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BBE.1lEHYIE 

Pa3BIITHe TeXHHKH BOJIOKOHHO-omHl(eCKOii CBH3H C03p;aeT OCHOBY AlI!! pa3pa

60TKH H npHMeHeHHH OrrTHl(eCKHX CpeP;CTB rrepep;al(H HH<p0pMaUHH, KOMM)'HHKauH

OHHOii cpep;oii KOTOPbIX Cny)!(HT BOJIOKOHHO-OIlTHl(eCKHii Ka6eJIb (BOK) I 1~ YCTpoii 

CTBa JJ:HCTaHIUioHHoro yrrpaBJIeHHH H KOHTPOJIH, H3rOTOBJIeHHble C HCrrOJIb30BaHHeM 

BOK (CM. Ta6JI. 1), 06eCrrel(HBalOT He06xo)l.HMYIO 3JIeKTpoMarHHTHyIO COBMeCTH

MOCTb pa)l.H03JIeKTpoHHbIX cpep;cTB rrpH BbICOKHX ypoBHHX rrOMex, C03p;aBaeMb1X 
/2p;eiicTBYlOlUHM 060PYP;oBaHHeM ,3 ( 

Ta61lutja I 

TeXHHl(eCKHe xapaKTepHCTHKHBOJIOKOHHO-orrTHl(eCKOrO Ka6eJlH 

~ Cpeoo .QUOMtTP CTPOUTetlb- 3 T AnepT~p- l<a~eCT~o 
NN DCMO HOlt 	 OIlA nQpeOO'4U C&~TO~!~Y- HQII a"UHa Cl ~XIlHUe HbiU ytol1 c~eToboCo. 
n.n 	 npeoc.TobUTeI\U UHq,OPMOU,UU \Uei*)(~U/lbl M .a5/I<M lYUqpa.a MrU,I<M 
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A~CTpu,.Ql H!H"TP40e CTOOO) 


B CHCTeMax yrrpaBJIeHHH BbICOKOBOJIbTHbIMH <pH3Hl(eCKHMH YCTaHOBKaMH 

(3Il>Y) HCrrOJIb3yeTcH, KaK rrpaBHJIO, p;o p;eCHTKa H 60JIee O)l.HOKaHaJIbHbIX BOJIOKOH

HO-OrrTHl(eCKHX JlHHHH CBH3H (BOJ1C). TaKaH MHOrOJIHHei1HaH CTpyKTypa KaHaJIOB 

BOJ1C rr03BOJIHeT rrpolIle o6ecrrel(HBaTb CBH3b Me)!(]lY rryJIbTOM yrrpaBJIeHHH 31l>Y 
H 6JIOKaMH annaparypbI, paCrrOJIO)l(eHHbIMH Ha BbICOKOBOJIbTHOM TepMHHaJIe YCKO 
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pHTeml. KpoMe TOrO, OHa y1J;oGHa B 3KcnnyaTaIlHH, U03BOJIJleT co3,ll,aBaTh BonOKOH· 

HO'OIJrHlleCKHe IlIHHbI KOmreKTHBHorO n Onb30Bamul. 

Ba)!(J{eH:nniMH :meMeHTaMH lUIIPPOBbrx KaHanOB BOnC HBIDIIOTca rrepe1J;aJOlUHC 

(nOM) H npHeMHbIe (IIPOM) orrro3neKTpoHHLJe M01J;Y1IJ{. HS'l3JTbHbIMH ycnOBJoiHMH, 

KOTophle neo6X01J;HMO )"IHTLmSTb rrp" p33paooTKe nOM, nBIUIlOTCR OJITHlleCKlUI 

MOlQBOCTh, Heo6x01J;HMaJI AlI1I BBo1J;a B BOK, cneKTpanhlllUl xapatcrepHCTKKa H3ny· 

'IllTetlJI, Heo6XOIJ,HMoe 6LICTpo1J;eHCTBHe KaHana BOnC . npR rrpoeKTHpoBaHRH MOp,}" 

neK IIPOM, KOTophle B 3Ha'lHl'eJ1I>HOH CTeneHH oupe1J;e1TJuor rrapaMelpLI CBCTOBOJlHO' 

ro TpakTa, O.o;HHM H3 B;l)KHeHlIIHx r peooBlIHHii JlBJIJleTCJI B03MO>KHOCTh paOOTLI 

C IlHIPPOBbIMH CHrHaIIaMH KaI< rrpoRlBOJILHoro IPoPMaTa, TSK H B orrpelleneHBJ.,IX 

K01J;3X, H3J1pUMep B KOlle NRZ (Kolle 6e3 B03BpaTa K HYmo). 

faJIbBaHWIeCKHe CBX3H, Hcrronb3yeMbI e npa C031J;aHHH TaKliX M01J;yneii, 3KO' 

IJOMH'leCKH oonee 3<PIPeKTHBHbl . O HM cymeCTBeHRO ynPOlUlUOT cxeMOTeXHRKY DO, 

CTpoClIlUI HHIPOpM3llHOHHOrO KaHana , n pH 3rOM He IfCllOITb3ytOICX CrreUHaJIbHbIe 

C3MOCHHXpoHH3HpyIOLUHecx K01J;bI . O)lHaI<O 3KCllJIYaT3I1,HJl KaHanOB BOnC B COCTaBe 

C1fCTeM ynpaBlJeJUIJI BbICOKOBOnbTHbIX 3<I>Y B cnO)l(}lOK Pa,D;HaUHOHHOH 06cTaHOBKe 

If rrpH B031leiiCTBHH TeMlJeparypHbIX rp31J;HeHTOB y 6e)kJJ,aer B Heo6xo1J;HMOCTH }"Iera 

.81IHRHHJI 3THX IPaKropoB em e Ha cra.r:om n poeKTHpoBaHHlI flaM If IIPOM. 

BJIl1JlHHE PA,lJ,I1AIJ,I1.H HA HA,lJ,E>KHOCTh H CTOfIKOCTb 


KOMTIOHEHTOBBOnC 


4 7/
HOHHlRpytOlllee H31I}"IeHHe BbI3bm ae/ - : 

a) YMeH1>meHHe BbiXOnJ{OH MOLUHOCTH ODTHIJ.eCKOrO K3rry'leHHJI y CBeToilHonoB 

(T3OO. 2); 
6) YXYJlllleHHe qyBCTBHTClJLHOCTH IIPOM, B OClfOBHOM 3a C4eT pocTa TeMHOBblX 

H rrOJIBneHHJIIfOHH33UHOHHbIX TOKOB y IPoT01J;HOnOB ( r aOO. 3); 
B) yseJ1K1leHHe K03IPlPKIlHeHTa 3aryxamur BOK 3a CIJ.erH3BeneHHoro nornome· 

RKJI B CBeTOBO,tOILIX Bon oKHax; 

r) moMHHeCneHTHoe H qepeHKoBcKoe CBelJ.eHHJI B CBeTOB01J;ax; 

Il) H3MeHeHHe llJIOTHOCDI , r eOMeTpHQeCKHX p a3MepoB If arreprypbl BOJIOKOH; 

e) yxynrueBHe MexaHRlJ.eCKHX xapaKTepHCTHK BOK. 

H3Jloon ee qyBCTBHTenbHblMH K B031J;eKCTBHIO IfOHH3HpYJOI.IIHX H3JlyqeHH.if 

OK33aJ1HCL CBeTOBOilHbie BonoKHa. TaI<, BonOKHa H3 1I0JTHKOMIIOHeHTHOro CTeKJIa 

(lKryTo Bbl e Ka6eJllf) npH IlOJ3X r aMMa-H3JIYIJCHHJI Pall HMelOT Be1lJ{'I.HHy103 

HaBe1J;eHHOrO nOrnOmeHHJI, rrpeBblliIaJO~ 1000 AE /41 . Y BonOKOH 1f3 KBapne

Bor o CTeKJIa C nO(JlfMepHOH Orpa)l(3l(lIUeK OOOrrO'IKOH THIJ3 "KB3po,'I1OJlHMep" UpM 

Il03e 10 6 pa,ll; HMeercn HaBelleHHoe nornOmeRHe Ha AJ]HHe BO(Jlfbl 820 HM rropJl,lJ;Ka 

20·S00 AE/KM/6/. Y BonOKOH KBapo,eBoro CTeKJI3 (mus KBapU·KBapu) BClJHlJ.HHa 

HaBe1J;eHHoro norJIomeHRJI n3 llJIHHe BOJIHbI 820 HM HaXO}:(HTCII B npen errax 100· 
I SOO AE/KM llpM n03e raMMa-H3JlyqeJUIJI 104 pan 15/ 

Ta6/lU4a 2 

TeXHli'l.eCKJoIe xapaKTepHCmKH H3nY4areneH 

t;lpOHii)tHQ~Hbl e MOUl,HOCTb TCJ! c~eioBotoNN U3Ily..e.HU~npeaCTa~UieflU HaKa~KU uMnyllbCan.n. P;1, MBT Mil t~, HC 

c~ r'le PI1 KlMUHec
1 u,eHil-lbIU ouoa O,t iSO-300 5 -30 

YlJ1nl:4 -301 

P(l3Mep K(l~ecT&O(pat(u3I1y-; . 
ul"'y"ore·~nol.l(tlo. ~~jI(.

Obi, \"j IJ1R,Pl1tt~I<LI,M~M 

10'+(jlSO 103-105 

10 4 10'300 
10 5 10 4-10CO 

C&eioOUOa . 

An fQ6 
 0,1-1 50-100 10 -100 
An 1072 f - 40 100 -300 200-1000
An 115 
Rn 118 

Ta6/l U4a 3 

TeXHH'l.eCKHe xapaKrepHcmKH .porO)lHOIlOB 

Tun npu50pa, t;lOiQ~~~C'T  IiIHT!1P.0AbPa50.. ee IT, MKAMCl'T ep-uan C:PO'TONN ~Uiel1bHa~ L PecypcHCl~ ~y~T->ionpRxe-MQ~aaKa..~ &c-T BUT enbHO~On.n. ~P&rrefl~OtT~MKCHue,B T=20'c T.10·CMM2.CJ10R Mt(A./ftK 

f ct>.ll.-21 Kn; S~ 0,2 0,06 6,6 '10--'+0.Of120 0,'2.4 1000 

¢n-Z71<; SL2 2-3 10 1,5 '10-2120 3,5 5000 
3 K¢.llM ; S~ 1- '2 20-22 I -1 3,5 1,6 ' 10- 2 

-

Cnenyer raK>Ke OrMemTb , 4TO ypoBeHb HaBelleHHo ro nOrnOUleHHJI B BOK 

rrpH HMnynbcHblX B03neHcrBHil X HOH113HPYIOI.IlHX H3nY4eHHH MO>Ker H3 HeCKonbKO 

noplUlKOB rrpeBbIWaTb ypoBeHb, BbIJBaHHbIH nocrarOl{HO IlJIHrenbHbIM o6nY4eHHeM 

BOK C ManOK MOUlHocrbIO nOJbI, OllHaKO OHa cpaBHHrenbHO 6b!crpo penaKcHpyer. 

OCHOBHblMH HanpaBneHHJlMH npH feweHHH rrpo6neMbI rrOBblUleHHH PaLUf3UH
OHHOH crOHKocm BOK cnellyer c4HraTbI ,71: 

1) HcnOnb30BaHHe B )lHana30He IlJIHH BonH 800-900 HM OlITH4eCKHX MOHO

BonOKOH ronbKO rHna " KBapl.l,-nOnHMep" H "KBapl.l,-KBapU" ; 

2) npe)lBapHreJlbHOe npoBelleHHe reXHOnOrH4eCKOK PaLUf3UHOHHOH rpeHHpoB
KH MOHOBonOKOH; 

3) nepexon B paOO4HH )lHarra30H IlJIHH BonH 1300-1700 HM. 
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<l>OTOYCI1JII1TEJIh .IIJ1R IlPOM 11 TEMIIEPATYPHhltf .JJ.PEtf<ll 

HaH60rrblllee npaKrH'leCKoe npHMeHeHHe HMeer Merog npHeMa C AHCPcpepeH

WfpoBaHHeM ClITHaJIa Ha Bxoge pellIaIOw;erO y crpoHCrBa / SI , HCnOJIHeHHoro B BHLJ;e 

qyBCrBHrerrbHOrO rpHrrepa, a raK)I(e Merog rrpHeMa B corrraCOBaHHOH rrorrocc 'Iacror 

npH raJIbBaHJ{l{eCKOH CBH3H Me)l(Ay KaCKa,IJ;aMH IlPOM. Mcrog C AHcpcpepeHWfpoBa

HHeM OMer'laCr npoeKrHpoBaHHe IlPOM, gaBaH B03MO)I(HOCrb llIHpoKoro rrpHMe

HCHHH cepHHHbIX craIlAapTIibIX MHKpocxeM C B03MO)I(HOCTbIO raJIbBaHH'IeCKOH pa3

BH3KH Me)l(Ay HHMH. OAHaKO)J;JlH nora Meroga xapaKrcpeH npoI.{CCC paJMHO)l(eHHH 

ollIH60K npH cnyqaHHoM cooe TpHrrepa, 'Iro 3Ha'IHTenbHO CHH)l(aer pCaJIbH)'lO nOMe

X03all.\Hw;eHHOCrb IlPOM ga)l(e npH HcnOllb30BaIIHH AHCPcpepeHI.{HaJIbHbIX YCHnHTenb-

HbIX KaCKa,IJ;OB. 

C ro'IKH 3peHHH YSCnH'IeHHH nOMeX03all.\Hw;eHHOCTIi HHJKO- H CpCJlHeCKO

pocrHbIX IlPOM oonee nCpCnCKTHBeH MeTOg nocrpoeHHH npHeMHHKOB C raJIbBaHH

'IeCKHMH CBH3HMH onepaI.{HOHHbIX YCHnHTene:ii: (OY). JlnH nOBbIDICHHH pa3pellIaIO

w;c:ii: cnOC06HOCTH cporonpHCMHHKa He06xoAHMO, 'lT06bI CHrHaJIbHbrn TOK gar'IHKa 

npeBbIDIaJI 3Ha'lCHHe BXO.QHorO TOKa OY. 3roMY H gpyrHM rpeOOBaHHHM B OCHOB

HOM orBe'laIOr BbICOKOCKopoCTHble OY C nOneBbIMH rpaH3HCrOpaMH Ha Bx Oge 191 . 

OnbIT C031laHHH IlPOM CBHllerenbcrByer, 'ITO BKllIO'ICHHe BXO.QHorO OY no 

CXCMC C orpHI.{arerrbHoH 06paTHoH: CBH3bIO (nocnelloBarellbHOH: ITO HaJIpH)I(eHHIO) 

HMeer rrpeHMYw;ccrBa ncpeg gpyrH

MH, raK KaK cporOIlHO)J; (<llll) Ha

rpY)l(aercH Ha MaJIbrn BXO.QHOH HM

nellaHC YCHllJolTenH. 3TO o6ecrre'IH

Baer OIITHMaJIbHbIH OTIiOCHTenbHO 

6bIcrpogeHcrBHH pe)l(HM <llll H pac¢ 
llIHpHer HHCPOPMaI.{HOHH)'lO nonocy

U~X. 
npHHHMaCMbIX CHrHaJIOB ycrpoH

crBa B IIenoM. TaKHC YCHJI1uenH 

BnHreparype Ha3bmaIOr TpaHCHMrre

Puc. 1. 3K8u8a.aeHTHaR CXeMa rjjoTonpu- gaHCHbIMH 181 HnH npe06pa30Ba

eMHUKa. renHMH "TOK - HaJIpH)I(eHHe" . 

Yrrpow;eHHaH JKBHBaJIeHrHaH cxeMa 

raKoro ycrpoHcrBa npHBelleHa Ha pHC. 1. <llll npellCraBneH reHeparopOM cpororoKa 

I ¢ , 3arnyHTHpoBaHHbIM eMKOCTbIO C,[J,' Bblxo.QHoe HanpH)I(eHHe cpoTonpHeMHHKa 

(1)
VeblX = Roc I ¢ + Roc ICM '+ VCM 

nonoca nponycKaeMbIX 'laCTOT ( no ypoBHIO 3 A6 ) 

Kv 
f npl1 K v > 1, (2) 

217 R oc (C,[J, + C ex ) 

aKrHBHaH COCTaBnJnOwaH BXOJlHoro HMrreg aHCa 

(3)R ex Roc / K v' 

rAe R oc - conpoTHBneHHe pC3Hcropa 06paTHOH CBH3H ; K v - KOJcpcpmUieHr 

YCIUlCHHH OY rro HanpH)I(eHHIO ; C,[J, - BHyrpeHHHH eMKOCTb cpor o.QHo)J;a; C _ex 
BXOIDlaH eMKOCTb YCHnHTenH C yqeroM eMKOCTH MOHra)l(a; I ¢ - cpororoK cporo

g HO)J;a; I CM - BXO.QHOH rOK OY; - HanpH)I(CHHe CMellleHHH OY.VCM 
OI.{CHItM norpellIHOCTH , BHOCHMble <l>ll, CBH3aHHble C reMlleparypHoH 3aBHCH

MOCTbIO . BOnbr-aMnepHaH xapaKrcpHcrHKa <llll, pa60raIOillero B cpoToBOnbraH'IeC
KOM pe)l(JiMe, OrrItCbmaerCH ypaBHeHHeM / 101 

qV,[J,
I ¢ = <llS - Is (exp- - 1) , 

(4)KT 

rAe <Ii - cBeTOBoH nOTOK ; S - qyBcrBHrellbHOCTb <llll ; 

I = Bexp[ -E I( KT)J (5)
s s 

- reMHOBOH TOK' 10 /; V,[J, - HanpH)I(eHHe, rrpHnO)l(eHHOe K <l>ll ; q - 3apHA 3JlCKrpo

Ha; K - rrOCTOHHHaH E OnbUMaHa; Es - urnpHHa 3arrpellleHHOH 30HbI MarepHaJIa 

<l>ll ; B - rrOCTOHHHaH, 3aBHcHillaH or reXHonorHH H3rorOBneHHH <llll , creneHH nem

poBaHHH MarepHaJIa It ApyrHx cpaKropoB. 

113 ypaBHeHHH (4) crregyer , 'ITO rronHbIH TOK <llll, KPOMC rrone3Horo CHrHaJIa 
'<llS , COnep)l(JiT TOK ollIH6KH 

qV,[J, 

low Is (exp -- - 1) 
 (6)KT 

H 

qV,[J, 
ISblX '<llSRoc - Is (exp -- - 1) Roc + + ICM Ro c . 

KT 
VCM (7) 

fIocne.mme TpH 'DleRa B ypaBHeHHH (7) orrpeAemrJoT ollIH6KY u3MepeHHH 

CBerOBoro norOKa . 3 IY ollIH6KY MO)I(HO 6bIJ10 6bI Y'leclb B BHLJ;e aA)J;HTHBHOH rro

rrpaBKH, H3MepeHHoH IlPH'<IJ = O. O.QHaKo gena OCnO)I(HHerCH TeM, 'lTO ollIH6Ka cy

lllccrBeHHO 3aBHCHT or reMlleparypbJ. ,UHcpcpepeHUHpYH (1 ) C Y'IerO M (4) H (6) , 
nonyqacM 
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dV BblX dVCM d 1CM d Roc d10w dRoc 
--+--R + --1 ---R -I --'(8)
dT dT oc dT CM dT ocow dTdT 

TPH nepBblx 4lleHa B ypasHeHHH (8) onpeneJIHIOl COCraBJIHlOIlUfe TeMllepa

rypHoro npeH~a ~OTOnpHeMHOrO YCTpoMCTBa, BHOCHMble OY H pe3HcTopoM 06paT

HOH CBR3H . OueHKa HX BKJIaJla no naCnOpTHbIM naHHblM OY H BeJIH'lHHe pe3HcTopa 

06paTHOM CBR3H naeT OTHOCHTenbH}'lO norpelllHocTb O,1S%/K. 

qTO KacaeTCR BKJIana ~oTollHona B TeMnepaTypHblM npeH~, TO OH onpenenR

eTCR IlBYMH nocne]lHHMH 4lleHaMH B npasoM '1aCTH ypaBHeHHR (8), npH'IeM npen

nocne]lHHH 4lleH npHMepHo Ha nopRno K npeBbnuaeT nOCJIeIlHHH . PaC'IeTbl H H3Mepe

HHR nOKa3blBaJOT, 'ITO MR T = 300 K H cpellHero nacnoprnoro 3Ha'leHHR =VCM 
= 20 MB 3Ha'leHHe d I ow / d T '" 10 nA/K H JKCnOHeHUHarrbHO B03pacraeT 

C ysenH'IeHHeM T H . OPH HOMHHarrbHOM 3Ha'leHHH CBeTOBoro nOTOKa Ha BblVCM 
xone BOK TOK ~oTollHona COCTaBJIReT npHMepHo SOO nA. OTHOCHTeJIbHaH oUIH6Ka 

H3MepeHHR )Toro TOKa, CBR3aHHaR C TeMnepaTypHoH 3aBHCHMOCTbJO xapaKTepHcTHK 

<lin , nOCTHraeT 2% K . 

B03MO)f(Hbl cnen}'lOLUI1e nyTH YMeHbweHHR JTOH norpelllHOCnl: 

a) YMeHbweHHe V,q 3a C'IeT YMeHbweHHR V CM ; 

6) Bbl60p rena <lin C MHHHMarrbHblMH 3Ha'leHHRMH Is (CM . ra6n . 3) ; 

B) napaMeTpH'IeCKaH KOMTIeHCar.t.HH Is BCTpe'IHO BKJIJO'IeHHbIM <lin , JaTeMHeH

HblM OTHOCHTenbHO CHrHaIlbHOrO <lin, HMeJOWHM 6nH3Koe 3Ha'leHHe IsH HaxollH

lUHMCR npH TOH )l(e TeMneparype (pHC. 2) ; 

r) npHMeHeHHe HMnyJIbCHOH CTa6HJIH3auHH VOM ; 

n) YMeHbweHHe BenH'lHHbl Ha'larrbHOrO CMelUeHHR nYTeM BBeneHHRV eM 
cTa6HJIH3Hp}'lOlUero MllM-KaHarra (MonynlIUHH - neMOllYJIRUHR) (pHC . 3) . 

CHH)I(eHHe V,q RBnReTCR J~~eKTHBHbIM cnoco60M YMeHbweHHR norpew

HOCTH H MO)l(eT HcnOnb30BaTbCR COBMeCTHO C npyrHMH nepe'IHcneHHblMH cnoc06aMH. 

OPH )TOM HanpR)I(eHHe Ha p - n nepexone ~OTOllHona MO)f(HO onpeneJIHTb no ~op
MYne 111 1 

(9)
V,q IR,q + IRoc / Kv + 'V CM 

rne Kv - KOJ~~HUHeHT YCHJIeHHH no HanpR)I(eHHJO npH pa30MKHYTOH uenH 06paT

HOM CBR3H, Roo - conpoTHBneHHe uenH 06paTHOM CBR3H, R ,q - nOCJIenOBaTenbHoe 

conponmneHHe ~oTollHona (conpoTHBneHHe nOMO)I(KH H TOKocoeMoB) , I - TOK 

~OTO]lHOna, VCM - HanpR)I(eHHe CMelUeHHH Bxona YCHJIHTenR. 

OPRMaH nponopUHOHaIlbHOCTb V,q CBeTOBOMY nOTOKY npH VCM = 0 6bUla non

TBep)l(Jl;eHa JKCnepHMeHTarrbHo. TIPH yseJIHQeHHH <11 OT HynR no MaKCHMYMa 3Ha'le

HHe V,q JIHHeMHO B03pacTaeT , nocnU'aH 300 MKB , T.e. npHMepHo nOJIOBHHbI3Ha'leHHH 

V,q , o6ycnoBneHHoro VCM . . 

OFJi '<11 ,, 0 TeMneparypHbrH 

npeH~, K CO)l(aIleHHIO, He ynaeTcR ~ 
nOJIHOCTbJO KOMI1eHCHpoBaTb Bbl'IH

TaHHeM CHmarra C nOMOlUbJO 3aTeM
HeHHoro <lIn / 12,13 / , a TaK)I(e HC

nonb30B aHHe M 1lH~~epeHUHarrbHO
r-~ 

ro ~OTOnpHeMHHKa (pHc.4) 114 /. : R'oc 
OwraKO C POCTOM '<11 OTHOCHTeJIb ~ ~.anMH~ 
HaR norpelllHOCTb, CBR3aHHaH C I 

t +U 
TeMnepaTypHblM npeH~OM. npaKTH


'l:CKH He yseJIH'lHBaeTCR, nOCKOnb


Ky B03paCTaeT H nOJIe3HbrH CHrHarr . Puc. 2. CrpYKry plUIJ/ cxeMa [JPOM c napa-

YMeHbweHIDI V MO)f(HO nOCTHr MerpUqeCKOU KOMneHCa14UeU reMH06020 


HyTh rryTeM Bb~pa OY C MarrblM rOKa. 


VCM H 60JIbUIHM K V • OllHaKO JTOT 


Bbl60p OrpaHH'IeH HOMeHKJIarypoH OY C BXOllHblMH nOneBblMH TPaH3HCTOpaMH, 


BblrrycKaeMbIMH npoMbIWJ1eHHoCTbJO 191 . I1cnonb30BaHHe cepHHHblX <lin H HHTer


parrbHbIX YCHJIlneJIeH n03BonReT nony'IHTb BeJIH'lHHY nepBblX IlBYX 'lJIeHOB, BXO


IlHIlUfX B Bblpa)l(eHHe (9), < 20 MKB, TOrna KaK HanpR)l(eHHe CMelUeHHR VCM pac


npocTpaHeHHbIX YCHJIHTeJIeH C 1lH~~epeHUHarrbHbIM BXOnOM, KaK npasHJIo, 


> 1MB. CHH)I(eHHe nyTeM 6arraHCHpoBKH OY He nocrnraeT ueJIH, TaK 
VCM 
KaK MR OY C nOneBblMH TPaH3HCTOpaMH Ha BXOne npH 3TOM 3Ha'IHTenbHO (Ha 

/ 151Soo-1oo MKB/ K) yaeJIH'lHBaeTCR TeMneparypHbrH npeH~ CMelUeHHH . 

npyrHM cxeMOTeXHH'leCKHM cnoco60M YMeHbweHHH V CM ' KOTOPbuf 3aKJIJO

'1aeTCR B nepHOIlH'IeCKOH KOppeKUHH V CM ' RBJIHerCH npHMeHeHHe HMll)'JIbCHOH 

cTa6HJIH3al(HH HanpR)I(eHHJl CMelUeHHR MyJIR. ilH~~epeHUHarrbHble yCHJ1}{TeJIH C HM

nynbcHoH cTa6HJIH3auHeH MoryT 6bITb H3rOTOBJIeHbl Ha 06bl'IHblX OY, HHTerparrbHbIX 

KOMMYTaTopax H OTnenbHblX MOTI

TpaH3HCTOpax 1 161 . OwraKo B 

60nbUIHHcTBe 3TH CXeMbI nOBOJIbHO 

rpoM03nKH H CnO)f(Hbl B ynpaBJIe-

HHH . KpoMe Toro, HX npoeKTHpoBa- -

HHe H JKcnrryaTaLlHR CYlUeCTBeHHO 

ycnO)f(HRJOTCR npo6neMaMH nOJIy

'1eHHR He06xo]lHMOM YCTOH'lHBOCTH 

H3-3a HCnOJIb30BaHWi nocnenoBa-

TeJIbHOrO coeJlH}{eHHR HeCKOJIbKHX 

6blCTponeHCTB}'lOWHX . YCHJIHTeJIb-

HblX KacKaJlOB Ha OY. 

Pa.uHKarrbHO YMeHbUIHTb BenH

'lHHy Ha'laIlbHOrO cMelUeHHH MO)f(HO 

nYTeM npHMeHeHHR CTa6HJIH3HP}'lO
lUero MllM-KaHaIla 117 I . OH co-

CTOHT H3 MonYJIRTOpa BxollHoro 

Puc. 3. CrpYKrYPHa.R cx eMa [JPOM co cra
6WlU3UPYIOUjUM M,llM-KaHQflOM. 
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CHTHarra (pHc.3),cXe~IynpaBJIeHHH 

H neMOAYJIHTOpa. MOAYJIHTOP (M1 ) 
npeo6pa3yeT HH3K04aCTOTHYID CO

CTaBJIruoJ..U.YfO BX0nH0rO HanpH)I(eHHH 

B nepeMeHHOe HanpH)I(eHHe C aMIUIH

TynoH, npOnOpUHOHarrbHOH BXOjJ.H0MY 
#I 

CHrHarry. MOnYJIHpoBaHHbIH CHrHarr 

3aTeM YCHllHBaeTCH YCHllHTeJIeM ne· 

peMeHHoro TOKa. neMonymnop ...BOCCTaHaBnHBaeT YCHlleHHYID HH3KO

4aCTOTHyro COCTaBJIHfOJ..U.YID BXOjJ.Horo 


Puc. 4. CTpYKryPHOJ! cxeMa ourjjrjjepeH CHrHarra. I1ocnejJ.HHH nOCJIe ¢HllbTpa


l/UaJ1bHOcO rjjoronpueMHuKa. UHH nonaeTCH Ha BTOPOH nOJIfOC 


OY. 

MOHT(]JICHOJ! Bone. Ha pHC. 5 npHBeneHa :meKTpH4ecKaH cxeMa nepenaIOJ..U.ero 


OIITH'IeCKOrO MO,O,YJIH (I10M). OH COCTOHT H3 ¢OpMHpoBaTeJIH HMIIymcoB, BbIXOn


HOro TOKOBoro Knf04a H cBeronHona (eM), BMOHTHPOBaHHOro B fOcrnpyeMbIH 


OnrnqeCKHH COe}J;HHHTeJIb. <I>opMHpoBaTeJIb Heo6xoJUfM )J,l1H COrnaCOBaHHH nepe)]'aT

4HKa C ypoBHeM TTJI H Bblpa60TKH ynpaBJIHfOJ..U.ero HMnyJIbCa )J,l1H BbIXOjJ.HOro 


KJlfOqa. B nepenaT4HKe HcnoJlb3yeTcH MHKpocxeMa K155JII17. 


BbiXOnHOH Knf04 (M1 - 2) no ynpaBJIHfOJ..U.eMY HMIIynbCy ¢OpMHpoBaTenn 

(BeHTHllb M1 -1 ) Bblpa6aTbIBaer TOKOBbIH HMIIymc HaKa4KH CBeTOJUfOna, HB

JIruoJ..U.erocH ero HarpY3KoH . B Ka4eCTBe HCTO'IHHKa H3JIY4eHID! I10M CJIY)I(HT cepHH

HbIH eM THna AJI107E. llnH nOJIY4eHHH CBeTOBblX HMIIymcoB C Heo6xo)UfMOH 

,1l)IHTeJIbHOCTbfO ¢poHTa H cna)],a B BbIXOnHOM Knf04e HCnOnb30BaH ¢Op CHPOBaHHbIH 

pe)I(HM. T aKOH pe)I(HM nOJIY4eH nyTeM nOnKJIf04eHHH "YCKopHfOJ..U.ero" KOH)leHCaTO

pa Cl naparrJIenbHO TOKOOrpaHH<rnBaIOJ..U.eMY pe3HCTOpy Rl. B BbIXOnHOM 

KnfOqe Cl neHcTByeT KaK rnyHT, nOBbIllIaJI npH JTOM TOKH BKnf04eHHR H BbIKJlf04e

HID! eM. I1ony4eHHaJI TaKHM o6pa30M R1 Cl -ueIIb ¢OpMHpyeT Ha ¢poHTe CH

rHanbHoro HMIIYJIbCa KOPOTKHH BcrrneCK TOKa nOJIO)I(HTeJIbHOH nOJIHpHOCTH, )J,l1H

TeJIbHOCTbfO npHMepHO 10 HC H aMIIDHTy)]'oH BnBoe 60JIbllle pa604ero ypoBHH, 

a 3aTeM BOCCTaHaBJIHBaeTCH pa60llee 3HaqeHHe TOKa qepe3 eM. Ha cna)],e HMIIYJIbCa 

TaK)I(e 3a ClIeT nOH ueIIH ¢OpMHpyeTcH KOpoTKHH OTpHuaTeJIbHbIH HMIIYnbC OTce4

KH. npHMeHeHHe ¢OPCHpoBaHHOrO pe)I(HMa pa60Tbl BblXOnHorO Knf04a n03BOJIHeT 

CYllleCTBeHHO YMeHbllIHTb ¢POHTbl HapacraHHJI H cmma CBeTOBblX HMIIYJIbCOB, npH 

JTOM o6ecne'IHBaeTCH nOJIHOe pa3pellleHHe nepenaBaeMbIX HMIIYJIbCOB naHHblX 

C HH3KOCKOPOCTHbiM CBeTOJUfOnOM THna AJI107E npH CKOPOCTH nepena4H 

1 M6HT • C -1 . 
llnH H3rOTOBJIeHHR JIHHHH CBH3H HCnOJIbJOBaHO MHOrOMOnOBoe THna "KBapu


nOlIHMep" OnTHlIeCKOe BOJIOKHO C )J.HaMeTpoM cepnueBHHbI 200 MKM, 4HCJIOBOH 


aneprypoH NA > 0,2 H 3aTYXaHHeM 40 nE/KM. C ueJIbfO cTa6HllH33lJ,'HH napaMeTpoB 


cpe)J,b1 nepena4H HH¢OPMauHH CBeTOBOH Ka6eJIb 6bIJl nO)],BeprHYT TeXHOJIOrH4eCKOH 


Pa,!J,HaJJ;HOHHOH TpeHHpoBKe (crapeHHfO) B yCJIOBHHX, npH6nH)l(eHHbIX K pa604HM. 


llnH nora 300-MeTpoBaJI 6yxTa BOK B Te4eHHe 4 MeCHUeB npH TeMIIepaType 

o 

+ (5 ... 15) C HaXO)J.HJlaCb B Pa,!J,HaJJ;HOHHOH 30He JIHHeHHOrO YCKopHTeJIH. 
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.IJ.rrH MOHralKHOH Bonc -co crpmueIlbHOH )J.J1HHOH B 10 MeTpoB 3arYXllHHe 
B CBerOBone COCraBHlIO BeIlHtlliHY < I nE. B IOcrnpyeMoM OnrH'leCKOM coe}J;HH1{

reIle HcnOIlb3Y1OrCH IDUlHHApl{tleCKHe conpHralOllUIe nOBepXHocrH. KOpnyCHOH 
Y3eIl COeAJ-l}lHreIlH COCTOHr H3 nBy x 'laCreH: o,[Ula H3 HHX YJU-I<pHU.HpoBaHHaH
o6ecne'-!HBaer He06xoAHMOe COnpH)I(eHHe Ka6eIlbHbIX HaKOHe'lHHKOB C onrn'lec

KHMH 3IleMeHraMH; B npyrOH: ycraHaBIlHBaJOrCH H3IlY'lareJIH HlIH <poronpHeMHHKH 
pa3IlHtfilblX rHnOB ()J.J1H noro npHMeHHIOrCH KOHcrpYKUHOHHble MOM<pHKawrn). 

nocrre BblnOIlHeHHH IOcrHpoBO'IHOH npouenypbl OTHOCHreIlbHoe nOIlO)l(eHHe 06eHX 

4aCTeH: KopnycHoro Y3Ila OnrH'leCKOrO coenHHHreIlH <pHKcHpyerCH . 

Ha 	 pHc.5 naHa 3IleKrpH4ecKaH cxeMa npHeMHOrO OnrH'leCKOrO MonYIlH 

(rIPOM) . OH cocrOHr H3 <poronpHeMHOrO YCHlIHreIlH (Ml), KOMnaparopa (M2)H 

cra6HlIH3HpYlOmero M.UM-KaHaIla (MonyIlHUHH-neMonyIlHU.HH) (M3.M4)no cxeMe 
rOIlbn6epra . B Ka4ecrBe <porOMOAHOrO nar4HKa H3IlY'leHHH HcnOIlb30BaH KpeM 

HHeBblH: <poroMon <I>1l-27K, BMoHrHpOBaHHblH B IOcrnpyeMbIH: OnrH'leCKHH coeMHH
reIlb . BKJIIO'leHHe <poroAHona (<I>ll) B <porOraIlbBaHH'leCKOM pe)I(HMe (003 HanpH

)l(eHHH CMemeHHH) Ha HH3KOOMHYlO HarpyJKy YMeHbwaer TeMneparypHblH K03<p. 

<pHUHeHr HHrerpaIlbHOH: 4YBcrBHreIlbHOCTH. TpaHCHMnenaHCHblH YCHlIHreIlb (Ml) 
BblnOIlHHer <pyHKUHIO npe06pa30BareIlH "rOK - HanpH)I(eHHe" . OH C06paH Ha OY 

rHna K544Y1l2 C nOIleBblMH rpaH3HCTOpaMH Ha BXone. llaHHbIH OY HMeer MaIlbIH 

BxonHOH rOK ( - 0,1 HA), MaIlOe npHBeneHlwe HanpH)I(eHHe lliyMOB H CKopocrb 
HapaCraHHH BblxonHoro HanpH)I(eHHH > 20 B/MKC. OnHaKo ero HanpH)I(eHHe CMe

meHHH ( - 30 MB) npH 3Ha'-!HreIlbHOM reMneparypHOM npeH:<pe ( - 50 MKB/°C) 
He 	 n03BOIlHer o6ecne4HTb pe)I(HM KoporKoro 3aMbIKaHHH <I>ll 6e3 npHMeHeHHH 

cra6HlIH3HpYlOmero KaHaIla. 3ror KaHaIl nocrpoeH Ha HHrerparrbHOM M.II.M-YCHlIH

reIle (M3) H OY (M4) . 4acTOra MonyllHUHH BbI6paHa paBHoH 2 KrU . OHa onpene

IlHerCH BellH4HHOH eMKocrH Cl . UenO'lKa R2C2 06pa3yer OAH03BeHHblH <pHlIbTP 

neMonYllHpoBaHHorO CHrHaIla , KOrOPbrn CllY)I(HT )J.J1H KOMneHCal.{HH CMemeHHH 

C nOCrOHHHOH: BpeMeHH - 2:S c. TaKaH nOCrOHHHaH BpeMeHH Bbl6paHa 3KcnepH

MeHraIlbHO, 4r06bl 0OOcne4Hrb 3<p<peKrHBHoe nOnaBIleHHe CHrHaIla MonyIllUlHH 

no 	ypoBHH lliyMOB rpaHCHMnenaHCHOrO YCHlIHreIlH. nerIleBOe YCHlIeHHe cra6HlIH
3HpYlOmero KaHaIla 2: 5 . 103 . B nOM cnY'lae CMemeHHe BXona rpaHCHMnenaH~
HOro yCHJIHrellH (Ml) onpeneIlHerCH npaKrH'leCKH rOIlbKO HanpH)I(eHHeM CMemeHHH 

BXOna M.il.M-YCHllHrellH ( - 20 MKB) . 
Ha 	 BbIXOne Ml aMnJJHryna CHrHaIla COCraBIlHer - 200 MB, 'ITO BnOIlHe 

nocraro'IHO )J.J1H Hane)!(HOH pa60rbI KOMnapaTopa (M2). Bblxon MHKpocXeMbI M2 

(K554CA3) npenCraBIlHer co60H OrKpbITblH KOIlneKTOp rpaH3HCrOpa, 'ITO n03BO

IlHer npH coorBercrBYlOweM HanpH)I(eHHH Ha HarpY3Ke KOIlIleKropa o6ecne'-!HTb co
npH)I(eHHe C TTn-IlOrHKOH. 	 • 

3KcnepHMeHraIlbHaH npoBepKa OnHCaHHoro CBerOBOAHoro KaHaIla B COCTaBe 

annapaTypbl ynpaBIleHHH BbICOKOBOllbTHOH: 3<I>Y nOKa3arra, 'ITO npe)J.J10)l(eHHbrn 

cnoc06 nocrpoeHHH orKa30ycrOH'lHBblX BOnC naer B03MO)!(HOCrb CYmecrBeHHO 
nOBbICHTb cra6HllbHocrb pa60rbI OnrH'leCKHX KaHaIlOB B oco60 TH)I(ellbIX YCIlOBHHX 

3KcnJJyarawrn: (CIlO)!(HaH PaMauHOHHaH 06CTaHOBKa, nepenanbI reMneparyp, MOm

Hble paMonOMeXH H r ..L\.) . 

AllTOp 6nar O/lapltT II.H.byHnoBa 3a nOMOlW> B H3rOTOBneHHH H HClIbrraHlUlX 

6nOKOB Ha 3<%1Y . 

llHTEPATYPA 

1. 	 MypaoRH A.r. u iJp. OnTwlecKue Ko6enu MHOlOKalUlIlbHblX /lUHUU C8Jl3U. 

M.: PaiJuo U C8Jl3b, 1987. 


2. 	 POMaHOe /0.11. OJ1Jll1, 13-136·513. Ily6Ho, 1986. 
3. 	POMaHo8 1O.11. OI1HH, 13-86-533, lly6Ho. 1986. 
4. 	llJICQ/UlOpeH3u T.T. - TI1H3P, 1978, T.66, N°7, c.29. 
5 . 	CaiiulIllJIC.X. (MIl.) - Tl1H3P,1980, T.68,N°10, c.81. 
6. 	rypbRHoe A.H. UiJp. - K6aHT08aJ1 3JfeKTpOHuKa, 1978,5, N°ll. c.2484. 
7. 	 Electron. Lett., 1980, v.16, No.23, p.866. 
B. 	 llepcoHuK C.JJ.. - Tl1lf3P, 1977, T.65, N°12, c.47. 
9. 	 AlleKceHKO A.T. U op. llpUMeHeJlUe npe/{u3uOHHblX aHMOloebtx MUKpocxeM. 

M. : PaiJuo u CeJl3b, 1985. 
10. 	 Co60lleea H.A. U Op. (/)oT0311eKTpoHHble npu60pbl. M.: BblCUJaJI UlKOlla, 1974. 
11. 	 EOI.fKapb E.ll. u Op. - lJT3, 1986, N°2, c.170. 
12. ropoxoe B.A. CxeMo eKJI/O'leHUR ¢oTOiJU0008. A8T. ceuiJ. N°134490, Elf, 


1960,N°24. 

13. 	Electronic Design, November 12. 1981. p.83. 
14. 	POMQHo81O.H. OJ1JTlf, 13-86-566. ,ay6Ha. 1986. 
15. 	J!OCTM 11. Onepa14UOHHble YCWlUTetlU (nep. C OHl /l. noiJ peo. M.B.rQJlbnepU-


Na). M. : Mup, 1982. 

16. 	Ce6KO C E. U op. - OMll. 19 79, N°8, c.43. 
1 7. YCUlfUTe.IIU C nOJZe8blMU TPaH3UCTOP(1}ofU . (noO peiJ. H.ll.CTenaHeHKo) . M.: 


C08. paOuo, 1980. 


Pyl<OIDlCh nOCT)'IIWla B H3A3TenbCKHH OTn en 

30 ceHTH6pH 1988 rolla. 

10 11 

http:MonyIlHUHH-neMonyIlHU.HH

