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BAPUVICOJEPXKAIIASI KEPAMUKA C HEJIJMHEMHBIMUA XAPAKTEPUCTUKAMHU

IpuBeneHs! pe3ynbTaThl HCCICAOBAaHMS OapuiicomepsKaleil KepaMHUKH C HEIMHEHHBIMH XapaKTePHCTHKAMHM Ha OCHOBE KOMITO3HI[MI CHCTEMbI
BaO — SrO — TiO,. Onpezeinensl napaMeTpbl yCTONYMBOIO CHHTE3a U YTOUHEHA TEXHOJIOTHS TOJIyYeH s HOJOOHBIX MATepPUAaIOB 3aJIaHHOIO COCTaBa,
BBIOpaHBl JONUPYMOIIHE T00ABKH, MCCIEIOBaHA MHKPOCTPYKTypa 00pasumoB. Pa3paboraHbl cocTaBbl 0apHilCTPOHIHMHLIMPKOHUEBBIX THTAHATOB C
CErHETOYICKTPUUCCKUMU  CBOWCTBAMH: OOJIBLION MIJIEKTPHYECKOH IPOHHMIIAEMOCTBIO, BBICOKHM 3HAYCHHEM IIPOOMBHOTO HANPSDKCHUS |
CYILECTBEHHON HENMHEHHOCTBIO BOJIbT-AMIEPHBIX XapaKTEPHCTHK. PaccMOTpeHa BO3MOXKHOCTH IOJYYEGHHsS KOMIIO3MTHBIX CIOMCTBIX H3ICIUH, a
TaK)Ke TOHKOIUICHOYHAs TEXHOJIOTHS HAIIBUICHHUSI a9P030JIeH MOPOIIKOB CErHETOKEPAaMHKH Ha OCHOBE ITOJTy4CHHBIX MaTEPHAIIOB.

KiroueBble cJI0Ba: TEXHOJIOTHS CETHETOKEPAMUKH, YCTONYMBBINA CHHTE3, TOOABKH, ANAICKTPUIECKAs IPOHULAEMOCTh, HEJIMHEHHOCTh CBOICTB,
KOMITO3HTHbIE MaTepHaJIbI.

HaBegeHi pe3ysibTaTu JoCTipKeHHS 6apiiicofepkalieil kepaMiku 3 HeJliHIHHUMU XapaKTePUCTUKAaMU Ha OCHOBi KOMIO3ULiK cucteMu BaO -
SrO - TiO: . BusHa4yeHO mapaMeTpu CTaJ0r0 CHHTe3y i yTOYHEHa TeXHOJIOTig OTPUMaHHS MOAIGHUX MaTepiasiB 3aJlaHOTO CKJIaAy , 06paHi
Jomipy [Jo06aBKM , [JOCJAI[PKeHAa MIKpOCTPYKTypa 3paskKiB Po3po6neno ckimazau  6apicTpoHIiMLIIpKOHIEBUX THTAaHATIB 3
CerHeTOeJIeKTPUYHUMHU BJIACTUBOCTSIMHU: BEJIMKUH Jiie/IeKTPUYHOI NMPOHUKHICTIO , BUCOKMM 3HA4eHHSM NPOOGHMBHOI HamNpyru i iCTOTHOHO
HeJTiHIHHICTIO BOJIbT-aMIICPHUX XapAaKTEPUCTHK. PO3IJIAHYTO MOMUIMBICTD OTPUMAaHHS KOMIIO3UTHHUX IIApyBaTHUX BHUPOGIB , a TaKOX
TOHKOILJIIBKOBa TE€XHOJIOTifA HAallMJIEHHA aep0o30J1iB IOPOLIKIB CErHeTOKEPaMUKHU Ha OCHOBI OTpPUMaHUX MaTepiaJiB .

Kinio4yoBi csioBa: TexHOJIOril CerHeTOKEpaMUKH , CTIMKHMHA cuHTe3 , J00aBKU , JieJleKTpUYHA IMPOHUKHICTh , HeJiHiIHHICTB
BJIACTUBOCTEMN , KOMIIO3UTHI MaTepiasu .

The results of the study barium-containing ceramics with non-linear characteristics based system tracks BaO - SrO - TiO,. The parameters of a
sustainable synthesis and refined technology for producing such materials specified composition, doping selected additives to study the microstructure
of the samples. Compositions bariystrontsiytsirkonievyh materials with ferroelectric properties. Physical, mechanical and technical characteristics of
new developed materials have been ascertained. Materials of (Bag5Sro2s)(Ti0.¢5Zr005)Os composition are characterized with high performance
properties: relative dielectric permittivity in the fields E = 10° + 5-10° V/m at temperatures close to Tk is equal & = 4-10° + 1,2-10% the loss tangent of
dielectric tgd-10° no more than 30; compressive bending limit - 100 MPa; apparent density px = 5100 kg/m?, volume resistivity (p,) (0,4-1,2)-10°
Owm-cm (ipu 20 °C). A model for the production of cell - forming line electromagnet waves of high intensity and carried out research and experimental
testing of products developed segnetokeramicheskogo material used as the working fluid of high- forming devices. The possibility of producing
composite laminates, as well as thin-film deposition technology of ferroelectric powder aerosols based on the submissions received.
Keywords: technology segnetoceramic, stable synthesis, additives, dielectric permittivity, properties non-linearity, composite materials.

BBenenne. Bo3pacranune TpeOGoBaHMIA K 3IEMEHTaAM

COBpPEMEHHOH MHKPOJIEKTPOHUKH o0ycroBIBaeT
MIEPCIIEKTUBHOCTh  Pa3pabOTKH HOBBIX KEPAMHUYECKHX
CETHETOCNEKTPUYECKHX  MaTepuajoB  C  3a/JaHHBIM

KOMIUIEKCOM CBOIcTB. [lodydeHne NaHHBIX MaTepHasoB
BOSMOXHO Ha OCHOBE BCECTOPOHHErO  HM3Y4YECHUS
nporeccoB B cucreme BaO — SrO — TiO,, paspabotku
TEXHOJIOTHH IOJY4EHHs CerHETOKEpaMUYHUX MaTepHalioB
HOBOTO THMA. JIaHHBIC MAaTEPHAIIBI MOT'YT KOHKYPHPOBATH C
(beppuTHBIMH aHaNOramu — padbouee Teno B (HOPMHUPYIOLINX
9/M CHTHAJBI YCTPOKMCTBAX, & TaKXkKe MEPCIeKTHBHBIM
SBJISCTCS  KCIOJIb30BAHUE  CETHETOJJIEMEHTOB B
CUCTHOBBIYMCIIMTEIBHON TEXHHKE B KayecTBe sUYCeK
naMsATH Ut CO31aHus MHKPOIIPOLIECCOPOB.
MOHOKPHCTAIUTBI  CETHETO- U aHTHCETHETOANIEKTPHKOB
NEepPCIEeKTUBHBL U1 MOAYJSIIMM M NpeoOpa3oBaHUs
JasepHOro  m3nMydeHus W T.0.  Kpome  aroro
COBEpIICHCTBOBAHUE TEXHOJOIWH HM3TOTOBJICHUS JENaeT
BO3MOXKHBIM TIPOJIBU)KEHHE MaTepHaIoB, OO0JIaJA0IINX
CETHETOANIEKTPUUECKHMMHU CBOWCTBAMH B CHIIbHOTOUHYIO

SIIEKTPOHUKY UL  CO3JAHHs MOIHBIX TE€HEPaTOpOB
SIIEKTPUYECKHUX M MarHUTHBIX moJeit [1-3].

OnHum u3 METOZIOB HOJTyYeHHS
CETHETOICKTPUYCCKUX ~ MaTepuajoB,  OONAJArOLIMX
TpeOyeMbIMH CBOWCTBAMH B 3aJaHHOM TEMIEPaTypHOM
HHTEpBaJe, SIBJIACTCS TEXHOJIOTUS
BBICOKOTEMIIEPATYpHOTrO CHHTE3a TBEPABIX PAacTBOPOB
TUTAQHATOB ~ Oapusi ©  cTpoHuus.  l3MeHeHHeM

KOHIICHTPAallMd KOMIIOHCHTOB W BBEICHHUM J00aBOK B
TBEpIBId pPAcTBOpP MOXKHO PpEryJlUpOBaTh 3HAYCHUS
TUDIICKTPUICCKOM MIPOHUIIAEMOCTH, cMeniaTh
Temneparypy (azoBoro mepexona (temmeparypy Kropu),
M3MEHSTh HEIMHEHHOCTD MOJISPU3AIIUH U T. 1.

Heab pa6orsl. [lenvio naHHOW pabOTHI SABISETCS
UCCIIEIOBAHUE yCJIO0BUHI MOJTyYEHUs
CEerHETOKEPAMHUYECKUX MAaTEepPHalioB C HEITWHEHHBIMU
XapaKTePUCTUKAMU Ha OCHOBE KOMIIO3UIIUN CHUCTEMBI
BaO — SrO - TiO; ¢ pa3muYHBIMH JOTMHPYIOIIHMH
nobaBKaMu.

OcHoBHasz 4acTb. B Xone peHee BBIIOJIHEHHOH
paboTBl pacCUMTaHBl TEPMOAWHAMHYCCKHE KOHCTAHTHI

OMHAPHBIX  COCAMHEHHUH  HCCIEIYyeMOHl  CHCTEMBI,
OTCYTCTBYIOIIHE B CHpPaBOYHON JUTEpaType.
Uccaenosano cyOconuycHOe CTpOCHHUE
TPEXKOMITOHEHTHON cucteMbl BaO — SrO — TiOy,

BBIIIOJIHEHO €€ IIOJIHOE pa30MeHue Ha 3JIEMEHTapHbIE
TPEYrOJbHUKA W  YCTAHOBJIIEHBI BCE  CTaOWIbHBIE
KOMOWHAIN COEIMHEHUN MPOTHO3UPYIOIIUX
rerepoa3Heli COCTaB MaTepuanoB, a TakXke JaHa
TCOMETPO-TONOJIOTNYECKAA XapaKTCPUCTHUKA BXOOAIUX B
Hee (a3. YcTaHOBIICHO, YTO JAaHHAs cHcTeMa pa3OMBaeTcs
Ha 11 »neMeHTapHBIX TPEYrONBHUKOB, 3HAYUTEIBHO
OTIMYAIOIUXCS apyr oT Jpyra o
reOMETPOTOIONIOTHYECKIM MoKa3aTensm [4].
VceraHoBneHbl  [5]  0cOOCHHOCTH — MPOTEKaHHs
npoueccoB  (a3oo0pa3oBaHUss B  CBHIPHEBOH  cMecH,
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COCTOSIILICH M3 YIJIEKUCIUX Oapus, CTPOHLMS M OKCHAa
TUTaHa. YCTAHOBJIEHO, 4YTO TBepAO(da3Hble peaKIuH
HAYMHAIOT IPOTEKAaTh C 3aMETHOW CKOPOCTBIO YXKe IpHU
temneparype 900 °C ¥ TONHOCTBIO 3aBEpIIAIOTCS TPH
temnepatype 1300 °C ¢ m30TepMUYECKOH BBIIEPIKKOH 2
gaca. PaccumraHa KOHCTaHTa CKOPOCTH CYMMapHOTO
mporiecca Gpa3zo00pa3oBaHus.

Kommnnekc npoBeAeHHBIX HCCAEAOBAHUN IO3BOJIMI

BEIOpPATH, ONITUMAJIFHYIO obxacTh CHCTEMHI,
MoguduMpytomue  g100aBKH, IapaMeTpbl  CHHTE3a
CETHETOKEPAMHUUYECKHUX MaTepHaJloB Ha OCHOBE
KOMITO3HIIMH 6apHuHCTPOHINEBBIX TUTAHATOB,
paccMarpueBaeMoii cuctemsl [9].

[pun UCCIIeIOBaHUU rapameTpoB CHHTe3a
MaTepualioB  HCIOJB30BAIM  CIEAYIONIHE  CHIPHEBbIE
MaTepHabl: TEXHUYECKUI YIJIEKUCIBIN Oapwmit,

YTJIEKUCIIBINA CTPOHINH, TMOKCHI TUTAaHA ¥ MOHOKJIMHHBIN
JIMOKCH/]] IIUPKOHHS, KOTOPBIE TIIATEIFHO CMEIINBAINCH B
mapoBoil  (aphopoBoi MeNpHHWIE B BHIEC IMIIaMa C
BIXHOCTBIO 35 % (TOHMHA IOMOJIa XapaKTepH30BaJlach
TIOJTHBIM MPOX0Z0M 4epes CHUTO
Ne 004), u3 BeICymIeHHOTO 0 5 % BIAXHOCTH ILIaMa
(dbopMoBaHCh OPUKETHI U 00XKUTANNCH TIPH TEMIIepaTypax
1300-1350 °C (u3oTepMuuecKas BBLACPKKA MpPU
MaKCHUMaJlbHOM TeMmIepaType cocCTaBsula 2  yaca).
CHUHTE3UpPOBAaHHYIO CMECh pPa3MalIbIBAIM (IUCTIEPCHOCTD
MOPOIIKOB KOHTposupoBaiy octatkoM 0,1-0,5 mac. % Ha
cute Ne 004), mpeccoBanu u3AeIUd C HEOOXOIUMBIMH
rabaputamu u ¢opMamu (AUCKH, KyOWKH, TIPH3MBI
LWIHHAPHI, TUIACTHHBI CIIOXKHOW (POPMBI) M CHIEKaIH NpH

CKOpOCTM  MOJgbeMa  TeMmmeparypel 6 °C/muH,
H30TepMHUECKasl  BbIIEpXKKa  NpPH  MaKCUMaJbHOU
Temneparype — 2 daca. IlonmHora cuHTe3a MaTepuana
KOHTPOJIUPOBANach  PEHTTeHOrpaUueckKuM  METOJOM
aHajusa Ha nudpaxkromeTpe JPOH-3m

(COk usnyuenue, Fe — puibTp).

CrpyKTypa MOJy4EeHHBIX MAaTEPHATIOB OMTUMAIbHBIX
COCTaBOB HCCIIEIOBalach C TMPUMEHEHHEM PacTPOBOTO
anekTpoHHOTro Mukpockorna PEMM — 102. Kpucramisr co
CTPYKTYpO# MEepoBCKUTA (MPOCTEHINas KpUCTaJLTHYeCKast
CTPYKTypa C CETHETORJICKTPUYCCKHUMHU  CBOICTBAMHU)
XOpOIIO  WACHTUQHUIMPYIOTCS B MHKPOCTPYKTYpE
MaTepuara. Ha6monaercs BBICOKHUI YPOBEHB
3aBEPUICHHOCTH PA3BUTHUS 36PCH M MEKKPUCTAILTHYSCKUX
rpaHdl] B BHJC OCCHOPEPHIBHBIX TOHKHUX  CJIOCB
amop(hu3oBaHHBIX (a3 TOro Jk€ COCTaBa, YTO U
KpHCTa/UTBl. B 9TO e Bpems, 3epHa HE UMEIOT MOJIHOTO
OrpaHeHHs UACANbHBIX 0e31e(eKTHBIX TEeTPOrOHAIBHBIX
KPHCTAJUIOB, T.K. SIBJISIOTCS TBEPABIMH PAaCTBOPaAMHU
TUTAHATOB Oapusi U CTPOHIUSA C BBICOKOW CTEMCHBIO
CTpyKTypHOTO ymopsimoueHus. CTpyKTypa IUIOTHas,
PEeNKO HAOIIOA0TCA OTACIbHBIC HM30JIUPOBAHHBIC MOPHI
1o 1,5 — 2 MKM.

ITo pe3yiabTatamMm 9KCICPUMEHTAIBHBIX
WCCIICIOBAHUIA  BJIMSHUS  BHJA W KOJHUYECTBA
MOIUMUIMPYIOIUX A00ABOK HAa HENWHEHHBIE CBOWCTBA
MaTepHalioB ObLTH BBIOPAHBI HECKOJBKO PAl[HOHATBHBIX
BapUAHTOB, COCTABbl M CBOMCTBA KOTOPBIX MPEACTABICHBI
B Tabm. 1.

temrneparype 1370 °C B HeWTpaJbHON cpele NOpu
Ta6muna 1 — CocTaBbl M CBOMCTBa 00pa3LiOB CErHETOKEPAMHUKI
Ne CocTap MaTepuaia Emax K Tk, °C Docm, Ki/m? | Ekt, B/m
/i
1 Bao,7Sro3TiO3 4600 2 40 8,2:10° 7,8-10°
2 | (Bao,75Sr0,25)(Ti0,95Zr0,05)Os3 12000 31 50 2-10? 2,4-10°
3 | BaogsSro12TiOs 9200 2,5 45 1.10 3,7-10°
CaoiicTBa (Tabm. 1) OTIpEIeIISITUCH Ha WsroToBneHne  CIONKHOMPODUIBHBIX  DJIEMEHTOB
LHMIMHAPUUYECKUX o0pasuax (pasmepsl o0pas3uoB: d = 25-  BBICOKOBOJBTHON (dopmupyrtolei JTUHUH u3
30 mm, BbicoTa h = 3-5 wmm): nmuddepeHumansHas  pa3pabOTaHHBIX  CETHETOKEPAMHYECKMX  MaTEepHUaIOB
JIMDIICKTPUYECKAsT TMPOHUIACMOCTh (6max), OCTaTOYHAss  W3YYEHHOW  CHCTEMBI, OCYHIECTBISIOCH 3@  CUET
uaaykuus  onekrpudeckoro  1ois  (Doew,  Kn/M?),  clenyromuX — TEXHONOIMYECKHX — OIepaluil:  CHUHTe3
KOXQQUIUEHT  HeIWMHEHHOCTH  IU(QEpeHINaTbHON  HCXOMHBIX KOMIIOHEHTOB, JWCIEPranus, IIMXTOBKa,
IUAIIEKTpUIeckoil mpoHumaemoctn K, HampsHKCHHOCTh — IIPECCOBaHHE, CIICKaHWe, MEXaHW4eckas o0paboTka,
koapuntuBHOrO noinst (Exy, B/m) m temneparypa Kropum  Hanecenme aiekrponoB. Mcmonp3oBammch Te ke
(Tw). CHIDBEBBIC MaTepuasbl, 4YTO W U1 W3TOTOBJICHMS
Js HUCCIIEIOBAHHUS CBOICTB 00pasoB  3KCHEepUMEHTAIBHBIX 00pa3ioB. [ToMmos mpousBoamics B

CETHETOAIEKTPHUKOB TIPH ACHCTBUM HAa HHUX MEPEMEHHOTO
HaTpSDKCHHS TPOMBIIUICHHON dYacTOTHl OB CO3JaH
SKCePUMEHTAIbHBIN CTEHJ, OCHOBAHHBIHN Ha
ucnons3oBanun Metona Coiiepa — Tayspa. Crenpg
anmpoOupoBaH TUTSt WCCIIeIOBAHMS 00pasioB
CETHETOKEPAMHUKH Ha OCHOBE TBEP/BIX PacTBOPOB Oapust
CTPOHLUS pu Ppa3IUYHbIX HATIPSKCHHOCTAX
JNIEKTPUUECKOTO MOJst U Temreparypax [6-7]. Tpu stux
UCTBITAHUAX UCCIEIyeMble O00pa3lbl CETHETOKEPaMUKU
MTOMEIIIAJIACh B TepMOKaMepy, B KOTOpOH
HoJ|/Iep KUBaIach 3a1aHHas remneparypa (25 — 80 °C).

apoBOM MENBHUIIE B BUAE Imama (BJIaXHOCTH 35 %),
TOHWHA TOMOJIa — TOJIHBIA mpoxoa uepe3 cuto Ne 004.
Cymika cmecu 10 Braxuaoctu 1-2 % npu temmeparype 100
— 110 °C. IIpeccoBanue OpUKETOB Ha THAPABINIECKOM
npecce [1-125 (maBnenue npeccoarus 50 MIla). O6xur
OCYILECTBIISUICA B CUIMTOBOU neuu (Ttemmeparypa 1300 —
1350 °C, wm3orepmuyeckas Bbliepkka 2 daca). [locie
oOxura  OpUKETBl  W3MENbYAINCh,  JIUCIIEPCHOCTD
KoHTpoiupoBanack ocratkoM 0,1 — 0,5 % Ha cure Ne 004.

[Ipu JlanbHeemM W3rOTOBJICHUU Jieranei
¢dopmupyromeld  JMHUM  ObUI  HCIOJIB30BaH  METOJ
BBEJCHHA TEPMOIIACTUYECKHX CBSI30K B IIMXTOBYIO




KOMIIO3UIUIO, CYTh KOTOPOTO 3aKJII0YaeTCsl B HAHECEHUU
TOHKHX CJIO€B OPraHMYecKOro BEIEeCTBA Ha YaCTHUIIBI
MOpOIIKAa B MPOLECCE MX COBMECTHOIO IOJOTpeBa 1O
TEMIIEpaTyphl, MPEBBIIIAONICH TEMIIEPATypy IIABICHUS
OpPraHWYECKOT0 KOMIOHEHTa. JlJIi yBENMYEeHUS CTEICHH
OIHOPOIHOCTH " TOMOTECHHU3ALUH MOPOIIKa
OCYIIECTBIISIACH POTHUPKA MPECC-NOPOIIKA CKBO3b CHTO
Ne 063.

B crienmanpHO CIPOEKTHPOBAHHOM CTAaIBHOH (popme
ObUTH  OTOpeccoBaHbl  (OPH  YACIBHOM  JaBJICHHE
npeccoBanust 52 MIla) geramm ¢ raGapuTHBIMH
paszmepamu — 30 X 200 MM, TOMIIUHOHN OT 2 10 4 MM.

OOxur neranedl NPOBOMWICS B CHINTOBOW HEYd B
IIAMOTHOM KaIlCIOJIE C 3aCBhINKONH U3 TOHKOAUCIIEPCHOTO
MOHOKIMHHOTO ZrO, U TIJIHHO3€Ma IO CTYNEHYaTOMY
PSKHUMYy C  IIETbI0O  BBDKHTAHHS  OPTaHHYECKOTO
KOMITOHEHTa,  OKOHYATENbHBIA  OOXHI neranei
npoBomwics mpu Temmeparype 1350 °C (Boimepxkka 2
yaca). TexHOMOrHYecKass CXeMa MH3TOTOBJICHHS IeTalleh

9JIEMEHTa  BBICOKOBOJBTHOH  (OPMHUpYIOUIEH  JHHHUH
IIpUBEJIeHa Ha puc. 1.

B JanbHenIeM U3TOTOBJICHHEIC IeTanu
BBICOKOBOJIbTHOM (dopmupyromen JIMHUAA u3
CErHETOKEPaMUUYECKOI 0 Marepuana Ha OCHOBE

0apHIiCTPOHIIMHITUPKOHUEBOTO THTAHATA HCCICIOBAIUCH

CprLeBLIE MAaTEPHA/IBI
SrC03, BaCOs, TiOs, ZrO:

A

Jdo3npoBaHHe

Boaa

TIoMOT (@ — 35 20)
TloaHBIH DpPoxod Hepes cuTo Ne 004

Ha OJKCIUTyaTallMOHHYI0 MPUIOJHOCTb M COOTBETCTBUE
CBOMCTB, TpeOOBaHMIM 3aKa34yHKa.

Pa3paboTaHHbIH CEerHETOKEpaMHYECKUH MaTepHhal
OblT anpoOMPOBaH MJISI TOTYYEHHS TOHKOILUICHOYHBIX
CETHETORNICKTPUKOB ~ TI0  TEXHOJOTHH  aBTOpPoB  [8],
HAIBUICHUEM a’3pO30JI€H MOPOIIKOB CETHETOKEPAMUKH B
BaKyyMe IIpH KOMHATHOW TemIiepaType (C TOIIMIMUHON
HaIBUIEHHOTO cJ0s oT 20 MKkM 10 250 MKM, Ipu BpeMEHH
HaneuteHnss 10 — 20 wmwmHyT). B 3KcmepmMeHTax
UCIIOJIb30BAIMCH TIOPOLIKH CETHETOKEPaMHUKH 0a30BOTro
cocTaBa pa3JIMYHOM CTENMeHH AHUCHEepCcHOCTH (Moja
JUaMeTpa YacTHI[ COCTaBIsUla 3HAUCHHE B MHTEpBaie OT
40 MM gpo 50 MKM), KOHTPOJIb JAMAaMETpa YacCTHI]
OCYILECTBIISIICA METOAAMHU ONTHUECKOW U 3JIEKTPOHHOI
MUKPOCKOIIHH.

Jid co3gaHus CHOXKHBIX KOMIIO3HTHBIX CTPYKTYP,
BKIIIOYAIONIMX B ce0sf BHYTPCHHHE METAJUIMYECKHE
JIEKTPOIBI, CETHETOIIEKTPUUECKHE M (heppOoMarHUTHbIC
JJIEMEHTHI, BO3MOKHO HCTIONB30BaHUE JTaHHON
TEXHOJOTHM  HaIBIICHUS, OTKpBIBAIOLIEH  HOBOE
HalpaBjieHHe B OOJAcTH MOJYyYeHHsT HAHOCTPYKTYPHBIX
KOMIIO3UTHBIX MaTepHanoB Ui MHKPOIJIEKTPOHUKH,
OIITHKH, INEKTPOTEXHUKHU u, B 4aCTHOCTH,
BBICOKOBOJIbTHOM UMITYJIbCHOM TEXHUKH.

Jdpodaenne

ITonyoa
IToanbii npoxoa 4epes curo Ne 004

ITapadHHHPOBAHHE

Cymka (mpu 110 °C)

(P — 60 MIIa)
IIpeccoraHHe GPHKETOB -
P—100MIIa 2-# 00XKHT:
1 erymens — 820 °C, 20 MHH
2 cTyneHs — 1350 °C, 2 1
1-i 0G:xwuT,
T-1350°C
IToaroToBKa
NMOBEPXHOCTH

IIpeccoBanHe AeTaeii

Puc. 1 — Tex"omornueckas cxeMa H3rOTOBICHUS JIeTaJIH 3JIEMEHTA BHICOKOBOJIBTHOM (1)0pMPIpyIOIIIeﬁ JIMHUH

Eme oxnoii cdepoit mpumeHeHHS pa3pabOTaHHBIX
CErHETOKEPAMUYIECKHIX MaTepHalioB SIBJISICTCS
UCMONIb30BaHHE  MX B (DOPMHUPYIOLUIMX  JIHHHUSIX
HUMITyJIbCHBIX ~ ['€HEpaToOpOB, KakK CErHETOMarHUTHOU
KOMIIO3UTHOH  pabouel cpeapl (Tak  Ha3bIBaeMbIe
«mynpTudeppoukn») [9], Marepuansl, B KOTOPBIX MOMKET
OBbITh pEaJM30BaHO B3aHMOJICHCTBHE JIICKTPHUECKOH W

MarHWTHOM  MOACHCTEM. OTO  JaeT  BO3MOXKHOCTH
COIJIACOBBIBaTh MCXOAHOE CONPOTHBIIEHUE HMIIYJIbCHBIX
TEHEpaTOPOB Ha yAApHBIX 3JIEKTPOMATHUTHBIX BOJIHAX C

Harpy3Komu. N3mensis COOTHOILIEHUE TOJIIIVH
CETHETORNICKTPUYECKUX M (EpPOMArHUTHBIX  CIIOEB
KOMIIO3UTa, MOXHO B IIMPOKHUX JMana3oHax H

HE3aBUCUMO ApPYT OT ApYyra BJUATH HA HEJIMHEHHOCTh €T0



JUDJIEKTPUYECKO M MarHUTHOM mpoHHnaemocteil. B
9TOM HalpaBleHHH ObUTa ampoOMpOBaHAa TEXHOJOTHS
9KCIIEPUMEHTAIBHOTO  MYJIbTH(EPPOHKA — CIIOUCTOTO
CCTHETOMAarHUTHOTO KOMIIO3UTa C  YEpEeRyIOMINMHUCS
CETHETOIEKTPUUECKUMHU U (PEPPOMArHUTHBIMH CIIOSIMH B
BUAE€ TaOJIETOK M IUIOCKHX KOJIEl TONIIMHOH 10
2 MM, IramMeTpoM 9,5 MM H IUTOIIAIbI0 HAHECEHHBIX Ha UX
HOBEPXHOCTh cepebPsHbIX IEKTPoI0B 10 50 MM? (puc. 2).

@DeppoMarHuTHBIE CIOM KOMIIO3MTa 0Opa30BaHEI

cMecsMu  (DeppUTOB M KapOOHWIJIBHOTO — JKeliesa ¢
9MYJIbCHOHHBIM NONUBHHIIXIOpHAOM [10].
HUccnenoBanus TIPOBOAMIINCH Ha
SKCIIEPUMEHTAJIbHBIX CTEHJIaX M B COOTBETCTBHH C
METOIUKAMH, WJICHTUYHBIMH C  ONHMCaHHBIMH IS
00pa3loB  CETHETOKEPaMHKH, CHHTE3MPOBAHHBIX IO

TEXHOJIOTUH BBICOKOTEMIIEPATYPHOTO CIICKaHUA.

Puc. 2 — ®otorpadus 06pasia CIIONCTOr0 CerHETOMATHUTHOTO
KOMITO3UTa

BriBoabI " NaJIbHEeHIInX
HCCJIeJ0BaHMIA.

PazpaboTansl COCTAaBEI ULt MOJTy4eHHs
CeTHETOKEPaMHUUECKUX MaTepHainoB cuctemsl BaO — SrO
— TiO,, ob6magatomme TpeOyeMbIMH — 3HAYCHHSIMHU
JIMAJIEKTPUYECKON MMPOHULIAEMOCTH, BBICOKUM ITPOOUBHBIM
HalpSDKEHUEM M CYLIECTBEHHOM  HEJIMHEHHOCTBIO
JIMAJIEKTPUYECKON MPOHUIIAEMOCTH B AJIEKTPOMArHUTHBIX
TOJISIX BBICOKOI HAIPSKEHHOCTH.

DKcHepuMeHTaIbHO OIIpe/IeTICHO BIIMSIHHE
XMMHYECKOTO COCTaBa, a TaKKe BHJAa W KOJIMYECTBA
J100aBOK Ha CTPYKTYPO3aBHCHMBIC CBOMCTBa
CHUHTE3MPOBAHHBIX  MAaTepHalloB  CETHETOKEPAMHUKH.
N3y4eHsl ux 35eKTpou3NUEcKre CBOCTBA B Pa3IMUHBIX
peKMMax W YCIOBUSIX. BpiOpaH BuA ONTHMaJIbHOM
nonmpytomed  no6aBkn  (ZrO;) m ee panuoHaNBbHOE
kosmuecTBo (110 0,05 M011.%).

HanpaBJeHHe

Pa3paboTaHbl CErHETOKEPAMHUYCCKUE MaTEPHAIbI
cocCTaBa (B 30,755 I'0,25T io,952r0,05)03 C BBICOKUMU
3HAYCHUSIMHU 3KCHHyaTaHI/IOHHBIX XapaKTepI/ICTI/IK:

MaKCHMallbHasi JIMAJIEKTPUUECKas IPOHUIAEMOCTb IpU
temneparype 40 °C - 12000, kaxymasics IUIOTHOCTh
NoJTyueHHbIX MarepuanioB (pc) = 5100 xr/m3; oTkpeITas
nopuctocts (Ilc) < 1 %; npenen npo4HOCTH NpU M3rnode
(ow) oxomo 100 Mlla; osnexTpuueckas HPOYHOCTH
(Enp) 2,5 xB/Mm, nipu wactote 50 I'1i; ynensHOe oObeMHOE
conpotusnenue (py) (0,4-1,2)-10° Om-cm, ipu 20 °C.

HzrorosieHa napTus CJ'IO)KHOI'[pO(l)I/IJ'II)HI)IX I/I3I[€J'IPII>1
u3 pa3pa60TaHHLIX CCTHCTOKCPAMUYCCKUX MATECpUAJIOB U

OIPCACITICHBI IKCILTyaTallMOHHBIC XapaKTCPUCTHUKHU
MN3TOTOBJICHHBIX DJIEMCHTOB BBICOKOBOJILTHOM
(dbopmupyromeit JIMHAN cocraBa
(Bao,758ro,25) (TiOQ,gszro,os)o‘gI MaKCHUMaJIbHas

IMDIICKTPUYEeCKass NPOHHIAEMOCTh MPH  TeMIeparype
40 C - 12000, s>nexTpudeckasi MPOYHOCTh 00Pa3IOB IPHU

BO3JIEHCTBUH HMCIBITATEIBHBIX UMIIYJIECOB
IIATeNIbHOCTHIO 10 MKc - 80 MB/M.

ArnpoOupoBaHbI MePCIIEKTUBHBIE BapUaAHTHI
TEXHOJIOT UK MOJIY4EeHHUS MyabTH()EppOUKa u3
pa3pabOTaHHBIX CETHETOKCPAMHUUCCKUX MATCPUAIOB, a
TakkKe  TOHKOIUJICHOYHAs  TEXHOJIOTHS  HaAINBIICHUSA

a’po30Jel TOPOIIKOB CETHETOKEpaMUKM Ha MelIb B
BaKyyMe IpH KOMHaTHOH TeMIeparype.
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