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IIpel{CI<a3aHJ1e CIlOHTaJIHOI'O affl'lemm peXqTJ.IDMCTC lalX 3JleKTpOHOB 

R rr03 wrpOllOB npM RaJlaJrnpOBa.ID!H II CT.IIMY.lIlqJOB3JI0 IlCCJle,nOBaJme rrpe

,neJIOB npmllle lrnMOCTR TeopRR KOl'epeHTHoI'o TOpM03Horo ~!3JIY"E3 H1!R (lITM) 

rrp a MaJlHX YI'JIax BJJ;~Ta 'la,CTliII( OTHOCHTeJIbHO " pIIC T3JI.JIOI'palliJ1'leCKIDC 

ocen H ll.JIocKocTe~/2 ,3,4/. 
B HaCTORll\e1f pa60Te npJffiel{eJ:D-I pe3Y.JThTa 'IU 3!CCnepJ.!He HT3JTbHOI'O HC

CJIe,n:OBaHIDl: H3;ry-gemm SJIeKTpOHoB l'l IT03l1TPOIlOB C 3l!epl'Hei! 10 r3B 

ITpH I{X ,nBJDit€ HIDI IIOl{ MaJIHMll yI'JIaMI'I OTHOCl'!Te.nh l-IO I1.JIOC IW CTH (110) R 

OCR <III > B MOHOJcpnCTaJIJIe FI:peMHHiL 

JI<cnepMMeHNbHaff YCTaHOBKa H ee OCHOm IlJe xapar<Tep HCTm rn OI1Jl.-

CaRli B pa60Te 5 . MeTo~~ odpadoTKH 3RCITepm~eHTa.JIbHUX l{aHHHX H3

JIOiKeHa B pa60Tax 16,7/ . 
Pa3perneHHe YCTaHOBKlI ITO yI';ry MeTa '!aCTKU B KPRCTaJIJI COCTaIDL1IO 

OKOJIO 7 MICPa,n, rro yr;ry mVIeTa - OROJIO 30 MJ{pan. I1MIl)'.JThC pacceRHHHx 

IT03MTPOHOB onpe,neJIRJICH ITO OTKJIOHeHHJO ax Tp aeRTopID! B aHaHM31fPYlIJ(j!eM 

Marmrre C TO'll-lOCTbJO He XYJKe I % • .lI.nH H.n:eHTI1~ tJaCTJ!.J.I HCIT0.JIb3o

Ba.ID1Cb -gepeHKoBcrrne ctJeTtJJ!.Iill ITO.JLHOI'O nOI'JIOi.Q8mm C P:l.ltHD.TOpanIH H3 

CBlffilloBOI'O CTeKJIa. 3HepI'HFI I' aMIAa-KBaHTOB l13MepRJIacb CW1HTK1I.lIffUHOIDlliM 

.n:eTeRTopoM Ha OCHOBe KPJilCTaJl.lJB. WJ ( n ). AITeprypa I<O.JI.JrnMaTOpa 

(80 x 80 MNf), paCnOJIOlileHHOI'o nepe.n: I'aMMa-CTIeKTpOMeTpoM , TI03BOJIRJIa 

Y.!3MepHTb :HMy 'leHl1e B rrpe.n:€.JIax ± I Mpa.JJ:. IIytJoK rro3HTpoflOB (SJIeKTpo-

HOB) C HMIIYJIbCOM IO rsB/c, IfMI1YJIbCHJ:JM pa36poCOM OK MO 1,3 % IDIIISJI 

ITpY.!MeCb a.n:pOHOB He do~ee 0,5 %. KpHCTa.JI.JIOI'pa~eCl(Re OCR H 11.JI0CRo

OTR M.I\eHTHq)HUIlPOBa.ID1Cb ITO M8.RCID{I~ Illix o.n:a I'aMMa- Icn..'lHT OB npn Bpai.Qe

Hlm' RPHCTaJl.lJB. B 1'0HMOMerpe. IIpn 06pa60Txe JI.?..JtHWX OT61fPa.ID1Cb OOdNTHH, 

B ROTOpblX 3ape:rncTpHpoBaH ~ -KBaHT C sHep:rneA BUme 5 MoB. TpedoBa-. 

JIDCb. 'lTOdN npo.n:OJIJK€HRe BXO.I\HOI'O TpeKa '1aOTID.lU nona.na.rro 11 B.n epTYPY 

KOJI.)]}!MaTOpa, a TaR!OO 'lTodH CYMMaPHaff aHep I'WI r - KDafITS R paccemrno

I'o IT03HTPOHa ( 3JIeICTpoHa) COOTBeTCTBOBBJIEl SHe :pr'HU nanrualls1t l:J.aCTHUH . 

.ll.mt reHep2$m y" -HMy'lemm TI03HTPOHOB K OTI0.JIb30Ba1Ia C1> !cpeMfme-

BaR MJilllJeHb TOJIlllHHoll II3 r.mr.i. TOJIlllHHa MJilllleHlJ rrpn KCC.lIe.n:OBa.lIID'l Jil3JtY

'lemm 3JIeKTpOHOB COCTaBJIRJI8 4 1 MKM. CnO TeMaTH'lecJmJt TIOI'perrmOCTb 

Jil3MepeHill! • 0IIP.e,eJIHeM8R B OCHOBHOM HeCTa6IDThHOCTMl 3arpy3J<R I'aMMa

CITeRTpOMeTpa 76 , ITO HaJIJHM OQeHI\aM, COCTaBlDffi rrpID1epHo 10 %. 3Kcrre

pID~eHTaITbHH6 pS3YJIbTaTH HOPMlfP0BaHli Ha o~ TIana~D -qacTHUY II. rrepe

CtJFl'aHH Ha TOJDmrny !cpHCTaJIJIa I CM. 
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HB. Ill1c. 1-3 npe,ll,CTaBJIeHa CneI{Tpa.n:bHaR TllLOT!!OCTJ) >'!3JIy lle HIDI 3JI8K
ATPOHOB !! !T03I!TPOHOB C pa3JmllHl~MH yrJIa;>J!l1 BlJeTa {}, OTHOCI1TeJIbHO 

100 -1~O 

lLTJOCKOCTU (lIO). Yr.7!hI BJIeTa qaCT>'!U oTHocwreJThHO oc>'! <III;> 3a.KJTJO '~~ "t·· f t, • • •\leJlli B !'![TepBaJIe 500-1000 Mltpan. C!TJJOIDHOH JJHHI1e~ nOKa3aH, cneJ{Tpa.7Th

11M fI.lJOTHOCTb !1 3JIy \le~, paCClJ:>'ITaHHaR no TeOp>'I>'I KTI! /8, 9 • Me TOm nw. ';; 

)flC'l,jTa I13JlOJKeHa B /3 • ITY}!l{THpHOtt .7IllffHe~ npMBe.l1eHa CneKTpaJThHafl .., 
l1.11 0THOCTb TOpI.103Horo H3JJY'leHIDI H3 a il1Dl.oomeBof.! MmI1eHR. I 

w 

I~ 
150-200 

PHC. I. CneKTpa.n:bHafl J1.IJOTHOCTb 113JJy'l8mm 

3JIEICTPOHOB ( +) 11 n03J1TpOHOB ( ¢ ) B 0 .... 0 6 12 1 ~ O.!!» 1.0 1.5 2 a 

Er (r,s) Erl r,8]3aBHClIMOCTH OT 3Heprm! r -KBaRTOB.2 11,..1 ++ ,+ 'Hlftl+ 
I,I It I I +., ......... 
 I'pamrrw IDfTSpB8Jla (MICP8.rr:) yrJIOB BJJeTa ?HC. 2 . To JKe, lITO Ha pRc .I, PRC . 3. To ~e , 'ITO Hfl pHD .1, 

llaCTHI.\ B KP>'!CTaJIJI OTHOC HTeJThHO I1lJOCKOCTJ1 ~~q lIaCTHI.\ C yrJIaMa BJJ8Ta WlFl 'IaCTID.( C 60.JI:blllllMH y rJIaJ'1IH 
~ o 200 400'. 
:;; 

,. 
(IIO) yKa3aH1:l runWaMl1 cnpaBa. CJ1.IJOllIHaR .nO TP8X yrJIOB HI1H~p~a . BJJeTa B KPHCTaJIJI. 

OJ ~ - pe3YJThTaT paclIeTa TIO.., 
~ TeopHH KTM. DyHKTHpHOf.! JJHHI1ef.! nOKa3aRa Jll1TEPATYPA 

cneltTpa.n:bHafl !TJJOTHOCT:b TOpM03Horo I!3JIy"'" 
\IeHWr 113 aJIJOMUrm€ Boil MmlIemI • I. Kumakhov M.A. Phys. Lett.,1976. 57A, p. 17 . 

2. Ants 3ep A.a. 11 lij). ;,::JTili, 1979. 76, c. 1244. 

. " , 
 3. 3HMIlli H.E. omm, PI-83-294, Jly6Ha, 1983. 
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Er IM)B) 4. EYJII'aKOB H.K. 11 lij). Ollilli, 1-84-372, JJ,y6Ha, 1984 . 

5. Bo.l10IT:bHHOB A.C. H lij) . OMBH, PI3-82-547, ~y6Ha , 19 82 . 

6. EYJIraKOB H.K. fl lij). OMHM , PI-83-62I, Jly6Ha, 1983. 

7. EYJIraKOB iLK. R .1IJl. OMHM , PI-83-640, 1Iy6Ha, 1983. 
3!cc IIepIiMeHTa.n:blillS Cn8!{TpbI l13JI1j\l8HID! 3JIeRTpOHOB Ii n03>'!TpOHOB C 

8 . Tep-!.1.1flc8.3JLfl1{ M.1I. lli3'N>, 1953, T. 25, C . 296. 
yrJI3NIJ1 BJJeTa G':i B I1HTepBaJIax: 0-70 MRP8.l1 , 80-100 r.rrqJan (pRc.I) B 

9 . Dyson F•• Ubernll H. Phys. Rev •• 1955, v. 99, p. 504. 
Hlf3Ro3HepreTH'lHo}i qaCTlf I<aqeCTBeHHO pa3.J:l>'I'lalOTCH KaK MelK.UY c06oJ;i, 

TaR H C paC\leTlillM. TIpeBblLUemiS ::lKcrrepl1MeHTanbHbJX 3Ha'leHIDi cneltTpa.n:b

HOi{ ITJJOTHOCTH l13JIy'lermH rr0311TpOHOB B 11FITepB8JlS 80-100 MKPau Han 

Teopc TI1'leCKIllvIlf, nO-DHlUiMOMY , 06'b.A:CHHeTCH 3ax:BaTOM \laCTIm B pS;;a[M 

KaRa.JIHpOBaHHfI 3a C'leT MHorOKpaTHoro paccsrunm C nOCJIe.n:yJOl.U}!M I13JJy

\leHMeM B KaRaJIS. KpJ1THlJ:ec~i yrnn KaR3JlHP0BaHRR (yrOJI ~ap.l1a) B 

HfUUeh] CJJY1ffiS npl1MepHO paIleH 65 MKPau. 

J.J3JJy 'IeHMe n0311TpoHOB, HatJ}fHafl C 3Heprvrn raMMa-KBaHTOB 100 M3B 

11 Db/WS , Y.l10BJJeTBOpI1TeJThHO OITl1CblBaeTCH TeOpl1ef.! KTM, TOr.l1a KaK 113ny

\leml8 3JIeTCTpOHOB rrO,UaBJJeHO 1(0 3HepI'HH raMMa-KBaHTOB 300-400 1,13B, 

'lTO, D03MOlKH.O, 06'b.A:CHHeTC.f1 HeOJlllliaKOBl:!M BJI:I1.fIlilleM OCM <III;> H8. 

.103IDKeH>'!e 8+ Ii 8- .no H3JJy'ISHIDI . TIp>'! 3Ha\lSHIDIX ey B llliTepBaJIaX 

100-150 MKpan H 150-200 MKPau (Pl1c. 2) 3KCrrepHMeH'IWIbJllie cneKTpu 

113JIy'lermH 3JIeKTpOHoB a rr03HTpoHOB B nps1(eJIax TOtffiOCTH 113MepeHHti 

COOTB8TCTBYIDT paclI8THOMy. TIPH 60JThillHX yrJIax opReHTauHll (200-250 I~P8.l1, 

2~O-300 MKP8.l1, p~c.3) pe3Y~TaTbI paC'l8Ta rro TeopHH KTM CO- PYKOlIHCb rrocTYJilLrra B H3~aTeJJ:bCKaM OT~arr 
rJIacYhlTCH C 3RCn6pHMeHTaJThHllMH 1(aHHllMl1. 

16 ceHTHopH 1 9~5 r01(a. 
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