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<Kpiorenni uanocrpyKrypra y niarp urifi i o6rr,rexeHifi reonaerpii:

BrJrlrB HaHopo3r"ripy Ha crpyKrypHi Bnacrr,rBocri >>o

npeAcraBJreHy ua r4o6yru HayKoBoro cryneHr AoKropa

S isnro -naareM arr{qHr{x HayK sa cneqialrH icrro

01.04.07 - Sisura rBepAoro rila

Ha upotrsi BXe rilrrox 4ecmmirr Hilrocrpyrryponani o6'errra rari, rK simHo
cQopuonaHi uacrepld s pisnnx peqoBnH, qacrKoso a6o uosnicrro BnoprAKosaHi HiurocncreMu
y nnrnxgi, HarrplrKJraA, reparrair a6o nninor, sxi 3acrocoByrorbcs y uirpoenerrpoHiqi,

Koun'torcpnifi rexHirti Ta y 6araruox $ynrrlioHanrrux npucrponq a6o cop6onani peqoBnHr,r y

loprrcrlrx uarepiara:<, Ta ix 6araro6i.rHi AocliAxeHHr i nuropr{crarrntr BxoArrb Ao
HariarryanrHiuux reM Qirnrn rBep4oro ri.na. Touy siAnoniAnicrr reMn ,qucepraqii
cneqianrnocri - rpisrr a rBepAoro rira i fi arcrya.rrrnicrb He Br{KJr}rKruorb xoAHr{x cyrlrHiein.

Baxcmanorc e rpnpoAa reoMerprrrHo-rpocroponoi o6uexenocd y rarfl{x cr{creMax, flKa

peanieyerbct 3a AolroMororc tK nimnnx noBepxoHb, TaK i rpannqr rr,rix oAnornnnnMr.r

AoMeHaMrr a6o KoM[oHeHTaMrr, mi yrBoprorcTbcr a6o 3 pisnrx peqoBnH, a6o pisHrx Sas
oAuoro uarepiarry, a rar(or( 3a AorroMororc crinox y [opncrrD( Marepiaran, rKrrMn e rap6ononi

ctiltluuru, mi Bnepme crruTe3oBarro aBTopoM rurcepmuii. PisHosuAn reoMerpuqHo-

npocroponoi o6naexenocri y noeAHanni s pisHnnan rr{rrzrMr{ ruixaronaHoi nsaenaoaii crBoprororb

umporufi creKTp HoBI{x BJlacrr{Bocrefi HilroMarepianin, flpuHrlr{floBo niAuiHHrax siA

MarpocKoni.IHoi uone4inru oKpeMr,rx KoMnoHeHT HuurocucreM, 3aBAflKrr rroMy gncepraqia

BoAHorIac ni4rpunae Hosi repcneKTr4Bu ,qocni.ereHb y rilrrox HanprMKil( cfrauroi Sirnru
rBepAoro rina.

Po6om BI{KoHyBaJracb B Mextx TeMarnrrHax nranis (Disnro-rexui.rHoro iHcruryry

HI{3bKI{x reMneparyp ina. E.I. BepriHa HaqioHanrnoi AraAeuii Hayr YrpaiHn ra srigHo 3
rigouunnall reMararlHwMtr [porpaMaMr{ MiuicrepcrBa ocsirn ra Hayrrr Yrpainn ra

Haqionalrnoi araAerr,rii nayr Vrpaurn, a raKo)K ra B pilMKax KoHKlpcHHx rpoerris (RHEED

study of perovskite surfaces> (rpanr MixnapoAHoro HayKoBoro Qouxy (MHO) U9P000 ra

{parrr U9P200 gi cuinrHoro Qongy Ypsay Yxpainn m MH@, repuin Br.rKoHaHHs 199G1998

Pp.); <Clusters of solidified gases> (y cninnpaqi s YninepcnreroM TseHre (HiaeprarrAlr) rparrr

HATO PST-CLG974849, tepuiH BlrKoHturrrn 1999-2001 pp.); <Hngmorenaneparypni

xapuu(TepucrlrKlr ra ab initio po3paxynKr{ anonnarruroi noneAisrn crpyKrypHr{x,

mouineclleHrHllx ra nponi4Hnx BJracrprBocreft roBepxoHb neponcririn ABOg ) (cninrHnfi

HayKoBo-AocniAHufi npoeKr 3 narsiftcrKr,rM yHinepcnreroM (Pura, Jlarnir), AoroBopr,r 3

MiuicrepcrBoM ocnitpl ra HayKr,r Yrpainu }lb Iv{/51-2019 raNgM/22-2020, HoMepr{ 4epxanHoi
peecrpallii 0l19U101820 ra 0120U103279 ni.qnoniAHo, repMin nuronaHHr 2019-2020 pp.).

y aanifi po6oti 3acrocoBuulo Aerinrra eKcnep[MeHTarrbHr,rx naeroAin Br,rBqeHHt

crpyKTyprr HaHoo6'ertir, a ral(ox pospo6neHo opnrinanuri MeroAr{Kt4, flK eKcnepr{MeHranrni,



ral( i rcopetravni, I.Ilm BnBqeHH.f, HarrocrpyKTyp i uonepxonb MoHoripncrarrin, 3oKpeMa
repoBcKirin.

Pesylrtarld Aocni4xeHr, IrIo npr{BeJru aBropa Ao rosr{TrrBHrn( pe3ynbrarin, {pyHToBHo
Br'IKJr4AeHo B Al{cepmqii. Carua po6om cKJr4Iaerbcr si ncryny, il'flTvr pos4inin, Br{cHonrin,
crllcKy Bl'rKoplrcrtulrx AXepeJr, Y ncryni o6qpyHroByerbct aKryzulrsicrr reMr,r AocniAxeHb,
cr[oprr,rylboBarlo Mery i saBAaHHs .qocni.qxeHb, sri Br{KoHyB 3;trrrcb, nepeliueno rorosHi
pe3yJrbrarl{ 3 aKrIeHToM Ha ix HoBI,r3Hy, po3rurrHyro ix [paKTuqHe 3HaqeHHr, Aerarrbgo
BIEHarIeHo oco6uctufi BHecoK Ar,rcepranTKr{. HaneAeHo insopnaarlirc npo anpo6aqiro
p$yJrbraris Ha HayKoBHx ronQepenrlifl( Ta cuunogiwil(. Arqenryro yBa,ry Ha nayrconift
nosngni po6otn, rKa cKJrailaerbcfr s Aecxri rrynrcrin, naft6inrm qixannuvr cepeA rKrirx, Ha Moro

AyI![Ky, e nacrynni:

1. IuuneueHroBturo Hu3bKoreMnepar)?Hy nepciro rurr[parqii mBrrAKr{x elerrponir Ha
ni46nrta (RHEED) s opnriHarrurorc reoMerpierc sfionarn, 3aBArKr{ srifi Breprue orpr{Ma}ro y
eKcnepHuesri uonHufi o6pas rnasignonnnaipnoi o6epneuoi nonepxnesoi peruirru y nnrnr4i
crpnxnin, nep[eHArdKyrspHnx Ao MoHoKp[rcrani.rHrx rroBepxoHb i nao4ynboBarrnx sa
ToBIqI{Hon. IIfl pospo6ra Ao3Bo lrnila Breprue BwtBurLt e$err crucHenrrr Kpr{cralri.rHoi
pemirru rapaJleJrbHo noBepxHi y uepruift urroIquni nes6ypeHoro Kpr,rcraJra STO n inrcpnani
reMrrepaTyp 5 - 300 K, IrIo rocl{Jrrcerbcr rrpr,r 3nr{xenni reMreparyp}r.

2. Bnepme cI,IHTe3oBarro ByHIeueBy crimnrr ony crpyKT)?y 3 Hlr3bKoro rycrr{Horo, ffKy
orpHMarro s cy6niMosanoro y naxyyrtri rpar[iry, y mift crimn rraix roruiprauu cQoprr,roBano
JIr{rIe 3 oAHoro luapy rpar[eHy. IIt crpyKrypa 6asyerscx y ocHoBHoMy Ha nari6inrru
cra6inrHifi ronr[irypaqii Byureqrc spL, alre) sK noKa3arro reoperprqHo, Mae uixaronrsi
3n'r3Klr qp3 ns4onx niHifi s'e4nanns MbK KarraJraMrr.

3. 3narl4eno i nnepme 3acrocoBarro MeroAr{Ky Hacr4rreHHr nosoi xouiproaoi nyrneqeaoi
crpyKr)?n - rap6oHoBl{x crilurrrin peropguuM}r rilrrocrrun B€DKKr{x ineprurx ragis Kr i
Xe, mi crarroBJlrrs 4 - 7 niAcotris gi.q xinrxocri aronais Byrneurc y Marpr{qi. MeroAr.rKa
[oJrtrae y nacnqeHHi rouiproanx MarpI{IIb 3 TBepAorilurrx cranis y ancau6lsx
KoHAeHcoBtuIux rpnctanirin Ha nninqi 3 rap6ononnx crimnurin rprr rcnaneparypi,
6nr,lsxifi .{o ix cy6niuaqii y naxyyrtri.

4. llpn BHBqeHHi cop6uii, a ral(ox roA{tJrbrrroi 4ecop6qii ABooKr{cy Byrneqro 3 ByrnerleBr,rx
ctinrHllrin nuepme BnflBJIeHo ABocryrreHennfi xapar(Tep 4ecop6qii, xrnfi non'lsyerbcr 3
pisnoro sgaeMoAiero MoJreKyn 3 Marpnqerc y By3bKr{x ra mrrpoKr{x Karr€urax, a rar(o)K
BcraHoBJIeIro, rqo 3aBAtKlr c[nbnoMy rn'rssnannro si cduraur ranzulis rap6ononnx
ctinrnraris Aecop6qis COz g raroi Byrnerleroi crpyrrypu He saBeprryerbcr nasirr npu
TeMneparypi ir,raftxe atprui nnqifi, uix reuneparypa cy6nirr,raqii s nJrocKr{x niffragoK y
naryyrrri.

Ifepmnfi pos4i.n npncBtqeno Teoperr{rrHr{M Ta eKcnepuMeHTaJrbH}rM .qocniAxeHHrM
crpyKryp igornosaunx HanoKJlacrcpin aroMapHr{x i uoleKyJrrpHr{x rpioxpllcraris. y

reoperl'rgHoMy po3ruItqi ni.qreopeHo noBHy nocniAonnictr Hafi6inrur eHeprernqHo nurignnx
crpyKTyp aroMapHr{x HarroKJracrepia y mnpoKoMy Aianasoui poruipis si.q 13 ao - 105 arouit,



flwrilr 6yn cyrteBo po3llrnpeHr{M uopinuxuo 3 nonepeAHinau reoper}rqHnMn AocliAxenH.f,M}r, y

tKlrx, tK npaBrlJro, posuipn KJracrepin He repeBr.rqyBirJrlr lOa arouin. ,{ani reopi.a uopinnrcerbcfl
g siAor,InMld eKcnep[IMeHTaIrbHLlMr{ AocriAxenHrMr{ KJracrepin ineprHr,rx eJreMesrin y ra3oBtrx
crpryentx, mi po3lrruplolorbct. Taxe nopinneHnx e o6qpynroBarrlrM, ocKinrrra caMe y rarnfi

cnoci6 Moxyrb 6ytv' crBopeni aifiuro nimni isomoeaHi aronaapHi rcnacrepn, B3aeMoAix y rxnx

Ao6pe onucyerbct napH vlrtu norcnq i anraNtn, 3 acrocoBarr r{Mr{ y reoperr{qHoMy pos rffgi.

Y excnepl,IMeHrallbHnx AocniAxenHfi MaKpocKoniqurx rparxin (o6'erraona Aerilrxa cnr';
HanoKJlacrepin 6naropoAHnx ragis (posnaipou 54 HM) MeroAoM BropcKyBaHHr Aouiurxo-
reniesrx cyuimefi y HaAnJlr,ruw*tfa renift 3a yqacrrc Ar.rcepraHTKr{ rroKa3ruro, uo orpmlani
3pa3Klr cKJra,Aarorbct si cra6o B3aeMoAircqlx HruroKJracrcpin 3 ocrMr,r crarrrerpii n'sroro
nopffAKy, Tarcrrrx tK ixocaeAprr ra AeKaeApu y ni4nosiAuocri g reoperr{qrrnM nepe46aueHHffM

aBTopa Anceprarlii. Kpina roro, npoAeMoHcrpoBaHo, r{o roJroBHr.rM QaxropoM npn Qopr"rysanni
HarloKJlacrepin iHeptunx eneMeurin e Br{Mora naiuinaarrbHoro 3HaqeHHr roBepxHesoi eHeprii.

V 4pyronry porai.ni Teoperuqno rpoanarigosaHo perrarcaqirc crpyKryp Krracrepin lo
nafi6inrur eueprerlrqHo nnri4Hnx rouSiryparlifi, 3acrocoByrcrnr ABa rr{ru napnr{x rorenqianin
JleHHapAa-ftroHca i Agisa. PosrrrHyro repexoAr{ uix OIIK, fIIIy i |IIK crpyKrypaMu 3
Merorc snaftTr nafi6inrm niporilHi uexaHiguu niAnoni.qHr,rx ueperBopenr. flpu Aocni.qxeHui
penaKcallifiHux guin y OI$( Krracrepa:r 6yno rHafi4eHo, rrlo nepexi4 OIIK-|IIIY noquu aerbcn
Ha roBepxHi uacrepa i nomuproerbcr Ao rleHrpy KJracrepa. Mix roqarKoBoro OIIK ra
riHrleeoro |IIIY 6ylo suari4eno nporraixHy opropona6i.rHy crpyKrypy.

,{ucepmnrKolo [poBeAeHo eKcnepuMeHTarrbHe peHTreniscrxe AocniAxeuHr esoJnoqii
MarcpocKoniqHrx ancarudnis HruroKJracrepin aprony, rorrepeAHro cm6inisoBuurrx y
IraArJil{HHoMy rertii npn rroAarrbmoMy spocranni ruracrepin sa Me)KaMn pigoro redrc.
florasano, Iuo crpyKrypa raKax rcnacrepin neperBoproerbcr 3 |IIK na |II{Y y Hr{3bKoMy
naxyyrtli s SopuynanrrffM nponrixnoi opropona6i.rHoi crpyrryptr, qo 6ylo rru(ox uepeg6a.reuo
Teopernquo aBTopoM 4ncepraqii. Taroro rr,rfly flepexoAr{ uon'rsyrorbcr si 3HaqHr,rMr,r
6ap'epaun, noAoJlarrH.f, tKrrx crae MoxJrHBr{M 3aBArru srdAinenHro eHeprii, Hiilconnqenoi sa
IroBepxHD( HuuroKJlacrepin. Anroproro 3arpononoBarro opnriHanrnufi reoperr{qHr,rfi niAxrl,
srwtrt 6asyetrc s, Ha BnBrIeHHi rnarirapMoHi.rHoi uecra6inrHocri Kpucr{uin iHeprur,rx eJreueHrin
Ne, Ar, Kr m Xe m ix floBepxoHb, 3aBArKr,r rKoMy 3'scoBaHo npnrrraHn i naexanisur.r, sri
[pr.r3BoArrb Ao rreperBopeHb y cr.rcreMux aroMapHr,rx Hanoruracrepin.

V rperboMy por4i"rri po3ilrtAaerbcfr nopinnxnrnwft ananis noBepxnesoi penarcaqii y
Kplrcrarlax 3 pisnoro nrixarouHolo B3a€MoAiero, a caMe y KplrcraJro( inepurrx rasir, y
MOJIeKyn4pHHX KprloTarrax, a r€u(ox y nigouoMy MoAeJrbrroMy nepoBcKiri SrTio3 B 3&rrexnocri
sia reMneparypl,I. floraeano, qo crarr{qua penaxcaqix Ha fioBepxufl( rpr,rcmlin ineprnnx
enenaentiB nplr3BoArrrb Ao po3rrrnpenr{fl [oBepxHenoi rrJrorq[Hr{ Hrr3oBui. flpoAeMoHcrpoB€tno
Mo)KJII{Bocti Qopuynannfl, peryntpHux HauocrpyKT}fp Ha noBepxr{fi Monorqpucrarri.rHux
repoBcKirin, 3oKpeMa raKnx, flK perynxpHi cryneni Ha nonepxui. Tarci Harrocrpyrryprd e
BlDKJruBlI:lr.u Na crBopenut Keponanoi Hruroposnaipnoi apxirexryprd y po3po6qi, HarpLrKJraA,
eneMeHTis Anr uixpoenerrpoHirn a6o KoMr'rorcpnoi rexHirH.

Ilerneprnfi por4in rpucBtqeHo Brrepme cnHre3osaHift aBropKoro 4ncepraqii
nyrneqenifi ctilrHnrosifi crpyrrypi s HH3bKoro rycrr{Horo, TaK 3Barrr{M rap6oHoBr{M
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ctilrHuranr, y flKl{x crinrz uix ronaipraun csopnaoBarro Jrr{[re 3 oAgoro ruapy rpa6eny.

,{eranrrro po3nrflHyro rpoqe.q}?y BHroroBneHHr rztKux crpyKTyp. Orpnnrana crpyrTypa
6aryetrcx y ocHoBHoMy Ha nafi6inrur cra6i.rrrnift roH$irypaqii Byrneqrc sp2, rure, rK
TeoperlrqHo [oKa3arlo, B3AoBx( niHifi s'e4Hanru uix ranaJraM[r Mo]rsu,rBi uixaronagi gs'.f,sr" sp3.
flpone4enufi ananis roKa3aB, Iro Ha rpaHl,Irlfi crpyKTypn MoxJrr{Br,rM € c1anr6ios 3 ByrneqeBr,{Mr,r
naHorpy6KaMr.[, qo6 3aKpnrr{ HecKoMneucoBaHi gs'.flgr[.

Kpirra roro, y po3AiJIi HanoAnrbcr KoporKrfi orns,q BXe BeJrnroi rimrocri
po6it, y tKI{x po3rnfl.qaeTbct runporufi cneKTp yHiralrHnx Bnacrr{Bocrefi
crinrrnris - Mexaniqurx, eneKTpoQisrunrx, MarHirrrx, cop6qifiHrirx ra inmrx.

TeopeTrIqHr{x

rap6oHonux

y ntntouy pos4i.rri AerarlbHo po3rurf,Hyro cop6qifini BJracrr{Bocri ByrneqeBr{x
crinbHnxis. 3nafiAeuo i sactocoBarlo MeroAI4KLr HacrqeHHq rliei xouiproroi nyrneqenoi
crpyKTypl'r peKopAHnMrr rinsrocrrul{ BaKKI{x ineptnrx ragin Ar, Kr i Xe, qo crarroBrrrb 4 - 7
ni4cotrin siA rilmocti arouin Byrlleqrc y uarpuqi. PisHi norurr{HarrHr y crinrHrarax e
upn6rmsno y4ni'Ii nnlqe rlltx, sri nasiTb reoperl{trHo Moxyrb o.rirynaru cfr y Hrurorpy6ran,
.sKrqo yBecb nHyrpirunifi npocrip 6yae 3aroBHeHr{M.

OcHosHa MeroAIdKa ronf,rae y Hacllqenni ronaipKoBrD( Marpnrlb 3 TBepAoril4urx craHie
y aHcaM6rsx KoHAeHcoBaHnx rpncrairirin Ha uinra< 3 rap6ouonux crilrHurin rpu
reMreparypi, 6lnssrifi ao cy6linaaqil eianon1.qHoi peqoBnnr,r y Barcyyrvri. IIpu Br,rBqeHHi cop6qii,
a rar(ox noAanrmoi 4ecop6qii ABooKI{cy ByHIeIIT 3 ByrurerleBr{x cri6Huxis Br.rrBJrego
ABocrynenenufi xapiuffep 4ecop6qii, nrcnfi non'ttyerbcr 3 pisHoro ngaeMoAiero MoJreKyn 3
Marpl{qelo y By3bxnx i m}rpoKl{x KaHarlix. BcmnoBJIeHo, Iqo 3aBArKLr cnJrbgoMy et'xs5rnannro gi

crill aula Karrarir 4ecop6qis COz gi crinrnurosoi crp)r(rypn He 3aBepmyerbcr nanirr npu
reMrepar)?i rvrafixe rrpnui nnqifi, nix reMreparypa cy6niruaqii 3 nJrocKr{x nip6n44or y
naxyynri.

Y 4ucepmqii cQopnrynboBano Iliry HLrsKy HoBr{x i npnHqurroBo BaKJrr{Br{x pesyJrbrarin,
Hali6inrm rlirawrMr{ cepeA rKrrx, Ha Moro AyMKy, e uacrynni:

l. InanneuenroBtulo HLr3bKoreMreparypuy nepciro azQparqii rrrBlrAKlrx elerrpoHin Ha
sil6nrrg (RHEED) s opnriHanbnoro reouerpierc sfionrxu, 3aBArKrr qrift Brreplue
orpl{Marro y eKcnepnnaeHri uosHl,Ifi o6pas rea3iAnonnuipnoi o6epHenoi roBepxHesoi
peruirrr'r y BI,IDrtAi crpnxHin, nepneHAr,rryJrrpHr{x Ao MoHoKpr{crulrri.rHr,rx [oBepxosr i
MoAyJIboBaHIdx 3a ToBIqI{Horc. IIfl porpo6ra Ao3BoJrr{na Brrepme BnflBHTr4 eQerr
crucHeHHt Kpr{crarli'nroi pemirru ilaparenbuo noBepxui y nepmift nlorqnni
ues6lpeHoro Kpl'rcralra STO n intepuani reuueparyp 5 - 300 K, r4o roc1aJrK)erbcfl rpu
3Hlrx(eHui rerr,rnep ffyp*r.

2. Bnepme cnnTesoBarro Byrneqeny criruHr,rKoBy crpyKTypy 3 HH3bKoro rycrruoro, sKy
orplrMarro 3 cy6niuoBauoro y naxyyrr,ri rpaQiry, y sxifi crinrra naix rouiprarr,ru
cQopuoBtulo rllrrue 3 oAHoro ruapy rpa$eny. IIr crpyKrypa 6asyerbcfl, y ocHoBHoMy Ha
Hafi6imm cra6inrnifi roHQirypaqii nyrneqrc sp2, anrc, flK roKa3ilro reoperr{qHo, Mae
naixatonani sn'sgKr,r tp3 

"s4osx 
ninifi s'e4Hauu.r rraix Karrir.[urMr{.

3. 3naftAeHo i nueplrle 3acrocoBaHo MeToAI{Ky HacnrreHHr Hosoi ronaipronoi nymerlenoi
crpyKTypn - rap6oHoBlrx crilrHurin peropAHr{M}r rinmocrrur,r BrDKKtrx ineprrux rasin
Kr i Xe, mi craHoBJltrr 4 - 7 silrc,orxis nil ximrocri arouin Byrneqrc y rraarpraqi.
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Merognra norsrae y Hacn.reHui ronaipxonux Marpnrlb 3 rBepAorirsHnx cranis y

ancarra6rgx KoHAeHcoBaHI{x rpucmririn Ha nnisqi 3 rap6oHou,rx crimnrxis rp}r

reMreparypi, 6ruasmifi go ix cy6ninaaqii y naryyrrai.

flp" BlIBqeHHi cop6qii, a taxox( roAuurruroi 4ecop6qii lnoorucy Byrneqro 3 ByrnerleBrrx

cdnrHurin nnepme BrrrBJreHo ABocryreHeBnft xaparrep Aecop6qii, sxuit uon'xsyerbcfl 3
pirHoro B3aeMoAierc naoreKyn 3 Marpr{qerc y By3bKr{x ra rrmpoKr{x KruraJr ax, a raKox

BcraHoBJIeHo, Iqo 3aBAtKH crrJrbHoMy ln'rsynaHHrc gi crinrarrau raHatin rap6oHonux

crilrsnrin 4ecop6qig COz g raroi Byurerlenoi crpyrcrypr He 3aBeprryerbcr uanirr npn

reMreparypi rvraftxe rrpn'ri nnqifi, Hix reureparypa cy6ninraqii s rrJrocKrrx niArnaloK y

nalcyyrr,ri.

ilparrurrne 3narreunfl p$yJlbrarin neprrr 3a Bce [oB'.f,3aHe 3 TraM, rqo:

3'scosano, trKLIM qr{HoM i ganAsKr,r rroMy cTpyKTypHi neperBopeuHfl, rrlo HeMoxJluni y
MacHBHI{x Kp}IcraJID( Moxyrb 6yru peanisonz[rr,rMr{ y cr{creMux, .trci Qopr"ryrorbcr 3
Hauopo3Irripnrx qacrl{H. Ha nporssi ocrannix poriB B3araJri sorffo co6i yflBvrrvr rKycb
cQepy, Ae 6 He BnKoplrcroByBilJrprcb a6o ue AocniAxparncfr.6 pisni Hauocrpyrryporani
o6'ertu.
Pospo6neno MeroAHKy crBopeHn.fl o6'eMHr{x rinrrocrefi HanoKJracrepin upu iHxerqii

KJlacrepin y H44[JII,IHHrdfi renifi, rKa e yHinepcanbHoro gnx 6aratsox ximi.rHux peqoBr,rn.

BHn.reHH.f, eBoJrloqii xnacrepin 3 [oqarKoBo HaKorruqeHoro noBepxHeBoro enepriero y ix

ancala6rsx rrpn napironanui rerranep arypu i .racrroBoMy cnJraBJreHHi ngAoBx [oBepxoHb

Moxe spo6nru KepoBaHI,IM crBopenHt HoBHx nrarepizurin, sna.rHo Jrerurux nopiBHflHo 3

MacHBHI{MI.{ Kpl,rcraJraMu i oAHoqacHo noBepxHeBo aKTHBH}rx, ocrinrrra npu

KoHHroMepaIIii HaHotlacrr,rHoK 3illrnruuuorbcfl nirsnnuu KaHalrr,r y arperaqirx. Tari

KoMlJIeKcI,I Moxyrb 6yru BOKJTT{Br,rMr{ Anfl 3acrocyBarrb y MeAr,rqnHi Ans crBopeHHt

drin, sri JrerKo po3rlrrHlororbcr y opranisui a6o niAuosiAHr.rx pi4anor, a6o \nfl
crBopeHHff Marepiania, Jlerrrrnx i crifirirnrx nopinuf,Ho g ik rdacnBHlrMr,r auarroraMn, a6o

y ratanisi qn no6yronift xinaii.

Pospo6neHo ra BI{BqeHo MeroAonorirc crBopenns rprrHrlnroBo pisnnx rlanis (rnasi)

auopQHllx cranin, xra Moxe 6yru 3acrocoBanoro, HaJrpr,rKJraL, Nrfl. no6y4onn reparuix,

ocri.nutu Aemi 3 TaKrrx cranin e ro cyri uonirnacrepHr,rMn Qopuarli.f,Mr, xri uoxyu

6yrn uepe46aueHrMn i qinecupf,MoBaHo crBoprorlaruc ..

Bnepme cnnre3osaHi aBropKoro .qucepmqii rapdoHoni crilrHurr,r Marorb ApKe
ruHpoKl,Ifi cnerrp noreHIlifiHux 3acrocyBaHb, sri nxe po3rnrHyro i BuBrreHo reoperuqHo

y nelnrifi rilmocti cratefi, npucBsrreHr,rx rlboMy o6'erry: HaKo[HqeHHfl BoAHro y

narllrBHllx eJIeMeHTax, MoneKynxpHi cvrra, rrorurnHaqi naexani.ruoi eHeprii, HaKorruqynaui

eneprii y BprrntrAi Li (Na) 6arapetrr a6o cynepKouAencaropin, MoxJrrBEM e crBopeHHt
pisnouanirnrx KoM[o3lrrie s rr,rarpnrlrMrr 3 TaKr{x crinurnrin, rorqo.

PosrnflHyBlrln rr,ratepiaru po6oru ra nopinHxBrrrr ix 3 Br,rcHoBKElMrr gucepmqii Ta

anropeQepary MoxHa spo6uru Br.rcHoBoK, rrlo HayKoBa HoBu3Ha pe3ynbrarin He BuKJrr{Kae

4.

l .

2.

3 .

4.



cyllHinin. CSopnaynboBaHi y po6ori Br{cHoBKr,r ra peKorraen.qaqii gacnonaHi Ha Aera"nbHoMy
BI{BqeHHi nireparypHtlx Ax(epen, TeopernqHux [oJIo)KeHb ra eKcrrepr,rMeHT€urbHrrtx AaHr{x 3a
reMolo Al,IceprilIii. Ha cboroAHiuurifi AeHb MolKHa cKa3arr.r, lqo pe3ynbrarn po6oru e 4o6pe
ni4olanun, a BrIcHoBKn 4ucepmqii e 3arulJrbHoBlr3nzuruMlr. AnropeQepar B nonnifi uipi
nigo6paxae rpricr BnKorranoi po6orn.

O6rpyHrosanicrb ra Aocronipnicrr pe3ynbrarin, Br{cHoBKin i nayKoBr,rx roJroxeHb,

cQopnaynboBaHl,Ix y Al,Iceptaqii, 6asyerrcfl Ha Aocr{Tb spiarnir rona6iHaqii ercnepr,rMeHr€rnrnux i

Teoperl{rlHl{x nreroAis, xr ni4oMr{x, rar i opuriHanbHr{x, pospo6neHrax AucepraHTKoro y aaHifi
po6oti, sri B3aeMHo AorroBHrororb oAr,rH oAHoro. Anroprorc .qncepraqii 3acrocoBaHo

Teoperuvni pospo6xu, rxi 6asyrorbcr Ha repBrrHHt4x nplrHrlr{rax i e .{irrco opienronaHr,rMr,r caMe

Ha Hanopo3uipHictr AocnilxyBanr{x o6'ercris, Nrfl, eKcreprueHralruoi nepenipru

Teoperl,Itlnax BLIcHoBKis Ha o6'ercra<, xri e uo.qi6uvMu Ao reoperrrrHtrx uoAelefi. IIe Aarro
3Mory 3aBAtKH caMe HaHopo3naipHocri nneprue sHafiru piuennx Aerilrrox npo6lerrt, trci

aKTr,rBHo Ar{cKyryBanfircfl, Ha nporrsi ocraHHix porin.
Ale noptA 3 ro3I,IrHBHuM BpiDKeHHTM siA Ar,rceprarlii Kpafinrcronoi H. B. e rilrra

3ayBOKeHb:

l. Pospa:<ynKr eneprerl{Kn (o6uucneHHr na peruirKrx y rnasirnacurrHoMy na6n*rxeuui) ra
sia6ip orrl,IMtulbHr.rx reoMerprrqHrrx ronQiryparlifi (rparor) HaHoKJracrepin

Bl{KoHylorbcfl y podori 3a AorroMororc AerKr{x MoAenbHr{x norurqianis B Me}Kax

npnHIILr[y rraininranruocti 3araJrbHoi noreHqizururoi eneprii cncreun. Hanenno, rari

po3paxyHru go6pe ni4nouiAaroru caMe nymorifi reuneparypi T:0, KoJrE enrpouiirctuit

Qaxrop HeMae Hi.flroro 3HaqeHHr (sri4Ho rperboro 3uu(oHy repMoAunauixra). O4Har npra

riHIleenx reMnepaTn)ax, sri taxox po3rnrrAarorbcfl y po6ori, a raKox rprr Bennrifi

rilxocti arouin y HilroxJracrepzx N> I d , eHrponifiHi eQerrn, Qnyrrarlii ra sarexHicrr

niluroi eHeprii ni4 ronQirypauifiuux 4eQopnaarlifi Moxyrb BvrnBkrrr4cr cyrreBrdMu. Touy

AoIlimno 6yno 6 TaKox Br{KoHarr,r siAnosilHi po3ptxyHKr,r, B[xoAfltrr,r 3 rpr,rHrlr,r[y

eKcrpeMarlbHocri (rraarcunaamHocri) caMe eHrpouii, ToMy rrlo caMe rarufi craH

ni.quoniAae craHy repMoAuuaruiqHoi pinnonarn cucreMr,r.

2. V tercri guceptaqii.qerimra pasin 3raAyerbcr npo saxrr,rnicrb (HynboBHX KoJrrrBanb),

oco6nrEso rpn HaAHrr3bKr,rx reMfieparyptx, rrro e rporBoM cyry6o xnanroBr{x e$emin.

Ane n po6ori niae He nprlBo4.rlrbcfl eilnosiAni pospaxynKn eneprii HaHoKJracrepin (ur,r

rrocnJraHHs Ha Hrx), Bl.TxoAf,qr,r caMe 3 KBaHTosoi nocranoBKrd 3aAaqi - He HaBeAeHo

xoAHoro MoAenbHoro ftlMinrtoniaHy, HeMae nnpirueHH.f, 34Aaq [oruyKy eueprerrqnoro

c[eKTpy, ToIIIo. Otxe, He3po3yl\[iro, xruafi caue B[JrrdB Marorb qi rsaHroni e$errr,r Ha

AocniAxeui y po6ori Harrocrpyrtyprn?

3. ,{r,rcepmqia Mae HeBA€ury 3araJrbHy crpyKrypy. Bi4cyrHifi no.rarronnfi pos4in 3

niteparypHnM ornrAoM craHy HayKoBr{x npo6neu, xri po3rnflAaroTbcr, Ta

cLIcreMarI{qHI{M orrucoM ni4ourax pe3ynbrarie rqoAo HLrx. Tonay qefi orruc aBTopKa

BI4MyIIreHa pobntu B KolrffioMy 3 posairin po6oru yneperrairu 3 opurinalbHuMr

pe3ynbraraMvl, iHo4i, Haniru, nanpuriHqi pos4inin, pruoM 3 Br,rcHoBKaMr,r. IIIo, Ha uift

rorJrffA, ycKJraAHIoe 3aralrbue po3yrlriuHq ra scnicrb Br{KJraAy Ancepraqii.



4. Tercr auceptarlii naictnrr pu rroMHJroK, He3posyuinnx nncronir, cyrepeqnlrBrrx

rcpnaiHin ra rBepA)KeHb. Hanpurn4g:

1) rlactuHa cKopoqeub HaBereHa B yrpaiHcrrifi, a iHura n aHrnificrrifi TpancKpunqil,

a Aesri 3 Hr{x sycrpiuarorbcn n o6ox (fUK, fIIIy, OIIK, roulo).

2) Hespoeyruine rBepAxeHHr <Ha6araro BrJrr{BoBiuruuu Hix rapaMerpr{

3acrocoBaHl{x norcuqianis e peaJrbHi ercnep}rMeHranrHi yrraonn> (crop. 50).3 ) i:':":ffiil ";:-ffi 'flffi 
"#k, H:x'ff J:i::1'J::JTffi

r'sroro roprAKy, xri KoHKypyrorb 3 roBepxueBoro eHepriero> (crop. 53).

4) Hesposylri:liutrt sncrir (...raKa crpyKrypa e Meracm6inrnorc ... > (crop . 97).

5) Hesposylrili tepnainn <<...Mfr noAnie)) (crop. 118), <<o6'ennrorc KplrBoro) (crop.

2r7).
6) He noscHeHo rcpnaiHn (...reMneparypn Krracrepin> (crop. 66), ((...Ha rpar[iri

[100]> (ni4nIac Ao pl{c. 1.15, crop. 97), <<pe.narcaqirc o6'euy> (crop. 134).

7) HenipHnfi repmin <...reopii $ynrulionanrHoi rycrr,rHr{D sar{icrr <rcopix

Qynrqionarry ulilruocri> (crop . 214 m .qeiu.qe).
8) Cynepevnusuf,r rcprr,riH <...Hefirponin nncoroi ulinrHocri> (crop. 84).

9) Cyuepe.urnBe rBepAxeHHr <3Ha.rHr,rfi rexnororiqnnft noreHqian repoBcKirin e

ocHoBHoMy o6ynaouennit ix BucoKoro 4iererrpurrHoro npoHr,rKHicrro> (crop.

196), ToMy IIIo rpinr llboro e iurua BeJrr,rKa HrBKa BCIKJrr,rBax 3acrocyBaHb

neponcritir (nanpur JraA, irpift-zurrorvriniesnx neporcxirin (YAP), AoroBaur{x
piAroserr,reJlbuuMl,I eJIeMeHTaJvtrd) y srocri cqr.rHTlrJrf,qifinrx ra na3epHr{x

rpncralin.

l0) Haato ryqHe ra Ayxe cuipne rBepA)KeHHs <fliacyuoByroqu, ni4rpecJrroeMo

3HoBy, Iqo 3anpo[oHoBulrla criruH]rKoBa crpyKTypa CH e eArrHoro cepeA niAouux

Qopr"r Byuleqrc, flrta niAuosiAae ycifi cyrynHocri eKcrrepuMeHrzrrrbur,rx

cnocrepexenb. )) (crop. 25 l).

I l) flonannrosi BlrcJIoBI{ <...s6inbrrreHHr napauerpin, rapurnenbHr'rx nonepxHi>>,

<...cuoci6o no.qi6nnfi ,qo AI,IcKperHoroD, <flaparraerpr{ Kpr,rcTnrri.rHoi peurirru

nsarzuri, BKrloqaroqu rapaMerpr{ Ha uonepxni, e Ayx(e qyrnuBnMr,r

iHcrpyrvreuraMr.r. . . > (crop . 215).

l2)y Qoptnryni (1.1) (crop. 89) ta inrunx cKarrrpHa BeJmrruna Q rroMlrJrKoBa HarBaHa

rK (Q BeKrop poscinnannrD.

13) fpauarnqHo HeBAarIe peqeHHr dli rapar\derpu AeMoHcrpyrorb ABi qirasi

reHAeurrii. > (crop. 217).

OAnax qi 3ayBOKeHHt rpI{HIIrrnoBo He 3Hr{xyrorb HayKoBy i npaxnruny qinnicrr

Alrceprallii Kpalinrorosol H. 8., sKa B qinorray frBrfre co6orc gaxiu.reue HayKoBe AocliAxenHs., a

nayroni ra rpil(rn.rHi p$ynbrarr,r Miuorr yci o3uaKr{ o6panoi cneqialrHocri - <0l .04.07 -

Sisnra rBepAoro rina>>.

OcnoeHufi gnaim Allceprallii ra [onoxeHr, xri aBTopKa BnHocr,rrb Ha 3a)orcr, AocrarHbo
noBHo po3Kpl{ro B y 23 crarrn( y nponi4Hr4x peqeH3oBaHr{x nirrrsurulrx i iHoseMurx



xypHarluD(, 3 HI{x 9 crarefi 6eg cnisanropin, i e 15 re3a( 4ononi4efi Ha HayKoBrrx
nir.rugutHnx ra naixHapoAHrrx roHQepeHrli{x. lligrpecnro, qo 3 l0 xypHarin, y rKr.rx
ony6niroBarlo ctatti s4o6yna.mn, noJroBr{Ha, ro6ro 5 xypHarrin niguocxrbcfl Ao rrepruoro
KBaprrlrrlo Ql niauoniAHo Ao KrracnQiraqii SCOPUS i WOS, ABa )KypH€rrru - Ao Apyroro Q2, lqe
ABa Ao rperboro Q3 i rurme oAr{H Ao rrerBeproro KBapr}rJrro Q4.

Perylrtatn po6otu AonosiAaJrucb Ha 6arauox npecrr,rxnr,rx laixuapoAHux i
nirrl,IsHf,Hux ron{epeHqirx, nepeJriuy ruuue AerilrKa 3 Hr{x: l3-th International Symposium
on Small Particles and Inorganic Clusters (Sweden, Gdteborg, July 23-28,2006); MAR07
Meeting of The American Physical Society (USA, Denver, Colorado, March 5-9, 2007); 8-th
International Conference on Cryocrystals and Quantum Crystals (CC'2010) (Russia,
Chernogolovka, July 26-31, 2010); 9-th International Conference on Cryocrystals and

Quantum Crystals (CC'2012) (Ukraine, Odessa, September 2-8, 2012); 1l-th International
Conference on Cryocrystals and Quantum Crystals (CC'2016) (Finland, Turku, August 18-
24, 2016); l2-th International Conference on Cryocrystals and Quantum Crystals
(CC'2018) (August 26-3l, 2018, Poland, Wroclawl Wojan6w); European Material Research
Society (EMRS) 2019 Fall Meeting (Poland, Warsaw, September 16-19, 2019);
International Advanced Study Conference Condensed Matter & Low Temperature Physics
(CMLTP'2020) (Ukraine, Kharkiv, June 8-14, 2020); Functional Materials and
Nanotechnologies (FM&NT-2020) (Lithuania Vilnius, November 23-26, 2020); ra
ouy6rirconaHi B Marepiana,r i s6ipHuKzx BKa3anlrx roHQepeHrlifi.

fli4cylloByloqe cKa3aHe, fr BBilK€lro, lqo Ar,rceprarlifina po6om Kpaftluorosoi Hinu

BacndsHr <Kpiorenni HaHocrpyKrypn y nigrpurifi i o6naexenifi reonaerpii: BrJnrB
HaHopo3r"ripy Ha crpyKrypni BJIacrI{Bocri>> 3a aKryanrsicrro, AocroBipnicrro p*ynbraris ra

HayKoBoIo HoBH3HoIo i ocnosHnMvt HayKoBr{rrara i npaKTnrrHr,rMr{ p$ynbraraMr,r niAuoei.{ae ncinr

BrrMoraM r.9, 10, 12 <floprgry rprdcypKeHHr HayKoBr,rx cryneHin>>,3arBepA)KeHoro

flocmnoBolo Ka6inery MiHicrpin YrpaiHu .l{b 567 sia 24 irr{nurr 20t3 p., a u aBropKa

6esynaonHo 3acryroBye rplrcy.ipKeHrrr HayKoBoro cryrreH.fl AoKTopa $irnro-MareMarr,rqnr.rx HayK
ga cneqiamnicrro - (01 .04.07 - Qisura rBepAoro rila>.

OQiqinnnfi ononenT:

AoKrop $is. - Mar. HoyK, npo$ecop,
qJreu - KopecroHAeHr HAH Vrpainn,

AlrpeKrop Incrzryry MoHoKpncranin HAH Vrpai, I.M. Ilpnry.na

fli.qnnc I.M. flpnrynn sacni4yyro:

s.reHr.rfi ceKperap

IHcruryry MoHoKpncrarie

HAH YxpaiHn,

KiurAldrar Qisnro-naareMarnrrHr{x HayK K.M. Ky.nur


