PEIEH3IS

Ha jpuceprauifiny pobory JKypasns Jlemnca BiraniiioBuua "HepiBHOBaykKHMI —eNeKTpOHHHIT
TPAHCIIOPT B CHCTEMi KBAaHTOBUX TOYOK Ta BJIACTUBOCTI GO30HHHX CHCTEM IPH HEHYIHOBHUX
TeMIIeparypax B MOJEINI CepeJHBOro IOJIs”, NPEJICTABICHY /IO 3aXHMCTy Ha 3J00yTTS HAyKOBOTO
cTyneHst Jokropa ¢inocodii 3a cnenianpnictio 01.04.02 — Teopernuna ¢izuxa, 10 --IIpupoxanui
Hayku (104 — dizuka ta acTpoHOMIsN)

B nucepraniituit po6ori XKypasns Jlennca BiranifioBuya 10CiipKy€eThest HU3Ka aKTyaTbHUX
3a/a4 JUIs CUCTEM 13 CHIIBHAMH KOPEIANisAMH, AK Y (i3HIi KOHIEHCOBAHOIO CTaHy, TaK i y (izuui
CJICMEHTAPHUX YaCTHHOK. OCHOBHUM O00'€KTOM JOCHI/PKEHH € CHCTEMH KBaHTOBHX TOYOK Ta
0030HHI CHCTEMH 3 CHJILHOIO B3a€MOJI€IO IPH CKIHYEHHHX TEMIIEpaTypax Ta T'yCTHHAX i30CITiHY.
AKTYaJIbHICT JIOCII/DKEHb TPAHCIOPTY y CHCTeMaX KBAHTOBHMX TOYOK IIOB'S3aHa 3 IPAKTHUHHMH
norpebamMu MiHiaTIOpu3anii eJeKTPOHIKH, IO MOCTABHJIO IEpe] TEOPETUKAMH HH3KY BayKIMBUX
3aBjlaHb, PINIEHHIO SKUX IIPUCBAYEHA Meplua IOJIOBHHA aucepranii. He MeHImI akTyanbHuM €
JOCHIIKEHHS y APYTif MOJOBUHI JAucepTalil 0030HHHX CHCTEM 3 ypaxXyBaHHAM MOKIHBOCTI boze-
ElinmTeliniBepkoi KOHJeHcallii MpU CKIHYEHHHX TeMIeparypax Ta TIyCTHHAX i30cmiHy. Taki
cucTeMH (3 MIOHIB, KAOHIB, IIIOOHIB Ta iHIN.) BUKIMKAIOTH 3HAYHMN iHTEpec y 3B’A3Ky 3

JOCIIJDKCHHSMHI BaXKKHX sIZIep Ta 31TKHEHb BaXKKHUX 10HIB.

Jlucepranisi CKIagaeThes 3 aHOTANIl, BCTYIY, YOTHPBOX PO3/ILIIB, CIUCKY BHKOPHCTAHHX
Jokepelt, o Brioyae 120 HaliMenyBanb, Ta CIMCKYy MyOnikaniif aBropa 3a TeMOIO Juceprarii, a
TaKOX BiIOMOCTel Ipo anpobaniro pe3yapTartiB. 3araabHuit 06csr pykonucy ckianae 147 cTopiHOK.

Y BeTymi OOrpyHTOBaHa aKTYaJbHICTh JOCITI/DKEHb, c(hOpPMOBAHA MeTa, BKA3aHO
BUKOPHCTaH1 METOJM, OCOOMCTHH BKJIaJ 3100yBada, OMMCAHI OCHOBHI pe3yJlbTaTH JOCIIKEHHS Ta
1HIIIE.

V' nepuiomy po3oini NOCHiIKEHO €NeKTPOHHHH TPAHCIOPT Yepe3 OJHOPIBHEBY KBAHTOBY
TOYKY B MOAeTi AHJIEpPCOHA, NPHEAHAHY 10 METAIeBUX KOHTAKTiB, B IIPUCYTHOCTI 30BHIIIHBOIO
MarHiTHOro nojs. MiX eJIeKTpoHaMM y KBAaHTOBIH TOYILI Ji€ CHIIbHE KYJIOHIBCHKE BiAIITOBXYBAHHS.
Taka cucrema noCHTiKEHA AMCEPTAHTOM 3a JOIIOMOIOIO METOy HepiBHOBaKHMX (yHKIH [pina,
IUIsL AKAX OTPUMAHO HECKIHYEHHHH JIAHIIOKOK PIBHSHB JUIS IEHTPaNbHOI 001acTi (KBaHTOBOI
Touky). [leH NaHmIokoK piBHAHB Oylo 00ipBaHO, HEXTYIOUH CAKMMH IIPOLECAMH, HAIPUKIALI,
npolecamu 1epeBopoty criny. IToxasano, mo naHe HaONIDKEHHs! CIPABEIABO Il TEMIIEPATyp
Outpnx 3a Temueparypy Kongo. OTpuMani aHaniTHYHI BUpasu IS CTALIOHAPHOTO Ta 3aJIEXKHOTO
BiJl yacy CTpyMy uepe3 TaKy CHUCTEMY JO3BOJIAIOTH JOCIIIUTH 3aJIKHICTh BiJl 30BHIIIHBOIO

marditHoro mons. Haeeneno rpadikm cramioHapHHX 1 3aleKHHX Bix dWacy CTpymiB Ta




-

nuepenianbHuX MPOBiTHOCTEH K QYHKIIN pUKIaneHol Hanpyrd. JIMCepTaHTOM II0Ka3aHo, 110
Yy CTalllOHaPHOMY BHUIIQJIKY BiJOYBA€TBCsS 3HATTS BHPOUKEHHS €HEPIeTUYHHX DIiBHIB, a Y BHIIAJIKY
3aJICKHOTO BIJl 9acy CTPYMY, KOJIH JIO CHCTEMH IPHKIAIAcThCsd CKIHUEHHUH iMITyJIbC 30BHINIHBOT
HAIPYT¥ Ta MarHiTHOTO 110714, 3aTyXalo4i OCIMIIAII] 3MIHIOIOTE YaCTOTY B 3aJI€KHOCTI BiJl BETHINHH
MarHitHoro mons. IlpoBeneHo chekTpaibHuil aHAm3 Ta MOKA3aHO, IO YacTOTH 3aTyXalouHX
OCUWJIANIA BIAIOBINAIOTH 3MiHI €Heprii eJIeKTpOHa NpPH TYHEIIOBAHHI 3 KOHTAKTIB /IO KBAHTOBOI
TOYKHM 1 HaBnmaku. Takox y nucepraniiiniit po6orn Oyno npoBeIeHo MOPIBHAHHS 3alIpPONOHOBAHOIO

HaOIMIKEHHS 3 1HIITUMHA Ha6J'II/DK€HH}IMI/I, SIK] BUKOPUCTOBYIOTH IJIs lIOCJIiII)KCHHSI TaKHuX CHCTEM.

V' opyeomy posoini aBTOpOM JOCTIIKEHO €IEKTPOHHUH TPAHCIOPT Yepe3 CUCTEMY JIBOX
KBAaHTOBHX TOYOK, B sKid oxHa KBaHTOBAa TOYKAa BHCTYIIA€ B pOJI IPOBIIHOTO KaHAIY
HaHOPO3MIPHOTO TPaH3HMCTOPa, a JApyra B poJi 3aTBOpa, KU peryaioe TyHeTIOBaHHS uepe3 Ieit
kaHan. OOMIBI KBAaHTOBI TOYKM PO3IIANAIOTBCS SK OXHOPIBHEBI opGitani B Momen AmHjepcoHa.
KBanToBa TOYKa, IO BiJirpae pojib IMPOBIAHOTO KaHaldy, IIPUEAHAHA JO JBOX METaJICBHX
npoBiaHuKiB. KBaHTOBa TOuKa, IO Bimirpae posib 3arBopa, 3°€JHAHA 3 OJHHAM METAJICBUM
NPOBIJIHUKOM, Ha AKUH IOJAETBCA 3alHpalouuil MoTeHiian. MikK eleKTpoHAMM, SK BCEPEIHHi
KBaHTOBUX TOYOK TaK i B PI3HUX TOYKax, /i€ CHIIbHE KYJIOHIBCbKE BiIIITOBXYBAaHHS. 3a JOMOMOTOIO
METO/ly HepIBHOBaKHMX (yHKIiH I'pia B pamMkax HerepexpecHOro HaGIMKEHHS JUCEPTAHTOM OYII0
OTPUMAHO BHpa3 JUIs CTALliOHAPHOTO CTPYMY 4Yepe3 TaKy CHCTEMY B 3aJIeKHOCTI BiJ HaIpyru
3aTBOpa. BaxmBo, 10 po3misHyTe HAOMIKEHHS JIO3BOJISIE BpaxyBarh e(heKTH MEPEBOPOTY CIIHY, a
orke ¢i3uky edexry Kommo. ABTopom mokasaHo, IO NpH TeMIEpaTypax HIKYE TeMIIepaTypu
Konno, criocrepiraetbest piskuil mepexin nmpoBiHOro KaHaity 3i CTaHy NpOBIAHMKA B CTAaH 130JITOpa
npu 30UIBIIEHH] 3aIMparodoro IoreHiiany. [IpdoMy B OKOJI TOYKH MEPEXOLY CIIOCTEPIracThes
€(eKT pe30HAHCHOrO TYHENIOBAHHS Yy By3bKOMY Jiana3oHi 3HauyeHb Hampyru 3artsopa. llpu

TemIeparypax OuIbIImX 3a Temieparypy Koumo pe3oHancHuit mk po3sMHUBacThCs.

V' mpemvomy po30ini NOCHIDKYIOTBCS BIACTHBOCTI JIBOKOMIIOHEHTHOI B3a€MOIIOYOT
0030HHOI CHCTEMH 3a BHMCOKHMX TEMIIEparyp B paMKax TEPMOJMHAMIYHOTO MiZXoxy. 30Kpema
JIOCIIJKEHO MOKIIMBICTh BUHUKHEHHS 003€e-KOHJEHcaTy y Takifl cuctemi. PosrisiaeTses cucrema
YaCTUHOK Ta aHTHYACTHHOK 13 HYJIBOBUM i30CIIHOBHM XiMIYHMM IIOTEHIIAJIOM, SIKA B3aEMOJIE 3a
JI0TIOMOTOI0 IIOTEHIIAITY, IO CKJIAJAEThCS 3 JOJAHKY, SIKHH BiIMOBINAC 3a MPHTATAHHS Ta JIONAHKY,
0 BIAIIOBIZAE 3a BiJAIITOBXYBaHHS. B SIKOCTI 4aCTMHOK PO3IVIANAIOTHCS T —ME30HH, K Haiaeri
YaCTHHKH, IO MAIOTh i30Tomiunuil crmin. OCHOBHOIO 3ajadyero, Ky CTaBUTh aBTOp, € OIiHKA
maciTady Ta BIAHOWIEHHS MiX IPHTATAIBHOIO Ta BiAIITOBXYBAILHOK KOMIIOHEHTAMH TIOTEHITIATY

B3a€MOZII Ta JIOCTIUKEHHS YMOB, IPH SIKHX MOX/IMBA IMOABa 003e-KOHAEHCATy Y Takiil



JBBOKOMITOHEHTHIN cucTeMi. B paMKax TepMOIMHAMIYHO Y3ro/pKeHol MOJIeIi cepeTHBOTO T10JIs GYI10
OTPUMAHO CaMOY3IOJUKEHE DIBHSHHS JUIs T'yCTMHH YacTHHOK Ta IOOYIOBAHO PIBHSAHHS CTaHY
cucremu. 1IoKa3aHO, M0 NPW 3HAYEHHSX NPHTATAHHsS OiNbIIC KPUTHYHOTO, BUHMKAE (ha3OBHil
nepexix nepmoro poxy B ¢asy bose-komnencary. IIpudomy B KompmeHcoBaHiit dasi cucrema
XapaKTEePU3Y€ETbCSl CTANOI0 TYCTHHOKI YAaCTMHOK. 3 MiJBHINCHHSM TEMIEpaTypH KOHIEHCAT
“BUIIAPOBYETBCS” 1 CHCTEMA IOBEPTAETBCA B ra3o-pimuuHHy (asy Ge3 kommencary. Jami ¢axtn

IATBEPIKYIOTECS PO3PAXyHKAMH TEIIOEMHOCTI Ta I'yCTHHM €Hepril.

Y wemeepmony po3oini NOCTiKYETbCS Taka camMa CHCTeMa SIK i B TPETHOMY PO3JIiii, ae mpu
CTaJOMy Ta BIIMIHHOMY Bill HYJS i30cmiHOBOMY 3apsiii. B pamkax TepMOAMHAMIYHO Y3romKeHOL
MOJEIIl CEepeIHLOro Mojid 3100yBadeM Oy/I0 OTPUMAHO CHCTEMY CaMOY3TOKCHHX DIBHSHB IS
TYCTHHH YaCTHHOK Ta TYCTHHM i30TOIIYHOrO 3apsjly, 3 PO3B’SI3KY SIKOI 3HAWIEHO PIBHAHHS CTaHY
JUISL CUCTEMH YacTHHOK-aHTHYacCTUHOK. B nmanoMy poszmimi aBropom OyB JOCIIDKEHHH JIUIne
BUNAJIOK “criabkoro” mpuraranns. IloxasaHo, mo uid cuCTeMH i3 CTaauM Ta BiAMIHHMM BiJ HyIIS
130TOMIYHUM CIIIHOM, 003€-KOHEHCAT BUHUKAE JIMIIE IS KOMIIOHEHTH OiabIIoi TYCTHHHU, TOOTO
YaCTHHOK (B JIAHHOMY BHIIJKy T -Me30HiB). CHcTeMa nepeGyBae y KoHAEHCOBaHiH (asi J1s Beix
TEeMIeparyp MEHIIMX 3a KpuTuuHy. Ilepexin y ¢asy bose-xompencary € ¢aszosum mnepexonom
JIpyroro pojay Ha BIIMIHY Bil BHIQJKy HYIBOBOIO i30cmiHOBoro 3apsmy. Januit daxr
IiATBEP/UKYETHCS PO3paXyHKaMH TEIUIOEMHOCTI Ta IyCcTUHH eHeprii. IlokazaHo, 1o moBejmiHka
KOMITOHCHTH BHCOKOI TYCTHHH MJIS PO3NISSHYTHX 3HAUCHb IPUTArAHHS, AHAJIOrIYHA IOBETiHII
11€aIbHOTO PeNIATHBICTCHKOTO rasy 3i CTaJI0k0 I'YCTUHOK YaCTHHOK.

Bpaxaio, 1o sana qucepraniiina po6oTa BHKOHaHa Ha BHCOKOMY T€OPETHIHOMY piBHi, BOHA
€ 3aBEpPLICHOIO HAyKOBOIO Ipalelo. B quceprarii oTpuMaHo HOBI BaXJIMBI Pe3yJILTATH JUIS CUCTEM 13
CHJIBHUMU KOPEJALISMH, K y (i3ulli KOHIEHCOBAHOTO CTaHy (CHCTEMH KBAHTOBHX TOYOK), TaK i y
(bisuni enementapuux yactuHok (bose-EifHurreitniBcbka Kongencanis mionis). Ciij 3a3Ha4uTH, 1[0
OTPUMAHI PE3yJIbTaTd MAIOTh K TEOPETHYHE, TaK i NMPUKIAJHE 3HAYEHHS. ABTOPOM BHKOPHCTAHI
Cy4acHl TEOPETUYHI METOMHM MOCHiUKCHb IIAKPIIUIeH] KOMII'IOTEPHUM MOICIIOBAHHSM, IO
3aCBIYYE JMOCTOBIPHICTh Ta OOIPYHTOBAHICTh OTPUMAHMX pE3yJLTATiB. Pe3ynpTaTH JOCIiIKeHD
OnyOIiKOBaHi B NMPOBIJHUX BITYM3HSHUX Ta MDKHAPOJHUX HAYKOBUX BHJIAHHSX, JAOTOBIIalIHCH Ha
MiKHapoHuX KoH(pepenuisx. CTuab Ta ohOpMIICHHS AucepTaiil BiIIOBiIal0TE HOpMaM HAyKOBOI
JiTeparypHu.

Cepen HaltO11b1I BArOMUX PE3yIIBTATIB 10C/IIIKEHL MOKHA Bi3HAYUTH TaKi:

1. 3a jmomomororo Metony HepiBHOBaXHHX (yHKUiH [pina, Momu(ikoBaHOrO HAGIMKEHHS

Xabbapna Tta HaOMWKEHHS IIMPOKOI 30HH OyIM OTPHMAaHi aHATITHYHI BHPA3H A

PIBHOB&)XHOTO Ta 3aJIE)XHOTO BiJl 4acy CTPyMY 4epe3 OHOPIBHEBY KBAHTOBY TOYKY B MOEII




AHJIepcona i3 CUIIbHAM KyJIOHIBCHKHM BiJIIITOBXYBaHHSAM MK €JIEKTPOHAMH Yy IIPHCYTHOCTI

30BHINIHBOTO MarHiTHOTIO I10JIsL, IO JIi€ HA KBAHTOBY TOYKY.

. [Tokazano, 10 4YacTOTH 3aTyXalOYMX OCHMJISALIN, sSKi BHHUKAIOTH IIpH IPUKIANAHHI O
KBaHTOBOI TOYKHM IMIIyJAbCYy HANpPYI'M Ta MAarHITHOTO IIOJs, 3ajeXkKaTh BiJl BEJIWYUHH
MarHiTHOTO IIOJs, Ta BHM3HAYAIOTBCS 3MIHOIO €Hepril eJeKTpoHa IIPH TYHETIOBaHHI 3

KOHTAaKTiB J10 KBAHTOBOI TOYKH 1 HABIIAKH.

. Iokasano, 110 Ipu TeMIeparypax HIKYUX 3a Temieparypy Koumo, criocrepiraeThes piskuit
nepexiJ IMPOBIAHOrO KaHaty T-momiGHOro MPHCTPOIO, IO CKIAAETHCS 3 JIBOX KBAHTOBUX
TOYOK 3’€/[HAHHX EMHICHUM 3B’A3KOM, 31 CTaHy MPOBIJHWKA B CTaH i30JIATOpa IpPH
30UIBIIEHHI 3aMMPAIOYOro IOTeHIamy 3arBopa. [IpuyoMy B OKOIi TOYKH IEpexoiy
CIIOCTEPIracThcs €(QeKT PEe30HAHCHOTO TYHETIOBAHHS Yy By3bKOMY Jiala3oHi 3HAYCHb
Halpyrd 3aTBopa, a IpH 30LIBHICHHI TeMIeparypu Buine Ttemieparypu Kompo, naxwmif

PC30HaHC pO3MHBAETHCH.

. B cucremi B3aeMOMitOuMX T -ME30HIB 13 NOTEHIIANOM B3aeMOJii MOMIGHUM JI0 MOTEHI[aTy
Ckipma Ta HyJbOBHM 130CIIIHOM, TIPU 3HAYCHHSX NIPUTSATaHHS OLIBIINX KPUTHYHOIO BHHHKAE
(basoBuif nepexiz mepmoro pojy i3 yrBOpeHHIM 003e-KOH/ICHCATY I TEMIIEPATYp OiIBIINX

3a KpUTHYHY TeMieparypy Te.

. Jna cucremu B3a€MOIIIOUMX 7T —ME30HIB 3 BIAMIHHUM BiJl HyJIs i30TOIIYHHMM CIIIHOM,
moKazaHo, o (a3zoBUil mepexim B (asy i3 003e-KOHJEHCATOM BUHHUKAE HABITH JUIS
“crabKoro” MpUTSTaHHs, aje JHIIe I OJHi€l KOMIIOHEHTH CUCTEMH, a caMe, YaCTHHOK abo

n -Me30HiB. Pa3oBuil mepexiza € GazoBUM IEPEXOIOM JPYTOro POLIY.

Jlo poboTH MOKHA BHCIIOBHTH KiJIbKa 3ayBaXKE€Hb.

CTOCOBHO TPaHCHOPTY €NEKTPOHIB Yepe3 KBAHTOBI TOUKH JOCII/DKEHHS HPOBOAATHCS B
Oararbox MiCIX sIK 3a KOPJIOHOM, TaK 1 B VYkpaini. 30kpeMa mHOmiOHI JOCIi/UKeHHS
NPOBOAMIKCH B IHCTHTYTI Teopernynoi dizuku imeni M.M. BoromoGosa y Bijytini wiena-
kopecnongenta E.I'. ITeTposa, ane B quceprarii BiACyTHI HOPIBHAHHS OTPUMAHUX aBTOPOM
PE3yJILTATIB 13 pe3yIbTaTaMy 3a3Ha4eHUX JOCIIKeHb, @ TAKOXK [OCUIIAHHS Ha i POOOTH.

B Tperbomy Ta 4yeTBepTrOMy poO31inax JOCHDKYeTbes Bose-ENuinTelHiBCchbKa KOHICHCAIIS
T -ME€30HiB, aje Il YacTHHKM MAalOTh CJICKTPHYHMIT 3apsj, TOOTO KOoHJeHcaT Oyse
3apspkennit. 1o Mae kKOMIIEHCYBaTH TOCHUTH BEIMKHI 3apsi/l KOHIeHcara?

Homy He po3misgacThes KOHJAEHCAT HEHTPaIbHUX IIOHIB B yeTBepTOoMy po3ain? OdeBHIHO,
¢ BHMAara€ po3IIAAy TPUKOMIIOHEHTHOI CHUCTEMH, IMPOTE HE € TaKUM BXKE CKJIAJHHM

y3araJJoHCHHSM.




4. Y nuceprauii MHUPOKO BHKOPHCTOBYIOTH METOJ CEPEIHBOIrO IIOJISI, aje BiAOMO, o ekl
METOI HE Jla€ NMPaBHIbHUX KPUTUYHUX ITOKA3HUKIB IPH OMHUCI (Ha30BOTO Mepexomy APyroro
poxy. Y nucepraiii 6axano Gyno 6 BiX3HAYHTH L€}l MOMEHT Ta BKA3aTH MOMIMBOCTI BHXOLLY

332 paMKH METOJly CEPeTHBOTO ITOJIA.

IIpore 3a3maveni 3ayBakeHHS He BILIMBAIOTH HA MO0 3arallbHY MO3MTHBHY OIIHKY JMCEPTALHHOT
poboTu.

Pestomyrodn, MoXKHA BIEBHEHO CTBEp/KYBaTd, w0 jucepramis "HepiBHoBaHUIA
CJICKTPOHHHUI TPAHCIOPT B CHCTeMi KBAHTOBHX TOYOK Ta BJIACTHBOCTI GO30HHHX CHCTEM IIpH
HCHYJILOBUX TEMIIEPATypaX B MOJE/I CEPEIHBOrO MOJi" BiIIOBifA€ BCIM BHMOraM HOPMATHBHHX
JOKyMeHTIB MiHnicTepcTBa ocBiTH i mayku Ykpainm ta Kabimery Minictpis VYkpainu om0
JUCepTallifl, mojaHuX Ha 3100yTTs CTymeHs Aoktopa (inocodii, a il asrop Kypasens Jlenwuc
BiranifioBua 3aciyrosye Ha mpucypkeHHs cTyneHs nokTopa dimocodil 3a cremiamshictio 104 —

¢i3uKa Ta acCTpOHOMIsI.
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