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nyCTb ynbTpapen~THBHCTCKa~ 4aCTH4a nponeTaeT 4epe3 MOHOKpH
CTann nOA AOCTaT04HO Man~M yrnoM a K KpHCTannorpa$H4eCKHM nnoc
KOCT~M. GyAeM npeAnOnaraTb, 4TO a< a- 1 o-2. rAe a - npeAenbHbli:i 
yron, npH KOTOpOM MOmHO e~e 3aMeHHTb AHCKpeTHOe pacnpeAeneHHe 
3ap~AOB B KpHCTanne HeKOTOP~M ycpeAHeHH~M Henpep~BH~M pacnpe
AeneHHeM. B 3THX ycnoeH~x HanpaeneHHe ABH~eHH~ 4aCTH4~ MomeT 
H3MeH~TbC~ 3a C4eT B3aHMOAei1CTBH~ C ycpeAHeHH~M noTeH4HanoM U 
H 3a C4eT MHOrOKpaTHOrO pacce~HH~. HHme 6yAeT noKa3aHO, 4TO 
cy~eCTByeT AOBOnbHO WHpOKHi1 HHTepean yrnoe a, B KOTOPOM MhOro
KpaTHOe pacce~HHe OKa3biBaeTC~ MeHbWHM, 4eM B COOTBeTCTBY10111ei1 
aMop$Hoi1 cpeAe /HnH e TOM me KpHcTanne, HO npH a>>;; I. 

M~ 6yAeM C4HTaTb, 4TO 4aCTH4a ABHmeTc~ no npaKTH4eCKH np~Mo
nHHei1Hoi1 KnaCCH4eCKOi1 TpaeKTOPHH, T.e. BO epeM~ nepece4eHH~ Kam
AOi:i H3 KPHCTannorpa$H4eCKHX nnOCKOCTei:\ H3MeHeHHe ee nonepe4HOrO 
HMnynbca YAOBneTeop~eT ycnoeH~M 

l~q I « q = pa = myea , /1/ 

/2/ 

3AeCb P- HMnynbC 4aCTHU~, d - paCCTO~HHe Me~AY CMemH~MH nnoc
KOCT~MH *. Ha 3aKoHa coxpaHeHH~ nonepe4Hoi1 3HeprHH 

q2 

2 my + U = const 131 

cneAyeT, 4TO no nop~AKY eenH4HHbl l~ql- myU/q- U/ac. no3TOMY 
ycnoeHe /1 I nepenHCbiBaeTc~ e BHAe U/ca << mcya, HnH 

a » a Jl , /4/ 

----
rAe a./1- yU/mc2y- npeAenbH~i:i yron nHHAXapAa. C APYrOi:i CTOPOHbl, 
H3 ycnoeH~ /2/ cneAyeT 

< , Ud a<;rc-· /5/ 
npaea~ 4aCTb /5/ He 3aBHCHT OT 3HeprHH 4aCT~4~ H COCTaBn~eT An~ 
pa3H~x KpHcTannoe npHMepHo 10-1 + 10-2 , T.e. coenaAaeT no nop~AKY 

I 11 2; 2 -1 -2 
*EcnH HCXOAHTb 113 MOAenH 11 nnoCKoro cno~ 11 

, TO a-R, d -10 +10, 
a B ycnoBHe /2/ BMeCTO d cneAyeT nOACTaBHTb TOn~HHY cno~ 2R. 
Cy~ecTeeHHoro 3Ha4eHH~ yKa3aHHa~ 3aMeHa He ~MeeT. 
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-Ben~4~H~ C yrnOM a. 4TO KacaeTCH yrna n~HAXapAa, TO AnH 4aCT~~ 
C 3Hepr~eR HeCKOnbKO r3B era sen~4~Ha COCTaBnHeT np~MepHO 10-4 

~ naAaeT C AanbHeRW~M POCTOM 3Hepr~~. no3TOMY AnH TaK~X 4aCT~~ 

c 6onbw~M 3anacoM s~nonHeHo ABORHoe HepaseHcTBo 

Ud a <<a << r- , 
JJ nc 161 

paBHOC~nbHOe COBMeCTHOMY B~nonHeH~~ ycnos~R Ill ~ 121. 
06paT~MCH Tenepb K pacceRH~~ ynbTpapenHT~B~CTCKOA 4aCT~~~ Ha 

aTOMe cpeA~· 0Ho, KaK ~3BeCTHO, CBOA~TCH K ynpyrOMy paCCeHH~~ 
Ha 3KpaH~POBaHHOM RApe ~ Heynpyr~M CTOnKHOBeH~HM, np~ KOTOp~X 

~3MeHH~TCH KBaHTOB~e COCTOHH~H 3neKTpOHOB. Ecn~ np~ ynpyroM 
pacceHH~~ Ha aToMe yron pacceRH~H q YAOBneTBOpHeT ycnos~~· 

1i q < ---, rAe aH - pa3Mep o6nacT~ noKan~3a~~~ HApa s6n~3~ y3na 
a a 

Kp~cTann~4ecKoR peweTK~, TO xapaKTep Kone6aTenbHoro AB~meH~H 

HAPa c 6onbwoR sepoHTHOCTb~ He ~3MeHHeTcH. Hao6opoT, np~ q> J1_ 
a a 

Ben~Ka BepOHTHOCTb ~3MeHeHMH KOne6aTenbHOrO COCTOHH~H HApa. 
B aMOP~HOM se~eCTBe aTOM~ pacnonomeHbl xaoT~4ecK~. To me ca

Moe ~aKT~4eCK~ OTHOC~TCH ~ K aTOMaM, HaXOAH~~MCH s6n~3~ TpaeK
TOp~~ 4aCT~~~ B Kp~CTanne np~ a >a. no3TOMY KaK Heynpyroe pac
CeHH~e, TaK ~ o6a B~Aa aKTO~ynpyroro pacceHH~H 4aCT~~~ Ha aToMe 
Aa~T CBOR BKnaA B sen~4~HY q2, xapaKTep~3y~~y~ MHOrOKpaTHOe Ky
nOHOBCKOe pacceHH~e Is cny4ae THmen~X aTOMOB Heynpyr~M~ CTOnK
HOBeH~RM~. CBR3aHH~M~ C DaCCeHH~eM Ha 3neKTDOHaX. MOmHO noeHe6-
pe4bl. He TaK o6cTO~T Aeno B Kp~cTanne, ecn~ a< a. TorAa cos
MeCTHOe Bn~HH~e TeX 3neMeHTapH~X aKTOB pacceHH~H, KOTOp~e He 
conposomAa~TCR ~3MeHeH~eM xapaKTepa AB~meH~R 3neKTPOHOB ~ HAep, 
MomHo y4eCTb c noMO~b~ 3~~eKT~BHoro noTeH~~ana u, nnasHo ~3Me
HR~~erocH BAOnb HOpMan~ K KP~CTannorpa~~4eCK~M nnOCKOCTHM, HO 
OCTa~~erOCH xaoT~4eCK~M np~ ~3MeHeH~~ KOOPA~HaT BAOnb 3T~X nnoc
KOCTeA. no3TOMY MHOrOKpaTHOe pacceHH~e CTaHOB~TCH a3~MyTanbHO 
ac~MMeTp~4H~M: AnH OTKnoHeH~R, napannenbH~x Kp~cTannorpa~~4ecK~M 
nnOCKOCTRM, pe3ynbTaT OCTaeTCH TaK~M me, KaK B aMop~HOA cpeAe, 
B TO speMH KaK B nepneHA~KynHpHOM HanpasneH~~ MAOrOKpaTHOe pac
CeHH~e onpeAenReTCR TOnbKO TeM~ 3neMeHTapH~M~ aKTaM~, KOTOp~e 

np~BOAHT K ~3MeHeH~~ COCTOHH~R AB~meH~H 3neKTPOHOB ~n~ HAep. 
CneAOBaTenbHO, cpeAH~A KBaApaT yrna OTKnOHeH~H 4aCT~~bl B Ha
npasneH~~. nepneHA~KynRpHOM K Kp~cTannorpa~~4eCK~M nnOCKOCTRM, 
AOnmeH 6b1Tb MeHbWe, 4eM B aMop~HOM Tene ~n~ s Kp~cTanne np~ a>;;*. 

* M~ aK~eHT~pyeM BH~MaH~e Ha cny4ae ynbTpapenHT~B~cTcK~x 4ac
T~~. nOCKOnbKY AnH H~X HepaBeHCTBa 161 B~nonHeH~ C 6onbW~M 3a
naCOM.RCHO, OAHaKO, 4TO B MeHee 4eTKOM B~Ae aHanor~4HaR aC~MMeT

p~H ~MeeT MeCTO ~ AnH THmenbiX HepenHT~B~CTCK~X 4aCT~~.CKa3aHHOe 
cnpaBeAn~so ~ np~ a< aJJ lcM.3Kcnep~MeHTanbHY~ pa6oTyl2/ ~ KpaT
K~e 3aMe4aH~R s /3,4/ I. 

2 

RCHO TaK~e, 4TO Bee CKa3aHHOe OTHOC~TCH B paBHOR Mepe K ynbTpa
penHT~B~CTCK~M 4aCT~~aM C 3apHAaM~ o6o~X 3HaKOB. 

CornacHo Teop~~ MHoroKpaTHOro KynoHoBcKoro pacceHH~H,B aMop~
H~x Be~ecTBax, a TaKme B Kp~cTannax np~ a> a cpeAH~R KBaApaT 
yrna MemAY Ha4anbH~M ~MnynbCOM ~ npoeK~~eR KOHe4Horo ~Mnynbca 
Ha n~6y~ nnOCKOCTb, COAepma~y~ ~CXOAHY~ npHMOn~HeRHy~ TpaeKTo
p~~ 4aCT~~~. on~c~saeTcH Is npeHe6pemeH~~ Man~M BKnaAOM pacceH
H~H Ha 3neKTPOHaXI B~pameH~eM 

171 

3AeCb N - 4~cno aTOMOB s eA~H~~e o6DeMa, f - Ton~~Ha cnoH se
~ecTsa,F - HAePH~A ~opM~aKTOp, Z¢- aTOMH~A ~opM~aKTop, Ra
paA~YC HAPa, a ~ - paA~YC 3t<paH~posaH~H; ~yHK~~~ F (x) ~ ¢ (x) 
paBHbl eA~H~~e np~ X = 0 ~ CTpeMHTCH K Hyn~ np~ X>> 1. Hbl 6yAeM 
C4~TaTb, 4TO RH= 1,3·10-13 A113 cM, a a'J = 5·10-9lz 113 CM. 

8 Kp~cTannax np~ a< ;i Ben~4~Ha -;:;2, COOTBeTCTBY~~aR OTKno-
~ 

HeH~HM, nepneHA~KynRpH~M Kp~cTannorpa~~4eCK~M nnOCKOCTRM, onpe-
AenHeTCH TOnbKO npo~eccaM~, np~BOAH~~M~ K ~3MeHeH~~ xapaKTepa 
KOne6a:!,.!;nbHOrO AB~meH~R HAep. no3TOMy B 3TOM cny4ae np~ Bbi4~C

neH~~ qf s noA~HTerpanbHOe s~pameH~e ~opMyn~ 171 cneAyeT ssecT~ 
AOnonH~TenbH~A MHom~Tenb (1- e-2~. rAe 

2p2 a2 
- __.._..!!.. n 2 

e-"""'=e h' 

~aKTOP Ae6aH-Yonnepa. CneAOBaTenbHO, yMeHbweH~e qf s Kp~cTan
nax np~ a< a no cpaBHeH~~ c TOR me sen~4~HOA B aMop~HOM Tene 
COCTaBnHeT 

181 

B TO BpeMR KaK Ben~4~Ha q1F, COOTBeTCTBy~~afl OTKnOHeH~RM 1 napan
nenbH~M Kp~cTannorpa~~4eCK~M nnocKOCTHM, no-npemHeMy on~c~saeTCH 
~opMynoA 17 I. Y4~T~BaR, 4TO Ra << a3 , MOmHo np~6n~meHHO Han~caTb 

2p2an 712 
{2 I pa3 q 12 dq 

1 - ¢ ( -'t-) -;;- 191* 

TaK~M o6pa3oM, s paccMaTp~saeMbiX ycnos~Rx yrnosoe pacnpeAeneH~e 
AnH AOCTaT04HO TOncT~x Kp~cTannos AOnmHo on~c~saTbCH AByMepH~M 

* CneAyeT nOA4epKHYTb, 4TO y4eT ~KnaAa Heynpyroro pacceHH~R 
Ha aTOMH~X 3neKTPOHaX B Ben~4~Hy q2 H~KaK He Bn~ReT Ha COQT-
HOWeH~H 181-191. ~ 
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3aKOHOM rayeea e HeOAHHaKOB~MH cpeAHeKBaApaTH4H~MH OTKnOHeHHHMH 
B ABYX yKa3aHH~X B3aHMHO nepneHAHKynHpH~X HanpasneHHHX. 

To4H~R aHanH3 $opMyn /7/-/9/ Tpe6yeT rpoM03AKHX 4HcneHH~x 
pae4eTOB. 4TO KaeaeTeH Ka4eeTBeHH~X O~eHOK, TO HX MOmHO nony-
4HTb B paMKaX 06~4HOrO B TeOpHH MHOrOKpaTHOrO paceeHHHH norapH$
MH4eeKOrO npH6nHmeHHH. TorAa H3 /7/ H /9/ eneAyeT, 4TO OTHOeH
TenbHOe yMeHbWeHHe 

/10/ 

noeKOnbKY o6naeTb noKanH3a~v.H HApa aH H3MeHHeTeH e TeMnepaTypoR 
KpHeTanna T, OTHOWeHHe ~~Z~~~, TaKme 3aBHeHT OT TeMnepaTyp~*. 
4HeneHHOe 3Ha4eHHe napaMeTpa aH MO~HO onpeAenHTb, 3HaH $aKTOp 
Ae6aH-Yonnepa, HnH H3 AaHHbiX no sepoHTHOeTH 3$$eKTa Mece6ay3pa. 
AnH Ky6H4eeKHX KpHeTannos AOeTaT04HO soenonb30BaTbCH Ae6aeseKoR 
MOAenb~, B KOTOpoR 

2 
a "' H 

a"t 2 1 T 2 fJ/ T 
-I-+(-) r 
MkfJ 4 fJ 

0 

tdt 
I' 

rAe M- Maeea HAPa, k - noeTOHHHaH 5onb~MaHa, fJ • Ae6aeseKaH 
TeMnepaTypa 17•81• 

/11 I 

~eXOAH H3 eKa3aHHOro, npHXOAH~K~eAy~~HM 4HeneHH~M O~eHKaM: 
..... .. n 1 o .. ,..,.... 

,t.J.JIH meJit;.jd....!..laJVl .&. '-'- V t:H:::JIV1YV1Hd LJ.ttl.t 'Ill --=- IU/o VI lllJVI I'\UMMdiMUV1 lt::M-

nepaType ~n2/ ;j2 "' 1 0% .....JinH KpeMHHH, sonb$paMa H anMa3a npH T -
- 300°K sen~4HH1~ ~;j'"o/ ~2 pasHa npHMepHO 9%,13% H 23% COOTBeTCT-

:.1. II 
BeHHO. 3$$eKT OKa3~BaeTeH He6onbWHM, HO MOmHO AYMaTb, 4TO OH 
BnOnHe Ha6n~AaeM 3KenepHMeHTanbHO. He HeKn~4eHO, 4TO OH OKameTeH 
none3H~M e T04KH 3peHHH H3y4eHHH HeKOTOP~X CBOReTB TBepAOrO 
Tena *"'. 

npH npOXOmAeH~H 4epe3 KPHCTann HanpasneHHe ABHmeHHH 4aCTH~~ 
MOmeT, eTporo rOBOpH, H3MeHHTbeH TaKme 3a e4eT B3aHMOAe~eTBHH 
e Henpep~BH~M nnoeKoeTH~M noTeH~HanoM. CneAyeT, OAHaKo, HMeTb 
B BHAY, 4TO 3TOT nOTeH~Han eHMMeTpH4eH no OTHOWeHH~ K KamAOR 
H3 KpHeTannorpa$H4eeKHX nnoeKOeTeR. no3ToMy, nepeeeKaH n~6y~ 
H3 HHX, 4aeTH~a eHa4ana OTKnOHHeTeH B HanpasneHHH, nepneHAHKy
nHpHOM K 3TOR nnoeKOeTH, HO 3aTeM OTKnOHHeTeH B T04HOCTH Ha Ta
KOR me yron a npoTHBononomHoM HanpasneHHH. CneAOBaTenbHO, noene 
TeX nepece4eHHR nnoeKOeTeR, KOTOp~e npoHeXOAHT ~enHKOM BHyTpH 

* CooTBeTCTBeHHo H yepeAHeHH~R noTeH~Han U 3aBHeHT oT TeM
nepaTyp~ /eM., HanpHMep, 15 • 61 I. 

** AHanOrH4HbiR 3$$eKT HMeeT MeeTO H AnH TOpM03HOrO H3ny4eHHH, 
HO OTeyTCTByeT AnH APYrHX RAepH~X npo~eeeos, He eBH3aHH~X e Ky
nOHOBCKHM B3aHMOAeReTBHeM. 
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KpHeTanna, HeXOAHOe HanpasneHHe ABHmeHHH 4aeTH~~ HHKaK He 
H3MeHHeTeH. 

~3MeHeHHe HanpasneHHH ABHmeHHH B03MOmHO TOnbKO 3a e4eT Kpae
BbiX 3~eKTOB, eenH paCCTOHHHe MemAY TpaeKTOpHeR 4aeTH~~ H 6nH
maRweR KpHeTannorpa$H4eeKoR nnOCKOCTb~ npH BXOAe B o6pa3e~ He 
cosnaAaeT e aHanorH4H~M paecTOHHHeM npH s~xoAe H3 o6pa3~a. no 
nopHAKY senH4HHbl 3TO H3MeHeHHe HanpasneHHH l~a I - l~ql I p , rAe, 

U U a~ 
KaK H npemAe, ~~ql- --. no3TOMY ~~al - - -- * 

ca rnc2ya a 
8 eOOTBeTeTBHH e /4/ HMeeM aJI/a «1, T.e.lt1al <<aJI H TeM 6onee 
l~a I «a. BenH4HHa l~a I He 3aBHeHT OT Ton~HH~ o6pa3~a, a TO spe

MH KaK senH4HHa ~2 paeTeT e TOn~HHOR, npH4eM see npOBeAeHH~e 
Bbll!Je paeeymAeHHR OCTatOTeH enp"\Be~nHB~MH, noKa B~nOnHeHO CpaBHH-

J- Ud 
TenbHO 04eHb MHrKOe ycnOBHe ~ 2 << 1iC • no3TOMY AnH AOCTaT04HO 

ToneT~X MOHOKpHeTannos seerAa MOmeT 6~Tb peanH30BaH eny4aR 

~>> ~~al, B KOTOPOM OCHOBHY~ pOnb v.rpaeT MHOrOKpaTHOe paeceH
HHe. TorAa Kpaes~MH 3$$eKTaMH MOmHo npeHe6pe4b H o6cymAaeMoe 
yMeHbWeHV.e MHOrOKpaTHOrO pacceHHHH npOHBnHeTCR B 4HCTOM BV.Ae. 
~aKTH4eCKH TaKaH CV.Tya~HH HMeeT MeCTO H AnH AOBOnbHO TOHKHX 
KPHCTannos. HanpHMep, B KpeMHHH Ton~V.HOH 100~ nfH ABHmeHV.H 4ac
TV.~bl C 3Heprv.eR nopHAKa 1 r3B nOA yrnoM a :::: 10- K KpHCTanno-

rpa$H4eCKHM nnocKOCTHM /110/ HMeeM R= 3·10-4 H lt1aj:.3.10-~ 
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PyKonHCb nocTynv.na a H3AaTenbcKHH OTAen 
24 asrycTa 1983 roAa. 

* 3a c4eT AH$paK~HH npoHcXOAHT AOnonHHTenbHoe H3MeHeHHe yrna , 
pasHoe no nopHAKY senH4HH~ t/pd. Opv. s~nonHeHHH ycnosv.H /5/ 

V.M MOmHO npeHe6pe4b. 
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n~6owH~ a.n., noArope~KHH M.H. P2-83-607 
0 MHOrOKpaTHOM KynoHdBCKOM pacceRHMM 
ynbTpapenRTHBHCTCKHX 3aPR*eHHWX 4aCTM~, ABH*~HXCR nOA He60nbWHMH yrnaMM 
K KPHCTannorpa$H4eCKHM nnOCKOCTRM 

noKa3aHo, 4TO ecnH ynbTpapenRTMBHCTCKaR aapR*eHHaR 4aCTH~a nepeceKaeT 
KpHCTannorpa$H4eCKHe nnOCKOCTH nOA AOCTaT04HO ManWM yrnoM a, TO cpeAHHH 
KBaApaT yrna ee OTKnOHeHHR B nnOCKOCTH, nepneHAHKynRpHOH KPHCTannorpa$H

·4eCKOH, yMeHbwaeTcR no cpaaHeHH~ co cny4aeM aMop$Horo Tena HnH KPHCTanna 
npH 60nbWHX a • 3$$eKT 3aBHCHT OT TeMnepa'Typw, ero aenH4HHa MO*eT AOCTHraTb 
10-20%. 

Pa6oTa awnonHeHa a na6opaTOPHM awcoKHX 3HeprHH OH~H. 

Lyuboshlts V.L., Podgoretsklj M.l. P2-83-607 
On the Multiple Coulomb Scattering of Ultrarelativlstic Charged 
Particles Moving at Small Angles to the Crystallographic Planes 

It Is shown that If an ultrarelatlvlstlc charged particle i'ntersects 
the crystallographic planes at sufficiently small angle a, the mean 
square of the angle of its deflection in the plane, which Is normal to the 
crystallographic one, decreases In comparison with the case of amorphous 
medium or the case of crystal! at large a. This effect is dependent on 
temperature, Its magnitude can reach 10-20%. 

The Investigation has been performed at thP. Laboratory of High 
Energies, JINR. 
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