O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0822U100905
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 29-08-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tkay Osnbra PomaniBHa

2. Tkach Olha Romanivna

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi cHIeniaIbHOCTI: 104

HasBa HayKoBOi crneniaJbHOCTI: ®isuka Ta acTpoHOMis

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3aXHCTY: 26-08-2022

CreniaJIbHICTh 32 OCBiTOIO: Qizuka

Micue po6oTH 34,00yBayva: JibBiBchKuii Hal[iOHAIBbHWI yHiBEpcHTET iMeHi IBana Gpanka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: BYyJI. YHiBEpCUTETCHKA, Oy, 1, M. JIbBiB, JIbBiBCbKa 0061., 79000, YxpaiHna

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi crieniagi3oBaHoOi BY€HOI pazu). 1O 35.051.064
IloBHe HalMeHYBaHHSI IOPHUAHUYHOI 0COOH: JIbBiBCHKUMIT HAL[IOHAIbHMI yHiBepcuTeT iMeHi IBana Gpanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBEpCUTETCHKA, Oy1. 1, M. JIbBiB, JIbBiBCbKa 0651., 79000, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0COOM: JILBiBCHLKMII HALliOHALHYI YHiIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcuTteTchbka, 6ya. 1, M. JIbBiB, JIpBiBChKa 00651., 79000, YKpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemMaTHYHHX PYyOPHK: 29.19.15, 29.19.04

Tema gucepranii:
1. BB HAaHOYaCTUHOK Ha CTPYKTypHO—‘{YTJII/IBi BJIACTUBOCTI €BTEKTUYHUX Ta Oi/IT€BTEKTUYHUX CILJIaBiB HAa OCHOBI
Sn

2. Influence of nanoparticles on structure-sensitive properties of Sn-based eutectic and neareutectic alloys

Pedepar:

1. CniiaBu Ha OCHOBI Sn, 30Kpema, noTpiiHoi cuctemu Sn—-Ag-Cu (SAC), BUKOPUCTOBYIOTb SIK 6€3CBUHLIEBI IIPUIIO] B
€JIEKTPOHHIN ITPOMUCJIOBOCTI, a8 TOMY € IIPEIMETOM iHTEHCUBHUX AOCiIKeHb. OOHMM 3 IEPCIIEKTUBHYX LUIJISAXIB
[IOKpaLeHHS BJIACTUBOCTEN TaKUX MIPUIIOIB € CUHTE3 HAHOKOMIIO3UTHUX MaTepialiB, y IKUX HAHOPO3MipHi
YaCTUHKY, BBeJIeHi B 6a30BUI1 06'€eMHUI1 MaTepias (MaTPULIIO), LO3BOJISIIOTh KEPYBATH BIIACTUBOCTSIMU B IIMPOKOMY
IianazoHi ¢i3uKo-xiMiyHMX TapameTpiB. ToMy BUBYEHHS BIIJIMBY HAHOPO3MiPHUX YaCTUMHOK (METasiB B 06'€MHUX i
HAaHOPO3MipHUX (POpPMax, KepaMidyHMX ab0 KapOOHOBUX HAHOTPYOOK) HA (Pi3N4HI Ta MEXAHIYHI BJIACTUBOCTI 6a30BUX
MEeTaJIeBUX CIIJIaBiB CTaJI0 OCOGIMBO aKTyasbHUM. TeHIeHIIisl 0 3MEHILIEeHHS PO3MipiB craiB y MiKpoesieKTpoHili
MifBUILy€e BUMOTHY 0O HaAIMHOCTI IPUIIOIB, IKOI MOKHA NOCATHYTU Y HOBUX HAHOKOMITO3UTHUX MaTepiasnax
BHECEHHSIM MeTaJIeBUX Ta KepaMidYHUX HaHOYaCTUHOK. [TinTBepakeHuil nonepenHiMu JOCTiI)KEHHSIMY TO3UTUBHUN
BILJIMB HAHOPO3MipPHHX JOMIIIKOBUX €JIEMEHTIB Ha CTabii3aliio KpuCTanidyHoi CTPYKTYpY CIIJIaBiB Ha OCHOBI Sn, 0

3a3HaIOTh CYTTEBUX Moguikaliiil miz nieo 30BHIIIHIX BIJIMBIB, @ TAKOXK Ha [TOKpalleHHs (i3uKo-XiMiuHUX Ta



MEXaHIYHUX BJIACTUBOCTEN 3yMOBUB MOMMPEHHS LIMX IOCIIiI>)KeHb Ha 6a30Bi CIIJIaBU €BTEKTUYHOTO Ta
0inseBTEeKTUYHOrO CKJIaTiB IoTpiiHOi cuctemu Sn—Ag-Cu, a came, Sn95,80Ag3,28Cu0,93 (at. %) (Sn96,5Ag3,0Cu0,5
Mmac. %) Ta Sn94,56Ag4,14Cul,29 (aT. %) (Sn95,5Ag3,8Cu0,7 mac. %). PeaysbTaTi BUMIpIOBaHHS €J1I€KTPOIIPOBiIHOCTI
IAIOTh TOAATKOBY iH(pOpMalLilo [IPO BIUIUB JOMIIIOK Ha CTPYKTYPY i (Pi3UKO-XiMidHi BIaCTUBOCTI METaJIE€BOI
MaTpulli, 0 BaKJIMBO AJI1 PO3YMiHHS MIKPDOCTPYKTYPHUX IIEPETBOPEHD Y PiKOMY cTaHi. OTpruMaHi pe3ynbTaTi
IaJIN BaXKJIMBY iH(OpMALLilOo 100 MOXKIINBOCTI BUKOPUCTAHHS LIMX CILJIaBiB SIK 6€3CBUHIIEBUX IIPUIIOIB, OCKINIbKYU
[I0Ka3aJsy, 1o NOJaBaHHs HAHOPO3MiIPHUX YaCTMHOK HIKeJII0 IIPAaKTUYHO He 3HMXKYE €JIEKTPOIIPOBIAHICTD CIIJIABY,
TOJ $IK, 3TiJHO 3 HEJABHIMU JOCIII)KEHHIMU, HU3Ka MEXAHIYHMX BJIACTUBOCTEN [TOKPAILYEThCS, 30KPEMA,

i BUIIYETHCS MIKPOTBEPAICTD i MIlJHICTb HA PO3TST, a TAKOK MILIHICTbh Ha 3CYB CIAiB MK CIIJIaBOM Ta MiJHOIO
OCHOBOIO. Pe3ysibTaTy BIJIMBY MeTajIeBUX HAHOYACTMHOK Ta KAPOOHOBUX HAHOTPYOOK Ha CTPYKTYPHO-UYTJIMBI Ta
MEXaHi4Hi BJIaCTUBOCTi 6araTOKOMIIOHEHTHUX CIIJIaBiB HA OCHOBI 0JI0Ba Jal0Th 3MOI'y BIIOCKOHAJIUTH HOBITHI
TEXHOJIOTII BUTOTOBJIEHHSI HAHOKOMITO3UTHUX MaTepiasiB. HayKkoBi pesysibTatu fucepraltiii, yI0CKOHaJIEH]
METOJIMKY BUMipIOBaHb (Pi3YHUX i MEXaHIYHUX BJIACTUBOCTEN JOCHIIP)KEeHUX CIJIaBiB Ta BCTAaHOBJIEH]
3aKOHOMIPHOCTI IXHbOI IOBEiHKM MAIOTh IIPAKTUYHE 3aCTOCYBAaHHS Y CTBOPEHHI TEXHOJIOTiN BUPOOHHULITBA
MaTepiasiB iJ1s 6€3CBUHLEBUX MTPUIIOIB i MOSKJIMBICTIO 1IiJIECTIPSIMOBAHOTO KEPYBAHHS iXHIMU CTPYKTYPOIO Ta

BJIACTUBOCTSIMMU.

2. Sn-based alloys, in particular a Sn-Ag-Cu ternary system (SAC), are used as lead-free solders in electronics and
are therefore the subject of intensive research. One of the promising ways to improve properties of such solders is
a synthesis of nanocomposite materials, where nanosized particles introduced into the base bulk material (matrix)
allow to control the properties in a wide range of physicochemical parameters. Therefore, the study of the
influence of nanosized particles (metals in bulk and nanosized forms, ceramic or carbon nanotubes) on physical
and mechanical properties of base metal alloys has become particularly relevant.The tendency to reduce the size
of solder joints in microelectronics increases the requirements for the reliability of solders, which can be achieved
in new nanocomposite materials by the introduction of metal and ceramic nanoparticles. The positive effect of
nanosized impurity elements on the stabilization of the crystalline structure of Sn-based alloys undergoing
significant modifications under the influence of external influences, as well as on the improvement of
physicochemical and mechanical properties confirmed by previous studies, led to spread these studies on basic
eutectic and neareutectic Sn-Ag-Cu ternary alloys, namely, Sn95,80Ag3,28Cu0,93 (at. %) (Sn96,5Ag3,0Cu0,5 wt. %)
Ta Sn94,56Ag4,14Cul,29 (at. %) (Sn95,5Ag3,8Cu0,7 wt. %). The electrical conductivity data provide additional
information on the effect of impurities on the structure and physicochemical properties of the metal matrix, which
is important for understanding the microstructural transformations in the liquid state. The obtained results
provided important information on the possibility of using these alloys as lead-free solders, as they showed that
the addition of nanosized nickel particles does not impair the electrical properties of the solder, while, according
to recent studies, the mechanical properties of brazed joints improve.The results of the influence of metal
nanoparticles and carbon nanotubes on the structurally sensitive and mechanical properties of multicomponent
tin-based alloys will improve the latest technologies for the manufacture of nanocomposite materials. Scientific
results of the dissertation, improved methods of measuring physical and mechanical properties of investigated
alloys and established patterns of their behavior have practical application in creating technologies for the
production of materials for lead-free solders and the ability to purposefully control their structure and properties.
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