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B pamKax noucka mamepuanos, covemarnwux UOHHYIO npogoéwwocmb C Ce2HemMOIJ1eK-

mpudeckumMu ceotcmeamu, OblLiU CUHME3UPOBaHbl XanbkoceHuovl (PbSe)(AgAsSes) |
(x = 0.5, 0.9). IIposedenvl uccied08anus ux INEKMPULECKUX C8OUCME 8 0ONACMU YACMOM
00 200 kHz npu oasnenusix 0o 48 GPa u maenumnuvix nonsx oo 1 T ¢ npumenenuem me-
mooa umnedanchol cnekmpockonuu. Onpedenenvl 061aCcmMuU CYUWeCmMBEHHbIX UMEHEeHU
INEKMPUUECKUX CEOUCME.

KnaroueBble cjioBa: BBICOKHE OaBJICHHSA, CCTHETODJICKTPUKHU, MArHUTHOEC II0JIC, HMMIIC-
JaHCHasA CIICKTPOCKOIMUA

Y pamkax nowyxy mamepianis, saxi no€OHyIOmMb iOHHY NPOGIOHICMb 3 Ce2HEMOenreKmpuy-
HUMU eracmugocmamu, 6y10 cunmesosano xamvkoeeniou (PbSe).(AgAsSe;);-. (x = 0.5, 0.9).
Tlposedeno docniodcenns ixuix enekmpuynux gracmueocmeil 8 oonacmi wacmom 0o 200 kHz
npu muckax 0o 48 GPa i maenimuux nonax 0o 1 T i3 3acmocysannam memody iMnedaHcHol
cnekmpockonii. Busnaueno obnacmi cymmesux smin eleKmpuyHux e1acmusocmell.

KurouoBi c1oBa: BUCOKI THUCKH, CETHETOCJIEKTPUKU, MarHiTHE MoJje, iMIelaHCHA CIEK-
TPOCKOTIis

OmHuM W3 HanpaBlIeHUH WCCIIeIOBaHUN Ha Kadenpe PU3NKU HU3KUX TeMIIepa-
Typ UEH Yp®V sBisderca nzydeHue CBONCTB MHOTOKOMIIOHEHTHBIX XaJIbKOI'€HU-
JIOB B YCJIOBHUSIX SKCTPEMaJIbHBIX BO3ACHCTBUN Ha BemecTBO. Cpeau O0JbIIOro
YHClia HCCIeA0BaHHBIX MaTepuasioB [1—10] ocoOblii WHTEpEC MPENCTaBIsIOT CO-
enuHeHus B cucteMe Ag—Pb—As—Se, B KOTOPBIX NMPU HOPMATHHOM JaBICHUH ObI-
a1 oOHapy’KeHBl CerHEeTOdJIeKTpuueckue cBoicTaa [5,8—10]. M3yuenue cBoiicTB
CErHETORJIEKTPUYECKUX MATEPHUAJIOB B IIMPOKUX JIHANA30HAX AABICHUHN MO3BOJIS-
€T BBISIBUTh U3MEHEHUS! KPUCTAINIMYECKON PEIIETKU U JIEKTPOHHOU CTPYKTYpHI,
OTKpBbIBAET BO3MOXHOCTH CO3/1aBaTh Ha UX OCHOBE JATYMKU (U3UYECKUX Mapa-
METPOB.
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JannHast paboTa moCBsIIEHA HCCIEAOBAHUIO IIEKTPUUECKIX CBOWCTB 00Pa3IoB
(PbSe),(AgAsSes)1—x ¢ x = 0.5, 0.9 npu masnenusix g0 48 GPa B obnactu yacTor
1-200 kHz u ipu marautHbiX nossix ot 0.1 mo 1 T. Micnibrtanust mpoBeeHbI Ipu
temneparype 300 K.

[lo maHHBIM PEHTTEHOCTPYKTYPHOTO aHajIN3a, CUHTE3UPOBAHHBIE MaTEpHUAaJIbI
IpeCTaBIAI0T co00i cMech BYX (a3 — PbSe u AgAsSe,.

Jnst renepanuu nasinenuit 1o 48 GPa ucnonb3oBanu kaMepy BBICOKOTO JIaBJie-
HUSl C HAKOBAIBHSIMH THUMA «3aKPYTJECHHBIA KOHYC—IIJIOCKOCTBY» U3 UCKYCCTBEH-
HBIX MOJUKPUCTATUIMUECKUX aJIMa30B «kapOoHamo» [11]. DnexTpudyeckrue cBOMCT-
Ba 00pa3lOB MCCIEOBAM C TOMOIIBIO H3MEpUTENI-aHAIU3aTopa HMIIEAaHca
RLC-2010. Ilpu n3mepeHusix Ha MOCTOSHHOM TOKE COINPOTUBIIEHUE ONPEACISIH
Mo MAJCHUIO HaMpshKeHUs Ha oOpasne. OOHapyKeHO, YTO IPU HOPMATbHOM JIaB-
JIEHUH 00pa3Libl MPOSIBIISIIOT CETHETOAIEKTPUYECKUE CBOWCTBA.

boun uccnenoBanbl Oapuyeckue 3aBUCHMOCTH OTHOCHUTENBHOTO W3MEHEHUs
CONIPOTHBIICHUS] TIPH HArpy’)KeHUH W CHATUU HArpy>XeHHs i 0O0pasloB
(PbSe),(AgAsSe;r)1—, ¢ x = 0.5 u 0.9. 3ameTHO pe3koe yObIBaHUE COMPOTUBIICHUS
B oOnactu naBnenuid 24-26 GPa anga x = 0.5 u 14-16 GPa ana x = 0.9 kak npu
HArpy’>KeHUH, TaK U MIPHU CHATUU HarpyxeHus ¢ obpasuos (puc. 1). ConpoTtusie-
HHE [IPHU HATPYKEHUU OOJIbIIE, YeM IIPU CHSATHUU HArpy>KEHUsI.
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Puc. 1. bBapudeckue 3aBUCHMOCTH OTHOCHUTEIIBHOTO HW3MCHCHHS COIPOTHBIICHUS
(PbSe),(AgAsSe;)1—x ¢ x = 0.5 (@) u x = 0.9 (6) mpu NOCTOSTHHOM TOKe: ¢ — IIPH Harpy-

KEHUHU, A — IIPU CHATUH Harpy3KH

N3mepennst Ha TOCTOSTHHOM TOKE MPOBOJMIIM B YCJIOBHUSAX MPHUIIOKECHUS Mar-
HUTHOTO TOJISI U TIPU €T0 OTCYTCTBHUH. BbIIIO yCTaHOBIIEHO, YTO MOBEIEHUE COIPO-
THUBJICHUS U B MarHUTHOM TIOJIE, ¥l TIPY €r0 OTCYTCTBUHM aHAJIOTHYHO (pwHcC. 2, 00-
pazent ¢ x = 0.9). ConpoTuBieHue pe3ko maaaeT B oonactu gasnenuid 16—18 GPa.
st obpasna ¢ x = 0.5 3aBUCUMOCTH CONPOTHUBIICHUS OT JIaBJICHUS UMEIOT aHa-
JIOTUYHBIA BUJ, OJJHAKO PE3KOE MaJICHUE COMPOTUBIICHUS MIPOUCXOJUT TOIBKO B
obmactax maBnenuit 22—26 GPa. Ilpu pa3HbIX AaBIEHUSIX COMPOTUBIICHHE 000X
00pa3moB B 1moyie MeHseTcs ¢aabo (CM., Hamp., puc. 3), 4YTO TOBOPUT O TOM, YTO
MarHUTHOE TT0JIe TPAKTUYECKH HE OKA3bIBAET 3aMETHOTO BIUSHUS Ha 00pas3Ilhl.
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Puc. 2. bapuueckue 3aBHUCUMOCTH OTHOCHUTEJIHLHOTO HU3MEHEHHUS CONPOTHUBIICHUS
(PbSe),(AgAsSe;)1—, (x =0.9) B pa3apix MarauTHBIX ossix H, T: o -0, 0 — 0.5, + — 1

Puc. 3. 3aBucumoctu conpotusienus (PbSe) (AgAsSer)i—, (x = 0.9) oT BenuunuHBI Mar-

HUTHOTO TIOJISI TIPH Pa3HBIX naBieHusx P, GPa: ¢ — 17, 0-18.6, A —21.1, ¢ —24.7, ¢ — 37

Takoe moBeAeHUE COMPOTUBICHUS MOXKET OBITh CBSI3aHO C CYIIIECTBOBAHHEM B
obpasmax (azoBoro mepexona. Ilociemuuii MOXXET OBITH OOYCIIOBJIEH H3MEHE-
HUSIMU B CTPYKTYpE WU B DJIIEKTPOHHOUN TOJICUCTEME.

bbul neranbHO MccienoBaH UMIEAAaHC 0OpaslioB B OONACTAX JaBICHUH, Tie
MPEIOIOKUTENHHO CYIIECTBYIOT (pa3oBbIe Mepexoabl. 3mMepeHus mpoBecHbI B
OTCYTCTBHE MAarHMTHOTO TOJISl U B MarHUTHBIX 1oJsix oT 0.1 mo 1 T npu Harpyxe-
HUM o0pasia. M3mepeHsl U MpoaHaIu3upoBaHbl rojgorpadsl nMnenaHca B odsac-
Tsx yactoT 1-200 kHz u marautseix nmoneit 0.1-1 T.

W3 ananu3za rogorpadoB umrneaaHca Obu10 00HApY>KEHO, YTO MHUMAs U ICHCTBH-
TeJIbHAsl YaCTH UMIIeJaHCca YObIBAIOT C POCTOM JIaBJIEHUS JUIs COCTaBOB Kak ¢ x = 0.5,
Tak u ¢ x = 0.9. B obnactsax nasnenwii 22-24 u 16—18 GPa nabmogarorcs: uaMeHe-
HUS Ha HU3KOYacTOTHOM yacTu rogorpacdos it x = 0.5 u 0.9 cooTBETCTBEHHO.

bapuueckue 3aBUCUMOCTH OTHOCHTEIHLHOTO HM3MEHEHHsSI CONMPOTUBJICHHS 00-
pazua ¢ x = 0.5 B pa3HbIX MAarHUTHBIX MOJISIX TPUBEICHBI HA puc. 4. BUnHO, 4TO B
HEKOTOPBIX 00JACTSIX TaBICHHWI HAOIIOAAOTCS M3MEHEHUS B TIOBEIEHUU COIPO-
TUBJICHUS (HaJlMyhe MUHUMYMa M MakCMMyMma Ha KpUBOil). AHaJOTMYHOE IOBE-
JeHNe 00OHAPYKEHO Ha 3aBUCUMOCTSAX MHUMOUW YaCcTH UMIIEaHCa U TAaHTEHCA yTiia
JTUBJIEKTPUUECKHX MOTeph. MI3MeHeHus HabmonaioTes B TeX ke 00aacTsx, rae, mo
JTAHHBIM HCCIEAOBAHUN MPU TMOCTOSHHOM TOKE, MPOUCXOIUT PE3KOe M3MEHEHHE
conpoTuBiieHUsl. Takoe MoBeJeHUE IEKTPUUECKUX XapaKTEPUCTHK B MATHUTHOM
1oJie OOBIYHO CBSI3aHO C BO3HUKAIOIIUM B ATON 001acTH ()a30BBIM MEPEXOIOM.

0.8 Puc. 4. bapuueckue 3aBUCUMOCTH OTHO-
& 04 CUTEIILHOTO HM3MEHEHHSA CONPOTHBIICHUS
;, (PbSe),(AgAsSe;)1—, (x = 0.5) B pa3HbIX
| 0 MarauTHeIX ToJsX H, T: 0 — 0, m — 0.5, A —
e 04 1; gactora 200 kHz
-0.8
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Ha cymectBoBanue (ha3oBoro mepexoja yKas3blBaeT TaKKe N3MEHEHHE BPEMEHU
penakcanuu (ONpeaesnsyioch U3 3aBUCHUMOCTEN CONPOTUBJIEHUS OT BPEMEHHU IpHU
U3MEpEHUAX NP MOCTOSHHOM TOKe) B o0iacTsax naBieHuid 22-26 u 14—18 GPa B
(PbSe),(AgAsSer) |-, 1151 x = 0.5 1 0.9 COOTBETCTBEHHO.

brio mpoBeneHo cpaBHEeHHE 00J1acTel CYIIECTBEHHBIX M3MEHEHHM dJICKTpHUUe-
CKMX CBOMCTB M3YYEHHBIX MaTEpHaJOB C JPYIMMHU OOpa3laMu U3 CHUCTEMbI
(PbSe),(AgAsSe,) |y (Tabnunna).

Tabmuma
O6aactu naBiaennii AP, mpu KoTOpBIX HAOMIOAAKOTCH CYyIIeCTBEHHbIE H3MEHEHU S

3JIEKTPUYECKUX CBOICTB 00pa3uoB B cucteme (PbSe),(AgAsSe;)1_x

Bemmuuna x AP, GPa
0.5 (omHODa3HBIH 00pazerr) [10] 1.5-2,31-32
0.5 24-26
0.7 [8] 22-26
0.8 [9] 18-22
0.9 16—18

B pesynbprare mcciemoBaHWi OBUIM CIENaHBI BBIBOJBI: B COCAUHCHHSIX

(PbSe),(AgAsSer)1—x ¢ x = 0.5 u 0.9 cymecTByrOT ha3oBbIe MEPEXO/Ibl TPH J1aB-
JICHUSIX COOTBETCTBEHHO 24-26 u 16—18 GPa.
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EFFECTS OF HIGH PRESSURES AND MAGNETIC FIELDS ON
ELECTRIC PROPERTIES OF THE (PbSe)y(AgAsSes)1_x (x = 0.5, 0.9)
CHALCOGENIDES

One of the areas of research at the department of low-temperature physics of IEN
UrFU is the study of properties of multi-component chalcogenides under extreme expo-
sures. This article is devoted to the effect of high pressure on the electrical properties of

the (PbSe),(AgAsSer)1—y (x = 0.5, 0.9) samples, which are ferroelectrics at normal pres-
sure. Tests were carried out at the temperature of 300 K, pressures up to 48 GPa, the fre-

quencies of 1-200 kHz, magnetic fields up to 1 T.

According to the X-ray structural analysis, the synthesized materials are mixtures of
two phases, i.e. PbSe and AgAsSe,. For generation of pressures up to 48 GPa, high-
pressure chamber was used with anvils of the «rounded cone—plane» made of polycrys-
talline diamond «carbonado». Electrical properties of the samples were studied by means
of measuring impedance-analyzer RLC-2010.

The studies identified regions of significant changes in the electrical properties of
materials under high pressure, possible related to the existence of phase transitions in the
samples.

Comparisons were made of the regions of significant changes of the electrical proper-

ties of the materials studied with other samples from the system (PbSe),(AgAsSe;)|_,.
As a result, the following conclusions are made:

In compounds (PbSe),(AgAsSe;)1_; (x = 0.5, 0.9), there exist phase transitions at
pressures of 24-26 GPa for x = 0.5 and 16—18 GPa for x = 0.9, respectively. As compared
with the single phase AgGeAsSes sample, the region of the phase transition is shifted to

lower pressures (for (PbSe)g 5(AgAsSe;).5). The increase in the share of PbSe phase re-
duces the pressure of the existence of the phase transition.

Keywords: high pressure, ferroelectrics, magnetic field, impedance spectroscopy

Fig. 1. Baric dependences of the relative change of resistance of (PbSe),(AgAsSer)|_y
with x = 0.5 (a) and x = 0.9 (6) on dc: ¢ — under loading, A — after unloading

Fig. 2. Baric dependences of the relative change of resistance of (PbSe)(AgAsSe;)i_y
(x=10.9) at varied magnetic field H, T: 0 —-0,0-0.5,+ -1

Fig. 3. Magnetic field dependences of resistance of (PbSe),(AgAsSe;);_, (x = 0.9) at
varied pressure P, GPa:¢ —17,0—-18.6, A —21.1, © —24.7, ¢ — 37

Fig. 4. Baric dependences of the relative change of resistance of (PbSe)(AgAsSer)|_y
(x=0.5) at varied magnetic field H, T: o — 0, m — 0.5, A — 1; frequency 200 kHz

17



