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(M = Cr, Fe, Mn) CO CTPYKTYPOW NOABUTNTA
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MoHokpucTanibl MeaHbix okcubopatos co cTpykTypoii stogeuruta CusMBOs (M = Cr, Fe, Mn) c pastbivn
3aMeLLeHUsIMU B TPEXBafIeHTHOW nogcmcteme ObIM MONyYeHbl U3 PacTBOPOB-PacniaBoB Ha ocHose BisOsz—
MoO3—Na>0-B20s3. lMpoeegeHo noppobHoe CpaBHEHME CTPYKTYPHbIX CBONCTB MOJYHYEHHbIX COEQUHEHWN C
MOMOLLbIO METOAOB PEHTFEHOCTPYKTYPHOrO aHafin3a U CrEeKTPOCKOMMUU KOMBMHALMOHHOrO paccesiHusi CBeTa.
C nomoLblo faHHbIX METOAMK TakXKe MPOoaHaan3nMpoBaHa CTeneHb KaTUOHHOMO YNopsifoHeHusl B JaHHbIX JItO-
asurutax. MNpeacTasieHbl U NPOaHANN3UPOBaHLI TEMAEPATYPHbIE U MOJEBbIE 3aBUCUMOCTI HAMarHUYEHHOCTM
nonydentbix ntogsurutos CusMBOs (M = Cr, Fe, Mn).

Cratbsi npesctasaeHa B pamkax nybavkayuu matepuanos VIII Espoasuatckoro cumnosuyma
« TerngeHynn 8 marHetusmes (EASTMAG-2022), KazaHb, asryct 2022 r.
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Memabie okcuOOPATHI CO CTPYKTYPOIl JIFOABUTUTA

CuzM3*BOs (M — HOH NEpexojHOrO MeTaslia) Mo-
I'yT OBITH BBIJIEJIEHBI B OTJIC/IBHBIN TOJIKIACC B PaM-
* E-mail: ekoles@iph.krasn.ru KaX CBOero ceMeicTBa BCJeEJICTBHE MOHUKEHUSI CHUM-
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PocT, ctpykTypHble n marHutHble csolictea CusMBO5s (M = Cr, Fe, Mn). ..

MeTPUU C POMOUYIECKOHN IO MOHOKJIUHHOW, Prpma —
P21 /¢, OTHOCUTEIBHO CTPYKTYPBI HPUPOJHOIO MUHE-
paJia JIoIBUruTa, 9TO BBI3BAHO b derTom na— Tes-
nepa karnoma Cu?t. M3BecTHO OKOJIO JecATKa Melb-
COJIEPZKAIIUX JIOJABUIUTOB C TOMOMETAJLIMIECKOl (Ka-
THOH OJHOTO THUIIA) U IeTePOMETAUINIecKoi (TBep-
JIble PACTBOPBI) TPEXBAJIEHTHOII I0/[CUCTEMOI, a8 UMEH-
Ho M = APt [1-3], Ga3T [1-4], Fe3* [4,5], Mn3* |6,
7], Cr¥ (8], (SmgECugt)®t (9], (Fer—oVe)*t [10],
(Mn;_,Fe,)3* [11], (Mn;_,Ga,)3* [12,13]. CTpykTy-
pa JIOJBUTHUTA, SBJISETCS KBAa3WIBYMEPHOMN, COINEPIKUT
YeThIPEe HEIKBUBAJIEHTHBIX KATUOHHBIE MTO3UIUU, KOTO-
pble ¢ pa3Hoil BEPOSTHOCTHIO, B 3aBUCUMOCTH OT COD-
Ta, 3aHATHI JIBYyX- 1 TPEXBAJEHTHBIMU HOHAMU. Pacipe-
JieJIeHre PA3HOBAJIEHTHBIX KATHOHOB 110 HEIKBUBAJIECHT-
HBIM [TO3UIINSIM B CUJILHO CTEIIeHHU BJIMSIET Ha CBONCTBA
JIIOJ[BUTHTOB.

MejiHblie JIIOJBUTUTBI ¢ PA3JIMYHBIMU KATHOHAMU B
TPeXBaJIEHTHON MMOJICHCTEME SIBISIOTCS OObEKTAMU Psi-
Jla HeNABHWX wuccaenoBanuii |7, 8, 14-16|. Boissrens
HOBBIE CBONCTBA, MO3BOJISIIONINE OTHECTU JIIOJIBUIUTHI
K (DYHKIHMOHAJIBHBIM MaTEpPUAJAM C TOTEHIUAIbLHOM
BO3MOKHOCTBIO TIpUMeHeHus B Oymaymem. B jonsu-
rure CusMnBOj5 obHapyKeHbl aHOMAJbHAS HEJMHEH-
Has 3aBUCUMOCTb MarHUTOCTpUKIMHY [15] u Bpaiaresin-
HBIl MarauToKajgopuueckuit addexr [16], xpomcomep-
xamuit CusCrBOj5 siBisiercst myibrudepponkom u 06-
JIAJIA€T JTOCTATOIHO BBICOKOM ISl KBA3U/IBYMEPHBIX Ma-
TEPUAJIOB TEMIIEPATYPOil MATHUTHOTO yIIOPSAOYEHUST
(Te =~ 120K) [8]. CTpyKTypHBIE U MAIHUTHBIE CBOi-
crBa CugFeBOjs seMOHCTPHPYIOT BBICOKYIO YyBCTBHU-
TEIBLHOCTD K UCIOJIb3yeMON METOJIMKE pOCTA, TPOSABJIs-
OILYIOCST B PA3JIMIHOM PACIPEJIeIeHI MATHUTHBIX Ka-
THOHOB 110 HEIKBUBAJEHTHBIM TIO3UIUAM U, KaK CJIEJI-
CTBUE, U3MEHEHUN TIOC/IE0BATEILHOCTH (PA3OBBIX e~
pexozios [5,17].

BBuny 3mavuTenbHON aHU30TPOIINUA POCTA JIIO/IBU-
TUTOB, OJHUM U3 HAMOOJIEe MOIXOISIIINX METOIOB JIJIst
[TOJIy9€HUsT MOHOKPUCTAJLIOB JIAHHBIX COEIMHEHUIl STB-
JISIETCST MCIOJIb30BAHHDLIN B JAaHHOW padoTe pacTBOP-
pPaCIIABHBINI METOJ, O U€M CBUJIETEILCTBYET PsJL Pa0oT,
B TOM uncie panuue [5,17]. Xpom-MeHbLi JIEOBAIAT
parmee ObLIT JIUITDH B BUJIE MOJUKPUCTAINICCKOTO 00pa3-
1A, TTOJYI€HHOTO METOIOM TBepIodas3Hol peakiun [8].

B manmnOll pabore mnpejcTaB/eHbl PE3YIBTATHI U3Y-
YeHUsI IIPOIECCa KPUCTAJLIOO0PA30BAHUS C UCIIOJIb30Ba~
HUEM PACTBOP-PACIIABHOIO METO/Ia, CDABHEHUE CTPYK-
TypHBIX U MarHUTHBIX cBO#CTB CusFeBO5, CusMnBOs5
u CuyCrBOj5 ¢ mpusiedeHmeM MeTOIOB PEHTIEHO-
CTPYKTYPHOTO AHAJII3A, CIIEKTPOCKOINN KOMOMHAITNOH-
Horo paccestaust (KP) cBera m maranTomerpun.
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2. METOJUNKA SKCIIEPMMEHTA

2.1. PacTBOp-paciiaBHbIii CUHTE3

st mosydeHnst MOHOKPHUCTAJIIUIECKUX 00PA3IoB
mongsurutoB CusFeBOj5, CusMnBO; m CuyCrBOj
UCIOJIB30BAJIC  paTBOp-paciuiaBubiii Merox. O6pas-
16l BBIPAIUBAJINCH IPU aTMOC(EPHOM JABJIECHUU C
HUCIOJIL30BAHUEM PE3UCTUBHON IIe4d, OCHAIICHHON
KapOUI-KPEeMHUEBbIMU HarpeBaressmu. Pabounii Tem-
nepaTypHbIii guanazon cocrasiser 1T = 750-1100 °C.

PacTBOpBI-pacIIaBbl I KazKJIOrO  OTAEIHHOTO
SKCIICPUMEHTa TOTOBHJIUCL B  ILIATHHOBOM THIJIE
(V = 100cv®) npu temmeparype T = 1100°C my-

TeM TOCJIEJI0BATE/ILHOTO CILIABJIEHUS] KOMIIOHEHTOB
PACTBOPUMOIO ¥ PaCTBOpPUTENsA. |IpUroTOBJIEHHBIE
PACTBOPBI-PACILTIABBI TOMOT€HU3NPOBAJIUCH B TEUYEHUE
34 upu Ttemneparype 1’ 1100°C. 3arem oreHu-
BaJIOCh KPHUCTALI000pa30BaHie B MPUTOTOBJICHHBIX
pPACTBOpaX-pacIiaBax, W3yYaJUuch MOCIEI0BATEHLHO-

CTH BBICOKOTEMIIEPATYPHBIX KPUCTAJTHIYIOMUXCs a3
B IIIPOKOM TEMIIEPATYPHOM jmanal3one. /s Beipamu-
BaHUsI MOHOKPHUCTAJIIMIECKAX OOPA3IOB JIIOIBUTUTOB
[ocJie  TIOMCKOBOW CTaJIMM TEMIIEpATypa B II€Yd CHa-
“aja CHUKAIACh OBICTPO, co ckopocThio 200 °C/u, mo
otnpeJieieHHol TeMeparypbl Tgiqre, Jajee MeJJIeHHO,
co ckopoctamu 1-4°C/cyr. Tocse okoHuaHus drana
pocTa BBIPOCIINE MOHOKPHUCTAJUIBI  OTIEJSIIUCh  OT
OCTATKOB PACTBOPA-PACILIABA C HOMOIIBIO TPABJICHUS
B 20-IIPOIIEHTHOM BOJHOM PaCTBOPE a30THON KHUCJIOTBI
HNOg3. Hust Beipamusanus Jjoasurura CusMnBO; —
HanboJIee UCCIIEIOBAHHOIO U3 MPEJCTABJICHHBIX B JaH-
HOII paboTe — WUCHOJB30BAJACH PACTBOP-PACILIABHAS
cucTeMa, AHAJIOTUIHAS IPUBEJIEHHOl B padore [6]:

75% macc. (BiaMo3O12 4+ 0.7NagO + 0.6B203) +

+ 25% macc. (2CuO + 0.5Mn2O3 + 0.5B203). (1)
Temmeparypa HACBHIIEHUS JAHHONR CUCTEMbI COCTABILIA
Tsqr = 865°C. Pocr npoussojuicss B TedeHue 7 Cy-
TOK, ¢ MOHUYKEHUEM TEMIIEPATYPbI B IEUN CO CKOPOCTHIO
4°C/cyr or craprosoit remueparypbl Tsiqrt = 855 °C.

PacrBop-paciiaBHasi cucrema Jijisl BbIPallUBaHUsI
monsuruta CusFeBOs nmena Buzg

70% mace. (BigMo3zO124+NasO+2.34B305+ CuO)+
+ 30% macc. (2Cu0 + 0.5Fe303 + 0.5B203).  (2)
TemIepaTypa HACBIIIEHAS PACTBOPa-PACILIABA COCTAa-

Buta Tsq¢ 935°C mpu cTaproBOil TeMmieparype
Tstart = 925°C. CKOPOCTD HOHUKEHUSI TEMIIEPATYPBI

Ha crajuu pocra 4 °C/cyT, nporecc pocra TakkKe Co-
ctaBuyI 7 cyT. Beipociiime MOHOKPHUCTAJIIBI B BUJIE Ue€P-
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HBIX Y/UIMHEHHBIX HTPU3M O0JIAJIAI0T MAKCHMAJbHBIMU
pasMepamz 2 X 2 x 10 v,

PacrBop-paciuraBrast cucreMa, B KOTOPOH KPUCTA-
smzyerca uckomasi daza CusCrBOs co crpykTypoit
JIOJBUTHTA, UMEJIA BUJ

94.4% wmacc. (BizOs + 1.39Mo00Os3 + 0.5Nas O +
+4B203 + 1.1Cu0) +

+ 5.6% macc. (2Cu0 + 0.5Cry03 + 0.5B203).  (3)
Kpucramis Cus CrBOs B Buie TeMHBIX (B TOHKOM CJIO€
3€JIEHO-KOPUIHEBBIX) MEJIKUX BBITSHYTBIX IPU3M OB
[OJIYYEHBI METOJOM CIHOHTAHHOW KPUCTAJIN3AIN U3
pactBop-paciutaBHoii cucremsl (3). CraproBast Temre-
parypa 6bu1a BbiOpaHa Tt = 850 °C, TeMir cHU»Ke-
Hug Temieparypbl cocrasui d1/dt = 1°C/cyr, npo-
IIeCC pOCTa 3aHAT 7 CyT.

2.2. PeHTrenoBcKasi Judpaknms Ha
MOHOKPHUCTAJJIAX

Kpucramaeckast CTpyKTypa MOHOKPHUCTAJLIAYE-
ckux obpasnos soaBururoB CusFeBOs; u CusCrBOs5
HCCJIEIOBAJIACEH C TIOMOIIBIO METO/Ia PEHTTEHOBCKO JTU-
dbpakyuyr Tpu KOMHATHON TeMIIEpaType ¢ UCIOJIb30Ba-
uuem judpakromerpa SMART APEX II (uziayuenue
MoK, A = 0.71073 A) CTpyKTypbl GBI PEIIeHBI (T.e.
OTIPEJIEJIEHBI KOOPMHATHI ATOMOB U PACCTOSIHUS MEIK-
Jly HUME) HOPAMBIM METOJOM € MOMOIIBIO IIPOIPAMM-
voro nakera SHELXS u yrodHeHbI ¢ IIOMOIIL aHU30-
TPOITHOTO MOJIX0JIA JIJIsl BCEX ATOMOB C HCIOJIb30BAHU-
em nporpammbl SHELXL [18]. CrpykTypHbIil TecT mjis
BBISIBJIEHUST TIOTEPSIHHBIX CUMMETPHUIHBIX 2JIEMEHTOB W
BO3MOKHBIX ITyCTOT OBLI BBIOJHEH C UCIOIB30BAHUEM
nporpammbl PLATON [19].

Kpucrammaeckast CTPYKTypa JIIOJIBUTHTA,
CusMnBOj5 Takske OblL1a wmcciiemoBaHa ¢
b0 Meroja pentrenosckoit mudpaxiuu (XRD) ma

IIOMO-

MOHOKpHCcTasute. MaccuB audpakIOHHBIX JTAHHBIX
OBl HAKOIUIEH IPU KOMHATHOW TeMIIepaType Ha -
dpakromerpe Oxford Diffraction Xcalibur Geminic
CCD-pgerexropom  (m3myuenne MoK, rpadwurossrii
MoHOXpoMaTop, kKosummarop 0.5mm).  O6paborka
[OJIYYEHHBIX JIAHHBIX POBOJIUJIACH C UCIOJb30BAHUEM
nakera nporpamm CrysAlisPro 171.38.43. Koppexkius
HA IMOIJIOMIEHNE ITPOBOJMIACH ITOJIYIMIMPUATCCKAM
MEeTOJIOM MyJbTucKanupoBauus. CrTpykTypa ObLia
pellieHa MPsIMbIM METOJOM W yTOYHEHa C IIOMOIIBIO

AHU30TPOITHOI'O I1aKeTa

SHELXS.

1I0/IX0/Ja  IIPOrPaMMHOIO
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2.3. DHeproauCIepCUOHHAsT PEHTTE€HOBCKAs

CIIEKTPOCKOMUS
Jlisg  KOHTPOJIST  XMMHYECKOTO —COCTaBa  CHHTE-
3UPOBAHHBIX O0Opa3IOB OBLI WCIOJH30BAH METOJ

IHEPTOJIMCIIEPCUOHHON PEHTI€HOBCKON CHEKTPOCKOIINN
(energy dispersive X-ray spectroscopy, EDX). Mouo-
kpucrajmyeckue o6pasupl CusFeBOs5, CusMnBOs
n CusCrBOs Obumm 3akperienbl Ha aJIOMIHHEBOM
CTOJIMKE TPHU MOMOIIU JIBYXCTOPOHHETO YIJIEPOJIHOTO
CKOTYA. 3aTeM CTOJHUK C IPUKJEEHHBIMH 0Opasnamu
ObL1 TOMeIeH B paboduyio KaMepy CKaHHPYIOIIEro
ssteKTpoHHOro Mukpockona Hitachi SU3500 (fmonns)
CO BCTPOEHHBIM SHEPrOJINCIIEPCHOHHBIM JIETEKTOPOM
Bruker XFlash 6160 (Tepmanust). st mosydennst
3JIEKTPOHHBIX MUKpOdoTOorpaduii ObLIO yCTAHOBICHO
yckopsifomee nanpsizkenne 20kB u  gpkocTh KaTo-
na 60 ycir.en., n JUid BCEX IOCJEIYIONUX CHUMKOB
OHO He MeHsJIoCh. HabJroeHne BeJOCh B PEXKUME
00paTHO-OTPAYKEHHBIX SJIEKTPOHOB.

2.4. KoMGuHaIMoOHHOE paccesiHe CBeTa

CrekTpbl  KOMOWHAIIMOHHOTO — PACCesSHHUsI MOHO-
KpHUCTAJINYecKnx 0b6pasnos okcuboparoB CusMBOjs
(M = Cr, Fe, Mn) co crpykTypoil Jioasuruta ObLin
[TOJIyYeHBI TIPU KOMHATHOI TeMIlepaTrype B CIeKTPasIb-
HOoM nmamnazone 20-1400 cm™! B reomerpun 06paTHOrO
paccesiHusi ¢ WCIOJIb30BaHueM cruekTpomerpa Horiba
Jobin Yvon T64000 (Horiba, France) ¢ tpoitHbiM
MOHOXPOMATOPOM B PEKUME BBIUUTAHHUS JTUCIIEPCHM.
CrieKTpasibHOe pas3pelnenye COCTaBIAIo 2cM 1 (3o
pasperieHne ObLJIO JOCTUTHYTO HPU HUCIOJIH30BAHUN
pemerok ¢ 1800 mrp./Mm u mensmu 100 MKM) 11pu
IJIOTHOCTH ToueK 3rmkcess/cm L. CHekTp BozOy»-
JIaJiCsl  U3JIyYEHUEeM TBEpJOTEJbHOTO  OHOMOJIOBOIO
sazepa  Spectra-Physics  Excelsior-532-300-CDRH
(USA) ¢ munoii Bostabl 532 HM ¥ MOIIIHOCTBIO He GoJtee
1MBr ma obpasme. Paccesaroe mznydenme cobupa-
Jjock mMuKpockormom Ha Oaze Olympus BX-41 gepes
obbekTuB Olympus MPlan50x ¢ ancsioBoit ameprypoii
N.A. 0.75. Bpemsi HakKomJEHUSI OJHOIO CIEKTPA
COCTABJIAJIO OKOJIO 15 MUH.

2.5. MarauTHbI€e CBOMCTBa

Temueparypable U IOJIEBbIe 3aBUCHUMOCTU HaMar-
nngernoctu Joasurutos CusFeBOs, CusMnBOs n
CuyCrBO5 6buin mcceoBaHbl ¢ MOMOIIBIO YCTAHOB-
ku PPMS-9 (nenrp kosuiekTuBHOro mosb3osanust OUILT
KHII CO PAH) B remmeparypuoM juanazone 4.2—
300 K B MarunTabIX 1moJgx 10 90 k9.
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PocT, ctpykTypHble n marHutHble csolictea CusMBO5s (M = Cr, Fe, Mn). ..

Tabnuua 1. MNpocTpaHcTBeHHas rpynna, KOOPAWHALMOHHOE YWUCIO Z 1 NapameTpbl KPUCTaNINYecKoll pelieTkn okcubopaTos
CuzMBO;5 (M = Cr, Fe, Mn)

Xum. &. CusMnBOs5 CuyFeBO5 CuyCrBOs CuzCrBOs [§]
Mp. rp., Z | P21/c (14),4 | P21/c (14),4 | P21/c (14),4 | P21/c (14), 4
a, A 3.14(1) 3.1199(0) 3.0606(2) 3.0543(3)
b, A 9.3973(2) 12.0244(1) 11.9982(8) 12.1788(1)
¢, A 12.0242(3) 9.4859(1) 9.4481(6) 9.4129(1)
3 92.26(0)° 96.95(0)° 95.55(0)° 94.56(6)°
v, A° 354.53(3) 353.24(3) 345.32(5) 349.032(6)
Cu,MnBO; lmonoclinic axis Cu,(Fe/Cr)BOs
®

Puc. 1. (B ugete onnaiin) Kpuctannudeckne ctpyktypsl coegnternii CuzMBOs (M = Cr, Fe, Mn)

3. CPABHEHUE CTPYKTVYPHBIX
OCOBEHHOCTEMN JIFOABUT'NTOB Cu;MBOs
(M = Cr, Fe, Mn)

Iljist  BcexX TOJIyYEHHBIX JIOABUIUTOB — COCTaBa
CuaMBO5 (M = Cr, Fe, Mn) 6b110 npoBeIeHO u3Mepe-
Hue ux cBoitcTB MeTonoM XRD Ha MoHOKpHCTa/LIE TPH
KOMHATHON Temieparype. st KaXKJa0ro coeIuHeHus
CTPYKTypa ObLIa pEIleHa B JETaJsiX, B IPOIECCe Iero
OBLIN OIIPEJIEICHBI TIAPAMETPBI PEIIeTKH, KOOPIMHATHI
aToMoB. B Tabi. 1 mpuBeseHbl mapaMeTpbl U 00beM
3JIEMEHTApPHON dAYefKU JijId KazKJA0I'0 U3 COCJUHEHUA,
3/IeCh K€, B JIONOJIHEHWEe, MPUBEIEHBI JTAHHBIE JIJIst
coenunenusi CuaCrBOs, nosydensoro repodasHbiM
MerosioM B padore [§]. Crour ormMeTnTh, UTO 3aMerre-
HU€ B TPEXBAJEHTHON TOJCUCTEME HE BEIET K CMEHE
[IPOCTPAHCTBEHHOM I'PYIIIIHI.

st Bcero cemeiicTBa MEIHBIX OKCHOODATOB yCTa-
HOBJICHO, YTO 3JIEMEHTapHasd d49eiika nMeeT MOHOKJIMH-
HYIO CHMMETPHIO ¢ IPOCTPAHCTBEHHOI rpymmoi P2y /c.
3aMeTuM, UTO BCe IOJIyUeHHble OKcubopaThl obJaia-
0T O6IHHMH CTPYKTYPHBIMNI OCO6eHHOCTHMI/I: IernoY-
KI OKTa3PUIECKI KOOPIUHUPOBAHHBIX MOHOB METaJl-
JIOB, KOTOPBIE 3aHUMAIOT HECKOJILKO KpHUcTasorpadu-
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YECKN HEIKBHUBAJECHTHBIX MOZUIMI, COCIUHSIOTCS 00-
muMu pebpamu, 06pasysi «3Ur3arooOpasHble CTEHKHU»
WM <IJIOCKOCTU» BJIOJIb KOPOTKO# Kpucrajuiorpadu-
geckoii ocm. Takme CTPYKTYpHBIE 3JIEMEHTHI CBA3a-
HBbI 4epes3 IEeNOYKH TpHUroHaabHbix BOs-rpymm m 06-
mue arombl Kucaopona (pue. 1). Heemorpst mHa 3710,
CuaMnBO5 He siBistercst m30CTPYKTYPHBIM [I0 OTHOTIIE-
mmio K CusFeBOs m CusCrBOs5, x0T 1 nMeeT cxXoxKmit
MOTHB KPHUCTAJJINIECKOH CTPYKTYpbl (puc.1). VYcra-
HOBJIEHO, UTO PA3HUIA MEXK Ly HUMU CBsi3aHa C Pa3JINd-
HBIMU HAIPABJICHUAMU MOHOKJIUHHON ocu b (puc. 1),
YTO TIPUBOJAT K PA3TUYHBIM JIeDOPMAIUAM JJIEMEH-
TapHOH siyeiiku. B 9acTHOCTH, 3TO MPUBOJAUT K U3Me-
HEHUIO JUInH cBs3eil (Tabur. 2).

W3 rabs. 1 BuHO, 9TO BCE MOy Y€HHBIE COeIMHEHST
UMeIOT HeOOJBINON KPUCTALTOTPAMUTIECKN TapamMeTp
pemterki, okosno 3 A. Ilo Mepe yMeHbIIEHHsS Pauyca
sameraomero nona (Mn®T = 0.7A, Fe3t = 0.69A,
Cr3t = 0.61 A) BIIOJIb «KOPOTKOT'O» KPHUCTAJIOrpadu-
YEeCKOTO HAIpaBJIeHusl (@) IPOMCXOJIUT CKATHE, B TO
BpeMsl KakK JIPyrue mapaMeTpbl KPUCTAJIHIECKON pe-
IIETKNA UCHBITHIBAIOT HEMOHOTOHHBIC M3MEHEHUs, KaK,
HAIpUMED, TTapaMeTp b Wiu mapamerp ¢, KOTOPBIi, B
3aBUCUMOCTH OT PaJInyca TPEXBAJEHTHOTO WOHA, IO-
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Tabnuua 2. [nnHbl OCHOBHbBIX CBSI3€l METanN-KMcaopogHbix oktasapos stogsuruntos CuzMBOs (M = Cr, Fe, Mn)

CusMnBO5 CusFeBOs CuyCrBO5 CuaCrBOs [8]

)-01 1.9032(17)] M1-03 1.9396(90) | M1-02 1.9237(49)] M1-02 1.855(3

"-02 1.9492(18)] M1-O1 1.9451(101)] M1-0O4 1.9832(49)] M1-0O2 1.855(3

)-05 2.0208(18)| M1-0O5 1.9792(95) | M1-O1 1.9995(39)] M1-O4 1.977(4

-032.0275(17)] M1-04 1.9792(86) | M1-O5 1.9997(46)| M1-04 1.977(4

) (19) (43) (
(17) )

1(M
1(M

(
(
1(M1/
(

1(M1/)-05 2.3969(19)| M1-03  2.4803(93) | M1-O1 2.4379 M1-04 2.911(4
1(M1/)-03 2.5046(17)] M1-05 2.5266(104)] M1-O5 2.4749(49)| M1-O4 2.911(4
(M1-0)  2.134 |(Cul-O) 2.142 [(M1-O) 2.136 |(M1-O) 2.248
A (M1) 0.0116 | A (M1) 0.0144 | A (M1) 0.0114 | A (M1) 0.044

M2(M4')-02 1.9165(18)] M2-O1  1.912(98) | M2-O5 1.9437(48)| M2-O1 1.966(4)
M2(M4')-02 1.9165(18)] M2-O1  1.912(98) | M2-O5 1.9437(48) M2-O1 1.966(4)
M2(M4)-03 1.9626(16)] M2-02 1.9279(75) | M2-04 1.9662(46)| M2-O5 2.042(4)
M2(M4)-03 1.9626(16)] M2-02 1.9279(75) | M2-04 1.9662(46)| M2-O5 2.042(4)
M2(M4')-02 2.6127(19)] M2-02 2.4039(82) | M2-O4  2.494(5) | M2-04 2.388(5)
M2(M4')-02 2.6127(17)] M2-02 2.4039(82) | M2-O4  2.494(5) | M2-0O4 2.388(5)

(M2-0)  2.164 |(M2-O) 2.081 |[(M2-O) 2.135 |(M2-O) 2.132
A (M2) 0.0216 | A (M2) 0.012 | A (M2) 0.0142 | A (M2) 0.0074

M3(M3/)-01 1.9551(16)] M3-03 1.9576(104)] M3-02 1.9722(48)| M3-O1 1.877(3)
M3(M3')-01 1.9551(16)| M3-03 1.9576(104)| M3-02 1.9722(48)| M3-02 1.904(3)
M3(M3')-04 1.9952(17)] M3-04 1.9719(75) | M3-03 2.0156(43)| M3-03 2.018(4)
M3(M3')-04 1.9952(17)] M3-04 1.9719(75) | M3-03 2.0156(43)| M3-04 2.045(4)
M3(M3')-04 2.4484(16)| M3-04 2.2727(82) | M3-03 2.3464(47)| M3-03 2.455(5)
M3(M3')-04 2.4484(16)| M3-04 2.2727(82) | M3-03 2.3464(47)| M3-04 2.983(4)

(M3-0)  2.133 |(M3-0) 2.067 [(M3-0O) 2.111 |[(M3-O) 2.214
A (M3)  0.011 | A(M3) 0.0049 | A (M3) 0.0063 | A (M3) 0.0315

M4(M2')-01 1.9067(17)] M4-05 1.9293(98) | M4-02 1.9723(47)| M4-02 1.943(4)
M4(M2/)-02 1.9081(18)| M4-O1 1.9428(83) | M4-O1 1.9909(47)| M4-O1 1.972(4)
M4(M2')-05 2.0098(18)| M4-04 2.0014(80) | M4-03 2.0051(48)| M4-O5 1.990(4)
M4(M2/)-04 2.0103(18)] M4-02 2.0126(94) | M4-O4 2.0284(47)| M4-02 1.998(4)
M4(M2)-01 2.2084(17)| M4-O1 2.1246(94) | M4-O4 2.0365(51)] M4-03 2.029(4)
M4(M2)-02 2.2813(18)| M4-04  2.4018(89) | M4-02 2.0421(51)| M4-O1 2.036(4)

(M4-0)  2.054 |(M4-O) 2.069 |(M4-O) 2.012 |(M4-O) 1.995
A (M4) 0.0048 | A (M4) 0.0061 | A (M4) 0.0001 | A (M4) 0.0002

ITpumenanue. 2KupubiM mpudTOM HPUBEIEHBI CPEIHA JJIMHA CBA3M (... ) U CTElNeHb UCKazKeHust A B OKTa3Ipe.

artn He MeHsercd. JIpyruMmu ciroBamm, KOPOTKOE KPH-  CTPYKTYPax MOXKHO BBIIEINTH mo3unuioo M4, koro-
cTasmorpadIecKoe HAPABJICHNE SIBISETCA HANOOJee  PYIO MPEMMYIIECTBEHHO 3aHIMAIOT HOHBI OJTHOTO COPTA.
qyBCTBUTEJILHBIM K HOHHOMY PaJINyCy TPEXBAJEHTHOTO  Kpome 3Toro, aHaJn3 BaJEHTHBIX COCTOSHUI METOIOM
uoHa, Kak ObLIO IOKazaHo u B pabore [20]. cymm BasieHTHBIX cBazedi (bond valence sum, BVS) 1o-

B tabs1. 3 npuBeieHbl TApIUAJbHBIE 3ACEJICHHOCTH — Ka3aJl, UTO 3Ty MO3UIUIO 3aHUMAIOT MOHBI 3aMEIEeHUsT
1[I0 [O3UIUSAM KPHUCTAJJIMIECKOIl pereTky (110 JaHHBIM B TPEXBAJEHTHOM COCTOSIHUH. MeTos cyMM BajleHTHBIX
XRD na monokpucrasie). Bo Bcex kpucrasuimaeckux CBsI3€eil TO3BOJISET OIPEJIETTUTD 3aPI0BOE COCTOSTHIE Ha

28
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PocT, ctpykTypHble n marHutHble csolictea CusMBO5s (M = Cr, Fe, Mn). ..

TaGﬂVILI,a 3. I'Iapu,maanble 3aCeNIEHHOCTWN Yy3J10B KpVICTaﬂJ'II/I‘-IeCKOﬁ PeEWETKN NO AAHHbIM XRD Ha MOHOKpucrtanne

Kpucr. mos. CusMnBOs5 CusFeBOs Cu2CrBO;5 | CuaCrBOs5 [8]
M1 (4e) 0.68Cu+0.32Mn Cu Cu Cu
M2 (2a) 0.77Cu+0.23Mn Cu Cu Cu
M3 (2d) 0.71Cu+0.29Mn 0.54Cu+0.46Fe Cu Cu
M4 (4e) 0.01Cu-+0.99Mn 0.15Cu+0.85Fe Cr Cr
Xum. ¢pop. mo XRD | Cuy.43Mny 57BO5 | Cuy.9oMng gsBOs | CusCrBO; CuyCrBOs

Ipumenanue. B nepBoit KOJIOHKe B CKOOKAX IMPUBEIEHBI KPATHOCTH IIO3UINN YalKOBa U €€ THUII.

Tabnuua 4. AHanns KPUCTaNANYECKMX Y3108 C YYETOM BajeHTHbIX cocTosHuii (BVS), napameTpa okTasgpuueckux nckakeHuii
(A) n acbpekTuBHBIX MOHHBIX pagnycos (Rion)

Hon Cr [8] Cr Fe Mn
Rion, A 0.61 0.61 0.69 0.77
BVS (Cr) A BVS (Cr) A BVS (Fe) A BVS (Mn) A
M1 — 0.044 2 0.011 — 0.014 2.5 0.012
M2 — 0.007 2 0.014 — 0.012 3 0.022
M3 — 0.031 2 0.006 3 0.005 2.5 0.011
M4 3 0.00026 3 0.00016 3 0.00611 3 0.0048

KOHKPETHOM Y3JI€ 110 MC2KHMOHHBIM PACCTOAHUAM:
6

Ry — R;
r= ZGXPOT’
i=1

rae b 0.37 — OespasmepHasi BeaumduHa, R; —

cpejiHee PAcCTOSHUE OT y3ja 0 OJmKaiieil cBs-
su, Ro(Cu®t) = 1.679A, Ro(Mn>*t) = 1.79A,
Ro(Mn?t) 1.76 A, Ro(Fe?t) 1.734 A,
Ro(Fe? ) 1.759 A, Ry(Cr?t) 1.73A,
Ro(Cr?t) = 1.724 A [21]. Takxke HyKHO OTMETHTB,
aro no3unusi M4 pacnosraraercs MeXIy OOpaTHBIMI

rpymmamvu B3TO03 (cm. puc.1) u umeeT HaumMeHbIIHiT
HnapaMerp OKTad/IpHYecKOro NCKarKeHHsI

£[*%]

K2

A=1
6

rne R; — mexwuonnoe paccrosgame Me-O B A, aR —
cpejiHee MexknoHHOe paccrosiine Me—O B A. Pezynbra-
ol pacderoB BVS u A npusesenst B Tab1. 4 B cpaBHe-
Hun ¢ pesysibraramu Juist CupCrBOs [8].

B Tabn. 3 Takke mpuBegeHb XUMUYECKHe (HOpMy-
JIBI TIOJIYYeHHBIX coenmHennit mo gaHabiM XRD ma
moHokpucraie. Kak suano, coornomenue Cu/Mn B
Me/Ib-MapPraHIeBOM JIIOJBUTUTE 3HAYUTEIHHO OTINYa-
ercst or 2. OMHAKO JJAHHOE HECOOTBETCTBHUE BBI3BAHO
JIAIIB OJIN30CTHIO0 PEHTIEHOBCKUX (PaKTOPOB PACCEsIHUST
JIAHHBIX ATOMOB, YTO 3HAYUTEJIHLHO YMEHBIIAET TOY-
HOCTH OllpejiesieHust peasbHoro coorHomenus Cu/Mn

29

¢ MOMOIIBIO JIaHHOM MeTo/mKku. B paborax [6,7] 66110
HoKa3aHo, uTo peasbHoe cooTHomenne Cu/Mn B man-
HOM CO€JMHEHNH OJIN3KO K 2.

0- 007 T T T T T T T T
Cu,FeBO,

0.006

0.005 _

Cu,MnBOj;
0.004 1 -

)

AM4

.003 B

0.002 B

0.001 B

— ¢

0.000

u,CrBO; ]

2.02 203 2.04 2.05 206 2.0
<M4-0>, A

——
1.99 2.00 2.01

Puc. 2. 3aBUCMMOCTL MapaMeTpa OKTa3ApUYECKOro MCKaXe-

HUA OT CPeAHEro MeKMOHHOro paccTosHus nosuumn M4 ans

cemeiictea ntogsurutos CusMBOs (M = Cr, Fe, Mn). Tew-

HbIM Kpy>KKoMm obosHayeHo 3HadeHune A gns CuzCrBOs us
paboTsl [8]

Ha puc. 2 nokasana JuHelHasd 3aBUCUMOCTD I1apa-
MeTpa OKTa3IPUIECKOr0 HCKAXKeHIS A OT CPEIHEro Me-
JKHOHHOTO PaCCTOSTHUS O3uIuu M4, KOTOpyIo mpenMy-
MIECTBEHHO 3aHUMAIOT TPEXBAJEHTHBIE MOHBI. TeMHBIM
KpyzKKOM mpuBejieHbl 3Hadenust it Cus CrBOs, ko-
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TOpbIe OBLIN PACCUUTAHBI COTJIACHO JIAHHBIM U3 pabo-
ThI [8]. B 1010ITHEHYE K BBIIIECKA3AHHOMY HYZKHO OTMe-
TUTH, 9TO IJIOCKOCTHU, CCOOPMUPOBAHHBIE TO3UIUSIMI,
KOTOPBIE 3aHIATHI B OCHOBHOM JIBYXBAJIEHTHBIMU HOHA~
MU, Pa3/eIeHbl MIOCKOCTSIMA, CPOPMUPOBAHHBIMU W3
MTO3UINI, KOTOPBIE CTPEMSITCST 3aHATH TPEXBAJCHTHBIE
MOHBI, KOTOPbIE, B CBOIO OY€PE/Ib, Y€PEIYIOTCS C TPYI-
namu B3+ O3, kak mokaszano ma puc. 1.

Kpowme sroro, st Bcex Tpex COEJIUHEHUN MOYKHO
BBIJIEJTUTH TOJACTPYKTYPBI ¢ HAMOOJBITUM U HAUMEHB-
UM MEYKUOHHBIM paccTogaueM, Takne Kak M4-M2-M4
¢ MEXKHOHHBIM PACCTOSHIEM OKOJIO 2.9 A (maee nazo-
BEM 9TH HOACTPYKTYPHI derubivu) u M1-M3-M1 ¢ me-
JKHOHHBIM PACCTOsHEEM OKO0JIO 3.3 A (meuernpie). s
M = Cr, Mn neuerHble MOACHCTEMBI (DOPMUPYIOTCST
[IPEUMYIIECTBEHHO MOHAMHE JIBYXBAJIEHTHOI TOJCHACTE-
MBI, B TO BpeMsI KaK YETHDIE TIOJICUCTEMBI 3aHATHI JIU-
60 TpexXBaJIEHTHBIMI HOHAMHE, JTMOO HOHAMH CMEITIAHHO
BaJIeHTHOCTH. BJrarogapst TakoMy 3apsiIoOBOMY YIIODsi-
JIOUEHUIO, MOXKHO OYKHJIATH PA3HOOOpa3usi MATHUTHOTO
MTOBEJICHNUST B JIAHHBIX COEIMHEHUSIX.

Heobxomumo oTMeTnTh 3HAYUTETbHBIE PA3JIHIMS
amH  cBs3eit okcubopara CusCrBOs, mosydennoro
MeTosoM TBeppodaszHoro cunresa B pabore [8], u
AHAJIOTMYHOTO  COE/INHEHUs, ITOJIYIeHHOIO PaCTBOP-
pacITaBHBIM METOJ/IOM B HacTosmel pabore. Hambosee
CUJIBHO 9Ta PA3HUIA TPOSIBJISETCS P aHAIM3E OKTa-
snpuiecknx nosunuit (M1-O) u (M3-0), mosHOCTBIO
sanaThix karmomamu Cu’t: B coepumennm, mosryden-
HOM B [8], Haburojaercss aHOMAJbHOE YBEJNYCHHE
JUIMHHON CBSI3U OUIMPAMUIATBLHONO MCKAYKEHHOTO OK-
Tadpa Jjio 2.911 A, B TO BpeMs, KaK JaHHas BEJTUYNHA
g ocTanbubix JoaBuruToB (Briodag CusCrBOs,
[OJIyYeHHbI B ganHoil pabore) He upesbiaer 2.53 A;
okTaznpuieckass mozuimst (M3-0O) B XpomM-MemHOM
Gopare [8] BOBCe MCIIBITHIBAET HHON TUII MCKAYKEHUS —
BHAYUTETHHO YBEJIUIUBACTCS OJHA U3 JINHHBIX CBs-
3eii okrasmpa (1m0 2.983A), Bropas (2.455A) cma6o
YBEJTUIHBACTCS JIAHHBIX,  I[TOJLYI€H-
HBIX B HACTOsAIIEH pabore, M CUMMETPUsI UCKAYKEHUSI
CTAHOBUTCs OM3Ka K NUPAMHJIAJIbHON (cM. Tabur. 2).

OTHOCHUTEJIbHO

CuMmmMerpusi U JIJIHNHBI CBsI3ell OKTadPUIECKO TO3H-
m (M4-0), nommocTsio 3ansaTol Katmonamm Crd3™
ms obpasnoB CusCrBOjp, mosyueHHBIX pasHbBIMU
METO/IAMMH, XOPOIIIO COMIACYIOTCS MEXKJLy COOOM.

4. CIIEKTPBI KOMBUVHAIITMOHHOT O
PACCEAHUA CBETA CuzMBOs
(M = Cr, Fe, Mn)
Cuekrpel KP monOKpucTammaeckux 00pas3mnoB
okcuboparos CusMBO5 (M = Cr, Fe, Mn) co crpykTy-
poit JroJBUrUTA TIpeJicTaBienbl Ha puc. 3. [Iposeneno

90

80 Cu,CrBO;4

—— Cu,FeBOg4
— Cu,MnBO,g

70 H

60

50

40

OTHOCUTENbHAsA UHTEHCUBHOCTb

T T T T T T
0 200 400 600 800 1000 1200 1400

BonHoBoe uncno, cMm A

Puc. 3. (B ugete onnaiin) Cnektpbl KP HeopueHTupoBaHHbIx
MOHOKpucTannmdecknx obpasyos ntogsurutos CusFeBOs
(kpachbiit), CusMnBOs (cunnii) n CuzCrBOs (vepHbiii)

KadecTBeHHOe cpaBHeHne crekTpoB KP Bcex Tpex
coeimHeHnit. Pazyiimune B OTHOCHUTEIBHON WHTEHCUB-
HOCTH CIIEKTPOB CHI'HAJI/IIYyM OOYCJIOBJICHO OKDPACKOI
obpasnos: CusFeBOs, CusMnBOs; — uepwnbiii 1ser,
CuaCrBOs —  TeMHO-KODHYHEBBIH  (COOTHOIIEHHE
CUPHAJI/TIIYM 3HaYuTeabHO Bbime). Panee [13] mpm
WCCJIEJIOBAHNN KOHIIEHTPAIIMOHHOTO (Ha30BOrO Iiepe-
xoma Mexay dazamu CusMnBOs; u CusGaBOj B
TBepabix pacrBopax CusMn;_,Ga,BOs 6110 mOKa-
3aHO, YTO IIPU I[I€PEXO/Ie OT KATUOHHO-YIIOPSI0YEeHHOM
dazer Mapranmesoro 6opara, rie karmon Mn?t mpe-
UMYIIECTBEHHO HaxoanuTcsi B mosuimun M4, B dasy
rajumesoro, e Ga3t maxoaumrea B ABYX HO3HIMAX
B cmecn ¢ Cu?t, co sHaumTENBHO GOJIBIINM KaTH-
OHHBIM OECIIOPSIIKOM, 3HAYNTETHHO W3MEHSIOTCH U
criekTpol KP. JloctaTodHOo y3Kue OTAETBLHO CTOSIIITHE
smann pa3bel CusMnBOj3 crekrpaibHOro jpanasoHa
okTaspuyeckux Kojebanuit (200-700 cm ™) nepexo-
AST B 3HAYUTEIHHO YIIMPEHHBIE IIOJIOCHI C SBHBIM
YMEHBIIIEHNEM OTHOCUTEJLHONW HHTeHCHBHOCTH. [Ipm
CPABHEHUU IIOJIyIE€HHBIX B JaHHOU paboTe CIEKTPOB
KP obpazmos CuzFeBOs, CusMnBOs u CuyCrBOs,
OBLITO OOHAPY?KEHO, UTO CIEKTP XPOMOBOTO Ooparta,
HECMOTPsI Ha OOJIbIIIEE CXOJICTBO IO IHOJIOXKEHUSAM II€H-
TPOB U IIUPHUHBI CIEKTPAJIBHOTO IUaNa30Ha KOJIebaHuit
okTasnpoB Me-O ¢ KeJesHbIM JOJBUTUTOM (OHU
U30CTPYKTYPHBI U OOJIAJAIOT OJHUM HAIlPaBJIEHUEM
MOHOKJIMHHOH OCH), BCE K€ XapaKTEPU3YeTCs BEChbMa
Y3KUMU OTJEIbHO CTOSIIIUMU JIMHUSIMUA, COOTBETCTBY-
IONUMU BBICOKOI CTeleHN KATUOHHOI'O YIOPSI0YeHUs
B manHoM coeqimaennu. ['pymmer munnit KP moasurura
CuyFeBOj5, o0benunaeHHbIE B MUPOKUE CIEKTPAJIBHBIE
[OJIOCHL B 00J1aCcTU OKTadpudecKux KoJebanuii (200-
700 cM~ 1), mampoTus, oTpaxKkaioT (haKT KATHOHHOTO
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Puc. 4. (B uBete onnalit) TemnepaTypHble U MONeBble 3aBUCUMOCTU HamarHudenHoctn atoasurutos CuzFeBOs npu

H = 30«3 (a), CuzMnBOs npn H = 0.2,1«3 (b), a Takxe

Cu2CrBO;5 (nonnkpucrtannuyecknii obpaseu) npn H = 1«3 (c).

Monesble 3aBncumocTu HamarHnydenHocTu ansa nogsurutos CusFeBOs n CuaMnBOs nonydensl npu T' = 4.2 K, gnsa nogsuruta
Cu2CrBOs — npu Temnepatypax T' = 4.2-100 K

pasymopsijiouerust B JaHHoM coeaunenuu. Cruekrp KP
obpasma ¢ MaprasieM, KOTODBI O0JIaIaeT WHBIMEI
MOHOKJIMHHBIMIA WMCKAKEHUSIMA U HAIPABJICHUEM OCH
MOHOKJIMHHOCTHU, HECKOJIBKO OTJINYAETCS OT OCTAJIbHBIX
JIIOJIBUTUTOB KaK B OOJIACTH OKTAdIPUICCKUX Kojebha-
HUii, TaK U B O0JIACTU PEHIeTOYHBIX KoJsebanuit (10
200 CM_l), OJTHAKO TaK Ke, KaK U XPOMOBDIN 0Opa3zerr,
[TOKA3bIBAET JIOCTATOYHO BBICOKYIO CTEIIEHb KATHOHHOT'O
mopsizika. [lostoykeHus JUHUN B CIEKTPAJBHOM IIHAa-
naszone kosiebanuit rpynmsr [BO3[3~ (900-1400 cm—1)
COTJIACYIOTCH JIJIsT BCEX TPEX COeMHEHMUII.

5. CPCABHEHUE MATHUTHBIX CBOMCTB
MEJHBIX JIFOJABUTUTOB

TemmepaTypHble 3aBUCHMOCTH HAMATHUYEHHOCTH
mongsuruToB CusFeBOj5, CusMnBO; m CuyCrBOj
st pexkumo FC  (u3MepeHyre HaMArHUYEHHOCTH B
HEHYJIEBOM MATHUTHOM IIOJIE TIOC/Ie TIPEIBAPUTEIHHOTO
OXJIaXKJICHUsI B 1T0JIe Takoii ke Besmunsbl) u ZFC (u3-
MEpPEHUsT HAMATHUYIEHHOCTH B HEHYJIEBOM MATHUTHOM
[oJIe TIOCJIE TIPEJIBAPUTEIBLHOIO OXJIAXK/IEHUsI B HYyJIe-
BOM MATHUTHOM II0JI€) IpeJcTaBjienbl Ha puc. 4. Kax
BUJTHO Ha, PUC. 4, KAXKJBI M3 U3yIAEMBIX JIOJBUTUTOB
JIEMOHCTPUPYET OTJUIHOE OT OCTAJIbHBIX MAIHUTHOE
noBefenne. Mapranen- n Xpom-cojepzKarime obpas-

1bl, 00JaJaoIe OOJIBITIM KATUOHHBIM ITOPSIIKOM,
[IPETEPIIEBAIOT  JOCTATOYHO BBICOKOTEMIIEPATYPHBIE
MarHUTHBIE (DAZOBBIE IEPEXOJIBI C PA3JIUIHBIMUA TUITAMU
YHOPSIJIOUEHUSI.

B mogurure CusMnBOjg mnpoucxomur mnepexon
B (deppuMarHuTHOE COCTOSIHHE IIPH TeMIlepaTrype
Tc 92K co cnaboit MarHWUTHO# aHM30TpONMEN B
BBICOKHX TOJIsIX (puc.4b), UTO COOTBETCTBYeT paHee
MOJTyYeHHBIM pesysabraraM [6,7]. Marauraeiit dbazosbrit
nepexos B aHTuhEPPOMArHUTHOE COCTOAHIE (COTJIACHO
JIAHHBIM U3MEPEHUH HaMarHumdeHHocTu B pexxume ZFC

B [8] Ha obpasmue, moayvIeHHOM METONOM TBEPIOhAa3HO-
IO CHHTE3a) PeaJln3yeTcs B XPOM-CojiepzKalieM obpasie
npu temuneparype Ty = 118 K, 0 wem cBHAETE/ILCTBYET
ocTphlii nuk Hamaraumdennoctu. [losmydennas kpusas
Ka4eCTBEHHO COOTBETCTBYET aHAJIOIMYHON 3aBUCHUMO-
cTu u3 [8], OHAKO MK HAMAIHUYIEHHOCTH, TIOJTy 9€HHbIH
B JIAHHOII paboTe, HAMHOTO spdYe BbIPAXKeH, a TaKKe
HaIJIAIHO MIPOCMATPHUBAIOTCH AHOMAJIHH TeMIEPaTyp-
HOT'O XOJ[a HAMAIHUYIEHHOCTHU IIPU TEMITEPATYPAX HUXKE
T'n: B obsactu remmeparyp H0-80 K mamarauaennocTsb
OCTAeTCs IIOCTOSHHOM, 00pa3ys HEKOTOpOoe ILIATO,
3aTeM TPHU TOHUKEHUH TEMIEPATYPBI IIPETEPIEBAET
MUHUMYM C TOCJTEIYIOMMUM Bo3pacTanueMm. IMeHHO B
00J1acTH JAHHOTO IIJIATO 3aPErUCTPUPOBAH MU3JIOM IIO-
JIEBBIX 3aBUCUMOCTEll (3aBUCAIUIT OT TeMIepaTryphl),
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Tabnuua 5. Temnepatypbl Kiopu—Belica O 1 adbdekTuBHbIE MarHnTHblE MOMEHTbI (MOMNyHeHHbIE U3 MOAFOHKN 3KCMEPUMEH-

exrp

TaNlbHbIX 32aBUCUMOCTEN lu‘eff N PaCCHNTAHHbIE TEOPETUHECKN /j’eff

theor

) nogeurutos CuzFeBOs, CuzMnBOs u CuzCrBOs

Coemunenne | O, K, H|a | ©,K,H La MZ;’}, upH || a MZ;’}, upH L a u’;%f”, 1B
CuzFeBOs5 —397.24 —346.41 6.09 6.345 6.5
CuaMnBOs5 77.54 —6.59 4.67 5.133 5.6
CueCrBO; —23.28 3.69 4.72
COOTBETCTBYIONNN CHUH-(DJION-TIEPEXOTYy B JTAHHOM 009 : T j IH=30KI
COEIMHEHNN. °
0,08 4
VHoe MarHuTHOE TOBEJIEHUE JEMOHCTPUPYET JIKO- .
aeurut CusFeBOs, mis koTroporo B panee m3BeCTHBIX g 0,07 - Hia o
paborax [4,17] 6bLIM JaHBI TPOTUBOPEUUBBIE JIAHHBIE. o To=10K % - Hla |, &
S0064 27 b 1
OueBuIHO, TUI, CTEIEHb YIOPSJIOUYEHUsT W, COOTBET- 5 - o
CTBEHHO, TEMIIEPATYPHI MATHUTHBIX (DA3OBBIX MMEPEXO- E 005 =
JIOB B TAHHOM COEJIMHEHUN JJOCTATOTHO CHIHHO 3aBUCAT % =
OT KATMOHHOI'O PACIIPEJIEIEHNsT [I0 MO3UIHUIM, KOTOPOe, 0,04
B CBOIO OYepejlb, ONPEEsIsSeTCss CIIOCOOOM IMOJTy IE€HsT
obpa3siia. 0.03 7
TemmepaTypHble 3aBUCHMOCTH HAMATHUYIEHHOCTH 0
okcubopara CugFeBOs (puc.4a), mnosydenHoro B
JaHHOIH pabore, eMOHCTPUPYIOT HECKOJIBKO OCOOEHHO- Puc. 5. (B wugete onnaiit) 3aBucMmocTn npousBOLHON

creit, mpogaBadgiomuxca npu temmeparypax 17 ~ 30K
u Ty ~ 10K: mpu T} mabmaiomaeTcss HeOOMBIION U3I0M
KPUBOII — IIpEKpallleHne IapaMarHuTHOIO BO3PACTAHUA
06J1aCTh
[TOCTOSTHCTBA HAMATHUYEHHOCTH, C JAJIbHEHIIM BO3-

HaMaroHM9eHHOCTH, W BBIXOJ Ha ILJIaTO

pacranueM pu T B pexkume FC. Obe anoMann TakzKe
UMEIOT oTpaKkenue Ha KpuBbix ZFC B Buje mMupoKux
nukoB. [lojieBble  3aBUCUMOCTH  HAMAIHUYIEHHOCTH
JIAHHOTO COEJTMHEHNUS SIBJISIIOTCS HEHACBHIIEHHBIMI 1 He
«3aMBIKaIOTCsA» Jaxke B moJisix 90 k9. [Ipu opuenrarym
MAarHATHOTO TIOJIST TMapaJLIeJbHO OCH a 0Opa3Iia HabJIIo-
JlaeTcst Teperud MoJIeBbIX 3aBUCHMOCTEN B OKPECTHOCTH
HYJIEBOTO TIOJIsT, BO3MOYKHO, CBUJIETEJIHCTBYIOIIETO O
cocymecrBoBannn B CugFeBOs munumym aByx mar-
HUTHBIX TOJCUCTEM C PA3HON CTENEHBIO YIIOPSIOUCHS
1 MArHuTHOII aHU30TPOIINEt.

st 6o1€€ TOTHOTO OIPEIeIeHUsT TEMIIEPATYD JTAH-
HBIX AHOMAJIU{T OBLIN TOCTPOEHBI TEMITEPATYPHBIE 3aBHU-
cumoctn npousBojnoit O(MT) /0T, coorBercTBYIONIHE
TEMITEPATYPHOMY XO/Ty TEILIOEMKOCTH JJIst aHTU(EPPO-
marnetnkos [12] (puc.5). Bbumn o6Hapy KeHBI 1BA TIH-
ka upu temueparypax 17 = 28K u 75 ~ 10K. B 60-
Jlee paHHUX paboTax, MOCBIIIEHHBIX MAIHUTHBIM CBOM-
craM Jmogasuruta Cus FeBOs, Takzke coobmiaioch o mo-
CJIEJIOBATEIHHOCTH (ha30BbIX TEPEXOJIOB B JAHHOM CO-
€JIMHEHUN, COOTBETCTBYIOMIUX YIOPSIOYCHUIO PA3HBIX
[IOJICUCTEM, TIO0 AHAJOTUU C MOHOYKEJIE3HBIM JIIOJIBUTH-
rom FesBOjs [17]. B mamnoii paGore Takxke GbLIO MO~
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O(MT)/IT v nponseegerust MT nogsnruta CuzFeBOs ans
HanpasJsieHUi BHelwHero marHuTHoro nonst H nepnengukynsip-
HO 1 napannensHo ocu a, H = 30 kD

Ka3aHO MPUCYTCTBUE JBYX aHOMAJIUN TEMIEPATYPHBIX
3aBUCUMOCTEN HAMATHIIEHHOCTH, KOTOPBIE MOTYT ObITh
CBA3AHBI ¢ PA3HBIMA MAUHUTHBIME IT0JICHCTEMAMHI HC-
cJejtyeMoro JojiBuruta. st 6osiee ToMHOTO orpeiesie-
HUsI TUTIA W CTEIIeHU MATHUTHOTO YTOPSIOYEHUsI, BO3-
MOZKHOT'O IPUCYTCTBUsI (DA3bI CIIMHOBOI'O CTEKJIA B JIAH-
HOM COeMHEeHNN HeOOXOMMO IIPOBEIEHNE TATbHEeNIINX
UCCJIeJIOBAHUIA.

s Bcex mpejsicTaBIEHHBIX B JAHHON pabore co-
€/INHEHUIl C TOMOIIBI0 MOIUMUIMPOBAHHOIO 3aKOHA
Kropu—Beiica [12] 6bl1 BBINOJHEH aHAJU3 TeMIlepa-
TYPHOTO XO/a OOpATHON MATHUTHON BOCITPUUMIUBO-
cru. Orenennsl Temnepatypbl Kiopu—Beiica, mocrosia-
wvbie Kropu u addexruBHbIE MArHUTHBIE MOMEHTHI. [10-
JlydeHHbIe JIaHHbIe TpejcTaBieHbl B Tabir. 5. Obpar-
Has 3aBUCHMOCTH MATHUTHOW BOCIPUUMYUBOCTH LIS
ZKeJIe30-CO/IEPIKAINETO JIIOJABUTUTA JIMHEHHA B IITHPO-
KOM TeMIIepaTyPHOM JIhara3one, remieparypbl Kropu—
Beiica (350-400 K) cBu€TE/ILCTBYIOT O CHIIBHBIX aHTH-
deppOMarHUTHBIX B3aUMOIEHCTBUSIX B JAHHOM CO€/IU-
wenuu. [1o pesynbraTaM MOATOHKI U PACYETA BEJTUNINHBI
3 PEKTUBHOTO MATHUTHOTO MOMEHTa OBLIIO OOHAPYKe-
HO XOpOIIlee COTJIACUE JIAHHBIX JIJIs CIIMHOB MOHOB S U

g-axropos Jlange (S(Fet) = 5/2, S(Cu?T) = 1/2,
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PocT, ctpykTypHble n marHutHble csolictea CusMBO5s (M = Cr, Fe, Mn). ..

g(Fe3t) = 2 [22], g(Cu?t) = 2.2 [12]). Anajorudmbre
3aBUCUMOCTH MapraHell- U XPOM-COJIEPIKAIIUX JIIOJBU-
TUTOB JIOCTATOYHO HEJIMHEHHbIE, UTO SIBJISIETCS CJIe]I-
CTBHEM KaK HEJOCTATOYHOTO TEeMIEPATyPHOIO Jiralia-
30HA OT TEMIIEPATYD MEPEXOJ0B JI0 KOMHATHOM, TaK U
MPUCYTCTBUS B JIAHHBIX COEINHEHUSIX KOPOTKOIECHCTBY-
IOMUX B3AaMMOJIEHCTBHUI yKe B MapaMarHuTHON ¢da-
3e. B cBa3m ¢ 3TuM, B Oomimdme OT KEJIE3HOTO JIIO-
msuruta, B Cr- mw Mn-comepKalux JIIOABUTATAX 3D-
deKTUBHBIE MATHUTHBIE MOMEHTBI, PACCUUTAHHBIE W
9KCIIEPUMEHTAJILHO MTOJIYY€HHbIE, HECKOJIBKO Pa3imda-
orcs. OJIHAKO KadeCTBEHHOE COTJIACHE IIPUCYTCTBYET
(S(Mn3*) = 2, S(Cr*t) = 3/2, g(Mn3t) = 2 [12],
g(Cr) = 2 [23)).

6. SAKJIFOUYEHUNE

Meinbie OKCHOOPATHI CO CTPYKTYPOil JIIOJBUTUTA
CuaMBO5 (M = Cr, Fe, Mn) B 3aBucumoctu or cop-
Ta TPEXBAJEHTHOIO KATHOHA JIEMOHCTPUPYIOT PSIJT OCO-
OeHHOCTEN CTPYKTYPHBIX W MATHUTHBIX CBoicTB. Ha-
DSy € pa3IuausiMu (DU3MIECKUX CBOWCTB, COPT TPEX-
BAJIEHTHOT'O KATHOHA, TAKYKE OKA3BIBACT 3HAUUTE/IHHOE
BJIUSHIE Ha KAPTUHY KPUCTAJLIOOOpa30BaHUsS U CO-
CTaB MHOIOKOMITIOHEHTHBIX PACTBOPOB-PACILIABOB HA
ocuoBe BisO3-Mo00O3-NasO-B2O3. Ilposemerno cpas-
HEHHE CTPYKTYPHBIX CBOUCTB UCCJIEIYEMbBIX JIIOJIBUTHU-
TOB. BbI710 06HAPYKEHO CYIIECTBEHHOE Pa3Intne JJINH
CBsI3ell MEeTAJIJI-KUCIOPOIHBIX OKTA3POB JIIOJIBUTUTA
CuyCrBOs5, moydennoro B gaHHO paboTe, U aHAJO-
[PUYIHOTO COEJIMHEHMsl, MOJIyUYeHHOTO B [8] ¢ moMOIIbIo
MeTojla TBepoda3Horo cuuTesa. Anamus ciekrpos KP
HEOPUEHTUPOBAHHBIX MOHOKPUCTAJIJIOB CHHTE3UPOBAH-
HBIX 00pAa3IOB MOKA3aJl KAYeCTBEHHOE COTJIACHE C JIAH-
HBIMHU PEHTI€HOCTPYKTYPHOIO aHAJN3a O CTEleHH Ka-
tuonnoro ynopanodenus B CusMBOs (M = Cr, Fe,
Mn). TIpencraBieHbl TeMIEpATyPHbIE U IOJIEBbIE 3a-
pucuMocTu HamarundeaHocTn CusFeBOs, CusMnBO;5
u CusCrBOs. Ilomydennble 3aBUCHMOCTH MapraHell-
MEJIHOIO ¥ XPOM-MEJIHOTO JIIOJBUTUTOB JEMOHCTPUPY-
0T XOpoliee coryacue ¢ 60ee PAHHIME HCCIIeT0BAHN-
stvu [6,7] 1 [8], coorBercTBerHO. OMHAKO TEMTIEPATYD-
Has 3aBucuMocTb Hamarandennoctu CusCrBOs5, mosry-
YeHHAas Ha I'PYIIe MOHOKPUCTAJIJIOB B JIAHHOW paboTe,
obsajiaer 60siee SIPKO BBIPAYKEHHBIM IMMKOM HAMATHU-
gennoctu npu Ty = 118K, a Takke HAIIAIHO IPO-
CMATPUBAIOTCS AHOMAJIMKA TEMIIEPATYPHOrO XOja Ha-
MArHUYEHHOCTH NP TeMilepaTypax nmxke 1y, obHapy-
JKeHa 00JIaCTh CYIIECTBOBAHUS CIUH-(JION-IIEPEXOIA.
Maruuraoe mosenenne Joasuruta CusFeBOs, obuta-
JIAIOIIEr0 HAMHOTO MEHbBINEH CTEIeHbI0 KATHUOHHOTO
MOPsIJIKA ¥ BBICOKOH 9yBCTBUTEIHHOCTHIO MATHUTHBIX

3 KITD, o 1

CBOWCTB K pacipeenennio Katnonos Cu/Fe mo Hesk-
BUBAJICHTHBIM TIO3UIUSIM, 3HAYUTETBHO OTJIMIACTCS OT
XpOM- W MapraHel-cojep:kamux obpasnos. O6Hapy-
JKEHBbI JIBA MATHUTHBIX (Pa30BBIX IIepexojia B JaH-
HOM coejuHeHnn npu Temmeparypax 17 = 28K m
Ty ~ 10 K. Ananus remuepaTypHbIX 3aBUCAMOCTEN 00~
paTHON MArHUTHON BOCIPUMMYUBOCTU IIOKA3aJl IIPU-
CyTCTBUE CAJIbHBIX aHTHU()EPPOMATHUTHBIX B3AUMOJIEl-
crBuit B CusFeBOs.

Baarogapraoctu. VccmenoBanust XUMIIECKOTO CO-
criekTpel  KP m
TEMITEPATYPHO-TIOJIEBbIE 3aBUCHMOCTH HAMATHUYICHHO-

CTaBa IIOJTyYE€HHDBIX COG,HHHGHHIZ,

CTU OBLIM BBIIOJIHEHLI Ha, O60py,ZLOBaHI/II/I OCHTPpa KOJI-

JlektuBHOTO nosib3oBannsa OUIT KHIT CO PAH.

®dunancupoBanue. Pabora BeimosHeHa npu hu-
HaHCOBOHU Tojiep:kKe Poccuiickoro mHaydHOro omuaa
(rpant Ne 22-12-20019 (https://rscf.ru/project/22-12-
20019/), Kpacuosipckoro kpaesoro dhoH/Ia HAYKH.
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