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1. CTpyKTypHO-4yTJIMBi BJIACTUBOCTI B IIPOLE€CAX €BOJIIOLiI MIKDOCTPYKTYpHU Ta (a30BOro CKJIay HAHOKOMIIO3UTHUX

CILJIaBiB HA OCHOBI 0JIOBA

2. Structure-sensitive properties in the processes of microstructure and phase composition evolution of tin-based
nanocomposite alloys

Pedepar/aHoTanis:

1. Incepraujiiina po60Ta IPUCBAYEHA AOCTIIPKEHHIO CTPYKTYPHO-UYTJIMBUX BJIACTMBOCTE HAHOKOMIIO3UTHUX
CILJIaBiB HA OCHOBI 0JI0Ba Ta €BOJIIOLLii IXHbOI MiIKPOCTPYKTYpH i (pa3oBOro ckiaaay. BuB4eHO BIIMB Pi3HUX
HAaHOPO3MIipHUX JOMILIOK (Kap6oHOBI HaHOChEPH, HAHOTPYOKHU, KepaMivHi yacTuHKu Al203, SiO2, TiO2, ZrO2, a
TaKOXX HAHOYACTUHKY, MOAU(IKOBaHI MeTaJleBUMU ITOKPUTTSIMU Au i Ni) Ha MiKpOCTPYKTYpY, iHTepMeTaniuHi ¢pasuy,
€JIEKTPUYHI Ta MeXaHiuHi BJIaCTUBOCTI CIJIABIB i NAsTHUX 3'€IHAHb 3 MiHOIO MifKIanKow. OCHOBHY yBary NpuAieHO
cruiaBaM Sn-Ag-Cu, 10 MKUPOKO 3aCTOCOBYIOTHCS B MiKpOeJIeKTPoHili. [IokazaHo, 10 BBE€IeHHS HAHOLOMIIIIOK
II03BOJISIE KEPYyBaTU POCTOM iHTepMeTaniuyHux (a3 CubSnd i Cu3Sn, 3MEHIIYI0UM iXHIO TOBUMHY Ta IOKpallyI0un
MEXaHi4YHy MILIHICTb 3'€JHaHb. 30KpeMa, NOJABAHHS [IOKPUTHUX HiKkesleM KapOOHOBUX HAHOTPYOOK IiJBUIIY€E 3CYBHY
MILIHICTB 1 CIIOBIJIbHIOE Jerpajaniiyi npouecu. KepaMivyHi HaHOYaCTUHKY HE3HAYHO 3HIKYIOTh

€JIEKTPOIIPOBIIHICTb, 10 IIOB'SI3aHO 3 PO3CIIOBaHHSM €JIEKTPOHIB, TOZ] K KapOOHOBI HaHOC(EPH MiJBULLYIOTh



MIATOMUI €JIEKTPOOTIp i 3HIKYIOTh TEMIIEPATYPY IIJIaB€HHS. JOCTiI’)KeHO TeMIIepaTypHY 3aJ1€XKHICThb
es1eKTpoi3nIHMX XapaKTepUCTUK, BKIIIOYHO 3 TicTepe3rncoM Y Ipoliecax IJIaBleHHsI-KpucTaizanii. BcraHosieHo,
1110 HAaHOJIOMIIIIKY CIIPUSIIOTh CTabisizallii CTPyKTYpH Ta BJIACTUBOCTEH I1icjIsl TPUBAJIOi BUTPUMKY, 30KpemMa 3a
CyOHYJIbOBUX TEMIIEPATYP. BUSBIEHO CyTTEBE 3pOCTaHHS MIIJHOCTI NasHUX 3'€QHaHb (10 67%) IPU BUKOPUCTAHHI
Monr(piKoBaHMX HAHOYACTUHOK. TaKOX MTPOaHai30BaHO 6araTOKOMIIOHEHTHi 6€3CBUHLEBI CIIJIABY, [JIS SIKUX
3a(iKCOBAHO BiIXUJIEHHS €JIEKTPOOIIOPY Bif, JIiHINHOCTI, IIOB'sI3aHi 31 CTPYKTYPHUMH NlepeTBOpeHHsIMU. OTpUMaHi
Pe3yJbTaTU pPO3LUIMPIOIOTS YSIBJIEHHS IIPO B3AEMO3B 130K Mi’K MiKPOCTPYKTYPOIO Ta BJIaCTUBOCTSIMU CILJIABIB i

CTBOPIOIOTh OCHOBY [1J1s1 pO3PO0JIEHHSI HOBUX HAAiMHUX IIPUIIOIB [IJI CYy4aCHOI €JIEKTPOHIKHU.

2. The dissertation is devoted to the investigation of structure-sensitive properties of tin-based nanocomposite
alloys and the evolution of their microstructure and phase composition. The effect of various nanoadditives
(carbon nanospheres, carbon nanotubes, ceramic particles Al203, SiO2, TiO2, ZrO2, as well as those modified with
metallic coatings of Au and Ni) on the microstructure, intermetallic phases, electrical and mechanical properties of
the alloys and solder joints with a copper substrate has been studied. Particular attention is paid to Sn-Ag-Cu
alloys, which are widely used in microelectronics. It is shown that the introduction of nanoadditives enables
control over the growth of intermetallic phases Cu6Sn5 and Cu3Sn, reducing their thickness and improving the
mechanical strength of the joints. In particular, the addition of Ni-coated carbon nanotubes increases shear
strength and slows down degradation processes. Ceramic nanoparticles slightly reduce electrical conductivity due
to enhanced electron scattering, whereas carbon nanospheres increase electrical resistivity and decrease the
melting temperature. The temperature dependence of electrophysical characteristics, including hysteresis during
melting-solidification processes, has been investigated. It is established that nanoadditives contribute to the
stabilization of structure and properties after prolonged aging, particularly at subzero temperatures. A significant
increase in the strength of solder joints (up to 67%) has been observed when modified nanoparticles are used.
Multicomponent lead-free alloys have also been analyzed, for which deviations of electrical resistivity from linear
behavior associated with structural transformations have been identified. The obtained results expand the
understanding of the relationship between microstructure and properties of alloys and provide a scientific basis
for the development of new reliable solders for modern electronics.
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