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CneKTp.;JU,Hoe pacnp~eneHHe 3qiq>eKTHBHOCTR J(E) u OTKJIHK~ i(E) J1BJIJ1I<>TCJ1 Ba,K

HhlMii,xapaKTepHCTHKaMH ,neTeK;.OpOB H')leTeKTOpHfdX MaTepHaJIOB., Ileps~ pacc'IHT!d-,, 

BaeTCJI Me-i-o.noM MoHTe-Kapno; KOTOpbift; KaK H3BeCTHO, Il03BOJIJ!eT peIIIaTh 3a,,na'IH O: 

rrornomeHHl~ pa,nuamm B orpaHii'leHHhlX cpe,nax. TaKiie pactJeTbl .llRJl 'Taep.no'l'eJihHbIX 

.lleT~KTOpOB rrpoBO)lHJIHCI, pJI.Il:OM aBTOpos,[1-3].,, , . ,, . . . ,' 

- . p ac'leT. cne1hpa ·1 ( E)" B' 'JIHHeiiHOM CJiytJae TaK:lKe ! He COCTaBJIJleT : Tpy.na, . TaK KaK, 

' HCKJl~'laH o6JiaCTL ~'leHI, MaJil>IX·:. 3Heprnii E, OIi' H)leHTH'leH_ cneKTpy J(E). O.nmLKO, 

'Ka_K rrpaBHJIO,, rronyrrpOBO.llHHKH C BbICOKOli 'lJBCTBIITeJihHOCTl:IO K pa,nna1um, TiKne,KaK <, 

CdSe, CdTe; Tl]nSe2_'- HMeIOT cy6JIHHeiiHyIO aMllepa'aTTiIYIO xap~K'l'epHCTHKY (ABX). 

,-B 3TOM H~HHeiiHOM 6!:ytJ~e YIIOMJlHJTaH' H)leHTH'IH~CT~ )',Ke He HMeeT MeCTa: Blf.!l J( E) 
orrpe,neJIJieTCJl y,Ke He TOJihKO rrponeccoM ~HepaUHH CB06o.nnhl~ 3apll.llOB (KaK .llJlH J(E) ' 
HJIH l(E) B mIHe!IHOM cnytJae), HO TaI<,Ke H rrpotiecc~II o6MeHa Me)K,ny 30HOII pa3pe

meHiri:.xx ,c~cTOllHHii H iloKan_I.HhIMH ueHTpii.M1i JanpemeHHoi1: JOHhl. · Cym~C'tBeHHo BJIIIJleT ' 

. Ha l(E) 'B' ,HeJIHHellHOM CJIYtJae Ta.K,Ke H Hepa:1m0Mep1IOCTI, IIOI'JIOIIleHUJl pa,n;,jau:rin IIO 
rny6ime o6pa.Ju~: · . .· ·· · ..... · · , ' , .. .· . . , , .· · . . · ·· · 

• B HaCTOJIUl~ll ', pa6oTe IIOKa.Jaiio, ''ITO rrpH orrge.neneHIU,I~ Y~OBUJIX pac'leT I ( E) B Ii:e- . 

: JIHHeiiHOM 'cixyqae. MQ,KeT. 6bITI>, npoBe,neu Ha OCHOBe .ll~HhlX. no f (E). C n~nom,30BaI{HeM'' . 

' HeKoero napil.MeTpa s' ~ · 1, IIOJIJ'laeMOI'O' aHa.JIIITlr<IeCKII a co.nep)Kaniero C~e)leHHJl O <pop- : 

Me ~KcrrepIIMeHTaJihHhlX ABX .rie-reKTOpa.'1Im1_pacqeTa f (E) HCIIOJih30BaJia~I, rrporpaMMa 

Mo.nenIIpoaaimJI 3JieKTpoMarHHTHhIX JlIIBHeii ELS S [4], a,narrTHpoBa.IIHaH .llJIJl IIB3 M,•rn

rra·'J BM PC: 3,<t><t>eKTll~H~CTh,· HMe10maa ~MhlCJI OTHOCUTeJj1,Ho1I .uoJIH 3Hepr~H <pOTO~a, 

rrpeo6pa30BaHHOll B KHHeTH'IeCKJIO 3HepI'liIO CB06o.nHI~IX 3apJI.Il:OB B 061,eMe o6pa3IIa,, orrpe_- .· . 

. .neiIJIJiach B ELSS:KaK OTHOUJeinie £ - W/E,' r.neE - 3HeprHllj-KBaiii-a;.na.na10mero 

Ha o6pa3eu,: a w -cyMMapiiaa 3HeprHll ,-KBaHTOB
1 
H CBOOO.llHhlic 3apJUto~, IIOKH)l8.IOIIIHX 

_ o6p~eu: • · ' : ' , ,· , ,, , ::-

, K,iK yrro~riaann, Kpnc-rannhl TllnSe,HM~IOT cy6miiiei1:Hy10 A_BX. 0Ha 'Mo,KeT 6b!Th 

. npe,nCTitBJieHa 'CTerreHHOH' ~YHKUH!:!ll '] ;_., aa, r.ne I ~ OTK:nliK .lleTeKT~P~, G - MOIIlHOCTI, 
- ,•. ,,'' . : . ., - ,, ' . ' .• . . ,. . ,, , f. 

HJJiy'leHIIll, rro~JIOIIll!HHaH B o6paJ,ue; a rroKaJaTen1, a $ l 1 • OIIJ?e.nen~eTcll 3KcnepHMeH" ' 

•. Tan1,uo [5]. Cne.noBaT!!nhHo,',.nnJI cnyqaJI paBHOMepHoro (cria6oro) rrornomeHHll ~~eKTp / 

I( E) MOlKHo· oiincai-1, cnenyIOIIlIIM cooTHomeHHeM: ' ; · · . ' , . ' : ' 

- . · ... ···:. i ··{'·a(B) }a ··. .·.• ,: -
l(E) =F l~E') · G(E') · . (1) 

.•. 3~ec1, E' - JII06~e q>~Kc~poimHHi>e 3Ha'le~He 3i!;pruII n'3 paccMaTpH~aeMoro HHTepB~~ 
,na. \ .~ .. -. ·. _.-.· .· ~·>,· ;'·. ';_" ... -,.: : · _·. _,-_, ... · > ... · ; .· ··,_.-:.··· ·-

llnJI ~IIeKTpa IF(E), rrp.HBe,neHH~ro· K p~Hoft ~nOTHOCT~ IIO;OK~ 3Heprim H3JI}''leHIIJl 

F, B.co~THomeH~H (1) G MO,K'Ii:o JM.cieirn;h ·II-.;, f: : ·.. ' .· • · · . · 

. . l~(f).'=_J(E')fj((;:;+a - I _(2); 

· B o6meMicnyqae CO~TIIOIIIeHHJI (1) H (2) HY~.llaIOTC~ 'B. KOppeK~HH, Y,'IH;hIBaKlmei1: 

BJIHJIHHe H~JIHH~HHOCTH B ycJIOBIIX~ HepaBHOMepHO~O rr~rnmueHmi p~.n~aumt II~ ,TORIIlliHC 

o6paJIIa'. Ilnll'3Toro paccMOTpHM -~THOIIIeHHe ,. , '·. .. > : ·. - , , ·.. . /, 
~(E) ~ I(E)/l(E), 

--'---'--'--'--'-'--'---"-...:..;_..._;_·' ,•,' 
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r.ne J H I - oTKJIHK o6pa.:ma. .llJlll .nayx npe,nenhHhIX cnyqaeB: oTcyTcTBHll .nHct>4>YJH

oimoro Bhl:paBHHB8.HHJI H, Hao6opoT, "MrHOBeHHOro" .nn«l>4>yJIIOHHOro BhipaBHHBa.HW[ no 

TOJim1tHe o6pa3Ua KOHUeHTpa.Illtlt CBOOO.UHhtX 3apmos, reHepHpoBaHHhlX Pa.llHauHCH. 

OnycKM 3JieMeHTapHhle pa.ccy,K,neHltll, 3anmrieM JlJill J H l: 

l(E) = a j j~x)dx = aj(x = 0) j c(:(~ O)) a dx, 

l(E) =ad• j(x = 0) C(x ~ O)) a 

(4) 

(5) 

r.ne HCIIOJII>30BaJIH COOTHOIIIeHIIe TIIIIa (1), npHMeHeHHOe K IIJIOTHOCTH TOK& j, TeKY

mero B 3JleMeHTapHOM CJioe o6pa3ua. B (4) H (5) g(x = 0) - MOIIIHOCTh H3JIJ'leHIIa, 

norJiomeHHaH B e)lHHHUe o61,eMa 3JieMeHTapHoro CJIOJI Ha npHeMHOH IIOBepXHOCTlt o6pa3-

ua,j( x = 0) - IIJIOTHOCTh TOK& Ii 3TOM cnoe, g(x) II j(x) - TO ,Ke ,llJIJl CJIOJl Ha rny6nHe x, 
ad - nnoma.nh 3JieKTpO.noB o6pa3Ua, a g - OTHomeHIIe G K o61,eMy o6paJna, T .e. 

g=1Jg(x)dx. 

0TMeTHM, 'ITO j(x = 0) a Bblpa:a<eHHJlX (4) II (5) u,neHTH'lHhl, a g(x) = 
F(0)µnexp(-µx), r.ne µn H µ - JIHHeiiHhle KO::lq>q>HUIIeHThI nornomeHHJl 3HeprHII H ocna-

6neHHJl COOTBeTCTBeHHO. Ilo3TOMY nocne HeCJIO,KHbIX rrpeo6pa30BaHHll nony'IHM 

s(E) = (µd)a(l - exp(-µda)) . , 
µda(l - exp(-µd))a 

(6) 

Ilpn orrpe.neneHHH (6) MhI npeHe6perJIH HeJHa'IHTeJihHhlM II3MeHeHHeM KatJeCTBeHHOro 

COCTaBa H3JIJ'leHIIJI c rny6HHOll. 
CooTHOilleHHJl (1) H (2), OilHChIBaIOIIIHe crreKTpaJihHOe pacnpe,neneHHe OTKJIHKa He

JIHHeHHOro ,neTeKTOpa ,nnJI cnytJaa paBHoMepHoro ( cna6oro) rrornomeHHJI, cnpaae,nJIHBhl, 

otJeBH.llHO, H ,nnll l(E), BBe)leHHoro ,nJill cnyqaa "MrHoBeHHoro" .nmp<pyJIIOHHOro BbipaB

HHBaHHll KOHUeHTpaIIHII reHepHpoBaHHhlX CBOOO,llHhlX 3apJl)lOB. Ilo3TOMY 

I(E') a 
l(E) = Ga(E') G (E)s(E), 

HJIH B pac'leTe ua e,!l;HHHuy IlJIOTHOCTH IIOTOKa 3Heprna: 

I(E') a 
IF(E) = Ja(E'/ (E)s(E). (7) 

Bhlpa:a<eHHe (7) HCIIOJihJyeTCJI B CJIJ'laHX, Kor.na MO,KHO npeHe6pe'lh BJIRJlHHeM .llH<p

q>yJHH Ha pacnpe,neneHne KOHUeHTpaIIHH reHepHpyeMhlX pa,nHauHeH CBOOO)lHbIX 3apJI.Il:OB. 

TaKaJI CHTJauIDl peaJIHJyeTCJI B nonyrrpoBO)lHHKax C MOHOilOJIJlpHOll npOBO,llHMOCThIO H 

,llOCTaTO'lHO BbICOKOll 'lJBCTBHTeJihHOCThIO K H3JIJ'leHHIO [6]. K TaKIIM IIOJIJIIpOBO,llHHKaM 

OTHOCHTCJI H TllnSe2. · 
lfa (6) BH.llHo, 'ITO s = 1 rrpH cna6oM nornomeHHH (µd << 1) H y6hlBaeT c ycnneHHeM 

rrornomeH~Jl 11.0 JHatJeHHll s = (µd)a / µda npH µd > > 1 • 
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:. T<!:KllM q{ipa.30¥ paccMOTpeH~hlii: K03cpqmnH~HT_ s K?ppe1q:11pyi,r.,~cpq>~KT, o6yCJIOBJI~IIc, 

HhlH ~~~HOCT,I>.IO ,neTeK'J'.Opa .B ,}'.CJIOBIUIX Heo~opo.a;HOI)J norno~eHHll J?a-!lll<':µHli .II,. 

npHBOAllmHii: K OTHOCHTenbHOMY CHH:lKeHl!IO .'JyB~TBllTenbHOCT_11.ne-i:eKTOpa ~ .nnHHIJ;OBpn

HOBOH CTOpOHbl cneKTpa. 34>cpeK; Te~ 3~a~aTeii"b~~e;·'I~M ciinbHe~ nornomeH~~ ~ OTKno-

HeHl!e ABX OT n11Heii:Hoii:, T.e. 'JeM.6onbme µd 11 MeHbllie a. · 

· CpaaHeHHe pac'Iet'a ~ ~icnepHMeHTOM rip0B0.nnn11 .ilJill cnei{Tp◊B; npaBe,neHHhlX K paB

Hoii: MOillHOCTH 3KCil03llD;HOHHOH Jl03hl P, T.K. MOHHTOpllpOBaHne ny'IKa H3ny'IeHHll B 3TOM 

CJiy'Iae ocymecTBJilleTCll npome. Ilnll .naHHoro cneKTpa Bhlpa)KeHHe (7) np11o6peTaeT Bll.ll 
i 

~p(E) = con~t • (Fo(E)_ · J(E))° • s(E), (8) 

~- r.ne.Jp(E) r:IlnOTHOCTb IlOTOKa 3Heprmr lllny-<teH,llll, co3,na19max e.nHHll';IHYI0.3KCil0311,. 

D;J10HHYIO ,no3y,. 'Il!QieHHO paBHal!, OTHOilleHl!IO, 3HepreTl!'IeCJ(Oro 3KBHBaneHTa: peHTreua 

K.Ma<;COBOMY J(OOq>q>HD;HeHT.Y nornomeHl!ll 3Hepr1111 B BOJ.nyxe (7). B oTnll'IHe OT paf'Iec, 

TOB, r.ne 113ny'IeHH,~ .npe,nnonaran11 MOHOXpOMaTH!JeCKllM; .B" 3J(Cnep11MeHTe 11cnonb30Ba, 

mr cnnoilIHoe TOpM03Hoe :inny'IeH11e, roMoreu11311poBaHuoe nocpe,ncTBOM Me.nuoii: q>HJib

Tpau;11H. lfaMepeHl!ll npoBe,neHbl B HHTepBane 0.02.- 0.13 M3B 3cpq>eKTHBHblX 3HeprHii: 

peHTreHoBcKoro H3ny'IeHl!ll 11 .nononHeHhl TQ-q:Koii: E = 1.25 M3B. MeTO,n11Ka H3MepeH11ii: 

on11_caua B.[5). 

;Ha _puc.l np11Be.neHbl. 3KcnepH,MeHTanbH~e Kpl!Bhle ,cneKTpoB lp(E) ,n;nll o6pa.3D;OB 

TllnSe2 Palnll'IHO:ii TQnIIUiHhl. BHH:lKHeii:. 'IaC'.L"H TOrQ :lKe,pucyHKa - Kpl!Bhle, pacc'IU:TaH,, 

Hhle no (8) .nnll TeX JKe o6pa.3D;OB.IloKa.3aTenb cTeneu11 a ,nnll HCCJie,noBaHHhlX o6pa.3n;oB 

COCTaBnlln 0.5. 

B pac'IeTHhlX cneKTpax, KaK H B 3K<:IIepm.~eHTMbHhlx,'ii'a6nro.naeM Hanl!'IHe Illl!poKoro 

MaKfl!MyMa, ero CMemeuue: C H3MeHeHHeM TOnID;l!Hhl o6pa.3D;OB, KpyToii: cna.n C ,nnHHHO-
~onHOB~ii: c'.i-opom,1. ~ne~;;pa 11 rionorn~ _· C KOpOTKOBO~HOl30H_: . . . . . . . . . 

'3aMeTHO OTKnOHeHue ,naHHblX 3KCnepuMeHTa OT pacqeTHhlX B ' . '. HHTep11ane' 90 -
130 KiB'., ilpeB1>1ii:iek~e ~~ciiepHMeH;aJil>Hl>IX 'l{airn~r:( Ha.D:. p~c'IeTHhl~.m o6yCJio~iieHO CBOH~ 

CTBo'M MOH.Te-kap.n6~CKOH,. npo~p~~Mhl itss; 'rii~. e'eioiiMmirno' Y'I~CTb. ~Ha'I~T(!JI~Hhlii 

cKa'IOK' nor.ri6meHllX .B TllnSe2 ~pH 1! ~ ~1?;5 ~3B' (K~c~~'IO~ Tl); .' ' ' ' ' . ·, ' '_ .. 
0 npaBOMepHOCTH omrcaHHOH MeTOJl:UKH pac'IeTa roBOpllT, noMHMO 'cxo:lKeCTl:I o6mero 

Bl!Jla pac'IeTHOro H 3KCnepuMeHTanbHOro CileKTpOB, TaK)Ke H cornacne no TaKOH KOnH

'IeCTBeHHOH xapaKTep11cT11Ke cnekTpa, Kak oTa.oinem:i~ OTKJIHKa B MaKcnMyMe cneKTpa 

K OTKnnKy B TO'IKe E = 1.25 M3B.Ilnll o6pa.3D;OB c ronm11uoii: d = 0.05 cM, 0.104 CM 

a 0.21 CM pac'IeT .naeT 3Ha'IeHHll 10.75, 7.04 11· 5.05 CooTBeTCTBeHHO, a ·ll3Mepeml'll no 

uccne.noaauuoii: rpynne o6pa.3D;OB ,nann cpe,nHHe pe3ynhTaTbI :10, 7 H 5. 

BhlBOilhl. 
. . , ·., , . • , • i . . . . , • •. • , - ' ;., -. . , - . ~. : .• -· ,. • " ; ,: • , , - • , l . • ; r 

f>a<c'IeT crreKTpanbHOI'O pacrrpe.neneHHll OTKJIHKa nonynpoao.nuumiiloro .neTeKTopa c nen11-

neii:Hoii:' x~paKTepacT~Koii 1103MO)Keri ua o~H~Be'.nai'riiJ~: n6 3cpcpe~;na11ocT:u,'11ony'IennhlX 

MeTo.n6M MoH'~~Kapno. Heiiaiieii:u6c.;i.\c~p~KTep~i:T~K~ ii iieo.nHopci.n;HOCTb''nor.i:ion:ieHml 

pa.n;HaIIHH B o6beMe 'IYBCTBl!TenbHOro 3neMeHTa Y'Il!ThlBaIOTCll C no~omi,~ iioppe;i4py~· 

IOrtierci Ko3cpcpuu;HeH-ra s :S 1. JlanHniii. M\h·o.n pac~eT~~He Tpe6yer CBeJleH~ii o peKoM6H

uauuoHHhlX n HHhlX 3axBaTHhlX npou;etcax B non:yiipoBO,nHHKe. Oii ~cir6nb~yhcii/i6r.na 
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3Kcnepl!MeIITanbHbie (sepXHllll qacTb pncynKa) H pac•1eTI11,l(' (mllKilllll '!aCTb pH

cyHKa) Kpuaue crre1(TpaJib11oro pacnpe.nenemrn OTKJIHKa o6pa3IlOB TllnSc 2 c TOJmumm'i 

d= 0.21 CM (cnnorrrnall); 0.104'cit (mfpHXOBall) n 0.05'CM (WTpl!XIIYHKTl!pHall JIIIIIIIII). 

B yrny HH)KHero pncynKa - Kp1IBhle·3qilpeKTHBIIOCTH f(£) COOTBCTCTBYIOll.UIX o6pa3HOB. 

fmrt,CJo,I:ii;,11,ift !~,zn!ryt' ·, 
/ j fli~<!~iU.x m:t .,~;:J;::~w,11 
d 6i1SJTi-fOTs;H/ 1 ~.~~ ~----



MOlKHO npeHe6peqt, BJllillHHeM ro14xl>yJHlI na pacIIpelleJieHHe KOHUeHTpanuu reaepHpye

MblX pa.nuauneii: CBOOO.IIHLIX Japll.lIOB. 
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A.neKceeB H.B.,. A6.nHHOBa c.r. ·.Pl4-97~115 
CneKTpaJibHOe pacnpeiieneHHe 'OTKnH,Ka HenHHeihmro .neTeKTopa 
iH3Jl)'1lemu1 Ha octtciile TllnSe2 · · · · · i • · 

' . ' , . 

'/' 

'C HCnO~b30BaH~eM •. Meio~a Mb~Te-KJpno .paCClJHT~llO' ·,cneKTp~bHOe pac~pe~ 
~.nen~HHe ,

0

0TKnHKa 1'1InSe2-.neTeKTOpa y~m11yqe11~i .. HemmeHHOCTb '.neTe1fropa 
' ' ' , ' ' • ' t . ' < • ! . .-"' ~. ·' ' ' ' • , : 

H • HeO,llHOpO,llHOCTb nornomenm1' pa.ruiaum1 YlJHTblBaJIH C nOMOlllblO, KOppeKTHpyio- , 
mero' K03cj)cjJHUHeHT~ S (£\:. KOTOpb;H ::ias~cin; OT_ 3Hep~IH, y-KB.ll!TOB,' TO.lllUHHbl. 
KpHCTaJI_na H cpopMbI ABX. ,UaHHhIH cnoco6 KoppeKUHH npasoMepen. ~ cnyqae, Kor.na 

'HecymecTBeimo B.ll_IUiHHe' ,llH
0

cpcpy:mH. Ha pacnpe.ne.rientte J-JepaBHOBeC~blX JfOCHTeneH 
'Jap}l,lla B :o6beMe' nonynpoaommia, Ilposeneno cpaBHe1me. paclJeTii' C 3KCnepm.1eH-
TOM, B HHTepsaJie 0,02-:,-1;25 JvfaB' 3HepmH y-l(BaHTOB. . .; ' . ' 

. P~6o-ra Bbmonnetta B Jla6opaTopHH . HeHTpoHHOH •cj)HJHKH ·. HM.11.M.cJ>pal-iKa 
011511( · . . .. ;> . . ,• . . . . . . . . . . .. 

/' ., 

Tipe~pHHT Om,eii1;ueuiloro HHCTHTyTa 1111epHh1x' uccne11o~am1il. !ly6ua, 1997 
. ' ,· . ' . 

IlepeiioirasTOpOB 
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Spectrurr,i di~tributio~ of respo~se of. TllnSe2. y-d~tector, w~s\~Iculated. using 

Monte C~l'o. ~~tliod. '.1 N~n~lirie~ity of amper~wat( char~cteristics (A WC) 
of the detector and Jnhom.~geneity of ra'di~tion in the crystal were corrected by mea~s 

• 

0

of •.the' coefficient. s ·::; 1: which depends. on y-quantum .. energy, crystal·· thickness' 
and the 'forrri of A WCH. The compariso~ of the' calctil~ted :and. experimental', data 

•• ' • ; • ,, '-. ' ' ' : •• / - - ., >/ 

was carried outin the range of 0.02-,- 1.2~ MeV. •-. _., -· · 
I. 

The irivestigation has been performed at th~ ·_Fiank Laboratory of Neutron: 
~hysics, JINR.. '. \ . ' . 
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