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1. B B e JJ. e H H e 

CoBpeMeHHaSI C'leTHaSI aneKTpOHHaSI armapaTypa, KaK npaBano, pa6o­

TaeT OT CUHHTHnnSIIIHOHHbiX li 'lepeHKOBCKHX BCllbillleK, npeo6pa3yeMbiX B 

TOKOBOJi CHI"Han $OT0:3neKTpOHHOI"O YMHO)I{HTenSI, .llnSI yny'lllleHHS! pa3pellle.;. 

HHSI no CKOpOC~H B qepeHKOBCKliX C'leTtiuKaX H ocnaf>neHUSI pacceSIHHS! '18C­

THU B CUHHTHnnSIUHOHHbiX 9'19T'IHK8X npH BbiCOKOli a¢$eKTHBHOCTH pei"HCTpa­

UHH aneKTpOHH8S! annapaTypa JJ.On)I{H8 o6naJJ.aTh BbiCOKOfi 'IYBCTBHT9nhHOCThiO, 

KorJJ.a. HMnynhCbi TOK8 H8 Bb!XO/l9 ¢8Y · Manhi, a¢$eKTHBHOCTh annapaTypbl 

.onpeJJ.ensteTCS! CTaTHCTH'IeCKHMH ¢nyKTyaUHS!Mli pacnpeJJ.eneHHSI ¢oToaneKTpo­

HOB, Bbi6HBaeMhiX c ¢oToKaToJJ.a, TionaraSI, 'ITO pacnpeJJ.eneHHe ¢oToaneK­

TpOHOB 6yJJ.eT onHCbiB8ThCS! 38KOHOM Tiyaccc>Ha, MO)I{HO HaliTH a¢¢eKTHB­

HOCTh ( £) annapaTypbi 0 pei"UCTpapy!OIUefi' HMnynhCbl TOKa, COOTBeTCTBYIO-

rune n ¢oToaneKTpOHaM : 
n-1 

l.:.... e-n ~ 
n= 0 (1) £= 

l -n 
- e 

rJJ.e n - cpeJJ.Hee •mcno ¢oToaneKTpOHOB, o6pa3yiOIUHXCS! Ha ¢oTOKaToJJ.e, 

YpoBeHh .TOKOBoro. carHana coBpeMeHHbiX ¢oToyMHO*HTenefi OT OJJ.Horo ¢o­

ToaneKTpoHa COCTaBnsteT "'2 Ma, .TI0:3TOMY JJ.nS! o6ecne'leHHS! /lOCT8TO'IHO 
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Bb!COKOfi aqxpeKTHBHOCTH <."" 80%) perHCTp8UHH OllH04JOTOaneKTpOHHb!X HM­

nyflbCOB 'IYBCTBHTeflbHOCTb annapaTypbl llOfl)I{Ha 5biT6 OKOflO 1 Ma, TIOBbime­

HHe 'IYBCTBHTenbHOCTH aneKTpOHHOit. ai:mapaTypbl llpli 4JHKCHpOBaHHb!X MaK-
1 

CHMaflbllb!X aMllflHTYll8X HMllyflbCOB C llaT'IHKOB CBSI3aHO C yBeflH'IeHHeM 

llHHaMH'IecKoro llHana3oHa BXOlliibiX nMnynbcOB, Oco5enao cytuecTBenHofi 

aTa npo5neMa cTaHOBHTCSI npn Hcnonb30BaHHH TOHKHX CUHHTHnnSITopoB 5onb-

mofi nnoma.rlH. 

Pa3pelllaiOtuee 1i MepTBOe BpeMeHa BflliSIIOT Ha CTa5HflbHOCTb H Halle)!{..;, 

HOCTb pa50Tbl tmnapaTypbl B ycnOBHSIX 5onblllOH 1 • MeHSIIOtuefiCSI BO BpeMe~ 

HH, 4JoHOBOfi 3arpy3Kl!, 0llHaKO B TeX ycnOBHSIX 1 KOrlla eCTb MOHHTOplipyiO­

tuHfi OTC'IeT
1 

MO)I{HO ocytueCTBHTb BKfliO'IeHiie CXeM B CBSI3aHHOM pe)I{HM9 1 

KOrlla OllHa 1i3 CX9M ( "CBSI3aHHaSI") BKfl!O'I,aeTCSI Ha COBll8ll9Hiie C llpyrofi 

CXeM'ofi ( MOHHTOpHofi), TipH C05fliOll9HHH HeKOTOpb!X ycnOBHfi OTHOCHTe.flbHaSI 

~4J4JeKTHBllOCTb CBSI3aHHOrO KaHana ,5Yll9T paBHa l He3aBHCl!MO OT 'laCTOTbl 

·cnelloBaHaSI H cTaTHCTH'IeCKoro pa35poca BO BpeMeHH BXOllHhiX cHrnanoB. 

3TH ycnOBHSI cnellyiOtune: 

T >T >T , 
ll en n 

rM<rc' 

rlle T · - MepTBoe BpeMSI llHCKpHMHllaTopa MOHHTOpaoro OTC'IeTa, T -ll ,, . ' '· . ~ 

MepTBoe BpeMSI llHCKpHMHllaTopa cxeMbi npcinycKaHHSI, T - MepTBOe Bpe-. . n 
MSI nepeC'IeTHOrO ycTpOfiCTBa, T - pa3pelllaiOtuee BpeMSI MOllHTOp!loro . . M . • . 

Kanana, r c - pa3pemaromee BpeMSI CBSI3aHHOfi cxeMbi, 

· KpoMe Toro, 'IYBCTBHTenbHOCTb CBSI3aHHoro Kanan~!~ llOn)l{!la 5biTb 

Bblllle 'IYBCTBHTenbHOCTH MOHUTOpHoro Ka~ana, iaKHM o5pa30M 1 CBSI38Hllb!ll •. 

pe)I{HM '18CTH'Ill0 ycTpaHSieT npOTHBOpe'IHSI·Me)l{llY Tpe5oBaHH~MH nony'leHH~ 

BbiCOKOfi a4J4JeKTHBHCOTH 'H Manoro pa3pemaromero BPeMeHH. 
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II • Ormcaune 5noKOB armapaTyphi 

CitcTeMa cocTOHT n3 cnen~IOnuix 6noKo~: $opMuponaTen~, · cxeM~I con­

naneunit ua 2 n 6 Kananon c aHTnconnanetmSIMH, cMecnTenSI-ycnnnTenSI, 

pa3MHO/KHTenSI H HennueitHOI"O CMeCHTenSI, 

1) cl> op MHP on a Tenb · n Mrrynb con cl> SY 
.• .. 
~-

BoaMo~uocTb pa5oTbi B 5onhwoM nnHaMntJecKoM tmanaaoue ofiecnetJn­

naeTCSI ncnonbaonauneM $opMnponaTenSI· aMnnnTyn Ha nxone cncTeMbi. 

cl>opMHpOBaHHe OCHOBaHO Ha IIpllHUHIIe. OI"paHH'Ie!IHSI HMIIynbCOB TOKa 

cnepxy. c n~cnenyiOrueit $op).mponKoit no nnnTenbHocTn noqpencTnoM KopoT­

KoaaMKHyToi"o Ka6enSI, Ha puc. 1 noKaaaua npnuuunna~HaSI cxeM.a $opMnpo­

_BaTenSI, OH Bbmon~eH KaK napannenbHo-nocnenoBaTenbHbiit JlHOJlHbiit OI"pauu­

'IHTenb TOKa, 8 Ka~eCTBe IIOCneJlOBaTeflbHOI"O sneMeHTa HCIIOflb30BaH HOp-
-. 

ManbHO OTKpbiTblit 6biCTpbiH I"epMaHHeBbiit JlHOJl ( .0
2 

Ha pnc. 1). ToK CMe-

IUeHHSI.STOI"O ~HOJla OIIpenenSieT ypoBeHb OI"paHH'IeHHSI $OpMHpOBaTenSI, fep­

MaHHeBbiH o6parueHHbifi JlHOJl .a
1 1 BKniO'JeHHhiit KaK IIapannenbHbiH OI"paaH'JH­

Tenb, B c:raTntJecKoM peiKHMe saKpbiT rranelineM uarrpSI:lKeHn.SI Ha .cmone · ~~ 

Hyn~noit rroTeuuuan ~a BhiX~ne $opMHpoaaTenSI o6ecrr'etJli~aeTcSI nrmiOtJeHneM 

KopoTKo~aMKHyToit nliHun L<P.· D.ocTaTO'IHO ahrcoKoe KatJecTao · coi"naconaHnSI 

JlOCTHI"aeTCSI 3a C'JeT Bb!COKOI"~ COIIpOTHBneHHSI 3aKpb!TbiX JlHOJlOB .a
1 

B cny­

'Iae Manhrx cnl"Hanon n _.a2 B cnytJae 6onbiiiHX CHI"Hanon. 3arra3JlhiBaHne Mo­

MeHTa OTKpbiBaHHSI JlHOJla .a
2 

OTHOCHTenbHO 3aKpbiBaHHSI JlHOJla .Q
1 

Ha CIIage 

BXOUHOI"O HMIIynbca OIIpenenSieT C06CTBeHHOe MepTBOe apeMSI $opMHpOBaTe­

flSI, D.nSI yMeHbllleHHSI el"o BKniO'IeHo corrpoTnnneune R 4 = 150 oM; IIIYHTH­

pyiOruee 'JaCTb BXOJlHOI"O TOKa. 

Ha ~?He', 2 rroKasaua KpHBaSI· sanncnMOCTH Bhrxonuoit aMIInHTYJlhi $op­

MHponaTenSI. OT ·aMIIflHTYJlbi HMIIynbCa TOKa ci>8Y. I1aMepeHHSI 6htnH BbinOnHe­

Hbi Ha ci>SY-30 C HCIIOnb30BaHHeM HMIIynbCHOI"O HCTO'IHHKa CBeTa, HHTeHCHB-

5 



HOCTb KOTOpOI'O MeHSinaCb .!lBYMSI nonS!pOH.!laMH, lila pHC, 2 BH.!lHO, 'iTO .!lO-. 

nyCTHMbiil: .!lHHaMH'ieCKHil: ,!lHana_30H BXO.!lHbiX CHI'HanOB He MeHee 1 !250, 

2, YcHnHTenb H pa3MHO>K_HTenb HMnynbCOB 

_CXeMbi ycHnHTeng H pa3MHO>KHTenSI HMnynbCOB paapa6oTaHbi Ha OCHO~ 
/1/ . ' . _'-

Be ycHnHTenbHoil: l}laaoBpamaromeil: .!lBOii:KH , Ha pHc. 3 H3o6pa>KeHbi- .!lBa 

BapHaHTa. ABOii:KH· (A H B ) , oTnH'iaiOIIIHeCSI TonbKO. nopSIJlKOM BKniO'ieHHSI 

TpaH3HCTopoB p-n- p . H .n-p- n THnoB, Koal}li}JHUHeHT ycHneHHSI Ka>Kaoil:_ 

.!lBOii:KH k = 2,5. Bbr6paaHaSI cxeMa o6naa3eT pSI.!lOM Ba~HbiX . .!lOCTOI-IHCTB! 

1 •. .llBoii:Ka H~eeT nonocy nponycKaHHSI CBbiiiie 400 MI'U (BpeMSI Hapac­

TaHHSI BbiXO,!lHOI'O HMnynbca "' 1 HCeK), 'iTO ,!lOCTHI'aeTCSI . HanH'iH9M M9>KKaC­

Ka.!lHOil: oTpHuaorenbaoil: o6paTaoii CBSI3H 'iepea · R
0

c (pHc; 3), _ BHYTPHKac-­

Ka.!lHOil: o6paTHoil: CBSI3H c 'iaCTOTHoil: KoppeKUHeil: ( R a:2 , ·c 3 ) , a TaK>Ke 

,!lOnOnHHTenbHOil: KOppeKUHeil: KOH.!l9HCaTopaMH C1 H C2 

·. 2. Manoe BXO.!lHOe conpoTHBneaHe nepBoi'o KaCKa.!la .!lBOii:KH MO>KeT 

6hlTb HCnonb30BaHO ,!lnSI cno>KeHHSI CHI'HanoB OT H9CKOnbKHX ,!laT'iHKOB C .!lO-

CTaTO'iHO XOpOlliHM Ka'ieCTBOM COI'naCOBaHHSI H pa3~SI3KH BXO,!lOB, 

3 • .llBoi!:KH A H B HMeiOT npHMepHO paBHbii!: no Bemt'iHH9 H npOTHBO-

nono~Hblil: no 3ijaKy TeMnepaTypHbiil: Koai}Ji}JHUHeHT H3MeHeHHSI BbiXO.!lHOI'O 

noTeHUHana • .3To o6cToSITenbCTBO noaBonSieT aai!:TH PM Ter-.1nepaTyp'aocTa-

6HnbHbiX KOM6HHaUiii!: nocne,!lOBaTenbHOI'O BKniO'ieHHR pa3nH'iHOI'O 'iHCna ABO-

eK THnoB A H B 

.llnSI napbi ycHnHTenb-pa3MHO>KHTenb KaMH 6bma npHHSITa cnet:tyromaSI 

KOM6imaUHSI : 

.A- A 
ycHnHTenb - B---+ nA 

pa3MHO>KHTe~b '" 

TeMnepaTYpHbie Koa~HuHeKTbi ycHnHTenSI l:l y H paaMHO>KHTenSI ·f:l p.- pas-

}fbi: 
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- fl:y =.B(k-1)_[~] 
c 

(2) 

.tlp 
· k MB' 

,;,_a<--+1H--l. 
n °C 

(3 ), 

I'Jl9 8 - MOJlYllb TeMnepaTypHOI'O KOs4>4>HUH9HT8 1 k - KOs4>4>HUH9HT yCH.Tie­

HHSI OTJl,9.1IbHOil: JlBOHKH 1 a n ;.. 'IHC.TIO BbiXOJlOB pa3MHO)KHT9.1ISI, n.ng Kos4>4>H.:_ 

UHeHTa nepeaa'IH paaMHO)KHTe.TISI1 paBHOI'O eAHHHue (n = k 2 ) 1 H3 yc.iiOBHSI 

H8HliY'IW9H TeMnepaTypHoil: CTa6HllbHOCTH (fly.+ fl p = 0) , cneayeT: 

k =;1 +vT . 21414 I 

n = k 2 6 • · 

B TaKoM BapHaHTe pacnono)K9HHSI JlBOeK B ycH.TIHTene 11 paaMHO)KHTene .Bee 

i:IBOil:KHI KpOMe nepBOil: 1 pa60T8IOT Ha OTKpbiB8HHe ):(liS! OTpHU8T9.1IbHbiX BXOJl-

Hb!X HMny.TibCOB, 

Ha PHC, 4 H 5 npeacTaBneHbi npHHUHnHanbH,hie cxeMbi ycH.TIHTenSI c 

KOS~HUH9HTOM YCH.TI9HHSI 6 H pa3MH0)KHT9.1ISI Ha 6 K8H8.1IOB C KOs4>4>HUH9H­

. TOM nepeaa'IH, 6.TIH3KHM K .1. Tpi).H3HCTOpbi nepBoil: JlBOil:KH ycH.TIHTenSI ( T 
1 

~ T 2· Ha pHC, 4) pa6oTaiOT · Ha aaKpb!BaHHe. YpoBeHb orpaHH'IeHHSI ~biXOJl­
. Hb!X. CHI'H8.1IOB 1 onpe):le.TISI9Mbiil: TOKOM TpaH3HCTOpa T 2 H KOs4>4>HUH9HTOM 

yCH.TI9HHSI BTOpoil: JlBOil:KH 1 yCTaHOB.TieH B COOTBeTCTBHH C Bhl6paHHOil: pa6o­

'19H. aMn.TIHTYJlOil: CXeMbl COBnaaeHHH H paBeH 400 'MB (8 Ma) o 

Manniil: TOK Tpa'H3HCTopa T 4 no3BO.TIS!eT OI'paHH'IHTb Bbi6poCbl npOTH­

BOnO.TIO)KHOil: nonS!pHOCTH, 

7 
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3. CxeMa coana.neHHfi 

B HaCTOSIIIlefi CHCTeMe HCnOJlb3yiOTCSl ABYX- H. weCTHKp~THble CXeMbl 

COBna,neHHfi C AHOAHblM aneMeHTOM OT6opa • .llHOAH8Sl CXeMa C H9JlHHefiHbiM 

CJlOlK9HH9M o6na.naeT pMOM BalKHblX npeHMyllleCTB: OHa H9KpHTH'IHa K Ka-• . 

'19CTBY ¢opMHpOB8HHSI BXOAHblX CHI'H8JlOB no aMnllHTyAe 1 . .nonycKaeT. 6onbWYIO 

KpaTHOCTb COBna,neHHfi H o6ecne'IHB89T AOCTaTO'IHO BbiCOKYIO 'lyBCTBHTeJlb-

HOCTb annapaTypbi. 

Ha pac. 6 .npe.ncTaaneHa ffJ?HHU!Irtlia'l'Ibila'Sl cxeMa .nao.naoro aneMeHTa 

OT6opa C n B~OAaMHo Koa<P¢HUHeHT nepe,na'IH BXOAHOI'O CHI'HaiJa (E ) · ··- · . ' · .BX . 

B o6my10 TO'IKY AHOAOB A 6nH30K ~ 1 B cnyqae. npHXOAa CHI'H8JlOB OA- . 

HOBpeMeHHO Ha n .BXOAOB. ilpH 9TOM BellH'IHHa cyMMapHOI'O TOKa' 'lepe3 

AHOAbl AOJllKH8 6biTb paBHOfi: 

tH I 

CE BX. (4) 
io > --~-· 

I'Ae tH- AJlHTenbHOCTb BXOAHOr.O CHI'Hana, C- napa3HTH8Sl eMKOCTb B 

TO'IKe A 
B TOM cnyqae, ecnu aTo aepaBeHCTBO aapywaeTCSI (.nnSI 6onbWH~ cur-

aanoB E HnH Manb!X TOKOB i 0 ) • aMnllHTYtr.a HMrtynbca un B TO'IKe A 
.BX 

npaKTH'IeCKH He 38BHCHT OT BellH'IHHbl. E H paBHtl 
BX 

.U n 
i 0 t u (5) 

c 

Kor.na CHI'Hallbl npHXOASlf OAHOBpeMeHHO TOnbKO Ha ( n -l) BXOAOB 1 CHI' Hall B 

TO'IK9 A 6y.neT paBeH 

u 
n-l 

n ·- 1 = ---- i 0 r + U 0 In n (6) 
n 
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(nonaraeM 1 'JTO BOl!bT-aMnepHa5I XapaKTepHC'THKa JlHOJlOB HMeeT BHJl 

u 

i 
g 

( "UQ ) :1
0 

e -1 , (7) 

I'Jle I o , U o - KOHCTaHThi Jll!SI ·JlaHHoro JlHOJla, r - BHyTpeHHee . conpo­

TnaneHne HCTO'JHHKa cnraanoa). I1a Bhipa)l{eHHSI ( 7) cneJlyeT, 'ITO aenntJH­

Ha U n -1 SIBl!SieTCSI CyMMOH JlBYX 'Jl!eHOB, OJlHH H3 KOTOpb!X ( U 
0 

J n n ) 38BH­

CHT TOl!bKO OT THUa JlHOJla H KpaTHOCTH COBllaJleHHH 1 a BTOpoii nponopUHO-

aaneH io H r • ITocKOl!hKY aenH'JHHa o6wero TOKa JlHOJlOB onpeJlenSieT 

K09~~HUHeHT nepeJla'JH.CHPHana B cnytJae n - KpaT~hlX COBllaJleHHH 1 UOHH­

)I{eHHSI ypOBHSI CHI'Hal!OB U n -1. MO)I{HO JlOCTHI'HYTb TOl!bKO yMeHbllleHHeM 

Bel!H'JIIHbl BHyTpeHHei'O COUpOTHBl!eHHSI HCTO'JHHKa CHI'Hal!OB r • C 9TOH. 

TO'JKH 3peHHSI npeJlCTaBl!SieTCSI pa3yMHbl~ llOJlaBaTh CHI'Hal!bl Ha JlHOJlHYIO 

CXeMy COBUaJleHHH 'Jepe3 9MHTTepHbie UOBTOpHTel!H 1 KOTOpbie MOI'YT OJlHO­

BpeMeHHO cny)I{HTh COI'l!aCyiOWHMH KaCKaJlaMH. 

Ha. p11c. 7 npeJlCTaaneaa .llleCTHKPaTHaSI cxeMa coanaJleHHii c OJlHHM 

KaHal!OM aHTHCOBUaJleHHH. 

CHI'Han COBUaJleHHH CHHMaeTCSI C o6meii TO'JKH JlHOJlOB 'Jepe3 Bb!XOJl­

HOH. ycHnHTenb c K09~~HUHeHTOM ycHneHHSI 3 (T 
9

, T 
10

). I1HaepTHpoaaH­

'HbiH II yc.Hl!eHHb!H · B "'3 paaa C UOMOWb!O yCHl!HTel!hHOH JlBOHKH. Ha TpaH-

• 3HCTopax T 7 , T 8 HMnynhc aHTncoanaJleHnii nnaeiiao cKnaJlhiBaeTcSI c HM­

nynbcoM COBllaJleH~H B o6meii TO'JKe JlHOJlOB. CxeMa II MeeT ynpaaneHHe . OT 

BHelliHero l!Mllyl!hC~ nponyCKaHHSI • .U~SI 9TOH Uel!H Cl!Y)I{HT Kl!IO'J Ha TpaH3H­

CTOpe T 
11

• 

H a p11c. 8a noKa3aHa aaBHCHMOCTh · U n H U n~ 1 OT aMUl!HTY Jlbi BXOJl­

noro CH}"Hana Jll!SI meCTHKpaTHoii cxeMbi coanaJleHHii. I1a PIICYHKa BHJlHO, 

'ITO 'JYBCTBHTel!hHOCTh cxeMbi coanaJleimii 80 MB ( "'1,5 ·Ma), ecnn pa6o- · 

'JYIO aMUl!HTYJlY ~bi6paTb B o6naCTH "'300-400 MB 1 'JTO pa3yMH0 1 T.K. Ha­

'JHHaSI C 8Mlll!HTYJl "'300 MB llpH yJ3enn"l'eHHU BXOJlHOH · 8Mlll!HTYJlbl npOHCXO­

JlHT HaCbiWeHHe CIII'Hana UOl!Hb!X COBU8Jl9HHH. 

9 
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Ha pnc. 86 rroKa3aHhi aaBHCHMOC't'll aMrrnnTYAhi BhiXOAHoro cnrHana 

CXeMbl COBIIaAeHHfi OT 3aAep~Kil Clli'HanoB COBIIaAeHHfi ll aHTHCOBrraneHHfi 

C aMrinHTYAOfi u 
BX 

350 MB. XapaKTepncTHKil rronytJeHhi Ha myMOBhiX 

llMIIynbCaX OAHHO'IHOI'O !jJOTOYMHO~HTen.II C pa3MHO~eHHeM CHI'Hana. 

4. CMecnTenh 

CMeCHTenh llCIIOnh3ye~cg Anll IIOAKnro'IeHilll HeCKOnhKilX AaT'JilKOB aH­

TilCOBIIaAeHHfi K CXeMe COBIIaAe!infi, HMeroiUefi OAHH KaHan aHTilCOBIIaAeHHfi, 

a TaK~e Anll pacrunpeHHll B03MO~HOCTil pa3nll'IHhiX nOI'H'Je~KilX BKniD'JeHnfi. 

CxeMa rroKa3aHa Ha pnc. 9. B KatJecTBe HennHefiHhiX aneMeHTOB 3AeCh nc­

rronhayroTcll o6paiUeHHhle repMaHHeBhie AllOAhl (D1 +- n4 ) . ~0 CMeiUeHHeM, 

6nH3KilM K 0. Dng cornaCOBaHHll BXOAOB. llCIIOnb3YIDTCR 9MilTTepHb!e IIOBTO­

pnTenn (T 
1 

+- T 
4

). H'a BhiXOAe CMecnTen.g BKnrotJeH ycnnnTenh ~a TpaH3HCTo-, 

pax T 
5 

, T 
6

, oxBa'JeHHhiX o6paTHOfi CBll3hiD rro Hanpg~eHnro. TeMnepaTyp­

Hhifi. Koa!jJ!jlnuneHT He rrpeBbimaeT 1 MBI°C H nMeeT ·3HaK, rrpoTnBorrono~Hhifi 

3HaKy ycn,nHTeng KaHana aHTHCOBIIaAeHnfi, C KOTOpb!M. 06b!'JHO COeAHHeH, 

TaK 'ITO 06IUHfi TeMrrepaTypHhifi Koa!jJ!jJHUHeHT 9THX ABYX CXeM .He IIpeBh!llla-
. 0 

eT + 0,5 MBI C. 

III • KoHcTpyKTHBHoe ocbopMneHne 

Bee 6nOKH CHC,TeMbl 1 KpOMe CTaHA8pT~38TOpa, KOTOphlfi pacrrono~eH 

B. KO~yxe <;ll3Y 0 O!jJOpMJieHhl KaK 6JIOKH CTaHAapTHOfi CTOllKil C pa3MepOM 

rro rrepeAHefi rraHeim. 160 x80 MM. DeTann paaMeiUeHhi Ha rrnaTax c ABYX­

CTopoHHHM MOHTa~OM. BnOKH ABOHHhiX CXeM COBIIaAeHHH, ycnnH.Tenefi ll 

CMeCHTenefi BbiiiOnHeHhl CABOeHHhiMH. B 6noKaX, I'Ae HMeeTCll COeAHHel!ne 

HeCKOnhKilX Kal!anoB B OAHOfi TO'JKe, IIpHMeHeH KOnhUeBOH MOHTa~, AaiDIUilH 

B03MO~HOCTb KOMIIaKTHOI'O pa3MeiUeHHll AeTanefi H CBeAeHilll K MHHHMYMY. 
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nap831iTHb!X HHJlYKTHBHOe~.eH H 9MKOeTeii. B KB'IeeTBe npl!Mepa TBKOI"O MOH­

. TBlKB HB pr.~e. 10 npHB9JleHa ¢oTOI"pa!IJHSI p83MHOlKHT9liSie 

Bee eoeJlHHeHHSI MelKJlY 6noxaMH oeymeeTsneHhi xa6enSIMH PK-50-2-13 

qepea BbieoxoqacTOTHbie paa'beMhi BP-73, yeTaaosneHHhie aa nepeJlaeii na-' . 

H9l!H, Bee 6J'!OKH 38ITHT8Hbl OT HeTO'I~HKOS.' ITHTBHHSI Hanpsr:iKeHHeM ~ 6 B 1 

'ITO BeJleT K YM9Hh!U9HHIO noTpe6l!SI9MOH MOIUHOeTH H K IT0Bb!IU9HHIO H8Jl9lK-

HOeTH annapaTypb!e 

IV. 06ey>KJleHHe peaynhTaTos 

0nHeaHH8SI B JlBHHOH pa60T9 annapaTypa npeJleTBBl!SI9T Ha6op oeHOBHb!X 

6liOKOB 1 He06XOllHMb!X Jll!SI KOMITl!9KT81lHK 6bieTpb!X e'leTHbiX eHeTeM. llOJl06-

Hbl9 eHeT9Mbi XapaKT9pH3YIOTeSI enel{yiOIUHMH OeHOBHbiMH napaMeTpaMH! 

1) 'lyBeTBHT9l!hHOeThl01 

2) llHHBMH'IeeKHM JlHSITa30HOM BXOJlHb!X aMnl!HTYJl 1 

3) paapemaiOIUHM speMeHeM, 

4) MepTBb!M Bp9M9H9M 1 

5) OTHOeHT9l!hHOH s¢¢eKTHBHOeTbiO B eBSI38HHOM pe>KHMe. 

Kax 6hlliO noxaaaao B paaaene III .3, 'lyseTBHTel!hHOeTh exeMbi eos­

naaeanfi eoeTSBl!SieT 2 Ma, 'ITO ttpH K09¢¢HilH9HTe yeaneHHSI 5,5-6 eooT­

BeTeTByeT ypoBHIO BXOJlHOI"O Toxa yer.~nHTel!H 0,4 Ma. Coi"naeao aMnl!HTYJl­

aofi xapaKTepHeTHKe. ¢opMHpOB8T9l!SI (pHe. 2) HMnynhe TOKa cf>3Y npH 9TOM 

paBeH 1 MB 1 'ITO npH HeiTOnh30B8HHH eoBp9M9HHb!X 6hieTpb!X ¢oTOyMHO>KHTe-. ' . 
119M o6eene'1HB89T pa6oTy OT HMITyl!bea, eOOTB9TeTBYIOIU9I"O Bbi6HB8HHIO 1 

qJOT09l!eKTpOH8 e ¢oTOK8TOJl8 e BbleOKOH s¢¢eKTHBHOeTb!O, l13 9TOH >K9 Xa­

paKT9pHeTHKH BHJlH01 'ITO JlHHBMH'Ie.eKHi!: JlH8IT830H BXOJlHbiX CHJ:'H8l!OB 1 no­

eTynaiOIUHX tOT cf>3Y 1 MO>KeT 6biTh He MeHee 1:250. 

PaapemaiOmee speMSI annapaTypbi onpeJlel!HeTeSI Jll!HTenl:.aoeThiO HM­

nynheos, noeTynaiOIUHX Ha BXOJl exeMbl eOBIT8Jl9HHi!:, KOTOpyiO MO>KHO H3Me-

11 
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HSITh, MeHSisi • JlniiHY KOpOTK038MKHyToro KaoenSI Ha BbiXOJle cjlopMHpOBaTenSI 
' ' I • ' 

( L cjl): O~eBHJl~o, 'ITO y~~Hh.llleHire JlnuTenhHOCTH BXOJlHbiX nMrrynhcoB noB- . 

ne'l.eT 3a col5oii yMeHbllleHue aMnnnT.YJlbi curHana. nonHbiX comiaJleHuii U n , 

B -io BpeMSI KaK Benn'lrrHa u n-1 15yJleT MeHSITbCSI cnal5o, KpuBaSI 38BHCH-
Un · · . ·. · . • · 

MOCTH OTHOllleHHSI -....,-.:. OT JlnHHbl cjlopMHpyiOll!ero Kal5enSI JlnSI ll!eCTHKpaT­
Un-1 

HOH CXeMhl COBITa)leHHH npuBeJl~Ha·Ha ~HC. 11, KpHB~SI CH~T~ JlnSI Jln~H cjlop-
·~ . ' 

1'.1llpyiOll!e'ro Kal5enSI OT 8 JlO 20 HCeK, llpu JlnirHe "' 2 HCeK 
1

HMITynhC UMeeT 

TpeyronbHYIO cjJopMf, u JlnnTenhHOCTh ero He MeHSieTCSI c yMeHhllleuueM Jlnn­

Hbi cjlopMupyiOll!ero Ka6enSI. CneJlOBaTenbHO, MHHHManhHOe pa3pelli~!Oll!ee 

BpeMSI cucTeMbi cocTaBnSieT ·:" 2 Hce:K. ITpu abrl5panHoii cucTeMe cjlopMupoBaHuSI 

llMITynhCOB ¢8Y U npu HanH'I~ll 6onbll!OI'O JlllH8MH'IeCKOI'O JlH8IT830H8 BXOJl­

HbiX llMITynbCOB UeHTp TmKeCTH CcjJOpMHpOB8HHOI'O HMnynbC8 UMeeT BpeMeH-

HOH CJlBHI', onpeJlenSieMblll cjlpOHTOM BXO)l!IOI'O CHI'Hana H paBHblll "' ( 1 +-1 ,5) HCeK, .. 

'ITO T8K)!W orpaHH'IHBaeT pa3pell!a!Oll!ee BpeMSI, C y'leTOM 9TOI'O OOCTOSI­

TenbCTBa .r:tnuua cjlopMupyiOll!eii nnHHH 6bma Bbii5paHa paBHoii 4 uceK, 

Ha puc. 12 (a,6,B) npuBe.r:teHbi ocuunnoi'paMMbl nMnynhCOB Ha BbiXo.r:te . 

CT8H.r:tapTH38TOpa nocne npOXO~JleHUSI HX 'lepe3 Kal5enb .r:tnHHOii 20.M .r:tnSI 

HMnynbCOB TOKa YMHO~HTenSI a) 2 Ma; 6) 20 Ma; B) 200 Ma, 
' 

Ha puc. 13 (a,6,B) npuBeJleHbi sTu ~e·.~cuunnoi'paMMbi JlnSI cny'laSI, Kor.r:ta 

uMnynhCbi npoXOJlSIT qepe3 Ka6enh .r:tnuuoii 1M, Bbrl5poc, HMe!Oll!HiiCSI Ha nepe.r:t­

HeM cjlpOHTe llMITynbC8 1 ITOK838HHOI'O H8 puc. 13, none3eH. JlnSI KOppeKUllll 

38TYX8HHSI BbiCOKO'I8CTOTHbiX COCTaBnSI!Oll!llX CITeKTpa CHI'Hana ITpll nepe)la­

qe .ero no .r:tnuHHOMY Ka5eniO. 

Ha pu·c. 14 (a,6,B) .l:l8Hbl ocuunnoi'paMMbl HMnynhCOB Ha Bb!XO.r:te yen-

nuTenSI, pa3MHO~HTenSI n cMecuTenSI npu nocneJlOBaTenbHOM coe.r:tnHeHHH 

aTux 5noKOB u no.r:ta'le Ha BXOil ycunuTenSI CHI'Hana oT cjlopMupoBaTenSI 'le­

pe3 Ka6enh Jlnnuoii 20 M, 

~a puc, 15 (a,5,B). npuBeJleHbi aHanorn'IHbie ocuunnorpaMMbi JlnSI cny­

. 'I~SI ITOCTynneHUSI Ha · BXO):l ycunuTenSI napb! UMnynhCOB C llHTepBanOM 8 HCeK; 

'· 
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" 0CUHnnorpaMMbi · IIOKa3biBaiOT1 'ITO STH 6nOKH 1 IIO-BHJlHMOMY 1 He o6na}laiOT 

C06CTBeliHbiM MepTBbiM BpeMeHeM. Co6CTBeHllbiM MepTBbiM BpeMelleM B CHC-
. . 

TeMe. o6na}laeT CT8liJl8pTH38TOp H3-3a 38II83JlbiB8HHSI MOMeHTa .OTKpbiBaHHSI 

JlHOJla .n2 OTliOCHTenbHO MOMeHTa aaKphiBaHHSI JlHOJla _.n
1 

(pHc. 1) Ha cna-

Jle HMnynhca TOKa 4>3Y. TipH aToM MepTBoe BpeMsr ne npeBhnnaeT 3 nceK. 

CXeMhi 6binH HCIIbiTaHhi B CBSI38HHOM pmKHMe JlnSI rrony'JeHHSI BbiCOKOil: OT­

liOCHTenhHOH a!flcPeKTHBliOCTH arrrrapaTyphi. TipH ycTaHOBneHHH IIOpOI'a B Mo­

HHTOpHpyiOI1Ieil: CXeMe, o6ecrre'JHB8IOI1Ieil: 80% a6coniOTHOil: atjltjleKTHBHOCTH, 

OTliOCHTenhHaSI atjltjleKTHBHOCTb CBSI38liHOH CXeMbi B WHpOKOM JlH8II830He 

-6 -7 . 
IIOpOI'OB paBlla 1 C TO'IHOCTbiO ( 10 . t-10 ) . 3TOT peaynhTaT 6hin rrony'leH 

JlnSI OJlHOtPOTOaneKTpOHHhiX HMnynbCOB B cny'Jae KaK ~epeHKOBCKHX1 TaK H 

CUHHTHnnSIUHOHllbiX BCIIbiWeK. CHCTeMa 6bma HCIIbiTalla Ha IIY'IKe IIHOHOB 

CHllxpotjlaaoTpolla c 'lepeliKOBCKHMH JlaT'IHKaMH CHI'llana.Tiony'lellllhie BpeMeH-

Hhie H IIOpOI'OBhie XapaKTepHCTHKH He OTnH'JaiOTCSj OT XapaKTepHCTHK, IIO­

ny'leHHhiX B pe)I{HMe CaMOCOBII8JlElliHil:. ,Unsr HnniOCTpaUHH !Ia pHc. 16 IIpHBe­

~ella 38BHCHMOCTb C'leTa WeCTHKpaTllbiX COBIIaJleliHH OT IIOPOI'a JlHCKpHMHH8TO­

pa Jl8T'IHKOB CO cpeJlHHM 'IHCnOM tPOTOaneKTpOHOB < 1. 

CHCTeMa, COCTOSIIllaSI H3 20 ycHnHTeneil:, 20 pa3MHO)I{HTeneil:, 16 CXeM 

COBIIa}leHHH H 8 CMeCHTeneil: SKCIInyaTHpOBanacb Ha IIY'IKe CHHXpotjla30TpO~ 

Ha B Te'lel!He I'OJla. J1ccne}lOBaliHSI IIOJlTBepJlHnH BCe BbiWe IIPHBeJlellllbie 

rrapaMeTpbi IIpH BbiCOKOH. H8Jle)KHOCTH H CTa6HnbHOCTH arrrrapaTyphi. 

B 3aKniO'JeHHe C'IHTaeM CBOHM IIpHSITHbiM JlOni'OM rro6nai'OJlapHTb 

B.A. CBHPHJlOBa, 11.A •. ronyTBHlla, n. Ol!JlpHwa, A.n. CepreeBa, C.H.Tinsrw-

KeBH'Ia, B.f. TiepE!B03tiHKOBa aa IIOMOI1Ib B pa6oTe. 

13 



' 

r· 

'· 

n .M T e p a .T J p a 

1. M,Goyot, J.-J. Samuele, A.Sarazin •. Nucl.Instr,Meth., 46 
N1, 149-152 i967 • 

.2. Charles .. J.Rush. Rev.Sci.Instr., ~ 2, 149-156 ( 1964); 

3. IO.B. Byrunnn, A:<P. ,UynafiueB, B.A. CeHbKO, Ynn¢nunpo!3annaSI'cncTe!V!a·· 

tPYHKUIIOHalibHbiX MOAyliefi liOI'H..JeCKOH 9li9KTpOHMKlt' C MaKCMMalibHOfi 

cKopoCTblO·C'IeTa 100 Mru. DperrpnHT I1<PB3,· C3<P 67-36-K 1967', 

' 4, A.C. BoBeHKO, B.A. KynaKOB, M.<P. nnxa_tieB, IO.A. MaTyJieHKO, I1.A.Ca.;. 

BMH, B.C. CTaBnHcKnfi. fasoBhie tiepeHKOBCKHe ctieT'IHKH, Y<PH,'· T~ LXXXI. 

Bbiii, 3 ( 1963), 

:J tfa~ 

PyKorrncb rrocTyrrnna B·nsaaTeJibCKHfi OTAeJI 

15 SIHBapg 1970 roaa. 

+6& 

' 

R3 
-,;-

R2 
11< .a2 

·BbtX 

L'P 

Pnc,1. DpnnunrrnaJibHaSI cxeMa ¢opMnpoBaTeJig HMIIYlibCOB TOKa <P3Y. 

14 



r~t~x 
Ha 

/,1. ·-·--

I L "' 
1,0 

v 
) 

/ ,. I -· 

~~ ' I 
1,.; 

#' 

Qt 

O.l 

1 10 100 I6K H« 

PHc.2. 3aBHCHMOCTb BbiXOJlHoii: aMnnHTYJlbi tjlopMHpoBaTenSI oT aMnnHTYJlbi 

HMnynhca TOKa cfl3Y • 

15 

'' 



·" 

(J) 

B) 

--~------~---r------~-u 

A) 

+U 

Pnc.3. DpnaunnnanhHb!e cxeMbl yi::n-nnTenhHbiX llBOeK THnOB A H B 

• C11. 

. I o.oo R12 
2i( 

_n_ 
rr 3tse 

•, 

012 
0,047 

-86 

Pnc.4. DpnaunnnanhHaSI cxeMa ycnnnTenSI, 





·I 
r 

·t 

..•. 
"'! 

·'. 

. \ 

i., 

·~ j' 

•,·. 

·~ ' 
. 

.£1.2 .1=1 

I 
·~ 2 I .R. 

I 
I 
I 

A"' i 

·· ... 
r"1 '·:' 

Pnc.6. ITpu'HUI~rmanb~aH cxeMa AHOAHOJ::'O ·aneMeHTa ·,?T6opa c n BXOA8Mil, 

19 



tv -

+66. 
~ 
o;ort'l 

.. 

PHc;,7, ·npHHUHnHanbHSSI CXeMa WeCTHKpSTHOll CXeMbl COBnaAeHHll C OAHHM KSHanOM SHTH\)OBnaneHHll, 

. 

~ 
I--' ~ ---~ 

io""" 
../)~""' 

500 
-

/ 
v 

v "" 

JDO ~ 
~ 

~ 
/ 

/ v Un·t 
zoo 

IP .. 

..I 

~ ~ ~ 
fO() 

~ 
:;p . 

100 2.00 300 

~ ;. ' .. 



400 

300 

200 

100 

0' fO 

1\:) '· co .. 
~ (~~~~~~+-~ 
-I:" ~-l+loll+--.l. 

ZD 

Pnc.86 

3aBI!CI!MOCTb SMITniiTYJlbl BbiXOJlHOI'O CI!I'Hana 

cxeMbi connaJ:teHI!ll OT 38AeplKKII CI!I'Hanon 

COBIT8Jl9HI!ll II 8HTI!COBIT8Jl9HI!ll, 

.. 

30 t 3. (HceK) 

-6& 

. - .. ·· Cs+C1 
~ 'Io.k-i' 

. 430 .. 

-~ . 
+·aQxl$6 

8bl:x:oa ' .~.' 

' ~' . 



1
\)

 
c.

n 

3 

P
H

c
.l

O
. 

B
H

e
lli

H
H

tf
 B

H
n 

6
n

o
K

a
 

pa
aM

H
O

)K
H

Te
ns

:r.
 

t
.-

v 
~
 

~
 v-.

 
';"

' 
-

/ 
·. 

. 
•. 
I/

 
... 

. 
-:'

·· 

/ 
.. 

v 
. 

/ 
. 

.
•
 

. 
v 

.. 
,. 

-
~
 

v 
.. 

' 
~
 

., 
.. :

, 
, 

' 
, 

.. ~
,·

 
. 

.. 
.. 

..,
 

., 
. 

. 
-

, 
t 

1;
 

.· 
2 

3 
. 
, 

-~.
· 

6 
7 

8 
7N

 ~
CI

K 

1 
s 

5 
6 

7 
~
 

,_
 

·H
ce

K.
 

P
n

c
,l

l,
 

3
a

B
U

C
it

M
O

C
T

b
 

o
T

a
o

w
e

a
n

ll
 

O
T

 
A

m
!H

h
l 

lj
lo

p
M

I!
p

y
iO

II
le

ro
 
K

a
6

e
-

nS
I 

B
 

d
JO

P
M

I!
P

O
B

a
T

e
n

e
 

A
n

S
I 

W
e

C
T

U
K

p
a

T
H

O
ll
 

C
X

e
M

h
l 

C
O

B
I1

8
A

6
H

!!
i1

, 



a) 

6) 

s) 

PHc.12. OcuHnnoi"paMMbi HMnynbcos na BbiXoge !jlopMHposa-renSI npH npo-
xomgeHHH HX 'Iepe3 Ka6enb J:tnHHOil:. 20 M . gnSI HMllYnbCOB TOKa 
YMHO)I(HTenSI a) 2 Ma, 6) 20 Ma, B) 200 Ma (20 MB/gen, 
2 HCeK/ gen). 26 



a) 

a) 

' ' 

PHc,l3, OcuHnnorpaMMbi HMnynbcoa Ha abiXOAe cjJopMHpoaaTens, npoweA-
WHX ':lepe3 Kafienb 'AnHHOA 1 M 1 , AnSI aMnnHTYA TOKa aXOAH·biX CHr­
Hanoa a). 2 Ma, 6) 20 Ma, a) 200 Ma (20 .MaiAen, 2 HCeKIAen), 

27 
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!'· 

a) 

6) 

B) 

·A. :r, 

PHc.l4. OcuHnnorpaMMhi. HMnynhCOB Ha Bhrxone 6noKOB npn nocnenosaTenh- · 
HOM BKniO'I9HHH a) yCHJlHTemr, 6) pa3MHO>KHTenH1 B) .CMeCHTenSI, 
(200 MBicM, 2 HCeK/nen). , . 
. 28 
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a) 

I''' 

6) 

B) 

;I 

PHc.l5, OcuHnnorpaMMbl'. BbiXonHhtx HMITYnbCOB npH nona'ie aa Bxon 
ycHnHTensr nap hi HMnynbCOB . c HHTepBanoM 8 aceK nnsr · paami'iHbiX 
t5noKoB: a) ycHnHTensr, 6) :Pa3MHOlliHTensr, B) cMecwrensr 
(200 MBinen, 2· aceK/nen), · 
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