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B B E Jl E H M1 E 

PoeT q~cna CHRbHo aaaHUoAeAcTay~~~x qacT~~ AenaeT 

aKTyanbHOA npoOneuy HX KHaCC~~~Ka~H~. ilO-BHAHMOyY, HaH

Oonee nepcneKTHBH~M llOAXOAOM K aTOA npoOneue HBHH9TCH 
1) 

U9TOA B~CWHX CHMM9TpH ~ • MaTeUaTHqecKO~ OCHOBO~ aToro 

YeTOAa HBHH9TCH T90pHH rpynn ]H. 

MeTOA B~CIDHX CHMMeTpHn npHBOAHT K CH8AY~~HM peaynh

TaTaM : 

1) nosaonaeT xnaccK~H~HpoaaTh aApoH~ no cynepuynhTHnne

Taw, npeoopaay~~KMCH no HenpHBOAHM~M npeAcTaaneH~Hu 

COOTBeTCTBY~~HX rpynn 

2) DOBBORH&T nonyqaTb COOTHOW9HHH U9EAJ paSnHqH~UH Ha-

0R~AaeM~H senHqHHauH, npeoopaayro~Hu~ca no npeACTaane

HHau llOArpynn B~CWHX CHMM9TpH~. 

HaHOonee qeTKo HAeonorHH aacmHx c~uueTpHU npoaa

JIHeTCH Ha npHuepe rpynn $L(b ,C) [
10

' 
11

] H $U(6,6) 
12 - 15] 

[ • OTH rpyn~ COAepEaT CR6AJ~~He ~HSHqecKH 
HHTepecHHe noArpynna : 

a) CTaTHqecx~e rpynna $U(6) H $[U(0)xU(6)], KOTOpHe 

DOBBOJIH~T KJI8CCK~H~HpOB8Tb 8ApOH~ no cynepMynbTHDR9T8M 

K npKBOAHT K ~opuynau uacc.._ saBHCH~HM oT yHwlapHllX H 
[ 16 - 02] 

CllKHOBllX nepeueHHllX ; 

[ 1 - 9] 1) Cu. oOsop~ 

5 



Cl) KOJIJIHHeapHHe rpymm $[U(3) X U(3)] K $U(6)w , 
KOTOpHe ODKCHBa~T KOJIJlKHeapHHe npo~eCCH (pacnaAH Y6SO

HOB H Oap HOHOB, 8Jl6KTpOY8I'HHTHHe ~OpY~aKTOpH , npo~eCCH 

8HHKI'KJIH~KH OapHOHa H 8HTH0apHOH8 B DOK06 Ha ~Ba Y6SOHa, 
43- 48 

npo~ecca pacceHHHH anepe~ H Hasa~ ) [ J ; 
s) xownJiaHapHHe rpynna $UC3) K$[U(3)xU(3)] , xo<ropae 

[ 2 - 49] 
ODHCHBa~T paSJlHqHHe npo~eCCH paCC9HHHH 

06p aT KMCH K paCCMOTpeHH~ CTSTHqeCKHX rpynnStf(b) 

H S [ U(6 ) X U(6)] • KJiaCCK~HRaf.\HH qacTH~ B rpynne$U(6) 

aarna~HT Tax : wesoHH npHHa~nezaT cynepuynbTHnneTaM 

1, 35, 405, ••• , OapHOHH npHHa~nezaT cynepuynbTHnJieTaw 

56 , ?0 , ?00, •••• KJiaccH~HKaf.\KH qacTK~ B rpynne 

$ [ U(b) x U(6 )] BHI'JIH~M'r cnozHee : wesoHH npHHa~nezaT 
- -

cynepuynbTHnneTau (6, 6 ), (21, 21 ), ••• , OapHOHH 

npHHa~nezaT cynepuynbTKnJieTaw (56, 1), (126, 6 ), ••• • 

~cnoJibSOBaHKe CKYYe~pHA SU(G) H S[U(6) X U(6)] 
OTBeqaeT npeHeClpezeHH~ CDHH - op6HTSJibHHM BS8KMO~eACT

BH6Y H B006~e BHCWKMK yrJIOBHMK YOM6HT8YK, T8K KSK 

a~OHH B 8TKX CX9MSX CTpOHTCH KS KBapKOB, H8XO~H~KXCH 

B S -cocTOHHKK. KoH<:PHrypa~~ut KBapxos ~ ~ , ~ ~ tt ~ , ..• 
oelpasy~T MeSOHH, KOH<:PHrypa~KK KBapKOB ~ 'f, ~ , ~ ~ $ ~ ~ , .. • 
o6pasy~T 6apHOHH. O~HaKo axcnepHMeHTaJibHaa CKTY8L\KH 

C BHCWKYK p630H8HCSMK HSBO~KT Ha MHCJlb, qTo rpynna 

$U(6) K $[U(6)xU(6)] CJie~eT pacwHpKTb T8KKM 

oClpaSOM, qTOOH BB8CTK B paCCYOTp6HK6 BHCWKe yrnOBHe 

YOY6HTH. ilOSTOYY npe~CTSBJIH~T KHTepec Y0~6JIK, B KOTO

pHX a~pOHH CTpOHTCH KS KBapKOB, HSXO~H~KXCH B BOS6yz
~6HHYX COCTORHHRX. 

6 

K qKCJIY nepBHX DODHTOR BBe~eHHH BHCWKX yrJIOBHX 
100] MOM6HTOB npHHa~JieKaT paOoTH ~pOAH~a, ~K [ H 

101 
rpaH6epra [ J , B KOTOpHX npe~nara~TCH oOonoqeqHae 

M0~6JIH ClapHOHOB. 

B o6oJioqeqHo~ wo~eJIK ~poAH~a K ~" B KaqecTse 

<PYH~auesTaJibHHX qacTH4 <PKrypKpy~T ~eBHTb oapHoHeToB. 

ilOCTp09HK6 ClapHOHOB B aTo~ M0~6JIK ocy~eCTBJIH9TCH 

cne~ll~KM oopasou. B ex ewe L S -CBHSK me CTb OapKo

HeToB sanoJIHHllT S -ooonoqxy H TPH - p -oOonoqxy. 

Tor~a OapHOHH ODKCHBS~TCH SHTKCKMYeTpHqHHY 816-nJieTOM 

$U(18) -rpynna. B cxewe jj -caasK meCTb OapHoHe-

TOB sanoJIHHIOT oClonoqKy S 1f< , a TpH - o6onoqKy p 31~ • 

3~eCb ClapHOHH ODHCHBS~TCH 8HTHCKYM6TpKqHHM 220-nJieTOM 

sue 12) -rpynna. XoTa yKasaHHHe YYJibTI1nJieTH 11 y~o
BJieTBOpHllT npHH~Kny llaynK, OCHOBSHHSH Ha HKX CKCTeMaTK

Ka He HBJIHeTCH y~aqHo~. MHOI'Ke KS He~aBHO OTKpHTHX 

p9SOH8HCOB He H8XO~HT MeCTa B paMKaX ~SHHOA CX6MH. 

Cxeua He ODKCHBaeT OapKOHH CO CDKHOM BHWe 9/2. 

B MO~€JIK r pKH6 epra ~YH~aMeHT8JibHHMK qacTKL\8MK HBJIHIOTCH 

KBapKH, no~qKHH~~Keca napacTaTHCTKKe. EapHoHH onKc&-

Ba~TCH CHMM8Tp11qHHM 2600-nneToM $U (2 4) -rpynna 

B cxeue L S -CBHSK. oTa MO~€Jlb TaK~e He ODHCHBaeT 

peSOH8HCH CO CITKHOM, npeBOCXO~H~KM 9/2 , H CO~epEHT 

MHOI'O BSK8HTHHX MeCT ~JIH Hi1SilJKX pesoHa HCOB. 



Bonae nepcneKT~BHoR aan&eTc& uo,~ten& KKHeTwqecKKX 

cynepuyn&TKnneTOB! npe~noxeHHa& renn - MaHHOU, Cy~ap-

[ 1 03, 04,156,15?] 
WaHOM K AP• • oTa MO.ztenb OCHOBHBaeTC& 

Ha rpynne $ [U(6) x U(6 )] x 0 (3) • ~H.ztaueHTan&HHMH qa

CTK~auH S,lt6Cb &Bn&~TC& KBapKH, HaxO,It&~K9CH B COCTO&HH&X 

S , p ~ J. , • • • • Me~oHH n~KHa,~tJieJtaT. cynepuyJI&THnne

Tau (6, 6, 0 )- , (6, 6, 1 ) , ••• , OapHOHH npHHa.ztne
+ 

saT cynepuyJibTHnJieTaM t56, 1, 0 ) , (56, 1, 1 )-, •••• 
148] 

OrueTKM 'l'&KJte KHTepecHyJO paooTy ,UaJIH~a [ , 

B KOTOpO~ npe,~tnpHH&Ta DODHTKa K,lt9HTH$HKa~HK BHCWKX 

peSOHaHCOB C KOMDOHeH'l'8Mi'l KHHeTKqecKKX cynepMyJibTHDJie-

TOB rpynnH $UC6) X 0(3) 
.Una nonyqeHH& uaccoaHx ¢opuyn B pauKax BHCWKX 

29, 30] 
CKMMeTpli~ Ber H Ci'!Hr [ n~e.ztnoJtHnH ycosepweHcT-

sosaHHH~ sapHaHT TexHHKH 0Ky6o ( 
0

] • C nouo~biO aTo« 

TexHHKH 6HnH nonyqeHH ¢opuyxH uacc AJI& cynepuyx&TH

nneTos rpynnH ~(J(~) , KOTOpHe BHDOJIH&IOTCH C xopowen 

TOqHOCTb~. 0,~tH8KO C pocTOM nop&~Ka rpynnH aTOT M6TO,It 

CTaHOBKTC& CJIHWKO.M CnOJtHH.M ,ltn& npaKTKqecKoro DpHM9He-

H.Kn:. 

B o6xacTH KOJIJIHHeapHHX rpynn ~[U(3)x U(3)] 
11 SU (6)w .13 nocJie,~tHee spews cmno c,~tenaHo 6onbwoe 

qHCJIO npe,ltCKaSaHH~, KaCaiO~HXC& pacna,ltOB M9SOHOB K 
. [4, 158] [3 J 

6apHOHOB , 8JI6KTpouarHHTHHX ¢opu¢aKTOpOB 
[159] 

noJI&pKHa~KA qacT.K~ , npo~eccoa aHHHrKn&~HH npo-
3 

ToHa H aHTHnpoToHaC J , npo~eccos ¢oTopoJt.zteHH& He«-

8 

TpaJibHHX ueaoHoB [
46

] , npo~eccos ynpyroro H Heynpy-

[ 46, 160] 
roro pacce&HK& uesoHos K 6apKoHoB • R coxa-

~eHH~, MHorHe Ha &THX npe.ztcKasaHH~ nnoxo cornacy10Tca 
48] 

c ascnepHMeHTaJibHHMH .ztaHHHMH [ • IIo-BH~Huouy, He-

corBaC¥8 BHSB8RO HapyweHH6M KOJinHH8apHHX CKMM6TpH~ 

YHHTapHOC'I'blla 

AHaBHB npe.ztcKasaHH« RounxaHapHHX rpynn ~(1(3) H 

S [U(3)X U(3)] .ztJI& pasJIKqHHX npo~eccos pacce&HH& 6Hn 
[ 2, 161] 

BBDOBH8H B pa6oTaX • EHno DOKasaHo, qTo 8TH 

npe,!tCKaBaHH& COrJiaCyiOTC& C 8KCnepHM9HTOM C ToqHOCTbiO 

,ItO 20 - 30 %. 

HacTo~a& pa6oTa 
2) 

DOCB&~eHa BHCWHM CKMM9TpH&M 

CHJibHO ssaHMo,~teAcTBYIO~Hx qacTH~. B pa6oTe npe.ztnoxeHa 

KBapsosaa MO,It6Jlb KKH6TKqecKHX cynepuyJibTHDneTOB, OCHO

B8HHa& Ha ~enH no.ztrpynn rpynnH ~L [3(2j + 1), C] 

C'l'aTHqecKaa $U[3(2j+ 1)] 
! 

KOJIJIKHeapHaa S [U(3) x U(3) x ... X U(3)] ( 2j + 1 co-

~ MHOJtHTeJie~~ 

KOMDJiaHapHa& s U ( 3) 

2) 0CHOBHHe pesyn&T8TH ony6nHKOB8HH B CTaTbHX 

[106 - 112]. 

9 



B rnase I npe~nozeHa cocTaBHaa uo~enb a~poHos, 

OCHOB8HH8H Ha rpynne $ u [3 ( 2j + 1 )] ( jj -CBH8b) 
3

) 

~H~8M9HT8HbHRMK qaCTK~SMH B 8TOA M0~9HH HBHHmTCH 

RB8pKK, H8XO~H~K9CH B BOS6y~9HHOM nlj -COCTOHHKK. 

~H npHH4Hn nocTpoeHKH cynepuynbTHnneToB, npKHa~neza

~Hx 88~8HHOA ROH~Krypa~HH RBapKOBe ilpe~HOZ9H M9TO~ 

Haxox~eHHH uaccosax ~opuyn, OaaHpyD~KACH Ha ~Karpau

YHo" T9XHHR9. 

Bo n rnase Hccne~osaHH ueaoHHHe cynepuynbTHnneTH, 

npHH8~H9E8~He KOH~Hrypa~HHM ( 1$ ~) 1 
( 1$ 112.) -

1 
, 

(1s ~)1C1p 1l2f 1 
H (1p 312.)

1(1d. o/2)-
1 

• 

ilpOB9~9H8 H~eHTH~HK8~HH Y980HOB C KOMDOH9HTaYH cynep

MYHbTHfiH9TOBe ~Harp8YYHHA M9TO~ H8X0~9HHH MaCCOBYX 

~OpMyH npKM9H9H K SHaHHSY Cfi9KTpa MeSOHHHX MSCC. 

B ill rnase Kccne~osaHH 6apHOHHHe cynepwynbTKnneTH, 

DpHHa~nelltalJIHe KOH~Hrypa4HHM (1 S 1~ ) 3 
, (1s ~):l(1 p Y2) 1 

, 

(1 p 3!2i H ( 1 d.% )3
• ilpOBM9H8 H~eH'rK~KK8~KH 6apHO-

3) ilocne Toro, KaK aBTOp npe~HOlKHH yKasaHHYD 

M0~9Hb n.lj -BosdyJK~eHHA H HanpaBHH pac5oTy [
106

] B 
105] 

neqaTb, DOHBHH8Cb CTaTbH MHnnepa [ , B KOTopoA pac-

CMaTpHB89TCH Ta E9 M0~9Hb. 

IO 

HOB C KOMDOH9HTaYH cynepuynbTHllJieToB. ~HarpaMYHHA 

Y9TO~ HSXOE~eHHH YaCCOBHX ~opuyn npHMeH9H K 8H8HHSY 

cnexTpa OapHOHHHX uacc. 

B IY rnase npe~noxeHa xonnHHeapHaa rpynna 

$[U(3)xU(3)x ... x U(3)] ( 2j+ f COMHOEHT9H9A ) ~HH 

onHcaHHH pacna~os H npo~eccos pacceaHHH snepe~ H 

Hasa~. B paYKSX HYnynbCHoro npHOHHE9HHH HaA~eHH COOT

HOW9HHH M9E~ nap4H8HbHHMH WHpHH8MH M930HHHX H OapHOH

HHX p980HaHCOB, a TaKES COOTHOWeHHH uez~ fiOHHHYH H 

~H~epeH~H8HbHHMH ceqeHHHMH pH~a ynpyrHX H HeynpyrHX 

npo~eocos pacceHHHH. 

B npHnozeHHK paccuoTpeHH ~opu~aKTopH aneKTpouar

HKTHHx H Cna6HX B38HMO~eACTBHA. 

B saxnDqeHHe BHpaxa~ rnyc5oKyiD onaro~apHoCTb 

axa~eMHKY H. H. BoroniDoosy sa 4eHHHe KOHcynbTa4HK. 

H 6naro~apeH A. H. AxHesepy, HryeH BaH Xbey, 

0. C. ITapaciDxy, H. A. Cuopo~HHCKoMy H A. H. TasxenH~se 

Sa COBeTH H sayeqaHHH. 

II 



PJiaBa I. BiiCIDHE CH.MMETPillf 

~ 1. Mo~eJih KHHeTH~ecxKX cynepuynhTHnJieToB 

~ ( 16 - 20] .Mo~eJih, ocHoBaHHa& Ha rpynne ,.J U ") [ , 
ODHCHBaeT qaCTH~H, DOCTp09HHH9 HS KBapKOB , HaxO~&

~KXC& B S -cocTo&HHH. IIoaTouy npe~cTaBJI&eTc& ~eneco

oOpasHHM pacwHpKTh &Ty rpynny TaXHM o6pasou, qToOH 

BXJIDqKTh B paCCMOTp9HH9 B~CWH9 yrJIOBH9 MOM9HTH. ~JI& 

&To~ ~eJIH HcnoJibsyeu aHaJiorH~ c o6onoqeqHo~ uo~eJib~ 

a~pa [115 - 118 J . 

Pacc.r.to'l'pnt.t npoHaBOJibHEHl a~poH, cocTo&~H~ HB f 
KBapxoB. Ilpe~nono~HM, qTo xa~~HA KBapK Haxo~KTC& B 

cat.tocorna . oBaHHOM ~eHTpaJibHOM none, o6paaosaHHou 

OCT8JibHHMK KB8pK8MK. Ilpe~DOJIO~HM T8KE9 H8JIHqKe y 

Ka~~oro KB8pKa CHJibHOro CDHH-op6KT8JibHOrO BS8KMO~eAcT

BH& H npKueu cxeuy jJ -cB&sH. Tor~a B0JIHOBHe ¢YHK

~KK OT~eJibHHX KBapKOB uoryT OHTb 88DHC8HH B BH~e 

wnlj e ~ i 1 
r lntrl~(~oll) = u.ne ("t)[Y ( B'f)J) 2(tr)]~n 5 "'""(A.) ) u.1 > 

r ~e U "'l ( 'l) - pa~HaJihHa& 

- BOJIHOB8& ¢YHK~K& DOJIHOrO 

¢YHK~Ka; [Y((e'f) ~ 112(o')]i 
1 In 

MOMeH•ra ; ~ (~) -
) "'~ 

BOJIHOB8& ¢YHK~H& YHKTapHoro CDKH8 ; n - rJiaBHoe 

KBaH·roBoe l!KCJIO ; .e - op6HTaJJbHH~ MOM9HT ; j -
DOJIHHtl MOM9HT ; 111.. , m.,.._- MarHHTHHe KBaHTOBHe qJ.iCJJa 

DOJIHoro MOM9HTa K YHKTapHoro CDKHa ; ~ ' B ' r -
12 

npocTpaHCTBeHHHe nepeueHHHe 

CDKH8 K YHKTapHoro CDKHa. 

o , 1\. - nepeueHHHe 

IloKaEeu, qTo rpynnoA BHpOE~9HKH COCTO&HHA (1.1) 

&BJI&eTc& rpynna 

$Uf3C2j+ f)] (1.2) 

CocTaBKM [3(2j+ f)]l npoKsBe~eHd 

w r..lj wr..lj wnlJ 
I (At1b., A1) r m m (ii~oa ~.t)... lm m. ( 't .vo..- A.v) , 

m1 m"-1 a "-a. 4' "-4' 

o6pasy~~KX DOJIHY~ CKCTeuy C00CTB9HHHX ¢YHK~HA, DpK

H8~JI9E8~KX KOH¢Krypa~KH ( n.l j) ~ _ • IlpH JI~60A nepe

CT8HOBRe XOOp~HHaT ~iOiAi..,._. "(f<.t)llA.tt &TK npOHS

Be~eHH& 6y~T nepexo~KTh ~pyr B ~pyra. ~yrHMH CJIOBa

MH, OHK 6y~T npeo0pasoBHB8TbC& no[3(2j+f)J/_ 

uepHouy npe~cTaBJieHK~ rpynnH nepecTaHoBoK fl(~). Co-
133] 

rJiacHo BeAJI~ [ aTo npe~cTaaneHHe aKBHBaJieHTHO 

[3(2j' + 1)] f -uepHouy npe~cTaBJieHHIP rpynnH $U[3(2j+1)]. 

TaxKu o6paaou, ecTecTBeHHHM pacwHpeHHeu 
SUC6) 

rpynll!i 

Ha BHCWHe yrJIOBHe MOM9HTH B CJiyqae jj -CB&SK 

&BJI&eTca rpynna (1.2). 

By~eu Cl!KT8Th, liTO CKMM9TpKa (1.2) DOHKZ89TC& COrJISCHO 
cxeue 

l3 



$U[3(2j +f)] => $U(3) X ~U(2j+1)) 

$U(2j+f) =:J Sp (2j+ t) => $U('l):r ' (1.3) 

$UC3) ::::::> $U(2)r x U(1)y 

8TO SHSQKT, Q~Q KHBapKSHTH B ~enK no~rpynn (1.3) 

HBnH~TCH XOpOWHMK KBSHTOBHMH QKCnaMK. 

Ha pHc. 1 npKBe~eH nopa~oK cne~oBaHHH ypoBHeR 

B KO;D;9llH nlj - B086y:QeBBl. 8TOT nopH~OK xapaKT9-

peH ~na rnyooxoR noTe~KanbHoR aws, npK ycnoBKH, qTo 

CDKH - op0KTanbH09 BSaKMO~eRCTBKe pac~ennHeT ypoBHK 

j±:: l ± ~ TSKKM Oelpasow, QTO ypOB9Hb l:: l- 1~ 
OKSSHBS9TCH HK:E9 ypOBHH f+:: .e + Y2. 

MesoHH HBllH~TCH BOSOJ:E~9HHHMH COCTOHHHHMH KBap.Ka 

M SHTKKBapKa, Oelpasy~~KX KOH~Krypa~H~(nl1j) 1(nl~j)- 1 
• 

BapKOHH HBnH~TCH BOSClJ:EA9HHHMH COCTOHHKHMK Tpex KBap

KOB, oOpasyro~KX li:OH~Hrypa~KKl ( J1. fd) ~ ( n t~ j) 1 

EcnK ~1==f2 , KOH~Krypa~HH HasssaeTca QHCToR, B npo

THBHow cnyqae - cwewaHHoR. 

I4 

---------------3p~ 

---------------21~ 
---------------3p~ 
-------------- 1 i ~~ 
-------------- 1 h 1~ 
-------21~ 

-----------------3s~ 
-------------- 2 cl ~ 

th% 
------------------2d~ 

1g.~ 
,,~ 

2p~ 
-----------------2p~ 

f/~ 
If~ 

------------ 2s ~ 

P!tic. I 
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§ 2. rpyDDbt JlK 

rpynno ~ JlK HaSHBaeTCH MHOZ9CT BO ~ 1 y~oBne
TBOpH~~ee Tpew ycnoBHHY : (1 ) ~ HBHH9TCH rpynnoR, 

(2) ~ HBHH9TCH aHaHKTHQ9CKHM MHOroo6paSK9M 1 

l3) xaz~aa onepa~HH a G HBnaeTca aHaHKTKqecxoA. 
[ 131 - 140] 

C1opwynKpyew Heo6xo~KMHe Teopews • 

Teopewa 1. 

Kaz~oe npe~c TaaneHHe ]) KoYnaKTHoR rpynnH JlK 

aKBKBaneHTHO YHKTapHOMY npe~CTaBneHK~ K BDOHH9 DpK-

BO~HMO. 

TaKKM o6pasou, ]) npe~cTaBKYO B BK~e 

II 

D = e L t- Eoe Fe( 
' 

r~e F« - reHepa Tops rpynns, y~oaneTaopa~~Ke y cnoBH~ 
Fo( = F: ' a e C( - ae~eCTB9HHbt9 napaYeTpbt. 

Teopewa 2 . 

JloKanbHaa CTPYKTypa rpynns JlK nonHoCTb~ onpe

~enHeTcH nepeC TaHOBOQHbtMH COOTHOW9HKHMK ~ng reHepa

TOpOB rpynns 

N' 

[Fe( F~ J i ?- coe~y Fy ' 
(1.4) 

I6 

r~e CTpyK TypHbt9 DOCTOHHHbte C R «, i' 
ycnOBHHM 

cot.p~ C Ccl..fli'J ' C «pr 

y~OBJl9TBOpHIOT 

c.* 
tl(pY ) 

II 
(1.5) 

f-Ccd.hcprt + c/Jde c.rot.l + Cyi£ c.ol.flJ') = 0 
ilpo6neMa KnaCCK¢KKa~KK rpynn JlK CBO~KTCH K Ha-

XOX~9Hk'.~ CTpyKTypH!iX DOCTOHHHbtX 1 Y~OBH8TBOpH~LqKX 

ycnoBKHY l1.5), K K Haxox~eHK~ A/ MaTpH~, y~oane
'l'BopH!O!I\KX nepe CTQHOBOqH!iM COOTHOW9HKHM (1.4) • 

TeopeMa 3. 

Kaz~aH npOCTaH KOMDaKTHaH rpynna JlK KSOMOp¢Ha 

OAHOA KB rpynn : 

SUCn) - rpynna YHKTapHHX yHKMOAJnRpHHX MaTpK~ 

nopRAKa h. • q~o~cno napaMeTpoB N= rt 2._ 1 . 
Q(n.) - rpynna opToroHanbHHX MaTpH~ nopHAKa Yl • 

ll11cno napaMeTpos N = ~ n (n- 1) . 
$ p (n) - rpy nna CKMnneKTKqecKKX Ma TPK~ nopHAKa h. • 

q11cno napaMeTpoa N = ~ n. ( n.. + 1 ) 

G 2.) F'f ) E ~ ) E 'J() E g - KCKn~qi1T9JibHHe rpynns. 

qi1CJia napaM8Tt)OB 3TKX rpynn COOTB8TCTB9HHO 

paB Hbt 14, 52, 78 1 133, 248. 

§ 3. ilpKH~KD DOCTp08HKH cynepMynbTKDR9TOB 

06paTfi!MCH. K paccMoTpemuo rpynnu $U(n) . 
~YH,LJ,at.JeHTaJl bHble h.. -DJl9T!i QaC'I'I1L\ ( lf1

1 
lf' .,_ ... 'f tt_) 

I7 

K 



8HTf11qaCTidl\ ( lf1 \.f'~ ... 'fn.) onpe~eJIIdM npeoelp880BSHHHMK 

n. N ~ N 

lf'~=L(1+i.LE"F.J~g~~ , ~~=L_ lflt(t -i. L.t.._Fd.\~~., 
1 1 1 1 

r~e F" = F"+ , T"'C. F" = 0 
~SJIOElliM MSTO~HKY paSJIOZSHHH npHMOI"O npOH8B8~8HHH 

~yH~8MSHT8JibH~ npe~CT8BJISHH~ Ha CYMMY HenpHBO~HMHX 
5 

npe~cTasneHHH [ J . ConocTaBHM npHMOMY npoHsBe~eHHm 
~YH~8M8HT8JibHaX fL -DJISTOB qaCTHL\ H 8HTHqacT HL\ 

CM8W8HHaH TSHSOp 

T j1 f~ · · · fs - w w liJ w w lp. 
• t' i. - T i. T L ... T i. T.: T i . . . js 
l1 ~ ··· 'l 1 ~ , Jf :z 

(1 •• 6) 

~JIH paSJIOESHHH (1.6) Ha HenpHBOAHMae COCT8BJIHD~H8 

BOCDOJibSYSMCH CJISAY~~e~ TeopeMo~ ; 

Teop e Ma 4. 

CMewaHHa A TeHsop Henp»BOAHM, ecn111 

a) csepTKa no OAHOMY H»EHeMy 111 OAHOMY sepxHe My 

lliHASKCY npHBOAMT K HYJI~, 

6) CHMM8 Tp~R HHEHlliX MHASKCOB OTBeqaeT onpSASJISHHOH 

cxeMe IOHra, 

B) CMM MSTpMR B8pXHMX HHASKCOB OTBeqaeT OilpSASJISHHO I 

cxeMe IOH!'a. 

18 

Cne~H Teopeue 4, npKMeHKM R TeHsopy (1.6) TPK 

onepal\HK : 

(a) BHDOJIHHM B (1.6) CBepTKY 

TJ~ ... is -To it .. · is ~ ri.rf-if ... o .... .i,+~ ri .. (licT2 11 ... o ..... oe ... j~+ . · - · · + 0· _ I · · <' • o · · · 't"''" L1·"'-t a. ' ' «.. 1 ... o1 ... L-r ll cd.. ' ' L.,( ~o 1 ... o1 ... o4 .. ,,'t ... ' 

I'A9 HH~eKCa 0/. YK88HB810T Ha OTCYTCTBH9 HHASKCOB 

L l , J, . TeHsopa T cao~RTCR K HY JIIO, ecnH ua 

CB9pH8M lliX no OAHOMY HHEHSMY 11 O~HOMY B9pXH8MY HH

~eKcy. 

(6) llocTpOHM cxeua IOHra, cooTBeTCTBYIO~He pas6HeHHHM 

S-m.=p1+p:l.+ ... +p.-M' P1 ~ P~ ~ .. · ) P_.M ~ o 

p1 
p~ 

~ 

I 

-

nt 

ConocTaBnM Kax~o~ cxeue DHra (1.7) TeHsop -y-

(1. 7) 

' B 

KOTopoM HHXH!118 HH~SKCH CHMMSTpHpOBaHa DO CTpOKSM H 

8JibT8pHHpOB8HH DO CTOJI6l\aM CX9Ma. 

19 



(B) ilOCTpO~M CX BMH ~Hra, COOTBeTCTBYD~He pasO~eHHHM 

"t- m = ~ 1 + '/- 2 + .. · + f.; ) ~1 ~ ~~ ~ • • • ~ ~., ~ 0 

~1 
~2 

'1-» 

I 

'--

m 
ConocTaBHM Ka~~o~ cxeMe DHra (1.8) TeHsop -y-

(1.8) 

' B 

KOTOpOM BBpXH~e ~H~BKCH CHMMBT~~poBaHH no CTpOKaM K 

anbTBpHHpOBBHH 00 CTOn6qaM CXBMH. 

0nHCaHHaH npoqe;zypa ~aeT BOSMOlKHOC Tb KOHCTpy~pOBaTb 

W3 tpyH~aMBHTaDbHHX t1.. -nJieTOB cynepMJDb'fl-i.!lneTH BHCWBJ:l 

pa8i1BpHO C'I' 1-1.. 

B RaGeCTBe ~JinDcT.paqMH paano~~M Ha HenpHBO~HMHe 

COCTaBM1D~l1e CnBAYD~~e TBHSOpH 

T; = ~ tpo( 1-1. ~pr = lf"" ~p lf'y 

~cnonbsya onepaq~D caepTKH , npe~cTaBHM TeHsop -r-; 
B B~~e 

1 ~ 

TO(= T"" + cfO(T 
p p p (1.9) 

20 

8TO BCTb ~CKOMOB pasno~eHHB. ilO~CGMTHBaH GHCna KOM

OOHBHT TBHSOpOB, BXO~H~WX B (1.9), nonyGHM ¢opMyny 

pasMepHOCTBA 

nxn. = Cn.~-1) + 1 (1.10) 

BHnonHHH c~MMeTpHpoBaH~e 11 anbTepHHpoBaHMe no 

HHlKHMM MH~BKCaM, npB~CTaBHM TBHSOp ~fJY B BM~e 

-r= =T +T. +T +T «pr C«tp>n r«cpJn C«pn t«pn (1.11) 

~ ~ I o( I PI rl 

~ 
8TO BCTb MCKOMOB paanOlKBHl1B. ilO~CGMTHBaH GMCna KOMOO

HeHT TBHSOpoB, BXO~H~MX B (1.11), nonyGHM ¢opMyJiy 

paaMepHOCTeA 

n.x n.x 11 = .1 n. (n.~-1) + 
3 

+ i. n. (n.:l-1) + 
3 

+ ~ n (n+i)(n.+ 2) + 

+ J n. (n.-1)(n- .2) 

2I 

(1.12) 



llpHBe~~M ~opuyna, BHpaxa~~Ke co~epxaHHe cynep

uy JibTHDJI9TOB :rpynnH $U ( 1<. m) ·no npe~cTaBJI9HH.flU 
no~:rpynnH SU (I<.)>< $U(m.) • )J.na cynepuynbTHnne

ToB, ~H:rypHpyD~~X B pa8JIOX9HHHX (1.10) K (1.12), 

8TH ~opuynH KUe~T BH~ 

(ll~m.~-1) = ((1<.~-1), (m.~-1)) + 

+ ((ll~-1) > 1) + (1.13) 

+ ( 1 ) ( m. .:l._ i ) ) ) 

1=(1,1) <1.14) 

j lltn(lL~m.~-f) =(~ 1<.(1(+1)(1<.+2),~ m.(m~-1))+ 

+(f~tCll~-t), ~ m.(m~-1))+ 
(1.15) 

+ (~ 1<.(1<.~-1),fm.(m+1)(m.+2))+ 

+ (tl<.(l<.~-f)>: m.(m.-t)(m-.2))+ 

+(.ik(R-1)(1<.-.2) im.(m.~-1)) 
b ) 3 ' 

22 

tllm(llm+1)(Km+2)=(t lL(lL+1)(ll+2), t m..(m.+ 1)(m+.2))+ 

+ ( f "c" ~-o, ~ m ( m !l_ 1 ) ) + 

(1.16) 
+(f~<.CJ<.-1)(1<.-2) ,fm.cm- f)(m.-:2.)), 

liUYI.(Ilm.- i)(st.m.-2)==(tll(Jl+1)(1l+2), J m.(m.-t)(m-.2))+ 

+ ct ll(ll~-1) > t m. (m ~-1)) + (1.17) 

+(~ ll(ll-i)(ll-2), ~ m.(m+i)(m+2)), 

npKqeM nepsaa 1.\H~pa B CKOO'Kax ouo~HaqaeT S U( k..)

MYJibTIUJneTHocTb, a BTcpaa - $U(m) -MynbTHnneTHOCTb. 

~OpMynH (1.13) - (1.17) ~OK88HB8IDTCH Cne~IDmHM oopa

SOM. B T9HSOpHHX pasnoxeHKHX (1.9) H (1.11) O~KHapHHe 

IIIH~eKcH «. , f> , • • • cne~eT aaMeHwTb napHHMH ( 01.. A) , 
( .g B), . . . , :r~e r.~anHe CiyKBH O'l'HOCHTCH K npocTpaH

CTBY :rpynnH su ( Jl) , a CiOJibWH9 - K DpOCTpaHCTBy 

:rpynnH S U ( m) • Ecn11 Tenepb nocJie~osaTenbHo 
~HKCillpOBaTb O~Hill HH~eKCH nap ill paCCMa TpKBaTb BOSMOE

HHe sHaqeHHa ~pyrKx, To MYJibTKnJieTBOCTK ycTaHaBJIM

B&IDTca 063 Tpy~a . 
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YKa:BteM TliK:Bt€ pel..\enT paSJI01t8HHH TSHSOpa (1.6) 

no HenpHBO).l.HMHU npe).l.CTaBJISHHHU CKMUJI8KTHG8CKO H rpyn

UH [
5 J . 

rpynna s p (n_) HBJIH8TCH UO).l.I'pynnotl rpynnH su (n_) 1 

OCT8BJIHI0~8!1 HHBfpHaHTHHU H8BHp0llt).l.8HHHtl aHTHCl!IMMS'l'pHti

HHtl T8H80p h~ . iloaTOMY pa8JI01t8HH8 T8H80pa (1 ~ 6) 
npoBO).l.HTCH cJieAYIO~Hu o6paaow. CHatiaJia TeHaop (1.6) 

H8).l.O npe).l.CTaBHT~ B Bl-1)..1,8 

T . . . h I( 1 j 1 h IC ~ l:l h 1{. sis 
t..1La .. . t."t1<.11<. 2. ... 1<.s ••• 

3aTe M TeHsop T ; i. 1<. 1<. " Ha).l.o pa aJIOlKKT b 
~ 1 ~.2."' "C 1 .2.·" "' S 

COI'JiaCHO Teopeue 4 H BH).l.8Jili!Th 113 qJISHOB pasJI01t8HliiH t 
CB8pTKH n o 8JibT8pHlllf.l OB8HHblM 11H.LI, t: KU aM C 'l'8H8 0p 8Mlll hIt • 

Vis yKaSaHHOI'O pel..\ e nTa CJI8AY !OT ¢ opMyJIH , B!Ipa1tal0-

~H8 co).l.ep:zaHHe cyne pwy nb THnJi eToB rpynnH SU (n.) n o 

npeACTaBJI8Hl1HM no).l.rpy nnbl $ p ( n.) • ..Um1 cynepMyJihTlll

nneToB, ¢HrypHpyiO~HX B paSJI 01t8HHHX (1.1 0) H (1 .12) 1 

8 TH ¢opMyJIH l!IM810T BK).l. 

(n 2 -1) =in.(n.+1)+ 
2 

+ ~ (n.+t)(n-2) 

1 = 1 

24 

in.(n:t-1) 
3 

..in. (n.:t- 4) + 
3 

+ Yt ' 

i n. ( n. + 1) (n. + 2) = J n Crt+ 1) (n. + 2) 

~ n.(n.-1)(n.-2) = ~ n.(n.+i)(n.--4)+ 

+n 

KaJt.D.HR cynepuyJibTHnJieT rpynnb! $U (n..) xapax

TepKsyeTCH co6cTB8HHb!UH sHaqeHHHUlll onepaTopos KasK-

uHpa 

c (n.) = L. c A Q c c F F ... F. ) " a(p 1(1111"2. a(.2.flah ... ot.~~.pl(fo1 o(1 «2. ll 

KOTOpb!e HBJIHIOTCH KHBapHaHT8UH rpynna. 

AHaJIOrKqHb!U o6paaou, cy6uyJibTHUJI8Tbl 1 BXO).l.H~Ke B 

).l.aHHHA cynepuyJibTKUJI8T 1 xapaKTepKSYIOTCH C06CTBSH

Hb!UK SHaqeHKRMK onepaTOpOB KaSKMKpa COOTB8TCTBY~KX 

no).l.rpynn. 
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B aaKn~qeH~e npe~cTaB~M RBH~e E~paxeH~R ~nR 

yH~TapH~x ~ cn~HoB~x MYRbT~nneTHocTeR, oTaeqa~~~x 

KOH¢Hrypa~~HM KBapK - aHT~KB8pK ~ KBapK - KBapK -

KBapK. 

YHHTapH~e MYRbT~nneTHOCTH 

Ta6nHL\a 

$U(3) y , I MYJI.bTHflJIETHOCTh 

i y2 u..u, 
, 

u .. u, 

0, 0 1 { - - - } V6 u..u..+ U 2 U.2 - 2u,u1 

8 u.u.2. 
0 , 1 i t - - l '/2 U 1 U.f- U. 2 U.a 

u.2 u. 

-1 f/2 u., u.. , u., a.. 
1 0) 0 v\- { u..u,+ u.~ua + U:1il1} 
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$U(3) 

8 

f 

iO 

Ta6ID!1\a 2 

y , I ID' JI:bTmiJ!ETHOCT:b 

i , 112 
u..1 u1 u.!t 
u!l.u!l. U 1 

0 , 0 U..1 Uz U.3 

Ll1 u..1 u.3 

0 , 1 U..1Ll!I.Ll3 

u.~ U.z u3 

-f , t;.z 
u3 u3 u1 
ll3 u..3 Ll2. 

0 ) 0 u, u..l u., 

U 1 u. u. 

1. 3/. u., u. u.~ 
, :l u.2. u .. U 1 

U. .t Ll a Ll2 

u.. u.. u! 
0, 1 U 1 U 2 UJ 

u a u.t u. 

-1 ) 1/.z 
u, u.~ u. 
u .. u,u. 

-2 0 ) L{, u, u, 
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Cn~Hosae uynbTKnneTHOCTH [ 128] 

Vc1 2 [/J(5)JM) =L(Jj M'miJM) 11(J
1
M

1)1X.j m),(1.18) 

(~) M
1
m 

VCi 3[fJC5>JM)= 2-<i:trf'JCo')J:jrHi3
[/JC5)J>x 

('0 /'6' 1
1

1 

xL__(J'jM'm IJM) V<f~·[f'JC51)J'M1 )11(jm) , (1.19) 

M'tn. (~') 

r~e 

I • I I ( J j M tn J M) - Jto:$llHillleHta KJte6ua-ropAaHa, 

< j 2 rf'J co')J;irn i 3 C1J(o) J>-
reueanoriiiiieCKIIIe 

K03<WJHilli8BtH, ('l) - CHYBOJl fulally'IH. 

KsaHToBae q~cna e rp~eqecKHe o6osHaqeHKR KBapKoB 

U." e 'lf~ npeae~eHH B 'fa6JIHL\9 3 ( B - 6apeOHHoe 

qecno, Y - r~nepsapa~, J ·- esocneH, J 
CDHH ). 

28 

TaO.n~qa 3 

KBAPR 8 y I J OEOSHAllEHB 

lA.t ~ 1~ ~ 0 

1.(2 •A ~~ ~ 0 ,~- ,.,......, 

u.l i~ _2t3 0 0 

, ... 0 0 0 j 

§ 4. ~earpaYMH8R MeTO~ HaXO~~eHKR 

M8CCOBI:iX ~OpMyJI 

~sno~eu Teopeuy, nossona~~~ Haxo~HTb rpa~e

qecx~u nyTeu ~opuynH uacc ~na a~poHoB, npeHa~nesa

~ex HeKoTopouy cynepuynbTHnneTy. 

Teopeua 5. 

1. ilycTb BOJIHOBHe ~YHKl\HH a~poHoB H 1 , H ~ , ... , H l ' 

npeHa~nexa~ex cynepuynbTimnery rpynna $U[3(2j+ 1)], 
HMe~T BK~ 
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H = ~cl,B,l.aB .. . tsBsu ?!U 11- ••• UV: ui;u ?fa ,.. ill~ ' 
; ~ a A1 ~t A •... a.-zA'l tt1A1 <t.aA.a <e.'lA.., l

1 
8

1 
&.z .a s s • ctA&B 1 2 .. 

Cl 1B1 l.aB< ... lr.Bs 
r~e Koaqxfnn.\l18HTH M A M A ~ A HBJIIIIOTCH npo11sae-

~, 1 -:t < ... '"'"'¥ .., 

~8Hl1HA4H KoacptJ>U.\l1eH'l'OB, npHCYTC'I'BYIO!lllliX B Ta6JI11il..{ax 

1, 2 11 !popMyJiax (1.18), (1.19) • 

2. flyCTb Bsa~o~wo~eACTBHH, Hapywa!Ol!llole $U[3(2j'+1)] 
Cl1MM8'l'pl1!0 , l1HBaplolt~HTHH OTHOCWreJibHO no~rpynn B 1..{8Dl1 

{1.3) l1 l1M8!0T Bl1~ 

l1HB. SUC2j+1): "p~-F- -c - -V: <1 20) L L~ O(~V-2rot'lf:t'l!3~ ... 1Js s' • p cC. 

HHa. $ p (2 j + 1): fP ~ V:,Xo(~ ~Xol ~:t ~~ ••• ~ 7's, tl.21 > 

HHB. $U(2. )II: LP L1i1 J:c v-1 i!.2~ 11< 113~ .•• Vs?'s '(1.22) . •. p o( 

HHB. SUC2)I X Uet )y: u3u3 (1.23) 

(~p o6osHaqaeT CyMMY no BCeM nepecTaHOBKaM OOKJia-

~~rr - - - -
'lt1 v-1 > 'lt:t v-:2. > 1f3 v-3 ' · · · , 'lts 1's 

HHaapl18HTHble BSal1MO~e~CTBl1H (1.20), (1.21) l1 (1.22) 
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nponopi..{HOHaJibHH KB~~paTHqHHM onepaTopaw KaaHMHpa 
rl(~j'+1) Q(:lj+1) r/{!0 
\... ~ , .2 , L :2. COOTBeTCTBY.!Ol!ll1X 

115] 
rpynn [ 

c~n)= [/1(/,-t)+f.'tC/<-3)+ ... + fn.-1C(_;-2n.+3)J 

~JIH npe~cTaaJieHHH, xapa KTepHsyeworo pasOHeHHeu 

[ f, f~ ... f n.-1 J . 

Q ~n) =[51 (51+ n )+ ~(6'<+ n -2) + ... +on.~ (6'1t/:l + .2)] 

~JIH npe~cTaBJieHHH, xapaxTep11syeworo pas6HeHHeM 

(6"", ()':l ..• oo/:J· 
BsaHuo~eAcTBHe (1.23) o6ycr.oaHeHo pasJIHql1eM Mace 

CTpaHHO.PO H HeCTpaHHO.PO KBapKOB • 

Tor~a waccH a~poaoa, npMHa,.qJie:m:alliHX paccwaTpHaae

MoMy cynepMyJibTHllJieTy, BblqHCJIH.lOTCH nyTeM npHB6A8HHH 

X Al18!'0H8JibHOMY BH~ onepaTopa 

< H1 1 H1 >< H1 1 H~> ... <H11 He> 

M- < H :t I H 1 > < H .:t I H 2 > ... < H 2 1 H-t > 
(1.24) 

. . . . . . . . . . . . . . . . . . . 
<HtlH1 ><1-IeiH~> ... <H-tiH-t> 

' 
M8Tpl1qH~e 3JI8M8HTH KOTOporo KOHCTpyMpy.!OTCH CJie,.qy~ 
IIIHM oOpasoM : 
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1. ConocTaBKY Ka&Aowy qxeHy waTpKqHoro axeweHTa 

<H.IH >=2- ~ cl1B1 ... l,B,C~;a~ ... ~:a~ ~It L-.~,... A A II II)( ~A(.Ba!A'f.jj' «.1 t'"«." ot ~,A 1 • .. ~"'A"' 

x<u..~ ... U. ~A u,V:B ... U,l'-siU. ,'IJA, ... U. ~~~U,,'IJB'"'U,I1'st) ' 
1 1 Cll'l 'C t 1 °S s Cllf 1 """~ 'l "t 1 "S S 

AODYCKaew~A SaKOHaMH COXpaHeHK& CHXbHO CB&SH~A 

,itByxno.nllCHKK, ABe $U [3 ( 2 j + 1 )] -KHBapHaHTHHe 

B9pWHH~ KOTOporo C09AHH9H~ CTOXbKKY qKCXOY XKHKA, 

CKOXbKO KBSpKOB BXOAKT B Opa {KXK K9T ) B9KTOp. 

Kaz.xtoA aepmHHe AByxnoxllCHHKa npKnHmew cooTaeTCTBYil-

c ~181 ... l5 Bs 
Icyll xoHcTaHTY caasK, paaHyK> Cit A «. A {KXK 

I I I 1 f t'" 'l 't 

Cl 1 B1 ••• .l5 8 5 ) 
I I I I • 

«.1 A1 • · • a.'tA" 

2. K KSX,II.OMY ABYXDOXIlCHKKY, COAepsal!leYy 't + S 1-" -XK

HKA, AoOaBHY .xtHarpawuy, noxyqaeuy~> HS ,~taHHoro ,~tayxno

XIOCHHKa ny TeM noca,ltKH HS ero "t+S 11"-mtHHA 2("'t.+$) -

xyqeBOK BepWKH~, OTBeqaiOI!I9R B3&KMO,it9ltCTBHIO t1.20). 

o TOlt BepWHH9 npHDHW9M KOHCTSHTY CB&SH, paBHJil COOCT-
r/(2-j'+'f) 

aeHHo.wy sHaqeHHK> onepaTopa KasHMHpa ~ 2 , xa-

paxTe pHSYK>IIIe.wy SApOHii, oopasyll~Ke ABYXllOXIlCHKK. 

3. OnKCSHHYK> a npe~,~tyl!leM nyHKTe npo~e,~typy npoAexae.w 

C B3SKMOA9ACTBH&MK {1.21) K (1.22). 

4. K KSSAOMY AByxnoXK>CHKKy, coAepxal!leMyt t.t
3

-XKHHA, 

,it00 aBHM t ,ltKarpaMM, noxyqeHHiiX KS ASHHOI'O ,itByxnonllC-

32 

HHKS nyTeM DOCSAKH Ha OAHY HS ero U.
3

-XKHKA ABYXXy-

qeaoA B9pWKHii, OTBeqalli!I9A B38KMO,it9ltCTBKil (1.23). 

TaK KSK K3XOS9HHSH Teopeua HOCKT KOHCTpyK

THBHiiA xapaKTep, ee AOKS3ST9XbCTBO oqeBHAHO DO no

CTp09HKK> : CKOHCTpyHpOBSHHiiA YKS SSHHHM CDOCOOO M 

onepaTop (1.24) OOR8AS9T CHMMeTpHeA B3SHMO,it9ACTBKA 

(1.20) - (1.23) H HBXH9TCH onepaTOpOM MSC Ciio 

flpeABOCXHIIISH HC CR9AOBSHHH, np OB9A9HHHe B 

rxa BaX ll K ill, np e ACTSBHM AKSPpaMMii, BHOCHI!IH9 BKXSA 

B onepa Top!i .wacc cy6.wyn b THnneToB , x apaKTep Hsy e.wHx 

KBaHTOB~MH q Hcna.wH ($U(3) , C~:J.> , Qc:i+ 1>, 
rl (2j+ 1), ( 8 rl (~) Q (:2-j'+ 1) 
~ 2 .1. )J.na uesoHHoro OKTeTa , ~ 2 , 

2 
, 

rf(2j+1 ) ) ((j rl(2.) Q(2i+1> 
l., 2 K MeSOHHOI'O HOHeTa ::J > ~ .2 ) 2 , 

r1 C:ti+1)) 
~ 2 uaccoa~e AHarpauuH Kso6paxeHH . Ha pHc. 2 - 4. 

( 1 rl (2) Q (~1+1) ri(.2i+1)) 
)J.na 6apHOHHO!'O CHHI'X9Ta > C .t > .t , l. 

2 
, 

(8 riC~> Q (2j+O .rlc~j+1>) 
OapHOHHoro OKTeTa > L. .2 ) .2 ) ~ !t 11 uapHOH-

(10 r1 (.2) Q (.2j'+1) rl(!ljH>) 
HO!'O A9KSDJieTa , l. .2 , 2 ) L. 2 MSCCOB!ie 

AKS!'paYMii KSo6paxeHii Ha pHC. 5 H 6. 
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r~aaa ll. ME30HHAH CllEKTPOCKOllHH 

§ 1. KoH!fJHrypa[(l1R ( 1 S ~) 1 ( 1 S 1J2)- 1 

PaccwoTp11M KoH!fJHrypal..\lflO ( 1 S "Y2) 1 ( 1 S '1;2) - 1 , 

COCTOH~!O 118 KBapKa If BHTl1KBBpKa. CornaCHO (1.2) 

aTo 6y~eT cnyqaii $U(6)-cHMMeTp1111. Cl1MMeTpl1f!,s'U(0) 

HB~H6TCR HapyW6HHO~ Cl1MM6Tpv.e~, KOTOpaa 00Hl1~a6TCH 

COI'JIBCHO CX6M6 

$U(6) ::::1 $U(3) X $U(2)j 

B KaqecTae ~YH~aueHTanbHoro uyJibTWnJieTa rpynnu~lJ(6) 
B08bU6M C6KCT6T KBBpKOB 11 npe~CTBB11N ero B 811~6 

( ~11 ~1:t ~:l1 ~:a Cf31 ~3'-) 

= (u.1u..,_U..3)x (?J-1?J-,_ ) 

' 
r~e (U.. 1 i.t<.t.t 3 ) - YHHTapHUA Tpl1UJJ6T, a (?J-

1
?J-<.) 

CUI1HOBU" ~6JieT. 

4) 
llOCTp011M 118 KBapKOB M630HHU6 cynepMyJibTl1nJI6TU 

4) q6THOCTb M630HB onp6A6JIR6TCR ~OpMyJioA 
P:::: C-1)-tf+.t :l +1 
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0x6 = 35'-+ 1-

Co.n.eplll:aH;1 8 cynepr.ty JibT Hn Ji e Ta 35-np>iBe,I.\e Ho a •ra 6JIHL\e 4. 

$U(fJ) 

35"-

Ta6JI114a 4 

$U( 3 ) X $U(2)J 

(8, f-) 

( 9 ) 3-) 

MesoHH, axo.n.R~He a 35- -nneT, nepeqHcJieHH B TaOJIH-
5J 

4e 5. · CHHrJieT 1- onHcHaaeT Me soH X 'J60 • 

BsaH/o;~eacTBHR, Hapywa10~11e $U ( ~) -Ci1MMeTpi110, 

i1M910T Bi1)J. 

5) 3apB)J.OBaR qeTHOCTb MBSOHB onp e)J.8RR8TCR ¢ op

MY JIOtl c ::: n ( -1) J • 8Ta cflopMy Ji a CJI8.L\J8 'l' 118 
tc 145] 

onpe~eneHHR s ap R.L\ OBor o conpRze H~H [ 
I _, I 

UT (ClA) -1 hAAT(&B)h ( +t) 
c ('B) Ue = ~c (llA') B1B > ~c =- > 

r.n.e lTc - onepaTop s aps.n.o noro conpRzeHHR, 

T (d) ( ct (let )ID 1 CA 1 01. r,. )II hCA (lA hCD) oapA ~ 
(&8):: Q-'+oeS f<ec)n +~,Q&+o ~ S,<fcecJ -oafcncJ + c0sfO>eJ 

- TBH30p MB30HHOI'O cy nepMy 'lb'l' v.nJT e'l'a , o; 11 S - YHHTap-

40 

3 

~(v~~)(v-J.~) 
1' 

(2.1) 

u3u3 (2.2) 

K rl (~) . 
CoOcTB eHHHe sHa qeHHR onepaTopa aSHMHpa ~ ~ .D.JIR pac-

cwaTp HaaeuHx HBMH wynbTHnneToB paBHH : 

c (2
)( t) = 0 

.2 
c (~\3) = 2 , .t 

Ta6JIHL\a 5 

Y==f Y=O Y=O JPC $U(3) 
I=~ I=O I= 1 

o-+ 8 /(.'ItS ?sso lfftO 

9 1{;,0 ftoao 
fwr 

1--
"'780 

HHe MJJibTIUIJI8'l'HOCT1i OKTe ·m i1 Ci1HrJie •r a , tp(AB) i1 cp[ABJ -

CiiwnneKTHqecKHe MYJibTHnJieTHOCTH c HeqeTHHMH 11 qeTHHMH 
I AB 

CfiV.HaMH, n - HHBapHaHTHH t\ aHTHCHMM8Tpi1qHH~ T9H30p 
CHMUJI8KTHq8CKOH rpynnH. 

4I 



Ta6JI!rfl\a 6 

JPC $U(3) Y= 1 Y= o y. 0 
I:::% I=O I = 1 

o-• 8 Ljg5 5'65' 1'10 -

1-- 9 900 
1020 

't'~ 
'"~'~ 

acnoAbSYH ~aHH~e Ta0~Kl\~ 1 K ~opwy~~ (1.18), BSDK

weM BOAHOBSe ~YHKI\KH MeSOHOB, npHHa~neza~HX 35- -

n~eTy · (orpaHHqHMCH paCCMOTpeHH8M O~HO~ npoeKI\HK 

HSOCllHHa ) 

K 11•n == u.f u.3 VCC 1/2)~00) 
(~1) ) 

~ ~~0 = -k { t.<)t1 + u~u~- 2 u! u3} v ((~ )200) 
(21) ) 

n111 0 = u..1 u.~ VCCV2)2 00) 
(21) ' 

k~ - v 2 s 9 o = u 1 u 3 (( V2 ) 1 M) . <2. 3 ) 
(11) . 

'f10io ==~ £u1u1+ u~u.~-.2.u.3U:3}V(C 112)2 1M\ 
(11) 

W"fiO =~ {u1uf+U.:ti:A:2.+ u3u3} V((V2)21M)) 
3 (H) 

f-,c.s = u..1u.:~. VC<1i2)~1fr1). 
(11) 

42 

llpKweHHH Teopewy 5 K (2.3), nocTpoKw uaccos~e ~Ka

rpawws ~~a 35- -nneTa. oTK ~Karpawws Kso6pazeHs Ha 

pKc. 2 - 4. CHK yqn~BaiOT HapymeHKe SU (6) 
CKMM8TpKK B nepBOM nopH~Ke DO BSaKMO~eACTBKHM (2.1) 

K (2.2) . 

06oaHaqaa Tono~orKqecxH pasnKqKw~e ~Karpawu~ pasnKq

HSYK napaweTpawK ~i , no~yqKw cneAYIO~Ke fopwyn~ 
6) 

wacc : 

I( 'f95' = m..o + In 1 

t'l. no 
4 

= m.o+ 31n1 

TT 1'fO = Wto ) 

k~90 = tno+ m.1+ tn:t ) 

(2.4) 

lf 1UO = m_ O + .2 m. 1 + »t :t 
' 

CAt'JSO == lno + 111. :t 

f 7-,5' = m o + m. :t 

6) CKMBO~S MeSOHOB O~OSHaqaiOT KBa~paTS KX Mace. 

43 



8aq~tcneHHH" no ~opwynaw (2.4) CD9KTp UQCC 35- -nneTa 

npe~cTaaneH B TaOnH~e 6 (uacc& ~aHH B Maa, no~qepKHY

·rHe ~H~p!i RBnRIOTCR BXO~HHUit ~aHHHUit) • 

CneKTp BHqHc~eH npH cneAJIO~Hx sHaqeHHRX napaueTpoB 

rn..i. (Maa)'": mo= 1'-10~, m 1 = '-/"15''-, m.,_= "1~2 2 • 

Hs uaccoBHX ~opuyn (2.4) cneAJeT, qTo yron cue

illi1B aHHR COCTORHit~ 'f- l»- B HOHeTe paBeH 8= (J,"t,CCO!J Vf • 
§ 2. KoH~~trypa~HR ( f S ~) 1 

( 1 p% )-1 

EcnH KBapK H aHTHKBapK oOpasyiOT KOH~Krypa~HIO 

(is 112/(1p~f1 , To cornacHo (1.2) 

cnyqa£t $U(l,) -CHMMeTpHH. TexHHKa 

UH CHOBa HM99U 

BHqHcneHH~ npe-

~Ei,izy~ero naparpa,pa aaToMaTHqecKH nepeHoCHTCR Ha pac

CMaTp~taaeMH~ cnyqa~. floaTO.MJ orpaHHqlt.MCR ~opwynHpOB

KO ;; OCHOBHHX pesynbTaTOB. 

Me30HHI:ie cynep.MJnb'l' I1D~9TH CTpORTCR HS KBapKOB cne~I0-
4J 

!!\11M o6pasoM 

6x{; = 35++ 1+ 
+ 

Co~epxaHHe cynepwynbTHnneTa 35 np~tae~eHo B TaO~H
+ 

4e 7. MesoHEi~ axo~&~He B 35 -nneT, nepeqHcneHEi B 
5 ,-r) 

TaORH~e 8 • 

C~tuaonawH oes waccoaoro HH~eKca ooosHaqeHH npe~cKa

SHBaewHe Me~OHI:i. 

7) OKCnepH.M9HT8RbHEi9 ~aHHHe 0 pe30H8HC8X B3RTE:i 
12!9 

H3 paOO'l'H [ J . 
44 

TaOnH~ 'l. 7 

1U(6) $U(3) X $U(2) 7 

35"+ (8,1+) 

( g) 3 + ) 

Bsa~two~eAc~BHH, Ha~ywam~He $U(6) -CHMMeTpHIO, 

onpe~en&IOTCR B!ipaxeHHHMH (2.1) H (2.2). BonHoBHe 
+ 

1JJHK~J.H1 M930HOB, np l1Ha~JI9lKai!IHX 35 -fJJI 9'l'Y, l1M910T Bl1~ 

~~:a = U.1 U:. 3 V(( 112 )~ 00) 
(21) ) 

S "t3o == J { u)l1+ u.:tu.~- 2 U. 3 LZ
3

} V (( 1/2) ~ 00), 
(21) 

rr ( o ) == u.1 u. :t V (CVl) ~ 0 0) 
(21) ) 

c1~1s- == u..1u.3 Vccv~)~tfr1) 
(11) > 

rz ( 1) = ~ { L(f U1+ u4 u:t- ~ u. u } VCCY2)~1M) 
3 3 (11) ) 

X ( 1) == ~ t u1 Q1 + u.4u4 + u.3u:3} V((1/2.)~1/V1) 
1 ( 11) > 

A1o"to = u.1 U::t V(( 1f2)"iM) 
( '11) 

'~ 5 



J PC $U(3) 

o+- 8 

1++ 9 

JPC $U(3) 

o+- 8 

1++ 9 

Y=1 
I= Y2 

~'J2S 

c.~f$ 

Y=1 
I=~ 

''12 5' 

1215' 

+ 

TaOJIHI..\a 8 

Y=O 
I= 0 

s.,.o 
rt ( 1) 

X(i) 

Tat:SJIHI..\a 9 

Y= o 
I=O 

800 

13L(5' 

1010 

Y=O 
I •1 

.,.(0) 

A~YO 

Y=O 
I = 1 

l{40 

10'10 

MaccoB~e ~Karpauu~ ~JIH 35 -nJieTa Kso6p~xeH~ Ha 

pKC. 2 - 4. 

46 

6 ) 
oTH ~HarpaMWH r.pHBO~HT K CJie.IzyD~HM ~OpMyJiau MQC C 

jjt 'J2S = m. o + m 1 , 

s 'J30 = m. 0 + t m. 1 ) 

rr(O) - I'Ylo 
' 

c f2iS" - m.o+m.1+m..t > 

~ (1) == tno+ 2m 1 + m~ , 

X(1) == m.o+ m~ , 

Af = m + m. 
iO'JO 0 .t 

+ 
CneKTp uacc 35 -nJieTa npe~cTaBJieH a TaOJIHI..\e 9 (uac-

c~ ~HH B Mas, no~qepKHYT~e 1..\H~p~ HBJIH~Tc& axo~H~MH 
AQHHHMH). 

CnexTp BHqHcJieH npH cJie..zzy~~Hx aHaqeHHHX napaueTpoa 
~ m. i. (Mas) : 

mo::::::. Lfl.ft:l 
) m1 =5f.6:l 

' 
m.t= 9"152 . 

Hs uaccoasx ~opuyJI cJie..zcyeT, t~To yroJI cuewKBaHHH 

cocToHHKA ~ -X a HoHeTe paaeH 8 = a.''l.CCO:S ~ 
47 



§ 3. KoHlflKI'ypa~KR ( 1 p 3/2) 
1 

( 1J.. 3/2)-
1 

PaCCMOTpKM KOHlflKI'ypa~KIO(ip%.) 1 (id 3/2)-
1 

COCTOR~IO KS KBapKa K aHTKKBapKa. CornaCHO (1.2) STO 

oy.u.eT cJiyqaR $U(12) -cK.MaaeTpKK. CKMMeTpKRSU(12) 

RBAReTCR HapyweHHOR CKMMeTpKeK, KOTopaR ilOHKZaeTCR 

corJiacHo cxeue 

SUC12) ::l $U(3) X $U(4) 
} 

su ( Lf) ::l Sp ( ~) :=J SUC2) ;r 

B KaqecTae lflyH.u.aueHTaJibHoro 64YJib'l'imneTa rpynnH SU(12) 
BOSbMeM 12-nneT KBapKOB K npe,D.CTaBHM erp B BH,D.e 

( ~H ~1~ ~n ~1'1 ~~1 ~:u ~23 ~:!'I 131 ~ 32. ~33 $3'1) = 

(u1UJ!U3) X c~1v-2.v-3v-'l) 

r.u.e (U. 1 U..2. U 3) - yHwrapHHR TpKnJieT, a (1'1 v-2.v; '11-y) 

- CflKHOBHR KBapTeT. 
4) 

ilOCTpOHM K3 KBapKOB Me30HHHe cynepwyJibTKnJieTH 

12 X 12 = 11.{3++ 1+ 
+ 

Co.u.epxaHKe cynepuynbTKnneTa 143 npHae.n.eHo a Ta6ne-

~e 10. 

48 

TaCinH4a 1 0 

$U(f2) $U(3) • $U('I) $U(3),. $p(lf) $U(3),. $U(2)
1 

f'l3+ cs,t•> (8,1+) (8,1+) 

( 9, 15'+) ( ~' s-•) (9' s-+) 

(9,10+) (9,3+) 

(~, '1+) 

+ 
MeSOHH~ BXO)J.R~He B 143 -nJieT, nepeqHCJieHH B TaCiJIH-

:::>,7) 
4e 11 • CHMBonawH oea waccosoro HH)J.eKca oCioaHa-

qeHH npe.n.cKasHaaewHe weaoHH. 

Bsa.lnro.u.eRcTBHR, HapywaiO~He $U ( 12) -CliiMMeTpHIO, 
KMellT BK)J. 

15' 

L. ( 11 F.t v-)("if~ 1t) 
1 ' 

(2.5) 

10 

L (?;X at 11)(11 Xo( 11) 
1 ' 

(2.6) 

3 

2.c?;~ v-)cv-:ro( 1t) 
1 } (2.?) 

u3u3 (2. 8) 

49 



Ta6Jun~a II .. c<'o Q ('I) o6 cTBeH Hge sHaqeHMR onepaTopos KasMM~pa 2 (2) ) !l. 

JPC Y= 1 Y=O Y=O 1~ 2 ~nR paccMaTp~saeMgx HaM~ MynbT~nneTos pasHg : 

$UC3) 
I=~ I=O I = 1 -

o++ 8 1<.(0) (J{f l(f)fO'IO (J<. il)lOOS' Jl c'4>(1)=o 
~ ) 

c<">Cts)=-~ 
2 ' 

1+- 9 
I E f'fto 

BfUO ll Q~)(f) = 0 ) Q<'~>(s-) = 8 Q('~J(tO):: 12 CH20 
D12U 2 ) <. ' 

2++ g 
I<_ ~Of OS 

I :soo A!us- ~~>(o=o c<2 >(3)=2 c<<>(s)=b c(<)C1)===t2 
112.5"5' 

) 2 ) !l. ) 2 • 

3+- g 1<.(3) 
~ (3) 

(3TI )163o X (3) lcnonb8YR ~aHHHe Ta6nM~H 1 M ~OpMynH (1.18), BHllMWeM 
+ 

OnHosge ~YHK~HM YeSOHOB, npHHa~ne~a~HX 143 -nneTy 

orpaHHqMMCR paCCMOTpeH~eM O~HO~ npoeK~HH HSOCilHHa) 
-

Ta6mn~a 12 

JPC $U(3) Y===1 Y==O y == 0 ' I<( O) = u, U3 V<W:~f[oJ(OO)OO), 
I==%_ I=O I= 1 

(:H) 

'' 11{1\o"¥o =k{u/Z1+u-<u<-2u.3u3} VCC31z/[O](OO)OO) > 

o++ 8 1110 11 Lf 0 100 5' 
(21) 

-- (1<.1<)1oos-== u/i2 VCC3~/[0](00)00) > 1390 1+- g 1305' 1220 (:t1) 

1220 c' - ~ 2 13:to == U.1 1..{3 (( 3/.2.) [<.11](~0) 1M) 
1480 (11) ' 2++ g 1405' 
1325' 

1325' E 1 f - -1~ ==1/6 u1u.1+u<u.2-.2u3u31 V(Co/2)2[.211JC~o) 1M) 
1160 (11) ) 

3+- 9 1695 1630 
D 1U$' = J. { U/~1 + u.2 U.<+ U/i3} V(( 3~)2[.211](20) 1M) 1630 

(11) ) 

B1~<o = u.1 u:~ vee %)<[~111 c~o) 1M) , 
(11) 
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l<.~'fOS"= u./i.3 V((3f2)~ [211] (11) 2M) ) 
(21) 

(2.9) 

f :soo =kfu)I1+u1u~-2u}i3) V((~)
1[.211J(11)2M) 

(21) ) 

f1us =~{u1u+u:tu:t+u.3u3}V((3/~)2[211](11) .2M), 
(21) 

A:32s= u.1u:t V(C 3/2)~[211JC11)2M) 
(21) ' 

1<,(3) == U.
1

U.
3 

VCU/2.)2 [211J(20)3M), 
(11) 

~ (3) =k{u1U:
1
+ultu1-.zu.ii3} V«312)

2
[211J(20)3M) 

(11) ' 

X(3) = .~ {u)I
1
+ U.

2
U.2 +U3U. 3}V((3/.2.):t[211J(20)3M), 

v3 (11) 

(3rr)
16

'3o= u.1u2 VCC 312.)2
[211J(20)3fr1). 

(11) 

ilpKM9HHH Teopeuy 5 K {2.9), DOCTpOHM M8CCOBH6 AKa-
+ 

rpauua Ana 143 -nneTa. oTH AHarpauua KsodpaxeHH Ha 

pHc. 2 - 4. OHK yqKTHBaiOT HapyweHKe $U(12) -
CKUUeTpKK B nepBOU nopHAKe DO BS8KUOAeRCTBKHU (2.5)

(2.8}. 

OOosHaqaa TononorKqecxK pasnKqKuHe AKarpauua pasnKQHH

MK napaueTpawK ntL, nonyqKu cneAYIO~Ke ~opuynH uacc6): 

52 

J<. (O) = m.o+ nt1 ) 

( JJ I) '\ - wt + 4 m_ 
K.1 K.1 I io'1o - 0 3 1 > 

( K R.) 1oos = m o ) 

c :·uo = m. 0 + m.1 + m. :t + 3 In 3 + m 'f ' 

E 11120 = m o + 2. m.1 + rn 2. + 3 m. 3 + m. 't , 

DiU! == m..o + m. 2 + 3m3+ m 'f ) 

8 1:t2o = m o + m 2 + 3 m. 3 + m. 'f ' 

1(~1105' = m.o+ m.1 +3m2.+ 2 m.3 + m 'I ' 
0 

I 
J = m. 0 +2m 1 +3m.

2
+:.lm

3
+m.'i, r 1S'oo 

if:l.S'S' = mo+ 3 m..2.+ 2m3+ m.'f ' 

A ;325' == m o + 3 m. :t + 2 m. 3 + m. 'f ' 

J<.(3) = m.o+ m1+ 6 m.:t+ 3m.3+ m'f > 

53 



7 (3) = mo + 2m.1+ bm.-2.+ 3m3+ m'l 

X (3) tn
0 

+ 6m.!2.. +3m 3 + m'l ) 

(3TT)
1
,

30
== mo+ 6m-2+ 3m 3 + m.'l 

+ 
Baq~cneHH~~ no ~opMynaM (2 . 10) cneKTP Mace 143 -nneTa 

npe~cTasneH a Ta6n~~e 12 (Mace~ ~aH~ a Mas, no~qepKHy

T~e ~~~p~ HBBHlO'I'CH BX:O).I,H~MI-1 ~aHH~M~) • 
CneKTP s~q~cneH np~ cne~to~~x 8HaqeH~HX napa MeTpos 

2 
lMas) mi. 

mo= 1005 .2., m 
1
= Lf G 7- 4

, m-2.= lf83.2.) m. 3= LJLJ'1 2,m.,=-5!J'1~ 

l-18 Ma CCO.t:lbiX ¢opr.!YJI l2.10) cne~eT, qTo yrn~ 

cMew~saH~H cocToHH~ i1 E-D , f 1

- f , ~- X a 

HOHeTaX pa BHbl e = Gt"!CC0-8 Vi • 
B 8aKnto4eH~e oTMBTI1M , 4TO npe~no~eHHaH MoAenh 

K~HeT~qeCK11X cynepMynhT~nneToB nos8on!leT 8 cornac~11 

C on~TOM CI!ICTeM3'1'11 3L-1 iJOBa Tb ace o6Hapy~eHH~e ~0 Cli!X 
• 

nop ~ocTo8epH~e MesoHH~e pesoHaHc~, np~qeM a6contoTH~e 

norpewHocT~ B~4KcneHH~X uacc He npe8ocxo~HT mKpKH 

[ 149 ] 
pe30HaHC08 • 
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rnasa Ill . BAPHOHHAH CllEKTPOCKOOAA 

§ 1 • KoHcllzrypaiUUI ( 1 S 
112 ) 

3 

PaccuoTpKM KOH~Krypa~Kto ( 1 S 1~) 3 
, COCTOH~IO 

KS Tpex xaapKoB. CornacHo (1.2) aTo Oy~eT cnyqa ~ 

$U(6) -CKMM9TpHK. CXt:lMa noHI'!ll9HKH CliMM6TpHH $U (b) 

K ~aKTOpKSa~KH ~YH~aMeHTanbHOf'O ceKCTeTa K8apK08 1<13-

JiolleH~ 8 § 1 npe~~~ll\eiA f'JiaB~. 
8) 

6apKOHH~e cynepMynhTiinneT~ fiocTpOHM 1<18 KBapKOB 

6 X b X b = ~0 + + 10+ + 5b + + 20 + 

By~eM cq~TaTb, qTo KBapKK H8nHIOTCH napa~epM~oHa

M~ nopH~Ka 3, KOTOpYe KBSHTYIOTCH COf'JiaCHO npe~nHCaHKIO 

[ 101 
rpHHa J : 
[ t (a() t ( c( ) J = 0 [ d. ( ol.) ~ ( f3) J = 0 (oi. i= P. ) 

i\. r + ) i\. .fA- r, 
3 + ...;; (a() 

r ~e a. it= L- 0... .,. - on epa Top pollt~eHIUl KBapKa. 
ol..=1 "' 

Tor~a a q~ cTo ~ KOH~Hrypa~KH 6apliOHbl onMCbiBatoTCH 
+ 

DOJIHOCTbiO CKMMBTpHqH~M cynepuynbTKDJieTOM 56 • 

+ 
Co~epllaH~e cynepMy JibTKnneTa 56 npHse~eHo a Ta6nK-

~ax 13 ~ot 14. 

8) 4eTHOCT b OapM OHa onpe~eJIHBTCH ~OpMynoA 

p = (- 1 ) 2 e 1 + e 2.. 
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TaOJIKL\a 13 
" ~ ... <N 

~ Ln 
~ too ...... 

J ~, l.n ,<:::> ,. 
cO - cO ~ 

! II II Oi ! 
II II '-D 

~ ...... >- ...... ~ 

$U(b) $U(3) x $U(2) 7 Ll cO cO 
(-1 1-4 

0 0 

~~, -~ 
... .. 

~I 
... ~ ~ , - 0 ·- - con 

5'b+ (8,2+) H II 1•1 1• 1 II II l.n J >- ...... >-"-~ -I I 

(10, .., ... ) I ... 
l o-

Q ..a 0 ........ l.n l.n a. 
~ ~ - ~ co !I ... II II )I "'l IN - m >- ....... >-~ - -

$U(6) ~ I r~ 0 
... 0 <::::> 

~ I -Bsa~M o~e ~cTB~a, Hapywa~~~e -C~MMeTpKIO, U II - II II ->- ....... <:: >- ........ 
KMe~T BI1)J. 

3 

!~ I ,-~ 
... 

-~ LP 2. CitJa. ~)C~Jc1.11) C~v) "' <:;:) 
(3 .1) ... 

II II ... II ::r-
' II C\l p 1 >- ........ <J >..~ -

N 
-$ 

. I -~ () 

~I u..3u.3 (3 .2) I II II 
::r-. 'a'\ II II 

>- ...... ~ >I-f . 
Co6cTBeHHue sHaqeHKH onepaTopa KasKMK~a c (tl) 

.2 
~JI J'{ 

paccMa Tp Ks aeMux HaMK MYJibTKnJieToB p a BHU : I I - I -m ('(') 
'-J .._ 
b 00 0 I b I 00 0 
~ - ~ -c (:~) (2) = l. c (;) ( Lf) = 1: I I 

.2 '-1 ' . 
I lo.. I + l I I + + CL. + ., ~ ,~ I 

I ..... t:f -:I:! - m'· I I 1--, "'Ot" ·•~ ... lVI 
~CDOJib3YH )J.a HHUe Ta6JI11~U 2 K ¢opMyJIU (1.19), BUD~WeM 

+ 
BOJIHOBUe ¢YHKL\11K 6ap110HOB, npKHa~JieXa~KX 56 -nJieTy 

(o r~aHI1q~MCJ'! pi:o.CCMOTp eHV!eM O~HOt:l npoeKL\i1VI K30CDI1Ha ) 
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N!JI(o== u.fu.1u2 VCCY2.)3~M) > 
(:Z11) 

;\ 1Hs = u1 u1 U 3 VCCY2.)~% M) , 
(121) 

L_ H go = u1u1u.3 V((1/.2.)3~/V1)' 
(.211) 

-132.0 u3u.3uf VCC"1.) 3 ~fV1) 
(211) 

) 

~ 123s = u1u.1u.~ VCCY.2.)
3 %_ M) > 

(111) 

2.~3ss- == u1 u.1 u. 3 VCCY2.)3% M) ' 
(111) 

-* --=- 15'30 = u.3 u.3 u.1 Vee~ )3 % M) 
(111) ) 

.Q 16'15' = u..3 u.3 u3 VCC 1~) 3 3/.2. M) 
(111) 

(3.3) 

ilp11M8HHR TeopeMy 5 K (3.3), noeTpOHM Maeeos~e ~Ha-
+ 

rpaMM~ )J.Jl.A. 56 -nneTa . 3Tl1 ~11arpaMM~ 11ao6paJKeHU Ha 

p11c. 5 H 6 . OH11 yqi1T~saYJT HapyweHI1e ·su ( 6) -
C~MM6Tp1111 B nepBOM nop.A.~Ke DO B8al1MO)J.8 ~CT BH.A.M (3.1) 

11 (3.2). 

06oaHaqafl TononorHqeeKH paanHqHM~e ~Harpau~ paanHqHHUH 

58 

uap8Jie'l'p8.11H m i nonyqJK c~eAY~Be ~opuy~ uacc 9) : 

N ::::: m + m
3 gvo o 

;\111$" == t'Yto + Jn1 + In 3 

L 1Uo = In 0 + m. 1 + m 3 

' 
- - 1 ( -=- 13 ~o - m o + In 1 + 2 m 1 + m 2.) + m 

3 
, 

~ 123$' = mo+ 5"m 
3 

(3.4) 

2.. * = m. + m.1 + { (m1- m2.) + S m.3 ' 138$" 0 <. 

-=-~no== tn o + .2. m 1 + m 1- m.:t + S"' m 3 , 

.2.1,~5'== tno+3m.1+g (m.1-m~)+ S'm.3 

+ B~qHc~eHH~~ no ~opynaM (3 .4) cneK Tp Mace 56 -nneTa 

npe~cTasneH B Ta6nH4e 15 (Mace~ ~aH~ B Mas, no~qepK

HYT~e 4H~p~ RBRR~TeH sxo~H~MH ~aH~MH). 

CneKTp B~qHeneH npH ene.n.y~ll111X sHaqeHHHX napaMeTpos 
In i (Mas) : 

m.o==865, m 1 ==11r, m~=235', m
3

==1-5'. 

9) CHMBon~ 6ap110HOB oOosHaqa~T 11x MaccH. 
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§ 2. KoH~Hrypa~Ha ( 1 S 1/2) 
1 

( 1 p 1/2) 
1 

Ecm1 TpK ItBapKa oOpasyllT KOH4!Hrypa~Kil(1s~/(1p Y2)! 
To cornacHo (1.2) ~~ cHoBa K~ee11 cnyqaA $U(6) -
CHM~eTpKH. TexHHKa e~qKcneHK~ npe~~~ero naparp~a 

SBTOM8TKqeCKH nepeHOCKTCH Ha paCCMaTpHBaeu~A CJiyqal. 

lloaToMy orpaHHqK~CH ~puynHpOBKO~ OCHOB~ pesyJibT8TOB. 

BapHOH~e cynepuynbTKllJI9TH C'l'pOH'l'CH HS KBapKOB CJI9~1l-
8) 

~H~ oOpasou 

bx 6 x 6 = 10-+ "10-+ 56-+ 20-

By~ew cqHTaTb, qTo KBapKH, npHHa~nexa~He pasHHM 

ypOBHHM, no~qKHRIOTCH 8HOM8RbHOYY npe~DHC8HHIO rpHHa, 

B KOTOpOM 8HTKKOYMYT8TOp~ SSM9H9HH Ha KOMMyTaTOp~ H 

Hao6opoT. Tor~a B cuemaHHOR KOH~Hrypa~KH OapHOH~ onH

c~BaiOTCR cynepMyJibTHDJI6TOM C~eWaHHO~ CHMM9TpKH ?o- • 
Co~ep~aHHe cynepMynbTHnJieTa ?o- npHBe~eHo B Ta6nK4e 16. 

$U{6) 

'10-
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Ta6Juu~a 16 

$U(3) " $U(2) 7 

(1,2-) 
(8 2-' ' ) 

(8 lf-) 
) 

(10, 2-) 

BapHOH~, BXO~H~He B ?a- -nneT, nepeqHcneH~ B Tt 
7) 

17 • CMMBona~H 6es ~accoeoro HH~eKca o6osHaqe 

npe~cKas~aaeu~e 6apHoH~. 

BsaHMo~ei1c1'BHR, HapywaiO~He $U ( 6) -CKMM6TpKK 

~9RHIOTCR B~pBX6HHRMK (3.1) H (3.2). 80JIHOB~e t 
6apHOHOB, npHHa~JieEa~HX ?o- -nneTy, HM910T BH~ 

1\* _ v~~1 31 
111oS'- u1u~ u3 \(V2) ~ M)) 

(12.1) 

N1uo = u..1 u1 u.:t Vee~/~ J.1) > 
(.211) 

1\ (1J2) = u1 u~ u. 3 VCC Y2 )3 ~ M) , 
(1-'1) 

L. ( ~) = u 1 u.1 u 3 V C( ~ / Y2 M) , 
. (.211) 

- ( ~) = u3 u.3 u1 V (( ~) 3 %. M) > 
(211) 

!J. 16 go = u. 1 u.1 u ~ V C< ~ ) 3 Y:t M ) > 
(211) 

.2.*(~) = u1 u1 u3 Vee 1~ ) 3 ~M) l 

(211) 

- *( 112) = u.3 u.3 u1 Vee Y2) 3 ~ M) ) 
(211) 
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2. C 11 ~) = u.. 3 u. 3 u. 3 V CC Y2-l ~ M) 
IJ 

C'l 
,...... 
~ 

(211) ) C"- lc ,.. 
1-f II II "-J 

N C 3/':l.) = u1 u.1 u2 VCC'I2 )3 
o/2 tv1) , 

CIS >- ..... ~ 
)I ~ 

'0 
( 111) ~I ~ ,_ ,...... 

" 
'7~ ~ ~ 's:! 

1\ C o/2) = u1 u.2 l.t 3 VC( 1/2 ) 3 ~/2M ) , ,,, 
~ 

en 

I II " 
"-"' * '\,.,.J 

(111) ~ ...... 1•1 I I ' I I ' ,...... ,...... ,..... 
L. ( o/';l_) = u 1 u 1 L{ 3 v (( v2) 3 o/'z /v1 ) ~ ~ '::§! a ...... -- ~ 

M 
) "-"' "-"' 

(111) II II 
>- ...... 11\J LAJ V\J 

- ( 
3/2.) == u ~ u. 3 LL1 V (( ~) 3 % M ) . /'"' ,....... 

"' ~ ~ (11-1) cc 0 

* ~ m 
II II "-"' '-...; 

~ ...... < < < 
I I I 

Ma ccoBHe ~~arpaMMH ~nR ?0- -nneTa ~s o6pa~eHH Ha 

p11C. 5 11 6. 
9) I -~1 0 

II "';, 
... 

8T~ ~~arpaMM!:i up11BO~RT K cJie.IJ..YIOll.\~M cpopMynaM Mace : ~ 

>-t--t <3 

* 1 ( I 1-~ 
,...... 

A 111os- == m o + m ~ + 2 m. 2- m 1) + m. 3 ) 0 ~ 
II II l:a 

"' .__ 
>.._ ~ ~ 

N1uo = m. o + m 3 
I I ,....... 

m 
/\('i2) = m.o + m1+ m3 

......., 

' ~I ...... 00 0 
I 

00 
I -

L ( 1/2) == m o + m. ~ + m 3 

I 

' 
A. 

I 
I I I I 

h ~ ~ ~ ~ 
I I 

- CY2) = m o + m 1 + f ( m. 1 + m. 2) + m 3 > 

6? 

I 
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fl1,go = m.. o + m. 3 ' 
. 

L*C'/2) = mo+ m1+ ~ Cm."- m:a.) + m..3 , 
(3.5 ) 

-=-*(92) = mo+ 2 m.1 + m.1- m2. + tn.1 ' 

..2. ( 1/2) = m..o + 3 m1+ ~ (m.1- m:a,) + m 3 ' 

N C o/.2) = tn o + 5' m. 3 

1\ ( 3/.2) = m o + m 1 + 5' m 3 ' 
2. ( 3/.z) = m. o + m :t + 5' m.; , 

-::- ( 3/2) == m.o+ tn.1+ ~ (m.1+ m.:a.) + 5' mJ 

~3-38 Heno~HOTH BXO~HHX ~aHHRX ~~.R ~Op.My~ (3.5) MH 

~~lli€HH BOSMOEHOCTH BHqKC~HTb ClleKTp M8CC 7Qr -n~eTao 

iloaTOMY OPpaH~qHMC.R CBO~KO~ COOTHOW€HHA ueE~ uacca

MH, C~e~~~HX ~3 (3.5) 

/\(92) + QI\*1'IOS::::: 32:._(1!2,) 

2N1Ho+2- C1f.2) = 31\( 1/2)+ L(1/2.) , 

111t.tJO = N1{,gO ' 
64 

2: ( 1;2) + 2 ~ * ( 1/2) == $1\ ( 1f.2) ' 

N1u 0 + L ('1/.2) + -=- *( 1/.2) = 3.1\ ( 1/.2) , 

4 N1uo + 3 .L ( 1/2) + .2 .Q C Y2) = 91\ (%.) , 

N1,9o + !\ ( 3/.2) = N ( o/.2) + 1\ ( ~) 

N1uo + LC 3/2) == NCo/.2) + 2(112.) 

4 ~Ho + .2 -. ( 3/.2) = 2N(3h) + 31\(~) + L.('fh). 

§ 3. KoH~Hrypa4KH ( 1 p 3/2) 3 

PaCCMOTpH.M KOHI!JHrypa4HIO ( t p 3/2 )
3 

, COC 'l' O.fH!lJIO 

HS Tpex KaapKoB. Cor~acHo (1.2) aTo 6y~eT c~yqa~ su (12) -CHM.MeTpHHo Cxeua DOHHEeHH.R CHMM€TpHH su (12) 
H ~8KTOpH384HH ~JHA8MeHT8~bHOI'O 12-n~eTa KBapKOB HS~OEe• 
HH B § 3 npe~~~eA 1'~8BH. 

8) 
ilOCTpOK.M HS KBapKOB 6apHOHHHe cynepMJRbTHOReTH 

12 X 12 X 12 = 5''12 -+ 5'f.2- + 36 4-+ .220- . 

TaR KaR KBapRH no~q~HHJOTca napacTaTHCTHKe, To B 

QHCTO~ KOH~HI'Jp84HH 6apHOHH ODHCHB8~TC.R DORHOCTb~ 

CHMM€TpHqHHU 364- -n~eTou. 

Co~epxaHHe cynepuy~hTHnneTa 364 - npHae~eHo B Ta6nH-

4€ 18. 
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oapHOHH, BX O~R~He B 364- -nneT, nepeqHcneHH B Ta6nH-
7) 

~e 19 • CHMBonaMH 6es Ma ccoBoro HH~eKca o6 osHaqe-

HH npe~CKa3HB a9MH9 6apHOHH . 

Ta6mu:~a 18 

$U(f2) $U(3) It $U('I ) $U(3) x $p ('l) $U(3)x $U{2)7 

3(,'1- ( i , 'r) 
(8) .20-) 

(10,20
1
-) 

( 1, '1-) 

cs, 'r ) 
( 8 , 1G-) 

(10,20-) 

(1, 'r ) 

cs,•r) 
(8 , .2 - ) 

( 8, '-) 
( 8, g-) 

cto, •r> 
(10, ,-) 

( 10) 10-) 

BsaHM O.IJ.8~ CTBI1H , Hapywal0\l\11e $U ( 12) - cv:M~ie'£ tJI1 lO , 
11Me!O'l' B l1~ 

15' 

L_P L C1t Fd.1t)(1t Fo.-vr) (-vr ?.t) 
p 1 

10 

L_ P ~ ( <J- X o( v-) ( =if X o( (J) C1t v-) 
p 1 

(3 . 6) 

(3 . 7 ) 

3 
L.P2_ (1tJo.1t)(lfJo(~)(<Jv-). (3 . 8) 
p 1 

u..3u3 (3 . 9) 

66 

0\ 
M 

i 
~ 
~ 

G"'l<::> 

' II II 
>- ...... 

._$ 
I 

" " >- ...... 

<::> ....... 
II II 
>..~ 

0<::> 
lr II 
~ ...... 

--~ 
II II 

>- ...... 

-~ 
I II 

)...._ 

-M .._ 
:::::> 
'til. 

o
M 

,..-... 

~ 
'-./ 

, I I 
,.......... 

~ 
~ 

IN 

0 ... ... ... 
<::: 

0 

"" In 

~ 

00 

I 
~ 

0 
f't 

* ~ 
< 

-
I 

~ 

--~ 
'-' 
0( 

~ .._ 
~ -- ,...... -
~· ~ 

In ~ ~ 
: ~ "--J ~'-.../ 

I I I 1•1 I• I ,, ( I I I 
-. ~ . .._ 

: * 
lAJ w 
_.... 
~ 
'-./ 

< 

• .. .. 
~ 

00 

I 

~ 

67 

,...... 
~ 
'-.../ 

<I 

0 -
I 

~ 

-... ';$'! 
... ll'i ,. ........... 
... * 

LAJ w 

0 
In 
00 .... 

< 

• ... ... 
';;£ 

co 

I 

~ ~ 

-~ 
'-' 
<::] 

<:) -
I 

~ 

-~ .._ 
1N 

0 
Ci .... 
" < 

0 

"' 
~ 

00 

I 

~ 

-~ 
'-' 

Of -~ 
~ 
I I I 
~ 

~ 
~ w 

0 
<>I 
::r 

" <::] 

0 ...... 

I '$. .•. 



C ('I) Q (If) 
Co6cTB9HHYe sHaqeHHH onepaTopoa KasKYKpa ~ , 2 
ri (2) L 

2 
~~g paccwaTpHaaeYYX HaYH wy~hTKn~eToB paBHY : 

c<Y>un =- ~ c''°C2o) = o 
2. ) ~ > 

c<'*'(2o') =' 2 } 

Q(lj)(ll) = 5 
2 ' 

a<'*\1G) =iS' Q'
11\2o) = 21 

~ ' 2. 1 

c<~> (2) = 1. 
2 "' 

) 

c<.t> c 4) = 1s- c <.t>cb) = 35' 
2 'I ) 2 'I ' 

c<.t>cs) = ~ 
2 y ' 

c<2>C1o) = il .t y . 

Hcno~hSYH ~aHHY6 Ta6~H~Y 2 H ~OpMy~Y (1.19), BYOK

meY BORHOBYe ~yHK~~K 6apHOHOB, npKHa~~eKa~HX 364- -

n~eTy (orpaHH4~Mca paccwoTpeHKeM o~Ho~ npoeK~KK 

HSOCllKHa) 

N1~,_0 = U. 1 u1u~ VCC3/2)
3
[21J(20 ~M) , 

(21'f) 

1\1"0 = u1 u2 u.3 V(( 3/.2)2 [21](.21)~M), 
('12-f) 

2( 1/2) = U.
1

u.
1

u.3 V(C 3/2)
3

[21JC21) ~ M), 
(~11) 

-=-cY2) = u.
3

u.
3
u 1 VCC%) 3 

[21](21) ~ M) 
(211) ' 

{\ *1 5"~0 :::: u1 u.,_ u3 Vee 3/2i [111] ( 10) % M) 
(3~1 ) } 
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N1no = U..1U.1U.:t VC(3/2.)
3

[21](10) 3/.zM) 
(211) > 

A (3/.z) = U. 1 u:t U3 V ((3/2 )
3
[21] ( 10) 3/2 M) 

(121) ) 

2.16'o = u1u.1u. 3 VCC31:t/C21J(10) 
3/:2. M), 

(211) 

-=-1su = u.3 u.3 u.1 VCC 3
/2 ir:HJ (1o) 

31~ M) 
(211) ) 

~ ( 3/2) = u.1 t.{1 u.,_ V(C 31.zl [3] ( 30) 3/2 M)) 
(111) 

.L*C 3/2) ::: U.1U1t.{3 VCC3/2)
3
[3] (30)% M)' 

(111) 

- ~( 3/2)= u. 3 u. 3 u.., V(C 3/2)
3
[3J(30)%M), 

(111) 

2 C 3/=t) = u 3 u. 3 u 3 VCC3/.2)3 C3J (30) 3/2 M), 
(111) 

~690 = u1u.1 ua. VCCo/2. )3 
[.21J C21)%. M), 

(211) (3.11 

1\
1850 

= U.
1

U
2

u 3 V(C
3/2)3 [~ 1](21) '!2M)) 

(121) 

L 1 ~65 = u.1u1u 3 VCC%.) 3
[21](21)5/2. M), 

(211) . 

-=- ( o/2) == U..
3 
u

3 
u

1 
V((3/.<.)3 

[21 J (.21)% M) 
(211 ) 

/j (o/.<. ) = u
1
u

1
u

2 
V((%)

3
[3] ( 30)% M), 

(111) 
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2*(~/!2.) = u. 1 u. 1 u. 3 VCC3/2)
3 C3J ( 30) o/z M) , 

(111) 

-=-*(5j'2)== u.3u.3u.1 VCC3;2)3[3](30)%M) > 
(111) 

Q ( o/2) = U3 U 3 
u.

3 
V<C 3/2) 3 [3] (30) o/2 M), 
(111) 

N 2190 == u.., /..(1 u.:l V<<% )3 [21] (~ 1) ~~ M)) 
(211) 

/\2-f~o= u..fu.2u. 3 V((3/2)3[21J(21)% M) > 
(121) 

L( '1/2)= u1 u 1u3 VCC3J2 )3
[21JC-21)% M), 

(2H) 

-:-(it~)== u.3u.3u.1 VCC 3/2 )3 [.21JC21)% M) 
(211) ' 

Ll :l'l:tO = u1u1 u.2 Vee 3/.2) 3 
[3] (30)% M) ' 

(111) 

2.*(!1/:t)= U. 1 U1U. 3 VCC 3/~)3 [3J(30)g/2M ) , 
. (111) 

-=-~(-1;2) = u.3u.3u.1 VCC 3h)3 [3J (30)% M), 
(111) 

52.(g/:t) = U.3U. 3 U 3 VCC 3/2)3 [3](30) %M). 
(111) 

fipKM9HHH Teopeuy 5 K (3.10), nocTpOHM M8 CCOBHe AH8-

rpaMMH ~~a 364- -n~eTa. oTK AKarpawwH Kso6pa~eHH Ha 

pH C. 5 If 6 • Ofu1 y-qHTHBil!OT HapyUieHHe s u ( t 2) -
CnYU9Tp KK B nepBOU nopHAKe no BSaKMOAe~CTBKHW (3 .6) 

(3.9). 
0 

OOosHaqaa Tono~orHqecxH pasnHQKUHe AHaPpauUH pasnHq

HHUH napaueTpauH n1i , nonyq Hu cneAYD~He ~opuynH 
9) 

Mace 

N1no = m. 0 + 3 m. 3 + 1 5' m 11 , 

1\ 1660 = m. o + m. 1 + 3m 3 + 15" m 'f , 

L_(112):: tno+ m..'t + 3 h'l3 + 1!;' m., ' 

- ( 1/2) = m. o + m 1 + ~ ( m.1+ m ~) + 3 m. 3 + 15' m ., , 

/\*1no = mo+ m .t + ~ (m2.- m.1)+ 15m3+ fm 'f- m.S') 

N1s-2o = m. o + 1 S' m 3 + 5' m. lf , 

/\(3/z)= mo+ m1+ 15'm.3+ S'my ' 

L f"o == m. o + m. :t + 1 'i m 3 + 5' m ., ' 
- 1 
-=-1e1s- = m.o+ rn.f+ 2 (m 1+m 2 )+ 1S'm.

3
+ 5'm'f, 

6. ( 3/2) = m o + 1 ~ m. 3 + 2 1 m 'I + m s- , 

.L.*( 3/2) = · m o+ m.1+ ~ (m 1- m:t)+15'm3+21rn'l+m ;-, 
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- * ( 3j2 ) = m o + 2 m 1 + m 1- m. ~ + 15' m 3 + 21 m ./ m. s- , 

.52.. ( 3/2) = mo + 3 m. 1+ fCm.1-m.:l)+ 15'm.l21m~+ ms-, 

N1,9o == m.o + 3 5' m3 + 15' m. v 

A 18 so = m. o + m 1 + 3 5' m. 3 + 15' m " ' 

~ = Yn. 0 + m.~+ 35'm.,+ 1S'mlf , 
1"HS' ~ 

(3. II) 

- (%.)== mo+m1+ i (tn1+m:t)+ 35'm3+ 15'm'f ' 

. .6 ( s-;2) = m. o + 3 5' m 3 + 21 m If+ m. s- , 

.L*(S'/2)= tn 0+tn1+f (tn 1-m:t)+ 35'm 3 +21m y+ m5' , 

- *(S"h) = mo+2m1+ m1-m.~ + '3~m..3+ 21m.,+ m,' 

52('/2) == tn
0
+ 3m. 1+ g (m 1~m2)+ 35'm. 3+21m..,+ m5 , 

/12-Ho = mo+ G 3m 3 + 15' m" ' 
A =tn 0 +m 1 +63m,+15my, 

~1~0 ;> 

2. ( '1/2) = m o + m :t + 6 3 m 3 + 15 vn 'I , 
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_::_('l2)== mo+m1+i (m.1+m.~)+b3m3+15'm..,' 

~ !l-'120 = mo + <J lJ m 3 + 21m 'I+ m 5'" , 

L*(9'/2)= m.o+m.1+~ (m.1-m~)+ Y9rn.;/21m..,+ m,) 

7*(%)==m 0+2m.1+m. 1-m:J.+ qCJm
3
+.21m.'i+m. 5 , 

.Q(g/2) = tn 0+ 3 m. 1+ f(nt 1-m:t)+ gg m. 3+ 21 m. 11+ m. s- • 

BHqHCJieHHI:Hi no cpopMyJiaM (3.11) cneK 'I'J:.l Melee 364- -

nneTa npeACTaBJIBH a Ta0JIK48 20 (MaccH ABHH B Mas, 

DOAqepKHYTH8 411t!JpH H.BJIHIO'rC.A: BXOAHHMI1 A1:1HHHMI1) • 

CneKTp aHq11cJieH np11 CJIBAYIO~l1X aHaqeHI1HX napaMeTpoa 

Wl. i. (Mas) : 

mo= 1385' ) m1= 15'0 ) m:l.= 1Lf0) 

m 3 = 10 
) m., = -3 ) m.5'==135' 
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§ 4. KoHq>~rypa4~a ( 1 d Sf2 '/ 

PaCCMOTp 1.1M KOH'fl~rypa41.110 ( 1 cl 'l2 J 3 
, COC TO.flli\YlO 113 

•rpe x KBapKoB. CorJiacHo \1.2) aTo 6y~e T cJiyt:!all SU(18)

c!1MMeTp111i. C1iMM6Tp~a sue 18) f! BJIH6TCf! Hapy weHHO W 

C~MMBTp~eA, K6Topas DOHJ.1XBBTCR COPJIS CHO CXBMB 

) 
$U(18) => $U(3) x $UC6) 

SU (6) => $p (6) =:~ $UC2) :r . 
8 Ra qecTE e 'flY H.D.a Me HTaJibHoro MYJibTI1n JieTa rpynnH $U ( 18) 
B08bM6M 1 8- nJIB T KBapKOB ~ npe~CTB BI1M 6PO B BJ.1~6 

(~11 ~12 713 ~1'{ ~1$ ~1, ~~1 $:u ~23 ~2'1 ~<~ ~:u, ~3113~ ~33 ~3'1 ~3!i 13) = 
= ( u 1u:tu..3) x (1t1'lt2'l13?J-'I ~s-v-, ) ) 

r~e (U. 1 U. 2 U. 3)- YH I1 TapH!:ll.f Tpl1n JieT , a (~~~1f3 1t"lt~v6 ) 
- CDMHOB!:ll.f C6KCTBT . 

Do cTpOMM 113 KB a p RoB Oap110HHHe cyn e p My JibTMnneT!:l 
8) 

18x 18 x 18 = 1q3g++ 1938++ 11l.fo++ 810+ 

Ta K KBK KBa pK M IJQ)J.ql1HHJOTCR n apa c~ a T ~~t 11KB , TO B q i1CTOH 

K OH'fJ~rypa4 1111 0ap110HH ODMCH BBJO TCH DOJIH OCTblO C11MM6Tp11t:! 
+ 

HHM 1140 -DJI 8TOM. 
+ 

Co~epxaH~e cy nepMy n b TMnne Ta 11 40 n~K B e.n.eHo a Ta0 JII1-

4 B 21. 
+ 

Bap~oH~~ ax o .n.«~1.1e B 11 40 -nJi e r, ncpe4 acn eH!:l a Ta dJII1-

4 B 22 • C11MB OJIUMM Oes Macc oao r c K H~BKCa o6oa Ha q e HH 

np e~CKB3HBBBM!:l B 6a p 11 0HH. 

B 3a.IUlO,zteitCTBHH, HapywallDtliJe ~u (18) -C HM!J6TpHD, ID!e.KlT BH,D; 
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35" 

2P .Lev: Fo(v)(17 Fo(11-)(1J1J) (3.!2) - -p 1 ' ~ <No -:5! '$ I "" 21 Cd II ll 
........, -2..P L:Cv-Xo( v)C ~ Xo( tJ)(v-v-) (3.!3) ! >- ..... ot 0( 

' '0 p 1 Cl:l - ,.... - -3 E-4 

-~ - - ~ ~ ~ ~ 2. p z ( 1t Jo( 1t) ( v- Jo( 1t) ( it 1t) 
~ ~ It> 

,.. ,.,., -,- - - .... .._ ""'-J 
{3.!4) .._ - * !! • p 1 ' . II II 

1•1 I •I 1•1 I• I 1•1 I •I I • I >.. ..... - ,.... - ,.... 
u3u3 I lo- - ~ (3. I5) - ~ ~ ~ ~ ~ 0 "' ..... ""'-J "' - ,.... - co -II II ........, .._ 

llr ... • -
II I>-....,. v-.J w lAJ v-J 11\l IAJ N 

Ta6mma 2! - - - -- '::J:! ~ $ -00 ~ ~ ~ ~ ..... l'f'l - ...._ .. II) I"' 
II II - llr 

......., • - - -$U(18) $UC3) J( $U(') $U(3)" $p(6) $U(3) x $U(2)7 >- ...... < < < < < < < 

-- ,-.. 
11'10+ (1,20+) (f,G+) (1,(, · ) -~ ~ ~ 

l'f'l lt, 

(1,1'1+) (1,'1~) " II - '-../ 
~ ..... <l <l 

(i,iO+) 

J 

-~ - - -(8, 10+) (8 ,6+) (8,6 + ) 0 ~ 0 ~ 's:! ~ 

II II ... M ... Ill r-. 
(8 , {,4+) (8,.2~) ~ - ... '-' ->- ..... ~ ~ ~ <:: 

(8,11+) 

( 8) ' ... ) l -(8,8+) 
M 

~ -~I c c 
( 8 ' 8 ... ) 

00 - 00 - - 00 00 - 00 
~ 

< s , w•> 
~ I 1-;., I + + + + + + + + + 

(S , 12+) ~ ~ ~· ~ a;;; ~ ~ ~ ':::! ~ "" ~ 

(8 , 1'1+) 

(tO,% +) (10,5(,+) (f0, 4 +) 

(10) &+ ) 

( 10 , g+) 

( iO, 10+) 

(! ()' 12+ ) 
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., 6 c<6> Q (6) ~o CTBeHHHe sHa~eHHH onepaTopoa KasHMHpa , ,...... - - - I II t (2) .2. ~ , 

~ ~ ~ ~ ~ ~RH paCCMaTpHB89MHX HaMH MJRbTHDR9TOB paBHH : 
l"'- .... 
~ ~ - -~ ~ Of Oi - - ,......_ --.. -... ,...... I II C c'> (20) ==- 6 C ("\~o) = 0 C("> (S'G) = 6 ,-.... 

~ ~ 
,...... 

~ ~ '$! ~ ~ .2 ) .2. ) .2. ) 

~ a-. - -.........., .........,., - .........., - ....... .........., * 
.........., 

* 
...._ • ......_, 

I •I I• I I I I 
,,, 

I• I I• I I• I ld 
I fl 

Q(:)(b)= 1, d:>(1"1)== 15' > Q(:>(G"')= 21, Q~>(SG)= 21, ,...... ,...... ,..... ,...... .,...... ,...... ,...... 
~ ~ ~ ;;§:! 0 

~ ~ - ~ " - - ... ,.. 0 - - ...._ - ...._ ......_, * Ci 
...._ 

* -..._./ * 
...._ 

* IN !AI 11\1 IN ~ IN IAI tN 

' 
~ I c(2)C2)= l c(~)C"')= 1s c<:a>(b)= 35" cl:t)CB)= b3 - - -... - ......... .2 "'' 2 lf' 2 Lf' 2 .,, 

';:!:! ~ ~ ~ ~ -,. ...._ ... - -- * ~ ...._ ....._ 
<::: < <::: <::: < I rl 

c (.2.)(10) = gg cf~>(12)= 1113 C <2>(1"1)= ill c l.2>(1fJ)= 2 s-s-
-. 2 lf' .2. '1' 2 L(> 2 lf• .,...... ,...... 

In ~ "' ~ C\1 
.., ... ........., • - I ll HCDORbSJH ~aHHH9 Ta6RH~H 2 H ~opuynH (1.19), BHDKW9M 

... ... ~ 

<l <J <J <] + 
BORHOBHe ~YHK4HH 6apHOHOB, DpHHa~nexa~KX 1140 -nneTy 

,......, 
" I 11 {orpaHH4HMCH p a CCMOTpeHH9M O~HOA Dp09K4HH HSOCDHHa) 

~ ~ 0 In lfo In :r - "-"' "' C\1 

~ ~ "'::<:::.<'1 ~M I ll N = u. 1 u. 1 u.~ Vccs-;2)3[21JCz1o)%.M), 
1!i20 

(211) 

1\(1/z) = U. 1 U 2 u. 3 VCCo/2)
3
[21](210) ~M), 

00 c 00 c 00 0 I I (121) - 00 0 
2.CYz) = u.1u. 1 u.3 VCco/'2) 3

[21J(210) ~M), - - - -
+ + I :I 

(211) 
+ ... + + + + + -=- ( Yz) = u3 u.3 u1 Vccs-/z)3 

[21](210) y2 M)} ~ ~ ~ ~ ~ ~ ~ ~ ~ 1'10 0\ 0\ - -.... ..... - (211) 
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/\*(3/:<.) = u.1u.
2 

u.
3 
Vee %)3[111](111) 3/z M) , 
(321) 3 

N( 3/~)= u 1 u 1 u.~ VCCS'/z) [21](210) 3hM), 
(211) 

/\( 3;2.)= u
1
u.:tu

3 
VC<o/2) 3 [21J(210)%M), 
(1~1) 

L. ( 3/2) = u.1 u. 1 u. 3 Vccs-;zlC21J(210) 31'2. M) , 
(211) 

-=-( 3/:<.) = u
3
u

3
u. 1 VCCSJ'2)3

[21J(210)% M), 
(211) 

~ ( 3/z) = u
1 
u

1 
u~ VCC o/2)3 

[3](300)% M) , 
(111) 

2*( 3/2) = u. 1 u 1 u 3 VCCS/2 )3 
C3J (300) 3/2 M), 

(111) 

- *( 3/2) = u. 3 u.
3
u 1 V((o/£)3 C3J(300)%.M) 

(111) ' 

Q c 3/2) == U 3 U. 3 U- 3 V(c o/2 )
3C3J (300) 3/2 M) 

(111) ) 

/\*('5/2) == U1 L{~U3 VCC%) 3
[111](100) %M) J 

(321) 

N1"~o == U 1 U
1
Ul. V(CS/z)3 

[!21](210) 51:<. M), 
(211) 

A 1
81 

s = u. 1 u ~ u. 3 V cc %) 3 c 21 J c 21 o) o/2 JVt ) , 
(1~ 1) 

L1s6o = u1u1u..a Vccs-;.2.fc21J(!210)5j2M), 
(211) 

::- 1!135" == u3 u., u.1 Vccs-/2) 3 
[21](210) SJz M) ' 

CU1) 

AI( o/2) == u 1 u 1 u 
2 

Vee V:~./ cz1Jc1oo) 512 M) , 
(2 ·11) 

AC'lz) == L{
1

U.r<.u.
3 

VC(S'/2i[21J(1oo)%M ) , 
(121) 

HO 

2. C s-;2) = u 1 U.
1 
u

3 
V (( 5l2i [2.1 J ( 100) o/".2. M) , 
(211) 

-=-c%) == u
3

u.
3 

u..
1 

V(to/2)
3C21Jc1oo) % tv1) , 

(211) 

L1 ( 5/z) == U 1 U 1 u.. ~ V«:o/2 )3 
[3J (300)% M) , 

(111) 

.L*CSh)=== u.1u. 1 u 3 VCcS!2/r3J(3oo)%.M ) , 
(111) 

...:..*C o/.2) = u.3 u.3 u.1 VCC¥2 )~ [3J (~oo) % M), 
(111) 

.2 ( 5/z) == u.3 u~ u3 vee% )3 [3] (300)% /V1) ' 
(111) 

N ( 1/2.) == u 1 u. 1 u. ~ V(C%) 3 [21J (210)% ,tv1): 
(211) 

AC 1/2) = u1 u~u. 3 VCC5/2)
3

[21JC210) %fv'l) ; 
(121) 

2:. ("t/.2) == t..t1 u. 1 u. 3 VCCS/2)3
[21J (210) o/.z M) 

(2.11) 

-=- (1/:t) = u. 3 u3 u 1 VCCo/2) 3 [21JC210)% M) 
(211) (3 

N("t!z) = U
1

u.
1

u.:l VCC%)3 [21](210) %M) 
(211) 

1\( 112.) = u
1
u.

2
u.

3 
VCCo/.2)3 [21](210) o/.z M) 
(121) 

2 ( "1.J2) = u. 1 u. 1 u 3 
Vee SJ'z) 3 

c21J c21o) '% .M). 
(211) 

~("1/:t) == u.3u3u1 Vccs-/2) 3 
C21J(210) ~:tfvl) 

(211) 

Ll192S" = ufu1u2 Vccs-/.z) 3 
[3](300) "th M) ' 

(111) 

.L*zo4o = u.1 u.f U.3 V CCS/2 ) 3 
[3J (300) % M) , 

( 111) 
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- *( "1j2.) == u. 3 u.3 u1 Vee 5'/2 ) 3 
[3] (300) ~2, M) ) 

(111) 

.2.C 1/2) = u
3

u
3

u.
3 

V«s-12ii3J(3oo) 1-/2M), 
(111) 

1\ *( 9/2) = u1 u :t u.3 Vccs-;.2.)3 
[111](111) o/z M)) 

(321) 

NCg/z ) = u
1

u.
1

u.
2 

VCC5/.2)3[z-tJC21o)9hM), 
(211) 

A ( g I 2 ) = u.1 u. :t u. 3 V ((Sf' z) 3 c 21 J C 21 o > o/2 M ) , 
(i21) 

zC 9/z)::: u.1u1u. 3 VCC5/2)
3

[21JC21o)o/2 M), 
(21-f) 

-=-(9/.2.) = u. 3 u. 3 L~ 1 VC< 5/2)
3
[21](210) o/2 M), 

(211) 

t6 ( 9/2) = u.1 u1 u:t VCC 5/.2.)3 
[3] (300) o/z M) ) 

(111) 

2.*C9/2) ~ u.1 u.1 u.3 VC< 512 ) 3 
[3] (300) 9j2 M)) 

(111) 

- *(9/ 2) = U. 3 U 3 
u.., V ((5/2)3 [3] (300) 9j2 M) , 

(1H) 

S2Cg/2) = u 3u.3u 3 VCCS'/2)3
[3J(300)g/2M), 

. (111) 

N,_ ,'iO = u1 u1 u.l vccs-;2)3 
[.21](210) 

1'Y2 /Vl ) ) 
(211) 

/\(11/.2.)= u 1 u:tu
3 

Vc(S/2) 3
[21](210) 11/2 M), 

(121) 

2.( 1112)= u 1 u 1 u 3 Vcc"/2ic21JC~1o)
1Y2 M), 

(~11) 

:=::,( 11/.2.) = u.
3

u
3
u

1 
V((5"/z)3

[21](210) 
1~ M), 

(211) 

l:l2825" = u1 u1 u:t Vee 5/.2.)
3 

[3] (300) 
11

12M ), 
(111) . 
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2*( 111'2) == u 1 U. 1 U. 3 VCCo/z) 3 [3] (300) 1~ M) , 
(111) 

-=-*(
11
/z)= U 3 U.3 tt1 VC<s-/2i[3](300) 11/2 M), 

(111). 

52. (
1
"1.2) == U 3 Lt 3 U. 3 VCCo/zi[3J(300) 1~ M), 

(111) 

N3:tl.fS' = u1u1u.:t Vccs-;2) 3
[21](210) 1% M)' 

(211) 

/\C13
/2)== u.1u.2u3 V<<51ziC21J(210) 13/2 M), 

(121) 

2. ( 1o/z) = u. 1 L( 1 u. 3 V CC s-;2.)3 [21 J C~1o) 1Y:t M) , 
(211) 

2:. ( 13
/.2.) == u. 3 u. 3 U. 1 V (( 5j .2.) 3 

[ 21 J C 21 o) 1% M ) , 
(211) 

~ ( 1o/.2) = u.., «1 u~ Vccs;2) 3 [3] (300) 1% M)) 
(111) 

L.*U%) == U 1 U 1u 3 VCCSJ'z) 3 C3JC300) 1%M), 
(111) 

-=-*C
1%) = u. 3 u 3 u 1 VCCo/'2) 3 C3J (300) 1% M), 

(111) 

S2. ( 
1 
o/2) = u. 3 u 3 u. 3 V CC o/.2) 3 

[ 3 J ( 3 o o) 1%. M) . 
(111) 

fiplU49H.illi TeopeMy 5 K (3.16), ilOCTpOHM MaCCOB!:ie ~Harpau-
+ 

M!:i ~nli 1140 -nneTa. 3TH ~HarpaMM!:i Hso6paxeH!:i Ha pHc. 

5 11 6. 0HH YliHT!:iBa!OT HapymeHHe $U ( 18) -CHMM9'l'Pl1l1 B 

nepaou nopJI~Ke no a saHMo~e H cTsHJIM (3.12) - (3 .15). 
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06osHaqaa TononorHqecKH pasBKqHu~e AHarpauu~ paa~KqH~-
9) 

YH napaueTpauH ~i, nonyqKu cneAYD~He ~opuyn~ uacc : 

N 
115

,_0 = m. o + 3 m. 3 + 21 m..., , 

A C11~) = m. o + m 1 + 3 m 3 + 21 m. .., , 

L_ ( 1/2.) = m o + m. :l, + 3 m. 3 + 21 m .., , 

-= (1/2) = tno+ m.1+ ~ (m.1+m.~)+ 3m3+ 21 rrtlf' 

/\*(3/2) = m.o+ m.t.+ i (m~-m.1)+ 15'm3+15'm..,-tn5'' 

N(3/,)=m.o+1S'm.3+21mlf ' 

A ( 3/2.) = m." + m 1 + 15' m 3 + 21 m. 11 

2. ( 3/2 ) = m. 0 + m :t + 15' m 3 + 21m.., , 

- ( 3/2) = nt 0 + m. 1+ 1 ( m. 1+m~)+1S'm 3+.21m..,, 
D-(3/2) = m.o+ 15'm 3+21m.,+ m~, 

2.*(312) = mo+ m1+ fcm.1- m.ll,) + 15'm3+ 2'1 m., + m. ; ' 

-:-*(31.?.)::::: mo+ 2m.1+ m1- m~ + 15' m.3 + 2'1 m.lf + m. S" ' 

52.. CY2) = mo+ 3 m. 1 + ~ (m..,- m.~) + 15'm.3+ 2"1-m..,+ ms-, 

/\*(¥2) == mo+ m~+ 1 (m :t- m1)+ 35'm. 3+ "1m. ..,-m.{'' 

N 1, 90 = m o+ 35"m. 3 + 21m., , 

84 

/\1B15'=mo+mi+35'm.3+21m.'l ' 

L. 1860 = m. o + m :l, + 3 5' m. 3 + .21 m .., , 

- - i( ) -=-1g~S'- m. o + m.1+ .2 m1+ mil, 

NC~/2)= mo+35'm 3 +"tm'f , 

;\ ( s-/2) = m o + m.1 + 3 5' m 3 + "f. m ., ' 

2_(5'/2)== m
0
+ m~+ 35'm 3+ "1-m 11 , 

- (S'/2) = mo+m1+ i (m.1+m.~)+ 35m3+ "tm..,' 

~ ( S'/2) ::::: m o + 3 5' m 3 + 2 "1. m. 11 + m, ' 
2.*(5'/2) = tn

0
+ m. 1+tCm 1- m:~.)+ 35'm. 3+.<"im."+m 5 , 

- *(5'/2) = mo+ 2m1+ m1- m.~+ 35'm3+ 2~tn,/ m5'' 

52. (S'/2) = m.o+ 3 m. 1+ iCm..;-m~)+ 35' ml2'1m.,+ ms-, 

N (1·J2.) = m o + b 3 m. 3 + 21 m. 11 , 

1\("11-:t) = tn 0 + m 1+ 63m 3 + 21m, , 

2: ( "1/2) = m. o + m ~ + ~ 3 m. 3 + 21 m 't , 

-=- ( "1-j2) = mo+ m.1+ fcm1+ m~)+ b 3 tn 3 + 21m 't ' 

N('¥/~) = m"+ 03m 3 + z1m'{ 
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\ ( '1j2) = m o + m 1 + 0 3 m. 3 + 21 m. 'f , 

~('tf2)=mo+m 2 +03m 3 +21m'i , 

~('1!/2) == mo+m-~+f(mlm.t)+63m3+ 21m'{' (3.17) 

~1g25' = mo + 03 m.3 + 27- m.'l + m. 5' ) 

>:040 = m o+ vn1 + i (m1-m2.)+63m/.2'jm.'l+m.S' ) 

- * c~ 1.2) == m 0 + .2 m 1 + m 1- m. 2. + 6 3 m 3 + 2 't m '{ + m. $" ' 

sc_(~l.2) =rna+ 3 m1+fCm.1-rrt2)+ 63m
3
+ 2~m. 11 + m$' , 

I\* ( 9/2) == m. o + m. :t + 1 ( m. 2- m 1) + !J fJ m 3 + 15' m ¥- m r , 

VC 912_) = m o + g g m 
3 
+ 21 m Lf , 

1\('112) == m.o+ Wt 1 + q<J m 3+ 21 m. 'l , 

~C~/.2.) == m.o+ m. :t + gq m.~+ 21 m 'l , 

:::_(fJ/2) == m o+ m 1+ ~ (m. 1+ m.2)+ Y9m., + 2 1 m '~, 

D. ( q /2) = m o + 9 q ;n 3 + 2 7. m. If + m s- , 

L..*(q/2)= mo+m1+fC;-n1-m2) + CJ 9m. 3+2't m 11+ ms. _, 

-=-* ( 9 I 2) = m o + :<.. m 1 + m 1- m 2 + g g m. 3 + 2 "1. m" + rn '" , 

2(g/2) == tn.
0
+ 3 m

1
+f(m1-m,_)+99m 3+2'im'i+ 111 , 

·;c 

N-2-,s-o =m.o+143m 3+21m
11

, 

1\ ( 11
/ 2 ) = m o + m 1 + 14 3 m 

3 
+ 2 1 m ., , 

.LC11f2) = m.o+ m.2 +143m~+ 21m., ) 

- (
111.2.) = mo+ h1.1+ ~ (wt.,+ m. ~)+ 1'13 Wt! + 21m 'I ) 

~ 28H.==m.o+143m 3 +21m.,+m.~, 

.L*(11f<)= mo+m1+f(m1-m~)+1~3m3+ 21m.,+ m.!r) 

-=-*( 1
1j2) = mo+ 2 m1+ m.1- m.2 + 143m3+ .2."1 m.'l + m. s) 

52. (11j!2-) == m o+ 3 m.1 + ~ (m.1-m.f~) + 143 m.3+ 2"1m. 'I+ m. 5'' 

N3211 s- == mo + 1~5' m.~ +21m., , 

/\(
1
o/2):::: m.o+ m .. +195'm.3+21m.., ) 

.L Ca/2) = m 0 + m ~ + 1 q 5' m. 
3 
+ 21 m.., , 

- (
13/.2.)= mo+m1+i (m1+mt)+1g5'm.3+ 21m..,' 

6(1Sj2) = mo+ 25'5'm.3+ 2"/. m.,+ m.S' > 

2:.*(1%) == mo+m1+i (m1-m~)+25'5'm.3+2~m.,+ mS'' 

-=-*(1%) = mo+ 2 m.1 + m1- m~ + 25'S'm3+ 2"1 m.,+ m. $'' 

Q (15/:2.) = Wl. 0 + 3 m. 1+ 1 (m 1- m~)+ 2~S'm./21m..,+ m.s. 
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+ 
BgqHcneHHgR no ~opMynaM (3.17) cneKTp uacc 1140 

nneTa npe~cTaaneH B Ta6nH~e 23 (uaccg ~aHg B Maa, no~

qepKHyTge ~H~pg aBnaiDTCa BXO~HgMK ~aHHgMH). 

CneKTP agqKcneH npH cneAYID~KX sHaqeHHax napaueTpoB 

m i (Maa) : 

m 1 = f25, m:~.= 110, m
3
= 11) 

mo+ 21m. If 1305' 
) 

mo + 2"1 m., + mS' = 1232 

B saKnmqeHHe oTueTKW, qTo npe~noEeHHaa uo~enb 

KHHeTHqecKKX cynepwynbTKnneToB nosaonaeT B cornacHK 

C ongTOM CHCTeuaTKSKpOBaTb BCe 06HapyEeHHge ~0 CKX 

nap ~ocToaepHge 6apHOHHge pesoHaHcg, npKqew aOconiDT

HHe norpemHocTK BHqHcneHHHX Mace He npeaocxo~aT mKpHH 
[ 149] 

pesoHaHCOB • 
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Ta6JIH~a 23 

r, SUC3> 
Y= 1 Y=1 Y=O Y=O Y=-1 Y=-2 
r- ~ I=% I=O I== 1 I=~ - 2 I = 0 

%+ 8 1340 1465' 15'10 1615' 

~+ 1 1b'10 

%+ 8 1410 1S'g5' 1640 1145' 

co %+ 10 131JS' 15'00 1605' 1110 
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%+ 1 

%+ 8 1b90 1815' 1860 19b5' 

%.+ 8 

%+ 10 1615 1'120 1825' 1,30 

%+ s 2000 2.125' 2110 22"15' 
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rJiaaa IY. A,ltPOHH!iE PEAKqiDf 

§ 1. KoJIJIKHeapHaa rpynna 

~a onKcaHKa pacna~oa K npoqeccoa pacceaHKH 

anepe~ H Haaa~ Ha~o HaRTK KOJIJIHHeapHyD rpynny, oT

aeqa~~~ CTaTKqecxoR rpynne (1.2). He cocTaBJI&eT 

Tpy~a DOK888Tb, qTo KCXOMOA XOJIJIHHeapHOR rpynnoR 

Oy~eT rpynna 

$[U(3) X U(3) X ••• X UC3)] (4.1) 

( 2 j• + 1 COMHO:I:KTeJieR) , 

r~e Ka:E~HR COMHO:I:HTeJib COOTB6TCTByeT onpe~eJieHHOMY 

COCTORHKD CDKpaJibHOCTH. ~eRCTBHT6JibHO, rpynna (4.1) 

HBJIReTca TaKoll no~rpynnoR rpynoo$U[3(2j+1)] 

KOTopaa KOMMYTHpyeT C npeo6paSOB8HKeM ]opeH48 B DJIO

CKOCTK X'J , nepneH~KKYJIRpHoR HanpaBJI6HHD ~BH:I:eHH&. 

0TMeTHM TaK:m:e, qTO KOMDJI8HapHOR rpynDOH B Ha

JaeR uo~eJIH 6y~eT rpynna $U(3). 
B cJie~~~HX naparpa~ax MH npHcTynHw K Haxo:m:~e

HHID COOTHOWeHHH ue:m:~ WHpHHaMH pesoHaHCOB H ue:m:~ 

a~eKTHBHHMH ceqeHHRMH. ~R 8TOR 4eJI11 MH DpHMeHHM XO

pOW O HSBeCTHOe B .fl.,D;epHoR 'fJHSHKe HMIIYJihCHOe DpHOJIHlKe-
150,151] 

H11e [ • B Mo.n;eJIH KBapKoB HMDYJihCHoe npH6mure-

H11 e ¢ opMyJIHpyeTCJ1 CJie.LJ.YID~HM o6paSOM! aMOJIWl'y,n;a CTOJIK

HOB eHH.fl. a.n;p oHa C a.n;pO HOM paBHa CYMMe aMDJIHTy,n; CTOJIK-
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HOB6HKR Ka~OI'O KBapKa, BXO~H~ero B COCTaB Ha~eTaD~e

I'O a~pOHa C KaZ~HM RBapROM a~poHa - MKW8HK. 

8ToT no~xo~ ~axTw.qecRK noaso~KT HaM BYRTK sa 

paMKK rpynnH (4.1) K no~yqKTb TaR~e C007HOW6HKg, KOTO

pYe aTa rpynna He ~aeT, HO xoTopHe xopomo cor~acymTcg 

C aRCD6pKK6HT8~bHYMH ~aHHHMHo 

§ 2. Pacna~ a~poHoB 

HaR~eM COOTHOW6HHg uez~ napqKa~bHYMH WHpHHaYK 

weaoHHHX H OapHOHHHX peaoHaHCOB. PaccwoTpHM ~Byxqa

CT~HHR napqKa~HYR pacna~ HexoToporo a~poHa 

H"- Hi.Hi 
(4.2) 

' 
H~~KR no KOHKypHpym~KM HaoTonKqecKKM xaHa~au. llap

qHa~bHag mHpHHa pesoHaHca B cocTogHHH L:r nponopqHo-
152] Ha~bHa B6~KqKH6 [ 

2L+1 ~ r C2Po~t) "" I< H I H· H. >I . 
"'.J M:~. L_ I( " 1 ' 

(4.3) 

HSOKaHa~ 

r~e Po~t = 2.~ \j[M:t- (m+_.,M):t][M 2
-(tn-ji):t] 

- B6~KqHHa KMDY~bCa poz~aD~HXCH qacTHq B CKCT6M6 

DOKog peaoHaHca, M - Macca pesoHaHca, m w.,~t - MaCCH 

poz~am~KXcH qacTKq, <HIt I Hi. H 1) - sepwHHHaH qacTb 

pacna~a (4.2). 
92 

~H HaXOE~6HKH COOTHOW6HKR M8E~ B6pWKHHHMK 

qacTHMH <HI<. I H L H ~) npw..weHHM w.a.my~bcHoe npHO~H
zeHw.e. OrpaHw.qKMCH Hccne~oBaHKeM pacna~oB, ~nH KOTO

pHX aKCD6~KM6HT8nbHO onpe~eneHH OTHOCKT6nbHY6 B6pORT

HOCTH [
14 J ! 

<f ~ I( k I -

A~3~s-~ yrr f1troo ~ 1<.. I{ 1020 ., ~ 

J(+J<,-
' 

il~<* Ill( ) 

~Tr ) 

I(* ~ k.rr 
1'IOS' 

I< *rr 
) 

/\* -1$'~~ Nk !\ 1a1s~ N k L~38,.~ .Lrr 
2rr ) L.rr 1\rr 

L*rr 

/\~ ' 
2..,"~ N~<, L. 1~,;-+ Nl<. -=- 1a1~ A 1<. 

~rr :Lrr ...:::...rr 
/\rr 2*rr -=-*rr 

1\~.,oS' rr ' 1\rr 

1\ ~5':J.O 7f' 
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~COORbSYH Ta6HH~H 1 K 2, OOCTpOHW ~KBPpBMWH, BHOCH

~11e BKna~ a aepwHHHHe qacTH < H K / H L Hi) B Mt.mynbc

HOM npH6nH~eHHH. AnH weaoHHHX pacna~oa aTH ~HaPpawwH 
1 0) 

npe~cTaaneHH Ha pHc. 7 - 9 , ~RH 6ap110HHHX pacna~oa 
1 0) 

- HB p11C. 10 - 16 

060SHaqaH TOOOHOPKqecKK 8KBHBaneHTHHe ~KaPpBWWH 

O~HHBKOBHYJ.1 napaMeTpBWH H OpHW6HHH ¢opMyny (4.3), 

MOXHO 8HqJ.1CRHTb OTHOCJ.1TeHbHHe WHp11HH peSOHBHCOB. Pe

SYRbTBTH BHqHCneHI1A ~na wesoHHHX pesoHaHcoa npKae~eHH 

8 Ta6RH4e 24, ~HH 6apHOHHHX pesoHaHCOB - B Ta6nK~e 25 

(CHMBOROY r: 060SHaqeHa OTHOCJ.1T8RbHBH WHpHHa, He 
:z.L+~ 

11Cll{JBBJieHHaa Ha ¢aKTop ¢asoaoro oO'beMa (2 Po~o~.i.) /M~). 

10) TaK KaK a~poHH, yqacTay~~He a paccMaTp11Bae

MHX npo~eccax, np11Ha~ne~aT wynbTHnneTaY pasHHX rpynn 

(4.1), To cne~yeT.ni:eATK K o6o~eA no~rpynne aTHX 

rpynn - $U(3)X e LCf ::z (p~e JZ - KOMOOHeHTB COHHa B 

Ha npaaneHI111 ~a ~o~~eHMH, ~ - ae~ecTBeHHHA napaueTp). 

ToP~a ~YH~aMeHTanbHHe Tp11nneTH KBapKoB, npeodpasy~

~~o~ecH 00 rpynne (4.1), MOXHO npe~CTBBJ.1Tb B 811~8 

(~1m ~~m CJ,-3m) = ( U.1 U.:t L(3) X ?Jm 
' 

r~e(U 1 U~U3)- yHwrapHHA Tp11nJieT, a11tn.- cnHpanb

HH~ CHHrneT. Ppa¢~o~qecKH6 o6oaHaqeHKH KBBpKOB DpHBe~e

HH a Ta6nH~e 3. Ha pKCYHKax ony~eHH ~-JIHHHH, ~eMoH

CTp~o~py~~~o~e coxpaHeH~o~e cn~o~panbHOCTK. ~11¢pH pHAOM c 

~HarpBMMBMH OTMeqa~T KOHHqecTBO 3KBKBBH6HTHHX ~KB-

rpa MN. 
94 

cpf020- ~ 1 k.t 
~,J,.."-"" .... 

{-~ 
'l~"'"" 

lf1oao- K + k.-

I ff'SOO- J(+l(-

f' --..,. J{OIJO 
1$'00 I\. 

I f ~ l(•+u-
fsoo 1\. 

Puc. 7 

95 



)>
 

}:
, 

)>
 

)>
 

-+-
> 

_,.
, 

...
 

,., 
-
~
 

~
 
-

~
+
 

~
 

+
 

~
 
+

 
~
 
+

 
0 0 

~ 
~J

 
~J

 
~~
 

~~
 

r-
.3

 
?C

I 
~
 

~
 

?C
 

=1
+ 

* 
~
 

0 
0 

0 

(
':

 
=1 

f'I;
::J

 
+

 
+

 
+

 
0 

0 

t 
t 

t 
t 

I 
I 

l 
l 

I 
I 

I 
l 

I 
l 

I 
I 

I 
l 

l 
l 

J
; 

..
..

 

"l 
I 

I 
l 

I 
,....

... 
'\

. 

\
0
~
 

t 
I 

t 
1 

,.. 
\.

 

~ 
t 

t 
? 

0'
1 

, 
(X

) 
I 

1 
1 

1 
I 

I 
t 

I 
I 

I 

' 
t 

t 
t 

I 
l 

l 
I 

~~
-

I 
l 

I 
~ 

I 
'\.

 
I 

J
l 

'\
. 

( 
I 

\\
 

I 
,..., 

'\. 
I 

\.
 

I 

1 
t 

\l
 
t 

\.~ 
~ 

l 
I 

I 
I 

~ 
$ 

t 
I 

+
 I 

(C
 

(C
 

i"
: 

0:
: 

... *
 

.. 
* 

::: 
* 

... 
* 

~
+
 

~
+
 

0 
+

 
~ 

+
 

~J
 

~~
 

~~
 

~~
 

<"'
= 

?'
: 

<"'
= 

?;
:: 

* 
* 

~
0
 

~
 

::f
o 

+
 

+
 

·-::
;; 

~
 

+
 

::j
 

-
~ 

0 
+

 
0 

0 
. \D

 



::>
 

>
 

~
 

>
 

>
 

• 
* 

~
 
. 

... 
* 

... 
* 

"' 
"' 

"' 
"' 

"' 
... 

IU
 

0~
 

A
I 

,.. 
0~
 

OJ
 

OJ
 

OJ
 

"1
::1

 
M

 
M

 
M

 
~
 

?\
: 

0 
I 

::j
+

 
?C

I 
I 

::f
 

::j
 

0 
0 

+
 

I 

~ 
~ 

I 
>

 
' I 

~ 
; 

; 
I 

~ 
~ 

t 
.. 

of 
~

,.-
"' 

~ 
I 

l 
~ 

l 
i 

l 
,.-

s 
I 

'"
d

 
? 

l 

r(
) 

s 
I 

151
 

I 
'-C

 
('

) 

? 
'\. 

s 
( 

co
 
. 

l 
~ 

s 
H

 
l 

I 
~ 

t 
l 

0 
-+ 

.. 
.. 

>
 

>
 

>
 

>
 

>
 

... 
-

... 
• 

ao 
0

0
 

~
 

0
0

 

~J
 

... 
"' 

"'J
 

~J
 

"'~
 

"'
~ 

M
 

M
 

M
 

;:s
 

-o
 

0 

~I
 

+
 

?C
I 

?C
 

~
 

=I 
0 

I 
0 

+
 

I 

l 
l 

I 
l 

I 
I 

I 
I 

I 
I 

' 
~ 

+
 

t 
i 

l 
l 

~
 ..

 / 
I 

; 
I 

? 
, 

i 
I 

~
~
 

l 
l 

«
) 

i 
I 

('
) 

l 
l 

"\. 
i 

i 
. 

I 
l 

I 
l 

I 
H

 
I 

+
 

~' 
~ 

H
 

-t 



>
 

>
 

>
 

>
 

.. 
... 

-
-

0
0

 
co

 
GD

 
GD

 
... 

~~
 

~J
 

~J
 

~~
. 

>
 

M
 

M
 

M
 

~
 

* 
* 

* 
0 

~· 
~+
 

~
 0 

+
 

I 

~ 
~ 

l 
>

 
I 

I 
I 

I 
.. 

• 
+

 
~ 

l 
l 

l 
~
 
,
/
 

l 
l 

l 

ff1
 

'1.
1 

~ 
l 

l 
"' 

~ 
l 

~ 
0 

~~
 
. 

l 
l 

l 
0

;-<
 

I 
~ 

' 
N

 
.. 

~ 
l 

I 
I 

I 
I 

t 
-I 

t 
} 

~ 
~
-

,J
,J

 
~
-

,J
 

I 
"' 

"' 
I 

.r,
[A

 
.p•

, 
I 

J
J
r
"
 

"\
.'

\.
 

J"
.r,.

 
'\. 

("
' 

'\
 

I 
1-

1 
t 

I 
l 

I 
I 

<' 
I 

I 
l 

• 
t 

" 
I 

t 
t 

M
 

M
 

M
 

M
 

N
 

~
 
+

 
~
 

+
 

;:: 
* 

.: 
* 

;:: 
* 

~J
 

" 
.. 

+
 

oo
+ 

0
0

 
+

 
0~
 

~J
 

"'J 
~~

 

M
 

\
:
)
 

>
 

M
 

M
 

::j
l)

 
?:

:I 
~
 

::f
+ 

0 
0 

=1
+ 

+
 

+
 

f-
.<

 
'1.

1 
0 

0 
:s

; 
._

 . 
0 . H

 
I.N

 

.r
 

"\.
 

..r
 

1. 
...

r 
1.~

 
t ~ 

I +
 



M
 

M
 

M
 

M
 

M
 

~
 
+

 
;l

 
+

 
:. 

+
 

:. 
+

 
;. 

+
 

"' 
.., 

<
I' 

~J
 

... 
VI~

 
~
~ 

()t
 

OJ
 

fvt
 

" 
>

 
>

 
M

 
~
 

0 
~
I
 

~ 
* 

~+
 

~+
 

::t 
0 

0 
0 

V
I 

.....
 

+
 

:::t 
0 

c f\
)
 

H
 

+
 

~
 

..t
:" 

..t:
,_ 

J"
.r

 
1.

. 
..r

.r
 

"\ 

{ 
·~ 

; 
1.~

 

~ 
t 

~ 
~ 

M
 

M
 

M
 

M
 

M
 

~
+
 

~
+
 

~
 
+

 
~
 

+
 

~
 
+

 
.... 

"' 
"' 

~J
 

"' 
"'~

 
"'J 

~!
 

~~
 

:::::
. 

>
 

M
 

M
 

M
 

.... 
* 

~ 
~
 

* 
* 

+
 

~
 

:::t
+ 

:::fo
 

~
 

:s:
 

0 
H

 
0 

~
 

+
 

0 
0 

. 
+

 
w

 
0 

H
 

V
1 



"'"""' ... '\. ,. ............ 
-- -ff- 0 1. ~ 

- -- rr "" -1815" - j_ ~'\. 

'"' .,\ r2 .,\,...,_.,.. 

PHC. 16 
104 

"~~~ 

PesynbTaTH, Haxo~H~HecH a xopoweu HHH y~oaneTaopH

TenbHOM COPHaCHH C BKCnepHY9HTaHbHHMH ~aHHHMH [ 
49

], 

oTueqeHH saes~oqKaMH. 

105 



Ta6.lllma 25 
§ 3. Ynpyroe pacceRH~e 

flpHM8H~M ~MnyRbCHO€ np~6RM~8H~8 ~RR nony48HHR L.r r: r raxcn 43 PACIIAJ1 
cooTHoweH~~ ,Il,JKoHcoHa - Tpei1MaHa [ ] ~ pR~a ~pyr~x 

COOTHOW8H~H M8lKAJ nOflHHMM C848H HRM~ ynpyroro pacceR-
A7no- NK D3;~ t 1 * 2g 

H~R, KOTOpHe XOpOWO COrnacyiDTCR C 3KCnep~M8HTanbHHM~ 
L.rr D%. 1 1,9 4 * 56 . 

,D,aHHHMHo 

'1~ MH paccMoTp~M cne.n.yiD~~e peaK4~~ pacceRH~R Ha 
/\181S- NK F s-;a. 1 1 * Hynesoi1 yroJI : 

Lrr FS'I~ 1 0,64 9 
L.*rr p S'fa. 1 0,22 * 15' 
1\yt F S'f.t 0 0 * 1 l<.+p ~ k+p J(+Yt~ k.+n. 

) 

~:38S LIT p!/a. 2 1 10 1<, -p ~ kp J(-n. _..,. 1(-n 
) 

(4.4) 1\rr PJ/a. 1 2,13 go 

L1U~ Nfl Dva. t 1 * 15' 
rr+p-+rr+p 

) rr-p ~ rr-p 
) 

.Lrr D3ta. 4 3,30 * 30 Pf ~ PP ) p h, ----+ p h. 
) 

fnr 1)3/.t 2 3,08 5" 
pp~ pp - -

J\7'1oS'TT p3/a. .2 0, 35' 30 ) pn ~ pn. 

2:,.,.,~ Nit D S'/a. 1 1 * 60 
~TT DS!a lf 2,9'1 3 HcnonbsyR Ta6n~4H 1 ~ 2, nocTpOMM .D.MarpaMMH, BHOCR~~e 

L:*rr D s;a. 4 0,3~ * 10 BKna.n. B aMnJI~TY~H peaK4MH (4.4) . 8TH ~MarpaMMH npe~-
10) 

CTaBfl8HH Ha OMC. 17-21 Arr D% 2 2, 43 16 
/\~norr p S'/a. 2 o, 11 * 10 

_:=: 1a1s 1\ It D% 4 1 65' 
-=-rr D,la. 3 0,99 5' 

I 107 -* s 3/~ 3 1, 2~ 25' ..::...rr 
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~KarpaMM~ c aepwKHaYK 

o6osHaqKw napaMeTpawK at tsx~aA at o6yc~oa~eH KaHa

~oM pacce&HK& ), AKarpauu~ c aepwKHaMK 

xxxx 
OOOSHaqJtUol napaMeTpaMK a.+ .fJ (BK~aA i ooyc~oa~eH 

paS~KqKeM MaCC CTpaHHHX K H9CTpaHH~X KBapKOB), a 

AKarpaMu~ c sepmKHauK 

X \. ,/ 
X 

,J '-
,., ' 

o6osHaqKM napaMeTpauK CX..+C (BK~aA c o6yc~os~eH 

KaHa~ou aHHKrKR&~KK ). B yKasaHH~x o6osHaqeHK&X 

aMnHKTYA~ peaK~K~ (4.4) npKMYT BKA 

IIJ 



< J<.+p I J<.+p > == 6 «- + 3~ 

<l<.+n.l~t+n.>== 'a..+3C 

' 

' 
< 1< -P I 1<. - p > == 6 «- + 3 € + 2 c , 

<J<.-n/1<.-n.) == b a.+ 3~ + c 
J 

< rr+p I rr+p> =={>a.+ c 
) 

<rr-plrr-p> == 6a..+2c. 
) 

<pp/ pp> = <Ja.. . ) 

<pnlprt> == Ya. 
' 

< p p I p p> == <J a. + s c 
' 

<pn/pn>=== ga.+4c 

CornacHo onTHqecKoR Teopeue aHanorKqHaH saBHCHYOCTb 

OT napaYeTpOB 6yAeT HYeTb YeCTO AnH nonHYX ceqeHHH 

ynpyroro pacceHHKH (4.4). HcKn~qag napaueTp9 ct, ~, e, 
nonyqKy cneAY~~Ke COOTHOWeHKH YeEAY nonH9UH ceqeHHHYH 

Il4 



11) 
paccwaTpHaaeMHX npo~eccos 

~ [6'(~t+p)- o(ll-p)] = tr(ll+tt)- o(IC:-n.) = 

= o(rr+p)- O'(rr-p) , 

(5'(k+p) = o(l<.+n.) 

~(pp) = o(pn)-
' 

{4.5a) 

(4.56) 

{4. 6) 

{4. 7) 

s(pp)- o(pp) == ~[o(pn.)- B'(ptt.)]= <4.aa> 

= 5' [o(-rr-p)-~(7T+p)J = C4.a6> 

= 5' [o( p p)- o( p n..) J . <4.aa> 

OTH COOTHOWeHH& XOpOWO cornacyroTC& C BKCnepHY9HTQHb

HHMH ~aHHHMH B npe~enax HMDYHbCOB HaneTaiD~HX qaCTH~ 
155 

oT 6 Baa/c ~o 18 Baa/c [ J . 

11) CooTHoweHH& (4.5 a,6) &Bn&roTc& cooTHoweHK&-
43 ' 

MK ~OHCOHa - TpelhaaHa [ J. CooTHoweHH& (4.6) H 
153 

(4.7) 6~nH nonyqeH~ a pa6oTe [ J a pawKax wo~enK 
HesaaKcHw~x KBafKoa. CooTHoweHK& (4.8 a,6) 6~nK nony

qeH~ B pa6oTe [ 
54 J , MCXO~& KS Tpe0oBaHK9. $U ( 6, 6) -

MHBap~o~aHTHOCTK K yH~o~aepcanbHOCTK. 
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§ 4. Heynpyroe pacceaH~e 

ITp~MeH~M ~MnynbCHoe np~6n~xeH~e ~na nonyqeHHa 

COOTHOW8H~A M8~~y ~~¢¢ep8H4~8.nbH~M~ ceqeHHfiM~ Heynpy

PHX npo4eccoa pacceaHHa anepe~ ~ Haaa~. · MH orpaH~q~y

ca HCCne~oBaHH8M peaK4~~ ~ ~nH KOTO~X onpe~eneH~ 8KC

nep~M 6HT8.JibHO Cet.!eH~H j~ ( 0°) ~ Cl~ (180 °) [ 
48

] : 

k+p ~ I(*OLl++ 
) 

1(-p ~ I{ ot'l 

k-p ~ -rr-.L*+ 
) 

R-p ~ rr+ 2.*-

1<.-p ~ rr+ 2.- k -p ----'?" k 0 - 0 ) 
(4.9) 

) 

J(-p ---+ k+--
) 

k-p --- /(.'~ +-=--) 

rr+ p ~ 1<..*+ .L+ , -rr-p~ J(+z_-

HcnonbBYH TaDJIH~H 1 H 2 , nocTpOHM ~HarpaMM~ , BHOCH

~He BKJia~ B BMilJI~Ty~H p8BK4~A (4 . 9) . ~TH ~HarpaMMH 
1 0) 

npe~cTaaneHH Ha pHc . 22 ~ 23 

0603H34BH TononorHqeCKH pB3JIH4~MH8 ~HarpaMMH pa3JIHq

HbiMI!! napaMe·rpaM~ , noJiyqi1M C J!E:.:~YiGI[\1!18 BHpalKBHHH ~Jlf! 

aMDJHITY~ peaK~iiiA (4 . 9) : 

<k+pl!<.*ofl++>==V3ct J<J<.-piR 0

rt)== 2~, 

< k-p /rr -:z.*+>= a. > <1<.-plrr+L_*->=2c, 

< 1<--p II<. 
0 

- Q > = 2 c , < 1<.-p I -rr+z-> = .2 e 

<l(-p/R+-=-->==2c) <1<.-p It<-*+-=--> = zc) 
I Tr 

.LU 

K+p ~ J<..*ofl++ 

lt-p-ICn 

1<.-p -rr-L*+ 

1<..-p~rr+~*-

k-p-rr+ L.-

PRe. 22 

II7 

,. ... ,..,.. 
'{3 1./ 

,/ 
"''".,.,., 
~ 

~ 

J> 
,r<:-"-'-

,/ 
"\. 
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~ 
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~ 

~ 

~ 
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~ 
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1<.-p- 1<.0- 0 

I<. -p ~ I(+~-

1<.-p ~ J<.*+ -=--

+ TT p~I<.*+L+ 

;r- p--I(+ 2:-

~tc. 23 

li t~ 

"'"""~""-'"""'""""""""+ 

~'~"""""""""'""""'""""""~ 

~ 

............ ,_/ 
~-.. ::~ 
~ 

~ 

"'~~'V ""'""" ""~"""~ 

<TI+pll<*+ .2:+>== ~' <rr-p 11<+2->= 2c 

(BKna~ a o6ycnOBH8H KaHanOM 06W8HHOI'O pacceHHKH, 

axna~ l - xasanow aHHKrKnH~HK , axna~ C - cynepno

BH~KeR o6weHHoro pacceHHKH K aHHKrHnH~KK). Rcxnoqag 

napaweTpH ct, ~, C , MO~HO fiOHYtiHTb COOTHOW8HKH 

We~~ ~K~9p8HQK8HbHHMH C9t19HKHMK paCCBHHKH Bnepe~ 

K sasa~ 12) 

i~ (Jt+p I k*of1++) = 3 Jo (1<.-plrr-2*+) 
cJ..Q. ' 

J 5' C Jl-o I 1<. 0 n ) = Lf d (5' C 1r+p I I(*+ 2. +) J.Q I c{Q. , 

i~ (R-p /7r+.2_*-) = 1~ (R) irr+ 2.-) = 

= i~ (K-p /I(+-=--)= i~ (W.p I k*+ -=--) = 

= d.o (R- I ~o-:-o) = dr> (rr-pl1<.+2.-) 
JQ p - d..2 

(4.10) 

d.() 
12) BenKtiKHH, oOosHatieHHHe B (4.10) CKMBonaMHJ~, 

paBHH ~H~8p8HQKaHbHHM C8ti8HHHM C TOtiHOCTb~ ~0 ~aKTO-

p -(ot""'+ot.. 9 )/t/ p, 
poB out • e , r~e ou.t - ~aKTOp 

s Pi.t!. [152] - o(H Iii s Pu.. 
cpasosoro o6oeMa a e - CTPYKTYPHHii ~ax-

Top, HBHH~~KHCH TpaHC~OpMaHTOH ~pbe BOHHOBOH ~YHK4KK 

[
150 ,£51] 

KBapKa B a)l.pOH8 ( p. H P. t- B8JIHtl 1-iHH KMllY Hb-
ll\ ou 

COB tl a CTHQ ..0.0 H llOCJie paCC8HHHH B CKCT8M8 USHTpa HH8p-
4KK, S- KBa)l.p aT llOJIHO ~ aHe pi'KH,Itl - KBa)l.paT nepe)l.aH
HO l' O i1 MllYJi bCa J. 
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Ta6JlBila 26 

PE!!lliH PJI8.6 
kcoo) 
d.2 

k(180°) 
d.2 X 

(Bsll/o) (YK6apu/c:rep~ ) 

J<+p- R*o~++ 2, .~6 4 5'0 + 60 1;§ 
3 13(;0 "!:. 140 1;§ 

k.-p- TT- 2:*+ 2,2ll 80 + 10 1 
3 3"/. + 10 1 H 

(\) 

ICp -n+ 'L.*-0 2 )2 4 g ± ll 1~ ±(, 1 
3 3 5 ± ) 1, 8 3,5'± 1,8 1 

K-p-TT+ L.- 2,2ll 8 20 1 
3 2 5' ± 

) 1 19 ± ll 1 
K-p- K+ ~- 2,2ll 22 1 

3 0 6 + 
) - 0,2 '1- ± 1)4 1 

K-p-- K*+~- 2,2ll 5,2 1 
3 05± 

' 
0,3 5',3±1,3 1 

K-p--+- K o .:=: o 3 2,5 ± 0,6 2,5±0,6 1 



CpaBHeHHe cooTHoilleHH~ t4.10) c aKcnepHweHTanbH~MH 
48] 

,1:\aHHEHlH [ npHBe,[\eHo B Taelmu~e 26, r~e X -
~aKTOp, HOpYHpy~~HA ,1:\aHH~e K cpe,I:\CKasaHHHM (4.10) 

(cpaBHeHHe B~DORHeHO C TQqHQCTb~ ,1:\0 ~aKTOpOB, yKa

SQHHHX B npHueqaHHH 12 ). 
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ilpldJIOJKe Hfde. tQPiltAltTOPbl 

llonyqKM COOTHOmeHRH Me~ ~Op~RTOpaMH 3JleRTp0YafHHTHHX 

H CJ1a6~X D3aKMO~encTBMn, KOTOpHe ~OrryCKaDT CpaBHeHH6 C 

KM8D~CH 3KcnepHMeHTaJ1hHHMH ~aHH~: 

,M ( tt) _ < rt I Q Iz Itt> f!o ( 1\) _ < 1\ I QJz I 1\ > 
Jv1(p)- <piQJzlp> > )'i(t'l.)- <n.IQJzln> > 

~(2+)_<2+1QJzl.2:_+) )'f* _<6°/QJz/l'l.) 
ft Cp)- <p I QJzl p >' )'\(l'l. ) <t"tiQJ2 11'l.)' (A.I) 

GA _ < p ii "3JziP > C,* _ 1 .(Ll+/I"3Jz lp> 
-C v- <p i I

3 
lp > ' Gv-\!2 <p i I3 lp > ' 

L =j_ < L.+ I I3JZ I 2..+> 
D + F 2 < P I I 3 Jz \ P > ) 

r~e Q , I , J - onepaTop~ sapa~ , M3ocnKHa H cnHHa. 

,lJ.JrH Bhlql1cJiem!SI B8JI11ql'IH (A.I) llpHM6HMM MeTO~ CMemMBaHHH 

KOH~Hrypa~MHo Ey~eM cqHTaTh , qTQ COCTOHHHH OKTeTa 6apMOHOB 

1/2 + CO~epxa.T rrpHM8Ch COC TOHHHn OKT6Ta H306ap :v2- : 

N == c.o~ e N91fO + si n. fhV1S20 ' 

/\=co~e/\1115+ si.n.GJ\1t:'1o > 

L. =co~ B~1385 + sineL 1660 • 

CocTOHHHH ~ertanneTa H3o6ap 3/2 + CtiHTaeu qJ.tcTm.m: 

fj, = !:ln 3 S' 

T22 

(A.2) 

(A.3) 



flBHiie BiipaxeHHSI BOJIIIOBhiX cpyHKIUdt llaCTHU, npacyT CTBYIO!IU1X B 

(A.2) H (A.3), AaHhl B (3.3), (3.10) Ml (1.19). 

MaTpapyR (A.1) Ha COCTOSIHHRX (A.2) H (A.3), IIOJIYllHM 

pe3ynnaThl, rrpwBeAeHime B Taonwue 27. 

~opurpaKTOphl 

1!_(/\)_j_ 
j't(tt)-2 

~(~+)- 1 
,M(p) -

~* 
}"i ( n.) 

2 C01~8+ 8 
2 c.o-5 ~ e + 13 

G A - y co~~ e + 21 
~- 15 

~ * = .:i co1e 
~v 3 

D 3 co1 2 8 + 12 
0 + F '-1 co~:! e + 2 1 

TaOJIHUa 27 

TeopMS! 

-0 65 
) 

-0 68 ) 

0,5' 0,41±0,11 

1 1,5' ± 0,5' 

1,16 1,16 ± 0,03 

1,55 

1 1 ± 0,2 

B ABYX II OCJieAHHX CTOJIOWl,X TaOJIHIUJ 27 AaHO CpaBHeHHe C 3KCIIe

pmAeHTaJI.bHhiMH AaHHbiMH(
149

JTeopeTHileCKHX 3HalleHHI1, BhlllHCJieHHhiX 

TipH yrJie CMeniH:BaHHSI e = a.''t.CCO!> 1_ 
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