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HaqionarbHoro ynieepczrery <JlrniecrKa nolirexsira>

BUIfYK
oQiqifinoro orloHeHra Ha ALlceprallifiny po6ory

TIAIIIKEBIIIIA BONONIIMIIPA 3EHOBINOBI,TTIA

Ha reMy (Poerumox frisuunux sacad cmnopeHHn qymrunux eJteMeHmie mepnonempie

o nopy ma mepw o en e Kmp uqH ux n ep e ms op ru e aaie>>, [peAcraBJIeHy na s4o6yrra

HayKoBoro cryreH.{ AoKTopa rexniqnux HayK sa cneqianruicrro

05.11 .04 -rrpvrna4r Ta MeroAu uavriproBannfl TerIJIoBI4x BeJII4qI4H

Arcrya"rrrnicrr reMrr. Tenaueparypni nznriprcBaHHt ruIapoKo 3acrocoByrorbct B

pisHrax rany3rx HayKu, rexuircz, MeALTTII4HI{, sificrKosifi ctpani Tolqo. y sn'.asry 3

nocrifinuM po3rrrrapeHHf,M npeAMerHzx o6racrefi revrneparypHLlx nznriproBaHb, 3oKpeMa

neo6xiAnocri s4ificHeHHr nunaiproraHb B yMoBax KocMocy, repe6iry raepHllx peaKllifi y

peaKTopax aroMHr4x eneKrpocranqifi i r.A., npoSreuarzra HayKoBo-rexni.IHLIx

AocniAxeHb B rany:i TeMneparypHlrx nvnripronaur rocrifiHo po:ruvploerbct, BlzuvrKae

HararrbHa norpe6a y rpeqlr3lir:aux nuuiprona. Hrrx B po3IIrI4peHoMy Aiauagoni reMneparyp.

3a6esueqeHHr Merponoriqnzx apaKrepucrrlK saco6is reMneparypHklx

nrallipronaHb norpe6ye, n repuy qepry, pospo6neHHt ceHcopin, 3AarHrrx gaSecne.Izru

xapaKTepkrcrvrKvr, 3oKpeMa, cra6inrnicrr i ni4rnoprosaHicrr y IxI4poKoMy AianasoHi

reMrrepary p ra BrpoAoB)K rplrBanoro qacy eKcnnyararlii. Bzqe HaBeAeHe o6ylao"no.
aKTyaJrbHicru nnpiureHHr nocraBJrenoi s po6ori llau,trceeuqa 8.3. KoMrlneKcuoi nayxoeo-

npurutadruoi npodnentz po3BrarKy Qisuuuux sacad cmlopeHHfl HoBLIX tlyrnkIBI4x ereueurin
repnrouerpir o[opy ra TepMoeJreKTplrqHr'rx nepeTBoprosa.rin 3 roKparqeHlrMr4

Merponori.{Hlrr\az i ercnnyaraqifiuuuu xapaKTepvrcrvKaMkr ra upunquuin KepyBaHHt

Hr4Mr.r rrrJuxoM sanpoead)rceHHfl cyvacHux nemodie uodenneaHHfl ixHix BJracrrrBocrefi.

Pogs'qgaHHs rliei upo6reuu uorpe6ynano eia aBropa npoBeAeHHq uu6orux
KoMrrJreKcHr[x HayKoBzx AocriAxeur Ha crl4Kax pisnux HayKoBLIX uaupxruin

repMoMerpii, nrarepiarosHascrna, noniurix inQopvraqifino-nuvriproBaJrbHllx rexuororifi
ra in. 3aupona,qxenufi KoMrrJreKcnzfi ui4xi4 4o:nonun sdodynaqy He JILIuIe \oflcHrTkr

uepe6ir Sisuunux upoqecir B rrrarepiarax repMoeJrevreHrin, uor'.s3aHzx g ixHroro

4erpa4aqiero, iure ft 3arrporroHyBurv rexsororiro crBopeHHt HoBLIX nrarepianin ra
qyTJIHBux eneN,reHris TepMorrepernopronauin Ha ixHifi ocHosi 3 rrpofHo3oBaHuMrr

BJIACTI4BOCT.qMI4.

O6rpynronanicrr ra Aocronipuicrr o prrMaHuE pe3yJrnrarin..''floJro)r(eHHfl ra
BLrcHoBKr4 Ar4ceprarlifinoi po6oru AocrarHbo o6rpynronaHi reoperLrqHnvrvr 'ra

eKcrrepr4MeHr€LrrbHlrrraz 4ocriAx{eHH.f,Mu. Us oqinra Sasyerrca Ha KopeKrnifi uocranonqi
Merl,r ra 3aBAaH)

&
4ocli4xeHH.a, nzropncranui uepenipenzx nuxi4nzx AaHvrx)



3acrocyBaHHl aAeKBarHI4x MeroAiB AocniA)KeHb, loritrHoMy ra qiTKoMy $opt"ryffosauHi
ixnix pe3ynbrarin, Ha ui4rnep4xenHi TeoperLrqHrrx BLrcHosris qoAo 3anporroHoBaHrrx

rexniqHrax piurenr i ouirynaHr,rx BJracrLrBoc refi pospo6ruoeaHnx saco6in reMrreparypHzx
nzuipronaHb Merporori.rHzlaz 4ocni4xeHH.sMlr.

OcnosHralr saco6oM ,rlocrrHeHHr rrocraBJrenoi ueru e KOMITIeKCHT4V [IlAXlA AO

saco6ie nzuiprcnannrananisy Sisr,rvnux 3acaA po6oru qyrnlrBr,rx ereMeHris
TeMrreparypv, d raKolr uero4in ixsix MerpoJrori.rHzx AocriAxenr. B po6ori KopeKTHo

BI4KOpI,ICTOByTOTbCf, [OrOX{eHHq MaTeMarr.rqHOfO MoAenroBaHH_f, cTpyKTypHt4x,

eHeprerrItIHLIX, tciHerzqnux ra repMoAlrHaMi.rHux BJracrLrBocrefi TepMoMerpLrrrHux

rvrarepianie ra saco6in nuvripronaHHq reMreparypr4; 3aranbHoi reopii nzrraipronaHHr ra
nurrlipronaHb TeITJIoBLTX BeJII4TIIaH; MeroAin penrrenincrroro ra cneKTpaJrbHoro aHanisis.

Hayrona HoBu3Ha ra 3HaqeHHfl pe3yJrbrarin 4oc.niqxenr. Ocnonni nayroni
rIoJIoxeHHt, BtlcHosxu i peKoMeHAaqii, orpunaaui aBTopoM i upe4craueni n 4zcepraqii,
6esuocepeAHbo [oB'q3aHi s 4ocxmeHHrM Merr4 AocniAxeHb, rrlo noJurae y pnnumtg
Qisra.*rzx 3aaa!- crBopeHH.f, HoBr4x qyrnr4Bt4x erevrenris repnaonrerpir o[opy i
TepMoeneKTpLIqHI,IX ueperBoproea.{in 3 rroKparrleHuMkr Merponori.rHzNaz ra
eKcrlJlyaraqifinrarr,rz xapaKTepvcrvrKaMn, BcraHoereHHi ocHoBHrlx saroHorvripnocrefi

Synrqifi reperBopeHHt rryrnl{Bl{x ereruenrin repMonepernopronauin ra po3po6renni
rIpI4HIII4nin repynaHH.f, HI4Mn [ursxoM sanpoeaduceHH,fl cyqctcHux uemodie modenrceeHHn

ixnix BJracrr4Bocrefi.

!o Hafinaxrnniurzx HayKoBrIX pe3ynbraris po6orv H€urexarb nacrynHi:
po3BI,IHyTO TIpLIHIIVIU KepyBaHHq TepMOMeTpkrrrHlr]'l'dr4 XapaKTepr4cTuKaMpr

(SyHrqiruu reperBopeHur) qyrnLrBux ereNaeHris repuovrerpin onopy ra
TepMoeneKTpI4trHLIX leperBoprona.rie s AocriAxeHr4x repMoMerpvrrHLrx nrarepiarin
rxJrtxoM Bt'IKopLIcraHHfl cyrracHux uero4ia MoAenrcBalnufl) 3oKpeMa, ninifinoro MeroAy
rlprreAHaHrrx rlJlocKrrx xBI,IJIr (FLAPW) ra qurli.rHoro rroKpoKoBoro KoperyBaHrur
rloqarKoBl4x yMoB pospaxynxin 3 rrapaMerpaMr'r eKcrrepr4MeHT€urbHr4x nuuipronanr

Syurqifi [eperBopeHHt, IrIo Ao3BoJrLrJro ui4nuqzru ro.rHicrr MoAeJrroB atr:aft i orpzuarz
uyuzni eJIeMeHTz repMonepernopronauin 3 rroKparrleHzMz Merponoriquzulr ra
eKcrrny araq ifi Huvrz xap aKTep LrcruKavtu;

- Brleprue [poBeAeHo MoAenIoBaHHq BJracrr'rBocrefi naarepianin qyrrr4Blrx erevrenrie
reprraonaerpin olopy ra repMoeneK'rpr4rrHrrx [eperBopronavin, 3oKpeMa, rrr4ToMoro

eJleKrpooropy P, r<oe$iqieHra repMo-epc a, nzrouoi ruarHiruoi cnpufintrtueocri y,
posuo4iry rycrvrHr eneKrpoHHl4x craHin (DOS), soHHoi crpyKTypv, rlLrpr4HlE sa6opoueuoi
3oHI{ sg, trv6r4]flvr galrflranHx pinnx @epnri sp, TepMo4ranauiuuLrx B acrnnocrefi, 3oKpeMa,
enra-urnii snrinrynannr AH-1*(x) ra ninrnoi eneprii AG(x) (uorenqian Feimurolrqa), a
raKo)I( crpyKrypHLIX napavrerpin IIIJrrxoM 3arrpoBaA)r(eHHr pospaxyHrie niHifiHzrra
MeroAoM rIpHeAHaHI4x rlnocKr4x xBlrrrb (FLAPW) y naexax reopii SyHrqionury ryarvHt
(DFT), rlo Ao3Bon4no lignzrqzru ro.{Hicrr oAenroBaHHr, BcraHoBLrrLryMoBr4 icnynauur
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oAHo3HarrHt4x 3arre)KHocrefi Qynrqifi neperBopeHHq, nrexi icnynaHu.f, Ta BLrKopr4craHHt

naarepiarin repvroleperBopronavie, a raKo)K orpLrMarrr uyuzei eJIeMeHTH repnrovrerpin

onopy ra repMoeJreKTpr'trrHr4x neperBopronaqin 3 rroKparqeHr4Mlr Merponori.rHrala[ Ta

eKc rrnyararl ifi nunrra xap aKTep krc wrKaMv;

Brreprue BcraHo JreHo saroHoNaipnocri $ynxqifi reperBopeHHr orpLrMaHLrx

ITyTILTBLTX erenrenriB TepMoMerpin onopy Ta TepMoereKTplrqHvx nepernopronauin Ha

ocnosi 4ocni4xeHlrx repMoMerpLrrrHLrx Marepiaris 3 oAHo3HaqHr4Mra 3€Lrre)KHocrflMu ra
Br4coKr4M 3Har{eHH.sM eJreKTpoo[opy i repnro-epc, ulo ui4nrzqye ro.rHicrr ra po3rrrLrprce

4iauasoH reMneparypHr,rx nznaiproeaHr oAHrrM repMoMerpoM. rlyunni eJreMeHrLI

reprvrorvrerpin onopy ra repMoeneKTpuqHlrx reperBopronauin, surorosreHi 3

repMoMerpvrquvrx nrarepianin Lur-rScNiSb, Vr-*TirFeSb ra VFer-*Ti"Sb Moxyrb
Br4Kopr4croByBarvcfl Arrfl TeMneparypHzx nurvripronaHb 3a Ha.sBHocri naarnirrrofo rroJrq,

ocxilrrn e rapaMarHerzKaMu flay fi;
Brreprue orpLrMaHa niHifira qyrnkrBkrx enevrenrie repMoeneKTpkrqHlrx

neperBopronaqin s AocriA)KeHr4x repMoMerpvrrrHnx vrarepianie 3 rreKparrleHuMr4

Merponoriquzvrz ra eKcrrJryaraqifiHr4ur xapaKrepr{crLrKaMr4 y 4ianarosi 4,2-1300 K, n

IKLIX y 3aJlex{Hocri ni4 3HaKa repMo-epc nponi4nuris Qopvryna-rracr repMoeleKTplrrrHa

lapa rrJrarlrHa-TepMoMerpu'rnuir ruarepian, rrJrarrrHopoi4-repnaoMerpuqHufi vrarepiast a6o

repMoMerpu'ruuir vrarepiar (M1)-repMoMerprr'rHvrfi rr,rarepiar (M2), qo ui4rzrqye
ro.rHicru Ta po3rrruproe 4iaua3oH TeMrreparypHLrx nurrripronaHb oAHLTM TepMoMerpoM;

- Brrepue orpr4Mana ninifira qyrnurBprx eJreMeHrin repuolaerpin oropy Ha ocHoei

AocliAxeHkIX TepMoMerpLItrHI4x Marepia-nie 3 oAHo3HaqHvrMvr 3€urex(Hocrflvrur ra BucoKkrMkr

3HaqeHHrIMt4 reMrleparypHoro roeQiqienra oropy (TKO), qo ni4nzrqye roqnicrr ra
po3rrrvprce AiauasoH TeMneparypHlrx nuuipronaHb oAHt4 M repMoMerpoM.

flparcrnvne 3HarreuHfl pery.urrarin po6oru. llparrzune 3HaqeHHr po6orz
rloJljfifae y cTBopeHHl HayKoBo-TexHoJroflrrHr4x 3acaA MoAeJrroBaHHr Ta oTpr4MaHH_rr HoBLrx

rryrnuBux eneN4enris repnaovrerpin onopy ra repMoeJreKTpr4rrHlrx [eperBoprosaqin 3

4ocri4xeuux repMoMerpr4rrHr,rx naarepianin gi cra6ilrnuura ra ni4rboproBaHr,rMr{

x ap aKr ep r4crvrKaukr 3 a re M rr ep aryp 4,2+ | 3 0 0 K.

OcnoeHi pe3ynbrarkl Teoperl4r{Hkrx i ercnepr4MeHTarrbHr4x 4ocrigxenr aBTopa

BnpoBaAxreHi na px4i ni4upLTeMcrB i nayrono-AocriAurax oprani:aqifi Yrpaiuu, a caMe: B

IIpAT HBO "Tepvroupvurag", ru. Jlrnin, Arcr npo BnpoBaA)KeHHfl r.i125.0I.2024 p.; AT
"Jlrsincxzfi xiuiqnrafi sanoA", M. Jlrnin, Axr upo BnpoBaAx{eHHr nig 07.02.2024 p.; y
HaBqaJIbHoMy rlpoqeci ra rplr Br,rKouasni HayKoBo-AocniAHux p r6ir y HaqioniurbHoMy
yninepcrareri "Jlrsisclra nonirexnira" Ha ra$e4pax iuSopvraqifino-euN,ripronalrnzx
rexnororifi (Arr rpo BrIpoBaAxreHHr sil 20.02.2024 *.) ra eneKrpolrHr.rx saco6is
in$oprvraqifino-rovru'rorepnux rexHoJrorifi (Axr rpo BrrpoBaA)KeHH.f, sil 15.02.2024 p.).

Crpyrcrypa Arlcepraqii ra cMicr por4i.rrin. [ucepraqifiHa po6ora [Iau,tKe6uva

8.3. crcnagaerbcf, 34 aHorarlii, rcryny, il'flTr4 pos4inin, nzcHosriB, clLrcKy nraropucrauoi
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nireparypz s 712 lrrairweHyBaHb ra n'flrv AoAarxie. 3aramnzfi o6cqr Aurceprarlli 268

cropiHor, 3 Hr{x 244 - ocHoBHoro reKcry, ra BKrroqae 109 pzcynrcie i 15 rabnuqr.
V ncryni o6rpyHroBaHo aKryilrrbHicrr reuu, nrasani Mera i ran4auua 4ocri4xenr,

cSoprraynboBaHo HayKoBy HoBLr3Hy ra rrpaKTl4qHe 3HarIeHH.l orpzMaHr4x pe3yJrbrarin,

roKa3aHo 3B'q3oK 3 BzKoHaHr4Mvr HF, oco6ucrzfi eHecox s4o6ynaua e ny6niraqixx,
rpeAcraBJreHa inQopnraqix s aupo6aqii, pearisaqii i nupoea4)KeHHt pe3ynbrarin po6oru.

y neprroMy por4ini po3rnrHyro rprrHrlzrlr eJreKrpopegucrzsHoi Ta

TepMoenerrpzvnoi repvronrerpii, vyrnuni eJreMeHrr4 repvronrerpin oropy Ha ocuoni

uarinrponiAHzxou4x Marepiarin, oco6rueocri rcpucrani.rHoi ra eneKrpoHHoi crpyKryp
6asoeux rraarepianie qyrnLrBlrx erevrenrin repMonepernopronavie. 3asnaueHo, rqo

eneKpope3r,rcTr4BHl TepMoMeTpr4, nooyAoBaHl Ha ocHoBr rpagwfiirlr.vrx

Haninnponi4uzronzx ruarepiarie, Marorb BrrcoKy uyuznicrb ra qacoBy cra6imurcm
rrapaMerpin, i pa^:ona 3 rIr4M Marorb Hr43bKy BepxHro Mexy eznriprona-nbHr4x reMrreparyp.

3asnaueno, Iqo uyrnraei eJreMeHTLr eneKTpope3r,rcrr,rBHr'rx repMorrepernoprona.rin,

peanisonani na ocnoei inreprvrerari.rHr.rx nauienposiAHzrie Aarorb 3Mory.. po3rrrr4pr.rrkr

AiarasoH TeMrreparypHr,rx nuruipronaHb Ao 1300 K. 3po6neno BkrcHoBoK rrpo re, rqo
' po6reuu po3rrr4peHHq 4iana^:oHy reMrreparypHlrx ezuipronaurpo3B .fl3aHHr fr

TepMoeJIeKrpzvHI4MH repMoMerpaMlr, noKparqennq ixHroi vyuznocri, revrueparypnoi ra
.racoeoi cra6inrnocri Jrexr4Tb y nroulzni rorxyKy HoBkrx rvrarepianin

TepMoneperBoploBaqin, o4uosuaquocri ixuix repMoMerpLrrrHt4x xapaKTeplrcrt4K.

Ananig cyqacHlrx naero4in ra saco6is reMrreparypHLrx nunaipronanr Ao3Bonr4B

zdo6yeauy c$opnrynK)Barz HayKoBo-rrpr4KnaAHy

4ocni4xeHHr, Mery ra 3aBAaHHq AocriAXeHHr.

upo6nevry AV CepTarllr4HOfO

{pyrufi por4in rpl4cBcrreHo po3rrrqAy ruero4ie ra saco6is reoperr4r{Hux ra
eKcnepv MeHT€uIbHI4x ,uocniAxenr sracrzeocrefi TIYTJI14BLIX EJIEMEHT1B

TepMorlepemopronavir 3 Aocni4xeuux Hauinupoei4nuxonnx repMoMerplrqHLrx

nrarepianin, o6rpyHryBaHHro nz6ip MeroAy MoAenroBaHHfl ra AocniAxeHH{ crpyKryplr
qyrrll.,IBLtx ereuenriB TepMorreperBoproravir, ruero4ir eKcrreprrMeHTaJrbHLrxr AocniA)KeHb

eneKrpootropy, TepMo-epc ra nzroruoi nrarnirnoi crtpuirurrrnzsocri. Brasano, qo
BI4KopI4craHH{ cyqacHux uero4ie KoMr'rorepHoro MoAeJrroBaHHfl BJracrvBocrefi
r{yrnI4BVX ereuenriB TepMorleperBoproeauie, a raKox{ eKcrrepuMenramni nuruiproeanna

oco6nznocrefi iknroi xpucrarivuoi crpyKTyplr, TeMrreparypHrrx garexnocrefi

xinerz.ruzx ra uarnirnux xapaKrepucruK y rulrpoKoMy reMrreparypHoMy 4ianasoni
crrpvrfle sa6esue.IeHHlo 4ocronipuocri orpr4MaHr4x pesynrrarin Auceprarlifinoro
4ocri4xeHHr.

Pesyrrrraru eKcrrepr{MeHTuurbHr4x 4ocri4xeHr r{yrfi{,rBkrx ereruenrie repuonaerpin
onopy ra repMoeneKrprrqHllx neperBoprosa.rie 6ynu penepHr,rMlr roqKaMLr rrpkr

uopinnruni e pesynbraraMr4 KoMr'rorepHoro MoAenroBa:aHfl. Taxe uopinn.anH-s Ao3Bonqno
BcraHoBrITLr rrpv-uvnz pos6ixHocrefi laix p*yJrbraraMr,r MoAeJrroBale^:r.fl Ta eKcnepr4MeHTy,



a raKo)K KoperyBarr,r rapaMerpr4 po3paxyHxin, rqo6 sa6tuzurr'I 3Har{eHHr eKcrrepnMeHTy

ra po3paxynrie. 3anponouosanuia s4o6yeavevr ni4xi4 Ao3Bonr,rB po3Br4Hyrvr rrpLrHr\vnu

MoAenroBaHHs. crpyKTypHr4x, eHeprerr4qHr4x ra repMoAr4HaMlqHr4x Bnacrr4Bocrefi

TepMoMerpurrHlrx nrarepianis [urqxoM 3anpoBaAXeHHr po3paxyHrie uiHifiHr4M MeroAoM

rpr.reAHaHrdx rrJrocKr{x xBzrrb (FLAPW) y rvrexax reopii Qynr<qion€Lry rycrznz (DFT) :
HacryrrHrrnr qzrliuHr{M rroKpoKoBlrM KoperyBaHHrM rroqarKoBzx yMoB po3paxyHxin s
pe3ynbraraMrz eKcnepHMeHTy, rrlo Ao3BoJrLrJro uiAeuqzru roqnicrb MoAenroBaHHr.

B rperboMy por4i.ni po3BrlHyro Siaz.+ri 3aaarr4 orpr4MaHHq riHifirvr qyrnvBvrx

ereuenriB TepMoMerpin olopy i repnaoeneKrpr4rrHr4x nepemoproea.riB 3 rroKparrleHr,rMrr

MerponoriqHrznaz ra eKc[nyararlifinzuu xapaKTepr4crvrKaMvr, BrrforoBJreHr4x 3

nanienponi4nzr<ou4x repMoMerpr4rrHr4x iraarepiaris Lur-"Sc,NiSb, Lur-"Zr"NiSb ra Lur-

,VrNiSb, orpr4MaHr4x neryBaHHrrM Sagonoro nanienponi4nzra p-LuNiSb 4oruiurxoBvrMr4

aroMaMz Sc, Zr ra V. Ha ocuoei upone4eHl4x AocniAxeur 6yno ompun/xaHo niuiilxy Ho6ux
qymnulux eneueumil p'nfl, eneKTpope3r4crkrBHoi ra repMoenerrpu.rHoi repuorr,rerpii si

cra6inrnz Mu r a r i4rnoproBaHuMrr BJracrvBo cr-fl Mr4 3a reMrlep ury p 4,2+ 1 3 0 0 K.
3dodyeau rroKa3aB, rrlo roJroBHr4M $ar<ropovr Hecra6inrHocri BJracrr4Bocrefi

rryrnr,rBr4x ererueHrin repMonepereoproeavie Ha ocnoni 4ocri4xeuzx panirue

inrepnaeranilie TiNiSn, ZrNiSn ra HfNiSn e HeBrroprAKoBanicrr ixnroi xpracraniunoi

crpyKTyph, rrlo 3a yMoB noBToproBaHH.f, rlraxnie narpie-oxonoA)KeHHq gr\,riHroe [pocropoBe
po3rarrryBaHHq aroruie. Ue e npzqr4Horo ne ni4rnoproBaHocri ixnix xapaKTepr4crzK, rrlo

yHeMo)ilLrBJrroe ixHe e Hropr4craHHrr An,f, TepMovrerpii.

Haronaicrr, 3anopyKoro cra6inrnocri Ta rrporHo3osaHocri po6orz orpr4MaHr4x

sdodveaqetw qyrnr4Bkrx ereMenrie neperBoprona.ris reMneparypr4 Ha ocHosi

repMoMerpl4qHuIx vrarepianie Lu1-"Sc,NiSb, Lur-,ZrNiSb ra Lur-"V"NiSb e cra6imnicu
ixuroi rcpzcrani.ruoi crpyr<Typv, n<a6yta AocrrHyra rrrJrrxoM y[opqAKyBaHHr crpyKTyptl
6asosoro uanienpoei4nrarca. Y gareNnocri niA TLrny ra KoHrleHrpaqii Aonriumoezx arolais

Sc, Zr ra V 6yro orprlMaHo repMoMerpuqni uarepianu 3 AoAarHvruvr ra ni4'eunzuu
3HaKaMrr repMo-epc. I{e 4osnoJrr4Jro orpkrMarr4 repMoenerrpu.rHi leperndpronaui 4lr
rlpoBeAeHnr 4ocni4xeHb rrpkr reMrreparypi 4,2:1300 K.

3anpona4xeHHtM po3paxyHKlB ntnrfr zu MeroAoM rrprreAHaHrzx rrJrocKLrx xBLrJrb

(FLAPW) y nrexax reopii Synrqionany rycrr4Hz (DFT) Ao3Bonvno niAeurqurz roqnicrr
MoAenIoBaHHs, a raKoxr orpr4Marr4 uyrnzni eJreMeHTz repuouerpin onopy ra
TepMoeJreKTpLrqHr4x neperBoprosa.ris Ha ocsoni TepMoMerpr4qHr,rx rvrarepianin Lur-

,Sc"NiSb, Lur-"ZrNiSb ra Lur-,V,NiSb 3 noKparrleHr4Mr4 Merponoriqnuuu ra
eKcrlnyaraqifinzrr,rz xapaKTepvrcrr4Kaur4. A qe, y cBoro .repry, 3HaqHorc vriporo nzpiruye
cSopnrynboBaHy HayKoBo-npvKnaAHy npo6neMy po3rrrupeHHq Aia asoHy TeMneparypHkrx

nnvipronaHb 3 oAHoqacHuM noKparqeHHrrM xapaKTepucrrrK rryrnr,rBlrx erel4eHrie.

BcranoereHo 3aKoHonripnocri $ynrcqifi [eperBopeHH{ r{yrnnBr,rx ererueHrin gaco6is

nzuipronauHr reMrleparypv Ha ocHoei nonirnix repMoMerpr{rrHr4x nrarepianin Lur-



,Sc"NiSb, LuroZr,NiSb ra Lur-,VNiSb y Aiauagoni 4,2:1300 K. [ocniAxena qacoBa

cra6inrHicrr ra ni4rnoproeaHicrr repMoMerpvrtHnx xapaKTepvlcrvK oTpLIMaHLIX

qyrnlrBr4x ereMenrie 4ocni4xyBaIracA rrrJrrxoM nvuipronaHnx sN,IiHz 3Har{eHb

eneKrpooropy ra repMo-epc Ha uporr:i KaneHAapHoro poKy uicr.r 25 uurct:i'n uarpin-

oxoJroA)KeHH.f, n inrepnani 300+1300 K. BcranosreHo, Iqo 3HaqeHHq eneKrpoonopy ra
repMo-epc 3aJrr4rrr€ilucs cra6imnunaz y Mexax +0,015 K ra +0,025 K, ni4noni4no, Iqo

Ao3Bonre peKoMeHAyBuwr ix 4nx reMrleparypHllx nuuipronaHr.

Orpuvrana ninifira qyrnrrBr4x ereueuriB TepMoMerpin olopy ra repMoeneKTpI,ItIHIlx

rreperBoprona.ris s gocni4xeHkrx repMoMerpvqHnx rr,rarepianin Lur-,Sc,NiSb, Lur-,ZrNiSb
Ta Lur-"VrNiSb 3 noKparrleHr4Mr.r Merponori.rHzNau ra eKcnnyara\iit:r.utvtu

xapaKrepvcrvrnaMr y 4ianasoni 4,2-1300 K. 9yrnzni eneMeHrkI repMoeneKrplrt{Hzx

neperBoproea.rie ui4nurqyrorb qyrnr4eicrr y 3+5 pa:in, a raKox Ao3Bontrurb oAHkIM

ceHcopoM rrpoBoAr4rLr nuruipronannr reMneparypy B 4iana:oni 4,2-1300 K. TKO

orpLrMaHr4x qyrnr4Blrx enevrenrin reprvrouerpin onopy y 4-6 pa^:ia repeBulr{ye TKO
rryrrlrBr4x ereuenriB, Br,rforoBJreHkrx s Nreraflin, a ni4onri Haninuponi4uuroni, repnronrerpl4

olopy He 3acrocoByrorbc.rr 4rx nnuiproBaHHr cepe4nix ra BLIcoKI4x reMrleparyp.

B uerneproMy por4i.rri BLrKnaAeHo pe3ynbrarLr MoAeJrbHzx i excnepzMeHTaJrbHzx

KoMfrJreKcHr4x AocniAxeur crpyKTypHr4x, eHeprerLrr{Hl4x, rineuaqHzx ra uarnirnux
BJracrlrBocrefi uyrlruBvrx eneuenriB Ha ocuoni narinuponiAHr,rKoelrx repMoMerpLrrrHLrx

naarepianie Err-"Sc,NiSb, ErwZrrNiSb ra Tmr-,V"NiSb, orpzMaHlrx neryBaHHsM 6agoehx

narinnpoeiAHr.rrin p-ErNiSb rap-TmNiSb aolairuKoBl4MLI aroMaMu Sc, Zr ra V.
BcranoueHo 3aKoHoruipuocri Qynrqifi reperBopeHHr rryrnprBr..rx eneuenrie gaco6is

nuuipronaHHq reMreparypr4 Ha ocHoBi AocniAxeHlrx repMoMerpl4tlHl{x uarepianie Err-

"ScrNiSb, 
Err-rZrrNiSb ra Tmr-rVrNiSb g oAHo3HaqHrrMLr 3€ure)I{HocrflMu ra BLrcoKzM

3HaqeHHrM eJreKrpooropy i reprvro-epc y uu4poKoMy reMneparypHoMy AianasoHi.

floragaHo, ulo 3HarreHHr eneKTpoouopy ra repMo-epc 3annuraJrvrcfl, cra6inruuvtvr y Me)Kax

+0,025 K ra *0,035 K, ni4noni4no.

Posnuuyro MeroA orplrMaHHr repMoenerrpuvnoi \apv uyuunorb eneMeHry

ceHcopy Ha ocHoBi u<aganux BLrrqe nosirHix repMoMerpr{rrHlrx rr,rarepianir, rqo y 3-5
pasin ui4nzrqye .ryrnranicrr icnyroqux repMoneperBopronauin ra po3rrruproe 4ianasou
TeMueparypHrrx nzuipronanr oAHLTM ceHcopoM. OrpuvraHi uyrnuei eJreMeHTLr

TepMoreperBoproBaqin Ha ocHosi noeirHix repMoMerpkrqHr4x rraarepizurin ni4pisn-srorbct

BLrcoKoro uyuzricrro, a niAHoruenH.f, glaiHz sHarreHb repMo-epc (AE) Ao reMrreparypHoro

4iana^:oHy (AD e 6inrururvr ni4 ni4orvrzx rpoMr4cJronux cencopin.

Posnznyro MeroA orpkrMaHHf, repuivno cra6iruuzx rryrnr4Br{x ereMeHris

eneKTpope3vcrLrBHrrx repuouerpin s AocliA)r(eHrrx repMoMerplrqHLrx "vralepianin Err-

,Sc,NiSb, Err-,Zr,NiSb ra Tmr-"V,NiSb. TKO orpuMaHVX repMoMerpin oropy e 6inuuirnr
sil TKO ueranin, €Lre nrenurufi 3a TKO repnrovrerpie onopy, BrrroroBJreHlrx 3

naniauposiAHraKis.,Bi4:Haveno, u1o )KoAHvrir, iz eiAoNaux repMoMerpin onopy Ha 6asi



rpaAr'rqifiHr4x HaniBrrpoBiAHrdKiB He 3a6e3reqye cra6inbHicrb xapaKrepr4crt4K y 4ianasoni
reMrreparyp 4,2:1300 K. .

B ntqrondy por4i.ni BcraHoBJIeHo 3aKoHonaipnocri Synrqifi reperBopeHH.rr r{yrnr4Br4x

eJreMeHTlB 3aCOOlB BI4MlprOBaHHr TeMrrepilrypl{I Ha OCHOB1 AOCJTIAX(eHLIX TepMOMeTpLrqHr4X

nrarepianin Vr-"Ti"FeSb ra VFer-"Ti"Sb, orpI4MaHI4x uul-flxoM neryBaHHr 6asoeoro

nauinnponiAnzra n-VFeSb aroMaMLT Ti y pisnzfi cuoci6. Tax, AocniAxeunn sdo6y6aveM

BJlacrl4Bocrefi qyrnuBLIX erelaenrie repvronaerpin olopy ra repMoeleKTpLrrrHLrx

rleperBoproeaqin Ha ocnoei TepMoMerpr4rrHoro vrarepiany V1-rTirFeSb rroKa3€Llo

Mo)KrrLrBlcrb reHepyBaHHfl, y sa6opoHeHifi goHi eHeprerkrqHlrx crauin 4onopnoi ila6o
arqenropnoi [ppIpoAI4. y cBoro qepry, ni4nornennr 4onopin ra arqenropin 3a4ae

noJrox{eHnr pienr @epnai 6F,, rKe Mo)r(Ha sNaiHrunarr4 rrrJrrxona ni4uoni4noro neryBaHHrr

uariuposiAHzra. llp" rlboMy srvriHroroucq 3HaqeHHs rinerz.rHzx BJracrlrBocrefi

TepMoMerputlHoro vrarepiany, rri e He qyrnuBkrv'rao aii uarsirHoro rroJur.

3rvrina 3HaKa roeQiqienra repMo-epc a(x,T) Vr-rTirFeSb Ao3Borrkrna sdo6yeavy

orpLIMarI4 AoAarHy ra ni4'enany nirrcz repMoeJreKTpr,rqHoro rreperBoproBaya ra linifiry
qyrnI,IBI4x ereMenrie reperBoprcna.ris reMrreparypr4 Ha ocsoni AocniAxenux
repMoMerpv,ulaux vrarepia-nin Vr-,Ti"FeSb Ta VFer-,Ti"Sb Anfl reMrreparypHr4x

nuuipronaHb y IxupoKoMy reMrreparypHoMy AianasoHi s o4Ho.racHlrM rroKparqeHH-rrM ixHix
xapaKTep vrcrvrK, 3oKpeMa, Merponoriqnzx ra eKcnnyaraqift nux.

Posnzuyro MeroA orpLlMaHrur ninifirn repuivHo cra6imnnx qyrlrlrBrax erenrenris
eneKTpope3rrcTrrBHnx repnronrerpin s AocriA)KeHAX TepMoMeTpzrrHt4x naarepizurin vl:
"Ti,FeSb 

ra VFer-,Ti,Sb, qo uiAsulqye rorlHicrr ra po3lxzprce 4iaua:oH reMneparypHr,rx

nunripronanr. TKO HoBr4x qyrnzBux ereueHriB TepMoMerpin oropy Ha ocHoBi noeirHix
TepMoMerpI4rIHI4x vrarepiarin [epeBoKae TKO uerarin, ure e MeHrukrM 3a TKO
uaninnponiAnzris.

Y AoAarrcax HaBeAeHo aKrr4 BrrpoBaAx{e Hr pe3ynbrarin 4zcepraqifiuoi po6orLr B

pisuzx opranisaqiqx ra ycraHoBax Yrpainu.
XaparreprcrrlKa rrvricry po6oru n qi.rrouy. V pesynrrari rpoBeAeHoFo rounneKcy

4ocli4xeHr s4o6ynau o6qpyHryBaB ra nzpirurzB Ba)r(JrurBy HayKono-rexniqny upo6neuy
ni4nzlqenHx roqnocri Ta cra6inrnocri TeMrreparypHkrx enuipronaHr y mupoKoMy

reMrleparypHoMy 4iana":oui, rlo BvrflBrrflerbcfl. y po3Br4rKy Qisuuuzx 3aca1 crBopeHHt
qyrnuBLIX ereMeHris repnronrerpin olopy i repvroerteKTpLrqHlrx [eperBoprosa.ris 3

rIoKpaIqeHI4MI4 Merponori.rHlrlan ra eKcrrnyararlifinuvru xapaKTepvcrvrnavrLr ra
pospo6neHHi upIaHIII,tuis KepyBaHHfl lar4Mvr rrrJrrxoM 3arrpoBaAxeHH.f, cyqacHr4x rraero4in

Mo.rleJrroBaHH.f, ixnix BJracrr4Bocrefi .

3do6yeau po3BplrryB rIprIHIIunLT KepyBaHHrr repMoMBTpr,rrrHr.rMlr xapaKTeplrcrlrKaMu

($yur<qixnrn reperBopenua) rryrnr4Br4x ereuenrin repuonrerpin oropy 'Ta

TepMoeneKTpLIqHI{x [eperBoprosa.rie ruJrrxoM Br.rKopkrcraHHfl cyrracHr4x naeroAin

MoAeJIIoBaHHr,, 3olfpeMa, rinifiHoro MeroAy rrprreAHaHrrx rrJrocKLrx xBr4Jrb (FLAPW) ra



rlr4KniqHoro rroKpoKoBoro KoperyBaHH-s roqarKoBr4x yMoB po3paxyHris s rapaMerpaMv

eKcrepr.rMeHTzurbHLrx nzuiproBaHb syHrqifi [epeTBopeHH.f,, rrlo Ao3BoJrr.uro niAszlqzrll
roqnicrr MoAenroBanHfl i orpzruarn uyrnlrei eneMeHTI4 TepMorlepernopronavin 3

noKparqertvrur4 Merponoriqnzuz ra eKcrrJryararlifiuzvru xapaKTepvrervrKaMvr. flrc
pe3ynbrar, Bnepme orpr4MaHo niHifixy qyrnnBnx erenrenris repvronrerpin oilopy ra
TepMoeneKTpzqHlrx neperBoprosaqis : AocniAxeHkrx repMoMerpl4tlHl4x l,rarepianin 3

rroKparqeHr4Mkr MerpoJrori.rHzNaz ra eKcnJryaraqifiHuMr xapaKreprrcrl4KaMlr y Aianasoni

4,2-1300 K, B rKLrx y sarexnocri ni4 sHarca repMo-epc uponi4nzrin Sopvrynanac.a
TepMoeneKTpr{qHa rrapa rrrarvrna-TepMoMerpuq:auir, rvrarepian, rrJrarnnopoi4-

repMoMerpuqHuiT, nrarepian a6o repMoMerpu'+ruir nrarepian (M1)-repMoMerpll'rnuir

rr,rarepian (M2). OrpulaaHi p*ynbr€rrz AocniAxeHHrr BnpoBaAxeni ra BlrKopr{croByrcrbcfl, Ha

ni4npzevrcrBax ra opranigaqiqx Yrpainz, rpo qo csiAqarr niAnosiAHi Arcrra.

3anpona4)KeHHr sdo6yeaueu cyqacHux rueroAin MoAeJrroBaHHfl, nnacrusocrefi
rryrlr,rBLrx eleueHriB TepMoneperBoprceauin, 3oKpeMa, ninifinoro MeroAy rrpr4eAHaHrrx

rrJrocKzx xBLrJrb (FLAPW) ra qurri.rHoro rroKpoKoBoro KoperyBaHHt [oqarKoBl4x yMoB

po3paxyHrin s rapaMerpaMrr eKcrrepr,rMeHranbHkrx nzvripronaHr Synxqifi nepernopeHHt,

Ao3BonLrnH ri'grzr4uru roqnicrr MoAenroBaH*fl, i orpzuarz uyrnuni eJIeMeHTI4 3

rroKpaqeHLrMkr Merponoriqnzuu ra eKcrrJryararlifiHuMlr xapaKTepucrr4Kaun.

B qiaouy, ducepmaqin cdo6y6aqa xapqnmepusyembcn saneptaeHicmro, edanorc

cmpyKntyporo nofydoeu ma noziunoru nocnidoeruicmn eurcnaderutn uamepiany.
Bracnoerz nicns Ko)KHoro pos4iny, a raKox sararuHi Br4cHoBKr4 ni4uoni4arorr

orpvMaHLrM y ALTcepraqii HayKoBr,rM i uparrz.rHlrM pe3yJlbraraM.

OQopnn.rreHHq 4ncepraqii. ,,{zcepraqir HarrlrcaHa yrpaincrroro MoBoro Ha

BLrcoKoMy HayKoBo-upo$eciftHoMy pirni, nicrzu naxrusi nayxoni rroJro)KeHHr, xri
xapaKTeprr3yrorbcr HoBH3Horo, a raKox [paKTr4rrHi pesymrarvr, qo guafirunn

3acrocyBaHHr B rrpoMucnoeocri Ta B HayKoBo-AocriAnzx oprauisaqirx. Pinenr

AocliAxeHr ra rr,u6uua po3rJrf,Ay rrlrraHb siAnoniAae BLrMoraM Ao AoKTopcbKr4x

Ar.rceprarlifi. OQopMJTeHH{ Ar4ceprarlifinoi po6orz ra peQepary ni4noeiA6e rrzHHr4M B

Vrpaini Br4MoraM.

Y rrpeAcraBnenifi

AocriAxeHb KaHAlrAarcrroi
A14 CepTarlrvrHrv

/poooTl B1ACyTH1. pe3ynbTaTr4 HayKOBr4X

ALTcepraII i'i II autrce euqa B. 3.
y 4racepraqii sdoSyeaua npeAcraBJreHo Br4KJrroqHo p 3ynbrarr{ BJracHLrx

4ocni4xenr, a nepenipKa pyKonvrcy Avrcepraqii Ha aKaAervriqnrafi nnariar BcraHoBLTJra

ai4 cyrni crb aKaAeMi.rHoro urariary, S a6purcaq lir r a $ anr cuQ ircaq iil.
BrcsirreHHq pery.nrrarin 4ncepraqii B ony6"rrircoBaHrrx rpaqqx.

C$opvrymosaHi y ALrcepraqii nayrosi uoro; eHHr, BLTcHoBKLT ra peKoMenlaqii uoeHicfio
ni4o6paxeni y HayKoBLrx crarrf,x, ony6niroBaHr4x y $axonux BuAaHH.f,x, AoroBigurict
na uixnapoAHlrx HayKoBo-rexuiqnux ronQepenqiqx ra 3axr4rrleni flarenrovr Vrpainv Ha

nunaxiA. 3a renroro,, ALrceprarlii ony6nircoBaHo 43 nayroni npaqi, cepeA rKkrx: 30 crarefi y



r npoBiAHIlKa cyrpoBoAx(yerbcr yrBopeHHsM 4eQerrin B rraarepiani. ,flrc qe 6ylo
npaxonauo?

6. Y rercri 4racepraqii npzcyrni

vrixnapo4uzx ra nirqusHsr{zx nepio4uvn rx Saxonnx BlaplaHHflx, 3 tKHx 16 crarefr

iu4ercyerbcfl, y Scopus, 8 - Index Copernicus, 6 crarefi y SaxoBkrx BkrnaHlrrrx Vrpainu, 1

rrareHr VrpaiHra ua nunaxi4, 12 ny6nircaqii, y s6ipHlaxax naarepianin uixHapo4HIax

HayKoBo-rexHi.rHLIx ronS epenqifi .

Anpo6aqir perynrrarin gucepraqii. Marepianz Azceprarlifinoi po6orz
o6ronoproB€urLrcb Ha nu:qi uixuapo4Hkrx HayKoBo-TexHiqnzx roHQepenqirx.

Bianonianicrr srvricry peQepary ocHoBHrrM rroJrorr(eHHsM 4ucepraqii. B
pe$epari crr4cno BkrKnaAeHo ocHoBHi pesynmarv AvrcepraqifiHoi po6orra ra nonnicrro
ei4oSpaNeHo cQopMynboBaHi n nifi nayrconi ilonox(eHHr, BLtcHonrcz i perorr,ren4aqii.

3aynaxeHHq Ao reKcry Arcepraqii ra peQepary

[o svricry Alrcepraqifisiir po6orz ra peQepary e uacryuni 3ayBaxeHHr.

l. B po6ori :4o6ynaua HeAocrarHbo yBarr4 npn4ireno saramHifi rvreroArarli

rrpoBeAeHnx 4ocri4xeHb, flKa, Ha Moro Alury, rroBLrHHa oxorrJrroBarvr B cyKynHocri sx
cnoco6u orpLrMaHHx uarepianie is gaAaHoro KoHrleHrpaqiero reryrcqux nrarepianin, rar i
MeTOAr4 Ta MeTOAr.rKr,r MOAenbHr4X i erCnepr4MeHTiurbHkrx AocniAxenr ixHix
xapaKTepLrcrLrK.

2. y n. 3.5, 4.4 ra 5.4 naeeAeHo pe3yJrbrarv rrpoBeAeHr,rx eKcrreprrMeHranbHr.rx

AocniAxeHb xapaKTepkrcr?rK rryrJrlrBr4x ereueurin, 3oKpeMa ulrroMoro eneKTpoonopy,

BKa3aHo qucnoei Aani g rounicrro 4o 4 - 5 Aecf,TKoBrax snaxin, €Lrre Aocronipnicru
orpr4MaHLrx pe3yJrbraris He rroBHoro rraiporo ui4rnepAxeHa niAouocrrMkr rrpo nuropucraui
sacodu nznripronanrnoi rexnir<z, vreroAnK:z Ta yMoBLr npoBeAeHnx nunriproBaHb.

3. flo reKcry po6oru sycrpivaerbc.s HeKopeKrHe 3acrocyBaHHq norapzQrr,ri.troi'-

$yHrcqii, a caMe - no4aHi norapzQvru ni4 po:l,ripHurx Qi:z.rHrzx BeJrr4qzn. [o rplrKJraAy, B

(1.1) ra (1.2) qe lgnr, Ae Rr nurouzfi ouip reprr,ricropHllx repruronrerpin. Tex
3ayBaxeHHs crocyerbcr rro3HaqeHH.rr ocefi (e norapzQnriunonry uacrura6i) na rpaQircax n

pos4inax 3-5.

4. B po:4inax 3 - 5 nuroprlcraHo iurepuonxqifiue rpeAcraBJreHHr Qynrqiouaruroi
3aJrelKHocn xapaKTepr4crrrK Mareplany qyrnuBoro eneMeHTa B1A TeMrreparypv (AnB., Ao

rrplrKnaAy, ra6t. 3.2, 3.3), rpore He BKa3aHo MeroA ix orpr4MaHHr ra roqnicrr
iurepuorsqii, a roeSiqieHru Bi inrepuonqqifiHzx pinuxnr uane4eni 6es posl,ripnocrefi.

5. [ocnia)KeHHs eracrteocrefi uarepianin qyrJrr4Br,rx ereueHriB rrpoBoAr4rrr4cfl Ha

MacurBHr4x 3pa3Kax, a nptr AocriAxeuni repl,ro-pc rryrJrr,rBr4x eleuenriB BlrKopucraHo

nponi4HzK repMoMerplrrrHoro nrarepiany, orpLTuasufi soro.riHHxrr,r. Ilpoqec orpkrMa:nnfl.

cruricrzqni ra rp€lMarr4rlHi nonrznrcz.



3ararrHnfi nucnonor
flpone4eHufi aaatis Akrceprarlifinoi po6oru flautrceeu,ta B. 3. <<Poseumorc QisuttHttx

sacad cmlopeHHt qymrusux eneueumis mepMoMempie onopy a mepMoereKmpuuHt'tx

nepemnoprceaqir>> c i4ur,rm, qo 3a svricrou, oQoprraleHHtM, o6c.rrou, HayKoBoIo

HoBr43Horo i nayronurvru ny6lircaqixnrn, eaxrl,Isicrlo ra uz6unoro nupirueun-f, HayKoBo-

rexni.rHoi npo6rerrau iAszrqeHHr rorrHocri ra cra6imnocri reuueparypHrlx nzuipronanr

y lrrrrpoKoMy reMrreparypHorvry Aianasoni, ulo BkltBJlflerbcfl y pnaumrcy Qisuuuux sacad

crBopeHHf, LryrnuBux enel4enrie repnrorvrerpin olopy i repuoeneKTpurlHrrx

neperBoprosa.ris 3 rroKparrleHrlMrr Merponori.IHllluz ra eKcnJryaraqlitrrutvtu

xapaKTepvrcrr4KaMkr ra pospo6neuui npuu4unie KepyBaHHt HkrMu trulqxoM

3arrpoBaAXeHHrM cyqqcHux uemodie MoAenIoBaHHs. ixnix BJlacruBocretrt, niAnoniAae

Br4MoraM MOH Vrpainu uloAo oSoplaneHHr Avcepraqifi (uara: MOH Vrpaiuu Ns40 eia

12.01.2017 pursoM si slaiHalau sri4uo HaK€By MOH Vrpainu Ns759 ni4 3L05.2019) ra

rryHKraM 7 ra 9 flocraHonz Ka6inery vrinicrpir Yr<paiHz niA 17 tmcrona1a 2021 p. Nl

1197, a ii anrop llaurrceBrrr Bo;roAurvrup 3eHonifionr.r 3acnyroBye Ha rIpLIcyA)KeHHt

fiorray HayKoBoro cryneH.rr AoKropa rexHi.rHl4x HayK si creqianrnocri 05.11 .04 - npvna4vr

Ta MeroAu nznaiproB aHHt rerlJroBlzx BeJI I,IqI4H.

OQiqifiHufi onoueHt,

AoKrop rexniqnux HayK, nponi4nufi uayronufi
cuinpo6irnzr ra6oparopii reunonaerpii

Incrzryry rexniqnoi reunoQi3LIKLI HAH Vr<painz (nr. KraTn)

Jleouir AEKYIIIA

Ililuuc Jleoni4a fleryuri racni4.ryro :
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