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KonuHK B.A., Kouea H.H., Ky)KyKeea :>K-H.M. P4 • 7514 

MeTOllbl UB9THOfi CHMM9TpHH H T90pHll npellCTaaneHHfi 

rpynn a MarHHTHofi KpHcTannocjlii3HKe. I. MarHHTHall 

HHTepnpeTaUHll 6enOBCKHX (MHOI'OUB9THb!X) npOCTpaHCTB9HHb!X 

rpynn 

.llaHa M8I'HHTH8ll HH.TepnpeTaUHll 6enOBCKHX (MHOI'OU.B9THb!X) npOCTpaH

CTB9HHb!X rpynn, noaaonHIOIUall aaH6onee nonHo onacaTb Cl!MMeTpHIO cTauHo-

HapHblX MSI'HHTHb!X CTpyKTyp B KpHCTannax. , 

Coo6meHHe 06be,nHHeHHOro HHCTHTyTa $1~epHb1X HCCJie~OBaHHJi · 

,lzy6Ha, 1973 

Koptsik V.A., Kotzev J.N., Kuzhukeev Zh.-~.M. 

Methods of Color Symmetry and the Theory 
of Representation Groups in Magnetic 

P4 · 7514 

Crystal Physics. I. TheMagnetic Interpretation 
of the Belov (Polychromatic) Space Groups 

The magnetic interpretation of the Belov (polychroma
tic) space groups is presented, which allows one to give 
more complete description of the symmetry of the statio
nary magnetic structures in crystals. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1973 
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Teopemx~rpynnomie MeTo~ yxe .n;rumo sapexoMa.ntioBa.mr ceM: . 

KaK s@leKmBHHiLRHCTIJYM8HT HCCJie,IJ;OBaHRll HaR~_OJiee Tpy,mnlX ~SJ!lie

CKRX 1! MaTeMaTR'IeCKl!X rrpo6JieM. C rpynna.MR CH!Wde_TPiiH B ifmSHK8'CB.f!-

3aHH SaKOHH .caxpaHemm Ill npRHJ:Ulllll OTHOCRTeJIDHOCTR clM3R'l8CKRX Te~ 

pnl<t; ItpHHUmm KOHCTPYRPOBaHH.f!- R MaccRilJIIKarnm Mo.n;eJieii .iccJie.n;ye

MHX. 06'I>eKTOB; MeTO,IUi npll'lllHHO-CJI8,II;CTB8ImOI'O ·. am~.mma H IJOllCKa pellle-

HHll ~H3H48CKHX ypaBH8HHll ll T.,l(.KOHKpeTHO.CBfl3b CHMM8TpHH C ~ll3ll48C

KHMH T80pHHMH OCYIII8CTBJifl8TCfl tJepe3 KaHaJibiT80pllH npe,l(CTaBJI8HUll rpynri. 

Sa rrocJien;Hne .n;Ba .nec.f!TKJiem.f! 6ypHoe. paSBIIT'".rie TeopeTIIKo-· 

rpyniJOBbiX MeTO,II;OB, CTI4MyJIHpoBaHHOe HOBHMH OTKptlTH.f!Mlii, COBepmeHHO -

rrpeo6pa3RJIO co,n:epJKa.Ime KJIOOCll'l8CKOti TOOPRH CWWI!eTpllll ll BI:ii3eJIO ee 

. Ha Iffi.':leCTBeHHO HOBI:di YIJOB8Hb. llepexo,n OT rpynrr KJiaCCl:ltt8CKOii CHM

M8'l!JliH .K o6o6meHHHM (TaR HaSbiBaeM!lM ~eTHbiM) rpynnaM 11 oT KJiac-

sH·.:recron~ np~oJKemitt .nB~BeTHoe o6o6meHl:le KPl:ICTaJIJioqma1I'lec!GJ:x rpYzm 

oKasm3aeTcJI _ He.n;ocTaT<i'lHb!M. IIpen;MeToM. Hacro.f!lJieit pad om JD3JilieTc.f! 

,II;aJibHe:funee. paaBHme T80Pllll Marnn mott GWWII8TPRH KPHCTaJDIOB t. 'oimpa:.. 

mteeCJI na ~Bpe~HH_oe cocroJIHue 'l'eOpRH J.UleTHHX ~pynrr II, 6, 7/H 

Ha oni:.IT npllMeHeHllH B MarHR'l'HOii KpMCTaJDioqmsmte:·'i'ax iias1maer.mx np.f!

MHX MeTo.n~· A; 5• ~IO/ .R MeTo,noB TeopHH npe.ncTaBJieHRA }:.pyrrn 
/II-IS/ . .,"" •: ~ 

3· 

~-- . 
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I. Teopru1 npeD;CTB.BJiemlil: rpyrrn npRMeRHeTCH li <PeHoMeHOJIOI'H

tieCROM ~eTQne .l{aHJIOllMHCROro /II/, 6aaHpYIJl1eMCH HB. Teopu fllaaOBHX 

nepexo.n;oB BTolX>ro pQita ~Y :a JI:a~a /!41. ·. TeopeTmto-ri>ynno

Boil: !PopMaJmaM aHaJIH3a MarHRTHHX fllaaOBHX nepeXO,IJ;OB BTOporo po.n;a 

c rrOMOllll>D Henpno.n;liMWC npe.n;cmBJiemm rrpoc"rpaHcTBeHHHX rpynn .n;e-

, T~HO paapadoT~~ pa6oTe /!2/, O,IJ;HaKO era HCJYO~h30BaHHe CBH3aHO 

CO aHgqHTeJ!bHHM:a TP,Y.IJ;HOCTHMH .n;nH HecneUHaJIHCTOB B STO~ 06JiaCTH. 

B paOOTe BepTO /!3/ no,n;po6HO OJYl1CaH rrepBH:Ii STan HCCJIC,D;OBaHidl no MS.:.; 

TO,D;y ,1{3H~Oilll'IHCKOrO/ l 4/.- IIOCTpOSHHe . "6a3HCH!1X BeKTOpOB" -H IIpe,D;Jiara-: 

eTCH cncreMa :KnaccmpHKaiUm MarHHTH!1X crpyKryp no HenpuBO.l\l!I.!LllJ npe,D;

craB~eHHH!.! qJS,D;OpOBCKOri rpynnH KpHCTaJIJIOXH!.!H'I!SCKOlt CTpyKTypH,Ha3BaH-: 

HaH B/5/ "K~accHtPHKaUUelt C21'. 

B ·paOOTax /5, _IO/ IYO!t8.BEmO, 'ITO IIpH IIOCTpOeHHH I'! KJIBCCH@Pr-. 

RB.UID! CTaJ.UWHapHH.X MarHHTHHX CTpYRTYP MeTO.n;a.M TeOpim npe,IJ;CTB.BJie

HR:Ii /II-IS/ SRBHBaJieHTeH TaK Ha3aBaew:li "npHMo:ft. MeTO.IJ;", P8.BBKTHa 

B /4,5, 9,IO/. Ero C~HOCTh 3aKnDqaeTCH B ITOCTpoeHRR "MarHHT-

HOro npocTpaHCTBeH'Horo BeKTopa" McrJ /4/ (T.e. a.KcnaJim0..:.BeKTop-
. . 

HOi! lPYHKUim, MeHJm!!eii· 3HaK npH HHBepc:ll:H BpeMeHH; onpe.IJ;eJieHHO! . Ha 

CHCTeMe SRBRBaJieHTH!lX TOlleR, 3aHRMaewx MarHHTHHMH aTOMaMH) HCXO

~ JIHill]) H3 HHSapHaHTHOCTH Af(r) OTHOCHTeJibHO HeKOTOpO:Ii rPynnH cHM

MS'llJIDI C11 • B saB:acHMOCT:a oT THna rpym:r c;M nPHMott Mero.it l3 pa-

60Te 151_ H8.BHBaJICH RJiaCCH<PIIRauoreii CI ( aM -~e.il;opoBCKM rpym:ra) PI 

RJiaccn<P:aRaume~ C i' ( G M - my6HRI«iBcRaH rpyrrna). · llo.n;po6Hee · Ha 

STOOl MeTO.IJ;e OCTaHOBIDdCH B n-.3, r.n;e 6y.IJ;eT nCKaaami a<P!PeKTHBHOCT]) 

IIpRMeHSHHH B Ra'!ecTBe GM. 6eJIOBC~HX III (MHoronB!mmx) · DpocTprur

cTB EHHHX. rpYilli, HBJ!Hiill!HXCH o6o6JneHHeM KJlaCCH'leCKHX lPC.IJ;OpOaCRIDc .. 
rpynn. 

AnnapaT o6o6meHHHx I.UleTH!lX rpynn ~p 3Ha'IHTSJibHo pacumpgeT 
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oosMOlltHocm mcnOJib30BaHPJ:H ~eli H MeTo.n;oB .feopo_ rpynn cm.tMeTpim, 

T.i. npe~c-m:BJDieT.(B:IJPHHIUl_Ile) cpe.IJ;CTBO T'eTa (c .nCWio~D npeo6pa-

. 30BaHHil: p :) JIORaJil>HO:-Herp~rrOBHX CB~icTB MaTepl'IMl>HHX 06'beKTOB. 

Ha rpynnoBoil: ocHo:Be ·C. ) • B .n;aHHoA pa6oTe _w mmpo6Hee ocT_ruro- ' _ 

BR~~H HB. O.IJ;H~M B03MOxHOM B~pEaHTe o6o6meHHH RJiac~H'!eCKO:i!. CHMMer-: 

p:BH · _ _::. Ha .· 6 eJIOBCKruC (MHor~eTHHX) npocTpaHCTBeHHHX rpynnax )I( 

M. ~a-u MarffiiTHoA. HHTepnpeTatimt• , ITepB~ OOimTRa B ·aToM ~Ha~imJie:-
. Him npmra,wreDT ~ /!5/~ HecKOJI])RO nosllie no1mwmc~· anano~

r aHe- pa6o~ _· /I6,_I7/., 'C T~X nop·o6~ Teopim nBeTHO:Ii cWm.feTpim 

cyniecTBeHHo n:Po.n;Bney~c:& Bnepe.n;~ B '!acT!iocTH, 6H.mr Bb!Be.n;am n 

npOTadyJn1poBaHH_~ • 4- .11 s-$e~e 6~.iraab!We rpynm~..II/7/~ 
· · Tipe.IJ;JiaraeMak · B · ,nanHoii. pa6oTe MarHRTHM lnrrepnpeTauM d'eJioBcRHx 

MHOroUBe;HHX. I'J)ynn. Cym~CT~eHHO cmrriae;CJ:i ·aT ·!I&:-I?.(_ . 

2. Teo PM D;BeTHbii c.HMMeTpHE iocTYniro H 13. To JKe BpeMH ,nocTa

Totiiro'rram~. H3JIOJKeml ~ MO~~Jl)a~JII. HanCIIImw, ~TO nnBeT" -~~. 
. ·_ -. . . . •· :o - . - .- •. ·•• -· ·' - . 

. JIHeTCH .iunm, a6cTpSKTHOii XapaRTepHCTmtoii HeKOTOporo .JJ;OITO.JIHliTeJI])HO-, 

.• ro CBOii~TBa, rrp~trnci-I:aa:'eMo:ro Ra~oit ~0~~ npocTpaHCTBa: KOTOpoe .He 

yqE.TI:UlaJIOCl> npn• onp~~eitim ,ipe.nopo~CKOt-1 :rpy~. CnMMeTP:HH Rp:a~TaJI~ 
JI~. GKp~ • ;< G.~ ~ rpynna naoMeTpn-.:ie~:Kmt npeo6_pa3oBaimii 3-MepHoro 

ITpOCTpBHCTBa, .COBMelllaromHX ~TO~ Kp~CTaJIJia·c SKBKBaJieHTHO~ 
en TO~oR). ECJIH T~nep]) KEumOii TO'!Ke nplfJYHCaT]) OrrPS.JJ;eJieHHH:Ii "UBeT" 

. . . . / . ·. ' . . . . . 

·. (HanpHMep, ytreOTI. HaJIIl'rne JIORaJII130BaHHOrO B STOll TO'!Ke Mar:tmTHOro 

., MOMeHTa) • TO: onepauniD.m. CHMMeTpim • 110Rp~eHHoro" (MarHJITOyUO~o-
. 'leHHor<l) RPliCTWa 6YJzyT TOJil>~O HeK.O'l'OpHe onepB.UEH .rpynttH rJ.."i'x , 

-, o6pa3YKJiilii~-rrO,D;rpyirey H. ryyrrrmGKp~· 9JieMewru rpyiiJYH Cxp.. • H~ 
BXO.IJ;.flllU1e B · H , rrep.eBo.niiT • TO'IRE KPECTaJIJia B aKBimaJieHTHHe rro nJ>o-

. . . - . 

CTpaHCTBSH!{OMy paCITOJIOllteHRJD, HO He no 11nBeTy" TO'IKR. · 0.JJ;H8IW, ·eCJI:B 

noCJie K~on. orreparum s,e GJ<px ·8·"1= H npon3B€CT:V. COOTBeTCTBYlW!YJO 
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'" _onepauiiJO (p.> "nepeKpallll'BaHilR" Bcex TO'ieK; des naMeHemm :I1X no- ~ 

CJioJKemu! B npocTpa.HCTBe, TO HOBue KOM6mmpoBaHime orrepaumi j/Po.~ · 
:::{.!f>$. . 6~yT orrepau11mvrn: (UBeTHOR} .cmmvieTpim ,nJiii STOR CllCTeMU (one:.. 

pruum (~;) 06!I'!HO Ha3!:IBa.JOT Harpy3KaMH ~ a. 1,~ . - HOCllTeJimvrn:). 

. llpHpo.u;a· orieparopoB, IlCrram,ayeMHx B KaqecTBe HarpysoK, sa-. 

BI<!Cm' OT .ROHKpeTl:ioR sa.n;a'!H •. aro MOryT _6UTD HeKOTOP.EW .OpTOrOHaJI:b-

HUe ·npeo6paaOBaHllH, ai!$IHime .ne<bopMaruuf, MaTP:mnl 1lJll'l xapaKTepH 

npe;D;CTaBJieHd, 3JieMeHTI:l rpyrriiH :rrepeCTaHOBOR, O~e~aullH o6pameHHH · 

llpeMeH¥1 H. T • .u;.-.B :tJaCTHOCT¥1, lllH.PORO npMMeH.fieM!Ie ;D;JI.fi o"IIllCaHWI CllM-

. lvfeTpnH. Mari~ITirnx KPMCTaJIJIOB mydHHKOBCKne rpyniii:l /4,5/ miJIJIJOTCJI 

.nBYUBeTHIIMll rpynnaMH, HarpyaRll.KOTOP!:lX llHTepnpeTllPYJOTC.fi KaK K3-

MeHeJille 3H8Ka BpeMeHH /2~5/ (f') = (1') llJill ItaK BJlrHepOBCKMfi OIIe-

paTop o6pameHHJI :spe~m~ 8 liB{ . 

B .P,asBnBa:sm~ttC.fi .no cnx nop a6cTpartTHoft Teop~H UBeTHo:li CKM

MeTPHll ql)e,IJJ!OJiaraJIOC:&, 'ITO HOCllTeJIK _.u;eil:CTBYJOT TOJI:bKO Ha KOOp.IJ:KHa.;..; 

Tl>l TO~ll, a Harpyao ('}}) - Ha ee "!lBeT" (He3a.BHCIIMO) :U IT03TOMy 

R~MMYT~PYJOT. IIo~rr:PeileJie~ro III_uBeTH!:le rpy~ ~r,, npe,n:cra.BMJOT 

aa.MKa.irne MH6JKecTBa Rm~6nmlpoBaHimx sJieMeHToB 
. . ~ , 

; (P.J . • • . (I) 
!; ~ = (Pt) J.- j;(Q) '' 

Y.!!OBJierBopanii!nx rpynnoBin! a.RcnoMaM ¥I 38KOHy rpynnoBoro yn.moJKeHll.fi. 
-. . . . . . 

a_fl;-1 o ('11 = 4. or;;. 111 · aov · · rl/,J r, rp; . <z> 
(II ~· <1• <l'j I . <I~< , /fo G c..- , 

r.u;e . .,..., . (3) 
· . (P,;) (1'J) = ( ~-~-J <= {?'~c.) E· r--. 

. MHoJKeCTBO HOCI:TeJiett j., o6pasyeT rpyrmy tf , ll30MOpPHYJO (C-... C lT'J) 

. Mll roMOMOpqJHYJD (c-.-GlF1) UBeTHO:Ii ~ynrre (/FJ • COBOKyTIHOCT:b H~y..,. 
3 OK {fl}= P .. TaRJKe o6paayer rpynny (~o B o6meM CJIY'Jae JIHW:b no rrpllHY-

.!!llTeJI.E.HOMY. 3aKOHY lpaKTOpHoro ytmoiKeHitll,liH.!!YWipye1tOHy ,B LuroiieprB·e P 
rpyrrrrott !; ) • Pacnpe,ne;reHHe HarpyaOK ('flf'> P . no HOCHTeJIJIM j.E: i;. 
rrponSJ?O;D;llTCJI no roMoMopP¥lsM.9M G .... p llJill P~<- 6-. ·. 

G 

I 

.... 
i; 

.. 

.. 

.IlJm. qJH3K'IeGKllX irpEMeHeirMtt y,n:o6Hee HeCROJI:bKO MO;D;nijlmnlp6-, .. ~ . . .. 
BaTh onpe,n:eJieHHe ~eJIOBCKHX rpyim~ 3TO CB.fi3aJIO C TeM, 'ITO rrpll 

;-o~opoTax C.D:BnlKe!Ill.fiX) 9iE G-"fx · KIJRCTaJIJia1 npecidp~YJOTC.fi H:~ TOJII,

KO Koop.n:nHaT!>l aTOMOB 7i , no 11 cooTBeTCTBYJCl.!lEM o6pa:30M C"JKeCT~ · 
KO';) IJOBOpa'!llBaiOTC.fi H BCe BeKTOp!II:le ¥1 TeHSOp!II:le ~3¥l'ieCK:U~ _BeJIK

~Illi ./i('t) , IIPMimC!lBaeMiie .Etal!OJ;O~ TO'llie 'i. _MaTepllBJii.HO~O (r~O:- .. 
.. . . ~ 

MeTpo~H3ll'!eCKOrO) npOCTpaHCTBa. 

UBeTH!le uarpy_aK:u (~) RBJI.fiJOTCJI .n:onoJIHHTenHIIMll _mKam,H!MII_ . 

rrpeodpaaoBamlRMlt aHa'!eJmtt A (z,J TeH~op-qJymanm A (;z) B TO'lliax -;,v 
TaR KaK Mi.) npeo6pasyroT~ .KaK Ha~pyaK~ (~,Y. Tak ¥I HoCRTeJIJIMli 

Ji. E. G-Kf'X . , OIIeP,aTOP!l }i. If (~,.) ~ 06ll!eM ~~yq~e He KO~YJOT.· 
.Jlmi onpen;eJieHHOCTE npHMeM, 'ITO JIORaJII.Hoenpeo6paao.BaHii:e (~)min-:_ 
MeuJI~TCJI. BCEm~a noc;re ocHoB~oro npeo6pasoBaHwi 1i, · (o6paTHoe on.:. . 

pe,neJieHl1e rrpl1BO,UUT K 3KBllBaJieHT!II:lM peayJI:oTaTa:\1'), T·.e. . . 
(1·) . . . . . 

9c. • = (fj,,)9i.. . ' ' (4) 
. . (f-) 

(B 'i3CT!IOCT.¥1, IIOJiara.fi 9!:/. , U07.!Y'JaeM i. :o(~)f::(~J)MHoJKeCTBO 
KOM6ll!Illp0BaJI~X 33IJMeHTOB ... j< (tt-l) . · ( ?< E:_ 0m ) o6paayeT UBer-: 

-:::-1'?) (~ 2 (~ ('V) '7 
HYlO rpyrmy G d r;. ~ G-l<fx , r,.ne r;. - fl.xpx . , c 3aKOHOM rpyrmoBo- . 

ro YMJIOlKeJm.fi · 
. Q. ''J-;.) a <~.:)- ,/'tdi 'P~~[{)- Q l1e) 

d" : ~k ..., ¢e , . . -:- r~t · '· (5) $·71(= 9t. G.'fTKfX t 

O.D:HaKO B OTJIJN:rle OT (3) 
I 

(lf.e,)= (7<Ji~t<?t-i)::: (~~s):f: (~·')-K). . .(6) 

COBOKyTIHOCT:b HarpysoK Cij.eJ€ Q ' .fiB.1IIDl:CI, IJO,IJ:MHOl!teCTBOM cr HeKo

Topoit'rpyiTIII:l a (HaiiPHMep ,0.=""""'1 - TroJI!Iall rjJyrrrra TpeXMepzmx 

Bpa.tlleHnil:, .IJ;OllOJIHeHHM MHBepcneil: BpeMeHll), MO~T: (il:lT:b He.· oduqHOJ1 

rpynrrol1, a"rpyrrrrol! no UO.IJ:YJIKJ"/I[ . . . 

aJi'eMeHT!>l Q .('~-1 )G ~ C~)' HarpyaRaMll: KOTOPmC .fiBJI.fieTCSI TOl!Q:\eCT-
~ .. 
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I •·· 

Bemroe npeodpa.soBrume '(~):.(1}, no .cBoeMy .n;_eiicTBll.JJ Ha~{i'< He OTJm

'!aiOTcJI OT nsoMopqurnx IIM j1 e &«px, •· OClpasyeMyll HMlii MEi.KcnMB.m,HyD 

no.n;rpynny l3/}= H <: G (~) 6ii,eM HaswiaT:& KJI~CCB'!e CROii no.nrpyniroii . 

Cle.rrOBCI{on rpyllJTil G.l'r> ll . OTOli';IJ;eCTBJI.flT:& c '}130MOpPHOii eli H c ~~X.'. a 

.n;JI.fl ynpome!ri1JI sanllcii '.:. onycKaT:& (~1_):.{:{) B rpynira.X G- '<r> • (SaMeTiW, 

. 'iTo B. u~e'l'Hb!X rpynnax .~<e> (I)~(S) aJieriru;:ra)/4>E ftC~>c. 6!CfJ no CBC)eMY · 

.n;ei!CTBll!O cymeCTBElH~O OTJm~aiOTC.fl OT l!30MOI$m~ ·:zM jt.e/;."fX ; : ..JTOClR 
.. . ·w . . . 

·1!0~6PKHYT:& STO. OTJill1llie~ .n;JI.fl.HBX ?oxpaHl!M sarm:c:& !c ). 
. . . I' C~) . . . /' . 

,lLmi UOCTPOOffi1li UB6TH!:IX rpy'nn lr , RSOMOI$nti: \r"fiOC sa,n;rumoit 

KJiaCCIItreCKO~ no.n;rpynnoii .. H ocoCl eHH6 .y.no6IruM OKBallBaeTC.ir mYClHllKOB~ .. 
. ·. ··- :. :· - . ·. . ' 

cKnii MeTe~ "oKpaumBa!m~" reHepaTopoB, RoToPHi cBo.rm.TcJI.R np:aco~ · 

,IUlH6HllJJ Te~ R.Jm nffilx .HarpysoK K reHepa~opaM.MSBeCTHO,trTO JII06~ 
rpynna MoiKeT Cla.f:& nocTpoeiia c n~ol!I~JJ HeClM!,~oro trn~~ (.nJIJI Cl~oB
citllX ~pynn He CloJiee me~TJ!) reHepaTOpOB (nop()jl'(qammx 3JI6MeHTOB} :1! .. 

onpe.n~~x ypa.BHeHll~/4{nPn~eM li~dop 3~&9/(ile JIBJilleTcJI o.nHos~atr~;~ 
9TO ~aeT BOSMOJKH??_Tl; B i:rn CJIO reHepaTOpOB )vi.fi :~X BIWJO'!HT:& Bee reHe- · 

paTop!l ee rro.nrpyDDll H , itoropRM ripHimcHBaeTc~ ~HarpyaKa{1~)=C1).bc

Tam;FriiMreHepaTopaM 'ke~,;.'7iHrrp~~HcimaJO;CJI ~arpysK~(~t) TaKHM. ~Clpa-·· 
soM, '!ToClu UBeTH!ie ~eaepaTopuJ~1tkc.(7 1 y.n;o:MeTBoprum .f~ lite onp~.n;e-' 

/ M!OUIHM.ypaBHeHMM,_ KoTopmir yn;p~JieTBopmoT JisoMoiJ<I:Rile nr.f: :iis. ~fx··~ 
,Upyrott s<fqJeltT:!ffiHHii MeTo,ll..rrocTpoeHl!JI UBeTHilx rpynn ':"' .. pacum..: 

· peHHeM ~cc:~~'<tecmix rpynn H - .ne~i:ur:&Ho · orincaJI B III. . 

B _PaCloTe /7/ .n;JI.fl WBO,na 3- ·, 4- , ~UBeTRilX CleJIOBCRH;. ~ynrr . ( . . . . .· .. 

Tnna G- f> ucnoJI:&soBiumc:& Herrp}ino.ztEMUe · npen;ciaB~eHWI ilsoMop(pHux .. nM 
. ... .. . . - ·. '· . . . . . 

i}e,n;opoBCRIDC rpyrrrr.- :. · 

CJie.nyeT OTMeTHT:&,, trro it ni:>Jryrrpk.'.ioMy saKoHy (5), (6). YMHciJKe-:. 

Hll.fi ROMChU't.:-!pOBaHHilX 3l!CM€HTOB (4) 
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. 1) r~ .. >i, (J) ($i > 9i =. c $,· ~' ~~ Yt- l• 9; .. (?). 

MH-np:llliLlm ,liCXO,IJ;JI .. HS TpeCloBaiDUI CO~HeHll.fl TeHBopa~Jl(it_j 

KpllCTaJIJia nHBaPHaHTimii. K STOMY lite saKoey MOJEHO npRiiTH H liHatre ... 

KaK liSBeCTHo, Bcer.n;a onpen;e.rreHo no.nynpRMoe npoHsBen;eaie . .mo6oi . 
rpynrm Q iia ee rpynrm aBTCMopi_pHsMoB, QCPAuU~) (aTa K~cTpJKU:M 
HasHBaeTCJI.rMoMo!$>M). B KatreCTBe Aid ({i) ~s:&MeM G~f" - JmelYJJ 

1'13 .qJe,nOpoBCKHX rpynn CllM\4eTpHR 1 · B Ka'!eCTBe · (} ~. OClo6meHHyJJ; Op

TOrOHaJffiHYJJ -~y!my e>Oo<:d' 141. YMHOl!teHHYio Ha roMOTeTHJJ. K. TiocTp~ 
. . .... ' . ·. . . . 

nM:rOJIOMOJlili . . 

· . Q (p G-/lfX::: {h, lfA-1 •• 3 @~i~j ~J> uoj; {(14)~J.> (~f)~l),· • :) /~)~~/~~)?J.;•J 
H C,neJraeM B!lOOpKy aJieMeHTOB {(1t)~jjE Q®?Kf" ,· . . . r~e . ~j € 6!!(f'i. 

BCTPetramcJI no o.nHOMY pasy, a coBOKynHOcT:& Q HarpySOK ~soMop(pHa 

HeKoropoMy no.n;MHoJKecTBY rpynrn.i . Q • O'le~H.nHo, {f~.>~> 5:trp6;i.n;eT ·; 
rpynrro~·no·McmyJIJJ·II/,. nsoMo~~oi ~Kpx .. ~ c :iimo~oM ~K:ropaofo. · 

. ·- . ywiOJiteHlUI •. . .. 

• •....• (9£) ~~ (9 {~K)?e. = W (r(J 7,_) (~i ~~ '/-1< 7r~? ~,/~e: •. · ': , : . . ·(8) 
. . . . . . . . . .· I .. . . ,._ . 
,UeiiCTBliTeJI:&HOj ·DYCT:& ~9~~pt.o£C.Kf'~j a :lJl?/'tic~jJ= (ti.J~'Q , 

. - SJieMeHT,. He. Jll3Jilii:II{l!HC.fl Harpysxoi .n;JI.fl j,;.. .B · C:'~} Tor,na B Q cy- . 

ll18CTByeT SJI~MeHT (()~;1 ~t);~S TaRO!f, ~TO ··lfi.~~ =tt; · '· rlJ.e (~J19~~~ 
= 7~~1~(;.'~ B 'laCTHoM cJiyqae,. i<~r.na Bee ipaRTopR w (jt,1 ~t)= d. ; . saKoH 

YMHOllteHlla (8) rrepexo.n;llT B. (?)·.0 l1s (8) cJienyeT.-: 'ITO co:BoiynH~CT:& 
HarpysoK (~) E: Q . , BXO.nmJIRX B . (i:(P , BOoClme He oClpasyeT ;pyney 

rro . oTHomeHHID 1t s BKoHy YMHol!temm, .n;e:ll:cTBYDIIeMJ B R . o~al<o · ~ 
COBOK~IHOCTH . f{ SaKOHOM (8) npimy,nnTeJI:&~o ~pyeTC.fl zyYrm~ ' . 

. BM o;eiiauEJ!; .. ~eBPamaBl!1M · ll · B •. rp~ny no MO.nyJIJJ /II.·· CJIB.n~~
TeJI:&HO,. B oClmeM CJiyqae TeOPHJI UBeTRilX rpynn r;('P npe.n;cTan.lme~: . 

Teop:~~JJ Y'!eTa HerpyrrUOBilX CBOfiCTB Ma:repl'!am;HIDc OCl'I>eKTOB. Ha rPYIT-
• ' • - J 

IJOBOii OCIJOBe. 
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('r) 
3. PaccMOTPEM, RB.IG!M oe!paaOM C!eJIOBcnme UBeTHHe rpymm fJ. 

. . - . 1 

MOryT C!HT:& IJpDMeHeHS P)!H.. Oimca.HWl Cl!MMeTpiDl MarH:HTOynOPfJ,IJ;QllaHHSX 

KPD CTaJIJIOB • 

. IlyCT:& Kpl'ICTWO:x:HMHi:JecKBJI (aTOM!laR:) CTIJYKTypa MBI'IUITHOro 

KPDCTaJIJIB onHCHBaeTCH ~e~opoBcxo! rpynno! ~px ,~:~ rrpocTOTH npe~
noJiolmM;·qTo· BCe MarimTHSe MOMeHTHaTOMOB O~HaKOBil TIO Be.nwmHe 

. . . 
D JIORaHDSOBaHil B TO'CJRBX paBHOBecHoro·noJIOEeHDH aTOMOB, o6pa8~ 

. l!ll'IX O.JUIY Cl!CTeMy inalimaJieHTHSX TO'CJeR, T.e. 

f ~.J :o G-~px ~ ::: { ~' t~;/ji 6: t.Kpx j ' (9) 

-"' ~ · ( ll / '" ) -+ n ·~ · T' · ( ) 
'r.i = j, 'l1 = · l'vt iL "t1 ·:= "'' 'lt + toe , IO 

r~e /?,l - COC!CTBeHHSe E:JIR HeCOC!CTBeHHLie BpameHD.fi, l1 l; - TpaiJC.,-

.JLIIUHR, COOTBeTCTBYIJl1lle ;, :: (t_; /l;) € (;.9x · 

. M:irtm THBJI CTPYKTypa. ~rniCHBaeTcn: om)e~eJieHHofi Ha cncTeMe :· . . . - . _, . ---- - ' 

(9) aKCHaJI:bHo--BeKTOpHofi qijTHRW!efi MtlJ. ilp11 rrOB<>poTax RPH<CTaJIJia 

~" E C.'fX O~HOBpeMeHHO EeCTKO .... IT~BopatJ11BaeTCH H CBH3aHHOe C. Hl'IM BeK

TOJmOerroJie, T.e. 4JymmDHM(i') npeoe!pasyeTC.!I B 

· ?KM(•t)E[~i(Jfi(~;1~). (II). 

S.nec:b cw.moJioM 7,)itti) oe!osHa"CJeHo 3HatJeHHe npeoe!paa~BaHHOH <PYHK
rum B TO'CJKe Z. B · 3Ty Xe TO'CJKy; 'ITOBOpa'CJllBaJIC:& Ha [~,J, IJpllXO~T .· 

BeKTOp, Ha'CJaJIO ROTOporo ~O.ITOBOpOTa 6HJIO B TO'CJKe ~;1f (eM. /5~ 
/IZ/, a TaREe /IS' 19/) • B RBa.JJ;paTHilX CKOC!Kax Bil~eJieHa 'CJllCTO ITOBO

POTHaJI '!aCT-? [~«]qie~OpOBClt~tl orrepa,uuH ~":: ( P,"fl:c) , T. e. [jKJ= ftx. 

.JJ;JIIt co6CTBeHH1>!X H~.J·lR • .JJ;JIIt Hecoe!cTBeHHSX Bpa.meHHil R" .(HpocTpBH

CTBeHHBJI UHBepCM :j H .TpaHCJL!IUI!H He .l13MeHII!OT HarrpaBJieHne a.Itcll.:.. 

aJI])H?rO BeKTopa) • 

Knacclf'l:ecxyro rpynny cm.NeTpHR C.,..::: H MarHUTHo:lt cTpyxzypH 

o6pasYJ!lT JI.I:IIII:b Te aJieMeHTil 5; HS r;.Kpx. , ,It.JIJI ROTOPHX B JII()(joit 

TOtJRe "i. sHatJeFmn: Hcxo~Hoit f:kn H npeoe!paaoBaHH!lX 7; Hun wYHiuHn: 
COBITa.JJ;aJDT, T.e. 
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'" 

1; ifc-cJ := r711 M (7/t> = Mf-2)> 9i ~ G-M =He. G-1qx. ·(I2) 

0TCKma·c~e,ny~T, 'ITO ~~~e MOMeHTII. B TO'!Rax ~·=5i~'~lE.fic6x_~~ 
MoryT 6HT:b ~OJIY'IeF!ll im_ o.ll:Horci MOMelira M(~) : · · 

M_(~J ~Hf,t!t~~f~i] ~ ~~) ' :~~ 7l_e H." _• -~~) 
O~irarta H~=fi/(tf!i€HcC"f"Jsfi1K"it ;. T.,e. c_nmhJinl>JO rpyniTHGM=Hc:6!tpx 

R M Ct"tl !.l~ll:HO nocrpOMT:b J!Mill'b 'JieKOTOPYIO Marm!THYD no,ncrpyx:rypy Kpl!c.,. 

TaJIJia. ·,!lml ITOJIHOro orruc~~ Mar~THOH CTPYRTyPil, KpOMe .-. G-~ = H, ' 

~eoe!xo~MMO sa.naT:b C." x H J~S MOMeHTOB M(~~ M(~! .. ; M(,z;,J, r~e J :._ 
.,· . . . f . - ... . . .. . '· . 

JiH.nex~nomYniTH H B '"t~ ; a [i":t) t;. .. · . ., t;.J~ 11~ .• Ho 

{ 
'-o ·.,..; '~. c. . ~.. I. ' . . . -~ . 

. 'lt) 'l:.2' ••• ' t Jl 1 € . l<fll. t! • . . . - . - . . '· . ·. .. • . ... 
· IiTaK, ;ri.Jm BJiac<mipHKBl\mi MaimiTHHX CTPYKTyp RPMCTa.rr.irOB B 

paMKax KJ.IaCCwleCRl!X (~Ji~PoBCRrut) rpjim. ~eoe!xo~liMo COCTaBHT:& TaR 

H83IlBae~~r c±~KJ.Ia~cn~.i~B.UnoHHhl~ ~i!M:BOJI 15/ · 

f ~px) G-M! ;M(tf},M(~4>,· ... , f:T c.i1;J;·::.; '-M, ,~C~')?-M (t>D,.:)i~j); ... J.<'r~>--
r~e IDUJ;eRc l OTJIU1Iaer rpyrrrrn CMMMeTpHH &:M· 11. xoop~HaTH ;• .. 

_-. .. . . . . . : .. ··. . : •.· . . '; ' ' ;'- ·. ',: 
aTOMOB C. -rO COpTa B CJIOJKHllX MarHMTHhiX RpHCTaJI.Jiax • 

. - . 6tcrei.m !tnaccmqiHRarnlH c:i: ·~ CI' (. G-M ·.:. weiwflOBCRHe, ll. ;uyc5HH

KOBCKHe rpyiiiiil. cooTBeTCTBeiiHo) / 5/ RBJUIJDTCH ~Y"~ePa~ np>~eHe- · 

HllJI "npHMoro" ~eTo.ri:a~ O;n;HaKO ncnoJi:&syeMI:le B CI H 'cJ;~y~' C-M 

H~ ~am B03MOXHOCTn .KCtJep~a~M OC!PaSOM. OITUCaT~ Cl!MMe1PMD-~~. 
HHTHOI'O RpHCTa..Ua. BO-nepBHX~ ·. B paMKax ~~OPOB~~X ll- IDye!HllKOB

CRl!X rpynn CHMMerpnJI xpl-im'a.IDra· 6 yqeToM w.armr.J:.Holl CTPYKTYPii· oe!uq

Ho 3HatJHTeJI])HO Hl!Xe CHMMeTpHR· aTOMHOr<>_ \yrropsmoqemm (;.Kpx. .. , B TO 

BpeMR: RaK. raM~TOFmaH /IS/ liJil'I Tep..!O~HaWPieCRHH ITOTeHUx.laJI /II/ 
-_ ~ - .- -. • < 

Cl!CTeMH, a TaKllte PR.JJ; .npyrnx qM3H'IeCRHX BeJ!HtJDH llHBap.llaHTHH OT-

HOCHTeJI:bHO G.cp~ • ~BropHx, B C:HMB~e CI4) Mai'Hll.THhle •A~MeHTH 
Mc'i;),.:.,M(~.) He OBJisaim aJieMeHTaMli rpyrnni CHMMeTp.IIH G-M · , xorn: 

II 



.Ha ca~oM ~e~e-CEMMeTpaff KpzcTaxna Ha~~eT orrpe~eReHHHe orpa

HE~eHIDI Ha n~ B3a.R.MHYJO opneHTBUHD. lfHor,I(a B CI-CHMBO~- (I4) .no-

nOJiim-Te~:&HO BBO,I(l{TCJI HeKOTOplle. ypaBHeHlili, -~aCTH~O ytmTllBamtHe 

eMs:& Mew MoMeHTaMH M(~), ... ,M(t;.l. Bo~ee T9ro, .nim crm~HWC -
.. • -·! . . ' 

- CTPYKTYP B006!lle HeoosMoJKHo sarmcaT:& CEMBO~ (!4) 6ea BBe.I(eHIDI B_ 

~ero. ,I(OII~~HHT~~:&HH~ _ ypaBHeHHfi _ Cn_s.:.sa.d' ... oo ) /5/. Bmneyno~
~e rrpo6~eMH peinamC.II _ npHMeHeHHeM~ B Ka~eCTBe G-11 6e~OBCKHX 
rpy~ c;. '<t> /20/. - · 

-Orrpe~eJIHM CHa~rura ,I(eHCTBHe l(BeTlll:lX onepaTopoB r/"-~) Ha 

I!Jymmruo MC:t) • K~ o6wmo, cllMBo~oM ~;~.JM(i) o6osHa~M sHa~eHHe 
. . ~ . . -

rrpeo6pa30Baimoit .iPYJIRilH11 B TO'Ute _. Z • On epa TO~ 3"- c_,- OCYlJleCTB-

-~ · rroBopoT- Bee~ :BeRTOpHoro noJI.fl, rrpeod~sym 4tYHKnHD M(i') B 

J"M(;;) (Ill~ B ~ Bpe~-KaK Harpys~"(~~l[';~TeptipeTrJ:f~e KaK 

Jio~in.Ie rrpeo6pasoBaHIDI, ,neiicreyllT Jiliiru:b~ Ha sHaq_emm:"-9,tM (-t) B' 
·: -. :. . ·. . . . . --: .... ·~~.: .· -·.:.:_~· ,_· 

. TO~Ke t ··: KoM6HHHpo:BaHHoe npeo6pasomffil:e srummeTC.Il B BH.I(e 

glf-~)11!7:1: (~/(J~"-M(~J=.<i">r~xi.i1(,~1 lJ ~--- _·- , cr5> 
H~ rpy.n;Ho yCse.I(H T:&~.ll, ~TO 66pasyeMaJt orrepaTopru,m 9~1"/ ( !5) ·? · 

- lU3eTHa.l! cyynrra .I(e!C'fBHTe~HO .IJBJI.fleTC.IJ 6MOBCKOit rpynrroi THIJa 
( ) - . - - - ... - - -

. r;. 't <4":"6) • K~H:H M~)IJp:HMeHHM cHa~a orreparop 9"Cf-rcl (I5); --· · 

a noToM;·-/f.')(o nops:m;Re JJ;eltcTBH.Il oirepaTopoB eM. II~/, cTp. !29, 
.. /!9 .. -
H~ , CTp. 42) ~ 

J·(<~•J 11(.(tj. ... )R (At>= ( y/''~ ( ~~'~·>t-m r t) = 

_c'1,>r~~n,:'f~'ff> (j,~lr> ==-

= c 1.>r3)(~1(>rsKJ i1 l3;!~;1 ?>= 
= l~)c~a~~ ... lr9;1~.~,,J Fi lc3.~"r!v= 
= (~;)[~{.J(~K)[,i.-!1 [3!1 M (~~!il)= 
- ( - -t ... ( ... - fJe)-. '"") 
- ~' ~i. ~" ,, ) ?e. M t.) = $c. M ( t , 
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(!6) 

r.I(e yqTeHH pa:aeHcTBa i•~"=y,) r;I(J= [j,-19,1 , onpe.I(e~eHIDI (II) n 

(!5)' a TaKlKe C4)-Cin.- . . . 
E~ G-M:: ~C<j-J, T.e. t/'fl=£,r.(1.Jj.IJM~eTC.IJ rpy~olt CHMM~TPHH. 

,I(JI.fl wiDaum' M(?j ' TO ' . . 

9"cr-">i1cn = MC"l> > ,:~"'e c.'~J= e-11 • ·ci7> 
Cf,") . ( 

:113 onpe.I(e~eHH.IJ (!5) H H3 J"-. E C.M 17) C~EmyeT, ~TO MarHETHH!t 

MOMeHT M (ot,:.) B JIJ06oit TO~e t:: ~ = fr. ~ (10) onpe,I(eJI.fleTC.IJ pa-

BeHCTBOM 

M (i,.) = M ( ~" t,) = (~I() [3"1 M tt:) > ~l((~a)E (,! C'j-). (IS) 

C ,ll;pyroii cTopoHH, T~K. HarpysKR { ~"), ~c:& ~OKaJI:&H!:lMH rrpeo6pa-
_,. ;--to : 

soaaHimMH MOMeHTOB. M (t.) B TO~Kax i; , He .I(eiicTBym Ha Koop-
cf ... . .. . 

,I(HHaThl aTOMOB, T.e. 9" "t- = t_ , . MOJmO 3aJJHCaT:& 

..... C~l-. [ Cf,)-. l. { ..... } " - (!9) G-..,t, : (;.. 'l:~ "' k · lt J = 91( "{/. =: ~KfX 2:.£ ' 

,Upyrnr,m MOBaMH, e~ B rpyiJJJe lUleTHOJ:i CHMMeTPIDl. MarmtTHOJ:i c'ipyx-, 

TypH C.,. '" (;. C'IJ 11 CTepeT:& 11 /.3/ BCe Harpy3KR ( C~Ta TJ', HX . TOllr,ll;eCTBeH

HHMH rrpeo6pa30BaHH.IJMH), TO TIOJJy'mM rpynrry CHMMeT!)HR Kp:RCT~~ 

XHMH~e_cRolt CTPYKTYPll GKfX 

CJ!EmOBaT~HO, paBeHCTBO 
6:p 

(IS) :S c.nyqae G- "'r;.M TI03BOJI.fl...;;; 

eT nocTpORT:& no~HyD MarHHTHJD CTPYRTypy KpncT~a ncxo~.11 ~m:&· 

Hs o~Horo (~J06oro) MOMeHTa M (~) • CooTBeTCTBymm:J:i K.JI8.cc:H!fmta

l.UIOHlll:li1 CHMBO~ 6y,I(eT /20/ 

{ {i- crp j M ('ls_ JJ .• '(20) 

Ec~R B KpHCT~e HMeeTC.IJ HeCKOJI:&KO COpTOB HeSKBR~eHTHUX M~-
~ .. 

m:THUX aTOMOB, B (20) .no6aBJI.fleTC.IJ rio O.I(HoMy- M (t/) ,I(JI.fl RaJMoro 

( i -ro) copTa. 

O~eBQHo, ~accHq,IiKau;a.ll (20) MarHHTH!lX CTPYKTYP c noMCIJU,D 

6e~oBCKEX rpynrr 120/ aHa~TeuHo ITPCllle if no~ee KJ!acci1!lJHKaztidl'-
. cr H cr' · /5/. -
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Cy:neCTBeHHHM npeiD..fYllleCTBOM npewraraeMOft B. ,ItaHHO! pa6oTe Marml~ 

HOI RHTepnpeTai.(:I!H UBeTHO! C!IIMMeTp:a:a DO. CpaBHeimJD C J{PyrlOO! BOS:_. 

MO:amHM:a. II5/-I?/ RBJll!eTCJI HaJm'IHe KJIBCCH.'!ecKoit ncmrpyilllH H c. G.'~> 
. . . . ' 

coBna.namiel c irpl!iMemre- .tto en nop B qms~e npocTpaHC'l'Bemrmm 

rpymraM:a CRMMeTp!IIR~ ·3TO OTKp!lBaeT BOSMOm!OC'l'i R~IIOJibSOBami.fr .BCe~ . 

· ,ItaBaeMOit KJIOOCR'!eCKO! Cm.lMeTpReft RHqopMai.taR 0 qmsRtreCKRX CBOitCT

BaX KPRCTaJDIOB, ,ItOITOJJHJIJI ee CJJe,ItCTBmiM:a' Y'IeTa' "dKpHTOft CEMMeTp:a:a" 

("Kp:anTOCEMMeTpRR") •. Bee qmsR'!eCK:ae·cBoitCTBa_KJmCTaJJJJa, KOTOpHe 
. ''~-' . . . 

sanpema.mcJI KJiaccR'!eCKOit rro.ttrpynno! He r;. , sarrpemaJDTCR: :a 6e-

JJOBCKoA rpynnoli G- 'J'. O.ttHaKo. HeKoropHe .ttonycKil:eMHe rro.ttrpynno! H 
CBOiiCTBa MOryT OKa3aT:&CJI sanpeme~H ,n.JIR:· KPHCTaJDia C -6eJIOBCKOft 

. · ~~ H . H 
rpynnoft CRMMeTpim o.:r· ~ • Hanpw.rep, eCJi:a . He HBJJJieTCJI 

O;iHoit H.S 44 !J!e.ttopoBCKRX !IJeppOMarHRTHJ:i; rpyrrrr / 4/,- cpasy M<m!O 

C,IteHaT:& BSBO,ItH 0 HeBOSMOXHOCTZ qJeppoMarHeTHSMa RJJR CJJa6oro !IJeppo

Mai'H8Tl13~ B ,ItaHH~ii CTpy!t'cype :a 0 TOM, 'ITO BHeniHee MarHRTHOe IIQo

JJe rrpnB_o.ttHT i1: :asMeHeHm:> cm.weTp:a:a CTPYKTYPa· AHaJJomHHe :mnio.ItH 

M<m!O C,IteJJaT:& ,O H8B03MOlKHOCTH II:&830Mai'H8THSMa, MarH:aTOSJJeKTp:a

'IeCKOrO a@)eKTa :a T • .tt. HaJJR'!He K.iraccR'!ecKoit no.ttrpymm . H c i(JJ 

3Ha'IRT8JJ:&HO ·o6JJeMaeT OIJPe,IteJJeHHe HerrpHBO,!O!MilX IJPe,II;CTaBJieHd, IIO 

KOTOPHM npeo6pasYJDTC.II KOMIIOH8HTH HaaneHHOit C IIOMOD!:&m 6eJJOBCKOR 

rpymm t;:c~> MarHHTHOit CTp~TjpH, .T.e. np:w.reHeHRe MeTO;D;OB 'i'eoplri! 

npe.ttcTaBJJeH:ait .ttJJJI rrocTpoeHRJI BXO.tt.IID!HX B TepMo.ttHHaMH'IecK:ait·rroreH~ 

~HaJJ HHBapHaHTOB R DOCJJe.nylllll!ero ITPHMeHeHM MeTO.tta ,UsJ!JianHHCKOro. 

( ~ymtll;mt, RHBap_HaHTHHe OTHOCHT~Jn.HO ,ItaHHOft ITQnrpymm · }j ;, ~,.px , 

MOI'Y'I: _ npeo6pasoBaT:&CJI TOJI:&Ko rro T~M npe.n;CTaBJJeHRJIM rpymm GKf~, 

'l:&H orpaH:alfeHHJl Ha IIO.I(I'pyiiny CO,ItepxaT e,I(IU!H'IHOe ripe.ncTWeHHe 

rr <mrpyrrrm . H ) ~ . _ 

0TMeTHM,HaKOHe~, 'ITO my6HHHOBCK:ae rpymru /4./ IIOJmOCTLlD. 
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BiJmqaiJTC:JI B ·6e.iroBCK:ae .ztB~eTHHe rpyilllH, He HC'Iepmmrur :ax. qT06H 

· y6e.ItHTI>CJ'I. B . S~M ~ pas'JJ~ . .ItBYicieT:mrJ> . CleJJOBCeyD. rpyrrrry cc:n DO 

itJiaccz'Ie CKO~ . rr;,zirpy~e . H _ -·. HH.IteKca 2 .. 
. .( . : . 

r c.u . H . . . 'h>H . 
tr· ::. t- Q . . • . 

. - <I J. - . . - .. 

EC.m.l9;):U~ ,oro &.wcoBrra.naeT c MyClHHKOBCKOI rpymro! W= H+ ?fH,,-
'l ···. ·. • · i1> · ·. ·.- · · · · 

O.ItHaxci, eCJm lfJt H'J, To :a C ¥ lU • MarH:aTHHe KoHqillrypanliiR, orr:acH:.:. 

BaeM!le C-'~UJ :H C:~Uf, MoryT, cYuiecTBeHHo_.pas~;.aT:&CR:.llyCT:&,Hanp~- , 

Mep, ~,.=(l./U).;, i (npoCorPrurCTBeHH!lli HHBepc:aJI) :a BXO,IJ;H'l' B rpynny cim-
. . .. ... . . . - . • (J.) 

• M8TPim. y3JJa tl , SaHRMaeMoro MartmTHHM aTCMOM. TOl',IJ;a · rpymra (;. 'I UJ . 

. C {f~J~(;)::i!l1 1f) ,ItOIIyCKaeT·B !TOM ysJJe ~(t,l=(MJ,O,O) • rp:fmr~ G-{A):flll 

c(~.J=li!J=(i~).ttoeyi::Kae'l'JIHm:& Mli,J=(~H,IIJ, a·ecmi: (11 l=(~cv=IJJ ·._To M(i;}:O. 

B S8.IUIJ)t{eHH~ o~en!M; 'ITo- BosMomia :a .ttPyr!lli M~ImTH!lli -HHTep

np6Tai(M ~eTHoli ClMieTp:ai,' OCHO:OO:HHrur Ha G. CpJ ~pymrax, (!-3). B 

O~JJ~e OT KJI8.cCR'I8?ImX orrep~ft ~RMMe~~ $~€ C.KfX _(II)· HoC:HT~ . 

i,"~E+G-~<f~ .ll;elcTeym H~M(t) ·cJJ~~-oCspasoM!. 
.. ~I( M(t) =-M (1~~ 'l)' (2I)· 

c00TBeTCTBeHiio OTJJlRHHM OT .(!5) 6y,ne; :z. onl>e.tteJJemte :.tteitc~ · 
·. BRJI ;;:"k c_cpJ: Ha M l r) : •. . . -' . . . . ' r . . . - . ': . 

. • (ft<l--..:. ... - ..... '-!'"" . • (fi<} •(pJ - ' 
. ~I( . IHt.J: (p,,) M (31( t), ~I( E r;. -·. . . (22) 

llaCTHHM ~aeMMBI'Ha:mol HHTElPIJPeTBium. (;~p>. ..:rpynn, .:Bixo-

'l'OPoM ~arpysKR ( fit) ._cSePYTCJI romo · :as rpyrrrm ~co 11
; JmJIIDlTCJI paC:.. 

- c~TP:HBaam:aeCJI :a /!5-~7 I I"P1nmi: CHMMerpu, ~ImliOmu: CTPYKTYI>· O.ItH8Ro. · 
•• + •• ••• • • 

. oiiHcaT:& Bee aKcrrepJ.L'.feHTa.m;Ho oC!HapYzeHHHe -~THHe. RO$rypamm 

rpynrr~. (!5-I?/ ~eiiOSMOl!HO< ·. (Hanpi!Mep,. ·.ItJJH/M('t)ft c,o/1$£}; · .l@Yr:ze 

•· H~OCTaTro! ·•· G. t;l ..:_ m'l'~pilpe~ oCsc~~Cl> B /20/. . . -

··.· npe.Iiiar~ it ~o!. pa60TE{ ~'~>- ~THrur HHTepnp~~atizJI · 

6eJJ:cmcKHX rpyrin rrosooMeT :B nairHol Mepe :zcnmsasaT:& Bee npeHMy-
il!ecna ·MeTO.ItOB u:se'I'Hol c~eTPH~~~ . ·- ·. . . . ·· · 

-·· .. : b.':' ...... ~ -· ..... ~ 
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. . . . . Y cJioBHH o6¥eHa .... 
llpenpnHTbi H. coo6weHlUI OlUIHpaccMiimoTc116ecm1aTHo, HaocHo~e 

a3aHMHoro o6Metui., YHHBepcHTeTeM; HHCTHTyTaM,!fa6opaToplf.sni, 
, 6}f6JIUi>'reKaM, HaY'lHbiM rpynnaM H OT~eJILHbiM·yqeHblM 6onee 50 CTpaH: 
. . . Mhl o)KH,llaC!-f, '-..iTo IlOJJY'laTCJIR )f3,llaHHU OlUllf 6y,llyT caMH npoaa· 
·• Jil!Tl> HHRUHa ruay::B 6ecnna THOH noct:mKe flY6nHKa·uuil a ,ll,y6ny; B flOpRiJ.Ke 

o6M:eHa npii:HnMaiOTCl! ilay'!Hbie KJiHrH, >KYPifanhl, npenpHIJThl Hl!Horo. 
BHfla ny6Jfi!KaUHH no, TeMailil<e OIUI.I1.· . · . . . . . 
. . E.liHHCTseHHhiH SH,ll ny6JIHJ(aUHii,KOTOpbiH HaM TIJiHCbiJiaTb ·I'!~ cne,ny~ 
ci,~no peripHHTbi. /oTTH<;:r.<» cTaieif·; y*e ony6JI.HKO:Ba}{Hi.ix's »~ii.y•ufMx 
)i(YPHanax/~ .·· ·. _ .. ·· .. · · ·· .··. . . . . " ·. : .· . •· ' · > . . , , 

·. B pl!,lle .CJiy'laes. Mhi CaMH o6pamaeM;CH K llOJIY'laTt;iJIJIM HaUIHX Hl,lla· . 

HHH .· .. C npocb60H. 6ecnnanio IlpRCJI!l-Tb J{aM 1\liKHe~nRfiO KHRrR lf.lllf, 

BbiiTii:CaTb ,liJI.II Ilawej{' 6H6.1lHOTeKH Hil)''lHhle )f(ypHaJ1bl 1 IPiJ.~f(}WHCCl! B RX 

· crpal{ax.• · 

OiAeJihlible 3anpocbl 

fll.IJ,an!JibCJ(IfH or.rten eli<eri>,!IHO BbJnonnReT QKono .3 OQOor.nenhnl>ix 
.· 3anpoco~ Hll . BbiChiJIKY npimpHJiT.OB H coo6UICiiHH OHJiM. B; TaKHX; 3a
npocai .·. cne.iiyeT OpR3aTCni>HO YKa3b!BaTb Hli,llCKC .· 3anpaUI,HBaeMOrO 
.H3.IIa~Hli. · 

.· AApeca · 

IlHCbMa no aceM B~rrpocaM ,o6MeHa ny6nHKaUHllMH, a TltK>Ke 3anpo
Cbl lfa OT)l.enbH:Lre a'3JJ,aHH11 c)1e;J.yeT Hanpasmni. no a,11pecy: 

..101000 MocKea, · 
T /IQ8HbiU not~maMP!, n/.11 79 .. 

· H3oane/lbCKuii onoe11 .· . . .·· · . . 
. 06oeOUHeHH020 UHCTIIU1!1JII'IQ . . ..•.. · · · . 
. JIOepflbiX UCC/leOO(JQHUU.. , . . · .... , . 

A,llpec .!lnH IlOCblJJKH :Be ex' riy6nHKaUHH B nOpli,:U<e o6M:eHa, a raK>Ke 
,UJI11 6eCIT!faTHOH IIO.II,ITHCKH Ha Hay'1Hble -if<yp~aJJbl: . ·. 

· ··1o1ooo MocKaa~ · · 
F.flaOHblii not~maMn; n/1179 • . 
Hayt~Ho- 1H!xHu'lec li·aJI· ou611uomelia .· · 

. 06aeOuHeHHozo tiHcmumymq 
J!OepHbiX UCC/IC0{)8Q1IUU. · 


