PELHHEH3ISA
Ha qucepraniiiny podory Kypasas /lennca BiraiiioBuua
"HEPIBHOBAKHHNI EJIEKTPOHHU TPAHCIIOPT B CUCTEMI
KBAHTOBUX TOYOK TA BJJACTUBOCTI BO3OHHUX CUCTEM
MNP HEHVYJIBOBUX TEMIIEPATYPAX B MOJEJII CEPE/IHHOT O ITOJISI”,
NpeAcTaBIeHY 10 3aXHCTY Ha 3100y TTS HAYKOBOIO CTyINeHs JoKTopa (pinocodii
(wanpsim 10 — npupogHuyi HayKH, cneniaabHicTh 104 — gizuka Ta acTpoHoMis)

Jucepraniiina po6ora Xypasns Jlenuca BitanifioBuya npucBsiueHa akTyasbHil
3a/1a4i BUBUEHHS KOPEJSIIHHUX eQeKTiB y (i3ulll KOHJIEHCOBAHOTO CTAaHY 3 ypaxyBaHHSIM
30BHIINIHIX TOJIB Ta TeMIeparypd. 30Kpema, B poOOTI JOCIIIKYETHCS TPaHCIOPT
CNIEKTPOHIB B CHCTEMax KBAaHTOBHX TOYOK, a TaKOK OO30HHI CHCTEMH 3 CHIILHOIO
B3aEMOJIIEI0 TIPU CKIHYEHHHX TEMIIEpaTypax Ta TIyCTHHAX i30CHiHY. AKTyaJbHICTh I[UX
JOCJI/DKEHb 3yMOBJICHA €KCIIEPUMEHTAJIbHUMHU JIOCATHEHHSIMH CYYaCHUX HAHOTEXHOJIOIiH
Ta MoTpedaMu MiHiTIOapH3allii eJeKTPOHHUX MPUJIA/IiB Ta 00YMCITIOBAILHUX TIPUCTPOIB, 110
MIOCTaBUJIO TI€pE]] TEOPETHKAMU HU3KY BAXUIMBHMX IUTaHb, SIKUM 1 TPHCBSYEHA Mepiia
yactuHa poboTa. JIpyra yactuna poOOTH, sSIKa CTOCYEThCS JOCIIKEHHsI O030HHUX CUCTEM 3
ypaxyBaHHSIM CHJIBHUX KOpeJslii Ta MOXIuBocTi boze-ElHImTeHIBChKOT KOHIEHCAIT
TPU BiZIMIHHMX BiJl HyJIsl TeMIleparypax, BiJHOCHTbCS [0 00JacTi, sIka TaKOXX HMPHBEpPTaE
3HAUHY HAyKOBY YBary B OCTaHHI POKH.

Juceprariiina pobota ckiagaeTbes 31 Berymy, 4OTHPBOX PO3ILIIB, CHHCKY
BUKOPUCTAHMX JDKEPEs Ta JOJATKy i3 CIIMCKOM MyOsikalliif aBTopa 3a TeMOIO JucepTailii, a
TaKOX BIJIOMOCTEH Ipo anmpoOariito pe3yibrarTis.

Y Beryni gaethesi 3arajibHa XapaKTepUCTHKA JucepTaiii Ta oOrpyHTOBYETHCS
AKTyaJIbHICTh TEMH, @ TAKOXK POOUTHCS OIS JIITEPATYPH 3 TOCIIKYBAHUX ITUTAHb.

VYV 1-my Po3zmini po3rIsiHyTO €IEKTPOHHUM TPAHCHOPT uepe3 KBAHTOBY TOYKY,
i’ eIHaHy IO JBOX METAJEeBUX KOHTAKTIB 3a MPUCYTHOCTI 30BHIIIHBOTO IIOJSI B
HaOJIMIKeHHI OJHOPIBHEBOI Mojeni AHJepcoHa. Po3missHyTO BHIIQJOK CTAI[iOHAPHOTO
CTpyMy (TIpH MOCTIiHINA NpUKIIaeHil Hampy3i Ta He3aJIeKHUX BiJ Yyacy BUCOTaX Oap’epis i
CTaJIOMy MarHiTHOMY TII0Ji). ABTOp BiJI3Hauyae, IO OTPUMAaHi pPe3yIbTaTd € TOYHUMH Y
HaOmKeHHi 0e3 KyJOHIBCHKOI B3a€EMOJIII, IO MOXHA TPAaKTYyBaTH SIK BHIIAJOK, KOJIH
KyJIOHIBChKE Bi/JIITOBXYBAaHHS CHJIbHO €KPaHOBaHE, a TaKOX Ui JOBLIBHOTO 3HAYECHHS
Mar"iTHOTO IOJis B aTOMHOMY HAOJIM)KEHHI, KOJM MaTpUYHI €JIEMEHTH TYHEJIOBAaHHS B
CHUCTEMI “KOHTAKT — KBAaHTOBAa TOYKa~ HECKIHYEHHO Mauti. PO3IISHYTO TakKoX IliKaBHii
BHUITAJIOK 3aJIC)KHOTO BiJl Yacy cTpymy Yy HaOJMKeHHI IUpoKoi 30HHU. [lokazaHo, 110 BiH
CKJIQJIAETHCS 3 JBOX JIOJMAHKIB, OJMH 3 SIKMX IPOMOPIIHHMNA 3aCeNIeHOCTI TOYKH 1 OMHCYE
Oe3mocepe il CTPyM BiJl TOYKH JI0 KOHTAKTY, a IPYyrHi JOTAHOK — II€ CTPYM Y 3BOPOTHOMY
HAINPSIMKY BiJl IPABOr0 KOHTAKTY J0 TOYKH. PO3paxyHKH IpOBEJEHI 3a TOMOMOTOI0 METOY
HepiBHOBaKHHUX ¢yHkuid [pima. OTpumani aHAMTUYHI BUpa3d Uil CTPyMy 3a
CTaI[lOHAPHKX Ta 3aJIeKHUX BiJ yacy yMoB. Ha OCHOBI IIUX BHpa3iB YUCETLHUMH METOIaMH
Oynu oTpumani rpadiku CTaliOHApHUX CTPYMIB Ta JU(EpEeHLIaIbHUX MPOBITHOCTEH SIK
(yHKIIi# TpUKIaaeHOT HAPYTH JUlsl KIJIBKOX 3Ha4€Hb MarHiTHOTO HOJIS, & TAKOXK 3aJIeKHUX
BiJl 4acy CTpPyMiB /Ui KIUJTBKOX 3HA4€Hb Mar"iTHOro mnosisi. Takok Oyino mpoBeneHO
PO3paxyHKH IHIITMM METO/IOM, 1 TOKa3aHo, 1[0 METO/IU JIAl0Th OJIM3bKI pe3yJIbTaTH.

VY apyromy Po3mini JOCHIDKEHO €JIEeKTPOHHOW TPaHCIOPT Yepe3 CHCTEMY JIBOX
OJIHOPIBHEBUX KBAaHTOBMX TOYOK 3 YpaxyBaHHSIM BHYTPILIIHBO- Ta MIDKTOYKOBOTO
KYJIOHIBCBKOTO BiJIIITOBXYBAHHS B F€OMETPii, KOJIM KBAHTOBA TOUKA, IO CIYT'Y€E MPOBIIHIM



KaHaJIoM, TIPU€IHana JI0 JiBOIo Ta IPaBOro KOHTAKTiB, @ KBAHTOBA TOUKA, IO Biirpae poib
3aTBOpA, IPUEIHAHA 10 BEPXHBbOro KoHTakTy. [lokasano, mo npu BHCOKIH Temmeparypi 3i
3pPOCTaHHSAM HANPYTH Ha 3aTBOPI Mae Miclle IUIABHUM IepeXi/l eIeKTPOHHOTO TPAHCIIOPTY 3
pexuMy c1abKoro i30714Topa 10 PAKUMY CIadKOi MPOBIAHOCTI, B TOW Yac K IPH HU3BKUX
TemIeparypax Hed Iepexil JMOCHTh DPI3KHH, NPUUOMY BiH BiJIOYBAETBCSA YEPE3 PEKHM
PE30HAHCHOIO TYHEJIOBAHHS, 10 TiCHO INOB’si3aHui 3 edexktom Koo Ta Horo piskum
pe3oHaHcoM 1moou3y piBHs Depmi.

Hactynui aBa poO3IiIM NPUCBSIYEHO BHUBUCHHIO TEPMOJMHAMIYHMX BJIACTUBOCTEHl
cucteMu OO30HIB, SIKA CKJIAJAETHCS 3 B3AE€MOJIIOUMX YACTHHOK Ta aHTHYACTHHOK MPH
¢ixcoBaHiif TycTHHI i30cHiny, IpU HynIboBOMY (3-i Po3nin) ta HenymboBomy (4if Possin)
XiMIYHOMY MOTEHIiali IpU KiHIEBUX TeMIepaTypax Ta BHCOKHX T'yCTHHAax. B pamkax
MOJIeNli  CepeIHhOTO TMOJISl  JIOCHIDKEHO YMOBH BHHHUKHEHHS 003€-eiHIITeiiHiBCHKOTO
KOHJIEHCATy Ul CHJIbHOB3Aa€EMOJIFOYMX OO30HIB NIPU HYJIBOBOMY i30CIIHOBOMY 3apsijii B
3aJIE)KHOCTI  BiJl CHIBBIHOLIEHHS MK TPUTITYBAJBHUMH Ta BiJIITOBXYBaJIbHUMH
BHeckamH B cepenne nose. [Tokasano, mo npu cnadkiii B3aemojii bo3ze-konjencaris e
BiOyBa€ThCsS 1 CHCTEMa 3HAXOAUTHCS B Tra30-piMHHIN (aszi y BChbOMY jliana3oHi
JOCTI/DKYBAaHUX 3HaueHb Temmeparypu. IIpu cuibHi B3aeMofii BinOyBaeThCs mepexi
IEPLIOro POy i3 MONIMHAHHAM NPHXOBaHOI TEIIOoTH B (azy bose-koHeHcary 3 pi3koro
3MIHOIO T'YCTMHM YacTHHOK. Jlemo iHmma kapTWHa Mae Miclie Y BHIAIKy HEHYJHOBOTO
130CIIHOBOTO 3apsiy (IpH BiAMIHHOMY BiJl Hyssl XimmoTeHriani). J[ist 1boro BUmaaKy
TNO0Ka3aHo, 1110 HABiTh ITPU C1A0KOMY NPHUTIraHHI IPH TEMIIEpaTypax, HIKIUX 3a KPUTHYHY,
BUHMKAae 003e-eHHINTEHHIBCbKUN KOHIECHCAT YaCTHMHOK (KOMIIOHEHTH 3 BHCOKOIO
TYCTHHOIO), IO € HaclhiaxoM (a30BOro mepexoay JApyroro pojpy MNpH KpUTHYHIM
TeMIIeparypi, IPUUOMy T'yCTHHA KOHJIEHCATY € MapaMeTpoM HopsiaKy. Jist BUIaaKy mioHiB
el pe3yibTar O3Ha4ae, HI0 B EKCIIEPUMEHTaxX 3 Ii-Me30HaMH BapTo OdikyBaru bose-
KOHJIGHCAT JIMIIE JJIsl T -ME3OHIB. AJle CJIiJ] 3ayBa’KUTH, 10 1Ieil pe3yibTar OTpuManuii 6e3
ypaxyBaHHSI HEUTpaJIbHUX ITIOHIB.

Otxe, 1aHa poOOTa BUKOHAHA HAa BMCOKOMY TEOPETHYHOMY PiBHI i sIBIsie cOOOIO
IUTICHY ¥ 3aBeplieHy HAyKOBY IIpalfo, B SKiii OTPUMAHO HU3KY HOBHX Ba)JMBUX
pe3yabTaTiB, M0 CTOCYIOThCS aKTyaJdbHMX HAlpsiMiB (Di3UKHM KOHIEHCOBAHOIO CTaHy, sKi
MaloTh K TEOPETHYHE, TaK 1 NMpHKIagHe 3HaueHHsS. JlOCTOBIPHICTH Ta OOTPYHTOBAHICTH
OTPUMAHUX pe3yJbTaTiB 3acBiUyIOTbCS BHOOPOM BIAMOBITHHX CYYaCHHX METOJIIB,
(Gi3MYHMM aHaTi30M pe3yNbTaTiB Ta Y3TO/KEHHSIM 3 pe3yibTaTaMH KOMII FOTEPHOIO
mozemoBanHa. Pesynbraru mpejacrapieHi B I'STH MyOniKamisX B HPOBIIHUX BiTYU3HIHHX
Ta MDKHAPOJHUX HAYKOBUX BUJIAHHSX Ta MPONIUIM anmpobalito Ha GararhboX MidHAPOIHUX
KoH(pepeHuisx. OOcAr NpoBeNeHMX OCIHI/PKEHb Ta OCOOMCTHI BHECOK aBropa He
BUKJIMKAIOTh CyMHIBY. CTHIb Ta O()OPMIIEHHS JUCepTallii BiIIOBIJaAI0Th HOPMaM HayKOBOi
JTiTepaTrypH.

Cepen HaWO1IBIIT BATOMUX PE3YJIBTATIB BiI3HAYY TaKi:

1. Po3paxoBaHO craiioHapHHH Ta 3aJ€XHUM B/l Yacy perakcamiiHuii cTpym uepes
KBaHTOBY TOYKY IIpM IPHUKJIAJAHHI JIO KOHTAKTIB IMIYJIbCY 30BHILIHBEOTO
NOTEHITiaTy Ta IMITYJIbCY 30BHIIIHBOTO MArHiTHOT'O TTOJISL.

2. llokazaHo, 1110 YaCTOTH OCLMJIAIIH 3aTyXaluoro CTPYMY BU3HAYAIOTHCS 3MIHOKO
eHeprii eJeKTpoHa NMpU HOro TYHEJIIOBAHHI 3 KOHTAKTy J0 KBAaHTOBOI TOUKH
Yyepe3 OJJHOCJIEKTPOHHHI PiBEHb.

3. IlokaszaHo, 10 Ipu TemIeparypax, HH)KYUMX 3a KPUTUYHY, Ma€ MICIle Tepexij
IPOBITHOCTI KBAHTOBOI TOYKM BiJl CTaHy i30JI1TOpa, IO CTAHy PE30HAHCHOIO



TYHEJIOBaHHSA Ta JIO CTaHy HPOBiJHUKA TIpH 30UIBIIEHH] 3aluparodoro
MOTEHIliaTy 3aTBOPY.

4. BcTaHOBIEHO YMOBHM BHHUKHEHHSI Bo3e-KOHJIEHCATy B CHCTEMi B3a€MOJIIIOUHX
0030HIB 3 HYJIBOBHM 130CIIHOM B 3aJ€XKHOCTI BiJl CHIBBIJHOIIEHHS MiX
NPHUTATYBAJILHUM Ta BIJIITOBXYBAILHUM BHECKAMH B CEPEIHE TIOJIE.

5. TlokazaHo, 1m0 B cucTeMi 0030HIB, KA CKIAJAETHCS 13 B3AEMOJIIIOUMX YACTHHOK
Ta AHTUYACTUHOK (HAIPUKIAJ, Mi-ME30HIB) i3 NOTEHINAJIOM B3aE€MOii THITY
norenniany Ckupma npu ¢dikcopaHilt BiMiHHIM BiJ HysIs rycTuHi i30cHiny, npu
ciabkoMy TpHUTSTaHHI Mae Micie bose-KoHjeHcaliss JuIme KOMITOHEHTH
CHCTEeMU 3 OUIBIIOI0 TYCTHHOK (YaCTHHKH), B TOH 4Yac SK KOMIIOHEHTa 3
MEHIIIOKO I'YCTHHOIO (aHTUYACTHHKM) 3aBXK/U 1epedyBace y TeruioBii dasi.

B Toii xe yac poO0Ta BUKJIMKAE HU3KY 3ayBaXkKe€Hb.

B onuci crany npoGieMu CTOCOBHO €JIEKTPOHHOIO TPAHCIIOPTY 4epe3 KBaHTOBI
TOYKM BIJICYTHI TOCMJIAHHS HAa JIOCHI/UKEHHS  CHiBPOOITHUKIB  IHCTHUTYTY
TeopeTuuHoi ¢Qisuku iM. M.M.boromo6oa HAH Vkpainu, B sikomy nana po6ota
BMKOHAHA, Ta, BIJNOBIIHO, BiJCYTHI aHaTi3 HOBU3HU 1 MOPIBHAHHS OTPUMAHHX
aBTOPOM pe3yJbTaTiB 3 pe3yJabraraMu Koier 3 [Hcruryty. Jlymaro, 1o 1i nocuianHs
JIOPEYHO JIONOBHMIM O CIMCOK BUKOPHCTAHUX JDKepeN, sKuii wmicturs 120
NOCHJIaHb, a TMOPIBHAJIBHUM aHaNI3 IiJIKpecIHB OW HOBU3HY Ta OPHMIIHAIBHICTH
pe3yJIbTartiB aBTopa.

ABTOp Bi/i3Hayae, MO B poOOTi HE BPAXOBYETHCS €JIEKTPOH-(DOHOHHA B3aEMOJs, i
CTBEPJDKYE, 1[0 BOHA HE BHOCHUTH "KICHO HOBUX €(EKTiB y CHCTEMY Ta HE BIIMBAE
Ha 3arajbHi BJIACTHBOCTI TYHEJIFOBAaHHS . 3 IUM Ba)XKKO IOTOJUTHUCS Y 3arajbHOMY
BUIIAJIKY, aJKE 3a IIEBHUX YMOB MOXKE MaTH Miclie HeJliHIdHEe TYHEIFOBaHHS, SKe, /10
pedi, TocaipKyBaay B Tomy umci i criBpobitauku Incruryry (O.C. JlaBunos, B.M.
€pmaxkos, O.0. Ilonexa).

Bapro Oyno 6 oOrpyHTyBaTH Ta BKa3aTH MEXi 3aCTOCYBaHHsS BHKOPUCTAHOTO B
poOOTI  HPHUIYLIEHHS PO Te, 10 KOe]illieHTH TYHEIIOBAHHS MiX TOYKOIO Ta
KOHTaKTaMH OIHAKOBI JUJIsl €JIEKTPOHIB Ha BCIX CHEPreTHYHUX PIBHIX KOHTAKTIB.

Hymaro, Oys10 6 KOpUCHUM HABECTH JEKiJIbKa MPUKJIA/IiB 3HAYEHb MArHiTHOTO MOJI,
eHeprii KyJOHIBCBKOTO BiJIITOBXyBaHHS, TEMIICpaTypd Ta IHIIMX BEJIHYHH B
(iznunux onMHMIAX, Hanpukiaa, B cucreMi Cl, a He JHINe B BHKODHUCTaHHX B
poGoTi OIMHHUILIAX (30KpeMa, eHepris B OAMHHILIX ), 100 JaaTu ysBy Ipo iXHe
CIIBBIHOIIEHHS Ta MOPIBHATHU 3 peabHUMHU (I3HIHUMH CUCTEMAMH.

He3spaxarouu Ha Te, 110 KOXKEH PO3/IiJI JAUcepTallii MiCTUTh BUCHOBKH, BapTo OyJio O
copmymroBaTH CTHCJIO OCHOBHI Yy3arajJbHeHi BHCHOBKH JiMcepraiii 3a BciMa
pO3IiIaMH.

€ TakoK 3ayBaXKEHHsl 10 TEKCTy Jucepraimii. MaioTh Micie Jeski rpamardusi
IIOMMJIKM Ta IOXHOKHM 1mpu Habopi Texcty. Hanpukunan, numie y 3aronosky Posniny 1
BiZicyTHI JBa mpobimy; y mianuci no Puc. 1.1 Hanwcano “npuennany” 3amicThb
“npuenHaHa’;  “‘CTENiHb MOJSpHM3alil KBAaHTOBOI TOYKM™ 3aMiCTh  “CTYIiHb
nosspu3anii’; “TyHenordi 6ap’epu” — eIeKTPOHH MOXKYTh OyTH TYHEIOIOYUMH, a
TOYHIIIE, TAKAMH, IO TYHETIOIOTh, a Oap’epu € Gap’epu, dyepes sKi €NEKTPOHH
TYHEJIIOIOTh, Ta iHIi. B TekcTi iHOMI BiICYTHI OSICHEHHS TO3HAYEHb, HAIIPUKIIAJ, Y
Gopmyni (1.1). Jdymaro, mo Ha Puc. 1.10 MoBa iizie He MPO BEPXHIO Ta HHIKHIO
naHesi, a Ipo BEPXHIO Ta HWXKHIO IPpymH KpuBuX. Y Berymi ta B nepimomy possini
MICTHTBCS JIMBHE TBEPUKEHHS, 10 “Y JociipKyBaHoMy pexxumi Kouno ¢isuka ne



crioctepiraetees”’. HameBno, sBumie KoHao BijncyTHe, a (isuka — BOHA 3aBXKIH
¢i3uka i mMae Mmicue y Beix pexumax. Y 2-my Posgini asrop nwmme “HasgsuicTsb
PI3KOro CyIyTHBOIO HYJIBOBOIO IiKy abo pesonancy AOpukocosa-3yna-Konmo na
rpadiky audepenmianpHoi nposigHocti [37, 38, 76, 80-83] mae MoXIHBiCTH
peai3yBaTé NPUCTPii 3 BUCOKOUYTIIMBUMH KOMYTAI[ifHUMH BJIACTHBOCTSMH, KU,
HanpHKIaJ, MOXe OyTH BUKOPHCTaHHM B MOJEKYJSIpHIN enekTpoHimi”. Mosa iine
PO Te, 10 MOJKHA CIIOIBATUCS, 1[0 HA OCHOBI ITOTO eheKTy MOKHA Oy/ie CTBOPUTH
MPUCTPOI, a MOXKJIMBICTD IX peanizamii 3aJeXuTh BiJ] Oararb0X TEXHOJOTIYHMX
acniektiB. Ha MO0 JymMKy, BapTo yHHUKAaTH BHUKOPHCTAHHSI JKaproHy B HayKOBHX
poboTax.

B Toii ke wac 3ayBaxy, IO 3poOJICHI MHOIO 3ayBaKCHHS HISKOIO Mipol0 He
BIUIMBAIOTh HA JIOCTOBIPHICTH PE3yNBTATiB Ta HE 3MEHILIYIOTh iX Baromicts. Jlucepranis
HalucaHa 4iTKOIO MOBOIO, HE Mepeo0TshKeHa 3aiiBUMU MaTeMaTHYHUMU BHKJIAZKaMHU, B HEl
BKJIIOYEHI KICHI 1TIOCTpAIlii Ta JaHi MOSCHEHHS 0 HHX, IO 3HAYHO MOJIETNIYE 1i YMTaHHS
Ta CIIPUUHSATTS PEe3yJIbTATIB, a BKa3aHi BUIIE TEKCTOBI MOMHMJIKH HE3HAYHI.

B 3aBepmieHHs BiJ3Hady, IO AaKTyaJbHICTh Ta JIOCTATHRO BHCOKHH piBEHb
IPOBENEHUX JOCITI/PKEHb, a TAKOX 3HAYEHHsI Ta JIOCTOBIPHICTH OTPUMAHMX DPE3YILTATIB
CBiIYaTh Npo Te, o auceprauis "HepiBHOBaXHMH eNEKTPOHHHI TPAHCIOPT B CHCTEMi
KBAHTOBHMX TOYOK Ta BJIACTMBOCTI OO30HHHX CHCTEM IIPH HEHYJIHOBHX TEMIlEparypax B
MOJEl CepeiHbOro Moy BIANOBiAaE BCIM BHUMOraM HOPMATHBHHX JOKYMEHTIB
MinictepcTBa ocBitH i Hayku Ykpaiuu Ta KaGinery MinicTpiB Ykpainu 1010 auceprariii,
NOJaHMX Ha 3100yTTs CTymeHs aokropa ¢uiocodii, a i aBrop XKypasenb Jlenuc
BitaniiioBu4 3aciayroBye Ha MPHCY/DKEHHS CTyINeHs gokTopa ¢inocodii 3a cremiaabHicTio
104 — ¢izuka Ta aCTPOHOMIsL.
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