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BBE,llEillfE 

CHCTeMa lDIIlllieJIH Cu x Z"1*X Cr 2 Se"1 npO.flBJIReT CJIoiltHhle MarrrT-

HUe CBoRcTBa, KOTopHe CHJ!hlIO SaBHC.fIT OT KOHI.l;eHTpaI.I.HH aTOMOB Cu 1-5/. 
MeTo,noM .z¢ppaKll.IDI HeifTpoHoB rrpH T < TN == 21 K 6h1JIa 06HapYJK8Ha B 

Zn Cr2Se4 reJIHMarHHTHM CTpyKTypa. C llPyrOH CTOPOHhl, .ztJI.fI 

Cu Cr2 Seq XapaKTepHa ~oMarHHTHM CTpyKTypa. TeOpeTHtIecKH:ii 

aRanHS, rrpoBe,neaHR~ B pa60Te ',rroKa3aJI, ~TO MarHHTHoe yrrop.fl,no~eHHe 
B aToii CHCT8M8 QHJThHO saBHCKT 0'1' KOHI.l;eHTpauHH Cu • Cu rrpltBO,ItHT K 

rrO.flBneHHV HOHOB Cr4+ ,KoTopHe OC~eCTBJIRIDT ,nBo:iiHoe o6MeHHoe MarHHT­

Hoe· BSaJlMo,neilcTlJHe C HOHaMlI Cr 3-t' • B aaBKCHMOCTH OT B~HIl X Ha­

6J.11l,lJ;BlOTC.fI !Pasolll:4e rrpeBpamemm; aeCOHSMepHMM CTpyKTypa THUa rrpocToll: 

CIIHpanH (.ztJI.fI 0,0 ~ X ~ 0,05),.. lflepPoMarHHTHM CIIHPaJIl> - cOH3MepHMM 

!fJePP0MarHHTHM GTpyKTYPa (.ztJI.fI X ~ 0,8). Orrpe,neJIeHll MarHHTHIle CBOi!:­

CTBa. BO BceM .1tIIanasoHe HSMepeHl!fJ KOHI.l;eHTpaJ::OO{ Cu • .n.mr O,! ~ X ~ 0,2 
cymecTayeT peSKoe yBe~eHHe TeMnepaTyphl MarHHTHoro yrrop.fl.lto~emm. 

ORa MeHHeTCJI OT TN = 21 K .ztJI.fI X =O,!,no ,..( ~ 370 K B cJIY'Iae 

X = 0,2. Hs t:PopMyJI, rrpKBe,neHHhIX B pa60Te /5/, BH,ItHO, ~TO yrJIH rt>(x.) 
H 1.!J-{X) , XapaKTepHsyJCIIl1IIe Ko~ecKYD CIIHPaJIl> , MaBHO MeHHIOTCJI C YB6JIH­

~eHHeM Cu B aTOM ,nHanaSOHe KOHUeHTpauHH. 3TH KOJIHtIeCTB6HHUe pac~e-

TH He 6hIJIH rrpOBepeHll H3-sa HexaaTKH aKCrrepHMeHTaJIl>HIlX ,naHHhIX. iloaTO­

My aKCrrepHMeHTarrbHHe HCCAe,nOBaHBR aTHX BemeCTB, a HMeHHO CTpyKTypHHe 

R MaI'llHTHIle H3Mepemm .ztJI.fI orrpe,neJIeHHhIX COCTaBOB 6hIJIH IJ;eJIbKl ,naRHO!!. pa­

60TH. 

IIopOIllKOllhle o6pasUhl c X = 0,02 If X = O,II 6hIJIH np:arOTOBJIeHll 

B BRne KepaMHKH. H3Mepemm MarHHTHo:ii Bocrrp~BOCTH rrpOBO.1tIIJIHCl> 

B CJIa6hIX rrOCTOHHHh!X MarHHTHhIX rrOJIffx. 

3KCIIEPHMEHTA.JIhllIiE PESY.lIbTATIi 

MarlmTHlie cBoltcTBa 

HSMepemm MarHHTHOil BOCnpHHM"DlBOCTH X (T) .ztJI.fI Cuo,11Zno,a9 Cr2.Se4 
6hIJIH npOBe,neHH B TeMllepaTypHOM HHTepBaJIe ? 7300 K Ha BHCOK0qyBCTBH­

TeJIbHhIX MarHHTHllX Becax THUa MCOB KaHa. 113 6liJIO o6HapYlteHO nOHH­

.lIteHH9 TN B MarHHTHOM nOAe .ztJI.fI COe,ItHHemm cO. 0 ~ X ~ O,!:II no­

3TOMy pemeHO npOH3BeCTH ,norrOJIHHTeJIbHlle H3Mepemm HaM~eHHOCTH 

B YCJIommx o6pasna, OXJIa.JgJ;aeMoro B rrOCTO.fIHHhIX noJ.IHX ,no T = 7 K. 
Ha pHC.! rrpHBe,neHa T8MllepaTYPHaH SaBHCBMOCTl> o6paTHoil BOCnpHHM"DlBOC­
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ynOpH,ltO'l:eHHeM. KpHIIHe 2,3.4 OnHCHBImT 

PRC. I. 	 TeMIIepaTypHM SamICH­

MOCTl> MarHKTHOI BOC­

np~BocTH ~ 

CUO,11ZnO,89 Cr2Se4. 

TH X -1(T) B )UlanaaOHe HHSIDlX 

Tet.mepaTYP C yqeTOM paama: Be.­

JIK1mH OXJUlJll'oIta9M0rO nOJIH He • 
PesY.n::&TaTH X-1(T) ~ He = 0 

OnHCHBaeT KPHBM I. B aTOM 

OJIY'lae Ha6JlXl,ll;aeTCR IIIHpom 

MmmMYM. CBRsa.HlIJlI C MarHKTHHM 

X -1( T) ~ 06pasn;a. OXJUlJll'oItae-­

Moro B noJJHX; He = 0,034 T • He = 0,058 T H He :: 0,13 T COOTBeTCT­

BeHHO. B c~ae KpHBUX 2 H 3 HSMepeHBH 6HnH TIpoBe~eHH B Tex Ee CaMHX 

nOJlHX 6es HX Bmono'Iemm nOCJIe oXJIal1tllemm 06pasn;a • .lVm 06pasn;a, OXJIaE­

~aeMoro B nOJIe 0,13 T , HSMepeHHe BOCnplt\lM'llHBOCTH npoBO)UlJIoCl> B nOJIe 

0,022 T . IIpHBe~eHHHe mIDle pesYJIl>TaTH Clll!I',I{eT9.n::&CTByllT 0 CHJ]])Hol Sa.mI­

CHMOCTH X· 1( T} OT Be.mI'IHlW MarHHTHoro noJUl, B KOTOPOM OXJIal1tllaJICR 

06pasen;. A HMeHHO, MeHHeTCR XO~ KPHBUX TIpH T < TN H MOllHO 60JIee 

TO'IHO Onpe~eJIHTl> TeMIIepaTypy HeeJIH, T /II r- 21 K. C YBeJIH'IeHHeM nOJIH 

He MlU!BMyM Ha KPHBOti" :X-1(T) YMeHDllla9TCH ~o nOJIHoro HC'IeSHOBemm 

X· 1 
B nOJIe "'" 0, 13 T • DmIe TeMIIepaTypH 40 K XO~ KpHBUX ( T) He SamICHT 

0'1' nOJIH, B KOTOPOM o~aeTCH 06paaen;. KpoMe Toro, c~ecTBYeT no­

CTM~ HX HEmJIOH C TeMIIepaTYPo1!:. .Itmr STHX 06pasn;oB HBHoro HSJIOMa 

Ha SamICHMOCTHX X -1(T), KOToplrli MOEeT 6HTl> CBRSHH C ~06aBo'IHHM Mar­

HHTHHM ~OBHM nepexo~OM, 06HapyzeHO He 6ano. 

MarlmTHM CTpyltTY'Da 

He1!:TpoHorp~eCKHe HCCJIe~OBBHHH 6HnH npOBe~eHH TIpH pasma: TeM­

nepaTYPax: ~ 06pasua C X = 0,02 TIpH 4,8 K HOOK, a,1tJIlJ 06pasn;a 

C X = 0,11 TIpH 4,8 K, 9,3 K, 13,9 K, 23 K H 295 K. Ha ae1!:TpoHorpau­

Max, nOJIyqeHHUX TIpH HHSKHX Tet.mepaTypax, KpOMe OCHOBHHX 6parroBcIDlX 

OTpaEemrl!:, 06YOJIOBJIeHHHX cHMMeTpHel r d 3m , 06HapyJteHH CBepXCTpYK­

TypHHe MaI'HlITHHe pe<f!JI9KCR - CaTeJIJ.Il![TR. Hx KHTeHCHBHOCTl> C POCTOM T9M­

nepaTypH YMeHbmaeTCH ~o HYJUI B TO'IKe T'" 21 K. Ha pHc.2 B lll!I',I{e npHMe­

pa TIpHBe~eHa Heti"TpoHorp8MMB.,1tJIIJ CU01,Zn0,89Cr2.Se4 npH T = 4,8 K. 
Hcxo~ HS He!TpoHorp~ecKHX ~aHHHX onpe~9JIelW napaMeTpH KpHCTSXXO­

rp~ecKol CTPYKTypH. Hx SHa'Iemm YKasRBImT Ha c~eCTBOBa.HHe CTPYK­
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PHc.2. 	 HeftTpoHorpaMMa 

CUO.11 Z0o.S1l Gt2. Se.q 
npz 4,8 K. 

TypH THna HOpMa.n::&Hoi!; llIIllIHeJIH 

C KHCJIOpO~ napaMeTpoM 

U :: 0,385 H nOCTOHHHHMH pemeT­

KH a = IO,445 XH a = IO,432 K 
npHT = 4,8K ~ o6pasn;oB 

X =0,02 H X :: 0,11 COOTBeTCT-

BeHHO. Hs nOJIOEeHRl'l CaTeJIJ.Il![TOB 

~eH BeKTop MO.ItY.mm;:HI!: Q. MarHHTHol CTPYKTypH. OKasaJIOC:b, 'ITO OH 

napaJIJI9JIeH OCH THn~l <100 > . .lVm Wo,o;? loo 99 Gr2 Se~ npH Tet.me­
paType 4,BK c~eCTreT npocTM CnHpa.n::&HM Ma.riniTHM cTpYKTypa THIIa 

ZnCr2Se4 II, ~JIH KOTOP0i!;: Q,,= 0,42, yo = 38°,}.JC/'-/- =I,75jJs. 
JIoKaJIHSOBHHHHit MaI'HHTJWil: MOMeHT IIH'lHCJlHJICR ,1tJIIJ ~:roro g)o~TO­
pa HOHa Cr3+ , Onp9~9JIeHHOrO BaTcoHOM Ii ~lIMHHOM 6. 

PesY.n::&TaTH, noJIyqeHHHe ,1tJIIJ 06paan;a C X = 0, II, HO CHT 60JIee CJIOE­

HHI XapaKTep. Ha6JIlQIta9TCH YlllHPeHHe H9KOTOPUX llHKOB (pHc.3 H 4). KOTO­

pHe MOllHO pas~eJIHT:b Ha ~Be KOMnOH9HTH. HHTeHCHBHOCT:b ~~3Horo nHKa 

SaBHCHT 0'1' Tet.mepa~H H OCTaeTCH KOHe'IHol npHT = 23 K (pzc.4). 

CUO-lIZnO.1II Crz Se, 
T • ,.aK 
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PRc.3. 	 HebpOHOrp8MMB. 

CUP.l1 ZnQ.8'l Cr2 Se4 npH 

4,8 K B 06JIacTH nHKa (III). 

l1t1l 
CU011 Zn08gCr2 Sa, 

T .23K 
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PRc.4. 	 HeitTpoHOrpaMMa 

Cuo,11 ZI1o B~CrZSe4 
npH 23 K B 06JIacTH 

llHKa (III). 

MH nOJIaraeM, 'ITO npH'lHHa HX BOSHHKHOBeHHH CBffS8Ha C BaJIH'l:H9M ynOpH,ltO­

'IeHHH THna t!JePPOCnHPa.n::&HOil: CTPYKTypH B 06JIacTHX, paaMep KOTOPUX COC­

TaBJIHeT I"V 180 i. PacCTIHTHHHHe napaMeTpH npRBe~eKl:l B TaOJIHIJ;e I. 
HeayJIeBaH HHTeHCHBHOCT:b )UI~HUX nHKOB Bume 21 K Clll!I',I{eT9.n::&CTByeT 

2 	 3 



o TOM, 'lTO npH STOH TeMITepaType He cymeCTEYeT nepeXOAB B napauarHHT­

Hoe COCTORHHe. IIpH TeMITepaType 295 K He Ha6mmaeTCR KorepeHTHoro 

MaI'HHTHOrO paCCMHHR HefiTpOHOB. 

Ta6J:I:l11.ta I. 

1.?-0~oTK }JyZ [)JS])Jx [fJIIl'?X 
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9,3 
40,3 294,8 0,448 

0,95 
13,9 

29 1,750,447 40,1 
0,75 

23 
39,9 22 1,800,443 

1,85 

~ 

IIPH T 0 K ; ~ = 350 
; 1..9- 60 

Ha 	 OCHOBe HeHTpoHorpaiPH'lecKIfX ,1l;a1HruX PI xO,1l;a K.PKlIbIX X-
1
(T ) 

(pHo.I), KOTOPU9 rrO,1l;06HH Ha6mmaeMHM :a MaTepKaHax, o6pasyIDmDX Mar­

HHTFrue KJIaCTepHll9 CTeKJIa, MOlKHO C,1l;eJI8Tl> BHBO,1l; 0 TOY, 'ITO lIIIDlBaJDI 

Cu X Z n 1_ xCr2.Se Lj ;ll;M 0, 05 ~ X f. 0.2 o6paaym MarHHTB:ylO CTPYKTYPY 

:a BH;ll;e KJIaCTepoB. 

B SaKJl])'leHHe MOlKHO cKasaTl>, 'lTO H8llll!: SKCnepHMeHTa.Jll>Hlle pe3~Ta­

TH He BnOgRe oOBrra;u;aIDT C KOJIPlt{eCTBeHHO paCCttKTaHHO~ B pa60Te /5 Me­

,1l;9JIDID ~eppocnHpa.Jll>Hofi CTPyKTYPH ;ll;M STKX KOHUeHTpauKtt Cu . 
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HH9Hon C. HAP. 14-88-446 
MarHHTHas CTpYKTypa CuxZnl-xCr2Se4 

Ha OCHOBaHHH npOBeAeHHhlX MarHHTHhlX H HeHTpOHOrpa~tlec­
KHX HccneAOBaHHH AnH CuxZnl-xCr2Se4 npH x = 0,02 H x=O,ll 
YCTaHOBneHO, tlTO AnH x = 0,02 c~ecTByeT npOCTaH cnHpanb­
HaH MarHHTHaH CTPYKTypa, H KOHHtleCKaH - AnH x = 0,11 npH 
TeMnepaType H~e 21K. B cnyqae CUO,IIZnO,89Cr2Se4 KOHH­
tleCKaH CTpYKTypa o6pasyeTcH B BHAe K,JIaCTepOB. ITonyqeHHble 
pesynbTaTbI He BnOJIHe COBnaAalOT C pesynbTaTaMH paCtleTOB, 
npOBeAeHHbIX KpoKOM HAP. B paooTe /51 AnH KOH'QeH'lpa'QHH 
0,Os.$x'::;0,2. 

PaOOTa BbillOJIHeHa B llaoopaTopHH HeHTpOHHOH ~HSHKH OHHH 

npenpHHT 06loeJUlHeHHoro HHCTHTyra Ji,AepHLIX HccneA088HHA • .lly6Ha 1988 

., 

ITepeBoA T.A.<l>HJIHMOHbltleBOH 

Niziol Z. et a1. 14-88-446 
Magnetic Structure of CUxZnl-xCr2Se4 

Magnetic and neutron diffraction measurements on 
CUxZnl-xCr2Se4 yielded a simple spiral structure for x = 
=0.02 and a conical one for x = 0.11 below 21K. 
CuO.1 IZno.89Cr2Se4 proved to be of the magnetic cluster 
glass type in contradiction with theoretical predictions 
of Krok et a1. for O. 05:::; x .sO. 2/5/. 

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