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1. Hawen uenbro S!BmieTCSI paCCM,OTpeHHe o5o5meHHOH MO/:temi Slllpa c 

TO'IKH 3peHHst 38JlOlKGHHblX B,, Heft, CBOHCT!'i CH~Me.TpHHo faMHJI~TOHH8H llSITH

, Mepaoro cq,epH'IGCKH CHMMeTpli'IHOrO OCUHnnSITOpa liMeeT Blill: 

. H w b + b '• 
0 2f-1 2f-1 0 

1.1 = (2, 1 • 0, -1 • -2 ) . 

3necb b; 1.1 , b21.1 - onepaTopbi KaanpynonbHbiX q,oaoaoa, B nam,.Iiei!weM 

Mbl Bbi5~paeM q,oKOBCKyiO peanH38UHIO llnSI onepaTOpOB b : 

·"'X 
1.1 

b - p 
2f-1 - 1.1 

a -a;-· 
.. 

f-1. 
0 cnpaaennHBOCTH TaKoro npencTaaneHHSI CM,, aarrpi!Mep, l11, OnepaTOpbi 

X p 
1.1 v 

S!BJISIIOTCSI reaepaTopaMH 5 U 
5 

[ H • X p ] = 0. 
0 1.1 v 

-rpynnbi CHMMeTpHH H 
0 

: 

HanH'!He TaKHX) KOMMYTHpyrowHx c raMHnbTOHHaHOM onepa'Topoa· npHBOilHT 

{ 1) 

K TOMy, 'ITO n q,oHOHHblH ypOBGHb SHeprHH HMeeT KpaTHOCTb BblpOlK,[leHI!SI 

paBHYIO ( n +4 ) , 'ITO COBnanaeT C pa3MepHOCTb!O HaH5onee CHMMeTpli'IHOrO 
4 

npencTaaneHHSI SU 
5 

, 3To 03Ha'!aeT, 'ITO COCTOSIHHS!, npHHa,[lnelKBUllie 

D q,oHOHHOMY ypOBHIO, npeo5pa3yiOTCS! MGlKJlY co 5oft npH Jlei1CTBHH Xf-1 p V 

no HenpHBOilHMOMy npencTaBneHHIO SU 
5 

, HMeiOUleMy TOnbKO nepBbii!, OT-

n~'!HbiH OT Hynsr (n · paBHbiH n ) HHJleKC, BKnro<ieHHe B3aHMOilGHCTBHS! MelK

IlY q,oHOHaMH npHBOJlHT, KaK npaBHno, K noHHlKGHIIIO CHMMGTpHH raMHnbTOHHa

Ha H, cneJlOBaTenbHO, K CHS!THIO BbipOlKilGHHS! no KBBHTOBbiM•'IHCna'M, oni!Cbl-

B810UlHM 5a3HCHbie BGKTOpbl SU 
5 

, BaaHMOJleiicTBHSI, TBKHM o5paaoM, 
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MOJKno KnaCCHijlHUHpOBSTb CMOTpSI IIO. TO My, KSKHS KBSnTOBbl8 'IHCna napywa-

IOTCSI 3THM B3SHMOttefiCTBH8M. t •. 

2. nepefitteM K IIOCTpoennro 6a3HCS nerrpHBOltHMOI'O npencTasnenHSI SU 5 • 

Onnoll n3 B03MOJKHhiX stBnsteTCSI cnenyiOwast cxeMa penyKnnH: 

SU
5

JR 5 JR3 

BbiSICnHM, na KSKHS npettCTSBnSHHSl pacnanaeTCSl nerrpHBOAHM08 IIpSACTaBne~ 

nne SU 5 
IIpH orpannqenHH MaTpHIISMH nSITHMepnhiX BpawenHfi II: na KSKH8 

npencTaBnenHSI pacnanaeTCSl nenpHBOAHMOe npencTasn;nHe R; npn orpa-

nn'lenHH TpexMepnhiMH spameHHSIMH. XapaKTepbl nenpHBOAHMhiX1 npencTasnennll 

SU , R n R pasnhl cooTBeTCTBenno /2/: 
5 • <J ' . 

X.n(~U5)= ~e"'p[ i(nlcpl +n2c/l2+n3</>3 + ni4 + 8 5</>5)], 

cp + cp +<P + cp +<P = 0, 
I 2 3 4 5 

n+n +n +n +n =n, 
2 3. 4 5 

O~n 1 ~ n, 

0 ( 3 )-1. 0 "'2 0 ( 3 ) -1. 0 <PI 
SID m + .,- 'f' 0 SID - - SID m+ - 'f' • SID -

"- I· 2 2 2 2 , 

o • 3 -1. o cp2 o 

0 3 -1. • • cp 1 . 
SID-'¥ • SID- - SID -~ •SIR-

2 I 2 2 2 2 

X. (R ) = 
m 5 

sin(f + .!.)-!.. 
X .(R ) =T 

. L 3 e 
02 'f' 

sin .!J~ 
z 

(2) 

(3) 

(4) 

MaTpiiUhl II.!ITHMepnhiX Bpawennfi rrony'ISIOTCSI H3 IISITHMepnhiX ynnTapnbiX, ec..:.' 

nn rronoJKHTb: 

cp I =-cp3 ,cp2 =-cp 4 'cp5 = O. (5) 

4 {-

nattCTSBn.SISI (5) B (2) H C06UpSS1 KOaljl¢HUH8nTbl IIpH X (R 
m : 

X (SU )=)( (R )+x (R )+ ••• 
n 5 n 5 n-2 5 

MaTpHUhl TpexMepnhiX BpamenHfi nony'laiOTCSI 11:3 MaTpnu IISITn 

nonoJKHTb: 

cp =2</> =2cp 
I 2 

nottCTSBnSISI (6) B (3), IIOny'laeM: 

X (R ) = '£ (r - r -
m 5 s=O 2s . .s-l 

) . 
rne' Mhl. nonoJKnlin: 

T =T +T + T + ••• 
s-3 s-6 

Hsnhlfi ann ljlopMyn (7) nan B npnnoJKennn .1. 

3. renepaTophl rpynrrhl TpexMepnhiX spamenHfi R 3 · ljln 

6oaanneMI 'IT06bl · onepaTophl b p. 

paTopaMH paHra 2 OTnOCIITSnhnO R
3 

6hinll nerrpHBOltiiMbiMII T• 

To= 2,Cx2p2-:~2P-2) +xlpl-x-lp-1, 

T = v2(x p + ·X p ) + y3(x p +x p ) • 
1 2 I -1 -2 · · I · 0 0 -1 

T =·'2 (X p +X 2 p I 
V I 2 - --I 

+v3-(x P +x p >. 
0 I -1 0 

nponnniOcTpHpyeM nne10 nocTpoennst 6a3nca nnst cocTOf 

yrnOBbiM MOMenToM. TaKHS COCTOSIHIISI ttOnJKnhl OhiTb CKanSI 

HO TpeXMepnhiX BpamenHfi. TaKIIM o6pa30M, IIpiiXOAHM K 38AI 

nnsapHanToB TpexMepnoll rpyrrrrht 
0 

spamennfi;. Cornacno .Teope 

KSlK):tbifi TSKOfi llnBapnanT MOJKST. 6h1Tb npettCTaBnen B BHlt8 I 

KOHS'Inoro 'IHCna 6a311CnbiX llnBapHanTOB; TBKOBhlX OKS3bJBae 

5 



ai!TOBbie '!l!cna napywa-

:oro ~peAcTaBneHIISI SU 5 • 

~LIYKIII!II: 

pi!BOLII!MOe npeACTaBne~ 

IbiX Bpawennl! 11 Ha KaKI!e 

~en11e R 5 np11 orpa-

,I!BOLII!Mb!X
1 

npeACTaBneHl!ll 

(2) 

(3) 

(4) 

I!MepHbiX YHIITapHbiXI ec-

(5) 

! 
l 

I 

noACTaBn.IHI (5) B (2) II C061!paSI Koa<jJ<jJI!Ill!eHTbl llpll 

x ( SU ) = x ( R ) + x ( R ) + ••. 
n 5 n 5 n-2 5 

)( ( R ) 1 HaXOAIIM: 
m 5 

MaTplll!bl TpeXMepHbiX BpaiUeHI!l! nony'la!OTCSI 113 MaTplll! IISITIIMepl!biX . ecn11 

nonolKIITb: 

(6) 

noACTaBnS!SI (6) B (3) 1 nonyqaeM: 

)( (R )= '£. (r -·r- ), 
m 5 .s=O 2s .~-1 (7) 

T =T +T +T + ... 
s s l'!-3 s-6 

HBHbill BIIA <jlopMyn (7) AaH B npl!nOlKeHI!II 1. 

3. reaepaTOpbl l"'pynnhl TpexMepHb!X BpaweHIIll R 3 <jli!KCI!py!OTCSI Tpe-

f>oBaHI!eMt 'IT06b! onepaTOpbl b /l 

paTopaMII paH!"'a 2 OTHOCIITenbHO · R
3 

6binl! Henp_IIBOLIIIMbiMII TeH30pHblMII one-

T = v2(x p + X p ) + v.nx p +x p ) 
1 2 I -1 -2 I 0 0 -1 I (8) 

T =v2 < x p + x p 
-1 I 2 -2 -1 

+v3-(x p +x p >. 
0 I -1 0 

npollnniOCTpllpyeM IILie!O IIOCTpOeHI!SI 6a311Ca AnSI COCTOS!HIIl! C HyneBblM 

yrnOBb!M MOMeHTOM, TaKHe COCTOSIHIISI AOnlKHb! .6biTh CKannpaMII. OTHOCI!Tenh-

HO TpeXMepHbiX BpaiUeHI!l!, TaKIIM o6pa30M 1 11piiXOLIIIM K 38Aa'!e H8XOli<AeHIISI 

IIHBapl!aHTOB TpexMepHol! rpynnhi · BpaweHI!l!;. Cor nacHo TeopeMe fl!nh6epTa/2 I 

KalKLib!l! TaKOl! IIHBapllaHT MOlKeT 6hiTb npeACTaBneH B BilLie noniiHOMa OT 

KOHe'IHOI"'O 'IHCna 6a311Ciib!X I!HB8pii8HTOB; TBKOBb!X OK83biBaeTCSI ABa: 

5 



1 2 =x~ +2(x 2 x_
1 

-x
1
x_

1 
), 

~ '• 

.13 =x
3

0
-3x

0
(x

1
x_

1
+2x 2 x-" 2)+3y'

3 
(x x

2 
+x x 

2 
). 

. · 2 · 2 -I -2 I 

HaaapnaHT cTenean n HMeeT BHll: 

.lpq·>=O )P (I )~ 2p +3q = n. 
2 3 

(9) 

.Jp,q> peannayeT <jJyHKIIHOH8.1IbHbiH 6a3HC ll.IISI COCTOS!Hll~ C Hy.lleBbiM yr.IIOBbiM 

MOMeHTOM, B cnpaaeJl.IIHBOCTH Toro, 'ITO I p q > lleiiCTBHTe.llbHO HC'IepnbiBaiOT 

6a3HCHbi9 HHBapnaHTbi ( OT IISITH nepeMeHHbtX) TpeXMepHOH rpynqhi BpaiiieHHH, 

MOlKHO y6eJlHTbCSI, , 9C.IIll 3aMeTIITb, 'ITO 'IIIC.IIO II9.1IO'IHC.IIeHHbiX• peweHnif· ypaB-

H9HHSI 

, n = 2p +3q 

COBII8ll89T C KpaTHOCTb!O BbtpOlKllElHIISI COCTOSIHHH C Hy.lleBbiM. yr.IIOBbiM MOMeH

TOM · ( CM. 11pll.IIOlK9HHe 1) • 

AHa.IIOI'H'IHbie paccylKJl9HHSI ll.IISI COCTOSIHHH C llp01!3BO.IIbHbiM yr.nOBbiM 

MOM9HTOM f 1103BO.IISIIOT IIOCTpOHTb llp01!3BO.IIbHOe COCTOSIHH9 SU 5 • npn 

aTOM Mbl orpaHH'IHMCSI IIOCTpoeH1!9M llpi!B9ll9HHbiX 6a3HCHbiX <jJyHKUHH (ll.IISI 

KOTOpblX M8I'HHTH09 KB8HTOB09 'IHC.IIO m paBHO CBOeMy MaKCHMa.llbHOMY 

3Ha'I9HHIO, TO eCTb f ) , COCTOSIHHSI C llpOH3BO.IIbHbiM m no.nyqaroTcSI npn-

.IIOlKeHneM K npnBe}leHHOH <jJyHKIIllll JlOCTaTO'IHOI'O 'IHC.IIa pa3 oneparopa T • npn-
-1' 

B9Jl9Hilble <jJyHKIIHH, OIIHCbiBa!OIIIII9 0 <jJoHOHHOe COCTOS!Illl9 C op6HT8.1IbHbiM 

MOMeHTOM f , HM910T BI!Jl: 

a) Jl.IISI '19Tilb!X f 

f+2p+3q-n 
I p q e. n > = (12 ) p. (I 3) q. ( X 2 ) • y 

. e 
max (0, n - e ) < 2p +3q < n- - • 

- - 2 

p,q > 0. - . 

6 

n- ~-2p -3 q 
2 

(10.1) 

I' 
I 

I 
I 

I· 

J 
1.: 

I ~ 
I 

6) ll.IISI He'leTHbiX·£.' 

·.p q. f-'n+2p+3q. 
I p q e n > = (J ) . (I ) • ( X ) • • y 

. 2 3 2 

m~x (0, n -f)~2p.+3q~n-

y = y'3 
2 \ 

XI -2y2 X2 XO 

i,. 

f +3 
-2-. 

z=x~ -v'~x· ·x ·x· +2x 
2

x 
t · 2 J . 0 2 -t. 

TaKHM .o6paaoM, .K~OMe KBaHTOBbiX 'lncen n 

n- 2p ~-3q 

e .: aeo6: 

'IRena p · , q , T,e,' 'IHC.IIO CK~.IIS!pHb!X <jJOHOHHb!X lly6neTOI 

4. XOTSI 6a31!CHbi9 <jJyHKIIHII (9,10) IIO.IIHbl ll HM910T SIC.Hbtl 

CMbiC.II, OHII :aeyll06Hbl c, M8T9M8TII'19CKOH TO'IKH 3p9HHSI, Hanoi 

HHe TeH30pHOI'O OllepaTopa paHra f OTH,pc·I!T9.1IbHO rpyllllbl 1 

BpaiiieHHH, f.L -aS! KOMIIOHeHTa TeH30pHOI'O onepaTopa · YllOB.II91 

HOW9HHSIM: 

[T 0 ,f.]=f.Lff.L, 
:f.L 

, [ T 1 [ T _ ~· f f.L ]] •_;. [ T _ 1 [ T 1 f f.L ]] + [ T 
0 

[ T 
0 

f f.L ]] ;_ 7 Cf+ 1) f JL 

LT
1 

,fel=[T_
1

,f_f l= o. 

npaKTH'IeCKH . IIOCTYIIa!OT TaK: peiiiaJ?T ypaBH9HH9 ( 11) }l.IISI OJlll 

Tbl, HanpHMep Jl.IISI f o 1 a OCTa.llbllble IIO.IIY'I~IOT KOMMyTaiiH€ 

Tt ll T • r HIIIeM B BH}le 
-1 0 

r =<f>Cf.L)x P 
0 f.L f.L 

;·: 

;: 

noJlCTaBIISISI ( 12) B ( 1l), rrony'laeM C.II9JlYIOIII99 ypaBH9Hll9 ll.IISI 

L 12-: 2 f.L 2 
- e u _..1 > 1 cfo < f.L > = <2...:. JL )(3 + f.L > cfo < f.L ~ o + 

+ (3- JL )( 2+ f.L')cfo ( f.L-1~. 

7 



(9) 

lit c ayneBbiM yrnoBbiM 

CTBHTenbHO liC'IepObiBSIOT 

epaoll rpynqhi epameHHll, 

1cneHHhiX • peweaHi! ypaa~· 

IyneBbiM, yrnOBbiM MOMSH-

>Oii3BOUbHbiM yrnOBbiM 

:OCTOS!HIIe SU 3 • npH 

8311CHbiX <jlyHKUHH (AnSI 

BOeMy MBKCHManhHOMY 

>lM' m nony'laiOTCSI npn-

)83 onepaTopa T _:I . • npn

'0SIHII9 C op6HT8UbHbiM 

e 
_;-2p -3 q 
2 • • 

(10.1) 

. ' 
I 

1 .• 

'IHCna 

6) .QnSI H9'19THblX f,' 

·P q f-n+2p+3q 

leq£ n>=02).(Ia)·(x2) .• y 

max (0, n -fl$.2p,+3q::>_n-

-- 2 -
y=y3 x 1 :....2y2 X2XO 

e +3 
-2--, 

2 • z 

( 10.2') 

TaKHM .. o6pa30M1 .K~OMe KBSHTOBbiX 'lliCen n 1 f 1 • Heo6XO.QiiMO 38.Q8Tb 

p q 1 • T,e. 'IHCnO CKSUS!pHbiX <jJOHOHHb!X ,~:~y6neTOB H TpHnneTOB, 
; .. . ' - ' ' : '• 

4. XOTSI 6a3HCHbi9 <jlyHKUHii (9,10) nonHbl H HMSIOT S!C.HbiH <jJH31i'I9CKHH· 

CMbiCU 1 OHH :aey,~:~o6Hbl c, M8T9M8TII'I9CKOll TO'IKH 3p9HIISI, HanOMHHM Onpe,~:~ene-: 

Hlle Teaaopaoro onepaTopa paara 

·,'t· 

apameanft. f.l -aS! KOMnoaeHTa Teaaopaoro onepa Top a· y,~:~oaneTeopSieT .cooT-· • 

HOWSHIISIM: 

=t.tf 
f.l 

';. 

... 

'[l 1 [T_ 1,ff.I]]'~[T_ 1 [T 1 £/.1Jl+[T 0 [T 0 ff.l]];_~<f+l)ff.l 

lT
1 

,fe]=[T_
1 

,f_f ]= 0. 

,( 11) 

npaKTH'I?CKII . UOCTynaroT TaK: peWaiOT ypaBH9HH9 ( 11) .QUSI OAH?H KOMUOHSH-

Tbl 0 H8UpliM9p .QnSI f 0 0 a OCT8UbHb19 nony'I~IOT KOMMyTaUIISH 

II T. , £ 
0 

IIWSM B BII.Qe 
-I 

f =cp(f.t)X p , 
0 f.l f.l 

no.QcTaBlfSISI ( 12) B ( ll), nony'laeM cne,~:~yromee ypaeaeane. ,~:~ng <Pti • 
ll2-:2t.t2- £(f,i.I)]cp(f.1)=(2-t.t)(3+t.t) cp (t.t·+ 1)+ 

7 

c 

( 12) 

:-:. 

... 



0TCJOt:ta cnet:tyeT: 

cf> ( + I) = [ I- ]_ f (f +I ) j </> ( + 2 ), 
- 4 - '·· 

. < f+2H f-I)(f -3H e +4) 
</>(0)=----------------~ '+I). 

6[4- f ( f +l)l 

3aa'leHIUIMII f = 0,1,2 ,3,4 IIC"lepUhiBSIOTCH reaepaTOphl . SU 5 , Teaaop 

ayneaoro paara coanat:taeT ·c C = x p , T,e. c onepaTopoM Kaa11M11pa nep-
1 ll ll , 

aoro nopHt:tKa rpynnhi U 5 • llp11 f =I nony'la~M reaepaTOphi rpynnhi 

yrnoaoro MOMeHTa T • HBHhiii BIIA TeHaopHhiX onepaTopoa Q.., 
/l • r 

(paH-

ra 2 ) , F ( f = 3 ) 11 H (f. =4) naa a up11nmKeH1111 2~ 
ll ll 

CoaoKynaocTb oneparopoa TIL~ F k reaep11pyeT rpynny .. R 5 , Ec-

TeCTBeHHO U03TOMY MapKIIpOBEtTb 6a311C SU 5 cnet:tyJOIUIIMII KBaHTOBhiMII 

"liiCnaMII!, n - co6cTaeHHhiM 3Ha'leHIIeM C · ; A - .. co6cTaeHHhiM aaa"le-
. . '· . I 

HlleM c2 (R5 ) . '- onepaTopa Ka311MIIpa BTOporo nop511lKa rpynnbi R 5 ; e. 
. rn - yrnoahiM MOMeHTOM 11 ero npoeKulleii. Ha np11nomea11H 1 . . . cnenyeT, 

'ITO BHYTPII t:taHHOI'O MynbTIInneTa R 5 . COCT051H1151 C t:taHHhiM f BCTpeqa

IOTCll 'aecKOnbKO pa3, ll03TOMy He06XOAIIMO HaHTII llOUOnHIITenbHOe'KaaHTOBOe 

"ll!CnO, CHI!MaJOIUee BhlpOllit:teHI!e UO f • 

5, 3aMeTI!M, "'TO COCT051HII51 (?) He IIHBapnaHTHhl OTHOCI!TenbHO BpaiUe

HHH B ll51T~MepHOM, UpOCTpaHCTBe, J1a (8), OllHaKO, MOlliHO COCTaBIITb C06CT

BeHHyJO «i>YHKUIIIO C 
2 

(R 
5

) , paBHOI'O!. 

C ( R ) = T ·2 + F 2 
• 

2 • 5 

T 2 = T 0 ( T 0 +I) + 2 T -I T I • 

F
2 

=F
2 

+F +2F F +IOF F +IOF F + 6T. 
0 0 -1 I -2 2 -3 3 0 

.UeiicTayeM C 
2 

Ha I q > 

c lq>=45q(q+I)Iq>-45q(q-I)Iq-2>. 
2 • 

11meM cf> = ::£ c(qJ'Iq>. TaKIIe, "'T06hl C </>=A¢ 
2 

, 3TOMY MOlliHO YllOBneT-

· BOpiiTb, eCnll An 51 C ( q) Bh!UOnH51eTC51 cnenyJOIUee peKyppeHTI!Oe COOTHOIIIeHIIe! 

c_(q+2>= 45 q (q+I)-A 

( 
. c(q). 

q+I )( q+2) 

8 

Ycnoa11e o6phma p511la onpet:tenHeT co6cTaeHI!bie. aaa"lei!IIH A 

u11eHThl c ( q): 

11 Koa4>4>11-

A = 45 q 
0
( q 

0
+ I) , 

q a-2 

c(q)= con . 
. s=l (q-q 0 2+2sHq+q ~+2s-O 

(q+2s)(q+2s-I) 

c = L c (q ). 
0 45 . 0 

l. 

Momno noKa3aTb, "'TO q. =.!.: e 0 • rt:te e - MaKCIIManbHOe 3Ha-
o b 0 

"lei! He yrnoBor·o MoMeHTa nng· naliaoro npencTaaneall.ii R 5 ·• 11Mesi CKanHp-

HyJO npiiBet:teiiHYIO «i>YHKUIIJO, nerKO ·UOCTpc;mTb «i>YHKUIIJO, OTBe'laJOIUYIO yrnOBO-

MY MOMeHTY e • HanpiiMep, nng e 0 = 0(. rnod3) 11!14eeM: 

f P f q ( F )l n, f> .. 
2 4 3 0 

2p + 4 q + 3 r = e • p + 2q - r = w • 

I 3. . , 
f = F F - - y - ( F 2 

- T 2 
) - L F. F. - F. 

2 0 ·2 5 · 2 I 1 V2'. -I 
1
3 ~ 

_!_(.J}T F +T F +.!..T F ), 
2 , -1 3 0 2 5 I I · 

f = 2v3F. F +: 5F2 
. -2v2-T F • 

4 I 3 2 . I 3 

llpll 3TOM «i>YHKUIIII C OlliiHaKOBhiM W' f II pa3nll"lHhlMII · p , q 

OKa3biBaJOTC51 niiH<:JHHO 3aBIICIIMhiMII. 

6, BKnJO'IIIM B3aiiMOt:teiiCTBI!e . MelliAY «i>OHOHaMII, llpll 3TOM Mhl O!'paHII

'II!MC51 cq,epll"leCKII CIIMMeTpll"lHhiMH. llBYX"laCTII"lHhlMII; He Hapyllla!OIUIIMII 3pMII

TOBOCTU. I'aMiinbTOHIIaHa II COXpaH51101UIIMII "liiCno «i>OHOHOB, CaMOe o6mee 

B3aiiM01lefiCTBIIe .-TJl.KOI'Q TIIUa HMeeT BIIA 

, L. 
V=:£G [xx]L[pp]·,· 

LM L M M 

L npiiHIIMaeT aaa'!eH11e 0,2,4. llepeXOllH a raMIInbTOHIIaHe H =H
0 

+ V 

B KaHan "laCTI!Ua-llhipKa, nony"laeM.: 

;. · · I 2 I 2. I ' '' 2 
ll=(w-f )C + -f C +-f T + -f fJ 

0 I • 5 0 I IO I IO 2 

+-I-f3F2+ Lr4 H 2. 
IO 70 

( 13) 
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C I 
T 2 II', F 2

' 6hinll orrpeaeneHhr paHee. OnepaTopbr - Q 
2 

11 'II 2 

paBHhr: *t. 

2 ' ' - 21 
Q 0 + 2Q Q +4 Q Q +- T + !L F 

_ _ -I I -2 2 5 0 - 5 0 
Q 

2 2 
II = 11

0
+1011_

1
11

1 
+1011_ 2 11~ +7011_

3 
113 

+ 140 n_
4
n. + 70 T 0 -15F

0 
• 

; 

KoHeTaHTbl- B38l!MOAeileTBIISI B KaHane 'laeT!IUB-!lblpKa eBSI38Hbl e KOHeTaHTa-

Mil B KaHane 'laeTl!Ua-'laeTl!Ua: 

1 9 
f =-G +G +-G, 

0 -5 0 2 5 4 

f =!_G ,-~-..!.G -~G 
1,5 o--2 2 54 

f =!_G - ~G + !lLG 
2 5 0 14 2 35 4 

f- =.!_G·- !_G _2_G 
5 0 7 2 70 4 

f = L G + 1--G + _1_ G 
4, 5 ' 0 7 2 • 70 4 

raMUnbTOHllaH (13) eoeTasneH H3 I'eHepaTOpOB 'rpynnhi U6 , KsanpaTH'l-

Hhiil: onepaTop Ka3l!M!!pa rpynnhi SU 
6 

paneH: 

c 2 (S!J 6) = 7 ( '!' 2 
+ F 

2 >+ 5 Q 
2 

+ II 
2 

= 56 c I ( ~ I + 5 L 

HaxonH 11 2 
H3 (13), F 2 

H3 C 2 (R 6 ) H noneTasnSISI HX s ( 13), nony'laeM: 

1 2 1 ' 
II =(c.>-f + 4£ )C +-(£ +_4£ )C + -(£ -L )C (R ) 

0 4 I , 5 0 4 I 10 3 4 2 6 _ 

f -'- f 
- _1_3_ 

10 

II pH r 2 = r 4 

T2 + r:rr4_Q2. 
14 

( Rnll, 'ITO TO )Ke eaMoe, G 2 = G 
4 

) TO'lHOe eo6eTseHHoe 3Ha'le-

HHe raM,llnhTOHllaHa pasHo: 

(c.> - £
0 

+4 C ) n + .!.(£
0 

+4£ )n2 + .L (C -C ) f ( f
0 

+6 ). 
4 5 4 sa 4 0 

poTaU!!OHHoil- nonoehl s aT_OM enyqae He B03Hl!KaeT. I1p11 G2 f. G 4 po'I'aUHOH--

HaS! nonoea ·noSisnSieTeSI, HO fo , onpelienSIJOuiee HenpliBOllliMOe npeneTas-

neHlle R 
6 

, nepeeTaeT 6biTb xopow11M KBaHTOBbiM 'lllenoM, 3aMe!HM, 'ITO 

nony'laeMaSI TaKIIM o6pa30M poTaUHOHHaSI rionoea OKa3hiBaeTeSI KOHe~HOil, IJo 

eyTll aena, OHa eeTb eneaeTB!Ie TOI'O, 'ITO nonHhlll I'SMHnbTOHllaH HMeeT Hll3-

-WYIO eTelleHb eRMMeTpllll (R 3 ) 

HOM ,(SU6 ).-

UO erasHeHIIIO e l!eXO!IHbiM -I'8MHnbTOHll8-

7, C apyroil eTopoHhi, s pa6oTe i31 H3 aHanH3a aKenepRMeHTanbHbiX 

!18HHbiX 6bin eaenaH BbiBO!l, itTO pOT8UHOHH8SI nolioea' B _HApaX <lJopMHpye~e-SI 

TSKIIM o6pa30M, 'ITO HIIK8Klle !IB8 'lneHa pOTSUIIO,HHOil: nonoebi He npHHa!l- ' 

ne)KaT O!IHOMY H TOMY )Ke MynhTHnneTy -SU 
6 

nonoea OeHOBHOI'O eoeTOSIHIISI <lJopMllpyeTeSI 113 

-- ;- Hanpl!Mep; spamaTenbHaSI 

+ + ' + 
O.(n=0),2 (n=l),4 (n=2) •• -; 

f3- nonoea eoeToHT 113 W(n=2),2+(n=3), 4+(n=4) ... ; y·- nonoea_(K=2) 

eoeTOHT 113 2+(n =2),3+(n=3), 4-+(n=4)... H T,!l, IJoeMOTpl!M 0 Henb3SI n11 , . . . . 

Opi'8HH30B8Tb eoeTOSIHIISI BHyTpll TaKOll poTaU!IOHHOil nonoehi B MynbTl!UneT 

HeKoTopoil _rpynnhi r 1 .• IIoeKonhKY , .. spamaTenhHaH nonoeKa eoaep)Kl!T see 

3Ha'leHHSI (AnSI {J -nonoebl,- TOnbKO 'leTHbie) yrnOBbiX MOMeHTOB0 H8'll!H8SI 

TO ~pynna rl HeKOMHaKTHa, nanee, r_l SIB-e aeKoToporo f min 

nHeTeSI UOAI'pynnoil: r ! OU!IebiB810IUeil see pOTaUIIOHHbie MynhTl!UneTbl, 

3aMeTIIM, 'ITO- Ha'lanhHhie H KOHe'lHbie 3BeHbSI STOll UeHO'lKH onpenenSIJOTeSI 

UO'lTH OliH03H8'lHO: B eaMOM nene, I'pynn!'i TpeXMepHbiX BpaiUeHHll eoeTOIIT 

Ra reaepaTopos T 0 , T 1 'T_ 1 , 811!1 T 0 ,T1 ,T_ 1 
OliH03H8'lHO <lJ!!K-

eHpyeTeSI' Tpe6osaaHeM, , 'lT06bi x , p - 6binll TeH30pHbiMH onepaTopa-- p v . 
Mil BTOpOI'O paHI'a, C !IIJYI'Oll eTOpOHhi, r onpeaenSieTeSI KaK HeKOMU8KT-

HOe paewHpeH!Ie 5U
6 

, .eoaep)Kamee K8)K!lblll MynbTl!UneT 5U6 TO'lHO 

O!IIIH paa, T~KIIX paewllp~Hllil!lsa 141: SU (5,1) 11 Sp (5,5). HeKoMnaKT-

Hhie reaepaTopbi pasHhi: 

a) , !I n-SI su (5,1) 

vc-:::fx 
I p 

yC . P 
1 v ., 

6) AnSI Sp (5,5) 

' ·x -x v. p pp v' p 



,,. 

3aMeTHM, , 'ITO r t TaKJKe ;onpeAenneTCH· OAH03H8'1Ho: eAHHCTaeaaoH: noArpyn-

noli, H8H6one.e CHMMe.TpH'IHOe npeACTaaneHHe KOTOpofi COAeplKHT TO.ribKO, 'leT

Hble yrnoabie MOMeHTbi; AnH f3 -nonocbi H ace MOMeHTbi AnH · Y -nofiOCbi, 

siBnHeTC_H (;L(3R) /5/, nerKO y6eAHTbCH, 'ITO H3 T 'o ' ,T I " T_I .. 

onpeAeneHHbiX COOTHOIIIeHHHMH (8) 1 H .BbinHC8HHb!X HeKOMnaKTHb!X reHepaTOpOa 

Hea03MQ)I(H0 noCTpOHTb ·GL(3R) , 3To 03Ha'laeT, :'ITO He CyllleCTayeT_ npo-

Me)l(yTO'IHOfi rpynnbl r 1 1 KOTOpaH OnHcana 6bi ace COCTOHHHH TOnbKO 

oAHOfi apallll!.TenbHOli. r:onoCbi, 

.8. 3aMeTHM; 'ITo_, Sp(5,5). COAePJKHT noArpynny , nah_SIIOIIIyiOCH np_SI-

MhiM npoHaaelieaHe.M Rs H S0(2,1) -;-R 5 reaepHpyeTCSI onepaTopaMH 

T P. , F k ; reaepa TOpbi _ SO ( 2,1 ) paaHbi: 

S 
0 

=..!_ ( C + .&. ) , · S- = - 1-' -1 (x), S = ;;.]__I ( p). 
2 . I . . 2 I 2-./2 0 -I 2y'J:'" 0 

TaKliM o6pa3QM, cocTosiHHH 

THnneTbi SO (2,1) 'x R 5 

Sp (5,5) pa36Haaro:rcSI Iia HeKoMn'aKTHbie Mynb

KakAbil!. MynbTHnneT MapKHpyeTCH OAHHM KBBH.; 
,.. 

TOabiM 'IHCnOM, KOTOpOe paaHO n ·' 
0 (' MHHHMBnbHOMY co6cTaeHHOMY 3Ha<le'-

HHIO_ C I a ABHHOM MynbTHnneTe S· 0 (2,'1) ) 1 H a TO )l(e caMoe ·apeMH 

paaHc) nonoaHHe M'aKCHM8nbHOI'O .MOMeHT8 1 COAep)I(8IIIei'OCH a ABHHOM npeA;_ 

·n. < 1 o --1 o > n .. CTaaneHHH • 
5

. .n 0 = 2 L max = 2 L 0 • OHCHHM, no'leMy H8PMY C MynbTHnne-

TOM (£--0'£
0

) He ~cTpe'l0aiOTCSI MynbTHnneTbi (£ 0+2,£o), <£o +4 ,£o)'· 

H T.A. 3To canaaHO e · TeM, 'ITO 'AnSI ABHHoro- 3Ha'leHHSI 'IHCna n MynbTHIIneT 

R 5 acTpe'laeTCH TO'IHO OAHII paa, nosraneHHe MynbTnnneTa ·(£ 0+2,£ o> 

npHBeno 6bi, HanpHMep, I{ TOMy, 'ITO HMenocb 6bi Aaa MynbTHnneia R 5 · 

C oJiHH8KOBbii~IH '(n', £ ~ )· H pa3Hb!MH D 0 • . 

PeaiOMHpyn, MO)I(!IO ciea·aaTh, ·'ITO' SU MoJKeT 6biTh anoJKeao J3 · 
' 5 

HeKOMnaKTIIYIO rpynny Sp' (5,5). npH 3TOM Kll)I(AOe npeACTaaneHHe ' su 5 i 

acTpeqaeTCH TO'IHO OAHH pa3, Sp (5,5) M<?JKeT 6biTb pa3JiO)I(eHa no 'npeA-

CTaaneHHHM HeKOMnaKTHOii rpynnbi so (2·, 1 ) X !{ 5 ..• npH . 3TOM BCTpe'la-

IOTCSI TO,I'IbKO MynbTHnne'l'bl a Hila ( f o• f r) II TOnbKO no OllHOMY paar • KaJK-:-

Abiii My,ribTIInne: SO (2,1) x·rr~ MO)I(eT 6biTb, a caoro O'lepenb, paano-

JKeit KaK no MynbTIInneTaM SO '(2,1), TaK II no MYflbTIInneTaM· R • 
5 

HanpiiMep, f 0 MynbTIInneT SO (2,1) conepJKiiT co6cTaeHHbie 3Ha'leHnSI 

C I ( T.e. onepaTopa 'IHCna ljJOHOHOa), paaHbie: n = 
1o .1o .2·1~-+4 -L Qt -L o+ ,-Lo ••• 
2 2 2 

12.' 

' 

. 

,~---- -----Gplr;~ ?)------------* 
. ' 

~Us- SOtlli) ® · ~~-

4 ~ 

~ G 

2, Lr 

J, 1 

:: 0 .---,------ e.o:~ 
Pnc.1 

Paano)l(eHIIe f o MynbTIInneTa R 5 naao a npnnoJKeHRII I. Ha pnc. 1 cxeMa":' . 

TH'IeCKH. noK838HO pa3,riO)I(eHIIe Sp ( 5,5) KBK · Ha Mf,l'lbTIInneTbl SU 
5 

, T8K 

H Ha MynbTRnneTbi S0(2,1)xR
5 • HcHo, 'ITO o6a paanoJKeHIISI non-

HOCTb!O 3Ka1IaaneHTHbl 1 HO pa3nO)I(eHIIe H8 MynbTHnneTbl SU 5 nyqllle npHc-

noco6neHO AnSI OniiCBHIISI aii6p8UIIOHHbiX CaOiiCTa SIIlep ('leMy COOTaeTCTayeT 

~a PII~YHKe 'roToaan• aii6paUIIO.HHaSI n'onoca), TOI'Aa KaK paano)l(eHIIe no 

MynhTIInneTaM SO (2,1) x R5 6onee yAo6ao npii oniiCaHIIH poTaUIIOHH~Ix 

caoiicTa Mep (cooTaeTcTaeaao .roToaaSI poTaUIIOHHaSI nonoca). Ecnii raMIInh-· 

TOHIIBH IIHa·apii8HTeH OTHOCHTenbHO SU 
5 1 TO cneKTp -''IIICTO aii6p8UHOH-

Hbifi, T,K. onepaTop Ka31IMHpa . C 
1 

- eAIIHCTaeHHbiii onepaTop, nHaapHaHTHbiii 
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OTHOCHT6flbHO BC6X npeoopa30B8HHli: SU 5 
• Ecria raManbTOHaaH HHBapaaHTeH . . . 

oTf[ocaTenbHO R
5
xS0(2,I) , _To cneKTP onpenenlleTcSI KOMoaHauali: q~epaTopoB 

KaaaMapa. R 
5
' H· SO (2 ,1) H HMeeT BpamaTenbHbili: xapaKTep. BaaaMoneli:

cTBHll, peanaayeMb16 B neli:CTBHT6flbHOCTH, liBflll!OTCll, UD-BHJ:lHMOMy, Up?Me

}KyTO'IHbiMH Me·}Kny aT!tMH nBYMll 'cny'laliMH., PaayMeeTc~, Mbi. aeliBHo up en-

nonO}KHflH, 'ITO Sp (5,5) liBnlleTCll rpynnoli: HeHHBapaaHTHOCTH HeB03MyiUeH-

. \ 
HOI'O I'8MHnbTOHHaHa. 

llo3BOnHM Ceoe B 3aKniO'I6HHe CUeKynliUHIO. f;liJ:lll Ha pHC. 2 .. 38HMCT-

BOB8HHbiH H3 CT8TbH" p • llJenali:Ha /3/, TpyJ:lHO OT]:lenaTbCll · OT MbiCnH, 'ITO . . I 

nepexon OT ccpepa'leCKHX llnep pali:oHa v_ K y -HeCTaoanbHbiM liJ:lpaM npOHC

xonaT, ecnH raManbTOHI!aH nepecTaeT 6biTb aHBapaaHTHbiM oTaocaTenbHO 

SU 
5 

,., ao coxpaHlleT HHBapaaHTHoc~b o;;~~~TenbHO. R 5 . ( npoacxonat:· pac-

menneaae Ha MynbTanneTbi R5 , caMH }Ke. MynbTanneTbi R 
. 5 

coxpaHliiOT 

CBO!O uenOCTHOCTb). llpa nepeXOile B palloR BpaiUeHHH CHHMaeTCll HHBapaaHT-. . 

HOCTb OTHOCI!T6flbHO R 5• 

ABTOP c'laTaeT CBOIIM npHliTHbiM nonroM noonaronapHTb B.r. ConoBbeBa 

aa nocTOliHHOe BHHMaHae H HHTepec K pa6oTe, P • .O}Konoca - aa o6cylKneaae. 

I /~ . 
I 

I 

I 
I 

·/-
I 

I 
I 

I 

I 
I 

I 
I 

~ ..!.:!.. 

~ 
~ 

5+ \ 
----,' 

" ,_.!..!- ....!.!- ~\' 
: ..JZ. ~,\ 

,' 2. ..1..!..,._ ·-!.:.., ~:~l\ 
,' ,r--;;- nc.:O"'.. o + •1,·f'' II~ tJ " --··· I II 0cz2 no•l "',~ nc.:O.•, ', 1\\ 

I H tJ ~ ..... 1\ I' 1 

r ,'f n0=o J.l:.. K•2 ~~ .... no=2~~~ ~: . .\ 
.,.....!.!.. I '• K=' 0 ",,:-K=0,4;• 1'1 

• ,/ . :' /: .. ~~ ..... ~\.\ \1, 
I I , . 11 ' ~ ....... .:,. \~ 0346+-

0,1,2,3, ,' ,' ~ .: ,' ..................... ·r .. 1 ·.. o 1 2 3 
...... 5.6, . .' .. ~·-· 4.. , . ~ ........ ~,~ . .-· .. \z .. ~ 6 ....... \a·1b~ e 
'1Z!.!9"' ...:.,§..!_ .. "' ~-- ··------ 6• 6+ "\1=--~ ' " ' I+ ,, ,,. ...... "" /, ·-·-- ----=:::: ...... ----- \ ~ .. - .......... ----~-------

• ' 5 1"""'"' . ·· I 1 ...!2.!.....--- 51- '~ t '1 '., 2 41-

~~~~~;l;:.TI:-~:'·.-: -- .-;-::-;!/ _____ ::: :; :·_::::=::~:~:~:f.~~:;:~-;~ (IW 
0.2.3. ••• . 0 0 ••••••• -. 0 •• _.2.!.. ............. I> -~-->.·•··· -····---··-~ '{ 0 2' ..!..it.~;:-,: i:.ntl• ~ ' ......... ~a·2 .................. '' n~•l -l!...,.. ..... na•l'" ·\ ~ .. :~.... \ . np•' \ J~ 

1 

··-----........ ..~.><: <:• ~~·~ K•2 \,, -~~--•• \ ••• ·····\: . I ---- 2 ... - • -- -- • .O,l,4,6T.• ' 

'·'·'' "·~~;oc:co-i•:-:.:~1 :·::-~... :::::-~:~::::-: : :~ -~~:~~~~:~ ',, ·~~· -::::~~~--:: · 
_ _,Q_!:_ __ -------------

n~=O,nfi=O, 

ROTATIONAL NUCLEI !ii 

2+ 
--....... ...1 

---............ _ -...:l.:f----------- ... -------
---~---------··j--J.:. 

"13' 0 SPHERICAL 
!!UNSTABLE NUCLEI NUCLEI :11: 

~ -··t··--·---- _..2.±.., __ ... -.----------SPHERICAL no•O, "13•0 
NUCLEI I •1'1 UN~TABLE• NUCLEI n 

Pac.2. 
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llpano}KeHHe f 
Ha}Ke npaBelleHbl KpaTHOCTH Bbip0}K/l6HHll no yrnoBOMy MOMeHTy. 

Anll aaaoonee caMMeTpH'IHOro npencTaBneHI!ll R 5 , xapaKTe-

pH3yeMOI'O 0/lHHM HHileKCOM n • B nepBoli: KonoHKe naHbi 

yrnOBble MOMeHThi, BO !3TOpOll - KpaTHOCTb · BhlpO)KJleHHll, B 

rpeTbeli: - np~nenbi H3MeHeHHll. BenH'IHHa m 

.'ITO f.,= m ( m od3 ). 

n = 6,\ , m = 0 

oaaa'laeT, 

T(6s)+T(6s+3) s +I· 0 < s < .\- I 

1' .(.6.,\ ) . .\+I 

T(6s) + T(6s -3) 2>.+ I-s .\+I<s< 2.\ 

n=6.\, m .. I 

T ( 6 s +I ) + T ( 6 s -2) s 0 < s <>.-I 

T(6.\·-2) ,\ 

T(6s+I)+T(6s+4) 2.\ -s .\<s<2A 

n = 6.\ , m = 2 

T(6s+2)+T(6s+5) s O<s<.\-I 

T(6>.+2) ,\ 

T(6s+2)+T(6s-I) 2.\-s A+ 1 ~ s ~ 2 .\ 

n = 6.\+ I,m=O_ 

T(6s)+T(6s+3) s O~s:s_>.-I 

T(6.\) ,\ 

T(6s) + T(6s -3) 2.\-s +l .\+I <s<2.\ 

15 



n=6A+I, m=I ----
,•r. 

· T(6s +I)+ T(6s -2) s O<s<A-I 

T(6A-2) A .. 
T(6s +.I)+T(6s+4) .. 2A..:: s A<s< 2A 

n = 6A+l , m =2 

T (6 s + 2) + T (63 + 5 ) S.+ I 0;.$ s :;_A-I 

T(6 A+ 2) A+ I 

T(6 s +2) +T(6s -I) 2A+ I-s A+ I < s < 2 A 

·n=6A+2,m=0 

T(6s )+T(6s+3) s 0_$ s 'S_A -I 

T (6 A) A 

T( 6s)+ T(6s -3) 2A+ I-s A+ I ::; S.$ 2 A 

.n =6A + 2 , m =I 

T(6s +I)+ T(6s -2) s O<s<A 

T(6 A+ 4) A+ I 

T(6s +Il + T(6s + 4) 2A +I-s A+I<s<2~ 

n = 6A+ 2, m = 2 

T(6s+2)+T(6s+5) s +I 0< s <A-I 

T (6 A+ 2) A+ I 

T(6 s + 2 }+ T(6s-·l) 2·A+ I-s A+ I< s·<:2.A 

16 

.. n ·=·6·A + 3; m = 0 

T (6 s ) + T (6 s + 3 ) 

T(6A) 

T(6s l + T(6 s -3) 

s +I 

A+ I 

2A+ 2-s 

n·-6A+3, m =I 

T(6 s +0 + T(6 s-2) s. 

T(6A+ 4) A+ I 

T(6s+I)+T(6s+4) 2A+I-s 

n = 6A +3, m = 2 

T(6s +2) + T(6s + 5) s 

T(6A+2) A 

T(6s+2)+T(6s-I) 2A+ I-s 

n=6A+4, m=O 

T(~s)+T(6s+3) s 

T(6A+ 6) A·+ I 

T(6s )+ T(6s -:-3) 2A + 2-s 

n=6A+ 4, m =I 

T(6s +I)+ T( 6s'-2) s 

T( 6A+4) A+ I 

T(6s+I)+T(6s+4). 2 A+2-s 

17 

0 < s <A-I 

A+ I S,s'S_2A+ I 

0< s <A 

.\+I~ sS,2A+ I 

O<s<A-I -

A+I<s<2A+I 

O<s<A 

A+I < s < 2A+ I 

0< s <·A 

A+ I< s< 2A+ I 



n .- 6.\+4 , lit ='2 

T (6s + 2 ) + T (6 s + 5) s 

T(6.\+ 2) A+1 

T(6 s +2) + T'(6s'-l) ·2·A+ 2-s 

n =6A + 5, m = 0 

T(6s)+T(6s+3) 

T(6A+ 6) 

T(6s) +T(6s-3) 

s 

'A+1 

2,\,+ 2-s 

n =6 A + ·5, ·m = 1 

T(6s +1) +T(6s-2) s 

T (6A+ 4) A 

T(6s +1) +T(6s +4) 2A+ 2-s 

n =6A+5, m=2 

T(6s +2) +T(6s +5) s+1 

T( 6A+ 2) ,\ + 1 

T(6s +2)+T(6s-U 2,\+ 2- s 

18 

•r •. 

O_ss<X-1 

·A+ 1 s_s :::_2 A+ 1 

O:S:s~,\ • 

,\·".+2< s< 2,\+ 1 

0< s <,\' 

X+1<s<2X+1 

O_::s.::X,-1 

,\+1.,$ s_$ 2,\+1 

npl!nOlKGHIIe. 2 

Ko;-maKTHbi~. r_eaepaTop~I ~p~·:.. 
'7 

To = 2( x2 p '2 - ~ 2 P:..2 . ) + xl pI -X":.. I p .:.'1'' .•• :· •• i. . ':~ 

T = y'2( X p + X p ' ) + y'3 (X p +X p ) 
I 2 I -1 -,2 "' .1 ._0 0 .-L. ~-: ' 

T_,=_(T
1

.)+ 
.... ·:·· 

.. 
Fo= x2 p2--".-i-2.- 2(x,pl-x-lp _ 1) ·-··, 

F 1 =v'2- ( x 1 Po +X 
0 

P-I )- V 3 (x2 PI + x_ 1 P_2 

.F 2 =X2Po·-xop-2 

Fa = x 1 P -2 ·+x· 2 P -1 

F'_:,(F, )+ 
-p. . IL -~ ~ 

Q =·2(x · p + x p ) -x p .-x p -2x p 
0 2 2 -2 -2 · I I -1 -1 · 0 0 

Q I= -v"6 (x2pl -x-lp-2 -xlpO·+xOp·-1 

Q =v"i(x p +X p )+..[3 X p 
2 . 2· o .·o -2 1 -1 

Q =(Q )+ 
-p. .IL 

II =xp +x p. -4(X: p +x. p )+6x p 
0 .2 2 -2 -2 · I I -1 -1 . 0 0 

!I = ,[6 (x p -x p . ) -x p +x p · 
I I 0 0 -1 2 I -1 -2 

H =v'r(x p +x· p · )-2v'2x p 
2 . 2 0 0 ..!2 I -1 

113 = xl P_;2:-x2 p:_l 

H = x· p 
4 _2 -2 . + 

H =(II ·) 
. ~p. IL 

I(x)=x2 +2(xx-xx) 
0 0 2 -2 I ·-I 

I o(p)=p2 +2(p p - p p ) 
o 2 -2 I ."-1· 
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