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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BrinuB pedeKkTHOI CTPYKTypy Ha IOPOYTBOPEHHS, TEUil0 PEIIiTKY Ta Ha KOHKYPEeHIio (a3 Ipu B3aeMHil audysaii

Ha3sBa po6oTH aHIJIilICbKOIO:

Influence of defect structure on voiding, lattice flow and on phase competition during interdiffusion

Pedepar yKpaiHCBKOIO:

Brniepie excriepruMeHTaIbHO NOCIIiIKEHN BIJIMB ONEPEeNHbOI 06POOKM MifHOI MiAJI0KKM Ha KiJIbKICTb, pO3MIp Ta
IIPOCTOPOBUII PO3IOALI NOP, [0 BUHMKAIOTH y (hazoBomy npomapky Cu3Sn B npoueci TBeppodasHoi peaxuii miai 3
0710BOM a60 3 ¢azor CubSnS. [TopiBHIHHS 3pobieHe [JIs MiJHUX MiIK/IaoK IIiCJIsl TPUBAJIOTO Bifnasny, Mmicis
IIPOKATKY Pi3HOTO CTYIEHIO, IJ1s1 MiJIKJIa0K, HAHECEHUX rajIbBaHIYHUM METOZOM i3 Pi3HUMU I'YCTHHAMU CTPYMY.
Posnopin nop B3goBxK iHTepdeNCy BiIXUIsIeTbCS Bif| IyaCOHIBCHKOTO. YTBOPIOIOTHCS JIOKAJIbHI CKYITYE€HHSI 110D, 110
CBiZUMTH IIPO BILJIMB Opi€HTallii OKpeMUX 3epeH Ha HykJealito rop. Koukypyounmu ¢pakropaMu BILJIMBY Ha
nopucticTs y $pasi Cu3dSn npu peakuii Mizi 3 mpunoem € cepeHiil po3mip 3epeH i ryctuHa auciokatiii. [Tokasaso,
1110 36ibIeHHs AeeKTHOCTI MiAKIaaKy MPU3BOIUTD 10 6i/bI0i 3arabHOI KiJIbKOCTI 1TOP, ajie BifTHOCHA YacTKa
nop, niHiHroBaHux pyxomum inrepdeiicom Cu3Sn/Cu, 3menuyetbcsi. CTBOpeHa Teopis MiHiHIyBaHHS 110D
rpajiieHTOM KOHLIEHTpallii BakaHciil 6iis1 inTepderiicy. Briepuie nobymzosana MoJesib iHIyKOBaHOTO 30BHIlIHIMU
[IOTOKaMU YTBOPEHHS IIOPUCTOCTI APYroro TUIy Y BUIJIsAIi JIaMeJIsIpHOI ry64aToi CTpyKTypu. MeTomamu
MOJIEKYJISIPHOI AVHAMIKM Ha MIPUKJIAZL CUCTEMU HiKeJIb-aJIIOMiHil 3[IPOrHO30BaHAa 3QJIEKHICTh KIHETUKU PEaKLiN
MiX ITIOKPUTTSM i MiTK/IaIKOI0 Ta MOCIiNOBHOCTI (a30yTBOPEHHS Bill YMOB HaHECEHHS IOKPUTTS. OCTaTOYHO
IOBEJEHO YTBOPEHHSI PiIKUX KaHasiB Mk 3epHaMu a3y CubSnS sIK OCHOBHOI'O MEXaHi3My MacOIIEPEHECEHHS B
peakuii Mizi 3 pinkum npunoem. I[TIOpUCTiCTh y peakiisix Milb-0JI0BO MOXKHA TOOOPOTY, SIKIIO IIPUTHITUTH picT $pas3u
Cu3Sn, B sKili 3a3BM4ail IOPY i BUHMKAIOTh. BU3HauYe€HO ymMOBY NpUrHiYeHHs ¢a3or CubSnS satepaabHOro
pospocTtaHHs (pazu Cu3Sn. Po3pobieHa KOMII'IOTEPHA MO/Ie/Ib KOHKypeHLii MpoMiKHUX (a3 y npouecax CBC-
peaxliil i3 4aCTKOBUM TEIJIOBiIBeIEHHSIM. 3Hal/ieHa 3aJIeXXHICTb OpMU TeMIlepaTypHOro npodinio y pponti CBC
BiZl IOCJiZOBHOCTI (pa30BUX EepeTBOPEHDb i MOPQoJIOTii peakiiiiHoi 30HU. BU3HaU€HO, 0 B JOCTATHbO TOHKUX
IJ1iBKaxX peakliisi MoXKe MPOTiKaTh 6e3 yTBOPEHHS i KOHKYPEeHLIii IPOMIXKHUX CITOJIYK, a IIJISIXOM PO34YMHEHHS HiKeJlo
B pifKOMy aJIfoMiHii 0 popMyBaHHS CTEXIOMETPUYHOTO CKJIaZly 3 HACTYIIHOIO KpUcTasisaljieto. CTBOpeHUI HOBUM

croci6 aTomicTuyHOro momemoBanHs - Stochastic Kinetic Mean-Field (SKMF).

Pedepar aHIJIiHCBKOIO:

The influence of pre-treatment of copper substrate on the quantity, size and spatial distribution of pores
occurring in the phase layer of Cu3Sn during the solid-phase reaction of copper with tin or with the Cu6Sn5 phase
was experimentally investigated. The comparison is made for copper substrates after prolonged annealing, after
rolling of different degrees, for substrates, applied by a galvanic method with different current densities. The
distribution of pores along the interface deviates from Poisson's one. The formation of local accumulation of pores
indicates the influence of the orientation of individual grains on the nucleation of pores. The competing factors
influencing the porosity in the Cu3Sn phase during copper and solder reaction are the average grain size and
dislocation density. Increase of the defect density of the substrate leads to a larger total number of pores, but, on
the other hand, the percentage of pores pinned by the mobile interface Cu3Sn / Cu, decreases. The kinetic model
was first created, which explains this property by the so-called kinetic pining of pores in the gradient field of the
concentration of vacancies near the interface. The model of the second type of porosity induced by the external
flow induced by the lamellar spongy structure of Cu3Sn + pores was induced. The model allows for predicting the
rate of formation of the structure and the characteristic dimensions of the lamellar structures through
thermodynamic driving forces and coefficients of interphase and surface diffusion of tin. Molecular dynamics
applied to the nickel-aluminum interaction, predicts the dependence of the reaction kinetics and the sequence of



phase formation on the conditions of film deposition. Formation of liquid channels between the grains of the
Cu6Sn5 phase as the main mechanism of mass transfer in the reaction of copper with a liquid solder has been
proved unambiguously, ending 15 years of discussions. Voiding in copper-tin reactions can be overcome if one
suppresses the growth of the Cu3Sn, in which the pores usually occur. The conditions for the suppression by the
Cu6Sn5 of lateral expansion of the Cu3Sn phase were first found. A computer model of intermediate phase
competition in the SHS reactions in multi-layer foils with partial heat dissipation was developed. The dependence
of the shape of the temperature profile on the front of the SHS on the sequence of phase transformations and the
morphology of the reaction zone is found. In sufficiently thin films, the reaction itself can proceed without the
formation and competition of intermediate compounds, but by dissolving nickel in liquid aluminum to the
formation of a stoichiometric composition followed by crystallization. The new method for atomistic modeling -
Stochastic Kinetic Mean-Field (SKMF) - is suggested.

Inpexc YIK: 539.2;538.9-405;548, 538.9

Koau TemaTHYHHUX PYOPHK: 29.19

KepiBHuUKH po6oTH

BiacHe IlIpizBue Im's I10-6aThKOBI: I'ycak Anzipiit Muxaiinosuy
HaykoBu# CTyHiHB: 1. {.-M. H.

BuyeHe 3BaHHSI: mpodecop

InenTudikarop ORCID ID:

HoparkoBa indopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazsa HTII ykpaiHCBKOIO: MeTou Onucy i porHo3yBaHHs YTBOPEHHS i POCTY MOP i MPOMiKHUX Ba3 y

KOHTAaKTHI 30HI MaTepiaiB

Hazpa HTII auri#icbKo¥0: Methods of description and prediction of voiding and phase formation and growth

in the contact zone of materials

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpumaHi pe3yJIbTaTH:

l'asy3p 3aCTOCYBaHHS: M72.1 - JlocigKeHHs i eKCIiepUMeHTalbHi po3po6Ku y cdepi IpUPOIHIINX Ta

TeXHIYHUX HayK, P85.4 - Buma ocsita
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omuc HTII: CrBopenuii komrieke GeHOMEHOIOTIYHKX Ta aTOMHO-CUMYJISILIITHUX MOZEJIEN N7 ONHUCY i
IIPOrHO3YBAHHS BILJIMBY NOIIEPENHbOI OOPOOKYM Ta YMOB Bifillajly Ha KiHETHKY i CTPYKTYypy TOPUCTOCTI Ta
(dasoyTBOpEeHHS. 30KpeMa, BIieplie ONMCaHO SIBUIIE NOPOYTBOPEHHS APYroro TUIY (PiCT MOPUCTOi JaMessIpHOi
CTPYKTYPH) Ha 3'€JHaHHSX Mifb-0710B0. Po3pobiieHa peHOMEHOJIOTiYHA CXeMA i BiiTIOBiHE TpOTrpaMHe
3a6e311e4YeHHs 1151 ONUCY i IPOTHO3YBaHHS OJJHOYACHOTO POCTY IPOMDKHUX (Pa3, IEPEPO3NOiNy BaKaHC il Ta
YTBOPEHHSI, POCTY i PyXy IIOP B peakLii Mifib-0510B0. Po3pobJieHi Mmozesi Ta mporpaMHe 3a6e3eyeHHs
KOHKypeHTHOro (azoyTsopeHHs npu CBC-peakuisix y HaHO(Osbrax Hikesnb-anoMiniil. CTBopeHa Teopis Ta

IIporpamHe 3a6e3Ie4eHHs] HOBOTO aTOMHO-CUMYJILiiiHOro merony SKMF.
ConiasibHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Brnius HTII Ha moBKiJjs:
Bnposags>keHHst HTII: Briposamkeno
ITpakTuyHa peasizanis HTTI
IToyaTok eramy: 2015-2017 pp.
3aKiHYeHHS eTamy:
Cno>kuBayi npo,quI.li'l': 3aKkiafy BULIOI OCBiTH, HAYKOBO-IOCJIiHI yCTAaHOBU
IlepcrieKTHBHI pUHKH: HaykoBo-TexHiuHi mignpuemTsa Ykpainu, €8ponu, Kutaio, TaiiBaHwO
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IloTpiGHMI 06CST iHBECTHIIiH, THC. TPH.: 2000
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHs POOOTH:
HasiBHicTB Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI: Hi
IloTeH1iaILHUI 0OCST POAAIKY, THC. TPH.: 0
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HopaTtkoBa iHpopMaList: no sorosopy
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multilayered systems. Abstracts of The European Congress and Exhibition on Advance Materials and Processes
Euromat 2015. Warsaw, 2015. C2.2-PTHU-P2; 32. M. Pasichnyy, A. Gusak. Fundamentals of competing phase
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X. 3aKkJ1I04Hi BiZzoMoCTi

KepiBHHUK I0pUIHYHOI 0COOH Yepesko Osnexkcanap BosoguMuposuy

IlepeJtik 0Cci0O-BHKOHABILiB
besnanbyyk Bosogumup MukosainoBuy
3anopoxenp TersiHa BacuniBHa
Kopouis SIpocsias IMUTpOBUY

Jlgmenko Ousekcin FOpiftoBry
Jlamenko IOpinn OnekcinoBuy
Mapuenko CraHicnaB BitaniiioBuy
[NTaciynnit Mukosna OsekcaHIpoBUY
Cropoxyk(TioTionHuk) Hazis BikTopiBHa
Cymenko Irop BitaniitioBuy

Typsio Bnagucnas BacunboBuy
Trorenko Bacunbp Muxainnosuy

LlapeHko Makcum BacuiboBud
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