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INEPEYEHb COKPAILIEHUH U YCJIOBHBIX
OBO3HAUYEHUM

I'TIY — rexcaroHanbpHas IJIOTHOYNIAKOBAHHASI KPUCTAJUIMYECKAs PELIETKA,
NPT — urHuTpOHHBIN pa3psIHUK,

MIIK-KI" — MaruHuTo-nna3MeHHbIN KOMIIPECCOP KOMIIAKTHON F€OMETPUH,
OLIK — 00b€MHO-LIEHTpUpOBaHHAs KyOW4YecKasi KpUCTAJUTMUECKas PeIleTKa,
PBMK — peakTop 00Jp1101 MOITHOCTH KaHAJIbHBIN,

TBDJI — TenmII0BBIACHAIONINN DJIIEMEHT.



PE®EPAT

Hunnomuas pa6ota 57 ¢., 17 puc., 15 ta6m., 15 uCTOYHUKOB.

CTPYKTYPHBIE N3MEHEHUA B CII'TABE Zr-Nb,
OBPABOTAHHOM KOMIIPECCUOHHBIMHM IIJIASMEHHBIMU
IHOTOKAMU U OBJIYYEHHOM NOHAMM I'EJIUA

OOBEKTOM HCCIENOBAHMS SBISUIMCH 00pa3lbl TEXHUYECKH YHUCTOTO
LHUPKOHUS, HAa KOTOpPbIE HAHOCWIHCH OJIHOCJIOWHOE IOKPBITHE HUOOUS U
JBYXCJIOWHOE TOKPBITHE HHUOOMS M MEAM METOAOM BaKyyMHO-IyTOBOTO
ocaxaeHus. ToJMHA TOKPBITUN COCTAaBUIIA OKOJIO 2 MKM. JlaHHBIE CUCTEMBI
o0pabaThlBAINCh TJIA3MEHHBIMUA TIOTOKaMH, KOTOpble (DOPMHPOBAIUCH B
YyCIIOBUSIX OCTaTOYHOM armocdepbl azora mnpu gasienun 400 Ila,
JuiTenbHocTh  uMiyibca 100 wmke. Ilocne 006pa®oTKM  MPOMCXOIUIIO
IUTaBJIEHUE TIOKPBITHMA W YacTU LUPKOHUA U OBUIM CPOPMHPOBAHBI CILIABBI:
Zr-7Nb u Zr-10Nb-6Cu. 3arem wucciemyembie 00pasipl IMOABEPTaIUCH
MOHHOMY OOJIydeHHIO, CO CIIeYIOMIMHU IapaMeTpaMu: HoHbl: He' ', sHeprus:
40 x3B, no3a o6ayuenus: 0,5- 107 ecm™2 — 5+ 107 cm™2.

[lenp paboOThl — WM3y4YUTh BIUSHUE IUIA3MEHHOTO BO3JCUCTBUS Ha
UUPKOHUM, TPUBOASIIET0O K MOJU(MUIMPOBAHUIO €ro CTPYKTYphl U
JETUPOBAHUIO  JIOTIOJIHUTEJbHBIMU ~ aTOMaMd  HUOOMST W Meou, Ha
paauanuoHHble dPQPeKThl mpu OOJYyYEHWH HMOHAMU Teusi, a TakXke Ha
BEJIMYMHY MHUKPOMCKaXXEHUW  KpUCTAIUIMYECKOW pemerku. [Iposectn
uccienoBaHue (pa3oBoro cocraBa cCIlaBa Ha OCHOBE LHUPKOHHUS C
JerupyromuMu  sneMeHtamu.  [IpoBectm  uccienoBaHue  (PU3UKO-
MEXaHUYECKUX CBOMCTB JIaHHOTO CIUIaBa. YCTAHOBUTh 3aKOHOMEPHOCTH
u3MeHeHus: (pa3zoBoro cocraBa U (U3MKO-MEXAHUYECKHX CBOWMCTB CIUIaBa
MOCJI€ MJIA3MEHHOI0 BO3/ICUCTBUS U HOHHOT'O OOJIy4eHHUS.

Metonbsl  HUCCIEAOBaHUSI —  PEHTIECHOCTPYKTYPHBIM  aHAu3,
TEOPETUYECKUE pPACUYEThl MapaMeTPOB PELIETKH, WU3MEPEHHE TBEPAOCTH
MeTonoM BHKKepca, pacueT MUKPOHANPSLKEHUN KPUCTALUIMYECKOU PEIIETKH

METOJIOM ANITPOKCUMALIUH.



PODEPAT

Jprmmomuas padora 57 c., 17 man., 15 tabmn., 15 xpeii,

CTPYKTYPHbBISI 3MEHBI V CIUIABE Zr-Nb, AIIPAIIABAHBIM
KAMITPACIHHBIMI IINTASMEHHbBIMI ITATOKAMI I
AIIPAMEHEHBIM IEHAMI I'EJI1S

AG'ekram pmacienaBaHHs  3'AyIsUTicss  Y30pbl  TOXHIYHA — YblcTara
IIBIPKOHIsI, HA KIS HAHOCLTICSA amHaciaéBae Makpwiié HIEOIS 1 AByxciaéBae
nakpeiqé Hi€0IT 1 Mem3l MeTagaM BaKyyMHA-IyraBora aca/pKIHHS.
TaymrapiHst TaKpheIY ckiama  kaiasd 2 MKM.  JlagseHbis  cicTIMbI
amparoyBajics IUTa3MEHHBIMI MaTokaMi, sKisg ¢apMaBaiics Ba YMoOBax
atMacdepsl a3oTy npsl micky 400 I1a, mpangraacip immynscy 100 mxc. [Tacns

amparoyki ajaObIBajiacs IUIAYJICHHE MaKPBIIIAY 1 YacTKI LBIPKOHISA 1 ObLT

cthapmaBanbisa criaBbl: Zr- 7Nb 1 Zr-10Nb-6Cu. 3aThiM JOCIEAHBIS Y30pbI

naaBsiprajicss i€HHaAMy amnpaMsHEHHIO, 3 HACTYMHbIMI MapamMeTpami: 1EHBI:

He++, snepris: 40 koB, n1o3a anpamenspannsn0,5- 107cm™2 — 5+ 107 cem 2.,

Mbsra mpamsl - BBIBYYBILb YIUIBIY IUIa3MEHHAra Yy3I3€sHHS Ha
IBIPKOHIH, K1 MPBIBOA3IIG J1a Ma/ibl(iKaBaHHS ATO CTPYKTYPHI 1 JieripaBaHHs
JaJaTKOBbIMI aTamami HIEOIsT 1 Men3l, Ha paAbIAUBIMHBIA 3(PEKTHl TP
armpaMsHEHH1 1€Haml Teiis, a TakcaMa Ha BeJIYbIHIO Mikpaaddapmarlrsli
KpelmTamiyHaii pamotki. [IpaBeciii macienaBanHe ¢azaBara CKIaay CIUIaBy
Ha acCHOBE IIBIPKOHIS 3 JIETipyroublx 3ieMeHTay. I[IpaBeciii nacienaBaHHE
¢i3ika-MexaHIYHBIX ~ yJacIiiBacisy  JajJ3eHara  CIUlaBy. Y cCTajsBallb
3aKaHaMepHacIl 3MeHbI (hazaBara ckiany i (izika-MeXaHIYHBIX YJIacIliBacIlIy
CIUIaBY TMACIIA MJIa3MEHHAra Y313esiHHS 1 I€HHAra anpaMeHbBaHHSI.

Metanpl nacienaBaHHs — PIHTTEHACTPYKTYPHBI aHANI3, TIAPITHIYHBIS
pasimiki MmapameTpay palloTKi, BBIMSApAHHE MHBEpAAcIi Metaaam Bikepca,

pazimik MikpagadhapMaliblid KpbIlTaaiyHai paioTKl MeTaiaM anpakciMarblil.



ABSTRACT

Thesis 57 p., 17 fig., 15 tables, 15 sources.

STRUCTURAL CHANGES IN THE Zr-Nb ALLOY TREATED WITH
COMPRESSION PLASMA STREAMS AND IRRADIATED WITH
HELIUM IONS

The object of the study were samples of technically pure zirconium,
on which a single-layer coating of niobium and a two-layer coating of
niobium and copper were applied by vacuum arc deposition. The thickness of
the coatings was about 2 microns. These systems were processed by plasma
streams, which were formed under conditions of a residual nitrogen
atmosphere at a pressure of 400 Pa, with a pulse duration of 100
microseconds. After processing, the coatings and parts of zirconium were
melted and alloys were formed: Zr-7Nb and Zr-10Nb-6Cu. Then the studied
samples were exposed to ion irradiation, with the following parameters: ions:
He++, energy: 40 keV, radiation dose: 0,5- 107cm™2 — 5+ 107 cm™2.

The aim of the work is to study the effect of plasma exposure to
zirconium, leading to modification of its structure and doping with additional
niobium and copper atoms, on radiation effects during irradiation with helium
ions, as well as on the magnitude of micro—distortions of the crystal lattice. To
conduct a study of the phase composition of a zirconium-based alloy with
alloying elements. To conduct a study of the physical and mechanical
properties of this alloy. To establish the patterns of changes in the phase
composition and physico-mechanical properties of the alloy after plasma
exposure and ion irradiation.

Research methods - X-ray diffraction analysis, theoretical
calculations of lattice parameters, hardness measurement by the Vickers
method, calculation of microstresses of the crystal lattice by the
approximation method.



