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Ha jqucepTaniiny poooty Jleru Onexcannpa OnekcanapoBuda
«HecramioHapHi MpoIecu B MpOCTOPOBO-HEOIHOPITHUX HAAIIPOBITHUX
CTPYKTypaX B HaJIBHCOKOYACTOTHOMY €JICKTPOMAarHiTHOMY ITOJTi», TPEACTABICHY
Ha 3100yTTs CTyneHs qokTopa dimocodii 31 cnenianbHocTi 104 - «Di3uka ta
ACTPOHOMIS

3 rany3i 3HaHb 10 — «[Ipupognudi HayKu»

[IBuaKHI PO3BUTOK TEXHOJIOT1M MOTpedye 3apoBaKEHHSI HOBUX TIJIXO0/I1B
ta iHHOBamii. I1lo cTocyeThes €IEKTPOHIKH, JIe/ajll JYacTilie BUKOPHCTOBYIOThCS
HU3BKOTEMIIEPATYPHI MPUCTPOI Ta eneMeHTH. L{e moB’ga3aH0 3 moTpe6oro 30UTIIUTH
CTYMIHb 1HTErpaLii cXeM, 3MEHIIUTH IXHE EHEPrOCIOKUBAHH, a TAKOX LIYM Ta TUM
HIJBULIUTH YYTIUBICTh @X JO KBAHTOBOI'O PIBHS, IO OCOOJIMBO Ba)JIMBO Ha TIi
pOCTy4YOro 1HTEpeCy JO KBAHTOBHX TeXHoOJOrid. Taki MOXIMBOCTI Ja€e
3aCTOCYBaHHS HAJIPOBIIHUKIB, SKI MalOTh HYJIbOBUN EJIEKTPUYHUN OMIp Ha
MOCTIHHOMY CTPYMI Ta MaJli BTpaTH Ha BUCOKUX YaCTOTaX, 1/eaJbHUM JiaMarHeTu3M
Ta YHIKaJIbHY KOJEKTHBHY KBAaHTOBY IIOBEIIHKY Ha MAaKpPOCKOIMIYHOMY pIiBHI
po3MmipiB. Kommonentu abo mnpuctpoi 3  HHM3BKOTEMIIEPATypHUX YU
BHUCOKOTEMITEPATYPHUX HAJMPOBITHUKIB BKJIIOYAIOTH 1O ce0e 1HIYKTUBHOCTI
(KOTyIIKHK), TACWBHI JIHII Tepeaadi, Pe30HATOpH, aHTeHH, (UIBTPU, aKTUBHI
eneMeHTH  (JK03eCOHIBCHKI KOHTAKTH, JKO3E(PCOHIBCHKI OCIHISTOPH Ta
HaampoBiAHi kBaHTOBI iHTephepomerpu (HKBI/Iu)) Ta eneMeHTH HOBITHIX
MaTepialiB 3 HaJA3BUYAWHMMHU BJIACTUBOCTSIMHU — MeTaMmarepiaiiB. Ase s
MOBHOIIHHOTO  BIPOBA/KEHHS  HAJANPOBIJHUX  €JIEMEHTIB 1  IPUCTPOIB
HEBU3HAYCHUMH 3aJIMINAIOTBCS 0araro IHTaHb, 30KpeMa, IOBEAIHKH TaKUX

€JIEMEHTIB Y €JIEKTPOMArHiTHUX MOJISX.



Hucepramiitna po6ora O. O. Jlern mnpucBsYe€Ha BUBYEHHIO BIUIMBY
enektpomarHitHoro HBY mons Ha moBemiHKYy pi3HOMaHITHUX €JIEMEHTIB
HAAMPOBIIHOT ~ €JEKTPOHIKK. 30KpeMa MPOBEACHO JOCHIHKEHHS PO3BUTKY
PE3UCTHUBHOTO CTaHY B TOHKOILTIBKOBUX HAJIPOBITHUX CTPYKTYpax, Kl € OCHOBOIO
Cy4YaCHHUX TUIAaHAPHUX CXEM KPIOT€HHOI enekTpoHiku. llle oanH BaxkIvMBHil acriekT
JUCEPTALIitHOT POOOTH — 1€ BUBYEHHS BJIACTHUBOCTEM HAJIPOBIAHMX CHIPAIBHUX
pPE30HATOPIB, SAKi MOXYTh OyTH BHKOPHCTaHI B MAarHITHHX Ta €JIEKTPOMATHITHHX
MeTamaTepianax. Takok OyJi0 MPOBENCHO MJOCHIKEHHS XapakTepucTtuk BY
HKBIly y 3oBHimuEboMy HBY enextpomarHitHoMy noni. ToMmy akTyaabHICThb
TeMH JUCepTalliifHOl poOOTH HE BUKIMKAE CYMHIBIB, aJK€ B pOOOTI OTPUMAHO
HU3KY HOBUX YHIKaJbHUX PE3YJIbTaTIB.

JucepTartis 6a3yeTbcs Ha TPHOX CTATTAX, K1 OMYyOJIKOBaHO B KypHami Low
Temperature Physics 3 kBaptuiem Q3 3rigao SCImago Journal Ta Country Rank, ta
I'STH Te3ax MIKHApOAHUX KoHdepeHiii. Bei crarti Ta Te3w omyOiKOBaHO Yy
CITIBaBTOPCTBI, BTIM 0COOUCTHI BHECOK 37100yBaya rnepeBaxHo OyB BUSHAYAIBHUM,
0co0JMBO y 00poOIll Ta aHami3l €KCIEpUMEHTAIbHUX JaHUX, MOJEIIIOBaHHI Ta
MIATOTOBIN OOJaHAHHS JI0 €KCIIepUMEHTIB. [lucepTaHT OpaB ydacTh y HalMCaHHI
cTaTeil Ta NpPe3eHTYyBaB OCOOMCTO Marepiaau AOCHIPKEHb Ha MIKHAPOJIHUX

KOH(EPEHITISAX 3 YCHUMU JOTOBIASMHU.

OcHOBHI pe3y/JbTaTH AMcePTaLiiiHOI pOOOTH.

Jucepranisi TpaJWLIMHO CKJIANA€ThCA 13 BCTYIy Ta TPbOX po3aLTiB. Sk
3a3HAYEHO Y BCTYII, METOIO JAUCEPTAIIHOI poOOTH € BUBUEHHS Ta aHalli3 HOBOI
1H(opMallii Ipo OCHOBHI €JIEKTPOAUHAMIUHI MPOIECH, SIK1 BU3HAYAIOTH MMOBEIIHKY
HAJIPOBITHUKIB y enekrpomarHiTHux HBY momsx.

Po3ain 1 nmpucBsueHU oIy Ta aHAII3Y JIITEpaTypH, IO CTOCYETHCS TEMHU
aucepTanii. Y HBOMY pPO3IVISIAIOTBCS OCHOBHI SIBHINA, $KI BHHUKAIOTH Y
HAJIPOBITHUX CTPYKTypaX. AHANII3YIOThCA PI3HI TUMH CTPYKTYp Ta EJICMEHTIB
Cy4acHOI HU3bKOTEMIIEPATypHOI €IEKTPOHIKH, SKI JOCTIIKYIOThCS B JUCEPTAIlii,
30KpeMa TOHKI HaIPOBIAHI IUIIBKHA, HAJNPOBIIHI CHipaJbHI PE30HATOPH Ta

HAAMNpOBIIHI KBaHTOBI 1HTep(depenuiiinl nperekropu (HKBIJu, SQUIDs -



Superconducting Quantum Interference Device). Ilokazani oOMexeHHs, IO
BUHUKAIOTh MTPU BUKOPUCTAHHI TAKUX CTPYKTYP, BKIIOYAIOUU TIPOOIEMY PO3MOALTY
HAJIPOBITHUX CTPYMIB, OCOOIMBOCTI (hOPMYBaHHS PE3UCTUBHHUX 1 HOPMaTbHUX
CTaHiB y HaanpoBigHuX IuiiBKax Ta mnoBeaiHky HKBIiB. OcobOnuBy yBary
NPUAUICHO aKTyalbHUM TIpOo0JieMaM 3aCTOCYBaHHS €JIEMEHTIB HaAMPOBITHUX
PE30OHYIOUMX CTPYKTYp I CTBOPEHHSI €JIEKTPOMArHiTHUX MeTamaTepiaiiBb.
OOGroBOPIOIOTECS OCHOBHI MIKPOCKOITIYHI METOJIM JOCITIDKCHHS HAIIPOBITHUX
CTPYKTYp, 30KpeMa METOJ Ja3epHOi CKaHYI40i MIKPOCKOIIi Ta 0COOJIMBOCTI HOTOo
3aCTOCYBaHHS TPU HU3BKUX TEMIEparypax — HU3BKOTEMIIEpATypHIN a3epHii

ckanyro4dii mikpockomnii (HTJICM).

Po3nin 2 mpucCBAYEHUN EKCIIEPUMEHTAIBLHOMY JOCHIHKEHHIO TEPEeXomy
TOHKOIUTIBKOBHX HAJMPOBITHUKIB Y HOPMaJIbHUN CTaH. BHKOPHUCTOBYIOUH METOJ
HTJICM, 6yno moka3aHo, 1110 1] BILTHBOM MOCTIHHOTO TPAHCTIOPTHOTO CTPyMY Ta
HBY BunpoMiHioBaHHS HAAMNPOBIJHUK Yy TpOLECT MEpPexXoay MPOXOIUTh uepes
HECTAOUIbHUIM HEPIBHOBAXKHUW PE3UCTUBHUN CTaH, LI0 XapaKTEPU3YeEThCS
YTBOPEHHSAM JIiHINA mnpokoB3yBaHHs ¢(a3u (JIIID) ta HactynmHuM (HOpMyBaHHSIM
HOpMaNbHUX JokanizoBaHux aomeHiB (HJIJ[). ExcnepuMeHTalbHO BCTaHOBIICHO,
mo BB HBY mons Ta mocTifHOrO CTpyMy Ha TOHKOILUIIBKOBY HAJIIPOBIIHY
CTPYKTYpy € HeanuTuBHUM. Y cuibHUX HBY mnosnsx Bunukarots nuckperni HJI/,
K1 HE 3MIHIOIOTh (hopmu BobT-amrnepaux xapaktepuctuk (BAX). CrangaptHuii
niaxia gociipkeHHss BAX He 103BoJisie pO3KPUTH BCl JieTajl MpoIecy mepexony,
tomy HTJICM € yHiKanbHUM METOIOM, SKUH JO3BOJISAE Bi3yalli3yBaTH YTBOPEHHS
CTalllOHApHHUX, ajie HEPIBHOBAXKHUX HOpMaIbHUX cTpyKTYp — HJIJI, Ha mici JITID.
[Tokazano, 1m0 Tpollec MOPOKOB3yBaHHSA (a3u  BIACTUBUU HE  JIMIIE
KBa310IHOBUMIPHUM HAIINPOBITHUM IUIiBKaM, a u 2D 1 3D ©HaanpoBigHuUM
cTpykrypam. Ha npukiasai ABOBUMIPHOI CTPYKTYpPH 31 3MIHHUM MEPEPi3oM — MICTKa
Haema — meromom HTJICM BigyamizoBano ytBopenHs JIII® y dopmi ayr

KOHIOCHTPHUYIHUX KI1JI.



Po3ais 3 mpucBsYeHWI BUBUEHHIO PO3IMOAUTY HAIAMPOBIIHUX CKPAHYIOUUX
CTPYMIB y CIipaJbHOMY HaAMPOBIAHOMY pe3oHartopi. Lle mocimipkeHHs € KITFOYOBUM
JUTSL PO3YMIHHSI MOXKJIMBOCTEH BUKOPUCTAHHS TaKWX PE30HATOPIB MPU CTBOPEHHI
€JIEKTPOMArHiTHUX MeTamaTepialiB, OCKUIbKHU iX XapaKTEPUCTUKU 3HAYHOIO MipOIO
3aJIeKATh BiJl PE30HAHCHUX BJIACTUBOCTEH METAaTOMIB.

[IpencraBieHo HOBMI METOJT Bizyaii3allii IPOCTOPOBOIO PO3MOALLY CTPYMIB
y 00'eMi HAAMPOBITHUX CHIPATLHUX PE30HATOPIB. byso po3pobiieHo crierianbHui
pPEXUM pOOOTH HU3BKOTEMIIEPATYPHOTO JIA3€PHOTO CKaHYHOUOTO MIKPOCKOIA st
OTPUMAaHHS JaHUX NMPOo (Pa3zy €KpaHYIUUX CTPYMIB y HAIIPOBIAHUKY, IO 103BOJISE
BU3HAUUTH iX HanpaMoK. Da30uyTIuBUI KOHTPACT [IOCSTAETHCS 3aBISKH
CHUHXPOHI3aIlll MOJIYJIhOBAHOI'O JIA3€PHOTO BUIMPOMIHIOBAHHS 3 PE30HAHCHUMH
rapmoHikamu HBY-curnany, 1mo npoxoauTh 4epe3 3pa3oK. Y TaKOMy BHUIIAJKY
BTpaTH, IHAYKOBaHI1 JJa3epHUM IIPOMEHEM Yy 30H1 OCBITJICHHSI, CUJIBHO 3aJI€KaTh Bl
JokanbHOI pi3Huml (a3 mik BU-HecyunM curHasioM 1 MPOCTOPOBO-Y4ACOBOIO
CTPYKTYpOIO Ja3epHOro kojuBaHHs. lled minxij ycyBae amapaTHi OOMEXEHHs
TPaJMLIIHOI METOAMKM paglo4acTOTHOI MIKPOCKOIII Ta MiJABUILYE TOYHICTh
dha3ouyTIMBOI AEMOAYJIALIT 0 PIBHSA, HEOOXIAHOTO JJis JOCHIKCHHS (PI3UKH
HAAMNPOBIIHUX METaMaTepiaiB.

VY nedazouyTiuBomy, abo «ckansipHomy», pexkumi HTJICM Oyro BusiBieHo,
0 HAa BHUCOKHMX MOJAX CTOSYMX XBWJIb PO3MOAUT HAAMPOBIAHUX CTPYMIB CTa€
aHI30TPOMHMUM, IO CBIAYUTH NPO BTpPATy pPE30OHATOPOM  BIIACTUBOCTEM
30CEpPEKEHOr0  eJeMeHTa 1 MWOro HEeNpUJIaTHICTh Uil BHUKOPUCTAHHS  SIK
CTPYKTYpPHOT'O €JIeMEHTa MeTaMaTrepialliB Ha MEBHUX YacToTaxX. Y (azouyTIMBOMY
PEXKHMI EKCITEPUMEHTAIBHO JTOCTIHKEHO PO3MOILT CTPYMIB ISl MEPIINUX ACKUITBKOX
MOJl CTOSYMX XBWJIb Yy CIIpaJIbHOMY pPE30HATOPI Ta BU3HAYCHO HAMPSAMOK iX

MOIIMPEHHS B 3pa3Ky.

VY po3miai 4 nocnimxeno, sk HBY enekTpomarHiTHe moje BIUIMBAaE Ha
aMIUTITYJIHO-4aCTOTHI  XapakTepucTuku BucokodactotHoro (BY) HKBIdy, 1

IIPOBEJICHO EKCIIEPUMEHTAIbHY MEPEBIPKY LUX €(PEKTIB.



BusiBiieHo, 1m0 TpW HU3BKOMY 3HAYCHHI KPUTUYHOTO CTPyMy B
mxo3zedconiBcbkomy koHTakTi BU HKBIJly Ta BiAMOBiAHO HU3BKOMY 3HAYCHHI
napameTpa PL, oro moBeAiHKa J100pe BIAMOBIAA€ TEOPETUUHUM TporHozam. Jls
orinku BBy HBY mosst BukopucroByBasiacst 6a3oBa cxema, e iHTephepomeTp
1HYKTUBHO 3’ €JJHAHUH 13 PE30HAHCHUM KOHTYpPOM, 110 30ymKyeThesi BU-cTpymom
Ha YacToT1, sika OJu3bKa 0 pe30HaHCHOi. Pe3ynbpTaT mokasanu, mo napamerp P,
KWW BU3HAYAE PEKUM POOOTH MPUCTPOIO—3 TICTEPE3UCOM 200 O€3—MOKHA TOYHO
HAJAIITYBaTH 32 JOMOMOT0I0 BUCOKOYACTOTHOIO MOJIA 3 aMILIITYI0I0 1 4aCTOTOlO,
IO 3HAYHO TMEPEBUIIYIOTh PE30HAHCHY YacTOTy KOHTypy. EkcmepumeHT
niaTBepaus, o BY HKBIJ] MmoskHa nepeBecTH 3 TICTEPE3UCHOTO PEKUMY B PEXKHM,
0 Harajaye Oe3riCTepe3UCHUM, MpU LHOMY 3HAYHO MIABUIIUBIIN KOEDIIIEHT

MEPETBOPEHHS 1 UyTJIMBICTh MPUCTPOIO.

He O6yny moBToproBaTy BCl 1HII pe3yJbTaTH, KOTPUX YAMAJO. XOUY TUTHKU

M1JKPECIUTH 110 BC1 pe3yJIbTaTh OTPUMAaHI IMCEPTAHTOM BIIEpIIIE.

Takox xowy pomatu, 10 JAWCepTaliifHa poOOTa HamMcaHa SICHO Ta
MOCTIZIOBHO, KOXEH PO3JIJ JUcepTalii € JOMOBHEHHSIM MOMEepPeHHOTO, aBTOP
NPUIUIMB 3HAYHY yBary TOYHOCTI (popMysroBaHb. AJie € HEBEIWYKI 3ayBa)KCHHS.
JlucepTaHT y JiTepaTypHOMY OIJISAl pO3risgae MeTamaTepialiu, CTBOpEeHl Ha 0as3l
HKBI/liB, ane 1ie nuTaHHs HE Ma€ PO3BUTKY B OCHOBHHUX PO3/ALIax poOOTH, Xoua i
HE € OCHOBHOIO METOI0 JIOCIHIJKEHHs. AJle 1l 3ayBaKCHHS HISK HE BIUIMBA€E Ha
3arajbHy BUCOKY ITO3UTHBHY OIlIHKY POOOTH.

AJle ICTOTHHX 3ayBasKeHb /10 JUcePTAalliiiHOI po00TH Y MeHe HeMaAE.
3arajibHi BUCHOBKH

[IpencraBneni B auceprailii pe3yJbTaTH 1 CTHIIb JOMOBII 3700yBaya CBiI4aTh
IpO BHUCOKMW pIBEHb BOJOMIHHS TMpeAMETOM. Buxoasum 3 I1bOTO MOXHA

KoHcTaTyBaTH, 10 O. O. Jlera Bxe € chopMOBaHUM HAYKOBUM IIPAL[IBHUKOM.

Takum ynHOM, nuceprariiitna podota Jlern O.0. «HecramionapHi mporecu B

IPOCTOPOBO-HEOIHOPIAHUX HAJMPOBIAHUX CTPYKTypaxX B HAJBUCOKOYACTOTHOMY



CJIEKTPOMArHITHOMY II0JI1», € OPHUITHAJIBHOK Ta 3aBEPIICHOK) HAYKOBOI MPALEIO,
siKa MOBHICTIO BiANoBiAae cneuianbHocT 104 — «Di3uka Ta acTpoHOMIs», a ii aBTop
Jlera Onexcanap OnekcaHApPOBHY 3acCIyroBY€ Ha IPUCYDKEHHS HOMY CTYIICHS
JnokTopa ¢urocodii 3a cnemanbricTio 104 — «Di3uka Ta acTpOHOMIS) 3 TaTy31 3HAH

10 — «lIpupoarmai HayKm».
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