
m 
HAL(IOHAJihHA AKA,I(EMI5I HA YK YKP AIHH 

IHCTIITYT IIP OEJIEM MA TEPIAJI03HABCTBA 
i M.l.M. <DpaHQeB11qa 

,,3A TBEPJ(JKYIO" 
B.o . .LlHper<Topa lHcTHTYTY npo6neM 

~~~~CTB3 

qa HAH Y Kpa1HH 

~~~Hl~~AH YI<pa1HH 

BIITJir 
3 rrpoTOI<OJIY M:> 06/II-3 
Bill «5» qepBH5I 2024 p. 

f eHHanili l3Af JHO K 

2024 p. 

3acinaHH5! ceKui·i Bt.1eH0·1 pam1 lttcrnTyTy npo611eM MaTepiano3Hascna 
iM. I. M. cDpa1-1ues11cia HAH YKpa·iH11 «cDi3111<0-xiMi5I i TexHonori·i HaHocTp)'KT)'p H11 x i 

cpymn.i:ioH3J1bHHX MaTepianiB>> 

EY JUI IlPHCYTHI: 
n.cp.-M.H. B.I. lBaIUeHKO, .u.x.H. M .B. J3y11aH0Ba, .u.x.H. A.A. EoH.Llap , )J,.cp.-M.H. OJO. XmKy11, 
.Ll .x .rr. B.C. CynaBUOBa, n .x.H. O.A. KopHirnKo, K.x.H. O .B. Lfy.LliHoBHLJ, K.cp.-M.1-i. T.B. 

KoH.LlaKosa, n .cp.-M.H. O.I . .[{Minpirn, .Ll.cJ.l.-M.H. €.A €11ic1::rn, .u.x.H. B.ff. KpaconchKHH, n.x.H. 
J1.M. KyniKOB, K.c]_).-M .H. A.I. €BTyllleHKO, .Ll.T.H. M.C. CrnpO)KeHKO, K.c]_).-M.H. T.I. Einan, ..Q.cjJ
M.H. P.O. Ky35IH, .u.c]_).-M.H. 0 .0 . 0HorrpirnKo, K.c]_) .-M.H . .[{.B. M11pomo1<, K.X.H. H.E. Kwr-rir·
ErreJib. 

CJIYXAJIH: 
,QorroBi.Llb npoBi.LlHOro imKeHepa BiMiny cpym<uioHaJlbHO°i KepaMiirn Ha OCHOBi pinKiClTHX 
·3e,,1cJlb lHCTHTYTY npo6neM MaTepiano31-1ascrna iM . I. M. cDpa11uen11•ia HAH YKpa.i11H 

lOwKeBwm Cepri5I BiKTOpom1qa <«l>moBi piBHOBarn y c11cTeMax CeOrLa203-Ln20 3, .rre Ln = 

Nd, Dy, Ho, Yb», rro,naHo1 Ha 3,no6yrr51 cTyrreH5I .LlOKTOpa cpinococpi"l 3 rany3i 3JJ3Hh l 0, 
ITp11pO.LlHHLJi Hay1rn 3a crreuianhHicno 102, XiMi5I. 

Hay1<0BHH KepiBHHK po6on1 - .n:.x.H., crnpIIIHH .n:ocni.n:H11K KopHinmo 0Kcana Amno11i"in1ia 
PeueH3eHTH: .u.x.H. EynaHosa Map111-ia Ba.LlHMiBHa, 

n.x.H. Cy,n:aBuoBa BaneHrnHa CaBenisHa. 

TeMy .LlHceprnuiY «Cf)a3osi pisHosarn y c11cTeMax Ce02-La20 3-Ln20 3, ne Ln = Dy, Ho, 

Yb, Lu» 3arnep.Ll)KeHo Ha 3aci)J,aHHi BLJeHo°i pa.LlH IHCTIHYTY rrpo6neM MaTepiano3HaBcrna iM. 
I.M. <DpaHueBHLJa HAH YI<pa1HH 16.03.2021 p. rrpoTOI<orr N2 3, TeMy yTOLJHeHo («<DmoBi 

piBHOBarn y CHCTeMax CeOrLa:20 3-Ln20 3, .n:e Ln =Nd, Dy, Ho, Yb») Ha 3aci,n:aHHi Bl.feHo·i 
pa.u11 lHCTHTYTY rrpo6neM MaTepiano3HaBCTBa iM . I.M. cDpaHueBHLta HAI-I Y1<pa.iH11 2.04.2024 p. 

npoTOKOJl N2 4. 
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:3 peu,eH3i51Mtt: 

.u.x.H. :GynaHoBa MapHHa BaL(HMiBHa, .u.x.H. Cy.uam.i,oBa BaneHTHHa CaBenimia. 

B o6roBopeHHi B35IJ1H yqacTb: 

.u.cp.-M.H. B.I. lBamem<0, .u.x.H. M.B. :GynaHoBa - peueH3eHT, .u.x.H. A.A. :GoH.uap. 

B pe3y11bTaTi o6roBopeHH51 Ta o6MiHy .UYMKaM11 Jaci.namrn ni.n311a•iac 
A1nyaJibHiCTb .ua1-1ol po6on1. Ha cboro.uHiwHitt neHb pilll<iCH03eMenbHi eneMe1-1rn 

(P3E) Bl15IBl1JH1C5! Kn10LJOB11Ml1 KOMTIOHeHTaMH y CTBOpeHHi CTiHKHX eHepreTWTHHX piweHb, 

3a6e3ne'-leHHi eKOJlOfi'-IHOl 6e3neK11 Ta eKOHOMiY.HOro nporpecy 33Bll5lK11 CBOlM pi3HOMaHiTill1M 

BnacTHBocrnM. BHH5ITKOBi orrTHqHi, TepMOL(HHaMiqHi Ta xiMiqHi BJlaCTHBOCTi P3E 3po6H1111 ·ix 

He3aMiHHHMH B pi3HOMaHiTHHX TeXHOJ10fi5IX, BI<moqaioqH MarHiTH L(J15I eneKTpOM06iniB, 

nopTaTHBHi eHepreTwrni rrpHCTpo"I, I<aTani3aTOpH rraJIHBHHX eJJeMeHTiB, 3aXHCT Bi.[( pa.uiau:i"I. 

ll03ttMeTpim Ta 6araTo iHllll1X. TaKHM LfHHOM BHKOpHCTaHH5! pi.nKic1103el\1enbJ111x eJICl\te11TiB 

(P3E) 3a6e3neLJYE: KOHKypeHTHi nepesarn nmr 8HfOTOBJieHH51 nopTaTHBHHX eHepreTHLfllHX 

lljlllCTp0°l
0

8, ,'l<lTLIHKiB BHnpOl\1i111osa111151 Ta paniau,iMllO-eKpaHylDLJHX CTeKOJl, a TaKQ)K, TTOKpawyE: 

nponyKTHBHicTb icHyioqHx cporneneKTpHqmrx eneMeHTiB. Ocr<inhKH, ocTaHHiM LJaCOM, 

rno6anbHHH IIOIIHT Ha P3E CTpiMKO 3pOCTaE:, Ha,LJ,3BH~rnHHO Ba)I<JIHBO BH3HaLfHTH OCHOBJ:-!i 

cpi3HKO-XiMiqHi BJJaCTHBOCTi MaTepianiB Ha IX OCHOBi, a TaKQ)K lllHpllle ,ll,OCJli,LJ,HTH 1-IaCJJiL(l<H 

3acrncyBaHH5I P3E .UJI5I CTano! ettepreTHI<H Ta 51:.UepHHX TexHonoritl, 51I< y Hai16m:DI<L1i11 , TaK i B 

L(OBfOCTpOI<OBiH nepcrreI<Tl1Bi. 

XiMiLIJia CTa6inb11icTb MaTepiaJiiB Ha oc11osi P3E ll03BOJI5IC BHI<opvicrnsynarn ·1.\ ) 
pi .l l 101\1(.\H i1 H HX 1311COKOe<J..icKTl1 BHHX nepeTBOp!OBa 11ax e1-1epri"i, BK,110 1 !al0 11H TBCpJJ,OOKCI tlll 1 i 

rranHBHi eneMeHTH (SOFC) . . CTeI<na neroBaHi ioHaMH P3E (rn1rnx 5II< Dy3+, Eu3+, Sm3+, Nd3+ 
TOWO) .ueMOHCTpYJOTb rror<pameHy ecpeKTHBHiCTb eI<p3HYB3HH5I B pa.uiauii1HHX .UOMe11ax. 

MaTepianH Ha ocHoBi .uior<CH.UY uepiID neroBaHoro or<cH,LJ,aMH P3E IllHpoI<o .uocnin)KYIOTbC51 

nayKOBU5IMH BCbOfO CBiTy, OCI<iJlbKH MaIOTb 6ararno6iumoqe 3acrncyBaIJH5l y qJOTOK3T3Jli3i Ta 

eneI<Tpor<aTaniTHLJHOMY HaKorr11Ye1111i rn nepernoper-rni e1-1epri"i Ta in. HaH0MaTepian11 11a oc110Bi 

.'tiOKCH)l.)' 1tcpi10 xaraKTepW3)'10TbC51 OKCHLta1ono11i611010 aKTl1BHiCTIO. LllO BllKOp1rCTOBYIOTb npH 

npoBe.[(eHHi 3HeWK0ll)KeHH5I peLJOBl1H-3a6py.UHIOBaLJiB. 301<peMa, BBe.[(eHH51 B 3a6pynHeHtti 

p03YHI-IH .uioKCH.UY uepiID MQ)I<e crrpH5lTH ll!BH,ll,I<OMY OKHCHeHHID opraHi'IIil1X 6apBHI1KiB j 

MaJlHX MOJJeKyJI y cna6KO-I<l:ICJIOMY cepe,ll,OBHIUi 6e3 I10Tpe6I:I BBe,LJ,eHH5I B CI1CTeMy neperrncy 

BO.UHIO. KmoqoBa 3axHcHa ponh HaHoYaCTHHOK Ce02 Tic1rn noB'H3aHa 3 "ix 3.UaTHicTro 

IlOfJJHH3TH IIIKi,LJ,JIHBe YJJbTpacpioneTOBe BHI1pOMiHIDBaHH51, 6e3 p03CiIOBaHll51 KOpHCIIOfO 

BH.UHMOro CBiTna. KaTani3aTop11' Ha OCHOBi .ui0Kc11ny uepiID .uonoBaHoro Ln203 rrpo5!Bm110Tb 
. . . . . . . 

Kpi.111.1,1 KaTaJllTWllll BJlaCTHBOCTI B nop1Bll5Il-IHI 3 Ll!OKCl!LlOM THTaHy. 

I1poMi)I<Hi cp33H 3j CTPYI<TypoID T1my rrepoBCKMTY Bl1I<J111KaIDTb Bem1K11M npaKT11L11-111H 

iHTepec 5II< y HayKOBOl crriJlbHOTH, TaK i y cpaxisuiB rrpOMHCJlOBOCTi. 3aB,U5Il<l1 BHCOKiK io1111ill 

rrpoBi,LJ,HOCTi Ta HH3bKiH: eHepri"i aI<THBaui1 MaTepianH Ha OCHOBi BnOp51.UKOB31IOi" lpa3H 3j 

CTPYKTypoID THny nepoBCKHTY LnLn'03 po3rJJ5I.UaIDTbC5I 5II< e11eI<Tpo11inr ,ll,Jl5I ene1npoxiMiLm11x 

npHCTpoi"B, TaKHX 5IK rnepL(OOKCHL(Hi IlaJlHBHi eneMeHTH (SOFC), e11eKTpo11i3ep11, ceHCOpH, 

MeM6pa1-1H nn51 p03.uineHH51 BOllHID Ta eneI<TpoxiMi"rni KaTaniT11q1-1i peaKTOpH. TaKmK MaTepian11 

Ila OCHOBi LnLn '03 p03r1151,LJ,aIOTb 5!]{ 3aMiHy .uioKCH.UY KpeMHiID ( K = 3 .9), B 5IKOCTi OCIIOBHOfO 

.uianeKTpHI<a 33TBOpy 3i 3HaqeHH5I K BHillHM 33 40. 
MeTa po6oTH - rro6y.uoBa i3oTepMiqmrx rrepepi3iB i BCTaHoB11eHH5I 33KOHOMipHocTeM 

cpi3HKo-xiMiqHo1 B3aE:Mo.ui1 B cHcTeMax Ce02-La20 3-Ln20 3, .ue Ln = Nd, Dy, Ho, Yb B 

iinepBani TeMnepaTyp 1500-600 °C, y BCbOMY irnepBaJJi KOHLJ,e1-1Tpau,ii1 I BCTaI-IOBJlellI-151 

OCHOBHHX 3aKOHOMipHOCTeH 6y.uoBl1 lliarpaM CTaHY 3a31IaLJeHHX CHCTeM. 



l(Jrn LIOCSlrHetlHSJ nocTaBJlCHO"i MCTH B11pimyt0TbCSJ 11acTym1i JaBLiamrn: 

l. Bl1B'il1Tl1 ¢aJoBi pisttosarn y rro.LJ,siM.tt11x c11cTeMax Ce02-Ln203 y BCbOMY ittTepsani 

KOHl(eHTpauiH: Ta ittTepsarri TeMrrepaTyp 600-1500 °C i rro6y.D:ysanr si.LJ,rroBi.LJ.Hi cpparMeHTH 

.[(1arpaM crntty; 
2. BI1B'il1Tl1 cpaJOBi piBHOBarH y IIO.[(BiHHHX CHCTeMax La203-Ln203 y BCbOMY i1-ITepsa11i 

KOHl(eHTpau,iM. Ta ittTepsani TeMrrepaTyp 600-:--1500 °C i rro6y.LJ.yBaT11 si.LJ,nosiw-1i .LJ.iarpaM11 crnny; 

3. BHB'LIHTl1 ¢a3osi pisttosarn y rr0Tpiiitt11x c11cTeMax Ce02-La203-Ln203, .LJ,e Ln = Nd, Dy, 

I lo. Yb y BCbOMY i1-1TepBa11i KottuettTpauii:i , np11 1100 i 1500 °C i 1106y.LJ.yBaT11 Bi.LJ.nosim1i 

i30TepMi'rni rrepepi311 .[(iarpaM CTatty; 
4. BH3Ha'iHTH 3a1<0HoMipttocTi B3aeMo.LJ.i'i ¢a3 y rroTpiH:tt11x Ce02-La20 3- Ln20 3 c11cTel\rnx:. 

I-Iay1wsa HOBHJHa OTpHMaHlfX peJyJI1>TaTiB. 
1. Brrepwe 3 s111<op11cTaHH5IM MeTO.LJ.iB eneKTpm-IHo'i MiKpocKoni·1· Ta pewrrettocjJaJOBoro 

a11aJii3iB BCTaHOBJietto cjlaJoBi pittosarn y rr0Tpii1H11x CeOrLa203- Ln203, (Ln = Nd, Dy, I lo. 
Yb) Ta no.LJ.Bii1H11x Ce02- Ln20 3 (Ln = Nd, Ho), La20 3-Ln20 3 (Ln = Dy, Ho) c11cTeMax. 

I lo6y.L(0Ba110 cjJparMeHTH .LJ.iarpaM CTatty LIOT11pbOX n0Tpii1H11x Ta LJOT11phox no.LJ,Bii1H11x c11cTeM. 

Bcrnttosnetto 3ararrbHi 3aKOHOMipHocTi B3aeMo.[(i'i cjlaJ B rnep.[(OMY crnHi B 3aJie)J<HOCTi Bi.[( 

ioHHoro pa.D:iyca JiaHTaHO'i.[(a .[(JI5I CHCTeM p5IJJ:Y Ce02-La203-Ln203. 
2. B11sqeHo cpaJosi piBHOBarn B c11cTeMax Ce02-Ln20 3 (Ln = Nd, Ho) B Ter.mepaTypttoMy 

irrTepsani 1500-1100 °C, no6y.n:osaHo Bi.LJ.IIOBi.D:Hi c]lparMettrn .n:iarpaM crntty Ta r<oHuempau,ii:iHi 

3aJle)J<HOCTi napaMeTpiB I<p11CTaJ1 i l!H0°l rpaTKH. 

3. B11BLJeHo cjrn1osi pisHosarn y nonsii1H11x c11cTel\1ax La20 3-Ln20 3 (Ln = D y. Ho) B 

YCbOMY iHTepsarri KOHU,eHTpauiH: Ta rro6y.noBaHO Bi.D,IIOBi.D,Hi .niarpaMJ1 CTaHy. 

4. IlpoBe.[(eHo .[(OCJii.[()KeHH5I' cjlaJOBHX piBHOBar Ta rro6y.nosaHO c]lparMeHTH .niarpaM CTaHY 

'iOTHpbOX rroTpiiiHHX CHCTeM CeOrLa20rLn20 3, .ne Ln =Nd, Dy, Ho, Yb. 
,LI:ocTOBipnicTb o6rpyHTOBalliCTb pe3yJlhTaTiB, ITOJIO'IKCllb Ta BllCllOBKiB 

3a6e3rreYyE:TbC5! BHKOpHCTaHH5IM cyLiaCHHX e1<cncp11Me11TaJ1bllHX ;\J eTOLliB )lOCJJi .Ll)l\Cllb 

(peHTreHOCjJaJOBHH a1-1ani3; CKaHyfOLfa eJieKTpOHlla MiKpOCKOili5!). LlOCTaTHbOIO KiJlbKiCTIO 

~pa3K ll3 ra )'3LOWKCllWl:\1 CKCflCpl1i\1CllTaJlbllYIX Ll3Hll:\ . 

Oco6ucTHH nuecoK 3.D,o6ynff•-rn. OcttOBHi e1<crrep11MeHTaJibHi pe3ynbTaTI1 

.n;Hceprnui:Htto'i po6oTH oTpHMatti oco6HcTo a6o 3a 6e3rrocepe.ntt101 yqacTi. Oco6Hcrn 

npose.n;eHO JiiTepaTypHH:H rrowyr< Ta y3araJibHeHH5! OTpHMaHHX pe3yJibTaTiB. IlocTaHOBKa 3anaLf 

)lOCJi iL()Kem-rn, ITJiattyBaHH5! eKcnepHMeHTY Ta o6rosopeHH5I rrpOBO.D,J1Jil1C5! rri.n KepiBH11UTBOl\l 

nayKosoro 1<epismma A.X.H. 0. A. KopttirnKo. 

3HaLJHY KinbKiCTb nocni.LJ.)KeHb 6yno nposene1-10 y 1<011eKn1Bi 3 cnispo6inrnKal\rn 

1 HcnnyTy rrpo6neM MaTepiano3HaBcrna iM. l.M. <l>pa1-1ues11 LJa HAH Y Kpa'ltt H. Pe11Tre1rncpa30 B11 i1 

attani3 BHKOHaHo crriJibHO 3 H.c. Onic]latt O.I. (IllM HAH YKpai'tt11); Mi1<pocTpyrnypHi 

.n:ocrri.n:)KeHH5I - crrirrbHO i3 M'.tt.c. CaMemo1<0M A.B. (IllM HAH Yr<pa!tt11). 

3a MaTepiarraMH .n:11ceprnuiH:tto'i po6oTH orry6rri1<0satto 17 Hay1<0BHX npaub: 5 crnTei1 y 

cpaXOBHX BJ1.D,aHH5IX, 12 rry6rriI<auii1: Te3 .D,OIIOBi.[(ei1: Ha KOIIcjJepeHu;i5IX. 
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Hay1rnsa 3piJiiCTh 3;:i:o6ysaqa: IOiiIKeB11q CepriM: BiKTopoB11q 3aKiHqHB B 2020 poui 
HauioHaJibHRH TexHiqH11M: yHiBepc11TeT YKpai"H11 "K11i"BCbKHH rroniTexHiqmn1: iHcrnTyT iM. I. 
CiKopcbKoro" 3a crreuianbHiCTIO "XiMiqHa TexHonori5! rn imI<ettepi5!". B 2020 poui BcTymrn .n.o 
acnipa1-rTyp11 IITM HAHY. 3 nepw11x .n.1-1iB po6orn B i1-1cT11TyTi , ttayKosi i1-1Tepec11 Cepri5! 
CTocysan 11c5l .1oc11 imKe 111151 (IJaJOBH.\ piB11osar B 01<c11Ll11Y1.x CHCTe;\1<1.\. I !in L1ac po6orn C. 
lOwKeBHlf 3apeKOMeH}lyBaB ce6e 5!K caMOCTiHHHH, cyMJliHHHH Ta Bi.n.noBi}laJlbllHH }lOCJli}llHIK, 3 
xopOIIIOIO rri.n:roTOBKOIO B o6nacTi rrpHKJia}lmrx HayK, B oco6JIHBOCTi B rany3i xiMii". 

II OCT AH OBA CEKI(II: 

B pe3y11brnTi o6roBopeHH51 .n:HceprnuiifHoi" po60T11 i BHCHOBKiB peuemeHTiB 3aci.n:am151 
BCTaHOBl1JIO: 
l. B .n.11ceprnuii1:ttil1 po6oTi 10uJKeBHlfa CepriJJ BiKTopoBwm npose.n.eHo .n.oc111.ll,)KeHI-rn 

cpa30B11x piBHOBar y c11cTeMax Ce02-La203-Ln203, ;:i:e Ln = Nd, Dy, Ho, Yb, mo E: 
}lOBI}lHHKOBHMI1 }laHHMI1 }lJT5! IIO}laJTbIIIOfO BI1KOpHCTaHH5I B p03po6ui MaTepianin 3 
rrporH030BaHJ1MI1 BJiaCTHBOCT5!MH . ,[(HcepTaUi5! c 3aJdH'-ICHOIO 11ay1rnno-.uocJiiL(llOIO 
po60TOIO, 5IKa 3a CBOlM HayKOBHM piBHeM Ta npaKTJ1qHOIO uiHHiCTIO, 3MiCTOM rn 
ocpopMJieHH5IM IIOBHiCTIO Bi}lITOBi}laE: BHMOraM «I1op5!}lOKY npHcy Jl)I<eHH5I CTynemr }lOKTOpa 
cl)i11ococpi·1 Ta cKacysa1-11-151 piwe1-11-15! pa3oBo·i" cneuiani30Ba1-10·1 BL1e11o·i" panH 3a1<11aL1,y BHLUOi. 
OCBiTH, ttayI<OBOl ycTaHOBH npo npHC)'}l)KeHirn .[l,OKTOpa cpinococpi1», 3arnep.[1,)Ke110ro 
rrocrnHOBOIO Ka6iHeTy MiHicTpiB YKpaiHH Bi}l 12 ciqm1 2022 p. N~ 44 (3i 31\IiHal\rn), Ta 
Bi,nrroBi.n:aE: Hanp5IMKY HayKoBoro .n:ocrri.n:)l(eHH.51 ocBiTHbO-HayKoBoi nporpal\m ITIM HAHY 3j 
crreuianbHOCTi 102, XiMi5J. 

2. Po6oTa peH:oMe11,uycThCSI ,uo JaxHcTy Ha crreuiani3oBaHii1: 8LfeHii1 pa.ni rrp11 lHcrnTrri 
npo611eM MaTepiano3HaBcrna iM. J.M. <!>paHUeBw1a HAH YKpa·1·H11 Ha 3.n.06yTT5! cTynrnn 
no Km pa cpi11oco(pi"l 3 ra11y3i 31-1aHb I 0, flp11po11H11L1i 11ayKH 3a cneuianb11icT10 102, XiMi~1. 
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