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Pa6oTa Bhmonnena B Jia6opaTopHH H,D;epHbiX npo6neM HMeHH B. IT. ):VI<enenosa 

06'he,!I;HHeHHOro HHCTHT)'Ta H,D;epHbiX HCCJie,!J;OBaHHll. 

Hay'lnhlii pyKoso,n;uTenL: rocTKIIH MuxauJI HBaHOBH'I, 

KaH,n;ll,!l;aT Qlll3HKO-MaTeMaTWICCKHX nayK, Jla6opaTOpilll 

H,n;epnbiX npo6neM 011JII1, ceKTop .N~4 JIHneiinoro 

ycKopHTeJIH H30BIT, na'IaJibHHK ceKTopa 

O!lluuuaJILHhle onnoHenThl: Bopo6LeB AneKcan.n;p IIasnoBH'I, 

.n;oKTop QJH3HKO-MaTeMaTwtecKfix HayK, H11IJ, 

«Kyp'IaTOBCKllllllHCTHTyT>>- I1<l>B3, rJiaBHblll 

Hay'IHblll corpy,n;HHK 

Kap~asun Bna.n;uMup IOpLeBH'I, 

,!J;OKTOp TeXHll'ICCKllX HayK, Jla6opaTOpilll QJll3llKH 

BbiCOKllX 3Heprnii 011JII1, ceKTop .N~2 TOpl{eBbiX 

,n;eTeKTopos na CMS, Ha'IanbHHK ceKTopa 

C 3JieKrpOHHOll BepCHCll ,!l;llCCepTal{llll MO~HO 03HaKOMllTbCH Ha OQJHUHaJibHOM CaHTe 

06'be,!I;HHeHHOrO llHCTHT)'Ta H,D;CpHbiX llCCJIC,!J;OBaHllll B llHQJOpMal{llOHHO-

TeJieKOMMYHHKal{HOHHOll CeTH «11HTepHeT» IIO a,n;pecy: 

https://dissertations.jinr.rulru!Councils/NuclearPhysicsCounciUdissertations. 

C ne'!aTHoii sepcneii .n;nccepTaUnH MO)KHO 03HaKOMHTbCH B Ha)"'HO-TeXHH'IecKoii 

6n6nnoTeKe 011JII1 (r. ,[(y6Ha, MocKOBCKaH o6nacTb, yn. )l{onno-Kropn, .n;. 6). 

Y'IeHbiii ceKperapb .n;nccepTaunoHHoro 

CO BeTa 011JIJ1 IIO H,D;epHOll Qlll3HKe 

011JII1.03.02.2019.IT 

,!I;OKTOp Qlll3.-MaT. HaYK ' · 
~··· .. d/' -r "i , r.A. KapaMbliiiCBa 

06m.aH xapa~rrepncTnKa paooTLI 

AtgyaJILHOCTb TeMhl: 

ITonynposo,n;HHKOBbie .n;ereKTopbi. (ITIT):O nmpoKo npHMelUIIDTCH B QJH3HKe 

BbiCOKHX :meprHH ,!I;JIH perHcrpaUHH H,D;CpHbiX 'JaCTHU ll ll3JI)"'eHHll. flo cpaBHeHHID C 

,n;pyrHMH THIIaMll ,n;eTeKTOpOB OHH o6Jia,n;aiDT CJie,!J;yiDJUHMH npeHMyiUeCTBaMH: 

BbiCOKHMH 6hlcrpo,n;eHCTBlleM, npocrpaHCTBeHHbiM ll :mepreTH'ICCKHM pa3pCIIICHHCM, 

OTHOCHTeiTbHO Hll3KOH CTOHMOCTbiD H3rOTOBJieHilll ll 3KCIIJiyaTal{Hll. B 'pe3yJihTaTe 

HCIIOJib30BaHHC ITll,[( CTaHOBHTCH IIO'IJll BCer,n;a BblllrpbliiiHbiM Ilpll IIOCrpOCHHH 

CHCTeM perncrpal{Hll H,!l;epHbiX 'IaCTHU ll raMMa-ll3JI)"'CHIUi. 0CHOBHOe IlpHMeHeHHe B 

QJH3HKe BhiCoKHx 3neprll:ii ITIT,[( Haxo.n;HT s nocrpoeHHH rpeKosoix cHcTeM s 

Henocpe,n;cTBeHHOH 6JIH3ocrn K o6nacTH B3aHMo.n;eiicTBHH Ha KOJIJiaii.n;epax H B 

3KCI1epHMeHTaX C HCIIO,!J;BH:lKHOll MHIIIeHbiD. Ha 'HX 6a3e C03,!1;aiDTCH 

KaJIOpHMerpn'IeCKHe ll KOOp,!I;HHaTHbie IIO,!I;CHCTCMbl KaK ,!I;JIH COBpeMCHHbiX 

cpn3H'IecKnx ycraHoBoK, nanpHMep Ha 6onhrnoM a.n;poHHOM Konnaii.n;epe LHC, TaK n 

AM 6y.n;ymnx KOJIJiaii.n;epos IL~, FCC, CLIC, NICA H .n;p.· 

OcHOBHbiM MaiepHaJIOM ,n;AA npoH3BO,!I;CTBa ITII,[(. HBJIHeTCH KpeMHHH - 3TO 

caMbiH pacnpocrpaHeHnhiH, .n;erneBhiH n scecToponHe H3)"'eHHhlll MaTepnan. 

KpeMHHeBbie ,n;eTeKTopbi sceB03~o:>KHbiX KOHQJHrypauHii H pa3Mepos ycnernFio 

npn~elUIIDTCH BO BCeX KpYIIHbiX 3KCI1CpHMeHTaX B QJH3HKe 3JICMeHTapH~IX 'laCTHl{. . . ' 
TeM He MeHee, necMOTPH Ha rnnpoKoe pacnpocrpaHenne, KpeMHHCBbie .n;ereKTopbi 

06Jia,n;aiDT ll HeKOTOpbiMll He,!I;OCTaTKaMll, cpe,n;n KOTOpbiX MO)KHO Bbl,!l;eJIHTb 

He.n;ocTaTO'IHO BhiCOKYID pa.n;naunoHHYID ci'oiiKocTI.. 06ny'IeHne KpeMHneBbiX 

,n;eTeKTOpOB npHBO,!J;llT K pocry o6paTHOro (TeMHOBOro) TOKa ll yMeHbiiieHHID 

COOTHOIIICHllH' CllrHanfiiiYM. ,[(pyrnM QJaKTOpOM, OrpaHH'IHBaiDil{llM npHMeHCHlle 

KpeMHHeBbiX ITIT,[(, HBAAeTCH ero OTHQCHTeJII>Ho MaJihiH aTOMHbiH HOMep (Z = 14), 'ITO 

IlpllBO,!I;HT K Hll3KOH 3cpQJeKTHBHOCTll perncrpal{llll . KpeMHlleBbiMll ,!l;eTeKTopaMH 

raMMa-KBaHTOB c 3Heprneii Bbiiiie HeCKOJibKHX .n;ecHTKOB K3B. TaK, .n;AA KpeMHnesoro 

CeHCOpa TOJlll{llHOll 1 MM, 3QJQJCKTHBHOCTb perncrpal{llll QJOTOHOB C 3Heprneii 30 K3B 

He npeshlrnaer 25 %. 
CospeMeHHbie n nepcneKTnBHble .n;eTeKTopHbie ycTaHOBKH Ha Konnaii.n;epax 

BbiCOKOll CBCTllMOCTll npeA'b11BJIHIDT llOBbiiiieHHble rpe6oBaHIUi K yCTOll'IllBOll pa6oTe 

ITIT,[( B ycJIOBHHX BbiCOKHX pa.n;naunoHHbiX noneii. ,[(AA H3rOTOBJieHilll pa.n;naunoHHO­

CTOiiKnx ITIT,[( se,n;eTcH noncK · HOBbiX nonynposo,n;HHKOBbiX MaTepnanoB n 

pacrnnpHeTcH nx npnMeneHne. HanpnMep, Bb~COKYID pa.n;naunoHHyiD cToiiKOCTb 

,n;eMoncrpnpyiDT .n;ereKTopbi Ha ocHoBe aJIMa3a n py6nHa. O.n;HaKo nepBI>Iii, KaK n 

. KpeMHnii, o6na.n;aer nn3~wf~!l~eiW ' · · raMMa-KBaHTOB BbiCOKIIX 

6n6JIH9TeKa 
OMSIH 



:meprRii, a rour BToporo 3!lJ!lJeKTRBHOCTb c6opa 3apH.D:a He npeBblmaeT HeCKOJibKIIX 

npoJ.IeHTOB. EonLmoii RHTepec npe.l{cTaBmriOT TaK Ha3biBaeMbie 6RHapHbie 

nonynpoBO.l{HRKR, TaKRe KaK TennypR.l{ KMMIDI (CdTe, CdZnTe), RO.l{R.l{ prym (Hg12), 

6pOMR,l{ TanJIIDI (TlBr), ilJocilJR,l{ RH,l{RJI (InP), apceHR,l{ ranniDI (GaAs). 

GaAs no cpaBHeHRIO c KpCMHReM RMeeT 6onbm)'IO nnornocTb R aTOMHbiii 

HOMep, 6narO.l{apJI qeMy. ,l{CTCKTOpbi R3 GaAs RMCIOT Ha nOpJI.l{OK 60JiblliYIO 

3!lJ!lJeKTRBHOCTb pemcTpaliRR raMMa-KBaHTOB. B PoccRR pa6oTbi no C03,l{aHRIO . . 
,l{eTCKTOpOB R3 nonyR30llRpyiOIJ.Iero apceHR,Zla ranniDI HaqanRCb B KOHJ.IC npomnoro 

BeKa . B na6opaTOpRR ,l{CTCKTOpOB ROHU3RpyiOIJ.ICfO R3nyqeHRJI TOMCKOrO 

rocy.l{apcTBeHHoro YHRBepcRTeTa. Pa3pa6oTaHa YHRKanbHaJI TexHonorRJI nerRponaHIDI 

aToMaMR xpoMa 3nRTaKcRanbHbiX cnoen GaAs 3JieKTpOHHoro TRna npoBO.l{RMocTR. B 

pe3yJibTaTe KOMneHCai.IRR rny60KOll aKI.ICnTOpHOll npRMCCbiO xpoMa B KpRCTannax 

GaAs co3.l{aiOTCJI nR6o nonyR3onnp)'IOIJ.IRe erroR, nn6o 6apbepHbie nepexo.l{bi (n-v-n). 

llonyqeHHblll MaTepRan RMCCT BbiCOKOe y.l{CllbHOe COnpom_BllC\!RC (p 2:: 109 0MXCM) R 

,l{OCTaToqHoe ,l{llJI nOJIHOrO c6opa 3apJI,l{a ROHR3aliRR BpeMJI )l(ll3HR 3JICKTpOHOB ('t
0 
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HC). Pa3pa6oTaHHaJI TCXHOJIOfRJI npOR3BO,l{CTBa CCHCOpOB R3 KOMneHCRpOBaHHOrO 

XpOMOM apceHR,l{a ranJIRJI (GaAs:Cr) JIBlliiCTCH YHRKanbHOll B MRpe R n03BOlliiCT 

R3fOTaBJIRBaTb ,l{eTCKTOpbl TOJIIJ.IHHOll ,!{0 1 MM R nllOIJ.Ia,l{biO ,!{0 80 CM2• 

llpe.l{JiaraeMaH K 3aiJ.IRTe ,l{UCCepTaliiDI nOCBHIJ.ICHa R3MepeHRIO pa.l{Ral.IROHHOH 

CTOHKOCTR HOBbiX ,l{eTCKTOpOB R3 BbiCOKOOMHOfO GaAs:Cr R R3yqeHRIO B03M0)1(HOCTR 

RX npRMCHCHUH B 6y.l{yiJ.IRX 3KCnepnMeHTax Ha nenTOHHbiX KOJIJiaH,l{epax, TaKRX KaK 

ILC R CLIC. Ee aKTYaJibHOCTb o6ycrroBrreHa pocTOM npRMeHeHIDI HOBbiX 

nonynpOBO,l{HUKOBbiX ,l{CTCKTOpOB, B qacTHOCTR R3 apceHR,l{a ranJIRH, B !lJn3RKe 

BbiCOKRX 3HeprRii R MC,l{RJ.IRHe, OTCYTCTBRCM CRCTCMaTRqecKRX RCCJIC,l{OBaHRll 

PMRallnOHHoii cToiiKocTR .l{eTeKTopoB GaAs:Cr K o6nyqeHmo 3JieKTpOHaMn, 

HC,l{OCTaTOqHbiM o6'bCMOM 3KCnepRMCHTanbHbiX .l{aHHbiX ,l{llif nporH03RpOBaHIDI 

noBe,l{eHIDI ,l{eTeKTopoB n3 GaAs:Cr npR o6nyqeHnR 3JICKTpOHaMR H. 6biCTpbiMR 

HeiiTpOHaMH. B . xo,l{e pa6oTbi 6Lma BbmonHeHa 3HepreTnqecKaH Karrn6ponKa 

BbiXO.l{HOro KaHana YCKOpHTemr JUIHAK-200 (JUITI, OlUIM) HOBbiM MCTO,l{OM, 

OCHOBaHHbiM Ha aKTRBai.IRH H30TOnOB HH,l{IDI B nyqKe TOpM03HOrO H3JiyqeHIDI R 

Jla3pa6oTaHa MCTO,l{HKa 3HepreTnqecKOll KaJIH6pOBKH CI.IUHTHlllliii.IUOHHbiX ,l{CTCKTOpOB 

B .l{nana3oHe .l{O 25 M3B. Ha ycKopnTene JIHHAK:200 npoBe,l{eHbi U3MepeHIDI 

PMHaliHOHHoii CTOHKOCTH .l{eTeKTopon GaAs:Cr npn o6nyqeHnn 3JieKTpoHaMn 21 M3B 

.l{O YPOBHJI nornOIJ.ICHHoii .l{03bi 1,5 Mrp, qTo cooTBeTCTByeT !lJnroeHcy 7xi015 e·xcM-2• 

Ha peaKTope HEP-2 H3MepeHa PMHaJ.IHOHHaH CTOHKOCTh ,l{eTeKTopoB GaAs:Cr npn 

o6nyqeHnn noToKaMn 6biCTpbiX HeiiTpOHOB .B .l{nana3oHe 4xiO" - 4xi016 nxcM-2• 

BLmonHeHbi U3Mep~HnH na,l{eHIDI c6opa 3apH.zia, BOJibTaMnepHbiX n BOJibT!lJapa.l{HbiX 

xapaKTepncTnK o6nyqeHHhix--,l{cteK'iopcm··· GaAs:cr;·· npe.l{JIO)I(CHbl !lJopMYnbi .l{nH 
i rr ,;:;} !I~-;.) £ 1 ~ .~~,~~ ~t ~>"i ,.~:·: ~ .. ~ ~ · ·._. · _·.-~ Y:~ · 
{ 
! :: :!::.:·; 4 ··' 
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annpOKCUMaJ.IHH norryqeHHbiX 3KCnepnMeHTanbHbiX 3aBHCHMOCTCll. 3m" ilJopMyJibl 

npnMeHUMbi .l{mr npaKTuqecKoro pacqeTa 3!lJ!lJeKTHBHOCTn ,l{eTeKTopon GaAs:Cr, 

o6nyqeHHbiX noTOKaMH 3JieKTpOHOB n 6biCTpbiX HeiiTpOHOB. B 3aKJIIOqnTeJibHOii qacm 

pa6oThi onncaHbi pe3yJILTaThi ncllbiTaHnii MaTpll'IHbiX .l{eTeKTopoB GaAs:Cr B. 

npoTOTnne KanopnMeTpa Beam CalHa ycKOpHTene DESY -11. . ) 

UeJibiO pa6oTLI 6bmo n3yqeHne PMHaJ.IHOHHoii cmiiKoCTn BbiCOKOOMHoro 

apceHH,l{a ranniDI, KOMneHcnpoBaHHOrO XpOMOM (GaAs:Cr) H B03MO)I(HOCTH 

npnMeHeHIDI .l{eTeKTopon n3 GaAs:Cr IIa 6y.l{YIJ.IHX nemoHHbiX Kommii.l{epax. B xo,l{e 

BblllOJIHCHUH llOCTaBJICHHOll J.ICJIU 6biJIH pemeHbl CJIC,l{)'IOIJ.IUC 3allaqn: 

1. llo.l{rOTOBKa ycKopnTemr JIHHAK-200 K H3MepeHHHM PMHaliUOHHOii 

CTOiiKocTn ,l{eTeKTopoB Ha nyqKax ynLTpapenHTnBnCTCKnx 3neKTpOHOB. )J;mr 

pemeHIDI 3TOll 3a,l{aqn BblllOJIHeHa 3HepreTnqecKaH Kann6pOBKa BbiXO,l{HOfO 

KaHana ycKopnTemr, pa3pa6oTaHa MeTO.l{nKa 3HepreTnqecKoii Karrn6poBKII 

pa3JIUqHbiX TIIITOB ,l{eTCKTOpOB 3JICKTpOHaMH B ,l{Uana30He 3Heprnii ,!{0 25 M3B, 

C03,l{aH cTeH.l{ .l{JIH o6rryqeHIDI ,l{eTeKTopoB 3JieKTpoHaMn 3HepriDIMn 10-25 M3B. 

2. J13MepeHne pa.l{UaJ.IUOHHOll CTOHKOCTU onbiTHbiX o6pa3J.IOB GaAs:Cr COBMCCTHO 

C KpCMHUCBbiMU o6pa3llaMn Ha 3JICKTpOHHOM ITyqKe JIHHAK-200 n 

HeiiTpOHHOM rryqKe peaKTopa.HEP-2. 

3. Tipone,l{eHne ncrrLITaHnii .l{eTeKTopoB GaAs:Cr Ha nyqKe 3JieKTpOHOB 

cnHxpoTpoHa DESY-11. nblnn C03,l{aHbi MaTpnqHbie ,l{eTeKTOpbi GaAs:Cr 

6orrbmoii IIJIOIJ.Ia,l{n .l{mi ceHcopHbiX IIJiacTnH npoTOTnna KarropnMeTpa Beam Cal 

.l{llif 6y.l{yiJ.Iero KanopnMeTpa FCAL Ha Konnaii.l{epax ILC, FCC n CLIC. 

Hayqnan HOBH3Ha pa60TLI: 

1. Bn~pBbie BbmonHeHo cncTeMaTniiecKoe nccne.l{OBaHne PMHaJ.IUOHHOii 

cToiiKocTn BbicoKooMHoro GaAs:Cr rrpn o6nyqeHnn ynLTpapeMTnnncTcKnMn . . . 
3JICKTpOHaMn. 

2. BLmonHeHo nccne,l{oBaHne pa.l{nai.InOHHoii cmiiKocTn BbiCOKOOMHoro GaAs:Cr 

rrpn o6nyqeHHU 6biCTpbiMU HCllTpOHaMU U BIIepBbie 3KCnepnMeHTanbHO U3MepeH 

K03ilJ!lJnliHCHT rrepecqem IIOBpC)I(.l{CHUll MC)I(.l{y 6biCTpbiMU HCHTpOHaMn U 

yrrLTpapemrTnBnCTCKHMn 3JieKTpOHaMn .l{llif ceHcopoB GaAs:Cr. 

3. OnbiTHbie o6pa3llbi ,l{eTeKTopoB n3 GaAs:Cr ycrremHo HCllbiTaHbi B npoToTnrre 

KanopnMeTpa FCAL Ha 3JieKTpOHHOM rryqKe cnnxpoTpoHa DESY~II. 
. . 
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IIpaKTn'lecKaH JHa'IHMOCTb: 

CucTeMaTnqecKoe . HJyqeHne PMHaQnonnoii cTOiiKOCTH ~eTeKTopoo GaAs:Cr 

jJ:BIDieTCjJ: He06XO~HMbiM ycnOBHeM ~lljl HX IIpHMeHeHlljl. I13MepeHHjJ: pa~HaQUOHHOll 

croil:KOCTH ~eTeKTopoo GaAs:Cr B nyqKax 3neKTPOHOB u 6hiCTPhiX Heil:TPOHOB, 

npeMO:lKeHHhie !lJopMynhi ~ pacqcra JaBHCHMOCTH IIMenilli 3!lJ!lJeKTIIBHOCTH c6opa 

JapMa B MaTepiiane ~eTeKTopa OT nornomennoii ~OJhi IInii 4Jmoenca HJnyqeHHjJ: 

noJBOlljJ:T nporH03IIpoBaTh HJMeHeHIIe pa6o'9:IIX' xapaKTepiiCTHK ~eTeKTopoo GaAs:Cr. 

3TO OTKpbiBaeT B03MO:lKHOCTb HCIIOllbJOBaHHjJ: ~eTeKTOpOB H3 GaAs:Cr B COBpeMeHHbiX 

II 6y~ymux 3KCIIepiiMeHTax C BbiCOKOll pa~HaQHOHiiOll HarpyJKOll. 

Y cneumoe IICIIhiTaHIIe ~eTeKTopoB GaAs:Cr B npoTOTIIIIe KanopiiMeTPa Beam Cal 

noKaJano BOJMO:lKHOCTh IIX IICIIOllhJOBaHHjJ: B KanopHMCTPe FCAL. 

Ocnoonbre nono:lKenun, BbiHOCHMbie Ha Jamury: 

I. CoJ~aHhi HJMepiiTenhHhie cTeH~hi II pa3pa6omHa MeTO~IIK!i onpe~eneHHjJ: 
il>YHKQHOHanhHhiX xapaKTepiiCTHK TITI)l,, IIOJBOIDIIOIQIIe IIccne~ooaTh 

PMIIaQHOHHYIO CTOllKOCTb nn.n: IIpH o6nyqeHHH 3apjJ::lKeHHbiMH H 

HeiiTPanhHbiMH TiaCTHQaMII. 

2. CncTeMaTH'IeCKH HJMepeHa PMHaQHOHHajJ: cToil:KOCTh BhiCOKOOMHoro GaAs:Cr 

npu o6nyqeHHH 3neKTpoHaMn c nornomeHHoil: ~OJoil: ~o I ,5 Mrp u 6biCTPhiMH 

HeiiTPOHaMH B ~HaiiaJOHe !lJniOeHca 4x I 0 11 
- 4x 1016 nxcM-2

• TIOKaJaHo, 'ITO 

. nocne o6nyqeHlljl y~enhHOe conpOTuoneHne cm6Hnii3upyeTcjJ: na ypoone 109 

0MXCM, BOllbT!lJapMHhie xapaKTepHCTHKH He JaBUCjJ:T OT IIOrllOIQeHHOll ~03bl 

nnii !lJniOenca neiiTPOHOB. Onpe~enena JaoucnMOCTh na~eHlljl 3!lJ!lJeKTIIBHOCTH 

c6opa JapMa oT nornomennoii ~OJhi unu !lJniOenca HeiiTPOHOB. lloKaJaHo 

OTCYTCTBHe OT:lKIIra BbiCOKOOMHOrO GaAs:Cr IIpH KOMHaTHOll TeMneparype. 

BnepBhie 3KCIIepiiMeHTanhHO ycmHooneH nepecqeTHhiii Ko34J!lJnQueHT 

!lJniOeHcoo Heil:-ipoHOB c 3Heprueii 1 M3B II 3neKTpOHOB, xapaKTepuJyiOmuii 

CTeneHh noope~eHuii BhiCOKOOMHoro GaAs:Cr. YKaJaHHhiil: Ko34J!lJIIQIIeHT 
paoen 0,25 ± 0,11. 

3. l13rOTOBnen II HCIIhiTaH Ha 3lleKTPOHHOM nyqKe CIIHXPOTPOHa DESY-11 (r. 

raM6ypr, repMaHHjJ:) IIpOTOTHII KanopiiMCTPa BeamCal Ha OCHOBe ~eTeKTopoB 
H3 BhiCOKOOMHoro GaAs:Cr II oonh!lJpaMOBhiX nornoTIITeneii. 

Anpo6auun pa6oTbr: 

0CHOBHhie peJyllhTaTbi ~IICCepTaQHH ~OKllMbiBanHCb II o6c~aniiCb Ha 

Me~napo~Iioii Kon!lJepeHUIIII "Instrumentation for Colliding Beam Physics" 

{INSTR20, · Hooocii6IIpcK, 2020), Me~ynapo~noii Kon!lJepeHUIIII "The 5th 
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international conference on particle physics and astrophysics" {MH<I>H, MocKBa, 2020), 

BCepOCCHllCKOll KOH!lJepeHQHH "llonynpoBO~HUKOBhie MaTepHanbi B COBpeMeHHOll 

MHKpO- u HaHo3neKTpOHHKe" (W'fY, Maxa'IKana, 2020), pafioqux cooemaniDIX rpynn 

FCAL u CLIC, na nayqHhiX ceMnHapax u pafioqux cooemaniDIX JUIII 0Hm1. 

PeJynhTaThi pa6oThl ony6nnKoBaHhi .o 7 cTaTMIX B oe~mux HayqnhiX )I{)'PH~ax, 

6 HJ KOTOpbiX oxo.wrr B cnucoK BAK u Me:lK~yuapo~Hhie 6aJhi Scopus u Web of 

Science. 

liOCTOBepHOCTJ. nonyqeHHbiX pe3yllbTaTOB ofieciie'IIIBaeTCjJ: KOppeKTHOll, 

o6menpHHjJ:T0ll CTaTHCTH'IeCKOll o6pa60TK0ll pe3yllhTaTOB H3MepeHHll, 

COrnaCOBaHHOCTbiO pe3yllhTaTOB 3KCIIepHIMeHTa C TeopeTH'!eCKHMH BbiBO~aMH; a TaK:lKe 

c peJynhTaTaMII, nonyqeHHhiMH ~pyriiMH aBTopaMII. HecMOTPjJ: Ha TO, 'ITO Ja 

nocne~HIIe ro~hl ,- Texnonorlljl npoiiJBO~CTBa GaAs:Cr np~Tepnena HeKoTopbie 

H3MeHeHlljl, npe~CTaBneHHbie B pa60Te pe3yllbTaThl B , OCHOBHOM cornacyiOTCjJ: C 

H3llO:lKeHHhiMH paHee B pa6omx [I], [2]. 

Tiocne o6nyqenlljl HeiiTPOHaMII oonhTaMnepHbie xapaKn:piiCTHKH II IIMeHne 

c6opa Japjl~a B ceHcopax GaAs:Cr He npoTIIBOpeqaT peJyni:.TaTaM, nJno:lKeHHhiM B [I]. 
llpH o6nyqeHHH 3lleKTpOHaMH BbiCOKHX 3HeprHii JaBHCHMOCTb 3!lJ!lJeKTHBHOCTH 

c6opa Japjl~a OT 4Jn10enca cornacyeTCjJ: c IIJMepeHHjJ:MH, npooe~eHHhiMH 
Konna6opaQneii FCAL o2010 r., ony6nnKOBaHHhiMH B pa60Te [2]. 

I13MepeHHhlll K03!lJ!lJHQHeHT nepecTieTa IIOBpe:lK~eHHll . HeiiTPOHaMH J M3B II 

3neKTpOHaMn ~njl GaAs:Cr, paoHhiii 0,25 ± 0, II He npOTll:oopeqnT TeopeTH'IeCKH 

paCC'IHTaHHOMY H3 HeHOHH3aQHOHHhiX IIOTepb 3HeprHH {NIEL) B GaAs IIO MO~eiDI~, 
npe~ocTaoneHHhiM rpynnoii AMS-02 (INFN, 11Tanlljl) [3]; cornacHo pacqeraM ~IDI 

qncToro GaAs Ko34J!lJnQHe!fT k = O,I8 ± 0,03. 

JIH'IHbiH BKll3~ 3BTOpa: ~HCCepTaQHjJ: jJ:BIDieTCjJ: pe3yllbTaTOM HCClle~OBaHUll ,, 
aoTopa, npooo~HBIIIHXCjJ: B nayqno:3KcnepuMeHTanhHOM OT~ene BCTPe'IHhiX nyqKOB 

JUITI OlUIH, a TaK :lKe B cocTaoe Konna6opaQuii FCAL B DESY (repMaHlljl). ABTOp 
- ~ ' '' ' . ' 

BbiiiOlllljJ:ll Be~YIIIYIO pOllb B IIO~rDTOBKe ll IIpOBe~eHHH pa~UaQHOHHbiX TeCTOB Ha 

ycKopiiTene JillHAK-200 ·II peaKTope HEP-2, H3MepeHHH o6nyqeHHhiX ceiicopoB, 

o6pa6oTKe II ananiiJe 3KcnepiiMeHTanhHhiX peJynhTaToB. AoTOpoM 6bma pa3pa6omna 

II OTKaniifipoBaHa ycTaHOBKa ~IDI H3MepeHlljl 3!lJ!lJeKTIIBH<lCTH. c6opa 3apMa B 

o6nyqaeMhlX ~eTeKTopax, Bhiiionnenhi CaMH HJMepeHlljl CCE; BAX, B<I>X II 

TeMnepaTYPHhie JaBIICHMOCTH o6nyqeHHhiX ~eTeKTopoo. ABTopoM npeMO:lKena 

!lJopMyna ~IDI pacqcra na~eHlljl c6opa JapMa o o6nyqeHHhiX ~creKTopax GaAs:Cr II 

BbiiiOllHeH pacqeT K03!lJ!lJIIQHeHTa :lKeCTKOCTH IIpH CpaBHeHIIII peJynh~aTOB ofinyqeHlljl 

3lleKTpOHaMII II fihlCTPhlMH HellTPOHaMH. 
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Co,11;epmanne pa6oTbi 

,[(nccepTau;mr cocTOliT li3 sse~eHmr, '-IeTbipex rnas n 3aKmol.J:eHmr. 06'heM 

pa60Thi COCTaBJUieT 108 CTPaHliiJ;, BKJIIOl.J:aeT 61 pncyHOK, 4 TafiJiliiJ;bl li 48 CCblJIOK Ha 

JiliTepaTYPHble liCTOl.J:HliKli. B IIpliJIO)KeHlili IIpliBe~eHbi OCHOBHbie ny6JIHKaiJ;lili aBTOpa 

IIO TeMe ~liCCepTaUHH. 

Bo sseneunn o6ocHoBJ>IsaeTCH aKTYanh'HOCTh nccne~osaHnii, nposo~HMhiX s 

paMKax ~aHHOll ~liCCepTaiJ;HOHHOll pa60Thi, I}JopMyJinpyeTCR IJ;eJib, CTaBHTCH 3a~al.J:li 

pa60Thi, li3JiaraeTCH HaYl.J:HaH HOBli3Ha pafiOTbl li npaKTHl.J:eCKaH 3Ha'-IHMOCTb ee 

pe3yJIJ>TaTOB. 

IlepBaH rJiaBa IIOCBHIIJ;eHa IIO~rDTOBKe ycTaHOBKli ~JIH 06JIY1.J:eHIHI CeHCOpOB 

3JieKTPOHaMH BbiCOKliX 3Heprnii Ha C03~asaeMOM B Jla6opaTOplili H~epHbiX IIp06JieM 

ycKOpliTeJie JIHHAK-200. ,[(JIH 06JIY1.J:eHIHI ~eTeKTOpOB Bbi6paJ' BbiBO~ IlYl.J:Ka IIOCJie 

nepsoii ycKOpHIDIIJ;eii CeKIJ;Hli YCKOpliTeJUI, II03BOIDIIDIIJ;llll BbiBO~liTb IIYl.J:Kli 

3JieKTPOHOB CO CJie~yiOIUliMH napaMeTPaMH: pa3Mepbi IlYl.J:Ka 2 X 20 MM, 3Heprmr OT 10 

~o 25 M:JB, liHTeHCHBHOCTh OT e~nHnu; :JJieKTPOHOB ~o 20 MA, MliTeJihHOCTh 

liMIIYJibCOB ~0 2 MKC, liX '-IaCTOTa 1 - 25 ru. TaKne xapaKTepliCTliKli IIOl.J:Tli ~eanbHO 

IIO~XO~HT ~IDI 3~al.J:H 06JIY1.J:eHIHI o6pa3UOB ~eTeKTOpOB pa3MepaMli 5x5 MM2
• 

llepBbiM 3TaiiOM, He06XO~liMbiM ~JIH IIpOBe~eHIDI pa~liaiJ;HOHHbiX TeCTOB, CTana 

3HepreTli1.J:eCKaH KaJili6pOBKa BhiXO~HOrO KaHana ycKopnTeJIH JIHHAK-200 li 

li3MepeHne. BhiXO~Horo CIIeKTPa 3JieKTPOHOB. ,[(IDI li3MepeHliH 3Hepmli IlYl.J:Ka 6hiJI 

liCIIOJib30BaH HOBblll MeTO~ li3MepeHIHI 3Heprnn IIYl.J:Ka 3JieKTPOHOB, OCHOBaHHblll Ha 

li3MepeHlili COOTHOIIIeHIHI aKTHBHOCTeii HaChiiiJ;eHIHI IIpO~YKTOB I}JoTOMepHbiX 

peaKIJ;Hll, IIOJIYl.J:eHHbiX B pe3yJIJ>TaTe aKTliBaiJ;liH liMlieBhiX I}JOJihr I}JoTOHaMH 

TOpM03Horo li3JIYl.J:eHmr [4]. B pe3yJIJ>TaTe BhiXO~Hoii KaHan ycKopnTeiDI 6J>IJI 

OTKann6posaH s ~nanaJOHe :mepmii 10-25 M3B c TO'-IHOCThiO ±0,2 M3B. • 

Cne~ymiUnM :JTaiiOM cTann 3HepreTn'-IeCKaH Kann6posKa Ha JII1HAK-200 

cu;nHTliJIJIHUliOHHhiX ~eTeKTopos s ~nanaJoHe ~o 25 M3B n H3MepeHne 3JieKTPOHHLIX 

CIIeKTPOB BhiXO~Horo KaHana ycKopnTeJIH. ,[(IDI 3TOrO . 6biJili Bbi6paHbl TPH 

CIJ;liHTliJIIDITOpa. IJ;liJiliMpli'-IeCKOll I}JopMbi H3 CJie~YJ:OIIJ;liX MaTepnanos: KpliCTaJIJIOB 

LaBr3:Ce (pinMepaMn 51x51 MM) n Bi4Ge30 12 (76x65 MM), a TaK)Ke H3 nnacTn'-IeCKoro 

CIJ;HHTliJIJIHTOpa (100x400 MM). 
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PncyHoK 1 - y-cneKTP 6°Co, H3MepeHHLiii ~eTei<TopoM LaBr (a) n cneKTPhi 
:JJieKTPOHOB ycKopnTeiDI JI11HAK-200: 3Heprneii 18,7 M:JB, H3MepeHHLiii 
~eTeKTopoM LaBr (6); 3Heprneii 18,7 M:JB, U3MepeHHhiii nJiaCTli'-IecKHM 
cu;nHTliJIJIHTOpOM (s); 3Heprneii 15,8 M3B, li3MepeHHhiii ~eTeKTOpoM BGO (r) 

,[(Jix Kann6poBKH B o6nacTn 3Hepmii 10 - 25 M3B pernCTPHpOBaJiliCh cneK1phi 

3JieKTPOHOB ycKopnTeiDI, as ~nanaJoHe 0 - 2,5 M3B ncnoJib30Bannch y-HCTO'-IHliKli. 

3HepreTli'-IeCKOe pa3perneHHe ~JljJ: 3lleKTPOHOB B 3TOM ~liaiia30He 3Heprnii COCTaBliJIO 

OKOJIO 5% ~IDI BGO, 8% ~IDI LaBr n 7% ~m IIJiaCTliKOBhiX ~eTeKTopos, KaK IIOKa3aHo 

Ha PncyHKe 1. llpn 3TOM li3MepeHHJ>Ie pa3HhiMli ~eTei<TopaMn cneKTPLI ~eHTH'-IHLI, Ha 

scex cneKTPax '-IeTKO onpe~emieTcH rpaHnu;a (sn~Ha Ha npasoM Kpam cneKTPa), 

COOTBeTCTBYIDIUaH IIHKY IIOJIHOro IIOrJIOIIJ;eHIHI 3HeprHli 3JieKTPOHa BeiiJ;eCTBOM 

~eTei<Topa. 3ry rpaHnu;y MO)KHO annpoKcHMnposaTh pacnpe~eJieHneM f'aycca, KaK 3TO 

noKaJaHo Ha PncyHKax 1(6), 1(B) n 1(r). 
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(a) (6) 

--·-··h- ---

10 15 20 25 
e,_(MeV] 

(B) 

eo 

PncyHoK 2 - Krum6poBOlJHbie KpllBbie ,n:JUI ,n:eTeKTopoB H3 rrrracTHKa (a), 

BGO (6) H LaBr (B), rrorrytJeHHbie H3 crreKTPOB :meKTPOHOB 10 - 25 M3B Ha 

ycKopnTerre JIMHAK-200 

AHarroriilJHbiM o6pa30M 6blJIH rrorrytJeHbi crreKTPbi ,n:JUI rniTII 3HalJeHnii 3Heprnn 

ycKopnTeJUI: E = 11,3 M3B, 15,8 M3B, 18,7 M3B, 20,9 M3B H 23,8 M3B H rrOCTPOeHbi 

KaJIII6pOBOlJHbie KpllBbie ,n:JUI 3-X pa3HbiX CQHHTHJIJUIQllOHHbiX ,n:eTeKTOpOB (PIICYHOK 

2). Tipn 3TOM ,n:eTeKTop BGO H rrrracTHlJeCKllii CQHHTIIJIJUITOp ,n:eMOHCTPIIPYIDT 

JlllHellHOCTb OTKJIIIKa BO BCeM ,n:narra30He 3Heprllll, a ,!J;JIH LaBr Ha6mo,n:aeTCH 

OTKJIOHeHne oT JIIIHeiiHoCTII rrpH 3HeprHHX Bbiiiie 10 M3B. TeM He MeHee, rrocrre 

R:arrn6poBKH Bee TPH ,n:eTeKTopa MOryT ycrreiiiHO rrpnMeHHTbCH ,n:JUI perHCTPaQIIII 

crreKTPoB B 3HepreTHtJeCKOM ,n:narra3oHe ,n:o 25 M3B. B pe3yJibTaTe 6biJI OTKarrn6poBaH 

BbiXO,n:Hoii: KaHan ycKopnTeJUI JIMHAK-200 H pa3pa6oTaHa MeTo,n:nKa 3HepreTHtJecKoii 

Karrn6poBKH ,n:eTeKTopoB B ,n:narra3oHe 3Heprnii: ,n:o 25 M3B. 

Pe3yJII>TaThi rrepBoii rrraBbi orry6rrnKoBaHbi B pa6oTe [A1]. 

BTopaH rJiaBa IIOCBHIQeHa H3MepeHlliO pa,n:HaQIIOHHOll CTOllKOCTH 

rrorryrrpoBo,n:HHKOBbiX ,n:eTeKTopoB H3 GaAs:Cr II Si K o6rrytJeHIIIO 3JieKTPOHaMII 21 

M3B Ha ycKopnTerre JIHHAK-200. OrrncaHbi xapaKTepHbie oco6eHHOCTII 
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ll3rDTOBJieHHH H pa60Thl nn,n; ll3 BbiCOKOOMHOro GaAs:Cr. Pa3pa60TaHa MeTO,!(llKa 

06rrytJeHHH, BbiiiOJIHeHbl H3MepeHllH OCHOBHbiX xapaKTepiiCTllK 06rrytJeHHbiX CeHCOpOB 

GaAs:Cr B rrpHMOM cpaBHeHHII c aHarrorHtJHbiM o6pa3oM o6JIYtJeHHbiMII KpeMHIIeBbiM 

ceHcopaMH. 

liiiipOKO llCIIOJib3yeMblll B IIpOMbiiiiJieHHOll 3JieKTPOHllKe apceHll,!( rarrJIHH, . ) 

BbipaiQeHHbiii: c HCIIOJib30BaHneM TPa.D:IIQIIOHHOii LEC (Liquid 

Encapsulated Czochralski) TexHorrorun, ycrreumo rrpHMeHHeTCH upn upoii3BO.D:CTBe 

BbiCOKOlJaCTOTHbiX ,n:no,n:oB, TPaH3HCTopoB, llHTerparrbHbiX MHKpocxeM. O,n:HaKo TaKoii 

LEC Si-GaAs Henpnro,n:eH ,n:JUI npoH3BO,!J;CTBa nn,n; H,n:epHbiX H3JIYtJeHllll, IIOCKOJibKY 

OH o6Jia,n:aeT He,n:OCTaTOlJHO BbiCOKllM y,n:eJibHbiM COIIpOTHBJieHIIeM ll MaJibiM BpeMeHeM 

JKII3HH HOCIITeJieii 3apH,n:a. 3TO CBH3aHo c ~pe3BbilJaiiHo BbiCOKoii KOHQeHTPaQneii: EL2 

QeHTPOB (,n:o 1016 CM-2), KOTOpoie HBJUIIOTCH JIOBYIIIKaMll ,!J;JUI 3JieKTPOHOB C 

'Ipe3BbllJallHO BbiCOKHM CelJeHIIeM 3aXBaTa (- 1013 CM
2
). 3TO orpaHHlJHBaeT BpeMH 

/Kll3Hll 3JieKTPOHOB II, KaK CJie,n:CTBlle, CHIIJKaeT 34>4>eKTIIBHOCTh c6opa 3apH,n:a B 

,n:eTeKTope. B Jia6opaTOpllH ,n:eTeKTopoB IIOHll3HpyroiQero II3rrytJeHHH (TrY, ToMeK) 

pa3pa60TaHa HOBM TeXHOJIOrHH JieriipOBaHHH CJIOeB IIOJiyiipOBO,!J;HllKa aTOMaMH 

KOMIIeHCIIpyroiQero rrry60KOrO aKQeiiTOpa (Cr). llpiiMeHeHIIe TeXHOJIOrHll 

JiernpoBaHHH GaAs n-Tnna · xpoMoM no3BOJIHeT KOMIIeHc~poBaTb MeJIKHe ,n:oHopHbie 

IIpiiMeCH ll B pe3yJibTaTe IIOJIYlJllTb BbiCOKOOMHblll MaTepnarr (GaAs:Cr), o6rra,n:aiOIQllll 

BbiCOKHM y,n:eJibHbiM COIIpOTllBJieHIIeM ( -10
9 

0MXCM) ll IIpHrO,!J;Hblll ,!J;JUI ll3rDTOBJieHHH 

,n:eTeKTopoB. Oco6eHHOCTbiO BbiCOKOOMHoro GaAs:Cr HBJIHeTCH · Hll3Koe 3HalJeHne 

IIpOll3Be,n:eHHH BpeMeHll /Kll3Hll Ha IIO,!J;Bll/KHOCTb ,!J;blpOK ().l X 't)p, B pe3yJibTaTe lJero B 

c6ope 3apH,n:OB YlJaCTBYIOT B · OCHOBHOM 3JieKTPOHbl. TaKHM o6pa30M, 34>4>eKTllBHOCTb 

c6opa 3apH,n:a (CCE) ,!(JIH TaKHX CeHCOpOB 6JIH3Ka K 50% ,!J;JUI He06JIYtJeHHbiX CeHCOpOB, 

IIpll 3TOM c6op 3JieKTPOHOB 6JIH30K K 100% [1). 

,ll;JUI llCCJie,n:oBaHHH pa,n:HaQIIOHHOll CTOllKOCTll 6biJIH OT06paHbl 9 CeHCOpOB 

GaAs:Cr pa3MepaMH sxsx0,3 MM. Ce¥copb1 c,n:erraHbl H3 KpllCTaJIJIOB GaAs n-mna 

npOII3BO,!J;CTBa f'HPE,ll;MET, HMeiOrQllX ypoBeHb JierupoBaHHH ,n:OHOpHOll npnMeCbiO 3 

- 3.6x1016 cM-3 . Tipn rrernposaHIIH xpoMoM BbiiiOJIHHJIOCb ycrroBne: Ncr> Nd > Nr, 
r,n:e Nr- cyMMapHM KOHQeHTPaQHH co6cTBeHHbiX .n:e4>eKTOB H «PoHOBbiX npnMeceii:, 

Nd - KOHQeHTPaQIIH ,n:oHopHbiX npnMeceii, 

Ncr- KOHQeHTPaQHH my6oKoii aKQeiiTOpHoii ripnMeCH Cr). 

B pe3yJibTaTe 6biJill norrytJeHbi ceHcopbi GaAs:Cr pe3HCTIIBHoro Tuna c y,n:eJibHbiM 

COIIpOTllBJieHIIeM p > 109 0MXCM. 

,ll;JUI cpaBHeHHH 6biJIH OT06paHbl ,n:Ba BII,n:a KpeMHlleBbiX CeHCOpOB B BII,n:e p-i-n 

,n:HO,!J;OB, c,n:erraHHbiX ll3 KpeMHHH n-Tlliia: 

. '~ 
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(1)- cencophi 5x5x0,25 MM, p E (2;4) K0MXCM, (npoH3BO.D:CTBa HIDIMB, 3eneHorpa.n:); 

(2)- cencophi 5x5x0,4 MM, p E (1,25; 3,25) K0MXCM, npon3BO.D:CTBa Hamamatsu 

Photonics (HPK FZ-Si-n, Wacker) [5]. 

Cencopbl o6nyqanncb U)"'KOM :me.KTpOHOB :meprneii 21 M3B na ycKopnTene 

.JIMHAI{-200. llpO!pHJib BbiXO.D:HOfO TI)"'Ka HMeeT pa3Mepb1 2x20 MM, 3TO MeHbille 

pa3Mepa cencopa, no3TOMY .D:IDI ysemflieHIDI o6rryqaeMoii nrro~Qa,n:n o6pa3n;hi 6biJIH 

y,n:aneHbl OT BbiXO.D:HOrO OKHa Ha 15 CM. B. pe3yJihTaTe .D:OCTHfnyTO .D:OCTaTOqHo 

paBHOMepnoe (- 20%) o6rryqenne sceii nlioma.n:n cencopa, qTo no,n:TBep)KJ];eHo 

r.m,n:errnpoBaHHeM llpOXO)KJ];eHIDI 3Jie.KTpOHOB qepe3 ofirryqaTeJibHYIO ycTaHOBKY B 

cpe.n:e GEANT4. 

Bee cencopbl 6hiJIH pa36HThl Ha 3 rpynnhi no 5 cencopos (3 GaAs:Cr n 2 Si). 

Cencopbl H3 na6opa I o6rryqannch o.n:nospeMeHHO c maroM norrromennoii .D:03hl 25 Kf'p 

.n:o · o6meii .D:03hi 100 Kf'p. Ha6ophi II· n III o6rryqannch noo.n:nnoqKe nrrn napaMn 

maraMn 50- 200 Kf'p .n:o .D:03hi 0,5 n 1,5 Mfp cooTBeTCTBeHJ!O. QKopocTb na6opa .D:03hi 

BapbHpOBaJiaCb OT 50 .11:0 500 Kfp/qac. 3rreK1pOHHblll U)"'OK BbiXO.D:HJI qepe3 THTaHOBOe 

OKHO n .n:anee nocrre.n:osaTeJibHO npoxo.n:nrr: cooTBeTCTBYIOID;Hii pa3Mepy cencopa 

aJIIOMHHHeBblll KOJIJIHMaTop 5x5 MM, CeHCOpbl (O.D:HH HJIH HeCKOJibKO), pa,n:HOXpOMHYIO 

TIJieHKY (.D:IDI .D:OTIOJIHHTeJibHOrO KOHlpOIDI .D:03bl H paBHOMepHOCTH ofirryqeHHH) H 

TIOrJIOID;aJICH B D;HJIHH.D:pe <lJapa,n:eH (PncyHOK 3). J13MepeHHblll B D;HJIHH.D:pe <lJapa,n:eH 

3apH,n: HCTIOJib30BaJICH .D:IDI pacqeTa TIOTOKa npome,n:mnx 3Jie.KTpOHOB H pacqeTa 

norrromennoii .D:03hi. 

PncynoK 3 - Y CTaHOBKa .D:IDI o6rryqeHIDI .n:eTeKTopos n KOHlpOIDI .D:03hl 

Mo.n:errnposanne ycTaHOBKH B cpe.n:e GEANT4 no3Borrnrro BhiTIOJIHHTh pacqcr 

norrromeHHoii .D:03hl n pasHOMepHOCTh o6rryqeHHH cencopa. Corrracno Mo,n:errn 

HepaBHOMepHOCTb ofirryqeHIDI COCTaBHJia OKOJIO 20%, npn 3TOM n;eHlp CeHCOpa 

norryqan 6orrhmyiO ,n:o3y, qeM ero KpM. 

,lVUJ. ll3MepeHIDI BOJihTaMnepHbiX xapaKTepHCTHK (BAX), BOJibTrpapa,n:HbiX 

xap~KTepHCTHK (B<lJX) H 3rprpeKTHBHOCTH cfiopa 3apH,n:a fihiJia pa3pafioTaHa YCTaHOBKa, 
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TI03BOIDIIOID;M BbiTIOJIIDITh H3MepeHIDI npn pa3JinqHbiX TeMneparypax. ,l1;Jrn H3MepeHIDI 

CCE ncnorrn3osannch cne.KTpbi MHHHMaJihHO noHn3npyiOmeii qaCTHD;bi (MJ11I). 

3rre.KTpOHhl oT B-nCToqnnKa S~0 rpopMnpyiOT cnrnan B cencope, KOTOphiii nocrynaeT 

na 3apH,n:oqysCTBnTeJihHhiH ycnrrHTeJih-rpopMnposaTeJih. Tpnrrep JanycKaJICH OT .n:syx . 

CD;HHTTIJIIDID;HOHHbiX cqcrqnKOB, pafiOT~IOID;HX B pemnMe COBTIMeHIDI. llpn TaKOH 

KOHrpHrypan;HH lpHrrepa OTfiHpaJIHCb TOJibKO CllrHaJibl, KOTOphle reHepnpyiOT 

npome.n:mne qepe3 cencop 3Jie.KTpOHhl c 3Heprneii 1 - 2,23 M3B. 3To cooTBeTCTByeT 

cne.KTpy MJ111. Pa3pemenne, onpe,n:eiDieMoe KaK norrHM IIIHpnna cne.KTpaJibHoro nnKa 

CllrHaJia Ha TIOJIYBbiCOTe (TIIIITIB) COCTaBHJIO 2,5 Ke·. BbiXO.D: <1>3Y H ycnrrnTeiDI 

no,n:KJIIOqenhl K n:nrpposoMy ocn:nrrrrorparpy DRS4, ,n:aHHhie 3annchiBaJIHCh n nocrynann 

B KOMTihiOTep .D:IDI .D:aJihHeiimeii o6pa6onill. ,l1;rni pacqcra 6a3osoro ypoBIDI oT,n:eJibHO 

3annchiBaJICH· cne.KTp nhe,n:ecTana, npn 3TOM 1pnrrep 3anycKaJICH OT snemnero 

renepampa. Cne.KTp nhe,n:ecTana cooTBeTCTBYeT pacnpe.n:erreHHIO faycca, a ero mnpnna 

onpe,n:eiDieT pa3pemeHHe H3MepHTeJibHOH ycTaHOBKH (PncyHOK 6). bJIOK-CXeMa 

ycTaHOBKH noKa3aHa na PncynKe 4. 

Collimator 
951: Sl1>0 BOX 

L ·:.J I 
Susor : I 

~.c:r 

Sctatmtton( 

PncynoK 4 - ErroK-cxeMa yCTaHOBKH .D:IDI H3MepeHIDI CCE 

Ha PncyHKe 5 noKa3aHa 3KcnepnMeHTaJihHM JasncnMOCTh nopMnposannoro 

c6opa 3apH,n:a oT ,n:03hl ,n:IDI cencopos GaAs:Cr n Si. llpon:ecc o6rryqeHIDI MOmHo 

npe,n:cTaBHTb KaK pOCT KOHD;eHlpaD;HH n;eHlpOB 3aXBaTa nponopD;HOHaJibHO 

nornomennoii ,n:03e, qTo npnso.n:HT K YMeHhmeHHIO .n:rrnHhl cso6o.n:noro npo6era 

3Jie.KTpOHOB. 
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PIICYHOK 5 - 3aBIICIIMOCTh CCE OT norrromeHHoii .n;o3bl ,n;IDI GaAs:Cr, 

ubias = -IOOB (cnesa) II Si ubias = 100B (cnpasa). M3MepeHbl npii KOMHaTHOH 

TeMneparype (II 

,lVur OIIeHKII na.n;eHIDI c6opa 3apH.n;a B .n;eTeKTopax GaAs:Cr asTopoM npe.n;nmKeHa 

cne.n:yromaH lflopMyna: 

(1) 

r.n:e D -.n;OJa, a II b - Ko31fl!fl1IIIIICHTbi HopManii3aiiiiii, a - nponopiiiiOHaneH celfeHIIIO 

IIeHTPOB 3aXBaTa HOCIITeneii, b ~ 1 - nponOpiiiiOHaneH npofiery HOCIITeJUI, b = 1, eCnll 

.n;n11Ha npo6era npeB&IIIIaeT TOlliUIIHY ceHcopa (Ln >> d). KaK cne.n;yeT 113 P11cyHKa 5, 

3Kcnep1IMeHTan&HaH JaBIICIIMOCTb CCE oT nornomeHHoii .n;oJbi .n;IDI GaAs:Cr xopo111o 

OTIIICbiBaeTCH lflopMynoii 2. 

Ha P11cyHKe_ 6 npe.n;cmsneHbi MMlJ-cneKTPbl ceHcopoB GaAs:Cr, o6nY1feHHbiX 

3llCKTPOHaMII .n:o .n;o3 0,5 11 1,4 Mrp. BII,n;Ho, lfTO no Mepe Ha6opa .n;o3&I aMnnHTy.n;a 

cllrHana MMlJ · na.n;aeT 11 ero cneKTP Hal{IIHaeT nepeKp&IBaT&CH co· cneKTPOM r 

n&e.n;ecTana. TeM He MeHee, nocne · o6nY1feHIDI .n;oJoii 1 ,4 Mrp TIIIKII B cneKTPax 

.n:ocTaTOlfHO xopo111o paJ.n;eJUIIOTCH, XOTH 3TO TPefiyeT ysenlllfeHIIH HanpHIKeHIDI 

cMern;eHIDI c 200 .n:o 500 B (.n:o HanpHIKeHHOCTII 16 KB/cM). 
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PIICJHOK 6 - CneKTPhi MMlJ 11 n&e,ii,ecTana GaAs:Cr N4, o6JIY1feHHoro .n;o 

.n;o3&I 0,5 Mrp (cnesa) 11 GaAs:Cr N6 .n:o .n;o3&I 1,4 Mrp (cnpasa). ll&e.n;ecTan 

annpoKCIIMIIpOBaH rayccllaHOM. M3MepeHbl npll ubias = -500B II KOMHaTHOH 

TeMnepaType 

Pa.n;IIaiiiiOHH&Ie nospeJK.n;eHIIH, Bb13BaHH&Ie 3neKTPOHaMII c 3Hepr11eii 21 M3B, 

npiiBO.D;HT K pa3nlllfHbiM peJyn&TaTaM B ceHcopax GaAs:Cr 11 Si. TaK, np11 

MaKciiMan&Hoii .n;oJe 1,4 Mrp,- B o6nY1feHHbiX ceHcopax GaAs:Cr TCMHoBoii TOK 

ysenlllfiiBanCH B 3-7 pa3, a B Si TIOlfTII Ha 4 nopH.n;Ka. I1p11 3TOM c6op 3apH.n;a B GaAs:Cr 

ynan np116nii311Ten&Ho Ha nopH.n;oK. TaKoe nose.n;eH11e MOIKeT 6&ITb cBH3aHo c 

TIOHBneHIIeM B MaTepiiane CMern;aiOIUIIX TIOBpeJK,n:eHIIH, COOTBeTCTBYIOIUIIX nepBIIlfHbiM 

II CllOIKHbiM ,n;elfleKTaM, KOTOpbie llpiiBO,n:HT K ofipa30BaHIIIO HOBbiX rnyfiOKIIX ypOBHeii 

B 3anpern;eHHOH 30He. Pa,n;llaiiiiOHHbiC ,n;elfleKTbl IIMeiOT rrryfiiiHY 3aXBaTa 3lleKTPOHOB II 

celfeHIIe, 6nii3KOe K aHanomlfHbiM napaMeTPaM ,n;IDI pocTOBbiX .n;elfleKTOB EL2 [6], lfTO 

llpiiBO.D;IIT K yMeHbiiieHIIIO .D;lliiHbl CBOfiO.D;HOfO npofiera HOCHTeneii 3apH,n;a 

(3llCKTPOHOB) II COOTBeTCTBeHHO K yMeHbiiieHIIIO cfiopa 3apH,n;a. 

XpaHeHIIe np11 KOMHaTHOH TeMneparype fionee ro,n;a He BbiHBllllO cyiiieCTIJeHHbiX 

113MeHeHIIii B csoiicTBax o6llYlfeHHbiX d!Hcopos GaAs:Cr (P11cyHoK 7). 3neKTPOHH&Ie 

nosyiiiKII E 1-E5 o6paJyiOTCH B no.n;peiiieTKe As 11 HBJUIIOTCH napaMII <l>peHKenH (VAs -
Asi), ,n;&IpOlfHaH noByiiiKa H 1, OTHOCIITCH K BaKaHCIIII MbiiiibHKa (VAs), a nosyiiiKII H2 -

H5 K. KoMnneKCaM, BKniOlfaiOIUIIM Asi [6], [7]. ,[(nH BbiCOKOOMHoro GaAs:Cr 

TeMnepaTypa OTJKIIra MenKHX .n;elfleKTOB E1, TaK IKe KaK II 6onee rny6oKIIx E2 - E5 II 

H1 - H5 COCTaBJUieT OKOllO 500 "K [7), lfTO HaMHOro 60llbllle KOMHaTHOH 

TeMrrepaTypbi. 3To rroJsonHeT c.n;enaTb BbiBo.n; o TOM, lfTO B ceHcopax GaAs:Cr rrpii 

KOMHaTHOH TCMrreparype. OTCJTCTBYeT KaKOH-lliifiO 3HalfiiTellbHbiH OTJKIIr 

pa,n;IIaiiiiOHHbiX IIOBpeiK,n;eHIIH, lfTO IIO.D;TBep,n;IInOCb Ha rrpaKTIIKe. 

CrreKTPbi MMlJ ITOKaJMII, lfTO IIIIIpiiHa rr&e.n;ecTana B GaAs:Cr .rrpaKTIIlfeCKII He 

II3MeiDieTCH so seeM .n;IIaiTaJOHe rrornomeHHbiX .n;o3. ,[(nH scex ceHcopoB CCE He 

3aBIICIIT OT TeMrreparypbi, a IIX oxnaJK,n:eHIIe 1Ip1IBO.D;IIT K YMCHbiiieHIIIO TeMHOBOrO 
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TOKa, II KaK cne,I(CTBIIe ynyqrneHIIIO COOTHOIIIeHID! CIIrHanfrnyM, qTo OC06eHHO 

3HaqiiMO ,I(JUl KpeMHIIeBhiX ceHcopoB. Tiocne ,I(03hl 1,5 Mfp B KpeMHIIeBhiX ceHcopax 

c6op 3apH.I(a coxpaHHeTCH Ha ypoBHe Bhlrne 80%, B TO BpeMH KaK B GaAs:Cr CCE 

na.l(aeT Ha nopMOK nocne o6nyqeHIDI ,I(03oll: 1,4 Mfp. YBeniiqeHIIe HanpH)KeHIDI 

cMeiiieHID! yMeHhiiiaeT BepOHTHOCTh 3aXBaTa CB060,I(HhiX 3lleKTPOHOB llOBYIIIKaMII, qTo 

no3BOMeT YBen~IITh c6op 3apH.I(a B GaAs:Cr Bhiiiie 20% OT IICXO,I(Horo. JbyqeHIIe 

c6opa-3apH.I(a B oxna)K,I(eHHhiX ceHcopax noKa3ano, qTo 3HaqeHIIe CCE He 3aBIICIIT OT 
_,J 

Tel\meparyphl, a COOTHOIIIeHIIe crnanfrnyM (SIN) paCTeT C pOCTOM HanpH)KeHIDI 

cMeiiieHIDI II npii KOMHaTHOH TeMneparype ,I(OCTIIraeT MaKCIIMYMa SIN ~ 4 npii 

HarrpH)KeHHOCTII noM 2 BIMKM II KOMHarnoll: TeMneparype (PIICYHOK 7). Cne.l(yeT 

no,l(qepKHyTh, qTo cooTHOIIIeHIIe SIN npii KOMHaTHoil: TeMneparype y ceHcopoB 

GaAs:Cr B HeCKOllhKO pa3 Bhlrne, qeM y aHanoriiqHo o6nyqeHHhiX KpeMHIIeBhiX 

ceHcopoB. 
(II 
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PIICYHOK 7 - 3aBIICIIMOCTII CCE II COOTHOIIIeHID! CIIrHan-rnyM (SIN) OT ubias 

. .I(M ceHcopa GaAs:Cr NS, o6nyqeHHoro,l(o 1,37 Mfp, II3MepeHHhle rrpii 

pa3niiqHhiX TeMnepaTypax 

BonLTcpapa.I(Hhle xapaKTepiiCTIIKH o6nyqeHHhiX Si ceHcopoB 

npo.l(eMOHCTpiipOBanii poeT HaiipH)KeHIDI nonHoro o6e.I(HeHIDI rrocne o6nyqeHIDI 

KpeMHIIeBhiX ceHcopoB. TaK y o6nyqeHHhiX ,I(O 1,56 Mfp ceHcopoB .I(M _ 1-ro TIIna 

CCE BhiXO,I(IIT Ha nnaTo rrpii HarrpH)KeHIIII 6onee 200B, TOr,l(a KaK .I(M 2-ro TIIna SOOB 

He,l(ocraToqHo II rrnaTo Ha6nro,l(aeTcH TonhKO y o6pa3IIa, o6nyqeHHoro ,I(O 0,5 Mfp npii 

HarrpH)KeHIIII 250 B. TiocKOllhKY B ceHcopax II3 BhiCOKOOMHoro GaAs:Cr OTCYTCTBYeT 

p-n rrepeXO,I(, IIX eMKOCTh He 3aBIICliT OT HaiipH)KeHIDI II He II3MeHHeTCH IIpii 

o6nyqeHIIII, OHa COOTBeTCTBYeT cpopMyne eMKOCTH ,I(M nnOCKOrO KOH,I(eHCaTopa. 

TaKHM o6pa30M, nocne o6nyqeHIDI 3neKTPOHaMII c 3Hepmell: 21 M3B ,1(0 .I(03hl 

0,5 Mfp (qTo COOTBeTCTBYeT nOTOKY 3neKTPOHOB <l>e = 2,5x1015 e·xcM-
2

) 
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npe,l(rroqTHTenLHee IIcrronh30BaTh ceHcophi II3 GaAs:Cr, nocKonLKY TeMHOBoil: TOK 

MeHHeTCH He3HaqHTenhHO, a COOTHOIIIeHIIe CIIrHanfrnyM Bhiiiie, qeM y KpeMHIIH. 

0.1(HaKo c6op 3apMa B GaAs:Cr IIa.l(aeT 6Licrpee npii o6nyqeHIIII, cooTBeTcTBeHHO MH 

,1(03 Bhiiiie 1 Mrp II npii ycnoBIIII OXlla)K,I(eHIDI HII)Ke -lO"C, IIcimnh30BaHIIe. 

KpeMHIIeBhiX ceHcopoB MO)KeT 6LITh npe~noqTIITenLHhiM. 

Pe3ynLTaThi BTopoll: rnaBhl ony6niiKOBaHhl B pa6orax [A2, A3, A4] 

TpeThH rJiasa nocBHIIIeHa II3MepeHIIIO pa,I(IIaiiiiOHHoil: CTOHKOCTII ,l(eTeKTopoB 

II3 GaAs:Cr II Si K o6nyqeHIIIO 6LICTphiMII Heil:rpoHaMII Ha 3-M KaHane peaKTopa HEP_-

2. TipiiBe,l(eHLI pe3ynLTaThl II3MepeHIDI o6nyqeHHhlx ceHcopoB, BhmonHeHo cpaBHeHne 

c pe3ynLTaTaMII o6nyqeHnH 3neKrpoHaMII, nonyqeHa 3aBIICIIMOCTh na,l(eHIIH c6opa 

3apMa npii o6nyqeHIIII Heil:rpoHaMII II rrpe,l(no)KeH K03cpcpiiiiiieHT ,I(M rrepecqeTa 

3KBIIBaneHTHOrO nOTOKa 3lleKTpOHOB 21 M3B B IIOTOK 6hiCTphiX HellTpOHOB, KOTOphle 

Moryr npiiMeHHTLCH Ha rrpaKTIIKe .I(M pacqeTa rra,l(eHIDI c6opa 3apH.I(a B ceHcopax 

GaAs:Cr. 

06nyqaeMhle o6pa311hi noMemaniiCh B cneiiiianhHhie KOHTeil:HepLI, KOTopLie 

KpeiiiilliiCh K rpaHCIIOpTHOMY ,I(ByTaBpy II 3aTeM IIO penhCOBOMY nyrii BBO,I(IIniiCh B 3-il: 

KaHan peaKTopa npii nOMOIIIll MeXaHII3Ma C 3lleKTpOIIpiiBO,I(OM. 113MeHeHIIe paCCTOHHIIH 

oT o6nyqaeMoro o6pa311a ,1(0 Mpa peaKTopa no3BOnHnO rronyqaTh pa3niiqHhie 

IInOTHOCTII IIOTOKa HellTpOHOB qepe3 o6nyqaeMhie. o6pa311hl, KOTOphie Baph1IpOBaniiCh 

oT 6,3·10
5 

,I(O 1,1·10
10 

H!cM
2
/c. TeMneparypa o6pa3IIOB npii o6nyqeHIIII He rrpeBhlrnana 

so·c [8]. 

113MepeHIIe IIHTerpanhHOro nOTOKa HellTpOHOB npOBO,I(HnOCh ,I(BYMII MeTO,I(aMII: 

1. MeTO,I(OM Heil:rpoHHO-aKmBaiiiiOHHoro .aHanii3a - (HAA). PH.I(OM c o6nyqaeMhiMII 

o6pa3IIaMII noMeiiianiiCh cpOllhrii II3 HIIKenH,. B KOTOphiX BIIOClle,I(CTBIIII II3MepHnaCh 

HaBe,l(eHHaH aKTIIBHOCTh.I13MepeHIIe rrpoBO.I(IInoch no y-niiHIIII 811 K3B II30Torra Co58 
• 

2. MeTo,l(oM II3MepeHIDI 3KBIIBaneHTHoro rroToKa 1 M3B Heil:rpoHoB B Si. B MecTa c 

II3yqaeMhiMII o6pa311aMII noMeiiiaiTIICh Si ,l(eTe~ophl (MOHIITOphl). Co3,1(aBaeMhle 

HellTpOHaMII nOBpe)K,I(eHIIII B MaTepiiane MOHIITOpOB nponOpiiiiOHanhHhl 

IIHTerpanhHOMY noToKy Hell:rpoHOB qepe3 HIIX. TaKHM o6pa30M, MOHIITOphl KaK 6hl 

3anoMIIHaiOT IIHTerpanhHhiH noTOK nell:rpoHoB. BLJqiicniiTh 3KBIIBaneHTHhiH cpnroenc 

HellTpOHOB 1 M3B (Si) MO)KHO li3MepiiB npiipameHIIe TeMHOBOrO TOKa B MOHliTOpe. 

,[{ocToliHcTBO MeTo,l(a II3MepeHIDI 3KBIIBaneHTnoro 1 M3B (Si) cpmo'eHca B TOM, 

qTO TaKIIM MeTO,I(OM MO)KHO cpaBHIIBaTh pa3niiqHhle BII,I(hl II3ny<IeHIIll II IIO 

noBpe)K,I(eHIIIO B Si MOHIITOpaX npiiBO,I(IITh nOTOKII pa3niiqHhiX BfmOB mnyqeHID! K 

3KBIIBaneHTHOMY noTOKY nell:rpoHoB 1 M3B (B Si) IIcnonL3YH cpopMynr: 

(/)3Kell M3B!Si = kXC/J (2) 
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r,D;e k - K034Jqmn:HeHT pa.n,HaU:HOHHOH :lKeCTKOCTII ,D;IDI ,D;aHHOro ll3ll)"'eHIUI. ,[(mr 6onee 

:lKeCTKoro no cpaBHeHHJO c HeiiTPOHaMH 1 M3B H3n)"'eHIDI aenuquHa k > 1, a ,D;IDI 

MeHee :lKeCTKOrO k < 1 (9]. lfciTOllb3YH «iJYHKUHH HeHOHH3HpYJOIUIIX IlOTepb 3HepmH 

(NIEL) ,D;IDI 3lleKTPOHOB If HeiiTPOHOB B Si If GaAs, rrpe,D;CTaaneHHhie Ha PHCYHKe 8, 

MO:lKHO IlOTOK 3lleKTPOHOB OITpe,D;eneHHOH 3Hepnm ITpe,D;CTaBHTb B BH,D;e 

3KBHBaneHTHOrO ITO ITOBpe:lK,D;eHIDIM B MaTepuane ITOTOKa 1 M3B HeHTPOHOB, TO eCTb 

HaHTll K034J«!Jun:ueHT :lKeCTKOCTH ,D;IDI 3lleK1pOHOB 3a,D;aHHOH 3HeprHH, If ,D;anee ,D;IDI 
_,J 

ITpeo6pa30BaHHH ITOTOKOB HCITOllh30BaTb «!JopMyny (2) [9]. TaK ,D;IDI Si rrpu o6n)"'eHHH 

:JneKTPoHaMH 21 M3B, pacqeTHhiii K034J«!Jun:ueHT :lKeCTKOCTH cocTaBIDieT k = 0,05, a 

,D;llH qucTOro GaAs k = 0,18 ± 0,03. O,D;HaKo a pa6oTe uccne,D;oaancH nempoaaHHhiii 

,D;oHopHbiMH ITpHMecHMH H KOMITeHcupoaaHHhiii xpoMOM GaAs:Cr. IIpnMeHeHHe 

Ko34J«!Jun:ueHTa, B3HToro H3 pacqeTHoii MO,D;enu NIEL ,D;IDI qucTOro GaAs 

3aTPY,D;HHTenhHO ,D;nJI ITpaKTuqecKoro ITPHMeHeHHJI ,D;eTeKTopoB GaAs:Cr, ITOCKOnhKY 

ITpaKTifqecKYJO 3HaqliMOCTb ITpe,D;CTaBIDIIOT He CaMH pa,D;HaU:HOHHbie ITOBpe:lK,D;eHIDI B 

MaTepuane, a HX BlliDIHHe Ha OCHOBHbie xapaKTepHCTHKH ,D;eTeKi'opa, TaKHe KaK 

34J4JeKTHBHOCTh c6opa 3apJI,D;a H TeMHoaoii TOK. TaKHM o6pa30M, B pa6oTe ITpe,D;no:lKeHo 

H3MepHTb K034J«lJHU:HeHT :lKeCTKOCTH k ITO pe3yllhTaTaM ITa,D;eHIDI c6opa 3apH,D;a ,D;IDI 

o6n)"'eHHbiX 3lleKTPOHaMH H 6biCTphiMH HeiiTPOHaMH ceHcopoB GaAs:Cr. 

0.01 Tr""""'7"===["""....-.~ ............. -......-~..,-......., 

0.001 

''., 1E-4 
NE 
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=i:; 1E-5 
~ 
_j 
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Energy, MeV 

PucyHoK 8 - <l>yHKU:IDI NIEL ,D;llJI GaAs u Si ITPH IToape:lK,D;eHHH 3lleKTPOHaMH 

If HeHTPOHaMH pa3lluqHbiX 3HeprHii. ,[l,aHHbie B3JITbl H3 pacqeTOB, ITpOBe,D;eHHbiX 

rpyiTIToii MS-02 [3] 

EbmH o6n)"'eHbi mecTb ceHcopoB GaAs:Cr, Ka:lK,D;hiH H3 KOTOpbiX o6ll)"'anCH 

BMecTe c O,D;HHM unu HecKonhKHMH Si ceHcopaMH. <l>moeHc Heil:TPOHOB H3MepJillCJI 2-MJI 

MeTO,D;aMu (HAA If C ITOMOJUbiO Si MOHHTOpOB) ll COCTaBllll OT 3,9x1011 CM-2 ,D;O 

18 

3,7x10
16 

CM-
2

• 113MepeHHH BAX ITOKa3anH, qTo ITpH «!JmoeHce 1,3x1015 CM-2 TeMHOBoil: 

TOK B ceHcope GaAs:Cr Bbipoc B 3 pa3a (,D;o- 1 MKA), a B ceHcope H3 Si 6onee qeM Ha 5 

ITOpll,D;KOB H ,D;OCTHr 0,1 - 1 MA. 

113MepeHue c6opa 3apJI,D;a B ceHcopax GaAs:Cr ITOKaJano, qTo ITPH «!JmoeHce 1014 

CM-
2 

c6op 3apJI,D;a ITa,D;aeT Ha 30%, ~ ITPH «!JmoeHce 6,1x1015 cM-2 c6op 3apJI,D;a 

cocTaBIDieT acero 2% HaqanhHoro. KaK BH,D;HO Ha PHCYHKe 9, ITa.n,eHue CCE ITPH 

o6n)"'eHHll HeHTPOHaMH ll 3lleKTPOHaMH XOpOIIIO OITliCbiBaeTCH «!JopMynoil: (3), OHa 

ITOll)"'aeTCH eCnH ,D;03Y D B «!JopMyne (1) 3aMeHHTb COOTBCTCTBYJOJUHM «!JmoeHCOM <l>e 

Ifllll <l>n: 

CCE = ax<t>b+1 

r,D;e <D - «!JmoeHc qacTHU:, a H b - ITapaM~hi HOpManman:lm. 
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Modet Hyp_CCE.(U~) ~ 
Equation . - 1/(A"x"B+1) ~'. 
Plo!~.~-·---N5-~:N6··--N21~--- ~·· 
A 220t0.13 ]1.7Dt0.1J1.72t0.0 

0.1 ~B ... _ ----~:83f:O~~-:~~~-:to.o:~~to.o- ·- ~-: 
Red~Ciw-5 1.35 2.18• 071 ~ 

R-square(CO 0.98 0.96' 0.99 
Adj.R-square-'-o.97---0.96 .... ~-098 

0.1 10 

e-fluence ( x1 015 e/cm2) 

PucyHoK 9- 3aBHCHMOCT~ CCE OT «!JnioeHca 6hiCTPhiX HeHTPOHOB (c~eaa) H 

3neKTPOHOB 21 M3B (ciTpaaa) ,D;IDI CeHcopoB GaAs:Cr.I13MepeHa ITPH ubias= -200B 

If KOMHaTHOH TeMITepaTYPe 

(3) 

Pe3ynhTaThi, ITpe,D;cTaaneHHhie Ha PucyHKe 9, 6hmH aiTITpOKCHMHpoaaHbi 

«iJYHKUHeH (3), ll 3TO ,D;anO B03MO:lKHOCTb ITpHBeCTH HeHTPOHHblll ll 3lleKTPOHHblll 

«!JmoeHCbl K e,D;HHOH IIIKane. ,[I,IDI GaAs:Cr, KaK ll ,D;IDI KpeMHHH ITO «!JopMyne (2), MO:lKHO 

BBeCTH K03«lJ«lJHU:HeHT :lKeCTKOCTll k If, TaKHM. o6pa30M, BbiiiOllHHTb ITpeo6pa30BaHHe 

«!JmoeHca 3lleKTPOHOB B 3KBHBaneHTHblll «!JmoeHC 6hiCTPbiX HeHTPOHOB: 
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uJ' 
u 

~ 

++J.T, l 
I ~ .. ' : ; ·H~~ I ---1- . ~ t 
I , I 
I I I ' 1cr2l I ' II ' 

• GaAsN6, (electron) ,) ,I I , I 
• GaAs N 19, (electron) • 

: g::: ~ ;~· ~=:=~~~ 1 II a GaAsN1 7 13 14 16 17(oe,tron) ~~ ~~ 
HT' 

1d' 

1<r' 

1011 1012 1013 1014 101 ~ 1018 1017 

Fluence, n/cm2 

PncyHoK 10 - CpaBHeHne 3aBHCHMOCTeii CCE ~IDI ceHcopos GaAs:Cr, 

o6JIY'feHHhiX :meKrpOHaMll ll HeiirpoHaMll. ,[{JHI o6pa3U:OB, 06JIY'feHHhiX 

HeiirpoHaMll, IIOTOK 11pllBe~eH K 3KBllBaJieHTHOMY IIOTOKY 6hiC1'phiX HeHrpOHOB 

(/>e = k X (/>n (4) 

r~e <l>e- cpmoeHc 3JieKrpOHOB 21 M3B, <l>n- cpmoeHc 6hiCTPhiX HeiirpoHOB. 

B pe3yJihTaTe, 11pHMeHHB a1111poKCHMan;mo pe3yJihTaTOB o6n}"feHmr cpyHKU:Heii 

(3), 6biJI Ha~eH llepeC'IeTHhlll K03cpcpllO:lleHT JKeCTKOCTll k = 0,25±0,11 ~JUI CeHCOpOB 

ll3 GaAs:Cr. Ilpn TaKOM 11pe~cTasneHHll pe3yJihTaThi HeiirpoHHoro ll 3JieKrpOHHoro 

o6JIY'feHmr xoporno cornacyiOTCH , 3TO Bll~Ho Ha PncyHKe 10. Pe3yJihTaTOM pa6oT 110 

ll3MepeHHIO pa~nau:noHHoii CTOHKOCTH Si ll GaAs:Cr 11pn o6JIY'IeHHll 6hiCTPhiMll 

HeiirpoHaMH Ha HMIIYJihCHOM peaKTope HEP-2 CTaJIO 11pHMoe cpasHeHne c 

pe3yJihTaTaMll o6JI}"feHHH 3JieKrpOHaMll. Ilpe~JIOJKeHHaH cpyHKU:llH (3) ll K03cpcpllO:lleHT 

JKeCTKOCTll (k = 0,25±0,11) MOryr llCIIOJih30BaThCH ~JUI paC'IeTa lla~eHll51 c6opa 3apH~a 

B ceHcopax GaAs:Cr B IIY'fKax :JJieKrpoHoB ll 6hiCTPhiX HeiirpoHOB ll ~IDI 

11peo6pa30BaHHH cpJIIOeHCa 3JieKrpOHOB B 3i<BllBaJieHTHhlll cpniOeHC HeiirpOHOB. 3TO 

1103BOJIHeT BhiiiOJIHHTh paC'IeThl ~OIIYCTllMhiX IIOTOKOB 'Iepe3 ~eTeKTOphi ll3 

pe3HCTHBHoro GaAs:Cr, 11pOrH03nposaTh H3MeHeHHH nx pa6o'IHX xapaKTepHCTHK 110~ 

B03~eHCTBlleM ll3JIY'feHHH. 

Ilpo~eJiaHHaH pa6oTa 11pe~CT3BJUICT 60JihiiiYJO 11paKTH'IeCKYIO n;eHHOCTh ~JIH 

11pHMeHeHHH ~eTeKTopos ll3 GaAs:Cr B 3KC11epnMeHTax c BhiCOKoii pa~nan:noHHoii 

Harpy3KOH C n;eJihiO llX 11pllMeHeHHH Ha 6y~YJUHX JieiiTOHHhiX KOJIJia~epaX. 

Pe3yJihT3Thi rpeTheii rnaBhi orry6nHKOBaHhi B pa6oTax [AS, A6]. 

B 'leTsepTou rJiaBe paccKa3hiBaeTCH o 11pHMeHeHHll Marpll'IHhlX ~eTeKTopos • 

6onhrnoii IIJimn:a~n H3 GaAs:Cr B llpOTOTHIIe KaJiopnMerpa BeamCal ~JIH 6y~111ero 

KOJIJiaii~epa ILC. ,[{creKTopHhie IIJIOCKOCTH H3 pe3HCTHBHoro GaAs:Cr ~IDI 11pOTOTHIIa 
/ 

20 

6y~y111nx KaJiopnMerpos BeamCal ll LumiCal 6hiJill H3roTOBJieHhi n 11pornnn 

TeCTllpOBaHlle Ha IIY'fKe BTOpll'IHhiX 3JieKrpOHOB C 3HeprHHMll OT 2 ~0 4.5 r3B Ha 

CllHXporpoHe DESY-11 (raM6ypr, repMaHHH). KaJiopnMerp llMeeT MHOrOCJIOHHYIO 

CTPYKTYPY: cnon cocTOHT H3 IIOrJIOTHTeneii B BH~e BOJihcppaMOBhiX ~HCKOB TOJIIIIHHoii 

3,5 MM, ll paclloJioJKeHHhiX HllMll Marpn;HhiX ~eTeKTopoB. TaKaH reoMerpnH II03BOJJHCT 

yMeHhiiiHTh pMnyc Monhepa ll ~ocTWih MaKCHMaJihHoro pa3perneHHH KaJiopnMerpa 

(10]. ~ 11pOTOTllll3 KaJIOpllMerpa 6hiJill ll3rOTOBJieHhl BOJihcppaMOBhie IIOrJIOTllTeJill B 

B~e KBMparnhiX IIJiaCTHH 140x140x3,5 MM ll Marpll'IHhie ~eTeKTophi GaAs:Cr n Si. 

CeHcophi GaAs:Cr HMeiOT cpopMy cerMeHToB TOJIIIIHHoii 500 MKM, ~HyrpeHHHM 

PMHYCOM 48 MM, BHeiiiHllM pa~HYCOM 114 MM, JillU:eBaH CTOpOHa CO CIIJIOIIIHOH 

MeTaJIJIH3an;neii, a o6paTHaH pa36nTa H:a 64 KOHTaKTHhie IIJIOIIIa~Kll, oKpy:JKeHHhie 

06IIJllM OXpaHHhiM KOJihU:OM 110 llepHMeTpy CeKTopa, KaK IIOKa3aHO Ha PHCYHKe 11 [11]. 

I; 

PncynoK 11 - Marpn'IHhiii ceHcop GaAs:Cr c 64-MH KOHTaKTHhiMll 

IIJIOIIJa~KaMll. Ilo~KJIIO'IeHHhie K C'IllThiBaiOIIJell ' 3JieKrpOHllKe KOHTaKTHhie 

IIJIOIIJa~Kll npOHYMepoBaHhl 

Ilepe~ llCIIOJih30BaHlleM B KaJIOpllMerpe ~JUI BCeX C~HCOpOB 6hiJill ll3MepeHhl 

BOJihTaMnepHhie ll BOJihTcpapa~Hhie xapaKTepllCTllKll, a TaKJKe 3cpcpeKTllBHOCTh c6opa 

3apH~a. 06a nma (GaAs:Cr ll Si) ~eTeKTopos 6hiJill ncnhiTaHhi Ha :JJieKrpOHHOM IIY'fKe 

ycKopHTeJIH DESY-11. ,[(mr o6onx ~eTeKTopos non}"feHhi cooTHOIIIeHHH cnman!rnYM B 

~Halla30He OT 20 ~o 30. JihiJillllCCJie~oBaHhi CllrHaJihi ll3 pa3HhiX o6nacTeii ~eTeKTopa ll 

nocrpoeHa 3aBHCllMOCTh aMIIJillTY~hl CllrHaJia OT TO'IKll IIOIIMa~~ 3JieKrpOHa. B 

pe3yJihTaT~ IIO~TBepiK~eHa paBHOMepHOCTh OTKJillKa ~eTeKTopa, 33 llCKJIIO'IeHlleM 
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paifoHa 3a3opa Me)K,lly coce,nHRMR IIJIOII(a,nKaMR, r.ne Ha6mo,naeTcH He6onhmoe 
yMeHLmeHne aMnnnry,n~>I cnrHana Ha 1 0%. Mo,nennpoBaHne npo~eccoB po)K,neHRH 
:meKipOHHO-II03IilpOHHhlX JIIiBHeif B KaJIOpRMelpe, BhiiiOJIHeHHOe MeTO,nOM .MOHTe­
KapJIO, xopomo cornacye-rcH c pe3yJILTaTaMn R3MepeHnif. ~eTeKTOphi COBMeCTHO co 
ClJ:IiThiBaiOII(ell :meKipOHiiKOll II03BOJIHIOT 3lPlPeKTRBHO OfiHap~RBaTh MllHiiMaJihHhie 
IiOHii3IipYIQII(Re lJ:aCTii~hl B KaJIOpRMelpe, 'ITO II03BOJIHeT IIpOBO,nRTh COBMell(eHRe 
CRrHaJIOB pa3JIIilJ:HhiX CeHCOpHhiX IIJIOCKOCTeif Ii KaJIRfipOBKY OTKJIRKa BCeX 

_,J • 
,neTeKTOpHhiX CJIOeB. 

TecThi Ha cnHxpolpOHe DESY-11 npo,neMOHClpnpoBann IIOJIHyro 
lPYHK~noHanhHOCTh ceHcopHhiX IIJIOCKOCTeif R3 GaAs:Cr, 'ITO OTKPhiJIO B03MO)KHOCTh 
nx ncnoJih30BaHRH B KanopRMelpax LumiCal n BeamCal ,nJIH 6y,nyll(nx KOJIJiaif,nepoB 
ILC n CLIC. Pe3yJILTaThl pa,nna~noHHhiX ncnhiTaHnif, onncaHHhie ,B rnaBax 2 n 3 
,naHHOif pa6oThi, II03BOJIHIOT o~eHRTh na,neHne cnrHana B ceHcopHhiX nnacTnHax 
GaAs:Cr npn noBpe)K,neHnn 3JieKipoHaMn n HeiflpOijaMH• n c,nenaTh nporHo3 
3lPlPeKTRBHOCTii RX IiCIIOJih30BaHRH B 3KCIIepnMeHTe. 3TO IIpe,nCTaBJIHeT HeOCIIOpRM~IO 
npaKTRlJ:eCKYIO ~eHHOCTh MH IIpRMeHeHRH IIOJiyiipOBO,nHRKOBhiX ,neTeKTOpOB Ii3 
pe3RCTRBHoro GaAs:~r ,nJIH 6y.nyll(nx 3KcnepnMeHTOB B lPR3RKe BhiCOKRX 3Heprnif. 

Pe3yJILTaThi ij:eTBepTOif rnaBhi ony6nnKOBaHhi B pa6oTe [A7]. 

B 33KJIIoqeHHH IIpRBe,neHhl OCHOBHhle pe3yJihTaThl pafiOThi, KOTOphie 
3aKJIIOlJ:aiOTCH B CJie,nyiOII(eM: 

• TipoBe,neHa rro,nroTOBKa rrepBoro Bhlxo,nHoro KaHana ycKopnTeJIH JIHHAK-200 ,nnH 
o6nyqeHRH ,neTeKTopoB 3JieKipoHaMn B ,nnarraJoHe 3Hepmif 10 - 25 M3B. 
Pa3pa6oTaHa MeTo,nnKa n C03,naHhl cTeH,nhi ,nnH R3MepeHRH pa,nna~noHHoif 

CTOHKOCTR TITI~ Ha 3JieK1pOHHOM rryqKe yCKOpRTeJIH JIHHAK-200. 

• BLmonHeHhi R3MepeHRH pa,nna~noHHoif CTOHKOCTR ceHcopoB m BhiCOKOOMHoro 
GaAs:Cr n ,nByx TRIIOB KpeMHReBhiX ,neTeKTopoB. 06nyqeHne o6pa3QOB GaAs:Cr 
,n03oif 1,5 Mip IIOKaJano, 'ITO y,neJILHoe corrpoTRBJieHne cTa6nnn3npyeTcH Ha 
ypOBHe 109 0MXCM, BOJihTlPapa,nHhie xapaKTepRCTRKii He 3aBRCHT OT ,n03hi, 
3lPlPeKTRBHOCTh cfiopa RMeeT Bhlpa)KeHHYIO 3aBRCiiMOCTh OT HaiipH)KeHRH 
cMell(eHRH n rra,naeT npn6nmnTeJihHO Ha nopH,noK. XpaHeHne o6nyqeHHhiX 
ofipa3~0B B TelJ:eHRe ro,na IIOKa3aJIO OTCYTCTBRe OT)Kllra ,neTeKTOpOB Ii3 GaAs:Cr 
IIpii KOMHaTHOll TeMIIepaType. 

• 113MepeHa pa,nna~noHHaH CTOHKOCTh ,neTeKTopoB R3 BhiCOKOOMHOro GaAs:Cr rrocne 
o6nyqeHRH Ha nyqKax HeiflpOHOB peaKTopa HEP-2 B ,nnarraJoHe 4x1011 

- 4x1016 

nxcM-2
• 3KcnepnMeHTaJihHO orrpe,neneH rrepeclJ:eTHhiH K03lPlPR~neHT rroBpe)K,neHnii: 

HeiflpOHaMR c 3Hepmeif 1 M3B n 3JieKipoHaMn c 3Heprneif 21 M3B ,nnH 
.neTeKTopoB R3 GaAs:Cr. TionyqeHHhiH K03lPlPR~neHT (paBHhiH 0,25 ± 0,11) n 
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ripe,nJio)KeHHhle lPOPMYJihl MH pacqeTa rra,neHRH c6opa 3apH,na B ,neTeKTopax 
GaAs:Cr II03BOJIHIOT o~eHHTh rra,neHne c6opa 3apH,na rrpu o6nyqeHun 3JieKipoHaMn 
Ii fihiClphiMii HelllpOHaMR. 3TO OTKphiBaeT B03MO)KHOCTh IIpHMeHeHRH ,neTeKTOpOB 
H3 BhiCOKOOMHOro GaAs:Cr B COBpeMeHHhiX 3KCIIepnMeHTax B lPHJRKe BhiCOKiiX· 
3Hepniii:. 

• MalplllJ:Hhie ,neTeKTOphl GaAs:Cr rrpnMeHeHhi B rrpoTomrre KanopnMelpOB 
BeamCal, HBJIHIOII(erocH Hau6onee pa,nua~HOOHHO Harpy)KeHHoif qacThiO 
KanopuMelpa FCAL ,nnH 6y,nyll(nx ycKopnTeneii: ILC n CLIC. BLIIIOJIHeHhi 
ycrremHhle ucrrLITaHHH ,neTeKTopoB GaAs:Cr Ha rryqKe BTOpH'IHhiX 3JieK1pOHOB c 
3HeprRHMR OT 2 ,no 4,5 13B cuHxpolpOHa DESY-11. TioKaJaHa B03MO)KHOCTh 
rrpuMeHeHHH ,neTeKTopoB GaAs:Cr B KanopHMelpe FCAL 6y,nyll(nx Konnaif,nepoB 
ILC n CLIC. 

Pe3yJihTaThi pa60Thi 6Lmn rrpe,ncTaBJieHhl Ha Me)K,llyHapo,nHhiX KoH!l>epeH~RHx, 
pafioqux coBell(aHRHX Konna6opa~uu FCAL, · Ha HayqHhiX ceMHHapax u pafioqnx 
COBell(aHRHX JUII1 0115IH H fihiJIIi orryfiJIHKOBaHhl B HayqHhiX CTaThHX (Al-A 7). 
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HBnHDTCH B AOCTSTOqHo~ uepe MOAeHLHO-HeSSBHCHUHMH, B TO BpeUH KSK 
BeHHqHHN OOHHp!t138UH~ ST~M CBOHCTBOM He 06H8A8DT. ITocneAHee CBH38-
HO C HeOOHHNM yqeTOM Hapymemdt 'f S -HHB8p!t18HTHOCTH. . 

ilpHno~eHHe CO~epXHT no~p06HOCTH BNqHcneHHH H T86HHUY OCHOB­
HNX HHTerpaHOB, He06XOAHMNX ~nH onpeAeneHHH BenHqHHN nonpaBOK. 

B 38KHDqeHHH Kp8TKO nepeqHCneHbl OCHOBHNe peaynl>T8Thl, nony~ 
qeHHble B AHCCepT8UHH. 
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