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KommnosnumonHele HanoMmarepuaisl coctaBoB (1 — x)CaF,—xBaF, ¢ 0.4 < x < 0.6 mojy4eHbl METOIOM
HaIpaBJIeHHOM KpUCTAIM3allMKY pacijiaBa Bo pTopupymwolieii atmocdepe. VI3ydyeHbl CTpYKTYpHBIE, OIT-
THYECKHUE, MeXaHWYeCKue M 3JeKTPOGHM3NYECKHEe XapaKTEePUCTUKU TOTYYEHHBIX HAHOKOMITO3UTOB.
AByxdasHbie kommno3utsl (1 — x)CaF,—xBaF, uMe1oT TOHKY10 JIaMeJUISIpPHYI0 MUKPOCTPYKTYpY. Toiu-
Ha JaMeJielf yMeHbIIaeTcs ¢ yBeandyeHueM coaepxanus BaF, n nocturaer sBeanunnel 30—50 HM 17151 co-
ctaBa ¢ x = (.5. KoMno3uThsl coxpaHsIIOT BBICOKYIO IIpo3padyHocTh B UK -nuanazoHe, 0J1M3KyI0 K yPOBHIO
HMCXOAHBIX KOMIIOHEHTOB. Bennunnuel MukpotBeproctu (Hy ~ 5.0 I'Tla) 1 noHHOi1 npoBOAMMOCTH (G4, =
= (1=3) x 1073 Cm/cM mpu 823 K) TaKnMX KOMITO3UTOB CYLIECTBEHHO MTPEBbILIAIOT COOTBETCTBYIOLINE Xa-
paktepuctuku Kpuctamwios CaF, u BaF,. 3yuenHsle TOopuaHble HAHOKOMITO3UTHI SIBJISIIOTCS TIEPCHEK-
TUBHBIMU MaTeprajaMu 1151 TPaKTUYeCKOro MpUMeHeH s B DOTOHUKE U MOHUKE TBEPIOTO Tea.
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BBEAEHWE

DyHKIIMOHAILHbIE MaTepHUaJibl HA OCHOBE TU(TO-
punoB MetauioB MF, (M = Ca, Sr, Ba, Pb, Cd) co
CTPYKTYpOI1 (hJIIooprTa B BUAEC KPUCTAJIJIOB, KEpaMU-
KM U TJIEHOK HaxoJsT IMPOKOE MPUMEHEHUE B pa3-
JIMYHBIX O00JaCTSIX HayKu U NPUOOPOCTPOCHUSI,
ocobeHHO B POTOHUKEe M 3ekTpoxumun [1-3]. B
OonblIMHCTBE OMHapHbIX cucteM M’ F,—M"F, obpa-
3YI0TCsI 00JIaCTU HEMPEPbIBHBIX TBEPIbIX PACTBOPOB:
CaF,—SrF, [4], CaF,—CdF, [5], CdF,—SrF, [5],
SrF,—BaF, [6], PbF,—SrF,, PbF,—BaF, [7] u PbF,—
CdF, [7, 8]. B ominune OT 3TUX CUCTEM B CUCTEME
CaF,—BaF, uzoMophu3M KOMIIOHEHTOB CHUJbHO
OrpaHuYeH 13-3a 00JIBIIIOTrO pa3inyus B mapamMeTrpax
Ky6uueckoii pemerku (a = 5.463 u 6.200 A nna CaF,
u BaF, coorBerctBeHHO) [9]. ITo naHHbBIM (ha3oBoit
nuarpammbl CaF,—BaF, B cucreme cyiiiectByer mne-
PUTEKTUYECKOE paBHOBECHUE, TpeaesibHbie KOHIIEH-
TpalMu TBEPIbIX PACTBOPOB IIPU TEMIIEpATypE MEPU-
TEKTUKU COCTABISIOT 62 + 5 mon. % BaF, B maTputie
CaF, u 8 + 2 mon. % CaF, B matputie BaF,. [1pu aTom
3aKaJIUTh OJHO(pa3HbIe 00pa3lbl yIaeTCs TOJbKO B
Y3KMX KOHLIEHTpallMOHHbIX nMana3oHax. [TonxyyeHue
KPUCTAJJIOB  OINTMYECKOrO0 KayecTBa COCTaBOB
Ca_,BaF, (0x<0.02) n Ba,fyCasz y=1-—x,
0<y<0.06) onucano B [10, 11], Ca,_,BaF, (0.001 <
<x<0.05)u Ba,_,Ca/F, (0<y<0.06) — B [12]. [Ipn
JIPYTUX KOHLIEHTPAILMSIX KOMITOHEHTOB Ha0I10/1aeTCS

pacnaa TBEPAOTro pacTBOpa B BUIIE TIOMYTHEHMS B
o0beMe KpucTasia.

Kpome MOHOKpHCTa/ZIOB Ha OCHOBE CUCTEMBI
CaF,—BaF, 6put1 Moy4eHbl JIEHKW, HAHOMOPOII -
KM U KEpaMUYECKHUE KOMITO3UThI, KOTOPbIE SIBJISTIOTCS
TMIePCIIEKTUBHBIMM MaTepuaJiaMi (POTOHUKM (OTITH-
YyecKue MOKPBITHS) U MOHUKU TBEPAOTo Teaa (TBep-
IIbIE 3JIEKTPOIUTHI) [ 13—22].

Hanomarepuansl (1 — x)CaF,—xBaF, npencras-
JISIIOT OCOOBI MHTEepec KaK (PTOPIpOBOASIINE TBEP-
oele aJekTposiThl. HaHopasmepHBIN 3¢ dekT B
MOHHOM MPOBOAMMOCTH ObLI YK€ HaiiAeH IJisl UHAW-
BUOyaJbHbIX audTopunoB [23—25]. Terepociaon
.../CaF,/ BaF,/CaF,/... [13—17], ocaxneHHbIE METO-
JIOM MOJIEKYJISIPHO-JIy4€BOi1 SIMMUTAKCUU, IPOSIBIISIIOT
MOBBILIEHHYIO IBYMEPHYI0 MOHHYIO MPOBOIUMOCTD
BIIOJIb CJIOEB.

ITyrem mexanocuHTe3a (MC) ynajioch IOJIyYUThb
HEIpPEePbIBHBIN (DJIIOOPUTOBBIN TBEPABIA pacTBOP BO
BCEM Jrara3oHe KOHIIEHTpallMii KOMITOHEHTOB 1 UC-
cJIe0BaTh B HEM MOHHYIO TTOJIBUXKHOCTh U MEXaHU3M
MOHHOTO nepeHoca [18—21, 25]. OnHako HenmpepbIB-
HbII TBepablit pactBop Ca,_, Ba F, oka3ancsa Hepas-
HOBECHBIM U mpeTtepneBan npu 723 K npespailieHue
B CMeCh IBYX (pa3 ¢ mapamMeTpaMu peIeTKN, OJIN3K1-
mu K uuctoeiM CaF, u BaF, [21].

B [22] uccnenoBaHa 371eKTpONPOBOIHOCTh Ha-
HOKOMIIO3UIIMOHHOTO obpasia coctaBa 0.7CaF,—
0.3BaF,, noiay4eHHOTro MEeTOIOM CITOHTaHHOU Kpu-
cTaJuiM3auy u3 paciuiaBa. OO0Hapy:KeHO ITOBBIIIIE-
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HIUE IIPOBOIMMOCTHY KOMIIO3UTAa IO CPAaBHEHUIO C MC-
XOIHBIMU KoMIIOHeHTaMu. Ho B [22] He uccaenoBanu
KOHILICHTPALIMOHHYIO 3aBUCHUMOCTh ITPOBOIMMOCTU

kommno3uToB (1 — x)CaF,—xBaF,.

Ilenblo HacToOsIIIEl paOOTHI SIBASIETCS TTOJIydYeHUE
00BEMHBIX HAHOCTPYKTYPUPOBAHHBIX KOMITO3UIIV-
OHHbIX MaTepuaioB B cucreme CaF,—BaF, u3 pac-
nJjiaBa MeTOJIOM BEPTHUKAJIbHOI HaIlpaBJIeHHOI KpHU-
CTaJIU3alliy U UCCIeN0BaHUE X (PyHKIIMOHATBHBIX
XapaKTePUCTUK.

METOJNKA SKCITEPUMEHTA

Hanpaenennas kpucmanauzayus pacrijiaBa COCTaBOB
0.4CaF,—0.6BaF,, 0.5CaF,—0.5BaF, u 0.6CaF,—0.4BaF,
OCYIIECTBIsIach MeTonoM bpumkmeHa B rpaduTo-
BOM TEIUIOBOM Y3Jie B MHOTOSIYEUCTOM IrpachMTOBOM
TUrJie. B KauecTBe UCXOMHBIX PEAKTUBOB MCIIOJIb30-
BaJim Oolf ontuueckux kpucrtauioB CaF, mapku
®K-VY u BaF, mapku ®Bb-U. B xauecTBe TOpHpyIo-
mero areHra ucnois3oBanu CF,. PacruiaB kommno-
HEeHTOB BblAepkuBaau npu 1600 K 11 romoreHunsa-
11K B TeyeHue 3 4. TeMnepaTypHbIii rpagueHT B PO-
ctoBoii 30He cocTaBisil 80 K/cM, ckopocTh BEIBOIA
TUIJIS U3 Topsiueid 30HBI — 5 MM/4. CKOpOCTh OxJia-
KIeHUs1 KoMno3uToB coctabiisiia 100 K/4. ITotepu
Ha ucrnapeHue He nipesbiinanu 0.5 mac. %.

OO0pa3iupl 41 UcCleN0BaHUM TOJILIUHON A = 1—
—10 MM BBIpe3aJii U3 LICHTPAIbHBIX Y4aCTKOB CJIMT-
KOB U MOJIUPOBAIH.

Penmeenogazosuiii anaiu3z BHITIONHSIN HA TTOPOILI-
KOBOM pEHTIeHOBCKOM nudpakromeTpe Rigaku
MiniFlex 600 (u3nyuenue Cuk,). Iudpakrorpammbl
perucTpupoBajy B iuanasoHe yrioB 20 ot 20° go 100°.
PacyeT mapamMeTpoB 3/1eMeHTapHOI SIeiiK1 B paMKax

np. rp. Fm3m MPOBOIIIN METOIOM ITOTHOMPODIITIb-
Horo aHanu3a Le Bail ¢ ncnois3oBannem mmporpam-
MbI Jana2006.

Ckanupyrowyio anekmporuyro mukpockonuro (COM)
JUIT M3y4eHUsT MOpP@OJIOTMYECKUX OCOOEHHOCTEH
MUKPOCTPYKTYPbl KOMITO3UTOB MPOBOJWIU C TIOMO-
IIbIO PACTPOBOTO 3JIEKTPOHHOTO MUKpPOCKOTa Scios
(FEI Company) ¢ ucronb3oBaHUEM JIeTEeKTopa 00-
paTHO paccesiHHBIX 3JIEKTPOHOB B pexkuMe Optiplan.

Crnexmpbl nponyckanus NOIy4YeHHBIX HAHOKOMIIO-
3UTOB PETUCTPUPOBAJIU TTPU KOMHATHOI TeMIlepaTy-
pe ¢ momombio crekrpogoromerpa Cary 5000
(Agilent Technologies) u UK-dypbe-criekrpomeTrpa
Nicolet Nexus 5700 (Thermo Scientific) B nuanasone
JUTUH BOJH A = 0.2—16 MKM.

Tlokazamens npeaomaenus np (A = 0.589 MKM) u3-
MEPSUIU MPU KOMHATHOM TeMITepaType IIpU ITOMOILIU
pedpakromerpa UPD-454.

Tsepdocms obpa3yos H, viccienoBaiyd Mpu KOM-
HATHOM TeMIIepaType METOAOM MUKPOUHAEHTUPOBA-
HUsT Ha TBepaoMepe Duroline-MH-6 (Metkon In-
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struments) mo metony Bukkepca. 3HaueHUST MUKPO-
tBepaocty Hy [Krc/Mm?] paccuuThiBaIu 1o hopmyie

H, =1.8544P/d’, (1)

rae P [r] — Harpy3Ka Ha MHIEHTOp, d [MM] — nuamMeTp
JIMaroHaJIM oTIeYaTKa nHaeHTopa. M3aMepeHus mpo-
BomwH Tipu P = 50 T (25 r g o6pasma 0.6CaF,—
0.4BaF,) u BpemeHu Bbiaepxku uHaeHTopa 10 c. Ilo-
IPEIIHOCTh u3MepeHust Hy He npesbimana 6%.

Honnyto nposodumocme G, OWHAPHBIX KOMIIO3U-

toB (1 — x)CaF,—xBaF, usmepsiiu metonoM umiie-
JTAaHCHOM CIIeKTpocKomnuu Ha rpuodope Tesla BM-507
Ha yactoTax 5 T1—500 kI B Bakyyme ~1 Ila B uH-
tepBalie TeMnepatyp 636—831 K. Onucanue MmeToau-
KU UMIIETAHCHBIX U3MEPEHUN ITpuBeaeHo B [26]. s
KOHIIYKTOMETPUYECKUX HU3MEPEHUIl HCIOJb30BAIU
00pasibl B BUJ€ MOHOJMUTHBIX TaOJETOK TOIIIMHOMN
o 2 MM. B kayecTBe 3JIeKTpOAOB, HAHOCHUMBIX Ha
TOPLIBI TAGJIETOK B BUAE KPYTroB 4 ¥ 6 MM, NCIIOJIB30-
Banu rpaduroByo nacty DAG-580. Hanmuuwue O110-
Kupymwomiero 3ggexra or rpadUTOBBIX 3JEKTPOIOB
yKa3bIBaeT Ha MPEeUMYILeCTBEHHbII1 MOHHbIN XapaK-
Tep 2JIEKTPOIPOBOIHOCTH.

BenuuuHy 37€KTpOIIPOBOIHOCTH G ;. HA TIOCTOSIH-
HOM TOKE PacCYMThIBAJIU 110 (hopmyJie

Oy = h/(RyS), @)

rae R, — o0beMHOE CONPOTUBJIEHUE, /I — TOJILIMHA
oOpasua, S — momanb 3JeKTpona. I[lorpemrHocThb
orpenesieHus G, paBHa 5%.

IMapaMeTpbl MIOHHOM MPOBOANMOCTH OMPEACIISIITN
13 ypaBHeHUS AppeHnyca—DpeHKes

GdcT = Aexp(_Ea/kT)a (3)

rne A — mpeasKCNoOHEeHIMaIbHbBII MHOXUTENb U E, —
SHEPIrUs aKTUBALIMU JIEKTPOIPOBOIHOCTH.

XAPAKTEPHU3ALIMNA KOMITO3NUTOB
(1 — x)CaF,—xBaF,

IMonyyeHHbIEe U3 pacniaaBa KoMITo3uThI (1 — x)Ca
F,—xBaF, nmenu pasnyio cTerneHb npo3payHOCTU U
COXPaHSLJIM MOHOJIMTHOCTb. X BHELIHU BU, oTIpe-
nensieMblid  TBepnoda3HbIM pacnagoM B CUCTEME
CaF,—BaF, npu oxiaxneHuu, B CPaBHEHUU C YU-
CTBIMU KPUCTAUIMYECKMMU KOMIIOHEHTaMU IMOKa3aH

Ha puc. 1. [Ipo3pagynocTs MaTepuana BU3yajJbHO yBe-
JINYMBAETCS C yBeJIMYESHUEM J0JIU X.

PentrenodasoBblit aHaJIM3 BbISIBUJ BO BCEX KOM-
TMO3UTHBIX 00pa3liax NPUCYTCTBUE IBYX (PIIOOPUTO-

BbIX (ha3 (TIp. rp. Fm3m) oOIMHAKOBOTO COCTaBa B pa3-
HOM KOJIMMECTBEHHOM COOTHOLIeHUU (Taba. 1).
B xauectBe mpumMepa Ha puc. 2 mpuBencHa Tudpak-
TorpaMMa kommnosaura 1jist x = 0.5. Eciiu cuurath, 4To
s cuctembl CaF,—BaF, cnpaBeniubo npasuiio Be-
rapia, MOXHO OLIEHUTb COCTaBbl MPEAETbHBIX TBEP-
nbIX pactBopoB Kak Cay ggsBag 5F, 11 CaggsoBag gsoFa
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¢ TogHoCThIO 10 Ax = £0.005. Ha puc. 3a moka3aHa
KOJIMYEeCTBEHHAasI OLieHKa (pa30BOro cocTaBa Tpex 00-
pa3loB, IIPOBEICHHAs C IIOMOIIBIO METOIa 3TaJIOH-
Horo otHoireHus nHreHcuBHocTel (RIR). Ha puc. 36
MPUBEISHBI MapaMeTpbl (QIIOOPUTOBBIX TBEPABIX
pacTBOPOB, KaK OIM3KNUX K PABHOBECHBIM, TaK U He-
PaBHOBECHBIX, ITOTy4eHHBIX MeTonoM MC [20, 27].

Ha puc. 4 noka3ansl pe3ynbTaThl COM-uccieno-
BaHUs TTOJIyYeHHBIX HAHOKOMIO3UTOB. Bce 06pasiibl
MMEIOT JIaMEJUISIPHYIO CTPYKTYpPY, 00pa3oBaBIIIyIOCs
B pe3ynbTaTte TBepaoda3Horo pacnaga. ToammHa jga-
MeJieid yMEHbIIaeTcsl ¢ yBeJUYEHUEM COAepXKaHUs
BaF, u cocraBnsier HECKOJIBKO NeCSITKOB HAHOMET-
poB wrs o6pasna 0.4CaF,—0.6BaF, (puc. 4). Anano-
TMYHasi MUKPOCTPYKTYpa C TOJIIMHOM JIaMeJIe Me-
Hee 100 HM Obutla oOHapyxkeHa y cruiaBa 0.7CaF,—
0.3BaF, [22]. B o6pa3sue 0.6CaF,—0.4BaF, Hapsimy c
KOJIOHUSIMM JiaMeJieil BCTpedaloTcsl KpymnHbie (10
4 MKM) OorpaHeHHbIe BKJIFOUeHUS (ha3bl, oOOTralieH-
HOI KajbllMeM. 3apoiblilii 3TOi ¢ha3bl BbINAgaOT
MEePBOHAYAILHO MPU MEPUTEKTUUECKON KPUCTAIIIM-
3alluM TBEPIOro pacTBOpa AaHHOTO cocTtaBa. Ilpu
MOHWXXEHWU TeMIIepaTypbl Ha JlaMeJIu pacrnagaeTcs
npyras ¢aza, oboraiieHHass OGapueMm. B 1mpoiiecce
OXJIaXXAEHUSI 3epHa “KaJbLMEBOU” (ha3bl MOTYT JO-
MOJIHUTEILHO pa3pacTaTbCsl U MMPUOOpeTaTh OrpaHKYy.

VCCJIEJOBAHUE ®U3NYECKNX CBOVICTB
KOMIIO3UTOB (1 — x)CaF,-xBaF,

Cnexmpbl nponyckanus. KopoTKOBOJTHOBBIN Kpaii
MPOITYCKAHWSI KOMIIO3UTOB CYIIECTBEHHO COABUHYT B
JJIMHHOBOJIHOBYIO YaCTh CIIEKTpa MO CPAaBHEHMIO C
YUCTBIMU KOMITOHEHTaMHM, DIYOOKO MPO3payHbIMU B
Y®-puamnaszone (puc. 5). [IpocnexuBaercss o6paTHast
KOppEJSlIMOHHAas 3aBMCUMOCTh MEXIY XapaKTep-
HBIM pa3MepoOM pacliaaHbIX MUKPOCTPYKTYp (coaep-
kaHueMm BaF, B KoMII03UTE) U MOJOXEHNEM KOPOT-
KOBOJTHOBOM I'paHUIIBI ITponrycKaHus. st Hanbosee
npo3payHoro o6pasia 0.4CaF,—0.6BaF, (BctaBka Ha
puc. 5a) ata rpaHuua coctasisieT 0.35 MkM, a 1151 ca-
MOTO BU3yaJIbHO Hellpo3padHoro o6pasna 0.6CaF,—

T,K
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Puc. 1. Iuarpamma cocrostHust cuctemsl CaF,—BaF, [9]
¥ BHEIIHUI BUI MaTepHaJOB COOTBETCTBYIOIINX COCTa-
BOB.

0.4BaF, oHa cnBuraercsi B JJMHHOBOJIHOBYIO 00-
JIaCThb CIIEKTPa BIUIOTH 10 1 MKM. M3ydeHHBIE KOMITO-
3UTHI COXpaHSIOT Mpo3padyHocTh B MK-obmacTu, xa-
PaKTEePHYIO JUIs1 KPUCTALJIOB UCXOAHBIX KOMIIOHEHTOB
(puc. 5a). I'panuna MK-tmpomyckaHusi KOMIIO3UTOB
3aHUMAET TPOMEXYTOUHOE TIOJIOXKEHUE MEXIY OJl-
HOKOMIMOHEHTHBIMU ~ (DTOpUIaMU U MOHOTOHHO
CABUTAETCS B 00J1aCTh OOJBIIMX JJIMH BOJIH C POCTOM
conepxanusi BaF, B coctaBe 00pa31ioB (BcTaBKa Ha
puc. 56). OTMeTUM TIPUCYTCTBUE XapaKTEPHBIX IS
kpuctaiioB BaF, mapku ®b-U nonoc normomenus
1MoHOB Pb?*, cBsA3aHHBIX ¢ ucnoib3oBaHueM PbF, B
KauyecTBe PACKUCIUTENSI MPU UX MPOMBIIIIEHHOM
BbIpalllMBaHUM (KpuBas 2, puc. 5a).

Taomua 1. Hexkorophble puszmyeckre mapamMeTphbl MCCIEAOBAaHHBIX MaTepUAJIOB

Marepnans ) a, A a,A |Ca_,Ba,Fy/Ba,_,|H,(P=501), Bifz;Ta”T‘Z;‘f“ G C/on
a,_.Ba,F, | Ba,_,CaF,| CaF,(RIR) Ma | penownersn,| 1= 823K
BaF, 6.200 0.75 1.4714 4 x 1074 [22]
0.4CaF,—0.6BaF, 5.4710(5) | 6.1652(4) 36.5/63.5 1.79 1.4627 1.3 % 1073
0.5CaF,—0.5BaF, 5.4677(8) | 6.1670(4) 46.3/53.7 1.97 14588 2.5 x 1073
0.6CaF,—0.4BaF, 5.4742(5) | 6.1558(4) 51.5/48.5 2.04 1.4546 2.4 x 1073
0.7CaF,—0.3BaF, [22] | 5.473 6.170 8.6 x 1073
CaF, 5.463 1.76 [32] 1.4354 3% 1075 [22]
KPUCTAJIJIOTPADU A TOM 68 Ne 2 2023
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Puc. 2. Iudpaxrorpamma Komrosuta ¢ x = 0.5. [Toka3zaHbI monoxeHus pedaekcos Bparra s np. rp. Fm3m ¢ mapaMeTpaMu

a=5.4677(8) u 6.1670(4) A.

Hounnas nposodumocms. Ha puc. 6 mokazaHbI TeM-
nepaTypHble 3aBUCMMOCTYA MOHHOM IIPOBOAUMOCTU
KOMMO3UIIMOHHBIX MaTepHaioB, CUHTE3MPOBAHHBIX
M3 paciulaBa METOOOM HaIlpaBJICHHOM KpHUCTaJIM3a-
o1, ImapaMeTpbl YpaBHECHU A AppeHMyca—d)peHKenﬂ
MpUBEACHBI B Ta0J1. 2. JIj1s1 M3y4eHHBIX cOCTaBOB (1 —
— x)CaF,—xBaF, npu 636—738 K sHeprum akrupa-
u npaktudyecku cosmnanaioT (0.75—0.78 sB), 3Ha-
YeHMsI MOHHOM MPOBOJIMMOCTH pa3jIndaloTcs B 2 pa3a
(1.3 x 1073=2.5 x 1073 Cm/cm nipu 823 K). J1yia KoM-
no3uta ¢ x = 0.4 (kpuBas 1, puc. 6) Ha TeMIlepaTyp-
HOW 3aBUCUMOCTU O ,.(7T) py BBICOKUX TEMIIEpaTy-
pax (737—824 K) HabmromaeTcs BTOPOM y4aCTOK C

sHeprueii aktuBauuu £, = 1.09 aB. OtoT dakr yka-
3bIBAET HA HAJIMUYUE JBYX MEXaHU3MOB 3JIEKTPONPO-
BOIHOCTY B KOMNO3ULIMOHHOM Matepuaite 0.6CaF,—
0.4BaF,. Bo3aMOxXHOI1 NpUYUHOI MOSIBJIEHUSI 1OTOJI-
HUTEJIbHO BBICOKOTEMIIEPATYpHOTrO MeEXaHM3Ma
3JIEKTPONIPOBOAHOCTH SIBJSIETCS HATMYUE HAPSY C
KOJIOHUSIMU JlaMeJieii KpYMHBIX BKJIIOUYEeHU TBep-
noro pactBopa Ha ocHoBe CaF, (puc. 4 st x = 0.4).

Hna cpaBHeHMsT METOIMK HAaIpaBJICHHON U
CIIOHTAHHOU KpUCTA/UIM3aluii M3MEepeHa MOHHAad
nposoauMocTs KoMmnosuta 0.5CaF,—0.5BaF,, cun-
TE3UPOBAHHOIO M3 paciulaBa IMyTeM €ro OBICTPOTO
oxyaxneHus (Tadiu. 2). KoMmo3uunoHHbI MaTepu-

Ta0auua 2. ITapamerpsl ypaBHeHUs1 AppeHnyca—DpeHKes 111 KOMIO3ULIMOHHBIX MaTepuanos B cucteMe CaF,—BaF,

Marepuabt Crioco6 TeMmeparypa MHOXUTENDb DHeprus

(1 —x)CaF,—xBaF, MoJIy4YeHUst AT, K A, Cm K/cm E,, 5B
0.4CaF,—0.6BaF, HK 657—816 4.20 x 104 0.75
0.5CaF,—0.5BaF, HK 640—831 1.06 x 103 0.77
CK 564—789 1.44 x 10° 0.84

0.6CaF,—0.4BaF, HK 636—738 6.63 x 104 0.78
738—824 9.17 x 10° 1.09

0.7CaF,—0.3BaF, [22] CK 349833 4.4 x 10* 0.62

IMpumeuanue. HK — HanpasienHast kpuctaumsauusi, CK — crioHTaHHasi Kpucrauimsanys.
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Puc. 3. [IpouenTHoe conepxanue das Ca gg5Bay o15F, 1 Cag g5Ba 95F, B koMImoszuTax B 3aBUCHMOCTH OT COCTaBa 110 JaHHBIM
merona RIR (a). Usmenenue napamerpos pelerku (ooputosblx das B cucteme CaF,—BaF,; yepHble KpyXXKu — 1aHHbIE
[20] m1st HepaBHOBECHBIX MEXaHOCUHTE3UPOBAHHBIX TBEPABIX pacTBopos Ca;_, Ba, F, (6).

Puc. 4. COM-u3o6paxeHus mopepxHoctu komnosutos (1 — x)CaF,—xBaF, B nonepeyHom ceyenun. Cpetnas dasa — TBep-
Iblii pacTBOp Ha ocHoBe BaF,.

an 0.5CaF,—0.5BaF,, cuHTe3upoBaHHBIII METOIOM
CIIOHTAaHHOM KpUCTAJUIM3allMM, IOKa3bkIBaeT Ooiiee
BBICOKYIO 3HEPIrui0 akKTHUBAlUM 3JIeKTpOoIlepeHoca
(0.84 »B) u OoJiee HU3KYI0O MOHHYIO TTPOBOJIMMOCTD
(1.3 x 1073 Cm/cm nipu 823 K). [o-Bunumomy, 310
CBSI3aHO C pa3HbIM pa3MepoOM 3epeH B KEpaMUUECKUX
oOpa3siax.

M3 cpaBHeHUSI KOMITO3ULIMOHHBIX MaTepuaioB
(1 — x)CaF,—xBaF, (0.4 <x <0.6) c KOMIOHEeHTaMU
CaF, u BaF, (Tabn. 1) MOXHO BUIETH, YTO DJIEKTPO-
TMIPOBOTHOCTh MCCIEAYEMBIX KOMIIO3UTOB 3HAUYM-
TEJBHO BBIIIIE UCXOTHBIX KOMITOHEHTOB Y HAXOIUTCS
Ha ypOBHE MOHHOW IPOBOIUMOCTU (DIIFOOPUTOBBIX
TBEPIBIX NMeKTPonTOB M) 4R, F, | (M = Ca, Sr, Ba;
R = La—Lu, Y) [28—31]. I1oBbIllIeHHEe TTPOBOAMMOCTH
KOMITO3ULIMOHHBIX MatepuasioB (1 — x)CaF,—x BaF,
OOyCIIOBIEHO 00pa3oBaHUEM  HMOH-IIPOBOISIIINX

MexX(a3HbIX TPaHUILl C BBICOKUMU 3JeKTpodu3nle-
CKMMM XapaKTepucTukamu [22].

CpaBHenue kommo3utoB (1 — x)CaF,—xBaF, c
METacTaGMJIBHBIM (DITIOOPUTOBBIM TBEPIBIM PACTBO-
pom Ca,sBa, sF,, monydennbim merogom MC [27],
MOKAa3bIBAET, UTO MOHHAS MPOBOAMMOCThH TBEPAOTO
pacTBOpa BblllIe KOMITO3UTOB MPUMEPHO Ha OAWH MO-
psanok. OmHaKO MeXaHOCTUMYJIMPOBAaHHBIE COCTaBBI
HenpepbIBHOTO TBepnoro pacteopa Ca,_, Ba F, saBasi-
I0TCSl TEPMUYECKM HEYCTOMUYMBBIMU U TIPU HarpeBa-
HUU pacriagatorcs [21].

Teepdocmo u nokazamens npesomaerus. IlomydeH-
Hble 3HaueHus1 Hj, KOMIIO3UTOB CYyILLIECTBEHHO Ipe-
BBILIAIOT MUKPOTBepaocTh kpuctaminos CaF, [32] u
BaF, (puc. 7). Habntogaemoe ynpoyHeHue MoJyuyeH-
HBIX KOMIIO3UILIMOHHBIX MaTepuajioB CBSI3aHO C UX
MHOTO(a3HOCTBIO U OOJILIIUM KOJIUUYECTBOM MEXK3e-
PEeHHBIX TpaHUIl. MUKPOTBEPIOCTH BO3PACTAET C YBE-
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Puc. 5. CrieKTpbl MPOITyCKaHUSI KPUCTAIMYECKUX KOMITOHEHTOB 11 KoMIto3uToB (1 — x)CaF,—x BaF, B kopoTkoBosTHOBOM ()
¥ ITMHHOBOIHOBOM (6) nnamaszoHax. Ha Bkyragkax rmokasaHsl Mpo3pavyHOCTh KoMriosuta cocrasa 0.4CaF,—0.6BaF, mpu nc-
KyCCTBEHHOM OCBELIEHUY 1 KOHLIEHTPallMOHHAasl 3aBUCUMOCTD IMOJIOXKEHUsI TPaHMLbI TTporyckaHus (1o ypoBHIo 7= 50%) mist

U3Y4EHHBIX 00pa3L0B.

JuyeHueM coaepxanusi CaF, u nocturaer 3HaueHUs1
Hy=12.0 £ 0.1 I'Tla nnsg coctaBa x = 0.4. Bo3aMoxHoO,
cocras (1 — x)CaF,—xBaF, ¢ makcumanbHoOIi TBEp-
JIOCTBIO JIEXKUT B Iuara3oHe KoHleHTpauuii 0 < x <
0.4. B [33] Ob1a mcciaemoBaHa TBEPIOCTh KOMIIO3M -
TOB, conepxarnux oT 50 no 100 mac. % BaF, u mony-

lgo, T, Cm K/cm

1_ | ]
s x=0.4HK ()
- e x=0.5HK ()
« x=0.6 HK (3)
0f = x=0.3CK (4
* x=0.5CK (5
- x=0.5MC (6)
-1k
2t 6
12 14 16 18 20 22 24 26
103/7, K™

Puc. 6. TemriepatypHble 3aBUCUMOCTA MOHHOM ITPOBO-
IUMOCTM KOMIIO3ULIMOHHBIX MaTepuajoB B CHUCTEMeE
CaF,—BaF,, nony4yeHHBIX U3 pacIllaBa HalpaBJIE€HHON
(I — 0.4CaF,—0.6BaF,, 2 — 0.5CaF,—0.5BaF,, 3 —
0.6CaF,—0.4BaF,) u croHTaHHON KpucTauM3auueit
(4— 0.7CaF,—0.3BaF, [22], 5 — 0.5CaF,—0.5BaF,), a
TakKe MeTacTabUJIbHOTO (hIIFOOPUTOBOTO TBEPAOTO pac-
TBOpa, mosydeHHoro merogoM MC (6 — CagsBaj sF,
[27]).

KPUCTAJIJIOTPA®UA  Tom 68  Ne2 2023

YeHHBIX CIUIaBJeHHMeM Ha Bo3ayxe B Ni-turie. Ha-
OJfomaeTCcsl aHaJOTMYHAsT TEHIEHLUS — TBEPIOCTh
yBeJIMYruBaeTcs ¢ poctoM conepxanus CaF,, Ho a0-
COJIIOTHBIE MOKAa3aTeJIM TBEPAOCTH IJIsI BCeX oOpas-
IIOB OKAa3aJIMCh CYIIECTBEHHO HMXE, YeM B HACTOSI-
e padore.

DD DEeKTUBHBIN TTOKa3aTeab MPETOMIIEHUS TeTe-
poreHHbIx KoMno3uTos (1 — x)CaF,—xBaF, oxunae-
MO MOHOTOHHO YBEJIMUYMBAETCS C YBEIUUCHUEM O

OoJiee BBICOKOIIpeJOMIIsoNIero ¢gropuma O6apus B
coctaBe (puc. 7).

np HV’ I'Tla
1.475 F i2.4
1.470 -
L46SF -7 ‘F{ 12.0
1.460&*” e -
1.455( e 11.6
1450 «— 7 N
1.445} NoH12
1440t 7 AN
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CaF, X BaF,

Puc. 7. KoHLIeHTpalMOHHBIE 3aBUCUMOCTHU TOKA3aTeNs
MPeJIOMIIEHUA 1 ) U MUKPOTBEPAOCTH H |}, 06pa3LioB B cU-
creme CaF,—BaF,.
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BbIBOJbI

B cucreme CaF,—BaF, MeronoM BepTHMKaIbHOI
HaIpaBJIeHHON KpUCTALUIM3AllUM CUHTE3UPOBAHbI
KOMIIO3ULIMOHHBIE Matepuansl (1 — x)CaF,—xBaF,
(x=0.4, 0.5 1 0.6) c BBICOKOIf HOHHOI ITPOBOINMO-
cTbio 6, = (1-3) x 1073 Cm/cm nipu 823 K. Usyuen-
HbI€ TeTe€POTreHHbIE KOMITO3UTHI SIBJISIIOTCSI HOBBIM
kiaccoMm TBepabix MK -npo3paynbix MaTepuaion. Mx
ucclieloBaHWe IMPENCTaB/IsieT HECOMHEHHBI WHTE-
pec 1151 IoucKa U co31aHus GpTOpnpoBOASIIUX TBEP-
JIBIX 2JIEKTPOJIUTOB.

ABTOpbl BhIpaxaroT OjaromapHocTh A.I. Cabe-
neeBy, b.B. Habarosy n H.A. ApxapoBoii 3a TOMOIIIb
B MOJIYYEHUU SKCIIEPUMEHTAbHBIX JaHHBIX.

PaboTta BeImonHeHa Mpu Moaaep:kke MuHuUCTep-
CTBa HayKM M BEHICIIIeTo oOpa3oBanus P®d B pamkax
BBITTOJTHEHHS padoT o 'ocymapcTBeHHOMY 3aIaHUIO
DOHUL “Kpucrannorpadpusi u dporonuka” PAH c
ucnonb3oBanuem ob6opynoBanus LKIT ®HUILL
“Kpucrannorpadpus u ¢oronunka” PAH.
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