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3ATAJIBHA XAPAKTEPUCTUKA POBOTH

AkTyanbsHicTh Temu. Teopist maBneHHs OpeHKens A TBEPAUX Til
nepeadayae cTprOKooaiOHe 301IbIICHHS KOHIIEHTpallii BaKaHCiH y MOTpii-
HIill TOYIIi, a TAKOX 3MEHIIICHHS €HepTii YTBOPSHHS BaKaHCIH 31 3pOCTaHHIM
ixHBOI KoHIeHTpamnii [1*]. PiBHOBakHa KOHIIEHTpallis BaKaHCIi PO3paxoBy-
€TBCS, BUXOISYH 3 TEPMOJAMHAMIYHHUX MIPKyBaHb 3a HASBHOCTI JAHHUX IIOO
eHeprii yTBOPEHHS BaKaHCii, BEMUYMHA KO MOKe OyTH OTpHMaHa 3 JaHUX
MTO3UTPOHHOT aHITUIAIIHOI CIIEKTPOCKOTii [2*].

VY Toulli TUIABIEHHS BiJIHOCHA KOHIIEHTpAIlisl BakaHCi C, y MeTanax
CKJIaJja€ 4acTKU BincoTka. He3Baxkaroum Ha Taki MaJli KOHIIEHTpAIlii, BaKaH-
cii MarOTh ICTOTHUH BIUIMB Ha BJIACTHBOCTI TBepaux TiIL Ileprn 3a Bce 1e
CTOCYEThCA TIporeciB camomudy3ii, Tudy3ii TOMIIIOK, PyXJIHUBOCTI 10HIB TO-
mo. Bakascii Takok BIUIMBAIOTh HA MUTOMY TETUIOEMHICTH 1 00’ €M TIpH Te-
TUIOBOMY PO3IIMPEHHI KPUCTAIB.

MonekynspHO-AHHAMIYHI JOCITIKSHHS TIABJICHHS [TOKa3yIOTh, IO i/ie-
AJbHUH KPUCTAJl TUIABUTHCS 332 TEMIIEPATyp 3HAUHO BHUIIMX, HDK Taki JUIs
KpUCTaIly, SIKAH MICTUTh BakaHcii. EHepris yTBopeHHs BakaHCil € HAWOLIbII
BaXXJIHBOIO XapaKTEPUCTUKOIO BakaHCIi. ExcriepuMeHTabHI 3HaYCHHS €Hep-
il yTBOpeHHS BakaHCii TOOIM3y MOTPIHHOI TOYKH BigoMi I Gararbox pe-
YOBUH, Y TOMY YHCII JUII HU3KH METaiB.

HanmpoBigauit cTaH Manmx HaHOKJIACTEPIB OE3MOCEPETHRO TIOB’sI3a-
HUH 13 ABHIIEM MapHOi Kopessii. CraproBaHHs €IEKTPOHIB MPU3BOIUTE 110
CWJIBHO1 MoAuQiKaIlii EHepreTHIHOTO CIEKTPY. IcHye TimoTesa, Mo mepexo-
IIM Y HaJIPOBIIHUH cTaH BiAOYBaIOThCS Y KJIacTepax, eIeKTPOHHI 0OO0IOHKH
SIKAX TIOBHICTIO 3amoBHEHHI [3%,4*]. V 3amoBHEHUX chepuIHUX 00O0TOHKAX,
BEpXHI 3alTOBHEHI €JIEKTPOHHI CHEPreTHYHI PiBHI € CHIBHO BUPOIKCHHUMH
("mariyni yncia aromiB"). HasBHICTB y KiacTepi HaBiTh OAHI€T BaKaHCIl, K
MTOKa3aHo B JMCEPTaIlii, MOJKe MIPUBECTH O 3MIHW MaridYHHX YUCEN aTOMIB.

Slkmo piBHOBa)kHA KOHIIGHTpAIIiSl BAKAHCIH y MeTallaX € MaJiOl0 BEld-
YUHOIO, TO TIPH PATiaIllifHUX TOMTKOKEHHSX 11 3HAYCHHS MOXYTh CKJIaaTH
JIECATKUA BIICOTKIB.

VY cydacHHMX TEXHOJIOTISIX, e BAKOPUCTOBYIOTHCSI HAHOMATEPiaii, aTOM-
Hi KJactepu, a00 OCTPIBIIEBI IUTIBKH, iICHY€ HEOOXiTHICTh TIarHOCTUKHU, KOH-
TPOJIO JC(PEKTIB Ta BU3HAYCHHS 1X €HEPreTUYHUX XapaKTepPUCTHK. Po3pa-
XyHKH TaKUX XapaKTEePUCTHK, SK TMOTEHINAN 10Hi3allii, CIOpPiIHEHICTh 10



€IIEKTPOHA, SHepris Kore3ii, eHepris AMCOIallii Ta eHepris yTBOpPEeHHS Ba-
KaHCiil MOXXyTb OyTH BUKOPHCTaHI JUII KOHTPONIO Je(eKTiB 1 Temmeparypu
IJIABJICHHS MAJIMX METAJIeBUX YAaCTHHOK. BOHM HEOOXiNHI TaKOX IPU MO-
JIEIMOBaHHI KOMIO3UIIIMHUAX IHCTPYMEHTAIBHUX MarepiajiB, MpH po3pooii
MeTaJi30BaHUX 1 KICHOBUX TTOKPUTTIB TOIIO.

3a CBOEIO MPUPOJIOK MO3UTPOHH YYTIUBI 10 JeeKTiB B 00’eMi cepe-
JIOBHUIIA 1 MOXKYTh BUKOPUCTOBYBATUCS Il BU3HAYCHHS SIK iX THITY, TaK 1 ix
KOHIIeHTpaIlii [2*]. KpiM Toro, mo3uTpOHU B3a€MOIIIOTH i3 TOBEPXHEIO TBEp-
JIOTO Tijla Pi3HUM YHHOM, BHACIIZOK YOTO CTAlOTh LIHHUM IHCTPYMEHTOM
nociipkeHHs (i3uku moBepxHi. I103uTpoHHA aHITUIAIIHA CIIEKTPOCKOITIS,
sKa 0a3yeThCs Ha BUKOPUCTAHHI MyYKiB MOHOCHEPTETHYHUX MTO3UTPOHIB, Ha
CHOTOJIHI € OTHUM 13 KpaIlliX METOJIB PO3’s3aHH IIi€l 3a1adi.

38’5130k po0OTH 3 HAYKOBUMU NMPOrpaMamMu, IJIaHAMH, TeMaMu. Te-
Ma IUCepTaIiifHoi poOOTH TOB’s3aHa 3 TEMAaTHKOIO HAyKOBUX POOIT, IO BU-
KOHYBaJIUCSI Ha Kadeapi MIKpo- Ta HAHOGIEKTPOHIKMA 3amopi3pbKoro Harrio-
HAJIBHOTO TEXHIYHOTO yHiBepcHuTeTy: ‘“Po3mipHi enekTpoHHI epeKkTH B Me-
TaJeBUX HAaHOCTPYKTypax 1 HaHomedekTax MeTany” (3aTBEp/HKEHO HaKa3zoM
MOHY Ne 1193 Bix 25.10.12 p., Homep nepkaBHoi peectparttii 0113U001097),
a TakokX KadeapanbHUX JEpKOIKETHHX TeM “‘TeopeTHdyHe Ta eKcrepu-
MEHTaJIbHE JIOCIII/PKEHHS eIEKTPOHHHUX e(EeKTIB B MIKPO- Ta HAHOCTPYKTYp-
HUX Marepianax’ (3arBepmkeHo Hakazom 3HTY Ne 81 Bixg 2.3.2012 p., Ho-
Mmep peecrpanii 04312), “MopenroBaHHS TPHUCTPOIB, CTPYKTYp 1 Marepia-
JIiB MIKpO- Ta HaHOCJIEKTPOHIKK™ (3arBepmkeHo HakazoM 3SHTY Ne 220 Bixg
14.04.2015 p., HOMEp peectpariii 04315), B skux 3mo0yBad OyB OmHUM i3
BIJITOBITAJIBHUX BUKOHABIIIB.

Merta i 3aB1aHHs A0CTiTzKeHHsI. BCTaHOBUTH 3aKOHOMIPHOCTI BILTHBY
pPO3MOTy Ta KOHIIEHTpAIll BaKaHCiHf Ha TOBEIIHKY TO3UTPOHIB 3BOPOTHOL
emicii. BUsHaunTH BITMB BakaHCili Ha €HEPreTUYHI XapaKTePUCTHKH MalluX
MeTaJeBUX KJIacTepiB.

i mOCSATHEHHS MOCTaBIEHOI METH HEeoOXiIHO OyJ0 po3B’s3aTH Ha-
CTYIHI 3aBJaHHS:
— JOCHIUTH KIHETHKY JIOKalli3allii iHKEKTOBAaHOTO MMO3UTPOHA y BaKaH-
CisIX MeTaly 3a Pi3HHX TeMIIeparyp;
— JIaTH 1HTEPIIPETAIlI0 O0COOIMBOCTEH E€HEPTEeTHYHOTO PO3IOALTY MO3H-
TPOHIB 3BOPOTHOI eMiCii 3 MeTaliB i3 BiJl'’€EMHOI POOOTOIO BUXOY, SKi



CIIOCTEPITalOThCS B CKCIICPUMEHTAX;

MPOBECTH PO3KIIAIaHHs IMMOTEHIliaTy 10HI3aIlil Ta CIIOPIAHEHOCTI 10 elie-
KTpOHA Uil Kjactepa y (yHKIIOHAIBHUHN P 32 MaJOK BEIHYUHOIO
BiIHOCHOI KOHIIEHTpAIlii BaKaHCIH Cy;

CTBOPUTH KOMIT FOTEPHHI KOJ Ta IMPOBECTH CaMOY3TOKEHI po3paxyH-
KH €HepPreTHYHUX XapaKTEPUCTHK KJIACTEPiB i3 MOHOBAKaHCIEIO Ta CY-
HUTFHUX METAJIEBUX KIIACTEPiB, OPIBHATU Ta MPOAHAIIZYBaTH PO3MIp-
Hi 3aJI€KHOCTI BIANOBIIHUX BEIHYMH;

JOCITIIUTH PO3MIPHY 3aJISKHICTh €HEpPril YTBOPSHHS BaKaHCIH y MaJiX
METaJIEBUX KiIacTepax.

O0’eKT I0CTiIKeHb — METaJIeBl CUCTEMH, IO MICTITh BaKaHCIi.
IIpenmeT aocCaiTKeHb — CHEPreTHYHI XapaKTEPUCTHKUA METAJICBUX CH-

CTEM 3 BaKaHCIAMU.

MeTtomu TocTigKeHb BUOMPATUCS BIAMOBIIHO IO IMOCTABICHHX 3aB-

nanb. [l po3paxyHKy €NeKTPOHHUX 1 MO3UTPOHHHUX XapaKTEPUCTHUK Me-
TaJliB BUKOPUCTAHO (hopmamizM (PyHKITIOHANIA eIEKTPOHHOI Ta MO3UTPOHHOT
TYCTHHH Ta WOTO peali3alii — camoy3ropkeHoro merony Kona-Illema [5*].
B sxocTi Momeni MeTaxy BHKOPHCTAHO MOJENb ‘“‘cTabimbpHOTO *X)eme” [6%],B
SIKill eIeKTPOH-EIeKTPOHHA, 1I0H-10HHA Ta eJIEKTPOH-I0HHA B3a€EMOIii ycepe-
THIOIOTBCS 32 00°eMOM KOoMipku Biraepa-3eiiTiia, TOMy eHEpreTUdHi Xapa-
KTEPUCTHKU METAJy OMHUCYIOThCS “B CEPEOHBOMY .

HaykoBa HOBH3HA OJlep)KaHUXPE3YJIBTATIBIIONITAE B HACTYITHOMY:

— YV mozeni cTaOUIBHOTO JKeNe PO3MITHYTO HETMPY)KHE PO3CISHHS MO3H-
TPOHIB Ha BAaKaHCISIX METally, B Pe3yJbTaTi YOro Ofiep)KaHO BUPA3 UL
3aJIe)KHOCTH WMOBIPHOCTI JIOKasTi3allii MO3UTPOHA Y BakaHCii Biff HOTO
eHeprii g0 Jokaiizaiii Ta Temmneparypu merany. Ilicns ycepemnneHHs
0 €HepTifAx TepPMaTi30BaHMX MO3UTPOHIB 3HAYEHHS IIBUAKOCTH JIOKa-
JTi3arii Mo3UTPOHa y BaKaHCIi 3a TEMIIEPaTypH TOTUICHHS € MEHIIIHM 3a
IIBUKICT aHITUTSII, aje 3a MOPSAKOM BEJIHMYUHU 30ITa€ThCs 3 HElo;
Ha ocHoBi anamizy KOHIEHTpaliii BakaHCiii Ta imkekroBanux y 3D-
MeTaJI TO3UTPOHIB BIIEPILE JAHO IHTEPIIPETAILliI0 3CYBY €HEPreTHIHOTO
PO3MOiTY TIO3UTPOHIB 3BOPOTHBOI €MICii, 110 CIIOCTEPIraeThCsl B EKC-
MepUMEeHTax. 3 ypaxyBaHHIM IPUITOBEPXHEBOTO APy BaKaHCIH, 3apsi-
JDKEHUX JIOKQJTI30BAHUMHU MO3UTPOHAMHU, SKHI CTBOPIOE JBOBUMIpPHUN
Oap’ep IUIs TTO3UTPOHIB 3BOPOTHBOI €MICii, CaMOY3TOMKEHO O0Unce-
HO BEIMYMHH 0ap’epy Ta BiTHOCHOI KOHIIEHTpAIlil BAKaHCIH y TaKOMY



JBOBUMIpPHOMY Iapi;

Po3pobneno aHamiTHYHY TEOpit0 BaKaHCIIHOTO BILIMBY Ha POOOTY BH-
XOIy eJIEKTpPOHIB 3 HemepexigHux 3D-meraniB i moTeHIian HoHi3a-
Iii BETMKUX KJIACTEpPiB, SKI MICTATH BAaKaHCIi, IO JO3BOJISIE TTOJIIIITH-
TH SAKICTh IHTEpIIpeTallii eKCIIepUMEHTAIBHUX JTaHUX 10 eJIEKTPOHHUX
BJIACTUBOCTSX METAJIEBUX KJIacTepiB. Po3paxoBaHO 3yMOBIIEHHIT BaKaH-
CISIMH 3CYB €HEpTii OCHOBHOTO CTaHy €JCKTPOHIB y chepuaHoMy Me-
TaJeBOMY KIIacTepi, MPEJCTABICHUI CEPi€l0 PO3MIPHHUX TOMPABOK, Ta
BH3HAYEHO MEXi 3aCTOCOBHOCTH BIIIOBITHOTO PO3BUHEHHS 3a CTEIe-
HsIMU 00EpHEHOTO pajiiyca KiiacTepa,

Metonom Komna-lllema Bmepie po3paxoBaHO KBAaHTOBO-PO3MIpHi 3a-
JISKHOCTI TIOTEHINay HOHI3allil, CIIOPITHEHOCTH 3 EIEKTPOHOM, elie-
KTPUYHOI €MHOCTI, eHepriii xoresii, Aucoriamii Ta yTBOPEHHsS BakKaH-
cii I 3apspKeHUX MalluX KIJIACTEpiB 13 MOHOBaKaHCi€lo Ta 0e3 Hel
(mmst mopiBHAHHS). PO3MipHI 3a5IeKHOCTI IUX BEIWYUH ‘OCHUIIOIOTE”
13 HAOJMIKEHHSIM 10 IXHIX aCHMIITOT, [II0 BU3HAYAIOTHLCA BIAMOBIIHUMU
XapakTepucTUKaMu HecKiHdeHHnX 3D-3paskiB. MariuHi uncia aroMiB
Ut 0e3meeKTHUX KJIACTEPiB 1 KITACTEPIiB 3 BAKAHCIEIO BiIPI3HIIOTHCS,
0COOJIMBO I Mardiro i ajroMidifo. HasgBHICTE HaBITH OfHIET BakaHCIT
 OMWHWUYHOTO 3apsay y KilacTepi MPUBOAWTH IO TOMITHUX 3MiH BCiX
XapaKTEPUCTHK OCTaHHBOTO. XapaKTep PO3MIPHOI 3aJIe)KHOCTI CHep-
il YTBOPEHHS BaKaHCIl BiJ HAIUIMIIKOBOTO 3apsiAy y KiIacTepi ILIKOM
BHU3HAYAETHCS PO3MIPHUMU 3AJICKHOCTSIME MOTEHITIAy HOHi3amii Kia-
cTepa Ta CIOPITHEHOCTH 3 €JICKTPOHOM.

IIpakTnyHe 3HAYEHHS OEP:KAHUX pe3yJbTariB. OJepkaHi pe3ylb-

TaTH MOXYTh OyTH BHKOPHCTaHI y HAyKOBiil, BUpOOHMUYIH Ta OCBITHIH cde-

pax.

Y nayrosiii cgpepi. Bukonani B aucepTariiitHiii po60Ti MOIEIBHI po3pa-

XyHKH JIO3BOJISIFOTh Tepen0avyaTy 3MiHN CHEPreTUYHHX XapaKTePUCTHK Me-
TaNeBUX KJIACTEPiB 3a HASBHOCTI BAKAHCIH, MAIOTh 3MOTY OIIIHUTH BWTi-
JHICTh YTBOPEHHSI BAaKaHCIM 1 CTaOLIBbHICTh METaJeBHX KIIACTEpiB Pi3HOTO
po3Mipy Ta cTpyKTypH. Teopis Jokamizaiii Jae MOXIJIMBICTh BU3HAYUTH TEM-
meparypHy 3aJeKHICTh IBHIKOCTI JIOKAJi3allii MO3UTPOHIB y BAaKaHCIAX Me-
Tajgy Ta JaTH IHTePHpETAIli0 SHEPreTHYHOTO 3CYyBY MO3HTPOHIB 3BOPOTHOI
eMicii 3 MeTasry 3 BiJl’€MHOIO POOOTOI0 BUXOMY BiTHOCHO JHA 30HU IPOBIiJ-
HOCTI ITO3UTPOHIB.



YV eupobruuiil cghepi. Po3paxoBaHi MBHIKOCTI JOKaJi3aMii MO3UTPOHIB
y BaKaHCisIX METaJiB MOXYTh OyTH BUKOPHCTaHI y MO3UTPOHHIN TiarHOCTH-
11, AKa 6a3yeThCs Ha METO/Ii BUMIPIOBAHHS Yacy *KHUTTS I BU3HAUYCHHS KOH-
neHTpanii AedekTiB y NociiKyBaHOMY 3pa3Ky. BennunHa eHepreTHdHoro
3CYBY ITO3UTPOHIB 3BOPOTHOI eMicii MOke OyTH BHKOPHICTaHA ISl BH3HAUE-
HHSI MPUTIOBEPXHEBOI KOHIIEHTpaii gedekTiB. Po3aMipHa 3aj1eKHICT CHEp-
TEeTHYHUX XapaKTEPUCTUK METAJICBUX KJIAcTEPiB BiJ KOHIICHTpAIlil BaKaHCii
MOYKe OyTH BUKOPHCTaHa JUII KOHTPOITIO Je(PEKTHOCTI METaIeBUX KIIACTEPIB.

B oceimniii cghepi. Pesynbratu 10oCHiKeHb JOTOBHIOIOTH PO3ALIH KYp-
ciB “®izuka TBepaoro TiNa”, “Pizuka HU3LKOBUMIPHUX cucTeM’, “Ximis Ha-
HOCTPYKTYpOBaHUX MarepiaiiB” i “@Di3uka HaHOKIACTEPIB 1 TOHKUX TUTIBOK”,
SIKI BUKJIQIAIOTBCS OakaiaBpaM i maricTpaM Kadeapu MIKpo- Ta HaHOeIe-
KTPOHIKM 3aropi3bKOro HalioHAJIFHOTO TEXHIYHOTO YHIBEPCUTETY.

Oco0ucTuii BHECOK AMCEPTAHTA MOJIATA€ Y NPOBEACHHI CaMOCTiIHHO-
TO TMOIIYKY Ta aHali3i JiTepaTypHUX JKepes 3a TeMOIo aucepTramii. 3 Ma-
TepiajiB JIOCIiKeHb, BUKOHAHWUX 3a CITIBIIpalli 3 HayKOBUM KEPIBHHKOM —
n-pom (iz.-mar. Hayk, npodecopom [lorocoBum B.B. Ta xaun. ¢i3.-mar. Ha-
VK, norienToM babiuem A.B, 1o pe3ynbTariB Ta BUCHOBKIB JUCepTaii BKIIIO-
YeHO JIMLIE Ti, IO ofep:kaHi aBropoM ocobucrto. [loctanoBka 3ama4, MeTn
TOCIIPKEHHS, BUOIp TCOPETHYHUX 1 YMCIOBUX METOMIB IX aHAIi3y, a TaKOXK
0OTOBOPEHHS OTPUMAHMX PE3YJIBTaTIB MPOBOJWIIMCS Pa3oM i3 HAyKOBHM Ke-
PIBHUKOM.

3mo0yBad OpaB MOBHOIIIHHY y4acTh Ha BCIX e€Tamax IOCHIKCHHS B
yCiX OmyOJiKOBaHHX POOOTax: Mij] 4ac MPOBEICHHS aHATITHYHUX PO3paxyH-
KiB, PO3POOKH KOMIT IOTEPHUX MPOTpaM, iHTEepIpeTanii OTpUMaHuX pe3yilb-
TaTiB, 0pOpPMIICHHA Ta IyOIiKaIlii HaykoBHX poOiT. ¥ poborax [1-15] nucep-
TaHT OpaB 0e3MOCepeaHI0 YUacTh Y BUBYEHHI JIITEPAaTypHUX JKEpeN, OTpH-
MaHHi 0a30BHX CITiBBiTHOIIEHb, PO3POOIl MPOTPaMHOTO KOy, B OZEpKaHHI
Ta OOTOBOPEHHI Pe3yJIbTaTiB.

VY pobGorax [1, 2] mucepranToM OyJlO MPOBEIACHO PO3PAXyHOK INBU/I-
KOCTI 3aXOIUIEHHS BaKaHCIEIO y METali MO3UTPOHA, B 3aJE€KHOCTI BiJ HOro
EHEeprii, a TAKOXK TeMIepaTypHOi 3aJIe)KHOCTI IBUKOCTI JIOKaTi3allii TepMa-
J30BaHUX TO3UTPOHIB y BakaHcisx Al, Cu ta Zn.

Y pobori [3] 3m00yBad poBiB PO3paXyHOK TEMIEPATYPHOI 3aJIEKHOCTI
POOOTH BUXOIY €NEKTPOHIB Ta MO3UTPOHIB 3 Al



VY poborax [4, 5, 8] aBTop Amceprallii MPoOBiB OOYUCICHHS TTOTEHIIATY
10HI3aI1i1 Ta CIIOPiTHEHOCTI IO EIEKTPOHY BEITHMKHUX METAJICBUX KiIacTepiB Na
Ta Al, 0 MicTATh BakaHCii. Bu3HaueHo MeXi 3aCTOCYBaHHS TaHOT MOJIEITI.

VY pobotax [6-9] nucepTaHTOM IPOBEICHI CaMOY3TrO/LKEHI PO3paxyHKU
MTOBHMX €HEPriil, MOTEHIIITHNX PO LTiB Ta BIACHUX 3HAUY€Hb €HEPIeTUIHUX
PIBHIB KJIacTepiB i3 MOHOBaKaHCI€lO Ta Oe3 Hel, I mopiBHAHHA. Ha ocHOBI
40ro Oy MpOBeeH] MpsMi 00YNCIIEHHS KBAHTOBO-PO3MIPHHX 3aJI€KHOCTEH
MOTEHITially 10Hi3aIlii, CIIOPiITHEHOCT] 10 eNeKTPOHa, eIeKTPHUYHOI €EMHOCTI,
eHepriit koresii, mucomiamii Ta yTBOPeHHS BakaHCii s kiactepiB Rby, Ky,
Nay, Lin, Mgy 1 Aly (N < 270). BusHaueHO MeXi 3aCTOCOBHOCTI JIaHOTO
T TXOTY.

OCHOBHY 4YacTHHY OTPUMaHHX HAyKOBUX pE3yJbTaTiB IPEICTABICHO
JTUCEPTAaHTOM Ha MICIIEBUX Ta MKHAPOTHHUX KoHGepeHmisx [10-15].

Amnpobauis pesyiabrartiB aucepranii. Pesynsrarn pobotu momoBima-
JUCst 1 0OTOBOPIOBAITUC TTiJ] Yac: MIOPiIuHil HAYKOBO-TIPAKTUYHOI KOH(EepeH-
mii cepen BUKIIAAAYiB, HAYKOBI[IB, MOJOANX YUYEHUX, ACIIpPaHTIB 1 CTyICH-
1iB 3HTY “Twxnens Hayku” (3amopixoks, 2015, 2016, 2017); mixkHapogHOT
HayKoBO-TIpakTH4HOi KoH(epenmii “CydacHi nmpobiemMu i JOCATHEHHS B Ta-
Ty31 pajioTexXHIKH, TeIeKOMYHIKalliii Ta iHQopMaIiiftHux TexHomorin” (3a-
nopixks, 2016).

My6aikamii. Pesynbratn aucepramiiiHoi poOOTH mpencTaBieHo y 15
myonikamisx [1-15], 3 axux 9 — crarTi y (haxoBUX MEpiOJMYHUX HAYKOBUX
KypHanax YKpaiHu i 3apyOikks, sKi BXOIATH 10 HayKOMETPHUYHUX 0a3 na-
Hux Web of Science ta/abo Scopus, 6 — myOmikarii y marepiamax i Te3zax
HAyKOBUX KOH(EpEeHIIiH.

Ctpykrypa i o6csar aucepramii. [ucepramiiina podoTa CKIAIA€THCS
13 BCTYIy, YOTHPHOX PO3MALIIB, 3arajJbHUX BUCHOBKIB, MEPENiKy BUKOPHUCTA-
HUX JDKEpes, Mo MIiCTUTh 169 HaliMeHyBaHb. 3arajabHuil 00CAT IucepTarii
ckimagae 165 cropinok, Bkmovarodn 4 tadbmumi i 41 pucyHOK.

OCHOBHMI 3MICT POBOTH

VY Beryni 0OOTpyHTOBAHO aKTyaJbHICTH poOOTH, CPOPMYITHOBAHO METY,
il OCHOBHI 3aBlIaHHs, HAYKOBY HOBH3HY i NPAKTUYHY I[iHHICTH, BUCBITICHO
HayKOBE 1 MPaKTHYHE 3HAYCHHS, ITOaHO0 iHGOpMAaIlito mpo arpodariito pobdo-
TH, yOJiKaIlil aBTOpa Ta CTPYKTYpy JHCepTallii.



Po3min 1 “/eaxi memoou OocniodxcenHs enepeemuyHux Xapaxkmepu-
CmuK memanie” TIPUCBAYEHO OISy METONIB TMO3WTPOHHOI aHITIIAMIHHOT
CTIEKTPOCKOIIii, Ta IXHbOMY 3aCTOCYBAHHIO Ul OTpUMaHHS iH(popMarii mpo
neeKTHUN CTaH Ta eJEeKTPOHHE OTOYSHHS METAJIEBHX CHCTEM, a TAKOXK TPO
MOBE/IHKY MO3UTPOHIB y MeTajax 3 pi3HUM 3HAKOM poOoTH BHXomy. Mac-
CHEKTPOMETPUYHI Ta KAJIOPUMETPUYHI METOAW JOCIIKCHHS BUIBHUX KIIa-
CTepiB, ONMHUCaHI B HHOMY, JO3BOJISIIOTH OTPUMATH BUYEPIIHY iH(GOpPMAIIiI0
PO €HEepPreTHYHI XapaKTepHCTUKU KiacTepiB Ta iX ioHiB. OcolnuBy yBary
MpUIIeHo MeTony (DYHKIIOHATy TYCTHHHU Ta HOTO 3aCTOCYBaHHIO Ui PO3-
paxyHKy MpodiTiB eleKTpOHHOI TYCTHHH, €Heprii aucoriamii, koresii, mo-
TeHIIialy 10Hi3aIlii, CIOPITHEHOCTI A0 €EKTPOHA, EMHOCTI Ta €HEprii yTBO-
PEHHSI MOHOBaKaHCIi HEUTPabHUX Ta 3apsPKEHUX KiacTtepiB. Po3min 3akiH-
qyeThes (OPMYTIOBAHHIM TpoOJIeM Ta 3ajad, Ha PO3B’sI3aHHS AKX CIIpS-
MOBaHa JUcepTaniiHa podoTa.

VY Po3nini 2 “Kinemuxa ma enepeemuuni Xapakxmepucmuku nosumpo-
Hig y 3D-memani, sxuil micmums 6aKancii” JOCHIIPKEHO KIHETHKY JIOKai-
3amiii y BakaHCil iHKEKTOBAHOTO Y METaJ MO3UTPOHA.

Bakancis  mogesro- 4
BaJyacsi MOPOXKHUHOIO pa-
niycy koMmipku Birnepa-
3eiiTia 'y mMomeni  cTa- 3
OutpHOTO JKene. BBaxka-
I0YM, IO EHEepris MOo3H-
TPOHA BUTPAYAETHCS Ha
30y/UKeHHST €JIeKTPOHHO-
JIIpKOBUX TIap, OTpUMa-
HO ¢opMylTy IS OIH- 1
Cy IIBUIKOCTI JOKaji3a-
1ii MO3UTPOHA y BakaHCii
MeTaly K (QyHKIi HOro
eneprii. Jlnsa Tepmanizo-
BaHUX ITO3UTPOHIB 00YH- g, eV
CJIEHO TEMIIEPATYpHY 3a- Puc. 1. IIIBuaxicTs 3axXOIJIEeHHS BaKaHCI-

JNEXHICTh IMBUIKOCT] Jo- €10 BUIPHOTO IO3UTPOHA B 3aJIeXKHOCTI BiJl HOro
eHepril pu pi3HUX 3HAYEHHSX TemiepaTypu Al

14 -1

Ve, 107°C
[\

kamizarmii. [loGmusy rmo-



TPIHHOT TOYKH, 11 3HAUCHHS BUSABUIOCS OJM3BKUM, 33 MOPSIKOM BEIUIHUHHU
JIO IIBUIKOCTI aHIrUIsIii.

BpaxoByroun 110 y BakaHCii peani3yeTbes JTUIIE OUH 3B s3aHNN CTaH,
BiIMOBiAHO 10 “30moToro” mpasmina Depmi-Llipaka, hopMyTy IS IIBUIKO-
CTI JIOKaJTi3allii OTpUMaHO y BUIJISII:

2m2 oo =
=——= | d 21+ 1) 12
vo (9) 215Qws Jo qq;( +1) i x
i 0<y<(x-x%/2),
nie ” 2)2 2<2y b X/)Zz T=0
(A [ 0x- X022 k=2 sy < (xexr2), T=00
0, Y B IHIIOMY BUTIAJIKY;
keT[1+(A-1)Inj1+(@-AY/B+AY, T>0

ne lioy (r) = [drr2Voul (N RE () y (ar), x = a/ke, y = MeAep/(i°KE), A =
0

exp [Asp/(kBT)], B =exp [a(ké - k,%)], ko = kely/X— X/2|. Y KoHKpeTHHX
oburcaeHHsX (IuB. puc. 1) MU OOMEKHINCS MaKCHMaTbHUM 3HAUEHHIM | =
10 y Bupasi (1).

SIKmo Mo3UTPOHU TIEepe]] 3aXOIUICHHSM BaKaHCIEIO TepMali3oBaHi, TO
JUISL IHTepIIpeTalii eKCIepUMEeHTAIbHIX JaHUX HEOoOX1HO OmepyBaTH yce-
PEIHEHOIO BETMYHHOIO (£p = /1202/2Mp)

2 . .
— —ep/keT

vo(T) = ﬂ1/2(kB-|-)3/2f0 dep eEprolep)e ™. 2
To 1.0 7 Ha puc. 2 npusene-
= Ha pos3paxoBaHa 3a (op-
05 Myso10 (2) TeMmeparyp-
E‘; Ha 3aleKHICTh IIBUIKO-

s 0.0 ; = , CTi JoKami3arii.
0.2 0.4 0.6 0.8 1 Popmyna  HIBHIKO-
T, CTi 3aXOIUIEHHS TTO3UTPO-

Puc. 2. TemmeparypHa 3a1eKHICTH TIBUI- na (1) orpumana mis

KocTi JoKasi3amii TepmasizoBamnx mosurpomis. POUECIB, B AKHX CHEPTLA
Tm = 933, 1358, 693 K s Al, Cu, Zn Bignosigno TO3UTPOHA BTPAYAETHCI



Ha 30y/DKeHHSI eNeKTPOH-TIPKOBHUX ITap.

Brepire po3msiayTo nona-
TKOBUIl BIUTMB 3aps/DKEHUX I10-
3UTPOHAMH BaKaHCId MOOIH3Y
TIOBEPXHI HAa 3BOPOTHY EMICiI0
MO3UTPOHIB 3 MeTaly. Y HaOmu-
keHHi 2D-Hanrparku, mpoBee-
Hi OIIHKH BEJIHYUHHU IPHUIIO-
BEPXHEBOT'0 BaKaHCIHHOTO Oap’-

0
epy AU. 01 03 05 07 09

ITokazaHo, 110 IPUYMHOIO c,, %
3CYyBy €HEpPreTHYHOTO PO3MOJi- Puc. 3. Bemmumna mnorenuiitnoro
JIy TIpM 3BOPOTHIH eMicii mo3u- Gap’epy il MO3UTPOHIB 3BOPOTHOI eMicil
B 3aJIE2KHOCTI BiJ KOHIIEHTpAIIil BAKAHCIH ¥
IIPUIIOBEPXHEBOMY TIapi

[\

Enepris, eB

Al

TPOHIB, BUSBICHOTO Y €KCIIEpH-
MeHTax [7*], € Onokama — “Bij-
OUTTS” HU3BKOCHEPIeTUYHHUX IMO3UTPOHIB BaKaHCIHHMM Oap’e€poM Hazaja y
00’eM, 7ie BOHH Y TIOAABIIIOMY aHITLTIOIOTh.

Ha puc. 3 mpuBeneHo 3aneXHiCTh BEIMYUHU MTOTCHIIIMHOTO (BaKaHCIH-
HOro) 0ap’epy BijJ| IOBEPXHEBOI KOHIIGHTpALlii BaKaHCIH, 11e MOSICHIOE 0CO-
ONMBICTD EHEPTETUYHOTO PO3TOALITY ITO3UTPOHIB 3BOPOTHOI €MIcCii 3 MeTaiB
i3 BiJI’€MHOIO POOOTOI BUXOJY.

VY Pozaini 3 “Posmipna 3anexcnicme nomenyiany ioHizayii memaie-
6020 Kiacmepd, Wo Micmums 8aKaHcii”’ TIPOMOHYETHCS METOH, B SKOMY
KOMOIHYIOTBCSI CaMOY3TOPKEHI PO3PAaXyHKH XapaKTEPUCTUK METaly B IpH-
CYTHOCTI MOHOBaKaHCii 06e3 ypaxyBaHHS 30BHIIIHBOI MOBEPXHI MeTay Ta
PO3paxyHKU Ui “IITY4HOr0” METally 3 OAHOPIIHMM 00’€MOM Ta ILIACKOO
MTOBEPXHEI0, aje 3HIKEHOI0 TYCTHHOIO aTOMiB, 3YMOBJIEHOIO iCHYBaHHSIM
TPOK-BAaKaHCIH 3 BITHOCHOIO KOHIICHTPAITIEIO Cy.

3arponoHOBaHO TAKOXK MOCIIJOBHY TPOLEAYPY 3HAXOIKEHHS TIOTEHITI-
ayly 10HI3alil BEJIMKOr0 METaJICBOro Kijacrepa 3 pauiycoM Ry, sikuil ckia-
naetscst 3 N aromiB Ta mictuth Ny BakaHCIH, 10 pO3TaIIOBaHi y BUIIAAL
HajArparku 3 paaiycom komipku R, (R, > rp). V HaOmmkeHHI eeKTHBHOTO
CepeIoBHINa JUIsl €eHEepTii OCHOBHOTO CTaHy €JIEKTPOHIB 1MOOYI0BaHO TEOPIir0
30ypensb 3a mManumu napamerpamu Ry/Ryy ta Ly/Ry (R, ta Ly — cepenns
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BIJICTaHb MIXK BaKaHCISIMU Ta JOBXKHHA PO3CIIOBaHHS CICKTPOHIB Ha BaKaH-
cii, BinnmoBinHO).OTpuMaHo aHaMITHYHY (HOPMYITY IJIs TIOTEHIay 10Hi3arii:

o€ 1 1| - 2
IPny = Westy + W(l_ écv)"' W[_ﬂz(l_ 3 )

hzﬂ'z 2 Lv 1/3
2T 1 Ze,- DY 3
2mr§( 3% r ) )

Ie (1 = u1/ro, t2 = po/ rg — PO3MIpHI MOMPABKH JJIs XIMIYHOTO ITOTCHIIIAITY,
D1 = 12Dg/n, Do = 0.71, a — xoedimient, Ly — nomkuna po3cisuus. Bimrmo-
BIJIHI BUpa3U ISl CIIOPIAHEHOCTI 10 eneKTpoHy EANy orpumyrorscs 3 (3)
3aMiHOO @ — —f3. SIK HACHiZIOK, HEXTyBaHHS €JIEKTPOHHUM PO3TIKaHHSM,
3actocyBanHs Gopmynn (3) moxiuse 3a ymMmoBH 1/N <« ¢, = Ny/N <« 1.

[IpencraBneHuit mia-
XiT € TepCrneKTUBHUM
JUISL eKCTIEPUMEHTAIbHO-
rO BU3HAYCHHS KOHIICH-
Tpamidi TOYKOBUX mede-
KTiB a00 [OMIIIOK B
KIacTepax MmetaiiB. s
[BOTO TOTMEPENTHBO TI0-
TpiOHO po3paxyBaTH J1OB-
JKUHY PO3CIFOBaHHS eJie-
KTPOHIB Ha BIAIOBITHO-
My nedekri B 3D-Meraui.
3okpema, Moxxe OyTH BH-
pilreHe muTaHHs PO KOH-
LEHTpAIlil0 BakaHCIi B
KJIacTepi MpH TeMIepary-
pi 1uaBneHHs. Bukopu-
CTOBYIOUH pHC. 4 SK CITKy 3Ha4eHb, NPH TOMaJaHHI eKCTIepUMEHTaIHHOTO
3HavyeHHs [Pny Ha omHy 3 KpuBHX, (QikcyeTbes BennunHa Cy(N) mpu 3amaHiit
TeMIeparypi.

VY Pozaini 4 “Eunepeemuuni xapaxmepucmuxu Manux mMemanieeux Kid-
cmepis, wjo MiCmams MOHOBAKAHCIHO” TOCIIKEHO KBAaHTOBI PO3MipHi ede-

Enepris, eB

0 0.05 0.1
N
Puc. 4. Poswmpsi 3amexuocri IP 1 EA s
BesmmKuX Kjacrepis Na i Al
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KTH Yy MauX cPepuIHUX KIacTepax METaliB, 3 BakaHciero y 1eHTpi. [1pen-
CTaBJICHI PE3yJIbTaTH CaMOY3TO/PKCHUX PO3PaxXyHKIB MPOCTOPOBOIO PO3IIO-
TIUTy eNEeKTPOHIB, MOTEHIIIaNiB, SHepriil AucoIialii, kore3ii, yTBOpSHHS Ba-
KaHCIi, CIIOPITHEHOCTI 0 CJIEKTPOHA Ta MOTEHIIaay i1OHi3arlil CyIiTbHUX
kimactepie Rby, Ky, Nay, Lin, Mgy 1 Aly (N < 270) Ta xmacrepis, 110
MICTATh MOHOBAKaHCIIO.

[ToBHy enepriro MeTaneBoi cdepu, 3 BaKaHCI€I0 Y LEHTPI, MPeacTaBie-
HO Yy BUIVISAI (DyHKIIOHATY eleKkTpoHHol ryctunn Eny[ny(r)]. TIpoctoponit
PO3IMOIiIT eEeKTPOCTATUYHOTO MOTEHINATY ¢y(I') 3HAXOAUTHCS PO3B’SI3aHHIM
piBasiHHs [TyaccoHa.

INorenuian ionizauii |Pyy Ta cropigHeHIicTs n0 enekrpoHa EANy s
ne(eKkTHOro KiacTepa BU3HAYAIACh SIK:

II:)N,V = EKLV - EN,V’ EAN,V = EN,V - EN,V’ (4)

e Eﬁv, Env — eHeprii cdepu pagiycom Ry 3 HalmMmkoBuM 3apsigoM, Eny
— eHepris HeUTpaIbHOI cepH.

Ha puc. 5 HaBeaeni pesynbsratu oouncienb IP 1 EA, mius skux MoxxHA
MPOCTEKUTH PIZHUII0 MK Oe3neeKTHUMH KiacTepaMH Ta JAePEKTHUMH,
MaKCHMaJbHa BEIMYWHA SKOI CIOCTEPITac€ThCsS TPU MEPEXOidl 3 TOBHICTIO

4.0

3.0
2.5
2.0
1.5

Enepris, eB

0.2 0.25

-1/3
N

Puc. 5. Poswmipna 3asmexuicts norenmiasty iouizarii IP ta criopiguenicri
1o enekrpony EA, miga xiacrepis Na, obuucieni 6e3nocepeaano 3a popMmy-
gamu (4) Ui CynIbHEX KiacTepis (o) Ta Kiacrepis 3 MoHOBakaHcieo (0); (+
Ta X) — eKcllepuMeHTaJIbHI 3HaueHHs! [8%] Ta [9%] BixnosixHO
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3aIOBHEHOT €JICKTPOHHOT OOOJOHKHM Ha MOpOoXxHIO. 3i 30imbmieHHAM N, 115
PI3HUIIS HIBEIIOETHCH.

BHKOpHCTOBYIOUHM pO3paxoBaHi CHEPreTHYHI XapaKTePHCTHKH Ta TEO-
pemy Kymmenca, MojkHa 0OYHCIATH EMHOCTI METaJIEBUX KIIACTepiB.

Ha puc. 6 gna Na
MPE/ICTABICHI pe3yNbTa-
TH OOYHCIIEHb €MHOCTEH
Cn Ta Cpny, HOpPMOBa-
HUX Ha CBil pamiyc Ry
abo Ryy (atomni oxu- .16
HUIli), BignosimHo. Haii- L Lt

OinplIa BiAMIHHICTB CHO- 0.25 0.3 0.35 04 0.45
CTEepIraeTbCs ISl 1HTEp- N

BayiiB N, B sIKMX BiIOyBa- o )
Puc. 6. Posmiphi 3a/1e:KHOCTI HOpMOBAHUX
€THCS 3alOBHEHHSA S— Ta ; . . :
5 €MHOCTEfl CYIIILHUX KJIACTepiB,/KIacTepis 3 Mo-
P~ CJICKTPOHHUX 0000~ 1 paxanciero Na (-++ /A, —/oTa——/0 BigmosiaHO,
HOK. [O3HAYAIOTH HO3UTHBHO 3aps/XKEeHi, HeifTpasbHi
Eneprist koresii SCNOh Ta HEraTHBHO 3apsizKjIeHi KJIacTepu)

(eHepris 3B’sI3Ky aTOMIB B KJIacTepi, 110 MPHUIIaJace Ha OAWH aToM) BH3HA4Ya-
€TBCS SIK SCNOh = (NEg — EN)/N = Eg — En/N.

IIpu N  — oo,
8,C\l°h — g0 = ON(ry).
OOuncIIeHI HAMH 3HAYCH-
s £€9°(rg) = 1.16 eB s
Na, m00pe y3romkyro-
TBCSA 3 E€KCIIEPUMEHTAIb-
HEM 3HadeHHSM &0 =

1.11 eB.
L ! .S ] Ha puc. 7 cmiBcras-

0.25 0.3 0.35 04 0.45 JIeHI 3aNEKHOCTI eHep-
N rii Kore3ii sl CyIUTbHUX

Puc. 7. Pozmipna 3ajexHicTb eHeprii Kore- Ta JIePEKTHHX KIacTepin
h Na. HagnuimkoBui 1mo3u-

1.

0.8

Enepris xoresii, eB

e o 2
n o

3i1 £ HelTpaabHUX Ta 3aPsPKEHUX CYIIIbLHUX
KJIacTepiB/Kiaacrepis 3 MoHoBakaHncieio Na; X — TUBHUI/HETAaTUBHUA  32-
eKcliepuMenTasbhi 3nadens|10%] pAI IPU3BOAUTE J0 3MEH-
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IICHH/301IbIIEHHST CHEePrii Koresii.
Camoy3romKeHi 064HCIIeHHS £ JUIA KIacTepiB BUMAraloTh JeTai3a-
1ii mporecy yTBOpeHHs BakaHcii. ToMy akTyasnizyBajgoch MUTAaHHS BU3HAYe-

Vi
HHsl BUTIJIHOCTI YTBOPEHHs BakaHCii 3a MexaHismamu IHoTki &y aCSh (5) Ta

“BUJyBaHHS" IyXUPLL 8\|<|a$/blw (5).

Ha puc. 8 mpuBeneHi pe3ynsratu po3paxyHKiB 3a hopmynamu (5).

8\&3‘\:,% = [En-1v + Ea] — En, epca™® = Eny — En. (5)

1.2

8vac, blow) eV
S
o0

0.26 0.34 0.42 0.26 0.34 0.42
N-l/3 N-l/3

Puc. 8. Posmipna 3asexkuicTs enepril yrBOpeHHs BaKaHCIil JJis Heil-
TpasbHUX (©0), T03uTUBHO (A) Ta HeraTuBHO (O) 3apsijzKeHnX Kiacrepis Na

OCHOBHI PE3VJIBTATU TA BUCHOBKHA

BceranoBneHo 3akOHOMIPHOCTI BIUIMBY BaKaHCii Ha €HEPreTHKY IO3H-
TpoHiB y 3D-MmeTanax Ta eHEpreTHYHi XapaKTepHCTHUKH MajlMX MeTaJeBUX
KJIACTEPiB, 30KpeMa:

1. Y Mopem cTabUIBHOTO JKelle PO3IITHYTO HENpyXXKHE PO3CISTHHA TO3H-
TPOHIB HAa BAaKAHCIAX METally, B PE3y/IbTaTi YOro Ofep)KaHO BUpa3 Ui
3aJIe)KHOCTI IMOBIPHOCTI JIOKasTi3allii MO3UTPOHA y BakaHCii Bix HOro
eHeprii 70 JoKami3amii Ta TeMnepaTypu Metany. Po3paxyHKyn BUKOHAHO
3 BUKOPUCTAHHSM CaMOY3TOJDKEHUX MpOo(iTiB BakaHCIMHUX MOTEHIlia-
JiB 1 XBWIbOBUX (QyHKIIH mo3uTpoHiB B Al, Cu i Zn. Ilicns ycepenne-
HHS [0 SHEPrisiX TepMasi30BaHUX IO3UTPOHIB 3HAYEHHS HIBUIKOCTH
JIOKaJi3alil Mo3UTpoHa y BaKaHCIl 3a TeMInepaTrypy TOTUICHHS, HaIpH-
kiag Al, ~ 101 c‘l, 10 MEHIIIE IIBUAKOCTI aHITIAIII, aje 3a Mmopsi-
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KOM BEIIMYHMHU 30iraetbes 3 Hero. DopMyna JUTs MIBUIKOCTI JIOKai3a-
1ii JTO3BOJISA€ TiABHUINMUTH TOYHICTh 3HAYCHb KOHIICHTpAIlii BaKaHCIH y
3pa3Ky, OIep’KaHUX 3a JAHUMH TO3UTPOHHOI MPOMEHEBOI aHITiIAIiN-
HOT CIIEKTPOCKOTTII.

. Ha ocHoBi aHamizy KOHIIEHTpaIliii BakaHCiii Ta iHkekToBaHMX Yy 3D-

MeTaJI MO3UTPOHIB BIIEPILE JAHO IHTEPIIPETAILliI0 3CYBY €HEPreTHIHOTO
PO3MOiTY TIO3UTPOHIB 3BOPOTHBOI €MICii, 10 CIIOCTEPIraeThesl B EKC-
nepuMeHTax. 3 ypaxyBaHHSM MIPUIIOBEPXHEBOTO APy BaKaHCIH, 3apsi-
JDKEHUX JIOKQJII30BAHUMHU MO3UTPOHAMHU, SKHI CTBOPIOE JBOBUMIpPHUN
Oap’ep Ul TO3UTPOHIB 3BOPOTHROI eMicii, s Al camoy3romkeHo 06-
YICIIeHa BEJIMYMHA BIJIHOCHOI KOHIIeHTparii BakaHciid ~ 0.2% y Tako-
My JIBOBHMIpPHOMY IIapi, sIKii BiAIIOBia€ 3CYB €HEPreTUYHOTO PO3IIO-
niny y 1 eB.

. BukopucToByroun JOBXKHMHY PO3CIIOBaHHS €JIEKTPOHIB Ha BaKaHCisAX (Oop-

HIBChKE HAOIMKEHHS), PO3POOICHO aHATITUYHY TEOPIl0 BaKaHCIHHOTO
BILUTUBY Ha POOOTY BHUXOMYy EIEKTPOHIB 3 Hemepeximaux 3D-meranis i
MTOTEHIIIAJ HOHI3aIil BEJIMKUX KJIacTepiB, sIKi MICTATh BakaHcii. Po3pa-
XOBaHO 3yMOBIIEHHI BakaHCIIMH 3CYyB €HEprii OCHOBHOTO CTaHy eje-
KTPOHIB y cheprHuHOMY METaJIeBOMY KJlacTepi, MPeICTaBICHUN Cepiero
PO3MIipHHX TOMPABOK, Ta BU3HAYCHO MEXi 3aCTOCOBHOCTH BiJIITOBiTHO-
TO PO3BUHEHHS 3a CTENEHsAMHU 0OepHeHoro pajiyca knactepa R N >
9.4-10° (R>4.5 um) ta N > 5.46-10* (R> 6 HM) [u1st HATPIIO Ta ANO-
MiHif0 BigmoBimHo. OTpuMaHi aHATITUYHI BUPa3u JO3BOJIIOTH ITiBHU-
IIMTH TOYHICTh 3HAYCHb KOHIIEHTPAIlil BAKAHCIH y BEJIMKUX KJIacTepax,
OTPUMAaHUX 3 aHAJ3y Pe3yNbTaTiB POTOIOHI3AMIMHUX EKCIIEPHUMEHTIB.
Metonom Komna-lllema Bmepie po3paxoBaHO KBAHTOBO-PO3MIpHi 3a-
JISKHOCTI TIOTEHINay HOHI3allil, CIIOPITHEHOCTH 3 EIEKTPOHOM, elie-
KTPUIHOI EMHOCTI, €HEepriil Kore3ii Ta Iucomiamii s 3apspKeHUX Ma-
nux kiactepiB Rby, Ky, Nay, Liy, Mgy 1 Aly (N < 270) i3 mMoHO-
BakaHCi€ro Ta 06e3 Hel (i mopiBHAHHS). Po3MipHi 3amexHOCTI IUX
BETWYMH “OCHMIIOIOTH” 13 HAONMKEHHSAM 10 IXHIX PO3MIPHHX acUM-
nror ~ R1i NPSMYIOTh JI0 BIIMOBIHUX XapaKTEPUCTUK HECKIHUCH-
Hux 3D-3paskiB. BeranoBieHno, mo MarivHi 9uciia aTomiB it Oesne-
(heKTHHX KJIacTepiB i KIACTEPIB 3 BAKAHCIEIO BIIPI3HAIOTHCS, OCOOINBO
JUTg Margiro i amoMidiro. HasgBHIiCTh HaBiTH OfHicl BakaHcil M OOUHU-
YHOTO 3apsijly y KiacTepi IPUBOAMTE JI0 TIOMITHHX 3MiH BCIX XapakTe-
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PUCTHK OCTaHHBOTO.
5. Meromom Kona-Illema po3paxoBaHO KBaHTOBO-PO3MIpHI 3aJ€KHOCTI

eHeprii yTBOpeHHs BaKaHCIl y 3apsAKeHMX MajiX KiIacTepax 3a Me-
xaHi3Mamu LloTTki Ta “BUayBaHHS MyXupus’. ACHMITOTH PO3MIipHHX
3aJIEKHOCTEN IS [IUX JBOX MEXaHI3MIB € BIIMIHHUMU OfHA Bij 1HIIOL
Ta cJIa0KO 3aJIeXKaTh BiJI YKCia aTOMIB y KiacTepi. Xapakrep po3MipHoOl
3aJIe)KHOCTH €HepTii yTBOPEHHS BaKaHCII BiJl HAJUIMIIKOBOTO 3apsiay y
KJIacTepi I[IJIKOM BU3HAYA€THCS PO3MIPHUMU 3aJISKHOCTSAMU MOTEHITis-
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Buseneno ¢opmyny sokamizamii MO3UTPOHA y BaKaHCii MeTaily; BHKO-
HAHO CaMOY3TO/DKEHI PO3paxyHKH 3alie)KHOCTI MIBHJIKOCTI JIOKai3alii mo-
3uTpoHiB y BakaHcifax Al, Cu i Zn Bij eHeprii BUTBPHHX MO3UTPOHIB 1 TeM-
nepatypu mMertany. /laHe sikicHe MMOSICHEHHS 3CyBY Y €HEPreTHYHOMY PO3IIO-
JITi TIO3UTPOHIB 3BOPOTHOT eMiCii, SKHH CITOCTEPIracThesi B EKCIEPUMEHTAX
3 Al. 3amporioHoBaHa MOCHiOBHA MPOIEAypa 3HAXOMKEHHS METOIoM (yH-
KIliOHaJIa TYCTHHU 3aJIeKHOCTI POOOTH BHXOY €JIEKTPOHA BiJl KOHIIEHTpAIIil
BakaHCii. 3HANWJCHO PO3MipHO-3aJICKHAN BaKaHCIHHUI BHECOK y TOTEHIII-
an ioHizamii. Bu3sHaueHo MexXi 3aCTOCYBaHHS JaHOTO MIAXOMY JUIS PajiiyciB
krmactepa: R > 4.5 am i R> 6 um mna Na i Al, BignosinHo. Buxonani
CaMOY3TO/KeHI 00uncIeHHsT MpodiTiB paaialbHUX PO3IOILTIB €JIEKTPOHIB
1 moTeHmiamB s cyminbHUX KiactepiB Rby, Ky, Nay, Lin, Mgy 1 Aly
(N < 270) Ta xmactepis, mo mictatb MoHoBakaHciro (N > 12). Ile no3Bo-
JIJIO BU3HAYUTH TTOBHY €HEPTil0 HEHTPaJIbHOTO 1 3apsIKEHOro 1e(heKTHOTO
KJIaCTepa, Ha OCHOBI YOTO MPOBEACHO IMPsMI OOYMCIICHHS €HEpTrii JHCOIli-
arii, koresii, yTBOpEHHs BakaHCii, CIIOPITHEHOCT] €JEKTPOHIB 1 MOTEHINiATy
i0HI3aii, a TaKOXX eJIeKTPUIHOI €eMHOCTI. Pesynbrarn o64nciIeHb MOpiBHSIHI
3 aCHMIITOTUKaMH 1 pe3yabraTamu Js Oe3nedekTHux kiactepiB. B mogme-
71 cTaOlIBHOTO JKeJie PO3paxoBaHO KBAHTOBO-PO3MIpPHI 3aJIeKHOCTI €Hepril
yTBOpeHHs1 BakaHcii mns xmactepiB K, Na, Li, Mg i Al 3a mexani3mamu
[HotTki 1 “BuayBaHHA MyXUpHs, BU3HAYEHO X aCHMITOTHYHY MOBEIHKY.
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ABSTRACT

Reva V. The influence of vacancies on the energy characteri-
stics of electrons and positrons in non-transition metals and charged
clusters.— Manuscript.

Thesis for candidate’s scientific degree in physics and mathematics on
the 01.04.07 speciality — Solid-State Physics. G.V. Kurdyumov Institute of
Metal Physics NAS of Ukraine, 2018.

In the stable jellium model, inelastic scattering of positrons by vacanci-
es of a metal is considered. This results in the expression for positron’s posi-
tioning probability dependence in a vacancy vs of its energy before locali-
zation and temperature of the metal. The calculations are performed using
self-consistent profiles of vacancy potentials and wave functions of posi-
trons in Al, Cu and Zn. After energy averaging of thermalized positrons, the
rate value of positron localization in a vacancy at a fuse temperature, such
as Al, ~ 10Ms1 which is less than the annihilation rate, but by magni-
tude order coincides with it. The formula for the velocity of localization
can increase the accuracy of the vacancies concentration values in the test-
sample according to the positron radiation annihilation spectroscopy. On
the analysis basis of the vacancies concentration and the injection of posi-
trons into 3D-metal, the interpretation of the shift in energy distribution
of the positrons during the reverse emission is given. This interpretation is
observed in the experiments. Taking into account the near-surface layer of
vacancies charged by localized positrons, which creates a two-dimensional
barrier for positrons of reverse emission. For Al self-consistently calculated
the value of the relative vacancy concentration (~ 0.2%) in such two-
dimensional layer, which corresponds to the shift in the energy distributi-
on by 1 eV. Using the scattering length of electrons in vacancies (Born
approximation), an analytic theory of the vacancy effect on electron work
function from non-transitional 3D-metals and the potential of large clusters
ionization, which are containing vacancies, have been developed. Energy di-
splacement of electrons’ ground state in a spherical metallic cluster, which is
presented by a series of dimensional corrections, are calculated. The limitati-
ons of applicability of the corresponding expansion in series by exponents of
the cluster inverse radius are determined: R™: N > 9.4-10%(R> 4.5 nm) and
N > 5.46-10%(R > 6 nm) for sodium and aluminum, accordingly. The obtai-
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ned analytical expressions allow to increase the accuracy of concentration
values of vacancies in large clusters, which are obtained from the analysis
of the results of photoionization experiments. The quantum-dimensional
dependences of the ionization potential, electron affinity, electric capaci-
tance, cohesion and dissociation energies for charged small clusters Rby,
Kn, Nay, Lin, Mgy and Aln(N < 270) with and without monovacance (for
comparison) are calculated on the basis of the Kohn-Sham method. The di-
mensional dependences of these quantities are oscillating with approximati-
on to their dimensional asymptotes ~ R™! and strive to the corresponding
characteristics of infinite 3D-samples. It was found that the magic numbers
of atoms for non-defect clusters and clusters with vacancies are different,
especially for magnesium and aluminum. The presence of even one vacancy
and a single charge in a cluster leads to noticeable changes in all characteri-
stics of it. The Kohn-Sham method is used in calculation of the quantum-
dimensional dependences of the energy of vacancy formation in charged
small clusters by Schottky’s and ’bubble blowing” mechanisms. Asymptotes
of dimensional dependences for these two mechanisms are different from
each other and are weakly dependent of the number of atoms in the cluster.
The nature of the dimensional dependence of the vacancy formation energy
from excess charge in the cluster is entirely determined by the dimensi-
onal dependences of the ionization potential of the cluster and the electron
affinity.





