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B pabote meronom PCA, COM, mbe3037IeKTPUIECKOTO BUOpAaTOpa M MCCIEJOBAHUSIMI MEXaHUIECKAX CBOMCTB
U3y4YeH MPOIECC CTPYKTypooOpa3oBaHus KepaMmudeckoi cuctembl Y SZ-Al,Os u u3ydyeHa ee paaualdOHHAs CTOM-
KOCTb TIpY OOJIy4eHHH TIPOTOHAMHU ¢ dHeprueii 2 MaB u no30i 1-10'7 non/cm?. Y cTanoBIEHO 06pa3zoBaHue KOMIIO-
3UTHOM CTPYKTYpBI B BU/Ie MaTpHLibl U3 t-ZrO; u BrintoueHnid Al,O3 MccnenoBanne MEXaHUUECKUX CBOMCTB ITOKA3aJI0
WX HEMOHOTOHHOCTB OT KOHIICHTPAIMX OKCHA aJTFOMHUHHUSI, POCT IOPUCTOCTH U CHIDKEHUE XapaKTEPUCTHK P 00ITy-
yeHuu. [Ipu 3ToM 00HapykeH POCT CKOPOCTH aKyCTHYECKON BOJIHBI B HCCIIETyEMBIX 00pa3Iiax Mmocie 00IydeHHs.
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In this work, the structure formation of the YSZ-Al:Os ceramic system and its radiation resistance under proton
irradiation with an energy of 2 MeV and a dose of 1x10' ions/cm? were studied using X-ray diffraction (XRD),
scanning electron microscopy (SEM), piezoelectric vibrator measurements, and mechanical property investigations.
The formation of a composite structure consisting of a t-ZrO- matrix with Al.Os inclusions was confirmed. The study
of mechanical properties revealed their non-monotonic dependence on aluminum oxide concentration, as well as an
increase in porosity and degradation of properties under irradiation. Additionally, an increase in the speed of acoustic
waves was observed in the irradiated samples.
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Beenenue Marepuana, ero NpoOYHOCTbh, & TAKXKE €ro TBEp-
JlerupoBanue, Kak crmocod MOAEpHHU3AIUN nocth [1]. HobaBka SiO2 B aHATOTHYHOU CH-
CTPYKTYpPbI OKCUJHBIX MaTEPHUAJIOB, B YACTHO- cTeMe, coriacHo (a3oBoil AMarpaMMe U dKcC-
CTH OKCHJIHBIX CHCTEM Ha OCHOBE JIMOKCH]IA MEPUMEHTATBHBIM (PaKTam, IPUBOTUT K 00pa-
LUPKOHHUSA, W3BECTHO JOCTATOYHO LIMPOKO. 30BaHUIO TaK HA3bIBA€MOW THOPUAHON KOM-
JlaHHBIN TIpUEM TO3BOJIIET MOJTy4aTh HOBBIC MMOHEHTHI B KEPAMHUECKOU MaTpUIIE — OPTOCH-
CTPYKTYpPhl M COBEPIIEHCTBOBaTh CBOMCTBA JMKaTa UUPKOHUS [2]. DOTW BKIIOYEHUS,
KepaMuk Ha ocHoBe ZrO2. K npumepy, nono:i- BBUJIy MX YaCTHUYHOW KOTE€PEHTHOCTH C pe-
HUTEJNbHOE JIETUPOBAHHE OKCUAAMU TaHUS meTko# t-ZrO2, co34at0T Mo CKUMAKOIINX
YaCTUYHO CTaOMIM3UPOBAHHOTO UTTPHUEM JH- HaIpsOKEHUH, TPUBOASIIUX K BO3pACTaHHUIO
OKCHJIa IIUPKOHUS MPUBOAUT K 0Opa30BaHUIO YIOPYTUX U IPOYHOCTHBIX CBOMCTB B CPETHEM
TBepAOro pactBopa Zr-Hf, uto B cBolO ode- Ha 25%. JloGaBKka OKCHaa aTIOMUHUS B MaT-
pelp CYLIECTBEHHO YBEJIMYHUBAET INIOTHOCTH pHILY U3 JUOKCH]Ia IUPKOHUS TpaHchopmu-
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PYIOT CTPYKTYpPY MaTepraia B KOMITO3UT, IS
KOTOPOTO XapakTepHO MAHCIEPCHBIA Mexa-
HU3M ynpouHeHus [3].

B 37T0i1 cBsI31, BBI3BIBAET HHTEPEC UCCIIEO0-
BaHUE JISTHPOBAHMS KaK METO/1a TIOBBIIIICHUS
pavallMOHHON YCTOMYUBOCTH AUOKCU LIUP-
KOHHEBOU KepaMuku. B pabdote [4] uccnemno-
Banack cucrema ZrO2 — SiO2 Ha npeaMer ee
YCTOWYMBOCTH K 0OTYUEHHUIO TIOTOKOM MPOTO-
HOB. ABTOpaMH YCTAHOBJIEHO [5], 4TO B pe-
3yJbTaTe OONydeHHUs CHWXKAeTcs oOmias Je-
(EeKTHOCTh CHUCTEMBbI, BBHUAY aHHUTHIALUU
UMEIOIUXCS 1e(heKTOB U BHOBb 00pa3yIOIIu-
mucs. [Ipu 3TOM Bo3pacTaeT mopucTocTs Ma-
Tepuana.

Ilenbto Hacrosiel paboOThHI ABISETCS HC-
cienoBanue cucrteMbl ZrO2-Y203-Al203 Ha
peIMeT ee YCTOMYUBOCTU K OOIYUYEHHIO TO-
TOKOM MPOTOHOB ¥ M3MEHEHHIO (PU3UUECKUX
CBOWCTB.

Matepuajibl M MeTOIbI HCCJIEAOBAHUS

ITopomiku [u1si HUcCAENOBaHUS IMOIYy4ald
METOJIOM XMMHYECKOIO OCaXKJIEHUs M3 pac-
TBOPOB  COJIEH OKCUXJIOPHJA LHUPKOHHUSA
(ZrOClL2 x 8H20) u a30THOKHUCIIOTO UTTPUS
(Y(NO3)3) u xnopuna amomuaus (AlCl3) npu
KOMHaTHOU Temmeparype. Kpucrammuzaiuio
MOPOILKOB OCYIIECTBISUIM HAa BO3AYXE, IpHU
temriepatype 1000°C B Teuenuwe 2 h. Ilo-
POILIKHM KOMIIAKTHPOBAIU IMyTeM (OPMOBAHUS
B CTaJbHBIX Mpecc-hopmax ¢ Harpy3kor 50
MPa u nanbHeimel 00pabOTKONW BBICOKMM
ruapocratudeckum aasinenuem (BI'Jl) Benu-
yuHoit 400 MPa. Cunre3 kepamHKH OCY-
HIECTBIISUIN MyTEM CIEKaHUSI KOMITAKTOB MpHU
temneparype 1500°C c Beiepkkoit 1 h. Ha
BO3/yXe€.

B nanHOl paboTe ucciaeaoBaluCh Kepa-
MHUKa TUOKCH/Ia IUPKOHHUS, CTAOMIN3UPOBAH-
Hast 3 moit. % okcuna uttpus (ZrO2+ 3 Mo %
Y203, (YSZ)), NONOTHUTENHHO JIETHPOBaH-
Hast okcusioM amomMuaus (YSZ+ n Al1203, roe
n=1,2,3,5,10, 15 Bec.%). O6my4uenue mo-
JYy4YEHHBIX KEpaMUK IPOBOAMIIOCH Ha 3JIEK-
TpocTaTHdeckoM yckopurene OI'-5. Mom-
HOCTh 10361 (Dp) cocrapnsana 1:10'7 en/em? ¢
sHeprueit 2 MaB.

UccnenoBanust mpoOBOIUINCH C MIPUMEHE-
HUEM CTPYKTYPHO-UyBCTBUTEIBHBIX METOOB
takux kak POA, PCA, COM, meTon mbe3o-
ANEKTPUYECKOr0 BHOpaTOpa U UCCIIEOBAHHE
(U3UKO-MEXaHUYECKUX CBOUCTB.

Pe3yabTaTsl uccie0BaHUA

Ha puc. 1 npuBeneHa 3aBUCUMOCTD IUIOT-
HOCTU KEPAMMKH OT KOHLIEHTpALUU OKCUAA
AIIOMHUHMS 10 U Tiocie obnyuenus. U3 puc. 1
BUJHO, YTO IUIOTHOCTh MOHOTOHHO CHHXa-
€TCsl ¢ POCTOM KOHIIGHTpAIH JIETUPYIOIEeH
npumecH. IIpu sToM, nocne obiydyeHus nas-
Hasl XapaKTepUCTHKa ellle HUXKE, BBUY pOCTa
MIOPUCTOCTH TPU B3aUMOJIECHCTBUM IOTOKA
IIPOTOHOB C MaTePUATIOM.
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Puc. 1. 3aBHCHMOCTB MIIOTHOCTH KEPAMHUKH OT KOHIICH-
TpaLUK OKCHJIA AIFOMHUHUS 10 (YepHbIi) 1 mocne(kpac-
HBII) 00JTy4eHUS
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Puc. 2. 3aBUCHUMOCTb CKOPOCTH 3ByKa B KEpPaMHUKE OT
KOHILIEHTPALIMK OKCHJIa AJIFOMHUHUS 10 (YepHBIH) U 1o-
cie(KpacHbIi) 00ITydeHnst

Ha puc. 2 npuBeieHbI 3aBUCUMOCTH CKOPO-
CTH 3ByKa B MaTepuaje OT KOHLIEHTPALUH Je-
rupymouei npumecu. Bunno, uro nocie o0-
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JTy4eHHUsl B MCCIEIyeMbIX CHCTEMax BO3pac-
TaeT NPUMEPHO Ha 5 % CKOPOCTh pacrpocTpa-
HEHHsI aKyCTUYECKOU BOJIHBL. BeposTHo, nan-
HbI 3 dexT o0ycrnoBleH CHIKEHHUEM e-
(EeKTHOCTH B MaTepHaje BBUIY aHHUTHIISIIIH
uMeroImuxcs  1eeKkToB, 00pazyOMIUMUCST
yYCTOMUYMBBIMU ITapaMu DpeHKers.

[Ipu 3TOM CiieryeT OTMETUTh, UTO 3aBUCH-
MocTh Moaynb FOHra ot nerupytromeit npu-
MeCH UMEeEeT MHOM BU]I, U IPE/ICTaBIIEH Ha PUC.
3. He nabmoaercs CyliecTBEHHON pa3HUILIBI
B 3aBUCHUMOCTH MOJYJI YNPYIOCTH OT KOH-
HeHTpanuu mocie obmydyeHus. Ilockombky
Moy FOHra npsimo nponopuuoHasieH miot-
HOCTH U CKOPOCTH 3BYKa, TO POCT IIOPUCTOCTH
U BO3paCTaHME CKOPOCTU aKyCTUYECKOH
BOJIHBI KOMIIEHCUPYIOT IpYyT ApyTra.
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Puc. 3. 3aBucumocts Moyt FOHra kepaMuku OT KOH-
LEHTPAIlMH OKCHJA ATIOMUHHA 10 (YepHbIiT) n mocie
(xpacHbIit) 0OIydCHUSA

3akiaoveHue

HccnenoBan mporecc CTpyKTypo-o0pa3o-
BAHUSI KEPAMUYECKOM OKCHUIHOM CHUCTEMBI
Z1r02-Y203-Al203. YcTaHoBieHo, 4To npu 00-
JYyYCHUU B MaTepHale BO3PACTACT U yBEIINYH-
BaeTcs mopucrocts. Ilpu 3TOM CKOPOCTH
3ByKa B 00JIyUeHHOM MaTepHalie BbIILIE.

VccnenoBanust BBIOJHEHBI MpPU  TOJ-
nepxxkke PH®, rpanr Ne 24-72-10072,
https://rscf.ru/project/24-72-10072/.
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