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oQiqifinoro orroHeHra Ha Ar4ceprarliirry po6ory Kap6onuurca Inaua

[vrurpoauva "MexaHiguu Soprr,rynaunr uanofias ra elexrponni

rpoqecl{ B lrrapyBarzx Kpl4crari.rHzx ra ri6pra4uzx Qynrqionalrnux

uarepianax", ro4arly na:4o6yrrr HayKoBoro cryrreHfl AoKTopa Si:uro-

MareMarlrqHrax HayK 3a cneqialrnicrro 01.04.10 Qi:ura

uauinuponi4nurin i 4ienerrpuxin

3asAaHH.fl nollryKy ra 4ocniAx{eHH-f, HoBLrx HaHocrpyKTyp 3 KepoBaHvrMLr

$yurqioH€trlbH?IMl{ BJlacrl{BocrflMrr na6ynae croro4Hi oco6nzsoi arryanrnocri. Y

pe3yJlbrari po:urupeHrul pflAy norenqifiso rpr4AarHrax SynxqionarrbHLrx

uarepialin HeMuHfre BlIHIlKae uorpe6a rnz6ruoro posyuinnx npoqecin

SopvrynaHH.fl HaHopo:rr,ripnrrx 0a. y r{r4x Marepiarax, .srci eusHa.rarorb r<mouoni, s

TOqKr,r 3opy 3acrocyBaHb, sracrueocri. y sn'.a:ry 3 rILrM, 4ucepraqifine

npoqecrr B

rtatepialrax",

xpucranivnzx,

oco6nnsocrlfi.

AocliANenur Kap6oBHLIKa I.[. "MexaHisN,rz SopuynaHHr HaHoQa: ra ener<rponni

rrrapyBarr{x rpncraliuuzx ra ri6pu4nzx synrcqion€LJrbHrrx

{Ke [pt4cBrqeHe 3'rcyBaHHro MexaHl3MlB

KoMrro3LrrHr4x i ri6pra4urax HaHocrpyKTyp ra

Qopruynannr

nepeOiry eneKTpoHHprx upoqecin y raKHX

aKmyailbHurrt flK s SyngarraeHT€urbHoi, rar< i s nparrz.{Hoi TorroK 3opy.

Arryalrnicrr 4ucepraqii Bu3Harraerbcr i gs'.f,groN{ ii a qiloro Hr43Koro

HayKoBo-AocliAHnx po6ir ra upoerrin, rr1o BLTKoHyB€rJrLrcr y Jlrnincmovry

naqionalbHoMy yninepcrareri irraeni IsaHa @panrca, nonHuft nepenir rKr4x

HaBeAeHo Ha nepruifi ra apyrifi cropiHxax anrope$epary. Orcpenroi yBarvr

3acJryroBye Sarr roro, qo qacrl4uy 4ocniAx(eHb aBrop ALrceprarlii nzrouae y

paMKax iraixuapo4Horo rpaHry Qo"Ay qunitrHzx 4ocni4Nenr CRDF Global.

C$opuynboBaHa y AkrceprarlifiHifi po6ori Mema Aoc.srHyra y pesynrrari

3acTocyBaHHfl pflAy crIacHI4X eKcrrepLrMeHT€rrrbHr4x Ta po3paxyHKoBr4x MeTo,{r4K,

3oKpeMa aroMHo-calonoi uirpocxonii, cKaHyroqoi enerrponHoi rrairpocrcouii,

BCTAHOBJICHHIO

crpyKrypax, e



niHifino-uorxpn:onanoi ruouiHecqeuqii, inSpa.repeoHoi crreKTpocKorrll,

crreKTpocronil,cneKTpocronii rcovr6inaqifisoro poeciroeaunx, iune4ancnoi

croxacrr4rrHoro MoAeJrroB a:rrns. Ta HLr3KLr iuruzx niaxoais.

fio laafi6iJrbru Baro MLrx H ay Ko 6 ux p qynomamie po6orra cniA siAHecrLr :

o BcraHoBreHH.s cKJIaAy ra orrrkrKo-JuouinecqeHTHLrx xapaKTepzcrr4K

HaHocrpyKTyp, cQoprraonaHurx B o6'evri Ta Ha nonepxHi rxapyBarr4x

KplrcT€rrrlB LroAncTofo KaAMlro ;

. BH3HarreHHr saroHorvripnocrefi Soplaynannr HanoSa: y uapyBarLrx

Kpl4craJlax Cdl2 3a HatBHocri 4ovriruorc ra B yMoBax niAxunennx eil

crexiouerpr{tlHoro cKnaAy, y roMy qracni poepo6ry vroAeni Br'rHLrKHeHrur

JroK€rrrbHr.rx qeHrpin Ta yTBop ennr nrirporpy6orc ;

o oAep)KaHHf, ri6pu4nux HaHocrpyKrypoBaHux rniBxoBr4x urapin na oqrosi

BllcoKoJlrovrinecqenrHl4x MoneKyn ra 4erraoncrpaqix vroxnnnocrefi

K epyB aHHr eKc rrnyararl ifi Huvru B Jr acrr4 B o cr flvrkr raKr4 x ruap i n ;

o pospo6ry €IJrroplrrMy MoAenrcBaHHs, ri6pzgHzx HaHoKoMrrosurie 3

inropuopoBaHrIMrl MepexaMLI ByrnerleBlrx naHorpy6ox, vrix flKkrMLr icnye

ryHenbHa uponi4uicru;

o KoMrrJreKcHe locriAxenns slaiH eneKTpr4rrHoro olopy

HaHOKOMrrO3r4TlB 3 TeMrrep aTyp Orc Ta qaCTOTOK).

IfpaxmuvHe 3HaqeHHn pe3yJrbrarin 4racepraqifiHoi po6orn ror.flrae B roMy,

IrIo aBTop 3arlpoloHyBaB MeroAonoriro crBopeHHfl. Ta 3acrocyBannr ri6pvr4Hux

rraHoMarepiarin ra rrpoAeMoHcrpyBaB rrrJrrxlr Ao po:po6rra rrprrcTpolB

elerrponirz 3 rIoKpaIqeHVMlI xapaKTepvcrvKaMn, TaKux rK opraniuni

cnirno4io4ni crpyKrypr4 ra HaHpcrpyKrypoBaHi noxpzrrx, tqo eKpaHyrorb

eJleKTpoMarniure nzupouinloBaHHf,. Kpivr roro, aBTopoM rrpeAcraBJreHo

lporpaMHe 3aoe3[eqeHHt I'IIfl MoAenroBaHHrr floplrAHLrx HaHoKoMrro3rrTHI4x

uarepialiB, IrIo 6ya. KopkIcHLIM Anrr HayKoBr{x rpytr, rri npaqrororb y ranysi

cI{HTe3y raKrrx rvrarepiaria.

flucepraqifiny po6ory Kap6onHrar<a I.[. MoxHa yMoBHo no4imarz Ha rptr

l',awu}rr\ Ileprua 3 tKI4x [pkIcBf,qeHa AocnlAx{eHHro lpoqeclB HaHocTpyKTypyBaHHq
)

rlopLrAHrfx



rroBepxHsx rlapyBarlrx Kpr{cr€uriB, apyra

HaHocrpyKrypoBaHr{x rxapiB Ha AieneKTpHrrHi

BpIBqeHHK) o6'euuux uano$opMyBaHb y

CrpyrrypHo Aurcepraqifina po6ora cKJraAaerrc.s gi Bcryrry, r''frTLr poe4inin,

3arzlJrbHr4x BprcHoBrie ra crprcKy BlrKoplrcraHux Axepen. Y nepwotwy poa4iri

aBrop po6zrr orntA c) IacHoro crarry eneKTpoHit<lt, uoe'lganoi is nzropucraHrulM

Qiauunzx rBkrrrl, xrci npoxBrf,rorbc.fl Ha HaHo- ra cy1ruanopo:rrripHoMy pinnrx

crpyrrypHoi opranisaqil QynrqionarrbHrlx rraarepialin. ArqeHryerucr

HeooxlAHlCTb BI,IBIIeHH' MeXaHl3MlB B[nr4By HA rrpoqec rpynyBaHHt

HaHoqacrr{HoK 3 Meroro oAep)KaHHf, HoBLrx HaHoMarepianin ig rroKparrleHlrMrz

BJracruBocrrMrr. fpyuronHuit alauiz MeroAraK AocriAxeHHr HaHocrpyKrypoBaHkrx

vrarepianin ra ixnix nnacrzsocrefi npeAcraBJreHo y dpyzotwy pos4iri. Tyr

po3rn.aHyro sK rpa4vqifiHi MeroArr, raK i vro4H$irarlii crreKTpocroui.rHlrx

4ocri4xeHr, a raKox ui.4xo4ra Ao MareMarztrHoro aHalisy oAepxaHax

eKcnepI4MeHT€uIbHIrx AaHHX. y mpemboMy pos4ini HaBeAeHo ananis

uopftonori.rHux xapaKTepllcrr{K csixocrororoi nonepxni BLrpouleHoro 3

po3rlnaBy KprIcr€LJIa CdI2, BcraHoBJreHo MexaHisrra pocry HaHocrpyKryp rra rarciir

uonepxui, BLIBqeHo BrrJrLrB rarioHnoi ra anioHnoi ui4cracrevr, Hecrexiouerpii ra

Aotuiuror Ha SoprvrynanHx noBepxHeBrlx HaHocrpyKryp. floscnena

KoHlleHTpaqifina sanexHicrb cMyr rrorJrlrHaHns i ruouinecqenqii xpvcranin CdI2 s

ni4xlareunxu sil SopuymHoro cKJraAy. OAuzrra 3 BalKJrLlBLrx pe:ymrarin,

o6ronopeHllx y IIboIvry pos4ini, e AocniAxeHHr rBHrrIa Sopvrynannx rr,rirporpy6or

ra nano$as Ha criurax uirporpy6ox y ruapyBarLrx KpLTcraJrax, JreroBaHlrx

HeisouopQuoro Aoruirurcon. Vemeepmufi pos4in crocy€Tbc.fl oAepxaHHt

HaHocrpyKTyp 3a AorroMororo KoHTponboBaHoro repuiuno-BaKyyMHoro

ocaAxeHHrr ua 4ienerrpu.rHi nonepxni. Y qrorvry pos4ini HaBeIeHo pe3ynbrarr4

TeoperlrqHkrx ra eKcrrepkrMeHTzrrrbHkrx AocriAxeur eneKTpoHHr4x .sBurq y

ri6pra4urEx crpyKrypax. llorcasauo naoxnrasicu Qopuynannr crpyKryp 3

6araroronipHoro eMlclero ra IrrJr-f,xlr BnnrrBy Ha BrracrLreocri oAep)KaHrrx crpyKTyp,

3

HA aTOMHO-TJIaAKUX

upoqecin ocaAxeHH{

TpeTs [pLrcBrqeHa

KOMTIO3LITAX.

crocyerbct

ni4xra4xz, a

ri6pz4nzx



3oKpeMa rrrJr{xoM sNaiHkt eHeprii s6y4xenux. [ocnipKeHo BTIJILIB eneKTpLlqHoro

rroJr{ ra Hepe3oHaHcHoro nuuporuinroBaHHr na QopvryBaHHt HaHocrpyrryponauoi

Qrryopecqenrnoi urinrz y upoqeci repuiunoro BaKyyMHoro ocaA)KeHHf,

Ar{noJUrpHHX MoneKyn. V n'amorty poe4ini HaBeAeHo pe3ynbrarn AocniAx{eHb

ri6pu4nux SyurqiouarrbHr4x HaHoKoMrrosurin, c$opvroeaHwx AoAaBaHHtM

HaHopo3Mipnzx eneN4enris HarroBHeHHs y 4ienerrpnvny Marpkrrlro. Anroporra

3anponoHoBaHa KoMfrJreKcHa clrcreMa qvcJroBoro MoAeJIroBaHHfl, rraepexi

HaHoeJreMenrin y AiererrplrqHoMy cepeAoBrrrqi, xxa Ao3Bonfle rrapaMerplasaqiro

BJracrlrBocrefi ra niayzurisaqiro pesymraris 3 ypaxyBaHHrM pieuux rraexanisNais

rrepeHeceHH.rr eJreKrpr4qHoro sapflAy. O4epxano KoMno3zrtri nnisroni ri6pu4Hi

HaHocrpyKTypri <<uoninrep - Byrnerleni naHorpy6rz>> Ta rlpoBeAeHo KoMrIJIeKcHe

AocliAxenn-f, siuiH eneKrpuqHoro oropy qzx crpyKryp ni4 reuneprypu, qacrorrr

upnrna4euoi :vrinnoi Harrpyrr4 Ta Ao3r4 rrorJrlrHyroro 6era- Ta raMMa-

nvrnpouiruoBaHHr.

Vci nepeni.reHi BLrrqe ocnosHi pe3ynbrarr, orprrMani anropoM Ar{cepraqii,

xapaKTepr43yrorbcr 6eruepeuuolo HayKoBoro HoBLr3HoK), iknr 4ocronipnicrr

sa6esuevyerbc-fl BprKoplrcraHHrM Ha.qifiHux cfracHprx eKcrreplrMeHT€rJrbHrax

MeroAr4K Ta ropenxqiero AaHkrx, orpprMaHlrx pienzvru MeroAaMr{,

ni4rnoplosauicuo oAep)KaHlrx pesymarin, :acro6ynaHH.rrM aupo6onauux

Teoperr4qHr4x ni4xo4in ra c) racHoro rrporpaMHoro sa6egne.{eHHf,. Touy

o64pynrosaHicrr spo6renzx y ALrcepraqii szcHoeKiB He BLrKJruKae cyrvruiey.

BoAno.rac 3ayBaxlrMo, rqo aucepra1iirlaa po6ora I.A. Kap6onnzra He

nos6asnena fi orcpetvtux ruedonixie , cepe,,{ f,Klrx Bapro nugitrutru rari:

l. llpu nzn.reHHi NrexanisNain $opvryBaHHr nauo$as y rapyBarkrx Kprrcrarrax

fio4zcroro raAvriro aBTopoM HaseAeHi rirtrxn Hr43bKorenrueparypui

in$pavepnoni cuerrpr.r, oAepxani npu 10 K (pzc. 3.13). JIori.rHLIi\d 6yto 6u

rrpoBecrr{ aHaris reMrreparypHr.rx sraiH Br{.f,BJreHLrx cMyr (uaupurcna4,

reuneparypui sl,riHr.r ninuzpzun), 3 rKoro MolKHa 6yno 6 orpuMarr4

AoAarKoBe ui4rnepA)KeHHr rrpLrpoAr4 rllrx cMyr. Tarcox, Br4Hr4Kae 3afikrralns.,



qr{ 3arrr4cyBankrcfl. cneKTpr{ B pexr4Ml HalpBaHHrr Ta oxonoA)KeHH.rI 1, f,KIrIo TaK,

To rKi 3aKoHoMipHocri Br4rBneHi Anr qux BLInaAKiB?

2. llpra o4epxaHni 6araroroMrroHeHrHrax ruapin, tqo ezupor,tiHloK)rb rnagi6ine

cniuo, aBTop Jrkrrrre eniso4nuHo 3raAy€ ruoxruei siArvriHHocri y rrrBl4AKocrsx

ocaA)KeHHrr <<cranroi>> Ta <<seneHoi> opraniuHlax MoneKyn. flpore, rari

ni4vriuuocri uoxyrb Marr{ cyrrenufi BrrJrr4B Ha nepeposnoAir crreKrp€LlbHl4x

KoMrroHeHT Ta) siAuosiAno, Ha BurJrrA xpoMarurrnoi 4iarpaML1 HaBeAenoi na

puc. 4.16.

3. Y pos4iri 4 AlrcepraHr anarisye Soroiu4yKoBaHe BrIoptAKyBaHruI

nrovriHecqeHrHktx MoJreKyn rrpr4 ocaAxeHni HaHocrpyKrypoBaHux ruapin. flpz

rlboMy arperaqir MoneKyJr na AinsHrli, ouporuiueniir, rasepHnM csirnoM n

npoqeci ocaA)KeHHi, cyrreno ni4pisuflerbcfl. ei4 arperarlii e Heonpouinenifi

o6racri urinxu. O4nar, aBTop He ananisye vroxnznzfi e$err sNaiHI,I

TeMrreparypz ni4rna4Kur ui4 4iero nvuporrriruoBaHH-rr ra roreHuifilr^uit BTIJITIB

raroi sNaiHLr Ha rrpoqec, uor<a:auufi, 3oKpeMa, Ha pvc. 4.24. W Molxe

narpinanns Ainsrr z uonepxHi BrrJrr4Barlr Ha rlpoqec arperaqii?

4. Po6ora He nos6aBJreHa cLrHTaKcrrqHLrx rroMlrJroK, orrlrcoK Ta Herotluocrefi y

rro3HaqeHHrx ra cKopoqeHHf,x. Tar<, 3oKpeMa, aBTop BXkrBae reptvin <g-p

nepexoArr) y r. 4.2, roAi rK y rr. 4.3 rofi )Ke rrpouec :aa3vrBae <<TI-TE

nepexoAoM). Orcpeui niArzcz Ao pzcyurin Aerrlo HerorrHo orucyrorb

orpuuani 4ani, HarrplrKnaA, y ri4rzci Ao puc. 4.33 roBoplrrbcr upo

<Slyopecr{eHrHe ao6paxennr>>, rKe HacrrpaBAi 6inrru KopeKrHo Ha3Barkr

<so6paNeHrurM, orpr4MaHlrM 3a AonoMororc QnyopecqeHTHoro ruirpocroua>.

04nar, 3ayBaxeHH.f, xoAHLrM rrLrHoM He 3MeHrlyrorb HayKoBol IIlHHocrr

Aanoi po6oru. B qinovry 4zcepraqix flBrrfle co6oro saKiHqeHe HayKoBe

4ocli4xenH.r, B .sKoMy orpuMaHo uoni, HayKoBo o6rpynroeani pesynbrarll B

ranysi Siszru uaninuponi4nurin, KoHAeHcoBaHLrx cepeAoBr{rrl ra nanoSisur<ra.

Tercr anropeQepary uonnicrro eiAuosiAae :vricry ALrceprarlifinoi po6orz ra

aAeKBarHo repeAae ocHoBHi nayxori pe3ynbraru :4o6ynaua. Orprauaui aBropoM

qr

pe3ynbrarra ony6niroBaHo y 80 HayKoBrrx npaqrx, cepeA srcnx 26 warefi y



perleH3oBaHLrx Blz'Aartlr'flx, iu4ercoBaHr4x y HayKoMerpzuHifi 6azi pLa:rtux Scopus,

o[punroAHeuo uapr^gi aBToprrrerH]rx eceyrcpaincbKlrx ra uixHapoAHax HayKoBzx

Sopyrrain.

Bpaxonyrouu uane4eni Blrrqe apryMeHTr{, BBa)Karo, rqo 4ucepraryrfiua

po6ora "Mexauigrrau SopvryBaHH-fl nauoSa": Ta eneKTponni upoqecr4 B rrrapyBarrrx

rcpucraniuuzx ro ri6puguux SynrcqioH€rrrbHnx vrarepiarax" qinrcoM 3aAoBoJrbHre

BrrMorH AerrapraMeHry arecraqii ra4pin MOH Vrpaiuu uloAo AoKropcbKl{x

Arrceprarliir, a i'i anrop, Inan ,{uzrpoBr4q Kap6onnur, 6esuepeqHo, 3acJryroBye

lplrcyAxeHH-n fiovry HayKoBoro cryrreH.rr AoKTopa Siszro-MareMarkrqHkrx HayK 3a

cneqiamnicrro 01.04.10 - SisnKa Hauisuponi4Hnrie i 4ierexrpuxin.

O$iqifiHzfi ouoneHr

AoKTop Siszr<o-rr,rareMarlrqHLrx HayK,

npoQecop, npopeKrop 3 HayKonoi po6orvr

Vxropo4cbKoro naqionarbHoro yuinepcurery I.lI. CryaeH.f,K

fli.qurac Cry4enrrca I

V.reHrafi cexperap Y

HauloH€LrrbHofo yHl iblul'te O.O. Merurur
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