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B nocneAHee apeMH HHTeHCHBHO o6cy>KAaJOTCH sKcne paMeHTanbHble cneACTBHH 

Ill 
OAHOBpeMeHHblX KOMMyTBUHOHHblX COOTHOllleHHH BeKTOpHblX H 8KCH8flbHblX TOKOB 

12-61 
B pa6oTax 3TH KOMMyTanaoHHbie cooTHO!lleHBB 6btna npaMeaeHbl K aay"!eHHJO 

aMnnaTyA <jloTopo>KAeH.IIH H sneKTpopo>KAeHHH npa HH3KHX sueprHHX. Muorae npaaana 

CyMM, nonyqeHHble B 3THX pa60T8X, MO>KHO TBK>Ke UOny'IHTb 6ea HCllOflb30B8HBSI KOM-

MYTBUBOHllblX COOTHOllleHHJ;i, ecna CAenaTb HeKOTOpble npeAUOnO>KeHHSI OTHOCHTenbHO 

aCHMllTOTH"!eCKOro llOBeAeHHSI COOTBeTCTBYIOlllHX HHB8pH8HTHblX 8MllnBTyA, KBK 3TO 

17-91 
6binO ll0K838HO B pSI)le pa60T • 

B nacToSI!Ilefi pa6oTe Mbi aay'IHM pO)I(Aeaae M e aneHHbiX rr -Me30HOB npH 

CTOnKHOBeHHH HeifTpHHO H aHTHHefiTpHHO C HyKnOHOM: 

(I) 

v (II) 

v (III) 

MaTpH'IHhle aneMeHTbi 3TRX npoueccoa paBHhl: 

G - + v A 
M =-u.(k )y (1~ y )u (k )<rr ri<J +J )lp> 

I y2 t 2 p. 5 v 1 p. p. 

G _ V A + 
v - c- k ) r o + r ) v. <- k ) <" PI <J + 1 ) I p> v lp. 5 r 2 p.p. y2 

M 
G 

Ill y2 

_ V A 

v (-k )y (l+y )v0 (-k )<rr 0ni(J +J )lp> 
v 1 p. 5 r a p. p. 

v A 
3aech Jp. H J p. 

- BeKTOpHhle H 8KCH8ITbHhle TOKH C 

HBnBIOTCH KOMUOHeHTBMH HeKOTOphiX H30TOUB'IeCKHX BeKTOpOB v' 11 a 
p. 

3 

(1) 

(2) 

(3) 



J v = ~ v' + > = __!_ ( v' I> + i v c 2) l, 
11 y2 11 2 11 11 

v + 1 ( 
(J) =-V -l=.J_(VIIl_!VI2l) 

11 i 2 11 2 11 11 

(4) 

JA = ~A(+!=_!_ (A 111+ iA 121 ) 
11 ..;2 11 2 11 11 

A + 1 ( -) 1 (I) 
(J) = -A =-lA 

11 ..; 2 11 2 11 
i A 

121 
) fL • 

TI09TOMy onpeneneHHe M8TpH'iHbiX aneMeHTOB CBOnHTC51 K H3y'ieHHIO M8TpH'iHhiX ana. 

MeHTOB BHna 

IJ "' J v (p ,q;p ,k)=<7T 1 NIV I N> 
11 2 I fL 

(5) 

lj I J 
A., (p ,q;p ,k)=<;' NIA I N>, 

r- 2 I fL 

rne p 1 H p 2 - 4 - HMnynbCbl H8'i8nbHOf'O H KOHe'iHOf'O HyKnOHOB, Q -4-HMnynbC 
I 

1T -Me30H8, k = k 1 - k 2 • PanH yno6CTB8 BMeCTO 1T -Me30H8 Mbl BBena B Onpene-

neHHH {5) ero aHTH'iBCTauy \ ;: 1 -Me3ou). PaccMOTpHM cuaqana MaTpH'iHble ane

MeHTbl nng aapTyanbHhiX " -Me3ouoa c uyneaoa Maccoa q 2 = 0 a npenenbHOM cny-

/2-6/ qae , Korna k .. 0 , q .. 0 • .[lng aToll uena Mhl eeeneM, cnenyg aeTopaM pa60T , 

eenH'IHHY 

IJ -lq• I J l 4 
M =Je ()(x 0 )<NI[A (x),V (O)+A (O)l i N>d x 

~fl v 11 11 

/10/ Ha ocuoae ranoTe3hl o qacTuquoM coxpaueuau aKcuanbuoro TOKa 
2 

noKa3aTb cnenyiOmee cooTHOineuae nng q = 0 

IJ II IJ 
T (p ,q;p ,k)=V (p ,q;p ,k)+A (p ,q;p ,k)= 

11 2 I 11 2 I 11 2 I 

{6) 

MOlKHO 

.... (7) 
g I l 3 -I q • ( I) -+ J l 

=--lq 1.' +fd xe <NI[A (x,O),V(O)+A(O)JIN>. 
2m f v v11 4 11 11 

N A 

4 



3JleCb g - rrepeHOpMHpOBSHHSll KOHCTSHTS 1rN -B38HMOJlelkTBHll, 

KOHCTaHTa rrepeaopMHpOBKH aKcaanbaoro > o Ka ~ -pacrraJla aeATpoaa. B 

GA 
a f =---

A Gv 
rrp e Jlene 

Q .. 0 Mbl HMeeM: 

npa rrony'leHHH IIOCneJlHero COOTHOWeHHll (8) 6hlnH HCIIOnb30B8Hhl OJlHOBpeMeH-

Hble KOMMYTBilHOHHbie COOTHOWeHHll, IIpOHHTerpHpOBSHHbie IIO TpexMepHOMY rrpocTpaH • 

CTBy. BepOHTHO, 'ITO B TBKHX COOTHOWeHHHX TBK H83biBBeMhie WBHHrepOBCKHe qneHhl 

He arpaiDT pona, a 3JleCb ae B03HHKaeT BOrrpoca o BHyTpeaaeA caMocornacoBaHHo-

CTH TeOpHH. 113-3 8 HanH'!Hll CHnbHbiX B38HMOJleHCTBHH Bbi'IHCnHTb M11 
He B03MOlKHO. 

V/l 
0JlHaKo rrpeJlen BenH'lHHbi q M 

11 
rrpH q .. 0 rronaocTbJO orrpeJlenHeTCli rronJOCHbiMH 

V V/l 
•we HBMH M

11 
II, cneJlOB8TenbH0 1 MO >KeT 6hiTb Bbl'lHCneH IIpH IIOMOWI! Ilp8BHn <l>eAH-

V/l 
M aaa. 

B pesynhTaTe rronyqHM 

I J g - " 
T ( p, 0; p, 0) = lim -- u ( p ) I I q y ( y + f ) r r 

/l q .. 0 2pq /l 5 A I J 

(9) 

( " 1 pq 
-y y +f )iq r r +(-==.. -f )--y [r r llu{p). 

ll 5 A J II fA A ll'N /l I J 

EcnH paCCMOTpeTb OTJlenbHO BKna)l OT BeKTOpHOro TOKB, TO BMeCTe IIOCne)lHero 

COOTHOWeHHli Mbl HMeeM 

V IJ ( 0 0 g - I " " ( 10) p, ;p,) =lim ~u(p) lqy y r r - y y iqr r
1 

lu(p). 
ll q-+ o 2pq /l 5 I I /l 5 • I 

3TO Bb!pa>KeHHe B TO'IHOCTH COBIIBJlBeT C IIpeJlenOM CyMMbl IIOnJOCHbiX 'lneHOB, 'ITO H 

/1}/ ' II 
ecTb cooep>Kaaae TeopeMbi Kponna-PyJlepMaaa • 06osaa'IHM qepes R (p ,q;p ,k) 

ll 2 I 
CyMMY IIOnJOCHbiX 'lneHOB MBTpH'IHOrO sneMeHT8 

\ 

\?(; 
\ 

\ 

' \ 

PHC. 1. Pac. 2. 
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Torna COOTIIOWeHHe (9) MOlKHO nepenHCSTb B BHAe: 

r
11 

(p,O;p,O)= R11 (p,O;p,0)+-
2
g ( £1- - f )u (p )y [r ; r ]u (p). (11) 

1.1 1.1 mN A A 1.1 I I 

0TMeTHM, 'ITO MSTpH'IHbill aneMeHT AHSrpaMMbl HS pHC. 3 CTpeMHTCSJ K Hymo 

IIpH k-+ 0 H Q-+ 0 • noaTOMy Mbl MOlKeM BKfl!O'IHTb era B R II , He BCTynag 
11 

B TlpOTHBOpe'l.He C TeopeMOll Kponng-PynepMSHS. C npyroll CTOpOHbl, CyMMS MSTpH'l-

HbiX 9ReMeHTOB !IHSrpSMMbl HS pHC. 1 H 2 K8RH6pOBO'IHO He HHB8pH8HTH8, II09TOMy 

!IRS! C06RIOAeHHSJ K8RH6pOBO'IHOli HHBSpHSHTHOCTH He06XOAHMO y'leCTb BKRS!I OT !IHS~ 

rpaMMbi Ha pHc. 3. CoOTHoweaHe ( 11) ebmonsSieTCSI nng 6ecKoHe'l.ao MSRbiX 'l.eTbipex-

MepHbiX HMnynbCOB q H k • BeHny Taro, 'ITO Maces 1T -Me3oHa Mana, Mbi 

MOlKeM IIOflb30B8TbCSI SHSROrH'lffbiM npH6RHlKeHHblM BblpSlKeHHeM !IRS! SMURHTY!Ib! pOlK-

neHHSJ 11 -Meaoaa y nopora: 

II II 
T (p ,q;p ,k)=R (p ,q;p ,k)l 

1.1 2 I 1.1 2 I ~-+0 
+ 

(12} 

+-g-( 
1 

-f )u(p2 )y.,( r ,r Ju(p 1) • 
2m f A r I 1 

N A 

0Ho ehmonHsleTCSJ c TO'IHOCTb!O no qneaa nopSJAKa m 
17 

I m N • Ha ocaoee BbipalKeHHSI 

( 12) MOlKHO Bhi'IHCRHTb ce'l.eHHSI npoueccoe ( 1) - ( IV ) nnH MenneHHbiX 11 -Me3osoe. 

EyneM paccMaTpHBSTb nonpo6ao 'ISCTHbili cnyqall, Korns nana10mHe seiiTpaso a 

aHTHHeiiTpHHO o6nana10T BbiCOKOli aaeprHei!: I k
1 
I» m 

11 
Torna poJKnesue Men-

neHHbiX 11 -Me30HOB I q I << m 
11 

npoHCXOAHT npH ycnoBHH, 'ITO HMTiynbc k 
2 

npH-

-+ /12/ 
6nH3HTeflbHO paeeH k

1 
• KaK H3BeCTHO , IIpH TSKOll napanneflbHOH KOH~HrypaUHH 

BeKTOpHblH TOK He ABeT BKfl8!18. 

rae 

BhmonHHH aneMeHTapHbie Bbi'IHcneHHH, Mbi nony'IHM: 

du
1 d U II 

d k 2 d cos (kl • k 2) dk
2 

dcos (li
1 

d 0'111 1 
~ 2 . ~---= --3 

d k 2 d cos (k 1 • li 2 ) ( 217) 

.. 
k2 ~ I k 2 I • 

6 

G2g2 

m 2 f 
N A 

.~2 

2 
q k2 

(13) 



B 3aKmo'!eaae ll BhipaJKaiO HCKpeHHIOIO 6naronapHOCTh npo!IJ • .H.A. CMoponaacKo

MY H npo!IJ. A.H. Taexenanae aa HHTepec K pa60Te a neHHhie coeeThi. 
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