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Ha nucepraniiiny po6oty FOmkesuya Ceprist BiktopoBuya
«®a3oBi piBHOBaru y cucremax CeO,—-La;03;-Ln,03, e Ln = Nd, Dy, Ho, Yb»
110 TI0JIaHa Ha 300yTTs HAYKOBOTO CTYIEHS JOKTOpa (himocodii

3 ramy3i 3Hanb 10 [Ipupoaaudi Hayku 3a cnerianbHicTIo 102 Ximis

1. AKTyaJIbHiCTh TEMH AMCEPTALIIHOIO XOCIIKECHHS.

XiMiyHa cTaOUIBHICTh MaTepialliB Ha OCHOBI OKCHAIB pinkicHo3eMenbHUX eneMmeHTiB (P3E)
JT03BOJISIE BUKOPHUCTOBYBATH 1X Y PI3HOMaHITHHX BHCOKOC(DEKTHBHHX TMEPETBOPIOBAYax €HEPrii,
HaAIMpUKIAJ TaKUX K TBEPJOOKCHUIHI manuBHI eneMeHTH. Crekna sneroBaHi ioHamu P3E (Dy3+, Eu’”,
Sm®*, Nd** ta in.) meMoHCTpYIOTH TIOKpaIeHy eeKTHBHICTh CKpaHyBAHHS B PalialiifHIX JOMEHAX.
Marepiasiu Ha OCHOBI JIOKCHAY LEpit0 JeroBaHoro okcuaamu P3E mHMpoOKo OOCTIIKYIOTHCS
HayKOBIIIMH BCBOTO CBITY, OCKUIBKM MarOTh 0aratooOiIsfioue 3acTocyBaHHsA y (oOTOKaTamizi Ta
€JICKTPOKATATITAYHOMY HAKOIMYEHHI Ta MEepeTBOpPeHH] eHeprii. HanomaTtepianu Ha OCHOBI JA1OKCHUIY
LEPII0 XapaKTepU3yIOThCS OKCHUAA30IMOMIOHOI0 aKTHBHICTIO, IIO0 BHKOPHCTOBYIOTH NPH MPOBEACHHI
3HEUIKO/DKEHHSI PEUYOBHH-3a0py/IHIOBAaYiB. 30KpeMa, BBEJICHHS B 3a0pyAHEHHI PO3UYMHH JIOKCUIY
LEepil0 MOXKE CHPUATH MIBHAKOMY OKHCHEHHIO OpPraHiYHMX OapBHHKIB 1 MalMX MOJEKYNI y ciabko-
KHCJIOMY cepelloBHILi 0e3 moTpeOu BBEJEHHSA B CHCTEMY INepekucy BojHI0. KitodoBa 3axucHa poib
HaHoyacTHHOK CeO; TICHO TMOB’s3aHa 3 I1X 3[ATHICTIO TOMVIMHATH IIKIIJIUBE YAbTpadioiaeToBe
BUIIPOMIHIOBaHHA, 0€3 PO3Ci0BaHHS KOPUCHOTO BUAMMOrO cBiTia. KaranizaTropu Ha OCHOBI J10KCUAY
nepito gomoBaHoro LnyO3 MposBIAIOTH Kpalli KaTaTiTHYHI BIACTUBOCTI B MOPIBHSIHHI 3 JTHOKCHIIOM
tuTany. [IpoMixkHi (a3u 31 CTPYKTYpOIO THUIY MEPOBCKITY BUKIMKAIOTH BEIMKUN MPAKTHYHHUHA 1HTEpEC
SK y HAYKOBOI CIIJIBHOTH, TaK 1 y (paxiBIiB MPOMHUCIOBOCTI. 3aB/ISKH BUCOKIA HOHHIN MPOBIAHOCTI Ta
HU3bKIM eHeprii akTuBalii MarepiaJii Ha OCHOBI BIOPSIKOBaHOT (a3u 31 CTPYKTYypOIO THUITY
nepoBckuty Lnln’O; po3rimsiparoTbess  SK  €NEKTPOTITH I €IEKTPOXIMIYHMX  IMPUCTPOIB,
TBEPIOOKCUIHUX TAIMBHUX €JEMEHTIB, €IEKTPOIIi3epiB, CEHCOPIB, MEMOpaH ISl PO3/ICHHS BOJIHIO
Ta eNEKTPOXIMIYHUX KaTATITHYHUX PEaKTOPiB.

[Ipo axTyanbHiCTh L€l NpoOJIEMATUKU AOAATKOBO CBIIYMTH BIAMOBIAHICTb BHUKOHAHOTO
JOCJTIJDKEHHST HanpsiMKaM HayKOBO-TOCIITHHX POOIT By (QYHKIIOHATBHOI KepaMiKd Ha OCHOBI
piakux 3emenb [HCTUTYTY poOsiem Martepianio3HaBcTBa iM. .M. @pannesnya HAH Vkpainu B pamkax
Bimomunx TeM: «®Pa30Bi piBHOBarm B cuUcTeMax Ha ocHoBi okcuaiB P3E Tta po3poOka
6araToyHKLIOHAJBHUX KepaMiuHUX MartepiaiiB Ha iX ocHOBI» (2020-2022 pp., Ne mepxkpeectparii

0120U100220); «®a3oBi piBHOBarm B cuctemax Ha ocHOBi HfO,, ZrO, ta Ln,O; ta po3poOka



O6araToyHKLIOHAJBHUX KepaMiuHUX MartepiasiB Ha iX ocHOBI» (2023-2025 pp., Ne mepxkpeectpauii

0123U100970).

2. Omuinka 3MicTy Ta 3aBepuICHOCTI AncepTanii.

Huceprauiiitna po6orta IOmkesnya C. B. mpucBsiueHa A0CiHiKeHHIO ()a30BUX pIBHOBar B
cucreMax CeO,—La,03—Ln,0s3, ne Ln = Nd, Dy, Ho, Yb i1 cknangaetscs 3 aHoTarmii 1BOMa MOBaMH,
BCTYILY, II'SIThOX PO3/ALUIIB, 3araIbHUX BHCHOBKIB, CIIMCKY BUKOPHUCTAaHUX JJKEpesl Ta JABOX JIOJIaTKiB.
Bona Buxiagena Ha 171 cropinmi (3 HUX — 167 cTOpIHOK OCHOBHOT'O TEKCTY, 4 CTOPIHOK Y Jl0JjaTKax),
MICTHTb 67 pUCYHKIB, 16 Tabnuip. CIMCOK BUKOPUCTAHUX JKepes HapaxoBye 125 HalitMeHyBaHb.

VY BeTymi aBTOp OOTPYHTYBAaB aKTYaJbHICTh TEMHU JOCIIKEHHS, CHOPMYITIOBaB METY poOOTH,
BHU3HAUMB 3aBJaHHS, BUCBITIIMB HAyKOBY HOBH3HY Ta BIAMOBIJIHICTH IOCTABJICHUX 3aBJaHb PIBHIO
JcepTanii MpeacTaBieHoi Ha 3100yTTS HAyKOBOTO CTYMHEHS JOKTopa ¢inocodii B ramys3i 3HaHb
XiMiuHUX HayK. OOrpyHTOBAaHO MpPAaKTUYHE 3HAYCHHS OJIEP)KAaHMX PE3yJbTAaTiB Ta MPEACTABICHO JaHi
npo ix ampo0ariiio, BKa3yeTbCs OCOOMCTMH BHECOK 3700yBada. TakoX 3a3HAYEHO 3B’SA30K
TUcepTaIifHol poOOTH 3 HAYKOBHUMH IpOrpaMaMy Ta HANpsIMKaM HayKOBO-TOCIIIHUX POOIT BIIIiTY
(GyHKIIOHATTBHOT KEpaMiKM Ha OCHOBI PIOKUX 3eMenb [HCTUTYTy mpoOieM MmaTepialio3HaBCTBA iM.
M. ®panuesnua HAH Vkpainu.

VY mepmomy po3iiji mpejacTaBieHi JaHi NMPOBEICHOIrO aHali3y JiTepaTypHUX jkepen. Tyt
BHCBITJICHO JaHI MpO BIIACTUBOCTI OKCHIIB PIAKICHO3EMEIbHUX €JIEMEHTIB, JiarpaMu CTaHy
kBa3ibiHapaux cucreM CeO, — Ln,Os (Ln = La, Nd, Dy, Ho,Yb) ta La,03—Ln,0; (Ln = Nd, Dy,
Ho,Yb) Ha oCHOBI SIKMX yTBOpEHI KBa3iMOTpiitHI cucTemMHu. TakoX y po3aisii mpeacTaBlieHl JaHi Mmpo
OKpeMIi €JIEMEHTH JiarpaM ctany kBaszinorpiiaux cuctem CeO,—La,03;—Ln,O; (Ln = Sm, Eu, Gd, Er).
Hageneno indopmartito npo esiki KpuctanoxiMiuHi, Gpisuko-xiMiuHi mapameTpu OiHApHUX CHOJYK, 110
YTBOPIOIOTH BIJIMOBIAHI KBa3imoTpiiHI cucreMd. Ha oOCHOBI aHamizy JiTepaTypHHX JDKEpel
IIPUBOIUTHCS OOTPYHTYBAaHHS BUOOPY HAIPSMKY J1OCII1KEHS.

VY npyromy po3aijii onucaHO XapaKTePUCTHKH BUXIJHUX PEUYOBHUH, METOAM CUHTE3Y 3pa3KiB Ta
METOHMKH €KCIIEPUMEHTAIBHUX JIOCIiIIKEHb, 110 BUKOPHUCTOBYBAJINCH NIPU BUKOHAHHI JAUCEPTaIlifHOT
pobotu. CHHTE3 TMOMIKPUCTATIYHUX 3pPa3KiB MPOBOIMIN MPSMHM OJHOTEMIIEPATYPHUM METOIOM Yy
nabopaTopHUX My(]enbHHUX nevax. JJocikeHHs MOBOAMINCH Ha €KCIIEPUMEHTAIbHUX YCTaHOBKaX 13
BUKOPUCTAHHAM METOMIB PEHTreHo(]a30BOro Ta MIKPOCTPYKTYPHOro aHali3iB. s BHU3HAUCHHS
rapaMmeTpiB eleMeHTapHUX KoMipok BukopuctoByBanu nporpamy LATTIC xopuctyrounch METOq0M
HaMEHIMX KBajapariB. [meHTHdikamiro (Ha30Boro Ckjiaaxy MPOBOJMIN 3a JOTIOMOTOI0 0a3W JaHUX
MiXHapoAHOTO KOMITETY MOpOIIKOBUX craHfaptTiB (JSPDS MixHapoauuil neHTp IudpakuiiHux
nanux 1999). IlinrotoBKy 3pa3kiB Al MIKPOCTPYKTYPHHUX JOCHTIIKEHb MPOBOIMIN HA NUIHI(OBaIBHO-

noJsiipyBaibHOMY cTaHky Buehler. MikpocTpykTypu BHBYaIM Ha CKaHYIOUOMY €JIEKTPOHHOMY
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mikpockoni SUPERPROBE-733 (“JEOL”, Japan, Palo Alto, CA) y 3BOpOTHO-BIAOUTUX €JIEKTPOHAX
Ha 1uTiax BiAMAIEHUX 3pa3KiB 13 HAWJICHUM HIaApOM 30J10Ta.

VY TperboMy po3aisi MICTATbCS J1aHl MO JOCTKEHHIO (Pa30BUX pPIBHOBAr y KBa3IMOTPIMHUX
cucreMax B cucremax CeO,—Ln,03, ne Ln = Nd (1500 °C), Ho (1500-600 °C) ta La,03—Ln,0s;, ne Ln
=Dy (1500-1100 °C), Ho (1500 °C). HaBeneHno ¢gparMeHTH Jgiarpam CTaHy JIBOX CUCTEM Ta JIBi IIOBHI
JiarpaMy CTaHy JIBOX IIOJIBIMHUX CHUCTEM. YTBOPEHHS HOBUX (ha3 y BCIX JOCHIDKEHHX CHCTEMax He
BinOyBaeTscs. Y cucremMi CeO,—Nd,O3; yTBOPIOIOTbCS TpPHU THIH TBEPAMX PO3UYMHIB: HAa OCHOBI
rekcaroHanbHOi CTpykTypu A-Nd,Os Ta nBox kyoiunmx ctpyktyp (F-CeO,, C-Nd,0;). Buznaueno
MEX1 oOjlacTeii TOMOTEHHOCTI TBEpAMX pO3uWHIB Ha ixHiH ocHOBi. B cucremi CeO,-Ho,O; B
temneparypuomy iatepBami 1500-600 °C yTBOprOrOTBCS ABI 00JACTI TOMOTEHHOCTI Ha OCHOBI
KyOiuHux ctpykryp Ty C-Ho,0Os3 ta F-CeO,. IlobynoBaHo moBHi niarpamu ctany cuctem La,O;—
Dy,05; B inTepBam 2400-1000 °C ta LayO3-Ho0,0;. Hns cuctemu La,O3—-Dy,0; 3 moHMmXeHHSIM
TEMIEPATYpPU CIIOCTEPIraeThCs 3BYKEHHS 00J1acTeld TOMOTEHHOCTI BCiX (ha3, 110 YTBOPIOIOTHCS, a ISt
La;05—Ho0,0; 3 MOHWXEHHSIM TeMIepaTypu CIOCTEPIraeTbCs PO3IMIMPEHHS 00JIacTeil TOMOTeHHOCTI
TBepaux po3unHiB C Ta B-Ttumy, mo mnoB’s3aHO 3 TOJIMOP(I3MOM BHUXIIHHX KOMITOHEHTIB.
BcranoBneHo, 110 TBepAl pO3YMHU Ha OCHOBI MOHOKJIMHHOI B-moaugikarii Dy,O yTBoproroThes pu
temneparypi < 1800 °C. Y noagiiinii cucremi La,O3—Ho,03 yTBOPIOIOTHCS HETIEPEPBHI PN TBEPIUX
pPO3YMHIB Ha OCHOBI: BHCOKOTemmepaTypHoi kyOiuHOi (X) Ta rexcaroHampHoi (H) momudikariit
oxcunaiB P3E, a Takox rexcarodaiasHoi A-Ln,Os.

VY 4deTBepTOMY pO31iji HaBEAECHO pe3yabTaTH JOCHTIKEHHS (pa30BUX PIBHOBAr y CIIOPITHEHUX
110 KBa310iHApHUX KBaszimoTpiHux cuctemax cucremax CeO,—La,0O3-Ln,O3 (Ln = Nd, Dy, Ho, Yb)
3a 1500 ta 1100 °C Ta moOyaoBaHO BiAMOBIIHI 130TEPMIiUHI MEpPEPi3H 3a3HAUCHUX JlarpaM CTaHy. Y
cucreMi CeO,—La,03-Nd,O3 ipu 1500 °C yrBOproroThes a3 3MIIIAHOTO CKJIaay Ha OCHOBI TBEPJIUX
po3umnHiB: kyOiuHoi F-CeO, i1 C-Nd,O; Ta rekcaronampHOi A-La,0;. [3orepmiunmii mepepis
XapaKTEepU3yIOThCsl HAABHICTIO TphoX ABo¢azHux obsacreit (A+F, A+C, F+C) ta oaniei tpudaznoi
obnacti (A+C+F). Bcranosneno, mo y cuctemax CeO,—La,03—Dy,03(H0,03) yTBOpIOIOTBECS MO
TBEpJUX PO3YMHIB HA OCHOBI KyOiuyHMX Moaudikamiii 31 cTpykryporo tumy awoputy CeO, Ta
C-Ln,03, rekcaronanbHoi (A) Ta MoHOKIIHHOT (B) Monudikanii Ln,Os. Haltbunem mmpoxy ob6mnacts
TOMOT€HHOCTI Ma€ KyOiuHUWI TBepAuil po3dwH 31 cTpykryporo tuny ¢moopury F-CeO,. 3aznaduena
00JacTh TOMOTE€HHOCTI BUTHYTa B CTOPOHY TPaHUYHOI KBa3inoABiitHOI cuctemu La,03;-Dy,03(Ho,03).
Ha Bigminy Bin cuctem CeO,—La,0;—Dy,03(H0,03), y cucremi CeO,—La,03—Yb,O3 mpu 1500 Tta
1100 °C ytBOproetbes ynopsiakoBana gaza LaYbOs (R), mo kpuctamizyeTses B CTPYKTYpP1 IEPOBCKITY
3 pom0OiuHOIO nedopmariero. B i3oTepmiuHuX mepepizax miarpam crany cucrteM CeO,—La;0s;—Ln,0s
(Ln =Y, Yb, Tm, Er, Lu) icHye He3HayHa 00J1acTh TOMOTEHHOCTI HAa OCHOBI BHOPSAKOBaHOI (ha3u 3i

LaLnOs. 3 Ce* TqHii i LaLnO
CTpYKTypOIO TI/Il'Iy HepOBCKI/ITy alnyVs. DHAYHOI'O p03‘lI/IHeHH}I c B KpI/ICTaHl‘lHII/I FpaTI.Il al.nus
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HE CrIocTepiraeThcs. BUABNEHO, MO 3i 3MEHIICHHSM HOHHOrO pamiycy Ln’" 3ByxyioTscs obmacti
TOMOTEHHOCTI TBEP/IUX PO3YMHIB HAa OCHOBI reKcaroHaiabHoi Mogudikamii A-LnyOs, ky6iunoi C-LnyO3
ta Ky61uHoi F-CeO,.

VY n'aromy po3aiii HaBeleHI 3akoHOMipHOCTI OynoBu kBazinmorpiHux CeO;—LayO3;—Ln,Os
(Ln =La—Yb) cucrem, onucano 3MiHy ()a30BOro CKJaay Ta MPUHLMUI YCKIaJHEHHS OyIOBU CHCTEM B
3aJIeXKHOCTI Bifl OpsiaKoBOro Homepa Ln’ . TToka3aHo, O 3MiHA MAPaMETPiB eIEMEHTAPHUX KOMIPOK
TBEPAUX PO3UMHIB 31 CTPYKTYPOIO TUIY (PIIIOOPUTY BiAOYBA€ThCS JIIHIMHO MPU 3MiHI KOHLEHTpaLii
neryrogoi gomimkn Ln®*. 3a 10mOMOror KOHIEHTDAIIfHAX 3aeKHOCTEH eIeMEHTAPHHX KOMIPOK
KyOIYHMX TBEpAHUX PO3YMHIB 31 CTPYKTYpOIO THUIY (IIIOOPUTY BCTAHOBIIEHO, IO MapaMeTpu
€JIeMEHTApHUX KOMIPOK TBEpUX PO3UMHIB 3MIHIOIOThCS JIIHIKHHO BIAMOBIIHO 10 3akoHy Berapaa. [Ipu
nepexoai Big uepieBoi (Ln = La-Gd) mo irpieBoi (Ln = Tb-Lu) miarpynu okcunis P3E
CIOCTEpIraeThCsl 3MiHA KyTa HaXWiy KOHILEHTpamiiiHoi mnpsimoi. Ile, HameBHO, MOB’s3aHO 13
3MEHIIEHHSIM CepeIHbOro i0HHOro paiycy Ln’" mpn samimenni Ce*

BHCHOBKM HaBeJIeHI MICIsI €KCIIEPUMEHTAIbHUX PO3/UTIB 1 0OrOBOPEHHs 3aKOHOMIPHOCTEH

OyI0BY MOTPIMHUX CUCTEM Ta BiIOOPAKAIOTH OTPUMAaHI PE3YJIHTATH MPOBEACHUX JTOCTIHKCHb.

3. OOrpyHTOBAHICTDH i JOCTOBIPHICTH HAYKOBHX I0JIOKEHb i BHCHOBKIB JHCEPTALiHHOIO
OCTIIKeHHA
Pe3ynbraty Ta BUCHOBKH AMcepTalii € o0rpyHTOBaHUMHU. Lle 3yMOBIIEHO PI3HOCTOPOHHICTIO
MPOBEACHUX E€KCIIEPUMEHTAIBHUX JTOCTIIKEeHb, a TAaKOXK BIAJI0 MiAIOpaHUMHU E€KCIIEPUMEHTATbHUMHU
MeToAuKamMu. Y (HOpMYJIIOBaHHI OCHOBHUX pE3YJIbTaTiB Ta BHCHOBKIB aBTOP JOJy4ae BIAMOBIIHY
KUTBKICHY Ta sKICHY (i3W4YHY IHTEpIIpeTalilo BHIBIEHUX 3aKOHOMipHOCTed. JlocToBipHicTH
pe3ynbTaTiB aucepTallii 3abe3rnedeHa BUKOPUCTAHHSM BIJIMOBITHUX €KCIICPUMEHTAIBHUX METOAMK 1
MiJIX0/11B, HAAIHHOTO €KCIIEPUMEHTAIBHOTO 00JIaHAHHS, TIOPIBHSAHHIM JaHUX aBTOpa 3 BIAMOBITHUMHU
pe3yiabTaTaMu IHIIUX HaykKoBIiB. OTpUMaHi pe3ylbTaTH € JOCTAaTHBO MEPEKOHIMBUMH, HAYKOBO
OOIPYHTOBaHMMH, a iXHIM aHaNi3 MPOBENEHUI 3 ypaXyBaHHAM OCTAaHHIX JaHUX (PaxoBOi HAYKOBOI
mitepatypu. JJonaTKOBUM MiATBEPIKEHHSIM OOIPYHTOBAHOCTI Ta IOCTOBIPHOCTI HAYKOBHUX PE3yJbTaTiB
€ TIOCWJIaHHS Ha HayKoBI myOmikamii aBTOpa Ta TMpEACTAaBICHHS OTPUMAHUX pE3ylbTaTiB Ha

BCEYKPAiHCHKUX Ta MIXKHAPOJIHUX HAYKOBUX KOH(EPEHIIAX.

4. HaykoBa HOBM3HA JUCEpTaLiiiHOT poOOTH MOJIATAE B TOMY, IO BIEpILE:
— BCTaHOBJIeHO ¢a3oBi piHoBaru y motrpiHux CeO,—La,0;—Lny,Os;, (Ln = Nd, Dy, Ho, Yb) ta

noasiiHux CeO,—Ln,O5 (Ln = Nd, Ho), La;O3—Ln,0; (Ln = Dy, Ho) cucremax;



— IloOynoBano (parmeHTH AiarpaM CTaHy YOTHPbOX MOTPIHHUX Ta YOTHPHOX MOJBIMHUX CHUCTEM.
BceranoBiieHo 3araiibHi 3aKOHOMIPHOCTI B3aeMojii a3 B TBEPIOMY CTaHI B 3aJIKHOCTI BiJl 10HHOTO
paniyca nantanoina ais cucreM psagy CeO,—LayOs—LnyOs;

— BUBYeHO (pa3oBi piBHOBaru B cucremax CeO,—Ln20; (Ln = Nd, Ho) B TemneparypHoMy iHTepBai
1500-1100 °C, moOynoBaHO BiAMOBiAHI (parMEHTH JiarpaM CTaHy Ta KOHIEHTpalliliHi 3ale>KHOCTI
napaMeTpiB KpUCTaJIYHOT IPATKH;

— BuBueno (a3osi piBHOBaru y nojasiHNX cuctemax La,0s—Ln,Os (Ln = Dy, Ho) B ychomy iHTEpBaIi
KOHIIEHTpaLi{ Ta MoOyI0BaHO BiNOBIIHI JiarpaMu CTaHY;

— IlpoBeneno mociimkeHHsa (Pa30BUX piBHOBAr Ta MOOYAOBAaHO (hparMEHTH JiarpaM CTaHy YOTHUPbOX
notpitHuX cuctem CeO,—La,0s—Ln, 03, ne Ln = Nd, Dy, Ho, Yb;

— Ha ocHOBI BCTaHOBJIEHHX 3aKOHOMIPHOCTEH OymOBH TOTpiMHHX giarpam ctany cucrem CeO—
La;03—Ln,03, a Takok 3 BUKOPHCTAHHSM JIITEPATYPHUX JAHUX, OO0 OyTOBU T'PAHUYHHUX MMOABIHHUX
cucTeM, 3pO0JIEHO MPOTrHO3 130TEPMIYHHMX IEpepi3iB HENOCHKEHUX JiarpaM CTaHy CHUCTEM DSy

CeO,-Y;,03-Ln;0; (Ln = La, Nd, Sm, Eu, Gd, Dy, Er) mpu 1500 °C;

5. IlpakTH4YHa HiHHICTH OTPHMAaHUX Pe3yJabTATIB

[lpakTnyHe 3HAYCHHS OJEPKAHUX pe3ynbTaTiB. [IpencTaBieHi pe3ysibTaTH JOCIIIKCHHS
(azoBux piBHOBar y noasiianx CeO,—Ln,O3; (Ln = Nd, Ho), La;03—Ln,03 (Ln = Dy, Ho) 1 notpiiinux
CeO,-La,03-Ln,03, (Ln = Nd, Dy, Ho, Yb) cucremax € IOBITHUKOBHUMH JaHUMH Ta MOXYTh OyTH
KOPUCTHHMHU JIJII TEXHOJIOTIB NMPH CBOPEHHI HOBUX KEpaMIYHUX MaTepialiB, a caMe, TEIUI03aXHCHUX
MOKPUTTIB Ta TBEPAMX CJICKTPOJIITIB IS TaJUBHUX KOMIpPOK, OaraTMx Ha KHCEHb (a3 s
AHTHOKCHJIaHTIB, CEIEKTUBHUX KaTami3aTopiB Ta (oTokaramizatopiB. OnepkaHi pe3ylbTaTH MOXYTh
OyTM BUKOpPHCTaHI B SKOCTI HAaBYAJIBHOTO Ta JOBIJIKOBOTO MaTtepiaylly Ijsl KpPHUCTaJOXiMii, Ximii,

MaTrepiajJo3HaBCTBA TA IHIINUX CHOPITHEHUX JTUCIIMILIIH.

6. IloBHOTa BMKJIaAy OCHOBHUX pe3y/bTaTiB AucepTanii B omy0JiKOBaHUX NMpansiX.

OcHOBHI HayKoOBiI pe3ynbTaTH aucepraniiinoi pobotn FOmkenua C. B. BimoOGpaxeno y 17
JPYKOBaHUX Mpalix: 5 crateil y ¢paxoBUX BUIAHHSX, 3 AKHX OJHA CTATTS Yy JKypHali 1-ro KBapTUIIIO,
OJIHA CTaTsA Yy JKypHaIl 2-TO KBapTHIIIO, 3 CTAaTTI y JXKypHajax 4-ro KBapTwito 1 12 Te3 y 30ipHHKaxX
KOH(pepeHIIiil.

Huceprariiina poOoTa HammMcaHa JIOTIYHO, MPEACTABICHHS PE3YJbTaTiB € BHCOKOI SIKOCTI,
1HTepHpeTallisi eKCIepUMEHTAIbHUX JOCIIIKEeHb POBEICHa Ha BUCOKOMY HaYKOBOMY PiBHI, ii 3MICT 1

o OpMIICHHS BiJIMOBIAA€ ICHYIOUUM BUMOTAM.



7. 3ayBaskeHHSI Ta MOOAKAHHSA
1. ¥V pozaim “Orasa mitepatypu’” AOUIIBHO OYyJ0 MPUBECTH OKpEeMHUM MIAPO3ILT 13 CTPYKTYPHUMH
0COOJIMBOCTSIMU KPUCTAIIYHUX CTPYKTYP CIHOJIYK JOCHII)KEHUX CHUCTEM, a JIITEpaTypHI JaHl 3BECTH y
BIMOBIAHY Tabnuito. Hampuknaa, numie maHi MIOAO MapamMeTpiB KpucTaimiuHoi rpatku anst La,0s
CWJIBHO BiJIpi3HAIOTHCS Bil a=1.1414 um [JSSC 1999, 144, 68] no a=1.0605 um [INOMAF, 1986, 22,
774]. Kputnuna oriHka po301KHOCTEH JaHWUX MapaMeTpiB KPUCTATIYHUX CTPYKTYpP OLIBII MOBHIIIE
MPOLTIOCTpYBaia Ou SIK CTaH JIOCHIKEHb TaK 1 MiIXOU aBTOpa 10 EKCIePUMETY.
2. Y po3mini 1.1 (cT. 25) cTBepIKyeThCsl ICHYBaHHS JUIIE 5 MOMIMOPGHUX MOIUdIKaIiil OKCHUIIB
JMaHTaHOi1B, mo3HaueHuX gk A, B, C, H 1 X. HacnpaBai okcuis € 6inbie. MOXIHBO TyT HAETHCS PO
ceckBiokcuau Ln,O3?
3. IloHSTTS BaJIeHTHOCTI 1 CTymneHs okucHeHHs (po3ain 1.1, cT. 25) aBTop nmomae ogHakoBo. OqHAK 11€
7IBa pi3HI TepMiHH. BaneHTHICTh BimoOpakae KiJIbKICTh XIMIYHHUX 3B S3KiB 1 MO3HAYAETHCS PUMCHKIUMHU
YyHUCcIaMM y JyXKKaxX, a CTYIiHb OKHCHEHHs BiJoOpa)kae yMOBHMU 3apsii HOHA 1 Mae MO3UTHUBHE YU
HEraTHBHE 3HAYCHHSI.
4. ABTOp BXHMBa€ HEKOPEKTHE TpejacTaBieHHs xiMidHux ¢dopmyn (ct. 52) (La,Nd)(OH)s,
((La,Nd)OOH), (La,Nd),0s. ¥ po3aiii #iaeTscss HE MPO 3MilllaHi TIAPOKCUAN Y OKCUIM JIAHTAHY Ta
HEOJUMY, a MPO OKPEeMi CHOJYKH SIK JaHTAHY TaK i HEOJUMY, TOMY IX CIiJl PO3IUISATH OKPEMUMHU
(dbopMynaMu HaAPUKIIA] OKCH]I JJAHTAHY Ta OKCHJ HEOJIUMY.
5. ¥V TekcTi aucepralii CTBEpIKy€eThes, 1m0 (a30Bi piIBHOBArM JOCIIHKECHUX CUCTEM OYJIM BCTAHOBJICHI
npu meBHUX Temreparypax. Hampuknmax mnst cucremu CeO,-Nd,O; piBHOBarm BCTAHOBIICHI IIpH
1500°C. Onnak 3a po3aiom 2.1 BUTOTOBIIEHI 3pa3Ku OXOJOKYBAIUCH Pa3oM i3 MIYKOI0. Y TakoMy
BUIAJKY TeMreparypa ¢a3oBux piBHOBar He Oyna 3adikcoBaHa, a OyB MpOBEACHHMI nuIlle CUHTE3 (a3
Opy Takid MaKCHUMallbHIA TeMmmeparypi. [3 BHUKIAQAEHOTO TEKCTy HE3PO3YMIJIO SKUM YHHOM
¢ikcyBanach piIBHOBaXKHa Temieparypa?
6. Y po3aini 3.3, puc. 3.9 npexncrapneni $azosi piBHOBaru cucremu La,03-Dy,0s. ¥V Tekeri Ta y Tabdm.
3.3 mpOro po3aily MPHUBEACHI Pe3ylbTaTd PEHTreHO(]a30BOro aHamizy AOCTIIKEHUX 3pa3KiB Ta
YTOUYHEHI TapaMeTpy TpaToK Yy SKUX BHSBICHO Jjuimie rigpokcun jaHTany La(OH)s, sxwuii
kpuctanizyerscsi y crpykrypHomy tum UCls (III' P63/m) iamoMy Hixk okcup jantany - La,Os; (CT
LayOs, TII" P-3m1). Y nocnijkeHi okcuy JaHTaHy noniMopgHoi Monudikamii A He BUsSBICHO. Skum
YMHOM TO1 BCTaHOBJIEHA po3uuHHICTh Dy,03y La,03 Ta moOynoBana BianosiaHa firpama crany? Lle
CTOCY€ETBHCS 1 IHIITNX CUCTEM Y SIKUX OJHUM 13 KOMIOHEHTIB € La,0;.
7. B ycix mpencTaBleHHX poO3paxyHKax IMapaMeTpiB €JIEeMEHTApPHUX KOMIPOK HEOOXITHO BKa3yBaTH
CTaHJapTHI BiAXWICHHA. BoHM Bi10OpaatoTh sIK SKICTh YTOYHEHHS TaK 1 CBIIYATh PO CTaH CaMOro
3paska, Woro kpucramuHicte. Ha puc. 3.17 miBa mkama mo3HaueHa He TpaBmwibHO. He moTpiOHO

BIIUCYBATU  IJIA I[eI(iJ'ILKOX pOB,Z[iJ'IeHI/IX I[I/I(i)paKTOFpaM OJHAaKOBC IIO3HAYCHHA a0COTIOTHUX



IHTEHCUBHOCTEH, a MiAMUCAaTH ii JIMIIE 3arajibHO SK BIAHOCHA IHTEHCHBHICTH, MPHUBIBIIM KOXHY
T pakTorpamy 10 OJHOT IIKaJIH.

8. Ha audpaxrtorpamax 300pakeHux Ha puc. 3.12 ta 3.17 cnoctepiraetbest [uy3HHUH MK IpU KyTax
~22° 20. lle#t mixk oaHak (akTU4YHO BiJACYTHIM Ha audpaktorpamax 80%La,03+20%Ho0,05 Ta
20%La,03+80%Ho0,05. Yum 3ymMOBIIEHa MOsBA LIHOTO MKy a00 HOTO BiACYTHICTH?

9. Yum 3yMoBIeHa 3MiHA TOPSAKY MPEICTABICHHS IapaMeTpiB eJeMEeHTapHoi komipku R daszmu
MPUBEICHO1 y Ta0J1. 4.5 10 BITHOIICHHIO A0 MMPOTOTHUITY, SKUW KpucTtamnizyetses y [T Pnma.

10. Yomy Ha MIKpOCTPYKTYpi PUCYHKY 4.25a y BIIOUTUX €NEKTPOHAX CIONyKa i3 OLIBIIMM BMICTOM
Baxxunx P3E (LaYbO;) € TemHow, a cnomyka i3 meHmmM BMmicToM P3E (CeO,) e cBiTiomo 3a
KOHTpacTom?

11. IIpu ¢opmyBaHHI CHUCKY BUKOPHCTAHUX JHKEpEN HE TOTPUMAHO BHUMOI OJHOro Qopmaty abo
BuMor HartionansHoro crangapry Ykpainu JICTY 8302:2015.

[IZ 32

12. a) noTpedyIoTh pO3’ICHEHHS MO3HAYEHS 31POYKOI0 BUKOPUCTAHI Y TEKCTI Ta TabmuIpsix: A*,
La,O3* (cT. 81)
4+ 4+ . . . 3+ 3+
06)ct. 119. La™ ta Ho™ motpiOHo BunpaButu BiamoBiaHo Ha La™ Ta Ho
B) Ha cT. 127 BKka3zano, mo La,O; Ha moBiTpi rigparye. Un mpaBUIbHO TYT BUKOPUCTAHUH TepMiH
“rimparye”’?
r) cT. 128 1a y iHImUX MicLX: “ CTPYKTypa HNEpOBCKITY 13 pOMOIYHMM BUKPHUBJIECHHSAM . 3aMiCTb

TePMiHY “BUKPHBJICHHS Yy KPUCTAJIOXIMii BXXHBAETHCSA TEPMiH “‘medopmaris’, mo BigoOpakae 3MiHy

KPHUCTAJIIYHOI IPAaTKU B YCiX HANPsMKaX MPH SKiK 11 BY3JIM TaKOX 3MIiHIOIOTH CBOI ITOJIOKEHHS.

8. AkagemiuHa 100poYecHicTH
[Topymmens akagaemMiuHOi JTOOPOYECHOCTI B MPEICTABICHOMY TEKCTI AWcepTallii i HayKOBHX

nmyOJIiKaLisix, skl BUCBITIIOIOTH OCHOBHI PE3YyJIbTaTH JOCIIKEHHS HE BUSBIIEHO.

9. 3araJbHMIl BUCHOBOK NP0 BiANMOBiAHICTH POOOTH BCTAHOBJIEHUM BHUMOIaM.

Amnaniz aumcepramii Ta ONMyOJiKOBaHHMX TMpallb Ja€ MiACTaBH JUII BHCHOBKY TNpO Te, MIO
nociikenHs FOmkesnaa Ceprist BiktopoBuda € 3aBepiiieHuM, MUTICHUM Ta CAMOCTIMHHUM, pe3yIbTaTH
SIKOTO MOYTh OyTH BHUKOPUCTaHI TEXHOJOraMU IpPH CBOPEHHI HOBUX KEpaMIYHUX MaTepiaiis,
TEII03aXUCHUX TOKPUTTIB, TBEPIUX EJIEKTPONITIB AJIs MAJUBHUX KOMIpOK, OaraTMx Ha KUCEHb (a3
JUI. aHTHOKCUAHTIB, CEIEKTUBHUX KaTasli3aTopiB Ta ¢oTokaTaiizaTopiB. Pe3ynabTatu auceprauiifHoi
poOOTH TOCTATHHO MOBHO BHKJIAJICHI B OIYOJIIKOBAaHUX Tpalsix. BBaxaro, 1mo auceprariiiiHa podota
IOmkesnua Cepris BikropoBuua Ha Temy «@Pa30Bi piBHOBaru y cucremax CeO,—La,03-Ln,Os, ne Ln
= Nd, Dy, Ho, Yb» 3a akTyanpHICTIO, 3MiCTOM, piBHEM HAyKOBOI HOBH3HU, MPAKTUYHUM 3HAYCHHSIM Ta

XapaKTepoM BUCHOBKIB BiJIIIOBIJa€ BUMOTaM 3aTBEP/KEHUM Haka30M MiHICTepCTBa OCBITU 1 HayKH



Ykpaiau Bin 12 ciuns 2017 p. Ne 40 «IIpo 3aTBep/ukeHHs Bumor 10 oopmienns auceprauiiiy ta
BAMOraMm, nepeadaueHuMu nyHkToM 25 «[Ipo BHECEHHS 3MiH 10 JESKHMX MOCTAHOB KabGinery
MinicTtpis  VkpaiHu 3 nutanb niAroToBKM Ta  atecrauii 3100yBayiB HAYKOBHX CTYIEHIBY,
3aTBep/KeHOro noctarosoro Kabinery Miunictpis Vipainm sin 19 Tpasus 2023 poky N 502, a ii
astop — [Owkesnu Cepriii Bikroposuu, 3aciyrosye na MPHCYIDKEHHS. HAYKOBOrO CTYTEHS A0KTOpa

(hinocodpii B rany3i 3nans 10 «[Tpuponsuui Haykuy 3a cnemiamsaicTio 102 «Ximisy.

Odpiwifinmii onoHeHT:

JOKTOpP XIMIYHHX HAyK, CTAPUIHIi JOCTIIHHK,
MPOBIAHHIA HayKOBHIi CiBPOBITHHK Kadenpn
HeopraHigHoi Ximii JIbBIBCBKOro HALOHAIBLHOIO

yHiBepcuTeTy iMeHi [Bana Mpanka v Bonoaumup BABDKELBKHUHA

Yuenuii cexperap
JIbBIBCHKOrO HALLIOHAJILHOTO YHIBEPCHTETY

iMeHi [Bana ®Ppanka, K.¢.H., TOLEHT
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