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06mHe Tpe60B8HHH rpaaHeHTHOH H penHTHBHCTCKOH HHB8pH8THOCTH 

'" . ,, 
-~· . 

'· 

IT03BOnHIDT CBH38Tb 8MITnHTyay rrpouecca C HCUYCK8HH9M ' MHrKHX' y -KB8H

TOB c aMrrnHTyaoil npouecca 6es HcnycKaHHH <jloToHa~ KaK snepBbie 6hmo 
Ill . 

ITOK838HO floy , 8MITnHTyay C H3ny<IeHHeM <jJOTOHa (a.-+ {3 y) MO)KHO Bb!pa-

: aHTb qepea aMrrnH~yay 6ea usnyqeaun ( a -+ {3 ) c TO'IHOCTbiD ao qneHoB, 

nponopuHoHanbHhiX nepsoil cTenea~ HMrrynbca k HcnycKae~-wro <jloToHa • 

( HnH aneKTpOH-IT03HTpOHHOH napb!) • 
/2/ 

Aanep H noTaH B HHTepecHOH pa6oTe paCCMOTpenu B03MO)KH~CTb 

o6o6meHHH TeopeMhi floy aa MaTpH'IHhie aneMeHThi nonynerrToHHhiX npouec

coB cna6oro B38HMOaeHCTBHH. 0HH rroaqepKHymr, 'ITO OT~paBHhiM ITYliK-TOM B 

TeopeMe flay smnneTCH H3B9CTHQe 3ll8'19l!He aHBeprel!UHH aneKTpOMarl!HTHOrO 

TOKa, a ae e~o coxpaaeau·e: TaKOH nolixoa IT03BOnHeT HCrronb30B8Tb " '18CTH'I-

. aoe coxpaaeaHe" aKCHanbaoro TOKa (PCAC) B nonyJieiTTOl!l!hiX rrpoueccax ann 

Toro, 'IT06hi Bhipa3HTb. MaTpH'Il!hiH aneMel!T aKCHanhaoro TOKa (a ... f3 ev) qepea· 

M:aTpH'Il!hiH aneMeaT npouecca ( a-+ {3 ··.) H MaTpH'Il!hlH .aneMeaT aHBeprea-

unii aKCHanbHOro TOKa. Aanep H noTaH IlOKasanH, 'ITO STO yaaeTCH cae-

'( , rae q - cyMMapHhiH HMrrynhc nen-

TOHl!OH. rrapb!o nnH rrpoueccoB ( a"'" {3 e y v ) 
. ' 

, 06H38HHhlX KOM6HHHpOB8H-

HOMY aeHCTBHID. aneKTpOMarHHTHoro H . cna6oro B38HMoaeilCTBHH, OK83biBaeT-

3 
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C.H B03MO)!{HbiM Bbl'IHCnHTb. MaTpH'IHbiS sneMeHTbi C TO'IHOCTblO JlO 'lnSHOB 
. /2/ .,, . 

rropSIJlKa ( k q ) • B · pa6oTe 6binH HaMetJeHbi HeKr;>TOpbiS rrpHMeHeHH.H. HX 

o6mHX pe3ynhT8TOB K pa3nH'IHhlM ~H3H'l9CKHM rrpoueccaM. 

HH)!{e paccMoTpeHo rrpHMeHeHHe TeopeMbi Allnepa H [!.oTaHa· K .aHanH-

k - M930~0B. 3Y rrpoueccoB paJlH8UHOHHbiX cna6biX pacrraJlOB rr - H 

:J. AMrrnHTyJla o6mero rrpouecca BHJla · a ... f3 e ( q 1 ) v ( q) y ( k ) ' 

rlle a H {3 - IIpOH3BOnhHbi9 8JlpOHHbi9 COCTO.HHH.H 1 BKnlO'l89T aMIInH-

TYllY ·Top.M03Horo H3nytJeHH.H sneKTpOHOM M T (!me. 1) H aMrrnHTYllY 

· H3nytJeHH.H aJlpoHaMH M w (pH c. 2,3) 

M M T + M w (I) 

B )lanhHeii:IIIeM 6yJleM paccMaTpHBaTb TonbKO TY aMIInHTYllY1 KoTopa.H 

CBSI3aHa c H3nytJeHHeM ~oToHa aJlpOHaMH. TaKoe pa36HeHHe He .HBnSieTCSI 

rpaJlHSHTHO HHBapHaHTHbiM. fpaJlHSHTHO HHBap~a~TH~ft SIBnSieTC.H IIOnHa.H 

M aMrrnnTyJla 
-{ 

'I 

v v 
ol 

col 
~-

PHc. 2 
PHC. 1 y 

v 

J. 
.~ 

PHc. 3 

4 

'· 

i ' 

I 

I 

•; I 

w 
AMrrnHTyJla M .. HMeeT BHJl: 

·W G w 
M ,., ~ <f3 r (k .) I I I' a > ev·' v2 v 

I'Jl9 T w - CyMMa Be~TOpHOI'O TOKa 
l v 

H .aKCHanbHOI'O 

f ""u ( q ) y (1 + y ) u ( q ) , • q + q "" q • Ma' 
v e 1 . v ·w .. 5 v 2 1 2 . • 

< f3 y (k•) I 1' v ·I a > MO)!{HO 3aiiHCaTb B BHJle: 

<(3y(k)llw 
v 

I a >=e ( 

ll 
Mw 

!LV 

Tpe6oaaHHe rpaJlHSHTHoii: HHBapHa'HTHOCTH o3HatJaeT, 'I 

( ... k B M 'JlOmKHa o6pal!IaTb rronytJaiDmeec.H rrpH : 
ll ll 

B Hynhe 3TO IIpHBOJlHT .K TOMY 1 'ITO 

k c 
ll v 

w w 
M :: -<{3 }I I a > • f 

!LV V V 

Jln.H Bbi'IHCrieHHSI £ q 
ll v 

M 
w 

!LV 

.. 

ncrronh3yeM PCA ( 

H IIpHHUHII M:ijHHManhHOCTH sneKTpOM8I'HHTHOI'O B38HMOJl9HC' 

B rrpHCYTCTBHH sneKTpOM8I'HHTHOI'O IIOnSI 

.a ·1 v 
ll ll 

A 

a I 
ll ll 

die A 
ll 

te A I v 
ll ll 

A 

I + f 
ll TT 

2 
m 

TT 

5 
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ll 
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: TO"<{Ho"CTbiO JlO qneHOB 

:,c;>TOpbie npHMeHeHHSI_ HX 

leccaM. 

. . . '. 
·I· '. 

~epa H ~oTaHa -~ aaanH-

k - 'Me30HOB. 

HHSI, ·BKnJ0"<{8eT aMnnH

pHC. 1) H aMnnHT:YJlY 

(1) 

) TY ·aMnnHTYJlY, KOTOpaSI 

)836HeHHe He SIBnSieTCSI 

raofi SIBnSieTcSI nonHaSI 

PHc. 2 

'""·,·~ 

AMnnHTyna 
Mw HMeeT BHJl: 

w G w 
M < f3 y (k.) I I a > e 

v2 II II· t 

rne :1' w - cyMMa. Be~Topaoro TOKa 
I v 

H ~KCH8nbHOrO TOK8 

ell=ue(q)yv(l+_y5)ull(q2),· ql+q2 q 

< {3 y (k•) I J,.w···l a> MO)!{HO aanHcaTb B BHJle: 
II 

<{3y(k) llw Ia >"'e 
II 

( 
p. 

Mw 
p.ll 

( 2) 

'I A 

(3) 

Tpe6oBaHHe rp'anHeHTHOfi HHBapHa'HTHOCTH osaaqaeT, qTo aaMeaa 

c ... k B M ·non)!{Ha o6pal!laTb nonyqaromeecSI npH aToM Bbipa)!{eHHe 
p. fl 

B Hynbe 3TO npHBOJlHT .K TOMY 1 '{TO 

LlnSI BbJ"<{HCrieHHSI C . q 
ll II 

M 
w 

flll 

.. 
a > • f v 

(4) 

HcnonbayeM PCAC D. s ;= 0 

H npHHUHn MJ.JHHManbHOCTH aneKTpoMarHHTaoro BaaHMOJleficTBHSI._ Torna 

B_npHCYTCTBHH aneKTpOMarHHTHOrO nonSI 

.a 'I v te A I v 
p. p. p. p. 

A A 

a I :die A I + f m 
fl ll p. p. TT 

5 

2 

TT 

A 
fl 

cpTT+ • 

( 5) 

. '• 



.. , 
Hcno.nh3YH (5) H (3), nollyqaeM 

. m2 f . 
w w 

· t q M . = £ < f3 I I . I a· > + Il...-1!. 
q 2_m 2 

1T 

£ M· 
!!' I! /-( V /-(V /-( /-( 

rne £ M = i•:£ < {3rr(q) 
I! I! I! 

a-+ {3 rr (q)' y(k ). 

em 
I I a > - aMnnnTyna :npouecca 

I! 

'•• 

( 6) 

0TMeTHM1 'ITO· ( 4) .H ( 6) MO)KHO nony'IHTh, ecnn paccMaTpiiBaTb 

senH'IHHY Mw =i fd4x e1kx·<f31TI Iem(x), lw (O)I'Ia >··, a npH 
. II ;v . jl •' J.' ,.. w W.. ' • 
Bbi'IHcneHHH k I! M f.LI.i n q v M f.LV socnonbaosaTbCH PCAC H on-

HOBpeMeHHbiMH KOMMyTaTopaMH: 

em W • · 4 W o (x
0
)[1

0 
(x), If.L (0)1~-8 (x) II! (0)., 

o (x) [I W(x), '1 em(O)l= o ~(x) l w (0) 
0 0 • I! fl. 

/2/ /3/ 
B COOTBeTCTBHH C H • 

2. Tt -+ rr e v y , k· -> rr e .v Y pacnanbi. Hcnoilh3y~(6), Bbi-

'IHCnHM aKcHanhHY~ 'laCTh MaTpH'IHOro aneMeHTa nnH npouecca rr+ (p) -> 

17 1l(p') e+(q )v(q) y (k :;) , C y'leTOM·(4) 06WHfi BHll MaTpH'IHOro 
l, 

aneMeliTa MO)KHO npencTaBHTh B snne: 

·A 
M = £ · k [ (p + p ') 11> + q 11> • 

/-(V /-(VpCI p , cr· · C1 1 
+ 

( 7) 

+ £ k p p ' [ ( p+ p ') . 11> + (p -P ') 11> + q 11> l . 
/-(pcrA p cr ,\ v 2 v 3 v 4 

DnH paccMaTpHsaeMoro npouecca o6wee cooTHoweHne(6) o6pawaeTCH B 

A m 2 .f. 
1T 1T 

£ q M = M ( 8) £ 

I! v /-(V q2- m 2 I! I! 

1T 

6 
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A , . 
T.K. < 11 I I I rr > '= 0 . B (8) M '= c a kv PP P' F - aMnllHTylla 

Jl 141 Jl U.JIP a . 
y - 3 rr roaHMOileil:cTBHSJ CpaBHHBaSJ (7) If (8) ,HaX011HM1 · 'ITO 
• ,I' 

'= -£ F (9) 
q'= 0 TT q '= 0 

c 
If F I '= e -l ---'11

"--- 1 I'lle KOHCTBHTa c TT 9KCnepHMeHT81lbHO 
q=o ffi3 

/4/ 
onpe11enSJeTCSJ npH layqeaHH peaKUHH rr p ... rr y N 

BKilBilB rr - Meaoaaoil:· nomocaoil: llHarpaMMbi. 

TaKHM o6paaoM 1 

~I 
q'= 0 

1 
'=- 2 

If C TO'IHOCT-~ 110 'llleHOB nepBOI'O ITOpSIIlKB no 

MaTpH'IHOI'O aneMeHTa TT -> rr e v y pacna11a 

q 8KCH61lbHaSJ 

( 10) 

'IBCTb 

MA 1 ITT CTT 
k (P. ') +O(q) ( 11) =-- e l . + p 

JLV ·.z m3 JLVP a (J a 
TT 

AaanorH'IH0 1 HcnonbaySJ. PCAC c /). s = .1, MO)KHO noKaaaTb1 'ITO aKcH-

anbHaSJ qacTb M aTpH'l:Horo aneMeHTa npouecca 

+ . 0 
K (p) ... TT. (p1 

+ . 
e (q )v(q) v(k), 

I 2 ( 12) 

l . 
JLVP a· 

k (p+p') +O(q) 
p . a 

7 
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KoHCTaHTa ck Mo:m:eT 6biTb H3M.epeHa npn: n:ccneno~aHn:n: peaKun:n: 
'· ~ N ... K y A, rne Heo6xonn:Mo BbiJlen~Tb BK;;:an K - Me30HHoro ~~on·K>ca. 

.Upyroii B03MO:m:HoCTbiO .HBnsieTCSI n:ccneiiOBaHn:e o6pa3oBaHn:n · .:11 -Me3.0HOM . 
K K nap B KynoHoBCKOM none nnpa. 

3. Pacnanhi 1T + (p) 

K+(p) 

... e + (k 
1 

) e - (k 2) 'e + ( q 
1

) 11 ( q 2 ) 

... e+(k ) e - (k ) e +( q ) 11 ( q ) 
• ·I 2 . 1 2 

PaccMoTpHM nepBbiii H3 Hn:x. MaTpH'IHbiii sneMeHT aKcn:anhHoro TOKa 

(pHCo 4,5) HMeeT BHJl: 

A 

Ml\.=~lc (k ,k)f (q,q)M' (k +k 2 , q
1

+q 2 ) 
Jl I' 2 II 1 1 Jlll I JT . ( 13) 

-( k I -:_ q I ) 

rne 

1 
(k + k ) 2 u (k 2 ) y u ( k ) 

1. 2 Jl ) 

( ( k ,k . ) 
Jl I 2 

f 11( q 1 '.q 2 ) = u (q ) y (1 +y ) u ( q ) . 
2 II 5 1 

A 

Han:6onee o6mn:ii Bn:n ( f M : 
Jl II JlV 

M (k,q) q 
A 

= -f I -
Jl . II 

c e M (k,q) + 8 + I 
Jl II Jlll 1T q2 _ m 2 JlV ( 14) 

1T 

+a(k 2,q 2)[(kq)8 -q.k]+a.(k\q 2)(k 28 -k k) + 
Jlll Jl II 1 .Jlll. Jl II 

+A (k 2,q 2) [ k 2 q. q -(kq) k q J l c 
Jl V Jl II Jl 

e 
II 

8 

• 

,,,l_ 

fl 
,/' 

i; 

·~ 
'.( 
I 

nony'leH npn:MeHeHn:eM ycnoBn:n(4}~ ITepBoe cnaraeMoe c1 
.. ·, - I . ' . 

M8I'HHTHYIO BepWHHy 1T -Me30Ha: 

.M (k,q)·=F· (k 2,q 2)(2q+k) +g (I ~q 2
) k 

Jl 1T .Jl 1T 11 

ITpn: Bbl'IHCJleHHH k e MA 
Jlll 

He96xoan:Mo yqecTb 
. . Psi v 

TaKaxawn: B rpopMe : · 

(q2-m2) F (k2,q2) .:..k2g (k2,q2) =q 2_ 
1T 1T 1T 

m 2 
1T 

a(k 2,q 2) , a 
1 
(k 2, q~.) , A (k 2, q' 2) - rpopM-¢aKTOpbi, 

onpenenHTb C nOMOllibiO (4). 0TMeTHM, 'ITO STH ¢opM-tP8E 

:m:aT IIOJ1IOC8 B TO'IKe q 2 
= m 

2 
• CornacHo(6), 1T 

A 
. ·.c q M . = f · [ ( c q ) + 

m2 
1T 

c M 
Jl 11 Jl V JlV 1T 

rne B Ka'leCTBe 

JlSISI B (14) q . 
v 

£ 

iL 

·M 
Jl 

BMeCTO 

A 
q M 

v JlV 

q2 _ m 2 

1T 

cnenyeT B3S!Tb ( 15). C npyroii c~ 

f , nony'IHM 
.v 

2 q 
= - f I - ( M + 

1T . q 2_, m 2 Jl Jl 
1T 

-+: · ( t q) · [ k 2 a ("I ~ q ) + k 
2 

q ·
2 

A ( k 
2
, q 

2 
) 

9 



~neaoBaHHH peaKUHH 

.... Me30HHoro non·!Oca~ 

>6pa30B8HHSI .:rr -M930HOM 

+(qt) v(q2) 

+( q ) J,l ( q ) 
. ' l . 2 

IT 8KCHanbHOI'O TOKa 

, ql+ q2) .• ...:.. 

(13) 

. ) 
) .. 

q 1 

~-·a + 
p.v (14) 

i 

nonyqea npHMeHeHHeM y<:;noBHSI ( 4 L n,epBoe cn:araeMoe copep)!(HT a,neK:rpo

MarHHTHYIO B9p!IIHHY TT -M930Ha: 

( 15 )' 

llpH Bbl'IHCneHHH k f H9Q6XOAHMO yqeCTb TO)!(a9CTBO .Yopaa-
·. . Po! J,l 

TaKaxa!IIH B !jlopMe : ·. 

m 2 
TT 

( 16). 

a(k 2,q 2 ) , a
1
(k 2, q~),, A (k 2,q 2)- !jlopM-!jJaKTOphi, KOTOpbie aenb3SI 

onpeaenHTb C fiOMO!IIbiO ( 4 j, 0TM9THM, 'ITO STH !jlopM-!jlaKTOpbl ·He' coaep-
. . • . 2. 

)!(8T non10ca B TO'IKe q = m 2 
TT 

A 
.c q M. =f [(cq) + 

Jl. v p.v TT 

Cornacao (6 ), 

2 
m 

TT 

q2 _ m 2 
TT 

M 
Jl. 

( 17) 

rae B Ka'leCTBe M 
p. 

cneayeT B3SITb ( 15). C apyroll: cTopoHhi · noacTaB-

nSISI B ( 14) q . 
J,l 

BM9CTO 

c q 
Jr J,l 

£ ·, nony'IHM 
,I/ 

q 
f 1- t M + 

TT . q 2_ m 2 p. p. 
TT ( 18) 

9 
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CpasHnsast ( 17) n ( 18) n y'IHThtiiast ( 15), npnxoanM K;. paseHcTBY .,, 

2 2 2.,. 2 2 2 ·, 2 
1 + k a (k , q 1 + k q A ( k , q ) 

1 
' ( 19) 

2 .F 
1T 

.. 2 2 
(k , q ) -1 . 

ilpn k 2 = 0 , F (O,q ) = l , 'ITO HaxoanTcst B co.oTBeTcTBHH c ( 16). ilpn 
1T 

q 2 = o· 

i + k 2 a (k 2
, 0 ) = 2 F (k \ 0 ) - l 

1T 

3asncUMOCTb ~opM-~aKTopoB a ,a , A 
I 

( 20) 

B (14) OT q 2 MO)I{HO 

OUBHHTb C ilOMOIIIbiO noniOCHOH auarpaMMbl OT 8KCH8nbHOro B9KTOpHOrO 

MeaoHa A 1 (lOBO). TaK KaK B HaiiieM cny'lae q !ax= m; , TO TaKast 
--- 2 2 . m 2 

OU9HK8 YK83b!B89T Ha T01 'ITO , a I ( k , q ) = a
1 
(k2 ~0) C TO'IHOCTbiO ~ m ~. = 2%. 

ct>opM-~aKTop a ( k 2 , q 2 ) c noMOIIIbiO ( 6) onpeaenHTb He_ yaaeT~~. 
TaK KaK , TpeTbe cnaraeMoe B ( 14) nponopuHoHanbHO ( kq) • OaHaKo cy- . 

. /~ 
III9CTBYIOT K8K 3KCnepHM9HTanbHbi9 1 ',I'8K H TeopeTH'I9CKH9 OU9HKH .llnSI a 

TaKHM o6paaoM Bbtpa)l{eHHe ( 14) c y'I~ToM Tpe6osaHHii: rpaaneHTHoll: 

HHBapHaHTHOCTH H TO'IHOro PCAC c l:!s= 0 npHHHMaeT ana: 

£ f l\IA =-f I-F (k2 2) 2(cq)( fq) 
p. v p.v 11. 11 ' q 2 · 2 

q -m 

+a[(c C)(kq)-(cq)(fk)]+ 
2 

+ [2 F (k 2 ,0)-l](£ f)+ O( _q_) 1. 
m2 

AI 
1T 

10 

1T 

+ 
( 21) 

MaTpH'IHbiH aneMeHT BeKTOpHoro TOKa (puc. 6) onpeaemiE 

c (13). Tpe6osaHHst (4) H (6) npnsoanT K 

k f l\1 
. p. v 

v 

p.v 
c~q .M~ =0, 
'P. . v p.v 

' ~ , , 

·v 
· T,K. < 0 I I IL !11 > = 0 :. YpasHeHHe (22) oaHa'laeT, 'ITO 1 

£ f M v MO)I{HO Bocnonb30B8TbCSI rnnoTeaoll: co~ 
p. v p.v . 

TOpHoro TOKa (C V C ) • 8To ll03BOnsteT CBSI38Tb MaTpU'IHbii 

TopHoro TOKa (puc. 6) c. aMnnuTyaoll: 
0 

"· ~r e +e -

Q + cq,t J 

9\:~cp) II ( 't-.t.) 
- (~i 

Pnc. 4 

· .. _·- <!: e~o 

~~·e-• 
v 

- ( IC1 ;:! 'lr,. 

Pnc. 5-

~ e-t 

f e-

~e+ 
v 

(lC.1 4-

Pnc. 6• 

11 



lHM K paBeHCTBY . 

( 19) 

•OTBSTCTBHH c ( 16). ITpH 

- 1 .· ( 20) 

B ( 14) OT q 2 MO:lKHO 

::Hanbaoro aeKTopaoro 

2 2 q · ·= .m TT 1 TO T8K8H max 
2 . mrr 

) 'C. TO'IHOCTbiO .:S: --· = 2%. 
mi_, 

onpenenHTh ae ynaeTcH, 

bHO ( kq) • OnaaKo cy- , 
/6/ 

uqecKHe oueHKH .nnH a 

Tpe60B8HHH rpanHeHTHOH, 

IIM89T BH):(: 

-+ 
( 21) 

MaTpH'IHhiH sneMeHT BSKTOpHoro TOK8 (pHC, 6) onpenenHeTcsr no aaanorHH 

c ( 1 3). Tpe6oBaHHSI (4) H ( 6) ITpHBOUHT 1,( 

v 
M:' k e M ( 

fl ~ v . 
= 0, ( 22) 

fl v. p.v p.v 

. v . 
< 0 I I I rr > = 0 , • Ypaaaeaue (22) oaaatJaeT, 'ITO nnH aaxo:m:neHHH /1. .. 

e M v MO:lKHO Bocnonb30B8TbCH rHllOT930H coxpaHeHHH BeK-
v flV 

( 

fl 

TOpHoro TOKa (CVC ). 8To ll03BOnSieT CBSI38Tb MaTpH'IHhiH slieMeHT BeK
o 

Topaoro ToKa ( pHc, 6) c aMnnHTynoH: rr. -+ y e + e - . .• 

~+(JG1) 

<2-(~d + 
. Q C'f,f] 

·--:-:<:>----::-:-A 
~~Cp) 

PHc. 4 

PHc, 6• 

l1 

- (lt1 ~ a ) 
4-- 111 . 

., 



l ., 

j. 

' 
L 

'1. 

! 

t 

b 

/ 

<Jt+ 

etc 

e

e,+ 

v 
PHc, 7 

. ( t:.1 

•,. 

~ .....-- 9,.1) 

,UHarpaMMa { pHC, 7) Y'IHTbiBaeTCSI C nOMOillbiO o6bi'IHblX np~BHn 

KBaHTOBOii: aneKTPOAHHaMHKH, TaK~M o6pa30M, aMnnnTyAa rr + ... e + e- e + v . 2 . 
2 m 

H3BeCTHa C TO'IHOCTbiO AO · 0( _9...:_ ) "' TT = 2% , npH npeAnono-
m2 m 2 

)KeHHH TO'IHOro PCAC H eve . 3To no3Bonletr, no Kpaii:Heii: Mepe B npHH-

UHIIe, orrpeAenHTb aneKTpoMarHHTHbtii: !fJopM-<jJaKTOp rr - Me3oHa F TT 

B o6nacTH 0 < k 
2 < m 

2 3Ty o6naCTb 3Hat.IeHHH k 2 Henb3H AOCTHr-
- - TT 

HYTb HH npH H3y'leHHH e TT pacCeRHHR 1· HH ,B npouecce e+ e--o. TT+ TT -, 

Tot.IHO TaKHM )Ke ci6pa3oM MO)KHO onpeAenHTb ~aiim'IHbtii: ·aneMeJ:!T- aKcH

anbHoro TOKa Anst K+ { p) -+ e + ( k 
1

) e- ( k 
2 

) e ;t- ( q 1 ) v ( q 2 ), ·rile Hy)K-

. HO npnMeHHTb PCAC c ~s = 1. AHanorH'IHO TOMy, KaK 6btnH nonyt.IeHbi 

·(14) u (21), nonyqae~ 

A eG A 
M = --=- I ( P. < k I • k. 2 > e v < q I • q 2 > M w < k I + k 2 • q I + q .)-'- <"' : q t > I 

v2 < 23) 

\ c. M A 
p. v p.v 

2. 2 2(cq)(C q) . · 
=-fki-Fk (k ,q) +a [(cC )(kq)-(cq){ek)] 

2 2 k 
q -m 

k 

. 2 
+ [2 F (k 2 , 0)-l] (c C ) +O(q ) I. 

k . 

( 24) 

12 

... 
. ' 

,, 
,Unst; npouecCOB pacnaA.a TT + -+. e + e -p. +V HK+-oe+e 

aHTHCHMMeTpH3aUHIO no 3apst)KeHHbiM iJeDTQHaM He HY)KHO Il 

'J ... TorAa { 13) H {23) nepexoAHT B 

A eG · · A · 
M ,;.--=-c p.(kt,k2 Hv (qt,q2 )Mp.v (kt+k2,qt + 

V2 . 

rAe 
A ( e M 6epeTCH COOTBeTCTBeHHO nH60 ( 21) 

p. v p.v 
B 3aKniO'IeHHe aBTOp 6naroAapHT n.H.nanHAyca 3a J: 

H H90AHOKpaTHbl9 o6cy)KlleHHR pa6oTbi, a TaK)K9 ,U,IO,B1 

pacosa H. H.M ,lllyMeii:Ko 3a o6cy)KAeHHe pe3ynbTaToB, 
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.lo o6bl'IHbtx' npaBHn 

' + + + 
TT ->e ,e- e v 

2 % , npH npennono

KpafiHefi Mepe B npHH-

) 1T - Me30H8 F 1T 

Henb3SI JlOCTHI"-

(ecce e+ e- .... TT+ TT -. 

flH'IHbiH ·aneMe~T- 8KCH-

( q I ) v.( q 2 ), ·I"Jle Hy>K

MY, KaK 6bmH nonytJeHbi 

2 ' q I + q 2)..;. (I) : q I ) I 
( 23) 

k [ < ( e H k q > - ( ( q )( e k > 1 

( 24) 

~ ~ 
llnR 'npoueccoB pacnan.a TT +-+ e +e. ~IL +v 

+ ' + - + 
H K -> e e f! v 

aHTHCHMMeTpH38UHIO no sapR>KeHHbiM .iienToHaM He HY>KHO npoBOJlHTb. 

Torna (13) H (23) nepexonRT B 

A eG · A 
M = ---:=- ( IL ( k 1 • k 2 ) £v ( q t • q 2 )M ""' ( k 1 + k 2' q 1 +q 2 ), y2 · r 

( 25) 

rne 
A { e M 6epeTCSI COOTBeTCTBeHHO nH60 ( 21). nH6o ( 24). 

IL v f!V 
B saKn!OtieHHe aBTOP 6naronapHT n.M.nanHnyca 38 nonnep>KKY 

H · HeOJlHOKpaT!Jbie o6cy)KJleHHSI pa60Tbi 1 a TaK>Ke ll.IO.EapJlHHa, A.B.Ta-

pacoBa H. H.M .ulyMefiKo sa o6cy>KJleHHe pesynbTaToB. 
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