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eJieKTpOHHllX rrpHJiaJI,lB p13HOMaH1THOro rrpll3Ha11eHH5l: 

rroTpe6ye Mo6iJihHHX BHCOKO-€MHicH11.x, eKonori11Ho 1111cT11x JI,)l(epenax CTPYMY i 

. . .. . . 
CTHMYJIJO€ rrowyK HOBI1X MaTepiamB JI,JI5l: IX BI1KOpI1CTaHH5l: B 5l:KOCT1 KaTOJI,lB Ta 

aHOJI.iB JI,)l(epen cTpyMy. B11.Kop11cTaHH5l: HaHoMaTepianiB, 30KpeMa HaHoOKCHJI.iB JI.JI5l: 

IX BI1Kop11.cTaHH5l: B 5l:KOCTi KaTOJI.iB niTiE:BHX JI,)l(epen CTPYMY (JI):J:C) e OJI.HMM 3 

cy11aCHI1X Harrp5l:MKiB Ha llIJI5l:XY CTBOpeHH5l: JI):J:C c rriJI,BI1IIJ.eHHMI1 eKcrrnyaTaU:iHHI1MH 

xapaKTep11cT11KaM11.. OJI,HaK, rrop5l:JI. 3 6e3yMoBHI1MH rrepeBaraMH rrp11 3acTocyBaHHi 

HaHOOKCHJI,iB B 5l:KOCTi KaTOJI,iB BllHI1Ka€ rrpo6JieMa CTa6iJihHOCTi rrp11 U:HKJIJOBaHHi 

JI):J:C, OCKiJihKll B U:llX rrpou:ecax BI1HI1KaJOTb rrac11ByJ011i JiiTiH-OKCI1JI,Hi ITJiiBKI1, 5l:Ki 

6noKyJOTh iHTep- Ta JI,eiHTepKaJI5l:U:iJO ioHiB Li+ B MaTepian11. KaToJI,iB. ):1;11cepTaU:i5l: 

IJihKiBa B.51. «Brrn11B yMoB CI1HTe3y Ha eneKTpOHHY CTPYKTYPY HaHOKOMIT03HTlB 

SI02/ AL20 3/TI02 i 3ap5l:JI.OBY E:MHiCTh niTiE:BHX JI,)l(epen CTPYMY 3 KaToJI,aMH Ha 'ix 

OCH OBI» rrpI1CB5l:11eHa 3 '5l:CyBaHHJO Mexam3MlB 
. .. 

Ml)l(aTOMHOl B3a€MOJI,ll B 

6araTo<i_}a3HI1X 'HaHOOKCHJI,aX, 5l:Ki MO)l(YTb 6yTI1 3aCTOCOBaHi B 5l:KOCTi KaTOJI,iB JI):J:C, 

IX BITJIHB Ha eneKTpoxiMi11Hi xapaKTep11.cTHKI1 JI):J:C, JI.OCJiiJI,)l(eHH5l: eHepreTH11HI1X 

p03ITOJI,iJiiB BaJieHTHHX eJieKTpOHiB i 3ap5l:JI.OBI1X CTaHiB ioHiB B cyMirnax HaHOOKCHJI,iB 

JI.O Ta rricJI5l: yJI.apHo-Bi6pau:iii:HOI 06po6K11, rrornyK crroco6iB rriJI,BHIIJ.eHH5l: cTyrreHJO 



iHTepKamni:ii" ioHiB JiiTiIO B KaTO.IJ:H JI,I..(C € 6e3yMOBHO aKTyaJihHHMH 5IK 3 uayKOBOI, 

TaK i 3 npaKTH11HOI TOLJOK 3opy 3a,n:aLJaMH. 

AKTYaJihHiCTh po60T11 m,n:TBep.n:)J(yE:ThC5l TaKO)J( THM, 111,0 BHKJia,n:em 

pe3yJinTaTH 6yn11 OTpHMaHi y paMKax HayKOBHX .n:ocm.n:)J(eHb Ha Kacpe.n:pi 

MeTaJI03HaBCTBa Ta TepMiLIHOi" 06po6K11 Hau,ioHaJihHoro TexHiLIHoro yHrnepc11TeTy 

YKpai"HH «KHi"BChKHH rmniTexHiLIHHH iHCTHTYT iMeHi Irop5I CiKopcbKoro» Ta B 

lHCTHTyTi npo6JieM MaTepiaJI03HaBCTBa iM. I.M. <l>paHIJ,eBHLJa, i 6e3nocepe,n:Hh0 

TIOB'5!3aHa 3 BHKOHaHH5IM HayKOBO-.IJ:OCJii,n:HHIJ,bKHX po6iT 3 TaKHX TeM: «BTIJIHB 

p03MipHoro cpaKTopy, a TaKO)J( CTpyKTypHoro CTaHy Ha eJieKTpOHHY 6y,n:oBy Ta 

cpi3HKO-XiMiLIHi BJiaCTHBOCTi cpa3 BTiJieHH5l Ha OCHOBi nepexi,z:i:HHX MeTaJiiB», M~ ,z:i:/p 

0108U000244; «3aJie)J(HiCTh E:MHOCTi Si02/ Ali03-KaTo,n:iB niTiE:BHX .IJ:)J(epen CTPYMY 

. . . 
m.n: eHepreTHLIHOro nepepo3no,z:i:rny eneKTpomB, cnpHLIHHeHoro yMoBaMH CHHTe3y 

HaHOKOMTI03HTiB», N2 ,n:/p Ol 14U000540. 

,ll,oCTOBipuicTh Ta o6rpyHTOBaHiCTh OTpHMaHHX pe3yJinTaTiB Ta BHCHOBKiB 

apryMeHTOBaHOIO TIOCTaHOBKOIO eKcnep11MeHTaJihHHX Ta 

TeopeTHLJHHX 3a,n:aq, BHKOpHCTaHH5IM cpi3HLJHO o6rpyHTOBaHHX cyqacH11x 

eKcnepHMeHTaJibHHX MeTO.IJ:HK .n:ocm.n:)J(eHb 1 MO,[(eJiett .IJ:OCJil,[()J(eHHX 5IBHll(. 

ITepeBa)J(Ha 6iJihIIIiCTh eKcnep11MeHTaJihHHX pe3yJII>TanB oTpttMaHa Ha ocHom 

3araJibHOBH3HaHHX MeTO.IJ:lB, BHKOpHCTaHH5l 5IKHX cynpOB0.IJ:)J(Y€TbC5l peTeJibHHM 

aHaJI130M MO)J(JIHBHX TIOMHJIOK. 

,I..(HcepTan,iliHa po6oTa lJII>KiBa B.51. «BnJIHB yMoB CHHTe3y Ha 

eneKTpOHHY CTPYKTYPY HaHOKOMTI03HTiB SI02/ AL20 3/TI02 i 3ap51,n:0By E:MHiCTh 

mTIE:BHX ,n:)J(epen CTPYMY 3 KaTo,n:aMH Ha i"x ocHoBi» » Ma€ Tpa.n:11u,iliHy CTPYKTYPY i 

CKJia,[(a€TbC5l 3i BCTyny' orJI5I.IJ:Y JiiTepaTypHHX po6iT 3 TeMH .n:ocni,z:i:)J(eHH5l, 

eKcnepHMeHTaJibHOl LJaCTHHH Ta LJOTHpbOX po3,n:iniB 3a pe3yJibTaTaMH .n:ocni.n:)J(eHb, 

BHCHOBKiB Ta CTIHCKY BHKOpHCTaHOl JiiTepaTyp11, BHKJia,n:eHi Ha 155 CTOpiHKax 
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Mannrnorrn:cHoro TeKcTy, MicnITb 85 pHcyHKiB, 15 Ta6mn..i:h. CrrttcoK BHKOpttcTaHHX 

)J)Kepen CTaHOBHTb 195 HaHMeHyBaHb. 

MeTa po6oTH cq_>0pMynhoBaHa 51K 3 '51cyBaHH5I oco6nttBOCTei1 eneKTpOHHOl 

CTpyKTYPH rricn51 y.n:apHo-Bi6pauii1HOl o6po6KH cyMirnei1 HaHOp03MipHHX OKCI1)l,iB 

Al, Si, Ti, 0TpttMaH11x rriporeHHHM CHHTe3oM Si02/Ali03-KOMII03I1TiB Ta i"i Brrn11B Ha 

3ap51.IJ:OBi E:MHOCTi JI,D:C 3 KaTO)l,aMH Ha "ix OCHOBi. 

Ileptuuii po1oiJ1 )l,HCepTaUiHHOl po60TH npHCB51qeHHH orn51.IJ:Y Ta aHam3y 

3HaqHo"i KinhKOCTi niTepaTypH11x )l,)Kepen, mo.no .n:ocni.n:)KeHH51 Mopcponori1, aTOMHO­

KpttcTaniqHo"i i eneKTpOHHo"i CTPYKTYPH Ta BnacTHBOCTett HaHopo3MipHHX OKCHJJ:iB. 

Eyno .n:octtTb .n:eTanbHO po3rn51HYTO 3ane)KHiCTb BnacTHBOCTett HaHooKctt.n:iB BI.II: 

MeTO)l,iB CHHTe3y 6araTOcpa3HHX KOMII03HTiB Ta "ix cpa30BOro CKna.n:y CKna.n:y. Ha 

OCHOBi rrpoBe)l,eHoro aHani3y 6yno BH51BJleHO Bi.IJ:CYTHiCTb )l,aHHX ITO BIIJlHBY 

oco6nI1BOCTeH eHepreTJ1qHoro p03IIO)l,iny BaneHTHHX eneKTpoHiB Ha iHTepKan51uii1Hy 

3)l,aTHlCTb ioHiB niTiIO B KOMII03HUiHHi MaTepianH KaTO)l,iB JI,D:C Ta "ix 3ap51.IJ:OBY 

E:MHlCTb, rn:o )l,03BOJ1HJ10 apryMeHTOBaHO ccpopMynIOBaTH MeTy Ta 3a.n:aq1 

.n:ttcepTauii1Hoi· po6oTH. 

Y OpyZOM,Y po3i)iJlj )l,OCHTb )l,eTanbHO OIIHCaHi CHHTe3, MeTO)l,H )l,OCnl)l,)KeHH51 

eneKTpOHHOl CTPYKTyptt, cpa30Boro cKna.n:y, CTPYKTypHo-MopcponoriqHHX 

xapaKTepttcTHK Bttxi.n:H11x Ta rricn51 YBO cyMirnei1 i rriporeHHHX Si02/ Al20 3-

KOMII03HTiB, a TaKO)K 3ap51.IJ:OBHX E:MHOCTeH JI,D:C 3 KaTO)l,aMH Ha "ix OCHOBi. 

Tpemiu po1oiJZ rrpHCB51qeHo eKcrrep11MeHTanbHOMY .n:ocm.n:)KeHHIO 

oco6nHBOCTeH cpopMyBaHH51 eneKTpOHHoi" CTpyKTyptt HaHOOKCHJJ:Y anIOMlHlIO 

3ane)KHO Bi.II: po3MipiB OKP 8- i 8-cpa3H, 51Ki 6yntt Btt6paHi .n:n51 CHHTe3y Si02/Ali03-

KOMII03HTiB. Ha OCHOBi aHani3y pe3ynhTaTiB peHTreHOCTPYKTypHHX )l,OCJli)l,)KeHb Ta 

peHTreHiBCbKHX eMicittHHX crreKTpiB OKCHJJ,Y anIOMlHlIO Ta KOMI103HTiB Ha Moro 

OCHOBi 6yrro BCTaHOBJleHo, rn:o 3MeHllleHH51 p03MipiB HaHoqacTHHOK Ah03 Ta 

3pOcTaHH51 BKna.n:y I10BepxHeBI1X aTOMlB rrpHBO)l,HTb )l,O 3HH)KeHH51 3ap51)l,OBOro CTaHy 

ioHiB KHCHJO. ITptt YTBopeHHi 0-0- 3B'513KiB B HaHoqacTHHKax po3MipoM 7 HM 
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cTa6irri3yE:ThC5l 8- cpa.3a Ab03 3 m,II,c1rneHHMH KOBarreHTHOJO CKJia,II,OBOJO Al-0 

3B' 5l3KaMH. 

B 'lemeepmoMy po1i>iJzi rrpe,II,cTaBJieHi pe3yrrhTaTH ,II,ocrri,II,)l(eHH5l cTpyKTypHo­

MopcporroriqHHx xapaKTepttcTHK, erreKTpOHHoi" CTPYKTYPH BHXi,II,HHX Ta rricrr5l YBO 

cyMirnell: x-Si02+y-Ab03 (x=0,8; 0,7; 0,25; y=0,2; 0,3; 0,75), a TaKO)I( ,II,OCJii,II,)l(eHH5l 

3ap5I,II,OBHX E:MHOCTeH JI,ll.C 3 KaTO,II,aMH Ha i"x OCHOBi. 

,ll.ocrri,II,)l(eHH51 OKa-cMyr eMicii" rroKa.3aJIH, ru;o BHacrri,II,oK y,II,apHo Bi6pau:ii1Hoi" 

o6po6KH (YBO) B yc1x x-Si02+y-Ab03 • CIIOCTepiraE:ThC51 p03lIIHpeHH51 

eHepreTHqHoro po3rro,II,irry Op-cTaHiB 3i 3Miru;eHH5IM if oro u:eHTPY BarH B 6iK HH)l(I.JHX 

eHepriH ~ 1,2 eB. OT)l(e, YTBopeHH51 Ha KOHTaKTHHX rpaHHU:5IX Mi)l(iOHHHX 3B' 513KiB 

rrptt YBO i ,II,o,II,aTKOBHH rrepeHoc erreKTpoHiB Ha aHiOHH KHCHJO rrpHBO,II,HTh ,II,O 

3pocTaHH51 lX 3ap5I.II.Y. 

,ll.ocrri,II,)l(eHH51 3ap5I,II,OBi E:MHOCTi JI,ll.C 3 KaTO,II,aMH Ha OCHOBl BHX1,II,HI1X 

cyMirnei1 x-Si02+y-Ab03 (x=0,8; 0,7; y=0,2; 0,3) Ta rricrr51 YBO rroKa.3aJIH, ru;o, 

3pOCTaHH51 3ap51,II,OBOi° E:MHOCTi npH 36irrhrneHHi 3ap51,II,iB aHiOHiB Ha Mi)I( cpa3HHX 

rpaHHU:5IX e Hacrri,II,KOM rri,II,BHIIJ;eHH51 cTyrreHIO BrrpoBa,II,)l(eHH51 Lt B cTpyKTypm 

rrycTOTH i ,II,ecpeKTH KaTO,II,Horo MaTepiarry 3aB,II,5IKH rrocttrreHHJO KyrroHiBChKOi° 

B3aE:Mo,II,ii" Li+ i 0
2
-. ITptt U:hOMY ,II,O,II,aTKOBe 3arroBHeHH5I 3B'5l3YJ0q11 cTaHiB BHKJIJOqae 

peKOM6iHaU:iJO ioHiB rriTiID ,II,O aTOMapHoro i He crrpH51€ YTBOpeHHJO OKCH,II,HOi° rrrriBKH 

HaBKOJIO HaHoqacTHHOK B KaTO,II,l, TO.II.I 5IK rrpH ,II,O,II,aTKOBOMY 3aIIOBHeHHl 

BHCOKOeHepreTHqHHX Opir*-aHTH3B' 513YJOqHx cTaHiB peKoM6iHaU:i51 Li+ + e *- = Li 

Bi,II,6yBaE:ThC51 ,II,OCHTh rrerKO 3 HaCTYIIHHM BHHI1KHeHH5IM OKCH,II,iB Ha IIOBepxHi 

HaHoqacTHHOK. 

,ll.ocrri,II,)l(eHH51 lMIIe,II,aHCHHX crreKTplB, OTpHMaHHX npH pl3HHX 3ap51,II,OBHX 

€MHOCT5IX erreKTpoxiMiI.JHOi° KOMipKI1, Bl15IBHJIH 36iJihlIIeHH5I KOHU:eHTpau:11 JllTllO B 

KaTo,II,1 Ha ocHoBi YB0-KOMII03HTY 0,8Si02+0,2Ab03, 3aB,II,5IKH YTBopeHHJO 

cop6oBaHoro po3BHHeHoIO rrosepxHeIO MaTep1arry, rnapy qacTHHH rnTepKaJI5ITY, 

TOBIIJ;HHa 5IKOro 3pOCTaE: rrpH BHCOKHX po6oqHx CTpyMaX. 

ll'amuu po1i>iJ1 rrpHCB5JqeHO eKcrrepHMeHTaJihHOMY ,II,OCJil,II,)KeHHJO 

cTpyKTYPHO-MopcporroriqHHX xapaKTepHCTHK, erreKTpOHHoi" CTPYKTYPH niporeHHHX 



KOMl103HTlB x-Si02+y-Ab03 (x=0,77; ·0,7; 0,25; y=0,23; 0,3; 0,75) Ta 3ap5I,UOBHX 

CMHOCTeil JI,II,C 3 KaTO,UaMH Ha IX OCHOBi. 

I1oKa3aHo, lllO B KOMl103ttTax oTpttMaHttx mporeHHHM MeTo,UoM cTpyKTypa 

arJIOMepaTiB 11epeBmKHO rno6ym1pHOl cpopMH pi3HHX p03MipiB Ta llliJioHOCTi 3 

O,UHoqacHOIO 11pttcyTHiCTIO B HHX KpeMHiIO Ta aJIIOMiHiIO. ,II,ocJii,U)l(eHH5I xapaKTepy 

Mi)l(aTOMHOl B3a€MO,Ui1 B 11iporeHHHX KOM1103HTax y 11opiBH5IHHi 3 aHanoriqHHMH 3a 

CKJia,UOM BHXi,UHHMH cyMiIIIaMH, 11pttrOTOBaHHMH 3BHqaifHHM 3MirnyBaHH5IM, 5IKe 

11poBe,UeHo ,UJI5I aMopqmttx Si02 i Ab03 3 Bi,U110Bi,UHHMl1 1111TOMl1Ml1 110BepxH5!Ml1 

300 M2/ r Ta 125 M2/r, a TaKO)I( 8-Ah03 3 1111.TOMOlO 110BepxHeIO 140 M
2
/r. MeTO,UOM 

nopIBH5IHH51 eMicii1HHX OKa-, Sila- Ta Alla-crreKTpiB 0,8Si02+0,2Ah03 YBO 

KOMl103HTy, BHXl,UHOro Ta mporeHHOro 0,77Si02+0,23Al203 110Ka3aJIO, lllO 

eHepreTttqm po3110.urn11. KOBaJieHTHO 3B'5I3YJOqHx Op+Alsd-cTaHiB, B HH3oKO 

eHepreTttqHo"i o6nacTi i,UeHTWIHi, TO,Ui .srK B o6nacTi eHepriil, HKa Bi,U110Bi,n:ac Opn-

3B '513YIOLJ:l1M CTaHaM 
.. . . 
lX p03IIO,U1JI B mporeHHOMY KOMII03l1Ti 3MillleHl1H B 

Hl13oKOeHeprenILJ:HHH 6iK Ha (0,2-:-1.0) eB, lllO MeHrne Ha 0,2 eB, Hi)I( 11icJ15I YBO 

CYMlllll. 

,II,ocJii,U)l(eHH5I po3p5I,UHI1.X xapaKTepHCTHK JI,II,C 3 KaTO,UaMII Ha OCHOBl 

rriporeHHOro KOMl103HTY 0, 77Si02+0,23Ab03 110Ka3aJIH, lllO 11oqaTKOBa 3ap5I,UOBa 

CMHiCTh JIHIIIe B,UBiqi 6iJioIIIa, Hi)I( y BHXi,UHoi' cyMiIIIi TaKoro )I( CKJia,Uy, mo 

1105ICHIO€ThC5I 6iJioIIIHM y HhOMY 3ap5I,UOM KHCHIO. 0,UHaK 11p11. HaCTYIIHHX ll,lIKJiax 

po3p51,UY CMHiCTh 3MeHIIlY€ThC5I,lll0 110B '513aHe 3 THM, lllO B 11pou,ecax iHTepKaII51U,il 

OCHOBHY poJio Bl,Utrpac 110BepxHeBJIH map aMopcpHoro KpeMHe3eMy, 5IKI1.H OToqyc 

HaHoqacTHHKH Ab03. 

y IDOCTOMY p03.JJ:iJI HaBe,UeHO eKc11ep11.MeHTaJihH1 pe3yJioTaTH 110 BHBqeHHIO 

Bl1JIIIBY YBO Ha CTPYKTYPY Ta eHepreTWIHHH po3110.ui11 BaJieHTHHX eneKTpoHiB 

cyMillleH ,UBOcpa3HHX KpHCTaJiiqHHX 110pOI11KiB CHCTeMH x-Ab03+ y-Ti02 (x=0,8; 0,6; 

0,35; y=0,2; 0,4; 0,65). ITopiBHHHH5I OKa- Ta AlLa- cMyr eMici"i cyMillleil x-Ah03+ y­

Ti02 .uo i 11icm1 YBO He BH5IBHJIO 3MiH eHepreTwrnoro po3110.uiny BaJieHTHHX 

eJieKTpoHiB,lllO Ha .UYMKY aBTopa CBi,UqHTh 11po Te, lllO YTBOpeHH5I HOBHX XlMl qHHX 
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3B' 513KiB MDK qacnrnKaMM He si;::i:6ysaE:ThC51, a cpopMyBaHH51 BeJIJ1KI1X arperaTlB € 

pe3ynnTaTOM MexaHiqHoro 3qerrneHH5I BHacni;::i:oK MexaHoo6po6KM. 

I1i.z:i:cyMoByIOqJ1 aHani3 3MiCTY po60TI1, MO)I<Ha BI1.1J:iJIMTI1 OCHOBHi eneMeHTM, 

caMe 51Ki H CKJia;::i:aIOTh HayKoBy HOBH3HY .z:i:ucepTau,iiiHOI po6oTu: 

• Brreprne BCTaHOBJieHo, n.i:o rrpM 3MemneHHi po3Mipis HaHoqacTMHOK Al20 3 

BHacni;::i:oK 36iJihilleHH51 BKJia;::i:y po3ipBaHI1X Mi)KaTOMHIIJX 3B'513KiB B IIOBepxHeBOMY 

Ta rrpMrrosepxHeBMX aTOMHMX wapax, 3By)KeHH51 eHepreTMqHoro po3rro;::i:rny Op-
. . 

CTaHlB cyrrpOB0.1J:)KY€ThC51 3MeHIIIeHH5IM 3ap51.1J:lB Kll'CHIO Ta aJIIOMlHlIO. 

• Brrepwe rroKa3aHo, n.i:o rrpM y;::i:apHo-si6pau:ii1HiH ;::i:ecpopMau;i"i HaHoqacTMHKM 

cyMiIIIeH x-Si02+y-Ah03 3'€.1J:HYIOThC51 ITO Mi)Kcpa3HI1X rpaHJ111;5IX BHacni;::i:oK 

YTBopeHH51 Ha HHX (0-0)n- 3B'513KiB. 3pocTaHH51 3ap5I;::i:is ioHiB BHacni;::i:oK rrepeHocy 

s-eneKTpoHiB si.z:i: KpeMHiIO i aJIIOMiHiIO B ;::i:o;::i:aTKOBO po3u_i:errneHi Op;r-pisHi rrocttJIIOE: 

KynoHiBChKY cKna;::i:osy Ml)KlOHHO"i B3aE:Mo;::i:i"i . 

• 3'5ICOBaHo, n.i:o ;::i:ec5ITI1KpaTHe 3pOCTaHH51 3ap51.1J:OB01 €MHOCT1 JI,[(C 3 

Si02/ Ah03 KaTo;::i:aMM mcn51 YBO e Hacm;::i:KoM 3pocTaHH51 KynoHIBChKoro 
. . . . . 

rrpHT5IraHH51 lOHlB JllTlIO .z:i:o aHIOHlB KHCHIO 3 IIl.lJ:BMIIJ:eHJ1MI1 3ap5I;::i:aMJ1. 

• Brrepwe BH5IBJieHo, n.i:o 36inhrneHH51 3ap51.z:i:is aHioHiB B KOMII03HTax Si02/ Ah03 

rricn51 y;::i:apHo-si6pau:ii1Ho"i o6po6KM 3a6e3rreqye pi3Ke rri;::i:BHIIJ:eHH51 3ap51.z:i:oso"i 

€MHOCTi JI,[(C 3 KaTo;::i:aMM Ha "ix OCHOBi BHacni;::i:oK IIOCJ1JieHH51 KYJIOHlBChKOro 

rrpMT5IraHH51 ioHiB Li+ .z:i:o aHioHiB Ha rrosepxH5IX Ta B CTPYKTYPHHX ;::i:ecpeKTax 

MaTep1any. 

• Brreprne rroKa3aHo, n.i:o BHacm;::i:oK HecrrpoMO)KHOCTl IOHIB mnIO .z:i:o 

peKoM6iHau;i"i 3 Op;r-3B'513aHMMH eneKTpoHaMH, Ha rrosepxHi HaHoqacTMHOK He 

BllHHKaIOTh u_i:iJihHi niTiH-OKCH.lJ:Hi IIJiiBKH i rriCJI51 6e3rrepeIIIK0.1J:H0°i ;::i:eiHTepKaJI5IU:i"i Ha 

2-My U:MKJii cTyrriHh Brrposa;::i:)KeHH51 niTiIO 3pOCTa€ B 1,5 pa3H, TO.lJ:i 5IK 36iJihIIIeHH51 

3aceneHOCTi Op-He3B'513YIOqHx cTaHiB crrpH51€ peKoM6iHau;ii" Li+ + e-~Li Ta 

rrpHBO.lJ:llTh .z:i:o 6noKyBaHH51 iHTep-, ;::i:eiHTepKaJI5IU:iHHHX rrpou:eciB. 

• Brreprne scTaHOBJieHo, n.i:o B rrpou:eci o;::i:HoqacHoro rriporeHHoro CHHTe3y 

KOMII03HTiB x-Si02+y-Ah03 KpeMHe3eM pocTe Ha rrosepXH5IX HaHoqacTHHOK OKCM.lJ:Y 
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amOMlHIIO, a IX BaneHTHi CMyrM ccpopMOBaHi IIO)Jj6Ho )l,O TaKMX B KOMII03l1Tax, 

OTpMMaHMX y.ll,apHO-Bi6pau.iifHOIO o6po6KOIO cyMirneif HaHOIIOpOIIIKiB. 

IlpaKTUqffe 3HaqeHHSI ouep~aHUX pe3yJI1>TaTiB IIOJUirae B TOMy, lll,O 

rrpoBe)l,eHi B )l,attiif po6oTi )l,ocni)l,)l(eHH5I Ha)l,aIOTb HOBY impopMaU,iIO rrpo Mexatti3M 

rrpou.eciB iHTep- Ta )l,eiHTepKaJI5IU,i1 B 3ane)l(HOCTi Bi)], 3)],aTHOCTi )l,O peKoM6iHau.i1 Lt 

3 eneKTpOHaMM B 3B '5I3YIOLJI1X i He3B '5I3YIOLJI1X CTaHax, crriBBi.[(HOIIIeHH5I . 5IKI1X 

BM3Ha1-1aeTbC5I BaroBMMH BMicTaMM Si02 i Al20 3 B KOMII03MTax, lll,O .nae MO)l(JIHBicTb 

Bl16ttpaTl1 OIITHMaJibHMH CKJia)l, KaTO.[(iB 0TpMMatii B po6oTi pe3yJinTaTl1 MO)l(YTb 

6yTH BMKOpHCTaHi rrpM po3po6u.i HOBHX Bl1COKoecpeKTl1BHMX i CTa6iJibHl1X Mo6iJibHl1X 

,n:)l(epen CTPYMY. 

3a pe3yJibTaTaMl1 rrpoBe)l,eHMX rrpM BMKOHaHHl )l,HcepTaU,iHHOl po60TI1 

)l,OCJii)l,)l(eHb aBTOpOM ony6JiiKOB3HO 15 HayKOBMX rrpaU,b, 3 HMX 6 CTaTeH y cpaxoBYIX 

)l(ypttanax Ta 9 Te3 )l,OIIOBi)l,eH y 36ipHMKax MaTepianiB BiTLJM3H5IHMX Ta Mi)l(Hapo,n:HMX 

HayKOBMX KOHcpepeHU,iH. Tipe)l,CTaBJieHi po60TM Ta aBTopecpepaT, B 5IKOMY Bl13HaLJeHO 

oco6ucTUH BHeCOK 3LJ:06yBaqa, IIOBHiCTIO Bi)l,o6pa)l(aIOTb 3MiCT Ta BMCHOBKM 

.[(MCepTaU,iHHOlpo6oTM 

,[(McepTau.iifHa po6oTa lJII>KiBa B.5I.. Bi,n:rroBi,n:ae rracrropTy crreu.iaJibHOcTi 

01.04.07- cpi311Ka TBep,n:oro Tina . 

XapaKTepu3y10qu uucepTa11,iHtty po6oTy lnnKiBa B.5I. B 11,1JI0My, MO)l(Ha 

CTBep.ll,)l(yBaTM, lll,O BOHa e 3aBeprneHOIO KBanicpiKaU,iHHOIO HayKOBO-,[(OCJii.[(HOIO 

po60TOIO, B 5IKiH OTpMMaHi HOBi HayKOBO o6rpyHTOBaHi pe3yJibTaTl1, lll,O po6JI5ITh 

BarOMHH BHeCOK y po3yMiHH5I MexaHi3MiB Mi)l(aTOMHOl B3aE:MO)l,il B 6araTOcpa3Hl1X 

HaHOOKCM,n:ax, 5IKi MO)l(YTh 6yTM 3aCTOCOBaHi B 5IKOCTi KaTO.[(iB JI,[(C, y 3 '5ICyBaHH5I 

BIIJIHBY Bi6pau.iifHOl o6po6Kl1 cyMirneif HaHOp03MipHMX OKCM.[(iB Ha oco6JIHBOCTi 

3MIHH Ix eneKTpottttoI CTPYKTypM. ,[(ttcepTaU,i5I e 3MiCTOBHOIO 3a rrocni,n:oBHiCTIO 

. .. . 
IIO.[(aHMX pe3yJinTaT1B Ta IX TeopeTMLJHMM OCMMCJieHH5IM, a OTpMMaHl pe3yJihTani, 

BHCHOBKH i peKoMeH)l,aU,i"i )l,atto"i po6oTM y cyKyrrHocTi MaIOTb 6e3yMoBuy uayKoBy 

Ta npaKTuquy 11,iuuiCTh. 

Attani3 ,n:McepTau.iifHo"i po60T11 lnhKiBa B.5I. rroKa3aB, lll,O rrop5I,n: 3 II03HTHBHMM 

Ha)l,6aHH5IM y Hitt MO)l(Ha 3a3HaLJMTM rreBHi 3ayBa~eHHSI, 30KpeMa: 



1. MeToIO po6on1 e .uocm,ll)KeHH5I oco6mrnocTeM: 3MIHI1 eneKTpOHHO'i 

CTPYKTyp11 cyMiweM: HaHopo3MipHI1X 0Kc11.n:iB Al, Si, Ti, 0Tp11MaH11x niporeHHHM 

CHHTe3oM Si02/ Ab03-KOMII03HTiB nicn5I y.uapHo-Bi6pau,iM:Ho'i 06po6K11. 0.n:HaK , Ha 

)l(aJII, B po6oTi .I(OCI1Th cpparMeHTapHO OIIHCaHHH caM MeTO.I( y.uapHo-Bi6pau,iHHoi' 

o6po6KI1, He npoaHaJii30BaHI1H BIIJIHB qacy o6po6KI1, qacTOTI1 i T.iH. 

2. Y po6oTi KpttcTaniqHa cTpyKTypa KOMII03HTiB Si02/ Al20 3 B BI1Xl.UHOMY 

CTaHi Ta nicJI5I y.uapHO-Bi6pau,iHHOl o6po6KH BH3Haqanacn MeTO.I(OM peHTreHiBChKOl 

.UHcppaKTOMeTpii' 3a 3MiHOIO napaMeTpiB eneMeHTapHHX KOMipoK Ta p03MipiB 6noKiB 

KorepeHTHOro p03CiIOBaHH5I (EKP) BKa3aHHX OKCH.UiB. 0.n:HaK, B po6oTi He HaBe.I(eHO 

MeTO.UHKY BH3HaqeHH5I EKP, KpiM Toro, po3Mip11 EKP BHMipIOBaJIHC5I 3 .uocHTn 

BI1COKOIO TOqHiCTIO (a6coJIIOTHa IIOXI16Ka CKna.uana 0,5-1 HM), O.I(HaK np11 ll,hOMY He 

BKa3aHO, 5IK1 MaKCHMYMI1 BI1KOpHCTOBYBaJIHC5I, He HaBe.I(eHO napaMeTpH 

anpOKCHMyIOqHx cpyHKU,iH npH BH.I(iJieHHi cpi3HqHoro ywttpeHH5I Ta p03.I(lJieHH51 

. . . 
BHeCKIB .I(HCIIepcHOCTl Ta MlKpoHanpyr. 

3. y Ta6nttu,i 3 .1.1. HaBe.I(eHO .uaHHl TIO XlMlqHOMY i cpa30BOMY CKJia.I(l, 

IIHTOMiH noBepxHi, 3HaqeHHIO po3MipiB EKP .UJI5I p5I.UY 3pa3KiB Al20 3+4%Si02,Ab03 

5IKi OTpttMaHi niporeHHI1M MeTO.I(OM. 3 Ta6JIHU,i He 3p03yMino, qoMy 3pa3KH OTpHMaHi 

O.UHHM H TI1M )Ke MeTO.UOM MaIOTn cyTieBo pi3Hi 3HaqeHH5I EKP, IIHTOMo'i noBepxHi, 

pi3HHH cpa30BHH CKna.u. 

4. Ha pttc 4.2.2. HaBe.I(eHo eMiciM:Hi cMyr11 AlLa Ta OKa .UJI5I 3pa3KiB Ab03 B 

BHXi.I(HOMY CTaHi Ta nicJI5I y.uapHO-Bi6pau,iM:Hoi' o6po6Ktt. 3 HaBe.I(eHHX .uaHHX am:~op . 

po6ttTh BHCHOBOK npo 3pOCTaHH5I 3aceneHOCTi eneKTpoHiB Ha He3B' 513YIOqttx Alsd­

piBH5IX. 3Ba)l(aIOqH Ha Te, mo eMiciM:Hi cMyrtt AlLa Ta OK a .UJIH 3pa3KiB B Bttxi.n:HoMy 

CTaHi Ta nicJI51 y.uapHo-Bi6pau,iHHOl o6po6KH .I(OCI1Th CXO)l(l, HaBe.I(eHe II05ICHeHH51 

U,noro ecpeKTY BHTJI5I.I(a€ He.I(OCTaTHiM. 

5. y po6oTi 3ycTpiqaIOThC5I CTHJiiCTI1qHi HeToqHOCTi, opcporpacpiqHi IIOMHJIKH 

HeToqHOCTi B ' TepMiHonoru, Texmqm IIOMHJIKI1. 3oKpeMa, Ha pttc. 4.3.8 Ha 

.I(ttcppaKTOrpaMMax IIOBHiCTIO Bl.UCYTH5I iH.uecpiKaU,i5I .UttcppaKU,iHHI1X pecpneKciB; B 

Ta6JIHU,i.4.4.3. He HaBe.I(eHO p03IImcppOBKH II03HaqeHn rb (m) Ta rb (z), neperriK 

yMOBHHX no3HaqeHn He.uocTaTHno noBHHH. 
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0.n;HaK, BK33aH1 3ayBa)KeHH.sI He BIImrnaIOTb Ha Ba)KJIHBlCTb OTpHMaHHX B 

.n;ttcepTau:iH:Hiil po6oTi lnhKiBa B.5I. pe3yJII>TaTiB i He 3HH)KYIOTh Ti HayKoBoi" 

. . 
U:IHHOCTI. 

TaKHM LJ:HHOM, 3a aKTYaJihHICTIO, HOBH3HOIO, HayKoBoMy pIBHIO, o6'eMy 

BHKOHaHHX eKcnepHMeHTaJihHHX .n;ocm.n;)KeHb 

.n;ttcepTau:iH:Ha po6oTa «BnJIHB yMoB cuuTe3y ua eJieKTpouuy CTPYKTYPY 

uauoKOMII03HTiB SI02/ AL20 3/TI02 i 3apH)J.OBY CMHiCTh JiiTicsMx )1.mepeJI CTPYMY 

3 KaTo)J.aMH ua ix ocuosi» IIOBHiCTIO Bi.n;noBi.,[(ae BHMoraM MOH YKpai"HH .n;o 

Li:HCepTaU:il, IU:O BHCyBaIOTbC.sI Ha 3,z::i:o6yTT.sr HayKOBOrO CTyrreH.sI KaH.n;H.n;aTa cpi3HKO­

MaTeMaTH11HHX HayK, a Ti aBTop IJihKiB BoJIO)J.HMHp HpocJiasosuq 3acnyroBye Ha 

npttcy.n;)KeHH.sr H:oMy HayKoBoro cTyrreH.sr KaH.n;n.n;aTa cpi3HKO-MaTeMaTH11HHX HayK 3a 

cneu:iaJihHiCTIO 01.04.07 - <l>hnKa TBep)J.oro TiJia 

O<l>iu;iiiuuii onoueuT: 

CTapnmH: HayKOBHH cniBpo6iTHHK, 

3aBi.nyBa11 H,II,JI cpi3H11Horo cpaKyJII>TeTy 

Ktti"BChKoro Hau:ioHaJihHoro yHisepcHTeTy 

iMeHi Tapaca llleB11eHKa 

)lOKTOp cpi3HKO-MaTeMaTH11HHX HayK Mau:yH: JI.IO. 
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