
IO J1.PoMaHoB 

06'bBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCCJIBAOBaHMM 

AY6Ha 

MHOrOKAHAJihHYE 
BOJIOKOHHO-OllT.WIECIG1E JIHHJU1 CBH3H 

B CHCTEME YllPABJIEHHH 
HCTO'IHHKOM "llOJIHPHC" 

HanpasneHo s >KypHan 11np1-16opb1 1-1 TeXHI-1Ka 

3KCnep!-1MeHTa 11 

1982 



.. 
-----------------------------

·-

1~;, 

I " 

" 

'" 

"' 

.lj 
:1 

't 

-------------~~ 

eoa~aHHe, coeepweHcTeoeaHHe H 3KcnnyaTa~HR MHOrHx coepe­
MeHH~X 3neKTpO~H3H4eCKHX YCTaHOBOK, pa3nH4H~e YCTPOHCTBa KO­
TOp~x HaXO~RTCR no~ B~COKHM H CBepXB~COKHM nOTeH~HanoM OTHO­
CHTenbHO 3eMnH, Hepaap~BHO CBR3aH~ C COBepweHCTBOBaHHeM KaHa­
nOB nepe~a4H CHrHanoe ynpaeneHHR Ha 3TH ycTpOHCTea. KoHTponb 
~YHK~HOHHPOBaHHR H ynpaeneHHe pa60TOH HOHHOro HCT04HHKa, yc­
TaHoeneHHOrO Ha ~OPHHmeKTope CHHxpo~aaoTpoHa OWRW, conpRmeH~ 
C onpe~eneHH~MH Tpy~HOCTRMH: a/ HCT04HHK HOHOB HaXO~HTCR no~ 
nOTeH~HanoM -700 KB OTHOCHTenbHO 3eMnH; 6/ nepe~a4y H npHeM 
HH~OpMa~HH 3aTpy~HR~T MO~H~e pa~H04aCTOTH~e noMeXH, COnpoeom­
~a~~He pa6oTy ~OPHHmeKTOpa, 

06~HM npHH~HnOM YCTpaHeHHR BnHRHHR BHeWHHX noMeX Ha TpaKT 
nepe~a4H CHrHanoe ynpaeneHHR RBnReTCR cy~eCTBeHHoe paaHeCeHHe 
CneKTpOB CHrHanoe HOCHTenR HH~OpMa~HH H B03My~a~~ero B03~eH­
CTBHR. WHpOKO H3BeCTH~ 6ecnpOBO~H~e nHHHH CBR3H C HCnOnb30-
BaHHeM pa~HoL 11 HnH ceeToeoro KaHana 121. 

B HaCTOR~ee BpeMR nepcneKTHBH~M H, nomanyH, e~HHCTBeHH~M 
HanpaeneHHeM B C03~aHHH CKOpOCTH~X H B~COKOHa~emH~X KaHanoe 
nepe~a4H RBnReTCR HCnOnb30BaHHe BOnOKOHHO-OnTH4eCKHX nHHHH 
CBR3H /Bone;. OcHoBH~e npeHMy~ecTea Bone cne~y~~He: e~coKa~ 
nOMeXOYCTOH4HBOCTb, 6onbWaR nponyCKHaR CnOc06HOCTb, H~eanbHaR 
ranbBaHH4ecKaR paaBR3Ka, eap~ao6eaonacHoCTb, Manbre ra6apHT~ 
H sec. K TOMy me aa nocne~Hee epeMR 6~n ~OCTHrHyT 3Ha4HTenb­
H~H nporpecc B o6naCTH TeXHOnOrH~ C03~aHHR 3neMeHTOB BOnOKOH­
HOH OnTHKH/S/, nony4eH~ CTeKnRHH~~ BOnOKHa, HMe~~e 3aTyXaHHe 
MeHee 1 ~6/KM npH ManoM ~HaMeTpe BOnOKHa /~eCRTKH MHKpOMeT­
POB/, C nonoCOH nponycKaHHR B COTHH Merarep~, nORBHnHCb ~OBOnb­
HO MO~H~e Manora6apHTH~e H3ny4aTenH H ManOWYMR~He ~OTOnpHeM­
HHKH, eHcTeM~ CBR3H, HCnOnb3y~~He 3TH KOMnOHeHTbl, pa6oTa~T Ha 
4aCTOTaX ~0 1 rr~/4/. 

~nR peweHHR 3a~a4H ynpaeneHHR pa60TOH HOHHOro HCT04HHKa, 
HaXO~R~erOCR Ha B~COKOBOnbTHOM TepMHHane, 3neMeHTHaR 6aaa 
Bone ~onmHa OTBe4aTb onpe~eneHH~M Tpe6oeaHHRM. 

1 • TPE60BAHWR, nPE~'bRBnREMblE K OeHOBHbiM KOMROH£HTAA 
3nEMEHTHOt-1 OA3bl 11 WX MOHTAlKY nPW nPOEKT11P'JBAH11W 
KAHAnoB Bone 

~nTH~eCKHe reHepaTop~, HCnOnb3YeM~e B CBeTOBO~H~X CHC eMax 
• 6 v nepe~a4H HH~OpMa~HH, ~onmH~ biTb B BbiCOKOH CTeneHH Ha~em .~MH 
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npvt6opaMH. KpoMe TOrO, OHH AOn>KHbl 6b1Tb COBMeCTHMbl C BOnOKOH­
HbiMH CBeTOBOAaMH. 3AeCb MO>KHO HCnOnb30BaTb reHepaTOpbl KaK 
KorepeHTHoro, TaK H HeKorepeHTHoro H3ny4eHHR. KorepeHTHble 
HCT04HHKH MO>KHO HCnOnb30BaTb KaK C OAHO-, TaK H C MHOrOMOAO­
BbiM BOnOKHOM, B TO epeMR KaK HeKOrepeHTHble - TOnbKO C MHOrO­
MOAOBbiM. eaeTOAHOAbl, npvtrOAHble AJ1R HCnOnb30BaHHR B CBeTOBOA­
HbiX CHCTeMaX nepeAa4H, AOn>KHbl HMeTb onpeAeneHHbl~ cneKTpanbHbl~ 
8Hana30H, BbiCOKY~ 3HepreTH4eCKY~ RpKOCTb, Many~ HHep~HOHHOCTb, 
CTa6vtnbHOCTb H AOnrOBe4HOCTb. nonO>KHTenbHbiM Ka4eCTBOM CBeTO­
AHOAa, no cpaeHeHH~ c na3epaMH, RBnReTcR nerKOCTb nony4eHHR 
aHanoroeo~ MOAYnR~HH. 0Ha B03MO>KHa noToMy, 4TO 3aBHCHMOCTb 
Me>KAY BbiXOAHO~ MO~HOCTb~ H3ny4eHHR H BXOAHbiM TOKOM y CBeTO­
AHOAa nHHe~Ha B WHPOKOM AHana30He. npvt HCnOnb30BaHHH HMnynbc­
HO~ MOAYnR~HH cneAyeT Y4HTb1BaTb, 4TO cseTOAHOA pa6oTaeT B 6o­
nee HanpR>KeHHOM pe>KHMe, nOCKOnbKy ero pa6o4aR T04Ka CABHraeT­
CR a o6nacTb, rAe o6b14HO npeo6naAa~T Tennoeble 31)lcpeKTbl. 

~OT08eTeKTOpb1, OCy~eCTBnR~~He AeMOAYnR~H~ OnTH4eCKHX CHrHa­
noe a cvtcTeMax c BOne, AOn>KHbl HMeTb cneAY~~He TeXHH4eCKHe AaH­
Hble: 

a/ BbiCOKY~ 4YBCTBHTenbHOCTb Ha AnHHe BOnHbl H3ny4eHHR onTH-
4eCKHX reHepaTopoe; 

6/ BbiCOKOe 6biCTPOAeHCTBHe, o6ecne4HBa~~ee HY>KHY~ CKOpOCTb 
npvteMa AaHHblx; 

B/ MHHHManbHbl~ WyM, BHOCHMbl~ AeTeKTOpOM B pa60TY CHCTeMbl; 
r/ BbiCOKY~ TepMOCTa6vtnbHOCTb pa604HX XapaKTepHCTHKj 
e/ coeMeCTHMOCTb AeTeKTopa co ceeTOBOAOM H APYrHMH 3neKT­

poHHbiMH ycTpo~cTeaMH BOne. 
3THM Tpe6oBaHHRM B 6onbWHHCTBe cny4aeB OTBe4a~T KpeMHHeBble 

pn -~OTOAH08bl, pa6oTa~~He Ha ypOBHRX o6paTHOrO CMe~a~~ero 
HanpR>KeHHR. 

0nTH4eCKvte eonoKHa, Hcnonb3yeMble·AnR nocTpoeHHR BOne, AOn>K· 
Hbl HMeTb Manoe 3aTyxaHvte H BbiCOKY~ MeXaHvt4eCKy~ np04HOCTb, 4TO 
o6ecne4HBaeTCR npH npHMeHeHHH MOHOBOnOKOHHbiX bnTH4eCKHX Ka6e­
ne~. 4T06bl o6ecne4HTb nepeAa4y OT CBeTOAHOAa B BOnOKHO B03MO>K­
HO 6onbWe~ MO~HOCTH H3ny4eHHR, He06XOAHMO HCnOnb30BaTb MHOrO­
MOAOBOe BOnOKHO C 60nbWO~ 4HCnOBO~ anepTypo~ lSI. H3ny4eHHe 
CBeTOAHOAa, 6YAY4H HeKorepeHTHbiM, COAeP>KHT MHOrO npOCTpaHCT­
BeHHbiX M08. 4vtcno npOCTpaHCTBeHHbiX MOA, KOTOpOe MO>Ket 6b1Tb 
nepeAaHO OT HCT04HHKa B BOnOKHO, ecerAa paBHO 4HCny MOA BOnOK­

Ha. 
mryTOBble Ka6enH, HMe~~He 60nbWO~ K03~~H~HeHT 3aTyXaHHR 

H BbiCOKY~ MeXaHH4eCKY~ np04HOCTb, HCnOnb3Y~TCR npeHMy~eCTBeHHO 
AnR vt3roToeneHHR KopoTKHX /~oToHHblx/ nHHH~ cBR3H. 
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0nTH4eCKHe COeAHHHTenH H CBeTOBOA o6pa3y~T CBeTonpOBOj 

Ka6enbHY~ c6opKy, KOTopaR o6ecne4vtBaeT nepeAa4y ceeTa Mel 
nepeAa~~HM H npvteMHbiM 6noKaMH. OcHOBHble noTepvt ceeToeo~ : 
rHH npOHCXOART B KOHTaKTHbiX ycTpO~CTBaX BBOAa H BbiBOAa Cl 
B nepeAa~~HX H npHeMHbiX 6nOKaX, a TaK>Ke B CaMOM CBeTOBOAI 
B CBR3H c 3THM onTvt4eCKH~ coeAHHHTenb eon>KeH,eo-nepeblx,ol 
ne4HTb Heo6XOAHMY~ ~CTHpOBKy OnTvt4eCKHX OCe~, TaK KaK He' 
naAeHvte oce~ conpRraeMbiX eonoKoH Bb13b1BaeT 6onbwvte noTepvt 
BTOPbiX, He AOn>KHO 6b1Tb yrnoeoro OTKnOHeHHR H 3a30pa Me>K8: 
~aMH COeAHHReMbiX Ka6ene~. noMHMO 3TOrO He06XOAHMO, 4T06bl 
TH4eCKH~ coeAHHHTenb 6bln cornacoeaH c Ka6eneM no MexaHH4' 
H OnTH4eCKHM napaMeTpaM H nepeA nOAKn~4eHvteM COeAHHHTenR 
Tpe6oeanOCb 6bl cnO>KHO~ nOArOTOBKH Ka6enR 141• 

K MOHTa>Ky onTonpvteMHHKa B ~enOM npeADRBnR~TCR BbiCOKH• 
Tpe6oeaHHR. H OC06eHHO K BXOAHOMY KaHany, TaK KaK OH B 3' 
TenbHO~ CTeneHH onpeAenReT ypoeeHb HaBeAeHHbiX 3neKTpOMar 
HbiX noMeX H WyMa Ha BXOAe AeTeKTOpa, KOTOpbl~ HCKa>KaeT CH 
H yxyAwaeT pa6oTy cvtcTeMbl. B onvtcbleaeMbiX HH>Ke onTH4eCKHX 
eMHHKaX npRMOrO AeTeKTHPOBaHHR cy~eCTByeT HeCKOnbKO TaKH. 
T04HHKOB WyMa, CBR3aHHbiX C npo~eccaMH AeTeKTHpOBaHHR H y 
HHR. 0CHOBHble - WYM TeMHOBOrO TOKa H TOKa noeepXHOCTHO~ 
KH, a TaK>Ke KBaHTOBbl~ WYM. nepBble npORBnR~TCR B BHAe APO' 
~yMa, KOTOpbl~ OnHCbiBaeTCR pacnpeAeneHvteM nyaCCOHa. 3TH W 
MOryT 6b1Tb yMeHbWeHbl nyTeM COOTBeTCTBY~~ero KOHCTPYHPOBa 
H H3rOTOBneHHR AeTeKTOpa H aKTHBHbiX 3neMeHTOB 3neKTpOHHO 
YCHnHTenR. 0AHaKO KBaHTOBbl~ WYM, B03HHKa~~H~ H3-3a C06CT 
HbiX ~nyKTya~H~ 4HCna B036Y>KAaeMbiX CBeTOM HOCHTene~, RBnR 

~YHAaMeHTanbHbiM H HaKnaAbiBaeT npvtH~HnvtanbHble orpaHH4eHHR 
4yBcTBvtTenbHocTb npvteMHvtKa BOne 16 1. 

e y4eTOM H3nO>KeHHbiX Tpe6oeaHH~ 6blnH C038a~bl H ycneWHO 
wnvt vtcnbiTaHHR wecTvtKa11f1nbHble 3neKTPOHHble 6noKH ABYX BOne 
nH4HOrO Ha3Ha4eHHR: 

1/ c nonoco~ nponycKaHHR KaHana 0+1 Mr~ - AnR ~ene~ 
neHHR HCT04HHKOM nonRpH30BaHHbiX HOHOB 11nonRpHC 11 /7/,HaXOA 
CR Ha BbiCOKOBOnbTHOM TepMHHane ~OpHH>KeKTOpa CHHXpo~a30Tp• 

2/ c nonoco~ nponycKaHHR KaHana Q+1Q Mr~ - AJ1R nepeAa 
CHrHanOB TeneMeTpHH HCT04HHKa. 

KaHanbl Bone ocy~ecTBnR~T ~YHK~H~ 11 BBOAa-ebiBOAa 11 ~H~po 
HH~OpMa~HH. 

6noK-cxeMa KaHana BOne npvteeAeHa Ha pHc.1. Uvt~poeaR"' 

Ma~HR /UH/ 4epe3 npeo6pa3oBaTenb ypoeHe~ /nY/ nocTynaeT 
AYnRTOP /M/ nepeAa~~ero MOAYnR. B Ka4ecTee nepeAaT4vtKa c. 
CBeTOH3ny4a~~H~ AHOA /eHA/, H3ny4eHHe KOTOporo MOAYnHpye 
BXOAHbiM CHrHanpM. MOAYnHpOBaHHbl~ ny4 CBeTa 4epe3 OnTvt4eC 
pa3DeM /OP/ BBOAHTCR B BOnOKOHHO-OnTvt4eCKH~ Ka6enb /BOK/ 
nepeHoca HH~OpMa~HH Ha npvteMHY~ 4aCTb cxeMbl. 



6opaMH. KpoMe TOrO, OHH AOnmH~ 6~Tb COBMeCTHMbl C BOnOKOH­
H cseTOBOAaMH. 3AeCb MOmHO HCnOnb30BaTb reHepaTOp~ KaK 
epeHTHoro, TaK H HeKorepeHTHoro H3ny4eHHR. KorepeHTH~e 
o 4 HHKH MOmHO HCnOnb30BaTb KaK C OAHO-, TaK H C MHOrOMOAO-

sonOKHOM, B TO speMR KaK HeKorepeHTH~e - TOnbKO C MHOro­
OBbiM. eseTOAHOA~. npHrOAH~e AnR Hcnonb30BaHHR s cseTOBOA-

cHcTeMax nepeAa4H, AOnmH~ HMeTb onpeAeneHH~~ cneKTpanbH~~ 
naaoH, B~COKY~ 3HepreTH4eCKY~ RpKOCTb, Many~ HHep~HOHHOCTb, 

6HnbHOCTb H AOnrOBe4HOCTb. nonomHTenbH~M Ka4eCTBOM CBeTO­
Aa, no cpasHeHH~ c naaepaMH, RBnReTcR nerKOCTb nony4eHHR 
noroso~ MOAYnR~HH. 0Ha soaMomHa noTOMy, 4TO aasHCHMOCTb 
AY B~XOAHO~ MO~HOCTb~ H3ny4eHHR H BXOAH~M TOKOM y CBeTO­
Aa nHHe~Ha B WHPOKOM AHana30He. npH HCnonb30BaHHH HMnynbc-
MOAYnR~HH cneAyeT Y4HT~BaTb, 4TO CBeTOAHOA pa6oTaeT B 6o­
HanpRmeHHOM pemHMe, nocKonbKY ero pa6o4aR T04Ka CABHraeT­

s o6nacTb, rAe o6~4HO npeo6naAa~T Tennos~e 3¢$eKT~. 

$OTOAeTeKTOp~, ocy~eCTBnR~~He AeMOAYnR~H~ OnTH4eCKHX CHrHa­
B CHCTeMax c BOne, AOnmH~ HMeTb cneAY~~He TexHH4eCKHe AaH-

a/ B~COKY~ 4YBCTBHTenbHOCTb Ha AnHHe BOnH~ H3ny4eHHR OnTH­
KHX reHepaTopos; 
6/ BbiCOKOe 6~CTPOAe~CTBHe, o6ecne4HBa~~ee HymHy~ CKOpOCTb 
eMa AaHH~x; 
B/ MHHHManbHbl~ WyM, BHOCHM~~ AeTeKTOpOM B pa60TY CHCTeM~j 
r/ B~COKy~ TepMOCTa6HnbHOCTb pa604HX xapaKTepHCTHKj 
AI coaMeCTHMOCTb AeTeKTopa co caeTOBOAOM H APYrHMH 3neKT­
H~MH ycTpo~cTaaMH Bone. 
3THM TpefiOBaHHRM B fiOnbWHHCTBe cny4aea OTBe4a~T KpeMHHeB~e 
-$OTOAHOA~, pa6oTa~~He Ha ypOBHRX o6paTHOrO CMe~a~~ero 

pRmeHHR. 

0nTH4eCKHe aonoKHa, HcnonbayeM~e AnR nocTpoeHHR BOne, AOnm• 
HMeTb Manoe 3aTyXaHHe H B~COKy~ MeXaHH4eCKy~ np04HOCTb, 4TO 
cne4HBaeTCR npH npHMeHeHHH MOHOBOnOKOHH~X bnTH4eCKHX Kafie­
• 4To6~ o6ecne4HTb nepeAa4y OT caeTOAHOAa a sonoKHO aoaMom-
6onbwe~ MO~HOCTH H3ny4eHHR, He06XOAHMO ~CnOnb30BaTb MHOro­
OBOe sonoKHO c 6onbWO~ 4Hcnoao~ anepTypo~ 151. Hany4eHHe 
TOAHOAa, 6YAY4H HeKorepeHTH~M, COAepmHT MHOrO npOCTpaHCT­
H~X MOA. 4Hcno npOCTpaHCTBeHH~X MOA, KOTOpOe MOmet 6~Tb 
eAaHo OT HCT04HHKa B BOnOKHO, BCerAa paBHO 4HCny MOA BOnoK-

mryTOBble Ka6enH, HMe~~He 60nbWO~ K03~H~HeHT 3aTyXaHHR 
biCOKy~ MeXaHH4eCKY~ np04HOCTb, HCnOnb3y~TCR npeHMy~eCTBeHHO 

H3rOTOBneHHR KOpOTKHX /$OTOHH~X/ nHHH~ CBR3H. 
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• 
0nTH4eCKHe COeAHHHTenH H CBeTOBOA o6paay~T CBeTonpOBOAR~Y~ 

Ka6enbHY~ c6opKy, KOTopaR o6ecne4HBaeT nepeAa4y cseTa MemAY 
nepeAa~~HM H npHeMH~M 6noKaMH. OcHOBH~e noTepH caeToao~ 3Hep­
rHH npOHCXOART B KOHTaKTH~X YCTpO~CTBaX BBOAa H B~BOAa CBeTa, 
e nepeAa~~·Hx H npHeMH~x 6noKax, a TaKme a caMoM ceeTOBOAe. 
B CBR3H c 3THM onTH4ecKH~ coeAHHHTenb AOnmeH,eo-nepe~x,o6ec­
ne4HTb He06XOAHMY~ ~CTHPOBKy OnTH4eCKHX OCe~, TaK KaK Hecoe­
naAeHHe oce~ conpRraeM~x eonoKOH e~a~aaeT 6onbwHe noTepH, eo­
BTOPbiX, He AOnmHO 6b1Tb yrnoaoro OTKnOHeHio1R H 3a3opa MemAY TOp­
~aMH COeAHHReMbiX Ka6ene~, noMHMO 3TOrO He06XOAHMO, 4T06~ on­
TH4eCKH~ coeAHHHTenb 6~n cornacoeaH c Ka6eneM no MexaHH4eCKHM 
H OnTH4eCKHM napaMeTpaM H nepeA nOAKn~4eHHeM COeAHHHTenR He 
Tpe6oeanocb 6bl cnomHo~ noArOTOBKH Ka6enR 141• 

K MOHTamy OnTonpHeMHHKa B ~enOM npeAoRBnR~TCR B~COKHe 
Tpe6oeaHHR. H ocofieHHO K BXOAHOMy KaHany, TaK KaK OH B 3Ha4H­
TenbHO~ CTeneHH onpeAenReT ypOBeHb HaBeAeHH~X 3neKTpOMarHHT­
H~X noMeX H WyMa Ha BXOAe AeTeKTOpa, KOTOp~~ HCKamaeT CHrHan 
H yxyAwaeT pa6oTy CHCTeMbl. B onHc~eaeM~x HHme onTH4eCKHX npH­
eMHHKax npRMOrO AeTeKTHpOBaHHR cy~eCTByeT HeCKOnbKO TaKHX HC­
T04HHKOB WyMa, CBR3aHH~X C npo~eCCaMH AeTeKTHpOBaHHR H yCHne­
HHR. 0CHOBH~e - WYM TeMHOBOrO TOKa H TOKa noeepXHOCTHO~ yTe4-
KH, a TaKme KBaHTOB~~ wyM. nepe~e npORBnR~TCR B BHAe AP06oeoro 
~yMa, KOTOp~~ OnHC~BaeTCR pacnpeAeneHHeM nyaCCOHa, 3TH WYM~ 
MOryT 6~Tb yMeHbWeH~ nyTeM COOTBeTCTBY~~ero KOHCTpyHpOBaHHR 
H H3rOTOBneHHR AeTeKTOpa H aKTHBH~X 3neMeHTOB 3neKTpOHHOrO 
YCHnHTenR. 0AHaKO KBaHTOB~~ WyM, B03HHKa~~H~ H3-3a C06CTBeH­
H~X $nyKTya~H~ 4HCna B036ymAaeM~X CBeTOM HOCHTene~, RBnReTCR 
$YHAaMeHTanbH~M H HaKnaA~BaeT npHH~HnHanbH~e OrpaHH4eHHR Ha 
4yecTBHTenbHocTb npHeMHHKa Bone 161• 

e y4eTOM H3nomeHH~X Tpe6oeaHH~ 6~nH C03Aa~~ H ycneWHO npo­
WnH Hcn~TaHHR wecTHKaHanbH~e 3neKTPOHH~e 6noKH ABYX BOne paa­
nH4Horo Ha3Ha4eHHR: 

1/ c nonoco~ nponycKaHHR KaHana 0+~ Mr~ - AnR ~ene~ ynpae­
neHHR HCT04HHKOM nonRpH30BaHH~X HOHOB 11nonRpHC 11 /7/, HaXOAR~HM­
CR Ha BbiCOKOBOnbTHOM TepMHHane $OpHHmeKTOpa CHHXpO$a30TPOHa; 

2/ c nonoco~ nponycKaHHR KaHana Q+lO Mr~ - AnR nepeAa4H 
CHrHanOB TeneMeTpHH HCT04HHKa. 

KaHanbl BOne ocy~ecTBnR~T $YHK~H~ 11 BBOAa-BbiBOAa" ~H$poeo~ 
HH$0pMa~HH. 

6noK-cxeMa KaHana Bone npHBeAeHa Ha pHc.l. UH$poaaR HH$op­
Ma~HR /UH/ 4epea npeo6paaoaaTenb ypoaHe~ /nY/ nocTynaeT a Mo­
AYnRTOP /M/ nepeAa~~ero MOAYnR. B Ka4ecTae nepeAaT4HKa cnymHT 
CBeTOH3ny4a~~H~ AHOA /eH~/, H3ny4eHHe KOTOporo MOAYnHpyeTCR 
BXOAH~M cHrHanpM. MoAynHpoaaHH~~ ny4 caeTa 4epe3 onTH4eCKH~ 
pa3oeM /OP/ BBOAHTCR B BOnOKOHHo-onTH4eCKH~ Ka6enb /BOK/ AnR 
nepeHO¢a HH$OpMa~HH Ha npHeMHY~ 4aCTb CXeM~. 
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8 npHeMHOM MOAyne ~OTOAeTeK­
TOp /~A/ npeo6paayeT MOAYnHpo­
BaHH~e CHrHan~ e ~OTOTOK. YcHnH­
Tenb /Y/ npeo6paayeT ~OTOTOK B 
HanpR*eHHe, AOCTaT04HOe AnR B03-
6Y*AeHHR KOMnapaTopa /K/. no­
cneAHHH reHepHpyeT CHrHan~ ypOBHR 
TTL, eocnpoH3BOAR~He nepeoHa4anb-

PHc.l HY~ 4H~poey~ HH~OpMa4H~. 4epea 
6y~epHoe YCTPOHCTBO /6/ OHa no­

CTynaeT 4epe3 3MHTTepH~H nOBTOPHTenb /3n/ Ha B~XOA npHeMHOro 
MOAYnR. ~HnbTp /~/ cny*HT AnR YCTpaHeHHR B03MO*H~X. WyMOBbiX 
COCTaBnR~HX B cneKTpe CHrHana. 

Bee CTyneHH onTonpHeMHHKOB HMe~T CBR3b no nOCTORHHOMy TO­
Ky, TaK KaK npHeMHHKH npeAHa3Ha4a~TCR AnR CHrHanOB CO cneKT­
pOM oT HyneeoH 4acToT~ AO 1-10 Mf4. 3To ea*HO, nocKonbKy no­
aeonReT CHcTeMaM Bone pa6oTaTb c HeH3BecTH~MH ~opMaTaMH AaH­
H~x. 

exeM~ 3neKTPOHH~x 6noKoe Bone paccMaTpHBa~TcR e cooTeeTcT­
BHH C pa3AeneHHeM Ha nepeAa~~y~ H npHeMHY~ 4aCTH, a TaK*e nH-
HHH CBR3H. 

2. 6-KAHAnbH~ BOne e nonoeo~ nPOnYeKAHH~ KAHAnA o+1 Mf4 

npHH4HnHanbHaR cxeMa nepeAa~~ero MOAYnR /OAHH KaHan/ npH­
BeAeHa Ha pHc.2. 

nepeAaT4HK /MOAynb THna 6nAe-01/* paCC4HTaH Ha nOAKn~4eHHe 
4H~POB~X CHrHanoe c ypOBHRMH TTL HnH NEM. npH pa6oTe c no­
cneAHHM cornacoeaHHe ypoeHeH norH4eCKOH HHTerpanbHOH cxeM~ 

/Me-1/ npOH3BOAHTCR c noMO~b~ cxeM~ conpR*eHHR /T1, T2, T3/. 
MoAynRTOP onTH4ecKoro nepeAaT4HKa nocTpOeH Ha 6aae 3MHTTepHoro 
noBTOPHTenR /T4/. eeeTOAHOA c TOKoorpaHH4HBa~~HM pe3HCTOPOM R7 
cnY*HT Harpy3KOH MOAYnRTopa. AnR yeenH4eHHR cKopocTH nepeKn~-
4eHHR ceeTOAHOAa pe3HCTopoM R6 aaAaeTCR TOK cMe~eHHR. Hcnonb­
aoeaHHe nocneAOBaTenbHOH cxeMbl B036Y*AeHHR H3ny4aTenR AaeT 
onpeAeneHH~e npeHMy~ecTea: eo-nepe~x, noaeonReT ceecTH K MHHH­
MyMy nOTpe6nReMbiH OT HCT04HHKa nHTaHHR TOK; BO-BTOP~X, 3a3eM­
neHHe KaTOAHOrO B~BOAa H3ny4aTenR 3aMeTHO npee~waeT TennOBOH 
KnA ceeTOAHOAa. 

npH HCnOnb30BaHHH nRTHMeTpOBOH nHHHH CBR3H TOK B036Y*AeHHR 
e HMnynbce AOCTHraeT eenH4HH~ 90+120 MA. OH noA6HpaeTCR TaKHM 

* 6 CBeTonepeAaT4HKOB B MOAyne, HOMep pa3pa60TKH - nepB~H 
/wH~P aBTopa/. 
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o6pa30M, 4T06~ CBeTOBOH noTOK Ha BXOAe OnTonpHeMHHKa 6~n 1 

CTaT04eH, a HCKa*eHHR HMnynbCOB Ha BbiXOAe - MHHHManbHbl. H1 
HHKOM HH~paKpaCHOrO H3ny4eHHR B nepeAaT4HKe BOne CnY*HT a1 
HHA-rannHeB~H ceeTOAHoJ THna An107ts< OH HMeeT cpaBHHTenbl 
y3KHH cneKTp H3ny4eHHR 0,9+1 ,2 MKM, npOCT H HaAe*eH B 3KI 
Ta4HH, a KOHCTpyKTHBHOe HCnOnHeHHe TaKOBO, 4TO n03BOnReT I 

ny4HTb YAOBneTBOPHTenbHOe COrnacoeaHHe C BOnOKOHHo-onTH4eC 
Ka6enRMH 60nbWHHCTBa THnOB. npH6op B~AeP*HBaeT TeMnepaTypl 
xapaKTepHble AnR 6onbWHHCTBa 3neKTPOHH~X CHCTeM, H HMeeT CJ 
cny*6bl, H3MepR~~HHCR npH npaeHnbHOH 3KcnnyaTa4HH roAaMH. I 
H~M npenRTCTBHeM Ha nyTH K WHpOKOMY HCnOnb30BaHH~ CBeTOAHC 
3Toro THna AnR BOne RBnR~TcR Hee~coKaR pa6o4aR 4acToTa, w~ 
nOA06H~H xapaKTep H3ny4eHHR H cpaBHHTenbHO ManaR MO~HOCTb, 
TOpaR MO*eT 6~Tb nepeAaHa C HX nOMO~b~ B BOnOKOHHo-onTH4eC 
Ka6enb. t1o~HOCTb H3ny4eHHR 3THX yCTpOHCTB HMeeT nOpRAOK 
1+ 1 0 MBT, OAHaKo 6onbwaR 4acTb 3TOH MO~HOCTH He MO*eT 6bJTt 
npHHRTa BOnOKOHHo-onTH4eCKHM Ka6eneM H3-3a HeCOBnaAeHHR nc 
nno~aARM H pe*HMaM H3ny4eHHR. HecMOTPR Ha HeAOCTaTKH, nepe 
neHH~e BbiWe, AOCTynHOCTb npH06peTeHHR H HCnOnb30BaHHR Aem: 



B npHeMHOM Moayne ~oToaeTeK­
Top ~~~/ npeo6paayeT MoaynHpo­
eaHHble CHrHanbl e ~OTOTOK. YcHnH­
Tenb /Y/ npeo6pa3yeT ~OTOTOK B 
Hanp~*eHHe, aocTaT04HOe an~ B03-
6y*aeHH~ KOMnapaTopa /K/. no­
cneaHHH reHepHpyeT CHrHanbl YPOBH~ 
TTL, eocnpoHaeoa~IIIHe nepeoHa4anb-

PHc.l HY~ ~H~poey~ HH~opMa~H~. 4epea 
6y~epHoe yCTPOHCTBO /6/ OHa no­

CTynaeT 4epe3 3MHTTepHbiH nOBTOPHTenb /3n/ Ha BbiXOa npHeMHOrO 
MOaynR. ~HnbTp /~/ CnY*HT an~ YCTpaHeHHR B03MO*Hb1X. WYMOBbiX 
cocTaBnR~IIIHX e cneKTpe CHrHana. 

Bee CTyneHH onTonpHeMHHKOB HMe~T CBR3b no nOCTO~HHOMy TO­
Ky, TaK KaK npHeMHHKH npeaHa3Ha4a~TCR anR CHrHanOB CO cneKT­
pOM oT HyneeoA 4acTOTbl ao 1-10 Mr~. 3To ea*HO, nocKonbKy no­
aeonReT cHcTeMaM Bone pa6oTaTb c HeHaeecTHbiMH ~opMaTaMH aaH­
HbiX. 

CxeMbl 3neKTPOHHbiX 6noKoe Bone paccMaTpHea~TCR e cooTBeTcT­
BHH c paaaeneHHeM Ha nepeaa~IIIY~ H npHeMHy~ 4aCTH, a TaK*e nH­

HHH CBR3H. 

2. 6-KAHAnbHA~ BOne e nonoeo~ nPOnYeKAHHR KAHAnA o+1 Mf~ 

npHH~HnHanbHaR cxeMa nepeaa~111ero MoaynR /oaHH KaHan/ npH­
eeaeHa Ha pHc.2. 

* nepeaaT4HK /Moaynb THna 6n~e-01/ paCC4HTaH Ha noaKn~4eHHe 
~H~POBbiX CHrHanoe c YPOBHRMH TTL HnH NIM. npH pa6oTe c no­
cneaHHM cornacoeaHHe ypoeHeA norH4ecKoA HHTerpanbHOH cxeMbl 
MC-1/ npoHaeoaHTCR c nOMOIIIb~ cxeMbl conp~*eHHR /Tl, T2, T3/. 
oaynRTOP onTH4ecKoro nepeaaT4HKa nocTpoeH Ha 6aae 3MHTTepHoro 
OBTOpHTenR /T4/. CeeToaHoa c TOKoorpaHH4HBa~IIIHMpe3HCTopoM R7 
nY*HT Harpy3KOH MoaynRTOpa. ~nR yeenH4eHHR CKOPOCTH nepeKn~­
eHHR ceeToaHoaa peaHcTopoM R6 aaaaeTc~ TOK cMellleHHR. Hcnonb­
oeaHHe nocneaoeaTenbHOA cxeMbl eoa6y*aeHH~ H3ny4aTenR aaeT 
npeaeneHHble npeHMYIIIeCTea: eo-nepBbiX, noaeonReT ceecTH K MHHH-
YMY noTpe6nReMbiH OT HCT04HHKa nHTaHHR TOK; BO-BTOPbiX, 3a3eM­
eHHe KaToaHoro Bbleoaa H3ny4aTenR aaMeTHO npeBblwaeT TennoeoA 
n~ CBeTOaHoaa. 

npH HCnOnb30BaHHH nRTHMeTpOBOH nHHHH CBR3H TOK B036Y*aeHHR 
HMnynbce aocTHraeT eenH4HHbl 90+120 MA. OH noa6HpaeTCR TaKHM 

* 6 ceeTonepeaaT4~Koe e Moayne, HOMep paapa6oTKH - nepBbiH 
H~p aeTopa/. 
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o6pa3oM, 4T06bl ceeToeoA noTOK Ha exoae onTonpHeMHHKa 6bln ao­
cTaTo4eH, a HCKa*eHHR HMnynbCOB Ha BbiXOae - MHHHManbHbl. HcT04-
HHKOM HH~paKpacHoro H3ny4eHHR e nepeaaT4HKe Bone cny*HT apce­
HHa-rannHeebiA CBeToaHoa THna An10]/8~,0H HMeeT CpaBHHTenbHO 
y3KHH cneKTp H3ny4eHHR 0,9+1 ,2 MKM, npOCT H Haae*eH B 3KCnnya­
Ta~HH, a KOHCTPYKTHBHOe HCnOnHeHHe TaKOBO, 4TO n03BOnReT no­
ny4HTb yaoeneTBOpHTenbHoe cornacoeaHHe c eonoKOHHo-onTH4eCKHMH 
Ka6enRMH 6onbWHHCTBa THnOB. npH60p Bblaep*HBaeT TeMnepaTypbl, 
xapaKTepHble anR 60nbWHHCTBa 3neKTPOHHbiX CHCTeM, H HMeeT CpOK 
cny*6bl, H3MepR~IIIHHCR npH npaBHnbHOH 3KCnnyaTa~HH roaaMH. fnae­
HbiM npenRTCTBHeM Ha nyTH K WHPOKOMY HCnOnb30BaHH~ CBeTOaHoaoe 
3Toro THna anR BOne RBnR~TCR HeBblcoKaR pa6o4aR 4acToTa, wyMo­
noao6HbiA XapaKTep H3ny4eHHR H cpaBHHTenbHO ManaR MOUIHOCTb, KO­
TOpaR MO*eT 6b1Tb nepeaaHa C HX noMOIIIb~ B BOnOKOHHO-onTH4eCKHH 
Ka6enb. MOIIIHOCTb H3ny4eHHR 3THX ycTpOHCTB HMeeT nOpRaOK 
1+ 10 MBT, oaHaKO 6onbWaR 4aCTb 3TOH MOIIIHOCTH He MO*eT 6bi.Tb 
npHHRTa eonoKOHHo-onTH4eCKHM Ka6eneM Ha-aa HecoenaaeHHR no 
nno111aa~~ H pe*HMaM H3ny4eHHR. HecMOTPR Ha HeaocTaTKH, nepe4Hc­
neHHble Bb1we, aocTynHOCTb npHo6peTeHHR H HcnonbaoeaHHR aena~T 

5 
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4enecoo6pa3H~M npHMeHeHHe 3THX AHOAOB AnR C03AaHHR nepeAaT4H­
KOB Bone Ha KopoTKHe paccTORHHR. npHH4HnHanbHaR cxeMa npHeMHo­
ro MOAYnR /OAHH KaHan/ npHBeAeHa Ha pHC.3. 

OnTonpHeMHHK /MOAYnb THna 6 nMe-01/*.4T06bl o6ecne4HTb wH­
POKHH AHHaMH4eCKHH AHana30H H HH3KHH ypoBeHb WYMOB, B OCHOBy 
3neKTPH4eCKOH cxeM~ nonomeH TpaHCHMneAaHCH~H ycHnHTenb 161. OH 
COCTOHT H3 ManowyMR~ero npeAYCHnHTenR /T1, T2/, B~nonHeHHOrO 
no KaCKOAHOH CXeMe C noneB~M TpaH3HCTOpOM Ha BXOAe, H WHPOKO­
nonOCHOrO ycHnHTenR /Me-1/. Bee ycTpOHCTBO OXBa4eHO OTPH4a­
TenbHOH o6paTHOH CBR3b~ /o.o.c./. noneBOH TpaH3HCTOp C KaHa­
noM n-THna Kn303r 181, 3neKTPOABHmy~aR cHna wyMa KOToporo co­
cTaenReT 30 HB/r4 /npH UCH~10 B,U3H; 0, fo= 20 r4/, onpeAenR­
eT o6~y~ wyMoey~ xapaKTepHCTHKY $OTOAeTeKTopa c ycHnHTeneM. 
0TPH4aTenbHaR 06paTHaR CBR3b CTa6HnH3HpyeT pa604y~ T04Ky. 
KpoMe Toro, OHa no3eonReT yMeHbWHTb BXOAHY~ eMKOCTb npeAYCH­
nHTenR C OAHOBpeMeHH~M CHHmeHHeM 3neKTpH4eCKOrO conpOTHBneHHR 

*6 CBeTonpHeMHHKOB B MOAyne, HOMep pa3pa60TKH- nepB~H 
/WH$p aBTOpa/. 
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Harpy3KH CO CTOpOH~ noneeoro TpaH3HCTOpa~ Manoe BXOAHOe 
npOTHBneHHe TpaHCHMneAaHCHOrO YCHnHTenR npeACTaBnReT C060 
HAeanbHY~ Harpy3KY AnR KpeMHHeeoro AeTeKTopa. 0Ho o6ecne4 
eT He06XOAHMY~ nH~eHHOCTb H n03BOnReT yeenH4HTb 6~CTPOAeH 
BHe $OTOAHOAa, nOCKOnbKY B 3TOM cny4ae HCKn~4aeTCR BnHRHH 
ero eMKOCTH. TpaHCHMneAaHCH~H ycHnHTenb pa6oTaeT KaK npeo• 
pa30BaTenb TOKa B HanpRmeHHe. 0H AaeT Ha B~XOAe HanpRmeHH 
paBHOe no CBOeMy 3Ha4eHH~ TOKY $OTOAeTeKTOpa, yMHOmeHHOMy 
BenH4HHY ConpOTHBneHHR o6paTHOH CBR3H. 4aCTOTHaR XapaKTep 
CTHKa npH HMnynbCHOM xapaKTepe H3MeHeHHR CHn~ CBeTa HCT04 
B OCHOBHOM onpeAenReTCR pe3HCTOpOM o6paTHOH CBR3H.(R6 + Rj 
H BenH4HHOH napa3HTHOH eMKOCTH MemAY BXOAOM H B~XOAOM YCH. 
TenR. e yMeHbWeHHeM conpOTHBneHHR O.O.C. COOTBeTCTBeHHO y, 
WaeTCR nOCTORHHaR BpeMeHH, a cneAOBaTenbHO, yeenH4HB8eTCR 
noca nponycKaHHR. KoppeK4HR eenH4HHbl o. o. c. e o6nacTH HH3 
4aCTOT npoH3BOAHTCR 6noKHpoeo4HOH R8C6-4eno4KOH. Ee nap 
p~ B~6paHbl TaK, 4T06~ yMeHbWHTb K03$$H4HeHT O.O.C. Ha 48C 
fH- 100 r4 npHMepHO B 10 pa3. BepXHRR rpaHH4a 4aCTOTHOH X 
TepHCTHKH onpeAenReTCR KpyTH3HOH nepeXOAHOH xapaKTepHCTHK 
Hcnonb3yeMoro onepa4HOHHoro ycHnHTenR /K140YA56/. Ko3$$H4 
ycHneHHR Ha 4aCTOTe f = 1 Mr4 paeeH 680, APeH$ cocTaBnReT 
-1 0 MB 3a 8 4aCOB pa60Tbl. npH pa6oTe c nepeAaT4HKOM Bone 
1 Mr4 no 3TOH CXeMe OTHOWeHHe CHrHan/WyM COCTaBnReT 25:1. 
YCTpaHeHHR WYMOBbiX COCTaBnR~~HX CHrHan C B~XOAa YCHnHTenR 
nycKaeTCR 4epe3 $HnbTp HHmHHX 4aCTOT (Rll,C12) C BepxHeH r 
HH4HOH 4aCTOTOH f = 1 Mr4, 3aTeM noAaeTCR Ha OAHonoporoe· 
cpaBHHBa~~ee ycTpOHCTBO. KoMnapaTop /Me-2/ $HKCHpyeT npee 
HHe BXOAH~M CHrHanoM 3aAaHHOrO ypOBHR H $OpMHpyeT Ha B~XO, 

CHrHan nonomHTenbHOH nonRpHOCTH ypoBHR TTL. HHeepTop Ha 
TerpanbHOH cxeMe /Me-3/, BKn~4eHHOH MemAY KOMnapaTopoM H 
TepH~M nOBTOpHTeneM /T4t, cnymHT AnR HOpManH3a4HH $pOHTOB 
XOAH~X CHrHanoe KOMnapaTopa, npeACTaBnReM~X YPOBHRMH Hanp 
HHR nOCTORHHOro TOKa. napaMeTpH4eCKHH CTa6HnH3aTop Ha Tpa 
3HCTope T3 Hcnonb3yeTCR AnR ocna6neHHR enHRHHR TeMnepaTyp 
H BpeMeHHOH HeCT86HnbHOCTH HCT04HHKa nHTaHHR Ha cpaBHHBa~l 
ycTpOHCTBO. OH no3eonReT yMeHbWHTb norpeWHOCTb, B03HHKa~~ 
38 C4eT H3MeHeHHR HanpRmeHHR CMe~eHHR Ha BXOAe KOMnapaTOp, 

nHHHR CBR3H. nepeAa4a CBeTa MemAY nepeAa~~HM H npHeMHI 
6nOKaMH o6ecne4HBaeTCR CBeTOnpOBOAR~eH Ka6enbHOH c6opKOH. 

*YcHnHTenb C pa30MKHYTOH neTneH O.o.c. HMeeT K03$$H4Hel 
YCHneHHR K, BXOAHOe conpOTHBneHHe RBX.' npH 3aMKHYTOH neT~e 
BXOAHOe COnpOTHBneHHe yMeHbWaeTCR H CT8HOBHTCR paeH~M R8~ 
3TO conpOTHBneHHe, RBnR~~eeCR Harpy3KOH $OTOAHOAa, 06~4HO• 
eT eenH4HHY 10+50 OM. 
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PHc.3 

oo6pa3HbiM npHMeHeHHe 3THX .qHO.qOB .qJlR C03.qaHHR nepe.qaT4H­
OnC Ha KOpOTKHe pacCTORHHR. npHH4HnHaJlbHaR cxeMa npHeMHO­
.qyJlH /O.qHH KaHan/ npHBe.qeHa Ha PHC.3. 

TOnpHeMHHK /MO.qyJlb THna 6 nMC-01/*.4T06~ 06ecne4HTb WH-
.qHHaMH4eCKHH .qHana30H H HH3KHH ypoeeHb WYMOB, B OCHOBY 

PH4ecKoi1 cxeMbl nono>KeH TpaHCHMne.qaHCHbiH YCHJlHTeJlb 161• OH 
HT H3 ManowyMR~ero npe.qycHJlHTenR /T1, T2/, eblnonHeHHoro 
CKO.qHOH CXeMe C noneBbiM TpaH3HCTOPOM Ha BXO.qe, H WHpOKO­
HOrO YCHJlHTeJlR /MC-1/. Bee yCTPOHCTBO OXBa4eHO OTPH4a­
OH o6paTHOH CBR3b~ /o.o.c./. noneBOH TpaH3HCTOP C KaHa­

-THna Kn303r/S/• 3JleKTpO.qBH>Ky~aR CHJla WyMa KOTOporo CO­
ReT 30 HB/r4 /npH UCH"":' 10 B. u3K': 0. f 0 = 20 r4/. onpe.qeJlR­
'~y~ wyMoey~ xapaKTepHCTHKY $oTo.qeTeKTopa c YCHJlHTeneM. 
iaTeJlbHaR o6paTHaR CBR3b CTa6HJlH3HpyeT pa604y~ T04Ky. 

Taro, OHa n03BOJ1ReT yMeHbWHTb BXO.qHy~ eMKOCTb npe.qyCH-
C O.qHOBpeMeHHbiM CHH>KeHHeM 3JleKTpH4eCKOrO COnpOTHBJleHHR 

CBeTonpHeMHHKOB B MO.qyne, HOMep pa3pa6oTKH - nepBbiH 
aeTopa/. • 
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Harpy3KH co cTopoHbl nonesoro TpaH3HCTopa~ Manoe exo.qHoe co­
npoTHBJleHHe TpaHCHMne.qaHCHOrO YCHJlHTeJlR npe.qcTaBJlReT C060H 
H.qeanbHY~ HarpyaKy .qnR KpeMHHeeoro .qeTeKTopa. 0Ho o6ecne4HBa­
eT Heo6xo.qHMY~ JlH~eHHOCTb H n03BOJ1ReT yeeJlH4HTb 6biCTpo.qeHCT­
BHe $OTO.qHO.qa, nOCKOJlbKY B 3TOM CJ1Y4ae HCKJ1~4aeTCR BJlHRHHe 
ero eMKOCTH. TpaHCHMne.qaHcHbiH ycHJlHTeJlb pa6oTaeT KaK npeo6-
paaoeaTeJlb TOKa B HanpR>KeHHe. 0H .qaeT Ha BbiXO.qe HanpR>KeHHe, 
paBHOe no CBOeMy 3Ha4eHH~ TOKY $OTO.qeTeKTOpa, YMHO>KeHHOMy Ha 
BeJlH4HHY ConpOTHBJleHHR 06paTHOH CBR3H. 4aCTOTHaR xapaKTepH­
CTHKa npH HMnYJlbCHOM xapaKTepe H3MeHeH.HR CHJlbl CBeTa HCT04HHKa 
B OCHOBHOM onpe.qenReTCR pe3HCTOpOM o6paTHOH CBR3H.(R6 + R7) 
H BeJlH4HHOH napa3HTHOH eMKOCTH Me>K.qy BXO.qOM H BbiXO.qOM YCHJlH­
TeJlR. C yMeHbWeHHeM conpOTHBJleHHR O.O.C. COOTBeTCTBeHHO yMeHb­
waeTCR nocTORHHaR epeMeHH, a cne.qoeaTeJlbHO, yeenH4HBaeTCR no­
noca nponycKaHHR. KoppeK4HR eenH4HHbl o.o.c. e o6naCTH HH3KHX 
4acToT npoHaeo.qHTCR 6noKHPOB04HOH R8C6-4eno4KOH. Ee napaMeT­
Pbl Bb16paHbl TaK, 4T06bl yMeHbWHTb K03$$H4HeHT O.O.C. Ha 4aCTOTe 
fH- 100 r4 npHMepHO B 10 paa. BepXHRR rpaHH4a 4aCTOTHOH xapaK­
TepHCTHKH onpe.qenReTCR KPYTH3HOH nepexo.qHOH xapaKTepHCTHKH 
HCnOJlb3yeMoro onepa4HOHHaro YCHJlHTeJlR /K140YA56/. Ko3~H4HeHT 
YCHJleHHR Ha 4aCTOTe f = 1 Mr4 paBeH 680, .qpeH$ COCTaBJlReT 
-1 0 MB 3a 8 4aCOB pa60Tbl. npH pa6oTe c nepe.qaT4HKOM BOne Ha 
1 Mr4 no 3TOH cxeMe oTHoweHHe cHrHan/wyM cocTaBnReT 25:1. AnR 
YCTpaHeHHR WYMOBbiX COCTaBJlR~~HX CHrHaJl C BbiXO.qa YCHJlHTeJlR npo­
nycKaeTCR 4epe3 $HJlbTP HH>KHHX 4aCTOT (Rll,C12) C BepXHeH rpa­
HH4HOH 4aCTOTOH f = 1 Mr4, aaTeM no.qaeTcR Ha o.qHonoporoeoe 
cpaBHHBa~~ee ycTpOHCTBo. KoMnapaTop /MC-2/ $HKcHpyeT npee~we­
HHe BXO.qH~M CHrHaJlOM 3a.qaHHOrO ypOBHR H $OpMHpyeT Ha BbiXO.qe 
cHrHan nona>KHTeJ1bHOH nonRpHOCTH ypoBHR TTL. HHeepTop Ha HH­
TerpanbHOH CXeMe /MC-3/, BKJ1~4eHHOH Me>K.qy KOMnapaTOPOM H 3MHT­
TepHbiM nOBTOpHTeJleM /T4/, CJlY>KHT .qJlR HOpMaJlH3a4HH $pOHTOB Bbi­
XO.qHbiX CHrHaJlOB KOMnapaTopa, npe.qcTaBJlRe~X YPOBHRMH HanpR>Ke­
HHR nOCTORHHOrO TOKa. napaMeTpH4eCKHH CTa6HJlH3aTOp Ha TpaH-
3HCTOpe T3 HcnonbayeTcR .qnR ocna6neHHR BJlHRHHR TeMnepaTypHOH 
H BpeMeHHOH HeCTa6HJlbHOCTH HCT04HHKa nHTaHHR Ha cpaBHHBa~~ee 
ycTpOHCTBO. OH noaeonReT yMeHbWHTb norpeWHOCTb, eo3HHKa~~Y~ 
3a C4eT H3MeHeHHR HanpR>KeHHR CMe~eHHR Ha BXO.qe KOMnapaTopa. 

flHHHR CBR3H. nepe.qa4a CBeTa Me>K.qy nepe.qa~~HM H npHeMHbiM 
6noKaMH o6ecne4HBaeTcR ceeTonpoeo.qR~eH Ka6enbHOH c6opKOH. 

*YcHJlHTeJlb C pa30MKHyTOH neTJleH O.O.C. HMeeT K03~H4HeHT 
YCHJleHHRK, BXO.qHoe conpOTHBJleHHe RBX, npH 3aMKHyTOH neTJle- 191 
exo.qHoe conpoTHBJleHHe yMeHbwaeTCR H cTaHOBHTCR paBHbiM R~~RBX/K. 
3TO ConpOTHBJleHHe, RBJlR~~eeCR Harpy3KOH $OTO.qHO.qa, 06b14HO.HMe­
eT BeJlH4HH~ 1o+so OM. 
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0Ha COCTOHT H3 CBeTOBOAa H ABYX 3neKTpoonTH4eCKHX COeAH­
HHTenei1 /pHc.4/: 

PHc.4 

1. B Ka4eCTBe CBeTOBOAa HCnOnb30BaHO MOHOBOnOKOHHOe o6ono-
4e4HOe MHOrOMOAOBOe CBeTOBOnOKHO OTe4eCTBeHHOrO npOH3BOACTBa. 
~HaMeTp~ CBeTOBOAa H cepAe4HHKa COCTaBnR~T 150 H 60 MKM COOT­
BeTCTBeHHO. 4HcnoeaR anepTypa >0,2. Ko3$$H~HeHT aaTyxaHHR Ha 
AnHHe BOnHbl 0,85 MKM COCTaBnReT-13 A6/KM. 

2. npHCOeAHHeHHe CBeTOBOAa K nepeAaT4HKY H npHeMHHKY npOH3-
BOAHTCR C nOMO~b~ 3neKTpOOnTH4eCKHX COeAHHHTenei1, H3rOTOBneH­
H~X C HCnOnb30BaHHeM AeTaneH B~COK04aCTOTH~X 3neKTPH4eCKHX 
paaDeMOB LEMO,BHYTPH KoTop~x cMOHTHpoeaH~ HCT04HHK ceeTa, $oTo­
npHeMHHK H 3neMeHT~ conpR*eHHR. 3aAenKa MOHOBOnOKHa B COeAHHH­
TenH npOH3BOAHnaCb no H3BeCTHOH MeTOAHKe/41. noTepH MO~HOCTH 
H3ny4eHHR B Ka6enbHOH c60pKe COCTaBHnH OKOnO 2 A6. 

3. 6-KAHAnbHA~ BOne e nonoeo~ nPOnYeKAHH~ KAHAnA 0710 Mr~ 

npH C03AaHHH CHCTeMbl HCnOnb30BanHCb KOMMep4eCKHe KOMnOHeH­
Tbl Bone $HPM~ suHNER /AscTPHR/ 1101• 

B nepeAaT4HKe /MOAYnb THna 6n~e-02/* HCnonb30BaH CBeTOAHOA 
cepHH 9B23.02A7tO<H3rOTOBneHH~H H3 apceHHAa-$OC$HAa rannHR. 
OH ycTaHosneH e rHe3AOBOi1 4aCTH onTopasDeMa Ha paMKe B~BOAOB 
H3 MeAHOrO cnnaea /KpenneHHe sa KpHctann/ AnR CBeAeHHR K MHHH­
MYMY TeMnepaTyp~ nepexoAa H o6ecne4eHHR AnHTenbHoro cpoKa cny*-
6~. ~nR yny4WeHHR BBOAa CBeTa B BOnOKOHHo-onTH4eCKHH Ka6enb 
CBeTOBOA COAeP*HT He6onbwy~ OnTH4eCKY~ nHH3y. 

B onTonpHeMHHKe /MOAYnb THna 6nMe-02/** Hcnonb3oeaH $OTOAH­
OA cepHH 9B24.02A/10~KpHCTann $OTOAHOAa ycTaHoBneH B rHe3AOBOH 
4aCTH onTopasDeMa H saKpenneH Ha H30nHpoeaHHOM AeP*aTene npH 
noMO~H npo3pa4HOH 3nOKCHAHOH cMonbl. eoeMe~eHHe aKTHBHOH nno-

*6 CBeTonepeAaT4HKOB B MOAyne, HOMep paspa60TKH- BTOpOH 
/WH$P ~BTOpa/. 

** 6 CBeTonpHeMHHKOB B MOAyne, HOMep pa3pa60TKH - BTOPOH 
/wH$P aeTopa/. 
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~aAKH $OTOAHOAa C cepAe4HHKOM BOnOKHa OnTHMH3HpyeTCR np1 
MO~H He6onbWOH OnTH4eCKOH nHH3W. 

B Ka4eCTBe nHHHH CBR3H HCnOnb30BanCR 5-MeTpOBWH *rYTC 
OnTH4eCKHH Ka6enb cepHH 9821.05A/lO~AHaMeTp *ryTa 2,2 Ml 
KonH4ecTso aonoKoH- 61; saTyxaHHe 25 A6 Ha 100M. OH 3< 
4eH B rH6Ky~ nnaCTHKOBy~ o6on04Ky, orpaHH4HBa~~y~ MHHHMc 
paAHYC H3rH6a Ka6enR H npeAOTBpa~a~~~ B03MO*HOCTb nona~ 
OTAenbHWX BOnOKOH. 06a KOH~a Ka6enR HMe~T COeAHHHTenH. r 
cneAHHe COCTORT H3 WTeKepOB CO CTR*HWMH rai1KaMH. B CBO~ 
peAb, rHe3AOb~e 4aCTH OnTopa3DeMOB nepeAaT4HKa H npHeMH~ 
HMe~T CTR*HWe pe3b6W. npHMeHeHHe OnTH4eCKHX nHH3 B rHe3~ 
4aCTRX onTopasDeMa nosaonHno ~HpMe SUHNER HcnonbsoaaTb 
Hee *eCTKHe AOnyCKH Ha npOAOnbHOe CMe~eHHe WTeKepOB COeA 
Tenei1. TaK KaK nHH3W $OKYCHPY~T caeT, nonOBHHKH onTopa3D 
o6ecne4HBa~T AOCTaT04HO xopowy~ nepeAa4y CHrHana Aa*e np 
30pe Me*AY HHMH B 6+8 MM. 

Ta6JtH~a 

0cHD4Hbll fi(Jif030mS/IU 

rJtPtiiHO .ITUHUU,M 

ltf) 110cmoma 1"10/fC, MrLJ 

:6J I/UCI10/(()H011o& & ~e 

'11. /'110/J.IHOCmb 

KoH~Hrypa~HR 3neKTPH4ecl 
cxeMw nepeAaT4HKa npH HcnoJ 
BaHHH 3THX KOMnOHeHTOB OCTc 
6es H3MeHeHHH /pHc.2/. Ha ~ 
PH4eCKoi1 cxeMw npHeMHHKa /~ 
6wn HCKn~4eH $HnbTp HH3KHX 
TOT. Ko3~H~HeHT ycHneHHR H 
4acToTe f = 1 0 Mr~- 50, oTHo 
HHe CHrHan/WYM COCTaBHnO 40 
CpaBHHTe~bH~e xapaKTepHCTHK 
CHCTeM npHBeAeHW B Ta6nH4e, 

3neKTPH4eCKaR 4aCTb BOne /pHC.5/ CMOHTHPOBaHa B MOAYnR. 
MeXaHH4ecKoro cTaHAapTa KAMAK. 6noKH HMe~T WHPHHY 2M H HC 
nonb3Y~T WHHW +6B, -6B, +24B MarHCTpanH Kpei1Ta. HanpR*eHHI 
+ 24 B noHH*aeTCR AO ypoBHR +12 B acnoMoraTenbHWM 6noKOM : 
H 3aBOAHTCR Ha COOTBeTCTBY~Y~ WHHY KpeHTa. 

Ha nepeAHHX naHenRx nepeAaT4HKOB pacnono*eHw nepeKn~4a1 
ypOBHeH BXOAHWX CHrHanoB TJ'L-NIM H 12 pa3DeMOB: 6 - n 
LEMO AnR BXOAHWX cHrHanoa, APYrHe 6 - AnR nOAKn~4eHHR BOI 
KOHHO-OnTH4eCKHX Ka6eneH. 

Ha nepeAHHX naHenRx npHeMHHKOB pacnono*eHw pasDeMw THna 
Pn15-9rBB AnR KOHTpOnR ypoBHeH nOCTORHHOH COCTaBnR~~eH Ha 
BWXOAaX ycHnHTeneH; 6 pa3DeMOB - AnR nOAKn~4eHHR BOnOKOHHO 
onTH4eCKHX Ka6enei1, APYrHe 6 - THna LEMO- B~XOAW cHrHanoa 



cOCTOHT H3 CBeTOBOAa H ABYX 3neKTpoonTH4eCKHX COeAH­
neH /pHc.4/: 

~~ J[.','§3L) <~" "{~ 
Puc.4 

,. 8 Ka4eCTBe CBeTOBOAa HCnOnb30BaHO MOHOBOnOKOHHOe ofiono­
e MHOrOMOAOBOe CBeTOBOnOKHO OTe4eCTBeHHOrO npOH3BOACTBa. 
TP~ CBeTOBOAa H cepAe4HHKa COCTaBnR~T 150 H 60 MKM COOT­
BeHHO. 4HcnoeaR anepTypa >0,2. Ko3~~H~~eHT saTyxaH~R Ha 
BOnH~ 0,85 MKM COCTaBnReT -13 A6/KM. 

np~coeA~HeH~e CBeTOBOAa K nepeAaT4~Ky ~ np~eMH~Ky npo~s-
CR C nOMO~b~ 3neKTpOOnT~4eCK~X COeA~H~TeneH, ~3rOTOBneH­
~cnonb30BaH~eM AeTaneH e~coKo4aCTOTHbiX 3neKTp~4ecK~x 

MOB LEMO,BHYTP~ KOTOP~X CMOHT~poeaH~ ~CT04H~K ceeTa, ~oTo­
H~K ~ 3neMeHT~ conpR*eH~R. 3aAenKa MOHOBOnOKHa B COeA~H~­
np0~3BOA~naCb no ~3BeCTHOH MeTOA~Ke/41. noTep~ MO~HOCT~ 
eH~R B KafienbHOH CfiOpKe COCTaB~n~ OKOnO 2 A6. 

6-KAHAnbHAR BOne e nonoeo~ nPOnYeKAHHR KAHAnA 0710 Mr~ 

C03AaH~~ C~CTeM~ ~CnOnb30Ban~Cb KOMMep4eCK~e KOMnOHeH­
e Cll~PMbl SUHNER /AecTp~R/ /tO/ 

ceeTOA~OA 

~3 apceH~Aa-()loc()l~Aa rann~R. 

aHOBneH B rHe3AOBOH 4aCT~ OnTOpa3beMa Ha paMKe B~BOAOB 

Horo cnnaea /KpenneH~e sa KpHcTann/ AnR ceeAeHHR K MHHH-
eMnepaTYPbl nepexoAa H o6ecne4eHHR AnHTenbHoro cpoKa cny*­
R yny4WeHHR BBOAa CBeTa B BOnOKOHHO-OnTH4eCK~H Kafienb 
OA COAeP*HT HefiOnbWY~ onTH4eCKY~ nHH3y. 

nTonpHeMHHKe /MOAYnb THna 6nMe-02/** HCnOnb30BaH ()lOTOAH­
~H 9B24.02AI10~KpHCTann ()lOTOAHOAa ycTaHOBneH B rHe3AOBOH 
onTopaabeMa H saKpenneH Ha ~sonHpoeaHHOM AeP*aTene npH 

npoapa4HOH 3nOKCHAHOH CMon~. eoeMe~eHHe aKTHBHOH nno-

CBeTonepeAaT4HKOB B MOAyne, HOMep paspafiOTKH - BTOPOH 
aeTopa/. 

CBeTonpHeMHHKOB B ~OAYne, HOMep paapafiOTKH - BTOpOH 
BTopa/. 

• 

~aAK~ ~OTOA~OAa C cepAe4H~KOM BOnOKHa OnT~M~3~pyeTCR np~ no­
MO~H HefionbWOH OnTH4eCKOH nHH3~. 

8 Ka4eciee n~HHH CBR3~ ~cnonbsoeancR 5-MeTpoewH *rYTOB~H 
OnTH4eCK~H Kafienb cep~~ 9821.05A110':AHaMeTp *ryTa 2,2 MM; 
KonH4ecTeo eonoKoH- 61; saTyxaH~e 25 A6 Ha 100M. OH saKn~-
4eH B r~fiKy~ nnaCTHKOBy~ o6on04Ky, orpaH~4HBa~~y~ M~H~ManbH~H 
paAHYC H3rH6a KafienR H npeAOTBpa~a~~y~ B03MO*HOCTb nonoMK~ 
OTAenbH~X BOnOKOH. 06a KOH~a Ka6enR ~Me~T COeAHH~TenH. no­
cneAHHe COCTORT H3 WTeKepOB CO CTR*HWM~ raHKaM~. 8 CBO~ 04e­
peAb, rHe3AO~~e 4aCT~ onTopa3beMOB nepeAaT4HKa H npHeMH~Ka 
~MeOT CTR*H~e pe3b6~. np~MeHeH~e onT~4eCK~X n~H3 B rHe3AOB~X 
4aCTRX onTopaabeMa noseon~no ~~pMe SUHNER ~cnonbsoeaTb Me­
Hee *eCTKHe AOnycK~ Ha npOAOnbHOe CMe~eH~e WTeKepoB COeA~H~­
TeneH. TaK KaK nHH3~ ~oKyc~py~T ceeT, nonoe~HK~ onTopasbeMa 
o6ecne4~ea~T AOCTaT04HO xopowy~ nepeAa4y cHrHana Aa*e np~ aa­
aope Me*AY HHM~ B 6+8 MM. 

Ta6~a 

KoH~Hrypa4~R 3neKTp~4ecKOH 
cxeM~ nepeAaT4~Ka npH Hcnonbso­
eaH~H 3T~X KOMnOHeHTOB OCTanacb 
6ea ~aMeHeH~H /p~c.2/. Hs 3neKT­
p~4eCKOH cxeM~ np~eMH~Ka /p~c.3/ 
6wn ~cKn~4eH lj)~nbTP H~3K~x 4ac­
TOT. Ko3~~~4~eHT yc~neH~R Ha 
4acToTe f = 1 0 Mr~- 50, OTHowe­
H~e c~rHan/wyM cocTae~no 40:1. 
CpaBHHTenbH~e xapaKTep~cT~K~ 

CHCTeM npHBeAeH~ B Ta6n~4e. 
fl, 

3neKTpH4eCKaR 4aCTb BOne /p~c.S/ CMOHT~poeaHa B MOAynRX 
MexaHH4ecKoro cTaHAapTa KAMAK. 6noK~ ~Me~T w~p~Hy 2M ~ ~c­

nonbay~T w~H~ +68, -68, +248 Mar~cTpan~ KpeHTa. HanpR*eH~e 
+ 24 B noH~*aeTcR AO ypoeHR +12 B ecnoMoraTen&H~M 6noKOM 2He 
H 3aBOAHTCR Ha COOTBeTCTBy~y~ W~Hy KpeHTa. 

Ha nepeAH~x naHenRX nepeAaT4~Koe 
ypoeHeH BXOAH~X c~rHanoe Tl'L-NIM 
LEMO AnR BXOAH~x cHrHanoe, APYr~e 
KOHHO-OnT~4eCK~X Ka6eneH. 

pacnono*eHw nepeKn~4aTen~ 
~ 12 pasbeMoe: 6 - T~na 

6 - AnR nOAKn~4eH~R eono-

Ha nepeAH~x naHenRx np~eMH~KOB pacnono*eH~ pasbeM~ T~na 
Pn15-9f88 AnR KOHTponR ypOBHeH nOCTORHHOH cocTaBnR~~eH Ha 
B~XOAaX YGHn~TeneH; 6 pa3beMOB - AnR nOAKn~4eH~R eonoKOHHO­
onTH4eCKHX Ka6eneH, APYr~e 6 - T~na LEMO- B~XOA~ c~rHanoe TTL. 
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PHc.S 

CpeAHH~ noTpe6nReM~~ TOK: 6noK nepeAaT4HKa -0,3A /+66/, 
-0,3A /-66/, 

6noK npHeM~Ka -0,12A /+126/, 
-0, 12A /+66/, 
-0,02A /-66/. 

OnHcaHHble e pa6oTe 3neKTpOHHble 6noKH 60JlC H3roToeneHbl e na-
6opaTopHbiX ycnOBHRX. 3Ha4HTenbH~~ B~Hrp~W BO BpeMeHH npH KOH­
CTpyHpOBaHHH pa3~eMOB 60JlC 6~n o6ecne4eH ecneACTBHe BHeApeHHR 
3neKTpOOnTH4eCKHX COeAHHHTene~. 0HH C038aBanHCb C TaKHM pac-
4eTOM, 4T06bl MaKCHManbHO HCnOnb30BaTb 3neMeHTbl Manora6apHTH~X 
3neKTPH4eCKHX pa3~eMOB LEMO. 3To, e ceo~ o4epeAb, no3eonHno 
Cy~eCTBeHHO ynpOCTHTb KOHCTpyK~H~ pa3~eMa H nony4HTb BbiCOKO­
HaAe>KHY~ nHHH~ nepeAa4H HH<!>OpMa~HH. 6cero 6binO H3roToeneHo 
3 KOMnneKTa 3neKTpOHHbiX 6nOKOB, n03BOnHBWHX C038aTb 18 KaHa­
noB CBR3H. On~THaR 3KCnnyaTa~HR CHCTeM~ nOATBePAHna ~enecoo6-
pa3HOCTb Hcnonb30BaHHR 60JlC Ha ycKopHTene. 

B 3aKn~4eHHe aeTop C4HTaeT ceoHM npHRTHbiM AOnroM Bblpa3HTb 
6naroAapHoCTb H.H.CeMeH~WKHHY, ~.K.nenHneHKO, Jl.n.3HHOBbeey 
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• 

H M.A.6oeBOAHHY 3a CTHMynHpoeaHHe AaHHO~ pa6oTbl, 6.A.6enRKOB 
H A.A.KoeaneHKO 3a none3Hble o6cy>KAeHHR, n.H.6y~noey 3a H3ro­
ToeneHHe onbiTHO~ cepHH 6noKoe. 

JlHTEPATYPA 

1. PoMaHoe ~.H. HAP· OH~H, 9-3484, Ay6Ha, 1967. 
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3. THH3P tnep.c aHrn./, 1970, T.58, ~10. 
4. 3neKTPOHHKa /nep.c aHrn./, 1976, ~16. 
5. THH3P /nep.c aHrn./, 1973, T.61, ~12. 
6. THH3P /nep. c aHrn./, 1977, T.65, ~12. 
7. nHnHneHKO ~.K. HAP· OH~H. E13-80-500, Ay6Ha, 1980. 
8. AHOAbl H THPHCTOPbl /noA peA. H.A.4epHblweea/. 113HeprHR 11

, 

M., 1980. 
9. 3neKTpOHHKa /nep. c aHrn./, 1971, ~11. 

10. CERN Courier, 1980, vol .20, No.8, p.364. 
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6noK nepeAaT4HKa -0,3A /+66/, 
-0,3A /-66/, 

6nOK npHeMKHKa -0,12A /+126/, 
-0, 12A /+66/, 
-0,02A /-66/. 

aHHble a pa6oTe aneKTpOHHble 6noKH 6011C HSroToaneHbl a na­
ycnoaH~x. 3Ha4HTenbHbl~ BbiHrpbiW 80 BpeMeHH npH KOH­

HHH pasoeMOB 6011C 6bln o6ecne4eH ecneACTBHe BHeApeHH~ 
nTH4eCKHX COeAHHHTene~. 0HH COSAaBanHCb C TaKHM pac-

4T06bl MaKCHManbHO HCnOnbSOBaTb aneMeHTbl Manora6apHTHbiX 
4ecKHX pasoeMoa LEMO. 3To, a ceo~ o4epeAb, noseonHno 

HHO ynpOCTHTb KOHCTpyK~H~ pasoeMa H nony4HTb BbiCOKO-
llHHH~ nepeAa4H HH$OpMa~HH. 6cero 6binO HsroToeneHo 

KTa aneKTpOHHbiX 6nOKOB, nOSBOnHBWHX COSAaTb 18 KaHa­
SH. OnbiTHa~ 3KCnnyaTa~H~ CHCTeMbl nOATBepAHna ~enecoo6-

HCnOJlbSOBaHH~ 6011C Ha ycKopHTene . . 
eHHe aBTOp C4HTaeT CBOHM npH~THbiM AOllrOM BblpaSHTb 
Tb H.H.CeMeH~WKHHy, ~.K.nenHneHKo, Jl.n.3HHOBbeey 

• 

H M.A.6oeBOAHHY sa CTHMynHpoeaHHe AaHHO~ pa6oTbl, 6.A.6en~Koay 
H A.A.KoaaneHKO sa nonesHble o6CY*AeHH~, n.H.6y~noay sa Hsro­
ToaneHHe OnbiTHO~ C~PHH 6nOKOB. 

JlHTEPATYPA 
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3. THH3P /nep.c aHrn./, 1970, T.58, ~10. 
4. 3neKTpOHHKa /nep.c aHrn./, 1976, ~16. 
5. THH3P /nep.c aHrn./, 1973, T.61, ~12. 
6. THH3P /nep. c aHrn./, 1977, T.65, ~12. 
7. nHnHneHKO ~.K. HAP· OH~H. E13-80-500, Ay6Ha, 1980. 
8. AHOAbl H THpHCTOPbl /noA peA. H.A.4epHblweea/. 113HeprH~ 11 , 

M., 1980. 
9. 3neKTpOHHKa /nep. c aHrn./, 1971, ~11. 

10. CERN Courier, 1980, vol .20, No.8, p.364. 
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