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§ I. B B e a e H H e 

B nocne)lHee BpeMSI HHTeHGHBH0 nayqaeTCSI SU (6) CHMMeTpnn CllllbHblX BaanMO)lel!-

. B ,, Ill 
CTBHII. Hamel! npGJlblllYillGI! pauoTe paccMaTpHBancn npocTel!wnl! Bapna11T JlHHaMHqecKo-

ro noaxoaa B SU (6) CHMMGTpnn, Hcxoan na Toro, qTo Macca KBapKa BenHKa, obmn Hann-

caHbI nepennTHBHCTCKne SU ( 6) fIHBapnaHTHbI8 ypaBHGHHll, KOTOpbi8 npaBHnbHO nepena-

•BanH MaCCOBbl8 COOTH0WGIIHS!, nonyqeHHbI8 B cxeMe SU ( 6)' l'I CO0THOWGHHSI MG}K)ly Mar

HHTHblMH MOMGHTaMn, Ha np0CT8l\W8M npnMepe anpaKOBCKOI! qacTHUbI, HaXOAmneficg B CBSl

aaHHOM COCTOSIHHH BO BH8WH8M CKannpH0M none, Oblll yxaaaH M8XaHH3M B03paCTaHHSI Mar -

HHTHOI'O MOMGHTa COCTaBHOI! qacTHUbI. CyTb aena 3aKnroqaeTCSI B TOM, qTo MaI'HHTHbil! MO

MGHT onpeaensieTCSI aneprnel! CBSl3aHHOI'O C0CTOSIHHSI, a HG Maccoll qacTHUbI, oopaayromel! 

CBSl3aHH08 COCTOSIHHG. 

TTpeacTaansieT HHTepec HailHCaTb pensiTHBl'ICTCKH-HHBapnaHTHbl8 ypaBHGHHSI JlllSI COCTaB

HblX qaCTHit, KOT0pbl8 OilHCbIBann Obi M8XaHH3M B03pa~TaHHSI MaI'HHTHOI'O M0MGHTa H )laBa

nn Obi npaBHllbHbl8 aneKTPOMarHHTHbl8 H cnaObl8 q,opMq>aKTOpbl. 3aMGTHM, qTo Mb! He oyaeM 

xacaTbCSI BOIIpoca O CHllbHbIX B3aHMO)lellCTBHSIX B cnny OOCTOS!TenbCTB, K0T0pbie oyayT 

pa31,gcHeHbl HHlK8, 

B nocneaaee BpeMSI pennTHBl'ICTCKOMY oooomeanro SU ( 6) rpynnbI .Obin llOCBSIII(GH 

121 /3/ 
psia paooT • B qacTnocTH, B paooTe cq,opMynnpoBaHa Teopnsi, ocaoaaanasi aa rpynne 

u ( 12)' n B paMKax STOii cxeMbl nonyqea pS!Jl HHTepecHbIX peaynbTaTOB, OTHOCSIII(HXCSI K 

q,opMq,aKTOpaM. Oaaaxo npH nonyqeann q>OpMq>aKTOpOB BBO)lHTCSI HeMHHHManbH08 aenoKanb

H08 aneKTp0MSI'HHTH0e B3aHMOAei!CTBHe Jlllll KBapKoa; npnqeM aHOManbHbil! MaI'HHTHbil! MO

MeHT oanaaxoB ansi KBapxoa, oopaayromnx Meaoa, n ansi KBapxoa, oopaayromnx oapnoa, 

131 
OTM8THM TaKJKe, qTo B paooTe JlllSI C0CTaBHbIX qaCTHU no cymeCTBY ncnonb3yeTCSI 

MeTOJl cnHSIHHSI ae-Epofing H nonHOCTbIO HI'HOpHpyGTCSI JlHHaMnqecxag npHpoaa 3THX CBSl3aH

HblX COCTOSIHHfi • 

UenhIO HacTosimel! paoOTbl S!BllSl8TCSI HayqeaHe JlHHaMHqecxol! MO)lenn COCTaBHbIX qac

THU, K0TOpan yaoaneTBOpsieT TpeooBaHHSIM pensiTHBHCTCKOI! HHBapHaHTHOCTH H ii ( 12) 

HHBapl'!aHTHOCTH, npHqeM aneKTpoMarHHTHOe B3aHMOJlei!CTBH8 Jlllll KBapKOB oyaeT BBO)lHTbCH 

MHHHManbHbIM OOpa30Mo 

B § 2,3 BBOJlHTCSI pennTHBHCTCKH-HHBapHaHTHOe ypaBHeHHe Jlllll Me3oHa KaK COCTaB

HOI! qaCTl'IUbI1 JlBHlKYII(GI'OCSI B CnaOQM aneKTp0MaI'HHTHOM none, Oocy>KJlaIOTCSI COOTH0WeHHSI 

M9>KJlY MarHl'ITHbIMH MOMGHTaMH ll q,opMq>aKTOpaMn IlCGBJlOCKansipHbIX H B8KTOpHbIX Me30HOB. 

B § 4 BbIB0JlHTCSI ypaBHeHHe JlllSI oapHOHOBo Bbl'lHCllSIIOTCSI MarHHTHbi8 M0MGHTbl H 
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¢opM¢aKTOPhl nnn 6apBOHOB OKTeTa n nexynneTa. 

§ 2. PenHTHBHCTCKOe ~Buem,:e nns M830HOB 

PaCCMOTpBM COCTaBuyIO Monenh aneMeUTapHbIX 'laCTHll, B KOTOpol! Bee 'laCTHllhl pac

CMaTpHBaIOTCSI KaK CBH3aHUbl8 COCT0HHIIB Tpex OCHOBHhlX q:acTHit co CnHHOM 1/2, npeo6pa-

3yIOmHXCH iio 12-MepuoMy npencTaBneunro rpynnhl U ( 12). Bonuosan ¢YHXllHH HMeeT nap-

Hb!l! HH.[l8KC A =·(a,p) , rne a. -CIIHHOBbil! nunaxc ( a, • 1, .•• , 4), P - YHH-

( p - 1, 2, 3_).BonHoByIO ¢yHKitHIO B:Bapxa tiyneM oti03Ha'laTh • 'IP 
A' 

TapHbll! 1rnneKC 

aHTHKBapxa - ljl B • Meaou, KOTOphll! .!IBnH8TCH CBH3aHHhlM COCTOHHH8M KBapxa H aUTII

KBapKa, OIIHCbIBaeTCH CMemaHHbIM cnnuopoM BTOporo paura 
B 

TOM, 'IT06hl ual!TH ypaBH8HH8 nnn 'I' A 

B 
ljlA 3anaq:a COCTOBT B 

llnir 113y'leHHH CBH3aHUhlX COCTOHHIII! CIICT8Mbl MOlKH0 tihlnO tibl npn6eruyTh K M8TO.[laM 

KBaHTOBOll TeopllB 'nonir, B q:acTHOCTII, K ypaBH8HIIIO BeTe-ConnnTepa. Onuaxo xopomo 113BeCT

llbl 6on1,m11e TpynuocTn, CBH3aHHbl8 C pemeu11eM 8TOro ypaBH8HHH B cnyq:ae CBnhHhlX B3aHMO

nellCTBllll. 

noaTOMY Mb! 6yneM IICXO.[lllTh H3 penHTHBHCTCKII-HHBapnaHTHOro ypaBH8HHH nnir ABYX 

q:acT11n, nonycxaromero pemeu11s B11na 

B B 
IPA (x

1
,x

2
)_=4> (x

1
-x

2
)<1>A (x

1
+_x 2 ), (2.1) 

B 
rJle <I> i x, + X 

2 
)- CMemaHHbll! CIIIIHOp BToporo paura, OIIHCbIBaIOmlll! ABlllK0HHH CIICT8Mhl 

KaK ueimro, a ef, ( x - xJ- cxannpuaH ¢YHKI!IIH. TTpocTel!m11M npnMepoM ypaBueunir, nu-
1 - x/ 

BapnaHTHOro OTHOCHT8nbHO onuoponuol! rpyIIIIbl u ( 12) B OIIIICbIBaIOmero B3a!IMO.[lell-

CTBH8 ABYX 'laCTllll, HBnHeTCH KBanpnpoBauuoe ypaBHeuue Ilnpaxa C ¢aKTOpH3yromnMCH no

TeunnanoM: 

A' -e B' 
DA (x 1)D 8 ,(x 2)'l'A, (x 1 ,x 2 )=-ig W(x 1-x 2 ) X 

(2.2 ) 

B 

x ( dx'
1 

dx'
2 

W(x'
1
--x'

2
) 8 (x

1 
+ x

2
- x~- x~) 1l' A (x'

1 
, x'

2
)., 

rne D (D) -KBaApllpOBaHHbll! onepaTop Ilnpaxa AnH 'laCTllllbl (aHTH'laCTllllb!): 

A
1
(B) 

D A(B 1
) 

=[CM ;:1 :Ey O _a_ >l[CM + 1:E y a xn - m 

npnq:eM ynym + ymyn = Zgmn II g 
22 g gas 

m_iJ )] 
ax m 

,oo 

A'(B) 

A(B') 

1 • 

(2,3) 

TToTpe6yeM, 'IT06b1 ¢yp&e-o6pas W ( q 
2 

) cxannpuol! ¢yuxn11n W ( x 1 - x 2 ) B aBKnHA0BCKol! 
xl-

U ( 12) AellcTByeT TOHhKO Ha AlICKpeTHb18 HHA0KCbl H ae 3aTparnnaeT nepeMeHHhlX X. 

4 

., 
~ 

,!·· 

o6naCTH 6hln BemecTB8HHbIM. B 'laCTHOCTH, w ( q 
2 

) MOlK8T 6b!Th B3HT B BHne 

W(q 2) = :E 
(N) 

CN 

(q2-N2-1,)2 
(·2.4) 

fioxa OII8paTOpbl D(D ) H W(q ) ue coneplKaT CIIHHOpHbIX H yHHTapHhlX HH.[l8KCOB, 

ypaBH8HH8 (2.2) TpHBHanhHhl~ o6pa30M u ( 12) HHBapnaHTHO. TTpelKAe '18M BKnIO'IIITh B 

ypaBH8Hlle (2.2) q:neHbI, Hapymaromua CIIMM8Tpnro, Mb! paccMoTpnM ero tionee nonpo6uo. 

TTepexonn K npeo6paaoBaHHIO <l>yp1,e 

B IP A (x,, x 2> =-f IP: (p, p 2) e•lp1x ,-1 P2X2dp1 dp2 • 

(2,5) 
2 -lq(x -x ) 

W ( X 
1
- X 2) = f W ( q ) e 1 2 dq 1 

aannmeM ypaBH8HHe (2;2) B nnne 

2 2 B 4 B 
II (p 2 -M )'I' (p ,p) =-lg rr W(q 2 )<1> (P). 

t A 1 2 0 A 
I =·I 

(2.6) 

p =p,+p2; q ½(p,-p2), 

rne 

B B p p 
ct> A- ( p ) = J w ( q 2) 'I' A <-y + q • 2 - q ) d q (2.7) 

C'inTaH Macey KBapxa M 6onbmol! H Y'IHTbIBaH n11mh 'ln8Hhl Bhlcmell CTeneHH no M 

nonyq:nM B uyneB0M npn6nnJKeHnn 

'I' B (_x_ + q • ~ - q ) = -i g W( q 2) ct> B (P ) • 
A 2 2 A (2,8) 

( 

g ~--
M' 

YMHO)l(BSI ·(2.8) HB W(q 2
) II llHT8rpnpyH no dq , nony'IHM 

1 ~ - i g f W 
2 

( q 2
) d q 

(2.9) 

B 
cl>yHKIIHR <I> A ( P ) , on:11cb1Ba10maH ABHJKeHHe cncTeMbI xax nenoro, ocTaeTcH npn aTOM 

ne onpenenenuol!.3aMeTnM, 'IT0 npn nepexone K 3BKnHA0BbIM nMnyn1,caM q O .. i q O c 

yq:eTOM ( 2.4)' nnir 3aps11a IIOlly'i88TCH 0lKHA88M08 BemecTB8HHOe auaq:enne: 

2 2 
l=g f W(-qE)dqE ( 2.10) 

qE 
-4-nMnynhC B am<nllAOBOM npocTpaHCTB8, 

5 



nns Toro, qT06bI nonyquTb~ypaBH8HUH AnH <pyHKUUU 
B 

<I> A (P), rreperrumeM (2.6) 

B BHA8 

(½ p2+ 2q2) q,: (~ + q, _.!'.. -q ) =·--.h<M'+ p2p 2) 'l'B (~+q,.E.-q) + 
2 2 M 12 A2 2 

( 2.11) 

+ i &o ,r 4 W ( q 2) <I> B (P) • 
M A 

YMHOlKaH ( 2.11) Ha W ( q 
2 

) u HHTerpupys no d q , c yqeToM (2.8), (2,9) rronyqaeM 

2 2 B 
(p -m )<l>A(P) 0. (2.12) 

rAe Macca M830Ha AaeTCH BbipalKeHUeM 

m 2 = 4 i g J q 2w 2( q 2) d q = _ 4 f q 
2 

W 
2 

( q 2) d q = 4 
f w2 (ddq 

f q 2 w 2( q E2) d q 
E E 

JW2(q2)dq 
E E 

( 2, 13) 

O6mee pemeHHe ypaaHeHHSI ( 2,12) sanseTCH cyneprro3unuel! pemeHul! ypaanenul! nnpaKa c 

nonolKuTenbnol! u oTpunaTenbHOI! aaepruel!, PaccMOTpuM cnyqafi p = o. 

n1rn Toro, 'ITO0bl OTOopaTb pe111eHUH, C00TB8TCTBY!OlliUe paccMaTpHBaeM0I! CUTyanuu, 

Karna MbI UM88M CHCTeMy U3 KBapKa H aHTUKBapKa, ecTeCTB8HH0 HanOlKHTb norronHUTenbHOe 

ypnoaue: 
A' n n' 

(yo)A <l>A, +<l>A (yo 
B 

a' 
0 • 

(2.14) 

K0TOpoe OToupaeT pemeHHH, C00TB8TCTBYIOlliU8 pa3Hb!M 311aKaM a11epruu qacTHilbl H aHTuqac

THilbl, 

H11aapuaHTHOe 0606meHue aToro ycnouus 3arrumeTcH B cnenyromeM aune: 

p A' <I> 
A 

B 
A'+ 

B' A B 
<l>ApB,=0 (2.15) 

ITocKonbKY p 2 = m 
2 

, Mb! M0lKeM noTpe6oaaTb onHoapeMeH11oro Bhmon11eHusi ypaaHe11ul! 

(a) nu6o ( 6) :-

A A' B .. A' B 

( p - m ) A <I> A' = 0 ' ( p + m •) A <I> A,= 0 , 

(a) (6) ( 2, 16) 

(p+m): 
a' o1111 B B' 

<l>A = 0. (p -m )B,<I> A =0 

6 
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·.\. 

t 

;.:.,.~,_, 

B nanbnel!meM MbI oyneM rronb30BaTbCH ypaBH811HSIMH (2.16a), HM8HIIO Ha STOM STane, Kar-

na MbI aaenu nononuuTenbBbie ycnoau! ( 2, 16a), Mbl Hapymunu U ( 12) 1111aap11aU'l'HOCTb, 

nel!CTBUT8nbHO, B CUCT8Me IIOKOH ( P m 0) (2,16a) CBOAUTCH K (2,14), KOTOpOO IDrBll.pHll.lIT-

HO 0TIIOCUTenbH0 rpynIIbl SU (6). 

3aMeTUM, qTo ycnouue ( 2;14) oToupaeT Me3oHbI c oTpunaTenbH0I! · BHyTpeHHell qeT

HOCTbIO, 

HccnenyeM 6onee nonpo6Ho crruHopHyro u yHuTap11y10 CTpyKTypY CMemaa11oro cnHHopa 
B 

BToporo paHra <I> A , CMe111a11HbII! CilUHOp BToporo pa11ra MOlKIIO npencTaBHTL B BJUl8 

rne 

{3, q I 6 I µ 5 I µ I µv I f3 
<I> = [ ef, + y ef, + i y y ef, + y ef, + ½a ¢, ] x 

a, P 15 µ.,s µ µv a 

=0, .•.•.... 8 , aµv i ( µ ., ., µ 
-:ryy-yy) 

I 
>. -MaTpnna renn-MaHHa, 

/3/ 
IToncTaBnHll ( 2, 17) a ( 2, 16), rrony'IllM 

¢, I =· 0 (a) 

(AI) q 

p 

' ef,' • ; m .,,-, J 
µ 5 µ5 (6) 

p ¢, I =· -i m ¢, I 
µ µ6 . 6 

p ¢,
1 

- v ¢,' =imlj µ V V µ µv ( B) 

p V q, I =·- j m q, I 
vµ . µ 

OTcrona cnenyeT ycnoaue rrorrepeqnocTu BeKT0pHoro nons 
I 

p ,, ef, µ 0 • 

§ 3, _ <PopM<paKTOpbl H MarHUTHble MOMeHTbl M830HOB 

( 2. 17) 

( 2, 18) 

nm1 Toro, 'ITO Obi Bbl'IHCnUTb <pOpM<paKTOpbl M830HOB, paCCMOTpHM ypaBH8HH8 ( 2 0 2) B 

CnaoOM . BH8lliH8M aneKTpOMarHHTHOM none, nns 3Toro cnenaeM O0blqHyIO 38M8Hy 

a 
axm 

H 3arrumeM ypaane11Ue (2,2) B aane 

➔ i _!__ +·e A m(x) ax m 

a' 
D 

A' 

A 

- B 

( X 
1

, A ) D B, ( X 2 , A q,A,(x
1
xJa-ig 0W(x

1
-x

2
)fW (x'1 - x'2 ) X 

B 
xl>(x 1+x

2
-x'

1
-x'

2
) 'l'A (x'1 , x'2) 

7 

dx' dx' 
1 2 

/ 

(3.1) 

(3.2) 



rne 

A' a " " A' 
D (ir,A) = [(M -iyn-s-,,-eA(x))(M +iy0 _a_ +e A (x))) 

A ax ax 0 
A 

- A ... B (3.3) 
D 

8
,(x,A)=[(M -iy

0 ___j!....,, +eA (x))(M +iy
0

~ -eA (x))) , 
B a X a X B 

rne e -MBTpllllB aneKTPH'ieCKoro 38Pllll8, KOTOpBll 113BeCTHblM o6pa30M BblPBlKBeTCll qe-

pea MBTPHllbI >. • 

CoxpaHRR B ypaaaea1111 ( 3,3) qneHbI nepaoro nopRllKB no aapgny e 11 11cnonhayg paa-

nolKea11e no oonbIIIOll Meece KBBpKa M , nony'iHM ypaaaeane, OnHCblBBIDl!lBe ABHlKeH11e 

M83OH8 B cnaOOM aneKTpOMBrHHTHOM none 

· nnn B 

2 2 B 2 A' B B a' 
(p-m)<l> (P)=2fdkf(k )(PA(k))[e, <l>,+e ,<I> (P-k))+( ) 

A A A B A 3,4 

2 A " A' A A B , 
+ 2 f dkf(k) [(e k A) <i>

8
,(P-k )+(eA k) ,<I> :(P-k)) 

A A B 

x -npencTasneana: 

B - A' a B -(0 + m2 ) <I> (x) =-2i Aµ (x) [e _ <I> ,(x) + 
x A A a Xµ A 

B a e , -~. 
B axµ 

(J>n'(x)) 
A 

(3,4') 

aA A' B µ V aA B B' 
-2i [(e yµyv __ v) <I> ,-(e y y __ v) <I> I 

a Xµ A A a X µ B, A 

- •lkx 
Aµ(x)=Je f(k)Aµ(k)dk, 

2 
rne f(k ) onpenenReTcR cnenyrom11M oopaaoM: 

f(k 
2

) 
fdq W[(q-+)

2
]W(q 2

) 

f dq W2(q2) 
f(O) = 1 • (3,5) 

ITpelKAe qeM BhI'iHCnRTb ¢opMcjleKTopbr Meaoaoa, MhI paccMOTpHM cnyqall nocTORHHoro Mar

HIITHoro nonll 11, nepexonR K HepenRTIIBHCTCKOMY npeneny B ypaBHeHIIH ( 3,4). Bbl'{HCnHM 

MBrHHTHb!ll MOMeHT BeKTOpHoro Me3OH8, 11cnonb3YSI ypanaeane .( 2, 18). MOlKHO BH/l8Tb, '{TO 

Anll OOnbIIIHX KOMnOHeHT ¢ IIMeeT MeCTO CO'OTHOIIIeHHe 
+-

<p = a+-;,l 
+-.. 

(3.8) 

H nnR BeKTopaoro nonSI ¢ B O/lHOpollHOM MarHIITHOM none cnpaBennHBO ypBBHBHHe 

2 2 ➔ ➔ ➔ 
(p -m )<f, =2ie [H <f, ), (3. 7) 

rne e -aapnn neKTopaoro Meaoaa. 

8 

,f 
t 

Ii 

I 
L 

I~,; 

: ~ 
;}.,\ 

-~~7: 

Ha YPBBHBHllll (3, 7) cnenyeT, '{TO MarHHTHblll MOMeHT B0KTOpHoro Me3OH8 pBBeH 

elm CnenaeM naa cymecTBeHHbIX aaMe'iaH11S1: a) B Bb1palKea11e nnR Mara11Taoro MOMeH-

Ta BXOAIIT He MBCCB KBB_PK~ M • a MBCCB Me3OH8 m ; 6) MBrHIITHblll MOMeHT Me3o-

HB,_ p8CCM8Tp11aaeMoro KBK COCTaBHBll '{8CTll!l8, ~ naa paaa npeBbIIIIBeT HOpManbHblll MBrHHT-

Hblll MOMeHT BeKTOpHoro Me3OH8 C 38pllllOM 

HIIID ¢opM¢aKTOpOB Me3OHOB, 

e II Maccoll m , ITepellneM K BbI'iHCne-

TTepennIIIeM ypanaea11e (3.4) B 6onee KoMnaKTHOM anne: 

B A' B -
8 

a' 
( p 

2 
- m 2

) (J> A = J d k f ( k 
2

) [ r A ( k • p ) (J> A, ( p -k ) + r B, ( k, p ) (J> A ( p •k ) I • ( 3. 8) 

rne BBeneHbl 0O03HB'ieHHll 

A' A A A' 
r = 2[PA(k)e + e k A I 

A• A 

rB 
A A B 

B' 
•2[PA(k)e + e A k I n' 

{<\e30HH8ll aepIIIHHB naeTCll BblPBlK8HHeM: 

§ ( P, p-k) 
A' . B 

2m J
0 

A a 
(J> A 

B 
(p > r A l p,k > <I> A, < P - k ) + 

+ (J> 
A - B B' 

B (p) rB,(p,k)<I>A (p-k). 

A 

(3,9) 

(3. 10) 

ITollCTaBnllll cnHHOp (J> 
B 

B BY.lie {2.17) II ncnonb3Yll COOTHOIIIeHne {2.18), nonyqaeM 

aneKTpOMarHHTHYID aepIIIHHY B BH/le: 

+ 

J a= 
Pa 

m 

2 k 2 - - • 
f(k ) I (1 + ......-=7!)[<1>,.,(p) <l>v(p-k)- <1> 5 (p)<l> 5 (p-k)) -

4m F 

k k - • f(k 2 ) -
-~(<I>µ <l>,_,)te l+ --kµ[ <l>'"'(p)<l>a (p-k)-<I>a{p)<l>µ(p-k)] +(311) 

2m m F • 

(Clf'O!' Po 

m• 
k 1-l 

<I>P (p) <1>
5 

(p-k)-4>
5 

(p) <l>P(p-k) )~ f (k 2 
) , 

9 



rAe . 
; p, ,:,• 

, 
e • If> p, 

, 
If>. ( If> If> ) F = - e• 

q q p • • p 

-e - P , 
+ If> p, 

, 
If> • ( If> If> ) =lf>,lf>•e• e• 

D q q P • • p (3,12) 

• e - M8TpHil8 sneKTPH'I8CKoro aapHAS • 
p 

Ha Bblp8lK8HIIH ( 3, 11) nerKO Bbl'IIICnHTb sneKTpH'I8CKnfi H MSrHHTHblfi cpopMq>SKTOpbI 

M83OHOB, MarHIITHblfi MOM8HT B8KTOPHblX M83OHOB 8CTb + 1 KBSApynonbHhlfi MOM8HT 

2e B8KTOpHblX M83OHOB -
~ 

• To o6cTOHT8nbCTBO, 'ITO MarHUTHblfi MOM8HT B8KTOpHoro 

M83OH8 BABS paaa 6om,me ero HOpManLHoro MOM8HTa 1 MOlKHO nponnmocTpnpoBaTL npoc-

Tb!M KB8HTOBO-M8X8HH'I8CKUM' npnMepoM, TTpeACTaBUM ce6e, 'ITO KBSpK n SHTUKBapx, 06-

paayromne M83OH, HSXOAHTCSI B sq,cpeKTHBHOfi noTeHIJ:UanbHOfi SIMe, TorAa SHeprUSI K8lKAOro 

U3 HUX ecTb 
m 

2 1 a scp<pekTHBHblfi MarHHTHbifi MOM8HT 

cnnHbl KBapKOB napannenbHbl II MarHUTHblfi MOM8HT 8CTb 

--!...L, 
m 

e ~= 
m 

B B8KTOpHOM M83OH8 

e 
m 

§ 4. PenSITHBUCTCKOO ypaBH8Hne AnSI 6apBOHOB 

TTpHM8HHM pa3Bl!Tblfi Bbllll8 M8TOA Ans nonyqeHHH ypaBH8IIHSI, onHCbiBSIOill8ro 6apHOHbI, 

B MOAem1 KBapKOB 6apHOHbl paCCMSTpHBSIOTCH KSK CBSl38HHbl8 COCTOSIIIIISI Tpex KBSpKOBJ 

TSKHM oopaaoM, oonHOBSH cpyHKilllSI 6apHOH8 SIBnH8TCSI cnHHOpOM Tp8Tbero paHra 

q, ABC ( X 1 ' X 2' X 3 ) " 

AHanorn'IHO M83OHIIOMY cny'IaIO Mb! paCCMOTpUM penstTIIBIICTKH-HHBapnanTHoe ypaBHe-

HHe Ami q, A.BC , AonycKaromee pemeune BHAa 

q,ABC(x1x2xa) =cf>(x•-xa• x2-xa)·lf>ABC (x1+x2+xa), (4,1) 

rAe If> 
ABC 

-cnnHop Tp8Tb8ro paHra, KOTOPblfi onHCblB88T ABHJK8HH8 Il8HTpa Mace CBSl38H-

HOii CIICT8Mbl Tpex KBapKOB, T,e, oapnoHa KSK nenoro, a 

cpyHKilllSI, 

cf, - II8KQTOp8SI CKS/UlpHSSI 

,Ong Toro, 'ITOObI nony'IHTb ypaaHenne, onncblaaromee ABHJKenne oapnoHoB a cna6oM 

BH8IllH8M sneKTpOMSrHHTHOM none, MbI 6yAeM IICXOAl!Tb U3 KB8ApUpOB8HHOro ypaBHSHIIH .OH

paxa cneAy10mero BBAa: 

A' B' 

DA (xt)DB 
c' 

( :i_ 2> D c ( x a ) q,A 'B 'c ,( x I x 2 x a) = &l ( x t x 2x a ) x 
(4,2) 

X { 1V (x~ x'2 x'a) f; ( X .+ :12+ xa- x'.- :1'2- l[~) 'i' ABC("'• x'2x'a)dx'.dx'2 dx\, · 
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.. 

rAe onepaTophI D ASIOTCSI Bbipa,icenneM ( 3,3) I w ( X t :t 2 X 3) SIBnHeTCSI CKSnSlpHofi 

q,yHK11nefi, yAOBneToop,11omefi ycnoBHSJM: 

W(x 1 :t 2 :r 
3

) =W(x
1
+ a, x

2
+a ,x

3
+ a) 

(4,3) 

W(:rtx2:,:a) =W(-x1,-·:r2•-xa)• 

<l>ypLe-oopaa 

B3HT B BHAe: 

W(qtq2qa) cKanSlpHofi cpyHKilHH w ( X t X 2x 8) MOJKeT 6b!Tb, HanpnMep, 

W(qqq)=l: 
t 2 8 (N) [N2-(qt-

C 
N (4,4) 

q ) 2-id[N 2 -(q -q ) 2-id[N 2-(q -q ) 2-i<J 
2 2 3 t 3 

.OnSI Toro, 'IT06bt nonyqHTb ypaBH8HH8 .ttnSI q,yHKilUU 

<l>ABC ( X t+ X 2+ X8 )_ = f W ( x'1:t'2x'a) q,ABC ( :t't :1'2:t'a) X (4,5) 

x 5 ( x 
1
+ x it x 

8
- x'

1 
- x'

2 
- x'

3
) dx'

1 
dx'

2 
dx'

8 
, 

M,,'1 cHoBa, aHanorn'IHO MeaoHHOMY cnyqaro, ncnonLayeM paanoJKeHne no 6onbmol! Macce 

KBapxa M n coxpaHnM qneHbI nepBoro nopSI.ttKa no aapSIAY e B peaym,TaTe .ttnH 

cpypbe-oopaaa cpyHKilUU (4,5) nony'IHM cneAyromee ypaBHeHne: 

(p2 -m 2 ) <I> (P) =2[dkf(k 2 )(Ap )[e +e +e) ,:,' (P-K) + 
N ABC A B C ABC 

(4.6) 

+ 3 ( dk f (k 2 ) [('e K A ) + ( e K A ) + ( e K -A ) ) <I> ( P - K). 
A B C ABC 

rAe Macca ayxnoHa mN onpeAem10TCS1 na ypaBHeHnSI, aHanorn'IHoro (2.13), a cpyHKilBH 

f(k 
2

) .naeTCSI Bblp8JK8HH8M 

2 
f W ( p p p ) W ( p + K, p , p )5 ( p + p + p ) dp dp dp 

,f(k ) =· t 2 3 t · 2 a 1 2 a t 2 _a (4,7) 
2 -f W ( pt p 2 p a ) l, ( pt + p 2 + p a ) dpt dp 2 dp a 

OTKy.tta, B 'I8CTHOCTH 1 BHAHO 1 'ITO f(O) = 1. 

B OTCYTCTBH8 sneKTpoMarHHTHoro nonSI ypaBHeHne (4,2) u ( 12) HHBapnaHTHO, 

TSK K8K onepaTOpb! W He HM8IOT cnnHoBofi n yHnTapHofi cTpYKTfPhli U ( 12) HHBS-

pHSHTHO T8K)K8 CB060.ttH08 ypaBH8Hll8 

2 
( p - m 2) <I> ABC (P) = 0 • 

(4.8) 
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nm1 Toro, 'ITOObl B CBOO0llHOM cny-qae pe!IleHHSI C nonO}KHT8IlbHbIMH H OTpllllaTenbHb!MH 

38eprm1Mn ue m,penyTbIBanncb, Mb! acnonb3yeM nononunTenbHOe ycnoBne BHlla 

A' 
( p ) <I> , 

A A BC 
(P 

B' 

B <I> AB 'c 
(P 

c' 
) <I> ABC 

C 
{4,9) 

n 6yJleM TpeooBaTb, 'ITOObl <I> ABC OllHOBpeM8HHO yllOBn8TBOpBnO cnenyromnM ypaBH8HHB~ 

. ( p - m ) A <I> ABC = ( p . 'm ) B <I> ABC ( 0 - m ) C <I> ABC 0 • (4.10) 

YcnoBHB (4,9) n {4.10) uapymaJOT HHBapnaHTHOCTb OTHOCHT8IlbHO rpynnbl u ( 12), cox-

paHBB npH 3TOM HHBapHaHTHOCTb OTHOCHT8llbHO rpynnbl SU (8), 

PacCMOTpHM pemeune (4,8)-(4,10), OTBe'IaIOmee CHMM8TpH'IIIOMY CilHHOpy Tp8Tbero 

paura. CnMM8TPH'IHblll cnnHop <I> ADC BBnB8TCB penBTHBHCTCKHM o6o6menneM 58-nneTa 

HepenBTHBHCTCKOll SU ( 8) 

CHMM8TpH'IHblll cnanop 

<!>ABC =-~aoJC(3qHyr) 

+-1_[ 
6 v 2 ?ta.Bl ,y ' pqs 

cxeMbI. 

/3/ 
<I> ABC MO}K9T OblTb npencTaBneH B Bllll8 

B" 

= V 1 Da(3y 
8 

• 

d 

+ N[lJyla qrs 

pqr 

B"+ 
p 

+ 

N[).f.Z]/3 • rps 
B" 

q 

{4.11) 

rne Da,By 
-cHMMeTpH'IHbill cnnnop TpeTbero panra, N[ci(3]y - cmrnop aHTIICIIMMeT-

pH'IHblH OTHOCHT9llbHO HHll8KCOB a , /3 1 
d 

pqr 
yHHTapHbil! neKyllneT, 

TapHbii\ OKTeT. 

Hcnonb3YB COOTHOIII9HHB { 2, 17). MO}KHO nony'IHT/
31 

B" 
r 

Da(3y 
'I! au ( y µ C ) /jy ..: 2 im ( p µ ,f, v - P,; ,f, µ ) a ( o µv C ) ,ly • 

N [a(3] Y = 
[(P+m)y6.C la(3,f, 

y m 

rne C onpenem1eTCB eooTHomeuaeM ( y µ C )a/3 = ( y µ C ) f3a • 
CT 

Cmrnopbl 
.,, H .,,µ YllOBn9TBOPBIOT ypaBHeHHBM 

(P-m),f,µ=0 y µ .,,, µ = 0 • 

(P m ) ,f, 0 • 

12 

-ym1-

(4,12a) 

{4,126) 

- C 

( 4, 13a) 

(4. 136) 

PaccMOTPHM 6apHOH B noCTOBHHOM MarHHTHOM none, Coxpamm nHIIlb 6onb!IlH8 KOMilOH9HThl 

cnnuopa <I> ABC , nony'IHM H3 (4.8) 

· 2 2 ) IP 
( p - rr, N ABC = 3 [ ( ea ) + ( eil ) + ( .,,; ) c ] H '1> 

A B ABC {4.14) 

B naHHOM cny-qae CnHHOpHbI8 HHll9KCbl npooeraJOT 3Ha'I8HIUI 1,2. 113 Bblpa}K9H}Ill (4, 14) 

BHJlHO, 'ITO 3<j,<j,eKTHBHblll MarIIHTHbll! MOM8HT KBapxa C aapmtoM e _B 6apHOHe eCTb 

3e 
2m 

, a onepaTop MarHnTuoro MOMenTa 6apaoua 

➔ 
µ 3 ~ [ (e ;; )

1
+(e;; l

2
+(ea 1

3 
I (4. 15) 

YcpellHBH (4,-14) no <j,ynxIUIHM, OTBe'IalO!IlHM 'IaCT:n:taM co cnHHOM 3/2 II 1/2 , Mb! 

nonyqaeM H3B8CTHbI9 COOTHO!Il9HHH Me)KJly MarHHTHblMH MOM9HTaMH, cnenyromne Il3 SU ( 8) 
/4/ 

CHMMeTpHH 

JJ,ooonb!THO 3aM8THTb, 'ITO MarunTHbll! MOMeHT npOTOHa, Bbl'IHCneHHblll Ha OCHOBe 

(4.14), OKa3bl_Ba8TCH paBHblM TpeM Hll9pHbIM MarHeTOHaM, TaxnM o6pa3oM, aHano:t'H'IHO 

M83OHHOMY cny-qaro, B cocTaBHOl! Monenn MHrHHTHbill MOM8HT onpenen.11eTCH Maccoll CBH-

3HHHOro COCTOHHHH H COCTanua.11 'IaCTnlla oonanaeT HHOManbHbIM MarHHTHblM MOM8HTOM, 

ITepel!neM Tenepb x nayqeunro anexTpoMarHHTHbIX <j,opM<paxTopoa 6apnouon. &n 3Toro 

paCCMOTPHM nepmnHy 

rne 

a 

, 
p 

3.;ABC(P) r AA'(k) '1> A'nc =2m JµAµ (k), 

A' 
r (k) 

A 
[ 2 

p 

e 
p 

3 a' P 
A p +-,,-(.,-) e 

µ µ ~ µv a p 

e -MaTpnna anexTpn-qecxoro aapnna, 
p 

· IToncTaana (4.11), (4,12),nony'IHM 

F 
µv 

(4.18) 

(k ) ) f (k 2
) , 

J =-3l~(j,f,)(1+~> 
a m P p 2m 2 

p K K., ( ,f, ,f, ) + 
a 2m 3 µ v 

+ _3_ [.,, .,, 
2m a IL 

,f, µ ,f, a I K µ l dpqr •' e 
p 

d , 
P qr 

+[~ (1 
2 • k2 P - • 

__.!:_)(BB)+ __ a_(BB) 
4m2 F 4m 8 F-3D m 
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f (k 2 ) + 

I ,fr ,f, f (k 2 ) + 



2 

+ -- ( 1 - ~ ) k t{, u t{, ( BB ) • f(k 
2

) + 
2m 4m2 µ ua ao+2F 

(4.17) 
2 k p - - pqr ' 

+ f(k ) •a(3µv /3 " [ ( t{, t{, ) lpqs Br e P, dp•
4

, + ( t{, t{, ) d eP £ , B • ] , 
m 2 IL 8 p µ p p qa r 

Ha 8TOro Bbipa:>KeHH>t Jlmt Beprnl!Hbl cnenyIOT H3BeCTHbie COOTHorneHHlI Me:>KJlY MBrHHTHbIMH 

MOMeHTBMH: KpOMe Toro, 113 Hero MO:>KHO nonY,IHTb SneKTpH'IeCKHe H MBrHHTHbie cp0pMcpaK

TOpbl oapHOHOB, 

B 'IBCTHOCTn, nm1 k 
2 

<< m 
2 

nony'IaeM 

M 
g v (k) = 

µp 

g; (k) = g E (k ) 
---- p 

µ D 
(4.20) 

xoporno cornacy10lI1eecsr c sKcnepnMeHTOM, 

B 3aKnIO'IeHne OTMeTHM, 'ITO H)lesr COCTBBHblX Monenel! B KBBHTOBOI! TeOpHH nonsr He 

HOBB, 3To aanpaaneane ocooo HHTeHCHBHO pa3Bnaanocb noc~e p·aooT· <PepMn-.Hara
151

; na

BecTHhl oonbrnne TPYJlHOCTH, KOTOpble B03HHKBIOT Ha nyTn C03JlBHHlI HenpoTHBope'InBol! Teo-

/6/ 
PHH 9neMeHTBpHbIX 'IBCTHU B paMKBX TBKoro nonxo)la 

TlpHBHeceane H)lei! O0O0lileHHOl! CHMMeTpHH n KBBpKOB B MO)lenn COCTBBHbIX 'IBCTIIU, 

KBK Mb! BH/lenH Bbirne, naeT O0HB/le:>KHBBIOlIIIIl! peaynbTaT _npH H3y'IeHIIII MarHHTHblX MOMeH

TOB II aneKTPOMBrHHTHbIX cj,opMcj,aKTOpoB. OTMeTHM 3.r:teCb ponb KOHUenu1111 KBBpKOB, He Kaca-

/7 / 
lICb BOnpoca HX HB0UIO/lBeMOCTH , neno B TOM, 'ITO KBBpK B Teopnn yHHTBpHOfi CHMMeT--

pHll; OTO:>K)leCTBmieTClI C HH3lIIHU npencTaBneuneM rpynnu H MO:>KeT 0b!Tb paCCMOTpeH KBK 

BCnoMoraTenbHbll! HHCTpyMeHT JlmI nocTpoeHmr Bb!ClIIHX npencTaBneHni!, HM8IOlIIHX cj,nanqec

KHl! CMbICU, 

AaanorH'IHBlI CHTyaunsr B03HHKBeT H B JlHHBMH'leCKOl! Monenn, paCCMOTpeHHOfi HBMH, 

rne Mb! nonb30Ban11cb paano:>KeaneM no 6onbrnofi Macce KaapKa c nenb10 nonyqeunu ypaB

HeHHH llBH:>KeHHlI nnsr COCTaBHOl! qaCTHUbl B uenoM, 

Mb! Bn/lenn, 'ITO B38HMO.Uel!cTBH8 COCTBBHOl! 'IBCTHllbl C BHelIIHHM <'!UeKTPOMarHHTHbIM 

noneM HenoKBnbHO, qTO0bl H30e:>KBTb cylileCTBeHHbIX TPYllHOCTefi, CBH3BHHblX C HapyrneHHeM 

/8/ 
YHIITBpHOCTH H npH'IHHHOCTH B BhIClilllX nOplI/lKBX TeopnH B03MYlil8HHl! B KBBHTOBolt Teo-

PHH nonsr, ooycnoaneHHbIX aenOKBJlbHblM B3BHMO/leficTBHeM, Mb! BblHY:>K.ll8Hbl orpaHH'IHTbCH 

nepBbIM nopHllKOM no sneKTpOMarHHTHOMY nnn cnaooMy B3BHMO/lel!cTBHlIM, CTporo roaopsi, 

paapB0OTaHHbli! HBMH M8TO/l H He npeTeH/lyeT HB 0OJlblilee, 
~ 
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/1/ 
3aM8THM, 'ITO B 8TOfi cxeMe MO:>KHO H3BeCTHbIM o6pa30M BBeCTH 'IneHbl, Hapyrua10-

lIIH8 SU (3) CHMMeTpHIO n nonY'IHTb MBCC0Bbl8 COOTHOID8HHH; Torn11 MarHHTHbllt MOMeHT 

5y.ueT onpenensrTbCSI ncTHuunfi Maccolt 5apnoHa nnH Meaoaa. . 
ITpn Bb!BO,Ue ypaBHeHnl! .llnH COCTBBHbIX 'IBCTHU Mb! nonb30BllnHcb KBB/lpHpOBIIHHbIM 

ypaBH8HH8M nHpllKB, 'ITO ooecne'IHBBnO U . ( 12) HHBapnaHTHOCTb, EcnH Obi Mbl ncxonn-

JlH H3 HeKBB.llpHp0BBHHOrO ypaBH8HHH nnpaxa, TO B HyneB0M IlpH0JlH:>KeHHH Mb! IlOUY'!HJlH 

eibl JllIIllb SU (6) lIHBBPHBHTH0e ypaBH8HHe n .IUilI nonY'IBHHH BHOMB11.bHOro MarHHTHOro 

MoMeuTa npnmnocb Dbl BB0/lHTb HBMHHHMMbHoe anexTpoMarHHTHoe B3BHMo.neficTBne .unH 

KBBpKa, 

Pa3BHTblll HBMH MeTOJl nonyqeanSI 3Jl8KTPOMBrHHTHblX cj,opMcj,BKTOpOB nerKo O0O0lIIB8T

CSI .nnH Bbl'IHCneHHSI cnaob!X cj,opMcj,aKTOpOB. 

B aaK1110'Ieune MbI Bb1pa:>KaeM rny6oxy10 6naronapHocTb B.r. KanhlmeBcxoMy, A.A.no

ryuoay n H.T. To.uopoBy aa nnonoTBopnbre .uncKyccnn, 
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