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Jli060WI-14 B.Jl. 

no80pOT Cni-!Ha np~-1 OTKnOHeHI-11-1 penRTI-181-!CTCKO~ 
3apR~eHHO~ 4aCTI-14~ 8 3neKTPI-14eCKOM none 

YcTaHo8neHa C8R3b Me~AY 8pa~eHI-!eM cn1-1Ha 1-1 I-!CKPI-18neHI-!eM 

~
paeKTOPI-11-1 penRTI-181-!CTCKO~ 3apR~eHHO~ 4aCTI-14~, A81-1~y~e~CR 8 
neKTPI-14eCKOM none. noKa3aHO, 4TO 8 3TOM cny4ae MrH08eHHble 
rno8~e CKopocT!-1 npe4eCCI-11-! cn1-1Ha 1-1 no8opoTa 1-!Mnynbca napan
enbH~ APYr APYry. 3TOT pe3ynbTaT npi-!MeHReTcR K nn~cKOCTHOMY 
aHanl-!p08aHI-!IO npOTOH08 H n03HTpOH08 8~COKI-!X 3Hepri-!H 8 I-130rHy
~X Kpi-!CTannax. C TO~ ~e T04KH 3peHHR 1-!CCneAyeTCR n080pOT 8eK 
Opa nonRpi-!3a4HM penRTI-181-!CTCKO~ 4aCTH4~ C npOH3 80nbH~M MarH~ T 

~~M MOMeHTOM npH KynOH08CKOM pacceRH I-11-1 Ha ManHe yrn~ . 

Pa6oTa 8bmonHeHa 8 Jla6opaTOPI-11-1 8~COKHX 3HeprH~ 011iH1. 

npenpHHT 06'&9/lKHeHHOro KHCTHTYTB Sl/lepHblX KCCne}lOB8HKA, .Qy6H8 1979 
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Lyuboshitz V.L. 

The Spin Rotation at Deflection of Relativistic 
Charged Particle in Electric Field 

The connection between the spin rotation and the curva
ture of trajectory of relativistic charged particle moving 
in electric field is established. It is shown, that in this 
case the momentary angle velocity of spin precession and the 
momentary angle velocity of momentum rotation are parallel 
(the formula (~ ) . This result is applied to the plane 
channeling of protons and positrons in curved crista! Is. In 
the frame of this point of view the rotation of the polariza
tion vector of relativistic particle with arbitrary magnetic 
moment in Coulomb scattering on small angles is investigated. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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B uacTo.ameii: pa6oTe Haii:,Aeua npocTa.a CBJI3b Me)f(,ll;y yrnoM 

npeUeCCHH CJIHHa H H3MeHeHHeM HanpaBneHHJI HMnynbCa penJITH

BHCTCKOH qaCTHU~, ,ABH~ymeii:CJI B npOH3BOnbHOM 3nexTpHqeCKOM 

none. TaKaJI · CBJI3b, B qaCTHOCTH, ,AO~a HMeTb MeCTO B cnyqae 

XaHanHpOBaHHJI qacTHU B H30rHyT~X XpHCTannax, B03MO~OCTb 

xoToporo 6~na sneps~e yxa3aHa s . pa6oTe Q~raHosa 111; nosopoT 

cnHHa B 3THx ycnoBHJIX o6c~,Aanc.a B eTa The liap~wescxoro 121. 

Jiy,AeM BCXO,AHTb H3 ypaBHeHHJI JiaprMaHa-MHWen.a-Tener,AH 13/, 

OnHC~Baromero noBe,AeHHe CnHHa penJITHBHCTCXOit qaCTBUbl npH 

XBa3HXnaccHqecXOM ,ABH~eHHH nocne,AHeii: BO BHeWHeM 3nexTpo

MarHHTHOM none. llycTb m - Macca qacTBU~, e - ee 3ap.a.A, ... 
( - BeKTOp CnHHOBOH non.apH3aUHH, OTHeCeH_JJ~H k "MrHOBeHHOH" 

CHCTeMe noKOJI, Y - nopeHUOBCKBH !llaXTOp, p - e,AHHHqH~H BeXTOp 

B HanpasneHHB CXOpOCTH, g - rHpOMarHBTHOe OTHOWeHBe /no 

onpe,AeneHHIO, MarHBTH~H MOMeHT 11 = ~Chs, r,Ae S- CnHH 

qacTHU~/. CornacHo /3,4/ 

_'!s_ = [0, a. 
dt 

r,Ae t - BpeMJI B na6opaTOPHOB CBCTeMe OTcqeTa, 

... ... 
·• e ... 1 ... ... ... ... v ... df 
0 =- ----glH- .X.: __ f(Hf)+[E, --]l- (y- l)[f, --], 

2mc y c dt /11 

... . ... 
E H H - Hanp.a~eHHOCTH 3nexTpHqecxoro H MarHHTHoro noneii 

B Toqxe Haxo~,AeHHJI qacTHUbl. lleps~ii qneH B !llopMyne /1/ ,An.a 

yrnOBOH CXOpOCTH npeuecCHH 0 MO~IfO 3an&CaTb B BH,Ae 
e ... ... 

- - ---- g H *, r ,Ae H * - Hanp.a~eHHOCTb MarHHTHoro non.a 
2m.cv 
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• dP 
B C06CTBeHHOB CHCTeMe OTC'IeTa; 'ITO KacaeTC.II 'IJieHa - (y- 1)( r . ---], 
TO OH COOTBeTCTByeT TOMaCOBCKOB . rrpeueCCHH CliHHa /5/. dt 

HJ ypaaHeHH.II ,naiDKeHH.II 

dp ~ 1~~ 
---- = eE + -(v, H] 
dt c 

/2/ 

CJie,nyeT, 'ITO MrHOBeHHa.ll yrJIOBa.ll CKOpOCTb liOBOpOTa HMliYJibCa 

qacTHUbl orrpe.nen.lleTC.II rro 4JopMyne 

~ ~ ctf e ... ... ... ~ 2 ~ ~ 
n = [ e • ---J = - -- -·- t H - r (H r) ~ __ L ___ [ E . --J. 

o dt mcy y2- 1 c 
/3/ 

CpaBHHBa.ll /1/ H /3/, JaMe'laeM, 'ITO rrpH OTCYTCTBHH MarHHTHOrO 

UOJI.II BeKTOpbl n~ H 00 napaJIJieJibHbl /HJIH aHTHnapaJIJieJibHbi/ ,npyr 

,npyry H CB.II3aHbl COOTHOWeHHeM 

HJIH 

... 1 n = l -- (g 
2 

y 2 - 1 y- 1 . 
2) ------- 1 ------ 1 n . 

y y 0 

... 1 v2 _., 
n ~ l -- (g . 2)y+ __ .r_ __ J ---n 

2 y ~ 1 c2 O 

/4/ 

/5/ 

JICHO, 'ITO eCJIH TpaeKTOpH.II Jap.ll)l(eHHOB 'laCTHUbi B JJieKTpH'IeCKOM 

llOJie npe,ncTaBJI.IIeT co6010 UJIOCKYJO KpHBYIO, TO BeKTOpbl s:f(t) 

H 00 (t) HMeiOT nocTO.IIHHoe HanpaaneHHe a.nonb HOpMaJIH ~ K 

UJIOCKOCTH ,nBH)I(eHH.II ({1 O (t) = n
0 

(t) ~, 0 ( t) = n (t) ~) 
B 3TOM CJiyqae yrOJI npeueCCHH BeKTOpa UOJI.IIpH3aUHH BOKpyr HOpMa-... 
JIB n COCTaBJI.IIeT 

t 1 2 ') O( t) ~ I [ -- (g - 2) _y__~t_ __ -=._~_ + _y_<_!~~ .::.-_}__ d (} 0 (t ') ' 
0 2 y(t') y( t') 1---d~~--dt ' /6/ 

t 

r,ne 0 O (t) = { nO (t ') dt ' - yroJI Me)l(,ny Ha'laJibHblM HMllYJib-
0 • 

COM 'laCTHUbl H ee HMllYJibCOM B MOMeHT BpeMeHH t. ECJIH KHHe-

4 

TH'IeCKa.ll 3HeprH.II 'laCTHUbl rrpH ee ,nBH)I(eHHH liO TpaeKTOpHH 

rrpaKTH'IeCKH He MeH.IIeTCJI, TO CBJI3b Me)l(,ny yrJiaMH BpaiUeHH.II 

CliHHa H HMliYJibCa OUHCblBaeTC.II 4JopMyJIOB 

1 y2...1 y-1 
(} = [ -- (g - 2) ------ ~ ------](} 

2 y y 0 
/1/ 

B HepeJI.IITHBHCTCKOM cnyqae 

1 v2 e = _..._ (g - 1) --- e 
2 c2 o 

/8/ 

fio_nqepKHeM, 'ITO ,nJI.II ,nOCTaTO'IHO MaJiblX y'laCTKOB TpaeKTOpHH 

cooTHoweHHe /7 I ocTa~TC.II ~npaae,nJIHBblM H B ycnoaa.11x, xor.na 

HanpaBJieHHe BeKTOpOB n 0 H n H3MeH.IIeTC.II C Te'leHHeM apeMeHH. 

llpH 3TOM ocb noaopoTa cnaHa Ha yron 0 nepneH,nHKYJI.IIpHa 

llJIOCKOCTH, npoxo,n.IIIUeB qepe3 Ha'laJibHblB H KOHe'IHbiB HMllYJibCbl 

'laCTHUbl~. 

-K )l;JI.II CUHHOBOB BOJIHOBOB 4JyHKUHH ypaBHeHHe rrpeuecCHH B 3JieKT

pH'IeCKOM liOJie HMeeT BH,n 

al/l<t> ~ ~ 
i ------ = (n(t) s) 1/J(t), 

at ~ 

r,ne fl (t) Ollpe,neJI.IIeTC.II COrJiaCHO /4/-/5/, S - onepaTOp CllHHa. 

fipH HeliJIOCKOM ,nBIDKeHHH onepaTOpbl ({l (t) ~), B3.11Tble B pa3Hble 

MOMeHTbl BpeMeHH, He KOMMYTHpYJOT ,npyr C ,npyroM, H peWeHHe 

CHMBOJIH'IeCKH rrpe,ncTaBJI.IIeT.C.II KaK 

,.... t :. ... 
l/l(t)=Texp(-i f sn(t')dt')I/J(O). 

0 

r.ne T- xpoHonoraqecxau onepaTop. B nepBOM npH6JIIDKeHHH TeopHH 

B03MYIUeHHB 

:. t .... 
"'(t) = c 1 - i s r n ct ') ctt ')1/J co) • · 

0 

)l;JI.II BeKTOpa llOJI.IIpH3aUHH 3TO COOTBeTCTByeT paBeHCTBY 

..... ..... t -+ ..... 

((t) =(Co)+ [ r nct')ctt', ((0)1. 
0 
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CymecTBeHHo, 'ITO y'leT pa.z.uauBOHHoro 3aTyxaHHJI !llaKTH'Iecxu 

He MeHJieT nony'leHHbiX COOTHOWeHHB. )J;eHCTBHTenbHO, pa.z.HaUHOH" 

HOe TOpMO~eHBe CBO,!lHTCJI K nOJIBneHKID B C06CTBeHHOH CHCTeMe 

OTC'IeTa 3ap.R~eHHOH 'laCTBUbl .z.ononHHTe-nbHOro 3neKTPH'feCKoro 

nonJI. 3TO none, O'leBB,!lHO, He ,!leBCTByeT Ha MarHBTHhiB MOMeHT, 

B n03TOMY !llopMyna 111 ,IlnJI yrnOBOB CKOpOCTB npeueCCBH OCTaeTC.II 

npe~Heii. C .z.pyroii CTOpOHbl, CBna TOpMO~eHHJI B na6opaTOpHOH 

CBCTeMe OTC'IeTa, KOTOpyro Cne.z.yeT BBeCTH B npaByiO 'laCTb 

ypaBHeHHJI 121, npH H=O BMeeT BB.Z. 161 

2 e 4 -. ... v2 ... -> 2 
f=- ------ - -y2 vf !E 2 - --- (E f) I 

3m2 c 5 c 2 

I3.Z.eCb OT6poweHbl 'lneHbl, npeHe6pe~HMO Man&Ie no cpaBHeHHIO 

C CBnOii JlopeHual. Tax KaK CHna TOpMO)!(CHH JI f HanpasneHa 

-+ 
.... ... dP n = r r , -----l 0 dt 

npOTBB CKOpOCTB, ee BKJia,!l B yrnoByiO CKOpOCTb 

paBeH HYniO. Cne,!lOBaTenbHO, BCKTOpbl U B U
0 

no-npe)!(HCMY 

Y.Z.OBneTBOpJIIOT COOTHOWCHB.IIM 141-151. 
llpB HanB'IHB BHeWHero MarHHTHOrO nOnll CBOBCTBO napan

nenbHOCTB BeKTOpOB Q H 00 , B006IUe rOBOpll, HapywaeTCJI . lfCKniO

'ICHHC COCTaBnJleT cnyqai!: ,!lBB~eHBJI B nonepe'IHOM MarHBTHOM 

none npu E=O, xor.z.a 

... g- 2 -> 
n = c -----y + 1) n 0 2 

JlerKO BB,!leTb, 'ITO B ynbTpapenJITBBHCTCKOM npe.z.ene ( y >> 1) 

npu npoB3BOnbHhiX nonllx E H H BhlDOJIHJieTCJI npu6nu~eHHoe 
paBCHCTBO 

_. ... g-2 1 ge -> _._. 
n = n c --.,.--y + 1) + -- ----- -f(Hf) 

O 2 2 mcy 

I ODYIUeHw 'lneHbl - eH/ mc y 2 ) . 

191 

H~e 6y.z.yT paccMoTpeHbl HeKOTOphle KOHKpeTHWe npuMeHeHHJI 

!llopMyn I 41-17 I. 

6 

a/ ,aeuxeHue 6 oi:JHopoOHOM 3AeKJrput~ecKoM noAe 

llyCTb npB t =0 'laCTHUa HaXO,!lHTCJI B Ha'lane KOOp,!lBHaT, 

Ha'lanbHbiH BMnynbC P = mvy HanpaBneH B,!lOnb OCB Y, a 

Hanp.R~eiiHOCTb 3neKTpB'IeCKOrO nonJI - B,!lOnb OCB X. Tor.z.a pac'leT 

no !llopMyne 161 npBBO,!lBT K cne.z.yroiUeMy Bblpa~eHBIO ,!lnJI yrna 
BpaiUeHB.II CnBHa BOKpyr OCB Z: 

r.z.e 

eEy (t) 
ch--------Y + pc 

_ -~~l'-~L- (g _ 2) + arc cos ---~:~~~~~~~-:-~ 
0 - 2mc2 Y pc 

pc eEt y (t) ~ --- Arsh ------ . 
eE mcy 

Yron OTKJIOHCHHJI qacTHUbi B 3JieKTPH'IecxoM none 

0 o , = arc tg _e_~L 
p 

1101 

Ill I 

ECJIH KHHeTH' ICCKaJI 3HeprHJl 'laCTHUbl MeHJICTCll He3Ha'IHTCnbHO, TO 

eEt eEy 
0 = ----- = ----- << 1' 

o P pv 
B !llopMyna 1101 nepeXO,!lHT B 171. 

6/ IIAOCKOC1/IHOe KQHQAUp06QHUe 6 U30ZHY1111>1X KpUC1/IQAAOX 

HcxpBBJieHBe TpaexTopnn 3apll)!(CHHoii 'laCTBUhl npn ee .Z.B~e

HBn B,!lOnb B30rHyToro KaHana o6ycnOBneHO HanH'IBeM nepneH,!lH" 

KYJIRpHoro HMnynbCY cpe.z.Hero 3neKTpB'IeCKOro nonJI, BenB'IHHa 

xoToporo Mo~eT .z.ocTBraT& 107 -10 8 CGSE 111 . B pa6oTe 12/ 

6blJIO noKa3aHO, 'ITO B CBJI3H C 3THM npn KaHanBpOBaHHH yn&Tpa

peJiliTHBHCTCKBX 'laCTHU B H30rHyTblX KpHCTannax yroJI noBOpOTa 

BeKTOpa nonJipH3aURH npHHHMaeT 60JibWBe 3Ha'ICHBJI. lfHTepeCHO, 

'ITO B paCCMaTpHBaeMOM cnyqae 3TOT yron MO~HO onpe.z.eJIHTb 

no !llopMyJiaM 17 I HJIH 161, He o6paiUaJICb x KOHKpeTHbiM Mo.z.enRM, 

OnHCblBaiOIUHM pacnpe.z.eneHHC BHyTpHKpHCTannH'IeCKOrO nonJI. )J;eii

CTBHTCJlbHO, npe.z.nonO)!(HM, 'ITO HMnynbC KaHaJIHPYIOIUCH qaCTB-

7 



Ubi napanneneH nnocxocTH H3rH6a. Tor.11.a yron OTKnoHeHHll tfaCTHUbi 

e0 coena.11.aeT c yrnoM H3rH6a xpucTanna, a ocb epaiUeHHll crrHHa 

nepneH)l.HKynllpHa nnOCKOCTH H3rH6a. )J;nll llpOTOHOB pa)l.HaUHOHHble 

noTepH 3HeprHH HC'fe3aiOIUe Manbl, H cnpaBe)l.nHBO COOTHCWeHHe 

- I g - 2 - I l71.flpH y >-> 1 HaXO)l.HM ------ -1,79 
2 

g -- 2 c: e = (1 + ---2-- y )e
0 

,= (1 + 1.91 l9 ) e
0 

, 112/ 

r.11.e & - 3HeprHll npoToHa, Bblpa)f(eHHall B T:JB. CornacHo 1121 , 
CnBH npOTOHa nosopa'IBBaeTCll B TY )f(e CTOpOHY, 'ITO B HMrrynbC. 

llpB 3HeprBB -· 10 T3B yron npeuecCBB CIIBHa B 20 pa3 npeBbiWaeT 

yron OTKnOHeHBll HMnynbCa . 

3aMeTHM, 'ITO npu 3aJJ.aHHOM paJJ.Hyce xpBBB3Hbi R MaxcuManb

HaJI 3HeprBll 'faCTHU, KOTOpble eiUe "3aXBaTbiBaiOTCll" B pe)f(HM 

KaHanupoeaHBll B H30rHyToM KpBcTanne, pasHa e E m ax R • 

r.11.e E max - MaKCBManbHall Hanpll)f(eHHOCTb 3neKTPHtfecxoro nonll. 

fiOCKOnbKY 00 = y / R, r)l.e y • )l.nBHa TpaeKTOpHH, yron IIOBOpo

Ta CnHHa npOTOHa, COOTBeTCTBYIOIUHH MaKCBManbHOH 3HeprHH, 

O_npe)l.enlleTCll TOnbKO 3HatfeHBliMH E m ax H Y: 

e , _ff__:-__ g_ --~~-~~~! __ == 5, 79 · 10-7 E max Y pao. 
max 2 mc 2 

Ecnu E • 10 7 CGSE, y =1 eM, R=100 eM, TO & max max 
300 T:JB H 0 max ~ 6 pao. 3To 3HatfeHue cornacyeTcll c oueH-

KaMH, CO)l.ep)f(alUBMBCJI B pa60Te /2 / , 

B cnyqae xaHanuposaHBll no3HTPOHOB paJJ.BaUHOHHble noTepH 

npu peanbHO JJ.OCTH)f(BMblX 3HeprBliX MoryT 6blTb cyiUeCTBeHHbiMB * ,B 

HY)f(HO nonb30BaTbCll COOTHOWeHHeM 161, Y'IBTblBaiOIUHM H3MeHe· 

HHe KBHeTH'fecxoii 3HeprBB npu JJ.BIDKeHBH. CooTBeTCTBYIQIUall pac· 
g-2 -

tfeTHall !llopMyna npHHHMaeT BH)l. (-- 2-- ~ 1,16 · 10 3 ) 

-K 0THOCHTenbHble noTe pH 3HeprBB Ha 1 CM nyTB COCTaBnliiOT 

1 dy 2 e 4 
2 - 20 2 

-- - - - = - -- --- - - - E y = - 6, 4 · 10 E y . 
Y dx 3 m3 c6 

8 

) 

0 (1' 2.z-1 &)e 0 1131 

r.11.e 

f/ c 
r & (t) dt - cpeJJ.Hee 3HatfeHHe 3HeprHH B T:JB. & 

c 

0 

a/ PacceRHue Ha :J/leKmpocmamu<~ecKoM /KylloHoacKoM/ 

nomeHIJUalle 

llpH KBa3HKnaCCH'feCKOM pacceliHHH 3apll)f(eHHOH tfaCTHUbl Ha 

yron e
0 

B CTaTH'feCKOM none CHCTeMbl 3apll)l.OB noBOpOT BeKTO

pa IIOnllpH3aUHH OIIHCbiBaeTCll !llopMynoif /6/. B 3TOM cnyqae 

HHTerpHpoBaHHe B 16/ IIpOBO)l.HTCll B)l.Onb He3aMKHYTOH TpaeKTOpHH, 

OJJ.H03Ha'IHO orrpeJJ.enlleMoii yrnoM H rrnocxocTbiO pacceliHHll. Ocb 

IIOBOpOTa BeKTOpa IIOnllpH3aUHH, O'feBH)l.HO, nepneH)l.HKynllpHa nnoc • 

xocTH pacceliHHll. Ecnu pe'lb HJJ.eT o pacceliHHH Ha Manble yrnbl, TO 

B o6naCTH JJ.BH)f(eHHll tfaCTHUbl noTeHUHanbHall 3HeprHll Mana no 

cpaBHeHHIO C KHHeTH'feCKOH, H B COOTBeTCTBHH C 3THM CBll3b Me)f()l.y 

yrnOM BpaiUeHHll CIIHHa H yrnOM pacCeliHHll 3a)l.aeTCll COOTHOWeHH

eM /71. 
)J;nll xynoHoscxoro pacceliHHll nocne)l.Hee YTBep)f(JJ.eHHe ocTaeTcll 

BepHbiM H llpH BblXO)l.e 3a paMKH 'IHCTO KnaCCH'feCKOrO OnHCaHHll 

)l.BH)f(eHHll tfaCTBUbl B 3neKTpH'IeCKOM none, KOTOpOe HCnOnb30Ba· 

nocb .11.0 CHX nop. B 3TOM cny'fae OCHOBHOH BKnaJJ. B aMnnBTYJI.Y 

pacCeliHHll Ha yrnbl e
0 

<< 1 BHOCHT o6naCTb 6onbWHX IIPBUenbHbiX 

napaMeTpos p » 11 / p , B xoTopoii noTeHuHanbHall 3HeprHll 'lac

THUbl ropa3)1.0 MeHbWe ee KBHeTB'feCKOH 3HeprBB. fl03TOMy npBMe • 

HHM 3HKOHanbHblH nO)l.XO)l., B aMnnBTy)l.a pacceliHBll Ha Manbie yrnbl 

MO)f(eT 6blTb npe)l.CTaBneHa B BH)l.e nl: 

(
ll ) ik ~ iSC) ' h 

a u o " - - ---- r Pdp I (e P , 
217 0 

217 -kll -1) r e -- ) UoP cos 1/J 

0 
dc/JI. 1141 

3JJ.eCb k = p/ii , S(p) ~ - vt r u (p, z) dz • pa3HOCTb 

KnaCCH'feCKHX BHTerpanOB )l.eHCTBBll )l.nll npliMOnHHeHHOH TpaeKTO· 

pHB C npuuenbHblM napaMeTpOM p npB HanB'IBB H OTCYTCTBB:ll: 

B3aHMO)l.eHCTBBll, 1/J • yron Me)KJJ.Y BeKTOpOM p, nepneH)l.BKynllpHblM 

BMnynbCY tfaCTBUbl, H nnOCKOCTbiO pacceJIHHll. cllopMyna 1141 

9 



COXpaH.IIeT CMbiCJI KaK npB HepeJI.IITBBHCTCKBX, TaK H npB peJI.IITH-

BHCTCKHX 3HeprHHX. ~T06hl y~eCTb npeuecCHID 

~eCKOM none, YMHO>KBM 4JyHKIIBID exp (iS(p)/ h) 

1141 Ha MaTpHUY noBopoTa 

CliHBa B 3JieKTpH

B 4JopMyne 

~ ...... 
~ ( ( )) . ... [k ' p] R 0 p = exp(- lS ---- --- O(p)), 

kp 
1151 

r.D.e O(p) • yroJI BpameHH.II cnHHa, COOTBeTCTBYIDliiHH .D.BH>KeHBID 

3ap.ll:lKeiiHOH ~aCTHIIbl no KJiaCCB~eCKOH I6JIH3KOH K~lip.IIMOJIHHeii: 

HOiil TpaeKTOpHH C npHIIeJibHbiM napaMeTpOM p , S-+ • onepaTop 

cnuua. BLiwe 6Lmo noxaJauo, ~To yron O(p) CBRJaH c yrnoM 

OTKJIOHeHH.II HMliYJibCa 0
0

(p) .li.Jl.ll TOH >Ke TpaeKTOpHH COOT· 

HOWeHHeM 171. C .li.PYrOH CTOpOHbl, yroJI 0 O (p) onpe.D.eJI.IIeTC.II 

~epe3 4JyHKIIHIO .D.eHCTBH.II: 

0 (p) '"' _L - _cl _ S(p). 1161 
0 11k dp 

TaKHM o6pa3oM, npu ycnoBHH ManocT n ynioB 0
0 

(p) H O(p) B ¢op -

Myny 1141 BMeCTO exp (iS (p) / 11) CJie.D.yeT nO.D.CTaBHTb 

exp(iS(p)/1\)·R(OCp)) "' 

exp(iSCp) / h) ll ·· ib ~~~e~ . _c_o_s_p_ ~ + ib_?~_(pl . _s~~ _ik __ ~ 1 
d p iik z d p ilk y , 

111/ 

r.D.e 

\) = ( f?_-:__g_ . _x_:_-:._!_ + _x_ _:..__ .!_ ) 1181 
2 y y 

lnpe.D.nonaraeTcJI, ~To och z uanpaJ,neHa rrapannenLHO nopMann 

K nJIOCKOCTH pacceJIHB.II , OCh X - B.li.OJlh Ha~aJibHOrO HMnyJibCa ~aC 

THIILII. Tiocne HHTerpupoBaHHJI no yrny cjJ <tlopMyna .D.JIJI aMnJIH.D.YThi 

paCCeJIHH.II npHHHMaeT BH.ll. 

10 

~ ~ oo d iS(p)/ ti 
A(O) = a(O) + bs {fJ(kOp)[---- (e )]pdp! , 

0 0 z 0 1 0 dp 

a (O 
0
) - ik I J

0
(k8

0 
p)[e i s(p)/ '1\ ·- l]pdp. 

0 

1191 

11cnOJib3YJI B3BeCTHLie COOTHOWeHHJI .D.JIJI 4JyHKIIHH JiecceJI.II 

d 00 28(8 g) 
---(pJ (kO p)) ~ kO pJ (kO p), [ J (k8 p)pdp = - --- ----- , 
dp 1 0 0 0 0 0 0 0 k 2 

nony~aeM C TO~HOCTbiD .D.O ~JieHOB - (} 2 
0 

A(0
0

) = a(0
0 
)(1- is z b0

0 
) . 1201 

TaKHM 06pa30M, yroJI nOBOpOTa CnHHa BOKpyr OCH Z paBeH 

b 00 • Mo>KHO YTBep>K.D.aTb, ~To 3TOT peJyJILTaT B o6nacTH yrnoB 

00 <..< 1, , 0 = b8
0 

<-< 1 He CBJI3aH C KaKBMB-JIH60 .D.OliOJIHH

T enbHbiMH ycnoBH.IIMH . B KBaJuxnaccn~ecxoM npe.D.ene Tpe6oBaHue 

.MaJIOCTH HaKJia.D.LIBaeTC.II TOJibKO Ha yron pacCeJIHHJI 0
0 

, a yroJI 

BpameHH.II CUHHa npH YJibTpapeJil!THBHCTCKHX 3HeprH.IIX MO>KeT npH· 

llHMaTb JIID6Lie 3Ha~eHHJI. 

llO.D.~epKHeM, ~TO Harne paCCMOTpeHHe He CBJI3aHO C HCliOJib30· 

DaHHeM peJIJITHBBCTCKHX ypaBHeHHB H IIpBMeHHMO K 'l:aCTHIIaM 

C npOH3BOJihHLlM: CliHHOM B npOH3BOJihHLlM rBpOMarHHTHLlM OTHOWe • 

HHeM. B cny~ae pacceJJ:HH.II 3JieKTPOHOB He cnuwxo·M 6onbWBX 
3 

3Hepruii: I y 10 I B xynoHOBCKOM none g,npa c 3apJI,noM Z e 

M Ll MO>KeM npeue6pe'l:b aHOMaJibHLIM MarHHTHLIM MOMeHTOM 3JieKT • 

poua, H TOr.D.a, cornacuo 1191 H 1201'*, 

'* B ¢opMyne I 181 cne.D.yeT nono>KHTh 

. 2i Ze 2 
exp (lS(p)/tl) "' exp (- - - ------ ln kp) 

1lv 

IMLJ. onycxaeM MHO>K&TeJIL, npHBO.li.JiliiHH x norapu¢Ma~ecxoMy 
HCJ<a>KeHBID I!Ja3LI c4Jepu~eCKOH BOJIHLll H 3aTeM BOCfiOJib30BaTbCJI 

paBeHCTBOM 18/ 

I X 1- 2iy 

0 

rct-iy) 1 u 
J (xu)dx= 2iy ------- · -exp(2iy ln--). 
o rc 1 + iy) u 2 2 
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A ( e o) = _g_~~~ . _L _ 
pv e 2 

0 

r<1 - i -~e2) h;-

r(l 
. Ze2 

+ 1 ---- ) 
hv 

X 

Ze 2 eo ~ y - 1 2 
x exp(2i.,--- ln ---H1 - ia ------ (} f 0((} )) , 

nv 2 z 2Y o o 

r)le a z - MaTpe:u;a llayne. llpe 3TOM yron apameHHll crreHa 

o = .x.=_!. e 
y 0 

1211 

1221 

CooTHoweHHll 1211 H 1221 MoryT 6b1Tb rronyqeHbl HeJaBHCHMO Ha 

OCHOBe peWeHHll ypaBHeHHll )J;epaKa B rrpe)lene (J 0 « l Ia 
qacTHOCTH, OHH cne.IO'IOT HJ flJopMyn eTa TbH 19 I -K I. llpe 

1 v 2 
HepenliTHBHCTCKHX 3HeprHliX (J - - - ·· · ·-- (J , a IIpH ynbTpapenll-

2 c2 o 

THBHCTCKHX 3HeprHliX 0 ~ (} 0 , 'iTO COOTBeTCTByeT COXpaHeHHIO 

CIIHpanbHOCTH. 

B JaKniO'ieHHe OTMeTHM O)lHO Heo:>KH)laHHOe cne)lCTBHe COOTHO

weHHll 141: ecnH rHpOMarHHTHOe OTHOWeHHe Y.llOBneTBOplleT ycno

BBIO 

+1 < g < +2, 

TO llpH 3HeprHH 

-K 
B 6opHOBCKOM rrpH6nH)I(eHHH rrpH rrpoHJBOnbHbiX yrnax 

~ 0 1 ~ 
A((J ) = (Ze 2/ ~v sin 2 •. .Q. ) · --·- ly + 1 + (y- 1) cos(} - ia (y-1)sin0. ). 

0 2 2y 0 z 0 

3TO Bblpa)l(eHHe B o6naCTH (J <.· . 1 cornacyeTcll c flJopMynoA 

1211, BJITOH IIPB JHa'ieHHIX 

12 

02 

-~!':- « 1. 
"fiv 

!!; 2 
----·- Ill c 
2 - g 

f.o 123/ 

3neKTpB'ieCKOe IJone B006we He BnHlleT Ha CIIBH 'iaCTHI.{bl lyrnoBall 

CKOpOCTb IIpel.{eCCBB o6pawaeTCll B Hynb, XOTJI MarHHTHbiH MOMeHT 

HMeeT HeHyneBOe JHa'iCHHel . 3TO - 'iBCTO penliTBBBCTCKBH J414JeKT, 

o6ycnoaneHHbiH BJaHMHOH KOMIICHCai.{Beii: ".llHHaMB'iCCKOii:" B TOMa

COBCKOH rrpel.{eCCHH. llpH fi, ·. fi, O CIIBH IIOBOpa'iBBaeTCll B TY )I(C 

CTOpOHY, 'iTO H HMIIynbC, II pH fi, > {f, O - B IIpOTHBOIIOnO)I(HyiO. 

YcnoBHIO 1 g ~ 2 Y.llOBneTBOplleT, rrpe)l()le acero )leii:Tpou, 

y KOTOporo g = 1, 72, a TaK)I(C HCKOTOpble ll)lpa luarrpBMep 
6 Li, 

y KoToporo g =1 ,64/*. )J;nll .neii:Tpoua fi, 0 =11,5 F:JB. AHanorH'iHOe 

liBneHHe BOJHHKaeT H B IIOIIepe'iHOM MarHHTHOM IIOne IIpH ycnOBHH 

0 g . 2 3HeprHll, IIpH KOTOpoii: BCKTOp IIOn.llpHJai.{HB COXpaHll-

eT HeHJMeHHoe HarrpaaneHue a JTOM cnyqae pasHa & ~ . _g··- -- mc2 
'" ' 0 2 - g 

/.llnll .neii:TpoHa 00 =13,4 F:JBI. 

ABTOP Bbipa)l(aeT rny6oKyiO 6naro)lapHOCTb B. r .liapbiWCBCKOMY' 

CTaTbll KOTOporo CTBMynHpOBana IIOJIBneHHe HaCTOJill.ICH pa60Tbl, 

Ja ueHHoe o6cy)I(JlCHBe. ABTop rrpBJHaTeneu li .H.Banyeay, A.Jl.JII0-

6uMoBy, M.H.llo)lropeuKoMy, H.B.llony6apuHoBy, JI.A.CMopOJlHH

cKoMy, M.H.lUHpOKOBY H 3 .H.QbiraHOBY Ja HHTepec K pa6oTe 

H rroneJHble JaMe'iaHHll. 
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2 p. 40 K • 

3 p. sox . 
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3 p. 50 K • 
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