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BBenemi:e 

YHHTapHaSI CHMMeTpHSI 6bma npenno:lKeHa fenn-MaHHOM H HefiMaHOM 

KaK o6o6meHHe nsoTonHqecKofi HHBapHaHTHOCTH H coxpaHeHHSI cTpaHHOCTH. 

YHHTapHaSI rpynna SU 3 conep:lKHT HsoTonuqecKy10 nonrpynny, nonrpynny 

I'Hnepsapsina H MeHSIIOmHe CTp8HHOCTb npeo6p830B8HHSI, B npennono>KeHHH, 

qTo 8TH npeo6pa30B8HHSI peanH3YIOTCSI lIHHefiHO H O/lHOPO/lHO no nonSIM, T,e, 

11/ 
qTo SU 3 eCTb anre6paHqecKaSI CHMMeTpHSI, no TepMHHOlIOI'HH Ba~H6epra ' 

BO3HHKaeT SU 3 - KnaccmjmK_aUHSI qacTHU, UnHaKo B TaKOM anre6panqeCKOM 

acneKTe yHHTapHaSI CHMMeTpHSI C. CaMOI'O Haqana CHllbHO HapyweHa, pa3HOCTH 

Mace B yHHTapHbIX cyrrepMynbTHillleTax B91IHKH, BnecTsimnfi ycrrex YHHT8pHOH 

CHMMeTpHH CBSI38H C /lOI'8/lKOH O TOM, qTo HapyweHHe HMeeT onpeneneHHbie 

Tp8HCq>OpM8UHOHHbJe. CBOHCTB81 qTo Ml¼CCOBblli one pa Top ec·Tb CM9Cb yHH

TapHOI'O CHHI'~eTa H 8 KOMIIOH9HTbl OKTeTa, noranKa rrapanoKcanbHa, TaK 

KaK HapyweHHe B91IHKO, 

B STOH CBSI3H B CBeTe ycrrexoB no H91IHH9HHblM peanH38UHSIM KH-

panbHOH rpyrrrrb1 SU 2 x SU 2 rrpencTaBnSieTCSI co6nasHHTenbHbIM rrpenno-

:lKHTb, qTo rpyrrrra SUa peanHsyeTCSI HenHH9HH0 1 H 1IHHeapH38UHSI IlpOHC

XO/lHT TOnbKO Ha ee xopowefi rronrpyrrrre nsocf!HHa lI rnrrepsapsina SU2 x Y . 

flpenrronO:lKHM, qTo yHHTapHaSI CHMMeTpHSI "HapywaeTCSI" HM9HHO IIOSTOMY, 

rrpuqeM I'HIIOT9THqecKHe CK81ISipHbie K -M93OHbl SIBlISIIOTCSI I'Oll/lCTOHOBCKHMH 

/2/ 
M93OH8MH cornaCHO o6mefi TeopHH H91IHH9HHhlX peannsaunfi. Torna TOllbKO 
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xopoUiaH rrollrpyrrrra SU2 xY 6ylleT cooTBeTCTBOBaTb anre6panqecKofi cnM-

MeTpnn: H30TorrnqecKofi HHBapnaHTHOCTn n coxpaHeHmo cTpaHHOCTH • ce . ~ B 

ocTanbHbre cnellCTBHH SU 3 - qncTo llHHaMnqecKne ( rro TepMHHonornn BaiiH-

6epra) •. Tipon3BOllHhJe mo6oro rronH 
1/1 llOn:lKHbl IlOHBnHTbCH. B .narpaH:lKllaHe 

TOnhKO B BHlle "KoBapnaHTHbIX rrpOll3BOllHbIX" Vµ ifr , a none KarrrraoHOB 
llOn:lKHO BXOlllITb TOnbKO qepe3 Vµr/i 

rrpOll3B01lHy10. EylleM OITIICbIBaTb KarrrraoHbl qeTblpbMH BemecTBeHHbIMn 

·n CBO!O co6CTBeHHy!O KOBapnaHTHY!O 

KOM-
( 1 ( K -iK ll30CilllHOp K=-- 4 5 ) • 

y'J:" K
6 
-j K

1 

rroHeHTaMn K ., , a =4,5,6,7 

Torlla KOBapIIaHTHaH rrpoH3BOllHaH KarrrraoHOB 3arrnUieTCH! 

v K = a K + o c K a >. µ .. µ .. 
( 1) 

ll KOBapnaHTHaH rrp0II3B0llHaH llnH rrpOH3B0nbHoro rronH 1/1 
orrpellennTcH 

ero ll30CITHHOM T II rnrrep3apHllOM Y 

V 1/1 =a 1/1 µ µ 
-2 

+ 2iF K a K u 
K a µ .·b ab! t +f 8 t

8
)tp +O·(K 4 

), I ab 

rile F K - pacrrallHaH K0HCTaHTa ( aHanor F
77 ); ti (i =1,2,3) - MaT-

Pllllbl ll30CITHHa llnH IT0nH 1/1; fabl 
n · f ab8 CTpyKTYPHhie KOH-

CT8HTbl rpyITITbl SU 3 

3 II 4 rropHllKa rro K 

, UieM.· 

• B ( 1) n ( 2) 0 ( K 
3

) • 0 ( K
4 

) 03Haqa10T BenIIqIIHbl 

, KOTOpbie Hae He 6yllyT llHTepecoBaTb B 1lanbHefi-

x/ HennHefiHaH peamr3aUIIH SU3 c KarrrraoHaMn paccMaTpIIBanacb 
HellaBHO HecKonbKIIMII aBTOpaMII/3/. B CBH3ll C HecoxpaHeHIIeM MeHH10mnx 
CTpaHHOCTb BeKTOpHb!X TOK0B KarrrraoHb! o6cy:lKlla!OTCH C 1963 rolla/4/ 

II OC06eHHO llHTeHCIIBHO B rrocnellHne rOllbl ( CM.
1 

HarrpnMep/ 5/) • Ceiiqac 

llMe!OTCH He oqeHb y6ellnTenbHhie llOKa3aTenbCTBa B rronb3Y nx cymecTBOBa
HnH. 0TMeTnM, qTo MaccoBb!H qneH KarrrraoHOB HapyUiaeT orrpelleneHHbIM 
o6pa3oM llHHaMuqecKy10 SU 

3 
-CHMMeTpn10, 

4 
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Tipn MeHH!OUllIX CTpaHHOCTb rrpeo6pa30BaHIIHX n106oii ll30MynbTllrr~eT 

( cKa:lKeM, HyKnoHhr) rrepexomrT caM B ce6H rrn10c KarrrraoHhI, 06ecrreqnBa10mue 

Heo6XOllllMOe ll3MeHeHne CTpaHHOCTII, n106ou narpaH:lKIIaH, IT0CTpoeHHblll ll3 

pa3nnqHbIX ll30MynbTHrrneToB, nx K0BapuaHTHbIX rrpoII3BOllHbIX ll KOBapnaHT

HbIX rrpon3BOllHbIX KarrrraoHOB 6yneT SU 3 - llHBapnaHTHbIM, ecnn coxpa

HHeTCH ll30CITHH ll CTpaHHOCTb, Tipn 9TOM He B03HHKaeT HnKaKIIX CBH3eu 

Me:lKllY 3HaqeHIIHMll Mace qacTHU C pa3HbIM ll30CITIIHOM unn .rnrrep3apHllOM 

ll HeT HllK8KIIX orpa1rnqeHllll Ha K~HCTaHTbl CBH3ll, C rrepBoro rornHna Ta

KOH ITOllXOll Ka:lKeTCH _HeHy:lKHbIM, TaK KaK rrpII ·HennHefiHOll peann3aunn rrbn

HOCTb!O rrporranaeT SU 3 - Knaccn¢nKaunH qacTnu n Bee anre6panqecKHe 

cnencTBHH Sl.1 , KpOMe CBH38HHhlX C ee rronrpyrrrrofi ll30CITHHa II rnrrep-

38pHna SU2X Y I Ha KOTOpofi OHa nIIHeap113yeTCH,,OnHaKo, KaK rroKa3an 
/1/ . 

BaiiH6epr , llnH KnpanbHOH SU 2 x SU 2 rpyrrrrbr anre6panqeCKIIe acrreKTbI 

llHHaMnqeCKOH CllMMeTpllll BOCCTaHaBnHB8!0TCH, ecnn HanO:lKHTb norronHHTenb

Hoe Tpe6oBaHIIe_: 

A~M.ITLIHTVLihI pacceHHHH Brrepen nomKHbr nMeTb pa3VMHoe acIIMrrToTnqec

Koe rroBeneHne rrpn BhICOKIIX aHeprnHX, narpaH:lKIIaH HenIIHeeH II conep:lKIIT 

C He06XOllllMOCTb!O B3allMOlleHCTBIIH C rrpOll3BOllHb!Mll. Ka:lKjlblll OT.nenbHblll 

rpa$nK ~efiHMaHa naeT HenorrycTnMo pacTymnfi c aHeprnefi BKn~.n B aMrrnnTy 

ny, rro Kpa11Heii Mepe B HH3UieM rropH,nKe, Kor.na ncrronb3YJOTCH rpa$nKn-
/ 1/ 

nepeBbH ( rpaqmKH 6e3 3aMKHYTbIX rreTenb). TioTpe6yeM • qT06bI ilMMa_ 

Bcex B03MO:lKHbIX rpa$HKOB-llepeBbeB .naBana aMrrnIITYllbI, KOTOpbie Be,nyT 

ce6SI rrpn 6onbllIHX 9HeprHHX He Xyll<e, qeM Oll<H.naeTCH, HaIIpHMep, B Te"Opllll 

Pe,n)l{e, l1Hb!Mll cnoBaMn, Tpe6yeTcH, qTo6bI 6bICTPO pacTynme BKnallbI OT 

rpa$HKOB-.nepeBbeB YHllqTo)l{annCb B38HMHO, a He C BKna.naMn OT rpa¢II-

KOB C rreTnHMH, 
/1/ 

TpyllHO o6ocHOB8Tb 3aKOHHOCTb Tpe6oBaHHH BattH6epra • OHO HOCHT 

rrocTynaTHBHblll xapaKTep, B 9TOH pa6oTe Mbl -ocymecTBHM rrporpaMMy 

BafiH6epra .nnH llHHaMnqecKofi SU 3 -cnMMeTpnn n rroKa)l{eM, qTo, KaK n B 
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cnyqae KnpanhHOii CHMMeTpnn SU 2 _x SU 2 
/1/ 

I ITony'laIOTCSI lIHTepeCHbJ9 

H pasyMHbie peaynhTaTbI. BoccTaHa:BnHBaIOTCSI anre6panqecKne acITeKTbl 

SU a -ClIMMeTpHH H KnaccmpHKaUHSI 'I~;;;~·~;; yiliiapiii,1M·cyITepMynhTH- · 

imeTaM, ITpH . STOM OITepaTop KBa/lpaTa MaCCbl llOn:meH 6b!Th cMeCblO c1rnrneTa 

lI 8 KOMITOHeHTbl OKTeTa (qiopMyna' renn-MaHHa-OKy6o KaK lllIHaMH'leCKOe 

orpaHn'leHne, a He KaK ITpaBnno cna6oro 'HapymeHHSI' cnMMeTpnn). B cnc

TeMe llBYX KaITITaOHOB.HMeeTCSI 6onbme COCTOSIHHii, qeM B CHCTeMe llBYX ITHO

HOB, ·ll ITOSTOMY YllaeTCSI ITony'llITh eme OllHY <pOpMyny, qeTBepTOH CTeITeHH 

ITO MaccaM. TTony'leHHbie qiopMynb1 o'leHh xopomo cornacy10TCSI c sKcITepn

MeHTanhHbIMH 3Ha'leHlISIMlI Mace /lnSI Bcex xopomo ycTaHoBneHHbIX ceMeHCTB 

- +) 'laCTlIU lI pesoHaHCOB ( 1 I 2 H IT03BOnSIIOT CllenaTb pST/l pasyMHblX 

ITpellCKasaHnu; B 'laCTHOCTH, ecnn B OKTeTe T=l , Y =0 n T =0 , Y = 0-

cocTOSIHHSI He Bbip0:1K/leHbl ITO Macce, TO C Heo6XO/llIMOCThlO /lOn:1KHO 6b!Th 

lleBSIToe T =o' y = 0 - COCTOSIHlISI C OITpe/leneHHOH Maccou. Mb! HaXO/lHM, 

'ITO 1lOn:1KeH 
+ 

6bITh 9 6apnoH 1/2 c Maccou "" 1310 M SB ( HMeIOTCSI 

/6/ 
SKCITepnMeHTanhHbie yKa3aHlISI B ITOnhsy ero cy111ec.TBOBaHlISI • B ceMeii-

CTBe 0!,; 1leBSITblM Me30HOM 1lOn:1KeH 6bITh E(l420) 1 a He X( 958)-MeSOH. 

O6cy)KJlaeTCSI B03M0:1KHbIH HOHeT 2-I Kytla MO:lKHO OTHeCTlI X ( 958) I 

rr A ( 1640), KA ( 1775), TOI"lla lleBSITbIM 6yi:leT T/ A ( 1830). ileBSITblH 

+ 
qneH HOHeTa 1 I C01lep:1Ka111ero A I -Me30H, 1lOn:1KeH 6bITh O'leHh TSI:1KenbIM, 

c Maccoii "' 2400 M SB. 

AcnMITTOTH~Q rpapHKOB THITa aepeBa 

111 
TTpn Bbl'IHCneHlISIX Mb! 6ylleM cnelloBaTb BaiiH6epry n IIOCTapaeMCSI 

rro B03M0:1KHOCTH coxpaHHTh ero o6osHa'leHHH. B HameM cnyqae paccMaTpHBa

eTCSI yrrpyroe H HeyITpyroe pacceSIHHe arrepell KanrraoHoB K+ a-> K +,B , 

rile a H ,B - n106b1e 'laCTlIUbl HnH pesoHaHCbI. O603Ha'IHM qepes p ' A . µ. 

lI p~ ,A' lIX 4-nMrrynhCbl n crrnpanbHOCTH, a qepes a , q µ. n h , q ; -

6 

1· 

f 
1: 
4 

f 
I 

• I 

- ".cTpaHHbie" lIH/leKCbl lI 4-nMnynhCbl Ha'lanhHOI"O lI KOHe'IHOI"O KaITnaoHOB, 

COOTBeTCTBeHHO. Mb! paccMaTpHBaeM ITPOUeCC ITpH t = 0 B ITpeHe6pe:1Ke

HlIH Maccoil: KaITITaOHOB. Yllo6HO Bb16paTh ~onnHHeapHyIO KOOpllHHaTHYIO ClIC-

TeMy, B KOTOpOH 

q =DCLI, q'=n Ct.I µ. µ. µ. µ. 
➔ ➔ ➔ ' ➔ ' 1--1 p = -n p, p = - n p n = n0 

1. 
( 3) 

B STOil: CHCTeMe H3 coxpaHeHHSI SHepI"lIH lI HMITynhca cne/lyeT, 'ITO 

p + V p2 + m; = p, + V p, 2 + m ~ = E • 

(4) 

, 
w = w+ 

m~a-m; 

2E 

HHBapnaHTHbie nepeMeHHbie saIIlICbIBaIOTCSI 

s=-(p+q) 2 =m 2 +2wE, u=-(p-q')
2
=m 2 -2w'E. 

a a 
( 5) 

CITHpanbHOCTh coxpaHSieTCH, A=A' Hae 6ylleT HHTepecoBaTh acHMITTOTH'lec

KOe ITOBe/leHHe HHBapHaHTHOH aMnnlITYllbl M ,8 b, a., (w, A ) KaK <pyHKUHlI 

sHeprnn KaITITaoHa w ITplI <plIKCHpOBaHHbIX p n p ' • Paao6heM M Ha 

CHMMeTplI'IHYIO lI aHTHClIMMeTpH'IHYIO qacTlI OTHOCHTenhHO saMeHbl lIH)leKCOB 

KannaoHOB a H h 

<+> 1 • 
.MR (w ,A)= - (M,8 (w,A) + M,8 ( w,A)) 

,,_,b,aa 2 b,aa a.,ab 
( 6) 

(-) 1 . 
M,8 (w,A )= -- (M,8 (w ,A )-M,8 (w,A )). 

b,aa w+w' b,aa a,ab 

( 7) 

7 "' 



B ,!lpeBeCHOM npn6nH)KeHHlI C HCITOnb30BaHHeM o6mero SU 3 -HHBapnaHT-

HOI'O narpaH)KHaHa C ,!lOCTaTOqHO 6onbWHM qncnoM qaCTHU aMnnnTy.na HMeeT 

~.!l 

l\t{3b, aa (w ,.\) = p{3b,a~ (w ,.\ )+ 
( 8) 

-1 y 2 -1 y 
+I.[(s-m 2 ) Oa (w,.\)+(u-m ) Oa (-w',,\)]. 

y y f'-'b,aa y t-""" ,ab 

TTonnHoM P B03HHKaeT H3 KOHTaKTHbIX rpacfmKOB H rpacf>nKOB C o6MeHOM 

BHPTY anbHblM M930HOM B t -KaHane ( pnc. 1) • OcTanbHOil: qaCTH aMnnHTy

,[lbl COOTB9TCTBYIOT rpacf>HKH pnc. 2 C o6MeHOM pasnnqHbIMH BHpTyanbHblMH 

qaCTHUaMH y B S - H U -KaHana·x; nonHHOM Q B03HHKaeT H3 qncnn-

_Teneil: nponaraTopoB y. -qacTHll H H3 npOH3B0.!lHbl~ BO B3aHMO,!leil:CTBHH 

KannaoHa c MHllleHbIO. nnHaMnqecKaSI SU 3 -HHBapnaHTHOCTb aanaraeT cne

.nyromne orpaHnqeHHSI. 11s- BH.!la KoBapnaHTHoil: nµ,nsBo.nHoil: mo6oro nonsi 

V µ if, (2) c.ne.nyeT, qTo narp8H)KH8H C aeo6XO.!lllMOCTb10 co.nep)KHT MHHH-

ManbHOe KOHTaKTHOe BsanMoneil:CTBHe 

-2 I - 8 
2F K a K er v +£ v ), 

K a /1, b abl /1, ab8 /1, 
( 9) 

-~ 

JI I JI I 1//c 
¥' 

J 

<f 

g 

oe I "\._ i/ --\ o/. ol.. Q 
a. G\. 

Pnc. 1 Pnc., 2 

8 

./-, 

'1 
I 
\ 

·.c;, 

I 8 
r.ne V µ n V µ_ - coxpamnomnecsi nsoTonnqecKnil: n rnnepsapsi.nHbiil: 

I 3 I 8 ) ~ 8 - To xi 
TOKH f VO (x) d -x = T (i=l,2,3), JV O (x d x =T ... '\U1 Y • BsanMo.neil:CTBHSI 

2 
B BeprmHax pnc. 2 nMeroT Bn.n: 

F- 1 V a '\I K , 
K µ /1, a 

r.ne v; (x) - ¢eHoMeHonornqecKHil: M9HSIIOIIIHil: cTp8HHOCTb 

nponsBo.nHoil: KannaoHa aTa CBSI3b .naeT qµ V; = w nµ V / 

THKe MO)KHO napaMeTpH30BaTb rf V ~ 
µ B BH.!19 

( 10) · 

TOK. 3a cq~T 

B Hallleil: KHHeMa 

• ½ 

<p',.\',f31nµVa (0)lp,.\,a>=(27T)-
3

(4p p' )- 4E8 (X"' (,\))a ,(11) 
µ o o U, t-'a 

r.ne X .. (.\) - 6espasMepHaSI 9pMHTOB8 MaTpn_ua, KOTOpaSI 6y.neT oqeHb 

Ba)KHa .nnsi Hae. 8ToT aHanns aHanornqeH aHannsy Bail:H6epra .nnsi KnpanbHoil: 
111 

rpynnbr SU 2 x SU2 , npnqeM CBSI3H c nnoHaMH ( 3.2) n ( 3.5) B saMeHe-
. 111 

Hbl Ha CBS13H C KannaoHaMH ( 9). ( 10). a napaMeTpH381lHSI ( 1.5) Ha ( 11). 

TToaToMy MbI onycTHM .neTann nocne.nyromnx BbrqncneHnil:, cocnaBlllHCb Ha pa-

6oTy/ll. PasnO)KllM aMnnHTY.!lbI l\t <±.>> B psi.n nopaHa no 1/ w npn 6onbll1HX 

CL) 

N 
l\t (±.) (w ,.\) = I. (L)n l\t <±> (,\ ), 

{3b, a a tt=--<)0 {.Jb, a a: n 

Koa¢¢mrneHTbl npn nonO)KHTenbHblX CTeneHSIX CLl 38BHCSIT OT H9MHHHManbHbIX 

BsanMo.neil:cTBnil:. 0.nHaKo KoacbdmuneHTbr npn HYneBoil: Jt oTpnuaTenbHbI~.Te..._ 

!!fil!E3. CL) onpenenSIIOTCSI onH03HaqHo. 11MeHHO, ecn1:1 BBeCTH .nnaroHanbHYIO 

M8CCOBYIO MaTpnuy 

xi -
Bo3MO)KHbl TaK)Ke H9MHHHManbHble KOHTaKTHbie CBSl3H C .!lBYMSI H 

Bb!llle K0B8pH8HTHbIMH npOH3B0.!lHblMH KannaoHOB. 0HJt 6y.nyT .naBaTb B nonn-
HOM p 6onee BblCOKHe cTeneHH CL) • qeM MHHHManbHaSI CBSl3b ( 9). 

9 ~, 



m2 = m 2 8 
ya a ya ( 13) 

TO HS 
Ill 

(6-11) cnenyeT (cp. ), qTo 

M<+> 
/3b, aa; O 

-2 b a a b 
(,\)=4FK l[X {,\),[m2,X {,\)Jl+[X {.\),[m~X {,\)]]j/3a ( 14) 

( ) -2 I 8 b 
M/3- { .\ ) = 8 E F I i f I T + if T -[ Xa { .\ ) , X { ,\ ) ] l /3 

b, aa; 0 K ab abS , a ( 15) 

(-) -1 -2 a 2 b . 2 
Mt3h,aa;- 2 {,\) =2 E ~ K [[ X !,\ ), m ], [ X {,\), m ]] /3a ( 16) 

( ±) (,\) 0. 
{M/3b,aa;-1· •} .••••••••• 

ADre6panqecKHe cnegcTBHH mrnaMIIqecKofi SU a -HHBapnaHTHQCTH 

Terrepb IIOTpe6yeM, B C00TB9TCTBHH C HaMeqeHH0fi rrporpaMM0fi, qTo-

6bI aCHMIIT0TlfqecKoe rroaeneHHe aMIInHTYllbl B npeBeCH0M IlpII6nII:1K9HHH He 

rropTnno rrpencKaaaHHfi Teopm1 rromocoB Pen:1Ke~ C yqeT0M MH0:1KHTenH 

{ Cu +eu , )- 1 
B orrpeneneHHH { 7) aHTHCHMMeTplI'!HaH aMIInHTyna non:1KHa BeCTH 

ce6H KaK 

M 
aT yC0)-1 

:::: (l) • 
( 17) 

rne aT y (0) - HHTepcerrT aenymefi TpaeKTOpHII c HS0CIIHH0M T H rnrrepsa-
. . 

pHll0M y . B t - KaHane CHCTeMa ilBYX KaIIIIa0H0B Ka H Kb • aHTH-

CHMM9TpHqHaH II0 CTpaHHbIM HHlleKcaM a If h , M0:1K9T lfM9Th cneny10-

II1He lfS0CIIlfH If rIIrrepaapHn: 

10 

< .... 

.i . ; 

T=l,Y =0 p 
p 

- TpaeKTopm1 1 a 10 (0)"' 0,57 

T=O, Y=O: eu TpaeKTopm1, °t)'g (0) ., 0,45 

T=O, Y =::1-2: 9K30Tll"'IeCKHe o6MeHbl a (O) < 0. o, ±2 

CnenoaaTenhHo 1 

qneH M<-> (,\) 
{3h,aai O 

M- nom1CHa y6bIB8Th, H II09T0MY K0HCTaHTHblH 

nomKeH 6b1Th paaeH Hymo, T.e.. rronyqaeM 

a b ] I 
[X {.\),X {,\) = ifabl T + ifabS 

8 
T. ( 18) 

Ha H30TOIIHqecKofi HHBapHaHTH0CTH H coxpaHeHHH rnrrepsapHna cnenyeT, qTo 

[T 1, X a {.\)]=if 
lab 

Xb{,\); [T8,Xa{,\)]=if Xb{,\) 
Sab 

( 19) 

I j k 8 I 
[T ,T ] = it 11 k T , [T ,T ]= 0. 

TaKHM o6pasoM noKaSaHo, qTo orrepaTopbI T 1 
, T 8 

If X a 06pasy10T 

anre6py SU 3 ( 18, 19) J rrpIIqeM 0HH HMeIOT HeHyneBbie aneMeHTbl X "'13a 
B o6KnanKax M9:1Klly 0/lH0qaCTH'!HbIMH C0CT0HHHHMH. OTCIO/la crienyeT, qTo 

yqacTBYIOIIIHe B Hrpe qaCTHUbl a' /3' y ... C n106ofi ll8HHOil CIIIIpanhH0CThIO 

Jl011:1KHbl sarronHHTh HerrpHB0JllfMb!e HnH IIpHB0JllfMbie rrbegcTaBneHIIH YHIITapH0:li 

rpyrrIIb! SU 3 • HHbIMH cnoBaMH, B0CCTaHaBnHBaeTCH KnaccmpIIK8UHH qac·-

TlfU II0 yHHTapHbIM cyrrepMynhTHIIneTaM. 

PaccMoTpHM Terrepb CHMMeTplI'!HyIO aMIInHTYllY. TT pH 0 0Ha HMe-

eT Ilplf Cu ➔ oo acIIMIIToTnqecKoe rroaeneHHe 

M <+>,. eu aT,Y co: (20) 

'1>1 
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CHMMeTpH'IHaSI no CTpaHHbIM IIHJleKCaM CIICTeMa JlBYX KannaOHOB Ka II Kb 

MO)KeT HMeTb B t -KaHane cne]lyromne KBBHTOBbie 'IHCna: 
. p 

T=0,Y=0 ; nonroc IToMepaH'lyKa, a 0 , 0 (0)=1 

T=0, Y= 0 ; A 
2 

TpaeKTOpHSI, a 1~ 0 (0) = 0,35 

T,.,l, .Y=,±2"°; 9K3OTH'leCKHe o6MeHbI, a-,.~ (0) < 0, 
<+> . 

IToSTOMY IlOTpe6yeM, 'IT06bI KOHCT8HTH8SI '18CTb aMnnHTYJlbl M f3 0 
b,aa; 

He HMena Y = + 2 B t -KaHane, nnn 

(Y 2 M<+>) =2M<+> 
{3b, a a;O {3b,aa; O 

(.\)- .!L f f M <+> (,\) =0, 
3 aSc bSdl {3c,ad;O 

( 21) 

rJle Y2 
- orrepaTop KBaJlpaTa rn:nepaapS1Jl8 JlnSI Benn:'IHHbl C JlByMH CTpaHHbl-

MH HHJleKCBMH. YcnoBn:e ( 21) O3HaqaeT, 'ITO '18CTb M -~~~ 0 C rn:nepaapSl-

2 . M <+> 0 JlOM :!:_ paBHa Hynro, TOr]la KaK Ha '18CTb .... O C rn:nepaapSIJlOM 

HeT orpaHH'leHHH ( y 
2 = 0) • T8K K8K a ~o (0) n: a to (0) nonO)KHTenbHbl. 

2 . I S 
C y'leTOM ( 18), TO)KJleCTBa HKo6n: n: KOMMyTaTHBHOCTH m c T. n T · 

MO)KHO yrrpocTHTb (14) n: aarrn:caTb 

(+) -2 . a c b 2 
Mf3 

0
(,\)=-8FK [X (,\),[X (,\),m ]], 

h,aa; 
( 14') 

TorJla ycnoBn:e (21) npHMeT BHJl 

[
ab 4 c d 2 X , [X , m 2 ]] = - f f [ X [ X , m ]] • 
· 3 aSc bSd ( 21') 

1.JTo O3H8'18eT 9TO ycnoBne? 1.JT06bJ Bb!HCHIITb 9TO, onpeJlenHM 

m2 = ..4,_ if 
a 3 aSb 

b 2 
[ X ,m ] (a) a 2 • m 2 

[X ,m l=i faSb b (a,) 

m 
2 = ~ d [ X a' [ X b' m 2 

]] (b) 
I V3 abl 

( 22) 

m:=¾ [X a, [ Xa ,m2]] (c) 

(a, b =4,5, 6, 7; i =l,2,3 ). 

12 

i 

)!. 
/': 
• i 

•', 
J. 

I 

.j 

·i 
'l 

jJ 
·: ·1 i) 

¥ 

Tor]la H3 ycnoBHSI (21') cneJlyeT C n:cnonb3OB8HHeM TO)KJleCTBa HKo6n: 

H TO)KJleCTB JlnH CTpyKTypHbIX KOHCTaHT SU 
3 

( cM. ITpn:no)KeHn:e): • 

a 2] 2 ·r [X ,mb = if a.bl ml +t abS 
2 

ms (a) 

rpynnbI f af3y 

2 2 l ·r [X , m 
1 

= 1 alb m2 
b 

( b); 
a 2 • · 2 

[X ,m l=1f m (c). 
S aSb b 

Ma onpe]leneHHll (22) O'leBHJlHO, 'ITO 

I 2 S 2] S 2] [T ,msl=[T ,ms =[T ,m
1 

=0; 

i 2 • 2 • 
[ T , mi ] = d Ilk m k ' 

[T 1. 2 1 ·r 2[Ts 2 1 ·r ,m =I m, ,m =Is 
a lab b & ab 

m2 
b 

n: daf3y 

( 23) 

( 24) 

CooTHOllleHHH ( 23) n: ( 24) rOBOpHT HaM, 'ITO m: , m: n: m: o6pa-

3ylOT OKTeT. CpaBHHBaH (22a ') n: (23c), HaXOJlHM [ xa ,m 2-ms2l= o; 
T.e. 

2 2 · 2 m -=m + m • 
Inv S 

( 25) 

13 
~, 



.'faKHM o6pa30M II0K838H0, 'ITO MaCC0Bblli: orrepaTop ecTb CVMMa VHHTap-

noro HHB8pHaHTa mk H BOChM0li: K0MIToHeH~bl 0KT~Ta m; 
Mb1 rrpmnnn K BHllY "Hapymemrn"' SUS · , rrpenno;xeHH0My renn-MaHHOM 

n OKy6o. ITon'IepKHeM, 'ITO HHrrre He rrpenrronaranacb ManocTh m ~ rro 

!..Q.8BH_e_HHIO _C_ mfnx B anre6paH'IecKoli: peannaaunH ycnoBHe (25) rrony~ 

qaeTCSI KaK T0'IH0e cnencTBHe llHH8MH'I9CK0ro rrpenrrono)KeHHSI 06 aCHMITT0-

THKe npeBeCHblX aMrrnHTYll• 

OTMeTHM Ba)KffyJO ponh A 2 -TpaeKTopnH. Ecnn 6b1 ee He 6bmo(KaK 
/1/ 

B cnyqae KHpanhH0li: SU 2x SU2 , rne nBa rrnoHa He MoryT o6nanaTh 
A2 

KBaHT0BblMH 'IHcnaMH A 2 ) HnH ecnn 6bI HHTepcerrT a 1 0 (0) 6bm 0TpH-

uaTeneH, TO Mbl rrony'IHmI 6bl BMeCT0 ( 21) ycn0BHe [x'°,[X \m211= .!..a [X0,[X 0,m211. 4 &b , 
8To ycnoBHe nano 6b1 m 2 2 = m Inv · , T.e. B0CCTaHoBneHne TO'IHoli: SU3 -

CHMMeTpHH nnsi Mace. 

nanee, rrpencTaBnsieTcsi paayMHbIM rrpenrrono)KHTh, 'ITO illll!,_9K30TH'Ieg_

KJIX o6MeHOB C rHrrepaapS!ll0M + 2 a T,Y=+2 (O) <-1 I 'ITO He rrpoTHBopetJHT 
/8/ 

a Hannay/ 9KCITe pnMeHTBnhHbIX naHHblX M oppncoHa ( ycnoBne a T 'Y=±2 (0) <-2 

y)Ke Morno 6bl rrpOTHBope'IHTh). B 9T0M rrpenno)KeffHH 'I8CTh M~~.aa; -2 (A ) 

( 16) ll0n)KHa o6pamaTbCS¼ B Hynh, H, rronarasi Y M/3(-b) . _2 =0, Mb! Haxo-. ,aa, 

llllM eme 0llH0 C00TH0llleHHe nnsi Mace: 

[[ xa ,m
21,[Xb ,m 2

11_= '; f &80 fb8d [[X
0 

,m
2 
][ xd ,m

2
11 ' ( 26) 

K0Topoe, KaK yBHllllM ffll)Ke, rrpnB0llHT K paayMHbIM orpaHH'IeHHSIM Ha MaCCbI. 

Pe~hT_aT1>1 

- /9/ 
nnsi H3BnetJeHHSI cnencTBllll yno6Ho BBeCTll orrepaT0pbl 

5 
X4 +iX ½ 

X 1 
y2 

X~½=- X e+iX 7 

y2 

½ ½ + 
X-2 =-(X 2 ), 

-1 1 

X ½
1 

= (X-½)-f; 
- 1 

14 

( 27) 

Torna rpyrrrroBbie C0OTH0llleHHSI ( 18) CB0llSITCSI K 

½ -½ 
[X 

1 
, X , 1= O; 

½ -½ I . 
[X ,X 1=--(Q+Y), 

1 -1 •2 ( 18') 

rne Q - aneKTpH'IeCKHli: aapsin, a C00TH0llleHHSI nnsi Mace (21) n (26) 

aKBHBaneHTHbI cnenyromnM: 

½ -½ 2 
[ X 

1 
, [ X 

1 
,m 11 = O ( 21 ') 

[[X ~,m21, [ x~\m 2 11 = O. ( 26') 

OrrpenennM MaTpH'IHbie aneMeHTbI aTnx orrepaTopoB Xf3a cornacHo Teo

peMe BnrHepa-8KKapTa C SIBHbIM BbllleneHneM aaBHCHM0CTH OT rnrrepaa-

psinoB Ya , Y f3 ll rrpoeKUHH H30CITHHa ta , t f3 

<{3 tf3Yf31 x:lataYa>=Bya+t,Y/Ta¾(Tf3tf3;t 0 ,t )Xf3a, 

( 28) 

t 
<{3 t/3 Y/31 X t I a t y >= (-1)2 -t <at y I x-lt I f3 t13Y13>' 

-t a a a a 

:-ne Ta, T f3 - 3Ha'IeHHSI rronHoro naocrrnHa, C - Koa<f><f>mmeHTbl Kne6ma

fopnaHa. HaCbllll8SI rpyrrIT0BbJe' C00THollleHHSI ( 18) KBa3H0llH0'I8CTll'IHblMH 

COCTOSIHHSIMH, Mb! rronyqaeM ypaBHeHHSI nnsi rrpnBenellHbIX MaTpllU X f3a 

K0T0pbie Herrp0THBope'IHBbI, ecnn C0CT0SIHHSI a, f3 ••• aarronHSIIOT rrp1mo-. ' . 

llHMoe nnn HerrpnBonnMoe rrpencTa'Bne1me SU 3 • IToncTaBnsisi pemeiinsi 

9':'HX ypaBHeHHli: B (21') H (26'), rrony'IaeM C00TBeTCTBYIOllllie Mac_C0Bbie 

<f>opMynbI. PacCMOTpHM rrp0CTbJe M0nenu. 

15 :!:.' 



D.m1 COCTOSIHHH f'l , !, , E , {l , o6pa3yIO!IlHX aeKyrrneT, HaXO!lHM 

H3 ( 18') ( C TO"IHOCTb!O !lO aecymecTBeHHbIX cliaaOBbIX MHO)Kl{Teneii) 

3 - 3 
xt'lI=Y2· XE =v2, X:sn=Y2• ( 29) 

Toraa ( 21') aaeT cliopMyny fenn-MaHHa-OKy6o anSI KBanpaTOB Mace· ( CHM

BOnbI 'laCTHU o6oaHa'laIOT HX MaCCbI) 

2 _2 2 2 2 2 
n -t=. =E -I =I -t'l, (30) 

KOTOpaSI xopowo BbIIIOnHSieTCSI. 11HTepecao, "ITO COOTHOWeHHe ( 21) an~ 

aeKyrrneTa BbJIIOnHSieTCSI TO)K!l9CTB9HHO H He aaeT HHKaKHX orpaHH'l9HHH 

Ha MaCCble 

PaccMOTpHM Terrepb ceMeiiCTBO, COCTOSI!Ilee H3 OKTeTa H CHHrneTa 

C H9KOTOpoii aaHHOH CIIHH-'leTHOCTb!O J p • TTycTb 'lneHbl 9TOI'O ceMeii-

CTBa 6yayT N , A , A , I , E . Tori:ta H3 ( 18') c TotiHoCTbIO 
· l 2 

!lO HecymecTBeHHbIX ctiaaOBbIX MHO)KHTeneii cneayeT 

X =v.2.., XNA=y.2..cos0, 
NI 4 1 4 

x~- =vl, 
..:..t=. 2 

XA '= = V ..2.. cos 0 
1- 2 

X --' 3 • 0 NA2 -v 4sm ' 

·3 
X . =v-sin 0, 

A2E 2 

(31) 

rne 0 - yron cMeWHBaHHSI. BepSI B o6KnallKH Me)K!ly N, E !lBOiiHoii KOMMy

TaTop ( 21'), rrpHXOl]HM K COOTHOWeHHIO 

2N 2 
+2E

2
=I 2 +3A~cos20 +3A:sin 20, ( 32) · 

16 

KoTopoe rrpu 0= 0 coBrranaeT c cliopMynoii renn-MaHHa-OKy6o, a rrpu 0./,. 0 

CBSI3bJBaeT yron CMeWHBaHHSI C MaccaMH 'laCTHU B HOHeTe. CooTHOWeHHe 

( 26') naeT HOBVIO MaCCOBVJO mopMyny 

2 2 2 2 
(E - I )( I - N ) 

(33) 
( E2 2 ( 2 2 2 -2 2 2 2 2 = -A

1
) A

1
-N )cos 0+ (t=. -A

2 
)(A

2 
-N )sin 0 

D.nSI 6o30HOB COCTOSIHHSI C T = ~ 
ayeT _rrpocTo aaMeHHTb E 2 u N 2 

y = + 1 HM9IOT paBHyIO Macey H cne-

Ha K 2, I 2 Ha "2 ' A 2 Ha 71 2
,, 

HarrpHMep, cliopMyna (33) !lnSI 6o30HOB 3aIIHW9TCSI 

2 22 2 22 2 2 22 2 
( K -TT ) = ( 71 .. K ) cos 0 + ( 71 - K ) sin 0 

l 2 
(33) 

( HaIIOMHHM, "ITO CHMBOnbI "!aCTHU o6oaHa'laIOT HX Macey). 

Heo6XOllHMOCTb H0HeTOB, TTpenrronO)KHM, "ITO yron CMeWHBaHHSI 0 paBeH 

Hyn10, l{ Mb! HMeeM neno C "IHCTbIM OKTeTOM. 11cKnIO'laSI H3 (32) l{ (33) 
1=:12 2 ( 2 2 22 ,;;;. + N unu K nnSI 6oaoHoB), aaxoauM ( A - I ) = 0 anSI cliepMH-

oHoB, (71 2 - 1r 2 )2 =0 (anSI 6o30HOB). TaKHM o6pa3oM, "IHCTbJH OKTe,:' B03MO

)K9H Toraa u TonbKO Torna, Koraa co'cToHHHSI T = 0, y= 0 n T =l, Y =o,_ I A 

-2 2 A2 ~ 2 
nnn 71 n " , HMeIOT paBHy10 Macey. B STOM cny'lae t=. + N =2 =2..:.. 

, ) K2 2 2 
(nnSI cliepMHOHOB. =71 =TT (nnSI 6o30HOB). Mb! rrpHXO!lHM K BbIBO.llY, "ITO 

ecnn aeT I - . .A (nnn K - TT- 11 ) Bb!pO)KlleHHO~TH 1 To HoHeTHaSI cTpyK-

Typa o6SiaaTenbHa. 

B cny'lae HOH9TOB MO)KHO HCKn!O"IHTb yron CM9WHBaHHSI H3 (32) H (33) 

H aaiiTH cpopMyny I HerrocpeacTBeHHO CBSI3bIBa!OlllYIO MaCCbl "!aCTHU H3 HOHe-

Ta. Oaa uMeeT_ BH!l ang §oaOHOB 

2 2 2 2 
4K(71+71+2TT 

l 2 

4 22 2 2 2 2 
)=BK +371 71 +TT (71 +71 +3TT ). 

l 2 l 2 

(34) 

17 
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MmKHO Bbipa3llTh OTCIO.!la Macey nro6oro •meHa HoHeTa qepe3 MaCCbl OCTanh

HbIX qneHOB. TaK, 

2 3 2 1 2 +.2. 2 
1/ 

2 
= 2K -:r" +21/ 2 4K 2 -311 2 -rr 

2 1 

( 1J 2_17 2)2 
1 

nm1 ¢epMllOHOB cne.!lyeT ll0.[lCTaBllTh B { 35) II ( 34) E 
2 

+ N 
2 

(35) 

BMeCTO 

2 K2 , I 2 aMecTo rr 2 II. A2 aMecTo 1/ 2 . Hanp1IMep, ( 35) aan1IUieT-

csi: 

2 2 
2 

·2 2 2 2 
A

2
=E +N _.l!..I +..l.A 2 +.l!.. {A1 -I.) 

2 2 1 
2 2{E2+N2)- 3A21_I2 

( 35') 

B qiopMyne ( 35) B KatJeCTBe 1J 2
1 

( 1In1I A~ ) menaTenhHO 6paTh "6onee 

4K
2 2 2 

CIIHrneTHOe" COCTOSIHIIe, )lnSI KOTOporo aenll'IIIHa - TT -3111 
He 

O'leHh Mana, B npOTllBHOM cnyqae peaynhTaTbI 6y/lyT 'qyacTBllTenhHbl K He-

6onhlllllM ll3MeHeHHSIM Mace. <t>opMynhl ( 35) II ( 34) C BbIC_QKOH TQ'IHOCThlO 

BbIIlOnHSIIOTCSI nnSI xopoUIO ycTaHOBneHHblX HOHeToB, 
llnSI HOHeTa 1 

{K * {892) 

MaCCbl <p 

£(1260) 

, ¢ (1019) , eu{783) , p (765)) qiopMyna (35) )laeT )lllSI 

. + 
-Me30Ha 1010 M 9B ( TO'IH0CTh 1 % ) • llnSI HOHeTa 2 {KA (1420) 

, f '(1514) , A
2 

(1320 )) ll3 ( 35) /lllSI MaCCbI f' HaXO/lllM 

1500 M 9B ( CHO Ba TO'IHOCTb ., 1%). O6CY/lllM Ha 9TOM OCHOBaHHII Jlpyrlle 

B03MO)!{Hbie HOHeTblo 

HoHeT o-. Macchi K, TT II 1J -Me30HOB CllllbHO 0Tn1I'la10TCS1, cne/lO-

BaTenbHO, )lOnmeH 6bITh )leBSITb!H Me30H o-. l1Me!OTCSI )lBe B03MomHOCTII, 

E (1420) II X (958) -pe3oHaHCbI. Ecnn Bbt6paTb E (1420) , TO ( 35) 

)lnSI Ma CC bl 1/ )laCT 544 M 9B BMeCTO 549 M 9B. ( TO'IHOCTb ., 1%). EcnlI 

me B3SITh X (958) •. TO nony'IIIM H3 ( 35) Macey· 1/ -MeaoHa, paBHyIO 495 M aa, 

'ITO nnoxo. TaKIIM 66pa3oM, anre6paIItJeCKaSI pean1I3aUIISI SUs npenno-

'IIITaeT E{l420) a Ka'leCTBe 9 'lneHa HOHeTa 0-. (OTMeTHM, 'ITO HapyUieH-

/ 10/ 
HaSI CllMMeTpllSI roaopnT O TOM me ) • 

18 

BoaMomai,",w HOHeT. 2-. Cmrn-'leTHOCTh X (958) noKa eme 9Kcnep1I-

. - - /71011/ · 
MeHTanbHO He ycTaHDl'!neaa, 3Ha'leHIISI O ll 2 paBHoBepoSITHbl I I • 

Ilpe)lnonomnM, 'ITO X (958) ~ llMeeT·-cmrH.;.'leTH0CTh 2-.-11MeeTCSI eme )lBa 

peaoHaHca, rr A(l640) . n KA (1775) ,. , /lllSI KOT0pbIX cmrn-'leTHOCTb 2-
/7 / . ( ) . 

KameTCSI cetttJac npe/lITO'ITIITenbHofi • Tor/la, cornacHo 35, Macca Jle-

BSIToro qneHa o6cy}K)laeMoro HoHeTa 2- /lonmHa 6b1Tb paaHa 1835 M 9B. 

PeaoHaHc c 6n11aKofi - ~accofi, 1J A(l830) , 11MeeTCS1/? /. Anre6panqecKaSI 

peanII3aUHSI SU 3 npencKa3hIBaeT, 'ITO ero CilllH-'leTHOCTb eCTh 2-. 
+ . c, + 

- HoHeT _1 __ • nanee, JleBSIThifi tJneH MynbTJmneTa 1 , co/lepmamero 

KA (1240) , D (1285) 11 A 
2 

(1070) - peaoHaHChI, JlonmeH 6b1Th otJeHb 

TSimenbIM, ( 35) )laeT 2400 M 9B. OTMeTHM, 'ITO llMeIOTCSI yKa3aHllSI Ha cy-

- /7/ 
mecTBOBaH11e peaof!aHca N N 1 = 0 ( 2380) 

Ilepefi)leM Tenepb K qiepMllOHaM. 

+ 
HQfl~T.J.LL M_aCCbI I- II A - 'laCTllU paanH'IHhI, n no9TOMy !!Pfil!CKt 

+ 
3bJBaeTCSI )leBSITblH 6ap110H 1/2 • Ecnll B3SITb cpe/lHlle KBa/lpaTbl Mace 

B ll30MynhTHilneTax N. I. E I TO 113 ( 35) HaXO/lllM, 'ITO Macca o6cym-

JlaeMofi A' '18CT11Ubl 6y)leT paBHa 1310 MaB.· 3To 3Ha'leH11e, 0/lHaKo, 

'lyBCTBllTenbHO K Ma~bIM H3MeHeHllSIM .Mace BHYTPll 11aoMynhT11nneT0B I , E, 

T.K. B npaBoh CT0poHe <popMynhI ( 35) npllX0/lHTCSI 6paTb "6onee OKTeTHoe" 

C0CTOSIHlle, n, C00TBeTCTBeHH0, Man 3HaMeHaTenb. M omHO roB0PIITb TOnhKo, 

'ITO Macca A' /l0nmHa nemaTh B llHTepBane 1280-1340 M9B, TOr/la ( 35) 

xoporno co6n10/la9TCSI. B HaCTOSIIIIee BpeMSI llMeIOTCSI yKaaaHllSI Ha cymecTB0-

BaHlle 'laCTHUbl C TaKofi Maccofi, Y *{1327)4A+y /B/ 

l::foIIgT 1/2-. 3To ceMeti:CTBO C0/lepmllT N (1535) , A '(.1405) , A (1670), . 

I (1750) • CooTHollleH11e ( 34) ecTb KBa/lpaTHoe ypaBHeH11e /lnSI Macchi 

- . 0 
:::. n MbI nMeeM /lBa perneHllSI: 1) nn6o E "' 1800 M9a, I 0 I ., 18 ; 

2) n1160 E = 1710 M 9B 1 I 0 I "' 35°. CooT~~TCTBy10m1Ie E · peaoHaHChI 

noKa He Ha6n101lan11ci,~ . O)lHaKo, aaanII31IpySI pacna)lbI A~ (1405) 11 A (1670), 

0 o/7/. 
Tp11nn yKa3bIBaeT yron cMern11BaHllS1 · =-18±,3 ( IiepBoe pernea11e), a 

19' 
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/12/ 
nean-CeTTII 0 =- 36,5;!:_4° (aTopoe pemeHIIe). 

HoHeT 3/2-. YcTaHoaneHbI peaoHaHcbI N(l520) , A (1690) I.(1670), 

A '(1520). .Llmr MaCCbI E peaoHaHca 3/2~ cHoaa HaxonnM naa pemeHHH: 

nn6o E 1830 Msa, nn6o 
/7 12/ E = 1650 M:,m. neBH-CeTTII ' 

cqnTaeT, qTo B HOHeT 3/2- BxonHT E (1820) , qTo cornacyeTCH c nepBbIM 

pemeHHeM. 

ilpyrne B03MO:lKHbie HoHeTbl Mbl He 6yneM o6cy:lKnaTb anecb, TaK 

KaK B HHX HeT nocTaToqHoro q1Icna xopomo ycTaHoaneHHbIX qneHoa. 

B 3aKmoqeH1Ie HaM nplIHTHO Bblp831ITb 6naronapHOCTb E. BanyeBy. 

E, 3ynHIIKY, A. <l>nnnnnoBy n M. 3nnamBimn aa noneaHbie o6cy)KJ:leHHH. 

Tignno:lKeHIIe 

Done3HbJe TO:lK!IeCTBa mm CTPYKTYPHbIX KOHCT8HT rpynn~~u 3 

TiyCTb ~, b , c, d = 4,5,6, 7 - IIHneKCbl MeHHIOllllIX' CTpaHHOCTb reHepaTopOB 

( n CTpaHHbie IIHneKCbI"). i 'j, k 1, 2,3 - HHneKCbl II30TOITHqecKIIX re He-

paTopoB, II nyCTb HHneKCbI a, {3, y npHHIIMaIOT Bee BOCeMb 3Ha'qeHnii 

1, 2,3,4, ••• 8, Torna: 

1. CTpyiCTypHbie KOHCT8HTbl SU 3 rpynnbI f43y H d af3y paBHbI 

Hynro, ecnn OHII conep:lKaT HeqeTHoe q1Icno cTpaHHbIX HHneKCOB ( "'coxpaHe

Hne CTpaHHOCTH") 

f = d = f =d =f =d = 0. 
abo abo alj all a18 a18 

2. TiplI ~IIKC8UIIII "cTp8HHOCTII 0 HHneKCOB nng CTpyKTypHbIX KOHCT8HT 

nMeroT MeCTo cnenyronme noneaHbie TO:lKneCTBa, nononHH10m1Ie 06m1Ie TO:lK-
/ 13/ 

neCTBa II3 II ncnonb30B8HHbie B TeKCTe. pa60TbI. 

~ 1 < 2 i <n. 1) ""'r r = - 8 8 -8 8 >+ -£ r +-<r r -r r ,. a aba aod 4 ac bd ad be 3 ab8 cd8 3 ao8 bd8 ad8 bc8 

20 

I. d 1 1 1 · 
d =--8 8 +-(8 8 +8 8 >+-U r +r r \(n 

2
) a aba acd 6 ab ad 4 ac bd ad be 3 ac8 bd8 ad8 bes' , • 

1 - -
Id f =---,-(8 f +8 f. -28 f -8 f -8 £ ) a aba acd 2~- ac bd8. be ad8 ab cdB ad bcB bd ac8 • (TI.3) 

I r r =-1-8 8 
a ala alb 4 lj ab 

.lI(' f. 
2 k Ilk kab < n.4) 

Id d =t8 [} +½I ( f 
a ala alb lj ab k Ilk kab < n.5)" 

Id f ,.,_-1._a 1 
d kab a ala ajb 2../3 lj fabB + 2 ~ £Ilk ' ( TI.6) 

I f f ,.,_!_8 
a aBa aBb 4 ab < n.7) 

If f 
a Baa abl =-fdabl (n.8) 

I f d -"1.. f a Baa ab! = 2 abl • ( n.9) 

CTpyKTypHbie KOHCT8HTbl daf3B He BKnroqeHbl ,B 9TH "TO:lKneCTBa, TaK KaK 

IIpH ~IIKC8UIIII CTpaHHOCTII OHH Bblp8:lK8IOTCH qepe3 CIIMBOnbI KpoHeKepa:-

d =--
1-8 , d =l-8 

abB 2../3 ab ljB V3 Ii 
1 

dsaa = - ,J3 

nns:r 

3. J13 9TlIX TO:lKneCTB cnenyeT, B qaCTHOCTJI, IIHTepecHoe TO:lKneCTBO 
7 

npOII3Be)leHJig nI06bIX Tpex n CTpaHHbIX" MaTpHu An = I. A: ,\ a 
a=4 

~, 
21 



A1 A 2 A3 =-J-0+R)A 1 Sp(A2 A3 0-R»+! {l-R)A3Sp(A~/1-R)), 

1 0 0 
rne R = 0 1 0 

0 0 -1 
1 _2_ As 

=3+./3" 
MaTpnua, 8HTHK0MMYTHpyromaH C nro6oii CTpaHH0ii MaTpHueii, 

IA 
0

, R l == o 

3 

< n.10) 

< n.9) 

H K0MMYTHpyromaH c nro6oti uecTpaHHorr MaTpnuerr B = I. B A + B A 
1=1 I I 8 8 

· [B,R l= o. ( n.10) 

OTMeTHM T8K)Ke T0)K}leCTBa JlnH nro6bIX CTpaHHbIX MaTpHU 

0 - R) [ A 1 , A 2 h - (1- R) Sp ( A1 A2 R ) 
< n. 13) 

{l-R}l~.A 2 l = 0-R)Sp(A 1A 2 ). 

OTcrona cnenyeT 

Sp(R IA1 ,A 2 l >= o < n.14) 
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