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Oc00,IMBOCTI €JICKTPOHHOI CTPYKTYPH MeTACTA0IIbHUX
YJIbBTPAJUCIIEPCHUX CHCTEM TA O/IEP:KAHUX 3 HUX MaTepiajiiB

Incmumym IIpobrem Mamepianosnascmea HAH Vxpainu

[Noka3zani 3arayibHi 3aKOHOMIPHOCTI B 3MiHi €HEPTeTUYHOI CTPYKTYpH BAICHTHUX €JICKTPOHIB MPH JUCHEPTy-
BaHHI KPUCTaNIB 10 HaHOQPaKUil Ta 3aJeXKHICTh LUX 3MIH BiJ THIy XiM3B’S3Ky Ta KPUCTaJi4HOI CTPYKTYpH,
CHoco0y KOHCOJiallii HAHOTIOPOIIKIB Ta KOHACHCAIlIT BYTJICIIEBUX IUTIBOK.
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Po3puBHM Mi>KaTOMHHX 3B’S3KiB IIpH IMOJPiOHEHHI
TBEPIIOTO Tilla BUMAararoTh MEBHHUX 3aTpaT €Heprii, a
TaKOXX BEAYTh JIO 3POCTaHHS €HEprii eJIeKTPOHIB B BH-
POMKEHHX CTaHaX, KOTPi HaJIe)KaTh MOBEPXHEBUM aToO-
MaM 3 HECKOMIIEHCOBaHMMH 3B’si3kamu. OnHaK penax-
CaIliiiHi POIECH Ta B3a€MOJIiSI INX aTOMIB 3 ajcopOeH-
TaMH JIEIIO 3HIDKYIOTh 1[I0 €HEepTilo, 0 IPHBOIHUTH 10
BUHUKHCHHS aKTHBAIlIHHOTO Oap’epy Ha 3BOPOTHOMY
HUIIXY O KoHcomiaauii (puc. 1), a omke i 10 yTBOpeH-
HSl YMOBHOI'O MiHIMYMY, TOYKa SIKOTO BiZIOBIJa€ BU-
LIl eHeprii eJIeKTPOHHUX CTaHIB HDX B IPyOLIMX TO-
pomkax. [Ipy Mamux NUTOMUX MTOBEPXHSIX, KOJIU BKJIA[
MTOBEPXHEBUX AaTOMIB MO BiTHOIICHHIO 10 00 €MHHX
MizepHui, BigHOCHA BenmuuHa AE,./E.. Tex HeckiH-
4yeHHO Maja. OHAK B YJIBTPaJHUCIIEPCHUX CUCTEMaX, JIE
BKJIaJl IOBEPXHEBUX Ta IPUIIOBEPXHEBHX aTOMIB € Cy-
MIpHEM 3 BKJIaJOM O0’€MHHX aTOMiB, BeJIMYHMHA
AE, +/Eqs, CTa€ TOCHTH TMOMITHOXO, SIK 1 TTHOWHA YMOB-
HOro MiHiMyMy. ToMy ymbTpagucCIepCcHI CHCTEMH €
MeTactabinmpHIMH. [lepeOyBaHHA CHCTEMH B MeTacTa-
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Snum.

Puc. 1. BUHUKHEHHS YMOBHHMX €HEpreTHYHHMX MiHi-
MYMIB BHACJIIOK pellakCallifHuX HpoLeciB IpH 3MiHi
nuromoi nosepxHi Y I

OiIbHOMY CTaHi TPOSIBISIETHCS B MOSIBI HOBUX OCOOJIH-
BUX BJIACTUBOCTEH, SIKi BU3HAYAIOTHCS 3MIHAMH B €JICK-
TpoHHi# cTpykTypi. Ockinbku gk AE,, Tak i Ey — 3a-
JEeKaTh BiJl KPUCTATIYHOI CTPYKTYpH, XIMCKIaay Ta
XapakTepy MDKXaTOMHOI B3a€EMOJIi, TOOTO Bi eleKTpo-
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HHOI CTPYKTYpH IOJPiOHIOBAHOTO KpHUCTANIy, TO JUIA
PI3HUX PEYOBHH IIi HOBI OCOONHBOCTI i BIaCTHUBOCTI
OymyTh MPOSIBISATHCS HPHU PI3HUX BEIWYMHAX MHUTOMOL
moBepxHi a00 po3Mipax YaCTHHOK.

BupomkeHHsT eHepreTHYHUX PIiBHIB €IEKTPOHHUX
CTaHiB MICII pO3PUBY 3B’A3KIB, Ki BOHM 3abe3mnedyBa-
7Y, TIPUBOJUTH JO 3BY)KEHHS BIINOBIAHUX iM eHepre-
TUYHUX PIBHIB, BHACJIJIOK YOTO IPH JOCATHEHHI MUTO-
MOi TOBEpPXHI MOPOIIKIB IEBHOI BEIMYMHU TOYHHAIOTh
3BYKYBaTHCh BaJICHTHI CMyrd a0o0 TEBHI X IUISHKH,
10 1 BiZoOpaXxaeThcsl HA MIMPUHAX BiJIIOBIIHUX YJIBT-
paM’sIKMX PEeHTTeHIBChbKHX cMyT[1-4] abo ix ocobmuBo-
CcTel TOHKOI CTpYKTypH. IIpupoaHo, 10 BeIM4MHA Ta-
KOT'O 3BY>KEHHS, 3aJICKUTD BiJl BEININHHN €HEPTeTHIHO-
TO PO3UICTUICHHS CTaHIB 3aJisTHAX B 3B’S3KaX [0 iX
po3puBy. OCKIIBKM IIMPHHA PO3LICTJICHHS CTaHy 3a-
JISKUTH Bill TOTO B SKOMY THIII B3aeMOAii (KOBaJeHT-
HOMY, I0HHOMY 9H METaJiuHOMY) BiH Oepe ydJacTb, TO i
3BY)KEHHSI BAJICHTHUX CMYT IPH MOJPIOHEHI KpHCTaIi-
YHOT'0 MOPOIIKY OyJie 3aJeKaTH BiJ THITy XiM3B 3Ky B
HUX. ToMy JoCHipKeHHS! KyOIUHUX KPUCTAIIB 3 Pi3HUM
TUIIOM XIMIYHOTO 3B’SI3Ky J03BOJIMJIM BUSIBUTH LIi 3a-
JIKHOCTI.

B xoBanentHo-ioHHOMy BN, Ze po3mienieHHs
EHEepreTUYHUX PIBHIB 3HAUYHE — 3BY)KEHHS PEHTTEHIB-
ceknx BKa- i NKo-cmyr emicii criocrepiraerbesi Bxe
npu po3mipax mopomkis 0,4+1,0 MKM THTOMa TIOBEPX-
Hsl AKHX MeHua Hik 10 M/t [2] Haii6inbuii 3BysKeHHs
BKa- i NKa-cmyr emicii micist po3puBy B-N-3B’s13kiB
TIpH TOAPIOHEHH] CIIOCTEPIraeThCs HA MUISTHKAX CIIEKT-
piB, saKki BimoOpaxaroTh (Bsp+Nsp)-ribpumnHi 38’ s3ytoui
cTanu 10 nonapiOHenHs. IIpu npoMy BeTMYMHA BigHOC-
HUX 3BY)XKEHb CIEKTPIB PI3HUX KOMIIOHEHT 3aJICKUThH
Bil TYCTHHH EJIEKTPOHIB, JIOKAJi30BaHUX Oilg aToma
TOTO YH IHIIIOTO COPTY.

HocmimkenHs izoctpykrypHux, tuny NaCl, mera-
JIOKOBAJIGHTHUX, YJbTpaaunepcHux mnopomkie TiN i
TiC 3 pi3HUMH BKJIaJJaMH 10HHO1, KOBaJICHTHO1, METaJli-
YHOI CKJIaJOBUX MiXKaTOMHOI B3aemoii [3,4], 103BO-
MM TOKa3aTH, o sk 1 B BNy, 3BykKeHHs
TiLa-, NKa- i CKa-cMmyr npu nozxpiOHeHi MOpOIIKiB
HaOLIBIIE CIIOCTEPIrafoThCA B 00JACTAX SHEpTiH, AKi



Oco0JIMBOCTI €IEKTPOHHOI CTPYKTYPU METACTaOLIbHUX. . .

BignoBinarote Tisd+Xp-ribpumanm cranam. [Ipu mpo-
My HasiBHICTB B TiN Oi1b110T I0HHOT CKJIQIOBOT 3B’ SI3KY
Ta 3allOBHEHMX aHTHU3B s3yrouux craHiB B TiN npuso-
JITh 10 BIAMIHHOCTEH, SIKI 3BOJSTHCS 10 TOTO, IO PiB-
Hi eHeprii 3aifHATUX aHTU3B’SI3YIOYUX CTAHIB HE JIOKa-
J3YHOTHCS, a Jiokamizaiis Tis-CTaHiB, 3aiTHUX B 10H-
Hill cxiamoiii Ti-N-3B’s13Ky, BHACHIIOK X mepeHOCYy
JI0 aHIOHY a30Ty CYNpPOBOIKYETHCS THUM, IO ITOBEPX-
HEBl aTOMHU THUTaHy CTalOTh MO3UTHBHO, a a30Ty Hera-
THUBHO 3aps[DKEHUMH 10HAMH.

Amnani3 BizHocHuX 3BYXeHb XKo- ta MeLoa-cmyr
emicii [2-4] mokasaB, 0 BOHH TPOMOPIIHHI TYCTHHI
€JIEKTPOHIB, JOKaTi30BaHUX Ha WX aToMax, sKi Bigo-
OpakaloTbCsl B JaHUX CIEKTpax. ToMmy BiZHOIICHHS
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POHIB JIOKQJII30BaHUX OiJIsi aTOMIB CIIOJNYKH, SIKI BiJIO-
OpakaroThCs B TOCTIHKYBaHUX CIEKTpax.

BimHOCHI  3BYXEHHS  PEHTTCHIBCBKHX  YIIbT-
paM SKHX CMYT TpH JUCIIEPTYBaHHI MOPOIIKIB OB
B TUX CIIOJIyKaX, B SIKMX €JIEKTPOHU 3aliMaloTh OlibIue
YHCIIO 3B’ SI3YIOUMX CTaHiB. Tak
T]EEO‘ > niillju7nzll§a > n]lzlllila Ta nlI?INKa > nﬁll?a , OCKi-
JbKM 3HAYHA YacTHHA BaJeHTHHX eNeKTpoHiB BTIN
3aiiMae aHTH3M sa3ytoui cranu, Toxi sik B TiC i BN ene-
KTPOHaMH 3aHHATI TIJIBKH 3B’SI3YI0Yi CTaHH.

[Ipu pucnepryBaHHI TPHOXKOMIIOHEHTHOTO THTa-
Hary Oapito Mopsj i3 3BY)KEHHSIM €HEPreTUYHOIro Po3-
noqry Op- Ta Tisd-BaJIeHTHHX CTaHIB CIIOCTEPITAETHCS
3Ha4HE 3pOCTaHHs X eHeprii 3a paXyHOK BHCOKOEHep-
TeTUYHOTO 3MIIEHHS! BUPO/UKEHHUX PIBHIB MICJS PO3-
puBYy 3B’s3kiB B HagaucnepcHoMmy BaTiOs. ITicns pos-
puBy Ba-O-3B’s3kiB Bci Babs-enexTpoHu, mepeHeceHi
JI0 aHIOHY KHUCHIO, (aJ¢ B KPUCTaJl YaCTKOBO IPUCYTHI
Oinst karioHy Ba), 6e3po31iIbHO 3aTUILIAIOTHCS HA aHi-
oHi kucHIO. lle NpPUBOIUTH OO MO3MTHBHOTO 3apsimy
KaTioHIB Oapito micis aucnepryBaHHs. [IpucyTHICTB
JIY)KHO3EMEJILHOTO 0apito B Il CHodyli, 3B’SI3aHOTO
YHUCTO IOHHOIO B3aEMOJIEI0 3 KHCHEM, IPHBOAUTH IO
TOr0, 1[0 BHACIIIIOK BEJIMKOI HACUYEHOCTI aHIOHIB KHUC-
HIO €JIEKTpOHaMH 0e3po3/iibHO 3a0paHuMK BiJ Oapito
Ta 3aBJSIKM HAsBHOCTI KOBAJIEHTHOI CckJanoBoi B Ti-O-
3B’s13Kax OLIsI KaTiOHIB TUTaHy MiCis PO3PUBY 3B’SI3KiB
3aIUIIAETHCS TAKUA CaMUH 3apsij, K 1 B 00’emi KpyTI-
HOTO TOPOIIKY. JlOCIiPKEHHS PEeHTIeHO-eJIEKTPOHHHX
cnekTpiB BanmeHTHOI cmyru BaTiO; pazom 3 TiLa- Ta
OKo-cMyramu  J103BOJIMUIM TIOKa3aTH, IO 3BY)KEHHS
EHepreTUYHNX DIBHIB BiOyBaeThCSI B OCHOBHOMY 3a
PaxyHOK HM3bKOGHEPreTMYHUX 3alHATHX CTaHiB, a Ba-
JICHTHA CMyTa sIK IiJie 3MIlLyEThCSI B BUCOKOSHEPreTH-
yHuii Oik. Bee e 3pocTaHHst eHeprii BaJICHTHUX CTaHIiB
NPUBOJMTH O 3HAYHOrO 3pocTaHHsi akTuBHocTi Y II
BaTiO;, sik eHeproHacH4eHoi yJIbTPaaUCIEPCHOI CHUC-
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TEMU.
OTxe, BUCOKOJUCTIEPCHI CUCTEMH MOYKHA BBKATH
yIbTpa- a00 HAaHOIWMCIIEPCHUMH, SIKIIO PO3MipH X dac-
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[PUBOAUTEH [0 IOSBH HOBHX BJIACTHBOCTEH, BUKJIMKA-

HUX 3MIHOIO EJICKTPOHHOI CTPYKTYpHU B HAHOIMCIIEPC-

HUX CHCTEMax.

[Tpu kommnakTyBanui Y/II1 BHacmigoOK nepeKkpuTTs
BUPOJDKEHHUX OpOiTalieil MOBEpPXHEBUX aTOMIB CYCIIHIX
YaCTHMHOK TIpH iX Oe3rnocepesHbOMY KOHTaKTI Ta 3a
paxyHOK sedopmariii B yMOBax BUCOKHX THUCKIB Ta HH-
3pKHX (ONM3BKHUX IO KiIMHATHHX) TEMIIEPaTyp, BHUpPO-
JDKEHI CHepPreTHYHi PiBHI €IEKTPOHIB PO3IIEILTIOI0THCS
1 MDK IIMMH aToMaMU BUHHKAaE MpsSMUN 3B’s30K. lle
BiIOOpaXkaeThCsl HA PO3IIMPEHHI PCHTICHIBCHKHX €Mi-
ciituux cmyr. CTpykTypa 1 BUA yTBOPEHHX 3B’SI3KiB
(Me-X, X-X, Me-Me) 3anexuts Bifl 3apsA0BOr0 CTaHy
MOBEPXHEBUX aTOMIB KOHTAKTYIOUMX YacTHH 1 THITY
XIMIYHOTO 3B’S3KY B CHOJYLI 3 SKOT KOMIAKTy€ThCS
Matepian|3,4].

IMpn cnikanni Y/III B enexkTpoHHOMY pO3psiai
PO3LIMPEHHS BaJICHTHOI CMYTM B HU3bKOEHEPreTHYHii
o0macTi BiIOyBa€eThCs BHACTINOK PEKpUCTAIIi3allii, TOIl
SK T0SBa JOJATKOBUX CTaHIB B BHCOKOCHEPreTHYHIHN
npudepmiiBebkit obmacti enepriii B TiC 3B’sa3aHa i3
YTBOPEHHAM XIMIUHMX 3B’S3KiB BYIJICHIO Ta THTaHy 3
BEJIMKOI0 KUIBKICTIO TU(PYHIYIOUHX aTOMIB PIi3HOTO
copry.

BaneHTHi cMyru ByriielleBUX KOHJIEHCATiB, OJep-
JKaHUX 3 BUCOKOEHEPIeTUYHOI BYTJIECLEBOI ILIa3MU Ha
BiaMiHy Bin anmaszHux YII [5,6]MicTaTe ogHOYacHO
JIUITHKA  CIIEKTPY 3 BHUPO/DKEHHMH CHEPreTHYHHMH
piBHsMH Cp-eIEKTPOHIB, IO 3HAXOAUTHCA HA SP -
opOiTansax He 3aMKHYTHX 3B’S3KaMH Ta 3 HH3BKOCHEP-
retnaHIMU Cp-CTaHAMU, 3aJiTHIMU B MIIIHUX T€TEpO-
nmecmivanX C-C-3B’A3Kax MK TeTpacApUIHUMH KOM-
IUIeKCaMH. B TeTpaenpuuHMX KOMIUIEKcaxX ajaMa3ollo-
JMIOHUX TUTIBOK YTBOPIOIOTHCS Sp -ri6pHmHi 3B’S3KH
BHACHITOK CHJIBHOTO 30JM)KEHHS MIX aTOMaMH BYyTJe-
L0 TpH OCA/PKeHI Ha MiJKJIAAKY 3aBISKH BEJHKIH
MIBUAKOCTI HaIiTaroOuuX 10HIB. MilHI 3B’ SI3KA MiX TET-
paeapUYHUMHU KOMIUIEKCAMH YTBOPIOIOTHCS B PeE3yJib-
TaTi MIBUAKOTO POCTY OCTPIBIIB IMX KOMIUIEKCIB 1 TIe-
pekpuBaHHI oOpOiTaneil aromiB, sSK BHACIIIOK 301H-
YKEHHsI 1X TOBEPXOHb, TaK 1 3aBISIKM NPOHUKHEHHIO MiX
HUMH HaHOIbII BUCOKO-CHEPTETUYHUX OOMOapayto-
YUX 10HIB 3 IDIa3MH, SIKi CTBOPIOIOTH BHCOKI JIOKAITbHI
nuHaMigHi THcKd. [Ipn 3MeHIeH i eHeprii 10HiB B I1a-
3Mi YTBOPIOIOTHCS IUTIBKH 3 TETPACAPHUUHMX IIAPIB, SKi
3B’s13aHi MK COOOIO 3BSI3KAMH T-THITY KOMIUIEKCAMH 3
sp’-ri6pumusarniero. YKopeTKicTh 3B’S3KIB B rigporeHi-
30BaHMX IUTIBKAX Ta MOsIBa 3a00POHEHOT 30HH 1 BUCOKO-
IO €JEeKTPOONOpY, 3B’SA3aHi 3 YTBOPEHHSIM G-3B’S3KiB
C-H, 3aBmsxu nepekpurtio Cp,-opOitaneit 3 H2s- cra-
HaMH.

OTXe yJIBTPAIUCIIEPCHI CUCTEMHU MepeOyBalTh B
METacTaOUTFHOMY CTaHI 3aBASKH 3MiHI MiXKaTOMHOT
B3a€MO/Iii BHACII/IOK pelaKcalifHuX HpOLECiB B NPH-
MIOBEPXHEBUX aTOMHHMX IIapax Ta B3aeMoJii 3 ajcopOe-

THHOK JOCTaTHI IUIA ICTOTHOI 3MIHHU sKa
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HTaMH TIpH YMOBI, 1110 BEJIHYHHA

3 eHeprieo 00’ eMHUX aTOMiB. Y TBOPSHHS 3B’SI3KiB MiXkK

S1.B. 3aynuunuit

EloB TUTIBKaX OJepKAHUX 3 BUCOKOCHEPTeTUIHOT TTa3MH.
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EILCT. A.B. 3ayauunuii — kanouoam Qizuxo-mamemamuiHux

HAyK, Cmapuiuii HayKoguti CnigpoOimHuK.

KOHTaKTYIOUUMH YaCTHHKAMH B HAHOKPUCTATIYHUX
MaTepianax, 30epirae #oro B MeTacTabiTFHOMY CTaHi
TaK caMo sIK 1 B aJIMa30MOAIOHMX Ta TiIApOreHI30BaHUX
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It has shown general regularity in change of energetic structure of valence electron at disintegration of crys-
talline to nanofractions and dependence of this changes from type of chemical bound and crystal structure, de-
pendence from method of nano powders consolidation and condencation of carbon films.



