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Rpoi.ie a<p<peKTa 0TKJIOBemrn 3ilpHlK!!HHUX ,"lacrnn, 3aXBaTLlBaeM~X, B P~JK.HM ~ananuposa-
' . .·' . ; . - . ··,-: ' ,·' . ·- . - . : '' . , . . ' . . , ( . . . , . . ' 

lIHJI Iia Bxo,ne B naornyni:lt KpllCTaJiJI, B 3KCnepuMeHTaJII,l!LlX HCCJie,noJ!aIIHHX [l, 2] 6m1 o6aapy-

~~n ~axBaT "ladnd H~rir~;T~~n.'~i:~~i<~CTill,IMH Ka~anaMH B 06-1,e~ RpHCT~JJJia '-::., 061>~MHL1lt 

~.axBaT.. . Me~~~,H3M' !>6~e~~~oro .3aXD~T.a -~ paBHO~epuo . n~orn'yToM R;HCTa~Jie. 6~,/ H3y~en '.B/ 
KOMllLIOT~p~oi, silc~epH

0

M~HTe: [3], Ta~,~ ¥exann;MOM, K~K H n ·~pHMOM Kp~CTaJIJie: ~Bn:nCT::n 
' ' ' , . ' •, ,' . . ,· ., ' ' , ' ' ... 

MHOroxparnoe . pacceJIHHe, "laCTHII; . KOTOprie Mm~eT BLl3~BaTL uepexo.zu,r ile TOJILKO, H3 Kanan~-: 

poBannolt. ippaknnn B HeR~~~JIHpoBann;~. HO .H o6paTn~ •. ·BiilJIO 110~~~110 [4], ."IW' :~~x~a.T 
• • ' ,,, \ ;. .• ' ,' . . ;· • ' ' .. ,. ' ' ,' . ,' -lt ' -,;" • \. : ' ' ~ ,- ' ', ; •-' • • 

yMen1,maeTcn c yMeni;menneM pa.zuiyca,narn6a RpncTanna n pocToM,s-neprnn_ "!ac:run •. B ROM-
·'./~ .'_•(. ~ '-:-~\' ' ' '·, "·., _.,. .. ~\ .,.•;. '' ·. ,·/ 

lli>IOTepnou_sRcnep'li:MenTe_ 6uno TaIUKe o6napymeno oTKJIOIIenue n.neirnna.)Jupmiaunux qacTHII 

n~~rnyT~M,~pHCT~JIJIOM, ~o B, c~o~'~rii :: ~po;llBO~OJI~lKHYIO H3rn6~, ~ ;61,e~n:~ ,ofp~e~n~ (5] .' 

l{~r~a ll)''IOR"l~~T~J, opue~THpOBa~HLill ~~,( y~~0~ 6~JIL~~·KpHW'IC~KO~O J~Jia Ka~~,;H~OB,allll~ 

• 'it a~6~nLIM ~Jiornq6rniJ: ~~ Bxoi~ B. ~p11cTaJI~,' nep~ce~a~r-Rpn~T~nn, To !I :6nacrn "Raca11~J1'' · 
_,. : :.• '. , < ','-:, r' • '': •. ·• _: 1 ,. ,' 't ', },; • : · • • , ' " .: '' < , ~ '.•. 'l ·, 1 • • ·• 

x nai>rByTLIM llJICJC~~CT/lM;.~9n1,m~ :ia~TL IlY'IKa o~µaiKae~cn; ~ /IHWL \eM~orne. 'la~Tilf~,ncn,LI-

Ti>IB;l!OT. ofrLeMnbilt aaxBaT Ba Tny6oKHe ypoB!IH .noTennna/IbIIOll HMi>I ll30rHJTi>IX llJI0CR0CTlILIX. ' 

Rana~oll -~ MoryT oiKlio~nTi>CJI, RpicTa~~6M :na yron narn6a. . . . . 
, .,-'-, ... ' ' . , , . 

'' • , • . • ; ,: . ' • ! ,, ., : ' ' • ' ' ' ·,• ) • 

Bnocne.n;cTBnn sRcnepnMeHTaJILIILie Hccne.n;osannn 061>eld:Boro aaxBaTa B na9rnyTi>IX RpncTaJI" 
• . . • . ( . r , • , , . , " ~- ; • : , ~ . , ·• , . , . •·.. ~ . • ~ . 

.iiax 6Ii1JIH B'unoJIHClli>I n 0:41B9 .na ny'IKC IIIJOTOHbB 70 rsB '[6, ,7]. Bu'iici ycTalIOBJICH0, "ITO Be-
• • . ·1 ' '..'. : ;: '. .:·'·, '··: • ~ ' ' ' • • .• '. • ' • ' ·., • 

: poirTBOCTi. 06ie11noro 3axsaTa · Pve ·pacTeT nponopnnoIIam,no pa,ZJ;Hycy .narn6a• Kpnctanna, "ITO , 
.' .· : ~- , , f -, • ' ·: - - , ', -: ; . ', ; , , ~. 1 , , :'': • 

COrJiacyeTcn' C pe3JJii>TaTaMH ~OMlll,IOTCfllIOro :im,cnep,HMCHT3. [4] . .lJ:lllI Bep0JITHOCTH 061,er.inoro 

. 3~~B~Ta '6u~~ ~i>e~Jiomen~ II?OCT~ a~aJIHTII'l~~~aH 'onenRa,cornacrio ROT~iott _ I've H3MCHHCT~ 

·, c nMnyii1,_c~~ :'lacTHn Ja(irn 'p"",3/ 2 • ; • 

B .n;annoll pa6oTe KOM~i>IOTCpHLii.! MO.n;ennpoBaH!;eM. ,ZJ;CTaJiblIO . HCCJie_nyeT?I 3aBHCHMOCTL 
• •, ' . '. : ' • ••.l ' •~ ~ \ f ", '• . '· • • • - • ' 

061>eM!I0ro OTpaJKe!IHJI II, lla:X~aTa_oT 3Heprnn "laCTH~ · H pa.n;nyca narnfia RpHCTaJIJia. .lJ:JIH 
• • • • • • - •• ' ' • • ,< ,: 

pactieTa npo){olK,Zl;eHHJI "!aCTHII q_epea RpncTanJI·»cn?~!>aonaJiac1, coa.n;annan naMn panee _ROM-. 

nLioTe;nan M~.n;en1, (3];s ~bTOpoll TpaeKT~pnn ;acT;II pacc;'lii;~B~TCH_B·nenpepus~oM.~oTen: 
' ·, ;_ '. t 'It • ', I . ~ •. • -~ < • , : • : ' ' • ' ) •., • ·.• • • ~ ,". • : ·.' ,·· • - ·- • ,· .. , 

nuaJie CHCTCMi>I aTOMIILIX llJIOCROCTelt C I!0IIIaroBLll<I onpe.n;enenneM, ll3Menenntt BX nonepe_'IHOl1 , 
. : , - , '. :- I , -"". - • : : ~ . , .I. . . ) : '. . ~ ·,, . , . \ • , • : , , , '_· . • , 

cRopocTn aa C"ICT MrioroRpaTIIoro paccennnn na sneRTpoaax H n.n;pax RpncTanna:' 
. . -, •. , ".' -. •i' . ,· . '. . . . - _, . ✓' ~- •• , .. ', ,·. . 1 • • • • ', ~' 
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2. OB'hEMHOE OTPAlliEHME qACTMQ B M30rHYTOM RPMCTAJIJIE 

B npene6pemennn MnoroRpaTHi>IM paccennneM "lacrnn na sJieKTponax H n.n;pax KpncTaJIJia 

!IpOXOlK,Zl;CHHC 'laCTHII qepea RpHCTaJIJI, naornyTiilll C llOCT0HHHi>IM pa.n;nycoM, CCTL nponecc pac­

CCHHHH yqacTROM aRCHafilllO-CHMMCTpH'IHOro SJieRTpH'ICCROr0 llOJIH, 06na.n;aI01IIero pa,u;nam,­

noll nepHO)I.H'IHOCTb!O. B pa6oTe [5] 6i>IJIO llOKaaano, "ITO ,ZJ;JIH H3rn6a KpHCTaJIJia c pa,u;nycoM 

R >> Re, r.n;e Re - RpHTH'ICCRHll pa.zuiyc H3rn6a ,ZJ;JIJI RanaJIHpoBaHHJI B RpncTaJIJie, ,ZJ;HcnepcHH 

yrna pacceJ1HHJ1 MaJia, n nponecc pacceanHH MOJKHO paccMaTpHBaTL RaK otpamenne qacTHII H30-

rnyTiilMH aTOMHiilMH !IJIOCROCTJIMH, llpOHCX0,!VIIIICC B 06'LCMC RpHCTaJJJia, - 06'LCMHOe OTpalKC­

HHC. Ornuque peam,noro Tpexuepnoro noTennnaJia RpncTaJIJia OT nenpepi>IBnoro n pacceanne 

qacTHII na sJieRTpo!IaX npnBO,!VIT R .n;ncnepcnn nonepeqnoro nMnym,ca OTpamennux qacTnn. 

CooTHOIIICHHC yrna OTpame!IHH "laCTHII na H30rHyTOM KpHCTaJIJIC n ymoBoro paa6poca, BHOCH­

Moro MHOroRpaTHLIM paccenHHCM, onpe.neJIHCT B03MOlKHOCTL 3KCnepnMeHTaJII,HOro na6JIIO,Zl;CHHH 

. 061,eMnoro oTpamenHH H naMennCTcn c sneprnelt "laCTHII-

PaaMepu o6JiacTn KpncTaJIJia, B RoTopolt nponcxo.n;nT 061,eMnoe oTpamenue qacTHII Sv., 

onpe.n;eJIHIOTCH BCJIH'IHHOlt RpHTH'ICCROro yrJia RaHaJIHpOBaHHJI ,'J e n pa.n;nyco.M H3rH6a RpHCTa~Jia 

Svr ~ R{)e• Paccennne "laCTHII paaJIH'IHOlt sneprnn !IenpepLIBHiilM noTenniraJIOM H3ornyTOro 

RpncTaJIJia .n;JIH o.n;nnaRoBoro squpeKTHBnoro H3rn6a RpncTaJIJia r = R/ Re npoHcxo.n;nT o,znrna­

ROBo, CCJIH yroJI OTKJIOHCHHH BLlpaJKaTL "lepea RpHTH'ICCRHll yroJI [5]. TaKHM o6paaoM, paa.Mepi>I 

o6JiaCTH 061>eM1Ioro OTpamennH B o.n;nnaROBiilX ycJIOBHHX, npn qmRcnpoBaHHOM r :== n, TO CCTL 

Mnnnuam,nue paaMeplil "RpncTanJIH>i:ecRoro aepRaJia", 6y,zzyT yneJIH'IHBaTLCJI c sneprnelt qa­

CTHII, , Svr ~ nRe ,') e ~ E1l2• 

Ha puc.1,2 npe.n;cTaBJienu pacctinTannue yrnoBLie pacnpe.n;eJieHHJI npOTonoB c snepruelt 

1 n 900 rsB na paanux rny6n!IaX B RpncTaJIJIC RpCMHHH, H30rHJTOM B,ZJ;OJII, (110) llJIOCROCTelt 

c pa.n;nycoM R ~ lO0Re, "ITO COCTaBJIHCT COOTBCTCTBCIIHO 0.25 M n 150 M, ,!IJIH yrna HaKJIOHa 

na.n;aIOIIIero nyqRa ,'JO ~ 2,'J e• YroJI OTC'IHTJilBaCTCJI OT nanpaBJieHHJI llJIOCKOCTelt Ha BXO,Zl;C B 

RpncraJIJI. Ha pnc.1,2a "!aCTHIILl eIIIe ne .n;ocTnrJIH o6JiaCTH oTpamenHH. D;enTp yrnosoro pa~­

npe.n;eJiennn coBna.n;aCT c na"laJII,HiilM nanpanJieH!ICM (MaJICHLKaJI cTpe.JIKa), aero wnpnna onpe­

.n;eJIHeTcn MHOroRpaTHLlM paccennneM "laCTHII » RpHcTaJIJIC. Ha CJIC,nJIOIIIeM pncyHRe (6) "laCTi> 

nyqRa yme HCllLlTaJia o6'LCMHOe OTpamenne, B yrJIOBOM pac!Ipe.n;enennn llOJIBHJICH MaRCHMYM na 

paccTOHHHH !IpHMepHO 2,'Je B CTOpone, npoTHBOllOJIOJKHOlt narn6y. PncynoK (s) OTBC"laCT rny-

6nne, COOTBCTCTBYIOIIIelt reoMCTpn"leCROlt TO'IKe Racannn uaornyTiilX _ llJIOCROCTelt na.n;aIOJIIHMH 

.-- . ·a...-------1 
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Yro.n:, Mpa.n 
Puc. I. YrnoBoe pacnpe,!lenemie npoTOHOB c aneprne:11: 1 raB Ha paaHLIX rny6nnax B KpHcTanne 

KpeMHHJI, H30rHYTOM B,!(Om, (110) nnocKOCTe:I!: c pa,!\HycoM R = 0.25 M '.:= lO0Rc, ,!IJIJI yrna na­

KJIOHa na,11aro~ero ny,ma {) 0 == 2{) C• Yron OTC'lHTLIBaeTCJI OT HanpaBJieHHJI IIJIOCKOCTefi Ha BXO,!(e 

B KpHCTaJIJI, pacnpe,11eneHIIJI IIOKa3aHLI B ,!IHaIIa.'lOHe yrJIOB (-2,{}c, 6{)c)- Ha'lam,Hoe HanpaBJie­

HHe IIY'!Ka IIOKaaano MaJieHl,KO:I!: cTpeJIKo:I!:, ,!IJIHHHOfi CTpeJIKo:I!: (r) IIOKa.'laH yron H3rn6a Ha 

rny6nHe S = 4{)cR 
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Puc.2. To me, 'ITO H Ha pnc.1, JIJIJI npoTOHOB c aneprne:I!: 900 raB, R = 150 M 
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qacnm:aMn, s = 2t? eR, TO ecTI, HanpaBJieHne RacareJII,HOtt K IIJIOCROCTJIM 3,ZJ;ecr. COBIIa,ZJ;aeT C 

IIOJIOJReHneM CTpe= Ha'IaJibHOro HarrpaBJieHHH • .ll:JIH npoTOHOB C 3Heprnett 900 raB Ha 3TOlt 

r.ny6nHe 6oJibmaJI 'IaCTb ny11Ra yme cpopMnpyeT xopomo B11paJReHHIIlt MaRCllMYM OTpaJReHHl,IX 

'qacTHII. .ll:mi: IIpOTOIIOB C 3Heprnett 1 raB 6oJiee CIIJibHOe MHOroRpaTHOe pacceHHlle 3aTyme­

B11BaeT nporrecc OTpaJReHHH. B11paJReHH1ltt npoBaJI B yrJIOBl,IX pacnpe,D;eJieHIIHX B IIOJIOJl(eHIIII 

IIJIOCROCTll o6ycJIOBJieH acpcpeRTOM 6JIORHpOBRII HanpaBJieHHH IIJIOCKOCTett ,ZJ;JIH Ha,ZJ;6apr.epH11X 

'IaCTIIII. H=nlt pncyHOI( npe,D;CTaBJIHeT yrJIOB11e pacnpe,D;eJieHHH Ha Bl,IXO,ZJ;e ll3 RpllCTaJIJia 

,ZJ;JIHHott S = 4t? eR. .ll:JIHHnolt cTpeJIRolt 3,ZJ;ecr. noKaaaH yroJI n3rn6a a = 4t? e• Xopomo paa­

Jill'IHM11e Ha pnc.2r CIIMMeTpll'IH11e MaRC11MYM11 OROJIO yrna ll3rn6a Ha paCCTOJIHllll npnMepHO 

paBIIOM t? e 06paa0Ban11 qacTnrraMn, R0Top11e 611JIH 3axBa11eH11 B pemnM RaHaJinpoBaHHH B 061,­

eMe RpncTaJIJia ( CM. Hllll(C) ll OTKJIOHIIJIHCb KpncTaJIJIOM, CJie,ZJ;yJI ll30rHyTLIM RaHaJI~M-

Ha pnc.3 IIOKa3aHa ·3aBHCllMOCTb yrJia CMell(eHIIH OTHOCHTeJibIIO HaqaJII,HOro HanpaBJieHIIJI 

MaKcnMyMa yrnoBoro pacnpe,D;eJICHHH 'IaCTIIII, llCII11TaBmnx 06'.LeMHOe OTpaJRCHIIC naorHyTl,IM 
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P11c.3 . .ll:JIH 061.CMIIOro OTpaJRCHHH npoTOHOB 1130rHyT11M KpncTaJIJIOM : 3aBHCIIMOCTb yrna OT­

palRCIIIIH - IIOJIOJl(CilllJI MaRCHMyMa yrJIOBoro pacnpe,D;CJICHIIJI (1) n ero mnpllHl,I (2) OT 3Heprnn 

qatnm;. Ilpn oromaKOBOM 3q>!pCKTllBHOM narn6e KpncTaJIJid RpCMIIIIH B,Zl;OJ!b (110) IIJIOCROCTClt 

CR~ lO0Re II ,Zl;JlllHOlt S = 4t?eR 

6 

RpncTaJIJIOM, II nrnpHHl,I 3TOro pacnpe,D;CJICHHH OT 3Heprnn qacTHII. Ymnpe1111e MHOroKpaTHl,IM 

pacceJ!HlleM nyqRa rrpn OTpalRCHllll ero H30rHyTl,IM KpllCTaJIJIOM ,Zl;JlllHOlt Ser ~ s.,, ~ E112 

MOJl(HO OIICHHTb, npe,Zl;IIOJiaraJI ,ZJ;JIH Ha,ZJ;6apr.epn1,1x qacTHII pacCCHHllC paBHl,IM B aMopq>HOlt MH· 

IllCHH 

!:!,.t?2m, = Svr • !:!,.t?2 ~ £1/2 • E-2 ~ E-3/2 
Az ' 

-)1/2 
(At?2 m• ~ E-1/4 . 

t?e 
(1) 

0THOCHTeJir.HaJI nrnpnna MaKCHMyMa OTpaJRCHHllX B 061.eMe RpncTaJIJia qaCTHII YMeHblllaeTCH C 

pOCTOM 3Heprnn nponoprrnoHaJibllO E-1/ 4
1 'ITO ,ZJ;CltCTBHTeJibHO xopOillO OilllCl,IBaeT nony'IeHHYIO 

B ROMilblOTCpHOM 3KCnepnMeHTC 3aBHCIIMOCTb. C poCTOM 3Heprnn qacTHII ymnpeHne nyqKa 

MHOrOKpaTHl,IM paCCCJ!HllCM CTallOBIITCJI MCHbille yrna OTpaJReHHH. 

3. OB'hEMHblll 3AXBAT qACTHQ B H30rHYTOM KPHCTAJIJIE 

KoMilblOTepm.ilt 3I{CnepHMCHT. Il03BOJIHCT perncTpnpoBaTb COCTOHHne qacTHII B KpllCTaJIJie. 

HaMn Ha Ram,ZJ;OM mare onpe,D;eJIHJiacb nonepeqHaJI a11eprnH qacTnII, 'ITO no3BOJIHJIO oTcJiemn­

BaTr. nporrecc 06'.LCMHoro 3axBaTa 'IaCTHII H30rHyTidMll IlJIOCROCTHl,IMll KaHaJiaMn. KaR OTMC'la­

JIOCb B pa6oTe [8], BepoHTHOCTb 3aXBaTa qaCTHII 3aBHCHT OT rJiy611111,1 3aXBaTa AEve = Um - Ere, 

3,Zl;CCb Um - BCJlll'I!II!a IlOTCHIIHaJibHOl'O 6apbepa, pa3,Zl;CJIHIOil(ero coce,ZJ;HHC IlJIOCKOCTHl,le Ka­

naJIId B H30rHyTOM KPIICTaJIJIC, Ere - RpllTll'ICCKaJI nonepeqHaJI 3HeprnH KaHaJinpoaaHIIJI, KO­

Topall onpe,D;CJIJ!eTCJI BL16opoM paCCTOJ!llllJI KpHTH'IeCKOro rrpn6JI!lll(eHlrn Ii CTCHKaM KaHaJia re 

,ZJ;JIJI cymeCTBOBaHHJI CTa6HJib!ILIX TpaeRTOpHlt Ra!laJIHpOBa!IHllX qacTHII, Ere = U•q,q,(re), rne 

u•<l><I> - 3q>q>CKTHBHlllt noTe11rrnaJI ll30rHyTOro KaIIaJia. .ll:JIJI 'IaCTIIII BLICOKHX 3Heprnlt pac­

CTOJIHIIC RpHTH'ICCROrO npn6JIIIJRCHllH onpe,D;eJIJICTCJI aMilJIHTY,ZJ;Oil: TeilJIOBl,IX ROJie6am1lt aTOMOB 

re = kui, r,ZJ;e k ~ 1-3, TO eCTb paaMepaMll o6JiaCTII Bl,ICOKOll: ROIIIICIITparrn11 aTOMHl,IX J!Jlep, 

rne MOJl(eT IIp01130ltTH KaTaCTpocp11qecRoe paCCCJ!HllC, B peayJir.TaTe KOToporo qacrnna IlORIIIICT 

peJRIIM KaHaJI11po11aHHJI. 

HaMll llCilOJIL30BaJIOCb HCCKOJlbRO 3Ha'IC!1Hlt paCCTOJIHllJI KpllTH'IeCKOro Ilpll6JlHJReIIHJI re = 
= O; U1j 2 U1j a, r,ZJ;e a - pannyc 3KpanupoBaHHJI ToMaca - <l>epMH. Ilpn KOMHaTIIOlt TCM­

neparype·B RpncTaJIJie RpeMHllll u 1 = 0.075 A, a = 0.194 A, TO ecTb nocne,ZJ;HJIH aem!'11rna 

re= a~ 2.5u1. CooTBeTCTBYIOil\He 3Ha'ICll!UI KpllTll'ICCROtt nonepeqnott 3Heprim paBIIl,I 22.7; 

20.12; 15.92; 13.53 aB. Ilocnennee 3Ha'lCHHC npaKTll'lCCKH conna,ZJ;aCT C BeJill'lllHOlt, IICI!Ollb30· 

BaBme:ltCJI B pa6ore [1] npn or6ope qacTHII no noHn3annonm.:M norepllM, Korop1,1e JJ.JIH xopomo 

KaHannpoBanm.ix 'lac-rnrr Menr.rne, 'ICM B neopnenTnpoBaHHOM cJiyqae • .ll:nll Ka}!(Jtol! qacr11rr1,1, 

KOTOpal! BXO,Zl;HT B KpncTaJIJI IIO,!I yrJIO:II t?o = 2t?e 11, CJIC,!IOBaTellbHO, B!la'laJie ,!IBllll(eTCJI Bl,ICOKO 

na,ZJ; 6apr.epoM, pernc-rpnpoaaJIOCb co6ldn1e nepexo,na B cocTOJIHHC c Er < E,,e(re)- lJacTHita 

Morna necKOJil>RO pas nepece'lb rpaHH'lnoe 3Ha'leHne, B oco6ennocTn JJ;JIJI Ere(re = 0) = U,,., 
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TO ecn, 3axean,1BaTI,cJ1, .neKaHam1poean, 11 nepe3axean,1BaTLCJ1 BHOBL Ha HerJiy6om1e ypoBHII B 

1130fHJTOM KaHaJie, HO co6Inne 3aXBaTa per11cTp11poBaJioCL TOJJLKO OJtHaJ!1,1111 - B nepBLilt pa3. 

Ha p11c.4,5a npe.ncTaBJICHa 3aBJICIIMOCTL 'lllCJia co6L1Tlllt 3aXBaTa B CJIOC KpHCTanna OT rny-

611HL1 npOHllKHOBCHHJI 'laCTm:i: B KpllCTaJJJI .lt/JJI npoTOHOB C 3Heprnett 1 II 900 r3B COOTBeT-
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Pttc.4. a) 3aBl!CllMOCTL 'IHCJia qacTmi:, IICIILITaBilIIIX 3axeaT B pelKl!M KaHa1mpoBaHl!JI B cnoe 

KpHcTam1a - co6LITJie nepexo.na B cocToJ1n11e c nonepe'lnott 3HeprJiell. E., < E.,e(re), OT rJiy-

6HHLI IIpOIIHKHOBCIIHJ! B KpHCTaJIJI .lt/JJI npoTOHOB C 3!Iepruell. 1 r3B • .n:JJJI 3Ha'ICIIHJI. KpHTH'leCKOlt 

norrepeqnott 3Hepnrn: E.,e, COOTBCTCTBJIOII(HX paccTOJ!HllIO KpllTll'ICCKoro np1I6JlllJKC!IllJI 'laCTllr( 

K nnocKOCTJIM re= 0 (l); u1 (2); 2u1 (3); a (4), r.ne a= 0.194 A - pa.nnyc 3KpaHnpoean11J1 

ToMaca - <l>epMn, u 1 = 0.075 A - aMrrnnTy.na TeIIJIOBLIX KoJie6annll. aTOMOB npn KOMIIaTnoll. 

TCMneparype. 6) 3aBJICHMOCTL IIOJIIIOfO 'IHCJia qacTl!:n, naxo,nJIII(HXCJI e COCTOJIIIHI!X c norre­

pe'IIIOJI. 3!Ieprnell: MCHLIIIC BEICOTLI IIOTCIII:(llaJII,IIOfO 6apLepa E., < Um, B paccMaTpnBaCMOM 

cnoe KpncTaJIJia c rny6nnoll. IIpOIIl!KHOBe!IllJI e KpHCTaJIJI 
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PHc.5. To me, 'ITO n na pnc.4, Jt/JJI npoTonoe c 3neprnell. 900 r3B 
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CTBenno. 3.necL, KaK n B npe.nu.nymeM pa3,nene, paccMaTp1IBaeTCJ1 o,zumaKOBLllt 3<pq>eKTIIBIILllt 

II3rlI6 KplICTanna KpeMIIllJI c R = lO0Re. XoTJI o6nacTL "KacanllJI" na.naroinero IIJ'IKa c l!30-

rnyTLIMII nnocKOCTJIMII naxo.nnTCJI nocepe.nnHe paccMaTpneaeMoro yqacTKa Kp11cTaJina, o6nacTL 

3aXBaTa pacnonaraeTCJI 6JIIIJKC K BXOJtHOMY ropny l!3-3a MIIOrDKpaTHOro paCceJIIlllJI 'laCTIIIJ;. .n:JIJI 

IIpOTOHOB C 3IIepr1Iell. 1 r3B paCCCJIIIIIC 3IIa'lBTeJILIIO CIIJILHee II co6L1TllJI 3axBaTa perncTp1Ipy­

lOTCJI npaKTII'leCKl! no BCe:lt paccMaTplIBaeMOJI. .ltJillIIC Kp1ICTa1111a. .n:JIJI npoTOIIOB C 3I1epr11ett 

900 r3B co6L1T1IJ1 aaxeaTa 6011cc JIOKaJil!3oeanLI, np1I'leM aaxeaT e rny60K1Ie cocToJinl!JI (ne no­

KaJan II3-aa Ma11ocT1I) nponcxo,nnT na 6oJILIIIIIX rny61Inax II 06yc11oe11eii TOJILKO nepexo;i:aMII c 

6011cc BEICOKO/ICJKalr(IIX KaHaJIIIpOBa!IIILIX COCTOJIHBJI. (.!tJIJ! 1 r3B IIMCeTCJI B03MOlKIIOCTL IIeIIO­

cpC.!tCTBCHIIOfO 3aXBaTa B rny60K1Ie COCTOJ!Ill!JI Il3 IICKaHallllpOBaHIIO.tt q>paKIJ;l!l! nyqiia). Ha 

pnc.4,56 IIOKa3a!la 3aBIICilMOCTL IlOJIHoro 'lllCJia qacTHil, naxO,nJIII(IlXCJI B COCTOJ!IlllJIX C none­

pe'IHOJI. 3Hepn1ett Me!ILIUe BEICOT~ IIOTCHIJ;IlaJILIIOfO 6apLepa E,, < Um, B paccMaTpneaeMOM 

C/IOC Kpncra1111a C rny6HHo.tt npoIIBKilOBC!IllJI B KpncTa/1/1. HaJill'llle MaKCIIMJMa II 3KCIIOIICII­

IlllaJILIIOfO cna.na ,inc11a no.n6apLepnux qacTHil 06yc11oe11eno JIOKa.JIB3aIJ;Hett 06JiacT11 aaxeaTa 

B naornyToM 11pncTaJI11e n 6L1cTpEIM ,n:e11anaJillpoeanneM qacTHil, aaXBa'leIIHLIX na nerny60K1Ie 

ypoBIIIl IlOTCIIIJ;IlaJILIIOlt JIMLI naornyTEIX Kalla/10B. 

PerncTpaii:nII co6ur11:lt aaxeaTa no3BOJill/la aaM onpe,n:eJillTL eepoJITnocTL 3axeaTa KaK oTno­

menne CJMMapnoro IIO ecell. .11:Jlll!IC KpncTaJI/la 'lllCJia 'laCTIIIl, IICIILITaBIIIIIX aaxeaT, K IIOIIHOMY 

1111c11y 'laCTIIIl B na,n:aroineM IIJ'IKC. Ha p11c.6 IIOKa3aHa paCC'IJITaHIIaJI 3aBIICIIMOCTL BepOIIT­

HOCTII 3aXBaTa OT Be/Ill'IIIIILI KpllTll'ICCKOfO paccTOI!HllJI re .11:JIJI IlPOTOHOB. C 3Heprne.tt 1 r3B. 

.n:JIJI re = a BCJill'IBHa BepOJITilOCTll aaxeaTa COCTaBJIJ!eT OK0/10 11 %, 'ITO 6Jlll3KO K BCJill'llllle, 

ycTaIIOBJiennott B 3KCIIepnMeIITe (l]. Pnc.7 IlOKa3LIBaeT 3aBHCllMOCTL eepoHTIIOCTII 061.eMIIOro 

3aXBaTa OT 3nepr1111 'laCTllil .11:JIJ1 pacCMOTpennoro C/IJ'laJI OJtllHaKOBOfO 3q>q>eKTIIBilOf0 113r116a 

C R = lO0Re npn pa3HOM BL16ope KpllTH'leCKO.lt rronepe11nott 3IIeprnn KaHallllpOBallllH. 061,­

eMIILIJI. 3aXBaT yMeHLIIIaeTCJI C pOCTOM 3neprn1I 'laCTIIIl, ll nponcxo.nnT 3TO TOJILKO 3a C'leT 

YMCHLilIC!IllJI MHOfOKpaTnoro pacCCJ!IlllJI 'laCTHil, TaK KaK 3q>q>eKTRBHLllt IlOTCIIIlllaJI OCTaeTCJI 

HCll3MCilllEIM. 

3aencnMOCTL BepOJITIIOCTll 3axBaTa OT 3Heprllll 'laCTIIIl, nony11eI1IlaJI B cny11ae q>1111c11poean­

noro pa.nnyca 11ar116a 11p11cTaJI11a R = 6 M,npe,ncTae11ena na pnc.8. 3.necL JMCIILmenne aaxeaTa 

C pocTOM 3I1epr1111 6011ee CHJILHOe, 'leM npn o;i:nnaKOBOM 3q>q>CKTllBIIOM l!3fll6e, TaK KaK o.nno­

epeMenno C yMeIILmenneM MHOfOKpaTnoro paCCCJ!IlllJI yee/Ill'lHBaeTCJI naKIIOil 3q>q>CKTIIBHOro 

IlOTeHIJ;HaJia. Yee111111en11e npRpall(CHIIJI 3q>q>eKTIIBIIOro IlOTeHIJ;llaJia Ha nr11p11ne Il/IOCKOCTHOro 

Kana11a COOTBeTCTBCil!IO YBCJill'IIIBaeT neo6xo;i:HMyro JtllCCIIIIaIJ;lllO nonepe'l!Io.tt 3Hepr1111 11acT~ 

sa C'leT MIIOroKpaTIIOfO pacCCJ!Ill!JI .11:JIJ1 3axBaTa RX B ll30fHYTW KaHaJI. 
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PHc.6. 3aBHCllMOCTI, BepOHTHOCTll 3aXBaTa B pelKllM KaHam1poBamrn IlpOTOIIOB C ,meprii:ell: 
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PHc. 7. 3aBHCllMOCTI, BepOHTIIOCTH 061,eMJIOro 3aXBaTa OT sneprllll npoTOIIOB )IJIH ceyqaa O)lll­

HaKoBoro sqiq>eKTJIBHoro JI3rH6a c R = lOORc npll pa3IIOM Bhl6ope KpllTJiqecKoll: nonepeqJioll: 

SHeprllll KaHa]Il!pOBaJillH - paccTOHHllH RpHTnqecKoro npn6JI11llieH11H qacnyg K IIJIOCKOCTIIM • 

.ll:JIH Tex ,Ke 3Ha'lennn r 0 , 'ITO n Jia pHc.4 
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PHc.8. 3aBJICIIMOCTI, BepoHTHOCTll ofr1>eM1Ioro 3aXBaTa OT :meprn11 npOTOIIOB B cJiyqae 

q>IIKCl!pOBa!IJIOro pa.z1Hyca ll3rn6a RpllCTaJJJJa R = 6 M 

Ha pllc.9 rrpe)ICTaBJJeHa paccq11Ta1IHaH 3aBHCllMOCTI, BepOHTIIOCTll ofr1>eMnoro 3aXBaTa OT 

pa.z1nyca 113r116a KpncTamra npn qinRcnpoBaJIJiotl sJieprnn qacTnn 70 rsB. 3axBaT yae;mqnea-, 

eTcH c yeenuqeJIHeM pa.z1nyca H3ru6a RpiICTaJIJia, !IpnqeM )IJIH rny6oRoro 3aXBaTa STO mrnel!Hoe 

yBeJinqenne. 
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PHc.9. 3aBHCllMOCTI, BepoHTHOCTll ofr1>eMHOro 3aXBaTa OT pa.1111yca II31'1I6a RpllCTaJJJJa npn 

sncprnn rrpornnos 70 rsB 

11 



B pa6oTe [7] npe.n:nomeHo eepol!THOCTb 061,eMHoro 3axeaTa 'laCTllll B 113orHyToM Kp11cTanne 

onpe,lleJIIITb KaK 

Rt'Jc 
P.c ~ T;' (2) 

r.n:e Rt'Jc - npoT111KeHHOCTb o6nacTII 3axeaTa, r.n:e HanpaeneH11e IIMIIYJibca 'laCTllll 6JIH3KO Ka-

caTeJibllHM K H30fHYTHM rrnocKOCTIIM, Ld - ,llJIHHa ,lleKaHannpoeaHn11. ABTop1,1 11cxo.n;11n11 H3 

rrpnm:uma o6paTJIMOCTII [9], cornacHo KOTopoMy Bepo11THOCTb rrepexo.n;a 'lacnm1,1113 neKaHann­

poBarrHoll: qipaminn B KaHannpyeMyJO paBHa eepol!THOCTH .n;eKaHam1poeaH1111 'laCTHIIH na ,llJIIIHC 

dz, TO eCTb cKopocT11.n;eKaHan11poeaH1111. B npe.n:rronomen1111 :mcnoHeHn11aJibHoro xapaKTepa .n:e­

Kanan11poean1111 ero Bepo11THOCTb Pdec = d/ch/ !ch = -dz/ Ld. TaKoe onpe.n;enen11e eepo11THOCTII 

3aXBaTa MOJKCT 611Tb npaBOMCpHLIM np11 HC O'leilb 6oJibllll!X pa.n;11ycax ll3fl!6a KpllCTaJIJia II ,llJI/1 

3axeaTa 'laCTllll Ha rny60K11e ypoen11 B n0Tem111ane Kanana, Kor,lla Rt'Jc ~ Ld. 

.ll:JIH ll3fl!6a .n;aJICKOfO OT Kpl!Tll'ICCKOfO, KOf,lla KpllTll'leCKllll: yron ll .n;Jil!Ha .n;eKaHaJI11poea­

HIIII B ll30fHYTOM KpllCTaJIJie coxpaHIIIOT 3aBIICIIMOCTb OT ,meprn11 TaKyJO JKC, KaK II B npl!MOM 

KpllCTaJIJie, II npaKTll'ICCKII HC 3aBl!CIIT OT R, 113 (2) CJICJIYCT nporropn110HaJibHa/l 3aBl!CllMOCTb 

3aXBaTa OT pa.n;11yca ll3fl!6a, a .!{JIii <pllKCl!poBaHHOfO R 3aBl!CIIMOCTb ero OT 3HCpr1111 KaK E-3
/
2 

[7]. C .n;pyroll: CTOpon1,1, B paCCMOTpeHHOM HaMII cny'laC C o.n:11naKOBLIM 3<p<pCKTIIBHLIM 113fl!60M 

KpHcTanna R = l00Rc ~ E eepo11THOCTb 061,eMHoro 3axeaTa co~nacno (2) nponopn11onanbHa 

E-1/2. 
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Pttc.10. Pe3yJibTaTbl qi11T11p0Ban1111 cTeneHHoll: qiynKI111ell: Pvc = p1 EM 3aenc11MocTell: 

BCpOIITROCTII 061,eMHOro 3aXBaTa B 1130fHYTOM KplICTaJIJie OT 3Hepr11n 'laCTIIll, nony'leHHLIX .!{JIii 

o.n:m1aKOBOfO 3<p<pCKTIIBHOf0 113fl!6a (a) II npll <pllKCllpOBaHHOM pa.n;11yce 113fl!6a Kpi!CTaJIJia 

R = 6 M (6) 
12 

Ha p1Ic.10 IlOKa3aHLI pe3JJibTaTLI <pllTl!poeaHIIJI CTCilCIIHOll: <pyHKlll!Cll: P.c = Pt EM 3aBII­

CIIMOCTCll: eepol!THOCTII 061,eMHOfO 3aXBaTa B ll30fHYTOM up11cTaJIJie OT 3Hepr1III 'laCTllll, nony­

'ICHHLIX ,llJI/1 0,lll!HaKOBOI'O 3<p<pCKTIIBHOfO ll3I'l!6a (a) II nplI <pl!KCllpOBaHHOM pa.n;11yce 113fl!6a 

KplICTanna R = 6 M (6). B nepeoM cny'lae .n;JI/1 Bcex paccMaTp11eaeM11x aneprnll: 'lacmn cre­

nenna11 qiynun1111 xopolIIO <pl!Tllpyer PC3YJibTaTLI KOMilblOTCpnoro 3KCnep11MCHTa C IlOKaJaTCJICM 

CTCIICH!! 6Jill3Kl!M -1/2 . .n:JI/1 BTOporo CJIJ'la/1 XOP.Ollllle pe3yJILTaTLI <pllTIIpoBan1111, C IIOKaJaTe­

JieM CTCIICHll 6JIJI31{11M -3/2, nony'lalOTC/1 .!{JIii _'IaCTIIll C 3Hepr11ell: E < 100 faB, Kor.n;a II3!'116 

Kpi!CTaJIJia C paccMaTpl!BaeMLIM pa.n:11ycoM CIIIC HC CKa3b!BaCTCH 3aMCTHO Ha 3Ha'ICHII/IX OCIIO­

DHhlX rrapaMCTpOB Kanan11poBaHH/I i'Jc, Ld. HecKOJILKO MeHbllllle no MOJIYJIIO, 'ICM -1/2 ll -3/2, 

OIITHMaJILHLie 3Ha'ICHllll IIOKa3aTeJIII CTeIIeHll P2 MoryT 611Tb o6ycJIOBJICHLI Hey'ICTOM D CTerrennoll: 

anrrpoKCIIMannn 6onee CJ!OlKHOfO IIOBC,lleHll/1 3JICKTpOHHOfO K03<p<pllllllCHTa TpCHll/1 OT :mepr11n 

'laCTllll, CB/13aHHOl'O C HaJIII'lllCM JIOrapn<pMll'ICCKOI'O MHO}KIITCJI/1. 

4. BblBO,l(bl 

Pe3yJibTaTLI npoBC,llCHH11X KOMIIblOTCpHLIX 3KCI1Cp!!MCHTOB IIOKa3LIBaJOT, 'ITO npn 3Heprnn 

npoTOHOB D HeCKOJILKO COTCH f3B YlllllpCHl!C IIY'IKa MHOI'OKpaTHLIM pacce11nneM np11 061,eMHOM 

<:'"~ 
OTpalKCHllll"B ll30I'HYTOM Kp!!CTaJIJIC CTaHOB!!TCJl: MCHLIIIC yrna OTpaJKCHll/1. TaKHM o6pa3oM, 

qiopM!!py11 C IIOMOIIlblO nepnoro KpllCTaJIJia IIJ'IOK C yrnoD11Mll pa3MepaMn ~ i'J c, MO)l{HO Ha BTO­

poM ll30I'HJTOM KpHCTaJIJIC OT'ICTJIIIBO o6napy1KHTL 061,eMHOC OTpamenne .!{JIii 'laCTllll B11COKOl1 

3Heprnn npH JCJIOBIIII .l{OCTaTO'IHOI'O yrnoeoro pa3pC1IICHIIII ,llCTCKTOpa. CylIICCTBOBaHIIC 061,eM­

noro OTpaJKCHII/1 B 1130I'HYTOM KpHCTaJIJie MOJKCT CKa311BaTI,CII Ha pa6oTe KpllCTaJIJia B Ka'leCTBC 

,llC<pJieKTOpa IlY'IKOB 'laCTllll B11COKHX 3Hepr1Il1. TaK, KaK 611no IlOKa3aHO B pa6oTax (10], 061,­

eMHOC OTpaJKCHHC BJIII.fleT Ha nponecc B11BO,lla C IIOMOIIlblO KpncTaJIJia IIY'IKa 113 lll!KJIH'ICCKIIX 

ycKOPIITCJiell.. 

B KOMIILIOTCpHOM 3KCIIep1IMCHTe II3y'leIIbl 3aBHCHMOCTH BCpOIITIIOCTH 061,eMHOro 3aXBaTa qa­

CTII!l B pemnM KaHaJI!!pOBaHH.fI B ll30I'HYTOM KpHCTaJIJIC OT :meprnn qacTHll II pa,ll11yca H3rn6a 

KpllCTaJIJia. IloKa3aHo, 'ITO ,llJI/1 3aXBaTa 'laCTIIII Ha rny6oKHC ypoDHll B IIOTCH!lHaJibHYIO IIMY 

H30I'HYT11X IIJIOCKOCTH11X UaHaJIOB IlplI <pHKCHpOBaHHOM pa.n:11yce KpllCTaJIJia llJ!ll 3Heprllll qa­

CTllll, Kor.n:a R ~ Rc(E), BCpO.IITHOCTb 3aXBaTa Puc ll3MCH.IICTCII np116Jil13llTCJ!bHO KaK Rf E3l2, 

'ITO 110,llTBepm.n;aeT 11paBOMCp1IOCTL npe.n;JIOIKCHHOll: B (7] auaJillTll'!ecKoll. oneHKll. C ,llpyroll. 

CTopo1111, .llpll ommaKOBOM 3!p<pCKTHBHOM ll3!'H6e R = nRc(E), Kor.n;a n ~ I, BCpORTl!OCTL 

061,eMHoro 3axeaTa Pvc ~ E-112• 
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Tapanul,A.M. 
O6-beMlioe oTp~;ieHHe-H p6b~MHbifr 3axfa-rnporn11os . . ·, ·. . \· 

"B l-130rnyroM KpHCTanne . : . 
Pl-96-262 

. Mel'o,o.oM K0Mrih1otep11oro J,10JJ.en11posaHHll 11ccne,o.osa11a. 3_as11c11MOCTb ·o6beM­
uoro o-rpa)KellHH 11 06beM11oro-3axsa-ra: rip0To11os s',pe)KHM Ka11ahupdsa1in11 OTllX 
311epmH .H. pa.nnyca li3m6a: KpHCTanna. TToKa3,mo,·: '!TO. C yseJJH1.Je11i1e~i 311eprml . 
1.JaCTHLI yumpeime nyiiKa MHOro,KpaTllblM. pacce1111Hei1. npH . o6be~mmf, OTpa)Kel!IIII 
B H30niyTOM ~piicTaTJne CTal)OBHTCll Mellbllie yrna . orpU)KeHlrn, ,lJTO fl03B0Jll!eT 

. 0611apy)K
0

HTb OTpa)Ke1i11e. B 3KCnepHMe1ne. PaCClJHTalm, sepol!TH0CTb ::o6ne~rnoro 
3axsarn Pi:c' II rioKa3~H?, '!TO _ripu cj:HIKCHpOBUHIIOM pau11yce ll3m6a KpHCTaJimi R 

llnH 3Hep,rmi 1.JaCTHLI £, KOr,D.~ H3r116 )laJlCK 'oT KpmWleCKOfO, Olla H3MeJrneT~ll 

npH6nH3HTenb110 , 11pon6p;~o11anhi10 · RE : ... J ! 2, ·.'!TO• noJJ.Tsep)K,!laeT 1 n.pas~Mepuoc~b 
npeJJ.nO)K(!IIIIOH pauee aHarJHTHlJeCKOii oueHKH Bepc:rn-t110CTH. C JJ.pyrow CT0pOllbl, 
npH o,o.H11aK0BOM · 3·cpcpeKTHBl10M wim6e KpHcTanna · 3aBHCHt.lOCTh ii_epo11ri-locrn · 

o6beMuoro 3axsa~a bT.3Hepm;i-':JaCT~ll ;sn•11~Tc11 6one-~ cna6oii, P ! - E-ll.2.-. 
. . . .. . •. . , .· . . • • \C 
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· Volume Reflection and ·volume Capture of Protons in Bent Crystal . 
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• . The ;dependence 'of voJGine reflection- and 'volume capture of',.protons 
'in the channeling.regime on particle energy and crystal bendrndius has been studied 
by computer simulation.·• It was shown that beam broadening due to multiple 
scattering. at its volume reflection•in'a bent crystal becomes smaller than the ~eflection 
angle with increasing th~·.p~rticJe eri~rgy; _what allows to _obser~~ the~ volurile. 
reflection in the experiment,, Besides, the volume capture ·probability P '.. was 

. ' . ·) ·., . ' ' - ' : . \ { ' 

calc~lated and itwas shown that ata fix~d crystal bend i-aciius R or particle energy 
E,' when' the radius is far .'from -the critical. on~; the pro/babili!{ is appr_oxjmately 

p~oportional. to RE-3 (.2: This'- confir~s '.validity' of its• analiticai. e~tinrntion. which . 
was suggested before. On the other hand, when the 'crystal is. bent with the same 
effective radius the energy ·dependence 9f. th_e capture probability is more weak, 
p ;,:,,E-1/2_ • - . - -•" -· 

vc - ,. •' . . - : ',. , . \ 
· The investigation ha,s l;,een performed at the Laboratory of High Energies; JINR. 
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