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TBEPJAUX PO3UYUHIB PbTe-PbSe

Pozauosa O.1

Hasedeno mosi excnepumenmanvhi pesyibmamu ma 3poOReHo 027180 paHiue 00epiHCaHUx
asmopamu  OGHUx w000  OOCHIONCEHHS  3ANedHCHOCmeU  CMPYKmypu,  MeXAHIYHUX,
2a1bBAHOMACHIMHUX MA  MEPMOCNeKMPUYHUX — GIACMUBOCIeEl 6i0 CKIAOY  i308ANEHMHUX
HanignpogioHukogux meepoux poszuunie PbTe-PbSe 6 obnacmi manoco emicmy PbSe (0 — 5
Mmon.%), a maxkoxc 3 GUGHEHHS MEMNEPAMYPHUX 3ANEHCHOCMEU  2anb8AHOMASHIMHUX
enacmugocmeii (80 — 300 K). Bnepuie 6 medxcax 00cnioxicys8anozo iHmepseany KOHYeHmpayiil
BUSGNICHO AHOMANbHE 3POCMAHHS  eleKMPONPOGIOHOCMI, PYXAUBOCMI HOCII8 3apsady ma
cmeneneso2o KoehiyicHma 6 meMnepamyphii 3ai1ediCHOCMI pyxXaueocmi 3i 30LIbUeHHAM 6MICIY
PbSe, a maxooc ocyunroruull xapakmep 3anedCHOCMeEl WUPUHU DPEHM2eHIGCOKUX JIIHIL,
Mikpomeepoocmi,  koe@iyicumie  Xoana ma  3ecbexka 6i0  ckaady. Egexmu, wo
cnocmepieaiomscsl, MO8 A3VIOMbCA 3 ICHYBAHHAM KOHYEHMpPAayiiHo2o (hazo6020 nepexooy
NepKONAYIUHO20 MUny, AKUU IMOGIPDHO 81ACMUSUl YCiM MEepOUM PO3UUHAM, ma 3 npoyecamu
camoopeanizayii, AKki 6i00y8aMbCs 6 MEEPOUX PO3YUHAX 3 NEPex00oM 00 OOMIUKOB020
KOHMuUHiyma.

Kuarouosi cioBa: tBepauii posunn PbTe-PbSe, cknan, TepmiuHa 00poOka, HmOpir mepKosLii,
TeMIIepaTypHa 3aJIeKHICTh, MIKPOTBEPIICTh, UpUHA AU PAKLIHHOT JIiHIi, €eKTPONPOBIAHICTS,
PpYyXJIMBICTh HOCIIB 3apsny, koedinieHT Xoiuia, koedinieHT 3eedeka.

New experimental results and an overview of the results obtained earlier by the authors on the
dependences of structural, mechanical, galvanomagnetic and thermoelectric properties on the
composition of isovalent semiconductor solid solutions PbTe-PbSe in the range of small
concentrations of PbSe (0 — 5 mol.%), as well as on the temperature dependences of
galvanomagnetic properties (80 — 300 K) are presented. For the first time within the studied
range of concentrations, an anomalous increase in electrical conductivity, charge carrier
mobility and the exponent in the temperature dependence of charge carrier mobility under
increasing PbSe content and an oscillatory behavior of the dependences of X-ray linewidth,
microhardness, the Hall coefficient and the Seebeck coefficient on composition were registered.
The observed effects are attributed to the existence of a percolation-type phase transition,
presumably typical of all solid solutions, and to the self-organization processes occurring in
solid solutions under the transition to the impurity continuum.

Keywords: PbTe-PbSe solid solution, composition, heat treatment, percolation threshold,
temperature dependence, microhardness, diffraction line width, electroconductivity, charge
carrier mobility, Hall coefficient, Seebeck coefficient.
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BecTyn

OnHAM 13 OCHOBHUX METOJIIB ITiABUITICHHS TepMoerrekTpuaHoi (TE) modpotHocTi Z MaTepiaiiB
(Z =S’c/\, ne S — koediuieHT 3eebeKa, G — eNEKTPOIPOBIAHICTS, A — TEIUTOMPOBIAHICTB) i HA CHOTOHIIIHIiT
JIeHb 3aIMIIAECTECS 3amporoHoBanuii me akan. A.®. Modde meron tBepaux posunsis [1-3]. TIpu mpomy
3a3BMuail  TependayaeThCs, 110  30UIHIICHHS  KOHIIGHTpAIlli KOMIIOHEHTA, SKUA  BBOJMTHCA,
CYTIPOBOJIKY€ThCSI MOHOTOHHOXO 3MiHOIO TE BiactuBocTeit. [IpoTe B mesiknx TBepIuX po3dMHAX Ha OCHOBI
HaIiBIPOBiTHUKOBUX crnonykK tumy IV-VI (PbTe, SnTe, Gele) namu Oysio BHSIBICHO HEMOHOTOHHHI
XapakTep KOHIEHTPAUiHUX 3aJIeKHOCTEH pPI3HOMAHITHHX BJIACTUBOCTEH B 00JIACTi Maloro BMICTY
JOMIlIKK (mwB., Hampukian, [4-9]) ta Bucnoneno npunymeHss [10,11] mpo Te, mo edekr, skuid
CIIOCTEPIraeThCs, BJIACTUBMN YCIM TBEpAMUM pPO3UMHAM Ta IOB’SA3aHMN 3 KPUTUYHHMMH SIBHILIAMH, LI0
CYIPOBODKYIOTb IIEpeXif Bl po30aBiIeHNX TBEPIUX PO3UKHIB 10 KOHLIEHTPOBAHUX.

HemonaBHo min yac AOCHiIpKeHHS KOHIEHTpalliiHux 3anexHoctelt TE BrmacTuBOCTEl TBepamx
po3unHiB Ha ocHOBI PbTe B cucremi PbTe-Bi,Te; nammu Oyno BusiBieHo [12] me omauH edekr —
OCITMITIOIOYHIA XapaKTep 3aJIC)KHOCTEH BIACTUBOCTEH Bijl CKIIATY, — SKAH MH TIOB’SI3YEMO 31 CTPYKTYpHUMU
niepeOyioBamMu, IO BiIOYBAlOThCS B KOHIICHTPOBAHOMY TBEPIOMY pO3YMHI 31 30UIBLICHHSAM BMICTY
JIOMIIIIKH.

BaxsmBicTh e(eKTiB, 110 CIOCTEPIraroThCs, 3 TOUKM 30py TE MaTepiaio3HaBCTBA CTUMYIIIOE
PO3IIMPEHHST KOJIa JTOCHTI/PKYBaHUX TBEPAWX PO3UYHMHIB Ta OUTBII JeTalbHE BHBYCHHS KOHIICHTPAITIHIX
3aICKHOCTEH BiacTUBOCTEH. 30Kpema, CTAHOBUTH iHTepec 3'ICyBaTH, 4Yd OyZyThb BKasaHi eQexTH
BUSBIITUCS Ha 3aJCKHOCTSX CKJaJ— BIACTHBICTh Yy a3l i30BaJCHTHUX Ta 130CTPYKTYPHHX TBEPIUX
po3umHiB. [lo Takux MaTepiaiiB HaJeXaTh TBepAi po3urHu PbTe-PbSe — nepcnextusni TE marepiany, 1o
BUKOPHCTOBYIOTBCS] B TEPMOI'€HEPATOPAX, SIKI MPALIFOIOTh B CEPEAHBOTEMIIEPATYPHOMY PEXUMI
(600 — 900 K) [2,3]. 3a3Haunmo, 1m0 camMe I CUCTeMa BHUSBUIIACS OJHIEIO 3 TIEPIIMX CUCTEM, Ha SIKUX Oyna
NPOAEMOHCTPOBAHA €EKTUBHICTH 3aCTOCYBaHHS METOAY TBEPAUX PO3UHMHIB I ITiIBUILIEHHS Z.

binapui crnonyku PbTe ta PbSe xpuctamisyrothes B crpykrypi Tmmy NaCl 3 mapamerpamu
emeMeHTapHoi KoMipku ¢ = 0.645 aM 1a @ = 0.612 HM BignosigHo [13]. Lle HecTeXioMeTpHYHI CITONYKH 3
JIBOCTOPOHHIMH OOJIACTSIMH TOMOTEHHOCTI, III0 MAIOTh MPOBIHICT A-TUITY 32 HAIJIMIIKY CBHHITIO 1 p-THITY
3a HAIMILIKY XaIbKoreHa. MakcuMymu Ha KpUBHX JIKBIIycy i comimycy B cucremax Pb — Te i Pb — Se He
301ratoThes 31 CTEXIOMETPUYHKUM CKJIZI0M, TPOXH 3Milyrounch y Oik Hammiky Te (50.002 at.%) abo Se
(50.005 at.%), M0 BU3HAYA€ p-TUIT IPOBIAHOCTI cTexiomeTpuaHux ckianiB PhTe i PhSe Ta HeneropaHmx
TBepaux po3unHiB PbTe-PbSe [13]. PbTe 1 PbSe MaioTh CKIagHy CTPYKTYpY BaJIEHTHOI 30HH, IO
CKJIaJIa€ThCs 3 IBOX IMiA30H, SIKi IEPEKPHUBAIOTHCS, 13 Pi3HOIO T'YCTHHOIO CTaHiB [14].

PbTe i PbSe yTBOPIOIOTH Mik c000I0 Oe3mepepBHUN P 130BATEHTHUX Ta i130CTPYKTYpHUX
TBEPJAUX PO3UMHIB 3 MiHIMyMoM 3a 18 Mo0i1.% PbSe [13]. [lapameTp eneMeHTapHOI KOMIPKHA B
3aJCKHOCTI BIl CKJIaAy 3MIHIOETHCA JIIHIWHO, 3 HE3HAYHWM HETATHBHUM BiIXWICHHSIM BIf
niniaOCTI [13,15], @ MIKPOTBEPIICTh 3pOCTaE MOPIBHSIHO 3 BUXITHUMHU CIOJIYKAMH Ta YTBOPIOE
KpUBY 3 MakcuMmyMoM [16]. Hackinekn HaMm BioMo, Hi B OJHIH 3 HasSBHUX POOIT 3 AOCIIIKEHHS
napameTpa eJIeMEHTapHOT KOMIPKH 1 MiKpPOTBEPJIOCTI HE BUBYAJIUCS CILIaBH 3 BMiCTOM PbSe meHIe
5 mon.%. lllupuna 3abopoHeHoi 30HU cruaBiB PbTe-PbSe, BU3HaueHa MO Kparm BIIACHOTO
MOTIIMHAHHSA, € MOHOTOHHOIO (YHKITI€I0 CKJIANy 1 MaiXke JiHIHHO 3pocTae i3 301bIIEHHSM BMICTY
PbSe [14,15]. Y poGoti [17] BuBuanucs TE BnactuBocti TBepaux po3uuHiB PbTe-PbSe sik n-, Tak i
p — tany. Jocnimxkenns ciasiB p—PbTe-PbSe (0 — 15 mo1.% PbSe), neroBanux Na, moka3zaio, 1o
BUKOPUCTAHHS TBEPIWX PO3YMHIB JAa€ MOKIUBICTh 3MEHIIUTH (POHOHHY TEIUIONPOBIAHICTE 0e3
iCTOTHOTO HOTipIIECHHS €IEKTPUYHUX BIACTUBOCTEH 1 10 MAaKCHMajbHe 3HAYCHHS
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Z (Z = 2.0-10° rpaz['l), ske niepesuriye Ha 30 % 3HavyeHns Z it p—PbTe, nocsaraetses 3a 650 K s
TBEPIOro po3unHy 3 5 Moi.% PbSe ta 0.7 a1.% Na.

VY mpamsix 3a BudeHHs TE BrnactuBOCTeH TBepaux po3uuHiB PbTe-PbSe nmocmimkyBanucs
TIEPEBAKHO JICTOBaHI CIUIABH €JICKTPOHHOTO a00 MIPKOBOTO THITY 3 PI3HOIO KOHIICHTPAITEIO JOMIIIOK 1
BU3HAYAJIMCS CKJIAMH 1 piBEHb JIEryBaHHS, ONTUMANIBHI 3 TOYKU 30py MPAKTUYHOTO BUKOPHCTAHHS, TOOTO 3
MaKCUMaJbHUMU 3HaueHHsMH Z. [Ipore ans BUSBICHHS KOHIIGHTPAIHMX AHOMANIN BIIACTUBOCTEH,
MOBI3aHUX 3 TIEPEXOJIOM B 00JAaCTh CHJIBHOIO JICTYBaHHS, JOCIIDKEHHS MaloTh OYTH IMPOBEACHI Ha
HEJIETOBAaHMX CTEXIOMETPUYHHX TBEPIHMX PO3UMHAX, B SIKMX POJIb JOMIIIKH Bilirpac APyTrHil KOMIIOHEHT (Y
JTAHOMY BHITAJIKy — CEJICH).

VY mpargx [18-22] My onoOBiaM PO pe3yNbTaTd BHMIPIOBaHb PI3HOMAHITHHX BJIACTUBOCTEH
TBepauX po3unHiB PbTe-PbSe B iHTepBaii KOHIIGHTpAIlii, 10 He nepeBuinye 5 Mon.% PbSe. byno
BCTAHOBJICHO, IO i30TepMu MikporBepaocTi H, koedimienta 3eebeka S, koedimienta Xomia Ry,
eNIEKTPOIPOBIAHOCTI G, XOJUTIBCHKOI PYXJIMBOCTI HOCIIB 3apsAy Ly MICTATh aHOMAJIbHI AUITHKH, Ha SKUX
MOPYLIYy€ETHCS MOHOTOHHA 3MiHA BJIACTUBOCTEH Bill CKIIALy.

Mema npononosarnoi pobomu — NeTanbHilIe JOCTIIPKEHHS 1 aHaJl3 Xapaktepy 3MiHu cTpykrypu 1 TE
BJIACTHBOCTEH 3aJISKHO BiJl CKIIAMy i TEMITEpaTypH B HEJIETOBAHMX MOMIKPHUCTAIYHUX TBEPANX PO3UMHAX
PbTe-PbSe B obnacti cknagiB 0—5 mon% PbSe. Ockinbku y BurotosieHHi TE npuctpoiB mmpoko
BUKOPHUCTOBYETBCSI TIPECYBaHHS MarepialiB, IO JAa€ MOMJIMBICTh MiABUIMTH MILHICTE 1 CTYyMiHb
TOMOT€HHOCTI 3pa3KiB MOPIBHSIHHO 3 IUTHMH 1 3a3BUYall CYIPOBOKYBaHE MOAATBIIAM BiflIaJIOM, BUHUKAE
TUTAHHS TIPO CIIBBIMHOIICHHS XapaKTEPUCTHUK JIMTHX 1 TIPECOBAHUX, BiANTAJICHUX 1 HEBiAMMAIICHUX 3pPa3KiB
OJTHOTO 1 TOTO 3K MaTepiay.

B pesymbprari aHamizy OTpUMaHMX IaHUX YAAJIOCS BHSBHTH HOBI €(EKTH, IO MAalOTh MicCle B
JIOCITIIDKYBaHUX TBEPAMX PO3YMHAX 1 BU3HAYAIOTH crienudiky 3anekHocrei TE BiaacTuBocTei Bif CKiIagy i
TeMIIEpaTypH.

MeTtoauka eKcriepuMeHTY

[onikpucraniuni 3pasku cuctemu PbTe-PbSe (0 —5 mMon.% PbSe) BUTOTOBICHO METOIOM MPSIMOTO
CIUTABIISIHHA enieMeHTiB Pb, Te Ta Se BuCOKOro cryneHro 4uctotd (99.999 % OCHOBHOrO KOMIIOHEHTa) y
BaKyyMOBaHMX KBapIlOBUX aMmiyJsax 3a temmeparypu 1250 £ 10 K ynpomosx 6 rofuH i3 3aCTOCyBaHHAM
BiOpalliifHOrO MepeMilllyBaHHs Ta HACTYIHOro Bigmany 3a temmeparypu ~ 870 K ympomosx 250 romux
(cepis 1). 3 wacTuHM 3pa3KiB cepii BUTOTOBICHO MPECcOBaHi 3pa3ku 3a temreparypu 670 K ta 3a tucky 400
MIla (cepis 2), siki micist MpOBEACHHST BUMIPIOBaHb MiIaBaJIi HACTYITHOMY TOMOTCHI30BaHOMY BiAnamy y
Bakyymi 3a 770 K ymponosx 260 roaun (cepist 3). Kpim Toro, craBu B iHTepBaji KoHueHTparin 0 — 2.5
Mon.% PbSe monaTtkoBo Oy TiJyiaHi I OfHINA TepMOooOpoOIi: TCIs CHHTE3y CIUIABH BiATIATIOBAIH 32
Bumoi temreparypu — 1020 K — ympomoex 200 romun (cepis 4). CrmaBu KOXHOI cepii TOTyBain
OZIHOYACHO Juisi 3a0e3MeueHHs 1NCHTUYHOCTI YMOB iX TIpUTOTYBaHHA. MeTomaMu pPeHTIreHiBCHKOT
CIEKTPOCKOMIT 1 XIMIYHOrO aHasi3y OyJjia BCTAaHOBJICHA OJHOPIAHICTh 3pa3KiB 1 TOKA3aHO, 0 BiIXHJICHHS
XIMIYHOTO CKITay Bin 3amaHoro He nepesumryBaio + 0.02 ar.%.

MikpoTBepaiCTh BUMIpIOBaIM 3a KIMHATHOI Temrieparypu Ha MikpotBepmomipi TIMT-3 3
BUKOPHCTaHHSIM aJIMa3HOI MipaMiIKk 3 TOCTIHHMM HaBaHTaXeHHsAM Ha iHgeHtop P=0.49 H. [ns
BCTaHOBJICHHsI HEOOXiTHOTO 3HAYEHHS HABAHTAKEHHS TIepel BUMIPIOBAHHAM [ 3a31asierifb JOCTiKyBaIn
3azexHocti H(P) B intepBaii P = 0.03 — 0.49 H, i Oyyo mokazaHo, 1mo H 3MEHIIYEThCS 31 3pOCTaHHIM P i
MIPaKTHYHO HE 3AJISKUTH Bifl HaBaHTaKeHHsI, moynHatoun 3 P ~ 0.30 H. Ha puc 1 B sk npukian HaBeneHO
3anexxaocTi H(P) anst croiaBiB cepii 4. Yac HaBaHTa)KeHHs1, Yac BUTPUMKH 111 HABAHTAKEHHSM 1 4ac 3HSTTS
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HaBaHTaXeHHs ckaanam o 10 c. KOcTupyBaHHS npuiiaTy MPOBOAMIN 3a JOTIOMOTOIO CBIXKMX CKOJIIB
kpuctamB NaCl. IligroroBka moBepxHi sl BuMmiptoBaHHs H (uutidyBaHHA, MeEXaHIYHE
MOJTIIPYBaHHSI Ta TpaBJICHHS) Oyna 1IEHTHYHOI Ui BCIX 3paskiB. BumiptoBanHs H KOXKHOTO
3pa3ka MPOBOAWIM HE MEHII HDK y 30 TOYKaxX 3paska 3 MOJAIBIIOK CTATUCTHYHOK OOPOOKO0

pe3ynbTaTiB. BinHocHa cepeqHbOKBagpaTHyIHA (IIYKTYyallis He epeBHIyBaia I BCiX 3pa3kiB 3 %.
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Puc. 1. 3anesxcnicmo mixpomsepoocmi meepoux posuunie PbTe-PbSe

60 HABAHMANCEHHSL HA THOEHMOD:

1—PbTe, 2— 1 mon.% PbSe, 3 — 1.5 mon.% PbSe.

[apamerpu eneMeHTapHOI KOMIPKH @ BU3HA4YalId Ha PEHTreHIBChbKoMY mudpakromerpis JJPOH-2 3
¢dokycyrouoro reomerpieto bperra-bpenTaHo y (inbTpoBaHOMY BHIIPOMIHIOBaHHI MiZHOTO aHOIY
PeHTTeHIBChKOT TPYOKH 3 TOUHICTIO He HIvkde Aa =2-10™ am.

Koedimienr Xomma Ry Ta €l1EKTPONPOBIAHICTh ¢ BUMIPIOBAIN 3 BUKOPUCTAHHSIM CTAHIAPTHOTO dc
Metoay B TemmeparypHomy inTepBami 80 — 300 K. IToxubka BuMiproBans Ry Ta ¢ He niepeBuIyBana 5 %.
XomniBchbKa pyXJIMBICTh pO3paxoByBajiacs 3a (popMmylioro Ly = 6+ Ry. BumiproBanus koedimienrta 3eedeka S
NPOBOAMIIM KOMIIEHCALIIHUM METOOM BiJHOCHO MIIHHX €NEKTPOAIB 3a KIMHATHOI TeMIEpaTypH B HE
MeHII HiK 20 ToYkax 3paska 3 MOAAIBLIOI CTATUCTHYHOIO OOPOOKOIO PE3yNbTaTiB BHUMIpIOBaHHSL.
CepelHROKBaIpaTHYHA BiJHOCHA MOXMOKa /TSl BCIX 3paskiB He mepeBulyBana 3 %. Bci 3pasku, okpim
3pasKiB cepii 3, MaJTK p — THIT IPOBIHOCTI.

Pe3yabTaTH Ta ix 00roBopeHHs

3rigHO 3 pe3yNbTaTaMy MiKpPOCTPYKTYPHOTO 1 peHTreHOrpadhiyHOro aHami3iB y BCI JOCTiIKyBaHIN
obnacti cknaniB cruiaBu Oynu omHogasHi 1 Many KpucTaniudy cTpykrypy Tamy NaCl. Ha puc. 2,a HaBeneHo
3aJISKHICTH MapaMeTpa eJeMEeHTapHOI KOMIPKH Bifl ckiany ciuiaBiB PbTe-PbSe B intepBam 0 — 5 Mom.%
PbSe mis cepiit 1 Ta 4 3a KiMHaTHOI TeMIieparypu. BumaHo, 110 11 000X cepilf TOUKH YKIaTaroThCS Ha OTHY
npsiMy, sIKa 3 BEJHMKOK TOYHICTIO BimmoBimae mpsmiii Berapma, minrBeppkyroun (akT yYTBOPEHHS
0e3MnepepBHOTO PsAy TBEPAUX PO3UHMHIB Y JOCTIIKYBAHOMY iHTEpBaIli KOHLIEHTPAIIiH.

Ha BinmiHy BijJ mapameTpa eneMeHTapHOT KOMIPKH 3aJISKHICTh ITUPUHN PEHTTEHIBCHKUX JTiHiH B Bij
CKJIaay HE € MOHOTOHHOIO. 3 pHC. 2,0 BUIHO, YTO MPH 3arajbHiil TSHICHIII 0 3pOCTaHHS BITHOCHOI 3MiHI

AB/B 31 30UIbIIICHHSIM KOHIICHTpALlil PhSe 3aJIe)KHICTh Ma€ YiTKO BUPAXKECHHUI OCIIMITIOIOUHH XapaKTep.
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Puc. 2. 3anexcnicme napamempa enemenmapHoi Komipku a (@) ma 8iOHOCHOI 3MIHU WUPUHYU OUDPaKyitinol
JHIL (644),+(820),, AB/B (6) 6i0 cknady meepdoeo posuury PbTe-PbSe ons spaskie cepii 1. a:
1 —npsima Becapoa; 2 — cepis 1; 3 — cepis 4.

Ha puc. 3 maBemeHo 3amexxHocti H Bing ckiagy cmiaBiB PbTe-PbSe, siki BUTOTOBIEHI 3
BUKOPHCTaHHSM Pi3HOMaHITHIX METOMHK, 1 BUAHO, IO Hi OJJHA 3 IMX 3AJIEKHOCTEH HE € MOHOTOHHOIO, YOTO
MOXJIMBO OyNo O YeKaTH Mpu YTBOPEHHI iI€albHOTO TBEPAOrO PO3YMHY. I3 BBEICHHSIM MEPHIMX MOPIHN
PbSe (mo ~ 0.5 momn.%) BemmamHa H 171s BCiX cepiif 3pa3KiB 3pocTae, BKa3yrOUH Ha 3MIIHEHHsI KpHCTaja i3
BBe/IeHHsM JioMinku Se. [IpoTe 3 momambimimM 3poctanHsaM PbSe xapakTtep 3anexxHocTeld H Bij CKiIaay Ui
PI3HUX cepiii pi3HM, X04a 3arajibHa TEHICHLIis A0 3pocTaHHs H B MeXaX yChOro iHTepBally KOHIIEHTpALIii
nocmimkerns (0 — 5 mon.% PbSe) 30epiraethes. Tak, mis auTHx 3paskiB cepii 1 B iHTepBaii ckiamis 0.5 —
1.25 mon.% PbSe Ha 3a1eXHOCTI CIIOCTEPIracThCsl TOPH3OHTAPHA IDIONIAIKA; AHAJIOTIYHA TUTOMIAKa
CIIOCTEPIraeThCs 1 IS MPeCOBaHUX HEBIMMANIEHNX 3pa3KiB (cepist 2), ane i KOHIEHTpauiiiHuii iHTepBal
nemo posumproetses (0.5 — 1.75 mon% PbSe). Ilpu upoMy 1uisi TIpecOBaHHX 3pa3KiB BiIMIiYaeThes
3HauHime 3poctands H Ha mumsai 0 — 0.5 Mon.% PbSe, HX is JIUTHX, X04a 3HAUEHHS 1 3pa3kiB cepiii 1 1
2, IO HOCATAIOTBCS Ha MEXI JOCIHIDKYBAaHOTO IHTEpBAy CKJIaIiB, MpPAaKTHYHO OJHAKOBI. Bimmar
MIPECOBAHUX 3pa3KiB y BaKyyMi (cepist 3), 0 MpU3BOAUTH 10 iHBEpCil 3HAKY MPOBITHOCTI (p — 1), ICTOTHO
3MiHIOE XapakTep 3ajexHocTi H Bim ckmamy: B iHTepBami 0.5 — 2.5 mon.% PbSe na i3orepmi H
CIIOCTEPIratOThCs YITKO BUPKEHI OCLMJIALIL, MICHsA 40oro H pi3ko 3pocTae 3 HaOMMKSHHSIM JI0 CKIIamy 5
mon.% PbSe (Puc. 3,8). IloniOumii ocrmorounii XapakTep 3alieXHOCTI H crocTepiraeTbes Ui JTUTHUX
3pa3KiB, IO MiIaBaiCs BUCOKOTEMIIepaTypHOMY Biamaiy (cepist 4), siki Oyju BUTOTOBJIEHI B iHTEpBai
koHueHTparii 0 — 2.5 mon.% PbSe. 3 puc. 3, T BUIHO, 110 TAKUH OCIIMITIOIOUNIA XapaKTep 3ale:KHOCTI H Bin
CKJafy 30epiraeTbest s cepii 4 1 31 3MIHOIO HaBaHTa)KEHHsI Ha 1HICHTOP.

6 6
=5 =5
= =
> >
“s “s
T 4 T 4

3 3
PbTe 0 1 2 3 4 5 PbTe 0 1 2 3 4 5

PbSe (Mon1.%) PbSe (Mon1.%)
a) 0)
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Puc. 3. 3anexcrnicme mixpomeepoocmi H 6i0 ckrady meepooeo posuury PbTe-PbSe ons 3paskie,
BUCOMOBIEHUX PIZHUMU Memooamu. a — cepisi 1; 6 — cepis 2; 6 — cepisi 3 ma 2 — cepis 4:
1-0049H,2—-039H,3—-049H.

TakuM YMHOM, HE3QJICKHO Bi CIOCOOY BHIOTOBJCHHS 3pa3kKiB (JIUTI YM TPECOBaHi) Ta
TepMoOOpoOKku, BBemeHHS PbhSe 1o 0.5 mon.% mnpmBomute g0 piskoro 3pocranHs H. Edexr
TBEPIOPO3YMHHOIO 3MIIIHEHHS 13 BBEICHHAM JOMILIOK, MOB'SI3aHMN 3 OJOKYBaHHSAM JIOMILIKOBUMH
aromamu (JIA) pyxy nmucnokaniit, no0pe Bimommii [23]. [Ipore BuMarae mMosiCHEHHs TOH (haKT, IO,
nourHatoun 3 ~ 0.5 Mon.% PbSe, s BCiX cepiii HasiBHA SKICHA 3MiHA XapaKTepy 3aJIeKHOCTI — MOsIBa IJIaTO
YY1 OCIIMIIALII.

JlocmimkeHHsT KiHETUYHHUX BIIACTMBOCTEW 3a KIMHATHOI TeMIepaTypu WiATBEpIWIA HAasBHICTh
KOHIIEHTpaLiifHX aHoMaliil y TBepaux pozumHax PbTe-PbSe. 3 puc. 4, a Ta 6, Ha sKOMy HaBeleHi
3aJI©KHOCTI G Ta [y BiJl CKIamy Ui JIUTHX TMOJMIKPHCTATIYHUX 3paskiB cepii 1, MokHa OaunTH, IO IIi
3QJIOKHOCTI MAarOTh HE3BUYHUH IS TBEPAMX PO3YMHIB XiM: TICISI 3MEHIIECHHsS BKAa3aHHX IMapaMeTpiB 3i
30imbIeHHsIM KoHIeHTpattii PbSe mo 0.5 — 0.75 mon.% crnocrepiraetbes piske (Oumpimn Hixk Ha 100 %)
3pOCTaHHS G Ta [y B JOCTaTHRO BY3bKOMY KOHIICHTPAIIIMHOMY IHTEPBAJi, MICIS YOTO G 1 [y 3HOBY
3MEHINYIOTBCS 31 30UtbiieHHS BMicTy PbSe mo 5.0 mom.%. JlimsHku cnagy o 1 py 31 30UIBLICHHAM
KOHIIeHTparii PhSe MIKOM MOSCHUMI, OCKUTGKY TIPH BBEACHHI B KPHCTAN JIOMIIIIKOBUX aTOMiB PYXJIUBICTh
HOCIiB 3apsiay 3a3BMYail 3MEHILYEThCS Y 3B'SI3KY 31 3pOCTaHHSIM Ie(EKTHOCTI KPHUCTAJIYHOI PEIITKH i
TIOSIBOIO JIOIATKOBHUX IIEHTPIB PO3CIFOHHS HOCIIB 3apsmy, ajie 3pOCTaHHSA G 1 [y 3 I€i TOYKH 30py €
AQHOMAJIBHHM.

e cxmamHimmMil XapakTep 3aJeXKHOCTI Bil CKIamy croctepiraerbcs sl koedimieHTiB Xoia i
3eebeka (puc. 4,8,1): 10 ~ 2.5 Moi1.% PbSe, He 3Bakar0uM Ha 3arajbHy TCHACHIIIIO 10 3MEHIICHHs Ry 1 S 31
30UTBITIEHHSIM KOHIIeHTparii PbSe, MUITHKY MamiHHsI Ry 1 S 4epryroThes 3 OiITHKaMA 3pOCTaHHSI, BHACITIOK
YOTro 3aNISKHICTh Ryy1 S Bijl CKITay BUSBIISE 9iTKO BUPKEHHUH OCIMITFOIOUHIA XapaKTep.

HeMoHOTOHHUIT XapakTep KIHETUYHHX KOe(iLi€HTIB BU3HAYAE 1 CKIaAHUN XapakTep 3anexxHocTi TE
notyxHocti P =S & Bix ckiany (puc. 4, ).

JociimkeHHsT BIUIMBY NIPECYBaHHA HA 3HA4YEHHS S, G 1 [y HOJIKPHUCTATB TBEpAMX po3uuHiB PhTe-
PbSe B obnacti xonuentpauiii 0 — 5.0 mon.% PbSe 3a kiMHaTHOI TemmnepaTypH, sike OyJ0 MPOBEACHO B
po0oTi [21], nokazaio, 10 B IPECOBAHMUX 3pa3Kax 3HAYEHHS S 3IHIIAIOTHCS NPAKTHYHO HE3MIHHUMUY, a o1
iy 3HIDKYIOTBCS TIOPIBHSHO 3 JIMTUMH 3pa3kaMu. Binman mpecoBaHux 3pa3kiB IPU3BOAWTE O 3MIiHU THITY
MIPOBIMHOCTI 3 IIPKOBOTO Ha EJIEKTPOHHWMA, 3pOCTaHHIO G 1 Ly [IpoTe KOHIIGHTpaIliiiHi aHOMATii
BJIACTHBOCTEH B 00macti ckinaaiB 0.5 — 2.5 Mon.% PbSe, 110 CIIOCTEPIratoThCs B JIUTHX 3pa3Kax i HMOBIPHO
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TOB'SI3aHi 3 MEPEXO0M JI0 JOMIIIKOBOTO KOHTHHYYMY, HasBHI 1 B IIPECOBAHMX 3pa3Kax, MiATBEPDKYIOUH
(akT icCHyBaHHsI KOHLIEHTPALIHOTO (pa30BOro mepexoy MepKOSIIHHOTO THITY.
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Puc. 4. 3anexcricme enekmponposionocmi o (@), Xoaniecbkoi pyxaueocmi Hociig 3apsaoy Ly (6),
koegiyicuma Xonna Ry (8),koeiyicnma 3ecbexa S (2)
ma mepmoenekmpuunoi nomyxcrnocmi P =S & (0)

6i0 cknady meepoux posuurie PbTe-PbSe ona 3paskie cepii 1.

Ha puc. 5 HaBeneHO TeMIiepaTypHi 3a1eXKHOCTI G, Wy 1 Ry st 3paskiB cepii 1 pisaoro ckiaay B. Bei
3pa3Ku MalOTh JIPKOBHI THII POBITHOCTI Y BChOMY JOCIIKYBaHOMY IHTEpBaIi TeMIeparyp i ckiamiB. J{s
3pa3KiB YCIX CKJIajiB 30UIBILICHHS TEMIIEpaTypH IMPU3BOAUTH J0 MOHOTOHHOTO 3HWKEHHS O 1 [y 1
HE3HAYHOro 3pocTaHHs Ry Ha BigMiHy Bij 1HIIMX XaJbKOTCHIIIB CBHHINO, 1€, SK MPABHUJIO, 3aJICXKHICTh
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Ry(T) B inTepBam Bij remieBOi MO KIMHATHOI TeMIlepaTypu Ta BHIIe myxke crnabka, B p-PbTe 3a
TeMneparypax, Bumux 150 K, cmoctepiraerbcs momitae 3poctanHs Ry Taka mosenminka Ry B p-PbTe
TIOSICHIOETHCS BILIMBOM JIPYTOi BAJICHTHOI 30HH, SIKA XapaKTEPU3YEThCS OLTBIIO e()eKTHBHOI Macolo Ta
po3TamoBaHa HIDKYE Kparo 30HM JIETKUX MIpOK Ha Bifactani B Mexax 0.1 eB. Bracmimok HH3BKOI
PYXIMBOCTI 1 BelMKO1 e()eKTHBHOI MacH NipKH B IPYTii BaJICHTHIN 30HI BHOCATH BITHOCHO MaJIMH BKIIAJ B
epexkr Xomra, Ta B Mipy Mepexoay HIpOK y APYry 30HY i3 3pOCTaHHSAM TeMIlepaTypH e(eKTHBHA
KOHIICHTpALlisl HOCIiB 3apsdy craaae, a Ry 3poctae. BpaxoByroud HAsBHICTH JICTKHUX 1 BaKKUX MdIPOK,
hopmymy st Ry MokHA 3amucaTi TAKUM YHHOM:

A e Y A b A )
e(p+p, 1) ep, A+yf)

RH

Tyt p; 1 p, — KOHIIGHTpAIlil JICTKMX 1 BaXKWX JIpOK BIIMOBIIHO, CyMa iX HE 3aJICKUTH Bil
TeMIIepaTypH 1 JOPIBHIOE YUCITy aKIENTOPIB, L 1 [ — X PyXIMBOCTL, ¥ = pi/p2, f= th/ 1k, ¥ — X0II-haxrop,
SIKAI 3aeXHUTh BiJl CTYIEHsS BHUPOMKEHHS Ta MEXaHi3My pO3CitoBaHHs HOCIiB 3apsmy. 3 ¢opmymu (1)
BUILTUBAE, 110 31 301IBIIIEHHSIM BHECKY Ba)KKUX JIIPOK 31 3pOCTaHHSIM TeMIeparypH 3poctae i Ry. Sk BumHO
3 puc.5,a,0,B, aHATOTIYHUN e(heKT Mae Mictie 1 B TBepaux po3unHax PbTe-PbSe, CTpyKTypa BaJICHTHOI 30HH
SIKHX 1IEHTHYHA CTPYKTYPi BJICHTHOT 30HU TEITyPUJTY CBUHLIO.
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Puc. 5. TemnepamypHhi 3anexicHOCHI e1eKMPONPOSIOHOCMI O (a), XONNI6CLKOI pyXau8ocmi HOCIig
3apsidy iy (6), koegiyicuma Xonna Ry (8) ma cmenenegozo koegiyicuma v 6 memnepanmypHii
sanexcrocmi py = A-T (2) 1 — PbTe; 2 — 0.7 mon.% PbSe;
3— 1.2 mon.% PbSe; 4 — 2.0 mon. % PbSe.
Bukimikae iHTEepec 3aleKHICTH CTEMICHEBOTO KOedillieHTa VvV Y TeMIepaTypHId 3aleHOCTI

PYXJIMBOCTI HOCIiB 3apsimy wy ~ T Bim ckmamy (puc. 5, r), sika, SK 1 iHII XapaKTepUCTHKH, HOCHTbH
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HEMOHOTOHHHMH XapakTep. 3a 3arajibHOi TEHIEHIIii 10 MaIiHHs V i3 3pocTaHHsIM BMicTy PbSe Ha kpuBiid
CIIOCTEpIracThCd aHOMajbHA MAUIIHKA 3POCTAHHS CTENEHEBOro KoedilieHTa, IO € IIe OXHUM
MIATBEP/DKESHHSAM CKJIAJHOT KOHIICHTPAIIIHHOT 3aJISKHOCTI BJIACTUBOCTEH B TBepIoMy po3urHi PbTe-PbSe.

JUI1  SKICHOTO TIOSICHGHHST 3MIHM XapakTepy 3aJeHOCTI BJIACTHBOCTEH BiJ CKJIaTy, IO
CIIOCTEpIraeThCs sl BCIX BiacTHBOCTEH, mounHaroud 3 ~ 0.5 mMom% PbSe, MOXXHa CKOpHUCTaTHCS
MpeCTaBICHHAMHI Teopii MEepKOJALii, SK e poOHIocs HaMU JUIsl iHIIMX HaMiBOPOBIJHUKOBHX TBEPAMX
po3umnHiB [4-11]. [lpumyckaerbesi, MO B OyIb-SIKOMY TBEpIOMY pPO3YHHI, HE3AJIGKHO Bifl XapakTepy
MDKIIOMIIIIKOBOT B3a€MOJIil, € KPUTWYHA KOHIICHTpAIls X, — “TIOpIT TEPKOJAIii’, — 3a SKOi BIIEpIIe
YTBOPIOEThCST OE3MEepPEepPBHUN JAHIIOXKOK B3aemomiil JIA («Oe3kiHeuHMid KiacTep» — y TepMiHax Teopii
nepkossanii) [24]. OcKinbKH NEepKOIALIMHNN Tepexil HaJeKuTh 10 (Ha30BHUX MEpEeXOdiB APYroro poay BiH
MOBUHEH CYMPOBO/PKYBATHCS KPHUTHYHHMH  SIBHIIAMH, TOOTO PpI3KOK0 3MIHOKO  BJIAaCTHBOCTEH.
BukoprcToByrourn HaOMMKEHHS TEOPii MePKOIIAIIil, MOKHA JTOITYyCTHTH, IO ITOYaTOK aHOMATGHUX JTITHOK
BIITOBIZIa€ JTOCSTHEHHIO TIOPOTY TEPKOIAIii X, a B IHTepBalax KOHIICHTpalliif, IO BiAMOBINAOTH
AQHOMAJIbHIM 3MiHI BIIACTHBOCTEH, i 30UIBIICHHS TYCTUHM O€3KiHeuHOro kiactepy. [licns 3aBepiiueHHs
OCTaHHBOTO TIPOLIECY KPUCTAT TIEPEXOANTh B HOBHH CTaH — JAOMIIIKOBHH KOHTHHYYM, — KOJIM JOMIIIIKOBI
aTOMM BWSBJBIFOTHCS 3B'SI3aHUMH MK CO00I0 1 iX B3aemomis HaOyBae KOOIEPAaTHBHOTO XapakTepy. Mu
BB)KAEMO, IO CaMe TOPIT MEepKOJAMii Mir Ou OyTH Ti€f0 MeXero, sSKa BiIOKPEMITIOE Po30aBIlieHi TBEpi
PO3YMHHM BiJ KOHLEHTPOBaHHMX. 3BHYaHO, B 3arajJbHOMY BHIAAKy [UIS PI3HMX BIACTHBOCTEH, SKi
BU3HAYAIOTHCS PI3HUMH THUIIAMHU B3aEMOIiH (nedopMaliiiiHuM, KyJIOHIBCbKIM, TUIONb — UIOIBHUM T4 iH.),
3HAYCHHSI TIOPOTIB TIEPKOJIAIIl X, UIT OmHIET 1 Ti€l K CHCTEMH MOXYTh pospisHsrucs. I[Ipore B
nociimkyBaHiid cuctemi PbTe-PbSe 11 3Ha4eHHS IPAKTUYHO 30Iraf0ThCsl — aHOMAJTIT TOYMHAKOThCS 3 ~ 0.5 —
0.75 mo1.% PbSe.

Jiist mpukIialy po3riITHEMO TaKy BJIACTHBICTB, SIK MIKPOTBEPIICTh. BiloMo, 1110 OCHOBHMI MEXaHi3M
TBEPIAOPO3UNHHOTO 3MIITHEHHSI TIOB'SI3aHUH 3 TIPYKHOIO B3a€MOJII€EIO0 TTOJIIB UICIOKallii 1 JIA, B pe3ynbrari
SIKOTO PYXJIUBICTh JAWCIIOKAIN 3HIKYETHCS, @ OTXKE, 3pOCTAIOTh XapaKTEPUCTUKH MIIHOCTI, Taki K MexXa
TEKy4OCTi, MIKPOTBepIicTh Ta iH. OCKiIIbKH MOMITHI 3CYBH aTOMIiB BUHMKAIOTb Ha BiJICTaHi OJHOTO-IBOX
aTOMHHUX BIJICTaHel, rmoje TPYXHHX nedopMaliii MOKHAa BBaXKaTH ONM3BKOAIIOYMM 1 TOBOPUTH TIPO
XapaKTepHUH paziyc medopMartiiHoi B3aeMOIi 7. 3a MaJTMX KOHIICHTPAIIii JOMIIITKH (Y IhOMY BHIIAIKY —
aToMiB Se), KOJH BiICTaHb MK HUMH 3HaYHO OLIBIIE 7y, TTOJS TPYKHUX AedOpMarliii, 0 CTBOPIOIOTHCS
okpemumH JIA, 130160BaHi OAWH Bii OJHOTO, MPAKTHYHO HE MEPEKPUBAIOTHCS 1 BHOCATD IUTHBHHUN BKJIa]]
y Bemumuudy H. lle npus3Bomuth 10 3pocTtaHHs H i3 30UIBIICHHSAM KOHIIGHTPAIll JOMIIIKH, IO 1
crioctepiraeTses B inTepBani 110 ~ 0.5 Momn.% PbSe.

IIpu momamsiroMy 3poctanHi BMicTy JIA 11st 3paskiB cepiid 1 Ta 2 Ha i30TepMi H 3’ SBISIOTHCSI TIIATO
B inTepBam 0.5 — 1.25 ta 0.5 — 1.75 mon.% PhSe BimmoBigHO, a Wi 3pa3kiB cepi 3 Ta 4 3aJeXKHICTH
Ha0OyBae OCIWIIOIOYOro Xapaktepy B iHTepBai ckiamiB 0 — 2.5 mom.% PbSe. lleti dakT cBimuuTh mpo
HasBHICTH KOHIIEHTPALIHOTO (pa30BOTO MEpEeXoy, SIKUi B 3araIbHOMY BUIIAJIKy MOKE OyTH TIOB'SI3aHHH 3
pO3MAaZoM TBEPAOTO PO3UMHY abo 3 TepeOyHdoBOI0 KPUCTATIYHOI abo eIIeKTPOHHOI CTPYKTYpH.
[TpunymenHs: Mpo MOXKIMBICTH po3nagy abo 3MIHM KPHCTATIYHOI CTPYKTYPU MPOTUPIYUTH Pe3yNIbTaTaM
PEHTTEHOCTPYKTypHOTO aHaily. HasBHiCTh aHoMamiii Ha 3alexHOCTI H — cKiajn BKazye Ha 3MiHY B
XapakTepi pyxy [IHUCIOKamiif, B pe3yJibTari SKOro pPyXJMBICTh AMCIOKAIIH 3pOCTaE 1 KpHCTAI
PO3MIITHIOETRCS. 1le MOXHA TOSCHUTH TakuM 4YiHOM. [lpy 301LTBINICHHI KOHIIGHTpAIii JTOMIITIKH, IO
py>KHUX JedopMallii TOYMHAIOTh MEPEKPUBATUCS, IO MPUBOAWUTH IO YACTKOBOTO 3HATTA HAIPYT Y
kpuctami. OCKIJIBKM aTOMU JOMIIIKK PO3MOAUIIOTECS MO KPUCTATIYHIA PeINiTii HEpiBHOMIPHO, OHI
nedopmartiiini chepy MEPeKPUBAIOTHCS, a IHII — Hi, 1 B KPHCTali YTBOPIOIOTHCSA IUITHKH 3HIKCHOI
HampyTH, SKi 10 TICBHOI KOHIICHTpAIlii JOMIIIKOBUX aTOMIB HE 3B'3aHI MK coboro. [Ipote, komm
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KoHIIeHTpauis J{A cTae Takoro, 0 YTBOPIOETHCS Oe3MepepBHUI JIAHIFOKOK, SIKUI IPOHU3YE BECh KpUCTAT 1
3B'SI3y€ aTOMH JIOMILIIKK MiX cO00I0 4yepe3 ix AedopmMariiiHi mosl, XapakTep KOHIECHTPALIHHOT 3aJIeXXHOCTI
H TOBHMHEH 3MIHMTHCS, OCKUIBKM 3MIHHMTBCS XapakTep pPyXy MUCIOKAI[A Mg J€I0 TMPUKIAACHOTO
HaBaHTOKEHHA. OCKUTBKH TepeKpUTTS JedOpPMAIlifHUX TIONIB IBOX CYCIAHIX aTOMIB TPH3BOIWTE IO
YacTKOBOI KOMIICHCALli MPY)KHUX HAaNpy>KeHb IMPOTHICKHOTO 3HaKa, YTBOPEHHIO KaHATIB MPOTIKaHHS
BIMOBiAaTHME pi3Ke 30UTBIICHHS PYXJIMBOCTI TUCIOKAlil, a omke, 3HwKeHHA H. KOHKpeTHMiT MexaHizM
KOJICKTUBHOT Jii JTOMIIIIOK Ha TUIACTHYHI BJIACTMBOCTI KPUCTANA, KUK 3aJICKUTh BiJl 0araThbOX YMHHUKIB 1
BU3HAUYa€ PO3MIIIHEHHS KPHUCTaJia, IOKKM HE BIIOMHI 1 BUMarae crieliaibHoOro po3risay. Ilicns mepexomy
KpHCTajla B SIKICHO HOBHH CTaH, TIOB'SI3aHUH 3 YTBOPECHHSM “‘TIOMIIITKOBOTO KOHICHCATY ’, 3'IBIITIOTHCS] HOBI
LEHTPH, IO TATBMYIOTh PyX AUCIIOKALIH 1 [ 3HOBY 3pOCTae.

Sk BHIHO 3 pHC. 3, Ha XapaKTep 3aISKHOCTI H Bill CKIIaqy 1 Ha XapakTep NposiBy KOHLIEHTPALiHHOT
aHoMaJii B Ii 00JacTi BIUTMBAE CIOCIO MPHUTOTYBaHHs 3pa3Kka (JIMTHH YK TPECOBaHMI), HAsBHICTH ab0
BIZICYTHICTP BiIIajly, a TAaKOXK TeMIIeparypa Bianmary. [{poro IiikoM IpHUpoIHO YeKaTH, OCKUTHKH CTYIIHb
posmurTs @II, xapaktep 3Mmiam BrmactuBoctedd mpu PDII icToTHO 3amexars Bif Ae(EKTHOI CTPYKTYpH
KpucCTaja, CTyHeHS HOro OAHOPINHOCTI, KIHETWYHHMX YHMHHUKIB, SIKi Yy CBOIO HYepry 3HAYHOIO MipOIO
BU3HAUYAIOTHCS XapaKTepoM TepMidHOi 0OpoOKkH. MokHa NOMYCTHTH, MIO 3 MiJBUIICHHSIM TeMIepaTypu
Bigmary JmTux 3paskiB 3 870 mo 1020 K i 3 Biamamom mpecoBaHNX 3pa3KiB, TO-TIEPIIE, JOCITAETHCS BTN
CTYMiHh TOMOTEHI3aIlil, HK U1 3paskiB cepidd 1 i 2, i, mo-mpyre, 30UIBIIYEThCS KUTBKICTh MIKBY3JIOBHX
aToMiB, AKi It cepii 4, MOXKIIMBO, CTAalOTh NEPEBAKAIOYNMU TOUYKOBUMH Je(eKTaMH, BPaxOBYIOUH, IO
micNsl BiMaly MPecoBaHMX 3pa3KiB Mae€ Miclle I1HBEpCisl THUITy TPOBIAHOCTI, OOyMOBJIEHa, MalOyTh,
HE3HAYHUMH BTpPAaTaMH XaIbKoreHa 3 BimmamoM. [Toku HeBimoMi MiKpOCKOIIYHI MEXaHI3MH, IO TIPH3BOISTE
JI0 OCIIMITIOIOYOTO XapakTepy 3MiHN H 31 CKIIaJIOM Y TIPOMIXKHIH 00JIaCTi CKIIa/liB, Ka Bi/IMOBI A€ TIEPEXOY
B/l po30aBJieHNUX 10 KOHLEHTPOBAHUX TBEPAMX PO3UMHIB, ajie 3p03yMiJIo, IO 3HAYHYy POJIb B XapakTepi
NpOSIBY KOHIIGHTPALIIMHAX aHOMaNiil BIJIrpaloTh MpolecH camoopraHizamii (komm H mapae), ski
YepryroThCs 3 TpollecaMi HaKOMM4eHHS aedekTiB (komu H 3poctae). Ha KOpPHUCTh ITHOTO HPHUITYIICHHS
CBITUMTH HASBHICTh OCIIJIFOFOYOI KOHIIEHTPAIIMHOI 3aJeKHOCTI IIMPWHH PEHTIEeHIBCBKUX JIHIN
(644),+(820), (Puc. 2,0). Bimomo, 10 10 OCHOBHMX YMHHHUKIB, SKi BHKIMKAIOTH PO3IIMPEHHS
PCHTTEHIBCHKUX JTiHIM, Hajexarh (QurykTyamii MDKaTOMHHX BiJICTAaHEH YHACHINOK MiKpOHAnpyKeHb i
MaJIOTO pO3Mipy 0O0JIacTel KOTEPEHTHOTO po3CitoBaHHA [25]. Y TOMOTEHHHMX TBEpAMX PO3YHHAX
PO3IIMpeHHsT MoXe OyTH BUKIIMKaHe 0€3/1aJi0M Y PO3MOALT aTOMIB Pi3HOTO COPTY i CTAaTUYHUMH 3CYBaMU
aToMiB, 10 OTOYYIOTH JOMIIIKOBHH aTOM BiJHOCHO IX TMOJIOKEHHS B igeambHOMy Kpuctanmi. Tomy
3pOCTaHHs LIMPHHY JIiHIM 13 BBEACHHIM mepmmx mopuii 1A HeBaxko mosicHUTH. OCKUTBKH BCI 3pa3Ku
OyJIM BUTOTOBJICHI 32 OTHOIO METOIMKOIO i PEHTTEHIBCHKE TOCTIHKEHHs OyJI0 OTHAKOBUM, 3MiHa B AB/B 3i
3MiHOIO KoHIeHTpamii JIA Moxe OyTH TOB'SI3aHa 3 BHYTPILIHIMH CTPYKTYPHAMH 3MiHAMH, SIKi
BUKJIMKAHUMH Oe371a10M B po3mofiti JJA 1 BUKITMKaHUMH HUMU MiKpoHanpy»keHHsIMU. Ko koHIeHTparis
JIOMIIIKH JIOCSTAE X, HATPY)KEHHSI B PEILITII YACTKOBO 3HIMAFOTBCS 1 XapaKTep 3aIeKHOCT] 3MiHFOETHCSL.

AHOMaIlbHE 3pOCTaHHS G Ta |y, IO CIIOCTEPIraeThCs, TAKOXK CBIAYMTH TNPO SIKICHI 3MiHH
BJIACTHBOCTEH TBEPJIOTO PO3YHHY 31 3MIHOIO BMICTY JIOMIIIKW. AHAIOITYHI KOHIIEHTpALiiHI aHOMaNii ¢ Ta
My CTIOCTepirajvcs HAMH U TIPY JIOCITIPKeHHI 1HIMX TBepAuX po3uuHiB (PbTe-MnTe [7], PbTe-GeTe [9] Ta
H.) 1 TaKOXK TIOSICHIOBAIMCS HASBHICTIO KPUTHYIHUX SIBHII, SKI CYTPOBOKYIOTh KOHIIEHTpAIiiiHI (ha30Bi
HEPEXOIH.

Posrisaatoun mi KpUTHYHI SBHIIA 3 TOUYKU 30py MEPKOISILIHHOL Teopii [24], MOJKHA OLIHUTH pajiyc
cepu Aii JOMIIIKOBOTO aToMa 7,, BAKOPUCTOBYIOUH PiBHSHHS 3a/1a4i cep

4n/3-N,(21,) = 2,7, Q)
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ne N, — cepemHsl KUTBKICTh IEHTpiB cep B oauHUI 00’eMy, sika BimmoBimae mopory mepkossiii. Taka
OIliHKA JUIs TBepAUX po3unHiB PbTe-PbSe mae 3Ha4ueHHS 1, ~1.5 ay (ap — mapaMeTp ereMeHTapHOI KOMIipKH
PbTe), mo 100pe y3romKyeThest 3 KOPOTKOAIIOUUM XapaKTepoOM JIOMIIIKOBOTO MOTEHIIaNy B croiykax [V-
VI[14].

Ocuwnorounii xapakrep 3anexHocteit Ry, S, H u AB/B Bin cknany 3a BMicty PbSe meHiie ~ 2.5 —
3.0 mo11.% moKa3sye, 1110 CUCTEMa ITPOXOAUTH Yepe3 Psil MPOMDKHHUX CTaHIB 3 y»Ke ONU3bKUMHU CKIIAJIaMH,
ajie pi3HUM XapaKTepoM IPOCTOPOBOI Koperrii. Taka moBemiHKa MOXKe CBUTIHTH TIPO TE, IO 3a IMEBHUX
KOHIICHTpAIIiH JTOMIIIKOBOTO KOMITOHEHTa BiJIOYBAIOThCS TPOIIECH CaMOOpTaHizallii, sKi YepryroThcs 3
nporecaMy HaKONMYEHHS Je()eKTIiB Y BIOPSAKOBAHOMY CEpeIOBHILI. AHAJIOTIYHA CUTYaIlisl cocTepirauacs
Hamu B cucteMi PbTe-Bi;Te; B obnacti ckinaaiB 10 ~ 3 Moi. % Bi,Te;— KOHIGHTpaIliiHI 3aJIeKHOCTI G, Ry,
Uy, @ Takok AB/B manmu ocuumorounii xapakrtep [12]. I taka cutyanis He € yHikaigpHOwo. J{oOpe Bimomi
HecTexioMeTpruHi a3y 3MIHHOTO CKiIaay, B SIKMX OONAacTh TOMOTEHHOCTI PO3OHMBAETbCS Ha PsX
miro0sacTeli 3 Pi3HUM THUIIOM JATbHBOTO a00 OJIMXKHBOTO BIIOPSIIKYBAHHS 1 3 y)Ke OJTM3BKUMHU CKJIaIaMH.

IlouarkoBe 3pocranns Ry i3 BBeneHHsAM mepimmx nopiid PhSe — no 0.2 mon.% (puc. 4, r) MoxHa
MIOB'SI3aTH 13 CKJIAHAM MEXaHi3MOM Ae()eKTOYTBOPEHHS, 10 Mae€ TMpH IboMy Mice. Piu y Tim, 1o 3a
Mmainoro BmicTy JIA 3MmiHa BibHOI eHeprii 0OyMOBJIEHa B OCHOBHOMY EHTPOITIMHIM WICHOM 1 3pOCTae
BIpOTiZHICTh MPOLECIB, sIKi MOB'A3aHi 31 30UIbIICHHSIM KOHQIrypamiiHOi eHTpOIii, CTUMYJIIOIOUH TaKi
SIBUIIA, SIK JleToKatizamis JJA BiIHOCHO OCHOBHUX CTPYKTYPHHX TMO3HIIH (HAIPHUKIIAL, BIPOBA/DKEHHS iX B
MDKBY3JI0BHHH), YTBOPEHHS HOBHX THITIB JAe(DEKTIB Ta iH. I3 BpoBamkeHHM JIA celleHy B MiXKBY3JIOBUHH
AHIOHHOI MIJPENIiTKH aTOMH XaJIbKOTEHIB CTBOPIOIOTh €KBIBAICHTHY KUIBKICTH OIHOKPATHO 10HI30BaHHX
BaKaHCIH, 10 MPOSBISIOTH JOHOPHI BiacTuBOCTi. KpiM Toro, cinif BpaxyBaTy, IO i3 BBEACHHSM IEPIIUX
nopuiii JIA, 3Bakaroun Ha 3MiHY YMOB TEpPMOJMHAMIYHOI PiBHOBAark B JISTOBAHOMY KPUCTalli, MOXKIINBA
3MiHa PIBHOB&)XHOI KOHIICHTpAIii HECTEXIOMETPUYHMUX KATIOHHWX BaKaHCiH, sKi BOJIOMIIOTH
AKIIENITOPHUMH BIIACTUBOCTSIMH, IO TMPU3BOAUTL 1O 3MCHIICHHS KOHIICHTpAil ipoK i, BiIMOBITHO
3poctanss Ry Hactymue 3Hmxkenns Ry i3 3poctannsm Bmicty PbSe 1o ~ 0.75 Mon.% mo0pe y3romkyeTbes
31 3HIKeHHsM Koediieata TepMoEPC. (puc. 4, 1).

IIportecn mepeposnoAiny JIA 3i 30UIBIICHHSM KOHIIGHTpAIil JOMIIIKH MOXKYTh BKIIOUaTd: 1)
YTBOPEHHSI HAJICTPYKTypH 3 TEPIOAWYHUAM PO3MOALIOM JOMIIIKOBUX aTOMIiB Yy CTPYKTypi Oa3oBoro
Marepiany; 2) yTBOPEHHsI CTPYKTYpW 3 OJIIDKHIM BIOPSIKOBYBaHHSM, SIKE MOIIMPIOETHCS Ha OJHY a0o
JIeKiIbKa KOOpIMHALIMHKUX cdep; 3) 3MiHa XxapakTepy jokamizamii /1A; 4) yTBOpeHHS KIIacTepiB, CTPYKTypa
SIKAX BIZIPI3HAETHCS BiT CTPYKTYPH OCHOBHOTO MaTepiaiy.

MoxHa dYekaTu SIKICHOI 3MiHHM BIIACTHBOCTEH, KOJMW 31 30UTHIICHHSIM KOHIIEHTpAIli JIETyI4oro
KOMITOHEHTA Cepe/IHi BifcTani M [IA J0cATaroTh 3Ha4YEHb, 32 SKUX B3a€MOJIiS MDK HHUMH OXOIUTIOE BECh
KpUCTaJ Ta CTUMYIIIOE TPOLIECH CaMOOpraHizamii, Mo MPH3BOTH A0 3HIDKEHHS BHYTPIIIHBOI €Heprii
KpUCTala 1 3a0e3MedyroTh CTaOLTi3aIlii0 TBEPIOro po3unHy. MoKHA Tepen0adnTH, IO YTBOPCHHS
MEepPKOMSIIIHIX KaHamiB uepe3 JIA Se 3 JOCSATHEHHSM TMOPOTY TMEPKOJSIIT CTUMYJIOE TPOIECH
camooprasizarii ado CympoBOKYETHCS HAMHU. BiaMiTIIMO, 10 3HAYECHHS 7, & 1.5 a BiAMOBImAE MIUTHHINA
YIIAKOBITl AOMIIITKOBHX Cep 3 YTBOPEHHAM KyOidHOI T.IL.K. PEIITKA 3 ITapaMeTPOM EIEMEHTapHOI KOMIpKH
a=4 ay.

VY rerepoBaNeHTHUX HEI30CTPYKTYPHUX TBEPAUX PO3UMHAX MDK ABOMA XIMIYHMMH CHOJIYKAMH TTiCIIS
YTBOPEHHSI «IOMIIIKOBOTO KOHIEHCATy» BeJIMKa BIpOTiAHICTH ONIKHBOTO BIOPSAKOBYBAaHHS TBEPAOTO
PO3YMHY 3 YTBOPEHHSIM Y BHXIAHIH CHONYII KOMIUIEKCIB 3 KPHCTAIIYHOIO CTPYKTYPOIO, sIKa BIIMiHHA Bij
CTPYKTYpH MAaTpHIli 1 BIiINOBimae CTpyKTypi apyroro kommoneHTa. Illo crocyeThes i30BaleHTHHX i

ISSN 1726-7714 Tepmoenexmpuxa Ne2, 2013 73



Pozcauosa O.1., Booopiz O.C.
Ocobusocmi KOHYESHMPAYIHHUX 3ALeHCHOCIEN CIPYKIMYPHUX A MePMOENeKMPUYHUX 6IACTMUBOCTE ...

130CTPYKTYPHHX TBEpAHMX PO3YMHIB, J0 SIKHX Hanexarb i po3unH PbTe-PbSe, To B HUX 30UTBIIyeTHCS
BIpOTiIHICTH TAJbHBOIO BIOPSIKOBYBaHHS.

OTke, pe3ysibTaTH PO3MVITHYTOI pOOOTH POOOTH JAl0Th I1I€ OAWH J0Ka3 YHIBEPCAILHOTO XapaKTepy
KPUTHYHUX SIBUII, IO CYNPOBODKYIOTH TEPEXia Bijl CIAOKOTO JISTYBAHHS JIO YTBOPEHHS TOMIIIKOBOTO
KOHTHHYyMy 1 BH3HAQUalOTh CKJIAIHWN XapakTep KOHIEHTPAIIHHNX 3aJIeKHOCTEH BIIACTHBOCTEH.
Hesanexxno Bin xapaxrepy B3aemomii Mixk JIA, BIacTUBOCTI KpHCTania SKICHO 3MIHIOIOTBCS, B PE3YNbTaTi
YTBOPEHHsI OE3MEPEPBHOTO JIAHIFOXKKY B3aeMomiii JIA 1 MIBHIKICTH pPO3MOBCIOMKCHHS EIEMEHTAPHUX
30yIDKEHB 3MIHIOEThCs. KpiM TOTO, 3 OTpUMaHKX pe3yJIbTaTiB BUILIUBAE, M0 MOSBA MEPKOISIIHHNX KaHAIIB
y TBEpPIOMY PO3UMHI IHIIIFOE TTPOIIECH CaMOOPTaHi3allii B TBEPOMY PO3UFHI, SIKi TIPHU3BOISTE 0 CKIIATHUX
KOHIICHTPAIITHNX 3aJIeKHOCTEH BIaCTUBOCTEH.

BucHoBKkK

3aJIeKHOCTI  CTPYKTYpPHUX, MEXaHIUYHMX, rajnpBaHoMarHiTHUX 1 TE BrmactmBOCTEl Bim ckiamy
130BAICHTHHX 1 130CTPYKTYpHHX TBepAnX po3unHiB PbTe-PbSe B o6macti konmenTpariiit 0 — 5 momn.% PbSe
BUSIBISIIOTH YiTKO BHPKCHHI HEMOHOTOHHMH xapakrtep. CrocrepeXyBaHi KOHLCHTpAMiiHI aHOMAJTii
HiATBEPIUKYIOTH (hakT icHyBaHHA (Ha30BOTO TIepeXOAy MEPKOSIHIMHOrO THIy B MeXax OyIb-sIKOro
TBEP/IOTO PO3YMHY 1 CBITYATh MPO CKIAJHUN XapakTep i30T€pM BJIACTHBOCTEH B MEpexiaHid o0macti
KOHIICHTpamiA MDK po30aBICHUMH 1 KOHIICHTPOBAaHMMH TBEPAUMH pPO3YMHAMH IOOJM3Yy TIOPOTY
TIEPKOJIALLII.

OpneprkaHi pe3ynbTaTH HEOOXiOHO MpHKAMaTH [0 yBark MiJ 4ac JOCIIDKeHHA U iHTeprpeTarii
BJIACTUBOCTEH TBepAMX po3unHiB PbTe-PbSe Ta ix mopaibinoro JjeryBaHHs 3 Meroro ontumizarii TE
TapaMeTpiB, a TaKOXK MpH po3poo1i Hopux TE marepiariB sk Ha OCHOBI TETypHITy CBUHITIO, TaK i HA OCHOBI
HIIINX MaTepiajliB, OCKUTBKY BUSBIIEH] e(heKTH, MaOyTh, HOCSTh 3aralbHAN XapakKTep.

ABTOpY BUCIIOBITIOIOTH IO/ISIKY CTyIeHTIi MapTrHOBii K. 32 gomomory B poOOTi.
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