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KoJIIUIK B.A., Kouea Jt.H. 

~·----~ 
Maraarawe (cnaaoawe) a Maraaroenexrpa'lecxae ro'le'IBhle 

rpyiDihl p -CBMM9TpHI 

I G(-) BbiBelleBo 2804 Maraarosnexrpa'lecxax, ME , a 598 cmraoahllt, 
~-), rpyDD llB8TROI p -cKMM81'pltH1 B30MOJ)41HhiX 82 KpHCTa1111orpa4JJAM:KHIII 

TO'ie'IBWM rpYJU!:aM G. 3TH rpynDhl .IIJ!IUIIOTC51 DOIU'pyJDI8MH Dp51MOI'O DpoH3-
Mil8BHH rpyJDI P a G, rAe P = ooooll '=8(3) x I'- nonaaSI rpyJDia apameaaA, 
ll011011H8.BH8SI HBBepcaeA BpeMeBH 1 ', npuseAeB DOJlllhll CDJICOX 598 CDHBOBhiX 
rpyun. 

Coo45aae 06loe.aueooro IIHCTilT)'T8 a.aepBWx •cc.ae4011811111 
,lb&l8, 197 4 

Koptsik V.A., Kotzev J.N. P4 - 8466 

Magnetic (Spin) and Magnetoelec'tric Point 
Groups of P~Symmetry--

In this paper 2804 colour symmetry grours G~i of 
magnetQelectric structures and 598 groups G~ of magnetic 
(spin) structures which are isomorphic to_the 32 crystal
lographic point groups G are derived. !~lese groups 
are su!>groups of the direct product of P and G groups, 
where P ...... TI'=R( 3) x 1' is the group of all proper and 
inproper rotations and time inversion. The total list of 
598. spin groups rJ.t is given.-

eo....icada.1 of tlae Joiat laltitute ICJI' Naelear Retearela. 
O.baa, 1974 

·-' 

I l 
' 

I. B pRAe sanaq ~K3HKH TBep~oro Te~ Heo6xo~MOCTb 6o~ee 

IIO~OrO yti8Ta CRMM8TPKH RCC~e.nyeMOit CRCT8MH IIpRBe~ It pa3JIWIHhlM 

0606!1l8HRHM ~CCR'I8CltlU TO'I8'1HWC R rrpOCTPaHCTB8HHHX (,J!e~OpOBCitRX) 

rpyrrrr, IIOJIY'IHBllilU 06!1l'38 Ha3BaHK8 "rpyrrrr llB8THOR CI'IMMeTpRH", K Hi'lM 

OTHOCRTCR TaKX8 rpyrrrrhl MarHi'lTHOit /I/, i'l~ wy6HHKOBCKOR /2/, CRMM8T

pHK. 0CHOBbl TeOpl'IR !lB8THOH CHMM8TpRl'l R o6llil'lpHM 6ri6~orpa.<J>H5l ,naHhl 

B /3/. ~anbHeitrnee pa3BRTR8 T80PHr1 OTpaxeHO B /4-7/. 
Eo~bllil'IHCTBO l'l3BeCTHHX ~o Cln<: rrop !lB8THHX rpyrrrr oxnaTRBaCTCR 

Teopl'len P-cl'IMM8TPHH A.M.3aMopsaeBa /8,9/. HarroMHHM, 'ITO rpyrrrrH 

!lB8THOil P-CHMMeTpHR G1P~ { 2,<r.~ .fiBJI.ll10TC.fi rro~rpyrrrrar-ru rrp.fiMOro rrporisBe

~eHH.fi rpynrr "ocHOBR", G, H "Harpysox", P, 
G'Pl r;: p ® G, (I) 

~eilCTByiO!IlHX B HerrepeceKaiO!IlHXCR ( "reOM8TPH'I8ClWM" H "·PH3H'I8CIWM") 

IIO~rrpOCTpaHCTBax. Eo~ee IIO~O H3Y'I8H CJJY'IaR, KOr,na G ={ad - ItpH

CT~Orp~l'l'18CKM rpyrrrra, a~eMeHTh! KOTopoii ~. f G ~eticTBYIOT TO~bKO 

Ha ItOOp~HHaT!l 3ItBHBM8HT~ TO'I8K Ti If: G Y, : { ~ j , 3aH.fiTillC aTOMaMr! 

KPHCTMJia. Harpy3KR P, E: P RHTeprrpeTHPYIOTC.fi ItaK ~OitMbHhle rrpeo6pa-

30BaHHR 3Ha'I8Hl'IR orrpe,ne~eHHOit Ha GT, B8KTOpHOH H~ T8H30pHOR :pyHK

IJ,ID1 A I;) ( CM. ,HarrpHMep, I 4, 5/) • T>~rr rpyrrrrhl P orrpe~e.JrneTCfl xapaKTe

poM HCC~e~eMOH Cl'ICT8MH, HarrpHMep, ~ OriHCaHi'lR Cr!MMeTPHR aKCHMb

HQ-B8KTOpHOA ~HKURH II~OTHOCTH MarHHTHOrO (CITHHOBOro) MOMCHTa, Me

H.fii!liU81f 3HaK rrpH HHBepcHH BpeMeHH 1' , ~ocTaTO'IHO rrpHMTb P = oo<>o t' = 

= R+(3)®t' (r~e Rt-(3) - rpyrrrra co6cTBeHHhlX TpexMepHux Bpa!lleHrii1). 

n.Jffi O~HOBpeMeHHOrO OIIHCaHl'l.fi 3~8KTpHqecKOH H MarHHTHOH CTPyKTyph! 

KPHCT~a (B cerHeTOMarHeTHKax) eyJKHo rro~oJKHTb P =ooooft'= R (3) >< (,. 

B COOTB8TCTBHH CO C~OJDIIBI!l8RCR Tep!>lliHO~OrHeR /3/ 6y~eM Ha3h!BaTb 

rpyrrrrR 

H 
C('l') c::. 00 00 f t' ® c 
Mf-

n11'1 = oo oo 1' ® G us -

3 

(2) 

(3) 



M3l'HY!TOSJI8RTp!1'18CKHMH H, COOTB8TCTB8HHO, Ma.I'HY!THHMH (CIIHHOBUMH) 

rpyrrrraMH uneTHofi P-CHMMetpHH. 

B ~aHHofi pa6oTe BuBe~eHH 2804 MnanmHe TO'Ie'IHHe rpynrru P-eRt~ 

r< (1') v 32 
MeTpHH Mal'HHTOSJI8KTPH'I8CKOro THTia, ~ME, H30MOPWHHe RpHCTaJIJIQ-

CPI 
rpal>n'leCRHM TO'Ie'IHHM rpyrrnaM G. l1s TIOJIHoro cnHCKa rpyrm QMe- ........ G 

(Pl 
B~eJieHH B Ta6JIHuy 4 CHMBOJIU 598 "CTIHHOBUX" rpyrrTI GS , T.K. 3TH 

rpyTITihl yJY.e H8.XO~T IIpHMeHeHMe .lUll'! OIIHCalU!R CTaUHOHapHUX Mal'HY!THUX 

CTPYKTYP KPHCTaJIJIOB /10-14/, CHMMeTpHH CIT8KTpa CTIHHOBUX BOJIH B Mar

HeTHKax /I5,I6/ Y1 rrapaMa.I'HOHOB B napaMa.I'H8THKax /17/. 
(PI 

CmmoBue rpyrrrru G 
5 

6uJIH BTiepBue rrpv.rteHeHH ~JIR orrHCaHH.H He-

KOJIJIHHeapHux MarHHTHUX CTPYKTYP B pa6oTax Haiiwa /10, II/. .UJIR Bh!Bo

.n;a STllX rpyrrn HM 6Wl HCITOJ1&30BaH TaR Ha3UBaeM!ffi rny6HHKOBCRHfi M8TO~, 

cocTO.Hl!UfU B saMeHe reHepaTopoB 3, e G KJiaCCH'IeCKHX rpyrrrr G "UBeTHH-
(J!J (l'l 

MH" reHeparopar.m <J, 'e G s , y~oBJieTBOPRIOl!Ufr.m o,IWHaROBHM c 9, E G orrpe-

.:re.!J.'I!JI!U'!.! COOTHOl!JCHHilM (cM.,HanpHMep,/5/).B pa6ote/li/ 6HJIO yxa3aHO 

TaKY~e COBTia.D;aiOmee C Ham.HM 'IHCJIO - 598 - CITHHOBUX TO'I8'1HUX rpyrrrr. 

ITO-Bll,ll;HMOMy,nOJIYtf8HH!le HaiillleM /II/ Ill38TH!ie rpyrrnu COOTB8TCTBYIOT 
("f'l 

T8M 598 C5 -rpyrrna.M, KOTOpiie Bll,ll;8JI8H!l Har;~H B Ta6JIHuy 4 H3 2804 rpyrrrr 

G(P) C p 
N£ • ITHCOK I/IHT8pHaUROHaJl&HUX CHMBOJIOB CITHHOPUX rpyrrrr -CHMMeTpHH 

ny6JIHKyeTCR B ~aHHOH pa6ote BIIepBHe. illy6HHKOBCKHit M8TO~ rrpHM8H&JICR 

Ta.KJKe B pa6oTe /I2/, r~e B Ka'leCTBe IIpHMepa IlPHBe~eHH reHepaTOpii 
(p) (~ 

rpyrrn G s ' H30MOPiJHUX o,. = m3 m ( c rrporryCKOM 4 H3 32 rpyrrrr Gs ....... o~.). 

B He.D;aBHeH pa6oTe /I4/ ~JlR Bh!BO~a CITHHOBUX rpyrrrr HCIIOJ1b30BaJICR Me

TO~ A.M.!3aMopsaeBa /8/. YKa3aHHoe B /I4/ 'IHCJIO 655 "HeTPHBH8..7!1>HUX" 

(MJia.D;liJHX ITO /8/) CITHHOBUX TO'Ie'iHUX rpyTIII He COrJiaCyeTCR C pe3YJ1bTa

TO~I Ha.Hrna /II/ H HaillHM - 566 rpyrrn (6e3 y<teTa 32 "O~HO!lBeTHUX"). 

2. iviarHHTOSJieKTpHqecKHe rpyrrrru P-CHMMeTpHH c{~~-G. KaK J/1 

MarHV.THb!e ( CIIHHOB!le) G ~~ , .!IBJIRIOTCJI KOHKpeTHOH HHTeprrpeTaUHefi "KOH-

4 

KpeTHo-a6CTPaRTHUX" /6/ UBeTHUX rpynrr G/H (P)*), rrpoTa6yJIHpOBaHHUX 

B /3,6/. B COOTB8TCTBHH C MeTO~OM, rrpe,li,JlOlK8HHHMB /6/,ctp.li, a6-

CTpaKTHaH rpyrrrra P B G/H(P) saMeHReTCR zsoMO~PHOH efi rro~rpynnon 
'""' - , (Pl 

rpyrnrn P = 0ooo 11 ( ~JIR MariD'ITOSJieKTPH'IecKHX rpyrrrr G,., E ) HJIH rpyrrrru 

~ I ("f')) 
P = 00 00 f (~JIR CITHHOBUX rpyrr!I G S • 1'!3 IIOJJY'IeHHUX TaRl'IM o6pa30M 

"KoHKpeTHo-KOHKpeTHUX" /6/ UBeTHUX rpyrrrr G ~"~ , r~e asoMopWH3M P-G/H 

JCTaHOBJI6H BC6MH pa3JIH'IHUMH CIIOC06aMH, BU6HpaeTCR ITO O~HOH rpynrre 
(p) (p) 

GMf H3 K~OrO KJiaCCa 3KBHBaJI8HTHUX rpyrrrr. llpH STOM ~Be rpyrrnu,GMf 

Jll G~~ ' C"'UI:TaiOTCR 3KBHBaJI8HTHHMl'I (B rpynrre r<P'=R(3)(®R(3):oooo11ll9oooof), 

ecJIH /6/ 
GTPT = ~~-'"'P G<"'' r.-~(-r,-'J v-("f1l E rc.,.l 

ME li ME i ' li . (4) 

B rpyrrrre P =oooof1' 18 a6cTpaJ<THUM TO'Ie<tHHM rpyrrrraM H30Mop<'t>

HH I15 He3KBHBaJieHTHUX rro~rpyrrrr P (Hs I22 Toqe'!HUX rpyrrrr Xeewa

llly6HHKoBa, CM. Ta6JI. 7 B /2/). B Ta6JI. I 3TH rpyTIII!l pas~eJIRIOTC.!I Ha 

26 a6CTpaKTHUX THITOB - ITO H30MO~H3MY H B 3aBHCHMOCTH OT qHCJia SJie

MeHTOB ,He COnpRlK6HHUX OTHOCHT8J1bHO P = rYJ oo ff' • B R~OH CTpOKe Tac'l

JIHUbl I rrepe<tHCJieHH rpynrru PeP =oorY>tt' o~Horo THrra. HrurpHMep, a6cT

paKTHOH rpyrrrre :D
2 

!ll30MOPWlru I2 IIO~rpyiiii rpyrriiU P = oo oo j 1' , KOTOpll:e 
I H 

pas~eJieHU B Ta6JI. I Ha 3 THna, 0603Ha'leHHUX CHMBOJiaMH D2 ~D2 ,D2 ,C2v, 

n; :::' c21< • HeTpy~HO y6e,IWTI.C.!I. qTo B rpyrrrre p =222 THIIa D; corrpmteHH 
.-J II I~ 

(OTHOCHT8JII.HO P) BCe SJieMeHT!l 21 ,2,,2z; B rpyrrnax THnaD2 P =222, 

P = m m 2 H P = rn' m' 2 rrorrapHo corrpRJKeHu TOJ1bKO ~ H 2~ , m .. H my , m~ 
I W H my , a B BOCI.MH rpyrrrrax THTia D2 ReT SJieMeHTOB 1 COrrpRJKeHHUX OTHOCH-

,.., ' (1') 
TeJ1bHO P. 'I.HCJia fl H ~ H63RBHBaJI8HTHUX rpyrrrt t; ME , rTOCTpOGHHUX C TIO-

MO~I.IO rpyrrrr p H P~ KOTOpll:e H30MOpWHH, HO OTHOCHTC.!I K pa3Hll:M THIIaM, 

*) 3~ec:& G - o~Ha H3 32 TO<te'IHUX rpyrrrr, H - HHBapHaHTHaH rro~rpyrrrra 
B G, s;reMeHTH KOTopoM ROM6lllHHPYIOTCR TOJlhKO c e.IWHHnel rpyrriiU P, 

a P - a6cTpaKTHaH rpyrrrra, .I'I:JOMOPrFHaH <f}a.RTop-rpynne G/H. 

5 



B o6~eM C~'-!ae pa3~'-!HH.EC~ PH P
1

0THOCRTCR R O~HO~W THny,TO qvrc~ 
I. t' (p)f 
K VI~ COBIIanaroT (CM.BCpXHIDID CTpOKy B Ta6~.2), a rpynTIH CME 0 COOT-

BCTCTBJID~e HarpysRe P', MOryT 6h!TI:. no~eH!l vrs rpynrr G~; ,rrocTpoeHHm 

C IIOMO~IO P 3aMCHOJ.! H30MOpqJF..blX Harpy30R p G P Ha p~ E P~ Ta.RHM o6pa-
' ' ('PI 

30M, CIIHCOR 598 CIIHHOBHX rpynrr Gs (Ta6~.4) <lmtTH'-!CCRH RBMCTCR ne-
(1'1 

pe'-!HeM 2248 rpynn G"'fvrs o6!1(ero \!VIC~ 2804. Pacrrpe~e.1eHRe 2804 rpynn 
('f'l 

CMf ITO 32 rpyrrrr~~ OCHOBH G VI ITO 26 TVIIIaM Harpy30R P npVIBe~eHO B 
('I' I 

Ta6~.2. B Ta6~.3 ~aHo pacnpe~eJieHvre 598 "crrzHOBHX" rpynn Gs no rpyrr-

IIaM G VI P. IlpHMepH rrpVIMeHeHRR crrHHOBHX rpyrrrr rrp1moMTCR B II0-17 I. 
0TMCTVIM, 'ITO ,ll;M OliVICaHM CVIMMeTpHH Mai'HRTHHX CTpJRTYP B p.l1,ll;e C~'-la

CB Tpe6yeTCH rrpVIMCHCHHC UBCTHHX rpyrrn 6o~ee o6~eH ROHCTpJR~H -

Q.-CVIMMCTPHVI I 4. 51 H W- CUMMCTPHH 16.7 I. 
ABTopH 6~aro.n;apRT JK.-H.M.KyJeyKceBa sa rrpoBepey Ta6~. 4. 

6 

Tadmma I 

p ..... GjH Pc: 00 00 T 1' G(p) G(p) 
S ME 

01 

02 

03 

04 

06 
o4hzo4xo2 
o6h"'o6xo2 

D'2 :::: D2 

D'2 "' 02v 

n; = o2h 

D'2h"'D2x02 

D2h""0 2vxC2 

D'2h"'02hxo2 

D3 
D' 

4 
D" 

4 

"' D4 

"' D2d 

Df, "' IJ6 

DG ::: D3d 

D'4h00D4xC2 

D4h"'D2dxC2 

DGh"'D6xC2 

DGh"'D3dx02 
T 

2,2',1', m,m',i,i' 

3 
4,4', 4,4' 

6,6~31~ ~.~~3.3f 
41', 41',4/m,4'/m,4/mA/m' 

61', b1',31',6/m,6/m,6/m',6/m' 

' 222 

2~'2, 

21'' 
2221', 

.mm2 ,mhl2 

2/m, 2/m, 2/m~2'/m',nfm2',m1', 11' 
mmm,mlnin' 
mm21' ,mmm',mmm 
2/m1' 

! 32,32', 3m,3m' 

422, 42'2', 4mm,4min' 

4'22', 

622 '622', 

321'' 6'2'2 ' 

4221', 

6221', 

23 

4mm, 42m, 42m', 42fn, 42!n' 

6mm,6min' 

3m, 3m', '3m, 3m', 3m1' ,t:m2, bm2',b~2, bm2', 6!nm' 
4mm1', 4/ mmm, 4/ minln', 4/ mlnm, 4/ mmin' 

42m1' ,4'lmmm',4'/m'mln 

6mm1', 6/mmm, 6/rrfm', 6/ m\nm, 6/mnlirf 

'3m1', bm21', 6/mmm', 6'/mlnm' 

Th"'TxC 2 231', m3,m3 

0 432,4'32', 43m,43m' 

~!!:~~~~----~-~~~~:----~~~~:~~~:~~~:~~~~~~~~--------------
32 + 83 = 115 

32 32 

174 406 

7 7 
8 16 

21 49 

4 24 

6 42 

26 26 

64 192 

116 928 

39 117 

20 

10 

6 

16 

24 

6 

8 

2 

312 

196 

40 

20 

36 

32 

144 

36 

24 

48 

48 

2 

1 3 

6 12 

2 12 

598 2804 

IT:;HMC'IaJ!He. 13 Ta6JJ. I ;J.aHo pacrrpe.n:e.ncHHe lib rpyrrrr-HarpysoK Pc:v:>oolf 
ITO ~6 Tl!ii3.1.1. Ji i\W.:,Il,O;l CT_:JOi\C 11CpC'!l:CJJCHi1 VI30MOpJ!IIUC rpyrrrru P 0,1l;HO

ro THiJa ll YK3.32.:m '-!J~C.-:·J 1'~)'{1111 t_;.~J l\ ~~ ,1J.3.HHOI'O Tlma. 
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Ta6Jmqa 4 ITpo~onxeHHe TadnHUH 4 

c 1;c1
(c1 ) C2h/CB(C2) 

2(2x)2(2y)2(2z) 
D2h/02v(C2) 

1~[1 J- - - 2(~~m(1} 2(2~)2(2;)2(2z) m( 1 )m( 1 )m( 2z) D21/Ci (D2 ) -<1'> 4 ( 1'> ,J2~) 4 C2z) 2(2~) 2(2~) 4 

c 1/C1 (c1 ) 2(2~)/m(1) 2
( 2~) 

2
( 1') 

2
(221 ) m(1 )m(1 )m(2~) m< 2x>m< 2y>m< 2z) S4/C1(C4) 4 ( 2z ) /m ( 2~ ) 4 ( 2~) 2( 2~) 2( 2z) rn>--- 2 ( 1') /m ( 1) c2y~c2v<c1) 

m( 1 )m(1 )m(1') I m(2~)m(2;)m(2z) 4(4z) 4 ( 2'z ) /m ( 2z ) 4( 2z)2( 2~)2(1') 

c 1;c1 <c2 ) 02h/C1{C2) 
m(1 )D\(1 ) 2 (1) 

D2i02h(C2) 
m< 2~)m( 1' )m(2z) 4H;> 

C4h/Cs(Cf 
4( 2~)2( 2z)2( 1 ') 

·r-c2;~~ ;-(2;1jm12z) 02v/C2(C2) 
m(2z)m(2z)m(1) D2h/C1(D2h) c4h/c~ 4(4z)m(1 4( 1' )2( 2z)2( 2;) 

;(2~) 2 C2z>;m<2z) m ( 2z ) m ( 2z) 2 ( 1 ) m(2z)m(2~)m(1) m( ~)m( 2Y)m( 2~) 4( 1 ) /m(1) 4(4~)/m(1) D4/C1(D4) 

;< 1') (1') (1') m(2~)m(2~)2(1) m(1')m(1')m(1) m< 2x)m(2y)m( 2~) 04h/C4(C2) C4h/Ci (C~) 4( 4z)2( 2x)2(2xy) 
2 /m 

c 2;c2 (c1 ) c2h;c1(D2) 
m(1')m(1')2(1) 

D2h/C2(D2) 
m< 2~)m( 2;>m< 2x) 4( 1 ) /m< 2z) 4< 4z)/m< 2z) 4( 4z)2( 2~)2(~y) 

;ro- -- 2 <2~r1mr2~> 02vf0e(C2) 
m(2xJm(2x )m (2y) m<2x>m< 2y)m( 2~) 4 ( 1) /m( 2~) 4< 4;>/m< 2z) 4( 4;)2( 2x)2( 2~y) 

(2')(1')(~) 4 ( 1) /m( 1') 
c 2;c1 (c2 ) 2 ( 2z ) I m ( 2i ) TO -(2z);(2z) ( 2' ) ( 2' ) ( 2 1 

) m z m m c-fh~(c~ Ct/Ct(C1) m m mXmXmY 
m(~)m( 1 ' )m(2x:) 

;c2z) 
·-

2(2z);m<2x) ( 1 ) ( 2~ ) 2 ( 2~ ) m (2z )m (2z )m (2y) ~/S4_(C2 ) 4 4~ ~~ ~) 4 1 )m 1 )m(1) 
m m 

m< 1' )m(2x:)m(~) 4 2~J ,~r~ 4(4;)/m(2~) 
2 <2z > 2 (2z > /m(2i) m(1 )m(1')2(1') m ( 2y ) m ( 2y ) m ( 2z ) 

04v/C4(c2) 

2 ( 1') 2 (2z) /m (2~) m(2z )m(2z )m( 1') ~t'~4~9J2 
4 ( 2; ) /m ( 2; ) 4( 4z) /m( 1') 4( 1 )m( 2z)m( 2z) 

02v/C1(D2) 4 1 4 ( 1' ) /m ( 1, ) 4(4~) /m(1') 4 (1)m(~ )m(~) 
2(~) /m(2z) m(2;)m(2yl2 (2z) (2') (2') (1') 

CB/CB(C1) mZmZII 
Ct'C2 (c2 ) ~/C2h(C2) Dt/D4 (c1 ) 

4(1)m(1')m(1/) 
~~-

2 (2z);m(1') m ( 2~ ) m ( 2y ) 2 ( 2z ) m(2z )m( 2z )m(2~) 
4 2z) 4 2z >;~nT 4 1)2( 1 )2( 1 ) 

_c4v/C2v(C2) 

Ce/C1(C2) 2( 2~) /m(1') m( 2i )m (2y )2 (2~) m(2~ )m(2~ )m (2z) 4(~) 4(~)/m( 1 ) 
E6<c2) 

4 (2z )m( 1 )m(2z) 
m(2z). -~ 

2 < 1') /m (2z) (2~) ( 1') 
2

(2z) m ( 1') 11 ( 1') m ( 2z ) ( 1/ ) 4 ( 1') /m( 1) 4( 1 )2(~)2(~) 4(~)m(1)~(~) m m 4 

m(2~) 2( 1') /m( 2~) m ( 2z )m( 1') 2 (2~) ( 1') ( 1') ( 2' ) 
II II Dl z c 4tc1 <c4 > C4h/C2(D2) 4( 1 )2(~)2(~) 4(1' )m(1)m(1/) 

.. < 1') Dz/D2 (c1 ) m ( 2z) m ( 2~) 2 ( 1') 
D2h/CB(D2) 

4 (4z) 4<~Jj~T2x) 4(1)2(1' )2(1') 
C4JC2(D2) 

02h/C2h(C1) 
2(1 )2(1 )2(1) 

D2h/D2h(C1) 
~2x)~(2;)m( 1) 4(~) 4 ( 2z ) /m ( 2~ ) ~D_2(~~ 4(2z )m(2x)m(2y) 

2(1);m(1) D2/C2(C2) 
~(1 )m(1)~(1) m ( 2i) 

11 
( 2y) m ( 1 ) S(/S4(c1 ) 4 ( 2~ ) /m ( 2.Y ) 4(2z)2( 1 )2(2z) 4(2z)m( 2~)m( 2;) 

0 2h/C2(C2) ~~{:~z) 2 {2~)2 ( 1 ) D /D (C ) m(2i)m(2z)m(1) 'f 1) 4 ( 2;) /m(~) 4 (~ )2( 1 )2(~) 4(~)m( 2Y)m(2z) 
2h 2 2 

4(2z)/m( 1') 4( 1' )2( 1 )2(1') 4(2z)m(~)m( 1 ') 
2 (1) /m(2z) 2 (2~) 2 (2;) 2 (1) ~(~~)m(2~)m(2z) •(2~ )m(2z )

111 
( 1) SlC_g~G_g} 

2(1);m< 2~) 2 ( 1') 2 ( 1') 2 ( 1 ) m(2~ )
11

( 2~ ) 11(2~) m(1').(2z)m(1) I 
;<~) 4(~)/m(1') D4/C2(D2) 4(~ >m(2z >m(1') 

2(1) /m(1') 
~~ _G__t_(_I>z__>_ 

( 1') ( 1') ( 1') m( 1')m( 2~ )m( 1) 
'f(~) 4 ( 1' ) /m ( 2z ) 4 ( 2z} 2( q) 2( 2y) 4( 1 ')m(;?z)m(~) 

m m m 

10 II 



ITpo~onxeHHe radnMnH 4 ITpo~onxeHMe radnHu~ 4 

C4,/CfD4) 
4(~ )2(1')m(<?z) D4h/D2d(C2) I 

4( 2~);m< 2z)m( 2z)m(~) 4 (48 );m(1)m(2x)
11

(2x,y) 4(4z);m(2~)m(2x)m(2xyl 

4 ( 41: )~ ( 2;) m ( 2.cy ) 4(1')2(2z )m(~) 4 (2z) /m(2z )m(2z )m( 1 ) I 4(2z);11(2~)11(2~)m(1) 4 (4z);m(1) 11(2~) 11 (2~y) 4(4~);11(2~)m(2~)m(2xy) 

4 (4z )m( 2~ )m( 2~Y) 4( 1 ')2(~ )m(2z) 4(~) /m<'k )m(~ )m( 1 ) 4( 2z) /m({)m(t')m( 2~) 4 <4z);11(1) 11(2x) 11(2~y) 4 (4z) /m(t')m(2~) 11(2~y) 

4 <-' )m(2x )m( 2~Y) D2d/C1(D4) 
4 ( 1') /m( t')m( 1')m( 1) 4(2'z) /m( 2z)m( 2z)m(t') 

D4h/Ci(D4) 4 (4z) /m( n.<2x).(2xy) 

0 2d/D2d(C1) 
4(4z)2(2:z:)m(2xy) 04h/C4(D2) I 4 ( 2~) /m ( nm ( () m ( 2z) 4(4z);m(<?z)m(2x)m(2xyl 4 (4~) /m( nm (2~)m(2xy) 

2f(1) 2 (1)m(1) 'l(4z )2(~ >.<~) 4 ( 1 ) /m ( 2z ) 11 ( 2y ) m ( 2y) 4(t') /m(2z)m(2z)m(2~) 4(4z);11 (<?z)m(2~) 11(2~y) ~~;3<c,_~ 
D2d/D2(C2) 

4(, )2(2:z: )m(~) 4 ( 1 ) /m(~ )m(~ )m(~) 4({) /m( 2~)11( 2~)11( 2 zl 4 <4'z) ;11<2z> 11(2x) 11 (2~) 3 1) 

v-~-)2(1)~(2z) :t<~)2(~).(2:z:y) 4 ( 1 ) /m(2z )m(2Y )m(~) 04h/02v(D2) 04h/C2(D2h) C3/C1(C3) 

';f(~)2( 1 )m(~) 04h/D4h(C1) 
4 (1 ) /m(~ )m(Zy).(Zy) 4(2z) /m(2x)m(1 )m(2z) ~ (2z) ;~l nm (2~)11(2y) 3

(3z) 

4 ( 1') 2 ( 1 ) m ( {) 4
(1);m(1)m(1)m(1) 4( 1 );m(2z)d,_(~)m(~) 4 (2z) /m(2~)m( 1 )m(2z) 4( 2 z) /m(1')m( 2 x)m( 2y) 031/031(c1) 

D2d/S4(C2) D4h/D4(C2) 
4( 1) /m(~)m(2z)m(2z) 

I 
4(2~) /m(2y)m(1 )m(2~) 4 (2z) /m(1')m(2~)m(2y) '3 ( 1) 

~(1)2{2z>m(2z) 4( 1 ) /m(2z)m(2z)m(2z) 4
(1) /m(2z)m(t')m(1') I 

4 (2'x) ;
11

(2z)m(1 )11(2~) 4 ( 2 z) /m ( 2'~) 
111 

( 2~) m ( 2y) 

! 
C3/C3(C2) 

4( 1 )2(~ )m(~) 4(l);m(~)m(~)m(~) 4 ( 1) )m<~ > .. < n.< 1') 4 (2z) /m(2'z)m(1 )m(2z) 4 (2 z) /m(2~)m (2x) 11 (2y) j(2z) 

4 ( 1 ) 2 ( {) m ( 1') 4(1) /ll(t')m(1')11(1') 4(1) /m(1')m(2z)m(2z) 4 (2~)/m(2z)11(1)m(2~) 4 (2'z) /m(2z)m(2x)m(2y) ;(2'z) 

ll2d/C2v(C2) 04h/C4v(C2) 
4 ( 1 ) /m( 1')m('k )m(~) 4 (2z) /m(1'>_1(1 )m(2z) 4 ( 2z) /m(2~)m( {)m (2~) ( {) ; 

-4 (2z)~(2~T11(1) 4(1) /m(2z )m(1)m(1) D4h/S4(D2) 4( 2~)/m(()m( 1 )m( 2~) 4 (2z) /m ( 2x) 11 ( {)11 (2~) Cf/Ci(C3) 

4(2~ )2(2~ )m(1) 4(1) /m(~)m(1 )m(1) 4 (2z) /m(2z )m(2y )m (2x) 4 ( {) /m ( 2z)m( 1)m( () 4(2~)/m(2~)m({)ll(2z) 3 3z) 

4({)2(1')m(1) 4(1)/m(()m(1)m(1) 4 
(2z) /m(2z )m(2; )m(2~) 4 ( {) /m(Zz)m( 1 )m( {) 4 (2~) /m(2x)m(1')m(2z) 03i/C1(C6) 

D2d/C2(D2) D4lfC4h(C2) 
4 (2i) /m(2~ )m(2:Pm(2z) 04h/C2h(D2) 4 (2z}m(2x)m(2~)m(2;) ;(6z) 

-4T~) ;<2;-)m (2y) 4 ( 1) /m( 1 )m(2z )m(2z) 4 (2z) /m(2z )m(2~ )m( 1') 4 (2z);m(1)m(2x)m(2y) 4(2z);m(2~)m(2x)m(2y) 3(6~) 

4(2z) 2( 2~ )m (2y) 4 ( 1 ) /m( 1 )m( 2~ )m(~) 4( 2~) /m(~)m(2z)m( 1 ') 4 (2z);m(1)11(2~) 11(2y) 4(2~)/m(2x) 11(2~) 11(2y) 3(3~) 

4 (2~) 2 (2y )m(2z) 4 ( 1 ) /m ( 1 ) m ( {) m ( 1') 4 ( {)I m ( 1') II ( 2~ ) II ( 2z ) 4(2~)/m(1)m(2y)m(2z) 4 (2~);11(2~)m(2x) 11(2y) D3/D3( 012_ 

4< 2~) 2 (2z )m ( 2y) D'ih/D2h(C2) D 4h/D2_(~?_2_ I 4 (2z) ;
11

(1 ) 11 (2~) 111 (1') 4 (1') /m(2z)m(2x)11(2~) 3(1)2(1) 
I 

4(2z)2(2~)m(1') } 2z) /m ( 1 ) m ( 1 ) m ( 2z) -~ (2z >Jm (2x )m(2x )m (2y) 
II 

4( 2~) /m( 1 )m( 2z)m(t') 4(1') /m( 2~)m( 2~)m( 2 x) D3/C3(C2) 

4(2z)2( 1' )m( 2~) 4 ( 2~) /m ( 1 ) m ( 1 ) m ( 2~) 4(2z);m(2~)m(2~)m(2y) 

\ 
4 (1') /m(1 ) 11 (2z) 11(2~) D4h/C1(D4h) 3

(1 )2 (2z) 

4 (2~) 2 (2z)m(1') 4(1');m(1)m(1)m({) 4 (2~)/m(2~)m(2y) 11(2z) 04h/Cs(D4) 4 (4z);m(2~) 11(2~) 11 (2~y) 3
( 1 ) 2 (2'z) 

12 
13 



ITpoAonxeHHe ra6nH~ 4 
ilpOAORX9HHe Ta6nHUH 4 

3 ( 1 ) 2 ( 1') 3( 1 ) Ill ( {) 6(2~) 06h/C3h(C2) 

( 1t) 6(2z)j~(1) I 6 (6z);m(1) 6( 2z>2< 2xl2C 2yl 6( 2z>m< 2x)m( 2y) 6( 2z)m( 2z)2( 1 ) 

DlC1 (D3 ) J)3d{~~~2) 6 

t 3 f"}z) 2 ( 2x-> 3(2z) m (2x) C6/C2(C3) 
6(2~)/m(1) 6(6~>;.(1) 6( 2z)2( 2~)2( 2;) 6( 2z)m(~)m(~) 6(2'z)m( 2~)2( 1 ) 

3(3z)2(~) 3(2z) m (2~) 6 ( 3z) -- 6( 1') /m(1) 

t 
6(3~) /m(1) 6( 2~)2( 2Y)2( 2z) 6( 2~)m(2).)m( 2z) 6({)111({)2( 1 ) 

c3jc3v(c1) 
3( 2~) m (2y) c

6
;c

1
(c6 ) 06h/C3i(C2) 

06h/Ci(C6) 
6 ( 2z ) 2 ( 2~ ) 2 ( {) 6 (2z)m(2~)m( n 

D3h/C3(D2) 
I 

-;(1}111(1} 3(2~)m(2z) -6(6z)~-- -£/'iz)/~(2~) ! -6(6z) /m(2z) 6 ( 2~) 2 ( 2z) 2 ( 1') 6 ( 2~) ( 2z) ( 1') 6(2z)m(2x)2(2y) 

i 
m m 

03v/C3(c2) 
3 (2z) m ( 1') 6(6~) 6(2~)/m(2~) ! 6(6~>;.(2~) 6( 1')2( 2z)2( 2~) 6( {)m ( 2z)m( 2~) 6(2z) 111 (2~) 2 (2y) 

3( 1 )m(2z) - -(2') (1') 6(3~) 6(1') /m(1') 
I 6( 3~) /m({) D6/C2(D3) 6( 2~)m( 2y)2( 2z) 

3 z Ill 
I C6vfC2(D3) 

3( 1)m( 2~) 3(2z)m(2~) 03h/03h(c1) 06h/0211~ c6ic,cc6h> 
6(3z) 2 (2xl 2 (2xyl 6(3z) 111(2x) 111(2xy) 6(2;)m(2z)2(2y) 

3 ( 1 ) Ill ( 1') 3(2'z) 111 ( 2z) 
l:rn ___ 6(3zl;lll(1 ) 

I 
6(6z);m(2~) 6(3z) 2 (2~) 2 (2;y) 6(3z) 111 (2~) 111 (2~y) 6( 2 z)lll( 2~)2(1') 

c3v;c1 (D3) 
;< 1') Ill ( 2z) 03h/f(c2) ~b.~~3(D2) 

6( 6z) /m(1') D6/c
1

(D6 ) C6vfC1(D6) 
6(2z) Ill ( 1') 2(2~) 

I 
3{3z)lll(2~) -( 1') (2') 6(2z 6( 2z>;lll< 2xl 6( 6~)/m( 2z) 6(6z)2(2~)2(2x') 6(6z)~T2~~(2x ) 6(2~)111 (2z) 2 ( {) 

3 111 z 

3 
( 3z) 111(2~) D3d/Ci(D3) 

6(2~) 6(2z);lll(2~) 6 ( 6~) /Ill ( 1') 6(6z)2(2~)2(2~.) 6 (6z) 111 (2~) 111 (2~,) 6(2'z)lll({)2( 2z) 

D3d/D3d(C1) 
313zJ 111(2x) -( 1') 6( 2~)/111( 2zl 6(3~);111 (2z) 6 ( 6~) 2 <2;) 2 ( 2x• ) 6 (6~) 111 (2~)m(2x•) 6(1')m( 2 z)2( 2~) 

6 

3(1)111( 1 ) 3(3z)lll(2~) -C(h/C_B~~ 
6(2;) /III(Zy) 6(3~) /111(2~) 6(3~) 2 (2xl 2 (2~y) 6(3~) 111 (2x) 111 (2;yl 6( 1') m ( 2~) 2 (2z) 

~Q/D_3(c2~ ~r;c1 <nE>2 
6 3z) 6(2z);lll(2~) D6/D6 (c1 ) 06vf06v(c1) ~h/D3h(c1) D3h/Cs(D3) 

3 2z)m(2z) 3 6z)m(2x) c3h/C1(c6) 
6(2~) /111(2z) 6(1)2(1)2(1) 6(1 )~(1-~(1) 6(1 )111(1 )2(1) 6(3z) 111 (2x) 2 (2xy) 

3(2~)11(2~) 3(6z)lll(2;) ~16~)~~ 6 (2z) /m( 1') D6/C6(C2) 06vfC6(C2) ~jl/C3h(C2) 
6(3z) 111 (2~) 2 (2~y) 

-( 1') ( 1') 3(6~)m(2x) 6(6~) 6(2~) /m(1') 6 (1) 2\2~)2 (2z) 6T1) 111 (2z)~(2z) 6(1 )111 (2zl 2T2z) 
D3h/C1(D6) 

3 Ill 

~%~~{-~~2) 
3(6~)m(2~) b(3~) 6(1')/111(2z) 6 ( 1 ) 2 ( 2'z) 2 ( 2'z) 6(1 )m(2'z)III(Zz) 6( 1 )m( 2'z)2( 2'z) 6(6z)m(2X)2(2X') 

3(3~)m(2x) 06h;c6h(c1) 
6(1') /m(Zz) 6 ( 1 ) 2 ( 1') 2 ( 1') 6 ( 1 ) Ill ({)Ill ( {) 6( 1 )m( 1')2(1') 6(6z) 111 (2~) 2 (2~,) 

3( 2~)111( 1) 3(3~)m( 2~) 6
n> 1~cn- - 06h/C2(C6) D6/D2(C2) 06vi03v(C2) D3h/C3v(C2) 

6( 6 z)lll( 2~)2( 2 x•) 

6(3z);m(2z) 
~- - ---

3< {)m( 1 ) c
6
;c

6
(c 1 ) 06h/C6(C2) 

6(2z) 2 (1 ) 2 (2z) 6 ( 2 z) Ill ( 1 ) Ill ( 2 z) 6( 2 z)m( 1 )2( 2 z) 6( 6 z>m< 2 xl2( 2~·) 

D3d/C3i(C2) 

601 ___ 6(1) /111(2z) 6{3z) /m( 2~) 6 ( 2'z) 2 ( 1 ) 2 ( 2'z) 6(2'z)m(1 )m(2'z) 6( 2~) 111 ( 1 ) 2 ( 2'z) 6( 3~) 111 (2 x> 2 (2;,.) 

3(1) 111 (2z) C6/C3(C2) 
6( 1) /111( 2~) 6(3zl;111 (1') 6 ( 1') 2 ( 1 ) 2 ( 1') 6({)m( 1 )111(1') l; ( 1') Ill ( 1 ) 2 ( 1') 6( 3~)m (2~)2 (2 xyl 

3< 1 ) 111 (2'z) 6 (2z) 6(1) /m(1') _06h/Cs(c6) DGfC3(D2) 0 6v/~3~~l_ D3h/D3(~ 
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ITpo~oxxeHHe tadXHuY 4 

ITpo~oxxeHHe Ta6XHUH 4 

6ct.> ;.<1'>.<2x>.<2;) 6(3z>;.(2z)a(2~).(2'xy) 6 (6~);11(2~)11(2x)11(2~,) 

D6in6hcc1> 6(1);.<2x)11(2y)m(2y) 6 (2z);11(2~) 11({) 11(2~) 

6(1); (1){1) (1) 6 (1);11(2z) 11(2~).(iz) 6 C2~);11(2z)a({) 11(2z) m m m 

D6h/D6(C2) 6(1);
11

(2z)
11

(2z)a(2z) 6(2z) ;11 (1') 11(2~).(1') 

6C1);
11

(2z)11(2z)11(2z) 6( 1) /m( 2z)m( 1')•({) 6(2~) /m({)m(2z)m({) 

6(1)/m(Zz)m(Zz)m(Zz) 6 ( 1 ) /m ( 2'z) m ( {) m ( {) 6 ( 1
1
) /m(2z)m(2~)11 (2z) 

6(1);.<<>.<<>.<<> 6(1) ;
11

(1')
11

(2z)
11

(2z) 6(1') ;11(2~)11(2z)11(2~) 

D6h/C6h(C2) 
6(1);.<1').(2~).(2~) D6h/C~v(D2) 

6(1);
11

(1)
11

(2z)
11

(2z) D6h/C3h(D2) 6(2z);
11

(2x)
11

(t)11(2z) 

6(1);.<t>.<2~).(2~) 6(2z);
11

(1)
11

(2x)
11

(2y) 6 (2z);11(2~) 11(1) 11(2z) 

6(1) /m(1 )m({)m({) 6 (2z);11(1) 111 (2~)11(2y) 6 (2~)/ (2z) (1) (2~) m m m 

D6i06v(C2) 6 (2~);11(1) 11(2z) 11(2y) 6 (2~);111C2y)•(1)11(2~) 
6C1);

11
(2z)

111
(1) 11(1) 6 C2z);11(1) 11(1) 111 (2~) 6 (2z);11(2~)11(1) 11(2z) 

6 ( 1 ) /m ( 2z) 
11 

( 1 ) 
11 

( 1 ) 6 (2~) ; 111
( 1 )

11
(1')

11
(2z) 6 (2~);11(2z) 111(1) 11(2~) 

6(1);
11

({)
11

(1)
11

(1) 6(1') ;
11

(1 ) 11(2~) 11(2z) 6C2z);
11

(t')
11

(1)
11

(2z) 

~-6i~2!i (C2) ~_§_h/0 3i (D~ 
6(2~) ;.<1'>.(1 >.<2~) 

6(2z);
11

(2z)
11

(1)
11

(2z) 6(2z);
11

(2z)
11

(2x) 11(2y) 6c1') ;
11

C2z)
11

(1 )
11

(1') 

6 (2~);11 (2~) 11(1) 11(2~) 6 (2z);111(2z) 111 (2~) 11(2~) 6(1') ;
111

(tz)
111

(1 )
111

({) 

6 ( {) / m ( 1') m ( 1 ) m ( {) 6 (2~);11(2~) 11(2;) 11(2z) D6h/C2h(D}) 

D6h/D3h(C2) 
6(2z) /m(2z)m(2~).({) 6(3z>;.(1)11(2x)11(2xy) 

6(2z);
111

(1)
11

(1)
11

(2z) 6 (2~) ;11(2~)11(2z) 11 ({) 6 (3z);11(1) 11 (2~) 11(2~) 

6(2~)/m(1)m(1)m(2~) 6 ( t') /a ( t')m (2z)m ( 2~) D6iC3(D2h) 
6 ( 1,) / m ( 1 ) m ( 1 ) m (1') D6h/D3(D2) 6 (2z);11(2~) 11(2~).(2y) 

:o6h;c6(D2) 6(2z);
11

C2y)
11

(2x)
11

(2y) 6 C2z);11(2~).(2x) 11(2y) 

6T1J;11(2z)~C2x) 11(2x) 6 (2z);11 (2y) 11(2~) 11(2y) 6 (2~);11(2z)11(2~) 11(2y) 

6(2z) ;.<2'x>.<0.<2'z} 6(3z>;.(2~}.(2x}a(2xy} 6 (3~) ;.<1'>.<2x).(2~) 

6 (2z);.<2x}a({)•(2~) 6 (3z>;.(2~)11(2~).(2~) D6h;c1cn6h> 

6 (2~);11(2x)a({)•(2z) 6(3z) /m( t')m(2x)a(2xy) 6(6z) /m(2~).(2x)a(2x.') 

6 (2~) /•(2~).(t')•(2z) 6(3z) /m( 1')11!( 2~>.<2'xy) 6(6z>;.C2~).(2~)m(~,) 

6 (2z);11(21 ) 11(2~).(z1 ) ]).6h/CB(D6) 6< 6z) /m( 1')m( 2x>m< 2x') 

6(2z);111(2y).(2x)11(21 ) 6(6z);m(1)m(2x)m(2x,) 6 (6z);m(f)m(2~)m(2~,) 
,<2~>;.<2Y>.<~).(2y) 6 (6z);m(1)m(2~)m(2~,) 6(6~);11(2z)11(2x}a(2~,} 

6 (2~)/m(21).(2x).(2;) 0 (6~) /•(1 )m(~)11(2x,) 6(6~)/m(()m(2x)m(2'r) 

6(1') /m(2~).(2x)m(2~) 6(3~>;.(1).(2~).(2xy) 6(3~);.<2'z)m(2x)m(2~) 

6( 1') /m(2z)m(2~).(2x) D6h/Ci(D6) 6(3~);111 (2z) 111 (2~)11(2xy> 

D6h/C2(D6) 6(6z);m(2z)m(2x)m(2x ) 

6(3z);m(2z)m(2x)m(2xy) 6(6z) /m(2z)m(2'x)m(2~,) 

t/'f (C1) 'fh/D2h(C~) 0/'l (C2) '!iT-~~ 
2(1).,(1) .<t >;<.,.> 4 (2z >,< t)2( 2z) 4(2•)3(1 )m(2z) 

T/D2 (c~) Th/D2(c6) 4(2~).,(1)2(~} 4(2~),(1 >.<~> 

2(t).,(3z) m(2z};(6z) 4 ( ()., ( t) 2 ( () 4cn 3c1 >.<<> 
T/C1(T) .<2'z)j(6~) O/D2(D3) Td/D2(D3) 
2( 2z)3(3xyz) .<<>;<3;) 4(2x)3(3z)2(2x) 4(2x)3(3z)m(2x) 

Th/Th(C1) fh/C1(T) 4<2;) 3 (3z) 2 (2~) 4(2~) 3 (3z) 111(2;) 
.<1);(1} a(2z);C3xyz) 0/C1(o) rd;c1(o) 

Th/T (C2) Th/C1(TA) 4(4z) 3(3xyz) 2(2xy) 4(4z) 3(3xyz)m(2xy) 

m(2z)j(2z) •(2~)j(3~z) 4<4z> 3C3xyz) 2 (2~) 4(4~) 3(3x;yz)m(2~1 ) 

111 (2z);C2~) o;o (c1) Td/Td(c1) Oh/Oh(C1) 
·' 1')~( () 4(1 >,<1 )2(1) 4(1 >.,<1 >.<1) .<1);<1).(1} 

6 (1);11 (2z) 111 (2~).(2~) 6 (2~);11 (2z)m(2y)•(2z) 6 (2z) /m ( n. (2;).(2y) 

6(1);
11

(2;)
11

(2z)11(2z) 6 C2~);11(2y)m(2z)11(2y) 6(2z) ;
11

(1')
11

(2x)
11

(27 ) 17 
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ITpo~onzeHHe radnH~H 4 

Oh/0 (c2) 
111(1 )~(1 )111(2'z) II ( 2'z)~( 2~) • ( {) • <2' .. >;<6~).(2~) 

111(2J~t2~\1(2z) .<1 )~(1 >.<<> .<1'>;<1'>.(2z) .<()3(3~).(2:z:) 

m ( 2'z)~ ( 2'z) 111 ( 2'z) Oh/T (D2) 
m({);({)m( 2~) • <<>;<3~).(2~) 

111(1')~(1').(1') m (2z)~(2z)ll (2x) Oh/D2h(D3) Oh/C1 (0) 

OiTd(C2) 111(2z)j(2z)m(2~) 11
(1 )j(310 )

11
(2:z:) •(2z)j(3xyz)m(2xy) 

11l2~~Y'3(211) 11 (1) 11(2~);(2~) 11(2 11 ) 11(1);(3z) 111(2~) m(2z)5(3xyz)a(2~) 

.<2~)~(2~) .. (1) • <2~);(2~).(2~) Oh/D2(D6) oh;c1(oh) 

II.( 1')~( ()
11

( 1) II ( 2z)~ ( 2z) m(2'z) 11
(2z)";(6z) .. (2:z:) -111(2~)j(3~z> .. (2xy) 

OiTh(C2) 
m(2z)~(2z)a( {) m(2z)~(6z) 111(2~) • <tz)j(3~z)m(2~) 

~1 )~(~(211 ) •(2~)j(2~).(2z) • <2~)j(6~).(2:z:) 

IlpHM8'1aHI'Ie, B Ta6JI, 4 !IpHBe,ll,eHbl Cl'IMDOJIH 598 CIDIHOBHX TO'I8t{HI:lX rpyrrrr 
(f') f' P-cHMMeTpHH Gs c: oooo @ G , H3oMop1Jma: 32 Toqe'IHHM rpyrrrra.M G. B CToJI6nalC 

BCJie.n. sa CHMBOJIOM G/H(P) rrepe'IHCJielill rpyrriiH G~1=!g.<"'l 1j-. G , KOTOpHe rro

JIY'IaiDTCH 3aM8HOH YJta3aHHOH B CK06Kax a6CTPaKTHOH rpyiTIIH P H30MOp¢HH

MH en rro.n.rpyrrrraMl'I rpyrrrm p =00=1' (CM,Ta6JI. I). llJmeKCH aJieMeHTOB 

HarpJ30K ~ 6 P yKa3HBaiDT Ha HX Opl'I8HTaUKID OTHOCHT8~HO JlOKaALHOH 

CRCTeMH ROOp,ll,HHaT xyz , !IpOH3BOJlLHO opHeHTHpOBaHHOH OTHOCHT8JlLHO KpHC

TaJIJloW.l'I31'1t{8CKOH CHCTeMH XYZ rpyrrrrH OCHOBH G. rJiaBHM OCL B I'pyrrrrax 

P BCer.n.a Ha!IpaBJieHa allOJlL 0l , a B3aHMHafl OpHeHTaUKH OCe~ BTOporo IIO

pH,Il,Ka D H8KJ61'1'18CKHX rpyrrrrax IIOKa3aHa Ha CJle~eM pHCyHKe. 

@yx 

P=422 : 2Y 

2xy 

2l[ 

27' 

P=622: ~~xT 
~2xy 

2 2l[, 
X 

B Ky6RqeCKHX rpyrrrrax OCL 3xyz Ha!IpaDJleHa B,ll,OJlL [ 111 J , a 2xy - allOJlL 

[11 o]. liiTPHXOM o6o3Ha'leHa orrepaunH HHBepcHH speMeHH. reHepaTOPH 9, e G 
B HHTepHaUHOHaALHHX CHMBOJiaX rpyrrn OCHOBH G BH6paHH B COOTBeTCTBHH C 

Ta6JI, 20 B /3/. 
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