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YXBAJIHJIH: BBa:>1<:anr ,r:t;McepTau;iiiHy po6oTy ,[(.B. )l(ypaBJUI "HepiBHOBa:>I<:HMM 
eJieKTpOHHMM TpaHcnopT B CMCTeMi KBaHTOBMX ToqoK Ta BJiaCTMBOCTi 6o30HHMX 
CMCTeM npH HeHyJibOBMX TeMnepaTypax B MO,r:t;eJii cepe,r:t;Hboro nom1" 3aBepIIIeHMM 
HayKOBMM ,r:t;OCJii,r:t;:>I<:eHH51M i 3aTBep,r:t;HTM TaKMii BMCHOBOK. 

BHCHOBOK 

,[(McepTau;iiiHa po6oTa )l(ypaBJI51 ,[(eHMca BiTaJiiiioBMqa "HepiBHOBa:>I<:HMM 
eJieKTpOHHMM rpaHcnopT B CMCTeMi KBaHTOBMX ToqoK Ta BJiaCTMBOCTi 6o30HHMX 
CMCTeM npM HeHyJibOBMX TeMnepaTypax B MO,r:t;eJii cepe,r:t;Hboro IlOJI51" HailMCaHa 3a 
MaTepiaJiaMM po6iT, mo BMKOHaHi HMM ni.n; qac HaBqaHH51 B acnipaHrypi B lHCTMTyTi 
TeopeTMqHoY cpi3MKM iM. M. M. Eoromo6osa HAH YKpa"iHM (2016-2020 pp.) y 
BiMiJii cpi3HKM BMCOKMX rycTMH eHepri Ta po60TM Ha noca.n;i npoBi,r:t;Horo iH:>I<:eHepa 
B lHCTMTyTi TeopeTMqHoY cpi3MKM iM. M. M. Eoromo6oBa HAH YKpa"iHM (2020-2022 
pp.) y Bi.n;.n;iJii TeopiY x.n;pa i KBaHTOBOI TeopiY noJI51. TeMa ,r:t;McepTau;il 3aTBep.n;:>1<:eHa 
Ha 3aci.n;aHHi sqeHoY pa,r:t;M lHCTHTYTY TeopeTwrnoY cpi3HKM iM. M. M. Eoromo6osa 
HAH YKpaYHM Bi.n; 15 JIHCTona.n;a 2016 p., KepiBHHKOM npH3HaqeHo ,r:t;OKTopa cpb.
MaT. HayK, crnprnoro HayKoaoro crriapo6iTHHKa ,[(.B. AHqMIIIKiHa. 

AicryaJihuicTb po6oTn 
IlpOT51rOM TpbOX .n;ec51TMJiiTb 3 MOMeHTY Il051BM nepIIIMX reTepocTpyKTYP apceHi.n;y . . . . 
raJillO, B 5.IKMX OKpeMl eJieKTpOHM MO:>I<:YTb HeCTM TpaHcnopTH1 CMrHaJIM, eHTY31a3M 
mo.n;o ,r:t;OCJii,r:t;:>I<:HH51 KBaHTOBMX TOqOK (QD), 5.IK HHHi npHMH51TO Ha3MBaTM .n;aHi 
npHcrpoY, IlOCTiMHO 36iJibIIIYE:TbC51. 3oKpeMa 3aB,r:t;51KM eKcnepHMeHTaJibHMM 
peaJii3au;ixM, 51Ki Ha ,r:t;aHMM MOMeHT BKJIIOqaIOTb TaKi peqOBMHM SIK, HanpHKJia,r:t;, 
KpeMHieBi Ta ByrJieu;eBi HaHorpy6KM. TaKi peryJihOBaHi "IIITyqHi aTOMM" 
3a6e3neqyIOTb i.n;eaJibHi YMOBM ,ll;JI51 nepeBipKM KBaHTOBOl Teopil B .n;iana30Hax 
napaMeTpiB He,r:t;OCTYilHMX y 3BMqaiiHMX CMCTe.Max. ,[(ocJii,r:t;:>I<:yBaHi 5.IBMma 
sapiIOIOTbC51 si.n; KYJIOHiBCbKOI 6JioKa,r:t;M, KBaHTOBoro ecpeKry XonJia, KoH.n;o
ecpeKTy, TepMoeJieKrpMKM .n;o cpa30BMX nepexo.n;iB Ta KBaHTOBOI KpMTM1rnocTi. KpiM 
011eBM,r:t;Horo cpyH,r:t;aMeHTaJibHOro iHTepecy, TpaHcnopTHi BJiaCTMBOCTi QD MO:>I<:YTb 
6yTM BHKOpHCTaHi y npMKJia,r:t;HMX u;iJISIX, BKJIIOqaIOtIM IlOJibOBi TpaH3MCTOpH, 
cpoToecpeKT Ta lHCTpyMeHTM Bi3yaJii3au;i1 MOJieKyJixpHHX npou;ecrn y 
Heiipo.n;ocni.n;:>1<:eHH5IX. 
HaHOp03MipHi TpaH3MCTOpM Ha OCHOBi KBaHTOBMX T01IOK Ta KBaHTOBi ecpeKTM B HMX 
e Hanpsi:MKOM aKTMBHMX ,r:t;OCJii,r:t;:>I<:eHb, .SIKi MOTMBOBaHi HacaMnepe.n; npou;ecaMM 
MiHinoapM3au;i1 eJieKTpOHiKM. QD 3a3BMtiaii MO,r:t;eJIIOIOTbC51 5.IK O,r:t;HopiBHeBa a6o 
6araTopiBHeBa op6iTaJib, mo npHe,r:t;HaHa .n;o ,r:t;Box MeTaJieBMX KOHTaKTiB. EneKTpOHH 
y KBaHTOBiii To11u;i B3aeMo,r:t;iIOTb Mi:>I<: co6oIO 3a .n;onoMoroIO KynoHiBCbKoro 
Bi,r:t;IIITOBXyBaHH51, BHacni.n;oK qoro y CMCTeMi BMHMKalOTb CMJlbHi eJieKTpOHHi 
Kopensi:u;iY, .n;nx 5.IKMX TOtIHi piIIIeHH51 He.n;ocrynHi, a Ha6nM:>1<:eHHS1 HeMMHyqi. Cepe.n; 
OCTaHHix Ha6JIH:>I<:eHb, SIKi 3aCTOCOBYBaJIMCb ,r:t;JI51 po3rJI51,r:t;y no.n;i6HMX CMCTeM, BapTO 



3ra.n;ani TeopiIO ecpeKTHBHOro IIOJI.SI CMipHOBa Ta rpHcpOHi y paMKax cpopMarri3Ma 

Ken.n;mna. 3a .n;orroMoroIO D;boro Ha6JimKeHHH BOHH .n;ocni.n;)l(yBarrH epo3iIO 

pe30HaHcy KOH)J;O HK Hacni.n;oK HaHBHOCTi 30BHiIIIHboro MarHiTHOro IIOJIH y 

CHCTeMi; TaK 3BaHHH i-DFT ecpeKT. y IIO)J;a.JibIIIOMY u;eii: ecpeKT 6yno BHKOpHCTaHO 
CTecpaHyqqi Ta KypToM .n;rrH .n;ocni.n;)l(eHHH rrepexo.n;y Bi.n; KoH.n;o .n;o pe)l(HMY 

6JioKa,D;H KynoHa; cxeMH po3' €,D;HaHHH HepiBHOBa)l(HHX cpyHKD;iH rpiHa, TaKi HK 

po3IIIHpeHHH .n;orroMi)l(Horo pe)l(HMY KpoH Ta 3aarrMaHa, a6o SOQRE Ha ocHoBi 

TexHiKH rri.n;KopeHHX 6o3oHiB (slave-bosons). 

ITaparreJibHO 6yno po3po6rreHo BeJIHKY pi3HoMaHiTHiCTb qHceJibHHX rri.n;xo.n;in, 

rroqlfHaIOqH Bi.n; qHceJibHOl peHOpMrpyrrH (NRG), Ha.n; peHopMrpyrroIO MaTµHD;i 

ru;iJibHOCTi (DMRG) .n;o MeTo.n;y KBaHTOBoro MoHTe-Kapno (QMC). 0.n;HH 3 

OCHOBHHX He.n;oniKiB qHceJibHHX MeTo.n;iB IIOAArae B TOMY' ru;o BOHH MaH)l(e He 

.n;aIOTb iHcpopMau;il rrpo OCHOBHi cpi3HqHi rrpou;ecH, HKi MO)l(YTb 6yTH rOJIOBHHM . . . . . 
qHHOM Bl)J;IIOBl)J;a.JibHHMH 3a Tl qlf lHIIIl rrpou;ecH. 

,ll,m1 OIIHCY TaKHX CHCTeM 3a3BHqaii: BHKOpHCTOBY€TbCH )J;OMiIIIKOBa MO)J;eJib, 

sse.n;eHa AH.n;epcoHOM rroHa.n; 50 poKiB TOMY .n;AA .n;ocrri.n;)l(eHHH, 3.n;asarrocH 6, He 

IIOB'H3aHOl TeMH JIOKa.Jii30BaHHX MarHiTHHX MOMeHTiB y rrepexi.n;HHX MeTarrax. Ha 

Bi.n;MiHy Bi.n; CHCTeM, HKi AH.n;epcoH MaB Ha MeTi OIIHCaTH CBO€IO MO)J;eJJJIIO, 

.n;ocrri.n;)l(yBaHa QD He rrepe6yBa€ B TeIIJIOBiii: piBHOBa3i, a 3HaXO)J;HTbCH y 

30BHiIIIHbOMY eJieKTpHqHOMY IIOJii, rrpHKJia.n;eHOMY Mi)!( rrpoBi.n;HHMH KOHTaKTaMH. 

TaKHM qHHOM, TpaHCIIOpT qepe3 KBaHTOBY TOqKy Ma€ 6yTH OIIHCaHHH Bi.n;rrosi.n;HHM 

HepiBHOBa)l(HHM cpopMarri3MOM, TaKHM HK, HarrpHKrra.n;, cpopMarri3M Kerr.n;HIIIa. 

ITo.n;orraHHH KynoHiBCbKOI 6rroKa.n;H i si.n;HosrreHHH rrposi.n;HocTi qepe3 TaKHii 

rrpHCTµiii: HK KBaHTOBa ToqKa, ru;o rrpH€,D;HaHa .n;o rrpoBi)J;HHX KOHTaKTiB, € 

Heo6xi.n;HOIO yMOBOIO cpyHKu;ioHyBaHHH HaHopo3MipHoro TpaH3HCTopa. ,ll,JIH 

)J;OCHrHeHHH TaKoro ecpeKTY MO)l{JIHBi pi3Hi KOHcpirypau;il 30BHiIIIHix rrorriB a6o 

BKJIJOqeHHH .n;o.n;aTKOBHX Kepy10qJ1x rrposi.n;HHKiB Ta KBaHTOBHX ToqoK. 0.n;HHM 3 . . 
rrpHKJia.n;rn TaKoro Kepy10qoro 30BHIIIIHboro rrorrH, ru;o rrepIIIHM crra.n;ae Ha .n;yMKy, e . . 
30BH1IIIH€ MarHITHe IIOJie. 

qaCTHHa po60TH rrpHCBHqeHa .n;ocrri.n;)l(eHHIO HepiBHOBa)l(HOro erreKTµOHHOro 

TpaHcnopTy qepe3 O)J;HOop6iTa.JibHY QD, rrpH€,D;HaHy .n;o )];BOX MeTaJieBHX KOHTaKTiB. 

ErreKTµOHH y Toqu;i B3aeMo.n;iIOTb Mi)!( co6010 3a .n;orroMoroIO KyrroHiBCbKOro . . . . . . 
Bl)J;IIITOBXyBaHHH, a TaKO)I( 13 30BH1IIIH1M MarHITHHM IIOJieM, HKe crrpHqHHH€ CIIlHOBe 

BHpo.n;)l(eHHH op6harri ( ecpeKT 3eeMaHa ). KoHTaKTH a6o rrposi.n;HHKH, HaBrraKH, . . . . . . 
MO,D;eJIIOIOTbCH HK 1.n;ea.JibHl HeKopeJibOBaHl MeTa.JIH, HKl He B3a€MO)J;ll0Tb 13 

30BHiIIIHiM MarHiTHHM rroneM. Y .n;ocrri.n;)l(yBaHoMy pe)l(HMi KoH.n;o cpi3HKa He . . . . . 
CIIOCTeptra€TbCH, OCKlJibKH, HK Bl)J;OMO, KOJieKTHBHe eKpaHyBaHHH crrrny Ha TO"LID;l . . . 
erreKTpOHaMH rrpOBl)J;HHKlB BHTµHMY€ JIHIIIe TeMrrepaTypH, HarrpyrH 3MlID;eHHH Ta 

MarHiTHi rroAA rropH.n;Ky IIIKa.JIH KoH.n;o. Po3rm1eyTo 3MiHy rrposi.n;HocTi B . . . . 
3a.Jie)l(HOCT1 Bl)]; rrpHKJia.n;eHoro 30BH1IIIHbOro MarHlTHOro IIOJIH, a TaKO)I( 

perraKcau;iii:Hi rrpou;ecH, HKi BHHHKaIOTb rrpH rrpHKJia.n;aHHi .n;o TaKoro rrpHCTµOIO . . 
lMIIYJibCY HarrpyrH Ta MarHITHOro rrom1. 

lHIIIHM crroco6oM KepyBaHHH rrposi.n;HiCTIO KaHaJIY QD MO)l(e 6yTH .n;o.n;aTKOBa 



KBaHTOBa TOqKa, .SIKa npHC)l,HaHa CMHicHHM 3B'.SI3KOM. ):(.IT.SI TaKoro T-no)l.i6Horo 

npHCTPOIO 3aTBOp (BHBi)l, 2) 6e3nocepe)l,Hh0 He KOHTpOJIIOC eHepreTHqHHH piBeHh 

KBaHTOBOl ToqKH 1 y KaHaJii npoBi)l,HOCTi Mi)I( JiiBHM (L) i npaBHM (R) KOHTaKTaMH. 

Arre 3aB)l,.SIKH 3MiHi HanpyrH Ha 3aTBopi 3MiHIOCThC.SI 3aCeJieHiCTh KBaHTOBOl TOqKH 

2 i caMe l(.SI 3MiHa 3peIIITOIO iHil(i10c noqaTOK CTPYMY qepe3 npoBi.ll.HHii KaHaJI . . . . 
3aB)l,HKH Ha.SIBHOMY KYJIOHlBChKOMY BI)l,IIITOBxyBaHHIO Ml)I( eJieKTpoHaMH Ha pt3HHX 

KT. 

B HaCTYIIHiii qacTHHi )l,HcepTal(iiiHOI po60TH, HKa IIpHCB.SJqeHa CHCTeMi KBaHTOBHX 

ToqoK i3 CMHiCHHM 3B '.Sl3KOM, IIOKa3aHO, Il(O IIpH )l,OCTaTHhO HH3hKiii TeMnepaTypi 

TaKa CHCTeMa 3 IIO)l,BiiiHOIO KBaHTOBOIO TOqKOIO )l,ac MO)l(JIHBiCTh no6y)l.yBaTH 

KBaHTOBHH TPaH3HCTOp, 3)],aTHHH 3 BHCOKOIO qyTJIHBiCTIO nepeMHKaTHC.SI Mi)I( 

TphOMa CTaHaMH 3aMiCTh )],BOX: i30JI.SITOpa, HOpMaJihHOl npoBi)l,HOCTi Ta 

pe3oHaHcHo1 npoBi)l.HOCTi 3a )l,OIIOMoro10 e<PeKTa KoH)l,O. 

lHIIIHM npHKJia)l,OM CHCTeM i3 CHJihHHMH KOpeJI.SII(i.SIMH, .SIKi MalOTh 6yTH BpaxoBaHi 

np:u )l,OCJii)l.)l(eHHi, c c:ucTeMa Me3oHiB. IH<PopMal(iH npo <Pa3oBy cTpyKTYPY 

Me30HHOl CHCTeMH np:u CKiHqeHHHX TeMnepaTypax Ta rycTHHax i3ocniHy Mac . . . 
BHplIIIaJihHe 3HaqeHH.SI )],JI.SI p03YM1HH.SI nrnpoKoro cneKTPY HBHII.J;: Bl)], .Sl)l,pO-.Sl)l,epHHX 

3iTKHeHh )l,O HeHTPOHHHX 3ipoK i KOCMOJioril. 1Vi o6JiaCTh c Ba)l(JIHBOIO qacTHHOIO 

)l,OCJii)l,)l(eHh rap.Siqo1 i Il(iJihHOl a)l,pOHHOl MaTepil, .SIKa np:uBepTac B OCTaHHi pOKH 

3HaqHy HayKOBY yBary. Bo)l,HOllaC )l,OCJii)l,)l(eHH~ Me30HHHX CHCTeM Mac CBOIO 

CIIel(:u<PiKy, 3YMOBJieHy MO)l(JIHBiCTIO 6o3e-eiiHIIITeiiHiBChKOl KOH)l,eHCal(il 

B3aCMO)l,iIOq:ux 6o30HHHX qacTHHOK. 

y .ll.pyriii IIOJIOBHHi )l,OCJii)l,:>KeHH.SI yBara KOHI(eHTPYCThC.SI Ha BHBqeHHi 

BJiaCTHBOCTeii B3aCMO)l,i10q:ux 6o30HHHX CHCTeM B paMKax TepMO)l,HHaMiqHo 

y3ro)l,)l(eHol MO)l,eJii cepe.ll.Hhoro IIOJI.SI. OcHOBHHMH 3a)l.aqaM:u c ol(iHKa MaCIIITa6y . . . 
Ta Bl)l,HOIIIeHH.SI Ml)I( npHTHraJihHOIO Ta Bl)l,IIITOBXYBaJihHOIO KOMIIOHeHTaMH 

IIOTeHI(iaJiy B3aCMO)l,il Ta )l,OCJii)l,)l(eHH.SI YMOB, np:u .SIKHX MO)l(JIHBa IIO.SIBa 003e

KOH)l,eHCaTy y cncTeMi B3acMo)l.imq:ux tJ.aCTHHOK. IIpo6JieMa Eo3e-KOH)l.eHcal(i1 ni

Me3oHiB y .SI)l.epHiii MaTepiri BHBqaJiacH noq:uHa10q11 3 nioHepchKHX po6iT Mir)l.aJia . . 
Ta lHIIIHX aBTOplB. 

y )l,HCepTal(iiiHiii po6oTi po3rJI.SI)l,aCThCH peJI.SITHBiCTChKa CHCTeM B3aCMO)l,iIOq:ux 

003e qaCTHHOK-aHTHqacTHHOK np:u ttyJihOBOMY i3ocniHOBOMY 3apH)l.i n1 i CKiffqeHHiii 

TeMnepaTypi, a TaKO)I( npH HeHyJihOBOMY i3ocniHOBOMY 3ap.SI)l.i, .SIKHH 36epiraCThC.SI. 

Eo30HHi qacTHHKH, .SIKi 6yJIH Bn6paHi )],JI.SI )l,OCJii)l,)l(eHH.H c ni-Me30HH. B:u6ip 6yB 

3po6JieHHH caMe Ha KOpHCTh l(HX qacTHHOK TO.My, Il(O 3apH)l,)l(eHi ni-Me30HH c 

HaiiJierIIIHMH a)l,pOHaMH 51Ki MalOTh i3ocniHOBHH xiMiqHHH IIOTeHI(iaJI Bi)l.MiHHHH 

Bi)], HyJI.SI. 3 iHIIIOro 6oKy, nion:u € HaiiJierIIIHMH 6o3e-qacTHHKaMH 51Ki np:uiiMalOTh 

yqacTh y 51)],epHHX B3a€MO)l,151X, TOMY BpaxyBaHH.SI HapO)l.:>I<eHH.SI TeIIJIOBHX nap TaKHX 

qacTHHOK np:u 36iJihIIIeHHi TeMnepaTypn c aKTYaJihHOIO npo6JieMo, HKY s:upiIIIYc 

KBaHTOBa CTaTHCTHKa. 

):(.ITH BpaxyBaHH51 B3aCMO)l,il Mi)I( 6o30HaMH 6yJio BBe)l,eHe <PeHOMeHOJioriqHe 

cepe)l.HC noJie U(n) no)l.i6He )l,O IIOJI51 CKnpMa, 51Ke 3aJie)l(HTh JIHIIIe Bi.ll. rroBHOI 
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rycTHHH Me30H1B n. I.I;e cepe.n;He IIOJie Bi.n;o6pIDKa€ HaHBHlCTb lHilIHX CHJibHO 

B3a€MO)l;iIOqlfx qacTHHOK B CHCTeMi, TaKHX HK, HanpHKJia.n;, p-Me30HH, napH HYKJIOH

aHTHHYKJIOH, rJIIOOHH a6o napH KBapK-aHTHKBapK npH BHCOKHX TeMnepaTypax. 

3B'H30K po60TH 3 uayKOBHMH nporpaMaMn, DJiaHaMH, TeMaMH 

,[(HcepTauiiiHa po6oTa BHKOttyBaJiaCb y BiMiJii <l>i3HKH BHCOKHX rycTHH eHepri1 

lHCTHTYTY TeopeTifqHOl Q>i3HKH iM. M.M. EoroJI1060Ba HAH YKpa1HH B paMKax 

.n;ep:>K6IO,n;:>KeTHHX HayKOBO-)l;OCJii)l;HHX po6iT (2016-2019 pp.): "IlolliyK HOBHX 

Q>opM CHJibHOB3a€MO)l;iHHOl MaTepil B 3iTKHeHHHX a.n;poHiB Ta H.n;ep 3a BHCOKHX 

eHepriH:" (PK NQ 0118U003197); Ta y BiMiJii Teopil H,n;pa i KBaHTOBOl Teopi1 IIOJIH 

lHCTHTYTY TeopeTifqHOI Q>i3HKH iM. M.M. EoroJII06oBa HAH YKpa1HH B paMKax 

.n;ep:>K6IO,n;:>KeTHHX HayKOBO-)l;OCJii)l;HHX po6iT (2019-2022 pp.): "BHKOpHCTaHHH . . 
TeopeTHKO-IIOJibOBOro m.n;xo.n;y )l;JIH BlfBqeHHH KBaHTOBHX CHCTeM 13 CHJibHOIO 

B3a€Mo.n;ie10" (PK NQ 0117U000237). ,[(HcepTauiiiHa po6oTa TaKO:>K BHKOHYBaJiaCh B 

paMKax uiJihOBo1 nporpaMH Bi.n;iJieHHH Q>i3HKH i acTPOHoMil HAH YKpa1HH (2017-
2022 pp.): "CTpyKTypa Ta )l;HHaMiKa CTaTHCTHqHHX Ta KBaHTOBO-IIOJibOBHX CHCTeM" 

(PK No. 0117U000240), 
MeToro JJ.OCJiiJJ,~enh, npoBe,n;eHHx y ,n;HcepTauil, e BHBqeHHH BJiaCTHBOCTeii cHcTeM . . . . 
13 CHJibHHMH KopeJIHUIHMH, TaKHX HK KBaHTOBl TOqKl 13 CHJibHHM KYJIOHlBCbKHM 

Bi)l;IlITOBXyBaHHHM Mi:>K eJieKTpoHaMH Ta CHCTeMH 6o30HiB 3 CHJibHOIO B3a€MO)l;iel0. 

,[(JIH i"i .n;ocHrHeHHH 6yJio IIOCTaBJieHO TaKi 3a,n;aqi: 

• y3araJihHeHHH TPaHcnopTHHX piBHHHh .n;AA BHna.n;Ky HaHBHoro 30BHillIHhoro 

MarHiTHOro IIOJIH, IUO .n;ie Ha KBaHTOBY TOqKy B MO)l;eJii AH.n;epcoHa; 

• OTpHMaHHH aHaJiiTHqHoro BHpa3y )];AA Q>yHKUil rpiHa O)l;HOpiBHeBOl 

KBaHTOBOl TOqKlf IIpH€)l;HaHOl )l;O npoBi)l;HHX KOHTaKTiB B 30BHillIHhOMY MarHiTHOMY 

nom; 

• qlfceJibHl po3paxyHKH prnHoBa:>KHoro CTPYMY ,n;JIH pl3HHX 3HaqeHh 

30BHilIIHhOro MarHiTHoro IIOAA Ta Bl.n;ryKy TaKOl CHCTeMH Ha IIpHKJia,n;eHHH 

CKiffieHHHH iMIIYJihC HanpyrH Ta MarHiTHoro IIOJIH; 

• OTpHMaHHH aHaJIITHqHoro BHpa3y )l;JIH <l>YHKUil rpiHa T-no.n;i6Horo 

IIpHCTPOIO, IUO CKJia.n;aeTbCH 3 )];BOX KBaHTOBHX ToqoK i3 €MHiCHHM 

3B' H3KOM( npoBi)l;HHH KaHaJI Ta KepYIQqlfif 3aTBOp ), Ta .n;ocJii,n;:>KeHHH nposi.n;HOCTi 

TaKo1 CHCTeMH npH TeMnepazypax HH:>Kqe TeMnepaTypH KoH.n;o; 

• OTpHMaHHH caMOy3rO,n;:>KeHHX piBHHHb )l;JIH CHCTeMH B3a€MO)l;iIOqHx 

peJIHTHBicTChKHX Eo3e-qacTHHOK Ta -aHTHqacTHHOK y paMKax TepMo,n;HHaMiqHoro 

ni.n;xo.n;y ,n;JIH HYJihOBoro bocniHoBoro 3apH.n;y Ta HeHyJihOBoro, ane Q>iKCOBaHoro . . 
130CIIIHOBOro 3apH.n;y; 

• .n;ocJii,n;:>KeHHH MO:>KJIHBOCTi Ta YMOB BHHHKHeHHH Eo3e-KOH,D;eHcaTy y CHCTeMi 

B3aeMo.n;i10qHx qacTHHOK Ta aHTHqacTHHOK i3 HYJihOBHM bocniHOBHM qlfcJIOM B 

3aJie:>KHOCTi Bi.n; cninBi)l;HOlIIeHHH Mi:>K npHTHraJihHOIO Ta Bi)l;lIITOBXYBaJibHOIO 

KOMIIOHeHTaMH IIOTeHuiany B3a€.t\'IO)l;i1; 

• .n;ocJii,n;:>KeHHH MO)l(JIHBocTi Ta yMoB BHHHKHeHHH Eo3e-KoH,n;eHcaTy y cHcTeMi 

B3a€MO)l;iIDqHx qacTHHOK Ta aHTlfliaCTHHOK i3 HeHyJihOBHM i30CIIiHOBHM qlfCJIOM B 



3a.Jie)l(HOCTi Bi.n; crriBBi)l;HOUieHHH Mi)I( rrpliTHra.JibHOIO Ta Bi)l;UITOBXYBa.JibHOIO 

KOMIIOHeHTaMH IIOTeHI.J;ia.Jiy B3a€MO.n;il, a.Jie )l;IDI BHrra.n;Ky "cna6Koro" rrpHTHraHHH. 

Cepe.n; uaii6iJILW sa~JIHBHX uayKosux pe3yJILTaTiB, O'IpHMaHHX y po6oTi, . . . 
ceMrnap BI,l1;3Haqae TaK1: 

e OTpHMaHO <i>YHKU:iIO rpiHa )l;JIH O)l;HOpiBHeBOl KBaHTOBOl TOqKH B MO)l;eJii 

AH.n;epcoHa Ta rrpH HaHBHOCTi 30BHiUIHhoro MarHiTHoro rronx B paMKax 

Ha6JIH)l(eHHX Xa66ap.n;a Ta Ha6JIH)l(eHHX UIHpoKo1 30HH; 

• o6qHcJieHO CTau:ioHapHHH Ta 3a.Jie)l(HHH Bi.n; qacy penaKcau:iiiHHH CTpyM, II(O . . . . 
rrpOTIKa€ qepe3 KBaHTOBY ToqKy rrpH rrpHKJia.n;aHHI .n;o KOHTaKTIB IMrryJibCY . . . . . . 
30BHlllIHbOro IIOTeHU:Ia.JIY Ta lMIIYJibCY 30BHlllIHbOro MarHITHOro IIOJIH, ou:rneHO 

rrep10.n; 3aTyxaHHH CHrHa.Jiy; 

• rroKa3aHo, II(O qacTOTH ocu:Hnxu:iii 3aTyxa10qoro CTPYMY crriBrra.n;aIOTb 3i 

3MiHOIO eHepri1 eJieK'IpOHa rrpH TyHeJIIOBaHHi 3 KOHTaKTY .n;o KBaHTOBOl TOqKH qepe3 

O)l;HOeJieK'IpOHHHH piBeHb; 

e OTpHMaHO <i>YHKU:il rpiHa )l;JIH CHCTeMH 13 )l;BOX KBaHTOBHX TOqOK, II(O 

B3aeMo.n;iIOTb Mi)I( co6010, B paMKax HerrepexpecHoro Ha6JIH)l(eHHX (NCA) Ta 

Ha6JIH)l(eHHH UIHpOKOl 30HH; 

• rroKa3aHo, II(O rrpH TeMrrepaTypax T < T K crrocTepiraeThCH rrepexi.n; . . .. . . 
rrpOBl)l;HOCTl KBaHTOBOl TOqKH Bl)l; CTaey 130JIHTOpa, .n;o pe30HaHCHOro TyHeJIIOBaHHX 

Ta .n;o CTaHy rrpoBi.n;HHKa rrpH 36iJibUieHHi 3arrMpa10qoro IIOTeHU:ia.Jiy 3aTBopy, 

rrpMqoMy pe3oHaHCHHH rriK po3MMBa€TbCH .n;nx TeMrrepaTyp T > T K; . . . . 
• B paMKax TepMO)l;HHaM1qHoro m.n;xo.n;y OTpHMaHO caMoy3ro.n;)l(eH1 p1BHXHHH 

)l;JIH CHCTeMH B3a€MO)l;iIOqHX peIDITHBiCTCbKHX 6o3oHiB Ta aHTH6030HiB; 

• )l;JIH CHCTeMH rri-Me3oHiB i3 IIOTeHU:ia.JIOM B3a€MO.n;i1 rro.n;i6HHM .n;o IIOTeHU:ia.Jiy 

CKHpMa Ta HYJibOBMM i3ocrriHoM rroKa3aHo, II(O Eo3e-KoH.n;eHcau:ix MO)l(JIMBa JIMUie 

)l;JIH 3HaqeHb rrapaMe'Ipa rrpHTHraHHX 6iJibllIHX 3a KpHTHqHe 3HaqeHHX k > kc = 1; 
• rroKa3aHo, II(O Eo3e-KoH.n;eHcaT MO)l(e icnyBaTM JIMUie B rrpoMi)l(KY 

TeMrrepaTyp Tc < T < T 2 , rrpMqoMY Tc > O; 
• )l;JIH CHCTeMH rri-Me30HiB i3 IIOTeHU:ia.JIOM B3a€Mo.n;il rro.n;i6HHM .n;o IIOTeHU:ia.Jiy 

CKMpMa Ta HeHyJihOBMM i3ocrriHoM rroKa3aHo, II(O .n;nx "cna6Koro" rrpMTxraHHX, 

T06To k < kc= 1, y Eo3e-KOH,n;eHCaTi MO)l(e 3HaXO)l;HTHCb JIMUie KOMIIOHeHTa CHCTeMH 

3 6inhUIOIO rycTMHOIO, To6To qacTMHKM, B Toil qac HK aHTMqacTMHKM 3aB)l()l;H 

rrepe6yBaIOTb y TeIIJIOBiii <Pa3i. 

Po6oTa Mae TeopeTMqHHH xapaKTep. 0TpMMaHi pe3yJibTaTM MO)l(YTb 6yTM 

BHKOpHCTaHi: 1) rrpH .n;ocni.n;)l(eHHi 'IpaHCIIOpTHHX BJiaCTHBOCTeii 

MiKpOeJieKTpOHHHX rrpHC'IpOlB Ta penaKcau:iiiHHX e<PeKTiB; 2) )l;IDI .n;ocni.n;)l(eHHX 

BJiaCTHBOCTeii CHJibHOB3a€MO.n;i10qo} MaTepil, II(O HapO,n;)l(y€TbCH y x.n;po-51.n;epHHX Ta 

rrpOTOH-IIpOTOHHHX 31TKHeHHX Ta IIOHCHeHHH icny10qMx e<PeKTiB IIOB'H3aHHX 3 

HBMII(eM Eo3e-KoH.n;eHcau:il. 

Oco6ucTuii suecoK 3Ao6ysaIJa. 

~o 



y po6oTax [2-3] : 1) TpaHCIIOpTHi piBIDIHHH y3aranbHeHi ,ll;JIH BHrra.n;Ky HaHBHOfO 
30BHiIIIHbOfO MarHiTHOro IIOJIH, IIJ,O .n;ie Ha KBaHTOBY TOqKy B MO.n;eni AH.n;epcoHa; 
2) OTPHMaHO <i>YHKI..J;iIO rpiHa JJ;JIH O,ll;HOpiBHeBOl KBaHTOBOl TOqKH B MO.[l;eJii 
AH.n;epcoHa Ta rrpH HaHBHOCTi 30BHiIIIHhoro MarHiTHoro rronx B paMKax 
Ha6nmKeHHH Xa66ap.n;a Ta Ha6nmKeHHH IIIHpoKo1 30HH; 3) 06q11cneHo 
cTau;ioHapHHH Ta 3ane)l(HHH Bi.n; qacy penaKcau;iliHHH CTPYM, IIJ,O rrpoTiKae qepe3 . . . . 
KBaHTOBY ToqKy npH npHKJia.n;aHHl .n;o KOHTaKTlB lMIIYJibCY 30BHlllIHb0fO 
IIOTeHu;iany Ta iMrryJiocy 30BHiIIIHbOfO MarHiTHOro IIOJIH, ou;iHeHO rrepio.n; 
3aTyxaHHH cHrHany; 4) rrpoBe.n;eHo rropiBIDIHHH Ha6JIH)l(eHHH Xa66ap.n;a 3 
Ha6JIH)l(eHIDIMH NCA Ta inchworm QMC; 5) OTpHMaHO <l>YHKI..J;il rpiHa JJ;JIX T
rro.n;i6HOl CHCTeMH i3 ,ll;BOX KBaHTOBHX ToqoK, IIJ,O B3a€MOJJ;iIOTb Mi)I( co6010, B 
paMKaX HerrepexpecHoro Ha6JIH)l(eHHH (NCA) Ta Ha6JIH)l(eHIDI IIIHpOKOl 30HH. 
y po6oTax [1,4-5] : 1) B paMKax TepMO,ll;HHaMiqHoro rri.n;xo.n;y JJ;JIX CHCTeMH 
peJIHTHBiCTCbKHX rri-Me3oHiB i3 IIOTeHu;ianoM B3a€MOJJ;il rro.n;i6HHM .n;o IIOTeHu;iany 
CKHpMa Ta Maco IO m = 140 Me V oTpHMaHo po3B 'H3KH caMoy3ro.n;)l(eHHX piBHHHh 
.n;nx rycTHHH qacTHHOK B 3ane)l(HOcTi Bi.n; TeMrrepaTyp11; 2) OTPHMaHo 3ane)l(HicTh 
TeMrrepaTypH rroqaTKY Eo3e-KoHJJ;eHcau;il Tc Bi.n; napaMeTPY B3aeMo.n;i1 k MH 
cHcTeMH i3 HYJII>OBHM i3ocrriHoM; 3) OTPHMaHo 3HaqeHIDI TeMrreparypH BHXo.n;y 3 
KOH.n;eHcaTHOl <l>a3H T 2 .n;nx cHcTeMH 3 HYJihOBHM Ta HeHyJioOBHM 3HaqeHIDIM 
bocrriHy, rroKa3aHo IIJ,O .n;aHa TeMrrepaTypa cna6o 3ane)l(HTh Bi.n; rrapaMeTPY 
B3a€MOJJ;i1 k; 4) 06q11cJieHO TepMO,ll;HHaMiqHi BeJIHqHHH CHCTeMH, TaKi HK rycTHHa 
eHepriY Ta TeIIJIO€MHiCTb, Ta IIOKa3aHO, IIJ,O <l>a30BHH rrepexi.n; B TOt.II..J;i Tc € <l>a30BHM 
rrepexo.n;oM rrepIIIoro po.n;y, a <Pa3oBHH rrepexi.n; B Tot.Iu;i T2 e <Pa3oBHM rrepexo.n;oM 
.n;pyroro po.n;y. 
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)l(ypaBeJib ,[.(. B. y 2016 p. 3aKiHqHB KacpeJJ:py TeopeTHqHol cpi3HKH KHIBChKoro 
HaQiOHaJibHoro yHiBepcHTeTy iMeHi Tapaca IlleBqeHKa Ta oTpHMaB cTyniHh 
MaricTPa 3a cneQiaJihHiCTIO «3ararrhHa cpi3HKa». 3 2016 no 2020 piK - HaBqaBcx B 
acnipaHTypi IHCTHTYTY TeopeTHqHol cpi3HKH iM. M.M. EoroJII06oBa HAH YKpalHM 



3 Bi,n;pHBOM Bi.n; BHpo6HHU:TBa 3a cneu:iarrbHiCTIO 01.04.02 - TeopeTHqHa Q:>i311Ka. 
IIicIDI JaKiHqeHHjl acnipaHT)'pH )l{ypaBJrn ,ll;.B. 6yno 3apaxoBaHo Ha noca.n;y 
npoBi.n;Horo iH>KeHepa BiMiny TeopiI jl.n;pa i KBaHTOBoI TeopiI noJij! lHCTHT)'TY 
TeopeTHqHoI Q:>i3HKH iM. M.M. Eoromo6oBa HAH YKpaIHH. 3 2020 p. i no 
TenepinrniH qac )l{ypaBenb ,n;. B. npau:10e B lHCTHT)'Ti TeopeTHqHoi Q:>i3HKH iM. M.M. 
Eoron1060Ba HAH YKpaiHH, ocHOBHHM HayKoBHM Hanpj{MKOM .n;ij{JibHOCTi e 
.n;ocni,n;)KeHHjl KBaHTOBHX CHCTeM i3 CHJibHOIO B3aeMo.n;ieIO 3 BHKOpHCTaHHHM 

TeopeTHKO-TIOJibOBHX ni.n;xo.n;iB Ta .n;ocni.n;)KeHHH BJiaCTHBOCTeii peIDITHBiCTCbKHX 

6o30HHHX CHCTeM npH HeHyJibOBHX TeMneparypax. 

YXBAJIEHO: 

1. 3aTBep,n;HTH BHCHOBOK npo HayKoBy HOBH3HY' TeopeTHqHe Ta npaKTHqHe 

3HaqeHHjl pe3yJibTaTiB .n;wcepTau:iI )l{ypaBnx ,ll;eHHca BiTarriiioB11qa 

"HepiBHOBa)KHHH eneKTpOHHHM TPaHcnopT B CHCTeMi KBaHTOBHX ToqoK Ta 

BJiaCTHBOCTi 6o30HHHX CHCTeM npH HettyJibOBHX TeMneparypax B Mo.n;em 

cepe,n;Hboro nonx". 

2. BH3HaTH, ru:o 3a aKTYa.JibHlCTIO, cTyneHeM HayKosoi HOBH3HH, 

o6rpyHTOBaHiCTIO, HayKOBOIO Ta npaKTHqHOIO u:iHHiCTIO 3,n;o6yTHX pe3yJihTaTiB 

)J;HCepTau:ix )l{ypaBJIH ,ll;.B. Bi.n;noBi.n;ae cneu:iarrbHOCTi 104 <l>i3HKa Ta acTpOHOMijl Ta 

BHMOraM IlopH.LJJ~Y ni}J,fOTOBKH 3,LJ,06ysaqis swmo'i OCBiTH cryneHH }J,OKTOpa 

<l>iJioco<l>i'i Ta }J,OKTOpa HayK y 3aKJia}J,ax sumo'i OCBiTH (HayKOBHX ycTaHOBax), 

3aTBep,LJ,)KeHoro nocTaHOBOIO Ka6iHeTy MiHicTPiB Y KpaiHH Bi.n; 23 6epe3HH 2016 p. 

N~ 261, nn. 6, 7, 8 IlopHAKY npucy}J,~eHHH cryneHH }J,OKTopa <l>iJioco<l>ii Ta 

cKacysaHHH pirneHHH pa3oso'i cne1daJii3osaHo'i sqeHo'i pa}J.H 3aKJia}J.y sumo'i 

OCBiTH, HayKOBOI ycTaHOBH npo npucy}J,~eHHH cryneHH }J,OKTOpa <l>iJioco<l>i'i, 

3aTBep.n;)KeHoro nocTaHOBOIO Ka6iHeTy MiHicTpiB YKpaiHH Bi.n; 12 ciqHx 2022 p. N~ 

44. 

3. PeKoMeH,n;yBaTH .n;11cepTau:i10 )l{ypaBIDI ,ll;.B. "HepiBHOBa)KHHH eneKTpOHHHH 

TpaHcnopT B CHCTeMi KBaHTOBHX ToqoK Ta BJiaCTHBOCTi 6o30HHHX CHCTeM npH 

HeHyJibOBHX TeMnepaTypax B MO,[(eJii cepe,n;HbOrO TIOIDI" .n;o 3aXHCTY Ha 3,n;o6yrrx 

cTyneHx .n;oKTopa Q:>inocoQ:>iI y pa3oBiii cneu:iarri3oBaHiii BqeHiH: pa.n;i 3a 

crreu:iarrhHiCTIO 104 <l>i3HKa Ta acTpOHOMm 

4. PeKoMeH,n;yBaTH BqeHiii pa.n;i lHcTHTYTY TeopeTwqHoi Q:>i3HKH 

iM. M.M. Eoron1060Ba HAH YKpaiHH 3aTBep,n;HTH cKna.n; pa3oBoi crreu:iarri3oBaHo1 

BqeH01 pa.n;w: 

roJIOBa pa}J,H: 

Ha3apeHKO AH}J.piii BoJIO}J,HMnposuq, .n;oKTop Q:>i3.-MaT. HayK, rrpoQ:>eccop. 

Peu;eH3eHTn: 
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rycuuiu BaJiepiii IlaBJIOBHq, ~OKTOp cpi3.-MaT. HayK, rrpocpecop, qJI.-Kop. HAH 
YKpalHH, 3aBi~ysaq Bi~~iny Teopi1 .SI~pa i KBaHTOBOl Teopi1 IIOJUI lHCTHTYTY 
TeopeTttqHo1 cpi3ttKH iM. M.M. Eoromo6osa HAH YKpa1Htt. 
lipH"'HK Jlapuca Ceupu,a:ieua, ~OKTop cpi3.-MaT. HayK, rrpocpecop. 
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