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O06wast XapaKkTepHCTHKA paboTol
AKTYalIbHOCTB  TeMbl. Pa3sBHTMC MarHUTOINCKTPONMKH (CIHHTPOHHMKH) H
HAHOTEXHOMOTMH CTUMY/IMDYCT HANpapleHHblii INOHCK BEICOKOTCMICPATYPHBIX
MarHUTHBIX ~ NOJYNPOBOJHMKOBBIX  MAaTepuasioB, OOMAfAIOMMX  KOMILIEKCOM
Tpe0yceMuIX (PH3MYECKHX H XMMUUCCKUX CBOHCTB. K YHCIy TakoBBIX, HECOMHEHHO,
OTHOCHTCH uspectHas  THoumuuenb  FegsCugsCr;S,,  xotopas  mpu
CTEXHOMETPHYECKOM COCTABE ABILIETCA BBICOKOTEMIIEPATYPHBIM (eppUMAriy THEIM
NONYNPOBOJHUKOM n-THIIZ C TeMnepatypoit Kiopn T, = 343 K. Ilpuunna ce
HCJOCTATOYHOH H3YYCHHOCTH BIUIOTh 1O HACTOSIHICIO BPEMEHH, HECMOTPA 1ia
MHOTOYHCIICHHBIC TyONMKANMM, B 3HAYHTCIBHOH MEpe CBA3ala C OTCYTCTBHEM
Hayuno 00OCHOBAHHBIX CNOCO00B CHHTE3Aa M OCOOCHHOCTAMH CIPYKTYPEL DTOFO
coepunenus (HaTMyMe 3HAUUTENHHOMO 4YHCAA AedEKToB, HEOAHO3NAYNOCTL B
PACHPELCNEHUA  KATHOHOB, H3MCHCHHE MX BANCHTHOCTH TNPH  PasTMYHBIX
3aMeEINEeHUsX, CIPYKTYPHOE YIIOPAROYEHHE U JIp.). '

Ota cUTyanus, OAHaKO, KapAUHAILHO U3MEHHNACH B NOCIEIHHC oAbl NOCIC
otxpbiTHs B FegsCugsCr;S,, napsny ¢ Matepnanamu tuna (La,Ca)MnQ;, sBiacHus
KOJIOCCANBHOIO ~ MArHHTOCONMpPOTHBIEHHA  Kak  ojHoro U3 addexros,
006ecTeyHBAIOITHX nporpecc MarHHTO2JIEKTPOHHKH. Jddexr
MAaTHHTOCOHNPOTUBIEHHS. — STO OTHOCHTENEHOE H3MEHEHHE 3J1EKTPOCONPOTHBIICHHSA
pH BKIFOYEHHH MarHHTHOTO 1ost, 00yCIOBACHHOE HEOXMHAKOBEIM paccesHieM 11
JBYX [Ipynm SNEKTPOHOB, KOTOpble OTJIHYAIOTCH OpHMCHTAIMel CnuHoB 10
OTHONICHHIO K HANpPAaBICHHID HAMATHHYEHHOCTH pACCEUBAOINEt SIEKTPOHH
MarHHTHOH crpykrypsl. JIlpenmonaraercs, 4Yro HOBbie MarHMTOPC3HCTHBHEBIE
MaTepHansl ¢ T’MraHTCKAM MarHUTOCOMPOTHBICHUEM NO3BOJAT OCYWECTBUTH HOBBIEH
NPOpbLIB B MAarHKTORJIEKTPOHHKE H ui)opMaTHKe, 06GCCneyuB IpONEccs CYUTHIBAHUS
HH)OPMaIUH B MariMTHBIX CpeaX € KOJOCCANLHOH MJIOTHOCTBIO MArHMTHOMH
‘3ammcH.

Uenn paborer. Paspaborka Hay4HsIX OCHOB MOMYYCHHS M MCCHELOBaHHE B
LIHPOKOM MHTCPBIC IOJIEH W TEMIepaTyp MarHUTHHIX CBOMCTB XalbKOTEHHAHBIX
IIMHHEBHBIX CHCTEM THNA «(eppHMArHCTHK—aHTH)EPPOMarHeTHKy, CO3anke s
MariuTo3IEKTPOHUKH 3¢hdeKTUBHBIX criocobor CHHTE3a HOBBIX
BBICOKOTEMIIEPATYPHEX ~ (DEPPHMATHUTHBIX — NOJYNPOBOAHHKOB  Ha  OCHOBE
CuypsFey sCr,S, myTeM KOHTPOMMPYEMOTO 3aMelieHns B A MoApeileTke HOHaMH Zn*
(nBojiHOoe 3aMelleHHC ONHOBPEMEHHO MeOH M KCe3d) M HOHAMH In”', Ga**
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(omuuapnoe sameimenne Fe'); M3yueHUE KPHCTAILIOXHMHYECKHX, MATHUTHBIX H
JpYTMX XapakTepHCTUK HOBBIX MAarHHTOAKTUBHBIX (ba3, ONpENENeHNe KATHOHHOIO
pacnipeaeneHus H BHCKFPOIXHBIX COCTOAHHI HOHOB, a TaKXC HX H3MEHEHHSI B
33BHCHMOCTH  OT  CTCIIEHW  3aMeIHeHWs, YCTAHOBNEGHHC Uil  MarepHana
dynnaMCHTANBILIX ~ 3aKOHOMCPHOCTEH  THOA — «COCTaB-CTPYKTYpa-37eKTPOHHOE
CTPOCHUE-CBOHCTBOY.

Hay4ynas nosu3na paboret. B pabote Brepsrie:
1. OmpenencHel ycnopus NONy4YeHHs TPEX HOBBIX TBEPALIX PacTBOPOB Ha OCHOBE
BLICOKOTeMIlepaTypuoro  ¢eppumMarderuka CugsFeosCrSs  mpu  pas6GasneHHH
asTHEPPOMATHETHKOM, YCTAHOBICHE! IPaHHMIlB! 001aCTel UX CYIeCTBOBAHUA.
2. Hsyuens xpucTaUIOXMMHYECKHE OCOGEHHOCTH HOBBIX (a3, Bouas obnactd
CIPYKTYPHOIO YIOPAI0UEHUs HOHOB B TETPADIPHUECKHMX MOZHIASX.
3. /114 HOBBIX MarHWTOAKTHBHBIX (a3 B IIMPOKOM HHTEPBAIC MONEt M TeMucpaTyp ¢
nomowsto  SQUID-marnuTOMeTpa  M3yuenbl M30TEPMBl  HAMArHMYEHHOCTH,
TEMIIEPATYPHBIE 33BHCHMOCTH HAMATHHMYEHHOCTH B CHIIBHOM U cnaboM Mone mpH
OXJIZK/ICHHH B 1one 1 6e3 nous. '
4. BuiABNERb KATHOHHOC PACHPEIENEHHAE H 3JEKTPOHHBIC COCTOSHUS HOHOB HOBBIX
MarHMTOaKTHBHEIX (a3, a4 TakKe HX H3MEHCHHC B 3aBHUCHMOCTH OT CTEMEHH
3aMeILeHu.
5. UsyueH xapaxrep Kouueﬂipauuoxmmx MarHuTHHIX (a30BLIX MEPEXOOB B HOBBIX
- CHCTeMaX. YCTaHOBNEHO, YTO BO BCEX CyyasX MArHUTHOE pa3bapnieHue NPHBOIMT K
NOABJCHUI0 HEOHOPOZHOTO MArHHTHOIO COCTOSHHMA M OOPA3OBAHHMIO HOBBIX
MarHMTHBIX (a3 TMNA COMHOBOG CTEKNO H3-33 (MIYKTyalMM 3HAKOB H BEIAYHH
OOMEHHBIX. B3aMMOZEHCTBHH MeXIy MATHMTHLIMM HOHAMH IIpM  Ciy4ailHOM
PacnoJI0KEHHS HOHOB B TETPA3APHYECKHX IMO3HIHAX LINMHENN
6. THomyyeHHple pe3ynpTaIbl CYIIECTBCHHO pACIIMPKIOT NPENCTABACHUS ©
B3aHUMO/EliCTBHAX, OTBETCTBEHHBIX 33 CIIHH-CTCKI000pa3HOe COCTOsHKE, O IPUPOJC
MarHuTHBIX KJIACTEPOB B [OJYNPOBOAIMKOBSIX CIIMHOBLIX CTEKNIAX H O MEXaHH3MAax
KOHIEHTPAHOHHEIX MArHHTHRIX HEPEXO/I0B
7. TlocTpocHs! MarHuTHEIE (a30BbIe JHATPAMMEL /I BCEX HCCAEAOBAHHBIX TBEPABIX
PACTBOPOB, OTOOpAXAIONIME 32BHCHMOCTH THIIA (COCTAB-CBONCTBOY.

IIpaxTidecKkas LHeHHOCTh,
1. Tloxasana Ha npuMepe CHHTE3UPOBAHHBIX TBEPABIX DACTBOPOB BO3MOXHOCTD
nojydenus Ha ocuoBe CuosFeosCrS, komrpormpyeMmeiM saMemenHdeM B A
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NOJPECHIETKE [IOBBIX BLICOKOTCMITCPATYPHBIX (epPUMATHUTHEIX TONYIIPOBOIHHKOB €
Toukoi Kiop# BblllIc KOMHATHOH Temmeparypsl, YTO ABIACTCA HCOOXOAHMBIM
YCJIOBIEM HX LIHPOKOTO HCIIOAB30BAIHA B MarluTOICKTPOHHKE H HHGOPMAaTHKE.

2. Yeranosnena aaa CupsFcgsCraSs BaXHOCTH TOro 00CTOATENLCIBA, B KAKYIO M3
NOAPEINETOK COCHAMHCHMS BBOJSTCS HEMATlHTHBIC MOHBL. Tak, CymmapHas
namartuyeHBocth  CugsFeosCrS;  npu A-3aMelicHUM  YBCJIMYHBANack B
OIpENENCHHOR  00NACTH  KONUCHTPAUH, YTO0 MOxKeT OHITh IIPaKTHYECKU
HCIONBL30BaHO U1 CO3AaHHA MATCPHANOB ¢ MOBBINEHHOH HaMarHHYEHHOCTBIO
HAacHIMIEHHS.

3.06napyxenubiit B CugsFeysCraSs 3¢ ekt Konoccansioro MarHHTOCONPOTHBICHHS
OTKPBIBACT JNIS TBEPABIX PACTBOPOB, NMOJYHEHHBIX HA OCHOBE HTOI'O COEHMHEHHS,
TEPCICKTHBY HCIOJNB30BANAS B KA4eCTBE JAT4HKOB MarHuTHOrO TOJS B PAsIMYHBIX

YCTPOHCTBAX, BKIIOYAd HHGOPMALIHOHIIO-BHIYMCTHTENBHYIO TEXHHKY.

HOJ’IO)KE[IHH, BhIHOCHMBIE HA 3AIMTY!

- PaspaGorka (H3HKO-XMMHUCCKMX OCHOB IIONY4€HMs TBEPIBIX pPacTBOpPOB
(CugsFen s)1ZnCraSy , CugsFeg s InCrSys 1 CugsFeg s GaCraSa, xpaiiHne cocTasst
KOTOPHEIX #B/IAIOTCA MArHHTHBIMH DOJYNPOBOMIMKaMH —  (EpPHMArHCTHKOM ¢
Toukolt Kropn BrIine koMHaTHOH Temiteparypsl H aHTU)EpPOMArHETHKOM.

- Coznanue oddexTHBHOH TEXHOIOTHH MOJy4HeHds HOBOTO MAaTHUTHOIO
Mmarecpuana ¢ - s MAarHUTO3EKTPOHUKH ~ BBICOKOTEMIIEPATYPHOTO
NONYNPOBOHUKOBOTO (eppUMarHeTHKa ¢ TpeOyeMbIMU CBOHCTBAMH.

- OnpeniencHie OCHOBHBIX MApaMEIPOB HOBBIX MAarHHTHBRIX MAaTEpHANOB,
YCTaHOBJIGHHC 3aKOHOMEpHOCTEH, oOecneuMBarOmMX B3AHMOCBA3b MeXAy HMX
3ICKTPOHHBIM CTPOEHHEM, CTPYKTYpOH ¥ CBOMCTBaMIL.

JInuneli BKIax aBTOpPa 3aK/IOYANicd B IUIAHHPOBAHHH H NPOBEJCHHM
9KCIIEPHMEHT], NOATOTOBKE 0OPA3NOB AN aTTECTalUH M UCCIEAOBAHHS MATHHTHBIX
CBOHCTB, 00paboTKe NOAYYCHHBIX pE3YJIBTATOB, HX MHTepxlpefauuH, HanHCall¥H
CTaTel M JuccepTalut.

AnpoGauns paGornl. Marepuans! ARCcepTallMM JOKJIAABIBANHC, HA 2
koHepeHnMax, B TOM uuclie U MexayHapoiaswx: 1) Mexnynapoanas Hayyuag
xontepenuu @usnka Teepaoro Tena - 2009, Munck, 2009. , T 1, ¢ 229-231. 2)
XXII MexnyuaponHast xonGcpeHmus «PegakcalMOEHBIE ABICHHA B TBEPABIX
Tenax», 14-17 cenrabpa 2010, Boponex, c. 191-192.
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Nybanxanun. Ilo Teme guccepranyu onyGIHKOBaHO 3-CTAaTBH B POCCHHCKHX
peLeH3MpyeMbIX KypHanax, pekoMenaosanupx nepeuneM BAK, a Taxxke 2 Te3ucos
JIOKNa/I0B Ha POCCHHCKHX ¥ MEXTYHAPOMHBIX KOH(CPEHINAX.

Crpykrypa 1 odbem pabornl. Jluccepraupst COCTONT H3 BBenenus, o03opa
JINTEPATYPhl, SKCIEpUMENTANEHOH  wacTH, oOCyXieHHsA, BBIBOJOB, CIHCKA
auteparypsl. Pafota usnoxena ma 139 crpammm M cogepxur 16 Ttabmuu, 40
pucyHxa, 112 HauMeHOBaHUA UUTHPYEMOH IHTEpATypHL.

OcHoBHoe cogepKaHie paboTsl

Bo BBenesnn 060CHOBANA aKTYAITEHOCTS TEMBI, OXAPaKTePH30BAHE! OOLEKTHI,
4 TAKOKE LETH U 3a1a4H HCCNICHOBAHN.

B rnase 1 (JInteparypHbtii 0630p) ONMCAHE! YCIOBUS ONYYEHUS, OCHOBHEIE
dusuko-xuMuueckue - M - ¢usuyeckne  cpofictBa  BEIUECTB,  OOpasyIOILHX
HCCJIEIOBAHHBIE CHCTEMBI TBEPIBIX PACTBOPOR

IKenepAMEHTANbLHAN HACTH

B raase 2 (Merozimcn IKCIIEPHMEHTA) OIHCAlbl METOIMKH, KOTOphIe
DNPUMEHAICE NPH - BRIMOMICHUH 3KCIICPHMEHTATLHON YacTH aMccepTanuoNHOH
paboTsL.

Cuntes npoBOAHNH, HCIIOJB3YS B KA4ECTBE HCXOIHBIX 3JIEMEHTH, B3BEIICHHEIC
B 3aJaHHBLIX NpONOpLMAX: nopolikooBpasusie ZnS («oc. u») u S («oc. H»),
kapbonunasnoe Fe (99.99%), BoccraHoBneHnas B Toke Bogopona Cu (99.99%), In

(99.999%), Ga (99.999%) u Cr (99.8%) mpomssoacrea Koch Light. Haseckn
TOMEIATTH B KBapLIEBHIC aMITyJIbl H 3aIIaHBAIH [0l BAKYYMOM nph fasnenuu 107[Ta.
OOGpasupl ODKHrand B 3JIEKTPOINEUH . cOnpoTHENeHus. Ytobnl n30exarp B3phiBa
aMIyJ 1333 PE3KOTO MOBBIIICHHS JaBJCHHS NApOB CEpbl, CHayana MedreHHo (2-3
CYTOK) NIOJKMMAnH TeMIepaTypy A0 600°C, BhI/IepX)HBAIH CYTKH JUIA CB3BIBAHHS B
cyasuasl DapoB CEpHl, 3aT€M NOAHUMANM TEMIICpaTypy OTXKHIE J0 900°C u
BEIICPXKUBAIM B TEUCHUE HERENW MU [poTeKaHus TBepAodasnoll  peakiuu.
Oxnananu amnyist 10 600°C 3a 2-3 cyTok, 3aTeM OXI@KIeHME BETH B peXHME
BHIKIOUEHRON neuu. IlonHOTy nporekanns TaeprodasHolf peakuuH ompenensiu
pentrenodasoBbiM aHATHIOM, HeoXHOGA3HEe 00pasisl NEPETHpAIH, 3aNaHBaH B
IBAaKyHpPOBAHHBIX AMITyJJaX H MIOBTOPHO OTKUralH mo Toif xe cxeme. Jna nomydenuns
onnodasHx 06pa3noB TPebOBATOCH NPOBECTH ABE CEPHH OTKHrOB. XHMHUECKOE
B3aUMOZEHCTBHE B cHCTEMAaX u3ydanu MetogoM POA. PenTreHorpaMmbl CHUIMANM Ha
Jntpaxromerpe Rigaku D/MAX 2500 (SImonust) (Mockosckuit TocynapeteeRnbii
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Yuusepcutet, Xumuucckuii gaxynsrer, KHOTEKO A. B.) ¢ BpamaiomuMes anoaoM u
MaKCHMaIBHOM MOIIHOCTBIO pentrenosekol TpyOku 18 xBr. ITapamerpst npuGopa
6punn caeryroume: Cu — anofl, ceHCHHE My4ka Ha Bexoae 5x10 MM, BepTUKaIbioe
ckarmpoanne ot 0.7 go 145 rpax. (no 26), miocknii rpahHTOBEIH MOHOXpOMATOP,
CUMHTUINATIHOHHEBIA JETeKTop, ycKopsmoulce Hanpskenue reneparopa 50 kB, Tox
Tpybxu 250 MA. CreMxy nposomumu npu 28 = 20 - 70. [TonyyeHnbie CIEKTPHI
CPaBHUBAMM CO cliekTpamyi u3 0asbl AanHbIX PDF2. Jlnd o6paGoTku cnckTpoB POA
HCnofb30BaH nporpaMMy WinXpow (STOE). _

MarHuTHele cBOHCTBA' CHHTE3UPOBAHHBIX TBEPALIX PACTBOPOB H3MEPLIH C
nomouplo SQUID-marnutoMerpa MPMS 5P Quantum Design B TeMneparypioM
uHTepane 5-300 K B cnabom (50 D) # cmipiiom (40 k3) MarHHTHBIX ITOJIAX.
TemrepatypHyio 3aBUCHMOCTh HaMArHHYEHHOCTH ONpENeNLIH HBYMs crocoGaMmu,
pasTUuaIOIMUMKUCA Apyr OT APYra TeM, YTO HCCAcAyemslil 0bpasey OXTaKAaeTcs B
HyleBOM M HEHyJeBOM MarHHTHBIX Monsx. B mnepBoM ciydae oXjaxaeHuc
OPOBOAMJIM A0 TEMICPATYyphl XKUAKOTO FEIHA B OTCYTCTBUE MArHMTHOTO 1noJs, a
3areM BKJIOHan# HCOOMBIIOE M3MepHTENsloe Noje mopsmka 50 O u MedmeHHO
NONHHMANH TCMIIEPATYPY, PETHCTPUPYs 3HAYCHMA HaMarnMYeHHOCTd. Bo BropoM
ciydae Meroiuka H3MepeHuil oTiMHanmach TeM, 4To ofpasen cpady HauMHATH
OXIUKNATh B HCHYJEBOM H3MEpHTEIFHOM MAarHHTHOM IONE NMpPH OXHOBPEMEHHOM
CHATHH IOKA3aHHi. I/IBOTCpMBI HAMATHUYEHHOCTH H3IMCEDANH BIUIOTE OO0 ZHAYCHHH
HanpsokeHHocTd MarnurHoro nons H = 40 x3. Temneparypy 3amopakiBaHHA CIIHHOB
HaxO[UMM [0 MAakCUMyMy Ha TEMIIEpaTypHOl  33aBHCHMOCTH  HayanbHOH
HaMarHHYCHHOCTH 06paslioB, OX/IaXIEHHBIX B HYJICBOM none. MarsuTHbiii Moment
HachULEHHs OlCHMBAMH 110 IONEBHIM 3aBHCHMOCTAM HAMArHUYEHHOCTH. YKa3aHHbIe
usMepeHus  mposomuid  na  Dusuyeckom  dakyasrere  MockoBekoro
TocynapcteenHoro Yuueepeutera W Mexaynaponsom Tomorpadaueckom lentpe
Cubupckoro Ortaencuusn Poccniickoit Akanemuu Hayk.

Mmapa 3. M3YYEHME YCJIOBHH IMOJYYEHUSI TBEPJBIX
PACTBOPOB (CugsFeys),..Zn,CrySy, ATTECTAIIMSA U HCCJIEXOBAHHE
HX MATHHUTHBIX CBOMCTB cocrout us pasnenos 3.1 u 3.2.

B 3.1 (U3ydenne  ycJoBHil noJIyYeHns NOJIMKPHCTALIOB
(CupsFeps);xZn,CrS;.  AtTecranms  ofpainos, onpeaerenne  obaacTd
roMOFeHHOCTH) OMMCAHBI TPUTOTOBNIEHNE, ATTECTALHSA IOTYYEHHBIX TBCPABIX



Tabauna 1 MexaromHble paccTOsAHUS B TBepAbIX pacTsopax (CugsFegs)1«ZnCraS,

Cocras, x (Zn) TMapavietp petuetk a, A M*-S, A Cr-S, A
A 2258 2407
0 9.902 2318 2375
0.04 9.905 2,144 2476

0.06 9.905 2.144 - 2476
0.10 9912 2.145 2478
0.14 ; 9.917 2.147 2.479
0.20 9917 2.147 . 2479
0.30 9.929 2.149 2.482
0.40 9.928 2.149 © 2482
0.50 9.935 2.150 2.483
0.60 9.949 2.154 2487
0.70 9.963 2.156 2.490
0.80 9974 2.159 2.493
0.90 9.975 2.159 2493
0.94 . 9.980 2.160 2.495
0.96 9,982 2.161 2.495
1 9.986 2.161 2.496

*) rae M- Cu, Fe, Zn
aA
9,99 -

]

9,98 -
9,97 +
9,96 -

9,95

9,90-‘

T T T — T T 1 T T T T
0.0 0.2 04 06 08 1,0

Cocras, X

Puc 1 3aBHCUMOCTS apaMeTpa PeIeTKH OT COCTaBa TBEPABIX PACTBOPOB
(CuosFeqs)1ZnCrS,y ‘
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pacTBOpOB (CugsFeqs)1xZnCr,Sy, IMEMCHTHBIH aHAINH3 ] pacuer
XapaKTePUCTUHECKHX PACCTOSIIHH.

Brum cunresnposannl 06pasusl (CugsFeys);ZnCraSy clrenyioux cocrasos:
x =05 0.04; 0.06; 0.10; 0.14; 0.20; 0.30; 0.40; 0.50; 0.60; 0.70; 0.80; 0.90; 0.94; 0.96.
Benenctaue pasiiuums B CTPYKTYPax CPaHMUHEIX KoMIoHeHToR (Fd3m u F43m) n
cucreme CugsFeysCraSy — ZnCrSs He oOpasyercss HENpPEphIBHONO pARa TBEPLLIX
pacTeopos (puc.l) U cymiecTBYeT 00MacTy HeoanopogiocTd. Onpeenen napaMerp
PELIETKH A BCEX COCTaBOB, H3MEHEHHE KOTOPOro € X NPOMCXOJMIO JIHHEHHO.
Hexons u3 napaMeTrpa pemerkH OBUIM paccYUTaHbl MCKATOMHEIC PacCTOSHHS,
KOTOPHIE TaKKe JiMHElHO BO3pacrany ¢ yBEJIMHYEHHMCM KOMHYECTBA 3aMCCTHTENA
(ta6n. 1). Paccumrausr aamunt cesseli AS , A™- S, Cr,-Cr, ana Beex o6pasios.
VYeTaHoBIeHO, YTO BCACACTBHE CTPYKTYPHOPO YHOpSIOYenHs B PEMIeTKe IIMHHENH
TPOMCXOIHT CMELIENHE KaTHOHOB W3 CBOMX TO3HUIIHIA M, COOTBCTCTBEHHO, U3MCHEHHE
JJIHH YKa3aHHEIX cBsseii na ~2%.

Hapany ¢ pacrporoit snexrporHoli Mukpockonreii (POM) nna SonbluuscTBa
cocraBop  Obll  TpOBeAECH DNEMCHTHHIH  aHANTM3, KOTOPBIA  MOATBEPIHI
HeoiHoGaznocTs 06pasuoB ¢ x = 0.06 u 0.10, tax 1 oxHodasHOCT UX Ghavkaiimux
coceaeil — oopasuos ¢ x = 0.04 u 0.14. I'panuus! 061acTH TOMOFEHHOCTH TBEP/IBIX
pacreopoB (CupsFegs)|xZnCraSs onpenensiy MO cpeAHeMY 3HAUCHHIO COCTaBa
MexAY ofHOGa3HBIMH M HeoauodasupMI 00pasuaMu. YCTRHOBIEHO, MTO B CHCTEME
Pa3phIB CIJIOIIHOCTH MIPOHCXOAMT B HHTEPBaJie cocTasoB x = 0.05-0.12.

DNeMEeHTHBIH aHANM3 BHINONHIM uiA 6-8 yuyacTkoB (TO4eK) MOBEPXHOCTH
kaxaoro obpasua. CornacHo AaHHbIM P3M Bce ofpasupl ¢ Toudoctsio < 3%
XapaKTEPH30BAIHCH PABHOMEPHBIM PaclpCACICHHCM B3STBIX ICMEHTOB N0 00BEMY.
B aucceprauuu mpeacraBieHsl MUKpodororpaduM IIOBCPXHOCTH H  JAHHBIC
DIIEMENTHOTO aHanm3a obpasnos ¢ x = 020 u 0.60, cuperenscrsylomue o6
YAOBNCTBOPUTCIBHOM — COBIIAREHMH COCTaBa MCXOIHBIX M CHHTC3WPOBAHHBIX
o6pasuos. Hanpumep, pealibHblit cOCTaB TBEPALIX PacTBOPOB 1A obpasua ¢ x = 0.20
oxazancs pasen (CugsoFeoss)ZngCraS;ep, @ A4 obpasma ¢ x = 0.60 —
(Cug20Fep21)Znp;Cra048303. B0 BceX CHHTE3MPOBAHHBIX TBEPIBIX PacTBOpax
naomonanca nebossttoil TedHUNT 1O cepe,

B 3.2 (HccaepoBanme MATHUTHBIX CBOHCTE TBEPALIX PacTBOpOB
(Cuy sFeq); . Zn,Cr,S,, mocTpoenne MareuTHOI $a30B0il 1HATPAMMBI) OMHCAHLI
MAarHUTHEIC CBOICTBA CHHTE3UPOBAHHEIX TBEP/BIX PACTBOPOB, KOTOPHIE HIMEDPANH B
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Tabmima 2. MarauTHble cBojicTa TBepABIX pacTBopoB (Cug sFeg 5)1..ZnCryS,

. Temneparypa [Tapamarn. Temn. —‘
Cocras, Havarnuyennocts, | MartuTHyi ynopajou., K Ktopy, 3ddektuasii
Zn) O (Oreop) P 5 K, | MOMEHT Maone MOMEIIT
x({n T'c em*/mois (Breop ) 1B Te | Te | Tn

6 K Hagg, B
0 18498 (19547) 3.31(3.50 347 :
0.30 17054 (13683) 3.05(245) 333 ] 12
D40 | 12666 (11728) | 2.27(2.10) | 330 | 13

0.50 9936 (9773) 1.78(1.75) | 327 | 14

0.70 6419 (5864) 115 (1.05) | 320 | 15 :
0.80 3692 (3909) 0.66 (0.70) i6 130.9 7.73
090 v 14 65.8 28.15
0.96 151 75 5.64
1% 18

*) Heopr.Mar., 2000, T36, 8, ¢. 916-919

T,K T,K
350 -] - 350

325 \'\ H 325

N ]
\
300 \ - 300
', Mapamartery |
1
275 ! - 275
= : e =
QeppumarneTnx ]
]
' |
20 Anrudeppo- 4 20

t
| MarHeTHK
I

15 / 15

/
CryHOBOE CTEKSIO V\

10 —_— , , T . , . 10
0,2 0.4 06 0.8 10

Cocras, X

Puc 2. CxeMa MaTHUTHBIX NEPEXOOB TBepanix pactsopoB (CugsFeps)ixZnCr,S,
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TemnepatypioM xiurtepsaie 5-300 K B cnabom (50 3) u cunbHoM (40 kD) MarHUTHEIX
nonsix. Ha ocwoBe nposenchHusix u3Mepennii Oblma coctabnena taGnuna 2
MariUTHLIX CBOfICTB M MOCTpoeHa MAariuTHas (asoBat JHArpaMMa TBEPABIX
pactBopoB (CugsFegs)«ZnCrySy, nokazannas na puc. 2. Ha auarpamme Moxio
BLIEIUTH YeThipe obnactu: theppUMarHiTHyio, TIapaMarHUTHYIO,
antiudeppoMarHuTHY0 W 06/1acTh, B KOTOPOH PCAM3YyeTCa COCTOAHME CIHMHOBOTO
crexna. Haubomemmas mnomans (2o x = 0.80) mpusamiexar ¢(eppuMariuTHBIM
cocrasaM Ha ocuoBe CupsFegsCraSs, B xoTOpRIX C HOHHKEHHEM TEMIIEPaTyPEI
Ha0mojaercss BO3BPATHBI  IEPEXOA B CIIHH-CTCKOJBHOE  COCTOAHUE  TipH
TeMIepaTypax 3aMopakuBaHns cnnuoB oT 12 no 16 K. Jlanee, ¢ pocrom coaepxanus
Zn BnoTh Jo x = (.95 nepexon B CIHH-CTCKONBHOE COCTOSHHE NMPOMCXONHUT U3
napaMarHuTHoH o6nactH. ITOMHMO yKa3aHHBIX MEPEXOOB, KOTOpHIE 3aBHCAT OT
TeMnepatypbl, B cucreMe (CugsFegs)iZnCrSy ¢ BO3PACTaHUEM X, KAK BHIHO U3
IMarpavMMBl, HMMCIOT MECTO KOHUEHTPAUMOHHBIC IICpCXOAbl  (heppHMArHeTHK—
MapaMarHeTHK ¥ NapaMarHeTUK~aHTH(EepPOMATHETHK. '
CHHH-CTeK0JIbHOE NOBEACHHE, CYINCCTBYIOLIEE B WCCIENOBAaHHLIX 0Opa3lax,
00BIYHO OOBACHAIOT HANMYMEM KOHKYPHPYIOLHX (eppo- H aHTHGEpPOMAarHuTHOro
B3auMoJeHcTeuil u pycrpauyeil cBa3ch. YkasaHHbE CBOHCTBA B CIy4ae CHCTEMB
(CupsFegs)1xZn,CrS, B paboTe 00CYKRAOTCA € YIETOM KPHUCTAUIOXUMMUYCCKHX U
MArUTHEIX OCOOCHHOCTEH KOMIIOHEHTOB, 00pasylomux cucreMy. Tak, MarHUTHEIE
cpoiicTBa 06pa3ioB B paiioHe x = 1 N0 Mepe YMEHLIICHHS KOHIICHTPALHH UHKA
O0BACHAIOTCA PACTIaioM TEMHKOMAANLHON MarHuTHOH CTpyKTyphl Ha ofmactd ¢
Pa3sHBIM TIEPHOIOM CIHMPATH, KOTOpad CTAHOBUTCS HEOJHOPOIHOM, HMTO OTpaKaercs
Ha YHIAPEHHM NWKOB HelTpoHorpamMM. PasMep M KOJMYECTBO BO3HHKAIOMMX
HEORHOPOAHOCTCH ONpPCEACITUOTC 11apaMeTpoM X TBEpHoro pacrTsopa Kak Mepoit
NPOCTPAHCTBCHHBIX  GuyKTyauuii B (CugsFeps)Zn,Cr,S,. ITpuyunoit
BO3HHKHOBEHUS HEOJHOPOAHOCTEH SBNAETCA HCOKBUBANEHTHOE OKPYXXEHHE MOHOB
Cr’*. Ta xe camad PHYMHA — MATHUTHOE pa3baBiicHHe A4 - MOAPENIETKH — ABASETCHA
OCHOBHEIM (hakTopoM, 0OYCTOBNUBAIOIIMM BO3HHMKHOBEHHE ¢ x > 0 COCTOAHHA
CIIMHOBOrO Crekia. 3mech B A-mofpemierke 6narogaps pasbasiieHHIO Co3aacTes
gedunut nonos Fe**, KOTOpI:IcY ¢ POCTOM X B JaHHOH MOfpeIeTke pacnonaraxprcx
cayuaiino, , XoTs Mexay uomamu Fe' u Cr* 'cymechyloT' CHITBHEIE
aHTH(EppOMarHuTHele CBepXoOMeHHEe A-S—B-mlaumojeficTBud, 3TH CBA3H HC

UMEIOT NePUOAUYECCKOro Xapakrepa. HOTOM)’ COCTOSHUC C JANBEHAM
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aHTH(EeppOMArHHTHBIM NOPAAKOM MEXIY MOMEHTaMu B A- H B-nojpeumrerkax
cniasos Ha ocHoBe CuysFeysCr,S; He MOXET OCYHICCTBUTLCA, H MPH NOHIKEHHHA
TEMIIEPATYPH! YCTAHABIIMBAETCA COCTOSHHUE CITHHOBOTO CTEKIA.

Eme onuuM GhakTopoM, KOTOPEHT OKa3bIBaeT BIMsSHAE HA MaTHUTHBIE CBOHCTBA
o6pasnoB (1 BO3HHKHOBCHUE CIIMH-CTEKOIBHOTO COCTOAHHUS), ABILETCS TeHICHIS K
YHOPS/I0YEHHIO HOHOB MEAd M Kele3sa B TETpadpHuYECKUX — [O3HLMAX
(CugsFeys)ZnCrSq.  Drma  teHpenums, oOycrosnenHas — aHepreriyeckoi
HedKBHBANENTHOCTEIC nosuuMit Cu u Fe, nauGonee cBolicTseHHa kpaiHeMy cocTaBy
CugsFeqsCrySs, KoTopoiil OTNHYAeT HajMyHe HOMHOTO KPHCTANLIorpaduyeckoro
nopsnka. Kak nokaszan 3kCHepHMeEHT, mnociefHee 0OCTOATENLCTBO 3aTpyliisieT
o0pas3oBaHuEe HENPEPHIBHOTO PSAa TBECPABIX PACTBOPOB B CIY4Yae, KOrZa BTOPHIM
KOMIIOHEHTOM CHCTEMBI CIIYXKHT coefuHeHue Tuna ZnCr,Si, HE H3OCTPYKTYPHOE
nepeoMy. Orcioma crlefye€T, 4YTO HEKOTOpas CTemeHb CBCPXCTPYKTYDIIOTO
pasynopanoueHus (eppuMAarHeTHKA, [0-BHAUMOMY, ABIAETCA HeOOXOMUMBIM
YCROBHEM i1 TOJydeHHs TOfHOHM CHCTeMBI TBEDJBIX PAacTBOPOB, a TAKKE
pEATH3AMNH CIHII-CTEKOIBHOIO COCTOSHHS, ‘

Tnasa 4. PA3PABOTKA VCJIOBHIl CHHTE3A TBEPIOBIX
PACTBOPOB CuysFep s, In,Cr,S;, HCCIEAOBAHHE UX MATHUTHBLIX U
KPUCTAJIOXHUMIYECKHX CBOVICTB cocrout u3 pasnenos 4.1 m4.2.

B 41 (Maywenswe ycnoBHiT CHHTe3a  TBEPALIX  pacTBOPOB
CugsFeg s, In,Cr;S,. Onpenenenne 06JacTH roMOreHHOCTH) OIMCAHBI NOMYYEHHE
¥ KPHCTALIOXMMHUA TBepIbiX pactBopoB CugsFeps<IneCraSy.

Beu cuntesnposanbl 00pasusr Cug sFeg s InCr,S, caeayomux cocTasos: x =
0; 0.10; 0.20; 0.30; 0.40; 0.42; 0.45; 0.46; 0.48; 0.50. ITo zauueIM PDA B cucteme
Cug sFegsCraS4~Cuyg sIng sCryS4 cyluecTByeT HENpCpPHIBHBIA Psill TBEPABIX PACTBOPOB,
KPHCTAILTH3YIOIIMXCA B oxHOR K Toi xe crpykrype Fd43m. Ha puc. 3 npueenena
32BHCHMOCTG IapaMeTpa peuleTkH oT cocrasa obpazna CupsFeg s InCr,S,, xoTOpas
HogYMHACTCA 3akOHy Berapaa. Kak MOXHO BHOETh, HapaMeTpsl 3leMEHTapHOH
AYeHKH € yBENHYEHHEM KOHLEHTPALUH n* pacTyT MO JUMHEHHOMY 3aKOHY, UTO
MOATBEPKIAET (AKT 3aMeMmEHNs MHHEM TPEXBAIEHTHOTo Xenesa (rs+ = 0.81 A;
Fees+ = 0.63A). C nomomsio PDA ynanocs Taxske 3aperncTpUpOBATh B MHTEPBANE X =
0.20+0.50 pednexcer (200} u (420), cBI3aHHEIE CO CTPYKTYPHEIM YIODSIOUCHHEM B
Terpadapudeckoil noapemerxke CugsFegs, InCr,S;. B ofpasiax ¢ MCHBIUIHMMH
3HAYEHHAMH X 3TH pediieKchl EPECTalOT 0GHAPYKHBATHCS 110 MCPE NPHBIHKEHUS
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Tabnuna 3. MexxatoMiibie paccToauus B TBEPABIX pacTropax CugsFeg s [nCr,S,

Cocras, ITapam
T PIVETP koS, A| Cu-SLA | Cr-SLA | Cr-S2,A
x(In) | pewertxna, A
0 9.902 2.259 2.319 2.408 2.375
0.10 9.931 2.265 2.326 2.415 2.382
0.20 9.957 2.271 2.332 2.422 2.389
0.20 9.993 2.279 2.340 2.430 2.397
0.38 10.023 2.286 2.347 2.438 - 2.405
0.40 10.018 2.285 2.346 2.436 2.403
0.45 10.041 2.290 2.351 2.442 2.409
0.48 10.050 2.293 2.353 2.444 2411
0.50 10.061 2.295 2.356 2.447 2414
a A
10,05 -
10,00 —J
9,95 4
9,90 &
i v ! v t T ¥ M T L T
0,0 0,1 0,2 03 04 05
Cocras, X

Puc 3. 3aBucuMocTh napaMeTpa pelIeTKH OT COCTaBa TBEPALIX. PAcTBOPOB
CupsFep 5, CryS,
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cocTaBa TBEpAOro pacTBopa k rparn4Hoil dase CugsFeqsCraSs, rae caepxerpykrypa
HC DPErHCTpHpyeTcs M3-33 OJM3KMX Benuyun ¢opm-¢axropa y aToMOB MeAM H
7mene3a; OIHAKO, OHA MOXeT ObITh OGHAPYKCHA MCTOAOM HeifTponorpadun.

Hcxons w3 napaMerpa pemeTkd GBUTH PACCHUTANB] MEXATOMHBIC PACCTORHNA
(rabm. 3) ¥ mMoKa3aHo, YTO MOHB! B TETPA3APHUECKHX Y3NaX YIOPHAOYHMBAIOTCA MO
ciuny 1:1, npu xotopoM GOARINOH MHOrOrpPaHHMK YCPEAyeTcs ¢ MAlCHBKHM B
IPaBUJLHON - nocaeaoBaTenbHOCTH.  Cornacno  HOHHBIM - pajnuycam, MeHbumH
Terpaszp 3ampmaer. Fe (0.60 A), 6omemoit — In (0.82 A), a. mpomexyTouHoe
nonoxenue npucyme Cu (0.74 A), xotoprit 3anumaer 6oMbmoil TeTpasap TONBEKO
TIpH MajioM KOJMYCCTBE 3aMECTUTEIA. '

B 4.2 (MaranTHbIe cBoiicTBa H MarHuTHasA dasosas IAATpaMMa TBEPAbIX
pactBopoB CugsFegs.In,Cr,S,) Ha puc. 4 nokasana MarHUTHas ¢a3osad AHarpaMMa.
TBEPALIX PACTBOPOB CugsFeps4In,Cr,S,. Haubonpiyro mnomams na mlarpaMme_
3aHMMaOT (eppHMArHUTHRIE COCTABBI HA OCHOBE Cuo5Fe05CrzS4, B KOTOpHIX C
TMOHIACHUEM TEMIEPATYPsl HAGIOJACTCA BO3BPATHBIA [EPEXON B CIUH-CTEKONBHOS
cocrograre. Kpome TtemneparypHo-3aBHCHMBIX mnepexonoB B CugsFeps«InCrySs
POCTOM X HMMEIOT MECTO KONLEHTPALMOHHBIC NCPEXONBE  “‘epphMariernk—
NapaMarHeTHK” H "napaMamemx—aumdwpponmme’fﬁx”, a TaKXe Nepexoipl THIA
“eppuMarseTHk—CnnnoBoe crekno” B pafione x = 0.37 m “cCoMHOBOE CTCKJIO—
antH(eppoMardeTyk” B paiione x = 0.42. Ha MaruutHo# dasooil muarpamme
TeepObIx pactBopoB CugsFeg s InCraSy, Taxum o0pa3oM, NPUCYTCTBYIOT YeTHIPE
o0nactH: QeppUMarnuTHaZ, MapaMArHUTHAH, aHTH(eppoOMarHuTHas H o6Jacts
CIIHHOBOTO CTEKJIA.

Panee ang CuyslngsCr,S; Meronom Hefitponorpagus 6nul0 110KA3aHO, UYTO
seimre Ty = 35 K aanpuuii antudeppoMarHHTHEIH DOPZIOK B COEAHHEHHH HCYC3ACT,
Ho Br1oTh A0 T = 85 K coxpauserca OnixHui MarHuTHBI HOPANOK, OTRETCTBEHHEII
33 BEPOATHOE BO3HHKHOBCHHE B HAHHOM HHTEPBAJIE TEMIIEPATypP CIIHH-CTEKONLHOTO
coctosHuda. OcobeHnoctb coemuuennii tana A'psA>'osCrX, ¥, B uacTHOCTH,
CugsingsCryS;, sarmouaercs B TOM, YTO 371eCh KaKIOMY HOHY Cr3+, BUJMMO,
~ cpoiicTennbl kax 90-rpaxycnoe deppoMarHuTHOC CBEpX0OMEHHOE B3aNMOIEHCTBHE
C TpeMst cOCCNAMHE Ha paccTosHuM re(l + Ao), Tak M aHTH(EPPOMArHHTHOE MPAMOE
d-d oOMeHHOe B3aUMOJIEHCTBHE ¢ TpeMs COocelsMM na paccrostum ro{l — Ay).
dopmupoBaHne - Takod HEOOBIMHOH MarHUTHOM CTPYKTYpHl B COEHMHEHHAX

+ a2
A 0_5A3+045Cr2X4 MOXHO 00BACHUTH NPEUMYLIECTBCHHBIM B3aHMOIEHCTBYEM KAXKIOTO
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Tabauua 4. Marnurisie coiicTa TBepAbIX pactBopoB Cup sFeg s, IniCraSy

Cocrus, o,l'cem/Monb [TT)
() SK(50K) Sty [ moateop B | TTeTy).K
0 _ 18498 (18131) 3.31(3.29) 3.50 Tc =347
0.10 21016 (20449) 3.76 (3.66) 2.80 Te =280
020 19581 (18278) 350 (3.27) 2.10 Te=215
0.30 14062 (12644) 2.52(226) 1.40 Te =120, T30
0.40 7008 (3395) 1.25 (0.60) 0.70 Ty=40
042 4022 (2249) 0.72 (0.40) 0.56 Ta=40
0.45 3494 (608) 0.63 (0.10) 035 Ty=40
0.46 2265 (574) 0.41 (0.10) 0.28 . Tn=30
048 551 (58) 0.10 (0.0D) 0.14 Tn=30
0.50 40 (12) 0.01 (0.00) 0 Ty28
T.K T, K
350~ - 350
300 —J - 300
250+ - 250
1 IapamarHeTrk
200 - 200
N r
150 -+ 150
OeppUMarHeTvik N |
100 PP . AurHgeppOMarHeTHK L 100
- A} N . L
50 - RN - 50
Crunosoe & ]
CTCKIIO ‘\\
1 A ) v T ¥ 1 M 1
0,0 0.1 0.2 0.3 04 0,5
Cocras, x

Puc 4. CxeMa MarHHTHEBIX 11ePEXONOB TBEPABIX pacTBopoB Cuy sFeg sxInCraSs
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nona Cr** ¢ wecrsio GRuskaiimMyu cocelaMH, TOrJa Kak B3aumozeiicraue. ¢ bonee
yIATEHILIMY COCENAMH He ApeBbIiaeT HECKOALKUX MPOICHTOB.

JIaHHBIC COOOpaXeHHA cIykaT oOOCHOBAaHHEM MOBBILEHHOW CKIOHHOCTH
o0CyXIaeMblX COCAMHEHHH K Tepexoly B CHHH-CTEKOJBHOE COCTOSHME.
CugsIng sCr.Ss, ¢ anTHEPPOMArHHTHEIMH B3aUMOJCHCTBHAMH MaridTHbLIX aTOMOB
Mexgry OGmoxalfiiamu coceqimMu, MHOro OOJNBIUMMH, 4eM B3auMomeiicTBHA c
cocelsIMH, CReIYIOIUMH 3a Omnxaiikmu, sBisercd ofHolt H3 Takux ¢as. 3aaaua
OTIpEliENicHHA TEMNEPAaTyphl TIEpEXoja COEMMHEHMs B  CIHH-CTEKIoo6pasioe |
COCTOSHHUE SBISETCS TPYRHO peliaeMoif, Korja MMeeT MecTO HaloXeHHs JApyr Ha
Zpyra NMKOB aHTH(EppOMAarHUTHOrO M CHHH-CTEKONBHOrO nepexonos. Ilpn
CTaHAPTHOM METOAE OIpEAENCHHS TeMIepaTyphl 3aMOPRKUBAHMA CITHHOB B
CugsingsCr,S; no maxcuMyMmy Ha TeMIepaTypHOH 3aBHCHMOCTH HAYyaIEHOH
HAMarHHYEHHOCTH BOZHHMKAIOT TPYJHOCTH, KOTOpEIe CBA3aHD! c
HEKOHTPOJMPYEMEIMH IIPHMECAMH M HecTeXHomerpuell oOpasios unM yacTH4HoH
pacxomnencanueii cnmHos. Onpexenenue Temieparypsl Heenst qng CugsIng sCr,Ss,
BeinonHeHHOE [ImoMee panec npu A = 10 — 110 k3, nano Bennduny Ty =35 K, B T0
BpeMs Kaxk MakcumyMy oTtpaxenus {100) Ha ero HeHTPOHOTpaMMe COOTBETCTBOBAIA
temnepatypa Ty = 29 K, mpakTtuuecku COBNAawwWas C HAUMMH MarHUTHBIMH
usmepenmsivu (Ty =28 K).

Tnaea 5. PA3PABOTKA VYCJOBHH CHHTE3A TBEPABIX
PACTBOPOB CuysFeys.G2.Cr,S,, HCCIEXOBAHHUE X MAT'HUTHBIX 1
KPUCTAJUIOXUMHUYECKHX CBOMCTB cocTout 13 pasnenos 5.1 n 5.2,

B 5.1 (Maydenme ycioBuil  CHHTE3a  TBEPALIX  PACTBOPOB
CuysFeqs,Ga,Cr;S,. Onpeneienne 06aacT roMOreocTH) ONKCANO NONYUSHHE
W arTecTanus Teepanix pactBopon CugsFegs.<GaCr,S;. bbinu cnmempon'aum
o6pasusl CupsFeys..Ga,CrS,s cnenyromux cocrapos: x = 0; 0.10; 0.20; 0.30; 0.40;
0.42; 0.45; 0.46; 0.50. ITo MarIUTOMETPHYECKUM JaHHBIM (HAMArHHYEHHOCTH,
temneparypa Kiopu) 1 PQA B cucteMe CugsFegsCraSs—CugsGagsCr,Sy cymectsyer
HENpepRIRHEIA PAN TBEPIBIX PACTBOPOR, KPUCTANMU3YIOUMXCS B OAHONH 1 To# XKe
crpykrype F4 3m.

Ilpn 3TOM 3aBHCHMOCT Mapamerpa pemerkH ot cocrasa (pHCc. 5) He
YAOBJCTBOpsAa Mpasuiny Berapaa, 4ro, BUAUMO, CBA3aHO. C OMH30CTBI0 HOHHBIX
paanycoB Rees = 0.60 Awu Rga+ =0.62 A u caszannoif ¢ 31uM cnaboii
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Tabauua 5. MexaroMiisie paccTosHUsS B TBEPABIX pactBopax CugsFeg s, Ga,CrSy

Coctas, | Mapavetp |, g3 & | cus2,A | Cr-S1,A| Cr-2, A
x{(Ga) peuictky a, A
0 9.902 2.2588 2.3188 2.4082 2.3755
. 0.10 9.911 2.2608 2.3209 24104 2.3777
0.20 9915 2.2618 2.3219 24114 2.3787
0.30 9.915 2.2619 2.3219 24115 2.3787
0.40 9.913 2.2613 23213 24108 2.3781
0.42 9.911 2.2608 2.3209 2.4104 2.3777
045 9.913 2.2613 2.3213 24108 2.3781
0.48 9.912 2.2611 2.3212 2.4107 2.3780
0.50 9.914 2.2616 2.3216 24112 2.3784
a, A
9,925 T
9,920
9,915 - 1 7
] i i 1
9,910
9,905
9,900
9,895
9,890 -4 T T " T T T T T v -
0,0 0,1 0,2 0,3 0,4 0,5
Cocras, x

Puc 5. 3aBucuMocTh NapaMerpa pelIETKM OT COCTaBa TBEPABIX PAacTBOPOB
CugsFeq 5xGa,CrSy
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3aBMCHMOCTBIO [apaMeTpa pelweTkH OT CcocTaBa NpH  Bo3pacTalolled  ponu
NpOCTPaHCTBEHILIX (AYKTyanHii.

Hexons w3 napamertpa pelreTky, OBTH pacCUHTaHB! MEXATOMHBIE PACCTOAHHS
(Tabn. 5) ¥ Moxa3aHO, YTO HOHBI B TETPAdAPHYECKHX Y3IaX YNOPANOUHBAIOTCA O
tany 1:1, Opx kOTOpOM GONbIIOH aHKOHHBIH MHOTOTDEHHMK 4epeayercs ©
MaJICHEKHM B TIPaBHIIBHOH nocnenoBatensHocTd. COrIaCHO HOHHBIM pajHycaM, B
MenbieM TeTpasape pasmemaercs Fe (0.60 A), B Gombmem — Cu (0.74 A), a
saMematoniuii von Ga (0.62 A) 3aHHMAeT FO3ULHH HEIOCTAIONIETO Kee3a.

B 5.2 (MarsuTHbIe CBOiiCTBA M MAarHATHas (a30Bas AHATP2MMA TBEPAbIX
pacreopoB CugsFe;s,Ga,Cr,S;)) Ha puc. 5 noxazana MarhutHas dazopas
IuarpaMma TBepabix pactBopoB CugsFegs,(Ga,CryS,s, MOCTpOeHHad I11a OCHOBE
TPOBEJCHHOTO 3KCIICPAMEHTAILHOTO HMccienoBauns. HauOomeiryro miomans na
AuarpaMMe 3aHEMaioT (eppumarnuTHeie coctassl ua ocuose CugsFe sCraSs, B KoTOpbIX
€ TMOHIKCHMEM TeMITepaTypsl Hablogaercs BO3BPATHBINA NICPEXOA B CIIHII-CTEKONBLHOE
cocrosuue. Jlanee ¢ BO3paCTaHHEM CONEpXAHHSA TraLlIHA B TBEPABIX pacTBOpax
MPOHCXONAT NEPEXoApl W3 INapaMarHWTHOH O00NacTH B CIHH-CTEKONBHOC M
auTHEepPOMArHIUTHOE COCTOAHMS. KPOMe 3THX TeMIepaTypHO-3aBHCHMBIX NIEPEXOROB B
CugsFeqsxGaCrySy ¢ poctoM x HMEIOT MeCTO KOHIEHTPalHONNEBIE TIEPEXOLNBI:
“theppuMarHeTHK—TIapaMarHeTik” ¥ “liapaMarHeTuK-aHTH(EepPPOMarHeTHK”, a Taike
nepexozibl THIIA “depprMartieTHx-CIMHOBOE cTeki0” B pakone x = 0.27 u “cuunosoe
crexno—anTngeppomarneTdk” B paitonte x = 0.40. Ha MarHuTHOR tdhasosoit uarpavMme
TBep/IBIX pactBopoB CugsFegsGacCrySy, TakuM 00pasoM, MPHCYICTBYIOT HEThIPE
obnactu: deppumaruuTHas, uapaMmarsurhas, autHdeppomarnutHas M obmacTe
CIIHHOBOTIO CTEKNA.

Hcxoas W3 nonydeHHbix MarHuTHbIX JaduHeix no  CugsFegs, GaxCrZS;‘,
akctpanomanueii 3apucuMocteit o(f) mpu T = 5 K x uynesoMy nomo Obuin
NONY4YeHbl BEMHYMHBI HaMarHWUYeHHOCTeH HACHIIEHHS B pacyeTe Ha MOJIeKyny
TBEPAOr0 pacTBOpA, KOTOPHIC 3aTeM OBUIM mepecunTaHbl B 3HAYEHHSA MAarHHTHOTO
MOMEHTA HACHIICHHS |is HA €TI0 XHMHYecKyio GopMyry. Pe3yabTaTs! NIPOBEACHHOIO
o0cyeta TUX JaHHBIX NOKa3aHs! B Ta61. 6.

Ilpy Maneix KOHLEHTpAUMAX 3aMcINaoNero aroMa Habmojaercs poct
MOMEHTa g, COTNACYIOMIHHCA ¢ MOMEHTOM, BBIYMCACHHEIM B COOTBETCTBHM C
Jasyxnojpemerounoit Moaenso Heenst no ¢opmyne ps = 3.5 +5x B npeanonmxenu

AJ18 HCCACAYEMOT0 TBEPAOro PaCTBOPA KATHOHHOIO paclpei€iCHus
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Tabnuua 6. MarnutHsie cBoHCTBa TBEPALIX pactBopos Cug sFeps..Ga,CrySs

N . IlapamarrnsrHad
Marrmstit Pacyersbiit | Temnepatypa
: HamaraugeHHoCTS womert mou S | Markwrami | macwerioro TEMIepaTypa
Cocras, x(Ga) a5, ['c cm’/Mos, o 2 IPPCKTUBHEIA MOMEHT
' (50) K g5 MOMCHT Jls, | ymopajgoyeitms
npu 5 (50) K ¢
pp/xum.d. pp/xim.d. T«T;. Ty), K 8,.K oo 1B
0 18498 (18131)- 3.31(3.24) 3.50 Te =347
0.1 21870 (21124) 3.91(3.78) 2.80 Te =295
02 18946 (18183) 3.39(3.29) 2.10 Tc=220,T,~25
03 (6284) (1.12) 1.40 T,=90 199.5 3.96
04 1138 (883) 0.2(0.15) 0.70 T, =40 1043 405
0.5 [} Ty =30 3138 4.04
T, K
- 350
- 300
-1 250
ITapamarueruk 1
— 200
- 150
100 - OeppuMarHeTHk N Aurndeppomarserik { 4p9
o
50— \ 1o
T ° CnMHOBOC CTEKIIO
’ )
1)
0, : — . , : . Jo
0,0 0,1 0,2 0,3 04 0,5
Cocras, x

Puc 6. Cxema MarHUTHBIX Nepexon0s TBePAbIX pacTBopos CugsFeg 5.,Ga,CrySy

19




Cups'Fe’'5xGa**Cr*",$%. Jlns AanHOH BaneHTHOH CXEMBI 3aBHCHMOCTh g (X)
JOJDKHA UMETE JHHEHBIH XapaxTep, Bopacras OT Hs = 3.5pp 10 Hg = 6} MO Mepe
CHWKEHHMS KOHIICHTpauMH (eppumarHeruka B TBepaoM pactBope oT x = 0
{CuqsFensCraSs) mo x = 0.50 (CugsGagsCrySs). I10 cBA3AHO € TEM, YTO 3aMEILEHHUE
HEMArHUTHHIME Homamu Ga®® nonos Fe®' B CuysFepsGa,Cr;Ss,  BIZBIBAS
YMEHBIUCHHE HAMArHMYEHHOCTH TETPadAPHYEcKOll MOAPEIICTKY, YBENIHYHBAET
oflly10 HaMarnu4eHHOCTs HACHILEHHS. 3aMmellieHHe TajUIMeM [pH He CIHIIKOM
Oonpryx ~kONMuECTBaX MAEHCTBUTENRBHO BEAET K YBEIMYCHHIO CYMMAapHOTO
MarHuTHoro Momenta. Opmako mnpu  ConblUMX 3ameleHHsx HaOmomaercs
YMEHBUICHUE NOJIHOro MOMENTA, KOTOPOE BhI3bIBacTCs ocnabneHneM 4-B-o6MeHIbIX
B3aUMOJelicTBUH B pesynbTaTe yYMEHBIIEHHS KOHLEHTpALHH MOHOB Xere3a B
TETPAdAPHUECKUX MO3ULIHAX.

Housl Ga**, kak M3BECTHO, HE HMEIOT COBCTBEHHONO MACHHTHOTO MOMCHTA H,
CACAOBATEbHO, HE MOLYT Y4acTBOBAaTh B OOMEHHOM B3auMojcicTeuH. B sTOM
cly4yae JOMHHHDYIOIIYIO POJb HauMHAeT HIpaTh CBEpXOOMEHHOE B3aHMOMNEHCTBHE
BHYTpH B-mojpelerxy, KOTOpas ¢ pOCTOM X pasfeisicIcs Ha JIBE MOAPEILETKH ¢
AHTHIAPAJUTENBHBIM PACHIONOKCHHEM CITHHOBBIX MarHHTHBIX MOMCHTOB. OTH HOBBIE
noapeierkd OyAyT oOnaiaTh pesyibTHpYOeH HamarHu4yelHOCTBI0 0 TeX HOp,
NOK2 He NPOM30MET NOMHOro 3avemenHs onos Fe** nonamu Ga’". B npenensuom
cnyqae CugsGagsCryS,; HAMarHHYeHHOCTH pammeréx uymo. Taxum oOpaszoM, s
Cug sFeg5.4Ga,Cr,S, nabmosaeMptii X0A KOHLENTPALHOHNON KpUBOH s (X), Kak M B
JPYTHX PAacCMOTPEHHBIX CUCTEMAX, CBUJICTENECTBYET O TOM, UTO B JAHHBIX TBEPABIX
pacTBopax IPOMCXOINMT He MpPOCTOEe MarHHTHoe pa3bapieHue HCXOXHOTO
deppuMarHeTsxa, HO HMEeT MeCTO H3MeHeHHe OOMEHHBIX B3aMMOJCHCTBHI,
CBSI3aHHBIX C OIIPEeNIeHHBIM KATHOHHEIM pacnpcnenchucm.

Tnasa 6. OGCYXJIEHUE PE3YJIBTATOB

Ha Maruurherx $a3oBpIX AvarpaMmax ofpaiaer Ha cedsa BHEMAHHE TO, YTO BO
BCEX TpeX MCCHEOBAHHBIX CHCTEMax nau6onsmym IUIOIAAs  3aHMMAIOT
deppumarnuTisie coctaski Ra ocHoBe CugsFeysCraSs, B KOTOPBEIX ¢ NOHHXCHHCM
TEMIIEPATYphl HalniomaeTca BO3BPATHEIR TIEPEXOX B CIIHH-CTEKOJIBHOE COCTOSHHE.
OCHOBHEIM TIPH3HAKOM 3THX COCTaBOB, OTJIHYAIOIUHX MX OT OOBIYHBIX CHHHOBBIX
CTEKOJ, SBIMCTCA Hamuuue B ofpaziaX CnoHTanHOW HaMarHUYEHHOCTH, KOTOpas
CyIIECTBYeT KaK BBIUIE, TAK M NS TCMIICPATYphl 3aMOPaKHBAHHA CIIHHOB. JTO

JIOKa3pIBaeTCs NOCTPOEHHEM KpuBHIX bBenopa-Appora o’(H/s) u sxctpanonsuueit
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NIPAMONMHEIHEIX YUACTKOB KPHBEIX JIO TIEPECEUEITHA C OCBI0 G°, KOTOPHIE OTCEKAIOT
Ha Hel  MONOKUTENRHRIC OTPE3KH, CBHACTENLCTBYS O HAIMYMH CIIOHTaRHOM
* HAMarHHYEHHOCTH B HCCIEA0BaHOH o0nacTH HU3KUX TeMnepatyp (Bnnots jJo 5 K),
simioyatomneit U Ty Taxum obpasom, 6eckoHeuHbli (eppumarHuTREI Kinactep npu
pasbasmeHun CugsFegsCryS, nposoibkaeT CyHICCTBOBATE M HMXKE TEMIEPATyphi
3aMOpAKUBAHUA cmAHOB. BHyTpu 1ero pacnosnoraotes o6gacTH €O CHMH-
CTCKOJIBIIEIM ~ COCTOsaMeM. M3 cnanos  TeMIEpaTypHOH — 3aBHCHMOCTH
HaMardH4eHHOCTH MOXHO OPHEHTHPOBOMHIO OLCHMTh BEJIHYMHY CIOHTAHHOIO
MaruMTHOro MoMenta np 7< T, oHa CYIIECTBEHHO MCHBIIE MAarHHTHOIO MOMENTA
3.5 pp, xKoTopnlii nabmonancst Ob1 NpH MOTHOM (EPPHMArHHTHOM YNOPAZOYEHHH
MOMEHTOB HOHOB. OJTOT (aKT, Hapamy C yBEIMYEHHEM YIia Hakiona [ojeBoH
sapucuMoctH o(H) x ocu temmepatryp npu 7 = 5 K, takke roBopuT B [0JIB3Y
cymectsoBanuii mpu T < Ty B OeckoHeylioM (eppUMarluTHOM KiacTepe -
MUKPOOOJIacTeif CO COUH-CTEKOJIBHBIM COCTOSAHHEM, CYMMapHbI 00BCM KOTOPBHIX
MOXHO OIICHHTh 1O pasHOCTM MAarHHTHBIX MOMEHTOB obpasua JO M Hocne
JOCTHXEHHS TEMIIEPATyphl 32MOPAXKHBAIIMS CIUHOB.

C BO3PAaCTZHHCM CONEPXaHus AHTH(EpPOMArHCTHKAa B TBEPABIX PacTBOpax
. NPOMCXOIAT MEPEXOLbl K3 NapaMarHUTHOH OONACTH B COHMH-CTEKONBIOE K
antudeppoMareuTHOe  cocTosHHe. Kpome 3THX  TeMIIEpaTypHO-32BHCHMBIX
NIEPEXONI0B € POCTOM JHMIaTyphl MMEIOT MeCTO KOHIEHTPAUMOHHEIE MEPEXOMbl:
(deppuMarHeTHK-TIapaMATHETHK M MapaMarHeTHK—aHTHGEPPOMAarneTHK, a TaKxke
HEPEXOAbE - THNA  (eppUMATHETHK—COHHOBOE CIEKJIO M CIHEOBOE CTEKJIO—
aHTH(EPPOMATHETHK, TO €CTh NMEPEXo/] OT PeppHMarHeTHka K aHTH(EPPOMATHETHKY
B CHCTeMC MPOHCXOAMT 4epe3 NpOMCKYTOuHylo ¢asy cmumosoro crekna. Ha
MaruuTHOM  ¢asoBoii . qUarpamme TBEPIBIX PAcCTBOPOB, TakuM  0Opa3oM,
TIPHCYTCTBYIOT yerslpe  ofmacTu: ¢eppuMarHuTHad, napaMarHuTHas,
aHTH(eppoMarHuTHas 1 061acTh CIMHOBOTO CTEKIIA.

INpakTuuecku Bcerna  ocnabnenue KOOIEPATHBHEIX OOMCHHBIX
B3auMoyeiicTBuil B deppuMarHernkax, 0GyC/IOBIEHHOE BBICOKOH KOHLEHTpaLuMeH
HEMATHHTHBIX HOHOB B ONHOM HAHM ABYX NOJpENIETKaX, BHI3BIBAET HApyUICHHE
(heppEMArHHTHOTO YNOpPAZOYEHHs, KOTOpPOE IMPOAB/IETCA CKOPEEe B H3MEHEIHH
NOKAILHOH OpMEHTAUMM CIIMHOB HONOB, HEXEJIH B BO3HHKHOBCHHH TPEYrOBHOIO
YHOPAAOYEHHS JMGO Kakoro-HuOyAL Jpyroro HEKOUIMHECAPHONO CHHHOBOCO
JanbHEro nopsaaxka. B CHHTE3MPOBaHHBIX HAMH NOJHBIX pAnaxX TBEPABIX PacIBopoB
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(CupsFeq s)1.x20,CroS4 , CugsFeg s InCrySy m CuysFey 5.,.Ga,CraSy 3amernenue HoHoB
eEMe3a HEMArHYTHBIME HOHAMH LHHKA, HHAHS W TALIMA NPOUCXOMHT BO BCEM
uHTepBane KoHueHrtpamuit. Crosb GOJNBIIOE KOJIMYECTBO HEMArHUTHBIX HOHOR,
KOTOpbIE MOTYT OBITh BBENCHHI B KAUCCTBE 3aMEHMIAIOMMX B (eppUMarHeTHK
CugsFeosCrSy, OTKPHIBAECT BO3MOXHOCTH OOCTOSTENRHOTC CPABHEHHS TEOPHH €
9KCIEpUMEHTOM. CnocOOHOCTE HIMMHENBHBIX COeUHEHMHE K  00pasoBaHHIO
NPOTMKEHHBIX TBEPABIX PAcTBOPOB M M30MOPQHBIM 3aMEUICHUAM B KaTHOHHON
NOApPENIETKE MO3BOJISET H3YYaTh H BaPLHPOBATH COOTBETCTBYIOIIHE CBEPXOOMEHHbIC
B3aUMOJEHCTBH € Yy4YacTHeM OTHENBHEIX MAarHHTHEIX TOZPENICTOK ‘B HEAX
NOTyYCHHS HOBBIX MACHUTHEIX MAaTEPHATIOR € TPEOYEMEBIMU CBOHCTBAMM.

BriBoasl.

1. Paspaboranst (M3MKO-XMMHUYECKHE OCHOBBI M CHHTE3HPOBAHBl TPH Dsia
TBEpHbIX  pacTBopoB B cuctemax  «geppumarnernk  (CuosFeosCraSq)-
aHTH(EPPOMArHeTHK», TAe autHdeppoMarHeTHkamu semmores  ZnCrS; u
Cuo 54 5CraSs (A=In,Ga), kotopere, 3a uckmoyeHneM ZnCr,S,, OTHOCATCS K Tpynnc
A'osA™05CrXy ¢ ynopanouennem no tany 1:1 pasHopanenTHbix HonoB A* u A* B
TETPadAPUMECKHX y371aX IMUHEH.

2. TMokazano, yto B cucreMax CugsFeosCraSy - CugsAgsCrSs (A=In,Ga)
olpasyercs HenpepsIBHBIMA Pl TBEPABIX PACTBOPOB, B TO BpeMs Kak /g TBCPHbIX
pactBopoB (CugsFeys).Zn,Cr,S; cymecTsyer pasphis  CIUIOMIHOCTH B HHTEPBANe
0.05<x<0.12, cBA3aHHEIA C PAINHIHEM KPUCTAIHYECKUX CTPYKTYP IPaHHYHBIX das.

3. Onpenenensl napamerpbl PEIIETKH H TOCTPOCHBI HX 3aBHCHMOCTH OT
coctaBa. Paccuntans mmesl casseit A-S , A™- S, Cr,-Cr, mns Beex ofpasios.
YCcTaHOBIEHO, YTO BCJIEACTBHE CTPYKTYPHOIO YMOPANOYEHHS B PEIICTKC LIAHEH
NPOMCXOANT CMCIIEHHEe KAaTHOHOB M3 CBOHX MO3HIHIA U, COOTBETCTBCHHO, W3MCHEHHE
JUIMH YKa3aHHBIX CBA3eil Ha ~2%.

4. TokazaHa BO3MOMHOCTE NOAYUEHHs Ha OcHoBe THonmuuenn Cug sFegsCrSy
nyTeM KOHTPOJIHPYEMOro 3aMeltenus B A-nonpemerke HOBBIX
BBICOKOTEMINEPATYPHBIX (hepPUMArHATHBIX I0J1YNPOBOZHHKOB ¢ Toukoii KiopH Brite
KOMHAaTHOH TEMIIEpaTyphl, YTO SABIACICH HEOOXOAMMBIM YCIOBHEM HX IMHPOKOTO
HCIOJIB30BaHHS B MATHHTORJIEKTPOHUKE H HEGOPMATHKE.

5. Hsyuenst TEMIIepaTypHEie 3aBHCHMOCTH HAMarHWYeHHOCTH
CHHTC3HPOBaHHBIX MAarHHTOAaKTHBHBIX ¢a3 B CHIBHOM H crnaboMm mole nOpH
OXJIAXIAEHHH B TIOJIE U Ge3 10714, a TakxKe MOJeBble 3aBHCHMOCTH HaMarHHYEeHHOCTH
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10 40 k3 npu Temnepatypax T = 5 - 300 K. Onpegenern! kaTHoHOe pacnpeaeiietne
H 3JCKTPOHHBIC COCTOAHUSA WOHOB B HCCIEAOBAHHBIX COCTABAX, 4 TAKKE HX
H3MCHCHHE B 3aBUCHMOCTH OT CTCIIENH 3aMCHICHHS. '

6. Hsyuensl OCOGEHHOCTH  KOHLCHTPAI[HOMNLIX MATHHTHBIX  (a3OBBIX
[CPEXOA0B B HOBbIX CHCTEMax YCTanosjeHo, uro usomopdHoc pasbasnenne
HMCXOJIHOTO O/IOPOJHON0 MATHETHKA NPHBORMT K BOHHKHOBEHHIO 1IEO[NOPOIHOT0
MariMTHOrO COCTOSHUA U 00pA30BaHMIO HOBEIX MArHMTHEIX a3 THIA CHHOBOIO
cTeisia H3-3a QUIYKTYyalHH 3HaKoB M BCIHYMH OOMEHHOTO B3aHMOJICHCTBHA MEXIY
MArHETHEIMUM HOHAMH [pH CITyuailiioM pacronoxenun woros Cu’, Zn®, Fe**, In*'n
Ga’'s TETPAsAPUYCCKUX MOZUIMAX IITHHETH,

7. TloctpocHsl MarnuTibie (a30BLIE JUArPAMMBI HCCIICHOBAHHBEIX TBEPABIX
PacTBOpPOB, XapaxkTepusyloILuecs HATHYHEM CIEAYIOIIMX MAarHUTHHIX oOnacTei:
napaMarauTHolN, (CppHMarHUTHON, CIMHOBOTO cTekna H anTH(EeppPOMArHUTHO,
YToullensl  KOHUEHTPANMOHHBIE H TEMIEPATYPHBIC TPAllMLEl  CYIICCTBOBAHMA
YKA3aHHBIX MAariuTHEX ¢a3s. Ha Bcex auarpamMmax HauGONBILYIO MIOLAKE 3aHAMAI
deppumarnetr  CugsFegsCrySs, B KOTOpOM DNpH  IIOHHMKEHMH —TEMOCPAaTyphl
HPOHCXOANT MATHUTHELH NEPEXOL B COCTOSHHE BOIBPATHOIO CIIHHOBOTO CTEKIIA.

8. Jlna Bcex TBEpABIX paCTBOPOB TNOCTPOEHB!  KOHLEHTPAUHOHHBIE
3aBMCHMOCTH MAriMTHBIX MOMCHTOB HACBIIICHHS, KOTOPHIE HHTCPIPETHPYIOTCA Ha
OCHOBe JByxmozpeweroyHoit moaenu Heens, yuurelBaiomeli BAusHHE Ha
HAMArHUYEHHOCTh KATUOHHOI'O 3aMCUICHHA B TBEPAOM pacTBOpDE. Hauanpneiit poct
MarHUTHOTO MOMCHT4 [POMCXOJHT H3-32 YMEHBIIEHHS B  A-NOApEHICTKE
anTH(EPPOMATrHHTHO OPHEHTHPOBAHHOIO xene3a. JansHelluni pocT KOBIEHTPaUUH
LMHK2, TUUIAS WIH HIOHS, 0CHafmiias MeXNOXpeweToqHblii 00MeH, yMeHbLuaer
CyMMapHBIi MATHHTHBIT MOMEHT MONeKynsl M yeennumbaer B ofpasue Hucno
aHTH(epPPOMAarHUTHBIX KNacTEPOB.

OcHOBIILIE PE3YARTaTH paboThl O11yONHKOBAHLI B CIEAVIOUIMX H3MaHUAX:

1) T.T. Amunos, I'. I'. Illa6ynuna, 0. Y. Kupasuxun, A. C. Boromskos. MarautHas
¢azopas JuarpaMma TBEPABIX PacTBOpoB (CuygsFeps)1-xZn,CrsS,.
Konaencuposarnsie cpeast 1 Mexasnele rpanuusl, 2009, Tom 11, Ne 3, C. 190-193.

2) B. M. Hosotopues, I'. I'. Illadynuna, T. I'. Amunos, J{. H. Kupasukun. Teepasie
pactBopbt (Cug sFes)1-xZn,Cr,Sy: cuuTes u MaruuTHbie coiicTa. M3pectus BRICIHAX

23



yueOHBIX 3aBellenuii, XUMHI M XHMHUecKas TCXHoNorus, r. HMeanoso, 2010, Tom 53,
Ne 11, C. 52-56.

3) T. T. Amunos, I'. I'. Ulabynuna, J{. H. Kupmaukug, E. B. Bymesa, B. M.
Hosotopues.  MarnutHas  ¢asosas  AuarpaMma  TBEpPARIX  PacTBOpPOB
Cuo sFeo s In,Cr.S4. Konnencuposannsie cpenst 1 Mexdasnsie rpanuust, 2011, Tom
13, Ne 1, C. 105-110. '

4) T.T. AmuHog, I, I'. Wabynuna, 1. Y. Kupnankun, A. C. Boromskos. MarnaTHas
¢asopas quarpamma teepubix pactBopos (CuysFeg 5)1Zn Cr,Sy. COopurk noKnaT0B
Mexynaponuoi Hay4qnol kondepenuu ®TT-2009, MuHCK 2009, 1, C. 229-231.
5) Aminov T. G., Shabunina G. G., Kirdyankin D. 1., Novotorcev V. M. Magnetic
properties of solid solutions (CugsFeqs)i«ZnyCraSs. XXI Mexnynaponnas
KoH(epenys «PeakcauuoHHRe ABICHHS B TBEPABIX Tenaxy» 14-17 centabps 2010,
Boponex, C. 191-192.

24



TTonmucairo B ncyaTh: 17.05.2011

3akas Ne 5557  Tupax - 100 3x3.
Tleyars rpadapernas.
Tunorpadgua «11-it QOPMAT»
HHH 7726330900
115230, Mockea, Bapmasckoe 1., 36
(499) 788-78-56

www.autoreferat.ru


http://www.autoreferat.ru

