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B npenhmymefi pa5oTe paccMoTpeHo KBti3ImoTeauuanhHoe ypaBH~Hue 

.:noryHc>Ba n. Taaxemr.nae. floKaaaao, 'ITO ecnH_ ·aaTH9f>MHTOBa · qacTh ::· .. 

KBasunoTeHUHana V smnSieTcSI nonolKHTenhHbiM onepaTopoM,· To . S -MaT pH-

Ua, OllpenemieMaSI ypaBH9HH~M n-T 1 5yneT "HenoyHHTapHofi" • .. 

:. · ., ·';sneer,. Mbi pacc.MoTpmvt· aonpoc o ToM, Kai< i:l- si.i:palKeHHH V noSIBrnteTcSI . 

noiiO.lKHTenbHaSI aHTHapMHTOBa qacTh. A. H. Taaxenunse. noKasan/ 2/, 'ITO 

·;~~e.nhHaSI aHTH9pMHTOBa '18CTh B03HII:KaeT y TeX KBa3H-rlOT9HUHanhHbiX 

nono-

ypaa-: 

· ~IeHHli:; _KOTOpbie. nony"'aiOTC~ C llOMOIIlh!O T!3DpH1r .llBYX"'aCTH"'HbiX <jJyHKUH~ . fp.H-

Ha.. Mbi ·. a_ocnonh;:JyeMc_sr 5one.e aneMeHTapHbiMH coo5paJKeHHHMH·. llnsr · . 
,, - l'-·. < ~ • ;. < 

SToro 5ya~M HcxonHTh H3 o5bJ"'Horo npencTaanemrsr, 'ITo KpoMe yrrpyroro 

KaHana HM9IOTCSI' ll npyrHe ,KaHanbi 1 a ypaBH9HHe COCTaBnmiTCSI nHIIlh AnSI OllH

. caHHSI ynpyroro npouecca c noMOIIlhiO ·aaeneHHSI HeKoToporo KBasHnoTeHu.rrana. 

·:··! PaccMoTpHM qooTaeTcTayiDmyro llliH8MH11ecKyro cxeMy. B63bMeM cncTe-

My c raMHnhTOHHaHoM: 

"=II +II I . 0. 1 

raMHnhTOHHaH B3aHMO.ll9fiCTBHSI 1 II 3al1HIIl9M nnsr Hee BOnHOBOe 

(I) 
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.; 
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• Dm1 uccneaonaHIHI rrpoueccon 
' ~ . . . 

. nH3M nurrrrMaHa-WBitHi:'epa. TlycTb 

paCCEoHIHIH! IIpllM9HUM ll3B9CTHblll tflop~a

tf In' .; rrpeilcTann~eT rraaaiOII!Y!O nonH:y 

CB060AHhiX H9B38HMoaelicTBY!OII!HX '18CTHU: 

( H 0 - E 0 ) 1/J In· ~:0 O, .. 

rae E0 . - ux cyMMapHaSI anepruSI. ITpeacTaBHM nonnony10 cpyHKuuro 1/J 
cyrreprrosuuuefi rraaaiOmeu· u rfaccemmofi Bonn , 

.·t/J .. rf;_: +t/J • 
In · so ·; 

-':" ;:.· 
Tori:! a us (1 )' nonyirur-:t". 

(H·o .-E~ .)t/J~o "' -Oill/Jin· +Ill t/J_.,c ). · 

. 0TC!Oaa. B. COOTB9TCTBUU c' Ii3B9CTHb!M • rrpaBUnOM aeneHUSI" ann 38Jl8'1 pacce- . 

. SIHHSI HMeeM 

-1/J = 
1 

( H .t/1 . + H t/1 
so II -·E ...;, . . 1 · In 1 

0' 0' I ( 

··;.n~· ~·-> o :...:. .. ._rrono:>KHB 
. . -+' --~ , __ 

. ), 
so 

<,' 

1 
t/1· = . . Tt/JI ., 

so HO-~ ~:,:..j( · n 
( 2) 

rae T - HeK.OTOphrli orrepaTop, naliaeM: 
~ ·.· 

. . . . 1 
'T·'· = -H ·'·· - H .,.,,...-..,---'T·'· 

'l'ln'· . 1 ,'f' In 1 'II 
0 
-E tf-ic '~'In 

. TarmM o6pas~M, · aToMy. ypanneHH!O ynonneT-nopHM1 orrpenenun onepaTop 
T. 

us ypannemm 

1 
T=-H1 .-H 1 T, 

· H 
0 

-E -it 
( 3) 

coaep:>Kamero .E" B Ka<JecTne rrapaMeTpa_. ITo~KO~I&Ky .11 0 . , H 1 SIBmnoTc.sr. 

· apMUTOBhiMH, MaTpuua pacceRnrm, orrperiemieMan •r'epes ·aMrinnTyay T: ! o'l:e

nunno, . 6yaeT ynU'rapnofi. ITpearrono:>K~M, 'ITO cpean B03MO>KHhiX. cocTommli 

paCCM8Tpi!B89MOU _nn.HaMH'IeCKOll CllCT9Mbl l1M8!0TCSI · .ciByX'I8CTil'IHbl9 COCTOSI

HHSI1 COOTBeTCTBY!OII!He '18CTHU8M OIIpeaeneHHb!X COp'l'OB. 0503H8'II!M 'Iepes A 
.. 

4 
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· .. 

rrpocTpaHCTBD TaKHX .nnyxqacTH~HhiX cocTosrnun. By.neM paccMa::pu~aTb yrrpy

rue rrjlOuecchi 1 Kor.na .no. H rrocne coy.napen~sr Mhi HMeeM TOnbKo :.nne qacTH-. 

Ubi B cocTOHHHHX na A !. DycTb ·!f. o5oanaqaeT rronnoe rrpocTpaacTBO .··· 

BC9X BDnHOBh!X ljlyHKUHH paccMaTpHB89MOH .lll!H8MH'I9CKOH CHCT91v!hi
1 

BKnJO'IaJO-· 

tilee A KaK cnoe. rro.nrrpoc1-paacTso. · Bne.neM ·orrepaTop rrpoeKUHH · P , rrpo

euupyromun 2 aa ·A ··: P 2 "'A • TaKHM o5paaoM, rrponaBOf!hHasr rjJ ua. 

2 rrepeBO.llHTCSI orrepaTopoM p B sneMeHT Prfr. rro.nrrpocTpaHCTBa A 

3neMeHThi A rrpn STOM ·ae naMeHSIJOTCSI: na rjJ r;; A cne.nyeT,· 'ITo Prjl .. rfr • • 
Do OIIpe.neneHHJ01 , p. o5na.naJOT .cne.nyJOIUHMH CBOHCTB8MH:· · 

2' p .,p, 

x/ .Uanee Mhi 5y.neM paccMaTpu~aTb cnyRan, Kor.na- P: KOMMYTHpye~ c II 
0 
.•. 

.Unsr. paccMoTpennsr yrrpyroro rrpouecca ·aoabMeM rjJ In· G-·A • Ha ( 2) rro

ny'IHM 

0Tcro.na su.nao, 'ITO KOMIIOHeJ!-ra rjJ so 1 rrpuaa.nne)l(.amag A n orrpe-

.nengromaSI paccMaTpnn.aeMhiH yrrpyrun rrpouecc, 5y.neT: 

1 
·Pr/1,;

0 
=·-· ---PTPrfr . 

11 0-E -if· In 
(4) 

., 
TaKHM o5paaoM, · KaK aMrrnnTy.na T orrpe.nenSieT rronayro MaTpuuy pac-

cesrnusr, TaK ee ynpyrag qacTb Bhipa)l(aeTcsr qepea crrpoeuuponaHHyro aMrrnnTy-

' .ny . 

T .. PTP. ; ~ 

(5) 

x/TaKoii cnyqail peamwyeTcSJI narrpnMep1 Koraa H 0. ne coaep*nT· '!nenon
1 

Bbi3b!BBIOU!liX ll3Menenne 'lliCna 'I&CTIIU KaKoro-nn6o copTa, B aToM cnyqae 
II o ·rrepenoanT cocToSJnne ·n3 A B cocTosrnne 1 T8K)J<e rrpunanne)Kamee A. 
nycTb .1/J _, rrpoll3BDnbH8Sl tPYIIKUIISI ll3 £ • Toraa PI/I'" A If . lloPI/J r;; A 

.n rroToMy P11 0 f~rj, = W0P 1/J · .• TaK KaK aTo panencTi3o nM.eeT MecTo arisr rrpo;-
nanonhnotl 1/J , To P II 0 P ,.fl 0 p ·. nepexoaSJ K' corrpmi<ennoMy n y'IIITbiBaSJ 
apJ'11!TDBocTb P 11 II o , ··rrony'!nM. P II 0 P = P II 0 1 

'ITO n . JlOK&3hiBaeT
1 

'ITO p II 110 KOMMYTIIpyiOT! p II o=ll 
0 

p. · 

5 
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Tenepb1 ilcxoiUI ns ypaBHeHIISI · ( 3) 1 nonylliiM ypaBHeiine KBasnnoTeHurranbHoro. 
• • ,,·- . • v ·. • •.. 

Tnna /liiSI aMUIIIITY/lhl ( 5) : ·. } . . . "~ 
.... 

T = -. p H1 p ._pH 1 . 1 . ·. T p . ·= 
· H0-E-i ( 

. . . ··. . l . . . 
=-·PH·iP-P 11 1 -----...:-(fTP+~l-NT P]= 

·. H .-E'-1€ ·· 
. 0 

l' .. . l 
='-:PH·1P-PI1 1 .·· .• ·T-PH

1
. • ·.(l..;.A)TPA 

.. 11.0-,E-H. . H
0
..,.E-u 

. llllll 

YMHO)K8Sl (3) cneBa aa (l -P) I a cnpaBa Ha p 

. . . . l' . . 
(l;..P)TP'"' -0-P)H 1 P -(l-P)H

1
.--- PTP-

• H
0
-:-E-it 

1 
-{l..o.P)H 1 - (l- P)TP .. 

. 11
0 

.... E-....,it 

0TCJO/la cnenyeT, 'ITO 

ll+(l-~)Ii 1 (l-P) l ·. ,j(l..:.P)TP= 
.· . . H0 ..-E ....,ll 

. . I· "' 
. ,...;.(l.;..P)H 1 P-(l-P)H

1 
P .. T 

• · II -E-..u . o· . 

~ . i . . . 
I·H

0 
.-E-i ( + ( 1- P)Il

1 
0-P)! -----~ ( 1-P)TP = 

-I1 0 -:"E-it 

. : i' ... 
=- ( l :- P )H ·· P- ( 1- P) II P · T. . 1 . 1 . . 

.·· · · . . . II -E..:.it 
···o 

CrienoBaTenbHo1 

( 1-P)TP = 

. nony'IIIM 

: 

,. 

( 6)-

. J . . . l "' 
=-III +0-P)H {l-P).:.E-iiCtO-P~H 1 P+(l-P)II 1·p .· Tl.-

. 
0 

. · '
1 

· · · · · · II -E-it 
0 ... 

6· 

;_ 
Y,,-

\' 

/ . ~: 
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TIOACT8BHB · :3T~ COOT.IIOIII9HHe B npaBylO ·'IaCTb paB9HCTB8_ (6) 1 !JO.IlY_:<I.HM: 

> T =-I PH p +. pH p 1 ' - T }..:; 
1 . '· 1 .. II - E ...;1 t 

- . 0' 

. } . - • :. ' - -1· - ·. . 1 "' -
-PH {1-P)IH +(1-P)H (l...;.P)-E-id {{1-P)H P.+(1~P)H 1P--T!. I - 0 I - ·I : -- H'o.:.E":"i£ 

.. 
BBeaeM KB83HnoTeaunanhHoe Bbipa)KeHne: 

• Torna ·Mo)KHO H8nncaTb 

( 8) 

PaccMoTpHM Bbipameane BIIJla: -.. 
. , .-. .. 1 X-=··· P::. 

n· -E-ll-
- Q. ' 

.. TiocKOJihKY ll~ . KO_MMyTupyeT c p . i- X = p X • n 09TOMY ' --

llJIII 

1 x.. P. 
- PH

0
P-E-i l 

\ 

BBe.neM t;>603,Ha'IeHHe. &=PH 
0
P. _·Mbi MO)KeM H.IITeimpeT.npoBaTb. &· 

K8K onep8TOp.CyMM8pHOfi ::iHeprHH 'JiByX p8CCMaTpHB89Mb~X. '!8CTHU H8 6~CKO

H9'!HOM ynaneHHII Apyr OT npyra, Korria B38HMOA9HCTBII9 M9)KAY HllMH 1 38A8-

B89MO~ ~JI.e.IIOM lit. ·'· HC'l938eT. B 'l8CTHOCTH, 'ypaBaeime .llJISI nailaiOIIIefi 

.BOJ!Hbl MQ)KHO- 38llHC8Th 

c&·-E·>t/1, =o._. 
· tn· . 

( 8) 

~ 

. ···Kytl8 BXO}:{SIT'.TOJ!hKO AByX'l8CTll'!Hbl9 onepaTOpb! '{j; U(E') H T 

. 7 

,· 

., '!; 
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.. '. ""'· ...... 



c 

PaccMoTpnM . Tenepb. aHTnapMnToBy qacTb KBa3nnoTeHunanbHoro on~pa-. 

Top a 
. A ( E) = - i ( U ( E)-u+ (E)) • 

ITonyqnM ll3 ( 7) , 

u( E)~·u+ (E > = 

-1 
= PH 

1 
(1- P )I [ H 0 + (1- P) II 

1 
{1- P)- E - i d 

-[H 0,.+(1-~)H1 (1-P) _:E +i e ]""' 11 (1-P)H
1 
P . 

.. ,.. ' 

0TCIO!l8, Y'lllTb!BBSI, 'ITO . 

1 

x+i E 

. 1 
=2iiTB(x), 

HaiineM 

A( E) ':'2rrPH
1

.(1-P)81 H 
0
+(l.:..P)Hi(l.-P.)-E l (~-P)W1 .P. 

TaK KaK 8 - ~yHKUllS! neoTpnuaTenbHa 

81 H 
0 

+ (1.:.. P) H 
1 

( 1- P) .;..E I~ 0, 

" 

aHTnapMnToBa 'lBCTb KBa3nnoTeHunana 5yneT nono*nT.enbHbJM onepaTopoM"' 
. . . . . . + . . . . . 

A(E}=2rr I (1.:...P)H 1P I 81 H. ·F{I-P)H (1-P)-E II (1-P)H P 1>·0. · o· t • . 1 .-

PaccMoTpnM nanee Bxonmuee B A( E) Bbipa)!{eHne: 

(l .... P)81 II +<1-P)H (1-P)-E I (1-P). 
. 0 . , .. 

(10) 

• "l • 

3necb onepa;rop (1..:.. P) npeo5pa3yeT npon3BOnbHYID 1/J c;. -~ . B ~yHKilniD, _op-

ToroHanbHyiD K A 

P·(l-P) 1/J =(P-:-P 2 )1/J = 0. 

05o3HB'lllM qepe3 A 1 'laCTb. f , opToroHani:.nyiD K A BnnHo,. 

~To ecnn nnR paccMaTpnBaeMoro HHTepBana 3Ha'leHnii_ ~ueprnn E B A1 
f< 

HeT perneHnii ypaBHeHHSI 

II 1/J +(1..;.P)II 1 (1-P)t/J = E!fr 
0 ( lL) 

1/J I;; AI ' 

8 



TO Bb!pa)K9HIIe ( 10) TO)Ktl9C,TBeHHO paBHO Hymo1 ITOCKOnhKY B 9TOM .. pny'!_ae 

,pliBUbie Hynro do.6CTBeHJibie 3Hat.IeHiiSI < apryMe~T8 0 ' -¢YHKUllli He pearillsy-

IO:I'CSI ua· A1 .. • flo9TOMY MO)KHO. cKaaaTb 1 'ITO . ecmr npn. naHHbiX E. soaMolKeH :. 
. . .. ·- ··. 

· .Y.o~;n:>Ko. pa·ccMaTpnsaeMbif!. ynpyrnii: npouecc, T.e. peruenn!i ( 11) neT; TO. ail-. 

Tli9pMIIT()Ba 'JaCTh. KBaanno:renurtana o5paruaeTCSI B nynh, T.e~ u (E)"' u+ (E); ·. ' 
~ 

B 9TOM ·cny'!ae onpenenSieMaSI ypasnenneM ( 9) aMnnnTyna · T J;IpHBOtliiT ; 

K'YHHTapnofi·MaTpnue pacceSIHHSI~ TaK .KaK onepaTop 

H 0 +(1-P)I1
1
.(1-P) 

SIBnSieTCSI 9pMIITOBbiM, TO ero Cll9KTp 5yt:~eT BeiiieCTBeHHbiM. MO)KHO, cne):(OBa..:.:. 

Te.nhHo, onpenenHTh~ AnSI KOMnne~cHhiX E · onepaTop. 

U (E)~-Pil P+PH 1 0-P.HH 0+(1~ P)H 1(1-P)-EC
1 

.(l;..P)II.1 P. 
c 1 . . 

~·~ fl11'fi. ::l'r'OM Jlnfl' · ~mecTB911HbiX .E 

a aHTli9pMII:I'OBa qaCTb f\(E) 

A(E) =U (li+i d-U ·( E-i {) 
0 • 0 . 

KaK BIIAH01 COOTB9'r'CTByeT paapea:y ITpH nepeXOJle liB BepxHefi 8 !III)K!IIOIO 

KOMnneKCHYIO. nonynnOCKOCThe 3anniiieM Bblp_8)!{9HHe_ ( 4) B lj;JopMe~ 

. . 1 "' 
_P t/J,o = [J; . ·. · -T .t/J·tn • 

. . · -E-i t 

.... 

· flono)KHB · 

·. ¢ "'p t/1 "' t/1 + p t/1 ' ' 
· .. In .. "o .. 

na ypaBHeHIISI ( 9) nony'IIIM sonnoBoe ypannenne mr-aa 

( 12) 

0TM9TIIM 3tl~Cb 1 'ITO npu COCTaBnBHHII KBa3HITOTeHUHanbHOI'O ypaBH9HH~

. .'scert:~a HM99TCSI H9KOT0pb!H ITpOII3BOn1 . CBSI38HHhlfi C TeM, 'ITO ynpyraSI MaT pH-
· · ·-. ua pacceSIHHSI onpen.eniieTCR ne. l'lcefi ¢opMofi T 

MII Ha 9HepreTH'!flCKOH- lJOBepXHOCTH 

•·[J; = E;. 

9 

1 a TOnhKO ee 3Ha'!9HHSI-

(13) 

.... 
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~ ~- ... ~ . 
" ~ "t 

\~~(:.~ ·._ '· 
i'· 

~;. ' -- ,.,. . ! 
!· ;:1' 1 

IToaToMy MoiKHo · aenaT:b paann"'Hbie npeoi5paaosaHIHI, He II3Mel!SHI T· ··~a aHep- . 

·~ .. ~ reTH"'ecKo~·.:~-~B~pxl!ocTH ( 13). Bo~~onhay~;.;cg aTHM anSI npe66p~soial!H51 
"' . ,. . ..... 

nony"!el!l!b!X · 3Jl8Ch KB83HilOT8HUHanhllbiX ypaBH8l!Hti · K ypaBl!8Hl!51M : Tima Ro-
r . . .. : ~ ~ - ~ • . . ' , ·, 

, . rynoBa-TaBxenm:iae, 
. . 

• ·;; BBeJ;teM npeo6paaosaHHbiti 
.,. 
T -onepaTop · • I. .'J. 

·! 
.,, 

'T , ':' ..;< Q;+E) G;:~ v ( ~E)Q; 
. . ·zE·2 . '2E'2 

, 
·:(l4L 

". ..,.~· 
ITpu aT.oM npenrionaraeTC51 1 "'TO .·8; u E cymecTBenno nono)!{UTenhHbi, I1a •. . 

: •. ;~ ( -~· • ( 14) BHJlHO, "'TO na al!epreTH"'8CKOti nosepx~OCTII . T ,~ . f ~ nn51 n6ny"'8Hl!H .. : •· 

'ypaBHea'im-~~51·.· T' yMHO)!{l!M yp~BHeHne (9). cnesa u. cnpaB~ na"y(fb+~l( -,:· 

(·: 

Dony"'l!M: 

'. 

T ' ... v r&+EH~ U (E) ..;· (.&;+E)~·+ 
2E2 · 2E 2 .. 

u ( E) . 1 T v ( Q; +E) Q; .. 
. . . 8; .... E:.... i c · ~-E 2 .. 

\ /~EiU(E).y. ( G;+E).Q; + 
. . . 2E 2 . . 2E 2 

+ \'j{'&!E)G; 
2E2 

., 
'• 

"}· 

· J:'. r: 2E 2 

U(E) y ( ~E)\!J . . . ·T< 
. . 2E

2 '&(&+E) C'&-:E-it) 

Ho, TaK'i<:aK &>o· ,. :E> 0 
. . • 2 2 •. 

C&. +E)( &. - E - u )_ = (& ..;, E - i c · ( 8; + E)) 

·r: 2 . :i 
.=.\9 -E. -u. · 

" ·10 

.~" 
: ... ; 

2.E • 

., 

·.,,_ 

·, ~" v 



.: 

.. · .. 
Donoxms 

·' ( 15).; 
... ;: . 

.... Y: ·, . 
• . . ;· rrony'IHM ypaBHeHHe )KenaeMoro BHna: 

.. : /o 

r1; 

). '! 

. ~ ~. ,. ... . 

( 16) 

.. 
" . . . . . . ( .. . ( . & +E)·& . 

· CociTI3eTcTBYIO!llee BonHoBoe· ypaBHeHne 12). rrpn GaMeHe ¢ ..;.·...; · ¢'· .·. 
· ·' ,. .·· ·2E2 - . · •· • 

rrp~H~M~eT 'cpopMy, ~oryHoBa-TaBxennn,3e 

. . . 2' 2 . . 2 . 

I & ( & .;. E ) - 2 ~ :v ( E) I ¢ ' = o. ( 17) 

. . 

AH'rnapMnToBa 'lacTb' V~EJ T8K)Ke SIBnHeTCH IIOnO)KHTenhHbiM orrepaTopoMi, 

' ....... . v (E)..;. y+( E) .~/'&1-E) & 
. · I .. · 2E2 

(
·U(E)-U+(E)·. ) j&.+E)& · . 

·v > 0 .• 
· i . 2.E2 ·-

... 
Heo6xo~nMo· rrori'lepKHYT~ Gne.ch; ~'{To B o6meM cny'lae KBaanrroieHunanhHhie · 

orr'epa'I'ophi .. y n · U 

flH.Tep8Typ8 

I. n.H. Eoroluo6oB. ~Coo6meHHe · Ol1Hl1 E2-4417, ,ay6Ha · I'969~ · ... 

A.N •. Tavkhelidze. Lectures- on Qua;,ipotential Method )n .Field 

Theory. Tata Institute of Fundamental Research,' Bombay,· 1961..· 

PyKonl!cb nocTy.nnna B nanaTenbCKIIil· oTnen :. 

·.3! Ma'p~a·l970 rona. 
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