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1. 3MiHUM y TOHKIN KpUCTaJiuHiN CTPYKTYpi radHiio, LUPKOHIIO Ta MOro CIJIaBiB [IpY Pi3HUX MeXaHIKO-TepMidyHUX

06pobKax

2. Changes in thin crystalline structure of Hf, Zr and it alloys at different thermal and mechanical treatments

Pedepar:

1. Incepralis npucBgYeHa BUBYEHHIO 3aKOHOMIPHOCTE 3MiH B TOHKI KpucTanivHiil cTpykrypi (TKC) i B
mikpocTpyktypi I'lllY-meTanis (Hf, Zr i iioro cninasu) nicsist MexaHiko-TepMiuHix 00po0OOK. 3aBIaHHS [TOB'sI3aHeE 3
npo6eMaMu JOCATHEHHS BUCOKOI MIIJHOCTI i Is1acTUYHOCTI peakTopHoro ciiasy Zr-1,0%Nb i npomuciosoro
HaniBgabpukarty 3 radHilo, IporHo3yBaHys pafianiitHoi criiikocti CBU-3araproBaHoro cmiasy Zr-2,5%Nb,
3aCTOCOBHOCTI AOCJIIIKyBaHMX MaTepiaJiB [JIs eJleMeHTiB KOHCTPYyKIi# peakTopiB Tuna BBOP. Po3pobieHo i
BUKOPUCTAHO CUCTEMY METOIUYHUX IPUNOMIB PEHTTeHiBCbKOro aHaiidy TKC mociiKyBaHUX METAJIIB i CILJIaBiB 3
PO3[iJIEHHSIM IMCJIOKALIMHYX i MDK3€pPEHHUX CIIOTBOPEHB (IPY>KHUX IedopMallill 3epeH i GparMeHTiB TEPMiYHOTO,
($Ha30B0ro 260 MeXaHIYHOTO MOXOKEHHS), 3 aHAJI30M iX aHi30Tpomii i OI[iHKOIO IIiIPHOCTI IYCIOKaLil PI3HUX THUIIIB.

MeTonamu peHTreHiBCbKOro aHaslizy, eJIeKTPOHHOI MIKpOCKOIIii, 1110 ITpocBiuye, MmeTanorpadii i MexaHiuHUX



BUIIpoOyBaHb gociinkeHo eBommonio TKC raduio mapku I'GS-1, nupkosiro i crinary Zr-1,0%Nb B nponeci
xoJionHoi nedopmaliii, a Takox criaBy Zr-2,5%Nb nicis CBU-raptyBaHHS. BusBI€HO BIJIUB B IIPOLECi XOJI04HO]
nedopmanii go 30% xapakrepy po3noginy agucnokauiil Ha TKC i Tekctypy radHito, a Takosk TKC-4yuHHUKY, 10
BIJIMBAIOTh Ha MOT0 IJIACTUYHICTD, 3MILIHEHHS 1 CXUJIBHICTL 4O PYMHYBaHHS. B pe3ysbTaTi JOCIiIKEHHS UPKOHIIO i
cinasy Zr-1,0%Nb nicasa gedpopmauii 90% npu 300 i 100 K, BuU3HaYeHa XapaKTepUCTHKA CyMapHUX CIIOTBOPEHb
(oucmokaLifiHuX i MibK3epeHHUX), 110 [I0B's13aHa 3 OIIOPOM MeTasliB fedopmaliii i Binobpaxye CTyIiHb
MIKpOCTPYKTYpPHOI 0fHOPifHOCTI fedopmalii. BusHaueHi xapakrepuctuku i TKC-yMHHUKY 3MilJTHEHHS MaTepiaiB
IIpU NIOHIWKEHH] Temnepatypu gedopmatii Big 300 mo 100 K. B pesysnbraTi peHTreHiBebkux gocaigxens TKC crnaBy
Zr-2,5%Nb mnicina pisHux pexxumiB HBU-raptyBanns 3 6eta-ctany (Big remnepatyp 980 i 1030 °C) BusiBieHO Maiike
i30TpONHMI PO3NOiN Mi’K3EPEHHHUX CIIOTBOPEHD MaTepialy 3 BeJIMUYNHOI0 npubsusHo 0,18% i edext nam'sti mpo
(dazoBuil nepexin 6eta-anp@a, 1o NOPYIIye LI i30Tporito. [IoeJHaHHS IBOX TaKMX €(EKTiB BilOOPaKyeThCs B
"pombiuHiit" nedopmarii 'I]Y-pemiTky 3arapTOBaHOTO CIIJIABY i TICHO 3B'13y€TbCSI 3 (POPMYBAHHSIM KBa3ii30TPOIHO]

J10r0 TEKCTYpH, LO3BOJISIIOUN BU3HAYUTH FOJIOBHUI YNHHUK, CYIyTHIN il pyiHYBaHHIO.

2. Thesis is devoted to investigations of dynamics of thin crystalline structure (TCS) and it laws in hcp metals (Zr
and alloys, Hf) after various kinds of thermo mechanical treatment: cold working, beta-quenching. The task is
concerned with problems of distinction of higher technologic and radiation kinds of investigated metals as nuclear
materials. By methods of X-ray diffractometry, transmission electron microscopy and metalography it is carried
out an analysis of TCS and texture evolution at cold-working of hafnium I'®3-1, of zirconium and Zr-1%Nb alloy
and also microstructure changing in SHF-quenched materials of Zr-2,5%Nb alloy. Methodological bases of X-ray
analysis of strains in hcp metals are developed. Due to it a divided analysis of dislocations structure and
intergranular strains are carried out in observed materials. Laws of influence of character of dislocation
distribution on texture and microstructure of cold-worked hafnium are established. So, at deformation ~5% there
is a stochastic dislocation distribution. It is considered as sings of its conductivity and plasticity of the material. At
~15% it is found a formation of dislocations forest and "c+a"-loops. Grows of grains and slowing of texture
changing are connected with that. At deformation ~30% it is found a significant structural heterogeneity in the
dislocation distribution, which consider as sings of beginning of destruction of material. It is shown that in the
pure zirconium and Zr-1%Nb alloy with 90% degree of deformation at 300 and 100 K take place a crystallographic
anisotropy of microstructure parameters and constancy of the total characteristic of strains as a combination of
both dislocations and intergranular strains. It is established that the cryogenic deformation of the pure zirconium
and the alloy promotes to increasing of equivalent resistant pressure on 100...150 MPa. This increment is
connected with increasing of dislocations density, with its lower conductivity and with forming in the alloy
heterogeneities of the martensitic nature. In result of investigation of TCS state of SHF-quenched samples of Zr-
2,5%Nb alloy it is established a nearly isotropic distribution of intergranular strains. Also it is established an effect
of microstructure "memory" about of the phase alpfa-beta transformation. It systematically displays as a hcp
crystalline structure elastic deformed on +0,2% up to "rhombic" character.

Jep>kaBHU peecTpaniiinuii Homep JiP:

IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
IliZCyMKH BOCiI>KEeHHS:

Iyosikarrii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
Conia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:



BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. KostyH I'enHaniit [IpokonoBruy

2. Kovtun Gennadiy Prokopovych

KBasidikanis: n.¢.-m.u., 01.04.07
InenTudikarop ORCID ID: He 3acrocosyetscs
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHSL:

ImenTudikarop ROR: He zacrocoyerbcs

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. IlyrayoB Anatosiit TapacoBud

2. Ilyrados Anarosii TapacoBud

KBasidikanis: n.¢.-m.u., 01.04.07
Imentudikarop ORCID ID: He zacTtocoyeTrbes
JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BracHoOCTi:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. CemeHneHnko Bonogumup €roposud



2. CemeHneHKO Bosogumup €roposuny
KBasidikanis: k.¢.-m.u., 01.04.13
ImenTudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdopmamist:

IloBHe HaliMeHYyBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BiracHocTi:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Peuensentu

VIII. 3ak1104Hi BiZoMOCTI
Baache IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiaHHi
BignoBigasbHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZNOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIJIBHOCTI

€ropos Onekciii Muxannosuy

€ropos Onekciit Muxannosuy

IOpuenko T.A.



