BIJIT'YK O®IIIMHOI'O OITOHEHTA
Ha aucepramniiay poooty CaBuyka Onera Boinogumuposuda
“PIBHSIHHSI CTAHY CMJIBHOB3AEMO/IIITHOI MATEPIi TA
PEJIATUBICTCBKI 3ITKHEHHA BAXKKUX IOHIB”
MIpeICTaBIICHY J0 3aXUCTy Ha 3I00YTTs CTYIMEeHs JOoKTopa ¢isocodii
(mampsim 10 - mpupoaHUYi HayKH, crierianbHicTh 104 - izuka Ta actpoHOMIs)

3ITKHEHHA Ba)XXKAX 10HIB € BaXJIUBHM  METOJAOM  JIOCIIKEHHS
CUJIBHOB3a€MO/IIITHOT Matepii y sabopatopHux ymoBax. JlJisi HyJbOBOi T'yCTHHU
OaplOHHOTO 3apsy, MaTepird MOKHAa BHUBYaTH 3a JOIMNOMOIOI0 TI'PaTKOBOI
xpoMmojuHamiku. Ilig gac Takux AOCHIIKEHb MOXKHAa OOUYHCIUTH KOE(IIli€EHTH
pO3KJIaay THUCKY CHJIbHOB3aeMOiiiHOI Matepii B psan Teinopa 3a OapioHHUM
XiMIYHUM moTeHiianoM. OfHak ajii OTPUMaHHS PIBHSHHS CTaHy Y KOHTEKCTI
IPaTKOBOi XPOMOJMHAMIKM HE ICHY€E HAAIHOTO METOAY 3a MeXamHu pajiyca
30DKHOCTI psgy Tednopa. Y Takux CcHUTyalisx 3a3BU4Yail BHKOPHUCTOBYIOTH
edexTuBH1 Teopii noyist. OAHUM 3 OCHOBHUX BUKJIMKIB € BUOIp MPaBUIILHOI TEOPIi,
sIKa BPaxoBYy€ BCIO (DEHOMEHOJIOTII0 CHJIBHOB3a€MOIIMHOI Matepii. s sKicHOT i
KUTbKICHOT OIIIHKM MOJIeNiell KOPHUCTYIOThCS eKCIIEpUMEHTAIbHUMH JaHuMu. Koxxne
EKCIIEpUMEHTAJIbHE CIIOCTEPEKEHHS Ma€ CBOi OCOOJIMBOCTI 1 BUMArae MmpaBUIbHOT
iHTepnperaiiii. bibmIicTh 31TKHEHb MPU BUCOKUX EHEPrisiX MOXKHA YCITIIIHO
OTHMCAaTH 3a JOMOMOIOI0 T1APOAMHAMIYHOI MOJENI, A€ KIOYOBUMH € BU3HAUYCHHS
MMOYATKOBUX YMOB 1 pIBHSIHb cTaHy. [IpM HU3BKHX €HEpriixX 3aCTOCOBYIOTHCS
TPAHCHOPTHI MIAXOJU, TaKl SK KBAHTOBA MOJIEKYJIIpHA AWMHAMIKa YW PIBHSHHSA
BonpiiMaHa 3 KBaHTOBOIO CTaTUCTUKOIO, HATPUKIIAA, MoJelb bonpiiMana-Yeninra-
VYnen6exka. luceprariitna pobora Onera Bonogumuposuda CaBuyka MpuCBsiYCHA
3aCTOCYBaHHIO TiPOJUHAMIYHUX, TPAHCTIOPTHUX Ta CTATUCTHYHHUX MOJETEH NS
OIHCY EKCTIEPUMEHTAIIbHUX JIaHUX.

HucepraiiitHa po6oTa, sika MIaHyETHCS 0 3aXUCTY, IIPE/ICTaBlieHa BIepIIe 1
Ma€ CTPYKTYPY, IO CKIATA€Thes 3 BCTymmy, TphoX pO3/IUIiB Ta alleHIUKCY.

VY Bceryni o06rpyHTOBaHA aKTyaldbHICTh OCHOBHUX HAMPSAMKIB JIOCHTIIKEHb,
MoKa3aHui 3B'SI30K POOOTH 3 HAyKOBUMH IUIaHAMH Ta TeMamH, c(OpMyIHOBaHO
METy Ta 3ajadl JOCHiIKEeHHS, MPOJAEMOHCTPOBAHO, B YOMY IOJISIrae HOBH3HA Ta
MpPaKTUYHE 3HAUYEHHS OTPUMAaHMX pEe3yNbTaTiB, BUCBITICHO OCOOUCTUN BHECOK
3m00yBadya TP OTpPUMaHHI pE3yJbTaTiB Ta BKa3aHo, Je Oyau ampoOoBaHi
pe3yNbTaTH AUCEPTaLiiHOT pOOOTH.



VY mepuioMy po3niii AucepTalii po3riIsaaloTbes MUTAHHS 301KHOCTI PSTy
Teitnmopa mo OapioHHOMY XIMIYHOMY MOTEHIaTy y okoii Hyns. [lpu 1mpomy

30KHICTh psAIy MOXe OyTh oOMeXeHa OCOOJMBICTIO TEPMOJAMHAMIYHOIO
MOTEHITIAJTy, 110 BIJMOBIAA€ KPUTHYHINA ToUIll AeKoH(daitHMeHTy. [IpoTe, 11e MoXke
OyTH TaKkoX OOYMOBJICHO CTaTUCTHKOIO dDepMi, BUKIIOYCHUM 00'éMOM UM 1HIIOIO
KPUTUYHOIO TOYKOIO. BIJIUB s7IepHOI KPUTUYHOI TOYKHU JIE€TAIBHO JTOCHIJIKEHO Y
aucepTanii 3 BUKOPUCTaHHSIM ()EHOMEHOJOTIYHUX PIBHSAHB CTaHy. PoO3risiHyTO
pIBHSIHHS CTaHy BaH jaep Baanbca, mogens Baneuku, morenmian Ckipma. Y BCixX
BUITAJIKaX SIKICHA MOBEIHKA pajlycy 301)KHOCTI OJIHAKOBA, a KUTbKICHI BIIMIHHOCTI
€ gocutb manmumu. Ilpu 1pomy pajiyc 30DKHOCTI y JAlanma3oHl TeMIeparyp, IO
BIJIMIOBIJIA€ KPOCOBEPY, CKIagae 2-3 XIMIYHOTO TOTEHIaly, MOJUIEHOTO Ha
TEeMIIepaTypy, U0 BIAMOBIAAE TPATKOBUM OI[IHKAM.

Y apyroMmy po3auii JIOCHIIKEHHS TMPOBEJCHO aHalll3 BIUIMBY (pa30BOTO

nepexoay y T'YCTId sepHid MaTepii Ha HapOUKEHHsS AuientoHiB. [[ns mporo OyB
noOy/IoBaHUM TMOTEHLIAJ B3a€MOJIIi, SKUM BpaxoBye ¢a3zoBuil mepexig. 3
BUKOPUCTAHHAM LOTO MOTEHLIANy OyJlu MpPOBEIEHI TPAHCHOPTHI CHUMYJISLIL, SKi
OyJau JIOKaJbHO TEPMOJAMHAMIYHO YCEpPEIHEHl /il OTPUMAaHHS MPOCTOPOBO-
4aCOBOTO PO3MOALTY TYCTUHU Ta TEMIIEPATYPH Y CUCTEMI.

Byno BusBIEHO, 110 MHOXXHHHICTb HAPOJKEHHS JAMJIENTOHIB 3pOCTAaE MpHU
HaOMMKEeHHI 0 KpuBoi (azoBoro mepexony. Llel edexT mosicHIOEThCS THUM, IO
OWIENITOHM HE B3a€EMOJIIOTH 3 OTOUYYIOUMM CEPEeJOBMIIEM Ta IIBUAKO HOTO
MOKUJAI0Th. TakuM YMHOM, B OJIMHULIIO Yacy B CEPEIOBHUIII YTBOPIOETHCS MOTIK
IUIeNnTOHIB. BHacniok HasBHOCTI (pa30BOro NEPEXOAY 3pOCTAE YAC KUTTSA CUCTEMHU
CUJIbHOB3a€MO/IIITHOT MaTepli, 0 YTBOPIOETHCS MPH 3ITKHEHHI BAXKKUX 10HIB.

byno moka3zano, mo 4Yac JKUTTS CHUCTEMH CHJIBHOB3a€EMOJIIMHOI Matepii
BIUIMBAE HAa MHOXXUHHICTh HApO/KEHUX [WJICNTOHIB, aje He BIUIMBAE Ha
MHOXUHHICTh HAPOKEHUX aJ[POHIB.

VY TpeTboMy po3Aisli PO3MISIHYTO (IYKTYyallii B €KCIIEpUMEHTaXx 31 31ITKHEHHS
BOXKHUX 10HIB. 30Kpema, Oyia JoCiifpkeHa MOJeNib OIHOMIAJIbHOI peecTparltii
YaCTHUHOK, 1 TPOBEJICHO ii JIOKJIAIHUM aHai3 3a IOMOMOTOI0 TPAaHCIIOPTHOI MO,

B K1 CUMYJIIOBAJIMCA MPOTOH-NPOTOHHI 31ITKHEHHS. Bynu orpuMani ¢popmynu, siki
NOB'SI3YyI0Th (DIyKTyalli 3arajbHOi KIIBKOCTI YAaCTHHOK MEBHOTO THIY 3 iX
GuyKTyamisiMu y IeBHIN MiACUCTEMI.

Takoxx OyB pO3IJISHYTHH BUNAAOK, KOJM BHACHIOK KOJEKTHBHOTO PYXY
¢aykTyarii B mpocTOpl KOOpAUHAT MepexoisTh y (aykTyauii B IMIYJIbCHOMY



pocTOopi, 1 Oynu oTpuMaHi OLIHKH Mip ¢aykryanii 1ia ekciepuMenTiB ALICE ta
STAR.

Kpim Toro, y nbomy po3iiii Oy po3risiHyTI €(heKTH 0aplOHHUX aHITUIALIN
Ha HOPMOBaHY Bapiallil0 3arajbHOi KIJIbKOCT1 IIPOTOHIB Ta JOKAJbHE 30€pPeKEHHS
3apsany. JIokabHy KOPEIio, BUKIMKaHy 30epexKeHHsIM 3apsiay, 0ys10 00UnciIeHo
3a JIONOMOTor TiApoauHaMiuHuX (yHkiii ['pina. ITlokasano edekTu B'S3KOCTI,
PIBHSIHHS CTaHy, MU(y3ii Ta KOHBEKIIT MPU CKIHUEHHIN I'yCTHHI OapiOHHOTO 3apsay
y mozemni bitopkena.

Cepen HailOUIBII BayKIMBUX PE3YJIbTATIB CI1J] BIA3HAYUTH HACTYIIHE:

1. Byno BcraHoBieHO, IO paaiyc 30DKHOCTI psgy Telmopa I THCKY
CHJIbHOB3a€MO/I1MTHOT MaTepii Moke OyTH 0OMEXEHUN KPUTUYHOIO TOUKOIO Y
sepHii MaTepii. JlocaimkeHo 0cOOIUBOCTI MOBEAIHKH TAKOTO PSTY.

2. TlpoBeneHo po3paxyHKH MHOKMHHOCTI Ta CHEKTPIB MUJICNTOHIB y HIUIBHIN
anepHii wmarepii. IlokazaHo, mo (a3zoBuil mnepexig NPU3BOIAUTH O
30UTBLIEHHSI 4Yacy >KUTTA CUCTEMHU Ta 30UIbIIEHHS KIIBKOCTI YTBOPEHUX
JUJIETITOHIB.

3. BuBueHo wmojenb OiHOMIAIBHOI peecTpalii 4dacTuHOK. [IpoaHasnizoBaHO
YMOBHU 1i 3aCTOCOBHOCTI B pEaJIbHUX EKCIEPUMEHTaX Ta TPaHCHOPTHUX
cumynsanisx. Hamano iHtepnperaiito oTpuManuM (IyKTyalisiM CIIJIBHO 3
konabopariiero HADES.

4. TloOynoBaHO Bapiallilo MPOTOHHOTO YKCJIa MOPIBHSAHO 31 CYMAPHUM YHUCJIOM
MPOTOHIB Ta aHTUIIPOTOHIB y CLEHAPISX, K1 BpaXOBYIOTh a00 HE BPaXOBYIOTh
aHITUISLII0 OapiOHIB Ta Y BUMIAJKY JIOKAIBHOTO 30€pEXEHHS 3apsy.

5. JlocmimkeHo edekTu JIOKaIbHOTO 30epexeHHs] Ha (UIyKTyarlii 3apsjiB, 110
30epiraroThesl.

Ominka SKOCTI Ta 00cAry MPOBEACHUX JOCTIIKEHb HE BUKJIMKAE CYMHIBIB.
Opnak, Ha MOIO TyMKY, TPETIA O3/ NepeBaHTaKEHU popMyliaMH, 1 B TEKCTI €
JIpyKapchKi MTOMUIKUA. TakoX € HACTYIHI 3ayBa)KCHHSI:

1. V nepmomMy po3aini MoxkHa 0yyio O JOTOBHUTH PO3TJIS]T 3a/1a4l BpaxXyBaHHIM
BIUIMBY CKIHYEHHOTO PO3MIpY CHUCTEMHM Ha 3HA4YeHHs pajiycy 301KHOCTI
pPO3KJIaay TUCKY B psax Teinopa.

2. Y mepumoMy po3aiial AUCEPTALiifHOT pOOOTH BUKOPHCTOBYETHCS CIIPOIIEHA
MOJIeJIb, 10 BKJIIOYAE SACPHY KPUTUYHY TOUKY, ajieé HE BKJIIOYAE KPUTUUHY



TOUKy nAeKoH(paiHMeHTy. [[ikaBo Oyno O TakKoXX MOCHIAWTH TOBEHIHKY
pazaiycy 301)KHOCTI Y MOJIETTi, IO BKJTFOYAa€ OOW/IBI 3a3HAYCHI KPUTHIHI TOUKH.

3. ¥V apyromy po3aul piBHSHHS PyXy TPaHCIOPTHOI MOJIENI BUKOPUCTaHI B
HEPEIATUBICTCHKOMY HAaOJIMKEHHI, BOHH HE € KOBaplaHTHHUMH Ta HE
3a/I0BOJIBHSIOTh TPUHIMITY MPUYUHHOCTI. bByno © IikaBo Ji3HATHCS SIK
3MIHUTBCS PE3YNbTAT 3a/1aul, SKIIO BUKOPUCTATH TPAHCIIOPTHY MOJIENb, 110
3aCHOBaHA HA MOBHICTIO KOBAPIaHTHUX PIBHAHHSX PyXY.

4. 'V TpeThoMy pO3Iii pO3TIISAAETHCS PIBHIHHS CTaHY, SKE € PIBHOBOKHHUM I10
BCIM KOMIIOHEHTaM. OpfHakK y CHMYJSLIAX 10HHUX 3ITKHEHb YacTo
BUKOPUCTOBYIOTh NMOYATKOBI YMOBU TaK 3BAHOTO «KOJBOPOBOT'O CKJISTHOTO
KOHJICHCATYy», Y SAKOMY MPUCYTHI JIMIIE TJIFOOHHI TOJIsSI, @ KBApKU BIICYTHI.
[{ikaBo Ji3HATHCS, YU MOKHA CHOJIBATHCS MOOAYNTU €PEKTH HAPOKEHHS
KBapKiB B JIJaHIM MOJIEIII.

[li 3ayBakeHHs, OJIHAK, HE CTOCYIOTHCS JOCTOBIPHOCTI PE3yJbTaTiB 1 HE
3MEHIIYIOTh 1X BaXKJIUBICTb.

[IpeacraBnena qo 3axucty poOOTa BUKOHAHA HA BUCOKOMY TEOPETUYHOMY
piBHi.  JloCTOBipHICTH 1  OOrpYHTOBAHICTH  JOCHIIKEHb  BHU3HAYAETHCS
BUKOPHCTAaHHSAM HAJIMHUX MaTeMaTHYHUX METOJIIB Ta METOJIIB OOYMCIICHB, 1
HOPIBHAHHSAM OTPHUMAaHUX TEOPETUYHHUX 3HAHb 3 EKCIEPUMEHTAJIbHUMH JIaHUMHU.
PesynbraTu, HaBelneHI B aMcepTanii, omyOJiKOBaHI B CTaTTAX Y MPOBIAHUX
pedepoBaHUX HAYKOBUX JKypHaJlaX, IO BXOIATH JO HAYKOMETPUYHOI 0azu
SCOPUS. HaykoBi pe3yiabTaTH Ta iX ampoOailisi Ha HAyKOBUX KOH(EPEHIIsX
MOBHICTIO BIANOBIIal0OTh yMOBaM 1.8 “llopsKy NmpHUCYIKEHHSI CTYIEHS JOKTOpa
dbinocodii”, 3arBepmxenoro [ToctanoBoro Ne 44 Kabinery MiHicTpiB Ykpainu Bif
12 ciuns 2022 p.

Bgaxato, o nucepraritis CaBuyka Omnera Bonogumuposuda "PiBHsHHS cTaHy
CUJIBHOB3a€EMOJIMHOT Martepli Ta peNsSTUBICTCbKI 3ITKHEHHS BaXKKMX 10HIB"
MOBHICTIO BiAMOBiae crnemniaibHocTi "104 ®i3uku Ta acTpoHOMIsA" Ta BUMOTram
"TlopsiaKy NpUCYMKEHHSI CTyINEHsA TOKTopa (uiocodii Ta CKaCyBaHHS PpIlLIEHHS
Pa30BOi cHelialbHOI BUEHOT paJu 3aKjaay BUIIOI OCBITH, HAYKOBOI YCTAHOBH PO
MPUCY/DKEHHSI CTymeHs Joktopa ¢dumocodii”, 3arBepmkeHoro I[loctaHoBoro
KaGinery MinictpiB VYkpainu Big 12 ciuna 2022 poxy Ned4. [lopyuieHb
aKameMiyHoi JOOPOYECHOCTI B AMCEpTallii Ta B HAYKOBUX MpaIsix, Y SKUX OyII0
MpECTaBICHO pe3yibTaTH AHCEpTallii, MHOIO He BusBieHo. Hamana poOGora



0€3yMOBHO 3acCIyroBy€ Ha TIO3UTHBHY OIliHKY, a 1ii aBtop, CaBuyk Omer
BonogumupoBud, 3aciyroBye Ha MPHUCY/DKEHHSI CTYIEHs JoKTopa (imocodii 3a
crietianpHicTIO "104 di3uka Ta acTpoHOMIs".

JloxTop ¢i3.-MaT.HAYK, JOIEHT Kadeapu
KBaHTOBOI T€OPIi MO Ta KOCMOMIKPO(DI3UKU
¢izuyHOTO (PaKyIBTETY

KwuiBcskoro HarionansHoro YHiBepcuTety
imeHi Tapaca llleBuenka

I'opkaBenko Bomogumup MukoiaitoBuu




