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HHTepec K COeAHHeHHRM THna U02 B~3BaH TeM, 4TO OHH RBnR~T

CR YA06H~MH MOAenbH~MH CHCTeMaMH AnR H3y4eHHR MarHeTH3Ma B 
5 f -MaTepHanax111. B HeihpOHOrpac))H4eCKHX HccneAOBaHHRX l'2 ,3; 6~no 

06Hapy)l(eHO, 4TO B03HHKHOBeHHe aHTH())eppoMarHHTHOro COCTORHHR 
B U02 npH TN=30,8 K conpOBO)l(AaeTCR CTPYKTYPH~M HCKa)l(eHHeM 
KHCnOPOAHOH nOApeweTKH H 6~na npeAnO)l(eHa MOAenb KonnHHeapH~X 
CMe~eHHH HOHOB KHCnOPOAa BAOnb OAHOro H3 pe6ep Ky6a. 3Ta MO
Aenb nony4Hna wHpOKoe pacnpocTpaHeHHe111 H nocny)l(Hna ocHosoA 
AnR 06bRCHeHHR MeXaHH3Ma Aec))opMa4HA peweTKH /KaK C noMO~b~ 
RH-TennepOBCKOro MexaHH3Ma~1.TaK H C BKn~4eHHeM npRMOrO 3neKT
pocTaTH4eCKOro KBaApynonb-KBaApynonb B3aHMOAeHCTBHR~1 /. OA
HaKO MOAenb 12.37 npOTHBOpe4HT H3BeCTHOH H3 3KcnepHMeHTOB /6 / 

Ky6H4eCKOH CHMMeTpHH U02 HH)l(e TN,TaK KaK OHa COOTBeTCTByeT 
nepeXOAY no OAHOMY ny4y 3Be3A~ lk 10 I /npocTpaHCTBeHHOA rpynn~ 
0~ /, 4TO, cornacHo 17 1, npHBOAHT K TeTparoHanbHOH CHMMeTpHH. 

Ky6H4eCKaR CHMMeTpHR coxpaHReTCR B TOM cny4ae, ecnH HOH~ 
KHCnOPOAa CMe~a~TCR BAOnb npocTpaHCTBeHH~X AHaroHaneA Ky6a. 
3TH CMe~eHHR, npeAnO)l(eHH~e a pa6oTax 16 •8 ~ TeCHO CBR3aH~ c 
npeAnonaraeMblMH MOAenRMH HeKonnHHeapH~X MarHHTHblX CTPYKTYP 
c OpHeHTa4HeA MarHHTH~X MOMeHTOB Ha HOHaX ypaHa BAOnb npocTpaH
CTBeHH~X AHaroHaneA Ky6a. Pa3peweHHble CHMMeTpHeA MarHHTH~e 
CTPYKTYPbl onHc~sa~TCR OAHOMepHblM 7 3 H ABYMepHblM T9 ,HenpHBOAH
MblMH npeACTasneHHRMH, a KPHCTannH4eCKHe CTPYKTYP~ - HenpHso-
AHM~MH npeACTasneHH.f!MH T1, r 4 - OAHOMepHblMH H T9 , r 10 - ABYMep-
H~MH /yKa3aHHble npeACTasneHHR OTHOCRTCR K npocTpaHCTBeHHOH 
rpynne Fm3m(O~),HH)l(e M~ Hcnonb3yeM o6o3Ha4eHHR no Ta6nH4aM 19 1) . 

B pa6oTe161 61,1n npeACKa3aH Tpexny4eBOH xapaKTep MarHHTHOH H 
KpHCTannH4eCKOH CTpyKTYP, T.e. nepeXOA no BCeM TpeM ny4aM 
3Be3A~ lk 1o I. M1,1 B~4HCnHnH AOnonHHTenbHble sKnaAbl a ce4eHHR pac
ceRHHR OT RAepHoro pacceRHHR B pe3ynbTaTe HCKa)l(eHHR KHCnOPOA
HOH noApeweTKH TeM )l(e cnoco6oM, 4TO H B pa6oTe131 AnR MOAe-
neA /6 ,8 1. HH OAHH H3 B03M0)1(HblX sapHaHTOB He YAOBneTBOpReT 3Kc
nepHMeHTanbH~M AaHH~M. B 3TOH CBR3H HH)l(e nposeAeH 6onee AeTanb
HblH CHMMeTpHHHblH aHanH3. 

M~ 6yAeM cneAOBaTb MeTOAY onpeAeneHHR MarHHTHOH CTPYKTYP~ 
no HeHTPOHOrpac))H4eCKHM AaHH~M, H3nO)l(eHHOMY B o63ope 16 1

. Cor
nacHd6 

1
, AnR nonHoro OnHCaHHR MarHIHHOH /HnH KpHCTannH4eCKOH/ 

CTpyKTyp~ He06XOAHMO 3HaTb: ee BOnHOB~e seKTOPbl, npHHaAne)l(a
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w I Lv I 
<l>YHKL11111 PA • AJ,11 aee3Abl I k 10 I, Ha K0Topyio yKa3b1ea10T 3Kcnep11-
MeHTb112•3/, B03M0>KeH ni nepeX0A 113 rpaHeL1eHTp11poeaHHOl1 Ky611-

4eCK011 CTPYKTYPbl Fm3m B np0CTYIO Ky6114eCKylO Pm3m(O~).ec1111 nepe
X0A np011CX0Al1T no eeeM TpeM IlY4aM 3Be3Abl. CMeUleHl1e 110H0B K11e
Il0P0Aa /KaK HeK0T0pylO BeKT0PHYIO <l>YHKLl11IO, onpeAeneHHylO Ha T04-
Kax Hel1eKa>KeHH0ro Kpl1eTa1U1a/ npeACTaBl1M~1 e Bl1Ae paa11o>KeH11R 
no 6a311CHblM <l>YHK1.111RM ucf L~ Ii) Henpl1B0A~1Mb1X npeAeTaeneHl111 
rpynnbl B0ilH0B0ro BeKT0pa k / L - H0Mep 11y4a 3Be3Abl/: 

➔ ➔ 

➔ ikL t Lv ➔ k L v 
u,.,_ = :S :S e n c . U( I ·) Ill A \ I, 

A L " 
/1/ 

➔ ll • u ... V 

Uni - eMe111eH11e I -ro 110Ha B n -011 npl1M11Tl1BH0➔l1 R4el1Ke, e00TBeT-
CTBYIOUlee V-My npeAeTaeneHl1IO paaMepH0eTH A, tn - eeKT0p TpaH
e11111.11111, eBR3b1BalOlll~1H Hyneeyio np11Ml1TJ-1BHYIO R4el1KY e n -H. 

Ha6op K03Cl>ct>111.111eHTOB I cx I npeAeTaenReT co6011 A. L -K0Mn0_tieHT
Hbll1 napaMeTp nopRAKa • 3aAa4a C0eT0l1T B Bb1411CJ1eH1111 K03Cl>ct>111.111eH
T0B lctl 11 onpeAeJ1eH1111 11x rpynnbl e11MMeTp1111. A1111 3Toro HY>KH0 
nepe6paTb see n0Arpynnb1 IG I 11eXOAHOH rpynnbl Fm3m,eooTeeTeTey
io11111x peweTKe P, 11 Bb16paTb rpynny napaMeTpa nopRAKa 11a ye11oe1111 

v L L / / d (g) I c A I= I c A I , g €- G • 2 

Bb1pa>KeHl-1e /2/ 03Ha4aeT AeHCTBHe MaTp111.1 npeACTaeneHl1R eooT
BeTeTBYIOllll1X reHepaTopaM rpynn Ha "eeKTop" riapaMeTpa nopRAKa. 
np11 3T0M Heo6xoA11Mo Y411Tb1eaTb, 4T0_ ,i:i1111 aeeaAbl I k

10
111Me10Te11 

➔ ➔ ➔ 

TPaHCilRl.11111 Cl1MMeTPl14HOl1 ct>a3bl ( t 1 , t 2 , t 3 ), aanpe111eHHble B 
H0BOl1 ct>aae - nponaew11e TpaHCilRl.11111. B 3T0M e11y4ae Heo6XOAl1MO 
Y411TblBaTb noArpynny npact>a3bl /11CXOAHOH ct>aabl/, rAe reHepaT0paM11 
RBJlRIOTCR 3JleMeHTbl, eBR3aHHble e nponaBWl1Ml1 TpaHeJ1Rl.111RMl1 1w~ 
TO' eCTb KpoMe reHepaTopoa HYneeoro 6110Ka /311eMeHToe npocTpaH
CTBeHHOH rpynnbl Bl1Aa (h/0)) . He06XOA11MO' paecMaTp11eaTb TaK>Ke 
reHepaT0Pbl (h Ii\). Ha ReHoro Bl1Aa MaTp111.1 ecex paecMaTp11eaeMblX 
n~eACTaBJ1eHl1H'CJ1eAyeT, 4T0 K03Cl>ct>111.111eHTbl eMew11eaH11R 11MelOT Bl-1A: 
cA = ±c. AnR npeAeTae11eH11R r9 no11y4aeM: 

2 

Ch4/t2)c++=c++ (h4/t1)c+_=c+-

( h2 /t3) c++ = c++ 

(h9 /0) c ++= c++ 

(h 26 Its ) c ++ = c ++ 

(h37 ;ri) c++~ ;++ 

(h2 /t2 )c+- = ;+-

(h9/0) c +- = c +

( h26/t2 )c = c +- +-

➔ -
(h37 /ti)c+_i c+- (i=l,2,3), 

/3/ 

rAe eeeAeHbl o6qaHa4eH11R c++=(cccccc) 11 c'.+.-= (c-c c-c c-c). Ye-
. J10811IO /2/ YA0BJleTB0PRIOT reHepaT0Pbl rpynnbl Pa3(Tg ). Ha /3/ 

TaK>Ke B11AH0, 4T0 0AHl1 11 Te >Ke 3JleMeHTbl e11MMetp1111 rpynnbl Pa.3 - -coxpaHRIOT napaMeTpbl C++ 1-1 C+- e pa3HblMl1 nponaBWl1Ml1 TpaHeJ1Rl.111R-
Ml1. B 3T0M eMblene ABa eT01161.1a /3/ onpeAeilRIOT ABa T11na TpaHe
J1Rl.1110HHblX A0MeH0B. 

CMellleHl1R B0CbMl1 110fi0B K11e11op➔o~ B Ky6114ecKOl1 R4el1Ke, e 11e
n0J1b30BaHl1eM 6aa11eHblX <l>YHK1.111H U( L,., Ii), np11eeAeHHblX e pa-
6oTe161, no11y4aeM e Bl1Ae: A · 

u(l) u(3) u(5) rrm 
(III) (III) (III) <iii) c++ Pa3 /4/ 

(III) (iii) (III) 
!•. 

ciii> C 
+-

Pa3 

➔ (2) ➔ ➔ ➔ ➔ ➔ :t ➔ u . = -u(lL u(4).=-u(3), u(6)=-u(5), u(8)=-u(7). 

CMe111eH11R /4/ eoenaAalOT e nony4eHHblMl1 .e pa6oTax 16 •81 *. np11eeAe1-1-
HblH B 'AaHHOH pa6oTe aHaJ1113 no3B0J1ReT eAeJlaTb 3aKJll04eHl1e 0 TOM, 
4T0 eTPYKTypa AOil>KHa on11eb1BaTbeR He 0AHOH 113 ABYX · CTP04eK 
B /4/, a 06e11M11 BMeeTe. Apyr11M11 c11oeaM11, c11eTeMa paa611eaeTCR 
Ha TpaHCJ1Rl.1110HHble ADMeHbl. 3aMeT11M, 4T0 B e11y4ae Tpex11y4eeoro 
KaHana nepexoAa eTpyKTypa npeACTaenReT co6011 M0H0A0MeHHDe 
coeT0RHl1e B o6bl4HOM eMblCJle noeop0THblX · A0MeH0B. AnR oeTaJlbHblX 
npeAeTaB'J1eHl111 eMeUleHl1R 110H0B Kl1CI10P0Aa TaK>Ke eoenaAalOT. e no
ny4eHHblM11 'B 18•61, a -rpynnbl 11MelOT, eneAYIOIJ41-1H Bl-1A: AJ1R T 10 -. ABa 
T1-1na TPaHeJ1Rl.ll-10HHblX A0MeH0B el-1MMeTp111-1 P 213(T 4 ), AilR _T 1 , r 4 -
0AH0A0MeHHble C0CT0RHl-1R e rpynnaMH Pm3m 1-1 P43m(TJ). e00TBeTCT".". 
BeHH0. 

rpynnbl MarHl-1TH0H e1-1MMeTp111-1 HaX0ARTeR TaKl-1M >Ke cnoco6oM, 
1-1 B peaynbTaTe AilR npeACTaeneHl-1R T9 CTPYKTypa l-1MeeT ABa 
TpaHeJ1Rl.ll-10HHblX A0MeHa e rpynno11 CHMMeTpHl-1 Pa3,.a AilR 'T 3·- 0AH0.
A0MeHH0e e0CT0RHHe e rpynno11 Pm3m'.,. 

TaKl-1M o6pa30M, npl-1 ,nepeX0Ae B Hl-13K0el-1MMeTpl-14HYIO ct>aay eoa-. 
M0lKHbl nepeX0Abl e eneAYIOIJ41-1e rpy_nnbl: 1 /, 0AH0A0MeHHYIO. MarHHTHYIO 

Pm3m'1-1 0AH0A0MeHHble Kp11eTa1111114eeK11e, Tai Pm3m 1-1 16/ P43m , 
2/ ABYXA0MeHHYIO MarHl-1THYIO Pa3 1-1 ABYXA0MeHHble KPl-1eTa11111-14eeK11e 
2a/ Paa 1-1 26/ P 2 1 3. Bb1411e11eH1-1e ee4eHl-1H paceeRHHR 1-1 cpaettett1-1e 

w . 131 · 
e Hel1Tp0H0rpact>H4eeKl-1Ml-1 AaHHblMl-1 noKa3blBaeT, 4T0 3Kcnep11MeHTY 
e00TBeTeTeyeT /e TaKOl1 >Ke T04H0CTblO, KaK B pa6oTe 13~ T.e.' 

2 da3 -daT 
X = d =1/ e11y4ai)i 2/ • np11 3T0M eTPYKTYPbl 2a/ 11 26/ He -

ao 

~c:1ae·, 0nl-1CblBaeMOH rpynn611 Pa3, l-10Hbl ypaHa 3aHHMalOT nono
>KeHH~ /4a/, a H0Hbl K1-1e110~0Aa - nono>KeHHR /Be/. 

3 



pa3!1"14"1Mbl. 0AHaKo npe,qcTaBnReTCR 6onee BepORTHblM o6pa30BaH"1e 
BblCOKOC"1MMeTp"14HOH CTPYKTYPbt • np1,1 coOTBeTCTB"1"1 MarHHTHOH 1,1 
Kp"1CTanm14eCKOH C"1MMeTpt,11,1, T .e. Paa ➔ Pa3. Benl-14"1Ha CMellleHHR, 
onpeAe!leHHaR 1-13 cpasHeHHR C 3KCnep1-1MeHTaI1bHblM"1 AaHHblM"1, paBHa 
t,,.' - . s . . . -
3 =.J2 /2,6.:t,2/•10- / a- noc_TORHHaR peweTK"1/, T.e. s,J2paa 6onb-

we, 4eM nony4eHHaR B 131, 
B 3aK!1I04eH"1e KpaTKO o6CYAl-1M 3J-iepr1,110 MarHl-1TOCTP"1Kf.ll-1"1. Paa

nomeHl-1e CB060AHOH 3Hepr1,11,1 no napaMeTpy nopR,qKa· l-1MeeT OA"1Ha
KOBblH B"1A B cny4aRX K"1CIIOP0AHblX l-1CKameHl1H 2a/ (,1 26/. Cornac
Hd81, 3HePrl-1R MarH"1TOCTP"1Kf.1"11-1 l-1MeeT Bl-1A 

F ,,,a(T/2 +T/2) +A712 +BT/ l(s21+112s22)' + BT/ s s2 ' 
ms 1 2 . 3 3 1 /5/ 

rAe 711,2 , s1,2 - Ae4JOpMaf.1"10HHblH "1 MarH"1THblH napaMeTpbt nopRA-
Ka B TpaHCIIRf.1"10HHblX AOMeHaX, 7/ l 2 - BHYTPeHHRR HeOAHOPOAHaR 
,qe4>opMa1.11-1R, eH COOTBeTCTeyeT 11BbiMopam1,1eaH1,1e11 onT"14eCKoro 4lOHOHa 
Ha rpaH"1'-le 30Hbl 6p1-1nnt03Ha, T/3 - BHYTPeHHRR OAHOPOAHaR Aeit>op
Maf.1"1R, eH COOTBeTCTByeT 11 BblMOpam1,1saH"1e 11 -0nT1>14eCKoro 4)0HOHa B 
f.leHTpe 30Hbl / A-MOAa/;, BHyTpeHHRR OAHOPOAHaR ,qe4>opMaf.1"1R B03-
Hl-1KaeT B pe3y!lbTaTe nORB!leH"1R TpaHCIIRf.1"10HHblX AOMeHOB. Han1,141,1e 
ee cornacyeTcR c 3HepreTl-14eCKl-1M"1 01.1eHKaM1-1 14:51, cornacHo KOTO
PbtM,RH-:renneposcK"1H MeXaH"13M ,qonmeH np1-1eOA"1Tb K A-MOAe, 

.nonyyeHHble pe3YilbTaTbl no3BO!IRIOT,nO-HOBOMy "1HTepnpeT1-1posaTb 
He1hpOHHO-rpa_4>1,14eCK"1e AaHHble 131

~ 8 aHTl14)eppOMa rH"1TH0H 4>a3e 
pean"13yeTCR Tpexny4eeaR HeKOIIIl"1HeapHaR MarH"1THaR CTPYKTypa C 
ABYMR T"1naM"1 Tpa.HCIIRf.ll10J-f~blX AOMeHOB. MarHHTHOe ynopRA04ett1,1e 
npl-1BOA"1T K BHYTPeHH"1M OAHOPOAHblM 1-1 HeOAHOPOAHblM Ae4>0pMaf.ll-1RM, 
B pe3y!lbTaTe KOTOPblX ycTaHaB!ll-1BaeTCR Tpexny4eBaR KPHCTannH4ec
KaR CTPYKTypa Tat<lKe C ABYMR THnaMH TPaHcpRf.l"10HHblX AOMeHOB. ~o
nOJ1H"1Te!lbHOH 3KcnepHMeHTa!lbHOH nP.OBepKOH nony4eHHOH CTPYKTYPbl 
MornH i>bl cnym"1Tb 6onee T04Hble "13MepeH"1R ,qe4>opMa1.11,1H np1-1 Mar
Hl1THOMnepexoAe C noMOlilblO AH4>pa!(f.l"1"1 -HeHTPOHOB, a TaKme np1,1 
H3y4eH(,1"1 AOMeHHOH CTPYKTYPbl MeTOAQM ,q1,14>paKf.l"1H nonRP"130BaHHblX. 
HeHTPOHOB Ha HCT04HHKaX C B"lCOKOH HHTetfCJ.1BHOCTblO •. 

. ~ ~ ··~ ! 

ABTOpbl BbJpamatOT 6narOAaPHOCTb B. H. Cblp0MRTH"1KOBY 3a CTl1My
!1"1py101111,1e o6cymAeH"1R 1,1 r,KOHBeHTY 3a KPl1TH4eCK"1e aaMe4aHl1R 
np1,1 4TeH"111 pyKon11c11. 
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