BIZIT'YK O®ILIMHOI'O OTIOHEHTA
nokTopa (pi3.-mMat. HayK, CTapIlioro HayKOBOTO CIiBPOOiTHHMKa,
ITPOBiTHOr0 HAYKOBOTO CITiBPOOITHUKA Bi/iIiy Teopii siapa
[HCcTUTYTY simepHux pociimpkeds HAH Ykpainu
Marnepa Anekcanzpa ['puropoBruua

Ha AucepraliiHy poboty CaBuyka Onera BosoaumupoBuua

“PIBHAHHSA CTAHY CUJILHOB3AEMOINMHOI MATEPII TA
PEJIATUBICTCBKI 3ITKHEHHA BAXKKIX IOHIB”
TIpe/ICTaB/IeHy /10 3aXMCTY Ha 3[00yTTs CTyTeHs foKTopa disocodii
(Hampsim 10 - mpypoAHUYI HayKH, crieliasibHiCcTh 104 - (hi3rka Ta acTpOHOMis)

KeantoBa xpomoguHamika (QCD) uiTKO BH3HaueHa MaTeMaTH4HO, ajie
aHA/IITUYHI pe3y/lbTaTW B yMOBax, IO BiAMNOBIJalOTb 3BHYaWHUM spaM Ta
HEUTPOHHUM 3ipKaM, He iCHyOTb. EKCIlepuMeHTH 1O 3iTKHEHHI0 Ba)XKKHX iOHIB
CTBOPIOIOTh CHUIBHOB3a€EMOZIiliHY Marepito y Jaboparopii, siKa OIHMCY€EThCS
(heHOMEeHOIOTiUHUMHU MOieNIIMU. Takuil ormic MoXkKe OyTH CTaTHCTUYHUAM, KOJH
JOCJTi/KYIOTBCS PIBHOBa)KHI BJIaCTUBOCTI cepefioBUIlja, ab0 JUHAMiUHUM, KOJU
PO3IJ/IIAE€THCA eBOJIIOLISE CUCTEMU BiJ| TIOYATKY [0 KiHLS 3iTKHEHHS.

BnactuBoCTi MaTepii y AMHaMiYHMX MOJeJiAX 3a[Jatl0ThbCsl PIBHAHHSIM CTaHy
abo moTeHLialoM B3aeMOJil, y TigpoAWHaMIiIli Ta TPAaHCTIOPTHUX MOJESIX
BiAMOBiAHO. ['paTKOBI pe3ysbTaTd B YMOBaxX HYJbOBOI TYCTMHU 3apsany €
BOK/IUBUM 0OMe)KeHHsSM Jjsi (peHOMEeHO/OTriUyHMX pPiBHSIHb CTaHy, SIKi MOTPiOGHO
BpaxoByBaTu. [lo Takux [aHUX Hajle)kaTb THUCK, I'YCTUHA eHeprii, eHTpoIrisd, a
TaKOXK TOXifAHI Bif THCKy 3a OapioHHMM ximiuHUM mnoreHijiasiom. Li moxigHi
TIPOTIOPIIifiHI KyMyJ/ISHTaM PO3IOZiTy 0apioHHOTO 3apsify.

Y peanbHUX eKCIlepUMeHTax 3apsAu Y BCiX CUCTeMax He 3MIiHIOKThCS yepes
3aKkoHU 30epe)keHHs. ICHye TMeBHa Hey3ro/[KeHiCTh MiK O0OUYMC/IeHHSIMU Y
(heHOMEHOJIOTiUHUX MOJeNAX y BeIUMKOMY KaHOHIYHOMY aHcaMOsi Ta peanbHUMHU
3iTKHEeHHSAMU y MiKPOKaHOHIYHOMY aHcaM0si. BaknmMBo BpaxoByBaTH e(eKTH
171006a/TbHOTO i JIOKa/IbHOTO 30€epekeHHs 3apsifly, a TaKOXK HePiBHOBaXKHi IpOLiecH
Ha PaHHIX Ta KIiHIIEBUX CTaliIX PeJIATHBICTCHKOrO 3iTKHEHHS, 100 TOYHO i
e(eKTUBHO CIIOCTEpiraTd BIUIMB PIiBHSHHS CTaHy ab0 TOTeHI[ialmy B3aeMOJl.
AmnHamizy 0co0/IMBOCTeM 3aCTOCYBaHHS TPAaTKOBUX OOUMC/IEHb Ta MO/IeTIOBAaHHIO
eKCIIepUMEeHTIB TI0 3ITKHeHHI0 BaXKKMX IOHIB 3 BpaxyBaHfAM BCIX LUX
ocob/MBOCTeH i TIpUCBAYEHa AucepTalliiiHa poboTa.



HucepratiiiiHa poboTa, sika Mpe/CTaB/AsETbCS A0 3aXUCTy BIiepiile, Ma€ TaKy
CTPYKTYpy: BcTyr, MOTHBALIi1, TPU PO3/1/IA, BACHOBKU Ta JAOJATKHU.

Y BCTyIi [JeMOHCTPYETbCA PeJIeBaHTHICTh JOC/I)KEHb, T0KA3Y€ETbCS
iHTerpailis poOOTH y HAayKOBi IJIaHH Ta TE€MH, TTOSICHIOETLCS TTOCTAHOBKA 3a7aui i
MeTa [JOCJiPKeHHs, a TakKo)X OOTrpyYHTOBYETbCS KOPHCHICTh OTPUMaHMUX
pe3y/bTaTiB i TOAA/bLINX [JOCTi[IKeHb. 3a3HAua€TbCs OCOOUCTHN BHECOK
3n00yBaua Ta mpoBe/ieHa arpo0atllist pe3y/IbTaTiB.

Y Ipyromy po3jifi mic/isi MOTUBALi pO3IJIAAETHCS BIUIUB OCOO/IMBOCTEM
TePMOZMHAMIUHOTO MOTeHIlia/ly Ha paiiyc 30iKHOCTI po3kiaay psny Tetinopa 1o
XIMIYHOMY TMOTeHLjiany BiAnoBigHO g0 Teopil JIi-Axra. ITonepesni gocsimkeHHsS

ToKa3a/u, 1[0 rPaTKOBi JjaHi mepefbauaroTh pajiyc 30i>KHOCTI mprbv3HO 2-3 pasu
6i/IbIIIOr0, HiXK XiMiUHMM TTOTEeHI[ia/ MOZi/eHN Ha TemIiepaTypy. Y TOH ke yac
MOJiesli, fIKi He BpPaxXOBYITb KPUTHUYHY TOUKY, ajie MICTSThb BIiJLITOBXYBasbHI
B3aemMofii uu depmi CTaTUCTUKY, TlepeAbdayaroTh PpafiyCc 30iDKHOCTI 3HAUHO
6impimiM. TomMy po3ryisiHyTO Mojieni BaH Jiep Baanbca, Ckupma Ta Banmeukwu, siki
MICTATh KPUTHUHY TOUKY sjepHOi Marepii, gobpe BimoMy 3 BaCcTHBOCTEH
CKIHYEHHUX fifiep Ta iX 3iTKHeHb [PU HU3bKUX eHeprisix. Y L[bOMY BUIAAKY pajiyC
361>KHOCTI cTae HabaraTo MEHIIUM i Y3rOZPKY€EThCSl 3 TPATKOBUMM pe3yJ/ibTaTaMU.
Kpim Toro, mocimkeHo 36ikHicTh psigy Teisiopa i eeKTUBHICTb OL[iHKY pafiycy
301>KHOCTi 3 BUKOPHUCTaHHSIM CKiHUEHHOI Ki/lIbKOCTi KoedillieHTiB. BusiBiieHo, 1110
JUTSl OLiIHKM pafiycy 36ikHOoCTi 3 TouHicTiO mpubau3Ho 10% [J0CTaTHLO AecsThb
YJIeHIB.

Tpetiti po3ain pocaigpkye edekT (a3oBoro repexoay y TYCTid sifiepHiu
MaTtepii. OfHUM 31 CrIoCTepe)XKyBaHUX SIBULL], SIKI TVIAHYETbCA BUKOPUCTOBYBATU Y
peasibHUX eKCIlepUMeHTaX, € MHOKUHHICTb Ta CIIeKTp AWIeNTOHIB. [IUernToHu,

SKi He B3a€EMOJIIOTH 3 MaTepi€r0, YTBOPKHOKOTLCSA TPOTITOM YChOTO 3ITKHEHHS 1
YYTJIMBI [I0 PaHHIX CTaJil peakuiii.

[To3a 1.5 HOpMa/bHOI SiZIepHOI T'YCTUHU TIOTeHLlia/l B3aEMO/Iil € HeBIZIOMUM |
MOXXe MIiCTUTU (a30BUM TiepexiA. Y pAuceprauii pO3IMVISHYTO TilOTeTUYHI
MoTeHI[ia/u, 1[0 MPU3BOAATL 0 (a3oBoro rnepexofy. Lle mpusBoguTh [0 3MiHU
TPAEKTOPil CUCTEMH Y TUIOLIMHI TeMriepaTypu i OapioOHHOI T'yCTWHH, 1[0 BIUIMBAE
Ha CIeKTpa/ibHI BJIaCTUBOCTI cepefioBUIla Ta MOAU(DiKye (popMy Ta HOPMYBaHHS
CIIeKTPY AWJIeNTOHIB. MHOXXVHHICTb 3apsiZpKeHuX ITi-Me30HiB 3pocTae Ha 40%, 110
MOSICHIOETHCS JOBIIMM YaCOM >KUTTSI CUCTEMU.



YeTBepTyid pO3AiJ BiJNOBi/la€ Ha MWUTAHHS CIIOCTEPe)XeHb (IyKTyalin
3apsifiiB, 1110 30epiratoThCsl y eKCriepuMeHTax 3i 3iTKHeHHsSI BaXKKUX ioHiB. Moenb
binomianbHOI PeecTpaliii 3acTocoBaHo /10 hIyKTyalliki OKpeMOoro THUIy YaCTUHOK, a
TaKOXK M0 (IyKTyali 3apsziB, mo 36epiratotbes. Lls Mozens BifgmoBizae
BiZICYTHOCTI KOpeJisiLii MK YaCTWUHKaMHU y iMITyJIbCHOMY IPOCTOPi, OCKINIbKUA Y
KJIACUYHIM DIBHOB&)XHIM CTaTUCTUYHIM MeXaHilli BCi Kopessyii BiJCyTHI.
OuiKy€eThCS, 1110 KBAHTOBI e()eKTH € He3HaUHMMH, a HepiBHOBa)KHI MPOL[eCH, TakKi
SIK KOJIeKTUBHUUN PyX, MOXYTh OyTU /PKepesioM KOpeJsiliiil y eKCriepuMeHTaX Tpu

BUCOKUX €Heprisx Imyuka.

biHoMianbHe TIPUIYILIEHHS BUKOPUCTOBYETHCS ISt OMUCy
eKcriepyMeHTa/lbHUX pe3ysbTaTiB  Kosabopaiii HADES, ge ¢yHKiioHanbHa
3a/IeXKHICTE Mip (GyKTyarjiii Bif BikHa 1o OMCTpPOTi KiMbKiCHO Ta SKiCHO
BifinoBijae nepenbaueHHssM GiHomiambHOI Mozesi. Lle 1ikaBuil pe3ynbTaT, SIKAN
MiJATBEPIKYE BiICYTHICTh KOPEJISLiN Y IMITy/IbCHOMY TIPOCTOPI.

[TepeTBOpeHHs (pyKTyaljili TYCTUHM 3apsifly Ha (JIyKTyallil B iMITy/IbCHOMY
MPOCTOPI JOCTI/PKEHO Y HACTYIHIM YaCTUHI AucepTalii ueTBepToro po3ainy. Tam
BUKODHUCTOBYIOUM MOJe/b Tifl-aHcambs1iB TioOyzoBaHo (iykTyailii 6apioHHOTO
3apsay mif uyac Qpiz-ayty. HoBuMm y 11iii poOOTi € BpaxyBaHHS afipOHOI (ha3u.
BusiBNsSieThCS, 10 TIOTaHO BUBYEHA peakllis OapioH-aHTHOApiOHHOI aHIriIALil €
BOK/IMBOK 1 CU/IBHO BIUIMBAE HA CIIOCTepe)XyBaHy KapTUHY. KOHKypyrouum
eeKTOM y 1[bOMYy BWIIQZIKy BHCTYIA€ JIOKa/JbHe 30epekeHHsS 3apsify.
3arpornoHoBaHO crocib po3AiuTH 1i /Ba edeKkTH Ta Kpallle BUBUMTHU aJ[POHHI
peaxiii.

JlokanbHOMY 30epeXXeHr0 3apsily MPUCBSYEHO BeJIMKY YaCTUHY pO3Aiy.
Po3rnisimaeTbCs MiHIMHAKW BiATYK TipOAMHAMIYHOTIO CepeJOBUILA HAa PiBHOBaKHI
nokaneHi GayKTyaljii 3apsifiB, 1o 30epiraroTbcs. banmaHcyroui Kopensijii 1ux
3apsziiB  obumciieHa 3a goriomororo GyHKIiW ['piHa. OTpuMaHi KopessiiviHi
dbyHKUii npeacTaBiaeHi Ha pucyHkax. LlikaBUM y LIbOMy BUIAJKy € Te, 1110 TIpU
CKiHYeHHii (OHOBI TyCTHHI 3apsily BUHMKA€ KOHBEKLiliHa CK/IaJ0Ba, $Ka
TIPU3BOJUTD 10 AaeKOiMHUX KOopeJsisiliiii y 6apioHuX, eJIleKTPUUHOMY Ta JUBHOMY
3apsfax. 3arajoM OCKUIbBKM MaTpULl CIIPUMHATIMBOUCTEN Tiepefa€ sKiCHO
TIOBE/IiHKY IIBUJKOCTi 3BYKY, OamaHCyoua Kopesisiifiss Mo>ke OyTH KOPHUCHOIO ISt
BU3HAUEHHS )KOPCTKOCTI PiBHSHHS CTaHY.

Cepe/ Hali0i/bIII Ba)K/TMBUX pe3yJ/IbTaTiB C/Ii/l Bi/3HAUUTU HACTYyTIHE:



1. BukopucTtaHHsi MoJesi, 1[0 MICTUTb KPUTHUYHY TOUKY y SIEpHiA Marepii,
IJIsT OTpUMaHHs pafiycy 36ikHocti psimy Teiismopa. [ocsimkeHO sKiCTb
OLIIHKY pafiiycy 301>KHOCTi 3 BUKOPUCTAHHSM Pi3HHUX METOZiB, BK/IIOUAIOUH
Oi/IBIN CKMaZHI MiAX0AU, TaKi SK BpaxXyBaHHSI CHHTY/ISIPHOCTI 1103a JiMCHOIO
OCero.

2. HocnimpkeHo AUHaMiKy (a30BOro repexojy y IIJIbHIN siiepHiii MaTepii Ta
HOr0 BIUVIMB Ha MHOXKVHICTh Ta CIIEKTPU [JUJIETITOHIB.

3. 3acTtocyBaHHsI MOJeJli HEeKOpe/JbOBAHOI'0 PO3IIOJIAY YaCTUHOK [0 [aHUX
konabopauii HADES.

4. BuBueHO BIUIMB a/I[pOHOI (ha3u Ta JIOKAJLHOTO 30epekeHHs 3apsiy Iic/s
¢pi3-ayTy Ha (ayKTYyaLlii HPOTOHHOIO YMC/Ia.

5. IlpoBeseHO aHaJiTUYHI AOC/IKEHHSI JTOKaTbHOTO 30€pe)kKeHHs 3apsily B
yMOBaxX CKiHUeHOi TyCTHHM O0apioHHOTO 3apsily, a TaKOX KOpessifii
TIOTIEPEUHOT0 iMITy/IbCY 3 TIOTIEPeUHHUM iMITy/IbCOM (TakK 3BaHUi "'Top6") y
exkcriepuMmenTi ALICE.

Pe3ynbTaT € Ba)K/IMBHMH, a IX KilbKiCTh focTaTHs. Pobora Mae 4iTKy
CTPYKTYPY 1 IpefCTaBJIsi€ 3aKiHUeHe HayKoBe AoCIipKeHHs. OfHaK € 3ayBa’KeHHSI:

1. ikaBo 6yno 6 mocmiguTh edeKTH KBAHTOBOI CTaTUCTHUKU Ha
paziyc 36ixxHOoCTi psifia Telinopa Ayist TUCKY TI0 XiMITOTeHL{iany
TIPY HU3BKUX eHepTisix 30y/KeHHS Y BEJTUKOMY CTaTUCTUUHOMY
aHcamb6J1i. Bimomo, 1110 KyMy/IsTHTH ApYToro Ta OifbIll BUCOKHX
TOPSAJIKIB MOXKYTh CAJIbHO 3MiHIOBAaTUCS.

2. Ha crop. 72 ctBepmKyeTbcs, 0 “¢da3oBUM Tepexil, SKUAW
3aKiHUyeThCA TinoreTuuHoro KT, MoBvHEH BUKJIMKATU BeJIUKI
dbnykTyalii 3apsifiB”, aje 1 He BUIJIAJAE JOCUTH
obrpyHToBaHo. CepefHE 3HaueHHs 3apsily  BU3HAueHO 3
TOUHICTIO 70 ii cepeHbO KBaj[paTMUHOI (iykTyarii. I Tomy
OCTaHHi TIOBUHHI OyTH Bi[HOCHO Ma/suMu. [TUTaHHS TiNBKY T10
Bi/IHOIIIEHHIO /10 CepeAHBLOro 3HaueHHs (gasneko Big KT ) abo ii
kBazipaTy Oisia KT. SIKirjo 1je He Tak, sIK Ije Ma€ Mmiciie B Teopil
dnykryariiit Jlanzgay 6ins KT, To Tpeba mokpalifyBat TaM camy
Teopito (UIyKTyalliii, BpPaxOBYHOUM CKiHUEHHICTb CUCTEMH,
Oi/IbIll peanicTUUHY MiKUACTUHKOBY B3a€MO/it0, HeTiHiMHUI
BIITYK TUCKY Ta KOpeJisALii MoHa/J Teopi€r cepeHbOro IoJis.



3. Sk crmocrepiraty iykTyariii 6apioHMX 3apsifiB NP HU3BKUX
eHeprisiX 3iTKHEeHb KO/JM KOJIeKTHMBHI TOTOKM MalKe BiJ|CyTHI,
ocobmmBo Baxko 6Oina KT? $k BpaxyBaTM KBaHTOBO-
CTaTUCTUYHI [TOTIPaBKU?

Tako>K C/ifi BCTaBUTH 0OrOBOPEHHS 1[iKaBOr0 PUCYHKA 3.2, BUTIPABUTU I'PaMaTHUHi
Ta CTWIICTUYHI [IOMUJIKY, SIKI MICTATBCS y TEKCTi Ta Ha pUCYHKY 4.2a. Bci i
3ayBa)kKeHHs1, O/JHAK, He CTOCYIOThCS JOCTOBIPHOCTI pe3y/bTaTiB i He 3MeHILYIOTb
iX Ba)KJ/IUBICTb.

[TpencraBneHa [0 3axyUcTy poboTa BUKOHAaHa Ha BUCOKOMY TEOPETUUHOMY
piBHi.  [ocTOBipHiCTb i  OOrpyHTOBaHICTb  [AOCHi[)KeHb  BU3HAYAETHCS
BUKODHCTAHHSM HaJiiHUX MaTeMaTUYHUX MeTOJiB Ta MeTO/iB 0bOuucieHb, i
MOPIBHAHHAM OTPUMAaHUX TEOPeTUYHUX pe3y/bTaTiB 3 eKClleprMeHTaJlbHUMU
JaHuMu. Pesynbratv, HaBefieHi B aAuceprailii, ory0O/iikoBaHi B CTaTTIX ¥y
MPOBiAHUX pedepoBaHUX HAYKOBUX >KypHasaX, L]0 BXOASTh A0 HayKOMETPUUHOI
6a3u SCOPUS. Haykogi pe3ysibTaTy Ta ix armpobailis Ha HayKOBUX KOH(epeHIisix
TOBHICTIO BiZNOBIJalOTh yMoBaM I1.8 “IIopsifiKy MPUCYIKEHHS CTyIeHs [OKTOopa
dinocodii”, 3arBepmkeroro IMocranoBoro Ne 44 Kabinety MiHicTpiB YKpaiHu Bif
12 ciuns 2022 p.

BBaxaro, mo guceprayis CaBuyka Osiera BonoaumupoBuya "PiBHSAHHS
CTaHy CH/IbHOB3a€MOJIMHOI Marepil Ta peJATUBICTCHKI 3iTKHEHHS Ba)KKMX 1OHIB"
MOBHICTIO BiAnoBigae crierianbHOCTI "104 @i3uMKu Ta acTpoOHOMIsA" Ta BUMOram
"ITopsimKy MOpUCYZPKeHHsSI CTyreHs [JOKTopa (inocodii Ta ckacyBaHHSI pillleHHS
pasoBol CrieLfiaIbHOI BUeHOI pajiy 3aKiajy BUILOI OCBITU, HAYKOBOI YCTaHOBU I1IPO
MPUCY/PKEHHs1 CTyreHss JloKTopa dinocodii”, 3arBepakeHoro IlocTaHoBOMO
Kabinery MinicTpie Ykpainu Big 12 ciuda 2022 poky Ned4. IlopyiieHb
aKaJleMiuHOl 00poUYecHOCTI B AMcepTallii Ta B HAYKOBHUX IIpaljsiX, V SIKMX 0YJI0
Tipe/iCTaB/ieHO pe3y/abTaTh AWCepTailii, MHOI He BusB/ieHO. Hamana pobora
0e3yMOBHO 3ac/IyTOBy€ Ha TIO3UTHBHY OILIHKY, a ii aBTop, CaBuyk OJer
BonoguMupoBuy, 3ac/lyroBy€ Ha TPUCYZPKEeHHSI CTymneHsl JoKTopa ¢inocodii 3a
crierjiasibHICTIO "104 ®di3uKa Ta acTpoHOMIs".

HokTop (hi3-maT. HayK,
CTapILWi HAYKOBUM CTTiBPOOITHUK O.I'. Maruep
2024 poky



