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BBe.LleHHe 

l-h)"leHHe pe3YlILTaTOB HeHTpOHOrpaqmlJeCKHX HCClIe.LlOBaHHH CTPYKTYP COe.LlHHeHHH "". 

C nepeMeHHbIM COCTaBOM nOKa3bIBaeT, lJTO HeCMOTPR Ha TO, lJTO B .LlOCTaTOlJHO 4lHPOKOM 

TeMnepaTYpHOM HHTepBaJIe npOCTPaHCTBeHHaJI rpynna CHMMeTPHH KpHCTaJIlIa OCTaeTCR 

HeH3MeHHOH, MarHHTHOe ynopR.LlOlJeHHe B cTPYKTYPe npeTepneBaeT nOClIe.LlOBaTelIbHOCTb 

1Pa30BbIX nepeXO,llOB THna napaMarHHTHaJI - HeCOpa3MepHaJI - COpa3MepHaJI 1Pa3a'1.2.3.41. KpOMe 

TOro, HeHTpOHOrpalPHlJeCKHe HCClIe.LlOBaHHR nOKa3bIBaIOT, lJTO B KpHCTaJIlIaX C nepeMeHHblM 

COCTaBOM C H3MeHeHHeM KOHueHTPaUHH .LlOnHpyromero BemeCTBa X B HHTepBaJIe 0 S X S 1 
3

BOlIHOBOH BeKTop MarHHTHOH CTPYKTYpbI H3MeH.sIeTci ,4/. KaK npaBHlIO, H3MeHeHHe 

BOl1HOBOro BeKTopa MarHHTHOH CTPYKTYPbl npHHa.Lt1Ie)f(HT Onpe.Llel1eHHoMY HanpaBl1eHHIO B 

30He IiPHl1l1I03Ha, COOTBeTCTByromeH npocTPaHCTBeHHoH rpynnbl cHMMeTPHH CTPYKTYPbl. 

npHlJeM, H3MeHeHHe 3HalJeHH.sI BOl1HOBoro BeKTOpa npOHcXO.LlHT Me)f(Jl.y TOlJKaMH 30HM 

IiPHl1l1I03Ha,061Ia.LtaIOmHMH MaKCHMaJIbHOH cHMMeTPHeH. nOcl1e.LlHee n03B0l1ReT 3aKl1lOlJHTb, 

lJTO, npH H3MeHeHHH 3HalJeHHR BOl1HOSOrO SeKTOpa MarHHTHOH CTpyKTYPhl B.LlOl1b 

HanpaBl1eHHR COe.LlHH.sIlOmeH TOlJKH MaKCHMaJIbHOH CHMMeTPHH, rpynna CHMMeTpHH 

BOl1HOBOrO BeKTOpa nOHH)f(aeTcg'2·3/. 

113MeHeHHe 3HalJeHHR BOl1HOBOrO SeKTOpa Ha611IO.LlaeTC.sI B H30CTPYKTYpHbIX COe.LlHHeHHRX, 

KOTOpble MOryT paCCMaTPHBaTbCR Onpe.Llel1eHHblM HCKa)f(eHHeM O.LlHOH npalPa3bIS.61. KpOMe 

3TOrO, B KPHCTaJIlIax C nepeMeHHblM COCTaBOM Ha611IO.LlaeTCR H3MeHeHHe 3HalJeHHR 

BOl1HOBOrO BeKTOpa, Bbl3BaHHOe H3MeHeHHeM KOHueHTPaUHH .LlOnHpyromero BemeCTBa",2.l/. 

HeHTPOHOrpalPHlJeCKHe HCClIe.LlOBaHHR CTPYKTYP COe.LlHHeHHH UPd2Si2, UPd2Ge2, URh2Si2 H 

URh2Ge2 nOKa3bIBaIOT, lJTO 3TH KPHCTaJIl1bl HMelOT CTPYKTYPY, 06myro .Lll1R 

HHTepMeTaJIJIHlJeCKHX COe.LlHHeHHH THna ThCr1Si/l/
• npOCTPaHCTBeHHOH rpynnoH 

CHMMeTPHH 3THX CTPYKTYP B napaMarHHTHOH lPa3e RBl1ReTCR rpynna 14/mmm. 
3KcnepHMeHTaJIbHbie HCCl1e.LlOBaHHJI nOKa3bIBaIOT,' lJTO B 3THX H30CTPYKTYPHbIX 

COetlHHeHHlIX MarHHTHOe ynOpR.LlOlIeHHe CS1I3aHO C aTOMaMH ypaHa,a KPHCTaJIl1bl UPd2Si2 H 

UPd2Ge2 npOllBJI1IIOT HeCOH3MepHMYIO IPa3y. HeliTPOHHOe tlHIPpaKUHOHHoe H3YlIeHHe TalOKe 

npmlBH110, lITO B UPd2Si2, UPd2Ge2 H URb2Si2 HH)f(e TeMnepaTYP 150 ,140 H 137 K 
COOTBeTCTBeHHO B03HHKaeT aHTHIPeppoMarHHTHoe ynopR.LlOlJeHHe. npHlJeM, B 3THX 

COetlHHeHHlIX BOl1Hbl HaMarHHlJeHHOCTH HanpaBl1eHbl B.LlOl1b OCH C B TeTparOHaJIbHOH 

06beMHoueHTpHpOBaHHOH peweTKe. BOlIHOBble BeKTOpbl MO.LlYl1l1UHH B COe.LlHHeHHJlX 

UPd2Si2, UPd2Ge2 RBl1RIOTClI q = (O,O,O.662±O,OlO)c·, q = (O,O,0.748±O,OI0)c·, 

COOTBeTCTBeI:IHO, H npH T=40 K B UPd2Si2 B03HHKaeT MarHHTHblH lPa.30BblH nepexotl B 

COpa3MCpHYIO CPa.3y C BOJlHOBblM BeKTopoM q = (O,O,I)c·. B 3THX CTpYKTYpax MO.LlYAAUHR 

LSWIII 

UPd2Ge2 BblJlBHl1H B HHX nOCl1e.LlOBaTel1bHOCTb MOtlYl1HpoBaHHhlx MarHHToynopRtlOlJeHHbIX 

CPa.3 HH)f(e T~135 K, npHlJeM,npH 80 K BOl1HOBOH BeKTOp MOtlYl1RUHH 3aXl1onbIBaeTCR B 

R~lIReTCR OtlHOMepHoH B BH.Lle • ,naJIbHeHWHe HeHTpOHorpacpHlJeCKHe HCCl1e.LlOBaHHR 

COpa.3MepHOM 3HalJeHHH q = (O,O,k.=3/4) 12.l/. 3aTeM, Hcnol1b3YR HeHTPoHorpacpHlJeCKHe 

HCCl1e.LlOBaHHlI,6bl1IO nOKa.3aHO, lITO 2% aTOMOB Fe, 3aMemaIOlUHX Pd, npH HeH3MeHHoH 

npoCTpaHCTBeHHoli rpynne cHMMeTPHH CTpYKTYPbI. Pa.LtHKaJIbHO MeHRIOT MarHHTHyro 

2 

http:npalPa3bIS.61
http:Ha611IO.LlaeTC.sI
http:3HalJeHH.sI
http:1Pa3a'1.2.3.41


CTpyKTypy UPd2Ge2 /3.41. TaK, eCml B HellOnUpOBaHHOM COellUHemiH MafHHTHruJ CTpYKTypa npu 

T<50 K npe.llCTaBJUleT C060M q,a3y LSDW C KBa,llpanIOM MO.llYJISlIUfeM, TO B 

U(PdO,9HFe0,02)2Gel HH)Ke 65 K o6HapY)KeHa 'npocTaSJ.' aHTHq,eppoMarHHTHaSJ. q,a3a. B pa60Te 

17/ H3Y'IeHa KOHueHTpaUHOHHaSJ. 3aBHCHMOCTb TeMnepaTYP q,a30BbIX nepeXO.llOB H3 

napaMarHHTHOM B HeCOpa3MepHyro (TN) H H3 HeCOpa3MepHOM B COpa3MepHyro (Tc) q,a3bI. 

DOKa1aHO, 'ITO 3aBHCUMOCTb TN = TN(x) nO'ITH nOCT05lHHa, TOr.lla KaK Tc = Tc(x) 

YBCJIU'IHBaeTC5I U JlOCTHraeT 3Ha'IeHHH - 110 K. KpoMe :noro, C POCTOM x 3Ha'IeHHe 

BOJIHOBOrO BeKTopa MO.llYJI5IUHH H3MeH5IeTC5I, npH'IeM, H3MeHeHHe q npHHa,llJIe)KHT 

onpeJleJIeHHoMY HanpaBJIeHHIO B 30He EPHJIJII03Ha. 

C TO'IKH 3peHH5I reHe3Hca CTPYKTYP KPHCTaJIJIOB C nepeMeHHbIM COCTaBOM 

Heo6xoJlHMO OTMeTHTb, 'ITO B 06m.eM CJIyqae CHMMeTpH5I CJIOJKHbIX COe.llHHeHHM, CTpYKTYpa 

KOTOPbIX 51BJI5IeTC1:I npOH3BO.llHOM OT CTpyKTYPbI nJIOTHbIX ynaKoBoK, 06JIa,llaIOm.HX O.llHOM H3 

npOCTpaHCTBeHHbIX rpynn CHMMeTpHH OOh' OSh' 09h, peaJIbHO HHJKe, 'IeM CHMMeTpml 
i61

aHaJIOrH'IHbIX CTpYKTYP, nOCTpoeHHbIX H3 O.llHHaKOBbIX IllapOB • B TeOpeTH'IeCKOM 

paCCMOTpeHHH BCer.lla MOJKHO BBeCTH 'IHCTO reOMeTpH'IeCKyro xapaKTepHCTHKY - napaMeTp 

nOpHJlKa, - KOropaSJ. onHCbIBaeT TO HJIH HHoe KOHKpeTHoe nOHHJKelme CHMMeTpHH. 

TIOJl'IepKHeM, 'ITO no onpe.lleJIeHHIO napaMeTp nopH.llKa- no 'IUCTO KPHCTaJIJIOrpaq,H'IeCKOe 

nOHSlTue, KOTopoe n03BOJISleT onHcaTb CHMMeTpHMHoe pa3JIH'IHe Me)KJlY nJIOTHOCTblO 

BepOHTHOCTH pacnpe.lleJIeHHH 3ap1:lJla HJIH TOKa B BblpO)KJleHHOM H npOH3BO.llHOM CTpyKTypax. 

KaK H3BeCTHd
8
!, CHMMeTpHMHbIM aHaJIH3 MarHHTHbIX CTpyKryp HCnOJIb3yeT HJlelO 0 

TOM, 'ITO JII06aH MarHHTHaSJ. CTpyKTypa MOJKeT pacCMaTpHBaTbCSI KaK pe3YJIbTaT MarHHTHoro 

q,aJOBoro nepeXOJla H3 HeKOTopOM HCXO.llHOM q,a3bI. TIoCJIe.llHee YTBep)KJleHHe 03Ha'IaeT, 'ITO 

npH CHMMeTpHMHOM aHaJIH3e MarHHTHbIX CTpyKTyp HCnOJIb3yeTcSI TeopHSI q,a30BbIX 

nepeXOJlOB JIaH.llay'8.4/. B 'IaCTHOCTH, TeopHSI JIaH.llay n03BOJISleT npe.llCKa3aTb 06m.He 

oco6eHHocTH q,a30BOM JlHarpaMMbI CTpyKTyp C nepeMeHHbIM COCTaBOM Ha nJIOCKOCTH x - T 

(KOHueHTpaUHH - TeMnepaTYpa). 

TIYCTb TO'IKH r H H- 30Hhl EPHJIJII03Ha-06JIa,llaIOT MaKCHMaJIbHOM CHMMeTpHeM 

CTPYKTYPbI Go. 3TO 03Ha'IaeT, 'ITO rpynnoM BOJIHOBbIX BeKTopOB r H H SlBJISleTCSI 

npOCTpaHCTBeHHaSJ. rpynna Go. TIYCTb BOJIHOBOM BeKTOp q onpe.lleJISleT JIHHHIO, 

COeJlHHSlIOm.yro TO'IKH r H H. B nOM cJIyqae. rpynna cHMMeTpHH G BOJIHOBOrO BeKTOpa qq 

HHJKe,'IeM CHMMeTpHSI TO'IeK r H H,H SlBJI1:IeTCSI nO.llrpynnoM rpynnhl Go. O'IeBH.llHO, 'ITO 

TO'IKH HanpaBJIeHHH q SlBJISlIOTCSI BHYTPeHHHMH TO'IKaMH 30HbI EPHJIJII03Ha. 

CJIeJlOBaTeJIbHO, pa3MepHOCTb HenpHBO.llHMhIX npe.llCTaBJIeHHM npOCTpaHCTBeHHOM rpynnbl 

CHMMeTpHH Go,COOTBeTCTByrom.HX TO'IKe q, 60JIbIlle - paBHa pa3MepHOCTH HenpHBO.llHMbIX 

npeJlCTaBJIeHHM rpynnbI Go, COOTBeTCTByrom.HX TO'IKaM r H H. HenpHBO.llHMhle 

npeJlCTaBJIeHHSI rpynnbI Go, COOTBeTCTByrom.He BHYTPeHHHM TO'IKaM 30HbI EPHJIJII03Ha, 
I9i

SlBJISlIOTCSI naCCHBHbIMH H,CJIe.llOBaTeJIbHO,YCJIOBHIO JIHq,IllHua He Y.llOBJIeTBOpHIOT • TaK KaK 

aHaJIH3 JIaHJlay OCHOBbIBaeTCH Ha 3HaHHH q,YHKUHOHaJIa CBo60.llHOM 3HeprHH, KOTOPbIM 

COCTaBJUleTCH H3 ueJIoro paUHOHaJIbHOrO 6a3HCa HHBapHaHTOB H KOTOPbIM onpe.lleJISleT KJIaCC 
-> 

YHHBepCaJIbHOCTH, TO H3MeHeHHe BOJIHOBOrO BeKTopa q J 06YCJIOBJIeHHOe H3MeHeHHeM 

KOHueHTpaUHH .llOIIHpyrom.ero Bem.eCTBa, BbI3bIBaeT H3MeHeHHe KJIaCca YHHBepCaJIbHOCTH. 

TIpHMeHHTeJIbHO K peaJIbHbIM CTPYKTYPaM C nepeMeHHbIM COCTaBOM nOCJIe.llHee YTBep)KJleHHe 

03Ha'IaeT, 'ITO npH Pa3JIH'IHbIX 3Ha'IeHHHX KOHueHTpaUHH .llOnHpyrom.ero Bem.eCTBa 
I4i

MarHHTHoe ynopSl.llO'IeHHe B CTpyKrype MO)KeT cym.eCTBeHHO pa3JIH'IaTbCSl • C TO'IKH 3peHHH 

TeOpeTH'IeCKOrO onHcaHHSI MarHHTHblX q,aJOBblX nepeXO.llOB B KPHCTaJIJIax C nepeMeHHbIM 
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COCTaBOM MO)KHO HCnOrrh30BaTh aHaJIOrHIO C TeOpHeH <pa30BhIX nepeXO,nOB JIaH,nay 
/10/

CerHeTO:3JleKTPHKOB-norrynpOBO,nHHKOB • B 3TOM crryqae, no cymeCTBY, K03<P<PHUHeHThI 

TepMo,nHHaMHqeCKOrO nOTeHUHaJIa npHo6peTaIOT 3aBHCHMOCTh OT KOHueHTPaUHH 

,nonHpYlOmero BemeCTBa. AHaJIH3 nOKa3hIBaey4,11I, qTO 3HaqeHHH BorrHOBoro BeKTopa 

MO.l{yrrHIlHH H TeMneparypHM 06rraCTh cymecTBoBaHHH HeCOH3MepHMOH <pa3hI CTaHOBHTCH 

<PYHKIlHeH KOHIleHTPaIlHH ,nonHpyIOmero BemeCTBa. TaK, C YBerrHqeHHeM x TeMnepaTypHM 

umpHHa cymecTBoBaHHH HeCOH3MepHMOH <pa3hI CY)KaeTCH H B npe,nerre 3axrronhIBaeTCH. 
-> 

KpoMe :.noro, C YBerrHqeHHeM x 3HaqeHHH q CTPeMHTCH K HyrrlO. nOcrre,nHee 03HaqaeT, qTO 

Ha (x - T)-,nHarpaMMe ,norr)KeH Ha6rrlO,naThCH <pa30BhIH nepexo,n nopH,nOK - nopH,nOK, a 

HMeHHO, aHTH<peppOMarHHTHaH <pa3a. BhlIIIeH3rrO)KeHHOe paCCMOTpeHHe n03BorrHeT nOHHTh 

npHpo,ny reHe3Hca CTpyKTyp H MarHHTHhIX <pa30BhIX nepexo,nOB B KpHCTaJIrraX C 

nepeMeHHhIM COCTaBOM. ,n:aHHM pa60Ta nOCBHmeHa KOHKpeTHOMY aHaJIH3Y 

nocrre,nOBaTerrhHOCTH MarHHTHhIX <pa30BhIX nepexo,nOB THIra napaMarHHTHM 

HeCOpa3MepHM - COpa3MepHM <pa3a H B03MO)KHhIX H3MeHeHHH <pa30BOH ,nHarpaMMhI 

CTpyKTyphI C YBerrHqeHHeM KOHIleHTPaUHH ,nonHpYlOmero BemeCTBa. 

nOcrre,nOBaTerrhHOCTh MarHHTHhIX <pa30BhIX nepexo,nOB B TeTparOHaJIhHhIX CTpyKTypax 

B TeopHH <pa30BhIX nepexo,nOB Heo6xo,nHMOCTh npe,nCTaBrreHHH O,nHHX CTpyKTyp KaK 

npOH3Bo,nHhIX OT 60rree BhICOKOCHMMeTPHqHhIX o6ycrroBrreHa crre,nYlOmHMH ,nByMH 
/61

06CTOHTerrhCTBaMH • 

Bo-nepBhIX, ecrrH peaJIhHO Ha6mo,naeTCH 06paTHMhIH nepexo,n Me)K,ny <pa3aMH C 

BhlpO)K,neHHOH H npOH3Bo,nHOH CTpYKTypaMH,TO BhlllBrreHHe napaMeTPa nopH,nKa Heo6xo,nHMO 

,nrrH onpe,nerreHHH <PYHKUHOHaJIa CBo6o,nHOH :meprHH, KOTOPhIH n03BorrHeT BhlqHCrrHTh 

aHOMaJIHH TepMo,nHHaMHqeCKHX <PYHKIlHH. BO-BTOPhIX, B Tex crryqMX, Kor,na peaJIhHO 

Ha6rrlO,naeTCH TorrhKO o,nHa <pa3a, CTpyKTypa KOTOPOH MO)KeT 6hITh npe,nCTaBrreHa KaK 

npOH3Bo,nHM OT HeKOTopOH BhlpO)K,l{eHHOH, H3yqeHHe CHMMeTPHHHhIX CBOHCTB napaMeTPa 

nopH,nKa, CBH3hIBalOmero BhlpO)K,l{eHHyIO H npOH3Bo,nHyIO CTpyKryPhI, n03BorrHeT nOHHTh 

IlerrhIH PH,n <pH3HqeCKHX CBOHCTB, KOTophle 6e3 3Toro Ka~CH crryqaHHhIMH. 

B 3TOM KOHTeKCTe <pa3hI CHMMeTpHH 14/mmm H P4/mmm, COOTBeTCTBYJOmHe 

peaJIhHhIM TeTparoHaJIhHhIM CTPYKrypaM, B03HHKalOT B pe3YJIhTaTe <pa30BOrO nepexo,na H3 

npa<pa3hI C npOCTpaHCTBeHHOH rpynnoH CHMMeTpHH Im3m/si. B 3TOM CJIyqae nepexo,n H3 

npa<pa3hI B CBepxcTpyKTyphI onHChIBaeTCH napaMeTpOM nopH,nKa, KOTOPhIH npe06pa3yeTcH no 

HenpHBo,nHMOMY npe,nCTaBJIeHHIO Im3m, COOTBeTCTBYlOmeMY TOqKe kg (O,O,2n:/na), a 

IIapaMeTP Ky6HqeCKOH »qeHKH npa<pa3hI n paBeH OTHOIIIeHHIO 06beMOB 3rreMeHTapHhIX 

HqeeK TCTParOHaJIhHOH CTPyKTyphI H IIpa<pa3hI. 3Be3,na BeKTopa kg co,nep)KHT IIIeCTh rryqeH H 

cooTBeTcTByIOmHH napaMeTp nopH,nKa npe06pa3yeTcH no IIIecTHMepHoMY HenpHBo,nHMOMY 

npe,nCTaBrreHHIO 't l ( kg ), HH,nYIlHpoBaHHoMY norrHocHMMeTPHqHhIM MaJIhlM npe,ncTaBJIeHHeM 

rpyIInhl BOJIHOBOro BeKTopa G _> = C4v ' <I>a3h1 14/mmm H P4/mmm B03HHKaIOT ,nrr» HeqeTHhlX 
k. 

-> 

H qeTHhIX 3HaqeHHH n~3 COOTBeTCTBeHHO, Kor,na aKTHBHhI TOJIhKO ,nBa rryqa kg (HanpHMep, 

~> -> 

k~l) H - k~') ), Le. OTJIHqHhI OT Hyrr» TOJIhKO ,nBe COnpH)KeHHhIe KOMnOHeHThI IIapaMeTpa 

nopH,nKa. 

nO,nqepKHeM, qTO BeKTOp kg xapaKTepH3yeT rrHHHIO 6, KOTOPM HaqHHaeTCH B 

ueHTPe 30Hhl EPHJIJIlO3Ha f H 3aKaHqHBaeTC» B BepIIIHHe H/12i. fpynIIhI BorrHOBhlX BeKTopoB, 
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COOTBeTCTBYlOlllHe TOtIKaM f H H,COBrra,llaIOT H }lBJUllOTC}l Im3m. TaKHM 06Pa30M, TOtIKH f H 

H 06,'la)).alOT MaKCHMaJIbHOH CHMMeTpHeH CTpYKTYPbI Im3m, a Ha JIHHHH ~ CHMMeTpH}l 

nOHH)KaeTC}l H }lBJ1}leTC}l rpyrrrra C 4V ' TaK KaK JIHHH}l ~ }lBJI}leTC}l BHyrpeHHeH B 30He 

EPHJIJ1103Ha, IIIeCTHMepHoe HerrpHBO)).HMoe rrpe)).CTaBJIeHHe rpyrrrrbI Im3m,coOTBeTCTBYIOlllee 

J1HHHH ~,}lBJI}leTC}l rraCCHBHbIM, CJIe)).OBaTeJIbHO, q,a30BbIH rrepexo)). Im3m->I4/mmm B 

o61I1eM cJ1ytIae. OCYlIleCTBJI}leTC}l tIepe3 HeCOH3MepHMble q,a3bI. 

PaCCMOTpHM CTpyKTypy C rrpOCTpaHCTBeHHOH rpyrrrroH CHMMeTpHH 14/mmm B 
-> 

napaMarHHTHOH q,a3e. B 30He EPHJIJI103Ha JIHHH}l, xapaKTepH3yeMasI BeKTopOM klO 

(O,O,2jJ.1th ), Ha'IlfHaeTC}l B ueHTpe kl4 =(0,0,0) H 3aKaH'IHBaeTCjI B TO'IKe kl5 =: (0,0, 1t I t z )'4.12/.z 
-> 

fpyrrnbI BOJIHOBbIX BeKTopOB kl4 H COBrra,llalOT H 06JIa,llaIOT rrOJIHOH CHMMeTpHeHk l5 
-> 

CTpyKTYPbI G ~> = 14/mmm. fpyrrrra G ~> BOJ1HOBOrO BeKTopa klO }lBJI}leTC}l C 4v' 
k kif> 

-> 
9

HerrpHBO)).HMble rrpe)).CTaBJ1eHH}l MaJIOH rpyrrrrbI C 4v BeKTopa k = (O,O,k ) rrpe)).cTaBJ1eHbI B s

Ta6J1Hue 
Ta6JI}n~a 

C4V E C'2 O'h O'y 0"h cry' C n C v' 

AI 1 1 1 1 1 1 1 
A2 1 -1 -1 -1 -1 1 1 
BI 1 1 1 -1 -1 -1 -1 
B2 1 -1 -1 1 1 -1 -1 
E 0 -1 0 0 -1 0 0 0 -1 0 -1 0 

o 0 -I 0 -I 0 0 -) 0 0 -1 0 

CJIe)).OBaTeJIbHO, rrpOCTpaHCTBeHHasI rpyrrrra 14/mmm HMeeT tIeTbIpe )).BYMepHbIX H O)).HO 
-> 

tIeTblpeXMepHOe HerrpHBO)).HMble rrpe)).CTaBJIeHH}l,COOTBeTCTBYIOlllHe BOJIHOBOMY BeKTOpy k IO=­

(O,O,2jJ.1th.). ITpocTpaHCTBeHHasI rpyrrrra 14/mmm HMeeT BoceMb O)).HOMepHbIX H )).Ba 

)).BYMepHble HerrpHBO)).HMbIe rrpe)).CTaBJIeHH}l A 1g, A2f BIg, B2g, Eg, A ln, A 2n, BIn' B2n, En' 
i

KOTopbIe COOTBeTCTBYIOT ueHTpy 30HbI EPHJIJI103Ha I.TaK KaK rpyrrrra 14/mmm }lBJI}leTC}l 

CHMMOpq,HOH rpyrrrroH, TO HerrpHBO)).HMbIe rrpe.llCTaBJIeHH}l 14/mmm, COOTBeTCTBYIOlllHe 
-> 

TOtIKe k l5 (O,O,1th ) , Orrpe.lleJI}llOTC}l KaK 1141z

D _> ( {!31 b}) = e -i kIS -;rj , 
k IS,; 

-> 1131 
r.lle b-BeKTOp 06paTHOH peIIIeTKH H f; E [Alg, A 2g, BIg, B2g, Eg, A ln• A2n, BIn' B 2n, En] . 

Herrocpe)).CTBeHHbIM BbltIHCJIeHHeM MOJKHO rrOKa3aTb, lITO .llBYMepHoe T 4 H 

tIeTbIpeXMepHOe Ts HerrpHBO.llHMble rrpe)).CTaBJIeHH}l rrpOCTpaHCTBeHHOH rpyrrrrbI 14/mmm, 
HH.llYUHPOBaHHble H3 rrpe)).CTaBJIeHHH H E COOTBeTCTBeHHO, TaKJKe cO)).epJKaTC}l BAz 
MarHHTHOM rrpe.llCTaBJIeHHH. Pa3JIOJKeHHe rrCeB)).OBeKTOpHOrO rrpe.llCTaBJIeHH}l "t rro 

HerrpHBO)).HMbIM rrpe)).CTaBJ1eHH}lM rpyrrrrbI 14/mmm HMeeT BH)). 
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,ll.anee Mbl 06CY)1.HM MarHHTHble ¢a30Bble nepeXO)1.bl C HeCOH3MepHMOH ¢a3oit 

CB5I3aHHhle O)1.HOMepHbIM D _> H )1.BYMepHbIM HenpHBO)1.HMbIM npe)1.CTaBJIeHHeM T 4 rpynnbI 
k]5,2 

14/mmm, COOTBeTCTBYIOWHMH BeKTopaM I q (0,0,1[1 't ) H q=(0,0,2 1[fll 'tzY cooTBeTcTBeHHo,z 

KOTopble cO)1.ep)l(aTC5I B MafHHTHOM npe)1.CTaBJIeHHH. B cJI~ae o)1.HoMepHofo HenpHBo)1.HMOro 

npe)1.CTaBJIeHH5I D _> , TaK KaK cooTBeTcTByroIIlasl L-rpynna COCTOHT H3 )1.Byx MaTpHU, a 
k",2 

HMeHHO, (1) H (-1), B COOTBeTCTBHH C YCJIOBHeM HHBapHaHTHOCTH, ¢YHKuHoHan 

TepMO)1.HHaMHqeCKOrO nOTeHUHana npe)1.CTaBJI5IeTC5I Bblpa)l(eHHeM 

(1) 

r)1.e d nepHO)1. <1>o(z) H IlITpHX 03HaqaeT npOH3BO)1.HYIO no i 15i
• 

BBe)1.eM B TepMO)1.HHaMHQeCKHH nOTeHUHan )1.0nOJIHHTeJIhHblH QJIeH, 

xapaKTepH3yroIIlHH ::meprHIO 3JIeKTpOHHOH nO)1.CHCTeMbl Eg )1.0nHpyeMblx B CTpyKTypy 

aTOMOB. TOf)1.a QJIeH mEg (m - KOHueHTpaUH5I )1.0nHpyeMblx aToMoB) BKJIIOQaeT B ce651 

H3MeHeHHe TepMO)1.HHaMHQeCKOfO nOTeHUHana 3JIeKTpOHHOH nO)1.CHCTeMbI 3a CQeT 

B3aHMO)leiicTBWI MaTpHUbl H )lOnHpOBaHHblX aTOMOB. TIonarasI, qTO E(ll) HHBapHaHTHo no 

OTHOllleHHIO K TeM )l(e npe06pa30BaHH5IM cHMMeTpHH, MO)l(HO HanHcaTb 

(2) 

Cne)1.0BaTeJIbHO, ¢YHKUHoHan TepMO)1.HHaMHlleCKOro nOTeHUHana npe)1.CTaBJI5IeTC5I 

Bblpa)l(eHHeM 

(3) 

r)1.e U=Uo + rna, 13 == 130 + mb, y =Yo + my', 0 00 + mo', A Ao + rnA', X == Xo + mx'· 

PaBHOBeCHble <pa3bl CHCTeMbI onpe)1.eJI5IIOTC5I H3 YCJIOBH5I MHHHMYMa TepMO)1.HHaMHQeCKOrO 

nOTeHUHana. TaK, )1.JI5I HCXO)1.HOH napaMarHHTHOH ¢a3bI nOJIYQaeM 

(4) 

8 COpa3MepHOH aHTH¢eppOMarHHTHOH ¢a3e 11'= °H,CJIe)1.0BaTeJIbHO, 

(5) 

H H3 ycnOBH5I MHHHMyMa onpe)1.en5leM, QTO 
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P+(P-) 4ay)hJh2 
± 2y , BCne)lCTBHe K9Toporo( 

6apy
<1>c = (6) 

B HeCOpa3MepHOH q,a3e ypaBHeHHe )lnH l1(Z), KOTOpOe ofieCne'tIHBaeT MHHHMyM <1>, nonytIaeM 

H3 ypaBHeHHH 3Hnepa: 

(7) 

llocne)lHee ypaBHeHHe MO>KeT HMeTb nepHO)lHtIeCKHe perneHHH C pa3nHtIHbIM nepHO)lOM d. 
&<1> 

PaBHOBeCHbIH nep"0)l d onpe)lenHeTCH ycnoBl1eM &d = 0 , KOTopoe I1MeeT BI1)l 

(8) 

YCnOBI1IO paBHOBeCHOCTI1 (8) MO>KHO npH)laTb )lpyroH BH)l, ecnl1 npOIHTerp"pOBaTb no Z OT 

HynH)lO d 11 nO)lCTaBI1Tb Bblpa>KeHl1e <1>: 

d 

fr2A(11")2 +&(11')2 +X(11,)2 11 2]dz=0. (9) 

B CI1HYCOH)lMbHOM pe>KI1Me HeCOpa3MepHOH q,a3bI, r)le 11-')00, C nOMornbIO CTaH)lapTHbIX 

pa3nO>KeHHH B nepBOM npl1finH>KeHI1H HaXO)lI1M 

(10) 

Cne)lOBaTenbHO, BonHoBoH BeKTop MO)lynHUHI1 HBnHeTCH q,YHKUl1eH TeMnepaTYPbI Ii 

KOHueHTpaUl111 )lOnHpYIOluero BerneCTBa. 

HaXO>K.lleHl1e TOtIHOro perneHI1H ypaBHemiH (8) ocymeCTBnHeTCH BBe)leHl1eM 3aMeHbi 

Z=(l1')~ 11 B pe3ynbTaTe nonYtIaeM 

( 11) 

Ecnl1 113BeCTHO perneHl1e :noro ypaBHeHI1H, 3aBHCI1MOCTb l1=l1(z) naxO)1HTCSI 113 

COOTllOrneHml 
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(12) 

(13) 

rne HeH3BeCTHble KOHCTaHTbI C, go H g) CnerraHbI 6e3pa3MepHbIMH. 
,ll,rrjl onpenerreHHjI C, go H g) nOnCTaBHM (13) B (11) H norry'IHM ypaBHeHHjI 

3c(c-1)+8y = 0; 

2g)(5c-4) == 8c -4; 


go(2-3c) = 2(g)2_8g) + a); (14) 


p2/-?go(2g) - 8)
<I> = -'----=-"--..,:::-:---' ­

2X4 

YpaBHeHHe (12) naeT neHcTBHTerrbHoe peIIIeHHe rrHIIIb npH Z>O. KpoMe :noro, 
HHTepBaJI 3Ha'IeHHH, IIpH KOTOPbIX Z>O, nOJDKeH 6bITb OrpaHH'IeHHbIM, TaK KaK HHa'Ie 

BerrH'IHHa 1'] nOCTHrrra 6bI 6eCKOHe'IHbIX 3Ha'IeHHH. B pe3yrrbTaTe, B 3aBHCHMOCTH OT 3HaKa X H 

'IHCrra neHcTBHTerrbHblx KopHeH ypaBHeHHjI Z(1'])=O, B03MO)l{HbI TpH IIpenCTaBrrjlIOIIIHX 
HHTepec crryqajl: 

I. ilPH X>O H pg)<O MHOrO'IrreH Z(1']) HMeeT 'IeTblpe neHcTBHTerrbHblx KOPHjI, H3 ypaBHeHHjI 

(12) HaXOnHM 

(15) 

rne Sn(pz,k) - 3rrrrHIITH'IeCKajl CPYHKIIHjI 51Ko6H C MonyrreM k, p - BorrHoBoH BeKTop. 

II. ilPH X<O, ecrrH go<O,MHOrO'IrreH Z(1']) HMeeT TorrbKO nBa neHcTBHTerrbHblx KOPHjI. I1MeeTcjI 
TorrbKO OnHa o6rracTb, rne Z>O, H IIocrre HeKoTopbIX BbI'IHCrreHHH H3 ypaBHeHHjI (12) 
oIIpenerrjleM 

2 pak 2go 2 Pg1
1'] = pcn(pz,k) , p = 8--2- , P =---,

X C X 

k 2 01 [ ( Cg) -Yz]=- 1+ 1_-- (16)
2 - 2g~ , 

- g 
rne g) = --)-2 H, crrenOBaTerrbHO, Pgl>O. 3neCb cn(pz,k) - 3rrrrHnTH'IeCKM CPYHKIIHjI 51Ko6H. 

1-2k . 
Heo6xonHMO IIOn'IepKHYTb, 'ITO CPa3bI, COOTBeTCTBYIOIIIHe peIIIeHHjlM I H II) pa3nerreHbI 

rrHHHeH TO'IeK flHcpIIIHIIa, onpenerrjleMOH ypaBHeHHeM X=O. 
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m. flpH ~gl<O MHOr01.fJleH Z(11) HMeeT 1.feTblpe .l1:eHCTBHTeJlhHhIX KOpmI. B 3TOM CJlyqae 

H3 ypaBHeHH5I (12) HaXO.l1:HM, 1.fTO 

11 pdn(pz,k), p2 

(17) 

TaK KaK 3JlJlHnTH1.feCKa5I CPYHKUH5I dn(pz,k»O, B MarHeTHKax TaKa5I HecoH3MepHMa5I cpa3a 

06Jla.u:aeT Cpe.l1:HeH HaMarHH1.feHHOCThlO,OTJlH1.fHOH OT HYJl5I. 

HenOCpe.l1:CTBeHHoH nO.l1:CTaHOBKoH pellIeHHH (15),(16),(17) B ypaBHeHHe (9) onpe.l1:eJl5IIOTC5I 

TeMnepaTypHhIe 3aBHCHMOCTH napaMeTpa k B lPa3ax I, II, III COOTBeTCTBeHHO, npH1.feM 0 k 

1. 3Ha1.feHH5I k=O H k=1 COOTBeTCTBYJOT TeMnepaTYPe nepexo.l1:a H3 napaMarHHTHOH lPa3hI B 

HeCOpa3MepHYIO IPa3Y TN H H3 HeCOpa3MepHOH B COpa3MepHYJO IPa3Y Tc COOTBeTCTBeHHO. 

KpOMe 3Toro, (9) onpe.l1:emleT TeMnepaTYPHhIH HHTepBan CYIUeCTBOBaHH5I HeCOpa3MepHOH 

lPa3hl. BCJle.l1:CTBHe KOHueHTPauHoHH O:H 3aBHCHMOCTH K03CPCPHUHeHToB 

TepMO.l1:HHaMH1.feCKOrO nOTeHUHana,(TN - TJ 3aBHCHT OT m H C YBeJlH1.feHHeM m cY)KaeTc5I.Yh 

5IBHOrO BH.l1:a pellIeHHH (15) H (16) CJle.u:yeT, 1.fTO B cpa3ax I H II MarHHTHhle MOMeHThI 

ynop5I.l1:01.feHhI aHTHcpepPOMarHHTHo. B cpa3e III ynop5I.l1:01.feHHe 5IBJl5IeTC5I cpeppoMarHHTHhIM. 

Heo6xo)lHMO nO.l1:1.fepKHYTh, 1.fTO~ TaK KaK K03cpcpHUHeHThI TepMO.l1:HHaMH1.feCKOrO 

nOTeHUHana 5IBJl5IIOTC5I cpYHKUHeH KOHueHTPaUHH .l1:0nHpYJOIUero BeIUeCTBa m,c H3MeHeHHeM 

m Ha CPa30BOH .l1:HarpaMMe x - T B03MO)KHO Ha6JlIO.l1:eHHe CMeHhI CPa3 I, II H III. KpoMe 3Toro, 

Heo6xo.l1:HMO nO)l1.fepKHyTh, 1.fTO COpa3MepHa5I cpa3a, onpe.l1:eJl5IeMa5I CPYHKUHoHanoM (3), 
5IBJl5IeTC5I aHTHcpeppOMarHHTHO ynop5I)101.feHHoH. flpH1.feM MarHHTHa5I 5I1.feHKa B COpa3MepHOH 

lPa3e Y.l1:BaHBaeTC5I. 

PaccMoTpHM .l1:BYMepHoe HenpHBO.l1:HMOe npe.l1:CTaBJleHHe npocTPaHcTBeHHoH rpynnhI 

I4/mmm,cooTBeTcTBYJOIUee BeKTOpy q = (O,O,ks), KOTOPhIH 5IBJl5IeTC5I BHYTpeHHeH T01.fKOH 

30HhI EPHJlJl103Ha/1 6. 171. CJle)lOBaTeJlhHO, paCCMaTpHBaeMOe HenpHBO)lHMOe npe)lCTaBJleHHe 

YCJlOBHIO JIHcpllIHua He Y.l1:0BJleTBOp5IeT. IT03TOMY CPa30BhIH nepeXO)l B CHCTeMe onHChIBaeTC5I 

.l1:BYXKOMnOHeHTHhIM napaMeTPOM nop5I.l1:Ka H COOTBeTCTBYJOIUHH CPYHKUHOHan 

TepMO)lHHaMH1.feCKOrO nOTeHUHana CO.l1:ep)KHT HHBapHaHT JIHcpllIHua. 

flpe)lnOJlO)KHM, 1.fTO CTpyKTypa O.l1:HOpO.l1:Ha B HanpaBJleHH5IX x H y, TOr)la CPYHKUHOHan 

TepMO.l1:HHaMH1.feCKOrO nOTeHUHana npe.l1:CTaBJl5IeTC5I O.l1:HOMepHhIM HHTerpanOM B.l1:0Jlh 

HanpaBJleHH5I z. 

B COOTBeTCTBHH C CHMMeTpHHHhIMH apfYMeHTaMH CPYHKUHOHan 

TepMO.l1:HHaMH1.feCKoro nOTeHUHana npe.l1:CTaBJl5IeTC5I Bhlpa)KeHHeM 

1 d 

F d 	 ff(z)dz, (18) 

o 


r.l1:e f(z) 

3.l1:eCh pH <p-aMnJlHTY.l1:a H cpa3a napaMerpa nOp5I.l1:Ka. 

CHOBa BBe.l1:eM B TepMO.l1:HHaMH1.feCKHH nOTeHUHaJl .l1:0nOJlHHTeJlhHhIH 1.fJleH, 

xapaKTepH3YJOIUHH 3HeprHIO 3J1eKTpOHHOH nO.l1:CHCTeMhI .l1:0nHpyeMhIX B CTPYKTYPY 

aTOMOB. Tor.l1:a 1.fJleH mEg BKJlI01.faeT B ce65I H3MeHeHHe TepMO.l1:HHaMH1.feCKOrO nOTeHUHana 
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:;meKTpOHHOH rrOllCHCTeMbI 3a CqeT B3aHMOlleHcTBIDI MaTpHUbI H llOrrHpOBaHHbIX aTOMOB. 

llOnarruI, qTO E(TJ) HHBaplIaHTHO rro OTHomeHIIIO K TeM )Ke rrpe06pa30BaHH9:M CIIMMeTpHH, 
MO)KHO HarrHcaTb 

(19) 

C yqeToM 1I3MeHeHlIg :mepmll CHCTeMbI rrpll .uorrllpOBaHIIII CPYHKUHOHan 
TepMo.uIlHaMlIqeCKOrO rrOTeHUlIana MO)KHO rrpe.uCTaBHTb B BII.ue 

1 d 

F = d jf(z)dz , (20) 
o 

a ~ k A 
f(z) = 2 +"4p4 +yp8cos8<p-Op2<p'+"2p2(<p')2 +"2 P2 (<p")\ 

r.ue a=ao+ am, ~ = ~o +bm, y Yo + rm, 0 = 00 + md, A = Ao + rnA', k = ko +mk'. 

rapMOHlIqeCKIIM pemeHHeM, rrpe.uCTaBngIOIIlHM HeCOll3MepllMYIO CPa3Y, 9:BngeTCg <p = K. X H 
1I3 ycnOBlIg paBHOBeCII9: TepMo.uIlHaMlIqeCKOrO rrOTeHllllana HaxO.uHM 

(21) 

MlIHlIMlI3aUHg CPYHKIJ.1I0Hana TepMo.uIlHaMlIqeCKoro rrOTeHIJ.lIana (20) rro OTHOIIIeHIIIO CPa3b1 

rrpllBo.uIlT K ypaBHeHIIIO 3Hnepa B BII.ue 

A<pIV _ k<p"-16yp6 sin4<pcos4<p = O. (22) 

llpe)KJle ,qeM pemaTb ypaBHeHlIe (22), 3aMeTHM, qTO Ha CPa30BOH .ullarpaMMe clIcTeMbI, 

orrHCbIBaeMOH CPYHKIJ.1I0HanOM (20), nllHlIg TOqeK flllcpmllua orrpe.uen5leTCg ypaBHeHlIeM 
k(p,T,m) O. Cne.uoBaTenbHo, nHHlIg TOqeK flllcpIIIlIlla pa3.uenseT CPa3bl c k(p,T,m) < 0 H 
k(p,T,m) > O. CrrepBa orrpe.uenllM pemeHlIe ypaBHeHlIg (22),orrllcbIBaIOlIlee Hecoll3MepllMYIO 
CPa3y,.ung KOToporo k(p,T,m) < O. 
llepBbIH IIHTerpan ypaBHeHHg (22) IIMeeT CPOPMY 

(23) 

r.ue ~-rrOCTOgHHag IIHTerpHpoBaHlIg. 

llocne rro.uCTaHOBKH 

S(<p) (<p')2 I 


cos4<p t (24) 


ypaBHeHlIe (23) rrpe.ucTaBngeTCg B BII.ue 
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Pell1eHHe ypaBHeHH}I (25) 6Y.LJ:eM HCKaTb B BH.LJ:e 

S(t) A + Bt, (26) 

HenOCpe.LJ:CTBeHHoH nO.LJ:CTaHOBKoH HaXO.LJ:HM 

(<p'f A + Bcos4<p I (27) 

f)le A = -kl16A, B (W/6At2, W 2ypo. 

PeweHHe ypaBHeHH}I (20) HMeeT BH.LJ: 

<P dtJ-_..­z (28) 
o [A + Bcos4t]h ' 

Me)f(COJ1HTOHHOe paCCTO}lHHe onpe.LJ:eJ1HeTCH Bblpa)f(eHHeM 

2 
Z = - K(k)d (29)o 11: 0 , 

r.LJ:e ll1HpHHa COJ1HTOHa npe.LJ:cTaBJIHeTC}I Bblpa)f(eHHeM 
1t 

do = 1/ (30) 
8(A + BV2 

3)leCb K(k) - 3JIJ1HnTH4eCKHH HHTerpan nepBoro pO.LJ:a. 

HecoH3MepHMYIO <pa3y, onHcbIBaeMYIO pell1eHHeM (28) c k(p,T,m) < 0 6Y.LJ:eM Ha3bIBaTb 

HecoH3MepHMoH <pa30M II. 

Onpe.LJ:eJ1HM perneHHe ypaBHeHH}I (22) npH k(p,T,m) > 0 H B nepBoM npH6J1H)f(eHHH 6Y.LJ:eM 


C4HTaTb (A/k) ManbIM. Tor.LJ:a <pa3a napaMeTpa nop}l.LJ:Ka onpe.LJ:eJ1}1eTC}I KaK peweHHe 

o,llHOMepHOI'O ypaBHeHH}I CHHyC r 0P.LJ:OHa: 


k<p"+16yp 6 sin4<pcos4<p == O. (31 ) 

HepBbIH HHTerpan 3Toro ypaBHeHlH1 HMeeT BH.LJ: 

f)le fl - nOCTO}lHHasJ HHTerpHpoBaHHSI. 


HocJ1e BBe.LJ:eHH}I <PYHKUHH g(u)=w sin u, r.LJ:e u 4<p, perneHHe ypaBHeHHSI (32) 

npe.LJ:CTaBJ1}1eTCSI B BH.LJ:C 


1 (k)X4<P du 
Z (33)4 2 f-[fl---g-(-u)--:JX"-:-2 
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HeCOH3MepHMyro <Pa3Y, OnHChIBaeMyro peIIIeHHeM (33), 6Y.lleM Ha3bIBaTb HeCOpa3MepHOH 
<pa3OH I. 

B COpa3MepHOH <pa3e Bblpa)KeHHe MarHHTHoro MOMeHTa B n-H :meMeHTapHoH SlqeHKe 
KpHCTaJIJla qepe3 MarHHTHbIH MOMeHT B nepBoH SlqeHKe HMeeT BH.ll 

2113 :noro BhIpa)KeHHSI npH MI = ~ (~l + ip~2) , (mi' m 2 ) = 0, m l 2 = ;2 H C 

napaMeTpOM 3J1J1HnTHqHOCTH p"* °CJle.llyeT, qTO 

-> -> -> -> 

Mn M[ml cos(kt )-pm2 sin(kt n »),n 

KOTOPbIH onHCbIBaeT 3J1J1HnTHQeCKYIO CnHpaJIb. 

ECJlH nOJlO)KHTb p =O,TO nOJlyqHM CTPYKTYPY THna cnHHOBOH BOJlHbI SW, .llJlSl KOTOPOH 


-> -> 

Mn = M m l COS k tn' 

npH m 1 II k nOCJle.llHee Bblpa)KeHHe OnHChIBaeT CTPYKTYPY LSW, a npH m 1 1. k­

CTPYKTYPY TSW. 113MeHeHHe o6beMa MarHHTHOH SlQeHKH B COpa3MepHOH <pa3e onpe.lleJlSleTCSI 
COpa3MepHhIM 3HaQeHHeM BOJlHOBOrO BeKTopa. 
TeMnepaTYPHaSI IIIHpHHa cYIIIeCTBOBaHHSI HeCOpa3MepHOH <pa3hI onpe.lleJlSleTCSI 
COOTHOIIIeHHeM 

cue E(k) - 3J1J1HnTHQeCKHH HHTerpaJI BToporo pO.lla, ° ~ k ~ 1 H a,b,c - HeKoTophIe 
napaMeTphI TepMO.llHHaMHQeCKOrO nOTeHUHaJIa. OQeBH.llHO, QTO C POCTOM KOHueHTpaUHkI 
.llOnHpYIOIIIero BeIIIeCTBa TeMnepaTYpHruJ: 06J1aCTh cYIIIeCTBOBaHHSI HeCOpa3MepHOH <pa3hI 
cY)KaeTcSI. 

BhIBO.llhI 

npOH3BO.llHruJ: TeTparOHaJIhHaSI CTpYKTypa C npOCTPaHcTBeHHoH rpynnoH cHMMeTPHH 
14/mmm, .SIBJI.SIIOIIIaSIC.SI MarHHTHoH rpynrroH cHMMeTpHH rrapaMarHHTHOH <pa3hI,Bo3HHKaeT B 
pe3YJlhTaTe CTPYKTypHoro <pa30BOrO rrepexo.lla H3 nJlOTHoyrraKoBaHHoH npa<pa3bI C 
rrpocTpaHcTBeHHoH rpynrroH cHMMeTPHH Im3m . 

TpaHc<p0pMaUHoHHble CBoHcTBa napaMeTPa nOpSl.llKa,orrHCbIBaIOIIIero CTPYKTYPHhIH 
<pa30BbIH nepexo.ll Im3m ~ I4/mmm, onpe.llemlIOTcSI IIIecTHMepHhIM HerrpHBO.llHMhIM 

-> 

npe.llCTaBJleHHeM rpynrrhI Im3m,cooTBeTcTByroIIIeM BeKTopy k ==(O,O,21t/na))rrpHqeM <pa3a 
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I4/mmm B03HHKaeT ,llml HeyeTHblX 3HayeHHH n ~ 3 H KOr,lla aKTHBHbl TonbKO )lBa JIyqa kR' 

T.e. OTnHYHbl OT HyRH TonbKO ,llBe conp5DKeHHble KOMnOHeHTbI napaMeTpa nOp5l,llKa. flHHH5l L~ 

xapaKTepH3yeTC5l BeKTopoM kg, rpynnoH BonHoBoro BeKTopa KOTOPOH 5lBn5leTC5l 

HaYHHaeTC5l B uefITpe H 3aKaHYHBaeTC5l B BepnlHHe H 30Hbl 6pHnmo::ma. rpynnbI cHMMeTpHH 

TOyeK r H H 5lBmUOTC5l MaKCHMaJlbHbIMH B TOM CMblcne) YTO 06na,llal:OT MaKcHMaJlbHOH 

CHMMeTpHeH CTpyKTYPbJ. [locKonbKY nHHH5l ~ 5lBn5leTC5l BHYTpeHHeH ,lln5l 30HbI 6pHnnl:O)Ha. 

cneJl0BaTenbHO. wecTHMepHoe HenpHBo,llHMOe npe,llCTaBneHHe 5lBn5leTC5l naCCHBHbIM H 

ycnOBHI:O flHcpWHua He y,llOBneTBOp5leT. [lO)TOMY, B npHHUHne. CTPYKTypHblH CPa30BbIH 

ncpcxo,lllm3m ~ 14/mmm ocymecTBn5leTC5l yepe3 npOMe)KYTOYHYI:O HeCOH3MepHMYl:O CPa3Y H 

I4/mmm .HBn5leTC.H CHMMeTpHeH COpa3MepHOH CPa3bl. 

B TeTparOHanbHOH napaMarmITHOH cpa3e C CHMMeTpHeH 14/mmm B 30He 6pHnnl:O)Ha, 

ueUTp k I.t (O,O,O)}I nOBepXHOCTHa5I TOYKa = (O,O,n/t z) 06na,llal:OT MaKCHManbHOHk l5 

CHMMcTpHeH CTPYKTYPbJ. flHHH.H, COe,llHH5ll:Oma51 )TH TOYKH, xapaKTepH3yeTC.H BeKTopOM k 10'" 

(0,0,2,.m/tJ, rpynnoH BonHOBoro BeKTopa KOToporo 51BmleTC5I C4,. O,llHOMepHoe 

HenpHBO,llHMOe npe,llCTaBneHHe D, rpynnbI 14/mmm. COOTBeTCTBYlOmee BeKTOpy k l < , 
k 1':,,2 

KOTOPhlH BXO,llHT B MarHHTHoe npe,llCTaBneHHe, B COOTBeTCTBHH C ycnoBHeM HHBapHaHTHOCTH 

onpe,llen5leT CPYHKUHOHaJI TepMO,llHHaMHyeCKOrO nOTeHUHana 6e3 HHBapHaHTa flHcpWHua. 

')TOT CPYHKUHOH<lJI onpe,llen5leT CTpyKTypy THna LSW. YcnOBH5I paBHOBeCH5I CPYHKUHOHana 

onpe,llen5lI:OT HeCOH3MepHMbiC CPa3hI C aHTHcpepPOMafHHTHblM ynop5l,llOYCHHeM THna 11 P 
sn(pz,k) H 11 P cn(pz,k) COOTBeTCTBeHHO H CPa3Y C cpcppOMafHHTHblM ynop5l,llOyeHHeM nma 

11 P dn(pz,k). COOTBeTCTBYl:Oma51 )THM cpa3aM COpa3MCpHa51 cpa1a aHTHcpepPOMarHHTHO 

ynop5l,llOYeHa, H MafHHTHa5I 5lyeHKa y,llBOeHa. He06xo,llHMO nO,llyepKHYTb, YTO B CJlyqae 

CPYHKUHOHaJIOB 6e3 HHBapHaHTa flHcpWHua pacnpOCTpaHeHHbIM MexaHH3MOM MarHHTHoro 

ynopSUlOyeHH5l 51Bn.HeTC5I 06MeHHhIH McxaHH3M. 

<DYHKUHOHan TCpMO,llHHaMHyeCKOrO nOTeHUHana, COCTaBneHHhIH H3 HHBapuatnOB 

uCnpHBO)lHMOrO npe,llCTaBnCUHSI rpynnhl 14/mmm) COOTBCTCTBYl:OlUcro BCKTOPY 

(0,0,2,.m/tJ, BXO,ll5lmeMY B MafHHTHOC npC,llCTaBneHHC, CO,llCP)KHT HHBapHaHT flucplIlHua. 

MHHHMH3aLlHSI )TOrO CPYHKUHOHana npHBO,llHT K ,llBYM pa3nHYHhIM PCWCUH5IM, KOTopble 

COOTBCTCTBYI:OT pa3nHYUhIM ueCOH3MCPHMhIM cpa1aM. Ha CPa30BOH ,llHarpaMMe )TII CPa3bI 

pa3,llenCHhI JlHHHCH T04CK flH<imIHua. 

OTMeTHM. qTO B MarneTHKax cpH3HlIeCKOH npHQHHoti B03HlIKHOBCHH)I IlHBaplimnOB 
IKI 

flHcpUIHua 51Bn5leTC5I peJUlTHBHCTCKoe B3aHMO)lCHCTBHC n351nowuHcKoro-MapmI • B CJIY'tae 

CPYUKUHOHana C HHBapHaHTOM flHcpWHua PCWCHHC THna LSW B03HIIKaCT, eCJ1II napaMCTp 

3nnHnTHYHOCTH paBCH HynlO H Ma,HHTHble MOMCHTbl HanpaBJ1CHbl B)lOnb BOJIHOBOrO BCKTopa 

MO)lyn5lUHH. 
B pe3ynbTaTe ,llOIUtpOBaHH5I CTPYKTYPhI K03CPCPHUHCHThi paCCMOTpCHHhlX 

<PYHKIlHOHanOB TepMO,llHHaMU4eCKHX nOTeHUHanOB npH06peTal:OT 3aBHCHMOCTh or 

KOHUCIHpaUHH ,llonupYl:Omero BemCCTBa. BCne,llCTBHe 3Toro BonHOBOH BeKTOp MO,llYJI5IIum 

npH06peTaeT 3aBHCHMOCTb OT KOHueHTpaUHH .llOnHpYl:Omero BcmCCTBa. KpoMe :)[01'0. 

TCMncpaTypHhIC UIHpHHhl cymecTBoBaHH5I paCCMOTpCHHhlX HCCOH3MCPHMhIX <pa3 51Bn5lI:OTC5I 

3aBHCHMhIMH OT KOHUCHTpaUHH .llOnHpYI:OUlero BemCCTBa, C yscnHyeHHCM KOTOPOH 

CY)KaIDTCSI. nonYYCHHhie pe3ynhTaThi n03BOn5ll:OT nOWlTh oc06eHHOCTH CPa30BOH )lHarpaMMbI 

KpHCTanJIOB C nepeMeHHhlM COCTaBOM Ha nnOCKOCTH KOHuelHpauml - TeMnepaTypa. 
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TaK, CTpyKTypy COe.!lHHeHHH UPd2Si2, UPd2Ge2, URh2Si2, URh2Ge2 H U(Pd l . 

,FeJGe2 C npOCTpaHCTBeHHOH rpynnoH CHMMeTpHH 14/mmm MO)KHO paCCMOTpen. KaK 
npOH3BO.!lHYIO OT BhIpO)K.!leHHOH CTpyKTyphI nJIOTHOH ynaKoBKOH C rpynnoH CHMMeTpHH 
Im3m. Heo6xo.!lHMO nO.!lqepKHYTh, qTO paCCMaTpHBaeMhIe COe.!lHHeHH.sI .sIBJI.sIIOTC5I 
CTPYKTYPHhIMH aHaJIOraMH BhICOKOTeMnepaTypHhIX CBepXnpOBO.!l5ImHX COe.!lHHeHHH. 
CTpyKTyphI KOTOPhlX .sIBJI.sIIOTC.sI npOH3BO.!lHhIMH OT BhIpO)K.!leHHOH Ky6HqeCKOH <pa3hl C 
rpynnoH CHMMeTpHH Im3m'5

!. Pa3JIHqHe BOJIHOBhIX BeKTOpOB MO.!lYJI.sIUHH MarHHTHoro 
ynop.sl.!lOqeHH.sI B 3THX COe.!lHHeHH.sIX CB.sI3aHO Cpa3JIHQHeM HOHHhIX pa.!lHYCOB COCTaBJI.sIlOmHX 
aTOMOB H COOTBeTCTByromHM HeCOOTBeTCTBHeM HX pa3MepOB pa3MepaM 3aHHMaeMhIX HMH 
nop. 

HeHTpOHOrpa<pHQeCKHe HCCJIe.!lOBaHH.sI COe.!lHHeHHH C nepeMeHHhIM COCTaBOM 
nOKa3hIBaIOT, QTO BOJIHOBOH BeKTOp MO.!lYJI.sIUHH .sIBJI.sIeTC.sI <pYHKUHeH TeMnepaTyphl H 
KOHueHTpaUHH .!lOnHpyromerO BemeCTBa. 

KpOMe 3TOrO, TeMnepaTypHM 06JIaCTh cymeCTBOBaHH.sI HeCOpa3MepHOH <pa3hI B 3THX 
COe.!lHHeHHjiX 3aBHCHT OT KOHueH-rpaUHH .!lOnHpYlOmerO BemeCTBa. MarHHTHoe 
ynop.sl.!lOqeHHe 3aBHCHT OT 3HaqeHH.sI BOJIHOBOrO BeKTOpa MO.!lYJI.sIUHH, CH3MeHeHHeM 
KOTOpOrO MarHHTHhIe rpynnhI CHMMeTpHH B COpa3MepHOH <pa3e MeH.sIIOTC.sI. TaK, Y.!lBOeHHe 
MarHHTHOH .sIqeHKH COpa3MepHOH ¢a3hI Ha6JIIO.!laeTC.sI B KpHCTaJIJIaX U(Pd098Feo.02)2Gel' B 
COe.!lHHeHH.sIX U(Pd1."Fe,)2Ge2 06'heM MarHHTHOH .sIqeHKH B COpa3MepHOH ¢a3e yqeTBep.sleTC.sI. 
JlJIji.!leTaJIhHOrO CpaBHeHHji nOJIyqeHHhlx pe3YJIhTaTOB Heo6xo.!lHMO npOBe.!leHHe 
npeUH3HOHHhIX 3KcnepHMeHTOB no YTOqHeHHIO B3aHMOCB.sI3H 3HaqeHHji BOJIHOBOrO BeKTopa 
MO.!lYJIjiUHH KaK <PYHKUHH KOHueHTpaUHH .!lonHpyromero BemeCTBa H MarHHTHoro 
ynop.sl.!lOQeHH.sI B 3THX ceMeHCTBax COe.!lHHeHHH. 

ABTOP Bhlpa)KaeT 6JIaro.!lapHOCTh npo¢. BJI.AKceHoBY H npo<p. B.n.JlMHTpHeBY 3a 
nJIO.!lOTBOpHhIe o6CY)K.!leHH.sI pe3YJIhTaTOB pa60ThI. 
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ra,u)l(HeB E.P. P17-99-21S 
reHe3HC CTPYKTYP H MarHHTHble ynop5I.ll.04eHH5I 
B COe.ll.HHeHH5IX THna ThCr2Si2 

B paMKax cpeHOMeHOJIOrH'.JeCKoro nO.ll.XO.ll.a nOKa3aHO, 4TO npOCTpaHCTBeHHa5I 
rpynna CHMMeTpHH napaMarHHTHOH cpa3bl 14/mmm COe.ll.HHeHHH THna ThCr2Si2 
B03HHKaeT B pe3YJIbTaTe CTPYKTypHoro cpa30Boro nepeXO.ll.a H3 ITJIOTHoynaKoBaH­
HOH npacpa3bl C rpynnoH CHMMeTpHH Im3m. TIoKa3aHO, 4TO peaJIbHbIe MarHHTHbIe 
ynop5I.ll.04eHH5I B COe.ll.HHeHH5IX THna ThCr2Si2 onHCbIBaIOTC5I napaMeTpaMH nepexo­
.ll.OB, npHHa;:uIe)l(aUlHMH O.ll.HOMY HanpaBJIeHHIO, COe.ll.HH5IlOllI.eMY T04KH MaKCHMaJIb­
HOi{ CHMMeTpHH B 30He EpHIIJII03Ha rpynnbl 14/mmm. TIoKa3aHO, 4TO H3MeHeHHe 
3Ha4eHH5I BOJIHOBOrO BeKTopa 51BJI5IeTC5I CJIe.ll.CTBHeM H3MeHeHH5I KOHueHTpauHH 
.ll.OnHpYlOllI.erO Belll.eCTBa. TIOJIyt.JeHbI npOCTpaHCTBeHHbIe 3aBHcHMOCTH napaMeTpa 
nOp5l.ll.Ka B HeCOH3MepHMbIX cpa3ax, onpe.ll.eJIeHa MarHHTHa5I cpa30Ba5I . .ll.HarpaMMa 
COe.ll.HHeHHH THna ThCr2Si2 Ha nJIOCKOCTH KOHueHTpaUH5I - TeMnepaTypa .ll.J151 CO­
OTBeTcTBYIOllI.HX KJIaCCOB YHHBepCaJIbHOCTH. 

Pa60Ta BbIITOJIHeHa B JIa60paTopHH HeHTpOHHOH CPH3HKH HM. H.M.<1>paHKa 
OH5IH. 

npenpHHT 06oeLUfHeHHoro HHcTHTyra 5I1IepHbix HccnelIoBaHHM. Ily6Ha, 1999 

TIepeBO.ll. aBTopa 

Gadjiev B.R. P17-99-215 
Genesis of Structure and Magnetic Ordering 
in Crystals of Type ThCr2Si2 

In the framework of the phenomenological approach it has been shown that 
the space group symmetry I4/mmm of paramagnetic phase of structures of type 
ThCr,Si, arise as a result of structural phase transitions from latent phase 
with ihe- group symmetry Im3m. It is shown, that the magnetic ordering in com­
pounds of type ThCr2Si 2 described by the order parameters, which belong 
to the direction the end point of which has the maximal symmetry of structure, 
namely Im3m. It is shown, that the wave vector of magnetic structure is the func­
tion of the concentration of the doping element. The spatial dependence of the or­
der parameter in corresponding incommensurate phases is determined. 
The concentration temperature magnetic phase diagrams for different classes 
of universality is determined. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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