
3-366' . . 
OS'bEJ].HHEHHbl~ 

HHCTHTYT 
SIJlEPHbiX 

. HCCnEJJ.OBAHHA 

Jly.tSsa .. 

··,~r;1t-1j 

~ • -•• • ·:C s = :r s .... ... 
Do • ... ... 
= "' ! 
2 • lA 

~ 

P2.- 6474 

JI.r.3aCTaB8HKO 

HEOrPAHHqEHHOCTb CHH3Y rAMHJibTOHHAHA 

B CKAJIHPHO~ 3JIEKTPO,ZJ.l1~KE 

1972 



ll,z:tepHbiX HCCJie,z:tOB8HHit . . 

rn:TyTa SI.OepHbiX nccne.aosa
UHSIMH. 0HH li3.08IOTCSI B CO

ll,HTOB OT C006W9Hiil! 3aKniD-. . ... l socnpoH3Be.aea B 

q.p • HKe. 

JI.r. 
EIOCTb 

,;_. • UHH OlHUf HM910T 
IOIUYID nocne.aane 

e.acTaBneH B 3 sa-

M Sl3biKax. 

I. 
tO B CTpaHbi-y'laCT-

pe.aemreT TeMaTH'Ie-
"'"v v'"'""""'_ .......... A 

l 

r 

I 
i 

I 
I 

P2 - 6474 

n.r.3aCTaBeHKO 

HEOrPAHHqEHHOCTb CHH3Y rAMHnhTOHHAHA 

B CKAnHPHOH 3nEKTPO~HAMHKE 

HanpaBJJeHo B TMcP 



1 

1. YcnoBIIe KoaeqaocTII MaTpiiUhi pacceSIHIISI ( ycnoBII~ a)) II ycnoBIIe 

orpaHII'l{9HHOCTII CHII3y raMIInhTOHIIaHa (ycnOBIIe 6)) IIrpaiOT ~yHaaMeHTanb

HyiD ponb B KBaHTOBOH TeOpiiii nonSI. HapyrneHIIe ycnOBIISI 6), B qacTHOCTII 1 

03HaqaeT OTCyTCTBIIe B COOTBeTCTByromeM BapiiaHTe KBaHTOBOfi TeOpiiii no

ng OCHOBHOro COCTOSIHIISio TaKaS! CIITyaUIISI IIMeeT MeCTO B MOaenii CKa

nSipHoro aetiTpanbHoro nonSI c caMoaeficTBIIeM I 1,2/ 

H , = g J cp3 d3 X • 

B aacToSimefi pa6oTe paccMaTpiiBaeTcSI aecKonhKO 6onee cno>KHhiti 

cnyqafi, Koraa aapyrneaiie ycnoBIISI 6) B03HIIKaeT npii nonbiTKe o6ecneqiiTb 

BbinOnHeHIIe ycnOBIISI a) • 

2, PacCMOTpHM CIICTeMy B3aiiMOaeHCTBYIDlliiiX aneKTpOMarHIITHOrO II 

cKanSipHoro aapSI>KeHaoro noneil:,HcKnroqeuiie npoaonbHofi II CKanSipHoil: coc-

TaBnSIIDlliiiX aneKTpOMarHIITHOrO nong npiiBOaiiT1 B aTOM cnyqae, raMIInb

TOHIIaH K BIIay 131 

(1) 
H 
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-rAe 

3Aecb 

H0 =fd3x [rr*rf +V¢*v ¢. +.m ¢*¢] 

. 1 ~ 2 
+2 >=2,3 (PitA PkA + k qit>.. qkA ) ' 

litl <f 

"H'=H' H' "H., 
-1 + 2 + 3 

"Hf = ·iefd3x [¢*r;;;¢ -V¢*¢] AT 

H2' = e2 f d3x ¢*.¢ (A T)2 

1 ~f n; = '2 4rr 
p(x) p(y)_d 3 x d3 y • 
...... 1 lx- y 

p(x) = i (rr*¢.*-¢rr (x)) 

rr(x) = -i 8/8¢ (x) 

f -napaMeTp o6peaaanst, 

¢ (x) = ~ 
1 

lk'l <f vv 
q ... e lk ... x ... 

k 

T . 
A -nonepetJHast cocTaBnstJOmast sneKTpoMaranTaoro nonH 

4 

(2) 

(3) 

(4) 

(5) 

( 6) 

(7) 

(8) 

1 
I 

j 
11. 

I 
I 

·r 
'I 

AT(x). ~ 
A=2,3 

Ill < e 

1 

Vv 

i! ...... 
k-}. q ... e I k x· 

kA 

e k-,. t A = 2,3 - AB8 eAHIIH'JliblX BeKTopa, opToroaanblibl 

H opToroHanbHhiX K BeKTopy k 

P = -·i a 1 a q. 
kA liA • 

l.faTerpHpOB8Hlie B ( 2) -( 6) BeAeTCH no o6'beMy V , CYMMll 

It B (8), (9) - no yanaM 'IacTn I kl < f Ky6nqecKoA 1 

poM 2 rr / v1 13 • Bbtpa>KeHHH (A T) 2, ¢ * ¢ MO>KHO npeAc 

¢ *¢ = : ¢ * ¢ ·: + K ( m, f ) 

(AT)2=:(AT)2: +2K(O,f)' 

rAe HOpManblibte npOli3BeAeliHH 6epyTCH no OTHO!IIeliHJO K CB 

MlinbTOHli8Hy ( 2) 1 

K (s,f) I 
1 

I kl < f 2 V y k2 + 8 2 

COOTBeTCTBeHHO, H 
2
' npHHHMaeT BHA 

Hi =e2 f d 3 x ':(AT) 2 ·: : ¢*¢: +e2Jd3x :(AT)2•: 

+2e2 K (O,f) f d3x ·: ¢*¢ +2e 2K(m,f) K(O,f). 



(2) 

j 

l 
(S) 

(4) 

(5) 

( 6) 

or 

(7) 
·\ 

.I 
I 

(8) 

THoro nonSI 

AT(x) I ( 9) 
A=2,3 

111 < e 
i! k1_ 1 ,\ = 2,3 - JlB8 9JlHHli'IHblX B9KTOpa 1 OpToroHanbHbiX Jlpyr Jlpyry 

H OpToroHanbHbiX K B9KTOpy k 

P kA = -·i a 1 a q ii>.. ·• 

J1HTerpRpoBaHH9 B ( 2) -( 6) B9Jl9TCSI no 06'beMy V 1 CyMMHpOB8HH9 no 

It B ( 8). ( 9) - no yanaM tJaCTH I k I < e Ky6nqecKoft peweTKH c pe6-

poM · 2TT / v1 13 • Bbipa)KeHRSI (A T) 2, ¢ * ¢ MO)KHO npeJlcTaBHTb B BHJle 

: ¢ * ¢ ·: + K ( m, e ) 

rile HOpManbHbie npOH3Be}:leHHSI 6epyTCSI no OTHOllleHHIO K CB060J:IHOMY ra

MHnbTOHRaHy (2) 1 

K (s, e) ( 10) 

H 
, 

COOTBeTCTBeHH01 2 
npRHHMaeT BHJl 

(it) 

+2e 2K(m,f) K(O,f). 



2.1. Oneparop H' {3), oqeBIIJlHo, ~e aaeT co6craennoii: ::mepriiii 

«Porona nepao~o nop.IIJlKa no e • IToac'iiiTaeM co6craennyro anepriiro «Poro-

na z2 eo BTopoM nop.IIJlKe no e • Cornacno {4), (5), {3), .00, Z
2 

cocTOIIT na qacTII 1 niiHeii:noii: no 'Hi Z 22 I II 'iSCTII, KB8Jlp8TII'IHOii: DO 

n; , z 21· 

z2 = z22 + z21 • 

11a { 11) cneayer 

Z22 =2e2 K(m,e}-1 -. 
2k 

Benii'iiiHa .Z 21 Mo>KeT 6biTh naii:aena no «jlopMrne 

z21 I. 
r 

H/(O,r) Hi (r,O) 

Eo- Er 

neKoBapiianrnoii: Teopiiii aoaMymenllil:; pacqer aaer: 

e2 z 21 = - - f d 3 d3 ... ... ... 
2k (2rr )3 ~ P2 8 (p1 + P2 - k ) 

e(pl:....p2) ~(p ... rp;) 2 [w(p1) +CLJ (p2) ] 

]
2 2 2 (L) ( p 1 ) 2 (L) ( p2 ) [ [ (L) ( p 1) + (L) ( p 2) - k ] 

( 12) 

{13) 

{14) 

3aech e... -non.llpiiaauiiH «jlorona; o6nacTh IIHTerpiipoaannH onpeaeneHa 

ycnoBH.IIMII I P11 < e ' I p2 I < e • 'iTO, KSK II B { 8). { 9). COOTBeTCTByeT 

o6peaaHIIIO IIMnynhCOB, 6onhUIIIX 'ieM e : (L) ( p) 0 = v p 2+ m 2 • BbiJlengg KBall-

paTH'iHO paCXOJlHliiiieCH npH f. ... oo 'i8CTH Z 21H Z 22 1 HBXOJliiM
0 

cornac-

HO ( 10) -(14) o 

6 

,~· 1' 
; 

I 

• ! 

z2 

B 

B 
k (2rr)3 

e2 

2 
fA[ 1-

p 

...... 2 
~] 

? 
p 

~ e2f.2 • 
6 

TaKHM o6paaoM, MaTpii'iHbiii: aneMeHT co6cTaennoii: aneprnF 

onepaTopoM H , ~ CTpeMIITC.II K + 00 npn e ... 00 • l.JT 

C06CTBeHHyiO 9HepriiiO KOHe'iHOii: npn f. 

MIInhTOHII8}1 {1) Ha 

H = 'Ho + H ' + 'H " 

rae 

'H" -B f (AT) 2 d 3x • 

... 00 , neo6xOJlii.M 

2.2. Ho Toraa raMnnhTOHIIan 'H OKaabiBaeTcg neorpl 

ay. l.JTo6bi Jl0K838Tb 9TOJ pacCMOTpiiM raMHnhTOHII8}1 ( 17) 

cp(x) = cp*(x) = 0 • 11MeeM: 

'H !. frr*rr(x)d3x +t I. pkA PkA' 
2 lkl<f. 

A=2,3 

+ I. q lkl <f. kA q-kA (k
2

- B) • 

A. =2,3 

CornacHo ( 16), anH qacTII ana'ieHIIii: k BbmonnHeTcH nepa 

k 2 --B <0. 

0Tcroaa II cnenyeT neorpaHII'ieHHOCTh CHIIay raMIInhTOHIIaHa 
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uaeT·co6cTBeaaoa aaeprnn 

C06CTB9HHYID aaeprHID ~OT0-

!10 ( 4) 1 ( 5). ( 3), ( 11) 1 z 2 

ri9 

teT: 

.... 
:- k ) 

I ] 

-k2] 

( 12) 

(13) 

. ' ( 14) 

•pnpoBaHHH onpeaeneaa 

I B .. (8~ COOTBeTCTByeT 

1)·= yp2+m 2• BbiJlenHH KBaJl- · 

H Z 22 1 H8XOJlHM1 cornac-

·~ i ~ 

I .· 

• 

B 

k (217 ~ 3 ( 15) 

B 
2 3 ........ 2 

. e f .LE_ [ 1 - ( e p)- ] 
2 p p2 ( 16) 

TaKHM o6paaoM1 MaTpH'IHbiti aneMeaT co6cTBeaaoa aaeprnn
1 

onpeaenHeMbiii 

onepaTopo.M H , ~ CTpeMHTCH K + 00 npn e .... .00 • t{~o6bi CJlenaTb 

C06CTB9HHyiD aHeprHID KOHe'IHOJi npn e 
MHnbTOHHaH (1) Ha 

.... 00 1 aeo6xoanMo aaMeHHTb 'ra-

H = H 0 + H ' + H " ( 17) 

rae 

H" 
{ 18) 

2.2. Ho Toraa raMnnbTOHnaa H oKa3biBaeTcH aeorpaauqeHHbiM can-

ay. 1JTo6bi Jl0K838Tb 9!01 paCCMOTpHM raMHnbTOHHaH ( 17) Ha noBepxHOCTH 

ifj(x) = ¢*(x) = 0 • 11MeeM: 

H " (x) d3x + .L I pkA P kA I 2 IICI<e 
A=2,3 

+ I qk>.. q-i<>.. (k2 - B ) • 
1 kl <e 
>.. = 2,3 

Cornacao ( 16) 1 JlnH qacTn aaaqeanii k BbmonHHeTcH aepaBeHCTBo 

k 2 -B <0. 
0TCIDJla H cneayeT HeorpaHH'IeHHOCTb CHHay raMHnbTOHHaHa (17), 
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2.3. CneJlyeT oroaopHTbCSI, 'ITO nonpaBKa/ ( 18) K raMHnbTOHHaHy 

o6ecneqHBaeT KOHe'IHOCTb C06CTBeHHOH 9HeprHH nHllib ao· BTOpOM nopSIJlKe 

no e i Tpe6oB'aHne KOHe'IHOCTH C06CTBeHHOH 9HeprHH B 6onee BblCOKHX no-

pSIJlKax no e npHBOJlHT K SaMeHe H " ( 18) Ha 6onee cno)!<HOe BbipaJKe-

HHe 

H" =-(B +a
4

e 4 + ••• )f(AT) 2 dx 

C (e) f (AT) 2 dx • ( 18 ') 

3)leCb KOHCTaHTbl a i He SIBnSIIOTCSI 06SiaaTenbHO nonOJKIITenbHbiMHj HO 

BBHJlY nonOJKHTenbHOCTH -8 eCTb 'IHCnO e~ TaKoe, 'ITO npH 0 < e 2 < e~ 

Bhl~OnHeHO HepaBeHCTBO 

-C(e) <0. ( 19) 

OrcroJla cneJlyeT HeorpaHH'IeHHOCTb CHHay onepaTopa aHeprHH npn e2 < e~ • 

ITony'IeHHbiH peaynbTaT oaHa'IaeT npoTHBope'IHe, H6o npu nocTpoeHHH TeopHH 

B03MyllleHHH1 JlaiOlllefi BbipaJKeHHe C ( e ) 1 npe)lnonaraeTCSI orpaHII'IeHHOCTb 

CHHSY onepaTopa 9HeprH.H ( HHa'Ie c.o6cTBeHHbie <jlyHKUHH onepaTopa H 

KOTOpble onpe)lenSieT TeopHSI BOSMy UieHHH1 He cyUieCTByiOT) • 

2.4. J1TaK 1 pSIJlbl TeOpHH BOSMyUieHHH npn e 2 < e ~ He MOI'YT 6biTb 

CXOJlSilllHMHCSI HnH CyMMHpyeMblMH 1 ~60 CyMMa HX )laeT C06CTBellllbie <jlyliK-

UHH onepaTopa H 1 KOTOpbie He cymecTByiOTo 

2.5. ITycTb Tenepb B o6nacTH 

e2 < e 2 < e2 
1 2 (20) 

llepaBeliCTBO ( 18) HMeeT o6paTHblH SHaKo BoaliHKaeT HCKyllieHHe yTBepJK

JlaTb, 'ITO B o6naCTH ( 20) ra:--mnbTOHHall orpaHH'Iell CHHSy, OCHOBHOe COCTOSI

HH9 cyUieCTByeT H MOJKeT 6biTb nony'IeHO cyMMHpOBaliHeM pSIJla TeopHH 

BOSMyUieliHH no CTeneHSIM e B Jlefi~TBHTenbHOCTH 

TaKoe yTBepJKJleliHe SIBnSieTcSI, aepoSITHo, lleBepllbiM. Ha cyMMl 

pSIJla ( 18 ) npH HeKOTOpOM SHa'JeliHH e = eo cne)lyeT cy1 

9TOI'O pSIJla JlnSI BCex e lla nyqe 0 < e 2 < e ~ H 1 B 'JaCTHOC 

0 < e 
2 < e 1 1 'I~O npOTHBope'IHT !f• 24. 

2.6. ITony'IeHlloe npoTRBopetJHe noKaSbiBaeT, 'ITO JlaJKe ec 

MoJKeT, onepaTop , H = H 0 + H ' + H " JlnSI HeKoTopbiX aHa'IeJ 

npHBOJlHT K KOlle'IHOfi MaTpHue paCCeSIHHSI H SIBnSieTCSI orpaHH'I 

TO BCe paBHO C06CTBeHHhle <jlyliKUHH ypaBHeHHSI llJpeJlHHI'epa H 

CeSIHIISI He MOI'yT 6biTb npeJlCTaBneHbl pSIJlaMH TeOpHH BOSMYlll€ 

HSIM e 

2~7· nnSI cnHHOpllofi aneKTpOJlHHaMHKH K09<l><!>HuHeliT B 

pHuaTenell H no a6coniOTHofi BenH'IHlle BJlB~ 6onhme, 'IeM (: 

B CHCTeMe1 COCTOSIUiefi HS n 1 CKanSipHblX aapSIJKeHHblX noneA 

, ·HOpllblX nonefi, BSaHMO)lefiCTBYIOUIHX C aneKTpoMai'HHTHbiM non' 

HHe COBMeCTHMOCTH ycnoBHfi a) H 6) 1 yKaaaHHblX B allliOTaU:Hl 

K llepaBeHCTBy 

2n 2 > n1 • 

B JleficTBHTenbHOCTH HanR'IHe cRnbHbiX aaaRMOJleficTBHfi .MoJKe~ 

K H8pymeHHIO HepaBeHCTBa (21). 

x/ TaKaSI TeopeM·a JlOKaaaHa ( 141, TeopeMa 132) nHm~ Jl, 

HOBHJlHOCTH MeTana EopenSI. 
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18) K raMHnbTOHHBHy 

Hllib ao· BTopoM nopanKe 

lrHH B 6onee Bb!COKHX no-

1 6onee cno}I{Hoe Bb!pa}Ke-

( 18 1 

nonO}KHTenbHb!MH; HO 

:oe, 'ITO npH 0 < e_2 < e~ 

( 19) 

pa sneprHH npH e2 < e~ , 

6o npu nocTpoeHHH TeopHH 

onaraeTca orpaHH'!eHHOCTb 

'HKUHH onepaTopa H 

ecTByroT), 

2 < e ~ ne MoryT 6b!Tb 

naeT co6cTaenHbie !flynK-

(20) 

1eT HcKyrnenue yTaep}K-

311 CHH3Y1 OCHOBHOe COCTOa-

JB8HHeM pana TeOpHH 

enbHOCTH 

I 
. I 

'r 

TaKoe yTaep~enue aanaeTca, aepoaTno, neaepnhiM, Ha cyMMHpyeMoCTH 

pana ( 18 ) npu neKoTopoM anaqenuu e xl 
cnenyeT CYMMHpyeMOCTb 

sTore pana ana acex e na nyqe 0 < e 2 < e ~ u, a qacTHOCTH, npu 

0 < e 2 < e f 'ITO llpOTHBOpe'IHT n, 24, 

2,6, nonyqennoe npoTHBopeque noKa3biBaeT, 'ITO na}Ke ecnu, 6b!Tb 

MO}KeT, onepaTop . H = H 0 + H ' + H " ana neKoTopb!X ana"'eHHfi e 2 H 

npHBOaHT K KOH9"'HOfi MaTpHue pacceaUHa H aBnaeTca orpaHH"'9HHb!M CHH3y, 

TO BCe paBHO C06CTB9HHhle iflYHKUHH ypaBHeHHa lllpeaHHrepa H M8TpHU8 pac

ceaUHa ne MoryT 6b!Tb npencTaBneHhi panaMH TeopHH aoaMyrnenufi no cTene-

HaM e 

2~7. Jlna CnHHOpHOfi sneKTpoaHHBMHKH KosiflifJHUH9HT B B ( 15) OT-

pHUBTeneH H no a6conroTnofi · aenH"'HHe ana~ 6onbrne, "'eM (·16). nosToMy 

B CHCTeMe, COCTOall!efi H3 n l CKanapHbiX aapa}KeHHh!X noneA H n 2 CllH

, ·HOpHb!X nonefi, B38HMOaefiCTBYIOII!HX C sneKTpOMarHHTHh!M noneM1 Tpe6oBa

HHe COBMeCTHMOCTH ycnoBHfi a) H 6) 1 YK838Hllh!X B 8HHOTBU:IIH1 llpHBOaHT 

K HepaBeHCTBy 

2n 2 > n 1 • ( 21) 

B neficTBHTenbHOCTH nanH"'He cHnbHhiX aaanMoneficTBHfi .Mo}KeT npRaecTH 

K napyrneHHIO nepaBeHCTBa (21). 

I . 
x TaKaa TeopeMa noKaaana (141 , TeopeMa 132) nHrnb ana onnofi paa-

HOBHnnocTH MeTona Eopena. 

9 

i 
.I 



2,8. 0CHOBHOH peaynbTaT HaCTORlliefi pa6oTbl - HeorpaHH'!eHHOCTb 

CHH3Y raMHnhTOHHaHa IIpH ManbiX 3Ha'!eHHRX/ KOHCTaHTbl CBR3H - OIIp~Jle

nReTcg ncrronbaoBaHHbiM HaMn crroco6oM peryngpnaaunn Bbipa)KeHnfi ( 9}, 

(10}, (14}; rrpn JlpyroM crroco6e perynRpnaaunn naw peaynbTaT MO)KeT 

H He HMeTb MeCTaj TaK 1 B '!aCTHOCTH1 ecnn BOCIIOnb30BaTbCR Kann6po

BO'IHO-HHBapHaHTHbiM MeTOJlOM perynRpH3aUHH IIO flaynn-Bnrrpacy, KOHTp-
. /~ 

'!neH BHJla ( 18} Boo6me He IIORBHTCSI ( 1 ll 30,/} • J1a6paHHbiH H8MH CIIO-

co6 peryngpnaaunn orrpeJlenSieTcR uenbiO, xoTopyro Mbi npecneJlyeM: Mbi 

XOTHM rrony'IHTb IIOIIpaBKy K raMHnbTOHHaHy (1},onpeJleneHHOMY C IIOMOllibiO 

HeKoBapnaHTHoro o6peaaHHSI I 1 I < f • 0THocnTenbHO ncnonhaoBaHHR He 

nopeHu-nHaapnaHTHofi rrpeJlBapnTenbHOfi peryngpnaaunn rrpn nocTpoeHnn 

MaTpHUbl paCCeRHHSI CM, /7,8/ • 
T 

2.9. ITocxonbKY aenn'IHHa A ( x) SIBnSieTCR rpaJlHeHTHO HHBapHaHT-

Hofi, Halli CIIOC06 paCCMOTpeHHSI He IlpOTHBOpe'!HT rpaJlHeHTHOH HHBapHaHT-

HOCTH. 

2.10. OTMeTnM, 'ITO Jl06aaneHne K raMHnbTOHHaHy qneHa 

H'" 
3 

A J.d3x [2 
a=l 

(AT)2]2 
a 

(22} 

c A > 0 JlenaeT raMHnbTOHHaH orpaHH'!eHHbiM CHnay n o6ecrreqnaaeT cy

mecTBOBaHne OCHOBHOI'O COCTORHHR, 0JlHaKO BBHJly OTCyTCTBHSI paCXOJlH

MOCTH B JlHarpaMMe pacceSIHHSI CBeTa Ha CBeTe /5/ He06XOJlHMOCTH BO 

BKniO'!eHHH B H '!nella ( 22} He B03HHKaeT, 

ABTop 6naroJlapeH axaJleMHKY M.A. Mapxoay H M.l1. lllnpoxoay aa 

HHTepec K pa6oTe, a TaK)Ke r.B. E~HMOBy n P.H. ¢aycToBy aa o6cy)KJleHne. 
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>Tbl - HeorpaHH'ieHHOCTb 

>HCTaliTbl CBSI311 ..;. onpeAe

RpH38UHII Bbipa>KeHHtl: ( 9) 1 

IH aaril pesynbTaT MO>KeT 

BocnonbsoBaTbCSI KanH6po

no OaynH-BHnpacy, KOliTp-

30,/). Hs6paHHhitl: HaMH cno

~YIO Mbi npecneAyeM: Mhi 

I) , onpeAeneHHDMY c noMDIIIb!O 

)CHTenbliO HCnOnb30B8HIISI He 

~H38UHH npH noCTpoeliHH 

~CSI rpaAHeliTHO HHBapHaHT

HT rpaaHeHTliOtl: HliBapHaliT-

bTOHHaHy qneaa 

( 22) 

CHHsy H o6ecne'iHBaeT cy

'HAY OTCyTCTBHSI paCXOAII-

e f5/ Heo6XOAHMOCTH BO 

CO By n M .H. lllnpOKOBY 3~ 

l,H. <t>aycToBy sa o6cy>KAeHHe. 

JlHTepaTypa 

1. M.Fierz. Proc .of the Fifth Ann.Roch.Cp.nf. on High 
Energy.-Phys.Interscie Publishers. The New York 1955. 
G.Baym. Phys.Rev., 117, 886 (1960). 

2 ... D. I. Blokhintsev. Proc. of the lOth International Conf. 
1
: 

On High Energy Nuclear Phys., Rochester 1960, page 867. 

3. r. BeHTuenb. BBeAeHHe B KBaHTOBYIO TeopHIO BOnHOBbiX nonetl:. M., 
focTeXH3A8T 1 1947, 

4. r. XapAH. PacxoASIIIIHeCSI PRAhl, HHn, M OCKBa, 195L 

5. A.Rohrlich. Ph.Rev., 80, 666 (1950). 
6. H.H. Boron106os, .n.B. lliHpKoB. BBeae.liHe B TeopHIO KBaHTOBaHHhiX 

nonetl:. focyAapCTBeHHOe H3A8TenbCTBO TeXHHKO-TeopeTH'ieCKOtl: nHTepa

Typbi1 MocKBa, 1957. 

7. B.M. CTenaaoB • .UAH CCCP, 108, 1045 ( 1956), 

PyKonHCb nocTynHna B HSAaTenbCKHtl: oTaen 
23 MaR 1972 roAa, 

11 I 


