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PE®EPAT

Po6ota Bmimye: ctop. — 136, puc. — 62, Tadn. — 15, mit. — 105.

VY paHiii poOOTI BUKIAAEHO OIVISII CY4YacHOrO CTaHy Teopii 1 TEXHOJOrii
OTPUMAHHSI CHOPSIMOBAHO 3aKPUCTANI30BAHUX EBTEKTMUHHMX CIUIAaBIB Ha OCHOBI
KapOixy 6opy.

O0’€eKTOM IOCHIIKEHHS B AUCEPTAIlIi € CIPSIMOBAHO 3aKPUCTaJI30BaH1 CIUIaBU
Ha OCHOBI Kap0iny 6opy, a came B,C-NbB,-SiC ta B4C-TaB,-SiC.

MeToro poOOTH € JOCHIIKEHHS CTPYKTYPHU Ta MEXaHIYHHUX BJIACTHBOCTCH
CBTEKTHYHUX CIUIaBiB HA OCHOBI OE3KMCHEBMX TYrOIUIABKHUX CIIOJIYK TIpH
CHpSIMOBaHIN KpHCTaTi3allii, METOJIOM OE3TUTelIbHOI 30HHOI IIJIaBKHM HECIICUCHUX
TIOPOIIIKOBUX MPECOBOK.

MeToau JOCHIIKESHHS

— wMeTajorpadiuHui aHai3 (ONTHYHA MIKPOCKOITIA);

— pacTpoBa eJIeKTPOHHA MIKPOCKOTMI;

PEHTIeHIBChKHM (ha30BUM aHaI3;

JIOCIIKEHHS MEXAHIYHUX BJIACTUBOCTEN;,

JOCIIJPKEHHSI CTPYKTYPH 3pa3KiB ITiCJIsI BUTIPOOYBaHb Ha 3THH.

Metogom ©6e3TuUrenbHOT 30HHOI IIaBKH OYyJI0 OJIEpXKAaHO CIPSAMOBAHO
3akpucTaiizoBadi kommo3utu cucreM 32B4C-30NbB,-38SiC Tta 27B4C-26TaB,-
47SIC. JlochipkeHHST MIKPOCTPYKTYPH IUIABJICHHX KOMIIO3HMTIB JaHWX CHCTEM
MOKa3aJ10 HAsBHICTh KPYIMHO3epHHUCTOI aBO(Da3Hoi eBTekTnkH NbB,-SIC (TaB,-SiC),
npioHo3epuucToi Tprdasnoi ebrekTrku B4C-NbB,-SiC (B4C-TaB,-SiC) ta Benmukux
neaaputiB SiC. MIKpOCTPYKTYypH KOMIIO3UTIB TPEICTABISIOTH COOOI0 MATPHIIO 3
KapOimy OOpy TEeMHO-CIpOTO KOJBOPY 3 BKIIOUEHHSMH KapOimy KpeMHIiIo ciporo
KOIpOpy 1 cBiTIuX (a3 aubopuay HIOOII0 Ta AUOOPUAY TaHTANy pPI3HOI
JMCTIEPCHOCTI.

JlocaimkeHHsT MIKpOMEXaHIYHUX BJIACTHMBOCTEM IOKa3ayio, IO TBEPIICTh 3a
Bikkepcom Ta TpimuHOCTiiKiCTh st komno3uTtiB B4C-NbB,-SiC ta B4,C-TaB,-SiC

3pocTae mpu 30UIbIIEHH] MIBHAKOCTI KpUCTai3allli, Ik B MO3J0BXHbOMY, TaK 1 B
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MONEPEYHOMY JI0 BUPOIIYBaHHS HampsiMKax, 1 ckiaaae, BianosigHo, 30-34 I'Tla Ta
5,5-7 MITa-m*? mis cmaBy B4C-NbB,-SiC Tta 31-35 I'Tla ta 5-7 MITa-mY? TUTS

ciaBy B4C-TaB,-SiC npu nHaBanTa)keHH1 Ha iHgaenTop 9,81 H.

Kmouosi cnosa: CIIPSIMOBAHO 3AKPUCTAJIIBOBAHI CIUIABH,
JIMBOPUJT HIOBIIO, JUBOPUJI TAHTAJIY, KAPBIJI KPEMHIIO, KAPBIJ
BOPY, BE3TUTEJIbHA 30HHA TJIABKA.



ABSTRACT

The work contains: 136 p., 62 fig., 15 tabl., 105 refer.

In this paper, an overview of the current state of the theory and technology of
obtaining directionally crystallized eutectic alloys based on boron carbide is
presented.

The object of research in the dissertation is directionally crystallized alloys
based on boron carbide, namely B,C-NbB,-SiC and B,C-TaB,-SiC.

The aim of the work is to study the structure and mechanical properties of
eutectic alloys based on oxygen-free refractory compounds by the crucible method of
unsintered powder pressings.

Methods:

— metallographic analysis (optical microscopy);

— scanning electron microscopy (SEM);

— X-ray phase analysis;

— study of mechanical properties;

— study the structure of samples after bending tests.

The directionally solidified composites of the systems 32B,C-30NbB,-38SiC
and 27B4C-26TaB,-47SiC were obtained by crucibleless zone melting method. The
study of the microstructure of the melting composites of these systems showed the
presence of a coarse-grained two-phase eutectic NbB,-SiC (TaB,-SiC), a fine-grained
three-phase eutectic B,C-NbB,-SiC (B4C-TaB,-SiC) and large SiC dendrites. The
microstructure of the composites is a matrix of dark-gray boron carbide with the gray
inclusion of silicon carbide and light phases of niobium diboride and tantalum
diboride of varying dispersion.

The study of micromechanical properties showed that the Vickers hardness and
crack resistance for B4C-NbB,-SiC and B,C-TaB,-SiC composites increases with
increasing the crystallization rate, both in the longitudinal and transverse directions,
and is, respectively, 30-34 GPa and 5,5-7 MPa - m"? for the B,C-NbB,-SiC alloy and
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31-35 GPa and 5-7 MPa - m'? for the B,C-TaB,-SiC alloy with a 9.81 N indenter
load.

Key words: DIRECTIONALLY SOLIDIFIED ALLOYS, NIOBIUM
DIBORIDE, TANTALUM DIBORIDE, SILICON CARBIDE, BORON CARBIDE,
CRUCIBLELESS ZONE MELTING.
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BCTYII

bopunu 1 kapOigu, K MpaBWIO, MAKOThb BHUCOKY TBEPIICTb, BIAMIHHY
3HOCOCTIMKICTh Ta BHCOKI TEMIIEpaTypu IUIABJICHHS 3aBISKH iX KOBAJEHTHOMY
3B'13Ky. CripsimoBaHO 3akpuctanizoBaHi eBTekTHuHI (C3E) xommo3utu OOpugHuX Ta
KapOiiHuX (a3 pocaimkyoThes 3 1970-x pokiB B SIKOCTI MiAXOAY AJiA OAEp>KaHHS
MITBHOT ~ KOMITO3UTHOT ~ MIKPOCTPYKTYPH 3  JIOJaTKOBUM  KOHTPOJIEM  HaJ
MIKPOCTPYKTYpor0. 3 TOro yacy Oysa po3po0biieHa Beiauka Kiibkicth C3E kepamiyHux
KOMITO3UTIB, SIKI PO3TISJANMCh SK MOTEHLIWHI MaTeplaid Mg CTPYKTYPHOro 1
(YHKIIIOHATHPHOTO 3aCTOCYBAaHHSI, 3aBISKH 1X YHIKQIBHUM TEPMOCICKTPOMEXaHIYHUM
BJIACTUBOCTSIM.

BinHoBneHHs iHTepecy 3a OCTaHHI KUIbKa JAECATHIITH OYyJ0 3yMOBIEHO,
30KpeMa, TMOoTpedaMH TaKUX KOMIIO3HUTIB [UIsl HAJBHCOKUX TEMIlepaTyp Jis
AaepPOKOCMIYHOT TEXHIKM Ta HU3BKOI HIUIBHICTIO KOMIIO3UTIB JJIi BHUTOTOBJICHHS
OpoHi. [leski cpsiMOBaHO 3aKpHUCTaIi30BaH1 OOpUIHI 1 KapOiHI KOMIIO3UTH MAalOTh
nepeBard y BIIACTUBOCTSIX Ha BIAMIHY B MOHOJITHUX MarepianiB. [lomyk 1
JOCTIPKCHHS] HOBUX EBTEKTUYHHX CHCTEM Ja€ HOBUW TOIMITOBX MJIs PO3BUTKY
TEXHOJIOT1/ MaIIMHOOYIyBaHHs, aBia Ta KOCMIYHOI ramy3i.

Tomy po3po0IIeHHST HOBUX €BTEKTHYHHX KOMITO3UTIB B cuctemi B4C-MeB,-SiC

Ta JOCTIPKEHHA 1X CTPYKTYPH Ta BIACTHUBOCTEH € aKTyalIbHOIO 33a4ero.
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1 JITEPATYPHUMH OI'JISL ]

1.1 IlepcnieKTHBH 3aCTOCYBAHHS KepaMi4YHUX MaTepiaJiiB

B 3B’M3ky 3 ocTaHHIMH po3poOKamH, sSKi 3 SBWIUCH B  00iacTi
BHCOKOTEMIIEPATYPHUX EHEPreTHYHUX Ta aepOKOCMIYHUX TEXHOJOTIH, 3pocTae
IHTEpeC [0 KepaMiyHMX MarepialiB 3 BHUHIATKOBUMH TEPMOMEXAaHIYHUMHU 1
TEPMOCIICKTPUYHUMH  BIIACTUBOCTAMHU. Hampukian, B Haa3BYKOBid  001acTi,
MOIITOBXOM JI0 PO3BHTKY YJIBTPABUCOKOTEMIIEpATYpPHOI KepaMiku Ha OCHOBi OOpHU/IiB
Ta KapOifiB crama motrpeda y (a3oBiii CTaOUILHOCTI, MEXaHIYHIM MIITHOCTI Ta
KOPCTKOCTI, TEPMOCTIMKOCTI y BUCOKOTEMIEPATYPHOMY Ta XIMIYHO arpecUBHOMY
cepenosuini [1-3]. KoBaneHTHuU 3B’ 130K, MPUTAMaHHHI [IUM MaTepiajiam, 3yMOBITIOE
iX BHCOKY TeMIIepaTypy IUIABJICHHS Ta TBEPJICTh, B IMOPIBHSAHHI 3 IHITUMHU KJacaMH
marepianiB. Hampuxian, aubopua uupkoHito (ZrB;) BHKOPHCTOBYEThCS B
aepOKOCMIUHIil IPOMICIIOBOCTI Yepe3 HOro BiXHOCHO HU3bKY IIUIBHICTS (6,09 T/cm),
BHUCOKY MEXaHI4HYy MIIHICTh (TBepaicTh: 22 I'Tla, minnicTs Ha 3ruH: 270-480 MIla)
[4] 1 Bucoky TemmoBy ctabinbHicTh (Temmeparypa muiaBieHus: 3040 °C) [5]. Kpim
TOTO, KapOimu, Taki sSK KapOig BoibhpaMmy, MarOTh JIOCHTh BHUCOKY MIIHICTH 1
3HOCOCTIMKICTh, SKI € HaWBaXXJIUBIIIOK YMOBOK JJIi 3aCTOCYBaHHS iX B SIKOCTI
PIKYUYOro iHCTPYMEHTY Ta OypoBuX jaertaneii [6-8]. OnqHak, sk i y BUnajKy 3 6aratbma
MOHOJIITHUMHU KepaMmikamu, OOpuIu 1 KapOigu CTpakAaroTh BiJ CBOEI BHYTPINIHBOT
KpUXKOCTi. Hampukian, Hu3bKa TPIMIMHOCTIMKICT, aubOopuay IupkoHito (2,4-3,5
MIIa-M"?) 3ymoBitt0€ iforo HU3bKHMIA omip 10 TepMiunux yaapis [1].

Kommosutn mmx xiaciB matepianiB Oynu po3poOieHi st TOKpamieHHS
BJIACTHBOCTEH MIKPOCTPYKTYpH, a came: TpimmHocTiikocTi [9-12]. Tlpuknagom
IILOTO € JOJIaBaHHS TUOOPUY TUTAHY Ta TUOOPUIY NUPKOHIIO 10 KapOily KpeMHIIo
IIUISIXOM CTiKaHHS a00 PEeakIiiHOTO Trapsdoro npecyBaHHs. B pe3ynbTaTi OTpUMyIOTh
komno3uT TiB,-SiC i ZrB,-SiC 3 xpamumM omopom 110 3j1aMy, HiXK Y MOHOJITHUX
SiC [9,10]. Kpim Toro, SiC momarots g0 WC nuisxoM rapsdoro mpecyBaHHS IS
ytBOopenHs kommno3uty WC-SiC. B pe3ynbTaTi OTpUMYIOTH KpaIly TPITUHOCTINKICTH

Ta chikaemicth, HbK y MoHomiTHHX WC [11,12]. Opnak, crmikaHHS Ta Tapsde
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npecyBanHs komno3uTiB TiB,-SIC, ZrB,-SiC Tta WC-SIC Bumarae BHUCOKOT
temnepatypu (> 1600 °C) [9-12].

[Ile onHUM BapiaHTOM MOKpPAIICHHS KIHETUKHU CHIKAHHS 1 TPIIIMHOCTIMKOCTI €
nonaBaHHs 10 KapOiAiB (Takux gk WC) mertaniB 111 yTBOPEHHSI METaJIO-KapOITHUX
komno3uTiB [13-14]. Komnosutun WC-C0, He3Bakalouu Ha Te, [0 TPIMHOCTIHKICTD
B HHUX 30UIBIIYETHCSA 31 30UIBILICHHSIM BMICTY KOOAQJIbTy, MAalOTh BIAHOCHO HH3BKY
TBEPIICTh, TEPMIYHY CTAOUIBHICT, Ta OMNIp JO OKHUCIEHHS B TMOPIBHSIHHI 3
moHodiTHUMU WC. Kpim TOro, Ha Mexi NOAUTY CHEYEHOTO0 KOMITO3ULIMHOIO
Marepiajy IiJl 4ac MpoIecy CIiKaHHs MOXKHA 3HaiiTH amopdHi pazu. AmopdHi da3u
1 MyCTOTH HAa MEXI1 po3AuLTy (ha3 MOKYTh 3HMUKYBATH MIIHICTh Ha 3TUH MPU BHCOKIN
TEMIIEpaTypi Yepe3 3epHOrpaHUYHE KOB3aHHS B IIUX Micipix [15].

EBTEeKTHYHI KOMIIO3UTH, SIK1 CKJIAJIAIOTHCS 3 IBOX a00 TphoX (a3, GopMyrOThCs
3a iHBapiaHTHUM ()a30BUM MEPETBOPCHHSAM 3 PIIUHH B TBEPJIC TLIO 1 JO3BOJISIOTH IN-
Situ ¢popmMyBaHHS BIOPSAKOBAHUX KOMITO3HUIIIMHUX MIKPOCTPYKTYp. BKitoueHHS, sk
npaBuiao, MawoTh ¢GoOpMy TIUIACTHH ab0o0 CTPWKHIB, B SKHUX CKJIauoBi (a3
TEPMOJAMHAMIYHO cymicHi [16-19].

barato mocnimkeHb 30CEpelKeHO Ha PO3BUTKY Ta OCOOJUBOCTSIX OKCHUIHUX
CIIPSIMOBAHO 3aKPUCTATI30BAHMX CBTEKTUYHHUX CIUIaBax, sAKi OylIM pO3TJSIHYTI B
po6oti [20]. OkcuaHi CpsAMOBaHO 3aKpHCTATI30BaHI €BTEKTHYHI CIUIABU 3a3BHYAi
MarTh BHCOKY TBEPIICTb, BHCOKHH OIIp IMOB3YYOCTi, YYyJAOBY TEPMOCTIMKICTH B
OKHCIIIOBAJILHOMY CEpEJOBUIIl O TeMIepaTyp €BTEKTUYHOrO IepeTBOpeHHs. B
OCTaHHI POKH 3 SBHBCS IHTEpeC 10 OOpPHUAHUX Ta KapOIMHUX CIPSIMOBAHO
3aKPUCTATI30BAaHUX C€BTEKTUYHHUX CIUIABIB 3aBISKH 1X BHINIA TBEPAOCTI Ta BHIIIH
TOYIII TUTABJICHHS B IIUX KJIacax MaTepiaib.

Jlns Garatbox OOpHIHUX Ta KapOiTHUX €BTCKTUYHUX MaTepialiB JOCIIIKEHI
TEPMOMEXaHIYHI Ta TEPMOEIEKTPHUIHI BIacTuBOCTi. B 1979 pori Oyna omyb6nikoBaHa
nepma pobora Mo IbOMY Kiacy warepiamiB [21], B skiii Oyyio JOCTIIKEHO
MIKPOCTPYKTYPY, TBEPIICTh Ta 3HOCOCTIMKICTH CIPSMOBAHO 3aKpPUCTaIi30BaHOIO
cruiaBy B4C-SiC. B poGoti [22] mpencrtaBieHo mepini JOCTIDKEHHS KapOigHO-

OOpHIHUX CHPSIMOBAHO 3aKPHCTAII30BAaHUX CBTCKTHYHHMX CIUIaBiB, Takux sk ZrC-
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ZrB,, ZrC-TiB, i TiC-TiB,. Ha mouatky 2000-X pOKIB PO3BHTOK OOpUIAHMX 1
KapOTHUX CIPSIMOBAHO 3aKPUCTATI30BAHUX €BTEKTHYHHUX CIUIAaBIB 3€0UIbIIOr0 0yi0
30Cepe/KCHO Ha MaTepianax Ha ocHOBI LaBg, Hanpuknan, LaBg-ZrB, ta LaBg-TiB;
[23-26]. Kpim TOrO, Oynm mociijkeHi MaTepiald Ha OCHOBI KapOimy Oopy, Taki sK
B,C-TiB; i B4C-SIC [27, 28], 3 MeTor0 JOCSTHEHHSI KOMOiHaIlil HU3bKOT I'YCTHHU Ta
BUCOKOi TBepaocTi. Jledki 3 ULUX JOCHIIKEHb TMOKa3adh, W0 CHPSIMOBAHO
3aKpUCTATI30BaHl ©BTEKTHYHI KOMIIO3UIIIMHI Marepiaii MOXYTb MaTH Kpally
MEXaHI4Hy, TepMIYHY Ta XIMIYHY CTaOUIbHICTh Ha BIAMIHY BiJ MOHOJITHUX a0o

TPAIUIIHHIX KOMIIO3UTHUX aHaoris [29].

1.2 MeToau kpucTagizanii CPSIMOBAHO 3aKPHUCTAJI30BAHNX eBTEKTHYHHUX

CILIABIB

Sk mokazaHo B morepenHix pobdortax Ta orisgax [19,20,30] ais oxepskaHHs
CBTEKTHYHUX Ta EBTCKTOIMHMX KEpaMIUHMX KOMITO3UTIB BUKOPHCTOBYIOTBHCS Pi3HI
ciocobu. l'osoBHa mnpobOnema Il KapOimiB Ta OOpUIIB — 1€ JyKEe BHCOKI
TeMIIepaTypH eBTeKTUK (repeBakHo Buie 2100 °C) ta HEOOXiTHICTh IHEPTHUX YMOB
00poOKu 17151 3ano0iraHHs okuciaeHHs. KpiM Toro, sk moka3aHo Ha pUCYHKY 1.1, THCK
napu €JIEMEHTIB B OOpPUIHUX Ta KapOITHUX CHOJyKaX PI3KO 3pOCTAE MPU BUCOKUX

TeMIIepaTypax i He MOYKHA ITHOpYBAaTH UM I1ij] yac o0pooku [31, 32].
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Pucynok 1.1 — Tuck napu eneMeHTIB IpHU pI3HUX TEMIIEpaTypax
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BunapoByBaHHs1 MatepialliB MOXK€ TPU3BOJIUTU A0 yTBOpeHHs mop [33], mio
3YMOBJIOE CKJIQIHONIl Yy WIATPUMIN €BTEKTUYHOro ckiuany [34]. Bimemr Toro,
3HETepOBaHMI Map BCEpPerHI KaMEPH MOXKE CIPUYHMHHUTU TETIOBI KOJUBAHHS, K 1€
aocipkeHo 'y pobori [35] Ha chpsMOBaHO 3aKpPHCTATI30BAHOMY EBTEKTUYHOMY
cmuiasi LaBg-ZrB,, sikuit O0yB oTprMaHuii 3a JOTIOMOTOI0 €IEKTPOHHOTO MPOMEHS.

JUis TOCHIKEHHSI HOBHX €BTEKTUYHHMX CHCTEM JOIJIBHO BHKOPHUCTOBYBATH
AYTOBY ITUIaBKYy, OCKUIBKHM €JEKTpHYHA Ayra MOXKe 3a0e3MeUYuTH TeMIIeparypy, o
nepesuiye 3000 °C [36, 37], a inepTHa aTMocdepa 0coOIMBO T00pEe MIAXOAUTH IS
HEOKCHJIHUX  CIPSMOBAHO  3aKPHUCTATi30BAHUX EBTEKTHYHUX  KOMIIO3HMIIIHHUAX
MaTepiaiiB. Xoda B3araji NpoLecC HE € CHpsIMOBaHUM, JIOKaJbHO OpPIEHTOBAaHA
MIKPOCTPYKTYpa BHUPIBHIOETHCS B HANPSMKY IMOIIMPEHHS 130T€PM Ha MEX1 PO3AUTY
MDK TBEpPJOI 1 piakor dazamu, 1 1ed miaxix Moxke OYyTH JOCUTh KOPHUCHHUM IS
pPO3pOOKH HOBUX EBTEKTHYHHMX MaTepiaiiB ad0 padiHyBaHHsS €BTEKTUYHOIO CKIIAIy
[36-38]. CrnpsiMoBany KpHCTai3alifo €BTEKTHK TaK0X OyJO MPOJEMOHCTPOBAHO B
npoIieci IMIa3MOBOr0 PO3MHIICHHS B iHepTHIH atmochepi [39], sxa Moxke Oyth
NOTEHLIMHUM IIIAXOM JJis  IIMPOKOMACIITA0HOTO BUPOOHUIITBA KEpaMIYHHUX
MOPOIIKIB, IO MICTIATh E€BTEKTUYHY CKJIQJOBY B MIKPOCTpYKTypi. HermomaBHo
po3pobJieHa METOAMKA ICKPOBOI'O IJIa3MOBOTO CITIKAHHSI, 110 J03BOJISIE OTPUMYBATH
OUTBIII MIBUIAKOCTI HarpiBaHHsS 1 OUTBII KOPOTKUH Yac BUTPUMKH ITiI 4ac IMPOIECy
CIIIKaHHS 3a JIOMOMOI'OK0 3BHYAHUX METOMIB HarpiBaHHs. [[uM MeTOIOM yCHIITHO
BUTOTOBJICHI eBTeKkTHuHI kommo3utu B4C-NbB, [40] i B4,C-TaB, [41] msaxom
HarpiBaHHS BUIIE €BTEKTUYHUX TEMIIEPATYD.

JIist  MakpOCKOMIYHOTO KOHTPOJIIO TOIIMPEHHS (PpOHTY KpHcTamizallii
3aCTOCOBYIOTHCS MPUMYCOBI MBUAKOCTI 200 METOIM CIIPSIMOBAHO1T KpHUCTai3allii, 1o
MPU3BOATH 10 OJIEPKaHHS BUCOKOOPIEHTOBAHUX MIKPOCTPYKTYP BEIMKUX PO3MIPIB.
Y 1970-x pokax ojepaHHS CHOPSIMOBAHO 3aKPUCTATI30BAaHUX EBTCKTUYHHUX
KOMIIO3UIIMHUX MaTtepialliB, B OCHOBHOMY, 3/1MCHIOBAJIacs 30HHOIO IJIABKOIO (pHC.
1.2) [19] i meromamu bpimkmena [42, 43], ski BUKOPHCTOBYIOTh PE3UCTHUBHI 1

paziodacToTHl Jxepena HarpiBy. Lli Meronu 3a3Buyail 3a0e3neuyroTh MIBUAKICTH
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KpucTanizauii npuOIN3HO KUIbKa CAHTUMETPIB Ha TOJUHY 1 TEMIIEpaTypHUN rpaji€eHT

10° K/cm Ha Mexi po3ziny TBepae Timo-pimuna [20, 27].
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1 — iHnyKTOD; 2 — pe3epBHUM CTPUKEHD; 3 — PO3IUIAB; 4 — MOHOKPUCTAI

Pucynok 1.2 — Cxema 6e3TUTeNIbHOT 30HHOT TIJIABKU

Konextus Jlo6omu II. 1. po3pobuB Meton OGe3TUrenbHOi 30HHOI TUIABKH TIPHU
HA/JIUIIKOBOMY TUCKY refito (> 1 atMm) s 3MEHIIIEHHS OKUCJIEHHS Ta CTpUMaHHS
BUTIAPOBYBAHHS PpO3IUIABICHUX MaTepiaiiB 1 YCHIIIHO BUTOTOBUB CHPSIMOBAHO
3aKpHCTaIi30BaHi €BTEKTUYHI KOMIO3uIiiHI MaTepiaau LaBg-TiB; [24] 1 B,C-MeB,
[28, 44, 45] (Me: Ti, Zr, Hf). Merox 06e3TureapbHOl 30HHOI IUIABKH CXEMAaTHYHO

MpeCTaBIeHUN Ha pUCYHKY 1.3.
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Pucynok 1.3 — Cxema B3I1 HecnieueHHX MOPOIIKOBUX MTPECOBOK
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3a octanHi 15 pokiB, Ja3epHi MPOMEHI, SIKI MOXKYTb (POKYCYBATHCS 10 JYXKE
MaJIeHbKUX (DOKAIBHUX TOUOK a0o0 JIiHIM 3 BUCOKOI 1HTEHCHUBHICTIO MIPOMEHS, Oyiu
BUKOPHUCTAHI SIK JIPKEPEJIO HarpiBaHHs SIK B JIA3€pHIA 30HHIN IUIaBIl, TaK 1 B METOAAX
Ja3epHOi moBepxHEeBO1 00poOku [46, 47]. Sk nmoka3aHo Ha pucyHKy 1.4, reoMmeTpudHa
MoaudiKkallis METOAY Ja3epHOI 30HHOI IJIaBKH 3/1aTHA BUTOTOBIIATU 3pa3Ku y (hopmi
IJIACTHH, JI€ TOBIIMHA MMOBTOPHO 3aKPHUCTAJI30BAHOIO LIAPY 3aJIEKUTh, HacaMIepe,
BiJl MOTY>KHOCTI Ja3epa, MOTJIMHAHHS Marepiany, HIBUIKOCTI CKaHyBaHHS Jja3epa 1
TeroBux rpannyaux ymoB [20, 27]. KepamiuHi mOpomIKH 3a3BHUYail TigpaBIIidyHO
MPECYIOTh B TAOJIETKH 1 Mepe]] Ja3epHOI0 00poOKOIO MOMINIAITh B rpadiTOB1 TUTJIL.
OcCKUTbKHM JIKEpeso Jiazepa Moxe OyTH CHUIIBHO C(OKYCOBaHHUM, BUKOPHUCTOBYIOTH
nasepHi MerToau 3 GimbmkM TemmeparypruM rpagientom (10%-10* K/ewm), Hix y
TPaIUIIHHUX METOMIB (HMKYE 102 K/cm), mo mae 3mory oTrpumaTtd OUIbIT BHCOKI
IIBUJKOCTI OOpOOKHM, Ha BIAMIHY BiJ TPaAWIlIAHOI 30HHOI TIJIaBKH Ta METONIY

Bbpimxmena [20].

napao6oms eifHKes naszepHKiA n

4
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Pucynok 1.4 — Cxema MeTo1y J1la3epHOi 0OpOOKH MOBEPXHIi

31 30UIbLIEHHSM  TEPMIYHOTO  TPAAIEHTy, CTaOUIBHICTb  CYMICHOTO

€BTEKTUYHOTO POCTY 30UIBIIYETHCS A0 OUTBIINX IIBUIKOCTEH KpUcCTaizallii, a BUCOKI
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IIBUJIKOCTI  BUPOIIYBAHHS JAlOTh MOMJIMBICTb BHUTOTOBJISITHU OUIBII  TOHKI
MIKPOCTPYKTYPH.

Xoda TOBIIMHA TMEPEKPUCTATI30BAHOTO IIApy MOXE TEBHOK MIpOIO
KOHTPOJIIOBATHCS TMOTYXKHICTIO Jla3epa, NPOTE JIETIOYICTh Piakoi ¢a3um Moxe
NPU3BECTH JI0 BHYTPINIHBOI MOPUCTOCTI MPU OUIBII BHCOKUX MOTYXHOCTAX [33], sk
e IMoKa3aHo y pobOori [27] Ha mnpukiami CHOpSIMOBAHO 3aKPHUCTAII30BAHOIO
eBTekTHuHOoro craBy B4C-TiB,. BiporigHo, oaHak, O[O0 HAUIMIIKOBUH THCK
IHEpPTHOTO ra3y Moke OyTH BHKOPHUCTAHWHM B CHCTEMax JIa3epHOI KpHCTaji3amil s
3MCHIIICHHS BHYTPIIIHBOI TOPUCTOCTI, SK TIOKAa3aHO Yy BHUPOIIEHUX METOJIOM
Bbpimxmena cucremax [24].

[nma mpoGnema METOAIB JIa3epHOI MOBEPXHEBOI OOpPOOKH, IO BUKIUKAE
0COOJIMBE 3aHETIOKOEHHS y BHIMAJAKy OOpHMJIHUX Ta KapOiTHUX EBTCKTHUK dYepe3 iX
Oy)K€ BHUCOKI €BTCKTHYHI TEMIIEpATypH, II¢ TEHepallil BCIMKUX TEPMIYHHUX
HaIpy>XEeHb BCEpPEIUHI 3pa3ka, M0 MOXE MPU3BECTU 0 TEIUIOBOTO yaapy I 4ac
MOYaTKy TIUIaBJIeHHs abo oxojokeHHs. [liaxim g0 MiHIMI3amli HUX BETUKUX
TEPMIYHUX HAMPYKEHb IMOJISTAE y TOBTOPHOMY BIMANly 3pa3KiB Tak, MI00 Trpagi€HT

TEMIIEPATYPH MDXK MTEPEKPUCTATIZ0BAHUM IIAPOM 1 MIAKIAIKO0 3MEHIITYBaBCS.

1.3 EBTekTMYHMI CKJIA TA MIKPOCTPYKTYpPa OOPMIHUX i KapOigHUX

E€BTCKTHK

3 pO3BUTKOM TEXHOJIOTi O0O0poOkM Oyna BiAKpUTa Ta TIOKa3aHa BeEJIUKa
KUTBKICTh CHPSIMOBAHO 3aKPUCTATI30BAaHUX OOPHIHUX Ta KapOiHUX €BTEKTHMYHUX
KOMITO3UIIIHNX MatepiaiiB. B tabmuii 1.1 HaBeaeHO KOPOTKUN OMUC OOpUIHUX Ta
KapOTHUX €BTEKTUYHUX KOMITO3UIIIMHUX MaTepiamiB, Kl Oy AOCTIIHKEH] A0 IBOTO
qacy.

Bueni 3aiimannch BUBYCHHSM KIHETHKH CIPSIMOBAHOTO POCTY ©BTEKTHKH
nounHatouud 3 1940-x pp. 1 IIMNIIA A0 BUCHOBKY, IO MPU MEXaHI3MI CYMICHOIO
pOCTY Ha MeEXl pO3AULYy TBEpJe TUIO-pIAMHA B PEXUMI PErYJISIPHOIO POCTY

CIIOCTEPIraeThecsi OOMexkeHa nudy3is, TOoMl AK B CUCTEMAax 3 BUCOKMMH E€HTPOIISIMU
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IUTaBJICHHSI MOKE BinOyBaTHCcs HepiBHOMIipHuH pict [17, 18, 19, 57]. Sk nmokazano Ha
pUCYHKY 1.5, TuIIOBa €BTEKTMYHA MIKPOCTPYKTypa OyBae a0o ImiacTMH4Yacra, abo y
BUIJISI/II CTPHOKHIB, 110 0araTo B YOMY BU3HAYa€ThCs BKIAAOM MDXK(a3HOI eHeprii 10

3araJbHO1 BUIBHOI eHeprii cuctemu [18, 19].

a — CTPIKHENO/[10HA MIKPOCTPYKTYpa CIIPSIMOBAHO 3aKPUCTATI30BAHOTO
€BTeKTUYHOTO cIiaBy LaBg-ZrB,; 6 — MikpocTpyKTypa MIacTHHYACTOTO THUITY

CIPSIMOBAHO 3aKPHCTATI30BaHOr0 eBTeKTUYHOrO criaBy B4C-SiC

Pucynok 1.5 — JIBi TunoBi Mopos1orii CpsMOBaHO 3aKPUCTaTi30BaHUX

EBTEKTUYHUX MIKPOCTPYKTYP

Pucynok 1.5 a mokasye CTpWKHENOMIOHY MIKPOCTPYKTYPY CIPSMOBaHO
3aKPHUCTATI30BaHOTO €BTEKTHYHOro cruiaBy LaBg-ZrB; 3 17 06.% apmyrodoi daszum
ZrB, [58]. MikpocTpykTypa CIIpsIMOBAaHO 3aKPHCTATI30BAHOIO €BTEKTUYHOTO CIIABY
B4C-SiC 3 38,7 00.% npyropsanoi ¢as3u (SiC), sika 300pakeHa Ha pUCYHKY 1.5 0,
Ma€ IUIaCTHHYATHH TUI BKIOYCeHH [59]. Sk mokasaHo Ha pucyHky 1.6, mepeTwH
ot Mibk¢a3Hoi TOBEpXHI Ha OJUHHUINO 00'€eMY JIJI ABOX THITIB MIKPOCTPYKTYD, 3a

YMOBH 130TpoIHO1T Mix(ha3Hoi ereprii, ckiaamae 31 % o6’ emHoi qo111 apMyt0doi (asmu.
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Pucynok 1.6 — 3anexHicTb TUIY €BTEKTHUHOI MIKPOCTPYKTYPH OOpHUIIB Ta KapOiAiB

BiJl 00’ €MHOT 10711 apMytouoi da3u

Tabmums 1.1 — EBTeKTHYHI CUCTEMH, TEMIIEPATYPH, CKJIaJ Ta MIKPOCTPYKTYypa

OOpUIHUX 1 KapOITHUX €BTEKTHUK

Temmne- Capsimo-
EBtextnuni | parypa | Ckiam eBTeKTUKH, % BaHa [Tocu-
CUCTEMH eBTCK- (mour.) Moptororia KpHUCTali- | JIaHHA
tiku, °C 3arfis
1 2 3 4 5 6
ZrC-ZrB, |2830+15| 52ZrCgg, 48ZrB; Jlamensipaa T [48]
ZrC-TiB, |2660+40 | 58ZrCqy, 42TiB, Jlamensipaa T [48]
ZrB,-SiC 2297 41.57rB,, 58.5SIC | JlamensipHa H [49]
EuB¢-ZrB; 63EuBg, 37ZrB, CTpmwKeHb T [50]
EuBe-HfB, 79EuBs, 21HfB, CTpmwKeHb T [50]
66LaBg, 34(TixZry.
LaBe- x)B2 CTprKeHb
(TixZr,4)B; 63LaBg,37(TixZr;. CTprKeHb ! [23]
x)B2
LaBe-2rB2 | 54671440 | 68.8LaBs, 31.2Z1B, | Crpmwieb T [51]
LaB,-TiB, 2977 66LaBs, 34TiB, CTprKeHb T [25]
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[Tponowsxenns Tabmmii 1.1

1 2 3 4 5 6
LaBe-HB, | 5547 70LaBs, 30HfB, CTpUKeHb T [25,52]
LaBs- 2160 | 75Mo0B,,, 25LaBg | Crpmkens H [53]

MoB; .,
TiB,-SiC | 2190+40 40TiB,, 60SIC JlamensipHa H [36]
TiB,- 2327~ Jlamensipua/
_ MynbTHCKIaA H [54]
TICXN1 2627 CrpuxeHb
TiCpor-TiB, | 2650+15 | 65TiCq gy, 35TiB, JlamensipHa T [48]
TiC-TiB,- 34TiC, 22TiB,,
_ ) Jlamensipaa H [37]
SiC 44SiC
_ ) Jlamensipua/
B,C-TiB; 2310 75B4C, 25TiB; T [27,28,44]
CtpuxeHb
B,C-SiC 2300 47B,4C, 53SiC JlamensipHa T [21]
B,C-MoB; 30B4C, 70MoB;, | Heperymsipua T [55]
B4C-NbB, 2250 65B,C, 35NbB, CTprKeHb T [40,55]
B,C-TaB, |2370+30 | 67B4C, 33TaB; CTprmKeHb H [41]
B,C-TiB,- 51.2B,C, 8.1TiB,,
_ 2047+20 _ JlamenspHa T [22]
SIC 40.7SIC
WC-W,C
2527 S0WC, 50W,C Jlamensipua T [56]
(eBTEKTOIN)

binbmricte gocmipkeHUX OOpPUAHMX Ta KapOiMHUX TOJBIMHUX EBTECKTUYHUX
cucTeM, sKi 3a3HadyeHi B Tabmumi 1.1, maroTh mepeadadeHy MIKPOCTPYKTYpy Ha
OCHOB1 KpuTepito MixdaszHoi eHeprii. OgHak, peTenbHEe BUBUEHHS aHI3OTPOINii Ha
MeXi po3ainy (a3 Ta KIHSTHKH KpUCTaIi3allii MOSCHIOIOTh BIAXHIICHHS BiJl 00’ €MHOI
ol Ta 3MiHy Mop¢oJiorii 31 30UTBIICHHSM MIBHIKOCTI Kpuctamizamii [19].
Hanpuknan, B eBrektuuHiid cucteMi TiB,-TICyNix 30epiraerbcst cTprkHenomaiOHa

MIKPOCTPYKTYpa, B TOM 4Hac K 00’€MHa 4acTKa AucHepcHOi (a3u cTaHOBUTH 63 %
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[54]. B eBrextuni B4,C-Mo0B; HeperynspHa MiKpOCTpYKTypa Moke OyTH TOB’si3aHa 3
aHizoTponHo0 MikdasHoro enepriero [55]. Kpim Toro, B eBrekTHuHiil cuctemi B4C-
TiB, B 3pa3kax, BUTOTOBJICHHX METOJOM 30HHOI IJIABKU 31 MIBUAKICTIO OOpPOOKH
menmre HiK 0,1 Mm/c, Oyna BUSBICHa CTpHKHENOaiOHA MikpocTpykTypa [28, 59],
OJIHAK, y 3pa3Kax, BATOTOBJICHUX METOJIOM JIa3€pHOi 0OpOOKH 31 HIBUJIKICTIO OOPOOKHU
Ounbine Hix 0,42 MMm/c Oynu 3HalCHI TuIacTUHYACTI MiKpocTpykTypu [60]. OcTanHi
po3poOKKM B MOENIOBaHHI (PAa30BOr0 IMOJS MPOIECIB KpUCTaTi3allii eBTEKTHKU
3a0e3MeuyloTh HOBE, J0JAaTKOBE PO3YMIHHS Mpoliecy BUOOPY 3pa3Ky Ta BaxIJIHBY
poib MibkdaszHoi anizoTpomii [61, 62].

Takox Tabmuis 1.1 Bkimouae B ceOe €BTEKTOIMHMA KEpaMidHHA KOMITO3UT
WC-W,C, sixkuii 0yB mocmimkenuit Uenom ta inmumu [56]. ITig gac cnpsimoBaHOi
KpHUCTaIi3alli 3 po3jiaBy B CUCTEMI BiIOYBAIOTHCS SIK €BTEKTUYHI, TaK 1 €BTEKTOIIHI
NEPETBOPEHHSI Ta cepii TBEpAOTUIBHUX MEpPEeTBOpeHb yepe3 pi3Hi nositunu W,C.
Otpumana eBTekTOiqHA MIKpocTpykTypa WC-W,C, nmokazana Ha pucyHky 1.7, mae
pI3HUH XapakTep, B TOMY YHCJI JIOKAJbHO IUIACTUHYATY MIKPOCTPYKTYpPY, IO

BIJINTOBI1J1a€ MepeadaueHid MIKpOCTPYKTYpI, 110 0a3yeThecsl Ha Mikda3Hil eHeprii.

Pucynok 1.7 — MynsTuMoOnansHa MIiKpOCTpYKTypa eBTekToigHoro cruiasy WC-W,C

OnHiero 3 mepeBar  CHOPSMOBAaHO  3aKPHUCTATI30BaHMX  €BTCKTUYHHX
KOMIO3UIIMHUX MaTepiajiB € Te, [0 PO3MIP MIKPOCTPYKTYPH MOKHA CUCTEMAaTUYHO

KOHTPOJIFOBATH 3a JOMOMOIOI0 IIBUAKOCTI KpHUCTaiizaiii. EMmipuuHa 3alIeKHICTh
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MDK HIBHJKICTIO KpUCTali3allli Ta MIKIUIACTUHYATOK/MI>KBOJIOKOHHOIO BiJICTAHHIO B
CIPSIMOBAHO 3aKPHUCTAII30BAHUX EBTEKTUYHUX CIJIaBaX BUPAKAETHCA PIBHSIHHIM

[19]:

W ORE ¢h (1.1)

ne V — MBUAKICTh KpUCTai3allii;
A — MDKILUTACTHHYATA/BOJIOKOHHA BiJCTAaHb;
K — xoHCTaHTa NponopuiiHOCTI, KA 3aJI€KUTh Bl TEPMOJIUHAMIYHUX

BJIACTHBOCTEH MarTepiaiy Ta FeOMEeTpli 3pa3Ky.

[Tokaznuk 2 Bignosinae 00’ emHid qudy3ii B piakii (aszi nepen MEXero po3auty
TBEpJe TUIO-piAMHA, HEOOXIMHIA JJIs PpO3JAUICHHS PO3YMHY Ta BCTAHOBJICHHS
JokanpHOi piBHOBaru. Ciij 3a3HA4YMTH, 110 BCl €BTEKTHYHI CHUCTEMHU, OTPUMAaHI
IIUISIXOM CIPSIMOBaHO1 KpucTamizamii (tadn. 1.1), MatoTh moka3HUK N = 2. €TUHUM
BUHATKOM € eBTekToigHa cuctreMa WC-W,C, B sxomy n = 4, 1110 BiATOBIAa€E MOJEITI
oOMexxeHoro audy31HHOTO POCTY Ha MEXI1 PO3/iIy TBEpHAE TLIO-TBEpHE TINIO, B SKIM
BpaxoBaHO e(eKTH epeoxonomKents [63].

MiXIIacTUHYATa/MI>KBOJIOKOHHA BiJCTaHb, SIK (PYHKIIiSI IIBHIKOCTI POCTY, B
OUTBIIIOCTI CIPSIMOBAHO 3aKpHUCTaJII30BaHUX €BTCKTUYHUX CIjIaBax
mignopsaakoByetscsi gopmymi (1.1). Xoda mnpu BHUCOKHUX MIBHAKOCTSIX POCTY,
BHACIIZIOK pPYHHYBAaHHS CYMICHOTO €BTEKTUYHOTO POCTY,MOXYTh BUHUKHYTHU
BIIXWJICHHS BiJ| I[I€] 3aJIEKHOCTI, B PE3YJbTATI CTPYKTYPHOTO MEPEOXOIOKEHHS
[17]. KinpkicHa mOBeiHKA CIPSIMOBAHO 3aKPUCTAII30BAHOTO €BTEKTHYHOTO CILIABY
B,C-TiB,, skuit gocnimkeHuii 6bararbMa A0CIITHUKAMH, HaBEJACHA HA PUCYHKY 1.8.
CriaB oTpUMaHUK METOZOM 30HHOI TUTABKH Ta JIa3epHOI MOBEpXHEBOI 00poOkm [27,
28, 59, 60].

ITon16H1 3nauenns K 7,8 x 10’17, 8,8 x 10" 1a 8,6 X 10 m/c Oynu omnwucaHi
Baiitom Ta iH. [27], [Tomotaem Ta iH. [60] 1 ['ymxkummma Ta iv. [59], BigmoBigHO.

[Toka3HuK cTymeHo N = 2 MATPUMYETHCS B IMHPOKOMY Jiama3oHi IIBHIKOCTEH
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KpucTani3alii, ajge npu MBUAKOCTI Oubiie 4,2 MM/C. MOXE CHOCTEpiraTucs
BIIXWJICHHS B1J I1i€1 3aJIE)KHOCTI 3 KPYTIIIUM HaXWIOM, IO JI03BOJISE MPUIYCTUTH,
110 B mpoiieci audy3ii Ha MeXi PO3ALTY TBEpJe TUIO-PIIUHA MOYMHAETHCI MiXK(a3He

KOPOTKC 3aMHKaHHA.

MiknnacTi4Ha BigcTaHb, MKM

1 - 0 25 50
K=7.733 (20.711)x10""'m?s

ﬁ L] T L] T L L]
0 100 200 300 400 500 600

V-‘IJ’2. M-L"Zc‘l.f?

1 — 3pa3ku, 06po6ieHi mazepom (ITomorait ta iH., 2008); 2 — 3pa3ku, OTpUMaHi
30HHOIO 11aBko (boromorn Ta 1H., 2009); 3 — 3pa3ku, OTpUMaHi 30HHOIO IJIABKOIO

(I'ymxummuma Ta iH., 2002)

Pucynok 1.8 — CriBBiTHOIIIEHHS MK PO3MIPOM MIKPOCTPYKTYPH 1 IIBUIKICTIO

KpucTaizamii ;s eBrektuku B4C-TiB;

1.4 Tekctypa Ta kpucTagorpagiyHa opieHTaNis eBTEKTUYHUX CILIABIB

CrpsiMOBaHO 3aKpHUCTANII30BaHI €BTEKTUYHI KOMIIO3MIIIITHI MaTepiaiu MaroTh
CXUTBHICT OYTH BHCOKOTEKCTYPOBAaHUMHU 3 TIEPEBAXHHUM KpHUCTAJIOTpapIIHIM
OpIEHTAllIfHAM  CITIBBIAHOMICHHSAM Mix ckiagoBumu (a3 [20, 58]. Cubae
KpuctanorpadigyHe TEKCTypyBaHHS B3JOBXK HAMpsAMKY KpHUCTali3alii MoOXe
MPU3BECTH IO AaHI30TPOMii BIACTUBOCTEW y Marepiaii 1, TaKUM YHHOM, IIE €
BOKJIMBUM aTPHOYTOM €BTEKTUYHOTO KOMITO3UTY.

Crnin 3a3Ha4UTH, 110 TEOMETPist GPOHTY IUIABIEHHS 1] Yac KpUcTalizallii, sika

€ (DYHKII€I0 HE TUIBKM HaNpsMKY OOpOOKH, a ¥ TEpMIYHUX TPAIIEHTIB y 3pa3Ky,
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3a3BUYail MPU3BOAUTH 10 KPUBU3HU Ha MaKpOCKOMIYHIN MikK(a3Hii rpaHulll TBEpHE
Tino-pinuHa [64]. OCKUIBKM BiCh POCTY KpHUCTala, SIK MPAaBUJIO, OPIEHTYETHCS O
BITHOIIEHHIO JO JIOK&JIbHOI IIBUAKOCTI KpHUCTami3alii, B KpucrajgorpapiyHii
CTPYKTYp1 ICHYIOTh MPOCTOPOB1 KOJIMBAHHS.

Kpucranorpadiuyna BiCh pocTy, MepeBakHO, BIUIMBAE Ha JIEKUIbKa (PaKTOPIB,
BKJIIOYAIOYM KIHETHKY aHI30TPONHOI KpHUCTali3allii CKIaJoBUX (a3, Ha BIAMIHY BiJl
TEPMOJAMHAMIYHOI PYIIIHHOT CUIW JUIsl 3HUKEHHS MiK(pa3HOT eHeprii MK JBoMma
dazamu TBepe TUIO-TBEepe Tino. Kpucranorpadiude opieHTaIIifHE CITIBBITHOIIECHHS
OyJ0 oOXapakTepu3OoBaHe HJisi OUIBIIOCTI OOPUIAHUX Ta KapOIAHUX CHPSIMOBAHO

3aKpucTanizoBaHuX eBTeKTHUHUX KM (Tabdmn. 1.2).

Tabnuus 1.2 — Kpucranorpadiune opieHTaiiiiHe CiBBIIHOMIEHHS CIIPSIMOBAHO

3aKPUCTATI30BaHUX €BTEKTUYHUX KOMITO3HUIIIHHUX MaTepialiB

EBTexkTnuna
OpienTarttiifHe CIiBBIHOIICHHS [Mocunmanus

crcTemMa

1 2 3

B,C-SiC B,C[121]//SiC[121]B,C(012)//SiC(311)// rpanuis [65]
pO3ILTY

B4C-TiB,-

sic B,C[104]//TiB,[100]//SiC[111]//anpsamox pocTy [65]

OB I: B,C[1012]//TiB,[1210]// nanpsimox pocty
B,C-TiB, B,C(1011)//TiB; (0001)// rpanmus posziny [65]
OB II: B4,C[2131]//TiB,[1120]// manpsimox pocTy
B,C(1210)//TiB,(0001)// rpanurs po3airy

OB I: LaBs[001]//ZrB,[0001]
LaBs(110)//ZrB»(1120)// rpanuns po3aity

LaBe-21B2 | OB |1 LaB4[001]//ZrB,[0001] [65]
LaBg(110)//ZrB,(1100)

TiB2-TICXN1- | TiB,[0001]/TiB,-TiCxN1[111] [65]

X TiBo(1120)//TiB,-TiCxXNy » (202)

ricTis, | TICIOLYTiB,[0110] 165]

TiC(111)//TiB,(0001)// rpanurs po3airy
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[Iponowxxkenns Tadbmuili 1.2

1 2 3
.~ +in _ai~ | TIC[011]//TiB,[1210]//SiC[112]

TIC-TIB,-SIC | 1i0200)//TiB,(0001)//SiC(402) [65]

WC-W,C WC[1210]//W,C[1210])// nanpsimox pocTy [65]

€BTEKTOI]] WC(0001)//W,C(0001)// rpanuist po3ainy
i ZrC[011)//ZrB,[0110]// nanpsimok pocty

21C-21B, ZrC(111)//ZrB,(0001)// rpanurs po3ainy [65]
T ZrC[011])//TiB,[0110]// nanpsimok pocTy

Z1C-TiB, ZrC(111)//TiB2(0001)// rpanutis po3aiay [65]

BimbIIicTe MUX EBTEKTHMYHUX CHUCTEM, SK BHIHO, ITOKa3yIOTh PICT II0
KpUcTaiorpaiyHUM HampsiMKaM 3 HU3bKUMHU IHJEKCaMH, 1 OpieHTalii MiKpa3HUX
TUTOIITMH TaKOX CIPSIMOBYIOTBHCS 10 HU3BKUX 1HICKCIB. J{JIs MOSICHEHHS MIEPEeBaKHOTO
KpucTtagorpadigHoro OpIEHTAIIITHOTO CIIBBIHOIICHHS B CIPSIMOBAHO
3aKpHUCTaTI30BaHUX eBTeKTHUHNX KM Oynin BUKOpHUCTaH1 YUCIICHH] KpuTepii. Xei Ta
CIIBaBTOPHM HaMarajiucs CIPOTHO3YyBAaTH TEPEBa)KH1 OpI€HTAIlIHI CITIBBITHOIIEHHS
Ha TMPUKIAAl OKCHJIHMX CHCTEM Ha OCHOBI ITPiI0 3a PI3HUMH T'€OMETPUUYHUMH
KpUTEpIIMHM, HANpPHUKIAI, 3a TEOpI€0 CIIBHAAIHHA By3Ja TIpaTKU Ta KpHUTEPIiB
HakmamaHHs cuMerpil [66]. Kpim Toro, mms mosicHEHHS KpucTamorpagidHux
Opi€HTAIl} 3 HU3bKOI0 M1K(a3HOI CHEPri€l0 BUKOPHUCTAH] BIAMOBIIHI MOJIEI, OJHAK
KOJIEH TEOMETPUYHMIA abo0 KpucTtajorpadidyHUil KpUTEpil HE MOXKE YHIBEpPCAIBHO
nepen0avyuTH eKCIIEPUMEHTAIBHO CIIOCTEPEKYBaH1 OpIEHTAIIHI CITIBBITHOIIICHHS.

Opniero 3 HaAWOUTBII MIUPOKO TOCTIKEHUX OOPUIHUX €BTEKTUYHHUX CUCTEM €
CIPSIMOBAHO 3aKpUCTaT130BaHU I eBTCKTUYHHH CIIJIaB LaBs-ZrB,, a
KpucTtanorpadigyHa XxapakTepucTuka Oyiia JOCHiKeHa Ta Mpe/CTaBIeHa JICKITbKOMa
BucHUMH [23, 58] 3 eKCnepHMEHTaJIbHHM CIIOCTEPEKCHHIM OPIEHTAIIITHOTO
criBBigHOMmEHHS (Tads. 1.2).

OpienTallii MOBEpXOHb PO3JIUTY B COPSIMOBAHO 3aKPHUCTAII30BAHUX €BTEKTHUKAX
ZrC-ZrB,, ZrC-TiB; i TiC-TiB; npexacrapieni B Tadiuii 1.2. Byiio BcTaHOBIIEHO, 1110

BOHH MalOTh MOJCNIb 3 INUIBHOYIIAKOBAaHUMH ILIOIIMHAMH cKiagoBux ¢a3 (ZrC:
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(111), ZrB,: (0001), TiC: (111), TiB,: (0001)) mapanenbHi OIWH OJHOMY i
NEPHEeHANKYJIPHO TUIOIIMHI MK (pazamu. 3 iHmoro 6oky, B eBTekToinax WC-W,C
OakaHa OpIEHTAIllsl MOBEPXOHb PO3ALTY CIIJYE MOJIENI, SKa Ma€ IIUIbHOYMAaKOBaHY
wromuuay (WC: (0001), W,C: (0001)) y aBox ¢a3ax, mapajeabHUX OJHA OHIN i
IIOIIMHI rpanuii po3airy [56]. Kpim Toro, mepeBakHa Opi€HTaIlis KPUCTATIB y IIUX
eBrekToinax WC-W,C BianoBigae miuibHOynakoBaHomy HampsiMky Byriento (WC:
[1210], W,C: [1210]) B 060X ¢a3ax, BUPIBHIHHX MapajcibHO OJHA OJHIA B Mexax
rpa"uill po3aity. [lepeBakHy opieHTaIliHY B3a€MOAI0 B OOPUAHUX Ta KapOITHUX
CIPSIMOBAHO 3aKPHCTAi30BaHMX CBTCKTUYHUX KOMITO3UIIIMHUX Marepiajgax dYacTo
MOKHA pallioHaJI3yBaTH 3a JOMOMOTOI OJHOro (abo OuIbIIe) TeOMETpUUYHUX abo
CUMETPHYHUX METOIB, 3TaJlaHuX BHWINE;, OJIHAK, >KOPCTKUX METOAIB HE OYyj0
pO3pOOJICHO  JIJIT  ampiOpHOTO  TMPOTHO3YBaHHS  IUX  HHU3BKOCHEPTETUYHUX

OpIEHTAIIHHUX B3aEMO3B’SI3KIB.

1.5 TepmiuHi 32 IMIIKOBI HANIPYKEHHS

VY KOMIO3WIITHUX MaTepiasax 3a3BHU4Yail ICHYIOTh TEpPMIYHI 3aJIMIIKOBI
HaAIPY)KCHHS 4Yepe3 PI3HUIII0 KOE(IIIEHTIB TEPMIYHOTO PO3MIUPEHHS MK JIBOMa
dazamu. 11 Hanpy>KeHHS MOXKYTh 30LIBIITYBATHUCS B CIIPSIMOBAHO 3aKPUCTATI30BAaHUX
eBrekTHuHUX KM, ToMy 110 Temmnieparypa ix ¢opMyBaHHS 3 pO3IJIaBy BHUIIE, HIK IS
3BHYAMHOTO CIIEUYEHOTO 3pa3Kka. TepMiuHl 3aJIMITKOBI HAMPYKEHHS BUMIPIOBAJIUCS B
Pl OKCHJIHUX CHPSMOBAHO 3aKPHCTAI30BAaHUX €BTEKTUK TAKUMU METOJAMHU SK
pEHTTeHIBChbKa MudpaKilis, HEUTpOHHA NUQPPAKIliA Ta KOMOIHOBaHA CIEKTPOCKOITIS.
HampyxkenHns npuw KIMHATHIA TeMmmeparypi, SK MpaBujio, ONHM3bKI O BEITWYHH,
nependavyeHuX BIIMIHHOCTSIMU B KOe(iIlieHTaX TEPMIYHOTO PO3MIUPEHHS Ta JIHIHHOT
MPY>KHOCTI, 3a YMOBH, IO BOHM 3HHKaOTh Mpu Temmeparypax 60-80% Bix
TeMIeparypu eBTeKTuku [65]. Kpim Toro, BHACIiI0K aHi30TPOITii MIKPOCTPYKTYPH Ta
Kpuctanorpadii, 3aJIMIIKOBI HAPYKEHHS aHI30TPOIHI 1 TOBUHHI OyTH MpeCTaBICH1

B TEH30pHI# (hopMi.
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Ha npuknani OKCHIHUX CHPSMOBAHO 3aKPUCTANTI30BaHUX EBTEKTUYHUX
KOMIIO3MIIIHHKX MaTepiaiaiB B Jiteparypi [65] MokHa moOauuTH, IO 3aIUINKOBI
Hampy>XeHHSI MarOTh BEJIUKUW BIUIMB HAa MEXaHIYHY MOBEAIHKY Marepiany. IIpo
3aJIMIIKOBI HAIIPY>KEHHSI B OOPUAHUX Ta KapOiTHUX CHPSIMOBAHO 3aKPUCTaI130BAHUX
€BTEKTUYHUX Marepiajax MEHIIEe BiIOMO, XOo4ya pO3YMHO MPHUIIYCTUTH, UIO
BXJIMBICTh 3QJIMIIKOBUX HANpyXeHb B TaKUX CIUIaBaxX MOXXe OyTH mie Oulbll
3HAUYIIOK, OCKUIBKM €BTEKTHUYHI TEMIIEpaTypu Ta MOJYJI MPYKHOCTI, SK MPaBUio,
BUII, HDK Y OKCHIiB. Baiit Ta iH. [67] 3MoaeroBaiy TeH30p TEPMIYHUX 3aTUIIKOBUX
HanpyXeHb B CIIPSIMOBAHO 3aKkpucTaiizoBaHomy ciiasi B4C-TiB; 3 BukopucTanHsM
METOJly KIHIIEBUX €JIEMEHTIB JUIsl PO3YMiHHA JIOKAIBHUX PO3MOALUTIB HANPYKEHb MpPU
pPO3pHBI MIKPOCTPYKTYpPH, $IKI MOXKYTh CIYXXKHUTH KOHILEHTPAaTOpaMU HaINpyKEeHb.
Tepmiuni 3anumkoBi HanpyxeHHs B TiB; 1 B4C ckmanu B cepennbomy 1,36 I'lla
(manpyxenHs Ha po3tar) Ta 0,414 I'lla (Hanpy>keHHS Ha CTUCHEHHS), BIIMOBIIHO, 1
BOHM 3HHKaioTh npu TemrepaTtypi 1800 °C, 80 % Big €BTEKTHYHOI TEMIIEpaTypH.
HNocmikennss Ha TEM miarBepauiv MPOrHO3YBAaHHS TEPEBAXKHOTO 1HIIIFOBAHHS

MIKPOTPINIMH Yy 00J1acTIX MepeadadeHoi KOHIEHTpallil HanpykeHsb (puc. 1.9).

Pucynoxk 1.9 — YTBopenus mikporpimma y B4C-TiB;

SlcHO, IO 1I HAMpy>XEHHST MATHUMYyTh BEJIWKHUI BIUIMB HA MOBEAIHKY IIpHU

pyilHyBaHHI B OOpMIHUX Ta KapOIJHUX CHPSMOBAHO 3aKPUCTATII30BaHUX
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€BTEKTHUYHUX CIUIaBaX 1 MOXKYTh BIUIMBATH Ha 1HILI MPOLECH IIACTHYHOI Aedopmartii

SIK HACJ1JOK 3MIHEHOT'0 PO3MOJIUTY HAaBaHTaXKEHb MIXK JIBOMa (pazamu.

1.6 ®@i3uyHi BJACTHBOCTI CIPSIMOBAHO 3aKPHUCTANI30BAHUX eBTEKTHYHMX

KOMIIO3UIIHMX MaTepiaJiB

OcCKUTbKM  CHOPSIMOBAHO  3aKPUCTAI30BaHI  €BTEKTMYHI  KOMIO3UIIIMHI
MaTepialiv, sIK MPaBUIIO0, MAIOTh BUCOKY LIUTBHICTh HAa MEX1 po3auly MK (a3zamu 3
BITHOCHO HHU3BKOIO MUTOMOIO €HEprielo MiK (a3aMu, BOHH MOXKYTh MaTH (PI3MUHI
BJIACTUBOCTI, BIIMIHHI BiJl KOMIIO3HUTIB, OTPUMAHUX TPATULIHHUMU METOJaMH, 1 IIe
MPOJICMOHCTPOBAaHO B Oarathox okcuaHux eBTekTHkax [20]. Kpim Toro, yepes
CWIbHO BHPIBHSHI Ta TMOJOBXKEHI MIKPOCTPYKTYpH, (PI3UUHI BIACTUBOCTI TaKOXK
MOXKYTh MaTH CHUJIbHY aHI30Tpomito. Takum YWHOM, 4epe3 Te, IO CTPYKTYpHO-
FEOMETPUYHI XapaKTePUCTHKU (MDKIUIACTHHYATA/MIKBOJIOKOHHA BiJICTAaHBb) MOXHA
peryiaoBaTd  MBUAKICTIO  Kpucrtamizamii, (piBHsHHa  1.1),  chopsmoBaHO
3aKpucTanizoBadi eBTeKTHYHI KM 1arTh MOXIMBICTH CHCTEMAaTHYHO BHBYATH
3aKOHU MIKPOCTPYKTYPHOT'O MacHITaOyBaHHsI JJIsl PI3HUX (PI3SMUYHUX BIACTUBOCTEH B
IIUX CHUCTEMax, YacTO 3 MOXIMBICTIO KOHTPOJIOBATH MIKPOCTPYKTYPY JO COTEHb

HaHomeTpiB (puc. 1.8).

1.6.1 TBepaicTb Ta 3HOCOCTIHKICTH

Uepe3s  HeBeNMWKUW  po3Mmip  OUIBIIOCTI  OTPUMAHHMX  CHPSIMOBAHO
3aKPHUCTANI30BAaHNX €BTEKTUYHUX 3pa3KiB, TBEPJICTh Ha BIABIIOBAHHSA € OJHIECIO 3
HAWOUTBIII YAacTO BUMIPIOBAHUX MEXAHIYHUX BIJIACTUBOCTEH Yy I[bOMY KIaci
MatepiamiB. BUTBbIIICTh JOCTIIKEHb €BTEKTUYHUX MaTepiaiiB MPOBOIMUIUCH abo 3a
JIOTIOMOTOI0 BUIIPOOYBaHb Ha BJABIIOBaHHSA Mo Bikepcy, abo HUISIXOM METOAY
BIaBIIOBaHHSA 110 KHymy 3a BiqmoBiqHUMU cTaHAapTaMH. TBEpIICTh HA BIABIIOBAHHS
CIPSIMOBAHO 3aKPUCTAII30BaHUX €BTEKTUUHHUX MaTepiajiB MOBUHHA OyTH Y3TOJKEHa

3 TUIIOM BJABJIIOBAHHA Ta 3 HABAHTAXCHHAM IIPpH BI[aBJ'IIOBaHHi, OCKLJIBKH TBepI[iCTB
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Ha BJABIIOBaHHA MOXE OYyTH 3alle)KHOI0 BiJi HABAaHTAXXEHHS TPU HU3BKUX
HAaBaHTAXXEHHAX, SK 1€ BIOOYBA€TbCSI B  CIPSMOBAHO  3aKPUCTaNI30BAHUX
eBrekTnyHKNX cruaBax B4C-TiB, ra WC-W,C [27]. Hanpuknan, nani BunpoOyBaHb
Ha TBepAICTh 3a BikepcoMm, sik mokazaHo Ha pucyHky 1.10, monomitHoro B4C Ta
CIPSIMOBAHO 3aKPHCTAI30BaHOTO €BTeKTUYHOTO ciuiaBy B4C-TiB, moka3ywots, 1o
TBEPICTh 3aJICKUTh BiJl HABAHTAKEHHS ITPU HU3bKUX HABAHTAXEHHAX 1 HE 3aJICKUTh
BiJl HABAaHTKCHHS TMPU BUCOKUX HABAHTAXEHHSX, 10 BIIMOBIAAE TMOYATKY

po3TpickyBaHHs [68].
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Pucynok 1.10 — 3anexHicTh TBEpAOCTI BiJl HABAHTAKEHHSI B Tapsiye MPECOBAHOMY
MoHoritHOoMY B,4C 1 cripssMoBaHO 3akpHCTaIi30BaHOMY €BTEKTHYHOMY cruiaBi B4C-

TiB; 3 pi3HOIO BiACTAHHIO MK IJIAaCTHHAMH

Opnak, Ha >kajb, OUTbIIA YACTHUHA JIITEPATypH 3 KepaMiKyd HANIOBHEHA JTaHUMH
0 TBEPAOCTI 0€3 3a3HaueHHS HaBaHTAXKECHHS a00 3 peKMMOM HaBaHTakeHHS ~ 1H,
110, K MPaBHUIIO, 3HAXOJUTHCS B CUIILHO 3aJI€KHOMY BiJl HABAHTA)KEHHS J[1alla30HI.

Jly)xe BUCOKa TBEPAICTh B CIPSMOBAHO 3aKPUCTATI30BAHUX EBTECKTUYHUX
OopuaHNX Ta KapOiTHUX CIIaBax Oyiia BUMIpsSHA B €BTEKTHYHUX CIUIaBaX Ha OCHOBI
B,C. Hanpuxnan, B pexumi, KOJIM HEMA€E 3aJ€KHOCTI Bl HABAHTAXKECHHS, TBEPIICTh
Ha BJABJIFOBaHHS CIPSIMOBAHO 3aKPHCTANI30BaHOTO eBTeKTHYHOTO crutaBy B,C-TiB;
nocsirae 31,4 £ 2,1 I'lla (maBantaxenus 10 H) [27], oo nmepeBuiye e 3HaAUCHHS 115
OKCHJIHUX CIPSMOBAHO 3aKpHCTalizoBaHUX eBTekTHUHUX ciuiaBiB (Al,O3-YSZ [69]:

18-20 I'Tla; Al,Os-YAG [70]: 14-16 I'Tla). TBepaicTh €BTEKTHK, OJHAK, YacTO
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CWJIBHO 3aJIeKUTh B PO3MIPY MIKPOCTPYKTYpU (MIKILIACTUHYATA/MIKBOJIOKOHHA
BIJICTAaHb), SIKUA MOKHA KOHTpOJIIOBaTM Ta mependauyaru 3a Qopmynoro (1.1) B
KOXKH1M €BTEKTUYHIA CUCTEMI IPU HOPMAJbHIM MIBUJIKOCTI pOcTy (06€3 CTPYKTYpHOTO
MEPEOXO0JIOKEHH). 3arajioM, TBEpIICTh Ha BJaBIIOBaHHS OOpPUIHMX Ta KapOITHHX
CIPSIMOBAHO 3aKPUCTANI30BAHUX EBTEKTUYHUX CIUIABIB 3a3BUYail 30UIBIIYETHCS 31
30UTBIICHHSIM IIBUAKOCTI KpUCTaIizallii abo 3MEHIICHHSIM BIJICTaH1 MDXK IUIaCTUHAMU
Ta BOJIOKHaMHu. BimnoimHo mo miteparypuux manux [/1] tBepamicte mo Kuymy B
CHPSIMOBAHO 3aKPUCTAII30BaHUX €BTEKTUYHUX cIuiaBax ZrC-ZrB; (naBantaxxenus 4,9
H) ta ZrC-TiB, (naBantaxenus 1,96 H) nponopitiiina A2 mo moxe cBigunTn npo
OTip IMUCIIOKAIlIA Ha rpaHulll po3aity Mixk ¢dazamu. Y cmnai ZrC-ZrB, y mo3nosxHIxX
Ta TMONEPEYHUX TOBEPXHIX CIOCTEPIraeThCs AaHI30TPOIisS TBEPAOCTI, MO MOXKHA
HOSICHUTH KpUCTAIOrpadiuHOI0 Ta MIKPOCTPYKTYPHOIO OY0BOIO, sIKa Ma€ BUJIOBXKEH1
KOJIOHII/3epHa B3M0BXK HampsAMKy pocty [48, 71]. Ille Oiugbin 3HAYHHUI BILIUB
napaMeTpa MIKpOCTPYKTypu OyB BusiBieHuit y eBrekroini WC-W,C [56], sxwmii
MoKa3aB, 110 TBEPAICTh Ha BIaBloBaHHS 1o Bikepcy mpu nHaBanTaxkenHi 9,8 H
npomopuiitna  A%*. B miteparypi [21] 3a3HadeHo, w0 B  CIPSIMOBAHO
3aKpHCTali30BaHOMY eBTeKTHUHOMY ciniaBi B4C-SiC TBepmicTs Ha BAaBIIOBaHHS 3a
Kaymom mpu HaBanTaxkeHHi 1,96 H 30iapmyBamacst 31 30UIBIIEHHSIM IIBHIKOCTI
KpHCTaTi3amii i 3MEHIIEHHIM BiacTani Mix miactuHamu. OmHak y po6oTi [59] 6ymo
BUSIBJICHO MPOTHPIYYs: 3HaueHHs TBepaocTi 3a Kuymom y crmmaBi B4C-SIiC npu
HaBaHTaxxeHH1 1,96 H He 3amexuTs Bin MiKpocTpykTypHOTo Macitaly. [Ipotupivus,
IIBUJIIIE 3a BCE, OOYMOBIICHO PIi3HMMHM Jiala30oHaMH MDKIUTACTHHYATOI BiJACTaHI B
JBOX JOCTIKeHHX (2-4 MKM y po0ori [21], 4-12 mMkm y poboTi [59]).

VY neskux BUMAIKaX TBEPAICTh 3MEHIIYETHCA 32 PaxXyHOK 3MEHIICHHS
MIKPOCTPYKTYPHOTO MacmTaldy, M0 TOSCHIOETHCS HECTAOUTBHUM POCTOM (PPOHTY
€BTEKTHKH Ta YTBOPEHHSMH 3a€BTEKTUYHOI MIKPOCTPYKTYPH, TAKUMH SIK JEHIPUTH
Ta KOMIpYAaTHA THUI TPHU BHCOKHX NIBUAKOCTAX pocTy. Hampuxmanm, 3MeHIEeHHS
TBEPAOCTI B CIIPSIMOBAHO 3aKPHUCTAI30BAaHOMY €BTeKTHUHOMY crutaBi ZIC-ZrB, yepe3
pyHHYBaHHSI MIKPOCTPYKTYpPU BiJIOyBa€ThCsl, WMOBIPHO, BHACIIJOK 3pPOCTaHHSA

JEHJPUTIB, sike OyJIO BUSBJICHO MPHU BIACTaHI MK IUIACTUHAMM MEHIIE, HiXK 1,85 MKM
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(puc. 1.11) [71]. HeogHOpimHICTH MIKPOCTPYKTYpPH B TAKOMY CILIABi, KOJIHM BiJICTaHb
MDK TUTACTUHAMU MeEHIle, HiX 1,85 MKM, mpu3BOAUTH A0 30UIBIIECHHS BTPAT Ha 3HOC.
Ile Bka3zye Ha Te, IO HE TUIBKKM JOBXKHWHA, ajle 1 Mopdoorisi 1, MOXJIUBO,

KpucTanorpadis MaloTh BaXKJIMBE 3HAUEHHSI HA TBEPAICTb €BTEKTUKH.
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MixnnacTtuH4yara/MbKBONMOKOHHA BigCcTaHb, MKM
Pucynok 1.11 — 3anexHICTh TBEPIOCTI Bi/l BIICTaH1 MK TUTAaCTUHAMH Ta BOJIOKHAMU

B 60pI/I,IIHI/IX Ta Kap6iI[HI/IX CIIPAMOBAHO BaKpI/ICTaJIi3OBaHI/IX CBTCKTHMYHUX CIlJIaBaXx

bopunni Ta KkapOimHI  KOMIIO3WTH, SK TMPaBWIO, MaloTh BIIMIHHY
3HOCOCTIMKICTh 3aBISKH I1X BHCOKiM TBepaocti. Kpim 30UIbIIeHHS TBEPAOCTI Yy
IpiIOHO3EPHUCTUX  ©BTEKTHYHMX  KOMIIO3UTaxX, BelWka Mbkda3zHa 00acTs,
npuTaMaHHa CHPSIMOBAaHO  3aKpPUCTA30BaHMM  CIUIaBaM, Ja€  MOXIIUBICTh
BIIPOBA)KYBATH MEXaHI13MU I1IBUIIIEHHS >KOPCTKOCTI 1 MOKPAITyBaTH 3HOCOCTINKICTh

Ha BIJIMIHY BiJl MOHOJIITHUX Matepiaiis [71].

1.6.2 MinHicTh HA 3rMH TA MOBEAIHKA NPHU PYilHYBaHHI

Ha nekinbkoX crpsMOBaHO 3aKPUCTATI30BAHUX €BTEKTHYHHUX MaTepianax Oymiu
MpOBE/IeHI BUNMPOOYBAHHS Ha TPHOXTOYKOBHHA 3TWH 1 pe3yabTaTH BUIPOOYBaHHS
BKa3YyIOTh Ha BaXKJIMBICTh 3aJIMIIKOBUX HANPYKEHb Ta CTPYKTYPHOI aHI30TPOINIi Ha

MexaHiuyHy noBeaiHky. boromon 1O. 1. pasowm i3 cmiBas. [28, 45] BuMipsiu MilHICTb
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Ha 3TUH CIPSMOBAHO 3akpucrtanizoBanoro cruaBy B,C-TiB, B iHTepBani Temmeparyp

25-1600 °C B 3anexHocTi Big BMicTy Si (puc.1.12 a).
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a — MIIHICTh Ha 3TMH HEJISTOBAHOI'O Ta JISTOBAHOTO CIIPAMOBAHO 3aKPHUCTaTIi30BaAHOTO
crtaBy B4C-TiB;; 60 — cipssmoBaHoO 3akpucTanizoBadi criaBu LaBg-ZrB; i LaBs-TiB;

(B310B>K MaTpuuHUX HanpsMkiB <100>, <110> ta <111>) npu pi3HHX TeMrepaTypax

Pucynok 1.12 — 3anexHicTh MIIIHOCTI Ha 3TMH CIPSIMOBAHO 3aKPUCTATI30BAHUX

eBTEKTUYHUX CIUIABIB BiJl TEMIIEPATYPH

Jlns HenmeroBaHWX MaTrepialliB MIIHICTh Ha 3TUH KoJiuBaeThes Big 120 mo 230
MIla 3 wminimymom npu 1400 °C. Ile Bigpi3HSETBCA Big MIITHOCTI HAa 3THH
rapsaernpecoBadoro B,C, B sskomy MIIHICTh Ha 3TUH HE 3aJICKUTH Bij] TEMIIEPATYPH.
BBakaeTncs, 110 3aJICKHICTH MIITHOCTI HAa 3THH BiJ Temneparypu y cuiasi B,C-TiB,
OOyMOBJICHO THM, MIO0 B 3aJ€KHOCTI BiJ TEMIEpaTypH 3MIHIOIOTHCS TEPMIUHI
Halpy)XeHHS, a HaWBHUIA MIIHICTh Ha 3THH CIIOCTEPIraeThCcsl B Jialma3oHi
TEMIIEPATyp, JIe KOCHIMIEHTH TEPMIYHOTO PO3MIUPEHHS HAHOLIBIN CXO0XKI MK JIBOMa
dazamu [28]. @pakrorpadivuHi JOCTIHKSHHS Ta KPUBI HABAHTAXCHHSI ICMOHCTPYIOTh
KpUXKE pYHHYBaHHS 3 HEBEIUKMMH O3HAKAMHU TUIACTUYHOCTI a00 BUTATYBaHHS
BOJIOKOH y IMX HEJETOBaHMX 3pa3kax. [loTiM 1 rpymna BUEHWX BUBUYWIA CHCTEMY
CHpSIMOBAHO 3akpucTaiizoBanux civiaBiB B4C-TiB; B 3aiexHoCcTi Big BMicTy Si i

nmokasana, mo atoMu Si 3aMmimyroTh TiB, B CcTpykTypi, IO BIUIMBAaE Ha JIesKi
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XApaKTEPUCTUKHU CIPSMOBAHO 3aKPUCTAII30BaHUX CIUIABIB, BKIIIOYAIOYU PO3MIp 1
OJIHOPIIHICTh MIKPOCTPYKTYpH (Si HNpU3BOAUTH A0 APIOHIIIOI MIKPOCTPYKTYPH Ha
BIIMIHY BIiJ HEJErOBAaHUX MarepialiB) Ta AedEKTH Ha rpaHulll posaury ¢as. Sk
MOKa3aHO Ha PUCYHKY 1.12, neryBaHHs KpeMHIEM Maifke B JiBa pa3d MIABUIILYE
MIIHICTh Ha 3rMH: JoaaBaHHsIM a0 cruiaBy B4C-TiB; 3 00.% Si mocsraerbcst 487
MIla minnicte Ha 3ruH npu 1600 °C [45]. Ha migcraBi mocnimkeHs (pakTorpadii
OyJ10 BUSBIICHO OLTBIN 3HAYHY IIACTHYHY JePOpMallito 10 MOYaTKy pyHHYBaHHS B
naeroBaHoMy kpemHiem cruiaBi B4C-TiB,, Hix y HeneroBanomy criaBi B4C-TiBy,
BUPOIIEHUX 3 OJHAKOBUMH INBHJIKOCTSIMHU Kpuctamizamii. OCHOBHI TPHYNHU
MOKpAIIeHHs MEXaHIYHOT TIOBEJIHKM HE € TIOBHICTIO 3pO3yMUIMMH, XOua
PUITYCKAIOTh, 10 YUM JpiOHIimIa 1 OUTBII OJHOPIAHA MIKPOCTPYKTYpa B JIETOBAHHUX
KPEMHIEM 3pa3Kax, THM Kpallla iX MeXaHiuHa IMOBE/IIHKA.

I'pyna Jlo6oau II. 1. 3Morna koHTpoJIrOBaTH KpucTagorpadiuyHy OpieHTAIlir0
matpuuHoi ¢asu LaBg B eBtekTuiii LaBg-TiB, 3a paxyHOK BHKOPHCTaHHS
OpIEHTOBAHUX 3aTpaBOYHUX KpucTaiiB LaBg 1715 yTBOpEeHHS 3apoaKiB KpucTaizallii
€BTEKTUKH 1 BUSBHJIA, IIIO MIITHICTh HA 3TWH B 3HAYHIA Mipi 3aJIeKaTh BIJ Opi€HTAIlll
kpuctana [72]. 1lg aHi30TpoOINis MOSCHIOETHCS BHPIBHIOBAHHIM CHCTEM KOB3aHHS
JUCTIOKAIIA 100 MPUKIAICHUX JOTHYHHUX HanpykeHb. HaliBuima MiliHICTh Ha 3THH
B CIOPSIMOBAHO 3aKpPHCTaIi30BaHOMY e€BTeKTHYHOMY cimiaBi LaBg-TiB;, 1o
nepesuiye 450 MIla, criocrepiraetses mo oci pocty <100> 3paska LaBg B gianazoni
temnepatyp 1000-1600 °C, sk moka3aHo Ha pucyHky 1.12 6 [24]. Hampsimok <100>
crutaBy LaBg-ZrB; mokasaB cuibHy TemmepaTypHY 3ajeKHICTh MIIHOCTI Ha 3THH,
nocsiratroun 3HaueHHs 950 MIla npu HaiiBumomy BuMiptoBanHi 1600 °C 3 gokazom
nedopMaIiiftHOTO 3MIITHEHHS.

B uinmomy, cmmaB LaBg-ZrB, nmemonctpye Haitbinmpmry MIIHICTE Ha
TPHOXTOUKOBHM 3TUH Cepe] BUMIpIOBaHb, BUKOHAHMX Ha OOpPHIHMX Ta KapOimMHUX
€BTEKTHKAaX. XapaKTep pyHHyBaHHS B MOPIBHSHHI 3 MEHIIIOO MIITHICTIO crutaBy B,C-
TiB, (puc. 1.13 a) moka3ye cyTo Kpuxky (akTypy Oe3 MOpYIICHHS 3YEIUICHHS Ha
Mexi po3miny ¢a3 [28]. Sk mokazaHo Ha pucyHKy 1.13 0, y cmiaBi BigOyBaeThCs

MIEBHUI CTYIIHb MOPYIICHHS 34ETVICHHS BOJIOKOH 1 BUTSTYBAHHS BOJIOKOH, OCOOIMBO
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Ipy KIMHATHIN TemnepaTypi, 1€ HalOUIbIIl TepPMidHI 3aJUIIKOBI HAaNpyXeHHs. [l
BCIX CHCTEM CIPSMOBAHO 3aKpHUCTATI30BaHUX €BTEKTUYHUX CIUIABIB TEMIIEpaTypHa
3QJIEKHICTh MIIHOCTI Ha 3TUH 3HAYHO 3aJI€KUTh BiJl MIABUIIEHOI IJIACTUYHOCTI

KPUCTAIIB 1 3HATTS 3aIMILIKOBUX HAMpPY>KEHb MPU BUCOKUX TEMIIepaTypax.

a

a — cmias B4C-TiB,; 6 — crutas LaBg-ZrB,

Pucynok 1.13 — [loBepxHs pyilHyBaHHS 3pa3KiB IMicis BUIIPOOYBaHHS Ha

TPbOXTOYKOBHI 3ruH mipu Temmeparypi 1400 °C [28]

TpIHMHOCTIMKICT CHPSIMOBAHO 3aKPUCTaTi30BaHUX eBTEKTHYHHMX KM € mie
MCHIII BHBYCHOIO BJIACTUBICTIO dYepe3 TPYAHOIII B MIATOTOBI 3pa3KiB IS

3BHYAHOTO BUTMHY a00 BUMIPOOYBaHb HA PO3TAT.

1.6.3 EsekTpu4Hi i TepMidyHi BJacTHBOCTI

HesBakaroum Ha Te, 110 MEXaHIYHI BIACTHBOCTI Oy OCHOBHUM HAMPSIMKOM
JOCTIPKeHb OOpUIHUX Ta KapOiMHUX CHPSMOBAHO 3aKPUCTATI30BAHUX EBTEKTHK,
JesKl JTOCTIIPKSHHS TO3BOJMIIM OI[IHUTH X EJIEKTPUYHI Ta TEPMIdYHI BIIACTUBOCTI.
OckulbKHM $IK €JEeKTpO-, TaK 1 Temionepenayda 3alie’kaTb Bil MIKPOCTPYKTYpPH Ta
MOXJIMBOCTI PO3CIIOBaHHS Ha TPAaHUIl PO3AUTY MDK ¢a3zaMd B KOMIO3ULIMHUX

Marepiajiax, MIKPOCTPYKTYpPHE BHPIBHIOBAHHS Ta BUCOKa IIUIBHICTh HA TpaHULII
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po3auly MK (hazaMu, BIACTHUBI CHPSIMOBAHO 3aKPHUCTAII30BAHUM CILIaBaM, MOXKYTh
MPU3BECTH J0 YHIKaJIbHUX 1, MOKJIMBO, aJallTOBAaHUX BJIacTUBOCTEN nepeHocy. Kpim
TOr0, 4Y€pe3 BEJMKY aHI30TPOMII0 MIKPOCTPYKTYPU 1 CHUJIbHY KpucTajorpapiuyHy
TEKCTYpY B CHPSMOBAHO 3aKPUCTATI30BAHMX EBTEKTUYHUX CIUIaBaX, BIACTUBOCTI
MEPEHOCY TaKOXK 3MIHIOIOTHCA B 3aJI€KHOCTI BIJ] OpIEHTAIIT 3pa3Ka.

[Io cToCcyeTbCsl €NMEKTPUUHUX BIACTUBOCTEH, TO JEsKi 3 TUOOPHUAIB METaiB,
Hanpukian, ZrB, 1 TiB,, mo Mictate oaHy 3 (a3 B KUIbKOX EBTEKTHYHUX
KOMITO3UTaX, € €IEeKTPOHHUMU MPOBIIHUKAMU. Bucoka eIeKTponpoBiIHICTh MOXKE
HaJaTU iM Taki TEXHOJIOT1i 0OpPOOKH, K 00poOKa EJICKTPUYHHUM PO3PSIOM Ta MOXKE
3amo0iraTi  eNeKTPOCTaTHYHIM  3apsaui.  EJekTpomnpoBigHICTh  CHPSIMOBAHO
3aKkpucTanizoBanoro cmiaBy B4C-TiB; 31 cTpmkHENMOi0HO0 MIKPOCTPYKTYpOIo Oyiia
BUMIpsIHA TMapayesbHO 1 NEPNEeHANKYISAPHO J0 HAMpsIMKY pPOCTy 3epeH. BusaieHo,
10 BJIACTMBOCTI aHI30TPOIHI 1 3ajexaTh BiJ IMBUIKOCTI pocTy. HaiiBuia

1 (WBUAKICTH  POCTY 1,4"10'5 Mc'l,

CJIeKTPONPOBiHicTs cKiama 5,410° cM
napajesbHUi Hanpsmok pocty, 523 K), mo Buie, Hixk y MoHojdiTHoro B4C (meTon
30HHOI IUIABKM); OJHAK BOHA HIK4Ya, HDK y MoOHOmiTHOro TiB; (ickpo-mia3moBe
crmikanns) [59]. V mapanenbHOMY HampsMKY HpPOBIAHICTH OJU3bKa 0 PO3PaxOBaHOT
3a TIPaBUJIOM CYMIIIIeH MPOBIIHOCTI, IO BKa3ye Ha Te, 110 OUIbIA YacTHUHA MEPEHOCY
BiIOyBaeThbcsl depe3 BoyiokHAa TiB, 3 HU3bKHM omopoMm. Y NepHeHAUKYIIPHOMY
HANPSIMKY TPOBITHICTh HAWKpAIIe OMUCYETHCS MPABUIOM CyMillleld YaCTHHOK. 3MiHa
MPOBIMHOCTI 31 MIBUIKICTIO POCTY B OCHOBHOMY TMOSICHIOIOTHCSI 3MIHAMH 3B'SI3HOCTI
dazu TiBs.

EnexTponpoBiHICTh CHpPSIMOBaHO 3aKpucTaiizoBaHoro ciwiaBy B4C-SiC
3aJIeKUTh B TEMIEpaTypd 1 3MEHIIYEThCS 31 3O0UTBIIICHHSM TeMIepaTypu B
iHTepBai temmeparyp 343-1073 K [59], mo BimmoBigae HamiBIPOBIIHUKOBUM
cknagoBuM ¢a3z. Y IbOMY BHUMAAKY MIKPOCTPYKTypa € IUTACTHHYACTOIO, ajie B
MPOBIJHOCTI BCE W€ € JesKa aHi3oTpormis. Jljas mporHO3yBaHHS BHUMIPIOBAaHUX
MPOBITHOCTEN JOCUTH IOOpE Mpalloe MPABUIIO CYMIIIEH, 0 CBIAYUTH MPO TeE, L0

¢daza B4,C Bumoi nmpoBIigHOCTI € Oe3MepepBHOIO B3JOBXK HAMPSIMKY POCTY, 1 IO
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pO3CIIOBaHHS Ha TpaHULIl pPO3AUlYy MDK (azamMu He BIAITPAE CYTTEBOI POl Yy
MUTOMOMY OTIOpP1 3pa3Ky.

Bucoka TenmnmonmpoBiAHICTh Ma€ BaXJIMBE 3HAUEHHS MJIA TEIUIOBOTO YIapy Ta
sHococtiiikocri. Sk SiC [110 Br-(K-m)?], Tak i TiB, [80 Br-(K-m)'] mators
BITHOCHO BEJHMKI TEIUIONMPOBIMHOCTI NpH KIMHATHIA Temmeparypi [59, 65].
TemnonpoBiIHICTh CHPSAMOBAHO 3aKPUCTATI30BAaHOTO €BTEKTHMYHOro cruiaBy B,C-
TiB, 3MeHIIyeTbcsi 31 30UIBIICHHSAM TEMIEpaTypH SK MapaieibHO, Tak 1
NEPHEHIUKYISPHO 10 HAMPSIMKY POCTY.

Buxonsun 3 moegHaHHA ~— €IEKTPO-TEPMO-MEXaHIYHUX  BJIACTUBOCTEM,
CHPSIMOBAHO 3aKPUCTaII30BaHI €BTEKTUYHI KOMITO3UIIIMHI MaTepiain Ha ocHOBI TiB;
MOXYTh OyTH TIOTCHI[IMHMMHU MaTeplaJjaMu JJid TaKuX 3aCTOCYBaHb, SIK
TEMJI0OOOMIHHUKH, SIKI BUMAararoTh BHCOKHUX TEPMOMEXaHIYHUX BIACTHBOCTEH, abo
JUISl TAKUX 3aCTOCYBaHb, SIK KATOAM ISl €JIEKTPOIUIABKH, JJIs SKUX MOTPiIOH1 BIIMIHHI

TEPMOEJICKTPUYHI BIIACTHBOCTI.

1.6.4 CrilikicTb 10 OKHCJIECHHSA

Bopuau ta kapOiau BBaXKarOThCsl HaJIBUCOKOTEMITEPATYPHOIO KEPAMIKOIO Uepes
iX BHCOKI TeMmIepaTypu IUIaBJICHHS, aje XiMidyHa CTaOUIbHICTh, OCOOJHMBO B
OKHUCITIOBaJIbHUX CEPEJOBUINAX, BHUKIMKAE 3aHENOKOEHHSA. BucokoTemmneparypHe
OKHUCJICHHSI OOpuaiB 1 KapOiliB € CKJIaJHUM, OapiBHEBHM SIBUIIEM, YYTJIUBHUM JIO
TEMIIEPaTypH, MapIiaJbHOTO THUCKY KUCHIO (Pop), BOIOTOCTI, TEPMIYHUX IUKIIIB Ta
IHIIMX 30BHINIHIX EKCIEPUMEHTAIIbHUX 3MIHHUX. bakaHa cuTyallis MoJsirae B
YTBOPEHHI Ha MOBEPXHI 3aXMCHOTO OKCHIHOTO MIApy 3 HU3BKOI MPOHUKHICTIO, 1110
CyXUTh IUDy3iiHUM Oap'epoM, IO MEPEIIKOKAE MOAAIBIIOMY OKHUCICHHIO [3].
Hampuknan, yrBopeHHs 3axwicHHX mapiB SiO, NOpuU3BOAUTH M0 BIAMIHHOI
OKHCITIOBAJIBHOI CTIMKOCTI B KUIBKOX CIOJIyKax Ha OcHOB1 Si, Hampukiaa, SiC Ta
SisNg. YV xoMno3umiifHuX MaTtepiajiax MOKYTh BiIOYBaTHCS CKJIJIHI B3a€MOIIT depe3
MEPEBAKHE OKHUCIEHHA oJHO(pa3HUX Ta Oaratopa3HUX TMPOAYKTIB PEaAKIii.

OkwucneHHs: KOMIIO3UTIB, Takux K ZrB,-SiC a6o HfB,-SiC, sk npaBuiio, mpu3BoauTh
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JI0 CIIBICHYBaHHSI M1k CKEJIETOM KPHCTAJIIYHUX OKCHUIIB Ta CKJIOMO10HO0 (a3oro, a
JEeTYBaHHS TMepeXiTHUM MeTanoM ckia SiO, Moke 30UThIIMTH B'S3KICTh CKJIA,
MOKPAIIyI04n Horo ctabutbHIcTh [3, 49]. 3aranbpHa MoBeiHKa OKUCICHHS BKIIIOYAE B
cebe  ytBopeHHs  ZrOy, B-O;, SiO t1a SiO,. Choigg  OKHCIEHHA
Si0,/Zr0O,+Si0,/ZrO,/ZrB; yTBOPIOIOTHCS MPH BUCOKUX 3HAYCHHAX Po, (> 0,13 klla)
B iHTepBaii TeMrnepatyp Bia 1300 °C go 1600 °C, npote npu HU3bKOMY 3HaueHH1 Po;
(<0,31 kIla) cnoctepiraethes auiie okucen ZrO, BHACIIIOK yTBOpeHHs jieTkoro SiO.

JloBiTHUKOBA JiTepaTypa MO KOMIO3UTaM TOBOPUTH MPO Te€, M0 €BTEKTHYHI
MaTepiajii Ha OCHOBI1 KapOlgy KPEMHII0 MOXYTb OyTH HAMOUIbII KOPUCHUMH MJis
3aCTOCYBaHHS SIK Y BHCOKOTEMIIEPATyPHOMY, TaK i B OKHCIIOBAIIEHOMY CEPEIOBHIIII.
Ha croromuimniHii JeHb ICHY€E TyKe€ MaJIO JITePaTypH MO0 CTIMKOCTI JO OKUCIICHHSI
€BTEKTUYHUX MaTepianiB. OZHUM 3 BUHATKIB € TEPMOIPABIMETPHUUHI JOCIHIKEHHS
MOBEIIHKM OKMCIICHHSI CIPSIMOBAaHO 3akpucTanizoBaHoi eBTekTuku B4C-SiC npu
BiTHOCHO HU3BKiKM Temmepatypi (750 °C), ame B uucTiii atMocdepi KuCHIO. K
MOKa3aHO Ha PHUCYHKY 1.14, mpupicT Macu €BTEKTUKH € MPOMINKHUM KOHTPOJIEM
monomitHux Mmarepiamie SiC ta B4C [59]. Kpim TOoro, BHSBHIIOCH, IO KiHETHKA
OKHCJICHHS aHI30TPOITHA BHACIIIOK aHI30TPOIHOI MIKPOCTPYKTYPH, ajie MpsaMi
NOpIBHSHHS 3 HeeBeKTMUHUMH Kommoszutamu SiC-B,C He mnpoomunucs. Brmus
MIKpDOCTPYKTYPH €BTEKTMKH Ha OKHCJCHHS 3alMIIAEThCS 3HAYHOIO MIpOIO
HEBUBYCHUM B MaTepiaiax Iiei rpymnu.

ButbmricTs JOCHIIKEHh 1O OKHUCICHHIO OYJIO MPOBEICHO HA CBTEKTUYHOMY
crutaBi LaBg-ZrB,, He nuBnsunck Ha Te, mo BiH He € SiO; yrBoproBaueM. 3arajibHa
CTIMKICTh 7O OKHCICHHS Oyna BHU3HAYEHA TEPMOTPABIMETPUYHUM aHATI30M B

inTepBani temmepatyp 912-1223 °C mpu Po, 3,9 * 10* ITa, sik OKa3aHO HA PHCYHKY

1.15.
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Pucynok 1.14 — CnpsiMoBaHO 3aKpucTanizoBanuii eBrektuunuii cras B4C-SiC npu

temmepatypi 750 °C B cepeloBHUIIl KUCHIO
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Pucynok 1.15 — 3anexHicTh 3MiHM MUTOMOI Baru Bijl 4acy B €BTEKTUYHOMY CIUIaBi

LaBg-ZrB, npu pisHux Temieparypax ta Po, 3,9 x 10 IIa

Bnponosx  mochimKyBaHOTO — TEpiofy, OKHUCJICHHS  JOTPUMYBAJIOCs
napaboiriuHoi nmoBeainku Hmk4de ~1004 °C, a gami crmocrepiranocss BIIXHIICHHS Bin
napaboJIiYHOi TOBEMIHKHM, a came: 30UIbIleHHs Tpu 30uTbIIeHHI Poy [73]. Tlpwm

: o : : \ .
temrepatypi Buie ~1000 °C 3MiHa Baru craja HenapaOoJIYHOI0, a TOB'A3aH1 3 UM
Ty’Ke€ BEJIMKI MBUIKOCTI OKHCICHHS TOSICHIOIOTHCSI BUTTAPOBYBAHHAM pinkoro B,O3 3
OKCHUJITHOTO IIapy. AHaji3 KIHETUYHHMX JAHUX Yy MOPIBHSHHI 3 MOHOJITHUMHU ZrB; 1
La,O3 mokasaB, 1m0 MBUAKICTh OKUCICHHS CBTEKTHKH OOMEeHa AU(y3i€r0 KUCHIO

gyepe3 kpuctaniuny ¢asy La,Oz. Kpim Toro, O0yno BUSBICHO, IO 30LIBIICHHS MAacH
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COPSIMOBAHO 3aKPHUCTAI30BAaHOTO €BTEKTUYHOro cmiaBy LaBg-ZrB; mpu 3HaueHHi
Poz 3,9 x 10* ITa, Temmeparypi 1016 °C ta 1 roauuu 6yiIo B ~ 5 pa3iB MEHIINM, HiX ¥
LaBs-ZrB;, oTpuMaHOro HUISIXOM 3MIIIYBaHHS MOPOILIKIB €BTEKTHYHUX (Ppakuiid Ta
rapsiie mpecoBaHoro, mpu anajoriuni temmneparypi (1000 °C), ane Huxk4domy P,
(2.1 * 10* TIa) [73]. Jlettouictp peakiiinoi dasu B,Os, B KiHIEBOMY paxyHKY,
3aBa)ka€  BUKOPUCTAaHHIO IMX  MaTeplayiiB Yy  BHUCOKOTEMIEPATypHHX  Ta

OKUCIIOBAJIBHUX CCPCIOBUIIIAX.

1.7 3araabHi XapaKTepUCTHKH KOMIIOHEHTIB CHCTEMU

1.7.1 Kap0in 0opy

da3zoBa nmiarpama cuctemu B-C mpuBeaena na pucynky 1.16. V miit cucremi

yTBOproeTbes kap0in B4C, 110 Mae mmpoKy KOHIIEHTpaliiHy 00JaCTh TOMOT€HHOCTI.

t,°C
Bj,a3C
2400 F /;”’13.3 'L..
S / \
!
/o
4
2200 //
Py OdnacTh
/ roMOTe HHOCTH
A Faponga
2000 ?‘.
L L
L 1 1T ] L T 1 1 ]
0 4 8 12 16 20 24 28 32 36

B C, % (aT.) C

Pucynok 1.16 — ®azoBa giarpama cucremu B-C

Kap6in 6opy B4C (B12C3) mpencraBnsie coboro 4opHi kpuctanw. I[luToma
TEIUI0Ta yTBOpeHHs KapOixy 6opy H = -71,48 xJI>x/Monb, cTaHAapTHA SHTPOMIA S =
27,08 Hx/(MmonpxK), 1m0 CBIIYATH MNOpO HWOro TEPMOAUMHAMIUHY MIIHICTb.

Temmneparypa miasienns kapoixy B4C ~ 2450 °C [74].
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Kap06in 6opy Mae pomOoeapuuny 1patky 3 po3Mipamu a = 0,560 um, ¢ = 1,212
HM, ii KapKac yTBOPIOIOTH 12 MIIHUX, KOMIIAKTHUX 1 KOBAJEHTHO MOB'SI3aHUX aTOMIB
oopy (puc. 1.17). BcepenuHi pboro kapkaca po3TalloBY€eThCSA JIiHIIHA Ipyna 3 TPhOX
MOB'I3aHUX MK cO0010 aTOMIB ByrJieLo. KoBaneHTH1 3B'SI3KM BUHUKAIOTh TAKOXK MIXK
«rocrmojapsaMm» 1 «roctaMu». B pe3ynpTaTi BUXOJAUTh HACTUILKU MIITHA KOHCTPYKIIiS,
oo I AyXke BaXKO 3pyHHYBaTH OyIb-AKUMHU BIUuiMBamMH. Tomy kapOin Oopy i

TBEPMIA, 1 MIIIHUH, 1 XIMIYHO HEBPA3JIMBUH, 1 TEPMIYHO CTikikui [75].

CBITII KPY)KKH — MOYKJIUBE TTOJIOKEHHS aTOMIB BYTJICIIFO

Pucynok 1.17 — EnemenTapHa komipka kap0igy 6opy. [76]

Kap06ix 6opy TperTiif mo TBEpAOCTI MaTepiall Mmcis aMa3y 1 KyOidHOTo HITPUAY
Oopy 1 HaAWUTBEpIIUN 3 THX MaTepialiB, JUIA SKUX OpPraHi30BaHO OaraTOTOHHAXHE
BUPOOHHUIITBO. TBepicTh KapOigy OOpy CTaHOBHTH, 3a maHumu I. A. Meepcona i
I. B. CamcoHoBa, siki jociuimkysamd miarpamy crany B-C, 4950 kr/mm’
(MIKpOTBEp/ICTh), IO I03BOJISIE BUKOPHCTOBYBATH MMOPOIIKH KapOigy B SKOCTI
MEPIIOKIACHOTO abpa3uBHOro Matepiany [77]. Momynb npyXHOCTI KapOigy Oopy
E=450 I'Tla.

Kap6in Gopy € onHiero 3 HAMOUTBI XIMIYHO CTIMKHUX pedoBHH. Ha moBiTpi BiH
He okucioerbes 10 600 °C. He po3unHsieTbesl y BOJ1, KOHIEHTPOBAHUX KUCIOTaX,
aye pyWHYEThCS KHIUITYUMHU po3urHamu JyTiB. Jlo 1250 °C He B3aeMozie 3 a30TOM,
dbochopom 1 cipkoro. Pearye 3 xmopom npu 1000 °C 3 yTBOpEHHSIM TPUXITOPUCTOTO

o6opy 1 Byriemo. KapOin ©Oopy € TepMOAMHAMIYHO CTIHKOI  CIOJIYKOIO.
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TemnonposinHicTs kapbiny 6opy ctanoButh 121 Bt/(M*K) npu 300 °K. Takox BiH

SIBIISIETHCS HAITIBIPOBITHUKOM p-THUIty [78].

1.7.2 {uGopua Hio0i10

Jlubopun Hi06it0 — O1HApHA HEOpraHiyHa CIoJIyKa Hi100110 1 00py 3 hOopMYIIor0

NbB,. [iarpama crany cucremu Nb-B npusenena na pucynky 1.18.
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Pucynok 1.18 — Jliarpama crany cuctemu Nb-B

Jubopua HioOi10 TpeacTaBiisge coO00 Cipi KPUCTAIH, SAKI HE PO3YUHHI y BOJII.
Mae rexcaroHanpHy IpaTKy, MpocTopoBa rpyna P 6/mmm, mapameTpu KOMIpKU a =
0,3086 uMm, ¢ = 0,3306 am, Z =1 [79].

OxanmuHOCTINKICTh CIUTaBiB HIOOIF0O 3 OopoM HeBucOKa. Tak cmjmaBH, fKi
MictaTh 110 40 at.% B 3a 5 rox., npu temmneparypi 900 °C, MOBHICTIO OKHCITFOIOTHCS.
butbmi cTiiiki criaBu Ti, IO MICTATH OUIbllle OOPY 1 MOKPUBAIOTHCA MPU HATpPIBaHHI

MyXKOI0 OKCUJIHOIO TUTIBKOIO, sika 00epirae CIjiaBy Bijl MOJAIbIIOTO OKUCIICHHS.
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JHubopua Hi061t0 NbB; po3unHSIETHCS TUIBKU MPU KUIMIHHI B KOHIIEHTPOBAaHUX
cipuaii 1 dochopHiii kucnmotax. Ha xomomi crifikuii mpotu 1ii BCIX KUCIOT. Y
KHTUISY1i TUTABUKOBIN KHUCJIOTI BiH OUTBIN CTIMKKM, HIX AuOopua Tantaty [80].

OKUCITIOEThCS TIPU CHJILHOMY HarpiBaHHI Ha moBiTpi [77]. Peakiis nmpoxoauTh

npu Temneparypi 1100-1200 °C: 4NbB, + 110,— 2Nb,0s + 4B,03,

1.7.3 Kap06in kpemHiio

Kap6ig xpemuito (kapbopyHn) — OiHapHa HeOpraHiyHa XiMi4Ha Crojyka
KkpemHito 3 ByrieneM SiC (puc. 1.19).

HaiinpocTimum crnoco6oM BUpOOHUIITBA € CITIKaHHS KPEMHE3EMY 3 BYTJICIIEM B
rpadiToBii enekTporeyi AueccoHa MmpH BUCOKi# Temmeparypi 1600-2500 °C [81]:

SiO; + 3C—-SiC +2CO

¢, % (no macce)
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Pucynok 1.19 — Jliarpama crany cucremu Si—C

Pinka daza mae mpoTskHYy 00/1acTh KOHIIEHTpaIil 1 crosiyka SiC yTBOPIOETHCS
M0 MEePUTEKTHYHINA peakiii mpu temmnepatypi 2545 °C. B piguni, sika 6epe y4acTb y
peaxiii, mictuthest 27 % (at.) C. Temneparypa eBrektuku Si + SiC cranouts 1404
+ 5 °C, ckiaa eBTekTUYHOI ToukH Biamoigae 0,75 = 0,5 % (at.) C.

Kap6ig kpemuiro icHye B ABoX Moaudikaiisax: kyoiuniit (B-SiC) 31 CTpyKTyporo

tumty chanepury (puc. 1.20 a), yrBoproeTbes mpu temmepatypax Hmwxkde 1700 °C, 1
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(a-SiC) 31 cTpykryporo Tuny Bropuuty Llg wmoaudikamis yYTBOPIOETbCA MpHU
temmneparypi noHan 1700 °C, mae rexkcaroHanabHy (poMOOEIpPUYHY) PEIIITKY (puc.
1.20 6) [82]. IMomimopdizm SiC xapakTepu3yeThCs BEIHKOK KUIBKICTIO CXOMXKHX

KPUCTAIIYHUX CTPYKTYP, HA3BAHUX MOJIITUIIAMH.

a— (B)3C-SiC; 6 — (a)6H-SiC

Pucynok 1.20 — CTpykTypa OCHOBHHX IOJITUITIB KapOi1y KPEMHIIO

Binomo mpubmmzno 250 xpucramiyaux ¢opMm kKapOimy KpeMHito, sKi
PO3PI3HAIOTHCS, K 1 32 KOJBOPOM, TaK 1 32 BJIIACTHBOCTSIMH. AJie y BCIX € CIUIbHI
TOJIOBHI SIKOCTI — I1€ CTIMKICTh /IO B3a€MOJIIi 3 OUIBIIICTIO KUCIIOT; BUCOKA TEpMIUHa,
XiMiuyHa Ta pajiaiiiiHa CTIHKICTh (37aTHICTh BHTpHUMYBATH Temriiepatypu jgo 1500
°C), HU3bKUI KOCQIIIEHT TEIJIOBOTO PO3UIUPEHHS; CTIHKICTh 10 (ha30BUX MEPEXO/IiB
(uepes sK1 4acTO BiOYBAEThCS pyHHYBaHHS MOHOKPHCTAJIIB 1HIIIUX PEUYOBUH).

[{ixpHicTs MaTepiany p = 3,05 T/cM°, Ma€ IPaHHILIO MILHOCTI Ha 3THH Gy =
320-350 MIla Ta Ha cTuck 6, = 2300 Mlla, moxyns npyxuocti 380I'T1a, TBepaicTh
87-92 HRC, rtpimuHOCTIHKICTE B Mexax 3,5-4,5 MHa-Mllz, KoeiIieHT
termonpoBigHocTi mpu 100 °C 140-200 Bt/(M°K), koedimieHT TEII0BOTO

posumpenns opu 20-1000 °C 3,5-4,0 K*-10°[83].
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1.7.4 InGopua TaHTATY

JHubopua TaHTanly — OlHapHa HeEopraHiyHa CIIOJIyKa TaHTaly 1 Oopy 3

dbopmynoro TaB,. Jliarpama crany cucremu Ta-B nmokaszana Ha pucynky 1.21.
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Pucynok 1.21 — Jliarpama ctany cuctemu Ta-B

Jubopun tantany TaB,; — HaWcTIMKIMUNA MPOTH il KUCIOT OOpHA, BIH HE
PO3UYMHSAETHCA HI Ha XOJIOJI, HI MPU KHUITIHHI Maibke HiI B SKHX MiHEpaIbHUX
KHCJIOTaxX; MpH HarpiBaHHI Ha HBOTO JIi€ TUIKU KOHIIEHTpOBaHa cipuaHa i ¢ochopHa
KHCJIOTH 1 HE3HAYHO — I1aBesieBa. J(ubopua TaHTary Mai>ke TTOBHICTIO PO3KJIAIA€ThCS

3a 2 TOJ. KHIUISTYMMHU CyMIllIaMU TIJIABHKOBOI Ta a30THOI KHCJIOT, a TAKOXK CIpYaHOIO

KHCII0TOM0 3 fob6aBkamu K,S0,4 ab6o K,S,0; [80].

1.8 CniraBoytBopenns B cuctemax B,C-NbB,, B,C-SiC, NbB,-SiC,
B,C-TaB,, TaBz-SiC

VY po6ori [40] 6yno mocaimkeno cuctemy B,C-NbB; 3 15, 30, 35, 40, 60 i 80
mon. % NbB, i mpencraBneno ¢azoBy miarpamy manoi cuctemu (puc.l.22), ne

TeMIeparypa IUJIaBJICHHS I €BTEKTUYHOrO CKiaay craHoBuTh 2250 + 30 °C.
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Pe3ynpTaTi BHILE3ragaHoi poOOTH MOKa3YyIOTh, IO CIIKaHHS MPU TEMIIEpaTypi
pume 2200 °C 1 BMmictoMm 35-37% wmon. % NbB; npu3BoguTh 10 YTBOPEHHS
eBTEKTUYHOI CTPYKTypH. byno BCTaHOBIEHO, MO 3 MIECTH JOCTIIKYBaHHUX
KOMIIO3HUTIB 3a€BTEKTUYHHUI KOMIO3HUT 3 BMicToM 60 mac. % NbB, mae naiiBumny

TpimuHOCTiHKicTs (7,2 + 1,2 MITa MY?).
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Pucynox 1.22 — Jliarpama piBHoBaskHoro ctany cucremu B4C-NbB,, 1e (a) - ()

BIJINOB1IaIOTh CTPYKTYypaM KepaMidHUX KoMIo3uTiB 3 15, 30, 35, 40, 60 1 80 %

(mom.) NbB,

B po6oti [41] Gyno otpumano kommo3ut B4,C-TaB,; 3 30, 33, 35 i 40 mon. %
TaB, nuisxoM BHCOKOTEMIIEPATYPHOTO icKpo-turazMoBoro cmikanus (2350 °C) i
npenctaBieHo (asoBy miarpamy maHoi cucremu (puc.l.23). EBrektnuHi 3epHa
YTBOPWIKCH IN SitU B mporieci KoHcominaiii. Pe3ynpratn gociipkeHsb moka3anm, o
ICKpO-TIIIa3MOBe CITiKaHHsA Tpu Temneparypi Bumie 2300 TpUBOAUTH O YTBOPECHHS
€BTEKTUYHOI CTPYKTypHu. BcTanoBieHo, o0 TBepAICTh 3a BikepcoMm maHoi cucrteMu
nocsirae 28 I'Tla mpu HaBanTaxkeHHi BnasmoBanHs 9,8 H. [{ns xommosuTiB 3 30-35 i
40 mom.% TaB, mpu 30impmenni A Bimx 0,9 MM g0 1,3 MKM crocrepirajioch
30UIBIIIEHHS] TBEPJIOCTI, IO MOSCHIOETHCS THUM, IO TBEPAICTh AUOOPUAY METATy

KOHTPOJIIOE TBEPIICTh 3a€BTEKTUYHNX KOMITO3HTIB.
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Pucynok 1.23 — Jliarpama piBHOBaxkHOTO cTany cuctemu B4C-TaB,, ne (a) - (d)

BIJIMOBIAAIOTh CTPYKTypaM KepaMmiuHux kommo3utis 3 30, 33, 35, 40 % (moin.) TaB;

B po6orti [21] O6yno mochimkeHo cucteMy eBTeKTUYHOro ckiaay 70 mac. %

B4C-30 mac. % SIC Ta mpexncraBiaeHo ikBigyc gaHoi cuctemu (puc.1.24).

Bcranosneno, mo tBepaicTh 3a KHymmoM 301IbITYETHCS 31 30LIBIIEHHSIM MIBUJIKOCTI

Kpuctainizaiii. MiHiMaabHUNA 3HOC BUSBICHO y KOMITO3UTI 31 CKJIAJI0OM, OJIM3LKUM 0

eBrekTudHOTO. [Ipn R =9 cm/ron Oynu oTpuMani HalOLTBII 3HOCOCTINKI 3pa3KH.

Temnepartypa, °C

———+ SiC, % [mac.)
20 30

2600

2500

2400

2300

2200 I
0]

—
30 40
s SiC,% (ar.)

Pucynok 1.24 — Temmiepatypa nikBigycy B cuctemi B4C-SiC

B pobGori [59] takox mocmimkeHo cuctemy By4C-SIiC, oTpuMaHy 30HHOIO

miaaBkow  (puc.1.25).

EBTexkTHUHU

CKJIaJ

PO3paxoBaHO

13 00’emMHOrO

CHiBBiIHOIICHHS IUX ABOX (a3 i cranoButh B4C-53 moa.% SIiC. Bimcranp Mix

MJIACTUHAMM 3MEHIITYETHCS 31 30 IBIICHHSM IITBUIKOCT1 POCTY.
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5—P. T. B. Shaffer: Mater. Res. Bull. 4 (1969) 213-219; 6 — D. R. Secrist: J. Am.
Ceram. Soc. 47 (1964) 127-130; 7 — V. R. Kieffer, E. Gugel, G. Leimer, P. Ettmayer:
Ber. Dt. Keram. Ges. 49 (1972) 41-46; 9 — T. Goto, J. Liand T. Hirai: Proc. Int.
Conf. Composite Mater. 11, (Gold Coast, Australia, 14™-18" July 1997) pp. 11-603-
612

Pucynox 1.25 — IIceBno-6inapHa ¢a3zopa miarpama B4C-SiC

B po6ori [84] Oyno mocmimkeno cuctemy SiC-NbB,, orpumMany in Situ misxom
ICKpO-TUTa3MOBOTO CITiKaHHSA. EBTEKTHMUHMM cKiaj y il cucTteMi cTaHOBUTH 37-39
00. % NbB,. B po60oTi Briepiiie 10CTiKEHO TEMIIEpaTypHY 3aJIeKHICTh MIIIHOCTI Ha
3ruH. KepamiuHi KOMIIO3UTH 3 €BTEKTHYHOI CTPYKTYPOIO MPOJEMOHCTPYyBAIH
HE3MIHHY MIIHICTh Ha piBHI 610 + 25 MIla npu kiMmHaTHII Temneparypi Ta mpu 1600
°C. [llomampmie MiABHINEHHS  TeMIEpaTypu 1900 °C

BUNIPOOYBaHb 10

CYNPOBOJIKYBAJIOCS HEBEIWKUM 3MCHIICHHSM MimHOCTI. Taka moBemiHka Oyia
MOB's13aHa 31 30UTBIICHHSM BIUTUBY TUIACTHYHOI AedopMariii Ha MpoIec pyHHyBaHHS.
[Hdopmariito mpo crIaBOyTBOpEHHS B JaHii cuctemi ta cuctemi TaB,-SiC He

OyJ10 3HaJIEHO.
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1.9 BucHOBKH TAa IOCTAHOBKA 32124 JOCJIiXKEeHHA

PO3BHTOK CHpPSIMOBAaHO 3aKPUCTATI30BAHUX CBTCKTUYHUX OOPHUIHUX Ta
KapO1AHUX cIUIaBiB noyancs e 40 pokiB Ha3ajl, MOYMHAIOYM 3 OPUTIHAIBHOI pOOOTH
Cry6ikaHa Ta ioro cniBpoOiTHUKIB [21, 22]. OxepikaHHS IUX CIUIaBiB 3MiHIOBAJIOCH
Bi TpaauuiiHux metoaiB bpimkmena B 1970-x pokax A0 METOMAIB Ja3epHOi 30HHOT
IUIABKK Ta Ja3epHoi moBepxHeBoi 00poOku y 2000-x pokax. Bummit TepmiunHuii
IpajleHT, MOTYKHICTh HAarpiBy Ta HIBUIKICTb OOpOOKHM JIa3epHUX TEXHOJIOT1N
JO3BOJISIOTh  3MCHIIUTH CTPYKTYpPHO-T€OMETpu4Hi po3mipu g0 100 HM, 1e
CTIIOCTEPIraloThCS  3HAYHI IMOKPAIICHHS  BJIACTHBOCTEH, 30KpemMa  TBEPJOCTI.
TexHonorii na3zepHoi NOBEpXHEBOI OOpPOOKM MOXKYTh OyTH KOPHUCHUMH JJIs
Moaudikaii moBepxHi abo MOKPUTTIB, OJIHAK 3BMYaiiHa 0OpoOka Tuny bpimxmena
3QIMIIAETBCS  KPAIIOW JUIsl OTPUMaHHsS BEIUKUX 00'eMHUX 3pa3kiB. Kinbka
JOCHI/DKEHb, CIPSIMOBAaHMUX HAa BUTOTOBJICHHS EBTCKTHYHUX MOpPOIIKIB (abo mpu
3aCTOCYBaHHI METO[IB IIJIa3MOBOTO PO3MHJIEHHA a00 TOJAPIOHEHHS 3 BEIUKHUX
€BTEKTUYHUX 3Pa3KiB) Ta 1X MOJAIBIIOI KOHCOIAIlIT 32 JOTIOMOTOI0 TaKMX METOJIIB,
AK ICKpO-TUIa3MOBE CIIKaHHS, MOXXE CTaTH 1€ OJHUM pPEATbHUM IUIIXOM IS
BUTOTOBJICHHSI BEJIUKOTa0apUTHUX JeTajieid. Taki MOpOmKoBI 0OpoOJieHl 3pa3ku
30epiraloTh  JIesIKI IepeBard  €BTEKTUYHOI  MIKPOCTPYKTYPH, YCEPEIHIOIOYH
aHI30TPOIIII0 MAKPOCKOITIYHUX BIIACTUBOCTECH.

binpmiicte  OGopumHMX Ta  KapOIAHUX  CHOPSIMOBAHO  3aKPHUCTAIII30BaHUX
€BTCKTUYHUX KOMIIO3HUIIIMHUX CIUIaBIB JEMOHCTPYIOTH ITIBUIIEHHS TBEPAOCTI Ha
BIIMIHY BiI MOHOJITHUX CKJIaJ0BHX (a3, siIKi HE MOXYTh OyTH OINHCaHI TPOCTUM
MpaBWJIOM cymimieii. TBepaicTh Ha BIABIIOBAHHS IMX CIUIABIB 3QJICKHTH Bij
HABAaHTAXXEHHS /10 HaBaHTXKEHHS ~ 5 H 1, K mpaBmIio, 30 UIBIIY€ETHCS 31 3MEHIIIEHHAM
BiICTaHI MDK IJJaCTUHAMH Ta BOJOKHAMH, XO4Ya TIOSBa  3a€BTEKTUYHOI
MIKPOCTPYKTYPU MPU BUCOKHUX IIBUIKOCTSIX OOPOOKM MOKE 3MEHIIMTH TBEPICTb.
CrpsiMOBaHO 3aKpHcTaiizoBaHWi eBTekTHuHUU cmiaB B4C-TiB, Mae Halikpanty
tBepaicTh (33 I'Tla) mpu kiMHATHIN TemIieparypi, a HOro HHU3bKAa MIUIBHICTH MOXE

OyTH KOPUCHOI JUIsl 3aCTOCYBaHHsS CIUIaBy B SIKOCTI Oponexwiera. Takox
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COPSIMOBAHO 3aKPHUCTAI30BaHl €BTEKTUYHI CIUIaBM HA OCHOBI KapOiAiB 1 OOpuaiB
MaloTh BIIMIHHY 3HOCOCTIMKICTh Ta TEPMIUHY CTAOUIbHICTh, 11O MOXE 3pOOUTH 1X
MOTCHIIINHUMU MaTepialaMi JJI1 BUCOKOTEMITEPAaTypHUX 3aXHCHUX TOKPUTTIB.
Opnak ciifg OLIHIOBATH Takl BJIACTUBOCTI, SK KOPO3i1MHE pO3TPICKYBAHHS IiJ
HaIPY>KEHHSM K U KIMHATHIN, TaK 1 IpU BUCOKIN TeMIepaTypi.

Xoya ICHYIOTh YHWCIEHH1 JOCHIIPKEHHS, B SKHX TIOKa3aHO TMOKpaIleHHs
MEXaHIYHUX BJIACTUBOCTEH OOpUAHUX Ta KapOiTHUX CHPSIMOBAHO 3aKPHUCTATI30BAHUX
€BTEKTUK B PE3yIbTaTi MOJAPIOHEHHS MIKPOCTPYKTYPH, Ll JOCHIIKEHHS B 3HAYHIN
MIpi OOMEXYIOTbCS JIOCHIJDKEHHSMH TBEpJIOCTI Ta 3Hocy. lle mnoB’s3ano 3
00MEXXEeHUMHU PO3MIpaMHu 3pa3KiB, OTPUMAHMX, B OUTBIIOCTI, METOJIaMHU CIIPSIMOBAHO1
kpucranizaiii. OHaK, IesKl JOCTKEHHS BUCOKOTEMIIEpATypPHOI MIIIHOCTI Ha 3THH
CBIIUaTh MPO Te€, M0 OOPUHI 1 KapOiHI CIIPSIMOBAHO 3aKPHUCTATI30BaH1 €BTEKTHKU
MalOTh IIIABHUINEH] BiaacTuBocTl IoHaiMenmre o 1600 °C. EBrextuka LaBg-ZrB,
JIEMOHCTPY€E HaWKpallli BUCOKOTEMIIEpAaTypHI MEXaHI4H1 BJIACTUBOCTI 3 MIITHICTIO Ha
sruH 950 I'Tla mpu temmneparypi 1600 °C (HaiiBuIa TemnepaTypa BUIPOOYBaHb, SIKY
nocsrin). OCKUTBKU OUTBIIICTh OOPUIHUX CIIPSMOBAHO 3aKPHUCTATI30BaHUX €BTEKTUK
30epiratloTh CBO1 MEXaHIYHI BIJIACTHBOCTI JI0 TaKWX BHCOKHUX TemIepaTtyp Oe3
HACTaHHsS 3HAYHOI IIACTHYHOI nedopmariii, sK 1e BiAOYBa€TbCA B OKCHUIHUX
€BTEKTUYHUX CIUIaBaX B JIaHOMY TeMIIepaTypHOMY [liafa30Hi, BOHH MOXYTh
BUSIBUTHCS JIy’KE€ KOPHUCHHMH TPHU 3aCTOCYBaHHI B HAJBHUCOKUX Temmeparypax (>
2000 °C), ocobimBO B 0051aCTi 3aCTOCYBaHHSI KOCMIUYHOT TEXHIKH, 1€ OKUCICHHS HE €
Takoo npobsemoro. /s Toro, mob 6opuaHa Ta KapOiiHa eBTEKTUKA Oyiia KOPUCHOIO
B atMocdepi, Mo MICTHUTh KUCEHb, IPU BUCOKUX TEMIIEpaTypax, HEOOXiTHO OLIbII
MOBHO OIIHUTH TIOBEIIHKY OKHCJICHHS, OCKUIBKM B JaHWM Yac JyKe Mall0 TaKuX
JOCIIHPKeHb MOKHA 3HAWTW B JitepaTypi. [[ns eBTEKTHMYHMX CIUIaBiB, MO MICTSTH
SiC, neryBaHHs sKuX OyJI0 BH3HAHO KOPUCHHUM B OOpHUAHHMX Ta KapOiTHHUX
MOHOJIITHUX Ta KOMIO3ULIMHUX MarepiajiaXx, MOXe OyTH MOXJIUBUM IX
BUKOPHUCTAHHS B OKHCITIOBAIBHIX CEPEIOBHINAX MPU BUCOKUX TEMIIEpaTypax.

Takum ymHOM, OOpUIIHI Ta KapOilHI €BTEKTUKHU SIBJISIIOTH COOOK MOPIBHAHO

HEJIOCTATHBO JOCIIJKEHY AUISHKY KEpamiKH, aje JIEMOHCTPYIOTh MEPCIEKTUBH B
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psaal obnacteit 3acTocyBaHHs. KpiM TOro, BHaciiloK JOCATHYTOIO CUCTEMAaTHYHOI'O
KOHTPOJIIO HaJ PO3MIPOM MIKPOCTPYKTYPU BOHM JAlOTh HAM HOB1 MOXJIMBOCTI JJIs
KOHTPOJIIO BJIACTUBOCTEH y KepaMiyHUX Kommo3uTax. OCHOBHI mpobieMu
KoMepiIliaiizamii [ux maTepiaiiB 3HAYHOI MIPOI0 3ajekaTh BiJl MacIITabOBAaHOCTI,
ToMy mporecu monudikaiii moBepxui [56, 60] i mopomkoBa eBTeKTHYHA 0OpOOKa
[39, 40] € HaiiOTBII IEPCIIEKTUBHUM HUIAXOM JUISl pealtizallii MOTeHIIHHUX TepeBar
I[bOT'0 KJIacy MaTepiaiiB y HAMOIMK4iil MepCreKTUBI.

OcTaHHIM YacoM Bce Ouibllie poOIT MPUCBAYEHO OCHIIKEHHIO OJepyKaHHS
HOJBIHHUX CHCTEM Ha OCHOBI Oe3kHMCHeBUX TyromuaBkux cronyk (B4C-TiB,, B4C-
ZrB,, B,C-HfB,, B,C-TaB,, B,C-SiC, B,C-NbB,, TiB,-SiC, ZrB,-SiC, HfB,-SiC,
TOII[0) METOJIaMH TapsY0ro MPECyBaHHsI, €IEKTPOPO3PSTHOTO CITIKAHHS Ta, y MEHIITIH
Mipi, chpsMOBaHOi Kpucrtamizamii. Taki Marepianu MMOKa3ylOTh JOCHTh XOPOIIi
MEXaHI4H1 BJAcTUBOCTI A0 Temmepatyp 1600-1800 °C. IIpore s BUIIMX
TeMmriepatyp ekcruryatamii — go 2000 °C 1 Bume — moTpibeH MOIIyK HOBHX
NEPCTIEKTUBHUX CUCTEM.

Tomy B poOOTI MPOMOHYETHCA PO3POOKAa HOBHX MOTPIMHUX EBTEKTHUUHHX
CHCTEM Ha OCHOBI Oe3KHCHeBHUX TyromiaBkux cronyk (B4C, TiB,, ZrB,, HfB,, TaB,,
SiC, NbB,, TiSi; Tomo) Ta oaepkaHHS Ha IX OCHOBI CIPSIMOBAaHO aPMOBAaHHUX
KOMITO3HMITIMHUX MaTepiajliB 3 MiIBUIICHUMH TeMIieparypaMu ekcruryararii (1o 2000
°C Ta BumE). 3a pe3ynbTaTamMH JITEPATypHOTO TOIIYKY OYyJO0 BHUSBICHO, IO
HEIOCHIKEeHUMH Ha naHuii MmoMeHT € cuctemu B,C-NbB,-SiC ta B4,C-TaB,-SiC, saxi
MOXYTh OyTM TEpCHEKTUBHUMHU SK 3 TOYKH 30pYy MIJBUIICHHS MEXaHIYHUX
BJIACTUBOCTEH, TaK 1 3 TOYKU 30PY OKHUCHOI CTIMKOCTI 3aBISKH HasBHOCTI KapOimy
KPEMHIIO.

Taxum ynHOM, METOI0 POOOTH OYJIO OJEp KaHHS Ta JOCHIIKEHHS CTPYKTYpH 1
MEXaHIYHUX BJIACTUBOCTEH CIPSMOBAaHO 3akpucraiizoBanux ciuiaBiB B,C-NbB,-SiC
ta B4,C-TaB,-SiC.

JIs1 moCATHEHHS OCTaBICHOI METH HEOOX1THO BUPIIIIMTH HACTYITHI 3a/1a4i:

a) momyk 1 oOpoOka yiTepaTypyd MO MOABIMHUX 1 MOTPIMHUX EBTEKTHUUHUX

cucremax 3a y4acti B,C, NbB,, SiC ta TaB,;
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0) YTOYHEHHsA, a B pa3l HEOOXIIHOCTI, JAOCIIIPKEHHs JlarpaM IUIaBKOCTI Y
cucremax B,C-NbB,-SiC rta B,C-TaB,-SiC;

B) OJiepKaHHsSI CIPSIMOBAHO 3aKPUCTATI30BaHUX CIUIaBIB HA OCHOBI BUOpaHUX
CUCTEM;

T') JOCHIKEHHS CTPYKTYPH Ta (pa30BOT0 CKIIAy OJEP:KaHUX KOMITO3MUTIB,;

1) TOCJIJIKEHHSI MEXaHIYHUX BJIACTUBOCTEN OJIEpKAHUX KOMIIO3UTIB.
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2 MATEPIAJIM TA METOJU JOCJII)XEHb

2.1 MeToauka npoBeieHHsl EKCIIEPUMEHTY

[Ipouiec BUrOTOBIIEHHS CHPSMOBAHO 3aKPHUCTAII30BAHUX CILIABIB CHCTEMH
B4,C-NbB,-SiIC ta B4C-TaB,-SiC Bkimtouae B cebe [03yBaHHS IOPOIIKIB,
MPUTOTYBaHHS CYMIllll €BTEKTUYHOTO CKJIaay, IPECYBaHHS CTEP)KHIB 1 OE3TUTENbHY

30HHY MJIaBKy. TE€XHOJIOT14HA cXema OJIep KaHHs CIUIaBiB IOKa3aHa Ha pUCyHKY 2.1.

opomok SiC [Moporok B,C [Moporiok NbB, (TaB,)

—> Jlo3yBaHHA ~ <

3MilryBaHHs

miacTudikaTop — 3aMiIHf'BaHH$I
['panymroBanHs

[IpecyBanHs

Cymika

!

besturenpHa 30HHa
IJIaBKa

Kpucran

Pucynok 2.1 — TexHomoriuHa cxema oJiep>KaHHs CIIPSIMOBAHO 3aKPUCTAII30BAHUX

cmuiasiB B4,C-NbB,-SiC ta B,C-TaB,-SiC
2.2 BuxiaHi matepiann

B skocTi BUXIZHHUX MaTepiaiiB BUKOPHUCTOBYBAJIM IPOMMCIOBI MOPOILIKH

KapOiny Oopy, aubopuay HI001t0, AUOOpPUAY TaHTaly Ta KapOilly KpeMHilo 3
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YUCTOTOIO OsM3bKO 98 Mac.% 3 po3MipoM 4HacTUHOK 1-5 MxM. BincoTkoBuil ckian

KOMITOHEHTIB B CyMilllaxX Ta iX MUIbHICTh NPEACTaBiIeHO B Tabmuill 2.1.

Tabmuus 2.1 — BMiCT BUXITHUX KOMIIOHEHTIB y CyMIIIax

IIimpHICTS,
Cymim Komnonentu Mac. nons, % | Mon.% 3
r/cm
B,C 0,26 32 2,52
B,C-NbB,-
_ NbB, 0,51 30 6,97
SIC i
SIC 0,23 38 3,21
B,C 0,17 27 2,52
B4C-TaBg-
_ TaB, 0,61 26 12,38
SiC i
SiC 0,22 47 3,21

2.2.1 Bu3HaYeHHSI eBTEKTHYHOIO CKJIAAY CIJIABY

Binomo, mo 3a A0MOMOror CopsiMOBaHOI KpHCTali3allli MOKHAa BHU3HAUYHUTH
TOYHHMH CKJIaJ €BTEKTUYHOTO cruiaBy [85]. Iy 11boro moTpiOHO MPHUTOTYyBaTH 3Pa30K
3 HaOJMKEHWM JO ©eBTEKTHUYHOI'O CKJIQJIOM, TiAJAaTH MOro CHpPsSIMOBaHIM
KpucTamizamii, 1 KUIBKICHUM MeTajorpadiyHuM aHajJi30M II0 XapaKTEePHUX
€BTEKTUYHUX JUISHKaX y KIHIEBIM YacTHHI BHUPOIIECHOTO KPHUCTAy BHU3HAYUTH
TOYHUN BMICT KOMITOHEHTIB y €BTEKTHII.

B TpukOMIIOHEHTHI# CUCTEMI CKJIaJ CIUIaBiB, CTPYKTYPHUX CKJIaJ0BHX Ta (a3
BU3HAYAETHCA 32 JOIMOMOTOI0 DPIBHOCTOPOHHBOTO TPHUKYTHHKA, SKU HAa3UBAIOThH
KOHIIEHTPAI[IHHUM TPUKYTHUKOM. TemmepaTypa B JaHOMY BHUIAIKY BiTKIIATA€ThCS
Mo OcCl, SKa € TMEPICHIUKYISIPHOIO IO TUIONIMHU KOHICHTPAIIHHOTO TPUKYTHHUKA.
Takum dYmHOM, M7 300paKEHHS TMOTPIMHOI CHUCTEMHU 3aCTOCOBYIOTH IMPOCTOPOBY
MOJIeJIb, IO TPECTABIIIE COO0I0 TpUrpaHHy npusMy (puc. 2.2) [86]. IcHyroTs i iHII
crocoOu 300paxKeHHs MOTPIHHOI cUCTEMHU, aje B Halliil poOoTi Oylo BUKOPHUCTAHO

caMe TaKHU METO/I.
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Temneparypa

C

Pucynok 2.2 — IIpoctopoBe 300pakeHHsI TPUKOMIIOHEHTHOI CUCTEMU

Jlns BW3HAUEHHS XIMIYHOTO CKJIaJy TOYKH, IO 3HAXOJIUTHCS BCEPEIMHI
KOHIIEHTPAIIITHOTO TPUKYTHUKA, ICHY€E AeKUIbKa croco0iB. Haltnpocrimmm € cnocio,
KOJIM 3 (IrypaTUBHOTO TOYKH X, CKJIaJl sIKOi HEOOX1THO BU3HAYUTH, HA OyAb-IKy 31
CTOpIH TPUKYTHUKA TPOBOAATH JIIHII TapajelibHl CTOpPOHAM KOHIICHTPAIIHOTO
tpukyTtHuka (puc. 2.3). OOpaHa s BH3HAYCHHS XIMIYHOTO CKJIaay CTOPOHA
PO30MBA€ETHCS HA TPHU BiJpi3Ka, BIAMOBIIHUX KOHIIEHTpaIlii KoMrmoHeHTiB A, B1 C B

toury X.

Pucynok 2.3 — KinbKicHe BU3HaUCHHS XIMIYHOTO CKJIQy B TOUIl X

Ha meprmiomy erami Burorosisua 3pasku B,C-NbB,-SiC ta B4,C-TaB,-SiC 3
HAOJMMKCHUM JI0 €BTEKTUYHOTO CKJIaJoM. [Hdopmalris Mo eBTeKTHYHOMY CKJIaay Y

JAHUX KBa3IMOTpIMHUX cucTemax Oyna B3siTa, mo-mepiie, 31 ctarti OpaaHsHa 31



57

criBpoOiTHHKamMu [87], sika Oynma omyOsikoBana y 2017 pomi, i B sKid Oymu
NPUBEACHI pe3yJbTaTH pO3PAXyHKOBUX E€KCIEPUMEHTIB. TakoXk, B SKOCTI
aNbTEPHATUBHOIO MIAXOAY, HaMu OyJM ONpanpoBaHl JlarpaMHd  IUIaBKOCTI
kBasinoasiinux cucrem B4C-NbB,, NbB,-SiC, B4C-SiC, B4C-TaB,, TaB,-SiC [40,
41, 21, 59, 84] Ta 3a TONOMOro0 Te€OMETPUYHOI MOOYTOBH HAOIUKCHO BHU3HAYCHO
OpIEHTOBHI CKJIaJM MOTPIMHUX EBTEKTHK y KBa3imoTpiitHux cucremax B4C-NbB,-SiC
ta B,C-TaB,-SiC.

TakuM 4MHOM, 13 BUIIECKa3aHOro OyB OTpUMaHUN HACTYNMHUN NPUOIUZHUN
ckiaan cmiaBiB  (puc. 2.4): 32B4C-30NbB,-38SiC Tta 27B4C-26TaB,-47SiC.
OTpumaHuil CKJIaJ Ty)Ke CXOKUU Ha Ckiaa, orpuManuii OpaaHbsHoM Ta iH. [87]:

33B4C-29NbB,-38SiC Ta 33B,C-25,5TaB,-41,5SiC.

B,C B,C

VAVAVAN VAVAVAN
VAVAYAVAN VAVAVAVAN
AR | ARRRN

a 0

TaB,

Pucynok 2.4 — HaGnmkeHo BU3HAYCHUH €KCTIEPUMEHTAIBHO €BTEKTUYHUHN CKIIaa y

cuctemi B4C-NbB,-SiC (a) ta B4C-TaB,-SiC (0)

CrmnaBu BU3HAYEHUX CKIAJIB Oyl oOJepkKaHl ITUTABICHHSIM B YCTaHOBII
«Kpuctan 206y, miciast 40oro BOHH PO3pPi3ajuch 1 aHAMi3yBallach iX MIKPOCTPYKTYypa i

(dazoBul ckia.
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2.3 OneprkaHHsA 32ar0TOBOK 1JIS BUPOILYBAHHS KPUCTAJIIB

Jlo3yBaHHS TOPOILIKIB MPOBOJMIOCH HAa JA0OPATOPHUX Tepe3ax, 3MIIIyBaHHS
Ha JJabopaTOpHUX cUTaX. B sKOCTI muacTudikaTopy BBOAUBCS MOJIBIHLIOBHM CIIUPT.
Bin nomaetrwcs y Burnsaai 2,5 % -ro BogHOTO po3uuHy B KuibkocTi 20 ma Ha 100
cyMimri. 3MIITyBaHHS POBOAMIOCS MPOTUPAHHIM uepe3 cuto (40 MKM) ecaTh pasiB.
[loTiM TPOBOAMAM TPAHYJALIIO ACCATUKPATHUM TPOTHUPAHHSIM 4Yepe3 CUTO 3
po3mipom Komipok 50 MkM. Po3paxyHOK KUIBKOCTI MOPOIIKY HEOOXIAHOI s

NpEeCyBaHHS OJIHIET 3arOTOBKU MPOBOAUBCA 32 (OPMYIIOIO:

G = V-p(I-I1)K, (2.1)

ne G — maca nopouIKy, T;
3.
V — 00’ €M NPecoBKH, CM ",
. 3.
Px — TYCTHHA KOMIIAKTHOTO MaTepiany, I/cMm™,

I1 — mopucTicTh npecoBkH, 110 AopiBHIOE 50 %;

K — koedirient, o gopisaroe 1,01.
O06’eM TIPECOBKHM BU3HAYAETHCS 32 (OPMYJIIOHO:
V=1 hd%/4 (2.2)

ne d — giameTp IpecoBKH, CM;

h — moBXXHMHA MPECOBKH, CM.

PesynbpTaTi po3paxyHkiB nMpuBeeHi B Ta0mui 2.2.
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Tabmuus 2.2 — Po3paxynok HaBicok cyminti B4C-NbB,-SiC ta B4,C-TaB,-SiC

Cymimm Bara B,C, r | Bara NbB,, TaB, r | Bara SiC, r

B,C-NbB,-SiC 0,35 0,7 0,31

B,C-TaB,-SiC 0,24 0,87 0,31

[IpecyBanHs cTepkHIB NOBXkUHOKO 145 MM 1 giamerpom 10 MM 3aiiicHIOBanu
Ha TiApaBiIiyHOMY TMpeci B po30ipHid mnpec-popmi mnpu Tucky 100 Mlla.
[IpecyBannsm a0 ynopy Oyiu ojiepKaHi 3aTOTOBKHU 3 CEPEHBOIO MOPUCTICTIO 40-42
%. Ilicns mpecyBaHHS CTEp)KHI MaJOMIIHI, 1 TOMY NOTpeOyIOTH 00Epe KHOTO
MIOBO/KEHHS 3 HUMU. BOHU pO3MIIIYIOTBCSI Ha CKIITHUX TUIACTHHKAX, SIKI KIaTyThCs
Ha METaJeBi TUIACTUHU TOBHIMHOKIO 3-4 MM 1 3aBaHTaXYIOThCS Y BaKyyMHY miady.
Cymika BHUKOPUCTOBYETHCS JUJIS BHAAJNEHHS BOJOTHM 13 3aroTOBOK, a TaKOX
MiABUICHHS iX MIIHOCTI 3a paxyHOK mosiMmepu3aiii miaactudikaropy. Cyika
CTEpkHIB TTpoBoamiachk npu temreparypi 100 °C Ha npotsa3i 10 roguH y BakyyMHIM

CYIIWJIBbHIN Tadi.

2.4 OnepxkaHHSA KPUCTAJIIB CIPSIMOBAHO 3aKPHUCTATI30BAHUX CIUIABIB
cucrem B,C-NbB,-SiC Ta B,C-TaB,-SiC ciioco6om 0e3TurebHoi

30HHOI IJIABKH

BupomyBanHs KpucTaniB 31MCHIOBAJIOCS CIOCOOOM O€3THUTeNnbHOI 30HHOI
miaBku Ha ycraHoBul "Kpuctan-206" (puc. 2.5). llg iHaykimiiiHa ycTaHOBKa
Mpu3HaYeHa i BHUPOINYBAHHS BHCOKOYHMCTUX MOHOKPHUCTANiB KpeMHito. Jls
BUPOIIYBaHHSA MOHOKPHCTaNIB 3 KapOigy Oopy 1 #oro cmiuaBiB Oyja 3MiHEHA
KOHCTPYKIIiS 1HAYKTOpA, IO Jal0 MOXKIIHMBICTH OJICPKYBAaTH BHCOKY IIUTHHICTH
MarHiTHHUX JIIHIM Ha OAMHUIIO0 00’ €My MaTepiany 1 po3irpiBaTu MOro A0 TeMIepaTypu

raBneHHs. [IIBuakicTe kpucTanizailii 3pa3kiB ctaHoBuia: 1, 2, 3 MM/XB.
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OpeprkaHi HECHIEUYEH1 CTEPXKH1 3aKPIIUTIOIOTHCS B 3aTHCKAY HHXKHBOTO IITOKY
yctaHoBkU "Kpucrtan-206" B poOouiii kamepi mi4HOro OJ0Ky. Y 3aTHUCKa4 BEPXHBOTO
IITOKA 3aKPIIIIIOEThCs 3aTpaBka. O0uABa 3aTHCKadl MAlOTh LIAHTOBY KOHCTPYKIIIIO 1
BUKOHYIOTbCS 3 HEP>KaBI1I0YOT CTAJIL.

ITiciist 3aKpIMICHHS CTEPXKHS KamMepa repMETH3YEThCS 1 BaKyyMyeTbest 1o 107
[la. IlnaBky npoBoAsTH B arMocepi IHEPTHOro rasy (reniro), 110 MEePelIKOoKae
IHTEHCUBHOMY  BUIIApPOBYBaHHIO  CIUIaBy  NpU  TeMmmeparypl  IUIaBJICHHS.
BumnapoByBaHHS JOMIIIOK 1 CaMOro pO3IUIABICHOr0 MaTepiany MOKe MPUBECTH 0
crnajaxyBaHHS po3psiaiB  y kamepl. g mepemkojkaHHA —1bOMY — KaMmepa

3aIIOBHIOETHCS T'EIIEM.

Bunnabrenui 3pasox Karepa Yemanobka

IHdyxmop

Jamuckad

Pucynok 2.5 — Ycranoska "Kpucran-206"

B sxocti 3aTpaBOK IS BUPOIIYBaHHA  KPUCTATIB  CHPSMOBAHO
3aKpHCTai30BaHMX €BTEKTHYHMX ciuiaBiB cuctemu B,C-NbB,-SiC ta B,C-TaB,-SiC
BUKOPUCTOBYBAJIM TOJIKPUCTANIYHI 3aroToBku nux cucrem. lle mae 3mory He
BBOJIUTH B 30HY PO3ILJIABY JOJATKOBUX JOMIIIOK.

[Ticas mosiBM pO3IIIaBIIEHOT 30HU BKITIOUAETHCSA PYX 3pa3ka 1 BIH PYXa€ThCS 3
BCTAHOBJICHOIO IMIBUAKICTIO BITHOCHO IHAYKTOpa. Temmeparypa KpucTamizarlii
KOHTpOJIIOBaJIach 3a jomnoMoroto mipoMerpa "lIpominp". Opepikani Kpuctaiu
pO3pi3aTiCch Ha EIEKTPOCPO3IMHOMY CTAaHKY B TOB3JOBXHHOMY Ta TOIEPEYHOMY

HanpsiMkax. [loBepxHI BHpi3aHMX YACTHUH CTEPKHIB HUTI(YBaIUCh, MOJIPYBAIHCH 1
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BHUBYAJIUCh METAJIOrpadiuHo 3 10NOMOrow ontuyHoro Mikpockomy “NEOPHOT-21”

(puc. 2.6) Ta pactpoBoro mikpockomy Selmi POM-1061.

Pucynok 2.6 — Onruunuit mikpockon “NEOFOT-21”

2.5 MetagorpagivHi 10CaiIsKeHHS CIIPSIMOBAHO 3aKPUCTATI30BAHUX

ciiasiB cucrem B,C-NbB,-SiC Tra B,C-TaB,-SiC

Jlns mpoBeneHHsT MeTajgorpadiqHuX JOCHIIKEeHb 3pa3Ku Oyiy 3ampecoBaHl y
MOpoIIoK 6akemniTy. JlocaimKeHHsT MPOBOIMIOCH HA TTO3/I0BXKHBOMY Ta IOMIEPEUYHOMY
nepepizi. HImid BuroToBmsuM Ha nUIiQyBaJBHOMY BepcTaTi 3a JIOMOMOTOIO
nutidpyBanpHOrO mManepy 3 3epHucrictio P180, P320, P600, P800, P1200, P2500.
[lamip 3MiHIOIOTH HA IHINWK 3 MEHIIOK0 3€PHUCTICTIO MO Mipi BUTOTOBJICHHS HLTi(a.
3aBepmadbHUM €TanoM Oyso MOdipyBaHHS 3pa3KiB J1aMaHTOBOIO CYCIEH3I€I0 3
PO3MipOM YaCTHHOK 3 MKM 1 1 MKM.

MikpocTpyKTypa CIpsIMOBaHO 3aKpHCTaii3oBaHuX ciuiaBiB cuctem B,C-NbB,-
SiC ta B4C-TaB,-SIC pocnimkyBaiach 3a JOIOMOIOK PacTPOBOrO EJICKTPOHHOIO

Mikpockona Selmi POM-106U (puc. 2.7).



62

i P
20.00kV x250

a — mikpocTpykTypa B,C-NbB,-SiC; 6 — mikpoctpykTypa B4C-TaB,-SiC

Pucynok 2.7 — MikpocTpyKTypa CIpsIMOBaHO 3aKpUCTATI30BaHUX CIUIABIB CUCTEM

B4C-NbB,-SiC Ta B,C-TaB,-SiC

2.6 PentrenogaszoBuii anaJis

Hns  pmocnmimkeHHs — ¢ga3oBoro  CKiamy — CIlaBiB OyJlno  MPOBEACHO
pentrenodazopuii a”ami3. [loBepxHs 3pa3kiB Oylia TONEPEeIHHO BHUPIBHSIHA Ha
anMazHoMmy Kpyry. JlocmijpkeHHS ¢a30BOro CKJIaay CIDIaBiB IMPOBOJMINCH Ha
ycranoBii Rigaku Ultima IV jqns crmaBiB gocnimkyBaHuX ckiafiB. CxeMa KaMmepH

yctanoBku Rigaku Ultima IV nokazana Ha pucyHky 2.8.

1 — Bucota mxepena; 2 — KyT JpKepelia; 3 — monepedHa onTuyHa 0anka; 4 —
KPUCTAJIOONTUKA; 5 — BUCOTA MPOPi3y; 6 — MOBEPXHS 3pa3ka; 7 — KyT XO4y AETEKTOpa

Pucynok 2.8 — Cxema ycranoBku Rigaku Ultima 1V
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@®a30BUM  aHaJI30M HAa3UBAa€TbCA BCTAHOBJIEHHS  HAasBHOCTI (a3 B
JOCHIJPKYBAaHOMY 3pa3Ky, iX imeHTudikamis (SIKICHUNH aHali3) Ta BHU3HAYEHHS
BiTHOCHOTO BMIcCTY (ha3 (KimbKicHMI aHami3) [88].

SIKicHUI pEHTreHIBCbKUMU (a3oBUil aHami3 OyAyeTbCs Ha HACTyIHUX
MPUHITUTIAX

— KOXXHAa  KpPHUCTaJiYHAa pPEUOBHMHA  XapaKTEPU3YEThCA  CBOIM,  ITLIKOM

IHAMBIAYATbHUM TU(PAKIIHHUX CIIEKTPOM;

— CyMIIll PEYOBHH A€ CIEKTP, MO € CYMEPIIO3UIIEI0 CIEKTPIB IIMX OKPEMHUX

PECUOBUH.

BumipsHi BIJHOCHI 1HTEHCHMBHOCTI JIHIM 1 BHU3HAYEHI IO pPEHTreHOTrpami
MDKIITOIIMHHI BiZICTAH1 HA3UBAIOTHCSI PEHTTCHIBCHKOIO XapaKTEPUCTUKOIO PEYOBUHHU.
HaitinTeHcuBHIIII JTiHIT JaHOT pEYOBUHM HA3UBAIOTh periepHUMU. BOHM 3HHMKAIOTH Ha
pEHTreHOoTpaMi OCTaHHIMH, SKIIO BMICT JaHoi (a3u B 3pa3Ky 3MEHIIYEThCS. 3a
perepHUMH JIIHISIMU 3a3BHYal 1 BUABISIIOTH (pa3u. MiHIMaabHa KIJTBKICTh PEYOBHHH,
IIpU SKOMY I11e TTIOMITHI perepHi JiHii, BU3HAYa€ 4y TIUBICTh ()a30BOTO aHAI3Y.

YumM BUIIE CUMETPIst KPUCTATIYHOT CTPYKTYpH (pa3u, TUM BUILlA IHTEHCUBHICTh
JiHIA HA pEHTreHorpami 1 YyTIUBICTH aHamizy. g KyOIYHHUX IpPaTOK MHOXXHHK
MOBTOPIOBAHOCTI MOYKE JOCSATAaTH MaKCUMaJIbHOTO 3HauYeHHS (Mpg = 48). Tomy daszu
3 TAKOIO I'PATKOI0 MOKHA BUSIBUTH TP MOPIBHIHO MaJIOMY ii CITiBBITHOIIICHHI.

[HTEHCUBHICTh PO3CISIHMX PEHTTCHIBCHKUX IMPOMEHIB TUM BHIIE, UMM OLIbIIE
aTOMHHMA HOMEpP pO3CIIOI0YOro eneMeHty. Tomy (a3dy 3 BEIMKMMU aTOMHUMU
HOMEpaMH BXIJTHUX B Hei €IEeMEHTIB MOKHA BUSBUTH MPU MAJIOMY ii BMICTI B CyMiIlIi
3 (¢azamu, IO CKIQJAIOTHCI 3 JICTKUX €JIEMEHTIB, SIKI MAalOTh JIO0 TOTO X HHU3BKI
koedimienTn nmornmmHaHHsg. HaBmaku, ¢aszy 3 ManuM aTOMHUM HOMEPOM (3 HH3BKOIO
PO3CIIOIOYOI0 3/IaTHICTIO) B CyMimli 3 CHJIBHO TMOrNMHAaIOUnMH (azamu (10
CKJIQJAIOTHCS 3 BAKKUX €JIEMEHTIB) MOKHA BUSBHUTH JIMIIE TIPU MOPIBHIHO BEIIUKOMY
BMmicTl. Tak, B cymiuni Boibdppamy (Z = 74) 3 migaio (Z = 29) ninii Boabdpamy
BUSIBJISIFOTBCS MPU MOro MiHIMaibHOMY BMicTi Onu3bko 0,1%, a miHil migi — He

meniie 1% [88].
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UyTnuBICTh METOAY 3alleKUTh TaKoX BiA (QAKTOpiB, SKI BHUKIUKAIOThH
PO3LIMPEHHS PEHTIEHIBCHKUX JiHIM. POo3MUTI NiHIT BUSBUTU CKJIQAHIIIE, HDK Pi3Ki,
TOMY HAasiIBHICTh MIKPOBUKPHUBIIEHb a00 aucnepcHux kpuctaiiB (menme 0,1 Mkm)
3HIKYE YYTAUBICTh. [loripirye 4yTiIMBICTH TaKOXK TIpyOO3EpHHUCTICTH 3paska, L0
MPUBOJUTH IO TOYKOBOI OyZOBH JIIHIA PEHTIEHOTPAMH 1, IPU3BOAUTH, 1O 3HUKEHHS
TOYHOCTI BHUMIpPY BiacTaHed MK JiHIIMU. OOepTaHHSIM 3pa3ka 1HOAI BIAETHCS
no30yTUCS Bl MyHKTUPHUX JIHIM.

B 3anexxHocTi BiJ TOTO, 5Kl 3 epepaxoBaHUX (HaKTOPIB AIIOTH B OUIBIIIA 4H
MEHIII Mipl B KOXHOMY KOHKPETHOMY BHUIMAJIKY, YYTJIMBICTb PEHTIE€HIBCHKOTO
¢azoBoro aHajizy I Pi3HUX 3pa3KiB MOXKE CKJIAJIaTH BEIUYUHY BiJl IECSITHUX YaCTOK
JI0 JIECSITKA BIJICOTKIB.

PiBenb (Gony Ha peHTreHorpami abo Au@pakTorpamMax MOKHA 3MEHIIUTH
ONTUMAJIBHUM TMIJ0OPOM HAINpPyrd Ha PEHTreHIBChbKIA TpyOui. Tak, mans TpyOku 3
MIHUM aHOJOM OITHMAaJibHE Hampyra cTaHoBUTH 25-30 kB, mns xpomoBoro anona
— 25 xB.

UyTAuBICTh METOAY TaKOX IMIABUILYETHCA TPHU MPABUIBHOMY HPUTOTYBaHHI
3pazka. llepen 3HOMKOIO JOIIIBHO TPOBOAUTH XiMIUHE OYHMIICHHS aHATI30BaHHUX
MOPOIIKIB Bix 3a0pyaHeHb. [Ipu 3itomini mutidiB i3 cTaneit abo cruiaBiB XiMigHe abo
eJICKTPOXIMIYHE TpaBJEHHS JIO3BOJISIE 30araTUTH TMOBEPXHIO 3pa3ka KapOimamu abo
IHTEepMeTaIiJaMU, TaK SK IPHU BIAMOBIIHOMY Mig00pi MPOTPaBIOBAYa POZUUHIETHCS
MaTpHIIA 1 3aJIMIIA0THCS YaCTKH 00ymoBieHoi (a3u [88].

Sxmo 06'emMHa YacTKa aHani30BaHOI (pa3u 3HAXOAUTHCS HA KOPJOHI a0 HUKYE
YyTIMBOCTI METOMY, 10 (ha3y HEOOXIAHO BUAUIMTH 13 3pa3Ka, PO3UMHSIOYA OCHOBY
cruiaBy. HaifOinpIn 4acTo BHKOPUCTOBYIOTH aHOAHE PO3YMHEHHS (3pa30K CIYXHUTh
aHOJIOM) B €JICKTPOJIiTi, KOTPUH MiAOUPAIOTH TaK, 00, PO3ZYNHIIOUNA MATPHUIIO, BIH Y
TOW K€ Yac He pearyBaB 3 aHali30BaHOi (a30i0. AHOIHE PO3UMHEHHS
BUKOPHUCTOBYIOTh, 30KpEMa, MPHU aHaji31 HEMETAJIIYHUX BKIIOUEHb y CTANAX, J€ iX

00'eMHa JyacTKa 3aBXKIH BCJIMKA.
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Sxmo 3pa3ok ogHO(a3zHUU, TO BU3HAYEHHS L€l (a3u MpeAcTaBisie MPOCTY
3agady. CKIIaIHICTh BUBHAYEHHS 3pOCTA€E 31 30UIBIICHHSIM YKCIIa XIMIYHUX 3'€/HAHbD,
CKJIaJI0BHX 3pa3Ka.

VY npoueci po3mudpoBKH PEHTTEHOTpaM MOXKHA BHJUIUTH IIICTh OCHOBHUX
eTaniB: nmepBUHHA O0OpoOKa pEeHTreHorpaMu, ACHTH(IKALsl pEeYyOBUH, BU3HAUEHHS
CHUHIOHIl KpHCTajla Ta IHAEKCYBaHHS PEHTICHOTpPaMH, PO3PaXyHOK Ta YTOYHEHHS
napaMeTpiB  €JIEeMEHTAapHOI KOMIPKHM, [MepeBIpKa MPaBUIBHOCTI PO3PAXYyHKIB,
BU3HAYCHHSI TUITY IpaTKu bpase.

Tak sx maibke HeMae NBOX KPUCTATIYHUX PEUOBHH, SIKi Maid O OJHAKOBY B
yCiX BITHOIICHHSIX KPUCTATIUHY CTPYKTYPY, TO PEHTTEHOTpaMH Maiike OJHO3HAYHO
XapaKTepU3yIOTh JaHy PEUOBUHY 1 HIAKY 1HITY. Y CYMIIl JIEKUIBKOX PEYOBUH KOXKHA
3 HUX Ja€ CBOKW KapTUHY PEHTTeHIBChKO1 mudpakilii He3aJeHO B 1HIIUX.
OtpumaHa peHTreHorpaMa CyMilll SIBJIsiE CO0OI0 CyMy psly PEHTI€HOrpam, SKi
BUUIILIN O, SIKOW Ha OJHY 1 Ty X IUIIBKY IO Yep3i 3HIMAJIU KOXKHY PEYOBUHY OKPEMO.
I[Ipu mpoBeaeHHi peHTreHO(pa30BOrO  aHaANi3y SAKICHUM  XIMIYHMM  CKJIaj
JOCTIPKYBAaHOI PEUYOBUHMU BIIOMUN YM MOXHa 3pOOUTH TMPUIYIICHHS MPO HBOTO.
Buxonsun 3 XiMI4HOTO CKJIaay 3pa3Ka, MOYKHA CKJIACTH CIUCOK KpUCTAIIYHUX (a3,
SKI MOXXYTb OYTH NPHUCYTHIMH B JOCHIIKyBaHIA pPEUYOBHHI, a00 CIIMCOK CHCTEM, IO

SKUX Taki a3y MOXKYTb BITHOCHTHCS.

2.7 XiMiuHuii a"ajis

XiMIUHUN aHaI3 TPOBOAMBCA 3a JOTIOMOTOI0 €HEPTrOIUCIIEPCIHHOT MPUCTABKU
CKaHYIOUYOTO €JIeKTPOHHOTO Mikpockoma Selmi POM-1061. ®a3u Ha MIKpOCTPYKTYpi
(puc. 2.9) inenTr(diKyBaInCh Ha HASIBHICTH €JIEMEHTIB, 3 KX BOHU CKIAJAIOTHCA, a
TaKO MPOBOJIUIIOCS BU3HAYCHHS KUTHKOCTI KOKHOTO €JIEMEHTA SIK OKPEMO B KOXKHIN

¢a31 (TOYKOBHI aHaMI3), TaK 1 MO IJIONIMHI MaTepialy.
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la¥cu WD =16.3mm =1of x|
aiin Mpacka Chcrewa Paseeptka Baaeokaran Bia 7 T

.

. .4
‘WD=16.3mm 20.00kV  x1.57k

Pucynok 2.9 — linsuka mikpoctpykTypu ciuiaBy B,C-NbB,-SiC, Ha skiit

IPOBOAMBCA XIMIYHUM aHANTI3

2.8 ocaigxeHHs MiKPOTBEPAOCTi Ta TPIIMHOCTIMKOCTI CIPSIMOBAHO

3akpucTagizoBaHux cmiasiB cucrem B,C-NbB,-SiC ta B,C-TaB,-SiC

JIns JOCHiJDKEHHST MIKPOTBEPAOCTI 3pa3Ku OyJIM 3ampecoBaHi y MOPOIIOK
Oakenity. [Ticis 1boro 3pasku nuTidyBaaucs 3a JOMOMOTO0 LTI YBAIBHOTO TANepy
3 3epuucricTio P180, P320, P600, P800, P1200, P2500. 3aBepirasibHuM eTarnomM 0yiio
MOJTIpYBaHHS 3pa3KiB J1aMaHTOBOIO CYCIIEH3IEI0 3 PO3MIPOM YaCTHHOK 3 MKM 1 1 MKM.

3HavueHHs MIKpOTBEPAOCTI Ta TPIIMHOCTIAKOCTI CIIPSIMOBAHO
3akpucTanizoBanux ciuiaBiB cucteM B;,C-NbB,-SiC ta B4C-TaB,-SiC BuszHauamu 3a
noromoror MikpoTtBepaomipa MHV-1000 ta omruunoro mikpockomy Neophot 21.
HapanTaxenHs Ha 3pa3ok ckiagano 9,807 H. Uac Burpumku ctanoBus 10 c.

[Ipu BumpoOyBaHi HA MIKPOTBEPAICTh YHUCIOBUM 3HAYCHHSM pE3yJIbTATIB
BUMIpPIOBaHb € BiTHOIICHHS HaBaHTaxeHHs P Ha OokoBy moBepxHio F BimOutka y

PO3paxyHKy, IO KyTH BIOWTKA TaKi X, sIK 1 y camoi mipamiau:

P.sin
P 2 _1854-P (2.3)

F d? d?
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1€ o — KyT IpY BEpIIMHI aIMa3HO1 HIpaMiIHu.

TpilMHOCTINKICTh CIPSIMOBAHO 3aKPUCTATI30BaHUX CIUIABIB BUMIPIOBANACh 3a
METOJMKOI0 MIKPOIHJIEHTYBaHHS, IO XapaKTepU3Y€TbCd MEHIIMM BIIUBOM

CTPYKTYPHOI HEOJJHOPITHOCTI 1 pO3paxoByBaiach 3a GOpMyIIOL0:

0075 P

15

K
1c C ’

(2.4)

IS P — naBaHTa)xeHHS Ha iHJIeHTOp;

C — MMOJIOBUHA JOBXWHHU TPIITUHU, 10 TPOXOAUTH Yepe3 BIIOUTOK MipamiIy.
2.9. BunpoOyBaHHsl HA TPUTOYKOBUI 3THH CILUIABIB

MinHICTP Ha 3TMH  BHUMIpIOBAJacs TPUTOYKOBUM BHUIIPOOYBaHHSIM 3
BUKOpHUCTaHHSIM ycTaHOBKM Deben Microtester 3 MakCUMaJbHUM HaBaHTaKEHHSIM
500 H. ExcnepuMeHTH TPOBOIMJIMCS Ha TOBITPl MpH KIMHATHIA TeMmmepaTypi 3i
MBHUAKICTIO HaBaHTakeHHs 0,5 MM/xB. Hmkde mnpuBeneHa cxema HaBaHTaKCHHS

3pasKiB, sika BAKOPHUCTOBYBaJIAch IpHu AocaimkeHHi (puc. 2.10).

P Y

_____________________ - .

74
74 1 Z b

Pucynok 2.10 — Cxema HaBaHTa)KE€HHS OaTKy JUTsl BUBHAYEHHS MOIYJIS TIPYKHOCTI

pU CTATUYHOMY 3rMHAHH1



MIilHICTh Ha 3TMH BU3HAYAJIU 32 JOTIOMOTOI0 PIBHSHHS:

~7

” —h

ne P — ocbOBe HaBaHTaKCHHS;
| — noBxuHa onopwu;
b — ToBIIMHA 3pa3Ka,;
h — Bucota 3pa3ska.

Moynb npyKHOCTI BU3Ha4YaJIU 32 (POPMYJIOHO:

o«

O

ne oo F 3miHa 3ycuinis;
| T BimcTanb Mik oropamu OajKu;
b1 ToBIIMHA GaNKK;
hi1 Bucora 0anku;

Qo Ji 3miHa gedopmaiiii Mk JBOMa TOYKAMHU.

68

(2.5)

(2.6)
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3 PE3YJBbTATHU JOCJIIXKEHB TA IX OGTOBOPEHHSA

3.1 JocaigskeHHs CTPYKTYPH KOMIIO3HUTIB

JlocnipkeHHsl MIKPOCTPYKTYPH IUIaBICHUMX KOMIO3HTIB cucrteM 32B4C-
30NbB,-38SIiC (mon. %) B miomuHax MO3A0BXHBOTO (puc. 3.1) Ta momepeyHoro
(puc. 3.2) Mo BIIHONIIEHHIO JO HANpPsIMKY BHpPOILYBaHHsS Mepepi3iB, sKki Oyinu
OTPHMaHi METOJOM OE3TUTeNbHOI 30HHOI IUIABKM TMPH PI3HUX HIBUAKOCTAX
KpUCTai3alli, NoKa3ajlyd HasBHICTh KPYIHO3EpHUCTOI BO(a3HOT eBTeKTUKH NbB,-
SiC, apioHo3zepuuctoi Tpudasznoi eBrekTuku B4C-NbB,-SIC Ta Benmukux ACHAPHUTIB
SiC. MikpOoCTpYKTYpH KOMITO3UTIB MPEACTABIAIOTH COOO0 MATPHIIIO 3 Kapoiny 6opy
TEMHO-CIPOTO KOJIbOPY 3 BKIIOYEHHSIMU KapOiay KPEMHIIO CIpOTO KOJbOPY 1 CBITIUX
a3 aqudopumy HioOiro (puc. 3.1-3.2) pisHoi aucnepcHocti. Ha cTpykrypax moope
CIIOCTEPIraloThCs JOCUTh KpYMHi 3epHa (10 20 MKM) sk KapOigy KpeMmHIIO, Tak 1
auoopuy Hio01F0, MK SKHMH 3HAXOJIUTHCS OUIBII JIPIOHO3EPHHCTA €BTEKTHYHA
mikpoctpykrypa (puc. 3.1-3.2). V cmnasi 32B4C-30NbB,-38SiC po3mip 3epen ¢asu
NbB; 3mintoerses Big 20 g0 10 MM, po3mip 3eper ¢aszu SiC — Big 15 10 6 MkM (puc.
3.3).

3rigHo MopddoJorii 1 TeMmmepaTypu IUIaBIEHHS KOMIIOHEHTIB CIOYaTKY
NOBUHHI KpHUCTali3yBaTucs ¢a3u Benukux naeHaputie SiC, moTiM nBogdaszHa
eBTekThka (NbB,-SiC) i mapemTi Tpudasna erektrka (B4C-NbB,-SiC). IToxibOHi
CTPYKTYpH crioctepiraiaucs B po6oti [89] mpu BuBUeHHI moTpiiiHOi miarpamu B4C-
HfB,-SiC. YTBopeHHs Takoi KUIBKOCTI CTPYKTYp MOXE TOSICHIOBATHCS HAasSBHICTIO

MOHOTEKTHYHOT'O TIEPETBOPEHHS 3 PO3IIapyBaHHIM B PifKii ¢a3i mpu Kpucrtamizamii

[90].
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«KpaIuL»

Pucynok 3.1 — Mikpoctpykrypa kommno3uty B,C-NbB,-SiC npu pisHUX HIBHIKOCTIX
KpHUCTati3alii B MO3/10B)KHbOMY TI0 BITHOIIIEHHIO /IO HAMPSMKY BHPOITYBaHHS

nepepisi
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a— 1 MMm/xB.; 0 — 2 MM/XB.; B — 3 MM/XB.

Pucynok 3.2 — Mikpoctpykrypa kommno3uty B,C-NbB,-SiC npu pisHUX HIBHIAKOCTIX

KpHCTajizallii B momepevyHoMy mepepisi

2 5
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0 1 2 3 (I)_IJ . 1 . 2 3 ;
WBi AKi CTb KoppUMM/AXE N i 3 a L BI AKI CTb KppMCTREAM
a 0

a — MO3J0BXKHIM mepepi3; 0 — monepeyHuit mepepis
Pucynok 3.3 — 3anexHicTh po3Mipy BKIIOUYEHb KPYITHUX 3epeH Kommo3uty B4C-

NbB,-SiC Bif mBHAKOCTI KpHCTaIi3alii
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Crpykrypa kommosuty 27B,C-26TaB,-47SiC (mon. %) B 1O3I0BXKHBOMY
(puc.3.4) ta nomepeyHomy (puc. 3.5) 10 HampsMKY BHPOILYBaHHS Iepepisl,
OTPUMAHOTO MPHU PI3HUX WIBHUJKOCTAX KpHUCTaTi3alli, XapaKTepU3yeTbCs HASBHICTIO
BEJIMKOT KUIBKOCT1 KpymHO3epHUCTOI nBO(da3zHoi eBTekTuku TaB,-SiC, xaoTuuno
po3TaloBaHuX BeMUKUX NeHApUTIB SiC Ta ApiOHO3EepHUCTOT TpU(DA3HOT €BTEKTUKU
B,C-TaB,-SiC, sika po3ramoBaHa B HEBEJIMKINA KIJIBKOCTI HEPIBHOMIPHO 1O BCHOMY
00’emy 3paskiB (puc. 3.4-3.5). Ha MikpocTpyKTypi MaTpuIieio € kap0ig 00py TeMHO-
CIpOro KOJbOpPY 3 BKJIIOYEHHSIMHU KapOiAy KpEeMHIIO CIporo KoJbopy 1 CBITIUX (a3
auoopuay TaHTally. BiAnoBigAHO A0 TemMmepaTypH IJIABIEHHS KOMIIOHEHTIB B MEPIIY
4epry NOBHUHHI KpUcTanizyBaTucs aeHaputu SiC, nani JuissHKU AB0Ga3HOT €BTEKTUKHU
TaB,-SiC i B ocTanH0 yepry — AinsHku Tpudasnoi esrektuku B,C-TaB,-SiC.

VY cmunaBi 27B4C-26TaB,-47SiC po3mip 3eper ¢aszu TaB; 3MIHIOETbCS B MeXkKax

18-10 MM, a po3mip 3eper dazu SiC — Bix 15 10 8 MM (puc. 3.6).

ey &

20,006V %250

:','

f
SRR Y Rty

20.00kV__ x1.00k 50jim

B r
a— 1 MM/xB.; 6 — 2 MM/XB.; B — 3 MM/XB.; T — «KpaIus»
Pucynok 3.4 — Mikpoctpykrypa kommo3uty B4C-TaB,-SiC B mo3moBxHEOMY

nepepisi
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a— 1 MMm/xB.; 0 — 2 MM/XB.; B — 3 MM/XB.

Pucynok 3.5 — Mikpoctpykrypa kommno3uty B4C-TaB,-SiC B monepeunomy mepepisi
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a — MO3J0BXKHIM nepepi3; 0 — monepeyHuit mepepis

Pucynok 3.6 — 3anexHicTh po3MIpy BKIOUYEHb KPYITHUX 3€PEH KOMIIO3UTY

B4C-TaB,-SiC Bia mBUAKOCTI KpUCTaIi3arlii
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JocnimpKkeHHsl IUITHOK 3 TpU(a3HOK €BTEKTHUYHOIO CTPYKTYPOH KOMIIO3HMTIB
B4C-NbB,-SiC (puc. 3.7), oTpuMaHMX NpH PI3HUX MIBUIKOCTIX KPHUCTAI3aIlil
MoKa3anao, IO BOHM MAalOTh IUIACTHHYACTY abo JaMeNlspHy CTPYKTypy, IO
CKIIalaeTbess 3 wmatpuill kapoimy Oopy (B4C — TemuHa d¢aza) 3 piBHOMIPHO
PO3MONUICHUMHU BKIFOYCHHSAMHU KapOiny kpemHito (SIC — cBimio-cipa ¢aza) Ta
muoopuay Hiodiro (NbB; — cBitna ¢asza). I[lpuyomy, BKIIOUEHHA JUOOPUAIB

YTBOPIOIOTHCS K MPABUIIO y 00J1aCTi BKIIOYEHB KapOiay KpPEMHIO.

20.00kV  x1.00k : . 20.00kV  x1.00k

s u’.t L
cpge b e
ahd YR

WD=19.6mm T xl.00k : 20.00K x1.00k

a— 1 MM/xXB.; 6 — 2 MM/XB.; B — 3 MM/XB.; T — «KpaIuis»

Pucynok 3.7 — MikpocTpykTypa JUISHOK Tpbhox(a3HOi eBTeKTHKH y Kommio3uTi B,C-

NbB,-SiC, BUTOTOBIICHOT IPH PI3HUX MIBUAKOCTAX KpHCTATI3aIlii
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Sk BUIHO 3 PUCYHKIB, NIABULIEHHS IIBUAKOCTI KpUCTai3allii IPUBOJIUTH 10
3pOCTaHHS JUISHOK TpU(]a3HUX EBTEKTUK Ta HE3HAYHOIO 3MEHILIEHHS 3€peH
KPYIHO3EpHHUCTOI J1BO(a3HOT €BTEKTHKH, 10 MIATBEPIKYE paHINIe OTpPUMAaH1 JaHl
[19]. [opiBHSHHS €BTEKTUYHUX MIKPOCTPYKTYpP KOMIIO3UTIB, OJCPKAHUX B PI3HUX
yMOBax, MMOKa3ajo, o 30UIbIIEHHS MBUAKOCTI KpUCTali3alii IpUBOJIUTh 10 3MIHU
Mopdosiorii BKIOYEHb Bl IUIACTUHYACTOI 10 OUIBII JaMENspHOi, a TaKOoX J0
3aKOHOMIPHOTO 3MEHIIICHHS PO3MIPIB CTPYKTYpHUX ckianoBux (puc. 3.8) [19]. Tak,
s komnosuty B,C-NbB,-SiC naiibineini po3mipu ¢a3 Ha eBTEKTHYHUX JUISTHKAX
CIIOCTEPIraroThes i 3epeH kapOimy O6opy (11-4 Mkm), Aemio MeHIn s Kapoigy
KkpemHiro (7-2,3 MKM), a HAHMEHIIUMU € BKIIIOUeHHS (a3u qudopuay Hiooiro (5,4-1,6
MKM) (puc. 3.8). HaiimeHini po3Mipu 3epeH CIOCTEPIraroThCs B 3pa3Kax, OTPUMaHUX
pY HaWBUIIIHM MIBUAKOCTI KpUCTali3allii, ikl Oy OTpUMaHI MPH «3pUB1 KPari» i
yac Oe3TurenbHol 30HHOT maBku (puc. 3.7, 3.8).

[Tpu 3pocTaHHI MIBUAKOCTI pyXy 30HU PO3IUIABY Mija yac O0e3TUreabHO1 30HHOT
IUTaBKY B1IOYBa€ThCs BiAanieHHsT GPOHTY KpUcCTaizallii Bijl HarpiBHUKA. BuaineHHs
TEIUIa B 3pa3Ky MiJ JI€I0 MIIABWJIBHOTO 1HIYKTOpa 3MEHIIYETHCS, & OCHOBUM I'PAIIEHT
no6mm3y (GPOHTY KpucTamizaiii 30UTBIIYETHCS, IO MPUBOAUTH 10 30UTHIICHHS
TEMIIEPATYpHOTO TPaJIEHTa B 3pa3Ky Ta 3POCTaHHS MEPEOXOJIOMKEHHS B PO3ILIaBi,

1110 TIPUBOAMTH IO 3MEHIIECHHS PO3MIPYy CTPYKTYPHHX CKiamoBux [19, 91].
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Pucynok 3.8 — 3anexHicTh po3Mipy BKIIOUEHb Ha JUISHKAX TPU()A3HOT EBTEKTHKHU

xommo3uty B4C-NbB,-SiC Big mBHAKOCTI KpUCTaTi3allii
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JocnimkeHHsl CTPYKTYp Tpu]a3zHUX €BTEKTHUHUX AUISHOK KoMmmo3uTiB B4C-
TaB,-SiC (puc. 3.9), oTpuMaHUX MPU PI3HUX IIBHIKOCTAX KPHCTANi3allil MOKa3ao,
10 BOHU MAaloTh JAMEJSIpPHY CTPYKTYpY, B sikiid kapOin 6opy (B4sC — TemHa ¢a3a)
BUCTYNA€ B SKOCTI MaTpHIl 3 PIBHOMIPHO pO3MOAUIEHHUMH IO BChOMY 00 €My
BKIIIOUCHHSIMHU KapOiny kpemuito (SIC — cBimio-cipa ¢asza) Ta AuOOpUIy TaHTATY
(TaB, — cBiTna ¢aza). fAx BUAHO 3 PUCYHKIB IUOOpPUJ TaHTaldy YTBOPIOETHCS
NepeBakKHO B 00JIaCTi BKIIOYEHb KapOily KPEMHIIO.

JlocnipkeHHs] €BTEeKTUYHUX CTPYKTYp MOKa3ajlo 3aKOHOMIpPHE 3MEHILIECHHS
pPO3MIpY CTPYKTYPHHUX CKJIQJAOBUX MHpH 30UIbLIEHHS WIBHIKOCTI KpUCTami3alii, 110
nokazaHo Ha pucyHky 3.10. B xommnosuti B,C-TaB,-SiC Haitbunpmmii po3mip
BKJIFOUEHb B €BTEKTUYHUX IUIIHKaX Mae (paza kap6ig 6opy (12,5-4 MKM), MEHIIIUMH €
BKJIFOUEHHSI KapOimy kpemHiio (4-3 MKM), 1 HaliMEHIIl BKIIOYEHHS Mae TUOOPH
tantany (3-1,5 Mxm). Y 3pa3ky, OTpUMaHOro MpHU 3pUBI «Kpami» IMia Yac
0e3TUrenbHOI 30HHOI IJIABKU CIOCTEPIra€TbCcsl HAUMEHIIUN pO3MIP CTPYKTYPHHUX

CKJIQJIOBUX, 1[0 MOKHA IMOSCHUTH MIBUIICHOO MBUIAKICTIO KpUCTATI3allii.
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Pucynok 3.9 — MikpocTpyKTypa AUITHOK TphoX(]a3HOi eBTEKTHKH y KoMITo3uTI B4C-

TaB,-SiC, BUrOTOBICHOT IPU PI3HUX IMIBUIAKOCTAX KpUCTaIi3aIlii
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Pucynok 3.10 — 3anexHicTh po3Mipy BKIIOUYEHB Ha AUTTHKAX TPpU(Da3HOI €BTEKTUKHU

kommo3uty B4C-TaB,-SiC Big mBuaKoCTI KpHucTamizaiii
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Sk BiIOMO, 32 JIOMOMOI0I0 CIIPSIMOBAHOI KpUCTali3allii MOXHa KOHTPOIIOBATH
po3mip (a30BHX CKJIAJOBUX, PEryJIOYHM MBUAKICTH Kpuctamizamii [19]. Ilpwu
30UTBIICHHI MBUAKOCTI Kpuctamizamii (V) 3MeHmyeTbcs 4Yac audysii Ha Mexi
po3auty (a3, 1110, B CBOIO Yepry, NPUBOJUTH O 3MEHIIIEHHS CEPEIHBOI BIICTAH1 MIXK
dasamu (1) B eBTekTHUYHHEX cruraBax (puc. 3.11). Ie miaTBepmkye piBmstams A%V = K,
ne K — koncranra [19, 45, 65]. Skmio A 1ocuth Majia, TO, BIIMOBIAHO, 1 MAJIHHA PO3MIp
nedekTiB Moxe OyTH B (Da30BUX CKIIAJJOBUX KOMIIO3UTIB, 110, B CBOIO UEPTY, CIIpHUsIE
BUCOKUM 3HAYEHHSIM TPILIUHOCTINKOCTI.

OCKUTbKHM BKJIFOUEHHS OUOOpUIY TaHTaly Ta JUOOPUAY HI1001H0 yTBOPIOIOTHCS
nepeBakHo B oOmacti BkI4eHb SIC, Hamu Oysn0 MoOyIOBaHO 3aJEKHICTh MiX
po3mipoM eBrekTuuHOro gomMeHa (SiC + B4C) npu TpboX MIBUAKOCTAX KPHUCTATI3AIil
BiJl 3BOPOTHOTO KOPEHS IIBUAKOCTI KpHUcTamizamii s o0ox cucreM. Skmjo Ha
JHIAHY 3aJ€XHICTh BIAKIACTH PO3MIP EBTEKTUYHOTO JIOMEHY «Kpari», SKUAN
ckianae 3,74 mxm g crutaBy 32B4C-30NbB,-38SIiC (puc. 3.11) i 3,55 MM mis
crtaBy 27B4C-26TaB,-47SiC (puc. 3.12), T0O Mu OTpUMY€EMO OOEPHEHY MIBHUIKICThH
KpUCTATi3amii Ui «Kpami» 3i 3HadeHHsSM 63 M ¢, TakuM dYHHOM, OYIO

BHU3HAYCHO MIBHJIKICTh KPHCTAII3aIlll «Kparuii», sika TOPIBHIOE MPUOIU3HO 15 MM/XB.

. 15 3
Pospaxynkose 3HaueHHs koedimienta K cranoButs 3,5 - 107° m™/c.
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Pucynok 3.11 — I'padik 3a1nexKHOCTI pO3MIpy €BTEKTUYHUX JIOMEHIB Bil 00€pHEHO1

HMIBUAKOCTI KpucTamizaiii s ciaBy 32B,C-30NbB,-38SiC
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Pucynok 3.12 — I'padix 3anexHOCT po3MiIpy €BTEKTUYHUX JOMEHIB Bl 00€pHEHOT

IMIBUKOCTI KpucTamizaiii as cruiaBy 27B4,C-26TaB,-47SiC

3.2 locaimkenHsi (pa30BOro Ta XiMi4HOr0 CKJIaIy

Jis mpocmimkeHass (a30BOTO CKIIaAy KOMIIO3HWTIB BHKOPHUCTOBYBAIM METOJ
pPEHTreHIBChKOTO (pa3oBOro aHaiizy. AHaI3 CHOPSIMOBAHO 3aKPHUCTATI30BaHOTO
KOMIIO3HMTY MoKa3aB, 1o y ciuaBi 32B4C-30NbB,-38SiC nasiBHi Bci Tpu dasu, a
came: ¢aza kapbimy Oopy, daza nubopuny Hiobiro Ta (aza kapOiny KpemHito (pHC.
3.13).
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Pucynox 3.13 — JIudpakrorpama cmnaBy cucremu B4C-NbB,-SiC, Bupomenoro npu

IIBUKOCT1 KpUCTaTi3alii 2 MM/XB.

AHali3 cnpsMOBaHO 3aKpUCTalizoBaHoOro kommosuty 27B4C-26TaB,-47SiC
IOoKa3aB, [0 y CIUIaBl HasgBHI BCl Tpu ¢a3u, a came: (asza kapbdimy Oopy, pasza
aubopuay TaHTany Ta (asa kapoimy kpemHuiro (puc. 3.14). Inmmx ¢a3 He Oyi0

BUABJICHO.
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Pucynok 3.14 — JTludpakrorpama cruiaBy cuctemu B4C-TaB,-SiC, BupoiieHoro

IIPH IIBUIKOCTI KpUCTaTi3amii 2 MM/XB.

Jlani  pentreHoda3oBOro  aHamizy  OyJaud  MIATBEPPKCHI  JaHUMH
MIKPOPEHTTEHOCIIEKTPaIbHOr0 aHami3y s cmiaBiB cuctem 32B4C-30NbB,-38SiC
(puc. 3.15) Ta 27B4C-26TaB,-47SiC (puc. 3.16). MikpopeHTreHOCTICKTpaTbHUN
aHami3 mokasas, mo B cmiaBi 32B4C-30NbB,-38SiC mictatees Bei Tpu dasu: 1 —
cBiTna (aza aubopuay HI00i10 (BUSBIAETHCA HI001H, MPOTE HE BUABISETHCA OOp
4yepe3 HU3bKY YYTIUBICTh METONY IO HOTO), 2 — CBITIIO-Cipa ¢aza kapoimy KpemHito
(BUSIBIISIETBCA KPEMHIN, MPOTE HE BUABIAETHCS BYTJICIh Y€pPEe3 HU3bKY UYTJIHMBICTH
METOMy JI0 HhOTO) 1 3-TeMHO-cipa ¢aza kapOixy 60opy (B sKiii HE BUSIBISABCA KOJIHUN

€JIEMEHT Yepe3 HU3bKY UyTIIMBICTh METOIY 0 OOpY Ta BYIJICITIO).
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Pucynok 3.15 — Pe3ynbTaTi peHTI€HOCTIEKTPAILHOTO aHa3y cIiaBy cuctemu B,C-

NDbB,-SiC

MikpopeHTreHocnekTpanbHuil anainiz cmiaBy 27B4C-26TaB,-47S1C nokasas,
0 B CIUIaBi MICTAThCA Bci Tpu ¢asu: 1 — cBiTima ¢asza aubopuay TaHTaly
(BUSIBIISIETHCS TaHTaJ, MPOTE HE BUSBIAETHCS OOp uepe3 HU3BKY UYTJIMBICTH METOMY
710 HBOTO), 2 — CBITJIO-cipa ¢a3za kapOiay KpeMHIiI0 (BUSBISIETHCS KPEMHiH, MPOTE HE
BUSBIIIETHCSI BYTJICIh Y€PE3 HU3BKY UYTIMBICTH METONY JO HBOTO) 1 3-TeMHO-Cipa
(haza kap0Oixy 6opy (B SKiif HE BUSBISABCS KOJHHUH €JIEMEHT Yepe3 HU3bKY UyTIUBICTh

METO/y J10 OOpY Ta BYTJICIIO).
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Pucynok 3.16 — Pe3ynbpTaTu peHTTeHOCTIEKTPaIbHOTO aHali3y ciiaBy cucremu B,C-

TaBz-SiC

TakuM 4YHMHOM TIATBEP/PKEHO JaHi MeTajorpadiyHoro aHajizy 000X

IIOCJIiI[)KYBaHI/IX CIIpAMOBAHO 3aKpI/ICTaJ'Ii3OBaHI/IX CILJIABIB.

3.3 JocaigkeHHs MIKPOTBEPAOCTi Ta TPIIMHOCTIMKOCTI

Jlns oTpuMaHHS CIUIaBiB OyJI0 TMPOBEIECHO JOCTIIHKEHHS 3a JIOIMOMOI'OKO
MmikpotBepaomipa MHV-1000 ta ontuunoro mikpockomny Neophot 21 3 nmpucTaBKOrO
«Imagelab 1.0».

ExcriepumenTanbHi TOCTIIKEHHS MIKPOMEXaHIYHUX BIACTUBOCTEH MOKa3ajw,
mo TBepaicTh 3a Bikkepcom (H,) Ta TpimmHocTiiikicts (Kic) mms kommosutiB B4C-
NbB,-SiC (puc. 3.17) ta B4C-TaB,-SiC (puc. 3.18) 3pocrtae npu 30UIBIICHHI
IIBUAKOCTI KpHCTami3alii, SK B TMO3JOBXKHROMY, TaK 1 B TIOMEPEYHOMY JO
2 e

crutaBy B4C-NbB,-SiC ta 31-35 I'Tla Ta 5-7 MITa-m*? s cmtaBy B4C-TaB,-SiC npu

BHUPOIIyBaHHS HaIpsMKax, 1 ckianae, Bignosigao, 30-34 I'Tla Ta 5,5-7 MIla-m*

HaBaHTakeHH1 Ha iHAeHTOp 9,81 H. lle MOXHa MOSICHUTH 3MEHUIEHHSAM PO3MIpiB
CTPYKTYPHUX CKJIQJIOBHUX Ta MIKIIJIACTUHYATOI BIACTAH1 3 MIABHUIICHHSIM IIIBUIKOCTI

kpuctamizamii  (puc. 3.8, 3.10), mo npuBOAUTH 10 30ULTbIIECHHS MiK(AZHHX
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MOBEPXOHB PO3JILTY B KOMIIO3UTI. 3MEHIIEHHS PO3MIpPiB BKIFOUEHb TUOOpUTY HI00110,
IUOOpUly TaHTAy Ta KapOily KpEeMHII0, a TAKOXK BIJACTaH1 MK HUMH MPU OJTHAKOBIM
00’€MHIN JT0JI1 € HACHIAKOM 30UIbLIEHHS iX KIIBKOCTI B MaTpuuHiil (a3l kapOimy
00py, a 3HaYUTh 1 KUIBKOCTI MDK(a3HUX MOBEPXOHb PO3AULY y KOMIO3UTI. Takum
YUHOM, 30UIBIIEHHS TBEPAOCTI 3 MIABULIEHHSAM IIBHJKOCTI KpHUCTali3amii
crpsiMoBaHO 3akpucTaiizoBanux cruaBiB 32B4C-30NbB,-38SiC i1 27B4C-26TaB,-
47SIC  (mon.%) BigOyBaeThcsi mOAIOHO a0 mpaBwia Xoita-Ilersa [92]. 1o
cTocyeThest K¢, TO 3BMEHIIICHHS pO3MipiB BKIIOYEHB CIIPHSE 3MEHIIICHHIO KPUTHYHOTO
PO3MIpy 3apOJIKOBOI TPIIIMHHM, KA MOYKE YTBOPUTHUCS NPHW HABAaHTAKEHHI, 110 TAKOX
€ XapaKTePHUM IS CIIPSIMOBAHO 3aKPHCTAII30BAHMX KePaMiYHUX €BTEKTHK 1 CITPHSE
MIiIBUILEHHIO iX MEXaHIYHUX BiactuBocTei [19].

3nauenns H, ta Kj; 11 000X KOMIIO3UTIB B MONEPEYHOMY MEpepi3i MalOTh
JIeNI0 MEHII 3HAYCeHHS HDK B MO310BXHBOMY (puc. 3.17-3.18), mo mnosicHIo€ThCS
aHI30TPOIIIEI0 BIACTUBOCTEH, CIIPUUNHEHOIO CIIPSIMOBAHOIO KPUCTAJI3allI€r0 3pa3KiB.
Haii6inpmi  3navennss H, ta K. cnocrepiratoTeess g 3paskiB,  SKi
3aKPUCTATI3YBAIKCS Y BUTUISIAI «Kparil» 1 CTaHOBJIATH, BianoBimHo, 36 ['Tla Ta 7
MITa-mY? mis kommo3uty 32B4C-30NbB,-38SiC i 35,5 I'Tla Ta 8 MITa-mY? VIS
kommo3uty 27B4C-26TaB,-47SiC.
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Pucynoxk 3.17 — MikpoMexaHiuHi xapaktepucTuku kommno3ury 32B,C-30NbB,-38SiC
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a — MIKpOTBEPICTh; O — TPIIMHOCTINKICTh

Pucynoxk 3.18— MikpomexaHiuHi XxapakTepucTHKu kKommnosuty 27B,C-26TaB,-47SiC

AHamiz TpaekTopii PO3MOBCIOKEHHS TPIMIMHU TICIAS 1HICHTYBaHHS TMPHU

HaBaHTaXeHHI Ha iHAcHTOP 9,8 H mokasap (puc. 3.19), mo HaHOLIBII JIETKO TPIllMHA

MPOXOJIUTh TO MUISHKaX MaTpu4dHOi ¢a3u kapOimy Oopy, abo BKIIOUYEHB KapOimy

KPEMHIIO, SIKl MalOTh B YUCTOMY BUTJISAJIl JOCTATHRO HEBUCOKY TPIIIUHOCTIMKICTD: J10

3,5 MIla-m"? [93]. IIpore HasBHICTH y CTPYKTypi BKJIIOYCHBb KapOigy KpPEeMHIiIO i

TAOOpPHUIIB TPUBOAWTH, SK MpaBUiio, ad0 J0 3MIHM HampsIMKYy pyXy, ToOTO

BIAXWICHHS TpillMHM, a00 g0 MexaHi3My MocTukyBaHHs (crack bridging), a6o
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B3arajii 10 3ynuHKW TpimuHu (puc. 3.19), 110, B CBOIO Yepry, CIpUsE MiIBUIICHHIO

eHeprii pylHyBaHHS 1, IK HACIIJOK, MIJBUIIICHHIO TPIIIUHOCTIMKOCTI KOMIIO3UTY.
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a — B4C-TaB,-SiC npu 2 mM/xB.; 6 — B4C-TaB,-SiC «kpams»; B — B4,C-NbB,-SiC
npu 2 Mm/xB.; T — B4C-NDbB,-SiC, «kparuis»

Pucynok 3.19 — [omupeHHs TpilliuH B KOMIIO3UTaX

3.4 JlocaigxkeHHsI MIIIHOCTi HAa 3TMH

s onepxxanux kommno3utiB 32B,C-30NbB,-38SiC ta 27B4C-26TaB,-47SiC
Oy70 MpOBEAEHO JOCTIIHKEHHS] MIITHOCTI Ha 3rUH. EKciepuMeHTaIbHI OCIIIKEHHS

MOKa3aJlu, mo  30UIbIIEHHS  MIBUAKOCTI  BHPOIIYBaHHS  CHPSAMOBAHO
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3aKpPHUCTANI30BAHUX CIUIABIB O 3 MM/XB. 3aKOHOMIPHO NPHBOJIUTH A0 MIJBULICHHS
MILHOCTI Ha TPhOXTOUKOBUH 3ruH (puc. 3.20). Taky moBemiHKY MOKHA MOSCHUTH
NOoAPIOHEHHSIM CTPYKTYPH 31 3pOCTaHHSIM MIBUJKOCTI KpucTanizamii (puc. 3.8, 3.10) 1,
K HACH110K, 30 UTBIIEHHSIM KUIbKOCT1 MbK(pa3HUX IPAaHUIIb T 3MEHILIEHHIM PO3MIPIB
KpUTHYHUX JedekTiB y (a3oBux ckimagoBux kommno3uTiB [19]. TlopiBHsHHS
OJIEp’KaHUX JIAaHUX 3 THIIMMU CIPSIMOBAHO 3aKPUCTAII30BAaHUMHU CIJIABaMU Ha OCHOBI
KapOiny Oopy TMokazano, M0 HaWOUIbIIl 3HaYeHHs MinHocti (252 MIla)
CIOCTEPIraroThess I JgociipkeHoro matepiany 32B4C-30NbB,-38SiC  (mo:m1.%)
BuporieHoro npu 3 mm/xB. Tak s kommosuty 51,2B4C-8,1TiB,-40,7SiC (mo11.%)
HE3JIC)KHO BiJI IIBUIKOCTI KpUCTali3allii, CepelHE 3HAUCHHsS MIITHOCTI HA 3THUH
ckiaamae npubnamsHo 229 MIlla [28], a mns eBrektuuHoro cmiaBy B4C-30TiB;

(M011.%) — 6nm3bKo 175 MIla [28].
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]

o

o
Il

i § § * 51,2B4C-8,1TiB2-40,7SiC
W 32B4C-30NbB2-38SiC

A BAC-30TiB2

MiuHicTb Ha 3ruH, MMa
() [
[ew) M
=] =s]
1 1

® 27B4C-26TaB2-47SiC

180 - %

160 T T T T T 1
0 1 2 3 4 5 6
LLiBmgKicTe KpucTanizauii, mm/xe

Pucynok 3.20 — MiniHiCTh Ha 3THH CIIPSMOBAHO 3aKPUCTATI30BAHUX KOMIIO3HUTIB

(mM011.%)

AHani3 JiarpaM HaBaHTQXEHHS [Js 000X JOCHI)KYBaHUX CIPSIMOBAHO
3aKpucTaigizoBaHux cruiaBiB (puc. 3.21, 3.22) noka3aB, 0 KPUBI MalOTh XBUJISCTHI

BUTJIST, TOOTO pYyITHYBaHHS Ma€ HEOAHOPIAHUIN xapakTep. Lle Moxe CBIAUUTH TIpo Te,
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0 y KOMIIO3UTAaX BIJOYBA€TbCSl pYyHHYBaHHS OKpeMHX a3, 10 Ha KpUBIA

[103HAYA€THCS. CXOAUHKOI0. B 3araipHOMY, MU Ma€EMO KPUXKUM TUIl pyHHYBaHHS.
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Bupgo B XA,HHMM

Pucynoxk 3.21 — Jliarpama HaBanTakeHHst komro3uty 32B,C-30NbB,-38SiC
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Pucynoxk 3.22 — Jliarpama HaBaHTakeHHsT koMIto3uty 27B,C-26TaB,-47SiC
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Sk BUOHO 31 CTPYKTYp, MOBEPXHI 3JIaMiB KOMIIO3UTIB MalOTh MaKpOTPILIMHU
(puc. 3.23, 3.24). Ha ctpykrypax [100pe BHUIHO KpYyIHI BKIIOYEHHS KapOimy
KPEMHII0, IK1 BUPUBAIOTHCS 3 MaTpHIll. B IbOMYy € MO3UTUBHUI €()EKT, OCKUIBKU MpPHU
LbOMY €HEeprisi pylHYBaHHsS JOJAaTKOBO BUTPAYAEThCS HAa PYWHYBAHHS MiK(a3HUX
IpaHUllb, a TPIIIMHA PI3KO 3MIHIOE TPAEKTOPIIO PO3MOBCIOJKEHHS. SIK HacHiAOK,

MIJBUIIICHHS MIITHOCT1 B IOPIBHAHHI 3 NMOJBIMHUMU CUCTEMaMHU.

20.00kV  x3500

a— 1MM/xB.; 0, B — 2 MM/XB.; T — 3 MM/XB.

Pucynoxk 3.23 — Ctpykrypu 3nmamiB kommo3uty 32B,C-30NbB,-38SiC
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20.00kV  x500

a, 0 — 1 MM/XB.; B,l — 2 MM/XB.

Pucynok 3.24 — CtpykTypu 31amiB komno3uty 27B4C-26TaB,-47SiC
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4 OXOPOHA ITPAIII TA BE3IEKA B HAJI3BUYAMHUX CUTYAIIISX

HeBig'emHoro yacTuHOO Oprasizaiii mpaiii 1 BUpOOHUIITBA € OXOpPOHA Mpaili.
Bona Bumarae CTBOpeHHsI TAKHX YMOB TPYIOBOi AiSNTBHOCTI, IPH SIKUX BUKJIIOYAETHCS
BIUIMB Ha MPAIIOI0YNI IEepcOHaI HEOE3MEeUHUX 1 IKINIUBUX BUPOOHUUMNX (PaKTOPIB.

Mertoro poznity «OxopoHa Tpali» € aHaji3 HeOe3MeUYHUX Ta MIKIIUBUX
YHHHUKIB B TIPOIECI OJIEpPKaHHS Ta JOCHIKCHHSI CHPSIMOBAHO 3aKPHCTaTi30BaHUX
€BTEKTUYHUX KOMITO3UI[IMHUX MaTepialliB, a TAaKOX PO3poOKa 3axo/iB Ta 3acO0IB MO
1X YCYHEHHIO.

KpiMm Ttoro, oxopona mpaii BKJIIOYa€ OpraHizaliiiHi 1 TEeXHIYHI 3ax0[H,
CIOpsIMOBaHI Ha YCYHEHHS TPUYUH TPaBMAaTU3My 1 3aXBOPIOBaHb POOITHUKIB Ta
CIIy’)kOOBIIIB Ha BUPOOHUIITBI, CTBOPEHHS /i HUX OE€3MEUYHUX YMOB, MOCTYIOBY
JTIKBIJAIIO IIyMy 1 BIOpaIlii, 3amuiaeHOCTI BUPOOHUYUX MPUMIIIEHB, OYIIBHUIITBO 1
PEKOHCTPYKIIIIO CaHITAPHO-MOOYTOBUX NPHUMIIIEHb, TOJINIICHHS 3a0e3MeueHHs
POOITHUKIB 3aco0aMM 1HAUBIYaTbHOTO 3aXHCTy. YcC€ II€ B KOMIUICKCI MiJIBHIIYE

IPOJIYKTUBHICTH MpaIli JIIOIUHU 1 30epirae ii 310poB's.

4.1 Anajni3 yMmoB npaii, He0e3MeYHUX Ta MKIATUBUX (PaKTOPIB

JunimomHa pobora mpoBoaUTHCS B «JlabopaTopii TEXHONOTIM TYroIIaBKUX
crionryk» Ne 028 maBuanbHOTO KOpiycy Ne9, XapaKTepUCTHUKH MPUMIIIECHHS B IKOMY

3HaXOAUTHCA poOoUe MicIie 3BejieHI B Tabmuii 4.1.

Tabmuns 4.1 — [apameTpu HayKOBO-IOCTIAHOT TabopaTopii

JloBxkxuHaA, M 11,5
[Iupuna, m 55
Bucota, m 4.5
ITioma, M. KB. 63,25
O0'eM, M. Ky0. 284,625
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BianoBigHO 10 OCHOBHUX BUMOT /10 Oy/iBeIh BUPOOHUUOTO IPU3HAUCHHS, SIKi
BukiaaeHi B CHull 2.09.02-85, Bucota BUpOOHHYMX MPUMIIIECHb MMOBUHHA OYTH HE
MeHmre 3,2 M, a 00’eMm 1 miaoma — 15 M® Ta 4,5 M° BiIMOBIIHO Ha KOKHOTO
MpaliBHUKA.

B namomy Bumnaaky ruiomia npuminieHHs ckiagae S = 11,5 - 5,5 = 63,25 M2, a
00’em mpumimenus V =11,5 - 5,5 - 4,5 = 284,625 m>. Tlix 4ac MOCTimKEHb B
nabopatopii mpaitoe 4 4YOJOBIKM, 3BIIKM MM OTPUMYEMO, IO IUIOHIA HAa OJHY
TOJIUHY cKiagae S, = 63,25/4 = 15,81 MZ/‘IOJI., a 00’em — V, = 284,625/4 = 71,16
M /0.

Omxe, 3rigno CHull 2.09.02-85 [94], npumiiieHHS 3a T'C€OMETPUYHUMH
napaMeTpaMu  BIJINIOBiIa€ OCHOBHHUM BHUMOTaM JO Oy/iBeldh BHUPOOHHUYOTO
IPU3HAYCHHSI.

[Tnan mpuMimieHHs peACTaBISHUM Ha pUCYHKY 4.1.

1150

Y

A

3x

5 I'I,D,%ﬂ‘m
8 Cx
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1 — ymuBanbHuK; 2 — ceiid; 3 — cymmibHa mada; 4 — BepcTaT elIeKTpo-epo3iitHOro

550

L~ ~ 1]

pizanHs; 5 — pobounii cTim; 6 — yctanoBka «Kpucrtan-106»; 7 — mada; 8 — yctaHoBKa

«Kpuctan-206»; 9 — BakyymMHa yCTaHOBKA

Pucynok 4.1 — Ilnan HayKoBO-A0CIIIHOI Jabopatopii
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4.1.1 IlapameTpu MiKpOKJIIMATY

CyTTeBUH BIUIMB HAa CTaH OpPraHi3My MpaliBHUKa 3A1MCHIOE MIKPOKIIMAT Y
BUPOOHUYMX MPUMILIEHHAX, i SKAMHA PO3YMIIOTh KJIIMAaT BHYTPIIIHBOTO
Cepe/IoBUINAa IUX MPUMIIICHb, 110 BHU3HAYAETHCA JIIOYOK0 HA OpraHi3M JIIOJAUHU
CYKYMHICTIO TEMIEpaTypH, BOJOrOCTI, IIBUAKOCTI PyXy TOBITpS Ta TEIIOBOIO
BUIIPOMIHIOBAHHSI HArpiTUX TIOBEPXOHb. TOMY BHKOHAaHHS JHUILNIOMHOI pOOOTH
CYINPOBOJI>KYBAJIOCS aHAJII30M MIKPOKIIMATy B puMilleHH1 1abopartopii. [Ipu ananisi
MIKpOKJIIMATy 3HaXOASATh TaKi CKJIAJOBIl: TEMIIEpPATypa, pyXJIUBICTh MOBITPs poOOUOi
30HM Ta 3ICTaBISIOTh PE3YyJbTAaTH 13 BCTAHOBJIEHUMH HOpMaMu. 3rigHo 3 [95] B
3aJIC)KHOCT1 BiJl TOPH POKY PO3PI3HAIOTH XOJIOAHHHM Ta TEIIMi mepioan. Takoxk
PO3PI3HAIOTH KaTeropii poOiT 3a BaxKicTIO: Jierka la, nerka 16, cepeaHboi BaKKOCTI
IIa, cepennpoi BaxkkocTi 116, Baxka I11.

[Tocrifine pobOode Miciie — Miclie, Ha AKOMY JtoauHa mnpaire 50% pododoro
gacy abo 181 roguHu 6e3nepepBHo. Bignosiguo go JICH 3.3.6.042-99 BuainsatoTs aBa
Nepiou POKYy: TEIUIM — CepeHh01000Ba TeMIlepaTypa 30BHIIIHBOTO CEpelOBUIIA
Buie +10 °C Ta X0JIOJHUN — TeMIiepaTrypa 30BHIITHBOTO TOBITPs, 110 JHOpiBHIOE +10
°C 1 HUXKHUE.

PoGota, sika BuKOHYeThCs y nabopatopii 028, BITHOCHTBCS 110 KaTeropii
cepeanboi BakkocTi Ila, ockinpkm poOoTa MOB’si3aHa 3 XOAIHHSM, IMEPEMIIICHHSIM
npioaux (mo 1 kr) BupoOiB ab0 MpeaMeTiB Y MOJIOKEHHI CHIASYA a00 CTOSYH 1 SKi
noTpeOyIoTh HE3HAYyHOro (PI3UYHOTO HaNpyXeHHS. EHeproBUTpatd opraHizmy
ctaHoBiATh 151-200 kkan/rox. 3HayeHHS TMOKA3HUKIB TEMIEPaTypH, BIIHOCHOI
BOJIOTOCTI Ta MIBHJIKOCTI PyXy MOBITPs A1 KaTeropii poOit cepearnoi BaxkkocTi [la y
naboparopii 028 BiAMOBINAIOTH JOMYCTUMHUM BHMOTaM BCTAHOBJICHUX  JIJIs
MOCTIHHOTO POOOYOTO MicHsi B XOJOAHMH Ta TEIUIMKA Tepion poky. Jlani ymoBu
MIKPOKJIIMATy BUKOHYIOTHCS 3aBASKA BCTAHOBJICHOMY BOASHOMY OTAJICHHIO Y
XOJIOAHUM TMepioA POKY Ta IITYYHIM NPUIUIMBHO-BUTSKHIA BEHTWJISALIT y TEIUIHI
niepios poky. Ilpu poOoTi oOnamHaHHS BIOYBA€E€ThCS JICSKE BIAXUICHHS MapamMeTpiB

MIKpPOKJIIMATy BiJi ONTUMAJbHUX, OJHAK BOHU 3HAXOIATHCS Yy JOMYCTUMHX MEXKaXx,
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BcranoBieHnx JICH 3.3.6.042-99 [95]. Pesynbrat mochifpkeHHS 1 HOpPMOBaHI
BEJIMYMHHU NapaMeTpiB MIKPOKJIIMATy B poOoUiil 30H1 mpumilieHHs igadoparopii 028
HaBeJleH1 B Ta01.4.2.

[Ipy BuKOHaHHI AaHOi poOOTH OyJiI0 BUSBIEHO HACTYNHI HeOe3MeyHi Ta
IIKIJUIMBI  (PAKTOPHU: HASBHICTh IIKIJIMBUX PEYOBUH Ta 3alWICHICTh MOBITPS;

HasIBHICTh ITYMOBOT'O BIIJIMBY, MO>KJINBICTD YPpaKCHHA CIICKTPUIHHUM CTPYMOM.

Tabnuis 4.2 — [lapameTpu MIKpOKITIMATy

Karero | Ilapamertp HopmoBani 3HaueHHs Hanni
pist Mikpokiai- | Ilepion poky MIKpPOKJIIMATy BUMipto | BucHOBKH
poboTu Mary JICH 3.3.6.042-99 -BaHb
OnTuma- .
. Homyctumi
JBHI
XOJIOgHUHA 18- 20 17 - 23 17 JOTTYCTUMI
Temmepa-
Typa, °C Terunii 21-23 18 - 27 23 .
ONTHUMAaJbHI
Cepen- BignocHa Xomoxaui 40 - 60 75 72 JOTYCTUMI
HBOT BOJIOTICTh
Ba)XXKO- | mOBiTps, % Tenmmii 40 - 60 65 54 ONTHMANTbHI
crilla | [IBuakicTe Xonomuii 0.2 He '6iJ'IBH_Ie 02 OTITUMAJTHHI
pyxy HiK 0,3
HOBIPA, Termit 03 0,204 03 .
M/c JOTYCTUMI

4.1.2 AHaJti3 OCBIT/IEHOCTi BUPOOHUYOTr0 NPUMIllICeHHS

[TpumiteHHs 3 MOCTIHUM TepeOyBaHHAM JFO/Iel TTOBUHHO MATH, SIK MIPABHIIO,
MPUPOAHE OCBITICHHS. be3 MpUpOIHOro OCBITIEHHS JOMYCKAE€THCS MPOCKTYBaHHS
MPUMIIICHbB, K1 BU3HAYCHI JEeP)KaBHUMHU OyAiBETbHUMH HOPMaMH Ha TPOCKTYBaHHS
OyIWHKIB 1 CIOPYJ, a TaKOXX MPUMIIMICHHS, PO3MIIICHHS SKUX JO03BOJICHO B
MiIBAIBHUX TIOBepXax OyauHKiB [96].

AHaJjli3 TNPHPOAHOr0 OCBITJIeHHS. [[n CTBOpPEHHS CHPUSITIMBUX YMOB
30pOBOi PpOOOTH PIBEHb OCBITJICHOCTI POOOYMX TOBEPXOHb MAa€ BIAMOBIAATH

ririeHiYHAM HOPMaM JIJIsl JaHOTO BUAY POOOTH 3rimHo [96].
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Ha piBeHb npuUpOJHOro OCBITJICHHS MPUMIIIEHHS BIUIMBAIOTH: CBITJIOBUU
KJIIMaT, IJIOIIA Ta OpIEHTALlisl CBITIIOBUX OTBOPIB, KOHCTPYKI(IS BIKOH, YACTOTA CKJIA,
r€OMETPUYHI MapaMeTpyd MPUMINIEHb Ta BIJOMBAIOYl BIIACTUBOCTI IOBEPXOHb.
OCKUIbKM TIPUPOJHE OCBITJICHHSI 3MIHIOETHCS HE JIMILE TMPOTITOM 100, a HaBiTh
MPOTATOM KOPOTKOI'O Yacy, JIJIl HOPMYBaHHS Ta PO3PAXyHKY IPUPOJAHOTO OCBITIECHHS
MPUMIIIEHb, BUKOPUCTOBYIOTh BIIHOCHUU NOKa3HUK — KOEQIUIEHT MNPUPOJHOIO

ocsiTinenus (KI10).

s1 [=Le@1n0u
[L 59 (41)

Hopmosane 3nauenns KIIO (ey) anga OynMHKIB, pO3TAlIOBaHUX B PI3HUX
paiioHax, cJiJi BU3HauaTu 3a GOopMyJioro:
€y = €y " My, (4.2)
ne J, T tabmmuane 3nauenns KII1O;
My — KOeIIIEHT CBITIOBOTO KIIIMATY.
3nauenHss KIIO BuGupaemo 3a tabmuusmu 1 1 2 3 [96]. 3opoBi pobotu B
71a0opaTopii BIAHOCATHCS 0 pOOIT cepeHbOi TOUHOCTI (po3psia 30poBoi podoTu 1V),
miapo3psaa 30poBoi pobotu 9. Ilpu GOKOBOMY MPUPOTHOMY OCBITIICHHI TaOJMYHE
3HadyeHHsA KIIO cranoButs 1,5%.
3HaueHHs My Oepemo 3a Ttabmuieio 4 3 [96]. [lpu opieHTallii CBITIOBUX
IIPOPI3iB B 30BHINIHIX CTiHAX OyAMHKIB Ha 3axi] KOSIMIEHT CBITIOBOTO KIIMATy My
cranoBuTh 0,85. Jlabopatopist 3HaxoauThes B MicTi Kuesi.
Hopwmogsane 3nauenns KIIO (ey) cTaHOBUTS:
ev=1,520,85= 1,275%
OcHOBHE PO3paxyHKOBE PIBHSHHS MPU OOKOBOMY MPUPOTHOMY OCBITIEHHI Ma€e

BUTJISI;

Ty , (4.3)
Je S, — mioIa BiKOH;
S, — mIo1I1a IMiJIOTH;

Ju- daxtnune 3HaueHHs KI10;
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S, — Koe(imieHT 3amnacy;

7o — CBITJIOBA XapaKTEPUCTUKA BIKOH,;

(§ — 3aranbHMIT KOedillieHT CBITIOMPOHNKHEHHS;

ri— xoedimieHt, skuii BpaxoBye miaBuiieHHs KIIO npu OOKOBOMY OCBITJIEHHI
3aBJSIKM CBITJY, BIIOUTOrO BiJ MOBEPXHI MPUMIIIEHHS, a TAKOX B MICTUIIS0YOTO
mapy, 1o npuMmuKae 10 OysiBii;

S & 7 3aTEMHEHHS BIKOH OYIIBJISIMU, 1[0 3HAXOASITHCA OISl Tabopatopii.

3HadeHHs KoedilieHTa 7 BU3HAYAETHCS 3a Tabmuier JIS 3amexHO BiX

napamMeTpiB NPUMILIEHHS Ta CEPEeIHbOro Koe(dilieHTa BIAOUTTS pgp CTENl, CTIH,

MIJIOTH, IKUH BU3HAYA€THCS 3a (POPMYIIO0:

_ Piyis i § & Piyis Stgs Ty 1w ¢ o
S &Shs WY wascd | (4.4)

pcp

ne )1, 2, Jal JkoediieHTH BiAOUTTS, BIAMOBIAHO, CTEI, CTIH Ta MiIJIOTH;
S, S, 1 miomna BiANOBIIHO CTEI, CTIH, MIIJIOTH.
['mubuna npuminieHass | =6m; BucoTa BepXy BiKHA HajJ piBHEM po0OOUOi
noBepxHi hy =2,5M; noBxuHa nmpuMmiiieHHs |=9M; BiACTaHb BiJl PO3paxyHKOBOT TOUKH

110 30BHIIIHBOI cTinu | =4.5.

1/h=2,4, (4.5)
1/1=0,75, (4.6)
/] =1,5 (4.7)

3HAYCHHS } 1, 2, }3, PHAXOIATHCS 3 TaOuIli JI.5, mo pis mobieHoi crei, CTiH,
MJIOTH CTAHOBJIATE:
m=0,7 p=0,7 ps=0,1
S = Ss= 54m°; $=66,5m°
Pep = (0,7-54+0,7-66,5+0,1-54)/(54- 2+ 66,5) = 89,75/1745 = 0,514
BuxopucroByroun Bci BHIIE MmiapaxoBaHi 3HaudeHHs, 3a Tabmumero JI.5
3Haxoaumo r1=1,7.
CaiTioBa XapakTepucTHKa BIKOH 3a Tabnwuieto JI.1 (BpaxoByrouum 4.5, 4.7.)

CTaHOBHTH 7,=13.
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Koedimient 3amacy 3naxonumo 3a Tabmwuiero 3 [96], K3 = 1,2 (HaBuanbHe
NPUMIIIEHHS, Ja0opaTopis, KYT HAXWIIy BiKHA 10 TOpu30HTY 90°, 5 = 1,2).
3HaueHHs KoedilieHTa 3aTeMHEHHs BiKOH OymiBimsamu K., BuOupaemo 3a
tabsuuero JI.2. 3aTeMHEHHS BIKOH OYIIBIIAMM, IO 3HAXOASAThCS Ouls nabopatopii
3aJIEKHO BiJl 3HAYEHHS BIAHOILIECHHS BIJCTaHI MK JaHUM OYIMHKOM 1 MPOTHIIEHKHUM
OyIUHKOM JO BHCOTHM PO3MIIIEHHS KapHU3Y NPOTUICKHOrO OyAMHKY Hajl
MiJBIKOHHUKOM BIKHA, IO PO3IJIANAETHCS, I 3Ha4eHb 3 1 Ouable cTaHOBUTH Kgy,
=1.
3araapHuil KoedillieHT cBiTIONpoRNKHeHHs § BU3HAYA€ThCA 32 QOPMYIOLO:
— N1 D737, (48)
ne 711 Koe]iIieHT CBITIIONPOHUKHOCTI MaTepiany 3aCKJICHHS;
7,1 KOE(]IIIEHT, 1110 BPaXOBYE BTPATU CBITJIa B paMKaX CBITJIO MPOPI3iB;
7.1 KOeIII€HT, 10 BPaXOBYE BTPATH CBITJIA B HECYUUX KOHCTPYKIIAX;
72 1 KOE(]IIIEHT, 10 BPaxOBYE BTPATH CBITJIA B COHIE3aXHMCHUX MPUCTPOSX,
3QJIKUTH BiJ] TUITY TIPUCTPOIB, BUIY BUPOOIB 1 MaTepiamy.
3a tabmuusmu J1.3 ta J1.4 BuOUpaeMo 3Ha4YCHHS KOCDIIEHTIB 71, T, 73, T4, 71
=0,8; »=0,75; 1 =1; ©u=1. Toxi 3Hauenusa 7= 0,6
[lroma oxHOro BikHa mopiBHIOE: S, = 3,4 M°. Ockinbku B HaGopatopii Tpu
BIKHA, TO Sp = 3SB=10,2M2. IInomia migaoru CTaHOBUTE: Sy, = 54 M2,
3 piBHsHHS (4.3) 3HAKHACMO Jy :
. O hOohOoh ~

" —>5r55 PO (4.9)

Oh0D
[TopiBHIOIOYM 3HAuY€HHS HOpMOBaHoOro €y = 1,275 1 ¢axrtuynoro e; = 1,23
KoedilieHTa IPUPOTHOTO OCBITICHHS, MOYKHA 3pOOUTH BUCHOBOK, ITI0 OCBITJICHICTH B
nabopatopii (0-28 BiamoBimae HOpMaM, OCKUIBKH JOMYCKAEThCS BIAXHICHHS
(bakTUYHOT OCBITJICHOCTI BiJl HOPMOBaHOi He Oinbiie, HiX Ha 10%.
AHaJi3 mTy4yHoro ocBitieHHs. [lITydne ocBiTaeHHs mepeadadaeThCsl y BCIX
BUPOOHUYUX Ta MOOYTOBUX MPUMIMICHHAX JIsI KOMIIEHCcAIlli HecTayl MPUPOIHOTrO

CBITJIa Ta JyIsl OCBITJICHHS NPUMIIICHb Y TEMHUM mepiod 4o6u. Bixg Toro, HacKuUIbKH
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KBaJII(IKOBAaHO BOHO CIIPOEKTOBAHE 3aJIEKUTh Oe3leka mpaml Ta CaMOMOYyTTS
MpaliBHUKIB, TPOJYKTUBHICTh IXHBOI Ipalll Ta SIKICTb MPOIYKLIi.

JUist po3paxyHKy LITYYHOT'O OCBITJI€HHS BUKOPHCTOBYIOTh, B OCHOBHOMY, TPH
METOJU: CBITJIOBOT'O MOTOKY, TOYKOBUM Ta MUTOMOI MOTYXHOCTi. MeTo CBITIIOBOTO
MOTOKY, SIK PABUJIO, BAKOPUCTOBYIOTh JIJISl PO3PAXYHKY MOTY>KHOCTI OCBITIIOBAJIbHO1
YCTAHOBKM TPHU PIBHOMIPHOMY PO3MIIIEHH]I CBITWJIBHUKIB 3arajibHOrO OCBITJIEHHS
HaJ TOPU30HTAIBHOIO TUIOUIMHO0. [Ipy po3paxyHKy 3a IIUM METOJIOM BPaXOBYETHCS
AK TpsIME TaK 1 BIAOUTE CBITIIO.

Po3paxyHkoBe piBHSHHS Koe(illieHTa BHKOPUCTAHHS METOAY CBITIIOBOTO
NOTOKY Ma€ TaKUW BUTJISIA:

_ ESKZ
AL/ (4.10)

F

ne F — cBITJIOBHI MOTIK;

E — HopMOBaHa OCBITJICHICTb, JIK;

S— mI011a MPUMIIIEHHS, 0 OCBITIIOETHCS, MZ;

K — koedimieHT 3amacy, IO BpaxOBY€ 3HIKEHHS OCBITICHOCTI B Pe3yJIbTaTi
3a0pyaHeHHs Ta crapins jgami (1,3 — 1,8);

Z — koeditieHT HepiBHOMIpHOCTI ocBiTineHHs (1,1 — 1,15);

N — KUIBKICTh CBITHJILHHKIB;

N — KUTBKICTh JIAMIT Y CBITHJIBHUKY;

d — xoedimieHT BUKOPUCTAHHS CBITIOBOTO IMOTOKY.

B namomy BuUManKy CBITJIOBUH MOTIK SIKHA CTBOPIOE JIFOMIHECIIEHTHA JIaMIIa
tunty JIJ B cBitunenuky JI1201b motyxnictio 40 Bt cranoButh 2340 nM. KinbkicTh
CBITWJIBHUKIB B TIPUMIMICHHI CTaHOBUTh 12 TIT., B KOXXHOMY CBITHJIBHUKY
3HAXOJIUTHCA MO 2 JIAMIIN.

KoedimieHT BHKOpHCTaHHS CBITJIOBOTO TOTOKY 77 BH3HAYa€ThCA 3a
CBITJIOTEXHIYHUMU TAOJIMISIMHU 3aJICKHO Bijl MMOKA3HHMKA MPUMILICHHS 1, KOe]IIiEHTIB
BIZIOUTTS CTIH Ta CTEJIL:

i=ab/h(a+b) = 1,125 (4.11)

7€ a1b — TOBXKKHA 1 IMPUHA IPUMIILICHHS, M;
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h — BUCOTa CBITMJIBHUKA HAJl POOOYOIO TIOBEPXHEIO, M.

3HaO4YM 3HAYEHHS [OKa3HMKAa TMPUMILIEHHS Ta KOe(IIEHTH BIIOUTTS,
3HauUEHHs Koe(illleHTa BHUKOPHUCTAHHS CBITJIOBOIO IOTOKY MOXHA 3HAalWTU B
nitepatypi [97] 3a Tabmn. 3.25 1 3.26. J{ns 3HaUCHHS MMOKa3HKUKa HpuMitieHHs 1,125 Ta
3Ha4YeHb KOE(IIIEHTIB BIIOUTTS CTIH Ta CTeNl 3Haxoaumo, 1o 1 = 0,45. 3HaueHHA
Koe(illieHTY 3amacy Ta HepIBHOMIPHOCTI OCBITJIEHHsI BuOupaemo HactymnHi K=1,5; Z
=11

3 piBasiHHA (4.10) 3axoaumo E:

2340 12 2 0,45
E- %2 583 64
1554 11 (4.12)

[TopiBHIOIOUM 3HaueHHS HOpMOBaHOI ocBiTineHocti [96] En=200 nx i
¢daktuyHoi ocBiTieHocTi E=283 nk poOMMO BHCHOBOK, IO OCBITJIEHICTH B

naboparopii 0-28 BiamoBigae HopMam.

4.1.3 AnaJji3 piBHS HIymy

VY nabopatopii 028 € mkepena mymy: BepcTaT €IEKTPOEPO3IHHOTO pI3aHHS,
MEXaHIYHUI BaKyyMHUN HAaCOC BaKyyMHOT YCTAHOBKM Ta YCTAHOBKHU /IS OJCpKaHHS
KPUCTAJIIB CIIOCOOOM  €JICKTPOHHO-TIpOMEHEeBO1 TuraBku «Kpucranm — 206» Ta
«Kpuctan — 106».

3a 4acoBOIO XapaKTEPUCTUKOIO IIYM BIIHOCUTHCA O TOCTIHHOTO — PIBEHb
3BYKY 3a BeCh poOOUHNi JieHb IIpH POOOTI 00JIaTHAHHS HE 3MIHIOETHCS OLIBIN HIXK HA
SnbA. 3a moxomKeHHSIM [IyM TOJUISETHCA HA MEXaHIYHUN (JKEepeno — BaKyyMHHM
HAcoC) Ta €JIEKTPOMAarHiTHUu (mxepeno — ycraHoBku «Kpuctan —206» ta «Kpucran
— 106»). Ilpu omHOYacHIi pPOOOTI BCHOTO YCTATKYBAaHHS pPIBEHb IIYMY MOXE
nepesunryBatu  gonyctumi Hopmu JICH 3.3.6.037-99, mo mnpusBoauth 10
BUHUKHEHHs mpod3axBoptoBanb [98]. PiBeHb mymy s nmpuMinieHb j1abopatopii
JUIsl BUKOHAHHSI €KCIEPUMEHTAIBHUX poOIT gomnyckaetbest 75n1BA. Tlpu BukoHaHHI

JAHO1 JUIUIOMHOI pOoOOTH Il BUMOTM BUKOHYIOThCS. PiBeHb 1IymMy B JiabopaTopii
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cknagae 65 nbA. BiH BUMIPIOEThCSA IIyMOMIpaMH HE MEHIIE OJAHOrO pa3y B IIICTh
MICSIIIIB.

[IIyMm MoOke BUKJIMKATU Pi3HI 3arajibHO O10JIOT14H1 MOAPAa3HEHHS, MaTOJOTTYH1
3MiHU, (QYHKIIOHAJIBHI pO3JIaii Ta MeXaHi4Hl ymko/keHHs. Ilim gac pobotu B
IIYMHHUX YMOBax MPOAYKTUBHICTh PYy4HOi poOOTH MOXke 3HM3UTUCH 10 60%, a npu
po3paxyHkax — a0 50%. Ilpu TpuBamiii poOOTI B IIYMHUX yMOBax MeEpIl 3a BCE
ypaXkaloTbCcsl HEpBOBa Ta CEpLEBO-CYJMHA CHUCTEMa Ta OpraHud JdUXaHHS.
HeoOxigHICTh KpUYaTH NpH CHOUIKYBAaHHI Y BUPOOHUYUX YMOBAX HETaTUBHO BILIUBAE
HAa TICUXIKY JIFOJICH.

JlJiss 3MEHIEHHS IIKIJUIMBOTO BIUIMBY BHPOOHWYOTO IIYMYy Ha TIpalliBHUKIB
IIYMHUX BUPOOHHUIITB, TMOCHAOJEHHS MepeJaBaHHs WOro B CYCIIHI TPUMIIICHHS
3aCTOCOBYIOTh 3BYKO- 1 BIOpOI30JIAIIiI0, 3BYKO- 1 BIOPOMOIVIMHAHHS Ta TIYIIHUKH
mymy [99]. Takox st 3MEHIIICHHSI IKIJIMBOTO BILTUBY ITYMY BHKOPHCTOBYHOTHCS
IHAUBINYadbHI 3aCO0M 3aXWUCTY BiJ IIYMOBOrO BIUIMBY, a00 OOMEXEHHS dYacy

nepeOyBaHHs B 30H1 MIJIBUIIEHOTO IITyMY.
4.1.4 AHaui3 3anMJIeHOCTI

Uucrora moBiTpst B J1abopaTopii BU3HAYAETHCSA BMICTOM THIIY 1 IIKIIJTMBUX
peuoBuH. ['OCT 12.1.005-88 [100] BCcTaHOBIIOE TPAHHUYHO JOMYCTHUMI KOHIICHTPAILIi1
HMIKIMBUX PEUYOBUH qrjk (Mr/M°) B HOBITPi PoGOYOT 30HH BUPOOHUYHX MPUMILLCHB.
HanxomkenHss 10 TOBITPSA po0O0Y0i 30HM Ti€i YW 1HINOI MIKIMBOI PEYOBHUHH
3aJIeKUTH Bl TEXHOJOTIYHOTO MPOIIECY, CHPOBHHHM, SIKA BUKOPUCTOBYETHCS, a TAKOXK
BiJI MPOMDKHHX Ta KiHIIEBUX IMPOIYKTIB.

HIKigTMBAME BBa)KatOThCSI PEUOBHHH, IO ITPH KOHTAKTI 3 OPTaHI3MOM JIFOAUHU
3a YMOB MOPYIIEHHS BUMOT O€3MEKH MOXXYTh MPHU3BECTH JO BHUPOOHUYOI TPABMH,
npodeciiHOro 3aXBOPIOBaHHS a00 pO3dajiB y CTaHl 3J0pOB’s, IO BU3HAYAIOTHCS
CydaCHUMHU METOJIaMH $IK y TpoIllecl Mpami, TaKk 1 y BIIJalI€HI CTPOKHU >KUTTS
TEMEPIIHbOTO 1 HACTYMHUX MOKOIiHb. ['irieHIYHEe HOPMYBaHHS WIKIIJIMBUX PEUOBUH

MPOBOJSITH MO TpaHUuHOAONyCcTUMUX KOHUeHTpamisx ('K, MF/M3) y BIJINIOBIIHOCTI1
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3 HOPMATHBHUMHU JOKYMeHTamH. Jlns poOOYMX MICLb BHM3HAYAETHCS TPAaHUYHO
JOIMYCTUMa KOHILIeHTpauis B poodouiid 301 — ['JIK,, ( 'OCT 12.1.005-88, CH245-
71).

3 MarepianiB, sIKi BAKOPUCTOBYIOTbCA B TBEPJOMY CTaHi, WIKIJIMBUX PEUYOBUH
HeMae. [Ipore mpu 3MillyBaHHI, J03yBaHHI Ta MPECYBaHHI MOXJIMBE YTBOPEHHS
IpiOHOMUCTIEPCHOTO MWy 13 TMOPOIIKIB KapOigy Oopy, kapOimy KpemHilo Ta
nubopuiiB Hi0010 1 TaHTany. [lunm BruiMBae Ha OpraHi3M JIIOJIMHU TEPEBAXHO SIK
¢d16porenHuit paxTop, 10 BUKIMKAE MOAPA3HEHHS CIM30BUX OOOJIOHOK JTUXATbHHUX
IUIAXIB Ta OCIJAI0YU B JIETEHAX MPAKTUYHO HE MOTpPAIUIA€ A0 KPOBOOOIrY BHACIIIOK
NOraHoi PO3YMHHOCTI B O10J0riYyHUX cepeaoBumiax (KpoB, JiMda). Haitbuibmry
HeOe3NneKy YHMHUTh JApiOHomucnepcHud mwia. Takuili mwi, Ha BIAMIHY BiI
KPYIHOJUCIIEPCHOTO, TPAKTUYHO HE OCiJIa€ B MOBITP1 MPUMIILEHHS, a 3HAXOUTHCA Yy
MiBIIIEHOMY CTaHi 1 JIETKO MOTPAIUIs€ 10 JIETEHb.

KoHueHTparlisi mKiAIMBUX PEYOBUH, MO BIUIMBAIOTH HA OPraHi3M JIIOJWHU, B
nabopaTopli B yMOBaX €KCIIEPUMEHTY HE TMEpPEBUIYE TPAHUYHO JIOMYCTUMHUX
KOHIIeHTpami. Jlns 3amobGiraHHs TOMAJaHHS MWy y  JUXaldbHI  IUISXH

PEKOMEHAYEThCSI TIpH  poOOTI 3MIIIyBaHHS Ta JIO3YBaHHS BHKOPHUCTOBYBATH

pecmipatop (CH245-71).

4.1.5 He0Oe3neka ypa:keHHS eJIEKTPUYHUM CTPYMOM

Y naboparopii 028-9 BukopucTOBYEThCS cTpyMm Hampyroto 220 B mus
KUBJICHHS CYIIUJIBbHOI Imagu Ta BepcTaTa EJIEKTPOEpPO3IMHOTO pi3aHHS 1 CTPyM
Harnpyroro 380 B s sxuBnenns ycranoBok «Kpucrtan 206» ta «Kpuctan 106». Omip
130J1S1111 CHJTOBHX Ta OCBITIIOBAIBHUX €IEKTPOIPOBO/IB MOBUHEH OyTH HEe MeHie 0,5
MOM. YpaxkeHHS €IeKTPHYHUM CTPYMOM MOKE BiOyTHCS Tipu Oe3mocepeaHbOMY
KOHTAaKTI 3 €JIEMEHTAMH YCTAaHOBOK, 5IKi MepeOyBaroTh Mij] HANPYTOl0, Yepe3 KOHTAKT
3 METaJIEBUMHU YacTHHAMHU €JIEKTPoOoOIagHaHHs (KOXKYyX Ta KOPMYC), BHACTIIOK
MOIIKO/PKEHHST  130JI41[1i, TpU TOSBICHHI HANpyrd Ha HE  BUMKHYTHX

CTPYMOHpOBi,Z[HI/IX YaCTUHAx, 3 JAKHUMHU IIpalro€ IICpCoHall, BHaCJ'IiI[OK IIOMHJIKOBOT'O
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BMHUKAHHS YCTaHOBOK, BHHUKHCHHS KPOKOBOi HAalpyrd Ha TOBEPXHI 3eMJIi B
pe3yNIbTaTi 3aMKHEHHSI IPOTY Ha 3EMITIO.

Kareropis mpumiiieHHss BU3HAYAETHCS HASBHICTIO B MPUMIIICHH] YMHHUKIB
miaBUIIeHOT abo 0coOnuMBOi HeOe3Meku eIeKTpoTpaBM. o YMHHUKIB MIIBUILECHOT
HeOe3MeKn HajleXaTh: TeMIepaTypa B NPUMIIIEHH], 0 BOPOAOBXK J00U NEPEBUIILYE
35°C; BimHOCHA BoOJIOTiCTh OuIbie 75 %, ane meHine moBHoro HacuueHHs (100%);
CTPYMOTIPOBiJIHA TiJyiora — MeETajJeBa, OCTOHHA, IICTJsAHA, 3EMJISTHA TOIIIO;
CTPYMOTIPOBIIHUM TIWJI, MOMJIMBICTh OJHOYACHOTO JOTOPKAHHS JIFOJAWHH O
HECTPYMOTIPOBITHUX YaCTHH €JIEKTPOYCTAHOBKH 1 IO METAJTOKOHCTPYKIIii, IO MAIOTh
KOHTAKT 13 3eMJICIO.

OckiIbKH B J1aO0opaTopii BUKOPUCTOBYIOThH MOPOIIOK, SKUH MPOBOJIUTH CTPYM 1
mijyiora BUKOHaHa 3 OCTOHY, TO MPUMIIICHHS BIJIHOCUTHCS /IO KJAacy MPUMIIICHb 3
IiIBUIIICHOI0 HEOC3MEeKO BpakeHHS elekTpuuHuM ctpymom  (II-i  kmac).
MOXJIMBUMH BUIaJIKAMHU YPa)KEHHS €JIEKTPUYHUM CTPYMOM Y JlaHiil saboparopii €
npoOiif Ha Kopryci abo0 TONIKOJKEHHsI TPOBOJKH YCTAHOBOK, BIJACYTHICTb
3a3eMJICHHS €JIEKTPUYHOTO 00JaAHaHHS a00 MOIIKOKEHHS PO3ETKH.

3axucHe 3a3eMJICHHS — I1¢ CIIeIliajbHe eeKTPUYHE 3’ €THaHHS 13 3eMiIeto abo i
€KBIBAJICHTOM CTPYMOBIJHUX €JIEMEHTIB CIICKTPOYCTATKyBaHHs, III0 MOXYTh
OTMMMHUTHUCSA Tl HAPYTOI B aBapiliHiM cuTyallii (BHACTIIOK 3aMHUKaHHS Ha KOPITYC,
ynapy OJMCKaBKM Ta 1H.). MeTa BIamITyBaHHS 3aXHMCHOTO 3a3€MJICHHS —
3a0e3nedeHHsT O€3MeKW eKCIUTyaTaiii eJIeKTPUYHOTO YCTaTKyBaHHS y  pa3si
JOTOPKAHHS JIIOJIUHU 10 KOPIYCY YU IHIIMX METaJeBUX CTPYMOBIIHMX YaCTHUH, SKI
MOTpanuIu TiJ HANmpyry BHACHIJOK BUHHKHEHHS aBapiiiHOoi curyamii. [ls wmera
JIOCSITAETHCSA 32 PaxXyHOK 3HM)KCHHS TIOTCHITIAy O0JaIHAHHS, 110 3a36MJICHO, a TAKOX
BHUPIBHIOBAaHHS ITOTEHIIIAIIB OCHOBH, JI¢ CTOITh JIIOJAWHA, 1 OOJagHAHHS, BiTHOCHO
SIKOTO BUKOHAHO 3aXMCHE 3a3€MJICHHS.

3a HasiBHOCT1 00JIaIHaHHS, 110 KUBUTHCS Hanpyrow 220 B 1 380 B, neoOxigHe
BUKOHAHHS  3aXHCHOTO  3a3eMJICHHS  KOPIYCiB  €JIEKTPOYCTaTKyBaHHSI 1
exekrpornpmianis 3rigao [101]. Jlns mporo Tpeba MpoOBECTH PO3PaXyHOK 3aXHCHOTO

3a3CMJICHH:.
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BuxignuMmu [naHuMU N1 pO3PaxXyHKy € Hampyra yCTaTKyBaHHA, IO
3azemimtoethes, (380 B); enexkTpoycTaHOBKa 3 130JIbOBAHOIO HEHUTPAJUTIO; MATOMMMA
omip 1pyHTy (p = 100 OM-M); miameTp ctprxas (d = 20 MMm); moBxkuHa cTprkHS (| =
2,6 M); BiICTaHb MK CTPHOKHAMH (a = 2 M).

BuszHauaoTecs A0MyCTUM1 ONIOPU €IEKTPOyCcTaHOBKHM Harpyrow g0 1000 B 3
130/IbOBAHOI0 HEUTpayito Ta TMpPU CyMapHId MOTY>KHOCTI TE€HEpaTopiB 4HU
tpancpopmaropiB 100 kBt ta menme, Ra = 10 Owm.

Bu3nauarotecs OIIOPpH ITYYHUX 3a3CMJICHDL!:

Rh O RH (4.13)

Bubupaemo TuI 1 po3Mipu BEPTHUKAJIBHOTO €JIEKTPOJa 3a3eMJICHHs. Y SKOCTi

BEPTUKAIBHOTO 3a3eMJICHHS BUOMPAEMO CTaJICBUH CTepkeHb (miamerp — 20 M,
JTOBXKHUHA — 2,6 M).

Po3paxyeMo ormip po3TIKaHHIO CTPYMY OJHOTO BEPTHKAIBLHOTO €JIEKTPOJa IO

dbopmyii:

o (L2 1 4t+|j_
_ P (1nd LA
R 27z|[ *

d 2 4t-I (4.14)
1€ p — MATOMHM otip TpyHTY, OM M;
| — moBXKMHA CTEPIKHS, M;
d — miameTp cTepxHS, M;
t — BiZicTaHb BiJ MOBEPXHI 3€MJI1 10 CEPEAMHM 3a3€MJIIOBAYA, M.
t=t, +1/2
° (4.15)
to = 0,4 M

t=04+13=1,7m

100 22,6 417 2
= n220, 3, 4L% 28 s0iq g
R3304 2,6[ 2016 2 417 2}% a4d d
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Buacnigok Toro, 1mo omip OJZHOTO BEPTUKAIBHOTO e€JeKTpoAa Oulbliie
HeoOXximHoro Ry, mpucTpiif, 1m0 3a3eMIIIO€, 3aCTOCOBYETHCS Y TaKOMY BHUIJISIL, 11O
CKJIQJIA€ThCA 3 JEKUIbKOX MapajeiabHO 3’ €HAaHUX OJUHOYHUX 3a3eMiieHb. HeoOxigHa

KUIBKICTh BEPTUKAJIBHUX €JIEKTPOIB BU3HAYAETHCS 3aI€KHICTIO!

n=

R
R (4.16)

1€ Me — KOCPIIIEHT B3aEMHOTO €KpPaHyBaHHS €JIEKTPO/IB, 110 3aJ€KHUTh Bl KUTBKOCTI

EJIEKTPO/IB 1 iX B3aEMHOT0 po3TalryBaHHs. Jns Hamoro Bunaaky ne = 0,75.

L_ _ 3648
(0,75<10)

= 4,86~ 5h Is

Bubupaemo ¢dopmy mnepetuHy 3’€QHYBaJIbHOI CMYTH: CTajieBa CMyTa
TOBIIIUHOIO 5 MM 1 IKUPUHOIO 40 MM.

BuznayaeMo JOBXHMHY CIIOJIyYHOI CMYTH:

2|2
In —=

T q e, o

n

Busnagaemo ekBiBaJleHTHUHN OMIp MITYYHUX 3a3€MIICHD:

. _ RR
RTRIR,

. 36.48 5.83
= ! : - 864( d
N = 3648 5 0.75 583 dd (4.19)

OTpumaHuil €KBIBAJECHTHUN OMIp MPUCTPOIO, IO 3a3€MIIIOE, HE IMEPEBUIIYE

MPUITYCTUMHUINA OTip, 3rimHo BuMoram [TYE-89.
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1 — mumidyBanbHUI CTaHOK; 2 — 3a3eMiTtoBayl; 3 — 3’ €IHyBAJIbHUM MPOBITHUK; 4 —

IIIUIbKA; 5 — raiika; 6 — KOHTaKTHA 111ai0a; 7 — KOHTaKTHA IJI0IagKa

Pucynok 4.2 — Cxema 3a3eMJICHHS yCTaTKyBaHHS B Jabopartopii 0-28

4.1.6 He0e3nexka BUHHKHEHHSA MOMKEKI

VY naboparopii 028-9 moxkiuBa Hag3BUYaiiHa CUTyalllsl Taka, SIK TOXKEXkKa.
[loke’kxa — 1€ HEKOHTPOJbOBAHE TOPIHHA 1032 CIELIaJbHUMU OCEpPEIKaMH, IO
PO3MOBCIOJIKYETHCS B Yaci 1 mpocTopi. Y JaHii 1abopaTopii MOKIIMBI MOXKEXK1 KIacy
A (TopiHHS TBEpPAMX PEUYOBHH, IO CYIPOBOKYETHCA a00 HE CYIMPOBOKYETHCA
TIIIHHSM).

Bignosigao mo [102] mpumimnieHHs 3a BHOYyXOHEOE3MEYHOIO Ta ITOKEIKHOIO
HEOE3MeKO BITHOCUTHCS 10 Kareropii [ (mMpuMimieHHS B SKHX 3HAXOIATHCS
HErOpIoYl PEYOBUHU Ta MaTepiaid B rapsdoMy, pO3KapeHOMY a00 PO3IIaBICHOMY
CTaH1, mpouec oOpoOKU SIKUX CYHNPOBOJKYETHCA BUJIUICHHSIM MPOMEHHCTOTO TEILIa,
ICKOp, MOJyM’sl; TOPIOYl Ta3W, CHAIMMI PIAMHU 1 TBEpPIl TOpIOYl PEYOBUHHU, SKI
CHAJIIOIThCA a00 YTHIII3YIOThCS sIK nanuBo). [IpoTre BoHa oOnajgHaHa HEOOXITHUMHU

3aco0amu moskexxkoracinHs. [loxkexxoHeOe3neuHa 30Ha BiHOCUTHCS a0 kiacy [I-Ila
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(mpocTip y NPUMILIEHHI, y SKOMY 3HaxXoIAThCsl TBEPAl TOprHOYl pPEYOBUHU Ta
Matepianu). BubyxoneOe3neuHa 30Ha BIIHOCUTBHCA 10 APYroro kjacy (mpocTip, y
AKOMY BHOyXOHEOE3NeyHe CEpeOBHIE 3a HOPMAJIbHHX YMOB EKCILTyaTarii
BIJICYTHE, a SIKIIIO BOHO BUHHUKAE, TO PIIKO 1 TPUBAE HEJOBTO).

MOXJIMBUMHM NPUYMHAMM BHHUKHEHHS MOXEX Yy NPUMIMIEHH] JabopaTtopii
MOXYTh OYTH: KOPOTKE 3aMUKAaHHS B €JICKTPUYHHUX JIAHIIOTaX; MOPYIICHHS MPaBHII
MOKEXHOT Oe3MeKH NMpHU BUKOPUCTaHHI MOOYTOBUX €JIEKTPOHArPIBAIbBHUX MPHUIIA/IIB;
HeoOepekHe KOPUCTYBaHHS BIIKPUTUM BOTHEM; MPHU BUPOOHUIITBI BOIHEBUX POOIT
(3BaproBaHHs ).

B cnopyai mepenbaueHi HAcTyMmHI 3aXOAM IIOAO 3a0€3MEUCHHS TOXKEXKHOI
0e3MeKu: TeXHIYH1, OpraHi3alliiHi, pexxXuMHI.

VY npuminienHi Jabopatopii ycraHoBieHo 4 noxkexH1 curHanizatopu WI1-105,
CUTHaJI 3 SKUAX HAIXOJUTh HAa OCHOBHY TAHENb IIOKEKHOI CHTHaTi3aliil.
Curnanizatopu UII-105 cripanboByrOTh Ha MiABUINEHHS TemnepaTypu o t = 72 °C.
VY xopuopi 3HAXOIUTHCS MOKEKHUM KPaH 13 TPUETHAHUM MOKEKHUM PYKaBOM.

BignoBigno mo JBH B.1.1-7-2002 OyxiBnas BigHOCHUTBCs 10 | cTymeHs
BOTHECTIMKOCTI (OyAMHKHA 3 HECYYMMH Ta OTOpPOHKYBAIPHUMU KOHCTPYKIIISIMH 3
OPUPOJHUX a00 IITYYHHX KaMm’ SHUX MarepiajaiB, OETOHYy, 3ali300e€TOHy 13
3aCTOCYBAHHSM JIMCTOBUX 1 INTMTHUX HETOPIOYMX MaTepialiB).

OcHOBHMMH 3axoJaMH TI0 TIOKEXKHIM Oe3memi € peryiaspHa TepeBipka
mpane3 aTHOCTI 3aco0iB TaciHHS TIIOKEXK1 1 CHCTeM TIOXKEKHOI CHTHaji3allii;
MepeBipKa BUIMPABHOCTI E€IEKTPUYHOI MPOBOJKH, IIOPIYHE BUMPOOYBAHHS OIOPY
13oms1ii  migBUIeHO0 Hampyroio (6mm3pko 500B); obepexHe MOBOMKEHHS 3

JICTKOINUIAaBKUMH PCUYOBHHAMM.

4.2 3axoau, 1m0 BHKJIKYAKTH TMPOSIB He0e3MeYHUX i IIKIIIUBUHX

BUPOOHUYHUX (PAKTOPIB 200 00MEXKYIOTH I1X B MeKAX JOIYCTUMHUX HOPM

Jlns  3anmoO0iraHHs MOTPAIUIIHHS B OpPraHd JUXaHHA MUY [OPOIIKY

BUKOPHUCTOBYIOTh MPOTUNUJIOBI pecnipaTopu Ttumy «Jlemectok». Beil mkiaimBi
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PEUYOBHHH, 1110 CTBOPIOIOTH MUJI, 30€pIratoThcs B MOCY/l, IO MIUIBHO 3aKPUBAETHCA Y
BUTSDKHIN m1adi. Ocolu, 110 MiAAaI0ThCs BIUTUBY MY 3a0€3MeUyI0ThCS CIIELOSTOM.

I[Ipu poGoTi Ha mpeci BapTO TMOCTIKHO CTEXKUTU 3a CHPABHICTIO HOTO
MaricTpajiei, MpaBUIbHO BCTAHOBIIOBATH Tpec-(hopMy Ha CTUI Mpeca, YHUKAIOUU
nepekociB. Ha Bunaaok po3puBy npec-(popMu BUKOPUCTOBYETHCS METAJEBUU IIUT,
SIKUWA OTOPOJIKY€E poOOUy 30HY.

VY nabopatopii 0-28 3 MeToro 3ano0iraHHsl YpaskeHHs €JIEKTPUUYHUM CTPYMOM
3a0e3neuyeHe BUKOHAHHS 3aXMCHOTO 3a3eMJICHHS KOPIYCIB €JIEKTPOYCTATKYBAaHHS 1
enexktponpwiaaiBd 3rimHo [101], mepenbadena HamiHA 130JA11s1 CTPYMOBEIYUHUX
yacTuH. {751 3amo0iraHHsl BUIAJIKOBOTO 31TKHEHHS 31 CTPYMOBEIYUYMMHU YAaCTUHAMH,

1110 3HAXOSATHCS IMiJ] HAIPYTOX0, BIAMITOBaHI oropoxi B sikocTi citok (ITTTEY -89).

4.3 be3nexka B HaA3BUYAHHHUX CUTYaLisAX

Hanzsuuaiina cutyaris (HC) — o6cTaHoBKa Ha OKpeMiil TepuTopii un cy0’ €KTi
rocrofaproBaHHs Ha Hiil a00 BOJHOMY 00’ €KTI, sSIka XapaKTEePHU3YEThCS MOPYIIEHHSIM
HOPMAJIBHUX YMOB JKUTTEMISIIBHOCTI HACEJIEHHS, CIPUYMHEHAa KaTacTpodoro,
aBapi€o, TIOXKEKEI, CTHUXIMHUM JIMXOM, CIMiJeMi€0, eImi300Tiero, emdiToTiero,
3aCTOCYBAaHHSM 3ac001B ypakeHHs a00 I1HIIIOIW HEOE3NMEUHOI TOJIIEI, 10 IpHU3Besa
(MOXe TIPU3BECTH) 10 BHHUKHEHHS 3arpo3d JKUTTIO a00 3J0pOB’I0 HaCEJICHHS,
BEJIMKOT KUTBKOCTI 3aruOJMX 1 MOCTpakAalduX, 3aBAaHHS 3HAYHMX MaTepiaJbHHUX
30UTKIB, @ TAKOX O HEMOXKJIMBOCTI MPOXMWBAHHSA HACENIEHHS Ha TaKii TepuTopii uu
00’ €KTi, TPOBAI>KEHHS HA Hil TOCTIOAAPCHKOI AISTHHOCTI.

Jlo HaA3BHYAHUX CUTYaIliil TeXHOTeHHOro xapakrtepy (koa 10000) nanexaThb
rpynu (B 1yKKax 3a3Ha4€HO KOJI TPYIIH):

- moxkexi, BuOyxwu (10200);

- panrroBe pyitHyBanHs criopya (10600);

- aBapii Ha cuctemax xutte3adesneueHds (10800).
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B naGopatopii 028-9 MoxnrBe BUHUKHEHHS Takol HaJA3BUYANHOT CUTYyaIlli, sSIK
MoXexka, Ka pO3ropTaEThCsl HA TEPUTOPil 00'ekTa a00 HA caMOMy 00'€KTI 1 HACTIIKHU
AKOI HE BUXO/ATh 32 MOXKJIMBHI piBEHb 00'€KTa a00 MOro CaHITapHO-3aXMCHOI 30HU.

[IprunHaMu MoXkexki MOKYTh OYyTH:

— KOPOTKE 3aMUKaHHS B €ICKTPUYHIA MEpEeXi yCTaTKyBaHHS;

— 301 B CHCTEMI BOASHOTO OXOJOIKCHHS,

— HEBUKOHAHHS pOOOYUM TIEPCOHAJIOM MPABIII IHCTPYKITIH;

— HECTPABHICTh €JIEKTPONPOBOAKHU, 00JIaTHAHHS 1 CUJIOBUX IIIUTIB;

— TIEpPeBaHTAKCHHS CJIICKTPOYCTATKyBaHHS;

— HEJJOTpUMaHHsI Mip O€3MeKu NpU BUTATAHHI HArpiTUX 3aIUTUX GOopM 3
1eyei;

— BUKOPHUCTAHHS HECIIPaBHUX CIICKTPOIPHIIAIIB;

— HEJIOTpUMAaHHS Mip Oe3MeKu npu 30epiranHi Jerk03aiMUCTUX PEUOBHUH.

CriBpoOITHUKH UM CTYJEHTH, 110 BUSBWJIM BUHUKHEHHS TIO’KEXK1, 3000B’s3aHi:

- BUKJIMKATH TIOKEXHY JTIOMTOMOTY 3a TesnedoHoM 101;

- MPUUHATH YC1 3aX0IM JO YPSATYBaHHS JIIOJIEH Ta TaciHHSA IMOXEX1 yciMma
JOCTYITHUMH 3aC00aMH TaCiHHS MOXKEXKI.

3a0e3nedeHHs peanizaiii JepKaBHOT MOJITUKH y cepl HMUBUIBHOTO 3aXHUCTY
3MIIACHIOETHCS €IMHOIO JIEP>KABHOIO CUCTEMOIO IUBUTBHOTO 3aXHUCTY, SIKA CKIIATAETHCS
3 (QYHKI[IOHAIBHUX 1 TEPUTOPIATbHUX MIACHUCTEM Ta ix JaHoK [103].

Jlns JmikBimamii MOKJIMBUX ITOXEX Ha JUIBHHIN TepeadadeHi BOTHETaCHUKHU
tuny OY-5 ta noxkexHi crenau. [Inan eBakyariii 3 maboparopii Ne 0-28 HaBeneHo Ha

pucyHKy 4.3.
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028

Pucynok 4.3 — Ilnan eBakyariii 3 mabopatopii 0-28
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5 PO3POBKA CTAPTAII-ITIPOEKTY

5.1 AKTyanbHicTh

B ocraHHi poOKM BEJIMKOro MOIIMPEHHS Cepej OpraHi3alii-moyaTKiBIiB 1
pi3HUX 00'eAHAHb MOJOAMX BUCHUX HaOynu startup-npoektu (ctapramnu). Crapram —
1€ TUTbKU-HO CTBOpPEHA KOMIaHisg (MOXJIMBO, HABITh HE € I11€ IPUINYHOI0 0C00010),
AKa 3HaAXOIAUTHCS HA CTafli pO3BUTKY 1 Oyaye cBiii Oi3Hec ab0 Ha OCHOBI HOBHX
IHHOBAIlIMHUX 17Ie, a00 HAa OCHOBI TEXHOJIOTIH, fKi 1moiHo 3’ sBunucs [104]. Jlns
cTapTamny XapakTepHi: 0OMEXKEHICTh MOYATKOBUX 1HBECTHI[IN; IIBUJIKUN PO3BUTOK;
HU3BKI 1m1aHcu Ha ycrix [105]. OCHOBHUM JOKYMEHTOM, IO XapaKTEePU3Y€e CTapTall, €
Oi3Hec-TuTaH — OOOB'I3KOBUM MHCBMOBUH JOKYMEHT, IO BH3HAYa€ JIUIOBI
MOJKJIUBOCTI Ta TEPCICKTHUBH IOJAIBIIOIO PO3BUTKY, a TAaKOX PO3'SICHIOE, K IIi
MOJKJIUBOCTI MOXKYTh OYTH peanizoBaHi HassBHOIO KOMaH/OI0.

Jlns 3a70BOJICHHS MOTPEOM MAaIIMHOOYyBaHHS, METaJo0OpOOKH Ta IHIIHMX
rajxyseil e HeoOXimHI MaTepianu s oOpOoOKM, a TaKOX 3a0e3MeUeHHS €KOHOMIi
noporux 1 JedimUTHUX MapoK CTalli, IO 3aCTOCOBYIOTHCS IIPH BHUTOTOBJICHHI
IHCTpYMEHTY 1 Jerajeil MalluH, HEeOOXiJHO PO3BHBATH Ta BIPOBAKYBATH HOBI
TBEpJi CIUIaBu. BOHM MOXYTh 3a0€3MEUYUTH JOBTOBIYHICTh Ta HAMIMHICTH JeTalieh
MAaIliH Ta IHCTPYMEHTY, [0 MPaIOI0Th B CKJIAJIHMX YMOBax eKcruryarairii. Po3pobka
Ta OTPUMAHHS TBEPAMX CILIABIB € Ty>K€ BaKJIUBUM 3aBIaHHSIM.

OctanHiM yacoM HaOyllO TOIMIMPEHHS OTPUMAHHS MartepiajiiB MOAIOHHX 10
TBEP/AMX CIUIaBIB METOJOM CIIPSMOBAHOI KPUCTaTi3allii, iCKpO-TUIa3MOBOTO CIiKaHHS
Ta TUIAaKyBaHHS TIOPOINKIB JUISl TOJAABaHHS IUTACTUYHOI 3B’SI3KH, IIJISI TIOJAJIBIIOTO

CITIKAHHS.

5.2 MeTta i 3aBIaHHS CTApTall POEKTY

Mertoro po3ainy € hopMyBaHHS IHHOBAI[IMHOTO MUCIEHHS, TAMTPUEMHHULIBKOTO

nyxXy Ta (OpMyBaHHS 3/IaTHOCTEM WIOJI0 OLIHIOBAHHS PUHKOBUX MEPCHEKTHUB 1

MOXJIMBOCTEH  KOMepIiaiizalli  OCHOBHMX  HAyKOBO-TEXHIYHHX  PO3POOOK,
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chopMOBaHUX Yy TIOMEpPeAHIA YaCTHHI MAariCTepChbKOi JucepTalii y BUIIIAL
PO3pOOJIEHHS KOHIIETIIIi CTAPTAI-IIPOEKTY B YMOBaX BUCOKOKOHKYPEHTHOI pUHKOBOT
€KOHOMIKH TJI00ai3a1iiHUX TPOIIECIB.

3aBiaHHs PO3/ULY MOJIATa€ B MAPKETUHIOBOMY aHaji31 MEPCHEKTUB peani3amii
3aPONOHOBAHUX MAriCTPAHTOM HAyKOBO-TEXHIYHHUX PIIIEHb Ta MPOIMO3UIIii,

OLIIHIOBAaHHS MOXJIMBOCTEH X PUHKOBOT'O BIIPOBAIXKECHHS.

5.3 Onmc igei npoexkTy

B Mexax miAnyHKTY CJIi MOCTII0BHO MTPOAHAI3yBaTH MEBHI 171€1:

® 3MicT i/1e1 (110 TPOMOHYETHC);

® MOXKJIMB1 HaIPSIMKHU 3aCTOCYBAHHS;

® OCHOBHI BHUIOJM, II0O MOXE OTPUMATH KOPUCTYyBad TOBapy (3a KOXHUM
HanpsIMKOM 3aCTOCYBaHHS);

® YuM BiIpI3HAETHCS BiJl ICHYIOUMX aHAJIOT1B Ta 3aMIHHHKIB.

Tabnuns 5.1 — Onuc i1ei crapTan-npoeKTy

3micT ixel

Hanpsimku 3actocyBaHHA

Buroau nis kopuctyBaya

OTpuMaHHS CIPSIMOBAaHO
3aKPHUCTATI30BaHUX
€BTEKTUYHUX CIUIaBiB Ha

OCHOBI Kap0ixy 60py

1) BuroroBneHHs maTepianiB

JU1s1 0OpOOKH IHCTPYMEHTIB

2) BurotoBneHHs

3HOCOCTIMKHUX MaTepiasiB

1) JemeBusHa nporecy;
2) Exomnoriuda uncToTa
poLecy;

3) [Nokpameni

BJIACTHUBOCTI K€PaMIiKH

5.3.1 TexHoJioriuHuMii ayauT igel NpoeKTy

B mexax paHoro migpo3auly HEOOXITHO MPOBECTH ayJIUT TEXHOJOrli, 3a

JIOTIOMOTOI0 SIKOT MOKHA pealli3yBaTH 1J1€10 MPOEKTY (TEXHOJIOT1i CTBOPEHHS TOBApPY).
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Tabmuus 5.2 — TexHonoriyHa 3A1MCHEHHICTD 1€1 TPOEKTY

[nes mpoekty TexHomortii ii HasBHicTh JocTynHicTh

peanizarii TEXHOJIOT11 TEXHOJIOT11
OTpuMaHHS CIIPSIMOBAHO besrurensbHa TexHomoris TexHomoris
3aKpPUCTATI30BaHUX €BTCKTUYHUX | 30HHA IUIaBKa | HasBHA JIOCTYyTHA
CIUUIaBIB Ha OCHOBI KapOiny 6opy

3a poBeICHUMH JTOCTIDKCHHSIMH MOYKHA 3pOOMTH BUCHOBOK, 1[0 PO3pOOKa Ta
peaizailisi 1TaHO1 TEXHOJIOT1i He 3aBJACTh JKOJHUX MEPEIIKOI, a/IKE JTaHa TEXHOJIOT15

ICHY€E Ha pUHKY Ta JOCTYITHA JJIs peasizarlii.

5.4 AHani3 pUHKOBHX MOKJIMBOCTEH 3alIyCKY CTaAPTAN-TIIPOEKTY

BusHaueHHsT pUHKOBUX MOMIJIMBOCTEH, SKI MOXHAa BUKOPHUCTATH IIiJl 4Yac
PUHKOBOTO BIPOBAKEHHS MPOEKTY, Ta PUHKOBUX 3arpo3, sIKi MOXKYTh MEPEIIKOAUTH
peamizaiii MTpPOEKTY, [I03BOJSE€ CIUIAHYBAaTH HANpSIMH PO3BUTKY NPOEKTY 13
ypaxyBaHHSIM CTaHy PHHKOBOTO CEpeJOBHINA, MOTpeOd MOTCHI[IMHMX KIIEHTIB Ta
IIPOIIO3UITIH MPOEKTIB-KOHKYPEHTIB.

CerMeHT CIOXKMBAYiB: JUISI aHANN3Y IMOMHUTY HAa PUHKY JOCTIIHKEHHS 3BY3UMO
1o piBHs M. Kuena.

PuHok cmoxuBauiB — HimeBuil (By3bkuil Tpodiib — BHPOOHUIITBA, SKi
BUKOPUCTOBYIOTh MaTepialid 3 TBEPUX CILIABIB).

Kananmu 30yTy: BHKOPHCTOBYIOTBCS mpsiMi KaHamu 30yTy. besmocepemHiii
KOHTAKT 3 MOTEHI[IMHUMHU TOKYMIISIMU Yepe3 BI3UTH HA MIAMPUEMCTBA Ta TIPE3EHTAIil
ToBapy. KoHTakT uepe3 TeMaTH4Hi Ta raigy3eBi BUCTaBKU Ta KoH(pepeHiii. 30yT depe3
IHTEpHET-pecypcH (IHTEpHET-Mara3uH).

B3aeMogis 31 cnokuBauaMu: OCOOMCTI KOHTaKTH, N0 TeiedOHY, €IEKTPOHHIMA
nomTi. 3aCTOCYBaHHS MPOTpaM JOSUIBHOCTI. [3 MOTEHUIMHUMHU CHOXHBayaMHU —
MIATpUMKA 1HPOPMALIMHUX IHTEPHET-PECYPCIB: CAUT MPOEKTY, OJOT HOBUH MPOEKTY,

BHUCTAaBKH, KOH(EPEHIIil.
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JUis BU3HAUYEHHS AaKTyalbHOCTI BKJIQJEHHS TPOLIOBHX Ta MaTepialbHUX
pecypciB Ha BIPOBAKEHHS JAHOI TEXHOJIOTIi BapTO 3pIBHATU [1I04y OOIIKOBY
ctaky HBY Ta cepennio Hopmy pentabenbHocTi puHKy (14 %). 3 26.05.2018 p.
HBY npuitnsno pimeHHs mpo 3HUKEeHHS 0011K0BO1T cTaBku 110 12,5 %. TakuMm uyuHOM,
peHTa0eNbHICTh PUHKY € BHUIIOI0, IO CBIAYUTH MpPO Te, IO JAHUW MPOEKT €
MPUBaOJIUBUM JJIs1 IHBECTYBAHHS.

Busnayaemo moTeHIIHI IPYNU KIIEHTIB, X XapaKTEPUCTHKHU, Ta (HOPMYEMO
OpIEHTOBHHUIA TIEPEITIK BUMOT JI0 TOBAPY JJIsl KOXKHOT rpymnu (tadu. 5.3).

[licns BU3HAYEHHS TMOTEHIIWHUX TPYN KIIEHTIB IPOBOJUTHCA  aHAII3
PUHKOBOTO CEepPEeIOBHUINA: CKIIAIA0ThCs Ta0auIll (DAKTOPIB, IO CIPUIIOTH PUHKOBOMY
BIIPOBAHKCHHIO MPOEKTY, Ta (HaKTOPIB, 0 HOMY MepemkopkaTh (Tabda. 5.4-5.5).
®dakTopu B TaOJHIII TOIABATH B MOPSIKY 3MEHIICHHS 3HAYYIIOCTI.

[Ticns aHamizy KOHKYpEHIli MPOBOAUTHCS OUIBII ACTAJIbHUM aHalli3 yMOB
KOHKYpeHIIii B raimy3i (3a moaesutio 1’ satu cuit M. [loptepa).

M. Tloprep BHpi3HS€ TI'SITh OCHOBHUX (DaKTOpIB, MIO BIUIMBAIOTH Ha
IpUBa0IMBICTh BUOOPY PUHKY 3 OTJISAIy Ha XapakTep KoHKypeHiii. Lle:

e KoHTYpeHT, 1110 BXKE € Yy Tany3i;

o [loTeHIiifHI KOHKYPEHTH;

e HasBHicTh TOBapiB-3aMIHHHKIB;

o [locTauanbHUKH, 1110 KOHKYPYIOTh 32 PUHKOBY BIIAJy;

e CrioxuBauyi.
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Tabmuus 5.3 — XapakTepucTUKa NOTEHLIMHUX KIIIEHTIB CTAPTA-IIPOEKTY

Ne | TTorpeba 110 HinpoBa aynuropis | BinminHOCTI Y Bumorn
dbopmye puHOK | (LITBOB1 CETMEHTH | TTOBEIIHII PI3HUX CIIO’KMBAYIB
PHUHKY) MOTEHIIMHUX LUIOBUX | JO TOBAPY

rpyn KJII€HTIB

1 | 3acrocyBaHHs Bupo6Huiirsa, - HoBiTHS TexHiKka Ta @ SIKICTb;
3HOCOCTIMKHUX 3aBOAU TEXHOJIOT'1i, 5Kl ® 10ITyCTUMA
THCTPYMEHTIB 3aCTOCOBYIOThCS; coOIBaPTICTb;
U1l 00pOoOKHU - [lIBuaKicTE Ta eHa aHHs
MarepiajiB BUCOKHH 00’ €M JITKHX

BUTOTOBJICHHS rapaHTii;
MPOTYKIIIT; ® [IIBU/IKICTE
- 'apaHTis sIKOCTI; BUKOHAHHS

- HapiiiHicTh, BUCOKA

3HOCOCTINKICTH

OiHaIBHUM  €TalloM PUHKOBOTO aHali3y MOXJIMBOCTEH BIPOBAKEHHS
npoekty € ckiuananags SWOT-ananizy (marpuiii anamizy cuibHux (Strength) Ta
cmabkux (Weak) cropin, 3arpo3 (Troubles) ta moxmuBocteit (Opportunities) Ha
OCHOBI1 BUJIUJICHUX PUHKOBUX 3arp03 Ta MOJIUBOCTEH, Ta CHIIBHUX 1 CTAOKUX CTOPIH
(tabim. 5.6 - 5.7).

[lepenik pUHKOBHX 3arpo3 Ta PUHKOBUX MOMJIHBOCTEH CKIAJAEThCSI HA OCHOBI
aHamizy (GakTopiB 3arpo3 Ta (aKTOPiB MOKIMBOCTEH MapKETHHTOBOTO CEPEIOBHIIA.
PuHKOBI 3arpo3m Ta pPUHKOBI MOXJIHMBOCTI € HaciiAKaMud (TIPOTHO30BAaHUMU
pe3ysibTaTaMu) BIUIMBY (PakTOpiB, i, HA BIIMIHY Bijl HUX, III¢ HE € peaTi30BaHUMH Ha
PUHKY Ta MalOTh MEBHY HWMOBIPHICTh 3/iMicHeHHs. Hanmpuknaa: 3HMKEHHS JOXOIB
MOTEHIIMHUX CHOXHUBayiB — (aKTOp 3arpo3u, Ha OCHOBI SIKOTO MOXHa 3POOUTH
MIPOTHO3 MIOJI0 MOCUJICHHSI 3HAYYH[OCTI LIHOBOrO (pakTopy mpu BHOOpI TOBapy Ta

BI/IMOB1IHO, — LIIHOBO1 KOHKYPEHIIII (2 1€ BXKE — pUHKOBA 3arpo3a).




117

Tabnuis 5.4 — @aktopu 3arpo3
No | @akrop 3MiCT 3arpo3u MosknuBa peakiiisi KOMIaHii
1 | 3arposa HoBi  koHkypeHTH | 3HUXKYE 3araJbHUAN MOTEHII1aJ
NOSIBU HOBUX | IPUBHOCATH Yy raiy3b | IpUOYTKOBOCTI B  Traimy3i.  3amekia
KOHKYPEHTIB | HOBI BUPOOHHUYI | KOHKYpPEHI[I1 B Taly3l  3HHUXKYE
NOTYKHOCTI i | npuOyTKOBICTh, TOMY IO 3a Te, II00
nparHyTh po3ao0yTH | 30epertu KOHKYPEHTOCIIPOMOXKHICTb,
9acTKy PUHKY 30yTy, | IpU3BOAUTh JO JOJATKOBUX BHTpAT
TUM caMuM, | (BUTpaTH Ha peKjIaMmy, OpraHizailiio
3HIKYHOYHU 30yTy, HAyKOBO-IOCJHIAHI ¥ JOCIIiTHO-
1 (0k3700017050501 KOHCTpYKTOPCHKI po3pooku (HAAKP)).
npuOyTOK
2 | OOmexenuit | JloctatHs KuUIbKICTh | CKOpoYeHHST  0OCAriB  MPOJAXIB Y
PUHOK POIYKITI, sKa | pe3yJbTaTi  MOpPYUIEHHS  JOTOBIPHUX
3aBolOBaja  CTaTryc | 3000B'I3aHb.
OpeHna
3 | Cnabkuit 3pocTaHHs KUIBKOCTI | - BTpaTH  JOXIAHOCTI  Oi3Hecy B
pPiBEHB noTpeOyro4oi pe3yabTaTi 3HWKEHHS PiBHS peryTallii;
TEXHIYHOT IPONYKIIli, B CBOIO | - CKOPOYEHHS OOCSTIB BUPOOHHUIITBA B
OCHAIIICHOCT1 | 4epry  3OUIBIICHHS | pe3yibTaTi BUKOPHUCTAHHS 3acTapilioro

KUIBKOCTI Ta SKOCTI
TEXHIYHOTO

oOJIagHaHHSI

oOJIaTHAHHS.
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Tabmuus 5.5 — @akTopu MOXKIUBOCTEN

Ne | ®@akTop 3MICT MOKJIMBOCTI MosxnuBa peakiis KOMIaHii

1 | Buxig Ha HOB1 | MOXIMBOCTI pO3LMIUPEHHS | 30UTBIIYE KUTBKICTh MPOAYKIII,

pUHKH 200 BUPOOHUIITBA, 30yTy. 110 Y CBOIO Yepry NpU3BOIUTH 10
CEerMEHTH PO3IIMPEHHSI BUPOOHHUUOT
PUHKY JUSTBHOCTI
2 | Po3BuTok MoxxnuBicTb po3uiupeHHs | HoBi TeXHOJIOT1T CIpUsIOTh
HIJIKP SIKOCT1 Ta IIBUIKOCTI 3MEHIIEHHIO CO01BapTOCTI
BUXIJTHOT TPOAYKITI{ MOCJIYTH, a, BIIMOBIJIHO, 1 i1

BapTOCTI JIsl KJIIEHTIB,;
30UTBIIEHHIO OOCATIB MPOJIAXKY;

CTBOPEHHS/BU03M1HA MOCITYTH.

3 | Bucokuit MoxxnuBicTh 3aBepOyBaHHs | 30UTbIIEHHS SKOCT1 Ta KUIBKOCTI
pPIBEHb BHUCOKOKBaJTipikarinHux MPOYKITIT
TEXHIYHOT CIIEIaJIICTIB.

OCHAIILIEHOCTI Buxig Ha HOBUHA OUIBIII

NpUOYTKOBUN PUHOK

Ilepenik cmaOkux Ta CHJIBHHUX CTOPIH Ta BJIACTUBOCTEH i7ei MOTEHIIHHOT
MOCJIYTH € MIATPYHTAM 711 (opMyBaHHS HOr0 KOHKYPEHTOCIPOMOKHOCTI Ta HOBUH
METOJl IUIaBKHM JIa€ MOXJIMBICT MPH MIHIMAIBHUX 3aTparax MiIIPUEMCTBA

BUTOTOBIISITY Ta BUITYCKATH MOPIBHSIHO SIKICHY Ta JICMIEBY IS KIIIEHTA TPOYKIIIIO.
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Tabmuus 5.6 — SWOT-anani3z crapran-npoekty (Cnabki Ta CUIbHI CTOPOHH)

CuibHi ctoponu (S): Cnabki ctoponu (W):
® MOJIOAMH 1 KBai(piKOBaHUI ® OpaK BJIIACHOT'O YCTATKYBaHHS;
KOJIEKTUB; ® JI0JJaTKOB1 TPAHCIIOPTH1 BUTPATH;

® IOPIBHSIHO HEJIOPOT] MOYATKOB1 | ® HASBHICTh HA PUHKY KOMIIaH1M, K1 MalOTh

Marepianu; CBOIX MOKYIIIIB/KIIIE€HTIB, 1, BIAMOBIAHO, T00pY

® J1y)K€ IIUPOKUI aCOPTUMEHT pemyTanito.

MOCITYT, BKIIIOUAIOUH CYMIXKHI
raiysi;
® 110CiTyra JIeNIeBIa HassBHUX Ha

PUHKY aHAJIOT'1B

Tabmums 5.7 — SWOT-anani3z crapran-npoekty (MoKIUBOCTI Ta 3aTPO3H)

MoxmusocTi (O):

3arpo3su (T):

® TIOCHJICHHS TO3UITii Ha pUHKY;

® BIXiJl Ha HOB1 CETMEHTH PUHKY;

® 30UIbIIICHHS PI3HOMAHITHOCTI

y B3a€EMO3AJIC)KHHUX TPOTYKTaX;

® IIiBUINCHHS KBajidikaiii mepcoHalry B
ramysi Cy4acHUX TEXHOJIOTIH,

MCHCI’)KMCHTY Ta MApPKCTHUHTI'Y.

® 3pOCTar4e KOHKYPEHTHUN THUCK;

® IIIBHUJIKE KOMIIOBaHHS KOHKYPEHTaMHU;
® T[0sBa HOBHUX KOHKYPEHTIB 3
TOBapaMHU-3aMiHHUKAMU;

® 3axBaueHl YAaCTKU PHUHKY I1HIIUMHU
KOMIIaHISIMUA MEPENTKOKAIOTh

3QJTy4eHHS KITIEHTIB.

5.5 Po3po0JieHHSI pUMHKOBOI cTPaTerii MpPoeKTy

CtpykTypa pHHKOBOi  CTparterii,

TOOTO  pillieHb, 10 BHU3HAYAIOTh

B3a€EMOBITHOCMHHU TMIANPUEMCTBA 3 PHUHKOM pecypciB, 6araro B 4oMy aHajoTridyHa

CTPYKTYp1 TOBAapHO-PUHKOBOI CTpaTerii migAnpueMcTBa. Tak camoO $IK 1 y BUMAJKY

TOBApHO-PUHKOBOI CTpaTerii, MoBa TYT HJe mpo ABOX cepax CTpaTEriyHUX pillleHb:

no-mepiie, pilieHb, [0 BU3HAYAIOTh MOBEAIHKY MIJNPUEMCTBA HA PHUHKAX

MarepiaibHuX (HaKTOpiB BUPOOHUITBA (3acOo0iB 1 MpenMeTIB mpaill); Mo-Apyre,
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pillIeHb MPO HOMEHKJIATypy, 0OCArM Ta SAKICTh NPUAOAHUX 1 BUKOPHUCTOBYBAHHUX
yCceperHI MANPUEMCTBA PECYPCIB.

PunkoBa cTparterii miANpUEMCTBAa pPO3pOOJSETHCS HAa OCHOBI JOCIHIIXKEHb 1
MPOTHO3YBaHHSI KOH'IOHKTYpHU TOBApHOIO PUHKY, BUBYEHHS NOKYMIIIB, BUBYEHHS
TOBapiB, KOHKYPEHTIB Ta IHIIMX €JEMEHTIB PUHKOBOro rocmojapctBa. HaiOinbir
MOIIUPEHUMU CTPATETIAMH MapKETHHTY €:

- IIPOHUKHCHHA HA PUHOK;

PO3BHUTOK PUHKY;

po3poOKa ToBapy;

nuBepcudikaris.

Crmparoynuch Ha OCHOBHI XapaKTEPUCTUKH TOCIYTH, BapTO BHU3HAYMTHCH 3
0a30BOI0  CTpaTeri€crd pPO3BUTKY MmianpueMHuITBa. OCKUIBKM JaHa TOCyra
nependayae MEHII BHTPATH, IOPIBHSAHO 13 CXOXKMMHM BHJAMH TIOCIYT, BapTO
3aCTOCYBAaTH cTpaTeriio cherianizamii. [le € AominbHUM, OCKUIBKH MIAIPHUEMCTBO
MO’KE 3aBOIOBATH KJIIEHTIB SK 3a JIOMMOMOTOI MEHIIIOI BApTOCTI HAJaHUX TOCIIYT, TaK
13a TONOMOT 010 TU(epeHITialii.

HacTymuum KpokoM € BHOIp cTpaTerii KOHKYPEHTHOI moBeainkH (Tadi. 5.8).

5.6 Po3po0/ieHHSI MAPKETHHIOBOI MPOTPAMHU CTAPTAIN-NMIPOEKTY

[lepmum kpokoM € (opmyBaHHS MapKETHHTOBOI KOHIICTIII TOBapy, SKUi
oTpuMae criokuBad. J{ms nporo y tabnuimi 5.10 moTpiOHO MiACYyMyBaTH pe3yabTaTH
MOTIEPETHHOTO aHATI3y KOHKYPEHTOCIIPOMO>KHOCT1 TOBApYy.

Meronuka, SKy TJIaHYE€TbCS BHKOPHUCTOBYBATH, € YHIKaIbHOIO. ToMy 3aiyis

3a0e3mnedeHHs 11 BiI KOMIOBaHHS KOHKYPEHTaMH, MOYKHA 3aIIaTeHTYBAaTH METOIHKY.
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Tabmuus 5.8 — BusHaueHHsa 0a30B0Oi cTpaTerii KOHKYPEHTHOI NOBEAIHKU

Yu € npoekT Yu Oyzne komnaHist Yu Oyne koMmmaHist Crpareris
"mepmonpoxianemM" | IIyKaTH HOBHX KOIIOBAaTH OCHOBHI | KOHKYPEHTHOT
Ha PUHKY? CIIO’KMBAaYiB, a00 XapaKTEPUCTUKHU MOBEIIHKU

3a0MpaTH ICHYIOUHX | TOBapy KOHKYpPEHTa,

y KOHKYPEHTIB? 1 51K1?
Hanuii npoekt He € | Komnanis Oyne Komnanis He Oyne Crpareris
«TIEePUIOTPOXIEM IIyKaTH HOBHUX KOITFOBAaTH crierianizanii
Ha PUHKY» CIIO’KMBAYIB, 3 XapaKTePUCTUKH

PO3IIMPEHHSIM TOBapy, a

NPOJYKIlii, KOMIIaHI | CIUPATUMETHCA

OyJie Ha BUT1IHUX JIVIIIE HA BJIACHI

yMoOBax 3abuparu pO3pobOKHU

CIIO’KMBAYIB Yy

KOHKYPEHTIB

Tabmumsg 5.9 — BusHaueHHS KIIOYOBUX IEpeBar KOHIEMIT MOTEHIIHHOTO

TOBapy
[ToTpeba Buropa, siky npononye | KirodoBi nepeBaru nepen
TOBap KOHKypeHTamu (icHyroui abo Taki, 110
MOTPIOHO CTBOPHUTH)
BuroroBneHnus Bucoka MIIHICTB, Hogwuii crutag, 1o npusBese 10 OuUTbmioi
OpoHi JIeIIEBU3HA, MIBUIKICTh, | MII{HOCTI, 3HOCOCTIMKOCTI; MIBUIKICTh
SKICTh 00poOKH.

5.7 ®opmyBaHHA cUCTeMU 30yTy

AHaniz cucremu 30yTy Tnependayae BHU3HAYEHHS €(EKTUBHOCTI KOXKHOIO

€JIeMEHTA 111€1 CUCTEMU, OI[IHIOBAHHSI A1SUTbHOCTI anapaTy NpaiiBHUKIB 30yTy. AHai3

BUTpaAT 00Iry nependayae 3icTaBieHHS (AKTUYHUX 30yTOBUX BUTPAT 32 KOXKHUM
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KaHaJIOM 30yTy 1 BHJOM BHUTpAT 13 3allJJAHOBAaHUMHU MOKAa3HUKaMHu ISl TOTO, 1100
BUSBUTH HEOOIPYHTOBaHI BUTPATH, JIKBIAYBATH 3aTpaTH, 1110 BUHUKAIOTh Yy MpoLEC]
pyXy TOBapiB 1 MIABUIIMTH PEHTAOEIBHICTh HasABHOI cucteMu 30yTy. Opranizaiis
30yTy B mpolieci aHalli3y BIJIIpae YK€ BaXJIHUBY pOJib, OCKUIbKM 3abe3nedye
3BOPOTHHM 3B'SI30K BUPOOHUIITBA 3 PUHKOM, € JIXKEpesioM iH(opmalii mpo momur Ta
notpebu cnoxkusadiB. Och YoMy po3poOKy 30yTOBOI MOJITUKH KIAAyThb B OCHOBY
IpOrpaMM aHali3y sIK I[0JI0 KOKHOTO MPOAYKTY, TaK 1 IO BUPOOHUYOMY BIJLICHHIO
3arajoM. SIKI0o Ha OCHOBI pO3paxyHKIB 3'ICOBYIOThb, IO BUTPATH Ha peaizalliio
HOBOTO TOBapy Jy)X€ BHUCOKI W HE JalOTh 3MOTU 3a0€3MeUUTH HEOOXIHUM pPIBEHb
pEeHTa0ENbHOCTI, TO KEPIBHULITBO BUPOOHUYOTO BIIAUICHHS MOXE MPUMHITH yXBaly
PO HEIOIUIBHICTD MOIAIBIIOT PO3POOKH Ta BIPOBAKEHHS Y BUPOOHHUIITBO TIEBHOTO
ToBapy. daxiBii-aHANITUKN MOXYTh HE JIMIIIE BU3HAYUTH MaOyTHIO MPUOYTKOBICTD
BUpOOYy, a ¥ BHECTH CBOi TPOMO3HWINI MIOJ0 HOrO0 BIOCKOHAJCHHS 1 HOBHUX
MOKJIMBOCTEH BUKOPUCTAHHS BIATOBIAHUX BUPOOIB y 1HIIUX cepax.

[Ipu BuOOpPI mporpamu 30yTy BapTO 3BEPHYTH yBary Ha Te, IO ILJIbOBA
ayJIUTOPis BKIIOYAE TMEPEeBaXKHO 0cCi0 13 cepeaHIiM piBHEM J0XOIB. Takum YHHOM,
pekiiama Ta 30yT MOXYTh 30UIBIIMTH BHUTPATH, SKI HPSMO YH OIOCEPEIKOBAHO
BIUIMBAIOTh HA BApTICTh MOCIYrd, He Ounbine, HbK Ha 10 %. 3Baxkaroum Ha
BUIIIEBKA3aHe, KaHajdaMu 30yTy MOXyTh OyTH pekiama B IHTepHeTi (comianbHi
MEpexi, TOMKH OE3KOIMITOBHUX OTOJIOIICHBb TOIO), PEKIaMHI JUCTIBKU, OaHEpH Ta
1HIII BIZTHOCHO HEAOPOT1 BUIIA PEKJIaMHU.

Jlo 3aBmaHb pekiiaMH BIJHOCHTBCS, B Tepiry dYepry, iHGOPMYBaHHS PO
BIIKpUTTS MiANPUEMCTBA, IO 3aMpOBAIWIO YHIKAIbHY TOCIYTy IS 3MIITHEHHS

MOBEPXHI KOPIYCiB.

5.8 BucHoBkHM 10 po3ainy

He3Baxkatroum Ha Bci 3a 1 OpoOTH, PO3pOOKa JAHOTO MPOEKTY € JOCUTH

MEPCIEKTUBHOI0, OCKUIBKM CYYaCHUM PHUHOK NOTpeOye BUKOPUCTAHHS OUIBII

JOBTOBIYHMX Ta SKICHUX maeTajei. JlaHl cmiaBH JO3BOJSATH 3HAYHO MIIBUIHTH



123

MIILHICTh Ta 3HOCOCTIMKICTh AeTayie. Takoxk BUXIJ CIUIaBiB, sIKI 3JJaTHI MPAaIIOBATH
IIPU BUCOKUX TEMIEpATypax Ta B arpeCUBHUX CEPEAOBUINAX BiApa3y MPUBEPHE yBary
KOPHUCTYBAauiB.

[Ipu anai31 puHKY BUSIBIEHO, 10 Oap’€poM Uil YCHIITHOTO PO3BUTKY cTapTar
MIPOEKTY MOXKE CTaTW MPOAYKLIA-3aMIHHUKH Bl KOHKYPEHTIB, a TaKOX OpeH, sSIKUii
BOHU CTBOpWIM. TakoX BUKOPUCTAHHS KOHKYPEHTaMH HOBITHIX TE€XHOJIOTIH MOXKe
NPU3BECTU 10 3MEHIIEHHS KUIBKOCTI KOPUCTYBauiB. B 3aranbHOMYy, cTapTam-nmpoexT

Mae€ 1nepeBaru HaJl KOHKypCHTaMH, TOMY Mae€ MiCHC a0 HOI[&HBHIOI iMHJ'IeMeHTaL[ﬁ.



124

BUCHOBOK

TakuM 4MHOM, B pe3yibTaTi MPOBEAEHOI POOOTH OYJI0 JOCIIHKEHO CTPYKTYPY
Ta BJIACTHUBOCTI CHPSIMOBAHO 3aKPHUCTATI30BaHUX EBTEKTMYHHMX CILIABIB HAa OCHOBI
KapOiny 6opy. B po0oTi Bmepiine MeTooM O€3TUreIbHOT 30HHOT IMJIABKH OTPUMAaHO
crutasu 32B4C-30NbB,-38SiC ta 27B4C-26TaB,-47SiC (moi. %).

MeranorpadiyHuM aHaai30M BCTAaHOBJIEHO, 110 CTPYKTypa kommno3uty 32B,C-
30NbB,-38SiC, oTpumaHOro mpH IIBHAKOCTAX Kpuctamizamii 1, 2 ta 3 MM/XB.,
CKIaaeThcsi 3 KpymHozepHucTol  aBodasnoi  eBtektrku  (NbB,-SiC),
apiono3epuuctoi Tpudaszuoi eBrekTrkH (B4C-NbB,-SiC) ta Benukux aenapurtis SiC.
EBTeKkTHUYHI JUISHKA KOMIIO3UTY MAalOTh INIACTHHYACTY 1 JaMEJSIPHY CTPYKTYpY.
Crpykrypa xommnosuty 27B4C-26TaB,-47SiC xapakTepu3yeThCs HasIBHICTIO BEJTUKOT
KUTBKOCTI  KpYMHO3epHUCTOI  nBodasHoi  eBTektuku  (TaB,-SiC), xaoTmuHo
po3TanoBaHuX BeMUKUX AeHApUTiB SiC Ta ApiOHO3epHUCTOI TpU(Da3HOI €BTEKTUKHU
(B4C-TaB,-SiC), sika po3TaiioBaHa B HEBEJIHMKIi KITBKOCTI HEPIBHOMIPHO IO BCHOMY
00’eMy 3pa3KiB.

JocmikenHst (a3o0BOro CKiIaAy CHpsIMOBAHO 3aKPHUCTAII30BAHOTO KOMITO3UTY
32B4C-30NbB,-38SiC mokasano, mo y cIiiaBi HasBHI BCi Tpu (a3, a came: ¢asza
kapOiny Oopy, daza mubopumy HioOi0 Ta ¢asza kapOimy kpemHito. JlochmimKeHHS
¢azoBoro ckimany kommno3uty 27B4C-26TaB,-47SIC mokasaio, 110 y CIUIaBi HasiBHI
BCi Tpu a3y, a came: (aza xapbiny Oopy, paza qubopumy Tantany Ta (aza kapOixy
KpeMHito. [Hmmx ¢a3 He Oys10 BUSBICHO.

Hani  pentreHodazoBoro  aHamizy  Oynmu  MATBEPDKCHI  JTaHUMH
MIKPOPEHTTCHOCTIEKTPAIBHOTO aHali3y [HJsi CIUIaBIB TPEACTABICHUX CHCTEM.
MikpopeHTreHOCTIeKTpaIbHIM aHaii3 mokas3as, 1mo B cruiaBi 32B4,C-30NbB,-38SiC
MiCTAThCA Bel Tpu (asu: 1 — cBitna daza aubopumy HioOi0, 2 — cBiTIO-cipa daza
KapOiy KpeMHito i 3-TeMHO-cipa ¢a3a kap6Oimxy 6opy. CrutaB 27B4C-26TaB,-47SiC
MICTUTH B €001 jumie Tpu ¢a3u, a came: 1 — cBiTia ¢aza audbopuay Hiobio, 2 —

cBiTIO-Ccipa ¢aza kapOiay KpeMHito 1 3-TeMHO-cipa (aza kapOiny Oopy.
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30UTbIIEHHS IIBUAKOCTI KpHUCTali3alli NPUBOAMTH 1O 3MEHIIEHHS PO3MIPIB
CTPYKTYPHHX CKJIaJOBHX, 11O B CBOIO YE€pry MO3UTUBHO BIJIMBA€ HA MEXaHIYHI
BiaactuBocTi. [l kommosuty 32B4C-30NbB,-38SiC HaiiOutbmi po3mipu (a3 Ha
€BTEKTUYHUX JUISTHKAX CIIOCTEPIraloThes Ml 3epeH KapOiny 6opy (11-4 Mxm), nemro
MeHI s kKapOiny kpemHito (7-2,3 MKM), a HallMCHIIMMH € BKIIOYCHHS (asu
nuoopuay Hiobito (5,4-1,6 mxm). Teepaicte 3a BikkepcoM, TpIIIMHOCTIMKICTH Ta
MIIHICTh Ha 3THH JUIS CIPSIMOBAHO 3aKpucTaiizoBaHoro kommno3ury 32B,C-30NbB,-
38SiC cxmanae 30-34 T'Tla, 5,5-7 MITa-mY? Ta 203-252 MTla, BinoBinHo.

30UTBIIICHHST IIBUAKOCTI Kpucrtamizamii kommosutry 27B,C-26TaB,-47SiC
NPUBOJUTH JI0 3MEHILIEHHS PO3MIPIB CTPYKTYPHUX CKIAJOBUX (HAHOUIBIINUNA pO3MIp
3epeH mae (aza B4,C — 12,5-4 mxm, Mmermmmu € 3epHa SiC — 4-3 MKM, 1 HaliMEHIIT1
3epHa TaB,, ski cknagatore 3-1,5 MKM), 110 B CBOIO Yepry MO3UTHBHO BIUIMBAE HA
MeXaHi14Hi BiacTuBOCTi. TBepnicTh 3a Bikkepcom, TPIIIMHOCTIMKICTh, MIIHICTh Ha
3TUH Ta MOJYJIb MPYXKHOCTI Ui KoMno3uty ckianae 31-35 I'Tla, 5-7 MITa-mY 2, 223-

252 MIla ta 530-640 I'Tla BigmoBigHO.
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