
PEUEH3ITI

perleH3eHTa, KaHAr4Aara Qi:raxo-ruareMarl4t{HI4x HayK, crapuloro BI4KraAaqa

ra$e.qpu eneKTpoHixu, saralrnoi ra rpr4KnaAHoi Si:raxra CyNrclxoro AepxaBHoro

yninepcurery TuuleH Ka Kocrq Hru Ha Bo.noAu M u poBuqa

Ha Al4cepraqifi ny po6ory :4o6yaaua € sAorcr MeH Ka BlaAuc.na na IOpifi osuqa

Ha reMy: <<OuruNaisaqir xapaKTepr4cruK HaHoqacrHHoK ra nrieox clonyK CuO,

ZnO:Al, SnS anq reperBoprosa.{ie cousqnoi eueprii>, uo rpeAcraBJleHa Ha

rgo6yrrx HayKoBoro cryreHq AoKropa Qiroco$ii sa cueqianrnicrro 105

<Ilpnrna4ua $ieuxa ra HaHoMarepialu>

Arcryanr,uicrs reM Ir Alrcepra uifi Hoi po6our

Y uaur .{ac BHHr.rKJra 3alla9.a nouryKy HoBHx uarepialis lrr crBopeHHfl

coHrrrHux ereNaeHrie rperboro uoxoniHHq ra niAnuureuns ix e$exrranuocri i

rpunalocri cra6ilruoi po6oru. Crorotni : uiei Meroro 3arlponoHoBaHo

Br,rKOpHCToByBarr.r oKcr4Ar4 rnleralie, ocxilrxu BoHH e crifircuvH B aTMoCQepi ra

Moxyrb 6yru ogepxani 3 BprKoplrcraHHrM serlaxoi xinrxocri rexHorori'{Ho

11pocTl4x ra AeIxeBI,Ix MeToAie. Tax, oKcr'IA III4HKy (ZnO) y HaIx qac po3uf,AaroTb

anbrepHarr4Bolo rpaauuifiHoMy rraarepiany rpo3opux crpyMonposiAHlax ruapin

eJreKrpoHHr{x npr,rna4ia ,KHM e [TO, a oKCHA rr,liai (CuO) € repcneKrI4BHI4M

vrarepianoM rourlrH€urbHr4x urapin urinxosl,tx SoroneperBoprcBaqis. IIIe oAut'ttr't

[epcneKTr,rBHr4M uarepialou Arrfl crBopeHHq rIorJII4HaJIbHI4x urapin uriexoenx

coHflrrHux eleuesriB BBaxaerbcq cynb$i4 onona (SnS), ocxilrxu iraae sucoxl4fi

xoeQiqieHr rrorJrr4H auHfl ceirra (6nuesxo 1 05 cv-l) i runpraHy :a6oponeuoi :ouu E,

:(1,4-1,5) eB,6nrasrxy Ao MaKcr4MyMy rreperBopeHHfl coHs'lHoi eneprii B

ereKrpHqny. OxcuAsi uarepianu (ZnO, CuO) ra cynrQiA olosa (SnS) Marorb

ynixalrni etexrponni ra ourpr.{Hi BJracrr4Bocri, uro po6urs ix nepcueKTI'IBHLIMI4 He

rilrxu glx BlIKopHcTaHH.rI y relioeHeprerrlqi aJIe i y ceHcopnqi ra rrry'rxifi

enexrponiqi.



Haueceuus urisox

npOCTI4X Ta eXOHOtvti'IHO

po3rll4neHHfl qOpHHn Ha

uHx Marepialin Moxe 6yru :lificHeuvit za AoroMorolo

sr,rriAHHx xirnri.IHl,Ix NaeroAis, raKnx flK 3D ApyK Ta

ocHosi cycueHrifi HaHor{acrI'{HoK. I-{e :uauuo 3HI'Ixye

napricrr nupo6HnqrBa coHflrrHr.rx eJreMeuris ra ni4xpraBae Hosi MoxJII4Bocri lnq ix

rgllpoKoMacrura6Horo 3acTocyBaHHfl. BxasaHi MeroAu e [pocTI{MI'I Ta

eSexrunuulau lnfl crBopeHH, nlinor seruxoT nnou],i, 3 KoHTpoJIboBaHI4MI4

xapaKTepucruxavn, i Moxyrb 6yru nuxoptacraHi Anfl crBopeHHq npnna4in

reJrioeHepteTgKr4, ceHCopr4KH Ta fHyr{Koi eneKTpouixu. B rofi xe tlac onrurr4isallix

xapaKTepvcr1rKHaHoqacrr,rHoK ra nrisox c[onyK CuO, ZnO, SnS .qoseoJlf,e Aocf,rrl'I

6inrur BrrcoKr4x noxasHraxie e$exrunuocri ra cra6intnocri coHrt{HI'Ix

rrepeTBopronavie, u1o e BaxJII,IBI4M KpoKoM y po3BHrKy Uiei rany:i.

flocli4xeuHx BKa3aHr4x Br4ule rraarepianin Mae eerl'{xufi npaxruuultft

nor:euuian Anq BAocKoHaJreHHfl eHeproeQeKTI4BHI4x rexHoJIorifi, po:nurxy cyuacHoi

orrroeJreKrpoHixu ra crBopeHHq ereMeuris ruyvxoi eneKTpoHixl'1. TaxuM qI4HoM,

Ar{CepTaIIiftHa po6oTa CTaHe BaroMI,IM BHecKoM y po3yMlHHfl Ta BAgCK9HUUISHH'g

xapaKTepucrr4K 3a3Har{eHr,Ix cflonyK An, ixsroro orITI4MaJIbHoro BllKopllcraHHfl B

pisnrax raJly3flx HayKI4 ra rexuixu.

3s'RSOK pO6OTr1 3 HayKOBIIMII [porpaMaMu' IIJIaHaMHT TeMaMlI

flucepraqir BI4KoHaHa siAnosilHo Ao nnaHie HayKoBo-AocniAsrax po6ir

na6oparopii otlroeJleKrpouixr'r ra renioeneprerHKH xaSelpu elexrpoHiru i

KOMfr,K)TepHoi Texuixv cyvrcbKoro AepxaBHoro yninepcl4rery: 4epN6roANerHi

reMLr Ng 0122UOOO7g7 (2022-2024 pp.) <KepyBaHHn crpyKrypHo-+a3oBlrM craHoM

HaHoqacrllHoK i unieox HoBr4x oKCLrAHr4x ruarepialin, HaHeceHHx xitt'Ii'IHI'IN'IIa

MeTOAaMU , EJlfl nOrpe6 ruyurcoi ener(rpoHirr.r i relioeHeprerHrcu> (nuxonaneus); Nu

0124U000541 (2024 p.) <cnHres ra onrnui:auis eJlacrusocrefi

HaHocrpyKTypoBaHux uiBoK cr{creMr,r Cu-Sn-S reroeanoi AortaiurKaMl'I Zn, }dg,

Mn, Se 4lr npuna4in renioeueprerl'IKl4 ra repMoenexrponixu> (nuxouaneUb);

HayKoBo-gocniani po6oru 3a AofoBoporu M/58 -2023 a\[,25.08.2023 p. (2023-2024

pp.) <3D-apyxosaHi Qyuxuioualtni eJIeMeHrH AnrI rHyqKI4X eneKrpoHHI4x



rpr.rcrpoin> (ni4uosiAanrHlafi splroHaBeub); I-paHr HATO SPS Project 5916 (2021'

ZOZZ pp.) (3D printed functional elements for flexible electronic devices>

(nuxouanellb).

O6fpyurosaHicrs Hay6oBnx IIoJIoICeHbr Bucuosrcis Ta peKoMeHAarlifi,

c$opnynboBaHrx y locnilxcu ui

enAoxurraeHKo B. IO. npoein reoperr4r{Hi ra eKCnepuMeurarrHi AocliAxeHus

Ha Br4coKoMy pinHi, y AocrarHboMy o6cqgi, pospo6ua eilnoeilni reoperrauni

rr,roAeni ra eKonepr4Meurarrsi MeroAuKH. O6rpyurosaHicrr i Aocronipuicrr

HayKoBI4X rroJloxeHb, pe3ynbrarin, peKoMeHAaqift ra sncHoerin ui4rnepAxytoTbcf,

perenbHolo rrocraHoBKoro AocniAnurrbKr4x 3aBAaHb, BHcoKI4M pinuernl silnosiAHocri

AaHr4X, OTpHMaHI,IX 3a AOrrOMOTOIO KOMI'toTepHoro MOAeJITOBAHHfl Ta

eKc[eplaMeHTanbHI4x .4oCli4xeus, a TaKox BIIpoBaAxeHHtM pesylrrarin

Ar4ceprallifinoi po6orra y nrapo6ru4ql4x yMoBax ra HaBqaIbHoMy npoqeci'

pesylrrar14 scix eKcrrepr4MeHTaJrbHl4x ra reoperl4tlHl4x AocniAxeHb aBTop

rrpeAcTaBJIf,B Ha qucJIeHHI4x rr,rixHapoAHllx xou$epeuUi,Ix ra CI4Mno3iyMax'

Oqinrca HoBrr3rr r{ rrayKoBrrx pe3yJlbrarin Arcepra uifi rroro Aoc.[iAxeHHq

Y 4racepraUifinifi po6ori cQoprnlynboBaHo ra o6rpynroBaHo ptA HayKoBI{x

uoJroxeHb, Br4cHoBrin i pexoruenlauifi,.axi e HoBaropcbKl'lMI{. Hail:navyuli nayxori

AocsrHeHHfl, ulo ni4o6paxaloTb oco6ncrufi BHecoK aBTopa y po3B'fl3aHHfl

4ocnigxysaHoi upo6nevru i xapaxrepu3yrorb iunoeauifiuicrs AocniAxeHHr, Ha

MOrc AyMKy, BKJIIOqaKITb HacTynHe:

l. Anrop BH3HaqHB si:uxo-rexuoloriqsi yMoBI'I Anfl orpl'IMaHHfl

o4uo$aarulx BllcoKoreKcTypoBaHl4x nrtisox CronyK ZnO, SnS, CuO 3a AonoMororo

MeroAis 3D-apyxy ra po3rrr4neHHfl qopHr4n. I-{i nninxu MaK)rb orlrnMaJlbui po:r'aipra

KorepeHrHLIx o6lacreit, uu:rxufi pineHr rraixpo4e$opMaUifi i xonrpoJlboBaHy

CTexioMeTpiro, u-1o po6r,rru ix npn4arHI'IMI4 Anfl Bt4Kopl4cTaHH' y rlpl4crposx'



I
2. BcrauoBJreHo si:uro-rexHolOri'{niyr'aonr',r orpl'IMaHHfl MeroAoM 3D ApyKy

o.4rroQarrrraxBLlcoKoTeKcTypoBaHHxTacyuilrHnxnlinoxCuoHaI'HytlKux

niArcnaArax, yMoBra ix repuiquoro niclrpocroBofo ni4uany' fl<i uoxpalqylorb

gxictr reKcrYPI4 urisox'

3.HaocHosiuisoxZnO''AZOraCuO3oIIrLIMisoeaHI'INIU

xapaKTeplIcTI4KaMr4, BI,IKJIIOqHO Xirrai'IHI4MI',I MeToAaMI',I' cTBOpeHo [poToTLI[ cE s

KoHcrpyKrliero ITOjAzoln-znolp-cuo/cu, nrar"ripffri fioro ouruuui'

soroelerrprauni ra eneKrpnuui xapaKrepl'Icrl4KI4 IIpI4 pi:nux TeMreparypax'

llparrnutta uitttlicrb orpuMaHux pe3yJlr'TarlB

OrprarrlaHi y .UraceprallifiHifi po6ori pe3ynbrall ra BI4cHoBKTI Moxyrb 6ytu

3acTocoBaHi Anf, [pofHo3yBaHH.rI eKcllJlyaTauifinux sJlacrusocrefi npunalin

relioeHepreTl4Kl4, ceHcopl4Kll Ta TepMoeneKTpHKl'I Ha ocuoni C[onyK ZnO' SnS' CUO

Ta fereponepexo4in ua ix ocHoei. Moauoixo sauuit eKcrpyAep ra cl4creMa noAa'Ii

qopHr,u 3D [pr,rHTepa MoxyTb CnyxuTI'I [pororl4noM Anfl CTBopeHruI siAHocHo

AerlreBofo rrpoMlrcnoBoro TexHoJIOfi'IHOro llpoqecy HaHeceHH-fl nlisoK

uaninnponiguuxonux cflonyK pi:uoro xirraiqnoro cKnaAy is KoHTpOJIbOBaHI',IMI',I

BJracTr4BOCTqMLr Anfl rrpr4naAoBofo BI4KOpI4CTaHHTI' crnopeui ra AocliAxeni y po6ori

rrpororr4rrr4 coHqqHr4x eJreMenris s rereponepexoAoM n-zno I p-cuo Moxyrb 6yru

BI,TKOpI,ICTaHi qx ocHOBa Anfl IIoAaJIblIIorO po3BI4TKy eQexrneuplx Ta exOHONai'IHO

suriAHuX sororanrsaui.IHrx upucrpoin. 3aeAqxu ix sucoxifi esexruffrocri

nepeTBopeHHfl conq.{uoi eHeprii ra cra6inruocti' qi uporoullll4 Moxyrr euafirn

3acTocyBaHHr B pianux faJly3flx, ri4 no6yroBl4x COHflr{HHX naselefi AO MacIIITa6uux

COHflTIHI,IX CNEKTPOCTAHUifi .

flosHora

rpauflx

Ourosni

BUKJTaAy ocIIoBIIUX pe3yJrr'raris Anceprauii n ouy6riKosauux

pe3ynbrarl4 HayKoBoro AocriAxeHH'l e sAoxIaInIeHKa B' IO'

ni4o6paxeui y 19 nayxoBl4x npaUqx, 3 flKHX 3 crarri y :apy6iNHl4x HayKoBlIx

UepiograuHl,Ix BHAaHHqx, IIIo iu4elccyrorlcl lrixuapoAHl4Ml4 HayKoMeTpI4tIHI4MI4



6asaN{LI AaH}Ix (Scopus ra Web of Science) ra Harlexarl Ao KBapruris Ql - Q2,3

crarri y rvrarepianax MixHapoAHr4x HayKoBI4x xoHsepeuuisx, uro inAexcyrorbc,

HayKoBoMerpllqHolo 6asorc Scopus, 13 rcs .qouoni.qeft.

OcnoBHi pe3yJlbrarla Al,Icepraqii si.4uosiAarorr BLIMoTaM nyHKry 8 "flop.r4xy

piruennr pasoaoirpprcyAxeHH.s cryreHq AoKrop Qiloco$ii ra cKacyBaHHrI

cueqianieosaHoi n.reHoi pa1u 3aKnaAy elaqoi oceiru, Hayxonoi ycraHoBl4 rlpo

[pprcyAxeHHrr cryneH, AoKTopa Sinocor[ii", 3arBepAxeHoro rlocraHoBoto

Ka6iHery Minicrpin Yxpaiurl si1,12 ci'{Hq 2022 poKy Jrc 44.

OUiura rvricry Ar{ceprauii, nianoniAuicrs BcraHoBJIeIrrlM BIrMoraM

rrloAo oQopu.neuua

,{ucepraqifiua po6ora esAoKr4MeHKa B. tO. sBJIre co6oro 3aBepueHy ra

suicronuy HayKoBy npaqrc. 3a crpyKryporo, MoBolo ra crIaJIeM BLIKJIaAy,

o6opunenHx 4ucepraqii siAuosiAae BHMoraM, 3arBepAxeHI,IM HaKa3oM MOH

Yxpaiuu Ne 40 sia 12.11.2017 .

3aynaxeHrrfl Ao rrpoBeAerrofo Arceprauiilsoro AocriAxeHHfl

He Ausrsr{Hgb Ha 3HaqHprfi o6crr reoperl4t{Hl,Ix po3paxyuxin ra orpI4MaHI4x

eKcnepI,IMeHTaJIbHrtx pe:ylrraria, [peAcTaBJIeHa 4ucepraqir Mae Aesxi

3ayBaxeHH.rl Ta gracxycifisi uurauus, a caMe:

1. Pe:ynrTaTH AocniAxeHHfl noKa3ailvt, u1o y orpHMaHI'Ix nlisxax CuO si

g6inrureuH.flM reMlleparypl{ si1, 673 K Ao 723 K ni46yeaerbc, rpoqec Sa:onoro

[epexoAy Bia CuO .qo CuzO. tlu cnocrepiranu BI4 ue ,tBHUIe, nppl Aocniaxenni

6araroroMroHeHrHoi crpyrcrypl4 3 rereponepexoAoM n-ZnO I p-CuO?

2. r{orray rpu AocniANeusi 6araroxounoueHruoi crpyKrypH Ha

guspaxrorpaMax BrAHo rlurle uixtz oxcuAy UI'IHKy? 9ra ue nosnHHi 6ytu npracyrni

Qus, isurux crIoJIyK, sxi sxoAsrb Ao crpyxrypu?

3. tlotry reMrreparypa nignany Aocni4xyeannx nrisox CuO Ha rHyqKI4x

uiAxlaAxax ei4pi:naerrcx nig cx;1qHlax? I '{U M6xrlhBo CTBopHrI4 coHsquufi

eJreMeHT na AocniAxyBaHr4x BaMr4 rHyrrKr4x niAxnaAxax?



j

OAuax HaseAeHi Bnrue 3ayBaxeHH, He Marorb rlpuHtu4rloBoro xapaKTepy

Ta He 3Hr4xyrorr uiuuocri orpullaHrrx y Al,Iceprauii pesylrtatin, ix upaxrz'IHoi

Aoqilruocri, Ta He craBJtflTb uia cyrnrHin 4ocronipsicrs ra o6rpyHrosaHicru

ocHoBHprx rIoJIoxeHb, ulo Bl4HocrTbcg Ha 3axHcr.

3aralsna oqiurca po6oru, ii signosiAuicrr BcTaIIoBJTeHITM BHMoraM

Ha uiAcrani Br4uleHaBeAeHoro BBaxato, u{o lucepraqifiua po6om

en4oxratreHKa BraAucraea IOpiilonu.ra <OnrraNai:aL(iq xapaKrepl4crl4K

HaHoqacrraHoK ra nrisox cronyK CuO, ZnO:Al, SnS lnq reperBoprcsaqis cons'IHoi

eueprii> e 3aBeprleHoro HayKoBoro [paqerc, rKa BHKoHaHa Ha BI4coKoMy HayKoBoMy

pinui, i :a aKTy€LnbHicrro, HayKoBoro HoBH3Horo ra [paKTI4IIHI4M 3HarIeHHf,M

eiAnosita€ Br4Morala n. 6-9 <flopxgxy npucyAxeHHs cryneHfl AoKrop $inoco$ii ra

cKacyBaHur piureuH, pa3oBoi cneqiani:osaHoi sqeHoi pauu 3aKnaAy euuoi ocairn,

uayxoeoi ycraHoBr4 npo rpprcyAxeHHq cryreHt Aol(ropa Sinoco$ii>,

3arBepAxeHoro rrocraHoBoro Ka6iuery Miuicrpin YrcpaiHH sia 12 ciqus 2022 p. Jrl!

44, a aBrop po6oru esAoxraNreHKo BraAucrae lOpifronuu 3acnyroBy€

rpracyAxeHHq HayKoBoro cryreHf, AoKropa Sinoco$ii sa cneqialrHicrro 105 -

<flpuxna4na S irraxa ra HaHoMarepianrz>.

PeqeuseHr:

crapurrafi BI,IKnaAaq xaSeapn elexrpouixH,

3araJlbHoi ra npnxnaAuoi Si:uxrz

Cyucrroro AepxaBHoro yninepcr.rrery

KaHAr,IAar Sia uxo-rr,rareM arl4rrHl4x HayK KocrqHruu TI4II{EHKO

nianuc il!4L{44,1+Ka /{. b

nia.airy x -.*\ KArpj
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