®Di3uKa BUCOKOTEMIIEPATYPHOI MiLIHOCTi ADMOBAHHUX KepaMiYHMX MaTepiajiiB crneniajabHOro,
(pyHKIIOHAJIBLHOIO i 0ioMeIMYHOr0 NPU3HAYCHHS

Pu3uKa BLICOKOTEMIIEPATYPHOI NPOYHOCTH APMUPOBAHHBIX KEPAMHYECKHX MATEPHAJIOB
CHeHATbHOr0, PYHKIHOHAJIBLHOTO U 0MOMEIMIIMHCKOI0 HA3HAYCH U

Physics of high-temperature strength of reinforced ceramic materials of special, functional and
biomedical purposes

1. Homep aep:kaBHoi peecTpanii Temu - 0116U003737
2. Haykoswuii kepiBHUK — K.T.H., 1011. boromon 10.1., Boromo: F0.U., Bogomol lu.l.

3. CyTb po3po0Ku, OCHOBHI pe3yJibTaTH.
(Yxp.)

BcraHOBI€HO OCHOBHI  3aKOHOMIpHOCTI  (Di3MYHOT MPHUPOIU  MILHOCTI  CIIPSIMOBAHO
3aKpUCTaTi30BaHuX eBTeKTHYHHX ciutaBiB (LaBg—MeB,;, B;C-MeB,, Ti-TiB, Mo-Si-B, Tomo)
[UIXOM CHUCTEMHHUX JOCIHi)KEHb BIUIMBY MPHPOIU MATPUYHOI Ta apMyrodoi (a3, iX CTPYKTypHO-
T€OMETPUYHUX XAPAKTEPUCTUK Ta HAMPYKEHO-Ie(OPMOBAHOIO CTaHYy Ha TeMIIEpaTypHY 3al€KHICTh
MEXaHIYHUX XapaKTEePUCTHK KOMIO3MLIHHMX MarepiaiiB. Ha OCHOBI eKCHepMMEHTaIbHHX TaHHUX
MpoaHaTi30BaHO €(heKTUBHY €HEprilo aKTHUBAllii 3apOKEHHS 1 pOCTY BKIIOUEHb apMyrouoi (a3u mpu
KpHUCTadi3amii eBTEeKTHYHHX CIUIABIiB KBa3iOiHApHMX OOpHUIHMX, KapOiAHUX 1 OKCHIHHX CHCTEM.
JloBenieHo, 110 KOHIIEHTpAlliifHa CKJIaJ0Ba MEPEeOXO0JIOIKEHHSI Mae HAOUTBIINI BIUIUB HA 3apPOKEHHS
1 pict ga3 B EBTEKTHYHUX CIUIaBaX JOCIIDKEHUX CHCTEM. BCTAaHOBIICHO MEXaHI3MH 3MIilHCHHS
CIIPAMOBAHO aPMOBAHUX KOMIIO3UTIB B IIMPOKOMY iHTEpBaIli TeMeparyp — Bix kiMuaraoi 1o 2000 °C.
JloBeieHO, IO TPOBEAEHHS J0JAaTKOBOI TEPMIYHOI OOpPOOKH apMOBaHMX KepaMiyHUX KOMIIO3UTIB
CHpUs€ 3HUKCHHIO BETMYMHU BHYTPIIIHIX HANPYXEHb 1, K HACIIIOK, MiJBUIIECHHIO X MEXaHIYHHX
xapakTepucTuk. lloka3aHo, IO MIIHICTh HAa 3rMH CHPSMOBAHO 3aKPUCTATI30BAHUX EBTEKTHYHUX
CIUIaBIB HEMOHOTOHHO 3MIHIOETBCS MO Mipi 3pOCTaHHS TeMIlepaTypu BUIIPOOyBaHb B IHTepBami 25-
2000 °C. BcTaHOBIEHO, IO MiJABUINEHHS MIIIHOCTI TAKMX KOMIIO3HMTIB Y BHCOKOTEMIIEPATYPHOMY
iHTepBalli 00yMOBIIEHE 3MIHAMU Y HAMpYy>KEeHO-Ae()OPMOBAHOMY CTaHi, 3pOCTAHHSAM ILIACTUYHOCTI
($a30BUX CKIAJAOBUX MO Mipi 301JbIIEHHS TEMIIEpaTypd BHUIIPOOYBaHb Ta peallizalliel0 MEXaHi3MiB
3epHOrpaHMYHOrO (Ha MOBEPXHI pO3JLTY apMyrouu ¢aza - MaTpuist) Ta AedopMaliifHOro 3MilfHEHHs
MOHOKPHCTaJIIYHUX BOJIOKOH AUOOPUIIB MepexiqHIX MeTaliB. Po3po0ieH1 HOBI CIIpsIMOBaHO apMOBaH1
komnosutu B cuctemi B4C-TiB,-SiC, minmictes Ha 3run sxkux mpu 2000 °C mocsarae 370 MIla.
OpnepsxaHi Matepiall MOXYTh OyTH YCHIIIHO 3aCTOCOBaHI IS CIEHIaJbHOTO, (YHKIIIOHAJTBHOTO 1
010MeMYHOTO MPU3HAUCHHSI.

(poc.)

YcTaHOBNEHBI OCHOBHBIE 3aKOHOMEPHOCTH (U3NYECKOW MPUPOJBI MPOYHOCTH HAIMPABICHHO
3aKpUCTAUTN3UPOBAHHBIX 3BTeKTHYeCKHX ciutaBoB (LaBg—MeB,, B,C-MeB,, Ti-TiB, Mo-Si-B u 1.1.)
MyTeM CHCTEMHBIX HCCIEIOBAaHUN BIUSHUS TMPHUPOABI MaTPUYHOW H apMmupyromed a3, wux
CTPYKTYPHO-T€OMETPHUYECKHAX XapaKTEPHCTUK W HANpPsHKEHHO-IeOPMHUPOBAHHOTO COCTOSIHHAS Ha
TEMIIEPATYPHYIO 3aBUCUMOCTh MEXAHUYECKUX XapaKTEPUCTUK KOMITO3UIIMOHHBIX MarepuaioB. Ha
OCHOBE OKCIIEPHMEHTAJIFHBIX JAaHHBIX MpoaHadu3upoBaHa dS(QexkTrBHas HHEPrus AaKTHBALUU
3apOKIEHUS M POCTa BKIIOYEHHUI apMuUpyromei (aspl mpu KpUCTAIU3AUN IBTEKTUYECKUX CIUIaBOB
KBa3MOWHApHUX OOPUIHBIX, KapOWJHBIX M OKCHIHBIX CHUCTeM. Jl0OKa3aHO, YTO KOHIIEHTPAIMOHHAs
COCTABIISIIONIAs] TEPEOXJIAXKICHUS MMeeT HauOoJblllee BIMSHME Ha 3apoXKAeHHe U pocT (a3 B
IBTEKTHUECKUX CIUIaBaX HCCICJOBAHHBIX CHCTEM. YCTAHOBJICHBI MEXaHW3MBI  YIPOYHEHHS
HaIMpaBJIEHHO apMHUPOBAHHBIX KOMIIO3UTOB B IIMPOKOM HHTEPBAJIE TeMIEpaTyp — OT KOMHATHOH 10
2000 °C. Jloxa3aHO, 4TO MPOBEACHHUE IOMOJHUTEIBHOM TEPMHUECKOH OOpabOTKHM apMHUPOBAHHBIX
KepaMUYEeCKHX KOMITO3UTOB CIOCOOCTBYET CHIDKEHUIO BEMYHHBI BHYTPEHHUX HAINPSOKEHWHA M, KaK
CIIEJICTBUE, TOBBIIICHUIO UX MEXaHMYECKHX XapakTepucTuk. [lokazaHo, 4TO MPOYHOCTH HA H3TUO
HANPaBJICHHO 3aKPUCTAUTU3UPOBAHHBIX IBTEKTUYECKHX CIIABOB HEMOHOTOHHO MEHSETCS M0 Mepe
pocTta Temneparypsl ucnbiTanuii B uatepBaie 25-2000 °C. YcraHOBIEHO, YTO MOBBIIIEHUE POYHOCTH
TaKWX KOMITIO3UTOB B BBEICOKOTEMIIEPATyPHOM WHTEpBaie 00YCIOBICHO U3MEHEHHUSMHU B HANPSHKEHHO-
n1e(GOpMUPOBAHHOM COCTOSIHUHM, POCTOM IUIACTHYHOCTHU (ha30BBIX COCTABIISIONIMX [0 MEPE YBETUUYECHUS



TEMITepaTyphl UCTIBITAHUN W peau3alieil MeXaHu3MOB 3€pHOTPAHUYHOTO (Ha MMOBEPXHOCTH pazjelia
apmupytomas ¢aza - MaTpuia) U 1epOpPMALUOHHOTO YIPOYHEHHUS MOHOKPUCTAIUIMYECKUX BOJIOKOH
TUOOPHUIOB MEPEXOIHBIX METaIOB. Pa3paboTaHbl HOBBIC HAMPABICHO apMUPOBAHHBIE KOMITO3UTHI B
cucreme B4C-TiB,-SIC, npounocts Ha u3ru0 koropeix mpu 2000 °C pgocturaer 370 MIla.
HOJ’Iy‘leHHI)Ie MaTcpurajibl MOTYT OLITH YCIICIHO MPUMEHCHEI IJIs1 CIICHHUAJIbHOIO, (bYHKI_II/IOHaJ'II)HOFO u
6I/IOMCI[I/II_II/IHCKOF0 Ha3HaA4YCHUAA.

(anra.)

The basic regularities of the physical nature of strength of directionally solidified eutectic alloys
(LaBs-MeB,, B4C-MeB,, Ti-TiB, Mo-Si-B, etc.) have been defined by systematic studies of the
influence of the nature of the matrix and reinforcing phases, their structural-geometric characteristics,
and stress-strain state on the temperature dependence of mechanical characteristics of composite
materials. The effective activation energy of the nucleation and growth of inclusions of the reinforcing
phase during the crystallization of eutectic alloys of quasibinary boride, carbide and oxide systems is
analyzed on the base of experimental data. It has been proved that the concentration component of
supercooling has the greatest influence on the nucleation and growth of phases in eutectic alloys of the
studied systems. The strengthening mechanisms of directionally reinforced composites in a wide range
of temperatures - from room to 2000 °C are established. It is proved that carrying out of additional heat
treatment of reinforced ceramic composites leads to decrease of the value of internal stresses and,
consequently, increase their mechanical characteristics. It is shown that the bending strength of
directionally solidified eutectic alloys does not change monotonically with increasing of the testing
temperature in the range of 25-2000 °C. It was established that the increase of the strength of such
composites in the high-temperature interval is due to the growth of the plasticity of the phase
components as the testing temperature is increased and the mechanism of grain boundary (on the
interface of the reinforcing phase - matrix) and the strain hardening of the monocrystalline fibers of
transition metals diborides. The new directionally reinforced composites are developed in the system
B4C-TiB,-SiC, bending strength of which at 2000 °C reaches 370 MPa. The obtained materials can be
successfully applied for special, functional and biomedical purposes.
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