
E.H.E)'K1rna1, B.M.,Uy6oBHK, B.E.Kyrneu;oB2 

AHAI10flb HJIH TOPOH,UHblll ,Ul1I10flb? 

Hanpasnetto B )l(ypttan «Ycnex1-1 q:>H3H'-lecKHX HaYK» 

1E-mail:bukina@thsun1 .jinr.ru 
2E-mail :valya@nu.jinr.ru 

P2-97-412 

1997 



1 . Bae,n;eHHe 
:_:; . ;i . i ;t )-;,·: '. I _. , ; 

lfay<Iemre :meKTpOMafHIITHhIX CBOHCTB pemITIIBIICTCKIIX qienoMeHOJIOfII'le-
CI(lIX :q>OpMq>aKTOpOB, B03HIIKaIOIUIIX, npII 5.lBHO KOBapIIaH;IIhli nap~MeTp~3a,: 

, . , , , , . , , , , , ••. ,, _ · . , ' t , • • ).-~-, :-1 \J • ' , _; 

UII5IX BeKTOpHhIX II nceB.LJ:OBeKTOpRhIX .KBaHTO.BhlX T~KOB. :1.l~'I:'Pe;i.ae'I:' .. II3B~CT~hie 
Tpy.ri:noCTII, KOTOphie naII60Jiee, no.ri:po6no npoaHaJIII3IIpOBaHhl B H3BeCTHOH l\10-
norpaq>IIII [1]. KToMy )Ke,;B paMKaX,KJiaCCII'leCKOH :meKTp~.LJ:lIIIaMIIKlI,T,O~Hoe 

pa3JIO)KeHIIe no MJJihTIIIIOJihHh;l\1 MO.~~HTaM ll,IIX cpe,nHI1J1:,2n~cT~~eii:~~~~ pJt: 
mrycaM 3JieKTpOMarHIITlIOf0 TOKa 6bIJI0 na:ii.ri:eno JIIIillh B Ha<J:aJie,70;x'ro.uo:aj2] 

• ' ' ' .• ' ' ' . ' . • " . I.,; .. ". 
B CB513II, C 06napy)Ke1rneM TpeTbero CeMeHCTBa MOMeHTOB.,, Ha OCHOBe 3TOI'O 
YTO<J:HeHHOro arrrrapaTa KJI~CCII~eCKIIX MJJih.:r:imoJihH~X· pa:ino~~~~:ii' 6hlii~\ia
m1caHhI o6mIIe cJ.lOpMJJihI He5IBHO KOBapIIaHTHOH rrapaMeTpII3aU~II pen;T~BHC~
CKIIX .Li:IIaroHaJihHhIX I1 ne,ri:IIaroHaJihHhlX .no MaccaM KBaHTOBhlX TOKOB .LJ:JI51 'la
CTUIJ c npmiJBOJihfibIMii , cnIIHaMII; (3] ., B pe3JJihTaTe Bonpoc:· conocTaBJienn:51 
neKOBapuanTHhIX.U KOBapnanTHhIX pa3JIO)Kennii 6bIJI,B npUHIJIIne,pemen. O.ri:-

4:.. ..;..~;,. ~- ___ ;•; '"-{ .. ~.~ _'; ~ ..,_ ·;..~• .,J.: t- •f'. f'{,f-,{~ ,_~,. .•-~·:..,~·-~··; · '._;' .. ~--·~.:· 

naKo npn ncrroJih30BaHirn 6IIcnnnopnhlx npe.ri:cTaBJieHIIII npo6neMa ·ycJIO)KH5J:-
eTc51 TeM, <ITO 3TH npe,ri:cTaBJieHII51 .ri:onycKaIOT onpe.ri:enenny10 ,cBo6o,ri:y. B Bhl-
6ope 6a3IICHhIX KOBapnaHTOB, C noMOIUhIO KOTOphlX ocymecTBJI5.leTC51 napaMe

Tpn3aurrn' l, · II B mITepaType no. CIIX _nop IIMeeTC51 nyTaHIIUa}, OTCJTCTBIIe 
<J:eTKOH TepMUHOJiornn,·:a HeKOTOphre, mIIpOKO npnMeH5.leMhle;,napaMeTpII3a

unn .TOKOB co.ri:ep)I<aT. KlIIIeMaTII<Ie<;:KHe oco6eHHOCTI:· 5IpKIIM np~1:fepoM 3TOMY 
5IBJI5IIOTC5.l aHaIIOJihUhie ,napaMeTpII3aUIIII TOKa, IICnOJih3JIOll!Ile, II3BeC,THhlH_,.B 
KBaHTOBoii: Teoprrn rroJI51 npoeKTop k,,k., 7 k2g,,.,., , . ,, . •,,. , ,,,, 

IIo,ri:<IepKHeM, 'ITO H3 Bcero,na6opa B03MO)KHhIX npe.ri:cTaBJieHHH qienoMeH9-
JIOfH'leCKoro TOK a, IIOCTpoennoro 'nyTeM' nepeMHO)KeH:irn. 3JieMeHTOB anre6phl 
KJIIIq>q>op.ri:a B' rrpe,ri:cTaBJieIUIIl·')'-MaTpIIU Ha 'IIMny.iihChl 'IacTIIU Ha'!aJihHOro 
n KOHe'IHOfO COCTOHHH5.l•TaK, 'IT06hl TOK,J.LJ:OBJieTBOp5IJI onpe,ri:eJieHHhIM,Tpe6o

BaHU5IM CHMMeTpim ( C,P ;T) 11, ycnoBIIIO: coxpaneHII51,; JIHmh o,ri:no co.ri:ep)KIIT 
qiopMq>aKTOphl, ,uaxo,ri:5.lll!HeC5I B omi:o-o,ri:H03Ha'!HOM COOTBCTCTBIIH C ,MJJihTil
noJihiihlMII pacrrpeii:enenH5IMH TOKa: 3ap5I.LJ:OBhlM, MarHIITHhlM II ycnoBno 'To
poII.ri:ni:iM. !::h·o Moie:r 6bITh ycTaHOBJieHO JIHillh: B·_ cneIJIIaJiiHo:ii JIOpenu;eBo:ii 
CIICTeMe 

1
~TC'leTa (.ri:~'sr ·He,ri:HaronaJihHhlX no MaccaM TOKOB, KaK nOKaJino ~ (3] 

- B, co.6cTBeHHOH CHCTeMe OTc•leTa pacna.ri:a ( c.c. ), CM. TaK)Ke [5]). CiITyaUII51 
C TOKaMH '6~2rni:u~pii:hlx '<J:aCT~U cc>" CIIIIH0M 'i /2'' 6bIJi:a C)Ka T01rrpe;ic'f aBne'iia B 

npHJIO)KeHHH K HTor;oBo:ii pa6oTe [3] . . : , _ .· .- ·; ' 
BBII.Li:Y Toro, 'ITO' TOKH 6HcnHHOpHhl}C ·'laCTIIU 5IBJI5IIOTC51 qiyn,ri:aMeHTaJlh-

1 uiiMH .Li:JI51 BCeX;BH.Li:OB B3aIIMo,ri:eHCTBII:ii,,,a 3JieKTpOH o2TaeTC51 na116c:meempIIMe

H5IeMOH npo6no:ii <IaCTHUe:ii, TO npo6JieMa~narJI51.UHOro (B. TOH Mepe/B. KOTopo:ii 
3TO ·Boo6rue' ,ri:onycKaeT peJI5ITIIBIICTCKa51' KBaHTOBa51 'q>II3IIKa) 'npe,ri:cTaBJieHII51 
--------------·~-'.:. ,\ ~i '.-,;. : _::_, .. -•:' ,,~~--p' . :r·q \ ,·. .. 

l HarrOMIUIM, qTo CJIHH - nem1q1ma, B03HHKaIOrn:all B (HepeJil!THBHCTCKOM!} ypaBIIeHHH 
Ilaym1, a· (peJtll'I'HBHCTcKoe) ypanue1rne llHpaKa HMeeT xapaKTep rrpoeKTopa, CBll3bIBaK>rn:ero 
"nmninie" KOMilOI!eHTbl ·11 yirnqToJKaIOrn:ero BKJiaJ( c'nyneBb!M'i:rrHHOM:": '. ,·•,•,i ''. 

2 Harrp11Mep; · nerrpanHnhno' ~AeHTH<pHUHPYK>TCll cpeAHHe pamiych! ii~n: HX rryTaIOT c MO-
Me~TaM1! [4]: . ,. .-•~.· ~ . . . , '· C 

l~Klliu:·,: · · ft t;~:.lil'Ji \ 
~Ae~~~l RCCJe1~~1un~ 

~i-15.flHOT~K., -~ 



cTpyKTYPhI cHJihHO H cna6o B3aHMo.n;eii:cTBYIOIUHX <JaCTHU H ux nepexo.uoB no-
rrpe,1rneMy' aKTYaJibHa. · · 'i 1 ' , ' 

B :noft: pa6oTe B pa3,UeJie 2 Mbl ·noii,pofoio: IlpOaHaJIH3HpyeM BCe • B03MO)K
Hble na,paMeTpII3aUHH nepeXO,llHOrO no J\iaCC8.M BeKTOpHoro TOKa 6HCnIIHOpHbIX 

<Jac-riiu, a B pa3,UeJie '3 - nceB,llOBeKTOpHo'ro 
0

TOKa. B 3aKJIIO<JeHHH Mbl o6cy
.llIIM perneirne Ilp

0

06JieMbl Bbl6opa napaMeTpH3aUIIH nceB,llOBeKTOpHoro .TOKa rr 

ycJIOBHOCT~ 'n.ueHr'nqmKarinu P~HeHHBapfotHTHOro cpopM'<paKTopa C TOpOH.llHbIM 
.uurroJihHhIM 'MoMeHTOM. B npuno)Keii:uir 'npuBe.ueHbl TexmI<JeCKHe .ueTaJIH ne
pexo.ua OT

0

6HcnIIHOJJHOro npe,UCTaBJieHIIH I< CnHHOpHOMY .llJIH He,llliaroHaJibHOro 
IIOMltCCaM

0

Toila'.Bc.c. .,, . ''.''· 

', :,· ·•,Ii 

2. MyrrhTIUIOJibHbie .HBHO; KOBapHaHTHbie 

~apaM~,ii>,~3:~n:l';I;µ ·B~I(¢0f->I~tji:-p 'T<?,I(a qa~THU:. 
CO CIIHHOM'·l · · 2 

f 

'B 3TOM pa3,UeJie .D;aHa HBHO 'KOBapHaHTHaH napaMeTpH3aUHH MaTpH'IHbIX 

c1neMeHTOB 3.i:reKTpoMarHHTHoro TOKa <JaCTHU co cniiHaMH jt', ~ j 2 •= 1/2 rr 
Ji..iaccaMrr (cM., Hanp., [8), p. 474, rr ,[1], p. 267) m 1 =:m2, m 1 =/, m 2 .UJIH 

cJiy<Jai O.llHHaKOBbIX 'leTHOCTeii: Ha'laJibHOM H KOHe'IHOH,'laCTHU. Ilprr 3TOM HC
IlOJib30BaHbl TaKHe 6a3HCHble BeKTOpbl, pa3JIO)KeHHe no KOTOpbIM .uaeT MYJib
TIIITOJlbHYIO irnpaMeTpH3aUHIO; T.e. Ka)K.llhIM II3 onpe.neneHHhIX TaKHM o6pa3oM 

cpopM<paKTOpOB nepexo.ua,rr TOJibKO OH,onpe.uenHeT COOTBeTCTBYIOIUIIH MYJibTH-
' noJihHblii: MoMeHT rrepexo.ua rr (nnn) Bee ero cpe.n;Hne pa.unychl pacrrp~.ueneHnH, 
orrpe.ueneHHhle B rro.uxo.umueii: crrcTeMe. oTc<JeTa. TaKoii: crroco6 · rrapaMeTpn3a-

1unn rro3BOJIHeT II36mKaTb BHeceHHH KHHeMaTH<JeCK:iix oco6eHHOCTeii:., .. By.ueM 

ncrroJib30BaTb cne.uyIOmee npe.ucTaBJieH~1e, ." MaTprru ( CM., mirrpnMep,· [9]): 

·.,·.:,;( Q '•CT).· .••(f O) · · ,:•· .. , ,.,.· .(() /) .(21) 
'"'f "::,_. -CT. () : /0 =, ,0, -/ ' '.5 :.~?0/1/2/3 = - / 0 ,:, ,:~ 

YpaBH~~rre llnp~Ka ~ 3TOM rrpe.uc-r~BJieHHH BhirJI~.UHT cnehyIOIUHM o6pa3oM: 
' '. J ' ·,•' • ··;: ' ,, ' 

(p - m)u = u(p - m) == O,' :u•= u+,o. 

BBe,UeHa HOpMHpOBI(a 6rrcmrnopOB: u(p)u(p) = 1 rr cne.uyIOITIHe o6o;Ha'l~HHH: 

a~;,== 1/2(,i,,v - 1v1µ.),· ,,,,,;, +,.,,,,, = 2g,,,,:,, goo= 1, 9ii = -:-:-1, k.=. k>.,>.• 
,'.Ii Pa3JIH'!Hble cpopMbI HBHO KOBaprraHTHOH rrapaMeTpH3aUHH coxpaHHIOIUerocH 
rrepeXO,llHOro BeKTOpHoro TOKa MoryT 6hITb 3a,UaHbI BH,lle [3] 

' ,·'. ,' \'. " 

Jtl(k>.) = (
2
e:)3~2[(kfy,,, -kk,,,)F1m1m2 (kD + !a,,,).:vF2m1m2 (kD]u~ (2.2) 

erJ _ [kiP,,, - (k>.P>.)k,,, ·· ( 2 ) 1 2 ] .( ) 
= (21r)3U2 m(l - kVm2) F3m1m2 k). + m <1'µ.vkvF4m1m2(k>,) U1 2.3 

C > '"""• -.....~,~·• ..,.,,_, _,, '' ~ .. , ... , ... "'" ,.,., .. ~ ..,.,_ 
t'.,.., ~ 

', , . .,,.~, . . ,, 

2 
).if f 

1 
:· 1 

erJ _ [k{P,,, - (k_,P_,)k,,, 2 2 • · 2 ] = (
2 

)3 ll2 , (l l.2/ 2) Fsm1m2(k>.) + (k>,1µ. - kk,,,)F6m 1m2(k>.) U1 (2.4) 
1r m - "·' m . 

= __::!l_- [k~Pµ. - (k,,P,,)k,,, p(~) (k2) + icµ.v>.uPvka,{,15 p(m) (k2)]' . '·(2 5) 
(2 )3U2 (1 k2/ 2) m1m2 ,\ (1 k2/ 2) m1m2 ,\ UJ • 

7r m - ·., rn . . m. - ·.\ m 
~ ; \ ' ' ' 

3.uech m = m 1 + m2, :3.m = 1111 - m2, P,,,' == Plµ. + P2,,,, k,,, = P1,,, - P2,,,, 
T/ = J1 -;- :3.m2 /m} --; IIOJ>MHpOBO'!Ha.8: 1£0HCTaHTa, ·fm1m2 (ki) --; <popM<paK

TOphI, a MIIOiKIITCJib ( 1 - kVm2)- 1 KOMIIeHcnpyeT .riopeHUeBCKOe coKpameHtte 
KOBap11anTOB BhICOKOII paJMepuocTH (l], [10]. CooTBeTCTBYIOITII,ly rrapaMeTpn-
3aUHH (cM., nanp111,1ep, CIIOCKY B pa6oTe (8) Ha CTp. 570) TOKa e,llllHCTBeHHOH 

<JaCTI1Uhl (m1 = m2 = mo) IIOJiytiaIOTCH 113 (2.2)_ - (2.5) 3aMeHOII BeKTOpOB 

kb,, - kk,,, H kiP,, - (k,J\)k,,, na 11, 11 P,,, cooTBeTCTBeHHO. 
BecbMa y.uo611all l\lCTO,ll!U,a orrpe.ueneHIIl!

0

MOMeHTOB pacrrpe.uenemrn nJIOTHO
CT~ll 3apl!.Ua lI TOKa 61,ma:npe,UJIO)KeHa B pa6oTe [l'l ). Pacrrpe.uenemrn BBO.ll.8:TCl! 

C II~MOillbI<:i1cocTOlllIIIII, KOTOp
0

b!e l!BJIJIIOTCH B HMIIYJibCHOM rrpocTpaHCTBe BOJI
HOBbI,l\Hi'ha1~eTaMn g(p ). IlpHBO)lllMhlll MOMeHT l-ro rropl!.UKa pacrrpe.uenemrn 

( ( ~ a + b + C) 3am1CLIBctCTCll ( B '1-0BapHaHTHOH qiopMe) B BII,lle 
3 

' 

M;bc = ~,-f d3p2g*(p2)j cl3 pg(p) jd3 {x~xtx~H01 < PzlJ,,,(x, t)IP1 >, · (2.6) 
. ' 

r.ne x = (x1,x2,.r3), a Clll\lBOJIOM {:r1x~x~H0
) o6o3Ha'leH rapMOHH'leCKHH 110-

JIHHOM l-ro hopKUirn. Mol\lCHThl BbI,'lllCJll!IOTCl! . .llJl.8: rrpOII3BOJihHhIX rraKeTOB, 

H paccMaTp1rnaeMy1~/ 'IaCTIIUY MO)KHO C'IHTaTb IIOKOl!ITieHCl!, ecmI rrepett:Tll K 
npe.ueny Jg(p) 12 ➔ J(p ). LlJ1eHbI, 'xapaKTepI13YIOITil!e CTPYKTYPY BOJIHOBOro 

'" '.' '•' \<., ! 

rraKeTa, a He CTJJYKTYPY 'JaCTHUhl, ne rrpe.ucTaBJil!IOT B .uaHHOM cny<i:ae 1mTe~ 
peca H MoryT 6h!Th orryIUCilhl. JlI060tt: <JJieH, co.uep)KaillIIII IIpOll3BO,llHbIC OT 

g(p), OTHOCHTC.8: K 3TOMY. ;I'IIIIy. <1.>enoMeHOJIOrfi'le,cKHC cpopM<paKTOphI, BBe,lleH
Hbie B COCTaB TOKa ,'.J,,,(:i:, t); ~,oryT 6h!Th OTH<>pMnpci°BaHhI TaKHM o6pa30M ua 

,, . ,j •.-,, . i..; 

MYJihTlIIIOJll,HLIC MOMeIITLI. 
HeTpy.uno y6c.u11TbCll, nepeii:.u.R B c.c,K .u'~yMepHbIM cmrnopaM (cM. · rrp1mo-'

)KeHrre) .n ncr10n1,3y}! <\1opMyni.1 nopMupoBKH qiopM<paKTopoB Ha MYJihTIIIIOJIL
HLie MO~;eHT~I, '!TO JUI B OJ(IIOH 113 napaMeTpH3aUHM (2.2)-(2.4) 'qiopM<paKTOpL! 
He COOTBeTCTBYIOT O.llll03Ha<JHO 'orrpe,UeJieHHbIM MYJibTHIIOJibHbIM pacrrpe,lleJie

HHHM, TaK, B CJiytrae (2.2) MarHIITilbIM MOMeHT 'IaCTHULI, onpe.ueneHHLIM B 

6.c., ~irn3~rnae~'c.R '1?an1ii;1M (npn kf{, - kk,,,· ➔ ,,,,) 
~, t . . . ' ' ', ;•, 

m = (e/2mo)[F10(0) + F2(0)), 

3 3necb H IIJDKe ll MaTpll'IJJl,IX :meMe11TaX CHIIHOBble IIIIJlCKCbl B uenllX c0Kpan1enm1 ony

meHbl,. 3aMeTIIM TaKlKC, 'ITO ,j,opMyna IIOCIIT '!IICTO CIIMBOJlll'IeCKllii CMbICJI, HOCKOJlbKY 113 

lpll3ll'ICCKIIX coo6palKCllllli 3-TOK 11onpa3,lleJilleTCll ,Ha npOJlOJlbHbie II nonepe•lllb(e '!aCTII II 

peaJJbllO npnMelllieMLIII 6a111c pa3JIO)KCllllll IIMeeT llll.ll rapMOIIll'leCKIIX BCKTOpllhIX 'PYIIKl!llll 

(cM., llaIIpllMCli, [:1]), a IIC rapMOJJll'll'CKO,O llOJIIIIIOMa, 

~l 



B TO BpeMll: KaK Japan 

q = eF10(0), 

a epe.uHeKBa.upaTnqHhiii pa.unye Japa.ua 'IaeTHUhI 

- [~ 1 ] r~ = 6e dk~ F10(0) + m5 F2(0) , 

T.e. eo.uepMHT BKJia,U cpopMcpaKTOpa, KOT0phIH npHHll:TO Ha3hIBaTh aHOMaJih
HhIM MarHHTHhIM. 

AHanOrH'IHO B eny'Iae ( 2.4) 

r; .~ 6e[fs(O) + ~5 [.6(0)]. 

(ha .UBoiieTBeHHoeTh rrpnpo,UhI cpopMcpaKTopa F2 MO)l(HO. TpaKTOBaTh e rro-
~ . ' ' ) -~ . ' 

MOIUhIO • KJiaeeJI'IeCKOH. narna:.unoii MO,UeJIH. 3JieKTpoHa: HMeH!l;O,,e'In;raTh, ,'ITO 

Ha paeeTOll:HHll:X nopamrn KOMIITOHOBeKoii . .UJIHHhl BOJIHhl 3JieKTpOHa.,OH ,HMeeT 

.UBOiiHoii 3apa:;KeHHhIH cnou:, rrpn'IeM er() o6ono'IKH Bpama10T.ea: OTHoenTeJihHO 

.upyr .upyra. MmKHO IIOKa3aTh, Il0Jlh3Yll:eh eOOTHOIIIeHHll:MH (tte3aBHeHMhle H3 

HHX nepBhie .UB~). 

'u2 {kiaµ,,k,, + m(ki'Yµ-kkµ)-.[kiPµ -(k,1.'P,1.)kµ]}u 1 = 0, 
, ' ' ' ' ,, l 

"iI2{ik2eµv>.afvk>.'Yu1~ + m[kiPµ -~ (k,1.P>,)kµ] + (ki - ni2)(kh/- k,kµ)}ui = 0, 

', U2 {(rr2 
:._ ki)aµ,,kv + mieµv>.aPvk>.'Yu,: +[kiPµ _:_· (k,1.A)kµi}u1 = 0, 

• • • I 

u2{ ieµv>.aP,,kna,s + maµ,,k,,+ (ki,µ -:· kkµ)}Ui = 0, 

'ITO Bee, cpopMhI napaMeTpnJaunn (2.2)-.(2'.5) eBOAll:TOI o,nna K .upyroii, H npH 

3TOM Bee cpopMcpaKTOphl OKa3hIBaIOTCll: CB060,UHhlMH OT KHHeMaTH'IeeKHX eHH-

rynapHoeTeii H no.uaBneirnii, KpoMe F6 : · 
I ·' ,. ' \' 

(~) ' ' ' ' ' ' ,, ' . '. . Fm 1m2 = F1m1m2 + F2m1m2 = F3m1m2 +·F4m1m2 = Fsm1m2 + F6m1m.2i 
· .p(mi _ (k2/m2)F · + v . ·' _:_ p' '_ (,k. 2/m2) v ::. · m1m2 - >. lm1m2 L'2m1m2 -. 4m1m2 - ; . >. . L'6m1m2• 

Ilo3TOMY B •~apaMeTpH3aUHH (2.4) cpop~cpaK;Op F~ ,UOJI)KeH 6h!Th'nponopUHO

HaJieH 1/ki, 'IT06hI HMeJIO MeeTO Ml-H3JIY'IeHHe. O.uH~KO H3 Beex napaMeTpH-

3aUHH TOJihKO noene.UIIll:ll: (2.5) ll:BJill:eTell: MYJihTHUOJibH0ii B YKaJaHHOM Bh!IIIe 
eMbieJie [11). 

4 

3. MyJibTMIIOJibHbie .RBHO KOBapMaHTHbie 

rrapaMeTpM3a:QMM rrceB,UOBeKTOpHoro TOKa 

qaCTM:Q co CIIM,HOM ½. 0 CBOHCTBax aHaIIOJI.R 

O.uHaKO ll:BHO IWBapnaHTHhie napaMeTpH3aUHH aKeHaJibHOro 3JieKTpOMar

HHTHOro TOKa nepexo.ua ( e II3MeHeHHeM 'IeT_HOeTH 'Iae'inu) e HeilOJib30BaHHeM 

pa3JIH'IHhlX Ha6opoB 6a3HeHh!X BeKTOpO!} OKa3h!BaIOTell: <pH3H'IeeKH He3KBHBa

JieHTHhlMII. 1Im1 npnMepa pa36epeM MYJibTHilOJlbHYIO H "ananoJibHJIO" [12), [13) 
napaMeTpH3aUHil 3TOro TOKa. O6e OHII MOryT paeeMaTpIIBaTbell: KaK npH 

m1 = m 2, TaK JI npn m 1 # m 2. B ananoJibHoii napaMeTpH3aUHH 

m2 - .6,m2 - { 1 2 
2 k2 U2 -aµ,,k,,G1m1m2(k,1.) 

m - >. m 

e 
JiA\k>.) = (21r)3 

• 1 2 A 2} + m2(k,1.")'µ - kkµ)G2m 1 m2(k>.) ,su1 (3.1) 

q>OpM<paKTOp G1 npHHll:TO Ha3hIBaTb ,UHIIOJibHhlM 3JieKTpH'IeeKHM (3apll:,UOBbIM), 

a G2 - ananoJibHbIM. O.unaKO HH O,UHH H3 3THX qiopM<paKTOpOB He eooTBeT

eTByeT orrpe.ueneHHOMY MynhTHilOJibHOMy paenpe.uenenHIO. TaK, eo6eTBeHHhlH 

nepexo.uHou: 3apa:.uoBbIH .UHIIOJib onpe.uena:eTea: KaK ~eJIH'IHHoii G1, TaK H BenH-
'IHHoii G2: · 

d = i~[G1m1m2(.6.m2) - .6.m G2m1m2 (.6.m2)]. (3.2) 
m m 

lb qiopMyJihl (3.2) BH,UHO, 'ITO TOJlbKO B eTaTH'IeeKOM eny'Iae (.6.m = 0) <pop

M<paKTOp G1m 1m 2 MmKHO HaJBaTb .UHilOJibHhlM 3apa:nOBh!M. AnanoJibHhlH 'Inen 

B TOKe JiA) o6na.uaeT '.TeM eymeeTBeHHhlM OTJIH'IHeM OT 3apll:,UOBhlX H MarHHT

HbIX, 'ITO OH ne .uaeT BKJia,U B H3ny11enne, a onpe.uena:eT "KOHTaKTHoe" B3aHMO

.ueiieTBHe [12), [13) II [14]. IleiieTBHTeJibHo, nepBoe ero enaraeMoe, eo.uep;Kamee 

nonepe'IHYIO 'IaeTb, nponopunonan1,no ki H paBHO HYJIIO .una peanhHhlX <poTo

noB, a BTopoe - nponopuHoHaJibHO kµ, T.e. <iHeTo npo.uoJibHO. lfarry'IaIOmaa 

(nonepe'Inaa:) eoeTaBJill:IOIUall: ananOJibHOH 'IaeTH TOKa (3.1), nanpHMep, B e.e. 

paBna 

e ✓m2 _ .6.m2 ____ ___.:.._k2 G 2 
(21r)3 m3 >.al. 2m1m2(k,1.); 

0-1. = u - k(ku)/k2
• (3.3) 

TaKHM o6pa30M, B eooTBeTeTBHII e aHaUOJibHOH riapaMeTpH3aIIHeii (3.1) TOK 

JiAl(k>.) eo.uep;KHT TOJibKO o.unn qiopM<paKTop G1m1m2 , onpe.ueJill:IOIUHM H3JIY'Ie

HHe El-Tnna. 8To 03Ha'IaeT' 'ITO HHTeHeIIBHOeTb 3JieKTpH11eeKoro .UHilOJibHOro 

nepexo.ua KaK <pyHKUIIll: 'IaeTOThl w (B e.e. w = .6.m) MO)l(eT eo.uep)l(aTb TOJibKO 

He'IeTHbie eTeneHII W Ha'IHHall: e w3
• 5IBHO KOBapHaHTHall: MYJibTHilOJibHall: na

paMeTpH3aUHll: aKeHaJibHoro T0Ka JJA) eoOTBeTeTByeT Hell:BHO KOBapHaHTHoii. 
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8To 03Ha'!aeT' 'ITO TOJibKO 3apHUOBbie MOMeHTbI ( B naHHOM cnyqae L(IIIIOJib)' 

BbI'lllCJieHHbie, KOHeqHo, B c.c., HBJIHIOTCH K03q>q>I1l(IIeHTaMII npII 6a3IICHbIX BeK

Topax, TpexMepHM qacTb KOTOpbIX (B c.c,) IIMeeT KaK npo,n;OJibHJIO, TaK II 

nonepeqHyID qacTII. Bee )l>e cpenHIIe panIIJCbI• 3apH,n;oBoro UIIIIOJibHoro pac

npeneneHIIH, T .e.. q>aI(TIIqecKII Beeb UIIIIOJibHblli 3apHUOBblli q>OpMq>aKTOp 3a 

BblqeTOM ero 3HaqeHHH IIpII k~.c. = 0, CTOIIT IIpII 6a3IICHOM BeKTOpe, TpexMep

HaH qacTb KOTOporo (B c.c.) q11cTO nponoJibHaH [3]. B COOTBeTCTBIIII C 3TIIM 

B [3] 6bIJIO HaiineHo, 'ITO MJJibTIIIIOJibHaH napaMeTplI3al(Il}I J!A) IIMeeT BIIL( 

e 
J!Al(k;_) = (21r)3 

m2 - ~m2 - { 1 k c(d) (~m2) 
--::-::2:-U2 -aµv v m1m2 
m 2 -k;, m · 

kiPµ - (k;_P;_)kµ [c(d) (k2) _ c(d) (~m2)] 

) 
m 1 m 2 A m1m2 m(ki- ~m2 

+-
1
-€µvAuPvk>-1u15Gff/m/ki} },sui. 

m2 
(3.4) 

B 3TOM Bbipa)KeHIIII G~/ m
2 

( ki) - UIIIIOJibHbIH 3apH,n;OBbIH qiopMq>aKTop, 

G~/m2(~m2) - L(IIITOJibHblli 3apH,n;OBblli MOMeHT (B enHHIIl(aX e/m), a 

G~) m
2 

( ki) - ToponnHhIH nnnoJibHbIH qiopMq>aKTop ( B ennHnuax e / m 2). 

IlaHHM napaMeTpH3al(HH MJJibTIIIIOJibHM, T .e. ,D;IIIIOJibHbIH 3ap5I,n;OBbIH MO

MeHT onpenenHeTCH TOJibKO K03q>q>Ill(IIeHTOM npII nepBOM 6a3IICHOM BeKTOpe, 

Bee ero cpe,n;HIIe pa.n;IIJCbl - qiopMq>aKTOpaMII npII BTOpOM 6a3IICHOM BeKTOpe 

II TOJibKO .IIMII, a L(.IIIIOJibHblli TOpO.IIL(Hblli MOMeHT .II Bee ero cpe,n;H.IIe pan.IIJCbI 

onpeneJIHIOTCH TOJibKO TOpOHL(HbIM.II qiopMq>aKTopaM.II: 

d = (e/m)G{d) (~m2
)· } · m1m2 ' 

r~ = (lOe/m)~G~/;,.2 (~m
2
); 

T = (e/m
2
)G'f:.,m2 (~m

2
). 

(3.5) 

Ilanee, IIOJib3JHCb nepBbIM.II UBYMH II3 o6o6meHHhlX To)KnecTB ropnoua 

2 • . . . 
u2{~maµvkv + (k;,,µ - kkµ) + i€µv>-uPvk>-,u15}1sU1 = 0, 

- 2 2 • 2 u2{k;_aµvkv + ~m(k;,1µ - kkµ) + [k;,Pµ - k;_P;,kµ]},su 1 = 0, 

u2{ik2eµv>-uPvk>-,u'Ys+(~m 2-k2)(kl,µ -kkµ)+~m[klPµ -k;,P;_kµ]},su1 = 0, 

u2{-i~m€µvAuPvkA/0'/5 + (k2 - ~m2)a µvkv + [klPµ - k;_P;_kµ]},su1 = 0, 

MO)KHO IIOKa3aTb, 'qTo .IIMeeTCH CBH3b Me)K,n;y q>OpMq>aKTopaMII 

2 _ (d) 2 ~m T ( 2 . 
G1m1m2(k;_) - Gm,m2(k;_) + Gm1m2 k;_) + . m 

~m2 [G(~) (k2) c(d) (~ 2)]· + k2 A 2 m1 m2 >- - m, m 2 m , >- - D.m 
(3.6) 

6 

• 2 _ ,(1') .2 m~m (d) .2 _ (d) 2 
G2m1m2 (kJ - (,m

1
m

2
(k,\) + k2 _ ~m2 [Gm 1m2 (k,\) Gm 1 m2 (~m )] . (3.7) 

C qiopMaJibHOfI TO'IKH 3pemrn BIIL(IIM, qTo B CTaTnqecKOM npenene (~m-+ 0) 

o6e napaMeTpHJamm c0Bnana10T: G1momo ( ki} = G~~mo ( ki) II G2m0 m0 ( ki} = 
G~jmo ( ki}. Omra1m IIJBecTHO, 'ITO Toq,i-;a k;_ = 0 nrrH qiopMq>aKTOpoB CIIII

HOpHbIX qacTIIll l!BJU!eTCH 11ecjnnnqec1mii: BBilllY Toro, qTo II3JIJ'!eHHe q>OTOHa 

CBo6o,n;HOli CIIHIIOpl!Oll '!aC'l'HUef1 3anperueHO 3aKOHOM coxpaHemrn MOMeHTa -

IIMIIJJibCa. IIpnpaBHIIBa.HIIC iKe G2momo (01 = G~;mo (0) B Toq,i-;e k
2 = 0 oKa3bI

Ba.eTCH Ta.IOI,e 6eCCl\!LICJieIIIlhlM BBnny Bb!pO)KL(eHJrn 6a3uca, IIOCTpoe1rnoro ua 

opTax o- 11 k. Ile1kTBIITCJILIIO, TpeT11f1 opT k x k x o-1 no KOTopoMy Hanpa.BJieHbI 

3TH nunom1 B npei1ene k 2 -+ O,cTanoBIITCH HeonpeneneHHbIM BBnny H30Tpon-· 

HOCTII BeKTopa k B ::nor1 TOqKe (nanee Cl\!. 3a.KJ1JO'leHne). 1'b-3a COOTHOIIIeHHli 

Me)Kny qJopMcpa1<Topa.l\111 (3.6), (3.7), Ka3aJIOCb 6LI, cnenyeT, 'ITO Bee qiopMq>aK

TOJ)bl CBo6o,n;Hhl OT KlllICl\Ia.Tll'IeCKHX oco6eHHOeTeiL Ilpn 3TOM, IIOCKOJlbKY d 
II T naroT BKJia.Jt B 11JJ1y<1en11e onHoro n Toro )Ke Tuna El (KoTopoe onpene

JIHeTCH OL(IIHM 'IIIC.TIOI\l - HIITel!CHBIIOCTb!O ), neT neo6xonHMOCTII BBOL(lITb ,n;Ba 

m1na IIJJIY'laTeneii, 1-1 a.mrnoJILHa.H na.pa.MeTp1naumr na)Ke npennoqTIITeJibnee. 

B cooTBeTCTBHH c nefr BepoHTIIOeTh El-1nnyqemrn W(El) nponopw1onanLna. 

IG1m1mJO)l2: 
lV(El) ~ w 3

IG1m1m2 (0)i2, (3.8) 

T.e. HBJIHeTCH 11e'!eTHof1 ct1ynKUI1e11 qaeTOThl w, TaK KaK 

G1(0) = L (-w,2)nc;~n\w2), 
n n. 

rne G~n)(w2 ) - ,mcna, nponopunouanbHbie cpenm1M pa.nnycaM naHHoro pae

npenenemrn. Onna.Ko HJ (3.7) nenw BHJieTb, 'ITO npn uannqnn HJJIJ'!aTe

neiI Q( d) II Q(1')' H3-3a l!X HHTepqiepeHl(Hll BepOHTHOeTb H3JiyqeHJUI 1¥ ( E 1) 
- IIOJIHHOM Beex (Ka.K 'ICTIILIX, TaK H neqeTHLIX) eTeneuet1 W ua.qnuaH C w

3
. 

IleiicTBHTCJihuo, ncnonr,JyH (3. 7) n ( 3.8 ), HaxonnM, 'ITO BepoHTHOCTb 1¥ (El) 

nponopunoHaJibHa. IIOJIHIIOMY 

' 
W(El) ~ w 3{IG(d>(w2)12 + 2(wm)Re[G(d)(w

2
)G(1'l(o)] + (w2 

/m
2
)IG(T)(o)i2} 

B COOTBeTCTBIIH C o6merr cpopMJJI011 L(JIH HHTeHCIIBHOCTH MJJibTHTIOJibHOro 113-

nyqeHHH. 3aMeTHM, 'ITO BCC BBeneHHbie cpopMq>aKTOpbl ne11CTBHTeJibHhI, eeJIH 

paecMaTpnBa.CMLif1 TOK CP-H1rnap1m11TCH. TaKHM o6pa3oM, npnMenem1e nrrH 

napaMeTprnaunn a11a.110J1hIJOro BeKTopa (k;.," - kk,,)15 BHOCHT nona.BJieHne, 

npIIBOUHmee K 11eB03MO)KIIOeTH npa.BHJihHOro a.HaJUITH'ICCKoro IIpOJIOJJ)KeHJill 

cpopMcpa.1(TopoB G1 n G2 110 on11ot1 HJ Mace. AnanoJib nefrcTBIITCJibHO onpaB

JihIBaeT CBOe na.3Bct!IHC, Ta.K KaK He llBJll!CTeH npcncTaBHTeJieM HH on11oro H3 

eeMeHCTB MYJibTHilOJII,IILIX MOMCIITOB, HO eeTb eyMMa L(HIIOJibllh!X 3a.pl!UOBOro 

II Toponnnoro MOMel!TOB. IlpH ::>TOM HIITCHeHBHOCTb IIX H3JIY'ICIH!ll IlO)lOrIIaHa. 
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TaKIIM o6pa30M, 'ITO B CJMMe 3TH lICTO'IHlIKII noJIHOCThIO "rac»T" .upyr .upyra. 

AHanOJihHaH KOH<!mrypau1rn OTHOCIITCH K HeII3JIY'laIOIIUIM lICTO'IHllKaM, 'ITO 

Mhl HeO,UHOKpaTHO no.u'IepKIIBamI ( CM., HanpIIMep [6]). O.uHaKO Henpnro,UHOCTh 

ero ,UJIH napaMeTpII3aUHII TOKa onpe.ueJrneTCH He 3TIIM o6CTOHTeJihCTBOM, a 

HaJIII'IIIeM y Hero KIIIJel\taTII'leCKOro cpaKTOpa k~, no.uaBJIHIOIUero ero lI3JIJ'le

HIIe. 3To YTBepiKJLeHHe, O'leBII.UHO, cnpaBe,UJIIIBO, He TOJlhKO JLJIH nepexo.ua 

i1 = i2 = 1/2, HO II B o6rueM cnyqae aHanOJihHOH napaMeTpII3aUIIII TOKa nepe

xona '!aCTIIU C npoII3B0JlhllhlMll CIIIIHaMII (12]. 

4. 3aKJIIOl:JeHMe 

Ilopa OTBeTIITh 11a rnaBnblii: Bonpoc, nocTaBJieHHhIH B JarnaBIIII cTaThII. IIo

BTOpIIM erue pa3 o6ruee YTBepiKJJ.eirne, 'ITO IIJJ.eHTIIqJIIKaUIIH no KJiaCCII'leCKIIM 

HepeJIHTIIBHCTCKIIM MYJibTHnOJibHbIM MOMeHTaM B03MOiKHa JllIIIIb B cneUIIaJih

HblX CHCTeMax OTC'ICTa. CaMO noHHTIIC MYJihTHnOJibHOro MOMCHTa KaKOH-JIH6o 

KJiaCCH'ICCKOH 3JICKTpOMarHHTHOH ClICTCMhI, HanpIIMep JJ.IInOJihHOro 3apHJJ.O

BOro MOMCHTa CHCTCMbl 3apHiKCHHhIX '!aCTIIU, orrpeneJIHCTCH B ClICTeMe nOKOH 

3TOH CHCTCMbl. Ilpn 3TOM pacnpenenenue .uunoJibHOro 3apH,UOBOro MOMCHTa B 

npocTpaHCTBe BOJIHOBbIX BCKTOpoB, cpopMqJaKTOp, OKa3blBaeTCH qJJHKUHCH k 2
. 

Ilpn HBHO KOBapIIaHTHbIX napaMeTpII3aUIIHX peJIHTHBIICTCKHX KBaHTOBhIX TO

KOB apryMeHTOM cpopMqJaKTopa, CCTCCTBCHHO, 51BJIHCTCH YiKC lIHBapMaHTHhlll 

napaMeTp k;. IIapaMeTp k 2 
MO~KeT BhipaiKaThCH 'Iepe3 MHBapMaHThl TOJihKO 

B CIICUHaJibHbIX nopeHUCBbIX CMCTeMax OTC'ICTa, HanpMMep B 6peii:TOBCKOH CM-

CTeMe (6.c.) · 

k 2 = -k2 + (m,6.m/m') 2
• 6.c. µ 

(3necb m' = IPJ- HHBapnaHTHaH Macca "cMCTCMbI"' COCTOHIUCH M3 'laCTMUbl 

B Ha'laJibHOM M '!aCTMUbl B KOHC'IHOM COCTOHHM51X.) Torna ,UJIH TOKa C,UMH

CTBCHHOH '!aCTMUhI (,6.m = 0) k~.c. = -k;. TaKMM o6pa3oM, B CTaTM'ICCKOM 

cnyqae ( ,0;.m = 0) B03MmKuo npMpaBHMBaHMe cpopMqJaKTopoB npM k~.c. = 0.,BBe

JI.CHHhIX nyTeM HC51B110 KOBapttaHTHOH napaMeTpH3aUMM, COOTBCTCTBJIOIUlIM 

co6cTBCHHbIM MJJihTIUIOm,HblM MOMCHTaM '!aCTlIUhI, .'ITO cornacyeTC51 C o6bJ'l

HOH HOpMHpOBKOH cpopMcpa!(TOpOB HBHO KOBapHaHTHOH napaMeTpH3aumr, ecntt, 

KOHC'IHO, OHM MYJibTMnOJibHbIC. 

IIocMOTpMM KaK o6CTOHT nena c aHa-noJihHOH (ue-noJibHOH, HC-MJJibTM

nOJibHOH, CM. [3], npIIJIOiKCHHe 3, a TaKiKC (16], TepMMH "auanonb") napa

MCTptt3auneii:. IlceBJJ.OBCKTOpHhIH TOK (oTJJ.eJibHoii:) qacTMUhl B TO'!Ke k! = 0 
npMo6peTaeT BHJJ. 

(A) _ 1 e _ { } Jµ (k>-.) - (
2

n)3
2

mo u2 aµ,,k,,G1(0) - kµG 2(0) 15u 1, ( 4.1) 

rne auanonh cpaKTII'ICCKM IIC'leJaeT. Ileii:cTBMTCJibHO, B nauuoii: napaMeTpM3a

uun ero 6a3HCIIbIH BCKTOf) CBOJJ.HTC51 I( H30TpOnHOMY 4-BCKTopy kµ 11 BeJIM'IMHa 

8 

J ,, 

. ' :~ 

G2 (0), CTOHIUaH npn 3TOM rrpononbHOM BeKTope, yTpaq1rnaeT cBoii: q>M3M'leCKMH 

CMbICJI 4
• 

llTaK, npe.unmKeHHbIH HaMn Bbl6op MYJihTnnoJibHOH napaMeTpM3aunn nceB

JJ.OBCKTopHoro TOI(a 611cnnuopHhlX qacTMU nacnenyeT cxeMy peIIIeHnH, uaii:.ueH

HYIO P. CaKCOM .un» BCKTOpHoro TOKa, nyTeM 3aMeHhl BeKTopa ic:µv>-.pPvk>-.')'p')'5 
Ha rrceBJJ.OBeKTop ic:µv>-.pPvk>-.')'p• OnHaKo ,UaJiee, Hallie rrocTpoemre nceBJJ.OBeK

TOpHoii: rrapaMeTp113aUHI1 (3.4) B nyxe MJJihTMIIOJlhHOH KJiaCCH'leCKOH rrapaMe

TpH3aUHH KaiKCTCH Ha nepBblll B3rJIH,U JieonpaBJl,aHHO ycJIO)KHCHHOH C TO'IKII 

3peHHH TOJibKO peJIHTMBHCTCJ(Oll CMMMCTp~rn. B neii:CTBHTeJibHOCTM )Ke TOJibKO 

OHa no3BOJIHeT OTpa3MTb B KOBapMaHTHOH 3anncn cpyHJJ.aMeHTaJihHJIO oco6eH

HOCTb 3JieKTplI'ICCKOll nonepe'IHOH '!aCTM TOKa - ee CB513h C 3ap51J1,0BhIMM MO

MCHTaMM, Bblpa)I(alOlUYIOCH Ha 513h1Ke MJJibTMIIOJlhHblX pacrrpeneneHMH B CJJ.HH

CTBCHHO JJ.OIIJCTHMOM BHJl,e [3] 

E1m(k2, t) = Q1m(O, t) + k 2Tim(k2, t), (4.2) 

rne E1m(k2, t) - 3JICKTpnqecKne nonepe'!Hble cpopMcpaKTOphl, Q1m(O, t) -
npoH3BOJJ.Hble no BpeMCHH OT 3ap51J1,0BblX cpopM<paKTOpoB, T1m(k2, t) - Topo

MJJ.Hble cpopM<paKTOpbI 
5

• 

ll 3Ta CBH3h, KaK nonqepKMBaJIOCb B [3], B pa3nene 8, eCTh, B KOHe'!HOM 

MTOre, IIp51MOe OTpa)KCHMe cymecTBOBaHM51 B rrpnpone TOJibKO 3JICKTpM'IeCKI1X 

3ap51JJ.OB H OTCYTCTBHe MarHMTHhIX. llcrrOJih3J51 T~'!Hble cpopMJJibl ( 4.28) H 

( 4.29)., HeTpy.uuo y6eJJ.lITbC51, 'ITO B HaIIIeft KBaHTOBOH peJI51TMBMCTCKOH rrapa~ 

MeTpH3aUMM (3.4) 3Ta CBH3h co6JIIOJJ.CHa. linH 3TOro Bbl,UeJIMM B 3-BCKTOpHOH 

KOMIIOHeHTe (4.28) rrorrepe'IHJIO '!aCTh M CJIO)KMM ee c TOpOlIJI.HOH (4.29) TaK, 

KaK OHM q>MrypnpyIOT B (3.4), IIOJJJ'laeM 

-iG(d)k x ~
2 
x u] + G(T) k x [k x u] =;,, (d + k 2T) k x [k x u]. (4.3) 

A npM rrpononbHOM BCKTope (k2 Pµ - (kP) kµ) 15 CT051T Bee 2n-cTerreHHhle pa

nnychl 3apHJJ.OBoro nnnoJibHOro pacrrpeneneHM51, KOTOpble B CJMMe C rrpOJJ.OJih

HOH tiaCThIO, Bxon»rueft B cocTaB BeKTopa G(d)u, o6pa3JIOT rrpononhHhlH 3JieK

TpMtieCKMH cpopM<paKTop, 'ITO BHJl,HO B c.c. Ha rrpMMepe KBaHTOBhIX CIIHHOpHbIX 

'!aCTMU, 

OnHaKO KJiaCCH'leCKaH MHTepnpeTaUM51 P-, T-,· c -HecoxpaH51IOIUHXC51 peJI51-

TMBMCTCKMX TOKOB conep)I(HT nonoJIHHTCJlhHble (K o6cy:lKJJ.CHHhIM BhJIIIe) Tpyn

HOCTH B paMKax o6meft rrapan11rMhl O B03MOiKHOCTII BOCCTaHOBJICHII51 rrpo

CTpaHCTBCHHOH CTpyKTJphl KBaHTOBOH '!aCTIIUhl C JIOKaJihHhlM TO'!e'lHhIM B3a

MMOJl,eHCTBMeM rryTeM cpyphe-rrpeo6pa3oBaHM51 ee cpeHOMeHOJIOrII'leCKMX cpop

Mq>aKTOpoB, 3aJl,aBaCMhlX B rrpocTpaHCTBe BOJIHOBhIX 4-BCKTOpOB. Ha'!HCM C 

4 OTMeTHM, 'ITO II0CTpoeHHe cpeHoMeHOJIOrH'leCKHX T0K0B H HX B3aHMO,lleHCTBHH .llJilI cny
'lall, Kor.11a 6a3HC BKJIIO'laeT H30TpOI!Hhlli: BeKTOp, 6h!JIO rrpoBe,lleH0 B pa6oTax H.B. Ilony6a

PHH0Ba [17). 
5.Ilnll HH3K0CHMMeTp!i'1HhlX CHCTeM qacTO HCII0Jih3YeTClI npH6JimKeHHe E1m(k2 , t) R:J 

Q Im ( 0, t), o6h!'IHO nMeHyeMoe TeopeMoii 3HrepTa. 
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Toro TpIIBIIaJibHOro 3aMe<J:amrn, 'ITO MIIHIIMaJibHOe :meKTpoMarHIITHOe B3aII

MO,n:encTBIIe, BBeneirnoe B ypaBHeHIIe JlIIpaKa, npIIBOJJ:IIT He TOJibKO K nmrnJie

HIIIO B HeM MarHIITHoro BeKTOp-noTeHUIIaJia II KJJIOHOBCKoro, HO II naneJI51eT 

<J:aCTIIUY 3ap51JJ:OM H HOpMaJibHbIM MarHIITHbIM MOMeHTOM. JiencTBHTeJibHO, 

penyKUII51 MIIHHMaJibHOro B3aHMO,n:ei'ICTBH51 <J:aCTIIUhl B 6IICIIIIHOpHOM npencTa

BJieHIIII K CilIIHOpnoMy B cneUHaJibHOll CIICTeMe OTC'leTa ( 6.c. HJIH c.c.) HMeeT 

BHJJ: 

F10(k2)u21µu1Aµ => F10(k2)(</>tc/>1if! - -
1-¢f u</>1B), Fw(0) = e. 

mo 
( 4.4) 

BTopon H3 BKJia,n:oB BO B3aHMonencTBHe JierKO nonnaeTC51 KJiaCCH'leCKOll JUI

TepnpeTaUHII. JlencTBHTeJibHO, Mbl BHJJ:HM B3aHMonencTBHe naMarHH'leHHOCTH 

<J:aCTHUhl, pacnpeneJieHHe KOTopon 1anaeTc.H neH3BecTHbIM naM a priori qiop

Mq>ar(TopoM Fw(k2) C BHeIUHHM MarHIITHhlM IIOJieM B 6
• nJI51 anaIIOJibHOro 

)Ke B3aHMOJJ:ellCTBH51 TIO TeM )Ke peuenTaM IIOJIJ<J:aeM B c.c. (npyrHe CHCTeMbI 

3,n:ecb ne IIOJJ:XOJJ:51T ! ) : 

G20(k2)u2(k2
1µ + 2m0 kµ)1' 5u1Aµ => -G2o(k2)</>f (0, k x [k x u]A) </>1- (4.5) 

KaK HHTepnpeTHpoBaTb nocJie,n:nee Bbipa)Kenne? EcJIH 6bI onepaTop k ➔ 
-i V ,n:ellCTBOBaJI 6bI BO "BHJTpenneM npocTpaHCTBe" <J:aCTHUbI, B KOTOpOM 

MO)KeT 6bITb 1anan 3q>q>eKTHBHblll BHJTpeHHHll TOK [18], co1,n:aIOIUHll MarHHT

noe IlOJie qiepMHOHa, TO onepaTop k x k x u Boo6rn:e COOTBeTCTBOBaJI 6bI ne 

TopoH,n:HoMy (ananoJibHOMY) MOMeHTY, a noJIOHJJ:aJibHOMY [19]. IlocKOJibKY, 

onnaKo, npoH3BOJJ:Hbre neiicTBJIOT BO BnernneM npocTpancTBe, TO HX cJie,n:yeT 

nepe6pOCHTb na BeKTOp-noTeHUHaJI. Torna B03HHKaeT B3aHMOJJ:ellCTBHe CIIIIHa 

<J:aCTHIIbl C rot B' 'ITO, C onnon CTOp0HbI, COOTBeTCTByeT KaHOHH'leCKOMY BHJJ:Y 

B3aHMonenCTBH51 KJiaCCII'leCKOro TopoH,n:noro MOMeHTa C BHeIUHHM IIOJieM, no, C 

npyron CTOpOHbI, H3-3a pa3HOll npocTpaHCTBeHHOll -.:reTHOCTH 3Toro MOMenTa H 

CIIHHa BhlHJ)KnaeT roBopHTb O necoxpaneHHH -.:reTHOCTH ,H IIpHBOJJ:HT K nceB,n:O

CKaJI51pHOCTH 3HeprHH B3aHMO,n:encTBH51 (4.5). Kone<J:HO, B paMKaX CTannapT

HOll TeOpHH na ypoBHe KBapKOB <J:aCTb 3THX BOilpOCOB CHHMaeTC51. O,n:HaKO 

nepexon OT KBaHTOBbIX TOIWB K KJiaCCH'leCKHM <J:aCTO COBeprnaeTC51 neKoppeKT

HhlM o6pa30M BBHJJ:Y BbIIIIeII3JIO)KeHHhlX TPYJJ:HOCTeii. 

PaccMoTpIIM onny KOHKpeTnyro cxeMy TaKoro nepexona. Bnn onepaTopa 

P-He<J:eTHOll <J:aCTH ToKa B ( 4.5) roBopIIT o TOM, 'ITO 3TOT TOK coxpau.Hrorn:IInc.H, 

T.e. div J(A) = 0 II IIHTerpaJibHa51 3anIICb, COOTBeTCTBJIOrn:a.H 3TOMY coxpane

HHIO_,npIIBOJJ:IIT K cJienyroruIIM paBeHCTBaM: 

j d3 xJ(A) = J(A)(k = 0) = 0. ( 4.6) 

6 IIo CKJ.QHOCTH HaIIJl!X MaTeMaTl!'IeCKI!X cpe.ncTB Mb! He MO)KeM HaHTII TOqHoro perneHI!ll 

(KBaHTOBh1x) ypam1e1rnii MaKcBeJIJia - IlnpaKa (llIBI!Hrepa - IlaiicoHa) II BbiHJ)K.QeHbI .nanee 

BOCCTaHaBJII!BaTb BIi,[( F1o(k2 ), Il0Jlb3Jl!Cb TeOplleii B03MyIUeHI!H. 
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Jlanee ,n:JI.H ynporuemrn nneHTHq>mmumr B3anMonencTBII51 coBepIIInM 3q>q>eK

THBHyro 3aMeny G20 (k2)u ➔ b, rne b - nocT051HHhlll nceBnoBeKTop, T.e. 

6yneM C'II-ITaTb qacrnuy TO'IC'IHoi'1. EcJin 6b1 Mb! pacci,.iaTp1rnam1 TOK, a He 

nceBJJ:OTOK, TO :.10rm1 6LI nanee BOCIIOJib30BaTbC51 JJ:JI51 HaXO)KlleIIH51 co1na

BaeMoro HM rroJI51 (110Tc11u11ana) ypaBirenueM Ilyaccona JJ:JI51 BHeurnero HCTO'l

mma. C0Bepunn1 3TY 11aTlDKKY 11 nam1rneM ero peIIIeHne B Bnne 

A(x) = ;· d
3
.r'J!Al(;r').= [(bV)V - b~]..!_. 
Ix -x'I x 

(4.7) 

BBIIJJ:Y ycJI0BIUI coxpa11emrn T0Ka llJI51 BeKTOp-rroTenuuana Bb!IIOJimleTC51 

KaJIII6poBim div A = 0. Ecm1 oT6pocuTb rrepBoe cJiaraeMoe B rrocJie,n:neM 113 

paBCHCTB, TO B Ka'ICCTBC perneIUI51 o6paTHOll 3ana<J:1I - HaXO)KlleHIIC BIIJJ:a ( TO

'IC'IHOro B nannoM CJI_y<J:ae) HCTO'IHJIKa ITO BHllY ero II0TeHIIIIaJia - MO)KHO 

rrplillTII K cJieny1omcMy BhipaiKCHHIO 
7
: 

a= -rr j d3 x:i: 2J(A)(x). 

HaXO)KllCHHC ero TaKHM cnoco6oM, T.e. 3a C'leT 3aMCHbI KaJIH6poBKII, HCKOp

peKTHO, IIOCKOJibKY mo6oe H3MeHenne nepBOHa'laJibHOll KaJIH6poBKH npnneneT 

K H3MCHCHHIO ncxonnoro Bhipa)KeHirn llJI51 1rnaHTOBoro TOKa, ero nerrorrepe<Ino

CTII (a 3TH CBOIICTBa )KCCTKO CB513aHbl y A II J(A)) B (4.7), II OH y)Ke, Boo6rue 

ronop51, M0)KCT ne COOTBCTCTB0BaTb !III anaIIOJIIO, HH T0pOIIllH0MY llHIIOJIIO. 

KoppeKTHoe pewenue np51Moi'1 1ana'IH, naxo)KnenHe BCKTop-rroTenuwana nm1 

TO'IC'IHoro Toponnnoro ncT0'IHHKa BrrepBbie 61,mo npoBeneno B [22] ( CM. TaK)Ke 

[21], p.161) II HMCCT BH.ll 

A= 3x(xT) _ x2T 
;r5 

Srr 
+ 3 To(x). 

x;!,O 

lh 3Ton qiopMyJI1,1 cJienyeT; 'ITO To'le'IHbill Topo1I,n:nhlii: nIInoJib nopo)KnaeT 

npo,n:oJibHO - rrorrepe•m1,111 [23], [24] (free-field) rroTeHUIIaJI ¢panua - 3pen-

6epra - CII.D:351 - BoMa - AaponoBa TOII )Ke KOHq>IIrypaunII, 'ITO II Marm1T

uoe II0Jie, nopmKnaeMoe TO'IC'lllb!M MarHIITHblM .ll.HIIOJICM, II 3JICKTpH'leCKOe, 

rropo)KnaeM0C T0'IC'IlILIM 3ap51.U0BhlM JJ:HII0JieM. Ilp11 3TOM HCX0.D:H
0

blll KJiaccn

'ICCKHH TO'IC'IHI,III TOK, co1,n:aBaCMbIII T0p0H,n:HhlM JJ:HIIOJICM, neiICTBHTeJibHO 

C00TBCTCTByeT CHMMCTJHIH 1-rnaHT0Boro T0Ka B ( 4.5). MMeHHO B CHJIY o6cy

)KJJ:CHHhlX ycJIOBIIOCTCH nponeJlypa IIaX0)K.lJ.CHH51 KJiaCCH'leCK0ro o6pa3a CTaTH

'ICCKoro anaII0JI51 (.UJill 0IIHCamrn HCCTaTH'leCKOll 3JICKTpOMarHIITHOH CHCTeMbI, 

KaK Mb! II0Ka3aJII1, Boo6mc ne ro)lIITC51) B "¢H3H'ICCI..:Oll 3HUHKJIOnen1m" [16] 

7TaKoe Bb1pa)Kel111e J{llll Topo11n11oro t(IIIlOJill 6bIJIO neiicTBl!TeJibllO BhlBet(CIIO KOppeKTllblM 

o6pa30M B paMKax KJiaCCll'ICCKOl'O '.)JICKTpoMarneTH3Ma II Bnepnble ony6JII!KOBano B (20] (cM, 

TaK,Ke (21], app. I3). 
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aHaIIOJlh cpa3y OTO:,KJJ:eCTBmleTC.ll C TOpOI1JJ:HhIM JJ:IIIIOJlhHhlM MOMeHTOM, JIMe

JOIIUIM o6mee orrpe.nenen11e: 

T = /
0 
j [x( xJ) - 2:z: 2 J]d3

x, 

XOT.ll, c '-IeM 6hm corJiacen 11306peTaTeJih anarroJI.ll 51.E. 3eJihJJ:OBlPI, cTporo 

roBOp.ll, 3TH BeJIJ1lU1HhI pa3Hble 
8

. 
B cne.ny10meii pa6oTe Mb! rrpo,neMOHCTpllpyeM nerrpuro,nHOCTh HeMyJihTII

IIOJlhHOH napaMeTp1nau1111 na npuMepe pacqeTa acIIMMeTpuu cna6o3JieKTpo

MarnuTHhIX pacna.nos nmepoHOB. 

IlpHJio)KeHHe. CooTHomeHIUI Me)K,n;y 
coxpaH.HIOll(HMHC.H <j)eHOMeHOJIOrHqeCKHMH 

TOKaMH B 6HCIIHHOpHOM H CIIHHOpHOM 
rrpe,n;cTaBJieHH.HX 

Iln.H ,nanhHeihnet'1 pa6oThl naM rroua.no6.HTC.ll TaK,1ce cne.ny10mue BenuqIIHhI, 

3a,naHHhie B c.c. (c:1 - c2 = 6.m, k2 = 6.m2 - k2
, r = ✓m2 - k2 ) [5]: 

k [ m.6.m r ] 
P1 = 2 1 + ~(1 - m) ; 

k [ m.6.m r ] 
P2 = _2, 1 - ~(1 - m) ; 

c1 = 
2

~2 [.0i.m( m.6.m + k2) + (k
2 

- 6.m )r]; 

c2 = 
2

~2 [.0i.m(m6.m - k2) + (k
2 

- 6.m
2)r]; 

m.6.m ( r) 
P = P1 + P2 = k~ l - m. ; 

m6.m
2 

( r) 
P0 = c: 1 + c:2 = r + k2 1 - m ; 

c1c2 = - m2 + 6.m2 - k2 - -- - ---(1 - --) (1 - -) · 1 [ 6.m4 2m26.m
2 

6.m
2 

r ] 
4 k2 k 2 k 2 m ' 

c1c2 - P 1P2 = ~[m2 + 6.m2 - 2k
2
] =~[mi+ m~ - k

2
]; 

W1 := m1 +c:1; W2 := m2 + c2; 

(4.8) 

(4.9) 

(4.10) 

(4.11) 

( 4.12) 

(4.13) 

(4.14) 

(4.15) 

(4.16) 

83aMeTHM, '!TO 0.11110 113 CB011CTB auanom1 - ero 11ecnoco6HOCTh H3JIY'laTh, KOTOpall BH.UHa 
11enocpe.11cTne11110, 110 ua ypomIe Kouqmrypaunii: :rneKTpoMarHHTHhIX cucTeM Mo:lKeT 6bITh 
H11TepnpeT11pona11a Jllllllh C IIOMOlllhlO (4.2) II (4.3) - caMO IIO ce6e IIJIO.UOTBOpHO II ne.ueT K 

pe111e1111IO 06me11 npo6JieMhl KOIICTpynponamuI neInny'laI011IHX cucTeM [25]. 
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6.m2 m2 [ k2 6.m4 6.m4 r 6.m4 ] 
W1W2 =--+- 1--+----· +-(1--) · (4.17) 

2 2 2m2 k4 2m2k2 m k 4 ' 

1 [k2 6.m4 · m26.m2 6.m2 r ]. ·. 
P1P2 = 2 2 - 2k2 - k2 ( 1 - k2) ( 1 -:- m) ; (4.18) 

1 {· 2 2 2 · · 2 [6.m
2

, r (.•. 6.m
2
)]} ( 

Wi W2 - p 1p 2 = 2 m - 6.m - k + m k2 + m 1 - k2 ; 4.19) 

1{ 6.m
4 

• (· 6.m
2
) (' : tim

2
) ( r)} Wi W2 + p 1p 2 = 2 2m

2 
- k2 - m

2 
1 + 2k2 .. 1 - k2. 1 - m ; 

. (4.20) 
~. < , • •.C • 'C • , • • \ '; ' l ! 

k [ ' 6.m2 '2m2 6.m
2 

r ] 
-~2P1 ~-~1P2 = - 2~m 1 ~ y -, k~ (1 - ;;) ; , 

· k · [ r ,6.~
2 

( r )] 
Pi W2 - p 2 W1 = 2m 1 + m - _k2 1 - m ; 

{4.21) 

(4.22) 

V my'm1m2 [ 2 ·2 ( 2 2) r] ( ) 
4m1m2~ 1_W2 = ,. 2k2, k --:- 6.~ + k + ~~" m . 4.23 

Iln.H ycraHoBneuu.ll CB.ll31I .l!BHO 'Ko~ap~aHTH~ro ·ToKa c_ e'ro M;~~TIIIIOJihHoii° na-

. paMerpu3auueii uaM ueo6xo,nuMo. 3arruca_Th ue,nn:arouaJihlihie no MaccaM Ma
rpn:quhle 3JieMeHThI OT 6a3HCHhlX .nii:paKOBCKHX onepaTOJ)OB B HX 3KBHBaJieHT

HOM naynuescKoM Bn:.ne. Bhmn:meM eme _pa3 6a3HCHhie ¥aTJ>HUhI ~ 6n~qJioM 

BlIJJ:e 

, ( o · u) 
' 'Y = -(T '0 ' 

; "('[ 0) 
"Yo·= '' 0 -r ·,. ( 

Q [) I' 

"Ys = '."":". / ... o ' 

Oi _ ( Q 
a - ' -a ~i): ' '( 0 )' . . , . <7k , ; .. , 

a;j = -Zlijk 0· ' <7k. ' {4.24) 

U1 = 
( 

( ) 1/2 ) '..!!'.i... ',J,., ,, 
2m 1 'f'l 

W -1/2 · •; , 
. (~) (up1)¢1.- . 

ii2 = (( 

UT )1/2 ··(·UT )-1/2'. \ .. ) · rr2 · ·+ rr2 , · · '+ 
· 2m2 "¢2 '· 2mi (up2)¢2 , '. 

. - ' . . ' . . 

Timc 6noqlioro' oneparopa o6niero BlIJJ:a pa3MepHOCTh~ '4 x 4 
11· ·. ' " ' ;;,'.; ... · rv.:; · ( f\ ,t 2,)· "-' 

'"·-~,, :r3 r4. · 
'J~f;. 

(4.25) 

~~Tpn:qHhIH 3~eMeHT Me)K.L{y COC;OHHHH;.rn 1 H 2 pacmi:cbIBaeTcKB cne.ny10meM 
BH,[{e (15]: ... 

. ' - • D : ' I W1 W2 . [ • : · • <TP1 , <TP2 • · 1 <TP2 • · <TP1] 
U2f U1 ==} \ , , f1 + f2 w· :-;:- UT f3 -, HT _r4 w, • 

4m1m2 1 rr2 rr2 1 

Cnn:Hopuhle 06Kna.n1rn B rr~aBo:il: ~a~TH MhI 3,nech n: .nanee onyc~aeM. Teii~p~ 
JJ:JIH HY)KHhlX HaM onepaTopoB 3KBHBaJieHTHbie·Bhlpa,KeHHH nerKO ycTaHOBIITh 
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f'D 

I 
/0 

'Y 
ao; 
a;; 
/5 

1'015, 
//5 
aon5 
a;;,5 

r.n:e 

r;✓N1N2 (N1,N2 = 4m1m21f1W2); 
(W1 W2 - p 1p 2 )ao, k2 = k!; . · . 
(W1 W2· + P 1P 2)ao;· 
W2pfao + W1p2ao +iW2p1 x O: - iW1p2 x uj 

•-W2P1Wo - W1p2;ao + it;;k (W2p1;ak + W1p2;ak); 
-it;;k((W1 W2 - p 1p2)ak + P2k(up1) - Plk(up2)) - P1iP2;ao + P1;P2Wo; 
Wi(O:P:i)-: W2{up1); . . . 
-Wi(ap2) - W2(upi); 
-(W1W2 - P1P2)'!-; P2(up1) - P1(o'P2); 
(W1W2 - P1P 2)ai + p;2(upi) + Pi1(up2); 
it;;k (W2P1k + W1P2k) ao - W2 (p1;a;+ P~;a;) + Wi(p2;a; + P2;a;); 

,t . ' . ' . j ~ 

. ··L ao = ( ~- l) , • , : , 
Ha:ii,n:eHHhle KRHeMaTII'!ec1dre Bbipa,KeHIIi TI03BOJUIIOT Bbipa3HTb B c.c. cpeHo
MeHOJIOI'II'!ecKIIe IIJIOTHOCTII 3apHJJ:OB II ·coxpaHHIOIUIIXCH 4-TOKOB 6nCTIIIHOpHbIX 
'!acinu: qepefnayiineBcKne'cnIIHopi.1; 3iJ.eprnrr' 'Ir' 3.:.:.:BeKTopa: AHarrII3IIpyz rre
pexo.zf'b-r riep:som CT0Ji6ria KO' :inopoMy; MbI MO)KeM cpa3y yBn,n:eTb crre,n:y10-
mee'.' IlpII BbI6cipe ,.:.:.:MaTpnu:, imr,i:J;a e,n:IIiiH'lHaH MaTpIIn:a ao pacnoJIO)KeHa B 

1o Ha ,n:IIaroHaJIII, e,n:IIHH'!HbIII orrepaTOp J II //5 COOTBeTCTBYIOT o6pa3yIOIUIIM 
(opTaM) ii!lrt!p6bI _1rnaTepHIIOHOB._ C, q>II3II~IeCKOII TO'IK~ 3peHIIH c TIOMOIUbIO 
[ BBOJJ:IITbCH peJIHTIIBIICTCKH•IIHB_apIIaHTHbIII :meKTpII'l~CKIIII 3apz.n:; MarHHT
HhIII MOMeiIT M~)IieT 6bITb BBe,n:eH 'c TI~MO:CU:bIO orrepaiop~, KOTOpbIII TaK)Ke 
npe,n:cTaBJIHeT KOHBeKTHBHhIII, TOK. O'leBIIJJ:HO, 'ITO B 6.c. TIOCJieJJ:HIIII (KaK II 

i "rrceBJJ:OCKaJIHpHi:rII ·~apz.n:" ;rrpII;1015),· UC'le3aeT B
0

°COOTBeTCTBIIH C COOTHOIIIe
HIIeM, P1 + P2 = 0, orrpe~eJI~IOIUIIM 3TY CIICTeMy. MbI BIIJJ:HM, 'ITO JJ:IITIOJibHbie 
MOMeHTbI MoryT 6bITb npe,n:cTaBJieHbI y)Ke TpeMH aJibTepHaTIIBHbIMII orrepa
TOpaMII f'D: I, ia;], ·. //5. O,n:HaKO, II3-3a HaJIII'lIIH o6o6m,eHHhIX TO)KJJ:eCTB 
rbp.n:oHa { cM. TilI{~Ke [3), 'npnrro)KeHIIe 3) Me)K,n:y ~IIMn '.irue10Tcli ~epeCB,H3II ~-' 

.I!IIarona'.rrbHbie,''rro Macce Ma-:rpii:11Hbie 3JieMeHTbI cpeH0MeHOJIOrII'leCKHX TO
KOB, IIOCTpoeHHbIX Ha. OCHOBe 6a3IICa BbI6paHHOro npe,n:cTaBJieHUH . arrre6pbl 
KrrIIcpcpop.n:a JJ:JIH n = '4~~b~~JIHJJ:HT ~paBHIIT~iib~0 npocTO. He.n:nar~HaJibHbie 
MaTpII'IHbie 3JieMeHTbI HMeeT CMbICJI paccMaTpIIBaTb B c.c., r.n:e OHH BeCbMa 
ynpomaIOTCH II COOTBeTCTBJIOT MJJibTIITIOJib"irn:ii napaMeTpII3aU:IIII KJiaCCII'le
CKOro 3JieKTpOMarHII'~Horo TOKa [3]. BbIIIHIIIe~ cpopMyJihI rrepexo.n:a B C.C: OT 

' ,<_ · I , , ,,, :, • , ,, ' <' .). . , ' • Ii i; ''· ,'. _: '.. •; 

9B TO ,Ke npeMll, ecnn arrennnponaTh K noKanhHOii: Teopnn - KBaHTonoii: :meKTpo,nnna
MHKe, B KOTOpoii: B3aHMO.n;eii:CTBHe Me)K,ny cpOTOHaMH II :meKTpOHaMn BBO.D;llTCll C IIOMOll(blO 
rrpoue.nyphl: "y.nnnnenuii' rrpoU3no,nnoii:", TO :n paMKax, Tecip1111 'no3Mymenuii: na6op orrepa~ 
TOpoB, ,naIOll(Iix. BKnaiw B rroJiime :inaqemie' MarnnTHOI'O Mp1AeHTa (.nannoii: qaCTlll(bl 11nn 
rrepexo.nnoro)' n 11,mTpllqHhIX :meMenTax MO,KeT 6bITh orrpe.nenen o.n110311aq110. To ,Ke caMoe 
MO)KHO' YTBep)K,l(aTb OTHOCUTenhHO BKna,UOB B nenuquny TOpOll,!lHOro· ,!lllIIOnhHOI'O MOMeHTa, 
rronyqaeMbIX B p~MKax, cTan,napTnoii: :Mo.n;en11 n: ,nna. 3apa.n;onoro .nmmnhHOro MOMeHTa B ee 
pacnrnpennax. 
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6IICIII-IHOpHOro IIpC.IICTaBJICIIIIH K rrayJII:IeBCKOMY .IIJIH TICeBJJ:OBeKTOpHbIX TOKOB 
pa3JIH'!Hofr cTpyKTypLr: 

c/>T(uk)c/>1 (k2 p _ mt:.mkµ) u2(k2P1, - (1<P)k1,)15U1 = 2Jm1m2 µ 

rcpf(uk)c/>1 (k2, t:.mk); 
✓m2 - 6.m2 

u~·(J.:2 11, + mk11),5u1 = ¢{(k2;;0;11 - (uk)k11 )¢~ = 

= - . ,. ¢f (t:.muk; k x [k x u] + 6.m2u) ¢1; Jmz - !:,.m2 

. r 
il2d,11,k,,,5U1· = J . c/>i ( uk, 6.mu) c/>1; 

. m2 -t:.m2 
' ' ' ' ; 1'; 

zil2E1w,\pP,,l.:,npu; · = ' cpf (0, k. X [k X u]) c/>1, 
Jm2 - Llm2 

( 4.26) 

( 4.27) 

( 4.28) 

(4.29) 

8TII cpopMyJibl Hp Ko ,UCM0_IIC1'pupy!c_>T_ ,B,0,3M0,KH0CTH ycTaH0BJieHirn CBH3eii Ka
)KJJ:0ro H3. T0KOB C M,YJibTIIIIOJibHOi\ napaMeTpinauneii. 
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Ey1rn11a E.H., ,[(y6oBHK B.M., KyJueuon B.E. 
AHanOJib llJIII TOpOll)lHblH ,[{l!IIOJI!,? 

P2-97-412 

,[(eTaJibHO aHaJIH3HP)'IOTCll CBll3H MeJK.!ly BCeMH BHJWMH llBHO KoBapHaHTHhIX cpeHOMeHO
JIOfH'-IeCKIIX npe)lCTaBJJeHHH He,rmaroHaJihHOfO no MaccaM TOKa 6ucnHHOpHbIX 1-IaCTHU co 
cnHHOM 1/2 II IIX COOTBeTCTBHe HellBHO KonapHaHTHOH MYJibTHnOJihHOH napaMeTpH3aUHH 
raKoro roKa. B1,IllBJJeH1,1 npencraBJJeHHll, conep)l(amue KHHeMaTHqecKHe oco6e1111ocru 
(constraints). nonqepK11naeTcll, qTo a11anoJI1,noe npencraBJJeHHe ncennoneKropnoro · roKa 
conep)l(HT nonaBJJem1e, KOTopoe, B qaCTHOCTH, npHBO)lHT K ucqeJHOBeHHIO H3JlyqeHHll TaKHM 
TOKOM. Cpen11 B03MOJKHblX llBHO KOBapuaHTHbIX npencraBJJeHl!H 3TOfO TOKa HMeeTCll yHHBep
CaJibHOe, B KOTOpOM cpopMcpaKTOpbl HOpMHponaHbl Ha )lHITOJlbHble 3apll)lOBhlH H ropoHJlHbIH 
MOMeHThl. TaKoe npencraBJJeHHe n03BOJilleT onuc1,rnar1, mo61,1e, B TOM quCJie nepeXO)lHhie no 
MaccaM HJIH BHeMaccon1,1e npouecc1,1 c H3MeHeHHeM qeTHOCTH HJIH c ee uecoxpauem1eM. 

BMecTe c reM, B paMKax craH)lapTHhIX orpa11uqeuuil npu Bbl6ope 6aJuca pa3IIoJKeHHll 
TOKa OTMe•IaeTCll YCJIOBHOCTh OTOJK,!leCTBJJeHHll a11anoJill C KJiaccuqecKHM ropOH)lHbIM 
)lHilOJieM. 

Pa6ora B1,mo1111e11a B Jla6oparopm1 TeopeTuqecKoH cpH3HKH HM. H.H.EoroJIJ06ona 
mum. 

Openpm!T O6benu11e11110ro HHCTHTyra ll)lepHbIX HCCjJe)lOBaHHH. ,[(y6Ha, 1997 

TTepenon anrnpoB 

Bukina E.N., Dubovik V.M., Kuznetsov V.E. 
Anapole or Toroid Dipole Moment? 

P2-97-412 

Relations between all kinds of explicitly covariant phenomenological representations of 
the non-diagonal on m~sses electromagnetic currents of bispinor particles with s = 1/2 and 
their correspondence to the implicitly covariant multipole parametrization of classical current 
are analyzed in details. The representations with kinematical constraints are revealed. It is 
emphasized that e.g. the anapole representation of pseudovector current nullifing radiation of 
this current. Among its admissible explicitly covariant"representations there is an universal 
one in which formfactors are normalized to the charge dipole moment and toroid one 
permitting one to describe any, including on-mass and off-mass, processes with parity either 
charged or nonconserved. 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical 
Physics, JINR. 
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