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CyyacHa KapTUHA CHJIBHOB3a€MOJIII0UOT MaTepii BUMAarae y3roJKEHHsI CIIOCTepe-
’KYBAHOTO aJ[pOHHOTO CEKTOpPY 13 TEOPETUYHO MepeAdadyeHUM KBapK-TITIOOHHUM
CEKTOpPOM, SIKMM ONUCYEThCS KBaHTOBOIO xpomonuHamikoro (KXI). Uepes
CKJIQ/IHICTh TIOSICHEHHS TPOIECIB B aJAPOHHOMY CEKTOP1 3 TOYKH 30py KBapKOBOI
OyJI0BM aJpOHIB, a TAKOXK 4epe3 0e3/114 JaHUX MO SBUINA 332 YUACTIO JIMIIE aJPOHIB,
aKTyaJIbHUM € 3aCTOCYyBaHHs ()EHOMEHOJIOTIUHUX aJIpPOHHUX Mojenei. Jleski 3 Hux
BHBYAIOTHCS 1 BAKOPUCTOBYIOTHCA B IUCEPTAIIii SIK JJIs OMHICY CIIOCTEPEKYBAaHUX, TaK
1 y cnpobax 3HaiTu criyibHi Touku 3 KXJI 3a yMOB peNsITUBICTCHKMX 31TKHEHD
BAKKMX HOHIB, 30KkpeMa Ha npuckoproBayax RHIC 1 LHC.

30cepeKeHICTh 3a7a4 AUcCepTalli Ha cUcTeMax 0araThbOX YaCTMHOK 3yMOBIIIOE
BUKOPHCTAaHHS METOJIIB CTAaTUCTUYHOI (I3UKM 1 TIAPOAWMHAMIKHA, a TaKOX
KOMIT FOTEPHOTO MOJIEJIIOBaHHS Ui ONUCY €BOJIIOLII MaTepli Ha PI3HHUX eTamnax
31TKHEHb BOXKKUX MOHIB. TUM caMuM, 3 OOKY Teopii 3aly4aroThCs, 30KpeMa, MOJCIIbHI
PIBHSIHHS CTaHy CHJIBHOB3a€MOJiI0U0i Marepii 1 Koe(illieHTH NEepeHocy, a s
BIITBOPEHHS CIIOCTEPEKYBAHUX JAHUX — CyYacCHI KOMIT IOTEPHI CUMYJISATOpH. Takox
3ayBOXKUMO CIPOMOKHICTh YaCTO BUKOPHMCTOBYBAaHUX B JIMCEPTAIlli PIBHSIHb CTaHY
onucyBaTH (ha3oBHI Mepexi NMepuioro poay “piauHa-ra3” B sIepHIA Marepli, 110
PO3IIMPIOE KOJIO PO3TIISIAYBAaHUX (DI3UIHUX SIBHIII.

Huceprauis (176 cTopiHok, 28 pUCYHKIB) PO3NOUYMHAETHCS 31 BCTYITHOI YaCTUHH,
CKJIQZIAEThCS 3 TI'SITH OCHOBHUX PO3JLIIB 1 3aBepuIyeThesi Buchoskamu ta Jlimepa-
myporo (3 236 HailmeHyBaHb, cepel skux — 21 myOmikamis aBtopa: 12 — 3a
Marepiazamu JucepTamii i3 5 moBTopamMu, 1 4 poOOTH, SIKI HE BKIIOYEHO [0
nucepranii). Hanpukinui mictuts Inocapiii, [Toosaxu i Jooamox.

Y ecmynuit wacmuni AUcepTallli HAJAETHCS 3arajibHa XapaKTepUCTUKA AUCEepTa-
IIHHOT pOOOTH 3rigHO 3 aTECTAIHTHUMU BUMOTaMH.

Y nepwomy po30ini OKpeclIeHO TepeayMOBH, CYYaCHHM CTaH JOCHIIKEHb Ta
npobneMatuky. OnHaK, BpaxoByruH crnenudiky 3aaad, miapo3Aaiin auceprailii adbo
MaroTh BJIACHHUM BCTyN a00 CyMpPOBOIKYIOTHCS BIJOMOCTSIMH 13 3a3HAYEHOT rays3i.

Y Opyeomy po30ini BUBYAKOTBCS MOJACII 3 KJIACMYHUM 1 MOJu]iKoBaHUM
(KBaHTOBOIO CTAaTHCTHKOIO) PIBHSHHSMH CTaHy BaH-Aep-Baanbca, a Takox MoOJenb
Banéuku, 3amnisnai juist onucy (pa3zoBOTro mepexoay pilvHa-ra3 B sIAEpHIA MaTepii, y
BUIIAJIKy KOMILJIEKCHOT'O XIMIYHOTO MOTEHLIaly [g OapioHIB. 3a pi3HUX TeMIeparyp
T, 3a Teopiero Jli—SIHra, BHU3HA4YalOTHCS TOYKM PO3TAITYKEHHS BEIUKOTO TEPMO-
JTUHAMIYHOTO TOTEHIIAy aJpOHIB y KOMIUIEKCHIN TutonuHi pg. [lokazano, mo mi



TOYKU BIJMOBIMAtOTh: KputHuHi Touli T = T.~20 MeB, cniHomansam ¢$a3zoBoro
nepexony st T < T,, Ta CHUHTYJSPHOCTSIM, MOAIOHUM 10 KpocoBepa, npu [ > T,.
Lle#t pe3ynbTat, criepiry OTpUMaHHU aHATITHYHO AJIs1 KIIACHYHOTO PIBHSHHS BaH-JIep-
Baanbca, BUSBHBCS 3arajJlbHUM JUIsl JOBUIBHOI MOJENI CEPEIHbOro MOJs, IIO0
BUILJIMBAE 3 YHIBEPCAIBHOCTI KPUTHUYHOI MOBEIIHKUA. A BIIMIHHOCTI Yy TOJOXEHHI
TOYOK PO3TaTyXEeHHs JIJIsl pI3HUX Mojienel nmposBisatoThes npu 7 < 100 MeB.

Hanamni, nyis a3y aapoOHHUX PE30HAHCIB 3 BaH-JIEP-BaaabCiBCBKUMU PIBHIHHSIMU
CTaHy JOCHIJKYETbCSA paaiyc r 30LkHOCTI psay Teinopa ¢yHKIII THCKY 3a
napameTpoM (g /T. 3Haiineno r~2 + 3 mua temneparyp I'~140 + 170 MeB, mo
MiATBEPKY€E 3B’SI30K (depe3 mapaMeTpu) Mofeni paime 3 (a30BUM MEpexooM
plavHa-ra3, HiK 13 KipaJlbHUM (ha30BUM mepexoioM, ouikyBanuM B KXJI. Tomy, npu
T~130 + 180 MeB cnin BpaxoByBaTH BHYTPIIIHI CTYIEH] BITBHOCTI aJIpOHIB.

Tpemiti po30in IPUCBAYCHUI BUIPOMIHIOBAaHHIO JIJIENTOHIB y 31TKHEHHSAX MOHIB
13 3aCTOCYBaHHSM MiKpockomiuHoi moxeni mnepeHocy UrQMDv3.5 3 nokanbHUM
TEPMOAMHAMIYHUM ycepeqHeHHsIM. [ BUBUEHHs BIUIMBY (Da30BHX MEPEXOJiB Ha
BUXiA AulenToHiB 3a eHeprii Ha FAIR posrnsgaiorbess Tpu Bepcli A1MCHOTO
e(eKTUBHOTO TOTEHIiay OapioHIB sK (yHKIIT (JIOKaNbHOI) TYCTHHHU: OJIUH —
CTaHAAPTHUMN, 3 OJJHUM MIHIMYMOM, 1 Ba — 3 BapiaTUBHUM JOJIATKOBHUM MIHIMyMOM
3a OUTBIIOT TyCTUHU. be3 po3risay paHHBOI 1 MI3HBOI CTa/l1i 3ITKHEHHSI CUMYJTIOEThCS
BUXI1J JUICNTOHIB, SIKI HECyTh 1H(OpMalio 3 rapsdoi Ta rycroi (asu, ToOTO Mpo
KaHaJI 3 p, @ Ta ¢ ME30HAMU B cepeloBHUllll. BusBnserbes, mo (pa3zoBl nepexoau
(uepe3 30LIBIICHHS Yacy >KMTTA CHUCTEMH) 3YMOBIIOIOTH 3pOCTaHHS YaCTKU YHUCIIA
JUJENTOHIB 10 YKCiia 3apsKEHUX TOHIB 32 BITHOCHO HU3bKUX 1HBapiaHTHOI Macu M
napu i eHeprii myuka. I[likaBo, mo mpu M =~ 50 MeB ouikyeTbcs MOCHICHHS
BUPOOHUIITBA AUICTITOHIB B 2-3 pasu, a 0 IHTErpOBaHOMY Jiama3oHy — B 1.5 pasu. I3
POCTOM €HEprii MyYKa TAKOK MPOTHO3YETHCS 3HUKEHHS TEMIEPATyPH IUICNITOHIB (Ha
~5 MeB) y aiana3oHi HU3bKHX Mac.

Yemeepmuti po30in CKIAIA€ThCA 3 YOTUPHOX MIAPO3IAUTIB (3a7a4), MPUCBSIUCHUX
JOCIIKEHHIO (PITyKTyanii 30epeKyBaHUX 3aps/liB Ta iX KOPEJISILiil.

VY migpo3aini 4.1 meton O1HOMIATBEHOT peecTpallii J03BOJISIE OTPUMATH aHATITUYHI
BUpa3u JUIs Mip QuykTyarii yrciia 94acTUHOK abo 3apsiay y mijcuctemi (B pocTopi
IMITyJIbCIB), @ TaKOX TapHy KOpeNsUliHYy (QYHKUIIO JUisi  JBOX  THIIIB
yacTUHOK\3apsAaiB. [loka3yeThbcs, 10 OLIHUTH (UIyKTyallii yucia 6apioHiB MOXKHA Ha
OCHOBI JIaHUX MPO MNPOTOHH; a OCOOJMBOCTI METOAY MPOSBIISAIOTHCSA Y MOJETIOBAHHS
3iTkHeHb B UrQMD. Otpumani ¢popmynu Bxkuto s onucy nanux HADES s Au-
Au 3iTKHEHD 3 eHepriero /Syy = 2.42 T'eB: BIATBOPEHO MOBEIIHKY KyMYJISHTIB,
3aJIeKHUX BIJl BIKHA MO PAaIiJHOCTI, 32 BIACYTHICTI IMITYJIbCHUX KOPEJALIN Mik
YTBOPEHUMU MPOTOHAMHU.

VY migposnuti 4.2, Ha OCHOBI OyCT-iHBapiaHTHOI MOIeNi 0€3 MOMEePeYHUX MOTOKIB
00UYHCIICHO KOPEJAIIMHY MaTPUI0 Uil cCeMU 30€peKyBaHUX 3apsiiB: eHeprii, 3-
IMITyJIbCy, OapiOHHOTO 4YHCJa, EJIEKTPUYHOro 3apsamy 1 auBHOCTI. Kopemsii
BUHHMKAIOTh YIPOJIOBXK €BOJIIOII CUCTEMHU 3TiIHO 3 B’S3KOI0 TiAPOJUHAMIKOIO 1



nudysiero, Ta MOJAThCA AK (YHKIT BIAHOCHOI MPOCTOPOBOI IIBUAKOCTI An 1
pizamIi pamigHoctedt Ay. Takmii miaxij 3acTOCOBAaHO JUIsl TPbOX PIBHSHB CTaHY:
KOPCTKOTO, M SIKOTO Ta 1I€aJIbHOTO Ta3y pe30oHaHcCiB. [IpoBeneHo peTenbHuii aHai3
KOPEJIAIiA 1 00YMCIEHOT IIIBUIKOCTI 3BYKY.

VY migposmimi 4.3, 13 3acTOCyBaHHSM METONy ITiIaHCaMOJIiB, aHATI3YIOTHCS
¢daykryamii uncna npotoHiB Ha LHC 1 peamicTHUHICTh JIOKATBLHOTO 30€peKeHHS
sapsiny. Tyr, B pamkax UrQMD yacTUHKM €BOMIOLIOHYIOTh B aJpoHHIA (a3l 3
rifneprnoBepXHi BHUMOPOXYBAHHS, 1 OIIHIOETbCS BIUIMB PI3HUX CTaAiil PO3BUTKY
cucteMu Ha Quykryanii. BcTtaHoBieHO, 10 JIOKallbHE 30€peKEHHS 3apsay, SK 3
aHITUIIIIAMA, Tak 1 0e3 HuX, mosicHioe naHi konaboparii ALICE ma LHC. [ns
PO3pI3HEHHS IUX JBOX CIIEHAPIiB TMPOMOHYETHCS TIOKA3HWK MAacITaboBaHO1
nucriepcii GuyKTyarili cyMapHOTo 4ynciia MPOTOHIB Ta aHTUIIPOTOHIB.

[limpo3ain 4.4 npuCBSYEHHI BpaxyBaHHIO KOPEIALIA IMONEPEYHHX IMITYJIbCIB
JacTHUHOK, 30KkpeMa s mosicHeHHs gaHux ALICE ma LHC nns Pb-Pb 3iTkaens 3
VSyn = 2.76 TeB. 3 HeoOximHOCTI onuc GanaHCyrouol KOPEIAIil BUMArae piBHSIHHS
nudy3ii-KOHBEKIl, a a1 (OopMyIIOBaHHA IOYATKOBUX YMOB 3aisiHOI T1ApPO-
JUHAMIYHOI €BOJIIOLII BUHUKAE MOTpeda y KOJIEKTUBHUX IMOINEPEYHUX MOTOKaX, SKi
pPO3BHUBAIOTHCS HAa PaHHIX eTamax 3iTKHeHHS. [loka3aHo, M0 IIyKaHa ISl OIHCY
JAHUX KOPEJSLisl CKIAA€ThCs 3 TPhOX BHECKIB: JOPIBHOBAXHOTO, T1APOJIUHAMIYHOTO
(3yMOBJIEHOTO (DYHKITIEIO JpKepena) 1 eeKTiB po3Iay YaCTUHOK.

Pe3ynbTaTtu 1 BUCHOBKM qucepTallli € 10CTaTHbO oOIpyHTOBaHMMHU. Lle BumuBae 3
AHATITUYHUX, & TAKOX PI3HOOIYHMX YHUCEIBHUX OI[IHOK, MOJAaHMX Ha Tpadikax.
@opMyJIIOI0OYM  OCHOBHI pe3yJbTaTH 1 BHCHOBKHM, aBTOp Jojydae (hi3uyHe
TIIyMa4€HHsI BUSIBJICHUX 3aKOHOMIPHOCTEH.

JIOCTOBIpHICTh pe3yJbTATIB JUcCEpTallli 3a0e3neueHa 3aCTOCYBaHHSIM 3arajibHO-
BU3HAHUX O3HA4Y€Hb IIYKAHUX BEIUYMH Yy GIBUII  SAPO-SIEPHUX 3ITKHEHbD,
CTATUCTUYHIN (I3UIN 1 TEPMOJAMHAMIIN, TIATBEPIKEHHIM MPAaBHIBHOCTI OTPUMaHUX
3QJIEKHOCTEN 3a JOMOMOIOI0 MOPIBHSIHHS 1 3B’SI3KYy 3 pe3yJibTaTaMM 1HIIUX aBTOPIB.
[IpencraBieHi pe3yJbTaTH € JOCTaTHHO MEPEKOHIMBUMH, HAYKOBO OOIPYHTOBAaHUMH,
a IXHIM aHami3 MPOBEACHO 3 ypaxXyBaHHSM OCTaHHIX JaHUX (PaxoBOi JITEpaATypH.
JIoIaTKOBUM CBIAYEHHSIM OOIPYHTOBAHOCTI 1 JJOCTOBIPHOCTI PE3yJbTATIB CIYTYIOTh
perieH3oBanl  myOiikamii aMcepTaHTa Ta iX MPENCTaBICHHS Ha HAayKOBHUX
KOH(epeHIIIsX.

VY aucepraiiii HOBUMH pe3yJbTaTaMU BBaXKAIO TaKi:

1. IToka3zana momiOHICT, TEPMOJMHAMIYHUX OCOOJHMBOCTEH aAPOHHHMX MOJICIICH,
AK1 OMUCYIOTHh (Pa30BUM Mepexija piauHa-Ta3 B sACpHIM MaTepii 1 HajIexXarb J10
KJIacy YHIBEpCaJIbHOCTI MoOJieNll BaH-Aep-Baansca. O0GuucieHo pajniyc 301k-
HoCTI psany Teiopa QyHKINT TUCKY 32 XIMIYHAM MOTEHITIAIOM OapioHiB.



BusiBieHO mocuiieHHsT BUXOAY JAUICTITOHIB (Ta iX CIEKTpP) Y 31TKHEHHAX HOHIB
3a HasBHOCTI JOAATKOBOTO (ha30BOTO MEPEXOay 3a T'YCTHHH, PIBHOIO IBOM-
TPHOM HOPMAJBHUM T'YCTHHAM SIEpHOI MaTepii.

. OTpumano 3B’s130K QUIyKTYyalliil y miJCUCTEMI aJpoHIB 3 (QIYKTyallisIMU Y BChO-

My IMITyJIbCHOMY MPOCTOPi. 3HAMIEHO CTapIlli MOMEHTH BUIAIKOBUX BETUUHH.
OxkpeciieHO YMOBH JIOKaJIbHOTO 30epekeHHs (0aploHHOrO0) 3apsay Ta OL[IHEHO
BEJIMYMHY BIAMOBIIHOI Kopessii 3a ymoB ekcniepuMenTy ALICE na LHC.

. BcTaHoBI€HO BIUIMB MPOTOH-aHTUIIPOTOHHUX AHITUIALIN B aJpoHHINA (a3l Ha

Bapiallito MPOTOHHOTO YHCIIA.

OcHOBHI pe3yJbTaTH AUCEPTaliiHOT poOoTH BHUKIaaeHO B 12 myOmikarisx. Cepen
HUX 9 — B HAYKOBUX KypHaJax, Kl IHACKCYIOThCs B 06a3ax manux Scopus ta Web of
Science, a 3 — y BUIJISAl €IEKTPOHHUX MPENpUHTIB B arXiv.org. BiciMm crarei
OMmyOJIIKOBaHO y BUAAHHSX, I1I0 HAJIEXKaTh 10 nepuoro kBaptuis (Q1), ogHa craTts —
y BHJIaHHI TpeTtboro kBaptuisi (Q3). AmpoOariiro OTpUMaHUX pPe3yJIbTaTiB 3acBif-
YYIOTh JIONOBI/Il HA 9 HAYKOBHUX KOH(EpEeHIIisIX.

Pesynbratu qucepTamiifHoro IOCHIKEHHS MalOTh TEOPETUUHUM XapakTep. BoHu
PO3LIMPIOIOTH BIIOMOCTI Mpo (i3WyHI, 30KpeMa CTaTHCTHYHI 1 TEPMOJIMHAMIYHI,
BJIACTUBOCTI aJpOHHOI MaTepii B PENSATUBICTCHKUX 3ITKHEHHAX BAXXKUX HOHIB, a
TAKOX MOXYTh OYTH BUKOPUCTaHI I TOAAJIBIINX TEOPETUYHUX 1 EKCIEepH-
MEHTAJILHUX JTOCIIIKEHb.

Jlo nucepraiiii € Taki 3ayBa)KCHHSI:

1.

UwuranHs aucepranii yCKJIagHEeHE Yepe3 HESKICHHM IMepeKkiia] aHTJIOMOBHUX
CTaTel aBTOpa Ha YKPAaiHCbKY MOBY.

VY posaim 2, mpu po3risAl aApoOHHUX Mojenei 1 (a3o0Boro mepexomy pijauHa-
ra3 B sfepHii Marepii HemopeuHo acorlitoBatu ix 3 KX]I uepe3 HextyBaHHS
KBapKOBMMH 1 TNIFOOHHUMH CTYINEHSMH BUIBHOCTI. Tam ke AUBYye MOLIYK 3a
BHUCOKHUX Temrepatyp yi3rokeHocti 3 KXJ[ moneni Ban-nep-Baanbca, B ki
HE 3aKJIaJICHO JKOJIHUX CTPYKTYPHUX MEPETBOPEHb YACTHMHOK OKPIM HHU3BKO-
eHepPreTuYHOro (a30BOro MEepexoy piauHa-Ta3.

Y migposnim 4.4, noxXonsyd BHUCHOBKY IIPO BXKE BIJOMY HEOOXIIHICTb
BpaxyBaHHs TOMEPEYHUX KOJICKTUBHUX TMOTOKIB 13 paHHIX CTaid 31TKHEHHS
npu omuci nanux RHIC Ta LHC, auceprant irHOpye TOCWIaHHS Ha
pesyabtatu rpynu FO.M. Cunrokosa B IT® im. M.M. Borosto6oga.

Ax moOakaHHs, 3 METOI PO3MIMPEHHS MOXJIMBOCTEW MIAXOAy y po3aun 4
BapTo Oyyio O 1ogaTv 0OEPTOBHUIA MOMEHT CUCTEMH JI0 TUHAMIYHUX 3apsIiB.

[IpoTe BUCIOBIEHHI 3ayBa)KEHHS HE BIUIMBAIOTh HA MOIO IO3UTUBHY OLIIHKY
JUcepTaLiitHOT poOOTH.



[TincymoByroun, nucepranis CaBuyka O.B. Ha Temy «PiBHSIHHSA CTaHy CHJIBHO-
B3a€MOJIIHOI MaTepii Ta PEeISATHBICTCHKI 3ITKHEHHS BaXKKMX 10HIBY», MOJaHA Ha
3100yTTs CTymneHs AokTopa ¢igocodii 3 ramysi 3Hanb 10 «IIpupoanudi Hayku» 3a
cretianpHicTIO 104 «®di3uka Ta acTpoOHOMIS» € 3aBEPIICHUM HAyKOBHM JOCHTiA-
KEHHSM, PE3yJbTaTH SKOTO MalOTh HAYKOBO-TIPAKTUYHE 3HAYEHHS 1 MOXYTh OyTH
BUKOPUCTAH1 IS BHUBYEHHS CTaTUCTUYHUX 1 TEPMOJMHAMIYHUX BJIACTUBOCTEH
MaTepii B SAPO-sAEPHUX 3ITKHEHHAX. Y poOOTI Ta HAYKOBHX IyOiKaIlisiX HEMae
NOpYyIIeHb aKkaJeMiuyHO1 AJoOpouecHOCTi. BBaxaro, 1110 3a aKkTyallbHICTIO, HOBU3HOIO,
IPaKTUYHUM 3HAYCHHSM Ta 0OCSATOM pe3yJbTaTiB JucepTalliiiHa podoTa BiMOBiIAE
Bumoram Hakazy MOH Vkpainu Ne 40 Bix 12.01.2017 p. «IIpo 3aTBepmxenns Bumor
10 oopMIICHHS JucepTallii» (3 HacTymHUMH 3MiHaMu) Ta «[lopsaky mpucyKeHHs
cTymneHs goktopa ¢inocodii Ta ckacyBaHHS PIIICHHS pa30BOi CIIEIiai30BaHOl BUCHOT
pagy 3akiaay BWINOI OCBITH, HAYKOBOI YCTAaHOBH TPO TPHUCYHKEHHS CTYIICHS
noktopa dinocodii», 3aTrBepkeHoro IloctanoBoro Kabinety MiHicTpiB Ykpainu
Ne 44 Bin 12 ciuns 2022 poky, a ii aBrop, CaBuyk Oner BonogumupoBud, 3aciIyroBye
Ha TIPUCYIDKEHHS CTyIeHs Jaoktopa ¢utocodii y ramysi 3Hanbp 10 «I[IpupogHuyi
HayKn» 3a crietiaibHICcTIO 104 «Di31Ka Ta aCTpOHOMISN.
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