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Pedepar:

1. MeTom gucepTaniiHoi po60TH 6yJI0 BCTAHOBJIEHHSI 3aKOHOMiPHOCTEN (DOPMYyBaHHSI HAHOPO3MipHOi
Ccy6CTPYKTYpH 3epeH KoHpeHcatiB ['TJK-meTasiB npy BakyyMHOMY OCA/IK€HHI Ta BU3HAY€HHS il BIJIMBY Ha
MeXaHiYHi B1acTUBOCTi. KOHeHcaTh OTPUMaHO METOIOM €JIEKTPOHHO-TIPOMEHEBOTO OCaI>KEHHSI 3 TapoBoi (asu.
[Ipu mocnigKeHHi CTPYKTYypY KOHAEHCATIB BUKOPHMCTOBYBAJIA METOAM CKaHYI04Oi Ta TPAaHCMICIFIHOI €JIEKTPOHHOI
MIKPOCKOIIii i pEHTTEHOCTPYKTYPHOTr'O aHai3y, AJ1s1 BU3HAYEHHS MEXaHIYHUX BJIACTUBOCTEN — SIOPOMETPId Ta
BHYTpilIHe TepTs. [Ipu gocnifKeHHi cTpyKTypu BakyyMHUX KoHzAeHcaTiB ['LIK-meranis (Cu, Ni, Ag-Cd) B 3a71€XXHOCTI
Bifl TeMIIepaTypu MigKJIagKy IT0Ka3aHo, 1o icHye KpUTUyHa Temneparypa ~ 0.45 T, T - Temneparypa
IIJIaBJIEHHS METaJly, B MEXXax sIKOi Bifi0yBaeTbCsI IEPEXi, BiJi MOHOJOMEHHOI 10 MOJiJOMEHHOI CYyOCTPYKTYPU 3€PEH.
JI7151 KOHAEHCATIB i3 HU3bKOIO eHeprieio gedekTiB nakysaHHs (MeHme 100 Mk /M2) nostifoMeHHa Cy6CTPyKTypa

XapaKTepU3yeThCsl HAHOPO3MIPHUMU ABIIHMKaMY, a [JIsl KOHAEHCATIiB 3 BUCOKOIO eHeprieio AedeKTiB aKyBaHHS



(6inbure 100 Mk /M2) - HaHOQParMeHTaMH, PO3/iJIEHUMU MaJIOKyTOBUMU rPaHULISIMU. [oka3aHo, 1m0 GOpMyBaHHS
HaHOABIMHMKOBOI cy6CTPYyKTypH 3epeH 'LIK-meTasiB MOKIIMBe 32 YMOBH, SIKIIO PiCT 3epeH BiflOyBAETHCS B
KpucTanorpadiyHoMy HanpsiMky <111>, npu iHIKMX HaNpsIMKax - YTBOPEHHS ABIHUKIB HE MOXJIMBO. Hanpsmok
POCTY 3€p€H BU3HAYAE€THCS] TEMIIEPATYPOIO MiIKIAIKU: IPU OcaIpkeHHi KoHaeHcaTiB ['TJK-meTasiB 3 HU3bKOIO
eHeprielo nedeKTiB aKyBaHHS IPYU TeMIlepaTypax MiAKIaIK1, BUIINAX 32 KPUTUYHY, KPUCTAJITH 1€PEBAKHO
POCTYTb B HaNpsIMKY <110>, a mpy TeMneparypax MifKIagKy, HKIUX 32 KPUTUYHY, - B HANIPAMKY <111>, a pu
ocamkenHi ['TIK-meTaniB 3 BUCOKOIO eHeprielo NedeKTiB IaKyBaHHS [IPY BUCOKUX TEMIIepaTypax MiAKIaAKu picT
KPUCTAaJiB BiiOyBaeTbCs MEPEBAXKHO Yy HANPSIMKY <100>, IKMi1 3MIiHIOETBCSI HA HANPSIMOK <110> mpu TemrepaTypax,
HIDKYMX KPUTUYHOI.. BCTaHOBJIEHO, 1110 IIPU 3HMKEHHI TeMIlepaTypy MifKIanKy, 301/IbIIeHH] MBUIKOCTI OCa/I>KEHHS,
3MEHIIEHH] eHeprii e eKTiB NakyBaHHS i IpY BBEJ€HHI B 1apOBUI1 I1OTiK HEPO3UUHHUX JOMIIIOK 3MEHIIYETbCS
TOBILVHA OBiITHUKOBUX JOMEHIB B KOHHeHcaTax ['LIK-MeTasiiB 3 HU3bKOIO eHeprielo nedeKTiB nakyBaHHs. [lokasaHo,
10 HaHOpo3MipHa cy6eTpykTypa I'LIK-MeTasniB IpuBOAUTD 4O 3HAYHOTO MiJIBULIEHHS PiBHS TBEPAOCTiI KOHAEHCATIB.
[Tpu yomy 17151 KOHZAEHCATIB 3 HAHO/BIMIHMKOBOIO CYOCTPYKTYPOIO 3€PEH XapaKTepHUH GiNbIINI HaxXUJl 3a71€XKHOCTI
Xosna-IleTya Big po3Mipy IBIMHUMKOBUX IOMEHIB Y IIOPIBHAHHI 3 3aJIE5KHICTIO Bill PO3MIpPY 3€pEH, TOLi K PO3Mipu
HAaHO(PArMeHTIB BIUIMBAIOTh HA BEJINYMHY MIKPOTBEPLOCTI KOHAEHCATIB TAKMUM K€ YMHOM, SIK i po3mip 3epeH. [Ipu
IOCJIiIKeHHI AUCUTIATUBHUX BJIACTUBOCTEH BUSIBJIEHO, 1110 [1J11 KOHJEHCATiB 3 HAHOPO3MIPHOIO CYyOCTPYKTYPOIO
aMILIITYJHA 3aJI€KHICTh JIOrapuPMidHOrO JEeKPEMEHTY KOJIMBaHb 3MEHIIYETHCS, 2 TEMIIEPATypHA - 301/IbIIyEThCSI.
[Iprnyomy TeMInepaTypHa 3aJI€5KHICTb BUBHAYAETLCS TUIIOM CYOCTPYKTYPH: IJ1s1 KOHIEHCATIB i3 HAHOBIHHUKOBAHOIO
CyO6CTPYKTYPOIO 3€pE€H BOHA MOHOTOHHO 3aJI€XUTh Bif] TEeMIIepaTypH, TOAI K IJ1s1 KOHAEHCATIB i3

HaHOQPArMeHTOBAHOIO CYGCTPYKTYPOIO 3EPEH Lis 3aJIeKHICTh Ma€ MOPOTOBUIT XapaKTep.

2. The thesis is devoted to the study of the micro- and substructure of the condensates of FCC-metals obtained by
electron beam deposition from vapour phase. Effect of deposition parameters (substrate temperature, rate
deposition), stacking fault energy and insoluble impurities on the condensate substructure are investigated. It is
shown that there is a critical temperature above 0.45 Tm, where Tm - melting temperature of metal, above and
below which mono-domain grain structure and poly-domain grain substructure are formed, correspondingly. The
type of poly-domain grain substructure is determined by the stacking fault energy of metal: for small stacking fault
energy (less than 100 mJ/m2) - nanotwinned substructure, for high stacking fault energy (more than 100 mJ/m2) -
nanofragmented substructure. It is found that nanotwinned substructure is formed if the crystallites grow in the
crystallographic direction <111>. It is shown that deacreasing substrate temperature, increasing rate deposition,
reducing stacking fault energy and at introduction insoluble impurities in the condensates lead to decreasing the
thickness of twin domains. It is observed that hardness of the condensates with nanosized substructure is several
taimes higher as compared to that of the condensates with mono-domain graines. It is revealed that dissipative
properties of the vacuum condensates is manifested in a significant weakening of amplitude dependence of
damping level and enhancment of temperature influence on it. Change of mechanical properties of vacuum
condensates is associated with influence of nanosized substructure on its.
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