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PE®EPAT

CTpykTypa U 00beM IUIIOMHOMH padoThl. /umiomHas paboTa COCTOUT U3
MEPEYHsI YCIOBHBIX 0003HAYEHUI U COKPAILIEHH, BBEJICHHMS, TPEX TJI1aB, 3aKIIOYEHUS
U JutepatypHoro cnucka. [lomblii Texct pa®oTel coctaBisieT 45 cTp., B HeE
conepxutcs 10 pucynkos, 9 Tabmutl. CIUCOK TUTEPATyPHBIX UCTOYHUKOB BKIIIOYACT
51 HauMeHOBaHUE.

KiroueBble ciaoBa: dacTuiel sjapo-odonouka CU@NI, OnMeTaudecKuin
MOPOIIOK, TpadeHOBbIE HAHOIUIACTUHBI, MPOBOMASIIUE MOJUMEPHI, MOJIHAKPUIIAT,
KOPPO3MOHHAS YCTOWYHBOCTD, aAT€3Hs, JIEKTPOIPOBOTHOCTD, MOP(OIIOTHS.

O0BbeKThI CCJIeIOBAHNS — YACTHUIIHI TOPOIIIKA MEJIA ¢ 000JOUKOI U3 HUKES,
TOKOTPOBOJIAIINE METaI-TpadeH-HaNOJHEHHbIE MOJHAKPUIATHBIE TTOKPBITHSL.

IIpeamer uccieqoBaHusi — BIUSHUE COCTaBa, CTPYKTYPbl M COJAEpMKaHUS
gacturp, CU@NiI B TOJIMaKpwiIaTHOM  CBs3ylolmleM Ha  Mop(osoruo,
AJIEKTPOINPOBOIHOCTD, aJIT€31I0 U KOPPO3UOHHYIO YCTOMYMBOCTh OUMeETAII-TpadeH-
HAITOJIHEHHBIX MOKPBITHH.

Lenb ucciaegqoBaHusi — NOJYYHUTHh YJIbTPAAUCIEPCHBIE YAaCTULBI MEIU C
000JI0YKOM W3 HUKEJIS 1711 IPUMEHEHHUS B KaU€CTBE HANIOJHUTENS TOKOIPOBOISAIIUX
MOJIMAKPWIIATHBIX TOKPBITHM W ONPENEIUTh BIUSHUE COCTaBa, CTPYKTYpPhl H
CoJIep KaHMs 3TUX YACTHUIl B MOKPBITUAX HA UX MOP(]OIOTHIO, JIEKTPOIPOBOIHOCTD,
aJre3uI0 U KOPPO3UOHHYI) YCTOUUYUBOCTb.

MeToabl uccienoBanusi: peHTreHoQIyopeciueHTHbli ananu3, COM, [19M,
P®A, EDX, BosmbramnepomeTpusi, U3MEPEHUE YAEIBHOIO 3JEKTPOCONPOTHBICHHUS
MOKPBITHIA U UX aAr€3UH K CTEKIY.

IHosy4yeHHbIe pe3yJabTAaThl U UX HOBM3HA. [loTyyeHbl AIEKTPONPOBOASILINE
MOJIMAKPUJIATHBIC TIOKPBITHSI, HAITOJHEHHbIE OMMeTaumnyeckuMu dactuiamMu Cu—Ni
CO CTPYKTypoi simpo — poeixjiasi obonouka u I'HII, Ha moaiioxkax W3 CUIMKATHOTO
crekya. Hambosee HU3KKME W BOCIPOM3BOAMMBIE 3HAYEHUS OOBEMHOIO YAEIBHOIO
ANEKTPOCONPOTUBIICHUS TOKAa3aJdl MOKPBITUS, coJepKallue OuMeTauInuceKue
JaCcTHIIBI ¢ JoJieit Hukens 5,2 Mmacc% Ni npu cooTHOIICHHH KOMITOHEHTOB: 20 Macc.
% Cu-Ni, 40 macc. % nanodactuir rpadena u 40 macc. % monmmepa. DTH Ke
HNOKPBITUS MMEIOT MaKCUMAJIbHYIO aIr€3ui0 K CTEKIy W JY4YIyl0 KOPPO3UOHHYIO
YCTOUYUBOCTb.

O6s1acTh BO3MOKHOI'O0 NPAKTHYECKOI0 NPUMEHEHHsA. TOKOIMPOBOASIINE
MeTauI-rpadeH-HanoIHEHHbIE TOKPBHITUS HA CTEKJIE MOTYT HAWTH NPUMEHEHHUE B
U3TOTOBJICHUS TME€YATHBIX DJIEKTPO- M TEIUIONPOBOMAAIIUX DSJIEMEHTOB H3JEIHMA
AJIEKTPOHHOM TEXHUKH, HArpeBaTEIbHBIX 3JIEMEHTOB, JATUYMKOB TEMIIEPATyphl U
JABJICHUS, KOHAEHCATOPOB, U JIJISl 3aIUTHI OT JIEKTPOMAarHUTHBIX TOMEX.



PODEPAT

Crpykrypa i a6'ém apimnoMHail npansl. J[plIyioMHas npaia cKiajgaenia 3
nepaniky YMOYHBIX Ma3HAYIHHIY 1 CKapausHHSY, YBAA3EHHS, TPOX TJay, 3aKITI0UIHHS 1
miTapatypHara ciicy. [ToyHbI TOKCT mpartisl ckiaaae 45 ctap., y €it yrpeimmiaera 10
MatoHKay, 9 Tabmin. Crmic JiTapaTypHbIX KpbIHIL yKiIodae 51 HaiitmeHHe.

KirouaBbisi ¢J10BbI: YacIiibl sapo-adamonka Cu@Ni, 6iMeTaiuyHbl mapaioxk,
rpadeHaBbIsl HAHOTUTACTUHBI, TPABOI3SUbIS MaiMephl, MOJTIaKpbUIaT, Kapa3iiHas
YCTOMITIBACIh, a/ITe31sl, dICKTPAIIPABOHACIIH, Map(DAIIOTIsl.

A0'eKTbI AacjieJaBaHHS — YACIIIIIbl Tapalka Mea3i 3 abanoHkail 3 HiKes,
TOKAINPaBOHBIA METaN-TpadeH-HAOYHEHBIS MOJT1aKPhUIATHBIA MAKPBILILIAL.

IIpagmer naciaenaBaHHs — YIUIBIY CKJIATy, CTPYKTYPHI 1 yTpPhIMaHHE YacCIIill
Cu@Ni1 ¥ momakpbeuiaTHaM 3JIy4HBIM Ha Map(daiorito, 37€KTpanpaBoIHACIb, aATe3110 1
KapasiiiHyIo ycToimiBacup OiMeTanay-rpa@)eH-HanOYHEHbIX MaKPbILLAY.

MbsTa gaciaegaBaHHs — aTpbIMallb YJIBTPAIUCIICPCHBIC YACIIIIBI MEI31 3
abaJIOHKall 3 HIKENS AJ1 NPBIMSHEHHS ¥ sIKaclll HalayHsJIbHIKA TOKAMPaBOIHbIX
MOJIMAKPBIIATHBIX MAKPBILILAY 1 BBI3HAUBIb YIUIBIY CKIIATy, CTPYKTYpPHI 1 CKIaay I3ThIX
Yaciil y NakpbIILIAX Ha 1X Map(daorito, 3JeKTpanpaBoIHACIb, aAre3110 1 Kapa3liHyIo
ycToMIiBacCIb.

MeTtaab! gaciegaBaHHsa: peHTTeHadIyapICIPHTHBIN aHani3, COM, [19M,
P®A, EDX, BonbTamMnepaMeTphblsi, BEIMSPIHHE YA3€IbHAra 3JeKTpacynpaiyaeHHs
MaKPBIIIAY 11X aaresii Ja ImKia.

ATpBbIMaHBIA BBIHIKI I IX HaBi3HA. ATpPBIMAaHBI AJIEKTPANPABOIHBIA
MOJTIAKPBIIATHBIS MAKPBILLA, HATOYHEHbIA O1MeTaniuHbIMI HaHavacinami Cu—Ni ca
CTpYKTYypail siapo — apysnas adanonka 1 'HII, Ha naBepxHe 3 cinikaTHara mikia.
Haii0Oounbi Hi3KiA 1 palirpaBaHbld 3HAYHHS a0'éMHara y13esbHaii
AJIEKTpacyIpaliyaeHHs MaKa3ad HaKkphIs, K 3MAIIYaos OiMeTallgyHbIs YacIlilbl
3 noJisai Hikens 5,2 mac.% Ni npbl cyagHocinax kammanenTay: 20 mac. % Cu-Ni, 40
Mmac. % gacuin I'HIT 1 40 mac. % nanimep. I'3ThIs 5k MaKpbILLA MAaIOIb MAaKCIMAIbHYIO
aAresiro Ja IIKjia 1 JEeNuIyro Kapa3iiHyro YCTOIBacb.

BoOJiacub MarysiMara npakTbIYHAra NpbIMsiHeHHs. TOKanpaBoIHbIA META-
rpadeH-HanoOYHEHbIs MaKPHILILS HA IIKJIE MOTYIb 3HANUCII MPBIMSHEHHE ¥ BBIpa0y
JIpYyKaBaHBIX AJIEKTpa — 1 HEIJIanpaBOIHbIX AJIeMEHTay BbIpaday AJeKTPOHHAN TIXHIKI,
HarpaBaJIbHbIX 3JIEMEHTAY, aTublKay TAMIIEpATYpHI 1 LICKY, KaHAPHCaTapay 1 s
abapoHBI aJ1 ANEKTPAMAarHiTHBIX MEPAIIKO/I.



ABSTRACT

The structure and scope of the thesis. The thesis consists of a list of symbols
and abbreviations, an introduction, three chapters, a conclusion and a literary list. The
full text of the work is 45 pages, it contains 10 figures, 9 tables. List of literary
sources includes 51 titles.

Keywords: Cu@Ni core-shell particles, bimetallic powder, graphene
nanoplastics, conductive polymers, polyacrylate, corrosion resistance, adhesion,
electrical conductivity, morphology.

The objects of research are particles of copper powder with a nickel shell,
conductive metal-graphene-filled polyacrylate coatings.

The subject of the study is the influence of the composition, structure, and
content of Cu@Ni particles in polyacrylate binders, it affects the morphology,
electrical conductivity, adhesion, and corrosion resistance of bimetal graphene-filled
coatings.

The aim of the study was to obtain ultrafine copper particles with a nickel
shell for use as a filler for conductive polyacrylate coatings and to determine the
effect of the composition, structure and content of these particles in coatings on their
morphology, electrical conductivity, adhesion and corrosion resistance.

Research methods: X-ray fluorescence analysis, SEM, TEM, X-ray diffraction,
EDX, voltammetry, measurement of the electrical resistivity of coatings and their
adhesion to glass.

The results obtained and their novelty. Electrically conductive polyacrylate
coatings filled with bimetallic Cu—Ni nanoparticles with a core—loose shell structure
and GNP, on silicate glass substrates have been obtained. The lowest and
reproducible values of the volumetric electrical resistivity were shown by coatings
containing bimetallic parts with a nickel content of 5.2 wt.%, with a component ratio
of 20 wt. % Cu-Ni, 40 wt. % of graphene nanoparticles and 40 wt. % of the polymer.
These same coatings have maximum adhesion to glass and better corrosion resistance.

The area of possible practical application. Conductive metal-graphene-filled
coatings on glass can be used in the manufacture of printed electrical and heat-
conducting elements of electronic products, heating elements, temperature and pressure
sensors, capacitors, and for protection against electromagnetic interference.



