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npeJlCT8B11eHH51 rpynnbl GL ( 3, R) B 6a31!Ce rpynnbi BpaweHHH 

MeTOJlOM IIHJlYllHPOBBHHbiX npeJlCTaBneHHli RccneJlOBBHhi yHiiTapHbie 

( 6eCKOHe'IHOMepHbie) npeJlCT8B11eHII51 rpynnbl 1111HeHHbiX npeo6pa30B8HIIll 

B npocTpaHCTBe Tpex u3MepeHI!li GL ( :1, R 1 HaliJleHhJ TpH cepHII npeJlcTaB

neHHli 3TOfi rpynnbi B JlHCKpeTHOM opTOHOpM1!pOB8HHOM 6a3HCe llOJli'pynnbi 

0 ( 3) . npHBeJleHbl M8TpH'IHble 31leMeHTbl reHepaTOpOB, H8HJleHbl HenpHBOJlHMble 

npeJlCT8B11eHH51 BHYTPH KBlKJlOlr cepHH. YKa38Hbl 3KBHB811eHTHbie npeJlCTaB-

11eHII5lo 
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Coo6aleHJte {)6t.e,aJtHeHHOrO KHCTMTyTa Jl.llepHblX KCCJie,llOBaHKI 

,ll,y6ua, 1974 

Eorisov A. B. 

GL(3,R) Group Representations in the Rotational 

Unitary (infinite dimensional) representations of the\ I 
liner transformation group in the three-dimensional space 
of GL(3, R) are studied using the induced representation 
method. Three sets of representations of this group are 
found in the discrete orthonormal basis of0(3) subgroup. 
Matrix elements of generators are presented, and irredu
cible representations are found inside each set. Equiva-

Group Basis 

lent representations are pointed out. 
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Bee()eHue 

Uenb 3TOB cTaTbB - accne~oaaTb yuaTapu~e /6ecxo
uequoMepuwe/ npe~cTaBneHBJl rpynnw naueiuwx npeo6pa-
30BaHBB B npocTpaucTBe Tpex B3MepeHBB G L (3, R). Cy
~ecTayeT uecxonbKO o6nacTei npaMeHeHBJl 6ecxouequo
Mepu~x npe~cTaaneuai 3TOB rpynnw B «iia3BKe 3neMeHTap

uwx qacTBU. 
)J.oTaHOM' r enn- MaHHOM B He eMaHOM I l I npe~nomeuo 

paccMaTpaaaTb cneuaanbuyro naueiuy10 rpynny SL (3, R) 
/no~rpynna GL( 3, R) I xaK nopom~a10~yro op6uTanbuwe 
B036y>K~eHBJI a~pOHHMX COCTOJIHHJL TaKRe B036y>K~eHBJI 
MOryT 6WTb BBe~eHM / 2 / OpH OOMO~B KBa~pyDOllbHOrO 
TeH3op-onepaTopa 

T~ = ~ [ H, g~] (M =2,1,0,-1,-2), 

r~e H = p 2j2m+ V(r )- raMBllbTOHBaH cacTeMM B onepaTop 

M 2 M 
Maccoaoro xaa~pynonbuoro MOMeHTa g 2 - m r Y 2 
OnepaTopw T ~ u L . = ( .. k x . p k nopom~aroT anre6py 
uexoMnaKTHoii rpynnw 

1 SL(~,R)! Ee uenpuao~HMMe npe~
cTaaneHBJI BKnroqaJOT COCTOJIHHJI C op6BTallbHMM yrnOBMM 
MoMeHTOM L =0, 2, 4, 6, . . . u L = 1,3, 5,7, ... B JIBnJIJOTCJI 
anre6pauqecxoii Mo~enbro nonrocoa Pe~me. AaTopw pa6o
TM /1/ TaK>Ke 3aMeTBllH, qTO TaKBe cepBB XOpOWO H3BecT
H~ B Jl~epHOH «iiH3HKe KaK Bpa~aTenbHMe COCTOJIHBJI ~e«iiop
MHpOBaHHMX Jl~ep. 

HecxonbKO no3~uee Jl.lia~euxapu / 2/ B ~p. npe~npBHJlnB 
nonMTKY xnaccu«llaxauau apa~aTenbH~x cnexTpoB JI~ep, 
nonaraJI, qTo cocTOJIHBJI JI~pa o6pa3yiOT 6a3HC ~nJI o~uoro 
uenpaao~uMoro npe~cTaaneHHJI S L ( 3; R ) . Tor ~a aepo-
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JITHOCTh E 2 - nepexo,IJ;oB B,IJ;pa H3 O,IJ;Horo BPaiUa TenbHoro 
COCTOJIHHJI (a) B ,II;pyroe ( {3) IIpOIIOpUHOHanhHa I<Ba,IJ;pa TY 
MaTpuqHoro 3neMeHTa OT reHepaTopoB T ~ , T.e. 

1 < a 1 T 2 1 {3 > 1 2. 3Ta MO,IJ;enh y,IJ;oBneTBOpHTenhHO corna
cyeTcJI C ~I<CIIepHMeHTOM. 

ABTopaMH /3/ 6wno ,IJ;OI<a3aHo, qTo rpaBHTaUHJI JIBnJieTcJI 
Teopaeii HenHHeiiHoii peanaJaUHH S'L ( 4, R) H I<OHI}lopMHoii 
rpyrrrrhi CHMMeTpHH H qTo rpyrrrra s L (3 , R ) JIBnJieTcJI I<aH
,IJ;H,IJ;aTOM Ha I<naCCHI}JHI<aUHIO qaCTHU B rpaBHTal(HOHHOM 
B3aHMO,IJ;eHCTBHH. 

S'L(3, R) - Hei<oMrrai<THaJI rpyrrrra H, I<ai< cne,IJ;CTBHe, 
ee YHHTapHwe rrpe,IJ;cTaBneHHJI 6eci<oHeqHoMepHhl. Hei<oTopwe 
cepHH rrpe,IJ;cTaBneHHii nHHeiiHbiX rpyrrrr Haii,IJ;eHw B I<nacca
qeci<oii pa6oTe renhi}JaH,IJ;a H rpaeBa /t/ MeTO,IJ;OM HH,IJ;YUH
poBaHHbiX rrpe,IJ;cTaBneHHii. Wci<oMwe rrpe,IJ;cTaBneHHJI peana-
30BaHbl B I}JyHI<UHOHanbHbiX IIpOCTpaHCTBaX. 0,IJ;Hai<O ,IJ;nJI 
I<OHI<peTHbiX IIpHnO~eHHH y,IJ;06Heii peanH3al(HJI B TepMHHaX 
,IJ;HCI<peTHoro 6a3Hca, 3neMeHThl I<OToporo I<naccai}Jauapy
IOTCJI no rro,IJ;rpyrrrre 0 ( 3) . 3Ta 3a,IJ;aqa peweHa B ,IJ;aHHoii 
pa6oTe. 

JluHeiiHaJI rpyrrrra G L (3, R ) cocTOHT H3 Be ex nHHeiiHwx 
rrpeo6pa3oBaHHii TpexMepHoro rrpocTpaHCTBa 

x~ = ga{3x {3 a ,{3 = 1,2,3 H g<;.GL(3,R)./1/ 

Anre6pa GL ( 3, R) cocTOHT H3 reHepa TopoB rpyrrrrw Bpa-
ll(e~Hii M a {3 = - M {3 a co6CTBeHHO nHHeiiHwx rrpeo6pa3oBa
HHH Raf3 = R {3a 

1 
- [ M {3 ,M " ] = 8 Mf3" -8 "M{3 - (a<----'>{3 ) i a yu ay u au y 

1 
-:--[M r-P R_,] =8 R{3_,+8 "M{3 -(a<->{3) 
1 at-' yu ay u au y /2/ 

1 
1 [ Raf3 'Ry8 ] = 8ay M8{3 +8a8 Myf3 + (a -f3). 

4 

COCTOHT H3 CrreuuanhHaJI nHHeiiHaJI rpyrrrra S'L (3, R ) 
rrpeo6pa3oBaHHii /2/ c det ga = 1 . 

Mw Haxo,IJ;HM TPH cepHH ~pe,IJ;cTaBneHHii: rnaBHyiO, ,IJ;o-
rronHHTenLHYIO H ,IJ;HCI<peTHyiO. 3TH cepHH peanH3YIOTC.R 
B rrpocTpaHCTBe 6a3HCHWX Bei<TOPOB I m' e 'n > m. r,IJ;e e 
op6HTanbHWH MOMeHT, n - ero rrpoei<UHJI, a HH,IJ;ei<C m , 
-£ :S:. m ~ £ xapai<TepH3yeT MynbTHIIneTHOCTb COCTO.RHHH. 
Ma TpHqHwe 3neMeHTW I<Ba,IJ;pyrronhaoro on epa Topa Q 2 

H orrepaTopa paCTJI~eHHJI B 3TOM 6a3HCe p 

2 
a=2 1 £+a,m+2 

Q \ m,£,n > =I !-i(m+2 (a-b))C 
p a =-2 e '2; m '2 

N ( m ) . a- b ~ £+a • m-2 N ( m ) 
--- lm+2 ,£+a ,n+p>+t (rn- --) c ---
N (m+2 ) 2 e , 2; m ,-2 N ( m-2) 

2. £+a,m 
0 > 1 c lm-2,L+a,n+p +-- £,2;m,O 

y6 

I m ,£+a,n+p> 
£+a' m 

C £,2;m, 0 
lC 

[(2k +3) -a<£+ 1 +a)]. 
2 

f+a,n+p 
£,2;n,p 

[ii--:1 
2(£+a)+1 

D I m,£,n> = R
1111 

I m,£,n> =-i(a+b+c) I m,£,n >, /3a/ 

1 r,IJ;e k = 
4

(-a-b +2c ),N(rn)=N(rn,£) H qacna a,b,c xapai<Te-
pH3YIOT cepHH rrpe,IJ;cTaBneHHii. B rnaBHOii cepHH rrpe,IJ;cTaB
neHHii N ( m) ,.., 1 cyiUeCTBYIOT rrpocTeiiwae rrpe,IJ;cTaBneHHJI 

6e3 MynbTHIIOnbHOCTH IIPH m = 0 ; 

a=b= ~ [3+i(w-p)]; C=; [-6+i(2p+w)]; p 

H w - Bell(eCTBeHHwe qacna. Cne,IJ;yJI liH,IJ;eHxapHy, Ha3oBeM 
HX IIpHMHTHBHWMH. 0HH COCTOJIT, COOTBeTCTBeHHO, H3 ,IJ;BYX 
IIO,IJ;IIpOCTpaHCTB C qeTHbiMH H HeqeTHbiMH CIIHHaMH. 0cTanb-
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HLie rrpe.IJ.cTaBneuuJI rnaBuoii cepuu xapaKTepH3YIOTCJI 3Ha'le
HHJIMH a= 2 + i p ; ; b = i w ; C =-2 +i K H HMeiOT 'leTLipe 
rro.IJ.rrpocTpaucTBa, uaquuaiOIIUiecJI cooTBeTCTBeuuo c I 0,0,0>, 
11 1 . l-l.l.. . I 1 1 ',n>' 2'2 ,n>' -2'2'">· 

~OIIOllHHTenLHaJI cepHJI HMeeT MaTpH'IHLie 3neMeHTLI 
reuepaTopoa /3a/ c 

fi -;;--4:"" a+~) ' 
--~-· 

N( m) = -~--.:...____ (z! == r (z +1 )) , 

( m a-b ) , -r--r-. 
IlpH'IeM a =0+2-) +iw ; b = (1- -f) +iw C = -2 + i K 

( p > 1) · HHBapHaHTHLie IIO)J.IIpOCTpaHCTBa COOTBeTCTBeHHO 
Ha'IHHaiOTCJI C 6a3HCHLIX BeKTOpOB 

i 0, 0, 0 > (1 < p < 4) , 

1-~.~,n>,l~.~,n> O<p<3). 

~HCKpeTHLie CepHH xapaKTepH3YIOTCJI 3Ha'leHHKMH 

a ~ (1 + ~l.) + i w , b = (1 - -4-J) + i w • c =- 2 + iK • 
r.IJ.e kt -

2
uenoe qacno, k I=l,2,3, ... HuaapuauTuoe IIO.IJ.

rrpocTpaucTao 0 ( +) COCTOHT H3 6a3HCHLIX BeKTOpOB 
!llwm. 

I · a-b m,e ,n> c m>-
2 MaTpH'IHLie 3neMeHTLI reuepaTo-

poa cne.IJ.YIOT H3 IPopMynLI /3a/ c 

~!!!.. + 4-(a-b) 

N (m) = j ~ 2 4 ) ! 

llO.IJ.IIpOCTpaHCTBO 

TOpOB [ m J . n -. 

N(m) 

6 

( m a-b 2 - --4~·)! 

D (-) 
1-lliCKp. o6pa3oaauo 

m < 2-.=...i!. 
2 

( m a-b 
-2+4-- 1)! 

(-...!!!. _ a-b)' 
2 4 . 

MHO~eCTBOM BeK-

II 
/2 

] . 

CTaTLJI crrnauupoaaua cne.IJ.YIOIIUIM o6pa3oM. B pa3.IJ.e
ne 1 MLI paCCMaTpHBaeM 06lllYJO CXeMy IIOCTpOeHHJI HH)J.y
D;HpOBaHHLIX rrpe.IJ.cTaaneuuii: G L ( 3 , R ) B pa3uce IPyuKu;Hii, 
3a.IJ.aHHLIX ua opTorouanLuoii rpyrrrre. llonuaJI Knac culiluKau;uJI 
B03MO~HLIX cepHH rrpe)J.CTaBneHHH, MaTpH'IHLie 3neMeHTLI 
reBepaTOpOB ,lJ.aHLI B pa3,lJ.ene 2. rpoM03,lJ.KHe BLI'IHCneHHK 
uu~PuuuTe3HManLHLIX orrepaTopoa rrpe.IJ.CTaaneuux .IJ.nK y.IJ.o6-
CTBa BLIHeceuLI B rrpuno~euue. 

1. Memoo UHOYliUPoeaHHbiX npeocmaeAeHuil 

llpe.IJ.cTaaneuux, rronyqeuuLie B uarneii pa6oTe, uaii:.IJ.eHLI 
MeTO,lJ.OM HH.IJ.YUHPOBaHHLIX rrpe)J.CTaBneHHH/5/ ,CYTL KOTOporo 

MLI BKpaTD;e o6Cy)J.HM. 

PaccMOTPHM rum.6epToBo rrpocTpaucTBO L /:weMeHTLI 
ero o603Ha'IHM X ,y ,z /, B KOTOpOM peanH3YIOTCK rrpe)J.
CTaBneHHK rpyrrrrLI GL (3, R) orrepaTopaMH T g 

T X =X' g 
/3/ 

HcrronL3yeM pa3no~euue HaacaBLI: g r;. G L ( 3, R) 

g = k u ' /4a/ 

r.IJ.e u - opTorouanLHaJI 3 X 3 MaTpHu;a H k - BepXHJIJI 

TpeyronLHaJI MaTpHD;a, T .e. ee 3lleMeHThl IIO)J.'IHHJIIOTCJI 
ycnoBHIO k 

1 
= 0 rrpu i:;j; i,j = 1,2,3. B rrpocTpau

CTBe rrpe,lJ.CTRBneHHJI CyllleCTByeT TOllhKO O.IJ.HH o6rnHH co6-
CTBeHHLIH aeKTOP x 0 .IJ.llJI orrepaTopoB T k 

Tkxo=a(k)x 0 , /4/ 

r .IJ.e KOMIIneKCHO 3Ha•IHaJI <iJYHKIJ,HJI a ( k) y )J.OBneTBOpJieT ycno
BHJIM a ( kt k 2 ) = a ( k I) a ( k 2). llocTaBHM B COOTBeTCTBHe 
Ka~.IJ.OMY BeKTOpy X ~ L BeKTop-lilyHKIJ,HIO OT g, orrpe)J.e

nJieMyiO cne.IJ.YIOlliHM o6pa3oM: 

f(g) =(x 0 ,Tg x), /5/ 

7 



r.n:e cKo6KH o6o3Ha'laiOT CKanBpHoe rrpoHJBe.n;eHae. HeTpy.n;

HO yfie.n;HTbCJI, 'ITO 3TO COOTBCTCTBHe B3aHMOO.IJ;H03Ha'IHO 

H II03BOJIJICT orrpe.n;enHTh rrpe.n;cTaaneHHe T B rrpocTpaH-
~ ~ g 

CTBC BCKTOp-~yHKUHH: 

T f(g) = f(g go ) · go /6/ 

Tor.n;a Ba)KHOe orpaHH'ICHHe Ha liiYHKUHH f(g) 

f ( k g) =a ( k) f( g) , /7/ 

cpa3y Cne.n;yeT H3 /4/ H /5/ H .n;aeT B03MO)KHOCTb paCCMaT

pHBaTb rrpeo6pa3oBaHHe rpyrrrrbl G L (3, R) B npocTpaHCTBe 

liiYHKUHH, JaAaHHblX Ha IIOArpyrrrre opToroHanLHblX MaTpau 

.QJ)_.L )J,eiicTBHTenLHO, HCKOMoe rrpeo6pa3oBaHHe HeTpy.n;Ho 

DOJIY'IHTb, HCDOJib3YJI pa3JIO)KCHHe /4a/ H YCJIOBHe /1/. 

T f(u)=-a(k')f(u') 
g 

T f(u) ~ f(u u
0

) 
uo 

uo~ 0(3) ' 
/8/ 

r.n;e MaTpHUbl k ' H u' HaXO.IJ:BTCJI H3 pa3JIO)KCHHJI 

ug k' u /9/ 

YTO'IHHM BH.n; liiYHKUHH a ( k). llocKOJILKY oHa JIBJIJieTCJI 

o.n;HOMepHLIM rrpH.n;cTaaneHHeM /xapaKTepoM/ no.n;rpyrrrrbl k 
(a (k l k2) =a(k 1) a (k ·~)) , TOa(k) MO)KCT 3aBHCCTb TOJibKO 

OT MYJibTHDJIHKaTHBHblX napaMCTpOB MaTpHUbl, T.e. OT 

ee .n;HaroHaJibHblX 3JICMCHTOB: 

a ( k ) = ( k ll ) a ( k 2 2 ) b ( k 33 ) <" 

k ll k 22 k 33""' 1 · ecna g .,; S L (3, R) · 
/10/ 

r.n;e a, b . c - B o6LQCM CJIY'-IaC KOMDJICKCHbiC '-IHCJia. 

8 

06~aJI lllopMa rrpe.n;cTaaneHHJI rrony'leHa, H Mbl MO)KCM 

c.n:enaTL 6onee TO'IHble Bbl'IHcneHHJI. B .n;anLHeiimeM Haii.n;eM 

JIBHbiH BH.IJ: reHepaTOpOB rrpeo6pa30BaHHJI /8/ H MaTpH'IHblC 

3JICMCHTbl reHepaTOpOB rrpe.n;cTaBJICHHJI B 6a3HCC HCIIpHBO

.IJ;HMblX rrpe.n;cTaBneHHH 0 (3 ) . YcnoBHe YHHTapHOCTH rrpe.n;

cTaBneHHJI OIIpe.n;eJIHT BIIOCJIC.IJ;CTBHH 'IHCJICHHOC 3Ha'leHHC 

rrapaMeTpoB a,b,c. 

2. IlpeocmaeAeHUJI GL (3, R) 

KoHC'IHaJI 4lopMa rrpeo6pa3oBaHHH Ha liiYHKUHJIX f ( u) 
HMCCT BH.IJ: 

Tg f(u) =(k ll)a (k22)b (k33) cf(u')' /11/ 

T f(u)=f(uu 0 ), uo /12/ 

r.n;e 3JICMCHTbl k i i H u l k HaXO.IJ;JITCJI H3 pa3JIO)KCHHJI 

ug = k u'. 
B .n;anLHeiiweM Mbl HHTepecyeMCJI rrpe.n;cTaaneHHCM 

G L ( 3, R ) Ha Herrpaao.n;HMbiX rrpe.n;cTaaneHHJIX 0(3). H3BeCTHO, 

'ITO HCDpHBO.IJ;HMblC rrpe.n;cTaBJICHHJI 0 ( 3) peaJIH3YlOTCJI Ha 

liJyHKUHBX vLI'+T D ~n ( e' ¢ ' t/I ) /r.n:e e ' ¢ ' t/I - yrnbl 

3iinepa, rrapaMCTpH3YIOU\HC MaTpHUY u~ I) (3 ),-i'<;Jn,n::;:E /, 
o6pa3YIOU\HX IIOJIHYlO OpToroHaJibHYIO HOpMHpOBO'IHYlO CHCTC

MY liiYHKUHH OTHOCHTCJibHO HHBapHaHTHOH Mepbl d u Ha 

rpyrrne 0(3)': 

E s 1 JD (u) D (u)du =---on o o 
mn p g (2C + 1) Ls mp n g 

/13/ 

H .n;eiicTBHe aHiiJHHHTC3HManLHblX orrepaTopoa Mi (i=1,2,3 ) 
rpyiiDbl Bpall.\CHHH B 3TOM 6a3HCe: 

(M
1

+iM
2
)DE =·l'(f"+n)U±n+1) DE 

mn m n± I /14/ 

9 



Df 
M 3 mn '" 0 

e 
Dmn /15/ 

llpe,IJ,CTaBneHHe MO>KeT 6biTL ceifqac ,IJ,aHO MaTpH'IHLIMH 
3lleMeHTaMH B 3TOM ,IJ,HCKpeTHOM 6a3HCe 

!m.f,n''=y-2f+l D~n., (0,¢,1/J). 
Haa6onee HHTepecHwii cnyqaa npeo6pa3oBaHHJI /11/ - KOr,IJ,a 
g -CHMMeTpH'IHaJI MaTp&na. Tor,IJ,a COOTBeTCTBYIOUVIMH HH

IIJHHHTe 3HMallbHbiMH on epa TOpaMH npe,IJ,CTaBneHHB JIBllJIIOTCJI 
onepaTop pacTJI>KeHHJI D = Raa H KBa,IJ,pynonLHbiH 3neMeHT 

anre 6pbl Q P ( p = 2, 1, o, -1 , _ 2) . ,l(nJI Toro 'IT06LI onpeJJ.e
nHTL, JIBnJieTCJI na npeJJ.cTaaneHHe yuaTapHLIM, HY>KHO npo
oepHTL ycnooae 3pMHTOBOCTH reuepaTopoa npeJJ.CTaaneHHJI 

Q+ = (-1 )P Q M :- = M. 
J> -p I I 

n+ = n. /16/ 

Ho JJ.HJI onpeJJ.eneHHJI conpJI>KeHHLIX on epa Topoa ueo6xo,IJ,HMo 
onpe,IJ,enHTL uuoapaaHTHYIO uopMy. Haa6onee o61l{eii uopMH
po:BKOH IIJYHKU.HB JIBHJieTCJI 

{f,f),-,Jf (u) g(u,u') f(u')du du' /17/ 

c HeKoTopoii IIIYHKU.Heii g ( u, u '), 3aBHCJIII{eii, B o611.\eM, co
rnacuo /11/, OT napaMeTpoo a, b, c . B JJ.HCKpeTHOM 6a-
3HCe I m, r, n > He06XO,IJ,HMO nonO>KHTb 

r,IJ,e 
< m,P,nl m,f,n'-' =IN'(a,b,c,m)l 2 , 

< m, r, n I m, e, n > ' = ! N ' (a' b, c, m ) i 2 
, 

IN'(a,b,c,m) 1
2 =(2l'+l)fdu du' 

/18/ 

n e < u) g < u . u ·) D e 
mn mn 

(u' ) . 
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YJJ.o6Heii, O,IJ,HaKo, pa6oTaTL cpa3y a opTouopMapoaaHHOM 
6a3Hce 

! m,f,n>=y2f+l 
e 

N(m,a,b,c)D (¢,0,1/1) 
mn 

/19/ 

N(a,b,c,m) = [N'(a,b,c,m)]-1
. 

KaK Mbl yBHJJ.HM HH>Ke, ycnoaae 3pMHTOBOCTH reuepa Topoo 
npe,IJ,CTaBneHHJI, 3a,IJ,aHHLIX B MaTpH'IHOH IIJopMe, npHBO,IJ,HT 
K pemaeMOH CHCTeMe KOHe'IHO-pa3HOCTHLIX ypaBHeHHH ,IJ,llJI 
HOpMLI COCTOJIHHJI. JIBHLIB BH,IJ, reuepaTOpOB R Jt nony'leH 
B npHllO>KeHHH. llpOCTLie, HO YTOMHTellbHble BLIKlla,IJ,KH onpe
,IJ,ellJIIOT KBaJJ.pynonLHbiH on epa Top Q 2 a 6a3ace r~1 i', n > 

p 

2 ao= 2 . 1 r +a ' m+ 2 
·~ ;m,f,n>= I 1-t{m+-

2 
(a-b)) Cp 2 . 2 P a=-2 ' • m, 

N(m) , 
2 0 . '( a-b 

___:_ __ 1 m + , r +a , n + p , + 1 m - -- ) 
N (m+2) 2 

e +a, m-2 c 
f,2 ;m,-2 

N(m) 
!m-2, f+a,n+p> + 

N (m -2 ) 

+ ]j__ c e +a • m 

v6 £,2,m,O 
[ ( 2k + 3) -a U - _G..£.) 1 : m , f +a , n+ p .> l 

2 ' 

c f+a. n- r j 2 r __ +_1 __ _ 

r. 2 : n . p 2 ( r + a ) .'. 1 

n;m,f,n> ~ Rf.Lf.L :m,f,L .. =-i(a+b+c)! m,f,n.>, /20/ 

II 



r.IJ.e 

1 k =
4

(-.a-b +2c), N(m) :=N(m.a,b,c) 
r i 

co e ;nln2 
L J • 2 

JIBllJIIOTCJI K03cW!HUHeHTaMH Kne6wa- rop.IJ.OHa c Bbi60pOM 
I I 

4>a3 no KoH.IJ.OHY H IDopTnH 1 7: . Ha6op queen ~ = (a,b, c ) 
css3aH c onepaTopaMH Ka3HMHpa H B .IJ.anLHeii:weM npo
CTpaHCTBO li>YHKUHB C onpe.IJ.eneHHbiMH a, b, C B npeo6-
pa30BaHHH /11/ KpaTKO o6o3Ha'IHM KaK D~ . 

IlpoaHanH3HpyeM MaTpH'IHLie 3neMeHTLI /20/ reHepa
Topos Q: 0HH COCTOJIT H3 Tpex 'llleHOB, o6pa3yiOIUHX 
nepeXO.IJ.bi COOTBeTCTBeHHO m -.m + 2 , m -.m- 2 H m. Bo-nep
BbiX, HMeiOTCJI llpOCTeBWHe npe.IJ.CTaBneHHB, B KOTOpbiX 
npe.IJ.CTaBneHHe rpynnLI 0 ( 3 ) C .IJ.aHHbiM · f BCTpeqaeTCJI 
TOllbKO O.IJ.HH pa3. )J.eii:CTBHTellbHO, nonaraB m =0 , a = b, Mbl 
nonyqaeM ucxoMoe npe.IJ.cTasneHue. Y cnosue yHHTapHOCTH 
npe.IJ.CTaBneHHB Q 2+ . = (- 1 ) P Q.: li>HKCHpyeT HaM 'IHC
neHHoe 3Ha'leHHe P napaMeTpos P a = b = 1 I 3 . i( w -p ) ] , 
C = + [6+i(2p+ w) ] , r.IJ.e p H w - BeiU1CTBeHHble 'IHCna. 
Ilpe.IJ.CTaBneHHJI COCTOJIT H3 uenLIX MOMeHTOB f = 0,2,4, · · ·H 
e = 1,3, 5, ... PaCCMOTpHM sonpoc 0 HenpHBO.IJ.HMOCTH npe.IJ.
CTaBneHHB. Ha3oBeM npe.IJ.cTaaneHHe onepaTopHo-Henpuso
.IJ.HMLIM /8/, ecnH mo6oii: nepecTaHOBO'IHbiB onepaTOp CO BCeMH 
onepaTopaMH npe.IJ.CTaBneHHJI KpaTeH e.IJ.HHH'IHOMy. )J.nB KO
He'IHOMepHbiX npeAcTasneHHii: 3TO yTsep~.IJ.eHue 3KBHBa
neHTHO OTCYTCTBHIO B npOCTpaHCTBe npe.IJ.CTaBneHHJI 3aMKHy
TbiX HHBapuaHTHbiX no.IJ.npocTpaHCTB. B 6ecKoHe'IHOMepHbiX 
npe.IJ.CTaBneHHJIX 3TO He TaK, H onepaTOpHaJI HenpHBO.IJ.HMOCTb 
eiUe He ecTL HaCTOBIUaB HenpHBO.IJ.HMOCTL. Hccne.IJ.yeM CHa
qana sonpoc o6 3KBHBaneHTHOCTH npe.IJ.CTasneHHB. KaK 
H3BecTHO, npe.IJ.CTasneHHe 1~ 1 (g) 3KBHBaneHTHO npe.IJ.
cTasneHHiO T~ 2 (g) , ecnu B npocTpaHCTBe npe.IJ.cTasneHHB 
ecTL HeHynesoii: onepaTop A, HMeiOIUHB HenpepbiBHbiH o6-

paTHLiii:, TaK 'ITO 

A 1~1 (g)..., T~2 (JJ A. /21/ 

Tor.IJ.a .IJ.nH HHI!>HHHTe3HManLHbiX onepaTopos BblnonHHIOTCH 

paseHCTsa: 
AQ2 =Q2A. 

p p 

12 

i • 

HcnonL3YB BH.IJ. onepaTopos Q 2P , nonyqaeM, 'ITO onepaTop 
A .IJ.HaroHaneH B 6a3HCe I m 'e 'n > ' ero MaTpH'IHble 3neMeH

Tbi He 3aBHCJIT OT f , n H Y.IJ.OBJleTBOpBIOT ycnOBHJIM 

(m+2 -
al - b I 

2 
a2- b 2 

)A +2 +2 =(m+2- )A m ,m 2 m,m 

a - b 2 
(m + ~--) Am+2,m+2 

a - b = ( m + _1 __ 1) A 
2 m,m 

at+bl +CI =a2 +b2-c2 

-a -b +2c =-a -b +2c 
I I I 2 2 2 

/22/ 

CpasHeHHe 

A mm I= 0 

paBeHCTB npHBO.IJ.HT K BbiBO.IJ.Y 0 TOM, 'ITO llpH 
npe.IJ.CTasneHHB 3KBHBaneHTHLI, ecnu nu6o ~ 1=~ 2 , 

nu6o a -b a - b 
a 2 +h 2 =a 1 +b 1 ;c 1 =c 2 ; 2

2 
2 =2 -~-1. 

IlpH ~~ =~ 2 npocTpaHCTBa npe.IJ.CTasneHHB cosna.IJ.aiOT. Ilo
cKonLKY e.IJ.HHCTBeHHbiMH llHHeBHbiMH onepaTOpaMH, nepe
CTaHOBO'IHbiMH C onepaTOpaMH npe.IJ.CTaBneHHB, JIBllJIIOTCJI 

KpaTHble e.IJ.HHH'IHOMY (A m+2 ,m+2 =Am, m -> A =A E ) , TO 
npocTpaHCTBa onepaTopHo HenpHBO.IJ.HMbi . Bo BTopoM cnyqae 

npH X I = ~C!l. = 2 - X 2 H3 COOTHOWeHHJI /22/ nonyqaeM 
2 

A mm 

( ~ -

(...!:!!__ 
2 

4+2Xt 
4 

~)! 
2 

) ! 

B cnyqae, ecnu 2 x 1 He ssnseTCB uenbiM qucnoM, on epa Top 
A -I cyiUecTsyeT H HenpepbiBeH /ero MaTpuueii: B 6a3Hce 
I m' r, n BBnBeTCJI .IJ.HaroHanLHaJI c 3neMeHTaMH A -~.m I' 

H npe.IJ.CTasneHHB T ~ 
1 

H T ~ 2 3KBHBaneHTHbi. Bonpoc o6 
3KBHBaneHTHOCTH npe.IJ.CTaBneHHB, KOr.IJ.a 2 X 1- uenoe 'IHCnO, 

paCCMOTpHM HH~e. 

13 



BepHeMCJI, HaKoHeu,, K yHHTapuocTB npe,IJ,cTaBJieHHii. 

YcnoBHe 3PMHTOBOCTH reHepaTopoB Q2 (Q ~ = ( -l)P Q-p 
p u 

npBBO,IJ,HT K CHCTeMe KOHe'IHOpa3HOCTHLIX ypaBHeHHH ,IJ,JIJI 

HOpMLI COCTOJIHHB. 

a ( ~ ~)+ + 2 (2k +3) * 
1 

a (~+~)-(2k+3) 
2 

- N ( ~~'.:.2_ I 2 

N(m+2) 

N( m) 12 

m+2 -( a-b .~-) * 
~·-- 2 

m + ~ 
2 

w-2+ a-b 2-

N(m-2) a-b 
m - ---

2 

/23/ 

YpaBHeHHJI /23/ MOryT 6LITb pa3peweHLI OTHOCHTeJibHO 

N(m) TOr,IJ,a H TOJibKO TOr,IJ,a, KOr,IJ,a HX npaBLie 'laCTH fiOJIO

>KBTeJILHbl H He CHHryJIJipHbl. TaKHM o6pa30M, HMeiOTCJI 

TpH cepHH YHHTapHbiX npe.D,CTaBJieHHH, B Ka>K,IJ,OM H3 KOTOpbiX 

'IHCTO MHHMbl (2k +3) H (a -tb+c): 
I. (a-b)+(a-b)*=4; 
II. (a-b) - Be~ecTBeHHoe,He paBHoe u.enoMy; 

III.(a-b) - u,enoe 'IHCJIO. 

06cy,IJ,HM OT,IJ,eJibHO 3TH CJiy'laH. 

I. IIapaMeTpbl a, b , c paBHbl: 

a=2+ip;b=iw; C=-2+iK 
p, w, K - ,IJ,eii:CTBHTeJibHbie 'IHCJia, xapaKTepH3YIOllJ,He npe,IJ,

cTaBneHHJI. IIpe.D,cTaBneHHJI c TaKHM Ha6opoM napaMeTpoa 

HaJoBeM npe,IJ,cTaBneHHJIMH rnaBHoii: cepHB D r.TI • IIocKOJihKY 

onepaTOpbl Q ~ BMeiOT JIHWL MaTpH'IHble 3JieMeHTbl ,IJ,JIJI 

nepeXO,IJ,OB ill-> m , m ±2 , £_,£+a , cy~eCTBYIOT HHBapHaHTHble 

14 

1 

llO.D,llpOCTpaHCTBa. Jh Bblpa:>KeHBJI /20/ HeTpy,IJ,HO y6e,IJ,BTL

CJI, 'ITO HX BCero 'leTblpe. 

a/ D r,JI ( 0, 0) H Dr,JI (1 , 1) . 3TH no.D,npocTpaHCTBa Ha

'IHHaiOTCJI COOTBeTCTBeHHO C 6a3BCHLIX BeKTOpOB 10,0, 0> H 

11, 1,n>. C 'leTHLIM /He'leTHLIM/ ~ npe,IJ,cTaBneHHJI DrJI(O,O) 

H Dr ( 1 ,1) pe,IJ,yU,HpyiOTCJI COOTBeTCTBeHHO Ha £ + 1 ( ~) H 

~ (~+f) npe,IJ,cTaBJieHHii no.D,rpynnbl 0(3) c op6uTaJILHLIM 
MOMeHTOM ~. 

6/Dr,JI <!-. t) H Dr,JIC--f.-j->. 3TH no.D,npo<iTP,HCTBa 

Ha'IHHaiOTCJI c U.HKJIH'lecKHx 6a3HCHLIX BeKropoB 17· 7 ,n> H 

n 1 -lz.,-},n>. qHcno HenpHBO.IJ.HMLIX npe,IJ,cTaBneHHii: no.D,rpynnbl 

0( 3) C ,IJ,aHHbiM e paBHO e + t B Ka)I(,IJ,OM H3 fiO.D,llpO-
CTpaHCTB. 

II .CepuJI npe,IJ,cTaBneHHii, HH:>Ke Ha3biBaeMaJI ,IJ,ononHu

TeJILHoii:, XapaKTepHJyeTCJI 

a=O+ i )+iw; h=(l-1) +iw; c . .,-2+ iK, (p>l) 

HHOpMOH 4-(a-b) 
1 ( -~ - )' J1 4 . 

N ( m) = ...2-.---.::-·---
( fil a-o)' 7--,---. 

HHBapuaHTHbiMH no,LJ,npocTpaHCTBaMH JIBJIJIIOTCJI D 11011 (0,0) 
(l<p<4) H D (- .L ,l) (l<p<3), D (- 21 ,-21-}{l<p<3). 

iloll T T 11011 

CornacHo cKaJaHHOMY BbiWe, npe,IJ,cTaBneHHJI npu PI = 1-p 
( p > I) 3KBHBaneHTHbl D 

11011 
c p > 1 . 

( k I ) . III. CepHJI xapaKTepHJyeTcJI a= 1 + 2- + l(JJ; 

b =( 1 - ~) + i W ; C ,.- 2 + i K , 

2 
r.D.e k1 - u.enoe 'IHcno ( k 1 = I, 2, 3 , ... ). IIpe,IJ,cTaBneHHJI 3Toii: 

cepHH HaJoBeM .D.HCKpeTHbiMH npe,IJ,cTaBneHHJIMH. HHBapuaHT-

D <+> o<-> HbiMH fiO.D,llpOCTpaHCTBaMH JIBJIJIIOTCJI LUICK p H ,lUICKp 
llO.D,llpOCTpaHCTBO 0 (+) COCTOHT H3 6a3HCHbiX BeKTOpOB 

IUICKp 

a-b 
im, e ,n> m::::,- -

2
- C HOpMOH 

15 



(-~ _ 4-(a-b) 

N(rn) = _ _!_ - 4 
-1)! Y2 

-· 
(~- a- b 

2 
--~-)' 4 . 

(-) 
AHanorHqHo no~npocTpaHCTBO D Al1CKp o6pa3oaaHo MHO-

I 
a-b ~ ~ 

)l(eCTBOM BeKTOpOB rn, f , n>, m<- --H HOpMOH COCTO.HHHH 
- 2 

Jc rn a-b 7 + --4-1)! 

N(rn)=---------------

j ( _ 
2
m _ a 4 b ) ! 

Cy~ecTayroT TaK)I(e ~sa HHBapHaHTHbiX no~npocTpaH

cTaa npH k=O, -1,- 2 .. ,Ho OHH 3KBHBaneHTHbl D (+) H 
D (-) . OnepaTOpbl, CB.H3biBaiO~He 3KBHBaneHTHJt'cWpe~
cAWJi'~mH.a:, MOryT 6b1Tb nerKO nocTpoeHbl. CKa3aHHOe BbiWe 
o npe~cTaaneHH.HX a paaHoii Mepe npHMeHHMO H K SL ( 3, R) 
/npH b = 0 B Ma TpHqHbiX 3lleMeHTaX H HOp :MaX COCTO.HHHB/. 

KpoMe Toro, cymecTayeT e~e o~Ha cepH.H npe~cTaane
HHB, CB.H3b1BaiO~a.H COCTO.HHH.H C opfiHTallbHbiM MOMeHTOM, 
oTnHqaro~HMC.H Ha ~ae e~HHHllbl. Ee MaTpHqHble 3neMeHTbl 
nonyqaroTc.a: H3 /20/, ecnH nonaraTL rn =a = b = 0. 3TH 
npe~CTaBneHH.H YHHTapHbl npH c z- 3 +i p /r~e p -ae~ecT
aeHHOe qHcno/ H N(rn) =1. TaKHe npe~cTaaneHH.H MoryT 
6b1Tb peanH30BaHbl B npOCTpaHCTBe $yHKllHB OT Tpex nepe
MeHHbiX XI 'x2 ,x3 creHepaTopaMH Rij = -J-cxia j +Xj a) 
H opTOHOpMHpOBaHHbiM fia3HCOM npe~CTaane:a\..a:: 

3 
-- + ip e 

lp,f,n>=v'U+1 r 2 D 0 n(O,¢) 

<p',f',n'lpfn> =8 (p-p')8H, 8nn ,. 

16 

3neraHTHOe DOCTpOeHHe 3TOB cepHH ~aHO B pafioTe/9/ 
npH noMo~H onepaTopoa po*~eHH.H H YHHqTo)l(eHH.H. IlpHqeM 
OKa3b1BaeTc.a:, qTo 3Ta cepH.a: npe~cTaaneHHii anre6pbl SL(3,R) 
a npocTpaHCTBe qHcen 3anonHeHH.H ~onycKaeT H nonyuerr.we 
e B no~xo~e' HaqHHaiO~eMC.H cpa3y c KOHeqHbiX npeo6-
pa30BaHHB /11/, TaKHe npe~CTaBneHH.H anrefipbl OTCYTCTBy
IOT. 

AaTop npHHOCHT rny6oKyro 6naro~apHOCTb B.H.OrHe
aeuKoMy 3a npe~no*eHHyro 3a~aqy, ueHHble H nno~oTaop
Hble o6cy*~eHH.H. IlpH.HTHO no6naro~apHTb 3.CoKaqeaa 3a 
o6cy*~eHH.H. 

IIPHJIO)J(EHHE 

HH¢uHume3UMaAbH&re onepamopbJ UHOYl.IUpoeaHHbJX 
npeocmaeAeHuu 

CornacHo MeTo~y HH~YllHpoaaHHbiX npe~cTaaneHHii, no
CTaBHM a cooTBeTCTBHe Ka~oMy 3ne:MeHTY g ~ G L ( 3, R) 
onepaTop T a npocTpaHciae cilYHKllHii f(u) (u ~ 0(3)) g 

T f(u)=a(k')f(u'), 
g 

llpHqey MaTpHllbl U' H k' HaXO~HM H3 pa3llO)I(eHH.H 

ug=g'=k'·u' 
a b c 

a(k)=(k 1I) (k22) (k 33 ). 
H 

/Ill/ 

P a3nO)I(eHHe Haacaabl g '= k' • u' HeTpy~HO BblllOllHHTb, 
yqHTbiBa.H COOTHOWeHHe OpTOrOHanbHOCTH U is • Ujs = 8ij 

k - ' ' 33 - g 3s g 3s 

-I 
U 3s = g ~s ( k~3 ) /II2/ 

-I 
k22 ~g2s g~s -g~s g: k33 

3s H T.~. 
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UcKoMoe pa3no>KeHHe onpe,D,enJieT BenH'IHHbl k.: H u ;k 
B 3aKOHe npeo6pa30BaHHJI /Ill/. ,I:(HCKpeTHbiH ~~3HC B pa3-
,D,ene 2 onpe,D,eneH Ha WYHKIUIJIX n!n ( e '¢' t/1 ) ' 3aBHCJIUUIX 
OT yrnoB 3ii:nepa. IlapaMeTpH3yeM MaTpH:u;y u TpeMJI 

yr naMH 3ii:nepa 
iM3 ¢ i M 1 () i M 3t/J 

u =e e e 

HnH B MaTpH'IHOH cllopMe: 

cos 2 _!!_ cos ( ¢ + t/1 ) -cos 2 !!_ sin ( ¢ +t/J) 

2 2 sine sin¢ 

+ sin 2 .!!_ cos ( ¢ - t/J ) +sin 2-.f sin ( ¢ -t/1 ) 
2 2 

u = cos 2 Jl.. sin ( ¢ + t/1 ) cos2 Jl.. cos ( ¢ + t/1 ) 
2 2 -sin() cos¢ 

+sin 2 .!!_ sin ( ¢ - t/J ) -sin 2 .!!_cos ( ¢ -t/1 ) 
2 2 

sin () sin t/J sin () cos t/J cos() 

0.D.HH H3 cnoco6oB nony'IHTL JIBHOe awpa>KeHHe npeo6pa3o
BaHHbiX yrnOB 3ii:nepa - 3TO Bblpa3HTh HX qepe3 3neMeHTbl 
MaTpHD;bl Uik , 3aKOH npeo6pa30BaHHJI KOTOpbiX HaM 

H3BeCTeH 

18 

() = ar cos u 33 

¢ =ar sin u2~~ 
2 cos2 ..fJ_ 

2 

t/J "'" ar cos 
U32 

2 sine 

- ar cos 
u32 

sin e 

Haii:,D,eM JIBHoe awpa>KeHHe ,D,nJI reHepa TopoB npe,D,cTaBne
HHJI. PaccMoTpHM MaTpH:o;bl c 6ecKoHe'IHO ManwM r: 

1 +t 
e i Rll t 

0 

0 

0 0 

1 0 

0 1 

1 t 0 
e i Rl2t 

t 1 0 

0 0 1 

H T .Jl.., OTBe'laiOUUie npeo6pa3oBaHHJIM GL (3 , R) c reHepa
TopaMH R 

11 
, R 

12 
H T .Jl.. UcnonL3YJI pa3no>KeHHe /II2/, 

HeTpy,D,HO onpe,D,enHTh 6eCKOHe'IHO Manwe H3MeHeHHJI k ii 
H u ;i KaK WYHKD;HH u ik H napaMeTpa t H, cne,D,oBa
TenLHO, HHWHHHTe3HManLHble npeo6pa3oBaHHJI yrnoB 3ine
pa. llpHBe,D,eM nHWL onepaTopw R 12 B JIBHOH cllopMe 

1.12 ~ t [ cos 2 t/1 a t/1 + ~ sin 2 () sin 2 t/1 a e + 

+(-COS() Cos2t/J +Cos 4 ..f!_ COS (2cp +2t/J) -sin4 .§_ 
2 2 

/II3/ 
cos (2$ -2tf! )) a,~.. + .!_ca-b) sin4 _!sin (2¢ -2tf! 

'P 2 2 

+ ~ cos 4.! sin ( 2¢ + 2 t/1) (-a+ b ) + ~ sin 2 e sin 2tf! (-a-b + 2 c ) . 
2 2 4 

2 
KoMnoHeHTbl HenpHBO.D.HMoro TeH30pHoro onepaTopa Q 
onpe,D,enJIIOTCJI H3 pa3no>KeHHJI R 

1 2 
= i ~ ( Q

2
2 - Q~2 ) P H 

COOTHOWeHHH KOMMyTaD;HH 

[ M 'Q2 ] 
p 

l < 2, p , I M I 2 'p > . 
, 

p 

19 
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PyKonucr. nocmynuAa 6 u3oameAbCimil omoeA 
27 oeKa6pA 1974 zooa. 

Y CJIOBMS o6Meua 
llpenp&HTW • coo61l(eHHJI OHJIH paccbiJI8.IOTCJI 6ecnJiaTHO, Ha ocHoBe 

.3ABMHOrO o6MeHa, yHHBepCHTeTeM, HHCTHTYTAM, Jia6opaTOpHJIM, 

6H6JIHOTeKaM, HayqHhiM rpynnaM H OT.IleJILHhiM yqeHhiM 6oJiee 50 CTpaH. 

Mhl O)KH.Il&eM, qyo nonyqaTeJIH Bl.Il&HHH OHJIH 6Y.IlYT caMH npo•u

JIJITL HHHllHATHBY B 6ecnJia THOH nOCbiJIKe ny6JIHKAUHH B ~y6Hy. B nopJI.IlKe 

06MeHa npHHHMAIOTCJI HayqHhle KHHrH, )l(ypH&Jlbl, npenpHHTbl H HHOrO 

BB.Ila ny6JIHKAUHH no TeMaT&Ke OHJIH. 

E.IlBHCTBeHHhiH BH.Il ny6JIBKAUBH,KOTOpbiH HAM npHChiJIATL He CJie.IlY" 

eT,- 3TO penpBHThl I OTTHCKH eTa Tei, y)l(e ony6JIHKOBaHHbiX s HayqHhiX 

)l(yp&anax/. 

B PJI.Ile CJiyqaeB Mhl CAMH o6pall(aeMCJI K noJiyqa TeJIJIM HAWHX H3.Il&

HHH C npOCL60H 6ecnJIATHO UpBCJIATL HAM KAKHe·JIH60 KHHrH HJIH 

BhlnBCATL .IlJlJI H&Wei 6H6JIHOTeKH HayqHble )l(ypH&Jlbl, H3.IlAIOII(HeCJI B HX 

cTpaHax. 

0TAeJib~e 3anpoc~ 

H3.Il&TeJILCKHi OT.IleJI e)l(erO.IlHO BhlnOJIHJleT OKOJIO 3 QQQ OT.IleJILHhiX 

3anpOCOB Ha BWCbiJIKY npenpHHTOB H C0061l(eHHH OHJIH. B TAKHX 3&" 

JipOCAX CJie.IlyeT 06Jl3&TeJILHO YKA3biBATL HH.IleKC 3anpaWHB&eMOrO 

B3.IlAHHJI. 

AApeca 

llHCLMA no BCeM BOnpOCAM 06MeHa ny6JIHKAUHJIMH, a TAK)I(e 3anpo-

Chl Ha OT.IleJILHble H3.IlAHBJI CJie.IlyeT HanpaBJIJITL no &.Ilpecy: 

101000 MocKea, 
FAa6HI>Iil nO'IIIfaMIIf, n/JI 79. 
H3i:JallfeAr.cKuiJ o•i:JeA 
06"bei:JUHeHH020 UHC .. UIIIyllla 
Jli:JepHI>IX UCCAei:J06QHUU. 

A.Ilpec .IlJlJI UOCbiJIKH BCeX ny6JIHKAUHH B nopJI.IlKe 06MeHa, a TAK)I(e 

JlJIJI 6eCJIJIATHOH UO.IlnHCKH HA HayqHble )l(ypHaJlbl: 

101000 MocKea, 
FAaeHr.riJ no'lmaMm, n/JI 79. 
Jlay'IHO·•eXHU'IeCKQJI 6U6AUOIIIeKa 
06"bei:JUHeHH020 UHC .. UIIIyllla 
Jli:JepHI>IX UCCAei:JoeaHUU. 


