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ABAeeB c.n. 1-1 AP-
nnettO'IHble CUl-1HTl-1flflATOpbI CsJ(TI) 
6onbwo11 nnoll.laA1-1 

P13-92-57 

On1-1CblBaeTCA TeXHOflOrl-1A lo13fOTOBfleHl-1A TOHKOCflOHHblX (20-25 Mr/cM2
) 

cu1-1HT1-1nnATOpoB CsJ(TI) 6onbwo11 nnOll.laJll-1 (~ 150 cM 2
) 111 1-1ccneA0BaH1-1e 

1-1x xapaKTep1-1cT1-1K. CAenaHa ouettKa TOflll.llllHbt nonynornoll.leHl-1A "°11. 1 /2 co6-
CTBeHHoro CBeTa B CUl-1HTl-1flflATOpe: A1/2 = 16-20 Mr/cM2

• nposeAeHbl 1-13-
MepeHIIIA CBeTOBblXOAa nnettO'IHblX CUl-1HTl-1flflATOpoB Ha ny'IKax 4 He, 6 Li, 14 N. 
Pe3ynbTaTbl cpaBHl-1BatOTCA C pac'leTaMl-1 no <t>opMyne 6111pKca. 

Pa6oTa BblnOnHeHa s na6opaTOpl-11-1 AAepHblX npo6neM Olt1Alt1. 

IlpenpHHT O6i.e'Al1HeHHOro HHCTHTYTa uepHblX HCCJie,'.I0BaHHH. lly6tta 1992 

nepeBOA aBTOPOB 

Avdeyev S.P. et al. P13-92-57 
Thin-Layer CsJ(TI) Scintillators of Large Area 

Production procedures and techniques for thin-layer (20-25 mg/cm2
) 

CsJ(TI) scintillators of large area (==== 150 cm2
) and investigation of their charac-

• teristics are described. Thickness of half-absorption of intrinsic light in the 
scintillator, "°11. 1 ; 2 , is estimated. The value "°11. 1 h = 16-20 mg/cm2 was obtained. 

The light output of film scintillators was measured in beams of 4 He, 6 Li, 14 N . • 
The results are compared with the calculations by the Birx formula. 

The investigation has been performed at the Laboratory of Nuclear Prob
lems, JINR. 

Preprint of the Joint Institute for Nuclear Research. -Dubna 1992 



B HaCTOAll.\eH pa6ore om1CblBatoTCA TeXHOnon1A 113rOTOBneHl1A TOHKOCJ10HHblX 

(20-25 Mr/cM2
) CUl-1HrnnnATOp0B CsJ(TI) 6onbWOH nnoll.\aAl-1 (~ 150 cM2

) l-1 l-1C

CneAOBaHl-1e l-lX xapaKTepl-lcrnK. AeTeKTOpbl C03AaHbl AnA 4II-ycTaHOBKl-1 <l>A3A, 

npeAHa3Ha'leHHOH AnA l-13y'leHl-1A MHO>KeCTBeHHOH 3Ml-1CCl-1l-1 cpparMeHTOB npoMe>Ky

TO'lHOH MaCCbl B AAPO·AAepHblX coyAapeHl-lAX /I'· 4l-1cno CUl-1HTl-1nnAUl-10HHblX AeTeK

TOpOB B 3TOH ycraHOBKe 64, 10 l-13 Hl1X l-!MetoT cpOpMy npaBl-lflbHblX nATl-lyronbHl-1-

KOB, OCTanbHble - weCTl-lyronbHl-lKl-1. nocpeACTBOM K0Hl-1'lecKl-1X CBeTOBOAOB l-13 op

raHl-l'leCKOro CTeKna CUl-1HT11nnATOpbl CTblKYIOTCA C <1>3Y-110. Ha pl-lC.1 noKa3aHbl 

cpopMbl nOAflO>KeK CUl-1HTl-1flJ1ATOpOB l-1 CBeTOBOAOB. 

TEXHOnor~A~3rOTOBflEH~A 

TOHKOCflOVIHblX CU.~HT~nn ATOPOB 

TOHKl-le nonL-1Kpl-1CTann11'leCKl-1e cnol-1 CsJ(TI) l-13roTaBnl-1Banl-1Cb nyreM TepM11-

'!e.cKOrO BaKyyMHoro Hanb1neHl-1A no MeTOA11Ke, pa3pa6oTaHHOH B L1HCTl-1TyTe MO
HOKpl-lCTannos 12 '· 8 Ka'leCTBe noAnO>KKl-1 l-1CnOnb30Banl-1Cb nnaCTl-lHKl-1 l-13 nneKCl-1-

rnaca TOnll.\l-lHOH 2 MM. AnA nony'leHHA Heo6xoAHMOH OAHOPOAHocrn nneHKl-1 no 

TOnll.\l-!He (,;;;; 15%) Hanb1neHL-1e npol-13-

BOAl-lnocb "13 ABYX nOAO'leK, HaXOAA

ll.\l-lXCA Ha paCCTOAH11AX 80 MM Apyr 
OT Apyra l-1 180 MM - OT nOAflO>KKl-1. 

KpoMe Toro, HanbineH1-1e Aenanocb B 

ABa npl-leMa, c nosopoToM no.nno>KKl-1 

Ha 90° BOKpyr HOpMaJll-1 K nnocKocrn. 

floAO'IKl-1 l-13rOTaBn11B.an1-1cb 113 MOnl1-
6AeHOBOH cponbrn TOJ1ll.\11HOH 0,02 MM 
1,1 l-!Menl-1 pa3Mep 18X 100 MM. B Ka

'!ecTBe CblpbA 11cnonb30BaJ1CA Apo6ne

HblH MOHOKpl-lCTann CsJ(TI) C KOHUeH

Tpau1-1ej;i aKrnBaTopa 0,8-1,2% nose

cy. AasneHl-le ocTaTO'IHOro ra3a B 

ycTaHOBKe ~0,01 na, reMnepaTypa I;;; 
11cnapL-1Tenej;\ 600-620° C. 

Puc.1. <fJopMbl noonoJKeK onn cuuH
runnnropoe u ceeroeoooe. 

144 



AnA yny'fweH11A aAre31111 nneHoK nosepxHOCTb noAnO>t<eK npeAsap11renbHO o6-

pa6aTblBanacb TOHK011 wnmpoaanbH011 WKypKOl1 AO MaTOBOro COCTOAH11A. B npo

uecce HanbtneH11A noAnO>t<Ka noAorpesanacb AO 40-50 ° C. 3To - onT11ManbHaA 

TeMnepaTypa, KOTOpoi1 OTBe'faeT AOCTaTO'IHO 6onbWOl1 pa3Mep Kp11Crannos B nneH

Ke 11 np11 KOT0p011 eLUe He3Ha'fl1TenbHO 11cnapeH11e Tl C noAnO>KKl1. OAHOBpeMeHHO 

C pa60'fl1M o6pa3UOM HanblnAnCA KOHTponbHbl11 Ha noAnO>KKY pa3MepOM 20X20 MM, 

KOTOpaA pa3MeLUanacb PAAOM C OCHOBHOl1. KoHTponbHbl11 o6pa3eU 11cnonb30BancA 

AnA onpeAeneHl1A TOnLU11Hbl nneHKl1 nyreM B3Bew11BaHl1A 11 AnA HeKOTOpblX 113Me

peHl111 CU11HTl,mnAUl10HHblX xapaKTep11CT11K. 

lt1CCflEAOBAHlt1E XAPAKTEPlt1CTlt1K CUlt1HTlt1flflATOPOB 

C nOMOIJ..lblO a-4ACT1t1U 

B KS'feCTBe 11CTO'IHl1Ka a-'facrnu 11cnonb30san11cb 2 3 8 Pu (5,5 M:iB) 11 ThC' 

(6,05 11 8,78 M:iB). "13MepeHl1A nposoA11n11cb c Konn11Mau11e11 a-'!acrnu 11 6e3 Konn11-

Mau1111. B nepsoM cny'fae o6ny'fanocb nATHO nnoLUaAblO _ 1 c11,,2 a ueHrpe cu11HrnnnA

Topa, BO BTOpOM - Beeb 06pa3eu C paCCTOAHl1A 30 CM. np11Mep cneKTpa aMnnl1TYA 

noKa3aH Ha p11c.2. OCT8HOBl1MCA noKa Ha ASHHblX AnA KOnn11M11posaHHoro 11CTO'f· 

Hl1Ka, rAe ace onpeAenAeTCA CU11HrnnnAUl10HHblMl1 xapaKTep11CTl1K8Ml1 cnoA. 

CpaBHeH11e C MOHOKpl1CTannaMl1 CsJ(TI) noKa3~IBaeT, 'ITO CBeTOBOl1 BblXOA AnA 

non11Kp11crann11'1ecK11x nneHoK npaKTl1'1eCKl1 TaKoi1 >Ke. AMnn11TyAHOe pa3peweH11e 

AnA MOHOKp11CTanna""' 10%, MA nneH.O'IHblX o6pa3UOB B cpeAHeM B 1,5 pa3a Xy>t<e. 

HaMl1 6btna npoBeAeHa OUCH Ka TOnLU11Hbl nonynornoLUeHl1A A1/2 co6CTBeHHO

ro cseTa a c~11HT11nnATope. AnA JTOro cpasH11ean11cb aMnnl1TYAbl c11rHana np11 Hop

ManbHOM BXO>KAeHl111- a-'laCT11U B nneHKY 11 noA 6onbWl1M yrnoM. 3TO 6bIno CAena

HO c 11cTo'IHl1KOM 2 3 8 Pu, a-'fac-i-11ub1 KO· 
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Toporo nonHOCTblO TOPM03ATCA B nne

HO'IHOM CUl1HT11nnATope. 6btn0 nony'fe

HO ll.1 ; 2 ~ 16-20 Mr/cM2
• 3To 03Ha'faeT, 

'!TO T0nLU11Ha nneH0'IHblX CUl1HTl1nnAT0· 

pos CsJ(TI) He A0n>t<Ha cyLUeCTBeHH0 

npeBblWSTb 20 Mr/CM2
• 

Puc.2. CneKTpb1 uMnynbcoa anR oaHo

zo U3 Cl/UHTUnnRTOpOB, U3Mep,eHHble C 

a-ucroYHUKOM ThC': A - npu o6ny'le

HUU a-'IBCTUI./BMU nnOU/BOKU B 1_ CM2 B 

qeHrpe Cl/UHTUnnRropa; 5 - npu o6ny

YeHuu acezo ClfUHTUnnRTOpa C paCCTOFI· 

HUR 30CM. 

./ ~, 

" 

f) 

On11CblB8eMble 3AeCb AeTeKTOpbl npeAH83HS'leHbl AnA perncTpau1111 OTHOCl1-

TenbHO K0pOTKonpo6e>t<HblX AAepHblX cpparMeHT0B. Ba>t<HblM ycnoe11eM B 3TOM 

cny'lae ABnAeTCA OTCYTCTBl1e 3H8'll1TenbHOro MepTaoro cnoA Ha nosepxHOCTl1 CU11H

Tl1nnAT0pa. 3HaH11e TOnl.J..111Hbl MepTBOro cnoA Heo6X0A11M0 TaK>Ke AnA 11HTepnpeTa

U1111 AaHHblX no 113MepeHl1IO A1 /2. l,13 n11repaTypbl 113BecTH0 (CM., Hanp11Mep, 
13 1

), 
'lTO AnA MOHOKp11CTannos CsJ(TI) 11H0rAa HaXOAAT MepTBbl11 cnoi1 B 3-5 Mr/cM

2
• 

3To BblHYAl1nO Hae npoBeCTl1 cneu11anbHble 113MepeHl1A C OAHl1M 113 nneHO'lHblX 

cu11HrnnnATopos. AnA JToro a-11CTO'lHl1K 2 3 8 Pu pa3MeUlancA a aaKyyMH011 KaMepe 

Ha paCCTOAHl111 25 CM OT cnoA CsJ(TI), KOTOpbl11 6bln JaKpblT Al1acpparMOl1 C A11a

MeTpOM ornepCTl1A 20 MM. "13MepAnl1Cb aMnnl1TYAHble cneKTpbl AnA a-'l8CT11U C 

pa3nl1'1H011 3Heprnei1, 11JMepeHl1e KOTOp011 ocyLUecTBnAnOCb noAnyCKOM B03Ayxa B 

KaMepy. Han11'l11e MepTBOro cnoA AOn>t<HO np11aecT11 K noAsneH11t0 oTce'lKl1 B 38B11· 

Cl1MOCTl1 aMnnl1TYAbl BCnblWKl1 LOT Ea. Pe3ynbTaTbl npeACTasneHbl Ha p11c.3. Ben11-

'll1H8 L/Ea cna6o MeHReTCA np11 yMeHbWeHl111 Ea snnOTb AO 0,3 M:iB. OTCIOA8 cne

AyeT, 'lTO TonLUl1Ha MepTBOro cn0A <:;;; 1 Mr/cM
2

, 'ITO anonHe YAOBneTsop11TenbHO. 

CBETOBOA 

CseTOBOAbl, noKa3aHHbIe Ha p11c.1, 113r0Tasn11ean11cb 113 nneKc11r nacoBblX 6no

KOB, CKneHHblX 113 nnaCTl1H TOnLU11H011 50 MM. CseTOBOAbl BblnOnHeHbl B B11Ae KO· 

Hyca, nepeXOAAUlero B u11n11HAP- W11poKaA 'laCTb KOHyca orpaHeHa AO wecT11yronb

Hl1Ka n1160 AO nATl1yronbHl1Ka TaKl1M o6pa30M, 'lT06bl nATl1yronbHl1K CTblKOBancR 

C nATblO wecT11yronbHl1KaMl1 11 np11 3TOM on11CblBanacb ccpepa C paA11ycoM 290 MM. 

TaKaA c6opKa cu11ttrnnnAU110HHblX C'leT'lHKOB COCTaBnAeT MOAynb (1/12 '18CTb) 

411-ycTaHOBKH <l>A3A. Be~ noeepXHOCTb ceerosoAa non11poeanacb, 3a 11cKnt0t1e

Hl1eM cpe30B Ha KOHl1'18CK011 '18CTl1. 06 3TOl1 oco6eHHOCTl1 cseTOBOAOB - CM. Hl1)Ke. 

np11 OnTl1M1,1Jau1111 K03cpcp11u11eHTa Tp8HCMl1CCl111 CBeTOBOAOB 6btn0 11ccneAOB8HO 

an11AttHe Ha npoxo>t<AeHHe ceeTa om11'fecKoro KOHTaKTa Ha rpaH11uax: cserosoA -

L/E11. 
1.0 

0.5 

t 

1.0 2.0 3.0 ~-0 s.o Eoi,M3£'> 

Puc.3. 3aBUCUMOCTb yaenbHOZO caeTOBb/XOOB oi 3Hepzuu a-'IBCTUI./. 

3 



<t>3Y 11 noAflO>KKa CU11HTl1flflRTOpa - CBeTOBOA. 111cnonb30Banacb >K11AKOCTb Baysilon

OI M-1000.000. 6blfl0 YCTaHOBneHo, 'ITO Ham1411e onrn4ecKoro KOHTaKTa Ha riep

B011 rpatt11ue secbMa cyl.1.lecTBeHHO, OH yny4waeT KOJcpcp11u11eHT nepeAa•m csern a 

,::::, 3 pa3a. BseAeH11e OnT114eCKoro KOHTaKTa Me>KAY CUl1HTl1flflRTOpOM 11 CBeTOBO

AOM He yaen11411saeT aMnfll1TYAbl c11rHana. 3TO RBnReTCR cneACTBl1eM Toro, 4T0 HeT 

omwtecKoro KOHTaKTa Me:>-KAY non11Kp11cTann114ecKi.1M cnoeM CsJ(TI) 11 nneKc11rna

coso11 nOAflO>KKOL1. no:noMy caeTOBOL1 nOTOK, naAalOLl.ll1L1 Ha cseTOBOA, He 113MeHA- . 

eTCR np11 BBeAeHl/111 onTl1'1CCKOro l(OHTaKTa. OTpa»<eH11e CBeTa OT BXOAHOH nosepx

HOCTl1 CBeTOBOAa TaK>Ke HC cyl.1.leCTBeHHO, TaK KaK no OUCHKe AO qJOTOKaTOAa AO

XOART TOflbKO ny4~1 C yrnoM naAeHl1R He 6onee 50°. Ko::1cpcp11u11eHT nepe,o.a411 

caern np11 Hafl1141111 OnTl14eCKOro KOHTaKTa TOflbKO Ha rpaH11UC CBCTOBOA - <t>3Y 

OKOflO 30%. 

6bina 11CCflCAOBaHa 38B11Cl1MOCTb aMnnl1TYAbl Cl1fHana OT MCCTa CUlllHTl1flflRU11-

0HHOL1 BCnblWKl1. AnR 3TOrO 11cnonb30Ban11Cb yAaneHHblH a-11CT04Hl1K 11 KOflbUeBblC 

MaCKl1 Ha nosepXHOCTl1 CU11HTl1flflRTOpa. AnR nonHOCTblO non11posaHHOro CBCTO

BOAa 6blfl0 HaHACHO, '!TO np11 nepeMCLl.leHl111 BCnblWK11 OT ue1npa K nep11cpep1111 

aMnn11TyAa c11rHana ao3pacnieT, a pa3peweI111e yxy.o.waeTCR. 3m CBR3aHo c Han11-

411eM nnOCKlllX cpe30B Ha KOHl14eCKOL1 4acn1 CBeTOB0,0.0B, K0T0Pble ysen11411B8IOT 

3cpcpeKTl1BHblL1 yron JaxaaTa .0.flR ny4eH, 11CXOARLl.l11X 113 nep11cpep114ecKl1X y1.1aCTKOB 

CUl1HTl1flflRTOpa. (3TOT BblBOA nOATBep>KAaeTCR aHanorl14HblMl1 113MepeHl1AMl1 AflR 

K0Hl14ecKl1X CBCTOBOAOB (6e3 cpe3oa), KOTOpble noKa3an11 naAeH11e K03CpqJ11ui1eH

Ta TpaHCMl1CCl111 np11 nepeMel.1.leHl111 BCnblWKl1 OT UeHTpa K Kp8!0 CU11HTl1flflRTOpa.) 

AnR KOMneHcau1111 "3cpcpeKTa KpaA" cpe3bl 6b1n113a'leptteHbl. AHanor114HblH pe3ynb

T8T AOcT11raeTcA, ecn11 cpeJbl He non11pyt0TCA nocne MexaH114ecKoL1 06pa60TK11. 

CneKTp "6" Ha plllc.2 nony4eH co CBCTOBOAOM, y KOToporo 3a4epHeHbl CK0Cbl. 

AMnI111TYAHOe pa3pewetrne np11 o6ny4CHl1lll scero CUl1HTl1flflATopa, B cpe,O.HCM, 

a 2 pa3a xy>Ke, 4eM AflR cny4aR Konn11MaLi1111 a-4acrnu Ha ueHTpanbHyt0 48CTb. 

Ha p11c.4 noKa3aHo pacnpeAeneH11e 06pa3uos (83 WT.) - no pa3peweH11t0, nony-
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Puc.4. PacnpeiJeneHue o6pa3qoe no 

BMnflUTYOHOMY pa3peWeHUIO cJnR 

a-1/BCTUL( C 3Hepzueil 8,78 M38: 

1 - o6nyYeHue L(eHTpanbHOil 1/BCTU 

CL(UHTUflflRTOpa, 2 - o6nyYeHue 

ecezo CL(UHTUflflRTOpa. 

'j ' : 

\l 
t 

'leHHoe AflR a-4aCTl1U C Ea = 8,78 M::18. np11 o6ny4eHl111 acero CU11HTlllflflRTOpa 

pa36poc sen11411H aMnfll1TYAHOf0 pa3peweHl1R 3Ha4lllTeflbHee, '!eM AnR KOflfllllM11p0-

BaHHOrO 11CT04Hl1Ka. 3TO MO>KeT 6b1Tb Bbl3BaHO HeOAHOP0AHOCTRMl/1 no TOnl.1.li1He 

cnoR CsJ(TI). KOT0pb1L1 cnerKa MeHbWe, 4eM npo6er a-4acrnu, lll cj)nyKTYaUl1RMlll 

no cseTOBOMY BblXOAy. 

CBETOBblXOA nnEHO4HblX CU.111HTll1nnflTOPOB 

Ailfl 4ACT111U. C PA3Jlll14HblMl/1 Z 111 E 

CUl1HTl1flflRTOpbl 6blfll1 113fOT0BneHbl AnR per11cTpau11111 cpparMeHTOB, B03Hl1Ka

lOLl.ll1X B A.O.P0·RAepHblX B3al1MOAeL1CTBl1AX. 1/13 AaHHblX, nony4eHHblX C Kan116pOB04-

HblMl1 a-4~CT11UaM11, Heflb3R HaAe>KHO pacC411TaTb CBeT0BblXOA AflR APYfl1X 4aCTl1U l/1 

3HCPrl1L1, TaK KaK CU11HTl1flflAU(10HHaR 3cpcpeKT11BHOCTb 3aBlllCl1T OT yAenbHOH 110Hlll-

3au1111. 3m 3aB11ClllM0CTb MO>KeT MCHATbCR, C 113MeHeHll!eM CTpyKTypbl CUl1HTlllflflA

TOpa. no3TOMY anp11op11 HCflb3A CK83aTb, 'IT0 AaHHble, nony<teHHble AflA MOH0KplllC

Taflfl0B 14 I, cnpase.o.n11Bbl AflA nom1Kpl,ICTaflfll-1'1CCKlllX cnoes, 113fOT0BfleHHblX MCT0-

AOM BaKyyMH0ro Hanb1neHlllR. 

HaMl1 6blfll1 npoBeACHbl 113MepeHl1A caeTOBblX0A8 nneH0'IHblX CUl1HTl1flflRT0p0B 

Ha ny'IKax 4 He, 6 Li 11 14 N, ycKopeHHblX Ha u11KnOTpoHe 111A3 ll!M. 111.B.Kyp4arnsa. 

4aCTl1Ubl pacce11san11cb Ha yrnepoAHOH nneHKe (0,5 Mr/cM
2

) 11 perncTp11posan11cb 

noA yrnoM 30° CUl1HTl1flflAU1,10HHblM C4eT'li11K0M C KOHTp0flbHblM o6pa3UOM CsJ(TI) 

rnnl.1.llllHOH 25 Mr/cM2 • 8b1AenRncA Kattan ynpyroro pacceAHl,IA. AnR 3Toro 11cnonb-

3osam1cb cosnaAett11R c AApoM 0TA84lll (yrnepoA), KOTOpoe perncTp11posanocb 

TenecKonoM 113 ABYX ACTeKT0P0B, ycTaH0BneHHblM n0A yrnoM, oTBe48IOLl.l11M Kl1He

MaTl1Ke ynpyroro B3811MOACL1CTBl,IR. 3HeprnR 48CTlllU lll3MCHRfl8Cb nornOTll!TeflAMl/1 

nepeA CUi,1HT11flflAT0p0M. 

Puc.5. 3aeucUMOCTb aMnnuTycJ1,1 cee

TOBoil ecnb/WKU cJnR cnoR Cs.J(T/J 
TOflU/UHOil 25 MZ/cM2 OT 3Hepzuu pa3-

flUC/HblX 1/BCTUL(. 3a eiJUHUL/Y no WKane 

opcJUHBT 83RTB BMnnuTycJa BCnbtWKU 

OT a-1/BCTUl,J C 3Hepzueil 8,78 M38 npu 

nonHoM noznoUJeHuu. Kpue1>1e - pac

yeT, TOI/KU - 3KCnepuMeHTBflbHbte 

OBHHbte HBCTORUJeil pa60Tbl. 
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Pe3yilbT8Tbl npeACTaB/leHbl Ha plilc.5. Kpli!Bble 6b1Illi1 paCC'llilTaHbl no cpopMyne 

6111pKca 15 ', KOTOpaR CBR3bIB8eT YAeilbHblH CBeTOBblXOA C YAeilbHOH 1110Hli138l.llileH Iii 

Y'llilTblBaer 3cpcpeKT ryweHIIIR Ha paA11181.11110HHblX nospe>KAeHIIIRX. 8 cpopMyny BXO• 
ART TPIII napaMeTpa, KOTOpble 6b1Illi1 H8HAeHbl 1113 3KCnep111MeHTaI1bHblX AaHHblX O 
cseTOBblXOAe MOH0Kp111cra1111a CsJ (Tl) AilR 4 He, 1 2 C 111 16 C 14 1• Haw111 AaHHble npo

HOpM111posaHbI K CBeTOBblXOAY AilR 4 He np111 3Hepr111111 60 M::iB. B11AHO, '!TO 1113MeHe
Hlile cseTOBblXOAOB C 1113MeHeHlileM 2 Iii E 'l8CTllll.lbl npOIIICXOAIIIT np111MepHo TaK >Ke, 
KaK Iii AilR MOHOKplilCTanna CsJ(TI). 

Asropb1 6naroAapHbl C.T.6enReBy 111 L.\.A.Bb111osy 3a nOAAep>KKY pa60Tb1. 

n1,1TEPATYPA 

1. ABAeeB c.n.111 AP, - OlllRl/1, P7-89-29, Ay6Ha, 1989. 
2. Bb1AaH IO.T., L\11p11111H IO.A., 4aHKOBCKIIIH 3.<t>. - l/13secrnR AH CCCP, 1974, 

c.1307. 

3. Aop'lOMaH A. 111 AP, - OlllRl/1, P1-10910, Ay6Ha, 1977. 
4. Quinton A. et al. - Phys. Rev., 1959, 115, p.886. 
5. 6111pKC A. - C1.1111HT111I1IlRI.IIIIOHHble C'leT'llilKIII, M.; 111n, 1955. 

PyKOnlilCb nocryn11111a B 1113A8TeilbCKIIIH OTAeil 

17 cjJespanR 1992 roAa. 

6 


