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1. Mbi Hat.IHeM c 6a3HCa Eepi"Maaa-MoumacKOI"O (i3M) h;, KpaTKO ·.• 

onHweM ero, reaepaTopbi ·s U(3) Bbi6HpaeM B nHne: 

L = L (x) + L (y); 
~v ~v ~v 

L ( x) = x p - x p ; 
~v · ~ v ~ v 

Q~v "' ·Q (x)+ Q~v(y), 
~v 

L~v (y) = y~qv-··yvq~ ,· 

. . 2 
Q,.v (x) = x,.p + x p -- o x • Pi 

r r v v ~ 3 ~v 

2 
Q (y) = y q + y q ·--6 y·· q 
~v ~v v.~3.~v 

Mbi npennonaraeM peanH3aUHIO ll>oKa onep1nopon po)KneHHSI x , y n 

.. yHH'lTO)K9liH51 p , q : 

a 
q- -· 
~ ar 

(y ) +I 
~ 

~ 

[ P x J [ q r J = o· 
~~ V ~~ V /LV 

.. 
0CT81lbllbie KOMMyTaTOpbl paBHbl Hymo, 

BaeneM onepaTOpbi 

c xp + yq, 

' ( 

T ' ··r _,= yly_p, 0 

'·· 2, :3' 

J -(xp- yq). 
2 



C · ecTh onepaTop KaaHMHpa · U(3} H paBeH cyMM~P.HOMY 'JHCny 'JaCTHU 

.. copTOB X H y • EyJleM C'JHT8Tb, 'ITO X 
y HeCyT npoeKUHH ( ::· J} 

H3ocnHHa cooTBeTCT.BeHHO. Tor-aa T 
1 

MO:lKHO HHTepnpeTHpOBaTh KaK one-· 

paTOpbi rpynnhi H3ocnHHa. OnepaTophi (xx} ; ( yy} , ( xy J po:lKllBIOT-:naphi 

'J8CTHU C eyneBhiM yrnOBblM MOM9HTOM, C H30CnHHOM 1, C TpeTbHMH npoeK

UH51Mll H30CniiHa ( J, -1,0}. COOTBeTCTBeHHO, B aanbHeiiweM Mhl oylleM HCnOnb:-

30B8Tb.OnepaTOpbl A+= x 2 y2- (xyJ 2 n A= p2q2-·(p_q} 2 1 KOTOphie 

ycnOBHO H830B9M onepaTOpaMH pO:lKll9HH51 H yHH'JTO:lK9HH51 a -'JaCTHUhlo n!')I'KO 
. + . . 

noHSITh
1 

'ITO · A (A} - ellHHCTBeHHbiii aeaaBUCHMbiii cKangp OTHOCHTenbHO 

npOCTpaHCTB9HHbiX H U30TOnH'I9CKHX BpameHHii 1 · KOTOpbie· MO:lKHO nocTpOUTb 

TOnhKO ua onepaTopoB po:lKrieHHSI (yHH'ITO:lKeHHSI). OnepaTophi KaaHMHpa 

SU(3J paBHbi 

c2 
2 2 2 

Q Q -· L L = - C + 4 C+B T 
. I I I I I I "I J .1 

-· ~ ... 22 2•· 2. 2 
C

3 
= a

11
ca,,. a,,. -3L,,. L

1
,. J = .., 3 c -2c- 4C + 24T + acr. 

TiocKonhKY onepaTOpbi 
C 11 C · 3aBIICSIT TOnhKO oT onepaTopoB non.Horo 

2 . 3 

. 

'JUCna 'J8CTHU H KBaapaTa H3pCTIHHa, TO 083UCH851 4JyHKUII51, OTBe'JaiOmaSI .He- . 

npiiBOllHMOMY npeJlcTaBneHHIO · S U(3} ; aon:lKHa coaep}KaTb -qucno "laCTHU n 

n · npeo6paaoBhiBaThC51 no aenpHBOJliiMOMy. npeacTaBneHHIO c uaocn!IHOM T 

feHepa'Tophi · S UUJ , KOMMyTnpySI c T k 1 He np!IBOllSIT K cMewnBaHHIO 

COCTOSIH!Iii C pa3nH'JHhiMll Tp9TbllMH npoeKUU51Mll U30CniiH8o Yll06HO noaTOMY 

aa¢nKcnpoBaTh co6cTB9HHOe aaa-qeane onepaTopa T0 

MaKcnManhHOMY aaa'IeH!IIO, T.e. T 

BBeaeM c¢epH'IeCKne Koa¢¢nuHeHThi 

nono:lKRB ero paBHbiM 

~+J = 
(X ;I;, j X } 1 ~ == X i 7j == l_ ( y + j y } 1 

·l . · 2 o 3 + , v2 r -· 2 
7j 

0 
y •. 

3 

',.P 

4 

i 

~ 

j 

. I 

.;: 

./ ,. 
/· 

Tor-aa 6a3HCHa51 ¢YHKUH51; npeo?paayromaSICSr no. HenpHBOllHMO~ 

HHIO SU(3} c. yr-noBbiM MOMeHTOM f: (~1J09KUH51 Ha 'ocb z 

HMeeT BHll: 

.•. - 1 .· · · . :. ·. n~r · . l. n+r 
. f3 ~ f + 2a- -( n- T} (( _ ~ ,-.2- -•2a -{3(fJl(~-
% J. ·. ·_:2 __ .. . ,l-11o· •. o11·.. .· . . 

!3aecb Mhi ·nono:lKHri'H 

. 

~2=~2+ 2 ~1~ ·;:,·z=fr~.-.,:·-:g 11 -J+~ (C~.-• o. · J-J . o .• r o. o· 1 · _l• .. P-J· 

T. = 2T .· 
;l1Hll9KCbi ( n: r, f, a, {3} npnHUMaiOT 3Ha'IeHH51 . ·· . 

f3 = 0, l; n =0;1,2,3,.~._;· r;;, n, n -:·2,., .. 0/(J).· 

f npnHnMaeT ueno~ncneiiHhie aaa-qeariS! B HHTepBane 
. . . ' . . 

0 ~- e.< n+r. 
-~.-. · .... 

f3 • ; . : 

.. 

TipH aTOM JlonycTHMhi~nl SIBnSIIOTCSI. · L 1 -·'1-~THOCTh· xoTop.bJX/c 

.. n+r :: · 
'JeTHOCTbiO -·- ·{3 2 ·· .. 

.; .. : 
HaKoH~U1 . ·a< npnHnMae! ·ueno-qncrie 

B nal'epBane: 
· .. ~--

min [~(n-r .:_ {3}; :.L( n-·r :_ f_.~jj <-~ ~ ,max o:l'c n~r /1

~-L} 
. 2 2 .·.·· '2 :~ .. .. :. ·' •. 2. 2' ... 

A~'r~pb/ 1 r npeJln6~nnH. HCKaT~: T8K:lKe. op~or~iianhii~l~. K~f.ionH 

::i::::Rp:::::.::::::;1·~:x~::·;·;;· on~p~,~ ... ~ .• 0 .• 

:: ·._ . ~ . ~' 
0 



eli cyMM~P.HOMY •mcny '18CTHU 

y ~ecyT npoeKunn ( ~ l) 

0 HHTepnpeTHpOB8Tb K8K one..;• 

( y y) ( x y) p·o)KnaroT·. nap hi 

30CnHHOM 1, C TpeTbHMH npoeK-

3 aanbllefiweM Mbi 6yneM ncnonh~ 

A = p 2 q 2 -· ( p_q} 2 , KOTOpbie 

)"HH'ITO)KellHSI a . -'laCTHUblo nei'KO . 

iiCHMb!H CK~WSip OTIIOCHTenbiiO 

!Ho· KOTOpb!e' MO)KHO nocTpO~Tb 

ansr). On epa TOphi KasnMHpa 

IC+B T ~ • 
.. 

'.· t 2'.: 2 . 2 .c ..: 2c - 4C + 24 r + acr . 

TOnhKO.OT onepaTopoB nonHoro 

HCH8Sl tPYIIKUHSI1 . OTBe'laiOW8Sl .a_e

uia conep>KaTh 'IHcno. 'lacTHU n 

leacTaanennro c n;ocnnuoM T · 

• ·II~ npriBOllSIT K cMewna'aHHIO 

i!SIMH nsocn~ua. Y no6no noaTOMY 

aTopa To ; nono)KnB ero paBHbiM 

l..(y + iy '), 7] 
1/2 . J -· 2 0 

y • ' 
3 

... 

l 

., 

... 

' I 
L 

1· 
I 

·' l.:.' 

... 

Torna 6asncnaSI <PYIIKUHSI, npeo6pasyromasrcS:r no: uenpnacinnMOll:fY . .'npencTaBne-:; 

llll!O SU(3) c yrnOBb!M MOMeHTOM e (n~oeKUJ!Sl aa OCb z . TaK>Ke e ~ 

nMeeT ann: 

3nech Mhi nono*nnn 

z -~ (~ 7] - ~ 7] . ) + ~ ( c ~- - ~ 7] J •. 
0 ; J 0 0 .. J . J p -J .. ,·~·J J 

T = 

f3 = 0, l; . n 7 0~ 1, 2, 3, • ~ ~ ; · T = n, ·" 
.:.~ 2,.~ .. o:cn; .... · 

npnanMaeT ueno'tlicneiiH~Ie sna'!ennsr B HHTepaane 

o ::;. e .s. n+r. 
f3 • ; . ~ 

2 .. 

llpn. 9TOM aonyCTJ!Mb!MJ! SIBnSIIOTCSl .' f . 1 · 'leTHOCTb. KOTOpbJX COBitai:taeT :c 
.... •.' ' . . ·, .. :-·. 

'l(hnocTbiO n;r_ . .,.. f3 HaKoaeu,_ ·a npHHHMae! ·u~~o'lncne!lllbie saa'oieansr 

a. HIITepaane: .. :· 
';;. 

max 
· · l n..;r > · [ o, - ( ~· -· e J l• , 

·. 2 . 2 ' ,.· .. 

Kotopble .suin'SIIOTCSI' co6cTael-iHiiMJ! . <PY.:EiKUUSIMH onepa TOp a ' 
. . ' ,. ' .. ·•·: ·:· ... 



. : 2. B l::t8HHOH pa6oTe B Ka'IeCTBe onepaTopa n Bbi6upaeTCSI onepaTop 
. +" ·. . 
AA ·· •· I1MeeM: 

· .. + . . 
<nrfa"IAA lnrfa ·> 

. l .. . 2 < n + 4, T, e, a,·· + l I n + 4, T, e, a + l >. (2.1) 
. 2 

Yfme.M Koaif:JcfliiUlleHTbl < n T, £a ln rfw > T8Klle, 'IT06bi 

lnrfw > =·~-lnr;£a><nr£alnr£w> 
a 

. . ·' "+ 
6binll co6CTBeHHhiMll. BeKTopaMu A A 

+ .. 
AA_[nr;£w> w lnrf-w>~ 

(2.2) 

(2.3) 

· l13 (2.1 )-(2.3) H8XOAliM CliCTeMy OAHOpOAHbiX ypaBHeHUH AnSI Koaif:Jif:JHUlleHTOB 

<a lw>: 

~ <alw>[<n+4,a-f-ll"n+4,a +1>-w<nalna >] 
,l l 

0. (2.4) 

YcnoBue paspelllliMOCTll 'cucTeMbi onpeJ::teJISieT w 

rlet II < n + 4, a + l I n + 4, a + 1 > - w < n a I n a > II = P • 
1 l 

HaKOHeu, noJ::tCTaBUB w' 1 B (2A), noriy'IaeM KoaiflifluuueHTbi <a I w 
1 
> B 

BRAe · if:JyHKUllll OAHOI'o us Hux, HanpuMep, < a I w :> · • 3ToT nocneAHllii, B 
0 I 

CBOIO O'IepeAh, onpenenSieTCSI YCJIOBlleM HOpMllpOBKllo .fiCH0
1 

'ITO K8K w 

TaK u <a 1 w> 3aBUCSIT OT liHTei'panoB nepeKpbiTliSI.<a Ia >=<nrea lnrfa >, 
' . ' l ·2- l ' 2 

KOTOpbie C TIOMOIIlblO 3BM Bbi'IH~JlSIJlliCh CK8JISipHbiM nepeMHO:lKe_Ime~ (1.1) 

c apMuToBo conpSI:lKeHHbiMll. Bbi'IucneHRSI npoBOAunucb BnnoTh .. AO n .= 10 
. \ . ,· . : '··'. --- ": . 

(u .BCeMU AonyCTliMbiMll T ' e ' a ) • B Ta6nuuax 1' 2 npuBeAeHbi 3Ha--

'IeHUSI - w R <a I w> AnSI cnyqaeB, KOI'J::ta npu l::t8HHbiX ( n T e J RMeeTCSI 

Ol::tHO liJlR _AB8 3Ha'IeHUSI a COOTBeTCTBeHHOo 

6 

-

·j 

,I 
. I 

~ t !" 

i 

j' 

n-Te. rL w L J. IW ') 

0 0- 0 0' 36 I 

I I/2 I 0 60 . I 

2 0 I 0 !20 0,707!0678!2 

2 r o o roo 4,08248290s·ro-I 

2 I 2 0 88 0,707!0678! 

3 I/2 I 0 200 0,40824829 

3 I/2 2 0 !68 0,577350269 

3 3/2 I 0 !40 0,3!6227766 

3 3/2 3 0 !20 0,408248290 

4 . 0 0 I 400 . 0,!66666.·~· . 

4 0 2 0 280 0,288675I35 

4 I 2 0 280 0,288675!35 
4 I 3 0 220 0,35355339 

4 .2 0 0 !96 9;!28709292"!0;..2 

4 2 2 0 !84 0,!889822365 
4 2 4 0 !56 0,204I24I45 

5 I/2 I I 560 0,!29099445' 

5 I/22 0 420 0,!666666 ••• 

5 I/2 3 0360 0,204I24I45. 

5 3/2 I o 392 o,r 

5 3/2 2 0 360 : 0 ,!5430335 ; 

5 3/2 3 0 372 O,I58II3883 

5 3/2 4 0 276 O,I82574!86 

\'1.. 'T Q. d.. ·. V} 

5 5/2 I 0 '2S2·-. 

5 5/2 3. 0 2_32 ' 

5 5/2 50 !96 . 

6. o I I B4a·· 

6 0 3 0 540 

• . 

Tae5m 

~ 

• 5,976 

. 9,622 

9,!2~ 

6,454 

8,333 
6 I 

6 I 

0 I . 784 . . _ . _ 4, 082• 

I 0 70!;123595 S;299: 

6 I 3 0 540. I,II81 

6 I 4 0 444 . 'I,U81 

6 2. I. 0 504 . '4,225' 
6 2 :l. 0 504 6,2991 

6 2 3 0 444 ' 8,(3)' 

6 2 4 0 476 7 ,453~ 
6 2 50 336 . ~(3) •• 

-6 3 0 0 324 !,408~ 

6 3 2 0 312. . 3,149~ . 
6 3 4 0 284 .. 4,35!5 

·' 

6 3. 6_0 240 3, 7267 

7_ I/2:! I. II76. 2,8867 

7 I/2 2 I • I080 . 4,4543 

7 I/2 3 0 756 4,5643 ., 

7 I/2 4 0 660 5,2704621 

-,. 

7 



opa 0 Bbi6HpaeTCSI onepaTOp 

+ J! n + 4; T 1 e, a + 1 >, (2,1) 
2 

'lT06bi 

> (2.2) 

(2.3) 

X ypaBH9Hilll AnSI K03~~HUH9HTOB 

,<nalna.>] 
' I 

0. 

<nalna >II= P. . I 

(2.4) . 

K03~~HUHeHTbl < a I (U > B 
I 

I w ,>' • 3TOT nocneAHHft, B 
I ·. I · · 

~pOBKilo .fiCHO, 'ITO K8K cu 

JbiTHSI.<a Ia >=<nrea lnrea >, 
. . • I. ·2. I 2 

ripHblM nepel\1H0~9!11l9M ( 1,1) 

IOAH~Hfb. BIWOTb .. JlO n .'.=: JO 

i Ta6nuuax 1, 2 npuae)leHbi ana-

l .'JiaHHb!X ( n T e J RMeeTCSI 

j 

l· 

0 0- 0 0 · 36 I 

I I/2 I 0 60 . I 

5 5/2 I 0 252 ·· 

5 5/2 30 232. 

· ·. 5,976!4305-·ro-:-'~ 

: 9,6225o4486·ro··2 

2 0 I 0 !20 0, 707I0678I2 5 5/2 · 5 0 !96 · · 9~I287Cl929~ro-'~. 
2 I o o roo 4,0B24B2905·ro-r. 

2 I 2 0 ·sa 0,707I0678I 6' 0 I I 840 6 45497224•IO~i~ '· . . 

3 I/2 I 0 200 0,40824829. 

3 I/2 2 0 !68 0,577350269 

3 3/2 I 0 !40 0,3I6227766 

3 3/2 3 0 !20 0,408248290 

4 0 0 I 400 O,I66666~· •.• 

4 0 2 0 280 0,288675!35 

. 
4 I 2 0 280 0,288675!35 

4 I 3 0 220 0,35355339 

4 2 0 0 I96 9;I28709292·ro-2 

4 2 2 0 I84 0,!889822365 

4 2 4 0 I56 0,204!24~45 

5 I/2 I . I 560 0,!29099445. 

5 I/2 2 0 420 0,!666666 •• : 

5 I/2 3 0 360 0,204I24I45 . 

5 3/2 r o 392 o,r 

5 3/2 2 0 360 . 0,!5430335. 

5 3/2 3 0 372 O,I58II3883 

5 3/2 4 0 276 0,!82574!86 

.6 o .30 540 8,333 ••• ·ro~2-

6 . I 0 I 784 . . 4,082482905~Iri .. 2 

6 I I 0 701,!23595 5,2999894·ro-2 

6 I 3 o 540 I nao3399•ro-I 
·. . ' ' . . ' .. ·' 

· 6 I. 4 0 444 I,U803399··ro-:-I 

6 2'! __ 0 504 

6 2 ,1..0'504 

6 2 3 0 .444 
6 . 2 4 0 476 

. 6 2 5 0 .336 
. 6 3 0 0. 324 

6 3 2 0 3!2 

6 3 4 0 284 

6 3 6.0 240 

7 I/2.-I I .. II76 

7 I/2 2 I !080 

7 I/2 3 0 756 

7 I/2 4 0 660 

7 

.· 4,22577B·ro-2 · 
.:. · .. ' ' ·,,. . 

6,2994u788•IQ-G_ 

a,(3)·ro-2 

7 ,4s35599·Io-2 

. ~<3> • w-2 

!,4085904~!0-2 · · 

3,I4970394•ro-2 

4 35I94I4·ro-2 
. ' . . 

3,72678·ro-2 

2,88~75I•ro-2 
4,45435403·ro-2 

4,5643546"!0-2. 

5,270462a·ro-2 

'--: 



~ 

l\. 1' Q. d.. w-· 
7 3/2 IJ, I008 

l . .· 7 3/2 2 0 '756 
i j- : ' 

. 7 3/2 4 D . 672 __ -

. 7 3/2 s 0 532 

. - 7_5/2 r.o 648 

_·7 5/2 2 0 6I6 

7 5/2 3 0 628 

7 5/?·4. 0 532 

. 7 5/25 6 592 

. 7 5/2 6 0 400 . 

7 7/2 ·r o 396 

7"7/2 3 0 376. 

7 7/25 0 340 
I 7 7/2 7 0 288 ! 

: . . 8 ', : " ·• ~ 
0 0 2 I764 

l ~ •. 8 0 2'I I5I2 
'"'" 

.8 0 4 0 924 

8. I IO I5I2 

8 · I. 4o· 924 

8 I·. 5 0 784 

8 2. OII296-
.. 

.- 8 2 ·r o not ~45763 

·LJ;\"'> •~'\Q..d. ·w Ld.\W':l' 

2,6726I242·ro~ 8- 2 3 o 924 2'I5I6574I"IO-i! -- t . . . 

3 ,4503278~!0":"2 ·_ 8 2 50 8I6 . . 2,57I7225"Io-2 

5,7735D27~m-2 8 2 6.0 624 2 227I77•Io-2 
t . 

5 2704628"!0-2 . t . . . 

I,S97I9I4~Ia-2· 8 3 IO . 792 . · 5, 7505463 • m-3 

2,57I7225~Io-2 . 8 3 2 0 792 · 9,0924I2I"I0-.3. 

3,I49704"I0-2 8 3 3 0 '732 I 25629727"!0-:-2 
t . . . 

. 3,892494-l·m-2 8 3 4 0 764 I,3762047"Io-:-2 

3,I49704·I0-2 . 8 3 s·o 623,94658 I,63430II3·Io-2 

3,4503278"I0-2 8. 3 6 0 720 I,2I9875I"I0-2 

8,I32.s·Id-3 · · 8 3 7 0 468 i · 3I76I569 ·m-2 
t . 

I 450647·io-2 
. . . . . . 8 4 0 0 484 I,66U039735"I0~3 

I,790287·ro-2 8 4 2 0 472 3,8770I754"I0-3 

!,4085904"!0~2 8 4 4 0 444 6,035o5G87~m~3 

8,33333333"Io-3 a 4 6 ~' 400 · · 6 8U4UB2·Io;...3 . . 
8 4 8 0 340 4,986II92"Io-3 

I,725I6389B;I0-29 I/2 I 2 2268 5,45544726"!0-3 
•. 

8,I325006I"I0-3 9 I/2 2 I 20!6 

I;86339"I0~2 9 I/2. 3 I . I848 !,o758287·m-2 

9 I/2 4 0 I232 9,6225045·Io-3 

1,336306"Io-2 9 3/2 I I 1944 5 050't627"Io-3 t ; 

2,88675!3~10~2 - 9-3/2 2 I· I848 8,I325D06I·Io-3 

2,63523I4"10-'2 9 3/2. 5 0 II04. I 4085904 ·Icr'"2 .. 
6,520506637"10-:-3 9 3/26 0 9I2 I,I50I0927"I0-2 

7,67I455I5"I0-3 - 9. 5/2 I L.I584 · 3,7646I626"I0-3 

8 

f 
)" 

I 
j 
I 

J 
I 

lJ 
. t;. 

I! 

I 
l 
}:> 

\ 

·. \1 
t] 
( 
j, 
\' 

11 ,, 
., 
I 

( 
) 

.• . 
. ;\: 

(, 
)> 

~ 

. .. • . 
. . 

n. I X.. ~ vJ. L d\l.i>> \'t. 'f Q.J,.·w 

9 '5/2 4 0 II04 I,0403I397"I0-:-2 

9 5/2. 6_ 0 972 . 1,0309827"!0-2 ..• 10 2 I I "2376 I,88~: 

9 5/2 7 0 720 8~6258I95"I0.:3 . IO 2. 60 I296 5,952: 
1-· .. 

968 I ,9I6B4878"I0-3 7 0 !044 9 7/2. I _0 !02 4,546: 

9 _7 /2 2 0 . 936 . 3;.I6557I57"I0-3 ' !03 0 I 1936 7 ,82.5~ 

_9 7/2 30 948 4,:IB765756"I0-3 IO 3 i 0 1595,8I374 8 

9•7/2 4 0 .852 5,3979I896"10-3 . IO 3 3 0 I404 2,809: 

' 9 7/2 50 9I2 5,44767042"!0-3 Io" 3 5 0 I296 . 4,3671 

9 7/2 6 0. 720 6,"29940788"Io-3 IO 3 · 7 0 U40 3,8031 

· 4 ,39205Z3I ·10-3 :m 3 
.. 

9'?/2 7 0 86U 8 0 820 3,!051 

9.7/28 0 540 4,69530I42"l0;...3 

9·9/2 IO 572 8·,669274 78 •ro4 IO 4 ·I 0 II44 6,!30: 

9 9/2 3 0 552 I ,64253443 •ro-3 IO 4 .-. 2 0 II44 I,OOH 

9 9/2"5_0 5I6 2,3II25082"I0-3 · !04 3:0 1084 1,422L 

9 9/2 7 0 464 ·. 2,4I57I265"I0-3 Io 4 •· 4 o III6 I,706! 

9 9/2 9 0 396 :i:,66003973"I0-3 io 4 5 0 976 2,I09f . . . . ( 

IO 0 I 2 30i4 .. 2,227I7702"I0~3 ·· Id 4 · 6 o · I072 · · I,992( 
.\"-

· IO 4 7 0 . 820 · 2,25~ 

IOU 3 I 2464. 3,58609569"!0-3 I0.4 8 Q. IOI2 I,~84~ 
I04 9 0 6I6 I,574f 

IOO 5 0 I456 3,402069•IQ.:3 !05 0 0 '676 I,582~ 
IO I 0 2 29I6 I,4580296I"I0-3 IO 5 2 0 664 3,80I~ 
IO I .I I 2929,0I5385 2,.00I60I92"I0-3 IO 5 4 0 636 6,36I.5 
IO I 5 u· I456 5,7505463"10,;.3 . IO 5 6.0 592 8 125It: 
IO I 6 0 · I264 4,980II92"I0-3 ·IO 5 8 0 532 8~078E 

IO 5 IO ·o .456 -5,249.5 
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. 2 15165741·!0-~. •.. t . 

2 ,5717225·10-2 

624 . 2,2271n·ro-2 .· 

) ·,792 . 5,7505463"10-3 

J 792< . _9,0924121•!0,...3 

J '732 1,25629727.10~2 

J _· 764 I,3762047•I0":"2 

0 623-:94658, 1,63430II3·I0~2 
o · ~no -' I ,2I9875I ~Io-2 
o - 468 · I93I76I569·Io~2 
o 484 ·.· I,66U039735·Io.;..3 

o •472 · 3,8770I754·ro-3 

o 444 6,o35o5687"10~3 

o-: 400 · . : 6,8041382 ·Io;..~ . 

o 340 . 4,9BUII92•1o-3 

2 2268 5,45544726 ·Io-3 

I 20I6' ··. 8,13250061 •1o-3 

I . I84B I,07582B7"Io-2 

o 1232 -· 9,6225045·Io-3 

I I944 ·••·.· 

L''I848 

5 050't627·Io-3 
t ' 

S,I325U06I"I0-3 

I 4085904 ·m-2 
f. 0 II04 

0 9I2 

I :_I584 

·· I~I50I0927 ·ro~2 -
· 3 7646I626 ·m-3 

·' . 

n. 'i' Q. J. l.<l. 

9 5/2 4 0 II04 

9 5/260 972 

9 5/2 7 0 720 

9 7/2 I 0 968 

9 7/2 2 0. 936 

9 7/2 3 0 948 

9•7/2 4 0 852 

' 9 7/2 5 0 9I2 

9 7/2 6 0 720 

9 ?/2 7 o 86u 

9 .7/2 8 0 540 

9·9/2 I 0· 572 

9 9/2 3 0 552 

9 9/2 5 0 5I6 

9 9/2 7 0 464 

99/2 9 0 396 

IO 0 I 2 30~4 

IO 0 3 I 2464 . 

-I,04031397·Io-~ 

1,0309827·10-2 

8,6258I95"I0-3 . 

I,9I6B4878"I0-3 . 

3 ~I6557157"I0-3 

4,:IB765756·ro-3 

s, 39791896 • Io-3 · 

5,44767042"Io-3 

6 ,·29940788 ~m-3 

4,39205231"I0-3 

4,69530I42·Io;..3 

·.· 

IO 2 I I 2376 I,882308"I0-~ 
IO 2 6 0 I296 5 1952381"!0-3 

lO 2 7 0 !044 . 4,54620605"I0-~ 
IO 3 0 I I936 7,825SD24·Io-4 .. 

lO 3 I 0 I595,81374 8,5924352"!0~ 
IO 3 3 0 I404 2,809I66q94"I0~3 . 

IO 3 5 0 I296 4,36785343"!0~~ 
ID 3 7 0 II40 3,80362887"ID-.~ · 

:ro 3 8 o 820 3,10S65"IO-~ 

8·,66927478"10-:-4 IO 4 I 0 II44 

I,64253443·ro-3 !04 2 0 I144 

2,3II25082·1o-3 · ro 4 3 o I084 

2 ,4I571265 •ro,...3 .. "IO 4 4 0 III6 

± ,66003973 ·10-3 ro 4 5 o 976 

2,227I7702"I0.;..3 IO 4 6 0 I072 

6,130ID298"IO~ 
I ,ODI04I63 ·ro-.3 

I,42247655"IO-~ 
. I,70697I85"I0...;3 

2,I098737"I0-3 

I 992D477·Io-3 
t . . . . 

IO 4 7 0 820 2,25969227"I0-3 . 

3,58609569·Io-3 IO 4 8 b. IOI2 

IO o 5 o I456 3,402069·Io~3 
· IO 4 9 0 6I6 

IO 5 0 0 676 
IO 5 2 0 664 
IO 5 4 0 636 
IO 5 6.0 592 

-Io 5 8 o 532 

I,4847847"I0-3 

I~57485I97"Io-3 
I 58278S78·ro-4 

3:soi72848·Io-:4 
6,36I5085"Io-4' 
8,25I22952·ro-4 
8 1078820I5"I0-4 

IO I 0 2 29I6 I ,4580296I ·m-3 . 
IO I I I 2929,0I5385 2,.00I60I92·I0-3 

IO I 50 I456 5,7505463•Io-3 

IO I 6 0 · !264 . 4,980II92•Io.;..3 

IO 5 IO 0 .456 ~ 5,24950657"I0-4 
--. 
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l 
·I 
I 

"" fl Q. 

6 I· 2 

--
7 3/2 3 

--
8 I 3 

--
8 2 2 

8"" 2 4 

9 3/2 3 

•" 

\.IJ 
\l.o:l'>: }l•b~d.IIA:l> 

4 

TaCinHIIa 2 

739,522452 JO> 7,24903477'!0-3 - ID 7,77!037636,!0-2 

572,477548 10) 8~0592'!0-2 - II) 2,255340905.!0-2 

941 .0299II 10 '> 7, 726I9I22 ~ro-3 ~ I I> 3. 94405822 ·ro-2 
706,970089 10> 5,2I352448'I0-2 - II) I,I9I5I727"I0-2 < 

I336,282I2 10) I.I2I52552'I0-3 - II'> 2,44I29553"Io-2 
995;7!788! 10> 2,057'!0-2 - II'> 9,92230!'!0-3 " 

1249,9863 10) 7,6470II6g•ro-4- I!) I,424I92I8'I0-2 
958,0!3338 JO'> I,3435259I ·Io-2 - II'> 5,04972647·ro-3 

II65,8I239 < 10) 4,9982I224'I0-3 - ID I,75881044"I0-2 

< 846,I876I IO> 2,60476693"10-2 - II> 4,9348422 'I0-3 

<< I269,65604 IQ) 8,26419285'I0-3 -:- /D 8,55362667'!0-4 

<I886,3Li96 10> 2,I27634!'io-4 - II> 8,2225608'10~3 

9 3/2 4 < I6II,OO?I8 I,159790975"I0-2 

' I192,99282 < 5,6065725I"Io-3 

9 5/2. 3 < 1512 10> 8,2f3377888"I0-4 ...; II> 6,6270231"!0-3 

II44 10) 8,0436!815"10~3 - 11) 2,68I2060'10-~ 

9 5/2 5 1414,4241 < 10> 2,51601113'!0-3 - II> 7,08295037'10-3 

989,575896 10'> I,I2790379·ro-2 - II> ! 180294687"10-3 

IO I 2 . 282!,22973 1!}_4,90397289'!0-4- 12> 2.91408IOI'I0-3 

2546 1 77027 II) 3,34306957'10-3- /2) 7,50II9735"10-4 

IO I 4 21~&.3!394 10) I,3598874•~ro-j- II) 5,39I222I'I0-3 

1573,68606 10> 4,082427I3'10-3- /I) 2,4714I345'10- 3 

10 

.... 'i' Q. w 
II.U> ~ !\d')4 d.\W> 

IO 2 3 2I98,3I394 10'> I,OI36002I'I0-4 -!I'> 4,0I83~ 
I57,68606 IO) 3,04286I52"IO-Y - I I) I,8420E 

IO 2 4 2299,67826 · IO> 2,0634S73"I0-4 -\\)3,4377623'1 

I504,32I738 < 10> 5,05079902'I0-3 - 4,54754~02 

IO 2 5 I906,02362 10> 8,676475I7"I0-4 -1!)4,9349587 

1397,97638 ID) 6,II5838I2'I0-3. - \I') 2,4I934 

ro 3 2 1:889,28204 10> 1o-5·6,3369676I -lt>r,BII0963 

I438,7I795 I,646I9646'I0-3 10'> - 6,9II9206I'I 

10 3 4 I795,65I93 5,454303I6"I0-4 lO> - 2,?7062384'I 

l336,348l:4 3,75085675'10-3 10) - I,I0759986. 

IO ·3 6 .I687~0709. 1,08041028'10-3110>- 2,G248I582~I1 
. II36 ,9291 . 4,41596004 'Io-3110) - 6 ,058899S8 'II 
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Ta6mnxa 2 

·3.;.; ;I'> 7• 77!037636 ro-2 

II)·2,255340905.I0-2 . 

·3·. ~• II>. 3194405822 ·ro-2 

2 ~ JJ) I,I9I5I727"Io-2 

·3 - II'> 2144I29553·ro-2 

I)·9,92230I·ro-3 

4 - I D ! 1424!92!8"!0-2 

·2 -11:'> s,04972647•ro-3 

·3 ;... II> I,7588IQ44•ro-2 

·2- II> 4,9348422·ro-3 

·3.- /D 8 155362667•ro-4 

' i tr> 8,22256oa·ro~3 

·3 '_ tD I 1I5979097s·ro-2 

~- - JI> s,6065725I·Io-3 

4 · !I> 6 1627023!"!0~3 
·3 ..;· II) 2,68I2060•ro-~ 

·3 ·· ID 7
1
08295037•Io-3 , 

·~.:... ii> I,80294687"I0-3 

4 - 12> 219I408IOI"I0-3 

·3 :_ 12> 7 ,SOII973S·ro-4 

.J- .II) 5
1
39I222I·ro-3 

·3 - I I-> 2,lf?I4I345"IO- 3 

i 

1 
1 
j 
t' 
l 

I I. 
., 
I 
I 

j\. 'i' Q. 

IO 2 3 

IO 2 4 

IO 2 . 5 

IO 3 2 

IO 3 4 

IO .3 6 

ll.l '> ~ ~ I d ') .c. 11.\l.l:;. 

"" 
2!98.3!394 10) IaOI36002I'I0-4 -II~ 4 10!83797'!0-3 

!57,68606 10'> 3,04286!52'!0-3 - n> I ,84208283 ·ro-3 

2299.67826 10'> 2 10634S73'!0-4 -~)3 143776237' I ro-3 

I504,32!738 10) 5,05079902'Io-3 - 4,54754802'!0~ I I'> 

I906.02362 10,. 81676475I7·Io-4 -IM 19349587 !· ro-3 

!397,97638 .10) 6,II5838I2·ro-3. - \I~ 2,4I934778•Io-3 

!889.28204 lO> ro~5 · 6 13369676! - ltH 1BII0963 r ·ro..;3 · 

!438,7!795 I,646I9646·ro-3 10">- 6,9II9206I•Io-4 li'> 

I795 165I93 51454303I6·ro-4 IO> - 2177062384•Io-3 1!) 

!336,348!4 3,75085675·Io-3 10) - r,ro759986 .Io-3\t> 

.!687 ~0709. I 10804I028"I0-3 110'> - 2 16248I582~Io-3 I!) 

II36,929I . 4,~I596004"I0-3 110)- 6,05889958"10-4 I!} 

--. 
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... ~ 

· 3. · 3aMeTn:M, Teneph, 'iTO KaK onepaTop A A+. ; TaK· n: orreparop, ·n:c

nonb30BaHHbiii B/ 
11

, smnsnorcsr. H~qi~an:qecKIIMII. Co6cT~eHHbie BeKropbi _<me

paropa A A +: YJl06Ho ncnonb3~BaT~ B. Ka'ieCTB~ aarpa~oqaoro opr~mopMn:
poBaaaoro 6aanca. .Hcao, qro BCSIKIIii opToacipMIIpoBaHHbiii 6aanc onpeJle~sr~ 

eTcsr c TO'iHOCThiO JlO HeKoToporo yanrapaor.o npeo6paaoJ3aansr 

J i> = ~-leu >·<cu li.> .. 
.cu 

B aallleM cnyqae ( n <, 10) · nMeeM,_' aimpn:Mep, 

t¢' t¢ --~ .. 
l > = e 

1
' cos 0 I cu 

1 
> + .e ... 12 sin 0 [ -~ 

2 
>:~ 

I 2_> ·- e 
l(cp + ¢ - ¢ 1 .. · . t¢ ' 

1 2 12 sin 0 I (u > + e 2 cos 0 I cu > • 
. ' . 2 '· 

'· 

TaKIIM o6paaoM, ocraK>Tcsr aeonpeJleneHlibiMH yrnbl 0 , cp . , .. ¢ '¢ • 
. . . · . . .. ' . . .· '. . . . . . ' 1 . 2 ' 12 

8,TY 'aeonpeJleneliHOCl'b MO>KHO llCIIOnbaOBBTh )lnH IIOJli"OHKll .BepOSITHOCTeii 

8(~2) ~epeX~JlOB. 3aMeTHM, qro iyrnhi ( 0, cp J lie 'sJBnsrroTCSI OJlHHMH H TeMH 

. •. >Ke imfi -.Be ex n , T, e , a . CBOII Jlnsr KB>KJlOii TpoiiKH ( n. T f)·. CTono 6ono-
; ··. ., . 

lliHM ,tlHCnoM·.·napaMeTpOB (a HX .B HBlli9M cnyqae.OKOno'70)Mbl H8Jl99MCSI 

r(OJlOI"HBTb" npaKl'll'i9CKll uce aa6moJla9Mbie Ha OIIbiTe OTHOlli9Hll5I B(E2) ne

peXOJlOB 8 paMKax · S U( 3) CHMMeTpHII~ 

4, TioKa>KeM, 'iTO 38Jlaqa H8XO>KJl9HII5I JlOIIOnliiiTenhHOI"O KBBHTOBOI"O 

'iiiCna B cxeMe S U(3) MO>KeT 6biTh CBeJleHa ,K aailaqe acn:MMeTpnqecKorb 

-~onq;Ka;. Tio onpe)leneliHIO rpynna YHHTapHbiX npeo6paaOBBHHR B TpeXMepliOM 

. npOCTpaliCTBe OCTaBnSieT HliBapn:aliTHOR · .. iflopMy: 

p 2 = ;c·;·, X X. + X X + X ' X. 
· o. ·o · r. 1 . -·1 ·. :-r 

(4.1) /, 

12 

"• 

a .-"',"" 

Ha'iuHasr c aToro MoMeHTa noll x n p · = -a· .• /l /l X . p. 

IIOJlpaayMeB, 

Tbl II IIp0113BOJlHbl9 no HIIMo ,qepTa 03HaqaeT KOMnneKCHO~ . COl 

paropbi U( 3) _n:MeiOT BliJl: 

- -
X p - X p 

p. v v p. ·. ~ . 

TaKIIM o6paaoM, .YHHTapltbJe npeo6paaoBaHnsr rrepeBoJlsrr x · ' . .· . ' . . • ' . '' p. 

KOM6HH8UIIII x , _·T,e, He CM91IIHB8IOT x II . -;; . o C Jlpy: 
p. p. p. 

· cpopMB ( 4,1 ) IIHB8piiaHTH8 TBK>Ke OTHOCIITenhHO cne)lylOlliHX IIJ 

xp.pv -xvpll 
x p -x·p • 
p.v·v p.· 

C~oBoKynnocTh rrpeo6paa~BaHIIii ( 4.2), ( 4.3) II30~opqiaa rpy~r 

BpallleHIIR 0 ( 6) • Y HHTapHaSI rpyrrna SIBnReTCSI IIOJli"pynnoii .0 

oqepeJlh, SU(3) co)lep>KII.T no)lrpynny TpexMepHbiX BpallleHIIiii c 

IIHBapnaHTHbiMll KpOMe ( 4.1 ) ellle cneJlyiOlliii9 cpopMbi: 

2 
r c-iY xp. x_p.; 

-·2 
r 

... 
'4 

( _ 1 jP- x p. x_p. • · 

feaepaTOpbl 0( J) IIM9IOT BIIJl:· • 

L = X p - .X p -· X p + X p , ' 
0 '. l. l _, _, ' '~ -:-' _, 

L' = X p + X p - X ;;· .ifX p , 
J J 0 0 -1 0 I -J 0 

- L = X p + X p -· X p . -· X p • 
-J 0 ' ·' _, 0 ' . 0 -' ' ' 0 

KoMnoHeHTbi KBBJlpynonhaoro MOMeHTa paBHbi 

l -· -· -· .-· . ' 
Q = -(X p + X p - 2x p - X p -·X p + 2 

0 :3 ' ' ' -:J _, ' 0 0 ' ' ' _, _, 

a,= XoP-1- x, Po- x_1p0+ xo P, 
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.,A A+. , TaK' ll onepaTop, ·nc

r_, Co6cT~eHH~Ie B~KTOpbi o~e
rne 3aTpaBO'I~OI'O OpTOHOpMH- . 

'1¢ .... '·' 
e 2 cos o 1 iu > . · 

. ' . 2 

,:>• 

yrnhi : 0 ¢ . , ¢ , ¢ • 
. . '· . 2 . 12 ' 

lnH llOili'OHKll. BepOHTHOCTei1 

_~;~e. ~~~H~TCSl OllHHMll ll TeMH 

i. ~poi1K~ ( ri T f) '1 CTollb 6ollb

iae:6Kono·'7o) >Mhi aa.O:eeMcs:~ 
onhiTe oi-aoweHHH B(E2) ne-

lnOnHHTenhHOI'O KB8HTOBOrO 

,K .3alla'le aCHMMeTpll'leCKOI'O 

Ipeo6pa3onaaui1 n ~pexMepaoM 

{4~1) 
... ·. 

Ha'lliHaH c aToro MOMeHTa non x - tJ. 
nonpaayMeBaeM KOOp,UHHa- : 
. . . . . 

Tht u npo1i3BOilHhie no HliM. tJepTa oaaa'laeT KOMnneicaoe conpsmeaHe. reae-,' 

paTopbi U( 3) uMeiOT nun: 

X p 
IL v 

X p 
v ,il 

( 4,2) 

TaKiiM o6paaoM, . yauTap.llbie npeo6paaonaHiiH nepeBOilm:' x tJ. B nuaei1Hhie me 

KOM6HH8Ullli x IL 
1 

.T.e. He CM9UUIB8!0T X tJ. li X tJ.. o C Jlpyroft .•. C_TOpOHbl1 

· <flopMa ( 4.1) HHB8pll8HTH8 ,TaK:>K9 OTHOCiiT9nbHO cne)ly!OUII{X npeo6pa30B8HHi1: 

(4•3) 
X tJ. p v - X~ p IL •. 

C.OBOKynHOCTb npeo6pa30B8Hlli1 ( 4,2), ( 4,3) H30~op¢Ha rpyt,me W9CTHM9pHbiX 
·: .. 

npaweaui1 0 ( 6) • YauTapaaH rpynna snnseTCH .nonrpynnofi .0(6), B CBOIO 

o'lepenh, SU(3} coaepmu.T noarpynny TpexMepltbiX npameHHfil ocTaBnSliOIUHX 

HHBapuaHTHbiMH KpoMe ( 4.1 ) ewe cneayromHe ¢opMbi: 

feaepaTOpbl 0( J) HMe!OT BHJl: · 

L X l p l- X p X pl + X p 1 

0 -J -l I -:-l _, ... 
L 

I 
X ,Po + X p -

0 -I 
xi··,:1i:x_, Po' 

L;=xp+XP 
-1 0 I . -1 0 

KoMnoaeHTbi KBaapynonhHOI'O MOMeHTa paBHbl 

Q 1 ;= x o P-1 - x J Po - x_, Po + xo P 1 ' 
-.. 
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--.; 

Q2 = xl P-r -:-· x_, p l I 

. +' ·• -a ·. + 
· Q -ti =. Q P. I : ( a x: 1 · 

- -'. ·. p. 
TiepeHneM K KOOpAHHaTaM 

a 
a:x~_ 

X /L = p e ·ia 
. sin y . · · 

[Dfl 0 J0 1 _cptfr}casy + 1 -;--;;:-[Dp.r,...'Dp._rl . . . . . v2 .. . 

rr 2- X X 2/i:z r 
·cos 2 y =--; . ·,.,' p-p.p. e =-I . . . p r 

OnepaTop ~asnMnpa U ( 3}. nepaoro nopsmKa 

C = xp - xp, 
l . 

-~~-
i aa 

KaanpaTn<iH:6IH onepaTop KasnMnpa 

c2 J --· --· 2. -(xp + xp + l}(xp + xp + 3) -·pP P 
4 fL p. 

"" 2 
2 2 L X 

= C1 + 3 - p - 2 ctg.2}'.p + '(-.--
y . · Y · sin y 

=2 
,.2 L. 

. ·z '. 
+ L + -·}.,.· y 

cos_~ y 

(4.4) 

3necb L 1 - KOMnOH9HTbi yrnOBOJ:'O MOM~HTa BO. BHyTpeHHeH CHCTeMe KOOp-

AHHaT • .nnaroHannsaunst ( 4.4) BKmoqaeT ·B. ce6st · nil:ar·o~a~ns~uHio raMH1IbTo

HHaHa ·aCHMMeTpll'IHOJ:'O BOn'IKa, 'ITO ll Tpe6o.BanOCb ·AOK838Tbo 

14 
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i' . 
IL 

,, '2 ... -:. 
P.·. p. p ... 

IL .IL 
(4.4) 

so· BHyTpeHHeit CHCTeMe KOOp

)g 'llH8I'OHB.nH3~Uino I'8MHllbTo-

anOCb·llOK838Tb, 

I 

I 
l 

1. Bargmann V., ·Moshinsky. 
ibid. 23, 177, 1961• . 

Nucl,Phys. 18, .. 6 97, 1960; · 

PyKOOHCb nocTynHna ~- H3JlaTen~CK~lt OTaen 
15 Host6p.st 1971 I'oaa;; ·. 
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