
051>EllHHEHHbU71 HHCTHTYT Sl.llEPHbiX HCc.nE.QOBAHHA 

nABOPATOPHH BbiCOKHX 3HEPrHVI 

c.s. PytiHR 

0 Bbll.fVJCnEH 1-11-1 CnEKTPA 3HEPrl-1VJ 
PEn.HTVJBVJCTCKO~ l.fACTVJUbl 

B MA rHVITHOM nOnE 
nVIHEHHOrO 3nEKTPOHHOrO nYl.fKA 

,UytiHa 1963 ro.a 
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c.s. Py6HH 

0 BbltfHCnEHHH CnEKTPA 3HEPrHH 
PEnHTHBHCTCKOfi tfACTHUbl 

B MArHHTHOM nonE 
nHHEYIHOro 3nEKTPOHHOrO nYYKA 

1240 



• 
BseaeHHe 

PaccMaTpHBaeTcH cTaUHOHapaaH aaaaqa o llBH)KeHHH penHTHBHcTcxoA 'laCTHUhl a none, 

XapaKTepHayeMOM B UOIIHpHhiX KOOpllHH8T8X r 0 z BeJtTOpHhiM UOTeHUH8110M 

A,.=Ao=O, A z= A(r) H CK811HpHhiM UOTeHUH8110M 

B T8KOM none COCTOSIHHe '18CTHUhl MO)KHO XapaJtTepH30B8Tb onpeaeneHHhiM 3H8'19HH9M 

SHeprHH • , UpOllOnbHhiM HMUYII&COM p Z H upoexuHel Ha OCb (Oz) 

JtOIIH'19CTBa llBH)K9HHSI iz 
IIOIIHOI'O MOMeHTa 

J.1CIIOIIb3yeTCSI ypaBH9..,HH9 .l]Hpaxa, 381IHC8HHOe C UOMOI.I.{biO llBYX CUHHOpHhiX lj:JyHJtUHA 

)( • nocne HCKIIIO'IeHHSI )( , lliiSI IIOIIH YK838HHOro BHll8 ypaBH9HHe LlHpaKa CBO-

llHTCSI K CHCTeMe I lliiS! SlleJtTpOHa/: 

/1 I 

,, 
rae ;, - BeKTOpH8SI M8TpHU8 naynH, P =-i h e =I e I . B aaHHOM cny'lae 

(a, rotA J=(o sinO-a cosO) dA , 
,. Y dr 12/ 

,, 
B COOTBeTCTBHH C TeM, 'ITO 1.· =-ih~ +fLo 

ao 2 • 
H p • JtOMMYTHpyiOT C raMHIIbTOHH8HOM, 

aepeMeHHhle 0 Z 0Tll911SIIOTCSI UOllCT8HOBKOA 

/3/ 

Co6cTBeH&hle aaa'leHHH iz llOII*Hhl 6h1Tb nonyuenbiMH H paBHhl: ~ = h ( s + Y.a) 

S ll011)KH0 UpHHHM8Tb 3H8'19HHSI 0 + 1, + 2 

0603H8'1HM 

1 2 24 e 22 Q (r) = - [ E - m c - [ p + - A (r) ] c ] 
c2 • c 141 

• 

H UOIIO)KHM B
1 

= 1 , Toraa lliiH paaHan&HhiX lj:JyaxuHA R1 , R2 nonyqaeTcs 

CHCTeMa IMO)KHO Bhl6paT& + 11: 

Rz =- l!:!L dA R2 
ch dr 

[ £+ _L _!}__- (s+1/ + Q(r) ]R =-~A Rz 
d r2 r dr r 2 h 2 2 ch dr 

3 

161 



Ecna c.n.enaTb ao.n.cTaBKY 

R 

TO /5/ npHBO.llSITCSI K BHllY 

..t/2 .. R. 
r 1 (i = 1,2) 1 

2 ~ 

[..4+<~-s~_l_+_QUL]~ =-~dAR 
dr r2 ---p- ch dr 2 

[ d~: + [~ -(s+ d1 fr+ ~J~)] R2 =-~: ~A .R1 • 

161 

x/ 

171 

... 
Baa.n.y cnolKROCTII cacTeMbl /5/ /ana /7 I I .n.a2Ke .n.nH apoCTblX KORKpeTHblX Bblpa2KeaaA .n.nH 

A (r) orpaHH'IHMCSI paccMOTpeaaeM peweaaAI coOTseTCTBYJOlllHX TOJibKO o6nacTH cneKTpa
1 

.n.nH ltOTopoA senH'IHRa ( E 2 -m 2 c" _ p 2 c 2 ) ~ .n.ocTaTO'IHO senHKa. llnH TaJtoA 
• n• c2 

o6nacTH 3a.ll8'1a yapOlll89TCSI, T .lt. M02KHO 6y .n.eT HCfi0Jlb30B8Tb caoco6 KB83HitJiaCCH'leCKOrO 

xx/ 
apH6JIH2K8RHSI 

1. Koax.peTB3Hpys ~yax.ua10 A (r) 1 HY2KRO oTMeTHTb1 'ITO .anSI aonH npHHHTOro aa-

.n.a 06bl'IRO A (0) = A' (0) = 0 1 T.e. apJ!: r-o 0, A(r) = Ao r a 1 r.n.e a> l 

apa r-+ oo, A (r) no M8RbWeA Mepe norapB~H'l8CKH CTpeMHTCSI It 6eCX.OHe'IHOCTH. 

nosToMy aMeeTcH o6nacTbl r.n.e none Mano H 'lacTuua 'cso6o.n.aa'1 c .n.pyroA cTopOHbl1 

HMeeTCSI o6JI8CTb1 r.n.e BeJIH'IHHa Q (t) CTaROBBTCSI < 0 I Tax. 'ITO B03M02KHbl 'To'l-

x.a aosopoTa ". B 6nB2KaAwel ox.pecTHOCTH TO'IX.B r = 0 rnasay10 ponb B /5/ BrpaiOT uea-s-,---

Tpo6e2Kable 'IJI8Hbl B Q(r)"' Q (0) • npa yBeJIB'leHHH r OCHOBHYIO pOnD HrpaeT 

'lnea ~ Q (r) • Ox.aablBaeTcH B03M02KRblM apoBasecTB cwBBaHBe pemeaBI B .n.syx sTBX 

o5naCTSIX. 

npBHBM8SI BO BHBMaHBe 1 'ITO A' (t) ~ 0 npB r~ 0 . , npeae6peraeM B /5/ npaBblMB 

'laCTSIMB, aony'la8M pewe&Be CHCT9Mbl B Oltp8CTHOCTH t = 0 B BB.D.e: 

'" R1 "'M
1

] • (r. Q(O) ) 
h 

/8/ 

'" Q (0) R=ll]+ (t.--r-- ), 
2 2 • 1 n 

r.n.e -nOCTOSIRRble /nerx.o nOK83aTb, 'ITO /8/ SIBJIR8TCR cynaepa03HUHel pewe-M , II 
1 2 

HKA .n.ns cso5o.n.aol 'laCTHUbl c oape.n.eneHHblM HMnynbCOM B apoeKuael cnBaa/. Tax. x.a:Jt •e-

JIH'IHHa ~ 2 Q (0) » l , TO .n.a2Ke .D.JlSI BeCbM8 M8JlblX 3Ha'l9HBA r B .ll.JlSI H9 CJlBWitOM 

50JibWBX B MO:lKHO BOCfi0Jlb30B8TbC51 8CBMfiTOTB'l8CitHMB 1\:>0pMynaMH. 

x/ A 
npa 38M9H8 p. =1 H8 IL =-1 H O.llHOBp9M9HHO 38MeHe p z , z aa - Pz -A 

I Z I 

/5/,/7 I ocTaJOTCSI seaaMeHHblMH. 

xx/ /1/ 
K B83BX.JiaccaqecK08 apa6na2KeHH9 K ypasHeHBIO llapaKa npBM9H51Jl naynH I KOTO-

pblA TaX.HM caoco6oM nox.aaanl Kalt npoacxo.n.aT npeaeJlbliblA nepexo.n. OT Mexa&HKH llapaKa 1t 

X.JlaCCH'l9CX.OA peJISITHBHCTCKOA MeXaHHKe 3&p!12K9HHOI 'laCTHUbl; CM, TaK:lKe/2/ 

4 
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' 

.... 

I 

"% Q ~ 
R •M.fl!!- Q(O) • cos [ r V(O)~ Y- -"- s- __!_] 

I 1 rrr ~ 2 4 

.... •% ~ , , ] R ,.II ..;~ Q(O) . cos [ r --
2 

( s + 1)- -
4 2 2 rrr 

LlnH IIpR6nR:lK8HHOI'O peweHRH 8 o6naCTR XOH8'1HhiX 3H8'1eHRil r 

nycT& 

191 
y .!l06Hhl ypaaHeHRH 17 I. 

1101 

r.!le v
1 

(r) , OIIpe.!lenHIOTCH IIO cpopMynaM . 

"z2 = Q (r) + -~ A' (r) IJ. , 
1111 

v' 
2 

= Q (r) -~ A' (r) IJ. 2 ~ , 

a w
1 

(r) -HOBble H8R3BeCTHble tPYHXllHR, llnH HRX IIOny'I810TCSI ypaBH8HRH 

J I 

i 
iv"w+2iv'w'=-bw"+hl-(~-s2JLw -£!!L~(w elr(vl-v2) -w) 1. 

1 2 2 2 2 r" 2 r2 I 2 

0603H8'1RM 

p =+JQ + JlLA', IL' 
I C 

P = + J Q - ..!!lL A' • p. 
2 c 

1121 

1131 

B o6nacTR, r.!le p
1 

, p 
2 

.!leilcTBRTen&Hhle, 
+.1.-rv -v J 

1 e-n 2 I 1=1 • TaxRM o6paaoM, 

1Ip8Bbl8 '18CTR 112 I. apoaopaROHan&Hble hI M8nbl. npeae6peraH RMR, JIOny'IRM peweHRH 

w =canst 1141 
2 Jp 

2 ... 
BoaepawaHc& K R1 

8 BR.!l8! 

R2 ~ MO:lKHO aaaRcaT& o6ruee peweHRe .!lna paccMaTpRBaeMoA o6nacTR 

i ( p dr - i (p dr 
Rl =L [ c en I + c en I 

Jp 1 2 

I 

r.!le c • c c c -aOCTOHHHhl8. 
t 2 3 4 .. 

i ( p dr 
]+_l_[c

1
e-n 2 

'f!p 2 

PaccMoTpRM, KSK CMh!XaeTcH &To peweaRe c nony'leHHhiM pasee .!lna o6nacTR 'Manb!X' 

r • B o6nacTR Manblx r 

p .. p = Q (0) * = p 0 • 
1 2 

n OSTOMY RMeeM: 

"' .i_ p r - .._Lp r 
R = r -~ R = _)_ [ ( c + c ) e h o + ( c

2
+ c.) e h o ] 

I I ...rPf I 3 • 

0 

-~ ... 
R 2 = r R.r = 1 [ ( c t 

Jp r 
0 

-c 
3 

-1,-P,r .ipr 
) e + ( c2 - c 4 ) e 11 o 

5 

1161 
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.. 
VIa Cp8BH9HHH C /9/ 0Dp8ll8111110TCSI DOCTOIIRBb18 c 

1 
, C

2 
, C

3 
C

4 
• nocne DOLICTSHOBKK 

C1 , c 2 , c
3 

, C 
4 

8 /16/, QOCII8llHR8 npHBO.llSITCSI K BH,lly: 

R -~Ji!+..M:ms(Lfp dr-ILs-IL-a)+ 2.JMl+M/ cos(..Lfpdr-..!!...s-!L+a), 
I VP h ' 2 4 VP h 2 2 4 

' 0 2 0 

/17/ 

Jl2 2 • !I; 2 t 

~ = 2-J ,+ Jl2 ooa( ~ f P. dr-....!L •--"--a>- 2.,j '!:/ M2 cos ( .J- f p dr-..!!.... ._ _!L_+ a), 
- 'P o t 2 4 p n 2 2 4 
v ' 0 2 0 

.... 
rlle tga= II 11.1 • 

2 ' 

/18/ 

CooTuoweaRst /17/ aeopRrOllRbl 8 oxpecTHOCTH TO'IeK r ='a , r = a , B KOTOpbiX o6-
' 2 

pawaiOTCH 8 Hyllb COOTB8TCTB8RRO p (r) 

' 
R p (r) , L!JIH paCCMOTpeHHSI 0Kp8CTHOCTR 9THX 

2 

TO'I8K HCD01lb3y8TCII CRCT8M8 /7/, 8 KOTOpOI 

U9HTpo6e>KHb19 'lll8Rbl. nollCT8BOBKOI 

OT6paCbiBS!OTCH M8Jlbl9 B 9TOA o6naCTR OC51l8CTH 

. .. 
R1 + R2 u, /19/ 

R1 -R 2 =u~ 

COOTB8TCTBY!OWH8 ypaBB8HBII p8CW8DilSIIOTCSI Ra llBS *aeaaBHCHMb!X* ypaBR9HHS1 BTOpOrO no-

p5I.llK8, K8>KJlOQ 83 KOTOpbiX RCCil8llY8TCH COOTB8TCTB9HHO OKOIIO TO'IeK r =a HliH r = a 
/8/ 1 2 

o6bl'IHbiM cnocot5oM, CM. , c y'leTOM Tpe6yeMoro aKcnoaeauuanbaoro aaTyxaHHR peweHHft 

-::~-:-: 

.R 
I ' 

npu r-+oo • B peayn&TaTe nocne aoaapaweaaH K npe>KHHM nepeMeHHbiM, nony'laeM i2 
B CT8Hll8pTH.OI 8CHMDTOTR'IQCKOI q,opMe: 

.I 

R = ..E!_ ooa( f f 
I VP • 

' 

D a 
p dr - ..!_) +--,-}-- cos ( +- r p dr - _.!!_ ) 

I 4 vP n 2 4 
2 t 

/20/ 

.. J • t , D2 
R = _EL ooa ( r P. dr - - > - ----:r-

2 VP n r I 4 V ~ 
I 

1 82 

cos(-h f p dr-..!L ). 
r 2 4 

VIa ycnoaxl aenpepb18BOCTR nepexolla /17/ B /20/ HMeeM: 
• 

J ., 
T r p dr - _!!.._ ( 8 + 1 ) + a+ nIT 

0 I 2 
/21/ 

• 1 2 , 
_.- ( p cJr = --( S + 1)- a+ nIT 
n o 2 2 

.. 
(-1). 2V 112 +112 , rlle n 

I 2 
D, D2 -uenoe; 

p .. + v ...L[ B2- a2c"- c2[ p + __4.. A (r) )2] + (lL A' (r) p. 
I d • C C 

/22/ 

J'- . 6 

v 

~-· 

,. 

! 

.... 

• 
• 

• 
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x/ 
/22/ 

TaltHM o6paaoM, Ha ypasaeaHA /21/ onpeaensriOTcsr aaat~eausr E H aeuasecTawA lP830BJ:.rl 

.yron a • l1 Cltn!Ot~asr a , nonyqaeM ypasaeaHe, onpeaensr10wee aaepreTHt~ecJtHA cneKTp 

B COOTB9TCTBHH C 38Ll8HH9M Ha6opa 'IHcen 

naeTCSI 38Ll8HH9M . iz 

n B , UpH"19M C8MO B onpeae-

a
1
(E) a

2
(E) 

( p (E,r)dr+ ( p (E,r)dr =JTh (2n+s+l). 
o I o 2 /23/ 

Talt 1ta1t A (r) 06&r"'HO srBnsreTCSI '19THOA lPYHJtnHeA r /ecnH npoaon>KHTb 3Ha'leHHsr r 

o6nacTb r < 0 I, TO y'IHTbiB&sr /22/, <PopMyny /23/ MO>KHO aanHc&Tb B 6onee xoMnaJtTHOM 

r
2 

(E) 

( p
1 

( r, E ) dr = " b ( 2n + s + 1 ) 
1 

/24/ 

r E 
1 

B 

rae r 1 r 2 - ltOpHH yp&BHeHHSI p1 ( r, E ) = 0 /25/' UpH'I&M H3 Xap&ltTepa lPYHltfiHH 

A (r) cneayeT, 'ITO r > 0 
2 • 

B 3&KniO'IeHHH aBTop nouaocHT rny6o1ty10 5naroaapaocTb B.l1. Be~tcnepy 38 nocTaaos

KY 38Ll&'IH • nocToaaaoe BHHM&HHe. AsTop 6naroaapeH T&Jt>Ke M.n. l1oBHOBH'IY 3a none3awe 

o5cy>KLl9HHSI. 

nuTepaTypa 
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2. K.Bechert, Helv. Phys. Acta, 6, 82 "(1933). 

s. n. naaaay H E. nu<Pw•n. KsaHTOBllSI M9X8HHK8. CTp. 190, Orl13. M-n. 1948. 

x/ npu 3&MeHe ,. = 1 a a ,. =- 1 P1 11 P 2 nepexoaHT apyr B apyra, a cneJtTp ae 

M eaaeTca. 


