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KonuRK B.A., Koues H.H.,· Ky:lKyKees :>K.-H.M. . . P4 - 7513 
· EenoscKRe useTHbie rpynnbi R Knac.cncpnKaURR Mai'HRTHbiX 

CTpyKTyp 

npe.r:tnO:lK9Ha CHCTeMa KnaCCRcpRKaURR CTaUROHapHbiX Mai'HRTHbiX 
CTpyKTyp KpROTannOB Ha 6aae. 6enOBCKRX (MUOI'OUB9THb!X) npOCTpaHCTBeH
HbiX rpynn, Ha npnMepax noKasaHo npenMymecTBO npeAnaraeMolt cncTeMbi 
no cpaBHeHRIO C KnaccncpnKaUR.IIMR Ha 6aae cpeAOpOBCKRX R wy6HRKOBCKHX 

rpynn CHMMeTpRR. 

Coo6meHHe OObe.QHHeHHoro HHCTHTyra JIAepHbiX HCCJieAOBaHHJl 

,lzy6Ha, 1973 

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

_The Belov Color Groups and the Magnetic 
·.Structure Classification 

P4 7513 

--~ 

A system is suggested for classification of the 
stationary magnetic. structures'of crystals on the basis 
of the Belov (polychromatic) space groups; by the examples 
it is shown the advantage of. the suggested system in com
parison with the classifications on the 'basis of the Fe
dorov and Shubnikov symmetry groups. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1973 

C) 1973 ~~'"luJteNNwil uNc.rulrYJt JllJf!pNwr r.iccA.,lJo.eaHuil J1y6Ha 
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A:arilllTHllS CBO~CTBa TBep.JU,IX TeJI Cytt18CTB.eHHllM Odpa30M orrpe!le.IDI

JOTCJI xapaKTepOM yTIOflMO'lEHffiH MarilllTHllX ~.m~mHTOB aTOMOB - llX r~arHllT

HOil CTPYJtTypo:li III~ .IlJm npe~cRa3aHM,·· onnca.IDlJI n ~accn(fMRamm Bcex 
- . 

CTai.UiOHapHllX Marffi'ITHllX ROHifnrypaunfi, COBM8CTM!;'lllX C ~aHHO:li KpHC:raJIJIO-

XHlmtfeCROit (a:rOilmoii) c:rpjRTypoit, ocoe5eHHo 6om,myro po.JID nrpaiOT 

MeTO,nll Teopnn rpynrr. B 3aBllCllVIOCTll OT ROHRpeTHOil 38.Ila'lll ITPl1M8HJI

JOTCff RaR MeTO,nll TeDpllll IIpe!(CTaBJieillltl /2-5/, TaR ll "rrpJIMI:le" MeTO,nll 

/6-8/ • .IlJm RJiaccnq,nRamm MarHE.:rHHx cTpyR~YP oe5a rro~o~a (Ha3tmae

MHe B / 8/ KJiaCCHqJnR8,Uiletl. C2 H CI; COO.TBeTCTBeHHO) :mmlBal!eHTHll •. 
. ' . 

I. KJiaccncpaRBUnOHHll:li CH~O.it CI (EJ!ll cr') 18/ S~IniCI:JBaeTCJI B BV...Ue 

fc;k,..; GM~· 'M,c~J ..... Mic'h1J; ... ;GH1 ."Rt<~'J, ... .,"Mtrn,J; ... }. <r> 
r~e G .. ,.. - ifle~opoBCKrui rpynna CllMC.IeTpnH RPilCTaJIJIOXIlMn<IecRo:li CTPYK-

Typll, GM, - rpynrra cnMMeTpilH ~arHilTHoii CTPYKTYPH aTOIVIOB t -ro - .... 
copTa, HlCjf),_1~l',.,J - Manrn THHe MOMeHTll a:roMoB; 3aHHMaJOUw~. o~HY 

( .I, -yro) cncTeMY sRBnBaJieHTHI:lX nOJioxeHilll B · GI<P" ,· pacna.n;anJIYIOCJI 

Ha n, pa3Jill'lHI:lX CilCTeM B G'u • ,.,, 
OnncaHne Cil\1MeTpnH 'MarHilTHoro RpviCTaJIJia B pa\lKax U.e~opoBCRHX 

H my6HilROBCRnx rpyiiii HeJIL3JI C~TaTh llC'lepiJI:lBa~M. fpyiiiia cnMMeT-

pnz RPHCTaJI.ita, JlBJIJIJICh rrepecetJeHHeM a,, .. v. BCex GM,· • '!aCTO CB~ 
/ lll1TCJI R P 1 BJill tp ( , B TO BpeMJt KaR He TOJihRO Kpl1CTaJIJIOXIlMll'leC

Ra11 CTPYJtTypa, HO B , PII.!l q\113 rl'l8CRHX CBO!lCTB ,· B TOM ~CJie ra.Mll.JII>T~ 

lrn.aH /5/ HJIH TepMO~HHaMlltJ8CRilfi ITOTeHUHaJI_ /2,S/ RpHCTaJIJia, nHBapH

aHTHI:l OTHOCHT8.7IDHO·{;KI'". B3all~a!I Op:HeHTBlUIJI n. MarHWI'HI:lX MOMeH

TOB. B RaJmOI ~ {;t} TaRJKe OCTaeTCJI IJpOH3BOJihHO!l. Haor~a B CHMBOJie 

(I) BBOMTCJI ~ono'lli:IlTeJII>HI:le ypaBHeHilJI/8/, 'laCTH'lHO YlJllTI:lBB.JlJU!e 

CBJISh Mel!!,cy MO\leHTa~ ~ (~) :. 

PacillllpeHlle IJOHJITM CR\1MeTpiln 11 npn:'lfeHeHile ''MHoroiUleTHHx" 6e

JIOBCRHX rrpoc.fpaHCTBeHHHx rpynrr /? • 91 sHa~nT.e.JIDHO ynpoDtall:r rrpo6JieMY 
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K.JiaCCI:HJHKill.(IJll :V. 60Jiee !10JJHOrO ytieTa CIH!MeTpJJI-; 1larHl1THllX Kp~CTaJt7IOB 

/IO/. B ~acTHO~~:V.,OlJH~ii 11 TOll lKe rpynnoi' (J('IJ OTil1Cl:!BaeTC.fi KaK Kpnc

TaJIJIOXIli'.'i!;'IeCKM CTpy:-<Typa, TaR Vi :11arH11THM KOHrf:V.I"JPai.U!H, T. e • .n;M 

KTTaccw'fmm4v:v. v.arHHT.'illX CTPYKTYP .n;ocTaTOl!Ho YKasaTJ> 6e.JIOBCKYJO rpyrr

ny (;(f-J ll ITO 0l(H0:\1y . .IOMeHTy ~-{;:) .D;JIR: Ka;:n,oro COpTa a~OMOB ~ R:l!eif-

Ke, 

{ Gc~' - - } _ ; M1 c~J; .. :; Mlti%'>;. .. . (2) 
B r:''P co.n;ep;naTc.fi TaKJKe odyc.7IOB.n:eHHUe cm,MeTp:v:ei1 

CBH3H M~ MOMeH-

TaMil M,-(~J , ROTopue B CI (I) I1JII, Boodme He y-q:v:Tb!Ba.JIIIC:b, lUlJl lKe 

.D;.7IH V.X yt!eTa B CJ!MBOJI (I) BBO.JJ;IJJIEC:b .D;OITOJIHl:!Te.JIJ>HUe ypaBHeHI:IH. 

IIepBhle pac5oTu rro rrpHMeHeHl1IO MHoroUBeTHHX rpyrrn .n;JIH Oin!CaHEH 

MarnenmoB IT.!Hilia.n;.n:e;naT Hafuny III • I 2/. HeCKOJI:bRo rrooJKe ITooBMaCJ> 

aHaJiorp,qifaH padOTa/IS/. CITYJHOBo-rrpocTp~cT~eHHUe rp~rru /I4/; npH-

MeHHeM!le .n;.1IH :llCC.JI en;OBaHHH CIT eKTpa CllfiHOBiiX BOJIH 
1 

TaRJKe HBJIR:IOTCH 

KOHKpeTHOM HHTeprrpeTau;neii 6en:OBCREX rpynn. 

2 • .UJiff ITO.fiCHeHHH OCHOBHUX H.D;eii MeTO.D;OB UBeTHOR CEMMeTpHH pac

_CviOTp.v,M rrpocTofi Ki)HCTaJIJI c rpynnoii CIWMeTPKH Gl<px , B KOTopoM uar

ffilTHore aTOM!:l HMeiOT OI{IIHaKOBUe TIO BeJIHttHHe. MOMeHT!:l H 3airnMaiOT O.D;Hy 

cv. CTeMy 3RBima 'I eHTHUX 'rotteK 

G,p;, ii = {TJ J ={ 9.·;; I 9.- etJ,p,} · 

1\larH.i:lTHM CTPYKTypa Kp.i1CTaJL7Ia OITHC!:lBaeTC.fi "npoCTpaHCTBeHH!iM 

BeKTOpoM" 16/M(i'J={M<~J j - aKCHa1II>Ho-'seRTOpHoii tf'YHKUHeit, orrpe.n;e

JieHHoii Ha 3TOft CHCTeMe; MeHH!OO{eii 3HaK 11p:ll f"HBepm;K BpeMeHl1. 

fipH .!l;BI1JKeium KpHCTa.Jin:a j;~(RJt;) O.D;HOBpe:vreHHO C rrepeHOC~~ Mar

H11THUX aTOMOB 113 TO'!Kil r B g1'F , COOTBeTCTBYJOOuiM odpa30M ll3MeHR:- . 

eTCH :v; Han·JaBJieime HX VIo.vteHTOB. 1iYHRUHH M (~J noc.11e npeoopasoBaHH.fi 

·;;{•. 

j.· 3arJEIUeTCH B BJ-;_ne: 
,_ -+-

& 11 (P"} Eo; [ jJ 11 ( j.--f ;:-) , 
(3) 

4 

', 

I 
'I 
~ 

1-

~ 

. r.n;e f~d _- 'IECTO JJOBOpoTHaR:. '!aCT:& OIIepaTopa g,•(R./t;J; {3.J=R, llnHtR~ 
.n;.1IR: co6cTBeHmrx n HecodCTBeHHHX Bpam~Irnil R,. COOTBeTCTBeHHo; · 

~e.n;opoBCKYJO rpynrry ct;,>lMeTPlll1 H MarH:v.THoii CTDYKTYPU o6pa-. 

syeT Jilll!!:b '!aCT:. :meMeHTOB ~e ~px• OTHOCHTe.JibHO -K~Topux IIHBapH-. 

aHTHa (f)ymw,YJir -M CrJ , T.e. 
_., . . -.... . _,. ;: . ' ·-~ .. 

ti/1(r)==a [o.J M<q:'FJ=M(F'J. ll.E:Hc:.G!Cpx. (4) · dj ._ - o1 44 o
4 

IIepBoe o6odmeHI:Ie iroHR:Tn.fi CilMMeTpliYJ BBOI(HTCR: .n;JIII C.Jrytirut 
• • - ' :·' 'r._. 

3K M r~Ja !9,.1 M ta;' F J =--:-MrFJ, g,.e a.c,.,., ~·1= H : (5) 

oTiepaTopu3.311.\1eHflDTC.fi Ha s:•f'g,. , KOTOpb!e npeodpa3YJOT q-.yHKqHIO 

MtFJ cJI~~lVI o6pasoM: · · -· · _. -

1: HrFJ• c-o~~~ 1 f.1 c3;11 J= M c'FJ • (6) 

H BMeCTe_c ~-EH 06pa3YIOT '~qepHo-de.nyiO" InydHilKOBCKYIO rpynrry CHM~ 

MeTpHH KPHCTaJIJia m .. H~ g'H- .H +gcH<;;: G"l"' !~~ ... 
ltaJI:bHeibnee ocJo6~cmm o'!eBH;:n~o. 'SJieMeHT& :rp~rm ~+ H +g .. H 

St.~ . cl(,. s a.M9HHIOTC.fi KOM6HHI:I ponaHH&MH . ( "UBeTHUw!H II) . orr epaTOPa.MH 

~!. {'t~.:(o.JO ·, r.ne,no onp~.n;eJieHEIO, _ •.. " Ji" (If 't It · ·· 
_,.. . -.. --

. _ lf'tJJ1(;:J :sttJl31JH(f/ 1F)= Mc'i'J·"· (7) 

0611'!HO .n;orrOJIImTenHoe npeo6pasoBaHHe ('J-;J HasHBaeTcJI Harpysxoit, -·. 
. . -

a ~CCH'!ec~ :~aCTL 'Je< - HOCETeJieM. TaK KaK BeKT.opu M c;p OTJIH-" 

'IISIOTCJI JIIDIIL DO HarJpaBJieimD, B dOJI:bUmHCTBe 'C.JrytiaeB MOli!HO OrpSim'D!TL-:._ •. . .. . ., . 

CJI HaryysxSMH C%Je oo oo 1 • B· 60Jiee 06!lleM CJiyllae (~) - JIDCl11e JI~ 
IWILHHe npeo6pasoBamur M (~) , yn:oBJieTBopJDJIUie · (7). · · 

. - _ _ Mo;;o noxasaTL f!.O(, ?TO UBeTmte onepa'l'0~119:ft!(\J&z(%)(~1~)= 
•(R,I\[\f,cspasYII'l' .r?YIIIIY:. ~ Ci . c ::!aKOH<N YMJIOllte.lrnJI . · . ·I · . 

( ,· CJ.> •-_-(f.) ( - ~(%.i11~R"). r 
R.l"() . ( R,l{) I ~- R. R. 0,. +-1?,. ~·) . . • . (8). 

3.n;ecL Y'iTeHo, itro .HanpanJI~~H~ ·M -'~sMeHJieTCJI lie TOJn.xo Ha.rpysxoit; HO 

H ITOBoporHoti 'llaCT:bll R, HOCHTeJIII fit( J a B. OClllleM Myqae R~~,ifl +'J/ll( • .. 
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(If) (1} -(I} ('{tl -{9,? 
.. B rpymm C BXO.D;JIT orrepaTOpll TPex BH.D;OB:£ "'(f7/tj) ·~t :::f!.jE) • 

l'~:l-(1/~l':! IIocJie.n;mH}· H3 H11X o6paaYJOT rro.n;rpynrry jcJ~ f'J!J}. Bee ()UP, 

B KOTOpllX Harpy3IGI C4e) JIBJIJIJOTCJI OpTOrOHaJil>HllMH rrpeo6paaOBa.Hl!JIMn, 
WJ ( ) f(Oooof') (t) Ct) {tf} 

CJTTI> no.n;rpynllll { C J · rpyrnm C. , r.n;e fJ. H C · H30MO:pqr-

Hll fl.Kp~ • llpil STOM, .D;JIJI TpeXMepHHX (HeKOMITJiaHapHHx) MarHHTH!lX 

1.1 ~ )' KOHqrurypa.u;Hfi =1=-f , .D;JIJI .n;BYMePH!iX (KOMITJiaHapH!lX . CTPyKTyp 

l'~-?_t(2l~ JhmefiHHM (ROJIJIHHeapH!lM) CTpyKTypaM COOTBeTCTByeT 1('f-•) 
(""~!;') (<J.J) .. f(oo:J'-2') =-I .J3ce rpymm 1 , He JIBJIJIHllUleCJI rro.n;rpyrrrraMH , He 

.D;ODyCKaJOT OTJrn'!HOrO OT HYJIJI MarHHTHOrO M<MeHTa. 

JioKaJINrne.rrpeo6paao:saHHJI Cf11) MarHHTHHX M<MeHTOB M C~) · , .n;e:lf..,.. 

CTByJI B TO'!Rax r. , He 113:\l!eHJIDT KOOp,IU!Ha"I:H aT.<MOB, T. e. 6eJIOB-
(q.) .. ·. . • ' . . 

CKaJI rpyrrna G CHMMeTPHH MarHHTHO:If CTPYKTYPH (7} JIBJIJieTCJI o.n;Ho-

BpeMeHHO :u rpynrron · CHMMeTp:u:u .n;JIJI KPH CTaJIJIOXHMHtrecKofi (aToMiion) 

CTPYR Typll: .• . . . . . .. 
. ,.,(9}_. '{ (f.J- ·J ={ Q ~) _,., -,.. . ~ . r, = i;. • 'i q;, '4 - b;.p~ • 

H(f) { (Ill · · · · Oco6o 'BaJKHyro pan :urpam rro.n;rpy~w =- aj_ - MaRCHMaJI:DH!le 

RJiacCHtteCKHe rro.n;rpyrrllll 6eJIOBCIGIX UBeTHiiX rpynrr ccq,J • Onpe.n;eJIJie

M!ie B JIHTepaType ~Pe.n;opoBcirne · rp;ynmi cHMMeTp:un M~TH!lx CTPYKTYP 

Hw • .. ·. . . 
COBIT8,ll;aJOT C . · · •. C HX Ir<MOIIII:.lll B TeOpHl!l UBeTHO:If C¥JMMeTPHH _nepeHo- · 

CJITC.II OCHOmme pe3yJI:DTaT!l KJiaCCH'!eCKO:If Teopxm Cli:!MM8TpMli;"o6Jrer<taeT

CJI rrepexo.n; K RJiaccnqmxauxm C2 /8/ 1r1 orrp~.n;e.neHHe Iien}nmo.riiD.m: rrpe.n;

CTaBJieHH:If, no KOTopuM rrpeo6paaYJOTCJI .orrncUBal£liUle CTPYRTYPY ·6aa:ecH!le 
BeKTOpu /2, 5/. .. . . . 

llo.n;rpynrra .TpaHCJI.iiUM B 6eJIOaCDX rpyrrnax . C (~) TaRlitEl MOJ!teT 

6UTI:. ~HOrOUB8THO:If, r(J~{fftt;)~J({If',.{tJ].Tax KaK rpynrra rpaHCJUittHI adeJie.:. 

Ba, Harp;VaKJI (if..-) Taue_ .D:OJilKH!l IJpHHa.D:JiemT:r:. a6eJieBHM nQIJ;rpynrraM 
0000{' • 1· 1, I '·. , . I L L,- 1 • . I I ' , I. I · .. I, 2,2, 21, J, 31; T,T. 4f .. '.. 6,Gf; 222.~2"2 2221· co. oof. 

• •. " •· - • ~.' ,,, ' ' . • . • ' : ! ". , • •. •• • 
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. 0TCJma, Harrpv.Mep, CJie.n:yeT, 'ITO OCR CITHpaJieil B crrnpaJThHUX CTPYRTY

pax He Moryr rr~pecexaT:r:.cJI. 

0TMeTHM, 'ITO B03MOJKHa li ,n:pyraJI MarHJITHaJI HHTeprrpeTa.nnJI UBeT

HOfi CHMMeTpHR III-I4/. B KatreCTBe OCHOBHUX ·aJieMeHTOB CHoC:aTeJieil) 

paccMaTpruJaJOTca He :itnacc:atteciGie orrepauxm -9t .n;BRJKeHH:li Bcero zp:ec

TaJIJia (3), a H30MOpfH!le. :riM orrepaTOp~ . i , ,n:eHCTB~e TOJII:.KO Ha 

KOOp,n:nHaTU aTOMOB. I!OBOPQT MarHHTH!lX BeKTOPQB OCymeCTBJIJieTCJI TOJII:.-
• ,r; .] . . •(1'J) 

KO HarpyaKaMH (~) ·, r.n:e _(-r>J•{q:J wm lP.·J:a(tJ,.J£9,· • OrrepaTOPlil 01 • Q 'I q• < • ~· • <I• 

o6paaYliJT UBeTHHe rpyrrrrll-G(PJ. HecMOTPJI Ha otreBH.D:HyD rrpoCToTy, o6y-

cJioBJieHHYliJ rrOJIH!lM paa.n:e;reillieM "Koop,n:nHaTHoro" H "UBeTHoro" rrQIJ;rrpocT

paHCTB, TaRo! rrQIJ;Xo,n: CTpa.n:aeT HeRoT_opmm HeuocTaTKaMH. B {J('P)_:eH

TeprrpeTarum BC6 RJI8CCH'!eCIGie rpynrrll SaMeHJIIOTCJI MHOrOUBeTmtMH, B pe

ayJII:.TaTe ~ero nc~esaeT paaJIHt{He ~~Y KJiaccn~ecB:HMH /B cMUCJie (3), 

(4)/ z o6o6meHHuMli (?) onepa.u;MMH Cl!MMeTpu, TepJieTcJI cBiia:r:. c rrp:e-
• < • (: ., ( ) .. 

MeHJieMI:lMH .n:o CHX rrop rpynrra\lH cHMMe'l'p:an.,B rpyrrrrax 1 11 G P BOaHH-

RaeT HeO,n:H03Ha~HOcTI:. B Blil60pe C~~OJia rpyrrllll. 'TeM He MeHee, rrpHMe

HeHHe rpynrr {/'f') /?' 9/ C IrOCJIEUtYDIWM rrepeXO.D:OM K COOTBeTCTBYI£liUlM 
(f) . . 

rpyrrrraM tJ · MOlKeT · OR83 aTI:.CJI IrOJI8_3HliiMo 

3. Pa?CMOTPWM HeCKOJII:.KO rrpHMepoB rrpnMeHeHHa 6eJIOBCRiriX UBeT-
f1J .• . 

HllX rpynn a ,ItJ1!I KJISCCilqJRKatnUI MarHH THWC CTPYKTyp' KPilCTaJJJIOB. 

a) "ilooiBan CIJJI~" BMIIP /5,B/ (pnc Id) •. B~e Mai'HHTH!le MO

MeHTlil BOHOB Mn JiellraT B rrJIOCKOCTSIX, napaJIJie.JII:.HWC Y Z , IlPH~eM 
' '~ . : ' . \ . . . 

B K8.1t,D;OI IrJ!OCROCTil OHH yiTO.Plf,nO~eHH <JieppoMS.l'HHTHO, a B. IJJIOCKOCTSIX, 

OTCTO~X Ha n'-J- , IrOBep~ Ha yrQJl 'Ytf' o l<p:HCTaJIJIOD!Ml!~ecKaJI 
(aTOMHaJI) CTpyKTypa OITl'IC!l:saeTCJI rpynn~~-. p t !:-~ 1 . a Ma;HHTHaJI -

- .ll;ByMepHOI rpyrrrrol 7' ( , CQIJ;epmill(el Jiil!lll. TpatiCJIRIUUI B,ll;OJII. Y i1 Z •. 
.ltliii orrncamut MarHHTHOI CTPYKTYPH c Cl'IM'deTp:eel 'P 1 Heo6xo.IOIMO Jt1IJI • 

sa.naT:r:. 6ecKoHe<moe <mCJIO MOMeHToB M (~J • · wm BBecTH B CI-CHMBOJ! 
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HeKOTOpHe ,I(OITO~JIHV.TeJII>HRe · ypaBHeHll.II, KaR STO C.IJ;eJiaHO B /B/: 
[p .2~ ~ ..& · ·1· M.:. ~ · :m,-.7 - 2n•1- _ 

f '71 -m •1', • (F.+n,'aJ=(~) n("I;J, M~fn,aJ=(~) ' MCr;,J. 

M- . ( ~n,-- .,.,.. - !J~+1- ... 
. (~ +n,it)= ~) H(t;,J.!J.Cfi+n,it)=('l:). _!1Cr.,) • 

M C~> . ('I:) M (~) } . 

(9) 

8Tii ypaBHeHll.II BUpaJKa!OT onpe,neJieHHYID " CRpbiTYJO" CHMi'JeTpHRJ 

("KpRIITOCH:v.MeTp:l'lRJ"), KOTOpYJO .HeJII>3.1I BKJIIOqiiTl> B <!-e,nop(lBCirne ¥1 my6-. 

HHKOBCKlle rpyiJITH ~ HO JI eric Y'Je CTI> C II01101J.ll>RJ ~ "ii1HOrOf:U!eTH!i!X11 !5eJIOB- ~ 

CKHX rpynrr~ .JJ;eiJ.CTBilTeJI:oHO, .IJ;JIH IJQJIHOro ¥1 O.IJ;H03Ha'!HO:t:O ~Om;CaHa.II 

Ka.R MarHHTHoil., TaR R KpncTaJIJIOXRMn'leCKoi1 CTPYRTYPLI Mn P .n;ocTaToit

ao sa.n;aT:r, COOTBeTCTB~ 6e.JIOBCKYJO. rpyrrny :1:1 .JI:I'lliii> o.n;aH MarHHTH!lil. 

MOMeHT MC~J 

{ 
({J D 2}'1;2xJ j}Y;.2;J. 2(-I'J ..... . 

1 .. ra.<Y;"J~(~2y).fj('&2y)~ ; M(;cyf)=(O.M,O) } • . (IO) 

3.neci> a.M"'l o3aattae:r, ; '!To rrpz Tpa.Hcmm:~:~:l'l Ha BeKTop l" Mn c 
~TH!lil.. MOMeHT He HS~e~eT CBoero HanpaBJI~HllH, a TpaHCJI.lL..\liH Ha 

BeKTOp a· ConpOBOl'\,Il;aeTCH ~OBOpOTOM • (~2j.Marm;T~oro MO\IIeHTa (Ha 

yroJI 2 r BOKpyr .oc;; X ); ITJIOCKOCTI> CKOJII>l£e~~ g('fk2!J. ROO~~ ·c~-
1 · OTBeTCTBYBll!ero rrepeaoca, .OCJ'l.U~CTBJmeT caa~a.Jia ~ rroBo~oT MOMeHTa 

;I 

f • I 
!.: 

. [ 8.] = 2x(KaK H B KJiaCCH'!~CKHX rpynnax),a Bc.ire.n: sa HIIM - .n:orro.mrn-. 

TeJII>HRe JiOKa.JII>HRe ("UBeTHRe") ITOBOpOTll (2y ) H ( 'fx ) j H T.,I(. Ha" . . . . 

p:~:~c. I a. .n;aHo r.Pag\B'IC~!<Oe iao6paJ!teHHe · 6eJIOBdKo:li rrpocTpaHCTBeaaol1 · 

rpynna (:IO)~ r,ne CTaH.n;ap~H~e llS061JruKeHHe /IS/ qe.n9poBCKOit rpyrrnii 
·~22 . ~· . 

"aoc:~:~TeJIJI" P T ~ ~ .n:orroJiaeHo YKasaHmlMH B cKo6Kax BosJie rmJ~Woro 
S.JieM~HTa CV..~eTpHR i;· "UBeTHW~I HarpySK_~ViH"(~) _:_ JIOKa.JI!>H!lt'All. ITOBOpO

TaMR MOMeHTOB, IIpOR3BO.IJ;HMUMR IIOCJie fj
4 

•. 

".liBofu!aJI Cin!paJII>" B Mn.P OTHOC!ilTCH K Ko:~mrrurapHHM V-Rl'!HlTH!lM 
- ,· • • . :· 't 

CTp:,'KTypa\1, ITOSTOMy ee CHV.MeTpV.H OIIllCLIBaeTC.II O.IJ;H03Ha'!HO deJIOBCKOM 

rp~'Il~OH Tl'liia -f(R:} C.fiJ. llo.n;rpyTina (}.(,) .n;onycRaeT ]eppoM~HHT~ 
<' ••• 

KOMIIOHeHTY B.flOJII> OCll X, Mz<FJ, T.e. HB.JIIleTCH rp;y'Tilloit C:IM1eTpim 
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1.' 

.IJ:.Jlf! KOHWiecKoii (rl\eppov.arllliTHoii) Cimpan:&Hoii CTPYKTYJlll. Pom. aJieMeH

Ta 1(2:.1- "aarrpeTHT:O" Moe. ('FJ/0 B JII06oii TO"'!K.e r KpHCTaJIJia. 

6) MarirnTHM CTpyKTypaDyCr03 rrpH TeMIIepaTypax TL. 2,!6~ 

/5,8/ (pHc. 20). KpHCTaJIJIOXl!VilltiecKrur CTPyKTypa OIIHCllBaeTc.R: rpynnoii 

P 2 2 2 ' ; ;;t~ . B uarHHTOYIIOpll~OllSHHOM' COCTOSIHIDi H8XO,W!TC.II iW)M8HTll 

CJ+ JJJ+ . - c" H r 1 H ~ • MarHHTHM a.JieM9HTapHM .ll"'!eHKa II_O.II;CTPYKTYPH_ r COB-

ITaD:aeT C Rp:liCTaJIJIOXRMllll9CKOii 1 a .IJ:.Jlfi IIO.II;CTpyKTypH JJj Y.IJ:B!lliBaeTC.II 

B.IJ:OJI:D X H Y. Pacm .. toTpEM, KaruL'vl o6paaoM orutCllBaeTc.R: warHH1'Haa 

CTpyKTypa 1>yCr03 B paMKax KJiaCCH'ISCKHX (tJ!e.n;OpoBCKHX), .ll:ByUBSTHllX 

(rny6HHKOBCKHX) H MHOI'OUBSTHHX (6e.JIOBCKHX) ITpOCTpaHCTBSHHllX rpyrrrr. 

IIp11 3TO'I1 B03~lOJKH!i .IJ:Ba rro.nxo.n;a. Ctl:IJTM Mai'HllTHHe IIO.II;CTPYKTYIJH xpo

Ma M(Cr) ll IJ;HCrrpo~:v.JI M(Ily} He3aBHC.IL~, .n;JISI KaJIUl;Oii ll3 HHX B OT.n;em.

HOCTM MOJKHO yKa3aT:&. roynrry CllM:.leTpllll. a;;Cr) H,.GM(DJ) ll 'IHC~O He CBSI-

3aHHhiX ClJ.M)JISTpHeii MOM8HTOB B SJieMeHTapHOil .ll"'!eitKe • 11c,. H n:Dy • 0.n;Ha

KO oacrroen~:rreHJJe ITJIOTHOCTll Mai'HlJ.THOI'O MOMeHTa IIO BC8MJ KPHCTa.JIJiy 

HBJIIIeTCSI · cyneprroam.(lleil IrQIJ;CTPYKTYP M(er) H 11(Dy), a rpyzma IIOJIHoit 

MarHHTHOil cw·ft.vteTp~H KpllCTaJIJia GM(Cr+J>y) - rrepecetieHzeM Gr.tccr) H~(D,). 
Peay.JI:&TaTH CBe.n;eHH B ITpHBe.n;eHHyn HHJKe Ta6JIHliKY. . 

-~ 
-::-

CM(er.~,,=t;{Cr]n ~~~ GM (Cr) ncr GM Cll)) nJ,, l'lc,+~ 
~e.n:opoBCKHe Pf··· 2 p: 2 PI 8+-'t rpyniiH 

~y6HHKOBCKllS 
rpyrrzm 

p2. 2:!!.. 
6 n'm' f .&. Jl,a 2 

-~ 
·P m' 4+4_ 

BeJIOBCKne 
c(f) :1. l2.;J 7)1·1 2.' 

1 +-1 1 {f) . 
1 8 ~~!::L rpyrrzm c, CD, aCJ.z1ft' tf2i.J tl4m' 
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tz;~l , · _ ~z;1> ~: 
:1r'"'z' . ~ 2z) t I u~ c~ . 

• . (2' ) • 
--t--~--.;-- ~t-:c , . • , . (2yx) 

<l) r2~yl ..o-<2~) r27X). 1') 

I <2z ~ . I . <1 > 

..w. 

• (2' ) • 
-+--~::a...-1--. . . . 

(2z 

·-

I Jell a Y 

~nyCr 03 

Pile. 2. a) EeJIOBCKaSI rpyrrrra Cli!MMeTpiDi; Cl) :r.arm1 THM CTpyKTypa 

RJlHCTaJUia Dy(}~ _Ilpll T ~ 2°K. Kp:acTaJIJIOXl!Mlltiec:Krur .ll"'!e:lllia BtmeJieHa 
. . . . . . a•· 

lKl'lpHoii JIHHHeii. liepHHe H CBeTJille :RpylKRH o6oaHa'laJOT. HOHH Dy. Ha 
. . ' . . 3+ . . .. 

B!lCOTe za/c H i'=fc • KBa,.n;pa.THKH - ROHH Cr • a l3HaRH11+"- H "-" co-

OTBSTCTBynT Me,.=·(O,Q± M). Ha BHC~Te_z.,Je Haxo.n:RTC.II (He no:Raaa-

HO Ha pECymte) l'IOHH.C,.J+ C rrpO'niB?ITOJIOZirO Harr_paB~eHHH:v!R Mm~eHTaMH. 

II 



I 
I 
l. I. 
I 

!II 

I 
~ 

il 
't 
•I 

' i . 
' . "1''. 

I 

Bil.l"\HO, <ITO ·Ha:V.dOT!ee ITOJIHOe Qfi}JCairue Mar<rv.THOH CID.t'VIeTpllH ~OCTH

raeTCII c nov.orrt.biO 6eJiosCiwJ.i rpymrn (p:~:c. 2a) ·~ t:smlopciHoii, rpyrrrre 

It[lT:CTB.liJIOXfl).'<ln!eCIWH CTOYKTypu~· Ee _rro~rlJYITITil!vlll .f!BJIHIOTCH RaK q'e~o-

i)OBCRM, TaK l: Jliydf!lolWBCRaH rpynnu m;~t>WTpllH ·MarimTHOrO R]:lliCTaJIJia: 

- 2.' B 2· c.<>,;) 2 (~,,)- .2' . · 2 2. .2. 
c: p ::H c=: ~ . " " '' ...._.,.. :::L :::L ~ 

P1 m• a_(~Jj(22J rffC2/zJ '72(2>7) -m' · P g 11 7n 

KJiaccr·r:l~:Ra:L'ommw c:a;,morr 'HarFUITHoli CTP.YRTypul>yC'r0
3 

sarrvrueT-

Cll B B¥1,Il;e (2 ' )
2

(2 ) I . . . 

{ n 2-~ ,x' ~ · 2~ ; M (~J=(A.-B,o); M ,.cr;·>=Co.o,M)}. <II> ~>j(2,~J !C2yx) nC2xy) m' 1Jy. . . 'C · . .. 

0r(JaHlr'l.liBa.HC.b .lHllU.b mydH..aWBCRWI!v~ rpyrrrra~.m, COOTBe TCTBYKXI1llH 

C f' -R.Jiacc.r; i lilt~:: om-n:;ii c,;·,rnoJI IB/ ClbJ.TI db! 

f Pt ~ ~; p~ ;}1r>,<r.>=-Mll_,(~)=(A,-B,O)J-1D}W='-~,~=(-.B,-A,O); 
. . . •. -- (I2) 

Mc,:c;;,>=Mc..<r.'tii > = Mer'Cr.'> = MerC~'+it) == (o, o. M) ]. 

HJIH,np:a paccuo:rpeHHH ~e:JaBHc:auono~c:rpyx;yp M(Dy) :aM(~r), /8/ 

{p 2, 2, 2,. n .:>,, :_ · ( -M·· .. r. · ·· ·,, p2.2f.2.• - 1 rl} · 
T'iiiii. 'if o:, M,,iifJ= A:B,o), »,c~J=\-8,-A,o,; T"' ?71 ··Mc,.<~hU.4M, . Cis> 

B C1J·'oi!B0.7T6 (II) 6eJIO!lCRrut rrJyrrrra BR.JIIO<JaeT C>P.NeTphful;iiO CM3:& 

e:leJKIJ;y MOi\leHTa>m, nao.nv::11yro B (I2) c rro.-.mm:r:.IO ,1.\0norrm:TeJI.bHllX yprume

m;it, a Tal\ne. CBFI::l.b ;,1e?J~yMD1 (T,J liM.D1 (~}, !(OToprur He ytUIT!:-!BaeTcH 

B (I'2) li! .CIS). 

'a) .ll.JIFI reMaT.IlTa,oc·~~ (Rp7iCTaMOn!MJit!ecRoit CTPYKTYPe co

OTBeTCTayeT rpyrrrra R 5; ; ) B padoTe 12/ orrpe.i(eJieHU Tpn B03YOJK- ·._ 

Rile MarH!iTH!le CT[Jj'T<T;}'PLI (I, n, JJ). Ko.\mOHeHTU BertTOpOB ipeppo\far

HeTP.sMa ?ji .. ~+S~+~+S'f . I! ~RT!-:qeppo~t.arHeTV.SMa t:: ~...;.$2-; +~·· 
~rrH Ra:t;I{o!l :v.3- HHX, a ruR?e c(xJTa~;TcTHYJOOir;e· i!e.noJoBcirne, my6HEROB'-

12. 

._,. 

cRv.e l! 6el!OBCK:v.e rpyrrrm crnrvreTpim rrpl:Be.n:euu mJi:e. 

I l! 711 
(0,0,£1 ) (ln,;;t;; ti#) . (~. m;ot·h.,) 

q,e~ciooacrme R-2 f Bf Pl rpymrn . - . . 3c-
ll:ydmlKOBCRlle R-2 B 2x B.?:.. rpyrrrm 3c- IJ ; 8' 
EeJIOBCinie t~2~'JR3 2 -.. R3C3-~ 2, R3(Y~ ;£ rpyrrnu - . . c 'c- ·.· .. 
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