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Ha Ar4cepraqiro Krucxa lOpir B oroAtzrtl4poBplqa
<Enexrponni, onru.rni ra vrarnirHi Bnacrr{Bocri luerarooprauiuru4x KoMrIJIexcis

rK nepcileKTr4BH[x vrarepianiB HaHoeJrerrponircu ra HaHoclinrpoHirz>>
rrpeAcraBneHy Ha :4o6yrrx HayKoBoro cryneHs AoKropa SirocoSii

3a cueqianrsicuo 153 - Mirpo- Ta HaHocI4creMHa rexHirca

1. Arcryarunicrr reMrl qucepraqii
llopracri MerarroopraniqHi KapKacr{ (MOK, MOF) - qe BllcoKoBrlopr4roaani

rpncranivui uarepiaJrv, orpLTlaaui yrBopeHHqM 3B'r3Kis ioHis Merzlny s opraHiuHI4MIl

linrcepaivru ilnfl orpLrMaHHr crpyKryp Hnsmoi qimuocri ra pi:noi ronororii.
llporxrovr ocraHHboro 4ecxrurima MOK npzBepHynr4 3HaqHy yBary 3aBAIKI'I

upocrori ixnroro orpuMaHHr, uacrporonauifi urarpzqi rop i Qynxuionani:aqii
nnyrpirunix rroBepxoHb. Tari rvrarepianu raKox{ cr€rrrn o6'errou AocriAxenH.s
3aBArKLr uoreuqiany ixnroro 3acrocyBaHHr y HaHo- Ta 6iorexnonorirx,
rereporeHHoMy rara-nisi rorrlo.

Kpil,r roro, B rany:i ererrpoHiru cnocrepiraerbcfl 3pocraHH-fl iHrepecy Ao
oprauiunux rr,rarepianie. Hanpurra4, SranoqianiHra BrrKopncroByrorbcr rpu
po:po6qi opranivnux coHrrrrHux eJreMenrin, orrrllt{Hl4x cencopin rolqo. llopucri
rr,rarepianH Br.rBqarorbcq {K ceHcopH rasin, raranisaropvl Ta eJreMeHTI4

cyrrepKoH4eHcaropin i axyvrynrropin. MeranopraHi.rHi KoMrrJreKcr4 3 Br4coKolo

eneKTpoHuoro nponi4Hicto aKTr4BHo 4ocni4xyrorb .f,K uarepianv Anfl [roJIboBHX

rpaH314cropie.
Knro.roszlvl MoMeHToM Mo)r{Jrr4Boro ilpaKTI4qHofo 3acrocyBaHHfl TaK}lx

uarepianie B ranysi erercrpouirn e AeranbHa iu$opvraqix rpo ixnro arol\IHy
crpyKrypy, ererrpoHni, ruarHirHi Ta onru.{Hi sracrueocri. flncepraqix
Klucra IO.B. caMe rpucBf,qeHa po3paxyHKaM eneKrpoHuoi crpyrrypx, marHirnux
Ta orrrr4rrHnx BJracrraeocrefi arorrrpbox rpy[ MeranoopraHiqnprx uarepia-riin. Anrop
BLTKoHaB po3paxyHKr4 y na6oparopii BucoKorrpoAyKrlrBHr4x o6qucreHr
Har{ionarbHoro yuinepcurery <<Jlrniecrra uorirexnira) sa AorroMorolo cyqacHLIX

ririensosaHux rrporpaM ABINIT, AtomPAW, TB2J ra Wannier 90.
ArryanrHicrr Aucepraqii ni4rnep4xyerbcr raKoxr f{acrro aBropa B HayKoBo-

AocniAnufi reui <<Ererrponna 6y4oBa ra Kinerz.rHi r<oe$iqienrz HanieMerarin,
uauinnpori4nurin i 4ienexrpurcia>>, B paMKax Hayronoi TeMaTHKLI <<Ceucopn ra
rreperBopronzurrni npvna4tr Ha ocHoei uaninnponi4uuronzx ra 4ierempraqHnx
naarepianin i rerepocrpyKryp) xa$e4pn naniuuposiAHlrxonoi enerrpoHiru
HaqionanbHoro yuiaepcrarery <J},BlBcbKa rroJrlTexHira>>, a raKo)K n 4epx6roAxerHifi
HAP <<KepynaHux BJracrLrBocrrMr4 xarrsKoreni4uux i orcra4nzx ceHcopHHX

uarepi zurie IxrqxoM repMoxiMi.{uoi Ha}rocrpyxr,vpnoi nao4uS i rarlii).
Bpaxonyroqu neruxHfr nayxonufi inrepec Ao AocniA)KyBaHHx vrarepiarin ra

rounnercHufi reoperuvnuri nilxie aBropa, reMa 4zcepraqii Krucra IO.ts. €

aKTyaJrbHoro.
Merorc

BJracryrBocrefi
4racepraqii e orpHMaHHr eJreKTpoHHzx, orrrr4rrHr,rx ra uarnimiux
psAy Merarroprani.{Hrax cro.rryK, nopinnxnrtrufi, aHa:tis pe3ynbralin ra
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BCTaHOBJTeHHf, [epcfIeKTHBI4 BI4KOpI4CTAHHfl.

$ynrcqioHamnoi elerrpoHiru.
ills. AocsrHeHHl rlocraBJlesoi ueru 6yno

BkrKopLrcraHo cyracni MeroAz reoperplqHux

AaHLrx rraarepianin B rany:i

Br4KoHaHo KoMrIJIeKcnufi niAxil ra
.4ocni4xenr, a caMe, reopiro

SynrqionaJry rycrrlnn i ri6pvr4Hrrx Qynrqionarin, MeroA upoexqifiHo-IrpI4€AHaHLIX

xBLrJrb, rea3iqacrr{HKoBr,rx na6luxeub Ha ocnoei $ynrqii fpina, Mero.q SyHrqifi
BaHre, vroAeli fefi:en6epra ra pfl4y iHurux.

1. Hafinaxrlnniuri nayrconi pe3yJrbrarr{ Arrcepraqii ra i'x HoBr3Ha

.{o nafinaxrzsiulrx HayKoBr4x pe3yruraris Al4ceprallii Knzcr<a IO. B. cniA

ei4Hecru nacrynni:
1. Bze.reHo enerrpouHi eracrr4nocri 4ocni4xyBaHl{x o6'erris y

oAHoqacrr.rHKoBprx sa6ruxesHf,x ra 3 BI{KopI4craHH{M rilpuguux Qynrqionanis. Bci
po3paxyHKlr enroHaHi Ha ocuoni caMoy3roAxeHoro po:n'lsauu-a pinnxnn-r

Illpe4znrepa y Sopnaani:ui reopii SyurcqioH.ula rIoBHoi enerrponHoi rycrI4HLI (TOf,
DFT). OAnar Anfl KoxrHoro KoHKperHoro cKJraAy 4ocni4xyBaHoro rraarepiany

o6upavcx H€ure)KHrrfi eapiaHr peani:aqii ni4xo4y TOf. Tax, .4rx marepianie, xri ne

uicrsu arol,ris uepexi4uux 3d ereuenriB, 3acrocoByBallucr o6lainno-Kopentqiftui

SyHxqionanu GGA-PBE, a 3a Ha-rrBHocri ocrasnix y cxlaAi ri6pra4Hnft

Syurqionan PBE0, rrrcufi Ao3Bonr.rB orpLrMarlr rparqi rloJrox{eHH.a eHeprlir pinnia 3d
eneKTpoHis. BzsHaqeHo BrrJrr4B cr,rnbHocKopenbo Balr4x d-enerrpoHis Ha elexrpouHi
BJracrnBocri AaHux vrarepianin.

2. llpoeeAeHo AocniAxeHH.f, Merarropraniunl{x KoMrlJrercis rea3iqacruHKoBrrMl4

MeroAaMr4. [nx orplrMaHHs rea3iqacrprHKoBr4x nonpaBoK Ao eHeprerl,IqHl{x pinnie
ncix saneHrHr4x eneKrpoHie 6yn 3acrocoBanufi ueroa $yHrl{ii fpiua y neprloMy
rop.rAKy reopii:6ypenHr, qKe e peaniaoBaHlrM y KoMrlnerci nporpana ABINIT. lrrr
Br{rBJreHH{ BrrJrr4By eKclrroHHrax s6yAxenr 6yno 3acrocoBane pinHxHHfi, y flKoMy

eneKTpoH i aipra e AuuanaiqHlrMr4. Tara 3araqa 6ym po:n'r:aua 3a AonoMorolo
pinnmnr Bere-Conuirepa. Eyno BlrrBJreHo, r{o ocraHHe arpafi AorlilrHo
3acrocoByBurvr y uarepianax 3 noKa3Hr4KoM 3€LrroMJreHHq, MeHrrlurt za 2.

3. .{ocni4xeno erreKrpoHHy 6yaony Sranoqianinis uepexi4nrax ruerarie.
flpoana-nisoeaHo BrrJrrlB neryBaHHr uepexi4Hurvru eJreMeHTaMIl Ta none4inry
cr4JrbHocKopenboBaHlrx d-enercrpoHin. OrpurraaHo cneKTp IIoTJITIHaHHI y
iH$pavepBoHoMy, Br4Ar,rMoMy ra ynrrpa$ioneroBoMy rracrl,IHax cneKTpa

eneKTpoManriuroro nunpol,rinroBaHHf,. BcraHosreHo orrrr4qHi sracrueocri Aarrtrx
naarepianie i: ypaxyBaHHf,M eKcLIroHHrax e$errin.

4, Po:paxoBaHo eneKrpoHni sracrueocri MeranopraHiqnux crpyKTyp ua ocHoei

uipasun4uriorary, rercaauiHo6eu:eny ra reKcaauiHorpu$eHI4neHy uiai ra Hiremo.
Bu:Ha.reHo, ruo rercaauiso6es:esu Hirenro ra laili e Mer€LlaMvr, a crpyKTypr4 Ha

ocHosi nipasHn4rariona3y i rercaanriHorpraQeHl4neHy nri.qi Ta uixemo
BnpoA)ceHHMLr nauinuponi4nuraur4 p-Tr.r[y i orpuuano qacrorHi sanexnocri lificnoi
ra yrnnoi qacrlrHu .4iener<rpraqnoi Synxqii.

5. Ha ocnoni anani:y peeyurrarin eneKTpoHHoro eHepreruqHoro crleKTpy
orpuMaHo fyHr<qii Bausre 3a flKvrvrr4 po3paxoBaHo rrapaMerpl4 tuoAeri fefiseH6epra,
srci 6ytu europucraui Anr^ no6y4oua reMrreparypHr4x garexnocrefi uarHiruoT
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crrpuirlefl'rnlrBocri Anfl aHrr4Qepouarnitroi i SepovraruirHoi Sas naarepiany.
Orpnvrano reMneparypu Qasoeoro ilepexoAy anruSepoMarHeruK-SeporvraruerrrK
(rerraueparypa Heers Ty) ra repexoAy Seporr,rarnernK-napaMerHerr4r (renaneparypa
Kropi T6).

6. Po:paxonaHo Bnacraeocri rapa-, Sepo- ra aHrz$epouarnirHr4x craHin y
MeraJropraHiunovry KoMrrJreKci MOF-74, crporHo3oBaHo reMrreparypui sanexsocri
ik nauaruriqenocri Ta uarnitroi cnprafiHqrrrasocri ra orpr{MaHo erexrponurEfi
eHeprerl,I,+ruir crIeKTp 3 ypaxyBaHHrx cr,rJrbHrrx xopenxqii d-enerupouin, a raKox
r{acrorHl 3allex{Hocri .qificnoi ra yanHoi \actuuu 4ienerrpzquoi Qynr<qii.

3. ilpanruqHe 3HaqeHHfl pe3yJrbrarin po6oru
Orpranrani enexrponni eracrueocri Meranopraniqnux KoMrrJreKcia uoxyrs 6yru

BprKoplrcrani npu BHroroBJreHHr eJreMeHrie ra rrprlcrpoin vrirpo- Ta HaHocncreunoi
texHiru, 3oKpeMa upura4in $ynrqioHamsoi enerrpouir<u, HaHoeJreKrpouiru,
nasocninrpoHiru.

Po:paxonaHi ererrponni ra orrr4qni nnacrznocri Sranoqianinie lepexi4ur.lx
eJIeMeHTIB) a CaMe eHepfeTrrrrHa cTpyKTypa eneKTpoHHr4x p1BH1B, yflBHa rracTnHa

4ielerrpu.rHoi rponnruocri ra ercuronHi xapaKTepwcrvrKvr, e uepuoqeproBuMr,r
[apaMerpaMvt, sri neo6xiAni upz po:po6nenni erervrenris opraHivlroi
Sorononmairn ra opraniunux cnirnoAioAis Ha ocHoei AaHr{x MoneKynspHHX
HaninuposiAHurie.

Pe:yrcraru rpoBeAeHHX AocniAxenr noKa3yrorb :rrainy eJreKTpoHHHX Ta

oTITI,ITIHI,IX BJlacrl4Bocrefi naarepianin 3€Lrre)KHo nia nepexi4Horo MeraJry B

MeraJropraHiuuorray xorunrexci. llpoanani3oBaHo ponb cuJrbHocKopenboBaHux d-
eneKTpoHie rvreraniB ra eJreKrpouHoi crpyKrypu oprauivHoi cxla4oroi.

Ha ocnoei orpranaaHr4x eJreKTpoHHr4x eHeprerprr{Hrlx cuercrpia 4ocni4xyBaHr4x
nepio4uvnux KoopAlrHarlifinzx noni*repin MolKHa po3paxyBarr4 rineruqni
rlapaMerpn, rrlo neo6xiAni npz Aocni.qxeuni Aaszx KoMrrneKcin s qrocri enexrpo4ie,
xanaris rpaH3ncropin, TepMoeneNaeHris.

MeranopraHi.rHlafi KoMrrJreKc MOF-74 uicrurr y co6i Mer€Lir-oKcuAlri
JraHrlroxmpr. Taxi crpyKTypr,r Mo)KHa po3rnrAarr4 qK ognonvrvripui ruarsirHi
uasoo6'erru. y cBoro qepry, 4aonnwripni Sranoqianinoni KoMrrJreKcH Mo)KHa
po3rntAarv flK trtaruirui rcouiprcu. OrprarvraHi pe:ynrrarr4 Aocni,4xeHHx MarHerr,r3My
Mo)Kyrb 6yru y rloA€rnbrrloMy Br,rKopr{craHi Ar.s Br4BqeHHr AaHrlx laarepia-rie sx
uarHirnzx eJleMeHrin y rany:i cniurponircn, a raKoxr HaHoo6'exrin, vnl elerrpouui
Ta oIITLIqHi eracrusocri 3anentaTb nia rvrarsiTHofo rroJr-a.

4. Sarastura ouinrca po6orr.r

{zcepraqiq Krucra IO. B. e saseprueHoro HayKoBoro po6ororo ) flKa uicrram
uoei, HayKoBo-o6rpyuroraHi pesyJrbrarlr AocriAxenr. lzcepraqir cKnaAaerrcs si
Bcrylry, ABox pos4inia, nucnoexiB ra crrr4cKy Br.rKoprrcrasoi nireparypr,r ig 119
nafirueuyBaHb. 3ara-urnufi o6csr Ar4ceprarlii cranonnrr 126 cropiHor, ig Hrax 98
cropiuor ocHoBHoro reKcry, 57 pvcyuis ra 9 ra6twJr.

Y nepnronry porgi"rri 4uceprat$i <ReaHmono-MexaHirtHi "uemodu docttiduceno

"uamepianie > noAaHo orruc KBaHToBo-vrexaniqnux nreroAie AocniAxenH-fl
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eneKrpoHHoi crpyKrypr4 MarepianiB. llpoaHani3oBaHo na6rnxenru o6rvriuno-
ropenxqifinoro SynxqioHarry, a raKo)K ri6pu4ni $ynrqionanra. OuzcaHo Si:ravni
ocHoBr{ Ta MareMaru'ilruit anapar AaHrrx naero4in, a raKo)K BKa3aHo Ha nepeBarkr ra
neAoniru Ko)KHoro s niAxoAin. llponeAeHo anaris rnagi.racu{HKoBlrx uero4in, rqo
6a^:yrorrcx Ha BLrKopzcranni Qynxqii fpina - MeroA GWA ra pinnxuur Eere-
Cornirepa.

floAano oruc reopii SynrqioHany rycrr4yu, igen sroi uorflrae y nzpaxeuni
scix eIaAiB B3aeMoaii sx $yHrqioHany ni4 eneKrpoHHoi rycrunz. Bra-sano ne4olixu
AaHoro ui4xo4y, uoe'ssaHi g onncoM cr4JrbHocKopenboBaHr4x d-enexrpouin ra
s6yAxenzx craHie i :auponoHoBaHo urrrflxv ix no4oraHHf,, 3oKpeMa, 3a AorroMorolo
BrlKoprlcrannfl, ri6pra4noro QynrqioHa-uy ra xausi.racrr4HKoBr4x MeroAig Ha ocnosi
Synrqii-npouararopa (SyHrqii fpina).

lloAauo Si:uuni ocHoBra Ta MareMarr,r,+ruir alapar Mero.{y upoerr-1ifino-
lpl4eAHaHr{x xBrdJrb, i4et f,Koro rroJrrrae y sanaiHi xBr4JrboBoi Qyurqii saneHrHnx
eJIeKTpoHis Ha nceBAoxBl4nboBy rnaAKy Synrqirc, rlo Ao3Bon.fle 3MeHrulrru 6azwc
nJrocKr4x xBr,rJrb rrpr4 po3paxyHKax.

Onucano MeroA orpr4MaHHs MaKcr4MulJrbHo rorarisosanux $yHxqifi Baure ra
rloKa3aHo cnoci6 orpHMaHHr rrapaMerpin o6nriuuoi nsaeN{oAii y rrao4eni fefi:en6epra.

{pyrnfi por4fur po6oru <Enercmporurui, onmuuHi ma JnazHimni 6necmu6ocmi
Jvtem&nopzgwlttHux KoMnJleKcrcD MtTLrTb olrl{c orpI,IMaHLIX eneKTpoHHtIX, 0ITTLITIHHX

Ta tvrarnirnux BJlacrllBocrefi MeraJropraniqnux KoMrrJreKcrB SranoqiaHiuie
nepexi4uLlx Mer€ulie, 4nonrarraipHzx KoMrrJreKcis Ha ocHosi rercaauiHo6eHseny ra
rerccaauiHorpz$enxJreHy, KoopArrHaqifinoro nonilaepy Ha ocHoBi uipasnH4uriorary
Migi i uiremo, MeraJropraHiqnoro KoMnJreKcy MOF-74 i: nepexiAurzun eJreMeHraMH.

Ans xoxHoro urarepiany rpoBeAeuo nopinHrHHr pe3ynbrarie s nireparypHpruvr
ranr4vrvr, uloAo Si:zuuux BJracrr,rBocrefi, ueroAin orpr{MaHHr ra ranysefi
3acrocyBannfl,4ocni4xyBaHr,rx o6'eKris. ,.{erarrrno orrr4caHo Mero.qr{Ky AocriAxennx
- uocniAoeHicm BrlKoplrcraHH.rr uero4in, AocniAxeHns s6ixHocri pe:ymraris rorrlo.

OrpuuaHo eneKrpoHHy eHeprerr4qHy crpyKrypy y Sra-rroqianiHax MapraHuro,
salisa, r<o6anmy, uiKemo, irai4i ra TILTHKy. V $ranoqiaHinax MapraHrrro, zaniza ra
ro6anrry AocniAxeHo rrapaMarnitrrafi :ra Seporraarniruzfi cranr4.llpoee4eno auari:
B[nr4By cr{JrbHocKopenboBasux d-etexrpoHin uepexigHr4x Mer€rrris s euxopr4craHHsM
ri6pu4noro o6uiHuo-rcopenarlifiuoro Synxqionany. Orpuuauo AleneKTpr4r{Hy

Synrqiro .4nr .qaHoro prAy MeraJropfani.rnnx cnonyK. BcranoeneHo, rqo BBeAeHHrr

uepexi4Horo Merzlry y MoneKyny Sranoqianiuy 4oseor-f,e cyrreBo 3:nvr3urv enepriro
sn'xrry eKcrrroHa.

Orpuuauo 3aKoHH glacnepcii enexrponin y 4eonnrr,ripHr4x MeraropraHiuHux
KoMIrJIeKcax reKcaaMiHo6eHseni nirerro ra ruili i rercauiuorpuSenr,rneHl HlKeJrro ra
rvri4i, raKox{ y rpt4BrlMipnux nepio4ravsux roriMepax Ha ocHoBi nipaszn4urionary
vri4i ra nireruo. fltw ganvtx cnonyK eueqeHrafi i upoaua;ri:oeaHufi BrJrr4B cr4JrbHi4x

ropenxqifi d-enerrponin nepexi4uzx ereueurin 3 Br4KoprdcraHHf,M ri6pra4nzx
o6nrinno-roperrqiir:nux $ynrqionanin PBE0 ra HSE06. 3nafi.qeni .racrorHi

3aJle)KHocri .qificnoi ra yxnuoi .racrr4u gienerrpu.rHoi SyHrqii.
llpone4eHo ananis uarnirnux BJracrr{Bocrefi Merrlnopraniqnoro KoMnneKcy

MOF-74, BurrBJreHo revrneparypni inrepnanra icuynauHx napaMarHirHoi,
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SeporvrarnirHoi ra anrzsepouarnirHoi Sar AaHoro laarepizury. Atrs t<oxuoi Sa:"
orpr{MaHo eneKTpoHui ra ouruqui BJracruBocri. Ha ocuoei ruoAeni fefi:en6epra
npoanani3oBaHo uarnirui nracrusocri 3a3HaqeHHX uarepialin, po3paxoBaHo

TeMrreparypHi sanexHocri uaruarni.reHocri ra uarniruoi cnpufi Hsuusocri.

5. Cryuiur o6rpyHrosaHocri Ta 4ocronipuocri HayKoBrIx rloJloxceHb i
BrrcHoBKlB AI|CepTaIIlr

fitx rpoBeAeHH{ AocniAxeuns aBTop Br4Kopl4craB cyuacni xorunlercHi Ta

npequ:ifisi ueroAlr po3paxyHKy eneKrpoHHoi crpyrrypl{ naarepianin. OnpaqroBaHHt

Ta auanis oAep)KaHrrx pesynrrarin gAificneHo 3 BI4KopI4craHHtM cyqacHl4x

rpolpaMHnx :aco6ir. Anpo6aqiq po6oru rpoxoAl4na ua upo$ilrsux ruixuapo4Hzx
HayKoBr4x xousepeHrlirx ra ceuiHapax. OcHoeHi pe3ynbrarl4 4Iacepraqii
ony6niroBaHo y nponi4urax 3aKopAoHHr4x nepio4nvnux BHAaHHtx ra Qaxonr,rx
HayKoBLrx BrlAaHH.rrx Vrpainu, qo BKnroqeui Ao HayKoMerpI4vHI4x 6as SCOPUS ra
Web of Science. ny6nirarlii ni4o6paxarorb cyrb BI4KoHaHI4x .qocniAxeHr,
rpeAcraBneHi s Alrceprallii pesynrr utv ra BI4cHoBKI4.

Bce suqecKa3aHe :a6esueqye o6rpynrosaHicrb ra 4ocronipHicrr oAep)KaHux

pe3yJrbrarir ra c$opvrynboBaHr4x na ixlrifi ocnoei nucnonrin 4zcepraqii.
Anoraqiq 4ucepraqii nonnicuo eiAnoniAae suicry 4Iacepraqii Ta nepeAae

ocnonni nayroni pe3ynbrarl4.

6. 3ayna)KeHHq IrIoAo 4ucepraqil
y 4ucepraqii Knucro IO. B. orpuMaB opuriHanrui uayroni pe3ynbrarl4

crocoBHo Balr{Jrr{Blrx rnfl. [paKTr,rrrHoro 3acrocyBaHHt B HaHo- ra iraixpoenercrpoHiqi

HoBprx uarepia-nin. llopx4 3 rlrlM, Mox{Ha spo6uru nacryuni 3ayBarl(eHHt:
1. Ar<ryalruicrr revrH ne AorlirbHo po3noquHarr4 si :o6paxeHH.f, nepiogu.trot

crpyKryprr Merarroopranivnr4x KoMrrrercie. llaparpa$ 2.1.2 Bapro 6yno 6
si 3O0pa)KeHHt rleploAl4rrHol

Br{KJracTr4 rrrr4prue, BKJrrorrr4Blrru apryMeHTallllo qoAo 3acTocyBaHHs nxfl
po3paxyHKy Ko)ICHofo KoHKpeTHofo MeToAy.

2. lTapavrerpl4 po3paxyHKy enerrponuoi crpyKrypu o6upatucr y npoqeci
TecroBHX pospaxynxie Anfl AocrrHeHH.a s6ixHocri cauoy3roAx(eHnx

xBLrJrboBLrx $yHrqifi ra uorenqiaris Kpr4crana. Als o6rpynryBaHHt s6ixHocri
pe3ynbrarin aapro 6yno 6 errro'{nru xoqa 6 oAuH npouixullfi pesynrrar.

3. He onucaHo recryBaHHrr rrceBAonorenqianie, 3reHepoBaHllx rlporpaMolo
AtomPAW.

4. B po6ori :ycrpivarorbcq He3Ha.rHi cruricru.tri ra rpaMarl4r*ri uouralxu t

orrr4cKll. Kpiu rofo, rocLIJIaHH.u Ha nireparypni Axepena Bapro 6yno 6

HaBecrr{ y KoMrIaKrHoMy zarmci (uanprarnay,, 129, 30, 31, 32,33] - 129-331,

[50, 5I,52,53,54] - [50-54], i r.a.).Tpaunxrorbc{ raKox HeBAani cnoeecHi

$oprr,rynroBalr1rlfl' a caMe: "orpI4MaHa Ha ocHoei pe:ynrtarin $yHrqiouany
PBE0"; "otpuuaua Ha ocHoei pesynmarie $yHrqionany HSE06".

OAnar 3a3HaqeHi :aynaxeHHs He BrrJrr4Barorb Ha rro3I4TI4BHy oqinxy 4Iacepraqii
a qinorvry, a raKonr He 3Hnlxyrorb HayKoBy ra npaKTurrHy uinuicrb pe3ynbrarin ra
eucHoerin po6oru.



Beaxaro, rqo .qr4cepraqi-{ <<E.nercrponui, onrnqni ra tvrarnirHi elacrlrsocri
MeraJroopraniuHux rcoprn;rerccin flK rrepcrleKTnBHux rvrarepia;rin
HaHoeJreKrponircu ra HanocuiHrponiKn>) e 3aBeplueHvM HayKoBpIM AocJli4xennru,
BrrKoHaHprM Ha Br{coKoMy HayKoBoMy pinni i: :acrocyBaHH{M cyrracHux MeroArrK Ta

uilxoAis. ,{ucepraqix rronnicrro eiAuosi.qae BIrMoraM MOH YrpaiHIa, srci

Br4cyBarorbcr Ao po6ir na :4o6ymr HayKoBoro cryrleHs AoKropa Sinoco$ii, a fi
aBrop, K.nncrco IOpifi Bo"noAuurlpoBIrrr, 3acnyroBy€ rrpHcyA)KeHHrl I4oMy

153 Mixpo- raHayKoBoro cryrreHt AoKropa $inocoQii :a cneqialrsicto
HAHOCLICTEMHA TCXHIKA.

O$iqifiHrafi ouoneur,
AoKTop S i:urco-vrareMarl,IqHl{x HayK,

upoQecop ra$e4pra cencopnoi ra
uaninupoeiAHraroeoi ener<rponiru
Jlrnincxoro naqioH€IJlbHoro
yninepcurery irraeni Inana @panrca

lli.querc AHgpir llerponuva Jly.reu ra :ac ni4uyro :

BqeHufi ceKperap
Jlreiecrroro nauioH€trlbHoro
yHinepcurery iueni IsaHa @panra

'&4 
".rl.rlvuevro

m{.:*

,9I:.\ tryJ /siW


