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B kxauecTBe epcneKTUBHBIX MaTePUAJIOB JJIs1 KOMITOHEHTOB 3JICKTPOHHBIX YCTPOMCTB B paboTe TOJTyUYeHbI
U VCCIIeAOBaHbI MOJUMEP-MaTPUYHbIE KOMIIO3UTHI HA OCHOBE TWJIEHBMHMWIAIIETaTa M TBEPIOTO PAcTBOpa
cocraBa K,Co,Tig_ 0} ¢ romnannurononobHoit ctpykrypoii (KCoTO(H)). CuHTe3 HAMOTHUTENS OCy-
LLECTBJIEH MyTeM MOIU(MULMPOBAHUS peHTreHoaMopdoro coenHeHust nonuturanara kanus K,O - nTiO,
(n = 4.3) B pactBope CoSO, - 7H,0 B 11eI0YHBIX yCIOBUAX € MOCIEAYIOLIEl TeMIepaTypHoil 06paboTKoi
npu 900°C. CTpyKTypa CUHTE3UPOBAHHOTIO Mareprajia 1 MOpPMOJIOTHs YaCTUIL UCCIeNOBaHbl METOAAMU
PEHTTeHOBCKOTO (ha30BOro aHaIM3a U CKAHUPYIOIIE 3JIEKTPOHHO MUKPOCKOITMU COOTBETCTBEHHO. BBe-
nenue KCoTO(H) B noauMepHyo MaTpully 3TUJIEHBUHUJIALIETATa MTPOBEAEHO MOCPEICTBOM CMEIICHUS
MpenBapuUTeIbHO ITPUTOTOBJIEHHBIX paCTBOpPa MOJIMMEpPa 1 TUCIIEPCUM TTOPOLIKA-HATIOJIHUTEISI B COOTBET-
CTBYIOIIIEM pacTBopuTee B KoiamuyectBax 10, 20, 30, 40 u 50 06.%. MeTomoM UMITETAaHCHOM CITEKTPOCKO-
MUY UCCIIeIOBAHO YaCTOTHOE TTOBEACHME TUIEKTPUUECKON MTPOHUIIAeMOCTH, TAHTEHCA YIJia TU3JIEKTPU-
YECKHX MOTEePb U MPOBOAMMOCTH MOJIYYEHHBIX KOMITO3UTOB. YCTAHOBJIEHO, YTO YBEIUYEHUE COMEPKAHMS
KCoTO(H) B cocTaBe KOMIO3UTa CITOCOOCTBYET POCTY MCCIIETOBAHHBIX JUIJIEKTPUUECKUX XapaKTEePUCTUK
OTHOCHUTENIbHO YUCTOW TOJMMEPHON MAaTpUIlbl STWUJICHBMHWIAIETaTa BO BCEM YAaCTOTHOM IMaria3oHe
0.1 xIu—1 MT.
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HUE KOOaJIbTOM, TU3JIEKTPUUECKHE CBOMCTBA.
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1. BBEAEHUNE

B Hacrosiiiee BpeMsi MOJIMMEPHbIE KOMITO3UIIM-
OHHbIe MaTepuaibl, 0bJianarolie BHICOKON TU3JIeK-
TPUYECKOW MPOHUIIAEMOCTbIO U HEOOJbIIMMU dU-
9JIEKTPUYECKUMU TIOTEPSIMUA, OYEHb TEPCIEKTUBHBI
JUTS IITMPOKOTO MPUMEHEHUSI B KaueCTBE MaTepUasioB
Pa3IUYHBIX KOMIIOHEHTOB 2JIEKTPOHHBIX YCTPOUCTB,
TaKMX KakK JTaTYMKU U TpeoOdpa3oBaTesiv, JeMEeHThI
HaKOIUIEHUsI dHEepPTUu, UMIUIAHTUpyeMble YCTpOii-
ctBa u ap. [1—4]. IloaumepHble KOMMO3UThI, KakK
MpaBUIO, MPEACTABISIIOT COO0I MOJUMEPHYIO MaT-
pully, B 00beMe KOTOPOii paBHOMEPHO IUCHEPTUPO-
BaHbl 4YacTulibl HamosHuTens. I[lpeumyliiectBamMu
KCIOJIb30BaHUS MOJMMEPHBIX MATEPUATIOB IIPU MPO-
U3BOACTBE KOMIIOHEHTOB 3JEKTPOHHBIX YCTPONCTB
SIBJISIFOTCSI, TIPEXK]I€ BCETO, BHICOKASI TMOKOCTh, XUMU-
yeckasi CTaOMIBHOCTh U BO3MOXHOCTb MX JIETKOTO
dopMoOBaHUS B AETAIN pa3InyHO (POpMBI 1 0OBEMA.
OnHako AW3JeKTpUYecKash MPOHUIIAEMOCTb IMOJIM-

MEPOB MMEECT OYCHDb HU3KHNE 3HAYCHU, YTO 3HAUYUN-
TETBHO COKpallaeT o0JlacTh UX MpuMeHeHus [5—7].
B cBs13u ¢ 3TUM [J19 yBeIUUESHUST TUBJIEKTPUICCKOMN
MPOHUIIAEMOCTU TTOJUMEPHBIX MaTPULL UCTIONb3YIOT
pazJIMYHbIE 2JIEKTPONPOBOASIINE U/WIN Kepamuue-
ckue HanoiaHuTteau [8—15]. Takoit momgxon Mo3BoJIsI-
eT JOOUTHCS YIIYUIIEHUST TU3JIEKTPUIECKUX CBOMCTB
KOMITO3UTOB MIPU OMHOBPEMEHHOM COXPAaHEHUM Xe-
JIaeMbIX MEXaHMUYECKUX CBOMCTB.

B kauecTBe KepaMWYeCKWUX HATIOJIHUTENEH s
Pa3IMYHBIX TOJTUMEPHBIX MATPULL TPAAULIMOHHO HC-
MTOJIB3YIOTCSI MaTepHUaJibl, UMEIOIIME BEICOKME 3HaYe-
HUSI AUBJIEKTPUUECKOI TTPOHUIIAEMOCTH, TaKne Kak
BaTiO;, CaCu;Ti,O, u mp. [16—20]. B momumepnt
OOBIYHO BBOJISIT HECKOJBKO JECSITKOB OOBEMHBIX
MPOLIEHTOB HEOPTAHUYECKUX HAMIOJIHUTEJICH, UYTO ya-
CTO BBI3bIBAET YBEJIUUECHUE BEIMUYMH OTHOCUTEIBHOMN
IVSJIEKTPUYECKON MPOHULIAEMOCTH U TaHTeHca yIiia
IVRJIEKTPUIECKUX MOTEPh KOMIIO3UTa. DTO CBSI3aHO
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C T€M, YTO KepaMUuYeCKHUE HAIlOJHUTEJIU T0 CBoeit
MPUPOJIe UMEIOT 00Jiee BHICOKYIO AUINEKTPUUECKYIO
MPOHUIIAEMOCTh IO CPaBHEHUIO C MOJMMEPHBIMU
MaTpULIaMU U CLIOCOOCTBYIOT BOBHUKHOBEHUIO MEX-
daszHoit nonsgpuszanuu Maxkcpemia—Baruepa. Ilo-
MHUMO IIMPOKO U3YYEHHBIX, IIE€PCIIEKTUBHBIMU Kepa-
MUYECKMMHU HAIlOJHUTENSIMU C BBICOKOM IU3JIEK-
TPUYECKOUW TMMPOHUIIAEMOCTbIO MOTYT BBICTYIATh
TBepable pacTtBophl coctaBa K,Me, Tig 04 ¢ roman-
IUTONOA00HOM cTpykTypoit [21—23]. Kak rokazaHo B
HallMX NPeAblIyInX paboTax, JaHHBIA TUIT HATTOTHU-
Tesieit cocTaBoB K 53(Cuy 76 Ti754)O16, Ky 6(Fe 4 Tig 4) O,
K, 4(Ni ¢Ti;,)O,6 MOxeT obecnieuuBaTh 3(pdeKkTuB-
HOE yBEJIMYEHUE TUDIEKTPUIECKO TPOHULIAEMOCTU
KOMITO3UTOB Ha OCHOBE IMOJIMMEPHBIX MaTPUIL, TAKUX
kak [IMMA, INBI®, [IT®D, snokcunHass cMmoja
[24—26]. CnenyeT OTMETUTH, YTO KepaMHKa C IoOJI-
JIAHAUTOTIONOOHON CTPYKTYpOid MMEET XOPOIIYIO
COBMECTHMOCTb C Pa3JIMYHBIMU MTOJUMEPHBIMU MaT-
pULIaMU, YTO TO3BOJISIET MOJIYYaTh KOMITO3UTHI C UX
yJyacTueM 0e3 XMMHUYEeCKOTro MOIU(UIIMPOBAHUSI TTO-
BEPXHOCTU HAMOJTHUTES.

OrunenBuHunanerar (9BA) nipencrapisieT co6oii
COMOJIMMEP MOHOMEPOB 3TUJIEeHA U BUHUJIaleTaTa. B
3aBMCUMOCTU OT COAEpXKaHUSI BUHUJIALETaTa KpU-
CTAJUIMIHOCTb U, CJIeIOBATEeIbHO, CBoicTBa DBA MO-
IYT 3HAYUTEILHO MEHSTHCS. DTWICHBUHWIALIETAT
HAXOOWUT INIUPOKOE IpPUMEHEHUE B COBPEMEHHOII
IIPOMBIIIUICHHOCTH OyIarogapsi CBOMM OTJIMYHBIM Me-
XaHUYEeCKUM U (dusndeckuM cpoiicTBaMm. ITomMumo
3TOro, IMPOKUIT HA0Op PYHKIIMOHAJIBLHBIX CBOWCTB
1 BO3MOXXHOCTh UX PETyJIMPOBAHUS ITyTeM BBEACHUS
HaroHuTeNIe neiaaer DBA TepCeKTUBHBIM IS
MPUMEHEHUS B MPOU3BOACTBE KOMIIOHEHTOB 3JICK-
TPOHHBIX YCTpOiicTB [27—29].

enp manHOTO MCCACOOBAaHMUS — CUHTE3 MOHO(Aa3-
Horo TBepzoro pactBopa cocraBa K,Co, Tig _ 0,4 ¢ ron-
JIAHIUTONIOOOOHOM CTPYKTYpOIl, a TakKe MOJydeHHe
KOMIIO3UTOB Ha OCHOBE 3TUJIEHBMHMWJIALIETaTa C pas-
JIMYHBIM COAEPXKaHUEM KEePaMUYeCKOTO HAIOJTHUTEIS
U VICCJICIOBaHME UX IUIICKTPUYSCKIX CBOMCTB.

2. DKCITIEPUMEHTAJIBHAA YACTD
Cunmez KCoTO(H)

B kadecTBe MCXOMHBIX MAaTEPUAJIOB, UCTIOJIb3YeMBbIX
IS CUHTE3a roJIJIAaHAMTOIIOA00HOIO TBEPAOTO PacTBO-
pa cucteMbl K,0—TiO,—Co0O, 6paiiu amopdbHbIii no-
ymrutanat Kamms (ITTK), monydeHHEBI IT0 METOIMKE,
u3NoxXeHHo#t B pabore [26], CoSO, - 7H,0 (I'OCT
4462-78) 1 KOH (I'OCT 24363-80). l'oyutanauToro-
JIOOHBIN THTAHAT KajWs, HONMUPOBAHHBIA MOHAMU
Co?*, monyyanu nmyreM MOAU(GULIMPOBAHUS ITOPOLI-
ka [ITK B pactBope CoSO, - 7H,0 c nocnenyouiei
TEpMHUYECKOIl 00paboTkoi. [Ing 3TOro K BOXHOM

mucnepcnu [1TK ¢ koHLeHTpalLueit, paBHoit 1%, Ha-
XoJisileiicsl Mpy MOCTOSIHHOM MepeMellMBaHum, 10-
6asnsun 0.006 monb CoSO, - 7H,0 u 0.5H pacTBOp
KOH no pH 11. ITocie nepeMmeliiBaHus TOJIyYeH-
HOIi CMEeCU B TeYEHUE 2 4 OCAOK TPOMBIBAIA IUCTHII-
JIMPOBAaHHON BOJOW W CylIWIM TIpM TeMIleparype
100°C. Jlanee moydeHHBIA MTOPOIIOK MOIU(MUILINPO-
BaHHoro I1TK nonBepranu BeICOKOTEMITIEPATYPHOIL 00-
paboTke B MydenbHoI neuu rpy Temmepatype 900°C B
TeyeHue 2 9 Ipu cKopocT Harpesa 20°C/MuH.

Memoouka noayuenus Komnosumoe

Huis nonydyeHus: nojaMMep-MaTpUUHbIX KOMITO3U -
TOB MpPeABapUTEbHO TOTOBUJIM PACTBOP COIOJUME-
pa DBA B Tonyone. CoOTBETCTBYyIOIIEe KOJIMIECTBO
HanoaHuteass KCol'O(H) nucrieprupoBain B TOIyO-
Jie 1 oOpabaThIiBaM yIbTpa3ByKoM B TeueHue 1 4. 3a-
TEeM CMEILUBAJIU TTOJIMMEPHBIE PACTBOPHI U TUCTIEPCUU
KCoT'O(H). ITonyyeHHbIE cMecH TIepeMEIIBaIN B Te-
yeHue 2 4 U1 paBHOMEPHOTO IUCIIEPTUPOBAHUST Ha-
MOJTHUTENSI U pas3ivuBaIvM Ha (PTOPOIIACTOBYIO MOM-
JIoxXKy. PacTtBopuTenu ymansuiu myTeM BbICylLIMBa-
HUS B BaKyyMHOM Ikady rpu remmneparype 60°C g0
MpeKpalleHus TToTepu Macchl. BBICyIIIEHHbBIE TIICH-
K1 GOpPMOBaIU B TUCKU IUAMETPOM 12 MM UM TOJIIIIN -
Hoii 0.5 MM METOJIOM TOpsYero MpeccoBaHUs TMPU
nmasiaeHun 5 MIla u temneparype 160°C B TeueHue
30 MmuH. TakuM 06pa3oM MoJtydanr oopasiibl KOMIO-
3utoB KCoTO(H)/DBA ¢ 06beMHBIM copepXaHreM
HanoystHuTe s B arana3oHe 10—50 06.%. KoanuecTBo
HaIOJIHUTESI PACCUUTHIBAIM C YYETOM TOTO, UYTO
teopetudeckue miotHoctTu KCol'O(H) u DBA pas-
Hbl 3.826 1 0.931 r/cm? cooTBeTcTBEHHO. [lIsl IpOBE-
JIEHUSI UMIIEJaHCHBIX U3MEPEHUI 006€ CTOPOHBI TUC-
KOB H3TOTOBJIEHHBIX KOMIIO3UTOB MOKpPbIBAIU Ce-
pebpocoaepXkallluM KJieeM U BBICYIIMBAJIU MpU
100°C.

Memodst uccaedosanus

PentrenoBckmii pazoBbiii aHanus (PPDA) cuHTe-
3upoBaHHoro KColT'O(H) npoBoauiu Ha peHTIT€HOB-
ckoM mudpakromerpe ARL X’TRA (Thermo Fisher
Scientific, [IBeiinapus) ¢ ucnoabzoBanueM CukK, -
wsnydeHusi, A = 1.5412 A B nmuanaszone yrios 20 =
= 10°-70°, cKopoCTb CKAHUPOBaHUS — 2 rpaj/MUH.
HMccnenoBanue wmopdonorun vactul, KCoTO(H)
OCYIIECTBJISUIM METOIOM CKaHMPYIOILIEH 3JeKTPOH-
Hoit MuKpockormu (COM) ¢ ncrnoap30BaHUEM CKa-
HUPYIOIIIETO 3JIEKTPOHHOTO MUKpockomna Explorer
(ASPEX, CIIIA). MccnegoBaHue OUAJIEKTPUYECKUX
CBOMCTB MOJMMEP-MaTPUUHBIX KOMIIO3UTOB MTPOBO-
JIVJIN ¢ TToMollIblo nMneaaHcmeTpa Alpha-A (Novocon-
trol Technologies, I'epmaHus) B nuara3oHe 4acTOT OT
0.1 Iy mo 1 MIT1 11py KOMHATHOM TeMIieparype.
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Puc. 1. Indpakrorpamma u asieKTpoHHast Mukpodortorpacdus odpasiia mopomika KCoTO(H).

Mopdghoaoeusa u cmpyxmypa KCoTO(H)

CocTaB U CTpyKTypa CUHTE3UPOBAHHOTO KEpaMU-
YECKOTO HAIOJIHUTENSA TIOATBEPXKIEHbBl METOAOM
P®A. Ha peHTreHOBCKOI 1upakTorpaMmmMme odpasia
KCoTO(H) (puc. 1) Habmonaiorcsl y3kue mudpak-
LIMOHHBbIE peIeKChl BBICOKO MHTEHCUBHOCTHU, OT-
HOCSIIMECS K KpUCTAIMYEeCKol ¢ha3e TUTaHaTa Ka-
s co ctpykrypoii rosutanauta K, TigO . Takum 06-
pa3omMm, ob6pabdorka amopdnoro IITK B pacrBope
cynbdara kobanwsTa(ll) M mocnenymolinass Temriiepa-
TypHasi o06paboTka o0ecreunBaloT MoJydYeHrue MOHO-
¢a3HOrO MOpOIIKa TATAHATa Kaausl, TOMMPOBAHHOTO
kobansToM, coctaa K,Co,Tis_,0,5 (KCOIO(H)) ¢
TOJUTAHIUTOIIONO0HOM  CTpyKTypoit. CTpyKTypHBIE
YTOUYHEHUsI, BLITIOJIHEHHbIE MeToioM PuTBenbaa ¢ uc-
Moib30BaHNEeM IIporpaMmHoro obecrieueHust General
structure analysis system (IIpocTpaHCTBEHHasl TpyIIIIa
14/m, ICDD 77-0990), mo3BoJISIIOT ¢ BBICOKOW TOY-
HOCTBIO paccuuTaTb MapamMeTpbl KpUCTALINYECKOM
pelIeTKM B TETPAaroHaJIbHON CUCTEME, KOTOPbIE CO-
craBmsioT a = 10.1429 A v ¢ = 2.9734 A.

Yactusr KCol'O(H) xapakTepusyroTcsl Heomnpe-
nelieHHoW Mopdosorueit, 6JU3KON K CTep>KHEBUII-
Hoii. CpengHni pa3Mep YaCTHUII, OLICHEHHBIN IO 3JIEK-
TPOHHOII MUKpOdoTOrpacdum, COCTaBIsIET ~3 MKM B
mmHy 1 <1 MKM B TomuHy. Ha m300paxkeHnu mo-
BEPXHOCTU 00Opa3iia BUIHO, UTO YACTULILI CKIIOHHBI K
arnomepauuu (puc. 1).

XUMUNYECKAA ®U3NUKA Ttom42 Ne 1l 2023

Jusasexkmpuueckue ceoiicmea
noAuMep-mMampuiHbIX KOMNO3UMO8

YacToTHBIE 3aBUCUMOCTH AUBJIEKTPUIECKOM IIPO-
HHuLaemMocT KoMIto3uToB coctaBa KCol'O(H)/DBA
C pPa3IMYHBIM COIEepPXKaHNEM KepaMUIeCKOro HaIIOJI-
Hutenst KCol'O(H) npencrasiaeHbl Ha puc. 2. Yucras
Mmatpulia DBA uMmeeT IM3JeKTPUUECKYIO IIPOHUIIAC-
MocCTb €' = 4.5 Ha yactoTe 1 KI11, KoTopast He3Ha4Yu-
TEJIbHO CHIKACTCS IIPH YBEJIMYSHNU YaCTOThI BHEIII-
Hero sjeKTpudeckoro moJjisi. OTHOCUTENILHO BBICO-
Kasi IuaJieKTpuyeckasi mpoHuliaeMoctb DBA m ee
YaCcTOTHAsl 3aBUCUMOCTD IJITABHBIM 00Pa30oM CBSI3aHbI
¢ TeM, uTo DBA gBiseTcs MOJSIPHBIM MOJIMMEPOM, B
KOTOPOM OpHEHTAIlMOHHAs ITOJISIpU3alivisi BHOCHUT
OCHOBHOI1 BKJIaa B obuyto mossipu3anuio [30]. Ta-
Kasi 0COOEHHOCTh MCCIIeAyeMOoro mnojaumepa ooby-
CJIOBJIEHA MPUCYTCTBHEM IUIOJEi (alieTara), Coenm-
HEHHBIX C MOJUMEPHBIMU LEMSIMU, KOTOPHIC SIBJISI-
IOTCSI XMMHWYECKMM KOMIIOHEHTOM  MOJUMepa.
JloGaBiaeHne B COCTaB MOJMMEPHOM MaTPUIIBI Kepa-
MUYECKOTO HAIIOJIHUTEJS IIPUBOIUT K YBEJIMUCHUIO
IUBJIEKTpUYECKo mnpoHulaeMoctu. Kpome Toro,
npu yeBeandeHun oobemMHou monmu KColT'O(H) uya-
CTOTHAsI 3aBUCUMOCTD TUIJEKTPUUECKOMU MPOHUIIae-
MOCTH CTaHOBUTCS 00Jiee BhIpaxkeHHOM. BenuunHa €
YBEJIMIUBAETCS C KOHIIEHTpalleid HAIIOJTHUTEIIST U3~
3a BEICOKOI TU3JIEKTPUUECKON ITPOHMNIIAEMOCTH IO~
JIAHAUTOTIONO0HON KepaMuku. Tak, mpu yBeaude-
HUU colepxkaHus HamomHutelrs oT 10 mo 50 06.%
3HAYCHUE AUIJEKTPUUECKOU IIPOHUIIAEMOCTH BO3-
pactaet ot 7.6 1o 132 en. Ha yactoTe 1 KI1I, B TO XKe
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Puc. 2. YacToTHBIE 3aBUCUMOCTHU AUDJIEKTPUIECKOM MPO-
Huuaemoctu KomnosutoB KCoTO(H)/DBA ¢ paznuu-
HBIM OOBEMHBIM COIepKaHUEM HaTOJTHUTENsI, 06.%: 1 —
0,2-10,3—20,4—30,5—40, 6— 50.

BpeMs Ha yactote 1 MIT1 aTa BemunHa Bo3pacraeT
or 6.8 10 21, coorBeTcTBeHHO. CiJibHAsA 4YaCTOTHAasI
3aBUCUMOCTbD € ITOJIyYCHHBIX KOMITO3UTOB IIPU yBE-
JIMYeHUU OO HAaIOTHUTEIS 00yCIOBICHA CHILHOM
nonspusamueii KCol'O(H) Ha HU3KMX 4yacToTax u
MexX(da3HOil ToJisipU3alMer MeXAy 4JacTULaMU
KCoTO(H) u nmonumepHoii matpuiieii DBA. Mex-
¢dazHas mojsipu3ains OOBIYHO YCHIMBACTCS IIPU
YMEHBIIIEHNH YaCTOThI BHEIITHETO I10JIs, a YBeIUJe-
Hue conepxkanus HanoiaHutelass KCoTO(H) cnoco6-
CTBYET POCTY IUIOIIAAN MTOBEPXHOCTH pasjena U ele
OoJibllle yCUIUBaeT MexX@a3HYI0 MOJISIpU3alMIo, 4TO
NPUBOAMUT K BBICOKOM AUAIEKTPUUYECKOM MPOHULIAE-
MOCTY KOMIIO3UTHBIX IUIEHOK Ha HM3KMX YacTOTax.
I[ToMuMo yBeTMYeHNST IUAJIEKTPUISCKOM IPOHMUIIAe-
MOCTH, MeX(pa3Hasl IoJiIpu3alus Ha HU3KMX 4acTO-
TaxX TMIPUBOJIUT K 00Jiee BHICOKUM AUIAEKTPUIYECKUM
MOTEPSIM.

W3 puc. 3 BUgHO, YTO C MOBBIILIEHUEM KOHIIEHTpa-
ouu HanoaHuTess 6osee 20 00.% HabIomaeTcsa CHU-
XKEHHE TUAJIEKTPUIESCKUX MOTePh 00pa3lloB KOMIIO-
3UTOB IIPY YBEIWYEHUM YacTOThI. Ilpn yBeqmyeHUN
coJep>XKaHWsI HATIOJIHUTEIIST TU3JIEKTPUUECKUE TIOTe-
pM MOJUMEp-MaTPUUYHBIX KOMITO3UTOB Ha OCHOBE
DBA Bospactarot. Ha yacrore 1 kI nusnekTpuye-
CKUe nmoTepu yuctoit Mmatpulibl DBA pasubl 0.006 u
YBETMIUBAIOTCS OO0 3HaYeHU 2.453 ipn mobaBiIeHUHT
50 06.% KCoT'O(H). Ha wacrore 1 MI1 nuanexTpu-
yecKure MoTepu 3HaYuTeIbHO HIKe 1 paBHBI 0.005 u
0.210 nnsg ucxonHoi MaTpulibl DBA 1 Kkommosura ¢
50 06.% KCoTO(H) coorBeTcTBeHHO. Takoe nmosene-
HHME 3aBUCUMOCTHU TaHI€HCA AUAJICKTPUIECKUX I10-

tg d
10' ¢
F6
10°L 5
x4
|3

1073 (I S T I N I A T Y IS B }

Puc. 3. YacToTHBIE 3aBUCUMOCTH TaHTE€HCA YIjla JUJIEK-
Tpudeckux mnoTepb Kommo3utoB KColT'O(H)/DBA ¢
pPa3IMYHBIM OOBEMHBIM COIEPKAHMEM HAIOJTHUTEIS,
00.%:1—0,2—10,3—20,4—30,5—40, 6 —50.

TePb MOXET OBITH OOBSICHEHO BIIMSIHUEM HECKOIBKUX
¢dakTOpOB, TaKMX KaK 3PP eKT noasaspuzanum Makc-
Beita—Baruepa—Cuapca 1 IIpOBOOUMOCTBIO IJISI
nocTosiHHoro Toka [31, 32]. Ipyrum cioBaMu, HU3-
KOYACTOTHBIE SIBJICHUS TIPEACTABIISIIOT OO0 KOMOU -
HaLUIO MEIJIEHHOMN AM3JIEKTPUUECKON NUCIEPCUU C
penakcanmei IpoBOAMMOCTH, KOTOpasi B OCHOBHOM
omnpenensieTcsl IBMXKECHUEM HEKOMIICHCUPOBAHHBIX
3apsIoB, PACIIOJIOXKEHHBIX Ha TIpaHMIAX paszieiia
da3. Mexda3zHbIMU CTPYKTYpaMU B JAHHBIX KOMITO3U-
Tax MOTYT BBICTYyNaThb TpaHUIIbI pa3aena a3 Ionu-
Mep/HaIoJIHUTEIb; TPaHULIbI, pa3aessiolnie aMopd-
HYIO ¥ KPUCTAJUTMYECKYIO (ha3bl MaTpulibl DBA 1 rpa-
HULIBI ~ pas3fea  IOJIMMEP/BO3MYX,  SIBJISFOLIMECS
CJISACTBUEM BO3HUKHOBEHUSI TTOPUCTOCTU. TakuM 00-
pa3oM, B HU3KOYACTOTHOI 00JIACTU Ha JAU3JIEKTpUYe-
CKHE CBOICTBa OKa3bIBAIOT BJIMSIHUE MpPUPOIA, CO-
CTaB M Ka4yeCTBO pacHpeaeIeHST HAallOJTHUTEIS.

3HayeHus1 MPOBOIUMOCTH KOMITO3UTOB YBEIUY M-
BarOTCS MMPUMEPHO Ha OIUH MOPSIIOK KaK B BBICOKO-
YacTOTHOI, TaK U B HU3KOYACTOTHOM OOJIACTSIX TIO
CpaBHEHUIO C YMCTOI MaTtpulieiit DBA, u cHIXXaroTCs
MPU YMEHbIIEHUN YacCTOTbl BHEIIHEro 3JIEKTpUuue-
ckoro 1o (puc. 4). UckmodeHneM sSIBJISIeTCS KOMIIO-
3UT ¢ MaKCUMaJTbHOU mojieit HarmomauTenst 50 06.%,
IS KOTOPOTo HAOJI0AI0TCsl CTaOMIbHBIE 3HAYSHUS
MPOBOIMUMOCTH G, = 1.35 - 1077 Cwm - cMm~! Ha wacTo-
tax <1 kI. M3-3a penakcaluuy NpoBOAMMOCTU JaH-
HBI KOMMO3UT TaKXe IeMOHCTPUPYET CaMble€ BBICO-
KHMe HU3KOYACTOTHBIE TUBJIEKTprUUecKre morepu. Ha
yactoTax >1 kIl 3aBUCUMOCTb 3JE€KTPOINPOBOIHO-
CTU TIEPEMEHHOTO TOKA OT YacCTOThl ONMHAKOBA JJIs
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Puc. 4. YacToTHBIE 3aBUCUMOCTU IIPOBOIUMOCTH KOMITO-
3utoB KCoTO(H)/9BA c paznnyHbIiM 00bEMHBIM COAEP-
XKaHMeEM HarojHuTes, 00.%: 1 — 0, 2 — 10, 3 — 20, 4 —
30, 5 — 40, 6 — 50.

BCEX KOMITO3UTOB. KpoMe Toro, mist BceX KOMITO3U-
TOB Ha yactoTax >1 kI IpoBOIMMOCTE PE3KO BO3-
pacTaeT ¢ yBeJIMUEeHHE YaCTOThI B COOTBETCTBUM C 3a-
KoHowM /JIzxoHrepa [33, 34].

3. 3AK/ITIOYEHUE

IMonumep-MaTpUUHBIE KOMIIO3UTHI Ha OCHOBE
noymMepHoit Martpuusl DBA ¢ 10, 20, 30, 40 n
50 06.% no6GaBKM TUTAaHATA Kajausl, JOMUPOBAHHOTO
KOOAJIbTOM, C FOJUTAHAUTOIIOH00HOM CTPYKTYPO U3~
TOTOBJICHBI MYTEM CMEIICHUS IIOIUMEPHOIO PaCTBO-
pa ¥ AUCIIepCUU HAMIOJIHUTEISI B TOJIyOJjie, BAKYYMHOTO
BBICYIIIMBaHUSI U TOpsiYero mnpeccoBaHus. Kepamuue-
CKUI1 HAMTOJTHUTEIb CUHTE3UPOBAH 110 YHUKAJILHO pac-
TBOPHOIM TEXHOJIOTUH, OCHOBAaHHOI HA UCITOJIb30BAHUI
B Ka4eCTBE MMPEKYPCOPOB PEHTIeHOaMOP(HOTO IMOJIUTH -
taHata kanust K,O - nTiO, (n =4.3) u BogHOrO pactBopa
CoSO, - 7H,0. Crpykrypa KoOajIbTCOIEpXKallero
TOJUTAaHAWTA, IOATBEPXKISHHAsSI METOJOM PEHTTEHOB-
ckoro ¢a3zoBoro aHammza, chopMuUpoBanach B pe-
3yJIbTaTe TeMIiepaTypHoit o6padorku mpu 900 °C mo-
InUIUPOBAHHOIO NOJUTUTaHaTa Kaiaust. CTepxXHe-
BUAHAss MOPMOJIOTUS U pa3Mep YaCTULL HATIOJTHUTEJIS
(He OoJsiee 3 MKM B IUIMHY 1 1 MKM B TOJILIIMHY) Olle-
HEHBI TT0 CKaHUPYIOIIEH SJIEKTPOHHOM MUKPOHOTO-
rpaduM C IIeJbI0 MTPOTHO3NPOBaHUS 3PPHEKTUBHO-
CTU €ro pacIipelelieHus] B IOJIMMEPHOI MaTpulie.
ITokazaHo BnusIHME ABYX (PAaKTOPOB Ha U3MCHEHHE
IUBJIEKTPUIECKUX CBONCTB (IU3JEKTPUYECKOM TIpO-
HUIIAeMOCTH, TaHTeHCca yrjia TU3JCKTPUIYECKHUX TO-
Tepb ¥ MPOBOAVMMOCTH) MOJIMMEP-MATPUIHBIX KOM-
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MO3UTOB, a UMeHHO — KoHueHTpauuu KColTO(H) u
YaCTOThI. YBeIMUeHUE 0ObEMHOM JOJIN HATIOJTHUTE -
s 1o 50 06.% B cocTaBe KOMITO3UTOB Ha OCHOBE
DBA npuBOIUT K pOCTy € 10 132, tg & no 2.21, ¢ 1o
1.35- 107 Cm - ecm~ ' na f= 1 x['u u € mo 21, tgd no
021,010 1.15- 10> Cm - cm~ ' Haf= 1 MI.
HccnenoBanne BHITIONIHEHO TIpu (MHAHCOBO

noagepxke PoccuiicKkuM HaydHBIM (DOHIOM, TPAHT
Ne 19-73-10133, https://rscf.ru/en/project/19-73-10133/.
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