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Ha ArrcepTarlzoHHr4r TpyA Ha TeMa:

"KeaHroso-KoprrrrrpaHn qepHrr AyrrKn n nro6nru"

3a nprrctxAaHe Ha o6pasonare ItHa Lr

o6racr Ha Blrc[re o6pasonauue 4. llpzpo4uz

flpo$ecuoHanHo Hanpasneuve 4.1 .

Hay qHa cne ulranHo c'r,,Acrpo Q r4gvKa pr

HayqHa crerreH "AOKTOP"

HayKr.r, MareMarr4 Ka z uuQopn ut vrKa

@usnqecru HayKI4,

3Be3AHa acrpoHoMHfl"

na ArerccaHgrp Ilocnon lrlocuQon

3aAoqeH AoKTopaHT n I,Iucruryr sa Kocrvrr4qecru I,Iscle4BaHvs.n Texnolorun,BAH

Hayueu pibKoBoAr4Ten: AorI. g-p Jlrvesap Ozrnnos

[ncepra6uJrHocr Ha pa3rJrexAaHnq rpyA

Pa:pa6ornaHl4tr B Ta3v Arrceprar\vfl, npo6leu e r43Krloqr4TeJrHo BOKeH 14 aKryaJreH 3a

TeopervqHara $zsura. Tofi gorua HarraJroro cr,r or 70-re roAuHLr Ha 20-tu BeK c orKpr.{T}rero Ha

pallapfl na Xorusr. B locneAHltre rurKoJrKo roAr4Hr4 npo6relrcr sa zntfopuarlr4oHHnt

napaAoKc ua6pa roJItM r.IHTepec nopaAz r4HTerpvpaHero Ha KBaHToBa reopr4r na zH$opnrapflTa.
B roBa orHoIrIeHIre pa3ue)(AaHvq Ar4ceprarlr4oHeH TpyA npeAcraBnqBa KaqecrBeH cKoK,

MOAepHO HI4BO Ha I43CJIeABaHe C nOMOrrITa Ha CbBpeMeHHil MaTeMaTr,rqecKr4 ailapuwr.

Tosa NaI4 AaBa ocHoBa:n:,z'e ra rBbpAr, qe I43cJreABaHvrflT npo6rena e r,rHTepeceH, cbrrlecrBeH

u gucepra6hrer vr e HarrbJrHo AocroeH 3a eAHa Ar4ceprarlr4r.,

BuorpaQuqHn AaHHU 3a AoKTopaHTa

Or oKroMepu 2017 4o (peepyapu 2019 ArexcaH4rp frocxoe froc"$o" e 3aB'bprxr4rl

3aAoqHo Mafl4cribpcKa rlporpaMa Ha LllynreHcrz Vnueepcrzrer ,,E[zcKol Koucrauruu
flpeclancxu" Lr ilpe3 lpenpyapu 2019 r. 3arrlr4TaBa ArrnJroMHa pa6ora Ha reMa ,,Teopur ua

nonyKnacl4qecKlr r{epHz 1yilt - pa3Brrrve 14 orBopeHrr npo6:reuz". Or rcspr 2079 lo e 3aAor{eH

AoKTopaHT n llucrurxy'r sa Kocl,rr4qecrlr I,I:cleABaHlzfl. u Texsoloruu, BAH.



O6qo orucaHrre Ha AlrcepralluoHHltfl TpyA

B Hacro.flxlura 1uceprarlr4q pa3rnexAaMe BDI(Hocrra Ha rlapaAoKca sa A:rlrepu-Mapor$-

flolquscxu-C'sttpt (AMllC) 3a "orHeHVTe creHr4" 3a aApecr4paHe Ha rauSopvraquoHHl4t napaAoKc

npr4 r{epHlr AynKI4, KaKTo 14 HefoBI4Te Cne.qcTBI4t OTHOCHO Cbr{eraBaHe Ha KBaHTOBUta}|4eXaHIdKA n

o6ulara reopvq 3a orHocrrrenHocrra. ,{oxropaHmr npeAcraBr, cvItHV apfyMeHTV 3a roBa, r{e

Bpb3Kara Me)rqy Ha KBaHToBa MexaHVKa ra o6ula reopl4q Ha orHocnTeJlHocrra rlpu qepHu AyrIKI4

rrle AoBeAe Ao MaKpocKonvr{Hr4 KBaHToBo-rpaBr4Tarrr.roHHt4 KopeKuvur ro xopI,I3oHTa. Cturo rara

AoKTopaHTbr Lr3cneABa Bpb3Kara Me)r(Ay rpaBvrrawrfl 14 KBaHToBa reopvt :a zn(fopnar\nxra. Toh

I43[ON3BA MATEMATI4I{CCKV MOAENI{ OT TCOPETI4I{HATA KOMTIrcT'bPHA HAYKA V LI3BEXAA HOB

rrapaMerbp 3a r43MepBaHe Ha KBaHToBI4t xoac.

Tpy4rr e c o6eu or 129 crpaHLrrlr4 r,r ce cbcrou or 7 fJIaBpr, B ToBa r{?IcJIo 6 $urypu. Epolr ua

r\rrrvtpaHure rpyAoBe e 165.

B n:spga rraea e tfopnylzpaHa 3aAaquta Ha AVcepraI-lI4oHHpIf, TpyA, orrvcaHa e HeroBara

crpyKTypa v ca v3nasaHu 6raro4apHocrlr.

Bre eropa rraea e [peAcraBeu o6sop Ha perxeHzflTa Ha o6rqa reopr.rr Ha orHoclrreJlHocrra
orHocHo r{epHr4Te AyrrKr4. Pa:ue4aura ca perxeH}rflIa Ha Kep u L[eapquzrA B HtKolKo
KOOpAr4HarH14 Ct4 CTeM14.

B rpera aga ca r43cJreABaHr{ TepMoAVHaMVrrHVTe csoficrsa

TaKa ce pa3fnexAar, KaKTo MexaHI4KaTa Ha r{epHl4 AyrIKl4,

TepMoAr4HaMUKa.

B qergrpra rrasa e r4scneABaHa nepryp6aulloHHa reopl4t
feoMerpur{HaTe cMyuIeHHf, oKoJro xopl43oHTa.

Ha qepHrzre AyrrKA. B rrlaeara c:brrlo

TAKA II 3AKOHI4TE HA KJIACAqCCKATA

Ha qepHr4 AyrrKr4 14 rro-creur4aJrHo

B nera uasa ca pa3fneAaHlr rroreHrrr4anHo sa6:noAaenrzre eQerru or [peAnoxeHl4Te B

A]-l9epra\r4ATa KBaHTOBI4 KOpeKUI4I4 Ha feoMeTpvIflTa Ha qepHa AynKa.

B nrecra rrasa 4erafirno ce u3cneABa Bpb3Kara Me)rqy KBaHToBa rpaBvrrauxfl, flpu rlepHu AylKI4

r.r KBaHToBa reopu.fl Ha KoMrIJIeKcHocrra. I4seex4a ce HoB HaqI4H 3a v3MepBaHe Ha KBaHToBl4t

xaoc B'bB BbrperxHocrTa Ha qepHr.r AyrrKr4.

OcuoeH u rr pr.r Hocrr Ha Auceprarln oH H r.Ifl TpyA

B Hacrorrrlr4fl 4raapruq"o*r"i, TpyA AoKTopaHT:br rrpeAcraBr rrbJrHo v Aerafi,rso

I43cneABaHe Ha BaxHoc'rra h pon.fiTa Ha napaAoKca Ha raKa HapeqeHl4Te "ofHeHI4 creHl4" Ha

Anuepv-Mapontf-llonqr.rncru-Crnv 3a aApeclrpaHe ua uu$opuaulroHHr{r napaAoKc trpu qepHu

AyrrKrz, xofiro e lprKo cneAcrB]re or cbr{eraBaHero Ha KsaHroea MexaHVKa u O6ua reoplrt Ha

orHocl,rreJrHocrra na Xun6epr-Afinqafin Ha Soua Ha r{epHa AyrIKa na lllnaputrrunA. llo rosu

Haqr4H AoKTopaHTar nepryp6upa rro3Harrr rpaBvraIIVoHHH perueHl4.fl Ha r{epHz AynKV, 3a ra



Lr3CneABa Cna6o ro3HaTpt, Ho r43KJ[oqr4TeJrHO BaXHV KBaHTOBLI-fpaBHTaUr4OHHH eQeKTr4, KOT4TO Ce

or{aKBa Aa ce flpof,Bfl't t]pv noAo6Hr4 crleHaprrl4.

llpe4roxenr4Te MaKpocKorruqHv KBaHToBo-fpaBr,rraur4oHHu e$exru ca Aon:bnHr.rreJrHo

u3cJreABaHn r.r or fJreAHa roqKa Ha Bpb3Kara vM c KBaHToBa reopvt sa nn(popvraql,IflTa.

I4snorssafiKz To3r4 MoAepeH MareMarr4qecKvr anapar, npuo6qeu or o6racrra Ha reoperrlqHara

KoM[]orbpHa HayKa, AoKTopaHTbr r43cJreABa He caMo csoficrea Ha parvar\krq ua XoruHf, Ho II

3arB:bplKAana 4r:r6oxara Bpb3Ka Me)KAy xaorr.IrlHara pla,lr'av'laKa BbB BibrperxHocrra Ha r{epHa

AyrIKa I,I KB aHTO Bar A VI3TTI/C nztTe JIHa KOM rlJre KCHOCT.

C usc:re4eaHr4flTa cv Ha (fyn4arr.renraJrHara Bpb3Ka MelKAy KBaHToBa rpaBrrra\us npv
rrepHr.r AyrrKl4 rr KBaHToBa reopr4r :a zn(fopruar\vflTa, AoKTopaHTbr npaBr.r cneAHI4Te rpr{Hocz KbM

oSlacrra:

1. I4gseNAa cra6o-uo:sarn a rroreHrlzaJrHo na6lroAaelru MaKpocKolur{Hr4 KBaHToBo-

fpaBhrarlr4oHura e$exrr4, rropoAeHrl or orKJroHeHr4r or O6ua reopr4{ Ha orHocrrreJrHocrra B

pefr4oHa 6rzso Ao xopr43oHTa Ha qepHa AynKa. BrnpocHure orKJIoHeHI4.fl Morar Ia ce

r43pa3.flT KaKTo BbB BpeMeBr4 AeBr4arlvtv Ha cHorroBe or $oroHz, rrpeMr.{Hanarqu 6lu:o go

r{epHa AynKa, TaKa r4 B MuKpocKorruqHr.r Qryxryaqu}I BbB (fopuara xopl43oHTa.

2. t{pes npu:raraHe Ha MareMarr4qecKz pe[reHr4r, rrr,pBoHaqanHo r43BeAeHrn B o6racrra na

KocMoJlofl4flTa, Ha Qoua Ha qepHa AyrrKa Ha lllnapunvJrA, AoKTopaHtbr ycraHoBrBa HoBa

BpBKa MexAy 4o6pe [o3Harr4r e$exr Ha Kasulrup vt npeAno)KeHr4Te feoMerpr4r{Hr4

tplyxryaquu Ha xopr.r3oHTa. Toea rro3BoJr{Ba no-4erafiruoro [apaMerpr43upaHe Ha

or{aKBaHr{Te orKlroHeHr{q or O6qa reopur Ha orHocureJrHocrra B perr4oHa 6ruso Ao

xopr43oHTa.

3. Zsnex4a HoB Haqr{H 3a r43MepBaHe Ha KBaHToBt4t xaoc B foJreMr4 npor.BBonHn KBaHToBu

cr.rcreMu, KoHTo cny)Kar Karo KBaHToB aHaJror Ha KBaHToBr4 qepHl4 AyrIKr4. Hoeu.sr

IlapaMeT'bp r.r3MepBa KBaHToBt4r xaoc qpe3 r43yqaBaHe Ha pa3Br4Tr.teTo Ha u3rrr,rcJIaTeJIHaTa

KoMnJIeKcHocr Ha KBaHToBara cucreMa, Koero rIo3BoJItBa r43c:reABaHero Ha ceoficrea Ha

r43rbr{eHara pa4na\vfl sa XoxuHr or fneAHa ror{Ka Ha KBaHToBa reopr4r sa zu(popv ar\nflTa.

4. r{pe: nscreABaHe Ha rfopnrupaHero n locneABarqoro v3napeHr4e Ha qepHa AynKa Ha

lllnapqmunA, AoKTopaHTbr t43BeAe HoB MoAen 3a 3arriBBaHe Ha yHr4TapHocrra Ha npoqeca.

MoAelrr e 6asupau Ha HeKay3anHo r{3rrapeHl4e Ha qacrvrr\ri Ha Xoraur, Hocequ

nHtfoprr,raqnr, qpe3 u3cJIeABaHe Ha roBa KaK peafupa Qouoeara feoMerpkt.{ e o6racr-ra oKoJro

xopl43oHTa npr Hanrqne Ha u3BeAeHr4Te MaKpocKo[I4rrH].r KBaHToBo-fpaBVTauaoHH14 e$exrz,
pe3ynTaT oT noKarHo-HexoMoreHHu.f, KBaHToB BaKyyM.



3a6e.nexxu u flpe[opbKr{ KbM AoKTopaHTa

llpenoprueaM Karo 6rAerqu r43cneAoBareJrcKr4 rrpoeKTr4 Aa ce rr3cneABar KBaHToBo-

rpaBrrrarluoHHvre eQexru Bbpxy Apyru reoMerpr4qHr.r perxeHr.u Ha qepHu AyrrKr4.

Ily6nunaquu ro ArrceprarluoHHnfl TpyA

,{racepraqzoHHrrrr rpyq,, 6a3vpaH Ha 5 ny6nzrcawvr B MexAyHapognz pe(pepvpaHr

cnnaaHvrfl, c r{MrraKr $arcrop, cpeA KoLtro Advances in High Energy Physics, Universe r.r

Electronic Journal of Theoretical Physics. flpanz 4o6po BneqarJreHze, qe BbB Bcr.rqKzre pa6orr4

AOKTOpaHTST e rrspBr4 aBTop.

AnropeQepar

Anrope(feparbr e s o6eN{ 55 crpanuqv h orpasflBa peanvcrr4rrHo ocHoBHr4Te MoMeHTu or

AIICepTarlr4rTa.

3aKrroqeHHe

Cqr.rralr qe Ar,rceprarrr4oHHr4rr rpyA Ha AnexcaHgrp frocrcon frocuQon Ha reMa:

"KsaHToBo-Kopnrr{paHn qepHr.r AyrrKr,r u rcrc6um" cr4rpxa Ba)r(Hr4 HayqHr.r pe3ynrarv, Kor.rro

npeAcraBntBar opr4fr4HaJreH npr4Hoc s o6racrra Ha reoperr4qHara tflr:uxa. PeqeHsrapaHara

pa6ora rloKttsBa, qe KaHAI4.4arbr rrprlTexaBa sa4u6oveHlr rro3HaHus e o6racrra Ha reopr4qra Ha

fpaBuraul4tra u KBaHToBara MexaHr,rKa. ,{ucepraqraoHHu.f,T TpyA orroBapr HarrbnHo Ha Bcr4qKt4

Lr3vIcKBaHr4fl ua 3PACPB z llpanuluvtKa 3a HeroBoro rrpvnoxeHr4e. Tosa Mr.r AaBa ocHoBaHr4e Aa

AaM I,I3IIgnO rrOJrO)r(r4TeJrHa OrIeHKa Ha rrpeAcTaBeHr4.f, Mr{ 3a perleH3r,r.fl Ar4cepTarlr4oHeH TpyA r.r Aa

nperopbqaM Ha yBor(aBaHoro Hayvuo )Kypr4 Aa ilpucrrn sa ArencaHArp frocnoe frocnQon
o6pa:onareJlHara vr laayqHa crerreH ,,4oKTop" s o6racrra Ha Br4crrre o6pasonauve 4. llpupo4uu
HayKV, MareMarl4Ka u zn(fopMarllKa, llpoQecraouanHo HanpaBJreHr4e 4.1 @uzu'tecKr4 HayKr4,

HayqHa clerlr4aJrHocr,,AcrpoQu3vtKa v 3Be3AHa acrpouout4r".

Cotpux

10.09.2021r.
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