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o$iuifiHoro onoHeHra Ha Auceprauiftny po6ory

Eapa6atuoBa AHapir [IasroBHqa

<<ElercrpoHHo-cruMyJrboBaHi npoqecu B BepAoMy arori>>,

roAaHy Ha glo6yrrff HayKoBoro cryneHt KaHAuAara SisHKo-MareMarI4r{HHX HayK

3a creqianrnicrro 01.04.07 - <SisHKa rBepAoro rila>

[Hceprauifina po6ora Eapa6aruoBa AHapir llasroevqa sopieuroBaHa Ha

Br4BqeHHr eJreKTpoHHo-cTrtMyJtboBaHI,tx tBI4uI y TBepAOMy ago'ri. PisHol{anirHl

rraogr.r$ixaqii rBepAoro a3ory npllBepralorb yBary $axioUin y ra:ryri Siruxr'r rBepAoro

rila rK i,qeartHi ruoAelrsi o6'exru glr AOcliAxeHnr ix Qyu.qarr,reuralruux

graCtugoCrefi. OCxilrru .Uerri S Hux He e AOCTaTHbo BI,lBqeHI,tMl,l fi 4Orenep. EinrU

TOrO, TBepAufi asor Uae 6ararO npaKTI,Ir{HI4x 3acTOCyBaHb, IUO TaKOx cTI'IMyJIIO€

nayrOrufi iurepeC AO HbOrO. 3OrpeUa, nolirraepnufi a3oT, B rrorvry aCi arouu g'eAxani

oAuHapHr,rM KoBaJIeHTHuM 3s'.fl3KoM r rpnrrauipny xpucmaivny rpaTxy' rraae yuiraarni

sracrr4soc'ri. BiH rtlae uaftrr,rqy ulintnicrr xinaiqHoi eneprii, ro6ro e peKop,IIHo

eQexruruutr 3 ToqKI,r 3opy noTyxHocri ra a6conrotto eroloriquo qllcrl'lM naul'lBoM' a

TaKox HaATBepAorc peqoBlrHoo. Caue roMy' 3arat,{a aocJIlAxeHHt

Hr,r3bKoreMneparypHl,rx eJIeKrpoHHo-crI'IMyJIboBaHux tBHITI B rBep.IloMy a:ori, a caue,

eJreKTpoHHo-cTt4MyJIboBaHa 4ecop6Uir MoneKyn fi arorr,t i n: noaepxni TBepAoro a3ory

ra Hecraqiouapna .4ecop6uiq, uo rrapiurynrrcr y ar'rceprauiftHi po6ori A' fl'
Eapa6auoea, e qirrorr,r o6rpynroeauolo ra aKryEUIbHolo.

PeryJlbraru AocltiAxenr, uo sl'tKraaeHi n gucepraqii, 6asylorrca Ha

exCneplruenr'ax, rxi 6yttu sflxogaHi 3 BIKOpITCTaHHqM naAifisrax CytlagHltx

BT4COKOTOqHUX yCTaHoBoK fi Uero4ux, Ao6pe ysroAxyloTbct tvtix co6orc ra s

eiAnosiAHLrN{Ia niteparypur,rrr,r v Aalvtuvl re peTI,ltIHI'lx fi erCnepurr'reHralrnux pO6or.

CliA ocO6nuso si.UsHaqtrrr4 3anpoBaAxeuufi 4IzcepraHroM MeToA HecTaqloHapHol

Aecop6Uii, srufi Aosso;1ri B Bvt;.Bt4Tvt BHecoK peaxqifi uefirpani:aUiT B eJIeKrpoHHo-

cruvylronauy Aecop6qirc 3 rBepAoro a:ory. BuropucraHHt N,reroAie arrnnaUifinoi'

crrel(TpocKorlll TaKOIK HaBene Hvrr4 ApyfoMy po:aini cnel(Tp ailbHvri4



oararosyurqionalruufi KOMnJleKc ra6e:nequlu neo6xiasy saaifisicrr i

gocronipuicrb orpI4MaHI,tx AaHI4x'

,dxrya.nrricrr aoc.ltiaxenr niarnepAxyerbcfl TaKox rlrMt Iqo eKcnepl'IMeHTIl'

sxi c.raHoBlstr ocnoguufi lruicr 4lcepraqii, nposeAeno y ei.UIiIi cnerrpocxonii

MorexyJrrpHux cucreM i naHocrpyrrypnux r,,rarepialig Oiguxo-'rexni'lnoro incrraryry

Hr,r3bKtrx reMneparyp irra. E. L Beprina FIAH Yrpai'nu y uiqnoai4Hocri r si4oprqunrl

TeMaTuKaMit: (EneMeHrapHi r6y1xeum i $a:oni cTaHI4 npocTl4x MoJleKyntpHllx

rBep/Iux rin i uanoctpyKryp)) (nol.,rep AepxaBHoi peecrpalliT 0l12U002639, repMilr

Br4KoHaHHr 2012-2016 pp.); <TepvoAunar',riqHi saacrl4eocri HaHocTpyl(rypoBaHI'IX

SI,ICTSM, rOrUnosuria, MoJreKyJrflpHr.tx rBep,rlux rin B eKcrpeMaJrbHl,lx yMoBax Hu3bKI'IX

reMneparyp) (norr,rep 4epxanuoi peecrpauii 1171J002290, repnain BI,IKoHaHH' 2ol7 '

2A,J pp.). oAsoqacno cnucoK TeM, HaBeAeH uit suule, 3acBiArlye 3Brfl3OK poooTu 3

HayKoBIrMIr nporpaMaMHt nJaHaM[ Ta TeMaMH.

[o 6etyr'roeHoi repeBaru po6orn cnil eiAHecrH pe3ynbrarvr, uo Marorb

nepcneKrr4Br4 iX [paKTuqHoro BnKopncTaHHq, 3ol(peMa Mx gabe3neqenns

6eraaapifinoi excnlyaraqii npugroploBaqie uacrox, eJIeMeHTI'l sXnX npaqolgTb 3a

reMneparypr4 piAroro rerilo, a TaKox .[Jp uonuropiury noBepxoHb ereMeHris

rBepAofo a3ory.

pe3ynbrarH, ulo

xocvi.ruoi anaparrypv. OrpuvaHi 4ani voxyrs 6ytu enropr'rcraHi rarox AIq

crBopeHHt rloniMepHofo a3ory.

y AgceprarrifiHifi po6ori orpuMaHa Ao r,rrb BeJIHKa i oprariH€ulbHa iH$opvrauiq

siAHocHo e$erria, crllMyJlboBaHux o6yAxexutM eJIeKTpoHHoi niAct'tcreull KPI'ICTEUIy

y qifi cgryarliT AorlinrHo eiAsHaq vrv JII4ITIe nafi6inuu cyrreBi

Bq3Haqa1orb alflyaJlrHicrl, HayI(oBy Ta rpHKJraAHy 3HaqyHicrs

po6orn.

l. Bneprue BcraHoBJreHo BHecoK 3apqAoBHX ueHrpiB y rlpoqec 4ecop6uii

r6yAxeHux MoneKyJr ra arorvr is asory. ,{uccouiarusHa perov6inauir Na- r elerrpouolt

npongHyeTbgt s qrocri KJIIoqoBoro npoUecy, srcufi lexutr s ocHosi Aecop6Uii

:6ylxeHHX MoneKyn. Pexou6iHaUiro IIeHrpiB Nr* 3 eneICpoHaMH ra peKoM6iHaUiro

qenrpie ),1* . . poru*ryro s rxocri 6asosnx pearuifi, giAnoeiAanrHux sa Aecop6uirc
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s6ylxeHnx aroMlB.



2. Orpurraauo noei AaHi crocoBHo npocTopo oro po3noAury no3r4rnBr'ro

3aprAxeHux qenrpir y nonepelHbO onponaineurax nli Kax TBepAoro arory. Eylo

3'rceBauo, UIo Hafi6iJtLtu BI4coKI4fi BMicT cTa6iIEHl{x aBToJIoKaIi3oBaHfix (No) i

noKani3oBaHr,rx (Nr.) gipor Aocrraerbcq no6rrr,rsy iHrepSeficy 3pa3oK-niArcnaAKa.

3. Bnepure orpurraani AaHi npo nose,qiHry CMyru BI,InpoNaiHrosaHHg Ha

.{Osxuxi xslarIi 360 nNa. BncrtoerteHo npunyqeHHt, IqO qt cMyFa Hanexl'Irb

uefirpalruouy Knacrepy Na. 3anponoHoBaHo Nroxrusufi cuexapifi soptrlyeannr

uefirpalrHoro ruacrepa Na.

flepeniqeHi pe3yJrbraru e HoBHMHT Brepue orpHMaHrMH B pooorax aBropa.

Bci pe3ynbrarv Aucepralrii 6yno AoKnaAHo i

ny6nixaUiqx y rpoBiAHllx HayKoBHX pe$epoBaHl4x

eirruanrHux, 1ar i rvrixHapo.{nnx. Taxox cnonui peaynrratu po6oru 4o6pe ei1orui'

ocxirrru aoHu npofiuun anpo6auiro Ha eenurift rirurocri npoQinlurax HayKoBI'Ix

xoHQepeuuifi e vrpaini i ra xopAouoM, re3r,r .(onosiAefi 6yro ouy6liKoBaHo y

eilnoeiAHux s6ipnuxax.

l.

a3ory,

CBOCqACHO BHKJIAAEHO B 6

)r(ypHaJlax 3a Qaxovr, tK

Bpaxoayrovu Br4rlecKa3aHe i 6epyvu !o yBarr{ naaifinicrn ra cy.racxufi pieeur

eKCnepr4MeHT€UIruoi 6a:u, a raKox icyvacnnfi ueroAoloniqsr'rfi pineNr po6o,u MoxHa

I ynerneuicno cTBepAxyBaTn, ulo oTp[MaHi anroporu pe3yflbTaTn e qocrouipuurun

ra o6rpynroraH rrMIr.

Orpn1aani pesynbrarn Mo)rcyrs 6yru Bur(opl4craHi HayKoBVMvr opraHl3alllqMH, flKl

npoBo.[trb eKcnepl4MeHraJIuui i reoperuuui .Uocli.qxenHt erteICIpoHHo-crI'IMyJIboBaHI'Ix

rBr{U y rBepAux riflax: e @isrro-rexHivuovly iucturyri nusrxux reMneparyp iv. E. I.

Bepxina HAH Yxpainu, Iucrr.rryri $isr.rxr.r HAH Vrpaiun, Incruryri reopern'ruoT

Qisr,rrra iu. M.M. Eoro6o6osa HAH Vrpaiura, o4ecrronay Haqioualunouy

ynieepcr.rreri ipr. I. I. Me.{HlrKoea MOH Yrpainra, IHcruryti paaiot}i:r.rwt ra

enercpoHirH irnr. O. fl,.YcvtKoBa HAH YrcpalHra.

Texcr aBrope$epary roBHicrro ra nipHo BHKJIaAae 3Micr Aplceprauii.

[o snaic]y Anceprauii Ta iT oQopnaJreHHn e raKi 3ayBa)I(eHHq:

porairri l, ruo crocyerbcfl crpyKrypr4, BJracrprBocrefi ra eneKTpoHHHX craHiB

AeflKi HeroqHocri y Br,rKnaAeHHi MarepiaJry. A caMe, Ha crop. 19 aBrop
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cTBepAxye, UIO (TBepAxfi a3oT Ma€ ABi 0a3I,I 3 BI,lcoKI,lM cTyneHeM cxMeTpii fpaToK>' a

Ha crop. 20 - Uto <ruepAr.rfi a3or Mae xy6ivny peuirry 3 qorl4pMa MoteKyrlztMrl B

elenenrapuifi fpaTqi, Oci SKI,IX cnpruooaui y3AoBx qOTI,Ipbox npocropoBl'Ix

Aiaronarefi xy6a. Biaopri rpl4 l(pl4crtlniqni rr,roAra$ira[ii rBepAoro a3ory>. 3roAou

3'rcoBy€rbct, uro caMe <Hu3bKQreMlleparypHa o-Sa3a a3ory Mae ry6iuxy pelxirKy 3

qorupMa MOneKyJraMr4 e eleuenrapuift fparUi, oci flKHx cnpruoaaui y3AoB)I(

npocropgBr4x Aiarona-nefi Ky6a)). To6ro 3 reKcTy He flcHo, cxi,rlxu x Hacnpan4i

rBepIu,rfi a3or Mae rpucra;riuHl,tx rraoalr$ixauiil. Kpirvr roro, Ha crop' 2l-22 aercp

Aexinrra pasin uaro.4uru ue xopexnti no3HaqeHHt flpocropoBl4x rpy[.

2. B n. 1.7, B tKoMy aBTop HaMara€rbct notcHI'ITI'I npupoay repMocrl'IMyJlboBaHoi

rroMiHecUeHUii, Ha crop. 36-38 HaBe.4eHo Sopnaylra, tKi, no-neppe' Malorb

HenpaBr,rJrbHy HyMepaUiFO, a, no-Apyre, naicrrrr napaMeTpl4, t6i He notcHloloTbct B

reKcri. Tex caMe crocyerbct ft pucyHKiB B qboMy nyHKri.

3. B posairri 3 aHali:yerbcq ener$poH o-crnMynboBaHa 4ecop6uir s6yaxeHnx

MoneKyrr is raepAoro a:ory. 3orper'aa, Ha pllc. 3.6 (crop. 64) saneAeno nopieHrnna

eiAHocHoi iurescltssocti Aecop6Uifiunx ra o6'euHux iHreHcuaHocrefi Ia""/Ie6'6' B

cneKTp€x ratOAolrouixicUenqii npra :rvrin HHi roeqfixla nflisxu. Ha xall B reKgrl

Jrr{rge KOHCTaTy€Tbct, rqO si SMeHUeHHtM ToBUII,THI 3pa3Ka' siAHOcHa iHreHctaeHirr

ceiriHNx, u1o nignoni4ae .qecop6yloqriM MoreKyraM, cr,tJrbHo 3pocTae, ro6ro se

aHa,riayorrcr npfiqrlnl,t no4i6noi noseAi rn Bl,txo.4y lrcuisecUenqii 4ecop6yrouux

r{acTuHoK. Vu He nos'qgaHo IIe: piluolo naiqnicrrO ss'ssrie B TOHKHx nniBKax ra

o6'enurx apasrax?

4. B po3Ainax 3 ra 4 aBrop AoBoAHrb, Irto B rBepAoMy a3ori Soprtryrorbcfl ra

Haxonuqylorbct paaiauiftHo-cruuylsoeaui lapngoai ueHrp14 N4* ra N3t. qi

rBep.[xeHHr € o.qHuMr4 3 roJroBHr,tx n gnceprauiilHifi po6ori. A caue, cTBepAxyeTbct,

tIIo npoqecoM, rllo Jrexr,rTr e ocHosi 4ecop6uii r6y,uxeuoi MoJreKynI4 a:!oTy, €

perorr,r6ixauir eJreKTp na g ionnuuu rIeHTpaMr4 No*, a npoqec, u1o aig6yeaerbct flpu
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Aecop6uiT arovry a3ory e per(oM6inaqiq ener(rpoHa s ioHHI'IMH IreHrpaMH N3*.



Bsaxarc, UIo Anr Kpaqoro po3yMinHq rpoUeclB, ulo

HaBecrI4 4iarpavrra MoneKynflpHl4x pinHin ;^nfl noAi6urax

6ingUe, UIO, 3asBl4qafi, nOHu He e Cfa6insHI4MH.

ni46yealorbct, 6Yno 6 ao6pe

MOneKyntpHHX CnonyK' rHM

5. 3aralovr, B reKcri sycrpiqarorucs op$orpaSiuni ra cHHraKcIdqHl rloMI'lJIKI4' a

rarox ueeipue HanllcaHHt Ha3B MoreKyJItpHHx repMlB'

Hessaxap.{I4 Ha nepeliueui el4ure He.[oriKu, uaneAeui 3ayBaxeHHt ue ruiHroors

3araJrbHy BrrcoKy ouinxy po6oru i ne ropxarotrcr cyrnoc'ri npoBeAeHI'Ix Aocliaxelrs'

3ara.nsHa ouiHr(a Ar{cepraqifiHoi po6orn. [raceprauit e 3aBeplueHoIo HayKoBoIo

npauerc, uo uicrurs uoai excnepuuesrallni pe3yJlbTar r e syuAan'reura:rrnii ranysi

3HaHb flpo eJreKTpoHHo-crurtylroeaui npoueo4 B rBepAoMy asori' OcHosui peryarraru

€ eKcneplrMeHTaJrbHo nepenipeuuruu fi uoxyrr BI,TKOpI'rcroByBaTr4Cfl I.Jrs' IIo,UEIJIbIuOTO

po3Br4rKy AaHoro HanptMKy Qirr'rxra reep,{oro rila'

BBaxap'Iuo3aaKTy.Ulrgic.rrcreuu,o6clroMBI,|KoHaHI4xAocliAxeHu,piBHeMl

rinrricrro HayKoBr4X ny6lixauifi, HoBI43HoIO ra npaKTI4qHOro uiHnicrro orpI',IMaHI4X

perylrrarie grEcepraqifina po6ora A. JI. Eapa6aurosa (EfleKTpoHHo-cTIlMyJlboBaHl

rpouecu B TBepAoMy a3oTi)> eilnoeiAae

KaHAHAaTcbKHX AHceprauifi, 3OKpeMa rrt' 9, 1l'

cryneHin>'aiiaetop,Eapa6auoeAuapifi|Iaeloauu,3acJlyroBy€I|p[cyAI(eHHfl

,Ilox@TI irra. O. O.farrina IIAH Yrpaiun (rra' K

AoKrop Qir.-ruar. HayK, AoIreHr K' B' Jlarvrouosa

O$iuifiHHfi ottoHeHr,

r-rpoBiAH uia uayKoBHfi cninpo6irnrax BiAAiny reopil AI4HaMiqHHX

BJracrpIBOCTefi cKnaAHHX CHCTeM

flilnnc K, B. IlauoHoBoi 3acBiALlyrc:

BqeHHfi ceKpQrap IoHOTI ir"r. O' O' fanri

KaHAI,IAaT rexHiqunx HayI(

eCilvt BHMOIAM MOH VTPAIHU AO

I 2 <floptAKy rIpI4cyAxeHHq HayKoBI4x

HayKOBOfO CTyreHfl KaHAHAara

01 .04 .07 - Sirnxa rBePAoro rirla.

QiruKo-MaTeMaTHqHHx HayK 3a Cileqla[bHlcrlo

KuTn)

B. IO. [vnrPeHKo
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