
05bE1U1HEHHbll1 v1HCTJ.1TYT 51.UEPHblX J.1CC.nE1lOBAHv111 
nA60PATOPv!.H TEOPETW-IECKOH <t>vl3v!Kvl 

A. T. <PHnHnnoa 

I 
P-1493 

0 nOCTPOEH:VB1 
KBA311nOTEHUl1AnbHblX YPABHEHl1H 

B TEOPl111 nomI 

Dy6Ha 1964 

I 

... 



j 

A, T; <l>ununnoa-· 

\. 

·1 

P-1493 · 
/j/ 

0 nOCTPOEHHM 
)<BA3MnOTEHUMAnbHbl X YPABHEHH vi 

' B . TEOPHH non.fl·. . 

7 

I 

· Jly6aa 1964 ;-

., 



. ';,-. 

I. 

- . fl/ 
B npeiuu1ymell pao?Te ' OblJI ,aaH OO!lllll! p'euenT IIOCTpOeHlrn_- KB83HilOTeHUH8na H 

1 _ ' ' - - ·- - - : • - - -/2/ ' -
ycTpaHeHHll pacxomlMOCTel! ll3 Hero (cM. T8K)Ke ). 3,aecb • MhI paccMOTpHM Hll3lllHe 

- ' - . - 4 x)' 
npHon»)K-eHHll ·,anll k11aa11noTeHuuana a ·>. ¢ 

3
..: H · gcp_ · -TeopHllX -

• 3 ~ '~: ~+F,)•2; +,,.. ti,+ 

B ',\¢~ TeopHH J' =A' Va+,\ v4 + •• ;. a Vn.= o. -~eTpy,aHO HBl!TH, "ITO ,aHarpaM:-

MBM PHC •• la_ COOTBeTcTi:,yeT- noTeHUHa_n' 

.+ + 
V 

2 
=J T; ] = 

, .- -· -•. ma+(p-p')~ 
- a ,QHarpaMMBM pHC. 'o), 11), r) _; IlOTE!HUHSn 

-·. + 
v-

4 

-, 
+ + 

[ .T ] - (V- ?' 
, ··. , a 

dt'· .+- I f -
,,.a t'- t ,,.a 

'da' 

s' + t' - 4_m 
,_. , , 

------'----..,.._ P.<• '- t ,, 
+ s _, 

. _; 16 ,r,\ 
4 

0 [(s'•-,4~ 2 )(t'-_4m a) _-4 m 
4 

--:==================---- , -
v_s'-t' [(s':..,4m 2 J(t'-4m 2

) 4 m 4 J 

( 1) 

-+ -,:._· '\• v· 
,H Mb! onycTHIIH BKna,a B. ~4" ,a-H~r~aMM_ 4-_:~ _n_opl!,aKa, 38BHClllllll~ nHlllb. OT 

. +· 
n~rK°,, _aH,aeTb, · 'ITO ',ami_ no;.eHuKana. V 

4 
t'!, t) _ - npe,acTaaneHH.;-Ma~he;bc;aMa He- , 

cnpaae,anueo: _OH con;ep)KHT' KSK - p'aa TaKylO nHWHIOIO o'cooeHHOCTb ;-::' _KOTopall KOM-
' -- -- . - ' i' ' ' \ - /3/ /4/ -1 

neHciipyeT 6n\I)K·a11uiy10 ,aononHHTenhHYIO ocooeHHOCTb '_, _ a .KaaaHnoTeHunanbHOI! aM--

-nnHTy!le-paCcesi~HR (~ollE!p~awy.~cst_·a ·:J-+:,~ ·V:.'.' ,, ·,.~J1~ caM~ro·cnoc66a n·oCTpoeH~st 
_ . ,· __ - _ - . . , a, ; a _---;- · _ . , · · · ,. 

KB83HOOT~HUH~n..a cne,ayeT, 'ITO-~ poCTOM 'IHCna y'ITeHHblX ·nopll,a-KOB TeO_PHH • B03My!lle-

H~l! B 'noTE!HUHane 6»: ,ayT: B03HHK8Tb _TBKH~ oco6e1rnocTH, 'ITO z:iononmcI_T,e1IbHbie,'_o·co6eHHOCTH 

'B KB83HOOTeHUH8nbHOI! 'aMOnHTy,ae .cMoryT llOl!Bnl!TbCll nHlllb B oonaCTH ,QOCTBTO'IHO 
. - a 

. 6onbWHX J. k J ~ 

·HaA,aeM· npH ➔ - ·acnMnTOTHKY qneHoa 6op-HOBcKo.ro' pg,aa-,ang KB~3HnoTeHu_Hanb~_•-----,--------..;. ,,. 
x) · /1/ 

_; -. OooaHa'leHHll CM. - B 

3 



HOii :at.mnHT)',ll;bl c'T = -V + V 'X v' +·-·v- XV X V'+..-3TII .ineHbl COOTB8TCTB)'IOT 'neCTHH~ 
' · , 2 2 2 2 .' .J 2 , - -, . / · - , 

.Hf,IM' ,ci11arpSMMSM .¢ellHMSHa·. Hanp11Mep, , V XV 'x . V, , cooiaeic:'iayei neCTHH'IHhlM 
',,; ,, '.· ', _ / , ·. ,. , ·. 2 · ,2. · 2 ·., 

".n;11?:P.8MMSM 6-ro nopl!.n;Ka. HeTpy.n;H_O HSl!T11, 'ITO 

.[ V 'x V· X 
.2, 2.·: 

2 

XV.'] ;_;, 2A 
~·-2 ,,. _"oo· .... --t--· 

. ; .t n •l 

[fJ(s) log_] -
2 " , , . ,(5) 

(n ;,_ 1 ) "! 

, fJ (s) 
Brr/:' f ' , . ,j's'(s'-, ,4m2 ). 

4m2 ·s -· s '. . .. -· -

-co 
-.ds' 1 

, .. 
(6) 

. · ACIIMilT.OTH-~a· ·Kam.n;oro 'lneHa· coana.n;aeT, 'TSKIIM io6p,S30M, C ·ac11MilTOTIIKOA, COOTB8TCTB)'IO- ::':' ,, 
- , - , . , , · ' .•' 1 /5/ /6/ ., : , · ; • · • " , ', , 

mall. neCTHll'IHOl! :.n;11arpaMMbl '¢el!HMSHS ,, ' ', · , , a C)'MMllpOBSHlle Ilj)IIBO.ll;KT · K peaynbTSTY 
: •. 2··- a(•) ·. . . ·. : . - ., . . : ' ;' . . . · .. : ', ·.· . , . -

, , ·7, N, 2 ,\ t •, .(r.n;e-. a ('S}- "'. -:1 + fJ (s)); COBilS,ll;SIOlll8M)', C peaynbTSTOM.'pa..:' 
. -· ··!-+~ - ' ,. '' ··., > ~- ', •• ' • '. •• - • •• _ •• • .,' , ' • -

/ - '60Tbl/6 /. 'AHan113 • .n;ayX'ISCTll'IHbl_X .n;11arpaMM , ¢el!HM8H8, 6onee;' o6mero: a11.n;a IlOK83blBSei; _,,: 

'1· 

. . ' , / - . . ., ,, . ~ 

'IT·o ·.y'leT. KaKol!:,;n1160 Henp11ao.n;~Mol! .n;Ha;paMMbl. a·.noTeHuHane . noa.aoii~eT: nony'IHTb ·acHMn-

TOTHKY. necTHH'l;Ol!, ,ll;Harp~MM~i •. COCT~B~eHHOll. H3: 9;.~A He,npH~O,ll;HMOl! -,, C • , IlOMOlllblO·, i ' .. ' --, . ' ' . '. ,' .', . , __.. . 
--BTepa'nBll.' KB8311IlOT9HUll8ni:Horo ypaaHeH~ll• 8. 8TOM CMhlCne .KB8311Il0;8HU118nb'iii,;e 'ypaaue-· ,r .. 
, HH>I 8KBHBan:~THbl, j'pa.B~8HH~ ~~Te-:Conn11Tep~.' ' ' - , , 

'. ·: . . ·3 \, ·,' -~, '• ·1 ,, , . ,' ,, ', ' , ' , -". . ' 
. '.faK KSK' a, 'A¢_., -Teop11H .- Tn - T _ (c '.TO'IHOCTblO, Lio_-norap11cpMH'lecK11x' MHom~Te~eal,·, _ 

,' ;, ' · · · 131 ,, · , . - , 
TO H3 pepynbTSTOB' pa6oT~l C/18.D;yeT, ,'ITO KB83HilOTeH_UIIMbHSSl, ~M_nnHTY .n;a,, np11_, )'.'18Te 

nroqa'ro KOH8'1Horo'nop>1.ll;KS Te_OpHH_,'B03MYlll8HHll •B IlOT8HUHSne,,;~epo~OflcpHa B' o6naCTII 

-, Re'e:;.,. i' H aitanl!TH'IHS no g Il;II, g ;., 0. ,3TO, HQ npoTHB~pe'IHT TOMy,.\T~ CYMMS: ,llHa-
- , . ·. . . . , . _-, 111 .,· ,' , . · - ' ,' ,: . . - s . . .·_. , . 

· rpaMM, paCCMOTpeHHblX. B pa60T8 , , MO)K8T, HM8Tb'. B8TBn8Hllll npH f = 2a ( -)-1, IlOCKOnb-
: : ,. ' -. , , ;._ ., . , . ,. . , ' . , _-4' ' - '. 

KY' 8TH · .ll;HarpaMMbl. HQ .n;ayx'ISCTH'IHbl. H 'HHK8K08. KOH8'1HOe, npH6lIH)K8HHe B. KB83HilOT8HUHa-

ne' ne Il03BOn>1eT' nony'IHTb _ IIX 6eCKOH8'lllyIO cy;;;_My. 3a~eTHM, :o'.0:11aKo; '!To'· TO'IKS B8TBne-
. . ,, . . " - ,, , -

'.._. ·. ·.· '1• . ' ·, 
HIil! He nona.n;aeT_ B ·o6n_aCTb .Re,f >--.' 1 , ecnH .\ . ; c'Tonb Mano; 'ITO HeT. peaoHaHCOB 

11 .cB>138HHblX· cocTOllHHll, nci11ansirom11xc11 niw~npH a·>,0 0 ° (H~•;aw B~rn11.n;, OpH'IHH~~ 

, B03HHKH0B8HH!I STOii. TO'IKII B~TaneHH~. ltBn!teT,Cll · TO, 'ITO peaKUHH M
0

0I'YT • H,ll;TH ·. C ,o6paaoaa-: 
, ·~ ,J ' ? ; - • • 

~HSM B npoMemyTO'IHOM COCTO>l~IIH 'cnomHblX 'ISCTl;U).<·, . 

, , _· . , " , ' , ,' ' ' ' , ·-- ' , , • /3/ :- , , ' ' "'.· -
, KaK nerKo BH.D;eTb,, a· g ¢ · -TeopHH .. MeTo.n; ¢pe.n;ronbMa uenpHM8HHM., PaccMoT-
', .,' ~. - - , / ' . . .. • :. / ~ -~· 1- ~ ' .. - ·,; . • - , . 1\ <. . \ ' -~ -, -

pHM _aKna.n; np0cTel!WHX. .n;narpaMM P'!C· 2, B. Kaa::3HnOT8HUHan. 3.n;ecb T8K)K8, V·n "i : 0 • 

. HH3~ee npH6,;H:>Keirne .n;ng IlOT8HUHM8 .(~11c. 2a) eCTb, - ', 

V 
2 

AcHMnToTHKa • v + 
' 3 

'"" - .!,', ,; 

._ ,) :: _; N . :- · ·, ' , 2 •. 

(t:_ 4m ~) f'~' (-'-8,rg ) 

· · · . • 4 ma_t~~ t ..Jt'(t'-4,m2) , .. ~ 

'npH 't,ooo ·.HM88TB~.D;!,':. 

8 .,g 21oi _!_ 
. , . m2, 

I 

+ .' ··\ 2 3 
V ... i32,, g 

t 2 / ·2 00 • ~, ( ·2 3 

:.-·,·', 
(7), 

.J 

•' 3· , ' 
(log 7) ,:.:;:p;~,4~-~)J ~t' -64,r~g ), .. , 

- i • t "."° t. V t' <,t' - ,4m • ) : ',. ~ ', "~ ·. 

,1 ,4 

·, 



Boo6iue 
', .' (")' 
. r , - ... , 

v.-+ 1

00 

'YpaaHeHHe ·amt BOllHOBOi! cpyHJCllHH 
' I 

2 .;· 2 •. ·, >:_ 001 211dq ; , 2 , · 1 ' 

<k ,-p· J ¢.e <~>- r · . . Fe· <P;q;k · >¢e <Jr 
., ,.·. ,o·· ,/ q2, +'.m 2" . ' ' . . . . ~, 

B cny~a~ g <p 'TeOpHH. CBOJlHTClI . K .3~Jl'a'ie :¢ .= K.'¢ C CHMMeTpH'iHbIM, • HO He anonHe . 

. ~e~p~phIBHhl~ '?nep~Tof)O~ .,. il., , TBK __ '!To", npHMeHe~.11e TeopHH ct>pe.aro;b~~ 
1

.n.pHao.a~~ · K, ,, '.· 
' ., . ' 'r , . • 4'\ 

pacxoJilll.UHMCll plIJI.aM, 'M<>)KHO, OJIHaKo; noKasaTb, 'iTO npH'• Ref > O onepaTop K. -orpa-:: 
j ,£ - , > ·•• - • • < : ~,A••• • .•~) I'\,•,< ;y • • 0 "'r " , 

H~'ie\JHbii! KapneMSHOBCKHi!_ onepa?op~ 3aMeTH!1;- p.ane_e, .'!TO K .= K·" :t' ly'ae K-~,;. KI 22 · 
:J, •· .. ,... , . / , - - .. · ,_,,, ,,Vq+m_ ➔ q 

i a: n ,BnOllJ!e HenpepblBHblll onepaTop, H nosTO,My _Henpepb!Bllbli! ,cx:eKTp )lllll J•o 1! 1, O!fHH . ' 
' " . - .. ~ .• . \ ,_ . , I + 

H TOT )Ke: .Ko MO)KeT_ HMeTb'nomoc,a:;p·~ e_: o'._:..:,2,.:· np~'ieM'p~H f =O . IlOT~tllH~~2 X2 
'aaeT·: nomoc nepeor.o' noplIJIKa,: a v.,--~: n~moc BToporo,nopHJI_Ka,- non~~HM' .Ko C'., y·K/+' 

, -, A'."' ... , ,.·.2 -~ ". - - . - - . . " ! -, 

. + __ . K + g- K, ~. rae K';:2,;-orpa11H'ieHnble Kap11eMSH0!3CKHe oriepaTopbI H K. · He HMeeT 
~ . . £2 ·, , 2 · 3 , . . , 3 -~ 

oco6eHllO~T~ll. B OKpecTilocTH>TO'iKH. f ,;, o ··."'TT pH' JIOCT~,:oqHo MBllbIX' g • . ypaaHeHHe ,f,=K·¢ 
• . ·,- \ - •. ·. ' _· r ·'. ·< ",, . "' - ' .. ·: .; - 0 '• 

.MO)K0T .HMeTb peweHHe llHWb B .. Ml~llol! OKpeCTHOCTH 'TO'iKH .£ .=' 0: .nono)l{HM, n~STOMY~: 

' A =' .!.: · ,Tora~• 
g, ' 

,· -,, : 
,, K ·:. z " 

UK
1

_·+ - 2-)¢ +·iJ. AK ¢ . , A . . . ·, 3. , ... , (10) 

' ...: , ' ""-... .. . 
Y'iHTblBSSI ~rpSHH'ieHHOCTb, onepllTOpOB l{ Z,2,3 1 .· Mbl Il[!eJIIlOllO)KHMi 'iTO :cneKTPllllbHOe MHo-

•)K,e~TBO 'K_a•· .pacnono)K:HO ·~. OKp~C;llOCTH ~'iKH:·A\r . ! '9TO~ :ny~ae B~O!H>IM 'ill·e:.: 

HOM B npaeoJ!, 'i8CTH .( 10). MO)KHO npH g :. 0 . ' npeHe6pe'ib. Bb16epeM. Tenepb onepSTOpb! 
"" ~···, .,--'. ~•/,~-, .-~-~- ,-, ,_-_:,'· ,-,~-·.. ·-, .. : . ,·."-,, -
K H [( (K, HHM .MO)KHO .. JI06rumllTb· Bb!pS)KeHHlI, pSBHble_·JlylllO IlpH ,f ·=0 0 ) TSK,',_qT06bl ·. 
•• z ; , 

0 
2 • ' • ':' C ¥ - : ', ' •• • •, •_;: J A • • • : --:-,. ,: ,,. ,·' ; • 

, npHBeCTH ypae11eHHe ( 10) K, HMITYllbCHOMY npeacTaa11e11ii10 o6bl'iHOI"O · JIHcpcpepeH11Ha11hHoro -

ypaa~e~;g UJ~ei:lHHre~a. 
0Jln11 's.Tci~o B .cpopMyny' ·c Ii) pa6oT~/1/ IlOJICTSBHM 8CHMilTOTH'{e-; 

.. ·,··. ·:•:., ·, .' .<. ·. · '"'{,i r(f +'1) .: ·,' , '·. ·:_ ,, .. , 2·".·'.2· ,:·a·¼ . 
CKOe p~3~0)K8,HHe ·: Qf {zJ·-. , ,h •• H, aa,MeHHB(p .+q +v ): ·.·Ha, 

. . ... ,: ,:f:(f~+,3/2)(2Z)f+t \' :·. , _- ;,,-~ -+',6r-~·i(, ~. ,·: BHODb- aepae_MCH K' Qf c.-AnO~olUblO,,~cK~nT()T_Hti~c~or?;,P~3n(»K,eHH~.-, ' ,, . ' . ~ ·.'P . . . .. . . . .• 
B pesyl:lbTSTe 'HSi!JieM JIil~- ¢ __ .ypaaHeHH'3_ ·, 

vY ,.-:~--
' • . · 2 .. • ' 00 • ·" 2 ' 2,ry ( f) . 2 2' ,. \ 
:(k·. :.:.·~; 2,,J 'Pf (_P) ·.:.1 dq I dv r(v,k ,) . ' , ' ·o . (~VJ¢ (q), 

,;,,2 : .. :_yv':. f-¼ '; 2pq . f ' 

>:<~)-~ ;(£ [:~;[;:eJ::Jr·. !1.nll ~~11;-0B0°lt cpyHKUHH ~f (r)• = !dp ¢efi>) Je~/P':J 
B r ·-: np_OCTpSHCTB~' HSX_~JlHM •,:·; . ' ~; ,_.. . . 

>," 

O• 

'----~ ;'{/rJ: + (,F 
' .. 

rae 

.5 



'· 

'· -;: I __ 

2 

V(r,k,_) 

r(v,k 2
. 

,=:: • .. ,2 

. ~ - . ~ 
21r y(l) f dv 

4 tn~, 

. 'a. ·. -
r(v,k ), e -yv r 
·. F .· _.· ,-· --

lj 

' . 2 ' . ' , 2 -: 2 ,,; . 2 3 . ' 
=(v -,4ni )u(v,k )~=.:.,81r'g -641r_, g loa(...;.), 

,v-:-,oo m 

µ ,1._. _-

(81rg/ . '/, 
V(r,k ') 

, . • ', ... 0 
~ + 2(81rAJ' log(2mrj· 

~ r ,,_ .- • ..-

( 13) -

·(14>" 

_{15) 

,.¼+y/::..(81Ta I' 

Y-iH~bIBasi nepab1l\'qneH B (15),-Hal\aeM·,·,qTo ';;f(r)·="r • , Tax 'ITOaMnnH-
. .. . . . . r-+o . I .-··· /8/··· .· 

Tyaa pacceHHHH_ coa~p.>KHT ~0-'IKH BeTane~!,f l~:«_~,..g) +0(~
2

) ,<cp._ · ). noaTOMY 

llCHMilTOTHKa ee npH ,t .. .. 6yaeT -: __ t_·_.3/~,,.i.TO COOTBeTCTBYe! p~aynbTaTa~, Hal\-
' . ,. (log,;;r•> -·., ... , , ' ... , 

, aeHHbIM a. cny-iae· ypaaHeHHs · 6eTe-:Comi11Tepa aHa'IHTeni.Ho · 6onee c·no~HbIM . cnoco6oi:/91 .-
. . ;· /10/.'_,·.. . r . · . . 

.. , B pa6oTe aoxaaaHo,· '!TO y'leT- BToporo qneHa a _( 15) ·IlPHBOAHT x HeBHBflHTH'!eCKOl\ 
\ '\_- .' 

3BBHCHMOCTH OT g _ ,'' 
,r •') 

. ABTOP 6m1ro_aapeH B.A; Ap6ya'oay, H.H;·soroiuo6oay, A._B. Ecpp_eMOBY, 

P.M; Mypa.o.11Hy,. A.H. TaaxenHaae, P.H. <Paye-rosy. H o:A: XpycTaneay aa B8CbMB - . . , ·. - ~ ~- ) . ,, 

o6cy>KaeHHH. 
0: 

n.H Tep a·T y. pa >r 
. , j • 

1~ A.T.<i>~~~anoa: TTpenpHH; Ol-1Hl1 P-1483, Jly6Ha, '1063 • Phys, Lett; (a Il8'1BT~).', 

2~ A~A.noryHoa, l-1;T;·T~aopoa,· A.H. Taaxemiaae, O.A;XpycTanea; N~ovo C~.,30,i34 · ·. ' 

"3., B.K. Ap6yaoa, A:A.n~ryHO;, A. T. <t>Hnifn~o~.· ~;'A;'.XpycTanea.· Ilpenp~HT Ol-1HJ~-6i11s -. . ' .· . . . . . ., . ,• . , 
Jl>:6_Ha,· 1063; )K3T<P (a ne'!BTH).' , 

4. o.i.1.3aBbHnos; 'M.K. nonHBBHOB,. c;c. Xopyi1rnl\. ")K3T<P, 45:_·1654 ( 1063). 
. I 

5;· A.B.Ecpp~MOB; ~pe~pHHT OM.Hl-1 P:..1242~ ,!ily6ua ,: 1863. - , . 

Polkingh~rne. J'aurn.,l\,fu,th, Phys;,·,'!,_ 503 (~963).·, .. 
-6. 6.~. Ap6yaoe, 'A.A.noryaoa; · A;H. Taaxemiaae, P.H. <PaycToa. Phys.Lett.,~150· ( 1962):. 

7. S.Mand~latam. P~gge C~ts. TTpenpHHT·: Bi~lngh~m (19~3).. . . .· .. 

. 8. s;A. Ap6y~oa, B.M; pap6au:ioa,' A.A. Jtoi;-yaoa, Hry';H Baa Xbey; AiH. TaaxemIA3e; 
P.H. <PaycToa; A. T. <PanHnnoa.Phys. Lett., '!.: 2,72 ( 1963 ). · · 

. ' ', ,_. . : \_ ,, ,; ' ~ . '- -· . -: ·- ~ . . -
0. R.F.Sawy~r. Complex Angular Momentum in Perturbation Theory.TTpenpHHT ( 1063) 

, l_O. B.A. Ap6y3oa, A. T. 4>_1rnHf!no'a:. O.A. XpycTa~ea. TTp~npHHT OJ.1.Hl-1 )'_:14-~01 ,Uy6H.~ ( 1063 ). , , 
Phys. Lett. . ( B neqaTH) ,', · 'i ' -

'/, 

. \ 

'Pyxo'iiHCb IlOCTynHna B ,H3ABT8/lbCKHA OTAen 
. 17. aexa6psi I 063 r, -

•. I 

6. ~ 

,. 




