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BBEAEH~ E 

AnR HAeHTH~HKa~HH ner KHX RAep H H3MepeHHA HX 3HeprHH 8 CneKT
pOMeT paX WHPOKO npHMeHROTCR nonynpoBoAHHKOB~e (Si. GO) H C~H H
T~l1/1R~HOHHble (Nal (Til. Csl(TJ)) AeTeKTopbl . npH perHcTpa~HH RAep 
4aCTb t 1013 HHX Hcn~T~BaeT RAep HOe B3aHMOAeHCTBHe C B~eCT BOM 

AeTeKTOp a c ce4e HHeM peaKll.HH oR. ::: 0TOTAL - (J ELASTIC H BbI -
6~BaeT 101 3 aaAaHHOrO 3He p reTH4eCKOrO HHTepaana pCrHCTpa~HH. nO
n paSKa f Mo* e T AOCTHr a Tb 50% H 6onee. B flH TepaType HMe~TCR AaH
Hble 0 Ta KHX nonpaSKa x Ha B3aHMoAeHcT BHe n pOTOHOS C KpHCTannaMH 
Si r Ge, Nt) J Csl / l ,2,81 H Ha 83aHMOA eHC TBHe d, 311e, .lIoc Nal/4 , 5/, 

B pa60 Te I CAe.naH Teo pe n 14eCKHH paC4eT nonpaeoK r H8 83aHMO
AeHCTBHe H30 TonoB BOAopOAa H rem-1ft C KpMCTannOM Nal. 

B HaCTOR~eH pa6 0re eAHH~M MeTOAOH BblnOI1HeH TeoplTH4ecKH~ 
paC4eT n o npaaOK ( AJ1 A RAep p , d , t , 31-1e,4He B KpHCTann ax 

Si ,Ge Nal , Csl B HHTep8alle 3HeprHH OT 1 AO 50 0 /lJD. B pa6o 
Tax 11_41 AnR Bbl4HcneHHR nonpaBot( r Hcn Ollb30BaHbI 3Ha4l' tiHA ce4e

HHH B3aHMoAeHc T BHH RAe p C KpHcTannaMH, nonY4eHH~e ) KC Tp anOIlA

,-,HeM H3 3Kcne p HMeH TanbHblX AaHHblx. BBHAY He3Ha4HTCl1bH(')ro KOIlH

4eCTsa 3KcnepHMeHTallb HOH HH4topMa4H Io1 0 c e4eHHRx, B HrlCTOAtqeH p a

60Te OHH BU4HCIlA~TCR TeopeTH4ecKH c npHMeHeHHeM MUAellH AHtpaK

4HoHHoro pacceRHHR. n p H ::)HeprHRX ~ 50 M3D HC~9b::JOB;tHHbU'; MeTOA 

Bbl4HcneHHR ce4eHHH aHallo rH~eH MeTOAY paGoTbi . 

I. PAC 4ET nonPADOK HA RAEP HOE B3A~MOAEACTB~E 

n YCTb (At . Zt ) , (A 2' Z~ - MaCC09b1e H 3apflAOBbie 4Hcna perHCTpH

PyeMbix JlAep (p, d , t, He, 4He) H RAep Be&lleCT Sa AeTeKTopoa 

(Si , Ge , Na J Cs , I) COQTseTCTeeHHO. ~ npocToTbi RApa (A l • Zl ) 
H (A2 • Z :y 6YAeM Ha3b18aTb RApaMH I H 2. 

B clloe BetII,eCTBa TO~HHOH dx nOTOK N AAep 3a C4eT B3aHMO

Ae~cTBHA c Be~eCTBOM C ce4eHHeM peaKQHH 0 H3MeHAeTCA Ha BeI1H
4HHY 	 R 

N 
dN _ - N - pu dx _ N~u dE.

NA 
A R 

3AeCb NA - 4HCl10 
, 1 dE 

Be~ecTBa, - - -d 
P x 

TH4ecKoH 3HeprHeH 

A R( _2.. dE) 
p dx 

AeoraAPo, A H P - MoneKynRpHbI~ Bec H nllOTHOCTb 

nlloTHOCTb HOHH3aQHOHHblX nOTepb AApa 1 C KHHC

E a AeTeKTope. llnR AeTeKTopa Nal /aHollo noi4

.~. 

/ 1/ 

HO AllR Csl / 

/2/
(oR) Na, - (oR) Na+ (uR) , · 

ANa 1 dE A, 1 dE / 3/ (.!.. dE) = - -' (- - ) +-(- -),. 
p dx Na' AN al P dx Na ANal p dx 


1-13 COOT HOWe tiHH / 1/ clleAyeT ¢l0p MYlla AllJl eepoRTHoCT H Heyn py


raro RAepHoro 83 aHMoAeMcTBHR RA pa 1 B KOHe4HOM c lloe Be~eCT8 a, 

8 KOTOPOM OHO B cpeAHeM TepfleT 

ENA f uf(E.E,)_~= l - expl - A 
N 	 E, 

n pl1 pa50Te AeTeKTopa B pelK""Me 

Ha HOHH3a4l11O 3He p n1lO E - E l' 

/4/(E) ~ 1. 
R 	 (_ ~ ~) 

P dx 

nOJ1Horo narllouteHl1A (E 1 =0) . 6YAeM 
0603Ha4aTb f ;; feE. 0) . H3 /4/ BHAHO~ 4 TO AIlR Bbl4HcneHIoo1R nonpae -

KH f HY)I(HO 3 HaTb ¢lYHKQHH -.!.. ~ H a B 3aaHCHMOCTH a T 3He p
p dx R 

rv.HE. 	 Mbi Hcnollb 3yeM AaHHble no nJ1OTHOCTH ~HIoo13a~HOHHblX nOTep b 

1 a 	 161 _ _ _ npHBeAeHHble B pa60Te • B J1I.4Tepa Type HMee T CR MallO CBe
p dx . 

AeHHH 0 ce4eHH RX B3aHMoAeHc TBHR flA e p. n03TOMY B03HHKa e T He06xo 

AHMOCTb Bbl41-1CJlAT b ce4eHHR a R TeopeTH4ecK~1 . 
Ce4e HHe pea K'-' lo1loo! RAe p 1 H 2 MO)XHQ npeAcTa BHT b B BHAe 

/5/" (E) = 	W(E) . u, (E) . R .n 
rAe WeE) - eepoflTHoCTb npoxoKAeHHR AApaMH nOT eH~HanbHo r o 6apbe 

pa t C03AaeaeMoro KynoHoBCKHMH H 4eH Tp06e)i(HblMH CHnaMH OTTallKH

BaHHR RAep; 0 in (E) - nOllHoe ce4e HHe Heynpyror o RAepHo r o B33HMO

AeHCTBHA . n pH HH3Kl1X 3Hep rlo1R X AllR C!J)epH4eCK~1- Clo1 MMeTplo14HblX 
RAep 17 ,8 / 

R2 
11'''0 Inl 1 + exp [ 2 n E c - E 0 J I 	 / 6/

uR(E c ' E O) - ~ hwo .2 E 
c 

rAe E c = [ j(M ,+ M2) 2 + 2EM2 - (M, + M2)J - CYMMapH aR KHHeTH4e
CKaR 3Heprlo1A RAep B Clo1cTe""e Ll,eHT pa ""acc. M 1 H M 2 - Ma cCbI RAep ; 

Eo , R 0 , 'flwo - napaMeT pbl 6apbepa / Eo - BbiCOTa tiapbepa, R 0 

paccToAHHe MelKAY ~eHTPaMH RAep , bwo x apaKTepH 3yeT WHPHH Y fia p be-

pal; Ro = R, + 10Ai" . '0 = l,416¢>M , R, = /1,443; 2, 187 ; 
3 ,506 ; 2,534 0M / AllA p, d , t ,3He , 4 H e COOTserCTse HHO , 

H nwo = 4 M3B. AllR Y4eTa Ae¢>9f.Ma ~~H RAep c e4eHHe /6/ y cpeA

Hfl e TCR 	 n o BbiCOTe 6 apbepa Eo' I: 

2 
3 

http:peaKll.HH


E~+A1 

"R(E c) ~ 2A _f " R(E c ' EO) dEO' 
 /7/

EO-A 
2 1/ 3 

3Aecb EO - ZtZ 2e 7Re ' Re :: R 1 + reA 2 . rAe napaMeTp re HaXD
AHTCR no rpa41Io1K3M paBon " / 8 /, a t1 == 3 MaS B/. 

n p ", Ei:» Eo B~pa)!(eH",e / 7/ CBOA\.1TCR K KnaCClo14ecKoi:; q,0PMyne 

2 Eo 
"R(Ec) = "Ro (1 - E)' /8/c 

CpaS HHsaR ee C $opMynoH /5/, SHAHM, 4TO reOMeT pH4 eCKoe ce4eHHe 
"n8 Hrpae T pOnb ain • a (1 - E o/Ec) - eepORT HOC H1 npoxmKAeHHfI 
RAe p 4epea 6apbep. no aHanOrHH C4H TaeM, 4TO D~pa*eHHe AIlR se
PORTHOCH1 npOXO)!(AeHHR RAep 4epea 6 apbep np /.1 1106o~ 3He prHH Io1 Mee T 
BHA 

2
W(E ) ~ " R(Ec)/ ( ·Ro).c / 9/ 

npH paC4eT e Sel1!o14HHbI f B 4>op Myn e /41 B 3 R TO E 1- O, 2Ea. a a R 

B~4HSI1ReTCR ABYMR cnoc06a MH: npH E < 2EO - no $OpMyne 17/ ,a npH 
E > 2Eo - no ¢opMYlle /5/ C HCnOTlb30BaHHeM Bblpa)l(eHJ1R / 9/ AnR 

WeE) H anTH4eCKoro npH611H*e HHR Mo,qel1H ~H~paK~HOHHoro pacceR
HHR / 9, lO,ll/AI1R a (E).


in 

~ 

uj 
n 

(E) ~ 2. 
0
f 11- exp[ -41m X(b)l!bdb, /10/ 

r Ae MHHMaR 4aCTb ~u3~ 

1m x (5) - [(Z IZ 2 + N, N2) "pp (EN) + (Z, N2 + N,Z"l" (EJ l T(b ) /11/
p n 4 A A 


I 2 

a 


~ ~ .... ~ -+ ... 
T( b ) - f d f d" I' I(' - ")p,<") , /12/ 

-~ 

3AeCb 0pp ' u pn - nOm"4bje ce4e HHR PP '" pn J1,AepHOrO B3aHMoAei=tcT

B I.1R / B3R Tbi HJ pa6on.a / 12/ /; EN = E t A 1 - KHHent4eCKaR 3Hep n1R 


Ha HYKll0H RApa 1 B llaGopa TOPHOH cHc TeMe; P , P2 - pacnpeAene

lHHR nnOTHQCTH RAe p 1 J.1 2 , HOpMHpo s aHHble Ha 4H cn a HYKnoHoa ;.... .... .... -+ 


r = b + 7. , b .. npJ.14e.nbHblH napaMeTp 8 nmCKoeH1, nepneHAIo1 KYIlRP-

HO~ OOt z ; N 1 =A 1 - Z 1: N = A -Z


2 2 2 o 
n n OTHOCTb PI BJRTa B r aYCCOBOH 4lopMe 

PI ("0 = Al (_3__ l 12 3 ~ 2 

2 .R2 . exp(- --' - ) , 
2R2 /13/ 

4 

rAe R _ cp:e~HeKBaAPan'4HblH pa~HY C ; Rp = 0 ,8 $M 19/; Rd = 

= 2 ,794 <il'" I I I,' R311 • = 1 , 77 <il'" 91; Rl ~ R3 ; R 4 
1, 674 <l>M 1 14 . II. H. 

H3- 3 a He AocTa TKa 3KcnepHMeHTallbHblx AaHH blx 0 nll0 THOCTRX P2 G) 
AllR Bbl4HcneHJ.1R c e4 e HH R 0ln Hc nollb3y eM 3KCTpan0J1R~H~ no Ma CCOBOM 

MY 4Hcny A 2• .llIlR Ka)l(Ao'1 3Hepr~101 EN Bbl4101c nAeM ce4eHIo1A B3aIo1MO
Ae I1 CT BIo1.R a . RApa 1 C AApaMI.1 28Si 101 140 Ce . no HHM / a Hallorlo14HO 
pa60Te 1151i Ha XOA Io1M napaMeTpbl npRHOI1 (ain ) 1/2= Co + CIA I:S 
101 no 1013 BeCTH~M napaMeT paM 00' 01 B~4101cnReM ce4eHIo1e ai AllR 
flIo6oro .RApa 2 C Ma CCOB biM 4101CllOH A2_ .£lmt .RAep 28Si H l!ibCe B3RTbi 

/ 91 pacnpeAeneHHR nno T HocTIo1 

~ C(l + w,~2JR
2 
2)

P2(r) = . /14/ 
, - R 2 

1 +exp(--)
a 

2Bsi' W = -0 122' a = 0 57' R2 = 3 21'91. nJ1" 140CB :rAe AJ1" • " /9/" , t H 

W = OJ a = 0,51; Re = 5 ,82 . HOPMHpoBo4HaR KOHCTaHTa C 
onpeAellReTCR C nOM~b~ 4HcneHHoro HHTe rplo1pOBaHIo1R 1013 COOT Howe
HHA 4" f P

2
(,) , 2d , = A

2
• 

2. PE3Y J1b TATbI PAC4ETOB 

Ha plo1c.l npHBeAeHbI pe3Yl1bTaTbi pac4eToB ce4eH HH peaK 4 101~ uR 
RAep p, d , t , ~e, 4 He C K PIo1CT a1111aMIo1 Si , Ge, Nal , Osl. 
.£lIlR cpa BHeHHR Ha pHcYHKe HaHeceHbi 3KCTpan0l11.1pOBaHHble 3KcnepH 
Me HTanbHble 3Ha4eHHR ce4eHIo1H peaK4101H npoToHOB C TeMH *e KpHcTa n 
na M101 12 ,31 . Ha pHc.2 H B Ta6m1ue npHBe~eHbI pe3Yl1bTaTbi paC4eT a 
BeJ1H4HH nonpaBOK f RAep p, d, t, He, 4 He B KpHc Tanna x Si, 
Ge , NaI , 051 . .£lIlR cpaSHeHHR Ha pHc.2 HaHeceHbI 3KcnepHMeHTal1bHble 
3Ha4eHHR Sel11014HHbI f AIlR npoToHoB 131 H SHe 15/s KpHCTaJ1J1e NaI _ 
Pa c 4eTHbie AaHHble senH4HHbI f AnR npoToHoB cOBnaAa~T C 3KcnepH
MeHTan bHblMJ.1 B npeAenax 0 , 6%, a AllR 3He - B npeAenax 13%. 

3AI(.il04EH~E 

B' HaCTORl.I.\,eH patioTe Teopen·14eCKIo-1 BbiLl Io-1Clle HW Ce4eHIo-1R peaKUJ.1H 
J.1 nonpaBKH Ha Heynpyroe RAepHoe 83aHMOAeHCTBJ.1e H30rOOOB BOAOPO
Aa H r ellHR B KpJ.1CTanJlaX Si, Oe, Nal, OsI B HHTepsane 3Heprl-1H 
OT , AO 500 t13B _ npHBeAeHbI rpaq,J.1 KH ce4eHHH peaKL-'J.1H H nonpOBOK, 
a TaKn<e Ta6I1J.14a nonpaaOK f. HeToA paC4eTa np J.1 MeHHM 101 AJlR APY 
rlo-1x RAep B se~eCTse . 

ABTOPbI B~pa~a~T 611aroAapHocTb n .B.HoMOKOHOBY J.1 H.n.rOpWKO 
BOH 3a nOMO~b B opraH~3aUHJ.1 otiMe Ha J.1H~OpMa~J.1e~ Ha MarHJ.1TH~X 
lleHTax MeHtAY pa311J.14HblMH 3Bn, B.A.HHKHTHHY H ~ .A.CaBHHY 3a 06·· 
CY)KAeHlo1e pa6oTu. 

5 
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Ta6mn~a /np OAOJDKeHHe/TaoJ1HQa 
E 

IIonpaBKH Ha Heynpyroe RAepHOe BsaHMo,lliei1cTBHe H30TOnOB KjmCTWiJ! f
(lIsB)

BO,lliOpOAa H renHH B KpHCTannaX Si , Ge, NaJ Csl p d t 3H• 4He 

Kjmc T1WI 

51 

Ge 

E 
(IIBB) 

20 
30 
40 
60 
80 

100 
150 
200 
250 
300 
350 
400 
450 
500 

20 
30 
40 
60 
80 

100 
150 
200 
250 
300 
350 
400 
450 
500 

p 

0,008 
o,Ol? 
0,028 
o,!li5 
0,085 
O,lI7 
0,204 
0,292 
0,378 
0,460 
0,537 
0,608 
0,674 
0,733 

0,005 
0,012 
0,021 
0,042 
0,068 
0,097 
0,177 
0,262 
0,347 
0,430 
0,507 
0,580 
0,646 
0,706 

d 

O,Olo 
0,021 
0,036 
0,070 
0,109 
0,152 
0,265 
0,375 
0,478 
0,571 
0,652 
0,721 
0,779 
0,827 

0,005 
0,013 
0,023 
0,048 
0,078 
O,IIl 
0,202 
0,298 
0,392 
0,482 
0,564 
0,637 
O,7DI 
0,756 

f 

t 

0,007 
0,015 
0,025 
0,049 
0,079 
O,IIl 
0,201 
0,297 
0,392 
0,481 
0,563 
0,636 
0,701 
0,756 

0,004 
O,OID 
0,017 
0,034 
0,056 
O,OBI 
0,152 
0,231 
0,312 
0, 392 
0,469 
0,541 
0,607 
0,667 

3H• 

0,001 
0,003 
0 ,005 
o,oIl 
0,019 
0,027 
-0,052 
0,082 
O,Ir4 
0,148 
0,183 
0,220 
0,257 
0,294 

O,OOl 
0,002 
0,003 
0,007 
0,013 
0,019 
0,038 
0,060 
0,086 
O,lI3 
0,142 
0,173 
0,204 
0,236 

4H• 

0,001 
0,002 
0,004 
0,009 
0, 015 
0,022 
0,043 
0,069 
0,097 
0 ,128 
0 ,160 
0,193 
0,227 
0,261 

0,000 
0,001 
0,002 
0,006 
O,OID 
0,015 
0,031 
0,050 
0,072 
0,096 
0,121 
0,148 
0,176 
0,205 

20 0,005 0,005 0, 004 0,001 0,00030 O, OIl 0,013 a ,OID 0,002 0, 00140 0, 020 0, 023 O, 0l7 0,003 0,00260 0,041 0, 047 0,034 0,007 0,00580 0,066 0,077 0,056 O, 0l2 O,OID100 0,095 0,109 0,081 0,.018 0, 015!laI 150 0,174 0,200 0, 151 o, D37 o,D30200 0,258 0,295 0,229 0,059 0, 049250 0,343 0 ,389 O,3ID 0,085 0,071300 0,425 0,477 0,389 o,Il2 0,095350 0,502 0, 559 0,466 0,140 0,120400 0,574 0 ,632 0,537 0,171 0,146450 0,640 0,696 0,603 0,202 0,174 500 0,706 0,751 0,663 0,233 0,203 
20 0,003 0,003 0,003 0,000 0,00030 0,009 0,009 0,007 0,001 O,OOl40 0,016 0,017 0,013 0,002 0,001
60 0,035 0,037 0,027 0,005 0,00480 0,058 0,062 0,046 0,009 0;007100 0,085 0,091 0,067 0,015 O,OIreBr 150 0,160 0,171 0,128 0,030 0,025200 0,242 0,258 0,198 0,050 0,041250 0,326 0, 346 0, 272 0,072 0,059300 0,407 0,432 0,346 0,096 0,080350 0,484 0,513 0,419 0,122 0,103400 0, 556 0, 587 0,488 0,149 0,126450 0,623 0, 653 0,554 0,177 0,151500 0,683 O, 7II 0,614 0 ,207 0,177 
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PYKo nl-1Cb nOCTym1Jla B H3AaTeJ1bCKH~; oTAen 
19 AeKaGpn 1984 r OAa . 

):lHAKOB U.K., TpaflKoBa H./1. 	 J 3-84-823 
nonpasKH Jla Heyn pyroe l1AepHoe B9aJ.lMOAeficTBHe H30Tanos 
Bo.a;opo,tta J{ r eJU-iR B KpHCTa.nnax Si , as, NaI , Cal 

B~onHeH TeopeT~ecKHfi pac~eT nOTepb Ha HAepHOe B33HMO
,o;efic TBHe p, d, t , 3 He ,4He B KPHCTaJIJlax Si, Ge , NaI , CsI 
B HHTepB aJle 3HeprH11: OT I AD 500 l-bB. PegyabTaTbI paCtleTOB 

cpaBHe~ c H3BeCT~ 3KCnepHMeHTanb~ .u.aHHNMH. 

Pat50Ta BI.lTIOnHe Ha B na6opaTopHH BblCOKHX 3HeprH fi DIffin . 

fipenPHBT 06beAKHeHHOrO HHCTKTYTa ~epHWX Hccn~oBaHKA. AY6Ha 1984 

llepeBOA O.C .BHHOrpaAOBOn 

Zhidkov Il.K •• Trajkova M.D. 	 J 3-84-823 
Corrections Due to Inelast i c Nuclear Interactions 
of Hydrogen and Ueliun Isotopes in Si , Ge, Nal, Cal 
Crystals 

The reaction losses of p, d , t , SHe and 4He nuclei in 
Si, Ge , Nal and Cal crystal s in the energy region from I to 
500 MeV are calculated and compared with known experimental 
data. 

The 	 investigation has been perfo~d at the Laboratory 
of 	High Energies, JIJIR. 
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