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B pHae $H3H~eCKHX aKcnepHMeHTOB, B ~aCTHOCTH npH H3y~eHHH aaxBa-

TB M~OHOB HApBMH, B03HHK8eT He06XOAHMOCTb perHCTpBUHH He~TpOHOB HB $o-

He penHTHBHCTCKOrO H3ny~eHHH. B HBCTOHUlee BpeMH B nHTepaType OITHCBHO 

6onhWOe KOnH~eCTBO aneKTpOHHhlX CXeM /1+· 17 
/ , U03BOnH~WHX J:!pOBOAHTb AHC-

KpHMHHBUH~ HMnynhCOB OT y -KBBHTOB, T.e. perHCTpHpOBBTb HX C •KpaAHe 

HH3KO~ a$¢eKTHBHOCTb~ ITO OTHOWeHH~ K a $$eKTHBHOCTH perHCTpBUHH He~Tpo-

HOB. B OCHOBY pa60Tbl 3THX CXeM nonOlKe H a$$eKT pa3nH~HH ¢opMbl CBeTOBO-

ro HMnynbCB B pgae CUHHTHnnHTOpOB B 38BHCHMOCTH OT npHpOAbl HOHH3Hpy!O-

Ule~ ~aCTHUhl. 

H3BeCTHO 
111 , ~TO B KpHCTanne CTHnh6eHa CBeTOBO~ HMnynbC COCTOHT 

H3 ABYX KOMITOHeHT! "6blCTpo~" :c BpeMeHeM BblCBe~HBBHHH r 
6 

•(6t-8)HCeK 

H MeaneHHO~ C BpeMeHeM BblCBe~HBBHHH r M'" (300t-500) HCeK. llnH npoTo-

HOB nnOUl8Ab "MeaneHHO~.. ~BCTH HMnynbCB COCTBBnHeT • 20% OT nonHO~ nno-

WBAH ,a anH a neKTpOHOB •10% . 

Ha pHC.1 UOKB38H8 $OpM8 HMnynbCB TOKB C Bb!XOAB <t>3Y OT HeATpOHOB 

H OT y -KBBHTOB. 

npH perHCTp8UHH HeitTpOHOB Bb!XOAHOA HMITynhC TOKB C <t>3Y OITHCblBBeT-

CH BblpalKeHHeM 

J(t)•Jo e +J e 
1 
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a npH perHCTpauHH y -KBaHTOB Bhlpa~eHHeM 

__ t_ . 

J(t)""J
0

e 

t 

'6 + J e 
2 

rM 
(21) 

rAe J i -aMnllHTyAa HMnyllbCa , t - BpeMSI. 

flnst AHCKpHMHHaUHH qaCTHU no ~OpMe HMnyllbCa HCnOllb3yeTCS1 B OCHOB-

HOM ABa MeTOAa: MeTOA AH~~peHUHpOBaHHS1 npOHHTerpHpOBaHHOro BXOAHD-

ro HMnyllbCa C nOClleAYIOlUHM npHMeHeHHeM AHCKpHMHHaTopa "nepeceqeHHS1 

HYllS1 " H MeTOA CpaBHeHHS1 3apS1AOB "6biCTpoi!:" H "MeAlleHHoi!:" KOMnOHeHT CHr-

Hana. 

B Hamel!: pa6oTe HCnOllb3yeTCS1 nOClleAHHi!: MeTOA, KOTOphii!: n03BOllS1eT 

OCyiUeCTBHTb AHCKpHMHHaUHIO qaCTHU no ~OpMe HMnyllbCa 6onee npOCTbiMH 

CpeACTBaMH. 

BnoK- CXeMa npH6opa noKa3aHa Ha pHc.2, BbiXOLIHOi!: TOK !J>3Y Ha BXOAe 

CXeMbl pa3AellsteTCS1 TaK, qTo 0,1 qaCTb ero HCnOllb3yeTCS1 AllS1 aMnllHTyA-

HOrO aHallH3a HMnyllbCOB, a 0,9 - AllS1 AHCKpHMHHaUHH no ~OpMe, 

B KaHane AHCKpHMHHaUHH BXOAHOi!: TOK noAaeTCS1 Ha pa3AellHTellb, OT-

AellSIIOlUHi!: "6hiCTpyiO" qaCTb HMny llbCa TOKa OT "MeAlleHHOi!:". BpeMeHHa.SI 

AHarpaMMa npHBeAeHa Ha pHC,3, 06e 9TH qaCTH nOAaiOTC.SI Ha COOTBeTCTBYIO-

lUHe HHTerpaTOpb! - "6biCTpbii!:" ( U 
6 

) H "MeAlleHHb!i!:" ( U M ) ... MeA-

lleHHbii!:" HHTerpa TOp TaK~e HHBepTHpyeT nOll.SipHOCTb HMnyllbCa Ha BbiXOAe. 

Ha BhiXOAe HHTerpaTopos CHrHallhi o6oHx KaHanos CKllaAhiBaiOTC.SI. CxeMa 

HaCTpaHBaeTCS1 TaKHM o6pa30M ( nOACTpOi!:Koi!: U M ) 
0 

qT06bi aMnllHTyAa HM-

ny llbCa C BbiXOAa U M npH cqeTe y -KBaHTOB 6hilla pasHa aMnllHTYAe 

HMnyllbCa C BbiXOAa U 6 (eM. pHc.3), TorAa nOllO~HTellbHaS1 COCTaBllS110-
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Ill8SI CyMMbl TIOSIBHTCSI TOnbKO npH perHCTpaUHH He:l!:TpOHOB, 3Ta nonmKHTellb-

HaS! COCTaBnSIIOIIla.H 3anyCKaeT LIHCKpHMHHaTOp, 

8 aMTinHTYLIHOM KaHane TOK ~3Y ycHnHBaeTC.H H noaaeTC.H Ha HHTerpa-

Top U I • Ha ero BbiXoae curHan no aMnnHTyae nponopuHoHaneH nonHo:l!: 

nnowaaH HMTIYnbCa TOKa ~3Y. 3TOT HMnynbC noaaeTC.H Ha BXOLI aMnnHTYJJ.

HOrO aHanH3aTOpa 'lepe3 nHHe:l!:HbJe BOpOTa, ynpaBn.HeMhie JJ.HCKpHMHHaTOpOM 

KaHana pa3JJ.eneHH.H no $opMe. 

ilnS! aMnnHTyLIHOrO aHanH3a HMnynbCOB OT y -KBaHTOB BBOJJ.HTCSI pa3-

6anaHC Me*LIY HHTerpaTopaMH U 6 H 

Llbl HMTiyllbCa C BbiXOJJ.a U M , npu 3TOM Ka*Libi:l!: CYMMapHblH HMnynbC HMeeT 

COCTaBnSIIOIIlYIO, KOTOpaS! 3anyCKaeT JJ.HCKpHMHHaTOp, 

CxeMa HMeeT !jlopMHpoaaTenu .c'!eTHbiX HMnynhcoa c BbiXOJJ.a JJ.HCKPHMH

HaTopa ( BbiX, " n " ) H HHTerpaTopa U I ( BbiX, ''l: " ) , CT8HJJ.apTH3HpyiO

wue BbiXOJJ.Hbie curHanbi Ha ypoa'He 5 B c JJ.nHTenhHOCTbiO 2,5 MKCeK, a TaK

*e nuHeii.HbiH Bbixoa JJ.nSI aMnnHTYJJ.Horo aHanu3a ( BbiX, "AA" ) . 

npHHUHTIHanbH8SI CXeMa 6noKa JJ.HCKpHMHHaUHH npHBeJJ.eHa H8 puc.4. Pa3-

aenHTenb "6biCTpOH" H "MeJJ.neHHOH' COCT8Bn.HIOIIlHX HMnynhC8 TOKa ~3Y Bbl

nonHeH Ha TpaH3HCTopax T 
1

, T2 ( IT311' ) H HHJJ.YKTHBHOCTH L 1 • "EbiCTpaS!" 

'18CTh TOKa KonneKTopa T1 'lepe3 JJ.HOJJ. D 2 3apS!*aeT HHTerpupyiDIIlYIO eM

KOCTh C1, paaHyiO 130 n$. Y:epe3 apeM.H (20+-30 HCeK) HHLlYKTHBHOCTh L 
1 

H8'1HH8eT nponyCKaTh TOK, 'ITO npHBOJJ.HT K 3aKpbiBaHHIO LlHOLla D 2 • TaKHM 

o6pa30M, 'lepe3 JJ.HOJJ. D 
2 

npOXOJJ.HT TOnhKO "6biCTpa.H" COCTaBn.HIOIIla.SI TOKa 

~3Y, "MeaneHHa.H" COCTaBnSIIOIIl8SI TOKa, OTBeTBnSIS!Ch B HHLlYKTHBHOCTh L 1 , 

npoxoauT qepe3 TpaH3HCTop T 2 H c KonneKTopa nocneJJ.Hero qepe3 LlHOJJ. D
4 

3apS!*aeT eMKOCTb c
0

• B "MeJJ.neHHOM" HHTerpaTope qepe3 co6cTaeHHYIO eM-
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KOCTb Ka TYWKH L I "npone3aeT" H 'iaCTb "obiCTpoA" KOMITOHeHTbl HMnynh-

Ca TOKa (oKOnO 20%). no3TOMy Ba)I{HO oe3'beMKOCTHOe BbiiTOnHeHHe HHJJ.yKTHB-

HOCTH. 

TpaH3HCTOpbl T3, T4, T5 (n416E) H Te, T7, Ts (n416E) o6pa3yiOT 

3MHTTepHble ITOBTOpHTenH JJ.nSI ooecne'ieHHSI oonbWOI'O BXOJJ.HOI'O COITpOTHB

neHHSI. TpaH3HCTop Ts BhmonHHeT <!JyHKUHIO HHaepTopa, a TaK)I{e ycHnHaaeT 

CHI'Han B llBa pa3a. 0TCyTCTBHe Ha BbiXOlle CyMMaTopa "obiCTpOI'O" H "MellneH

Horo' HHTerpaTopoa nonO)I{HTenbHOA cocTaanHIOWeA HMnynbca (6anaHc) npH 

cqeTe y -KaaHTOB llOCTHraeTCSI no.o.cTpoAKoA eMKOCTH c
0

• ~epe3 3MHTTep

HbiH ITOBTOpHTenb Ha TpaH3HCTOpe Tg (n416E) CHI'Han CYMMbl no.o.aeTCSI Ha 

JJ.HCKpHMHHaTop • 

.LlHCKpHMHHaTOp COCTOHT H3 ycHnHTenSI ( K u • 10 ) 

JJ.HCKpHMHHaTopa Ha TyHHenbHOM llHOJJ.e C HHllYKTHBHOCTbiO 

H C06CTBeHHO 

L 3 • ToK03a-

LiaiOWHM 3neMeHTOM siBnHeTcH TpaH3HcTop T 13 (nlO). MaKCHManbHaH qyacT

BHTenbHOCTb llHCKpHMHHaTopa llnSI HMnynhCOB Ha BbiXOJJ.e 3MHTTepHOI'O ITOB

TOpHTenH Tg COCTaBnS!eT 50 MB; 'iYBCTBHTenbHOCTb perynHpyeTCSI ITOTeHUHo

MeTpOM B 6a3e TpaH3HCTOpa T 
13 

llO 0,5 B. <l>opMHpOBaTenb BbiX. " II " COO

paR Ha TpaH3HCTopax T 24, T25 (n416E). <l>opMHpoaaTenb BbiX. " l: " Ha 

TpaH3HCTopax T 
26

, T 27 (n416E) He oTnH'l:aeTCSI oT <!JopMHpoaaTenH Bhtx. "11 " 

YcHnHTenb H HHTerpaTop B aMnnHTYllHOM KaHane aHanorH'iHhl ycHnHTe-

niO H HHTerpaTOpaM B KaHane JJ.HCKpHMHHaUHH. 

n~:~aeAHble aopoTa BbiiTOnHeHbl Ha TpaH3HCTopax T20' T21 H T22~ T23 

(IT311). 

TpaH3HCTOp T 21 HCITOnb3yeTCSI llnSI ynpaaneHHSI BXOJJ.HbiM TOKOM TpaH-

3HCTOpa T2o· npH ITOMOUIH llH$$epeHuHanbHOA napbl Ha TpaH3HCTOpax T22 H 

6 



T 2 3 KOMITeHCHpyeTCSI "nbeJleCTan" 1 ITOS!BnHIOIUHACSI npH nepeKniO'IeHHH pe)I(HM-

HOrO TOKB Tp8H3HCTOpa T
21 

B Tp8H3HCTOp T
20

• B HCXOJlHOM COCTOSIHHH OT-

KpbiTbi TPBH3HCTOpbi T 
21

, T2
2

• ITpH OTCyTCTBHH ynpasns:noruero HMnynbca 

BXOJlHOA TOK npoXO/lHT IB KonneKTop TpaH3HCTopa T 
21

• ITpH nocTynneHHH yn

paBnHIOruero HMnynbca TpaH3HCTOpbi T 21 H T
22 

3aKpbiBaiOTCH, a T20 H T 23 

OTKpblB8IOTC H. 

BenH'IHHbi HHilYKTHBHOCTeA L 1 .. 50 MKrH, L 2 • L 4 • 20 MrH Bbi6pa-. 

Hbl TBK 1 'IT06bi "6biCTp8S!" H "Me]lneHHBSI" 'IBCTH BXOJlHOrO HMnynbCB TOKB 

OTBeTBnHnHCb B COOTBeTCTBYIOIUHe HHTerpHpyiOIUHe eMKOCTH. 8Be]leHHe 9THX 

HHilYKTHBHO~Teil: n03BOnHnO o6ecn~~HTb Manoe COnpOTHBneHHe no llOCTORH-

HOMY TOKY B 6a38X COOTBeTCTByiOIUHX 9MHTTepHbiX nOBTOpHTenea: nng HX 

.LlnH perH C TpBUHH . y -KBBHTOB TyM6nepoM "K" yMeHbiUaeTCSI eMKOCTb 

Co " Me]lneHHoro" H H TerpaTopa - 9 THM JlOCTHraeTCSI pa36anaHC, .LlnH HBCTpOA-

KH 'cx e Mhl no OCUHnnorpa¢>y CHrHan CyMMbi C 9MHTTepa TpaH3HCTOpa Tg Bbl-

BeJleH HB KneMMY n e peJlHeA naHenH "HBCTpOAKa I'. 

CxeMa BhiJleneHHH HeATpOHOB Ha ¢>oHe y -KBBHTOB HMeeT HB BXOne 

CyMM8 TOp 1 'ITO JlB e T B03M0)1(HOCTb pa60T8Tb OT HeCKOnbKHX C'IeT'IHKOB (no 

]leCHTH). 

· .LlnH HBCTpoii:KH CXeMbl 6bin pa3pa60T8H. reHepaTOp, HMHTHpyiOIUHA HM-

nynbCbl OT CUHHTHnnRUHOHHOrO C'IeT'IHK8 1 Bbi:;3B8HHbie penHTHBHCTCKHMH 

y -HMnynbCbl ") H HepenHTHBHCTCKHMH ( Heii:TpOHHbie HMnynbCbl") 'IBCTHUBMH 
q ~ 

(eM. pH c .1). 

H c nonb3YH TO o6cTOHTenbcTso, 'ITO nnoruanu "MenneHHoA" 'IBCTH HM-

nynb.Ca TOKB OT H e ii:TpOHOB H OT y -KBBHTOB OTnH'IBIOTCR B nsa paaa H 
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npHHHMali t'lo BHHMaHHe COOTHOllleHHe "6biCTpOH" H "MeAneHHOH" "'aCTH HMnynb-

COB, MmKHO HaHTH, "'TO J O = 4QQ J 
1 AnSI HeHTpOHOB H J 0- 800 J 2 AnSI 

y - KBaHTOB COOTBe'J'C~BeHHO, BbiXOAHOlf CHI'Han I'eHepaTopa cjJOpMHpyeTCSI 

H3 ABYX SKCITOHeHT: "6biCTpolf" C r 6 = 6 HCeK H "Me,aneHHOlf" C r M .. 

(300t-50Q) HCeK, llpH"'eM aMnnH TyAa "6biCTpolf" "18CTH B 400 pa3 6onbll!e 

aMnnHTYAhi "MeAneHHolf" "'aCTH. B cxeMe reHepaTopa npeAyCMOTpeHa soa-

MO)!(HOC Tb yMeHbllle HHSI BABOe aMnnHTYAbl ''MeAneHHOlf" KOMITOHeHThl CHI'Hana 

AnSI o6ecne"l:eHHSI COOTHOllleHHSI J O = · 800 J 
2 

• 

TipHHUHnHanbHaSI cxeMa reHepaTopa noKaaaHa Ha pHc.5. Ha BXOA noAaeT-

CSI HMnynbC AnHTenbHOCTbJO 2 MKCeK C cjJpOHTOM 1 HCeK. llnSI STOll UenH HC-

ITOnbayeTCSI pTyTHhilf reHepaTOp C 50-0MHhiM cjJopMHPYJOlllHM Ka6eneM AnHHOlf 250M. 

3ToT HMnynbc nocTynaeT Ha "6biCTpbili" ( TpaH3HCTOpbi T1, T3) H Ha "MeAneR-

Hhilf" KaHanbi (T2, T4) H Aanee Ha CMeCHTenh (TpaH3HCTop T5). TpaHaHcTop 

T1 (fT311) - cornacyJOIIIHlf. B "'6biCTpoM" KaHane CHrHan AHcjJcjJepeHuHpyeT-

CSI C ITOCTOSIHHOlf BpeMeHH r 
6 

'" 6 HCeK ( R z, C 
1 ) , a B Me,aneHHOM C 

r 
300 HCeK ( R s C 2 ) • C ITOMOIIIbJO ITOTeHUHOMeTpa 1K H3MeHSieTCSI AnH-M 

TenbHOCTb MeAneHHOlf SKCITOHeHTbl OT 3QQ AO 500 HCeK. 3MHTTepHbilf ITOBTO-

pHTenb Ha TpaH3HCTope T3 (rT313) yny"l:ll!aeT ycnoBHSI AHcjJcjJepeHUHposaHHsr 

6biCTpolf sKcnoHeHThi. Pe)!(HM TpaH3HCTopos T3 H T5 aa.aaeTcsr AenuTeneM. 

TipH HarpyaKe 150 OM Ansr •6biCTporo' CHI'Hana TpaH3HCTOp T
5 

pa6oTaeT KaK 

ycHnHTenb Hanpsr)!(eHHsr, a Ansr "MeAneHHoro" - B pe)!(HMe AeneHHsr. KoscjJcjJu-

UHeHT nepeAa"'H 6biCTporo KaHana 
K 6 '" 0,65. KoscjJcjJHUHeHT nepeAa"l:H MeHh-

llle 1 1 TaK KaK aMITnHTyAa HeCKOnbK .. YMeHbll!aeTCSI npu AHcjJ¢epeHUHpOBaHHHo 

B MeAneHHOM KaHane .aeneHHe CHrHana npoHCXOAHT .aBa)!(Ahi: s TpaHaH-

CTOpe T2(fT311) BXOAHOA HMnynbC AenHTCSI B OTHOllleHHH 1/37 H ,aanee Ha 
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AenHTene pe3HCTopa R4 H p = 150 OM B OTHOWeHHH 1:14. C ITOMOWblO 

TyM6nepa "Ku 8MITnHTYA8 MeAneHHOl!: 9KCITOHeHTbl H3MeHSI9TCSI B ABa pa3a. 

Koa(jl(j>HuHeHT nepeAB'IH MeAneHHoro KaHana K M 1/160 ( c y'leTOM Koa4$H

UHeHTa nepeAB'IH Tp8H3HCTopoe T 2 , T3). 

0THOllleHH9 8MITnHTYA "6biCTpol!: H MeAneHHOl!:" 9KCITOH9HT AnSI "Hel!:Tpo-

y -KB8HTOB" 

reHepaTopa paBHO 

1· 
K y ~ - 0

- = 806 . 
J 2 

K6 Jo 
K ~--=--a 396 COOTB9TCTB9HHO AnSI 

n K M Jl 
HOB" H8 BblXOAe 

TaKHM o6pa30M, He06XOAHMbl9 COOTHOllleHHSI AnSI 8MITnHTYA BbiiTOnHIDOT-

CSI. AMnnHTyAa "6biCTpol!:" 9KCITOHeHTbl . H8 BbiXOAe I'eHepaTopa M9HSI9TCSI 

nHHel!:HO B AH8IT830He OT 1 AO 8 BOnbT. nlflel!:Hoe H3MeHeHHe 8MITnHTYAbl MeA-

neHHOll 9KCITOHeHTbl npOHCXOAHT B AHBITa30He OT 2,5 AO 20 MB - AnSI ,,Hell:-

TpOHOB" H OT 1,3 AO 10 MB - AnSI " y -KB8HTOB". 

llnSI npeAOTBp8llleHHSI "nponesaHHSI" "6bJCTpol!:r '18CTH HMITynbCa B "MeA-

neHHbil!:" KaHan Heo6xoAHMO xopolllee p83AeneHHe C ITOMOWblO BbiCOKO'IaC-

TOTHblX (j>HnbTpOB. 

llnSI TOI'O, 'IT06b! ITOAenHTb CHI'Han B 800 pa3, He06XOAHMO HCITOnb30-

B8Tb nocneAOB8TenbHOe AeneHHe, ITOCKOnbKY AeneHHe HaHOC9KYHAHbiX CHI'Ha-

nOB H8 COITpOTHBneHHSIX BbiiTOnHHTb HeB03MO>KHO H3-:3a C06CTBeHHOJ!: 9MKOCTH 

XapaKrepHCTHKH cxeMbi 

CxeMa HaCTpaHeanacb oT reHepaTopa-HMHTaTopa TBKHM o6pa3oM, 'ITo-

6bl H8 BbiXOAe AHCKpHMHHaTOpa He pei'HCTpHpOB8nHCb y -HMnynbCb!" 1 HO 

perHcTpHpoBanHcb " Hel!:TpOHHbie HMnynbCbi"'. Ebino Hal!:AeHo, 'ITO AHCKpHMH-

9 



H8UHH • y -KB8HTOB" 
ocymeCTBnHeTCH D.O 3H8'1eHHH 8MITnHTYD. BXOD.Hb!X HM-

rrynbCOB 8 BOnbT, llnH HMrrynhCOB C 6onhll!HMH 8M1lnHTYJ:I8MH H8 Bb!XOJ:Ie J:IHC-

KpHMHH8TOpa llOHBnHJOTCH HMrrynbCb! 1 KOTOpbie 381lYCK810T <jJopMHpOB8Tenb Bb!X, 

D ". 8 TO )l(e BpeMH "HeiiTpOHHbie HMrrynhCb!" peJOHCTpHpyJOTCH Ha Bb!X, 

D nHll!h npH 3Ha'leHHHX 8M1lnHTYJ:I BXOJ:II;lb!X HMnynhCOB 6onbll!e 1 BOnhTa, 

BenH'IHHbl 8M1lnHTYJ:I BXOJ:IHbiX HMITYnhCOB 1 BOnbT H 8 BOnhT Orrpe.nenSJIOT 

COOTBeTCTBeHHO BepXHIO!O H HH)I(HJOIO rp8HHUY 8MTinH TYJ:IHOrO D.H8TI830H8 CXeMb!, 

CxeMa HC1lOnh3yeTCH B CHC TeMe perHCTpaUHH HeHTpOHOB
1 

B KOTOpOA 

L{eTeKTOp8MH cny)I(8T CUHHTHnnHUHOHHble C'leT'IHKH C KpHCTannaMH CTHnh6e-

H8, PerHCTp8UHH HeH1'pOHOB OCyll!eCTBnHeTCH no 11pOTOH8M OTIJ.8'1H, SHepreTif-

'leCKHH CneKTp KOTOpbrX 11plf perHCTp8UHH MOHOSHepreTH'IeCKHX .HeHTpOHOB 

lfMeeT, K8K H3BeCTHO, 11pSIMOyronbHY!O <jJopMy ( AO 3H8'1eHHH SHeprHii: Heii-

TpOHOB E n = 14 Mas). B 41 TH X ycnoaHHX Hlf)I(HHH rpaHHUa aMrrnHTYAHoro 

AH811830H8 CXeMbl OTBe'laeT TIOpOrOBOMy 3H8'1CHHH (8) SHeprHH rrpOTOHOB 

OTL{8'1H, a BepXHHH rpaHifU8 COOTBeTCTByeT M8KCHManhHOH BHeprHH HeiiTpo-

Ha, perlfCTpHpyeMOH B D.H811830He JlHCKpHMHHaUHH .Y -KB8HTOB. 
3Ha'leHHH 

llOporosoA BHeprHif If M8KCHManLH OA 3HeprHH HCHTpOHa onpeL{enHIOTCH, O'IC-

BlfL{HO, Ha11pH)I(eH!feM llHTC\HifH <J>3Y, 

Ham!'rlfe s aepreTH'IeCKoro nopora npHBOD.HT K yMeHhllleHHJO a<jJ<jJeKTHB-

HOCTH perHC Tp8UHif ( & 
HeATpOHOB, 0THOCHTenbHOe yMeHbllieHHe a<jJ<jJeK-

THBHOCTH perHCTp8Uiflf MOHOSHepreTH'IeCKHX HeiiTpOHOB C S.HeprHeii E
0 

MO)I(HO 3811HC8Tb ~ B HD. e : 

1\f.:. B 
... ---

& En (.1) 
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I 
l 

EcnH H8Tip5DK8HHe TIHT8HHSI 4>3Y T8K08 1 'LITO BepXHSISI r'p8HHU8 8MllHHTYAHOJ:'O 

llH8TI830H8 (8s) COOTBeTCTByeT aHepr'HH Hej;iTpOH8 5 Mas, TO HH:>KHSISI I'p8HH-

U8 8MllJlHTYAHOJ:'O AH8IT830H8 (1B) 6yneT COOTB8TCTBOB8Tb aHepreTH'L!eCKOMY 

rropory 1 ,3 Mas H rroTepSI B ac!Jc!JeKTHBHOCTH 6y.neT pasHa 26%. IT pH perHcT-

paUHH HeHTpOHOB c aHeprHeA 14 Mas nopor cocTaBHT 3,2 Mas, a noTepSI B 

ac!Jc!JeKTHBHOCTH 23%. B aTHX oueHKax Hcnonb30B8HHCb H3BeCTHbie .naHHbie/1/ 

0 38BHCHMOCTH CBeTOBblXOA8 B KpHCTanne CTHnb6eHa OT aHeprHH npOTOHa. 

C UeJlbiO npOBepKH pa60Tbl CX8Mbl OT HMITYHbCOB C Bb!XOA8 CUHHTHJlJlSI-

UHOHHOJ:'O C'L!8T'L!HK8 6b!JlH npOBe.QeHbl H3MepeHHSI 'L!HCJ18 HMITYJlbCOB (c BbiX. 

" 11 ") H aMnHHTYllHbiX crreKTPOB OT y -HCTO'L!HHKOB 
137 Cs eo Co u MO-

HOaHepre TH'LieCKHX HeiiTpOHOB c aHeprHeii 3 Mas. 

C'L!eT 'L!HCJla HMITYJlbCOB H 8MllJlHTYllHble CITeKTpbl H3MepSIHHCb .QHSI AByX 

pe:>KHMOB pa60Tbl CXeMbl: C AHCKpHMHH8UH8H H 6e3 AHCKpHMHH8UHif ( BBe.QeH 

pa36anaHc). IT pH perHCTpaUHH y -KB8HTOB OTHOLUeHHe '!Rena HMrrynbCOB ( N 'Y), 

H3MepeHHOC B pe:>KHMe pa60Tbl CXeMbl 6e3 AHCKpHMHH8UHH 1 K 'L!HCJlY HMTIYJlb-

COB, H3MepeHHOMy B TeX :>Ke ycnOBHSIX B pe:>KHMe C AHCKpHMHH8UHeH ( N J:IHCKP) 
'Y 

onpenenSieT CTeneHb J:IHCKpHMHH8UHH ( ~ 

NY 
/UiCKp 

NY 

y - KB8HTOB: 

(4) 

flpH perHCTp8UHH HeHTpOHOB OTHOilleHHe CKOpOCTeii C'L!eTa 'IHCJl8 HMITYJlb-

COB, H.:'IMepeHHbiX B LIBYX pe:>KHM8X CX8Mbl 1 orrpeaenSieT ITOTepiO B ac!Jc!JeKTHB-

HOCTH p0rHCTp8UHH Ke~TpOHOB: 

N 
/111CKp. 

n 

Nn (5) 

11 



0"l:eBHAHO, HCnOllb3ySI H3MepeHHOe 3KCnepHMeHTanbHO OTHOWeHHe (5), MO:>KHO 

C nOMOWbiO Bblpa:>KeHHSI ( 3) onpeAenHTb "s4J¢eKTHBHbill:" 3HepreTH"'eCKHll: no-

por AnSI npoTOHOB OTAB"'H, o6ycnoaneHHbill: aMnnHTYAHbiM noporoM cxeMbi. 

Ha puc.6 npeAcTaaneHbi aaaHCHMOCTH H3MepeHHbiX TaKHM o6paaoM cTe-

neHH AHCKpHMHH8UHH y -KB8HTOB OT 
eo Co H sHepreTH"'eCKoro nopora a 

aaBHCHMOCTH OT HanpSI:>KeHHSI nuTaHHSI <1>3Y. DnSI y -KBBHTOB OT 
137 Cs 

CTeneHb AHCKpHMHH8UHH npH TeX :>Ke 3Ha"l:eHHSIX HanpSI:>KeHHSI Ha <1>3Y B HeC

KOnbKO paa 6onbwe, "l:eM AnSI eo Co • 3To o6cTOSITenbcTao o6'bSICHSieTCSI TeM, 

'ITO M8KCHM8nbHbie aMnnHTYAbl HMnynbCOB OT KOMnTOHOBCKHX sneKTpOHOB AnSI 

137 - &II Cs MeHbwe ( npBMepao BABoe), "l:eM AnSI Co • HeKOTOpbie H3 H3Me-

peHHbiX aMnnHTYAHbiX pacnpeAeneaull: A8Hbi Ha pBc.7t-10. B Ta6n. 1 npHBOASIT-

CSI ycnoBBSI HaMepeHBSI STHX cneKTpoa. Ha pBcyaKax cnnowaoll: nHHHell: o603-

Ha"l:eHbl cneKTpbl, H3MepeHHbie B pe:>KHMe pa60Tbl CXeMbl C AHCKpHMRH8UHell:, 

a WTpHXOBOll: - 6ea AHCKpHMHH8UHH. 

Ta6nHua 

HoMep pHcya-
J1CTO'IHHK 

YcHneaHe H anp SI:>KeHHe 

Ka aaanHaaTopa DHTBHHSI <l>3Y 

(oTH. ea.) (KB) 

7 eo Co 1 2,3 

8 Hel!TpOHbi 

E - 3 Maa 1 2,3 

9 " 1 2,4 

10 " 2,5 2,2 

J13 pHC. 7t-10 BHAHO, 'ITO ecnH AHCKpHMHH8UHSI y -KB8HTOB ( TO"l:Hee 

KOMnTOHOBCKHX sneKTpOHOB) OCyweCTBnSieTCSI no BCeMy cneKTpy , TO AHCKpH-

MHH8UHSI npOTOHOB npOHCXOAHT nHWb AO HeKOTOpOrO noporoaoro 3H8"1eHHSI 

aMnnHTYA HMnynbCOBo npu H3MeHeHHH HanpSI:>KeHHSI nHT8HHSI <l>3Y annapaTyp-

12 



Hbie CIIeKTpbl IIpOTOHOB OTA8'IH ae<jJOpMHpy!OTC511 HO rronO)KeHHe rropora He Me-

H51eTC51, A6conJOTHOe 3H8 'IeHH e 9TOrO rropora orrpeaen51eTC51 C ITOMOllib!O Ka-

nH6pOBKH aHanH3aTopa H COCTaBn51eT 0,15 BOnhT, 'ITO COOTBeTCTByeT aMITnH-

TYABM BXOAHbiX HMrrynbCOB ( 1 t- 1 ,2) BOnbT. 

Ha pHc .11 rrpHBOAHTCH aMrrnHTYAHhle pacrrpeaeneHHH OT HBATpoaos . c 

3HeprHeA 14 Mas. 3TH C ITeKTpbl H3Mep51nHCb IIpH ITOHH)KeHHOM Haiip51)KBHHH 

IIHT8HH51 ¢3Y Jln51 TOrO, 'IT06 8MIInH T YJlbl HMITynbCOB H8XOJlHnHCb B pa6o'!eM 

AH8IT830He CXeMbl, 

3arpy30'!Hble CBOACTB8 CXeMbl OIIpeaen51JOTC51 ITOCTOSIHHOA HHTerpHpOBa-

HH51 B 6biCTpOM KaHane, KOTOpa51 COCTaBn5!eT 100 MKCBK, TipH 3arpy3KaX 

,. 6.103 H3-38 a<jl<jleKT8 HanO)KeHH5! JlOn)I{Ha YMBHbiDaTbC51 CTBIIeHb JlHCKpHMH-

H8UHH y -KBaHTOB. 3KCITepHMeHTanbH851 KpHBa51 3aBHCHMOCTH CTerreHH AHCKpH-

MHH8UHH y -KBaHTOB OT 3arpy3KH npHBOAHTC51 Ha pHc,12. 

AsTopbi rronb3YJOTC51 cny'IaeM Bblpa3HTb cso10 npH3HaTenbHOCTb IO.K.AKH-

MOBy 38 none3Hble JlHCKyCCHH . 

liHTepBTypB 

I. IO.A.EropoB, CuHHTHnnHIIHOHHbi /1 MeTol:l cneKrpoMeTpHH y -H3ny'leHHR 

H 6biCTpbiX neifrpoHoB, A TOMH3P.BT, M., 1963, 

2. E,G-a.tti, F', de l\11artini, Nuclear Electronics, B?lgrade cont. proc., 

v, 2, 2651 IAEA, Vienna (1962 ), 

3. M,F'orte, et al, Nuclear Electronics, Belgrade cont. prov,, v;2, 

p. 2771 IAEA, Vienna (1962), 

4, J,P,Cretez et a1, Nuclear Electronics, B?lgrade cont. proc,, v,21 

p,287, IEAA. Vienna ( 1962). 

13 



5. L..l,de Vries, F, Udo, Nuclear Electronics, 13:lgrade conf, proc., v,2 , 

p. 305, IAEA, Vienna (1.962). 

6. B r BpOB'leHKO. flpH60pbl H TeXH. 3KcnepHMeHT8, N94, 49 ( 1961). 

7. M.L.Roush et al, Nucl, Instrum. & Meth., 31., 1.1.2 ( 1.964), 

B. Gy Mathe, B,Schlenk, Nucl. Instrum. & Meth,, _E, NL, 1.0 ('1'964). 

9. B.l1.KyxreBH'l. H J!p. flpH6opbi H rexH. 3KCnepHMeHTB, N92,45 (1965). 

10. W,Sch weirrer, Nucl. Instrum. & Meth., 39, 343 ( 1.966). 

11. W, Schweimer. ·. N.lcl, Instrum, & Meth,, 391 343 ( 1.966). 

12. &Soucek, R,L,Chase, Nucl, Instrum. & Meth,, ~ Nl, 76- 76 ( 1.967 ). 

13. V.Tamm et al, Nlcl. Insi:rum. & Meth,, ~ N2, 301. ( 1.967 ). 

14. A,Tojo.Nucl. Instrum. & Meth,, 50, N1., 38 (1.967). 

15. &Sabbah, A.Suhani., Nucl. Instrum. & Meth,, !if!,N1.,1.021,1.1.0( 1.958),
1 

16. F.A..lohson, Nucl. Instrum. & Meth., 58, N1.1 1.34-1.42 ( 1.968). 

17. T, Hiramoto, NNohara. Nucl. Instrum. & Meth,, !if!, N1.1 1.67-1.69 
(1.968). 

PyKorrHcb rrocTyrrHna a HanaTenhCKHA oTnen 

20 MaH 1968 rona. 

14 

-' 



Jo 
J(t) 

t 

P Hc. l . ~opMa HMnynbca co CUHHTHnnRUHOHHoro cqeTqHKB npH perHcTpa UHH 
HeliTpOHOB H y - KBBHTOB, 

Bxod 
PaJoe11ure.nb UHrezparop /lUCKpUMU-

T - Ua Harop l 
Bb/X. 

'¢op11upo~a- ~ HHrezparop cflopttupo8a-r- Bblx,i" t- -- 1----
re..nb BbiXE - u,., Te..nb BbiXn 

JL 
-u-

' Ycu.nure..nb UHrecparop JluHeUHbte 8b!X, 

UE l_ Bopora 

PHc. 2. E noK- cxeMa ycTpolicTsa paaJleneHHR HellTpOHOB OT y - KBBHT OB, 

15 



91 

•ao~Hea~-A ~o aoHod~uaH HHHauarrced ea~ouod~oA 
rq~oged q~ooHqua~eaorrauoou HeiDOIHHoHou 'UHHali{HdueH ewwedJeHU '&'OHd· 

--\ T1-l -.,; --. I 
<...... \ 

I I 

'J.DHnwndx:m~ zodou--

tiff xJqg 

-+-'11~9n 
I 

~Jl rn~-9n 

1 gn 
_____ A_ 

eoxa 



PHc.4. npHHUHIIHanbH8SI cxeMa ycTpOl!CTBa JlHCKpHMHH8UHH. 



21'1KCtK 

~ 
8xoa 

(X) p=so~ 

-a6 ~~~ 

~ao :C~2o.o 
~a I 

1K 

k 
20.0 BbtX. 

1j .~ 
1-{Jff J. RH = 150 

PHc.5. npHHUHTIHanbH8H CXeMa reHepaTopa-HMHT8Topa HMTiynbCOB HeATpOHOB 
H y -KB8HTOB CO CUHHTHnnHUHOHHOro C'!€T'IHK8, 



8HepceTUCI. 
nopoe(M38) 

(8) 

f.2 

CreneHb 
iJUCKpUMUHGlfUll 

10 

1 
0.8 1------+----+---+-~~~----t-----1 HanpRxeHue 

nuraHUR 

t:/13!:1 (K6) 
22 2.3 2.4 25 

PHc.6 . 3aBHCHMOCTH cTeneHH llHCKpHMHHBUHH y -KBB HTOB OT eo Co H 3 Hep-

reTHqecKoro nopora OT H8ITpKmeHHH ITHT8H H H ~3Y. 

~ 

' o'......_ 
' 'tt--"""'0...-. 

\J ""()... .. 
--o 

"'a.. 

1200 

800 

400 ' 
~ '· "" ~ 0 (5 ...r... - 'o..."""'( ..... ~ 

0 40 80 120 N KaHa.na 
PH c. 7. AMITITHTYllHhlli cneK T P y - KBBHTOB oT eo Co c llHCKpHMHHBUHei\ H 

5ea llHCKpHMHH8UHH npH V = 2,3 KB, 

19 



1500 

too aL-L--+--+-+----~~-~ 

500~------~-------r-J------,_--~ 

C~ter 8 
KaHaJie 

0 80 f20 K KaHaJTa 
PHc . 8. AMnnHTYilHbiA cneKTp npoTOHOB OTilB'IH nns1 En= 3 M3B c llHCKpH

MHHBUHeA H 6ea llHCKpHMHHBUHH npH V = 2,3 KB. 

~00~-----+-----r--------~--~ 

wooL---l---~--------~--~-----t----1 

sooL-----+-------~--~--~---~ 

0 40 80 f20 

C11er B 
KaHaJTe 

.If KaHa.na 
P Hc.9 . AHnnHTYilHbiil cneK T p npoTOHOB OTilB'IH nn<~ En= 3 M3B c llHCKpH-

M H HBUHell npH V = 2, 4 KB . 

20 



soor----------r----~~--r-----------~--~ 

0 80 120 
N KaHana. 

C<1em 8 
KaHa.ne 

PHc .1 0. AMnnHTYJ:IHbil! cneKT p npOTOHOB OTJ:IB 'IH anH En • 3 M 3 B c aH c KpH-

1500 

fOOO 

500 

0 

MHHBUHel! H Oe3 ):IHCKpHMHH8UHH npH V = 2,2 KB. 

' ' ' ....... v 
,J 

r 
I 

20 

,.. 

'"" 

40 80 

\ 
\ 

"().., 

120 
N KaHana 

Ct~em 6 
KUHane 

PHc.11. AMnnHTYJ:IHbili cneKTp npoTOHOB OTJ:IB'IH a n H En = 14 M3B c aHcKpH

MHHauHeli H oe3 ):IHCKpHMHH8UHH. 

2 1 



CmeneHb 
iJUCKpUNUHQ 

{h) 
~ 100 

10 

1 

u 

102 f03 t(/1 f05 

3a~py3Ka 
(ceK-f) 

PHc. l 2 . KpHBBSI aaaHCHMOCTH cTeneHH llHCKpHMHHBUHH y -KBBHTOB oT aar

py3KH. 

22 

<:~~ ~ - ~ 


