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Ha AreKcanAbp frocr<on frocuQon
3aAotreH AoKTopaHr n Zucrraryra sa KocN4rrrrecKa Irlscne4nauzs - EAH

3a npkrcb)K.qaHe Ha o6paeonarerrHaur Haf{Ha crerreH ,,AOKTOP"
n npo$ecuoHaJrHo HarrpaBneHue 4.1. @zsIl.recru HayKr4

HA TEMA

,rKnaHroBo-KopurrrpaHrr 9epHu .{yuxll n Kro6urn"

or Aorl. A-p llerrp Tonen Tonee
llpe4ce4areJr Ha HayuHoro xypr4

or Zucruryra 3 a Ko cMa.recK u VIsc re p..sa:rrvrfl, vr TexHo Jrorlru,
Burapcra AKaAenrr.f, na Hayrrzre

EuorpaQurrHrr AaHHu: Arerccau4rp frocxon froculfoB 3aBbprrrna Ara4eursra Ha MBP
(2013-2017 r.) crc creIIeH ,,6axatansp". Or oKroMBprr 2017 ytu 3aAotrHo rro Mafr,rcrbpcKa
nporpaMa Ha Lflyuencxz Ynznepczrer ,,ErtLrcKotr Koncranrzn flpecrancrz" vt [pe3
(penpyapu 2019 r. nonyqaBa crerleH Marucrup no AcrpoQvr3vrKa cner 3arrlr{Ta Ha ArzfrnoMHa
pa6ora Ha reMa ,,Teopun Ha rlonyKnaczqecKr4 qepHv AyrrKrr - pa3Bkrrr4e rr orBopeHr,r
npo6nelrra". Or tonu 2019 .qocefa e 3aAoqeH IoKTopaHT n Vlycrutyra 3a Kocuuqecxrz
I4:cregnanrzs u TexnoJrorr4rr, EAH.

Hay.rnure rrnTepecu na Ar. Zocu(fon o6xnarqar KocMoJrorur, acrpoQzzuxa, $uzuKa Ha
qepHI4Te AynKu, o6qa reopus Ha orHocr,ITeJrHocrra, KBaHToBa Mexanr4Ka, MareMarI,IKa LI

MareMarr4qecxa Qu:rara, z3cJreABaHe Ha rbMHara eHeprrar 14 Ap.

Aupodaqnr: Pesylrarrzre or Akrcepra\LroHHara My pa6ora ca [percraBeHr4 Ha 8

MexAyHapo4uu xonQ epeHrlr.rr4.

Ily6nurcaquu: An. IZocr.rQon e rpeAcraBrrJr crrrrctx or 6 ny6rzxaqun n peQeplrpaHLr
MexAyHapoAHt4 try)KAecrpaHHv cnLrcaHr4s. - rpu e Advances in High Energy Physics ABe B

Universe v erna n Electronic Joumal of Theoretical Physics, c o6ul r4MrraKr @arrop 8.06. Bte
BcI4r{KI4 ny6nvxaqnu roit e IIbpBlz aBTop, Koero foBopI,I 3a HeroBara Hay.cI]Ha aKTr,rBHocr rr
BOAerrIa ponr npI,I u3cne4BalJldflTa.

I{urupyerrocr: 3a6elA3aHn ca o6rqo $ qzrnpanzx.

llpegnrer u aKTyaJrHocr Ha u3cJreABaHero: [zcepraqzoHHr]rr rpyA Ha Arexcan4rp
tr{ocz$on npeAcraBt reoperllr{Hr.r rr3cneABanvrs. Ha qepHr.r AyilKLI npe4crabanra or o6rqara
Teopl4f, Ha orHocl4TeJlHocrra (OTO) npeAr't rroBeqe or BeK 14 rrr.rero cbrlecrByBaHe e

rlorBbpAeHo HarlocneAbK rlpe3 na6ruo4eHrae Ha rpaBr,rrarlr4ouHr4 Bt,JrHt4 rrpn cnr.rBaHe Ha IBe
r{epH[ AynKI4, KaKTo LI HerlocpeAcrBeHo qpe3 Tenecron. 9epHr,rre AyrrKrr nocraBrr peA
npeAV3BLIKareJIcrBa npeg (puszKara, pa3perrraBaHero Ha Kor.rro HecbMHeHo [peAcraBnrBa
aKTyiuIHa 3a!.a'c.a. flpu rrx, B cI{JIeH rpaBI4TarI[oHeH pe]Kr,rM ce r43rBflBar nporrrBopeqnrra
MexAy o6rqara ^reopvs. Ha orHocl4TeJlHocrra 14 KBaHToBara MexaHr.rKa, I,I3pa3eHLr Lrpe3

unQopuaqvIoHHLrs. [apaloKc, cBbp3aH c r.r3rrapeHr4ero Ha rrepHr{ AyrrKr.r (paaua4ux na
Xoxzur), npu xofiro [pt4BI4AHo ce HapyrxaBa Bropzxr 3aKoH Ha repMoAvr*aMtKara Lr



yHI4TapHOCTta HA KBaHTOBaTa MeXaHr,rKa. fIpeOAOmBaHeTO Ha Te3rr npoTr4Bopequfl, e npeAMeT
Ha rr3cJIeABaHe B rvcepralllzrrra.I43cne,uBa ce cbruo KBaHToBo-un$opnraquoHur4sr npo6reu
3a Bt3MoxHocrra nonaAHanara B qepHa AyrrKa ranQopuaqvs, Aa ce Bt3craHoBr.r rrprr nefiuoro
lr3rrapeHr{e.

Crpyrcrypa Ha AncepraurrflTa: [ucepraqrroHHr.rrr rpyA ce cbcror{ or o6rqo 6 ocnosrru
fraeu u 3armo.renue (npe4craBeHo Karo AorrbJrHr4TeJrHa ceAMa fnana) c o6rq o6ew 129
crpaHllqu, B T. q. 6 $urypu. Eu6;rraorpa{uara BKJrroqBa 165 sarranun. [uceprarJvrflTa ce
cbcrolr or rplr o6oco6eHIa rlacrlr. flrpnara qacr r4Ma 3a rlen 3arro3HaBaHe c npo6leMa Ha
KBaHToBI4Te e$erru [pr{ qepHrl AylKI4 r4 H-sKorl Ba]r(Hr,r AocefarrrHz pe3ynrarrl - rx o6xnarqa
frae[ 1 (,,Brne4eHI..Ie"), 2 (,,Pelrenkrs. Ha rrepHr4Te AylKrr") z 3 (,,Teprr,roAr.rHaMrrKa Ha qepHr4

AylKI4"), Koero e o6ocnonano rlpla ron-f,Mara My cJro]KHocr. Arqenrupano e B6pxy
paALrar\r4sra na XorzHr, cBbp3ana c un$opMaIII4oHHIl{ [apaAoKc, rrpkr xofiro ce HapyrrraBa
yHI,ITapHOCTTa Ha KBaHTOBaTa MexaHvIKa npn qepHr,rTe AynKu, c BrrJreTeHuTa eHTporrurs. tr
Bpb3Kara fi c xororpa$crcux nplrHrlr{[; KaKTo v c napa oKca Ha ,,ofHeHrire creHLr", [ocorrBarl
ueo6xo4Iaruocrra or 3HaqI,ITenHrr MaKpocKorrurrHr,r KBaHToBLT KopeKrllru, 3a Ia ce 3arra3u
yHl{TapHocrra Ha KBaHToBara MexaHuKa. Bropara qacr, BKJrroqsa frana 4 (,,Knanronu
KopeKquI4") r,I 5 (,,1{rnrepBaHe Ha KBaHToBo-Kopr4rr.rpaHr4 qepHr'r Aynxu"). Tyr< ca npeAcraBeHrr
Teoperr,IqHI,ITe pe3yJlTarv Ha KaHAr.rAara, cBbp3aHr,r c l,ro4zQzxarJvrv Ha o6ruara reopr4s Ha
orHocI,ITeJIHocrra rrprl MaKpocKorlr4qHr.r KBaHToBo-rpaBvrarl[oHun e$erru e 6rr,r:ocr Ao
xopl43oHTa Ha rrepHa AyrIKa (fnana 4) u vrzcleABaHe Bb3MoxHocrLr 3a na6lro4euur na
npeAnoxeHl{re KBaHroBo-rpaBr4rarlr4oHHr,r e(ferru (f:rana 5). Tperara qacr Ha

.4zcepralluoHHara pa6ora e [peAcraBeHa or haea 6 (,,KnanroBa reop[s na zu$opnrar\uflTau
qepHu Aynrz"), Ko{To cb.4bpxa r.r3cneABaHvrs Ha A}rcepraHTa B cr,orBerHara o6lacr.

flpeAcraneHl4sr aBTopeQepar no cbrrlecrBo orpa3{Ba 4o6pe cr,Abp}r(aHr4ero rr pe3ynrarkrre
or nrrceprarlvtoHnvls. TpyA, BBrIpeKr,r, ue (popruanHo r.rMa HecborBercrBve npr4 orrr4caHrrero rro
InaBI4.

Ife,ru Ha Alrceprar\LrflTa; OcnosHara r1en e npe.qcraB{Hero Ha Mo.4en Ha rr3napeHrre Ha
qepHa ,qyrlKa r{pe3 BbBe}KAaHe MoAr,r$uraqrEz B xoprr3oHTaJreH uarqa6 n o6rqara KaprrrHa
qpe3 noKanHa KBaHToBa reoprl.f, Bbpxy ocHoBara Ha KJracuqecKara rpaBurarlrlx. I{elra Ha
re3I4 MoAl{(fr,Ixaquu e B paMKI4Te Ha Molena Aa ce 3arra3flT yHr{TapHocrra Ha KBaHroBara
MexaHI4Ka v npI4HuLIla Ha eKBI,IBaJreHTHocr na o6llara reopz{ Ha orHoct4TeJrHocrra.

B 4racepraqvrrtra ca locraBeHr{ cneAHATe ocHoBHrr 3aAaqu.
- Pageurue Ha KBaHToBo-IIoJIeBI{s Mo.4en qpe3 MoAr,r$uxaqun n 6nu:ocr Ao xopr43oHTa Ha

qepHa lyrrKa;
- Wzyuana:ae cneAcrBl4flTa Ha pa3Brrrr.rero Ha MoAeJra Bbpxy r43rrapeHr4ero Ha qepHa AyrrKa r.r

Bbpxy rraogzSurcaqzrz Ha e@exrunnara KBaHToBa reopkrr Ha rrorrero, rro3BonrBaxlu
rrpeoAonrBaHe JroKaJTHoro ft orpaHr4qeHue ;
- flpuloxeHr4e Ha KocMoJIorI4tIHu Mo,(enu 3a vsyrraBaHe Ha cMyrrleHzr B qQpHa ryrrKa 14 ga

Lt3BJII4qaHe Ha MaKpocKofrlrqHrr orKJroHeHrrr or craHAaprHoro olkrcaHr,re na o6rqara reoprat
HA OTHOCI,ITCNHOCTTA;

- Onpe4eltHe BpeMeBI{Te cKilJrLI Ha rr3BJII4qaHe Marepr,I-sra or "Mra{r4" gepHu AyrIKt4 B

TepMI{HI{Te Ha KBaHToB Lru(poprraaqr4oHHo-Teoperr4qeH nonxoA vr Lr3rrvcrzrreJrHa cJroxHocr.

Ocnonnure pe3yJrrarv Ha 1nceprarlzoHHrr{ Tpyn ca cneAHr4Te:
- Zsne4enz ca MaKpocKonllqHr.r KBaHToBo-rpaBr4Taur,roHHr,r e$exrz or peaKrlr4-sra ua
reoMerpllsra Ha qepHa .qynKa B HerrocpeAcrBeHa 6rugocr Ao xopt43oHTa Ha rrocro-rrHHr{Te



HexoMoreHHr4 BaKyyMHLr (bnyKTyarJLrkr, rrpeAcraBnflBanJr4 MoALI$I{KaIIkrkr Ha o6uara reopzt
Ha orHocr{TeJrHocrra. Tesra eQelcrz [peAcraBnrBar rrocrolrHHll [yncaIILII4 Ha xopI,I3oHTa,

Kor4To ocraBrr rroreHrlrzilnuo na6moAaeM orrrerrarbK B r{3JrbrleHlrre fpaBIrraIIrIoHHIr BIJIHI4.

- Zsyvanar ce KBaHToBT{ cr4creMr4 c MHoro louBa Ha cno6oAa or rJIeAHa roqKa Ha

eBoJrroqrrrra:aaL[3qr4c.Irr,rreJrHara vM cJro]KHocr, Koero AorrplrHacr sa no-4o6po pas6upane ua

xaorr.rrrHr.rre csofi crs a Ha ron(f opMHI,I tIoJIeBLI Teoprllr.
- flpe4noxeHa e AlrafuocrrrKa Ha KBaHToB xaoc c BaxHo rrpznox(eHkre 3a BbrpelrlHara

ALrHaMr.rKa Ha v]f,napflBarrla ce qepHa AyrrKa, noKa3Barqa, qe pallvarJvrflTa na Xoxunr e

rrpceB.4orrpor43BoAHa, T.e. or Her He Moxe Aa 6rle u3BJrerreHa Iru$opl,raqur qpe3

r{3rroJr3BaHero or BbHrrreH na6ruoAaren na Srasn.recK}I orpaHlaqeH KBaHToB KoMnlorbp.

C rrocrr,rrauero Ha re3r,r pe3ynrarr4 rrocraBeHr4Te B Ar{ceprarluflTa garaqLr ea v3rrr,IrHeHz.

[uc epl a4uo H Hlrrr rp yA r{M a crreAHr.rre rI p IrH o c rr :

- llpuloNeuo e KocMoJrorlrrrHo perreHr4e Bbpxy reoMerpl4tra Ha [lnapqmunA h e

ycraHoBeHa Bpr*Ka c e(fexra na Kasvrrlup;
- Crs.uaAeH e MoAeJr, uptr roftro ce 3a[a3Ba yHr{TapHara.4IrHaMI,IKa Ha KBaHToBara MexaHIrKa

npv rpoueca Ha (foprr,rzpaue rr r.r3napeHrre Ha qepHa AynKa na [leapqrurlnA B pe3ynrar Ha

MaKpocKorrrrqHr4 KBaHToBo-rpaBr4Taur,roHHlz eSer<rz;
- Llsne4euv v napaMerpr.r3r4paHh ca rroreHrlr.ranHo Ha6rroAaeN.{ra e(perrz B pe3ynrar Ha

npeAnolreHr,rre MaKpocKotrr4rrHu orKJroHeHprs or o6qara reopr4s Ha orHoclrreJlHocrra;
- floryuen e HoB rrapaMerbp 3a KBaHToB xaoc B KBaHToBI,I crlcreMl4 or roJLuM 6pofi cnnno

n:aulro4eftcrBalrlu cu xro6raru, orpa3.rrBaru eBorroq[sra Ha a3rrvcJrr,rreJrHara cJroxHocr Ha

CIICTCMATA.

3a6enexcrcn: Ha orgerHrr Mecra ce sa6ersgBar rrpaBorrlrcHr4 fperrrKrr, KaKTo Lr HerrpaBvneH

cnoBopeA, Koero He rrpoMeH.a xpafinoro MV 3aKrroqeHr4e.

3arc.rrroqenue: flpe4craneHura nvceprarJr4fl He caMo yAoBnerBopf,Ba, Ho r.r HalBrzrraBa
aKaAeMvqHprre v3r4cKBalvtn, Karo ce r,rMar rrpeABvr1rr rrpr{noxeHute ny6r'uKarlrru. Ha 6azara
Ha roBa rrpeAnaraM Ha yBaxaenaoro HayvHo xrypu Aa npvcbAz na A,lerccaHAr,p frocrcon
frocn{on o6pasonareJrHara kr Haylrla cre[eH ,,goKTop" n npo(fecuoHirJrHo HarpaBneHze
4.1 . Qusu,aecKrl HavKrr.

CoQur, 9 cenreunpu202l r.

flpe4ce4areJr Ha Hayunoro xypr4:
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