3HBaeT, YTO B GOJBIIHHCTBe CJyYaeB BJHAHHE (OPMHL
®AX Ha OTHOUIEHHe P.-‘/P;o cHJbHee BJAHSHHA BHAA AX.

ITpn onHOBpeMEHHOM YCHJIEHHH B HeJHHefiHOM YCTpOACTBe ABYX KoJeGaHHii pas-
HHX YpoBHeA OfHO KojeGaHHe «naBHT» jpyroe. Kosdduunenr mnonasieHus

pP; P;
ky =( 7 L P—'-) 3aBHCHT OT BHJa aMIVIHTYIHON XapaKTEPHCTHKH.
ko / Bux ko /Bx

Ilns  BHsABNEHHS 32aBHCHMOCTH kn oOT Py 3naueHws  MowHocreit omnpene-
JANHCh  cHeAylOWHM  o6pasoM: P; sx=X%; P,.O,,=X2;;=4azxzs, rae a=Xp/X,;
Ponux=|Y|’o 1% Phoaux=lyho|2; P2=3(2¢°(:1+a2). Ananus  3aBucHMOCTENl  (pHC.
3.13) noxaswisaer, uto npd AX Tunos / u II cnaGulii CHrHaa noaaBasieT CHIAbHLIA (ko<

<<0), a npu AX tunos V u VI cuanb-
Hblll nojaBasier caabuii (kg<<0).

UeM Bhbillle KPHBH3HA KPHBOH, TEM 96 | Ky _W__——-——"J
CHJIbHEE NOJaBJIEHHE. //
Bripaxenue (3.45) mosBo- 4 /’ 7
aser {58, 59] onpenenuTh He- //
JHHelHble HCKaXKeHHus IpH 2 / ]
NPOXOXKIEHHH [BYXTOHOBOTO / _—1
CHrHala yepe3 YCTPOMCTBO C 7—>< r
A®K. TlpencraBnenHsie KpH- AN &
Bble IM03BOJISIIOT OLEHUTH BJIH- AN
suue Buga KAX Ha Hckaxe- B I |
HHS CHTHAJIOB M NPEACTaBUTH -Z =
CoO6paxeHusi M0 HX yMeHb- — A 1Y
LICHHIO. 4 ,

Crnenyer OTMeTHTb, YTO

BripaxeHue (3.40) mosBossieT
nponecrn awanna npoxowne- Pic. 515 Sumcmoens wosphmuerra n
HUS J1060r0 CHrHaJia ¢ OTHO- pa P yumap

- . BXOJAHOA MOLLHOCTH

CHTeJbHO MaJIOH IIHPHHOMH

cnekrpa. Eciu TakMM cHrHa/lOM siBJIsieTCS MOJIMTapMOHHYECKHH CHIHAJ,
T. e. cyMMa N KBa3urapMoHHYeCKHX KoJieGaHHH, TO aHAJH3 HCKaXKeHHIt
MOJKHO NPOBECTH, HCHOJIb3ysl BripaxeHHus (3.41)—(3.44) mpu BepxHeM
npejene cyMmmupoBanus N (a He 2). AHa/u3 HCKaXKeHHUil CHTHaJ/a CI0XK-
HOTo BHAa HMeeT P ocobeHHocTell [58, 61], KOTOpHIE B HacTOsIIIEH KHH-
re He pacCMaTpPHBAIOTCA.
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4

AMIIVIHTYJHO-®A30BASA KOHBEPCHSA
B YCHJIMTEJBHBIX YCTPONCTBAX

4.1. O6mue NoHATHA 0 MpHYHHAX Bo3HHKHOBeHHA ADK
B YCH/IMTEJIBHBIX YCTPOHCTBaxX

OcHOBbLIBasiCb Ha NPOBELEHHBIX BbIlle PACCYXKAEHHAX, MOXKHO YT-
BEpXKJaTb, YTO SIBJEHHS, TIDOMCXOISAIIHE B peaJbHbIX YCHIHTEJX,
06yCJIOBIHBAIOT aMILIHTYAHO-()a30BYI0 KOHBEPCHIO.

Ins Toro uro6el chOpMy/JHPOBAHHLIE B Pe3yJbTaTe PacAMOTPEHHSs
BbIBOJIbI M TIOJIOXKEHHSI OTJIHYaJHCh MaKCHMaJbHO BO3MOXHOH YyHHBep-
caJIbHOCTbIO, 33, OCHOBY 11eJ1eCO06pa3HO B3fiThb OOOGLIEHHBIA YCHJIH-
TeabHbI Kackan (puc. 4.1a). 3aech ¥II — younurenbubii npubop TH-

umc
Bxg(; n :EIZM ume :;‘Bblxoﬂ

/
n ?’w=c0ns£ e
/
a) it
i - 1 ! A
Z Z Zee
(' B Bx UM ynp.c
Y e A UMC i Donacms_omcymemBun 0aacme HaANUS
- —APK AT
p=ivar(Ape) | p=var (Aypc)
Puc. 4.1. O606IEHHNR YCHJIHTEbHHA Puc. 4.2. ®aso-aMnauTyaHasm Xxa-
¥ackaj (a) u ero s;léauaaaen'rnaa cxe- PaKTEPHCTHKA YCHJHTeJS
Ma

T

fia 0GOGIIEHHOrO0 TPEXMOMIOCHHKA MM aKTHBHBIN 3jeMeHT (AJ), K Ko-
TOPOMY CBOJASITCS H3BECTHble PA3HOBHIAHOCTH aKTHBHBIX 3JIEMEHTOB)
3JIeKTpOHHAs JaMna, GUNoMsPHLIA U mosieBofi Tpau3ucTopn; LIMC —
LeNb MeXKaCKaJHOH CBSI3H HJIH OGOOCILEHHBIH NMACCHBHBIA 4eTHIPEXIO-
JIIOCHHK, Ha BXOJHOM CONPOTHBJIEHHH KOTOPOro (Zasximc) BblAe/sieT-
cd ycHJaHBaeMoe KoJeGaHHe; K TaKOMY UeTbIPEXNOJIOCHHKY TaKxXe
CBOJSITCS BCE Pa3HOBHIHOCTH Iienell MeXKacKalHOH CBS3H.
JIOCTOMHCTBOM TaKOro NpeICTaBJIEHHS SBJSIETCS BO3MOXHOCTb B
o6leM BHIEe OLEHHTb BJHSIHHE OTAEJBbHBIX 3JIeMEHTOB — YCHJHTENb-
Horo mpubopa H leNnH MeXKacKaJHOM COBSI3H — Ha XapaKTEePHCTHKH H
NOKa3aTeJH YCHJIHTeJNs, B YaCTHOCTH, Ha ero ¢a3oBble cBofcTBa. B co-
OTBETCTBHH C H3JI0XKEHHOH BhIlle METONHKOH ¢(a3oBble CBOHCTBA YCH-
JIMTEST MOTYT OBITb IPOAHAJH3HPOBAHbI INyTeM OLEHKH H3MeHeHHH
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nu6o oruGawomedt pas3oBoro cmexkrpa, JIH60 abCOJMIOTHBIX 3Ha4YeHHNA
¢a3oBoro ciBHra, onpefeJeHHbIX Ha (GHKCHPOBAHHON YacTOTe.

Hrak, BHOCUMBEI KackaloM (a30BBHIi CHBHI ONpeesisieTcs COraac-
HO cxeMe 0GOGLIeHHON MOIeJNH KaK CyMMa JBYX COCTaBJISIOLIHX

@ Jo=const = Pas + Pumce (4.1)

3aech @as— cocraBisiionlasi, 06yc/oBNeHHas KOHEYHBIM BpeMeHeM
npoJera HOCHTeJlefl 3apsfia B  aKTHBHOM  3JIeMeHTe; @ uMc=
= —arctg Im (Zsxumc)/Re (Zsxumc) — cocraBasiiomasi, 00yCJIOBAEH-
Hasg ¢(a30BbIM 3ana3fbiBAaHHEM B LeNH (MEXKKAacKaJHOH  CBS3H;
Im (Zsxume) ¥ Re (Zsxumc) — MHHMass #  HeACTBHTENBbHAs  YAacTH
BXO[IHOTO COTIPOTHBJIEHHS LeNH MeXKaCKaJHOH CBSI3H COOTBETCTBEHHO.
IMpu onpeneneHHH BeNHYHHB Zpxiimc HOJKHBI ObITh YUTEHH KOMI-
JIEKCHOE BBIXOJHOE CONPOTHBJEHHE JAHHOTO YCHJIHTEJbHOro mpHbopa
(Za 3 sux) H KOMILJIEKCHOE BXOLHO€ COTPOTHBJIEHHE NOCJELYIOLIErO
Kackana (Zsx); 3TO OTPa)KeHO COOTBETCTBYIOLEH GKBHBAJIEHTHOH CXe-
Mo# (puc. 4.16).

[TpuanunuansHo B (4.1) caenyeT BBECTH COCTaBJISIOILYIO, KOTOpast
ompepeJiseT HecTaOHJIbHOCTb (a30BOro CABHra KacKaja, T. €.

P=Q,5FPyuc A, 4.2
N
rie Ap= Z Ag; — peayJbTHpyiOIlasgs HecTaOHJIbHOCTL  (pa3oBoro
i=1
caBHra, obyciaoBjeHHas JeficTBHeM N pasjHYHBIX JecTaGHIH3HPYIO-
mui GaxkTopoB; Ap; — 3JeMeHTapHas COCTaBJjsiomas, o6ycjaoBaeHHAs
JeHCTBHeM JHIIbL OJHOTO JecTabHJH3Hpyiolero dgakropa. Kouanuecr-
BeHHasi H KauecTBeHHasi oueHKH 3¢p¢pekroB ADK, yunTeBaione BJIHA-
HHe Bcex JecTabuuH3HpylolHX ¢pakTopoB Ha (opMy orubarowmen da-
30BOIO CNEKTPa, HOCTaTOYHO 3aTPyAHHTeNbHH. [loaToMy aas ynpoiue-
HHSl aHAJMTHYECKOTO MCCJELOBAHHS H BBISICHEHHS OCHOBHBIX 3aKOHO-
MepHocTe#t BosHHKHOBeHHs1 ADK neiicTBue Bcex (akTopoB, H3MeHsIO-
IIMX 3JEKTPHUECKOe COCTOSIHHEe LenH (32 HCKJIOYEeHHeM OJHOTO —
CHTHaJa, YNpaBJsIOUler0 yCHJIEHHeM), MOXHO He y4HThIBaTb. Toraa

(Plo)=const = (PAS + (PL[MC A Q (Aynp,c). (4.3)

CocraBasomas A (Aynp.c), KoTOpass omnpexnensier oTKJIoHeHHe PAX
OT FOPH3OHTAJbHOH JIHHHH, OOycJoBJeHa (a30BOH HeCTaOHJIBHOCTDHIO
A3 ¥ nemu MeXKaoKanHO# CBSI3H. DTa HecTaOGHJIBHOCTb BO3HHKaeT
NPH ONpeJeJIeHHHX YCJIOBHSIX, a HMEHHO:

NpPH 3aBHCHMOCTH peXXHMa palGoThl yCHJHTEJNbHOro mpH6opa fo Tio-
CTOSTHHOMY TOKy (2 CJIeIOBaTeJbHO, H €ro mapaMeTpPOB — KPYTH3HHI,
BXOJHOTO H BHIXOJHOTO CONPOTHBJIEHHSI) OT YPOBHSI CHTHaJIa KaK BXOA-
HOro, TaK H ynpasJjsIoLiero;

IpH HaJIMYHH B COCTaBe lenell MeXKacKafHOi CBSI3H H 0GpaTHOIl
CBSI3H 3JIEMEHTOB C CONPOTHBJIEHHEM, MEHSIOIHMCS B COOTBETCTBHH C
yPOBHeM CHrHaJia.
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CorsnacHo oKa3aHHOMY Ha pHuc. 4.2 moctpoeHa PAX ycuiHTeNs, Ha
KOTOpO# BBIJEJISIIOTCS {IBa YYacTKa: TOPH30HTAJbHBIH, CBHAETEJbCT-
BylolHii 06 orcyTctBHH ADK B KacKkale H MpOCTHPAIOIIHICS BIJIOTDH
[0 Toro 3HaueHHS Aynp.c = Arp, NPH KOTOPOM BO3HHKAIOT 3aMeTHble
HesiHHeHHble 3Q(hEKTH, H KPHBOJHHeHHbIH, 00YCJIOBJEHHLIA HaJHYHEM
ynoMsiHyThIX 3¢ dPeKToB npH Ayup.c>>Arp H ONpelensioHi KOJTHYECT-
BEHHO H KauyeCTBEHHO HHTeHCHBHOCTb 3ddekroB ADPK; mpuHUHNHAMB-
HO OH (MOXeT GbITb KaK HapacTalOUHM, TaK H NaJalolIHM.

IlpuBenenHbie Bbillle OGLIHE COOTHOLIEHHST M TpadHUYecKHe I0-
CTPOCHHSI OTHOCATCS K HaHOoOJlee MPOCTOMY CJIyyalo H NMO3BOJISIOT OXa-
PaKTepH30BaTb 3aKOHOMEDHOCTH H3MeHeHHsT (as30Boro CcIBHra up#
¢HKCHpPOBaHHOH yacTOTe, T. €. NPH YCJOBHH, YTO BXOJLHOH CHIHaJ —
MOHOrapMoHHUeckoe KoJseGaHue. OaHako 3Hauusg ®AX Buaa (4.3) He-
[OCTaTOYHO, eCJIH Bo3jeficTBHe 06/i1aflaeT CJAOXKHBIM CIEKTpaJbHbIM CO-
ctaBoM. B aToM cayuae [Jif OLleHKH HCKaX{€HHH CHTHaJla B YCHJIHTE-
Jge ¢ AOK Heo6x0HMO HMeTb B pacnopsikeHHH ceMeiictBo PAX, Hail-
JeHHOe TeOpeTHYeCKH HJIH 3KCIEPHMEHTAJbHO 1/ HECKOJbKHX (DHKCH-
POBaHHBIX YacTOT, COOTBETCTBYIOLIHX CNeKTPYy BozleficTBus. DakTHue-
CKH (JlOJ2KeH ObITb NPOH3BeleH aHaJH3 NPOCTPAHCTBEHHOTO peJbeda,
nojgo6Horo H3obpaxkeHHoMmy Ha pHc. 2.2. Ho kak '6bljI0 oTMeueHoO, Ta-
Kasl CHTyallHsl PeJKO BO3HHKaeT B MpaKTHKe NOCTPOEHHS fIpHeMO-yCH-
JHTeNbHBIX ycTpoiicTB. B mogaBnsiiomeM GOJBbIIHHCTBE CJaydaeB HH-
(hopMallHOHHBIE CHTHAJbl BASIOTCS CPAaBHHTEJBbHO Y3KONMOJOCHBIMH. A
3TO, B CBOIO OYepefb, MO3BOJSIET HCIOJNb30BaTb 6e3 0co60H MOrpenrHo-
CTH BbipaxKeHHe BHfa (4.3).

Hcxons u3 nonoxennit, chopMyJHPOBAHHBIX Ha OCHOBE HCIOJb30-
BaHHs1 OGOGIIEHHON MOJEJH, MOXHO MepeHTH K aHalH3y OCHOBHBIX
Pa3HOBHAHOCTEll YCHJAHTeJeH ¢ ynpaBJsieMbiM yCHJeHHeM. DTOT aHa-
JH3 (TaKXkKe Ha OCHOBe 06001IeHHOH MOJEJH, 4TO JaeT BO3MOXHOCTH
He YYHTBHIBaTb BJIHsSIHHE CPaBHHTENbHO CJa0blX BO3IeilCTBHH, He3HAUH-
TEeJbHO H3MEHSIOUIUX JIeKTPHUECKOe COCTOSIHHE) NpennpHHHMAaeTcs ¢
IleJIbI0 BLISICHEHHsI mpHYHH Bo3HHKHOBeHHsi ADK M KauecTBeHHO# OlleH-
KH HHTEHCHBHOCTH BbI3biBaeMbIX elo 3(p¢eKToB.

YKka3aHHOMYy BONPOCY H MOCBSILEHO COJepXKaHHE IMOCHEYIOUHX
pa3ieJios.

4.2, Pa3zo-aMILIATYAHAS XaPaAKTEePHCTHKA JHHEHHOr0 YCHJIHTENS

Jas Toro uTo6Ll onpenesHTh MPHYHHB BO3HUKHOBeHHs1 ADK B JHHeli-
HOM YyCHJIHTeJe, a CJeJoBaTeNbHO, H MPHYHHBI HeJHHelHOCTH ero ¢da-
30-aMIWIHTYJHOH XapaKTepHCTHKH, HeOOXOIHMO B NMEPBYIO ouepeib Ha-
NOMHHTb YCJIOBHE JIHHEHHOCTH leNH H BHISICHHTb Te (GaKTOpH, KOTO-
pble TIPHBOMSIT K €r0 HEeBLINOJIHEHHIO.

B COOTBETCTBHH C NOJIOXKEHHAMH o6Ilell paJHOTEXHHKH B KauecTBe JHHeHHOro
KaCKkaja paccMaTpHBaercs KOMOHHALHA aKTHBHOI'O 3JIEMEHTa, paGO'ralomero B JIH-
HeHHOM pexHMe (3’[‘0 O3Ha4aeT, YTO H3MEHEHHS HHTEHCHBHOCTH YCHJIHBAe€MOro KoJe-
6aHHA H IVIOTHOCTH MOTOKA HOCHTeJiefl 3apsja NPAMO NMPONOPLHOHAJBHH, T. €. B pa-
6oTe YUYaCTBYIOT HCKJ/IIOYHTEJNbHO JIHHEeHHbIe Y4acCcTKH CTaTHYECKHX BOJIbT-aMNEPHBIX

XapaKTePUCTHK), M LeNH MeXKacKajHOW cBA3H. B cocraBe mocieaneit mpuCyTCTBYIOT
TOJIbKO JIHHEHHBle 3/IeMeHTH, a HeNHWHefHBe 3JeMeHTH, CONPOTHBJEHHE KOTOpHX 3a-
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BHCHT OT H3MEHEHHHl YDOBHA NOABENEHHOrO0 K HHM CHrHaja, JH60 OTCYTCTBYIOT BO-
obule, 1460 HX BJIHAHHE Ha XaPaKTePHCTHKH H NMOKa3aTeJH KackKaja NpeHeOpexHMo
Mano (310 o6uyHO HabMOfaeTcs NMPH YCHJAEHHH KoJeGaHHA BecbMa MaJOro YpOBHS).
JpyruMu clloBaMH, H3MEHEeHHe 3JIeKTPHYeCKOro cocrosinus ycuautens AC(Asx), obyc-
JIOBJIEGHHO@ H3MEHEHHAMH HHTEHCHBHOCTH HHCl)OpMal.lHOHHOI‘O CHrHa/na, 3HAYHTEJIbHO
MeHbllle HA4aJbHOTO0 COCTOSAHHSA Cnou, onpenensieMoro COBOKYNMHOCTbIO MNMOCTOAHHBIX
TOKOB H Hanp;m(eﬂuﬁ B OTACJIbHHX LeNnsax.

Hrak, B THHEHHBIX KacKalaX, KOTOpble pabOTalOT B YCJIOBHSAX YCH-
JIEHHS] CHTHAJIOB MaJIOTO YPOBH$I, NPAKTHYEAKH OTCYTCTBYIOT NPHYHHBI,
Boi3biBatomine A®K. B cBs3u ¢ atum PAX ycuaurens onpexessiercs
(QyHKUHOHAJIBHBIM COOTHOLIEHHEM

(Pl(o=const = invar (A,sx)’ 4.9
KOTOpOE CIpaBeJJHBO IPH YCJOBHH, UTO YPOBEHb BXOJLHOIO CHI'HaJja
He [peBblllaeT MnpefedbHoro 3HaueHHS (Asx.np), ONPELEIAEMOro
CTPYKTYPOH YCHJIHTEJSI, THIIOM NPHMEHEHHBIX YCHJHTEJNbHbIX mpHOO-
pOB, HX peXXUMOM paboTHl MO NMOCTOSHHOMY TOKYy H ap. I1pH yBenunue-
HHH YDOBHSI BXOJHOTO CHTHaJla PaGOYHMH CTAHOBSITCS U HEJHHEHHBI2
y4aCTKH nepelaTOYHOH XapaKTepHCTHKH AD. DTo BbI3bIBaeT H3MeHe-
HHe He TOJIbKO apryMeHTa KOMIJIeKCHOH IIpOBOJHMOCTH TIPSIMON miepe-
JayH, T. €. BpeMeHH 3amna3/biBaHHsl CHI'Hana B AD, HO W ero Komum-
JIGKCHBIX BXOIHOH H BBIXOJHOH MPOBOJUMOCTEH, BXOMASIUHX B COCTaB
COOTBETCTBYIOLIUX Leneil MexkackaiHofi cBsi3u. [locsienHee npuUBOAHT
K OoJsiee HJIH IMeHee 3aMETHHIM H3MEHEHHSIM COOTHOLUEHHSI JeHCTBH-
TEJbHOH H MHHMOH YacTeH pe3y/JbTHPYIOILEro BXOJHOI'O COIPOTHBJE-
HHS Lend MeXKackalHoil cBsi3d. Cka3aHHOe O3HayaeT, YTO 3aBHCALLAN
OT YpPOBHSI YCHJIHMBaeMOro KoJieGaHHSI HeCTaOUJIBHOCTb INOSIBJISIETCS B
06eHx COCTaBASIOWUX (Ha30BOro CABHUra, T. €.

q’l(o:const = (PA_:, +A Pas (Aax) + (pl.lMC A (puMC (Anx)- (45)

CoorBerctBeHHO PAX CTaHOBHTCS KPHBOJNHHEHHOH M NpH Apx > Asx.np
OnHUcbiBaeTCsl GYHKIHOHAJBHBIM COOTHOIIEHHEM BHAA

@o=const = var (4,y). (4.6)

XapakTep 3aBHCHMOCTH A@(Apx) ONpene/sioT: UCXOLHBIA PEXHM pa-
6OTHl yCHIHTEJbHOIO NMPHOOpa IO MOCTOSTHHOMY TOKY H €0 CTaGuJb-
HOCTb B MEHSIIOLIUXCSA YCJIOBHAX BKCIWIyaTallHd, T. €. (aKTHYECKH THI
AD, ero uacToTHbIe CBOHCTBa, CTPYKTYpy LeMH MeXKacKaJHOH CBS3H,
upeae/bl M3MEHEHHS YPOBHSI BXOJHOTrO CHrHaJja u Jp. B of6uux uep-
tax PAX «jIuHeiHOro» Kackalla COBNaJaeT C KpHBOH, H306paxKeHHOIl
Ha pucC. 4.2, T. e. HMeeT FOPH30HTAJbHbIl H KDPHBOJNHHEHHbIH yYacTKH,
NPOTSKEHHOCTb KOTOPBIX 3aBHCHT OT TIepEYHCJEHHbIX BhIlIE (aKTOPOB.

Ecau xe aHa/H3HpyeTCs MPOXOXKAEHHE uyepe3 YCHJHTENb IOJHrap-
MOHHYECKOrO CHrHaJla, TO NPHUXOMAHUTCS pacoMaTpPHBATb OrHGAIOILYIO
(¢a3oBoro crmekrpa CurHaja Ha BbIXofle. KaK OYe€BHIHO, NMPHYHHBLI H3-
MeHeHHs1 ¢popMbl orubatomeir H PAX onHH H Te Ke.

ITpu aHanuTHYecKOM HccJeLOBaHHH (Pa30BbIX CBOMCTB KacKalos
paccMaTpPHBaeMOro THIAa OCHOBHO€ 3HayeHHe HMeeT KOJHYecTBEHHAas
OlleHKa (a30BOr0 QIBHTA H €ro 3aBHCHMOCTH OT YPOBHS BXOQJHOI'O CHT-
Hasna. He kacasicb BbiBOJa IKOHKDETHBIX COOTHOLIEHHH, YKa)KeM MeTO-
IHKY, KOTOPOH CJellyeT PYKOBOJCTBOBaTbCsl B Ipollecce aHaJIH3a.
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TopusonraabHuifi yuactok ®AX (T. e. $as30BHA CABHN, KOTODHIA
BHOCHTCH K4acKaJloM B YCJIOBHAX YCHJEHHS CPaBHHUTEJbHO cJabHx
CHTHAJIOB) OLlEHHBAeTCs Ha OCHOBe QOpMYJ, H3BECTHHX H3 TEOPHH JIH-
HeMHBIX 1lenell ¥ NpHBeJIeHHBIX B paboTax, MOCBSALLEHHBIX aHaaH3y (da-
30BHIX COOTHOLIEHHA B PaJlHOTEXHHYEOKHX yctpodcrBax [5, 6]. Amna-
JINTHUYECKOE ONMHCaHHe KpHBOJIMHefiHOro yuactka PAX cBsasaHo c 60-
Jlee 3HaYHTEJbHRIMH TpylHocTsiMH. Ilpn pabore Kackaza B 3TOM pe-
KHMe HeoGXOIHMO OTIPeNeJHTb 3aBHCHMOCTb OT YPOBHSI YCHJIHBaeMOro
®KoJyieGaHHs He TOJIbKO apryMeHTa KOMILIEKCHOH IPOBOJHMOCTH MpS-
Mo# nepenayu A

; — W, (0 A
Yo=Vau(o 4le @ BX)’ 4.7)
HO M €ro KOMIJIEKCHBEIX BXOJHOH M BHIXOLHOH IPOBOJHMOCTEH
YBI = an ((0, ABX) + i Bax ((0, AB!); } (4.8) -
Y oux = Goux (0, Apy) +1 Byyx (0, Agy),

00yCJ/IOBJIHBAIOUIHX MepeMeHHOe 3ama3jbiBaHHe CHTHajJa B COOTBETCT-
BYIOIIHX LIONsAX MeXKKaCKaJlHO#i CBS3H.

OTO 03HaYaeT, YTO aHaJHTHYECKOEe OUpefleIeHHe CBS3el, MexKAy
H3MEHEHHSIMH BHOCHMMOrO KacKaloM (a30BOro cfiBMra H HHTEHCHB-
HOCTbIO BXOJHOTO CHTHaJla JOJIXKHO HayHHATbCsl C BhIGOpa MaTeMaTH-
4eCKHX COOTHOUIEHHH, anNpOKCHMHPYIOIUUX ¢ TpeObyeMOfl TOYHOCTbHIO
yKasaHHHe 3aBHCHMOCTH. [locie 3TOro OTKpHIBaeTcss BO3MOXHOCTb
HaHTH QyBKIHOHAJbHYIO CBSI3b OTVIEJIbHHIX COCTaBJSIONHX (a3oBOro
CIBHTAa C H3MEHEHHSIMH yPOBHS CHTHaJla Ha BXode. TeM caMbiM c¢op-
MYJIHPOBaHBI TOJIOXKEHHS! METONHKH OILeHKH (ha30BHIX OBOMCTB JIMHEH-
HOTO 'KacKala B peXXHMe, COOTBETCTBYIOIIEM KPHBOJHHEHHOMY y4acT-
Ky ®AX. Ho mocKoJbKy yCHJIHTeNb OGBIUHO SIBJSIETCS MHOroKackKani-
HBIM, TO CJ@LYeT ONpenejHTb 06YycJOBJeHHHEe 3THM ocobeHHocTH. Pa-
30BHII ONBHUT, CO3JlaBaeMHIfi yCHJIHTeJIeM, NPeACTaBJIseT co60i CyMMy
KOMIIOHEHTOB, 00YCJIOBJIEHHRIX OTAEJNbHBIMH KacKalaMH, T. e.

Po|o=const = 2 Q;lo=const. (4.9)

W xors Bce KacKalbl MoJIaraloTcs JIHHEHHBIMH, CTeNeHb HX JIHHEHHO-
CTH pa3judyHa., Tak Kak mepBhle KacKaanl paboOTaloOT B peKHMe yCHJe-
HHSl CPaBHHTEJIbHO CJa0bIX CHTHAJIOB, TO HEJIHHEHHOCTb XapaKTepHC-
THK A, a cileqoBaTesIbHO, H 3aBHCHMOCTb HX NapaMeTPOB OT YPOBHA
BXOJAHOr'O0 CHrHaJla NPOSBJSIOTCS HAacTOJLKO HE3HAaUHTEJbHO, YTO HMH
MOXHO npeHe6peub. Kackanbl, GJIH3KHE K BHIXONY, YCHJIMBAIOT CHTHa-
JIBL JIOCTaTOYHO GOJIbLIOH MHTEHCHBHOCTH., DTO NPHBOIUT K TOMY, YTO,
XOTsl MTHOBEHHbI€ H3MEHEHHs TOKOB, MPOTEKAIOIIHMX B IENsAX pasyuy-
HHIX 3JIEKTPOJOB, H HANpsKeHWH HAa HHX He BHIXOAAT 3a IPedesbl JH-
HeHHBIX YYaCTKOB CTaTHYECKHX BOJIbT-aMIIEPHBIX XapaKTepHCTHK,
napamerpsl AD u das3oBbie CABHIH, BHOCHMbiE COOTBETCTBYIOUIHMH
KacKaJaMH, HCIHTHIBAIOT Gojiee HJIH MeHee 3aMETHYIO 3aBHCHMOCTb OT
YPOBHS yCHJIHBaeMBIX KoJe6aHHMH.

M3 ckazaHHOro cJjelyeT OYEBHIHBIH BHIBOA: TOPH30HTaJIbHHIA
yuacTok PAX MHOroKackaJHOro yCHJIHTENS ONpeleJIsieTcsl B OCHOBHOM
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NepBLHIMH KacKallaMH, a KPHBOJIHHEHHBHIA y4YacTOK — COOTBETCTBEHHO
nocJeIHuMH KackanaMmH. CiefoBaTeJIbHO, NPH olleHKe (HOpMBl H IIpo-
TS2XK€HHOCTH KPHBOJIHHefiHOro yyactka ®AX (10ocTaTOYHO YYHTHIBAaTh
HeJIMHeHHble CBOHCTBA JIHIIL OJHOTO-IBYX OKOHEUHBIX KacKafoB. TeM
CaMBIM YINpOILAeTcs aHaJHTHYeCKOe HCCJeJoBaHHe (a30BbIX CBOHCTB
MHOTOKAaCKaJHOr0 JJHHEAHOTo yCHJIHTes.

4.3. ®Ma3oBeie CBOMCTBA JorapaGMHUYECKHEX yCHIHTEIEH

TIpexune uem chopMysHpPOBaTh NMOHSITHE O TMPHYHHAX BO3HHKHOBE-
HHA H ocoGeHHOCTsAX nposiBjeHHs APK B jorapHpMHIECKHX YCHJIHTeE-
JsAX, cJelyeT yKa3aTb Ha HX OTJHYHS OT JIHHEHHBIX YCHJIHTeJeH.

JlorapidMHUeCKHe YCHJHTeNH NPEACTAaBJAIOT COGOM WIHPOKO NMpHMEHSEMYIO pa3s-
HOBHAHOCTb YCTPOMCTB C aBTOMAaTHYECKH ynpapjseMHM ychlenHeM. HIx ocobennocts
COCTOHT B TOM, 4TO KO3(QHIHEHT YCHJEHHS B KaXKAHA MOMEHT BPeMeHH onpejes-
eTcsl YPOBHEM YCHJHBAeMOro KOJe6aHHs, KOTOpOe B CHJY CKa3aHHOTO MOXeT pac-
CMaTpPHBAaTbCA KaKk ynpasJsiollee Bo3feficTBHe. JIDYrHMH cJIOBaMH, Jorapupmude-
CKHIA YCHJIHTEJIb — 3TO pajHOTEeXHHYeCKas CHCTeMa ajanTHpYymollerocs THNA. Ona Mmo-
¥Ker OHTb peaJH30BaHa NyTeM COOTBETCTBYIOIUIEr0 HCMOJHEHHS BXOAMIIKX B ee CO-
craB uenefi 1 ysnos. HauGoJblllee pacmpocTpaHeHHe NOJYYHJIH ABa cnoco6a:

BBEJleHHe B COCTaB Iemedl MeXKacKaJHOA CBA3H H OOpaTHOR CBASH Ge€3BIHEpPIH-
OHHHX HEeJIHHeAHHX 3JIeMEHTOB, COMPOTHBJIEHHe KOTOPHX H3MEHSETCS B COOTBETCTBHH
C YpoBHEM BXOAHOIO CHrHaja;

BHINOJHEHHe NPHEMO-YCHJIHTEJbHEX TPAKTOB B BHJAe MHOIOKaHaJbHOA KOMGHHa-
LUHH HEeCKOJbKHX JIHHeAHHX YCHJHTeJefl, 06/lafalolHX DPa3JHIHHM YCHJIEHHEM H pa-
6OTalOHX COBMECTHO C OrPaHHYHTENSAMH; TeM CaMBIM KaXJAHf KaHaia oGecneuHBaeT
nepejayy Ha OKOHeYHOe YCTPOACTBO CHTHaJa, YPOBeHb KOTOPOTO COOTBETCTBYET
JIHIUb YaCTH JAHHAMHYECKOro AHANa3oHa.

He kacascp omHcaHHs CXeMHbIX MOAH(HKaLH#, pacCMOTPHM BOI-
poc, MpeACTaBJAAIOIIHA HHTepeC B IJIaHe H3JjiaraeMofi mpoGJeMHEl H 3a-~
KJoualoluiics B oblieM aHaJsH3e (a30BbIX CBOFICTB JiOrapH(pMHYECKO-
r0 yCHJIHTeJs1 H OlleHKe HX 3aBHCHMOCTH OT YPOBHsSI BXOJHOTO CHIHa-
Ja.

Jozapupmuueckuil ycururesb ¢ HeAUHEUHbIM WYHRTUPOBAHUEM Ye-
ned mexcxkackadnoil ceasu. OTaHYHEM JiorapH(pMHpPYIOIEro KacKana,
noJiyyHsllero HaHGoJblllee pacnpocTpaHeHHe, OT JHHEHHOro KacKaxa
ABJSETCS IIYHTHPOBaHHE TeNH MeXKacKaJXHOH CBS3H (6e3blHEPIHOHHOMK
HesqnHefiHo# nenbio (HLI), compoTHB/eHHe KOTOPO#l 3aBHCHT OT YPOB-
Hsl yCHJIHBaeMoro koJebaHus, T. €. Reea={ (Upx m). DTHM H 06ycJI0B-
JeH TpeGyeMbifi 3 dexT, T. e. aMIVIHTYAHAsi XapaKTepHCTHKA NpHOJIH-
JKaeTcs K HIeaJibHOH JiorapH($pMHYECKOH KPHBOA B 3aIaHHOM JHHAMH-
YeOKOM JHamna3oHe BXOMHBIX CHTHANOB Usx m mmm<SUsx << Usx m maxe

Upuxm = alnUpy m, (4.10)
a KO3(HIHEHT YCHJIEHHS H3MEHseTCs B AHATa30He
KUM&KC
dy= - 4.11)
U

MHH

Ha ocHoBe HCMOJb30BaHHS METONOB, H3BECTHHIX B TCOPHH Lenei, a
TaKXe rnoJiarasgd CONPOTHBJIEHHE HeJIHHEAHLIX BJIeMEHTOB PE3HCTHBHLIM,
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MOXHO HamnHcaTbh BbIpaX€HHE JJsd BHOCHMOro KacKaloM (pasoao-
TO CABHTra

Im (Z,x 11m0)
= U arct . (412
¢ (pAS( sm) F g Re (Zyx 1imc) || M Ruea (Usx m) ( )
3necb M — ko3¢ GHUHEHT, onpefesseMbli CTPYKTYPOH HeJHHEHHOH
Hend H cnocoGoM €ee COelHHEeHHS C Lenblo MeXKaCKaLHOH CBS3H.
B uacTHOCTH, NPH MCMOJb30BaHHH B KayecTBe HEJHHEHHOTo 3JIeMEeHTa
BCTPEUHO-NapaJlIeJIbHOrO COeIHHEHHS JBYX JHOLOB (3T0 — HaHGoOJee
pacnpocTpaHeHHasi Pa3HOBMAHOCTb JIOrapHpMHpYIoOLlel IenH), Hemo-
CPEACTBEHHO IIYHTHPYIOIHX Lenb MeXKackanHoil cs3H, M=1. Ecau
HEeJIMHEAHBIH 8JIeMEHT HMeeT TaKke H €MKOCTHYI0 COCTaBJfUYio —
B peaJbHBIX YCHJHTENAX InpeHeGperaTb HeJb3si, NPHYEM Xpex=
=@ (Usx m), TO Boipaxkenue (4.12) npuobGperaer BHI

Im ( Z, ymc) || MXwea (Usx m)
Re ( Zax L[MC) “ MRyen (Usx m) ’

TlpuBeneHHblE COOTHOLIEHHS ONMpeJessioT ()a30BbIH CABHT Ha (PHKCH-
POBaHHOH yacToTe.

Heo6xonuMo Takke HMeTb B BHAY, YTO Ha BXole JorapHdpmMmupyio-
II[HX KAaCKaJOB MPHCYTCTBYIOT CHTHaJIbl, YPOBEHb KOTOPHIX H3MEHSETC!
B 3HAYHTEJbHO GoOJiee IIHPOKHX TpedesaX, HeXeJH B ciydae JIHHEHHG-
ro ycwjeHHs. 9To o6ycJoBJHBaeT H GoJee IIHPOKHH HHTEpBaJ H3Me-
‘HeHHs (a30BbIX CBOMCTB AJ, T. e. cocraBusiouiell @as (Usxm).

[Ipr HanHyuM Ha BXOJe Kackala CHIHAJIOB CPaBHHTEJNbHO cJjabo-
T0 ypoBHs siBieHuss ADPK He ckaspiBaloTcsl, T. €. (a30-aMMmJIHTydHas
XapaKTepHCTHKAa TOPH30HTaJIbHA.

Uraxk, B JorapupMHYECKHX [KacKafax C HeJJHHEHHBIM IIYHTHpPOBa-
‘HHeM Harpy3k# 3¢¢ektst APK Bbi3BaHb HEJHHEHHOCTbIO XapaKTe-
pHCTHK AD H Harpy3ouHoii nenu. Takum o6pasom, PAX sorapudmH-
‘yeCOKOro KacKafla B OGIUHMX yepTax aHaJOTHYHA KPHBOHA, H300paxkeH-
HOU Ha pHc. 4.2. EnuncTBeHHbIM (M HanOoJiee CyIleCTBEHHbIM) OTJH-
YHeM OT XapaKTePHCTHKH JHHEHHOTO (KacKajia SBJSETCS 3HAaUHTeJbHO
HoJsbliasi MPOTSXKEHHOCTh KPHBOJIMHEHHOro yuactka. PopMa 3Toro
yyacTKa H npelesnl H3MeHeHHs ¢a30BOTO cABHra (OHH TaKXKe 3HayH-
TeJbHO 0OJibllle, HEXeJH B JHHEHHOM KacKaje) ONpedeasiloTcsi: HH-
‘TepBaJlOM H3MEHEHHS YPOBHS BXONHOI'O CHTHaJa; CTPYKTYypOH Uemi
MeXKacKaJHOH CBSI3H M HEeJHHEHHOH ILeNH, a TaKXe cnocob6oM HX Co-
-e1HHEHHS; THIIOM NPHMEHEHHOTO HEJHHEHHOTO 3JIeMeHTa.

CKa3aHHOe O3HaYaeT, YTO B JIOTapPHOMHYECKOM YCHJIHTENe HMEIOT-
Csl BO3MOXHOCTH 1Jig ymnpaBJjeHHs HHTeHcHBHocTblo ADK, T. e. mpene-
JlaMH H3MeHeHHs (asoBoro caBHra u ¢opmoit AX.

Jloeapugpmuueckuii ycuaruteadb ¢ HeauneliHoU oTpuyaTerbHoli 00-
parnoi ceasvro (OOC). OcHOBHAsE 0COGEHHOCTb, OT/IHYalOLlas Jiora-
pHpMHYecKHH ycHuHTeNb ¢ HeaHHeliHOH OOC OT ycuaHTenss ¢ HeJH-
HeHHBIM IIYHTHPOBaHHEM lieneil ‘MeXKKacKafHOA CBS3H, COCTOHT B TOM,
YTO HeJIHHeHHble 3JIeMeHThbl, CONMPOTHBJIEHHE KOTOPHIX H3MeHseTcs B
«COOTBETCTBHH C YDOBHEM YCH/JHBaeMOro Kosie6aHHS, BXOIAT B Lelb
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OTpHLATesNbHO! O6paTHOM CBSI3H, OXBaThiBalolLlel KaK OTAeJbHbIe Kac-
KaJbl, TaK H YCHJIHTE]b B IleJOM. YNPOIUeHHbIe CXeMbl OfHOKaCKajHO-
ro M MHOTOKAaCKaJHOTO JIOrapH(MHYECKHX YCHJHTeJeH C HeJHHEeHAHOR
OOC mpuBeneHbl Ha pHc. 4.3.

Hawu6osee yacto B KauecTBe HeJIHHEHHBIX 3JIEMEHTOB NPHMEHSIOTCS
3JIGKTPOHHO-AbIPOUHbIE NMEPEXOAbI HJIH HX KOMOHHAUHHM C JIHHEAHBIMH

n ume 25 [ WH0OKQCKOHHT AUHEGHBIT Boirod
Brod L" 7S Gid yeunumens
E HeAUHEHBIL  YeMbIDEXNONDL:
n HUK UENU 0mputamesbHod
1 odpamod_cBasu
R 7 .
Hes
0) 3)

Puc. 4.3. YupouieHHbe CXeMH Jiorapu$MHYECKHX YCHJH-
Teneil ¢ HeJHHeHHON O6pATHOM CBfA3bIO: @ — OAHOKACKal-
HOro; 6 — MHOTOKacKaJjHOTo

pe3ucropamu. [Ins obGecnedyeHHss TpeOyeMOro 3aKOHa H3MEHEHHSI KO+
3¢pHLUHEHTa YCHJIEHHS, T. €. JorapHpMHUecKOH aMILIHTYJHOA XapakK-
TEPHCTHKH, HEOGXOQMMO ONpejeJeHHBIM 06pa3oM BbIOpaTh C€Nocod
BKJIIOUEHHsI HEJIHHEHHBIX 3JIeMEHTOB H PeXHM HX paboThI.

He BnaBasch B aHa/iM3 MOIH(PHKAUHA YCHJIHTeNsT C HeJHHEHHOH
0OO0C, a Takxe 0COGeHHOCTeHl H3MeHeHHs HX NOKa3aTesel H Xapakre-
PHCTHK B MHTepBaJjie ypOBHeil BXOJHBIX CHTHAJOB, iles1eco06pa3HO oc-
TaHOBHTbCS Ha o6weM paccmorpennn npuunH APK. Jlas srtoro cie-
AyeT BOCMOJb30BATbCS HArJISAHBIMH TIOCTPOEHHSMH M (QopMyaamd,
NpUMEHsieMBIMH B KJaCCHUECKHX IMETONAX aHaJlH3a yCHJHTeJelt ¢ 06-
paTHO# cBsi3blo. Ha OCHOBaHHH H3BECTHbIX COOTHOILEHHMH

. K . .
Ko.c=—_—K"‘ wi  1/Koc = 1/K+8, (4.19
onpee/sIolIHX KOMIVIEKCHBIH KO3 (QHIHEHT yCHJIEHHS YCHJIHTeNs ¢
o6paTHOil CBfI3bl0, HAa pHC. 4.4 MOCTPOEHA (1Js cydas TapMOHHYECKO-

Puc. 4.4. BextopHasi AuarpaMma, ompe-
gensiiomass  KO3QGHUHEHT  YCHJEHHSA
YCHJHTENs: ¢ 06paTHOH CBA3bIO

IO CHrHaJla BeKTOpHas JHarpaMma, Mo3BoJsiolWlas CYIHTb O 3zKOHO-
MEePHOCTSX M3MeHEeHUs MOKa3aTesiell YCHJHTeJNss B 3aBUCHMOCTH OT Iay-
Gunbl 06paTHO# CBsi3H. 3xech Koc = |Koc|e ™ ¢ |Ko.c|— mMonyip
KO3ppHUHEHTa VCUIEHHS; Qo.c — ()a30BbIA CHBHI CO3[1aBa€Mblii yCH-
JAHTENEM. ¢ 06paTHO# cBsA3bio; K= | K|e ™ YK — koMmeKcHbI K03 dH«
LHEHT YCHJeHHS yCHJHTeJs 6e3 o6paTHO# cBI3H (HJIH COGCTBEHHO-
ycuaureas); | K| — momyab xospdHUMeHTa yCHJIeHHS; ox — (Pa30BbIE
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¢IIBHT, cO3NaBaeMbili yCHJAHTeJeM;  — Ko3(p¢pHIUHeHT mepejayH KaHa-
fa o6paTHOM CBSI3H, NpeJnoJiaraeMblfi JeACTBHTEJbHOM BeJHYHHOM,
T. €. PaCCMaTPHBAETCS YCHJHTE]b C YaCTOTHOHE3aBHCHMOH 06paTHOMH
CBA3bIO.

M3 nuarpaMmbl cjaenyer, 4TO ¢ yBeaHdeHHem ray6unni OOC
yMeHbLIAeTCs] BHOCHMBIA yCHAHTeJeM (a30BbiH CABHT

cPo.c=F.l (l/ﬁ) (415)

Ho nocKosbKy B JorapHpMHYECKOM YCHJIHTeJe rJIy6HHA 06paTHOM
CBSI3H pacTeT C yBeJHYeHHEM YPOBHS CHTHaJa, T. e.

ﬁze (Unxm)’ (4-16)

TO CBfI3b (pa3OBOI'0 C1BHra ¢ H3MEHEeHHUSIMH YPOBHSI BXOJHOrO CHrHa-
Jia IIpH 0 = const omucriBaeTcs (t)YHKIRHOHaJIHHbIM COOTHOILIEHHEM

(Po.c=F1 [l/-Fz (Unxm)]- (4.17)

370 BHpaXeHHe, MO CYLIECTBY, NPEACTaBJsieT co6oit O6ulylo 3aiflHCh
®AX ycuanreas. Ilpu cTporoM ee ana/iH3e HeOOXONHMO YYHTBHIBATb
3aBHCHMOCTb (a30BOro CIABHra COGCTBEHHO YCHJIHTeNsl (a TOYHee, €ro
COCTaBJSIOUINX, OGYCJOBJIEHHBIX YCHJHTEJbHBIMH NpPHOOpaMH) OT
YPOBHsI CHTHaJa.

Ha ocHoBaHHM KauecTBEHHBIX PacCCyKJEHHH MOXHO YyTBepXMaTb,
ypo ®AX ycusmutens ¢ HenuneiiHoi OOC B obwux uyeprax momoGHa
KpHUBOH, H306paxeHHOX Ha pHC. 4.2, H OTJHYaeTcs JIMIIb NPOTSHXKEH-
HOCTbIO KpHBOJIHHe#HOro yyactka. ®opma PAX, momHMO Takux ¢dak-
TOPOB, KaK HHTepBaJl H3MEHEHHS YPOBHS YCHJIHBAaeMOrO CHrHaJa, THN
TpHMeHeHHBIX AD, CTPYKTypa lienell MeXXKacKalHOH CBA3H H YHCJIO
KackaloB, ompelensieTcs croco6oM mocTpoenns Kahaita OOC, Kosn-
YeCTBOM OXBAaYEHHHIX €l0 KacCKaloB, YaCTOTHO-()a30BLIMH CBOACTBaMH
KaHaJa OGpaTHOM CBfI3H, THIOM MDPHMEHEHHbIX HeJHHEHHBIX 3JeMeH-
TOB H CIOCOG0OM HX BKJIIOUEHHS.

- Muozoxananenoili nrocapupmudeckul ycuauress. PaccMaTpHBaemas pa3HOBHA-
HOCTb JIOTapH(QMHYECKOT0 YCHJIHTENS (a TOYHee, JorapupMupyioulero YcTpofcrsa)
HMeeT B CBOEM COCTaBe HECKOJBKO JIHHeAIHHX YCHJHTesefl, NpHCOeRAHHEHHHX mnapai-
JIeJIbHO K Oo6lieMy BXOAY H 06JajaloillHX PasjIHYHHIMH KO3(Q(HIHEHTAMH YCHJIEHHA—
Ko, K¢?, K3, .., K¥o. OcranbHHe nokasaTeliH yCHJHTeJell — IIHDHHA NOJIOCH HpO-
NYCKaHHA M LEHTpaJbHas 9acToTa MOJIOCH NPONMYCKaHHA — OXHHAKOBH. Kpome Toro,
KaXAbfi YCHJHTEJNb OKaHYHBaeTCS OTPAHHYHTENEM C OXHHAKOBBIM NOPOroM OrpaHH-
4eHHs, a CHTHaJH, CHHMaeMble C BHXOJOB, NOCTYNalOT Ha cyMMarop. Baarogaps Ta-
KOMY MOCTPOEHHIO 32BHCHMOCTb CYMMapHOTO BBIXOAHOTO HampsKEHHS OT AaMIIHTY-
JAB BXOAHOrO HanpsukeHHs G6aH3ka K JorapHdMHuecKofi KDHBOA )(TeOpeTHUECKH OHa
COBMajaer C HAEaJIbHHIM 3aKOHOM B HECKOJBKHX TOYKaX, YHCJIO KOTOPHX PaBHO
9HCJNY KaHa/JOB; Ha NPAaKTHKe CTelleHb COBNAajJeHHs 3HAYHTeJbHO BHIe). B JaHTepa-
Type paccMaTpHBaeMoe YCTPOACTBO H3BeCTHO INOX Ha3BaHHEM JiorapH(MHYEcKoro
YCHJIHTEJISI C HeNnpepHBHHIM AETEKTHPOBaHHEM CHrHaJa.

OcHoBOf ycTpOficTBa AIBAsSieTCH OGHYHHA YCHJHTENb, COCTOSIUHA H3 HACHTHYHHX
JHHeAHHX KacKajioB ¢ orpaHHueHHeM. CHrHaJIH, CHHMaeMble C BHIXOJa KaXJAOro Kac-
Kaja, NeTeKTHPYIOTCH H 3aTeM NOCTYMAalOT Ha CyMMAaTop. YCHJHTeNb, NO CYLIECTBY,
3KBHBAJICHTEH YHCTO MHOFOKaHaJIbHOMY YCTPOACTBY H B GOJILIIHHCTBE CJyd4aeB BXO-
JHT B COCTaB NPHEMHHKOB HMIYJICHHX CHIHAJIOB.

IMonpo6unifi aHanH3 JgorapHMHIECKHX ycHAHTeNell pacCMATPHBAeMOro THHA fpO-
BelleH B COOTBETCTBYIOLIHX paGorax. 3ajauefi HacTosLiero pasjena SIBJSETCA Ompe-
AeneHue B OOlieM BHAe TeX (PaKTOPOB, KOTOpDHE NPHBOAAT K BO3HHKHOBeHHI0 APK.
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Opna H3 npHYHH OGycNOBJeHAa NPHHIHNOM 06pasoBaHHA JorapHpMudueckofi am-
NJHTYAHOA XapakTepHCTHKH. Ha yuacTke MexkAy BXOAOM H CyMMaTOpOM NOCTyHalo-
IIHe HA NOCJEAHHA CHTHaJH NOJYYalOT B Pa3jJHYHHX KaHalax (OHH COCTOAT H3
HEeOJlHHAKOBOro YHC/Ja KackKajoB) pa3jiHuHOe BpeMsi 3ama3anBanHa. IlosToMy umeer
MeCTO HECHHXPOHHOE CJIOXKeHHe pa3JIHYHHX COCTaBJIAION{HX HMNYJbCHOTO pe3yJbTH-
pyloutero chrHana. OcoGeHHO 3aMeTHO BJIHSHHE HEORHHAKOBHX BPEMEHHEIX 3aJepaek
B KaHalaX CKa3bBaeTcsl NPH YCHJEHHH HMNYJbCHBIX CHTHAJOB — GYAYYH NPOCYMMH-
POBaHH, BHXOAHHE CHFHaJH BCeX KaHAa/JOB CO3MAIOT pPe3yJbTHPYIOUHA CHrHaJl C
¢poHTOM H3JHIIHe Goabuioft AjuTenbHocTH. IlocienHAA 3aBHCHT OT YPOBHS YCHJH-
BaeMoro cHrhaja. JleficTBHTeNIbHO, NMPHHIHN NOCTPOEHHS YCHJHTENA TaKOB, YTO NPB
pa3GHEeHHH Bcero JHamasoHa YPOBHefl BXOJAHOrO CHrHAaJia Ha HECKOJbKO NMOJAMHANaso-
HOB, KaXJOMY H3 KOTOPHX COOTBETCTBYeT ONpefeJeHHHA KaHal (TePMHH «COOTBET-
CTByeT» O3HayaeT, 4TO B JaHHOM INOAJAHaNma3oHe KaHaJ oGecneuHBaer JHHefAHOe YCH-
JieHHe), AJIi JI0GOro BXOXHOrO CHrHajia NpHpallieHHe YPOBHS pe3yJbTHPYIOLIEro CHr-
Hajla Ha BHXoje ofecneyHBaercsi JHUIb OXHHM KaHa/oOM. KOMNOHEHTH pesyJbTHpY-
IOLLler0 CHTHaJjia, co3JaBaeMHe APYrHMH KaHajaMH, JH60 mpeHeGpeXHMO MaJjin, JHOO
HMEIOT NOCTOsiHHOe 3HaueHHe. UeM GoJblle ypoBeHb BXOJAHOrO CHTHajla H, CJefOBa-
TeJbHO, YeM GoJiblile KOMIIOHEHTOB ONMHAKOBOIO YPOBHf TMOCTYNaeT Ha CyMMarop
(3TO O03HauaeT, UTO B PEXHM OT'PAHHUEHHS BCTYNHJO GoJbliee YHCJAO KaHAJOB), TEM
GoJbllle AJIHTEJNbHOCTb (PPOHTA pe3y/IbTHPYIOLIEr0o BHXOXHOTO CHIHaJa.

Jas oGecneueHHs CHHXPOHHOI'O CJIOXKEHHS CHTHAJIOB NpPHMeHsieTCA HPocTofl H
3p¢deKTHBHHA cnoco6: B cOCTaB KaXJAOro KaHaja BBOAHTCS BpeMeHHAs 3aJepxKKa,
Gjarofaps 4eMy BCe KOMIOHEHTH pe3y/JbTHPYIOLEro CHrHajla NPHXOAAT HAa CyMMa-
TOp C OJHHAaKOBHIM BpeMeHHHIM 3ama3inBaHHeM. TeM caMHM JOCTHraeTcsi CHHXPOH-
HOe CJIOXKeHHe KOMIOHEHTOB, a cJieJoBaTelbHO, H YCTpaHeHHe (nmo KpafHedi Mepe,
TEOpETHUYECKH) 3aBHCHMOCTH JIJIHTEJbHOCTH (POHTa Ppe3yJbTHPYIOLIErO BHXOZHOTO
CHTHaJla OT YPOBHS BXOAHOro cHrHaja. Ha npakTHke oueHb TpPyAHO o6GecmeuHTb ORH-
HaKOBYIO YaCTOTHYIO 3aBHCHMOCTb BPeMEHH 3aNa3fHBaHHA B YCHJHTENAX — Ty(0) H
ycTpoficTBax BpeMeHHOM 3alepXKH — Ts.a(0). C/llelOBaTeNbHO, NPH YCH/IEHHH WHPO-
KOINOJIOCHBIX CHTHAJIOB He YyZAaeTcsi 0oGecedHTb CHHXPOHHOE CJIOJKEHHE KOMIIOHEHTOB
HEKOTOPHIX CHNEKTpaJbHHX COCTaBJAIOIIHX Ha OKOHeuHOfi Harpyske. PesyibraTroM siB-
JISIeTCSl 3aBHCHMOCTb JJIHTENbHOCTH ()POHTAa CYyMMapHOro BHIXOJHOrO CHIHaja OT YPOB-
HS BXOXHOrO CHTHaJa, NpHYEeM 3Ta 3aBHCHMOCTb TeM CHJbHee, ueM 3HaUHTeJbHee

* HepaBEHCTBO Ty (0®) #Ts.a(0). Orciona ciaexyer, uro MHuuMH3anus A®K pocruraer-
csl NPH YCJIOBHH

Ty (©)/7, 5 (@) 1. (4.18)

K uncay apyrix npHund AQK, 06ycjoBJeHHHX CHeHHPHKOR TOCTPOEHHS YCH-
JINTEJIsi, OTHOCHTCS HEHJEHTHYHOCTb YacCTOTHHIX CBOACTB OTAeJbHHX KaHnaJjoB. Han6o-
Jiee 3aMeTHO 3TO NPOSBAAETCS B YNPOUEHHOA MOAH(HKAHH MHOrOKaHaJbHOIO YCH-
Jaurtens. Ilonarast ycHAHTeNb COCTOSIIHM H3 HIEHTHYHBIX KacKajoB, MOXHO BHJETb,
9TO YCHJEHHe cJalbiXx CHFHAaJOB OCYIECTBJASETCS B Y3KONOJOCHOM YCHJHTeNe, a
CHIbHBIX — B LIHDOKONOJIOCHOM YcHJHTeJe. B mepBoM ciydae npHpallieHHe pe3ysb-
THPYIOIEr0 BHIXOXHOTO CHTHaJa CHHMAeTcsi C BHIXOJOB NOCJAEAHHX KacKaloB, a BO
BTOPOM — C BHIXOJOB NEPBHX KacKajoB. DTO NPHBOAHT K TOMY, YTO [JIHTEJbHOCTb
(POHTOB OTAEJNBHHX COCTaBJSIOIIAX De3yJbTHPYIOILlEr0 CHTHajJa HeoAHHaKoBa. Ilpm
HaJHYHH Ha BXOJe CHTHAJOB MAaKCHMaJbHOrO YPOBHS, KOrjAa Bce KacKajH paGora-
10T B peKHMe OIrpaHHYeHHS, Pe3yJbTHDPYIOIHA BHIXOAHOA CHIHaJ NpeacTaBiser €o0oi
CYMMY HMIYJbCOB C ()POHTAMH HEOAHHAKOBON NJHTENbHOCTH. DTOrO HEJOCTaTKa JH-
lIeHa MHOrokKaHa/JbHas MOJAHGHKAIlHf YCHJHTe/]s, Bce KaHaJH KOTOPOro HMEIOT OEH-
HaKOBBIe MOJIOCH NpPONYCKaHHs.

K BosnnkHoBenHio ADK npusoaaT H Apyrhe npHYHHH. IIpexkae Bcero — 3aBHCH-
MocTb (a30BHX CBOACTB AD OT aMIJHTYAH YCHJAHBaeMoro KoJeGanus. Ompeaenen-
Hoe BJHfAHHe Ha HETeHcHBHOCTb A®K oka3biBaeT HajJHyHe B COCTaBe KaXJOro Ka-
HaJlla orpaHHyHTesedl, NPHHIHNHAJbHO BBHI3HBAIOIIHX aMIVIHTYAHO3aBHCHMOE H3MeHe-
HHe ¢asoBoro casHra. OrpaHHUHTENb NpeiCTaBAseT COGOA HeJauHefiHOe YCTPOACTBO,
KOMIJIEKCHOe BXOJHOE CONMPOTHBJIEHHE KOTOPOTO UIYHTHPYeT NPERIIeCTBYIOWYIO LeNb
MeXKacKaJHOM CBS3H.

B nenom spiernss AQPK B MHOrOKaHaJbHHIX JOrapHGMHUECKHX YCHJAHTENSX HMe-
10T JOCTaTOYHO CJIOXKHHA xapakrtep. Bosee moxnpo6Ho ¢asoBHe cBOACTBA ycHJHuTe-
Jieft 3TOrO THNa paccMoTpeHH B paGorax A.Il. JIykomxkuha [7].
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B 3akjioyeHHe HeoGXOAHMO OTMETHTb OOGLYI0 OCOGEHHOCTb, [PH-
CYyLIyI0 JIOrapH(MHYECKOMY YCHJHTEJNI0 KaK HEJIHHEHHOH LeNnH H 3a+
KJIOYaouycss B o6OrallleHHH CeKTpa YCHJIHBaeMOro CHrHaja. yuyer
YKa3aHHOr0 CBOHCTBa B Npollecce HCCJIEAOBAaHHSI (a30BbHIX Xapakre-
PHCTHK YCHJIMTEJSI CBSI3aH CO 3HAYHTEJbHLIMH aHAJHTHYECKHMH TPYI-
HOCTSIMH, HO HeO0XOIHM NPHMEHHTEJbHO K IIHPOKOMOJIOCHBIM YCHJIH-
TenssM. OuHaKO MOCJENHHE pacnpoCTPaHeHbl CPaBHHTEJBLHO MaJlo, a
NpPH aHaJIH3e y3KOIOJOCHBIX JIOTapH(DMHUYECKHX YCHJHTeNell BJIHSHHEM
JOMOJTHHTENbHBIX CHeKTPaJbHbLIX COCTaBJSIONMX Ha HHTEHCHBHOCTb
3abppexkroB AODK moxHO Ge3 ocob6oit morpemHOCTH npeHe6peub. CooT-
BETCTBEHHO NPH OLeHKe (Pa30BbIX CBOHCTB JIOrapHOMHYECKHX YyCHJIHTE-
Jiell ¢ HeJIHHEHHLIMH 3JIeMEHTaMH B LIeNsIX MeXKacKaJHOH CBSI3H H 00-
PaTHOH CBSI3H CJedyeT I0Jb30BaTbCs METOJaMH, OCHOBaHHBIMH Ha
TIpeNoJIOXKeHHH Y3KONOJOCHOCTH H He NPHBONSIUHMH M0 3TOH HPHYH-
He K CepPbe3HbIM TeOPeTHKO-aHaJHTHYECKHM TDYAHOCTSM.

4.4, Da3oBrle CBOMCTBA YCHJMTENEH C PeryJHPYEeMbIM YCHJICHHEM

B npouecce peryJHpoBKH YCHJEHHSI HeOOXONMMBIA 3(¢ekKT, T. €.
H3MEeHEeHHEe MOJIYJIsl 'KO3(P(HUIHEHTA YCHJIEHHS MO 3aJaHHOMY 3aKOHY H
B 3allaHHbIX Tpefenax, JOCTHrAeTCs NMyTeM YNpPaBJEHHS MapaMeTpaMK
2KTHBHBIX H NMaCCHBHBIX 3JieMeHTOB. B OTJIHYHe OT JIorapHpMHYEOKHX
YCHJAHTEJeH, B KayecTBe YNPaBJAIOIIEro BO3JEHCTBHS HCIOJb3yeTcs
He caMO YycHJHBaeMoe KoJieGaHMe, a

- —_

i Tpakm nepedayy Weﬂlmii onpefieleHHbIH YPOBHEM IHOCJeJHEro
B’d—: Peaynupyemid l—g _ CHTHam, KOTOpHIH BhipabaThiBaeTcsl B
xod L yeunumens _:Bb/xoﬁ CHeLHaJbHOM YCTPOHCTBE — «yIpaB-

JSI0IeM YeThIPeXNOJIOCHHKEY HJIH HC-
TOYHHKE  YIPaBJSIOUIEr0 CHrHaJaa
(puc. 4.5). TpebyeMmbiit XxapakTep B3a-
HMOCBSI3H H3MeHeHHH YpOoBHSI HH(OP-
0m mpaxma nepe- MaLHOHHOTO H YNPAaBJSIOLIEr0 CHIHa-
Jauy cuzwaso JIOB JloCTHTaeTcs 6jaarofgaps ToMy, 4To
«YNPaBJAIIHA  YETBIPEXIOJIOCHHK®
CBSI3aH C TPAKTOM Ilepefayu HHPOpMa-
LLHOHHOro cHrHana. Takum o6pasom,
YCHJHTE]b C Pery/qHpYeMbIM YCH/IeHHEeM 3KBHBaJIGHTEH 3aMKHYTOH CH-
cTeMe aBTOMAaTHHeCKONo Pery/JTHpoBaHHs (HJH CHCTeMe Cielsllero TH-
na), a ero MoIH(pHUKALMH ONPENENSIOTCS THIOM YNpPaBJsieMOro 3JieMeH-
Ta ¥ MECTOM €ero BKJIOUeHHs. B COOTBeTCTBHH C 3THM MOXHO yKa3aTb
Pa3HOBHHOCTH yCHJIHTEJeH C peryJHpyeMbIM YCHJIeHHeM:

YCHIIHTEJIH C PeXHMHOH peryJHpOBKOH, OTJIHYHTEJNbHOH YepTOH KO-
TOPBIX SIBJSIOTCS NOABeNeHHEe yNpaBJsIOIlero BO3LeHCTBHS K OIHOMY
H3 3J1eKTPO10B AD H H3MeHeHHe peKHMa ero paGoThl 110 MOCTOSHHOMY
TOKY;,

YCHJIUTEJIH C DeryJHpyeMbIM CONPOTHBJECHHEM Harpy3kH, Xapaxre-
pH3ylOlllHecs] BBEJeHHEM B COCTaB leNeH MexXkKacKalHOH CBS3H 3Je-
MEHTOB, COINPOTHBJIEHHE KOTOPBbIX H3MeHsleTCs IO JAeHCTBHEM YIpaB-
JISIIOLEro CHrHaJMa;
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Hemounuk ynpad-
AAKUEED CUBHana|

Puc. 4.5. CTpyktypHasi cxema YCH-
JIUTEJSA C PEryJHPOBKOH  YCHJIEHHS



YCHAHTENH C peryJHpyeMoii oOpaTHOH CBSI3blO, JIJIi KOTOPbIX Xa-
PaKTepHO HaJIHYHEe 3JIEMEHTOB C yNpaBJsieMbiM CONPOTHBJEHHEM B CO-
CTaBe illeneil OTpHIlaTeNbHOH O6PaTHOH CBA3H.

BceM pa3sHOBHAHOCTSM YCHJHTeJeH NpHCylla 3aBHCHMOCTb (a30-
BOTO CIBHTa OT yPOBHS YNPaBJSIOIUEro BO3XEHCTBHS

Plo=const =1 (Uynp)- 4.19)

[TocKosIbKY ypOBeHb YIPaBJISIOLIEr0 CHTHAJA OMpelensieTcs aMIIHTY-

IOH YCHJHBAeMOro KoJeGaHHS H MeHSeTc B COOTBETCTBHH C KaKHM-

1160 3aKOHOM Uynp=72(Usz m), TO QyHKIHOHANbHAS 3aBHCHMOCTb BH-
aa

q>|m=const = f 1 [f 2 (Uax m)] (4-20)

onuchiBaer ®AX ycuiuTesss Ha GUKCHPOBAHHOMN 4acTOTe.

Kak cienyer U3 npuBeJeHHON Ha pHC. 4.5 060061€HHONH CTPYKTYyp-
HOH CXeMbl YCHJIHTENS C PeryJIHpyeMbiM yCHJIEHHeM H CXeM ero MojH-
¢ukauuit (puc. 4.6), 3aBucumocTb (4.20) NPHHUMNHAJIBLHO JOJ/XKHZ
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Puc. 4.6. O6Go6ueHHHEe CXeMH YCHJHTeNS C peryJHpoBKoft ycH-

JIGHHSI: @ — ¢ PeXHMHOA peryJnpoBkoff; 6 — ¢ peryJupoBKofA co-

NPOTHBJIEHHS LeNH, WYHTHPYOWle Menb MeXKaCKaiHOR CBA3M;
8 — C peryJupoBKOA ITyGHHH 06paTHOA CBSA3H

HMeTb GoJiee CJOXKHBIA XapaKTep, HEeXeJH B YCHJIHTEJAX, yIpaBJisies
MBbIX HENOCPENCTBEHHO YCHJHBaeMbIM XoJeGaHHeM. DTO 0GYyCJOBJEHO
Ha/IHYHeM YIpaBJSIOIEr0 YeThIPEXMONIOCHAKA H CIOCOGOM €ro coemus
HEHHsI C TPAKTOM llepefayH HH(POPMAIHOHHOI'O CHTHaJa, T. €. C YCH-
JIATEJIEM; CTPYKTYPOI WEThIPEXNOJNIOCHHKA H OCOGEHHOCTAMH npeoGpa-
30BaHHs HMH()OPMAIHOHHOrO CHrHaja B yNpaB/sIOUHA; coco60M Iox-
BeJ€HHS YIPaBJAIOLIEr0 CHIHAJA K YIPABJASEMOMY 3JIEMEHTY.
Heo6xonnMo OTMETHTb CYILLECTBEHHOE OGCTOSITENLCTBO: CBA3b MEX»
Iy H3MEHEHHSMH YpOBHell HH(GOPMAaIHOHHOrO H yNpPaBJSIOLIEr0 CHIHA-
JIOB, a TaKXe HauaJbHOe 3JIeKTPHYECKOe COCTOSIHHE yNpPaBJISEeMbIX Kac-
KaJloB OGBIYHO MONO6paHbl TaK, YTO 3TH KacKalbl BO BCeM JHaNa3oHE
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peryJIHpOBKH yCHJeHHsI paboTaloT B pexkHMe, OJIH3KOM K JIHHEHHOMY.
310 03Hauaer, uTo npH oleHke 3dpdekroB APK BiHAHHEM COCTaBJSIO-
me# ¢asoBoro ciBHra, oO0ycJNOBJEHHOH 3aBHCHMOCTbIO IIapaMeTpo3s
AD H CXeMHBIX 3JI6MEHTOB OT YPOBHS YCHJIHBaeMOro KoseGaHHs Ag==
=var (Usx m), T. €. HeJIHHEHHOCTbIO YCHJIHTEJS, MOXHO INpeHeGpeyb.
OcHOBHYIO poJib Hrpaer cocrasJjsionias ¢a3oBoli HecTaGHJIBHOCTH,
o6ycJIOBJIEHHAs H3MeHeHHeM [apaMeTPOB YIPaBJseMbIX 3JEeMEHTOB,
T. e. Ap=var(Uynp). HerpynHo BHAETb, 4YTO B YCHJIHTEJAX C PeryJH-
pyeMoii Harpy3koil H peryJHpyeMoil oOpaTHOH CBS3bi0 HHTEHCHBHOCTH
A®K onpenessiercss aHaJOTHYHO TOMY, KaK 3TO JeJaeTcs B COOTBETCT-
BYIOIHX Ppa3HOBHIHOCTAX JorapHpmuueckux ycHaHTegel. Takxke
NpaKTHYeOKH OIHHAKOBLIMH COOTHOLIEHHSIMH ONHCHIBAaIOTCA (a30-aMil-
JIHTYJHble XapaKTepPHCTHKH JOrapH(pMHUECKHX H peryJHpyeMbIX YCH-
Jauresel. [IosToMy Her HeOGXOIWMOCTH BHOBb FOBOPHTb 00 OCOGEHHO-
CTAIX BO3HHKHOBeHHS1 APK B ymOMSIHYTHIX Pa3sHOBHJIHOCTAX YCHJIHTe-
Jef.

OaHako Ha MexaHH3Me BO3HHKHOBeHHs A®K B ycuiuTensx c pe-
JKMMHOH DeryJIHpOBKOH YCHJIeHHs CJeAyeT OCTaHOBHTbCS NMOAPOGHee,
XOT B OOMIHX YepTax OH MOXKeT OLITb BBIICHEH TaK JKe, Kak H
IPH aHaJH3e (a30BbIX CBOHCTB «JIHHEHHOro» yCHJIHTeJS, HaXOnsIlero-
csl MOJ, BO3/eACTBHEM KOJeOaHHA 3HAUHTeJbHOH aMmIHTyAbl. M3MeHe-
HHe pexXHMa paGoThl YCHJHTEJbHOTO NMPHOOpPA IO MOCTOSIHHOMY TOKY
NPHUBOJAHT K H3MeHEeHHSIM KOMIJIEKCHBIX BXOMHOTO H BBIXOJHOTrO CONpO-
THBJeHHH AJ, a TakxKe apryMeHTa KOMINIEKCHOH TPOBOAMMOCTH NpH-
Moii nepefaud (KpyTH3Hbl). Ho cremeHb STHX H3MeHeHHH 3HAUHUTENbHO
60JIbllle, YeM B «IHHEHHOM» YCHJIHTEJIE.

Taxum o6Gpa3oM, ¢a3oBasi HeCcTaGHJIBHOCTb KacKala C peryJupye-
MBIM yCHJIEHHeM ollpefesiieTcsl HeCTaGHJbHOCTbIO (ha30BBIX CBOHCTB
ADJ, a rakxke (asoBbIX CIBHIOB, CO3JaBaeMblX TPEAIIECTBYIOUIEH I
nocJenyolel NensTMH MeXXKacKaJHOH CBSI3H. MOXHO, CJIeI0OBaTeNbHO,
OXHJaTb yBeJHYEHHS MPOTSIKEHHOCTH IKPHBOJIHHelHOrO yuactka PAX.
O6mas xkoHHrypallHs NOC/TefHell He OTJIHYAETCS OT ([KDHBOH, H30-
6paxkeHHOH Ha pHC. 4.2 H npeicTaBJsgOLleli COO0H MOHOTOHHYIO (YHK-
nuio. Ecin Xe perynHpoBKa yCHJEHHS HMeeT JHCKDEeTHHIN XapaKrep
(rakHe cHcTeMbl yNpaBJeHHS KO3()(HIHEHTOM YCHJEHHS MOJYYaloT
IIHPOKOe pacmpocTpaHenHe), To B PAX nossasiorcs pasphiBH, a A9
€e aHaJUTHYECKOTO ONHCAHHA CJeLyeT HCIOJb30BaTb Pa3phIBHbIE
(PyHKUHH.

4.5. ®a3zoBble CBOMCTBA yCHIATeNEeH-OrpaHHUYHATENCH

Ycunutenp-orpannunrens (YO) mpencrapasier co6oit oAHy H3 pas-
HOBHIHOCTEH YCTPOHCTB C aBTOMaTHUECKH H3MEHSIOUIWMCH B 3aBHCH-
MOCTH OT aMIUVIHTY/Ibl BXOXHHIX KOJ€6aHHH KO3(D(DHIHEHTOM YCHJIEHHS.

Pa6ora upeanpHoro YO OnHCHBaeTcsi COOTHOLIEHHSMH

KU )_[Unuxm/Unxm=C0"St np# Upx m < Uspx o
BXmMm) —
x Usux 0/Upx m npH Usxm > Usx o,
f}le Unxo H U.uxo-ﬂOpOl‘OBHe SHaYeHHSA BXOJAHOro H BHIXOAHOrO Hanpmxeanﬁ.
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Takam o6Gpasom, MOXeT GHWTb NpOBeleHa H3BeCTHas aHAJOTHA C Jorapupmude-
CKHM YCHJMTeNeM, NMpHYEM He TOJbKO B OTHOIUGHHH (pH3HYECKOH KapTHHH sBJeHHH,
HO H C TOYKH 3PEHHSl MPHHUHNOB CXeMHOH peasudauud. OJHHOYHHA YCHIHTENb-OPpa-
HHYHTE]b MOXeT ObITb BHIIOJIHEH Ha OCHOBE:

BBeJleHHSI B COCTaB lLenefi MexXKacKafHOA CBA3H Ge3nIHEPHHOHHHX HENHHeAHHX
3JIeMEHTOB, CONPOTHBJIEHHE KOTOPHX pPe3KO YMeHbIllaeTcsl NpH NpeBHILIEHHH AaMILIH-
Ty#O# BXOAHOro KoJieGaHHsI HEKOTOpOro 3HaueHHS;

HCIOJIb30BAHHSA Henefi aBTOMAaTHYECKOrO CMELIEHHs, HanpfAXKeHHe Ha KOTOPHX
3aBHCHT OT aMIJIMTYIBl BXOJHOro KojieGaHHs, T. €. pa6oyas TOYKa H3MEHSeT CBOe
NOJIOXKeHHe Ha NepefaTOYHON XapaKTePHCTHKe YCHJHTEJbHOro mpHGopa.

Ecin mepBHil M3 ynoMsiHYTHX Cnoco6OB peajH3yeTcss B COOTBETCTBHH CO cXeMof,
H306paxKeHHOA Ha pHC. 4.3, © MoXeT OHTb Ha3BaH Ge3LIHEDIHOHHHMM crmoco6oM ym-
PaB/IeHHs YCHJIEHHEM, TO BTOPOH crnoco6 peasH3yeTcs Ha OCHOBe HCIOJb30BaHHS YCH-

Yevaumensrsid mparm

Brod Boixod
o —p

Puc. 4.7. Cxema kackaga YO ¢ aBTOMaTHYECKHM cMe-
meHHeM pa6ouefi TOYKH

JIHTENsl C aBTOMaTHYeCKOM pPeryJHpOBKOH ycHieHHs (oGoblueHHast cxema H3oGpaxe-
Ha Ha pHc. 4.7) H HasbiBaeTcs HHEPHHOHHHIM. K uHC/y Ge3bIHEPIHOHHBIX OrpaHH4H-
TeJielt, NMOJYYHBLIHX HauGoJsblilee pacnpocTpaHewHe, OTHocHTcs YO, OCHOBaHHBIE Ha
HCIIOJIb30BAHHH OTCEYKH TOKa B AD.

Ipn Heo6xoAHMOCTH obecnedHTh TpeGyeMbe NoKasaTeNH (NHHAMHYeCKHA NHana-
30H MO BXOJHLIM CHrHajJaM, GOpPMY XapaKTEPHCTHKH OTpaHHYEHHS H Jp.) OrpaHHYH-
TeJIb BHIIOJIHAETCS MHOTOKAaCKaJHLIM — B BHJE MNOCJIENOBATE/IbHOTO COeJHHEHHST He-
CKOJIbKHX NPOCTHIX OrpaHHuHTeJef.

ITocKoJIbKY YCHJIHTEJNH-OTPAaHUYHTENH OTHOCATCH K IKJIAacCy HeJIH-
HeHHBIX YCTPOHCTB, TO MX aHAJHTHYeCKOe HCC/IeOBaHHE NPOH3BOJHMT-
c Ha OCHOBe pellleHHs HeNHHeHHbIX NHG(epeHUHaJbHBIX YpaBHEHHH.
OpnHako BBHAY TOro, uto YO OGLIYHO BXOAAT B COCTAB CPaBHUTEJbHO
Y3KOIOJIOCHEIX H30HpPaTeJbHBIX YCTPOMCTB, BO3MOXKHH YympoleHus. B
yacTHOCTH, YO MOXHO paccMaTpPHBaTh KaK IleNb, KOTOpasl XapaKTepH-
3yeTcsl CpeIHHMH MapaMeTpaMH, (PYHKIHOHAJbHO 3aBHCHMBIMH OT
aMILIHTYJbl BXOJHOTO KoJieGaHMdA. [ pyruMH cjoBaMH, aHaJu3 NPOBO-
IMTCSl Ha OCHOBe KBa3HJIHHeHHOro (rapMmonuueckoro) Mmeroga. Coor-
BETCTBEHHO (pa3oBast xapaKrepHcThKa H adpdextst ADK moskHE one-
HHBaTbOs I/ NePBON FapMOHHKH BHIXOIHOrO KoseGaHus. Huxe omu-
chiBalorcst npuuuHbl ADK B ycHIHTeNIX-0Tp aHHUHTENISX.

YO ¢ Heaunetinoim wynTupoBanuem yenet mexckackadnol ces3u.
@Da30BhIfi CIBHI, BHOCHMBIH KackagoM YO, TIOCTPOEHHOrO MO IIPHHIH-
{1y HeJIMHeHHOr0 LIYHTHPOBAHHS HeNH MeXKAaCKajlHOH CBSI3H, MOXKET
ObIThb HafleH ¢ MOMoOLIbl0 BeIpaxKeHu# (4.12) u (4.13), KoHeyHo, <
yueToM ocoOeHHOCTel BKJIOYEHHS HeJHHEHHOH 1ellH, ee CTPYKTYPH H
napamerpoB. [Ipu stoM nox axTHBHON Rpex(Usxm) H peakTHBHOR
Xuen(Uszx m) cocTaBistiomnMu conpotusienuss HI nonumaiorcs 3o-

61



(¢ eKkTHBHbie (IO MepBOX rapMOHHKe) 3HayeHHS 3a MepHOJA KojebaHHs.
KoswyecTBeHHast OlLEHKa yKa3aHHbIX 3aBHCHMOCTeH, a  TaKxe
@43 (Usx m) He BbI3bIBaeT MPHHIMNHAJbHBIX 3aTPyJHEHHH MPH anipok-
CHMallMH XapaKTepHCTHK HeJHHEeHHbIX llemed M CTaTHYeCKHX XapaKTe-
puctHk AD.

INocnenyiomee omnpefeseHHe HHTeHCHBHOCTH sddekroB APK mpu
IPOH3BOJIbLHOM YPOBHE BXOJHOTO CHTHaJjla NMPOH3BOJAHTCH B COOTBETCT+
BHH C H3JIOXKEHHOH BbIllle METOJHKOH, a HMEHHO KaK pa3HOCTb (aso-
BbIX CJABHroB, BHOCHMbIX YO NpH {1aHHOH H MHHHMAJbHOH aMIJIHTY=
dax BXOAHOro Koje6aHHsg (PHKCHPOBAHHOH WaCTOTHI, T. €.

A Pyo=9¢ (Unx m) —¢ (Unx m Mm-l)- (422)

Jas onucanus ¢asoBeix cBoiicTB YO (ToYHee, HX HeCTaOHJIbHOCTH 8
HHTepBaJle YPOBHell BXOJHbIX CHTHAaJIOB) IesiecOOGpPa3HO BBECTH CIe-
I HaJbHbIH NOKa3aTeJb

A Pyo=9¢ (Unx m Maxc) —¢ (Uax m MHH)’ (423)

bnpenensieMbli KaK aMIJIHTYJHO3aBHCHMasi (a3oBas HecTaGHJIBHOCTD
B JHana3oHe orpaHHuYeHHs. 31eCb Usx m mun H Usx m maxc — aMILIHTY-
Jbl BXOIHOro Kose6aHHsl, COOTBETCTBYIOLHEe Hayaly H KOHLY paboue-
ro yyactka (T. e. TOPH30HTaJIbHOIO) aMIJIHTYJHOH XapaKTepHCTHKH.
Korna orpannuHresip ABJAsieTcs MHOrOKaCKaJHbIM, aHaJHTHYECKas
onenka APK ycaoxuserca. Kak BuaHo u3 puc. 4.8, ¢aso-aMnantyn-
Hasl XapaKTepHCTHKa MHorokackagHoro YO cocrout H3 N oTpeskos,

J4p W= const
4

I
la
|

8

S

2,

|
i A? i ”Uxm

Uaxmm lemmm Uaxmzmn ”lumm ”l:mnauc
6x mémun "Bx mé manc Sxm3maxs Bxm2maxe Sxminaxc

Puc. 4.8. ®AX MHOroKackagHOTO YCHJHTeJs-Orpa-
HHYHTEJS

KaXX/blfi H3 KOTOPHIX ONpejeJsier H3MeHeHHs: (a30BOro CABHra B JiHa-
na3oHe ypoBHeH BXOXHOro cHrHaga Usx m wmm i — Usx m maxc i, COOTBET»
CTByIOlleM paGoTe OJHHOYHOTO KacKala B pexuMe 3(p(eKTHBHOr)
aMILIUTYAHOrO OrpaHHueHHs. Ec/H TPHHATb, 4TO BCe KacCKaibl HJeH-
THYHBl M IIPH BO3PaCTaHHH YPOBHsS BXOJHOrO CHTHaJja CTPOr0 IOOYe-
pelHO NMepexoisiT H3 peXHMa JHHEHHOrO YCHJEHHS B PEXHM aMIlIHe
TYJHOrO OTpaHHYeHHs, TO BCe KaCKajlbl, NPEIUIECTBYIOLIHE JaHHOMY,



pa6boraior B JiHHefiHOM pexnMe H HX PAX ABJIAIOTCS rOPH3OHTAJIbHBI-
MH, a Bce mocJenyoue pa6oTaioT B peXXHMe OrpaHHYEHHS NPH TIO-
CTOSTHHOM YPOBHE BXOJXHOTO CHTHaJla H cOo3JaBaeMbli MMH (ha3oBHIi
QIBHI OCTaeTcsi HeHM3MEeHHBIM.

H3meHenne ¢asoBoro casura MHorokackagHoro YO mpH H3MeHe-
HHH yPOBHSI BXOIHOTO CHrHaJsla OT Usx m mun 20 Usx m maxe ONpeIensi-
€TCs B COOTBETCTBHH ¢ (4.1) cooTHomeHHeM

. N N

\

A(PN= 2‘ Agas: +2 A(pLIMC i (424)
i=0 i=0

HpH Jo6oM YpOBHE BXOJHOro CHrHaJia (B npeaeJaax ykasaHHOro JHa-

na3oHa) H3MeHeHHe (a30BOrO CABHTa

N N .
A(PN=>_: Agyy, +}_-Aq)uMCi+A(pA3(n—l) Usxm) +

=n i=n

+A (pl.lMC (n—1) (Unx m) +A (PLlMC (n—2) (Unx m) . (425)

N N
31ech X Apas; H X AQ yMc i — H3MeHeHHe (Pa30BBIX CIABHTOB B yCH-
i=n i=n
JIMTENIbHBIX TIpHOOpax M lemsx MeXKacKalHO# CBS3H KacKamoB, pa6o-
TalOUIHX TUPH MaKCHMAa/bHLIX YPOBHSAX CHTHAJOB Ha HX BXOJaX,
A@asm-1)(Usx m), A@umcn-1)(Usx m) — H3MeHeHHe (a30BbIX CABHIOB
B YCHJIHTeJbHOM NpHGOpe M LeNH MeXKackalHo# cBsi3H (n—1)-ro
KacKaja, BOLIeJllero NOCJeJHHM B PeXXHM OTDaHHYEHHS NPH 3aflaH-
HOM ypoBHe curiasa Ha Bxole YO; A@umcm-2)(Usx m) — H3MeHeHHe
¢asoBoro ciBHra B LEeNH MeXKacKaJHOH cBf3H (n—2)-ro Kackana,
paboTaloliero NpH 3afaHHOM YpPOBHe BXOJHOTO CHI'HaJla B JIHHEHHOM
pexHuMe, 3a CYET H3MEHEHHS BXOJHOrO CONPOTHBJIEHHS YCHJHTEJIbHOTrO
npubopa (n—1)-ro Kackaga.

B pacamorpenHoii pa3HoBHaHOCTH ADPK o6yciioBieHa, rJiaBHBIM
00pa30M, LeNnblo MeXKacKanHOH CBSA3H.

YO ¢ asromatuveckum cmewernuem paboueil tTouxu. He Kacasch
aHa/M3a NPHYMH, OOYCJIOBIHMBAIOIIHX OrpaHHYEHHe, OCTaHOBHMCS
JINIIb HA BO3HHKHOBEHHH aMIVIHTYJHO3aBHCHMBIX ¢a30BbIX CIBHIOB M
TIpHHIUNAX UX OLEHKH.

OTJIHYHTENbHON YepTOHl OrpaHHuYHTENs sBJseTcs paGora AD B He-
JIHHEHHOM pelKuMe, MpHYEM C NepeMeHHbIM (B 3aBHCHMOCTH OT YpOB-
HSl BXOJIHOT'O CHTHaJla) YIJIOM OTCe4KH. DTO O3HayaeT, YTO 3KBHBa-
JieHTHble (T. e. onpefiesleHHble IO IepBOH TapMOHHKe) mapaMeTpbl
AD — KpyTH3Ha, BXOJHOE H BBIXOJHOE CONPOTHBJIEHHS — 3aBHCAT OT
AMILIHTYBl BXOAHOro KoJie6aHusa. TeM caMpiM 06ycCJOBJHBAIOTCH dIC-
peMeHHOe 3ama3nblBaHHe cHrHaja B AD u «hasoBasi HecTaGHJIbHOCTh
Leneil ‘MeXXKaCckaJlHOH CBSI3H, B COCTaB KOTOPBIX BXONAT KOMIJIEKCHbBIE
BXO/JHO€ H BHIXOJHOe conpotHBieHHs AD. B sToM cayuae posib BTOPO#
cocTaBJsilollell B onpejesieHHH pesyabTHpyouleit AQK 3HauutesbHO
MeHnblie. OCHOBHOe 3HaueHHe HMeeT cocTaBjsiomas (a30BOH HeCTa-
OHJIbHOCTH, KOTOpasl 3aBHCHT OT THHa AD, ero pexuMa pa6oTsl Mo mo-
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c CTOSIHHOMY TOKY H IPYTHX
pakTopos.

Jlns aHaJHTHYECKOH OLeH-

| b s [ gk KH 0GeHX COCTaBJSIOIUX (a-

30BOH HecTaOHJIbHOCTH MOTYT

ObITb HCNOJIb3OBAHBI COOTHO-

U G Un S0 @ ;'-m[] 10&’“ LIeHHs], H3BECTHHE H3 TeOpe-

THYECKOH paaHOoTeXHHKH. Tak,

H3MeHeHHe (a30BOro CuBHra

b g—

9 ) ) ?3 TPaH3HCTOpa B JHalasoHe
Puc. 4.9. DxpHBajeHTHasi cxeMa 3aMmelleHHs YPOBHeH BXOIHBIX CHTHaJIOB
TpaH3HCTOpa HaXoMUTCS Ha ocHoBe [II-cxe-

MBI 3aMelleHHsl TpaH3HCTOpa
AN CHJIBHBIX CHTHanoB (pHc. 4.9) Kak H3MeHeHHe apryMeHTa NpPOBO-
AMMOCTH NpPAMOH Nepenauu

A, = -[arct —arctg —2 ] (42
P € mSIUnxm g mslUnx m—>0 ( )
3necr  og= L+ r6/rm — IrpaHuMyHas YacTOTa TPaH3H-

76 (Cud + Cs.n"'cx.n)
cropa no kpyrHsHe [30]. OnpenesuB 3aKOHOMEPHOCTH H3MEHEHHS mapa-
METPOB 3JIEMEHTOB LN 3aMelleHHsl OT YPOBHSI BXOJHOTO CHIHaJa,
MOXHO HaHTH (YHKUHOHaABHYI0 3aBUCHMOCTb Agz = W (Usx m, Ix)
IpH (HKCHPOBAHHOH YacTOTe.

B 3akuioueHHe OTMETHM, 4TO 3aKOHOMEPHOCTH H3MEHEHHs pa3Jud-
HBIX COCTaBJISIIONIHX AMIVIHTYJHO3aBHCHMOH (a30Boil HeCTaGHIbHOCTH
B Kackaje YO MOryT WMeTb pasJIMUHLIA (a MHOIMIA H NPOTHBOIOJIOXK-
HbI{) XapakTep, T. e. HMeeT MeCTO HX B3aHMHas KOMIEHCalHs. YkKa-
iaxmoe CBOFCTBO OTKPHIBaeT BO3MOXXHOCTb CHHJKEHHsI HHTEHCHBHOCTH

DK.

4.6. Ocna6nenme 3ddexToB APK B yCHIHTENBLHBIX YCTPOMCTBAX

O6uiue TOHATHS O TPHHUHMMAX, 'KOTODHIMH CJEIyeT PYKOBOJCTBO-
BaThCs NpH DellleHHH 3afiayd MHHHMH3aLMH aMIVIHTY/JAHO-(a30BOi
KOHBEPCHH B NepeJaTOYHbIX Lensix, chopMyJHpOBaHH Buile, B Ha-
CTosIIleM Taparpade STH JIOHSITHSI, HJJIOCTPHpYEeMble COOTHOLIEHHSIMH
(2.29) — (2.32), 6ynyT KOHKpeTH3HPOBaHH HPHMEHHUTEJbHO K yCHAH-
TeAbHLIM yCTPOHCTBaM.

Kak GbIO OTMeueHO, IpH MOCTPOEHHH yCHJHTeJell (KaK JiMHel-
HHIX, TaK H C yIPaBJsEMbIM yCHJIEeHHeM) HellesiecooOpa3HO BBIABHIaTh
Tpe6OBaHHEe NOJHOH HHBADHAHTHOCTH (a30BOH XapaKTEPHCTHKH (B
6oJiee oflieM ciayyae — orufaloilleii (asoBoro cmeKkTpa HHpopMa-
LHOHHOTO CHrHaJja) K H3MeHEHHSIM YPOBHs YIPaBJISIOIIEr0 CHTHAJa
HIM aMIUJIMTYAbl yCHJAHBaeMoro koJe6GaHus. Ha npaxruke 310 Tpe6o-
BaHHe HEBHINOJHHEMO H MOXET pacCMaTpPHBATbCs KaK OPHEHTHP, KOTO-
pHIi onpejeasieT METOAH, NPHMeHsieMble B PeaJjibHbIX YCHJHTENAX JIJI9
ocaabaenus APK.

B cooTBeTcTBHH ¢ OGLIHMH TIOJIOXKEHHSIMH, KOTOpble GblIH chopMy-
JHDOBaHbl B MPEAIIECTBYIOIIMX IVaBaX, MOXeT OhITb yKasaHa mocJje-
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JOBATeJbHOCTb pEIIeHHs 3aJayH MHHHMH3AlIHH aMIJIHTYJHO3aBHCH-
MBIX (a30BbIX CABHrOB B YCHJHTEJAX, HaXOASUIHXCH MOA BO3AEHCT-
BHEM CHTHAJIOB NepeMeHHOA HHTEHCHBHOCTH.

Bo-nepsbix, onpejensercs THN yCHIHTeNs (JHHEAHBIH, Jorapug-
MHYECKHH, C PeryJHpOBKOMH- yCHJIEHHS, C OTPaHHYeHHeM H T. 1.), T. €.
(dakTHYecKH MeXxaHH3M Bo3HHKHOBeHHs ADK. Bo-sropbix, caepyer
yKa3aTb BO3MOXHbie NPHYHHbI BO3HHKHOBEHHS (a30BOH HeCTaGHJIbHO-
cti. Kak npaBuso, npHYHHONA MOTYT ObITb H3IMEHEHHS:

NlapaMeTpPOB YCHJHTEJbHbIX NMPHOOPOB B JIHHEHHHIX YCHJAHTENSX H
B YCHJHTEJISIX-OTPaHHUHTENAX (KOMILJIEGKCHBX IPOBOMHMOCTEH NMpPsSMOA
M 06paTHON nepesauH, BXOJHOH H BbLIXOJAHOH) TPH BO3NEHCTBHH KoJje-
6aHHil 3HAUHTEJbHOH aMIJHUTYIbl, paboTaloUHX B HeJHHeAHOM pe-
XKHMe;

pexnMa paGoThl YCHJHTEJbHOrO NMPHGOpa MO MOCTOSHHOMY TOKY
(TpH peXXHMHOM PEeryJHpOBKe YCHJEHHS);

MeACTBUTENbHOH M IMHHMOHA COCTaBJAIOIHX Pe3YJbTHPYIOLEro co-
NPOTHBJIEHHs] HAarpy3KH KacKaja (NMPH ympaBJEHHH CONPOTHBJIEHHEM
HEeJHHEeHHbIX 3/IeMEHTOB, WIVHTHPYIOIHX ILlelb MeXKaOKaJaHOW CBSA3H B
JAorapHOMHUECKHX YCHIHTENSX H YCHIHTEJISAX-OTPaHHYUTENSAX, B yCH-
JUTEISAX C PEXHMHON PeryJHpPOBKOH YCHJIEHHS);

CJYOGHHbI OTpHIATENbHOI OOGpPaTHON CBA3H, OXBaTHIBAIOWlEH BeCb
YCHJIHTEJIb HJIH 4acTb €ero KackaloB H ynpapJjseMOH JHOO yCHJHBae-
MbIM, JHOO YIPaBJSIOLHM CHrHaJOM (B WJiorapH(MHYEOKOM YCHJIHTE-
Jie HJIH YCHJIMTeJIE C PEryJHPOBKOM YCHJEHHS COOTBETCTBEHHO).

B-TpeTbHX, MPOH3BOLHTCS BbIGOP METOLOB H CX@MOTEXHHUECKHX pe-
ILeHHH, KoTopble obecneunBaloT HaHGosee ypdekTHBHOE oOcsabJeHue:
aMIWIHTYIHO3aBHCHMBIX ()a30BbLIX CJIBHrOB B KOHKPETHBIX Pa3HOBHIHQ~
CTSAX yCHJHTeNel. B 4uacTHOCTH, MOXKHO PeKOMeHA0BaTh:

HCNO/Ib30BaHHE CINellHaJIbHO Pa3paboOTaHHHX YCHJAHTEJbHBIX IIPH-
60poB, 06/1aJal0IUX IOBBILIEHHOH JIHHEAHOCTbIO CTaTHYEOKHX Xapak-
TEPHCTHK, YTO, B CBOIO ouepellb, 00ycJOBJHBaeT 6oJiee BHICOKYIO CTa-
6HJBbHOCTb (ha30BbIX CBOHCTB, a TaKXe KOMIWIGKCHBIX BXOMHOTO H Bbi-
XOIHOTO COMPOTHBJEHHA B YC/NOBHSIX HM3MEHEHHS JIHOO aMIIHTY/Ib
BXOJHOro KoJeOaHHs, JHOO pexxHMa paGoThl MO NMOCTOSHHOMY TOKY;

_oGecneuenne B 3aJaHHOM HHTepBaJle YPOBHell ynpaBJ/IsIlOLIEro BO3-
JeHCTBHS MOCTOSHCTBA KOMIJIOKCHBIX BXOIHOTO H BHIXOJHOTO CONpO-
THBJIEHHA HeJIMHeHHOH yNpam/sieMOM 1eNH, BKJIIOJEHHOH MOCJIeN0Ba-
TeJIbHO C IeNblo MeXKacKalHOi# 0Bfi3H. ITOro OObLIYHO JOOGHBAIOTCH HC-
NoJIb30BaHHEM YNpPaBJisieMbIX YeTbIPEXMOJIOCHHKOB;

BBEJleHHE B COCTAaB yNpPaBJgeMOro KaHaJa o6paTHON CBSI3H 4acTOT-
HO3aBHCHMbIX 3JIEMEHTOB H ILleleH, ¢ MOMOILLbIO KOTOPHIX MPOH3BOMIHT-
csl KOppexUHs (a30-aMNIHTYAHbIX XapaKTEPHCTHK;

HCIOJIb30BaHHe IleNed MEeXKacKalHOH CBSI3H YCJIOXKHEHHOR CTpyK-
TYpbl, 0OJaJaloIHX MeHblleH 4yBCTBHTEJNbHOCTbIO K H3MEHEHHIO mapa-
METPOB BHEIIHHX 3JIEMEHTOB — YCHJIHTeJIbHHX NPHGOPOB, HeIMHHEHAHbIA
ynpaBJ/iseMblX Lienei H Ap.;

TIPUMEeHEeHHe DPa3BA3bIBAIOLIHX Liened H 'KacKaloB, OCJa6JSIOMIHX,
BJIRsIHHe (a30HeCTaGU/IbHBIX Y3/0B Ha NIOKa3aTeJH YCHJIHTES;
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BB@J€HHe KOMIEHCHPYIOIHX YCTPOHCTB, CO3JaIOLIAX aMTWIHTYlHO-
3aBHCHMble (Da30Bble CABHTH IIPOTHBONOJOXKHOIO 3HaKa H TEM CaMbIM
yMeHbIIAIOUHX (a30Byl0 HECTAGHJILHOCTb OCHOBHOI'O TPaKTa.

Bce mepeuHc/eHHble MeTOAbl MPHMEHSIOTCS B OTAEJBHOCTH HJH B
COYEeTaHHH MPH TMOCTPOEHHH YCHJHTeJseH, B KOTOPHIX IO YCJIOBHSIM pa-
60Tbl JOJKHBI OBbITb OCJa6J€eHbl IO AOMYyCTHMOH CTeNeHH {IPOSiBJIEHHS
aMIIHTYAHO-(a30BOH KOHBEPCHH.

Hrak, B HacTosimell ryaBe GbLIO NMPOBEIEHO OGIUee PacCMOTPEHHE
HECKOJIKHX HaHGoJiee pacnpOCTpaHeHHbIX Pa3HOBHIHOCTEH HeJHHell-
HbIX ycuauresei. ['laBHas 3amaya 3ak/io4anach B TOM, YTOObI BbISIC-
HHTb MeXaHH3M BO3HHKHOBeHHs1 ADK. B ri. 5—9 mposezeHo TeopeTH-
yecKoe HccaenoBaHHe ycHaHTeneill ¢ ADPK (Hepery/anpyeMble ycCHIHTe-
Ji4, paboTalolye B peXXHMe «MaJiofi» HeJHHeHHOCTH, YCHJHTENH C pe-
KHUMHOH PEryyIHpOBKOH YCHJIEHHS, YCHJIHTEJNH C ynpaB/seMbIMH Lemns-
_MH HarpyskH H oOpaTHOH CBSI3H, yCHJIHTEJIH-OTPAaHHYHTENH) H MOKa3a-
Hbl BO3MOXHOCTH YMEHbIUGHHS aMIUIHTYXHO32aBHCHMBIX ()a30BBIX

<C/IBHTOB.

DA30-AMIVIMTYAHBIE XAPAKTEPUCTHKH
YCHJHUTEJEHN C MAJIOU HEJHHEWHOCTBHIO

{
5.1. Houarue o ¢pa3o-aMILIATYXHOH XapaKTepPHCTHKE

B coOTBETCTBHH C YCTaHOBHUBILEHCS IMETOJHKOH aHaJHTHYECKOro
HCC/IQNOBAHUS yCHJAHTeAb (HE3aBHCHMO OT THNa npuMeHeHHOro A3 H
cnoco6a ero BKJIOYEHHs, a TaKXKe CTPYKTYPHl liemell (MeXKacKaJHOH
CBSI3H) NpEUICTaBJIsieTCs B BHJe YeTbIPEXMOJIOCHHKA, COeJHHEHHOTO C
BXOJIHOM H Harpy3ouHo# nensiMH (puc. 5.1). B npanbHefileM Hcnovb-

2 .13 Puc. 5.1. TlpencrapiieHne YCHJHTeNsE B

Iy

= —l——f"—‘ BHIE <«COGCTBEHHO YCHJHTEJBHOTO Kac-
u. | BY i | YK ‘”cz Hazpy. Kaja» C NOAKJIOYCHHHMH BXOAHOR H

’_"f"— g Harpy3o4Hofi uensMH

3yercs onpejeseHHe «COGCISEHHO YCHAHTeNbHHH Kackal» (YK), na
BXOJHble 3aKHMbI KoTOporo /—1’ uepe3 Bxomuyio nenb (BIL) ot uc-
TOYHHKA CHTHaJla MOCTYIaeT HampsiKeHHe Uc). BhIXomHOe HampsiKeHHe
Uco BBLIEJNSETCS Ha HaTpy3Ke Kaokana (3aXHMbl 2—2).

[MpemnoJsaraercss TakXe, YTO HCTOYHHK CHTHaJja cO31aeT rapMOHH-
yeckoe ikosebaHue Ue==Uc mSin 0cf; BXOAHas lenb H LETNb Harpy3k:d
SIBJSIOTCS Pe30HAaHCHLIMH, HaCTPOEHHBIMH Ha 4acTOTYy BXOJHOI'O CHTI-
Hajla ¢, H OTQHJALTPOBLIBAIOT BBHICIIHE TapMOHHKH; CHI'HaJbl Ha BXO-
Je H BbIXOJe YCHJIHTEJS SABJISIOTCS FapMOHHYECKHMH KOJie6aHHSIMH BH-
na uc|=Uc|msin(o)ct+q)l) H u¢2=-U62mSin((|)ct+q)2), e ¢ H Q2 —
(pa3nl BXOJHOTO H BBHIXOJLHOTO KoJieGaHHH.

3a cuerT HHepUHOHHOCTH A3 BBIXOJHOE HanpsiKeHHe Ucy HMeeT OT-
HOCHTEJIbHO U¢; $a30BLIA CABHT
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Pu.c = Pa—P;. 6.1
OT0 3HaveHHe ompejensieTcss NPH MaJbX YPOBHSIX BXONHOIO CHIHaza,
konaa AD sBisiercs JHHeAHbIM. TIDH yBeJIHYeHHH YPOBHSI CHrHaja
HeJHHelHOCT AD 06yCJIOB/AHBAET NOSIBJEHHE (IONOJHHTENbHOrO (aso-
BOro clBHra AQc, 3aBHCSILEr0 OT aMIMIHTY/Ibl H YACTOTH CHTHaJa, TH-
na A3, cnoco6a ero BKJIOYeHHs, OCOOEHHOCTEH peaJiM3allHH ‘KacKala
H CBSI3aHHHIX ¢ HMM lenedl. [las yZo6cTBa aHaIMTHYECKOH OLEHKA

JONOJHHTEIbHbIH (a30BHIl CABHr claexyeT NPeAcTaBHTb 8 BHIE
CYMMH

Aq)c=Aq)yK+A(PBu+Aq)n- (52)

TakuM o6pa3oM, OH onpejensieTcsi cOGCTBEHHO [KAacKaJOM, BXOLHOM
LeNbio H Menbio HaTpy3KH.

Cocrapasiomas AQ yg 3aBHCHT OT cmocob6a mocrpoenns YK, Tuna
A3, pexuMa ero pa6GoThl 10 NOCTOSTHHOMY TOKYy H JHHaMHY€CKOTro
nuanasoHa ([IJ]) H3MeHeHHS ypOBHeH CHrHaJjla Ha BXOIHBIX 3aXKHMax
VK. 3uauenue A@py (HaH Agu) ompenensieTcss HM3MEHEHHSMH fapa-
MeTpoB BLI (MMM COOTBETCTBEHHO LieMH Harpy3kH), KOTOpble BO3HH-
KalOT W3-3a H3MEeHEeHHs BXOAHOro compotHsJeHHs YK B Toukax I—I
(COOTBETCTBEHHO BBLIXOJHOTG COTMpOTHBJEHHS B Towkax 2—2') mpw
yBeJIHYEHHH YPOBHSI BXOJHOrO CHrHaJxa. i

Taxum o6pasom, B GoabuioM JIJ ypoBHe# BXOAHOro cHrHaJa ¢asd
nepBOil TapMOHHKH BLIXOJIHOTO HampSiXKeHHs C YaCTOTOH ¢ OTHOCH-
TeJbHO Ucy OOycJoBJeHa (a30BbIM CABHIOM 32 CYET HHEPIHOHHOCTH

AD B JMHeiHOM pexXHMe H NmpHpauleHHeM (a30BOTO CIABHTa 3a CyeT
HeJHHeAHOCTH AD, T. e.

Pe=Pu.ct+AP. (6.3)

®da3a BLIXOJHOTO KOJE€GaHHSI 3aBHCHT OT MHOTHX (aKTopos, obyc-
JIOBJIMBAIOLIHX HECTaOWJIbHOCTb HeJIHHeHHBIX cBOicTB AD H mapaMer-
POB CBSI3aHHBIX C HHM llenell — BXOJHOM H Harpy3ouyHofi. ITo O3Ha-
yaeT, YTO AJs aHaJHTHYECKOM OIlEHKH BHOCHMOTO yCHJAHTeseM (ha3o-
BOrO CIBHI'a TOCJHeAHHH HeOOXOAMMO pacCMaTPHBaTb KakK (YHKIHIO
6osibLIOrO0 yYHCJIa NepeMeHHBIX. PelneHHe 3ajauH, HMeloulee KOHeu-
HbIM pe3yJbTaTOM MOJydeHHe TPHIOJHBIX JWI HHXKEHEepHOro pacuera
COOTHOILEHHA, BecbMa 3aTpyAHHTesbHO. OlHAKO [ BBISICHEHHSI OCO-
GenHocTeft BO3HHKHOBeHHS ADK B pe3aoHaHCHOM YCHJIHTENE B pPexHMe
«MaJiofi HEeJHHeHHOCTH» H OlleHKH HHTeHcHBHOcTH ADPK gocratouno
y4ecTb 3aBHCHMOCTb (¢ OT YPOBHSI H 4aCTOTH BXOJHOrO CHTHaJa

Pc=FUcm ). (5.4)

Peulenne 3amaun Takoro BHAA CONPSIXKEHO C MEHbUIHMH TPYAHOCTSAME
H MOXeT ObITb \IOBEIEHO JO CPAaBHHTEJIbHO NPOCTHIX COOTHOIIEHHII.
3aBucuMocTtb (5.4), oueHHBaeMas NpH (HKCHPOBAHHON YACTOTE BXOX-
HOro cHrHava (@c==const), mpeacrapiaser $pa3o-aMIIHTYIHYIO Xapak-
TepHCTHKY Kackajda. OHa MoxeT GbIThb MOJTyYeHa M3 BHIPaXKeHHSl A4
MTHOBEHHOH NpPOXOZHOA XapaKTEeDHCTHKH, (KOTOpas YCTaHaBJHBaET
CBfI3b MEXKJy IMTHOBEHHbIMH '3HaYeHHSIMH BXOJHOTO HaNpsi)KEHHS H TO-
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Ka Ha Bbixofie YK u B o6lIeM cayyae OMHCHIBAETCS HEJHHEHHBIM HH-
Terpo-Au¢pepeHnHasbHLIM ypaBHeHHEM

y=F [x, 4, ‘;_y My (dtyr } (5.5)

B 3aBucuMocTH oT cremenn HeaMHelHOCTH nepeflaTouHON Ienu
(ycnautenbHoro kackana), yro 006YCJIOBJICHO TaKkKe H YPOBHEM BXO-
HOTO CHrHa/a, LeJeCO00pPa3HO CJeNYIOUHM 06pa3oM OMpeleNHTh My-
TH pelleHHst (5.5) NMPH rapMOHHYECKOM BXOLHOM BO3JIeHCTBHH.

B pexume «maJioii HenmHelHOCTH» JI5i pewenns (5.5) cuaeayer
HCI0/Ib30BAaTb METOA rapMOHHYeckoro Gauaanca [8, 9]. Ero aocroun-
CTBO 3aKJII04aeTC B BO3MOXKHOCTH IOJIYYeHHs! NPHOJIHMKEHHOrO aHa-
~THTHIECKOTO pELIEHHS, KOTOPOE CNPABENJIHBO [IPH OrpaHHYEHHBIX

“YPOBHSX BXOLHOTO BO3JEACTBHSA. B pexxuMe «GOJbIION HeJHHeHHO-
- CTH», KOTOPbI/ HAa6/I01aeTcsi B YCHJAHTeJe npH OGOJBLIHX YPOBHSX
-BXOQJIHOTO CHrHa/a, JJIsi PacYeToB HCMOJb3YI0T LIBM.

5.2. Merox rapmoHH9eckoro Gaganca. BriBox HCXOaHEIX
COOTHOIIeHUH

Ipu HcmONb30BAHHH METOAA TAPMOHHYECKOro GasnaHca NPOXOLHAsA XapaKTepH-
CTHKA ONUCHIBAETCS YCEUEHHbIM CTeNeHHBIM PALOM, U peuleHde (5.5) mosyyaercs B
BHJe rapMoHHYecKoro psina dypbe

k k
y=y_,+Z(Cnsinnr—}-D,,cosnt):yo—}-2Ansin(n‘r—l—tp,,). (5.6)

n=1 n=1

TTocne moacranoskn (5.6) B (5.5) mpupaBHHBaIOTCA KO3((HUHEHTH NPH COCTaBJSA-
IOLIHX COS T M Sin AT, YTO JaeT CHCTEMY MPOCTHX aire6paHyeckKHX ypaBHeHHi. Pe-
1lleHHe CHCTeMbl NO3BOJIAET OMpeleJHTb KBaipaTypHble cocramisiomne Cn H Dn, a
Takke aMIIMTYAy H a3y n-it rapmonuku: An= V C*,+D?, u @a=arctg Dn/Cn.

Takum o6pasoM, ans onpeneienus ®AX Heo6XOAMMO HMeTb aHaJHTHYECKOE BHI-
paxeHnHe npoxonHofi xapakTepHcTHKH YK. BHpaxenne nss MrHOBeHHOA HPOXOAHON
xapakTepHcTHKH YK cocraBisieTcs Ha OCHOBaHHH MaJIOCHTHAJbHOH SKBHBAJIEHTHOR
cxembl J)knakosnerro GumosisipHoro Tpausucropa {10], paGoraiouero TONLKO B aK-
‘TUBHOM 06GJacTH M o6JacTH oTceykH. Hcnonb3ys cxemy J[Ixkuakosierro, HafigeM
€Bfi3b MeXJY MIHOBEHHHMH 3HA4YeHHAMH BBIXOZHOTO TOKAa H BXOJHOTO HaNpSXKeHHA
IJSl KacKaja ¢ aBTocMelleHHeM (pHc. 5.2a), rie TPaH3HCTOP BKJIOYEH MO cXeMe C
03. Ha puc. 52 Ccum, Rcu — 37€MEHTH LENH aBTOCMELUEHHS, HMeloulel HyJeBoe
CONMpPOTHBJIEHHE AJS TOKOB BHICOKOH 4YacCTOTH. DKBHBaJeEHTHas cXeMa Kackaja Nmo me-
PEMEHHOMY TOKY mpHBefeHa Ha pHc. 5.26. Haamume BHyTpeHHe oGpaTHOA CBf3H
MeXJY 3MHTTEPOM H KOJUIEKTODOM OTpPaxKeHO 3JIeMEHTaMH gx.» H Cx. IIpoBomuMocTh
Zx.a Y BBICOKOYAaCTOTHHIX TPaH3HCTOPOB MaJjia, H ee BJHSIHHEM NpeHeGperaior; Kpome
“TOr0, OGBIYHO Zu>> gk.o. JIJ yA0OCTBa SKBHBAJIGHTHas cxeMa mpeobpasyercs B Liellb,
mokasaHHylo Ha puc. 5.26. Hcnoab3ys Y-mapameTpH JHHeHHOro 4eTHpPEeXNOJIOCHHKA,
OUEPYEHHOTO Ha pHC. 5.26 myHKTHpoM, HafiiemM Ko3((HUHEHT mepenayH

K=Y3u/(Vua+Yu) 6.7
Buipaxenuss Aas Y-napamerpos skBHBasenTHoM cxeMH Jlxkuakomnerro [92]:
Yo =@u/(14-ix); Yo =gu(l4iby x)/(14ix), (5.8)

tie g21=S/(1+76gs); L22=8x(1+8&uv6); bi=Cu/gxts; 1s=r6Co/ (1+76g5); ga=1/rs;
X=WTs.
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IMonuas NPOBOAHMOCTb HarpyskH .
Ya=8u+i0Cy=gu(l+ixta/tg), (5.9

- Ly

§oo== == TG (195 Ly Py [IR

u 1 2 3 3 |"af ab #
() ox h’ Tiz -l-hi’ hb )
% Ty >

f)

Puc. 5.2. CxeMn Kackaga ¢ O3: a— npHHUHNHAJIbHAA
cxema; 0 — 5KBHBaJIeHTHasA cXxeMa; 6 — npeo6pa3oBaHHas
9KBHBAJIEHTHAs cXeMa

Tloacrasus (5.8) u (5.9) B (5.7), noayunm

Ko)= 8a1Ru/(1 4 g33Rv) -
T T4 i0{[ 82176CxRu + Ru (Cx + Cu) + 75 ]/(1 + €2aRu)}

T OF tats /(L + &uRe) (5.10)

Buipaxenne (5.10) MOXHO ynpocTHTb npH yciaoBuH o2taTs/(l+g22Rs) < 1. Packpus

HepaBeHCTBO H 0603HauHB T;=7Ts/(1+g22Rx), monyunM @ <1V TaTy, H NOCKOJbKY
71<7s,

0Ll /Y Tt 6.11)

Tak kaK BepxHssi IDaHHYHAS YacTOTAa Kackajla ¢ KOMIJIEKCHOH Harpyskoi Ry, Ca
3HAYHTENbHO MeHblle Wrp=1/Ts, TO ycjoBHe (5.11) OGHYHO BHNOJHSETCH H

8a1Ru/(1 + &23Rw) -
1+ i 0{[r6CxRuga /(1 4 g22Ru)l 4 [(Cx + Cu) Ru/(1 4

K(i 0)=

T T  gnRal + [ s /(14 gasRu)]} (5.12)
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Ha (5.12) onpenensieM IKBHBAJIEHTHYIO NOCTOSHHYI0 BPEMEHH KacKapaa

Toxs = [76CuRugan/(1 + Z32Ru)l + [(Cx + Cu) Ru/(1 + gasRu)] + )
+ %5 /(1 + g2aRu)
HIR
. e (Cx+Cw) R
oK = T rags (11 2x B Rw) [C’+ s T 6.13)
Cx+Ca
A(Sgera]

YTO NO3BOJSET CHHTE3UPOBATb SKBHBAJEHTHYIO CXeMy, H306paxeHHyl0 Ha puc. 526,
rae Cz=(CR'+Cu)|Rn/f6; C=Cs; Co-_—'[l(cn('l‘cn)/lﬂ'l'cx] nzcksy]‘R:; g*=ge(l1+
+gxfRe). DTa cxeMa NO3BOJSET OLEHHTb CBOACTBA KaCKajla Ha BHICOKHX 4acToOTaXx,
0COGEHHO NPH GOJBIIHX YPOBHSX BXOQHOTO CHMHAJa. |

Tak Kak mapameTpH 31eMeHTOB cXeMH JIXKHAaKoJJIeTTO 3aBHCAT OT peXHMa
TPaH3HCTOpPAa MO MOCTOSHHOMY TOKY, TO 3TO He MO3BOJSIeT HCINOJb30BAaTb €e Hemo-
CPEJICTBEHHO AJfl PacueToB MPH GoJbLIOM YpOBHe cHrhaia. Ilostomy crexyer ydecrb
3aBHCHMOCTH 3JeMeHTOB OT pexuMa. ConpoTHB/IeHHe 6asH rg¢ NPAKTHYECKH He 3aBH-
CHT OT peXHMa. 3aBHCHMOCTb Ko3(dHIHEeHTa mepefauH TOKa 6asH IJs BHCOKOYac-
TOTHHX TPaH3HCTOPOB MOXKHO aNNMpPOKCHMHPOBaTh C/EAYIOLIHM 06pa3oM:

B (l=)=5Bol}_, 5.14)

rae fo — koaduuHeHT nepefaun Toka 6a3H NPH [x== IMA; H3MeHeHHe § B AHama-
nasone ToKoB 0,5—10 MA He npesmmaer 25—30%; y=0,07-+0,3. Kpyrusua S
NpPaKTHYECKH JIHHEAHO pacTeT C YBeJHYEHHEM KOJJIEKTOPDHOrO Toka Ao 10—12 MA.

Tpn sTOM cTaTHYecKasl mepelaTOYHAsi XapaKTEPHCTHKA TPAH3UCTOPA OMHCH-
BaeTC BHIPaXKEHHEM

iy = Iy [exp (Upx — igr6)/Uo — 1] = Iq [exp (Ugx/Uq — ixr6/Uo B) — 11, (5.15)

rAe HadaJbHHA TOK KoanekTopa lo=1Ixo/(1—w@x); Ixo— TeMIOBOA TOK KOJJIEKTOpa;
06 — K03 GHIHEHT YCHJIEHHS MO TOKy mpH BkJioueHHH ¢ OB; anx — KoapdumueHTt
YCHJIEHHSI MO TOKY TIPH HHBEPCHOM BKJ/IOYEHHH; Usx — BXOAHOe HampsikeHue; Us —
TeMNepaTypHHi NOTeHUHaJ, onpefeiseMbii npH Toke [x==1 MA kKak Uo=I«/S.
IlpuHsATasi annpoKCHMamHsl NPHBOAHT K JHHEAHOA 3aBHCHMOCTH AHd¢epeHIHaNbHOMR
KPYTH3HH OT TOKa

S = ix/Us, (5.16)

cnpasegausoit Aas Ux=>0,5--0,7B. 3aBHCHMOCTL NMPOBOAMMOCTH KOJIJIEKTODHOro me-
pexoia OT pexxuMa MORYHHsAeTCH 3aKOHY gk=gxt/x=/Ux=, rlie gx1 — Ko3ddHIHEHT,
YHCJIEHHO DAaBHHA MPOBOAHMOCTH gx NpH x==1 MA, Ux==1 B. EMkoctb 3amurre-
pa C, COCTOHT M3 3apsifiHON eMKOCTH 3MHTTepHoro mepexofia Ce.n H AHODY3HOHHOR
eMKocTH Ca.n, MpHUEM BJHSHHE NMEpPBOA OCOGEHHO 3aMeTHO B JApef(OBHX TPaH3HCTO-
pax. B paccmMaTpHBaeMoM AHama3oHe H3MeHEHHSI TOKa iy 3HaueHHSA Co.x U Co.n/gs
MOXHO CUHTaTh NOCTOSIHHBIMH. [loc/leHee yKa3HBaeT Ha HE3aBHCHMOCTb OT peXHMa
rpaunyHO# uyacroTH fg W (B mpeamosoxenun B=const) Ha NOCTOSHCTBO f,

NOCKOJIbKY
fo =fgB=38/2nC, ;. (5.17)
3aBHCHMOCTb KOJJIEKTODHOM €MKOCTH OT HAMpSIXEHHs, NMPHJAOXEHHOTO K KOJJIeK-

TOPDHOMY mnepexony (mpeHe6perass KOHTaKTHOR pa3HOCTBIO MOTEHIHAJNOB), Ompenesi-
eTcsi BHpaXKeHHeM

Ce=A/y Uy, (5.18)

rae A — k03¢ pHUHEHT NMPONOPIHOHAJNBHOCTH, YHCJIEHHO PABHHA KOJJIEKTODHOH €MKO-
ctu npy Ux—=1 B; k—mnapaMerp, paBHbifi 2 nJs1 AHO(Y3HOHHHX TPAHIHCTOPOB.
(peskuft mepexon) H 3 Aas APeAdOBHX TPaH3HUCTOPOB (MJIABHHIA Mepexon).
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YCcTaHOBHM CBSI3b MEXAY MIHOBEHHHMH 3HaYeHHSIMH BHXOAHOTO TOKa H BXOJHO-
ro HanpsiKeHHss B UenH (CM. pHC. 5.26) NpH NPOH3BOJLHOM YPOBHE BXOXHOTO CHI-
Hana. JlJs ynpolueHHs NpeAnojaraeM NOCTOSHCTBO f§ H gy, HCIONB3YS HX ycpex-
HeHHHe 3HaueHHs. IIpH nojdade Ha BXOX TPAH3HCTOPAa NEPEMEHHOTO HAMPSIKEHHS
Upzr~ B BHXOAHOM TOKE MOSBJAETCH NepeMEeHHasi COCTaBAAOLIAs ix~; CJIeI0Ba-
TeJIbHO,

, 5.19,
iK=lx=+‘|(~y ( )

rie Usx= — nocrosnHoe cMeuieHHe Ha 6a3e TpaH3HCTOpa. 3anmHllleM ypaBHEHHE TO-
KOB AJi1 uenH pHc. 5.28 (Touka 6)
ic=i1+ia+is+is (5.20)

Tok uepes eMKOCTb 3MHTTepa Ci:
il—'——dQl/dt = (dQl/dusol) (dua.ﬁ'/dil() (di!(/d‘ ). (5. 21)

IepBnfi COMHOXHTe/Ib — HeJIHHefiHasi eMKOCTb, KOTopasi siBasieTcs ¢yHkuuefi ympas-
JISIIOLIET0 HATpPSKEHHS Us.6’ (GAaKTHUECKH KOJVIEKTOPHOro Toka), T. e. dQi/dus ¢’ =
=C(ix). BTopoit COMHOXHTeJb — BeJIHYHHA, OOpaTHas KPYTH3He, TakxKe (QYHKUHSA
KOJIVIEKTOpHOro Toka. C yyeToM CKasaHHOro

b C(iy) di,,.,

1= S T (5.22)
Tloacrasus (5.16) B (5.22), nonyaum

iy =Cy q Uo/( Ty +ix~) digjdt 1 C, y (in)/S (ix) diy /dt. (5.23)

3jech mepBoe cjlaraeMoe — TOK Uepe3 3apAAHYI0 €MKOCTh 3MHTTepa ic, ;, BTopoe

caaraemoe — ToK uepe3 AubdysuonHyo emkocth. Tak Kak oTHomenue Co.x(ix)/S(ix)

He 3aBHCHT OT peXHMa TPaH3UCTOPA, TO €ro MOXHO 3aMEHHTb OTHOIIEHHEM BEJH-

unH Aup(Y3HOHHOA €MKOCTH K MAaJIOCHTHaJIbHOH KpPyTH3He B paGodeli Touke
I - =Bg,. Toraa

Upx = Unx= + uax~;}

ics'n = ( Ca.Jl/B gs) dtK~/dt, (524)
iK~
iCom = [ Co.nUo/ Iy (1 - 1K=)] di,, jdt. (5.25)

Tok uepe3 emxocts Cs

. sz sz dus.ol dix X
S T d . Tdin @ [Cx (Ux) Ru/76) S (ix) (dig./dt)+

+ (CuRul6) S (ix) (diy i), (5.26)
C yuerom (5.18) u paBenctBa ux=Ex—ixRa (cM. pHc. 5.26)
Ca=0Co / V11— (pieil), (5.27)

R p———
rae Co=A/y Ux= — KoNeKTopHas  eMKocTb B paGouefi TOuKe, T. e. TpH

Ux=Uygm p=IxmRu/Ugxm=. Iloacraus (5.16) u (5.27) B (5.26), c yuerom (5.19)
HOyYHM

. _ CoRa 1 Ullye i CoRu
3= -
re k1 PradTon) T4 (g l/lys)  dt re
Uo/l . di

K~

*TF (el at
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T Co i dQs an dus.d' digx
[s) epe3 eMKOCTb lg==, = . . -
* uep T T, dig  dt

TMoncrasasas cioga (5.16) u

(5.13), ¢ yuetrom (5.19) Haxonum
ia = CoRH. (529)

Tok yepe3 3KBHBAJIEHTHYIO NIPOBOAHMOCTb 3MHTTEPHOro nepexona g’a

iy =u, ¢ 8, = ix(l1 4 gx B Ry)/B. (5.30)

BBeneM 0603nayenusi: i=ir ~//x—~ — HOPMHPOBaHHOe MpHpallleHHe BHIXOJIHOTO TOKa;
d=Ugx ~/Uy — HOpMHDOBaHHOE npHpalleHHe Bxc;znnoro HanpsiXeHHd; 4=
=Ix=re/(BUs) — 0606wennnii mapamerp; F(pi)=1/) 1—pi — nopmupoBanHas 3a-
BHOHMOCTb KOJJIeKTOpHOH eMKocTH (puc. 5.3); p=Ix=Ra/Ux= — Ko3pdunnent uc-

i /
1WVi-pi /’
5 f
1ir-pt
/
N _—
-05 0 05 1
Puc. 5.3. HopmupoBaHHasi 3aBHCH- Puc. 54. DxBuBaJeHTHas cxeMma
MOCTb KOJIJIEKTODHOH eMKOCTH Kackaga ¢ O3 nas GoJbIIOTO CHI-

HaJa

TO/Ib30BAHHSA  KOJIIEKTOPHOTO HanpsikeHus; ¢1=gxPRa; b=aCo n/go=0aCs.x7>;, c=
=Cy.ur6+CuRyu; d=aCoRuf; n=CyRa. Tlocne noacranosku (5.24), (5.25), (5.27),
(5.28) B (5.15) u mpeoGpasoBaHHil C y4YeTOM TOro, 4To

1|(= =10exp[UBx=/U°—1 =(l _I_gKBRH) r6/b UO] >> lﬂr

no BHpaxkeHuio (5.15) HaxomHM, YTO MOBeJeHHe LeNMH PHC. 5.268 ONHCHIBaeTCS HeJH-
HefiHBM JH}depeHIHaTbHHM ypaBHeHHeM. OHO yCTaHaB/IWBAeT CBA3b MEXJY MIHO-
BEHHHIMH 3HAaYEHHAMH BHIXOJHOTO TOKa M BXOJHOTO HAaNpSXKEHHs INPH BKJIOYEHHH
Tpansucropa ¢ 03:

(b-|— c " n " d )di_
T YT g0 Viesl
+a(l4q)i +In(1+ ) =u (5.31)
HJIH
LG)dildt+rT+R()i=u. (5.32)

B (5.31) Hcmosnb3yloTCA TOJIBKO HOPMHPOBAaHHHE BEJHUHHH TOKOB H HampsikKeHHH,
a BXOAflllHe B Hero mapaMeTpPH 3/JeMeHTOB cxeMmbl Jlxkuakosnaerto 6epyTcsa H3 cmpa-
BOYHHKA. YpaBHeHHe OTPakaeT CYWIHOCTb ()H3HYECKHX NPOLECCOB B TPaH3HCTope (B
npejesax NPHMEHHMOCTH SKBHBAJIEHTHOH cxeMH JIXKHAaKOJVIETTO) NPH NPOH3BOJBHOM
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ypOBHe BXOZHOTO CHrHaja H COOTBETCTBYET IKBHBAJEHTHOM cxeMe, H306pakeHHOA Ha
puc. 5.4 M onpefensieMOA Kak 3KBHBaJEHTHas cxeMa Kackaga O3 paas 6osbiioro
curHana. B ciyyae HIHDOKONMONIOCHHIX YCHJHTeNefl OGHYHO BHIIOJHSETCH HEPaBEHCTBO
geBRa k1 (umn Ra<1/hyp03, Te hgyg0p—BeNHUHHA HH3KOYACTOTHOTO MapaMerpa
hyy, ycpeaHeHHas A aMIIHTYyAn Toka B cxeme ¢ O3). Torpa

bt ——+ - T ) q (i +7) =7
— el ai n L)=u.
( T YT Viea) ® 659

Buipaxenne A5 HODMHDOBAHHOA JHHAMHYeCKOA NPOXOAHOH XapaKTePHCTHKH

3KBHBAJIEHTHOTO TPaH3HCTOpPAa B JAHaNa30He HH3KHX YaCTOT MOXHO ONpeJeJHTb, MO-
aoxus B (5.31) difdt=0:

a(l4¢)i +1a@i +1)=u. (5.34)

OTciona clefyer, 4TO MaJLii CHrHaJ COOTBETCTBYeT HODMHDOBaHHOMY TOKy @=0,
npu 3toM In(i+1)—1, T. e. curHa’, npu Kotopom {<C0,15-0,2, MOXHO cuHTaTb Ma-
JeM. DTO MO3BOJISET HAATH AaMIVIHTYAy BXOZHOrO KojeGaHus, MB, Usx maxc<<
< (0,15=-0,2) [1+a(1+¢1)1Uo<<5[1 +a(1+4))].

Ecnn noa Bo3nefictBHeM 60/bLIOrO CHrHajJa B KacKaje BO3HHKaeT NpHpalleHHe
MOCTOSIHHOR cocTaBJsollei TOKa Alx=, TO NPH HaJHYHH LeNH aBTocMelleHHs (6a-
30BOTO H 3IMHTTEPHOr0) cMellaeTcsi pabouas TOuKa. JTO YYHTHIBAeTcs NpeACTaBje-
HueM npasoii yactH (5.31) B Bume d—ipA, rae y=Alk=/lxm, A=Ix=[Rcu+
+RR2/B (R1+R2)]/Uo.

[Tpeo6Gpa3yem 3anuch BBefeHHBX Ko3(h(hHuHEHTOB K Gojee ymoGHoA dopme.
O606uwennnlt mapamerp a=Ix=ro/BU, onpenensiercs napamerpamu rg, Uy, B u pe-
MHMOM TPaH3HCTOPA MO MOCTOSSHHOMY TOKY. YUHTHBafA, 4T0 S==/Ix=/Up, Go==
=S_/B, noayunm go—==Ix=/BUs;, caenoBaTeNbHO, A=r6gsm HAH A=T6Z1 =/(1—
—rog11=). [Ipn 3TOM go— — NMPOBOAMMOCTb 3MHUTTEpPA MPU TOKe KoJJeKTopa [x—, a
guu==gs=/(1+rcgs). AnanoruuuniMm o6pazom HafifeM A=S_[Rcux+R1R:/B(R+
+R,)]. Kospoduunent b=aCs n/go=r6Co= — napaMerp HHEPUHOHHOCTH TPAH3HCTO-
pa, KOTODH# ompelejsieT IPaHHYHYI0 YacTOTY MO KpyTH3He B BhuGpanHoi paGouefi
TouKe, Ch— — eMKOCTb 3MUTTEDA NpH TOKe KouuekTopa [x—. Kosdpouuuenr d=
=r6sS—CyRn, rie S~ — 3HaueHHe KPYTU3HH B paboueit TOUKe.

[Mpu usBecTHbix ponyweHusx [10—I12] HeTpynHO HafTH MrHOBEHHYIO TMPOXOJA-
HYI0O XapaKTePHCTHKY AJsi Kackaia Ha GHIOJSAPHOM TPaH3HCTOpE C aBTOCMeLleHHeM
1 xomnuekcuoit OC (puc. 5.5):

[b4dep+c/(1+D)1di Jdt +ai+In(14+7) =2 —to.c. (5.35)

Puc. 5.5. TlpuHuumHa/ibHas cxe- Puc. 5.6. TlpuHunnuaabHas cxe:

Ma YK Ha GHNONsSPHOM TpPaH3H- Ma IHb¢epeHIHaJbHOrO KackKa-
CTOpe ¢ KOMILIEKCHOA MpOTHBO- Jla C HCNOJb30BaHHeM OHMOJsAp-
CBA3bIO HBIX TPaH3HCTCPOB
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3nech io.c=Uo.c/Uy— HOpMHpOBaHHOe HanpaxeHne oO6paTHOR cBA3H; dep=
=rsCoReS=; Co— yCpeAHEeHHAasA BeJIHYHHA EMKOCTH KOJJIEKTOpa.

IonyuenHoe BHpaKeHHe OTPaxkaeT CYI[HOCTb (DH3HYECKHX NMpOLECCOB B Kackaje
H MOXeT PacCMaTPHBAaTbCS KaK ero MaTeMaTHIecKas MOJeNb.

Buipaxenne (5.35) - cnpaBeasHBo NpH anepHOAHYECKOR HAarpysKe, CONpPOTHBJE-
HHe KoTopofi orpaHmueHo, T. e. gxPpRa<1. Ecim Harpyska siBjisieTcsi pe3OHaHCHOf,
TO Ha 4YaCTOTeé pe30HaHca ee COMPOTHBJEHHE AaKTHBHO M PaBHO Ra, a WieH
depdi/dt Heo6xomuMo 3aMeHuTb Ha dcpdis/dt=dcpiim cos (0ct+@c), rme iy=
={im Sin (0cf+@c) — mepBas rapMOHHKAa BHIXOAHOTO TOKa.

N3 (5.35) BHAHO, 9TO HaJHUHe B KacKaje KOMIIEKCHOA SMHTTEpPHON NPOTHBO-
CBAI3H NPHBOAHT K NOSABJEHHI0O B NpaBof d9acTH cjaraeMoro io.c=Uo.cm+io.c,
KOTOpOe ompejessieTcss HampsixkeHHeM o6paTHOA CBA3H MO NOCTOSHHOMY H NepeMeH-
HOMY TOoKaM. Ecjm HOpMHpOBaHHOe NpHpalleHHe MOCTOSHHOM cOCTaBJsfioLlell BHIXOA-
HOro TOKa apu @70 0603HaunTh fo=Alx=/lx=, TO

U, oe = IoA. (5.36)

HopmupoBaHHoe npHpallleHHe HanpsiXKeHHsi O6DAaTHOA CBA3H MO NEPEMEHHOMY TOKY

Uy o =a%s—Ty . du, . /dt =a*i —T, . du, . _/dt,  (5.37)

FAe 7 — HOPDMHPOBaHHHA TOK 3SMHTTepa, B nNepBoM nNpHOJHXKEHHH PaBHHA T;
a*=SaiRo.c; To.c=Co.cRo.c-
Bupaxenne (5.35) sBasfieTcs HCXOAHHIM AJIA aHaJH3a TPAH3HCTOPHOTO KacKajaa
¢ KOMILJIEKCHOM NPOTHBONOJIOXKHOCTBIO AJISi MPOH3BOJILHOrO YPOBHS BXOAHOTO CHrHaJja.
PaccMoTpHM HeKOTOpHe 9YacTHHe ciaydad. B Tpane CXeMHHIX peajiH3alHf 3SMHT-
TepHas HeNb BHIOJHAeTCA NPH ycaoBHH Co.c=0. Torma

[6+diy+c/(147) [dildt4+aT+In(14+7) =u —T4, (5.38)

rae b’= (rs+Ro.c)Co.n7sS=/B; ¢'=(r6+Ro.c)Con; 8= (r6/p+Ro.c)S=; dcp=(re+
+Ro.¢c)CoRaS=.

Ecnu 3apsanast cocTaBASIOIas €MKOCTH 3MHTTepPa MaJja, TO WIEHOM ¢ KoadHum-
€HTOM ¢’ MOXKHO NpeHeGpeub, MO3TOMY

(0 + dep)dildt a7 +In(147) =u —TA. (5.39)

Haneneiiiiee ysennueHHe rayGHEH 06paTHOR CBS3H B Npejene NPHBOAHT K HeoG-
XORHMOCTH BKJIOYeHHS TpaH3HcTOpa mo cxeme ¢ OB u OK. Huxe npusesenn coort-
BETCTBYIOLIIHEe HM 3aNHCH MaTeMaTHYeCKHX MopeJefi:

kackaa OB
[ di — _
(b-l-dcp-l-:_'i:)d—:-}-qi +mIn(147) =4y, (5.40)
rae g= (ro/p+Rr) S==;
Kackag OK
. < \di - - -
(b’-{-dcp—}- l+i—) j +a" T +In(147) =u —7,4", (5.41)

rae b”=(r6+Rs)Ca.nraS=/B; ¢’=(r6+Rs)Com; d”cp=reReCoSw=; a”=[rs+Ra(B+
+1)1S=/B; A”={RuR:/(R1+R2)BIS=.

AHanornuHniM o6pa3oM MoxkeT OHTb AaHO OGOGUIEHHOEe aHAJHTHIECKOE ONHCa-
HHe [PYrHX pa3HOBHAHOCTeHA YCHJHTENbHHX KacKaJloB HE3aBHCHMO OT HX CTPYKTY-
pPH H THHA HCmoJab3yemoro AD.

OCHOBHHM (GYHKIHOHAJbHHM Y3JIOM COBPEMEHHHX JHHEAHHX YCHJIHTENeR B HH-
TerpajbHOM HCMOJHEHHH sABasieTcH Anddepenunanbhufi kackag (IK)—puc. 5.6.
OH MOXeT HCNOJB30BAaThCSA B KayecTBe HHBEPTHPYIOIUETO ¥ HEHHBEDTUDYIOLIEro YCH-
JuTeNlel, YCTPOACTBAa AJIS NEepPexOoda OT HECHMMETPHYHOrO BXORAa K CHMMETPHYHOMY
BHXOAY H Ha0GOpPOT, YCHJHTEJS-OrDAaHHYHTENS, PEeryJHpyeMoro ycHJanTteas, mpeoGpa-
3oBaTens wactoThl M Ap. Hapany ¢ ywuBepcajnHocTbio JIK obecneunBaeT BHICOKO-
KagecTBeHHHE XapaKTEePHCTHKH, ocsabasieT cHHGasHHe mnoMexH, 00JajaeT BHICOKOR
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CTaGHAbHOCTBIO peXuMa PaGOTH N0 MOCTOAHHOMY TOKY. D¢deKTHBHOE HCHOJIb3OBA-
HHe Kackaja NpeAmojiaraeT MpexAe BCEro CHMMETDHIO NJed: HAEHTHIHOCTb mapa-
MeTpoB TpaH3HCTOpoB Ty H T2 B Pa3/HUHHX YCJIOBHAX SKCIIyaTalHH, a TaKxke Bbis
TnoNHeHHe DPaBeHCTBA Ro.c1=Ro.ca=Ro.c. Kak ycunurens JK Hcmoabsyerca B ABYX
pexumax. Ecim curHan ucy nopan Ha BXOA 3, Ro.c2=0 u T, 3anepr, To noayuaer-
cfl KacKOAHHWA ycuiuteab tuna O3—OB, u ero MarteMatHyeckasi MOJIeJb ONHCHBAET-
cs BoipaxenneM ((5.35). Ecan curHan ilc; moxar Ha Bxox I—2, TO yCHJIHTENb paGo-
TaeT KaK CHMMETPHUHHA OrpaHHYHTENb,

Martemathueckyio Moaenb JIK (B mpeAmonoxXeHHH NONHOA CHMMETPHH IUled H
9KCMOHEHIHA/NbHOA aMmPOKCHMAUHH NPOXOAHOA BOJLT-aMNEPHOA XapaKTepHCTHKH
TPaH3HCTOPA) MOXKHO NOJYYHTb Ha ocHoBaHHH (5.35) B BHAe HenHHefinoro gHde-
PEHIHAJbHOrO YPaBHEHHS, KOTOPOE YCTaHaBJHBaeT CBA3b MeXAy TOKaMH H Hamps-
JeHHSMH NMpPH NOjade Ha BCe TPH BXOJA CHrHAJIOB NPOH3BOJBLHOA AMIJIHTYAH H
¢hopMu '[13]p:

digy

Tt = T/ 2+ (1 4 Tes/2) th [ug/2 + @ (hea/ 2~ ) — (b +dep) —35~ —
_ e (1 +Tea/2) digg . btdep dig
(41 Ga—i+1) o 2 dt
c d iy
. 5.42
2 (s — iz + 1) dt ] (.42

3nech Tx1=Aix)/Ix= — HOpMHPOBaHHOe mpHpamienue TOKa T;- Iy= — TOK B paGoueft
touke Ty; Ixs=Aiks/Ix= — HOPMHpOBaHHOe mnpHpaiieHHe Toka Ts; dy= (Usx1—
—usxz)/Upy — HOpPMHpOBaHHOE TIPHpAIeHHE DA3HOCTH HAMpPSIKEHHA, MOAAHHLIX Ha
Bxoas / # 2. Ilpu npakrnueckofi peanusauun JK Ha BeJHYHHY CONDOTHBJIEHHS Ha-
TPY3KH HaKJaAHBalOTCA 6ojiee JKeCTKHe OIpaHHUEHHS CBepXy. JTO OOBACHAETCA He-
06XOAHMOCTbIO O6ecnednTb Takofi pexxHM paGoOTH NO MOCTOSIHHOMY TOKY, 4TOGH HDH
MaKCHMa/IbiOM YPOBHE BXOJZHOrO CHIHajla aKTHBHHE S/IeMEHTH He NEepeXORHJH B
pexkuMm HacnmenHsa. [Ipr BuBoge (5.42) Takxke mnpeamonaraercs amepHORHYECKHHA
XapakTep Har dyaxu. Korna Harpyska siBAsieTcsi Pe30HAHCHOA C CONPOTHBJIEHHEM Ry,
q4JIeN dcpdiu]f t cnenyer 3ameHATb Ha dcpiim COS(0cd+9;), rae i=im sin(0cf+
+@;)—neppasi TrapMOHHKa TOKa Ix;. ECAH 3apAfiHasg COCTABJAIOWAA €MKOCTH
SMHTTEpa Maja, TO 4leHOM ¢ KO3 QHIHEHTOM ¢ MOXHO mpeHeGpeub, H Toraa [12]
d (Ty — Txes/2 - ing — ina/2
O+t LT 4 G ) party ST
14 ige/2
Ecnn Bxox IK sBasiercd CHMMETPHYHHM, TO dsxe=—isxy H dy =2isx;. Ecmm
sxox OK necHMMeTpH4eH, TO éiy =isx;. [lonoxns B (5.43) ixs=0 (9TO HMeeT Mec-
TO NpH dsxsy=0), MONAYUYHM MarTeMaTHYeCKyl0 MOAesb, onuchBaiomyio pabGoty IK B
peKHMe YCHAHTeNA-OTPAHHIHTES.

B Hacrosimee BpeMs NIpH NOCTPOEHHH YCHAHTelefi LMHPOKO HCHOJBL3YIOTCA MOJie-
Bele TpaH3uCTOpH. [IpHHUHNHa/NbHAsA cxeMa JauHefinoro kKackaga THma OHM Ha mone-
BOM TpaH3HCTOpEe ¢ p-n-nepexofoM H3o6paxkeHa Ha pHC. 5.7a. 3aecb Zg — peso-
HaHCHas Harpyska, OTBeualollasi MAEaJH3HPOBAHHHIM YCIOBHSM Zp=Rga 1PH @=@c,
Za=0 nps o%swc. Hcnoabsys ympollleHHYl0 SKBHBAJIGHTHYI0 cXeMy KacKaja (pHC.
5.76), ycTaHOBHM CBfi3b MeXAY MrHOBEHHHIMH 3HAYEHHSAMH BHXOXHOTO TOKa ic H
BXOIHHM HaNpSKEHHEM WUpy B BHAE HeJHHeAHOoro AH(depeHNHANbHOTO ypaBHEHHS

n— - = by di, di,
1 + tec 1 blul b’ie n — 4t b‘ dt ’ (5.44)
I —i.
The ic=ic~/lc e — HOpMHPOBaHHOE MpHpallleHHe TOKAa CTOKa, BH3BaHHOe AeACTBHEM
BXOJHOrO CHrHajla Usy; lc= — TOK CTOKa B paGouefi Touke; i=~upx/Un — HOpME-
POBaHHOe mpHpalleHHe BXOXHOro cHrHana; Uy — HampsikeHHe 3aNHPaHHA NGJIEBOTO
Tpansucropa; Un=Up[l—(Ecu/Uo)]); g=ralc=/Un; p=1Ic=/Un; m=Uy/nlc.nac; b1=
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=l/(l—0); bz=q/(l——0); b3=[(rl+‘Rl')Ca,n'.H +‘R|'C’-°]/n; b4=‘[m(’l +Rr) (CS.H'.H
—C,y ) +raReCac]p/(1—q). Ecau HanoXutb orpaHHYeHHs Ha BEJIHYHHY Ic, T. €.

Vidie =14Te/nt(/n— 172 /20;
b/ V1t = by (1 —Ta/m),

(5.45)

TO AJS ypaBHEHHS
. — - — di; b _di.
(1/n 4 by) Te = (1 — 1/m) TT2/2n — bysiy — (by b)) Z7 + 7 ic g+ (5.46)

KOTOpoe MNOoJy4eHO NyTeM noicTaHoBkH (5.45) B (5.44), BO3MOXHO NpHOJHXKEHHOE
aHaJINTHYeCKOe pelIeHHe.

IIpd  rapMoHHYecKoM BxoAHoM  cHrHane Upx=Upxm Sinwct [Han d=
= (Usxm/Uxn)sin @cf] BHXOAHOA TOK ic fABJAAETCA NePHOAHYeCKOR (YHKuHel c me-
puogoM T=2n/wc, u pewenne (5.46) ciaenyer HcKaThb B BHAe rapMOHHYECKOro psja

.
)

—-—
Il

<

a)

Puc. 5.7. Cxembnl YK Ha 1noseBOM TpPaH3HCTOpEe: @ — MpPHHIHNHAJbHAS;
6 — 3KBUBaJIGHTHas

i=1+C, sinwct—Dj cos @ct, rae ip — HOPMHPOBaHHOe NpHpAlleHHe MOCTOSHHON Co-
craBasoleil Toka cToka, C; u D) — KBajpaTypHhHe COCTaBJSIOLIHE AMIIHTYAH nep-

BOl rapMOHHKH TOKa CTOKa.

IToMHMO NoJIeBHX TPaH3HCTOPOB C pP-N-NEPEXOAOM, MOryT Hcmoab3oBaTbess MOII-
TpaH3HcTOpH. [IpHHIHNHAbHAA H YNpoLleHHas 3KBHBaJdeHTHAas CXeMbl KacKaja THMNa
OH na MOIl-TpansucTOpe aHaJOrHYHH KaCKaly Ha TpPaH3HCTOpe C p-n-NEPeXOLOM.
Ias Takoro Kackaja cnpaBelJHBO yp-HHe (5.46) M xapakrep mpoLeccOB He H3Me-
Hserca. HMHHe KoJHyecTBeHHBle pe3y/bTaTh MO CPaBHEHHIO C KaCKaJoM Ha TpaH3H-
CTOpe C p-n-NepexoioM OMpelessioTC TeM, YTO B MOC/AeAHeM cJydYae H3 3KBHBAJIEHT-
HOM CXeMH MOMXHO HCK/IOYHTb 7y H NpeHe6pedb 3aBHCHMOCTbIO C,,. OT H3MeHeHHH

pexuMa TpaH3ucTopa. Takum o6pasoM, aas Kackaga Ha MOII-Tpan3sucrope:
q=0; bi=1; by=b,=0; by=Rr(C, ;- +Ca.c)/n.

5.3. ®a30-aMILIATYAHbIE XaPAKTEePHCTHKH YCHIMTEIbHBIX
KacKamoB

Ha ocHOBaHHH TpHBeIeHHBIX COOTHOIIEHHH MOTYT GHIThb OIpEnesc-
Hol ®AX ycHIHTeNbHBIX KacKaloB, palOTaIOIHX B PeXXHMe «MaJoi
HeJIHHeiHOocTH». OCHOBHOe BHHMAaHHe yJeNseTcsl NOJNYyHMeHHIO aHaJIMTH-
YEeCKHX BbIpaxKeHMH, VAOOHBIX A/ HHXKEHEePHbIX pPacyeToB.
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Kackad ¢ komnaekcnoilt amutrrepnoii npotusocesasvro. CxeMa Kac-
kKaga thma O3 ¢ KOMIWIEKCHOH 3MHTTEPHOM NIPOTHBOCBS3bIO NMpHBEME-
Ha Ha puc. 5.5. Ero Matemarnyeckasi MOlesb JaeTcs BblpaKeHHeW
(5.35). INoacrasus B Hero (5.36) u (5.37) u mosoxus C. y=0, mo-
JqyyaeMm

at, c d? i/d72+d70‘cd2i/d72+(a+ato.c+70.c_1'o‘ci+
+ 1o dildt+ddidt+ (a+a*+ 1) i—2/2+i, A=
=Ugy +To.c Aligy/d T. (5.47)
[Tpu BoiBOme (5.47) HenmHeiiubli used In(1+1i) 3aMeHsieTcss cTeneH-
HbIM psom In(147) =71—7?/2+%/3. Ucnons3oBaHue B mpouecce Hc-
cl1eJ10BaHHS psAlla BMECTO HeJIMHEHHOM (YHKIHH OrpaHHYHMBaeT BO3-
MOXHbIE IpeleJsbl H3MEHEHHs apryMeHTa (B YacCTHOCTH, ero MakKCH-
MaJIbHOe 3HayeHHe), JJS KOTODbIX CNpaBeIJIHB aHaJH3. I[IpuMeHH-
TeJbHO K YCHJIHTEII0 — 3TO MaKCHMaJbHO JONYyCTHMasi aMIJIMTYda
BXOJIHOTO CHTHaJ/1a, KOTopas onpeleJsieTcs ycioBueM |i| <l.

B (5.47) ncnosb3oBaHbl HOpPMHPOBaHHbIE 3HAUEHHS YaCTOTH H BpC-
MEHH, IPHYeM B KauecTBe HOPMHpYIOLlell B3siTa BeJIHUHHA wp = 1/r,C,,
KOTOpasi MpaKTHYeCKH He 3aBHCHT OT TOKa KOJJIEKTOpa B  GOJBIIOM
IdanasoHe ero H3MeHeHHH. Toraa v=oc/opg, T=1t0p , To. c="To. c0p,
d=d.pwp . Pemenne (5.47) uuem B BHIe psifa

k
T=10,+ E-i_nm sin(avt—e,) (5.48)
n=1

METOIOM rapMOHHYecKoro 6aJsanca. M3 ypaBHeHHil, mosyyaeMbIX IoOC-
Jie HoacTaHoBKH (5.48) B (5.47), HaliileHO BbIpaXKeHHe JJis  (a30BOK
XapaKTEePHCTHKH KacKaJa C y4eTOM NepPBOA M BTOPOM FapMOHHK TOKa

v (a+d+a To.ctTo.c)—V To.c_ifm/‘l—(v Ty COS y—Ssin 1)) Tom/2
¢, = arctg 5 = — —
a+a*+1—(@+d) v 1, A i1,/4 —io—(cos N +-v T, . Sin 1) igm/2
—arctg v 1o, (5.49)

nie n1=2¢;—¢;. HopMupoBaHHble aMIMHTYABl TapMOHHYECKHX CO-
CTaBJSAIOUIHX KOJNJIEKTOPHOTO TOKa:

FA ‘TVI + (VT.c)?
" VVe+tdtat, +71, 2t [ate+1—(@afdvEt, 2
i_z.m =—tfm/4V vz (a +a To.c "'To.c)2 + (a +a*+1—2av? "]o.c)2 ’
ip=0 /4 (a+a*+1+A). (5.50)
W3 (5.49) BuaHo, uTo mpH i<l OHO OMHCHIBaeT (a30-YacTOTHYIO Xa-
PakrepHcTHKY Kackasa O3 ¢ KOMINIEKCHOH 3MHTTEPHOM MpPOTHBO-
CBS3bI0
v (a+d+at0.c +TO.C)
ata*41—(afd)vit,
PR 7

w.c = arctg

—arctg v, .. (5.51}



[Monaras B (5.49) v=const, noayunm Bhipaxenue g PAX. dksusa-
R/EHTHAsA CXeMa KaCKajJa, COOTBETCTBYIOLIAsl MaTeMaTHYECKOH MOMENH
(5.35), npuBenena Ha puc. 5.8. [lapamerpu ee 3jeMentoB L= (b+

L r R()

Puc. 5.8. OxBuBaNeHTHast cXeMa

Kackaja Ha OHNOJNSPHOM TPaH3HC-

TOpe ¢ KOMIJIEKCHOR  MPOTHBO-
CBA3BIO

+dep)S=, r=a/S=, R(i)=In(1+17)/S=. [Ipn onpexejeHHHX YycJI0-
BHSIX B IleNH BO3HHKAeT MOCJENOBAaTeIbHHIH pe30HaHC Ha Yacrore
wp= V 1—L/R%_ ¢Co.c/ V LCo. . WIH TIPH HCNOJL3OBAHHA HOPMHPO-
BaHHBIX 3HaUeHHN vp= V a*1o. ¢/(a+dcp)—1/70.c. TakuM o6pasom
ycloBHeM pe3oHaHca HanpsukeHHit sBaserci L<<R? ¢Co.o (uaH
To.c> (@ + dep)/a*). Tlpu L=R2%cCoc (HMH To..<< (@ + dep)/a*)
1enb — anepHogHYECKas. '

B 3aBHCHMOCTH OT 3HaueHHs NMOCTOSTHHON BpeMEHH IenH o6paTHOI
cBAI3H To.c = Ro.cCo.c, CONPOTUBJIEHHSI aBTOCMeLeHH Rew, a TaKKe
pexxuMa paboThl Kackaja IO MOCTOSIHHOMY TOKy ¢opma ¢a3oBoil Xxa-
paKTepHCTHKH H3MeHsercsi. CkazaHHOe HJLTIOCTpHpYeTcs pHc. 5.9, mae

Puc. 5.9. Xapakrepuctuku kackaga O3 ¢ KoMmiexc-
HOfl NMPOTHBOCBA3BIO: @ — (Pa30-4acTOTHHE: [—To.c=
=10(a+d)/a*; 2—Ro.c=0; 3—To.c=2(a+d)/a*;
4—Co.c=0; 5§ — To.c=(a+d)/a*; 6 — paso-amnin-
TyOHHEe: [—T0.c=0,22; A=1; v=2; 2—7,.c=0,11;
=0,1; v=5; 8—170.=022; A=0,1; v=5; 4—
To.c=1,1; A=0,1; v=1
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u3o0pakeHbl (pa30-4yacTOTHbe H (a30-aMIJIHTYWIHBIE XapaKTePHUCTHKH
NpH Pa3/IHYHBIX 3HAYEHHSX To, ¢ H (PHUKCHPOBAHHLIX BeJIHYHHaX a, a*
A

Kak BuaHo u3 pHc. 5.9a, mpH yBeJHYEHHH TJIYGHHbBI KOMIJIEGKCHO#M
o6paTHOA cBA3H ()a30BbI CIABHT yMeHblIaeTcs H (pa3o-yacToTHas Xa-
pPaKTepHCTHKa paamoJaraercs Ojamxe K ocH uactor. TIpH 7o > (a+
+dcp)/a* da3o-uacToTHasi XapaKTepHCTHKa IepecekaeT OCb 4acToT,
npHYeM HyJieBoe 3HaueHHe (a30BOrO CABHra COOTBETCTBYeT YacToTe
nocjenoBaTeJbHOrO0 pe3oHaHca. Ha puc. 5.96 mo ocH OpaHHAT OTJIO-
XKeHbl He abGCOJIIOTHbIe 3HaueHHs (a30BOro CJBHra, BHOCHMOrO Kacka-
IO0M, a 3Ha4YeHHs] H3MeHeHHs (a3bl BBHIXOMHOrO CHTHaJ/Jla OTHOCHTEIbHO
ee MaJIOCHTHaJbHOTO 3HauyeHHs, T. €. AQ;==@;—@u. ¢. XapaKTep 3aBH-
cumoctH Ag;(U) ompenmensieTcss coueTaHHeM 3HAYeHHH PasJIHYHBIX Ia-
paMeTpoB Kackajna. [ToaToMy HDOCTaTOYHO CJIOXKHO BLISSBHTb BJIHSIHHE
OTJeJIbHO B3ATOTO MlapaMeTpa, OCOGEHHO IIPH To. ¢=> (a+dcp)/a*. B
CBfI3H CO CKa3aHHHIM IeJ1ecoo6pa3HO aHaJH3HPOBaTb 3aBHCHMOCTb
A (U) B KaXmoM KOHKPETHOM CJyuae, HCIIOJIb3Ys BhpaxkeHHe (5.49).
OHO sIBJsIETCS OCHOBOM aHaJHTHYECKOTO MCC/AENOBAHHS BCEX pasHo-
BHIHOCTefl KackagoB ¢ O. Tak, monaras Co.. = 0, mosyyaeM Kackapn
C pe3HCTHBHOM O6paTHOM CBA3bIO; caydyall Ro. = 0 COOTBETCTBYeT Kac-
Kajy ¢ aBTocMellleHHeM; NPH Roc = 0 H Rew = 0 moayuaercss npocroil
pesncTHBHBIN Kackaa ¢ O3. Huxe npuBedeHbl BBIpaXK€HHs, onpele-
JsiiolHe pa3oBble XapaKTEPHCTHKH YINOMSHYTBIX KaCKaJlOB.

Kackad 03 c pesucrusnoii obparHoti cesa3ero. ®a3oBas xapakTe-
PHCTHKa TaKOrO KacKajlla OMHCBIBAETCS BbIpaXKeHHEM

(a+4d)v+0,5 igpsinny ) (5.52)
a+a*+ 14 iym/4 — ig — 0,5 ign cos 1

HOI)\MPIPOBaHHble AMILIHTYAbl TADMOHHK TOKa OIIpeaeJasiloTcd COOTHO-
HWIEeHHAMH

¢, = arctg

hm=u/V @& I+ @+dp,
ip=2,/4@+a*+14+A4), Ln=2 4/ (@t a* +1)2+2av)e. (5.53)
I'paduxku 3aBuCHMOCTH ($a30BOro CfIBHra OT i NPEACTABJEHB Hi
puc. 5.10. Ha puc. 5.10a npHBeseHH KpHBbIE, XapaKTepPH3YIOU[H2

BJIHSHHE NapaMeTpa A Ha BeJHYHHY A@;: 3HaueHHE 3TOrO MapaMeTpa
omnpeneJser aGCONOTHOE 3HayeHHe M 3HaK BeJHuHHB Agy. Puc. 5.106

AL A=0" ar A
2padr A / epadr Ag, /A=0: g
# - a=02v=2  / 0;a*-0f
’ g 4 161
b ; -
2 27 ///D/,Ufr,
0 4, of d
) 0 ,
2
i 150,
2 L 9 5

Puc. 5.10. ®AX kackaga O3 c pesHcTHBHOR 06PaTHON CBA3BIO
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HJUIIOCTPHPYET COBMECTHOe BJHSIHHE lleledl aBTOCMellleHHs H o6par-
HOM CBSA3H. YBe/HYeHHe mapaMeTpa a* npH 3HaueHHSX A, He MpeBH-
WalKIHX HEKOTOPOro 3HayeHHs, yMeHbllaeT HHTeHCHBHOCT, A®K,
Ecau A cpaBHHTENbHO BeJNHKO, TO yBeJHYeHHe a* MOXeT MPHBECTH K
H3MEHEeHHIO 3HaKa QyHKuHU A@ ().

Kackad O3 ¢ asrocmeujenuem. ®a3oBasi XxapaKTepHCTHKA €ro

¢, = arctg v(a_—{—d)—|--0...’;Tz,,,sin'ql . (5.54)
a+ 142, /4 —Ty—0,5Tgnm cosmy
AMNIHTYABI TaDMOHUK ONpPEAENSIIOTCS BHIPaXKEHHAMH:
Lm=u/V @+ D2+ (@+dp, i,=2 /4@a+1+A4),
im=2 4V @+ 1)E+ (2av). (5.55)

3aBucuMocTb (pa30BOro cABHra OT aMIVIMTYAH BXOAHOrO CHrHajla Io-
KazaHa Ha puc. 5.11. Bearnunna A, 3aBHCHT OT HOPMHPOBAHHOH yac-
TOTH v H napaMerpa uenu asrocMelleHHss A. C pocToM uyacToTh Ag;

zpalf -A?, ) V‘“

Vs
A=1 o

Puc. 5.11. ®AX kackaga O3 c aBTOCMEILCHNEM

Bo3pacraeT Mo abconoTHO!H BeauuuHe. [lapamerp A BiHsieT TakXe Ha
xapakrep 3aBHcHMOCTH A (). M3 puc. 5.11 caenyer, uto npu HeKo-
TOPOM 3HaueHHH A MOXHO ofecrneyHTb He3aBHCHMOCTb Ag, or ammiu-
TYAbl BXOAHOTO BO3JeHCTBHs #. AHa/Nu3, MPOBeJEHHBIH s caydas
3¢ dekTHBHOrO aeificTBHSI aBTocMellleHHsi (A>>1), noka3eBaeT, uYTO
aMIUIMTYAa H ¢asa nepBoil rapMOHHKH AOJXKHBI GbITb pPacCYHTaHbl MO
¢opmynam:

im=u [ (a4 148, /4)++* (@ +d)
tg o, =(a+d) v/la+ 1+ /4],

YTO CBHAETEJbCTBYEeT O HE3HAQUHTE/IbHOM pOCTE iim H YMEHbUICHHH @)
10 a6CoJIIOTHOH BeJHYHHE NpH yBECJIHUYCHHH AMINVIHTYAR BXOAHOIO CHr-
HaJa.

ITpocroii kackad O3. ®asoBasi XapaKTePHCTHKA ero

(5.56)

@, = arctg v{a+ d)+4 0,5 iy, sinm, ' (.57)

a+ 1402, /4 — iy — 0,50y cosmy
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HopMupoBaHHbIe aMIVIHTYBl FaDMOHUK ONPEREJSIOTCS TEMH Xe COOT-
HOLUEHHSIMH, YTO H A KacKafla C aBTOCMelleHHEM, 3a HCKJIIOYeHHeM
npHpalleHHss NOCTOSHHOH COCTaBJSAIOILEH, a HMEHHO lo=1%im/4(a+1).
Kpusble, Him0cTpHpyloOLIHe H3MeHeHHS (a30BOro CABHra H MOCTPOEH-
Hble /I HeCKOJNIbKHX 3HauyeHHH HOPMHDOBAHHOH 4aCTOTH v W Napa-
MeTpa a, npeacraBseHnl Ha puc. 5.12. OHM WUMeIOT MOHOTOHHO
BO3pacTaloOlllHii XapaKTep MpPH YBeJHYEHHH aMIUIHTYIbl BXOJHOTO
CHIHAJIA.

2pad["dg, &N
# pe

Puc. 5.12. ®AX mpocroro Kackaga 03

Huppepenyuarvnoii xackad. ®a3osass xapakrepucruka K Mo-
XKeT ObITh HaiiieHa Ha ocHoBe (5.43). IlpuueM HenuHeiiHasi QYHKUHS
arthix; B HEKOTOpPHIX NpexesaxXx H3MeHEHHS apryMeHTa — J0 3HayeHHi
| 71| < (0,5+0,7) — 6au3ka Kk suHeiiHoH. [Ipu GOJBLIMX 3HAaYEHHSAX
Iy dynkuus arthiy; noskHa ObITh passioxeHa B pfii. 3dech JOCTa-
TOYHO OrpPaHHYHUTHCH MABYMsA UWIeHaMH pasjoxeHus arthiy=r+
+%x/3 u uckath peuieHne (5.43) B BHIe HEYETHOro psiaa

T ,
i = }__ ion_ty mSin [(2n—1) v T—@an_1]. (5.58)
n=1

Beuay cuMMmerpuuHoctH ¢yHKuuu arthi orHocurenbHo Havasa
KOOPJHHAT B DEIIeHHH OTCYTCTBYIOT IOCTOSIHHas COCTapJsiomas H
yeTHble rapMonukH. Ilocse nmoiacraHoBku (5.58) B (5.43) moayyum,
HCIIOJIb3YSl MeTOoJ rapMoOHHYecKoro G6GaJsiaHca, BblpaXKeHHe IJsi (¢a3o-
Boi xapakrepucTHkH JJK

V(a+d) 40,25 i1k ym iy kg m SiN My (5.59)
ata 14 ( i%x im+ i%x lm)/(4 - 0'25—?1'( 1"‘—i3“ 1m €0S Mz) ’

rae ny;=239;—@s; BHPa’KeHHS /I HOPMHPOBAHHBIX aMIUIMTYJA rapMo-
HHK TOKa:

¢, = arctg

(5.60)

im=u/V(@+a*+ 1)+ @+ ]
T im = (fam/12) V(@ +a*+ )2+ (B av).

Ecaun B (5.59) monmoxurs =0, To mosyunM ¢(a3o-4acTOTHYIO Xapak-

TepucTHKy [IK, KoTopasi coBmamaer ¢ COOTBETCTBYIOIeH XapaKTepHC-

THKOH Kackafla ¢, O3. ®a3o-aMniuTyIHas XapaKTepHCTHKa KacKajaa
nosyyaercs H3 (5.59) B mpeanosioxeHHH v=const. 3aBHCHMOCTH H3-
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MeHéHHsI (a30BOro CABHra, BHOCHMOrO JK, oT aMIJIMTYyAH BXOAHOTO
poagefictBua (puc. 5.13) TMOKasHBAIOT, YTO C YBEJHYCHHEM U 3riaqe-
HHe A, MOHOTOHHO HapacTaeT M 3aBHCHT OT NMapaMeTpoB a M a-.

€ a

Puc. 5.13. ®AX nuddepenunatbHOro Kackaja Ha GHMOJNSPHHX
TPaH3HCTOpAx

HOuddepeHunasbHuil Kackal MOXHO NpeACTaBHTb 3KBHBAJIEHTHOM
cxeMo#, Nofo6HO# cxeMe pHc. 5.8, mpuueM cienyer NpHHATb Rey=0
H Cen=0. ITocKoNbKY (a30BHI CABHI TOKa ONpeHeNsieTCs COOTHOHIE-
HueM Mexny L u [r+R (ix1)], a 3Hauenne R(ix)) C POCTOM il yBeaH-
yHBaercsd, TO (a30BHH CIABHI yMeHbLIaeTCd OTHOCHTENbHO (asH
BXOfHOro curiaja. [Ipu najbHefilieM yBeJHYEHHH YPOBHS BXOLHOTO
CHTHaJla KacKaj NepeXoJuT B PeXHM OrpaHHuYeHHs, a opMa Koasek-
TOPHOrO TOKa MpHOJHKaeTcd K MeaHAPY C HOPMHPOBAHHOH aMIIHTY-
Jof, paBHOH eIHHHIE; HODMHPOBaHHafi aMIJIUTyAa NepPBOH rapMOHH-
KH TOKa paBHa Iuam=4/n. IloCKOJIBKY B peXHMe OrpaHHYeHHS
R (ix1) =00, T0 M106asi peaKTHBHOCTb KOHEYHOH BeJHYHHH He H3MEHHT
¢dasu Toka ¥ (5.43) sanuwercs B BuAe arthix, =, oTkyna

iyq = th (Unm sin v 1), (5.61)

T. e. (pa3a nepBoii rapMOHHKH BHIXOJHOTO TOKa B peXHMe OrpaHHYe-
HHS coBnajaeT ¢ ¢a3oil BXOXHOro CHrHaJa.

Bripaxenune (5.60) cooTBercTByeT cJyyalo HECHMMETPHYHOH Ha-
rpy3KH. DTa 3aBHCHMOCTb CIpaBelJHBa H NPH BKJIOYEHHH CHMMeT-
PHYHONH HarpyskH, a HOPMHPOBaHHHE aMIIMTYAH TapMOHHK TOKa y.-
Baupalorcs. IIpn Bkaouennn 1K mo kackoxHo#i cxeMe ero ¢asoBas
XapaKTepHCTHKa onpejensercs BupaxxeHHeM (5.49).

B 3akuiouenne naparpada npoaHajau3HpyeM OcOOeHHOCTH H3MeHe-
HHs. (a30BHIX CBOMCTB YCHJHTeJS NPH BO3JeACTBHH Ha €ro BXOJ, IO-
MHMO IOJIE3HOTO CHTHaJja, NoMeXH Up=UmmSinwgf, npuueM Um<
K Unm, 0cF@n. Ecau mpeanosioXuTbh, YTO 3a CYeT (PHIBTPYIOLIHX
CBOMCTB IIeNIH Harpy3KH COCTaBJAIOLIas C 4acTOTOH MoMexH ocJaab.e-
Ha N0 nmpeHeGpeXXHMO MaJsioro ypoBHf, T. €. Upux=KUc pzxm sin(wct+
+@), TO BIHAHHE MEIIAIOIero CHrHaja NpOsBJSETCH, BO-NEPBHX, B
ABJIGHHH «3a0HTHI» H OlleHHBaeTcs «Ko3pdHIHeHTOM 3a0HTHSA»:

Uely, =0 — Ucly 0 _ Uin

by = (5.62)

Uely, =0 D+,
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BO-BTOPHX, MOJNIE3HHA CHrHaJ NpHoGpeTaeT HOMOJNHHTEJbHHA ¢a3o-
BH Haler:

Ui,
[1+ (€ 90?1 D+ Tz

raie D=2(a+1)3(14-tg%ps) —napaMerp, 3aBHCAWHUA OT YaCTOTH Me-
IUAIOLIEro CHTHAMa H CXeMHOH peajH3allHH KacKaaa; tgen=avd/ (14
+a). -

B cayuae amMmIHTyIHOMOAYJHPOBaHHOH moMeXH Ug = Unm (1 +
~+mp00sQt) Sinwnf CHrHAJM Ha BHXOAE YCHJAHTENS HMeeT MapasHTHYIO
aMIUVIHTYJHYI0 H YIJOBYl0 MoAyasuuio. [as He6GoabluoH riayOHHH
MOAYJNSAUMH MeIlalollero cHrHajga (mp<<0,3) 3aKOH H3MeHeHHs (a3
MOJIE3HOTO CHrHaJla H HHAEKC YaCTOTHOH MOZAYJSILHH oONpelesioTcs
COOTBETCTBEHHO:

tgo. ()=

A @p= Pu.c— @ = arctg tgouc|, (5.63)

D
D402, +2my U2, cosQ7

Awo/Q=[2Dm Ui mig pu.c)/ [(D+ Uz m) + (Dtg Pu.c)l. (5.65)

BHBOA CTPOrHX “aHaJHTHIECKHX BHpaXKeHHA AJi ONpe/ie/leHHA aMIHTYX H (a3
rapMOHHK BHIXOQHOTO CHTHaJla HeJHHEAHHX ycHJAHTeseflf, paGoralomux npr G6oub-
LIEX YPOBHAX BXOLHOrO CHrHaJa, 3aTpyAHHTeleH. ITo3TOMy 3afauy HaXOMMAEHHST aM-
NARTYAHO-(A30BOro CleKTpa pellaloT YHcJAeHHHM MerofoM Ha DLIBM. Jlns sroro He-
06XONHMO COCTaBHTb MaTeMaTHUECKYI0 MOJe]b, T. €. CHCTeMy HeJHHeAHHX HHTerpo-
anddepenunanbunx ypasHeHu#t, Pelllenne 3anaun pas6HBaercs Ha ABa srama. Buaga-
Jie BHYHC/ISETCS NepexoAHas XapaKTEepHCTHKAa (BpeMeHHOe pellleHHe) NMpH mojavye Ha
BXOJX YCTPOACTBA OJHOrO HJIH HECKOJIbKHX IapMOHHYECKHX CHTHAJIOB.

Ha BropoMm srtame mpH pasnoxeHHH BpeMeHHOR ¢ynxkuun B pax dypee onpepe-
JfieTc rapMOHHUECKHA COCTaB BHXOJXHOIO CHIHajia B NMEpPeXOJHOM H YCTaHOBHBIIEM-
MA pexxHMax'.

Huxe paccmaTpHBaercsi MeTOAHWKAa YHC/JEHHOrO HaXOXIEHHS aMIVIHTYAHO-¢aso-
BOTO CNEKTPa BHXOJZHOrO CHrHaJa YCHJHTeNss B DeXHME OLHO- H JBYXCHTHaJbHOTO
ycHaeHHsl. MareMaTHIecKHe MOJENH ONMpelesioTca BHpamenuamu (5.35), (5.42).

Ha nepsoM sTtane Heo6XxoguMo BHGPaTh MeTOA peliieHHi AHbdepeHIHANBHHX
YpaBHeHHi, ONPe]e/NHTb WAr HHTErPHPOBAHHA H BHIAEJIHTb NEPEXOAHHA H CTAIMOHAP-
HHA pexHMH. [Ias 4HCIEHHOro pelleHHs MOXOGHHX ypasHeHHH HauGoJjee pacmpo-
cTpaHesnl: Metol dfinepa, Pynre — Kyrra # creneHHEiX psnaos. Merox Sfizepa ume-
€T MPOCTOA reoMeTPHIECKHA CMHCJ: COOTBETCTBYIOUIAA TOYHOMY PellleHHIO KpHBasf am-
OPOKCHMHpYeTCS JIOMaHHIMH, KacaTeJbHHIMH K Hell B TOUKaX, KOTOPHE ONpeAeasioT
mar HHTerprposanHsa. Merox Pynre — KyTTa pgaer 3HauHTeNIbHO MEHBIUYI0 OWIHGKY
Ha KaXJOM lare, TaKk KakK 3a Kaxjoe 3BeHO JoMaHoft Gepercs He KacaTe/lbHas K
HHTerpaJbHOR KPHBOM, a mpsAMas Cc YrioBHM KO3(GHIHEHTOM, BHUHC/IAEMHM MO we-
THpEeM 3HAaUeHHSAM; 3ITO — METOJ WYHCJIEHHOIO HHTErPHDOBAHHS 9ETBEPTOro MOPAAKA,
NO3BOJIAIOMAA HATH K KOHEYHOMY pellieHHI0 ¢ GoJjee KPYMHHM LIAroM.

MeTon cTeMeHHHIX PAMAOB AaeT BO3MOXKHOCTb NMPOCTO H3MEHATb MOPAXOK (opMmy-
JIH YHCJIEHHOTO HHTErPHPOBAHHA, MEHA YHCJO YUYHTHBAEMHX B DpellleHHH YJIeHOB
CTeMeHHOro psifa, KOTOPHe NDEACTaBJAOT HCKOMHe pemenus [89]. das Heauneft-
HHX [Oenefl OXHOTHNHBE PEKYPPEHTHHE BHIPAXKEHH MOXHO 3amHCaTh, HCMOAB3YH
KYCOYHO-JIHHEAHYI0 aNnmpOKCHMAUHIO HeJHHeAHHX 3aBucHMocTefl. Tak Kak BHURCTe-
HHe K03 (HIHEHTOB eTemeHHHX PANOB MO PeKyppeHTHOA dopMyJe mporpaMMHpyercs

tg Pu.c, (5.64)

! Pasnenende Ha fABa 3Tana YA0GHO B LEJNAX KOHKPETH3alHA TpeGOBaHHA K ad-
FTODHTMY 3afauH, Ha Pas3HUIHBIX JTanax ee pelieHHA. B peanbHoOf mporpamme ais
COKPAINEHHs 3aTPAaT MALIHHHOrO BPEMEHH BHYHC/HTE/]bHBE OMEpalHH, OTHOCAILHECH
K ABYM 3TanaM, BHNOJHSIOTCA B OJHOM I[HKJe.



KaK UHKJIHYecKas OMepalHsA, TO BO3pacTaHHe MOPAAKAa (OPMYJH UHCAEHHOTO HHTer-
PHPOBaHHS NPAKTHYECKH JIHHEAHO YBeJHYHBaeT 3aTPaThl MallIHHHOrO BpeMeHH. OHO
He CBfi3aHO C H3MEeHEHHeM MpOrpaMMH H Mo3BoJseT 6e3 MOrpelIHOCTH pacueTa YBe-
JIHYHTbL 1Iar HHTErPHPOBAaHHA. JTO NPHBOAHT K COKPALIEHHIO 3aTpaT MallHHHOIO
BPEMEHH.

Illar HHTerpHPOBaHHA NpPH YHCJAEHHHX MeTOAax pellleHHs AHbdepeHIHaNbHEX
ypaBHeHHHi ompejenseTcs YCTOMYHBOCTHIO pelleHHA, MaKCHMaJbHOH YacTOTOH BXOA-
HOrO BO3AEHACTBHA, TOYHOCTbIO BPEMEHHOro pellleHH M TPeGyeMOfi TOYHOCTBbIO OLEHKH
aMIIMTYAHO-(a30BOro cnekTpa. 3HadeHHe Iara HHTEPHPOBAHHA HOJIKHO OJAHOBpe-
MEHHO YJOBJIETBOPATb 3THM TPeGOBAHHAM, T. €. H3 NOJYYeHHHX 3HayeHHH Heo6Xo-
AuMo BHOGHpaTh HaHMmeHblllee. Ho Tak Kak Be/JHYHHa lara HemOCPeACTBEHHO CBfi3aHa
H C 3aTpaTaMH MallHHHOrO BPEMEHH, TO NMpaBHJbHee HCMOJb30BaTb aBTOMATHUECKHIl
BHIGOp 1lara, XOTA NMpPH 3TOM YCJOXKHSAETCA aJTOPHTM DelIeHHS.

B npouecce 4HCIEHHOTO pellleHHSI YPaBHEHHA BCTAaeT BONPOC O BHAEJNEHHH Yc-
TaHOBHBILIETOCA peXXHMa, KOrja Hafi/leHHHe 3HaueHHs (QYHKUMH Ha NpeaLAyLIEeM H
nocleAylolleM MePHOAAX pelieHHS OTJIHYAIOTCA Ha BeJHYHHY He 6oJsiee 3aaaHHOM

1T kAT —f[(n — 1) T -k AT] < | e . (5.66)

Ecan BXOAHHM BO3JeACTBHEM ABJISIETCA FapMOHHYECKHH CHIHAJ, MPOBEpKa ycJo-
BHA (5.66) Ha KaX[OM Illare HHTErPHPOBAaHHA Heo6A3aTenbHa. JlOCTATOYHO CPaBHHTb
MaKcHMaJbHble H MHHHMaJbHbe 3HaueHHA (YHKUHH Ha ABYX COCEJHHX NEpHOAAxX,
T. e

f(aT +k Av)yage — f [(n — 1) T 4k At]yanc < | €]; } (5.67)

f(nT 4k Athuu — f[(n — 1) T - kATl < l &
Ipu BuinonHenun ycaosu# (5.66) nanm (5.67) nepsnifi 3Tan pelleHHs CYHTaeTcs 3a<

KOHYEHHBIM.

Bropoit sranm pellleHHsl — YHCJEHHBIA FapMOHHYECKHH aHaJH3 — CBOXHTCA K BH-
YHCJIGHHIO HHTErpajioB BHAA :

T
J@=[im i:os}ka)tdt, (5.68)
0

in

YTO NO3BOJISIET PAcCYHTaTb KOIQOHUHEHTH ap H by, T. e. HaliTH aMNJHTYAHHA H Qa-
30BHfi CIEKTPH BHIXOJHOTO CHIHaJa:

) k=) @+6% (5.69)
tg or = ap/by. (5.70)

‘Buuncnenne uuTerpanoB (5.68) MoXeT GHTb OCYLIECTBJIEHO Pa3JHYHHMH CHOCO-
Gamu. Ilpn ucnonbsosanun xBaapaTypHHx ¢opmya Beccens [90]

N
in (k ©At/2) 2A
=m/:<.)+r;2/) T"z“f(nAx)cos(kmnAr); 5.71)
n=1
N
in(kwAt/2) 2A
=s'“’im_";$l 7T-Zf(nAr)sin(kaonAr), (5.72)
n=1

rae T — nepuop aHanusa; At=T/N — war MHTErpHpOBaHHA.

. Kosdduuuentt ar u by onpenensiorcs nocie N onepauui, 470 mpH AOCTaTod-
HO MaJIOM Liare HHTErPHPOBaHHA Tpe6GyeT G6OJIbIIHX 3aTPaT MALIHHHONO BpPeMeHH.
Hx MOXHO cOKpaTHTb, ¢C/IH BOCNOJIBb30BaThC MeToxMko# [91], corsacho KoTopoft
KO3 QHUHEHTH ar H by OmpefensiloOTCA H3 COOTHOLIECHHHA

2k(an+asp+asn+ . . ) =fO)—f(T/2k)+}(2T/20) — . . . —
— U2k —1)T/2k]), ‘ (5.73)
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2k (bp —bsn +bsp — . . ) =[f(T/4k) —} (3T /4k) +f (5T /4k) — . . . —
—f(4k — 1) T/4k]. (5.74y

3anoMHHAIOTCA H CYMMHPYIOTCA 3HaueHH GYHKUHH He Ha KaXKAOM IlIare HHTErpHpo-
BaHHfA, @ B HECKOJbKHX TOUKAaX Ha NPOTAXKEHHH aHaJH3HPYEMOro nepHoaa (CM. npH-
JIOKeHHe) .

Kacxkao na noasesom tpansucrope ¢ OH. da3oBasi xapaKTepHCTH-
Ka Kackaza OY nosyuaercss NpH pelIeHHH MeTOAOM rapMOHHUYECKOro
6asaHca yp-Husa (5. 46)

gy = arctg QEERTY (5.75)
1 — kU2 .
rae ki = n(n—1)b%bs/4 (1 4+nb2) {1+ (wt)?]; ke = (n—1)ki/nbs; 7 =

=n(b3+b4)/(l +nb2) .
IIpn masoM BxonHoM curHase (5.75) onpenensier ¢a3o-4acTOTHYIO
XapaKTepHCTHKY

Pu.c = arc tgo t. ~ (5.76)

Ecau conporuBnenne ry HeBedHKO (ry<KRr) M MOXHO cuutath =0,
10 by==1, by=0, b3= (Can H+Cac)Rr/n by =pm (Can o— Caw’ )Rr
B stoM c.nyqae ky=n(n—1)bs/4[1+4 (01)?], kg—(n-—l)2/4[l+(m)2]
T = (Cau'n + Cac) Rr. OTHuuTEIBHONH OCOGEHHOCTBIO (a30-aMILIHTY]-
HOH XapaKTepHCTHKH Kackala OM siBisieTcss MOHOTOHHOe BO3pacTaHHe
A ¢ yBeqHYEeHHEM aMIUIMTYALl BXOAHOTO BO3JeHCTBHS, NOCKOJBKY
K03 duunenTr k; u kg, Bxoasimue B (5.75), NpHHUMAIOT TOJBKO NOJO-
XKHTeJbHBe 3HAaUeHHS.

®da3oBble XxapakrepucTHkH Kackaga OM Ha MOII-Tpan3ucrope u
TPaH3HCTOpe ¢ p-n-nepexojoM aHaJorHuHbl. KoadduuueHTs, BXoasi-
mue B (5.75), onpemensioTcs CJAeAYIOLIHMH BbIpaXKeHUAMH: k)= (n—
—1)t/4[1 + (07)3, k2= (n—1)%4(l + (07)2, 7= (Can’ + Csc) Rr.

M3 ckasanHoro cienyer, uto ¢popma DPAX kackaga ¢ OU Ha
MOII-TpaH3ucTope coBnajfaer ¢ aHaJOTHYHOH XapaKTePHCTHKOH JaM-
MOBOro KacKaja THNa «Oo6mHA KaToA», B KOTOPOM eMKOCTH Cac H,
Ccx CUHTAIOTCS HE3aBHCHMBIMH OT pexXMMa paboTHl JlaMIIbl MO MOCTO-
SIHHOMY TOKYy, @ HeJIMHHeHHOCTb OmpefesseTcsl 3aBHCHMOCTbIO KPYTH3-
Hbl NlepellaTOYHOH XapaKTEePHCTHKH OT YPOBHHA BXOIHOTO KoJieGaHHS.

5.4. Iytn ymensmenus APK B yeumarenax

ITockoabKY HaJHuHe aMIVIHTYNHO-(a30BOH KOHBEPCHH MPHBOIHT K
TOSIBJIEHHIO AOMNOJHHTENbHOH anmapaTypHOH OLIMOKH, TO aHaJH3 Me-
TONOB yCTpaHeHHS Han yMeHblleHHs APK B KOHKPETHBIX pa3HOBHI-
HOCTSIX YCHJIHTeJell MpejcTaB/sieT NPaKTHYECKHI HHTepec.

Kacxad tuna 03. ®a3oBas xapaKTepHCTHKA TaKOro KacKaja OfH-
coiBaeTCsl BhipakeHueM (5.57), ero aMIUIHTYAHO-3aBHCHMBbIE YJEHH
MOJXHO IpelCTaBHTb KaK

LZ [I—l/@+ )—12V @+ 1EFCave (5.77)
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3aecp npHHATO 1);=0, MOCKOJIbKY B GOJbIIOM XHHAMHYECKOM RHama-
30He XOCTAaTOYHO XOPOLIO BHIMOJHAETC paBeHCTBO 2¢;=¢s. U3
(5.77) BuamHo, utro ADPK oTCyTCTByeT HpH paBeHCTBe HYJIO COMHOXH-
TeJsl NPH 7%1,/4. DTO yclOBHe BHIOJHAETCA HAa ORHOH yacroTe

v=V (a+ 1)2—4a? (a+ 1)¥/4a2. (5.78)

IMocrpoennast B coorBeTcTBHH ¢ (5.78) KpuBasi mnpeAcTaBleHa Ha
pHc. 5.14.

Pgi’ &

LA /A TR T T

Puc. 5.14. 3aBHCHMOCTb, HJUNO- Puc. 5.15. CemeficTs0 KpH-
CTpHpYOILas BO3MOXHOCTB BHX, H/JIOCTDHPYIOLIKX BO3-
yMeHblIeHHSl  aMIJIHTYAHO3aBH- MOXXHOCTb YMEHbUICHHS aM-
CHMHX ()a30BHX CABHIOB B MPO- MIHTYAHO3aBHCHMHX  (aso-

cToM Kackage 03 BHX CABHroB B Kackame O3

C aBTOCMeIlleHHeM
Kackad 03 c asrocmewjenuem. B paccMatpuBaeMoM caysae AQK
OTCYTCTBYeT Ha 4aCTOTe, ONpefesiIeMOH H3 YCJOBHS

1—l@+A+1)—12V@F 1) FCavwr=0 (5.79)

H paBHO#H

v=V(@+A+F1)P—4(a+ 1) (a+A)¥4a@+A), (5.80)

T. €. ONpejelsercs NnapaMeTpaMH a u A. Ha puc. 5.15 npeacrasieHo
ceMefCTBO KpHBHX v(A) KIS pasjHYHHIX 3HaUeHHHA a, Ko'ropue pac-
CYHTaHH B cooTBeTCTBHH C (5.80).

Kackad 03 ¢ orpuyaresvroill obparnoli caasero. Ecan B Kackaze
03, noMHMO LeNH aBTOCMeLleHHS, HMeeTC OTpHiaTe/NbHas obpaTHas
cBfi3b (B LeNb 3MHTTepa BKJIOYEH pe3HcTop Roc), TO YCIOBHEM OT<
cytcrBHg ADK sBiasiercst BHIIOJIHEHHe paBeHCTBa

1 1

itetrArl  eVerervraay (6.8

OTKyla

ata+A+1)—d@+ta+Ar@ata+ 1)

v= V 16a (a+a* T+ AP (5.82)

KpuBHe, paccuntaHHbie coriacHo (5.82), mnpuBeneHm Ha puc. 5.16.

Kpusse v(a*) COOTBETCTBYIOT CJIyyalo OTCYTCTBHSI LiellH aBTOCMellle-

HHA A/ Pa3jHUHHX peXHMoB pabotat A mo nocmmmouy TOKY
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(a=0,05; 0,1; 0,2). I'padpukn Ha pHc. 5.166 COOTBETCTBYIOT CJAYYalo
HEeH3MEHHOro pexHMa paboThl AD No MOCTOSTHHOMY TOKY AJSI pa3jiHy-
HHX CONMPOTHBJEHHH pe3HcTopa Reu.

Coorsomenus (5.79), (5.81), (5.82) cBHAETENbCTBYIOT O NIPHHUHIH-
aJbHON Bo3MOxHOCTH ycTpaHeHnsi ADK B kackanax tama O3. Kpusnie

T

e
Pus. 5.16. CemeficTBO KDHBHX, HJJIOCTPHPYIOLIHX
BO3MOXHOCTb YMEHBIIEHHS aMIJIHTYJHO32BHCHMHX
($a30BHX CABHIOB B KacKaje ¢ OTpHuaTeJbHOR 06-
paTHOf CBA3bIO: @ — cjy4afft OTCYTCTBHS LieMH aBTO-
CMelleHHS AJA pPas3fHIHHX peXHMoB paGota AD
N0 NOCTOAHHOMY TOKy (@=var); 6 — ciay4yafi HeHs-
MEHHOTrO peXXHMa pa6oTH AD N0 NMOCTOSHHOMY TOKY
ANl PasHIHHX COMPOTHBJEHHA pe3ncTopa Rem

puc. 5.14—5.16, mo cyuiecTBy, ABASIOTCA JHHHAMH pasfiena obaacrei,
COOTBETCTBYIOLIHX YBEJHYEHHIO HJH yMeHbLIEHHIO ()a30BOro CABHra,
BHOCHMOTO KacKaioM.

Ha npaxkTuke He Bcerfa ueJecoo6pa3HO BHINOJNHATH YCJOBHE OT-
cyrerBug AOK. Tak, npu THNOBHX NMapaMeTpax TPaH3HCTOPOB re¢=
=50 OM, p=50 u Toke TpaH3HcTOpa [y==3 MA mnoayuum a=0,1.
ITpu sToM yacrorta, Ha Kotopo# orcyrcrByer APK, v=27; da3osni
CABHI BBIXOJHOTO CHrHala ¢@;=68°, a HOpMHpPOBaHHas aMIIMTyAa
BHIXOLHOTO TOKa i1m = U/[2,92. Ho naxe B HeGoJbIIOM AHaNa3oHe yac-
TOT BXOJAHOTO CHMHaJa HabJai0jaeTcs CYLleCTBEHHOE H3MEHeHWe ¢y H
i1, 4TO, €CTECTBEHHO, HEeXKeJlaTebHO.

Ymenovwenue APK ¢ nomoujbto mecTHoid noaoxcuresvroil obpar-
Hoti c8a3u. BoaMoxHocTh yMeHblieHHs1 ADPK nyreM BBeJeHHSI MecT-
HOH TMOJIOXHTEJbHOH 00paTHOH CBfA3H HJIJIOCTPHpyeTCs Ha NIpHMepe
ycuaureabHoro 3seHa Ha JIK. Ero MareMaTtHueckas Mojenb (5.43) B
NPEANOJOXKEHHH HECHMMETPHYHOrO BX0oJa M ¢ = 0 uMeer BHJ

T —th [u/2.—ai,d—(b Fdg) 2 ;‘1]. (5.83)

CoraacHo (5.83) Ha puc. 5.17 mocTpoeHa CTPyKTypHasi MoJelb, B KO-

Topo#l ajsieMeHT thi z ocymecTBasieT HeqHHefHOe npeob6pa3oBaHHEe CHT-

Hala @ x=i/2—aly— (b+dcp)dixi/dt, a 3BeHbA dixy/dt n (b+dcp)
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onpejessiioT HHePLHOHHOCTb. [TOCKO/MBKY ¢ yueTOM BBeIEeHHBIX OrpaHH-
yeHuit (b-+dcp) He 3aBHCHT OT aMIJIMTYJbl BXOJHOTrO BO3/efiCTBHSA, B
YCHJIHTE/Ne BO3MOXHA KOPPEKILHS YaCTOTHOH XapaKTepHCTHKH B 60Jb-

oo -~k

L v
g, —— i, = Ui
Ugy P = thily

r -a

a,

f
Puc. 5.17. CtpykrypHas Moaenb Audpde- Puc. 5.18. TlpuHunnuajbHas cxe-
PeHIlHaNbHOrO KackKaja Ma AuddepeHIHaIbHOTO KacKa-

a ¢ NOJOMXHTeJbHOH o6paTHOH
CBA3bIO

LIOM JHaNa3oHe aMIJINTYA BXOAHOro cHrHana. [las storo Heo6XxoaH-
MO BBECTH JOTOJHHTENbHYIO Lienb OOpaTHOH CBAA3H ¢ (QyHKIHeH mepe-
Aaun

b= —(b+d.) (5.84)

(Ha puc. 5.17 3Ta uenb nokasaHa NyHKTHpoM). IIpH BHINMOJIHEHHH pa-
BeHcTBa (5.84) ycuiauTesnb Ge3blHEpLHOHEH.

B peasbHOM ciyyae 3TO NO3BOJISIET PacLIHPHTb MOJIOCY NpOMycKa-
HHA npH paboTre B JHHEHHOM peXXHMe, a B OOJIbLIOM JHama3oHe aMI-
JIMTYJl BXOJHOTO CHrHa/la — 3HaYHTEJbHO YMEHbUIHTh aMIJIHTYZHO3a-
BHCHMHle (ha3oBble cABHTH. BuimosHeHue ycioBusi (5.84) Tpebyer onm-
peneseHHOH ()a3sUpPOBKH HanpsikeHHs oOpaTHOH CBS3H, NOJaBaeMoro
Ha BXOJ Kackaja.

llens o6paTHOM CBS3H peajHsyeTcsl pas3juyHbIMH crnocoGamu. Hcmonssopauue
K He TpebyeT NONOMHHTEJNBHOrO HHBEPTOpPa B WLEMH OGPaTHOH CBA3H MJAs peaH-
3aunu ycaoBus (5.84), nockKoabKy Ixi=—Ix2. B mpocTeiimieM cayuae HampsiKeHHe
o6paTHON CBA3H C HEHHBEPTHPYIOIEro BHIXOMA 4epes KoHaeHcaTop Co.c TORaercs
Ha BXOX kKacKafa. IIpH 3TOM nOCTOSHHAas BpeMeHH WLleNMH OGPaTHOH CBSA3H ompele-
JASIeTC BXOQHBIM H HArpy30uHbIM COMPOTHBJIEHHSAMH KacKala, 4TO 3aTpPYHNHSeT BHI-
ToHeHHe yHCTO Audipepenumpyrolleli 06paTHO# CBA3H.

Ha puc. 5.18 mpuBeseHa cxeMa YCHAHTeNsi, B KOTOPOM HCNOJB30BaH IPYroi
BapHaHT LenH OGpPaTHOH CBA3H. IMHTTEPHBIl IOBTOPHTEJb TO3BOJSAET HCKJIIOUHTh
BJIHAHHE H3MEHEHHs NapaMeTpPoB LENH Harpy3kH Ha QYHKUHIO qepeflayH Lemu 06-
paTHOR CBSI3H, KOTOPasi WPH YCNOBHH Ro.c<K|Zsx| umeer BN Ko.c(p)=pTo.cf(l+
+p%0.c), rae To.e= Ro.cCo.c. [locnennee BbpaxeHHe NPH PTo.c <Kl mproGperaer
Bul Ko.c(p)=pro.c, T. e peanusyercs uHcTo nH(depenunpywomias wemnb. Pacuer
mapaMerpoB lenH OGpaTHOH CBA3M NPOM3BOAMTCH M3 ycaosHa (5.84) c yuerom
HCII0/1b30BaHHON HOpMHPOBKH. Toraa Co.c =Coxsrs/KoRo.c, rAe Coxs=Ca+KoCpr; Ko—
KOoxppHUHEHT yCHIEHHS KacKafa Ha Pe3CHAHCHOH yacTrore.

PaccMoTpeHHbIT MeTOA MOXeT OblTh mpHMeHeH JJS YyMeHbLIEHHS aMIIMTYJAHO-
3aBHCHMBIX (a30BbIX CHBUTrOoB B Kackage O3, Tak KaK €ro CTPYKTypHas MOIejb
OTJIHYAeTCs OT PaHee PacCMOTPEHHOH TONBKO BHAOM HeJHHEHHOCTH.
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Ymenvwenue APK, obycaosarennoli paccTpolikoili pe3oHAHCHLIX
yeneti. ViaMeHeHHe ypoBHell BXOJHBLIX H BBIXOJHBIX CHTHAJIOB KacKaja
IIPHBOJHT K HeCTaOHJIbHOCTH €ro BXOJHOrO H BHIXOJHOrO CONpPOTHBJE-
HHH, B pe3y/ibTaTe Yero pe3oHaHCHble ILENH YCHJAHTeNS H3MEHAIoT
CBOH napaMerpul. B ofuieM ciyyae H3MeHSIOTCA pe30OHaHCHas 4Yacro-
Ta H J06pOTHOCTL H36HpaTeJbHOH LenH, oOycaoBJHBas INOsBJAeHHE
JONOJIHHTENbHBIX (Pa30BbIX CABHrOB A@BLy H Ay YMEHBUIHTb HX
MOXHO, COKpalllas BJHSIHHe H3MeHeHHH NapaMeTpoB BHelillHeid Har-
PY3KH Ha IOKa3aTe/JH Pe30HAHCHOH LienH HJIH BhHOHpas pe30HaHCHYIO
Henb, HeYYBCTBHTEJNbHYI0O K H3MEHEHHIO BHeIUHEero CONPOTHBJEHHS.

PaccMoTpuM nepBrifi cnoco6 Ha NpHMepe OAHHOYHOIO pe30HaHC-
HOro KOHTypa, (a3oBas XapakTepPHCTHKa KOTOpOro ompejeJjsierc Kak

tg @ =Im (1/Y,)/Re (1/Y,), (5.85)
riae .
Yn=gx.a+AgK.a+'i(mcx.s‘-l/(')Lu +(0ACK.3) (586)
— NoJIHask MPOBOAHMOCTb KOHTYPa; gxo=gu+m2g; Cxo=Cx+m?C;
gm — NPOBOAHMOCTb WIYHTHpYyIoLlero pe3ncropa; Cyx — KOHTypHas eM-
KocTb; C, g — eMKOCTb H aKTHBHasi COCTaBJfilOLIasi MPOBOAHMOCTH Lie-
[IH, Harpyxamlwel KOHTYp; M — Ko3(p(pHIHEeHT BKJIOYEHHS Harpyxa-
omed uend; Agxo=m?Ag, ACxs;=m2AC — H3MeHeHHsI aKTHBHOM
IIPOBOAMMOCTH H €MKOCTH Harpyxkaiolief Lemny.
Boipaxenne (5.86) npeacraBuM B BHIE

YK =8k [1 +Agx.3/gx‘a +i (Eo +@ACx 5/Cx. s)]r (587)
rie £ — ob6o6lleHHass pacCTpoiiKka KOHTypa NpH Aguo=0; ACx,=0.
Orciona

tg @ =[Eo+ (@A Ci.5/Cic.5)1/[1 + (A gx.5/8x.5)] (5.88)

H3menenne ¢dasoBoro yrsia, o6yc/oBleHHOe NpHPALIEHHSMH pe3yJib-
THpylouieii eMKocTH AC H MpOBOAHMOCTH Ag,

mACK.a_goAgK.a

A Q=@ —¢, o= arct o , (5.89
A N (A Y PR Y YA
HJIH, mo1arasi Ao6poTHocTh KOHTypa 6osbwoit (Q>>10),
AC, ,/C —§& (A
A (pK — al'ctg Qo( K.3/ K.S) g('( gK.S/ gK.S) (5'90)

1 + §§+ (A gK.s/ gx.a) + QO §0 (A CK.a/CK.a) '

3necb Qo—m06pOTHOCTD KOHTYpa NMpH Agxo=0 u ACx,=0. U3 (5.90)
HaijeM $a30BBIfi CABHI Ha pPe30HAHCHOMH YacTOTe

A P.p= arctg [(Qo A CK.a/CK.s)/(l +A gK.sng.s) (591)
H Ha rpaHHIax MoJioCel NMpONyCKaHHA
QO A Cx.s/ CK.s + Agl(.s/ 8k.»
2+ AgK.a/ 8.5 +Q Acx.a/ CK.3.

[TonyuenHbie BHIpaX<eHHsI MO3BOJISIIOT ONpPEJENHTH NMapaMeTPhl KOHTY-
pPa ¥ Ko3hGQHUHEHT BKJIOYEHHsl Harpyxalouleii liend, IpH KOTOPBIX
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¢asoBuil CABHT 3a cueT H3MeHeHHSI Ag H AC He mpeBHUIIaeT AONMYCTH-
MOro 3HayeHHS.

Ins onpeneneHus npHpailenuss ¢as3oBoro cisura, o6yc/OBJEHHQ-
ro H3MeHeHHEM NapaMeTpPOB Harpyxaioulei LenH, Heo6X0AHMO HaHTH
H3MeHEHHS1 BXOJHOH €MKOCTH M aKTHBHOH COCTaBJAIOIIEH BXOZHOI
NPOBOJAHMOCTH HJH BHIXOJHOH €MKOCTH H aKTHBHOH COCTaBJISIOLLEi
BHIXOJHOH NPOBOJHMOCTH COGCTBEHHO YCHJIHTEIBHOrO Kackajga. Ecan.
YK BoinosnHen mo cxeme O3, To ero BXoAHasi MPOBOJHMOCTb Ha 4acTo-
Te CHrHaJjda

Yox =l1/Usyx, (5.93)
rae I =1Ix/p — KOMIIeKcHasi aMIVIMTYAa ToKa 6asHl Ha uacToTe
CHrHaua; B=B/Vme_w”; tges=v; ha="Us/ V (@+1)2F+?(a+
+d)%e-to: . Toraa

e YIE ') gy
BV @+ 1)+ vi(a+dyp
_OTKyZAa —_—
Enx= Vl_}.v’cos((pi—%) , (595)
BY @+ 1P +viatap
_ V1 +v¥sin (91 — p) ) (5.96)

" 0BV I+ ap+vi(a+tdp
3aBHCHMOCTb BEJIHYHH Gpx H Cpx OT aMIVIATYAH BXOJAHONO CHrHa-
Ja ompejensiercss M3MeHeHHeM ()a30BOro CABHra BHIXOJHOTO TOKa
AQ=@1—@u.. TOrga npupauleHHsi aKTHBHOH COCTaBJAIOLIEH BXOA-
HOH NMpPOBOAHMOCTH H BXOJAHOH €MKOCTH:

V142 Sin (@ — Py.c)
BV (a+ 124V (a+d)?
~ vV 14 v3sinA @, (5.97)

BYI@F 1P+ @+ Pl +a+avptvl
— T+ —
ACy = V1t vics(o —0ud) sin A g, &
pV(aF 12 vi(afadp
~ V14++v2(14+a+av?)sinAg (5.98)
ofV (a4 12+v2 (@4 dPF] [(1 4 a4 a v 4-v?]
HOns nonyyeHHsi HEeHOPMHPOBAaHHHX 3HaueHHH Agsx M ACpx Heo6xo-
AMMO TNOJIyueHHHle BHIPAXKeHHSI HOMHOXHTb Ha HODMHpYIOLIHA MHO-
xurenb Up/ly=. KpoMe Toro, Heo6X0qHMO ONpEAENHTh BEeJHUYHHY AQ;
(160 mo rpadukam puc. 5.12, 1u60 paccyHTaTh).

U3 (5.97) u (5.98) cuenyer, uro obecneueHHe Hy.JeBOro (pa3oBo-
ro CIBHra NMpH H3MeHEHHH YPOBHS BXOAHOrO CHTHaJla OJHOBPEMEHHO
SIBJISIETCS M YCJIOBHEM IOCTOSIHCTBA BXOJHOH NPOBOXHMOCTH H Napa-
MeTPOB Pe30HaHCHOTrO KOHTYypa.

Agy= sinA ¢, &~
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ITonyuenne BHpaxeHHH, C NOMOILBIO KOTOPHX ONpPeJeNSIIOTCH H3+
MeHeHHS BHIXOAHOH mpoBoAHMOCTH YK, maxke anas mpocreiied cxe-
MH BK/IOUeHHs TpaH3HCTOpa ¢ O3 cBfi3aHO ¢ GOJBLIIHMH TPYAHOCTS«
M. OnHaKo XxapaKTep H3MeHeHHS B JaHHOM cJyyae aHaJIOTHYeH pac-
cMorpenHoMy Bhue [14]. ITockonbKy aGCOMIOTHHE 3HaYeHHA gpux M
Coux CoBpeMeHHHX AD HeBeNHKH [gpux=(0,2--1) MCM, Cpux= (3+
+6) nd], BHXoAHON pe30OHAHCHHI KOHTYp cilabee pearHpyetr Ha H3«
MeHeHHs BuxoaHo# mpoBopuMocTH YK. IlpH npaBuabHO BHGpaHHHIX
napaMerpax KOHTypa H Ko3¢p¢HIHeHTa ero BKJIIOYEHHS BEJHUHHOM
A@s MOXHO npeHebpeyb,

Ymenbminty Besmuny ADK B pesoHaHCHHX YCHIHTENAX MOXHO TakXe Tnpa-
BHJBHHM BHGOPOM LeNH MeXKAacKalHOA oBA3H. Tak, nphmeHeHHe JABYXKOHTYPHHX
GUILTPOB TOSBOJSET 3HAYHTENBHO YMEHBIIHTG BIHAHHE H3MeHeHHA TapaMeTpoB Ha-
rpyx&alomeﬁ eMd Ha XaPaKTePHCTHKH YCHJIHTENA. 310 MMeerT MecTO dIpH onpeae-
JIEHHMX 3HaueHusix KoapdHuueHTa CBSA3H H JAOGPOTHOCTH KOHTYypoB. Ilokasamo
[15, 16}, uro HanGoabwasi CTaGHABHOCTD (a30BOA XADAKTEPHCTHKH NOCTHTAaeTCS IPH

CBAGH BHillle KPHTHYSCKOA M AOGPOTHOCTH KOHTYPOB, He MpEBHUNIAIONMIEH IPaHHIHOrO
3HaueHus [16]

Q=Y 1/ [R—4@Ht)] . (5.99)

rie kes — koo(bHIHEHT CBA3H MeXAy KOHTYPaMH.

B paborax [I7, 18] ykasaHo Ha BOBMOXHOCTL yMeHbiueHHs ()a30BOK HecTaGHJb-
HOCTH D€30HAHCHHX demell fNyTeM CHHXKeHHA KDYTH3HH ()a30BOA XapaKTePHCTHKH.
B [17] paccMoTpeHa pesoHamcHas LUelb C PEXEKTOPHHIM (QHJILTPOM H TOKA3aHO, 9TO
apH ompelefeHHOM BHGOpe TMapaMeTPOB KOHTYDOB H CTENEHH CB3H MeXNy HHMH
MOXHO OGeCIeUHTh HYJNEBYI0 KPYTH3HY (pa30BOA XapaKTePHCTHKH Ha pe30HaHCHOR
gacrore. PaGora [18] mocBsulteHa BompocaM CHHTe32 Pe3OHAHCHHIX Iemlefi € MajuiM
HakJoHOM (a30BOK XapaKTePHCTHKH.

B MHOTOKacCKaRHHX Pe3OHAHCHHX YCHJHTEIAX YMEHBIIHTL HeCcTaGHIbHOCTL a-
30BOM XapaKTEPHCTHKH MOXHO, MOMHMO YKa3aHHBIX QIOCOGOB, OMpeleeHHBIM Yepe-
IOBAaHHEM KaCcKal0B, B KOTOPHX HCIOJb30BAHN (pas3jJHuHbHeE THMH PEe3OHAHCHHX Le-
mefi: TPH XKOMGHHAUMH Liemedl ¢ HeCTaGHJALHOCTBIO Ha30BOrO CABHra PasHHIX BHAKOB.
Kak nokasaso [17, 19], BsanmHas KoMmeHcanus HecTaGHAbHOCTefi (a30BOro CABHIE
HMEeT MeCTO fpH uyepelOBaHHH KaoKaloB C ONAHOYHBIM KOHTYPOM H IBYXKOHTYD-
HEM (DHILTPOM.

apslLy ¢ PacCMOTpDeHHHIMH BHUUE CIIOCOGaMH yMeHbleH#s (asoBoAA HecTa-
GHILHOCTH IIHPOKOE IIpHMeHeHHe HAXOAAT CNellHajbHbie CHCTEMH aBTOMaTHYECKOro

ympasiaenns ¢asul.

®A30BBIE COOTHOIMIEHHUA B KACKAJAX
C PEXXKHMHON PEIYJHPOBKOHN YCHJIEHHUSA

6.1. ®a3oBasa HecTAGHIBLHOCTH KACKAKOB C PeKHMHOM
PeryImpoBKO# yCHIEHHSA

da3oBasg HecTaOHJILHOCTb YCHJIHTeNeH C PEeXHMHOH peryJupoB-
KOM yCHJIeHHsl MPOSIBJAAETCA TeM 3aMeTHee, ueM GoJiblle AHaNa3oH pe-
ryNHPOBKH. JTO O3HauaeT, YTO NPH olleHKe (a30BOil HeCTaGHIBHOCTH
(paBHO KakK M ApYrHX NMoGOUYHBIX 3¢()deKTOB mpouecca PperyJiHpoBKH
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YCHJIeHHsI) HeoOXOIHMO 3HaHHE peryJHPOBOYHOH XapaKTepHCTHKH —
3aBHCHMOCTH KO3(D(pHIHEHTa YCHJEHHS OT YNpaBJsAIOLLEro HampsKe-
a1 Ky=19 (Uynp).

B mpakTHKe NOCTPOGHHS NPHEMO-YCHJHTENbHBIX YCTPOACTB HCMOJB3YIOTCH pe-
TyJHpPOBOUHbIE XaPAKTEPHCTHKH, OMHCHIBaeMble JHHeAHOM, JorapHdMHuecKofi H ApY-
THMH ‘MaTeMaTHYeCKHMH ¢yHkunsaMH. PopMa peryJnpoBOYHON XapaKTEPHCTHKH OT-
pellensiercst CTPYKTypo#t XaHaja APY, OCOGEHHOCTSAMH TOCTPOGHHS (BXOASILIHX B €ro
OOCTAB Y3JI0B (HeTeKTOpa, YCHAHTeNs, GHABTPA H JIP.) H HaYaJbHBIM DPEKHMOM pa-
6OTH N0 TOCTOSHHOMY TOKY aKTHBHBIX BJeMeHTOB. B ofuiem caysae ¢opma pery-
JIHPOBOYHOH XapaKTePHCTHKH, PABHO KaK H JQPyMHe XapaKTepHCTHKH H NOKasaTeaH
YCHAHTENS C pPeTyJHPYEeMbHIM YCHJeHHEM, 3aBHCHT OT YPOBHS BXONHOrO CHNHAJA.
OlleHka STOH 3aBHCHMOCTH TpeGyer YyueTa CrmelUndHUECKHX SBJEHHH, KOTODhHE B03-
HUKAOT B KaHajJe APY, H MoxeT 6bITe CHeaHa Ha OCHOBE MeTONOB, H3BECTHHIX M3
TEODHH aBTOMAaTHYeCKOro peryiaxnpoBanusa. Ho nockoiabkKy 3Ta 3ajgada BHIXOXHMT 32
PaMKH KHHTH, TO @HaJH3 cJeldyeT NPOBECTH C YYeTOM HEKOTOPHIX YINPOIUEHHH.
A HMeHHO: ONpeNeJHTb H3MeHeHHs a30BOrO CHBHra B YCHJAHTeJe B 3aBHCHMOCTH
OT YDOBHS YNpPaBJAIOUIEr0 CHIHaJja, Gaarofaps WeMy HCKAOYAalOTCA H3 paccMoTpe-
HHS TIOKa3aTeIH, OMHCHIBalOWHe paGoTy KaHasa APY.

Kak noxaspiBaloT TeopeTHuYeCKHe H SKCHepHMEHTaJbHbie HCCJAeNOBAHMSA, IIPH
PEXHMHOA peryaupoBKe MOryT ObHTb AOCTHNHYTH 3HauHTesblibie —Tmopsuxa 60 ab
H Gojee — mpelenbl H3MeHeHHs Koapduuuenta ycuaenusa. OJHaKo TakoH AHanasoH
PErYNHPOBKH YCHJAEHWS He MOXeT ObiTh OGecmeued H3-32 HeXeNaTeJbHEIX NMOGOUHBIX
3¢peKToB, BOSHMKAIOIIMX NPH M3MEHEHHH pexXMMa paGoTel AD mo MOCTOTHHOMY
TOKY M NPHBOASHIHX K H3MEHEHHIO LIHPHHB NOJOCH NPOMYCKAHHS, YaCTOTH HacT-
PONKH (B pe3OHAHCHHX YyCHaHTENdX), ¢opmbl (a30BOA XapaKTEPHCTHKH, YDPOBHS
HENHHEMHBIX HCKaMKEeHHH M T. . DTO BHHYXKIaeT JHO0 OPPaHHUYHTHL AHamas3oH pe-
TYJHPOBKH, JHGO BBECTH B YCHJIHTENb 3JeMEHTH H UeNH, C TIOMOWbIO XKOTOPBIX IWO-
6ouHble aPexTH 0CAa6AIOTCA KO JOMYCTHMBIX 3HAUGHHH.

B HacTosillleil IaBe OLEHHBaeTCs ONHH H3 NMOOGOYHHIX 3ddeKTos
PEXHUMHON PEryTHPOBKH YCHJEHUSl — H3MeHeHHe (a30BOro CABHra — H
aHaJM3UPYIOTCS MYTH €ro yMeHblleHHs. PaccMoTpeHHe Kackaja c pe-
KHUMHO# peryJHpOBKOH YCHJIEHHS NOKa3biBaeT, YTO H3MeHeHHe ¢da3o0-
BOro cBHra O0YCJ/IOBJIEHO: HENMOCTOSIHCTBOM 3aNa3fblBaHHsA CHIHala B
A3 B mpouecce peryJHpPOBKH YCHJEHHS; 3aBHCHMOCTbIO BpeMeHH 3a-
na3AbLIBaHUS OT YPOBHS BXOJHOrO CHrHaja; 3¢¢exkToM npsMoro mnpo-
XOXKJeHHs CHTHaja cO BXOJa Ha BBIXOJA KacKafa; paccTpOHKOH Lemei
MeXXKacKaJHOH CBSI3H.

[lepBbie nBe MPUYHHBI OGYC/OBJEHB HHEDUHOHHHIMH M HeAHHei-
HbIMH cBoiicTBaMH AD. KoMniekcHass MpoBOAHMOCTb MpPAMOH mepena-
yd AD MoxeT ObITh NpeAcTaB/eHa B BHIE

yzl =Yy (@ T, Uynpv Uggm)l€™ F911 (9, 7) , 6.1)

rie T=[(Uynp, Usxm) —NapaMerp, OTpaxKalollHid HHEPUHOHHbIE
ceoiictea AD. [ToMuMo mogesHoro 3¢ ¢eKkra — H3MEHEHHSI YPOBHS BhI-
XOLHOTO CHTHasa NMOJ BO3JeHCTBHEM ynpasasoluero cHriana Usux=
={(|Y21(Uynp) |), HMeeT MecTo npHpalieHHe (a3bl BHIXOLHOTO CHIHa-
a2 AQeuxas (Uynp, Usxm).

D¢ dexT npsMoro MpOXOXKIeHHS MPOSBJAETCA B TOM, YTO CHTHAJ
Ha BhHIXoJe peryjupyeMoro Kackafa Usuxe ®sux pyeer nBe cocTaBas-
IOIMX: OfHA H3 HHX — KoJie6GaHHe, MpoLIealIee HAa BBHIXOA HEINOCPEACT-
BEHHO Yepe3 MeX1ySJeKTPOAHYI0 npoBofHMocTb A3 — cocrasJsionias

9 io
npsiMoro npoxoxaeHuss Unne ™"; npyras Uye ¥ — kose6anue, ycu-
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nennoe AD o6biuHbIM 06pa3oM. O6Ge cocTaBJSIOIHE Da3jHYyalOTCs HO
aMmiuTyie H ¢ase. AMIJINTYRa H da3a pe3yNbTHPYIOWErO BHIXOZHO-
rO CHTHasJa 3aBHCAT OT mapaMeTpPoB OGOHX Kose6aHHH, KOTOpHie CBSi-
3aHbl ¢ M3MEHeHHeM HMHTEHCHBHOCTH YIpaBJSAIOLIEr0 CHruafja, T. €.

Ussix= F1 (Uy» Un.n Uyaps 90 @y ] 6.2
Posix = F2 [Uy Uyap)s Unn Uynp)s @y Uynp)s P Uynp)]-

BIHsHHE MPAMOTO TPOXOXJAEHHS CTAHOBHTCS 3aMeTHHM, korma AD 6iHM3OK K
3amHpaHHlo, a YypOBEHb BXOJHBIX CHTHAJOB JAOCTAaTOYHO BEJIHK. l'LpH 3TOM 0fe co-
CTaBMAIO1LHE BbIXONHOTO CHrHajaa CT@IH-O!B?ITCH COH3MEPHUMBIMH, |an YCHIeHHH CJa-
6LIX CHMHAJOB POJb COCTaBsiomiel Unp mpeHeGpeXXHMO Maja, B TOM 4YHCJIe H TDH
ompefeseHHd (aspl BLIXOLHOrO CHrHaJja.

da30BBIH COBHI, CO3JaBaeMblii B LleMH MeXKaCKajHOH CBS3H, Ofl-
pefieIfieTcsi M3BeCTHbIM cooTHollenneM ¢ = arctg{Im (1/¥,)/Re (1Yo)].
3nech Y, — 9KBHBAJIEHTHasi KOMIJIEKCHAst NMPOBOJAHMOCTb LIENMH MeX-
KaCKa[AHO! CBSI3H, B COCTaB KOTOPO#l BXOIHT BXOXHasi Ypx A5 (BBIXOA-
Had Ypux A>) KOMILIeKcHast mpoBoiumocTb AD. MIX 3aBHCHMOCTb OT
YPOBHSI yNPaBJSAIOUIEr0 CHrHAJa BBI3BIBAET PACCTPOAKY LEMH MexX-
KacKaJHOil CBSI3H H NPHBOAHMT K NOMOJHHTEJbHbIM MPHpalleHHAM Oa-
30BOTO CJBHra BBIXOJHOIO CHTHaJa  peryJHpyeMoro  Kackaja
AfPBbrx.nx.n(Uynp) H A(Pnux.nux.u(Uynp)-

Hrtak, npupauenre ¢a3bl BBIXOXHOTO Kose6aHus

A (Pm,;x = A (PBHX A3 (Uynp) + A (PBHX.ﬂ.n (Uynp) +
+ A (Pnux.nx.u (Uynp) + A (PBHX.BHX.ﬂ (Uynp)° (6'3)

Kaxnas cocTaBasiollasi MeHfieTCSl B 3aBHCHMOCTH OT YPOBHS yNpaB-
JISIOLIero BO3ACHCTBHSA, 06YCNOBIHBAS TEM CaMbIM

Ppsrx = Pouux.tiom + A Pypax Uynp). (6.4)

A Tak Kak ypoBeHb YNpaBJISIOIEr0 CHrHaJla OXHO3HAYHO ONpejesier-
¢ aMIAHUTYROH ycuiauBaeMoro koneGauusi, T. €. Uymp=F (Upzm), TO

Parx = Ponux. iom + A Pupax [F (Ugx )], (6.5)

TH€ Qsmx.mom — $a3a BHIXOLHOrO KoJseGaHHS NMPH OTCYTCTBHH yNpaBJs-
romero curHana (1. e. Uymp==0).

Bo3HHKauiasi B Kackafie ¢ PeXHMHOH DPeryJHpOBKOH YyCHJEHHA
aMIUTHTYAHO-(a30Bass KOHBEPCHSI MPHHUHMHAILHO MOXeT OLITh OlleHe-
Ha Ha OCHOBE Pa3BEPHYTOrO aHAJHTHYECKOro cooTHouleHus (6.5).
OpHako moJyuaeMoe TaKHM 06pa3oM BbipaxceHHe nas ¢ a3oBoi  Xxa-
PaKTEPHCTHKH CJTHLOIKOM TPOMO3IKO H HeyloOHO B pacuerax. ITosromy
npu oueHke A®K npuHXOAHTCH HATH Ha HEKOTOpbie ympolueHHs. Tak,
IPH YCJIOBHH MaJIOCTH OTHAEJNbHbIX COCTABJSIIOIIMX MpHpalleHHs (a3bl
BHIXOZHOTO KoJieGaHHS BCe BBLI3BaBLIHE HX MPHYHHBI MOXKHO CYHTATh
B3aHMHO HE3aBHCHMBIMH. DTO OTKPhIBAa€T BO3MOXXHOCTb aHaJHTHYeC-
KOO HCCJI€J0BAHUS COCTABJSIOUIHNX ()a30BOH HeCTaOHILHOCTH KaXJoil
B OTAEJbHOCTH Ha OCHOBE CPaBHHTENbHO MPOCTHIX COOTHOWIEHHH C MO-
CJeIyIOIHM CYMMHPOBaHHEM pe3yJbTaTOB.

Kpome Toro, uenecoo6pasHo pasienbHoe paccMoTpeHHe ¢a30BBIX CBOMCTB pe-

TYJIHPyeMbIX KacKajoB B 3aBHCHMOCTH OT THma Hcmons3yeMoro A3. B mepsyio oue-
pellb 3TO OTHOCHTCA K COCTaBJslowledl (a3oBofi HecTaGHIABHOCTH, O06GYyCJIOBJIeHHON
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H3MeHeHHeM B Ipollecce DEry/JHPOBKH RHEDUHOHHHX H HeJhHefHHX cBoficT® AD.
VkasanHne 3aBHCHMOCTH JUIA Pa3jHUHHX THIOB AD (GHIOAADHHE H NOVIeBHE TpPaH-
SHCTOPH, 3JEKTPOHHHE JaMNH) pPa3dHYalOTCs He TOJbLKO KOJHUECTBEHHO, HO M Xa-
yectseHHo, Tun AD, NpHMEHEHHOTO B PEryJHPYeMOM KacKaje, OKa3hBaeT BAHAHHE
TaKKe H Ha JpyrHe COCTaBJslolHe (asoBOA HeCTaGHILHOCTH, HO 3TO OTJHUYHE
HOCHT B OCHOBHOM KOJHYECTBEHHHA XapaKTep.

6.2. Yuer BIHAHEA HMHEPOHOHHBIX M HEJIHHEHHLIX CBOMCTB
AKTHBHOIO 3JIeMEHTA

Kackadet na 6unosapnoix tpansucropax. BiusiHHe HHEPUHOHHREIX
H HeJHHeHHHX CBOACTB TpaH3HcTOpa Ha ()a30ByI0 HecTaGHJIBbHOCTb
peryJHpyeMoro Kackajia MoXeT OLITb OLlEHEHO NyTeM aHajlH3a Bhi«
paxeHHs, ONMHCHBalolllero ¢a3y BHXOAHOro Toka. OnHako B obueM
BHIE 3Ty 3ajauy pellaTbh HeleJecoo6pa3Ho, TaK KaK BHJA BHPa’KeHHSA
ompeaessieTcsi CXeMHHM pellleHHeM KackKaja. Huxe paccMaTpuBaloT-
¢ Hau6GoJsiee pacmpocTpaHeHHHE DPa3HOBHAHOCTH KacCKaJloB C PeXXHM-
HOH peryJIHpoBKOH YCHJIEHHS.

Odnorpansucroproul peeysupyemoill ycusuresb, PeryIHpoBKa YCHASHHS OCyile-

CTBJAsEeTCA mofadeit Ha G6asy TpaHsucropa (puc. 6.1) ympasasiomero HaupsKeHHs
Uygp. B COOTBETCTBHH C NPHHATHM BHIIE YCJHOBHEM CTPYKTYpa HCTOUHHKA YmpaB-

epairs

W 4w
BF
l,

Botx %k

RS
12

: L” 7 . .
unp . 12 4 § § n 2 % ol
Puc. 6.1. Cxema OfHO- Puc. 6.2. Tpaduxu 3aBHCHMOCTH (hasoBoro
TPAH3UCTOPHOTO  PeryJH- CABHra OT TAYGHHH DEryJHPOBKH B pexXHMe
pyeMoro Kackana MaJiHX YpOBHefi CHrHaJIOB

JSIONIETO CHNHANa, XapaKkTep NWPOTEKAIOMHX B HEM NPOIECcCOB H OCOGEHHOCTH CBA3R
C YCHUIHTE/IbHHM TPAaKTOM BO BHHMaHHe He ITPHHHMAIOTCA.
Jlns ompelesieHusi aMIVIHTYAHN H (a3ul nepBof rapMOHHKH BHRIXOJ-
HOTO TOKa BOCIOJIb3yeMCSi MaTeMaTHYeCKOH MOJEeJbI0 Kackaja Tuna
di - -
03 c uenslo aBrocMelenus (cM. ra. 5): (a+d) — +ai+In(1+7) =
=ii—Ai, Pellenue ypaBHEHHS TNPHBOAHT K CJIEAYIOUIMM BHIPaXKeHH-
AM Aas $a3el H aMIUIATYAH NepBO TapMOHHKH TOKa KOJJIEKTOpa:
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(atd)v
at+14utf(a, d, A, v)’ (6.6)

L=u/V@+1)E+(@+d>+?,

@, = arctg

rhae
0,25 _ 1 _ 0,5
f@ d, 4, 9= (a+12+(a+d)2 v2 [l a+A+1  V(aF l)2+(2av)=]

B Buipaxenuu (6.6), B orinune or (5.54), moJoxeHo ny,==0, uro
CIpaBeJJIHBO JJIs1 peXkHMa «MaJloH HeJHHEeHHOCTH».

Kak cienyer u3 (6.6), u3aMeHeHHe (a30BOro CABHra IPH PeXHM-
HOH peryJHpOBKe YCHJIEHHS 3aBHCHT He TOJBKO OT ypOBHS CHrHaJa,
HO H OT H3MeHeHHH nmapaMeTpoB g, d H A, NpPONOPUHOHAJIBHKEX NOCTO-
SIHHOI COCTaBJAIOLIEH KOJNJIEKTOPHOTO ToKa [x=*. OueBHIHO, 4YTO Be-

JIHYHHA H3MeHeHHs1 (a30BOro CABHTa HENOCPEACTBEHHO CBS3aHa C
ryGHHON peryJqHpoBaHHs (T. e. IHANa3oHOM H3MeHeHHs [x=) H Ha-
YaJbHBIM 3HaueHHeM (a30BOro CABHra BhIXoAHoOro curHaja. Ilocaen-
Hee 3aBHCHT OT NapaMeTPOB H peXHMa TpaH3HCTOpa MO NOCTOSHHO-
MY TOKY H 4aCTOTHl YCHJIHBaeMOro CHrHaJja.

Ha puc. 6.2 npuBeleHH rpadHkH, HJJIIOCTPHPYIOIIHE 3aBHCHMOCTD
(a3oBoro cABHra CHrHajga AQ==@g—@; OT IVIyGHHH peryJHpPOBaHHSA
NPH Pa3JHYHHIX 3HAYEeHHAX NMapaMeTPOB @y, dg H YACTOTH YCHJIHBae-
MOro cHrHaja v. 34ech 3HaueHHsl, COOTBETCTBYIOLIHe HayaJy peryJH-
pOBaHHS, UMeIOT HHAeKC «H». ['padHKH OTHOCATCA K ciayyaio ycHje-
HHS caabbIX cHrHaJoB, T. e. ¥< 1. Kak BHAHO, yBeJHYeHHe mapaMer-
pOB am, dy H v (yBeNHUEHHe Qg) NPHBOAHT K pocty A¢. Pa3oBil
CABHI' CyLECTBEHHO 3aBHCHT H OT TJIYOHHHI PeryJHpPOBKH YCHJIEHHS.
Boabieii rny6une peryaHpoBKH COOTBETCTBYeT OoJibliee 3HaueHHe Ag,
npHyeM HaHOosblllee H3MeHeHHe ()a3hl CHrHajla HMeeT MeCTO B Haya-
Jie Tpoliecca peryJHPOBKH YCHJIEHHS.

Buananne napamMerpa A W aMIUIHTYIH BXOZHOTO CHTrHaJja & Ha Qa-
30BBIH CIBHT BHIXOJHOTO CHrHaJa HJJocTpupyercs pHc. 6.3. Kak Bua-
HO, HaJIHUHe LIeNH aBTOCMEIEHHs BJHSET Ha 3HaueHHe H 3HAK AgQ
(ator addekt paccmorper B . 5). C yBe/lHUYEHHEM HacCTOTH CHTHa-
Jna Ag Bo3pacraer.

[TpuBenenHoe BhIpaXkeHHe M (a30BOH XapaKTEPHCTHKH CIpaBej-
JIHBO JJIA <Jiyyast «MaJIoH HeJHHeHHOCTH», T. e. npH I<<l. B mpouecce
PeXHMHOH PeryJHPOBKH YCHJIEHHS NIyTeM YMEHbIUEHHSI KOJIJIEKTOPHOro
TOKa TPaH3HCTOP NPHOJIHMKaeTCs K PeXXHMY 3alHpaHHS, H ycioBHe i< |
MOXeT HapyIHTbcsA. J1JIs OleHKH ()a30BHIX COOTHOLIEHHA B RAHHOH €H-
TYallHH MOXKHO BOCIIOJIb30BaThCS YNPOLlEHHEM, OCHOBAHHHIM Ha 3KCIIO-
HEHIHAJIbHOH aNNpPOKCHMAIHH NPOXOAHOA XapaKTePHCTHKH TPaH3HCTO-

pa.

*) TlponopunoHanbHasi 3aBHCHMOCTb @, d U A OT TOCTOSIHHOM cocTaBJisiomed
KOJIIEKTODHOTO TOKa HMeeT MeCTO A0 TeX IIOp, IOKa MOXHO II0JIaraTh He3aBHCH-
MOCTb KoowpHIHeHTa YCHIGHHA MO TOKY B OT [xwm. JAS GOJBUIMHCTBA MaJIOMOLIL-
HBIX TPAaH3HCTOPOB B JHama3oHe TOKOB [x— = (0,5+-5) MA Besmunna P nocrosiuua. IIpk
Ix=<<05 MA HeOOXOAMMO YUHTHBATL 3aBHCHMOCTb P OT TOKAa KOMIEKTOPA [y .
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Puc. 6.3. T'paduxu 3aBHcHMocTH ¢ha3oBoro casura
OT T1yGHHBI PEryJHPOBKH B peXHMe <«MaJloi HeJH-
HeAHOCTH»

Torna mpupauleHHe KOJJIEGKTOPHOTO TOKA IIPH TapMOHHYECKOM BXOZHOM CHTHaje
Ha 6a3e dsx=U COS VT MOXHO OMPeNeNHTh KaK

—i=exp(.173‘6,)— 1, 6.7)

rae s’ — HalpPsiKEHHe CHDHajJa Ha YIPaBJsIOLIEM p-n-mepexoje. 3a CyeT HeaH-
HEeMHOCTH BXONHON LETH TPAH3HCTOPa HampsiXeHHe fdp.6’, IOMHMO OCHOBHOH rapMo-
HUKH CHTHAana, COJUEpPKHT MOCTOSHHYI0 COCTABJSAIOWYI0 M BbICUIHE TaPMOHHKH, T. €.

-]
U, ¢ = z Cp cos (n vt — @), (6.8)
n=0
rie Cn — HODMHDOBaHHbie AMINIHTYAH TapMOHMK HAaNpPSIKEHHs Ha p-n-Tepexoue;
@n — $asa n-ii rapMOHHKH, OOYCJOBJEHHAs HHEDIHOHHOCTBbIO BXOJLHON LemH TpaH-
3HCTOPA.
Tlomctasus (6.8) B (6.7) ¥ OrpaHHUMBLIHCL TOCTOSHHON COCTaBASIIEH M mep-
BHIMH ABYMs TapMOHHKaMH B ds.6’, TOJYUHM
T = eCo [/, (Cy) + 27, (Cy) cos (v — ;) + 2J5 (Cy) cos (2vt — 2¢p) + . . ] X
X [Jo(Cy) + 274 (Cg) cos (2vt — @g) + 273 (Cy) cos (4vt —2¢5) + . . .]—1, (6.9)
rae Ji(Cx) — muamwbuuupoBatisie Gpynxiuun Beccens.

ITockosbKy pasiioxeHHe CBOOOAHO OT OrpaHHYeHHH Ha YpOBeHb
CHTHaJa, 5TO NMO3BOJISET NPOBECTH aHaJu3 CBOHCTB peryJHpyeMoro
KacKkala B pexuMax, GJH3KHX K 3amupaHHioO TpaH3Hcropa. [loxcras-
asas (6.7)—(6.9) B (5.39) M ucnosb3ys NPpUHLUHN rapMoHHYeckoro 6a-
JlaHca, onpenenuM ¢a3y nepBoii TaDMOHHKH BHIXOZHOTO TOKa:

- _(atdyv
¢, = arctg a L F ) (6.10)
roe
FO) =—2 2O 6.11)
h+1 5O
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— (pyHKUHSA, yYHTHIBalOLlasi BJHSHHE aMIUIHTYAL BXOXHOTO CHTHala
Ha ¢opMy (a30BOil XapaKTePHCTHKH; Io — HOPMHPOBAHHOe NpHpalle-
HHe TOCTOSIHHOH COCTaBJAIOIIeH KOJIJIEKTODHOrO TOKa NpPH BO3JeHCT-
BHH Ha BXOJA CHrHasla O6osbwioro ypoBHSl. 3HaueHHSI MJf Ip MOTYT
6LITh MOJNy4YeHbl H3 COOTHOIIEHHS

In(p+1)+(@+A4)=In[J, O). (6.12)

Bupaxenue (6.10) mo cBoeil cTpyKType coBmajaer ¢ NpHBeldeHHH-
MH BHIlLe, a IPH MaJHX YPOBHAX BXOAHOrO CHIHajla OHO TOXAECTBEH-
Ho ¢ (6.6), mockoabky npu U—0 F(U)=1.

5

Puc. 6.4. Tpapukn npupauieHHs HOCTOSIHHOR
cocTaBJjsioliefi KOJIEKTOPHOTrO TOKa (@) H
pernoMoraTesibHol QyHKIuH (6)

Ha puc. 6.4 npencraBjeHH KpHBHeE, paccuHTaHHhe no (6.11) u (6.12). Kax
BHIHO, TpH MaJHX aMIJHTyRaX ®xomgHoro chrHasa U dymxumus F(U) cnpemurcs
K I. C yBeauuenneM U suayenus F(U) B saBucuMocT™d 0T 3HaueHHi a B A an6o
pacTyT, an6o yMensinaiorcs, Ilpn a+A=1,3 snauesne F(U) papHo 1 u ocraercs
TIOCTOSIHHWIM B GOJIBUIOM JHanasoHe aMIJHMTYA BXOMHHX CHIHAJIOB.

das3oBHe XapaKTeDHCTHKH PeryJIHpyeMoro Kackajia, COOTBETCTBY-
IOIlHe YCHJIEHHIO KoJeb6aHuii 60JblIOrO YPOBHAA H DaCCYHTaHHHE IO
BHpaxkeHHio (6.10), mpeacraBieHH Ha pHc. 6.5a. Xapakrep 3aBHCHMO~
CTH omnpeneJsieTcs amn.nm‘ynoﬁ BXOJAHOro CHrHaJla H napame'rpaMm
uenu asrocMewieHus A. [aa cpaBHeHus Ha puc. 6.5a npexcrarieHa
TaKXxe q)aBOBaﬂ XapaKTEepHCTHKA, COOTBETCTBYIOIAA CJydar YyCHJIe-
HHSl «MaJIoro» CHrHasa (IITPHXOBas JIMHHSA).
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[MpeacrasieHHble rpadHyecKHe IOCTPOCHHS COOTBETCTBYIOT — CJIY-
Yalo, KOrja ypoBeHb CHFHa/lla OCTaeTcsl NOCTOSHHBIM B Mpolecce pe-
rYJHPOBKH ycHJeHHs. Takas CHTyalHs- HMeeT MecTo IpH Dy4HOH pe-

owifly
7

A=0

2pad A a
ij ? ) 040,001
o0
20¢ !
15r !
101
5 -
/4,
1 U Il 1 4 —t 1 J
] 2 3 4 6)6 0 20 090 &

Puc. 6.5. dasoBbie XapaKTepHCTHKH peryJjupye-
MOro Kackaja: @ —B peXHMe YCHJAEHHA CHI-
HaJoB 6OJIbLIOro YpOBHS; 6 — NpH BBeeHHH APY

ryJaupoBKe ycuieHHs. Ec/H XKe pery/JupyeMblil yCHAHTeNIb BXOZHUT B
coctaB cHcTreMbl APY, TO ero ycHjleHHe 3aBHCHT OT YPOBHSI BXOZHOTO
curHasa. COOTBETCTBEHHO 3aKOHOMEPHOCTH H3MeHeHHs (a30BOH Xa-
PAaKTepHCTHKH CJelyeT OLUEHHBATb B 3aBHCHMOCTH OT H3MeHeHHsS aMIl-
JINTYbl BXOZHOTO CHrHaja. JIis 3Toro uyro6bl MpEACTaBHTb TaKylo
3aBHCHMOCTb B aHaJHTHYeCKOH ¢opMe, HeOGXOAUMO CBSI3aTh H3MeHe-
HUSI TapaMeTPOB PEryJHPYeMOro Kackajia ¢ ypOBHEM BXOJHOrO CHrHa-
na. [Ipu 3TOM 06si3aTe/qbHBIM YCJOBHEM siBJsieTC 3afaHHe (opMbI
aMILUIUTYRHOM XapaKTepHCTHKH.

TalelO COBfi3b HETPYAHO fIOVIYYHTb, €CJH NIDHHATb BO BHHMaHHE H3BCCTHOE COOT-
HolteHHe

g = - e (6.13)
T Uy U d,_re/BUy :
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Torna Xaas HIeaAbHON H JHHeAHOM AaMMJIHTYAHOM XapaKTePHCTHK COOTBETCTBEHHO
HMeeM

a =a,Uy/U; (6.14)
Sn
K )
rie U-—HODMHDOBaHHAsh aMIJHMTYJAa BXONHOrO CHrHaja; Uy — HODMHDOBaHHas aM-
MJHTYAA BXOJHOTO CHNHAJa, COOTBETCTBYIOWIAaA Hayaay npouecca peryJHpoBaHus;
K —xosdbuuneHT ycuneHns Kackalla B HeperyaupyeMoMm pexuMe; Or — xo3ddu-
ILHEHT, OHPED.EJIHEMblﬂ JAONyCTHMBIM H3MeHeHHeM YDOBHs BBIXOXHOTO CHPHaJjMa NpH
peryJHpOBKe YCHJEHHS.

CooTmHOlWeHHsT 15l onpejesenuss napaMerpoB d W A HMEIOT aHaJOTHYHBIA BHI.

Ha puc. 6.56 npencraBneHa ¢a3oBass XapaKTepHCTHKa DeryJHpy-
eMOro Kackaja, BKJIoueHHoro B nersio APY, aas ciayuyasi HaeasbHOH
aMIJIHTYIHOH XapaKTepHCTHKH.

Pezyaupyemoili ycuruterv Ha ocrose Ougepenyuarvrozo Kacka-
Oa (puc. 6.6.). He ocraHaBiuBasicb Ha 0COOEHHOCTAIX yCHaHUTeJeH, O1-
Juyaomuxcs cnoco6aMH NOABeJeHHS YCHJIMBaeMOro W yipasJsiolle-

5
0

a=aH—U} l-——‘s—k-)-|-aH (6.15)
U K

£s

Uyp
P

-Em

9

Puc. 6.6. Cxemnl peryanpyembix nHddepeHUHaNbHBIX KacKaaoB

ro CHFHaJIOB, OTMETHM, 4TO pafoTa peryJjHpyeMoro Kackajfa OIHCbIBa-
eTcsi BhipaxceHHeM (5.43), B 'KOTOpOM HeOOXOAMMO MOJIOXKHTb Ix, =0.
dasoBasi XxapaKTepHCTHKa onpejensercs -H3 (5.59), rae nmpHHATO M=
=0, -

(a+dyv
a+ 1 + 0,25 (difxl +—;§Kl) ’

H B pexXHMe YCHJIEHHsI c1abblX CHTHa/OB COBNAajaeT C XapaKTepHCTH-
KOH OJHOTPAH3HCTOPHOrO peryjHpyeMoro kKackaja. B pexuMe «Ma-
JIOH» HeJIMHeHHOCTH OoJiee 3aMeTHO CKa3bIBaeTcst YPOBEHb YCHJHBae-’
Moro curHajsa. IlpH 3TOoM 3HayeHHe (a30BOro CJABHra MeHble, YeM
NpH ycHJNEeHHH caabwuix curHanoB. [Ipy GONbIIHX YPOBHSIX BXOHIHBIX
CHTHAJIOB YCHJIMTE/b NEepeXOAHUT B PeXHM aMILVIHTYAHOro orpaHuye-
HHS.

4'"l ”?

¢, = arctg



HenocratkoM paccmotpenHnx BapuaHTOB peryjJupyeMoro Kackaia -
SIBIACTCS CYUIECTBEHHOE H3MEHEHHE ero BXOZHOTO CONpOTHBJEHHS,
YTO NMPHBOAMT K 3HAYHTEJNBHOH pacCTpOHKe LenH MeXKacKaJHOH
cBa3n. Ha puc. 6.66 npencrasnena cxema Kackaga, cBOGOXHOTO OF
yKasanHoro Henocratka. Kak BuaHo, ycuinBaeMulii cHran mocryna-
eT Ha Gasy Tpansucropa Ts. ITocTosiHCTBO ero peXHMa IO IOCTOSIH-
HOMY TOKY 00yCJIOBJIHBaeT CTaGHJIBLHOCTD BXOAHOIO CONpPOTHBJIEHHS, a
Ha/IMYHE B LenH SMHITEpPa pe3ucTopa R; NO3BOJAET NMPAaKTHYECKH HC-
KJIOYHTb BJIHSHHE yPOBHSI BXOAHOTO CHTHajJa Ha BXOAHYIO LieMb.

Bripaxenne aas ¢asopoil XapaKTepHCTHKH DeryJIHpyeMoro ycH-
JIHTEJIST MOXeT GBITh NOJydyeHO M3 pewenus (5.43), B KOTOpOM cliefy-
€T No0XHTb U=0, a HOPMHPOBAHHHI TOK ix, 3aMHCATh B COOTBETCT-
BHH ¢ (5.53). Torza ¢asa BEX0OZHOro ToKa

@ = gy —arctg atdy (6.16)
a+ 140,25 ("ijy + Ty)

‘TAe @3 — (d3a NepBOi rapMOHHKH TOKa I3, KOTOpasi NMPH AOCTAaTOYHO
tay6okol o6paTHO# CBsA3H (pesncTop R;) He 3aBHCHT OT YPOBHS YCH-
JIHBaeMoro curHaja. Bripaxenue (6.16) mosBossier paccuurats (paso-
BYI0O XapaKTepHCTHKy peryanpyemoro K B pexume «Masoil» HesH-
HeAHOCTH, 3a/llaBasicb H3MeHeHHeM napaMeTpa a. IIpu pgocratouHo
6oJib1IOlT Tiy6HHE DeryJHpOBKH YCHJIEHHSI DEXHM «MaJioi» HeJHHeM-
HOCTH MOXeT HapyumHThesl, T. e. 1>1. Ilpu stom (6.16) mnepecraer
OHITb CNpaBel/IMBbIM, H IJIsl ONpejesieHHs 3aKOHOMEPHOCTed H3MeHe-
HHS (pa30BOH XapaKTEPHCTHKH CJeAyeT HCIOJb30BaTb NPHGJHIKEHHBIH
METOJ, OITHCAHHbIH BHILIE.

Has Toro uTo6H BOCMOAB30BATHCS 3THM METOAOM, HEOGXOAMMO AHAJHTHUECKH
OTIpeNe/UTh CHIHAJ Ha Tepexole 6a3a—aMHTTep:

Upxa = fgxs €' ¥ Zy 5 =Usxae' ™, 6.17)

rae Z»xT — CONMPOTHBJEHHE Harpy3kH Ts, KOTOpPOe OGYCJOBJEHO COBMECTHHM JeficT-
BueM TpauauctopoB Ty W T3, BK/IIOUEHHHIX IO OTHOLUIEHHIO K YCHIHBAeMOMY CHMHAJTY
no cxeme ¢ OB. [Ipu 3TOM HODMHPOBaHHOE BXOLHOE COMPOTHBJCHHE

— B e e T av

Z, o5 = V@t )it (@v)y exp(iarctg a+1>‘ (6.18)
ITockoabKy B mpouecce PeryJHPOBKH YCHJAEHHS ONMH M3 TPaH3HCTOPOB 3amHpaeTcs,
a Apyroii OTmHpaercs, TO Harpyska Ha tpausuctop T's B o6lieM cayuae Gydaer me-
peMenHoA. OHAKO, €CJH MoJIaraTs NMPONOPLHOHAJBHHIM H3MeHeHHe mapaMeTpoB TPaH-
SACTOPOB B 3aBHCHMOCTH OT TOKA KOJJIEKTODA, TO MOXHO CUHTaTh 3HayeHHe Zpy =
TOCTOSIHHBIM H (PaBHBIM

Z, 5=V @ 1P I (an v)® exp (i arctg a‘:"_i‘_’ l) . 6.19)

Torma ammiutyna 4 (a3a HanpsXKEeHHS ipx2
Usxs=l1s V @+ DF+ (@, V)%

ayv
Q= Qg -+ arctg ;—a'jl_—'l—.

(6.20)
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®a3a BHXOAHOTO CHTHaJla CKJaJbBaeTcsi H3 (a30BOro CABHra YCHJH-
BaeMOro CHTHaJa o H (a30BOro CABHra, BHOCHMOTO TpPaH3HCTOPOM
T, u onpepensieMoro u3 (6.10). Torna

ayv (a+d)v
¢ =@, t+arctg—2— +J-arctg ————=——, 6.21)
ay+1 1+F (Unxz)

M3 npuBeleHHOrO BHIpaXKeHHS CJeAyeT, YTo ¢a3oBast HecTaGHJIb-
HOCTb YCHJHTENA 06YCJIOBJIeHa B OCHOBHOM H3MCHEHHEM HHEpIHOH-
HHIX CBOHCTB TOJIbBKO TPaH3HCTOpPa T2 H ONMHCBIBACTCA TPETBHM CJarae-
MbeIM. OHO Xe onpeaeasieT H ('.lJaBOBYIO XapaKTepHCTHKY OIHOTpPAaH3HC-
TOPHOTO peryJHpyeMoro Kackaia. DTO CBHAETEJbCTBYeT 00 HAEHTHY-
HOCTH TpHpPOAn (a30BOH HecTaGHABHOCTH OOOHX peryJHpyeMHIX Kac-
KaJoB. i

Kackader na noasesvix Tpan3ucropax u IAEKTPOHHOIX AAMNAX.
Bausuaue HHEPUHOHHBIX CBOHCTB NOJIEBHIX TPAH3HCTOPOB H 3JIEKTPOH-
HBIX JaMI ue.necooépasﬂo OLlEHHBAaTb OJHOBPEMEHHO, TaK KakK 3TH
THIb AD BO MHOIHX OTHOLIEHHAX TIOXOGHH! APYT APYTY.

Tax, HanpHMep, OHH ONHCHIBAIOTCA OJHHAKOBHMH SKBHBAJEHTHHIMH CXeMaMH, Npo-
BOJAHMOCTb NPAMOH nlepefayH NOJIEBHIX TPAH3HCTOPOB M JaMil HMeEIOT OLMH 10pf-
JOK H CXOXHM O6pa3oM 3aBHCAT OT HaNpPsSIKEHHS Ha YUpaBJAsiolleM 3JeKTpone,
BEJNHYHHB MEXIJEKTPOLHHX eMKOCTel <y 06oMXx THnoB AD GJH3KH 1O CBOEMY
3HaYeHHIO, OHH OOJAfalOT BHICOKMMH BXOAHBIMH conpoTuBJeHHAMH. [lojeBne TpaH-
3HCTOPH H JaMnhl Ge3 CYWECTBEeHHHX HCKaXKeHHA M03BOJIAIOT YCHIMBATh CHCHAJH
3HayHTeJbHO GOJblel aMIJHTYAH MO CPaBHEHHI0 ¢ OGHMNOJAPHHMH TPaH3HCTOPA-
my. CkasaHHOe IO3BOJIIET PACIPOCTPAHHTb Pe3yJbTaTH aHaJu3a JJs OLHOTO THOA
A3 (Hanpumep, s JaMlIL) Ha pacueT peryJHpPyeMHX KacKallOB H Ha IOJIEBHX
TpaH3ucTopax. OAHAaRO KacKagW ¢ PeXHMHOA DeryJHPOBKOA Ha TNOJIEBHX TpaH-
3HCTOPaX HCHOJL3YIOTCA peako. [lojieBHe TPaH3WCTOPH HaluLTH HauGoJbluee NpH-
MeHeHHe B KayecTBe YNPaBJsgeMHX 3JeMEHTOB aTTEHIOaTOPOB. DTO CBA3aHO C BO3-
MOXHOCTBIO @IPOCTONO SJIEKTPOHHOTO YMNpaBJeHHs COMPOTHBJIGHHEM KaHaja woJe-
BOTO TPaH3HCTOpPa B GOJIBIUHX Npejesax NpPH He3HauHTeJbHOA 3aTpaTe 3Hepruu no
ueny ynpaejeHHs. KpoMe Toro, HCmo/b30BaHHE NOJISBOTO TPAH3MCTOPAa B KayecTse
YNpaBJsSeMOro 3JeMeHTa TO3BOJAET TMOJYYHTb Pa3JHYHHE BHAW  3aBUCHMOCTH
R(Uynp), a TakKe obeclieuHBaeT Pas3BA3Ky CHNHAJbHOM H yNpaBJsiomeR Uemnef,

ITpn pabore Ha BHICOKHX YacToTax, Korja BpeMsl NpOJIeTa 3JeKT-
POHOB T MeXJAy 3JeKTpoAaMH AD OAHOro mopsijika C NEPHOAOM YCH-
JuBaeMoro koneGaHus T=1/f, pexxHMHas peryJIHpOBKa NPHBOJAMUT K
nossienuio AQK. IIpuunHoii 3TOrO ABASIETCH HHEPLUHOHHOCTb A3, KO-
Topas o0yCJIOBIHBaeT He TOJbKO HaJHYHe NONOJHUTENbHBIX BXOAHBIX
NIPUBOJHMOCTE, HO H KOMILJIEKCHOCTb NPOBOAHMOCTH NpSIMOi Nepena-
4d. APryMeHT KPYTH3HH ONpeJesisieT OTCTaBaHHe aHOXHOTO TOKa OT
CEeTOYHOro HanpsiKeHHs.

Ilas TpHOAa CO CTATHYECKUM yNpaBjeHHEM 3JEKTPHYECKHM TOKOM
BpeMs MpoJieTa, ¢, 3JeKTPOHOB onpexessercss Kak [90]

0,196 |93 /—F °
TR =10 Ve, (6.22)
Tle f—vyacToTa ycHamBaemoro koneGamus, I'Tu; dcx— paccrosHHe
MeX1y CeTKOH H KaTogoM, MKM; Jo— TJIOTHOCTb TOKAa, 3aBHCAILAS
OT pexXHMa paboTHl N0 MOCTOSIHHOMY TOKY, A/cM2,

Bxonnasi nomosnHuTenbHas MPOBOAMMOCTb MOXeT GHITh NPEACTaB-
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JIeHa B BHJE€ mnapaJ/ijieJibHO COCIHHEHHBIX AaKTHBHOIO BXOJLHOI'O COIPO-
THBJIEHHSI H BXOJHOH €MKOCTH:

RBx T= 20/30 (.!.)2 T2, (623)
Coxt=2S,T0/3, (6.24)

rie So— craTHYecKast KDYTH3HA JIaMIIbl.

OGycnioBeHHble KOHEYHBIM BpEeMeHeM NpoJieTa 3JIEKTDOHOB H3Me-
HeHHsl apryMeHTa KDYTH3HbI, aKTHBHOH H peaKTHBHOH COCTaBJISIOLIHX
BXOJIHOH NMpPOBOJHMOCTH 3aBHCAIT OT pexHMa paboThl AD, T. e. OoT yn-
paBsasiollero HanpsiKeHHs1 Uynp. CoiefoBaTe/IbHO, B OTHOCHTEJbHO BBI-
COKOYACTOTHBIX YCHJIHTENAX peXHMHas peryJHpoBKa YCHJEHHSl coIl-
NPOBOXKJA4eTcs BO3HHKHOBEHHEM  JONOJHHTEJBHOH  cocTaBJsioLLell
ADK.

[TapameTpnl 3JeKTPOHHOH JaMMbl, 00yCJOBJEHHblE HHEPLHOHHOC-
ThiO, H XapaKTep HX 3aBHCHMOCTH OT pexXHMa paboThbl MO NMOCTOSIHHO-
MYy TOKY ONpele/IIIOTCA KOHCTPYKTHBHBLIM HcroJiHeHHeM npH6opa. [Tpu
HaJIMYHA STHX 3aBHCHMOCTeHl OmpejesieHHe COOTBETCTBYIOLIEH COCTaB-
naomeit AQPK B aHana3oHe peryJHpOBKH YCHJIEHHS MOXeT ObITb Mpo-
BEEHO C HCIOJIb30BaHHEM MNOJIYYeHHBIX Bbillle COOTHOLIEHHH.

6.3. Bainanue paccTpoiiku memeil MesKKaCKaJHOH CBA3ZH
H IPAMOro npoxoXkaeHus Ha (a3oBYI0 CTAa0GHILHOCTh

Paccrpoiika yened mexkackadnoti cesasu. Koadduuuent nepena-
YH UeNH MeXKacKaJHOH CBSI3H MOXeT GbiTh NMpeJCTaBJeH Kak

K="atib (6.25)
Ay +iB,
IpH 3TOM (a30BbIH CABHT
A, B,— A B,
A A+ B, By’

rae A, A;, B),, By—BelllecTBeHHble MHOMOWIEHH!, SIBJSIOUHECT (PYHK-
UHSIMH apaMeTpPOB LeNH MeXKacKaaHol cBsisu X, Xo, ..., Xp. 3aBHcH-
MOCTb HecTaOHJIbHOCTH ()a30BOro CJIABHra B LENSX MeXKackKaaHod
CBSI3H OT AKTHBHBIX H DEaKTHBHBIX NMpoBoAHMocTell AD MoxeT ObiTh
omnpenesieHa passnoxenueM (6.26) B pan Teisopa. Ilpu stoM pasi Mu-
HuMu3auHH A®K napamerpsl ueneii MexKackalHOH CBSI3H H K0O3(hdu-
LHEHTHl BKJIOUYEHHS] B HHX BXOJZa H Bhixofa AD BuiGupaloTcs ompeje-
JeHHbIM oOpasoM. M3ameHenusi mpoBoauMocteit AD B mpouecce paGo-
Thl, OYyAyUH NepecyHTaHbl B KOHTYP, HOJIKHBI GBITb HEBEJMKH OTHOCH-
TEJbHO COOTBETCTBYIOIIHX CYMMAapHBIX NPOBOAHMOCTEH 3SKBHBAJIEHT-
HOFO KOHTypa. DTO MO3BOJISIET OrPaHHYHTbCA WieHaMH psga Tedsopa,
colepKallMMH AX; B epBOH CTeMeHH, T. €.

¢ = —arctg (6.26)

B A B
Alaz_Bza1 BI‘M“~A20‘
Apa 9 X; X, 9 X; X, AX,. (6.27)
Al + B3 A3+ B}
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Bripaxenune (6.27) uMeer o6Liuii XapakTep H NO3TOMY IpHMEHH-
MO JAJf aHaJHTHYECKOro HcciaeNoBaHUA (a30BoH HecTaGHIBHOCTH
BCE€X Pa3HOBHIHOCTEH Liernedl MeXKacKaJHOH CBS3H IPH pa3HYHBIX
tunax AD. Ha ocHoBe 3TOro Meroja mosydyeHHl CJelyIOLIHE COOTHO-

weHnnsA. Ecan B KauectBe AD ucnosb3yercs GHNOJSIPHBIA TpaH3HCTOP,
TO

QACH/C, s —EAgu/gy,
Ag/ge s+ EQACH/C,. 3—{-1-]—‘2 !

rae gxo=gx+gu-+m? g1 — KBHBaJEHTHAsl MPOBOAHMOCTb KOHTYpa B
HOMHHaJbHOM pex<HMe; Cyo=Cx+m? (Cy;+ Cwyonr) —IKBHBAJIEHTHAS
€MKOCTb KOHTypa B HOMHHaJbHOM peXHMe; gx, Cx— nmapaMerpnl
KOHTYypa; g1, Cyy—napaMerphl AD; m; — K03(QHUHEHT BKJIOUEHHS.
Bripaxkenne (6.28) MoOHO HCmoJb30BaTh A/ HaXoXAeHHs (a3o-
BOrO CABHIa, BbI3BIBAEMOrO PacCTPOHKOH BBIXOJHOTO KOHTYpa, ecsH
COOTBETCTBYIOIIHM 06pa3oM H3MEeHHTb HHIEKCH Yy g1, C;y H my.
Jns peryaupyeMoro Kackaja Ha NOJIeBHIX TPAH3HCTOpPax MJH Ha
9JIEeKTPOHHBIX JlaMnax ¢a30BbIH cABUT onpenensercs [6, 25]:
A/ OXHHOYHOIO KOHTYpa

m>AC
A(Pnux BX. u—F (E)_l‘—ai

A @oux.sx.u = arctg (6.28)

2
myAg
2 B8 Zenix
Qo A @oux.pux.u =—F(§) . ; 6.29)
k.5
AJS CHCTEeMbl BBICOKOZOOPOTHHIX CBS3aHHBIX KOHTYPOB (HAEHTHYHBIX)
NpH CbeMe CHTHaJja cO BTOPOTO KOHTypa

AC
A(Paux BX.I{ — *F (TI, E)Qo C = >
(6.30)
m} A gpy
A(Paux.aux.u:' F4 (Tlv g)_2_g_il 5

AJisi CHCTEeMbl BblCOKOlIOép'OTHbIX KOHTYpOB INpH CBbeMe CHrHaszma C
nNepBOro KOHTypa

- 3 A Cox
A @oux.sx.u = —[F3(n, & +F; (§)1Q, '—n-l-c— :
(6.31)
mgA 8puix

A Porix. pbix.y = F4 (ﬂy E) 2,

3nech n — HaKTOp CBS3H.

B Bripaxenusx (6.29) — (6.31) B kavyectBe KO03((PHIHEHTOB BJIHSA-
HHs ucnoabsylotes  QyHkuun  Fi(§) =1/(148); F2(§) =&/ (148)*%
- 148+ . __ E(a4E—m) .
Fatn = e (O S e ey e PR
KH KOTOPBIX IIpHBeAEHbl Ha pHc. 6.7; cJefyeT YYHTHIBaTb, YTO HYHKIHH

Fs (8), Fy (1, &) ABASIOTCSA HEYETHBIMH.
Taxkum 06pa30M IJisi OleHKH (a30BOH HecTaGHIbHOCTH, 00yCJOB-
JIEHHOH pacCTPOMKON Lemell MeXKacKaJHOH CBfI3H, HeOOXOAMMO 3Ha-
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HHe 3aKOHOMepHOCTeHl H3MeHeHHs mapaMeTpoB AD B AHaNa30He ypoa-
Heil yNpaBJsIOLIEro CHTHaJMNa.

JIuHaMHUeCKHE €MKOCTH SJEKTPOHHHX JIaMNl ONpeleAsloOTCs KaK DasHOCTH eM-
KOCTeH, CYLIECTBYIOIIHX MeXJAY Pa3IHYHLIMH 3JIKTPOXaMH B paGoueM (ropsuem)
COCTOSIHHH, H COOTBETCTBYIOIUMX CTaTHUECKHX
10 €MKOcTef, H3MEDeHHHX NPH OTCYTCTBHH IHTa-
IOIIHX HaNpsiXKeHH# Ha 3jaekTposax. Orobpa-
3HTb XapaKkTep 3aBHCHMOCTH JHHAMHYECKHX
a5+ €MKOCTeHl OT peXkHMa PaGOTH NO NOCTOSIHHO-
i MYy TOKY C JOCTaTOYHOH TOYHOCTbIO B aHaJH-
a6 THYeCKOA ¢opmMe He NpeACTaBAAETCH  BO3-
MOXHHM. Kak npasuio, onu omnpegensiorcs
73 IMIHPHYECKHM NyTeM IS KOHKPETHOro THNa

ot JIaMIIH.
Il npHeMO-yCHIMTEJbHHX JaMI ¢ 06HY-
; HHIMH (HaBHTHIMH) NEDBHMH CEeTKAMH H JIaMIl
CTepXKHEBOA KOHCTPYKIHH 3aBHCHMOCTH MeX-
Ay KPYTH3HOA aHOJHO-CETOYHOA 'XapaKTepH-
1 1 ! 1 &, CTHKM H INHAMHYECKHMH EMKOCTAMH GJIHSKH
0 G4 08 12 16 18 20 x nuHefinbim. CllefOBaTeNbHO, 3aBHCHMOCTB
a) NWHAMHYECKOA eMKOCTH ceTka — KaToA Ce.x.x

F(2,8)

T

87

==k
o A
w1V

(28 ; g
T

2=0 0 /

0,2 0/

' 2
[/ 0 ;,//
~

r
Liff —

Qll "2’ -~

Puc. 6.7. TpadHkH 3aBHCHMOCTH KO3((HIHEHTOB BJHAHHA OT 06OGIIEHHON
paccTpofiku

OT HanpsiKeHHS CMEILEHHs Ha yNpaBJsiowel CeTke MOXeT GHTh 3anmHcaHa uyepe3 Kpy-
TH3HY S B BHIe .
Coxn=bcx.cr S (6.32)

C.K.A&
e Ce.x.cr — CTaTHUECKAs EMKOCTb CeTKa—KaTol; b — koadwpHlHeNT npomOpILHO-
HaJbHOCTH, B/MA, ompefensieMHii ¢ AOCTaTOYHOM IJSi MPaKTHKH TOYHOCTbIO KaK {24]

b=0,25/8,; (6.33)

So —KpyTH3Ha aHONHO-CETOMHOA XapPaKTePHCTHKH B TIAaCIOPTHOM DeXHMe.

BHaueHHe AMHAMHYEOKOR eMKOCTH CeTKa—aHOl Cc.a.x M €e H3IMEHeHHe Yy JaMm
C HaBHTOR mTepBOA CEeTKOM He3HauHTeJbHHL I[losToMy mpH ompenenennH ¢asoBof
HeCTaBHABHOCTH KAacKajoOB B MNpOllecce PEXHMHON DeryJHDOBKH YCHJEHHs H3MeHe-
Hue Cec.a.x MOXHO He Y4HTHBATb. ¥ JIAMII CTepXKHEBOH KOHCTPYKUMH B TPHOLHOM
BKJOueHHH BednguHa Co.a.n H e H3MeHOeHHe B 3aBHCHMOCTH OT HampSXKeHHS CMe-
IleHHs 3HaYHTEeJbHH H COM3MePUMH € Ce.xn [23]. ¥V medronoB senmunta Ce.a.p
H3-3a HAJHYHA 3KPAHHPYIOIIHX CeTOK HEBHAWHTENbHAa, H €e BJHsAHHE, a TakXKe BJHsA-
HHe IHHAaMHYeCKOH eMKOCTH aHOJ — KaTOoJ Ca k.n MOXHO He YYHTHIBATb.

BxomHas eMKoCTb Cpx JiaMOHl TIpeACTaBiAseT COOOA CyMMy CTAaTHYECKOH # M-
HaMHUECKON eMKOCTeR:

Cox= ax.c'r+Cc.x.A' (6.34)
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EMkoctb Crx.cr C YYETOM BJHAHHS CHNHANA, IPOHHKAIOULETO M3 BHXORHOA LemH
KacKala 80 BXOLHYIO yepe3 eMKOCTb Cec.a, TNPH HacTPOfiKe 4aCTOTHOH3GHpPATeNbHOR
HaTPy3KH B De30HAHC ONpelejsieTcs BHpPaXKeHHeM

Cax.cr= c.x+Cc.a(]+K)- (6.35)

rie K —xoa(dHUHEeHT yCHIeHHS KacKana.

Hsmenenne eMKoCTH Csx.cr B NpoOUeECCe PeXHMHOR PEryJHPOBKH Ompeleasercs
mPH HCTOJAb30BaHHH (6.35) Kak pasHOCTb 3HaueHHA Cpx.cr WIPH HOMHHaJIBHOM (MaK-
CHMa/IbHOM) H MHHHMAJbHOM KOS(OHUHEHTAX YCHICHHS:

ACm&.c-r= Cc.aAK' (6.36)

rie AK — nHanasoH peryJaHpoBKH ycHJeHHsS, paBHHA Kwaxc—Kums. B COOTBETCTBHH
¢ (6.32) namenenne eMKOCTH Cec.x.x OmpeldeNseTcss Kaxk pasHocTs BeduudH Coe.x.x
TIDH MPaHHYHBIX 3HAYEHHAX KOSMHLUHEHT2 yCHNEHHA:

Cexn= —"bCe x.cx BK/Rs. (6.37)
CyMMapHOe H3MeHeHHe BXOLHOM €MKOCTH JaMTh

C.K.CT

bC
ACBI=(Cc,a— T)AK. (6.38)

HaveHeHiHe BXOMHOM €MKOCTH IIOJEBOIG TPaH3HCTODPA ofipelesieTcss aHAJOTHY-
HboiM o6pa3om. Ha puc. 6.8 mpHBeoeHH 3aBHCHMOCTH eMKOCTH 3aTBOP—HCTOK Cs.u

NOJIeBHX TPAH3HCTOPOB OT HaNMpSAXKEHHS Ha 3aTBOpe 1® €C
NpH KOPOTKOM 3aMHKaHHH LenH cToka. Kak BHaHO, 1 v
emxoctb Cayx nNOMEBHX TpaHusucropos ¢ M- 16
CTPYKTYPOH ca60 3aBHCHT OT HANpSIKEHHs Ha 3aT-
Bope. JI/N NMONEBHX TPaH3HCTOPOB C pP-M-NMEPEXOAOM
3Ta 3aBHCHMOCTb anmPOKCHMHDYeTCS BHDaXKeHH- 17
em [95]
Cs.u= 3.n.0_[(ca.u.0'—cs.u.n) Us/UO]- (6.39) 8
Toraa u3meHeHHe BXOAHOM EMKOCTH B NpoOLeCCe pe-
TYJAHPOBKH YCHJEHHS COCTaBHT:
ajs moneBoro TpaHsHcropa ¢ MIII-crpykrypoit . 4l
A CBK = CS.cAKy (6.40) ———— 3
L] TOJIEBOrO TPAH3HCTOpPAa C p-n-NepexoaoM o L ,UL
ACBX:(Cs.u.o_Cs.u.n)U3/U0+Cs.cAK° (6.41) 453 2 -1 0 1 2)38
B HavanbHuB MoMeHT peryanpoBanus Us=0. Puc. 6.8. 3aBHCHMOCTb eM-
HaMeHeHHe BHIXOAHOA NPOBOAMMOCTH B mNpO- KOCTH 3aTBOP — HCTOK moJe-
1ecce peryJHpOBAHHA BHIX TPaH3HCTOPOB OT HamMps-
e:
A Gasx = Ee .0 Us/ Vo (6.42) JKEHHSl Ha 3aTBOD

I— KI1103; 2 — KIT201; 3 — KI1305

[Mpy HCTIONBL3OBAHHH B KauecTBe AD peryJHpyeMoro Xackajia GHIOJIsPHOIO
TPaH3HCTOPAa H3MEHEHHS 3KBHBAJEHTHHX TPOBONHMOCTH H @MKOCTH LeNH Mexkac-
KaJlHOH CBA3H OMPedesIOTCs CJeAYIOUHM OGpasoM:
AN BXOLHOM iCTH

A =m?(p—1 ;
&ax ;(P )&u (6.43)
ACgy=mj(p—1) Cui;

IS BBIXORHOM LemH
Agmix=m§(l7'— l)gn;} (6.44)
ACpux = m§ (p — 1) Cys,
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rae p=Ix/lxo — kKoapPHUHEHT, XapaKTepH3YIOUIHA H3MeHeHHe KOJJIEKTOPHOIO TOKa
3 npolecce PeryaHPOBKH.

Tlpn BuiBome (6.43) ¥ (6.44) npeamosaranach JHHeHHas 3aBHCHMOCTb @iapa-
MeTPOB TPAH3HCTOPA OT TOKA KOJJIEKTOpaA.

ITonyueHHBle BBIpaXKeHHsI MO3BOJSIIOT PacCYHTaTh (pa3oBble CABHIH,
o6ycJoBleHHbEIE PacCTPOAKOH lemell MeXXKacKaiaHo#h cBsisH. Tak, B
KacKkale Ha OHNOJAPHOM TpaH3HCTOpe C OJHHOYHBIMH Pe30HaHCHBIMH
KOHTypaMu ¢pa3oBasi HecTaOHJIBHOCTb B Npollecce peryJHpPOBaHHS CO-
craBut (npu p—-0):

Ha pe30HaHCHOH yacrore §y=

Qo Cni/C,
A Qoux.ox u = arct %2 6.45
QPprix.Bx. 1 g S11/8n s ¥ ]/milr ( )
Ha rPaHHYHBIX YaCTOTaX MOJIOCH MPONycKaHHs §= =+ 1
Cn/Cy 5+ gu/
A Qo ox . — arctg — s T E0/8es (6.46)

&1/8¢ 5+ QCn/Cy 5+ 2/”1?

Bausnue npamoeo npoxoxdenus. Ilpn 60/bLIOM ypOBHE BXOJLHOTO
CHTHaJsa, Koria A3 G/MH30K K 3anHpaHHIO, Ha (a3y BBIXOAHOrO CHTHa-
Jla HauyHHaeT BJHATb 3(¢deKT npsaMoro npoxoxieHusi. as oUeHKH
noc/JefHero nepBasi rapMOHHKA BBHIXOJAHOTO TOKa [suy OMpenensieTcs
Kak

i —ie i9
lpax=1,e" %Iy ne "=

ll?l.l'l I"~" f @y
=L/ 1+ r + 27 cos(@nat ) e Y, (6.47)

rue

(In.n/l)') sin @y p — sin gy ® 48)
(ln.n/ly) COSan'n—I-cosq)y ' .

Iy, oy — amnuutylla H (a3a cocraBJsiollell BHXOAHOro ToKa, obyc-
JIOBJIeHHOH 3¢ dekToM ycHMeHHus; Inn, Qunm— aMIUIHTYRa H ¢asa coc-
TaBJSIOIEH BBHIXOAHOrO TOKa, o0ycjoBieHHOH 3¢pdekToM npsiMoro
NPOXOXKIAEHHS.

TakuM o6pasoM, apdexT NpsAMOro NMpoXoxkKAeHUsT co3AaeT AONOJHH-
TeJbHYI0 (a30BYI0 HecTaGHIbHOCTD:

( In‘n/]y) sing, , —singy
( In.n/IY) COS Py + cos py

Tak kakK BeJHUHHA AQpuxnn B OCHOBHOM OmNpejensieTcsi OTHOIIEHHEM
Inn/ly, To BAHsiHHe 3ddekTa NPSIMOro NpoxoxKAeHHs Ha (Pa3oBylo cTa-
GHJIBHOCTb TpOsiBAsieTcss NPH GOJbIIHX YPOBHSIX BXOAHOIO CHTHaJja 4
MaJoM Ko3¢h¢HLHeHTe yCHJIeHHSt KacKala. Bcuenacrue sroro Heo6Xxo-
IHMO YMeHbIIeHHe LOMYCTHMOro AHana3oHa aMILIHTYJ BXOJHOTO CHT-
HaJa M rayGHHBL PeryJHpPOBKH YCHJCHHS.

KosnyecTBeHHasi OlleHKa BEMHYHHBI AQsrxamn MOXET ObITb NPOH3-
BelieHa 1/ KOHKPETHBIX CXeMHbIX peasu3auuii. C aTofi uesablo pac-
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CMOTPHM Kackaj, cxeMa KoToporo Hu3obpaxkeHa Ha puc. 6.1. 3gech
3/IEMEHTOM TNepelayHd CHTHaJjda CO BXOJAAa Ha BHIXOJ KacKajda SBJSETCH
NpOBOAHMOCTb Y3, OOYC/NOBJIEHHAsl €MKOCTbIO KOJIJIeKTOp — 6a3a
Cxes. Tornma

In.n:Unx(’)CK.G/Vl + (@ Ck.6 Re)?, (6.50)
Gnn=—-—arctg® Ceg Re, 6.51)

rie R — pe3oHaHCHOE CONPOTHBJECHHE KOHTYpa.
Ecnu HaloXHTh OrpaHHYeHHe HAa MaKCHMAJbHYIO 4aCTOTYy BXOAHO-
ro curnana, T. e. ®CxoRe <1, TO

Cy 6/821 — sin gy
Ccos (Py

M3 (6.52) BuaHO, 4TO B HayaJsie PeryJHPOBKH (3HayeHHe g2, BEJHKO)
A@puxan>0. [To Mepe yMenbuienuss kosdduuneHTa ycHJIeHHS 3Hade-
HHE AQsuxmn YBEJHUHBAeTCsl, IOCKOJIbKY go; H @y YMeHbLIAIOTCH,
cTpeMsch B npejesie K 3HaYeHHIO

A Pobix. . m.maxe = arctg ((0 CK.G/g21 MHH)' (653)

Taxum obpasoM, ¢as3oBas HecrabuibHOCTb, 0OycaoBIeHHas 3(-
(beKTOM NPAMOro NpPOXOXKAEHHS, ONpele/sieTcsl YacTOTOH CHrHajaa, MH-
HHMaJbHbIM 3HauyeHHeM NPOBOJHUMOCTH NpPSAMOH Nepegayd HJH TIJy-
6HHOIl peryJHPOBKH H eMKOCTbIO KOJJ1eKkTop — 6asa.

A Gouenn—arctg + . (6.52)

6.4. IIy™ ymensmenna APK B ycnanrenax
C PEe’KHMMHOM PEryJIHMPOBKOH yCHJIECHHSA

M3 npenuiecTByIollero H3/M0XeHHS CJELYeT, YTO YCHJIHTENSM C pe-
>KHMHOH pEeryJHpOBKOH YCHJIeHHMSl NpPHHUMIHAJbHO NpHCylla ¢asoBas
HecTaOH/IbHOCTb, NMOCKOJNBKY C H3MeHeHHeM peXHMa paboTsl Mo moc-
TOSIHHOMY TOKY MEHSIIOTCSl HHepLHOHHBIe XapaKTepHCTHKH AD. B cas-
34 ¢ 3THM IpefcTaB/sieT HHTepeC pacCMOTpeHHe crnoco6OB yMeHblle-
dusl ¢a3oBoil HecTaOHJABHOCTH B [Hama3oHe peryJupoBkH. [Ipexne
BCEro — 3T0 NpaBHJAbHBLIA BeIOOp AD, HCNONB3yeMOro B peryjupyeMoM
xackafie. Kak orMeyanocs B § 6.2, BeqinunHa BHOcHMOro ¢a3oBoro
CABHIa CYILeCTBEHHO 3aBHCHT OT HayasbHOH (pa3wl BHIXOLHOTrO Koseba-
Hus. [Tostomy BeiGupasi AD ¢ rpaHHuYHOH YacTOTOH, 3HAYHTENBHO Tpe-
BHILIAIOIEH YacTOThl YCHJIHBAeMbIX CHTHA/JOB, MOXHO YMEHbIUHTh
BIHAHHE WHEPUHOHHBIX CBOHCTB AD Ha XapaKTepHCTHKH Kackajaa, B
4acCTHOCTH, MOBBICHTb ero ¢asoBylo cTabuibHOCTL. B ycuautensx c
HeOosbuo# TJyOHHON peryJHpoOBKH YycHJeHHs (He Gosnee 20—25 nb)
(azoBass HecTaOHJIBHOCTb YMEHbIUAETCS NMyTeM BBEeJEHHS MeCTHOM mo-
JIOKHTENbHOH 06paTHOH CBA3H (CM. IVl. 5).

OnHuM H3 3¢ }eKTHBHBIX COCO00B yMeHbLIeHHs1 ¢a30BOM HecTa-
OHILHOCTH peryJHpyeMbiX KacKafoB SIBISieTCS BBelleHHe B TpPakKT
NPOXOXKAEHHS CHrHasla (as3pKOppeKTHPYIOLLero 3BeHa, HaXoAsllerocs
NoJ BO3JeficTBHEM CHTHasla, YNPaBJsIOLEro YCHIeHHEeM OCHOBHBIX
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KackanoB. OnHako 3BEHO NOJKHO GHITH NMOCTPOEHO TaKHM o0OpasoM,
yTOOH H3MEHEHHsl cO3JaBaeMoro HM ¢a3oBoro cABHra OHJIH MPOTHBO-
NOJNIOXKHH H3MeHeHHAM (a30BOro CABHra peryJHpyeMhX KacCKaloB,
T. €. NOJMKHa obecneyHBaTbCs KOMIeHcallusl HX (a3oBOH HecTaGHJb-
HOCTH.

B perynupyeMunx ycuautensix ¢ GosiblIOfi TJIYyOHHOM PperysHPOBKH MOXKET IpH-
MEHSTLCS CHCTeMa aBTOMaTHYeCKOH NOACTPOAKH (a3Hl.

TIpH TOCTPOGHHH MHOTOKAaHAJBHHIX PEryJHPYeMbIX YCHJHTeJNell OJHHM H3 BaX-
HeHIIHX TpeGOBaHHA sBJAseTCA HIeH-
THYHOCTb XapaKTEPHCTHK  OTAeJbHBX
KaHaJoB. [li5 CHHXDOHHOTO H3MeHe-
HHSl YaCTOTHHIX H ()a30BHX XapaKTepH-
CTHK HCIOJIb3yeTCs ToOC/IefoBaTelbHOe
BKJIIOYEHHe DeryJHpyeMbhiX KackajoB
no mocrosHHoMy Toky [22]. Ha puc.
6.9 npuBeneHa cXeMa IBYXKaHaJbHOrO
YCHIHTENS C PeryJiHpOBKOM YCHJEHHS,
KOTOpasi OCYILEeCTBJAETCH H3MEeHEeHHeM
TOKa, MNPOTEKAIOlIero Moc/ef0BaTebHO
yepe3 TpaHsHcTopH T} u T, YmpaBas-
Iolllee HampsKeHHe MNojaercs Ha G6asy
Ts, kotopuit cosmecto ¢ Ty u T, 06-
pasyer aHGGdepeHUHAJIbHYIO CTPYKTY-
py. HauGosbinass HAEHTHYHOCTb Xapak-
TEPHCTHK KAaHAa/JOB JOCTHTaeTCs IpH
HCNONb30BAHHH B KauecTBe AD TpaH-
3HCTOPHBIX MaTpHIIL.

Brire mokasaHo, 4to B pery--

£, JHPYeMbIX Kackajlax ¢a3oBasd
HeCcTaOHJIbHOCTD B 3HAUYHTE/b-
Ump HOI Mepe CBfI3aHa C paccTpoii-
KOH Lienefi MeXKacKalHoii cBf-

Puc. 6.9. IpununnnanbHas cXeMa ABYXKa- 3u.  Tonyuennne Bhpaxenns
HANBHOTO PEryJHPYeMOro YCHAHTENs NOSBOJIAIOT ~ONMPENEeJHTL Tmapa-
MeTpH PE€3OHaHCHHIX 1erneu,

a TaKXe KO3Q(PHUHEHTH BKJIIOYEHHS M) H Mgy, IPH KOTOPHIX BEJHUHHBI
A@sux.sxn H AQsux.sux.eg He NMPEBHINAIOT JONYCTHMBIX 3HayeHHi. U3
(6.45) u (6.46) BHAHO, 4TO A/ yMeHblIeHHS (pa30BOi HecTaGHJbHO-
CTH CJleflyeT yBeJHYHBaTb €MKOCTb H NPOBOXHMOCTb KOHTYpa. YBeJsH-
YeHHS TIPOBOJHMOCTH AOOMBAIOTCHA BKJAIOYEHHEM LIYHTHDPYIOLIENO pe-
3HCTOPa Ry, COMPOTHBJIEHHE KOTOPOTO ONpeje/sieTcsi H3 YCJAOBHS

tg (A Porix.px. 1. MaKc )
Ry < 2 .
Qo Cn/Cy s+ mitg (L ———

EMKOCTb KOHTYpHOro KOHIeHcaTopa Ompefe/siercsi AOMYCTHMHM CMe-
LeHHEeM Pe30HaHCHOM 4acTOTH Afp=fp—fpo: -

Cu> f”’ Cu.s—m3 Cyy. (6.55)

pPo
Has Bubpannoro THna A3 H onpeneseHHHX NapaMeTPOB KOHTYpa
¢$a30BHIit CABHI He NpeBHUIAET AONYCTHMON BeJHYHHBI, €CJIH
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(811/8x.5) t€ (A Porix. 5x.u.maxc)
my < l/ %CulCy s ' ©.56)

Buananne n3MeHenHfi napaMeTpoB AD yMeHbIIaeTcs NIPH WMCTONL3OBaHHH Gojee
CNOXHHX MO CTPYKTYype uemell MeXKKacKaLHON OBSGH.

Tax, mas yMeHbUIeHHWS DaCCTPOMKH H3OHPaTeNbHOA LeEmH CAedyeT HCMOab30-
BaTb KacKaJ, BXOLHOe H BHIXOJLHOE CONPOTHBJEHHA KOTOPOTO B Ipolecce PeryJH-
POBKH OCTalOTCA HeH3MEHHHMH. B nepByIo ouepellb 3TO OTHOCHTCH K BXOMNHONR LemH,
KOTOPast OKa3pBaeT K HanGoJblllee BAHAHHe Ha (a3oBylo HecTabHabHOCTh. CxeMa
peryupyeMoro Kackajna, B KOTOPOM ROCTHraenc TpeOyeMui 3ddext, npBeleta
Ha puc. 6.66. Ha puc. 6.10 mpencraBneHa cxeMa Kackalla, BXOJHOe CONpPOTHBJIeHHE

B Ly + 1

£, Ygts

Puc. 6.10. TIpunuunuanbHas cxeMa (@) H 3aBHCHMOCTb HOPMH-
POBaHHHX KOJJIEKTOPHHX TOKOB (6) OT ynpaB/ISIONIEro Hampsike-
HHA YCHJHTENIl C MOCTOAHHHM BXOXHHM COMpPOTHBJIEHHEM

KOTOPOTrO B TpOUECCEe DEryAHPOBKH OCTaeTcs NpakThHueckH mocrosuunM [23]. Ilpw
yMeHbllleHHH Ko3(ubHUMEHTAa yCHJeHus TpaHauctop Ty otkpuBaercs, a T, 3amupaer-
csi. [TockoaBKY BXOAHOE COMPOTHBJAEHHE TPAH3HCTOPA B TEPBOM NPHGAHKEHHH NPoO-
TIODUHOHANBHO KOJNJNEKTOPHOMY TOKY, TO BXORHOe COMpOTHBJIEHHe KacKajla, oOmpe-
Ieasemoe NapajjeibHhM CcOelHHeHHEM BXOMHMX compoTuBaeHuit Ty u T2, HaMe-
Haens caaGo. D10 HIMeHeHHe TEeM MeHbllle, uYeM CTafHJbHee CyMMapHHA ToX
Ivy+Ixa. YMeHBUIHTD HecTaGHAPHOCTD CYMMapHOMO TOKa, a CJeA0BaTeAbHO, MOBM~
CHTb CTaGHJIBHOCTh BXOJHOTO CONPOTHBJEGHHA KacKaXa MOXHO yBeJHYEHHEM CONpO-
THBJAeHH Ro.c. OmHako ero upesaMepHoe YyBeJHueHHe Hellesecoo6pas3Ho, TaK Kaw
NpH 3TOM YyMeHbilIaeTCA HayaJbHHA Ko3(bHUHEHT YCHJAEHHS H NajaeT XPYTH3HZ
peryupoBONHOA XaPaKTEPHCTHKH.

B naMmoBHX Xackallax C peXHMHON peryauposkofi ycuiaennas ADPK moxer
6LHTb yMEHbUIEHA TIPH HOMIOJL3OBAHHH  Da3JHUHBIX CXEMOTEXHHYECKHX pellleHHH
[24, 25, 27]. Tak, usMenehne eMKOCTH Ce¢.x.x YaCTHUHO KOMIEHCHDYyeTcss MpPH BBelde-
HHM B KacKajl OTPHIlaTeJbHOR OOGpPaTHOA CBA3H NO TOKY — BKJIOYEHHEM B Lemb.
KaTola pe3ncropa Ryx. B pesyabrate npH H3MeHeHHH YCHJIGHHS 33 CueT NeACTBHST
OOC Bo3HHKaeT mpHpallleHHe BXONHOA eMKOCTH

AC; x.0.c= —Cec.x SRx/(1+ SRy). (6.57)

CooTBeTCTBEHHO CyMMapHOe HIMeHeHHe eMKOCTeR
A CC.K.A +ACcko0.c=CexerSO— Ry/(1+4 SR")], . (6.58)
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Kak BuaHo H3 (6.58), OTCYTCTBUS H3MEHEHMs eMKOCTH, a cjexoBareabiHo, H APK
MOXHO ROGHTbCS, €CJIH

x = b/(1 — bSy). (6.59)

OTMeTHM, YTO NOJHAS KOMICHCAUHA AHHAMHYECKOH eMKOCTH HMeeT MecTo B NBYX
Toukax: S=0 u S=S8p (puc. 6.11). Kax BHEHO, H3MeHeHHe BXOJAHOH EMKOCTH NDH
ONTHMAJLHOM COLPOTHBJIEHHH pe3ucTopa He npepbimaer 0,04Cc.x, B TO BpPeMA Kax
npu orcyrcTBHH OOC oHo cocrasasier 0,5C¢ k.

Bosee mosnas KoMmencauusi M3MeHeHHs. BXOZHON €MKOCTH JIaMTbl MOJYYacTCH
MDH HCMOJb30BAHHH MUeNledl HeHATpaausauuu (puc. 6.12a). Ms ypasHeHHs y3J0Bbix
TOTEHLHAJIOB AJs PAaccMaTPHBAEMON WeNmH NOJYyYyeHO BbipaxkeHHe, CHpedesiollee 3a-

63 /\ACC‘KB*ACCK.QQ/ beer
07 .\\
\ 5
o N Puc. .6.11. 3aBHCHMOCTb BXOJHOf €MKO-
\ ctH aamnbl 6)K45B6 6e3 anogHol Ha-
1 7 T~ £, rPY3KH OT HanpsiKEHHs CMelleHHs Ha
0 — 3 ynpapJasiouleii ceTke NpH HaJMYHH OT-
Vi pHLaTeJbHOM o6paTHoi CBSI3H:
L I — Re=91 OM; 2 — Ru=50 Owm;
’0,’ - 3—1R|.=0
. g, N
1 Bead ’ .__\\___1 _________ -
1 N
c, |G
n Wy K3 \
Bxo) -_a ! T b ] \/
# =B | Le N
cp 1A lp Nz N
m—g}fa 3 \\ S——
RC i 6 \\\ T —
== [,‘aJ _—[W N ———————
1 - /
o 2 i
2 4 1] 8 0B
8)

Puc. 6.12. TlpuHuunuaibHas cXxema Kackaga C peXHMHOH pery/JHpPOBKOH YCH-
JIeHHS TIDH HaJIMYHH LeNH HeATpaju3auuu (a) ¥ 3aBHCHMOCTH BXOAHOH eMKOCTH
(6) namn 1)X17B ( ) u 6K4B (— — —) npu OTCYTCTBHH uLenH HeATpa-
JIH3ALHH C BKJIOYEHHBIM (KpHBHe /) H 3aKOpOYeHHBIM (KpuBble 2) KOHTYPaMH
B LENH aHOJa M HAaJMYHH LeNnH HeATpaau3auuH (KpuBble 3) TpPH BKJIOYEHHOMH
aHOAHOH Harpyske :

BHCHMOCTb BXONHON €MKOCTH OT NapaMeTpPOB JaMmbl H CXeMHBX 3JjeMeHToB. U3
Hero npH yCJOBHH DaBeHCTBA 3HAYeHH{ BXOMHOA eMKOCTH MPH HOMHHAJbHOM H MH-
HUMAJbHOM HampsiKEHHAX CMeLleHHs Ha ympasJsiollelf ceTKe OTpefeNsieTcs BeJH-
YHHA HeATpaJHu3YIoleld eMKOCTH

Ry [ S S, ]
C —C C —
o c.xl cxet Cea 1 —Ly/L [ 1+ Rs/R;y 1 4+ Rs/Ri, (6.60)
" Rs [ S S, ] o
Ly/Ly—Ly/L | 14 Rs/Ryy 14 Rs/R;q

110



Ha puc. 6.126 npeacTaB/ieHBl 3MILADHUECKH TOJyYeHHble KPHBLIE 3aBHCHMOCTH BXOL-
Hoi evxocTd saamm 1DK17B u 6K4Il or HampsixeHHs CMellleHHss Ha ynpasasiuled
cetke [27]. TIpu 3TOM eMKOCTb IeNH HeATPaJSH3alHH OmpelesJach H3 (6.60). Xa-
paKTep KPHBHX CBHIETEJBCTBYET 06 3(xpeKTHBHOCTH HCTOIL3OBAHHS uemeft Hefitpa-
JIM3AILHH.

Ilns cHmKeHHs (a3oBOfi HeCTAaGHJBHOCTH PEryJAHPYeMHIX KacKaaoB Heo6X0AHMO
NpHHATH MepH, yMeHbIalomHe 3¢dexT MpsTMOro MPOXOKAEHHA. Yame HCNOJb3YeTCs
KacKonHOe BKJoueHne AD, nampuMep 03—OB, OK—OC, OU—O03, xotopoe obet-
neyHBaeT YyMeHblleHHe MPOBOIHMOCTH
Y12. Ha puc. 6.13 npencrasnena cxema
peryJnpyeMoro KackKajaa C KOMIeHca-

Hell HexenaTteJbHoro 3ddekra, Koro-

pas  ocyllecTBAsieTCss MyTeM NOjayH

Ha KoaJekTop T, NOMOJNHHTENLHOTO
curiana Uxom, MpOTHBOGA3HOrO CHrHA-

Ay npsmoro mpoxoxnenus. Ilas oGec-
neyeHHsi NOJHOM KOMNEHCaUHH napa-
MeTpH KoMNeHcHpylouef uenu Bmbupa- Y
1o7ca  H3  YenoBHS Ryxom =iRoc H
CR0M=CK.6-

Kaxxnblit H3 yKa3aHHbBIX BhlllIe
cnocoGoB B OTHAE/JBHOCTH He MO- P
JKeT CYMTATbCSl YHHBepCaJbHbIM, e
a NPHroJeH JHIUb AJsl Oonpeje- I
JIEHHOrO KJacca YCTpOHCTB, pa-
60TaloOUMX B KOHKPETHBIX ycjao- %

BHSIX 3KchuyatauuH. pyrumu Puc. 6.13. TlpunuunuaibHas cxema

~Eem

CNI0BaMH, SQ(EKTHBHOCTb Cloco-  PEIVAMPYEMOM® YERIHTEME K‘;’;'
MeHCallHeH CHrHaJla npsMor npo-
6a 3aBHCHT OT THma A3J, CTpyK- XOXKLeHHA

TYpPH LeNH MeXKaCKaJHOH CBH-

34, KOHCTPYKTHBHOT'O HCNIOJIHEHHS YCHJHUTENs], AHana30Ha peryJHPOBKH,
4acTOTHI YCHJIHBaeMoro KoJieGaHus H Apyrux ¢akropoB. B ¢Bsi3H co cKa-
3aHHbBIM HaHOosiee LeJsiecooOpa3HBIM MNpeJCTaBJAseTCs OJHOBpPEMeHHOe
HCII0JIb30BaHHe HeCKOJbKHX cNoco6OB.

1

®A30BBIE XAPAKTEPUCTHKU YCHUJIUTEJIEN
C YIIPABJAEMOU HATPY3KOU

7.1. Meropuka aHanu3a Ga3oBBIX CBOMCTB KacKajaa
¢ ynpaBifaeMo#H Harpy3Koi

;

_Jlorapupmupyomue Kackaibl, NOCTPOEHHEIE MO MPHHUMNY  HeJH-
HeHHOro LIYHTHPOBAHHA Leneil MeXKacKajHOH CBA3H, M KacKaibl C
perynHpyeMoit Harpy3Koii OTHOCHATCS K OJXHOMY KJaccy YCHIHTENbHBIX
YCTPOHCTB, 2 HMEHHO YCHJHTeJ el C ynpaB/sieMoH Harpyskoi. 3ako-
HOMEepHOCTH H3MeHeHHsI Ko3(hduiHeHTa ycuaeHus (noJesHbiil addekr) -
H 4acTOTHO-(a30BbIX CBOHCTB (mo6ouHble 3(deKkTH) JorapHpMHpYIO-
IIero U peryJIHpPyeMoro KackajoB, MO CYLIeCTBY, OZHHAKOBHI.
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i

YiccnenoBanve Kackasa C yIEPaBAfeMON HATDYIKOA HAaYHHAETCA C COCTABAGHHA
ero SKBHBaJICHTHOH cxeMunl (puc. 7.1). Cxema puf. 7.1 ABAAETCA ROCTaTOUHO OOILeR
¥ OnHCHBaeT NoBeleHHE YCHAMTEALHOrO XKackajd JI060r0 BHAA HE3ABHCHMO OT TH-

C na A3, CTPYKTYpH UEnH MexKacKagHON
p CBA3M M Crnoco6a BKJIOYEHHS HEJHHEAHBIX
{ ynpaBasieMbix 3jeMeHTOB. [lasnee, npume-
HAS M3BECTHHle MeTOAH, COCTaBJSIOT CO-
b le OTHOLUEHHSl, YCTaHaBJHBAlOLiUe 3aBHCH-
y 1 1 MOCTb MOKasaTeJefi KacKaja OT YPOBHSA
7 7 ynpasasiowero curiana (Uynp.c) B BHIE
§-Bbix 1.9k R ([] ) HenpepuBHHX (QYHKUHMOHA/JLHBIX 3aBHCHMO-
"P)  credr. IMocaesHee HeO6XOAMMO JHIIb B TeX
cayyasix, KOTla CONpOTHBJEHHe HeNHHel-
HOTO 3JeMeHTa fIBJsIeTCS] MOHOTOHHOH ¢yH-
KiHel ypoBHSA ynpasasiouiero curiana. Ec-
JH ke B 3aBHCHMOCTH Ruex = F(Uynp.c)
nosiBAsieTcss pa3pbiB  HenpepuBHOCTH (B
4aCTHOCTH, rpadHK ONMUCHBAETCHA CTYyMeHua-
TOf (QyHKUHeR, 4TO MMeeT MeCTO NpPH OMCKPETHOH pPEryJHpPOBKE YCHJEHHS), TO COOT-
BETCTBYIOIIHM 06pa3oM H3MEHSIOTCH M aHaJu3upyeMble mokasartean. Heo6xoaumo or-
METHTb, YTO BHIBOA COOTHOIIEHHil, OnpefesOUHX 3aKOHOMEPHOCTH M3MEeHEeHHsl MNoKa-
3ateslelf ynpaBJ/1ieMOro KacKkana, CBfi3aH C HeKOTOPHIMH TPYIAHOCTSIMH, HampHMep, NpH-
XOAHUTCSA MCNOJMb30BaTh 60Jiee MM MeHee CJIOXKHBE BbPa)KEHHsS, aNnpoOKCHMHpYIOLHE
3aBUCHMOCTb Rpen=F (Uynp.c).

HOas ynpomeHus aHaau3a ucnoab3yercs (bexTHBHHA Meron [3], 3akmoualo-
WHACA B TOM, YTO OLEHHBAIOTCA He TEKYLUHEe 3HAUEHHs aHAJH3HPYEeMOIO TOKa3a-
TeNs, a @Pelesn eroc H3MeHeHHss B HHTepBaje YPOBHefl YNDPaBJSIOUIHX CHIHAJOB.
Tlpx 3TOM OTKPLIBAETCS BO3MOXHOCTb: BO-TIEPBHIX, OLUGHHTL I[10KA3aTeJH YMpaB-
JgeMoro (M HequHeiHoro) kackama aas 3HayeHHA Usxum M Uwmaxc —TWO H3BecT-
HoM GOpMyJaM TeOpHH JHHEAHHX Uemell H MOCAELYIOIIOM ONpENeNeHHH Da3HOCTH
HafJeHHBX 3HAuCHUI; BO-BTOPHIX, ONMHCAHHS YCHJHTeJeH C HeNpepPHBHO H IHCKpeT-
HO yNpaBAfieMbIM YCHWJICHHEM Ha OCHOBE OOHHX H TexX e (OpMyJ, mpHYeM C HC-
NOJAb30BAHKEM NPOCTHIX aNMMPOKCHMHPYIOIHX BHpaMeHHH. DTO — HECOMHeHHOEe HRO0C-
TOHHCTBO MeTOA2, OGYC/IOBJEGHHOE TeM, UTO TIPH HEM3MEHHOM YPOBHe YNpaBJSIOILEro
CHMHaJla SKBHBAJEHTHOE COMPOTHBJGHHE HAaUPY3KH, a CJQXOBAaTeJNbHO, H TOKa3aTelH
KaoKala He MeHsloTcA. TakWM 06pa3oM, OTKDHIBaeTCH BO3MOXHOCTb NpPeNCTaBHTDH

TeJlb B BHAE SKBHBAJIGHTHOA JIHHEAHON dlemy.

ﬂm‘onbsya TPOCTEAUIYIO aMNPOKCHMAUHIO 3aBHUCHMOCTH Rpen=F(Uynp.c) 3kc-

WOHeHUHAJIbHOA (yHKIlHeH BHIA

Puc. 7.1. DxBHBaJeHTHAA cXeMa Kacka-
a C ynpaBJsieMOR HarpysKo#

U
Ryen.uun = Ruen.uaxe e—oaY, 7.1
tae AU=Uuaxc—Unnn —HWHTEDBAA H3MEHEHHS YDPOBHel yMpaBJSAIOUIEr0 CHMHAJA;
Ruen.maxc M Ruen.ums — CONPOTHBIEHHA HeNHHeAHOO 3JieMEHTa, COOTBETCTBYIOIUIHE
MHAHHMAJIBHOMY H MaKCHMaJbHOMY yDOBHAM YIpPaBJAIOUErO CHMHAJA3; @ — MOCTOSH-
Holl KoaddulueHT ammpokcHMauuH, 1/B, onpelenseMbfi THIIOM TIPAMEHEHHOTO He-
JIMHeAHOro 3JeMeHTa H (OpMO#i ero BOJBT-aMNEPHON XapaKTEPHCTHKH, MOXHO Hamu-
*CaTh CJeAylolfHe BbIpAXXEHHA OJIf KOMNJIEKOHOrOo KOS([J(I).HL[HG’HT& YCHAIeHHA KaoOKana:

KUuaKc = SY( Zn.sxn l Rnen.uaxc) npt Uyyp ¢ = Unnn 7.2)
Kyyun = Sy ( Zn.alm ! Rnen.unu) npH Uyyy o = Unaxe-

OHH OmpefensioT GHKCHPOBAHHHE 3JIEKTPHUECKHE COCTOSIHHS, COOTBETCTBYIOUHE Ipa-
HHYHBIM YPOBHfIM YNPaBJAIOLLEro CHrHaJja. 3D.er non Zg‘sxg NMOHHMAaeTCs 3KBHBA-
JICHTHOe CONnpOTHBJIEHHE UenH HarpyskH, YYHTbIBAIOIlE€€ TaKXKe BJHAHHE pa3nesH-
TEJNbHHX B/IEMEHTOB.

AHaJOorHyHHM 06pa3oM omnpejensioTcsi 3HaueHHsi (a3oBOro cABHMra B
COOTBETCTBYIOLIHX COCTOSIHHSIX YCHJIHTENsI, a HMeHHO 1pH Uympc=
=Upmyu B Uynp.c=Unaxc COOTBETCTBEHHO MOJIyYaeTcs
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Im [ Zn.sxa “ Rne.vl.uaxc] .
Re[ Zn.sxa ” Rﬂen.uaxc]
Im l ZH.SKB " Ruen.mn]

Re [ Zu.axs ” Rﬂen.uun ] .

PasHoctb Ag=¢'—¢” onpeznesser u3MeHeHHe (a30BOro CJABHra, BHO-
CHMOrO ynpaBJsieMbIM KaCKaJloM B HHTepBaJie ypOBHel ynpaBJIsiOLLErO
curdagna AU==Unakc—Uwmns.

[Ipu onpenenennn Ag B JiorapHpMHUECKHX H PeryJHpyeMBIX Kac-
Kallax HMeITCH OTJIHYHA, OOYyCJOBJeHHBle BHAOM YNpaBJSIOLLErO
Bo3JelicTBuA. M3BecTHO, uTO Aasi oGecneueHHsi Hajsiexallero Xapak-
Tepa paboTHl JorapHpMHpYIOLUlero Kackajaa CHrHaJ, NMOCTYNalOWHA Ha
€ro BXOJ H HCNOJb3yeMbIl AJSl YIpaBJeHHS CONPOTHBJEHHEM Harpys-
KH, JOJXKeH HMeTb 3HAUHTeJbHBIH YpPOBeHb. DTO 00YCJOBJIHBaeT H3-
MeHeHHe Mnoka3artesed AD: apryMeHTa KOMIUVIEKCHOM KDYTH3HBI, T. e.
BeJHYHHBI BHOCHMOH A3 cocrasisiomeii ¢(asosoro ciasHra @as, a
TaKXe BXOZHOH H BHIXOZHOH mpoBoauMocTed. Takum o6pasoM, ¢a3so-
BH€ CABHTH, COOTBETCTBYIOLIHe HayaJy H KOHLY JiorapH(MHueckoro
y4acTKa aMIUIHTYAHOH XapaKTEepHCTHKH, yXe He paBHHW ¢  u ¢”. Hx
JleHCTBHTe/IbHble 3HaYeHHS ONMpelessiioTc Kak

0, =9 + 0t 0 + Py =0+t +9,... (7.9

3necb @ sux H Q" pux — OOYCJIOBJIEHHBE BIHAHHEM H3MeHsIOLIEHCA BH-
XOJHOH MPOBOAHMOCTH AD mpHpaileHHs ($a3oBOro cABHra LeNH Mex-
KacKaJHOH CBSI3H; @'px H ¢”px — ()a30Bble CABHIH BXOJAHOH IeNH, 3a-
BHCfILIIHE OT H3MeHeHHH BXOAHOH NpoBoiHMOCTH AD.

Bauanne HesHHeAHOCTH XapakTepHCTHK AD oco6eHHO 3aMeTHO
CKa3blBaeTcsl B MHOTOKAacKaJHOM JiorapH(MHYECKOM YCHJIHTeNe, KOr-
Ja JOMOJIHHTeJbHble aMIVIHTYAHO3aBHCHMble (a30Bble CABHTH co3Ja-
IOTCSl YCHJIHTEJbHBIMH NPHOOpaMH HECKOJbKHX JIOrapH(MHPYIOLHX
KackaloB. Uro e KacaeTcsl KackajJoB C peryJiHpyeMoH Harpyskof,
OHH pa6oTaloT B YCJOBHAX YCHJEHHS CHTHAJIOB CPaBHHTEJbHO cJsabo-
ro ypoBHS, B CBA3H C yeM He HabJI0faeTcss 3aMeTHHIX MPOABJIEHHA He-
JIHHEHHOCTH XapaKTepHCTHK AD (HaXe B MHOrOKacKaJHOM YCHJIHTe-
Je). OTo no3BosigeT mnpeHe6peub BJHAHHEM H3MEHEHHSI ()a30BbIX
cBoiicTB AD Ha HHTEHCHBHOCTb cyMMapHoro 3¢¢dekra APK.

®a30-aMIVIHTYyJHAsE XapakTepHcTHKAa Ap=F (AU) npH w.==const,
KoTopasi MoxeT ObiTb HalJeHa NMyTeM aHAJHTHYECKOTO HJIH 3KCIepH-
MEHTaJIbHOTO HCCJelOBaHHSA, ONpejiessieT B3aHMHO CBSI3b H3MEHEHHi
a6CoIOTHOH BeJHYHHB ()a30BOro CABHra C BHI3BAaBUIMMH HX IpHpalle-
HHSIMH YPOBHSI ynpaeJsiollero cHrHaja. OjHako oueHKa a6cCoJIOT-
HbIX 3HaYeHHH (pa30BOro CABHra He MOXeT ObLITh MPOH3BelleHa C BHICO-
Kofi TouHocTbio. OHa o6GecneyHBaeTcss IIPH aHaJH3e OTHOCHTEJBHOM
BEJHUYHHB ()a30BOro cIBHra HJIH BpeMeHH naHd¢epeHIHaIbHOTO (a3o-
BOro 3amasabiBaHusl. Torna H3MeHeHHe (a30BHIX CBOHCTB YCHJMTENS
B HHTepBaJle 3JeKTPHYECKHX COCTOSIHHH (T. e. YpOBHefi ympasJsiolle-
ro cHrHaja) MOXeT GbITb 0OXapaKTepH30BaHO BeJHYHHAMH
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v (@ mpH  Uynp.c = Unuws
v () mpn Uynp.c =Unage: (7.5)
At=1 ()" (®).

3asucumoctb At=F(AU), no cywecrsy, npeacrasaser coboii ®PAX
yNpaBJsieMOro Kackaja.

Cka3aHHOe onpejensieT Te NPHHUHIBI, KOTOPLIMH CJeAyeT pYKo-
BOACTBOBAaTbCSA NMPH aHaju3e (a30BbIX CBOMCTB KacKaloB C ympasJse-
MBIM CONMpPOTHBJIEHHEM Harpy3kdH. B mocienyiomnx pasaenax npoaHa-
JIU3HPOBAHBI KOHKPETHblE PAa3HOBHIHOCTH KacKalOB 3TOTO THMA.

7.2. ®a30BbIe COOTHOLIEHHA B MPOCTEHIIEM anePHOTHIECKOM
KacKajie C ynpaBiasgeMoi Harpys3kKoi

CxeMa 0600LIEHHOTO amepHOAHYECKOro Kackajla C IUIYHTHPOBAaHH-
€M Harpy3KH 3JeMEHTOM C YIpaBJsieMbIM CONPOTHBIEHHEM H3006pa-
JKeHa Ha pHc. 7.2

[Mpeanonarast Ans ynpolieHHs CONPOTHBJIEHHE YNPaBJSAEMOro 3Jie-
MEHTa YHCTO DEe3HCTHBHBIM M Npe-
HeOperasi ero peaKTHBHOH cCo-
CTaBJsOLlell, MOXHO NpPHHTH K
H3obpakeHHo#i Ha pHc. 7.1 3KBH-
BaneHTHoi cxeme. Torpa Ha oc-
HOBAaHHH MeTOAa aHaJu3a pac-
CMaTpHBaeMOro KkJiacca YCTPOHCTB
Puc. 7.3K:OC)l((ema 0606u1eHu%roeanepno- [3], a Takxe Hcnoab3ys ¢GopMy-
B aoions, C enoelACTIER T, popeCTHBe 13 TeopwH M-

NSIeMBIM 3J1EMEHTOM HbIX llemei, MOXHO HamnHcaThb
ClIefyIoL[He COOTHOIIEHHS AJf Ol
peaenenus ¢asoBoro caBura B Kackaje mMpH Uynp.c = const:
I [Hana30Ha HH3KHX 4acTOT

C\ =
Pud Yeunumensid
npuoop

<

1

©), — arctg —— 7.6
@ (@) 8 G R Roe) (7.6)
IJI AMana3oHa BE€DXHHX 4acTOT

P ("0)3 = —arc tg ((1) CH RH ” Rnen)~ (77)

3necb Cy=C,+C;— pesyJbTHpyloLiass €MKOCTb Harpy3oyHo# LelH,

00yCJIOBJIEHHAS MEXIY3JEKTPOIHBIMH €MKOCTSIMH YCHJIHTENbHBIX NPH-

60pOB H NMapa3sHTHbHIMH €MKOCTSIMH CXEeMHBIX 3JIeMEHTOB M NPOBOAHH-

koB. Mcnonb3yss HopmupoBaHHbie BenuuuHbl, (7.6) u (7.7) MoxXHO
NpeACTaBHTb B CJAelYIOLIeM BHIE:

1

¢ (o), = arctg —s7—7——

" Xu B’ (Uynp-t:) ’

rae Xu=®CpRyexn.maxc — HODPMHPOBAHHAsl YaCTOTa, KOTOpas ONpexeJsi-

eT (HKCHPOBaHHOE 3JIeKTPHUECKOe COCTOSIHHe KacKala, COOTBETCTBY-

Iolllee MHHHMAaJbHOMY YpPOBHIO ynpasasiouiero curiana; B’ (Uynp.c) =
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= (14-be—240) [b — GyHKUHOHAJIBHBIA KO3 GHLHEHT, Onpele/somHUi
3aBHCHMOCTb CyMMapHOro conpoTHBjeHHs (Ry+Ruex) OT H3MeHEHH:
YPOBHS YIpPaBJsiiolLlero CHruana; b =wRuex.maxc/Ru;

¢ () = —arctg [X; B (Uynp.o)], (7.9
raie Xz=o0CyRy — HODMHpOBaHHasi YacTOTa, XapaKTepH3ylollas JH-
HeflHbIH KackKal (MJIH, YTO TO XKe caMoe, PeXXHM, KOTOPBbIH COOTBETCT-
ByeT MHHHMaJIbHOMY YPOBHIO ynpasasioilero curiana); B(Uymp.c) =
=be—aAU/(14be98U) — PyHKUHOHANbHBIH KO3 HIIKEHT, onpelensio-
Wi 3aBHCHMOCTb pe3YJ/IbTH-

pyollero  CONpPOTHBJIEHHS ¢ 2pad
(RullRuez) OT ypoBHS ympaB-  60f s
JISIOIEro CHrHaJa. £7/ SN

B coorBerctBuu ¢ (7.8) n 0
(7.9) Ha puc. 7.3 craeaanbl
rpaduyeckHe NOCTPOEHHS TH-
na NpOCTPAHCTBEHHOTO peJibe-
ta; KOTOpble HJ/JIOCTPHPYIOT
3aBHCHMOCTb (ha30BOTO CIBH-
ra Kackaja oT H3MeHeHHH ya-
CTOTBI YCHJIHBaeMoro koneba-
HHsI, YPOBHSI YyNpaBJsIOLLEro
CHTHajJa H MapaMeTpPOB CXeM-
HLIX 9JI€eMelITOB.

CorsacHO T[PHHSTOMY METOAY
MOCTPOEHHST MHOTOMEpHuIX  GHryp,
ONMHCLIBAIOUIMX TOBEJeHHE YCHJHTe-
Jnefl ¢ ynpaBaseMbIM YCHJIEHHEM,
MPOCTPAHCTBEHHbIH penabed mnpen-
cTaBJjsieT co60i nNocaef0BaTeNbHOCTh
($a30BbIX XaPAKTEPHCTHK, KaXKAas. U3
KOTOpBIX omnpefnessieT (GHKCHPOBaH-
HOe 3JIEKTPHYeCKQe COCTOSIHHE YCH-
auteAs. Pasymeercs, Meron o6aana-
eT mnorpemlHocTssMH. B uacTHoCTH,
paccMaTpHBaeTCst  HI€aJIH3HPOBaH- .
HBIl cyyall Bo3nedcTBUsS Ha amepuo-  Puc. 7.3. 3asucuMocTtb (a3oBoro ciBHra B
NMYECKHI YCHJIHTENb rapMOHHYECKO-  amepHOJAHMYECKOM KackKaje OT 4acTOTH H

ro Kose6aHHsa W MPeanoJiaraeTcsi, 4T0  YNPABJSAIOIEr0  BO3JeHCTBHA (b=1):
BO3HHKAIOUIHE B NpOLECCe HeJHHEH- @ — B OGNACTH HHXKHHX 4acToT; 6 — B 06-
HOro npeo6pa3oBaHHs XONONHHTEJb- JIaCTH BePXHHX YacToT

Hble TapMOHHYECKHe COCTaBJslouiHe

npeHedpexXuMo Masbl (KOHEUHO, ¢ onpefeleHHbIM npubankerneM). ITockoabKy pealib-
Hble CHTHa/bl 06J1afaloT CJOXKHOM CTPYKTYpPOH, -TO NPH JIOrapHQMHYECKOM YCHJIEHHH
HMeeT MecTo oborauieHHe crmeKTpa. [T03TOMY NoOJyyeHHble COOTHOLIEHHS YXKe He MaloT
TOUHBIX Pe3y/IbTATOB, HO [ O6LEH OPHEHTHPOBKH Ge3YCJOBHO nosesHwl. Tak, ¢ yse-
JIMYEHHEM YDOBHS YNPaBJSIOLIEr0 CHrHaJa HeNHHEHHOCTb (a30BOH XapaKTEPHCTHKH B
06/1aCTH HHXKHHX YacTOT YBEJHUYMBAeTCs, a B OGJIACTH BEDXHHX 4YacTOT YMEHbILaeTcs.
CooTBeTCTBEHHO (Ha30Bblil CIBHI, BHOCHMBI KackaJoM Ha (HKCHDOBAHHOH dacToTe,
pacTeT B 06/1aCTH HHXKHHX YacTOT H Najaer B 06/1aCTH BEPXHHX 4acCTOT.

Hcnonb3ys MeTon cedyeHHs, ONMUCHIBAIOLIENO YNpaBJsioLlylo Lelb
NPOCTPAHCTBEHHOrO pesbeda MIOCKOCTAMH, MOXHO mnoayyuts PAX
ISl pa3jHyHbIX (PHKCHPOBAHHBIX YaCTOT, OHH H300paxkeHbl IpepH-
BHCTBIMH JIHHHSIMH Ha puc. 7.3.
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Ilas Toro 4qTOGH OlUEHKA BHOCHMOrO (asoBoro CABUra Gulia OGDBEKTHBHON, ee
CJelyeT TPOH3BOAHTb C YYETOM' [HaMa3OHa H3MeHEHHA KOoMpPHIHeHT2 YCHAeHHS

d Kumaxe 1 l—I—be_aAU (7.10)

K KUmm Cad 146 )
Anannsupys Bbipaxenus (7.8), (7.9) u (7.10), HeTpyaHo yGeAHTbCH
B HaJIHYHH CBA3H MeXIy H3MeHeHHAMH Ko3dduuueHTa ycHIEHHS U
¢dasoBoro caBHra. drta CBA3b 00YyCJOBJEHa INPHMEHEHHHIM METOJOM
ynpaBJeHHs ycHJeHHeM, r1yOHHAa ee MaKCHMajlbHa IO CPaBHEHHIO ¢
npyruMH MerofaMHu. M xoTa paHHBIi MeTox sBisieTcss HanGosee npo-
CTHIM, TEM He MeHee HeCcTaOHJIBHOCTL (pa30BOro cABHra (a Takxe H
IIHPHHB TOJIOCH NMpPONMYCKaHHS) BeCbMa BeJIHKa. DTO He JaeT BO3MOX-
HOCTH IPOH3BOJIBHO 3aJaBaTh IIOKa3aTeJH, ONHChIBalOIlHe (a3oBYI0 H
aMIVIMTYAHYI0 (HJIH DEryJIHpOBOYHYIO) XapaKTePHCTHKH YCHJIHTEJS.

7.3. Kackan ¢ ynpaBiasgeMsIM Pe3HCTHBHBIM ATTEHIOATOPOM

YCHAHTENbHBE KACKaAH, NOCTPOGHHHE C HCNOAb30OBAHMEM YNPABASEMLX pPe3H-
CTHBHHIX aTTeHIoaTOpoB (pHC. 7.4a), MONyuHJaH HanGoJblliee pacmpocTpatenne. Hs-
secTHo [3], wTO OHH 06/12A310T PAAOM NPEHMYUWIECTB MO CPABHEHHIO C KacKalaMm,

| Yeamumensius b A o] Yeunumensmsud
npody J

Puc. 74. Tpunuunuanbisie (a, 6) H SKBHBaJEHTHHe CXeMH B 06aa-
CTH BepxHHX (6) H HHXHHX 4acTOoT (2) KacKafia ¢ YNpaBaseMbM
aTTEeHaTOPOM

XOTOpHEe NOCTPOEHH MO NPHHIUKNY HEMOCPEACTBEHHOTO WYHTHPOBAHHS Lemefi Harpys-
. KH, B 9aCTHOCTH, Gosbilled BeJHYHHOA NHama3oHa H3MeHeHH: xosdupmuMeHTa YyCH-
MeHHS H NOBLULEHHOA CTAGHILHOCTLIO WIHDHHH JOJOCH npomyckadhd. Ilocaeaee
f103BOJISIET OXKHAATh, YTO KacKallll C YNPAaBAAEMBIMH DE3HCTHBHHIMH aTTEHI0ATOPa-
MH XapaKTepH3YIOTCA MeHblliefi HecTaGHJALHOCTHIO (a30BHIX CBOMCTS.

Jlns BHBOXA COOTHOWICHHH, ONHCHBAIOWHEX (a3oBHe OBOACTBA Kackalxa B 06-
JaCTH BEPXHHX YaCTOT, CJeAyeT BOCNOJb3CBATHCA 3KBHBaJeHTHON CcXeMmOH, npuBe-
JeHHO# Ha puc. 7.46. Ha ocHOBaMHM mnociefHell NONyYeHO BHPaXKeHHe AN HOPMH-
POBaHHOA YACTOTHOMA XapaKTEPHCTHKH .

A =
(@} RuRyenRaun + i® Raum (C:Rue.n + CIR w) +
Ru+Rnen+RanH Ry~ Ryen + Raun
=+ RyeaRu (C1 4 C,)

1 —w?CC,

(7.11)
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Orcrona onpenensiercs: pa3oBLIf CABUT, BHOCHMBIH KackaioM B 00-
JIaCTH BEPXHHX YacCTOT, AJs (HPHKCHPOBAHHONO 3JIEKTPHYECKOTO COCTOS-

HHA npH Uypp.c==const:
o [Rmm (Cs Ruen + C; Ru) + Rusn Ru (G + Ca)]

0= —arct o
—_H_HEONWAHH

1 —w?C, C
O Rt Ruen -+ R
BBons 0603HaueHHs! Ruym=nRyu, Rpenmaxc==0Rn, Ruer.mmm=>bRne %47,
Ci+Cy=Cy (unu C,=vy,Cy, C2=1v2Cx), MOXKHO 3aNHCaThb
mR..C.. [(rv,+vanb e~ AU +5e72Y) (14n4be—U)~1]

(7.12)

®), = —arct
(p( )D g 0)302 R2?1anbe aAU(l_I_nbe—aAU)—l
—alAU —a AU
= —arctg ”"';';f]’b tbe . (7.13)
14+n-4-de™ —_
+ :DFCHRH —@Cy Ry yanbe ast
pdfp
’P
gsr
B8=00001
005
02
a2 0
]
aqr ?
3
05 5
am . X . . &:ﬂﬂ,ﬁ, )
ar [% 05 1 2 5 '

Puc. 7.5. HopmupoBaHHHe ¢a30-9acTOTHHE Xapak-
TEPHCTHKH aNepHOJHYECKOro Kackaja B 06JacTH
BepxHHX vacroT npu n=1; y1=0,5; y2=0,5

pad['p !
2
3
a0
B=05
1 A
0 2 4 § [} 0

Puc. 7.6. ]‘pa?)mm 3aBHOHMOCTH Q=F(n): I — y1=
=0,9; y2:=0,1; 2—y;=05; ¥.=05 3—y,=0,1;
v2=0,9
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Corniacio (7.13) Ha puc. 7.5 mocTpoeHbl HODMHpOBaHHble (ha3o-uac-
TOTHBHle XapaKTepPHCTHKH KaCKala I/l Pa3/IHUHbIX 3HaueHHH Kod(oH-
nuenta B=be AU, ompefeJisieMOro ypOBHEM YIpaBJ/siOLlero CHrHa-
na. IIns toro ytoGbl HAIVISIAHO MPOMJJIIOCTPHPOBATb XapakTep H3Me-
Henusi (a30BOro CABHra, Ha puc. 7.6 mpuBeJeHbl KpHBbie 3aBHCHMOC-
TH ($a30BOro CABHra OT Ko3(@HuUHEeHTa 7, XapaKTepH3ylollero ynpas-

JasieMblii  atTeHioatop. Kpusbie
§,pad : .—, TIOCTPOEHBI JISi Pa3JHYHBIX 3Ha-
' i L =1 vennit Y1 H Y2 H IPH NOCTOSTHHOM

.
R

’ ! =~ _—| uHTepBaJe YPOBHeH yNpaBJsiio-
J5) - ,__,,? iy mero curiaja, T. e. npu B=
| NSy -0 =const. Ha puc. 7.7 npuseneHns
02— : s ‘ rpadyKH 3aBHCHMOCTH ($a30BOTO
i 3 X ! clBHra OT Koad¢uunenta B, koc-
o 3 S BEHHO XapaKTepH3YIOILEero ypo-

: BeHb YNpaBJsOLLero cHruasna
1 / 0 npu yi=y2:=0,5 1 o =const.
g0 e Onucanuve ¢a3oBblX CBOHCTB
: - g-45Y YCHINTeNsE B OGJMACTH HHXKHHX
T 1 VR TR T 5 4aCTOT MOKHO NPOBECTH, HCNCJIb-
Puc. 7.7. Tpacduxu 3aBucumoctn ¢=F(B) 3ysl COOTBETCTBYIOLLYyI0 SKBHBA-
nph y1=0,5; y2=0,5 JEeHTHYI0 cxeMy (cM. pHc. 7.42).
BripaxkeHHss 1Ji KOMIJIEKCHOH
YaCTOTHOH XapaKTepHCTHKH H (a30BoH XxapakTepHCTHKH NMPH Uyppc=
=const uMeloT BH]

|
i
I

1 1
— =1 , 7.14
A(®)y + i® Cp (Ry+ Raun + Ruen) ( )

1

o), = arct .
P O = A e R T R T Roer)
CpasuuBas (7.15) u (7.6), HeTpyaHO yGemHMTbCS B TOM, YTO KacKaj
C yrnpaB/isieMbIM aTTEHI03TOpoM obsanaer OoJiee BHICOKOH CTabHJBbHO-
cThi0 (a30BOro CHBHra NPH OJHOM H TOM Ke JHaNna3oHe H3MeHeHHS
Koa¢p¢HuuueHTa ycHaeHusi. MoxHo oxugath, uto ®PAX B obaactu
HHUXKHUX yactoT Oyzer OJim3ka K uneanbHoH. [lns ynobcTBa pacuera
(7.15) caenpyer nepemnucaTb C HCNOJIb30BAHHEM HOPMHPOBAaHHBIX Be-
JIHYHH:

(7.15)

¢ (0), = arctg Tn . (7.16)
Pl e—aAU
b

®da3oBble CBOHCTBA HEOGXOAHMO OLEHHBATH € YUYETOM (JHanasoHa M3MeHeHHs
kKo3pdHIUHeHTa yCHISHHS KacKaaa

! 14nfbe 98V
e—asl l4+n+b

dg = (7.17)

AHanoTHYHBIM 06pa3oM MOXHO NpPOAaHANH3HPOBATb Kackal ¢ aTTeHIOATOPOM APYroro
THTa, KOrJa YNpaBJsieMblii 3/JeMEHT BKJIOUGH B TOCJAcHOBaTeapHoe miaeuo [-o6pas-
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Horo aTreHoatopa. OCHOBHBASICh Ha H3JOXKEHHOR MeTOAMKe, ompelenseM ¢a3oBHfA
OOBHI AJs1 06JaCTH BepXHHX 4aCToOT

[ CIRHRHM + C2RJIHHRHQJI + RJIHHRH (Cl + Cﬂ) ]
RH + RJlHll + RH&JI
RHRIIHHRHOJI
R+ Raun + Ruen

Qa3zoBble CBOMCTBA Kackala B O06GJAaCTH HHMHHX YaCTOT MOXHO OMHCATh, HCNOJb-
3ys (7.15).

¢ (w)p = —arctg . (7.18)

1 —w2C,C,

7.4. Pe3oHaHCHBIH KacCKaj C ynpaBiIAeMoOH Harpysxoi
HopMupoBannasi ¢asoBasi XapaKTepHCTHKa Y3KONOJIOCHOTO pe30-
HAaHCHOTO KacKajJa ONMHCHLIBAETCS H3BECTHBIM COOTHOLIEHHEM
¢ (w) = —arctgg, (7.19)

rie § — obo0OwenHas paccTpoiika. [as Toro 4roObl NpH aHaau3e pe-
30HAaHCHOTO KacKaja C ynpasJsieMoil Harpy3kod (puc. 7.8) MorJo

—4

C . s .
Yeusumesshsid 4 U )
# npudop s R N
1 Cy J.c
}_ 7 U Riea T weA
L e 1= T
£

a) 9)

Puc. 7.8. Tlpunuunuaibias (a) W SKBHBaJeHTHas (6) cXeMB PE30HAHCHOrO
KacKajla C HemocpeJACTBEHHHIM LIYHTHPOBAHHEM KOHTYypa

L

4|

>

6bITb HCIOJIb30BaHO BHIpaxeHnue (7.19), ero ciepyer npeoGpasoBaTb,
a MMEHHO yYeCTb LIYHTHPOBAaHHE LENH MeXKacKaJAHOH CBfI3H 3JeMeH-
TOM C ynpaB/isieMbIM COMPOTHBJIEHHEM, H3MEHEHHS KOTOporo c JAocTa-
TOYHOH MJISI NMPAKTHKH TOYHOCTbIO omHchiBaloTcss (7.1). Toraa 0606-
LleHHasl paccTpoka

gl = E B (Uynp.c)y (720)

rae B(Uynpc)=be_aAU/(l+be_aAU)§ b=~Ruenmaxc/Ruoxe; Ruvoxs —
pesyJbTHpYIOlllee CONPOTHBJEHHE, ONpejesieMoe NMOTEPSIMH B dJIEeMeH-
TaX KoJeGaTeJbHOrO KOHTYpa, BBIXOJHBIM conpoTHBJeHHeM AD, con-
POTHBJEHHEM [OCTOSIHHONO pEe3HCTOpa, WIYHTHPYIOLIEro KOHTYp, H
BXOJAHBIM CONPOTHBJIECHHEM ﬂOCJleIl)’lOIlleﬁ LemnH.

Tlpu onpeneneHyH OGOOGLIEHHON DPACCTPOAKH HEOOXOAHMO YUHTHLIBATL H BJHSIHHE €M-

KOCTH YMPABASEMOro 3jJeMeHTa Crea, KOTOpPas 3aBHCHT OT YDOBHS YTIPaBJSIOLIETO
CHTHAJMa. B Y3KONMOJOOHBIX YCHAHTENX, Tie OGbIYHO BHLITIONHAETCS HepaBeHCTBO

C+Cy> Cyen, (7.21)
BJIHSHHEM YTOMAHYTOH COCTaBJsIOUled CyMMapHOH eMKOCTH npeHeGperaior.
HTak, BHOCHMBIH pe30HAaHCHBIM KackKaJOM C yNpaBJ/sieMOH Harpys-
Kot pa3oBbiit cABHT MpH Uypp.c=const paBen
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@ (0) = —arctg [§ B Uynp.o)l. (7.22)

B COOTBETCTBHH C NpHBEJEHHHIM BHIpaXKEHHEM, KOTOpOe B siBHOH ¢hop-
Me JaeT BO3MOXHOCTb OLIEHHTb 3aBHCHMOCTb ()a30BOro CHABHra OT
YPOBHS yNpaBJISIOLIEro CHTHajAa, Ha PHC. 7.9 MpeAcTaBieHa TpexMep-
Hasl (Urypa — NpoCTpaHCTBeHHHl peibed—e=F (¢, aAU).

——————— Ak
7 ]
A - J_,:..._"
7 ! 9\
wailp o S5 Y
-90 / :
-§0 0T | 2
oy T TTTTTTTTT T 25
C———— %
4.

Puc. 7.9. 3asucumocTb (a3oBOro CABHra pe3OHaHc-
HOrO KacKajla OT PacCTpPOAKH M YMpPaBJISIOLIETO CHI-
Hana .(b=1)

[TocTpoenne orpaHuHuHBaeTcss 006J/1acCTbI0O MOJOXHTENbHBIX 3Hauye-
HHI, MOCKOJBKY HCXOXHBle cooTHOUleHHa (7.19) u (7.22) noayueHsl B
NPEANOJIOKEHHH CHMMeTPHH (a3oBofi xapakTepHCTHKH. OueBHAHO,
YTO NMPH 3HAYHTEJBHOM YPOBHE YNpPaBJSAIOILENO CHDPHaJa SKBHBAJIEHT-
Hasi ZOGPOTHOCTb KOHTYpa OHHKaeTcsi, 0OyCJOBJIHBAS ‘TeM CaMbIM TO-
sIBJIeHHE aCHMMeTPHH (a30BOH XapaKTEPHCTHKH.

Kak ormeueHo Bhiule, Gojiee HarJsaHble pe3yJbTaTHl MOTYT OHTb
HoJiyyeHH IPH aHa/u3e BpeMeHH nuddepeHuHa bHOrO (a3oBoro 3a-
nasaeBaHusg. C yueroM (7.22) pas pe3OHAaHCHOro Kackaja DpH
Uynp.c=const umMeem

1
war B Ump.e
T(0) = _do@___ nAF ymp.c 7.23)

14 [2—AA;f— B (Uy,,p.c)] '

3nech Af — paccTpoiika KacKaJa OTHOCHTEJNBHO YacCTOThI YCHJIHBaeMo-
ro kojeGaHHs; AF — WIHPHHA NMOJIOCH MNPONMYCKaHHS, omnpenejaseMast
6e3 yuera BJHSAHHA 3JIEMEHTOB C YNpPaBJSieMbIM CONpPOTHBJIEHHEM.
Crpykrypa (7.23) nosBossieT MpoaHaJH3HPOBaThb XapaKTep H3MeHe-
HHS BpeMeHH 3ama3fblBaHHA KaK (QYHKUHH HECKOJbKHX MepeMeHHBIX
0606L1IeHHO paccTpOAKH H YPOBHS ynpasJjsioulero Bo3peiictsus. Baa-
rogaps 3TOMYy NOSIBJISIETCS BO3MOXHOCTb MOCTPOHTb (YHKIHOHAJbHYIO
3aBHCHMOCTb T(®) =F (§, Uynp.c) B BHIAE NMPOCTPAHCTBEHHOTO peJibe-
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Puc. 7.10. 3aBucumoctb BpeMenH AHbepeHuHaNLHOrO ba-
30BOTO 3aMa3fiLBaHHA PE30OHAHCHOTO KacKafa OT pacCTpOH-
KH H ynpasasiouiero curiana (b=10)

¢a. Takoe nocTpoeHHe AJs HOPMHPOBAHHOrO BpeMeHH (a30BOro 3a-
nasauBanuga t(w)nAF=F (2Af/AF, aAU) npeacraBiaexo Ha pHuc.7.10.
Kak BuAHO, npocTpaHcTBeHHass ¢urypa o6pa3oBaHa MoCJef0BaTeJNbHO-
CTBIO HECKOJNIbKHX KPHBHIX t(E), KaxAas H3 KOTOPHIX COOTBETCTBYeT
(GHKCHPOBAaHHOMY YPOBHIO yNpasJsiolle- :

ro curiana. C yBeJHueHHeM YpoBHs yn- ![g z4F
PaBJISIOIIEro CHIHalla BpeMsl 3aMa3fibiBa- 4
HHSI YMEHbIAeTCsl H CTAHOBHTCS OTHOCH- \
TeJIbHO MOCTOSIHHBIM B TIOJIOCE YaCTOT. (8P D

Hcnosb3yst H3JI0XKEHHYI0O METOAHKY, \ (5

HETPYAHO MNOJYYHTb (a30-aMIIHTyAHbIE (7 \\ ;
xapakTepHCTHKH — T=F (Uynp.c) — nas \ N \ // 05
(HUKCHPOBAHHBIX 3HAaueHHH 06o6weHHo 1
paccrpoiiku. Tak, ana Af=0, T. e. npH 05 \
OTCYTCTBHH pPacCTPOHKH, BpeMsi 3ana3sl- \

BaHHs Ha De3OHAHCHOM uacToTe ompeje- g \
JNSI€TCSA COOTHOLIEHHEM ' \ \
03 \
1 d \
W0 =%=— BUmI= N NK NN\
N N
—aAU
Wndfbe (729 w\\%‘k\‘\\
14be—a8U g\\m
B cootserctBHH ¢ (7.24) Ha puc. 7.11 ‘ T

NOCTPOeHa 3aBHCHMOCTb HOPMHPOBaHHO-

ro BpeMeHH 3ala3lbiBaHHA Ha pe30HaHc- Puc. 7.11. 3aBHCHMOCT HOPMH-
HOil YacTOTe OT YPOBHS YNpaBJSIOLIEr0O gg::‘;‘*‘;“: é%iﬁi'lﬁonsﬁ'ﬁli‘é?;
CHTHaJIa A/ pPa3JIHYHBIX 3HaYeHHH K03d- P

OT YPOBHA YNPaBJAIOWIErO CHI-
¢dunHenTa b. Hana
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7.5. Baaaane eMKOCTH HeIHMHEHHBIX YNPaBIAEMBIX 3JIeMEHTOB
Ha ¢a30BbIe CBOHCTBA NPOCTEHIINX KaCKaJOB

B mpoBemeHHOM Bhillle aHajMH3e BJHAHHE HIMEHSIOLIENCS E€MKOCTH HeJHHeRHHX
yOpaBJasieMbX 3JIEMEHTOB He YYHTHBAJOCh. DTO GBIO HeOGXOLHMO IS HATJSIHOIO
BBISIBJIGHHSI OCHOBHOTO (pakTopa, OGYC/IOBJIHBAIOUIEr0 BO3HHKHOBEHHE aMILIMTYRHO-
¢das3oBoit koHBepcHH. B paccMaTpuBaeMoil Pa3HOBHMHOCTH YCHJHTeNEH OCHOBHOM
npuurHoii A®K siBisiercss H3MeHeHHe B NpOLecce YUPABJIGHHS YCHAGHHEM De3YJbTH-
pYIOLLer0 COMPOTHBAEGHHS IeNH MEXKacKaJHOM CBA3H (TOYHee, CONMPOTHBJGHHS M-
pasJjisieMoro ajementa). HUrto e Kacaercs 3$¢deKTOB, CO3faBaeMHX H3IMCHSIOLLEHCS
MKOCTbIO YNpPaBJASieMOr0 3JeMeHTa, TO HX HHTGHCHBHOCTb CDaBHHTENbHO HEeBeJHKa
H B GOJIBUIHHCTBE CJYyYyaeB HMH dapoHebperaior.

Temepb, nocne Toro xak ocHoBHas mpwunHa A®DK mnoayunsna KauecTBeHHYIO M
KOJHYECTBEHHYIO OLEHKY, lleJecoo6pasHo OUEHHTb TakXKe odderTnl, 06ycA0BAEHHDbIE
€MKOCTBIO HeJIHHeHHBX YNPaBJAsSeMbIX 3JEeMeHTOB B DPe30OHAHCHOM H alepHOMHYeCKOM
Kackanax. [Ipu 3ToM caenyer BOCNO/Ib30BAaThCS NMPHBEAEHHBIMH Bhillle 3KBHBAJEHTHbI-
MH CXeMaMH COOTBETCTBYIOUIHX YCTPOHCTB.

Pesonanchoui ycuaurens. B mpouecce ynpasieHHS KOBMOPHUHEHTOM YCHJIGHHS
3aTyxaHHe KoJeGaTeJbHOro KOHTypa HaMeHsiercss oT dg J0 da/B(Uynp.c), a pesyinb-
THpYyiomas eMKocTb — OT Cqx 10 Ca+Caean.

Tlpenmonaraencs, 4T0 B peXHMe, COOTBETCTBYIOUlEM OTCYTCTBHIO ynpaBJsiouie-
ro0 CHPHaja, Kackaj TOYHO HAacTPOeH Ha Pe30HAHCHYIO 4acTOTY H, CJIeAOBATEJILHO,
He BHOCHT aMILIHTYJHO3aBHCHMHX (a30BHX CHBHTOB. JTOT PeXXHM XapakTepH3yencs
CJGRYIOWHMH COOTHOWeHHAMH (npn aAU=0):

d=dy, C=0C,. (7.25)
Ilpu Hanuyuu ynpasasiowero curHana (aAUs£0) BO3HHKaeT NOMOJHHTENbHAs pac-
CTpOfiKa, B CBSI3H C YeM BO3HHKaeT NpHpalleHHe (Ha30BOro CHBHra

Ay B (U .¢)
Ap = — arctg rn B(Uypp o) = —arctg —d::np— X
2 [ (’)p IaAU=0 '_ mp IaAU:/:O ] — — arclg 2B (Uynp‘c) %
o, ‘vAU=0 dy

1 1
VICy  V L(CiTCuen
1/V'LC,

1
|-V el 729

Tlonaras, 4T0 eMKOCTb YNPaBJASAEMOTO 3JeMeHTa pacTeT € YBEJTHYCHHECM YDOBHSA yuI-
paBJsloUlero CHrHaJjaa HPHGJIPBHT@J[HHO nOo 3KCTTOHGHUHAJBHOMY 3aKoHy, T. €.

Chen/Cy = bc e?C AU» (7.27)

rie bc=Cuen/Cu — OTHOLIEHHE HaYaJbHOR €MKOCIH YNPaB/SEMOro 3jeMeHTa K
CYMMapHOH EeMKOCTH Hanpy3o4HOH IemH; dc — KO>PHUHEeHT, OMpeneTsACMb THIIOM
MaTepHaJa, H3 KOTODOLO H3TOTOBJIGH YIIPABASEMBIH S/EMEHT, €TO DeXHMOM paGoTHl
010 NOCTOSTHHOMY TOKY H IPYTHMH (akTOpaMH, MOXyIHM

2

1
— arctg— 1/ ————1. s
Mg = —aretg =B (Uymp.o) || l/ L } (7.28)

TIpuBenenHas ¢opMysna No3BoJsieT OLEHHTb NpHpauteHHe (azoBoro CHBHra, BH3BaH-
HOe AEMCTBHEM COGCTBEHHON eMKOCTH yupaBaseMoro asneMenta. Ilpu pacuete AQ
HEOGXOAHMO  OmpeNeqHTh  GyHxuHoHaibHHe — KoapoduunertH  B(Uynpo) H

ac AU
Be(Uyap.o)=1—V 1j(1+bc e 2Y).

Anepuoduueckuii kackad. VaMeHenue eMKOCTH YMPaBJsieMOro 3JeMEHTa CKa3bl-
BaeTcss Ha (a30BOM XapaKkTepHCTHKe KacKaja JHIIb B OGNacTH BEPXHHX YaCTOT.
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HerpyaHo nokasaTb, 4TO C y4eTOM eMKOCTH YNDaBJSEMOrO 3JEMEHTAa BbIPAXKeHHe
(7.9) npencraBasieTcs B CJaedyloUleM BHAe:

(P (('O)B = — arCtg [XB (1 + CHeJ]/CH) B (Uynp,c)] =
= —arctg [Xg (14 8¢ ¢%C2Y) B(Uyp, )] (7.29)

3mech TakxKe MMeeTCs B BHAY, UTO C yBeJauWyeHHeM yDOBHS YTpPaBAAIOWErO CHIHajAa
eMKOCTb YTpaBaseMoro asaemeHnra pacter. M3 (7.29) caenmyer, uto B amepxoinue-
CKCM Kackaje BJHSHHC EMKOCTH )YTpaBJAsieMOro 3/eMedTa CKa3biBaeTcs B YacCTHY-
HOH KOMNeHCaUHH NpHpalleHHi ¢a30BOro CcHBHra, OOYCJAOBAGHHBIX H3MEHeHHSAMH
pe3yNbTHPYIOLLEIO COMPOTHBJEHHS HeNMH HArpy3KH, T. €. KMEET MECTO HeKoTopoe
ocaabaedne ADK. TakuM oGpa3oM, BKJIOUeHHe B COCTAB YTPABJAEMOil IemH KOMOJ-
HHTEJbHOTO (eMKOCTHOTO) 3JeMeHTa OTKDbIBaeT BO3MOXHOCTb IIOJNIHOH KoMTeHca-
uui APK B obnacth Bepxuux uyacrtor. as 3T0ro Heo6x01MMO, 4TOGH BO BCeM
HHTepBaJe YypOBHeH YNpPaBJSIOLIEr0 CHTHAJa eMKOCTb YNOMSIHYTOrO 3JeMeHTa H3Me-
HAJMACh MO 3aKOHY, OOGDAaTHOMY 3aKOHY H3MeHeHHsl COMDPOTHBJEHHS pEe3HCTHBHOIO
VIIPaBJASeMOro 3JeMeHTa, T. e.

Ruen = Ryen yau/P1 (Uynp.c), Chen = Cen yau V2 ( Uynp.c)r (7.30)

apuueM apH Uynp.c.mnn << Uynp.e <<Uynp.c maxe $2(Uynp ¢) Pr(Uynp.c) =1.

TouyHoe paBeHCTBO (YHKUHOHAALHBIX KOQOHUHEHTOB B LINDOKOM HHTepBaje
yaCTOT Ha NPaKTHKe HeocyllecTBHMO. He mpencraBiasercs BO3MOXMHBIM TOA0OGPaTh
©MKOCTHOH H pPe3HCTHBHBIA ynpaBiaseMble 3JeMEHTH, obJjajalouiHe Tpebyemoil ¢op-
MOH 3aBHCHMOCTH (YHKUHOHAJBHBIX KOIMHLUHEHTOB OT YDOBHS yNpaBJsIOLIEro
cHriana. OnHaxo TMpHGAHKeHHe K ycaoBHaM (7.30) MoXKeT GBITb JOCTHTHYTO NMyTeM
nombopa CaMHX SJEMEHTOB H BKJIOUeHHEM B COCTaB YNpPaBJASAeMON dellH JHHEAHBbIX
KOPPEKTHPYIOLHX Pe3HCTODOB.

7.6. ®a3oBBIe CBOMCTBA KACKAfOB C ABYXKOHTYPHLIMH (GHILTPAMK

YnpaBnsieMble KacKaJbl C HCNOJIb30BaHHEM ABYXKOHTYPHBIX (HJbT-
pOB B KauecTBe Llened MeXKacKaiHOH cBsi3H (pHuc. 7.12) npu ompene-
JEHHBIX YCJOBHAX (MMEIOTCA B BHAY HaAJexallHM ob6pasoM nojao-

6paHHbIe BE€JHUYHHBI KOS(b(pHU,HeHTa CBSI-
puoop

3H H 3aTyXxaHHs) 06/1afal0T LIMPHHOM Mo-
JIOCBl MPOMYCKaHHsl, NPAaKTHYECKH He3a-
BHCHMOH OT YPOBHS yNpaBJIsIOLLEro CHr-
Haaa {3, 7].

B ¢BsI3H ¢ 3THM MOXKHO OXHJATh, UTO
M (a3oBble CBOHCTBA XapaKTEPH3YIOTCS 4
(Mo cpaBHEeHHIO C pPe30HAHCHBIMH KacKa-
IamH) OoJjiee BHICOKOH CTaGMJbHOCTBIO Puc. 7.12. Cxema Kackaja ¢
B HHTepBaJle YPOBHeH YNPaBJSAIOUIEr0  ABYXKOHTYDHHM (HJIBTPOM
BO3feicTBHSA, T. e. DAX TakHX KackKajaoB .
O/MHM3KH K HjeasibHON. JIJIsi MOATBepKAEHHs HHXKe MPOBOLHTCH AHAIH3
U3BECTHOTO BbIPaKeHHs, ONMHCHIBAIOLLEro (pa30BYyI0 XapaKTePHCTHKY O/-
HOKAaCKaJHOTO YCH/IHTes C ABYXKOHTYPHBIM (HJIBLTPOM:

d d
Y1 ds 1Y 12 ’ (7.31)
dydy —y, Y, + ks
311ech Y1 H Y — OTHOCHTE/bHBIE PaCCTPOHKH MEPBOTO H BTOPOTO KOHTY-

POB Qu/IbTPa, OGBLIYHO MOJIATaeMBIX OJAMHAKOBHIMM; d; M d» — 3aTyxa-
HHE KOHTYDOB; kcp — KOI(DOULUHEHT CBA3H MeXKAY KOHTYPaMH.
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Tak Kak nmpuBeJeHHOE BbIpa){€HHe He JaeT BO3MOXKHOCTH YCTaHOBHTD
HENOCPEACTBEHHYIO CBSI3b MEXAYy H3MeHEeHHSIMH (a30BOro CABHra H
YPOBHEM YNpaBJSIOLIEr0 CHTHaJla, OHO JAOJIXKHO OHITh mpeobpa3oBaHO
C YYeTOM CTPYKTYpH BTOpPOro KOHTYpa, B COCTaB KOTOPOrO BXOAHT
3JIEMEHT C yNpaBJisieMHM conpoTHBiaeHHeM. Toria 3aTyxaHHe BTOPO-

ro KOHTypa
dy = dyy/ B Uynp.c), (7.32)

rie B (Uynp.c) =be—aAU/ (1+4be—aav), b=~Ruen.manc/Rx2; doan— HauyamIb-
HOe 3aTyXaHHe BTOPOro KOHTYpa, COOTBETCTBYIOIlee OTCYTCTBHIO YII-
paBJsollLero cHhHaga. TakHM o6pa3oM.

Yy dy [14-dgu/dy B (Uypp )]
Koy — 2 - dy dyu/ B (Uynp.o)

HJIH, NIepeXOAs K HCNOJIb30BaHHI0 06006LIeHHON paccTpoiikH E=y/d, H
tdaxkropa cBA3H 1 =kcs/d),

@ = —arctg , (7.33)

E[1 + dgu/dy B (Uymp.0)]
? —E2 4 dyy/d, B (Uynp_c) )

Kaxk BuaHo, (7.34) onpenensier BHOCHMEI (a30BHIl CABHI KaK (YyHK-
LHI GOJILLIOrO YHCJAa MepeMeHHHX (He TOJNbKO 0606lIeHHOH paccr-
poiiku (§) H ypoBHA ynpasasioumero curiana (aAU). dto paer Bo3-
MOXHOCTb NOCTPOHTb KaK NPOCTPAaHCTBEHHHIH pesabed, Tak H HalTH
napaMeTps ABYXKOHTypHOro ¢uibtpa. TaKoi Xxapaktep ¢yHKUHO-
HaJIbHOH 3aBHCHMOCTH 3aTpyAHsieT oOGliui aHa/lu3 ()a30BHIX CBOHCTB
KacKaia H BHBOJA (hopMyJ AJsi HHXKEHepHHX pacuetoB. B cB#3H co
CKa3aHHLIM NpeACTaBJsAeTCH lenecoo6pa3HEIM HCNOJb30BaHHE rpadH-
YeCKHX MOCTPOeHHH, HJJIIOCTPHPYIOLHX 3aBHCHMOCTb ¢opMu PAX or
H3MeHeHHs1 napaMeTpoB (uiabTpa: 0GOOLIEHHON PaCCTPOHKH, COOTHO-
IIEHHSI COMPOTHBJIEHHH IUIYHTHPYIOLIETO PE3HCTOPa H YyNpaBJseMOro
3JieMeHTa, COOTHOIIEHHs 3aTyXaHu#i KOHTYpoB H Ap. [lomo6GHmie mocr-
poeHust NpHBeJeHH Ha pHC. 7.13.

¢ = —arctg

(7.34)

2pad
90
a0
0
60

2pad
10

501 08
40 " 0,‘/
o 02
20¢ 0
0F Puc. 7.13. ®AX Kackaja ¢ ABYXKOHTYPHHM
1 L 4 dunprpoM: a —n=1; b=1; dae/di=1; 6 —E=2;
0 Ty n=1; dy/dy=1; 6—E=1; m=1; b=I
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Ians npoBefeHHsi HHXKEHEDHHX PacyeTOB peKOMeHAyeTcs rpaguuye-
CKOe NOCTPOeHHe, NpeAcTaBJeHHOe Ha pHc. 7.14. KpuBHe, cooTBercr-
ByIOLlHE JDYrHM 3HayeHHAM ¢akropa cBsasn n=1; 1,2; 1,5, mocrpoe-

¥ B0md 10 Bl 570
anters] o] o] RN
08 08 \ 7 r
1
. L SN
' ayaaa/ak S
" £ A/ a,,\ \\
) - )
/5// GBUynp) &g %
50 20 1050)2145 92 0 ! 2 3 4 5
50 0 0 5 2 1 05 02 9
dyy | £=02
0, 8Uympc) P
T~
\\ ?Q&; )
\Sk\\\\\\ ”
1
NN
\ N 77 100
\\\ w0  Puc. 7.14. OG6o6uen-
N HHE KDHBHE IJS pace
N 140 yera ®AX kackama c
§Z5 " IABYXKOHTYDHHM (bHJIb-
3 |apad TpoM npu 11=0,8

)]

HHl Ha pHC. 7.15 u ¢aKTHYecKH ABAAIOTCH (a30-aMIINTYAHBIMH Xa-
PaKTePHCTHKaMH KacKaja.

Ha ocHOBaHHH npejCTaBJeHHHX KPHBHIX MOXHO CAeJaThb PAA BH-
BOJOB:

BO-IIEPBHIX, XOTA KacKaj C JABYXKOHTYPHHM GHJILTPOM co3jaer
¢a30BHil cABHr, 3HaYHTEJbHO GOJBILHH, HeXKeJIH B Pe30HAaHCHOM Kac-
Kale, TeM He MeHee CTaGHJIBHOCTb €ro B HHTepBaJjie YPOBHeH ympas-
JISIOLIETO CHTHA/la TaKXe OKa3blBaeTcsl BHIlIe, T. €. B Kackale obec-
neynBaercs Gojiee paBHOMepHas DPAX;

BO-BTOPHIX, AJf1 obGecneyenusi paBHoMepHoii @PAX B mocraTouHO
LIHPOKOM HHTepBaJie 0600LIeHHHX PacCTpoeKk cjelyeT BHOpaThb ompe-
JesleHHOe 3HaueHHe (aKTopa CBfi3H; KaK BHJAHO, HaHJyylllHe pe3yJib-
TaTH NOJYYaloTcs NPH 3HaueHHAX n=1-=-1,2.

[MonyyenHu#t 3ddekT 0O6BACHAETCA HCKIIOYHTENBHO CTPYKTYpPO#
IlenH MeXKacKalHOM CBA3H. B OTJIHYHe OT Pe30HAaHCHOrO YCHJIMTeJS,
rjle ynpapJsieMblfi 3JleMeHT HeNOCPeACTBEHHO WIYHTHpyeT Kosebaresb-
HHH KOHTYp, B KacKaje C ABYXKOHTYDHHM (HJIBTPOM YHpaBisieMblil
3J7IeMeHT BXOJHT B COCTaB JIHLIb YaCTH lLieNH MeXKaCKaJHOH CBS3H,
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06YCJIOB/IHBas MEHbIIYI0O HECTaOHIBHOCTh 3JEKTPHYECKOTO COCTOSHHS
kackaja B uesJoM. COOTBETCTBEHHO YMEHbIIAETCS 3aBHCHMOCTb IOKa-
3areJled NOCJEJHEr0 OT YpOBHSI YNpPaBJSIOLIEr0 CHTHaJa H ocJaabJs-
€TCA HHTEHCHBHOCTb NOOOYHEIX 3(ppeKTOB, B yacTHOoCTH ADK.

B 3aksoueHne Hacrosimed raaBbl leaecooGpasHo yKa3atbh Te Me-
TOABI, KOTOPble MOTYT ObITh MOJNE3HBI NPH PELIeHHH 3ajaud ocJabJe-

50 w0 5 2 1 05 02 A ] 701 0y Q2
0, /1, 6ly.) §=021pp |Gty o) -0
e/ [ i 04
: AL
=] &) 08 |49
[r—— P ————
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e 0 \\\\Q 0
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20
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12
\Qq\\\~\ 160
1
\\\\ w
Y
\ N 120
25 Puc. 7.15. BcnoMoraTtesbHHe
\\\ 160 rpaduks aas pacuera PAX
N Kackajla ¢ JBYXKOHTYPHBHIM
10 pupTpom: a—m=1; 6—n=
9 ¢, 2pad =12; 6—m=15

Hug APK B ycuantensix ¢ ynpasasieMoil Harpyskoil. M3 mpenumecty-

IOIler0 HM3JIOXKEHHUS cJefyeT, YTo HaHOoJsiee 3(PPeKTHBHHIM SBJASETCS:
BBINOJIHEHHE Llenell MeXKacKaJHOH CBS3H B BHJE CJOXHBIX YeThl-

PeXMOJIIOCHHUKOB ¢ OOJIBILIHM YHCJAOM CTeNeHeill cBOOGOHI;

NOCTPOeHHe YNpaBJaseMHX Lened B BHIE CJOXHOH KOMGHHALHUH
HeJIHHefHBIX 3JeMEHTOB M JIMHEHHHIX Pe3HCTOpPOB, O6Jaaromaps ueMy
BXOJHO€ CONPOTHBJIEHHE LIEMH H3MeHSIeTCS B He3HAaUHTeJbHBIX INpeje-
Jax.

KpoMe TOro, MoxxHo peKOMeHAOBaTh BBeJleHHE B COCTaB YyHpaBJse-
MBIX KaCKaJOB 3JIEMEHTOB W lefneli, ¢ NOMOIIbIO KOTOPhIX KOMIEHCH-
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pytoTcsi noGoynble 3¢ deKTH, 06yca0BIeHHbE MEHSIOWHMCSA CONPOTHB-
JIeHHeM Harpy3kH, a TakxKe HCHOJIb30BaHHE YCH/IHTEJNbHHX NPHOOPOB,
¢asosbie cBoHcTBa KOTOPHIX ca6o 3aBHCAT OT YPOBHS ymHpaBisiollle-
ro CHrhasa. :

Bce ynoMsinyThle MeTolbl JIH60 B OTAENBLHOCTH, JIHO6O OJHOBpPEMEH-
HO MOryT ObiThb 3()(eKTHBHO HCHO/Ib30BaHbl B NPAKTHKe IOCTPOEHHS
YCHIUTEJIbHBIX YCTPOHCTB C ynpaBJ/sieMoil Harpy3Koi.

8

AAHAMHUYECKHE ®A30BbBIE XAPAKTEPHCTHKH
YCUJHUTEJEN-OTPAHUYHUTEJIEH

8.1. TpaH3HCTOPHBIH yCHIUTENb-OrPAHHIHTEND
€ OHOCTOPOHHMM OrpaHMuYeHHeM KoJeGaHmi

B coBpeMeHHoil annaparype HauGosee IIHPOKOe NMPHMEHeHHe Hall-
JIH ycuauTeau-orpanuynTesn (OY) Ha TPaH3HCTOpaX ¢ OTCEYKOH KOJI-
JekTopHoro Toka [31], rae BosHukHOoBeHHe ADK o6yc/ioBieHO Kacka-
AaMH OorpaHHyeHHusi, T. e. GopMoi (pa30-aMIVIHTyAHOH XapaKTepHCTH-
KH CaMHX TPaH3HCTOPOB.

Kaxmeii xackal TaKoro OrpaHHuMTeJs OOCTCUHBAET ONHOCTODOHHee OIPaHH-
YeHHe CHHYCOHAA/bHOrO koJeGaHHsl, a couyeTaHHe JBYX KacKajoB — IBYCTOPOHHee
H TIpAKTHYECKH CHMMETDHUL{iOe ONnpaHHYeHHe. ﬂ..’!fl HOp‘MaJlb'H'Oﬁ pa‘ﬁonﬂ MHOTOKacC-
KagHoro YO MEXNYy OTAEJbHBIMM KacKanaMM HJIM TapaMH KaCKaAoB BKJIIOYEHbl JIH-
HeliHble H36HpaTesibHble ycuauTeaH. Toraa
KaXAyl0 sYeHKy MOXHO pacCMaTpHBaTb jl

RN
T

KaK OTAENbHbIH aMIVIHTYAHBIH YCHJAHTE/b-
OrpaHHYHTeNb C OJHOCTOPOHHHM (puc. 8.1)
HIH J[BYCTODOHHHM OrpPaHHYeHHEM KoJe-

GaHHil. f] H
B cxeme puc. 8.1 ogHokackanHble orpa-

HHYHTEJNH C OTCEYKOH KOJJIEKTOPHOTO TOKa fgf

1 yepesyloTCs ¢ KacKafaMH JHMHEHHOTO YCH- ——

Jiennss curiana 2. PesucTHBHas Harpyska .

MOXeT ObITb 3aMeHeHa Pe30OHAHCHOM, TaKHe
OrpaHHYHTENH INPHMEHSIOTCS Ha 4acToTax
Boie 100 MI'm. Ha Bbixone siueiiku nep-
Basi TapMOHHKa CHTHaJa BblleJsieTcs JH6O

KOHTYPOM KacKaja OrpaHHueHusi, JHGO JH- IE 7

HEHHbIM YCHJIHTETeM. Puc. 8.1. TlpunuunnanbHas cxema sfued-
B nuanasone  ypoBHe#t  curuana KH YCHJHTENf- OTPAHHUHTENR C OIHO-

A®K, cosmaBaemast orpaHHuHTeNeM (CM. CTOPOHHHM OrpaHHYeHHEM CHIHala

puc. 8.1), B OCHOBHOM ompesessercs
nepBbIM KaCKaJloM—HeJHHeHHOCTbIO H HHep-
LHOHHOCTBIO TpaH3ucTtopa Ty. KpoMe Toro, JomoaHHTeNbHble aMIIHTYLHO32BHOHMble
¢asoBble CABHTM CO3LAIOTCSH LEMNbI0 MeXKaCKamHOH CBS3H 3a C4YeT H3MEHeHHS BXOX-
HBIX H BBHIXOUHBIX JIPOBOJAHMOCTEH TPaH3UCTOPOB.

[lpu paGoTe YCHAHTENS-OTPAHHUMTENS OT HCTOUHHKA CHPHAJa C MajiblM BHyT-
PeHHUM COTMPOTHBJIEGHHEM, KOTAA BLINOJHSeTCS COOTHOweHHe Y¢>> Yy, Koappuuuent
YCHJIGHHSI MepBOro Kackana

(8.1)



rae Ya, — pesyabTHpylOWlas TPOBOAHMOCTD HarpyskH ¢ ydeToM BXOAHOM NpPOBOANM-
MOCTH CJaedylollero Kacxaaa.

PaccMOTpHM KacKajfl YCHJIHTeNSI-OTPaHHYHTEJISI C PE3HCTHBHOH Ha-
rpyskoii. I[Ipn 3TOoM mpeanosaraercs, 4To BTOpPOH Kackaja, paboraio-
IUHHA B peXXHMe JIHHEAHOro yCHJIEeHHs, He BHOCHT (Da30BBHIX HCKaXKEHHH,
TaK KaK YpoBeHb CHrHajla Ha ero BXofe (T. e. MoCjie OrpaHHYHTe)
H3MeHseTCs B MaJilX Npejenax. BinsiHue JIHHefiHOro kackaia Ipo-
ABJISIeTCA JIHIIL B H3MeHeHHAX BXOAHOH mpoBoauMoctH Te. B coorBer-
ctBHH ¢ (8.1) dasoBmil caBHr fueiiKH paBeH

Q= P21, + Py, 8.2
rae ¢21,—(a30BHil cABHT, co3faBaeMuii T);
by, + g,
gn, T &n,+ 82,

MeXKacKagHoi CBfA3H C y4e€TOM BXOIHHX ¥ BHIXOLXHLIX fl{pOBOJlHM'OOCTCl’I

TPaH3HCTOPOB.
Hs (8.2) caenyer, uto ADK onpenensiercss Kak H3MeHeHHe (ha3o-

BOro CABHra B 3aBHCHMOCTH OT YPOBHS CHIHaJia
Ao=Aqa, +Agy,. 8.3

H3meHnenue ¢a3oBoro cABHra TpaH3ucropa coraacHo (4.26) mox-
HO NMpEACTaBHTb Pa3HOCTbIO 3HauyeHH# (a3oBoro casura npH GoJbLIOM
H MaJjiOM yYPOBHSIX CHTHaJja

OCHOBHOE H3MeHeHHe I'DaHHYHOA YacTOTH TPAH3UCTOPa Ws, KAK CJleAyeT H3
(4.26), 0OYCAOBJEHO 3JeMEHTAMH CXeMH 3aMellleHHS Cpm¢, 'z H Co.n. OrnHOCHTEND-
HOe H3MeHeHHe GapbepHON eMKOCTH IMHTTEPHOTO flepexofia B JHHAMHYECKOM XHama-
30He curHana [30]

Py, = —arctg — (a30BbIi CABHT, CO3aBaeMHi LeNbIo

Con 1
P~ 14
Cs.n. 1 1 h'lD(Um_(_ni
+ vy 97 —Ep
3 : Usx m

. (8.4)

16 1
Vq),- — Epo+ 5 InD Une m)

3nech y4TeHO H3MeHeHHe cMellleHHst Ha 6ase 32 cueT Lemedi CTaGHAHM3aUMH DeXHMa
TPaHSHCTOPA NO MOCTOSHHOMY TOKY (HaflpHMep, 32 CYeT DE3HCTODa B UEMH 3MHUT-
Tepa R,). [Ipu 3TOM CcMeleHHe PaBHO

1
Ep zEpo——Y_]ﬂD(Unx m), (8.5)

rae Epo —cMemtensie Ha 6ase npH Usx m=0; y —mapaMeTp SKCTOHOHIMAALHOR am-
TP OKCHMALLHH ;%oxomﬂoﬁ XapaKTePHCTHKH.
Beawunia D(Usx m) Ha HH3KOA 4YacTOTe paBHA

D (Upxm) =Jo (YUsx m)» (8.6)

rae Jo(x) — moxudmuppoBantan ¢ynkuus Beccens Hyneporo nopska.
Ha Brcokofi yacrore D(Usx m) onpelfensiencss 0 BLICOKOYACTOTHOM TPOXOLHOM
XapakTepUCTHKe TpaHaucropa [29].
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a
NameHeHHe AhG(Gy3HOHHOH €MKOCTH IIPOTMOPUHOHAJBLHO BeJHYHHE T KOTO-
-]
pas B NHHAMHYECKOM JHaNa3oHe CHMHajAa yMeHbluaercs. JlefcTBUTeNbHO, OTHOWEHHE

)

T30 kT

r - 1
3-¢P exp [% T‘m-’o(? Ume)]

api Usz m >0 MeHblie eluHHUH. Beawunna rp npomopuuHoHanbHa r, H YBeJHYH-
BaeTcd B JHHAMHYECKOM JHana3oHe CHIHaja. M3MeHeHHSMH napaMeTpoB JAPYTHX
SJ€MEHTOB CXeMbl 3aMeUleHHA TPaH3HCTOpa (pmc. 4.9) MOXHO npeﬂeﬁ'p@lb H3-32 HX
MAaJIOCTH.

HntencusHocts A®K Bo MHOroM 3aBHCHT OT NapaMeTpoB Harpy-
30yHOH uenu. BenHunHa gm BHIGHpaeTcs H3 ycJaOBHSE obecneyeHHA
Tpe6yeMo#i LIMPHHBHI NMOJIOCH INPONYCKaHHS M OGBIYHO COCTaBJsIeT He
MeHee 20 MCM. [IpH yBesqHuYeHHH YPOBHSI CHTHaJjla BXOJAHBIE H BBIXOA-
Hble TPOBOAHMOCTH TpaH3HCTOpPOB H3MeHsoTcs. Ha puc. 8.2 npusene~

8.7)

Mem % 1341 MM Gyps T3
3 LN 1 12 3
\zfmm Q””A
daNA N BN
1 g >\~¢\5 o \‘NE‘\
3 \\ ’ \\3
\‘ 7 \’\’\
0 w0 20 300Um8 O w00 200 300 Up,mB
LA . -
I.=10mA ng |c L= 10mA
N \\u R 223 N K
J \\\ T 5\
5 \ \\\ 5 , \\ = \
’ ‘\ ‘\ \
; T~ 1 —

. 1 ‘
0 W0 200 300 Uy, MB 100 200 300 Up, M8

Puc. 8.2. TpadukH H3MeHeHHS BXOIHHX M BHXOXHHX NDOBOJH-
mocteli Tpansucropa I'T311 B nHHaMHuecKOM XHanasoHe CHrHaja

HH COOTBETCTBYIOIIHE KpHBHE MJjsi TpaHsHcropa I['T311 Ha uwacrore
30 MI'u. AHanu3HpYysi RaHHEHIE, NMOJYYEHHbIE PACUETHHM M SMIHPHYR-
CKHM NYTAAMH, MOXHO I0Ka3aThb, YTO NPH NPaBHJIbHO BHOPaHHOH Be-
JIHYMHE gy aMILIHTYJHO3aBHCHMHIH ¢a3oBuiil capur OY 3a cuer wemd
MEeXKacKaJHO# CBSI3H COCTaBJISIeT eAHHHUH rpanycoB NPH Usymuaxec=
= (200-+-300) mB. CoorBercTBeHHO 3ppekTnl ADK 06ycJoBIeHH B
OCHOBHOM H3MeHeHueM ¢asoBoro casura T B AHanma3oHe ypoBHei
CHrHa/la, KOTOPHIH MOXHO paccyHTaTh, Hcmoab3ys Il-o6pasnylo cxe-
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My 3aMelleHHs TPaH3HCTOpa NpH GOJBLUIMX CHrHaJaX. 3HauHTeJbHOE
BJHsSIHHE Ha XapaKTep H3MeHeHHsI (a30BOro CABHra OKa3blBaeT PEeXHM
paboTel TPaH3HCTOPOB MO NOCTOSHHOMY TOKY. OGbIYHO OH CTabGHJH3H-
pyeTcs C NOMOLIbIO BHEUIHHX PE3HCTHBHHIX lened. Ecan 3jeMeHTH
nocJeJHHX MOAO6paHB TaKHM 06pa3oM, YTO NPOHCXOAHT yBeJHYEHHe
MOCTOSTHHOM COCTaBJSIOIIeH TOKa KOJJIEKTOpa B AHMama30He CHrHaJja
(Hanpumep, npu MaJsolf BesHyHHe R,), To aAudy3HOHHAsE eMKOCTb H0-
TMOJIHHTEJbHO YBeJHYHBaeTCs, a ry yMeHblunaercsd. Bo3HHkalolilee npH
TOM H3MeHeHHe (a30BOro cABHra KOMIeHCHpYyeT (pa3oBbIA CIABHI, CO-
3laBaeMblii TPaH3HCTOPOM. YKa3aHHoe OOCTOSITeNbCTBO OTKpLIBaeT
BO3MOXHOCTH ociabnenusi AOK B ycunntesne-orpanuuutese. 1o noa-
TBEpXKJAaeTcsl MpHBeACHHHIM Ha pHC. 8.3 ceMefcTBOM 3KCNepHMEHTaJb-

2pad[dg i T
v Lo T~ —]
2pad | 4¢ « | L=05MA 5 "/ T
45 / ————— i | .// -~
g\,5 i \\\\ ‘ i y | I
-5 - ! NS J / !
N -5 R )
) S~ i L/
B 2 [ —— N // U/ﬂ
Un| -10 =
0w 60 120 MB g1 1 0 100 MB
Puc. 8.3. HecrabuabHocTb Puc. 84. ®AX ycuiuTens-OrpaHHUHTENS, CO-
®AX ycHaHTeNs-OTPaHHYHTE- JepiKallero TPH  AYEHKH: 50 MIu;
a8 Ha Tpamsucrope [IT311 @ —0— — 60 Mly; — — — 70 Ml
npt Ry=30 OM u Ry=

=200 Om

HpiXx ®AX ycHJIHMTeNsi-OrpaHHUHKTEIS, BHIOJHEHHOrO MO cxeMe pHc. 8.1
(vactora 60 MTI'L, wxpuHa nojocH mponyckKanus 20 MI'u), npu pas-
JIMYHBIX HCXOJAHBIX peXHMax TpaHsucropa. IIpH GoJbIIMX TOKax KoJ-
nektopa ®AX omnpejensercs yMeHblI€HHEM (pflsoaoro CHBHra T, a
IpH Ma/ibix TOKaX — yBeJHYEHHEM IOCTOSIHHOH COCTaBJsIOlled TOKaA
KoJLIeKTopa.

Fcan B KauecTBe HATPY3KH HCMOJIb30BAH Pe3OHAHCHH KoHTYp, To H3 (8.1)
caenyeT, YT0 Ko3OULUHEHT YOHJIEHHS KacKana paBseH

Yo, P1P2

K= ity

rie gy, =8y, 820, P1*+811, P2 P1 H P2 — KoS({'OAUMEHTH BKIIOUSHHS KOJIEKTO-

pa u 6asbl; E1=2Af/AF — oGobuietHas paccTpoiiKa KOHTYPAa IPaBOTO Kackada IpH
MajoM YpOBHe BXOJHOTO CHFHaJa; AFj—mosoca NPOMYCKaHHS KOHTYpa.

M3 (8.8) Haxonum (a3oBbli CABHT KackKajaa )

. @ =@y, —arctgk,. 8.9)

Wamenenue (asosoro cisura Ap=~Agsi, +Agx, onpenenser AGK

yCHAHTeNIA-OrpaHHunTes. B IHamasoHe ypoBHEH CHrHaza ¢ a3oBhiii

CABHI TOJyYyaeT NMpHpallleHHe TaKXKe 3a CYeT H3MEHSAIOLerocs WYHTH-

POBaHHS KOHTYPa H €ro HaCTPOHKH. DTa COCTaBJSAIOlLaA ONpelesser-

cd Kak

(8.8)
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A @, = arctg & —arctg Em == &1 w.p)s (8.10y

rae Eim — 0000llleHHass paccTpoiKa KOHTypa C YyeTOM INYHTHpOBa-
HHS NpH GOJBIIOM YPOBHe BXOJHOIO CHrHaja; Ejmp-— MapaMeTp pac-
CTPOMKH KOHTypa mpH 60JIbLIOM ypOBHE BXOJHOrO CHrHaJja.

PesysbTaThl TeOpeTHYECKOr0 H 3KCHEPHMEHTAJbHOrO HCCieJ0BaHHM
MOKa3biBalOT, YTO NMPHMEHeHHe B KauecTBe HAarpy3kH NepBOro Kacka-
Jla pPEe30HAHCHBIX KOHTYPOB Liesiecoo6pa3Ho B wWHpoKonosocHux YO,
KOrfa H3MeHeHHe (pa30BOro CABHra 3a CHeT LleMH MeXKacKaJHO# CBS-
3H He NpeBbllIaeT H3MeHeHHs (a30BOro CABHMra 3a cCueT TPaH3HCTOpA.

[TpnMeHeHne Pe30OHAaHCHHIX Harpy3oK Ilesecoo0pa3HO H B MHOro-
kKackaaubix YO. IIpu atoM HcXoaHylo, T. e. onpelieleHHYIO AJs MaJo-
ro ypOBHSl CHTHaJsa, HacTpOfiKy KOHTYpOB MOXHO ofecneyHTb TaKOH,
YTO B JHana3oHe ypOBHeH CHrHaJa NPOHCXOJHT B3aHMHas KOMIIeHca-
uus H3MeHeHHH (a3oBoro cisura, cosgaBaeMblX B OTHAEJbHBIX syeid-
kax. Ha puc. 8.4 npuselenn sKkcnepuMeHTasnbHble ®AX ycuaurens-
OrpaHHYHUTEJIs, COCTOSILEr0 H3 Tpex fueeK, C LEHTPaJbHOH 4YacTOTOfl
60 MI'u u nosmocoii mponyckauusgs 20 MI'u. AMnauTynHo-4acTOTHast
xapakrepuctuka YO—pByrop6ass ¢ HeCKOJNBKO H3MeHswoulelica ray--
61HOII npoBasa B AMHAMHYECKOM JHana3oHe CHrHaJa.

8.2. ¥YcunuTeanb-orpaHHYHTENb C JBYCTOPOHHEM
orpaHudYeHueM KojJefaHuit

JIBYCTOpDOHHH#I ~ OrpaHHYHTENb
MTHOBEHHBIX 3HaUeHHH MOXeT ObiTb
BLIMOJHEH B BHAE ABYXKaCKaJHOTO
BHEOYCHJIHTENS, KaXAblii KacKal
KOTOPOTrO OrpaHHYHBaeT OAHY MOJY-
BOJIHY CHHYCOH[aJbHOTO CHrHajaa 3a
cYeT OTCEYKH KOJJEKTOPHOTO TOKa.
HIupokoe mpHMeHeHHe HaUIIH Orpa-
Huuntean tHnos OK—OB, 03—03
u ap. [31]. Kpome Ttoro, kaxnpas
sivefika YO CONEPXKHT JHHEHHBIH
YCH/JHTENb, KOTOPHH BbifleseT nep-
BYIO TapMOHHKY 4acTOThl CHTHa/la Ha
Boixofie. IlpuMepoM siBasieTCS suei-
Ka, NpUHIMNHAJbHAS CXeMa KOTOpO#
npusefeHa Ha puc. 8.5a. OrpanHuH-
TejieM MTHOBEHHbIX 3HaueHHH 31eCb
CAYXHT  BHIEOYCHJHTEJIb  THNA
03—03. Onpenenenne aMIHTYA-
HO3aBHCHMOro ¢a3oBOro CABHra nep-
BOro Kackaja NpPOBOJHTCA TaK Xe,
Kak H AJf OZHOCTOPOHHEro OrpaHH-
yutens. Jaa onpenenexnsi ¢pasoBoro
CIBHra BTOPOTO Kackaja HeOGXOMH-
MO MNpPOH3BECTH pacyeT 3JIeMEHTOB

Puc. 8.5. fluefika ycunurensi-orpanu-
uyntens 03—03: @ — NpUHUHNIHAIDb-
Hasi cxeMa; 6 — ®AX

5*




CXeMB! 3aMeLleHHsi BTOPOro TPaH3HCTOpPa, YUHTHIBasg, YTO Ha Kackaj AefCTBYeT orpa-
HHYEHHBIH C OJHON CTOPOHB CHHYCOHIaJbHHIT cHrHaj. IloaTomMy, YTOGH BOCHOJB30O-
BaTbcs Gpopmynamu Buaa (8.4) u (8.7), Heo6xoAHMO 3HATH H3MEeHeHHe cMelleHHst Ep.r
‘Ha 6ase BTOPOro TPaH3HCTOPA NPH AEACTBHH OrPaHHYEHHOTO C OJIHON CTOPOHBI CHHY-
COHZIaJIbHOTO CHTHAJA. :

TMockonbKy MEXAY KacKalaMd CTOHT PasfeJHTeNbHbI KoHJeHcatop Cp, KkoTO-
PLifi He WPONycKaeT HOCTOSHHON COCTaBAAIOLLEH OMpaHH4YeHHOrO B JIEPBOM KacKale
CHrHaJa, MOXHO CYHTaTh, YTO Ha BTOPOH KacKax HAeficTByeT KoJebaHMe, 3SKBHBA-
JISHTHOE CHHYCOWRAJbHOMY C aMILTHTYMOH

Unxm,=UnxmK1‘-AUy (8.11)

tae AU — sennumHa, XxapaxkTepH3ylolilas yMeHbllleHHe aMIIHTYAH CHNHaja. HIH CMe-
UleHHe ero HyJeBOH JMHHH Ha BXole BTOPOro xackana; Ki— xosdpuuueHT ycu-
JieHHs NepBOro Kackafa B JauHeiiHoM pexume, Takofi mOAXOA CNpaBelNHB TaKkKe H
NOTOMY, 4TO ONHOCTODOHHE OrPaHHUEHHOE CHHYCOHIA/JhHOE KoJeGaHHe, MpOAAd
qepes Cp, BHOBb NpPHOOPETaeT ONHHAKOBYIO SHEPTHIO NONOXKHTENbHOH # OTpHILA-
TeJbHON TOJIYBOJIHBL.

HsMenenne aMnauTyabl curiana Ha AU MOXHO paccMaTpuBaTh H Kak YBeJH-
spHHe NOPOra OrpaHHYeHHs BTOPOTO Kackajia. B paccMaTpuBaeMux napax OPpaHH-
sTHTEJEH MPHOBEHHBIX 3HAUWGHHMA XKax@as NOJYBOJHA B OQHOM Kackafe OrpaHH4YH-
~BaeTCs, a B APYroM — ycHaIHBaeTcs. [ToaTOMy MOXKHO flepecuHTaThb YpOBeHb mopora
.OrpaHUYeHHs BTOPOr0 Kackaja KO BXOJy NeEPBOr0 KacKaia H HaobOpoOT. Bocmnouanb-
:30BABUINCh JHMHEHHOH ammpOKCHMaljHeA TIPOXOAHBIX XapaKTePHCTHK TPaH3HCTOPOB
«OTPAHMIHTENS M BLIODAB HAMPSKEHHS CMellleHHs B PaGOYHX TOUKAX PaBHLIMH Ep.ros
9 Ep.roz, HafileM NIOPOTH ONpaHHYeHHs KacKagoB:

U01=Ep,101_e61' U02=Ep.ﬂ)2—962’ (812)

Ile €6y H €62 — HATPSHKEHHSA OTCEYKH KOJJIEKTODHOrO TOKa, OTpefe/seMbie Nmo am-
NPOKCHMHPOBAHHHIM XaPAKTEPHCTHKAM TPaHIHCTODOB. Ecau gepecqmarb 3HayeHHe
nopora OrpaHHYeHHS TIEPBOTO Kackafa KO BXOAY BTOPOTO U'oy=Uon Ky n omucatb
paloTy OrpaHHuHTeNs MIHOBEHHLIX 3HaYeHHH B peXWMe OTpPaHH4EHHA C NOMOLIbIO
YI0B  OTCEUKH HHXKHEHA H BepxHet TOJNYBOJH cos 0y = —Uo1/Usx m, ¢0s802=
=U02/‘(K1Un'x m), TO , ,

A U = Unx mKl ao (el)—UOl, (8. 13)

rae 1
gy (8y) = — (sin 8; — 0, cos 6;). (8.14)

Torza cmeweH#He Ha Gase BTOPOTO TPAaH3HCTOpPa C YYeTOM (8.11) u (8.!4) paBHO
’ | Y21 lo Usx ms %0 (83) Rsp (8.15)

R
1+~ (1 4 hars0)

762

0) — KOMDGMUUHMEHT PA3TOKEHHS §YHKIUHH Bepra aas HyaeBoi IapMOHHKH,
ﬁfill?-(—Z(pymaHa annpuxcgwuvposammoﬁ TIPOXOXHOA XapakTepHCTHKH TPaH3HCTOPa;
hay o0 — KOSDOHUMEHT YCHJICGHHS . TPAHSHCTOPA O TOKY IIPH BKJIOUEHHH C 03; Re2—
HCTOPa B LleMH 3MHTTEpa.

cmpg:b?ﬁz;ap?&ﬂ ;;1 (8.7) mns pacdera 3JeMEHTOB CXeMHl 3aMElleHHs BTOPOro
TpaH3UCTOpa NpeoGpasyloTCs K BHAY

Ep.'r2 ~ Ep.'l‘02 -

Comep 1 [‘+ng-—u“—""—-] .16
Cs.m, l/-‘PT —Ep o : V‘PT —Eps
®r —Ep.02
H
T qUsx ma _E . .
Ts.ep J.,( kT )exP[{gp-ﬂ p.102]
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®a30BHHA CABHI ABYCTOPOHHErO0 OrpaHHYHTENS, COCTOALIEro H3

IBYX Pe3HCTHBHHIX KacKafoB (Tuna O3—O03 u 7. 1), paBeH
P = Qa1, + Pu, + Po1, + Pu, + Pyes 8.18)
rie Qyc — a3oBbli CABHI' JHHEAHOrO YCHJIHTEJIS.

BoixonHO! MMHEeAHBIA KacKal 00ycJIOBIHBaeT He3HAaUHTeJNbHOE MpH-
pallleHHe pe3yJbTHPYIOLIEro aMIJIHTYJAHO3aBHCHMOro (a3oBoro CHIBH-
ra syeHKH. D10 OOBACHAETCA TeM, YTO YPOBEHb CHrHaJa, NOCTYNalw-
LIero Ha ero BXOJ H SIBJSIONIErocsi BBIXOAHBIM CHTHAJIOM OrpaHH4YH-
Tesd, H3MeHseTc B MaJbiX npefenax. TakuMm obpasom, APK amniu-
TYAHOrO OTPaHHYHTEJs OIpelessieTci B OCHOBHOM OrpaHHuYHTeNeM
MTHOBEHHBIX 3HaYeHHH, T. e.

AP Usxm)=A @21, Usxm) +A @u, Upxm) +

+ A (P2l, (Unx m,) +A (PH, (Uax m,)- (8 19)
Ha puc. 8.56 npusenenni ®AX ycuHTENST-OrpaHHYHTENsT Ha 4YacToTe
60 MTI'u, BuimosHeHHOro no cxeme 03-03. B ycuaHTesNe HCNONb30Ba-
Hbl TpaH3uctopul I'T311. ConporHBJ/eHHs Harpy3oyHbHIX Pe3HCTOPOB I
KOJVIEKTOPHBHIX TOKOB ONHHAKOBH (Rm=Rp=43 OM, [y=Ilx=
=0,75 MA). ConpoTHB/IeHHS PE3HCTOPOB B LeNAX 3MHTTEpOB, obec-
NEeYHBAIOIIMX CTaOHIH3aLHIO PEXXHMa TPaH3HCTOPOB MO NOCTOSTHHOMY
TOKY, pasynuHH. IIpH crabunusaunu pexuMa, 6JH3KOrO K HIAeasbHO-
My (Rat=Rx=2 kOM), H3MeHeHHe ¢a3oBoro cxBHra YO oxa3biBaeT-
ca HauMeHbwHM. OJHako nmpH Go/NbLIMX 3HaueHHAX R, aMIJIHTylIHas
XapaKTepHCTHKAa HMeeT OTPHLATEJNbHHH HAKJOH IIPH OrpaHHYeHHH.
3HayHTeNILHO MeHBIIHM H3MeHeHHeM (as3oBOTO CJBHra B JHama3oHe YpOBHed
cunagna obaanaer YO, sBumoaHeHHnH no cxeme OK—OB. B ycuummrenre Takoro TH-
Ta KacKalnl XOPOWIO COrJAacyloTcsi IO BXOMHHM M BHIXOJAHHIM COOPOTHBJEGHHAM TpaH-
3ucTopoB. ONHAKO OH HMeeT 3HAUHTENBHO MOHHUUA kKOSMODHUMEHT YCHJAGHHT, deM
B ycuanreqe 03—03.

Jns KoinuecTBEHHOM OLEHKH ¢a3oBoro ciBHra tpaHsucropa ¢ Ob
HeOOXOAHMO HMETb CXeMy 3aMelleHHs TPaH3HCTOpa, NMOJAOGHYI0 H30-
6paxeHnHolt Ha puc. 4.9. Ho ecn yuectd, 4T0 Cyn<K Cq mpH Ex»>>1B,
TO MOXHO npeHe6peub BAHSHHEM eMKOCTH Cyxn, H TOrfa (¢a3oBhie
casurd B Kackagax ¢ OB u O MOXHO CYMTaTh PaBHHMH B JHaNa3so-
He curHajsa. C TOYHOCTBIO IO 3HaKa HMeeM

Yo1 o= ha15¢ . S6o n -
215 = o N p
hus<1+im—s> (rn+ro)(1+iws')
Pt 6o =Y (8.20)

= )
hus<1+!70;>

®asopwit casur Tpansucropa ¢ OK Ha uacrorax f<fr ompenensercst
aHaJIOrHYHO BKJIOYEHHIO TpaH3HeTopa no cxeMe ¢ O3, Tak Kak
Yo1x = Ya1s- (8.21)

Ecau coornomenne Mexay pa6oyuMH 4acTOTaMH H FPaHHYHOH 4acTo-
Tol fr He BumosHseTcsd, To B Kackaje ¢ OK (B oTyiHyHe OT KackaloB
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c O3 1 OB) Heo6x0AMMO YYHTHBATh JONOJHHTEJIbHHHA ()a30BHIH
casur (puc. 8.6)

Ag =arctg . (8.22)
T

[Toctpoenne YO BosmoxHo mo cxeMe OK—OB ¢ HenocpexacTseH-
HOH CBSI3bI0 TPAH3HCTOPOB OrPaHHYHTENS MTHOBEHHBIX 3HaueHuit [31].
On obGecneunBaeT CHMMeTPHUYHOEe OrpaHHYeHHe CHIHajla M MaJjloe H3Me-
HeHHe ()a30BOro cABHra B JHHAMHYeCKOM JHana3oHe. MoXHO yTBep-
XKJaTh, 4YTO HHTEHCHBHOCTb 3¢¢ekToB APK auddepenunanpioro YO
1 YO tHna OK—ODB (puc. 8.6a) uMeer ogHHAKOBHI NOPSAJOK.

-g—s
Ep
Boixod
P
Bxod
fg <

\ f=75Mry,

0 —
-2 .—"Li\‘r\ \

B ~— Y~
_1, \M__;T:
5 Un
0 100 200 300 MB
%)

Puc. 8.6. fluefika YCHAHMTENS-OTPAHHUHTENS, BH-
nonneHHas mo cxeme OK—OB: a — npunuunn-
ajabHas cxema; 6 — GAX

CumMerpryHoe orpanuyenye 8 YO, cxeMH KOTOpPHX H306packeHH Ha puc. 8.5a
H 8.6a, ofecneynBaeTCss BHGOPOM TOKOB TPaH3HCTOPOB OrpaHHuMTeJell MIHOBEHHBIX
3aHaveHu#. [Ipy 3ToM Heo6xomuMO, YTOGH NpHBEXEHHHE K BXOJQY ONHOIO H3 KacKa-
OB TIOPOTH OrpaHMuyeHHs GuliH paBHH, T. €. Uope=Uo Ky umn Uyy=Up/K;. Orciona
caenyer, 4to BHGOP TOKOB B paboueii TOuKe TPAH3HCTOPOB ompejeisercd Ko3bbu-
LHEHTOM YCHJeHHs mepBoro kKackama. Ilpw Ky>1 M oauHaxoBHX TpaH3ucropax T
H T, TOK BTODOro Kackala B paGouefi TOuKe JOJXKeH GHTb GoJibllle TOKAa IepBOIO
kackana. Kak oTMeueHo Bhimle, mpH paboTe OMpaHHUHTENS B pPeXHMe OrpaHHUeHHS
TPOHCXOXHT CMelleHHe HYJEBOM JHHHM CHIHajJa Ha BXOZe BTOPOrO Kackama, yTo
SKBHBAJIGHTHO yBejJuueHHi0 mopora orpanmdenns. M3 (8.15) caenyer, uto BHGOpOM
COMPOTHBJIEHHST De3HCTOPa Rp; MOXHO KOMIIGHCHDOBAaTb yBeJHUeHHe IIOpora orpa-
HHYEHHS M OGECHeuHTh CHMMETDHUYHOE OPpaHHyeHHe CHIHaja.

OCHOBHEIM JOCTOHHCTBOM PacCMOTPEHHBIX OrpaHHuHuTeNell ABJSeET-
cst Masnas uHTeHcuBHocTb ADK B mupokeil nosoce uacror. C yMeHb-
IUEHHEeM CONpPOTHBJIEHHH Harpysku orpanHunteseii A®OK ocnabeBaer
3a CcYeT MeHbUIEro BJHSHHS H3MEHSIOWIMXCH BXOLHHIX H BBIXOJHEIX
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NpOBOJHMOCTeHl TPaH3HCTOPOB. B CBSI3H co CKa3saHHHM MNPH NOCTpoOe-
gud YO ¢ BBICOKOCTaGHIBLHEIMH (pa30BHIMH XapaKTEPHCTHKaMH PEKo-
MeHIYyeTcsl BHOHpaTh 3HaueHHsI Ry He Gosee 10 Owm.

8.3. YcuianTens-orpaHAYHATENb C MOCAEX0BATEABHBIM
BKJIIOYCHHEM AHOMNOB

YCHIHTENH-OTpaHHYHTENH, HCNOMB3YIOIHe B KayecTBe HeJHHef-
HBIX 3JIEMeHTOB AHOIb B LENSIX MeXKaCKaJAHOH CBSI3H, BBIIOJHSIOTCS
no MapaJlIeNbHOA HJH NocJenoBaTeJbHol cxeMaM. s oGecreueHHst
(a30BoH CTaGHJIBLHOCTH B LIHPOKOMOJIOCHHX YO uallle MPHMEHSIOT NO-

-£,

Buixod

Brod
ur
¢+En
Puc. 8.7. YcuaHTeJb-OrpaHHYHTEND
gpad[dp [0 —— MTHOBEHHHX 3HaueHHH C MOCJeNo-
30 / BAaTeJbHBIMH JHONAMH: @ — NPHHILH-
2 0.7_ nHajlbHast cXeMa; 6 — 3KBHBAJIEHT-
/,V/’/::U.?_— === Has cxema; 8 — ®AX mpu passuu-
10 ‘,’/’ - HBIX HayaJbHBIX TOKax JHOJOB;
A -1T7 Un — ¢ BXOAHHIM H BHIXOLHHIM
0 M YCUJIHTEJNSAMH; — — — — C KOppeK-
0 100 500 30 8 nueft; ——— NepBOTO YCHJHTENBHO-
) ro Kackaga

cjegoBaTespHoe orpaHuueHue (puc. 8.7a). B MHorokackamHom YO 3a
KackaioMm Ha TpaH3HCTOpe T, ClefyeT XHOAHBIA OrpPaHHUMTENb, YCHJIH-
Tesb H T. I.

Ha Bricokux wacrorax A®K B paccmatpuBaeMoM YO o6yciiosJena
HHEPLIHOHHOCTBIO OTPaHHYHBAIOIUHX  JHOAOB, HEJHHEHHOCTBIO HX
BOJIbT-aMNEPHBIX XapaKTEPUCTHK, H3MEHEHHEM peXHMa JIHONOB IO MO-
CTOSTHHOMY TOKY B JHana3oHe CHTHaJ/a, BJAHSHHEM BXOAHBIX H BBIXOX-
HBIX NPOBOLMMOCTe! YCHJHTENbHHX KackagoB, AOK yCHIHTeNbHBX
Kackanos. Ompepensiomee Bausude Ha APK okaswBaeT orpaHuuH-
TE/b MTHOBEHHBIX 3HaYeHHH, S5KBHBaJIeHTHAsl CXeMa KOTOPOro NOKa3a-
Ha Ha pHc. 8.76. 3nech Ry H Cy XapaKTepH3YIOT BXOZHOE CONPOTHBIIE-
Hue Kackaza Ha TpaHsucTope Ty; Ry — CONPOTHB/JEHHE 5KBHBAJEHTHO-
TO reHepaTopa Ha BXOZE€ OTpaHHUYHTeJ .

B HCXOQHOM COCTOSIHHM o06a Juoaa OTKPHITH, 4YTO obecmeuuBaercs Hampaxe-

HHeM CMellleHHs Eo, u mx BOJIbT-aMIlepHble XapaKTEPHCTHKH ONHCHBAIOTCH COOT-
HOWIGHHAMH
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iy = Ay {exp [y (ug — Ugqy)] — 1} — Iy; ] 8.93
g = — Ay {exD [ — Vs (ts — Ung)] — 1} -+ Jog. ©.23)

3necb Ay ¥ yi, A2 ¥ Y2 — NOCTOSIHHbIE aNNPOKCHMALMHM DPEAJIbHEIX BOJbT-aMIEPHbIX
xapakrepuctuk AHOROB My u H2; loy u Uy, Joz u Ups — TOKM H HanpsKeHHS
auonos B pabounx Toukax. CuuTasi, YTO MHOAB OJHHAKOBHI M PaGOTAIOT B OAHHAKO-
BOM peXHMe, MOXHO OMHCAaTh BOJbT-aMTEPHYIO XapaKTePHCTHKY COeAHHEHHS IBYX
QMOJIOB BbIpaXKEeHHEM

i=(lo+4) th%"-. (8.24)

Tak ®KaK B peajbHHX YCTPONCTBAaX CONMDOTHBJEHHE De3UCTOPA Ro BEJNHKO, TO SKBH-
BaJIeHTHYI0 cxemy puc. 8.10 MoxHO mpeoGpa3oBaTh TMO TepeMEHHOMY TOKY B OAHO-
KOHTYPHYIO IleNb C IIOCAeA0BATEbHO BKJIOYEHHBIMH 3/IeMEHTaMHU:

BB __RRe R
Ri+Re " "™ RytRa " ™ T RitR

Tora BOJMbT-aMIepHAst XapaKTePHCTHKA SKBHBAJeHTHOR HemH Ry, i ¥ [ onucw-
BaeTCs BbIpaxKeHHeM

Ri o=

i = (Ip+ 45) th"’T“’ , (8.25)

Yo+ AR,
As=(1o+A)‘/1+—°—2——'—;

v
Vs = .
V[] + ‘V (10+ A) Rr.s/zla
IDuddepennyansioe ypaBHeHHe lenmd HMeeT BHI

dus us (lo+45) th(vs us/2) du,. , Ur s
dt + R, .5Cxu + Cyu Tt + R,.sCx )

rae

(8.26)

Tlpu 3TOM npeAmoviaraercsi, 4To Ha paGouefi 4acTOTe AHOAbI Ge3LIHEPIHOHHBI. YPaB-
HeHHe (8.26) pemlaeTcsl KBa3HIHHEHHBIM METONOM, TaK &aK HA BLIXOAE OTpaHHMMTE-
JISl UMeeTCsl JUHeAHbIA H3OHPaTe/bHHA YCHJHTEb,

Tlonoxus us=U,sin (wf-+¢) u npexncrasus th 1’323 TPHUTOHOMETpHYe-

CKHM DAIOM, NMOJYYHM

. U (0t+1)

U,= L2 , (8.2
) (10+A9)?9 Rn,s 3(’0+A3)YZ RH.S 2 ( 7)
lmTH+]+ 2 - 32 US

rae Tu=~Ru-Cn. Pa3a nepsoil rapMOHHKH
1, [ (Io+45) vs 3(1°+A9)Y:; U2]

2 32 ®
m2r§+1+ (ot Ay _ Stht+49¥
Ry 2 32 °
3aBHCHT OT YPOBHSA BXOJHOrO CHrHaJjia.
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®da3za nepBof»’x TapMOHHKH BBIXOJAHOI'O HaNpsXKeHHA

V 02 4+ 1si
9= —arctg Oty len® , 8.29)

VO)’ ‘l:;f:+a2 — VQ)‘ tﬁ -+ 1cos

o+ A VoR,, 3o+ A)VIR
2 - 32

YcpeaHeHHB KO3 GHLHEHT Nnepefayy OrpaHHUHTENS

212 41 27241

ch=—R‘—1/1 LWt ‘/L;—""—cos\p. (8.30)

R+ Re 1]+ a? w?t; 4 a?
13 (8.29) BuaHo, uto a30BHIH CABHI OrpaHHYHTENS NPH MaJOM ypOB-
He CHrHaJla HMeeT NMPHMEPHO NOCTOSIHHYIO BeqHuHHY. B pexHMe orpa-
HUYEHHS TPH YBeJHYEHHH YPOBHS BXOJHOrO CHrHaja ¢pa3a INepBoH
rapMOHHKH CHTHaJla Ha BBIXOJE pacTerT.

[Tpu ouenke A®K Heo6X0AHMO HMeTb B BHIY, YTO YPOBEHb BbI-
A\OJIHOTO HaNpSiKeHHS peajbHOrO0 JHOLHOTO OrpaHHuYHTe]sl (Ha BXOAe
BTOpOro Kackaga) He npeBnimaer 100—200 MB npu ypoBHAX BXOAHO-
ro HampsXKeHHsi (Ha BHXOJe NEPBOro KacKaja) MNOpAIKAa eJHHHL
BoJabT. [ToaToMy npu pacuere nmo ¢-aam (8.28) u (8.29) Moxuo mpH-
HATb Uy Ur,.

Ycunutenp Ha TpaHaucrope T; DoaxeH OHTb JHHEHHBIM, 06/1a4aTh
6osbWIHM KO3((HIHEHTOM YCHJIEHHSI H MaJjioil HHTeHcHBHoOCThIo ADK.
Buinonnenne aTHx TpeGoBaHHH B IIHPOKOMOJOCHHX YO compsixkeHo ¢
TPYAHOCTAAMH, Tak Kak T; paboraer npH 6OJBIIHX YPOBHSIX BXOJXHO-
- ro curdHana. Ha puc. 8.78 npuBesennt ®PAX ana wacrota 60 MI'n
YCHJINTeNISI-OTPaHHYHTeN A C WHPHHOH moviocH mponmyckanusa 5 MI'u. B
OrpaHHyHTesIe HCNONb30BaHH AuoAn [ 18 wu tpansucropm [I'T3l1l.
[Tpumenenue B orpanuunrese anomo JI18, 21503, I'/1508, 402 u
Ipyrux obGecneunBaer 6iu3KHe 3HaueHHd ADPK B mmamasoHe wuactor
1o 100 MI'u. Ha GoJsiee BHICOKHX 4acTOTaX peKOMEHIYyeTcsl HCIOJb30-
BaTh AHoAMW [91].

rae a=1+ =22,

8.4. Koppexnusa $a30-aMILIATYJHBIX XapPaKTEPHCTHE
OrpaHEYHTEIEeH

AMnunTyaHas HecTaGHIBHOCTD (a30BHIX XapaKTePHCTHK TPaH3HC-
‘TopoB YO onpefensiercds B QCHOBHOM H3MeHeHHeM ()a3oBoro cABHra
TPAH3HCTOPA, €ro BXOAHHX H BHIXOAHHX mpoBoauMocreil. IlosTomy
Ansi koppekunn PAX, 1. e. obecneyeHHsI ee paBHOMEPHOCTH, Heo6Xxo-
IMMa KOMIeHCallHsi 3THX H3MeHeHHH B JHama3oHe YPOBHefl CHrHaJja.
CylHocTs MeToa B TOM, YTO K BXOAY H BHXOAY TPAH3HCTOPOB MOA-
KJII04al0TCA HeJIHHeHHble 3JeMeHTHhl, POBOJAHMOCTh KOTOPHX B JHHa-
MHYECKOM [HaNa30He H3MeHSeTCS MO 3aKOHY, NMPOTHBOMOJOXHOMY 3a-
KOHY H3MeHeHHS BXOJAHBIX H BBIXOJHBIX NPOBOJHMOCTEH TPaH3HCTOPOB.
B pesysbrate mpoMCXOAMT MOJHAM WM UACTHYHAs KOMIEHCAUHS H3-
MEHEeHHsI IPOBOAHMOCTEH TPaH3HCTOPa.
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[pu pa6ore TpaH3HCTOpa B pexKHMe OrpaHH4YeHHs! TpeGyeMbidi 3¢-
(ekT mocTHraercsi C MOMOLIbIO KOHJAEHCATOpa, BKAIOYEHHOrO MeXny
BXOAHBIMH H BHIXOAHBHIMH 3aXXHMaMH TpaH3Hctopa. JleficTBHTesbHO,
TOK Ha BHIXOJE TPaH3HCTOpa ompefessieTcsi KaKk CyMMa TOKa KOJJIeK-
TOpa U TOKa yepe3 eMKOCTb Cox.pux . DTa eMKOCTb B Kackaje ¢ 02
yBesiuHBaeT oOuuil (a3oBhiil cABHT, a B KacKale ¢ OB ero ymenblua-
et (8.8).

PaccMorpuM kackad tuma O3. Bekrop Toka Koasekropa Iy (cM.
puc. 8.8) orcraer or BeKTOpa BXOAHOTO HanpsixkeHHs Upx Ha Yroa @g.
C yyeroM nosopora ¢asb ycunupaeMoro KosebGauus Ha 180° BexTOp

Puc. 8.8. BeKkTopHHe AHAarpaMMH, MNOSICHAIOLIHE BJHSHHE eMKO-
creft Cyy pux

Ix Gyner B TpeTbeil uerBepTH. BekTop TOKa /¢ 4epes Cux-snx ONEpe-
Kaer BeKTop Uspy Ha 90°. CyMMapHbIii BEKTOp BHIXOLHOro ToKa /[
ydyeroM nporHBodasHOCTH (T. e. NMepeHeCEeHHHIl B NMEPBYI0 YETBEPTh)
TpaH3HcTOpa MMeeT (a30BhIH CABHT, GOJIbILIUH, Y4eM Pai.

Takum o6pasom, yBennyuBasi Cex.pux , MOXKHO YBeJHYHBaThb (ha3o-
BBHIH CABHT TpaH3ucTopa. OZHAKO 3TO NMPHBOAMT K H3MeHeHHIO |Yy|=,
4TO CJedyeT H3 BEKTOPHOH AHarpaMMBbl, H YBeJHYEHHIO IMIyOHHBH IIO-
JIOXKHTeJbHOH oOpaTHOi cBs3u. IloaToMy mpH BhHGOpe €MKOCTH KOH-
JdeHcaropa Heo6xoAuM KoMmnpomucc. B kackage tuna OB yBennyenue
Cox-sux TDHBOAHT K YMeHbLIeHHIO obuiero ¢asosoro caBura u | Yy |s.
CymMapHuii $a3oBHi CABHI ONpeleJsieTcsl H3 BHIpaXKeHHs /IS TOKa

Is=1+ Ic=Uy (Yo, +i® Coxoomx), (8.31)
npeacraBuB Yo =Yy |exp (ipz1), moayuyaem
® CBX-BHX ]
Pz = arctg [tg D1 F —Ty_zl—l_COS—%T , (832)

rae @z — ($a3oBbIH CABHI TpaH3HCTOpa, BKJAIOYeHHoro ¢ O3 aubo c
OB. 3Hak «+» coorBerctByer Kackaiy tuna OB u 3Hak «—»—O03.
Monyapb KpyTH3HE TPpaH3HCTOpa C K06aBOYHOA €MKOCTbIO paBeH

| Yar |z =[(Y 21| €08 @g1)>+ (| Yoy | Sin'Pyy TF @ Coxomuax)®]V2 . (8.33)

Ha puc. 8.9 npeacraBieHsl pacyeTHbie H SKCIEPUMEHTaJlbHbie 3aBHCH-
MocTH ¢a30BOro cABHra M MOAYJS KPYTH3HBl TPaH3HCTOpa B KacKaje
¢ 03 ot eMKOCTH Cax-sux.
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PaccMoTpUM H3MeHeHHe CyMMapHoOno (asoBoro ciBHra ¢z B AHa-
na3oHe ypoBHe#l curiasna. Eciu npH nmoBbllIeHHH ypPOBHSI CHrHajla Qg
yBEJIHYHBAETCS, TO OJHOBPEMEHHO YBeJHUYHBaeTcsl JJiMHa Bektopa Ic,
a AJMHA BeKTopa [x OcTaeTcs MOCTOSIHHON NMPH OrpaHHYEHHH CHrHaJa.

MCM ,YZI ’L‘p; l Y21,£

40 A¢, |epad
ok \~ﬁ’ e
— ::\‘ \~ . 0
epdldp, = ¢ Yails |Cu 60 \\\"\ AN h
-5 === =00 - SENON -15
- —> Ry ol 75 40 \:x\.x\ -
e R Sty
-15 2Als Bx-Bx| 70 Un
0 & 1?2 18 2% NP

. 0 40 80 120 160 M8

Puc. 8.9. Uamenenne ¢asosoro casura Puc. 8.10. ViameHeHHe MOAy/Ns KPYTH3HH
H MOAYy/As KDYTH3HH TpaH3HCTOpa B M ()a3oBOro CABHra TPaH3HCTOpa NPH
3aBHCHMOCTH OT BeJHYHHH €MKOCTH: Cox-aux =20 nd
— — — — 3KCMEepHMEHT; pa-

cuer

B 3THX yc/nOBHSIX MOXHO Tak MoA06paTb Cex.sux , 4TOOBl ¢y MeHSJCSH

He3HauHuTe bHO. Bocnosb3oBaBuinch ¢-namu (8.33) u (8.34), MoxHO
onpejie/JHTh H3MeHeHHe MOAYJSA KPYTH3HH H (a30BOro cipHra TpaH-
aucropa I'T313, BkiawouenHoro ¢ O3, npu Cax.sux =20 n®. Ha puc.
8.10 npexncraBieHH pe3yJbTaThl pacueTra H 3KcnepHMeHTa. Jlas cpas-
HEeHHSl TpHBeleHBl rpadMKH H3MeHeHUS MOIYJS KPYTH3HH H (a30BO-
ro caBura TpaHsucTopa 6e3 n106aBOYHON €MKOCTH Cox.pux (TYHKTHP-
Hble JuHHH). Kak BHIHO, MOAYJb KPYTH3HH TpaH3HCcTOpa C JA06aBoyY-
HbIM KOHJeHCaToOpoM H3MeHsieTcsl He Gouee, yeM Ha 15%, a ¢a3oBHi
caBur npH Upgm==200 MB ymeHnbwaercs ¢ 21 o 9°.

Koppekuus H3MeHeHHS (a30BHX CABHIOB BO3MOXHA TaKXe 3a
CueT ynpaBJleHHS NOCTOSTHHOH COCTaBJSIIOMIEH TOKa KOJJIeKTopa.

Brinle 6HJI0 MOKa3aHO, YTO H3MeHeHHe (a30BOro CABHra TPaH3HC-
TOpa, BXOAHBIX H BHIXOJAHHX IMPOBOAHMOCTEH B JHHAMHYeCKOM JHamna-
30He ompele/sieTcs:

yBeJHYEHHEM IIOCTOSIHHOH COCTaBJIfIIOIled TOKa KOJJIEKTopa, YTo
NPHBOAHT K YBeJHYeHHIO (a30BOro CHABHra, BXOJAHBIX H BBIXOAHBIX
IpoBoJAHMOCTeH TPaH3HCTOPaA;

HenocpeACTBEHHHM BJIHSIHHEM OOJIbLIOrO YPOBHS CHTHaJja, 3a cyeT
Yero NPOUCXOAHT yMeHblleHHe ($a30BOro CJABHra, BXOAHBIX H BBIXOA-
HBIX NMPOBOAHMOCTEH TpaH3HUCTOpa.

IToaToMy cymiecTByeT BO3MOXHOCTb OOECNeYHTh TaKoe H3MeHeHHe
NOCTOSIHHOM COCTABJIAIOWEH TOKA KOJNJMEKTOpPA M HCXOLHOe MOMOXKEeHHe
paboueii ToukH, uto OOLlee H3MeHeHHe (Pa30BOro CHBHTa, BXOIAHHIX H
BHIXOAHHX NPOBOAHMOCTEH TpaH3HCTOpa B AMHAMHYECKOM JAHana3oHe
cHrHasa OyjaeT MHHHMaJjbHO. DTO MoXeT OHTb OCYLIeCTBJEHO ¢ IO-
MOlIbIO pe3ucTopa B LEeNH 3MHTTepa. MuHHMa/lbHOe CONPOTHBJIEHHE
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pPe3HCTOpPOB R, — C TOYKH 3peHHsl TeMIlepaTypHOH CTaGHJIH3aIlHH — CO-
craBasier npuMepHo 150 OM, a MakCHMaJIbHOe — C TOYKH 3peHHs Hle-
aJbHOH CTaGHJIH3AaLMH peXXHMa MO NOCTOSHHOMY TOKY B JAHHaMHye-
cKoM aHanasoHe curHasa 0—300 MB npumepHo 2 KOM. '

Koppekuus HepaBHoMepHocTH PAX NHOAHOrO OrpaHHYHTeJs MY-
TeM YyNpaBJeHHS MOCTOSTHHOM COCTaBJAIOIIEeH TOKa AHONOB OCYIIeCT-
BJsieTCS BHIGOPOM CONPOTHBJEHUH pe3HcTOpoB Ry, Ry H R,.

YMmenbuienne APK BO3MOXKHO 3a CyeT KOMIEHCAllHH H3MeHeHHH
BXOJAHBIX H BBIXOAHBIX NPOBOAHMOCTEH TPaH3HCTOPOB C IMOMOLIbIO AHO-
JOB—3JIEMEHTOB C epeMeHHoi TpoBogHMocThio. Kak BHAHO M3 pHC. 8.2,
y TPaH3HCTOPOB B AMHAMHYECKOM AHamasOHe CHrHaJja HaHboJiee CHJb-
HO YMEHBbLIAIOTCS AKTHBHbi€ BXOAHasi H BHIXOAHas IPOBOAHMOCTH.
[ToaTOMYy KOMMNEHCHPYIOLIHM 3JIeMEHTOM MOXeT OhiTb AHOA, MPOBOAH-
MOCTb KOTOpPOro B JAMHaMHYeCKOM JAHanasoHe YyBesqHuuBaercsl. [lpu
3TOM HeoOXOAHMO NPaBHJIbHO BHIOpPaTh HCXOAHYIO pabouylo TOUYKY
AHONa H Mpelesibl H3MEHEHHS HANpPSIXKEHHS Ha HeM.

- Ilosarast BoJIbT-aMIepHYIO XapaKTepHCTHKY AHOAA 3KCIIOHEHLHaJlb+
HOH, HaiineM ero auddepeHnuanbaylo npoBoauMoctb gn=1IokT/q,
rae /o—Tok B paboueii Touke AHORa; k — moctosiHHas bDosbiMaHa;
q — enuHHYHHIA 3apsan; T — reMnepatypa B rpaaycax Keabsuua. Ilpo-
BOAMMOCTb AHOAa NpH GoabuwioM ypoBHe cHrHana Gp=I/Umz=
= (2/o/Umg) 11 [Umn(q/kT)], roe Iy — aMnauTyna mepBoii rapMOHHKH
TOKa CHrHaja uepe3 AHOA; Umy— MakcHMaJbHasi aMIUIMTYAa CHTHa-
Ja Ha Auofe. Ilpy H3MeHeHHH BXOAHOM NPOBOAHMOCTH TPaH3HCTOpa
Ha BeJHYHHY Ag), H3MeHeHHe NMPOBOAHMOCTH AHOAA

AnanoruuHo AJasi U3MeHEeHHs BBIXOAHON NpOBOAHMOCTH TpAaH3HCTOpA
HMeeM

Ag22= Gn—gn. (8.35)

Hs (8.34) u (8.35) MOXHO ompeje/]HTh MOJOXEHHe HCXORHOH pabo-
yeil TOUKH AHOZA NPH MaJIOM YPOBHe CHTHaJa, a3 HMEHHO

]o=AguUmn/[2 J; (Um,(k—;-)éu,,.,]l L ] (8.36)

AnasornyHeIM 06pa3oM onpejessieTcsi H TOK IHOAA, KOMIEHCHpPYIO-
IIero H3MeHeHHe BHIXOAHOH NPOBOXMMOCTH TPaH3HCTOpaA.

Ycnosue (8.36) obGecneunBaeT TNOCTOSIHCTBO KOMIEHCHPOBAHHBIX
NPOBOAMMOCTEH TOJBKO B KpaHHMX TOYKax paccMaTPHBAaeMOro JpHana-
30Ha ypOBHeH BXOAHOrO CHTrHaja; B NMPOMEXYTOYHHIX TOYKaX KOMIMEH-
cauusa HenoJHasi. [losroMy Heo6xoaHMO BHIOpaTb TaKoe TNOJIOXKEHHE
pabouell TOYKH Ha XapaKTepHCTHKe XHOJOB H YPOBEeHb HaNpsXKeHUd
Ump, TpH KOTOPHIX HMeeT MecCTO HaHOoJblliasi KOMIIEHCAIlHsi H3MeHe-
HHUIl TPOBOXHMOCTEH TPaH3HCTOPOB. DTO obecrneyHBaercsi HemoJHBIM
MOAK/NIOYeHHeM AHOAOB K KoHTypaM (pHc. 8.11), Gaaronaps yeMy

Gy —8n=Agn PiIp: (8.37)
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rie pn=Usxmuaxc/(P2Uma) — KO3)DHUHEHT BKIIOYEHHS AHOAA B KOH-
Typ. AHaJIOTHYHO IPH KOMIEHCAlUMH BHIXOAHOH IPOBOAMMOCTH TpaH-
3HCTOpa

Ga—8x=A8unri/p; (8.38)

rae pn=KUszmmaxe/ (P1Umz); K— Ko3dpduunent ycunenns Kackana.
BxoJHble H BHIXOJHbie NPOBOAHMOCTH TPAH3HCTOPOB 3HAYHTEJbHO
oTJIHYaloTcs nmo BesanuydHe (puc. 8.2). IloatoMy c uesblo HaHayuyluein

Puc. 8.11. CxeMH KODpDEKUMHM H3MEHEHHS BXOAHOA NPOBOAHMOCTH
TPaH3HCTOpa AHORAMH

KOMIIEHCAllHH BBHIXOJHOM NPOBOAHMOCTH NpelBAyLlero TpaH3HCTOpa M
BXOJHOH NpPOBOJMMOCTH IOCJEAYIOIEr0 B NPOMEXYTOUHHH KOHTYp
MHOrOKacKaJHOTO YCHJIMTENs CJiefyeT BKJIOYAaTh ABa KOMIIEHCHPYIO-
X AHOAA.

C yuerom (8.37) u (8.38) Tok B pa6ouefi Touke JHOZA paBeH
10=Agnp§Umn/[2p§Jl(Umn#>—p§(]mn—:—’7‘—]. (8.39)

B cnyuae, Koraa xackagbn YO pe3HCTHBHble, H3MEHHTb YPOBEHb
NOABOAHMOrO K AHOAY CHrHaJla MOXKHO IIyTeM BKJIIOYEHHS A06aBOYHO-
ro pe3HcTopa NocjefoBaTes]bHO ¢ JHOAOM (cM. puc. 8.11). Torza

UmA=Uannuaxc-R]1’ 1/02=(1/GA)+R, l/gz__‘(]/gp)'l'R' (8.40y

Tok B pa6oueii Touke onpenensierca H3 ycaosusa (l/gz)—(1/Gz) =
=Ag11/€11maxcg11vmm, OTKYAA

ly= {kT/q—lUmn/2Jl (Ur"u qu )}} 811 uare 811 mm/A g11-

ConporupienHe pesucTopa R onpejensercs u3 yciopus (8.40)
R = (UBX mMaxc—Umg)/210 Jl <Um X 7%—)

Ha puc. 8.12 npeacrasnennt ®AX sueiixkn YO ¢ OAHOCTOPOHHHM
OrpaHHYeHHEeM, Ha BXOJe KOTOPOH BKJIIOYeH KOPPEKTHPYIOLIHH IHOZR
¢ Ko6aBOYHHIM pe3ncropoM R=1,4 kOM; paGouass uacrora 60 MIu,
Tpan3ucropu—IT311.

YMenpumuts A®K TpansncropHOoro YO MOXHO BK/IOYeHHeM Kop-
PEKTHPYIOIIHX KOHAEHCAaTOPOB NapaJljieJlbHO KaXKAOMY TPaH3HCTOPY,

141




pa6oralieMy B pexuMe OrpaHHYEeHHs, HJH NapaJleNbHO OrpaHHyH-
Teq0 MrHoBeHHBIX 3HauyeHuil Tunos OK-OB, 03-03. B MHorokackan-
HoM YO KOppEeKTHPYIOIHE KOHJEHCATOPhl BKJIOYAIOTCA B TeX syei-
Kax, KoTophie falotT HauGosbiyio APK.

2pad[dp
0 S zpad A? Cy5=Un®
-5 \‘”\ = 4 d ]
\ Seaep” 1
0k
-10 N ~
-5 - =10 \Z\

Un -20 NS Un
oW W 0w & 0 0 m8
Puc. 8.12. ®AX ycunutens- Puc. 8.13. ®AX ycuautens-
orpaHHyHTeNsl Ge3 KOPPEKILHH yrpaHuyHTenss Ha nape 09—
(—— ) H c Koppekuueft mH- O3 npH pasIHYHBIX 3HAYEHH-

ogoM (———) X

BX-BbIX

®a30-aMNIHTYAHBIE XapaKTepHCTHKH YO, BHIIOJHEHHOrO IO-CXeMe
O3—O023, npy pa3THYHBIX EMKOCTAX N06aBOYHBIX KOHIEHCATOPOB NpH-
selleHbl Ha puc. 8.13.

B nHOZHOM orpaHHyHTesNe KOPPEKTHPYIOILHH KOHAEHCAaTOp BKJIO-
YyaeTcsl NapajieJbHO JIBYM AHOJAM HJIH MeXAY cpelHell TOYKOH coe-
JHHEHHsT IHOJOB M KopmycoM. ®a30-aMIVIHTYIHble XapaKTepHCTHKH
YO c koppekuueit A®K npusenenbl Ha puc. 8.78 (npepbiBHCTast JiH-
HHA).

B MHOrokackaJHbIX YCHJIHTENSX-OTPAHHUHTEJSAX INPHMEHSIOTCA
KOMOHHHUpPOBaHHBE cnocobnl yMeHblieHus ADPK.

9

AHAJN3 ®PA30BBIX CBOUCTB YCHUJIUTEJIEN
C YIIPABJISEMOH OBPATHOH CBA3bBIO

9.1. OcHOBHBIE COOTHOIIEHHSA AJA 0000IIEHHOr0 YCHINTENSA
C yHOpaBiseMoil 06paTHO# CBA3LIO

Kak cnenyer M3 aHanu3a TeHIeHUHH pPa3BHTHS NPHEMO-YCHJIHTENb-
HOH TEXHHKH, YCHJIHTENb C OTpuLaTenbHoil o6patHoi cBa3pio (OOC)
fABAseTcs HauboJiee yHHBePCAJbHHIM Y3JIOM, TaK Kak BHIOOPOM CTpYK-
Typul H napamerpoB uend OOC MoXHO o6ecneyHTb MPaKTHYECKH JIIO-
‘6y10 dopMy xapakrepuHcTHK. C 3TOH TOYKH 3peHHs ympaBJieHHe Ko03d-
«DHIIHEHTOM yCHJIeHHSI nyTeM H3MeHeHus riay6unsl OOC saBasercs nep-
CNEeKTHBHBIM METOJOM, NMpPHYeM He TOJNbKO BBHIY 3HAYHTEJIbHOrO IHa-
TIa30Ha peryJHpPOBKH, HO H H3-32 Bce 6oJiee LIMPOKOrO HCHOJb30OBaHHUS
HHTErpasbHLIX Y3JI0B, B COCTAaB KOTOPhIX HEBO3MOXHO BBECTH KakKHe-
au6o ynpasJsieMble 3JeMeHTH. BompocaM HccieOBaHHSI H peasu3a-
UHH ycuauTeneit ¢ ynpasaseMoii OOC nocBsilIeHO 3HAYHTEJNbHOE KO-

JiHuecTBO paGor. B Hacrosimedt riaBe paccMarpuBaloTcs ¢a3oBhie
CBOfICTBa YCHJIHTEJIEH 3TOro THIHA.
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HcXomHbM COOTHOIIEHHEM IJSl HCCAeNOBaHHS (a30BHX CBOMCTB YCHJAMTENd ¢
ynpasasemoii OOC sBiseTcsi H3BECTHOe BBHIPAXKEHHE IJSA KOMILIGKCHOrO Koadrbm-
LUHEHTa YCHJEHUS

K, . =KI(1 —KB) 9.1)

HAH NpH ycaosuH, yro K>1, Ko.c z»l/lﬁ. 3necb K=Re K-i Im K — kovnnexchbiit
K03UUHEHT yCHIeHHs ycuauteas Ges o6patHon cBs3n; P=Re B+iIm f — xomn-
JIEKOHH K03(DOHUHEHT, XaPaKTEPHIYIOWMA OBOMCTBA LemH oGpaTHOM oBssH. C yue-
TOM O003HayeHH

. ReK+iImK
= 9.2
Koo =T ReK+i1mK)(ReB+iImPp) ©-2
H MOocJie HECJHOXHHX IpeoGpa3oBaHuit
K = Re K %
°¢ " 1—ReKRef+ImKImpB
14iImK/Re K . ©.3)

l—i(ImKRef+ ReKImB)/(1 —ReKRef 4 Im K Im B)

ApryMeHT BHpPaXeHHS mpelcTaBaseT coGofi ¢a30BYI0 XapaKTepHCTHKY YCHAHTENS
¢ -06paTHOl CBA3bIO

ImK
9, o = arctg (ﬁ)n"'c s 9.4)
rae
B ek 1 b
No.c = R |5 (9.5)

1— (Re2 K -+ Im? K)

Re K
— KO03(pHuHeHT, XapaKTePHIYIOWHA H3MeHeHHe ¢a3oBmx cmoficms. M3 (9.5) cae-
ZyeT, YTO BeJH4YHHA BHOCHMOTO YCHJHTeNeM ()a3oBOro CABHIa 3aBHCHT OT CBOMCTB
LenH OOPAaTHOA CBA3H M XapaKTepa HX H3MEHeHHs.

Kaaocuueckon mHTepunperamyen Bhpaxenus (9.1) sABasercss HzoGpaxkeHHas Ha
pHC. 4.4 CTPyKTypHas CXeMa, COTJIacHO KoTtopoit ycuautenb ¢ OC paccMatpusaior
8 BHJe KOMOWHAUMH IBYX YETHIPEXTMOJNIOCHMKOB — KaHaka NpAMOH nepenaun ¢ Xo3d-
dbuunesTOM ycuaeHuss K ¥ xaHana o6pamHoi cBfi3n ¢ KoadrpuuueHToM mepefauu f.
UYeTH pexmoMOOHHK TPAMON MepelauH NPeICTaBAseT COGON JHHEAHHA YCHINTENb C
KOMPOHIMEOHTOM YCHJEOHMS, He 3aBHCSILHM OT YPOBHA BxoAHOro curHana. Kosddn-
UHEHT YCHJIGHHS OTUeJbHOTO KalKajla ONHCHBAETCS BHPaXKeHHEM

. Ko
K=—""—, (9.6)
14ix
rie Ko — xo3¢dHIHEHT ycHAeHHA Ha yacTOTe HYJeBOro (pa3oBOr0 CHBHra.

s anepHONMueCKOro YCHJAHTeAS B OGJAacTH BePXHHX YacTOoT X = OTs,
RBNXRH
RBHX+RH .
A3; nas pesonaHcHOro ycuaurtens x= (2A®/wp) Q. BHOCHMBI/ COGCTBEHHO YCHJIHTENEM
pe y ¥

$ha3oBwbift cABHT

Tg = (Coux + Cy) —mocTOSIHHAS BPEMEHH ieNH BHXOLHOrO 3JeKTPoAa

¢ = — arctgx. 9.7)

M3 (9.7) caemyer, 4T0 COMPOTHBJEHHe HAarpy3KH BiaHseT Ha ¢opMy (a3oBoi xapak-
TEPHCTHKH: CTelleHb BJHSAHHA OmMpeleNseTcd BHIXOLHHM CONPOTHBJEHHEM Kackana.
B MHOTOKacKafjHOM YCHJHTeJNEe HAarpy3Kofi BXOZHONO M TNPOMEXYTOUHOIO KacKaloB
CIYXKHT BXOAHOE CONPOTHBJEHHE CJGAYIOULEr0 KacKala; HCKJIOYeHHeM SBASETCS Bhl-
XOIHOA KacKal, Hampy3Ka KOTOPOTO OmpelefseTcs Ha3HayeHHEM YCHJIHTeNS.
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Xapakrep H3MeHeHHSI (Pa30BLIX CBOACTB HarpyKeHHOro Kackaaa
NIPH NOCTOSIHHBIX YCJIOBHSIX Ha BXOJE MOXXHO OLEHHTb, €CJIH

H ; Cyu
BT :Rm (l T Cous ) . 09

rie Tepx=RpuxCpuz. 0603HaUUB Ry/Rpux=m; Cu/Cpux=n; 1z=
=TguxM (n+1)/(m+1), nonyuum

¢= —arctg o T,y m—ﬂ:’———_'_l__ll) -(9.9)

_ K—1
IMockoabky arctg K a = arctg a4 arctg Trak’ TO
m(n-41) 1
1
¢ = —arctg @ Ty —arctg ® Ty,x m+ el 9.10)
6 T

3aBHCHMOCTb <basoBoro CABHra OT XapakKTepa HAarpys3kH, omnpejneJse-
Mas Kak

m(n-+41) 1
m
@y = —arctg © Ty +!1 , 9.11)
1 2 .2 Mﬂ)_
-l—(l) TBHX m+l
npHBelleHa Ha pHC. 9.1; 31ech Tauxr=X.
H n-0 7 T
m3| 2 1| 050 m=eo|3 2 |1 45 |0/
/ VT I I' / ~+ /
7 A I S // R —
/
A L S
/// \\
— n=|
X3 _ %
0 1 2 J 4 574
0
05 n=10
_alN
I\ /
m=co Puc. 9.1. Tpaduxn 3aBHCH-
X MOCTH (a30BOro CABHra OT
"1 7 3 Pa— CONMPOTHBJIEHHS HArpysKH

TIpu akTHBHOM Harpy3sKe BHOCHMBIH (a30BHIH CABHT NOJOXKHTEJEH,
JTO O3HayaeT yMeHblIeHHe CyMMapHOro ¢a3oBOro CABHra Harpyxes-
HOro KackKaja. EMKocTHOi xapakTep Harpy3kH yBeJIHUMBaeT CyM-
sMapHHA (a30BHI CHBHT.
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Takum o06pa3oM, B MHOrOKacKaJHOM YCHJIHTeJe CYILIeCTByeT BO3-
MOKHOCTb KOMIIEHCAUHH JONONHHTENbHOro (a3oBOro CABHra, BO3HH-
Kamwoilero npx ynpabiaeHHH riy6uHoii OC 3a cueT KOppPEKTHPYIOLIHX
CBOICTB JIHHEHHOr0 KacKaja, Harpy»eHHOro Ha BXOAHOE CONpPOTHBJE-
HHe yNpaBJIseMOro Kackafa.

Yerbipexnonociik OC — ycTpoiicTBoO, K03 dHIUHEHT nepefaun Ko-
TOPOro 3aBHCHT OT YpPOBHS YNpaBJsiollero cHrHaja. [IpHHIHMHANIBbHO
OHO MOXET HMeTb JIO6YI0 CTPYKTYpYy, OAHAKO B GOJIBIIHHCTBE CJy4Ya-
eB BBINOJHSETCS B BHAe NPOCTHIX LeMnel, valille ABYXMOJNIOCHBIX, CO-
CTOSIILMX H3 MaCCHBHLIX 3JEMEHTOB, H HMeeT KO3(pdHUHeHT nepelauH
Menblle eaunHubl. [Ipu Bunonnenuu uenn OOC B BHAe MaCCHBHOTO

ABYXIOJIIOCHHKA B He siBasieTcsi KoadduuuentoM nepenaun nenus OOC,
a B 3aBHCHMOCTH OT cnoco6a BBelleHHs 00paTHOH CBSI3H XapaKTepH-
3yeT ee CBOHCTBa.

H3BecTHO weTbipe pPa3HOBHAHOCTH YCTPOHCTB ¢ OGpaTHOA CBf3bIO, pasJaHyalo-
IIUXNCSH CMOCOGaMH COeNHHEHHSI YeTHPEXMOJIOCHHKA NpPAMOA Tepefayd H lemH 06-
PaTHOM CBSI3H IO OTHOWIEHHIO K HCTOYHHKY BO3OYMKIEHWS H Harpyske: nocJeaoBa-
TeabHass OC nmo HampsKeHHIO M MO TOKY U mapajiensHas OC o HampsKeHHIO H N0

ToKy. ITpuMenenne rToro uau nuoro suga OOC o6ycioBiaHBAeT pasjiHdYHbIe CBOACTBA
YCHNHTENeH H PEeKOMeHIAyeTCH B 3aBHCHMOCTH OT MPEABABASEMBIX TPeGOBaHHI.

B pasnnunbix peanusauusx ueneii OOC oauHaKOBOMY YPOBHIO Y-

paBJsfIoOllero CHrHajJa COOTBETCTBYIOT pas3JiHyHHe 3HayeHHs f. ITo
NPHUBOJAUT K HCNOJNb30BAaHHIO Pa3HOPOAHBIX COOTHOLIEHHH H YCJIOXHS-
eT Npolecc aHAJHTHYECKOro HCCIeJOBaHHA YCHJIHTeJed ¢ ympasise-
Moit o6paTHo#t cBfi3blo. Iy moJsiyueHHsi BHIpa*KeHHH, OTJIHYAIOLIHXCH
O6LIHOCTBIO H NPOCTOTOM, Liejecoo6pa3HO OlLEHHBAaThb H3MEHEHHe IIo-
KasaTeJel ycHJIHTeJas (B YacTHOCTH, (a30BHIX CBOHCTB) B 3aBHCHMOC-
TH oT ray6uHsl OC, a He OT ypOBHS ympaBJSIOWIEro CHrHasna. Pasy-
MeeTcs, AJS TOrO YTOOBl pe3yJbTaThl HCCJAeJOBaHHS MOIVIH OHTH NpH-
MeHeHB! K JI060f pa3HOBHAHOCTH ycHJHTesel ¢ ynpasasieMoii OC, He-
o6xoauMo uMmeTb HabGop 3aBHcuMocTed B=1(Uynp). OHH XapakTepH-
3yIOT pa3/iHYHble BapHaHTH Lenell o6paTHOM CBS3H M ONpeleAOTCH
(opMoii BOJIbT-aMNEepPHHIX XapaKTEPHCTHK HeJHHEHHBIX 3JIEMEHTOB,
KOTOpble HCIOJIb3YIOTCS B COCTaBe YNpaB/isieMbIX UeThIPeXNOJIOCHHKOB.
MartemarnyeckHe (GYHKIHH, C TOMOIIBIO KOTOPBIX MOXKHO aNNpPOKCHMH- .
pOBaTh BOJIbT-aMIEpHble XapPaKTEPHCTHKH HEJHHEHHBIX 3JIeMEHTOB U
HX KOMOHHALMH C JIHHEHHBIMH PEe3HCTOPaMH, H3BECTHHI.

Hcnonbsys (9.2) u (9.6), onpenennM KoMmieKCHBH K03((HIHEHT
ycuienHs kackaga ¢ OOC:

¢ K 1=Ky (Imp/)
Koo =453 /[1+x —leba], 9.12)
OTKyAa
1 — K, (Im B/x)

@o.c = —arctg x (9.13)

1 —KoRep
Ins  ycuaurenss ¢ 4vacroTHoHesaBucuMmoii OOC, T1. e. Rep=,,
Img=0,
1
= —arctgx ———. 9.1
Po.c g 1 — K. B (9.19)
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U3 cpaBhenns (9.13) u (9.14) caenyer, uro BBeleHHe B COCTaB Y-
paB/isieMbIX YeThIpexmo/locHHKoB KaHasa OOC 3jieMeHTOB C 4aCTOTHO-
3aBHCHMBIM CONPOTHBJIEHHEM MO03BOJISIeT YMEHbUIHTh 3aBHCHMOCTb ¢a-
30BOro CABHra or rayOHHBEI 06paTHOM CBf3H, a NPH BHINOJHEHHH oOlpe-
JeJleHHBIX YCJIOBHH — COBCEM HCKJIOYHTDH ee.

B oXHHOYHOM KacKalle HEBO3MOMHO OOeCTIeyHTb TpeOyeMylo TIJYGHHY peryJH-
POBKH YCHJIGHHSI, H TI03TOMY OOpAaTHOM CBfI3bI0 OXBATHIBAETCH HECKOJbKO KaCKamoB.
B stoM cayyae B nerie OC koadpuuueHT K CTAHOBHTCH IOCTATOYHO GOJIBIINM H

00YyCIOBJIHBAaEeT BOBMOXHOCTD NPHMEHEHHA 4YacTOTHOHe3aBHCHMOA OGPAaTHOH CBSI3H,
TIOCKONIbKY (a30BHIi CABUT B TAaKOM YCHJAHTEJNE 3aBHCHT TOJNBKO OT CBOACTB LeNH
oC

.Hpn oxsarte metaei OOC HecKOJbKHX KackaaoB ¢opMa ¢$a3oBOH XapaKTepPHCTH-
KH CYUleCTBeHHO H3MeHsiercs. DTO BH3IBaHO 06Gpa3oBaHHEM B NeTJe 3HAUHTENbHBIX
($asoBHX CABHIOB M NpeBpalleHHeM OTpuuaTeabHoii OC B MONOXHTeJNbHYIO AJsf 60-
Jiee BHICOKHX YacTOT H B KOHEYHOM HTOTe CaMOBO3GYMIeHHeM YCHIHTES.
AGCOMIOTHO YCTOHYHBBIM MOXeT ObLITh MHOIOKAaCKaJAHBIH YCHJHTENb C
OOC B kaxaoMm kKackajge. KoapdHuueHT yCHJIeHHT B 3TOM CJaydae
onpepensieTca BbhIpaXXeHHeM

; Kp Kg
Ko.c= n = " ’ (915)
(Ao +l x) n 2 n!

inn

Hn—iy' .?

A

i=0

rae y=x[Ao; Ao=1—Kopo — ray6una obparHoii cBsi3u. Paccmarpusa-
eMbIfi YCHJIHTENb OTJHYaercs oT ycHaurteas 6e3 OC rteM, uro Jio6Goe
3HayeHHe ()a30BOrO CABHra IoJyyaeTcsi NPH 3HAYeHHH apryMeHTa X,
B Ao pa3 GosblieM, yeM B ycHauresae 6e3 OC, T. e. KpHBHe, NpeJCTaB-
JdlolHe (pa3oBble XapaKTepHCTHKH n-KackagHoro ycuauteas ¢ OOC,
MOryT OHITh MOJNy4YeHH H3MeHeHHeM Macwitaba GYHKUHH Qo.c B 1 pas.

ITpuBenennbie o6lne cBeleHHS H aHaJHTHYECKHE COOTHOIUEHHS, Ha
OCHOBe KOTOPBIX HHXe€ PacCMaTpPHBAIOTCA KaK OCOGEHHOCTH BO3HHKHO-
BeHust A®K B ycusnurensx c¢ ynpasasiemoit OOC, Tak H NyTH yMeHb-
wennss A®K, naioT BO3MOXHOCTb, BO-NEpBHIX, (opMalu30BaTh aHa-
JIN3 YCHJIHTeJell pacCMaTpHBaeMOro THIA H, BO-BTOPHIX, HCIO/Ib30BaTh
B NpollecCe aHAJHTHYECKOTO HCCIeHOBaHHA (GOpPMYyJbl H METOAbI, H3-
BeCTHble H3 TEOPDHH aKTHBHHIX Lienell ¢ 06paTHOH CBA3bIO.

9.2. Ycaosusa orcyrcreua ADK

PaccMarpuBasi ycHJHTeN b KaK CHCTEMY C MHHHMaJjbHO-(a30oBHIMH
CBOMCTBAMH (a HMEHHO K 3TOMY KJacCy OTHOCHTC MOAaBJsioliee
6O/IBIIHHCTBO paJHOTEXHHYECKHX YCTPOHCTB), MOXKHO BHAETb, UTO
ynpasJieHHe MoAyJeM Ko3(d(dHuIHeHTa yCHJeHHS BH3LIBaeT H3MeHeHHe
€ro apryMeHTa B CTeleHH, onpefensieMoii npeo6pasoBaHHeM I'uiabbep-
ra. dT0 ABJeHHe M o6GycjoBauBaer Bo3HHKHOBeHHe ADPK, KoaHuect-
BeHHasl OlleHKa KOTOpOH MoXeT GBITh JaHa Ha OCHOBE MpPHUBEAEHHBIX
BHlle cooTHolleHHH. MX aHa/u3 mo3Bo/isieT TaKXe ONpeNeJHTb NYTH
CHHXKEeHHSl aMIIUTYAHO-()a30BOil KOHBEPCHH B YCHJHTEJISX C yNpaBJsi-
eMoii o6paTHOil CBA3bIO.

.
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U3 (9.4) caenpyer, uro pelueHHe 3afayd 06 YMeHbLIEHHH HHTEH-
cuBHocTH A®K Moxer OuiTh cBefeHo K cuHTedy nend OOC ¢ ko3d-
¢uuHeHTOM nepejayH, obecneyHBAIOIHM HHBApPHAHTHOCTb KO3(dHLH-
€HTA 1o.c YNPABJAOLIEMY BO3AeHCTBHIO. DjleMEHTapHBIM, C TOYKH 3pe-
HHSl aHAJIMTHYECKOH HHTepIpeTauHH, ycaoBHeM orcyTcTBusi APK ss-
asercs No.c=const npH Uynpmm<<Uymp<<Uynp.maxe. ITO 03HayaerT,
YTO YCHJIHTEJNb, KOTOphili oxBaueH Henbio OC c ko3ad¢uuueHTOM Hepe-
Jay4yH, YAOBJIETBOPSIOLMM INPHBEJEHHOMY YCJIOBHIO, NMpHOGpeTaeT He-
MHHHMaJbHO-(a3oBbie cBoiicTBa. HanGosee mpocTo ycjnoBHe OTCYTCT-
Bust ADK peasnnayercst 15 1o.c, paBHoro 0 mau 1. Tak,

M nmo.c=0 ImPp= —Im K/(Re? K+ Im? K);
A No.c = 1 Imﬁ/Re ﬁ = —Im K/Re K.
N OXMHOYHOrO KaCKaJa 3TH COOTHOLIEHHS NPHMYT BHI
Imp=x/K, n Imp/Rep=x. 9.17)

PaccMoTpuM BO3MOXKHOCTH CTaGMJAH3aUHH (A30BOr0 CABHTA YCHAHTENS NDH yo-
pasaexnu ray6uHoir OOC.

‘BosnuKHOBeHHe JOMONHHTEJBHONO (a30BOrO CHBHra BO BXOAHOM LiemH YCHJHTE-
Jfi WPH ynpaBaeHHH ray6uxoi OC 06GycJ0BAEHO H3MEHEHHEM MOCTOAHHOH BpeMeHH
BLIXOJAHOH [eNH HCTOYHHKA CHNHAJA (MAM BXOLHOTO CONPOTHBJEHHS DeEryJaHPYyeMOTO
ycuaureas). Jas nocnenoBatesvioii OC xapakTepHO yBedWueHHe BXOIHOTO COMPO-
THBJEHHA, H NMPH Zpmx.c<KZsx NOMOMHUTENbHBIH ()a30BBIl CHUBHT He3HAYHTEJCH.
IIpy GOABIIOM BLIXOAHOM COTNPOTHBJIEHHH MCTOYHHKA CHTHAJa BHOCHMBIA BXOIHOM
Lenbio AOMOJHHTEbHBIA (Ha30BBIAl CABHT CTAHOBUTCA 3aMETHBIM.

Tlapannenpias OC xapakTepH3yeTcsi MapajeJbHBHM TOIK/AIOUEHHEM BHIXOAA Lie-
n# OC K HCTOUHHKY CHIHaJa M BhI3bIBaeT YMEHbIIEHHE BXOQHOTO COMPOTHBJSHHS
yCHHTENS C yBeawueHHeM ruayGuHsl OC. DTHM CBOCTBOM OMPEJAENAETCH HCTOJb-
3oBaHHe napajjenpioii OC B ycHAHTeNdX, PaGOTAIOIHX C BHICOKOOMHBLIMH HCTOY-
HuKkaMH cHrHasa. TakuwM oO6pas3oM, NOMONHHTEJBHBIA ()a30BbLIA CHBHT OOYCJ0BASH
H3MeHEHHEM BXOMHOIO CONPOTHBJAEGHHA YCHJHTeJS. BO3HHKHOBEHHE NOTOJHHTENBHOrO
$a3oBOTO CHBHra B BHLIXONHONH LEMH YCHWJHTEAs MOpH 'yupasieHHn rayGuioir OC
O0YCJNIOBJISHO H3MeHeHHeM MOCTOAHHOA BpPEeMeHH BLIXOAHOH LeNH YCHAHTeNR NpPH
U3MeHeHHH ero BLIXONHOIO compoTHBAeHHus. IlocJenHee BLI3BAHO JeACTBHOM lemH
OC u 3aBHCHT OT cmoco6a CHATHA HampskeHus OC.

Tax, npy OC no HampsiKEHHIO BHIXOJHOE CONMPOTHBJEHHE YMEHBIIaeTCA C poc-
ToM rayGuHn OC; caenoBaTeNbHO, AOMOJHHTENbHBbIA (asoBuil cABHT Tem Goablue,
geM GoJblle CONpOTHBAeHHe HarpyskH. IIpu o6paTHOA CBA3HM 1O TOKY YBesHuelHe
ray6uisi OOC NpHBOAHT K POCTY BHIXOMHONO CONPOTHBJEHHS YcHauTeas. Caeno-
BaTeJIbHO, CTaGHAH3aUHusf (a3oBOro CHBHra BO3MOXHA TNIPH HCNOJb3OBAHHH HArpys-
KH, COMDOTHBJEHHE KOTOPOH 3HAUHTEJbHO MeHblile BBIXOLXHOrO COMPOTHBJIEHHS YCH-
JIATENS.

[TpuBeneHHblli KpaTkHii 0630p MaeT OCHOBaHHS MNpelnosaraTb Oli-
pelesieHHbIe CBOHCTBA YCHJIHTeNEH C TOYKH 3peHHSI cTabH/H3alHH (Pa-
:-300801“0 CABHra, BHOCHMOTO YCHJIHMTeJeM IpH YNpaBJeHHH TJay6GHHO#

Tak, ans nocienoatenapHoii OC no TOKy ClelyeT OXHAATh Majylo
3aBHCHMOCTb JOMOJHHTEJNbHOrO (has3oBoro ciasura oT raybunsl OC, B
TO BpeMsl KaK CBOHCTBa ycuiuTens c napananenbHoit OC mo Hampsixe-
HHIO NPOTHBONOJIOXKHHI.

IMpu nocnepoBarenbHoit OOC mno HanpsXKeHHI0 M NapaJJebHOMH
OOC no TOoKy BO3MOXHa KOMIeEHCalHsi ()a30BBIX CABHIOB, BHOCHMBIX
BXOAHOH H BBLIXOJHON IeNsAMH, 3a CYET Pa3HOro 3HaKa AONOJHHTEJb-
HBIX (pa30BHIX CABHIOB.

(9.16)
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Jlas crabunusauuu ($as3oBOro CABHra HCIOJAb3yeTCsl CMellaHHAast
WJIH MHOrofeTyieBasi o6paTHas CBfi3b.

IlanbHeiillee H3J0XKEHHE NMOCBAILEHO KOJHYECTBEHHOMY aHaJu3y
paccMaTpHBaeMbiX MeTOJOB H pa3paboTKe peKOMEHNalHi MO HCHOJb-
30BaHHI0 HX B ycuaureasx ¢ OC.

9.3. AHaIM3 OZHOKACKAAHOT0 YCHAHTEJNA C YOpPaBIdeMoM
o0paTHOM CBA3BIO

CsoiictBa ycuauress c¢ ynpasaseMoii OOC u xapakTep H3MeHeHHA
ero nokasartejeil B HHTepBaje YPOBHeH yNnpaB/sfilollero BO3AeHCTBUSA
ONpeneAoTCA CNocO60M BKAIOYEHHSI YNPaBJsSEMBIX YETHIPEXNOJIOCHH-
KOB B KaHaJs o6paTHO# CBfi3H. DTO NMOATBEPXKAaeTcsl BHIBOAAMH, KOTO-
pHie MOryT OHITh CAeJaHbl Ha OCHOBAaHMH TEQPETHYECKHX NpeAcTaBJe-
HHH, Pa3BHTHIX B M3BeCTHHIX paborax.

Kackad ¢ nocaedosareasnoii OOC no toxy. Ha puc. 9.2a mpuBeleHH SKBHBA-

JeHTHAas cXeMa Kackaia c nocaenosaTenstoi OOC mo Toky. OCHOBHHIM 3/1€MEHTOM
genn OC sBJseTCS ABYXTOMOCHHK Zo.c, KOTOPHIA TNPHHIHIHANLHO HMEET CKOJb

Zr
£
Zr
£
3U; :
l[ (1] Puc. 9.2. OxBuBajeHTHHE
“““““““ N cxeMh Kackaga c¢ OOC:
] | = a — NoCJIe0BaTeJIbHOM MO
! ‘—'Zu TOKY; 6 — NocJeA0BaTeb-
1 HOMl MO HANMpPSXKEHHIO; 68—
| S —— napajsieJbHOA mo Hamps-

: )] ‘ 2KEHHIO

yroAHO CcROXHYIO CrpyxTypy. [losaras KosdwpuumeHT nepeXxaunm Uemd oGpaTHOR
CBA3H DPaBHHM P=Z, c/Zy, MOKHO NPEACTABHTb KOIPMHIUMEHT YyCHAEHHMs Kackaaa
kax Ko.c=KFl—Ki(Zo.c/Zx)], rae Zg—compoTwBieHHe HATPY3OWHOR ieMH, BHMOA-
HEeHHOM B BHIE MNapajne]bHOTO COeAHHEHMS peaucTopa Ry M xoHmencatopa Cu. -

Ecnu conmporuBnenne asyxmodsiocHuka uenu OOC sBjisieTci YHCTO
aKTHBHBIM, T. €. Zo.c=R,c (3T0O HanGojee pacnpoCTpaHEHHHH cJy«

yaif), a Harpy3Kka anepHOAHYECKOH, TO

b= ’;‘;x (1 +i6C, Ry, 9.18)
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CoorserctBeHHo ImB/Rep=wCxRy. Onsg BHNONHEHHS ycaoBHA (9.17)
Heo6XOJHMO BBINIOJIHEHHE PaBEHCTBA

©Cy Ry =0 (Copx + Cp) —20xRu__ (9.19)
Rpux + Ry

ride Cpux H Rpux — BHIXOZHast €éMKOCTb H BHIXOJHO€ CONpPOTHBJIEHHE
yeuaurens. Orciofa CaRp=CrpuxRpux. ITO 03Hayaer, YyTo NPH Nocje-
nposateapHol OOC 1o TOKy ynpaBJjeHHe MOAyJeM Ko3dduiHeHTa YCH-
JeHHS KacKafla, OCYIIeCTB/IsieMOe MyTeM H3MeHEHHsS COMPOTHBJIEHHS
HeJIHHe#iHOro aneMeHTa B llend OOC, He compoBoXIaercss H3MeHEeHHSI-
MHu ¢opMH (a30BOH XapaKTepHCTHKH. Pa3yMeercs, Ha NpaKTHKe 3Ta
BO3MOXHOCTb NOJHOCTBIO HE peasn3yeTcs.

Ec/nu mocTosiHHbie EpeMeHH Harpy3o4Ho#l LEeNH H BBLIXOZHOH LeMH
YCHJIHTENIST HEONHHaKOBbl, TO MPOLECC YNPaBJISHHS YOHJEHHEM CONpO-
BOXJaeTcsl H3MeHeHHeM (ha30BBIX CBOMCTB YCHJIHTENS H TeM OOJbLINM,
yeM GoJibllle pPa3JHYHA B MOCTOSHHBLIX BpeMeHH. M3aMeHnenne tasosoro
cABHra B 3aBHCHMOCTH oT ray6uHe OC B 3TOM ciyuae ompejensieTcs

no ¢opmyJe
MNo.c = t€ Po.c/tg = (1 + Ky Bo m)/(1 + K, B)» (9.20)

rae m=1g/ts. B coorBeTcTBHH ¢ (9.20) Ha puc. 9.3 mocTpoeHo cemeii-
cTBO rpadukoB 1o.c=f(KoPo). Takum o6pa3oM, ogfHHM H3 cnoco6oB
yMenbuieHuss ADK B ycuaurene c¢ nocaemoBarenbHoli OOC mno Toky

1001 20z — 100
10
/ k
’ —
;———f 21 c
1
1 77 / 1
ﬂ,ff R -rCz
m=q1 I 2
14} ¢
g 7 0 w0 ¢ - 3
Puc. 9.3. Tpaduru 3aBHCH- Puc. 9.4. TlprHUMnNH-
MOCTH (aso0BOro cABHra OT albHas cxema  mpo-
ray6ui OOC npu H3MeHe- crefilllero 'yeTHpexmno-
HHH TOCTOSIHHOR  BpeMeHH JmocHHKa uenn OC

LeNMH HarpysKH

AIBISIETCA HCNOJb30BaHHE BXOZHOH LENMH C MaJsbiM. BHXOJHBIM CONpPO-
THBJeHHeM. C pOCTOM BBIXOJHOIO CONPOTHBJIEHHSI BO3PacTalOT BHOCH-
Mble BXOJHOH Lienblo (asoBbie CABHIH, 3TO YCHJIHBAeT INPOABIEHHS
A®K (3a ucKmOueHHEM ciyyasi paBeHCTBAa IOCTOSIHHHX BpEMEHH
BLIXOJHOH LleNH MCTOYHHKA CHTHaJa H BXOAHOH LeMH YCHJIHTENS).
Kackad ¢ nocaedosareasvroti OOC no nanpssceruto. I1pn nocaeno-
BareabHoit OOC mo HampsikeHHIO lenb 0OpaTHOM CBA3H B NpOCTeM-
weM ciayyae npeicTaBiaseT co0oif MAacCHBHHIA AeJHTeb HaNpsKeHHS,
B COCTaBe KOTOPOrO HMEIOTCS HeJIHHefiHble ympaBjseMbie 3JeMeHTH
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(puc. 9.26). Ecan uenp BHINOJHEHA M3 3J1eMEHTOB C YaCTOTHOHE3aBH-
CHMBIM CONpPOTHBJIEHHEM, TO HEe3aBHCHMOCTb (ha30BHIX CBOACTB OT
yPOBHA ynpaaJasiollero Bo3feicTBus obecneuuBaercs npu K>1. Oa-
HAKO BBIMOJIHEHHE 3TOTrO YCJOBHS B OJXHOKaCKaJHOM YCHJIHTEJE COIl-
PAXEHO C TPYAHOCTSMH, KOTOpble BbI3BaHbl OrpaHHYEHHHIMH BO3MOX-
HOCTSIMH YCHJHTEJNbHBIX NpHGOpoB. [IpH HCIOJB30BaHHH 4YacTOTHO3a-
BucuMoit OOC ¢asoBble COOTHOLIEHHSI B YCHJIMTE/E CYLIECTBEHHO H3-
MEHSIOTCH.

B nwunefinoil TeopHM (GOPMYAHPYIOTCA HeOGXOLMMHE H NOCTATOYHBIE YCJOBHS
GU3MUECKOH PEaNH3YeMOCTH (IaCCHBHOM LeNMH C COCPelOTOYEHHHIMH NapaMeTpaMH,
KOTOPHM JOJXKHA YJOBJETBOPATb MEpellaToyHas (QYHKUHS CHHTE3HPYeMOH LiemH.

‘MoxHO moKa3aTh, YTO He CYIECTBYET MACCHBHOTO AeJHTeNs HampsIKeHHs, Ie-
penaTouyHas (YHKUHA KOTOPOTO YHNOBJeTBOpPAJAa Obl ONHOBpeMeHHO ycjaoBHio (9.16)
H YCAOBHAM (QH3HYecKOH peaaudyemocTH. CaenoBaTenbHO, 3ajaua CHHTe3a LemH
OOC B BHIe JeJHTENsl HampsXKEHHS C MepenaTouyHoll ¢QyHKuMed, ydOBAETBOPSIOUiEH
ycnoBHaM -(9.16), He umeer peweHHs. B aTom ciyuyae npHXOMHTCS TOBOPHTH O TpPHG-
JIMKEHHOM BOCNIPOH3BENeHHH 3aJaHHOH 3aBHCHMOCTH C NOMOIUBIO (ryHKUWH, YyXOB-
JIETBODSAIOILEH yCJAOBHAM (H3HUECKOA peasH3yeMOCTH, HJH 3alayH ammpoKOHMalluH.
B kayecTBe ammpoKCHMHpYIOLlell MOXKET GbiTh HCNOJb30OBaHA TepelaToyHas yHKLHS
onepexalomeit uemu (puc. 9.4).

Koadoduuuest nepenauun uenu

R1+R2 . R1R2 ' '
l+'m_—R,+R3 (€1 +Cy)

Hnsa ynpowenus npuaumaercss C;=0. KpoMe goro, uro6n npHuse-
JleHHOe COOTHOLIEHHe CTaJio MPHrOAHBLIM Aias ¢dbopMasiM30BaHHBIX pac-
YeTOB, €ro Hy»XHO npeo6pa3oBaTh C y4eTOM HOPMHPOBAHHBIX BEJIH-
9HH: Ri/Rimaxc=2a; Ro/Romaxc="0; Romaxc/Rimaxc=m; 7Ti/ts=n, rie
T1=~RimaxcC1. Toraa

B— bm l14-ioTa
a-bm bm
l+io———m—
+iw ot bm at,

_ pm  14e*tian?bm/(a+ bm)
" atbm 14 g2 nt [bm/(at bm)?

na? bm/(a 4 bm)? ) 9.22)
14 @? 72 a? n? [bm/(a + bm)]?

IMocne moacraHoBku B B (9.7) (asoBwii cABHr, BHOCHMBIH KacKaloM,
onpenesnsercsa Kak

+ioT,

Qo.c = —arctgo 1y c. (9.23)
3nech -
| 4 Kynad bm/(a - bm)?
1+ [b m/(a 4 bm)]? a? n? @ T2
fle-e= bm 1 + [bm/(a + bm)]a? n* @? t§ 929

14 K
K at-bm |4 [bm/(a+ bm)]? a® n? @? T2
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— (GYHKUHOHAJNBHBIH KO3((HUHEHT, OnpelensiolHii H3MeHeHHe (a3o-
BHIX CBOHCTB YCHJIHTeJS.

Tak kak Bbipaxkenue (9.24) oTsHyYaeTcss H3JHIIHEHA TPOMO3JAKOC-
TbIO, OHO JOJI’)KHO OBITb YNPOLIEHO; B YaCTHOCTH, NpeHeOperas BeJIHYH-
Hoii 1/Ko, monyuyaem

na?
c= 9.25
- a+bm(1+a?n? 0?1l 9.25)

Ias Toro uro6el uenb OOC He WIYHTHPOBaJja BHIXOA YCHJHTENs IO
MOCTOSIHHOMY TOKY, HAOJI)KHO BRINOJIHATbCH yciaoBHEe R1+Ry>Rpux,
Koropoe npu a=1, T. e. npH Ry=Rmaxc H b=Var, a B cl1yyae OTCyT-
cTBHs oOpaTHo# cBsi3H npH b=0 npeoGpa3yercsi K BHAY R;>Rpux.
s BHINONHEHHS 3TOrO YCJOBHA TpebyloTca OO/blIHE 3HAYeHHA N,
YTO NMPHBOJAHT K YCHJEHHIO YaCTOTHOH 3aBHCHMOCTH Ko3¢duuHeHTa
No.c. BeJHUHHa m NpH 3TOM onpejessieT BO3MOXHHH AHana3oH H3Me-

HeHHs KaK Ko3¢¢HUHeHTa Nepenayn KaHasa OC B, Tak H KoapPuuH-
eHTa YCHJIeHHS KackKafla Ko, Mo3ToMy oGbiyHO m>>1. OgHako uyeM
Goabwie m, TeM GoJsibllle 3aBHCHMOCTb KO3(GHUHEHTa 1oc OT BeIHYH-
el b. Otciona cienyer, uto npu ynpasienuH ray6usoii OC 3a cuer
M3MEHEHHS! CONPOTHBJIEHHS HeJHHEHHOro sjeMeHTa (OH BXOIHT B CO-
cTaB IJleya Rp) He ynaercs oOeclneyHTb He3aBHCHMOCTh ()a30BHX
CBOACTB YCHJIHTeJSt OT IVIyOHHB peryJHpoBKH ycHJenus. Ilocnennss
YHCJIEHHO ompejensiercss BeqHYHHOH b. I'paduku no.c=f(b, n) ans
m=10 npuBeaeHsl Ha pHuc. 9.5. [Ipu b=1, 1. e. npu Ry;=~Rsmaxc H

Al

10 : 20
2o i =
i T mg 16 tAo,}un
& T " \‘ T
‘,,.q\ 26\ \
' 1 ’ g | N
92 g 04 2
— ‘7___§ Wry ) ~_|__ I
0 1 2 _3 4 & 0 1 72 3 4 5
a) 8)
“{ Iy
6 n=10
6|
1|t |b-qm Puc. 9.5. Tpadukn 3a-
4 BHCHMOCTH H3MEHEHHHA
2 ¢asoBoro casHra ot
wry ray6ua OOC  mpm
PasNHYHHIX 3HAYEHHSX
¢ 12 P) 3405 COTIPOTHBJICHHS Ry

a=var (a B ciyyae NOJHOH 06paTHOH cBsA3H a=0), uenb 06paTHOI
CBAI3H WIYHTHPYET BBLIXOA YCHJHTeNS NPH Ry>Rpux, YTO B NPHHATHIX
0603HaYeHHsAX BBIpaXKaercss Kak mn>>1. B 3toM cilyyae riyGuna pe-
TYJIHPOBKH YCHJIEHHS ONpeJessieTcs BeJHYHHOH, o6paTHOH m; cJieicT-
BHEM DEryJIMPOBKH SIBJISIETCS POCT 7, a CJENOBATENbHO, H YaCTOTHOM
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3aBHCHMOCTH KO3()(QHIHEHTa No.c. Hanbosee 3aMeTHO 3Ta 3aBHCH-
MOCTb NPOSBASieTCS NMPH 3HaueHHsx a, 6auskux K 1. C apyroit  cro-
POHH, 06/1acTb MaJHX 3HaueHHi HCIO/Nb30BATh Helenecoo6pasHo, Tax
KaK 3TO NPHBOAMT K YMEHbLIEHHIO Npe/esioB H3MEHEeHHsI KO3 HIHeH-
Ta ycuienus. MauocTpaumeii cIeJaHHBIX BHBOLOB CJIyXaT TpadHKH
Noc=[(wts) A1t m=0,1, n=100, npusenenHsle Ha puc. 9.6.

ot Vc\ 1 Eﬁw ]
. mdo| L7
AN -
0% \ / )l
\ \\/’az, 0 L
o0 \ A .
\\§ )4
Il /,/
v LT
0 T 3 4 - 9 1= 3 4 5
Puc. 9.6. Tpabuku 3aBHCHMO- Puc. 9.7. Tpadukn 3aBHCHMOCTH
cti (a3oBoro ciBHra OT IyGH- ¢asoBoro cAaBHra OT IVyGHHH
Hu 00C OOC npH H3MEHEHHH COOTHOIle:

HHSL BHIXOAHOTO COMPOTHBJIEHHS
HCTOYHMKA CHTHajJa M COMpo-
tupsenns OC

TakuM oGpa3om, peryanpopka ray6unnl OC 3a cueT CONpOTHBJe-
Hus R, Zenurens obecrneyuBaeT He3aBHCHMOCTb ()a30BbIX CBOMCTB YCH-
JIUTENS OT BEeJHUYHHBI @ JIHIIb AJis 3HaueHHH wts>>1. Ecin B (9.25)
npexe6peub BeJUYHHOH a H, KPOMe TOrO, CYHTaThb a%n2e?t?%s>>1, ToO
Noc=1/(b mno?t%).

Kak BHAHO, NPH BHINOJHEHHH YKa3aHHHX YCJOBHH KO3 GHIHEHT
No.c He 3aBHCHT OT a. B paccMoTpeHHOM ciyyae npeamoJiarajocb Hc-
noJib30BaHHe HieajbHoro reHeparopa DI C. Yuer BHYTpPeHHEro CoOmpo-
THBJIEHHS] peajlbHOrO reHepaTopa MOXKeT CYIIeCTBEHHO H3MeHHTb (a-
30BHIE COOTHOILEHHS B YCHJIHTeEJE.

Kackad ¢ napaasessnod OOC no uanpsascenuro. Tlpn mapannensHoii oGpaTHOM
OBSI3H N0 HaNPSXKEHHIO OCHOBHRIM 3jeMeHTOM Wend OOC sBAseTcs ynpaBJsieMHi
PE3HCTHBHHA [AENHTENb HanpsKeHHs, BKJIOYEHHHA f1apajlleiHO HeMH Harpy3KH.
OnHEM NJIeY4OM JeNHTeNs SBJASIOTCS NaPAIENbHO COelHHeHHble BXOQHOE CONpPOTHB-
JIeHHe YCHJHTESs H BHYTpPEHHee CONMPOTHBJIEHHE HCTOYHHKA CHMrHaJla, a JAPYIHM —
COIIPOTHBJIGHHE JBYXMOJIOCOHHKA Zo.c, B COCTaB KOTOPOI'O BXOMHT HeJHHeAHHA ym-
paBJsieMHil 3JeMeHT. DKBHBaJeHTHas CXeMa Kackala InpuBeleHa Ha puc. 9.2s.

B paccmampuBaeMom cayuae ympaBaedHe rayGunoii OC NpHBOAHT K H3MeHe-
HHIO KOoa(rbHUMEHT2 mepelaud BXOQHON WEMH, HarpyXeHHOA Ha BXOIHOE CONpPOTHB-
JIeHHE YIPABASEMOr0 KacKaja, KOTOpOe 3aBHCHT OT CJyOHHB OGpaTHOR CBA3H
1/Zsx.0.c=1(1YZsx)—K(1/Zo.c). C yueToM 3TOro pe3yJbTHpyOWHA K03PDHUHEHT yCH-
JIOHHS Kackaja H BXOLHOM 1emH ompelenasencs Kak

" KZax/(Zax 4 Z1)
oc™ > Zpx Zr
| K —=Bx __
K an+zr ZO-C
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Ecan BxonHas uenb He BHOCHT AONMOJHHTEJNbHOro (a3oBoro CIBH-
ra, T. €. IOCTOSIHHAsl BPEMEHH LleMH HCTOYHHKA CHTHaJa paBHa MOCTO-
SIHHON BpeMeHH BXOJHOH LieNH YCHJHTE]s1 H, KpoMe Torlg, co6mo}}ae'rc;:

J— 'S J — K . r
PaBEHCTBO Tax="Ts, TO K¥oc .K/(l KB), rue B P
IToncraBnsis BblpaxkeHHe Aas B B (opMyay, onpelensiomyio kKosdoH-
LHEHT YCHJIEHHS, H BHIYHCAAA KOIDHLUHEHT No.c, NOJTYUYHM

1
I_K"—'lt 14 o?e?

Yoo = 1 - (9.26)
e 14 ot

3necb n=Rr/Ro.c; ImZ, c=0.

Ananusupys (9.26), MoxkHO BHIeTb, uTo npH n>K, BeaHuHHa
No.c—>1 # Mano 3aBucHuT ot n. C Apyro#l cTopoHH, nNpH n<& Ky Bennun-
Ha Mo.c—>—1, 3TO NO3BOJIiET HCMOJMb30BaTb KacKaj ¢ NapaJJelbHoH
OOC no nanpskeHHI0O B KavecTBe (hasokoMneHcatopa. COOTBETCTBYIO-
mue rpaduku No.c=f(m, wts), rae m=Ko/n, npuBesensl Ha pHuc.9.7.

[TpoBesneHHoe B HacToslleM maparpade aHaJHTHYECKOe HCCJeNOBa-
HHe (a30BHIX CBOHCTB YCHJHTEJbHOrO Kackajga ¢ ympasisiemoii OOC
SIBJIIETCA JOCTaTOYHO o6mHM. CleslaHHBHE Ha €ro OCHOBE BHIBOAB H
peKOMeHJaUHH MOryT OBITb HCNOJIb30BaHbI HE3aBHCHMO OT THNA YCH-
JIUTeJIbHOrO npubopa H CTPYKTYpHI LieNH MeXKacKafHo# cBA3H. Bmec-
Te C TeM pe3yJbTaThl HCCIENOBaHHS OTJIHYAIOTCA ONpejeseHHOH yc-
JIOBHOCTBIO: OHH MOJIYYEHH [JISl YCHJIHTeNell ¢ HAeaJbHEIMH YCJOBHA-
MH Ha Bxogze. [TostoMy caenylomuii maparpad nOCBsLleH aHaJH3Y
JOTMOJHATENbHBIX (a30BRIX CABHrOB, O6YCJIOBJIEHHBLIX peasIbHBIMH YyC-
JIOBHSIMH CONMpSI2KEHHSI CMEXHHBIX KacKaJOB MHOIOKAaCKafHOTO YCHJIH-
TeJs.

9.4. Ma30BLIe COOTHOMEHHSA B MHOTOKACKAHOM YCHIIHTENe

B MHOrokackafHOM YCHJIMTeJe MCTOYHUKOM CHTrHaja AJas ynpas-
JIIeMOr0 KacKajla CJYXHT NpeJblAyIIHii ycHJauTeJbHHH Kackafa. Pac-
cMaTpHBasi TPOHKY KacKafoB, B KOTOPOH ympaBisieMblii KacKaji fBJfA-
eTcsl LeHTPaJIbHBIM, a JBa APYTHX NPEeACTaBJAAIOT COOTBETCTBEHHO HcC-
TOYHHK CHrHaJjla M Harpy3ky, NpHIAEeM K TOf CTPYKTYpHO# sueiike, KO-
TOPYIO CJelyeT CUHTaThb OCHOBOH HaJibHefillero aHajau3a. JlomosnnH-
TeJbHBIH (Da30BHIl CABHr, BOSHHKAIOHIMHA BO BXOJHOH LieNH YyNpaBJsic-
MOro Kackajxa, o6ycJioBJeH H3MeHeHHeM MNOCTOSIHHOH BPEMEeHH BHIXOJ-
HOH leMH HCTOYHHKA CHrHaja npH ynpasJjeHuH ray6unoli OC. Koad-
GHIHEHT Nepelayd BBIXOJHOH IeNH HCTOYHHKA CHTHaJa ONpeaessier~
cs BoipaxeHHeM Ksux.c = Zexo.c/ (Zpux+Zaxo0c) = (A+iB)/(C+iD).
HononHurtenbHbiil ¢a3oBHil CABHT, BHOCUMHII HCTOUHHKOM CHrHaJja
npu ynpasaeHud ray6unoit OOC, paseH -

BC — AD
Pen.c = arctg ‘%‘_ 2D . (927)
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[IpH HcnOMb30BaHHH B KauyecTBe YNPaBJAseMOro Kackaja C IOCJaeIo-
BateJbHOH OOC mo TOKY mepeMeHHbie B 3THX BHIPa’KeHHAX oOnpele-
asiores 1o popMyde Zex.o.c=Zpx+KZo.c. IIpH Zoc=Ro.c

A=Ryx +Ro.c Ky— 0 (T3 Torax Rox + Tox Tanax Ro.c Ko),

B=0 (t5 Ryx + 7oz Ro.c Ko+ Toeix Rex + Taux Ro.c Ko),
C=Ryx + Ryux + Ro.c Kog—®* (Tp Tasux Rox T+ Tox Torix Ro.c Ko+ T Tax Rpuix)s
D = o (v Ryx + Tax Ro.c Ko+ Tapx Rox + Tomx Ro.c Ko+ 75 Rppx + Tox Roux)-

ITocne npeoGpa3oBaHuii MONYYHM Qpr=arctgetsux(M/N), rae

M=(1—mn){ ll-l—mz T _r:::,%:i]+

m+l(1+(o2 mznﬁ)}; N=(m+1D) (m+1+1)+

2 +2
T 00 T

m(n—+1)
2| - T 7 2 T

{m [ + +nl (l+m BHX)+
2 2.2 _mi(n4172 m(n—l—l) 2 2.9

+m2n [1-1-(0 T | + L (L 0t el i)+

m?(n+41
+<m+z)+m-—‘fm—’+lm2n2} 1= Ro.c Ko/ Ryssx:

AHa/nH3 MONy4YEeHHOrO BBHIPAXKEHHS 3aTPYAHHTEJEH, OJHAKO OYEBHIHO,
4TO NpH mn=1 gono/HHuTe/bHbI/ ¢a3oBui caABHr paBeH 0. KpoMme To-
ro, Majast 3aBHCHMOCTb @pm OT [ HabsiofaeTcss MPH XOCTAaTOYHO 60Jb-
IIHX 3HAaYeHHSAX m BOGJH3H YacTOTHl KBa3Hpe3OHaHCa. AHaJIOTHUHBIE
BBIPaXKE€HHS MOTYT GbITh NMOJNYYEHBl H IJIS YCHJIHTeJs C MOcJef0Ba-
tespHol OC mo HanpsKeHHIO.

[Tapannenbnas OC no HanmpsXKeHHIO XapaKTepH3yeTcsl HHOH 3aBH-
CHMOCTBIO BXOJHOFO CONMPOTHBJEHHS yMPABJSEMOro Kackaja OT YpOB-
HSl ynpapJsiolero Bo3AeHCTBHS Zsxo.c=Zpsx/[1+K(Zsx/Zo.c)], ¥ KO-
s punuests B (9.27)

A= Rgx—'(oz Rnx Ty Tpbixs
B=o (Rnx Tnux+ Rnx 173)»

C Rnux"‘Rnuanx +Rnx_(0 (17 xTs Rnux""fauxtn ax)
Y D=0 (RyuxTs + Ryax Tox + Ryx Ts + Rix Toux) -

Orciona @ea=2arctgwtsux(M/N), rae

(1 mat1)? m(n+1)
M= mn)[l—l—co?rgm s ]—I—mk[l—l— i ]

N=l+m+mk+(o21,-§uxm(n+l)[l + =kt )+

o212, %’_’l_‘*‘l_):)z_], k=RpuxKo/Ro.c.
154



daso- -aMIUIHTY/IHbe XapaKTEPHCTHKH M oTeux=1 (cooTBercr-
BYeT BepXHell rpaHHIle NMOJOCH NPONYCKaHHS HEHarpyXeHHOro YCHIIH-
Tesnsl Kak ¢ nocnenosaresbHoit OOC no Toky, Tak H ¢ napaJnJesbHoi
OOC no HanpsiXXKeHHIO) AJAA 3HaYeHHH

n=1, m>1 npusenensl Ha puc. 9.8. Ta- % 7
KHM o00pa3oM, INpPH MOCJeI0BaTeJbHOH e
OC ¢a3oBbiii caBHT, BHOCHMBIH BXOJHOH .734' yd
Lenbio NpH ynpasJjeHuH raybunoir OC, V-0
HMEeT NOJIOXKHTeNbHBIH 3HAK, 4TO MPH /
BbIODAaHHBIX YCJNOBHSIX O3HauaeT yBeJH- 7§ V4
yeHHe CyMMapHOro ¢asoBOro CJBHra, A
BHOCHMOTO IIPH yIpaBJieHHH YCHJIEHHEM. flo b s b oo
3710 BLI3BAHO TeM, YTO NPH yNpPaBJEHHH T "0 (|

ray6uHoii OOC oTHocuTe/bHOEe H3MeHe-
HHe aKTHBHOH COCTaBJsIOlleHd BXOIHOIO
CONPOTHBJIEHUST s m>>1 HeBeJNHKO, U
¢ a3oBbie CBOHCTBA onpeneasiiorcss uame- Puc. 9.8 ®AX kackaja ¢
HeHHeM eMKOCTHOH cOCTaBJsIOllel Bxog-  Ynpasasemoil 0OC no wa-
npsxennio (k=0) u mo ToO-
Horo comporusJenusi. OGecneyus corJa- xy (I=0)
COBaHHe BXOZHOH LEeMH YNPaBJseMOro
YCHJIHTENE C HCTOYHHKOM CHIHasla, MOXHO JOOHTbCS He3aBHCHMOCTH
BHOCHMOTO BXOJHOH llenblo (¢a30BOro CABHIa OT YPOBHS YNPaBJSIOILEro
BO3JeHCTBHA.

ITpn napaanenshoit OOC ocHOBHYIO poJb B (OPMHPOBaHHH H0-
MOIHUTEIbHOTO (pa30BOro CABHra Hrpaer H3MeHeHHe aKTHBHOH COCTaB-
Jsouleli BXOJHOTO CONPOTHBJIEHHA 3a CYeT IIYHTHPYIOLLero AEeHCTBHSA
uenu ob6paTHOH CBSI3H, 3TO Ho6GyciosauBaer xapakrep PAX. 3a cuer
MCIO/Ib30BAHHA CMellaHHOH MM MHoronetneBol OC MOXHO MOJYYHTb
XapaKTepHCTHKH, OTJIHYHBIe OT mpHBelJeHHbIX. [IpH oxBare JOMOJIHH-
TesibHOH mersiefi mocaenoBatenbHoll OC mo TOKy KacKaja c napad-
JgenbpHoit OC no HanpsXKeHHIO

A=Rox + R, Ky—0* 2 (Rax Ta+ R}  Ko'T),
B=o (Rnx st R:,,c Ko Tax + Rax Tonx + Ro.c Ko Tans)s

= Rpx + Runx+ M""R‘;,c Ko—0? (Roux Tax Ts +

—+ Rgx Taax Ts + Ro.c Ko Tox Tanx)»
D=0 [Ryyx (Tex + Ts) “+ Rpx (Taux 1 Ts) + Ro.c Ko (Taux 1 Tax)].
Orclona

M=mk{ ["’"‘JF‘) + 1] +l(mn+l)}+m(l—mn)+

=™

m+ 1
+z[1 _ &"j:-]‘—’]wzrgm {m-%f— (1—mn) +

mn41) mmap+4+1)
+l2m“‘n2[l P ]+l2(1+mn) [—_m-l—l mn]],
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N=(net-) (L mot Lm0, [ m ZED

m-+-1
m(n-1) _
+mnl][———m+1 +mnl mk]+(m+l)=+m2n(1+nz)+
2,9 mi(nf1)? m(n-+41)
e )
4 o [m(n41) m(n-1) m(n+41)
oty [FEE ][R R ]

Bripaxenne ana ®AX npu BHOpaHHHX ycaoBuax (m>>1, n=1) ume-
eT BHI

B+1)k—5—1
154202490 —k(141)
H onuchBaeT KpuBne pHc. 9.8. IlpuBeleHHHe pe3yJbTaTh AalOT OC-
HOBaHHe NpeAnoJaraTb ONpPefieleHHHEe BO3MOXHOCTH CTaGHJIH3aLHH

($a30BEIX XapaKTepHCTHK YCHJHTeNEH B JHana3oHe YPOBHeH ympasif-
JOLLETro CHrHajxa.

¢ = arctg

9.5. BapEaHTHI YCHIHTENLHBIX YCTPOMCTB ¢ YIPaBIAeMOM
o0paTHOH CBA3LIO

Tlpy mocrpoennn ycumuresne#i ¢ ynpasusemoii OC 3amaua oGectieueHus ¢aso-
BOH CTaGHJBHOCTH B NpOliecCe PeryJHDOBKH YCHJEHHS MOXeT GHITb pellleHa pas-
aAngHbiMu  cmocob6aMu. HanbGosee sPdexTWBHHM sABJAdgeTcs cnocol, IPH KOTOPOM
obecTieyHBaeTCH MOCTOAHCTBO BXOAHONO H BHLIXO/JHOTO COMPOTHBJIEHHH YIPaBJsgeMOro
YCHJIHTEIS B AHAUNa3OHe PeryJHPOBKH YyCHJIeHHA. ILpH 3TOM npedoTBpallaeTcs UIYH-
THPOBaHHEe COOTBETCTBYIOU[HX lemell H, Kak CJIGACTBHe, yMeHbllaeTca HX (a3oBas
HecTabuAbHOCTS. Huke npHBelleno omucanue ycuiHrededi c yanpasasemoit OC, B
KOTOPHIX IPHHATH MepH &ro obectiedeHHI0 $a30BOfi CTAGHILHOCTH.

Ha puc. 9.9a npemcrasiena cxemMa Kackaja, B KOTOPOM YyupasjeHHe koddwpu-
LHEHTOM YCHJEHHSl OCYILECTBJSETCH H3IMeHeHHeM CONPOTHBJGHHS UeMH MecTHOH 06-
paTHO CBA3H. B KauecTBe ympaBasieMOTO 3JEMEHTa HCIOJBIYETCH TOJYIIPOBOLHHKO-
suii anox [, X XOTOpoMy TojBeleHO ympaBisioulee HampskehHe Uyap. B xackame
ofecrieduBaeTcsl HeGO/bIIAs rayGuHa - perynuposkH (15—20 xb). Hamenenue co-
TPOTHBJEHHS AHOXA B GOJBIIHX Npefenax IPHBOMHT K H3MOHEHHIO DeXuma paGo-
TH TpaHsucropa. T MO MOCTOAHHOMY TOKY. DTO HEXKeJaTeJbHO, TaK KaK BHI3BIBACT
#3MeHeHHe BXOJHONO M BHIXOQHOIC CONPOTHBJEHHA TPaH3HCTOPA, HHEDUHOHHBIX H
HEJHHEHHBX MapaMenpPOB H INPHBOXHT K ()a30BOA HecTaGHILHOCTH YCHJHTENS B Ie-
JIOM.

Ha puc. 9.96 npuBeneHa cxeMa YCHAHTENIS, B KOTODOM YIIPaBJAGMLId 3JeMeHT
(nonesoii tpausucrop Ts) BkmouedH 8 uemb OC mapaanensHo pesucropy Ri. Tpan-
sucropa Ty ¥ Tp BKJIIOUEHH TaKWM 06GDa3oM, UTO OGECTIEYHBAETCH He3aBUCHMOCThb
BXOJHOTO COTPOTHBJGHHS YCHJHTENS OT IAyOHHH ob6patHoi cBsH. IIpn aocrartou-
HO GOVIBIIOM CONPOTHBJEHHH R: pexmM paGoTh T, IO NOCTOSHHOMY TOKY B JHa-
NasoHe pEryJMPOBKH MPaKTHYecKH nocrosHeH. COMPOTHBJeHHe YIpaBiAeMOro 3Je-
MeHTa sBJsgeTc GYHKIHeHA peryJHpYIOUero HalpsiKeHHs, II0RABaeMOro Ha 3aTBOp
Ts, H MOXeT MeHSTHCH B IUMPOKHX Hpelesax — OT XECATKOB OM A0 COTeH KHIOOM,
oGecrnieunBas GOJBUION AHANA30H H3MeHeHHs xoadduuHenTa ychaenus. BBenenne
pesucTopoB Rs, Rg ¢ GOJBUIEM CONDOTHBIGHHEM (COTHH KHIOOM) OOeCTeMHBAeT JH-
HeapH3alHI0 MEePEeMEeHHOTO COTMpOTHBJIeHHs I's B IUMPOKOM JHaUasoOHe aMILVIHTYX
CHDHAJIOB. DTO MO3BOJAET HCKAIOUMTb BJHSHHE HENHHEAHLIX OBOACTB DeryJHPycMOro
3JIeMeHTa Ha CTaOHAbHOCTb ()a30BOf XaPAKTEPHCTHKH IIPH H3IMEHEHHH YDOBHS BXOX-
HOINO CHIMHAaJa.

156



Ha puc. 9.96 n3o6paxeHa cxeMa ONLHOTPAH3HCTOPHOTO YCHIHTENS, KOS(duiyeHT
YCHJGHHS KOTODOrO peryaupyercs counpomhBieHHeM MecTnok OC. Poub ympasase-
MOr0 3JeMeHTa BHIOJNHSET liellb M3 TpaH3ucTopoB T, u Ts, mprdeM T's HCTOMB3YeT-
¢ B IUOLHOM BKJIOueHHH. Hamvune reHepaTopa mOCTOAHHOrO TOKa [= oOOectiedH-

¢"'En"‘

Puc. 9.9. CxeMBl YCHJIHTENbHBIX .xaéxanon C YnpaBJiieMOfl MECTHOI
00

BaeT MOCTOSIHCTBO SMHTTEDHOTO Toka I’y B npoulecce peryJnpoBkKH ycHieHus. Koad-
dbuupenit yeunenus onpenensercd Kak K=Zg/(rs+Ro.c), Tie r, — BHyTpeHHee nHp-
¢depeHHadbHOE COMPOTHBJEHHE TpaHaucTopa I'y; Ro.c —comporusienne uend OC,
paBHoe Ro.c=rora/(ro+ra). 3aechb ro, rq — muHaMmdeckue compotupieHuss Te u T,
Ilox BoameficTBHeM peryaupylomero HampsxeHHs Uynp H3MeHAETCd TOK, IPOTEKAIo-
wuit uepes T2, a mockosbKy I2+Is=I—_, TO COOTBETCTBYIOLIHM OGDa3OM H3MeHSETCH
ToK s, ompeme/slOWHi cONpOTHBAeHHe rq: ra=kRT[(qls). TakuM o6pasoM, MakKCH-
MaJbHas W MHHHMaJbHas BeJHUYHHB KOS(WpHIUHEHTA YCHJESHWSA OCOOTBETCTBEHHO paB-
H Kuaxe=Zg/2rs U Kuua=Za/(ro-+rs). HemocratkoM ycuianrens siBasiercs 3aBH-
CHMOCTb €r0 BXONHOTO H BBIXOQHOrO CONPOTHBJEHHH oT comportHBaeHHs OC.

B (paccMOTpeHHBIX PasHOBHIHOCTAX KacKagoB OGecleudBaeTCs IHANa3oH pery-
JHPOBKH ycuieHHs nopsaka 30 aB. BosHukaiomee npu 3ToM npupaueHHe ¢asn
BLIXOHOTO CHIHAJa OKa3HBAETCA CPABHHTENLHO HeGOJIHUIHM.

VYKasanHbe OpPHpallleHHA, TJaBHHIM 0Opa3oM, OOYCJOBJeHH H3MeHeHHeM BXOX-
HOro H BBIXOLHOTO COMPOTHBJEHHHA YCHJIHTeNS. BiHsHMe HHEPUHOHHBIX CBOACTB YCH-
JHTEJBHHX M YNPaBJASEMBIX 3JEMEHTOB CKa3bBAaeTcs Ha 4acTOTaxX, 3HayHTeJbHO Ipe-
BHIIAIOUIHX YacTOTHl YCHAMBaeMbix koJseGanuit. Ecou 3T0 ycioBHe He BbmOJHAETCH,
TO JHama3OH pPEryJHDOBKH YCHJIEHH JOJXKeH GBTb YMeHbUIeH C TeM, 4TOOGH NpH-
pauienne ¢aspl BHXOLHONO CHNHAJA He JIPEBHILIAJNO JOMYCTHMOTO.
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B Tex cayuasx, koria mo YCJIOBHAM SKCILLyaTalHH B YCHJAHTENE JOJKeH GbiTh
obecmeyeH 3HauMTeJBHHI JAHaNa3oH peryJaHpoBKH ycuiaenus (50 ab u Goaee), ue-
J1eCO06PasHO HCNOJbL30BaTh yNpaBiaeHHe mapaMerpamMH BHewHei OC. B xauectse
YMPaBASEMOr0 3JeMeHTa MOXET GHTb HCTIOJAL30BaH JHG0 HEeJHHEAHHA aKTHBHHIA
3JIEMEHT, JAWGO PeryJaHpyeMblil YCHAHTENb.

Ha puc. 9.10 mpeacraBieHa cxeMa YCHJAHTeNS, B KOTOPOM YTpaBjeHHE ycHJe-
HHEeM OCYILeCTBJASETCS NYyTeM H3MEHeHHS CONPOTHBJEHHS GHNOASPHOTO TPaH3UCTOPA
Ty, Bxaioyentoro B Uenb BHewrHedi OC. Tpansmcropn Ty u T» cocraBasior Audde-
PeHIHaJbHYI0O Tapy, M pPeryJHpOBKa YCHJeHHS OCHOBaHa Ha mepepacnpeleNeHHH

[/f
(1 Hﬁz

Puc. 9.10. Cxema yCHJIHTeNsI C YNpaBJeHHEM
ray6unn BHewHeit OC

SMHTTEPHLIX TOKOB MO (BO3JAEHCTBHEM PETYAHPYIOLlero HampsKeHhHs. BuixonHo#
CHIHaJ MOXKET CHHMAThCH JHGO C BhXoda peryanpyemoro ycuanteas Uswxi, an6o
¢ xoanektopa T2 (Usux2). B nepsom ciayuae Gaaromaps AuddepeHinanbton
CTPYKType yNpaB/iseMOR LeNH CcO3jaBaeMasl €0 Hanpy3ka Ha YCHIHTENIb OCTaeTCd
B Tpouecce DEryAHPOBKM YCHJeHHs MpaKTHYeCkH NocTosHHOA. Ecau Xe BHXxomHo#
CHNHAJ CHHMaerncs € KoJlJieKTopa Tz, TO TPH 3TOM 32 CUET JOMOJHHTEJLHOIO XKac-
Kafa Ha Ty ¢ PeXKHMHON peryJMpPOBKOH NoJyyaercs GOJblllas ITyGHHA PETYJIHpOB-
KH YCHJIeHHS.

IIpuBeneHHbHe B HacTosllell rjaBe pe3ysbTaThl aHaJjH3a YCHJHTe-
Jeil ¢ ynpasisieMoii 06paTHOM CBfI3bI0 HMEIOT JIOCTaTOYHO OOLIMi Xa-
pakrep. B cBfI3H C 3THM OHH MOryT OBITb HCIOJIb30BaHbHI HE TOJIBKO
IJsl o0bsSICHEeHHSI siBJeHHH, BO3HHKAIOUHX B KOHKPeTHHX pa3HOBHI-
HOCTAIX YCTPOHCTB paccMaTpuBaeMoro THna (B uactHocTH, A®K), HO
H A5 BRIPa6OTKH peKOoMeHJalHi, KOTOPDHIMH cjelyeT pPYKOBOJACTBO-
BaTbCsl B NPOIECCE TEXHHYECKOH peasn3alliH YCHJMTEJed C ynpabijs-
eMoii 06paTHOH CBA3bBIO.

AMIIINTYJHO-®A30BASI KOHBEPCHUSA
B YCTPOMCTBAX CBY JHAITA3OHA

{
10.1. O6mue oco6ennocta APK B ycrpoiicrBax CBY

B coBpeMeHHO!l paAHO3JEKTPOHHOH anmapaTtype AJAs YCHJIEHHS H
npeo6pa3oBanus curiajop CBY IHPOKO NMPHMEHSIOTCS CNellHaJbHbie
3JIeKTPOHHEIE TPHOOPHI: KJIHCTPOHH, JaMnul Oerymei u oGpaTHOH
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BOJIH, JlaMnu Gerymefi BonH MarHerpoHHoro TtHna (JIBB, JIOB,
JIBB-M) u apyrue, a Takxe HOJYNPOBOAHHKOBBIE NPHOOPH — MAHOAHI
anHa, TyHHeJbHHE AHOABI B YCTPOHCTBAaX C NOCTOSSHHBIMH TlapaMer-
paMH, BapHKambl B YCTPOACTBaX Mapamerpuueckoro Tuna. He kacasich
ocoGeHHOCTell peanH3alH 3jgeMeHTOB H y3noB CBY, orMernm, uro
yKa3aHHble MPHOOPBI MPAaKTHUYECKH BO BCEX PeXHMaX pabGoThl 06yc/aoB-
JIHBAIOT BO3HHKHOBEHHE aMIIHTYAHO-(pa30BOM KOHBepcHH. KIHTeHCcHSB-
Hocth AQK W ee BiHsIHHe Ha NOKa3aTeJH pPaJHOTEXHHYeCKHX YCT-
POICTB 3aBHCAT OT MHOTHX (DAKTOPOB, BBHISICHEHHIO DOJH KOTOPBIX C
caMbiX OGIIHX NMO3HLHHA H NMOCBALIEHA HacTosALlasd IJaBa.

TlposiBneHHe aMIIMTyOHO-(a30BOR KowBepcHH B ycrpoficrBax CBU ammamasoma
(CBYY) umeer psanx ocobeHHOCTell, KOTOPble HEOGXOAMMO YYHTHIBATbH TIPH MOCTpOe-
HUH COOTBETCTBYIOIUHX 3J€MEHTOB M Y3JoB. Tak, mapasuTHble ¢(asoBble HaGeru
HMEIOT 3HAYHTENBHO GOJbliHe aGCONMOTHbIE 3HAYEHHS, HEXeNH B YCTPOHCTBAx, Tpef-
Ha3HayeHHBIX A paGoThl Ha GoJiee HH3KMX YaCTOTaX. ITO MOXKHO OOBSICHHTL HC-
X0l H3 SJEMEHTADHBIX paccyxIeHHit. MaMmeneHHe mapaMeTpoB peakTHBHBIX 3Je-
MEHTOB KO/Je0aTeJbHON0 KOHTYpPa, HampHMep 6MKOCTH XKOHJeHcaTopa (He HMeeT 3Ha-
4eHHs, KaKas IpPHYWHA BBI3BaJa 3TO M3MeHehHe Ha BeanunmHy ACk), CKasbiBaercs
Ha XapaKTEPUCTHKAX M NOKa3aTeJAx KOHTYpPa TeM 3HauUHTeJbHed, UeM MeHbille HO-
MHHaJIbHOE 3HayeHHe NapaMmeTpa (eMKOCTH koHAeHcatopa Cyx), T. e. ueM GoJbuie
OTHOCHTEJIBHAS HEeCTAGHIBHOCTh peakTHBHONO 3aeMeHTa ACk/Cx. ITockoabky eM-
KOCTH KOHTYpOB, Bxofsamux B coctaB CBY ueneft, MaJbl, TO Jaxe He3HawHTeJNbHbIE
HX TDHPallleHHs IPHBOAAT X 3aMeTHHIM MH3MeHeHHsM ¢azoBoro ompura. B wact-
HOCTH, 3HauHTeJAbHAasA (a30Bass HeCTAOMJILHOCTb BO3HHKAeT H3-32 aMIIHTYIHO3aBH-
CHMOTO (T. €. BHISBAHHONO H3MeHEHHeM YDOBHS BXOLHOTO CHINHAJNa) H3MeHeHHS pe-
3UCTHBHOA M DEaKTHBHOH NPOBOLMMOCTEH HeJMHeHHBIX 3JeMEHTOB (Hampumep, ma-
paMeTPHYECKHX JHOLOB), Ha OCHOBE KOTOPHLIX BbmoJjHeHnr CBYUY.

[ToBnileHHast ¢pa3oBasg HeCTaGHIBHOCT MPHCYLLA H AKTHBHBIM 3Je-
mentaM CBUY. HMsBectHsl 3k3emmasps JIBB, B KoTopeiXx mapasur-
Hbl (asoBeiii HaGer pocturaer 100° u Gonee. TeopeTHUecKHe H 3KCIe-
PHMEHTa/IbHbie HCCIeIOBAHMS NMOKa3bIBAlOT, YTO (pa3oBhie Habern s
YCTpOHCTBAX, B KOTOPHIX He NPHHATH Mepbl MO yMeHblieHHio A®K,
JocrHraioor 40—50°.

Hasi ycrpoiicTs, paGoTaOmuX B HHU3KOYaCTOTHOM JHamasoHe, ¢a-
30Bas HecTabuAbHOCTH penko mpesbilnaer 30°. OpHako npeHeGperath
3THM HEJONYCTHMO.

OcoGennocteio CBUY sBnsercs T0, uro A®K conposoxmaercs
aMIIHTYAHOH HenHHefiHOCTbIo. OGa SIBNEHHS BHI3BAaHHI OJHHMH H Te-
MH Xe (H3HYECKMMH MpoleccaMH, MPOHCXOASIHMH B npubopax CBY,
H NMPOABJSAIOTCA NMPH OJHHX H TeX XKe YPOBHAX BXOAHBIX CHTHAJOB (3a
HCK/IIOYEHHEM JIHIIb CcJay4ass cJAabbiX CHTHAJOB, KOTAAa aMIIMTYXHOM
HeTHHEeHHOCTbI0O MOXHO mpeHe6Gpeus, HO 3ddektn ADPK npucyrcTBy-
IOT, XOTl U HMEIOT HEe3HAUHTEe/JbHYI0 HMHTeHCHBHOCTh). CJie0BaTesbHO,
UDH onpe/ieJleHHH 3aKOHOMEpHOCTel NPOXOXJAEHHSl CHTHAJOB yepe3
CBUY Heo6x0nMMO ONHOBPeMEHHO YUHTHIBATb H AMILIHTYIHYIO HeJH-
HeiiHocTh, H AQK. Teoperyueckoii OCHOBOH aHa/JH3a SBJAETCH METOL,
HCTIOMIB3YIOLIHII KOMIVIEKCHYIO aMIUIHTYAHYIO XapaKTepHCTHKY, NOJYy-
YaeMyIo 3KCIEePHMEHTAJbHO HJIH TEOPETHYECKH.

B nnanasone CBY peasbHble pajHOCHTHANH 3aHHMAIOT Y3KYK
T0JIOCY YaCTOT OTHOCHTeJIbHO CBOei Hecylie.
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Jlaxe B ‘cuenHaJbHHX CHCTEMaX CBA3H C TaK Ha3HBAeMBIM MHONOCTZHUHOHHBIM
LOCTYNOM, B KOTOPHX LefiCTBYIOT CHIHAJhl HECKOJBLKHX CTaHUMA C YaCTOTHWM HWAH
BPEMEHHHIM pa3fiefieHHeM, o6lllas TOJNOCAa YacCTOT, 3aHHMaeMas CHTHAJaMH, Pelxo
mpestuiaer 30—50 Ml (xors uHoraa mocturaer 100 MIm). Ias nnana3ona no-
PANKa eIWHML, THTarepll 3TO BeCbMa Majas BeJHIHHA.

ITostomy pas CBUY, B oco6eHHOCTH st JaMn Geryiieid BOJIHBI B
npejesax 3aHHMaeMOH paJHOCHTHaJaMH HOJOCH YacTOT, IpHCYylla
cnabas 3aBHCHMOCTb (OPMBI aMIJIMTYJAHOH H ()a30-aMNJHTYyAHOH Xa-
PaKTEPHCTHK OT YacCTOTHI.

INepeuncnennsie oco6ennocth CBUY TtpeboBasu TiIaTeNbHOTO H3Y-
YyeHHS BO3HHKalOWHX B HHX 3¢ ¢dekroB APK. BnepBrie 3THM BONPOCOM
3aHAJIHCh B NMATHAECATHIX rojax, mocje usobperenus JIBB. B mocae-
AylolllHe TOABl HCCJEeJOBAaHHSA Pa3BHBAJNHCh B Pa3/HYHBIX HalpaBJ/IeHH-
X mo Mepe nosBieHuss HoBhix CBUY M paciiHpeHHs HX HCHOJIb30Ba-
HHA B pPaJHO3JEKTPOHHOH amnaparype. ®H3HyecKHe SBJEHHS, NMOPOX-
Aaomue APK B 3eMeHTax M y3JaX COBpeMEHHOH pajHoammapary-
put CBY, ctonb pa3sHooGpa3Hbl, YTO OHH BpSJ JIH OOBACHHMBI Ha OC-
HOBe KaKoro-in6o yHuBepcajbHOro MexaHusma. COOTBETCTBEHHO He
MpeACTaB/IseTC BO3MOXHHIM MNPENJIOXKHTh e€JHHble MJIf BCeX YCT-
POACTB METOAB! pacueTHO-aHaJHTHUYECKOro HcciaeqoBaHHs. B cBsasn ¢
3THM pacCMaTpPHBaeMHIHl KJlacC YCTPOHCTB pasjiesifeTCsi Ha TPH OCHOB-
HBIX BHJla, XapaKTepH3ylOLIHXcA OOLIHOCTbIO MeXaHH3Ma BO3HHKHOBE-
uua ADK. Huxe KpaTko ykaswiBaloTcsi OOlLHe YepThi, MPHCYLIHE TOH
HIH HHOfi pasHoBuzHoctH CBUY. Tak, ana ycuaureneit u npeo6Gpaso-
BaTeJiell C NMOCTOSIHHBIMH NapaMeTPaMH, BHIOJHEHHBX Ha OCHOBE Ta-
KHUX 3JIeMEeHTOB, KaK TYHHeNbHHe AHONH M AHOAH [aHHa, NpHUHHOI
A®K sBasieTcss 3aBHCHMOCTb NTapaMeTPOB PEaKTHBHBLIX 3JIEMEHTOB pe-
30HaTOPOB OT aMIIHTYAB CHrHaja. [lns ycuauresneit 1 npeo6pasoBa-
TeseH, a TaKXe APYTHX YCTPOHCTB C NMepeMeHHHLIMH MapaMeTpaMH, OT-
HOCSIIIHMHCH K KJaccy mapaMeTpHYeCKHX Hened, OCHOBHas IpHYHHA
A®K cocToHT B TOM, YTO mapaMeTp TaK Ha3blBaeMoro «3((eKTHBHO-
ro» peaKTHBHOTO 3JeMeHTa (HampHMep, eMKOCTb), ONpefe/sieMblil Kak
pe3yJbTaT Pa3sOXKEeHHS B PAJ COOTBETCTBYIOLIEro mapaMeTpa ynpas-
JISEMOTO PEeaKTHBHOIO 3JIeMEHTa Ha YaCTOTe BHIXOJHOTO KoJseOaHH,
CTAaHOBHTCSI 3aBHCHMBIM OT YPOBHSI BXOAHOro curHaja. Tperbio rpyn-
Ny COCTaBJIAIOT YCTpoicTBa (TouHee, MpHOOPLI), B OCHOBE KOTOPHIX Je-
XHAT 9 (eKT B3aHMOJAEHCTBHA 3JEKTPOHOB C 3JEKTPOMArHHTHOH BOJ-
Hoil. 3xech (a3a BHIXOJHOTO CHrHaJa OTJHYaeTcH OT a3kl BXOLHOrO
CHTHaJla ¥ NoABepxkKeHa JI0ObIM HM3MEHSHHSM YCJOBHHA 3KCIyaTalHH,
pexxuMa pa6oTsl 110 NMOCTOSHHOMY TOKY H HeCTaOHJIbHOCTH Hampsxe-
HHA MHTaHHSl, HHTEHCHBHOCTH BHEIIHHX JAeCTaGHJIH3HPYIOIIHX daKro-
pOB, YPOBHSI BXOAHOro cHrHasa. Ilociennee B mpubopax THOA KJHCT-
‘pon uan JIBB onpenensieTcs 3aMeiJieHHeM 3JIeKTPOMarHUTHOH BOJ-
HBl M3-32 OT6Opa MOIIHOCTH y JApeH(yIOllero 3JeKTPOHHOrO IIOTOKa.

B nocaenymomux paspenax AaHo 6osee moApoOHOe H3JOXKeHHe (H-
SHKH SIBJICHHH, OOYCJIOBJHBAIOIIMX BOSHHKHOBEHHE aMIJIHTYAHO3aBH-
cumoro ¢asosoro casura 8 CBUY.
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10.2. Bosunknosenue APK B noaynpoBogauroBsix CBIY
C NOCTOAHHBIMH IapaMeTpaMu

IInpoxoe pacnpocTpaHeHnne CHCTeM pPaXHOJOKAUHH H CBSI3H CTHMYJHPOBAJO
pasBHTHE TBEPAOTEBHHX MOJYNPOBOAHHKOBHX BxomHex CBYY. Baaromaps nph-
MeHEHHIO B HHX [IHONOB H TPAHIHCTOPOB HOBBIX THNIOB YKaJ0Ch OOECHEYHTb BhICO-
Kylo 3(peKTHBIHOCTL TaKHX I[IPOIGCCOB, KaK YCHJGHHE, OnpaHHueHHe H cTaGuaH3a-
HA MOIWHOCTH, CO03/aTh BbLICOKOKAyecTBEHHbIC (a3oBpallaTenH, MepeKIIOYaTeH
CBY u 1. a. HocromHcmBa HX OGLIeH3BECTHB. B TO 2Ke BpeMsa HCCAENOBATENH M
pa3palbOTYHKH CTAJKHBAIOTCA C PSAOM TPYMHOCTeH, OOYCNHOBNEHHHX CHCUHGHKOH
CBY npu6opos.

[TockoabKY GOJBIIKHCTBO pacCMaTmpHBAaeMbIX YCTPOHCTB NOCTPOEGHO Ha OCHOBE
JIHOJNOB — TIPHHUKMNHAJLHO HeJHHEAHBIX 3JEMEeHTOB, TO paGoTa B peXuMe mnepe-
nauyd KoneGaHHH GOJBLIIOA MOIIHOCTH COTPOBOXKIAETCH 3IHAYHTENBHOA aAMIIHTYAHOH
HenuHeimocTbio. OLHAKO 3THM BJIHSHHE JHOAOB Ha pabouHe XapaKTEPHCTHKH He
onpaHruuBaeTcs. [lo Mepe NOBLIULEHHS YacTOThl BO3PACTaeT POJb NaPa3sHTHHX mna-
pPaMeTpoB JHONOB: HHIYKTHBHOCTEHA BBOJOB, €MKOCTEA H pacnpeneseHHHX COMpo-
THBJIEHHR p-n-mepexola, WX 3aBUCHMOCTH OT YacCTOThl, YPOBH CHNHaja -H JPYIHX
takTopos. .

B anamasone CBY 3aMeTHO TpOSBJAAIOTCH HelnHefHbie 3(PQeKTH, KOTOPLIMME
MOXKHO TrpeHeGpeyb B OGJACTH HH3KHX YacCTOT, B YacCTHOCTH, 3aBHCHMOCTb Pe3YJb-
Tupyiolen peaktmsHocy CBU menmu OT MHTeHCHBHOCTH BXOLHOMO KoJeGanHusd. IT0
B KOHEWHOM HTOl'e SIBJASETCS NPHYMHOA BO3HHKHOBEHHS aMILUIHTYAHO-(a30BOA KOH-
BepPCHH.

VIMEHHO C 3THX TO3WLHMA HHXe NaHO KPaTKoe OMWCAaHHEe JABYX OCHOBHHX pa3-
HouzHocTem CBUY, nocTpoeHHHX Ha OCHOBe INOJYNPOBOJHHKOBHIX NHONOB (HJH
HeJHHeAHHX ABYXMOJIOCHHKOB): yCTpoiicTB mpoxomsoro thma (puc. 10.1a), B ko-
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Puc. 10.1. O6o6uieHHbe CXeMH Pa3HOBHAHO-
creit CBY ycTpoiicTB: @ — npoxogHoro THna;
6 — OTpaxKaTeJbHOr0 THNA

TOPHX AHOX BKJIOUACTCH B NEPElAIOUYI0 JHHHIO C OTIGABLHBIM BXOZOM H BHIXO-
JIOM; YCTPOHCTB OTpaxkaTeabHoro Thma (puc. 10.16), B KOTOPHX BXONHOX H Bhi-
XOAHOA CHIHaJH DPa3NeJsioTCs C MNOMOLLbIO ONHOHAMPaBJEHHONO 3JjcMeHTa — dep-
PHTOBOTO LHPKYJAATOPA.

HeanHeAnbie sMeMeHTH (AHOAH) 0Go3HaueHH yepes Yms ITOA MPOBOAMMOCTHIO
Yuoe, 3aBucsmleii oT aMIMTYAH HampsxeHus Ua u nocrosmuoro cMewehus U,
TNOHMMAaeTcss NPOBOAHMOCTb p-n-nmepexoja AHOAA (HAHM 06JacTH IOAYNPOBOAHHKA,
eMy SKBHBaJeHTHOM). ITacCHBHHA YeTHPeXMOMIOCHHK N, (OPMHPYIOWIHA YacTOTHHIE
CBOMCTBA, CONEPXHT Napa3HTHHE 3JeMEHTH KOpyca AHOMNA, COrJacyiouue H NOR-
CTpOEUHble 3JEMEHTH; IUECTHNOMIOCHHK Nj o6eclieuHBaerT pasBsS3Ky BXOAHOIO R
BBIXOLHOTO CHNHAJOB.

Ha ocnoBannu npuseleHHHX Ha puC. 10.]1 0606LeHHHX CXeM H HC-
Xols u3 obuieH3HUeCKHX NpeACTaBJeHHH, HETPYAHO ONpEIENHTh OCO-
Gennoctn pa6orn CBU uemeit. Kak BHAHO, KO3 (DHUHEHT Nepedaun
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YCTPOHCTB Ha AHMOAAX ONpeJesasieTcsi BXOAHOH NMPOBOAHMOCTBIO HYeThl-
pexnoatocHika N (Yaxy). Tak, pas yctpoiicts npoxonsoro thHna Ky=
=Ug/Ex=0,25(14YaxnWo/2) ! 01 Ky=0,25[1—YaxnWo]/[14 Yezn X
XWy] — st ycTpoHACTB OTpaXaTeJbHOTO THHA NPH YCJIOBHH Zp=
=Z;=W,, rae Wo—BoJHOBOe CONPOTHBJEHHEe TPaKTa H HAeaJbHOrO
pasBsa3biBalollero saeMeHta. Eciu yerbipexnmosiocHHk N omucath B CH-
creMe Y-mapaMeTpoB, TO, KaK BHAHO H3 COOTHOWIEHHA Ypxn=Y —
—Y12Y21/(Ya2+Yus), NpH yBeNHUEHHH YPOBHS BXOAHOH MOIIHOCTH (M
COOTBETCTBEHHO aMIVIHTYAbl HanpsikeHHsi U, HJIH HanpsiKeHHS cMe-
menua Up, 3aBHCALIMX OT MOLIHOCTH BXOAHOIO CHrHaJja, HampHMep, b
CcTaOHIH3aTOPaX MOIIHOCTH) H3MEHSIeTC H NPOBOAHMOCTb Ypa. ITO
NPHBOJAHUT K ONHOBPEMEHHOMY H3MEHEHHIO DeaKTHBHOH H aKTHBHOH CO-
craBasonx Yexn: Re(Yaxn) =91 (Pc), Im(Yexn) =1v2(Pc). 3aBucu-
MOCTb PEaKTHBHOH COCTABJSIOIEH Ypxny OT YPOBHSI BXOJAHOrO BO3Jei-
CTBUSl NIPHBOAHT K TOMY, YTO YCTPOHCTBO BHOCHT aMIJIMTYAHO3aBHCH-
Ml ¢Qasoswiit  caur. HMrak, (QyHKUHOHaJbHAast  3aBHCHMOCTb
Am(Yexn) =v92(Pc) ABAfETCH HCXOAHOH MJIsl ONMHCAHHSA M KOJIHYECT-
»BeHHOH oueHkn A®K. Bapbupyss INapaMeTpaMH 4YeTBIPEXNOJIOCHHKA
.N u BenuuuHo#t comporuBaeHHH# Zr H Zm TpaHCPOPMHPOBAHHHIX K
3aKHMaM yCTPOACTBA, MOXKHO BJHATb Ha HHTeHcHBHOCTb ADK, T. e.
OTKPbIBaeTcsl BO3MOXKHOCTb ee 0c/abJeHHs.

[Tpnuunbl Bo3HukHoBeHHst A®K B Tpansuctopusix CBY ycuinre-
JfIX B OCHOBHOM Te Xe, uTo H B obsacTH HM3KHX uacroT. Cuaenyer
JMLIb OTMETHTb 060Jiee 3aMEeTHOe BJIASIHHE Tapa3HTHbIX IMapaMeTpoB
TpaH3ucTOpa (M B IEPBYIO Ouepelb 3MEMEHTOB KOpIyca), YTO NpPHBO-
AHT (M0 CPaBHEHHIO C HH3KOYACTOTHHIMH YCTPOHCTBAMH) K CYILeCT-
BEHHOMY 'M3MEHEHHIO BHOCHMOIO YCHJIHTENEM aMILTHTYIHO3aBHCHMOIO
$a30BOr0 CABHra H XapakKTepa ero CBSI3H C YPOBHeM BXOJHOTO CHrHa-
Ja.

W3BecTHble AaHHHE TEOPETHUYECKHX H IKCIIEDHMEHTaJbHBIX HCCIIR-
7l0BaHH, OTHOCAUIMXCA K OueHKe nposBieHHi A®K B KOHKpETHBIX
CBUYY, nosBoJfilOT CAeJaThb BbIBOJ O TOM, YTO H3YYeHH JajJeKo He
BCe BO3MOXHLIE CIOCOOHI Oc/aabJeHHs aMIIHTYAHO-a30BO# KOHBEp-
cun. Bonee sdpdextusubie crnocober 60pr6ul ¢ A®K B CBUY wmoryr
6bITh HalifleHbl HAa OCHOBE JeTalJbHBIX HCC/IEOBAHHA KakK H3BECTHBIX,
TaK M HOBHIX CXEMHBIX peLIeHHH.

10.3. Mexauu3am Bo3ankHOBeHHa ADK B mapamMeTpu4ecKHX
ycTpolcTBax

OT/MuUTe]bHON 4YepTOfi NapaMeTPHYeCKWX lereil (3THM MOHATHeM 06 beIMHA-
ercsl IIWPOKMA KJace YCTPOHCTB — YCHJHTEH, YMHOXHTEIH HacTOTH, npeolpa3o-
BaTeNy H Jp.) ABJAETCA HaJiMuHe B HX COCTaBe 3JeMeHTa, OGHIUHO IONYIIPOBOAHH-
KOBOTO, eMKOCTb KOTOPOTO H3MEHSIeTCs C UacTOTOM MO 32KOHY, OMpeAeasieMOMy re-
HepaTopoM HaKauKH.

B cuay crneuudHYecKHX CBOHCTB NOJYNPOBOAHHKOBBIX npuboposB B
napaMeTpHYECKHX LensX MOABJAITCA no6GouHble 3¢deKTh, B YaCTHO-
cti, AOK. MexanusM ee BO3HHKHOBEHHSI MOXeT ObiTb BbIICHEH Ha OC-
HOBe aHaJh3a 060OLICHHOH INapaMeTpPHYecKOoH lenH, KOTopas 3KBHBA-
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JIGHTHA CJIOXKHOH KoJseb6aTeqbHOH CHCTEMe C OJHOM MJIM HEeCKOJbKHMH
nepeMeHHLIMH €MKOCTSIMH H K KOTOPOH CBOAATCS Pa3HOBHAHOCTH YCT-
poiicTs 3Toro THma. Huke, Ha OCHOBE 3/1eMEHTapHOrO aHaju3a ¢H3H-
KH TPOLECCOB, NMPOHCXOASAIINX B NapaMeTPHYECKOM KOHType, AaHO
06bsiICHEHHe MPHYHH, KOTOpHe Bh3biBaloT ADK.

3aBHCHMOCTb €MKOCTH p-r-mepexojia BapakTopa (OCHOBHOro 3Je-
MeHTa NMapaMeTPHUECKOT0 KOHTYpa) OT IPHJIOXKEHHOro HaNpsKeHHs

C JOCTAaTOYHOH AN MPAaKTHYECKHX PacyeTOB TOUYHOCTbIO MOZKET 6BITH

u —n
annpoOKCHMHPOBaHa BhIPaXKeHHEM Cmq,:Co(l—?} , roe Eop—

0
CyMMa HaNpsXKeHHs CMelleHHs M KOHTaKTHOH Da3HOCTH TNOTEH-

UMaJOB, U — HampsKeHHe, INoJaBaeMoe OT HCTOYHHKA CHTHaJa;
Co— eMKOCTb BapakTopa B paGoueill Touke; n=1/2 pna cnjaBHBIX Ba-
paktopoB H n=1/3 nns Anpdy3noHHbIX. B cuny HeauHeAHOro xapak-
tepa ¢pyHkuun C=f(u) M3MeHeHHe aMIVIUTYAB BXOAHOFO KOjieGaHHs
MPUBOJUT K TOMY, YTO CPeiHsi €MKOCTb IoJyyaeT NpHpalleHHe, 3a-
Bucsiliee OT aMmAHTYAb, T. €. Cey=f,(Usxm). ITO, B CBOIO ouepens,
BbI3bIBa€T HM3MEHEHHEe YaCTOThl HAaCTPOHKH KoJieGaTeNbHBIX CHCTEM,
MOAK/MIOUYEHHBIX K BapaKTopy, a ClefoBaTelbHO, (pa3bl BHIXOAHOrO CHr-
HaJia KPnux=€f2 [fl (Usxm)].

BBHAY TOro uTO BapakTOPHBI AHOA SKBHBAJEHTEH HeJIHHEHHOMY
KOHJIeHCaTopy, CABHr (a3 MeXAy TOKOM YacCTOTH , POTEKAKIUHM B
KOHType, M Hamnpsi)KeHHeM Ha KOHType TOH e uacToThl He paseH 0,
KaK B KOHTypaX C JHHeHHBIMH KOHAeHcaTopaMH. Pa30BHI CABMr B

o 1
HEJIHHEHHOM KOHJAEHCaTope He paBEH —2—' H 3aBHCHT OT aMIIJINTyObk

BXOJHOro KoseGanus [47].

B [62] mokasaro, uro APK nMeeT MecTO B NMapaMETPHYECKHX YCHJIMTENAX, KO-
Topele paGoTaloT B pexuMe, OJH3KOM K cuHXponHoMy. OaHako 3TO sBJeHHe He
MMeeT JOCTaTOYHO $CHOTO (H3HUeckoro ToJkoBaHusA. Coraacso [52] B JsruHeiHOR
cCHCTEME TPH CTPOTO TapMOHHYUECKOM 3aKOHE H3MeHeHHs eMKOCTH HabJlofaeTcs aM-
[IMTYAHO3ABUCHMOE CMellleHHe COOCTBeHHOM 4YacTOTH KOHTypa curHaga. Ecam uwa-
CTOTAa HAKayKH ®p HE3HAUHTEJbHO OTJAHYAETCH OT 2W¢, TO CMellleHHe COGCTBEHHOMR
YacTOTHl KOHTYpPa M H3MeHeHHe ¢a30Boro ciBura GyAyT 3aMeTHBIMH. ¥YTBepXKIaeTcs,
YTO 3TOT MeXaHH3M BO3HMKHOBeHHs ADK B mapaMerpHYecKOM YCHJHTENE SBJIAETCSE
OCHOBHBIM, T. €. BJHSIIOIIHM Ha CMellleHHe De30HAaHCHOM YacTOTH B GoJbllief cTe-.
TeHH, HeXeJaH HeJHHEHAHOCTb BOJbT-HapamHON XapPaKTEPHCTHKH BAaPAKTOPHOTO KO-~
na. C 3THM MOXKHO COIJIaCHTBCS, €CJAH YaCTOTH CHMTHaJAa M HAKAYKH OTJIHYAIOTCSH
Menee 1em B 5—7 pas.

ABTOMaTHueCcKOe CMellleHHe, MPHMeHsieMOe HHOrjJa B BapaKTOPHHIX
CMECHTENSAX, MOXKeT ObITh MPHUYHHOH aMIVINTYAHO3aBHCHMBIX (a30BHIX
uckaxeHHuil. lI3MeHeHHe cpelHero ypoBHSI CHrHazna, OeTeKTHPyeMOro
BapaKTOPHBIM AHONOM B 006JacTH NPSAMOH NPOBOAHMOCTH, BJI€YeT 3a
coboii H3MeHeHHe MOCTOSTHHOrO HAaMNpSIKeHHS Ha BapaKTope, KOTOpOe
onpeneJssieT NMoJoXeHHe paboueil TOYKH Ha BOJbT-(apajHOHd Xapakre-
pucTuke, T. e. eMkocTb AHoga C=Cy+AC (Aucp), rae Co— Havaslh-
Hasi eMKOCTb BapakKTopa, COOTBETCTBYIONIAasl OTCYTCTBHIO CHTHaJjla Ha
Bxogne; AC(ucp) — npHpallleHHe eMKOCTH, OGYCJOBJIEHHOE OeTeKTOp-
HbIM 3¢¢dekToM B BapakTope. Mi3aMeHeHHe Haua/jbHOH €MKOCTH, TakK
Ke Kak M 3¢b¢ekTuBHoil [38], mpHBeAeT K CMeIUEHHIO YAaCTOTHBIX " H
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$a30BLIX XapaKTepHCTHK KOHTYPOB, MONKTIOYEHHWX K BapaKTopy, o,
C/IC/0BAaTe/IbHO, K COOTBETCTBYIOUIEMY H3MEHEHHIO HayaJbHOH (asH
BLIXOLHOTO CHTHaJ/a. «BbICTpHE» H3MeHEeHHS AMIVIMTYIH CHTHaJa He
[IPHBOAAIT K 3aMETHHIM M3MeHEHHsIM (a3bl, TaK KakK IOCTOSIHHAs Bpe-
MEHH ey aBTOMaTHYECKOrO CMELIEHHs BeJHKa.

Hrak, Bosunkamomuil B napamMerpuyeckoii uenu aMIJIHTY IHO-(ba3o-
BbIH CABHI COJAEPMKHT YeThPe COCTABJSAIOIIHE, KaXKAas H3 KOTOPHIX
MOXKET OBITh ONHCaHAa HAa OCHOBE H3BECTHHIX TEODETHYECKHX NPEACTaB-
JIeHHH H, KaK CJIe[CTBHE, KONHYECTBEHHO OXapaKTepH30BaHa (c 60Jb-
weft WM MCHbUICH MOTPEUIHOCTHIO) NPUMEHHTENbHO K PeaJbHHM yCT-
poficrBaM. CyMMapHBlii pe3y/bTaT onpenensieT HHTeHcHBHocTh ADK B
NapaMeTPHYECKHX YCTpPOKHCTBaX.

B sakuaiouenne uesecoo0pasHo yKa3aTh MaKCHMaJbHbie 3HAYeHHS
AMIVIMTYIHO3aBHCHMBIX ()a30BHIX CIABHIOB, KOTODHE MOTyT HabJio-
-AaTbCs B Pas/HYHBIX yerpoicTBax. Onu pocruraior: 10—20° B pere-
-HEPATHBHbIX MapaMeTPHYECKUX YCHJIHTENSAX H QHOIAHHLIX Npeo6pas3oBa-
"TeafAX yacToThl; 50—70° B BapaKTOpHHX cMecHTeasX; Gosee 70° B Ba-
PAKTOPHLIX YMHOXHTEJISAX YaCTOTHI.

BesanunHa $Has30BOro CABHra 3aBHCHT OT Ha3HaYeHHs MapaMeTpHYe-
TKOH LeNH, ee CTPYKTYpHl, THIAa NPHMEHEHHHX BapaKTOPOB H MecCTa
HX BKJIOYEHHS, YCJIOBHH 3KCIIyaTallHH (COOTHOLIEHHSI YacTOT HaKauy-
KH H CHTHa/a, HCXOAHOrO peXHMa paboThl 10 NOCTOSIHHOMY TOKY
HT. A).

10.4. AMmumTyzaHO-ha30Bas KOHBEPCHA B YCTPOMCTBAaX
¢ AIATeJbHBIM B3aHMOAEHCTBAEM 3JICKTPOHOB
C 3JIeKTPOMArHMTHOM BOJXHOM

K umcary CBUY, pabora XOTOPHX OCHOBaHa Ha B3aUMONEACTBHH 3JEKTPOHOB
C 3/IGKTPOMANHMTHOH BOJIHOH, OTHOCATCA JaMmbl C Geryilleil BONHOM, KJHCTDOHMHI,
YCH/MTeJH ManHeTPOHHOTO Tna H T., M. Takxe mpwGOpPH NPHMEHAIOTCH, KOTAA CYy-
LIeCTBeHHOE 3HayeHHe HMEIOT BETHYHHA OTAaBaemoi Mowmoctd, KITJ, mupuna mo-
JIOCH MPCNYCKaHHA H ApYDPHe IOKAa3aTesH, OGeCledHTb KOTODhHE NPH HCMOJNb3OBaHHH
YCHIMTENCH Ha MONYNPOBOAHMKAX He NpPEeACTaBJAfeTcs BO3MOXHHM. O6aacts npHu-
MeHeHHsi paccmarpuBaeMbix CBU npuGopoB 1Q0BOJBHO IWIHPOKA: OT mnpHeMo-mepe-
Aalouiei anmapaTypel CHCTEM KOCMHYECKOH CBsidH JO MeNaBaTTHBIX KOTepeHTHHX
HMITYJIHCHBIX PallHOJOKATOPOB ¢ GOJILLION cpelHeli MouiHocThio. IToHsiTHO mosToMy
CTpeMJieHHe CIIel(HaJHCTOB K H3Y4eHHIO Pa3HOOODA3HHX HesiHHEHHHX 3ddekroB B
CBY mprGopax, B TOM 4HCJE aMIJIHTYAHO-$a30BOH KOHBEPCHH.

Kaxk orMeueHO, OT/IMUHTEJNbHON OCOGeHHOCTBIO paccMatpuBaeMbix CBY mpuGo-
pOB SIBJSAETCS OJHOBpeMeHHOe nposiBaeHHe 3((eKTOB AMNIHTYAHOA HeJUHEAHOCTH
g AOK. D10 BLHYyXkNaeT NDOBOAHTb aHaJH3 NPOXOXKIEHHS CHNHAJOB HAa OCHOBE
METONa XOMIJIEKCHOH HeJHHEeHMHOCTH, T. €. HONOJb30BaTh BHEUIHHE XaDaKTePHUCTHKH
YCTPOACTBA — aMIIKTYAHYI0 H ()a30-aMILTHTYQHYIO0, — TIOJTydeHHble NPH SKCIepHMeH-
TAJbHOM HCC/AeOBaHHH. TeopeTHueckas OLGHKA HCKaMeHHH cHnHajga 3a cuer ADK
B HHIXKEHEDHON ITpaKTHKEe 3aTPyQHHTeNbHA, TaK KaK aHaJHTHUECKOE ONMHCaHHe INpo-
1/60C0B B3aMMOMEHCTBHSL 3JIGKTPOHOB C 3JIGKTPOMaTHMTHOH BOJHOH OT/HYaeTCs 3Ha-
4UTEJbHON CJOXKHOCTBIO. B COBASH ¢ 3THM H3J/IOXKKeHHe OrPaHHYEHO KPAaTKHM OMHCa-
HueM (USHYECKHX NPOLECCOB, XaPaKTEPH3YIOUIHXCH HapacTaiolllefi (C yBesHueHHeM
YPOBHS BXONHOI'O CHDHAJa) HHTEHCHBHOCTBIO HeJHHEWHBIX aMIVIMTYAHBIX MHCKaXKe-
HHI M napasuTHoro ¢asomoro Habera.

H3sBecTHH JBe pa3HOBHAHOCTH MNPHOGOPOB paccMaTpHBAeMONO THNA, OTJIHYAIO-
H{Hecs IPOolleccoM 3HeproobGMeHa.
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B npu6opax ¢ mpSAMOJHHEHHHIM JTYMOM 3JIeKTPOHOB (TpPHGOpn O-THma) sHepro-
oO6MeH CBOXHTCH K Npeo6pasoBaHHIO KHHETHUECKOH 3SHEPrHH 3JeKTPOHHOrO IMOTOKA
B BLICOKOYaCTOTHYIO 3HEPTHIO 3JEKTPOMAaNHHTHOTO TOJS 32 CYET TOPMOMKEHHS 3JIeK-
TpoHoB mojieM. K HHM OTHOCATCH KJHCTPOHB, JaMuu Geryurefi BOJHL, MHOTOJyYe-
BHEe H MJIa3MeHHO-JIKTPOHHbEe YyCHAHTenH. OHH pasJHUAlOTCs CNOCOGaMU WX BH-
COKOYaCTOTHOA MOXYJALHH 3JEKTPOHHOTO MOTOKA HJIH CheMa SHEPTHH.

B npubopax €O CKpelleHHHIMH 3JIeKTPHYECKHM H MATHHTHBIM MOJASAMH (HPHGOPHE
M-THna) 3HeprooGMeH 3akJjiouaeTcs B IPeo6GPA3OBAHHYE NOTEHUHAJbHON 3IHEPIHH
nyuka B BU aueprHio npH ero ABHXKeHWH OT KaTolla K JeKTPOLY ¢ GoJee BHICOKHM
TIOTEHUMANOM TOH BO3AeHCTBHeM CKpewleHHux mojed. K wuM orHocsitcs JIBB-M,
JIOB-M u apyrue ycTpoHCTBa MarHeTPOHHOrO THMA.

OTtanyHTenbHoi uyeproii mpuGopos O-THNa sBASETCs HaJHYHE B HX AMIUIHTYA-
HOMl XapaKTePHCTHKE JHHeHHOrO yYacTKa G6OJbIOA MPOTAKEHHOCTH (MPHOIHIHTENb-
#o po 30% OT MaKCHMaJLHO BO3MOXHON MOLIHOCTH BHIXOMHOro curHaaa). Ilpu
BLICOKHX yPOBH’X BXOLHOTO CHTHaJa B npuGopax cxkasnBaercs 3Ppdexr nmepemony-
JAUHH  3JeKTPOHHONO ITyYKa MO IIOTHOCTH («OLICTPbI® 3JEKTPOHL TEPErOHSIOT
«MeljleHHBle»). D10, a TakKe BOSJEHCTBHE HAa 3JEKTPOH CHJI NPOCTPAHCTBEHHOrO
3apsja IPHBOMAT K HapYIIEHHIO JHHEAHOCTH aMILIMTYAHOA xapaxrepucrhxy. B JIBB
npH GOJIBUIMX YPOBHAX BXOMHOrO CHIHAJA CTYCTKH 3JIeKTPOHOB, HaXOAslHeCs B
TOPMOSSILIEM MOJe H OTIAlolUHe CMY CBOI0 KHHETHYECKYI0 3HEeprHio, K KOHIYy &pefi-
¢a BLIXOAAT M3 TOPMOSAULEr0 NOJsA (Raxe NEPeXORAT B YCKOpsiolulee NoJje) H 3a-
GHDAIOT y Hero 3Heprumio. MoxHo yKasaTb H PSA LPYTHX HesiHHeAHHX 3(dexTos,
Bu3nBalomux ssiaedus A®K. Kak Buaxo H3 puc. 10.2, rae npefcTaBieHH aMIIH-
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Puc. 10.2. Tunosbe aMIJHTyAHBIE Jr 1
XapaKTepPHCTHKH:
1 —JIBB; 2 — yCH/JIMTeNbHOrO KJHCTPOHa 10F

fIpH CHHXPOHHOA HacTpofike Pe30HaTOPOB;
3 — npH HacTpoflKe Pe3OHATOPOB B PEXHM

MakcumaabHoro KII; Py ooy — BhXOA- 15
Hasi MOUIHOCTb OTHOCHTeJNbHO YPOBHS Ha-
chimennst; Py .. — BXOAHAas MOIHOCTDb 20

YPOBHS, COOTBETCTBYIOUIEro HacChILEHHIO

AR '
-30- -25 -20 5 -0 -5 0 5 6

TYAHbHE XaDAKTEPHCTHKH KJAHCTpoHOB M JIBB, dopma aMmAHTYAMBIX XapaKk TepHCTHK
npuGopos O-Tuma mpuMepHo onnHakosa. Ha puc.. 10.3 mokasana ®AX oxwolr u3
tunceeix JIBB, cBuleresncTBYIOMAn O TOM, YTO NAPa3HTHHI (A30BHA Haber HMeeT
MeCTO Maxke NPH MaJBIX YDOBHAX BXOJHOTO CHIHaNa H PacTeT C YBEAMMEHHEM YpOB-
Hg CHMHana. 370 MOXKeT GbITh OGBACHEHO HAa OCHOBE SeMEHTAPHOTO AHAAM3A (H-
3HYEOKHX NpOlleccoB B mpuGopax O-tuma. @a3oBmit HaGer ¢ ompefenseTcs BpeMe-
HEM NIPOJIETa HIEKTPOHOB (X COOTBETCTBEHHO BDPeMEHEM pPacmpocTpaHeHHs Geryiied
BOJIHH) OT BXOA2 K BHIXOLY NpHGOpa, COTNacHO popMyte Q=i(wc/vs)ly, rie vy —
cpess ckopocts (B JIBB mpakTHuecku pasHas $asoBoft CKOPOCTH BOMHM, BO3-
Gy:KNaeMOR 3JEKTPOHHLIM TMOTOKOM); Iy —NaWHA Apefiha SMeKTPOHOB OT BXOAHOMO
K BbIXOLHOMY pesoHaTopy (B JIBB 3T0 daxmuueckM aamHa saMepusiouwleli CHCTe-
Mbl); @ —MacTOTa YCHIHBAEMOro koJeGaHus. [IpH yBejHueHHH MOLYHOCTH BXOJ-
HOro curHana (Psx.c) pPacTeT MOUHOCTb, OTAABAEMas IOMI0 TYYKOM, H COOTBET-
CTBEHHO YMEHBIIAeTCH KHHEeTHYecKash JHePTHMsl 3JMeKTPOHOB, T. €. magaeT HX CKO-
pocTb. COOTBETCTBEHHO YMEHHIIAETCA H CKOPOCTb BOJHM, BO3OYMKAAeMOA Ha ciu-
pamn JIBB, 1. e. vs=1/F(Psx.c), 4TO NPHBOXHT K YBEeJWNEHHUIO BDeMeHH mpobera
BOJHW H ofuwero $asoBoro HaGera. B o6uMX yepTax 3TO H €CTh MPHYHMHA BO3IHHK-

.
topenns ADK. Hrak ¢= T/F—(T’;:)-l“ Han @=var (Psx.c).

TpuBenentble COOTHOWEHHS OOIIEro XapakTepa MOTYT ObiTb NOBENEHH A0 Pas-
BEPHYTHIX BHIPaKeHHH, CTPYKTYPa KOTOPHX OmpelessieTCss THNOM TpHWGOPA, ero pe-
KHMOM PaGOTH {10 MOCTOAHHOMY TOKY, OCOGEHHOCTAMH (H3MYECKHX IPOLeCccos
H T. 1. AHaJHTHYECKOE OMHCAHHE OTNHUAETCH 3HAYHTENBHOM CJIOXKMOCTBIO. [losTOMY
B WHXKeHEeDHOA NPaKTHKE B OCHOBHOM HCNOVIB3YIOTCS IMIUDHYECKHE JaHHLe,
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B auTepaType mpakTHYECKH OTCYTCTBYIOT AaHHble 0 (PAX KAHCTPOHHBIX YCH-
auTenelt, xora Hamuyne ADK B HHX C TOUKH 3DeHHS (H3HKH SIBJCHHA He BHI3bIBAET
comienus. Ha puc. 104 npuBeleHa 3aBHCHMOCTb ()a30BOPO CHBHTA Kosie6aHusi IPH
ero yCHJEHHH [BYXPe30HATOPHHIM KJHCTDOHOM OT pPacCTOSIHMS MCXKIY pe3oHaTo-
pamH L mpH pasnMuHblX 3HAYeHMSAX BXOQHON MOUIHOCTH Koaebawus [92]. 3nmech
ypoBHIO BXOAHOH MouypoctH 0 aB coomBerTcTBYeT TOuKa Haceumenus. Ms puc. 10.4

=30 25 -0 -5 -5 0 @

2pad) 2
” L
=S ok Py=165KBr
50 éz
&t
o
30 3
10 g
0 Sas " n " L ,P‘“'"' 3
2 K 4 KBT
Puc. 10.3. ®daso-aMnautyaHas Puc. 104. ®aso- Puc. 10.5. ®AX ycuaurens
xapakrepHcTHka JIBB Bble XapaKTepHCTH- M-tuna (JIBB-M) D-gunana-
KH YCHAHTeNS Ha 30Ha
IBYXpe30HaTOPHOM

KJIHCTDOHE

cielyeT, yTo cTeneHb nposiBieHHss A®PK 3aBUCHT OT pacCTOSHHS MeXAy pe3oHa-
TODaMH, NpHUYEM HMeeTCs 006JacThb ONTHMaJbHHX 3HayeHuii L. B oGaactH Manoi
HEJHHEAHOCTH (a30Bbfi CABHr KOJEGaHHS B KJAHCTDOHHOM YCHJAHTene (Kak H B
ycuautene Ha JIBB TtHma O) siBasiercs JuHeiHON (YHKIMed BXOAHOA MOIUIHOCTH.

{TpuGops M-THNa (MarHeTPOHHOro), B OTAHYHe OT mMpuHGopos O-THNA, HMEIOT
JHHEHHBI YYacTOK aMIJIHTYJIHOH XapaKTePHCTHKH MaJoi IPOTSKEeHHOCTH, KOTODLIA
O6bLIYHO He HCHOJNb3YeTCs, TaK KaK B JHHEAHOM pexHMe npHGOpH 0O6JafaloT 3HA-
YHTEJAbHBIM YDOBHEM COOGCTBOHHBIX WryMoB. [lo3ToMy pacoMaTpHBaeMasi Pa3HOBHIA-
Hoctb CBY npuGopoB Bcerma pa6oTaer B peXHMe HachilleHHs. BbixoaHas Moll-
HOCTb YCHJHTe1 M-THna ompemensercsi, IJaBHBLIM -06Pa30oM, MOIHOCTBIO HCTOYHHKA
mHTaHHg. Bxoanas BY MolHOCTD CJOYXXKHT B OCHOBHOM JJs YTpaBJeHHS DPaGoToi
mpubopa, KOTOpBIA, MO CyllecTBY, HpeAacTaBJser coGoil aBTOreHepaTop B perkHMe
3axBarTa. .

:‘MexaHu3M B3aHMOJEHCTBHS 3JEKTDPOHOB € BOJNHOH B CKPEIGHHBIX MOJASX TaKos,
yro BxomHoil BY curHanm obGecnmeydBaeT ()asHpOBKY CTPYMIIHDOBAHHONO IO IJIOTHO-
CTH JIEKTDOHHOrO MOTOKa ¢ Geryulei BoJHOH. [TocKoabky Oeryumiass BOJHA YBeJH-
YHBAET CBOI0 MOINHOCTb 32 CYeT MOTeHUHAJbHOM IHEPDHH 3JeKTPOHOB, a HX KHHe-
THYeCKasi 3HEPrHs OCTAaeTCs NPAKTHYSCKH INOCTOSIHHOH, BpeMs mpo6era 3JeKTpPoHOB
MOXHO I10JIaTaTh HEe3aBHCHMBIM OT MOIIHOCTH BXO[IHOTO CHIHAaJa H OXHAATb OT-
CYTCTBHSI NapasHTHOro (azoBoro Habera. OgmHako B ycHmiteasx M-tima A®K
BCe-TaKH HMeeT MeCTO. DTO NOATBepXKAaercss NpHBeleHHOH Ha puc. 10.5 xpuBol —
32aBHCHMOCTbIO ()a30BOTO Habera OT MOUIHOCTH BXOMLHOMO HMITYJbCA.

CreunpnyHocTb paGoThl TpHGOPoB M-THIa B peXXHMe HACHUL@HHS H Pe3KO Bbl-
paXKeHHbI# B CBAI3H C 3THM HeJMHEeHAHBI XapaKTep nepegaToyHOH (YHKUHH mpen-
onpenesiioT WX TPHMEHeHHe B OCHOBHOM B HMIYJBbCHbIX cHCTeMax. IIpuMmeHenue
nprGopoB B ycTpoficTBax (pasOBHIX CHCTeM OTPAHHYGHO, IIOCKOJBKY CHIHAaJbl Tpe-
TEPMNEBAIOT 3HAauMTebHble HeKkaxKeHHs [89]. MMenHo mosToMy B mpHeMO-yCHJIHTeNb-
HbiX yctpoiictBax CBU pananasoHa  HCNOJB3YIOTCS — MPEHMYIIECTBOHHO  TPHOODH
O-tHma.

ITpexcTaBaseT HHTepeC OlleHKa HCKAXKEHHA CHIHanOB B TakHX mnpubGopax. Ilpu
STOM HcCAeNyeTcsi HeJHHeliHoe IpeoGpa3oBaHHe TeCT-CHNHAJNa — CyMMbl XBYX Trap-
MoHMYecKuX KoaeGanui. [lepefaToyHble XapaKTepHCTHKH HCCAedyeMbIX TPHGODOB
npencrasiedsl Ha puc. 106 B BHIE KOMILIEKCHBIX AMIJIHTYNIHBIX XapaKTepPHCTHK
(KAX). 3necb kpusbie I(1) (oGo3HaueHHss cM. B ra. 3) OTOOPaXKalOT HOPMHPOBAH-
uole KAX opxoin w3 JIBB. ®azo-aMILIHTYZHble XapaKTEPHCTHKH, KOTOPble MOTYT
umers JIBB apyrux Tunos u npoude mnpuGopul O-THna, OTOGpaXieHH KPHBHIMH
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3—6. Anauu3 HCKacKeHHH CHDHAJOB MDPOH3BOJMHTCH HCCAGNOBAHHEM 3aBHCHMOCTH OT-
HOUIGHHS MOULHOCTefi curHaja Pjpy M moMexH Pjuy OT CyMMapHOA MOLIHOCTH KoJe-
Gannit Ha Bxoje npubopa Py (ua puc. 10.7). Kpusbie P/ (Pi)¥ (Pz )) mokasuiBaiot,
9T0 yYeT JHMIb AMIMHTYAHOA xapakTepucTHkH AX (xpusas /) KaeT 3HAUHTEJbHYIO
NOTPEIIHOCTb B ONpeJeNleHHH HCKaXKeHHH, 0CO6eHHO B 00JaCTH MajbiX CHIHAJOB.
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Puc. 10.6. KomnunekcHoie amnuaurya- Puc. 10.7. Tpaduk: 3aBHCHMOCTH OT-
Hble XapaKTePHCTHKH mpu6Gopo O-THna  HolleHHs cHrHaia/momexa aas JIBB ¢
(J1IBB) pasauunbiMH BHAamH KAX

Hannune A®K npHBOIHT X JAONOJHHTEVIBHOMY HCKAXKEHUIO CHTHAJIOB, 3TO BHAHO
U3 cpaBHeHHs kpuBbX / H 2. IlocnenHsis XapaxTepusyerT 3aBUCHMOCTb Pio)/Pigy
or Py npu oxnompemenHoM yuere AX u ®AX JIBB. MokaxeHuss curHajna B 60Jb-

woi crenedH 3apucat oT ®AX mpuGopa. Ilpn Hexorophix PAX (ocoGenno Buaa 5)
HCKAXKOHHS B 00JaCTH GOJBIUHX CHMHAJ0B 3HAUHTENBHO CHHXKAIOTCA. JTO  BHIHO
u3 xpuBbix 4—6 puc. 10.7, XapakTepHsylOlIMX HcKaxeHus curHasa mpH KAX npu-
6opos tHma /(3)—I(5), ¥ MOKasLIBAaET BO3MOXKHOCTD KOMIEHCAIHH HeJHHEAHHIX HC-
KaXeHHi.

10.5. Ipuanune ymensnmienna saugang APK 8 CBUY

[Tpu nocrpoenuu ycrpoiicts CBU nnana3oHa peKOMeHAYIOTCS pas:
JIMYHBIE MeTOAHn YyMeHblleHHst BAHSIHMA ADPK Ha HcKaXeHHS pajHo-
CHTrHaJOB. JTO — pallHOHAJbHOE IPOEKTHPOBaHHE H HCIOJb30BaHHE
ycTpoificTBa; NMpHMeHeHHe OTpHuaTeabHOH o6paTHoit cBsa3u (OOC);
VMeHbLIEHHE JHHAMHYECKOro JHala30Ha MOIIHOCTH CHTHajla Ha BXO-
ne CBUY, o6aaparoomero A®K; komneHcauusi aMIJIHTYIHO3aBUCHMBIX
¢$a30BBIX CIOBHrOB B 3aJlaHHOM JHMala30HE MOIIHOCTH BXOAHOTO CHT-
HaJa.

Huxe naHa kpaTKas XapaKTepHCTHKA 3THX METOMOB.

1. Ilpn paspab6orke CBUY, npenHasHaueHHBIX /15 paGOTHl B cO-
craBe (aso-crabUNIbHBIX pPaJAHOCHCTEM, HeOOXOJHMO YyKe Ha 3Tame
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NPOEKTHPOBaHHSI OTAaBaThb NPEANOYTEHHE TAKHM CXEMHHIM IIOCTpOe-
HHUSM, PEeXXHMaM INHTaHHS, NapaMeTrpaM aKTHBHOTO 3JieMeHTa H T. [,
IpH KOTOPHIX HOCTHraeTcsi MakcHMasbHoe ocnabienne ADK.

W3 ananuza AX u ®AX nonynpoBonnHkoBrix CBUY caenyer, uto
YMEHbLUIHTh BHOCHMbIE YCTPOHCTBOM aMIJIHTyJHO3aBHCHMble (a3oBble
. CABHTH MOXHO pa3/IHUHBIMH cnoco6aMH. HampuMep, npH Hcmosb3oBa-
HuH TyHHeabHBIX auonoB (TI) cnenyer BeiOMpaTh OGosbLiHe 3Haye-
HHSl TIHKOBBIX TOKOB, MEHbIIHE CONPOTHBJEHHS MNOTEPb pPacCTeKaHHuf,
a TaKXe IOCTOSTHHOTO CMeLIeHHs Ha AHOJe. YBeJHUHBast aMIJIHTYAY
CHrHa/la HaKaykKH Ha Bapakrope (OJHaKO He MepexOAss B TOKOBHIH
pexuMm paboThl), MOxKHO oc1abuTh ADPK B ycTpoiicTBax ¢ nepeMeHHH-
MH mapaMmerpaMH. 115l BceX YCTPOHCTB C NMOJYNPOBOAHHKOBHIMH JIBYX-
IIOJIIOCHBIMH 3J1eMEHTaMH XapaKTepHa 3aBHCHMOCTb aMIIHTYJLHO3aBH-
CHMBIX ()a30BHIX CABHIOB OT MapaMeTPOB LeNH CB3H HeJHHEHHOro
3JIeMeHTa C TPaKTOM NepelayH CHrHajJa NpH 3aJaHHHX TpeGoBaHHAX
Ha XapaKTepHCTHKH YyCTpoiicTBa B JiHHeHHOM pexume. Bri6opoM mapa-
MeTpOB LIeNH CBA3H MOXHO 3HauHuTesbHo (mo 20—30 nb) pacwHpuTb
JHana30H H3MEHEHHS MOLIHOCTH BXOJHOIO CHTHaja NMPH NONMYyCTHMBIX
HCKaKeHHsX curHasa. [losTtoMy Ha 3Tame NMPOEKTHPOBAaHHS MOJYNPO-
BoAHHKOBHX CBUY Heo6Xx0LHMO CTPEMHTbCH K CO3LaHHIO ONTHMAaJb-
HHX (mo kpHTepHio nojaBnenuss AQPK) ueneii cs3u.

AnanornuneiM o6pa3oM MoxeT OuiTh ocnabneHa A®K B nmpubopax
C B3aHMOJEHCTBHEM 3JIEKTPOHOB C 3JEKTPOMAarHHTHOH BoJiHOH. Tak,
u3BecTHH [93, 94] pekoMeHJallHH, NMO3BOJIAIOUIHE CBECTH K MHHHMY-
My A®K B ycuautensix Ha JIBB: npuMeHeHHe B KauecTBe 3aMenJs-
[olliell CHCTEMBI CIHPaJIH C HepaBHOMEDHHIM LIaroM, YCTPaHEHHE BJIHS-
HHSl JIH3JIEKTPHYECKOTO KpeNJIeHHsl 3aMejJisiiollelf CHCTeMbl Ha ¢a3o-
Bhlli cABHI cHrHasna B JIBB, yMeHbllleHHe pacCTOAHHS MEXIY 3JieKe
TPOHHHIM IOTOKOM H 3aMejJsiiolllei cHCTeMOH, BHIGOp AJHHBI NOIJIO-
MIAIOIIEro yyacTKa 3aMelJisiiollell CHCTEMH H ero NMOJIOXKEHHS OTHOCH-
TEJIbHO KOHLOB CHCTEMH, BHIGOD B KayecTBE HOMHHAJBHOIO TaKOro
Hanpsi)KeHHs] NMHTaHHS 3aMelJsiollell cCHCTEMEl, NDH KOTOPOM ellle He
HaCTYITHJIO YCJIOBHe CHHXPOHH3Ma DBM H 3/1€KTPOHHOrO MOTOKA, M Ip.

ITpu ucnonb3oBanun CBUY B cHcreMax paauocBSi3H Heo6XOLHMO
yuuTeiBaTh HajiuuHe APK H 1mo BO3MOXKHOCTH H3MEHATb CTPYKTYPY
CHTHaJla TaKHM 00pa3oM, 4ToOH HcKaXKalomee BiaHsHHe A®K mnposs-
asnock cinabo. Hanpumep, mpH 0JHOBPEMEHHOM NPOXOXKAEHHH Yepe3
yctpoiictBo ¢ A®K HeckoJbKHX pagHOCHTHAJOB (3ajaya SIBJSIETCS ak-
TyasIbHOH NpH obecrieueHHH MHOTOCTaHIMOHHOro pocryma k HC3)
crnellHaJbHas pacCTaHOBKA HECYLIHX YacTOT NO3BOJISIET CBECTH K MHHH-
MyMy Bausinne ADK.

2. TlpuveHenye OTpHLATebHON OGPaTHOA CBA3H HE NOJYYHJO H3-32 CJOXKHOCTH
peasH3allH IIHPOKONO pacnpocTpaHenHs. PasnoBmmHoctn OOC  yecmelnHo HCTLOUb-
3YIOTCA HA CPABHHTEJbHO HH3KHX YaCTOTaX @OPH YCHTOBHH, YTO BPEMS IPOXOXKIEHHMA
KoJieOanuii uepes ycrpoficteo ¢ OOC MHOrO MeHbllle IepHOIZA 3THX KoneGauuit. Oum-
Hako B awamasoHe CBY ato ycioBye BhmosHAercs He Bcenga. B uactwoctd, 8 CBY
ycHauTensx, ocobenno JIBB, 3alepkka CHPHajla ROCTHraeT HECKOVIBKHX JHersmKos
nepuofoB. B cBA3u ¢ atuM nmpuMenenne B CBUY OOC okashBaencs HeadpexTHB-
HeM. OpHako OTHeNbHble NONBITKH HCMCJb30BATh PAaCCMATPHBAEMbIi METON NPNMe-
uutessHo Kk CBY ycminrensm ¢ APK npemmpuHumanuch. Tak, mpuseneunbie B [68]
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PE3YAbTATH SKCTIEPHMEHTANBHOr0 HocJeloBaHHs ycusnurens Ha JIBB ¢ OOC mnoxa-
3mBaioT, yro OOC, B npHullMNeE, MO3BOJITET YMEHHIIATh YPOBEHb TIPOAYKTOB HeJH-
HehocTd Ha Buxome CBY ycunutens c A@lemsa CYeT yMoHbUIHHS KodbPuuHenTa
nepexadu.

pél.rm“ ycToAunBOf paGoThl ycHaHTeAs npH Haawunn OOC Heo6xoaHMO, 4TOOH
uenb OGpaTHOH CBSI3H Gbl1a Y3KOMOJIOCHOH. DTOro NOGHBAIOTCS BKJIOYEHHEM MOJO-
cosoro ¢umbtpa B uemp OOC. Tak, B 3KCNepHMeHTaX, omucaHybix 8 [68], mupuHa
nosocsl npomycxadus uwend OOC, BbiOpanHas H3 COOGpakeHHH YCTOAYHBOCTH, CO-
cragaana 3,2 MI'y npu cpenmenr yactore mpumepsHo 3 NIu. Ius cmeosaoB coBpe-
mennbix CBU cucteM paanocBsi3H TpebyeTcsl GoJiee IIHPOKAs MONIOCA NPOMYCKaHHS
(moumepro 30 MIu). Homyctumass ray6uia OOC 3aBHCHT OT BPEMCHH 3allePXKKH
B netie OOC u  pesyabThpylomleli paGouefi mosochl yacToT ycuautens ¢ OOC
168, 69]. B BaxHbIX A/ MPAKTHKH CayyasX oGlUias 3alepKKa KoJeGaHHA B neTie
O0C (mopsmxka 10 HC) mOMyCTHMa JHUWIb MPH MaJof MOJOCE I1POMYCKaHHS.

Taxum o6pasoM, mphmedenne OOC mas yvenvwenns A®PK ycuanrenei CBY
OmpapAaHo JHiIb B TeX CJhaydasX, Konaa Tpeﬁyemax JroJioca NpOonycKaHHs MaJza H
JOMYCTHMO 3HauHTEJbHOE CHHXKeHHe KodpduuxeHTa nepeaau.

3. YMeHbllleHHe MOIIHOCTH BXOZHOTO CHTHaJa SIBJASIeTCS OYeBHIHBIM
1 HauGoJsiee npocTeiM crnoco6oMm ociabnenus ADPK. OnHako BBHAY He-
zoucnonan3oBanusgs CBUY no momuocTH MeTox Hed(pgeKTHBEeH, XOTA B
psAille KOHKPETHbIX CHTYyaUHH ero cjelyeT pPeKOMeHAOBaTb, IIpeHMYIL€-
CTBEHHO B KOMOHMHALIHH C APYrHMH MeTOAaMH. B 3aBHCHMOCTH OT Xxa-
PakTepa BXONHOTO CHrHaja pas3JjIHYaloTCsl CJOEAYIOollHe pelleHHS.

IIpu Manbix H3MEHEHHAX YDOBHSl BXONHOTO CHrHaJla ero HCKaxe-
Husl, 0OycyoB/ieHHbe HepaBHOMepHOCThIO PAX, MOXKHO CBECTH K MH-
HHMyMY, BHGHpast paGouyio TOYKy B cpeaHeill yacTH yvactka PAX c
HaHMeHblueldl KpyTH3HOH. IIpu GosblIOM AHana3oHe H3MEeHEHHS YpOB-
Hf BXOMHOrO CHTHajia XOpolIHe pe3yJbTaTH O6ecleuHBaeT HCIIOJb30-
BaHHe nepen CBUY aMnautynHoro orpaHuuxtens, paboraioliero Ju60
ua T4 [63, 66, 67], 1u6o Ha CBU [64]. OnHako B psle ciyyaeB He
yaaeTcs CYILIeCTBEHHO YMEHbUIHTb HCKaXeHHd, Bu3BaHHbe A®DK, tak
KakK, BO-TIepPBBIX, B OrpaHHunTeAX HMeeTca ADPK, cpapHuman mo cTemne-
HH cBoero mpossieHuss ¢ A®K B ocosioM CBUY; H, BO-BTOpHX,
YpOBeHb HeJHHeHHHX INPOAYKTOB Ha BBIXOJE CHCTEMH <«OrpaHHYH-
Tesnb — ocHoBHoe CBUY», 06yc/IOB/eHHHX aMIJHTYAHOH HeJHHeHHO-
CTblO, MOXET OKa3aTbCsl BHIlIE, YeM IIPH OTCYTCTBHH OTPaHHUYHTEJS.

OueBHAHHM cnoco6oM ocnabljieHHS aMNJHTYAHOH HeJHHEHHOCTH
sIBJIeTCS] KOMIaHIHPOBaHHe: JHHAMHUECKHI [1HaNa30H CHrHaJla Ha BXO-
nae ycrpoiictBa ¢ A®PK ymeHnbuiaercsi (T. e. CHrHaJ NoaBepraercs He-
JIHHeHHBIM NpelbCKaXeHHsIM), a Ha BBIXole yctpodcTBa ¢ APK —
BOCCTaHaBJIHBaeTCs. ’

Hrak, npuMeHeHne orpaHuuuteneii 3¢p¢eKTHBHO NPH YCJIOBHH, UTO
A®K B orpannyHTese MpPOSIBASIETC 3HAYHTEJNbHO cjabee, YeM B OC-
HOBHOM YCTPOHCTBe.

[Mapa3sutHoie H3MeHeHHsi ypoBHsi CBU curHaja ¢ HOMHHaJbHO MO-
CTOSIHHOH aMIJIHTYHOM MOXHO YMEHbIIHTb, YCHJIHB €r0 B aMILJHTPOHe.
‘CrnienosartenbHo, coueTaHHe «aMIIMTPOH — ycTpoiicTBo ¢ ADQK» B psane
clyyaeB NoO3BOJifieT OcCabuTh BiaHAHHe ADPK Ha HCKaXKeHHSI CHrHaJja
B ocHoBHoM CBUY. YMeHbUIHTb H3MeHEHHE aMIJHTYAH oru6arouled
BXOJHOTro KoJieGaHHSI MOXHO H APYrHMH cnoco6aMu. OIHH H3 HHX CBfl-
3aH ¢ BBelleHHeM Ha BXOx ycrpoiictBa ¢ ADK nomnonHuTenbHOro KoJe-
6aHHs, KOTOpOe B CyMMe C MNOJIE3HBIM CHTHaJIOM nacT KoJeGaHHe ¢ Ma-
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JIO H3MeHswllelica aMIIHTy ROl orubalouied. OnQHAKO aJrOPHTM IOJY-
YeHHs JOIOJHHTENBHOrO KoneGaHHsl BecbMa CJOXKEH, XOTS B OTAENbHBIX
cayyasix (HanmpHMep, NPH BXOAHOM BO3AEHCTBHH B BHJe MOC/JENOBa-
TeJIbHOCTH MMIYJbCOB) MOXKeT GHITh NMOJYYeH IOJOXHTeNbHbH 3 deKT.
K HemoctatkaM crnoco6a OTHOCATCS €ro CJI0XKHOCTb, HEO6XOAHMOCThb
(GHIbTPALlHH JONOJIHHTENbHOrO KosneOaHHsl B Tpakre, clelyiolleM 3a
CBUY ¢ A®DK, Bo3pacranHe cpefHell MOLIHOCTH KoneOaHHsS .Ha BHIXO-
ne ycrpoiictBa ¢ A®K 3a cuer no6aBieHHsl BBIXOAHOH MOLIHOCTH, CO-
OTBETCTBYIOLLE/i JONMOJHHTENbHOMY KosJe6GaHHIO, H BHITEKalolllee OTCIO-
1a yBeJHYeHHe MOLIHOCTH, moTpeb.sieMoit ycrpoiicteoM ¢ ADPK.

KpoMe paccMOTpeHHOro «aAJHTHBHOrO» MeTOAa BhIpaBHHBaHHs
orubarouiefi BXOLHOTO KosjeGaHHS, MOXKHO MNpPeICTaBHTb «MYJbTHIIIHU-
KaTHBHBIH» METOJ, COCTOSIIMA B yBeJTHYEHHH MOAYJd Ko3(hdHIHEeHTa
nepenaun CBUY npu MaJblXx ypOBHSIX CHTHaja H yMeHbLUEHHH ero —
npu GONMBIIKX YPOBHAX, T. €. MrHoBeHHass APY. OnHako npu 3TOM Mo-
ryT BO3HHKHYTb HCKaXXEHHs CHTHaJa, AJsl YCTPaHEHHS KOTOpHIX HeoO-
XOOHMO ycTaHaBauBaThb Ha Bhixoge CBUY ¢ ADPK koMneHcHpYIOWHH
CBU ycuauTenb HJIH aTTEHIOATOP C MPOTHBONOJOXHBIM 3aKOHOM H3-
MeHeHHs1 Ko3(duiueHTa nepenaud. Peanusauus Merola oOTJHYaercs
3HAYHTENbHOH CJIOXKHOCTBIO, 0cOGeHHO npH pabGore ocHoBHoro CBUY B
06/1aCTH CYLeCTBEHHOH HeJHHEHHOCTH aMIIMTYAHOH XapaKTepHCTHKH.

4. HaunGonee 3¢ ¢derTuBHble cniocobnl yMeHblieHHs A®DK cBsizaHHm
C HemocpeiCTBEHHHIM BO3IEeHCTBHEM Ha BEJIHYHHY BHOCHMBIX aMIIH-
TYAHO3aBHCHMBIX (a30BHIX CABHrOB. DTOro NOGHBAIOTCS MOAK/IIOYEHH-
eM k ocHoBHoMy CBUY BHelIHHX Lemneil H yCTpOHCTB, nmapaMeTphl KO-
TOPHX 3aBHCAT OT YPOBHS BXOJHOTrO KoseGaHHs TakuM o0pa3oM, uTo
B 3aJJaHHOM JHHaMHYeCKOM JHana3oHe CHTHaJa yKa3aHHble (ha3oBhle
CABUTH MHHHMH3HPYIOTCS.

B coBpemenHoii TexHuke CBU cylecTByeTr MHOro peasiH3alHi
paccMaTpHBaeMoro MeTofa. B uenom oHu MOryTt GBHITH CBeleHH B cle-
Ayioliue, pasiHyapouiuecss OOLHOCTbIO MeXaHH3Ma BO3LEHCTBHS Ha
aMILTUTYIHO-(a30BYI0 KOHBEPCHIO IPYNNbl. A HMEHHO: aBTOMaTHYecKas
peryanpoBka ¢asoBoro casura B CBUY B 3aBHCHMOCTH OT YpOBHS
BXOJHOTO BO3JefiCTBHS; aBTOMaTHYecKas MOACTpoiKa ¢a3oBoro Habe-
ra B CBUY; koMnencauus APK B npHeMo-yCHIHTENbHOM TpakTe my-
TeM BKJIOYEHHS NONOJHHTENbHBIX YCTPOHCTB.

B03MOXHOCTH NpHMEHEHHSI yKa3aHHBIX METONOB ocaabseHHs aMi-
JHTYAHO-()a30BOH KOHBEPCHH ONpeNeNsIOTCS Ha3HaueHHeM KOHKPEeTHHIX
CBUY, a Takxke 0cO6EHHOCTSIMH BHINIOJIHEHHSI HX 3JIEKTPHYECKOH cXxe-
MBI H KOHCTPYKIIHH.
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A®K B IIOJYIIPOBOAHHUKOBBIX
YCTPOMCTBAX CBY JUAITA30HA
®

11.1. PAX pereHepaTHBHBIX YCHJIHTEJIEH C MOCTOSHHLIMH
napamerpamu. BelBog M aHaIM3 HCXOAHBIX COOTHOINCHHIA

[Tpu anaause CBY ycTpoiicTB Ha MoJyNnpOBOJHHKOBBIX HeJIHHEHHBIX
sjeMmeHTax (H3) c nocrositHHBIMH BO BpeMeHH mapaMeTpaMu H NOIBep-
raloLIMMHUCs BO3AeHCTBHIO FapMOHHUECKoro konebanus er=Er cos (wct+
+@;) MOXHO OrDAaHHYHTHCS YYETOM MNepBbIX FaPMOHHK TOKOB H Hanps-
KeHuii B Lend. OCHOBOH KBa3UrapMOHHYECKOro MeTOAa SIBJSETCS
npeirnoJoXeHHe O TOM, YTO BXOAHAasi, BHIXOAHas M corjacylouas
uend u36UpaTesbHbl H 3((HEeKTHBHO OT(HABTPOBBIBAIOT BHICIIHE rap-
MOHHKH. Torpa HanpsiKeHHsi Ha BBIXOJE H Ha HeJHHEHHOM 3JeMeHTe
u=Ujym cos (0ct+q2), Ua=Ua cos(wct+@s3).

BHocumeiii CBUY ¢a30Bbiil ¢ABHT MO NepBOil rapMOHHKe KoJeGaHus
@c=Pa—p; 00yCJOBJEH paclnpefieeHHOCTbIO NMapaMeTpPoOB JIHHHH ne-
pelraud, HHepUHOHHOCTbIO HD (gcm) M npupamenueM ¢asbl (¢a), BHI-
3BaHHBIM cBOMcTBaMH H3, T. e. ¢c=@¢cn+¢a. Ero BennunHa 3aBHCHT
OT psfa ¢akTopoB, HO Aasi ouneHkKH APK pocratouHo mpoaHasnH3upo-
BaTb 3aBHCHUMOCTb @c={ (Psx.c, ®c), [1e Ppxc— HOMHHA/NbHAS MOIL-
HOCTb CHTHaJla Ha BXOJe.

TIpH KBasHTapMOHHYECKOM MeTOJe HCIIOJb3YeTCs MOHSTHe 06 yCpeXHeHHHX Na-
paMerpax HeauHefHocTel. OTMeTHM, uTo mpH uccaenoBadud CBYY mnorpewxocTs
MeToJla CPaBHHTEJbHO HeBeauka. Tak, CpaBHeHHe pe3yJbTaTOB pacyeTa NO KBa3H-
JHHEHHOMY METOAY H C NOMOILBIO pellieHHS CHCTeMbl IudepeHUHaIbHBIX YypaBHe-
HHil VS pPereHepaTHBHOTO YCHJAHTeJAS Ha TyHHeasHoM auome (TJ) u onpanuuure-
Jleil MaJIoro M CpelHero yposHed MouwwHocTH [33] mokasano, 4TO, HECMOTPS Ha SBHO
BbIPAKEHHYIO HECHHYCOHAAJbHOCTb HANIPSXKEHHSA Ha p-n-nepexofe (OTHOWIEHHe aM-
{IIMTYA BTOPOH H nepBOii rapMoHuk nocturaer 0,3), aMNJHTYLHbIe XapaKTePHCTHKH
NpH 3aJlaHHOH BXOAHOH MOLHOCTH rapMOHHYECKOI'O CHI-
Ha/la pa3auyalotcs He Gosee ueM Ha 2 b u daso-am-
MMTYAHble — Ha 20°. DTO pasjHyHe BHEIUHHX XapakTe- 7,
PHCTHK, TOJYYEeHHbIX OGOHMH crnocoGaMH, MeHbllle MO- M Zy
TPEIIHOCTH Pacyera, B KOTOPOM HCIOJIb30BANHCh NPHOMH- o A
>KeHHO OmnpejiesieHHble TapaMeTPbl S5KBHBAJEHTHON CXeMbl ‘
ycrpoiictBa. IlpH Heo6XOAMMOCTH mocje BbhGOpa CXxeMbl
CBYY MOXHO NpOBeCTH aHaJH3 €ro XapaKTepPHCTHK ¢ v

LT T &
HCroJb30BaHHeM 06oJiee CJIOXKHBIX, HO H GoJiee TOYHBIX v
MeTOo10B. N

B tpakrax CBY nauGoablliee pacnpocTpaHeHHe MO-

JyYHJH PereHepaTHBHblE YCHIHTENH, NOCTpOeHHbe mo oT- T &,
paxatenbHoit cxeme (OPY). OuM npeBOCXOAAT NMpoxoa- &2 29 <—— 92
Hble pereHepaTHBHbIE YCHJIHTENH MO KOS(QQPHIHEHTY uy-
Ma, nosioce NPONYCKaHHSI H AHHAMHYECKOMY [Hama3oHy. Yoo
[TosToMy nocnenyioliee H3MOKEHHE NMOCBSLLEHO HCCIENO-
BAaHHIO OTPa)KaTeJbHOr0 pereHepaTHBHOro Yycusautens, Puc. 11.1. DyHKIHOHalb-
(YHKIHOHAJbHAsl CXeMa KOTOPOro M306pakeHa Ha pHC. Hasg cXeMa OTpaxaTelsb-
I1.1. 3xecy wecrunomocHux N; oGecneunBaeT ORXHOHA- HOTO pereHepaTHBHOTO
NpaBNeHHYIO nepenayy SHePrHH H OGLIYHO SBJSIETCS LIH- yCHAHTeNS
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pokonoJaocHbiM. UetbipexnomocHuk N (uenb cBsi3u HD ¢ TpakToM nepenaun curHana)
($OpPMHpPYeT YacTOTHLIE H aMINIHTYAHbIE XapPaKTEPHCTHKH YCTPOHCTBA.

JInnefnyio uenb N B 3aBHCHMOCTH OT NOCTABJIGHHOA 3aJlayd MOMNHO OMHCAThb
B pasaHNHBIX OHCTeMAaX NapaMernpoB. IIpH HCCAGNOBaHWH pereHepaTHBHBLIX YCHJHTE-
Jefi pacmpocTpaHeHHe TOJNYYHJ anmapaT HOPMHPOBAHHHX MaTpuil pacceshus [S],
KOTOpBIfi NO3BOJIAET NOCTHYb JIOTHYECKOR MPOCTOTH H IOCJHENOBATEALHOCTH B aHa-
ause. P o6mEX Pe3yJabTaTOB NPH 3TOM MOXKeT GHITh NOsydeH 6e3 KOHKDETH3aUHW
CTPYKTYpH JuHefHOR yacTh CBYUY.

OcTanoBuMcs Ha BH6GOpe HODMHDYIOIUHX NPOBOLHMOCTeR MATDHIM pPacCesHHA
(S] uerbipexnomocHuka N. Eciu 3a1aHHBIMH SIBASIIOTCH (M3MYECKHe 3JEMEHTHI Lend,
TO BBIPaXXEHHBI Yepe3 HX napaMeTpbl KoddwpHIHeHT mNepefayy HHBapHAHTEH OTHO-
CHTeIBHO HOPMHPYIOWHX wpopoXHMocTedi. Ecan ke koadipumuent nepefayn supa-
JKeH uyepe3 mapaMeTpbl MaTPHIbI paccestHHsl, TO YCJOBHS HOPMHDOBKH ONpPelesisioT
3HayeHHs1 (U3HUSCKHX 3JjeMeHTOB. YacTo BO3HHKAaeT BOSMOXKHOCTb BHIGOpPa HODMH-
PYIOLHX NPOBOXHMOCTEH, HCXOS H3 YROOCTBA aHaJs3a, T. €. YTOOb GOpPMYJbl, ONH-
ceiBalowire xapaktepucrikd CBUY, mmenn npocroii Bua. Cyurtasi WECTHNONIOCHHK N
HOeaVIbHLIM LUHPKYJISTODOM, BHIOEPEM HODMHDYIOUYIO IIPOBOAHMOCTb Ha 38XKHMax
I—1 dYeTbIpexmoOJNIOCHHKA [paBHON BOJHOBOH NPOBOXHMOCTH LHPKYJATOPA.

YuuthiBasi, 4T0 K03 dHLMEHT mepenaud mo HampsikeHuio OPY pased x03ddu-
nHeHTy oTpaxceHHs oT kJaemm /—I (Ty), H mcnons3ys COOTHOIIEGHMS, BHTEKalollHe
u3 OGanalca MOILHOCTeH, HaffleM CHCTeMY YpaBHeHHH, OMHCLIBAIOULYIO XapaKTepH-
ctuky OPY B napaveTpuueckoit (opMe B QHama3oHe H3MeHeHHS MOUIHOCTH BXOJ-
HOro CHrHaja:

_ SieSn1 . __ Pper+ Pror
Fy=8n-+ @ — Sy Py o= 1 -—-———l AT

nae Si; — TapaMeTpul MaTPHL paccestHust LemH cBasH N; G — HOPMHpylowias npo-
BOOMMOCTh Ha 3axuMax 2—2; a=i(G24Ya.s)/(G2—Ya.s) —mokasaTenp pereHepa-
UHH; Ppor — MOIIHOCTb NIOTEPb B leMH OBSI3H; Pper — MOUHOCTb, OTaBaeMast (HJH
notpebaseMas) HD B 3aBHCHMOCTH OT BHAA NPHMEHEHHOTO 3JEMEHTA, onpelenseMas
®KaK Pper=0,5U%3 Re Yu.s HaH Pper=0,5/2a Re Zuo; Ua(la) — aMnanuTyZa Hanpske-
HuA (Toka) Ha HI.

HanGouibiunit HHTEpec MpeACTaBJSET PeaKTHBHAsA lenb oBA3H N, koma Ppor=0.
Ee Mampuua paccesiHusi 3alHChIBaeTCS B BHAC

s =[SexP(i(Pn) Vl—s=expfiq>u)]‘
VT—SPexp(iga) . Sexp(iu)

Torna
_ _ 14 a?S? —2a S cos (3 — )
Ko =1y =g 205 cos (g —¥)
S sin (ag — P) sin (Qge — )

— arct; , 11.2
—Scos(gm—® a5 _cosgm—w ' 7

, (1.1)

= t
Pc = @qy - arc ga

rie a=|a|; P=arga.

PeaxTuBHYIO CcOCTaBASIOMYI0 NPoBORHMOCTH HD MOXHO paspemiTs Ha TOCTOSH-
HYI0O M mepeMeHHyl0 cocTaBasioliHe  Yao=Gu.s(Ua)~+iBa.o(Us)=Gua.o(Ua)+
+i ba.a(0)+ibaa(Ua). Fak Kak XxapakTepucTHKH hocaelyemoro CBUY wnBapnaiT-
#bl K BHIOODY NJOCKOCTH pasfiesia, TO MOXHO OTHeCTH cocTaBAsOWYIO bgo(0)
UemH CBASH M NpecTaBuTh mMpoBoAHMOCTh HO kak Yas=Ga.s(Ua)+iABa.a(Ua),
rie ABgo(Uas)=bn.s(Ua)—br.5(0).

TlosoxuB Gp=|Re Ygu.2(0)|, moayunm nus nawxefinoro pexwma a=0. OrcioRa
koadpmwieHT nepefiaun no MomHoctH OPY Kpo=|Tyo|2=S-2, a ¢dasa xoapdu-
ITHEHTA MepeJlauy No HampPSKEeHHI0 QPen=Pii.

H3 (11.2) caenyer, uto B OPY (kax u Bo Bcex CBUY c HennHeAHHIMH IBYX-
nojocHHKaMH) ADPK BO3HHKaeT Mo CJIELYIOUHM TIPHYHHAM.

1. [lpu $Y=0—3T0 COOTBETCTBYET MCMONbL3OBaHHIO B Kadectee HO uncro ak-
THBHOR npopoaaMocTH — ADK BOSHMKaeT H3-3a TOrO, YTO BXOJHASA TPOBOAHMOCTH
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suHefofi gacth OPY co cropornt HD Yax 2z COREPXHT peakTHBHYIO COCTaBASAIO-
mylo, T. €. B LeMH CBA3H HMEIOTCS HEeCKOMMeHNCHDOBAHHLIE DEeaKTHBHEIE 3/eMeHTH.
B 3ToM cayuae sin @g70, Tak Kax

A4S, _
1—822 _IGH.S (o)l

1 — 8?4 i2Ssin gy
1 — 28 cos ¢gq -+ S?

Yoz o2 = ! G, 5 (0)

IMpu 3TOM H3MeHeHHe akTHBHOA nposomuMoctd HI, Bh3BaHHOE yBeaHucHHeM BXOI-
HOTO CHNHAJa, TMPHBOAMT K H3IMEHGHHIO DEaKTWBHOA COCTABJSAIOUIER MPOBOAMMOCTH
Ysx ~ Ha 3axumax I—I uenn OPY u x nosmaenuio ADK.

2. MNpu P50 — n3-3a H3MeHeHHA P IIPH BO3PACTAHHW BXONHOH MOUHOCTH CHr-
Hana, uTO CBHIETEJbCTBYET O HeJNHHENHOM XapaKTepe H3MeHeHHs DeakTHBHOR CGCTaB-
Jasiolledl MPOBOAUMOCTH 3kBuBaJeHTHOro HJ. D10 sABJNeHHe He .0643aTeabHC CBf3a-
HO C HajnHYHeM B LeNM HeJHHeAHON peakTHBHOCTH. [lake mpH JmHeAHOR eMKOCTH,
HO HeJHHEHOH aKTHBHOA NPOBONMMOCTH p-n-Nepexofa uonoabdyembuix B OPY amo-
JOB HaJHYHE COMPOTHBJEHHS NOTEPh AMHOHA2 (B COOTBETCTBHH C H3/1araeMOf MeTO-
IHKOR OHO oTHeceHo K HJ, Tak XKaK Uemb CBs3H MrojaraeM 6e3 moTepb) NPHBOIHT
K M3MeHEHHIO PeakTHBHON cocTaBasioedi sxmsaieHTHoro HD n x mossicHmo APK.

Kak sugno u3 (11.2), A®K B OPY orcyrcrByer, ecan $=0 nu
singge=0. [ToatoMy B OPY ¢ MuHHMa/jbHOH HHTeHCHBHOCTBIO ADK
Heo6X0MMO yMeHbIIaTb MaKCHMAaJbHYI0 BelTHYHHY ABgy, B 3allaHHOM
JManasoHe BXOAHOTO BO3JAEHCTBHA. IDTo obecrneuHBaeTcsi BHIGOPOM
napaMeTpoB AHOAA H peXHMa pPabGOoTH MO NMOCTOSHHOMY CMEILEHHIO B
npefesax, OrpaHHYEeHHBX TPpeGOBaHMAMH Ha APYrHe XapaKTEPHCTHKH
ycunutens. [IpHHUHNHAABHO MOXHO HOCTHYb 3HAUHTEJNBHOrO yBeJIHYe-
HHSl YDOBHS BXOJAHOH MOLIHOCTH, NMPH KOTOPOM HCKaXXeHHMs CHMrHaJa
u3-3a BausgHua ADPK ue mnpeBhicAT ponycTHMuX. Hanuune AByx Mexa-
HU3MOB o6Gpa3oBaHuss APK naer BO3MOXHOCTb KOMNEHCALHH aMILIH-
TYAHO3aBHCHMBIX ()a30BHIX CABHIOB @, 32 CYeT NMpPaBHJIbHOrO BHIGOpa
napaMeTpoB lenH cBA3H N.

IMpu npoextupoBanuu CBY ycuauteneii riaBHHIM TpeGoBaHHEM
ABsieTcsl obecneyeHHe 3aJaHHOrO Kodd@HLHeHTa nepefayd B JHHeH-
HoM pexuMe Kp,=S-2. Tlostomy us (11.2) cnenmyer, uro npu BHOG-
panHoM H3, T. e. npn 3ananHoi 3aBHCHMOCTH Yxo(Ua), ynpaBasath
AX 1 ®AX MoxHO moa6oOpoM 3HaUEHHS Qgo. 3aBHCHMOCTb (OPMH
®AX OPY ot Bei6opa mapaMeTpoB LeNH CBA3H MOXHO HCHOJIb30BaTh
s ymenblienuss APK B kackaano coeaunenHnix CBUY.

Cucrema yp-uufi (11.1) omuceiBaer cBofictBa OPY ¢ npmeanmHBIM LHMPKyJsiTO-
poM. Ias cayyas peasbHONO LMPKYJASTOPa MaTPHUA PacCesHHS SKBHBAJEGHTHOrG
YeTHPEXMIOMIOCHHKA OTHOCHTEIBHO BXONHBIX H BHIXOAHHX 32XKHMOB HMeeT BHJ

. 2
ayful’ BuTy
Yu+ 2 Qy = -
[Sp]= I—y Ty I — Ty
2 i)
o, Ty ayful’
B 7 abuty
u+1—-?ury ?u+]—7ury

rae I'y —koaddmument ompaxkenns ot kaemMm I—I1 (puc. 11.1); ag — xosdduumenr
nepefaud IHPKYJASTOPa B NDPAMOM HanpasJjeHHH; Pg — koadwpuuHEHT mnepeRayn B
0o6paTHOM HaTMpaBJeHHH; Yn — KOMDHIHEHT OTpaXKeHHs OT TNJeya LHPKYAATOpa.

Kospduunent mepenaun mo MougHocTH W BHOoCcHMHA OPY ¢asosumii casur on-
PereNaIoTCA COOTHOMW GHUS MHU:
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|Spar 21 —|Tr P)A—=TWi®
|1 =Sy Tr —SppeTu+TrTud 2’
Spot (l — T Ty
%:arg[ I —Spyy Tp — SpgeTa+ TpTyA J

rae A=S5 11Sp 22—S5 2155 12; 'r —k03OPHIUHEHT OTPaXKEHHs OT HCTOUHHKA CHI-
Hana; I'm — KOMPPHUHEHT OTPaKeHHS OT HAPPY3KH.

PaCCManHBaﬁ NYTH TPOXOXKIEHHS CHCHaja B peajJbHOM LHPKYJISATOPE H H3
yCnoBHA 6asaHca MOLHOCTH IO nepnsoﬁ rapMoHHKe, MTOVIYyUHM

Pyy.c = Pper/( —Kp — | Tox |I* —pn), (11.4)

Kp =
(11.3)

Tne
oy Tyl
pam(l—la |2>[(1—|r ”) (1+
" " B —vuly 1— YuPy
—S 8312 SB?I FH
Bx — YBIll l _3322 PH

Pacyer ycuimresefi MmO NOJYYSHHBHIM ypaBHeHHSM I[OKasbiBaeT, 4To B 06/acTH
GO/BIINX 3HAUEHHA Ppx.c NPAUMONOKeHHe 06 HIAeaJbHOCTH IUHDPKYJIITOPA TIPHBOJLHUT
K TIOTPEIIHOCTH B ONpefeJeHWH aMIUIHTY[HO3aBHCHMONO (a3oBOro CHBHIA, MOCTH-
ralolero B OAHOKacKagHoM ycuautene 40°

Mpu pacuere ®AX MmuorokackamHux OPY Heo6X0AMMO, OTHICKAB METOMOM IO-
CJIeLOBATENBHBIX MPHOMHKEHH aMMAMTYAbl HanpsxkeHHH Ua: Ha HeJHHEAHBIX 3Je-
MEHTaX, OMpefesuTb S-mapaMerTpbl OTAEJBHBIX KAaCKalAOB, a 3aTeM H XapaKTepHCTHKH
yeunutens B uemom. CucreMa yp-wuit (11.3) un (11.4) omuceHBaeT JHillb NepBHA
kackagy OPY. Ilpu pacyerax XapakTepHCTHK MOCJEAYIOUIHX KaCKaJgOB HANO HCMOJb-
30BaTh (pakTHUeCKHH K03bduuMeHT nepegayd Kp ¢ ¢ B MOLUHOCTb, TOTJIOUIAEMYIO i-M
KackafioM Pgpri. CucTeMa ypaBHeHHil, omuchiBaloilas i-H Kackal, HMeeT BHI

| Spoti |2 (1 — | Tax (ig1y 1)
| 1 —Spooi Tox ) 2 — 1 SBue — Tox 141) )2
Pori = Ppel‘i/(l —Kppi—pn i),

KPcI)i=

’

Tae I s
i

Pniz(l—lauilz)[l—l 1—Y: Ty, (V4] o iTax 41 [)-

Tlpemmonoxenne 06 HAeaJbHOCTH u,mpﬂ(ynmopa npu pacyere GAX MHorokackam-
Herx OPY npuBOAKT & morpewHocTH g0 60—70°

Hcnonbsys npuBeleHHBle CHCTEMBl ypaBHEHHH, MOXHO pacCMOT-
peTb BO3JEHCTBHE CJOXHOrO CHTrHaJla Ha pereHepaTHBHHIA YCHJHUTENb
€ HHPKYJSTOPOM C YYeTOM €ro peaJlbHBIX YaCTOTHBIX XapaKTepPHCTHK.
U3 pacyeros [34] cuenyer, uro Ha BenAunHy BHOCHMEIX OPY Ha uyac-
TOTEe KaXAO0ro BO3JEHCTBYIOUlero KoJie6aHHs aMIUIHTYIHO3aBHCHMEBIX
«ba30BbIX COBHIOB BJIHSIOT H KO3 (UUHEHTH Iepefayd 10 MOLIHOCTH
JJISL KaXKAOro cHrHaJja (uaH us6uparesnbHocTH OPY npu Bo3zelCTBHH
CHJIbHOH NMOMEeXH) H B GOJIbLIell CTeNeHH — 3HAaYEHHS g Ha 4acCTOTax
BO3JEHCTBYIOIHX Kose6aHuH. FIX BHIGOPOM MOXHO CYILIECTBEHHO YBe-

JIHYHTL AMHaMHYecKHH AvanasoH OPY no monycTuMeIM ¢a3oBHM HC
KaXXeHUsM.
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11.2. PerenepaTuBHbIe YCHJINTEIN HA TYHHEIbHBIX
H JIABHHHO-IPOJIETHHIX AHOXAX

[Tpu pacuerax ®AX CBY ycuaureneii Hcnosb3yeMble B HHX IHOIBE
MOTYT OBITb ONHCAHBI:

NOJIHOH S5KBHBAJIEHTHOH CXeMOH C HCHOJb30BaHHeM GYHKUHH, an-
NPOKCHMHDYIOIUHX CTaTHYeCKHe XapaKTePHCTHKH p-n-nepexoja;
9KCIepHMEHTaNbHbIMH 3aBHCHMOCTSIMH Yro(Ua, @c), KOTOpHIE HMe-

IOT B KayecTBe NapaMeTpa BeJIHYHHY, XapaKTepH3YIOLIYI0 peXHM IO
NOCTOSIHHOMY TOKY;

aHaJHTHYECKHMH 3aBHCHMOCTAMH Yus(Ua, wc).

BriGop cmoco6a onMCaHWS JHOMA 3aBHCHT OT CJIOKHOCTH 3KBHBAJEGHTHOH CXeMbI,
npebyeMoit TOWHOCTH M T. H. Tak, TyHHesbHbii guwom (TL) ymo6HO mpeacTaBafATh
OOJTHON SKBHBAJIGHTHOM CXeMON. JKBHBAJEHTHas cXeMa JaBHHHO-IIPOJETHOTO NHOAA
(JITL) emie oKOHYaTeNbHO He BhISICHEHA H3-32 TPYAHOCTH OTHCAHHS TIPOLECCOB, -MPO-
TeKAIOIHX B MNOJYNPOBOSHHKAX npH mpoboe p-n-mepexona. Henwneitnele cBoficTBa
JITL caexyer OMHCHIBATH JHGO YIPOIIGHHLIMH AHAJHUTHYECKHMH 3aBHCHMOCTAMHY, JH-
60 HOMOVIb30BATh DPe3yJbTAaThl UHCJGHHBIX PacyeTOB Ha OCHOBe pelienus Audbepen-
1MaJbHbIX ypaBHeHui. [IJsi TMOBLILUEHHS TOYHOCTH PacyeTOB YCHJHTENeH Ha AHOAAX
lanHa Jryumre HCMOJNB30BATH HKCMEPUHMEHTANLHO NOJyueHHbe 3aBHCHMOCTH.

Paccmorpum PAX ycuaurens Ha TyHHeabHoM auone (YTI). Oum
obnajgaloT MaasiM Ko3dduuuentom myma (4—6 n1B) ¥ HaHMeHbIIHM
(M3 M3BECTHHIX THIIOB pereHepaTHBHBIX YCHJHTeNeH) NHHaMHYeCKHM
JHana30HOM N0 HeJHHEHHBIM HcKaXeHHAM. JluneftHas teopus YTIL u
MeTOAHMKa HX NpPOeKTHPOBAHHS, OCHOBaHHas Ha olleHKe TpeboBaHHH K

YaCTOTHBIM XapaKTEPHCTHKaM, XOPOLIO OCBelleHBl B JHrepatype [35,
36].

CpoiictBa T moMHOCTBIO ONHUCHLIBAIOTCS IKBUBAJeHTHOR coxeMmoil (puc. 11.2a),
BOJLT-aMNEPHOA XaPaKTEPHCTHKOH (BAX) i=f(u) (puc. 1126) ¥ yHxumei, ompe-
gensioulell HeauHeilHOCTb eMKOCTH p-fi-
nepexoaa. Ins ouenkn AX u ®AX ycu-
AuTeNst B GOJIBIIOM JHHAMHYECKOM [Ha-
nasoHe CHrHaja HeoGXOJHMa anmnpoKCH-
manusi BAX, ¢ mocTaToOYHO#l TOYHOCTbIO
crnpaselJMBasi BO BCEM JHana3oHe aM-
MJIUTYA HanpsiKeHHd Ha mepexope
TA [37]

YT0o6H BOCHOJB30BATHCA NMPHBELEH-
HuiMH B § 11.1 cooTHOuIeHHSIMH, HeOO-
XOJMMO MNOCTPOHTh 3aBHCHMOCTH mnapa-
METpOB HeJIHeHHOro >ieMenta oT aM- Puc. 11.2. Dkpusanentnas cxema (a) H
IJIMTYAbl HanpsikeHus Ha HeM. Jlas BOJIbT-aMIepHash XapaKTEPHCTHKA (6) TyH-
3TOr0 CONpPOTHBJIEHHE NOTEPb Iy CACLYeT HeJbHOTO HOAA
otHecty K HI, T. e. cuuratp 3a HI
yacTb T]I, 06BeleHHYI0 Ha puc. 11.2a nyHKTHPHOI JHHHeld. B 3TOM cayuae napaMerpur
H3 u p-n-nepexona T[] cBsi3aHbl COOTHOUIEHHSIMHU:

U3 = U} [(1 + rngn)* 4 (@c Curn)?l;

n(1+ rogn) + 0 Carn

H3 T (14 rngn)? + (@c Curn)® ' (11.5)

b, ,(0) =0 Crio/ (1 + rngno)* + (®c Cnorn)*1;
AB, ~bH,(0)[ 1+'"g"°) _1],

Cno\ 14 7ngn
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e HHAekcoM «0» oGo3HaueHH MaJOCHTHaJbHble 3HaueHHs mapamerpos. Homoabays
STH BLIPAXKEHHS, HETPYAHO paccyHTaTh 3aBHCHMOCTH @ (Ua) u Y(Ua).

Kak ykasaHo Bhille, cTeneHb nogasieHHss ADPK ompegensiercs Tok
MaKCHMaJbHOH BeJHYHHOH ABy,, KOTOpas nosiBisieTcsi B paboueM
AHana3oHe BXOJHOH MOILHOCTH cHrHaja. M3 Bupaxeuus ana ABg,
clefyeT, YTO AJS YMeHblieHHs BHOCHMBIX YT aMIIHTyaHO3aBHCH-
MbIX ()a30BHIX CHABHIOB HYXHBl JHOABl C MEHbUIHMH 3HaUYEHHUSIMH
7y ¥ Cpo. IMocTosiHHOE cMellleHHe Ha AHOZE BBIGHPAETCS W3 YCJIOBHS
MHHHMH3alHH NPOH3BEAEHHSA |7ngmo|. Il1 MasOCHrHaJBHOrO pexuMa
pa6orbt YT]I mapaMeTpsl AHORa BHIGHPAIOTCA H3 YCJAOBHS fup/fo=~3--4,
rae fup=|guo| (27Cu0) ™' V' | ruguo|'—1 — npenenvuas uacrora T/I,
T. €. BHIOOD MHHHMMAJIbHBIX 3HaueHHi ry H Cpo OrpaHHUHBAETCH fup.
YMeHblaTh BeJHYHHY |gno| MOXKHO, BHIGHpasi paGouylo TOYKYy Mpapee
touku neperu6a BAX, T. e. Uy>Ug=0,8 Upx+0,2 Us. Bausaue A®K
CKa3bIBaeTCs MeHblle, ecJqH Hcnosab3oBath TIL ¢ GoJbluell JHHelHO-

2padr ey dbrhy ; AUg,_ fa, Ya
soF 1+ MB [2pad[
40+ 12 60 135
o 6 wk gt
T

or 0 06/8L

201 45
-0 -6F
-0k -2 F 0 -0 -60 -20 687

Puc. 11.4. Bansude BeJNHUHHH
-60+ -8 3 b) apTOCMeEIleHHs Ha ¢a3o-aMnax-
TYAHBE XxapakTepucTHkd YT]{

2pdrg, 067 Ky

20 1

60 6 3

Puc. 11.3. Amnautyausie u da-

pﬂx c 30-aMIIATYAHBIE  XAapaKTEPHCTH-

3
0~ 0——=3 ' \\20 lt?ﬂﬁ_r' Ku o6o6uienHoit cxemm YT
9

AAs cOS Qae=x (@) H COS Qo=
=5/2 (6)

ctbio BAX, T. e. ¢ Gosbweii BeHUYHHON ([nx— Is) (Us—Unx), a Tak-
e napaJijielbHOe HJIM JBYXTaKTHoe BKJloueHHe TII. drto cBf3aHo ¢
PAAOM TpYAHOCTEH NpH NpakTHYecKol peanusauud YT u3-3a 60ib-
ureil CKJIOHHOCTH YCHJIHTENSA K CaMOBO36YXAEHHIO.

PaccMOTpHM BiHsSIHHe BHJA LielH CBA3H H HEKOTOPHIX NMapaMeTpoB
T Ha xapakrepucTHKH YTJl npu curHaje Gosbworo ypoBHs. [las
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atoro paccuyutanbl AX u ®AX obobuiennoro YT 10-cM pmanasoHa
Ha auone 1M103A (puc. 11.3). Ilapamerp uenu cBsi3H, T. €. 3HaYeHHe
@22 BaHser Ha ¢opMy PAX. ConporuBieHHe ry OKasbiBaeT 6oJiblioe
BJHSHHE Ha AHHAMHYECKHH NHAana3oH YCHJHTeJNs NPH MaJblX 3Haye-
HHSIX JONMycTHMOro (ha3oBOro CABHra; XapakTep e 3aBHCHMOCTH OC-
Taercs npexHuM. Ho Tak kKak B psje cHCTeM JONYCTHMble CIBHIH
MaJibl, TO Heo6X04HMO BhIGHpaTh napamerpbl TJI, HCXOAS H3 H3JIOXKEH-
HHX Bbllle coob6pakeHuil. Takxke uesecoo6pa3HO CpaBHHBATh pasJHy-
HHe cxeMHble moctpoeHHss YTI| W peXHMH NHTaHHS MO NMOCTOSTHHOMY
TOKYy, HCNOJIb3Ysi OLEHKYy MOLIHOCTH HachlllleHHs no ¢ase, paBHOM
BXOJHOH MOIIHOCTH, NPH KOTOPOH BHOCHMBIH YCHJHTeJeM (ha3oBuiil
CHABHI PaBeH AONYCTHMOMY Qajon. B Ta6u. 11.1 npuBeneHb 3HauYeHHS
Pyac.¢ A5 pasnuyHBIX CMelleHHH paGoueit Toukn TJI, pasHHX compo-
THBJIEHHH Iy @=m, Qagon=2°. Bennuuna Uy paBHa HampsiKeHHIO,
npu koropoM 0%/0ut=0, u Uszp=0,6 Unx+0,4 Us, T. e. U= (2,4
+2,6) Unx. MuHHMaJbHBIH KO3 GHUHEHT IUyMa peasusyercs MpH
Up=~ (2+2,2) Unx. TakuM 06pa3oM, nmpaBHAbHBIM BHIGOPOM paboyero
cMelleHHss ¥ napamerpoB TJ] MOXHO peryJHpoBaTh MOLIHOCTb HAChi-
WeHHs Pyac.p B IUHPOKHX Mpejesax.

TABJHULUA 111
Hanpsxenne 3HaueHus Pyac ¢ AN rpy 8no make, AB/BT
cMeuleHus 5 | e | o
Uy —43 —62 —69
(Usgg+Uso)/2 —48 —57 —64
Uso —50 —52 —57

BansHne conporHBieHHs aBTocMemlleHHss Ha DPAX wiaaOCTpHpYeT-
cs1 puc. 11.4. Kak BHIHO, H3MeHeHHe Rcy €1a60 CKasbiBaeTcs Ha ¢op-
Me ®AX, H no3TOMy Rcm BbHIOMpaeTcs HCXOAS U3 APYMHX TpeboBaHHi
K cBoiictBaM YT/,

PaccmMoTpuM HeKOTOpDHE XapaKTepHCTHKM &oukperHoro YT (puc. 11.5a), wc-
noib3yemoro B cucreMax CBY [36]. YoumuTeab OCTATONHO 1UHPOKOITOJSOCEH H YWIOGEH
ANS peasH3allHH B MHKDONOJOCKOBOM BapHaHTe. YacTOTHHE 3aBHCHMOCTH flapaMer-

Zy

A}
N
) Ty %)
Puc. 11.5. DxBuBaseHTHas cxeMa (@) H 4acToT-

Hble XapakTepHCTHKH (6) YCHJHTeJs Ha TYH-
HeJIbHOM JRHOAE
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pos ycuanrens Ha auone 1MI103A c menmpanbHofi wactotoir 3 DNIw npusedeHn Ha
puc. 11.56. [Inom HacTpawBaeTcsi Ha LEHTPAJbHYIO 4aCTOTY ¢ MOMOLIBIO OTpe3Ka JH-
#un (Zo1). Crabuansupyomasi uemb (Rex, Zoz, Zos) obGecrieunBaeT yCTOAYHBOCTb YCH-
JAHTENs BHE TOJOCH MPONMYCKaHHS M OMHOBPEMeHHO pacIiHpsSeT IO0J0CY NPONYyCKaHHs.
IToTepn, BHOCHMblE LEMbIO CTAGHAM3aUHM Ha KpPasX MOJOCH TPONYCKaHUs, — MeHee
0,3 1B. 310 mosBoaser He yuuThiBaTb MX npH pacyete AX u ®AX u mosb3oBaThCH
NpHBeleHHHIMH Bhille cooTHoweHusiMH. Ha puc. 11.6a npusement ®AX ycuanrens
Ha PasJAHYHBIX yacTOTaX, a Ha puc. 11.66 — uX HauasbHble yuacTkH. Kax Buaso,

-
2pad 78
1t
B -
[’ -
0 50
4t
Pyc. 11.6. da3o-amnan- Puc. 11.7. ®aszo-aMmiHTyaHHE Xa-
TYAHble  XapaKTepHCTHKH pakTepuctHky YTJI mpH pasiHyHBIX
YCHJIHTENST Ha TYHHeJb- HauaJbHBIX CMEIUEHHAX Ha JHOLe:
HOM JHOJe ra=50M; ——— ry=
=15 Om

#3-3a 4aCTOTHON 3aBHCHMOCTH (22 B TOJOCE MPOMyCKaHHs YyCHAHTeNb 06iaafaeT pas-
HpiMH DAX, YTO MOXKeT MPHBECTH K HCKaXKEHHSAM IUIHPOKOMOJIOCHOro cHrHaja. Ha
puc. 11.7 mpencrasseHbl HayadpHble yuyacTkKH OAX B 3aBHCHMOCTH OT CMeUCHHS
pafioueli TOUKH H ry, K HBMEHEHHIO KOTOPHIX BeJHUHHA Pgrac.p BECHMa YYBCTBHTEJbHA.

Takum obpasoM, YT, KoTopbie NMOCTPOEHH B COOTBETCTBHH C
pPeKOMeHIalHSIMH, He YYHTHIBAIOIIUMH OCOOGEHHOCTH ero paGoThH B IIH«
pPOKOM AHHAMHYeCKOM JAHaNa3OHe CHTHasa, o6safaloT MaJjoli Moll-
HocTblo HachimeHHs. Ecau Tpebyercsi CHM3HTb ypOBEHb HCKaXKeHHid,
o6ycnoBneHHbX ADPK, To He06XOQHMO YBENHUYHTb Pyac.y OAHOKACKaA-
HOTO YCHJIUTEJIS.

PaccMOTpHM  BO3MOXHOCTb yMEHbLIEHHS] aMIUIHTYAHO3aBHCHMBIX
($a3oBbIX CABHTOB 3a CYET ONTHMAJIbHOTO MOCTPOEHHS IeNH CBfA3H.
Kak BugHo u3 puc. 11.3, cooTBercTByOmIUM N0A60POM @2 MOXHO
CKOMIIEHCHPOBaTb H3MeHeHHe ¢a3bl, BBHI3BaHHOE  3aBHCHMOCTBIO
ABgs(Ua). Oas YT ontuMajbHble 3HAYEHHUS Qooomr, KOTOPHiE GHIIH
paccunTaHel Ha BM, sexar B uHTepBajse (n/2, x). BequunHa BHHr«

bima (Bp) B MomHoCTH HachieHuss 1m0 (a3e Prac.gy 3aBHCHT OT
Trngno| u pocruraer 20 1B (puc. 11.8). Kak npaBuno, |ruguo| =~0,04=-
+0,06, mo3TOMYy NpaKTHYECKH peaJH3yeMBbi BBHIUTPHILI COCTaBJSAET
okoso 15 1B, a atoro BnosHe mocraTouHo AaA npuMeneHus YTIL. Bes
JIMYHHA BBIHTPHIIIA PACCUHTHIBAJACH OTHOCHTENBHO YCHJIHTENS C Ilies
NbIO CBfA3H, I/l KOTOPOH @ge=mn. I'paduku Ha puc. 11.8 unmocTpupy-
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10T TaKXe BJHsAHHE Rcy. CJiefyeT OTMETHTb, YTO 3HaYeHHEe Qgoonr NMPaK-

THYECKH He 3aBHCHT OT CONPOTHBJIEHHS aBTOCMeLleHHs H ompenes-

eTCsl JIMIUb BEJHYHHOH ry; BeJHYHHA BBIUTPBILIA HEKPHTHYHA K TOY-
HOCTH HaCTPOHKH LleNH CBS3H.

Takum o6pa3oM, BoiGupasi Touky cMeuieHuss T BO6ausu Up=~Us,

H NPUMEHSIs ONTHMAJIbHYIO LeNb CBA3H, MOXHO JOGHTbCA yMeHbLIEHHS

MaKCHMaJIbHBIX aMIIHTYAHO3aBHCHMBIX (Da30BBIX cABHroB g0 2—3° BO

BCEM JHama30He BXOAHBIX MOLIHOCTeil. BausiHWe mapamerpa ggp LleNd

CBSI3H Ha aMIUVIHTYyAHble XapaKTEeDHCTHKH 3HAYHTesJbHO MeHbiue [39].

ABH})v_ Gnay

MO [ MOM

60} -20

=84y

- 36, 451
Srom rop S [-a8
0k 20fF \\ (R

3o -10

ZQ-ISL
AN ¢ -
28} o} Nowr 5
N
oLl T2 i o,
N T AR TR TR T 0= 0 0 20 8
Puc. 11.8. 3aBHCHMOCTH ONTH- Puc. 11.9. 3aBucHMOCTb TNpO-
MaJIbHOTO 3HAYeHHS (g3 H BHIHT- pogumoctH JIIII ot ammam-
pHINa B MOIIHOCTH HAaChIEHHS TyAbl CHFHaJla Ha Da3JjIHYHBIX
or mapamerpos TJ| 9acToTax

PerenepatuBHbiii CBU ycuiHTenb Ha JIaBHHHO-NPOJIETHOM JAHOJE
(YJII1A) o6aapaer mo cpaBHeHHio ¢ YT 3HauuteabHO - Gosbuiei
MOILHOCTbIO HacHILeHHS MO ()a30oBHIM HCKaKeHHAM. OJHaKO OTHOCH-
TeJabHO Gosbwioi Koadpopuuuedt wmyma (15—30 nB) orpanuHunBaer
o6saactb npuMeHeHHs1 YJIII[ BHIXOAHBIMH KacKaJaMH paJHONpPHEMHBIX
H nepefaiolux ycrpofictB. PH3HYeCKHe TNpOLECCH, NPOTEKAIOllHe B
p-n-nepexofie NpH JaBHHHOM IIpo6oe, AOBOJBHO CJHOXHH. [loaTomy
JIHHei{Hasl M HeJHHelHas TeopuH ycrpoicTtB Ha JIIIH npemycmarpu-
BalOT psj [JONylleHHH, 06yC/OBIHBAIOIIKHX MOTPELIHOCTh BHIBEJIEHHBEIX
COOTHOIIeHHH. TeM He MeHee MoOC/JeJHHe BNOJIHE NpPHEMJEMbl IJIsi HH-
JKeHepPHbIX PacyeToB.

TlpoBonumocTs p-n-mepexosa JITIJ npu MajnoM CHDHaJe ompenensiercs COOTHO-
wenyem [42]

2,2
Ot 1 — g/,
1 | x—ole ipx

nNe ©; — JaBUHHAs 9acToTa; O — MPOJETHHI Yros; & —JIUIJAeKTPHUECKAS TOCTOSH-
Has; xT — obllas JJHHA NPOJEeTHOR O6JacTH H O0JMaCTH YMHOMXEHHS; X — OTHOIIeHHe
RJmHe 06NacTH yMHOXKeHHs K xT; B=((1—e~198)/0.

Hemuuefinas teopusi YJITII, B KOoTOpOM AHOX HCMOJb3yeTCS B PeXHMe TPOJeET-
Hbix KoseGanuit (IMPATT-pexume), Ga3upyercss Ha [peANOJNOXKEHHWH CHHYCOHIANdb-
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HOCTH HanpsiKeHHs Ha p-n-mepexofe. Jlas pexuMa GONBIIONO CHNHAJLA MOXHO BOC-
moaLB0BaThCs cooTHoumeHneM (11.7), ecan

02 =202 J1(2)
7t n0 aly(a) ’
02,Ca
rie a0 — JAaBHHHAs 4YaCTOTa TPH MaJoOM CHIHale; a=—(—oj; Uas; Jn(a)—

moauduunpoBanHas ¢yuxuus Decceas nepsoro poxa n-ro nopaaxa; Ua — amnmuty-
Ja HampsKeHHd CHTHajma Ha p-n-fiepexole; Iy —mocTosiHHAsA COCTaBJAAOWIaA TOKA;
Ca — €MKOCTb CJI0S yMHOXKeHHS. Jlas 6oJiee TOUHBIX pacyeTOB MOXKHO HCNOJB3OBATH
pesyabTaTH YHCAEHHOTO aHa/M3a MpoLeccoB B p-n-nepexone JIII {40].

Ipu ncnonp3oBauuu JIIII] B ycHauTensIX HeOOXOAHMO YYHTHIBATh
CHJIPHOBHIPAXK€HHYI0O  YaCTOTHYIO 3aBHCHMOCTb  IPOBOAHMOCTH
ABrs(Ua) u Gua(Ua) (puc. 11.9). D10 3aTpyAHSeT NMOCTPOEHHE IIH«
pokonoJiocHuX YJITIIL ¢ ManbiMu ¢a30-aMIJIHTYAHHIMH HCKa*KeHHSIMH
B nosioce mponyckaHusi. PaccMorpuM xapakrepuctHku YJIITI, cxema
KOTOpPOro, 3a HCK/IOYeHHeM lenH cTabHJAH3allHH, aHaJOrHYHa CXeMe
YT (cM. puc. 11.5). Ilpu yBenHueHHH YPOBHSl CHTHaJla Ha 4acToTe
HH)XXe De30HAHCHOH H3-3a Pe3KOro pocTa pPeaKTHBHOH COCTaBJSIOLIeH
Yu, NPOMCXOAHUT 3HAUHTENbHOE YMEHbIUIEHHEe PacCTPOHKH KOHTypa YCH-
JHTeNSl, a 3TO NPHBOAHT K BO3pacTaHHIO KO3 ¢HLUHEHTa mnepejayH
(puc. 11.10), T. e. aMIIHTyAHAs XapaKTEPHCTHKA CTaHOBHTCA Xapak-

3 K,

R, .=~50d6 [Br

| , P, c 0 1 I 1 1 {G )

0T de A o w 80 v
Pyc. 11.10. AmniutynHbe Xa- Puc. 11.11. AYX YJIIIA no
paktepuctukn  YJIII na pas- nepBofi rapMOHHKe NpH pas-
JIHYHHX YacToTax HHX YPOBHSX BXOXHOM Moni-

HOCTH CHrHaJzla

TEPHCTHKOH 3KCMaHJepHOro THna. JTO, B CBOIO Ouepelb, MOXET MpH-
BECTH K mnosBieHHio rHcrepe3ncoB B YJIII — ckaukooGpa3HoMy H3+
MEHEHHIO YPOBHS H ()a3nl BHIXOAHOrO CHrHaJia NPH MJAaBHOM H3MeHe-
HHH YPOBHSI HJIH 4acTOTH BXOAHOro curHana. B YJIIIM, kak npasuJo,
Habuonaercss 3aMeTHoe HckaxenHe AUX no nepBoii rapMoHHKe MpH
Bo3pacTaHHH Pgy (puc. 11.11). AUX npu 3axanHOM ypoBHe Pgyc
CTPOAITCA TI0 PACCYHTAHHBIM AMIVIUTYJHBIM XapaKTePHCTHKAM YCHJIHTe-
J Ha pasJyHYHbIX wacToTax (cm. puc. 11.10).
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OtMeueHHasi 0COGEHHOCTb MPHBOAHT K GosbliuM oTaH4yHsAM B PAX
YCHJIHTEJIS Ha pa3JHYHBX yacrorax (puc. 11.12) u pocTy BHOCHMHIX
YJI aMnauaTyaHO3aBHCHMHEIX ¢asoBhx caBHroB. Ecau B YT pes-
Koe Bo3pacTaHHe (a30BHIX CABHIOB HabJiojaeTcs MPH yPOBHE MOILHO-
CTH, IPH KOTOpPOM Ko3ddHIHeHT nepenayn yxe MaJ, to YJIII naxke
NpH MaJjioii HenHHeAHOCTH AX BHOCHT 3aMeTHhie (Da3oBhle CHBHTH.
TIpuuem B nHama3oHe akTHBHOro ycujenus npu Kp>1 kpyrusna ®AX
npocruraer 15—20 rpaa/ab.

HOas ymenbienusi uHreHcuBHocth A®K B VJIIII pekomennyercs
pa6oTaTh ¢ GOJIBIIHMH 3HaYeHHSAIMH NOCTOSTHHOH cOCTaBJsIOlell ToKa
anoaa. Tak Kak 3aBHCHMOCTb Yus(Ua) MOUTH mpomopiuoHasdbHa /o,

P20
C -3p =20 _-10 By, 0681

0
-20
-80

-40
b

yi-g, 625 -gob
Puc. 11.12. ®daso-amnau- Puc. 11.13. ®daszo-amnan-
TYAHHE XapaKTepPHCTHKH TYAHHE  XapaKTePHCTHKH
VIO B  nuanma3ole VIO npr pasiaHIHHX
q9acToT napamerpax lemH CBf-

3H Q22

To npH 6onbwinx 3HaveHHsiXx I, popma AX m PAX ocraercss mpaKTH-
YeCKH HEH3MEHHOH, a MOLLHOCTb HaChILIeHHS MO AONMYCTHMHIM ¢aso-
BHIM HCKaXXeHHSIM Bospacraer. Mcnoas3oBate JII1I caepyer Ha 6o-
Jiee BHICOKHX YacTOTaX, T. €. PH NPOJETHHX yriaax @>m, Korga vac-
TOTHasl 3aBHCHMOCTb YupBHIpaxeHa ciaabee (cM. puc. 11.9) u BHOCHMHE
YJIIIA ¢a3oBbie coBurd 3aMeTHo yMeHbwatorca. Llenu cesasu YJIIIL
JO/KHH GHTH ONTHMH3HPOBAHH MO MHHHMYMY ()a30BHIX HCKaXXeHHH.
BBuny Bo3pacramoueii 3aBHCHMOCTH ABgus(Ua) (puc. 11.9) masa uenn
cBsish YJIIIJ nonxHO co6ai0RaThCs yCJIOBHE: Qooonr >7. [IpH Hcmosb-
30BaHHH onTHMH3HpoBaHHoro YJIIIJl ciexyer oXHAATh 3HAYHTENBHO-
ro BHIHIPHIIA B Pracg (pHc. 11.13) mo cpaBHeHHIO C.pacCMOTPEHHHM
Buime YJITI. .

PeanusoBate OPY, onTHMH3HpPOBaHHHE 10 YCJOBHIO MHHHMYyMa
BHOCHMBIX aMILJIHTYJHO3aBHCHMHIX (a30BHIX CJABHIOB, T. €. C OINTH-
MaJIbHHIMH 3aBHCHMOCTSIMH @22(®@), MOXHO, HCIOJB3ysl NMapaMeTpHue-
CKHii CHHTe3 IPH 3aJlaHHON CTpyKType uenu cBsisu [41]. IIpu stom B
KayecTBe HCXOIHO!M TOMOJIOTHH LIeNH CBSI3H MOXHO HCNOJb30BaTh pe-
KOMeHAyeMble LleNH COrJIaCOBaHHS Ha paclpelleleHHHX NapaMeTrpax
[36]. O6Gnanast HOCTATOYHHM 3amacoM MO IIHPOKOMOJOCHOCTH, OHH
no3BoJsIOT NpH peaaunsaunun OPY c¢ mosocoit mponyckaHusi, MeHblIel
MaKCHMaJbHO AOCTHXXHMO#M, MOJYYHTb 3aBHCHMOCTb @g(®©), GJIH3KYyIO
K TpeGyeMoii.
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11.3. CBY orpaHHYHTEeH MOLIHOCTH

B psime cucreM, npeaHasHayeHHBIX A/ paboThl B JHHaMHYECKOM
Iuana3oHe BXojgHoro cuHriajsa 6osee 80—100 gb, a TakXe ajas 3aliu-
Thl BXOJAHBIX KacKaJOB OT Heperpy3oK NpH BO3IeHCTBUH CHJIbHBIX IO-
mex, ucrnosb3yioTcs CBY orpaHHYHTeNH 'H CTaOHJIH3aTOPBI MOLIHOCTH.
Hanuuue B Hux A®PK o6GycJsoB/iHBaeT AONOJTHHTENbHYIO NOTPELIHOCTD
B pa6ote (a30BbIX pPaJHOCHCTEM H NPHBOJHT K HEOOXOAHMOCTH yMeHb-
IIaTh BHOCHMbIE aMILJIHTYAHO3aBHCHMBIe (a30Bble CIBHTH.

CBY orpaHHuHTe/IH MOLIHOCTH XapaKTepu3yioTcs [35] noTepsiMu
B pexuMe NponycKaHus Ly, onpenensioliuMH ocrabjeHHe [PHHH-
MaeMoro CHrHaja MHHHMAJIbHOrO YPOBHS; MNOTEpPSAMH 3amHpaHHus Ls,
XapaKTepH3YIOUIHMH ocJabJleHHe CHrHajla MaKCHMAaJbHOIO YDOBHS;
notepsiMH Nepefaud L, ompenesisieMbIMH OTHOLIEHHEM MOLIHOCTH, Ia-
Jaiolleii Ha BXOJ OrpaHHYHTeJIsl, K MOILIHOCTH B Harpyske; ¢aso-am-

L @ NJINTYAHO# XapaKTepHCTHKOH

RN @a(Psx.c), omuceiBalolle 3aBH-
Ze R CHMOCTb aMIJIHTYJHO3aBHCHMOTO
' % % ]
e
g

¢ as3oBoro cABHra 1no nepBoi rap-
MOHHKe OT yPOBHS Najalolleil Ha

Yo = f1-7-, BXOJ OrPaHHUYHTENS] MOLIHOCTH.
1]

N N Orpannuntenn CBY cTposit-
A 7 csl MO MNOC/NefOBaTeNbHOH (pHC.

29 =—— 92 2¢ =2 42 o
11.14a) nmbo napanjesbHOH

) Yia )Ym (puc. 11.146) cxemam. Hix ana-
JIH3 aHaJIOTHYeH, MO3TOMY pac-

Puc. 11.14. Tlocnenosatembuas (a) u CMOTPHM NapaJl/iesIbHbIH OrpaHH-
napannensuas (6) cxemm CBY orpa- 4HTeab (OH yallle HCNOJb3yeTCs
HHYHTEJIA MOLIHOCTH B nnanasone CBY) npu ycjoBuy,
yto Zy=2Zy=Z, B cayuae mpo-
H3BOJIbHBIX 3HaYeHHH Zp H Zy HCCAeJOBaHHE MOXKHO NPOBECTH aHaJo-
THYHO HccyienoBaHHi0o OPY ¢ HeHaeasIbHbIM LHPKYJIATOPOM (HCIOJb3Ys
MaTpHubl paccesiHust). llenb cBA3H N onucbiBaeTcss HOPMHPOBAHHOM
MaTpHIleH paccessHHs IPH HOPMHUPYIOIHX NPOBOAHMOCTSIX Ha BXoJe (3a-
®umbl /—1) u Ha Bhixoze (3axcumbl 2—2), paBHbix Gy u G,. ast pac-
CMaTpPHBaeMOro orpaHHuuTens notepu nepeaaun L=|1+ (Ysx n/2Y0) |2,
rae Ysx v — NPOBOJHMOCTb, BHOCHMAsl B TPAKT B TOYKaX a—a CO CTOPO-
HBI LIeNH CBSA3H, HarpyxeHHoil Ha H3: Yo=1/Z,.

BHocuMblii  orpaHuuHTeseM  ¢as3oBbii  cABHr @c=—arg[l+
+ (Yan/QYO) ] .

BriGop nposoxumocTH G, nposeleM no npuHsartoil B § 11.1 meronu-
ke. Jnsa storo npoBoguMoctb HI sanumeM Yyu,(Ua) =ReYyus(Ua)+
+iAlmYus(Ua), rae AlmYus(Ua) =ImYuo(Us)—ImYyus5(0), 1 oTHecs
cocrapasiiomylo ImYy,(0) kK uenn cBsizu, nomaraeM Gy=ReYu,(0).
Has yno6erBa nonoxuM G;=2Y,. Toraa cucreMa ypaBHeHHii, ONHCHI-
Baiollasi B napaMeTpHuecKoH (opme orpaHHUHTENbHYIO Pgyx(Psyx.c)
uiH L(Ppxc) H daso-aMmautyauyo @c(Psxc) XapaKTepHCTHKH, 3a-
nHuuetTcs B BHAE

Poxc=0,5U2Re Y, 5s(U,)/(1 —L—" —|Tyf?);
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L=4/]l +Toxy|2=4/(1+ 2T cos gy +I?);

¢, = arctg [ sin gy /(1 +T cos gn)],

rae Tex=—(1—Tsxn)/2 — KO3 PHLHEHT OTpa)KeHHS OT BXOZa oOrpa-
nuuntenst; Fexv=Texp (ipx) = (2Yo—Yaxn)/(2Yo+ Yaxn).

HOasa nuuneitnoro pexuMa (Ua=0) umeeM Iys=0, I'sx=S1p U Lo=
=4‘/| 1+811|2.

Jns curHazia NpoM3BOJIBHOrO ypoBHA I'me=Twnexp(ip). YuureBas
YHHTApHOCTb MaTPHIH paccesiHHs LEeNH CBA3H, NOJYYHM

FBX N = ei [ 27 (S_ei (‘Pu+\p)) / (l _SI"IH ei ((Pu+‘l7))’
rae S=|Sy|=|Sa|; gij=arg Si;.

AHanu3 NOJYYEHHBIX COOTHOIIEHHI II03BOJISIET ONpPENENHTb YCJ0-
BHSl peasiH3allid OrpaHHYHTENS ¢ MaKCHMaJbHO BO3MOXHOH BeJHYH~
noit kauectBa Korp= (V Lo—1)/(V Lp—1). Ouu paBub: ;= =*2kx,
2= *+n. Peannsauus takoro orpaHHYHTENsI CBOAHTCH K obecnevyeHHIO
pe3oHaHCOB (KOMIIEHCAallHH DeaKTHBHOH COCTaBJSIOILeHl NPOBOAHMO-
CTH, BHOCHMOH B TPakKT) NPH MHHHMaJbHOM H MaKCHMaJbHOM YpOB-
HAIX CHTHaJsa.

Hrak, npu 3afaHHHX NOTepsiX NponyckaHus Lp orpaHHuHTeNbHas
H (a30-aMIVIMTyJHasd XapaKTEPHCTHKH OrpaHHYHTEJNd C MaKCHMaJb-
HBIM 3HauyeHHeM Korp He 3aBHCAT OT CXeMbl peasIH3alliH LENH CBA3H H
ONpeneNsioTC HEJHHEHHOCTBIO HCIOJb3YeMOro AHOAA. DTO CBOMCTBO
MoxeT ObiTb oOeclieueHO H B OrpaHHYHTEJSX, BHIIOJHEHHHX Mo Gosee
obeii cxeme [43]. :

BosnukHoBeHne A®K B CBY orpannyutensx oGyc/OBJEHO TEMH
e NPUYHHAMH, YTO H B pereHepaTHBHBIX YCHJIHTENAX. DTO O3HAyaerT,
YTO IPH MOCTPOEHHH OrPaHHYHUTENS BO3MOXKHO yMEeHbleHHe BHOCHMBIX
HM aMIUIHTYJHO3aBHCHMBIX (Da30BBIX CABHIOB.

W3 npuBefeHHBHIX COOTHOIUEHHH TPYAHO CHAE€JAThb BHIBOAK O BJIHSA-
HHH nmapaMeTpoB uenH cBA3H Ha PAX orpanuuurens. Iloatomy ue-
Jlecoo6pasHo paccMOTpPeTb pe3yJbTaThl ,

YHCJIEHHOTO pacyeTa OTPaHHYHTENS CHI- /670
HaJIOB MaJIoro ypOBHs, INpeAcTaBJeHHbIE
Ha puc. 11.15. Tlpu 3agaHHBIX HOTEpsX
nponyckahusi Ly=0,6 n1b usmensnaco Be-
auyuHa S (chJloWHas JIHHHS COOTBETCT- - %
ByeT S=0,89, T. e. ONTHMH3HPOBaHHOMY

10 Korp OrpaHHyHTE/]I0, TYHKTHPHAS JIH-
Hust — S§=0,91). axe He6oJiblIoe OT-
KJIOHEHHE NTapaMeTPOB IleNH CBA3H OT Ma- gl;g-o -if;.fﬁ;noﬁﬁiﬁ"“"}f";‘li‘é’ Hu
PaMeTpOB ONTHMH3HPOBAHHOM LEMH NMPH- Pa> orpauzv-m‘rena “‘;m pga_
BOLHT K 3aMETHOMY YBEJHYEHHIO BHOCH- ynx napaMeTpax wuemH CBASH
moro ¢asoBoro casura. Kak BHAHO, B

ONTHMH3HPOBaHHOM orpaHuuHuTese ADK BripaxeHa cnabo — Bo BceM
IHama3oHe BXOJHOH MOLIHOCTH BHOCHMBIH (pa3oBblii CABHI He MpPEBHI-
waer 3°. YuHTbIBasi, KPOMe TOrO, YXyAUIEHHe H OTPaHHUHTEJbHBIX
CBOACTB HEONTHMH3HPOBAHHOrO OrpaHHYHTENsl, ONTHMH3HPOBAHHBIA 110
Korp OrpaHHuHTe b CllEfyeT PEKOMEHA0BaTh B KauecTBe OCHOBHOTO IS
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NpHMEHEHHSI B NPHEMO-YCHJIHTEJbHBIX TPAKTaX, 'ie TpeGyeTcss MaJblif
aMITHTYJHO3aBHCHMBIA (a30Bbiii caBur. [Ton6opoM mapaMeTpoB LenH
CBSI3H OrpaHHYHTessl, OJH3KHX K ONTHMAaJbHBIM, MOXHO AOOGHTbCSA
yMeHbLIeHHs1 ()a30BOro cABHra BO BCEM AHana3oHe BXOJHOH MOLIHOCTH
1o 1°. YunTeiBass pa3bpoc mapaMeTpoB AHOJOB H 3JEMEHTOB LEMH CBf-
34, cJeAyeT PEKOMEHJO0BaTb pacyeT LeNH CBSI3H, HCXOAS M3 YCJOBHI
peaJH3alliH ONTHMH3HPOBAaHHOTO OrPAHHMUHTEJNs, C NocJenylollel Ha-
CTPOHKOH OrpaHHUYHTeNs] Ha peXHM, obecrneuHBaIOIMH MHHHMaJbHbIE
(¢a3oBbie HCKaKEHHS. :

Bce ckasaHHOe OTHOCHTCS W K BbIGOpY uenu cBssu crabuansatopos CBU wmom-
soctd. Ecau .BH‘GpaTb uefib CBA3H TaK, 4yTOo6b Ha MUHHMAJbHOM H MaKCHMaJbHOM
YpOBHAX MOLIHOCTH B nepenalou.wﬁ TPaKT BHOCHJINCh YHCTO AKTHBHBIE IIPDOBOJHMOCTH,

TO ‘BO BCEM JIHaMa3oHe H3IMEHEHHS BXONHON MOILHOCTH BHOCHMBIA (a30BbIA CHABHI
MHHHMaJIeH.

11.4. PereHepaTHBHBIN IapaMeTPHYECKHI YCHIHTEIb

TipyAHOCTH aHanH3a CAOKHBIX lemef, MOCTPOSHHHIX HAa OCHOBE MOYTPOBOMHUKO-
Boix HJ, yBesuumBalorcss npu uccaeposanun CBUY ¢ mepeMeHHHIMH mapaMeTpaMu.
K #X uHCoy OTHOCATCS pereHepaTHBHBe TapaMerpudeckHe ycHmuteau (PITY). 3a-
MeHa peasbHOro yCTPOACTBA € paclipeleleHHbIMH MapaMeTpaMH SKBHBAJIEHTHON LeMbIo
¢ COCPeLOTOUYCHHBIMH NMapaMeTpaMH He AaeT OYLIECTBEHHOTO BLIATPHIIA B TOYHOCTH
aHaMH3a, TaK KaK TaKOil MepexOX fBASCTCS TIPHOJHIKEHHHMM Y (MPaBelJUB B OTHOCH-
TeJIbHO y3KO# mojoce yactoT. [103TOMy BBOIHTCSA PAJ NPENNONOXKEHHH, YIPOLLaoIWHX
aHaju3, HO TPHBOASUIHX K YBEJHYEHHIO MOrPeMUHOCTH pacueToB. OMHUM H3 Homylle-
HHUA SIBASIETCS TO, YTO ZIPOLECCH B HCCANYE€MOMA leMH MOryT GbTb OMHCAHL KOHEeY-
HbIM YHCJOM TapMOHHYECKHX COCTABJISIOIHX TOKOB M HampsiKeHWH, Gaarofaps uyeMy
yaanock npoaHaansupoBath CBUY, paGoralomue B YCIOBHAX INepeflayd OHTHaJaa
3HAUHTENLHOIO YpOBHS. IIpH 3TOM aHa/mM3 CTaUMOHAPHOTO PeXHWMAa CBONHTCA K pe-
LIEHHIO CHCTEMbl HeJNHWHERHBIX aareGpandecKHX YpaBHeHHH, HalpHMeD, MeTONMOM HTe-
paunii Ha OBM. Jas mpocrefuunx pasuwoBuaHocTedr PITY BO3MOMMHBLI H aHaJHTH-
YECKHe petleHHus.

PaccMorpuM HanGosiee pacmpOCTPaHeHHB!l THN NapaMETPHUESCKOrO YCHIHTENS —
PITY ¢ oaHoit XKOMOHHAUHOHHOH (XOJIOCTOH) YacTOTOM OTPaXKaTeJbHONO THIA C LHDP-
KyastopoM. Takoi yCHAHTeNb HMeeT MHoro oGutux cpoficte ¢ OPY ¢ nocTOSHHLIMH
napamerpaMu. OnHako cneuudHyeckuii Irpouecc 06GPa3oOBaHHS OTPHILATEJBHOTO CO-
npotusaerns B PITY npHBOGHT K HeKOTOPHIM ocoGeHHoCTsM uccaegoBaius A®K u
pacyera DAX.

Anamus PITY, wncmosb3yioluii HCXOmHble cOoTHolueHUs: [44, 45],
NPOBOAUTCS NPH YCJIOBHH, UTO:

€MKOCTb NOJIYNPOBOAHHKOBOIO JHOJa H HamnpsixKeHHe Ha Hell CBs-
sann  3apucuMocteio C(u)=B/V u, rae B=C,V Uy+ipy; Co— ems
Koctb B paboueit Touke; Uy — Hanpsi)keHHe CMEILEHHS; (o — KOHTaKT-
Hasl pa3HOCTh NOTEHIHAJIOB;

NpH AEHCTBHH B LM FeHepaTopoB CHTHasla er=Erm cos (wif+@1) H
HakaykH e3=Ejsn cos (03t +@3) uepe3 eMKOCTb NPOTEKAET TOK

i= 11 e' (0, t+¥,) +ll el (@5t+¥,) +13 ei (@st+0s) ,

rie I, — aMniuuTysa TOKa KOMGHHALMOHHON YacTOTH =3 — ).
Ilenn koMOHHALHOHHOH YacTOTBl H YacTOTHl HAaKaykH, KaK MpaBHIIO,
3HAYHTEJIbHO IIHPOKONMOJIOCHee LENH CHrHajJa H BHIOJHEHH IO Npo-
CTHIM CXeMaM C HCIOJb30BAaHHEM DE30HAHCOB Ha NMapasHTHHX Napa-
MeTpax AMOAA.
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OcHoBHyl0 poJb NnpH (OPMHPOBAHHH YaCTOTHHIX XapaKTEPHCTHK
PITY urpaer uerhipexmoaiocHHK cBsid3n N. IIpH clenaHHHX mpeamnoJo-
xenuax PIIY onuchiBaercsi cucreMoii ypaBHeHuii [44, 45]

: 1 L

hat 2 5,0, =B

: 1 L 11.6)
1222+ 4 B2 0, O3 _0’ [ . (

7 l 1.1'12 _

foZs—gp G =50 |

rae Zi=Ra;i+rm+iXi=Rai+rn+i (xi—A/(ﬂiB) ’

e-vorn-ge (S (&) o

Ey — HanpsKeHHe XOJOCTOrO XOJa Ha 3axuMax 2—2 cO CTOPOHBI
YeThIpeXno/locHHKa N NpH 3alaHHOM YpOBHe CHrHaJa Ha Bxoje PITY.

MoluHocTs rapMonHYeckoro curiaja Ha Bxose PITY cBsizaHa ¢ E,
COOTHOILEHHEM |E1|=V8P3x,cRa1, a MOIIHOCTb TFeHépaTopa HaKaukH
¢ E; — cooTnomenneM |Esz| =)/ 8P3Ras.

Haa PITY ¢ rapMOHHYeCKHMH TOKaMH Heo6XOZHMO ONepHpPOBaTh
conporuBaenneM HD Zy, u amnautynofi Toka uyepe3 Hero ([a=1;).
[TosToMy HOpPMHPOBKa MaTpHIL paccesHHs Lend CBA3H N NMpOBOAHTCSH
no conporuBienusam W; u W, Beanunna W, BriGupaercsi paBHOIi
BOJHOBOMY CONpPOTHBJEHHIO LHPKYyJasitopa, a Wy — B COOTBETCTBHH C
metonukoit § 11.1. 3a conmporusnenne HD mnpuHHMaercs CONPOTHB-
JleHHe, BHOCHMOe B ILlellb YacTOThI CHTHaJla CO CTOPOHH KOHTYPOB Ha-
KaykH H KOMOHHALHOHHOH YaCTOTH Ha 3axHMaXx 2—2: Zy,=Ryus(1a) +
+iXus(la). Ecan otHec™M Xu5(0) K uemu cBas3u N, T0 Zus=Rus(la) +
+i‘AXn.a(]a) , e AXn.a([a) =Xn.a(la)—Xn.a(0) .

IMonoxus Wy=|ReZy,(0)|, monyunM cucTeMy ypaBHEHHH, OMHCHI-
Bawowmyio PITY npu curHane 60.bwioro YpOBHS H aHaJOTHYHYIO
(11.1) u (11.2). BcaencrBue cnemudukn PITY 3ta cucrema peia-
eTcs ¢ Hcnosab3oBanueM yp-Huit (11.6). ConporuBaenne Z;, Bxoadliee
B (11.6), oaHO3HAYHO CBSI3aHO C IapaMeTpaMH MaTPHUbl pacCesiHHS
uenu cBsizu Z;=W,(1+Sg)/(1—S22) +7n. ‘

Bansuue uenu cBasn Ha AX n ®AX mapaMeTpHYeCKOro YCHJIHTeNS
aHajorHyHo OPY ¢ NOCTOSHHEIMH mapaMeTpaMH.

HaiineM npu6inxeHHble ycjoBusi peasudauun PITY ¢ MuHHMa/b-
HBIMH BHOCHMBIMH aMIUVIHTYJHO3aBHCHMHIMH (a30BLIMH  CIBHTaMH.
Jas sToro Heo6X0AHMMO MHHHMH3HPOBaTh B 3aJaHHOM JHama30He
BXOJHOH MOIIHOCTH MaKCHMaJbHYI0 BeJHUHHY AXgs(la). [locnenpuss
MoxeTr ObIThb HaiifieHa M3 (11.6) c yueroM H3MeHeHHs 3((deKTHBHOM
€MKOCTH NOJ, JeHCTBHEM CHrHaJja

A Xas (1) Xao gu[(2- Y —(= )] +axe [ 1= (=],
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rae HHAekcoM «0» 0GO3HaYeHH MaJIOCHTHaJbHBIE 3HAYEHHS MapaMeT-
poB; AXc— nmpupallleHHe CONPOTHBJIEHHS €MKOCTH H3-32 YBeJHYeHH:
ypoBHSl curHana. AHanu3 (11.15) mosBoasier copMysaHpoBaTh ycJoO-
BHSI MUHHMH3aLUHH Qa:
X2=0, T. e. uenb KOMOGHHAIHOHHOH 4YacCTOTH IPH MaJIOM YypOBHE
CHTHa/la AOJI)KHa HAacTpaHBaThCSl B PE3OHAHC;
npupauieHHe conpoTuBieHuss AX¢ HOMKHO ObITh MHHHMAJIbHBIM.
310 mocTHraercs yBesqHueHHeM (B I03BOJIEHHBIX YCJIOBHSIMH peaJjin3a-
uuu Apyrux mapamerpoB PITY npeaenax) MOILIHOCTH HaKauykH; TOrAa
yBeJHYeHHe YPOBHS CHIHaJla MeHblle CKa3blBaeTC Ha H3MEHEeHHH
AXc u3-3a Gosbuiero 3HaueHHS [3; NMPH yBEJHYEHHH MOIIHOCTH He-
ob6xoauMo H30eraTb pexHMa pabGoThl
AHOAa C YaCTHYHO OTKPHIBAIOLIHMCS
p-n-IepexoioM;
BEIGOPOM OTHOLIEHHS YacTOT wi/ws.
Honyckas Manyio pacCTPOHKY KOH-
Typa KOMOHHALlHOHHOH 4acTOTHI, T. e.
s nonarasgs Xs70, MOXHO HECKOJbKO
il A 5 CKOMIIEHCHPOBATb POCT ((a, OBYCJIOB-
Puc. 11.16. ®aso-avnauryamas JICHHBIA H3MeHenuamu AXe. droro
xapaktepuctika PITY npn pas- MOXKHO HOOGHTbCA B Mpollecce HaCTPO#-
JHIHBIX NapaMeTpax YCHIMTENs KM yCHJIHTeNSl Ha 3aJaHHOH pabouei
yactoTe. [Ipu pabore PITY B wupoxkoi
noJsioce yactoT popma PAX Gyaer u3MeHATHCA B 3aBHCHMOCTH OT ua-
crotbl. Ouenky BaHAHHA napameTpoB PITY Ha BHOCHMBIi (ha30Bblii
CIBHT MOXHO IPOBECTH, AaHaJH3HPYAd pacCUHTaHHble 3aBHCHMOCTH
(puc. 11.16), cooTsercTBylouHe nanHbiM Taba. 11.2 npu fi=3 I'Tu.
TABJHUA 11.2

Homep kpuso#t C,, n® ' fer TT I P,, nB/BT
1 0,7 9,0 —9,1
2 0,5 12,0 —10,0
3 0,7 12,0 —7,2
4 0,9 12,0 —5,0
5 0,7 15,0 —5,6

H3yuenue 3sakoHOMepHOCTeli BIHSHHS LieNu cBSA3H Ha dopmy PAX
HHTEPECHO C TOYKH 3peHHs OnpefeseHHsT 3PPEeKTHBHBIX CIIOCOGOB KOM-
neicaund A®K B Kackanano coenuHeHHnix CBUY. Iposenenusie pac-
yeTsl (puc. 11.7) ‘MOATBEPKAAIOT BO3MONKHOCTb YIpaBJeHHS (OPMOii
®AX B 3HAYHTEJLHBIX NpefenaX. MHUHHMH3ALHA @, BHOGOPOM napa-
MEeTPOB LleNH CBA3H LieJiecoo6pa3Ha TOJbKO MPH PacCTPOAKaX KOHTYpa
KOMOHHAUHOHHOH 4acTOTHl. B NpOTHBHOM cilyyae BHIMIpHIII B MOLI-
HOCTH HACHILIEHHSI He3HAUHTEJIeH.

11.5. Ooramusuposanserii PITY

Ins noapoGHOro omHcaHus onTHMH3HpoBaHHoro PITY, B KOTOpOM
BBINOJIHAIOTCS YC/IOBHSI MHHHUMH3allHH Qa — OHH MOJIyYeHH Ha OCHOBE
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(11.6), — caeayer npoaHaJH3HPOBaTh ero ¢a3o-aMMIHTYAHYIO Xapak-
TepHCTHKY. He3aBHCHMO OT cnoco6a peasiH3allHH YCHJHTeNb OIHCHI-
BaeTcsl 3KBHBaJIEHTHOH cXxeMoli, KoTopas mpejcraBjeHa Ha puc. 11.18.
Torpa B mpeamosioxeHHH caaboii CBSI3H MeXAy KOHTYypaMH — 3TO CoO-
orserctByer ycaoBuio Co>>[Cy; Co] — u paccMaTpHBasi paccTpoiiKy Kak
(GYHKUHIO MOIIHOCTH BXOJAHOTO CHrHajla, MoxHo omucath ®AX Bhpa-
XKeHHeM [44]

(Pa=arCth7]on§P5x.c . (11.8)

3pech E=2Aw/wo— paccTpolika OTHOCHTENIbHO PE30HAHCHOH YaCTOTHI
o ’_ R KOHTYypa CHrHa/la wo; Qo — 3KBHBa-
pad| == JIeHTHasi JOOPOTHOCTh KOHTYpa CHI-

HaJa; "Mp— lapaMeTp pereHepauus,
dofé NN onpejiensieMblii NIPH H3MEHEHHH eM-
KOCTH 10 TapMOHHUYECKOMY 3aKOHY
Kak 1mp = Il — (m/myp)?], rae

Ik

Puc. 11.17. Bnusume napamer- Puc. 11.18. DxsuBa- Puc. 11.19. k-
pOB LIEMH CBA3H (2 HAa aMIUIH- JIEHTHas CXemMa pere- BHBaJIeHTHas
TyAHYl0 ¥ ($a30-aMIIHTYAHYIO  HepaTHBHOrO JAByXYac- cXeMa IapaMeT-
xapakrepuctuku PITY TOTHOrO MapaMeTpHYe-  PHYECKOrO YCH-
CKOTrO YCHJIHTENS JUTENs Ha Yac-
TOTE CHUTHaJa

m — ray6uHa MOAYJSLHH; Myp — KPHTHYECKass TJyOGHHA MOZLYJSLHH,
[IpDH TIpeBBILIEHHH KOTOPOH cHcTeMa Bo3Oyxpaercsd. s peasbHBIX
JHOJ0OB NMapaMeTp pereHepallHu ompejensiercs 6oJjiee CI0XKHBIM Bhipa-
KeHHeM

2 2 2
B v 7 342 15 >]}
"P,_l/{l_z—mi;‘/l—T[l—TO“’%Vg

rae yi=U;/(Uy+q) =1i/@:Co(Uo+ o), U; — aMmnautyna HanpsKeHHs
YacTOTHl ®; Ha p-n-nepexope; i=3J.
Hns nocrpoenns ®AX Heo6x0aHMO HAWTH CBA3b H3MEHEHHH pac-
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CTPOHKH KOHTypa CHTHaJla M aMIVIHTyAH cHrHaJja., YuureiBag (11.7),
C JOCTAaTOYHOH TOYHOCTBIO HafileM NepBYl0 TFapMOHHKY HaNpSKEHHS
CHTHaJa Ha p-n-nepexoje

V4 Us4-Us
4y (0 =U, 1/1— ST sint+e), (1.9
2 2 2
m_ & 1/ _ Ui+ U+ Uy )
npuueM ee aMILTHTY1a U = ot 1 ———-BU[‘; 3necn

Ui=1i/(01Co); Uz=1I5/(03C0) u Us=1I3/(0sCo) — aMNAUTYaB Hampsi-
KEeHHH CHIHaJla, KOMOHHALIHOHHOM YacCTOTH M ‘HaKaykH Ha JIMHeHHOH
emkoctH Co.
O603Ha4YuM
Copp1=1/(0, UM). (11.10)

Benuunna C,pp) CBA3BIBaeT aMIUIHTYLy TapMOHHYECKOTO TOKa
YaCTOTHl CHrHaJa, Bo36yxaalouiero Bapakrop, ¢ ammianrynoit UM Bos-
HHKAIOILer0 Ha HeM HampsKeHHsS ToH e yacToThl. Ee mpHHATO Ha3H-
BaTb 3((eKTHBHOH eMKOCTbI0 MO HaNpSXKEeHHIO, TaK KaK OHa HMeeT
eMKOCTHBIHi XapaKTep H OnpejessieT aMIUIMTYQy HanpskeHus. I[lpu
BO30YXXJIeHHH BapaKTOpa rapMOHHYeCKHM Hamnpsi)KeHHEM aHaJIorHy-
HbIM 0o6pa3om onpegeasiioT 3¢¢deKTHBHYI0O eMKocTb no Toky [38]. M3
(11.9) u (11.10)

U2+U2+U2 1
Cs¢¢1=co/‘/l——l'——2—3—‘ =Co[l+ﬁ(7%+'?§+'?§)].

8UZ

U3 onpeneneHua 3¢ ¢HeKTHBHON eMKOCTH H pexXHMa XOJIOCTOro Xoja
IO1s1 KoMeGaHHH BceX YacTOT, KPOME€ YaCTOTHl CHrHasa, CiefyeT, YTO
pe30HaHCHas YaCTOTa KOHTYpa CHrHaja OnpejensieTcs ero KOHCTPYK-
THBHHIMH NapaMeTpaMH M eMKOCTblo Copp;. Ha uacrore —curhana
KOHTYp 3kBHBaJeHTeH 3jeMeHTaM C|LiRgR; u Cypp;, BKJIIOUEHHBIM
nocnenoBatesbHO ¢ HcTtoyHHKoM JIC (puc. 11.19). A umeHHo
wo=1/V L,[CiCop¢1/(C,+ Copp1)]. [Ipu ucuesarome MajsoM HampsxKe-
Hun curHana Coppr=Coppo, THe Coppo — 3HaueHHe d(PeKTHBHON eM-
_ KOCTH, ONpejejsieMoe B OCHOBHOM aMIUIHTYJOH HampsiXeHHSl HaKauKH.
Ecau HanmpsikeHHe HaKayKH TaKxXe OdYeHb MaJo, TO Coppo= Coppo= Co,
rae Co—eMKOCTb BapaKTopa B paboueil TOUKe, ONpelessieMOil MOCTOSIH-
HbIM cMmemieHHeM. Tlosarasi, 4YTO KOHTYp CHTHajJla HacTPOEH C y4yeToM
Coppo, uMeeM wo=1/V L,C Coppo/(C,+ Cspgo). Pesonancwas wacto-
Ta KOHTYpa CMellaeTcs H3-3a HaJlHYHS CHTHaJa

0=1/VL({C+AOQ), (11.11)

rae
C— C; Cspipo . AC= Ci A Cspp :
Cy+ Cspgo+ A Cspp # Cy + Copgo + A Conpgp
A Cyp0=Cs0er—Cst0 o- (11.12)
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H3 (11.11) mocne mpeo6pasoBaHuit H pasjOXKeHHS B CTeNEHHOH pan

HOJyYHM
1 AC 3 /AC\?
(o~(00[l— T-C—+_8-<T> —]
Ornowenne AC/C coramacuo (11.12) paBno
p=£=_é_ca¢ﬂ_x_l_(?2+v2)/<l+_l_v2> (ll 13)
c Coppo 162 16 '3)" )

C yyerom (11.13)

_ 1,8 e
(o—-(oo<l 3 p+ s P >, -
t_owe—e 8, U
2 @, 2 8

Moacrasus (11.14) B (11.8), monyunm Bupaxenue ans PAX
w,zarcthr]_on(p—%pz+...>. (11.15)

IIpy M3BECTHOM BXOJHOM HANpSKEHHH M HaNpsKeHHH HaKayKH TNa-
JeHHe HanpsKeHus Ha Bapakrope U;=——t—FE; Q; i=13.
Ci + Cspo

Ha puc. 11.20 npuseaeno cemefictBo PAX, pacCYHTaHHHX IO

(11.15) aas pasubx 3Hauennit np. Kpusas I coorsercrayer J npQ=
=80; 2—160; 3 — 400; 4 — 1000. Ecau Ha- %

CTpo#iKa KOHTYpa CHrHaJla BLIOJHEHa 6e3 yue- 4504

Ta eMKOCTH Cypg o, ONIpeessieMoii aMIJIHTY 10 *?\%

Hanpsi)KEHHST HAKauykH, TO HHTEHCHBHOCTb - \~\,.\\ {

A®K PIIY Heckonbko oTnHyaercs (kKpusbie I 1 Q\\\ SR

H 1’). YMeHblIeHHe MOLLHOCTH HaKauyKH TaKxKe \\ N

Bausier Ha ¢opmy PAX (kpuBbie 2 H 2'). ‘\
Ha ocHOBaHHH CKa3aHHOTO MOXHO CAeJaThb AN

BBIBOJ 0 ToM, uto A®K B ycTpoficTBax, OCHO- b N

BOM KOTOPHIX fIBJSIETCS HEJHHEHHBI# KOHTYD,

BHI3BaHAa H3MeHEHHEM pe30HAHCHOH YacCTOTHI 2

10
KOHTYpa M cMellleHHeM (a30-1acTOTHOI xapak- 0 00 002 003 00k 005
TePHCTHKH, T. e. Bce ocobennoctn ®AX obyc- Puc. 11.20. ®azo-ammmu-
qosjens popmoit PUX PITY, nonoxkennem Ha- rtyguele XapaKTepHCTHKH
4aJIbHOH TOYKH HA Hell H MeXaHH3MOM CMellle- PITY '
HHSl Pe30HAHCHOH 4aCTOThl KOHTYypa.

Bupaxenne (11.8) cnpaBesanBo nasi ciaydass MaJoH CBSI3H MeX-
ny xkontypamu. Ho storo ycnoBHsi HegocTaTouyHo. TOK, mpoTeKkarouiui
B HeJHHEHHOM KOHType C BapakTOPOM IIpH JeHCTBHH Ha HEM rapmo-
HHYeCKOro HaIpsiXKeHHsl, HMeeT CJIOXKHYI0 ¢opMy, B cBA3H ¢ yeM AUX
H OUX oT1HYAIOTCA OT aHAJOrMYHBIX XapaKTepHCTHK KOHTypa C JIH-
HeiliHO! eMKocTblo. HeslHHelHN! XapakTep eMKOCTH IIPHBOAHT K CHABH-
Ty 4acTOT, Ha KOTOPHX HalJ/MI0AAaIOTC MAKCHMYM aMILIHTYIH MepBOfi
TapMOHHKH H ee HyJeBas ¢a3a. MakcHMasibHasi aMIIHTyJa OTHOCH-
TeJIbHOrO Hanpsi:keHHs] Ha BapakTope, npH KoTtopoit AUX u ®UX He-
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JIHHeliHero KOHTypa OJHO3HAUHBI, pacCCYHTHIBaeTCss Mo dopmyJe

yio=4 / V' Q. TlosToMy HauGonbliee 3Hauenne HasoBOro CABHTa B KOH-
Type, KOTOpPOE MOXXHO pacCCYHTHIBATh MO NPHOJIHXKEHHBIM BbIpa’KeHH-
sam tuna (11.8), e npessimaer 40°. Ha npakTuke orpaHuuMBaloTCA
aMIUIMTylaMH, NIPH KOTOpPHIX (a3oBelii caBHr He Gouabiie 20—25°. B
NpoTHBHOM caydyae npu pacyeraXx ®AX Heo6XOAMMO MOJb30BATHCS HC-
XonHOH cHcreMolt yp-Huit (11.6).

pu6anxkenubie BoipaxeHus aas PAX no3possioT ¢ HeGOJBUION MOTPELIHO-
CTbI0 DACCYHTHIBATL AMILJIH Xmﬂosammumue ¢da3oBble CABHCH, He MpEBHIUIAOLIHE
25—30°. Oaxako pacyer ®AX B KaXIOM OTIEJBHOM C/Ayuae NPENCTABAAET CoGOR
10CNeN0BATENbHOCTD MPOMO3IAKUX ONEePalyil, 3aHHMAIOWKX 3HAUHTEIbHOEe BpeMs, TOrAa
KaK Ha mpakTHKe HeoGXoiuMa GHiCTpas olleHka (aso-aMIAHTYAHBIX HCKaXKeHHH,
OXHIaeMbiX npu ucnoJab3oBauuu PITY B 3apanHoM pexume. Hcnoab3oBaHue BMeCTO
mpHBefeHHEIX Bhipaxcewuii PAX coomBeTcTBylOLIEfi HOMONDaMMBI N03BOJIAET COKDa-
THTb BpeMs, TpeGyemoe I oleHk: (asoBbix cpoiicte PITY. Homorpamma nosso-
asier Haity GAX B 3aBUCHMOCTH OT HampsKeHHS HaKauky Ha BapakTope, Hamps-
JKE@HHs MOCTOSIHHONO CMellleHHsl, SKBUBAJEHTHON HepereHepHpPOBAHHON JOGPOTHOCTH
KOHTYpa OMrHaJa, MpearonaraeMoil PaBHOM COOTBETCTBYIOLLeHl NOGPOTHOCTH KOHTYpa

KOMOKHAIIMOHHO{I  YacTOThl, COOTHOIIEHHS ° YACTOT KOMGHHAUHOHHOM W  CHI-
Hana [98].

11.6. PIIY Ha BapakKTOpe C YaCTHYHO OTKPLIBAIOIIHMCSH
. p-n-nepexomom

Ucnonb3ys TokoBHI pexuM paborsl PITY, B KoTOpOoM p-n-mepexox
BapaKTopa YaCTHYHO OTNHpaercsl NMoJ JeHCTBHeM CHrHa/la HaKauyKH,
MOXHO MOJNYYHTh OGOJBLIYIO [VIYGHHY MOAYJSILHH €MKOCTH, CJeloBa-
TEJIbHO, YMEHBIUIHTh MOILHOCTb CHTHa/Ja HaKaukH H peasu30oBaTh ILIH-
POKOMNOJIOCHOE yCHJIeHHe 6e3 HCIONb30BAHHSI KOMIIEHCHPYIOLIHX lie-
neii. Mcxoanble cOOTHOLIEHHsT IJsi aHanau3a o6oO6leHHol cxembl PITY
B TOKOBOM pexKuMe mnpusefeHbl B [46]. OrpaHuunmcss aHaau3oM npo-
cToit sKBuBaseHTHOH cxeMsl PITY (cM. puc. 11.18), Bocnosb3oBaB-
IIKCh U3BECTHOH MeToAuKOH [49].

Hanpsixxenue Ha p-n-nepexoje BapaKTopa CBSI3aHO C 3apsilOM

—_— v .

h(@o—g~)® mpH g~ <go; (11.16)
0 IpH G~ =>(o,

rjae q¢ — cocTraBJidoulana 3apﬂ11a, 06YCJIOBJIeHHaH TOJIBKO Hanmee-

HHeM @ : h=q,(1—n)V(Copo)~; v=(l—n)*'; n=—;— HJIH % O6o-

Qo— Up-n= {

3HAYUM
— 1—y
149y I VAEE] Y (11.17)
X = ( q~—q¢) / (unH + q¢)’
rli€ Gmma — 3apsifl, COOTBETCTBYIOIIHA MHHHMAaJIbHOH €MKOCTH Bapak-
TOpa MPH JaHHOM MOLIHOCTH HaKaukH: y= (§maxc—q o)/ (Guaxc+Go )—
K03(DHUHEHT, XapaKTepH3YIOUHH CTENeHb OTNHPAHHS p-N-TEPexona;

gmaxc — 3apfifl, COOTBETCTBYIOLIMA MaKCHMaJbHOH €MKOCTH Mepexoja.
Torpa ¢ yuerom (11.16)
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Xo— X v .
_— npu x Xos
=<l+xo> P <%

0 IpH X = X,.

(11.18)

Buipaxenne (11.18) MoxHO NpeicTaBHTh B BuAe psina Pypse mo mo-
auHoMaMm JlexxaHApa U B BHJe CTeNeHHOro psja

y= XChP (x) = za,,xk (11.19)

k=0
Uz (11.19) c yueTom (11 18) u (11.17) nmoayyaercs

¥~ %n —d0_1-v) 2 | 11.20
PotUp.n 2 [( Guun + 9o + 2 )l‘l'?]. ( )

O6o3uauns b (y) =2 (1—y) (gmm+90)],

d(‘y):l—?— 294 1
147  quuutge !V

puipaxeHnue (11.20) MoxXHO 3amucaTh B BHAE

Po—Up-n= ((Po + uum{) Z ag (V) [b (Y) g~-t+ d (Y)]k

k=0

OrpanuuuBasice TpeMs ujleHaMu psza Zar(y) [b(y)g~+d(y)]* mo-
Jydaem

Po—Up.p 2 g
= v I~
Qo+, 147 1) G 1 9o +
2
1 9=
+1+vq’"(") (G 1 99 ) +o @), (11.21)

rae ¥, (y) =a;+2ya;: Wy=4a./(1+vy). IIpeacrabienue (11.21) B Buﬁe

2
Po—thn _ ¥, ('\’) 2q. q-.
Po + Uuun B l+?[ ( ) q""“+q¢ +(‘7mm+qq> )2]+b(‘y), (1122)

rae BeanunHa Wo(y)/(1+vy) ana 0<y<0,25 6au3ka K eAHHHLE, NPH-
BOJUT K BhIPaKeHHIO

Qo — Fly) — 29~ ¢
Po -I— uM,,H ¥ Guun + 9o (quun + 494 )2

Caaraemoe b(y) ompenesnsieT MOCTOSHHYIO COCTaBJSIOILYIO TOKa depe3
OTKDHITHIH p-n-Nepexo] BapakTopa. YBeqHUeHHEM LIYHTHPYIOLIero Aefi-
CTBHSI BapaKTOpa MOXHO NpeHeGpeub, MOCKOJbKY TpebyeMoii n06poT-
HOCTH KOHTYPOB CHTHaJla H KOMOHHALHOHHOH YacCTOTH MOXHO J0GHTb-

I .
Csl yBeJqHMYeHHeM mnapaMmerpa pereHepamuu. Ilosmaras q~=—;smmt,

+b(y).  (11.23)
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4YTO CnpaBeaJIHBO NPH MOAYJALUHH €MKOCTH BapaKTopa TOKOM, Ha-
Npsi2)KeHHe Ha p-n-nepexoje BapaKropa olnpene/HTCs

, U4 U2 4+ U2 .
uc<t>=Ul[F<v)—1+‘/1————'i;7:ii ]sm(colt+cp1).
0

Hcnonb3oBaB onpenenenne sp¢pekrusHoit emkoctH (11.10), monyuaem

U2 U2 4 U2
cml—co/[m)—lﬂ/l —'J;—Uit—a- ] s < 0,25;
0

(11.24)

U+ U3+ U3

Cs¢¢1=co(l+Y)/1»2[F(‘Y)-—l—l—l/ 1— 02
0

]mm y>0,25.

(11.25)

3nech
Fiy)= Yi(v) _ (@ +2da)(1+7y) _
¥ (¥) 4a;
l——(511—713)+2da2] 149
4a,

I= _(1+v)2[ (V_IH_]
3
I = — (149 (V_l)j=o (7—-1)'<t+_2—>

1

— K03¢$HLHEHTH, aHaJIOTHYHbIE NOJYYeHHHM B [49].

YBennueHue paccrpoiiki B PIIY ¢ oTkphiBalomuMcss mnepexoioM
no cpaBHeHHio ¢ PIIY Ha BapakTope ¢ 3amepThiM mnepexoaoM obyc-
JIOBIEHO JeHcTBHEM AH(P(QY3HOHHOH €MKOCTH, KOTOpasi 3HAYHTeJIbHO
npeBbiliaer OapbepHylo. Ilpeacrasum (11.24) B BHAge cTelneHHOro

psila
1 Ut 4 U3+ U3
Cs(pq;l CO[F(‘\,) + 16F2(y) ( Ug 4+ ... ]

Ilonaras, 4To CABMI \DE30OHAHCHOH YacTOTH OOYCJNOBJIEH H3MEHEHHeM
addeKkTHBHOH eMKOCTH, mosy4yaeM Bhipaxenue 1ia ®AX PIIY c vac-
THYHO OTIHPAIOIHMCS p-n-NepexojJoM BapaKTopa

@, = arctg)/ n, Q (p—0,75 p* + ...). (11.26)
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31mech

L, U+ U3+ U3 .-
MGy LF T 18P ® 8 U2

Csppo [1/F (v)+ (U3/8 U)/16 F2(y)+ . . .]

1 1 U3
_ + 32
F(v) * 16F,() \8 U2

®da30-aMIIHTYAHbIE XapaKTEPHCTHKH, NMOCTPOeHHHE mo ¢-je (11.26)
JJIs1  pa3/IHYHbIX 3HAUYEHHH y H

V mp Qo, npuBeseHn Ha puc. 11.21. (g, (\,lt““/ 04 po

30 K L~
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TOPHHIX YCTPOHCTBaX C YaCTHYHO 20 , 1,7, |200
OTIHpAIOLIHMCA pP-n-NepexoJoM Ba- /, 02|10 |

paKTOpa CyLIeCTBEHHO Goubllle, He- 7 éé . IR
JKeJH B YCTPONCTBaX, BapaKTOPHl . Tl

o R ]
KOTOPBIX MOCTOSIHHO 3aMepThl. ITO g

?
OéyC‘EOB’HeHO ACHCTBHEM n.mb(bysn- Puc. 11.21. ®a3o-aMRAHTYAHHE Xa-
OHHOH €MKOCTH, KOTOpas TOPa3fl0 pakrepucrukn PIIY ¢ OTKpHBANOMHM-
6oJiblie GapbepHOii. ¢ p-n-TepexoROM
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DA30-AMIINTYAHBIE XAPAKTEPUCTHKH
TPAH3UCTOPHBIX INPEOBPA30BATEJIEN
JACTOTHI
®

12.1. O6mue noHATHA 0 HA30BBIX CBOMCTBAX
npeoGpa3oBaTeieli 9aCTOTHI

ITpeoGpa3oBaTesin YaCTOTH B CHJIY XapaKTepa BHINIOJNHSAEMOH HMHB
onepalHH — IepeHoca CIHEeKTpa YCHJIHMBAEMOro CHrHaJja H3 OJHOTO JIH-
ama3oHa YacCTOT B JAPYroil — NpeAcTaBJasIOT co6oii HeJMHEHHbie HHep-
HHOHHHE ycTpoficTBa. Mcmosb3dyeMbie B HHX peasibHHe HeJHHEHHHIE
3JIEMEHTbl MOTYT CYHTATbCsi G€3bIHEPIHOHHBIMH B OTPaHHYEHHOM JHa-
nasoHe yactor. KpoMe Toro, B cocraB npeobpa3oBaTelsl BXOAAT JH-.
HelHhE PE3HCTHBHBIC H DCAKTHBHLIC 3JIEMCHTH KaK COCPEAOTOYCHHHIE,
Tak H pacnpefeseHHbe. I[TosToMy Ass mpeobpa3oBaTesst 4acTOTHI Xas
pPaKTepHa HHepPUHOHHAs HEJHHEHHOCTb. .

Harasanubie npencTaBJ/eHHs O Q)aBOBle OBOHCTBaXx npeo6paaoaa1-e.vm YacTOTH R
3aKOHOMEPHOCTAX HX H3MeHeHHs B HHTePBaJe YDOBHeH BXOLHONO CHTHANA MOTYT,
GHITh MOMyueHH MNPH YCJHOBHH, YTO aHANH3 PaGOTH mpeoGpasopaTens GasHpyercs Ha,
HOMOJL30BAHNH OOLMX CTPYKTYPHHIX CXeM H IIMDOKHX (uaMueckux nousthi. B 'co-
OTBETCTBHH C 3THM npeobpa3oBaTesb YacTOTH pPaccMaTpHBaeTCs . B BHAeE mecmuo-

mochmka (pmc. 12.1), x 3axumaM xoroporo /—I' u 2—2' COOTBETCTBEHHO nOLBE-
ReHb MHpOPMALNOHHLA CHMHan H CHMHan retepoluHa wi=U;sin(oif+@1) u ta=-
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=U: sin(0z2+q@2). KoneGanne npeoGpasosanuofi yacToTh us=Us sin(@st-+@;3) BH-
RejsieTcsi Ha 3axuMax 3—3’.

K o6oGwentnomy uerTHIOMOCHHKY CBORSTCS NPAKTHYECKH BCe (Pa3HOBHMHOCTH
1 N npeoGpasoBatesieli, MIPHMEHSAEMBIX B PaAHO3JEKTPOH-

. e Hoil annapatype. K paccMaTpuBaeMoMmy Kaaccy Mo-
1 % TyT OBITb ‘TaKXe OTHECEHbl MOAYJMATODH, YMHOXHTe-
[ vl JIH YacTOTHl M ApYrHe YCTPOHCTBA, XapaKTepHbIM
U NPH3HAKOM KOTODBIX SIBJISIETCH Pa3JjiMyHe YacTOT BXO-

HOTO H BBIXOJHOI'0 CHTHAJIOB.
j 4 l 3anauva, KoTopasi JoJIKHa GBITh pelleHa

NpH aHaJHTHYECKOM HJIH 3KCIHEpHMEHTaJllb-
HOM HccaenoBanud [IY, 3akJioyaercs B
OTBICKAHHH 3aBHCHMOCTH, CBSI3bIBAIOLICH H3-
MeHeHHs1 (a3bl KoJsieOaHHS NpeoOpa30BaHHOH YaCTOThl M aMIIHTYbI
BXOJHOrO KoJsieGaHus, T. . Ags=F (AU;).

Jlpumensemas npu 5TOM MeTOOHMKA 3aBHCHT OT (mocofa CXeMHOH peaJu3alluy
~TpeoGpasoBaTeas H €ro MecTa B COCTaBe DaHOTEXHHYECKOTO TPaKTa, a TaKXe OT
_pexmMa paGoTh. Jaa paGoTH mnpeoGpa3oBaTeleil YaCTOTH XapaKTepHH PEXHM
«60/ILILOr0» CHrHaja, konaa [TY cunTaeTcs HeJHMHeAHBIM YCTPOACTBOM KaK JJs HH-
* (pOPMAIHOHHONO CHrHasa, TaK M IJS OHMHAJOB Uz M Us, H PEXKHM «MaJOro» CHIHa-
12, KOTJAa CHMHAJ TeTepPOIHHA HJIH MOAYJHPYIOUIHH CHIHaJ] 1O yPOBHIO MHOTO
(GoJbllle OCTAJIBHBIX CHDHAJIOB, AJAS KOTOpmx ITY cuuTaencs KkBasuauHeHAHBM. Bro-
poit pexuM paborel [IU siBasieTcss yacTHhIM <aydaeM mepBoro. Ilostomy ¢asa mpe-
00pa30oBAHHOr0 KO/6GAHHS pacCMaTpHBAETCH KaK QYHKUHSA IBYX NepeMeHHBX —
AMNAXTYR HHGOODMAILMOHHOTO CHMHaJa H CHMHajJa TeTepofuHa. AMasH3 3TOfl 3aBH-
CHMOCTH B O0ieM ciayyae CjelyeT IIPOMIBOILMTR HAa OCHOBE MeTOJa KOMINIGKCHOTO
koapduunenta mepefaun. OQHAKO HCCIeNOBaHHe paTHOTEXHHYECKHX Lenell MeTo-
IOM KOMIUICKCHOH HENHHEHHOCTH CONPSKEHO CO 3IHAYHTENBHBIMH TPYMHOCTIMH. BBH-
ay 3toro avaauz ITY orpaHuunBaeTcss YaCTHHIMHM CJOy4asMH, YTO OTKPLIBaeT BO3-
MOXHOCTbL OmpeleseHHBX ympouieHHi. [locaeqHee OCOGEHHO BaXXHO, TIOCKOJBKY Kap-
THHA sBJEHHI B npeo6GpasoBaresie YaCTOTHl M €r0 CXeMHAas DeaJH3alHs OTAHYAIOTCA
66/buiell CMOXKHOCTBIO IO CPaBHEHHIO C ADYTHMH THIIaMH DalHOTEXHHYSCKHX YCT-
POMCTB, HalpHMEpP YCHJHTEIAMH.

Tak, cpaBHHTEJbHO HH3KOYaCTOTHble NpeobpasoBaTe/id, paboralo-
1iHe B pexXHMe «OOJBLIOrO» CHrHajla H BHIOJHEHHBIE Ha aKTHBHBIX
aJleMeHTaxX OObIYHOro THHAa — JlaMNaX, NoJIeBblX U OMNOJNSpHBIX TPaH-
3HCTOpax, CJeJyeT aHaJH3HPOBaTb Ha OCHOBE H3JIOXKEHHOH B TV 5
metonnkd. Torga npupamenHe (a3oBoro cABHra MOXXHO IPEACTaBHTb
CYMMOI'/'I HECKOJIbKHX He€3aBHCHMbIX KOMIIOHCHTOB:

A@pp=A0,s+Ap;+A g, +Ag,

3necb Agas onpefensieTcss THIOM NPHMEHEHHOTO aKTHBHOTO 3JIEMeH-
Ta, €ro PeXHUMOM [0 MOCTOSTHHOMY TOKYy, cXeMHo# peasnusauueir ITU
H NMana3oHOM YpPOBHeHd BXOJHOro CcHrHaja; Ag; H Agy 00yCJOBJEHBl
3aBHCHMOCTbIO CONPOTHBJIEHHA Ha 3axXuMax I—I’ u 2—2’ or aMmjH-
Tyan npeoGpasyemoro kKoaebanusi (U;) u curnana rerepopuna (U,);
Aps 06yciioBleHa H3MEHeHHeM CONpPOTHBJEHHS Ha 3axHMax 3—3'.
MeToHKa, aHaAONMYHAs YyKa3aHHO# W OCHOBaWHAs Ha pelleHHH HeJHHeHHbIX
UAH JHHeRHBIX IHMDepeHIHaJIbHBIX YPaBHeHHA C mepeMeHHBIMH Ko3hbHUHEHTaMH,
MOXeT GHTb NpHMeHeHA H Ajs aHasnusa paGore ycrpoiicts CBY auamasona. Ho
OHA NPHBOAHT K CJIOXKHBIM COOTHOWIEHHAM H IJIO3TOMY HCIOJIb3YIOT ammapaT KBa3H-
JIMHefiHOM TeOpHHM mpeoGpasoBaHusi yacToTl [14], nmpmmemntenvho k pabore IT4 B

pexuMe «Masnoro» CHrHajla. Tako#fl NMONXOM NO3BOJSET NPOAHANUIHDOBATh SABJAEHHS,
CBfI3aHHHE C aMIJHUTYNHO-(a30BOii KOHBepCHell, Ha OCHOBe G6oOJiee NPOCTOTO MaTe-
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MaTHYECKOrO amnapaTa AJs INHPOKOrO KJacca mTpeoGpa3oBaTtenell 4acTOTH. ITOT
Meroa cmpaBeaaus aas T4 mo6oro auamasoHa yacror. Huxe 6yayT paccMOTpeHR
npuMepH NpHMeHeHHs oGeHX MeTomnHk aHaaHza A®K B npeo6GpasoBaTensix yacTo-
TH. PaGorta [ B pexuMe «GOJBIIOrO® CHrHajla OTpaXieHa NDHMEHHTENbHO K «HH3-
KOU2aCTOTHHM» TpPaH3ucTOPHEM [IU, pexHM «Maloro» cHrHajla pacCMOTPeH Aas
BapaKTOPHOIO H AHOAHOrO npeobpasoBaTtesefi CBYU ananasoHa.

HsBecTtHO, uTO 30 (dekT npeobpa3oBaHHsl NoJyyaeTcss B pe3yJbTas
Te NMepeMHOXeHHs AByX curHasoB. Ecanm Ha Bxon HaeanbHoro (6e3Hl-
HEPIHOHHOr0) IepeMHOXHTeJ IOCTYyNaloT ABa rapMOHHYECKHX KoJe-
6aHuA u; M Uy, TO BEIXOAHON 3¢ (eKT

ug= Kyp Uy U, {cos [(0, — @) { + @3 —@y] —cOs [(0 +0,) £+ @; + ¢,]}
HIH, nonarast ¢a3bl BXOAHBIX CHTHANOB ¢ H @2 HYJEBBIMH, Uz=
=KupU,U;[cos (0;—w2) t—cos (0 +@2) ], rae Kpp — Ko3pdHLHEHT
nepefayu npeobpasoBaresif.

Takum o6pa3oM, HAeaJbHbIH NEPEMHOXKHTEJNb OTJIHYAETCA OT pe-
anbHoro ITY, B yacTHOCTH, TeM, YTO B NMOCJeAHEM BO3HHKAIOT AOMOJ-
HHUTeJbHbe (pa3oBbie Haberw, 3a cyeT HHEPUHOHHOCTH M HEJHHEHHOCTH:
aKTHBHOIO 3JIEMEeHTa @up= @3+ AQump. 3aBHCHMOCTb Qmp={ (Ui, Us),
onpejeseHHas NPH ®;, wg, w3=const, ABnseTcs ¢a3o-aMIJUTYyIHON Xa-
PaKTepHCTHKOH, aHaJHUTHYECKOe ONMHCAaHHE KOTOpPOH MOXeT OBITh che-
JIaHO Ha OCHOBe BBbIPaK€HHH MJI MTHOBEHHOrO 3HaYeHHS HamnpsKeHHst
HJIH ToKa Ha Beixofe [TY. Dror MeTox ABNfETCA AOCTAaTOYHO OOLIHM
H MOXeT ObITb PeKOMEHAOBaH IPH HCNOJb30BaHHH JioGoro THma A3J.
Xors MasbHelilllee H3J0XKeHHe MOCBSLIEHO TPpeoOpa30BaTesNsIM 4YacTo-
Thl Ha OHIOJIIDHBIX TPaH3HCTOPAaX, YHHBEPCAJbHOCTb METOAa MO3BO-
JisleT cleJaTbh PEKOMeHAalHH N0 OLeHKe (a30BBIX CBOHCTB H ompene-
JieHHIo crnoco6oB moctpoeHHs [TY Ha nosieBBIX TpaH3HCTOpax H JaM-
nax. Mcnoap3ys 3anuch AJ1i MTHOBEHHOTO 3HaUEHHS KOJJIEKTOPHOrQ
Toka (5.7), ynaercs OLEHUTb BIHSHHE HETUHEHHOCTH AD.

AHaJsmTHYECKHE COOTHOLIEHHS, KOTOPHE YCTAaHABIHBAIOT XapakKTep
sasucuMoctd ¢opmbl PAX ot ammautyn curdanoB U, u U, aas pas-
anunbiX 1Y mosnyvalorcs menee cioxHbiMH. HHxXe ocHOBHOe BHHMa-
HHe yjeneHo cnoco6aM craGuan3alnuH ()a30BOro CABHra BBLIXOLHOTO
CHrHajla NPH H3MEHEHHH aMIVIHTYAbl BXOAHOTrO CHTHaJja B GOJbLIOM
JHana3oHe. '

12.2. ®azo-aMOIATYyAHAA XapaKTepPHCTHKA
oxHOoTpaH3ucTOpHOro IIY

3aKOHOMEPHOCTH H3MeHeHHs ()a30BbIX CBOACTB npeobpasoBaredeii
MOXKHO BBISICHATb Ha NpHMepe NpocTefilllero oXHOTPaH3ucTOpHOro IMY.

Ha ero Bxoa nocTymaeT cyMMa HampsKeHHAi TeTepOAWHA H Ipeo6pasyeMore
CHMHana Usx=uc+ur=Uc sin 0ct+ Uy sin orf. Tlox BOsmeficTBHEM BXONHOrO CHMHaja
KOJIIEKTOPHBIA TOK IIOJIyuaeT NpHpallleHHe, KOTOPOe COAEPKHT NOCTOSHHYIO COCTAB-
ASIOWYIO, & TaKXe COCTABJAIONHE C YaCTOTaMH CHIHAJa, reTepOAMHZ H Tpeobpaso~
BAHHONO (CHMHana:

1
Aix=10'+}:Icn5i"(n(l)ct+q)cn)+ Elrmsm(m(ﬂrt‘f'q?rm)‘l‘

n=1 m=1

+ ¥ lup p5in (9 Onp ¢ -+ @up p).- (12.1y

=1
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Tipeanonaraercs, uro Graromaps COOTBETCTBYIOMIEMY BHIGOPY NOCTOSHHOA BpeMeHH
gemd Rew M Cow 0GpaTHas CBASb IO NEPEMEHHOMY TOKY otcyrcrpyeT. Ho Tak kak
o6paTHas CBA3b IO NOCTOSHHOMY TOKY JeficTByeT, T0 NpH H3IMEHeHHH YypOBHeX
BXOIHBIX CHTHAJIOB BO3HMKAET NPHDAIEHHE HAMDSAKEHHUS aBTOCMELLEHHS

AUcu =1y [Reu~+ RyR:/B (R, + Ry)]. o (12.2)

Ias anamusa clellyeT BOCHONB3OBATHCA MAaTEMATHYECKOH MOJEIbIO (cM. ra. 5),
KOTOpasy yCTaHABJWBAET CBA3b MEXUIY MIHOBEHHHIMH 3HANEHHUAMH BXOIHOIO CHIHA-
A4 H KOMEKTOPHCTO TOKA H JWIA KacKafa C aBTOCMCIIEHHeM MPeICTaBAeHa Bhipa-
KEHHeM

di - - - — _
agT +ai+In(l14-i) =Usinv. v+ Up siny, v — AU, (12.3)

rie AUcw=Al. 31ecb HOPMHDYyOmelt BeNHUMHOM SBAfETCH TPAHHUNAS UACTOTA
TpaH3ncTopa ¢ 03 wg=go/Cs, TOMA U:=0:/0 p; T=twg. 3T0 OGYCNOBIEHO TeM,
9TO @p MPAKTHYECKH HE 3ABHCHT OT TOK2 KOJJIEKTOPA B GOJLIIOM JHATIA30HE ero
-H3verenHs. KoodduunenTs @ # A ONpeNensiorcs BHPaKeHHSIMH:
a lK= 6 A lK= [R + R1R2 ]
="RmT7 = =55 cM .
B Uo Uo B(Ry+Ry)

IOns ananautuueckoro onpepenenns ®AX B (12.3) mHeob6xomaumo
NOACTaBHTh BhHIpaxeHHe A Toka (12.1). B GoJbUIHHCTBEe cJayuaeB
ONpaBJaHO HCNOJb30BaHHe 6oJsiee NPOCTOrO BHIPAXKEHHS, ONMpENesIo-
1Iero npHpalleHHe KOJJIEKTOPHOI'0 TOKa H YUHTHIBAIOLUIETO MOCTOSHHYIO
COCTaBJIAIOINYIO, NEPBYI0 H BTOPYI0 TapPMOHHKH HaNpsXKEHHH CHrHajIa
H TreTepoiHHa, a TaKxXe MEPBYI0 apMOHHKY Npeo6pa30BaHHOrO CHr-
Haja:

i =iyt icy SIN (Ve T+ Pey) + 2 SIN (20, T+ Peg) +
+ iy SIN (0p T+ Pra) + ipgSIN(20rT + Pro) +-inp 3 COS (Unp T+ Prp).  (12.4)
B (12.4) npuHSTO, YTO Ump=Ur—7Uc; lo, Ic1, le2, Iri, Ir, Impt — HOPMHPO-
BaHHbIe NPHPAIleHHSI COCTAaBJAIOLIHX KOJJIEKTOPHOrO TOKa, ¢; — ¢a3a
COOTBETCTBYIOLIEH FapMOHHKH TOKa.

IMoacraBnas (12.4) B (12.3) u 3amensas In(1+17) aas |7| <1 cym-
Moii mepBuiX uieHoB pana In(1+i7)=i—i2/2+73/3, nonyuuM ypaBHe-
HHe GajaHca AJS NMOCTOSTHHON COCTaBJAIONIEH NpHpalleHHS KOJJeK-

TOPHOTrO TOKa M ero rapMoHHK. M3 ypaBHenus GasaHca 1J1s1 TOKa Npo-
MeXYTOUHOH YaCTOTHl HaXOAMM BblpakeHHs ansg ®AX

auvgp +arctg a v + avgp N/V (a4 K)® + (avgp)?
e+K a+L+(a+ K) NV (a+KP+ (avgp)
—arctg avy — avgp P/V (a + K)? + (avnp)® ) (12.5)
a+ M- (a+K) P/V (a+ K? + (avnp)?
Jlas coxpaiteHus 3alHCH BBeJeHH OGOSHAYeHUs: {
CK=1—Tg-Fi340,5 (T2 +7%) — 0,5 (e + ira) + 0,2577,;
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L=1—7+i340,2572, 40,512 — 0,5 (ica+ ira) + 0,5 i2

npl>

M=1—T5+7ig+0,57 +0.25 1% — 0,5 (ica + ira) + 0,572 ,:;
N= Tty inp1 (0,5 —W0)/icy = — 21 (0,5 —70)*/ V(@ + KPP + (@vmp)™;
P= —T¢inps (0,5 —10)/iry = — iz (0,56 — 7o)/ V (a+ K 4 (avmp)®-

Bxonsmue B (12.5) HOpMHpOBaHHBIE AMIUTHTYAH TIapMOHHK KOJWIEKTODHOTO TOKA
8 TepBOM IPHGIHIKEHHH ONpeleNsioTCs

Ta=Uc/V (@41 —ieP + (aveP, 2= ict/4V @+ 1 —iof + (ave;
=0 [V @+ 1 =it +(av)t, ra=iq/4V @+ 1 — ioP + Ravap)s
Tapr = fcainn (0.5 — 1) / V la 41 — 55 40,5 (icy + i) + (avmp)?;

fo= (4 + )4 @+ A+)).

3aMeHa HesuHehHoro wieHa B (12.3) cymmon (12.6) Tpex mepsHX uYJEeHOB pAmA
OrpaHHYHBaeT JOWYCTHMblE AMIUIHTYAB BXOIHHX CHNHAJOB, TIPH KOTOPHX aHaJH3
cnpaBegauB. EcoH QOMYCTHTD NOTpemHOCTb pacyera 10%, TO, MOCKONBKY DS
1—i%/24-13/3—1*/4 3HakoOMepeMeHHLI, MaKCHMaJbHasd oOWHGKA He IpeBHINaeT Nep-
BOro or6pacwiBaeMoro wiexa. Torna, cuutas 14/4<<0,1, noxyuum 1<<0,8, uau

U0y A
Sletr U etAty T arT
Hs (12.7) MoxHO HaATH NOITYCTHMHIH YDOBeHb BXOJHBIX CHIHaJOB, IPH KOTOPHIX
NOrpelHocTh pacyeta o (12.5) # (12.6) He mpesbmuaer 10%:

(U2-+T%) < 10,8(1+4a)2. (12.8)

Hans Tinosbix pexuMoB ITH [/x==1(0,5+2) MA] ¥ cpemHHMX mapaMeTpoB TPaH3IHU-
cropoB (r6= 50 OM, P=40) a=0,05=-0,4. Torma aMNAHTYNa BXONHOTO CHIHaja
He mpeBnnaer 20—35 MB.

(12.6)

Trht ) B+ < 0,8. (12.7)

Tak kak ananau3 (12.5) paxe mpH cheJaHHHIX JONYIIEHHAX 3a-
TPYAHHTEJIEH, TO NPHXOAHTCA pacCMaTpPUBaTh YaCTHHE CIy4YaH.

l. AMNJIHTYH HanpsiXKeHHH CHCHaJa M reTepOJHHA MaJH, T. €.
U.<1, U:<1. B 3ToM cayuae

op = arctg (—2ae ) 2@t 1) +atvcoe 12.9
Pop g(q-}-l (a+1)2+a’(0cvp—vﬁp) . ( )

Kak nokasano B ri. 5, a3a BHXOZHOro TOKa KackKaja tHma O3 B
B JIHHEHHOM DeXHMe onpelensieTcsi Kak

du

af1"

U3 cpasuenusi (12.9) u (12.10) caeayer, uTo a6COMIOTHOE 3HayeHHE

Habera ¢a3un Toka B IIU Gosblle, MOCKOJLKY BTOPOH COMHOXHTENb B

(12.9) Gosbie exMHHLB. YBeJHYEHHE YaCTOT CHTHaJa (Uc) M TeTepo-

AuHa (Up) OpPH NOCTOSHHOH NMPOMEXYTOYHOH 4acTtore (Ugp) HNPHBOLHT
av,

K YMEHDBIUEHHIO up, B NpeJelie CTPeMSLIErocs K—arcth""l. C poc-
a

TOM NPOMEXYTOYHON YacCTOTH pmp PacTer. BOJNBIINM 3HAUEHHSM @ CO<

OTBETCTBYIOT OOJblIHE 3HaYeHHS Pmp.
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2. AMIJIMTYAa HanpsiXKEHHs CHTHaJla MHOTO MeHblIe aMIUIMTYABI
Hanpsikenusi rerepogiia (Uc< Ur); npoMeXyTOUHAsi yacTOTa HH3Kasd

vmp<<l.
Bruipaxenne ana PAX

@p = —arctg afll)(z
— arctg __@mp(atKy) a1y
(a+ Ko [1 — iry (a4 1 - K3)/4 (a 4 Ko)*l + @® ve vp
rie Ko=1—1+0,5 (%1 —1%r2) - [Ipu BuimosHeHHu ycnoBus (12.8)
an@+1+K) - g rora
4(a4Ky)?
Pup = —arctg avgp  2(a+ Ky)?+ a® v vp . (12'12)

a+ Ky (a+Ks)*+a?vcop

Kak Bumno, popma ®AX onpepensiercss KoapduunentoM K, KoTopHiit
3aBHCHT OT COOTHOLUEHHS HOPMHPOBaHHHX aMIUIHTYJ KOJJIEKTOPHOrO
TOKa; €ro 3HaYeHHe YBEeJHYHBAeTCH HJIH YMEHbIUAeTcsi C POCTOM aM-
IJIATYABL HANpSXKEHHs rerepoiuHa. Moxer OHTb HalJeHO TaKoe 3Ha-
yenue A=A,, npu koropom K,=const, 1. e. pasa KoneGanus npome-
KYTOYHOH YaCTOTH OCTaeTcsl NMOCTOSIHHOH NPH H3MEHEHHH AaMILIHTY-

Jbl HanpsXKeHHs reTepoAHHaA.
3. AMIIMTYAB HaNpsiXKeHHH CHrHaJa H rerepofuHa paBHH Uc=Ur;

NPOMEXYTOYHAS YyacTOTa HH3Kas upp<<l. [Has paccMmaTpuBaemoro
cayuas (12.5) npeoGpasyercs

—90%p

a+Ks

avnp

’i,?.<a+1+1<s>] -1 @ 0c vp

4@+ Ko 2 (a1 +Ks)]2
e

@qp = —arctg

—arctg

(a+Ks) [1 —

(12.13)
rae Ky=1—iyp+ 1% —i%r. [Ipu BHNoNHeHHH ycnoBHsa (12.8)

avgp [2(a+ Ks)? + a® v v;) (12.14)
(a+Ks)[(a+Ks)* 4@ ocor] '

Kak BHIHO, Ipu ompejeneHHOM BhiGope K3 (nmpu A=A;) dasa koie-
GaHHS NMPOMEXKYTOYHQH YaCTOTHl He 3aBHCHT OT YPOBHEH CHIHAJIOB Ha
Bxoje mpeoGpasoBatensi. [lockonbKy K u K3 He paBHH, 3HaueHHS
Ay u A;, onpegnensiomne pexxuM orcyTcTBHs ADK, GyayT passiHuHHL

Hantn A; u As us (12.12) u (12.14) caoxkHo. OfHAKO MOXHO HAaNHTH HX WUHC-

JeHHble BLIpAXKEHHUs, pelllass HCXOWHOe HesnHelnoe yp-Hue (12.3) ¢ momompio DBM
H HCIOJB3YS YIPOIEHHHIH MOAXOM, OCHOBAHHHI Ha SKCNOHEHIMAJBHON ammpoxcuMa-
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UMM TPOXONHON XaPaKTEPHCTHKH TPaH3ucTopa. [lis 3TOro CymMa HampsiKeHud re-
TepOJHHA M TIPeo06Pa3yeMOro CHrHaja MPeJCTaBJASeTcs B BHAe GHeHH] [32]

Upx = Uc cos v T+ Upcos v T = U (1) cos [ve (v + @ ()], (12.15)
(7,. sinugp T

nae U(t) =0V 14mcos vapt — orubaromas cunuaa; @ (t) = arctg————
Uc~+Upcosupt

— ¢asa necymei; U=V U2c+ U%; m=20c0x/(0%c+ U%). Tlpn Uc K Uy orubamomas
m
ouenui U(t) cunycommansHas: Ui(t) =U.-{l—|—-2—cos UnpT |, @ apu Uc=0Ur coomser-

cteenro U(t) =V 20;cos (vapt/2).

B obuiem cayuae pe3yabTHpYyOwMi curHaa (12.18) MOXHO paccMaTpUBaThb Kak
AM xoseGanue, orubarouias KOTOporo HeceT HH(OPMAlMIO O CHTHaje NPOMEXYTOY-
HO# yacToThl. EcaM Takofi cHrHaj mogaTh Ha aMIJHTYAHBIA JEeTeKTOp, TO IOCTOSH-
#Has COCTAaBJAION(as BHIXOIIHONO TOKAa MOJYYHT NMPHPallleHHe B COOTBETCTBHH C H3Me-
HeHHeM orw6aloliei, T. e. MpeoGpasoBaHHe 4YacCTOTHl CBOAMTCH K 3(dexTy nerek-
THNOBAHHUS.

Kak moxasano B [32], Jas HeHCKalKeHHONO IpeOGpa3OBaHHA HEOOXONHM DeXum
KBanpaTHuHoro HeTekTHpoBaHus. Ecau Uc <« Ur, HeuckakeHHoe mpeoGpasopatue
BO3MOXKHO H MIPH JWHEAHOM JHETeKTHPOBAaHHH.

Beille oTMeuanoch, 4TO NOJe3HBIM PPeKTOM AeTeKTHPOBAHHUS SIBJASETCH NPHPa-
LIeHHe TOCTOSHHOM COCTAaBJAIONLEH BHIXOLHOIO TOKAa Io, KOTOpOe ONpelesencs Kak

In(io+ 1)+ (a+ A)ip = In Iy (U).
ITo anajoruu ¢ (6.10) ¢aso-ammautyanas xapakrepuctuka ITH ompe-
JenseTcsl Kak )
= —arc 2 %up —— — —arctg — 2P __
oo T O+ 02 0) St FD)’
rie F(U) — ¢oyHKUHMS, yyHTBIBalOWlAs BJHSAHHE aMIUIHTYyAbl BXOJAHOTO
cHrHaja Ha (a30ByI0 XapaKTepHCTHKY, ompegensercs u3 (6.11).

IMpu (a+A)=1,3 3nauenne F(U) paBHO eluHHIe H OCTaeTcs MO-
CTOSIHHHIM B GOJIbLIOM AHAla30He aMIVIHTYJ BXOAHBIX cHruamaoB. Cie-
JOBATEJbHO, Qup TaK2Ke NMOCTOSIHHA H PaBHA CBOEMY MaJIOCHTHAJbHOMY
3HaYEeHHIO.

JJis1 MOsiICHEHHSI 3TOrO HaliieM BXOJHble COTPOTHBJEHHE H eMKOCTb
Kackaja To nepBoi rapmonuke curhana: Rex=Usx/l61=BUsx/lxa=
=—ﬁ;ﬁ’— F(O), rne BUo/Ix==p/g21=r, onpesensieT BXOJHOE CONPOTHB-

K=
JieHHe KacKafla B peXHMe JIHHeHHOro YCHJEHHS Ha HH3KHX 4acToTax.
C yuetoM TOro, uTt0 NOCTOSHHAs BpeMeHH C,r, He 3aBHCHT OT TOKa
KOJIJIEKTOpPa B GOJIBLIOM AHana3oHe ero H3MeHeHHH, B MepBOM NpPHOJ/IH-
KeHHH Cypx=Cs/F(U)+ Con. TlocrosincrBo F(U) B AHana3oHe aM-
IVIMTYA BXOAHBIX CHTHAJIOB O3HAauaeT HEH3MEHHOCTb BXOAHOrO COMNpO-
THBJEHHs Kackaja. CiefoBaTesbHO, H ()a30BbIH CABHI CHTHaJja, o6Gyc-
JIOBJIEHHBI HHEPIHOHHOCTBIO BXOJHOH LeNH TpaH3HcTOpa npHu (a+
+A)=1,3, nocrosinen npu usMexHeHun U. TakuM o6pa3om, yKa3aHHOe -
3HaueHHe (@+A) ABAAETCS ONTHMAJbHBEIM.

IMonyuenHble COOTHOLIEHHS NPOBEPEHH B IPOUECCE JKCNEPHMEHTAJBHOTO MHece-
QoBanus onHonpausuctoproro ITY. Ilpy 3TOM OCHOBHOM LeJblO SIBJAJIOCH TLOATBED-
XKJeHHe BO3MOXHOCTH obecredeHHs] TOCTOSAHCTBA ()asbl BHIXOWHOrO CHIHAJa - IPH
U3MEeHEHHH YPOBHeil HampsiKeHWH CHrHaja w reteposyHa. Pasa BHIXOQHOIO CHNHA-
Jid H3MepsiJach OTHOCHTENbHO (Ga3nl KoJebaHHs ONODPHOIO KaHaja, B XOTOPOM HC-
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noub3oBaH [TY Ha BeicokoyacToTHOM Tpansucrope IT311 ¢ ray6okoir o6patHoi
OBf3bI0 IO TOKY. JTO NO3BOJAET CYHTATb, UTO (Pa30BHIA CABHI KoJeGaHHA NPOMExXy-
TOYHOM YacTOTHl B OMOPHOM KaHajJe He3HAYHTeJeH H ero BeJHYHHA TNOCTOSIHHA B
60/bIIOM JHaMa30He aMIJIMTYJ BXOLHBLIX CHMHAJIOB.

B uccaenyemom YITU ncmosssosar tpaHsmcrop 2T301B co caenyiomumu napa-
metpamu: lx==1 ™A, fg=2,1 Ml r¢=80 Om, Co=215 n®, B=25. Tox xonrex-
TOpa B paboyedi TOUKE NMPH OTCYTCTBHH BXOAHBIX CHDHajJcB 3 MA. PesyabTaTthl skcne-
PHMEHTAJBHOTO HCCJIeNOBaHHs TPHBEIAEHH Ha pHc. 12.2.

wm ?M /ch’n{'("t‘n’o

*A / 3Pﬂa ?np ch= l 240m
8 = ' =
g e o
VIR R D //
6 3
U;=5m8 0:0 2 o
4 A . 750m
A \.~ N
e 7 | 12403 45w \ "L
g v { N 2 | .\.0\
Ur der Usacr|= Urger
0 25 50 75 00 M8 0 2 50 75 MB
a) ﬂ)

opad | ) / ot Znl
=

: —— e
auc,ﬂcr
0 25 50 75 100 M8
)
Puc. 12.2. ®AX npeobpazoparess 4aCTOTH: @) — IKCIEPUMEHT; A — pacuer;
a — Qup=f1(Ur) npn pasmuunnix yactotax: I —fe=7 Mlu, fr=9 MTu,
fap=2 MTIw; 2—})0=2,8 Mru, fr=3 Mlu, fap=02 Mlu; u pasiauuHLIX
3HAYeHWsX TMOCTOSIHHOH BPEMEHH Lend aBTocMelleHHst; 6 — Qup=f2(Uc)
npy Rew=var H fc=2,8 Ml fr=3 MIu, Ur=140 MB; 6 — @up=
=f3(Ue=U:) npu Rew=var u {.=2,8 MI'y, fr=3 MIy

Hrtak, pe3yabTaThl 3KCIEPHMEHTAJBHOTO HCCJIELOBAHHS NOATBEPKILAOT OCHOB-
Hble BHIBOABI, NOJYYeHHble NIDH TEOPETHYECKOM aHaJH3e, B YaCTHOCTH, O BO3MOX-
HOCTH OGecleyeHHs CTaGHALHOCTH (asbl CHIHaJja NPOMEXYTOYHOH YaCTOTH B HH-
TepBaje aMIVIHTYJ BXOMHOTO CHTHAJAa BHIGODOM CONPOTHBJEHHS UEMH aBTOCMelle-
ausi. [Ipu stom

n 76 = Rr 4B Rew . (804-704-25.7,5).3.10—3
a —_—— ] =

BUs = 25.30.1073 .
910 GJH3KO K pacueTHOMY 3HAYEHHIO.

=1,05,

12.3. IIpeoGpa3oBaTenr gacToThl Ha pubddepeHmEaIsHOM Kackajge

Cxema nudwpepeHuHanbHOrO Kackala, HCHOJb3yeMoro B Xauectse IIY, nped-
craBaena Ha puc. 12.3. CornacHo chopMyaHpPOBaHHHM Bhitme (oM. . 5) moJjoxe-
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HHAM MaTeMaTHueckas MoOJlelb, onmchBalomas paGory [K npu nogave CHPHAJIOB
Ha TPH BXOAA W NPH YCHOBHH TOJIHOA cmmenpwn ned, UMeeT BHI

d (i, —0 ,5ig) —0 5’3 Upxy '—;nxz .
—1 % 4 a(i; —0,5i5) Arth 2 ;
P +a(iy + 140 5z3 2
d (i — 0,5i5) — 0,57 _ Upxy —Upxs
—a—2—"%___ 4(iy— 0,50 —Arth ,
dv aiy ) 14-0,5% 2

rae i1, iz, Is — HOPMHDPOBAHHbIE NPHPALIEHHs KOJ-
aekTopHblx TokoB Ty, T2 U T3 3nech HCNOMb3Y-
eTcsi Ta e HOPMHDOBKa, 4TO M paHbule. IIpu mo-
crpoennu JIK 06bIMHO NPHMEHSIETCS PEXHM pa-
6OThbl, NPH KOTOPOM isx2=—4isx1. TOrAa mpasas
yacTb BelpaxeHus (12.16) nepenucuiBaeTcst Kak
0,5 (px1t—ipx2) =inxi.

[Ipu cMUMMETpUYHO# Harpysxke BHIXOAHOH TOK
paBeH Ip=1i1—i2. Toraa u3 (12.6) c yuetom 71+
+172=13 NOJYYHM

lp/ —_

a di,
- d:—l——tp—|-Arth e = Upy; -
(12.17)

B paccMaTpuBaeMOM YCTpOMCTBE NOA Usxi
TIOHHMAEeTCs HanpsiKeHHe npeo6pasyeMoro CHrHa-

Jia, a MOJ Usxs — HaNpsiXKeHHE TreTeposivHa. Puc. 12.3. Tlpunuunnanbhas cxe-
Tpansucrop Ts mpakThueckH paGoTaeT B pe- ma MY na auddepeHunasbHOM
JKHUMe KOPOTKOrO 3aMblKaHHf NMO BHIXOJHOH HenH, Kackafe

T. €. sBJAseTcH reHepatopoM Toka. OGpaTHas

CBf3b JIMHEApU3YeT MPOXOAHYIO XapaKTEPHCTHKY

T3. 3TO MO3BOJSAET CYHTATh, YTO TOK FEHEPATOPa COAEPKHUT TONLKO FapPMOHUKY OCHOB-
HO# YaCTOTbI KOJIeGaHHsl reTepOAHHa U CBSI3aH C dpx3 COOTHOLIEHHEM

e Unxa
= sin(vr v+ @r), (12.18)
V(a4 a* + 1)2 (av;)?
tae a*=Roclx=3/Uo —napamerp 06paTHOi CBSA3H; [x—3 — NMOCTOSHHAS COCTaBJSIIO-
ovp

mas Toka Koajexropa Ts. Ilpu atom ¢asa Toxa rerepommHa @r=—arnctg

—’
a+a*+1
# npu ray6okoir OC (a*>>1) ee MOXKHO CUMTATh PABHOW HYJIO.
TIp# CHMMETPHYHOM BBIXOJE B CIEGKTPEe BBHIXOZHONO TOKA OTCYTCTBYET IOCTOSIH-
Has COCTaBJsIOMasi H COCTAaBJAIONIAS C YacTOTOH HampsiKeHHs rerepoluHa. Peme-
uHe (12.17) mas sroro ciaywas 6yneM HCKaTb B BHIe

i =iy sin(ve T+ @c) + inp Sin(vpp T+ Pup)- (12.19)
I'Ionomx13M v.ps——- Ur—U¢; HeIHHEAHbIA ujeH TPENCTABHM CTemeHHBIM pagom Arth x=

=x+ ?—l— ?+ ... H ONDaHUYMMCS ABYMS IEPBHIMH UJeHAMH.

[TopcraBagsa (12.19) B (12.17) u HcroJb3ys MeToJ rapMOHHYECKO-
ro 6aJsaHca, HalijeM:

aBXl
Via+ 17+ (av) ,
I= Usx1is V 6 lave V{aF 1 F(avc)® — 112+ (6a+ 4) [(a + 1)* + (ave)?]
V {L+U% [(a+ 12 + (avel1 3 + [(avap)? £I2
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@qp = arctg @ Vnp —

L4-T2,, (a4 1)* 4 (ave)?]
ave [(3a+2) k+-3L]
] (221
V(@ 12+ (ave)’] [L2 + (ave 2] — (3a 4 2) L + 3k (av)?

rae k=8+31%3, L=8(a+1) + (3a+1)i%. AHanu3 noJyYyeHHOro BHIpa-

JKEHHS OTJIHYAETCS CIOKHOCTBIO, H B CBSI3H C 3THM NPOBOAUTCS KayecT-

BEHHAs OLleHKa HEeCKOJbKHX YaCTHBIX CJIy4YaeB.

T 1. AMIJIHMTYAB COCTaBJISIOWIHMX dpx1, I3 Maabl (Usu<1, 73<<1).
orpa

—arctg

2 1
up 2 arctg LM __aretg 2% @+ D (12.22)
a1 (a+ 1) + (ave)?
ECJIH 4YacCTOTH KoJeGaHul CHrHaJa H reTepoaHHa CpaBHHTeJIbHO
MaJibl U Unp=0p—vc, TO

Pap = arctg ai;’“—'l’- — arctg 2%%_ (12.23)

a+1
B sTOM ciyuae ¢as3oBHi CABHI (gup) HMeeT OTpHIATENbHHE 3HaK
H BO3pacCTaer 1o a6CcoIIOTHOMH BeJHUHHE C YBE€JIHUYCHHEM Q.

2. AMnuiuTya TOKa reTepoiHHa MaJna (i3< 1), npH 3TOM

@, = arctg Zop —

1 772
a+l+'5‘U,,x|[(a+l)”+(avc)’]
2av. (a1
—arctg —2a%(a D) (12.24)
(a+ 1)* 4 (avc)®
Ecau COOTHOLUEHHE BEJIHUHH Ug, Ump, @ TAaKOBO, UTO HpH MaJibiIX aM-«
nautyaax Usx; (a3a TOKa NpoMeXyTOYHOH 4acTOTH OTPHILaTeJbHA, TO
yYBE€JHUYCHHE aMIJINTYABI CHIrHaJia BBI3BIBA€T poct a0COJIIOTHOrO 3Haye-
HHA |@up|. TIPH MO/MOKHTENBHBIX 3HAUEHHSX HayaJbHOH (GasLl yBeJH-
yeHHe Upx; MOXKET NPHBECTH K CMeHe 3HAKa Qup.

Hs-3a croxHOCTH BHpaxeHHs (12.21) wouMuecTBEHHHE OUEHKH 3aTDPYAHEHH.
IMosToMy M1 WOMTBEPAKNEHHS KaueCTBEHHBIX BHIBOLOB HEOGXOLHMO MPOBECTH YHC-
JeHHH pacueT ¢ momolwpbio IBM JH60 MPOBEPHTD HX SKCTIEPHMEHTAJbHO. JKCHEpH-
MeHTaJbHOe HccaenoBanne ITY mpoBOgHIOCE C  HCTIOJIL3OBaHHEM TPaH3HCTOPOB
2T3015 ¥ anddepenunanshoil napu Ttina KIHTS91. IlapaMeTpu TpaH3HCTOPOB:
re=100 Om; r,=450 OM; C;=50 a®; B=20; a=0,33. Us puc. 12.4 mugHo, uTO
QpH ‘GOJIBILEX 3HAYeHHAX I3 BJIHAHHE AMIVIMTYAH CHrHajla mposBasgencs cJaabo.
YBenHueHHe aMIIETYIbl HaMpSXeHHs TeTePOAWHA BHI3BIBAET DOCT (Pgp; TPH OMPeE-
HeNIeHHBIX YCAOBHAX (asa KoJeGaHHsi MPOMEXYTOUHONH uaCTOTH MeHeT 3HaK.

Jlyuminii cnekTpasibHBEIA COCTaB BHIXOZHOrO TOKa obecmeunBaercs B
ITY u3 asyx OK (puc. 12.5) — aHa/0roBOM NepeMHOXHTeJe Ha TpaH-
SBHCTODHOM KBapTeTe. 3a cyeT (a3sHpDOBaHHA BXOAHBIX H BBIXOAHBIX
CHTHAJIOB CNEKTp BRIXOJHOrO TOKa npeoGpasoBaTesii B HIeaJbHOM
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cjlydyae He COAEPIKHT NMepBHIX FaDMOHHK YaCTOT CHTHAJa M TeTepOJIHHA.
BrixoaHoi Tok [TY paBeH cyMMe TOKOB Iz H 14!

d<'.— ;l)
- = - - o 2 —"9 ,
f= -z +<1— fo >th usx—a<i2— n >— —

_ >_a <t4+ "’> '

e A L E s

(12.25)

Pelennem 3Tux ypaBHewui ssasercsa (12.19). [Ipoussoas cymmupona-
HHe TOKOB, onpejesauM BuxoaHoil Tok [TU. ®a3a KoneGaHHS NPOMEXY-
TOYHOH 4YacToThl ompenensiercsa U3 (12.21). Takum o6pasom, da3oBrle

wad 1‘?\
I S e
5 -

& d '\"i,

“_o . w
T ——— -
30 7 50 B Ty ger B
a
» 2% 50 75 Usaur 1B
U= 7508
-29 7-—8—00 -ghc

W —
J) '

Puc. 124. ®AX nl[/)eo6pa303a'renﬁ Puc. 12.5. Cxema aHaJOroBOro nme-

YacTOTH: a — MNpH r=Var H pas- PEMHOXHTeNA

JIMYHBIX 3HAYeHHsIX fe¢ U fr:

-———fc—88 Ml‘u, fr—g Ml‘u,

— — — fe=28 MIy; fr=3 MI;

6 —npu Up=var, fe=7 MIy; fr=

=9 MI'n
XapaKTePHCTHKH aHaJioroBoro mepeMuoxurteas H IT4 Ha omnom K
COBIAJAIOT.

[TonyyeHHble COOTHOLIEHHS! XapaKTepPH3YIOT HEKOTOpDHE 4YacCTHHIE
ciayyad pabotnl TpaH3HcTOopHbIX [TU. B oflieM ciyyae nmpH NpOH3-
BOJIbHBIX COOTHOLIEHHSX AMIJIUTYJA CHTHAJIOB AJIs1 pacyera aMIIHTYI-
HO-(pa3oBoro cnekrpa Ha BHXxoae [TU nesecoo6pa3sHo BOCHOIb30BaThCA
MaUIHHHOH NporpaMMo#, Kotopas Obla omucaHa B TJI. 5.

ls ~l3

12.4. IIpeoGpa3oBaTe;h YACTOTHI C PEryJIHPYeEeMbIM
Ko3(ddrouenToM mepemaun

M3 ckasaHHOro ciaeiayer, Y10 H3MeHeHHe ypDOBHf CHrHaja Ha sxode ITU mphBo-
IHT K 3HAYHTEJLHOMY H3MeHeHHI0 (asbl BLIXOJHOTO TOKa NPOMEXKYTOUHON YacTOTH.
Kpome Toro, ¢ yseauueHneM Usx BO3pacTaioT KOMOHWHaUMOHHBE HckaxeHus. Ode-
BHIHO, 4TO Haujyulline XapakTepucTHkd ITH MOXHO OGecmeyHTb MPH YCAOBHH, UTO
yPOBeHb BXOLHOTO CHIHaJja HeBeJMk (T. e. npeoGpa3oBaTeb JHHeeH OTHOCHTEJBHO

203



AMITHTYAB BXOQHOTO CHMHAJA) H MOCTOAHEH. IIpH STOM MOMHO ONTHMAJBHHM OG-
PasoM BHOPaTh KaK DeXHM TPAHSHCTOPOB, TaK H AMILIATYAY HANDSIKEHHS TeTepo-
ZIHHa.

Ilomnepxanyue MOCTOAHHBIM YPOBHSI CHTHana Ha sxofde ITU oGecmeunBaercs c
TOMOLIBIO aBTOMATHYECKOH  DeTyIMpPOBKH YCHIEHHS TMpPENUIECTBYIOUIEr0 KacKama.
Crpyxkrypnas cxema peryaupyeMoro I1U npencrasiena
Ha puc. 12.6. 3necy /T4 — cobcTBeHHO npeoGpas3oBaTelb
4acToTh, PY — perynupyeMblil yCHJAHTeNb, ¥ — YCHIH-
TeJb netan o6paTHOH cBs3H, [ — neTekTop, P — HH3KO-
4acTOTHb# GuabTp. CTeneHb NMOCTOSHCTBA YPOBHS CHI-
Hasia Ha Bxone ITY onpenensiercs netsieét 06paTHOi cBA-
34, KOTOpasi onpejensieT TaKXe YCTOAYHBOCTb PaGOTHl
BCEro ycrponcTaa.

Peryaupyembift ycuanteab (puc. 12.7) nonxen o6ec-
NeYHBaTbh MaJiblil ypPOBEHb HEJHHeHHLIX HCKajXKEHHH H He-
3HaYHTEJbHHE AMIUIMTYAHO3aBHCHMble ()a30Bbie CABHIH
BBIXOZHOTO cHrHaja. OTJHUHTEJbHOH 0CO6eHHOCTbI® PY
IBJSIETCS BLICOKasi JIMHEHHOCTb B OOJIBLIOM [AHaNa3oHe DPeryJHpOBaHHS. YCTPOHCTBO
(cm. puc. 12.7) BHINO/MHEHO Ha CTAaHAAPTHHX HHTErPajbHbIX cxemax cepun 228. ITpeoG-
pasosatesb yacrotn (MC3, 2YC282) cobpan Ha ocnose K ¢ TOKO3analoWUM TpaH3H-
ctopoM. [lpeoGpasyemuiit cHrHaJ nojaeTcs Ha 6a3y TOKO3aAaloOWlero TPaH3UCTOPa, a

Hne-2 ne-3

’ He-1 - V7l
U"(”ZE 1t l_", |

i 5
| 10t

Puc. 126. Crpykrypuas
cxema peryJipyeMoro
npeo6pa3oBartensi 4acTOTHI

)

{3
L -

° [)] —
{}—o
U VAL
[ -1 it 1+ ot

 —
K ¥
L LA ] gy
Puc. 12.7. Cxema peryaupyemoro mpeoGpasoBaTessi YacTOTH

HanpsKeHue rerepoAuia — Ha 6a3y ONHOTO H3 TPaH3HCTOPOB NHbdepeHunaNnbHO Na-
pHl. Peryaupyembiii ycusaureab soinossen Ha UC-1 u UC-2 (2¥C281 u 2YC283 cootBer-
CTBEHHO). PeryjupyeMoe mnje4o yCHIMTe]S NOCTPOEHO No Kackoauoi cxeme 09—OB, uto
MO3BOJIHJIO YMeHbIIHTh 3((EeKT «NPAMOro NPOXOKAEHHS» H PACIIHPHTb JHANa30H pery-
JIHDOBKH YCHJIEHHSI. YCHJIHTe/Ib 1IeNH OGPaTHON CBSI3H BHIMOJIHEH HAa ONEPallHOHHOM YCH-
nutene (1YT401A) B pexxume MacITaGHOrO YCHJIGHHS A CJAYXHT AJs o6ecreyeHHs HeoO-
XOOHMOM BeJHUHHbBI NETJEBOro yCHJIeHHs. B KauecTBe AeTeKTOpa HCMOJb3YeTCS AHOA-
HHl JeTekTOp ¢ ynaBoeHHeM. IlocrosuHasi BpeMeHH uemH (HIbTPAa BLHIOMpAETCS Ha
OCHOB2HHM H3BECTHBHIX TpeGoBaHHil. IIpoBepka MOATBEpAHNA BO3MOXKHOCTL CO31a-
HHf BHICOKOKaUeCTBEHHOrO Npeo6pasoBaTens 4acToTH. OcHOBHHE aokasatenn I14,
peanHsOBaHHOro no cxeMe puc. 12.7: avmuuTyna Hampsixkewus rerepofnua Ur=
=100 uB; vacrorta fr=5,45 MI'y; aMmanTyna HanpskeHHs cHrHana Uc=3--300 uB;
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yacToTa fo=5 MIL; aMnanTysa cunHana Ha Bxoje cobemBenHo [T — (12-+-25) MB;
HOMHHaNBHBIA ®03pduunenT mepenauyd Kpp=110; momaBiaeHne KOMGHHAUHOHHHIX CO-
cTaBasiomuX He Xyxe —40 1D; uaMeHeHMe (asH BHXONHOTO CHTHajna He Gojee 3°
BO BCeM (IHaMa3oHe aMIVIHTYJ] BXOIHBX CHNHAJOB.

12.5. AmmanTyaHno-¢pasosaa xoasepcua 8 CBY
npeo6pasoBaTeaax JacTOTHI

IMpencraBnsier TeopeTHYeCKHii M NpaKTHUYECKHH HHTepec aHa/IH3
ITY, ocHoBaHHEI Ha coBMecTHOM yyere ADPK u aMnJHTymHOH HesH-
HeliHocTH, oco6eHHo B yctpoiictBax CBU pguamasona, rae 3aMmeTHO
NpOSIBJIAIOTCS HHEPUHOHHOCTb HEJHHEHHBIX 3JIeMEHTOB H BJIHSIHHE JIH-
HeAHbIX NMapa3HTHBIX CONPOTHBJAEHHA. DTO MO3BOJHT ONpEIeNHTb OI-
THMaJIbHble C TOYKH 3DeHHSl HCKaXXeHHH CHT'HAJIOB H MepPeXOAHBIX IO-
Mex crnocobul peanu3auud ITY u pexxumsl HX paboTHL.

AHa/uTHYeCKOe HCCJeJOBaHHE PaccMaTPHBaeMOH pPa3HOBHIHOCTH
IT4Y 6a3upyercsa Ha MeToAe KOMIJIEKCHOro Ko3(dgHIHeHTa mnepepauH,
T. e. Ha 3nwaHHd AX m ®AX ycrpoiicrsa. Bxoanoit curnan T4 ponxen
npesAcTaBaaTbh co00l KBa3HrapMoHHYeckoe KoJebaHHe, a B BBIXOLHOM
CHrHaJle IOJIKHBI 'OBITh TTOJaBJIEHbl BHICIIHE KOMGHHAIHOHHBIE COCTaB-
asolne. [IpuHUMaeTcsl TakKe MpeTOJIOXKEHHe O JHHEHHOCTH ero ¢a-
30-4aCTOTHOH H DPaBHOMEPHOCTH aMIJIHTYIHO-4YaCTOTHOH XapaKTepu-
CTHK B MOJIOCE YacTOT, 3aHHMaeMOH cHrHajoM. B 3Tom ciywae Koad-
(HIHeHTHl MOJHHOMA, aNNPOKCHMHPYIOIEro KOMIJIEKCHBIH KO3(pHLH-
eHT mepejayl, OYAYT 4acTOTHOHE3aBHCHMBIMH, YTO YNpOLIaeT aHaJ/H3.

Hrak, paccMarpuBaloTcs pa3HOBHIHOCTH mnpeoGpasoBateneii CBU
JMana3oHa, BLIOJHEHHble Ha JIHHEHHOM aKTHBHOM 3JIeMeHTe — INOJYy-
NPOBOJHHKOBOM AMOJE — M HAa HEJNMHEHHOM PeaKTHBHOM 3JieMeHTe.

[Tpoananusupyem pabory [T4, BrinonHsiomero ¢GpyHKUHIO MORYJAS-
TOpa B nepejaiolleM Tpakre perpaHcasropa PPJI, Hanpumep, B mepe-«
Aatuuke 6oproBoro perpancasropa PPJI yepes MC3 ¢ MHorocraHuH-
OHHBIM JOCTYNOM INPH YAacTOTHOM YMJOTHEHHH HJH B [epelaTyHKe
perpancaaropa PPJI npsiMoit BHAMMOCTH C 4acTOTHBIM YMJIOTHEHHEM,
KaHaJoB. B o6ouX cayyasix MOZYJIHPYIOIIHE CUTHAJIK SIBJASIOTCS MHO-
roKkaHa/JbHBIMH, H MO3TOMY, €C/IH NpeoOpasoBaTelb SBJSETCA YCTPOH-
CTBOM C KOMIJIEKCHOH HeJHHEHHOCTbIO, TO NpPH H3MeHeHHH orubaio-
el CyMMapHOro CHTHaja Ha BbIXOJe BO3HHKAIOT NMepexoJHbie MOMeXH.

Omnpenenum AX u ®AX pas3iHYHBIX THNOB MOAYJNATOPOB, pabora- .
IOLIHX B peXXHMe «MaJjoro» curHaja. O6o6uieHHas cxeMa MoayasTopa,
npefHa3HaYeHHOro /s NepeHoca MHOrOKaHaJbHOrO CHTHajla C Mo-
AynHpylouell yactoThl (fm) Ha nmpeo6pa3oBaHHYIO 4acTOTy (fma=fm-+
+fc), npeiacrasnena Ha puc. 12.1. 3xech uy=um="Um cos om? — MO~
LyJHpylolllee HampsikeHHe; us=uc=Uc coS wc! — Hanps:KeHHe YacTo-
TBl CJBHTa; Us=uUng="UpqCOS Ongf — Hampsi?keHHe INpeo6Gpa30BaHHOIT
4acToTh. MeXAy aMIJHTyAaMH NOABOAHMBIX CHTHAJIOB HMeeTCS CO-
orHoweHHe: Uc; Upy< Um. D10 yacTo BcTpeyaercss Ha NMPaKTHKe, Tak
KaK JJ1 MoJIyYeHusl OJHOH H TOH Ke MOLIHOCTH Ha YacToTe fyg YCHJe-
HHE OTHOCHTE/JbHO HHM3KOYACTOTHOTO HANpSIXKEHHA 4YaCTOTH fym Npolue
CO3/laHHSl MOIIHOrO CHrHaJla Ha yacToTe f, B auanasoHe CBU.
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B paccmaTpuBaeMoM caydae Asisi aHajusa ITY ucmosib3yercst u3«
BeCTHBIl aNmapaT KBa3HJHHelHOi Teopun [14].
OKBHBaJeHTHast cXxeMa mrpeo6pa3oBaTenst (B BHAE KBa3HJIHHETHOTO WeTHLIDEXINO-

JIIOCHHKA ¢ HUJIbTPAMH Ha (BXOLE M BHXOUIE, MOAABJAIOIHMH BCe KOMOGHHAILHOHHBIE
cocTaBasiolne, Kpome fe H fo.q, mpedcraBneHa Ha puc. '12.8. Baecb Wap — Marpi-

T 1! ! 2 2
(Wae= e it War s 103 =0.+iv. AL
. i W;=£T"T‘ Wap lx= :N:_if_zm @y Wyt [0
) N gy W 7 7
¥.=6,+i8,

Puc. 12.8. O6o6iwennass 3xkBuBajieHTHass cxema IIU B BuZe KBasH-
JIHHEAHOrO YeTHIPeXMOJIOCHHKA

1a OGO6LIeHHBIX TIaPaMeTPOB KBA3HTMHEHHOrO WYETHIPeXIOJNIOCHWKA B ONHOH M3 CH-

creM (Yup; Zup; hop; Qup H T. A.), 3JMEMEHTH KOTOPON SIBJIAIOTCS KOMIJIEGKCHHIMH
sennunHamy [14]:

. i(o +o i@ .
Wiinp = quanp + 1 V11nps Wienp = | Wianp |l e ( 12np M) =e M (912np + 1 Vyanp);
(12.26)
(P pT® FigQ .
Woinp = | Wanp | € ( 21np* Op) =e  M(gynp+ivamp)

Waznp= (q220p+iV22mp) ;

Wi=qi+ivy u Wa=gq,+iv; —COOTBETCTBEHHO BHIXOAHOE PEAKTHBHOE COTMPOTHBJIE-
#ue QuabTpa Py 448 HACTOTH fc M BXONHOE pPeaKTHBHOE COMPOTHBACHHE (HILTPA
D, mns 4actOThl fou; Wr=gr+ivr 1 Wa=qg+ive —cooTBencTBenno BHyTpeHHee
PeaKTHBHOE CONPOTHBJEHHE TEHePAaTOPa (CHTHAaJa M HATPY3KH er H ip — KOMIIJIEKC-
HHe aMIJIATYABl HanpsXeHHs (ToKa) ©HPHaja; Uy — KOMIJIEKCHAs aMOJIHTYRA Ha-
npﬂm{em}m Ha Harpyske. ‘Tonma cxBO3HOH KOS(HUHEHT mepefayd MO HaMpsKe-
HHio {14

K — Wzl o
(W1~ Winp) (Wa~+ Wagnp) — W 1anpWoarnp

rie Mg — Ko3pGuuKeHT, 3aBHCAIHA OT KOIpUUHEHTOB mepegaun (HILTPOB M CH-
creMbl Wyp-mapaMenpos, Hampumep, B CJAydae ynp-mapamerpoB Pr=YoKriKas; Kri—
KOMIIEKCHBIA KO3(pipuunenT mepeaun Toka Py; Kaz — KOMIVIEKCHHA ®03(ppULHEHT
mepefaud HampsKeHHs P, [loacraBws sHauenns BxoAsmux B (12/27) mapamerpos
H pazfenss NeHCTBHTEJbHYIO H MHHMYIO YaCTH, MOJYUHM

, (12.27)

K= By eFou { 91 [(911 1 1) (22 + g2) — (Vi1 + V1) (Va2 + ) — Guagas + —
(911 + 91) (922 + g2) — (v11 +-v1) (Va2 + V3) — G12G21 + —
=+ 0130511 + Va1 [(911 4 G1) (ve2 +- U2) — G1gU21 — g21¥12]
=+ 0120911 + [(G11 + 91) (V22 + ) + (922 + g2) (V11 + V1) — G1a¥21 — G2102]2
i Va1 [(q11 + 91) (922 + g2) — (V11 + v1) (Va2 4~ U2) — G1agay — U1V — —
[(11 4 91) (Go2 + g2) 4 (vee + ve) (v11 - v1) — Grag2r — VeVs2]® + —
= — G2 (911 + 01) (v22 4 2) + (922 + 92) (V11 + v1) — Guatia; — GeqVia]
=+ [(q11 + q1) (vee + v2) + (922 + g2) (v11 + U1) — GraVar — G1012)?

B (12.28) mas ynmo6era 3anuch Wyp cmywen wmugekc «mps. IToayuerHoe coot-
HONISHHE (I03BOJAET CYAHUTh O KOMIJIeKCHOM KoadbuuueHte mepenaud T4 obuiero
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_BHAA, T. e. Ge3 'yqera (PH3HYECKON WMPHPOAB HeJHHEHHOTO SJeMeHTa, ocobeHHocTeR
CXeMHOIO TIOCTPOeHHs (HALTPOB, HCTOYHHKA CHMHAJAa M Harpysku. Has moayuenus
MaKCHMaJbHoOro Ko3bdHUHeHTa mepenaud HeoOXOIMMO BHITIOJHEHHE YCJOBHH OTTH-
MajbHoro coraacoBaHus [14]: Wy=W*sy, Wo=W*5ux, npu aToM Wi=¢ionr+i Vionr,
Wa2=qzonr+i v2onr.

Tenepr paccMoTpHM KOHKpeTHhie pa3HoBHAHocTH IIY, orinuato-
LIHecs] THIIOM NpPHMeEHsSIeMOro HesJIHHeHHOro sJeMeHTa. B npeo6pasoBa-
Tele C BapaKTOPHBHIM JHOAOM §1;=(22=§19=q2;=0; Gjonr =q2onr=
=V|01202||; Uromr =—Uy1; Ygomr = —Ua2.

[Tpennonaraercsi, uyTo B nmpeo6pa3oBaTesie BLIMOJHEHBl YCJIOBHSA
ONTHMAJIbHOTO COIJIaCOBaHHS BXOJLHOIO H BBIXOJHOTO PEaKTHBHOIO CO-
NPOTHBJEHHHA: ¢ =§2=(onr H Uy =Vgy; V13~ Vg1; Ujonr = UVgonr=70.
[Tocnennee Habalonaercss Ha NpakTHKe, Tak Kak B CBU Mmoayasitopax
fm<fe; foa ¥ fe ~ fua. Torna, npeo6pasosas (12.28), umeem

K| = — Mol v1

VT e — un + 00 05 + g2 o1+ 0

qﬁm — (v +0v)?+ U%
2gony (V11 4 v1)

[Tycts B KayecTBe HeJHHEHHOrO 3JieMEHTa HCMOJIb3YeTCs BapaKTop
C Pe3KHM p-n-mepexoioM. ANNDPOKCHMHUPYs ero BOJbT-hapajfHylo Xa-
PaKTEPHCTHKY B COOTBETCTBHH ¢ [51], 3amuueM BhIpaXkeHHe AJs Ne-
PEMEHHOH BO BpeMeHH eMKOCTH

A 1
VU, V Un '
14 Uen cos Wy ¢

3necb Uy=gx — Ucm — «NOTHOE» HampsiKeHHe CMelleHHS, Qx — KOH-
TaKTHasi pa3HOCTb MOTEeHUHan0B, Ucy — HanpsKeHHe MOCTOSIHHOIO
CMellleHHsl, A — NOCTOsSIHHAs BapaKTopa. Bocmo/ib30BaBUIHCh pe3yJ/bTa~
tTaMu passoxeHusi (12.30) B psin Pypbe mo HampsikeHuo um [51],
nmonyyuM 3HaueHHs Wy, mapaMeTpoB B CHCTeMe Ypp-lIapaMeTpOB:
Yyn=iwcCo; rae Co — nepBuiii ureH pasnoxenus (12.30) B psan Pypbe;
C, — k03O dHUHEHT NPH BTOPOM uJeHe pa3noxeHHs B pan Dypwe.
Ecan Bapakrop corzacoBaH ¢ (GHJIbTPaMH NPH HEKOTOPOM 3HAUEHHH
aMILIMTYAB MogayJHpyoiero Hanpsixenus U'm, 10 Co=C, ye=¥Y'c,
rae yc=C,/C,. Torga, npeobpasosas (12.29), ¢ yueToM HaJOXKEHHHIX
OTpaHHYEHHH 3alHIIeM

(12.29)

¢ = arctg 2 = @yt Py,

C=

. (12.30)

| K= Kol _ Ye Co
@ V(e ColP—(C—Cof*+( 72 C5)I+4 (e Co)? (C—Co)
(7 Cod® — (C— oY 47 o

2(ve Co) (Co—Co)

¢ = arctg

- ——— e e e o’

(12.31)
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IOns nanbHeiiliero HccieNOBaHHS ONpeNeNHM KOMILIEKCHBIH K03d-
duuHeHT Nepegaud npeoGpasoBaTesisi C fuy Ha 4acToTy [nu:

K _ Us _ KE

YUy Uy

M M

TIpoussenem HOpMHUPOBKY Kynp aHasoruuto ri. 3. [Iponopmupyem am-
TVIHTYy MOJYJHPYIOLEro HAaNpsXKEeHHS Mo BeJHYHHe UM maxc — 3Haye-
Hue Uwm, npu KotopoM Uyq MakcHMaJsbHa, a Uy — N0 aMIJIUTyJE Bbi-

XOJHOr0 HaNpSXKEHHA NPH HeKOTopo# BeHYHHE Unpaw (HayasbHOE BHI-
XoaHoe HanpsxKeHHe). Takum obGpa3sowm,

(12.32)

Kﬂ.np (X): (l/jﬂ//(l/ln,uaq — KEP/(I;“a., Er) _
M /M makc
_ ARV Rysel) o 00 Ry e'* D
X X

Ha ocHoBanun (12.33), Bocnosb3oBaBLIHCh rpaHYeCKHMH 3aBHCHMO-
<TaMH ko3 puunenToB paga Pypbe pa3oxeHHs BOAbT-papafHOH Xa-
PaKTEPHCTHKH BapaKTopa OT aMIIHTYAbBI MOJYJHPYIOLLEro HampsiKe-
Hus [51], Ha puc. 12.9 mocTpoHM KpHBble 3aBHCHMOCTH MOAYJSl M ap-

=|Kunp(X)|e'?X. (12.33)

o LDt R
1 N
3 - a
// N
Z 7
P P ot E—
0 02 04 06 08 T~ Puc. 12.9. 3aBucumoctdH: — — — —
T~ MOAYJSl CKBO3HOro Ko3¢duuuenrta
-0t . nepenaun |Ku(X)|, MOZLYJIS
Ka.np , —.—.—.— apryMeHra
-40 - W(X) xomnaekcHoro Koadpduuuenta
-0 N nepejayn Bapaktopuoro TIU or
N aMIVIHTYAH MOAYJMpYIOWIEro  Ha-
-2pad a0 N npsXKeHus

TYMEeHTa KOMIJIEKCHOrO Ko3(p(HLHeHTa NepelJayH «THNHYHOTO» Bapak-
‘TOpHOro Moayasropa (fm=70 MIu; f—Haxoautca B npemenax X-au-
anasoda; C(Ug) =2 n®; Ucy=6 B) oT aMIIHTYAB MOAYJIHPYIOLIErO
HanpsixenHa (AX u ®AX).

[Tonyuennbie pesy/bTaThl HJJIIOCTPHPYIOT KOMIVIEKCHBI XapakTep
HeJIHHeHHOCTH BapakrtopHoro ITY, npuyem HauGonbluass KpyTH3HA
QAX (mpumepno 10—I12 rpan/aB) cooTBeTCTBYeT aMITHTYnaM MOJY-
JIHPYIOLIEr0 CHrHaJla, PH KOTOPLIX yPOBEHb BBIXOAHOrO CHrHaJa Mak-
cumased. TakuMm o6pasoM, BEIGODOM MOILHOCTH BXOJHOIO CHTHaJsa
MOXHO yMeHbLUTh Beiuyniy AM—®M npeoGpasoBaHusi H nmepexos-
Hble TOMeXH, HallpHMep, NpH Nepejaye MHOrokaHasbHoro UM curhana
< mapasutHoii AM. Ho Heo6XozkMo yuuthiBaTh, uT0 npn Um7=U’'m
YXyaWalorca sLepretHueckue nokazartead ITYH. ITostomy pexum pa6o-
Thl [IY BbiGHpaeTcsi HCXOAS H3 NMPOTHBOPEYHBHIX TPeGOBAHHIL.
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Insa ppyroii pa3HOBHAHOCTH npeobpa3oBaTelsi, B KOTOPOM HEJH-
HEAHbI 3JIeMEHT ABJAETCA YHCTO aKTHBHHM (Pe3HCTHBHOro mnpeoGpa-
30BaTeas): Uy =Up=Upp=Uy=0; ¢u=¢q; §i12=G2;; Gronr=4¢2=
=V 42— 12; Vionr="Usonr=0. IIpH 3TOM npeanosaraercs, 4T0 yCJO-
BHS ONTHMAJbHOTO COTJaCOBaHHUA aKTHBHOM COCTaB/AAIOLEel BXOAHOrO H
BBIXOJIHOTO DPeaKTHBHBIX conpotHBieHHH [TY BbmoaHeHb (g1=¢:=
={our), a YCJOBHA ONTHMAJbHOrO COrJaCOBaHHS PEaKTHBHOH COCTaB-
JAIOIeH He BBLINOJHSIOTCH, B OTJIHUHE OT NpeAbAyluero cjydasi, npH-
yeM v, ~U;=050. Takasg cHTyauus JOBOJbHO YaCTO BCTPeyaeTcs IpH
MOCTPOEHHH MOAYJNSTOPOB, PabOTAIOLIHX B YCJAOBHSX H3MEHEHHS yacTo-
TH fo npu fm=const H fM<Kfc; fua. AKTHBHAA cocTdBAAOIIAs BXOI-
HOTO H BBIXOJHOTO PEAaKTHBHLIX COTMPOTHBJEHHH MOXeT OHTb COTJaco-
BaHa C (QHJAbTPAMH C NMOMOLIbIO TPAHC(POPMATOPOB COMPOTHBJIEHHS B
HeoOXOMHMOIl moJoce YacToT, a YcJoBHe Uy=Us=0 BHIIOJHsAETCSA
TOJNBKO Ha OJHOM YacTOTe NPH HCHOJb30BAHHH KOMIEHCHpYIOLIEro pe-
aKTHBHOTO CONpPOTHBJEHHSA. Torja aHaJOrHYHO TNpeAHAyLieMy CcJay-
yaio, npeobpasosas (12.28) u o6o3nauuB 6=U/qonr, HMeeM

|Kl=1K | Inel = el 7
2 912
< 411+ Gon ‘1> — 88— —"— | 448 (g1 + qona?
Gont Gonr
o= arctg 28 2011 —+ gont) -+ Py + (pnd’.
912 911+ Gonr \?
Gonr | 6%+ 2 -
9onr fonr

(12.34)

[Tpenenbl H3MeHeHHsi PaccTPOAKH PEaKTHBHOH cocTaBaflolled § cie-
AyeT ONpeleNHTh HCXOAA H3 BEJHYHHB BXOAHOro (BBIXOJHOrO) 3Haue-
HHA KCB — Koapduuuentra crofueli BOJHH. IDTO NpEACTaBJACTCA
yROOHBIM, TaK Kak

KCB,, — LT

1 |Tay

MOXeT GHhTb Jerko H3MepeH. 3pecb |I'sx| — Mozyab KoadduiuenTa
oTpaxeHHus or Bxoga II4 B Toukax /—I (cM. puc. 12.8)

P ‘= WI—WBX
IPye = | SA—2BX |
Wi+ Wax (12.35)
W VW '
Wax - Wll W2 + W”'

Hcnonb3ys (12.35) ¢ yueroM orpaHuuyeHH#, HaloXeHHHX Ha Wgp, W,
H Wo, npH NPHHATHIX paHee NPEANOJOXKEHHAX HMeeM

Tore 02 (8% +-4)

(qom (2 — 89+ 20— 48 (dons + 10
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rae q’;; — 3HayeHHe MapameTpa ¢, NPH KOTOPOM IPOH3BOAHMTCS CO=
rJ1acoBaHHe HeJIHHeHHOro 3jeMeHTa ¢ GHAbTpaMH (3HaueHHe ¢, B pa-
6oueit Touke Un=U"y). Ucnonb3ys (12.36), nonyuyaem

8 g3 (1 —IT1") + 824 [ g3, —ITP g} (Yone +7))1—
—4 'PIZ (qonr+q;1)2= 0. (]237)

Pewas (12.37) orHocuTe/bHO §, MOXKHO HaliTH PEaKTHBHYIO COCTaBJs-
IOLIYI0 BXOAHOTO (BBIXOJHOro) conporuBiaeHus [IYU no sagaHHOMY 3Ha-
yennio KCB u BuiGpaHHoil paboueii Touke. Omnpenenus mnapamerpsl
Wnp H HX 3aBHCHMOCTb OT aMIVIMTYABl MOAYJHPYIOLIEr0 HalpsiKeHHS,
MONYYHM, HCIOJb3ys cooTHoweHust (12.34) u pewenue yp-uus (12.37)
aHaJIOTHYHO mpeAblAylieMy caydaoo, AX u ®AX moayastopa.

[lycts B KauecTBe HeJIHHEHHOrO 3j1eMEHTa HCIOJb3YeTcs MOJYNpPO«
BOAHHKOBHI auoa, BAX KoToporo amnmpoKCHMHDYeTCSi BbIpaXXeHH-
em [14]:

in=io[e" T8 W, (12.38)

rle U — HanpsiXKeHHe, NPHJIOXEHHOe K JHOAY; [o— TOK HachiLleHHS
00paTHOCMELIeHHOTO  p-n-TNepeXxojia; r'e — CONPOTHBJAeHHe 6asbl; a—
Ko3¢duurent. Bocnonp3oBaBwnch rpadHyecKHMH 3aBHCHMOCTAMH B
CHCTeMe Ypp-apaMeTpoB Ko3ddHLHeHTOB pa3ioxenus (12.38) B psan
®ypbe OT AMIIHTYAR MOAYJHPYIOLIEro HamnpsikeHus [14], moayuum
AX u ®AX. PaccmorpHM ciyuall, KOra u4m CO3[4aeTcsi TreHepaTo-
POM HanpsiKeHH M HCIOJNb3yeTCsl THIOTETHYECKHH AHOA C NapaMer-
pamu: ip=1-10"7 A; a=20 B~!; r6=25 Om. Haiizem AX u ®AX npu
Pa3NHYHBIX peXHMaX COTJacOBaHHS NHOAA M BeJHYHHAX PaCCTPOMKH
PeakTHBHOH cocTaB/sfiollell. Pacyer npousBeneM NmpH ABYX 3HauyeHHAX
Zonr, @ MMEHHO: gonr=0,6-10—3 CM — HennHeiiHHH yuactok BAX
(Um=0,5 B) 1 gorr=8-10"% Cm (U'm=1,5 B) — suHeituplii yuac-
ToK BAX, a Takxe npu asyx suauennax |T'|:|I'|=0,2 u |T'|=0,33.

[Ipn pewennn (12.37) moayyaioTcsi yeThHIpe KOPHS: 1Ba MHHMBIX,
KoTopble oTOpachBalOTCA, TaK Kak & — YHCJIO [AeHCTBHTeNbHOe MO Ofl«
peleseHHIo, M 1Ba NeHCTBHTENbHBIX =081, 3HAK KOTOPBIX (PH3HYECKH
COOTBETCTBYET XapaKTepy PacCTPOHKH: HHAYKTHBHAf HJH eMKOCTHas.
PesayJsbTaTh pacueTa NpH eMKOCTHOH paccTpofiKe NMpHBELEHH Ha pHC.
12.10; nmpH MHAYKTHBHOH paccTpoiike H3MeHHTcs 3Hak PAX.

W3 aHanmM3a pe3yJbTaTOB BHAHO, 4TO Npeo6pa3oBaTesb YacCTOTHI,
BBHINIOJIHEHHBI Ha DE3HCTHBHOM JHOLE C pEeaKTHBHHIMH BXOJHBIMH
(BLIXOAHBIMH) LeNMSMH, BJSAETCS YCTPOHCTBOM C KOMILJIEKCHOH HeJH«
HEHHOCTBIO, TaK e Kak M BapakaTopHbulii [IY. Kak caeayer us pwc.
12.10, AX n ®AX cyuecTBeHHO 3aBHCAT OT pPeXHMa COIJacOBaHHS
IT4Y, 1. e. OT BeNHUHH gonr; |I'|. X BEIGOPOM MOXKHO YMEHBIIHTH Hc-
KaXKeHHSl CHTHAJ/IOB, BHI3BAHHBIe KOMIJIEKCHOH HeJHHeHHOoCcThio. Ha«
npuMep, NpH ZGonr=38-10-3 CM c pocTOM aMIJIHTYAE BXOAHOTO CHI=
Haia AX MoaynsTopa npubanKaercss K AX OrpaHHuMTess, a KpPyTH3«
Ha ®AX y6uiBaer. IlosTomy npu nepenaye MHOrokaHnanbHoro UM cur-
Hana ¢ nmapa3utHoii AM uepes rakoii [1TU nepexoiHble mNOMexH NpH
yBeJIHYEHHH MOIUHOCTH CHTHaja AOJXHB yMeHbliaThbcsi. CpaBHHBasi
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pe3HCTHBHbIA M BapakTopHbiii ITU, BuaHO, yTo HenuHeHHOCTb AX y pe-
3HCTHBHOro npeo6pa3oBaTesisi YacTOTH BHILIE, YeM y BapaKTOPHOrO,
NPHYEM OHa CHJIBHO 3aBHCHT OT peXXHMa COIJIaCOBAHHS, a BeJHYHHA
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P) d)
Puc. 12.10. 3aBHCHMOCTH! — — — — — MOAYJS  CKBO3HOTO

koapduunenta nepegaun |Ra(X)|, moayas |Keup(X)|,
———— aprymedta W(X) xoMmiekcHOoro Ko3pduuuenra
nepenayd pesHctuBHoro ITY or aMmauTyabl MOAYJHPYIOLIEro
HaNmpsXKeHHA: @ — NPH Zonr=0,6-10-3 Cum; |T'|=0,2; 6 — npu
Zonr=8-10-3 Cum; |I'|=0,2 u 0,33

A®K y BapakTOpHOro MOAyJsTOpa Bhille, YeM y pe3HcTHBHoro. [Ipu
3TOM Yy pe3HCTHBHOro mnpeo6pa3oBaTelsi C HEONTHMAaJbHO HAaCTPOEH-
HbHIMH BXOAHHIMH (BbHIXOZHBIMH) uensiMu Bug PAX 3aBHCHT OT BeJH-
YHHBl H 3HaKa pacCTPOHKH peaKTHBHOH cocramiaswoueii §. [TocienHee
0cOo6eHHO BaXKHO, TaK KaK MOXeT GbITb HCIOJIb30BaHO AJISI KOMIEHca-
uuH AOPK npeablaylluX HJIH TNOCJHEAYIOIHX MOAYJSTOPOB  YCTPO#i-
CTBa.

Temepb, ®KOTMA MONYYEHBl 3aBHCHMOCTH HOPMHDOBAHHOTO KOMIJIEKCHOTO KO3¢-
(HIHeHTA NepejayH OT AMIVIMTYAbl MOMLYJHPYIOLIETO HAMDSIKEHHS [JIs PasJHYHBIX
ITY, mMoxkHO moKa3aTb Ha NpHMepe BapaKTOPHOTO MOAY/SATOPa BO3MOXHOCTH pac-
g9eTa MePeXOJHLIX MOMeX MeTONOM KOMIJIeKCHOTO koadwpuuxeHTa mepeXaud. Bemue
ONHCAHA METONHKa pacueTa MepexOdHbIX TIOMeX B 'YCTPOACTBE € KOMIJIEKCHON HeJH-
HeirHocThio (YIKH) mpH yca0BHH, MTO BXONHON CHMHAJ MPeNCTaBAseT Co6OH CyMMy
PaBHOOTCTOALIMX [0 YacTOTe TapMOHHMECKMX KoJeGaHH C (IeTepMHHHPOBAHHBIMHA
aMIIATYZaMH W CITy4afHBIMH DABHOMEDHO [paclipefeJeHHBIMH HadaJbHHIMM ($asamu.
PaccMompuM mpocTefmmHii coyqal, Korga Ha BXOJe MOLYJASTOpa JeACTBYeT cyMMa
QBYX TapMOHHYECKHX KOJeOaHHH '(IBYXTOHOBHIH curHana). TIpH BTOM OTKpbIBaeTcs
BO3MOXHOCTh MOJAYMHTb (He CHHXKAasi OGLUIHOCTH ‘PAaCCMOTDEHHA) KOJHYECTBEHHBIE pe-
3yJAbTaTH TPH HeGOJBIUIHX 3aTPaTaX MAUIUMHHOIO BpeMeHU. Pe3ysbTaTH MOTYT GhITh
TIOABEPPHYTH KCTepHMeHTanbHOH mpoBepxke. Ecan Ha Bxole MoxyasTopa ZefcTBYIOT
ZBa TapMOHHYECKHX CHNHAJA C WaCTOTAMH ©m =0i H OM, =Oxo, KPaTHbIMH £,
T. €. (“’”._“’“. =(n+1)Q—nQ], To Ha ero Bbixome GYAYyT MOJe3HBE CHPHAJH C
q9acTOTaMH “’“-“=‘°"x+‘°° H Opa:=0m, +0c, KOMGHHALHOHHEIE COCTABISIOUIHE C
4acTOTaMH @m.a1—NQ H Wn.92+nQ. TakuM 06pa3oM, CHEKTP BEHIXOLHOTO CHTHajJa aHa-
JIOTHYEH (IEKTPY CHIHajla Ha BHXOJE HEJIHHEAHOTO YOHJIHTeN NPH BO3REACTBHH
Ha ero BXOJ JABYXTOHOBOTO CHNHAZJa, HO TPAHCTIOHHPOBAH B 06JacTh YacTOT @n.q.

B COOTBETCTBHH K& METOLHKON, H3JOXMEHHOR B IJ. 3, 3aBUCHMOCTb KOMIIJIEKCHO-
ro xoxppuLHeHTa MmepelayH, MmpelACTaBleHHas Ha puC. 12,9, anmpoKCHMHpyeTcs CTe-
MEeHHEIM MOJHHOMOM C KOMIUIEKCHBIMH KO3ddHLUHeHTaMH. ANNPOKCHMALUHS TPOH3IBO-
aunacb Ha OSLBM  «MuHCK-22» MeTOXOM HAHJYyYHIEr0 MPHOJIHIKOHHUA (TOJHHOMOM
deTBeDTON creneHH. KosdbuuueHTs moauwHoma pasHb: Co=0,7761—i0,2034; C1=
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=i1,5984i 0,7596; C;=-—3,279—i4,426; Cs=1,3854i3,721; Ci=0,0854—i0,7493.

BocnonibaosaBuinch $HOpMyaaMH A pacyeTa aMILIATYABN KOMOHHAUHOHHOA CO-
cragaswomed n-ro nopaaxka Ha Burxode YKH mpyu BoameficTBHH Ha ero BXOA {ILBYX-
TOHOBOTO CHIHaJja, OfpeJe/MM 3aBHCHMOCTb OTHOCHTEJNBbHOrO YDOBHI KOMGHHAUHOH-
HHX COCTABAAIOWIHX 3-r0 H 5-TO mOPANKa OT MOUYHOCTH BXOAHBIX CHrHAJAOB M COOT-
HOWICHHUS HMX aMILTHTYJ O AN in=iy; i2:

[Yin(P, )}
(yio (P» a)]2
CoOTBeTCTBYIOLHE KPEBHE mpHBedeHs Ha puc. 12:11a. Jasg moaTBepXJAeHHS Pe3ysb-

TaTOB pacyeTa GHJIO TPOBENLEHO 3KCNePHMEHTaJbHOE HCCIELOBaHHE BOJIHOBOLROIO
IMJ X-puanasoHa Ha BapakTopHOM Juofe. DyHKIHOHANbHAA CXeMa H3MEDHTeNbHOR

L, = 10lg

[

_’0 X
/x/ "‘/ e 210

foas fiyi iy

fIWf;

-40 Pl

Puc. 12.11. 3aBucuMOCTH YDOBHS MepeXoAHHX INOMEX B BapaKTOPHOM MOAYJATOpe

OT YpDOBHsSI CHrHajla NpH BO3AEACTBHH Ha BXOA ABYXTOHOBOrO CHrHana (@): — ——

H —X—X—X— pacueTHble H 3KCNepHMeHTaJjbHHe JJisi momex 3-ro MOpsAKa,

— —— H —X—X—X— pacyeTHHe H 3KCNepHMeHTaJAbHHe NJA NmoMex 5-ro mopsa-
Ka; (yHKIHOHAJbHAA CXeMa H3MEDHTeAbHOM ycTaHOBKH (6)

YCTaHOBKH mpHBefeHa Ha puc. 12116, rme ! —CBY reneparop; 2 — passsisHBalo-
mHAA aTTeHioaTop; 3 —PHABTP MacTOTH «cABHra; 4 — X-UHPKYASATOD; 5 — AnOAHAs
Kamepa; 6 — morJomaouas Hanpyska, 7 — TMOJOCHONMPONYCKAIOMWHNA GHABTP Tpeos-
pa3oBaHHON YacTOThl; & — CMEKTPOAHAJH3aTOP; 9 — YCHAHTENb HAMDSIKEHHS MOMLY-
Jaupylomed yactoThl; /0 — BoabT™eTp; /1 — coraacoBaMHbI KOAKCHAAbHBIA . TPOAHAK;
12, 13 —reHepaTOpH MOIYJAHPYIOWEro HAMPSXeHHS; [4 — H3MEDHTENb MOLIHOCTH.

Meroduka uccaedosanus. Or CBU rexnepatopa / yepes pasBs3biBAIOILHA aTTe-
HI0aTOp 2 MOMABaNCA CHMHAX ¢ 4acToTOR fe W MomHocTblo 10 MBT ®a ¢uastp 3,
oTkyla 4epe3 X-IMPKYJAATOP 4 OH MOCTYNaj Ha AMOIHYI0 KaMepy 5; OT MCTOUHHMKA
HNOCTOSHHOTO CMeLLeHHs MOAaBaJoch HampsiKelhHe Ucm, KOTOPOE oONIpeldensieT TON0-
XKeHHe paGoueli Touxkn. OT reHepaTopoB MOLYJHPYIOLLero Hanpsaxenus 12 u I3
uepes CYMMHDYIOWHA KOaKCHAAbHBIN Tpoiiuk /] molxaBanuch JBa CHrHana [Mm,=
=70 Mt & fm, =80 MTI'u ¢ amnaurynoit 0,16 B kaxnanii Ha BXOX MOLIHOFO YCH-
auTeNst KojeGaHHMs MOAYMHPyomed wacToTel 9 ¢ koadpduuneHTOM ycuaenus 13 ab.
C BBIXOLAa YCHJMTEJASl CHCHAAB MOCTyNan¥d Ha [IHOLHYIO KaMepy H MOAYJHPOBalH
HeJIHHEHYI0 eMKOCTb BapaKTOpa, B PC3YJbTaTe HEro Ha BHIXONE JIHOLHON KaMepH
065 230Ba/UCh NBA MOJEIHBIX CHMHAAa: [nwi=fio=fc+70 MIU; [au2=fc+80 MIu,
a TaKkXe CyMMa KOMOHHALHOHHBIX 4acTOT. Becb cmeKTp mocTymas uepe3d X-UHpKY-
JATOP Ha BX04 GHALTPA MpeoGPa30OBaHHOA YACTOTH, KOTOPHII TPONYCKaeT CHNHAJH
C MACTOTaMH fu.ui} fu.uwz; fi4 M fiz W OTpaxkaeT Bce OCTaNbHBIE CHNHAJIMI, TIOTJIOLLAIO-
wHecss B Harpy3ke 6. Ha cmekTpoaHannsatope 8 H3Mepsiiici YpOBEHb CHrHaJOB
fi,; fi,; Fi, ¥ onpenensnoch WX OTHOWeHHE B 3aBHCHMOCTH OT HOPMHDPOBAHHON aM-
NHTYAL CHIHAJOB.
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CpaBHuBasi pe3yJbTaTH 3KCIEPHMEHTa H pacyeTa, BHAHO, YTO HX
pa3sinuve He mpeBbiiaer 3 AB M 06ycJ0OBJIEHO MOrPEUIHOCTSMH pac-
yeTa H 3KCNIEPHMEHTa, a TaKKe NOrpelIHOCTSMH, BHI3BAHHBIMH HECOOT-
BETCTBHEM MOJeJH MpeoGpa3oBaTelisi €ro peasbHOi KOHCTPYKIHH. Tak,
MOrpelIHOCTh B pacyeTe MNepeXoAHBIX IoMeX o0yc/oBJeHa HEeTOYHO-
CTbIO aNmMpPOKCHMAlHH KOMIJIEKCHOro KoadduiuenTa nepefayu CTemneH-
HBIM moJuHOMOM. B paGote [76] onpeneneHsl NOrpelIHOCTH pacyeTa
NepeKpecTHHX (NMepeXOAHHX) MOMeX B 3aBHCHMOCTH OT IIOTPEUIHOCTH
anmpoKCHMAalUHH KOMILIEKCHOro Koadduunnenra mepenaud. B paccmart-
pHBaeMOM cJjyuae MNOTpPEeUIHOCTh aNNpOKCHMAalHH COCTaBJsIeT OKOJIO
10%, yTo MOXKeT NMPHBECTH NpPH ONpejeNeHHH YPOBHS IEepPeXOAHHX I0-
Mex K omubke nopsinka 2 ab. [Ipu pacuere mosarajocs, YT0 AHOL —
HeJIMHefiHast eMKOCTb, BOJIbT-(apajgHasi XapakTepHCTHKa KOTOPOH MOJ-
YHHsIeTC KBaJpaTHYHOMY 3aKOHy, H YTO BCEMH TapMOHHKaMH H3Me-
HEHHSI €MKOCTH, KpoMe MepBoH, MOXHO npeHebpeub. B meficTBHTENb-
HOCTH XapaKTepHCTHKa BapaKTopa ONHChiBaeTcsl 6ojiee CIOXKHBIM 3a~
KOHOM, H BHICIIHE TapMOHHYeCKHe COCTaBJSIOLIHE BJHSAIOT HAa PEXHM
pa6othl mpeobpa3oBarteiisi. B pacuere He ObIIH yYT€HH INapa3HTHHE
3JIeMeHTH KOplyca AHOAA M aKTHBHOE CONpOTHBJIeHHe ero Gasml. Kak
OTMEUYEHO BhIllle, METOJ KOMIUIEKCHOro Ko3(GhHIHeHTa Nnepeaays npea-
nonaraer pasHoMepHocTh AUX u suHeliHocts ®UX npeobpasosaTess.
OnHako NpHMeHeHHble B Mpollecce 3KCNEPHMEHTaJbHOTO HcCJ/e]0Ba-
HHSl peaJsibHble YCTPOHCTBa — NMOJOCHONPONMYyCKAaIOUHHA (GHIBTD, YCHIH-
TeJb MOAyJHpPYIOLledl uyacToTH H X-LHPKyJATOp — 00J1afaloT HepaB«
HoMepHo#i AUX u Henunefino#i ®UX. 310 TaKXKe NIPHBOAUT K MNOsIBJE-
HHIO JIOTIOJIHHTEILHBIX KOJHYECTBEHHHX DaCXOXKJEHHH MeXAy pe3yJib-
TaTaMH pacyeTa M 3KCEPHMEHTa, XOTS KauyeCTBEHHO OHH COBIAaAaloT
J0CTaTOYHO GJIH3KO.

TaknM o6pa3oM, moKa3aHa BO3MOXHOCTb aHa/lH3a BO3HHKAIOWIMX B
ITY nepexomHBIX NMOMeX METOAOM KOMILJIEKCHOro ko3¢ ¢bHuHeHTa mne-
pelayH Ha NpHMepe ABYXTOHOBOrO CHriaja. JTO NO3BOJSieT KOJHue-
CTBEHHO OlIEHHBaTh BJIHSHHe H3MeHeHHs orubaiollefi MHOrokaHaJjbHO-
ro CUrHaja Ha ypoBeHb NepeXOAHBIX NOMeX, BJIHSAHHe napa3uTHoii AM
reTepOJMHOB H TIeHepaTOPOB HAaKAaYKH INapaMeTPHYECKHX YCHJIH-
TeJledl, a TaKXe CHJIbHHX MeLIaIoUHX CHTHAJOB Ha paboTy NMpHeMHBIX
YCTPOHCTB.

KosnuecTBeHHasi olleHKa fBJsieTCS Ba*XHOH NpPH aHa/lu3e Nepe-
XOAHHX NoMeX, Bo3HHKalomwux B IIY, u npoekrHpoBaHHH npeo6pa3so-
Baressl. 3Has NepexojHble NMoMeXH, KOoTophie Bo3HHKaior B ITUY, pas-
paboTYHK HMeeT BO3MOXXHOCTb BHIGpPaTh THI NMpeoGpa3oBaTtesist 4acTo-
TH (eMKOCTHO# MJIM PE3UCTHUBHHI), CXeMy NOCTPOEHHS H DEXHM ero
paboThHl, ONTHMAaJIbHEE B OTHOIUIEHHH NepeXodHbIX NoMeX.

12.6. AMmmTyAHO-pa30BaaA KOHBEPCHA B BAPAKTOPHBIX
YMHOMHATEIAX YaCTOTHI

YMHOXHTE/IH YacTOTHl B CHJY NPOHCXOASIIHX B HHX (DU3HYECKAX
upoleccoB MOryT GHITb OTHeCeHhl K KJacCy paccMaTPHBaeMHX B Ha-
cTosiledl riaBe ycTpolicTB — mpeo6pa3oBaresell yacToTH. B Hacrosi-
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mee BpeMs B aHana3oHe CBY GoJsiee Bcero NMpHMEHSIIOTCS BapaKTop-
Hble YMHOXKHTENH 4acToThl. MeTOJHKa aHaJHTHYECKOrO OINpeleseHHs
®AX B HHX NPHHUHMHAJBLHO He OTJIHYAETCA OT 3aJ4aUH HaXOXKIEHHS
®AX pereHepaTHBHOTrO NMapaMeTPHYECKOro YCHJHTENs, moapobHO pac-
cMotpenHol Buille [47]. ITo3TOMy OCTaHOBHMCS JIMIIb Ha HEKOTOPHIX
ocobennocTax APK B BapakTOpHbIX yMHOXHTeJsiXx uacToThi. ®AX
TaKOro YMHOXHTEJNS NPH MaJoli CBfA3H MeXJAY KOHTypaMH (pHC.
12.12) onpepensiercss BolpaxKeHHEM

| Pack | = arctg Q& [Upy m] +m arctg Q) & [Upg m]. (12.39)

C He6oJsbIIOH MOrpeUIHOCTHIO MOXKHO MPEANOJIONKHTh B HEKOTOPOM
JUHAMHYECKOM J[HaNa3oHe BXOAHBIX CHTHAJIOB JIHHeHHYI0 (MM 6JM3-
KYyI0 K JIHHeHHOH) 3aBHCHMOCTb HauaJb-

¥ @'—‘1 HOH (pa3bl BBIXOZHOIO CHrHasla OT aMIIH-
® {3 , {:} y, TYAB CHTHaJla Ha BXoje. B coorBeTcTBHH
Lelx: : C 3THM HHXKe PacCMOTPeHBl [Ba BapHaH-

) ?,0, Ta IOCTPOEHHS YCTPOHCTB MHOTOKPaTHO-
r0O YMHOXEHHSI 4YacTOThl — JBYXKOHTYp-
HBIi BapaKTOPHBIH YMHOXHTe/Nb BhHICO-
KOH KPaTHOCTH H MNOC/Jel0BaTeJbHOCTb
BapaKTOPHBIX YABOHTeJell 4acTOTOi TOMH
Z, XKe obwe# kpatHocTH. IIpH mo6GpoTHoC-
TH BapakTopHoro auoia nopsiika 100 B
cllyyae yIBOHTENS YaCTOThI MOTEPH IHpe-
obpa3oBanus cocrasasior 1,5 1b [51].
Puc. 12.12. Bapakropusie ymHo- ECJIH YJABOHTe/JH BKJIOYeHbl MOCJTEJOBa-
KHTeH YacTOTH: @ — MOCAENO- TeJbHO, TO HANpSKeHHe Ha BXOJe KaX-
BaTe"bHO‘;‘%ﬂbzg;‘:;mga— Mapal- noro yMHOXHTENS BABOE MeEHblle Ha-
npsiKeHHSI Ha BXOJLe IpeJlIecTBYIOLIEro
ymHoXHTead.  CjenoBaTesbHO, B CH-
Jy npeanosioxeHus o JsuHeifiHocTH ®AX B KaxIoM mocienyio-
meM yjasoutese (a3o-aMIVIHTYAHAs HePaBHOMEPHOCTb MNpPOSBJSET-
cs BaBoe caabee, uem B npenuectByiomeM. CoriacHo (12.39)
coctaBisoonias ¢a3oBoro cIBHra, BHOCHMOrO [BYXKOHTYPHBIM YMHO-:
JXKHTesJleM 4acToThl H o6ycioBieHHass A®PK, paBHa aok =AQiaok M+
+A@2a o, TAe AQiaek — Pa30BbIil CABHI, BHOCHMHH BXOAHBIM KOH-
TYpoM; A@eae k — (a30Bbili CABHIr, BHOCHMBIH BBLIXOAHBIM KOHTYpOM.
Jisi yaBOHTENSE YaCTOThl COOTBETCTBEHHO HMeeM @a oK =2AQia oK+
+Agoaok, a B ciyyae A@aok =A@ ok (YTO CHpaBelIHBO, MOCKOMb-
Ky 3TH BEJHUHHBI GJIH3KH) QaoK=A@ia ok (m + 1). Ecau yaBouTenn
BKJIIOYEHBI M0C/TeJOBaTeIbHO, TO (PAa30BLIA CABHI, BHOCHMBII TIpeAbIAY-
IIHM YMHOXHTeJNeM, YABaHBaeTcs, a YPOBeHb CHNHaja 'Ha BXOJe KaX-
JOTO MOCJIeYIOUIEr0 YMHOXHTENS! yMeHblaeTcs BaBoe. Clie1oBaTebHO,
Haber ¢a3bl, BBI3BaHHLIH TOJILKO H3MEHeHHeM aMILTHTYAbI CHrHasa, B
MHOT'O3BEHHOM YMHOXKHTeJNe, COCTOSILIEM U3 YBOHTeNelH, paBeH

s—1
Agack =3A01aox Y 27

k=0

’
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rie S —4ucIo yaBoHTesael yacToThl. C ApPYroll CTOPOHBI, YMHOMXH-
TeJb KPaTHOCTH M BHOCHT aMIIHTYJHO3aBHUCHMBbIH (pa30BHIi CABHT,
paBHbIH AQapKk=A@iaok (2% + 1). PaccMoTpum aBa KpaiHHX cayvas:
$=2 u s — BecbMa BeJHKO. B mepBoM cayyae (a30BHIiI CABHI IBYX
COeJlHHEHHBIX KacKajHO YyABouTesell 4acTOThl Aga»k=06AQia ok +

3 o o
+2—'ACP1A¢K=7,SIA@]A¢K. ®a30Bbili CABHI, BHOCHMBIH JBYXKOHTYp+

HBIM yueTBepHTeJeM YacToTh, Apaok = 5 AQiao k. Kak BHaHO, KacKan-
HBIi YMHOXHTEJb YacTOTHl BHOCHT (pa30-aMIVIMTyAHble HCKaXKeHHs, B
1,6 pasa Gosbuine, yeM OAHH YMHOXKHTEJNb KPATHOCTH YeTHIpe.
PaccmatpuBas Bropoi#t cayuaii, BBegeM Ijisi yno6cTBa mapaMeTp
%A &K, XapaKTepU3yIOUU# NpeHMyllecTBO OLHOTO H3 BHAOB yMHO-

KEHHUS:
—1
Aguek Q) 1%
Xaok =} m=3A(P1A¢K22S A pox 2 =
PaAdK s =0
s—1
=3 ) o=+,

k=0
s—1

Ho rak kak lim 2 2-Ck+)=], 10 ®aepx=3. HTak, nocienoBatenb-
|s—1|—o e S—

HOCTb BaPaKTOPHBIX yABOHTesell BHOCHT B 1,5—3 pasa Goéuburue ¢aso-
aMIJIMTYJHble HCKaXeHHS, UeM JBYXKOHTYPHHIH yMHOXHTeJb BHICO«
KOH KPaTHOCTH, MeHee BHINOJHBIH 3HEpreTHYeCKH.

PaccMorpenHbie ycTpoiicTBa JalOT AOCTATOYHO IOJIHOEe MpeacTaB-
JgeHue o apieHussx ADK, BO3HHKAIOIUX B pa3jUYHBIX Pa3HOBHUAHOCTAX
npeobpa3oBaTeJieil 4aCTOTHI.

METOAbI OCJABJIEHUSA AMILJINTYIHO-
®A30BOM KOHBEPCHH B YCTPOUCTBAX CBY

o
13.1. OGmue TpeGoraHna K ycTpoiicTBam ociaabaenns ADK

ITpu paspaborke CBUY, KoTOpeIM CBOMicTBeHHa aMILUIHTYAHO-(a3o-
Basi KOHBEpCHS, CTaBAT LeJbl0 (KOHEYHO, NMPH HeOOXOAMMOCTH MHHH-
MH3alHH 3TOr0 BHJA HCKaXXeHHH HHGOPMAalHMOHHOIO CHrHajJa) ocJaas
6uth 3¢dekr APK no ypoBHs, AONYCTHMOro YCJOBHAMH 3KCIJIyaTa-
uud. [TOHSAATHS O MPHHUMNAX MHUHUMH3alUH aMIVIHTYAHO3aBHCHMEIX
tda3oBrix caBUroB cHopMyJHpPOBaHH B NpeALIECTBYIOLUIHX pa3fenax.
[ToaToMy nocJiepyiolllee H3J0XKeHHe NMOCBALIEHO aHaJu3y NyTeidl H Me-
TOJOB peLIeHHs NMOCTaBJIeHHOH 3ajauu npuMeHHTeJpHo kK CBUY pas-
JIHYHOTO Ha3HaYeHHA.

Kak 6bu10 otrMmeueHo, ociabieHne APK Moxer OHITH HAOCTHTHYTO
pa3HbIMH cnoco6aMH, CpeH KOTOPHIX:
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BBeJleHHe nepejaToyHoii nend ¢ APK B cocTaB CHCTEMH aBTOMATH-
4ecKOro ynpasJjieHHs ¢a3oi;

ynpaBjieHHe peXHMOM paboThl aKTHBHBIX 3JIEMEHTOB IO NOCTOSIH-
HOMY TOKYy H H3MeHeHHe BPeMeHH 3ala3/biBAHHS CHTHAJOB B HHX;

HCTOJIb30BAHHE YCTPOHCTB KOMIEHCAIlHH.

B03MOXHOCTH NPHMEHEHHSI TOrO HJH HHOTO MeTOJa OnpejessioT-
csl Ha3HayeHHeM pa3pabaThiBaeMOH anmapaTypsl H YCJHOBHSMH ee
GYHKIHOHHPOBaHHS B COCTaBe COOTBETCTBYloLlero koMmiaekca. OaHako
NpH 3TOM HeoOXOAHMO HMeTh B BHJY XapaKTep (pH3HUECKHX SIBJIEHHI,
06ycIoBIHBaOWKHX Bo3HHKHOBeHHe ADK kak mob6ouHoro sddekxra, Ko-
TOPHIl CONMPOBOX/JaeT NPOXOXJAEHHe MoJie3HOro curHaja. Jlio6oe Bo3-
AeHCTBHe, OKa3biBaeMoOe Ha peaJibHOe YCTPOHCTBO C LeJbl0 OCaabJ/eHus
HHTEHCHBHOCTH nobouHoro 3¢dekra (B ZaHHOM cayyae MJIs yMeHblIe-
HHA aMITHTYIHO32BHCHMBIX (pa30BBIX CIBHIOB), HEH30€XHO NMPHBOLHT
K 6oJiee HJIH MeHee 3aMeTHOMY H3MEHEHHIO H MoJIe3HOro 3ddekxra, 4To
HexeJsarebHo. Oco6eHHO 3aMeTHa Takasi B3aHMOCBf3b B 3JeMEHTaXx
u y3nax CBUY. ’

Co3paHue yCTpOHCTB, B KOTOPHIX NOJHOCTbIO ycrpaHeHa APK
.COXpaHeHa HHTEHCHBHOCTb NOJIE3HBIX 3()(}EeKTOB BO BCEX YCJIOBHSIX 3K-
CIUIyaTallHH, NpejCTaB/aseTcs TeXHHYeCKH HepeajusyeMbiM. IIpakTH-
YeCcKH OCYyLIeCTBHMO YCTPOHCTBO, B KoTopoM mnposiBieHHe A®PK oc-
J1abJieHO 10 TaKOi CTeNeHH, YTO HCKaXXeHHS HH(POpPMAallHOHHOrO CHr-
HaJjla HeBeJIHKH; B NONYCTHMHX INpejejaXx COXpaHeHH IIOKa3aTelH H
XapaKTepHCTHKH NepeaToYHOH LienH.

Hrak, npu NOCTPOEHHH pPaJHOTEXHHYECKHX TPAKTOB, B KOTOPHIX
Jocturiyta MHHHMH3auus APK, Heo6XonHMO, BO-nepBHX, 06eCNeIHTD
MaKCHMaJIbHYI0 CTeNeHb He3aBHCHMOCTH NOKa3aTesefl M XapaKTepHC-
THK LeNnH (AHanasoHa H3MeHeHHS Ko3(pGHUHEHTa YCHJEHHS, paBHO-
MEpHOCTH YacCTOTHOH H JIHHeHHOCTH ()a30BOH XapaKTepHCTHK W JIp.)
oT Bo3jeficTBuil, ocnabasiomux APK; Bo-BTOpHIX, COXpaHHTb 3¢ Pex-
THBHOCTb Bo3JeHcTBH Ha APK Bo BceM HHTepBajie H3MEHEHHS MOLU-
HOCTH BXOJHOrO CHTHaJla B NpejesiaX TNOJOCH NPONYCKaHHA, T. e.
Ag (Psx) << AQuun.zon TPH Pox unn << Pox<< Psx.maxe. HHxe paccMaTpHu-
BaloTca MetoAbl ociabmaenus ADK, koropnie Moryt GuiTh 3¢ deKTHBHO
Hcrosb30BaHH B ycrpoiictBax CBY.

13.2. Ymenpmenne ¢a30BbIX HAGEroB MOCPEACTEOM
aBTOMAaTHYECKOIr0 ynpasjieHHsA da30ii

Biuanue aMniMTyaHO-(a30BOH KOHBEPCHH Ha [OKa3aTeJdH TpaKTa ocaabusiercs
{IpH IBKJIIOYEHHH YCTPOHCTBA, B KOTOpOM Bo3HMKaer ADK, B cocTaB cucteM aBTOMa-
THYSCKOTO peryaupoBaHHs. B Hacrosmem pa3gene paccMaTpHBAIOTCA CHCTEMBl aBTO-
 MaTHyeckOH monctpoikH a3t (ATI®P) u aBrOMaTHuecKOro BHIpaBHHBaHHA (a3H
(AB®), cnocoGeTByloUHe YMEHBLIGHHIO NaPasuTHHX ba3oBhiX Haberos.

Cucrema AIlID (puc. 13.1a). 3mech aas crabunuzaunn $ashl Pemx BHXOLHOTO
CHMHala ycHauTens ¥C omHOCHTeApHO (asw |(@Psx) BXONHOTO BO3AEHCTBHS HCIOJb-
3yercs asoBblit MoLyasitop @M, KOTOPHI ympaBAsSeTcs CHTHaIOM C ($a3oBOTO Xe-
Textopa PJI. Tocnemuuit BuipaGaTwiBaeT B (OpMe NOCTOSHHOTO HATPSAMEHHS CHRHAJ
OWHGKY, YPOBEHb KOTOPOrO 3aBHCHUT OT HM3MeHeHus asoBoro casura 38 ®M u YC.
Jaa Toro 4tolbl 'yCTAHOBHTh YPOBEHb CHIMHAJA OWHOKH DaBHHEIM HYJIO TDH HOMH-
HaJbHOM 3HaueHuu Habera ¢asn B ¥C, mpenycMorped ¢asospamareass PB. Puabtp
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HHAKHHX vactor PHY mpunaer cucreve AIIQP KenaTenbHble AHHAMMMECKNE CBOM-
ctBa. [lpH mpaBHALHO NONOGPaHHOA NONAPHOCTH CHIHAJa OGPAaTHOH CBASH MePBO-
Hava/JbHasg HecTaGHAbHOCTb (a3oBoro Habera B ¥C u PM aBTOMaTHYEOKH yMeHb-
IaeTcs myTeM H3MeHeHHs (a3oBoro ciasara 8 @M.

Ecan ycHaHTeJb SBJASETCS UINDOKONOJOCHBIM, MOCTPOGHHE UIOMOGHOH CHCTeMH
CONpSAKEHO C PAAOM TPYMHOCTEH, OOYCHOBAGHHHX HEOOXOMHMOCTHIO CO3MAHHA ILH-
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[y J={ o }={ & |
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Puc. 13.1. ®ynkuuonasbHue Puc. 13.2. DyukuuoHa/bHHE CXEMH cHCTEM ofe-
cxembl cHcrem ATIO CreyeHHs TOCTOSTHHOM Da3HOCTH (a3 CHrHaJloB B
JIByXKaHaJbHOM ycTpoiicTBe; a — ATI®; 6 — AB®

POKOMOJIOCHLIX ycTpoficT8 B KoJable AIlD. BunousmenerHas cucrema ATIO (puc.
18.16) Tpebyer MeHbIe IIHPOKONMOJOCHHX YCTpoiicTB. OmHAaKO NOCKOABKY DPM He
0XBayeH KOJBILOM aBTONOJACTPOMKH, 3TO TpeGyeT TOYHOro MOAGOPAa KPYTH3HBI Xapak-
trepHcTHK @M u ®/[. Ilpn 3T0M (asa BHIXONHOTO CHTHAAA He KOHTPOJHUPYETCH
Lenpl0 0GpaTHOH CBA3Y.

B onucaHHBIX CHCTeMax H3MeHeHHe AaMIVIMTYAbl BXOLHOTO CHDHaJa YXy[uUaer
cTaGu/mMsHpylomHue cBoficTBa cucteMbl AIID, Tak xak Kosbdwmuuent nepefaun P
3aBHCHT He TOJBKO OT PA3HOCTH (a3 MOCTYNAIOUHX HA HEro CHrHAJOB, HO H OT HX
aMmauTyd. B TakHX YCJAOBHAX JAJAd NOBblileHHA SGQCKTHBHOCTH PaGoTH a0GHBa-
IOTCS HE3aBHCHMOCTH KO03dbHuHeHTa mepemawn P/ OT 'ypoBHA BXOZHBIX CHDHAJOB.

B mpaKTHKe MOCTPOEHHA MHONOKAHaJbHBIX IIPHEMO-YCHAHTENLHBIX TPAaKTOB MH-
HHMH3aUHsa $a30BOH CUIHOKH OOBLMHO CBOJHTCA He K YMeHblleHHio (a3zoBoro Ha-
f6era B OAHOM YCHJIHTeJe (KaHaJje), a K OOGCCMeYeHHIO WOCTOAHHOH pasHocTH (a3
CHMHAJOB Ha BLIXOAE YCHAHTedel (KaHamoB). [lpocTefmunii BapHaHT pemieHHs 3aja-
YH, OCHOBAHHOTO HA HCMOJb30BaHMH cHCTeMn AIIP, uamoctpupyerca puc. 13.2a.
3aecb BTOPONl YCHAMTENb TIOACTPAHBAETCA NOX MEPBLIH, B KOTODOM WCNOJb30BaHa
cucreMa AlI®, mpuueM ¢asoBeiil cABHT, BHOCHMBIA YCi, MOXKET H3MEHATHCA B JIO-
6bix qipenenax, a MOLCTPOHKA obecneynBacT MOCTOAHCTBO PAa3HOCTH a3 CHMHAJIOB Ha
BBHIXOMAX 'yCHJHTeJeH.

JpyruM cnoco6oM oecneueHHs: TOCTOAHHOA Pa3HOCTH $a3 aBafeTcs mpHMeHe-
HHe CHCTEMB aBTOMAaTHYECKOro BhIpapHuBaHus ¢asst [21]. CTpykTypHas cxema on-
HOro M3 BapHaHTOB chcTeMbl AB®, TIOCTPOEHHON Ha KOMIEHCAILHOHHOM MPHHIHNe,
npeacTasaeHa Ha puc. 13.26. 3lech BXONHBIE CHTHAJBl € IPasHOCTbIO $a3 @ mocty-
naoT Ha BXOAH | M 2 KaHaJI0B MPHEMHHKA, KAXKABIA H3 KOTOPHX COZEPKHT CMeCH-
Teap (CMy, CM,) u ycunutenp npomexyrouHoit uactorsl (¥/19,, ¥I149:). daszospa-
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mateas DBy CAyMHT AT yCTpaHeHHs a3oOBOX HEHMIEHTHYHOCTH, BOIHHKAIOLIEH
MeXIy KaHajJaMH M3-32 BOSIAEHCTBHA WecTaGHAH3HpPYlouEx daxTopoB. Cucrema ABQ®
BKJIIOY2ET BCMOMOTaTeAbHblA KaHan (CMs, ¥114s, Q0 n apyrue), Ha KOTODHI yepe3
BBICOKOYACTOTHRIH ®oMMmyTatop [lg) ITg, MOCTYNAalOT CHrHAAB CO BXOLOB H KCOOT-
BETCTBEHHO BHIXOLOB 0GOMX KaHanoB. YacToTa KOMMYTAllHH ONpeleaseTcs reHepaTo-
poM . TlockonpKy reTepofimHROe HaUPSIKEHHE Ha BCe KaHAJAbH NOLAeTCs OT Ol-
Horo reHeparopa I, TO NpoMeXyTOUHAs YaCTOTA BCMOMOTATeNbHOTO KaHaja [paBHA
NpPOMEXYTOYHOH YacTOTe 'OCHOBHBIX KaHAJOB. ECIH OCHOBHBHIE KaHaJbnl HMEIOT MAeH-
THYHble (a30-yaCTOTHEIE XaPAKTEPHCTHKH, TO TOCTOSIHHOE HAUDSAXKEHHe Ha BHIXOLE
D[l B KaxmBH TaKT PaGOTHl MepekMioyaTeNell He uU3MeHserca. TIPH MOSABJIEHHH
¢$a30B0# HEHNEHTHYHOCTH KaHAJOB HampsiKeHHs Ha Beixode D B cOCeAHHX TakKTax
KOMMyTallyd He GYALYT paBHbl. DTO SKBHBAJEHTHO HAJHUHMIO KOJeGaHHA € WACTOTOM
KOMMYTallHH Q, KOTODOe YCHJHBAeTCA YCHJHTedeM ¥ o M MOCTymaeT 3aTeM Ha haso-
qyBCTBHTEJbHBIH BETPAMHTeNb PYB. ([TocTosiHHOE HampsKeHHE C €r0 BHIXOAA yM-
paBaser PpasospamareneM PB u koMneHcHPyeT $a30BYIO HEHAEGHTHYHOCTb OCHOBHBIX
KaHaJloB.

Hspecten cmoco6 cTaGuan3auuy ¢asopasHOCTHHIX XapaKTEPHCTHK MHOTOKaHaJb-
HBIX YCTPOHCTB, KOTOPHIA OCHOBAH Ha MCTOJbB3OBAHHM MHKDOCGOPOK, COMEpKallHX
HEeCKOJIBKO HIGHTHYHBIX AaKTHBHBIX 9JeMeHToB. Pa3oBasds HEHHEHTHYHOCTb KaHAaJOB
B MIepBYI0 Ouepellb 0OyC/aOBJeHa HeHAeHTHYHOCTbIO mapaMerpoB AD. Tlostomy uc-
TOVIb30BaHHe HIEHTHYHLIX AD, KOTOphle BhLMYCKaeT NPOMBILIJIGHHOCT B BHIE MHK-
poc6opOK, MO3BOJSET YMEHBIIHTb (Pa30BYyI0 HeCTaGHJILHOCTb KaHAJOB H ‘6e3 mpHMe-
HEHHs CHCTEM aBTOMAaTHYeCKOM cTaGHau3aluH. J[OCTOHHCTBOM DacCMOTPEHHOrO CIo-
co6a, KOTODHIi (IOKa3biBaeT BO3MOXKHOCTH IpeajiH3aliid CHCTEM € TaK Ha3bIBaeMOH
«CTaTH4YeCKOH CTaGHAH3alMded» PA3HOCTH a3, ABAAETCH OTCYTCTBHE CHCTEMBI aBTO-
MaTHYeCcKOH cTaGuau3auuu ¢assl. Irto ynpouaer paspabaThiBaeMoe YCTPOHCTBO.
C npyroit cTOpPOHBI, ©NOCOGY IPHCYILH ONPAHHYEHMSA, 0OYCHOBASHHbIE [IHAMIA30HOM
4aCTOT H HAaJHYHeM Mapa3UTHHIX CBfA3edl MexAy AD BHYTDH ONHOH MHKPOCGOBKH,
a 9T0 OPUBOAHT K YMeHbIIEHHIO Pa3BA3KH MCEXKAY KaHaJaMH MpH yBeIHYeHHH ma-
CTOTHI BXOAHOrO CHNHAJA.

B 3aksioueHHe OTMETHM, YTO HCTIOJB3OBAHHE CHCTEM aBTOMAaTHYEOKONO PeTyJIH-
poBaHus ans ocnabaedns APK B moaympoBoanukoBbiX -ycmpoiictBax CBY me scer-
Ja uenecoo6pa3Ho, Tak KaK MIPH 3TOM HMeeT MeCTO KOHCTPYKTHBHOE YCAOXKHEHHe
NPHEMOYCHTHTENBHOTO TPAaKTa H BO3MOXHO YBeJHYCHHe aMIIHTYMHOH HeJIWHeHHOCTH.

13.3. Ymensmenue APK nyrem ynpaBieHHs pekxEMoM npubopa
110 IOCTOAHHOMY TOKY

B ocHOoBe paccMaTpHBaeMOro MeTOZAa JIeXHT sIBJeHHe, KOTOpoe 3a-
KJI0Yaercsl B TOM, YTO BpeMs 3aNa3fbiBaHHS CHTHAJOB TA 5 B aKTHB-
HOM 3jeMeHTe (B ToM uncie u CBY npuGopax) 3aBHCHT OT H3MeHe-
HHH pexuHMa paboTh IO NMOCTOSHHOMY TOKY, T. €. TA3=Tasok
*+Atas (U, I), rre tas0— BpeMs 3ana3fbiBaHHs cHrHana B AD, cooT-
BETCTBYIOLlEe HayaJbHOMY peXHMY paboTsl; Atas (U, I) — npupaiue-
HHe BpeMeHH 3ana3/ikiBaHHs, 00yc/OBJIeHHOe H3MeHeHHeM peXHMa pa-
60TH AD 1O NOCTOSHHOMY TOKY (T. €. TOKOB, MPOTEKAaIOUIHX B LENfAx
OTHEJbHBIX 3JEKTPOJOB H NMPHJIOXEHHHX K HHM Hanpsikenui). Coot-
BETCTBEHHO (pa3a BBIXOJHOrO KoJeGaHHS COJEePIKHT COCTaBJISIOULYIO
Agp=wAtas (U, I), KOTOpast H3MeHseTCS B HEKOTOPHIX MNpefenax.

[Ipn u3MeHeHHH pexuMa paGoTel AD B COOTBETCTBHH C MOLIHO
CThI0O BXOXHOrO KoJie6aHHS HMeeT MecTo (YyHKIHOHaJbHAasf 3aBHCH-
MocTh Agp=1(Psx), XapakTep KOTOPOH MOXeT ObITb H3MEHEH NyTeM
ynpaB/ieHusi pexxumoM. M3 ckasaHHOro ciefpyer, YyTo BBefeHHe MpH-
Gopa c ympaB/isieMHIM BpeMeHeM 3ana3fbiBaHHs B coctaB CBY ycr-
poiictBa, B KoTopoM Bo3HHKaeT A®PK, oTKpriBaeT BO3MOXKHOCTb CKOM-
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MeHCHPOBaTh (MONHOCTbIO HJH YAaCTHYHO) aMILIHTYJHO3aBHCHMEE ¢a-
30Bble CABHIH.

PaccMoTpHM 0COGEHHOCTH peasH3alliH MeToJa Ha INpHMepe YCH-
autens Ha JIBB, cxemMa mHTaHHs KoTOporo npHBejleHa Ha pHc. 13.3.
H3meHeHHe NHTAIOIIMX HaNps’KeHHH NPHBOAHT K HEKOTOpPOMY H3Me-
Hennio PAX u AX ycrpoiicTBa.

Tak, H3MeHeHHe HaTPSIKeHHs MeXAy KaTOJOM H TepBHIM aHOAOM Ha 1'% BEHI3HI-
BaeT MOsiBJAeHHE JOMOJHHTENLHOrO (pazoBOro caBHra mopsgka 2—5° [62, 71, 72], yro
COOTBETCTBYET KPyTH3He (Ha30BOH MOLYIAUHOHHOM XaPAKTEPHCTHKU 110PAAKA HECKOJb-
KHX JecAThiX Tpalxyca Ha | B u3aMeHeHHs HanpsixkenHus. Msvenenue #a 1% Hanps-
JKEHHsT MeXAY KaTOLOM H KOJJeKTOPOM B MOILIHbIX JIBB MpHBOAHT K JOMOJHHTE/b-
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Poxycupyrowsuid _
34%"”#’0‘7 tiapad T 0 4
Hamod Komnexmop 40
ll—l:_] L
Jamednarowon cucmema @—— 8
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| 1 i 1100
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Puc. 13.3. CxeMa 3JIEKTDONHTaHHSA Puc. 134. 3aBHCHMOCTH KO-
ycuautens Ha JIBB 3¢ duuHeHTa ycuaenus u ¢da-

30BOro CcABHMra KoJeGaHHsi B
ycunurene Ha JIBB or Ha-
NpsXKEeHHs MeXAy 3aMepss
Iolle CHCTEMOH H KaToJaOoM

HoMY (a30BOMY CHABHTY TOPSAKA HECKOJLKHX MecaThX Tpalyca [71]. B artom ciayuae
KPYTH3HA MOMYJIAUHOHHON XapaKTeDHCTHKH PM HaMHOrO MeHblle, yeM B IPeNbILY-
wem icaryyae. Jas pasnnudbix THnoB JIBB xpyTH3Ha oCTHraeT HECKOJBKHX Tpamy-
coB Ha | B usMeHenus Hanpsixkenus [62, 65, 72, 20].

Ilpn HM3MeHeHHH HaNpsiXKeHHsT MeXAy 3aMelJsiolled CHCTeMOH H
KaToJOM H3MeHseTCHd He TOJbKO ()a30BHIHl CABHT, HO H KO3(dHUHEHT
ycuaenusi Ky, JIBB (BhXxomHas MoIHOCTB), a Takxke PAX ychaurend,
4TO HeOOXOAHMO YUYHTHIBATh NPH PacCMOTPEHHH 3ajJaud ocjaabJ/ieHHS
A®K B JIBB. CkasanHoe wu/nlocTpupyercs Ha puc. 13.4. 3gech
Usc=E; — HanpsixKeHHe MeXJy COHpa/bio (3aMeMJsIOIEeld CHCTEMO)
H Katojom '[72].

OTK/IOHEeHHe TOKa 3JIeKTPOHHOro nyyka Ha 109 oT HoMHHa/bLHOro
3HayeHHs caabo BAHSAeT Ha KOI(PHIUHEHT yCHIeHHd H $Ha3oBhI CABHT
[20]. VYMeHbuIeHHe NOTeHUHasa KOJJIEKTOPa OTHOCHTEJNbHO MOTEHLH-
ana 3aMeissiollefi CHCTeMbl He3HAYHTEJbHO BJHAET Ha HCKaXKeHHS
yCHIHBaeMoro KoseGaHusi, obycioBienHne APK [68].

U3 mpuBeneHHHIX NaHHBIX CJeAyeT, YTO aMIUIHTYAHO3aBHCHMEI casur 8 JIBB
HawubGoJee 3¢¢)eu(m3-}{o MOXKET 'OBITh CKOMIISHCHPOBAH IIDOTHBOMOJOXKHBIM M0 3HAKY
mpupameHHeM (a3l CHMHAJNA, BO3HUKAIOWIMM TIDH H3MeHeHHH HanpsiKeHHs Use
MeXAy KaTOAOM H 3aMesiollell CHCTEMON. OILGHHM 'npeGyeMylo BEeJHYHHY H3Me-
HEeHHsI 3TOTO HanpsAXKeHHss H BO3MOXKHOE H3MeHEeHHE BbIXOJHOH MOILLHOCTH.

Mycts MakcuMaJjibHoe 3HaueHHe AQ(Ppx) =AQuaxc(Pex) paBHo 70° (puc. 13.126),
8 KPYTH3HA MOXYJsUHOHHOM XapakTepucTHkH PM (AQsux/AUs.c)=3 mpaa/B. Tor-
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Aa QI KOMIeHCAUHH AQuaxc(Psx) moTpebyercs uaMeHHTb Usc Ha  BeaHuHHY
AU, c~23 B. Mockoasky U, 0o6nuHo mpesuiuaer 1000 B, OTHOCHTeabHOE €ro
H3MeHeHHe cOCTaBHT MeHee 2%. IIpH 3TOM MOXKHO He ICUHTATLCA C H3MEHEHHEM
koapduunenra ycunenus (cM. puc. 134). Hamenewne PAX ycuaurtens HeaHauu-
TeIbHO; XOTA M MOXET CKa3aTbCd HAa TOYHOCTH KoMmeHCalHH A@(Psx).

IIpu n3Menenun U, u3MeHsieTCS BpeMs 3ana3AnBaHHS CHrHaJja B
JIBB Ha BeanunHy At(Usc), B pe3ysbTare yero BHIXOAHOE KoseGaHHe
€ 4acTOTOH w MOJyyaeT AONONHHTeNbHHH (a3oBHil caBur wAt(Usc).
ITonnass koMNeHcallMs aMIVIMTYJAHO3aBHCHMoOro ¢as3oBOro cjaBHra Ha-
Ononaercs npu ycaoBHH Ag (Pex) = —wAt (Uasc). B cnyuae ycunenus
Kone6aHUs C yrJioBoil Moay.funell (a3oBHH CIABHT pasJiHYHHX yYac-
TOTHBIX KOMIIOHEHTOB, MPONOPIHOHAJIBHEIA YyacToTe, 6yIeT HEeOTHHAKOB.
OnHaKo pasjiMyHe 3TO HEBEJHKO, €CIH YacTOTa YCHJIHBAaeMOro KoJie-
6aHusd H3MeHSeTCH B OTHOCHTENbHO Y3KHX IpejesaX, YTO OGHYHO H
OnBaeT Ha npakTHKe. [IpHBeleHHHe BhHILIEe pacCyXAEHHA B MOJIHOMH
Mepe OTHOCATCS K CJIy4alo YCHJIeHHs KoneOGaHuiH, 3aHHMAIOLUIHX JOCTa-
TOYHO LIMPOKYIO NMOJIOCY YacToT.

CTpyKTypHasi cxeMa KOMIEHCAllHH aMIIHTYAHO3aBHCHMOIO CIBHra
8 ycujHTese Ha JIBB npuBegeHa Ha puc. 13.5. DieMeHT 3afepKKH

Boxod
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Puc. 13.5. CtpyKTypHas cxe- — =]

Ma KOMIEHCAUHH aMIJHTYL- -20 - Pras .
HO3aBHCHMOTO ($a30BOro CABH- { ! Z 3 L
ra B ycuaurene Ha JIBB: Puc. 13.6. 3aBHcHMOCTH  aM-

1 — HanpaBJeHHHA OTBETBHTEJb; IVIATYAHO3aBHCHMOro  (pa3oBoro
3"; 3JeMeHT sanepxKn; :e; I{Tc:p CIBHra OT au:;(l)z)moﬁ MOLIHOCTH

e1b Ha poE— NMPH HaJHYHH H NpH OTCYT-
oraSaek; | mpanaomce cran (2) Kownencan

XKeHHa

1103BOJISIET JIHKBHAMPOBaTh 3ala3fbiBaHHe KOPPEKUHH aMILUIHTYJHO3a-
BHCHMoOro ¢a3oBoro casura.

Jns mpocToTel MosaraeM, YTO MOLIHOCTh BXOZHOIO BO3AEHCTBHS
H3MeHsieTCsi B npejenax JuHeifiHoro yuactka D®AX (puc. 13.126).
ITpu srom

A9 (Pox) = K Pox (O, K =~ const. (13.1)

Hna xomneHncauun Aq)(Ppx) HEOGXOAHMO H3MEHATb HaNpsXKEHHe
Usc Takum o06pa3oM, 4YTOGH

A gy Pey) = —A 95 (9), (13.2)
TAe Aga(f) — u3MeHnenue ¢asoBoro ciasura npu u3MeHeHHH Use. ITo-
Jarast, 410 AUsc (¢) = KiPex (t) 1 (A@a/AUsc) = K, (cMm. puc. 13.4),
nosiyyuM ¢ yuyeroM (13.1) u 13.2) ycjoBHe NOJHOH KOMIIEHCALlHH:
—AQp() = —K;AUsc () = — K; Ky Pyx () = Ky Pox (8).
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Orcona npu usBectHoix K: u Ky onpeneium TpeGyemoe 3HaueHHe
Ky = —Kg/K>. [Tpu Bo3pacranun Psy (f) (yBesMueHHH BpeMeHH 3amas-
InBaHus curHana B JIBB) caenyer yBennunBaTh Us (YMeHbIIATh Bpe-
Md 3ana3nniBanus B JIBB) u HaoGopoT. B paccmoTperHoM mpocTeiiiieM
clyyae aMIUIHTYAHasi XapaKTePHCTHKAa YHPaBJ/sIOIIero yCcTpoHcTBa
JOJXKHA ObITh JHHEHHOM.

[1pu 'GonblIEX YpOBHSIX BXOLHOTrO KoJieGaHHs KpyTH3Ha AX ympas-
JSIOIIEro yCTPOHCTBa HOJNKHA yObBIBaThb, NPOXOJAHTb 4Yepe3 HYJb H
NpHHUMAaTh 3aTeM OTpHIlaTeJbHHIE 3HayeHHs, KaK H kpyTH3Ha OAX
ycunutens. B nporuBHOM caydae npH GoabliHX Pge(f) MoXer BO3-
HHKHYTb NepeKoMIleHCallusi aMIVIHTYyAHO3aBHCHMoOro ($a3oBoro CABHra
Ap(Psx).

Lleny ynpapienus HanpsikeHHeM Usc AJsl NOJHOA KOMIIEHCAIMH
A@(Psx) 10MXKHA HMETh LIMPOKYIO NOJIOCY NMPONYCKaHHUS C TeM, 4TOGh
NPONYCTHTb BCe KOMIOHEHTHI CNeKTpa orubarollleii BXOXHOrO BO3Jei-
CTBHS.

PaccMoTpenHbii MeTof KoMmeHcalnd A@(Psx) HCCASNOBAJNCS SKCNEPHMEHTAJIBHO
Ha JIBB Tuma RW-3 ¢ BRXOIHOH MOWMHOCTHIO HachuleHus 6 Bt [72]. B xauecnse
YIIPaBJSIOLIEr0 YCTPOACTBA MCMOJB30BAJCS «YCHJHTENb ITOCTOSHHOTO TOKa» C BOPX-
Hef rpanuuHOl yacroroit 50 MI'w; BenHunHa «pasoBoro caBura Ha suxole JIBB om-
pellensniack € TOMOIIbIO H3IMODHTEJbHOH JHHKH. HampskeHne MeXQy CHHPaNbiO H
KAaTOLOM CKJALLIBAJOCh H3 CYMMBl HEKOTODOTO MOCTOSHHOTO HanpsikeHHA Usco H
nepeMeHHoro AU; ¢, moayyaeMoro ¢ mOMOWBIO KBaLpaTHyHOro merekropa CBY
u WMIT. Ha puc. 13.6 mpuBefeHn KpuBhle 3aBHCHMOCTH AQ=w(Ppux), HIIIOCTPH-
pyloutne JeficTBue KoMmeHcauyd. Kaxk BHIHO, BBelleHHe KOMIGHCAUHH HaeT BO3MOX-
HOCTb YMEHBUIHTb AMIVIHTYNHO3aBHCHMBIA $a30BbIA CMBHT.

Bo3sMoxHoCTH paccmaTpHBaeMoro Merona ocnabienus APK orpa-
HHYeHbl BeJIHYHHOH HecTaOHJIbHOCTH HamnpsixkeHHd Usc. DddekTHBHO
KOMIIEHCHPOBaTbCsl OYAYT JIMIIb TaKHe H3MEHeHHs] aMIUIHTYXHO3aBHCH-
Moro ¢a3oBoro cABHra A@sux(Psx), KOTOPHIM COOTBETCTBYIOT 3Haye-
HUsA AU, CyllecTBeHHO NpeBbllIalOMIHe HecTaOHJIBHOCTD HampsikKe-
wus Ujco, a iMeHHO: AUz ¢ >0Us c. 11 KONHYECTBOHHONH OLIEHKH MHHH-
MaJIbHEIX 3HaYeHHH A@pux(Psx), KOTOpHEe MOryT 3(pQeKTHBHO KOM-
NIEHCHPOBATbCH, BOCHOJb3YeMCsl COOTHOIIEHHAMH: AQsex.mun(Prx)=
=‘A(Pn.nux.mm; Afpn.sux.m=K¢MA'Ua.c.MnH; AUs.comm>08Uzc. OtClOna
A@nmx.mun(an)»Ko M'5U3.0~ .

Myctb K gy =3 rpan/B, Us.co=1200 B, Toraa spdexrupras KoMneHcauns aMImi-

TyaHo3asucuMoro ¢asoBoro cipura mpH SUs ¢ =0,001Us.co €OcTaBHT AQsux(Psx) >
>3-0,001-1200=4,6°, a apn O6Us.c=0,0001Us.c0 coorTBercTBeHHO AQsux(Psx)>>
>13-0,0001-1200=0,46°. O6nuno B CBY ammaparype Ha JIBB o6ecneunBaercs co-
otHomenne VU c/Us.cox0,01%, T. e. §Us.c =0,0001 Us.co.

Takum o6Gpa3oM, Meron yMeHblleHHs BJaHsAHHA A®PK nyremM nuHaMH-
9ecKOro ynpaB/ieHHs Hanpsi:KeHHeM MexX1y 3aMepJsolleli CHCTeMOH
H KatonoM JIBB sBisercs BecbMa 3(deKTHBHHIM (0COGEHHO NpPH BH-
COKOCTaOMJIbHEIX . THTalomuX HanpsixkeHusx).Ha puc. 13.7 npexcras-
JieHa CTPYKTypHasi cXxeMa APYroro BapHaHTa YCTPOHCTBa, B KOTOPOM
ocnabmenne ADPK pmoctHraercss 3a cyeT ympaBJIEHHSI peXXHMOM pa6o-
TH [0 NMOCTOSIHHOMY TOKY. 3/leCb ynpasJjsiollee Hanps:KeHHe Bulpaba-
THBaeTcs B pe3yJibTaTe CJeXeHHS 3a H3MeHeHHeM Pa3HOCTH (a3 KoJe-
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Gahuii Ha BxoJe U BrIxoze ycTpoiicTBa ¢ ADK, ocywecrsaseMom cu-
CTEeMOH aBTONOACTPOHKH ¢as3hl.

Ananus pa6oTH ycTpoficTBa AJsi CaydYasi YCHIEHHSI TapMOHHYe-
ckoro kKoJebanus mnposefeH B ‘[20]. C HEKOTOPHIMH OrpaHHYEHHSMH

mei[ 7

T P

! 2
Brod ynpabresun
[
Puc. 13.7. CtpykTypHast cxeMa Puc. 13.8. CrpyktypHasti cxema
KOMIEHCAUMH  AMIJIUTYIHO3aBH- KOMIIEHCAlHH  aMIUIHTYAHO3aBH-
cumoro (asoBoro ciaBHra B YCH- cuMoro (hasoBoro caBHra ¢ nmno-
autene Ha JIBB ¢ momombio MOILIbIO MepecTpanBaemMoro (a-
GAITY: 30BpalaTes:

1 n 3 — HanpaBJieHHblEe OTBETBHTEJIH; 1 — HanpaB/ieHH:1H OTBETBHTeNb; 2 —
2 — ycunuteas Ha JIBB; 4 — ynpas- nepecTpanBaeMblil  dasoBpaulaTesb;
asolllee yeTpoACTBO; 5 M 9 — aMnau- 3 — ycunutens CBU ¢ A®K; 4 — pe-
TyAHble OrpPaHHYHTENH; 6 — da3oBbift TeKTop oruGaloulefi; 5 — ynpasasio-
REeTEeKTOP; 7 — 3JeMEeHT 3afepXXKH; mee yCTpoHCTBO

8 — tda3oBpamatenb

paccMaTpHBaeMoe YCTPOHCTBO MOXKeT ObITb NPHMEHEHO NpPH YCHJEHHH
KonebGaHHil ¢ yri10BoH MOAyJsALHeH. '

13.4. Ocnabaenne A®K B TpakTe ¢ HOMOLIBIO
KOMIEHCHPYIOLIHX YCTPONCTB

OanuM u3 3¢ (PeKTHBHHIX METOLOB OcaabJ/eHHst aMIJINTYAHOI 3aBH-
CHMOCTH ()a30BOro CJBHra SIBJSIETCS BKJIOUEHHe IOCJeJ0BaTeNbHO
yeuautenio ¢ APK asnektpuuecku mepecrpaHBaeMoro ¢asoBpalatens
(puc. 13.8). ®akTHueckH oH mpeicTaBjaser o060l ¢a30BH MoOLyJs-
TOp, YNpaBJsieMBblii HanpsiKeHHEM HJIH TOKOM, 3aBHCSIIHMH OT YpPOBHS
BXOAHOro Kojebanus. Has ycuautens Ha JIBB ¢a3oBwiit cABHr yCHIH-
BaeMoro KoJsieGaHHsi B IepecTpauBaeMoM ¢pa3oBpaiiatene Agg 10J-
JKeH yMeHbUIaThCS NPH BO3PACTaHHH BXOJHOM MOILHOCTH H HaoGOpOT.
dro TpeboBaHHe HJJIOCTpHpYeTcs puc. 13.9, rae npuBenena PAX me-

Puc. 13.9. ®dazo-amnauTyaHHe

XapaKTepPHCTHKH: YCHJIH-

tens Ha JIBB; ——.— d¢aso-

Bpamarenss Tpebyemas; — — —

¢dasoBpamiaTtenss  pe3yJbTHPYIO
mas

pectpauBaeMoro dasospamarens A@g(Psx), PH KOTOPO# HOCTHraer-
cs noaxoe ycrpanende A®PK, T. e. CyMMapHBIH aMIIATYAHO32BHCH-
Mblii dasoBmit caeur Ags (Psx) =const. XapakTepHCTHKa Iepellay
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yIpaBAfIOILero yCTPOHCTBa JOJXKHA ObiTb TakKoH, YTOOH 0GeCreyHTb
dopmy KpuBoil A@p(Ppx) NPH 3aJaHHBIX XapaKTEPHCTHKax JeTeKropa
u ynpasasieMoro ¢asospamarens. Ha puc. 13.10 nokasana mnpoueny-

Puc. 13.10. Tlocrpoenne TpebGyeMoit
XapaKTEePHCTHKH TepeJlayH yNpaBJisio-
fero  ycrpofcrTaa: a — tpeGyeMmas
®AX ¢asospauatensi; 6 — Xapakrepu-
CTHKAa TNepefayd JHeTeKTopa; 6 -— Xa-
paKTepHCTHKAa ynpaBienHs (asospa:
warens; 2 — tpebyeMass XapaKTepHCTH- i
Ka mepefayn YNpaBJAILIEro yCTPOH- Yy
crBa; Usx.yy, WUsux.y.y— Hanpsxe-
HHSi Ha BXOJe H BHIXOJe ympaBJsiolle- |
ro ycTpoficTBa COOTBETCTBEHHO;
Upx.y.¢ — HanpsixKeHHe Ha BXOAe yII-
paBJasieMoro (asospaiiatens

Usyaps

Upsixa=Ypx y y

2

pa MOCTPOEHHSI XapAKTEPHCTHKU Nepefaut ynpaBJsioOllero yCTpOHCTBa.
TpeGyeMbiii xapaktep paGoThl, Korga ¢asa KoseGaHHs MeHSeTcs C
YaCTOTOH, PaBHOH YacTOTe H3MEHEHHS aMIVIHTYAbl orubalomiei ycuin-
BaeMoro KoJse6GaHuus, oGecriednBaeTcsi NpH HCHOJb30BaHHH ObICTpOMEM-
CTBYIOIIHX NepecTpauBaeMbix ¢asoBpamaTteneii CBYU Ha ocHose cer-
HETO3/JIeKTPHYECKHX IJIEHOUHBIX 3JeMeHTOB [73]; npoxoaHHX ¢asoBpa-
mareneii CBU nHa ocHoBe mepecTpaMBaeMblXx ¢uabTpoB [75]; mpyrux
BujoB (pasoBuix MopyasitopoB CBU, o6najaloliux BHICOKHM OHICTpO-
JleHCTBHEM.

YcrpoiicTBo, BKJlouaemoe mocienoBatenbHo ¢ CBY ycunntenem
ansi komneHcauun APK, He 06s3aTesbHO AOJXKHO NPEACTABJAThL CO-
6oil 3JeKTpHUECKH NepecTpaMBaeMblii ¢a3oBpamarenb. B [69] mpen-
Jlaraercsl MPHHUHKIHAJIbHO HHOA Meroh KoMmeHcauun ADPK u Henuneii-
Hoctd AX ycunureneit CBU. das KomneHncauuu HenuHeiiHoctn AX mo-
cnenosatenbHo ¢ CBU ycuauteneMm ueinecoo6pasHo BKJIOYHTb IHOJ-
HHHA aTTEHI0OATOp, KOTOPLIA yNpaBJ/sieTcsi TOKOM, INPONOPLUHOHAJNbHEIM
BXOJHOH MOIIHOCTH yCHJIIHBaeMOro KoJsie6aHusi Pgy.

Koatdpuuuent nepefaun ZHOJHOrO aTTeH0aTopa no moimHocTH K
HOJI’)KeH YBeJHYHBATbCS C POCTOM yNpaBisioulero Toka lymp. Biarona-
psi 3TOMy pe3yabTHpylomass AX mocsefoBaTeNbHOTO COeJHHEHHS <MH-
OfHHIH aTTeH0aTOp — ycuautesb CBU» oka3piBaeTcsl JHHeHHOM B HIH-
POKHX mpeJienax H3MeHEHHS] BXOJHOH MOIIHOCTH. [l TOro uytoGnl art-
TEHI0ATOP BLIMOJNHAJ (YHKIHH KOMIEHCAaTopa aMIUVIHTYAHO3aBHCHMOTO
CABHra, HeoOGXOAHMO BBECTH B LiENH yNpaBJIeHHs aTTEHI0aTOpoM (a3o-
Bpamarteab Ha 90°. DTo 0ODbsCHSAETCA Te€M, YTO NPHU HAJHUYHH B CIIEKT-
pe CHMrHajla HeCcKOJNbKHX TapMOHHYECKHX COCTaBJ/ISIIOLIHX Ha BHIXOHE
ycuaurens u3-3a BausHug APK u HenunefiHoctn AX B BBIXOZHOM
CHI'HaJle BO3HHKAaIOT KOMOHHAIHOHHBIE COCTABJISIOIIHE, MPHYEM OJHO-
THIIHBIE COCTaBJSIOIIHe, OOYCNIOBJIEHHbIE KaXXJOH W3 NPHUYHH, CABHHY-
THl no ¢a3e Ha 90°. Takum o6pa3oM, NPOH3BOAHTCH KOMIIEHCAIHS 3K-
BHBAJIEHTHOH aMIJINTYIHOH HeJNHHEHHOCTH, K KOTOpoH cBoaurca ADK,
Bo3Hukawmas B ycuautese CBU. CyuiectBoBaHHe YKa3aHHOH 3KBHBa-
JIEHTHOCTH cJefyeT H3 Mojenu ycrpoiictBa ¢ ADK u nenuueiinoit AX,
npennoxernoii B. M. Cunopossim [74] (puc. 13.11).
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PaccMoTpeHHHA MeTOR BecbMa 3¢dexTnBeH. ITO MOATBEDPXAAETCA De3yJbTaTa-
MH 3KCIIEeDHMEHTaJbLHOrO HCCAeNOBaHHA YCHJAHTeNs Ha JIBB ¢ BmxomHofi Moumo-
cteio 35 Br {69]. MMosoca mpomyckanus CBY Tpakra, HCMOJB3OBAHHOIO B 3IKCMEPH-
meHte, coctaBasaa 40 MTu. Ha sxox YCBU monpasanuch mBa HeMOAYMHPOBAHHHX

hmod  Puc. 13.11. CTpykrypHas cXeMa KOMINeH-
CallHH AaMIVIHTYIHO32aBHCHMOro q)asoaoro
CABHra C IIOMOILUbIO YynpasJifieMOro artie-
HI0aToOpa:

| — HanpaB/JeHHbIH OTBeTBHTENb; 2 — HHOAHbIA
aTTeHloaTop; 3 — aTTeHoaTop Macumraba; 4 —
CBY ycuautear ¢ A®K; 5 — dasospamarenb Ha
€ n/2; 6 — petekTop oru6awowei; 7 — ynpasasio-
uiee yctpoitcTso

5od

KoJMeGaHHa ¢ :pa3HOCTbIO 4acTOT =30 MIu, a Ha BmXOge H3MEPAACH YPOBEeHb IPO-
AyKToB HeauHefiHocTH. TIpn kommencaumu AX 3toT ypoBedb dmoxusuacs wa 4 ab
110 CPaBHEHHIO CO CJIYYaeM OTCYTCTBHS KoMIeHcauud. B o6oHx cayyasx cyMma cpefi-
HHX MOIIHOCTEH YCHJSHHBIX KOJeOGaHHi NPHMeDHO B 5 pa3 MeHblle BHLIXOIHOH MOIL-
HOCTH Hachimennst JIBB. TIpu Tex e yc/AOBHAX, HO TpPH OIHOBPEMGHHOH KCMMeH-
cauu A®K u wemmeiHocTH AX GHJIO JOCTHNHYTO yMeHblIeHHe TPOMYKTOB HEMH-
HefiHocTH Ha 10 1B mo cpaBHeHHMIO €O CAy4aeM OTCYTCTBHSl BCAKOH KOMIICHCALHH.
Cnenosatenbho, koMnencauus AMK NPHBOLHT K CHHXKeHHIO YDOBHS NPOLYKTOB He-
auHerHocTy Ha 6 mB. Te e peaynpTaTH, YTO M MPH OTCYTCTBHH KOMICHCAUMH,
MOXKHO MOJYYHTb MPH HAJHYHH KOMIEHCAUWY, €CAH YMEHbUIHTb CTemeHb HelOoHCIOJMb-
30oBaHua JIBB mo Buxoaxo#i momHoctH ¢ 7 po 3,6 ab, T. e. Ha 34 B yBeanuuth
BBIXOMHYIO MOLLHOCTb.

TakuM o6pa3oM, pacCMOTpeHHHA MeroJ (xora H Tpebyer ycTd-
HoBKH mepel YCBU c ADK ynpaBisieMHX aTTEHI0aTOPOB, BHOCSIIIHX
3aTyXaHue) NMO3BOJIsieT YMeHbIINTh BiausHne ADK npu 3agaHHOM cpen-
HeM ypOBHe BHIXOJAHOH MOLIHOCTH HJIH YyBeAMYHTb MCHOJB3OBaHHE
YCBY no BbiXOAHO# MOIIHOCTH 6e3 pocTa HCKaXKaloUlero BJIHSHHS
ADK.

PaccMoTpeHHble cnoco6bl NpeAnosnaraloT yCTaHOBKY IOCJel0Ba-
TeNlbHO ¢ HcTOuHHKOM A®DK ycrpoiicTs, mapaMeTpsl KOTOPHIX 3aBHCHAT
OT YpOBHSI BXOAHOro KosebGanusi. OgHaKo N06HTbcs 3¢bdeKTHBHONH pa-
6OTH TaKHX YCTPOHACTB 3aTPYAHHTE/NbHO (HampHMep, NPH HEBO3MOX-
HocTH obecneyeHuss TpebyeMoro GHICTPOAEHACTBHS leNell ynpaBJieHHs).
B 3THX cayuasx yMmeHbuieHHst BAusiHHA ADPK MoXHO NO6GHTbCH, BKJIO-
yasi B TPAKT AONOJHHTeabHOe yctpoiictBo ¢ APK ¢ TakuMH (Hepery-
JUPYEeMLIMH) NapaMeTpaMH, NPH KOTOPHIX HepaBHOMEDHOCTb pe3yJib-
tupyioieit PAX B pabouem mHManasoHe ypoBHeH BXOAHOMO KoJebaHHs
MHHHMasbHa. [IpuMepoM mnoxo6Horo nocrpoenust tpakra CBU Mmoxer
CJYXKHTb MOCJENOBaTe/bHOE COeIMHeHHe NBYX ycuuauTesneil #Ha JIBB:
Bbixox nepsoit 9BM (J/IBB;) HenocpexcTBeHHO coeMHEH CO BXOLOM BTO-
poit (JIBB;)6e3 Kakux-1160 yacTOTHOH36HPaTeIbHbBIX 3J1eMeHTOB. [TycTb
3aJlaHHl HODMHDOBaHHble MO OOGEHM OCSIM aMIVIHTYAHble H (a30-aM-
nJuTyAHbie xapaKtepucTuku JIBB, u JIBB,. Ha puc. 13.12 Bxoanas
MOIIHOCTb Ppxp H BHXOAHAS Ppyyxps COOTBETCTBYIOT HAYajJy FOPH3OHs
TaJbHOTO YYacTKa aMIJIHTYAHOH XapaKTepHCTHKH. 3ajaBasiCb 3Haye-
HHUAMH Pnx;= Psxi/Psxin, B COOTBETCTBHH ¢ [70] CcTpOHTCS 3KBHBaJEHT-
Has ®AX nocsenosatenbHo coegnHeHHbIX JIBB. CoennHenHe xapak-
TepudyeTcsl  AByMs ~napaMeTpaMH:  AQ=AQomaxc/APimaxc H Ap=
= Pyuxni/Psxnz, THe APuaxc — MAKCHMaJIbHOE OTKJIOHeHHe ¢a3nl cHr-
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Hana Ha Beixofe JIBB, 3aBucsllee OT BXOAHOH MOUIHOCTH (pHC.
13.126). Tak kak y majioMowHux JIBB nepasHoMepHocTs PAX 06BIY-
HO mposBasiercs ciaabee (3HaUeHHe AQyaxc Majo), TO A, =1. 3Have-

‘%w\ A? _____
y A?mec- /’r-‘?\.\ 2
1.2 t - -
e N
'//
. S 4
0 1 5;/5”2 3 0 1 52 3
a) ) :

Puc. 13.12. HopmupoBanHbe aMIIHTYAHHe H (aso-
aMILIMTyHble XapaKTepHUCTHKH ycuauteaeli na JIBB

HUA mapaMerpa Ap AOMKHB OHITH NMOpAJKA €NMHHLB, TaK Kak NpH
Ap< 1 JIBB, ucnoansyerca HeadpdekTuBHo, a npu Ap>>1 He ynaercd
NOJNYYUTb JOCTAaTOYHO O6oJbIIOH KO3(hGHIHEHT yCHJIEHHS NocjaenoBa-
TeJIbHO coefHHeHHBIX JIBB.

,Agoz /A?maxc 1 A(,:

~N

U S TR SO U WY SN SN SN W SN WU T S |

0 1 2 3 0

9

Puc. 13.13. ®AX nocnexosa-
TeNbHOCTH YycHaHTenelt na JIBB

«

B cootserctBuu ¢ [70]-Ha pHuc.
13.13a, 6, 8 mocrpoenn PAX no-
C/IelOBATEILHOTO COEeJHHEHHS TPH
THOHYHHIX Aas JIBB cpennedt mom-
HOCTH HODMHDOBaHHHIX XapaKTepH-
ctukax JIBB, u JIBB, u 3HaueHusax

napametrpoB Ap =1/2; 1; 2 u Ap=

=1/3; 1; 2; 3. . . Paxr/”mq
Ortciona MOXHO clenath caeny- U 1 2 3

jolHe BHBONH. IIpH HeW3MEHHOW )

BeJIHUHHE A pOCT Ap 10 HEKOTOPOro 3HaYeHHS NPHBOAHT K yBesH-
4YeHHI0 MaKCHMaJIbHOro ()a3oBOro CABHra IPH COXPaHeHHH HEH3MEHHOi
¢opmu PAX nocsienoBaTesibHOro coenuHenus. IIpn manbueiimeM yse-
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JIHYEHHH (Ap MPOHCXOAAT yMeHblIeHHe MaKCHMAaJbHOTO (a30BOro CABH-
ra H pepopMauuss ®PAX (yBeiHyeHHe KPYTH3HBI HAYaJbHOrO yuyacTka
DAX conposoxjaercs Bce 6osiee pe3kuM u3iaomoM ®AX M criaHBa-
HHeM XapaKTEePHCTHKH MOC/Ie TOYKH H3/oMa). DTa TeHAeHUHs Bhpa-
2KaeTcsl TeM CHJbHee, yeM GoJibuie Ay .

Takum o6pasom, ansi oGecnieyeHHs MaJibiX H3MeHeHHil aMIIHTYA-
HO32aBHCHMOTro (ha3oBOro ciBHra B JHaNa3oHe 3HaueHHi Py cilenyer
yseauunBath A H Ap. Tak, npu A, =2 (Ap=3) saBHCHMOCTb A@, =
= (Psx1) NpH H3MeHeHWH Ppxi/Ppxiy B npegesax ot 1 1o 3 HnoJyyaer-
cs BecbMa canabofi (cM. puc. 13.138).

[Tockonbky ycuautenn ua JIBB uMeior Gonee CJIOXHYI0 ¢opmy
AX u ?AX 0 CpaBHEHHIO C APYrHMH pasHoBuaHoctTamu CBY ycu-
JIHT@JIEH, TO MPH MOCTPOECHHH INOCJTeJHHX PAaCCMOTPEHHbIi MeTol peKo-
MeHayercst Kak 3¢ ¢dekTHBHOE cpencTBO ocnabaenns ADK.

B sakniouenne oTMeTHM, UTO DacCMOTpeHHble BbIe MeTOABI MO-
XYT OBITb HCNOJIb30OBAHB AN KOMIEHCAIHH aMILIHTYAHO32aBHCHMOrO

«CIBHra B TaKHX yCTpOﬁCTBaX, Y KOTOpBIX 4YaCTOTa Ha BHIXOJAe OTJIHYa-
«€TCA OT YaCTOTHI Ha BXoOjie.

13.5. BapakTopHEIe KOMIEHCATOPHI HeAHHEHHOCTH

Ocnabnenne A®K nyreM ee KoMneHcaluu sBJsieTcsi HaHGOJee (-
(peKTHBHBIM MeTOAOM, 0coGeHHO NpH nocTpoeHHH ycrpoiicte CBY, rae
OpHMeHeHHe ADYTHX MeTOJOB JHGO Hellenecoo6pa3HO MO cooGpaxe-
HHAM KOHCTPYKTHBHO-T@XHOJIOTHYECKOTrO XapakKrepa, JiH6o He oGecre-
yyuBaer TpeGyeMbix pe3yJbraTroB. B cocraB ycrpoiicTBa, npeacrasJisi-
1omiero coboii mocjaenoBaTeNbHOCTb NepelaToyHbIXx leneii ¢ APK,
T. e. KaxKflasg H3 HHX OGYyCJIOBJHBaeT NosiBjeHHe Gosee HJIH MeHee 3a-
METHbIX aMIJIHTYJHO3aBHCHMBIX  ¢a30oBHIX  cABHroB — A@; (Usx),
A@2(Usz), ..., Apn(Usx), BBOAHTCA YeTHIPEXMOMIOCHHK, CO34alOLIHi
AMIJIHTYAHO-(a30BbIA CABHr NPOTHBOMOJIOXKHOrO 3HakKa A@x(Usx) H
Ha3biBaeMull KOMIeHCHpYyIOUIHM. B 3TOM cilyuae pe3yJbTHpYIOUIH
¢asosbiii casur onpefensiercss Kak A@y =A@ (Usx) +A@e(Usx) ..+
+A@n (Usx) —A@x(Usx), T. € MOXeT OBITb AOCTHIHYTa NPaKTHYECKH
Jilo6asi cTeneHb KOMIeHcauHH. D1o obecneynBaercss (Ha3oBoil MOLyJsi-
1Mell CHrHaJja, 3aKOH M rayOHHa KOTOpPOH NOAGHpaloTcd TakKHMM obpa-
30M, 4TOObl OOyCJIOBJIEHHHIH €10 3(P¢GeKT MaKCHMaJbHO KOMIIEHCHDO-
BaJl NPOAYKTHl NMapa3HTHOH MoayasiluH. Huxe paccmaTpHBaloTcsi He-
KOTOpble Pa3HOBHAHOCTH yCTPOHCTB, 00beiHHeHHble MOJ OGIHM Ha3Ba-
HHeM «BapaKTOpDHbLle KOMIEHCATOPhI»; HX OTJIHUHTENIbHOH YepToil fB-
JfleTCd TO, YTO AJS MOJAYJALHH CHTHaja HCHOJb3YIOTCH MOAYJSATO-
PpH Ha BapakTropaX. COOTBeTCTBEHHO Pa3JiHYaloTC KOMIIEHCATOPhl «OT-
paXaTeJbHOro» THIA, NPOXOJHOrO» THIA H KOMIEHCAaTOPHl, peaJH-
3YIOILHE METOJ «CJIOXKEHHS BEKTOPOBY.

Komnencaropot orpascaresvrnozo tuna. CTpyKTypHas cxeMa, HJI-
JIOCTPHpYIOLLas HNAaHHBI MeTOA KOMIeHCallHH, [pHBeJeHa Ha pHC.
13.14. Kak BHIHO, BBICOKOYaCTOTHOE KoJieOaHHe ONHOBPEMEHHO mepe-
Jaetcs nmo ABYM KaHajlaM. OIHH KaHa/J 06pa3ylOT JIHHHSI 3afepKH
-(JI3) H uHpKyJaATOp C MOJAKIIOUEHHOH K HeMy BapaKTODHOH TroOJIOBKOi
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(BI'), apyroit — ycHiHTeb aMIUIMTYAHONO AETEKTOPA H AMIJIHTYIHHIA
JETEKTOP, KOTOPHIH BhiAeNseT KoaebaHHe, MPONOPIWHOHAJBHOE OrHbalo-
1eAl BBICOKOYACTOTHOTO CHTHaJla. DTo KoseGaHue HCMob3yeTcs B Kaye-
CTBe yNpaBJsiOLLEero BO3JeHCTBHSA, N0JaBaeMoOro Ha BapakTop. Takum
o6pa3omM, ocyllecTBasieTcsl (ha3oBasi MOAYJAUHS BHICOKOYAaCTOTHONO KO-

Puc. 13.14. CTpyKTypHass cXeMa KOM-
nencatopa A®K c rososkoit C-Tuna:

1 — ¢eppHTOBBIR BEHTHAb; 2 — LHPKYAATOP;

3 — aMNJAHTYAHbLIA [eTeKTOp H YCHJHTeNb

CHrHaja oruGaiouiefl; 4 — BapakTOpHHA Mo-
AYJASATOP; § — NHHHS 3aJ€PXKKH

Bxod

Je6aHHd, TaK KaK HayaJbHas (as3a OTpa’keHHOro BapaKTOPHOH roJOB-
KOH cHrHasla 3aBHCHT OT 3((eKTHBHOH eMKOCTH BapaKTopa, KoTopag,.
B CBOIO oyepenb, sBJsercd (yHKLUHeH orubarolleli BXOAHOro CHrHajaa
KoMIneHcaTopa. B pesyabrare nponcXomuT ocsabJeHHe napasuTHoi ¢a-
30Boit MoayasiuuH. TpebyeMoro ymenbiieHHsi APK MOXHO A0GHTbCH
HacCTpOMKOH KoMIeHcaTopa: noabupaercs f; — BpeMsl 3aAepKKH BbHICO--
KOYaCTOTHOro cHrHaga B JI3 uaH, 4TO TO XKe caMoe, noaGupaires ¢a--
30Bbl€ COOTHOLUEHHS Najalolled M oTpaxeHHoil BosH. Ha pwuc. 13.15

Puc. 13.15. BapaktopHast roJiOBKa ' '-J=[:6n
C-Tuna: ? —t 4‘2‘
1 — HapyXHbIt NPOBOAHKHK KOaKCHaAbHOMH ¢ "cﬁn
JHHHH; 2 — BHYTPEHHHH NPOBOAHHK; 3 — 1 ~
H30JIHpYIOIIHe Wai6bl; 4 — pa3bem aas _L

NOAKJNIOUEHHS! yNpaBJsiiOllero CHrHaJa;
5 — BapaKTopHBIT aHOA

)

NOKa3aHbpl KOHCTPYKLUHS BapakTOPHOH TOJIOBKH H ee SKBHBAJEHTHas
U \n

cxeMa, rae C=C, /(I—E—) — 6apbepHast eMkocTb, Con — GIOKHpY-
0

IOLIlHEe EMKOCTH, IM3JIEKTPHKOM B KOTOPBIX CJYXKaT H30JHPYIOUIHE MPO-
KJIaKH U3 CIIOAb. [lns HOpManbHOH paBoTH yCTpoiicTBa HEOGXOAHMO
BhnonHeHue ycnoBust Con’>C, uTo obecneynpaer pas3Bsi3Ky Lelell Mo~
CTOSIHHOTO TOKAa H BBICOKOH 4acToThl. [l pa3BA3KH leneil BHICOKOI
YacTOThl H YNpaBJsIOUIEro CHrHala NOCAeNHHH nofaercs Ha BT uepea
GHUABTP HHXKHHX YacTOT.
Koadduunent orpaxenus: BapakTOpHO#l roJ0BKH paBeH
1

T ioC —5 I exoi 1 U\
= = exp1{23rctg[———<l——>] , (13.3)
1z ZywC, E, J
ionC '

rae Zy — BOJHOBOE CONPOTHBJIEHHe KOAKCHAMLHOH JHHHH BT.
Bripaxenne (13.3), no cymecrpy, onucniBaer ®AX paccMaTpHBa-
€MOro KoMIneHcaTopa. )
BriGop THna BapaKTOpHOro AHOZAa, IIpH KOTOPOM 06ecrneuyHuBaloTCsT
TpeGyeMbie NOKa3aTeJH KOMIEHCATOPA, NMPOH3BOAUTCA 1O BeJHUHHE
_ eMKOCTH B paGoueii TOuKe Co H3 YCJIOBHS MONYYEHHS HAUGOMbLIEH,
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-J0 KPYTH3HBI 3aBHCHMOCTH +ha3bi OTpaxKeHHOA

BOJIHBl OT HaNpsXKEHHS Ha BapakKTope:
1—=

Co= n.

0Zy Ey
ITpun stoM nonyyaercs HauGoOJbWIHA aHana-
30H peryJHpoBKH ()a3bl OTpaKeHHOH BOJIHHL.
OtpaxarenbHHIH  KOMNeHcaTop, GyayuH
NQZ npHMeHeH B COCTaBe NPHEMO-YCHIHTENbHOrO
° rpakTa, mo3BoJser YMEHbLIHTb NepeKpecTHhE
HCKaXXeHHs1 ycHauTens Ha JIBB npumepHo Ha

-10—12 b [96] (puc. 13.16).
O6nactb  NpHMeHEHHS PacCMOTPEHHOTro
HEX Dowex wa  mexome KOMIEHCaTOpa  Ompelensercs npeaesbHOR
yeunutens wa JIBB:  MOLIHOCTBIO, KOTOpast MOXeT OHITb MpHJOXe-
I—6es komnemcammm; 2—c Ha K BapakTopy, (6e3 paspyLIEeHHS CTpPYKTy-
Komnencaunen pbl), M oOnpepensieTcsi HanpsKeHHEM MO-
CTOSIHHOT'O CMeIlleHHsl, COOTBETCTBYIOIero BhIOpaHHOH paboueil Touke.
B rtaba. 13.1 npuBeseHH NpHMepHBIEe 3HAaYeHHS] MaKCHMaJbHO JOMY-
CTHMOH MOLIHOCTH, TTOABOAHMOH K BapaKTOPY, COOTBETCTBYIOILIHE pas-
JHYHBIM HaNPSIKEHHAM CMeLleHHs
H, CJ1eJOBaTe/bHO, Pa3JHYHBIM M-

6

s
<&

AN
<20 ] )

Omocumensrbir ypobens mew-
CUMBOnsHBIX noMeX
1
=]

0 2y

Puc. 13.16. OrtHocuTenb-
HHA ypoBeHb IepeKpecT-

hBT

TABJTHLA 131

TMpeAenbHas KocTaMm Co.
e B e MBT. Cor "Q_ CyliecTByeT HEKOTOpoe IpPOTH-
> BopeuHe MexAay TpeGoBaHHsAMH 00e-
09 10 3,63 crieyeHHs] MAaKCHMaJIbHOH BXOJHOH
—5:8 100 2,39 MOILHOCTH H ONTHMaJbHOH €MKOCTH
—16,8 500 1,75 papakTopa, obecneuuBaiolleli HaH-

dasbl. [TosTomy ans paGoThl
BapakTOpa, a He PeXHM ero pa

6oIbIIMH AHANa3oH peryJHPOBKH

B KOMIIEHCATOpE cJefyeT MoAGHpaTh THI
GOTHl. DTO NO3BOJIAET He TOJbKO ONTHMH-

3HpOBaTh KOMIIEHCaTop Io peryJHpoBOYHBIM xapax’gepucmxam (baSbl,
"HO H NOOGUTBHCA MaKCHMaJbHO BO3MOXKHOH BBIXOJHOH MOILIHOCTH YCT-

DONCTBA.
—
1 8 R
? 4
5)
3 272
4g, 26
o 0 -r” gpa’a
4 /l/'f
2 Pl 4 Puc. 13.17. Koucrpykuus (a),
Y/ 3KBHBaJeHTHas cxema (6) u cra-
0 13 ;0 THYeCKHE XapaKTEepPHCTHKH (8)
2 4 6 (4 rosoBku RC-THna

9

Kak H3B€CTHO, nepeKpecTHole INOMEXH BO3HHKalT B NpPHEMHOM

TpaKTe HE TOJIbKO H3-3a HaJ 4

us A®K, HO H H3-32 aMIVIHTYIHOH He-

228



JIHHEHHOCTH COOTBETCTBYIOIIHX Yy3Ji0B. [Tockoabky B peasbHbix CBUY
o6a ykasaHHbIX (¢aKTopa  HeHCTBYIOT COBMECTHO, pelleHHe
3ajlayd KOMIIEHCAallHH YCJIOXHseTcsi. B 3ToM cJjaydae Xxopouine
pe3ysabraThl ofecneyHBaeT MOAH(MHKALHS OTPaXKaTeJNbHOTO  KOM-
MeHCaTopa, OTIHYHTENbHOH OCOGEHHOCTbIO KOTODOil SIBJSIETCA MOCAEN0-
BaTeJbHOe COelHHEHHe eMKOCTH BapaKropa BI' ¢ HekoTopmiM compo-
THBJIeHHeM R. D10 — Tak Ha3miBaeMasi rosioBka CR-tuna (puc. 13.17).
B [96] npeanaraercs B KauecTBe AOGABOYHOTO COMPOTHBJIEHHS HC-
M0/1b30BaTh MNEpPeropoaKky H3 IJIOCKOH IJIaCTHHBI CJIOAB C HamblJIeH«
HoIM Ha Hee MeTassioM. CorsacHo puc. 13.18a ko3t ¢uuHeHT oTpaxe-

0 T [T 86
TRl = Y 2
A I - \
V; 60t m‘)
L z 27
- N A
- 1 -160[f RS
a)

~o~
3

8 =0
w0 g @30 1,0) 5 YZpwt
F)

3

Puc. 13.18. AmnautyaHas u ¢da3oBas xapaxrepné‘mxu
BapaKTOpHO! rosoBku RC-THma

HHS JIHHHH C XapaKTepHCTHYECKHM COIIDOTHBJIEHHEM Zg, Harpymem{oﬁ
.1
Ha KOMIIJIEKCHOE COIIPDOTHBJICHHE R—l(c)_C— , OmnpejensieTCA Kak

T=re®, rae

1 2 1
®R—zr+( 5 22, ——
(olC = 0 = arctg ®C "
®+20+ (57 ) ®+20+( 5z )

—

I'=

- (1.4

1
yl'lpaBJIﬂﬁ CONNPOTHBJICHHEM R uau _C CHTHaJIOM, IIpONOpIHOHAJb"
(0]

HBIM aMIUIHTyJe BXOJHOTO BBICOKOYACTOTHOTO KoJeGaHHS, MOXHO
obGecneyntb Tpebyemyio ¢opMy AX m PAX kommeHncaropa. Ha puc.
13.186 npuBeseHbl rpaHKH 3aBHCHMOCTEH MOXYJS H apryMeHTa Ko-
3¢ ¢dHIHEHTa OTpaXXeHHs  OT H3MEHEHHH eMKOCTH  BapakTopa
- I'=F,(C) u 0=F;(C), nocrpoennsie no (13.4). _

Komnencaropst npoxodnozo tuna. Ins ysenHueHHss MOLIHOCTH KO-
JieGaHusi, mMoJaBaeMOro Ha BapaKToOp, H, CJAENOBaTeNbHO, IS YBeJH-
YeHHs] BBIXOJHOH MOIIHOCTH KOMIIEHCaTOpa IPHMEHSeTCs YCTPONACTBO
¢ T-orsemsutenem (puc. 13.19a). BricokouacToTHOe KoJe6aHHe, H3 KO-
TOPOro yXe OAHCAaHHHIM CINOCOOOM BHIZEJNEH CHTHaJ, MPOMOPLHOHAJb+
Hbli OrHGawlled H yNpaBJSIOLIHA BapaKTOPHHIM MOZAYJSATOPOM, MpO<
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XOHT LHPKYJIATODP, T-oTBeTBHTENbL H TONMajlaeT Ha BHIXOA. Tak Kak
BXOJHO€ COIPOTHBJIEHHE T-oTBeTBHTENSI 3aBHCHT OT 3KBHBaJIEHTHOH
OJHHBI IlJIeya OTBETBHTEJIA, NMOAKJ/IIOYEHHOIO K BF, a cJjaeaoBarTelbHO,

Puc. 13.19. KomneHcaTophl  <«IPOXOAHOrO»  THNA:
a — KoMmneHcaTop ¢ T-oTBeTBHTeJEM:

1 — eppuTOBbHIll BEHTHAb; 2 — LHPKYJAATOp; 3 — T-0TBETBHTEb;
4 — BI; 5§ — aMNAMTYAHBIA NETEKTOP C YCHJHTEJNeM oru6aiouiedt;

6 — xoMnercatop ¢ BI' «<npoxomsoro» tvna:
1 — deppHTOBbIit BeHTHNDb; 2 — HUPKyAaTop; 3 — BI'; 4 — amnau-
TYOHBIA JeTeKTop ¢ YCHJAHTesdeM oruGaiowef; 5 — cymMmatop
OT HaNpsAXeHHS YNpapJfAIOLIero CHrHajla Ha BapakTope, TO BBIXOAHOE
Kosie6aHHe CTaHOBHTCS MOAYJ/IHDOBAaHHBIM IO aMINVIHTYAE H q)aae B CO-
OTBETCTBHH C 3aKOHOM KOJIeﬁaHHﬂ, NOJIYUYEMHOro Ha BbIXOA€e aMIIJIHTYyA-

0= A,
00250 30 Jepad
.2 l
6, 0 t 90 H= 120
ﬂg ’/lo! %5 2pad -4 TR \olblz
T ALY L
-4 )'/ : 2 250 -6 —5—0-—’ =~ b0
ki as sy ¥y J
. / i = PO
ST T ) -10 il MY
- = —= Vanul
-} i 7 BElva ARy
ez iTriiie |20 LTI Y
14 ” L Kl[~/52 —_I=F U "
-16 N\_4 “ Pl 60 A -150 | 4 4
N4 H sFE=TH 60
7 -90 G1 620% 06 10 2D ffz,wC
o g2 )0,4 4610 1jZywC (7} ]
a

) 18 (———)

oast  KommeHcatopa pHc. 13.19a;

Puc. 13.20. 3aBucamoctd: a— G (
1

OT H3MEeHeHHH
Zyo C

6—Ag ( ) # AB (———) oT H3MeHeHH}

Zyo C
A5 KommeHcatopa pHc. 13.196

Horo znetekropa. [TonGopom Heo6XoxnMbIX (a30BEIX COOTHOLIEHHH yna-

eTcsi JOOUTbCA KOMIEHCAUWH aMIVIHTYAHBIX H (a30BHX HCKaxKeHUi
~ (puc. 13.20a).
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KpyTH3Hy XapaKTepDHCTHK KOMIIEHCaTopa MOXHO BapbHpOBaTb B
HeKOTODHIX TIpefieiaX, eCiH B KOMIleHcaTope NpHMEHHTb BT mpoxoxn-
Horo Tunma (puc. 13.196). OTpaxeHHas BOJIHA, BO3HHKaiOllas H3-3a
HecorjacoBanusi auHud M BT, ckiaawBaercsi ¢ majaiolled BOJHOH H
B pe3y/bTaTe aMILIHTyAa H (ha3a CyMMapHOrO KoJieGaHHs CTaHOBATCH
3aBHCHMBIMH OT peXHMa pa6oTel BI' (nOCTOSIHHOrO cMelleHHsl U MOIl-
HocTH BXoaHoro curHana). Ha puc. 13.206 npuBeeHE 32BHCHMOCTH
H3MeHeHHH oTHOcHTeNbHOH aMIuTyan Ag=G/G: u dasn AO=0,—0:
cyMMapHOro KosieGaHusi OT chloc .

Kbmnencaropol, peaausyroujue merod B8eKTOPHO20 CAOHEHUA KO-
aebanuii (puc. 13.21). INonarasi HanpsixKeHHe CMELIEHHsI Ha BapakTo-

1 2

.

Puc. 13.21. CTpykTypHasi CcXeMa KOMIEH-

caTopa, NMOCTPOEHHAs MO METOAY <«BEKTOp- 3
HOTFO CJIOXKEHHSA»:

1 — aTTeHI0aTOP C MEpPEeMEHHbIM 3aTyXaHHeM; 2 — 4

JIHHEAHBIA YCHJIHTeNb C DeryJjHpyeMoH 3amepi-
Ko#, 3 — cymmatop; 4 — uupkyastop; 5 — Bl U
5

pe GOHKCHPOBAHHBIM, MpHHHMaeM e = Ey, sin of, ez = Ej, sin (of +
+ @). BxoaHoe kosebaHHe e, NEJHTCS Ha ABE YacTH: COCTABJASIOLIAs
€1 IPOXOIMT KaHaJl, COCTOSILHIA H3 JMHEHHOTO YCHJHTEJSI C peryaupye-
MOH 3a/lepKKOH, COCTaBJAIOILAs ez — KaHaJ C LHPKYJIATOPOM, [He €
mMoayaupyercs ¢ nmomoibio BI'. Ha Beixone komneHcaTopa e4 H e, CKJa-
JBIBAIOTCH.

O6031HauuM Em/Esm = 1/M. Toraa e = G sin (of +9), rae
Msin®
G= M2 2M cos @ ; = —_
VIi4+M42Mcos®; 6 arctgl+MCOS® .

HaMeHeHHe Hanpsi2keHHsI IOCTOSAHHOIO CMELUEeHHsI Ha BapakTope
IIpHBOAHT K H3MEHEHHIO PA3HOCTH Q)a3OBbIX HaberoB, a cJjaegoBaTe/bs

HO, W BeJHUHH G u @, XapaKTepH3YIOLIHX BLIXOJHOe KoJeGaHHe, a
HMEeHHO:

Ag=201g<—%>=201g 1+ M2 2Mcos(D+AD) | (13.5

14+ M2+ 2Mcos @ !
‘ -0 A — Msin(@+A®) Msin®
. A9=0,—0,=arctg T Meos (@ LA D) arctg T Mo (13.6)

Bennunnel u 3Haku @ u A®D, rae AD — u3MeHeHHe Pa3HOCTH (ha3o0-
BbIX HaberoB, 006ycC/lOB/NeHHOe DPeryJHpPOBKOH CMelLleHHsSI Ha BapakKTo-
Pe W TepMHUHONOTHYECKH OIpelesiieMOe KaK «Yyroa peryJIHpOBaHHS»,
OonpefensiioT BelHYHHBl H 3HaKH Ag u AO. Ins oGecneyeHHs] HaHJAyy-
LIHX 3HepreTHYeCKHX MNOKa3aTejiefi YCTPOHCTBA B IeJIOM K BapaKToOpy
JOJIXKHA TOABOAMTBCS MaKCHMaJbHasi MOLIHOCTb BBICOKOYAaCTOTHOIO
KoJieGaHHA. DTO 3HAYHT, YTO Heo6XoAHMO GoJbLIOe HANpsIKEHHE cMe-
mwenud. C Apyroél CTOPOHH, XapaKTep HeJHHEHAHOCTH KJHCTPOHOB H
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JIBB Tpebyer ansl KOMIEHCAUHH BO3HHKAIOLIHX B HHX MepPeKPEeCTHHX
nomex KoMnencaropa ¢ Ag>>0. YuuTbiBasg 310, Ha OcCHOBaHHH (13.5)
MOXHO 3amucaTh
dG _ — Msin®@ ' (13.7)
d® Y1+ M F2Mcos@
Ananusupys (13.7), HeTpyaHO onpefenuTs Ty 06s1acTh H3MeHenus @,
KOTOPO# COOTBETCTBYIOT MOJIOXKHTeJbHble 3HaueHHsI Ag, a HMeHHO
—n<®<n. Kpusbie 3aBucuMocTH G=F,(®) u 0=F,(®), paccuu-
TaHHbie o (13.5), (13.6) aast ykasaHHbiX npenesnos P, n3o6pakeHbl Ha
puc. 13.22. Kax BuaHO, NpH HalJexalleM BbGOpe HayaJbHOTO 3Haye-

Uipm sl ’
) AR
0 o7 [~

M=03 = 1 J‘//% -
A // 2 / / / 60

Z s -9

4 5 A A

= 7 A/ -120
7 7 234 g,
- - - - a
o0 -0 60 -3 0 v T T

v a) )

Puc. 13.22. 3asucuMocty G u 8 ot @ aas KommeHcatopa puc. 13.21

Husi @ 1 npegesnon ero uaMeHnenuss (AM) moxHO 06GecneunTh TpeGyeEMbe
npenean H3MeHeHHsT Ag U AG. OmHcaHHBIH KOMIIEHCATOP HeJTHHEHHOCTH
MM03BOJISIeT YMEHbIUIHTh MEXCHMBOJIbHbIE MoMexH Ha 10—15 n1b. MakcH-
MaJbHas MOLLHOCTb, MOJaBaeMas 'Ha BXOJ, YCTpOHCTBa KOMIeHCalHH,
He JoJKHa npesbimiath 10—15 BT, 4To cooTBeTCTBYeT BHIXOJHOH MOIL-
#octu 5—10 B [96].

B 3akioyenHe pacoMOTPUM MmpHMep MOCTPOeHHs kommeHcaTopa ADPK u ammuu-
TYNHON HeNHHEAHOCTH B MepelaTYHKe ¢ GOJLIION BHXOXHON MoiHocThio [97], KO-
-TOPHA PaboTaeT B PETPAHCAATOPE TEJEBH3HOHHRIX CHNHAJOB H30OPaXKeHHS H 3BYKa.
.Bnaronapss BBeleHHIO CHCTEMH KOMIIEHCALWH MCKAXKEHHHA YAaJOCh YJYYLIHTb “SHEp-
reTHIeCKHe XapaKTepHUCTHKH KJIHCTPOHOB, HCII0JIb3YeMbIX B KauecTBe
OKOHEUHHX YCHJHTeJNeH MOIHOCTH. I3TO fI0JyyaeTcsi 3a <CYeT TOr0, UYTO KJHCT-
POHH paGoTalOT B peXHMe, GIH3KOM X HACHUIEHHIO, Tie KO(pHUHEHT TOVIE3HOrO
IefiCTBHS SJeKTPOHHHX npuGOpOB Bhlle, yeM B JuHehHoM pexuMe. [Ipumenenne
KOMIIEHCATOPOB IO3BOJIHJO MOGHTHCA GHAUHTEJNBHOTO 'yMeHbIUIeHHS YpOBHS mepe-

TABJHULA 132

2 .8 °

o B2 R

39 Ey8e S8%

x5 Y5Eok| =0

Xapaktep paGoThl &Ea 29 0| =xoF
agx afagx| oxx
554 | 5%8Eq| 2285
X EzEag| mg=3

Bes KoMmmeHcauuu 16,5 36 13
C KoMreHcauuei 14,5 25 7,5




KPeCTIbIX MOMeX, CBOMCTBEHHOTO YCHIHTEJbHHIM MPHGODAM B pexHMe MajJOro BXOM-
HOro curHaja (taGa. i13.2). B mepemaTymke HCTIONB3YIOTCS ABa HAESHTHYHBIX KaHaJja.
Has obecnieueHHs WMOBHLULEHHOA HATEXKHOCTH B KOMIEHCAaTODax HCMOJB3YIOTCH TO-
JoBkH CR-thna, nospossiomue goMmneHcHpoBaTe ¥ AGK M aMIIHTHANYIO HeauHed-

14

METOAbI USMEPEHHUA INOKA3ATEJIEH A®K

14.1. ITorpemiHoCTs H3MEPEHHA H TOYHOCTHh ANNPOKCHMANHHA
aAaMIUIMTYAHBIX H ($a30-aMIUIATYAHBIX XapaKTEePHCTHK

[Ipu pa3pabGoTke H H3rOTOBJEHHH PaJHOTEXHHYECKHX YCTPOHCTB,
B YaCTHOCTH Y3JIOB NPHEMO-YCHJIHTEJNbHOTO TPaKTa, NPaBHJIbHOCTb BH-
GpaHHbIX CXEMHHIX pelleHHIi.npoBepsieTcss MyTeM H3MepeHHs JKCIIya-
TallHOHHBIX NapaMeTPOB, K KOTODHIM OTHOCHTCS H HHTEHCHBHOCTb
A®K. C nosuuuil HHGOPMaHOHHO-CUCTEMHOTO aHaJH3a, OCHOBHHIE TO-
JIOXKEHHA KOTOporo copMyJHpPOBaHH B IVI. 2, KOHeYHasl LeJb HCCle-
nosaiuss A®K coctoHT B TOM, YTOGH ONPeNle/IHTh," He NMPEeBHINAIOT JH
BHOCHMbIe YCTPOHCTBOM NOTepH NoJieaHoH HHdopMmauun (AH) makcu-
MaJjibHO JOTMYCTHMOro 3HauyeHHsd. [Ipu stoMm HeoOxonHMO, YTOOH BHOCH-
Mble B TIpOLECCE 3KCTEePHMEHTANbHOTO HCCJeI0OBaHHs JIOMOJHHTENbHbIE
notep undopmaumwi (AHuu), 06yCTOBNEGHHBE OTPEIIHOCTAMH H3Mepe-
HuA, OHJM Majb [0 CPaBHEHHIO ¢ BeJHuHHOH AH, T.e. AHupy<KAH.
IIpuMeHHuTeIbHO K H3MepeHHI0 nokasatejel APK sto osHauaer, uTo
TIOrpelIHOCTh H3MepeHHSI (a30BOro CABHTra Ausy HCCJENLYyeMOH UenH
nomxHa O6uTb B 5—10 pa3 MeHbllle, yeM H3MepsAeMBIH aMIJHTYIHO-
tasosuii caBur AQ(Aym.c), T. €. AQuan KA (Aymp.c). BHNONHEHHE 3TO-
rO HepaBeHCTBa SBJISETCA ycaoBHeM obecrneueHHsl HalJiexalled TOY-
HOCTH B KOJIHYecTBeHHOH oueHKe HHTeHcHBHOCTH A®K. Hcxoas us
c(OpMYJIHPOBAaHHHX MOJIOXKEHHH, HHXKe H3JaraloTcsl NPHHIMIH MeTo-
IUKH H3MepeHHs mokasartesell ADK, a Takxke faloTCS peKOMeHJalMH
N0 NPHMEHEHHIO CTaHAAPTHHX H3MEepHTeJNbHbIX NPHOOPOB.

AHasnHTHYeCKHe METOAH OLEHKH HCKaXeHHA HH(POpPMalHOHHOIO
CHrHasa, O6YC/IOBNEHHBIX HaJHYHeM aMILIHTYAHO-(pa30BOH KOHBEPCHH
B HeJMHEHHHX YCTPONCTBAaX, OTJIHYAIOTCS 3HAUHTEJbHOH CJIOXKHOCTBIO,
H N03TOMY TpebGyeTcsl 3KCNepHMeHTaJbHas NMpoBepKa MOJY4YeHHHX pe-
sysabratoB. Heo6xoAHMMO, KpoMe TOro, HMeThb B BHAY, 4TO H3BEeCTHHE
MeTOAbl aHa/NH3a HCKaxeHHi B uenax ¢ APK GasupyloTcss Ha 3HAHHH
MOJIyYeHHHX SMIHDHYECKHM NyTeM BHELIHHX XapaKTepHCTHK [58, 59].
K uucay nocjaerHHX OTHOCATCA .aMIUIHTYAHass ‘H ¢a30-aMIIUTYAHas
XapaKTepHCTHKH, H3MepeHHHe Ha HeCKOJbKHX YacToTax B pabouel
moJsioce ycrpoiictBa. HMi3aMepeHne BHElIHHX XapaKTepDHCTHK NMPOBOILHMTCS
CTaTHYeCKHM HJIH IHHaMHYECKHM MeTOJaMH, KOTOphle pas3JjH4aloTcd
BH/JOM HCIHTATEJIbHOIO CHIHaJla — COOTBETCTBEHHO HeNpepHBHO rap-
MOHHYECKOr0 H aMIJINTYIHOMOAYJHPOBaHHOro. J[HHaMHYeCKHM MeTo-
noM uaMepsiorcs AucddepeHuHa bHble NapaMeTPH BHEILIHHX XapakTe-
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PHCTHK — K03 HUHeHTH npeobpa3oBanus AM — &M u AM — AM.
[Tepexox or ko3pdHuHEHTOB NMpeo6Gpa3oBaHHs K BHELIHHM XapakTe-
PHCTHKAM MPOBOAMTCS NMYTeM HHTErPHPOBAHHS H3MepPEHHBIX 3aBHCHMO-
cTefi 3THX KO3 (HUHEHTOB OT aMIJIHTYAH  (MOIIHOCTH) HeCyLLero
KoJsieGanus BxoaHoro AM curraJa.

JIas KonMdecTBeHHOH OUEHKH HeJHHeAHBIX S(deKTOB MO BHEIIHHM XapaKTepH-
CTHKaM, KOTODble 3aJaloTCi B BHIAe TaGJHIB SKCIEPHMEHTaJbHBIX (AHHBIX, Xapak-
TEPHCTHKH aNNPOKCHMHDPYIOTCS ~ COOTBETCTBYIOWIHMH  2HAJHTHYECKHMH GYHKIHIMH.
Orciofa cJjelyeT, YTO TOYHOCTb paCyeTHOTO OmpelesieHHS HeJdHHeHHBX 9ddeKToB
CBSI3aHa C TOYHOCTBHIO AMNPGKXCHMAIHH M C [ONPEIIHOCTbIO HM3MEpeHHs KOODPAHHAT
Toyex ammpoxcuMmupyeMbix AX n PAX. C MaTeMaTHYeCKOH TOUKH 3PeHHs IJAS HYHK-
IHH, 3afaHHOH CBOHMH 3HaYeHHAMH B HECKOJBKHX Y3JIOBBIX TOYKaX, OmpeleseHue
ee NMpOMEeXYTOUHBLIX 3HAUYeHHH MeXIY Y3JOBLIMH TOUKaMH SBJAETCA B OOLLeM CJy-
uyae HeOMpeJeJeHHON 3amadedl. DTa HeOMpeNENeHHOCTh OGYCJOBJEHA TeM, YTO uepe3
y3JaoBble (HHTepIOJALUHOHHBIE) TOYKH MOXHO MPOBECTH GecuHcJeHHOe KOJMHYECTBO
KDHBBIX, OTJIMYAIOUHXCS KaK CBOHMH 3HAaueHHAMH MeXJY 'y3JOBBIMH TOUKaMH, TaK
W NPOM3BONHBIMH B A3THX ToukaxX. Jas <«ryaaakux» iPYHKUHHA, K KOTODHIM MOXHO
OTHECTH # BHEIIHHe XapaKTePHCTHKH PACCMOTPEHHBIX BBILIE HeJHHEHHHX YCTPOMACTB,
TaKasg HeonpeleJeHHOCTb cHuMaerncss. IIpu uHcae Touex, paBHOM uHcay Ko3addu-
I[MEHTOB AIMITPOKCHMHDYIOUleH QYHKUHH, B KauecTBe KOTOPOH MOTYT ©OHITb B3ATH
aare6panyeckHe, TPHTOHOMETDHYeCKHe, 3KCIOHEeHIHalb-
Hble MOJIHHOMBI, HMeeT MeCTO HHTEPNOJIALHOHHAS anmpoK-
CHMalus, H SMIHPHYecKas QYHKUHS OmpefeseTcs eAHH-
n=1 CTBeHHLIM 00pa3oM. EciiH uyHClIO ToueKk npeBhllIaeT uyHC-
/\ J0 K03(pGHUHEHTOB aNmpoOKCHMHpYiolleld (YHKUHH, 3Ha-
s ueHHs! K03hPHUHEHTOB HAXOAATCA H3 DPelleHHS CHCTEMB
/ ajare6paHyecKHX YpaBHEHHH, COCTAaBJEHHOM Ha OCHOBE

AN(P)/K(P)

BEPOSITHOCTHOrO KDHTEPHS HaHMeHbIIHX KBajapaToB. B
) 7 3TOM CJyyae annpokcHMHupywomwas ¢yskuus He o6s3a-
/ TeJbHO [OJKHA MPOXONHTb uepe3 SKCIEePHMEHTaJbHHIE

Toukd. Ha TOYHOCTb MPHGJIHKEHHS SMIHPHUECKOH QYHK-
04 LHH BJIHSIOT TaKXe CBOMCTBAa annmpoOKCHMHpYyowen ¢yHK-
g / 2| uuMm u xapakrep pacnoJiOXKeHHS SKCIIepHMEHTAJbHbIX TO-

// yeK Ha HHTepBajie annpokcHMauuu. OnTHMajbHOe pac-
/ A MOJIOXKEHHEe 3KCIEePHMEHTaJbHLIX TOueK, obecrneuHBao-
01 - 3| mee HaMBHICIIYIO TOYHOCTb aNNPOKCHMALHH, COOTBETCT-
/ |_—1—1 BYeT moJioxeHHI0O HyJeli mojuHoMa UYeGbluepa, onpeie-
L~ asieMbix Kak {76]
£ 2i 41
0 2 4 6 8 % = Xmaxe — Xmui _ ¥makc — Xmuu i+ '
Puc. 14.1. 3asucumocTb 2 2 M +2
MaKCHMaJIbHOH OTHOCH- T[l€ Xmakc, Xmum — KOHEYHble 3HaueHHs HMHTEpBaja amn-

TeJbHO! OWMOGKH annpok- npokcuMauuu; =0, 1, 2, 3, ..; M— uHcno y3nos annpok-
CHMAUHH MOAYJSA KOMILIEK- CHMauHH. TOYHOCTb annpoKCHMauHH MOBBHIIAETCH C yBe-
CHOro KO3@QHuUHeHTa Tle- JHYEHHEM CTENeHH I[OJHHOMA, YTO HJIIOCTPHpYeTCsS
penaun  JIBB tHna puc. 14.1, riie H306paxeHb 3aBHCHMOCTH MAaKCHMaJIbHOM
VB-205 oT HOpMHpPOBaH- OTHOCHTeNbHON owu6kM anmpokcuMauuu AK(P)/K(P)
HOM BXONHOM MOIIHOCTH MOLYJIA KOMIJEKCHOrO Kos(pguuuenta mnepenaun JIBB
tHna YB-205 oT HOPMHDOBaHHO/ BXOAHOH MOWHOCTH P
NPH Tpex 3HAYEHHAX CTeleHH anfpOKCHMHPYIOLEro no-
apaoMa n=1, 2, 3 {77]. Ommnbka annpokCHMauHH BO3pacTaeT MO Mepe YAaJeHHs OT
Hayana MHTepBaja annpokcHMauuu. C 3TOH TOUKH 3DPEHHS LEHTP HHTEPNOJAUHH NpH
cna6o BbIpaXKEHHOH HeJHHEeMHOCTH lesnecoo6pa3Ho BbHIGHPaTb B Hauaje HHTEpBana
annpokcuMauud. TOUHOCTb MOJHHOMHAJBHONH aNNPOKCHMAUHH MOXKHO MOBLICHTL NyTeM
GoJiee 4acTOro PacloJOXKeHHS 3KCTePUMEHTaJbHBIX TOUEK Ha y4acTKax ¢ HauGoblUeH
KPYTH3HOH anmpOKCHMHpPYEMO#i BHEIIHeH XapaKTepHCTHKH.

B peaJbHBIX YCJOBHAX KOOPAHHATH 3IKCIEPHMEHTAJbHBIX TOYEK
M3MepSIOTC ¢ MOTpPelHOCTbio. BeseacTBHe 3TOTO  KO3(OGHUHEHTH
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alnpoKCHMHpyollefi (YHKLHH TaKXe ONpelessloTcsi ¢  OLIHGKOM.
Tak, TouHocTb ompeneneHHs KO3(pPHUHeHTOB (DYHKLHH, anNpOKCHMH-
pytoweit AX, 3aBHCHT OT MOTPELIHOCTH H3MepeHHs BXOJHOH M BBHIXOI-
HOH MOLIHOCTeH H3MepHTeJbHOro curHajna. Kosdduunentsl yHkuwu,
annpokcumupymoouleii ®AX,, onpenensiores ¢ owHOKOH, 3aBHCsALLEH OT
NOrpelIHOCTH H3MepeHHsI (a30BbIX CABHIOB H YPOBHS MOILHOCTH BXOX-
HOT'O M3MEpDHTEeJbHOrO CHrHajla.

Tlycte DAX HesuHeHHOro YCTPOACTBA anMPOKCHMHpPYyeTcst B o6aacTd caaboi
HeMHAeHHOCTH TIONHHOMOM MepBOi CTeleHH @=aP. B pesyabrate usMepenuni mouy-
YEHO, YTO BXOMHOH MouHOocTH P=2.10-¢ BT cooTBeTcTByeT #3MeHeHHe (a3oBOro
casura @=3°. MavepeHne ypOBHs BXOHON MOLUIHOCTH NIDOH3BENEHO € OTHOCHTEND-
HOM norpetHocTbio AP/P==410%, tha3oBeiii CABHT —C aGCOMOTHONH TIOMpELIHOCTHIO
Ap=7F1° [laa 3THX RaHHBIX MaKCHMaJbHas CpeNHeKBalpaTHyHas own6GKa ompele-

gends koddupuunenta a=@/P cocraBaser Aala==xV (AQ/@)2+(AP/P)2= %0,35, un
+35%. AnajoruuHelM 06pasom, HO MO Gojee CJAOKHHIM GOPMYJaM, PACCUHTHIBAIOTCA
omufrmu ompefe/eHHss KOXDOHUHUCHTOB amMMPOKCHMHPYIOUWIUX ITIOJHHOMOB O0Jee Bbl-
COKOH CTeleHH.

[Ipu ompeneneHuH nosnHo#t OWHGKH MeToja pacyeTa HeJHHEHHHIX
3(pekTOB MO BHELIHHM XapaKTepHCTHKaM OWIHOKY 3a CYeT HeTOYHO-
CTH aNmpoKCHMAalUH H OWHOKY, OOYCJIOBJIEHHYIO NMOTPELIHOCTAMH H3-
MepeHHSI 3KCNepHMEHTa/bHBIX TOYeK, MOXHO CYHTaTbh CJAyYaHHBIMH M
He3aBHCHMBIMH. O XeCTKHX Tpe6GOBaHHSX, NpelbSBAseMbIX K MOJHOH
olHOKe pacyeTa HeJHHeHHBIX 3 (eKTOB, MOXKHO CYAHTb H3 cjeayolie-
ro npumepa. Ilpu pacuere nmepekpecTHhIX NMOMeX TPEXYaCTOTHOTO CHI-
HaJja c yrJoBoi MoxyJasuueit, ycunusaemoro B JIBB, oTHocHTenpHas
NOrpellHOCTh ONpedeseHHss MOAYJS ero KosdduuyeHTa NepefadyH B
10% npH annpoKcHMalMH BHEIUHHX XapaKTePHCTHK ajre6pauyecKHM
NOJHHOMOM TpeThbeil cTelNeHH BeleT K olIHOKe ompeaeseHHs OTHOLIe-
HHs curHaj/noMexa B 3 1B [77].

YuntbiBasi BJHSIHHE MOTPEIIHOCTEH H3MepPeHHsI BHELIHHX XapakKTe-
PHCTHK Ha TOYHOCTb pacyeTa HeJHHEHHBIX 3((eKTOB, B MOCIeLYIOMUX
pasjenax paccMaTpPHBAlOTCSI METOAb H3MEePeHHS CTaTHUYECKHX H JIHHa-
mHuyecKHX AX H ®AX HelMHENHBIX YCTPOHCTB.

14.2. CTpykTypHBIe CXeMbl H3MepeHHaA NokasaTeneli AOK

Hcxonss u3 aHanusa (akTtopoB, 0OYCJOBJHBAIOIIHX BO3HHKHOBE-
HHe aMIJIMTYAHO-()a30BOM KOHBEPCHH B HeJHHEHHBIX YCTPOMCTBaX H
ocobBeHHOCTeli ee NMpPOSBJEHHS, MOXKHO YKasaTb DSl METOLOB H3Mepe-
HUs MHTeHCHBHOCTH A®K H CTpyKTypHbIE CXeMbl YCTaHOBOK, peaJH-
sylomue aaHHpie MeroApl. CTpyKTypHasi cxeMa YCTaHOBKH, MNpejHa-
3HaYeHHOH /Ui H3MepeHHs COOCTBEHHOH CTaTHYeCKOH aMIJIHTYAHOH
XapaKTepHCTHKH HesnHefiHoro ycrpoiicta (HY), wusoGpaxena Ha
puc. 14.2. YcraHoBKa BKJIOYaeT reHepaTop rapMOHHYeCKOro koJe6a-
Husi 'y, nepeMeHHblf aTTeHoatop AT ajsf peryJqMpOBKH MOLIHOCTH
Ha BXOJe HeJHHeHHOTo yCTPOHCTBA M ‘H3MepHTeqH MolHocTH HM; u
HM,, BKIOUeHHbBIe HAa €ro BXojle M Bbixoze. ViaMepuTeab BXOJHOH
mouiHocTH MM, MoxeT BkaoyaThcsl H nepel atTeHoaTopoMm. [Ipouecc
H3MepeHUs. COGCTBEHHBIX CTAaTHYECKHX XapaKTEPHCTHK NPOH3BOAHTCSH
Ha OCHOBE H3BECTHBIX H NMPOBEPEHHBIX MpaKTHKOH MeronoB. [Ipu atoM
MOTYT HCNOJIb30BAThCS CTAHAAPTHBE H3MEPHTENIH MOAYJs KO3 ¢HIH-
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€HTa Nepe/iayl YeTHIPEXMONOCHHKOB. Mijiess H3MepenHs B3aHMHBIX CTa-
THYECKHX aMIVIMTYAHHX XapaKTePHCTHK IOSICHSETCH CTPYKTYypHOH
cxeMo# puc. 14.3. YcTaHOBKa COCTOHT H3 ABYX I'eHepaTOpOB rapMOHH-
yecKHX Konebauu#t I'y,, ['o, C Pa3JHYHHIMH YacTOTaAMH ®;, 2, JH~
HefiHOro cymMmartopa I, mepeMeHHbIX aTTeH0aTopoB ATi, AT, H3MepH-

M, o AT, z HY 4 M,
R | [eeH )
Puc. 14.2. CtpyktypHas cxeMa Puc. 14.3. CTpykTypHasi cxeMa H3MepeHHA
H3MepeHHS aMIJHTYAHOA Xapak- B3aHMHOM aMIUVIHTYAHOR XapaKTepHCTHKH
TePHCTHKH

s

Teselt MomHoctH HM; u HM,, cenekrusHoro ¢uabrpa CP, BHAens«
louero kKose6aHHe ¢ YaCTOTOM @; HJIH wp. FI3aMepeHHe cTaTHuecKHX
®AX MOXHO NPOBOAHTL ABYXKaHaJbHHIMH (ha3oMeTpaMH ¢ pacllH-
PEHHBIM JAHHAMHYeCKHM AHana3oHoM. Ec/iH Ha BXoze H BHXOHE HeJH«
He#HOr0 YCTpPOHCTBA NOCTaBHTb NepeMeHHbe AaTTEHIOAaTOPH C NpOKa-
JHOPOBAHHHIM HJIH CJ1a60 H3MEHSIOLIHMCS NPH PEryJHpOBKe ociabie-
HHSL $©a30BHIM CABHrOM (aTTeHIOATOPH Ha Pe3HCTOpax, NMOJISPH3aLHOH-
Hble HJIH 3anpefie/ibHbe), TO OCOOHX TPeGOBaHHi K AHHAMHYECKOMY
AuanasoHy ¢asoMeTpa MOXHO He NMpeAbSABIATb. B MeHblueil crenenn
paspa6oraHel NPHHUHNK H3MepeHHst cratHueckux PAX B ycrpoiictBax
C pasHBIMH YacTOTaMH HeCcyLIHX KoJeGaHHi Ha BXoJe H BHIXOJe, Ha~
npuMep, B CMECHTeJISIX, YMHOXHTEJNSAX H JeJHTensaX wacTtoth. Coor-
BETCTBEHHO HMEIOTCSl TPYAHOCTH H B pedJIH3aLHH H3MepHTEJbHHX yC-
TaHOBOK. Heo6X0AHMO OTMETHTb, YTO NpPH H3MEePeHHH CTaTHYECKHX
AX u ®AX uyacTo He YUHTHIBAIOTCS AHHaMHuecKHe (HHEDUHOHHHIE)
CBOHCTBA HeJHHEHHBIX yCTpPoOHcTB. B pesysbraTe npu pacuere HenH-
HEAHBIX HCKaXeHHH BO3HHKAIOT AONOJIHHTEJbHHE OUIHGKH.

HspectHole Meronbl ompenesienus: auHaMHuecKHX AX u ®AX He-
JIHHEAHBIX YCTPOACTB OCHOBaHBI Ha H3MepeHHH K03((HIUHEHTOB npe-
o6pasoBanuss AM — AM u AM — OM. CooTBeTcTByIOILasi CTPYKTYyp-
Has cxeMa H3MepeHHsi 3THX KO3((HIHeHTOB NpejiCTaBJeHa Ha pHC.

- 14.4. 3necb OCHOBHLIMH 3JIeMEHTaMH SIBJS-
>—] #AM | foTcsl HCTOYHHK H3MepHTesabHOro AM cHrHa-
na Iy, HCIBITYeMoe HenHHelHOe YCTpOi-
fn 11 ctBo MY, n3MepHTe/b aMIIMTYAHOH MOAY-
asund  (Moaynomerp) HAM, usmepurennb
#oM | pasomoit  (uacToTHOI) monynsauwn HPM.

Puc. 144. OG6oGwenHas ITpuBefeHHHIMH NpPHMEPaMH He HCUEpPIHBaeTCH
CTPYKTYpHasi cXeMa H3Me- MHOroo6pasue MeTOZOB M YCTaHOBOK, C HOMOLLbIO KO-
peHHst K03 (HUHEHTOB  TOPBIX MOXHO NPOU3BOZHTb H3MEpPEeHHe HHTEHCHBHO-

npeo6pa3oBaHus ctu ADPK n ee nokasarteneit. MOXHO OTMETHTL Te

TPYAHOCTH, ¢ KOTOPHIMH NpPHXOJLHTCS CTaJKHBaTbCS
OPH NOCTPOEHHH BLICOKOTOYHBHIX H3MEPHTEJbHBIX YCTAHOBOK, H NMYTH HX COBEpILEHCT-
BOBaHHf. TaK, B GOJIbLIHHCTBE H3BECTHHX Pa3HOBHAHOCTEH aBTOreHepPaTOPOB H aMILIH-
TYAHLIX MOAYJATOPOB NPH aMIUIMTYAHON MOAYJfAILHH OZHOBPeMeHHO 00pa3yeTcsi M 3a-
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MeTHasi (pa3oBasi Moayasiuus. 1O npnaBzurr K OrpaHHYeHHIO paspewialomest crnocu6-
HOCTH MeTofla H3MepeHus nokasatesneit ADPK. KpoMe storo, coG6etBenHolt A®PK o6aa-
Hal0T H H3MEPHTEJH aMIUIMTYAHOA H ¢azoBoi moayasuuH. Ha paspemaromyio cnoco6-
HOCTb H3MepeHHi MOTYT BJIHATb H MOAYJSALHOHHEE NOMEXH, BO3HHKAIOIIHE B HEJHHEH-
HBIX YCTPOACTBAaX NMpPH HaJHYHH B LEMNSX MHTaHHSA rapMOHHK OT CeTH W HaBOJAOK.

B Hacroflllee BpeMsi H3BeCTHO OOJIbUIOE YHCJIO H3MEpPHTENbHHX
YCTAHOBOK, peaJIM3yIOUIHX JHHAMHYECKHA H CTaTHYECKHH METOAH H3-
MepeHHs nokadareneii AQ®K. Bu6op MeToza 3aBHCHT OT NpPHHIHIOB
TEOPETHYECKOro aHajH3a HCKaXKeHHH, THIa HeJHHeAHOro ycTpofcTBa
H YCJIOBHI’I €ro 3KCIJyaTallHH B peaJIbHHX YCJHOBHAX, AHana3oHa pa-
60unX yacToT, TpeGOBaHHiA K NOrpELIHOCTH H3MepeHHs, HaJH4HfA CO-
OTBETCTBYIOIEH H3MEPHTENbHON aNnapaTypH H T. A.

B nocJeAylunx pasaejax pacCMaTpHBAIlOTCA 0COGEHHOCTH H3Me-
pennsi nokasarejei AOK B pasjHyHHX ycTpoficTBax.

14.3. HaMepenHe CTaATHYECKHX aMILITHTYXHBIX
1 (a30-aMILIATYAHEIX XaPAKTEPHCTHE

HanGosee pacnpocTpaHeHHHM THIOM pafHOTEXHHYECKOro YCTpOii-
CTBa SABJSIIOTCA YCHJIHTENH, NO3TOMY OCHOBHOE BHHMaHHe YHAeJsieTcs
ocob6ennocTaM u3Mepenns AX u ®AX stux ycrpoiicts. Huxe npuse-
IeHa TaKXe MeTOJAHKAa H3MepeHHS CTaTHYECKHX XapaKTepHCTHK YJABO-
HTeJsl 4aCTOTH KakK TIpHMep yCTPOMCTBa, Y KOTOPONO OT/THYAIOTCA Yac-
TOTH CHTHAJIOB Ha BXOAe H BHXofe. IIpH npakTHYecKoil peasiH3auHH
MeToJ0B H3MepeHHs mokasaresefi APK BaxKHO mpeAcCTaBJIATh BO3MOXK-
HOCTH, KOTOPHIMH 00/1aJalOT CTaHAAapTHHE H3MepHTeJbHHE MPHGOPH.

HsMepenne craTHYeCKHX XapaKTepPHCTHK, CBA3HBAIOUIHX aMILUIHTY-
ABl CHTHAJIOB Ha BXOJ€ H BHIXOJE, Y OOJNBUIHHCTBA THIOB YCHJHTEJEH
H OrpaHHYHTeJed He NMPEACTaBJASET CePbe3HHX TPYAHOCTEH, MOCKOIBKY
TeXHHKa aMIVIMTYAHHX H3MepeHHH Xopowo pa3paGoraHa. Ecau wme
NpeabsBAAeTcs OCOOHX Tpe6OBaHHi K MOrpellHOCTH H3MEpEHHS aM-
TJIATYAHHX XapaKTEPHCTHK, TO MOXHO INPHMEHHTb H3MepHTeJbHHE
CXeMHl ¢ BaTTMeTpaMH (cM. pHc. 14.2 u pHc. 14.3). Bunyckaembie B
HacToslllee BPEMS NPOMBIIIEHHEE H3MEPHTEJH MOLIHOCTH NepeKphBa-
IOT MPaKTHYECKH Bech pafiHoAuana3oH. Hanpumep, cTangapTHue BaT-
MeTpH, paforaloline Ha yactoTax cBuie 1| MTL, o6ecneynBaloT Ha-
MepeHHe NpOXOAfIEeH M Morjouwialomiedi MOIHOCTH cBhime 10—6—
10— Br B nnnamuyeckoM AuanasoHe 30—40 1B ¢ morpemHocThIO
=+ (6—10) %. ITpn Heo6xomuMocTH GoJiee TOYHOrO H3MEPEHHS CTaTHYe-
ckux AX ycuiuTeneil H orpanuuHTeseii BHCOKoyactoTHoro H CBU nau-
anasoHoB, paboTalOIHX NPH MaJbiX YPOBHAX MOIUIHOCTH BXOMHHIX CHT-
HaJIOB, MOXHO HCNOJIb30BaThb CTAaHAAapPTHHE YCTAaHOBKH, NMpeAHa3HayeH- -
Hble JUIS H3MEpEeHHsl 0C/al/ieHHs M YCHJIEHHS MOUIHOCTH, HalpHMep
A1-3, O1-9, 1K1-5, ®K3-14, PK4-10, P4-1 ¢ npuMeHeHHeM Hampas-
JIEHHBIX OTBeTBHTeJsel [78].

CienyeT oTMeTHTb, YTO I/ PsAa DPa3HOBHIHOCTEH yCHJHTENE
XapaKTepHO OTpaXKeHHe CHIHAaJIOB OT BXOAa M BHIXOAA M CYILECTBOBA-
HHe 00paTHO# CBsA3H. IIpH BKJIOYEHHH YCHJHTENS B peajbHHii H3Me-
PHTEJbHBIA TPAaKT 3TH fIBJEHHS MOIYT NPHBECTH K 3HAYHTEJbHHM IO-
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TPELIHOCTSAM H3MepeHHsi (MOrpelHocTsAM paccoriacopanus) [79]. Das
HX yMEHbLIEHHSI HOJIKHb GBITH OPHHATH cHenuasnbHeie Mepol. [lpu
HeOoOXOAMMOCTH TOYHBIX H3MepeHHi# AX ycHIHTeJleHl H OrpaHHYHTENeH
cJieyeT YYHTHIBATb NOMOJIHHTeNbHBle HCTOYHHKH TNOTPEINHOCTeH H3-
MepeHHs, CBS3aHHBIE C HaJHYHEM Ha BbIXOJe FapMOHHK, KPaTHBIX yac-
TOTE€ BXOAHOrO CHIHaJa H NOCTYNAIOWIHX B HHAMKATOPHYIO 4acTb H3-
MEpHTEJIbHOTO YCTPOHCTBA.

Hnsa usmepenusi cratvueckux ®AX ycunuresneit M ApPyrHX HeJH-
HeHHBIX YCTPOHCTB MOTyT ObITb NMPHMEHEHbl CTaHAapTHbIe (ha3OMEeTphl
[80]. OreuecrBennniit pasomerp ®2-4, a Takxke wyacrotoMepnl U3-38,
Y3-39 coBMecTHO ¢ npeo6GpasoBaressiMH yactoThl UK5-24, UK5-25,
paGoraromue Ha uyactotax jJo 100 MI'm npH paBHBIX ,aMIJIHTyZdax
CpaBHHBAEMBIX CHTHAJIOB, HMEIOT MOrpellHoCcTb H3Mepenus = (0,7—
1,5°). Ilpu cooTHOLIEHHH aMIVIHTYJ CPaBHHBaeMBIX CHIHaJIOB He 6oJee
1:100 morpewmHocTh H3MepeHHs Bo3pactaer go * (1,6—2,0°). Cran-
naptubiit da3oMerp THma P®K2-12, paboralomuit B AHana3oHe YacCTOT
1—10 MI'u, npH OAMHAKOBBLIX aMIUIHTYAaX OMODHOrO H H3MepHTeJb-
HOTO CHTHAJIOB NMO3BOJISIET H3MePSTh (ha30Bble CABHIH C NMOTPELIHOCTBIO
=+ (1,5—2,5°). B nuamasoHe H3MeHEHHSI aMIIHTYIbLl H3MEPHTEeJbHOTO
curHaja 45—55 1B norpemHocTh H3MepeHHS ¢a3oMeTpa BO3pacTaer
oo +=5° B nuamasone wacror 1—4 I'Tu B kauectBe ¢asomerpa
MOXHO HCIOJIb30BaTh H3MepHTesbHyl0 ycraHoBky JIKI-5, mosBoasio-
1yi0 H3MepATb (a30Bbie caBuru A B npeaesnax 0—360° ¢ morpeurHo-
ctoio 0,3°+1,8°sin Agp. Ha uwacrorax po 7 I'Ty n3mepenne ¢a3oBbiX
CBUTOB MOXKHO NpPOBOAUTH C MOMOLIbIO H3MepHTeNsl pasHocTH (a3
®K2-14 u u3MmepuTenss KOMIJIEKCHOro Koa(gHLHeHTa mnepenayH
PK4-10 ¢ nmorpewHocThio +3° B AMHAMHYECKOM JHamna3oHe MO H3Me-
purenbHoMy curHany 80 ab.

PacuinpeHne AHHAMHYECKOro AHana3oHa paboTel (pa3oMeTpoB, Kak
MPaBHJIO, BeleT K yBEJHYEHHIO NMOTPELIHOCTH H3MepeHHs, AJs CHHXKe-
HHSL KOTOPOH Ha BXOJe M BBIXOJE HCCJelyeMOro ycTpoicTBa BKJIOYa-
IOTCSL MepeMeHHble aTTeHI0aTopbl. BXONHBIM aTTEHIOATOPOM H3MeHseT-
.Sl YPOBEHb MOLIHOCTH Ha BXOJAE YCTPOHCTBA, BLIXOJHBIM — KOMIIEHCH-
pyeTcsi H3MeHeHHe MOILIHOCTH Ha ero BbiXoje. B kauecTBe mepeMeHHO-
TO aTTEHIDATOpPa MOXHO HCIOJNb30BaThb 3alpefieIbHbl  aTTEHI0ATop,
y KOTOpPOro Ha JHMHEHHOH YacCTH DeryJHpPOBOYHOH LIKaJbl H3MEHEHHe
.co6¢cTBEHHOrO (ha30BOro yria He mpeBblllaeT = 1° MpH H3MEeHEHHH Oc-
Ja6baenns go 100 nb. HesnauurtenbHble H3MeHeHHs cobGcTBeHHOro ¢a-
30BOro yrjia NMpH peryJHpOBaHHH OCJaabJeHHs] NMPOHCXOAAT H B NOJS-
‘PH3ALHOHHBIX BOJIHOBOAHBIX aTTeHloaTopaX. Pa3zocTaGHJIbHBIMH CBOMi-
CTBaMH OTJIHYAIOTCH CTyNMeHYaTble aTTEHIOATOPbl, B KOTOPLIX NpHMe-
HEHBl PE3HCTOPHl C He3HAYHTeJIbHBIMH COGCTBEHHBIMH MNapa3HTHHIMH
PEaKTHBHOCTSIMH, HalpHMep CTaHJAPTHBIH CTYNMEeHYaTbli aTTEHIOATOP
J-2-5. '

IIpu oTCyTCTBHH cTaHZApTHBIX (a30oMeTPOB HeoOXoxHMBbIe (ha3o-
‘MEeTpHYECKHE YCTAaHOBKH MOTYT ObITb cOOpaHbl Ha OCHOBE H3BECTHHIX
MeTOfOB (a30BbIX H3MEpEHHH. '

BosbiuM QHHAMHYECKHM [OHANa30HOM H BBICOKOH UYyBCTBHTEJbHO-
cTbl0 00/1afaloT ABYyXKaHasbHble (hasoMerphl. [lorpemHocts uH3aMepe-
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HUS B Takux ¢asoMerpax (6e3 yyera mnorpelrHocTedl H3-3a pacco-
rnacoBaHusi) Moxer cocTaBasTh = (0,03—0,05°), OAHAaKO HX NpaKs
THYecKas peaJnu3auns3atpyiHena [81]. B [82] onucana dasomerpuye-
CKas yCTaHOBKa, NpeiHa3HauyeHHas MJs u3MepeHus PAX ycuianrenei
CBY nuanasoHa B /JMana3oHeBXOAHBIX MowHocTel 10-8—10-! Bt cno-
rpewHocTbio +1°. B ycraHOBKe NMpHMEHEH KOMMNEHCAUHOHHBIH Crmo-
co6 usmepeHusi. M3mepsiemasi pasHoctb ¢pa3 ¢ CBU nepenocutcs ¢
IOMOIIbI0 AMILIHTYIHbBIX MOAYJSTOPOB Ha p-i-n-AHOJAaX Ha HH3KYIO
(HKCHPOBaHHYI0 4acToTy. /i MOBBILIEHHSI YYBCTBHTEJbHOCTH HHIH~
Kaluh caabbiXx CHrHaJoB NpuUMeHeH OaslaHCHBI cMecHTelb ¢ o6pa-
IleHHBIMH JHOJaMH.

Has uamepenusi ®PAX MOXKHO NPHMeHATh (a3oMeTp ¢ aMIVIMTYI-
Hoit GaJjiaHcHO MoAyJsuHeli B OAHOM KaHaJje, AHHAMHYeCKHH JHa-
Ma30H KOTOPOro MO H3MEpPHTEJIbHOMY CHrHaJy cocraBaser 35—40 nb.
da3zoMeTp CpaBHHTeJbHO MPOCT H o06JajaeT MaJOH MNOrpellHOCThIO
u3mepenns. Cxema H3MepHTEJNBHOH (pa30MeTPHUECKOH YCTaHOBKH C
aMIVINTYAHOH GasaHCHOM MOAyJfUMel NpHBefeHa Ha puc. 14.5. Mc-

M I
| |
Ul A 5 A 5 5 8 g R
8,
I
o, H AT, H I why Hex H AT, H Ho,

Ar,—o¢—|w~An‘,

Puc. 14.5. CTpyKTypHasi cXxeMa H3MepHTe/b-
HOH (pa3oMeTpHUECKOH YCTAHOBKH ¢ aMILIH-
TyAHO# 6ajlaHCHOR MOAyJsALHeR

nbiTyeMoe YycTpoicTBO MY Bk/IIOYaeTcs B H3MEDHTEJbHHIA  KaHaE
MeXAy AByMs csna60 paccorsacoBaHHBIMH (DeppHTOBBIMH BEHTHASMH
By, Bs. PeryanpoBanue MOILIHOCTH Ha Bxoge MY mnpou3BoguTCs me-
peMeHHbIM KaJHOpOBaHHHIM aTTeH0aTopoM AT;. MoliHOCTb Hempe-
PLIBHOTO TapMOHHYECKOro cHrHasia Ha Bxofe AT, BbICTaBaseTcs C
MOMOILBI0O H3MepHTeass MoOIHOCTH MM, BK/IIOYEHHOTO B OJHO H3 MJEW
mepekJioyatens fI. JIns CHHXeHHS YPOBHS HH3KOYaCTOTHHIX LIYMOB.
B aMIIHTyAHOM OasnaHcHOM Moayastope ABM B kauecTBe HesHHeH-
HBHIX 3JIEeMEHTOB HCNOJb30BaHB OOpallleHHble TyHHeJbHble AHOAHI,
rapMOHHYeCKOe MOJYJ/IHpyIolllee Hampsi)KeHHe Ha KOTOphle MNOAaeTcs:
or reHepatopa I'e. C Le/Nbl0 HCKJIOYEHHSI BJIHSHHS OTPaX{eHHH CcHI-
HaJOB OT MOAYJAATOpPa Ha pe3yJbTaThl H3MePeHHH Ha ero BXoje W
BBIXOJIe BKJIIOYEHbl Pa3Bs3bIBaloliHe (eppHTOBbIe BeHTHIH Bs, By Ias
Haya/lbHOH YCTaHOBKH DPa3HOCTH (a3 MeXJIy ONMOPHBIM M H3MepH-
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TENbHBIM CHTrHajaMH, KpaTHo# 90°,/B omopHblii KaHand ¢asoMeTpa
BKJIOYEHBI OTCYETHBIH QJasonaﬁla;’énb (O®) u ycranoBounblii (pa3o-
Bpamarens P. Ouccunarupubie aTreHioatopsl ATy, ATs, AT, ATs c
MaabiMd co6ctBeHHBIMH KCB 4MeHblIalOT BJAHSHHE pPacCoOracoBa-
Huil OoT reHeparopa Iy, HanpaBaeHHbIX orBerBHTenedl HO,, HO; n
cmecuteabHofi Kameps CK, ' [IpuMenenne B HHIAMKaTOpe da3oMerpa
ycuaurenss Hu3kofi wacrorst YHU c mosoco#t nponyckanus 300 I'u
NO3BOJIET peasi30BaTh 6a3pemaxomyxo CHOCOOHOCTD HHJIHKALHH HY-
as B 7—10",

Kak npu pa3paGoTke (pa3oMeTpHUECKOH yCTaHOBKH, TaK H B IpO-
necce uamepenuss ®AX ciaeayer NpHHHMAaTb MephHl IO CHHIKEHHIO IO-
rpeiiHocTeli H3MepeHHS, OCHOBHEIMH HCTOYHHKAMH KOTODBIX SIBJSIOT-
csA: coOcTBeHHble OTPaXKEHHsl OT IJied HCCJAeAyeMOro ycrpoiicTBa H
paccoriiacoBaHusi 3JIEMEHTOB H3MEpHTEJbHOrO TPaKTa, Mapa3uTHas
CBA3b MEXJY ONOPHBIM H H3MEDHTEJbHBIM KaHajlaMH (¢a3omerpa,
HeCTaOMJIbHOCTb YacCTOThl H3MEPHTEe/NIbHOrO reHepaTopa, Napa3HTHhHIE
KaHaJbl Tepeiayd cHrHaja B npeobpa3oBaTensXx 4acToThl, (pa3o-
aMIJIMTyJHble 3aBHCHMOCTH B HEJHHEHHBIX 3JeMeHTaXx (pa3oMmeTpa,
HETOYHOCTh KaJHOPOBKH IIKaJbl OTCUETHOro ¢pasoBpallatens, Hasu-
yHe BBHICUIHX FaPMOHHK B CIIEKTpE H3MEDHTEJbHOIO CHTHajJa M CHI-
Hajla Ha BBbIXOJE HCCJeJyeMOro HeJHHeHHOro yCTpOMCTBa, LIyMbl, Ha-
BOAKH H T. 1.

[MorpewrsocTH H3MepeHHsI, 06yCJOBJIEHHbBIE PAacCOrJacoOBaHHEM HC-
CJ1ejlyeMoro yCTpPOHCTBa H 3J€MEHTOB H3MEPHTEJbHOTO TPaKTa, BO
MHOTHX CJyyasiX NpeBBHIIAIOT APYrHe COCTaBJSIOIHE MOrpelIHOCTeil
usmepenuss ®AX. IT1o CcBf3aHO C HECOBEPIIEHCTBOM METOAHKH pac-
YyeTa MOrpELIHOCTEH paccoriacoBaHHs, KOI'ZAa HCXOAAT H3 HauboJee
He6/1aronpHATHOrO CJyyasi CJIOXEHHS CHIHAJOB, OTPaXKEHHBIX OT He-
OfIHOpOJHOCTe#l H3MepHTeNbHOro Tpakra [78]. K MeHblueii BeauunHe
HOrpelHocTel paccoriacoBaHHsl NPHBOAHMT IOJHBIA HJIH YacCTHYHBIN
yd4eT (a30BbIX COOTHOLIEHHH MeXJy CHrHaJaMH, OTpaX€HHbBIMH OT
HeolHopoHocTel [79].

IlpoBeseM pacueT MOTpeIIHOCTER paccOTNACOBaHHA MO 6ojee TOYHOR MeTOMHKE
Ha mpuMepe uaMepeHHs PAX B TyHHeJbHOM OIHOKACKANHOM YCHJAHTENE OTpaxa-
TeJbHOr0 THMA C TPEXIJeYdM (EepPHTOBHIM UHPKYJAATOPOM. A ©TOro paccMoTpuM
CHCTEMY, 'COCTOSILYI0 H3 HM3MEPHTEJbHONO reHepaTopa, HCCAeNYeMOro YCHAHTENS _H
HarpyskH (mHmukaropa). Takas MoIenb COOTBETCTBYyeT HAeasH3HPOBaHHOMY (haso-
MeTpy, Yy KOTOPOIO OTCYTCTBYET @Wdapa3HTHAsA CBA3b MEXAYy KaHajJaMH W omupnuﬁ
KaHaJ He COJeDKHT MepecTpaHBaeMbX BJEMEHTOB. )

BHOCHMBIT KOp(HUHCHT MepeRay MO HANPSIKEHHIO M YCHJIHUTENS, OMUCH-

BaeMoro MartpHuedr paccesus HS|| ¥ BKIIOUEHHOTO MeXIy TeHeDaTOPOM M Hanpy3-
KO C KOMTJIEKCHHMH K03(dHuiuuenTaMu otpaxenus I'r, s, paBen

Su (1 —T'Tw)

K= .
: 1 —T¢ S11 — T Saa + TrTu (S11Ss2 — S12521) -
Ecan resepatop # marpyska cornacosa, T. €. |Ir|=|Ta|=0, T0 K=S5. Hdas
QPENCTABASIONIMX NPAaKTHISOKHH HHTepec sHaueHuit |Ir|=|Ta|=/|I|<0, 2; |Su|<<

<6—7 H B CcAydae CHMMETPHYUOrO AHPKYAATOPA

a2 To(1 —T?)
K~ 5 , (14.1)
1 — 29T — T (e, BT + & T?)
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N\

rhe OgPayn — K03 HUKEHTH, xaapamep% IoliiHe npsiMble, 06paTHHIE MOTEPH H €O6-
CTBeHHbie OTpaxKeHHs B UupKyasatope; @iqlo=a2qlp/(l—yal'p) = S21; T'p —xomm-
JeKCHHA KO3(pHIUHEHT OTPaXceHHd OT PE3OHAHCHOH CHCTEMH C TYHHEJAbHHIM JIHO-
aoM. C yBeJuyeHHEM BXONHOM MOLLHOCTH, KOFL2 YCHJIHTE/b NCPEXOMHT B HeJaHHed-
HH pexuM, B (14.1) uaMensiercs Toasko I'p. \[Ipn 3ToM pasHOCTb $a3oBHX CIBH-
rOB JJsi HEKOTOPOrO KOHEYHOIo (HHIEKC «K») M HAUaJBHOTO (MHIEKC «H») YPOBHS
MOILLHOCTH Ha BXoJe ycHautens paBHa A arg K=argI'o¥—arg [o®+0¢, rae

8¢ = —arg [1| — 2T — T (20048 + o I*) ] - arg [1 — 29,0 — I X
X (20Byl + o3 %)) (14.2)
— ¢asosas morpemrHocTh paccoraacoBahus. ([locae HecqOMHEX mpeoGpa3oBanyuii B

(14.2), mpeHeGperas MaJbMH YJeHAMH, MOXHO MOJNYYHTb BBHIPaXCEHHE NS Ofipele-
JeHHs MAKCHMANbHOA ()a30BOA MONPEIHOCTH PAacCOrNacoBaHHS

3 popH r:)‘ : rg .2A('p A
Ouaxc = == | | 204BuT | + |od T2rf | l—r—(;, +4 ;E sin® =~ |

(14.3)

rie Ap=arg I'\*—arg To® — COOTBETCTBYET € TOUYHOCTHIO JO TOMPEIIHOCTeH [paccor-
JIaCcOBaHHSA H3MeHEHHIO QDaSOBO.l‘O CABHra, KOTOpPO€ WPOHCXOAHT B YCHJIHTEE o
feficTBHOM MOIHOCTH BXOQHOrO curHana. [Ipn BuBome (14.3) He yuHTHBaJHCL ab-
CoNMoTHHE $Ha3oBHe YIIH KOMIMEKCHHX KOS(DMUIHUEHTOB OTPaXKeHHA BBHAY CJIOXK-
HOCTH HX onpefienexdus. TlosToMy @onpeiiHocTh (PacCOTJacoBaHHsA, PAcCYHTAHHAs O
(14.3), 3aBhiIeHa MO CPaBHEHUIO ¢ MCTHHHHM 3HaueHHEM; HO OHA MeHblle, MeM TPH
pacueTe ee MO OOLILAIPHHATOR METOMHKE.

ITpu oueHKe cocTaBisiiolleli NMOrpelIHOCTH H3MepeHHs, BLI3BaH-
HOM HaJHYyHeM Napa3uTHOH CBSI3H MeXAy KaHaJlaMH peaJbHHX ¢a-
30MeTpOB, CJelyeT HCXOAHTb H3 TOro, YTO NPH Da3Bsi3Ke MEXAYy Ka-
HaiaMH 40—60 nb BennuHHa 3TOH NOrpemIHOCTH He IpeBHINAEeT
0,1—0,05°. :

Ecan anekTpHueckHe [JIHHB KaHaJoB (ha3oMeTpa HEOJAHHAKOBHI,
4YTO OOBLIYHO HMeEeT MeCTO, TO HecTaGHJIBHOCTb YacCTOThI H3MEpHTelb-
HOro reHeparopa BeleT K BPEMEHHOMY H3MEHEHHI0 Pa3HOCTH (a30BHX
CABHIrOB KaHaJoB ()a3oMeTpa H, CJeJOBaTeJbHO, K MOIPEIUHOCTH H3-
MepeHHs. [l yMeHbIIEHHSI 3TOH COCTaBJIAIOIIEH MOTPELIHOCTH HeoO-
XOAHMO YpaBHHMBaTh 3JEKTPHYECKHe [JHHB KaHaJoB, NPHMEHATh
CTaOH/JIbHHE H3MepHTeJbHble TeHepPaTOphl, yMeHbLIaTh BpeMsl H3Me-
penns. OpPHEHTHPOBOYHO MOXKHO CUHTaTh, YTO NpPH Pa3HOCTH 3JEK-
TPHYECKHX [JIHH KaHaJoB (pa3oMeTpa, paBHOH AeCATH pabOYHM MJIH-
HaM BOJIH, OTHOCHTEJIbHAasl HeCTaGHJIBHOCTb YaCTOTH H3MEPHTEJbHOTO
reneparopa +10-* Bh3bBaeT ()a30Byl0 MOrPEUIHOCTb H3MEPEHHSA
* (0,3—0,4°).

®a30Byl10 MOTpelIHOCTh H3MEpEeHHs, KOTOpasi BO3HHKaeT B (haso-
MeTpax ¢ npeob6pa3oBaHHEM YaCTOTH OT AEHCTBHS CHTHajla MO 3ep-«
KaJIbHOMY KaHaJly H CHTHaJza, o0pasylolierocsi OT B3aHMOAEHCTBHSA
BTOpPOH TrapMOHHKH TeTepOJHHAa C YaCcTOTOH CHrHaJa, MOXHO HC-
KJIIOUHTb NyTEM HX B3aHMHOH KoMmeHcauHH. OHa NPOHCXOJHT NpH
ONpENEJEHHOH BeJHYHHE HArpy3KH MO NPOMEXYTOYHOH YacCToOTe.

PaccmoTpennbie ¢asoMeTpsl NPHUMEHSIOTCA IS H3MEpPEeHHS CTa-
THYecKHX PAX B pa3NHYHHX YCTPOHCTBAX, Y KOTOPHIX 4aCTOTH CHI-
HaJIOB Ha BXOJ€ H BHIXOJE COBMAaJaloOT.
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HOasi usmepenuss cratuueckux ®AX B ycTpoficTBaXx ¢ OTJIHYaK0«
ILHMHCSL YaCTOTAaMH HEeCyLIMX CHTHAJIOB Ha BXOAe H BHIXOZe (CMeCH«
TeJNH, MapaMeTpHYeCKHe YCHJIHTeNH C Npeo6pa3soBaHHEM  YaCTOTH,
YMHOXHTEJNH YacTOThl, A€JNHTE/]H YacCTOThl) MOXHO NPHMEHATb (a-
30MeTp, cXeMa KOTOpOro H3obpaxkeHa Ha puc. 14.6. dast ycrpaHeHHS

TPpyAHOCTEH, OGYCJOBJEHHBIX OTJIH-

il M, YHeM HeCYLIHX YacTOT BXOJHOrO H
BBIXOJJHOTO CHTHAJIOB, B OMNOPHHIi

" m KaHaq pasoMeTpa BKJIOUALTCS YCT-

z pOHCTBO, aHaJOTHYHOe Hccaenye-

momy (YAH), u usmepsiercs pas-

Ea HOCTb (pa30BbIX CHBHIOB B KaHajax

T (azoMeTpa Ha 4acToOTe BLIXOLHOrO

L CHPHAJa HCCJAENyeMOro yCTPOHCTBa

YAn 0P HY. Bmectro YAH B onopHOM KaHa-

Je ¢a3oMeTpa MOXKHO ITPUMEHSTb
: uc. g;& (;pré‘:yggg;}sac;‘ega HSMEPe  OOLIUHBI JMOMHLIA CMECHTENb HJIH
YaCTOTaMH Cﬁl};iaJIIJOB Ha BXOIlg H BbI- YMHOXMTEJ/b 4aCTOTHL. C TIOMOIUBIO
xoJ1e ¢dazocTabuAbHBIX H oTkaJaub6po-
BaHHLIX MO ¢ase nngqgeMeH|Hux ar-
Temoa'ropoa ATy u AT, MeHsieTcs B 3alaHHbIX npejie/laX MOLHOCTb Ha
Bxojie M Boixoje HY. Ilpn mccienoBanuu cMmecHTeneil H napameTpHye-
CKHX YCHJIHTeNell CHTHa/J HaKaykH MOXeT MojJaBaThcs B 06a KaHasa
¢asomerpa or oaHoro reHepatopa I'H. OtcuetHbIM (haszoBpaulaTeseM
O® koMneHcHpyeTcs: H3MeHeHHe (a30BOTO CABHTa B HCCJAENyeMOM YCT-
poiicTBe 10 MOJy4eHHs HYJIeBOrO MOKa3aHHs CTPEJOYHOr0 HHAMKATOpa
pasHocTH ¢a3 (Ag). las H3MepeHHs CTaTHYECKOH aMIVIHTYAHOH Xapak-
TePUCTHKH BKJAIOYEHb BaTT™MeTpbl My, HM,.

14.4. IzMepeHne AHHAMHYECKHX moxasareneii APK

YcnoBusi uamepenus cratiueckux AX u ®AX He Bcerza cooTBerTs
CTBYIOT peasIbHBIM NpolleccaM, MPOTEKAIOWMM NpH NpoxoxaeHHH AM
CHTHa/MOB yepe3 HeJHHeliHoe ycrpoiictBo. [loaToMy ompenenexue 3g-<
¢ekroB APK 1mo cTaTHYeCKHM XapaKTepHCTHKaM MOXeT GHTb CBsfi3a-
HO C ompeje/eHHHIMH OWIHOGKaMH. PH3HYECKH OTJIHYHE CTaTHYECKHX
nokasarenedl APK or auHaMuyecKHX, T. €. H3MEpPEHHHX C NPHMEeHes
HueM AM cHrHana, MoXxeT OBITb BHI3BAHO 3JIEKTPHYECKOH HHEPLHOHs
HOCTbIO YCTPOHCTBAa HJIH H3MEHEHHEM ero TeIVIOBOrO peXKHMa, KakK, Has
npumep, B JIBB cpenHeit u Gosbioit MomHuocredl [83]. Ilpn BeCOKHX
Tpe6OBaHHAX K TOYHOCTH ompefejeHHsi nokasateaeii ADPK caepyer
NpHMEHSATh JHHAMHYeCKHe MeTOAb H3MepeHHs. HauGosnee mnouHHIA
0630p pa6oT, MOCBSAILEHHHIX 3TOMY MeTOLy H3MepeHHsl, NpHBeJeH
B [84f

Tak e Kak H NpH H3MepPeHHH CTaTHYECKHX aMIUTHTYAHBIX H ¢a3o-
aMIUIHTYIHBIX XapaKTePHCTHK, B NHHAMHYECKOM peXHMe MOTYT H3Me-
pATbCA B3aUMHble H (COOCTBeHHble KO3(h(HLUHEHTH Nnpeobpa3oBaHHs
AM —AM u AM — OM. I1pu u3MepeHHH B3aHMHBIX KO3(DdHIHEHTOB
mpeo6pa3oBaHus Ha BXOJ 'MCCJENyeMOro HeJHHeHHOro ycTpoicTBa Mo-
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JaloTCs OAHOBPEMEHHO HeCcKobKo AM HCIBITyeMBIX CHIHasloB. H3ame-
penye coGcTBeHHBIX KO3 (pHLHEHTOB Npeo6pa3oBaHHs MPOBOLUTCS C OX-
HHM AM HcnbITaTe/NbHBIM CHTHAJIOM B COOTBETCTBHH CO CTPYKTYPHOM
cxemoit puc. 14.4. Tlpu stoM cobcTBeHHBle KO3 GHUIHEHTH MOLaBJEHUS
aMIUIHTYAHOH MOAYAAUHH Kam H KO3hpHUHEHT npeoOpasoBaHHA aM-
IVIHTYAHOH MOAYy/NsALHH B (pa3oBylo KoM ONnpelessiOTCs COOTHOLIEHHS -
MH: Kam = Mpux/Mex; K oM = A@/Mzx, rie Mpx 8 Mpux — Ko duuu-
eHTH aMIIUTYAHOH MOAY/SALHH HCTIBITaTeNbHOrO AM cHIHasla Ha BXoje
H BbIXOZe Hcc/elyeMOH HeqWHeHHOH lenH; A@ — ZHHaMHYeOKoe M3Me-
HeHHe ()a30BOro CBHTa B HCCAedyeMOH HeJlHHeHHOH LenH, o6yc/a0oB/IeH-
HOoe H3MeHeHHeM aMIJIHTYyAb AM HCHBITaTeJbHOIO CHPHaJla ¢ Ko3hdu-
uHeHToM MoayasiuHH Msx. Koadpduunenr npeo6pa3oBaHHs aMMJIHTY.I-
HOH MOAYJSUHH B (a30Byl0 4acTO BbIPaXKaloT B rpajycax Ha geunbes
HJIH B paJiHaHax Ha geLHOeJ.

B 3aBHCHMOCTH OT MeTOAA, HCNOJb3yeMOro Ajs H3MepeHHs May,
Mgux v A, OHH MOT'YT ObITb OTHeCeHbl JH60 K MNepBbIM TrapMOHHKaM
CIIEKTPOB MOAyJUpYoLlell QYHKIHH aMIVIHTYAB! H ¢ a3bl BXOLHOTO U BHI-
XOIHOTO HCIBITAaTeJbHBIX CHIHAJOB, JHOO NpeacTaBsATh cO60H BpeMeH-
Hble QYHKUHH Mgy (1), Maux (2), Ag (£).

Ilnsi u3MepeHHsi B HEKOTOPHIX YCTpoiicTBax koapdHuHeHTa Kam
MOXHO HCIO/Nb30BaTh OTeYeCTBEHHble CTaHAapTHble H3MEPHUTEJbHHIE
npu6opbl. CraHnapTHEIE H3MepHTENH Ko3h(HUHEHTa aMIIUHTYLHOH MoO-
ayasuuu (Momynomerpel) THmoB C2-10, C2-11, C2-12, CK3-42 nosso-
JFI0T H3MepATb K03 (HIHEHTH aMIIHTYAHOH MOLYJSLUHH B mpesenax
0,1—100% c morpewnoctoio 1,5—59% B aguanaszoHe paGouMX YacTOT
15 kI'n — 1500 MI'u.

H3mepenne koadduuuentos npeobpasoBanuss Kom He NpeacTas-
JseT ocoOBIX TpPyAHOCTeH, ecaH npeHeGpeub napa3uTHOH (a3oBoil
MoayJasiuHell B HcnbitatebHOM AM curHase. [lpumepoM peanusauuu
JHHAMHYECKOr0 MeToja H3MepeHHS KO3(p(pHLHEHTOB Npeobpa3oBaHHS
B CBY ycuauTensix M OrpaHHYHTENSIX MOXET CJAYXHTb BOJHOBONHAS

fo [ AT AM (o, R vo, H 8, H AT, H 8, v H o, H #o, H o,

R i,

—-wx-{w, AT,
C{v

Puc. 14.7. CtpyxkTypHasi cxema H3MepeHHs Ko3(HUHeHTOB npeob-
pasoBanus Kam u Kgp B CBU yerpoiicrax
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ycTaHOBKa, cXeMa KOTopoii H3o6paxeHa Ha puc. 14.7 [83]. B ycra«
HOBKe NPHMEHeH aMIVIHTYAHHHA MoxyJasitop AM Ha npoxoAHOi xeTeK-
TOPHOH CeKUHH A (popMHpoBaHHA H3MepHTeabHoro AM curuana: B
KayecTBe MOAYJIHPYIOILEro HanpsKeHHs HCNOJb3YeTCs rapMOHHYECKHH
curHaf ¢ yacroroit 12 KI'n, nocrynaioomufi Ha MOLYJIATOp OT HH3KOYacC+
TOTHOro reHepatopa I'e. YpoBeHb MOIIHOCTH Ha BXOAE HCCJELyeMOro
ycrpofictBa HY peryaupyercs nepeMeHHHM artTeHioatopoM AT, Has
yMeHblUEHHS] BJHAHHA paccorsacoBanuii BxogoB CBY renepatopa I o
H arreHioatopa AT, Ha pe3yJbTaTh H3MepeHHHi BKJIOUEHH cJa6o
paccor/iacoBaHHHe (eppHTOBhe BeHTHAH B,, B, u (HKCHPOBaHHHI
atrenoarop AT,. Jlna pasfiesleHHs: BXOZHOrO H BHXOJHQIO CHrHaJoB B
HCC/IelyeMOM YCTPOMCTBE TNpPHMEHEHH HanpaB/ieHHHE OTBETBHTENH
HO,—HO, n nepekmouatens I1. 3amepeHne MOWHOCTH Ha BXoje H
BhIXOJle HOC/IELYyeMOro YCTPOMCTBA NPOHIBOAHTCA H3MEPHTENSMH MOLL-
HoctH HM,;, HM,. CooTBeTcTByIOLIasi peXXHMy H3MepeHHs (a30Boil
MOAYJISILHH PasHOCTb ()a3 MEXAy KaHajJaMH ycTaHaBJHBaeTcs ¢aso-
spamarenem P. [lepemennbiMu artreHioatopamu ATs, AT, perynupy-
IOTCSl YPOBHH MOIIHOCTH CHTHAJIOB, NMOCTYNAIOIKHX ¢ BHxoga MY Ha
H3MepHTeNb aMIVHTYAHOR Monyasuun MAM u ¢dasosbiii KoMnaparop
PK. AMIVIATYIN CHTHAJOB, NMOCTYNalOIMMX ¢ BhixogoB HAM n ®K
Ha CeJIEKTHBHHHA YCHJIHTeJb ¥, H3MepPAIOTCA MHJJIHBOJbTMeTpoM MB,
YyBCTBHTENIBHOCTD, MOJyYaeMass B JaHHOH YCTaHOBKE, COCTaBJseT
0,2% nna koadduuHeHTa aMnuuTyaHON Moayasuud U 0,05° s ame
NJHTYAR Kosne6aHuill (asH.

Paspemaomas cnoco6HOCTb paCCMOTPEHHOIO KJIaOCHYECKOTO MeTo-
Aa H3MepeHHs K03 dULHEeHTOB Npeo6pa3oBaHUs aMMJHTYLHON MOLYJis-
ILHH B (pa30oByl0 OrpaHHYHBaETCs Mapa3HTHOH COMYTCTBYIOLEH ¢a30Boi
(yacToTHOM) MopyJ/sLHeH, BO3HHKaloLlell 0GBIYHO TMPH (GOPMHPOBAHHH
ucnuiTaTeabHoro AM curiana. s HCKJIIOYEHHs BJAHSIHUSL COITYTCTBYIO-
" med ¢a3oBofi MOAYJSALHH HenmbiTaTesibHoro AM oHrPHasa Ha paspela-
IOLIYIO CMOCOOHOCTb H3MepeHHs ko3dduunenta Kom paspaboran psn
OpPHIHHAJBHBLIX METOJO0B. B 4aCTHOCTH, cCOMyTCTByIOLLYI0 (ra30BYyI0 MO-
AYJSUHIO B HOMBITAaTe/bHOM CHTHaJe MOXHO YCTPaHHTb, NPHMeEHSA
JABYX4aCTOTHBIA HMCNbITaTeJbHBIHi CHTMHAJ 'H CHTHaJl ¢ OXHOBpPeMEeHHOH
aMIVTHTYAHOH H 6a30Boi MonmyJsiuHeii (CneKTpaJbHble MeToAbl). B Ka-
yecTBe JBYXYaCTOTHOTO HCMLITATeNBHOTO CHNHAJa MPHMEHSIeTCs CHTHAJM |
€ OLHOMNOJIOCHON MOAYJsiliHeH, y KOTOPOro aMIJIUTyAa ‘GOKOBOH COCTaB-
Jsiioliel HAMHOI'O MeHblLIe aMIJIMTYAbl Hecylllero KoseGaHHs, H CHTHAJ
THNa «GHEeHHS» C OXWHAKOBHIMH aMIJIATYAaMH CNEKTPaJbHBIX COCTaB-
asowux. [Ipy namepennn kosdpduuHenToB npeobpasoBanus Kam H
Kom CHexTpaJbHBIMH METOLAMH HCINOJb3YIOTCS ONpejesieHHble (yHK-
IHOHaJ/bHble CBSI3H MEXIY 3THMH IHHAMHYECKHMH NOKa3aTessiMH H
aMIJIMTYAaMH NepBbIX GOKOBBIX COCTABJ/SIOIIHX CIEKTPa BbIXOLHOTO
ACIBITaTe/ILHOTO CHTHaJa HcciefyeMoli HeqHHelHO# Uemu. Paspewato-
masi cnocoGHOCTb M3MepeHHst MaJblX M0 3HayeHHI0O Ko3ddHUHeHToB
npeo6pasoBanist Kam, KoM CleKTpaJbHbBIMH MeTOLaMH OrpaHHuMBa-
eTcsl NMOTPEeLIHOCTSIMH H3MepeHHs aHa/IM3aTOPOB CNEKTPa, HCIOoJb3ye-
MBIX JJISl ONpeleseHHss aMITHTYJ GOKOBBIX COCTaBJISIOLUHX B CIEKTpe
MCMbITaTeNbHbIX CHIHAJIOB.
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IMoBhiIeHHO pa3pelualolllelf CNOCOGHOCTbIO H3MepeHHs K03ddH-
uHenTa npeobpasoBaHus Kom 00/1a[a10T 4aCTOTHble MeToAH. [TpuMe-
HseMBIfl B YaCTOTHHIX METOJaxX cnocy6 nojaBJieHHs CONYTCTBYIOLLeH ¢a-
30BOH MOAYJALHH HCNOHITaTeJbHOr0O AM CHrHasa OCHOBBIBaeTcs Ha Mc-
NoJIb30BaHHH Pa3/iHyHsA B 3HaKaXx (a3 CHIHAJOB NPOMEXYTOYHOH ya-
CTOTHI, 06pa3yIoLINXCcsi Ha BhiXoJe NpeoGpa3oBaTesiell YaCTOTH NPH Aeil-
CTBHH Ha HHX CHTHAJIOB C HeCYIIHMH YaCTOTaMH BHIllIe H HHUXKe YacTOTH
rereponquHa. B oTiHuHe OT KJaCCHYeCKOINo, B YaCTOTHHIX MeToJax H3-
MepsieTcs He AHHaAMHYecKas pa3HocTh ¢a3 Ag (f), a cooTBeTCTBYIOI AN
efl 1MHaMHYecKas AeBHalHs 4acTOTH Aw (f), CBA3aHHas BBIpaXKeHHEM

A‘q;(t)=jAco(t)dt. Hamepenne BpeMeHHOM 3aBHCHMOCTH JHHaMHye-

CKOT'0 H3MEHEeHHs 4acToThl, o6ycaoBieHHoro APK, MoxeT npoBOAHTHCS
B JBYXKaHaJbHOM (HOMOJB3YIOTCA ABa npeobGpa3oBaTesss 4acTOTH) H
OJHOKaHa/JbHEIX BapHaHTaX. B 4acTOTHHIX MeTofax He HakKJ/aJbiBaeTCs
KaKHX-1100 0coObIX OrpaHHYeHHH Ha XapakTep aMIIHTYAHOH H comyT-
cTBylolleii el ()a30BOi MOAYJIAIIHH HCIBITaTeJbHOTO CHrHaJja. [las u3-
MepeHHs IMHAMHYECKOTO H3MeHeHHs 4acToThl Aw(f) B HccaemyeMoit
HeJHHeAHOH LeNH MOXHO HCNOJb30BaTb CTAHAApPTHHIE AeBHOMETPHI,
Hanpumep, CK3-42, npHeMHHKH 4aCTOTHOMOIY/JIHPOBAHHBIX KoJeOaHHI
HIH HauboJiee MONXOAALLHE AJSI KOHKPETHHIX YCJOBHH cXeMbl YacToOT-
HBIX 1eTeKTOpOB.

[Mpn Haawynn ucToyHnka AM kose6GaHHS C TapMOHMYECKHM 3aKO-
HOM MOXYJALKH H NEePHONHYECKO#l comyTcTBylolleH (ra3oBoii MonmyJs-
Held MOXHO MCIOJIb30BaTh OJHOKaHaJbHBIA YaCTOTHLHIH MeTOA H3Mepe-
HHs k03 dHUHeHTOB npeoGpa3oBaHus Kom. [TyreM koMmeHCanHOHHO-
ro cnoco6a M3MepeHHs aMmJIHTyd H a3 KOMOWHAIMOHHEIX CIEKTPalb-
HBIX COCTaBJISIOIIHX HCIBITATe/LHONO CHTHAJa Ha BXoJe H BHIXOAe HC-
cjaenyeMoi HeJJMHeHHOH LeNH B OJHOKaHaJbHOM YaCTOTHOM Me€TOJe M3-
MepeHHsi yAaeTcs AOCTHTHYTb JOBOJIBHO BHICOKOH paspeluarollled CrHo-
co6HocTH, pasHoii 0,33°/1B.

YacToTHHI MeTO] H3MepeHHs Ko3ddHUHeHTa , npeo6pasoBaHus
Kom ¢ aMIJIHTYZHOMOZLYJHPOBAHHBIM HCIBITATe/NbHBIM CHI'HAJOM NPH-
MEHHM JJIsl HecJleoBaHHs cMecHTeseid. [IpH eToM HenmbTaTeJbHb AM
CHrHaJ NojBepraercsi ABOHHOMY NpeoOpa3OBaHHIO YacTOTH: B HccIe-
AyeMOM CMecHTeJle, 3aTeM B CMeCHTeJe H3MepHTeJbHONO NMpHeMHHKa.

Bricokas paspeliampollias cnocOOGHOCTb WaCTOTHOTO MeTOAa NMpPH H3-
MepeHnH KoM B YMHOXHTeJNSIX H Je/HTeJNSX YacTOThl oGecrneyHBaeTCs
TOJILKO NPH MaJoM YPOBHe CONYTCTBYlolle# YacToTHOH (¢as3oBoit) Mo-
AyJsuwd B ucnutateabHoM AM curnasne. Hekotophie 3¢d¢exTHBHHIE
cnoco6bl (pOPMHPOBaHHSI HCIBITATEJBHbBIX CHPHAJMOB C NapMOHHYECKOH
aMIJIMTYIHOH MOAYJsIHed H MaJbM ypPOBHEM COMyTCTBYIOLlEA YacTo-
THO#H (pa30Boit) MOYJNSAUHH LOCTaTOUHO MOAPOGHO omucanbl B [84].

Kpome conyrcrByiolleil $a3oBoii MOAYJSILHH, HA TOYHOCTb BKCIEPH-
MEHTaJIbHOTO ONpejie/leHHs AWHaMUYeCKHX NMokasateseii A®K BansioT
JUHeHHBle HCKAaXXeHHs HCHBITaTeJIHHONO CHPHAJla B HCCAENyeMOM ycd-
poiicTBe, a TaKxKe MOTPELIHOCTH H3-3a Paccor/jacoBanus. JIuHeAHble HC-
KaXXeHHs HCIBITaTeJbHOT0 aMILINTYJHOMOYJIHPOBAHHOTO CHIHAJla B HC-
cJleflyeMOM YCTpOHCTBe, BO3HHKAIOIIHe H3-32 HEHJeaJbHOCTH ero aMm-
IUTHTYAHO-4aCTOTHHIX H (a30-4aCTOTHBIX XapaKTePHCTHK, NPHBOAAT B
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oflleM caydyae KaK K H3MEHeHHIO TyOHHBI H XapakTepa aMIIUTYIHOM
MOLYJSILHH, TaK H K BO3HHKHOBEHHIO JONOJHHTeJbHOH ¢a30Boii Moay-
JIILHH JaXke NPH OTCYTCTBHH HeqHHeHHBIX 3¢¢exkroB. JIuHeiiHble HcKa-
XeHHs Haunbosiee NPOCTO ONPENeJSIOTCS € NOMOIUBIO CHEKTPaJbHOTO
mertoaa. Jlas cayyasi, KOrja yacToTa MOAYJSILHH  HCOBITATENBLHOTO
aMIJIUTY IHOMOLY/JHPOBAHHOTO CHI'HAJa

ui(t) = Uo(1 + M cos Qf) cos wot (14.4)

HaMHOTO MeHbllle 4acTOThl W, Hecyllero KoJebGaHHs, aMIIHTyAHO-ya-
crotHas K (o) u ¢aso-yactoTHash ¢ () NepesaTOUHbIE XapaKTEPHCTH-
KH JIHHEHHBbIX YETBIPEXNOJIOCHHKOB MOXHO aNMpPOKCHMHPOBATH TPHO/IH-
KeHHbBIMH  BhipaxeHusaMH K (o) = Ko (w0) + a (0 —00), ¢ (0) =~
= @o(wo) + T(0—wo) + 0,57 (0 —wo)2, rae a=dK/de, 1=
=—dqp/dw — rpynnoBoe BpeMs 3ana3JbiBaHHs YETHIPEXMOJIOCHHKA Ha
yacToTe wo; T = dt/dw. Tlocne NpoXoXKAEHHS aMIVIHTYIHOMOLYJHPO-
BAaHHOTO KoJieOaHusi (14.4) yepe3 4eTHLIPEXMOJIOCHHK C TaKHMH YacCTOT-
HbIMH XapaKTePHCTHKaMH H3MeHsieTcsl 3aKOH aMINTHTYLHOH MOJYJISILIHH
H NOsIBJSIETCS NOMNOJHUTeJbHas (a3oBass MoAyJsuHs. BeixoaHol our-
HaJl IpH 3TOM HMeeT BH]

uz (t) = Usz(¢) cos[wot + o+ @ (2)], (14.5)

rae  Uz(t) = KeUoV 1 + 2M[cos?y + (aQ)2sin®y]cos{Q(f + 1) +
+arctg (aQ)]tg+ 0,5M%(1+aQ)2cos 2Q ({+7) +1+aQ] — amnin-
TyaHas QYHKIHS BBIXOZHOIO cHrHaga; ¢ =0,51'Q?
@ (t) =ar‘cth cos Q (¢ + 1) sinPp -+ MaQ sin Q(f + T) cos

14 Mcos Q(t + t) cos P — MaQ sin Q(¢H- t) sinp

(14.6)

— (GyHKUHS, ONpefensiomas IONOJHHTENbHYIO (a30Byl0 MOLYJSLUHIO
BBIXOMHOTO CHIHaJa. [ToacTaB/ssi B 3TH BbIPAXK@HHSI NapaMeTPhl HCMbI-
TaTeJLHOTO aMIIHTYIHOMOY/THDOBRHHOTO CHIHaJla M H3BECTHbE KO3(®-
(HUHEHTH aNNPOKCHMHPYIOUIMX BBIPaXKEHHA YaCTOTHBIX XapaKTepH-
" CTHK HCCJIeyeMOrO YETHIPEXMOJIOCHHKA HeTPYXHO MOJNYYHTb KOJHYEeCT-
BeHHYI0 oueHky aasi Us (£) u @ (¥).

Tak xe Kak npH uameperuu craTnyeckux AX n ®AX, norpewHoctH
paccor/iacoBaHusi, BOJHHKaloLlHe NPH H3MEPeHHH JAHHAMHYECKHX ITOKa-
3aTeseit A®K, o6yc/oBJeHbl paccornacoBaHMeM Ha BXOJax H3MepH-
TeJNLHOTO TPaKTa H HCCJefyeMoro ycrpoiicrBa. Meroauka pacuera aH-
HaMHYECKHX MOTPEIIHOCTel PaccoraacoBaHus siBasercs 0oJjee CIOXK-
HOi1 ¥ MeHee pa3paGOTaHHON MO CPaBHEHHIO C METONHKOI pacyeTa CTa-
THUYeCKHX MOTpPelIHocTell paccorjacoBanus. PaccornacoBaHHst BXOLOB
HCCJIeyeMOro YCTPOHCTBA H H3MEDPHTEJBHOTO TPaKTa MPHBOIAT B 00-
uleM cayyae K MCKaXKEeHHIO 4aCTOTHBIX XapaKTepPHCTHK 3TOr0 yCTPOHCT-
Ba. [103TOMY, ec/ii ‘H3BECTHbl YaCTOTHblE XapaKTEPHCTHKH HCC/IeNyeMo-
ro yCTpOHCTBAa, TO NMOTPELIHOCTH PaCCOr/IacoOBaHHsS MOXCHO ONPeNeJHTh
mo (14.5) u (14.6).

OnucaHHBle B HacTosleH IjaBe MeTOAbl M3MEPEeHHs H YCTaHOBKH
HaXOMAT IIMPOKOEe NpPHMEHeHHe B Npoliecce pa3pabOTKH, H3rOTOBJIEHHS
M HacTPOMKH HeJHMHEeHHBIX YCTPOMCTB, NMPHMeHseMbIX B (a30BbIX pa-
JAHOTeXHHYECKHX CHCTeMax.
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3aKJIO4YeEeHHE

B Hacrosimeii kHHre mpo6seMa aHaJjiM3a H TeXHHYeCKOH peaJsH3a-
LUK YCTPOHCTB ¢ aMIJIHUTYAHO-()a30BOH KOHBEpPCHEH BIIEPBLHIE MOJYYH-
Ja 6GoJjiee HJAH MeHee MOAPOGHOe OCBellleHHe, XOTH HeOOXOAHMO OTMe-
THTb, YTO aBTOPHl He CTaBHJH 3ajayy HCUepPNbIBAIOLIEr0 H3JM0XKeHHS
MaTepHaJja.

OueBujaHo, uto yuer 3¢pdekroB APK B coBpeMeHHOH H BHOBb pas-
paGaThiBaeMOl paIHOJEKTPOHHOH anmapaType pa3JHYHOTO Ha3Haye-
HHSl NPHHLUHNHAJbHO HeOOXOAHM, H 3Ta NOTPeGHOCTb GyleT ¢ rogaMu
BO3pacTaTh, H, B CBOIO OUYepeflb, 3aCTaBHT HHXKEHepOB H HccJeloBaTe-
Jell pa3BHBAaTb TaKHe HanpaBJeHHs, KaK pa3paborTka obuieli TeopHH
yCTPOHCTB C aMIUIMTYAHO-(a30BOH KOHBepCHeH; HccJaeaoBaHHe IIpo-
apneHnii AOK B KOHKpPeTHHIX pPa3HOBHIHOCTSIX pagHOTeXHHYECKHX yc-
TPOHCTB; aHa/W3 myTel H MeTogoB ocnabienus sdpdekros APK wu
BO3MOXHocTeH Hcnonb3oBaHud A®K pia yayumeHHst KayecTBEHHBIX
nokasareJsell paguoannaparyphl H T. A.

Cynsi mo MHOTOYHMC/JIEHHBIM NyGJHKAaLUAM B COBPEMEHHOH JHTepa-
Type, 5TH BONPOCH HHTEHCHBHO pa3pabaThiBalOTCH, H pe3yJbTaThl HC-
cJefoBaHHH 3¢ (dEKTHBHO HCMOJB3YIOTCA B HHXEHEDHOH NpakTHKe,



Empyrmypreie crembl npozpamM 9na lpunowmenue

Berqucnenus amnaurmydno—pasobozo cnexmpa
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Ha Bxoge ycuauTenss — rapMOHHYECKHI CHTHAJ.
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Ha Bxolle YCHJHTENT — CYMMa JIBYX FapMOHHUECKHX CHTHAJOB.
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