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I. BBC.I(Clil1C 

l{a:>;':;n;aff ImaprcoBaff Mo.I(en:o npe,n;cTaB,nffeT coC5oii Haoop npa

Blm ;l(1Ifl IIOn:yqeHli!fl COOTHOillCHWti MClK.llY paanl1qHh!Mlil H801IIO,ll8CMh!Ml1 

BCJHltfiHiafJll, rrpuqeM 8Till rrpaBl1Jia 08811PYIOTCff Ha 8H8JIOrl1lil C MO

AC1!Hiill1 H,llpa. '£HmilfHhl1J nplU.ICpO!.i T8K0£1 8H8JIOrllnt fiB1lfiCTCfi aHa

JIOrlilff IJICJK.I(y MO.I(eJI:&IO KB8pKOB [I ] , OCHOB8HHOi1 H8 rpynrre su (b) , ·II MO.I(CJioiO H.I(epHbiX cynepMyJI~Tl1ri1lCTOB (
2 ] , OCHO

B8HHOi1 Ha r 1)ynrre ?U(lf) . 
B HacToHmett paooTe npel{naraeTCfi cBepxTeKyqafl Mo.I(en:o 

KBapi\OB, OCHOB8HH8fi. Ha r)Yrme ~ p (b) , npoTOTlilllOM KOTOpOi{ 

HBIIHBTCH CBepXT8Rytraff l.IO;l(C1!:& fl.I(pa tl>nayapca, lllmtKOBCKOrO (
3 ] 

l1 liltrfiiMYPhl (
4 ] , OCHOB8HH8ff Ha rpyrrrre $p ( lJ) • 9Ta MO-

,· 

J 



~en:o u~eiiiHo 6nu:ma R cnepxTeRytiei1 uo~em1 ff;n;oa Eoromo6ona C'J 
11 Con~n:oena [ 6 J . . 

B paa~ene 2 nanararoTCff o~HOBHEe cne;n;emm, Kacaromr-ieCff 

anreoph! Jll1 rpyJIIIbl $ r (b) • B paa;n;ene 3 nlYJBO~HTCff RBBH

TOBBHHB YIU!TBpHO Cl1?meTpHt!HOrO raMl1JI:OTOHH8H8 CBepxnpOllOllH

ll{BrO TUna, COOC TBBHH!1B 3H8tiB!UIH 1\0TOporo onpe.n;eJiff!OT CITBKTP 
_,1 

M8CC a~pOH'JB. Paa~eJI 4 nOCBHli(BH 8H8Jil13Y CO~BpJKamm npe,<;;CTBB-

JIBHl1t1 rpyrmu $ p ( 6) , no m·r.opb!M ripeo6paayroTca co6cTBOI!

HbJe tJ]yHRD;lHI cBepxnpono~mnero ra~<.um:oTomiaHa. B paaiJ;ene 5 Ha-
• 

6JIIo,D;aeMbl~ cneKTp Mace ,D;OCTOBBpHblX peaoaaacoB cpaBmmaeTC.fi c pe-

ayn:oTaTaun, BhltiHCneauuun Ha uacconoM 0opMynu. B paa;n;ene 6 

paCCMOTPBHh! B'J3MOZllhlB @H3HqBCK3B CllB).l;CTBHH. 

2. Anre6pa Jl11 rpymm ~ p (~) 

ITpe~cTaBLIM .r~HepaTopu rpynrru 
cl /I~ 
t>f \\0) n mr~e one pa-

TOpOB B rHn:ooepTOBOM npOCTpaHCTBB, ITOPOJK~ae:~10M ;n;eHCTBliiBM 

onepaTopon po;;u.(CHHff 11 yHHtiTOJKBHI1ff RBapRoB na nartyyM, onpe

~BllffBMhlit 1\aR COCTOHHHB, rrpeo6pasyJOll\BBCff no HpBl.\CTBBJieHniO 

D 1 
( 0 , . 0 , 0 ) rpynnu ~ p ( ~) 

H-z_+ · c· 1) 1 - ct jm ctj.~ - j + Yz ) 

m 

+ 
H2 ::: ~ -bjt>t .g;jrn - (f + ~) ') 

4 

• .J 

.. ,_,. I 

H3= 
-:--+ 2..C r> - ij+. itn. ... jl'l~ ' . 
rn 

+ . 1 ...- r 3-il1. 
E = E-1 = vi?\.~> 

1 

.. 
+ - . j-tr1 

E = E_2 ~ L..(-) 
2 W\. 

~3 
+ . 1 )- rn 

E- ~ = 1/? ~ (-> 
• .<: m. 

E'f 
+ 
E_li - 2. (...:./-»1 

-m. 

+ 1 . E -· .3-r . = E =- L.(-) 
5' -5 \f2 . ~· In 

+ 2 . i-1 
E- = E = (-) 

<> -(D m 

+ + 
Ef1\ = E_~ = · 2:. -b. a 

M. ji>'L 

+ z~- :t E = E· = s -g - tn 
m. 

+ + 
E 1 = E.-::1 = 2:. c;t>'l ct 

tn. 

5 



t.1o]{eml H]{pa Boromo6oBa [ j] 

H ocHOBHble cBe;n;emm, Kacarow.r1ecn 

B pa3.1{CJie 3 npOEO,l{HTCH RBaH

qHOrO raMl1JI:OTOH!tlaHa CBepxnpoEOUH- ' 

qemm KoToporo onpe]{eJIHIOT crreK·rp 
_.J 

CBHII\eH aHaJil13Y co;n;ep~amm npe_L\CTan-

RoT.ophlM npeoopasyroTCH COOCTBCI!

raML1JI:OTO!UiaHa. B pasn;erre 5 Ha-
• 

TOBepHHX pe30HaHCOB cpaBHHBaeTCH C pe-

113 uacc'JB'J!i r!JopMyJibi. B pas.~ene 6 

swqecK3e crre;n;CTBHH. 
, 

~p C~) 

rl r r • 
rpyrrrm ~p ~.a) n BH]{e one pa-

cTpaHCTBe, rropoJK,l{amwM AeHcTnlilel\1 

qToEeHHH KB8f>KOB II8 naitYYM, orrpe

npeoopasyiOll\88CH rro npe LlC TanrreH>liO 

~p(~) 

i~ - Ci + ~) ) 

(i+ ~) ) 

4 

'•l 
I 

,,,,.· 

H = 
~ + , . ~. 
L c Jm. c.:"' - ;, J + 2 > '· 3 m. J 

+ . 1 o:::'" 1 ,~-i>\ + + 
E = E -1 == V2 ~ '-- > 

ct.. ct·· 
1 

;jtn ;;-tn 

+ - j'-m. + + 
E = E_2 = 2...(-) Clj'm..~j-m 

~ tn. 

E = 
+ 1 . i-m. + + 
E_~ = '12 ~ (- > ~;r" ~~·-m. ) (I) 

3 • h1. 

+ -.:- · i-m + + 
E = E_L{ == .z_(-) ~~mea-rn , 

'I m. 

+' 1 - i-m + + 
E s- = ~-5 = V2 ~(-) c5m c5-tn , 

+ 
E; = E_(J,-

0 

"">(-·J-m+ + L_ I C(. 1'\ 
-- AIT\-_: m ~ 1 .-m ? 

+ 
Z. -6j'm O..j101. 
m. 

+ 
Ef1\ = E_~ . , 

+ - + ~ 
Es = E_ 8 = 2__ c .. 

m. m jm ? 

) 

+ + 
E 1 = E.;...~= 2_ Cjh, Gt.:m. 

tn . • 
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+ + + 
r;zte a. itn ) ,(, im > C.jrn. . ( ex. itr~. ) ,£il'f'l ) c jm ) 

onepaTOpb! pOJK,Z16HHff (y~HqTQJKeHHff) p , . n.. , A_. KBapKOB B 

COCTOHHHH CO CllHHOM j H MarHHTHb!M KBaHTOBb!M ql1CJIOM tn • 

llpe;ztno'JraraeTCff, qTo KBapKH C COBITa;ztaromHMl1 3HaqeHl1ffMH J HB

JlffiQTCff OTHOCUTeJI:OHb!MH wepMHOHaMl1, a C pa3JIHqHb!Ml'l 3HaqemUIMH 
• _,J 

j - OTHOCHTeJI:OHb!MH 0030HaMH. 

reHepaTophl (I) .Y:ztOBJieTBopHioT cne;ztyrom•11~ nepecTaHoBoq

HhlM COOTHOl!IeHliffM: 

[H. H·J =·o 
. L ) j ') 

(t H j =_1,2,3) 

[ H t, Eae.J = "ti. {ct) E«, ( oL::+1 +<> +ill)' - ,--<., ... ,-;:;~ 

C Eoe., E_d.J ==~>ti.Cct)Hi. . . ~ ) 

[ E~, E~ J ={~~·pEr , 
) 

;ztJIH 'l (o<.) + "t ((S)::: "£(>f) 

B npOTHBHOM cnyqae • 

3;ztec:o KopHH "t.(cl)::('1.1 (ol), 'L~(o{) ,"t~{cX)) H CTpyKTypHLJe 

KOHCTaHThl Na..p aa;ztaroTCH Bhlpa~eHHHMVl [
7 ] : . 

"t(1) = - "t.(-1) =· (2:. o o) ) ) ) 

"t. (2) = - "(. (- 2) - (1,1, 0) 
) 

"C.{3) = - "t (-3) - ( 0 , 2. ) 0 ) 
) 

6 

I 

I 
"'!(4) = . - ."!. ( -l{) - ( 

"t(S) - -'1.(-5) ::::. . ( 

"!.(6) - -"t(-G) - (.~ 
; 

"t. en - -'1. (-'1) - (-

"t.(8) - -"t(-8) - ( I 

"tun = -"t(-~1) - (-

N =-N =-N • «(3 ' f3ol. -d..-(3 

N '1-~ = N_:l.'f. = #"1-1 == N1~~ 

= N 8 ~ = N_"8 = N83 . = N3_.., 

= N ,, = N_(,<J = N,.., = N1_" 

N t'1 #- N~, · = N82 = N.,~ 

= N'J-"f. = N'i-". == Nro_ 2 = N'i-~ 

· = N_8g = N-"f.~ = N_ 8" = N_,'l 

7 



"t ( 4) - - '"t(-'1) - (0,1,1) 
' • 

"t(5) - - "t.. (- 5) - ( 0 . 0 ) 2. ) ) 

+ 
• C.·· (Ol· ,g. c· ) 

Jm > Jrtt jm > :111'1. 1 jm. 

HHH (YHHqToJKeHHH) p }1. 7\.. 1\BapitOB B , ' . 
"t.(b) - -"t(-G) - ( 1 , 0 1 ) 

1 

HHOL! j H MarHHTHhiM ltB8HTOBhiM q!1CJIOM tn • . 
, qTQ ItB8pltH .C COBll8,1{810li\l1Ml1 3HaqeHl1HMH j, HB-

"'en - -"t (-1) - (-1 1 , 0 ) , ) 

Hh!MH 11JepMl10H8MH, a C p83JIHqHh!Ml'I 3HaqeHl1.fiM!t1 
,.J 

"!(8) - -'t(-8) - (0,-1,1) 7 

phi (I) .Y){OBJJeTBOPHIDT CJie){YIOli\UM rrepeCTaHoBoq-

HM: 

"t (. <J ) = -"t(-<J) - (-1) 0 ) 1 ) ,. 
J = 0 , (l H j =_1 ,.2 7 3) 

J = "t . («) E 
a(. L o( ) 

( oL::+1 +<l +I'll)' - ,-.-(., ... ,-;1 f!-.[3 =- N13 t~.. =- N_d.._,. 

d.J =L. >ti.Cct)H. · [ (. , N ~~ = N_:l.~ = N"~- 1 == N1_~ = ~-~ = N_"{.?. = 

J ={ ~-~ Er, 
) 

= N s't = N-'ls = Ns3 . = N3_.., = N'!i_.., = N-s~ = 

= N,, = N_,'J = N'J 1 = N1_ro = Nrs_, = N_'J, = V2, 

].tJIH 'l: (o(.) + "t ((S)::: "t ("t) 

B npOTHBHOM cnyqae • 

N "~ ~- N"~-, = N82 = N'!J2. = 
(cl):::('t 1 (ol)~ 'l:t(ct) ,"t?.{ot)) 1t1 CTpyKTYPHble 

38.1{810TCH Bhlp8~0Hl1HM!t1 [?] : 

.:_ N 'J-"1- = N'i_, == N,._ 2 = N..,_,_ = == - "t.(-1) - ( 2: ., 0 ) 0 ) 
7 

. = N_gg = N_"{.~ = N~Sb = N_,l/ = 1 
- -"t(-2) - ( 1 • 1 , 0 ) 

' 
- -"t.(-3) - (0,2,0) 

/ ) 
7 

6 



rpyrrna $p (b) co.ztepJKVIT B Rat~ec-TBe. rro.Ilrpymm rpyrrrry 

s u (3) o reHepaTOphl rpyrrnhl $ u ( 3) V!MeiOT B~I,Il~! . 

I 1 ( · H1 =Vf H1-H~) ' 
. I 1 ) 
H :l.. =~V6 ( Hfi\ + H :l. - 2 H 3 . , 

. + 
E -'f~= E";! 

+ 
E_~ = E8 

+ 
·E = E -g g 

, 

) 

(2) 

reHepaTOphl (2). Y.ztOBJ18TBOpHIOT rrepeCTaHOBOtlHb!ili COOTHO

I!JeHVIHM! 

I 1 
CHi,HiJ=O ,c~uj=1,~> 

[HI! , 
· £, Eo(J ='t;.(ot)EP\., (ol=±"f.,±s,±g > 

c E & , E .:.o~..J =.Zoz~ to<.) H~ , 
I. 

[Eol.., E PJ = { N<I.(J Er. ·., . .ztllH._ .'t'(~)+'t'(~)='t'(-r) 
Q · , B IlPOTlfBHOM CJIYtiae 

*) 3aMeTUM' tlTO ~ H~ = I 0 l1 v%. H: = y ' ~.zte r~ ~ H.yne-

BaH RolmoHeHTa onepaTopa usocmma, Y - 6nepaTop rimepsaim.ztao 

8 

l 

I 
l. KopHVI "t. 1 

( c{) = ("t~ (ol) ,"t~ (o<.)) 11 c 

,N o~..p sa.Il?IOTCfi Bh!paJKeiivmi.il1 {8]~ 

"(. '. (- t:/. ) . :._ '1.. I ('1- ) ~ -k ( 
"£.I ( _ 8 ) = - "t. t ( 8) =· * ( 

. I( ) . 1 ·(· "t'(-~)= -"'( tJ = V2 

NJ..~ 

NB"' 

--N - -N· - ~~ ~ -~-p 

N. .. = N = ,_"/. -89 

3o YHHTapHOCHMMeTpHtlHOe B38U 
!1pOBO,ItHli\8rO TUna 

By,zteM CtlHTaT~, tlTO CHJIH, CBH3 

o6yCJIOBJ18Hh! ;/U(3)- CL1MMeTpVItlHhl 

rrpoBO.ztH~ero THna*) 

H = ~pi.t(E1E-1+E~E-~+E3E-3+Etj 
'; . 

r.zte E 1 , E _ ~ , .. 0 , E, , ~ _ 6 

Hble B ( I) ~ jf.t - Ro He Ta HTa CBHSM ~ 

Ba T~CH codc.TBeHHW.m <fJYIIKIJ;l1HM~I raMl1JI 

*) rauvm~ToHnaH (S) orBeqaeT cnyqaro · 

tlUI1 Bb!P0lK,It8HHH O,ItHOtiac"TIItlHb!X ypOBHe 

9 



l 

1-
l 

a,•JAVf'~ .. T B RatieC-TBe IIO.l{rpyiiiU:I rpymry 

liJMeiOT BVi.l{ *>: 

- H :2.) ' 

+ H - 2H ) .:t 3 ) 

) 
(2) .... 

, 

BJieTBOpH!OT rrepeCTaHOBOqHb!ili COOTHO-

,(LHj=i,2) 

<ot> E~ < a<. = ± 1 ± s ± 9 > ,~,.) ) , 

., 

N<l.,. Er.. ), .~JIH. _'t 1 (~)+'i 1(~)="t
1

0') 
0 . 

) 
B rrpOTHBHOM CJiyqae • 

.2 I I 
0 liJ - H = Y , r~e 0 - HyJie-

; ~- :t . . •, .. " 
uaocmma, y - orrepaTop rimepaapff~a. 

8 

KopHVI 

N""f' 
"t.' ( o() = ("t~ (ol), "l~(o<.)) 

3_8,2{810TCH Bblpa:HteiiHffiviH { 8]: 

VI CTPY~TypHble ROHCTaHThl 

"(. '. (- ':f. ) . :__ "(. I ( "'/.) = k ( ,2 > Q ) 
. . ,. 

) 

"t'(-8)= -"t.'(s) = ..Lc-1 V3) V.2 . ) . ) 

"t. I (- ~ ) = - 't I ( ~) = ~ ( 1 ) Vf) 
) 

N.J..~ = -Nf3d.. =- N~t~~.-p · > 

Ne't N,_'t = N_ 89 = 1 

3. YHHTapHOCHMMeTpHtiHOe B3aHMO.l{etiCTBl1e CBepx
rrpOBO,Z{ffli(ero THrra 

,. 

.liy.l{eM cql1Ta TI:>, qTo CviJibl, CBfi3h!BaiOil!l1e KBapK!rl B a;n;poHe, 

o6yCJIOBJ18Hbl $0(3)- CllMMeTpl1qHbJM raM!1JI:&TOHHaHOM CBepx

rrpOBO~ff~ero Tuna*) 

H - .i .t ( E E + E E + E E + E E. + E· E + E E )' < 3) - 'f pi 1 -1 .:t -~ . ~ -3 If -'( S' -5 ' _, ) 

r~e 'j: 1 ) E -1 '·~ . ·. ) E ~ ' ~- 6 - onepa TOphi' rrpe~cTaBJieH-: 
Hble B (I), )1.t -· ROHCTaHTa CBff3Lf~ •rdr~a aMOHhl 6y;n;yT 0Ill1Chl-' 

. . ' 

BaTbCff co6cTBeHHbll.m cfJYEIRI{l1ffM~I raMl1JII>TOHHaHa (3), COOCTBeHHble. 

*)raMliJJII>ToHnaH (3.)'orneqaeT cn:yqaro j"j - cnf!su rrp11 HaJiliJ-

tilii1 Bb!p(nt;n;eHliJW O~·Hoqac'TliJtiHb!X ypoBHew. 

9 



SHaqeH~ff KOTOporo onpeAenHIDT KBaApaTH ~X Mace~~ 

.Anff KBaHTOBaH~ff raM~JlDTOH~aHa (3) np~MeH~M TeXH~KY 

Teoplm rpynn [ 9 J . UcnonDS:YH onepaTop Kaam.mpa C rpynnu 

$p (b) , onpeAeJmeMbli1 KaK 

_..· c :l tJ 

l H;i. + 2.. E"'E-cot 
(, et=-' 

rrepen~meM raM~JIDTOH~aH (3) B Bll:Ae: 

1 . .g ' 
H = -8 fA'~ [ C-ZH~ -4_(EelE-at+ f;_CilECil)+.-?.~1. "t.:-(oOHtJ= 

.c, ••·=" L ..,_ 

(4) 
1 :t A 

= g·.fi [ c- F i NCN-12)] 3 ) 

rAe 
I :l .,~ ' ( E / F = H1 + H2 + ae:~ Ecot -.« + E_oe EOI.) -

onepaTop Kamumpa rpyrrrru $ U ( 3) 

N= H1 + H + H 
~ 3 

onepaTop q~cna KBapKoB. TaK KaK onepaTopu H,C!, F,N 
:saa~MHO KOMMYTHpyroT, TO OHM MOrYT 6biTD OAHOBpeMeHHO rrp~Be-. 
:zl8Hbl K AHaroHaJIDHOMY B~AJ' B 6aaucax Herrp~BOAMMblX npe:zlCT8Bne-. .• . 

~)llpe:zlUOJIOllt8HHe 0 TOM, tlTO WOPMYJia (3) onpeAeJiae~ KB8Ap8TH 

Mace, a He Maccu, xopomo cornacyeTCH c aKcrre~HMeHTanDHbiMH 

AaHHbiMH. 

10 

-~ 
i 

mHi rp:y111m $ p (b) 

:~. JierrpviB'J.4mll:Ie npe;qcT<: 

lie IT pHBOAHi,:ble rrpe;n;c TUBJ!t 

3J'IOTCH Ha6opou u;enux HeoTpHua 

orrpetlc:rrmJI:U1X coocTJ..mrmoe sHaL 

c = <~l~-2+;\3 )(~l'At7l~+t0 )+I 

I 

o Tneq<:PJll(ee rrl)e:zlc TaBJIBIU'IKJ D 1 

paauepHOC TD !1p8:zlC T8BJieHI'lff) • [ 

rpyiiTibl $ p (b) !1 liiX CO:zlepli\E 

CN , $U ( 3)) rrpiiBe;z(ef 

iit81H1H II.P8:zlCT8B1I8HHW rpyriiTLI ; 

r)ynnbl (N, $U ( 3)) omicc: 

HerrpHBOAliiUhle npeACTamrE 

pl13YIDTCH Ha6opoM u;eJILIX II80Tp1' 

onpeAeJIHI:JIIU1X c o6cTBe imoe. aHa t 

F 1,1 I I I 
= 2~?\.1:f-A.~)(~1+A.~ 

oTneqaromee rrpe:zlCTanneH11ID D 

~)JieTaJIDH08 H3JIOl!8HU8· Teop~U! . 
HaMI-1 rpyrrrr .COA8pl!l1TCH B patio~ 

II 



onpe~enHIDT KBa~paTH Hx Mace~~ 
HHH raMHHnTOHHaHa (3) npHM8HHM T8XHHKY 

UcnonnBYH onepaTop KaaHMHpa C rpynnH 

-.Jutvl'!Din KaK 

:t g 

H· + L._ E"'E_"' 
.c. •=:-'1 

) 
.,. 

HHaH ( 3) B BH~e: 

~ .g ' 
Hi -~(E"'E_.+~_"'E .. )+.fk

1
>tr(ooHi.J= 

F- ~ NCN-12)] ) 

.,~ ' ) / H2 + oe:~ ( Eo(E-.-c + E_o( EOI. -

rpynnu $ U (3) 

+ H + H 
. :t 3 

(4) 

• TaK KaK onepaTopu H , C!, , F , N 
TO OHM MOryT c5biTn O~HOBp8M8HHO rrpliiB8-. 
BH~ B c5aaucax HenpHBO~MhiX npe;~tcTanne-

TOM, qTo WOPMYHa (3) onpeA8JIH8T KBa~paTH 

xopomo cornacyeTCH c aKcrrepHMeHTannHHMH 

10 

1 
I 
I 

·I 

. ~ 
1 

I 

mHi 'rp:yrmu $ p ( b) . 

. t::i 'I) 3E) 
:~. lierrpliiB'J)(H;.me npe;tlcTanrremm rpymm r-J p ( 'C 

IIerrpHB'JAUi,;bJe rrpe;nc:Tannemm rp:ynnu ~ p ( 6) xapaK·repu

BYIOTCH HaoopOH 1.(8HUX H80TPHUaTennHHX l!HCeH ( 7l. 1 , 7l ~ ,_7lil) . , 

orrpe4CJimJ!llHX co6cTueuHoe aHatiemie onepa'ropa I\amnmpa 

-
C = (i\li\:ti\ 3) (Ill 'llt7l ~t~ )+(It~+ i\ 3)(7\.:<+71. !+ 4)+ 71.3 (its+2), (5) · 

I 
y . 

OTne-qa:·Jll(ee rrpe~cTaBJieiiHIV D ( 7i.. 1 , A.~ , 7l 3) (r~e V -
pa3M8pHOCTn IIP8ACT8BJI8HHH). Tiepet~eHn H/I3llHlX npe;l{CT8BJI6H11M 

rpynnH $ p (b) 11 liiX co~e:ma_Hl1i1 no npe~cTannemmu no~rpynnu 
( N , $U ( 3)) rrpnBe~eH B Ta6nHI.(ax I VI 2. l;ieTo;n pasrro-

litellliiH rrpe~cTann_eHnt1 rpyrmu $.p (b) rro npe;ucTanneiiHfiM rro~
r)yrrrru ( N, $U(3)) omiCaH B rrpimo~Kemm 

Herrpuno~uw:,;e npe~cTamreHliiH · rpyrrmi $U (3) 
- I puayroTCH HaoopoM l(enux ueoTplilua TennH.b!X queen ( A. 1 

xapaKTe- · 
I 

, i\.2.) 

onpe;neml!all(!1X coocTneHHoe aHat~eu:.Je onepaTopa KaaliiMiilpa 

F = ~. ( A' 17" 71..' ~) (A~+ A.'~ + y ) + t( 7L'1 - -A~)~ . ) ( 6) 

o TneqaiO!l(ee npe.I(c TanneH!1IO D ') ( 71.1 A; _) . 
1 , .:t 

*).AeTaJI:&Hoe HBJioEeHue· TeopliiH. npe~cTamiemtti paccMaTpunaeuh!X 

HaMH rpyrrrr .co;nepru1TCR. ~ paooTax [ 7:-9 ] • . 

II 



Ta61ril 
; 

' CoCTOl!HI'IH-, IIOCTpoeHH!le 

Ta6mm;a I 
-~ -n· c 11:1,7\.2, 7\.3) 

COCTOHHUH, IIOCTpOeHH!le 1'13 qeTHOrO ql'!cna K:BapKOB - {, .. 

( 1) 3) (-1) 3) DC1,0,0) 
·-y .... (N, $U(3)) D' (7L1 ,:~~, 7l,.) 

l n"\o o 1 1 ( 1) ~) (-1) b) ' !. ) , 

1 
(0) 1) D (0,0 ,0) 

I D '"( 1 , 1 , 0.) ( 1, 3) (-1) 3) 

(~,8) (~ 3) 8 ~ 

D ""( 0, 1 , 0) (0) 8) (2,3) (-2) 3) 
S"(. ) 

D 3,0,0 ( 1., 3 )_ (-1, 3) 

D 2
\2 0 0) (0) 1) (0, 8) -(2,~) (-2,~) 

) ) 

"/.0 
(0, 8) co,1o) [co,to> (2, 3) (-2,3) (2,15') D _( 1, 0 , 1) 

(-2.,15') (4}3) I (-'1,3) 

D'0 
( 0, 2 , 0) (O, 1) (0,2) I (O,Z't) (2.,(,) (- 2, ~) (2,15') 

D1~'(o, 1, 1) (1,3) (-1, 3) 

!\l 
(3,8) (-3) 8) 

D21 '(2 o 1 ~ . ( 1, ~) (-1,b) 
;:l ) , 

(1, 151
) (-1, 15'': 

t ( 3, & ) (-3 ,s) 
t·; 

D 3s-o ( 1 , 2 , 0 ) (1,3) (-1) 3) t 
(-2,15') (lJ,b) (-lf,b) 

D 1S9( 2., 1 , 0) (0, 8) (O,S) (0.,10) (0,10) (0,2'1) (2,3) 

- (-2,3) (2. ,_b) (-.2) ~) (2,15') (-2) 15) (2,2Y) 

(- 2, 2lf) (.LJ ') 15') (-lf) 1?) -. 

D u"( Y , 0 , 0) (0, 1) (0., co)_ (0,2.'+) (2, b) (- 2) '(;") (2,24) 

!; (1,15) (-1,1?: 
.,L (3., 8) (~3,8) 

t (3;2'1) (-3,2"1' 

D""8(3 1 O) · (1,3) (-1) 3) ) , 
1 . (1,15) (-1, 15': , 

\\ 

C1,Lf2) (-1'/12~ ·' . 

(3,2"1) (-~) 2 'jt 

(-2,:V.J) '( 4 1!)') . ') 
(-4, 15' -

n:ts-~c s o o) 
) . ) I (1, 3) <.-1., 3) 

(3,10) (-3,10: 

12 
# 



Ta6mm;a I 

CoCTOffHUH, IIOCTpOeHHb18 113 ll8THOrO lli1Clla KBapKOB 

(N, $U(3)) _,~. 

(0) 1) 

(0) 8) (2,3) (-2,3) 
I 

(0) 1) (0, 8) . (2,~) C-<.,I) 

(0, 8) (0,10) 1(0,10) (2,3) 1<-2,3),(2,15') 

(-2., 1S) <Y,3) 1 (-l/,3) 
I 

c-2,<;) 1(2.,15') (0~ 1) (O,S) I (O,Z't) (Z,{,) 

(-2",15)1 (ll,b) (-'I,C.) 

(o,s) leo,%) C0,10),(0,10)1(0,2't)l(2,3) 

r-2,3)1 t2,.b) IC-2,~),(2,1S)IC-2,15)IC2,2Y) 

c-:- 2, 2lf)l <.'-I, ts-) I (-lf, E) 

(0,1) (0.,2,) (0,2'+) (2,~) (-2,{;)1(2,2'1) 

(-2, 2ll) '( 4, 15' 1
) (-'1, 15' 

12 , 

~,· ., 
~ !. . ,, 

;:JJ 
c 1 

I' 

I. 

t 
·.L 

1 
l 

Ta6mn~a 2 

' COCTOHHI1ff, IIOCTpOeHHhle 113 Hetl8THOrO lli1Clia'KBapKOB 

·y . 
D· C~ 1 , 7L :t , 7l3) ( N, $UC3)) 

. ~ . 

D(i,O,O) ( 1) 3) (-1) 3) 
D

1
\ 0 0 1 ) ) , ( 1) b) (-1) ') (3) 1) (-3,1) 

D '"( 1, 1 , 0) ( 1, 3) (-1,3) (1:, ~) (.:...1) ~) (1,15') <:-1, 1?) 
~ 

(3,8) (- 3, 8) 

ns\3, 0 ) 0.) (1,3). (-,1) 3) (1,15') (-1) 15) (3) 10) (-3, 10) 

D12'Co 1 1) ) ) C1) 3) (-1,3) (1,15") (-1,15) Ci, VT) (-1;211) 

(3,8) (-3) 8) (3) 10) (-'3 10' ) "'J (5"?~) (-5',3) 

D~1'(2 o 1) 
) ) ( 1, ~) (-1) ') ( 1) b) (-1) ~) ( 1, 15') (..:1, 15') 

(1, 15' 1
) (-1, i?') (1) 21./) (-1;2lf) (3,1) (-3, 1) 

( 3, 8) (-3,<6) (3) 21) (-3 ,,2 '1) (5',,) (- 5") b) 

D 35'
0 

( 1 , 2 , 0 ) (1,3) (-1) 3) (1, ~) (-1) b) (1,15') (-1,15') 

(1,15) (-1,15) (1,2-Y) (-1,24) C1, Y2) (-1, Lf2) 
- . -

(3, 8) (~3, 8) ( 3) 10) (-3) 10) ~3) 10) (-3,10) 
-

(3,2'1) (-3, .2'1) (5",15") (-5",15 

D'i'is( 3 1 o) · 
) ) ( 1) 3) (-1) 3) (1, 6) (-1,6) (1, 15') c-1,m 

I 

(-1, 15') (1,15'') (-1, 15'1) (1, 2 4) (1,15) (-1,24) 

(1)42) (-1", If 2) ~'3,8) (-3 )~) (3) 10) (-3;10) 

(3) 2 ",t) <-?) 2 '1) ('3, 35") (-3 35' . ) , . (5',2Y) (-5', 21./) 

D2 s-2
( 5' o 0) 

) . ) (1) 3) (-1, 3) (1) 15") (-1, 15) (1,'-12) (-1,42.). 
' (3,10) (-3,10) ('3,~5) (-3, 35) (5',21) (..:5', 21) 

-· 

I3 



5. Cnmtrp Mace a.npoHoB 

llpHMeHHM WOPMYHY (4) .nnE BUqHCHeHHH ~eHTpanbHHX Mace*> 

( N · ~ U (3)) - MyJiu.HnnexoB, OTB.et~aDlllHX .JtOCTOBepHHM pesoHaH-, . 

caM. VlcnonbayH (5), nepenHmeM MaccoByro wopMyHy (4) B cne.nyro-
' Il{eM Bii.ne: 

~ ·1 ~ 1 
M =8 J4 [ f- F + 3" <h.+ N) Cn.- N + 12) J , (7) 

r.ne f 1 ' i ~ = '2 (~1+A.~) (A 1+ 7L~ + l.f) + 6 (A 1-7L~) , 

h. = 7\.1·+ 2 7l< + 37t3 
) 

aHaqeHHH N u F onpe.n;eHHJOTCH Ha Ta6HH~ I 11 2 11 wopMyHu 
(6). 

Buql1cJieHHue no wopMyHe (7) ~eHTpaHbHue Macau MYHDTHnHe

TOB 11 l1,1{eHTHWHRa~Hff MeaoHOB H 6apHOHOB C npe,1{CT8BJieHHffMl1 

rpynn $p( b) 11 ( N, $U (3)) co.nepliiaTCH B 

Ta6m1:~ax 3 l1 4. lila 8Tl1X TaORHI{ BH){HO, qTo B OOHbWHHCTBe CHy

qaeB n;eHTpaHbHue Maqcu M Haxo.nHTCH B npe.neHax pacll{ermeHHif 

Mace H80HJ0.1{aeMUX YHHTapHUX MYHbTHflHeToB**~ KoHCTaHTa ;M 
wurypHpyJOil{aH B W~PMYHe (7), paBHa Macae KBapKa'H flOHaraeTCH 

paBHOt! 632 lh~B. 

*)lleHTpaHbHoif Maccou ( N, ~U ( 3)) -: MYJibTHnHeTa HaauBa

eTcH aHaqeHHe, npuHHMaeMoe BceM.I-f MaccaMu MYHbTHnHeTa B OTCYT-

CTBHe Hapywemm pU(3) - Cl1MMeTpl-fH. 

**) 8KcrrepuMeHTaJibHHe .naHHue o peaoHaHcax B3HTu na pa6oTu [IOJ 

(Macci.r .naHH ·B llsB ) • 

I4 

Ta6Jnu~a 3 

MeaoHH 
r I • 
I I" i 

i~ 
Kl495') l-rr(140) 1~(5'50), I ~(4~5 
1<.*(8go) lf("tb5') lw-('il80) IR*(sgc 

. . . . 'f' (1020) 

KTI(1100)I J(g 0 0) I (( ( 'it5'0) I Kn(110~ 

K*C1230)I A1(10'10) D (12SS') K*(123 

1(*(1320) B ( 1220) ~ · 1{*(132 

K\1 ~20) A l1310)1 f (12 ~0) ~*(1lf2 
_:~. f*(1.515) . 

R*c1't80)I R (165'0)1 ? 1<.*(1'1-8 

IS 



TP uacc a;npoHoB 

WOPMYHY (4) ,1!HH BhlqHcHeHHH ~eHTpaHnHhlX Mace*) 

) -·MYJIDTHIIJie!OB, O!Bet~aDIIUfX ,ltOC!OBepHHM pe30HaH-

YH (5), nepenHmeM MaccoByro WOPMYHY ~4) B CHe;nyiO-

.... 
- F + ~ (n.+N)(n.-N+ 12)] , (7) 

. .i ~ (?\.1+A.~)("A1+A.2+ 'f)+ 6 (i\.1-71..~) > 

1+27\.<+37l3 
) 

H F onpe;neMIOTCH Ha TaOHH~ I H 2 H wopMy.rru 

IIO WOPMY.7Ie (7) ~eHTpa.rrnHlie MaCCLI MYHnTHII.7Ie

_. ... r.aJ..llllff Me30HOB H 6apHOHOB C npe;nCT8B1IeHHffMH 

H ( N, $U (3)) co;nepJKaTCH B 

• Vla' 8THX. T80HH~ BH,1!HO, qTo B 00.7InlUHHCTBe CHy

. uaccu M Haxo;nHTCH B npe;ne.rrax pacmen.rreHMt1 

LIX YHHTapHb!X MYHnTHII.7IeTo.Ii**~ KOHCT8HTa .J" 
wopMy.rre (7), paBHa Macce KBapKa·M no.rraraeTCH 

( N, $U ( 3)) - MYHnTHII.rreTa HaauBa

IIPliHHMaeMoe BCeMH M8CC8MH MYHnTHIIHeTa B OTCYT

$U (3) - CHMMeTpHH. 

•o•u:H!hiH ;naHHb!e 0 peaoHaHCaX BSHTbl H3 pa60Tbl [!OJ 

IISB ) • 

I4 

K.l4 95') 

' 

1<.\8~0) 

KTI(1100) 

1<.*(1230) 

1{*(1320) 

1<.*(1~20) 

K\1'180) 

Ta 6JilUJ;a. 3 . 

MesoHH ~ 

i !-

1T(140) ~(SS"O) 1<.(495) 

f('Jtb5') 
w-('180) iZ*<.sgo) 
'(' (1020) 

cf(9b0) o' ( ':f.!JO) Kn(1100) 

A1(10'10) D (12~5') 1<.*(1230) 

8(1220) 'l 1{*(1320) 

A:~.l1310) 
f(12~0) 

~<.*(1 '120) 
f*(1S1S) 

R. C16S'o) '2 R*(1't80) 

15 

~"' . (7l1 ,A. :t , 7l~) tN,~U(3)) M 

D1
\ o, -1, 0) (0, s) 55"0 

D~i(2 0 0) (0,8) '110 
) , 

(0) 1) ·895 

D't0(1,0,1) (0,8) 95"0 

Dg0(0 ·2 0) 
) ) (0,8) 1050 

D
189

(2, 1,0) co, 8) 11 ~ (J 

D12'(~,0,0) 
(0,8) 1305 
(0,1). 1415' 

n'"2C6,o,o) ( 0,8) 1~15' 



'.lauma(a 4 

, Ba~··.. . \n'<,.,ll,.",) :<N,$Ul3))'. _ M 

: I 
_.. 

1 
:Au Y o 5 > 1 ;n 1"( o, o, 1) ! < 3 , 1) · 11 o o 

' I .. ~ I ' . : 

N('J40) 1_2(11:JO) J\(111_5') ..::..(13.15);n''b,1,0); (3,8) 1100 
' 

~ ( 12 3 5.) 2.( 138_S) '-=- < 15'30Y2 U" 'ts)\n"'C3, o, o); \3, 1 o) ~ 11 oo 
I i . 

NC15'20) ·.2(1bb0) /\(1f,gQ) !-::- (181S):D 21~(2 o 1)1 ('3, 
8 ) : 1380 

: · 1\U s2 o) !- • · ' , · c 3 ~n i 14 8 s-. . I ' . 
' ' 

NU4"l0) 2.(1b10)./\.U"t5'0); ~ .D~"0(1,2,0)\(3,8) .1YS'O 
: i ~ ' 

t , / I ; I 

N(155o) .:L(1b"to) /\( 1(, ~o)j 1 in448(3, 1, o)' C3, s) : 1ss-o .· 

il(16YO) 2.(1'110). " . 't 
I 

: ~5.2( : 1 jD . 5',9,0): (3, 10) 16 5 
I 

: 138!? ' ' ! ' :n: (2,1,1).(3,8) 1'1-05 
I 

.• . ., 
,. ' '"• 

• !", 1'·. i 
N(1~90) Z.(1~HO) /\(181~) - (1930)]

13"\1 ,3,0), (3 7 8) : 1''190 
_, - , ·.. - I : ~ .! ~ , ; . . . 

N(1'110). '2 '2 '2 

N(1b90) 2,_(11"10) [\(i8'30) 

6(1925) 1'2l2030) 1 

:/\(2120): NC2190) '2 

'2 
: I 

20" ; i ! 
.] (3;2,0)f(3,S3) '18'10 
; I 

~1't2\5' 1 0~ ("3 ·10) 1 ~ 2 5' l -' , I ' 
iD 1111

'( 1, 4, 0); (:~ ) 8) 2 t 2 0 

'2 

'2 

! _ _____; 
t i 
I ' 

l ~----~---
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6. BoaMoE~e WH8HqecKHe· 

· Hama MO.l{eJI:o npe.l{cKaaHBaeT c. 

KBaHTOBbiMH qHCJiaMH : 

f· == F ) n.==N , 
r,l{e 8 - 6apHOH~~ aap~. CorJI 

STHX a,l{pOHOB onpe,l{eJIHIDTCH BbtpazeH 

M :t_ ::: B m. ~ 

r.l{e ~ - Macca HYKJIOHa, paBHaH 

OrpauwqwBaHc:& paccMoTpeuHeM 

qTo a.ItPOHbt (8), HMeiDT TaKOH Ee 6ap 

H.l{pa, HO OT nOCJie,l{HHX OHM OTJIHqa~ 

rHHMH CBH8H. B CBH8H C STHM B08HH 

npo~ecc a.l{pouwaa~HH H.l{epuoro Beme 

~ep B suepreTHqecKH.6oJiee BHrO.l{H 

OTBeTa Ha nOCTaBJieHHbl~ BOnpOC BOC 

pa60Tbt [ II ] . 

PaCCMOTPHM KpHBYID rappHCOHS 

BeCHbiX RouwwrypanwH BemecTBa. ~~ 

CJie.l{yeT~ qTQ 

a) ecJIH ~epuoe BemecTBO cxaT:& ~ 

TO CKCTeMa CTaHOBHTCH HeyCTOHqHBC 

npK ROTOpOM H~KJIOHbl B,l{aBJIKBaDTCH 

·6) eCJIH BemecTBO npO.l{OJIEaT:& C~ 

. H~e yCTOHqHBOCTH npOH80H,l{eT npH Il 

17 



'!a u;nil(G 4 

M 
r-----' . 

u 4 o 5 > ;n 1q( o, o, 1) ! c 3 , i) · 11 o o 
.. ' : 

. . '~ . 

(1115'.) -=-<1315):] C1,1,0) (3,8) 1100 
. ' 

(.15'30);2. C·1{, "15);ns-'C3, o, o) · (3, 1 o): 11 oo 
' ! . 

(1b90) l::- (iSi5")
1
D2'"(2 0 1) ('3, 8) : 1380 

(1520)!- ; . ) ) ·(3 '1) d485' I , . . . 
~S'O . ! . 

D (1,2,0)[(3,8) .1lJ50 
i : ' 
' I 
' '1'18(. . iD 3,1,0)1 (3,8) .1S50: 

·t "15'0); 

! 

( 1(, "'O)! 

? 

'1 

' " - 1 
' 25'2 : ; 
jD .(5',9,0)' (3,10) ;1615' 

, I 

'l '2 
I 138b . I ' I 
J) (2,1,1), (3,8~. :1'105 

(1815') - (i!J30)]H'I\f,3,0} (3 
1 
8) 1'1-!JQ 

·,. ! : } ' ,· . ' ' 

' I 
20" • ; ! 

.] (3;2,0)1 ( j) S3) ; '18't0 
I ; 

(iR30) '2 

;])1'~2\5' 1 0~(3 ·10) ·1~25' \ , , I , 
p"11

"( 1, lJ ~O)i (3, 8) 2t2 0' 

? 

(2120) 

~ 

~ 

! 
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6. BoaMOJKHble cflHaHqecKJ.m CJie){CTBHH •' . ·· ... · ': · 

,..:_ 

Hama MO){eJib npe){CKaa~BaeT cy~eCTBOBaHHe.anpoaoB c 

KBaHTOB~MH qHCJiaMH 

r == F , n.=N , N = 38 
r,"l{e B - dapHOHHhl~ aapH){. CorJiacao wopMyJie (7),MaccH 

3THX a){pOHOB onpe,"l{eJIHIDTCH B~pazeHH8M 

M :t.::::: 8 m~ 
' 

r){e Wl. - uacca HYKJIOHa, paBHaH /' V3 

(8) 

OrpaaHqHBaHCb paccuoTpeHHeM aecTpaaaoro MHpa,oTMeTHM, 

qTO a){pOH~ (8) HM8IDT TaKOU Ee dapHOHHblM aapH){1KaK H aTOMHble 

H){pa, HO OT DOCJ18,1{HHX OHH OTJIH~aiDTCH ropaS,"l{O dOJibWHMH 3Hep

rHHMH CBHSH. B CBHSH C 3THM BOSHHKaeT BOnpOC : B03MOJK8H JIH 

npo~ecc a){pOHHaa~HH H){epaoro Be~ecTBa, T.e. nepexo){ aTOMH~x 

H){ep B 3HepreTH~eCKH 60J188 B~rO){H~e COCTOHHHH (8) ? -~JIH 

OTB8Ta Ha DOCTaBJI8HHbl~ BODpOC BOCDOJibSyeMCH peayJibTaTaMH 

padoT~ [ II ] . 

PaCCMOTPHM KPHBYID rappHCOHa-BaKaHO-YHJiepa ,"l{JIH paBHO

BeCH~X KOHWHryp~H~ BemecTBa. H~ noBe){eHHH aToU KPHBO~ 

CJie){yeT; qTO . 
15 r 

a) 8CJIH H){8pHOe B81lt8CTBO C:ata.Tb ,1{0 DJIOTHOCTH () =6·10 %-"'3 JoB , 
TO CHCTeMa CTaHOBHTCH HeyCTOU~HBOU DO OTHOW8HHID K KOJIJiancy, 

npH KOTOpOM HYKJIOHbl B,"l{aBJIHBaiDTCH ){pyr B ){pyra ; 

·6) 8CJIH BemeCTBO npO){OJIJKaTb CXHMaTb ~aJibme, TO BOCCTaHOBJie

. H~e yCTOJ.iqHBOCT-H npOHSOJ.i~eT npH DJIOTHOCTH .fua = 10 
18 ~ /cAf 3 • 

17 



8TH pesyJibT8TH H8BO,IUIT Ha MUCJlb, tiTO 8,ll;pOH1138UH.R .R,ll;epHOfO 

BemecTBa np011CXO,ll;lfT B l'IHTepBaJie TIJIOTHOCTell OT f., ,ll;O f ' ~. OB - M3 

3Tll pe3yJibT8TH T8KJ:e CBlf,ll;eTeJibCTBYDT 0 TOM, tJTO .R,ll;j)8 OT,ll;eJieHH 

OT 8,ll;pOHOB (8) OtJeHb BUCOKl'IM TIOTeHUl'IaJibHUM 6apbepoM. 

r-1 

I8 

ilp!UIOt.temie . 

Co;nepi:taHne rrpe,AcO£aBJieH 

Dw(O, 1 ,0) ,]
1
\0,0, 1) 

HBXOAMTCH IIYTB~ rrpoeKTilpOBUH 

N , I 0 , · Y · , · orrpeAenn 

. 1 
(1,1 ,1) ,CY2 , 

' . 
BecoBYJ ;nwarpaNUH rrpcACTanne 

" 11( ' D ( 1 , 0 , 0) ,D ( 0, 1 , 0 ) ; 

I I ( o, o , o ) .. 

! ' ( 1 ) 0 :> 0) 

I 
' I 
i 

I 
1(1,1,0), 
1(1,0,1) 
1(1 0--1)' I , , . 

I c 1 , -1 , o, 
i ''' i . 
I 

' I 

I 

D1
( o 

D'C1 
' ) 

( 0 ) 1 
( 0 , ( 

(0 ) ( 

( ~ , -

D
111

Co, 

( 0 .> 1 
(:O , '1 
( 0, 0 

',( 0, 0 
(O -1 , 
( 0 ) -1 

I9 



TN naBO,I(SIT Ha MblCJlb, liTO a.u;poHn3aUnSI SI;tepnoro 

T B HHTepBaJI8 ITJIOTHOCTell OT \' ;tO f . ~. OB - U3 

CBH;teTeJibCTBYDT 0 TOM, QTO SI;tpa OT;teJieHN 

eH:& BNCOK.l1M noTeHU.11aJI:&HNM Clap:&epoM. 

_ .. 

I8 

l!pvmm:temie 

. 1 . " 
Co.Ilermamie npeilcTaBJieHH11 D (0, 0 , 0) , ] · ( 1 , 0 , 0) 

1~ . ) 
1>1'1(0, 1, 0) ,] (0,0, 1) no no.1(rpyrrne .·· ( N, $U(3)) 

HaXO;z\l!TCfl llJ'TSI:l llp08KT~lpOBUHI1i1 B8COB np8.iJ;CTaBJI8HI1!1 Ha OCH 

N, Io, Y , orrpe;nemi8lJhl8 COOTBBTCTBBHHO BeKTOpa!.m: 

( 1 , 1 , 1 ) ) ( 1/2 ) - ~ ) 0 ) ) ( "1 , 1/3 ) - ~). 
BecoBLI.3. ;n:mrpa;.:uu npo;ncranneHi'lii D 1 

( 0 , 0 , 0 ) , 
" -fY . 11f 7 . D (1,0,0),D (0,1,0),D .(0,0,1) iliMBIOT nu;n[ J: 

D1
(0,0,0} 

~~(~0-,~0-,~0~)----~~~--~---.~, 

.D"ct,o,o) 
r ( 1 , o, o) ( o , 1 , o ) 

1 i (o,o ,1). . 
i (0 ) 0 , -1) 
; (~, -1, 0) (-1,0 ,0) 

n"'~co 1 o) ) , 
1(1,1,0) .· . 
I < 1 , o , 1 ) ( o ·' .. 1 , 1 ) 
! ( 1 , 0 ) -1 ) . ( i 0 ; ·1 ·,. ·~ 1 ) 
1 c 1 , -t , _o > Co , o , . o ) . 
1 ,. ~(o,O,O) C-1;1,0) 
l . ( 0 ·, -1 ~ 1 ) (-1., 0 ., 1 ) ,. 
! ( 0 -1 -1 ) (..:... 1 0 -1 ) 
I '), ) ) ' 

. I 

I ( --1 , -1 ) 0 ) I 
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f I . 

~~ 
~ 

r 
r 
I 
t 

-~ r 
!· 
' I 
t 
·! 

-" 

·r 1'1 ( 
.1.J 0,0,1) 

'- ~--. -· --· . ----. , 

i . 

(1,1,1) 
(1,1,-f) 
(1,0,0) 
(1,-1,1) 
(1 -1 -1) \ , ) 

~o,l,O) 
(0,0,1) 
·o o -1) '- , ) 

( 0 ,-1 ) 0 ) 

.(-1 ) -t , 1 ) 
(-1,1 ,-1) 
(-1 , 0 ) 0 ') 
(-1) -1 ) 1) 
(-1,-1,-1) 

L_ ____ _ , 
Co;ucp;;rumw ocTaJII>llhG:: npe)lCTaBrremiH .D· ( 7\. 1 , /\..~., A- 3) 

!laXO;I!l-ITCH !13 pe)J.yKI..\HOHHllX <J.lOpMyJI: 

D"(1,0,0) x]'"(1 ,0,0) =]\o,D,0)+] 1"~(o,1,0)+ n~\2,0,0), 

" 1Lf - ~( + 1'11 + '"< D U,O,O))(D (0,1,0) -D 1,0,0)- D \0,0,1) D 1,1,0), 

D'U 0 O)x D1'~(o 0 1) = D
1
\0 1 0)+])'~0(1 0 1) ,, )) )) ,, ' 

D"(i,O,O)><D:<\2,0,0) =n'U,O,O)+Ds"C3,0,0)+D'\i,1,0)_, 

1'1 1'1 ) 1 ' 14 21 D (0,1,0)xD (0,1,0 =D ,o,o,o)+D (O,i,O)+D (2.,0,0)+ 

+ n'l0(1 o 1) +D9
\ o Q. o) , ) , ) ) 

D1\0,1,0))(D 1\0,0,1) _D'C1,0,10)+D'\1,1,0)+D
12

\0,1,1), 

D' ( 1, 0, 0) x Dn( 3 , 0, 0) = D 2\2 , 0, 0) + ·D
11

\ Y, 0, 0) + D
1
ss ( 2., 1 , 0) , 

€. (,'1 ) 14 :1:1 "f.O( DC1,0,0)><D (1,1_,0 =]) (O,l,O)+D (2,0,0)+D 1,0,1)+ 
I 

+D90(0,2-,0).+D19g(2,1,0) , 

D1\o,o, 1)xD:..\z,o.,o) =n'\o,0,1)+D'4 (1, 1,0)+;I):t
1
'(2,0, 1), 

20 

D\1,0 ;Q) X ;p_ ~0(0) 2, c: 

D1\o 1 o) x DnC3 'o o ' ) > , 

D'(1 0 O)><D 12\Y 00 , , , ' 
.14JIH noJiytteHHf 

IOHra [ 12J . 



. 1'1 
1 /(-~_, __ o __ , 1 > 

~o,J,O) 
(0,0,1) 
<o,o,-1) 
( 0 ,-1 , 0 ) 

----. , 

.(- 1 -i 1 ) 
) '- , . 

(-1 1 -1 )~! 
) ) I 

(-1 , 0 , 0 ') 
(-1, -1, 1) 
(-1,-f,-1) 

c ocTaJIDHh!::: npe,ncTaBnem1ti lJ _ (7l 1 , /\.~., A. 3) 

ilYRI.\HOHHUX: cpopMyJI: 

=:n\o o a·) +D 1"~ro 1 D)+ D~1(2 o D) ))· ,,, ,, , 

n"u,o,o)+D1\o,o, 1)+ n'"C1, 1 ,o), 

D1'~(o 1 0)+])'1°(1 0 1) 
) , , , ' 

I?'\ 1 , 0 , 0) + D s'( 3 , o, 0) + ]) ""( 1 , 1 , 0) , 

D 1 
( o , 0 , 0 )+ D 1\0, 1, 0) + D ~ 1 

( Q. , 0 , 0 )+ 

n·~0(1,0, 1)+D90(0,2.,0) , 

. D '< 1, o, o) + n'\ 1,1, O) + D1~\ o, 1, 1), 

D21
' 2 0 0) + D1

l(,(ll 0 0) + D1s9
(2. 1 0) \. , ) ... ) ) ) , .) 

:D1\o, 1 ,o)+ D2\2, o,o)+ D"~°C 1, a, 1)+ 
I 

+D9\~,2., o).+D1ag(2, 1, O) , 
1'1 I D/(0,0,1)+D"'~(1, 1,0)+;1):t

1
'(2,0, 1), 

20 

D\1,0,9) x ;o:oco,z,c) = .n'\1,1-,o)~-D12·'(0,1,1) +·D~5\1,.2,0), 
D1"(o 1 0) X DS'(,(3 '0 0) = D5"'(3 0' 0) + n''tr 1 '1 0).+ D~16(2 0 1)+ ,, ,, ,, ,,, )) 

+D'~'~ 8 (3, 1, 0), 

D'<i o O))(D12'(y o o)= D 5 '('3 0 O)+D:ts-\5' o o)+D'l'~\3 1 0) ,, ,, ,, )) )) . 
~R UOHyqeHHR pe~KUHOH~X ~OpMyH npKUeHReTCR TeXHHKa CXeM 

KlHra [ 12 ] • 
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