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B pat50Te npoBe,tteHo CpUHeHHe MeTO~B perHcTpauHH O'I',IteJIhHI:alX 4>0
TOHOB C nOl4OII.tDIO 4>oTOOJIeKTpOHHhlX YMHoXHTeJIeH, nOJIynpoBo,nHHKOBLIX 

J1 KOM5HHHPOB&HKbIX ,neTeKTopoB. npBBe,neRhl oltHOOJIeKTpOHHhIe xapax:· 

TepHCTHKlI COBpeKeRHJ..IX 4x>TO.tteTexTOpoB . naHht &R8JlHTJAeCKHe 3aBH

CHMOCT}{ OARO-, .ttByx- K T.A. 3JIeKTpollHblX &MnJIHTynxhIx paspemeHHi 

0'1' K034,>4)HUHeHToB BTOPHlIHOii SI4HCCHH ARHOnOB YMHO>KKTeJII. IIpe,ncTa.

BJIeHbI a.MIIJIHTYAHhIe cneKTpbI H:u:nYJI})COB <}>OTOYMHoX<HTeJIeii: <l>3Y-130 B 

O,lUIOSJIeKTpOHHOM pe1KHMe, H3MepeHHhte C nOMoIIUdO yCTaHOBKK C JIaBHH

RhIK rexepaTOpOI4 KOpoTKHX CBeTOBhtX KMnyJILCOB (T - 1.5 - 15 HC), H 

noxasaHa nepcneKTHBHOCT}) npxKeHexHI 4>0TOYMHOEHTeJIeA B STOY peJltH· 

Me perHCTpanJlH H9JI)"IeHXI t.IepeHKOB&. HaMeqeHhI cnOCOOhI na.m.Heimero 

YJIY1{fileHl!J[ ~OSJIeKTpOHHhIX xapaxTepHcTBK YKHOlKHTeJIei 4l3Y-130 c 

neJILIO HX npHMeHeXHJI: B JUlct>ct>epeH~H&JIbHhIX C"ieT'lBXaX t.IepeHKOB&. 

PMC. - 8, aUMaOR ~T. - 22 HaMM. 



PerHCTpalUlJl o,zJ;HHO\{HhlX 4>0TOHOB OnTHlIecKoro ,JUtaIIa30H& C nOMo

I.I.U»IO 4>oT03JIeKTpOHHLlX ,neTeKTOpOB, OOeCnellBBaJOIUHX lIeTxoe aMlIJIHTy,Q,

Hoe paspemeHKe fiHKOB, COOTBeTCTBylOIl1HX OltH0KY, ,ItByll K T .ll, CPO

T03JIeXTpOHall, JlaJIJleTCi[ BaxHLl:U :ueTo.u;Oll H3MepeHKi DO MHorHX OOJIa· 

CTJlX HayxH, CBJl3aHHhlX C K3MepeHKnDI CJIa6hIX CBeTOBLIX nOTOKoB: B 

OOJI&CTH 6HOJIIOMHHeC~eH1{Hll, B &cTpOHOMHlIecxoi ct»OTOMeTpHH, B PallaH· 

cneXTpoMeTpHH, B OnTHlIeCKHX CHCTeMax OpHeHT&lUIH,IIPH B3M:epeHXa C 

HHSKOHHTeHCHBHhIMH pa.llHOaKTHBHh'IMK HCTOt:IHHX&XH C MaJIOI: 3HeprHeii 

H3JIY1leHU (HanpHMep, HH3Xoct»oHOBaJI perHCTpaItHa pacnanOB JlJlep TpH· 

THJl H yrJIepo,n;a••• ) X T.n.[l,2,3,4,5]. 

IIepcnexTHBHhIM JlBJI.1TCJl T&K1Ke npHMeHeHHe PeJKllM& perHCTp&J.UIH 

o.u;HHOlfilLIX ~OTOHOB npH cos,aamut ,tteTeXTopoB HSJ1Y'!eBHJI 'tIepeHKOBa , 

OCo6eHHO B 'lepeUXOBCKHX ,J:J;eTeKTopax C~OPMlIpoBa.HKell KOJILIleBOI'O onTH· 

-qeaoro Hsot)p8JK.eHHJ[ (RlCH-AeTeXTOpbI, nxcM>ePeHIlK8.JILHLIe ClieT'lHlOI). 

neJIO B TOM, liTO HH3KaJI HHTeHCHBBOCTh H3JIyqeBllJI, COnpOB01K,J:J;&IOmero 

npOXOJltneHHe pamraTOpa peJIJlTHBHCTCKOA sapJllltesHoi qaCTHIlei , B 3TOM 

MeTo,ue DpKBO,1.UlT K TPY,Q,HOCTJlM npH Bhlne.neHHH XsOOPa.&eHHJI KOJlh~&, co

CTOmtero HS MaJlOro KOJIHlIeCTB& ctK>T03JIeKTpOHOB (5·20 4>.3./Q&CTHna), co

OTBeTCTBYJOlUKX H3JIYQeHXIO 'lIepeHKOB&, H& $oRe mYMOBhlX TOlleK. ll03To

My DpOeReHHe MeTOna perxCTpaUHH OJtHHO'IHhIX lIepeHKOBCUX ~OTOHOB H 

CBJ[S&HHU C 3TBM B03MO.&HOCTb CHH1KeHH.I HHTeHCHBHOCTH 3aperHCTpHpO

B&HlIhIX myMOB&IX HMnyJIhCOB C nOMOIzu.IO npaBHJIhHOro BhI6opa. HHEHero 

H BepxHero noporoB cpa.6a.Tl.IB8.HH,j[ B 9JIeXTpOHHOM KaHaJIe K&JIt.noro 4>0'1'0
npXeMHHKB. DJUeTC.I KHTepeCHoit B03MOJKHOCTbIO yJIylflIreHlUl xapUTepH

CTHX qepeHKOBCKHX neTeKTopOB. C yqeTOM BH)(a CneXTpaJILKOro pacnpe

JXeJIemu lIepeHKoBcKOro H3JIYlleHKX dn/d>' N 1/A2 B C1ieTlDIK&X tIepeHKoBa 

JlBJIJ:eTCJI OlieRh B&1KHhlM HCTIOJIh30BaHHe CPOT03JICXTPOHHhIX neTeKTOpOB, 

HKeIOIInlX BhICOKYIO KllaHTOBYlO 34>ct>exTHBHOCTL, oc06eHHo B CKHe-3eJIeHOH 
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H YJlhTPa4>,KOJIeTOBOA q&CTJOt CneKTpa., HH3KYlO HHTeHCHBHOCTb co6cTBeH

HbIX wyMOB H OOeCneliHB&lOIUHX yBepeHHOe B.bI,lIeJIeHHe (),[lH09JIeKTpoBHOro, 

JlBYX3JIeKTpoHHOro H T.,lI. nHKOB B aMDJIHTynHblx cnexTpax[6,7,8]. 

B H&CTOnIlee BpeMJI ¢K>T03JIeXTpOHHhIe YMHOJKHTeJIH yxe He JIBJIJlIOTC.i 

eJ1HHCTBeHHhtMlI npxoopaMK, KOTOpLle K01KHO HCn0JIh30Ba.Tb B neTeKTO

pax QllHRO'DlllIX $OTOHOB, T .K. Cyn:leCTByeT 6om.moe p8.3xoo6pasHe no

JIYDP0BOJUD[XOBLIX cP0TCRYBCTBHTeJIIaHJdX npHoopoB H npHOOPOB, KOWH

HHpyIOI.IlHX llOCTOlIHCTB& nOJIynpoBO,IOIHKOBbIX H BaKyyKHhlX neTeKTOpOB 

4>oTOHOB [7,9,10,11]. 5.IpXHMH npHMepaKK JilBJInOTCJ:: JIaBHHHhle nOJIynpo

BO.llHHKOBlde ct>oTOJJ;llO,llh'l (MRS APD), xopomo paOOTaIOIIlHe B MarBHT

HhIX no.ux, JDleIO~e BhlCOKHi Kos4>4>HllHeHT yomeHlU BIIJIO'·~b 11.0 106 

H oo.naCTlJ cneKTpULHOA 1iYBCTBKTeJIlJHOCTH, npocTHpaJOmyIOCJlOTXpaC

BOR nO'lTH 1I.O se.neHol:; B&KYYJlHhIe rH()pHJXH.bIe ~TOJXHon.bI C npenB&pH

TeJILH&IY: yCKopeHHeM $oT03JIeKTpOHoB CHJIbHhIK 3JIeKTpH1ie<:UK noney: 

H nOCJIe1J,YIOxuei perHcTpauHei B IIOJIYnpoBOnBHKoBhIX :uarepxa.naxjPIN

JlHonw;VLPC -,lteTeKTophI ; MKKpOKaHaJIlJBhIe yMHO:&HTeJIH H T.}];•• Olt

HaKO 6om.mHHcTBO T&KHX npHoopoB Hy:eIOT, xu npaBHHO, JIHf)o KaJIJale 

pa3KepbI cPOT01IYBCTBHTeJIbBIaIX nOBepxHocreH , mItlo HHSKYJO KBaHTOBYJO 

'tIyBCTBBTe.JlhHOCTh He TOJIhKO B YJIhTpa,4)HoneTOBOi , HO H B CHHe-3e1.leHOi 

o6nacTD: cneKTpa, .lIB60 MaJIhIi K03<PcPHnHeHT yClIJIeHH.i, JIH60 DJIOXoe all

nJIHTynHoe paspemeHHe B OOJI&CTH OltHO-, .llBYX- 3JIeKTpOHHWX nHKOB, JIH

50 ,o;OBonbllO BblCOKldt ypoBeHb co6cTBeHKhIX myMoB, JIH60, HaKOHe~, HH3-:

xd ypOBeHlJ pa.,D;HaUHOHHoi YCToAqHBOCTH. llOBll,lUlMOMY, no COBOxyIIHO

CTK X&paKTepHCTHK HaHOOJIee nepcneKTHBHLIMH WI.I perHCTpaJtHH K3JIY" 

1feHH.I qepeHKOB& MoryT CT&Th JI&BHHlIhIe tPOTO~O.ltlaI B nponopUHOHa.JIL

HOM pezxMe np. YCJ10BHH , eCJDI B 6YJlYIIXeM y}];&cTC.I npO.llBHHyTb rpa

HHlO' CneXTpaJIhHOA 1iYBCTBHTeJIhHOCTH HOBhIX npH60poB B CHHe-3eJIeayIO 

'l&CTb cneKTpa, COXP&HHB BhICOKYIO XBaHTOByIO 3<t><t>eXTHBHOCTb , COCTa.
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BJIJlIOIUYlO Y 3THX npH6opOB B KpacHoH OllJI8.CTH cnexTpa 10 - 11% ,npH 

O.llHOBpeMeHHoM CHHBteHHH ypOBHJI myMoB. O.llH8.XO npH B:bI60pe ,neTeX

TOpOB 4>OTOHoB H3JIy'leHHJr tIepeHKOB& HeJI:DSJ[ He Y'IHTLIB8.TL nOCJIe.llHHX 

ycnexoBB TeXHOJIOfHH H3I'OTOBJIeHHJI $OTOyMHOJltHTeJIeii: c llKHOllaMH H3 

M&TepH8JIOB C OTpHlt8.TeJIbHWM CpO,nCTBOM K 3JIeXTpOH8.14 C OtIeHb BliICOKH

liH K034>4>H.1lHeHTaMH BTOPH'lHoA 3:MHCCHH (15-150), pacDIKpJ[IOlllKx 

oOJIaCTH npHWeHeHHJI yllHOJKHTeJIeii: [6,12,13]. HanpHMep, B YMHOJKJITeJIJrX 

c nepBhIM .llllHO.llOM, KSfOTOBJIeHHhIM HS cl>occl>H..ll& raJIJIHJI (GaP:Cs), no

JIyl.leHO 3Hal:lHTeJI:DHOe yJIy'imeHHe aMnJIHTYAHoro pa3pemeHHtI: B OOJI&CTK 

OlXHo-, ltByx9JIeKTpOHHhIX H T.,lt. nHKOB, HpM oJUloBpeKeHHoM CHHIeHHH 

ypoBH.I: cOOcTBeHHhIX myHoB H COXpaHeHHH BLICOKOA KBaHToBOH s4Kl»ex
THBHOCTH <l>OTOX&TO,noB 11 YJILTPa<l>:aOJIeTOBOi H cHHe-SeJIeHOH qacTJlX cnex

Tpa, 'ITO neJI&e'I' O'tleHh nepcneXTHBH:&l1l npHMeHeHHe TaKOI'O THna yMHO

1KHTeJIei n.u perHcTpauHK 'tlepenoBcKoro K3JIY'IeHU. nplOlep&MX Ta.KKX 

YMHOJIKHTeJIeA: JrBJIJlIOTCK RCA C 70133B [6,13],C 3100D[12] ,C 31024 [13] 

GaP:Cs,4>3 Y -130[14]GaP : As, H np. He06xoWD4o OTMeTHTb T&K&e xo

pomxe O,llH03JIeKTpOHHhIe xapaxTepHcTHKH yMHOJKHTeJIJ[ Philips XP 2262, 

HSI'OTOBJIeHHoro no CTaphU( TexHOJIOfHJ[M [4}. 

,Un. HJIJIIOCTpauHH BhImeCKa3&HHoro H& PHe. 1 H PHC. 2 np'HBeneHhI 

aMnJIKTy.nHhle cneKTpLl , DOJIyqeHHhIe B pe2KHMe perHCTp&I.tHH CJIaDliIX CBe

TOBLIX BcnLIIIIex c nOMOII.tLIO $OTOYMHO>KHTeJIeA XP 2262 [4]. RCA 8850 

(C 70133B), 4>3Y-130 [.na.HHaJI paOOTa] H JIaBKHHOro $OTO,ZUlO,tt8. THIIa. 

MRS APD llpH .ltByx Pa.3JIHl{HhIX TeMnepa.TYpa.x (+20°C K +4° C), [9]. 

CneKTphI neMoHcTpHpylOT -qeTxoe pa3J1eJIeHHe IIHKOB, COOTBeTCTBYlOIltHX 

Q,llHOMY, nByM H ll&2Ke TpeM-"'IeThIpeM $oT03.nexTpoH&M. O(5pa.THM BHH

lIaHHe, 'ITO Bce cnexTp:bI HMelOT nnH C allnJlllTY,llMIH MeHbmHMH all· 

nJIHTy.zx OnH03JIeKTpOHHLIX nHKOB, yeXaHH3MhI B03HHKHOReHH.I KOTOphIX B 

4>OTOYMH01KHTeJI.lX H JI&BKHHhIX $OTOllKO.na.x JIBJIJIIOTCJI p83HhIMH. ECJIH B 
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cneXTpe , COOTBeTCTByIOmeM ctK>TOYMHO)l{HTeJIJO <l>3Y-130, O,lUlo3J1eXTpOH

HLII nHl( B 06JIacTH Il8JILIX aMllJIHTY,n conpoBOlK,naeTcI 3KcnOHeHIlHaJILHOA 

.llOOaBKOH, He CBI3&HKOi c TeMHOBhTllH myM&JlH CaMoro cl>3Y, T .K. »ePOIT

HOCTI» me npoJrBJIeHHK BO BpeMJ[ HMnyJILCHoA: 3&CBeTXH LtJlK .1laHHoro Tuna 

YKHOJIKHTeJIR OlleHIa M8JI&, H onpe.zIeJIJleMoii npOneccoM p&3MIaITHI nLene

CTaJI& myMaMH yCHJIHTeJIJI THna" rapaHTHI:- 2 ", TO lXJIJl JI&BHBHOro 4l0TO

,ltHOJIa film B 06JI&CTH 8J4nJIHTYLt MeHLmHX OllH09JIeXTpOHHlaIX aMIIJIHTYLt, 

nO-BHJUlMOKy, CBeaK C coOOcTBeHHhTMH myM:8JlH 4>oTOJIHOlla. B 06JIacTH 

O,wto-, .IlByxSJIeKTpOHH:&IX H T •.ll. mmcm 3aBHCJQroCTH aMIIJIHTY,lUloro pa.s

pemeHH. OT BeJIHlIJIH It~HllHeHTOB BTOPHqHOi 9MHCClUI ,lUIHO,llOB 4>0
TOywUOEHTeJII lloryT WTL nOJIYlleHlaI llOCT&TOllHO TO'IllO U&JIlfTHlIeCD 

T8.KHMH .lte lleTO,ltUlH, xu H B pa.OOT&X [15,16] . lIelcTBHTeJUdIO, npe,n

nOJIOJKeHHe 0 He3aBHCJDlOCTH npolleccoB yMHOXeHHI, COOTBeTCTByIOuna 

X8JKnOIlY na,ll&lOmeMy H& J,tHHOlX 3JIeXTpoay, n03BOJI.leT nOJIYllHTL BL1p&

xelDle .ItJII: OTHOCHTeJIbHOH JXHCnepCXlf 8JdnJIHTYJ1hI CHfRaJIOB Ha &Ho,ae ~o

TOyMHOJKHTeJlJI B BHLte: 

2 2 121M 2
UA = UMo + _"Ml + O'JI (1),
A2 Mg Mo Ml MoM1 M - 1 M2 

rp,e: 

Mo - qHCJIO 4>oT03JIeKTpOHoB , 

q2Mo - JU[cnepCH. qHCJI& t}JOTOOJIeKTpOHOB, 

M1 - cpe.rtHee "iHCJIO BTOPHlIHlaIX3JIeXTpOHoB, 3MHTTHpoBaHHhIX nepBhIM 

~onOM, HSI'OTOBJIeHHlaIM H3 M&TepH8.JI& C OOJIbIJIHM x034>4>xueHTOM 

31OlCCHH, OLtHKK ~OT03JIeXTpOHO:M, 

uk - J:ulcnepcu.l 'UlCJI& BTOPHIIHhIX 3JIeKTpOHoB B npOl~ecce yMHOJKeHH.I 

a& nepBOK mmone, cooTBeTcTBYZOmaJl oWlo:u:y 4>OT03JleKTpoHY na.

,llaIOlIleMY Ha nepBYH ,lUIHOlX, 
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M •	 Cpe,llHee 3HaqeHHe K034>4>Hl.(HeHT&BTOpH1:lHOH 3J4HCCHH .uJIf JlllHO,nOB, 

HatlJlHaI co BTOpOI'O, M2 = M3 = ..... =M. = M I 

O'j, • JlKCnepCH. '1RCna. BTOpX'iUhIX 3JIeXTPOHOB, COOTBeTCTBylOIllU O,I[HO

:My 3JIeKTpOHY na.uaIOm;eMY H& 2-0H,3-Hii H T .n. nHHOJI, 

A =Mo' Ml 'M2' Ms' ,.. ' M" - &MllJIHTyna CHI'HaJIa Ha &HQJ1e 4>3Y c 

"n" llHHonaKH, 

u~ -	 ,llHCnepCHJI &MllJIHTY.D:hl CHrHaJIa H& aHOAe «I>3Y. 

CJIY1iaHHhIH xa.paKTep npouecca. BTOpHllHOK 3KHCCHlI H NUoe KOJIx'tJe

CTBO BTOPJPIH'hIX 3JIeKTpOHOB nOSBOJUleT onHcaTb paCnpe;lleJIeHHe no lIH

CJIy BTOpHtlHLIX SJIeKTpOHOB SUOROK llyaccoHa.OTCIO,Ila MOJltHO nOJIytIHTb 

oueHKK .IlHcnepcHii Uj,l =M1 H uk = ~V H npocToe Bhlpa.aeHHe .Itola ouo

CHTe.D:1JHOK nHcnepClIlI OAH09JIeltTpOHHoro,JIByx9JIeKTpOHHOro B T.n. IIHKOB 

npH 4>HKCHPOB&HHLIX KOJIHQeCTB8.X <!>OT09JIeKTpOHOB Mo =1,2,3 H T.n. : 

0'2 M 
A~ ==	 MoMl(M - 1) (2) 

YqeT npUTHQeCJtHX HeOJIHOpOllHOCTei K03cl$HUHeHToB BTOPJf1IHOi 3MHC

CJDI,COOTBeTcTByJOlIIHX pasJIH1QIhIJ4 }"1&CTKaM no:sepXBOCTeA ,IlllKOIIOB, H 

rreT pasJIHlIBA B S~KTHBHOCTJ:X 4>oxycxpOBOK C p&3HbIX yqa.cTXOB ,tlKHO

DOB MozeT 6&IT}, B&IIIOJIHeH C nOKOlIU>IO 3weHLI paCnpeDeJIeHIIJ: nya.cCOHa 

pacnpe.neJIeHlteK noAa ,npHBOZlJWlero Ie MOJXK<!>KUHPOBaHHOI 3aBHCHKOCTB: 

0'2 M
 
A~ = MoM (M _ 1) (1 +b) (3~
 

1

r lI.e b - napaMeT...-p pa.cnpe,ne.neHHJI IIoAa, ytlXTLtBaIOlIntA: OTMelieHH1d.e 

TeXHOJIOrXlleCKHe HeO,llHopo,nHOCTH c nOMoIllbIO H3MeHeHHJI Be.n}[lIKHhl ero 

B npe.tteJIax OT 0 11.01. npH b = 0 pacnpeAeJ1eHHe Irola. CBQJ:lHTCt: It pacnpe

ZleJIeHHlO llyaccoHa., H BHJl <t>OpMyJI (2) H (3) COBna.Jl&eT. llpH b = 1 pac

npe.neJIeHHe IIola npHBO.llHT K KB8.3K-CTeneHHoMy pacnpe.u;eJIeHHIO, KOTOpoe 
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.9KCnepH.Y.eHT8JlhHO Ha6JIJO.llaJIOCb y 4>oToyMHOJKKTeJlel, H3I'OTOBJIiBIIll{X

C1 no cTapLlM TexHOJIOrUll, 'ITO H B:hI3BaJIO HeooxOJt.HlrIOCTh npHMeHeHHJI 

pacnpeneJIeHIDI noAa ,Un.. OIIHCaHHJI npoueccoB BTOPH'lHOH 3MKCCHH B 3TXX 

YMH01KHTemrx. OtipaTHM BHHM3HJiIe, 1{TO HSrOTOBJIeHHe Broporo H T.n. 
1lHHQltOB HS MaTeplI8JIOB C OOJIhWHM K03~HUHeHTOMBTOpXlIHOii 3MHCCHH 

OTHOCllTeJIbHO CJIa60 YJI)"lmaeT 3MnJIHTYJlHoe pa3pemeHHe B 06JIacTH OJl

H03JIeKTpoHBhIX,JlBYX3JIeKTpOHHbIX K T .n. nHKOB, XOTJI CHJlhHO BJIHJleT Ha. 

ot5lUKii K03<lK1mUHeHT yCKJIeHHJI <l>3Y H n03BOJIJleT COKpaTHTh KOJIX1{eCTBO 

,lXHHO,ltOB eJ>OTOYMHoXHTeJIeA.IToCJIe.IIHee OOCTOJlTeJIhCTBO 6LIJlO HCnOJIbSOBa

HO B ~OTOYMHOJKHTeJIe C 31024 , lU4eIOw;eM Bcero 5 K&eX&,l(OB llHHO,llHOro 

yCHJIeHHJI [13](PHc.1J. ECJIH npe.ztnOJIOJK.HTb, lITO M3 = M" = ... = M. =M 

JI M1 =M, > M, TO 4>oPMyJIa (2) BItJJ;OK!),(eHJleTCJI: 

O'i 1 ( 1 M) (4)A2 = MoM1 1+ M1 M - 1 . 

OTCIO,na. .J];elcTBKTeJIhHO CJIe.nyeT, 'liTO OTHOCHTe.JI1lHlale Cpen:HeICB8JJ:pa

THqHhIe llIHpHH:&I .Q;JII O,llH03JIeKTpOHHhIX nDOB, nOJIyqeHHhIe C nOMoIlILIO 

~opMYJI(2) x(4) npHMl = 15 H M = 3.5, 6JIHsXH H COCT&BJIJlDT 30% 

H 27% COOTBeTCTBeHHO. 3HallHTeJILHoe YJIYlIllIeHHe 8JffiJJHTYJlHOro p83-

pemeHHJI OllH03JIeKTpoHHOro nHX& M01K.HO nOJIYtlHT& S& C1{eT IlaJIhUeime

ro YBeJlHlieHHJl Kos4>4>HlUIeHTa BTOpHliHOH SWIeCH)( nepBOro .llHHo.na. Ha

npllKep, npH nepexo.ne OT M&TepH&JI& nepBOI'O llHHOJl& C K03ct>ctmUHeuToK 

Ml = 15 K MaTepxa.n:y C Ml = 60 H coxpaHeHHH M = 3.5 pa.sperue

HHe yJIyliwaeTc. B 2 p83B. K cocTaM.eT 15% . llpaKTHl:£eCKH MaTepHa~ 

J1:hI c K09~.HlUleBTaMH BTOpHliHOi 314HCCHH I"W 15 - 60 B H&CTO.lI:utee Bpe

)lJl y>Ke BHe.upeHhI B TexHHKY lI3I'OTOBJIeHHJI cepxiHwx 4>oTOyMHO&HTeJIeA: 

H8.IIpKMep, Y 4>0TOYMHo)]tHTeJIei BeA C 10133B Ml N 45 ,y 06p&3.noB 

RCA 8850, C 31024 Ml N 23 - 40, y 4J3 Y - 130 Ml 15 - 20N 

r12,13,141. TUHM oopasoM, paccMoTpeHHHe XB.paKTepHCTHK 4K>ToyMHO



7
 

}KHTeJIeH C BhICOKHMH K03~<1>HnxeHTaMH BTOPH"lHOA 3MHCCHH nepBl:alX AH

HOnOB OnH03Ha"lHO npHBOnHT K B~BO~ 0 nepcneKTHBHOCTH npHMeHeHH~ 

3TOro THII& <POTOyMHoEHTeJIe:i B 'tIepeHKOBCKHX JleTeKTOpa.x H 0 HX BhtCO

XOH KOHKYpeHTHOB cnOCOOUOCT'K no OTHomeUHIO x Byme nepellHCJIeHHldM 

nOJIynpOBO.IlHKXOBldM H KOMOHHHPOB&HHLIM 4K>TonpHeMHHKaKH • 

B o()JI&CTB HH3Ko4>OHOBOi perHCTpa.n:HH , r.ae o'tJeHL B&1KHldM mm~eTC.I 

CHHXeHHe 34>4>eXTHBHOCTH perHCTpaUlIH 3JIeKTpOHHOH aUUap&TypoH my

MOBhIX HMnyJIbCOB, npHMeHeHHe JlHCKpHMHH&UO HMnyJIhCOB C aMnJIHTyna

MH MeHLm:HMK nBYX3JIeXTpOHHhIX aMnJIHTyn HCKJIIOlIaeT nO'ITH nOJIHOCThIO 

perHCTp&mllO myMOBbIX HMnyJILCOB, CBJl3&HHbIX C npouecc&IllI H& nepBOM, 

BTOpOM tn. ~HHOJlaX II C !"JYMOBldMH npOlteCC&MlI H& 4»OTOX&To,ne, npH'BO

.z:tmtHMH K BhIJIeTY OnRHOqHhtX 3JIeXTpOHOB. TUHK 06p&3oY:, npaBRJIbH&.I 

YCT&HOBX& HHaHero nopora. JlHCXPHMHH&TOpa. B K&H&JIe,PerHcTpHpyIOmeM 

HMIIym..C!II tPOTOYMHO)K}[TeJIJI,n03BOJUeT pe3KO yMem.mHTh HHTeHCJlBHOCTh 

C'leT& myMoB H nOBldCHT)) OTHomeHKe S<);>4leKT& K <pouy. B CU3H C 3THM: 

oopaTHM TaK&e BHBMaBHe He TOJIhKO H& .uoBOJIhHO xopomHe O.Il:H03JIeX

TpoHH:&Ie XapaKTepKCTHKH 4OY-130 C CYPbMJlHo-ueSXeBO-KaJIKeBhIM 4>0
TOK&TO,nOM (Sb-K-Cs) H C &pceHKn-~HJI-r8JIJIHeBhlM nepBhIM ,llHHOJIOM 

(G&P:As), HO H Ha. OTHOCHTeJIbHO HH3KHH ypoBeHh co6cTBeHHhIX QItB03JIeK

TpOHH&IX myMOB. Y 4>OTOYMHOJKHTeJIJ: ~3Y-130 ypoBeHL co&TBeHHhIX 

myMoB COCT&BJIJIeT OKOJIO 6 - 60uMn/ cen C lCM' nJIOIlt&.Il:H <l>oTOX&TO.z:ta 

(8 f"\J 4.5cM2) H OCHOBHOi BKJIa,lt B 3TY BeJIK'lHHy BHOCJIT OJtHO~JIeKTpOHKhIe 

lIMIIYJn.C:&I, Bld3BaHHhIe TepMO~JIeKTpoH&lrIHH np. npoueCCaMH, perHCTpa

ltHJI KOTOp:&IX MOJICeT 6hITh nO,ltaBJIeH& TaKRM CIIOCOOoM. He06xomna:o y1Dl

ThfB&Th T&KBte, qTO H& yCKopHTeJIJIX Bce 4>oTO,IleTeKTopliI qepeUKOBCKHX 

C'IeT'IHKOB, H&Xo.ztJlIItHeCJ[ B pa,ltH&IIHOHHhIX nOJIJlX SJIeKTpoHoB,'1 -KBaHTOB/ 

CHJThHO YBeJ.nrllmalOT CKOpOCTh C'IeT& " mYMoBbIx" HMnYJILCOB. HanpH

Mep, Y CTeKJIJlHHhIX 4>oToyMHOJKHTeJIeH HHTeHCHBHOCTh perHCTp&IJ;HH qe
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peHKOBCKOI'O H3JlYl:leHKJI, B03HKKaJOll.l.el'O llPli llpoxoqeHliH 'o-Q&CTKl.la.M.K 

$OTOX&TQJlR HJIH KOJI6h1 cz,3~ 140lKeT 3Ha.'lH'l'eJIhHO npeBhlllIaTh MH'reHCHB

HOCT~ coOcTBeHHLIX myMOB H B aMnJIKTYIDIoM Cnel:Tpe MOXeT nOJ(BHTLCJ[ 

3HaQHTeJILHoe 1{HCJIO HMIIyJILCOB C aMnJIHTy.naMH B 5-10 pas npeBLlma.

IOIWOrfH o,Wto-, llByx3JIeXTpOHHLle aMnJIHTynhI. l103TOMY JIJIt: CHHXeUKJI 

~oHa B ClieTlixxe C 4>oPMHpOBaHHeM KOJIldleBOro H306paJ.Kemu: MoxeT OKa

SaTCJI nOJIeSHLlK B.BeneHHe ,IUlCXpHMHHaUHH 60JIbIIIllX aMlIJIBTYZl C pery

JIHPOBKOH ypOBHJI cpa6aTbIBaHHJI C y'leToM BHlla HSMepeHHoro B PaOOliHx 

YCJIOBHJIX cneXTpa " IIIyMOBhIX" KMnyJI:&COB, COOT.BeTCTByIOm;ero Ka.xnOMy 

4>OTOYMBOIXTeJIIO. OTMeTKK Ta.K&e, 't:ITO OlIHHK )IS Ha.H60JIee s4l~.KTH~ 

HLIX KeTOllOB yveubIlIeHH.fI HHTeBCHBHOCTH myMoB npH pa,6()Te H~. ypoBHe 

o.tOIo-, llBYX3JIeKTPOHHLlX aMnJIHTy,ll; JlBJI.fIeTCJ[nOnKJIJOlieHHe 4>oTOX&TO,lla It 

HyJIeBOMy nOTeHJJ;Ha.ny BHCOXOBOJILTHOrO HCTOqmma IrHTamIJI 4>OTOyllHo

.>ItllTeJIJI (K nOTeHD;Ha.ny " 3e1lJIK"), a. aHO,ll;a-K nOJIOXHTeJIlaHOMY nOTeHD;H

aJIY {ll]. Taxoi cnocoo B.hICOKOBOJILTHOrO IIHTa.HHJl ~3Y..130 He TOJILKO 

3H&1:J:HTeJ1lJHO yMeH:&W&eT WyMLI YMH02KHTeJI.I, yJIylfiIl&eT BpeMeHHYJO CTa

()HJ1DHOCTL ero pa60TLI, HO H yJIy'illI&eT &MItJIHTy.nHoe p&3pemeHHe OlXHO

9JIeKTpOHHbIX HMnYJIbcoB[14]. ITO-BH,UKMOM'y ,AOCTOBHCTBO STOro pe1KHK& 

He06xo,wrKo HMeTb B BH;Ily npH C03,II&R:HH YCT&HOBOK. 

OTCIOZla BLITexaeT B&&.HOCTb X&'IeCTBeHHhlX H3M:epeHHH O.ItH03JIeXTpOH

HhIX XapaKTepHCTHX XaE,I1oro 4>OTOYMHO&BTeJI.I, npe.zxH&3H&-qeHHoro nJIJI 

PaOOThI R qepeHKOBCI(OM neTeKTope. HSMepeHHJI xapaKTepHCTHK 4>oTo,ne

TeKTOpOB B pezHMe CqeTa. OTJJ;eJI:&JffiIX 4l0TOHOB MoryT 6hlTh B.hInOJIHeHLI 

HeCXOJIbKJDlH MeTQJlaMlI. 

Bo-nepBHX, c nOMOInDlO CBeTOB.hIX Bcm.:rmex B 6hICTpOit CUHHTHJIJIKpY

JenneA nJIacTMacce, OOJIyqa.eMO:K pa.llHOaKTHBHbI.MH HCTO'tIBHKaMH, OCHOB

HOH nOTOK CReTa KOTOphIX perHcTpHpyCTCJl 4l0TO,I1CTCKTOpO:M, 4>OpMHPy

lOIIIBM nJIJI sanYCK& 3JIeXTpOHHOK annapa.TyphI ynpa.BJIJIIOWHC CHrHaJIhl, a. 
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C.KJIhHOOCJla,OJleH.HhUi CBeTOBOH nO'l'OK pel'HCTpHpyeTcR .KCCJleJlYeMbU4 4>0'1'0

J,:te're.K.TOpOM.. B STOId MeTone BlIOJlHe B03.M.02KHO BMeCTO TBepnoro CU.KHTHJI

JIJlTOpa IIpKMeHeHHe 1KH,llKHX H ra.3006pa3HhIX CIOIHTHJIJIJlTOPOB C BCTpo

eHHhlltlH panHOaKTHBHI.IllH a-p HCTO"iHHKaMK(17]. OCJIWJIeHHe CBeTO

BOra noTOKa nepen HCCJIenyeMhI.M. 4>oTo,neTeKTopoM MOJlteT BhIIIOJIHJlTLC.I 

C noltloIULIO norJIOxuaIOIIJ;KX OnTH'leCKHX ¢>HJlLTpOB, OTpaxeHHA OT nOJIK

POBaHHbIX CTeKJIJIHH:hIX nOBepXHocreKI C nOMOII1blO ltJlHHHhIX OnTHQeClDIX 

BOJIOKOH, nYTeM pacrrOJI01Kemu[ HCCJIe.u;yeMoro ,IleTeXTOpa Ha 6oJIbWOM pac

CTOJlHHH OT HCTOlIHHxa CBeTa H T •.II. 

BO-BTOPhlX, B TO'IHO Taltol 2K.e cxeMe H3MepeHri MO:8CeT 6hIT)) HCnOJIb

3OBa.H rrpHHUHlIHaJILHO t)o.-:ee ()LICTpLIA., npaKTHqecKH llI'HOBeHHLII, IIp<r 

uecc q:epeHKoBcxoro H3JIYlJeHHJ[, BO~HHKaIOlUero npH rrpOXO.EJXeHHH BbICO

K03aeprllllHWX ,8-'la.cTHU Qepe3 Ka.Koi-JIIlOo pa,ttxaTOp. Ha.nplD4ep, xopomo 

paOOTaeT COtIeTaHHe KBapIteBoro palOl&TOpa 11 :HCT<RBlIK& ~6R1I.[18J. 

B-TpeThHX, CnOM:~JO JIa3epHlilX HCrotlHHKOB CBeTa. HanpHM:ep, MO)K

HO npHMeHHTL RMllYJIhCHhli ra30Bhti N2 -JI8.3ep C ,nJIHHHOi BOJ!lW 337 H)( C 

noc.nenytOIltHIi npe06p&30BaHHeM YJILTPa4>HOJIeToBOro H3JIY1ieHRJ[ B H3JIY

'lIeHHe C HeoOxOllHMlaI1i ,IlH&n&30HOM .1lJIHH BOJIH C nOllOm&lO COOTBeTCTBy

IOIIUIX CIlHHTJilJIJIITOpoB-npe06p&30B&TeJIei H OCJIa6JIeHB.I HHTeHCHBHOCTB 

yEe nepe'tlHCJIeHHIaIMH cnocoo&MB[19]. 

B-lfeTBepThIX t H3MepeHHJ: KoryT 6hITb BhInOJIHeHhI C IIOMOIIJ;bIO 6hI

CTphlX 3JIeXTpOHHhIX c~eTolXHOJUth1X reuep&TOpOBt KOTOplaIe noJOfMO en&.

6L1x CBeTOBhlX JilMIIyJIbCOB-BcnhImex o,znloBpeMellHo BLIpa.6aTLIB&lOT 3JIeX

TpoHHhle HMnyJILCLI ,IlJI.( CHHXpOHH3a:uHHH PaOOThl Y3JIOB yCTaHoBKH, .llJIJ[ 

$OpMHpOBB.HlI.I KMIIyJIbCOB BOpOT,J:tJI.I 3anycKB. 6JIOKOB IIpe05p830BaHlU a.M

nJIHTylt H T .JI. • 

llOBB,llHMOMY, HaJlOOJIee y.rt05HbIM H rH6xHM JIBJIJleTCJl IIOCJIe,nHHH Ke

TOJ1, T.R. ou OOeCne'tiHBaeT 6hICTPhIii ua60p CTaTHCTH'tleCKoro MaTepHa.
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JIa, qeTxyIO CHHXPOHH3&UHIO pa60Thl :seeK annapaTyphl, HCnOJI:b3yeT MR

HHMaJlbHhIA Ha.60p SJIeKTpOHH:hlX MOKOD B CHCTe.Me CAMAC, xopomo co

rJIacyeTc. co CTaHnapTHldMH H3MepHTeJIbHhII4H cHCTeMa'JdH Ha 6ase XOM

nblOTepOB PC- 286, 386, 486, &HaJIOro-llHct>POBLIX npeo6pa.30B&TeJIeit TKna 

ADC 2249A Le Croy, H npOrpa.MM:HLIM ooecnelleHHeM: MES. OnKaRo, STOT 

MeTon, TaKJKe xu K TpeTHA I B OTml1lHe OT IIBYX nepBliIx,llPe,n'LJ:BJIJ[

eT xeCTKHe xpe50BalDlJ[ Ie SJIeKTpOMarHHTHoi: 3XpaHHpOBxe HJlnYJI:&CHLlX 

CBeTO,llHO.tlHl».X reHepaTopoB. neJIo B TOM, "fITO CBepxxopOTKHe BcnLUlI

xx CBeTa .llJlHTeJIbHOCT:&IO 1.5 - 15 HceK co CneKTpaJI:&HblM COCX&BOM B 

cHHe-3eJIeHoii: OOJI&CTH I'eHepHpylOTCJl HeKOTOpbtMH THfiaMK CBeTO.IU!O.tlOB 

B JlGBKlIHO!4 peIlDIe npH no,n;alle OTHOCHTeJI:&HO OOJI:&mHx aJmJIH -;y11. JD(

nyJILCOBOOpaTHoro Ra.n:pJ:xeHK. [20,21) . B STOT WOM:eHT qepes nxO,IUil 

npOXQItt:T mmym.CHhle TOXH nopJ[.l!xa HeCKOJ1bXHX aMnep, BLIS:EaIBa.IOnme 

IIo.BJIeHKe B:hICOKOqa.CTOTRhtX 3JIeKTpOK&rHHTHhlX HaBO.tlOK B H~MepHTeJIL

HOH anna.pa.Type , KOTOp:hIe MoryT npHBeCTH x BCXaaeHH.lM: allDJIHTYJXHLIX 

cneXTpOB • Ha Pxc.3 X300paJKeH& fiJIOl[ cxeMa 3JIeKTpoHHKH JIJIJl reHepH

pOBaHHJ[ CBeTOBhlX BcnDIIIIeK ,ItJIHTeJI:&HOCThlO 3-8 HeeK H B3M:epeSD a.K

nJIHTYAHhIX cneXTpOB C>,llHO-, .lXBYX3JIeXTpOHHhIX B T.,It. HMUyJIbCOB 4>oTo

YKBOJltHTeJIei OOY-130 c neJIhlO HX npHXeHeHRJ[ B W1tWJepeHUKaJIlaHhtX 

'1epeHXOBCKXX CqeT'IHKa.x. reHepa.rop CBeTOB.blX HMIIYJIbCOB COCTOHT H3 

t)JlOX&,3&Jl&IOIUero l{&cTOTy cpa6a.TLIBaHR.I,H t5JlOK& X&CKa,ltHoro CBeTOJJ.H

O~KOro reuepaTOpa., BhlnOJlHeHHOro H& nyx TP&H~HCTopax B· JI8BlIHllOM 

peXHM:e, H DlITaIOIIXero KOpOTKKMH H.M:nyJIhCaMH BlIIcOKOro H8.IIpJlXeRHJl 

06p&THoA nOJ!llpHOCTH CBeTOnHOn AJI-102B, .tlonon:HHTeJIhHO C:MemesHhlA: 

nOCTO.lHHhIM 06paTHhlM HanpVKeHKeu: f"oJ 10 - 12B. PerYJIHpoB&HHe HH

TeHClIBHOCTH K OCJIa6J:reHHe CBeTOBOrO nOTOKa BbInOJIH.lJIOc:& nepeMemeHH

eM: Moxa SToro reHepaTOp& co CBeTOllHOnOM BHyTpH 3XpaJIHpYIOnreH, CBe

TOHenpOHKltae:MOH Tpy6LI, pacnOJI02KeHHOH COOCHO C <l>OTOYMH01KllTeJIey:. 
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!lonOJIHBTeJIhHOe YMeHhmeHHe CBeTOBOrO nOTOKa. H em nepepa.cnpe.lleJl~ 

HHe no ct>0TOK&TO,I\Y <l>3Y npOBO,IlBJIOCh c nOMOmDlO .ll.H.a«l>parM Pa3JIKtlHOA 

~OPMLI H nOrJIOIUaIOIl{HX 4>HJIl.TpOB, 3a.xpenJIJlBWHXCJl uenOCpenCTBeHHO y 

~OTOKa.TO.lla. AHOllXhIe HMnyJIhCLI <!>OTOyMHOJKHTeJIJl yCHJ1HB&JIHCL MaJIO

myMJlII1HM HHTerpa.JIDHhIM yCHJIHTeJIeM " rapaHTlIJI-2 " H nO.lla:BaJIHCL H& 

BXo,It aHaJIOro-UHepPOBOro npe0(5pa30BaTeJIJ:. ADC-2249A Le Croy. H'MnYJIh

C:&I BOpOT )I.JIJl ADC-npeOOpasoBaTeJIJl ,IlJIHTeJIbHOCTbIO - 50 HceK BhIpalS&

TblBaJIHCb 6JIOKOM 4>opMHpOBaHHJl npK nO,l:l&lIe Sa.nycKa.IOnrer<> HKnyJIbCa. 

OT sa..naIOWero reHepaTOpa C li&CTOTO:H "J 8 - 10~rtf • CHlI1KeHHe ypOBHJI 

3JIeKTpOMarHHTHLlX H&BOnOK Ha 4»oToyMH02KHTeJIb H yCBJIHTeJlL, pacnOJIO

XeHHLtA y 8oHo.a;a tl>3Y,nOCTKrHYTO 380 C!leT .llBoboA: sxpaHHpOBKH rene

paTopa co CBeTo.rtHQ,IlOM JI80TyHHhIMH SKpaBallH, XOllfiUTHoii: TexHlIKoi ern 

MOHTaJKa H npUHJILHLIK BLl60poM 06n:tei TOTlKH 3&3eMJIeHJU. HapYXHU 

Tpy6a, BXyTpH KOTOpoA nepeMeIU8JlCJI CBeTo-reXepaTOp, BLIllOJIlIJ:JIa pom. 

nonOJIHHTeJIDHOro 3JIeKTpOMafHHTHoro 3XpaHa. BhlCOKOBOJILTHOe K HlISXo

BOJIl.THoe nOCTO.lHHLle Ha.npJI)KeHJUI nHTa.HBJI ,nonOJIHHTeJIl.HO OTct>HJILTpo

BhIBa.JIHCb no BhlCOKOH lIa.cTOTe cpasy npH BBone B 6JIOK C ct>oTOyMHOlUl

TeJIex JI ,llOnOJIHJlTeJILHO aenocpe,nCTBeHHO OKOJIO yCHJIHTeJIJI " rapaHTHI

2" . OCUlIJIJIorp&«t»Htlecxoe Ba.6JIIoneHHe HMnyJIbCOB H& BlatXOne yCHJIHTeJII 

npoH3BOltHJIOCb B peM.HMe BHemBeA: CHHXpOHH38J1HH HMnyJILC&MH sa.n8JO

mero reHepaTopa c nOMOmbIO OCUBJIJIOrpa4>oB C nOJIoco:A: nponycK&HKJllOO 

l{ 350Mr~ . Ha.xonJIeHHe H B:DIBO,n HHct>OPM8.UJIX BhlnOJIHJ[JIKCL C nOMO~lO 

XOMIIbIOTepa PC/ AT-386 H CAMAC CHCTelad. AMnJlHTY,JJ;Hhte cneKTpbl, 

CKOpOCTH c~eTa H J:tpyrJle .l{aHKlale HaR:8JIJIlIBaJIHCb Ha JU[CX:&X c no'MOIUbJO 

nporpaMMHoro ooeCne1{eHH.I: MES. AMnJIHTyna CKfH&JIOB C aHona ~y 

06pat5aThIBaJIacb 12-K8Jlam.HhIM sapJ(J:tOBO-1UI4>poBbIM npe06p8.30BaTeJIeM 

ADC-2249A Le Croy CBpelLeHeM npe06pa.30BaHHJI ,..., 60M?ecen H C,D;Hana

SOHOM OT 0.25 no 256 nK . B Ka'tieCTBe KOHTpOJIepa xpeHTa HCnOJIb30BaJICJI 
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6J10K CC 217.10. 

C nOMOlUbIO OllKCaHHOH 9JleKTpOHHOA annapaTypLi npoBe,neHhI H3.M:epe~ 

HHJI O~H09JIeKTpoHHI:aIX xa.paKTepIlCTHK BoceMH&JtU&TH <lJoTOyMH01KHTeJIei 

<l>3Y-130 , npe,lUla.3Ha.'Cl:eHHLIx l[JlJI perHcTpauHH M&JIbIX CBeTOBLIX nOTO

KOB. lbMepeHKJI BLInOJIHeHhI npH P83JIJIlIHhIX Ha.npJI1KeHHfi Ha YMH02KH~ 

TeJIJlX, npH Pa.3JIHlilUdX HHTeHCHBHOCTJlX HMIIYJILCHWX 3aCBeTOK 4>oTOX&To

.IlOB, HalI.HHaJI C MULIX HHTeHCHBHOCTeH, COOTBeTcTBylOIUHX OTHOCHTeJILHO 

Ma.HhIM: aepO.lTHOCTJIM- 06p&soBaHHJI Ha. <l>oTOX&TO,ne .nByX II ooJIee c»OTO~ 

3J1eXTpOHOB H KOHt{aJ[ S&CBeTKa.MII C HHTeHCHBHOCT.lMH , npHBO.llJUIIHMH K 

06pa,.,oB8oHJIlO B cpe.ztHeM OKOJIO 4-5 4><>TOSJIeKTpoBoB. 

B MeTOJOlXe O,ltH09JIexTpoHHhlX H3MepeRXl npHBJlTO, 'ITO .rvu lJ,C :TaTOll~ 

HO xopomero BH1J,eJIeHHJl OllH09JIeXTpOHHLtXUUXOB cpe.JtHee KOJIHlIeCTBO 4>~ 

TOSJIeKTpOHOB At npHXOJUIUeecS 1180 OJlHY KImYJIl>CHYIO 3acBeTKYJHenOJI)K

HO npeBb1IIl&Tb 0.1-0.3 [14, 22). B XalieCTBe oueHlOl BeJUI'llRHht A -){h[ HC

nOJIb30BaJIH OTHomeHHe liHCJI& 3&CBeTOK C 06p&3oBaHHeM <!>oT03.neKTpoHoB 

K nOJIHOllY tlHCJIY 3aCBeTOK , BKJIl()'qa.IO~eMY II S8CBeTlOI 15e3 06pa30BaHH.I. 

<1loT03JIeKTpOHOB, 4>OpMHpyIOII1He DHK-Dbel[eCTa.JI. OueHK& BeJIHtlKHlil A B 

STOM CJIYtlae IIO cyweCTBy JlBJIJleTCJI oneHXoH na.paMeTpa. pacnpeneJIeH.H.I. 

TIyacCOHB- t U03TOMy BepOJlTHOCT:& S&CBeTOK 663 poqeUHJl 4K>T09JIeXTpo

HOB COCTaBJIJIeT e-A , a BepO.lTHOCTK pOqeHBJI l-ro , 2-x H T.,n. C»O

T03JIeXTpOHOB Pa.BHlJI P).(n) = ).71:,", r,ne n = 1,2, ... COOTBeTCTBeHHO . 

OTclO,na BH,nHO, 'ITO nplIHJl'r8J[ B OOJI&IDHHCTBe ony6JIHKOBa.HHhlX pa60T 

oueua .>t f"..J 0.1 ooecnellHB&eT OTHOWeHHe ~HCJIa A:syx¢>oT03JIeXTpOHHbIX 

CJIyqa.eB K 'IBC.ny O.llH<><1>0T03JIeXTpOHlUllX CJIY'iaeB He npeBbIW8.IOnxee 5% 

(P>.(2)/ Pl.(l) =. i = 0.05, npH .\ =0.1), a. CyMMa.pHhIi BKJI&A Tpex, tleTht

pex H T.n. «!>oT03JIeKTpOHHLIX c06!aITHA MeHLwe 0.1% . 
llJIll oueHKH BJIHJlHXJl KpaeBhIX 30H 4>oToKaTo.noB H& 4>opMY &MlIJIHTY.n;

HhIX cneKTpOB H Ha &MDJIHTy.n;Hoe pa3pemeHHe OIDI09JIeKTpOHHLIX IIlfXOB 
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BbInOJIHeHl:aI HSMepeHHJI C ,1lHa4>parMaMH H ,[UlCKa..Y.H H3 1.lepHoA fiJlOl'HOA: 

6YM&rX. BbInOJIHeHbI TaKJKe H3Mep'ttJlJl r>es nO,lla'lH Bl:aICOKOBOJIJ,THOro Ha

np.l~eRHJl B8. 4»OTOYKH0)l(HTeJIH H / HJIH HHSKOBOJILTHOro nXT&HHJ: yCHJIH

TeJIt: C ueJIltIO onpe.tXeJIeXH.I nOJIOEeHH.I lIHxa,-filte,u;eCTaJIa, ero ynmpeHHJi[ 

IIOJt BJIH.lHJIe:u: mY:U:OB yCHJIRTeJIJI H 3JIeXTpOMarHHTHLIX H&BO.l(OK. 

Ha pHc.4 npe.ttCTaBJIeH O,ttHH liS aMnmlTYJtHLIX cneXTpoB 3JIeXTpOHHhIX 

BMIIYJIDCOB B& Bwco,ne CHCTeMbl ~3Y·130 - MaJIOIIIylUmBi HHTerpaJTh

HhIi yCHJIHTeJIb "rapaHTHJl-2", nOJIy~eHHLIi B KOHTpoJIl»HlaIX H3MepeHH

1IX C 4>oTOxaTO,nOM YMHOEHTeJU, saxpblThIM nJiCKOM H3 BJIOTHOi 'IepHoA 

5Yl4afH. BlI;QJlo, 'iTO B.paiioHe 30-1'0 KaRaJIa. aMmIHTY.InlOro pacnpe,tte

JIeHHJl Ha8mo,A&eTCJI 'leTXO :rLIp&1KeHHL'di nHI<-nLe,lleCTaJI, CJIerxa. yIIIHpeH

sYl: mYMoBLnm mmyJIItCa.M:K yCHJIHTeJIJ: CKMKeTpatlUO no 1-0My X&Huy B 

CTOPOXY 29-oro H 31-oro K&Ha.JIOB. Ha. pHC.S npe.nCTaBJIeHLt a.KnJIlITy,ltHHe 

pacnpe,lIeJIemt1 Op03JIeXTpOHRhIX HMnyJILCOB npH nByx H&lIpJl2lteHKlX HI. 

4»oTOYMllO&HTeJIe: 1.6 xB H 1.8 xB. 06paTHM BHHM&HHe., 'iTO B cnex

Tpax 3aM'eTeH BKJI&lX He60JI:&,moro KOJIH'leCTBa JlMnyJIhCOB C a.MruIHTy.nWH 

B]lBOe tSoJIhl1UlMH &KllJIHTYll O11K03JIeKTpOHR&tX BMIIym,COB. OneHX& OTHo

meHHJl1{HCJI& COOhlTHA: B O,llH03JIeKTpOHHOM Due K liMy co6bITH:i B 06JIa

CTl[ DHK&-II&enecTan:& COOTBeTCTByeT Dap&KeTpy SaKOHa IIyaccoH& ~ ~ 0.3 

.K He npOTHBOpelfHT OTHoweHHlO onaHoK '{Heen nByx4»oT03.neKTpoHHhlX H 

O,llHocI>oT03J1eKTpOHHhlX COOhITHB. 

fia. pHc.6 nOK&3&H1iI cneKTpw AlU .n;pyroro 3xseMUJUpa. yMHOJKKTeJIJ: 

<l>3Y-130, JlSMepeHHLIe npH ,llByx P83HhIX aY:nJlKTY,ll8JC mmYJIbCBhlX 3a.

CBeTOlt 4>oTOxaTO,n;a.. CneKTpld npH HH3KO:A OCBemeHHOCTH nOKMhIB&IOT 

xopomee BlIIAeJ[ene QJ:XH09JIeKTpoHHOA' KOMfiOHeHTH K OTHOCHTeJIlJHO He

OOJIhmol BXJI8JX JlBYlCSJIeKTPOHHOi XOMIIOHeHT:&I. IIpK YBCJIX'IeHHH OCBe

IIXeHHOCTH BepoXTHOCTH nOJlBJIeHKJI OnHO- II JlBYX3JIeXTpOHHhIX KOMUOHeHT, 

nO-BK11KMOMY, cpaBHHBaIOTC.i 11 Ha.6JIIO.n;a.eTCJ[ 3HaqHTeJIhHh1:M: Buan Hepas
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pemeHHhlX no aMIIJIKTy.u;e Tpex- H QeThIpexctK>T03JIeKTpOHHLlX KOMIIOKeHT. 

Ha. pHc.7 npe.ucTaBJIeHllI cneKTphl, K311epeHHhle npH Tpex P83JIH'lHhtX 

mmYJILCHhIX OCBeweHKOCTIX, S&lIHRU C OTHOCHTeJIlIHO M&JIhtX, 06ecne"U

BaIOIUHX nps6.nH3HTeJIlIHoe p&BeHCTBO BepOJlTHOcTet OJIHO- H llBYx4>oTO

9JIeKTpoHHhlX KOMIIOHeHT cneKTpa, H XOHlIU OTHOCHTeJIlIHO OOJILmOH OCB&-. 

meHHOCTLD, npH KOTOpoit u&H60JIee BepoJ:THliIM:H CT&lIOBJ[TCJJ: cOO:&ITU C 

3-MJI - 5-10 4>oT03JIeXTpOHa.MJl. 06paTlOI BHlIM&HBe sa pesxoe YMeHIillIe

BHe KOJIHtIeCTB8, C06L1THi B OOJI&CTH nBKa-nhe,neCTaJIa, COOTBeTCTBYIOIIlHX 

OTCYTCTBHD 4>oT03JleKTpoHoB , liTO H K02KHO 5hIJ1o tlhI OZHll&Th HCXO,lU H3 

SaKQJl& Dya.cCOH& C BeJIJI1IKHoi A"I 4. 

PRc.8 JleMoHcTpHPyeT HsMeHeHHe aMlIJIHTy,IJ;HOrO cnexTpa. npH yBe.IDI

. qeHJIH BLICOKOBOJIhTHOro Hanp.oteHH.I H& OJIHOM H TOM xe YIIHOlKHTeJIe IIpH 

:rnmym.CHOI: 3&eBeTXe C HeHSMeHHOA: 8JlnJIHTYAO:A:. CneKTphI nOK&3:bIBaIOT 

nocreneHllhIi: OTp:bIB COOlalTd , 4>OPMHPYIO~X O,IUlO-, ,IJ;Byx9JIeKTpOHRLIe 

RHKH, OT CoOwTJdt 6es ~TOaJIeKTpOHOB, cP0PKHPYDIIlHX nHK-IILe,lteCT&JI. 

OTCDll& CJIe.zxyeT BOSlllOEHOCTIl IIOBhtlIIeHHJ[ 9~ct>eKTHBHOCTH pentCTPa.wm 

OJDi03JIeKTpoBHlIIX HMIIYJIIICOB yMHOJKHTeJIl£ C nOMO~IO KoppeKTHoro CD

llteHKJI nopora JXHCKPHMHH~B SJIeKTPOHHOM KaHaJIe perHCTpa:uHH. 

H3MepeHHJ[ &MIImITY,D;HhIX p83pemeSHi (nmITB) ,IJ;JlJ[ <mH0 3JIeXTpOa

HhIX JIHHHii: nOK&S&JIH ,·lITO $OTOYMH0.z.HTeJIK y.n:Y'!m&IOT OTHOCHTeJIhHOe 

&XIIJIHTy,IJ;Uoe paspemeHHe np:a: yBeJIlAeHHH BhICOltOBOJIhTHOro HBJIP.l1Ke

HHJI IIKT&HHJI H np:a YMeHhmeHHH AHaMeTpa. SOHH HlmYJIIICHOA SaCBeTXH 

4>OTOK&TO,ll&. AMnJIKTYAHhIe paspemeHHJ: np:K HB.IIpJOKeHHH 1.5 xB DIe

XH pas6poc OT 10% 11.0 86% , & npH Ha.npoteHHH 1.8 KB - OT 65% no 
15% . TOJIAXO OnxH 4>oTOYMH0lltHTeJIh HMeJI p&3pemeue OKOJIO 130% IIPH 

HanpJI.z.euHH 1.5 KB, XOTJl ero OJIH03JIeKTpo:HHl:aIii: IIHK 6hIJI OTHOCHTeJIhHO 

HenJIOXO C4x>PMHpOBa.H. Bce OCTa.JILHhIe cneXTphI He nOK83a.JIH K&KHX-JISOO 

S&MeTJUilX npHSH&XOB OTKJIOHeHHJl npOlleCca BTOPHlfHOA 9MHCCHH OT 
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3aXOHOB ITyacCOH& HJlH lIoHa (npH MaJIOM napaMeTpe "b" ) H nepexona ero 

K KBasH-cTeneHHOMY SaKOHy. 

PeSYJIbT8.TLI H3MepeHHH &MnJIHTY.llHhIX pa.3pelIIeHHH (TIIl1nB) ,llJUI O,II

H03JIeKTpOHHhIX JUlHHH 6hIJIH HCnOJIh30B8.lUJI ,nJI.I nOJJY'IeHH.I oneHOK K03ep

epHUHeHTOB BTOplfllHOH SMHCCHH nepBoro ,nHHOJI& ~3Y-130 npH P&3H.DIX 

HanpJlXeHlUX H& YMHOEHTeJIJlX C nOMOl.l.IblO HCnOJIb30BaHHJI COOTHOW.KHlUI 

(2). XOTJI npH 3TOH oueHKe BHOCHTCJI HeKoTopu Heonpe.neJIeHHOCTh , CBJI

3&HHU C He3HaHHeM cpe,UHHx BeJIHtIHH Kos<l*H..UBeHTOB BTOpH'IHOR 3MHC

CHH M ,LtJLt 2-12 ,nXHO.ItOB, OAHaKO CJIa6u 3a.BHCHMOCTb pe3YJILT&TOB pac

qeT&. no STOR <t>opMYJIe OT BeJIX'IKH1:d M n03BOIDleT HCnOJIb30B&Tb cpe,nHlOI0
1 

o6hI'lHO nOJlyqa.eMyK> SKcrrepRMeHTaJIhHO. BeJIH'lHHy STOro K034»4>HIUleHT& 

M f'oI 3.5. OTCIOJl& : 

2.3552 MIW - 1) 7.76 
Ml = (l:!J.AIA)2 - (AAIA)2 (5) 

r,Ile "t - nOJIH8JI illHpHHa O,IlHOSJIeKTpOHHoH JIHHHH H& JIOJIYBhICOTe. 

ITOJIY'ieHHhIe T&KHM 06p&30M oueHKH Kos4KPHUHelfToB BTOpH'IHOH 3Ml1C

CBH 1-1'0 ,IlHHo,na .IlJIJl 4>3Y-130 COCTaBHJIB npH HanpJUKeHHH 1.5 KB OKOJIO 

12, a npH HanpJlJKeHHH 1.8 xB f',J 16. :Ks 4>opMyJUd (5) CJIenyeT T&KEe, 

qTO llaJIbHeiimee yJIYlImeHHe &MJIJIHTy.nHOro p&3pemeHHJl110 YPOBHJI 40% 

Tpef)yeT, no-SH.llHMOMY, nOBhIDleHHJI Kos4>4lHUHeHT& BTOPH'iHoi 3MHCCHH 

--; 1-1"0 nHHo,na Ml AD BeJIHlIHHLl OKOJIO 50. IIpH6JIH3HThCJl K 3TOi BeJIH':I:HHe 

MOJKHO TOJlbKO YBeJIH"lHBaJI oomee BIdCOKOBOJIbTHoe HanpJDKeHHe H& yMHO

JKHTeJIe ]I OAHOBpeMeHHO npOH3BO.ll.l HH.llHBH.IlYa.JIbHhIH noA6op SJIeu:eXTOB 

.lleJIHTeJIJI AJIJI nepBhIX Tpex-qeTldpeX X&CKa.llOB 4><>TOYWHO)KHTeJLI. 

B 38.KJIIO'IeHHe OTMeTHM:, liTO Bce HSMepeHHJl6bIJiH BhIDOJIHeHld CO CTaJ{

.aapTldM AeJIHTeJIey. H&npI.BC.eHKJI JlJ1J1 Bcex oOcJIe.nOBaHHhIX 4>OTOYMHOOKK· 
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TeJIei cIl3Y-130. ECTeCTBeHHO, '11'0 HH,llHBH.nYaJIbHhlA no.u.60p nepBhlX 

Tpex X&cK&,[{OB ,Lte.nHTeJIJ[ yJIytlWHT aJ4llJIHTy,nHoe paspemeHHe K8JKAQfO 

YMBOJKHTeJIJ: 11 , B03140J&HO, npHBeneT K CH1Ur.eKJUO O.tlH03JIeXTpOlIBOi my

MOBOii: KOMIIOHeUTW. OnHaKO upH 6oJILIIIOM KOJIJAeCTBe <lOY B ,tlH<W»e

peH1lRaJILHOM CTieT1DIXe HJIH B RICH - .ueTeXTOpe 3TO ycnO:&BlIeT p&60Ty 

C T&ICHKH npK&p&IOI. 

TUHK oopa~K, nJIJ[ y.nyqmeHKJ[ OJIH03JIeKTpOHHLIX xapu-repHCTHK 

4»oTOYMHO&HTeJIei cz.,3Y-130 rrpH HCnOJIhSOBaHllK B JleTeKTOpax qepeHKo

Ba B pesepBe OCTalOTCJ[ no xpa.iHeA Mepe TpH Hexcnom,SOB&HHHe BaMH B03

KO&BOCTH: BLICOKOBOJrbTUoe UHTaHlIe &BOna 4>3Y H&npJl&eBHeM nOJIO:&H

TeJIl,Hot nOJI~BOCTX npH Sa.geMJIeHHOM X&TOJle, HB,tlHBHnyaJILHJ:d: I'~p 

J:teJ[HTeJIei H oT60p clOY , H ,U8.KOHeI(, YlIHTliIBU xopoIIIKe YCHJ1HTeJILHhIe 

napaMeTpLl cxeMhl "rapa.HTHJ[-2" , nOBLlmeUHe BLlCOXOBOJILTHOrO H&lIpJ[

a:eBU IIJITaHlIJ[ 4?3Y lIpH OWIoBpeMeHHOM cBlUtellHll1fKCJI& PaOOT&lOIInIX 

nOCJIeJIHHX X&CX&ltOB YMHOEeHJIJl. 

}~.. 
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