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ObnexTamMn MCCIIEA0BAHNA ABNANUCDH MHOTOCIIOAHBIE MIEHKH
HK-ZTN (5 um)/a-Z11.,Cuy (5 Hm) w ax-ZIN (5 um)/a-ZrCu, (10 HM), cocTostIme W3
KepaMHIeCKHX ciaoeB ZTN W MeTauinmueckoro crekna (Zr, Cu). B cnoe (Zr, Cu)
JMAIazoH cojiepakanus Meau cocrasusier 0,45 — 0,74 aTOMHBIX IIPOLIEHTOB.

TTneHkn noasepranuck oOnyueHury wonamm He?t ¢ sueprueit 40 B n
pnroencamn ot 5x10' go 1,1x10" cm? n wonavm Kr'#
rocHcamn ot 1x10™ 1o 5x10"° em?.

Ilenbko naHHOE pabOThl ABASNOCH MCCACAOBAHME 3NEMEHTHOrO M (azoBoro
COCTABA, BHYTPCHHWX HANPSKCHWH, MOP(ONOTHM MOBEPXHOCTH MHOMOCIOAHBIX
TUIEHOK HK-ZIN/a-ZrCu, O0NYUYEHHbIX HU3KOAIHEPIeTHUECKUMU HOHAMM TEUsS |

¢ sHepruei 280 k3B n

KpHIITOHA.
B paboTe npuMeHANUCh CAEAYIOLIME METOAbl UCCIEN0BAHNS — CKAHHPYIOMAL
ANEKTPOHHAS MUKPOCKONMA, PEHTIEHOCNEKTPAIbH LA MHKPOAHAIM3,

PEHTIEHOCTPYKTYPHBIHA AHAIINS.

B pesylibrare UCClieA0BaH|s BRISBIIEHO, 00TyUerTe ¢ 10301 9x 10" em? muenox
HK-ZTN (5 HM)/a-71;5,Cug 74 (10 HM) BBI3BIBACT KPUCTANIIM3AIMK aTOMOBR mMeau. B
OCTATbHLIX ILIEHKAX (PA30Bbll COCTAB OCTAETCA CTAOMILHBIM Ipu 03¢ 1,1x 10" cm2,
[ToBepXHOCTE IIIEHOK He paspymacTca A0 PuroeHca 5<10'7 cm?, BuiaBagHo, uto ¢
NOBbILIEHUEM (DIIKOSHCA HOHOB PalHAMOHHAS 3PO3Hs ITOBEPXHOCTH PA3BHBACTCA 110
MeXaHH3My (MNEKUHTa. YCTAHOBNCHO, YTO YBEIHYCHUE TOMLIMHBE aMOPHHOIO ¢los u
COACPIKAHMA MEIH MNOBBUIAKT CTOMKOCTh K OONYUCHWUK (KPUTHYCCKHH (UIroeHC
yeemmuuBaercest ot 5% 10'7 em? 1o 8x 107 em2. ObnyueHne HOHAMY TelHs IPUBOINT K
CHHIKEHUIO YPOBHSA CHRUMAIIIMX HANPSKEHHI. B 00ayueHHbix ¢ 10308 5% 10'° em? n
MOCIIe 3TOTO OTOXCKCHHEIX B BaKYyMe B TedeHuu | daca npu temneparype 700° C
mrerkax °Hk-ZrN/a-ZrCuy (x=0,45; 0,53, 0,61) odpaszyroTes OIMCTEPHI.

TTornyueHHbIE Pe3y/bTaThl WCCIACA0BAHMNA MOIYT ObIThb HCIONbL30BAHBL 15
CO3JaHMS HOBBIX MEPCOCKTUBHBIX MATEPUAIOB C  BBICOKOH  paadaldOHHOI
CTOMKOCTBIO, A TaKKe 478 paspadOTKU HOBBIX BbICOKO3(PQEKTHUBHBIX MPOLESCCOB
ITa3MEHHOW W HOHHOH 00pabOTKM MarepHanoB. Pa3padoTka MaHHBEIX IMPOIECCOB
NPE/ICTABAAET HHTEPEC s MPENPUSTHI MALIHHOCTPOEHUA M AIEPHOM SHEPreTHKH
PecnyOnukn benapycs.
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AD'eKTaMi JacneaapaHHa 3'AYIsUICA IMATCAAERBIA LEHKI
HK-ZIN (5 um)/a-Z11,Cuy (5 HM) 1 HK-ZIN (5 um)/a-Z11Cuy (10 HM), AKis ckaanarola
3 KepaMiuHbIX WIACTOY ZrN | MmeTaniudara wkna (Zr, Cu). ¥ njacue (Zr, Cu) Ab14na3oH
yTpbIMaHHs Mea31 ckmanae 0,45 — 0,74 atamHbIX npalpaHTay.

TIn¢HKI naassapraiaics anpamsHeHHK iéHami He® 3 sHeprisii 40 3B i
bnrocHeami ag 5x10'% ga 1110 em? i ignami Kr'** 3 sneprisii 280 k3B 1 pnrocHcami
am 1x10"™ ma 510" e,

Mboaraii janzeHail nparsl 3'ayisuiacs aacielaBaHHE AneMeHTHAara 1 ¢aszapara
CKNajy, VHYTPaHbIX BbICIIKAY, MAaphanorii NaBepxHl IMATCAaEBbIX MIEHAK
HK-ZrN/a-ZrCu, anpaMEHEHbIX HI3KA3HEPreThIYHbIX 18HAMI Tellis 1 KPEINTOHY.

Y npaubl OpbIMAHANICA HACTYMHbIA METAIbl AACNCAABAHHA — CKaHABAIIbHAS
NEKTPOHHAA MIKPACKANIA, P3HTICHACMCKTPAAbHBL MIKPAAHAJII3, PIHTICHACTPY KTYPHbL
aHai3.

YV BBRIHIKY JacieJaBanHs BBITYIIEHA, apaMsHeHe 3 1o3aif 9< 10" om? ménak
HK-ZIN (5 aM)/a-Z106Cu074 (10 HM) BBIKNIKae KPBIITATI3ANBIO aramay mMeasl. Y
ACTATHIX MAEHKAX (a3amBel CKIaj 3acTaciua cradineHeiM mpbl ao3e 1,1x10' em?
[Taepxus nnéHax He pydnyeuua na Qmawoency 5x10"7 cm? BbiayiaeHa, wro 3
NABBII3HHEM (IKOCHCY 1EHAY padbisilipliiHas 3po3isi NABEPXHI pa3pipacuia nma
MexaHizme paekiHra. Yceranspada, ITo DaBeniuwyHHE TayliubiHl aMopdHara mnacra i
YTPbIMAHHI ME/31 NARATIUBAKOLL YCTONNIBACH 12 AMPAMSAHEHHS { KPhIThIUHbI (PIHOEHC
nasaniyeacuua ang 510" cm? 1a 810" cm™?. AnpamsaHeHHe i8HAMI refis npeIBOA3ILb
71a MAHDKIHHS Y3POVHS CLIICKANBHBIX BHICUIKAY. Y ANPAMCHEHBIX 3 A03ail 5% 100 em™?
1 nacJis rarara ajajieHblx Y BaKyyMe Ha npandary | razinbl npsl TaMnepatypol 700°
C mnénkax Hk-ZrN/a-Zr.Cu, (x=0.45; 0,53; 0,61} yTrROpaia dnicraphl.

ATPpbIMaHbIS BbIHIKI JACTEIARAHHAY MOTYIIb Oblllb CKAPBICTAHBL /1151 CTBAPIHHA
HOBBLIX MEPCOCKTHIVHBIX MAT3Pbisinay 3 BbICOKAN paapblsliblifHAll yCTOMNIBACLIKD, a
TaKCaMa s pacnpaiioVKi HOBbIX BEICOKAXPEKTEIYHbBIX Npaua3cay nia3MeHHai i iéHHaii
anpauoykl marspeisuiay. Pacopauoyka IaTeiX npauscay yayndae uwikapacub A4
NpanpeleMcTBay MambiHAOY IaBaHHS 1 A03epHAl YHEPreThIKl PacnyOimiki benapycs.



ABSTRACT

Thesis 55 pages, 31 figures, 3 tables, 69 sources.

MULTILAYER FILMS, MAGNETRON SPUTTERING, TRRADIATION,
VOLTAGES, PHASE COMPOSITION, AMORPHOUS LAYERS, FLACKING

The objects of study were multilayer films nc-ZrN (5 nm)/a-Z1;:Cuy (5 nm) and
nc-ZiN (5 nm)/a-Zr..Cu, (10 nm), consisting of ZrN ceramic layers and metallic glass
(Zr, Cu). In the (Zr, Cu) layer, the copper content ranges from 0,45 to 0,74 atomic
percent.

The films were irradiated with He®" ions with an energy of 40 keV and fluences
from 5x10'% to 1,1x10" ¢m? and Kr'** ions with an energy of 280 keV and fluences
from 1=10' to 5¢10'% ¢cm™2.

The aim of this work was to study the elemental and phase composition, internal
stresses, and surface morphology of ne-ZrN/a-ZrCu multilayer films irradiated with
low-energy helium and krypton ions.

The following research methods were used in the work - scanning electron
microscopy, X-ray spectral microanalysis, X-ray ditfraction analysis.

As a result of the study, it was revealed that irradiation with a dose of
9x10'7 em™? of ne-ZIN (5 nmYa-Zr; »Cug74 (10 nm) films causes crystallization of
copper atoms. In other films, the phase composition remains stable at adose of 1,1x10™
em?. The surface of the films is not destroyed up to a fluence of
5x10" ecm. Tt was found that with an increase in the ion fluence, the radiation erosion
of the surface develops according to the flacking mechanism. It has been established
that an increase in the thickness of the amorphous layer and the copper content increase
the resistance to irradiation (the critical fluence increases from 5x10'7 ¢cm? to 8x10"7
e, Trradiation with helium ions leads to a decrease in the level of compressive
stresses. In those irradiated with a dose of 5x10'° em™ and then annealed in vacuum
for 1 hour at a temperature of 700° C films of nc-ZrN/a-Zr_Cu, (x=0,45; 0,53; 0,61)
blisters are formed. The obtained research results can be used to create new promising
materials with high radiation resistance, as well as to develop new highly efficient
processes for plasma and ion processing of materials. The development of these
processes 1s of interest to enterprises of mechanical engineering and nuclear energy of
the Republic of Belarus.



