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BriepBbie TOTy4eHBI 00pasibl Ha OCHOBE TEUTypHMIA Xeje3a, JTOMUPOBAaHHBbIC MHCEJICHUIOM THUTaHa
Fe,  Te(TiSe,), (y =0, 0.04, 0.08, 0.1, 0.2), mpoBeseHO UX UCCICAOBAHKE C TIOMOLIBIO PCHTTCHOBCKOM AM-
dbpakimu, a TakKe U3MEPEHU 2MEKTPUIECKUX U MarHUTHBIX CBOMCTB. [TokazaHo, 4To noOaBieHUe He-
0OJIBIIIOr0 KOJUYECTBA MMCEJIeHUIa TUTaHa K ogHO(Ma3HOMY TeJUTypUIY XeJjie3a C TeTparoHaJlbHOW KpU-
CTAJUTMYECKOM CTPYKTYpOIl IPUBOMMUT K CHUKEHUIO TeMIlepaTypbl Heens, ckaTnio KpucTauIn4ecKom pe-

IIeTKM W MOSIBJICHUIO CcBepXmpoBogumoct Tipu y = 0.04. MakcuMmalibHasi TemIlepaTypa Hadaja

t
ceepxmpoposuero nepexofga 7. ~ 13 K nabmomaercs s o6paslia ¢ HOMUHAIbHBIM COCTABOM

Fe, ; Te(TiSe,)( ;. OOHapyxeHa 3aBUCMMOCTb NOBEAEHMSI JIEKTPUUECKOTO COMTPOTUBIIEHHUS TIPU TEMIIEpa-

t
Type Huxe T, OT 3HaYeHMS TPUIIOKEHHOTO TOKA, YTO MOXET CBUIETENHCTBOBATH O MPOSIBIEHUHN CBEPX-
IMPOBOIMMOCTH, XapaKTEePHOI1 [JIsI TpaHyIMPOBaHHBIX CBEPXITPOBOTHUKOB.
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BBEAJEHUWE

OTKpHBITHE CBEPXIIPOBOIMMOCTHU B CEJICHUIIE XKe-
ne3a FeSe, xapakTepusymoolieMcsl CJIOKHBIM B3alMO-
JIeiCTBUEM MEXIY CBEPXIPOBOIMMOCTbIO, MarHe-
TU3MOM 1 HEMaTUYHOCTHIO [1, 2], BbI3BaIO JOMOJIHU-
TCJBHBI MHTEPEC K [PYTUM XaJbKOT€HUIAM |
MHUKTHUIAM 3Kee3a [3]. DTh maTepuanbl, OTHOCIIIIN -
ecs K Tak Ha3bpIBaeMo¥ rpymme “117, aBistioTcs yao6-
HBIMA OOBEKTaMU IJIsi HCCIeIOBaHUS OJaromapsi
IIPOCTOTE KPUCTAJIMYECKOI CTpYKTyphl. I3BecTHO,
YTO 3aMEIIeHUS O MoApelIeTKaM Xeje3a 1 XaJlbKo-
reHa B coequHeHusix FeCh (Ch = Se, Te) ¢ TeTparo-
HaJIbHOI KpUCTa/UIMYECKOU cTpyKTypoil Tuna PbO u
IMPOCTPAHCTBEHHOM Tpynnoii P4/nmm CylieCTBEHHO
BJIMSIIOT Ha UX cBoiicTBa [4—6]. Hanpumep, 3amMeHa
50% ceneHa TeanypoMm B coemmHeHun FeSe, nMmero-
IIEM TIePEXOI B CBEPXIIPOBOISIIIEE COCTOSHUE IIPU
T. =8 K [7], NpUBOOUT K MOBBILIEHUIO KPUTUYECKOMI
teMmnepartypsl 1o 7, ~ 12—15.2 K nia FeSe, sTe s B 3a-
BUCUMOCTH OT METOJANKHU MPUTOTOBJIEHUSI 0Opa3lia u
M30bITKA WJIM HelocTaTKa xeesa [4, 6, 8, 9]. B omu-
yre OT cBepxIpoBomsiiero FeSe, m3ocTpykTrypHOe

coenuHenue Fe, . Te c HEOONBIINM U30BITKOM XKeJIe-
3a (z ~ 0.03—0.13) He oOHapyxXuBaeT Iepexona B
CBEpXMPOBOMSIIEEe COCTOSIHUE M IpeTeprieBaeT
CTPYKTYpHOE TIpeBpallleHre, KOTOPOE COCYIIECTBYET
C MepexoIoM U3 NTapaMarHUTHOTO B aHTU(heppoMar-
HUTHOe cocTtostHue Huxke T~ 67—70 K (cM., Hamp.,
[10, 11]). B 3aBucumocTu ot cootHoireHus Fe : Te B
coenuHennu Fe, . Te moryr Habimomarbes aBa TUIIA
CTPYKTYPHBIX TIpeBpallleH!ii: U3 TeTparoHaJbHON K
MOHOKJIMHHOI (IIpOCTpaHCTBeHHAas rpymma P21/m)
wii optopoMbuueckoit (Pmmn) daze [9, 11—15].
Crienyer OTMeTUTb, YTO, HECMOTpPSI Ha OTCYTCTBUE
ceepxmnposonumoctu B Fe, , Te, Teopusa pynkuumo-
Hajla TUIOTHOCTM MpeAcKa3blBaeT 00Jiee BbICOKYIO
TeMIlepaTypy CBEPXIIPOBOISIIETO TIepexoaa B JOMU-
pPOBaHHOM TeJUTypuUIe XKejie3a 3a cCYET 0oJiee CTa0UJb-
HOU BOJIHBI CHIUHOBOM IJIOTHOCTU MO CPABHEHUIO C
FeSe u FeS [16]. MHorue uccieqoBaHus MOKa3biBa-
IOT, YTO 3aMeHa TeJiIypa cejieHoM uiu cepoii B FeTe
NPUBOAUT K TIOJAABJIEHWIO MAarHUTHOIO TOpsaKa U1
BO3HMKHOBEHUIO cBepXnpoBoaumoctu [17—22]. bo-
Jiee TOro, ycraHoBieHo [12, 17], 4yTo 1pu 3aMeIeHun
aTOMOB TeJUTypa CEJI€HOM WJIM CEPOU Mpu omnpeae-
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JICHHBIX KOHLICHTpALUAX CTAHOBUTCA BO3MOXXHBIM
COCYLI€ECTBOBAHUEC MArHuUTHOI'O YIHOPAOOYCHUA U
CBEPXIMPOBOOAIIECTO COCTOAHMAA.

BnausiHue 3amellieHUii B MeTa/UIMYECKOI U Xajlb-
KOT€HHOM moApelieTkax Ha CBEpXIPOBOISIINE
CBOICTBa XaJIbKOTEHUJOB XeJie3a OKa3bIBaeTcsl J0-
CTaTOYHO CJIOXHBIM U3-32 MHOTO30HHOM CTPYKTYPHI
TaKUX CBEPXIPOBOJHNKOB. M30BajieHTHBIE 3aMellie-
HUS B IOJIPENIETKE XaJIbKOTeHa MPUBOAAT K U3MEHEe-
HUI0 BoHOBOro Bektopa ot (0, ) nus FeTe k (7, ) B
cucteMme FeTe, _ Se, u nosiBieHUI0 00bEMHOI CBEPX-
npoBoguMocTH [19]. KpoMme Toro, n30bITOYHBIE MO-
HBI KeJie3a, pacloJiaraioimecs B MeXI0y3IUsIX pe-
ILIETKW, MOTYT OKa3bIBaTh MHOXECTBEHHOE BJIUSTHUE
Ha CBEPXMPOBOSIIME CBOMCTBA MaTeprajia: BHOCUTD
JIOTIOJIHUTEIbHBIE  3JIEKTPOHBI  [23], WMHAOyLIMpOBaTh
c1abyro JoKaIu3aluio 3apsiia, a TakxKe MPUBOIUTH K
MarHUTHBIM (pirykTyanusiM (T, 0), KOTOpbIe He CIOCO0-
CTBYIOT CBEpPXITPOBOJISILIEMY cllapuBaHuio [24]. 3ame-
HIeHMe TeJutypa cesieHoM (B cucteme Fe, . SeTe, _ )
[17] v cepoii (Fe ;. S, Te, _,) [20] mpuBomuT K 110-
CTENIEHHOMY CHUXEHMIO TeMIlepaTypbl MarHUTHOTO
YIIOpSIAOYEHUSI U TOSIBJICHUIO TIepexoa B CBEPXIIPO-
Bomsiee coctossHue. MccnenmoBanus 3¢p¢peKkToB 3a-
Mmenienusa B Fe-mmonpemerke FeTe, B cBoio odyepens,
MoKa3aJli, 4TO 3aMeHa KeJjle3a HuKejeM [25, 26], ko-
6anbToM [27], xanmuem [28] wim Meapio [29] cHuKaer
TeMIepaTypy MarHUTHOTO YIOPSIIOYEHMSI, HO TIEPEXO-
J1a B CBEPXITPOBOISILEE COCTOSIHAE HE TTPOUCXOIUT.

Crenyet OTMETUTD, UTO IPUMeECHbIE (Da3bl U MOHBI
CBEPXCTEXMOMETPUYECKOIO KeJie3a OKa3hIBAIOT Cy-
IIECTBEHHOE BIMSIHME Ha CBEPXIPOBOIMIIINE U
TPaHCITIOPTHBIC CBOMCTBA XaJIbKOTeHUIOB XeJie3a U3-
3a MOSIBJICHUS CTPYKTYPHBIX MCKAXKEHUI 1 HAIIPSIKE -
HMI B KPUCTAJZIMYECKOM pellleTKe OCHOBHOM TeTpa-
roHasibHOM asbl [30, 31]. MI30bITOK MOHOB KeJie3a
MIPUBOIUT K YBEJIMYCHMUIO KOHIIEHTpAMU CBOOOI-
HBIX HOCUTEJIeH 3apsaa, 4YTO yBEJIMUYMBAET IIPOBOA-
MOCTb MaTepuaja, HO C Ipyroil CTOPOHBbI, 3TU UOHBI
BBICTYHAIOT B POJU IOIOJHUTEIBHBIX paccerBalo-
IIMX LIEHTPOB. MeTommKa IPUTOTOBICHUS U CKO-
pPOCTb OXJIAXJIECHUSI, a 3HAYUT, U HAIWYUE BKIIIOUC-
HUIi ONIPEIeIIsIIOT HE TOJIBKO XapaKTePUCTUKM CBEPX-
MIPOBOMSIIEIO IIepexoma, HO M CYIIECTBOBAaHUE
CBEPXIIPOBOJIMMOCTU B 1iejioM (cM., Hamp., [31]). B
pabore [32] mccnemyercss 3¢@dEKT 3aMelIeHUs W3-
ObITKa Xene3a B Fe, ;;Se paznuyHbIMU epexoqHbIMU
MeTtammaMu. OOHapy:KeHO, YTO MPU 3aMeIlleHU! U3-
OBITOYHOTO Kee3a TuTaHoM B obpasue FeTi,(,Se,
MOJIYYEHHOM IIyT€M €CTECTBEHHOIO OXJIAXKIASCHUS U
3aKajKu, IIPsIMOI 3aBUCUMOCTHU MEXIY TeMIIepaTy-
poii nepexona T, u 0ObeMHOM H0JIEl CBEPXITPOBOMSI-
mieii a3kl HeT. Tak, eCTeCTBEHHO OXJIaXKIeHHbBIA 00-
pasell ¢ OOJIBIION O0OBEMHOI TOJIEN CBEPXITPOBOIS-
nieli assl UMeeT TeMIepaTrypy nepexoaa Bcero 7, =
= 8 K, Torma Kak 3akaJiIeHHbIi1 oOpa3el ¢ MajJoil 10-
JIell CBepXIIpOBoOAsIeii (pa3bl JEMOHCTPUPYET OoJjiee
BBICOKYIO KpuTHUuecKyto remneparypy 7, = 12 K [32].
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CremoBaTelbHO, WHTEPEC MOTYT IIPEICTaBIISITH HE
TOJILKO OJJHOPOJHBIE U ofHO(a3HbIe 00pa3libl, HO U
00pa3ibl C BKIIOYEHUSIMU U JOTOJIHUTEILHBIMU (pa-
3amMu. Kpome Toro, Haam4due BKITIOUCHUI, COM3Me-
PUMBIX C UIMHON KOTEPEHTHOCTH, MOXET CyIIle-
CTBEHHO BJIMSITb Ha BEJIWYMHY KPUTUYECKOTO TOKa
o0pa3IoB.

ApyruM crmocoOGoM yaydllleHUsl CBEPXITPOBOISI-
IMUX XapaKTepUCTUK OOpa3oB SBISIETCS OTKUT HE
TOJBLKO B BaKyyMe, HO U B aTMOcdhepe pa3ImIHbIX Ta-
30B (KMCJIOpPOd, a30T) WU MapoB (cejeH, cepa, Tel-
nmyp u ap.) [33—37]. B4uactHOCTH, OBLIIO OOHAPYKEHO,
4yTO mauTenbHas Bbllepxkka Fe,, Te Ha Bozmyxe
[33, 34], obnyyeHre noHamu Kucyopona [34], a Tak-
Xe obpaboTka B atMoc(epe mapoB Se mim Te [35]
MIPUBOIAT K MHIYIIMPOBAHUIO CBEPXITPOBOIMMOCTH.
B paGorte [36] moka3aHoO, YTO OTXKHI B aTMocdepax
CaF, wmm SmF; Tak:ke mpuBOAUT K 3aMETHOMY YITyd-
MIEHUIO CBEPXITPOBOMAIINX CBOMCTB MOHOKPUCTAI-
noB Fe,, Te)¢Sep,. Omxur B arMocdepe asora, B
CBOIO ouepellb, He MPUBOAUT K BO3HUKHOBEHUIO
cBepxmpoBoguMoctu [37].

Llenbro HacTosIIIEH paOOTHI SIBISIETCS UCCIEI0Ba-
HUE BJIIMSHUS JOIUPOBAaHMUS aHTU(PEPPOMAarHUTHOTO
coequHenust Fe; Te nucenenunom tutana TiSe, Ha
2JIEKTpUYECKME U MarHUTHBIE CBOMcTBa. MICXOMHBIM
o6pasel TiSe,, ucnonb30BaHHBIN B Hallel paboTte B
KadecTBe NOIIaHTa, He IPOSIBIISIET CBEPXIIPOBOISIIINX
CBOMCTB IMpU HOpMalbHBIX yciaoBusgx. Kak coobia-
eTcs B JuTeparype (cM., Hamp., [38]), npuioxeHue
nasieHus K 1 T-TiSe, MoxeT TpUBECTU K MOSIBIEHUIO
cepxripoBoaumoctu Huke 7, = 1.8 K npu P = 3 I'Tla.
IMpeamnonaraau, 4to Mpu AONMPOBAHUM TeEIypHUaa
XKene3a JUCEJICHMIOM TUTaHa aTOMEI Se 3aiiMyT I10-
3ULNUA TeJUTypa, a aToMbl Ti, He oOragaromine coo-
CTBEHHBLIM MarHMTHBLIM MOMEHTOM, OyAyT 3aHUMAaTh
MMO3UIIMH XeJie3a B TeTparoHaabHoi cTpykType FeTe.
ATOMBI TMTaHA, MPEOIIOJIOXKUTEIbHO, OYOYT BBHICTY-
1aTh UCTOYHUKAMM JONOJHUTEIBHBIX HAIPSIKEHUI
BHYTPM KPHUCTAJUIMYECKON pEelIeTKN 00pa3lioB, 4To,
corracHo [30, 31], DOJKHO ITOIOKUTEIBHO CKa3aTh-
Csl Ha CBEPXITPOBOASIINX CBOMCTBAX IO CPABHEHUIO C
oOpa3laMu ¢ 3aMelICHUEM TOJILKO B XaJIbKOI€HHOM
MOAPEIIETKE.

METOJINKA S5KCITEPUMEHTA

O6pa3pl ¢  HOMHWHAJBHBIMM  COCTaBaMM
Fe, Te(TiSe,), (v = 0, 0.04, 0.08, 0.1, 0.2) ObL1M 110-
JIydeHHBI B ABa 3Tara. Ha mepBoMm aTare ImyTeM IIaB-
JieHUs1 ObUTK TpUTOTOBJIEHBI 00pa3siibl Fe, | Te B nBoi-
HbIX BaKyyMUPOBAaHHBIX KBapleBbIX aMImyJiax Mpu
temmeparype 920°C ¢ mociienyiolieil 3aKajakoi 10
KOMHATHOI TeMmepaTypbl ¢ UCIOJIb30BaHUEM B Ka-
YeCTBE MCXOOHBIX MaTepUaioB MOPOIIKa Keje3a
(99.98%) u kycoukos Tesurypa (99.99%). Ha Bropom
aTare MoJlydeHHbIe 00pas3lbl U3MeNIbYain, CMEII-
Baju ¢ nopoiikoMm TiSe, B onpeaeseHHbIX PoIop-
TOoM 124
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[USIX, MpeccoBald, a 3aTeM BHOBb IUIABWJIM TMPU
920°C ¢ aHaJIOTUYHOI TepMHUYECKOl 0OpabOTKOIA.
IMonyyeHHBIe 06pa3Lbl U3MENIbYAIN, ITPECCOBAIH, a
3aTeM OTXKuTaian B TedeHue 340 9 rpu TeMIiepartype
400°C st TOMOTEHU3AlIUH.

Maz30BbIif COCTAB U CTPYKTYpa 00pa3IIOB UCCIIEIOBa-
HBI METOJIOM PEHTITeHO(a30BOro aHajaM3a Ha Tudpak-
toMerpe Bruker D8 Advance (CuK,-usimyyeHue, s
ynaneHust CuKg-Briiana ucronb3oBaiu Ni-huisrp) ¢
MO3UIIMOHHO-YYBCTBUTENbHBIM JiIeTeKTopoM LynxEye.
AHaJM3 MOJYYeHHBIX PEHTTeHOTPaMM OCYILIECTBJIsI-
1 B nporpamMMHoMm nakete FullProf [39]. MU3yuenue
MOpP(}OJIOruM MOBEPXHOCTU U XMMMWYECKUI aHaIu3
00pa31oB MPOBOAWIN Ha CKAHUPYIOLLIEM 3JeKTPOH-
HoM MuKpockorie Auriga (Carl Zeiss, 'epmanust) ¢
EDX nerekropoMm. MWMcronp3oBaHO 00OOpyIOBaHUE
VYpalabCKOro 1IeHTpa KOJUIEKTUBHOIO IOJb30BaHUS
“CoBpeMeHHbIe HaHOTexHoIoruu” (Ypanbckuii dene-
pajibHBIN yHUBepcUTET, per. No 2968) mpu nmonaepxkke
MuHuCTepCTBA HAyKX U BhICIIEro oopa3zoBaHus Poc-
cuiickoit Memeparm (tipoekT Ne 075-15-2021-677).
[aHHbIe 37EKTPUYECKOTO COIMPOTUBJIEHUS MOJIyYe-
Hbl CTAaHJAPTHBIM YETBIPEXKOHTAKTHBIM METOJIOM B
nuanazoHe temnepatyp ot 2 no 180 K mpu paznuy-
HBIX 3HadeHUIXx Toka 0.1 m 10 MA. s n3mepeHns
TeMIIEPaTYPHBIX 3aBUCUMOCTEM 3JIEKTPUUECKOTO CO-
MPOTUBJIEHUS BCEX COCTABOB UCITOIb30BAJIN MOJUKPU-
CTAUIMUECKUE 00pasLbl pasMepoM ~2 X 2 X 6 MM>.
TemniepaTypHble U MOJIEBbie 3aBUCUMOCTU HaMarHU-
yeHHOCTH u3Mmepsuin ¢ nmomouibio CKBW/I-maram-
tomerpa MPMS XL-7 B nuama3zoHe TeMmrieparyp 2—
100 K 1 B MarHuUTHBIX Toyigx 0o 70 kD.

PE3YJIBTATbBI U OBCYXIAEHHUE

PentreHoBckue nudpakTorpaMMbl UCXOTHOTO U
nonupoBaHHbIX oOpasuos cucteMbl Fe, Te(TiSe,),
(y=20,0.04, 0.08, 0.1, 0.2) npuBenaeHHI Ha puc. la.

BBuy oTCyTCTBUSI HA pEHTIeHOTpaMMe TOTIOJTHU -
TEJIbHBIX OparroBckux peduekcos, oopaseu Fe, Te
XapakTepusyeTcsl Kak oqHOo(Ma3HbIi ¢ TeTparoHalb-
HOI cTpykTypoil Ttmna PbO, ommceiBaeMoii 1po-
CTpaHCTBEHHOM rpyrmnoii P4/nmm. IlapameTpsl pe-
metky a = 3.825(6) A u ¢ = 6.287(2) A cornacyiorcst
C paHee OIyOJIMKOBAaHHBIMU JaHHEIMU [26, 40]. Coe-
JIyeT OTMETUTh HEOOIbIIION pa3dpOC 3HAYEHU KpU-
cTajuiorpauyeckux IapaMeTpoB U TeMIepaTypbl
MarHUTHOTO YIOPSA0YEHMS 711 3TOTO COEAUMHEHUS B
JIuTepaTtype, 4YTO, IMO-BUIUMOMY, SIBJISETCS CJIemd-
CTBUEM pa3jinuuii B crexuomeTpuu. I1o cpaBHeHUIO C
ucxonHbiM obpasuiom Fe, ' Te Bo Bcex 1oNMMpPOBaHHBIX
oOpaslax OOHapy:KE€HO IIPUCYTCTBUE IIPUMECHBIX
¢a3s. IIpu nobGaBieHUU ANCEISHUIA TUTAHA C MUHU-
MaJibHOI KoHLIeHTpanueit y = 0.04 HabGatomaercs ga-
30BO€ paccioeHue u oopaszoBaHue ppobdbepruta FeTe,
[41, 42] (oT™MeueH cTpeakamMu Ha puc. 1a). [Tomumo
TeTparoHajibHoil ¢a3bl u ppodeprura FeTe, (nmpo-
CTpaHCTBEeHHas rpynmna Pnnm), B oOpa3slie C KOHIIEH-
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(a) Fe,Te(TiSe,),

1, oTH. en.

O

]
| W S
< .
Vs
13.5 14.0 145 265 27.0 275 28.0
20, rpan

Puc. 1. PentreHoBckue mudpakrorpaMMbl 00OpasIioB
Fey  Te(TiSe,), ¢ pasnnaHbIM conepxkanueM TiSe, (a) u
cmenieHue mukoB (001) u (101) ocHOBHOIT TeTparoHaab-
Holt (a3bl mpu gonupoBaHum (6). CTpenkamMu yka3aHbl
MUKH, oTHocsAmmecs K dase FeTe,; 3Be3noukamu ykasa-
HO I10JIOXEHUE pedUIeKCOB, CBA3aHHbIX ¢ (asoii TiySes.

Tpanuei nornaHTa y = 0.2 Takke IPUCYTCTBYET (haza

Ti,Se; (mpocTpaHCTBEHHas Tpymmna P31c, [43]), oT-
MeYyeHHas 3Be3n04ykaMu Ha puc. la. C moBbIlLIEHUEM
KOHIIEHTpallMM OHCEJICHWIAa TUTaHAa HaOII0maeTCs
MMOCTEIIEHHbBII POCT MHTEHCUBHOCTH IIMKOB, CBSI3aH-
HBIX C GpOOEPTUTOM, UTO CBUAETEIBCTBYET 00 YBEIU-
yeHuu oobeMHoIt nonu dasbl FeTe,.

HomupoBaHue 00pa3lOB IMCEIEHUIOM TUTaHA
TaKK€ MPUBOMUT K U3MEHEHUIO MOJOXECHUS U WH-
TEHCUBHOCTU OP3rTOBCKUX PedIEKCOB, CBI3aHHBIX C
OCHOBHOI1 TeTparoHallbHOI (bazoit. Kak cienyet u3
puc. 10, Ha KOTOpOM TOKa3aHa 3BOJIIOIMS TTUKOB
(001) u (101) mns Bcex IMOJIydeHHBIX 0Opa3lioB, Ha-
OmrofaeTcst 3aMETHBIN CIBUT 00OUX MUKOB B CTOPOHY
6oJiee BBICOKMX 3HAUYCHUI 20 1O CpaBHEHHIO C VC-
xonHbM Fe, Te. YuutbiBass MeHbLINI MOHHBINA pa-
nuyc Se no cpaBHEHMIO ¢ Te, 3TU U3MEHEHUS CBUAE-
TEJILCTBYIOT O YACTUYHOM 3aMEIIIEHUN aTOMOB TEJLTY-
pa CeJeHOM; ITO-BUIAUMOMY, TAaKXE HMEET MECTO
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Puc. 2. 306paxeHne MOp(oa0r1uu NOBEpXHOCTHU, IOy~
YEHHOE METONOM CKaHWPYIOUIEH 3JIEKTPOHHONW MUKPO-
CcKOIuUM (a), a TakKXkKe U300pakeHUsT DJIEMEHTHOTO KapTu -
poBaHusi (0) oOpaslia ¢ HOMUHAIBHBIM COCTaBOM
Fel‘lTe(TiSez)O‘og.

3aMeIIeHNEe aTOMOB XeJle3a THTAHOM B TETPATOHAJTb-
HOM peEIIeTKE.

dnga wusydeHuss Mop¢hOJIOTUM TOBEPXHOCTU U
omnpeAeaeHUS XUMUYECKOTO COCTaBa ObLT BHITIOJIHEH
SEM- u EDX-anamu3 ob6paszua c y = 0.08. JlaHHBIe
SEM u KapTupoBaHUs MpeAcTaBiIeHbI Ha puc. 2. Pe-
AIbHBINA XMMHWYECKUI coCcTaB oOpa3slia 10 JaHHBIM
EDX 06b11 paccuutan Kak Fe, (;TeTi, ¢;5€; 13, 4TO O51mn3-
ko kK HomuHasbHOMy Fe,  TeTi, 43Sey ;6. Kak BunHO U3
KapTrorpaguueckux nzobpaxkeHuii (puc. 20), pacnpe-
neneHue Fe, Se u Te mocTtaToyHO paBHOMEPHO IO
BCceMy 00beMy 00Opasiia, Ipu 3TOM YETKO BBIACIISIIOT -
cs1 06J1aCTH CKOTIJICHUST aTOMOB TUTaHA.
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Puc. 3. PentreHoBckue nudpakTorpaMMbl UCXOTHOTO
Fe, ;Te (a) n nonuposanHoro Fe;Te(TiSe,)y; (6) 06-
pas3uoB. BepTukanbHble pUCKM YKa3bIBaIOT IMOJOXEHUE
COOTBETCTBYIOIIMX OpATTOBCKUX pedIeKCOB: BEPXHUM
psin — TeTparoHajibHasl ¢haza Ha ocHoBe FeTe (mpocTpaH-
CTBeHHasi rpynna P4/nmm), HUXXHUI psii — OPTOPOMOU -
yeckas ¢asa FeTe, (mpocTpancTsenHas rpynmna Pnnm).

B Tabn. 1 mpuBeneHsl JaHHBIC pacyeTa CTPYKTYpP-
HBIX TapaMeTPOB MCXOAHBIX U JONMUPOBAHHBIX 00-
pasuos cucrtembl Fe,,Te(TiSe,), moaydyeHHbIX MeTO-
noM PurBenbna.

IIpuMepsl paccuyUTaHHBIX TUMPAKTOTPAMM MPU-
BeJCHbI Ha puc. 3.

Ha puc. 4a, 46 noka3aHbl UI3MEHEHUSI CTPYKTYP-
HBIX TTapaMEeTPOB, a TaKkKe oObeMa dJIeMEeHTapHO
STYEMKU U OTHOIIEHUS ¢/a TeTparoHaJIbHOI pelIeTKN
B 3aBUCHMMOCTH OT HOMWUHAJIBLHOTO COINEPXKaHUS TH-
cenenuaga turada. Ilpeamonarann, 4yTo moGaBieHUE
TiSe, k ucxonnomy Fe,  Te npuBeneT K 3aMeIIeHUIO
TeJlJlypa CEJEHOM C MEHBIIUM WOHHBIM PaauyCcoM,
CXKATUIO KPUCTAJUTMIECKON peIeTK BIOJIb OCH ¢, a
TakKe M3MEHEHUIO MArHUTHBIX U TPaHCIOPTHBIX
cBoiicTB. Kak cienyer u3 puc. 4a, neiicCTBUTENILHO,
nobasneHue TiSe, MPUBOIUT K aHU30TPOITHOMY CXKa-
TUIO TEeTparoHaJILHOM peleTKu (a3l Ha OCHOBE
FeTe: mapaMmeTp ¢ yMeHbIIaeTcs MpuMepHo Ha ~1%,
B TO BpeMsI KaK M3MEHEHHe mapaMeTpa a He IIPeBbI-
mraet 0.3% 1ipu yBeJIMYeHUM KOHLIEHTPALUU JOMaH-
Ta 10 y = 0.2. O0beM TeTparoHaJbHON pelIeTKHU, a
TaKKe OTHOIIIEHUE ¢/a YMEHBIIAIOTCS C YBEIMICHU -
eM conepxanus TiSe, (puc. 40).
TOoM 124
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Puc. 4. I3meHeHue napaMeTpoB pellieTKy a U ¢ (a) U U3MEHEeHHe 00beMa JIEeMEHTapHOM sSTYeliKU U OTHOLIEHMUSI ¢/a TeTparo-
HaJIbHOI (ha3pl (6) B 3aBUCUMOCTU OT HOMMHaJIbHOTO conepxanus TiSe, B cucreme Fel.]Te(TiSez)y; U3MEHEHME ITapaMeTPOB

¢ (B) 1 a (r) CTPYKTYphI THIa PbO B 3aBUCUMOCTH OT HOMMHAJIBHOTO COAEpKaHust celieHa B oopasuax Fey Te(TiSe,),. [To-
TPELIHOCTH HAXOISITCS B Ipeesiax pa3MepoB CMMBOJIOB. CUMBOJIBI (+) M (X) COOTBETCTBYIOT 3HAYEHUSIM TTAPaMETPOB ¢ U a pe-
weTku B cucreme Fey . Te; _ ,Se,, B3ATbIM U3 INTEPATYPHBIX JaHHBIX [12, 44—49]. KoHUEHTpaLMs celeHa ONpeAessanach Kak

MPOILIEHTHOE CoAepKaHue Se B pSiLy FeZTel _ ySey C 3aMeIIeHUSIMU TOJIBKO MO3ULUI TeLTypa.

I[TpuHUMas BO BHUMaHUE JIUTEepaTypHbIe JaHHbIE
[4, 6, 8], cBUmeTenbCTBYWOIINE O (HOPMHPOBAHUHI
cTpykTypsl Tuna PbO B coennnenmsax Fe, . Te; _ ,Se,
BO BceM Auana3oHe KoHueHTpalmii (0 <x < 1), uameHe-
HUE HaKJIOHa CTPYKTYPHBIX TapaMeTpoB (puc. 4a, 40)
TeTparoHanbHOM (a3l B Fe,  Te(TiSe,), npu y = 0.08
MOXET ObITh CBSI3aHO C JOCTUXEHUEM Ipejesia pac-
TBOPUMOCTU TUTaHA B 3Toi ¢a3e. B monab3y 3Toro
MPEeAIoJoXeHUs CBUAETEbCTBYET TosiBleHUe (ha3bl
tuna Ti,Se; Npy yBeIUYEHUU CONlEpKaHUS TOMaHTa
Boilre y = 0.1 (cm. puc. 1). Ha puc. 4B, 4r nokazaHo
U3MEHEeHUE MapaMeTpoB PEIIETKU ¢ U a CTPYKTYPbl
tuna PbO B 3aBUCMMOCTH OT COAep>KaHUS CelIeHa B
Haimx obpasuax Fe,  Te(TiSe,), BMecTe ¢ naHHBIMU
s cucremsl Fe, , Te, _ Se,, B3TbIMU U3 JTUTEpaTy-
pHI [12, 44—49].

B otiimume ot 61M3KOTO K IMHEHOMY YMEHBIIIe-
HUA ITapaMeTpa ¢ B coenuHenusx Fe, , 'Te, _ Se,, us-
MeHeHue ¢ B cucteme Fe,  Te(TiSe,), oTkionsiercs ot
npsiMoii TMHUM (puc. 4B), KOrma coaepKaHue ceJaeHa
B oOpasiax npesbimaeT ~ 10 at. %. 3HayeHus mapameT-
pa a Ui 3aMelleHHbIX coequHenuit Fe, . Te; _,Se,
B3SITBIE U3 JINTEPaTyphl, IMEIOT 3aMETHBII pa3Gpoc
(puc. 4r), omHAKO OHU TakKKe OOHApPY>KMBAIOT TEH-
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JIEHLIMIO K YMEHBIIEHUIO C YBEJIMYEHUEM CONEpXKa-
HUg ceneHa. Takoil pa3dpoc 3HaYeHUl a, O-BUIU-
MOMYy, OOYCJIOBJIEH pa3JIMUMsIMU B CIOCOOE ToJTyde-
HUSI 00pa3loB, a TAKXKe pa3IMUHONM KOHLIEHTpalLe
U30bITKA Xeje3a B coeauHeHusix. Kak BuUOHO u3
puc. 4r, U3MEHEeHue IapaMeTpa a TeTparoHajJbHOM
(asbl B jonpoBaHHbix obpasuax Fe,,Te(TiSe,), mo-
BTOpsIET TeHIEeHIUIO, HaOmonaemyto B Fe, ;. Te, _ Se,
BIUIOTH IO TIpUMepHO 12 aT. % ceneHa.

[ manpHEWIIero n3y4yeHus BIUSHWS JOTTUPOBa-
HUS OBLIM U3MEPEHbI TEMIEpaTypHbIe 3aBUCUMOCTH
5JIEKTPUYECKOTO COMPOTUBJICHUS BCEX MOIYICHHBIX
obpasuoB. Ha puc. 5 nmpencrasiieHBI TeMIIEpaTypHBIE
3aBUCMMOCTM HOPMHUPOBAHHOTO 3JIEKTPUUECKOTO
conpotusnenus p(71)/p(T 180 K) oO0pasmoB
Fe, Te(TiSe,), (v = 0, 0.04, 0.08, 0.1, 0.2). Ycranos-
JIEHO, UTO aOCOJIIOTHBIE 3HAUYEHUS 3JICKTPUYECKOTO
COITPOTHUBJICHYSI TTOMKPUCTALTITISCKIX 00pa3IioB Ha-
xozarcs B npeaenax (2.5—15.0) X 1073 Om M ripu 180 K.

Hab6nonaemsiit nins ucxomHoro odpasua Fe, Te
W3JIOM, CBSI3aHHBII CO CTPYKTYPHBIM IIEPEXOIOM U IO~
SIBJICHMEM MATrHUTHOIO YITOPSIIOYEHMUSI, IS JTOIMPO-
BaHHBIX 00Pa3LIOB MPAKTUYECKH He 3aMeTeH. B oTimune
ot ucxonHoro Fe,; | Te (y = 0), He obanaoNIero rnepexo-
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1170 KHNCJIIOB u np.
Ta6mmma 1. CTpyKTypHBIE TTapaMeTphl TeTparoHaabHOMI? (pa3bl Ha OCHOBE aHaJIM3a 00pa3IoB Fe,  Te(TiSe,), meTonom
Putsenbna
HomuHanbHbIe cocTaBbl 00pa3lioB
IMTapametp
y=0 0.04 0.08 0.1 0.2
a, A 3.825(6) 3.817(5) 3.815(9) 3.813(5) 3.814(1)
c, A 6.287(2) 6.257(4) 6.238(1) 6.230(1) 6.225(8)
c/a 1.643(4) 1.639(2) 1.634(9) 1.633(3) 1.632(3)
v, A3 92.015(1) 91.198(1) 90.834(1) 90.603(1) 90.569(1)
Fe2/Ti (z) 0.730(1) 0.694(1) 0.841(6) 0.920(1) 0.973(3)
Te () 0.282(4) 0.282(1) 0.285(9) 0.284(5) 0.280(3)
Se (z) — 0.282(1) 0.285(9) 0.284(5) 0.280(3)
Fel (3ansTOCTb) 1.000 1.000 1.000 1.000 1.000
Fe2/Ti (3ansiTOCTD) 0.068 0.043 0.106 0.108 0.031
Te (3aHATOCTD) 1.000 0.948 0.908 0.876 0.872
Se (3aHATOCTD) — 0.052 0.092 0.124 0.128
R, 2.47 3.42 3.57 3.04 3.83
Ry 3.34 4.56 4.92 4.23 5.33
Rprage 2.67 6.87 7.19 3.52 3.02
x2 1.67 1.94 2.24 2.37 2.66

“TIp. rpynna: P4/nmm, Fel — (3/4,1/4,0), Fe2 / Ti— (1/4, 1/4, z), Te — (1/4, 1/4, 2), Se — (1/4, 1/4, 2).

IIOM B CBEPXIIPOBOISIIEE COCTOSTHHE, TeMITepaTypHbIe
3aBUCMMOCTY HOPMUPOBAHHOTO 3JIEKTPOCOIIPOTHBIIC-
HUsl Beex JonupoBaHHbIX oopasios Fe,  Te(TiSe,),, ne-
MOHCTPUPYIOT PE3KUU CIan ¢ TIOHIDKEHUEM TeMIIe-
paTypshl, YTO CBUIACTEIBCTBYET O Hayajle CBEPXIIPOBO-
Isiero nepexona. OmpHako py Toke 10 MA HyJIeBOTO

1.8

3HAYEHUS COMPOTUBJICHUS HU IS OMHOTO U3 00pa3-
LIOB JOCTUYb HE YyIaaoCh. DTOT pe3yabTaT MOXET
OBITH CBSI3aH C HEOTHOPOIHOCTBHIO 00pa3IioB, HAJIN-
YreM IPUMECHBIX (pa3 1 MaJIbIM 0OBEMOM CBEPXIIPOBO-
nameil ¢aspl. YU3MepeHus: CONPOTUBIICHUS TOITHMPO-
BaHHBIX 00PA31I0B MTPU PA3IMYHBIX 3HAUEHUSIX TOKA 10~

L5

U

o CO000
NP COM A

Fe,Te(TiSe,),

00
m";‘.‘i‘ 1":‘.

—e—y =0
—4—().04

Z 00
A A CAA

90 120 150 190

Puc. 5. TemneparypHble 3aBUCMMOCTY HOPMUPOBAHHOIO 3JIEKTPUYECKOTO CONIPOTUBIIEHUS 00pa3LoB Fe lTe(TiSez)y, nuzMe-
pennsle ipu / = 10 MA. Ha BcraBke nokasansl 3aBucuMoctu P(7)/pgg ipu 7'< 20 K.
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Puc. 6. TemmieparypHble 3aBUCUMOCTH HOPMHUPOBAHHOTO 3JIEKTPUUECKOTO COTIPOTUBJIEHUS 00Pa3IioB Fe”Te(TiSeZ)y c pas-
JIMYHBIM cofepxaHueM TiSe, B 061acTH CBEPXITPOBOASILETO MEPEXOAa MPY Pa3INYHbIX 3HaueHUsX Toka (/= 0.1, 10 MA).

Kas3alii, YTo IIpY yMeHbIIeHNH ToKa oT 10 mo 0.1 MA
COITPOTHBJICHNE OTYCTIMBO MadaeT IO HYJIS C TTOHU-
KEHUEM TeMIiepatyphl (puc. 6).

TeMmepaTypa Hayajga CBEPXITPOBOISIIETO Mepe-
X0lla UMeeT HEMOHOTOHHYIO 3aBHCHUMOCTH OT KOH-

. t
LeHTpauuu gomnanTa: T, *"" yBeJIMYMBaeTcs ¢ po-

croM KoHueHTpauuu TiSe, ot 10.2 K ipu y = 0.04 no

. t
MakcuMabHoro 3HayeHust 7, °™ =13 Knpu y = 0.1,
a 3areM cHmkaercsd rpu y = 0.2. Temmeparypa, 1pu
KOTOpPOI1 3JIEKTpUYECKOE COMPOTUBJICHUE MaAaeT 10

. offset
Hyas 7,7 °° ) BeieT cebst aHAJIOTUYHO TEMIIEpAType

Havajla mepexona U MMeeT HEMOHOTOHHYIO 3aBHCH-
MocTh ¢ MakcumymoM 1ipu y = 0.1. Kpome Toro, u3
puc. 6 BUIHO, 4TO BEJIWYMHA TOKA IIPU U3MEPEHUSIX
MpPaKTUYECKU He BIIMSCT HA TeMITepaTypy HadaJja Ie-
pexona, HO CYLIECTBEHHO BJIMSIET HA €T0 IIMPUHY.
Takoe noBeaeHME MOXKET CBUIETEIBCTBOBATD O TIPO-
SIBJICHUM B JOITMPOBAHHBIX 00pa31ax CBEPXITPOBOIM -
MOCTHU, XapaKTepPHOM IJIsI TpaHyIMPOBAHHBIX CBEPX-
MMPOBOJHUKOB. BiusHUe TpaHyIMpOBaHHOCTU Ha
TPAaHCIOPTHBIC M MarHUTHBIE CBOMCTBA OBIJIO OOHA-
PYXEeHO TaKKe IpH MCCICIOBAaHUM TOHKUX TJIEHOK
MaTtepuaioB Tuna “11” (cm., Harp., [50]).
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Ha puc. 7 npencraBiieHbl TeMIepaTypHbIC 3aBU-
CHMOCTH MarHUTHOI BocripunmMuuBocty ¥ (1), uame-
pennbie B pexume ZFC o6pasuos Fe, Te(TiSe,),
(y=20,0.04,0.08, 0.1, 0.2). YroOBI O0JIEEC YETKO ITOKA-
3aTh Mepexol U3 MapaMarHuTHOTO B aHTUdeppoMar-
HUTHOE COCTOSTHUE TIPU TMOHUKECHUU TeMITepaTyphl,
U3MEPEeHMUSI BOCIIPUMMYMNBOCTH MCXOIHOTO O0Opas3ia
Fe, , Te npoBonunu npu H = 10 kB. U3mepeHus B no-
ne H = 30 D BbIsiBWIM aHOMaJIMIO BOJIM3u 17'= 125 K,
CBsI3aHHYIO ¢ mepexomoM BepBest B okcuie xene3a
Fe;0,, koTOpHBIii, TO-BUAMMOMY, IPHUCYTCTBYET B 00-
pasue. CneayeT OTMETUTb, 4To KosaudecTBo Fe;O,
JIOBOJILHO MaJIO, TaK Kak Ha peHTTeHOIrpaMMe €Io Mpu-
CyTCTBUE He BoIsIBIIsieTcs (puc. 1). U3MeHeHre MarHUT -
HOM BOCIIPMMMYMBOCTH HEOOIIMPOBAHHOTO 00pa3ia C
pOCTOM TemIlepaTyphl B MHTEpBaie 2—62 K He3Hauu-
TEJIBHO, TOIJA KakK IPpY Harpese B uHTepBaie 62—64 K
BOCIIPUMMYNUBOCTh PE3KO BO3pacCTaeT C MOCJIEeMylo-
IIIMM MOHOTOHHBIM YMEHBIIICHEM IIPU JaJIbHEHIIIEM
MOBBILLIEHUN TeMreparypbl. Pe3koe u3MeHeHue
x(7T), nadbmonaemoe B HaleM obpasue Fe, Te B paii-
oHe ~63 K, comnacyercst ¢ HaGmogaeMoii TIpu 3TOit
TeMIlepaType aHOMaJlueil Ha TeMmepaTypHOl 3aBU-
CHMOCTH 3JIEKTPUUECKOIO COIPOTUBIIEHUS (pPUC. 5) U
paHee onyoaIMKOBaHHBIMU HaHHbIMU [10, 11, 40, 51].
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Puc. 7. TemnepaTypHble 3aBUCUMOCTU MarHUTHOII BOC-
npuumMunBoctH obpasuos FeyTe(TiSe,), (v = 0, 0.04,
0.08, 0.1, 0.2). CrimonrHbIe CTPEIKY YKa3bIBAIOT TEMIIEpa-

. onset
Typy Hayaja CBEpXIpOBOAsIIEro nepexoma Ty e OM¢t

IMMYHKTUPHBIE CTPEIIKKU OTHOCATCA K TEMIIEpaTypam Heens
TN COOTBETCTBYIOIIUX COCAMHEHUMA. MarnuTHas Boc-

TPUUMYUBOCTD M3MepsiIach B rmosie H = 10 KD mist ucxom-
Horo o6pa3sia (y = 0) u B mosie 30 D 11t BceX IOIMMPOBaH-
HBIX 0OpA3IIOB.

Hao6ntonaemoe B Fe, | Te noBeneHue HamMmarHu4yeH-
HOCTH BOJM3M (pa3oBOTO mepexona m3 aHTudEppo-
MarHUTHOTO B MapaMarHUTHOE COCTOSIHUE SIBJISIETCS
HETUTIMYHBIM TSI KJIJACCUYECKUX aHTudeppoMarte-
TUKOB, MOCKOJIbKY MAarHUTHBIN Mepexo] B 9TOM CO-
€IUHEHUY COTIPOBOXAAETCS CTPYKTYPHBIMU MpEBpa-
meHusmu [15, 51]. YBenuuenue conepxanus TiSe,
MPUBOIUT K CMELLEHUIO aHOMaIUU Ha Kpusoii X (7),
CBSI3aHHOI C BOBHUKHOBEHWEM MarHUTHOTO YIOpsi-
JIOUEHUs1, U COOTBETCTBYIONIEH Temneparypbl Heenst
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(TToKa3aHa MyHKTUPHBIMU CTPEJIKaMM ), oT 64 K s vic-
xogHoro coenuHeHus a0 42 K mist obpasua ¢ y = 0.2.
YuureiBasi, 4TO pe3KUX U3MEHEHUIT BOCIIPUUMYMBO-
ctu (puc. 7) M 3IASKTPUUECKOIO COIIPOTHUBIICHUS
(puc. 5) Boau3u Ty B o6pasuax c y > () He oOHapyxe-
HO, HaOJHgaeMblii B HEIONMMPOBAHHOM oOpasle
CTPYKTYPHBII TIepexo, Mo-BUINMOMY, MOJABIISIEeTCS
IpY TOTIMPOBAHUM.

CHIXeHHe TeMIlepaTypbl MATHUTHOTO YITOPSIIO-
YEeHUSsI, aHAJIOTUYHOE OOHAPYKEHHOMY MPU JOIMUPO-
BaHuu B cucreme Fe,,Te(TiSe,),, HaGmonamu u
IpU 3aMEIeHUU CEJIEHOM TeJUIypa B COETUHEHUSIX
FeTe, _ ,Se, (cM., Harnip., [17]), 1 npu YacTUYHOM 3a-
MelIeHNHN Tejulypa cypbMoit B Fe; . [ Te [52]. IIpu 3a-
MEIIEHUH TeJULypa CeJICHOM CHUXeHue Ty ¢ pocToM
KOHILIEHTPALIMU TIPOSIBIsIETCS ellle cuiibHee. Corac-
Ho Martinelli m coaBTopam [12], namsHNT aHTHEP-
poMarHuTHbIi nopsaok B cucreme FeTe, - Se, mo-
nmasisieTcs yxke ripu x = 0.1. OGHapyXeHO, 4TO 3aMe-
Ha aTOMOB XeJle3a B oopasuax Ha ocHoBe Fe, . 'Te Ha
Cu [29], Co u Ni [53], a TakKe MPpUJIOXKEHUE TaBJie-
Hug 1o ~1.6 I'Tla [54, 55] npuBoagT K OcClnaGieHUIO
aHTU(MEPPOMATHUTHHIX B3aUMOACMCTBUIA, HO He
MMPUBOAST K UHAYLUPOBAHUIO CBEPXIIPOBOINMOCTH.

Kak BumHO 13 puc. 7, Bce 1onmMpoBaHHbIE 00pa3-
ubl Fe,  Te(TiSe,),, B oTiM4Yre OT UCXOAHOTO, IEMOH-
CTpUPYIOT B oOjlacty Huxke 15 K saBHBIN criag mar-
HUTHOU BOCIIPUMMYUBOCTHU, CBSI3aHHBIN C TMepexo-
JIOM B CBEPXIpOBoOsiiiee cocTosiHUe. Touka uznoma
COOTBETCTBYET TeMIIEpaType Havala lepexoaa v yka-
3aHa Ha puc. 7 CIUTIOLIHBIMU cTpeikamu. Kak cienyer
U3 JaHHBIX IO BOCIIPUUMYUBOCTHU, TEMIEPATYpa Ha-
yaja CBEPXIIPOBOMSIIETO Tepexoaa TMOBBIIIACTCS C
yBeimueHueM conepxxaHus TiSe, n mocTuraetr Mak-

Tmag. onset
c

cMyMa =~ 12.7 K nnsg obpaszuacy=0.1, a3a-
TeMm cHuxaetcd 1o 12.1 K pist obpasua c y = 0.2, uro
XOPOIIO COMTacyeTcsl C JAHHBIMHU 10 DJIEKTPUIECKO-
My compotuBlieHno. Kpome Toro, HaumHast ¢ y =
= (.08 Hukxe Temnepatypbl Heennst HabmomaeTcst pocT

BOCTIPUMMUMBOCTH NpH oxtaxaeHuu o 7", Ta-
KO IToaBbeM MOXET OBITh CBSI3aH C MAarHUTHOM HEOI -
HOPOJTHOCThIO TOMMPOBAHHBIX 00pa3loB U 0Opa3o-
BaHueM ¢asbl Tuna Fele,. Kpome Toro, B o6pasiax
MOTYT BO3HUKaAThb 00jacTu (KjacTepbl) OJMKHETO
MarHUTHOTO TMOPsIIKAa, CBSI3aHHbIE C 3aMellleHUeM
YacTH aTOMOB XeJjle3a TUTAaHOM IIpU AOMUPOBAHUU
nucenenunom TiSe,. CienyeT OTMETUTh, UTO Tiepe-
XOJl OT aHTU(EPPOMATHUTHOTO MOBEACHMS K COCTOSI -
HMIO CIIMHOBOTIO CTEKJIA C YBEIUYCHUEM COACPKAHUSI
JoImaHTa npeamnoaraim Bo3MoxXHbBIM B Ni, Co n Cu-
3amelleHHbIX oopasuax Fe, . [Te [32, 53]. Kak 6bu10
TokaszaHo B pabotax [56, 57], coenunenue FeTe, He
OpOSIBJISIET JAJIbHET0 MarHMTHOTO MOpsiAKa BILUIOTh
10 2 K B 0ObeMHOI 1 HAHOKpUCTAIJINYeCKOi (popMme;
onHako Bkuan Kropu—Beiicca, cBsi3aHHBII ¢ HaIU-
yreM Manoro 3¢p@EeKTUBHOIO MAarHUTHOIO MOMEHTA
(~0.3 ug [56]) Ha aromax Fe B FeTe,, mo-sunumomy,
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Puc. 8. IToneBble 3aBUCMMOCTH HaMarHMYEHHOCTH 00-
pasua Fe; Te(TiSey)y g4 mpy 7= 2 1 20 K (a) m nmamar-
HUTHBIA BKJIAN, TIOJIyYeHHBIII BBIYUTAaHUEM KPUBBIX

M(H) (6).

TaK>Ke MOXET MPUBOIUTH K POCTY MarHUTHOM BOC-
MPUMMYNBOCTH, HAOIOJaeMOMY TIPU TOHWKEHUU
temreparypbl Huxe ~30 K B Fe ; Te(TiSe,),.

s MoATBepKASHUS TIOSIBJICHUST CBEPXITPOBOISI-
weit dassl B Fe,  Te npu nonuposanuu TiSe, 6pu11
TakXe U3MEpPEHBI TTOJIEBbIe 3aBUCUMOCTH HaMarHU-
YyeHHOCTHU 00pa3uoB. M(H) rmoaydeHbl IpU HECKOJIb-
KUX TeMIlepaTypax, B TOM YUCJIE BbIIIE U HUXE TeM-
TepaTypsl CBEpXIPOBOAsIIero rmepexona. Kak ciemy-
eT U3 puc. 8a, 3aBUCUMOCTM HaMarHWUYEHHOCTU
o6pasua Fe, | Te(TiSe,), ¢4, U13MepeHHBIE TIpU T =2 1
20 K, 1eMOHCTpUPYIOT OTCYTCTBUE 3aMETHOIO (ep-

Ta0auua 2. Temnepartypa Heens (Ty), TemnepaTypsl Ha-

TI‘CS. onset TI‘CS. offset
c C

yaja ( ) 1 oKoHYaHUs ( ) CBEpXIIPOBOISI-
uiero nepexona (I = 0.1 MA) obpasuos Fe; Te(TiSe,), ¢
Pa3IMYHBIM COJIEP>KaHUEM JOIaHTa

y=0 64 — -
0.04 60.5 10.2 2.1
0.08 44.7 11.6 4.5
0.1 44.6 13 5.1
0.2 41.9 12.1 5
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POMarHUTHOIrO uiu (eppuMarHUuTHOrO BKJana; Ha-
OrogaeMblit Majiblit MAarHUTHBINA TMCTEPE3UC MOXKET
OBbITH CBsI3aH C HaJIM4yueM objacTeil (KJIacTepoB) C
KOPOTKOAEHUCTBYIOIIMMU MarHUTHBIMU KOPPEJSILI-
SIMU, COCYIIECTBYIOIIMMU C aHTU(HDEPPOMATrHUTHBIM
nopsinkoM. TeM He MeHee MeTJIs, MoJydyeHHas! BbIUMTa-
HueM 3aBucuMocteit M(H) ipu 20 n ipu 2 K (puc. 86),
MOKa3bIBAET, YTO JUAMArHUTHBIN BKJa, TOSBIISIO-
HIMiics mpu oxJiaxneHuu obpasua 1o 2 K, mocratou-
HO MaJl, YTO CBUMIETENILCTBYET O HEOOJBIIIOM OObEME
CBEPXIIPOBOIAIIEH (pa3bl. DTU JaHHBIE COTTIACYIOTCS
C HaIllUM MPEATIOJIOXKEeHUEM, CIeJJaHHBIM Ha OCHOBE
U3MEPEHUN 2JIEKTPOCONPOTUBIIEHUSI, O TOBEAEHUH,
XapakTepHOM JJIs1 TPaHyJIUPOBAHHbBIX CBEPXITPOBO/I -
HUKOB.

OCHOBHBIE XapaKTePUCTUKU UCXOAHOTO U JOIU-
pOBaHHBIX 0OPa31OB IPUBEISHBI B TA0. 2.

3AKJIIOYEHHME

BriepBrie MOJTy4eHBI TONMUPOBAHHBIE NHCEJICHU-
nom tTutaHa oopasibl cucremsl Fe,  Te(TiSe,), (v =0,
0.04,0.08, 0.1, 0.2). YcTaHOBIIEHO, YTO JOIUPOBAHNE
coequHenus1 Fe, Te nucenenumom tutana TiSe,
MNPUBOIUT K OOpa3oBaHUIO HONMOJHUTEIbHBIX (a3,
W3MEHEHUIO CTPYKTYPhI TETPAaroHaJIbHOM (ha3bl TUIIA
PbO, a Takke MATHUTHBIX U TPAHCIIOPTHBIX CBOMCTB
o0pa31loB.

HabGaromaeTcss ymMmeHbIIIeHHE TTapaMeTPOB pelleT-
KU @ U ¢ OCHOBHOM TeTparoHajibHOi (a3bl B
Fe,,Te(TiSe,),, mo-BuauMomy, B OCHOBHOM 3a CYET
3ameleHus Te aTomaMu Se ¢ MEHBIIMM MOHHBIM pa-
JINYCOM, TOCKOJIbKY pa3HHUlla B MIOHHBIX paauycax Ti
u Fe He cTonb cylllecTBeHHA.

VYBelMueHne comepKaHWsI OOIAaHTa IIPUBOIUT K
CHIDKEHUIO TeMrepaTypbl Heeliss 1 BOBHUKHOBEHUIO
repexoaa B CBEpXIPoBosiiee cocTosiHue Tipu y = 0.04.
CTpyKTYpHBIiT TIepexon, HabmomaeMblii Bomm3u Ty B
ucxogHoM Fe,  Te, no-BunumMomy, roaasisieTcs npu
JOITMPOBaAHUMU.

MarnutHoe cocrosinue obpasuos Fe,  Te(TiSe,),
SIBJISICTCSI HEOMHOPOMHBIM M3-3a MOSIBJICHUS B 00pa3-
1ax JOIMOJTHUTEIbLHBIX (pa3 M YaCTUIHOIO 3aMeIIeHUS
aTOMOB 3keJie3a B OCHOBHOI TeTparoHaJbHOI (a3se
TUTAHOM.

TeMmepaTypa Hayaja CBEPXITPOBOISIIETO Mepe-
XoIa MOITMPOBAHHBIX 00pa3IoB M3MEHSIETCS HEMO-
HOTOHHO U JOCTUTaeT MaKCUMAaJIbHOTO 3HAYeHMUS

T omet = 13 K st o6pasia ¢ colaepkaHuem TiSe,

y=0.1. CsepxIipoBogiiee COCTOSTHUE B
Fe,,Te(TiSe,), cocyuiectByeT ¢ aHTU()EppOMArHUT-
HBIM YIOPSIIOYEHUEM U TIPEANONOXUTEIHHO UMEET
MPUPOJy, XapaKTepHylO0 Uil TpaHyJUMPOBaHHBIX
CBEPXMPOBOMHUKOB. B moib3y mociieqHero cBuie-
TEJIbCTBYET HE TOJBKO 3aBUCHUMOCTh ITOBEICHUS
BJIEKTPUYECKOTO COIPOTUBJIICHUS OT TOKa HUXe
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t o o
T, HO W c1alblii IMAMarHUTHBIA OTKJIMK, MOJY-
YEeHHBII U3 U3MEpPEHUII HAMATHUYEHHOCTH.

IIpencraBieHHBIC B HACTOSIIIEN padOTe pe3yabTa-
ThI TTOKA3bIBAIOT, YTO CBEPXIIPOBOIUMOCTDb B OOBEM-
HOM Tesurypune xenesa Fe, , Te ¢ TeTparoHanbHOMR
CTPYKTYpPOIi MOXKeT OBITh BEI3BaHA HE TOJIHKO J100aB-
JIEHWEeM APYTUX XaJIbKOreHOB (S, Se), HO U JoNMupo-
BaHMEM XaJIbKOTeHUIHBIMU COCIMHEHUSIMU. DTO OT-
KPbIBAa€T HOBBIE BO3MOXHOCTHU JJIsI MoaudUKaIUn
CYIIECTBYIOIINX XaJbKOT€HUIHBIX CBEPXIIPOBOIHU-
KOB U IIpeiaraeT HOBbIE IIyTU IIOJIyYeHMs MaTepura-
JIOB ¢ UBMEHEHHBIMU CBOMCTBaMU.

HccnenoBanust mpoBeaeHHI 3a cueT rpaHTa Poc-
cuiickoro HaydyHoro ¢oHaa (rmpoekt Ne 22-13-00158
https://rscf.ru/project/22-13-00158/, Ypansckuii Dene-
panbHBINA YHUBepcuTeT, CBepITOBCKast 00JIaCTh).

Het xoH(pMKTa UHTEPECOB.
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Abstract—The iron—tellurium-based compounds Fe, | Te(TiSe,), doped with titanium diselenide (y = 0,
0.04, 0.08, 0.1, 0.2) have been synthesized for the first time and studied by means of x-ray diffraction, elec-
trical resistivity and magnetization measurements. It has been shown that the addition of a small amount of
titanium diselenide to single-phase iron telluride with a tetragonal crystal structure leads to the appearance
of superconductivity, a decrease in the Néel temperature and contraction of the crystal lattice at y >0.04. The

maximal temperature of the onset of the superconducting transition 7;

O™ - 13 K is observed for a sample

with the nominal composition Fe| ; Te(TiSe,), ;. The behavior of the resistivity with temperature below Tcon-
set is observed to depend on the current value, which may indicate superconductivity characteristic of gran-

ular superconductors.

Keywords: superconductivity, transition metal chalcogenides, layered crystal structure, magnetic state, elec-

trical resistivity
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