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Opmep:kaHO HU3KY KOMIIOSUIIIMHUX MaTepiasiB Ha OCHOBiI TBEDPOTO PO3UUHY
Ba, 51, 4TiO; 3 pisauM BmMicTom Mg-BmicHux gomimox (MgO Ta Mg,TiO,). Ho-
craimxeHo ix ¢as3oBUil CKJal, AJieJeKTPUUHI Ta HeJiHilHi BaacTuBocTi. Ha oc-
HOBi KoMmosuTHoro Mmarepiany Ba,eSr,,TiO;—MgO (1 mac.%) 30Jb—Telb-
MEeTOOI0 CHMHTE30BAaHO TOHKI ILTiIBKM Ha HiAJOMIKAX 3 IOJiKPHUCTAIIYHOTO
Al,O,. Hocaigsxeno hazoBuil CKJIa, MiKPOCTPYKTYPY Ta BILJIUB YMOB TEPMOO-
6po0IeHHA Ha AKIiCTH IIJIiBOK.

Composite materials based on Ba, St ,TiO; solid solution with different con-
tents of Mg-containing impurities (MgO and Mg,TiO,) are fabricated. Their
phase composition, dielectric and nonlinear properties are investigated.
Composite thin films based on Ba, 4Sr, ,TiO;—MgO (1 wt.%) are synthesized
by the sol—gel technique on substrates of polycrystalline Al,0,. Phase compo-
sition, microstructure and effect of heat-treatment conditions on the quality
of films are studied.

ITonyueH pAJ KOMIO3UIIMOHHBIX MaTePHAJOB HA OCHOBE TBEPJOTO PacTBOpa
Ba, Sr, 4TiO;3 ¢ pasnuusbIM cofep:xanueM Mg-cogepaxamux npumeceii (MgO
u Mg,TiO,). UccaemoBanbl ux (asoBhIi COCTAB, JUIJEKTPUYECKNE U HeJIMHET-
Hble cBoiicTBa. Ha ocHoBe KommosuTHOro marepuana Ba, ¢Sr, TiO;—MgO (1
Macc.% ) 30Jb—TeJIb-MeTOIOM CUHTEe3UPOBAHBI TOHKNE IIJIEHKY Ha MOAJIOKKAX
u3 mosumiKpucramandeckoro Al,O;. MccnemoBanbl ¢GasoBBIli COCTaB, MHKPO-
CTPYKTYypa U BIUAHVE YCIOBUHA TEPMOOOPAOOTKY Ha KAYECTBO IJIIEHOK.

Karouosi ciroBa: HemiHiliHi HieTeKTPpUKM, KOMIIO3UTHI MaTepiaan, 30Jb—TeJb-
CUHTe3, TOHKI IIJIiBKY, MiKPOCTPYKTypAa.
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1. BCTYII

CyuacHa TexHiKa 3B’A3Ky BUMAarae€ MOINYKY HOBUX (PYHKI[IOHAIBHUX
MaTepiaJiB, 30KpeMa, HeJIIHIHHUX TieJIeKTPUKIB, eJIeKTpodhisnuHi BJa-
CTHUBOCTI AKUX 3MiHIOIOTHCS HiJl 1i€10 30BHINITHBOT'O €JIEKTPUYHOTO IIOJISA.
Henmimitini giea1eKTpuKky 3HAXOAATH MINPOKE 3aCTOCYBAaHHSA IPU PO3POO-
IIi eJIEKTPOKEPOBAHNX KOMIIOHEHTIB paJioTeXHiKM, KOHIEeHCATOPiB, AU-
HaMiUYHMX OIIepaTHUBHUX 3alaM’ ATOBYBaJbHUX mpucTpoi [1, 2]. Taxi
MaTepiaju MOBMHHI MaTu BUCOKi 3HAUEHHS AieJIeKTPUYHOI IIPOHUKHOC-
1i (¢), Koedimienra meminiimoeti (n, = SE) 4O 1o £(0) ra &(E) — se-
&(E)

JUYUHUA JieJIeKTPUYHOI ITPOHMKHOCTI 3a BiJICyTHOCTI Ta IPUCYTHOCTI
30BHIIITHBOT'O IIOJIS BiAIIOBiZHO) Ta HU3BKUMHU 3HAUYEHHAMM TaHI'€HCA
KyTa mieJdeKTpuuHuX BTpar (tg0 << 1). Taxko:k BapTo 3a3HAUYNTH, ITIO He-
JIiHiHI JieJeKTPUKY YacTO BUKOPUCTOBYIOTDH ¥ BUIJIAJL TOHKUX Ta TOB-
CTUX ILIiBOK. BUKOpHCTAHHS IIJIiBKOBUX MaTepiaJIiB J03BOJISAE 3MEHIIIN-
TH PO3MipU rOTOBUX BUPOOIB Ta 3HAUHO 3HU3UTU KepiBHi Hanpyru. He-
JiHiWHI TieIeKTPUKM MOKYTH OYyTH CTBOPEHi HA OCHOBI CEer'HETOEJIeKT-
PHUKiB Ta CerHeTOENIEKTPUYHUX TBEPAUX PO3UMHIB, cepen AKUX Hali-
Oi/IBIII TTOMIMPEHUMHU OCTAHHIM YacoM € TBepPAi PO3BUYMHU TUTAHATIB 0a-
piro—crponmito — Ba,;_,Sr,TiO; (BST). Boru xapaKTepusymTbCs BHUCO-
KUMU 3HAUEHHAMH € Ta Ny [1], omHaK BUCOKi 3HAUEHHSA TieJeKTPUUHUX
BTpaT Imux MarepiamiB (tgd=107"), ocob6anBO B ILTIBKOBOMY BUTJIAMI,
CYTTEBO OOMEKYIOTh iX 3acTrocyBaHHs. OZHMM i3 cImOco0iB SHMKeHHS
PiBHS BTpAT € BBEEHHA IO CKJIAAy TBEPAOTO PO3UUHY NOOABOK 3 HUBb-
kuMu sHaueHHAME tg0 [3]. B miTeparypi Bizomo 6araTo npukJIaniB ome-
pexanHa kKommosuTiB Ha ocHOBI BST [4, 5]. 3oKkpema, cyTTEBOro 3HU-
JKeHHA JieneKkTpumuyHux Brpar (g8 = 107%) mpu HesHAUHOMY 3HMIKEHHI
Koedimienra HemimitinocTi (ny = 10—-20%) BIaeThCss OOCATTH IIPU BBE-
IeHHi o ckjaany TBepaux posumuiB BST pisaux mar"iesmicHmx moda-
BOK, HanpukJgang MgO, MgTiO;, Mg,TiO, [6]. Oguax GinbiricTs mpen-
CTaBJIEHUX y JITepaTypi JaHMX BiZHOCATHCA M0 00’€MHUX KepaMiuHuX
MaTepiaxiB. 3HaUHO MeHIIe iHGopMaIlii IpeacTaBJIeHO IIIOA0 OJePyKaH-
HA Ta BJACTHUBOCTI KOMIIOBUTHUX ILIIBOK 3 HENIHIAHUMU IieJIeKTPUY-
HUMH BJIACTHUBOCTAMH’. TaKoXX BapTO BiAMiTHTH, IO OiIBIIICTh TaKUX
ILJIiBOK ofep:KaHo QismuHmMU MeTomamMu (iMITyJbCHE JiasepHE HAIlopo-
IIeHHA, MarHeTPoOHHe HamopoIrieHHA) [ 7—9]. B Toit yac Ak TOHKI nmriBKu,
oIeps;KaHi, HATPUKJIAA, 3 BUKOPUCTAHHSA 30JIb—TeJIb-MEeTOI!, € HabaraTo
IeINeBITNMH i TUM CAMUM IIePCIeKTUBHUMU JJIsI BUKOPUCTAHHSI.

Tomy MeToI0 JaHOI PoOOTH OYB MOIITYK OITUMAJIBHOTO CKJIAAY KOMIIO-
3UTHUX MaTepiaJiB 3 BUCOKUMU 3HAUEHHAMU KoedillieHTa HeJiHiTHOCTI
Ta HUSBKUMHU IieJeKTPUUYHUMHU BTPATaMU Ha OCHOBi TBEPAOTO PO3UMHY
Ba, ¢Sr, ,TiO; Ta MarmieBMicHEUX 100aBOK, a TAKOXK OJlePKAHHSA 30JIb—
renb-meTogoi0 (Metona Ileuini [10]) TOHKUX HeNTiHIAHMX KOMIIOSUTHUX
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IJIIBOK 3 HU3BKUM PiBHEM OieJIEKTPUUYHUX BTPAT y IIUPOKOMY UACTOT-
HOMY Jlialta3oHi.

2. EKCITIEPUMEHTAJIBHA YACTHHA

Kepamiky Bag ¢St 4TiO; Ta KoMmo3uTu Ha il OCHOBi oflep:KyBaju TBep-
modasHoio MeTomoio. K Buximmi pearemTu BukKopucToByBasu BaCOs,
SrCO; mapku «oc.u», TiO, «Cerac» 99,9%, MgO «Cerac» 99,95%.
Cuepiry okpemo cunTedyBasu BaTiO; Tra SrTiO;. g boro saminryBasimu
BigmoBigui KinbkocTi TiO, 3 BaCO; Ta SrCO; B myianeTapHOMY MJIMHI B
cepenoBuilli GigmcTuaboBanHoi Boau. Omep:kaHy IMUXTY BUCYIITYyBaJIu,
dopmyBanu B Opuketru Ta mpoxxkaposaau upu 1200°C mporarom 2 ro-
nuH. TBepauii posuns Ba, ¢Sr, ,TiO; Ta KoMII03UTH Ha 10r0 OCHOBI Ofe-
pxyBanm OesmocepenHbo mpu coikamui. nsa mboro cymimr BaTiOs,
SrTiO; Ta MarHieBMicHHX H00aBOK y HEOOXiTHMX MOJBHUX Ta MAaCOBUX
CIiBBiJHOINIEHHAX 3MIiIllyBaJii 3a JOIIOMOIOIO IIJIAHETAPHOT'O MJIMHA B
cepeoBUILi O6iAMCTUIHLOBAHOI BOIM, BUCYIITIYBAJIN, IPECYBAJIU B 3aTOTO-
BKY IUIiHAPUYHOI ¢opMU Ta cuikaiau B iHTepBasi Temneparyp 1400—
1500°C mporsarom 4—8 roauu. [nd omep:KaHHA KOMIIOSUTHUX ILIiBOK
Ba, ¢Sr, ,TiO; + 1 mac.% . MgO 3oab—Tesb-MeTOA0I0 AK peareHTH OyJo
Bukopucrano jumoHHy Kucaoty (H;Cit-H,0) kpamidikarii «x.u», eTu-
aerraikons (EG), «JIboAgHY» OITOBY KHCJIOTY KBamidikarmii «x.u»
BaCO;, SrCO; mapku «oc.u», MgO «Cerac» 99,95%, 756% posuuH Tu-
taH (IV) amerusmaneronary B isonponasosi. B monimMepuuii resis, oxep-
JKaHWU BHACJIAOK peakIlil ImMoJiKoHAeH callil IMMOHHOI KMCJIOTH Ta €TH-
JIeHTJIIKO0JII0, BBoAMIM po3uuH TuTaH (IV) amerusnaieronaTy B isompo-
naHoJIi, posunHM aneraris Ba®", Sr®", Mg?*, monepesnno ofepsxaHi pos-
ynneHHaM BaCO;, SrCO; ta MgO B mbomaHil ornToBiit kKuciaori. Oxep-
SKaHUH TOJIIMEPHUH PO3YNH IIEPEMIIITyBaJIU IPOTATOM 3 TOAUH Ta BUKO-
PHCTOBYBAJM JJid HaHeCeHHA IJIiBoK. HaHeceHHsS BUKOHYBaJU 3a JOMO-
moroio cairnkoarepa (3000—4000 06/c) Ha moipoBaHi migKJIAgKM 3 IIO-
Jikpucraxiunoro o-Al,O; (momikopy) ToBminuo0 1 MM, 1110 6yJaH ImoIIe-
PeIHbO BUTPUMAHI B CyMiIlli cipuaHol KMCJIOTU 3 MEPEeKUCOM BOIHIO,
IPOMUTI OiAMCTUIBLOBAHOIO BOMOIO Ta BucyIieHi. [TomepenHio TepmMoo0-
POOKY IJIiBOK BUKOHYBAJM ABOMA ILIAXaMu. B mepiioMy BUIAAKY Ha-
HeceHi MIiBKY noBiibHO BucylryBaau npu 200°C mporarom 1 roguHwu,
motim npo:xapiosaau npu 500°C ta 600°C mporsarom 2—3 rogus. B apy-
rOMYy BUIIQJKY MiAKJAAKY 3 II[OMHO HAHECEHOIO ILIiBKOIO OJpasy K IIO-
Mimaau Ha pos3irpiTy moBepxHIO ejiekTpuuHoi miuuTku (= 500°C) i Bu-
rpumyBaau 30 xB. Ilicaa mporo miaiBKuM, omep:kaHi odboma cmocobamu,
mpo:kapioBaJiu B iHTepBaJi remnepatyp 600—1000°C opoTarom 2 roau.

DazoBUil CKJaJ CUHTE30BaHUX MaTepiayiiB BU3HAYAJIN METOJOM PEH-
TreHodasoBoro aHanisy (P®A) ma nudppaxromerpi [JPOH-4-07 (CukK,-
BUINIPOMiHEeHHA). MiKpPOCTPYKTYPY OAEP:KAHUX IJIIBOK JOCJIiIKyBaJu
3a JOIIOMOIOI0 CKaHiBHOTO eJIeKTpPoHHOTO MiKpockoma (JXA 840A,



326 0. M. CYCJIOB, . 0. IYPUJIIH, O. B. OBUAP ra in.

JEOL, Tokyo, Japan).

BumipioBaHHS MieIeKTPUUYHUX XapaKTePUCTUK 00’eMHUX MaTepiaJis
(e, tgd) BUKOHYBaJIK 3a JOIIOMOI0K0 BuMipioBaua gqooporHocti Tesla BM
560, a Takoxx immemamcomerpa Solartron SL 1260 A (Solartron Analyt-
ical, UK). Heninifini xapakTepucTUKN KepaMiKy BUBYAJIU 34 HSOIOMO-
rolo yCTaHOBKM Ha 0asi BumiproBaua mooporHocti Tesla BM 560 i moxe-
peJsia moCTiifHOTO CTPYMY BUCOKOI Hanpyru BC-22.

3. PESYJIBTATH TA IX OBTOBOPEHHSA

PesynbraTtu peutrenodasoBoro ananizy (PPA) mokasanu (puc. 1), 1mio
BBeleHi 70 CKJIaAy KOMIIO3UTa Ha OCHOBI TBEpJIOTO pPOSUUHY
Ba, ¢Sr, ,TiO; nob6aBku okcuny maruiro MgO B kinbkocti 1 Ta 5 Mmac.%, a
rakoxx Mg,TiO, B kinbrocTi 20 Mmac.% B ycix Bumagkax B3a€MOIilOTh 3
TBepAUM po3unHOM Ba, ¢Sr, ,TiO3; 3 yTBOPEeHHAM HOBUX KPUCTATIYHUX
¢as. ITpu BBemeHHi oOKcuAy Martiro B Kigbkocti 1 mac.% yTBOpPOETBCS
Kpucrajiuyaa ¢asa oproruranary marairo —Mg,TiO, (puc. 1, kpusa 3).
VYV Bumanky s30iJbIIeHHA KOHIeHTpaIil okcuay margiro (o 5 mac.%), B
KOMIIO3UTi Bif0yBaeThCcA YTBOPEHHA IHININUX JOJATKOBUX (has:
Ba,MgTi;;0,; Ta BaMgTig0,, (puc. 1, kpuna 2). Kpim Toro, Ha ocHOBi
maaux P®A, OyJio moKasaHoO, IO BBEJAEHHA A0 CKJIAAY KOMIIO3UTA Ha
OCHOBI TBepjoro posuuny Ba, ¢Sr, ,TiO; 20 mac. % oproruraHaTy Mar-
mito Mg,TiO, TakKoX NPMUIBOAUTH OO IIOABU JONATKOBUX Qa3
Ba,MgTi;;0,; Ta BaMgTis0,9(puc. 1, kpuna 4). Takum ynHOM, MOKHA
MIPUIYCTUTH, 1110 yTBopeuua Ba,MgTi;;0,; Ta BaMg;Ti;0,, Bin0yBaeTh-
ca 3a yuactio Mg,TiO, ax mpomixkHoi dpasu. Takok, B X0[Ii BUKOHAHHS
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Puc. 1. Pentresorpamu Kepamiku ckiany Ba,¢Sr, TiO; (1), Ba,¢Sr, TiO; +
1 mac.% MgO (2), Bay ¢S, 4TiO; + 5 mac.% MgO (3), Ba, ¢Sr, ,TiO3 + 20 mac.%
Mg,TiO4 (4). BST — Ba, ¢Sr, ,TiO3, M2T — Mg,TiO,, BMT11 — Ba,MgTi,,0,;,
BMT6 — BaMgTigO;4.
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IOCJIiIKeHb, 0yJIo TOKas3aHo, 1o IIPY BBeJeHHI MarHieBMicHIX J00aBOK
CIIOCTEpiraJjocs 3HNKEHHA TeMIIepaTypPH CIIIKaHHA KepaMiKu.
PesynapraTu BuMiproBaHb egeKTPO(hi3MUYHUX BJIAaCTHUBOCTEN ojep:Ka-
HUX KOMIIO3UI[INHMX MaTepPiaJiiB IIOKa3aJid 3HaAUHEe 3HMKEHHA TieJeKT-
pUuHOI MPOHMKHOCTI (g) Ta TaHI'eHCa KyTa HieJeKTpuUUHUX BTpaT (tgd)
IIpu BBeIeHHI MarHieBMicHuX n100aBok. IIpu BBemenni MgO B kinbKocTi
1 mac.%, coocrepirasocsa 3HMMKEHHSA NieJeKTPUYHOI IIPOHUKHOCTL 10
1820, y Bunmaarky 5 mac.% — gpo 1350 (puc. 2, a, tabaurnsa). Tarkox
BCTaHOBJIEHO, IO BCi KOMIIOBUTHI KepaMiuHi MaTepiaiu 1eMOHCTPYIOTh
3HAUHO HIUKYUH PiBeHb MieJJeKTPUUYHUX BTPAT (IBa MOPAAKY BeJINUUHY,
puc. 2, 6, TabauIsA) B IOPiBHAHHI 3 MaTepiasoM Ha OCHOBi iHAUBiaya Ib-
Horo Ba, Sr, ,TiO;. Kepamiky 3 HallHMKUNMU JieJeKTPUYHUMU BTPa-
TaMU OJepPrKaHo y BUIangKy BBefgenHs 1 mac.% MgO, Koau K ZOZaTKO-
Ba (pa3a yTBOPIOETHCS JIMIIIe OPTOTUTAHAT MarHio. OgHaK, IIpu BBeAeHHi

€ tgd
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3100 - 0,0125 | l\
0,0100 | '\
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00075 \
T— 0,0050L 1
1600 | v v v v v v2
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a (1]

Puc. 2. HacToTrHi 3ay1e;KHOCTI AieIeKTPUUHOI MTPOHUKHOCTI Ta TaHI'eHca JieeK-
TPUUHUX BTpaT Aasa Ba,Sry,TiO; (1), Baye¢Sry,TiO;+1 mac.% MgO (2),
Ba, St 4TiO;3 + 5 mac.% MgO (3), Ba, St 4TiO; + 20 mac. % Mg,TiO, (4).

TABJUIIA. Enexkrpodismnuni BaactuBocti Mg-BMiCHMX KOMIIOSUTHUX MaTepi-
asiB Ha ocHOBI Ba, (St ,TiO0;.

o Tcrmc-’ AT] R» %
N Crenan °C/rox. | &1 | M0 | (B ¥ B/cm)
1 Bay St ,TiO, 1500/4 3000 9,5.10° —
9 Bay St TiO; + 1% MgO 1450/4 1820 7,5-10°* (‘73(1))
3 Bay St TiO; + 1% MgO 1425/4 1350 1,210 (23)
58

4 BaySr,,TiO;+20% Mg,TiO, 1425/4 1100 1,1.10°3 o
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Puc. 3. 3amexHOCTI JieIeKTPUUHOI IPOHNKHOCTI Bil IPUKJIALEHOI0 eJIeKTPUY-
HOTO mojdA 3MimeHHs gaa Ba,¢Sr, ,TiO; + 1 mac.% MgO (1), Bay¢Sr, TiO; +
5 mac.% MgO (2), Ba, Sr, ,TiO; + 20 mac.% Mg,TiO, (3).

0inbIriol KimbKoCTi oKcuay maruiro (5 mac.% ) abo 6esmocepeIHbO OPTO-
TuTaHaty Mmarsiio (20 mac. % ), BHMKEeHHS JieJeKTPUUHNX BTPAT € MEHIII
sHayHUM (TabJauIlsd), 10 MOXKe OyTH MOB’A3aH0 3 HASBHICTIO iHIITUX IO-
matkoBux (as (Ba,MgTi,;0,;, BaMgTi;0,,). Takum umHOM, MOKHA
MIPUITYCTUTH, IO caMe OPTOTHUTAHAT MATHiI0 HPU3BOAUTHL A0 3HAYHOTO
SHIKEHHSA TieJIeKTPUUHOI IIPOHUKHOCTI Ta JieJeKTPUUYHUX BTPAT.

PesyabraTi BuUMipOBaHb HEJIIiHIMHUX BJIACTHUBOCTEI IIOKA3aJM, IO
BBegeHHsS Mg-BMicHIX m00aBOK IIPU3BOAUTD M0 SHUKEHHA KoedimienTa
HegiHitHOCTI (pmC. 3, Tabauns). Bapro 3asHaumTHu, 10 Kepamika 0e3
IOoJaBaHHSA J00ABOK XapaKTEePHU3YEThCA BUCOKOIO IIOPUCTICTIO, IIIO He
JO3BOJIMJIO BUKOHATY BUMIipIOBAHHS i1 HeJIHIHHMX BJIIACTUBOCTEH: MPU
OPUKJIALeHHI eJIeKTPUYHOTO II0JS BiJHOCHO HEBHCOKOI HAIIPYKEHOCTi
(5—10 ¥B/cm) conocrepirascs npobiii 3pas3kis. {1 KOMIO3UTHUX MaTe-
piamiB mpo6iil cmocTepiraBecs mpu 3HAYHO BUIIMIN HATPYKEHOCTI IIPUK-
JageHoro ejekTpuaHoro nmoJs (65—70 kB/cm). HatiBuini sHaueHHS KO-
edimienTa HeIiHINHOCTI BUABIEHO B KOMIO3MTi, OJEPKAHOT0 IPHU AOIa-
pamHi 1 mac.% MgO. Cepen ycix mocaig:KyBaHUX MaTepiaiB came s
IILOT'0 KOMIIO3MTA BUABJICHO HAOIIBII ONITUMAaIbHE IOEJHAHHSA BigHOC-
HO BMCOKOTI'0 3HaUeHHA KoedillieHTa HeTiHilTHOCTI Ta BIiTHOCHO HU3bKUX
JieJIeKTPUUYHUX BTPAT Y PaAiouacTOTHOMY Aiamas3omHi.

Ha ocuoBi ckaany Bag ¢Sr, ,TiO; 3 so6asxoio 1 mac.% MgO 6yo oxe-
p:KaHO HU3KY ILTiBOK. 3a pedyabTaramMu PM®A yTBopeHHA KPUCTATIUHOI
a3y IIiBOK MOYMHAETHCA 3a TeMuepaTypu He HuKue 3a 600°C (puc. 4).
IIpu migBuIleHHI TeMIIepaTypu TePMOOOPOOKI CIIOCTEpiraeThcs 3poc-
TAaHHS BifHOCHOI iHTeHCHMBHOCTI MmiKiB IJIiBKOBOI (pasu BiIHOCHO IIiKiB
migkganku (puc. 4, Kpusi 4—6), 1110 CBiTUUTH IIPO 3POCTAHHA KPUCTAJ-
yHocTi miaiBku. JlogaTrkoBoi Kpucraniuuoi dasu Mg,TiO, BusBieHO He
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Puc. 4. Pearrenorpamu mignoxxa Al,O; (AO, kpuBa 1), CHHTE€30BAHOTO IIPU
900°C nopomky Ba, ¢Sr, 4TiO3 + 1 mac.% MgO (BST, kpusa 2), a TaKox ILTiBOK
Ba, ¢Sr, 4TiO; + 1 mac.% MgO micaa 540°C (3), 600°C (4), 900°C (5) ra 1000°C
(

oy.Jo.

Hamu mocaimg:KyBaBcs BIJIMB YMOB BHCYIIYBAHHS Ta TePMOOOPOOKU
ILTiBOK Ha iX AKicTh. [/ [FOro BUKOHYBAJIU IIOIEPEIHIO TEPMOOOPOOKY
HaHeCeHUX ILIIBOK ABOMA CIIOCO0AMM: IIOBiJIbHE BUCYIIYBAHHS 3 IIOCTY-
noBuM mmigBuiieHHAM Temmeparypu Bixm 200°C mo 500°C ta mBuake
OposKapioBanud (TepMoynap), KOJIM HiAKJIAAKY 3 IIOWHO HAHECEeHOI
ILTIBKOIO po3MimnTyBaJin Ha posirpitii (= 500°C) moBepxHi eJIeKTPOILINT-
Ku. Ha ocHOBi pe3ynbTaTiB JOCHiA:KeHHs IIJIiBOK METOIOM CKaHiBHOI
eJIeKTPOHHOI MiKpocKomii (puc. 5) mokasaHo, 1110 IMJIiBKH, Ofep:KaHi mpu
MMOBiJILHOMY BUCYIIIYBaHHI 3 HACTYIIHUM IIPOKapPIOBAaHHAM, XapaKkTepu-
3yIOTHCA HAABHICTIO 3HAYHOI KiJIBKOCTiI pisHOMaHITHMX aedexTiB, Ta-
KUX AK TPilluHN, IOPH, BiAIIapyBaHHS IJIiBKU Big migkaagku. (puc. 5,
a, 0). IlriBKu, omep:kaHi Ipu TepMoyZapi, XapaKTepusyOThCa 3HAUHO
HUKUYO0I0 ITIOPUCTICTIO Ta MEHIIOI0 KilbKicTio Tpimuu. KpiM Toro mpak-
TUYHO He CIIOCTepiraeThCcdA BigIIapyBaHHsA IIIBKY Bif migkgaagxu (puc.
5, 8, 2). ToBmimHAa BCix omepikanmx MIiBoK = 450—-500 HM, omHAK ILTiB-
KM, OJep:KaHi IIicjia HOBiJIBHOTO BUCYIIIYBAaHHSA, XapaKTepU3yIOThCS
3HAYHOIO HEPiBHOMIPHiCTIO TOBIIMHMY IIO0 ILJIOII ILTIiBKY (puc. 5, 0).

4. BUCHOBKH

Opep:kaHo HUBKY KepaMiuHNX MaTepiajiB Ha OCHOBiI TBEPAOTO PO3UUHY
Ba, ¢Sr, ,TiO; Ta fioro kommnosutie 3 gogaBanHaM 1,5 mac.% MgO i 20
mac.% Mg,TiO,. ITokasano, 1110 MaraieBmicHi 700aBKM B3a€MOIIOTH 3
ocHOBHOIO (hasoro Ba,Sr, ,TiO; 3 yTBOpeHHAM iHMINX KPHUCTAIIYHHUX
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Puc.5. CEM-3o0pakeHHs 1oBepxHi (a) Ta 3mamy (0) ILIiBOK CKJIamgy
Ba, ¢Sr, ,TiO3 + 1 mac.% MgO, onep:kaHUX IpHU IOBLIbHOMY BUCYIIyBaHHI (a,
0) Ta micaa repmoynapy (6, 2).

das. IIpu gpomaamui 1mac.% MgO yTBOpHOETHCS OomaTKoBa (hasa
Mg,TiO,; upu 36inbienui kinmskocti MgO mo 5 mac.% , a npu gomaBaHHi
20 mac.% Mg,TiO, yTBOprOiOTHCA momaTKoBi (asu Ba,MgTi,;;0,, Ta
BaMgTigO1.

Beegennsa MgO npusBOAUTE 40 3HUMKEHHS JieIeKTPUUHOI MPOHUKHO-
cti Kepamiunoro marepiany Big 3000 masa teepmoro posuuny BST 6es
pomimrok mo 1820 ta 1350 npu goxasanui 1i 5 mac.% simmosigmo Ta mo
3HAYHOTO 3HUKEHHS MieJIeKTPUUYHUX BTPAT (HA JBA MOPSAKU BEeIUUN-
HU).

Ha ocuoBi KomMmnosuTHOro Marepiany Bag¢Sr, ,TiO;—MgO (1 mac.%)
30JIb—TeJIb-MeTOJ0I0 CMHTEe30BAHO TOHKI IIIiBKY Ha IMigKJagKaX 3 IMOJi-
kpucragiuaoro Al,O;. Mocaimxeno ¢pasoBuii CKIam, MiKPOCTPYKTYPY Ta
BILJIMB YMOB Ofep:KaHHA Ha AKicTh mIiBok. IloKkasamHo, 110 BUKOPHUCTAaH-
HA TEPMOYAAPY CIPUSIE BUIIIN HIiJIBHOCTI Ta OTJHOPiZHOCTI IJIiBOK, B
TOH Yac AK IIPU MOBiJIBHOMY Ta IIOCTYIIOBOMY BHCYIITYBaHHI mepen Tep-
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MOOOPOOKOI0, IJIIBKM OJePKYIOTLC 3i 3HAUHOIO KiJIbKicTIO JedeKTiB.
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