O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0218U002321

Jep>kaBHUH peecTpauiliHUI HOMeP: 0115U003257

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpauii: 14-02-2018

II. Etran BukoHnauus JiP

Homep eramny: 1

Ha3sBa eramny: Cunres i kpycTasoximisi HOBUX iHTepMeTaIiYHUX CIIOYK 3 (PYHKUIOHATbHUMY BJIACTUBOCTSIMU
IToyaTok eramy: 01.2015

3akiHyeHHs eTamy: 12.2017

Bupz 3BiTHOTO AOKYMEHTA: OCTaTOYHUM 3BIT

I11. BizomocTi npo BuKoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPHUAUYHOI 0co0H (260 ITIB ¢i3zmyHOi 0cO6H): JIbBiBCHKMIT HALOHATIBHUI

yHiBepcuTeT iMeHi IBana OpaHka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS:

dopma ByracHoOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu
Inentudikarop ROR: He zacrocosyerbcs

Po3mip opranisamii:

Tenedomn: (032) 255-41-00 , (032) 261-69-03

IV. BimomocrTi nipo ciiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK

Ykpainu

Kog, 3a EJPIIOY: 38621185

Micuesnaxo;pxeum:: npoct. [Tepemory, 10, m. Kuis, KuiBcbka 061., 01135, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kop, nporpamuoi kiaacudikarnii BuzaTKiB i KpeagurysBaHHs (KITKBK): 2201040

dakTuyHHi 00car ¢piHaHCYyBaHHA (THC. IPH.): 2790.95




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

CuHTE3 i KPUCTAIOXiMisl HOBUX iHTEPMETAJIYHUX CIIOJYK 3 PYHKI[IOHAJIbHUMU BJIACTUBOCTIMU

Ha3sBa po6oTH aHIJIilICbKOIO:

Synthesis and crystal chemistry of new intermetallic compounds with functional properties

PedepaT ykpaiHCbKOIO:

O6'eKT JOCTiIKEHHS - 6araTOKOMIIOHEHTHI CUCTEMH, IO MIiCTSITh PiAKiCHO3€MEJIbHI (JIyXKHI YU JIy>KHO3EMEJIbHi)
MeTasnu, nepexigzi d-mertanu i p-enementu III-V rpyn nepiognvHoi cucremu, Ta iHAMBiAyanbHi xiMivHi ¢asy, mo B
HUX YTBOPIOIOThCSL. [IpenmeT nociifkenHs - Gpa3oBi piBHOBaru B 6araTOKOMIIOHEHTHUX CUCTEMAaX, Jiarpamu CTaHy,
YMOBHU yTBOpeHHs (a3, KOHLeHTpaliliHi Ta TeMIiepaTypHi 06J1acTi iXHbOTrO iCHyBaHHS, [IapaMeTpU CUHTE3Y,
KpHUCTaJiyHa Ta eJIeKTPOHHA CTPYKTYPHU, XiMi4YHUI 3B'SI30K, KaTaliTU4Hi, BOJAEHbCOPOLLiliHi, €J1eKTpOXiMivHi,
€JIEKTPOTPAHCIIOPTHI, TEPMOEJIEKTPUYHI Ta MarHiTHi BIACTUBOCTI, a TAKOK KPUCTATIOXIMi4HiI 0COOGIMBOCTI HOBUX
iHTEpMETaIIYHUX CII0JIYK, 3aKOHOMIPHOCTI, SIKi TIOB'SI3yI0Th iXHIN CKJ1a[, CTPYKTYPY Ta BJIACTABOCTI. M€Ta IIPOEKTy -
OJIEP>KaHHS HOBUX iHTEPMETATiYHUX CIIOJIYK PifKiCHO3EMEJIBHUX (JTY)KHUX YU JIY>KHO3EMEJIbHUX) METAJIIB,
nepexigHux d-meTais i p-esnemeHTiB III V rpyn nepioguyHoi cuctemy, o0 CTaHYyTh OCHOBOIO MaTepialiB i3
KOMILIeKCOM QYHKIIOHa/IbHUX BacTuBOCTel. [IpoekT nependayae §isuko-ximMiuHe JOCiIKEHHs fiiarpaM CTaHy
6araTOKOMIIOHEHTHUX CUCTEM, BUBHAUEHHS KPUCTAJIYHOI CTPYKTYPH CIIOJYK, 110 B HUX YTBOPIOIOTHCS, @ TAKOXK
BMBYEHHSI KOMILIEKCY iXHiX xiMiyHUX i pisnyHmX BracTuBOCTEN. MeTOOu NOCIIKEHHS -~ CUHTE3 CILJIaBiB B
€JIEKTPOJyTOBUX, BUCOKOYACTOTHUX i My(esIbHUX Mevax (MpsiMa B3aeMO/Iisi KOMIIOHEHTIB, CUHTE3 4epes3 JIiraTypu,
GaraTocTajiiiHuil TBep0¢da3HUil CUHTE3 3 yTBOPEHHSIM TPOMDKHUX (a3, aMIyJIbHUI CUHTE3), TepMiuHa 06pobKa
3pasKiB y My(ebHUX i TpyO4YaTUX nedax, sudepeHiianbia CKaHyda KaJIOPUMETPis, Iu(epeHLiaJbHAN TepMiYHUI
aHaJi3, peHTreHO(pa30BUil aHaJli3, MIKDOCTPYKTYpHUI aHaJli3, PEHTT€HOCIIEKTPaIbHUIL aHai3,
PEHTTeHOCTPYKTYPHHUI aHali3 (METOIM I0Jli- Ta MOHOKPUCTAJTy), PO3PAXyHOK €JIEKTPOHHOI CTPYKTYPU,
IOCJIiIKeHHS KaTaliTUYHOI 3JaTHOCTI CILJIaBiB SIK KOHBEPTOPiB, BUBHAUYEHHS XDOHOBOJIbTAMIIEPOMETPUYHUX
XapPaKTEPUCTUK EJIEKTPOJHUX MaTepiasis, MIOTEHLiIOMETPUYHUN JBO30OHIOBUN METO], 111 BUMIPIOBAaHHS
eJieKTpoonopy Ta KoediuieHty 3eebeka, BinHocHUI MmeTton Papazes AJ1s1 LOCIiIKEeHHS! MarHiTHO]
CIIPUMHSTIIMBOCTI, EKCTPAKLiITHUM METOJ, [IJ1s1 BUMipIOBAaHHS HAMAarHiyeHoCTi. MeTojaMu pEHTTEeHiBCbKOIO
(pazoBoro Ta MiKpOCTPYKTYpPHOTO aHaJi3iB MOOYA0BAHO i30TEPMIiYHi Iepepi3u Aiarpam cTaHy 88 NOTPitHUX CUCTEMU
B [IOBHOMY 200 YaCTKOBOMY KOHILIEHTPALITHOMY iHTEPBaJli, @ TAKOX 24 KBa3iNoABIIHUX CUCTEM. PeHTreHiBCbKUMU
METOJAMU MOHOKPUCTAJIy Ta IIOPOIIKY BUZHAYEHO KPUCTAJIYHY CTPYKTYpY 397 iHTEepMeTatifis, 11 iHmmx
HEOPraHiYHUX CIOJIYK, 44 KOMIIJIEKCHUX CIIOJYK i 28 6araTOKOMIIOHEHTHUX TBEPJMX PO3UMHIB, @ TAKOXK BU3HAYEHO
€JIEKTPOHHY CTPYKTYPY Ta KiJIbKiCHI XapaKTePUCTUKU XiMIYHOTO 3B'SA3KY [JIs1 28 HEOPTaHiYHMX CIOJIYK. BimkpuTo
HU3KY HOBUX CTPYKTYPHUX TUIIB, CTBOPEHO KapTH JIoKai3alii inTepmeTanifiB 3a PpyHIaMeHTaIbHUMU
napameTrpamu. CuCTEMaTU30BaHO KpucTasnorpadiyHi Ta KpUCTANOXIMiYHi TapaMeTpH, BUBEIEHO aJITOPUTM
B3a€MO3B'SI3Ky CKJIa/i-CTPYKTYPa-BJIACTUBOCTI [J1S1 OKPEMUX KJIaCiB HEOPraHiYHUX CIIOJYK. JI711 CHHTE€30BaHUX
CIOJIYK AOCJIiIKEHO KaTaJliTU4Hi, BOLEHbCOPOLiliHI, €JIeKTPOXiMiuHi, €7IeKTPOTPAHCIIOPTHI, TEPMOEJIEKTPUYHI Ta
MarHiTHi B1acTUBOCTi. TepMoesieKTPUYHi i TEpMOMETPUYHI MaTepianu - TBep;li pO3YMHU Ha OCHOBI (a3 HamiB-
I'eiicnepa TiNiSnl-xGax, V1-xTixFeSb, VTil-xFexSb i ckyrepynuris TixCo4Sb12, VxCo4Sb12, a Takox criocoou
CUHTE3y KOOPIVHALIMHUX CIIOJIYK KYIIPYMY 3aXUILEHO NIaTEHTaMU YKpaiHU. 32 TEMaTUKOIO HAayKOBOI'O IOCIIiIPKEHHS
[iArOTOBJIEHO Ta 3axuIleHo 19 Maricrepchkux, 29 auniaoMHux Ta 84 kypcosi (7 - marictpu Il poky HaBuaHHS, 18 -
marictpu I poky HaB4aHHs i 59 - 6akanaBpu) poobiT, 2 TOKTOPCHKi Ta 4 KAHIUJATCHKI AUCepTallii, ory6sikoBaHo 3
MoHorpadii y 3akopgonHux BugasHuLTeax (Walter de Gruyter, Elsevier), 2 MoHorpagii y BiTYM3HSIHUX
BUJIABHMLITBAX, 3 HABYAJ/IbHI IOCIGHUKY, 184 CTaTTi (3 HUX: 76 Y BUIAHHSX, IO iHIEKCYIOThCS 6a3amMu JaHUX SCOpUS
Ta/a60 WoS i 108 y BiTUn3HAHUX (PaXx0OBUX BUIAHHSX), Te3U 217 NONOBifell Ha HAyKOBUX KOHPEPEeHLIisX (3 HUX: Te3U

28 moroBizel Ha KOH(epeHI1isx, TPOBeeHNX 32 KOPAOHOM, i Te3u 189 nonosifeil Ha KOHGEPeH1isX, IPOBEAEHUX B



YKkpaiHi), oTpuMaHoO 8 naTeHTiB YKpaiH1 Ha KOPUCHi Mogeli. HayKoBi pe3ysibTaTy BUKOPUCTAHI Mif} YaC YATAHHS
3arajibHUX i crienjasbHUX KypCiB 17151 IiATOTOBKY 6aKasaBpiB, crieniasicTiB i MaricTpiB y ranysi HeopraniyHoi Ximii Ta
Kpucranoximii. Ofepskani iz, yac BUKoHaHHS HJ/IP pe3ysbTaty BUKOPUCTaHi HAYKOBLISIMU [HCTUTYTY 3arajibHOI Ta
HeopraHiyHoi ximii im. B.I. BepHagcskoro HAH Ykpainy, IHCcTUTYTY Ipo6iem Marepiano3HaBcTsa iM. L.M.
®panueBuya HAH Vkpainn.

Pedepar aHIJTiHCBKOIO:

Object of the investigation: multicomponent systems containing rare-earth (alkaline or alkaline-earth) metals,
transition d-metals and p-elements of groups III-V of the periodic system, and the compounds formed in these
systems. Subject of the investigation: phase equilibria in multicomponent systems, phase diagrams, conditions of
formation of phases, composition and temperature ranges of their existence, optimization of syntheses, crystal
structures, electronic structures, chemical bonding, hydrogen sorption, catalytic, electrochemical, electric
transport, thermoelectric and magnetic properties, as well as crystal chemical peculiarities of new intermetallic
compounds, relations between their composition, structure and properties. Aim of the project: prepare new
intermetallic compounds that will become the basis of materials with functional properties. The project includes
physical chemical investigation of phase diagrams of multicomponent systems, determination of the crystal
structures of the compounds formed in them, and studies of chemical and physical properties of selected
compounds. Methods used for the project: arc-melting, synthesis in high-frequency and muftle furnaces (direct
interaction of the components, synthesis via ligatures, multistep solid-state synthesis, ampoule synthesis), thermal
treatment in muffle and tube furnaces, differential scanning calorimetry, differential thermal analysis, X-ray
powder and single-crystal diffraction for phase analysis and crystal structure determination, microstructure
analysis, energy dispersive X-ray spectroscopy, electronic structure calculations, tests for perspective catalytic
converters, chrono voltamperometry for the characterization of electrode materials, application of the
potentiometric two-probe method for electrical resistance and Seebeck coefficient measurements, the Faraday
method for magnetic susceptibility studies, and the extraction method for magnetization measurements. X-ray
powder diffraction and microstructure analysis were used to construct isothermal sections of the phase diagrams
of 88 ternary systems in the whole or part of the concentration range, including 24 quasibinary systems. The
crystal structures of 397 intermetallic compounds, 11 other inorganic compounds, 44 coordination complexes and
28 multicomponent solid solutions were determined by X-ray single-crystal and powder diffraction, and the
electronic structure and quantitative parameters for the chemical bonding were determined for 28 inorganic
compounds. Several new structure types were discovered, and maps of the formation of intermetallics as a
function of fundamental parameters were constructed. Crystallographic and crystal chemical parameters were
systemized, and algorithms expressing the relationship between composition, structure and property were derived
for particular classes of inorganic compounds. Catalytic properties, hydrogen sorption, electrochemical, electric
transport, thermoelectric and magnetic properties were studied for relevant compounds. Certain thermoelectric
and thermometric materials (solid solutions based on the half-Heusler phases TiNiSn1-xGax, V1-xTixFeSb, and
VTil-xFexSb, or the skutterudites TixCo4Sb12 and VxCo04Sb12), as well as methods of synthesis of coordination
compounds of copper developed within the project, are protected by Ukrainian patents. Within the frame of the
project, 19 master degrees, 29 diplomas, 84 undergraduate dissertations (7 2nd year master students, 18 1st year
master students, 59 bachelors), 2 doctor and 4 candidate theses were defended; 3 monographs were published by
international publishing houses (Walter de Gruyter, Elsevier); 2 monographs were published by Ukrainian
publishing houses; 3 textbooks, 184 articles (76 in journals indexed by Scopus and/or Web of Science, and 108 in
Ukrainian journals), 217 conference abstracts (28 at conferences taking place abroad and 189 at conferences held in
Ukraine) were published; and 8 Ukrainian Patents for Utility Model were obtained. The scientific results were used
in the general and advanced courses for bachelors, specialists and master students in the fields of inorganic
chemistry and crystal chemistry. Some of the results were used by scientists from the V.I. Vernadsky Institute of
General and Inorganic Chemistry of the NAS of Ukraine and the I.M. Frantsevych Institute for Problems in
Materials Science of the NAS of Ukraine.
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KepiBHHUKH po6OTH

BaacHe IlpizBume Im'st I10-6aTbKOBI: Imagnmescokuii Poman €BreHoBuy
HaykoBuii CTyIiHb:

BueHe 3BaHHS:

InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Haszga HTII ykpaiHCBKOIO: HoBi iHTepMeTaiay i3 3aJaHUMM BIIACTUBOCTAMU
Ha3zpa HTII aursiiicbKo0: New intermetallics with defined properties
HTII, aKy nepenba4asiocsi CTBOPHTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpHuMmaHi pe3yJIbTaTH:

l'asmy3b 3acToCyBaHHS: 72.19 Jlocifi)KeHHS i €KCIIePUMEHTaIbHI PO3PO6KH Y cdepi IHIMNX TPUPOAHIIHX i

TEXHIYHMX HayK
PeecTparifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: ®azosi piBHoBary y 88 moTpilfiHUX CUCTEM 32 YYACTIO PiIKICHOZEMENbHUX (Jy)KHUX 91
JIy>)KHO3EMEeJIbHUX) MeTaJliB, lepexinuux d-meTtanis i p-esnemenTis I1I-V rpyn nepiognyHoi cucremu B IOBHOMY abo
4aCTKOBOMY KOHLIEHTPaLiMHOMY IHTEPBaJIi, a TAKOX 24 KBa3inonpiiHuX cucteM. Kpucraniyna crpykrypa 397
inTepmeTanizis, 11 iHMKUX HEOPraHiYHUX CHOJNYK, 44 KOMILJIEKCHUX CIIOJYK i 28 6araTOKOMIIOHEHTHUX TBEPAUX
pO34nHiB. EsleKTpOHHA CTPYKTypa Ta KiJIbKiCHi XapaKTEPUCTUKHU XiMIYHOTO 3B'S13Ky 17151 28 HEOPraHiYHUX CIIOJYK..
BnockoHnaneHi KoHLenii nosiaHryssiii 6araTOKOMIOHEHTHUX CUCTEM, TOIOJIOTIYHOI iHBapiaHTHOCTI Ta
(pparMeHTapHOI 6yLOBU CIIOJYK, AITOPUTM B3a€MO3B'SI3KY CKJIafi-CTPYKTYPa-BJIACTUBOCTI AJIs1 OKPEMUX TPyl
inTepMmeTasnifnis. KibKicHI XapaKTepUCTUKY KAaTaJIITUIHUX, BOJIEHbCOPOI[INHUX, €JIEKTPOXIMIYHUXK,
€JIEKTPOTPAHCIIOPTHUX, TEPMOEJIEKTPUYHUX TA MATHITHUX BJIACTUBOCTEN CUHTE30BAHUX CIIOJIYK, & TAKOX IXH
KOpeJIsiliisl 3 mapameTpamu XimiuHoro 3B's3Ky. CrinaBu cucteM Pd-Ga-{Sn,Sb} € HoBuMu maTepianamu 1jist

BUCOKOCEJIEKTUBHHUX i CTabiIbHUX KaTaJli3aTOPiB IPOMUCIIOB
ConiasibHO-eKOHOMIYHA cipsimoBaHicTe HTII:
Brnyins HTII Ha moBKiJjs:
Bnposaaskennss HTII: He snposamxeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eTamy: CraH rOTOBHOCTI PO3POOKY Ha MPUKJIALHOMY PiBHi cTaHOBUTD 20 %
3aKiHYeHHs eTamy:
Cno>kuBayi Hpo,uyKuii: HaykoBo-pociigni inctutytu HanionanbsHoi Akanemii Hayk Ykpainu
IlepcrieKTHBHI PUHKH: PUHOK TOBapiB BAPOGHUYIOTO PU3HAYEHHS
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 6i3Hec-ILJIaHY:
TexHiKO-€eKOHOMiYHEe OOrpyHTYBaHHS.
IloTreH1iaIbHUE O0OCST IIPOZAIKY, THC. TPH.:
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

HoaparkoBa iHdpopmamuist:



IX. Bi6sriorpadiuHuii onuc

3 moHorpadii y 3akopZOHHUX BUAABHULTBAX, 2 MOHOrpadii y BITYM3HSIHMX BUJABHULITBAX, 3 HAaBYaJIbHI [IOCIOHUKHY,
184 crartTi (3 HUX: 76 y BUAHHSIX, IO iHAEKCYIOThCS 6azaMu JaHUX Scopus Ta/ab6o WoS i 108 y BiTYM3HIHUX
(paxoBUX BULAHHSX), Te3U 217 HOMOBifEN HA HAYKOBUX KOH(PEPEHLISX (3 HAX: Te3U 28 NONOBinel Ha KOH(PEPEHLsX,

IIPOBEIEHUX 32



X. 3aKJII0YHi BiIOMOCTI

KepiBHHK opHu IUYHOI 0CO0H Menbuuk Bosogumup IletpoBuy

IlepeJtik 0Cci0O-BHKOHABIIiB
Akcenbpyy Jles I'epmosuy

Appan borpan Pomanosuy
Babixeupknit Bonogumup CraHiciaBoBUY
benan borgana JImutpiBHa
I'Bo3peupkui Bosogumup SIpocnaBoBuy
l'opunb AHAPi MapKisHOBUY
J3eBenko Mapis BitazniiBHa

Imutpis I'puropiit CtenaHoBrY

JKax Osnpra Bonogyumupisaa

3aBauiii Irop HOmianoBrY

3apemba Bacumb IBaHOBUY

3eninceka OkcaHa SlpocyaBiBHA
Kanuyak fIpociasB Muxaijiosuy
Konuk Mapis borpaHniBHa

Kotyp borgan fIpociaBoBruy
JleBunpkuii Bosionumup OsnekciioBuy
Jlyk'anoB Muxaiino FOpirioBuy
MaHsko Mukosia bornaHoBu4
Manenko Okcana BacusiBHa
MenbHu4eHko Hartasisg OsekciiBHa
MucekiB Map'au I'puroposuy
Muxaniuko Bitasnis MuxaisniBHa
Owanoscbkuil Irop BasieHTHHOBUY
[TaBiok Bosogumup BacuiaboBuy
[TaBmok Onekciit Bikroposuy

[Tykac CsitsaHa SIpociaBiBHa

Pomaka Biraniit BosiogumupoBruy
Pomaka Jlo608 IleTpiBHa

Cemycnbo Haranis 3eHoBiiBHa

CnuBka Opiii IBaHOBrY

CragHuk IOpiit BosioguMuposuy
CrenbmaxoBud borgan MupociaBoBrAY
CreupkiB AHnpiit OcTanoBruy

CreniB Omis AHTOHIBHa

Tapacrok IBaH IBaHOBUY



Tuanuyk IOpiit borganosuy
Toxkanuyk fIpocnas OnekcinoBrny
[nupka 3iHoBis MuxainiBHa

llItennep Bitaniit Bonmogumuposry

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIIOBiZasIbHUM 32 pEeECTpallil0 HayKOBOi

OisIIBHOCTI




