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I. Beryn

OpHUM 13 BHCOKOIEPCIIEKTHUBHUX, NCIIEBHX Ta
€KOJIOTTYHO YMCTUX MaTepiajiB, [0 BUKOPUCTOBYIOTHCS
B SKOCTI KaTOAHOTO Marepialy y HalCy4acHIIIHX
JITIEBUX XIMIYHHMX JDKEpeax eJNEeKTPOPYINIAHOI CHIH
[1,2], € HaHOKpHCTANIYHHNA JIOKCHJ THTaHY JIBOX
Moaudikanii — pytwity ta aHarasy [3,4]. OcobnuBocTi
CTPYKTYpPH, ONKCAHOI Y 3HAYHOMY YHCIi poOIT, XiMi4HA
Ta TEPMOCTIMKICTh [IOKCHIY THTaHy SK MaTepiamy
KaTomy 3a0e3NedyloTh BHUCOKI 3HAUYEHHS HAKOIMMYEHOTO
SIeKTPUYHOTO 3apsAfy eNEeKTPOXiMIYHOTO eJeMEHTa,
JIOCTAaTHINA PiBE€Hb aHOJ — KATOAHOI PI3HUII MOTEHITiaTiB
(~ 3,0 +3,2 B), MOXIUBICTh BUKOPHCTAHHS EJIEMEHTIB
MOBTOPHO Y BUMAIKY 3apsii — PO3PSIHHUX IMKIIYHUX
npoueciB. KaHanbpHa CTpyKTypa SK PYTHIBHOI, TaK i
anarazHoi ¢popm TiO,, nopsy i3 pO3BUHYTOIO MOBEPXHEIO
HAHOKPHUCTAJIIYHUX MOPOIIKIB, BU3HAYA€ BUCOKY CTYIIiHb
BXO/UKEHHA ioHiB Li° y cTpykTypy Matepiaiy-
“rocriofaps” mpu 30epeXeHHI MOCTIHHOCTI MOTEHIiaTy
MOBEPXHI TPH CTaOUIBHO HU3BKOMY BHYTPIITHHOMY
omopi  ememeHTta. [IpoTe  BHpakeHa  3aJEKHICTH
mapaMeTpiB rarbBaHIYHUX €JIEMEHTIB Ta
TEPMOJMHAMIYHUX  BJIACTHBOCTEH 1X  €JIEKTPOIHHX
MarepiaiiB BiJl CTYNEHI ‘“TOCThOBOr0” HABaHTAXKCHHS
Marepially KaroJa, a TaKoXX MOJKJIMBA IIEPCHEKTHBA
Momudikaiii BHXIIHOTO Marepiany “rocriogaps’”
pi3HMMH ~ MeToJamMM Ul TOKpAIeHHS  HOoro
IHTepKAISAMINHUX ~ BJIACTUBOCTEH,  CTAOUIBHOCTI 1
3aJ0BUIBHOI  BIATBOPEHOCTI  IapaMeTpiB  CTBOPIOE
HEOOXIJTHICTh  JIOCII/DKEHHSI E€JIEKTPOHHOI ~CTPYKTYpH
JIOKCH/IB THTaHY SK BUXITHHX, TaK i MOJU(IKOBAHUX y
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TEXHOJIOTTYHOMY MPOLIECI BUTOTOBIIEHHS EJIEKTPOILY Ta
IHTepKaJsLii Ipu poOoTi eneMeHTa.

TeopeTnuHi po3paxyHKH €NEKTPOHHOI CTPYKTYpH
TaKAX MarepialiB € BOYCBHIb CKIAJHAMU 1 MICTATh
BEJIMKE YUCIIO IPHITYIIEHb Ta OOMEXEHb; Y IepIIy Yepry
PO3paxyHOK MO’KHA INPOBECTH TUIBKH Uil HEBEIHKHX
KJactepiB 0e3 BpaxyBaHHS MDKKIacTepHOI B3aeMomil [5,
6]. Lle B mepmry dYepry MOB’S3aHO i3 PO3IMIpHUMH
edexramu, BIUTHBOM PO3BHHYTOT HIOBEPXHi,
HEpPIBHOMIPHMM pO3IOJIIOM “TOCTHOBHX~ aTOMIB, LIO
B2XKO BpaxyBaTW HaBiTb MpPH HAasBHOCTI IEBHHUX
CTaTUYHHUX CXEM PO3IIOJIITY EJIEMEHTIB.

TpaguniiiHo, y TaKOMY BUIIAJIKy BUXIJ i3 CHUTYyaii
cInig HIyKaTu y 3aCTOCYBaHHI TIOTYXHUX
EKCIIEPUMEHTAIbHUX ~METOZIB, YYTJIUBHX JO 3MIHH
€JIEKTPOHHOI CTPYKTYpHU SIK Y BaJICHTHIH 30HI, TaK 1 Ha
BHYTPIIIHIX PIBHAX MOCIIIKyBAaHUX aTOMiB. Y IaHIH
poOOTI  PO3TMAHAETHCS  BIUIMB  TEXHOJNOTIYHOI  Ta
IHTePKASIIHHOT ~ eJIeKTPOXiMidHOi  Moaudikarii Ha
GIIEKTPOHHY  CTPYKTYpY  MAaTpUYHHX  €JICMEHTIB
HAaHOKPHUCTATIYHOTO JIOKCHIYy THUTaHy Ha OCHOBI
JIOCITIDKCHHST PEHTTEHIBCHKUX €MiCIHHHMX Kﬁm — cMyT

TUTaHy Ta IX CaTelIiTiB.

II. ExcnepumeHT

a) O0’ekTaMM  JIOCIIJDKEHHSI CIIY>)KWJIM  TIOPOILKH
HAHOKPHUCTAIIYHOTO Jiokcuay tutany TiO, 1 miokcun
TUTaHy 3 100aBKOIO okcuy amoMiHito (90% mac. TiO, +
+10% wmac. Al,O3) 3 BUIBHOK HHUTOMOIO ITOBEPXHEIO
73 +47 M*/r,  OTpUMaHHi  METOJOM  IPOrEHHOrO

TiZpoyizy  TeTpaxJopuy  TUTaHy y  BOJHEBO-
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noBiTpssHOMY (akeni npu temmeparypi 1300+1750 °C.
Taxkwmit meron 3abe3neuye cuate3 TiO, y BUTIAAL cyMminTi
aHarasy i pyTtwiy. HaHomucmepcHMH MiOKCHI THTaHY
OTPUMYIOTH 3 po3Mipamu dacTHHOK 10+40 um. JlaHi mpo
JIOCTIKYBaHI CHUCTeMH MpeacTaBieHHi y Tabmmmi 1. 3
METOI0 3a0E3MEYCHHST BHCOKOi MPOBIAHOCTI KaTOIy
HOPOILOK TEPEMILyBaBCs 13 alETHICHOBOIO CaXel Yy
criBBigHOImIEHHI (8, 8:1).

Ta EJEeKTPOXIMIUHY CTIMKICTh aHOA-KaTOAHOI Iaph
MPOTSTOM BCHOTO Yacy POOOTH TaIbBaHIYHOI KOMIipKH.
IIporec iHTEpKAIANi{ OMUCYETHCS PIBHAHHIM:
TiO, +xLi" +xe” =Li TiO,. e
OcHoBHI XapaKTEePUCTUKH
MarepianiB IpuBeeHH] y Tabimmi 1.
0) PentreniBcbki  emiciiini  cmektpu  Ti Bifg
JIOCTIIKYBaHIX MaTepiaiB OTPUMYBAIIUCH y
BTOPMHHOMY BHIIPOMIHIOBaHHI Ha JOBTOXBUIIOBOMY

JIOCIIIKYBaHUX

Taoaunsa 1
XapaKkTepucTHKa 3pa3KiB i CTyIiHb TOCTHOBOTO HABAHTAXKESHHSI JITiIO
Ne CrymiHb
Tun 3pa3ka XapaKTepHuCTUKa .
3paska IHTepKAJISLIT X

1 Ti" MeraniuHuii -

2 TiO, He inTepkanboBaHuit -

3 TiO, He inTepkamboBanuit

4 TiO, InTepkanboBaHuit 0,6

5 TiO, InTepkanboBaHuit 3,48

6 TiO, InTepkanboBaHuit 4.0

7 Ti0,+Al,04 He inTepkanpoBanuii -

8 Ti0,1tAl,04 IHTepKanpoBaHMiA 0,254

- 3pa3ok 0e3 MPOoBiAHOT MOOABKY (AICTHICHOBOI CaXKH)

EnextpoximiuHa iHTepKaAllis 3aiACHIOBAIach 3a

TPHOXEJNEKTPOJHOIO CcXeMmoo [7]: 1dBa  eneKTpoau
EJeKTPOXIMIYHOT  KOMIpKM —  TOJSpU3aliiHUANA 1
HOpiBHﬂJ’ILHI/lﬁ — BUT'OTOBJIAJIUCH Yy BI/IFJ'IH[li IJIaCTHH

10X 5mM 1 toBumuow 0,5+ 0,8 MM 13 MeTaIidHOIO
JITiIO, KaToJIOM CIY)KUB €JEKTPOJ BUTOTOBJIECHHUI 13
CyMillli JOCHIZPKYBaHOTO MOPOILKY 1 alleTHIICHOBOI Ccaxi,
HallpeCOBaHUM Ha CITKY 13 METaJiYHOTO HIKEII0 TaKoro
K po3Mmipy. CTpyMONpOBiTHI TPOBIIHUKKA KOMIPKH —
MoIiOmeHoBi npoTwHU miamerpoMm 1,1 Mm. B skocti
eJIeKTPOITiTy BUKOpUcTOBYBaBcst 1M po3unnu LiBF, B v —
OyTHpOIIAaKTOHI, M0 3a0e3MedyBaro OJHOYACHO XIMIUHY

|, BiOH. oA

Ti KPas

/L

peHTretiBcbkomy crekrpometpi IPC-2M i3 3amasiHOIO
PEHTIeHIBChKOI TPYOKOI0 3 MiJHMM aHTHKATOJOM IpU
NpUCKOpIoloYid Hanpy3i 35 kB 1 crpymi enexTpoHHOT
emicii 70 MA. B SIKOCTI (hoKyCyroUuoro
BUKOPHCTOBYBaBcsl kpuctan SiO, 3 IUIONIMHOIO 3pi3y

(1011), BUTHYTHHA 3a MertogoM loramHa-Kamimm [8].
Oixcysamest K, -cmyru y Bigbusansi II-ro nopsaxy
npu QortorpadiyHOMy MeToni peectpamii. B srocti
peliepHUX  JHIH  BUKOpHCTOByBamuch K, -cMyru

HIKEJI0, OTPUMaHI BiJ HIKEIEBOI CITKH, L0 CITyKHIa
MPOBIIHUM TPUMAayeM IOCITIKYBaHOTO Marepiany. Yac

[,BiOH.0OA4

Ti KB, s

E.eB
a

4900 4920 4940 4960 7450 7460 7470 7480 7490

4954 4956 4958 4960 4962 4964 4966 4968
E, eB
o

Puc. 1. ®oromerpryHa KpruBa PeHTI€HIBCHKOTO CIIEKTpy T1 BiJi METamiYHOTO NOPOIIKY (@) Ta pe3yybTar
BuniteHHs Ti K o (0) 3 iHTErpasIbHOTO CIEKTPY.
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Penrrenieski Ky - emiciiini emyru Ti ...

peectpamii cmektpiB — 42 rox. SKicTe OTpUMaHHX
CIHEKTPIiB KOHTPOJOBANACS MUIIXOM JIOCATHEHHS! A00pol
MOBTOPIOBAHOCTI dbopmu OTpUMaHHUX npu
(doromeTpyBaHHI MIBOK rpadikiB Ha MikpodoToMeTpi
M®-2 mo 5-TM pIBHOBiIJAIEHHX JOpDKKax. 3a
OTPUMAaHUMH ycepeTHeHNMH pe3ynbTaramu
dotomeTpyBaHHs OymyBaliUCs 3alie)KHOCTI BiTHOCHOI
IHTEHCHBHOCTI B1Jl JOBKUHHU XBUJIL.

B) Ockinbku y Ti BifcTaHb MK BaJCHTHUMH P -

PIBHSAMH i OCHOBHUM 3p -piBHEM € JOCHTh HE3HAYHOIO,

Ti Ky, -cmyra  posmilmieHa Ha KOPOTKOXBHIIBOBOMY

“xocti” K -NiHIA, KOTpa Mae 3HAYHO  BHILY

iHTeHcHBHICTh (puc. 1). Ilponec posaineHHs X cMyT i
BUJIUIEHHS 1X TOHKOI CTPYKTYpH Yy 3B’SI3Ky 13 Maioro
€HEePreTUYHOI0 BIJICTAHHIO MDK HHUMHM HOCHTH IOCHTh
CyO’eKTHBHUI  XapakTep, M0  MPOSBIAETBCS Y
BIIMIHHOCTSAX B KIIbKiICHUX XapaKTEPHCTHKAaX CIIEKTPiB,
OTPUMAaHUX pi3HUMH aBTOopamu. OCKUTBKH HaHOUTBII
iHpopmaTHBHOIO — BHsBISETECS K -cmyra  ta i

I/IKB, 5

NN
M/“/B\i 3‘

caTenmiTH, Ta il BHIUICHHS i3 IHTErpalibHOTO CIIEKTPY
IHTEHCHUBHOCTI

30IMCHIOBAJIOCh IIUIIXOM  BigHIMaHHSA
Kﬁm -CMyTH 1 peNepHUX IiHiH, alpOKCHMOBAHHX
JIOPEHII-TAyCCIBCBKMMH ~ KPUBUMH  IIPU  JOIIOMO3i

YHiBEepcalbHOi crekTpockoniuHoi nporpamu UNIVEM
(Bepcis  3.0). Takmii migxig € y 3HAUHIA Mipi
(opmanbaumM, ockinbku mdinii K, € acumerpudHMMH

[9], mpote ioro 3acTocyBaHHS A cepii 3pas3KiB Jae
3MOTY HE BHOCHTH HISIKHX PO3PaxyHKOBHX IIONPABOK Y
dopMy Ta IHTEHCHBHICTB mociimkyBaHoi miHil. Kpim
TOTO, y MeTomi IoOpe TpOSBISETHCS IHTCHCHBHICTD
XapakTepHOTO JUIi THTaHy Yy OKHCIEHOMY CTaHi
JOBTOXBHIJIBOBOTO CATEIIITY.

II1. Pe3ysbTaT T2 0OrOBOpPEHHS

Ha puc. 2 nokasani Ti K;, 5 ewmiciiini cmyru Bin

METaNiYHOTO JIOCHI/DKYBaHHX — 3pasKiB,

TUTaHy Ta

4940 4945 4950 4955 4960 4965 4970 4975

E, eB

Puc. 2. Ti K; -(I) ra KB" (IT)—penTreHiBcbKi eMiCiiiHI CIIEKTPH BiJl YUCTUX Ta

IHTePKAJIbOBAHUX JIOKCH/IIB TUTAHY (ITO3HAYEHHS 3iTHO Tadmuii 1).
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TIPUBEICHI 0 OJHI€1 €HepreTWYHOl KN, HOPMOBaHi

BITHOCHO MaKCHMyMYy IiHii KBH Ta BHIOUIEHHI 13

IHTErpaJbHOTO CHEKTPY 3 IOMPAaBKOK Ha anaparypHy
¢yskmiro. Tabnuis 2 MICTHTH BiJOMOCTI MPO OCHOBHI
nmapaMeTPH CIEKTPiB, OTPUMAaHHI PO3KIIAJIOM JIiHIN Ha 1X
KOMIIOHCHTH Ta 3HAXO/DKCHHS MapaMeTpiB OTPUMAaHUX
KOMIIOHEHT.

®opma Ta nonoxeHss JiHil Ti K, . BiJl YHCTOTO

METAIYHOTO THTaHy (KpuBa 1) y Mexax MOXUOKH
EKCIIEPUMEHTY 0Ope CIIBCTABISETHCS i3 aHOJIOTIIHIMH
CHeKTpaMH, OTpuMaHuMu aBTopamu [9,10]. 3rigro [9],
HAMOLIBII MNOMIMPEHMM HAa CBOTOAHIIIHIA JeHb 1
HaMIMOBIPHILIMM YSIBJICHHSIM IPO MEXaHi3M BUHHKHEHHS
Ky, -CMyr IepexiHUX MeTaliB € IONOKCHHs IpO

ICHYBaHHs JMIIOJNILHOTO p-1s mepexomy, mo BimoOpaxae
PO3IIOJIUI CTaHIB p — CHMETPIi y 30BHINIHIA €HepreTHIHIN
CMy3i, SKHX HEMa€ y BiJIOBIIHMX BUIBHHX aTOMIB, a
CBOEI0  TOSBOI0O  BOHM  3000B’S3aHiI  yTBOPEHHIO
KpUCTANIYHOI TpaTKd y pe3ylbTaTi IepeKpHUBaHHS
aTOMHUX S-, p- 1 d-craHiB. [lepexiHi eJIeMEeHTH MepIIoro
BEJIMKOTO  TEpiofy  XapaKTepU3YITHCS  BEIHUKOIO
CTYMiHHIO TiOpuau3amii crtaHiB s-, p- 1 d-cumerpii,
BimmoBimHO opma KBZ,S -CMyTH BIJIIIOBIJIa€ TIOBHIH

KpHBiH, 1€ BpaxOBYIOThCS CTaHH BCIX CHUMETpIH Yy
30BHIMIHIA eHepreTH4Hild cMmy3i. bararopasoBo ommcana
K;,5-CMyra — 49HMCTOTO  TUTaHYy  XapaKTEPU3YEThCS
3HAYHOK0 aCHMETPUYHICTIO, 3yMOBJICHOIO B TIEPLIYy Yepry
HEMOHOJIIHIHUM XapakTepoM 11 iHTerpaibHoi (QopMmHu.
BiamnoBiiHO 10 Mepepos3mnofiay 3aloBHEHOCTI CTaHiB Y

CIIONyKax TUTaHy 3MIHIOETBCS SK  CHEpreTHYHe
TIOJIOXKCHHSL IICHTpa BarW JiHii, Tak 1 ii ¢opma Ta
ACHMETPHYHICTD.

VY okcuaax THTaHy, sIKi MOXKYTb Y CTaOUTbHIA GopMi
MicTHTH J1BI ToiiMopdHi Momudikamii — aHaTa3z Ta
pYTHII, — CHOCTEpiraeTbcsi 3HA4YHa 3MiHA y BiJHOCHIH

IHTCHCUBHOCTI KOMIIOHEHT OCHOBHOI JIiHi1 (00yacTi A Ta
B rpadika) Ta po3xomKkeHHi iX 32 eHeprisiMu Ha OiTbITy
BIICTAHb, HDKX y METANIYHOMY THTaHi. BiaMiHHICTH
CIEKTPIB BUXIJTHUX OKCHIIB Biji OTPUMaHHX Y JIiTepaTypi
MH IOSICHIOEMO THM, IO Y POOOTi BUKOPUCTOBYBAIINCH
3pa3KH i3 BMICTOM SIK PYTHJIBHOT, TaK i aHaTa3Hol Ga3u, y
JiTepaTypi K BiACYTHI BiOMOCTI Hpo (a30BUIl CKIIaj
JOCITIDKYBAHHX 3pa3KiB.

Ocobnusictio okcuanux mdinid TiK;,; € HasBHICTH

y IX CTpyKTypi OiIbIl UM MEHII iHTEHCHBHOTO, aje
HaBITh CIIIBPO3MIPHOTO 32 €HEPri€l0 13 OCHOBHUMH
JMHISIMA ~ IOBrOXBHIJILOBOTO catenmity (obmacte C),
BIZICYyTHBOTO Y CIIEKTpax MeTaJiuHoro Tutany. [lokazaHo
[10], mo kuCHeBa HeCTeXiOMETpisi y OKCHAaX IpH
3MEHILIEHHI BMICTY KHCHIO MpPU3BOIUTH JIO0 3MIIIEHHS
carenity y OIK BHCOKHMX EHEprii 1 3pocTaHHs HOro
IHTEHCHBHOCTI @ JO CIIBPO3MIPHOCTI i3 OCHOBHHMH
JMHIAMH y chekTpi Metany. OYeBHIHO, BHUHUKHCHHS
BOTO IIKY CJiJ TOB’SA3yBaTh y TepHly depry i3
3HIDKCHHSM CHMETpii PO3MOALTY TYCTHHH 3apsioy iOHY
MeTany i, TaKAM 4YHHOM, 3MEHILCHHSIM 3apsIoBOi
TYCTHHH y cdepi aHioHa.

Posrnsaemo 0COOIMBOCTI TIePepO3ITOILTY
IHTEHCHBHOCTEW KOMIIOHEHT CHEKTPY, IX eHepreTHdHe
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TIOJIO’KEHHS Ta 3aJIEXKHICTh IIUX MapaMeTpiB BiJ CTYIEHi
IHTepKaJISLIi JOCIIHKYBaHUX 3pa3KiB.

Pucynok 2 (1-6) imocTpye crekTpu 3paskiB 0e3
BMmicTy pobGaBok AlLO;. Biaminnicts crnektpy Ti i
BUXIZIHOTO OKcUIy (2) Bij omMcaHoro B JiTeparypi
NoJiArae y He3HaYHOMY YIIMPEHHI JIiHII Ta MOSBI MiX
OCHOBHUMHM  JIIHIIMM ~ Ta  ONHCAaHHM  CaTelliTOM
JIOZIATKOBOTO MAJIOIHTEHCUBHOTO HEMOHOCHEPTeTHIHOTO
MKy 13 CKJIQIHOI0 CTPYKTYpOIO, ICHYBaHHS SIKOTO HeE
3aJIeXHUTH BiJl CTYINEHI IHTepKaJLALii i BIICYTHE y 3pa3Kkax
0e3 CcTpyMONpOBiAHOI HOOABKH — AaleTHICHOBOI CaXi.
Jloriuno Oyne mOB’s3aTH BUHUKHEHHS i€l CMyTH i3
B32EMOJIIEI0  MUIKOJHUCIEPCHUX, XIMIYHO aKTUBHHX
YaCTHHOK BYIVICHIO i3 BHCOKOPO3BHHYTOIO IIOBEPXHEIO
MaTPUYHOTO EJIEMEHTY JIOKCHUAY THUTaHy 1 3MIHOIO

3apsI0BOTO CTaHy €JIEMCHTIB Ha TIOBEPXHI
HAHOMCIICPCHUX YaCTHUHOK. 3a paxyHOK
BHUCOKOPO3BHHYTOI ~TOBEPXHI BKJIAJ IOBEPXHEBOTO

epeKTy y IHTerpaJbHy IHTEHCHUBHICTh CIIEKTPY CTae
JIOCTaTHBO CYTTEBUM, IO 1 MPOSIBUIIOCS y TOSIBI HOBOTO,
3apeeCTPOBAHOTO cnexrporpadom €JIEKTPOHHOTO
mepexony. Ilpm 30iNBIIEHHI CTYNEHS IHTEpKalsmii, a
OTXKE 1 dYacy B3aeMomii 3pa3KiB i3 eJIEeKTPOIITOM,
IHTEHCHUBHICTH I0TaTKOBOT'O Ky HE3HAYHO
3MEHIYETbCS, & caM  BIH  3MIIIyeThCs Y
KOPOTKOXBHJIBOBY ~ CTOPOHY. 3MILIEHHS, MOXIIUBO,
3YMOBJICHO IHTErpalbHUM e(peKToM “rorarryBaHHs’ i€l
CTPYKTYpH JIiHiI€l0 JUISHKA B, sKka 0OJHOYAacHO
3Milgyerscst 'y Oik  JOBrHX XBHWJIb. [IpoTe Taka
iHTepIpeTanis JI0AaTKoBOi JIiHIi moTpedye 10JaTKOBOT
MIEPEBIPKHU, OJHUM i3 CIIOCO0IB SKOT MOXE CTaTH 3aMiHa
BYTJICIIO 1HITUM €JIEMEHTOM, Hanpukiaa 3d-mepexiTHum
METaJloM 1 TPOBENCHHS IIOBTOPHUX CIIEKTPaJbHUX

IOCTIKEHb 3 METOI0 BHABICHHA e(EKTiB, IO
TIPOSIBIISTFOTHCS B IHTepMeTaTIgHUX CIOTyKaX,
PEHTIeHIBChKI CIIEKTPH SIKMX JOCTaTHBO JOOpE BUBUEHI.

3MEHIICHHS BifgcTaHH1 MiX OCHOBHUMHU
cnekTpanbHuvu - K -mHIAME - 1pH IHTEpKAmAMmil i

30epexeHHs] TeHAEHIi 10 LBOro eeKTy NMpu 3pOCTaHHI
BiTHOCHOTO YHCJIa KaTiOHIB “TOCTHOBOTO” €JICMEHTY Li'
CBIZYUTH TPO MEPEPO3MOALT TYCTUHH 3apSAIOBOTO CTaHY
y Teplry 4epry aHiOHHOI OCHOBH (aTOMIB KHCHIO). Y
CHOJyKaxX TEpPeXiTHUX METaNliB i3 pOCTOM BaJlCHTHOCTI
K. -IiHIA WX MeTaniB (32  BUKIIOYEHHSIM  Fe)
3CYBa€TbCsA B OiK KOPOTKHX XBWJIb, TOOTO TEHICHIIIS
3acelieHocTi  BajieHTHHX — opOit  Ti  mpaBMIIbHO

nepeznaeTbes popmoro konrypa K - -inii.

IaTepkansiis 3 HE3HAYHUM TOCTHOBHM
HaBaHTaxeHHAM (mo  x=0,6) TOpuUBOAUTH [0
KOPOTKOXBHJILOBOTO 3CYBY OCHOBHOI JIiHII y MOpIBHSHHI
i3 YHCTHUM OKCHJOM; 3HAuYeHHS I[bOT0 3CYBY 3Ha4HE
(3paskn 2 i 3; Tabn. 2) 1 BUXOIOWTH 3a MEXi NMOXHOKH
eKCIIEpUMEHTY 1 CBITYUTH TPO JOJATKOBE OKHCIICHHS
tuTany. Lle#t mporec MokHA TIOB’S3aTH 13 BIATATYBAaHHIM
JITIEBUIMH 10HHAMH OCTOBAMH EJICKTPOHHOI XMapH Bix
KHUCHEBOI MIATPATKH, KA, Y CBOIO Yepry, B3aEMOJIIIOUH 13
TUTAHOM, CIPHUYMHIOE HOTO JIOAATKOBY IOHI3aIliio0 1
ACHUMETPUYHUN TEepepo3MOAT eJIEeKTPOHHOI TYCTHHH, a
OoTXKe, nojatkoBy s p d - riOpumusainiro. Ha xopucts
TAKOTO TBEP/PKEHHS CBIAYUTH 1 pi3HE 3MEHIIEHHS
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Taoaunsa 2

XapakTeprCTHUKH PEHTTeHIBCHKUX eMICIHHUX CIIEKTPIB TUTAaHY Bifl JOCIIIKYBaHUX 3pa3KiB

Bincra 1 Biacra i Whnpiia Ti
1ICTaHb MIXK JICTaHb MIX _
3p§391<a LKBys, A LKBLA LKBs,A MaKCUMyMaMH MaKCHMyMaMH Kﬁz,sl ey
KB2’5 i KBI:3 eB KB2’5 i K[} N eB Ha Eh ,CB

1 2,498 2,5153 31,25 5,14

2 2,498 2,5055 2,5134 30,98 15,40 5,37

3 2,498 2,5058 2,5134 30,93 15,31 5,49

4 2,499 2,5059 2,5143 30,56 12,90 5,93

5 2,498 2,5045 2,5136 30,14 12,35 6,37

6 2,499 2,5039 2,5139 29,06 10,40 6,59

7 2,498 2,5044 2,5148 32,68 12,18 5,48

8 2,498 2,5042 2,5135 30,43 14,22 5,71
TToxubka +0,003 +0,0054 +0,0008

*3mimeHas Kf, s iHil eneMenTa B XIMIYHUX CIIOTyKaX (IIOKCHIY THTaHYy) BU3HAYaJIOCh BIJTHOCHO YHCTOTO
METAJIIYHOTO TUTAHY

HMIMPUHK JIiHIT 338 paxyHOK 3HATTS BUPOJIDKEHHS,
BUKJIMKAHOTO BHYTPUKPHUCTATIIYHOIO CUMETPIEIO.

[Ipote momanemmii porec iHTEpKAIALIl CIPUYNHSIE
JIOBIOXBMJIBOBE 3MILIEHHS OCHOBHOI JiHil Ha QoHi ii
3HAQYHOIO YIIUPEHHS, sSKe, CYIS4Md 13 HECUMETPHYHOI
¢dhopmu Ky, -emyrn - Ta ICHyBaHHSI  po3apiOieHnx

“HaIrIMBiB”, BHUKJIMKaHE HEEKBIBAJICHTHUMU
MOJIOKEHHSIMH THTaHy y CTPYKTypi, cdopMmoBaHiii B
HACTIOK iHTepKausmii. J{OBroXBHJIbOBMH 3CYyB HeE
MEPEeBUIIYE TIOJIOKEHHS JTiHIT KBZ_S YHCTOTO JIOKCHIY,

TOMY JIOTIYHO Tepen0aYuTH ICHYBaHHS Y CTPYKTYpi
HEIHTEePKaJIbOBAHOTO, YHUCTOro IHiokcumy. Kpim Toro,
HEeKBiBaJIECHTHI TIOJIOKEHHS TUTaHy MOXYTh
(dopMyBaTHuCs AK 338 paxXyHOK JOJaTKOBOTO JOOKHCIICHHS
OMHMCAHOTO BHWIIE Y OKCHIOHIM CTPYKTypi, TaK i
(opmyBaHHS iHImOI KpucTamorpadidHoi ¢as3m, KoTpa
CIIOCTEPIraeThCsl y BUJI OKPEMHX, CJIab0 BHSBICHHX
JiHIAX audpakTorpam, 3HATHX BiI IHUX 3paskiB, Ta
MOXKIMBICTh BUHHKHEHHS $KOi OIMCaHa y poboTrax
[11,12]. Tlpu  BUCOKMX CTYHEHSX  IHTEpKaJALil
pO3MHUBA€EThC  10Ope  JIOKANi30BaHWUH y  YHCTOMY
IIOKCHIl JOBIOXBHWJILOBHMI CAaTENT, IO TaKUM MOXKE
CBIIYMTM HAa KOPHUCTh BHHHMKHEHHs OaratodasHol
CHCTEMH.

Xapaxrep 3miHu KoHTypa K, = npu iHTepkamsuii

JUTSA 3pasKiB, M0 MicTATh 100aBKy Al,O3; MPUHITUIIOBO HE
BiJPI3HAETHCS BiX ommcaHoro Buie. [lodaTkoBa cramis
iHTepKassiLii BiAOYBa€ThCS TaKOXK Yy MekKax OJHiel
okcuaHOl aszu (PyTUIIBHOT UM aHATa3HOT), KOXKHA 3 SIKMX
“BUTpUMY€” TEBHY CTYIiHb I'OCTHOBOTO HABaHTAXKEHHS
0e3 1mepeOyIOBHM OCHOBHOI TpaTkd MaTepialy —
“rocromaps’. JobaBka amMopQHOro y
peHTreHocTpyKTypHOMY BigHomenHi Al,O; npu cuHTesi
JmiOKCUIy — copusie  30aradeHHIO  3pa3KiB  3HAYyHO

CTaOUITBHILIOKO 10 BIIHOLIEHHIO JI0 aHadasy pyTHILHOIO
tdopmoro TiO,. Le crpuse MOXIMBICTI JEMIO HHKYIUX
3HAYeHb X MPH IHTepKaJALii 1 OLIpII qucnepcHiit Gopmi
kpuBoi criekrpa Ti K 1 1i 10BrOXBUIEOBOTO CaTemiry.

HasBricts amopdHOro Al,O5 3MEHIIye TUTONTy KOHTaKTY
TiO, 1 ameTwneHOBOI Caxi, IO 3YMOBIIOE pi3HE
3HA4YEHHs IHTEHCHBHOCTI JOJATKOBOI JIiHIi, 3yMOBJICHOT
TaKOK B3aEMOICIO.

IV. BucuoBkn

Posrmsim  eHepreTMYHOTO0 TOJOXKEHHS Ta (QopMu
emiciiaux Ti KBZ,S -CMyTl' B JIOKCHAY THUTaHy B

3aJIOKHOCTI BiJl CTYyNEHI IHTepKasil Li" noszBosie
SAKICHO  OIIHUTH  TpaHc(hopMalilo  eIeKTPOHHOI
CTPYKTYpH MaTepiaily-“Tocrnozaps” i omocepeJKoBaHO —
IHTEpPKaJSIHTY, a TaKOX BHSBUTH [|a30yTBOpEHHS NpHU
CNEeKTPOXIMIUHIM  IHTEepKAIAil  HAHOCTPYKTYPHOTO
JIOKCHULy THTaHY.

PoGora BukOHaHa B pamkax npoekry 1709
YHTL.

Ocmadgpinuyk b.K. — pokrop (i3nKko-MaTeMaTHUIHUX
HayK, npogecop, 3aBijyBad kadeapu MaTepiaJo3HaBCTBA
1 HOBITHIX TEXHOJIOTIH, IPOPEKTOP 3 HAYKOBOI pOOOTH;
Byosynax .M. — kannuaat $i3uKo-MaTeMaTHYHAX HayK,
JIOKTOPAaHT Kadeapu Marepiajo3HaBCTBA 1 HOBITHIX
TEXHOJIOTIH;

Taciox ILM. — xanmunar (izMKo-MaTeMaTHYHUX Hayk,
JOIIEHT KadeApu MaTepiallo3HAaBCTBA 1  HOBITHIX
TEXHOJIOTIH;

Invnuybkuit P.B. — Monoqmmii HAyKOBHHA CIIBPOOITHUK
Kadeapu MaTepiaJo3HABCTBA i HOBITHIX TEXHOIOTIH.
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On the basis of X-ray photography emission spectrums analysis of titanium from TiO, nanodispersive powders
tendency is retraced in reconstruction of cathode material electronic structure of lithium power sources in the process
of technological modification and intercalation by the Li" ions. The redistribution of electronic density in a titan
sphere and additional spd-hybridization of electronic levels is exposed in the process of lithium intercalation.

Destruction of basic rutile-anatase modification is confirmed at the high degrees of Li" “guest” loading.
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