Biaryk oQiuiiiHoro onoHeHTa
Ha QHCepTaliiiHy podoTy
AxxumamoéeroBa Mycdepa JlanispoBuya

“CneKTpHU Ta Kopesillii YaCTHHOK B sIIPO-A/IePHUX i IPOTOH-NPOTOHHUX
3iTKHEHHAX 3 BUCOKOI0 €HEePri€l0 Ta MHOKMHHICTIO”,

M0IaHY HA 3100YTTS HAYKOBOTO CTYINeHs 10KTopa (piaocodii

3a cneniaapHicTIO 104 — «@i3nKa Ta aCTPOHOMIsSH»

AKTYaJIbHICTh TeMHU JUCEPTALINHOI pOOOTH.

Jluceprauiina po6ora AmkumamOeroBa M./l mpucBsdYeHa TEOPETUUYHOMY
aHaNi3y XapakTEPUCTHK CHCTEM, 1110 YTBOPIOIOTHCS MPH  YIbTPa-pelIATUBICTCHKHUX
3ITKHEHHSIX siIep, B T.4. HAMJICTINX 3 HUX, s7ep BOJAHIO (IIPOTOHIB). ExcriepumenTn
B IIEPH (OKenesa, Illseiinapis) na Bemukomy AnponHomy Komaitnepi (LHC)
(ALICE, CMS, ATLAS, LHCb) ta SPS (SHINE), B bpykxelBeHCHKIN
Hamionansuiii Jlaboparopii CLIA (RHIC) (STAR, PHENIX) Tta GSI, ®PH
(HADES) namineni Ha gociiukeHHs y 71a00paTOpPHHX yMOBaX BJIACTUBOCTEH
MaTepii 3a HOBUX MaciTadiB MPOCTOPY 1 Yacy, XapaKTEPHUX IJI KBAPK-IJIFOOHHHUX
CTYTICHIB CBOOO/IM Ta BUCOKHX T'YCTHH eHeprii. CHUCTeMHU, 110 YTBOPIOIOTHCS Y TAKUX
3ITKHEHHSX, CATalOTh BUCOKMX TEMIIEpaTyp Ta Ta LIUIBHOCTEH, fAKI MOXKYThb
3YMOBHUTH TpaHC(OpMaIlif0 MOYATKOBOTO aJPOHHOTO CTaHY A0 KBapK-IVIFOOHHOI
miasmMu.  [IMOTETHYHO TaKWi TUM Martepii ICHye Yy sAapax KOMIIAKTHHX
ACTPOHOMIYHHMX OO0 €KTIB, TAKUX SK HEHUTPOHHI 3IpKH, a TaKOXK MaB MicLe Y
panHboMy BcecBiti npoTsirom MikpocekyHau micias Benmkoro BuOyxy. Onnak
CIIOCTEPITaTH KBApKU Ta TJIOOHU Oe3rocepelHbO B €KCIEPUMEHTI HEMOZKIIMBO.
HaToMmicTh XapakTepUCTHKH CHCTEMH BiHOBJIIOIOTH, aHAJII3yIOUH BHUMIPSHI B
EKCIIEPUMEHTI PO3MOALIH (HI3UYHUX MOMIH (3a MONEPEYHUM IMITYIbCOM, KYTOBUMHU
PO3IIO/IIIaMH, ENINTHYHUMH TOTOKAMH, TOIIO) Ta KOPEJALiHI (yHKUIT KIHIEBHX
MPOAYKTIB 3ITKHEHHS, a came, aApoHiB, (JOTOHIB Ta JenToHiB. ToMy po3podka Ta
YIOCKOHAJCHHS METOJMIB aHali3y Ta IHTepHpeTalis pe3yJabTaTiB  TaKHX
€KCIIEPUMEHTIB € aKTYaJbHOIO 3a/Jayer0 Cy4yacHOi (hi3MKM BUCOKHUX EHEpPrid 1

CTAaHOBJIATH ~ OCHOBHMHM 3100yTOK JOCHIUKEHb auceprauidHoi podoru M.JI.
AnxumambeToBa.

Crpykrypa auceprauii

Jnceprauiiina podoTa CKIaJaeThesi 3 aHOTALIT (YKPaTHCHKOKO Ta aHIJiHChKOO
MOBAMH), BCTYITY, YOTUPBOX PO3/LJIIB, BACHOBKIB, CIIUCKY BUKOPHUCTAHUX



mkepen (126 HaliMeHyBaHb), a TAKOXK OJATKY 3 MepeIikoM IMyOmiKanii 3100yBava
Ta BIJIOMOCTAMM TIpO ampoOarliio pe3yipraTiB. Pykonuc Buknanenud Ha 145
CTOPIHKAX APYKOBAHOTO TEKCTY Ta BKIIOUYAE 31 PUCYHOK Ta S TabIIHLb.

V Beryni auceprauii oOrpyHTOBaHO BHOIp TeMM JOCIHIUKEHb, 3BS30K 3
HAYKOBMMH T€MaMH, BUKJIQJICHO METY 1 3aBJaHHA JHOC/IIKCHHS, OMCAHO HAYKOBY
HOBU3HY OTPMMAHHUX Yy AUCepTalii pe3yabTaTiB Ta IX NPaKTHIHE 3HAUCHHS, BKa3aHO
0COGHCTHIT BHECOK 3100yBaua i IPEACTABIEHO MepesTik HayKOBHX KOH(EPEHLIH 1
ceMiHapiB, Ha SIKMX JOMOBIAATINCS Pe3yIbTaTH AUCEPTALI.

Iepuii po3aia NpUCBSYCHHI ONKMCY AMHAMIKH CUCTEMH, 110 HAPOKYETHCS B
YIBTPAPEAATUBICTCHKUX SIPO-SIIEPHUX 3ITKHEHHSIX, B PAMKaX 1HTErPOBaHOI I'iIpo-
kinetnynoi moneni (iIHKM). JlucepraHToM OXapakTepU30BaHO OLIBIIICTH
CIIOCTEPEKYBAHUX BEJIWYUH Ta IX PO3MOILIIB, BUMIPSHUX B €KCIEPUMEHTAX II0
3ITKHEHHIO sjep 3os0Ta Ha npuckoproBaui RHIC ta simep xcenony na LHC.
Pe3ynbTaTy MOPIBHIOIOTHCS 3 JAHUMH  IHIIUX eKcliepuMeHTIB. OLIHEHO OCHOBHI
napamerpu mozaeni iHKM Ta BusiBiieHo i1 HOBI 0co0auBoCTI. JlOCIIKEHO 3B 30K
MIK TOYATKOBMMHM YMOBAMH aJPOHHOT MaTepii 3 yacoM TepMasiizalii Ta piIBHAHHAM
crany. /I eKCrepuMEHTIB MPH HIKYMX CHEPTisiX, sKi HalllJIeH] Ha J0C/1UKEHHS
¢da3oBoi nmiarpaMy KBAaHTOBOI XPOMOJMHAMIKH, Ta, 30Kpema, MOLIYK KPUTHUYHOI
TOYKH, OOTPYHTOBAHO TMOTE3y MPO HEMOBHY XIMIUHY PIBHOBAry JMBHUX KBapKiB,
sKa BU3Ha4a€e PEHOMEHOIOTTUHUM 3B S130K MIK MIPUTHIYEHHSIM YTBOPEHHS IHMBHUX
aJIpOHIB, CIIOCTEPEKYBAHUX B KIHIIEBOMY CTaHl, Ta 4acOM JKHUTTs CUCTEMM y (a3l
KBapK-TJIFOOHHOI IUTa3MHU.

Cepen pe3ynbTaTiB, OTPUMAHUX y OUcepTalli Ta npeacrasieHux y Jdpyromy
PO31iJi, HAroysoc 3po0JIeHO Ha PO3pPAaXyHKAX AOBKHH OJHOPIJAHOCTI IIOHIB Ta
KaOHIB B IIMPOKOMY JIara3oHi [OMEPEUYHHMX IMIIYJIbCIB YaCTUHOK Ta
[eHTPaJIbHOCTEH 3ITKHEeHHs B ekcriepumenTtax Ha RHIC. Lle 103B0aMIO HOCTIANTH
IPOCTOPOBO-YACOBY EBOJIFOIIKO eMmicii TMIOHIB Ta KAaOHIB 13 CHUCTEMHM, IO
JOCTIKYETBCSA.  30KpEMa, HaBEACHO pO3paxyHKH JUis  OLIHKM  4aciB
MaKCHMAaJIbHOTO BHMITPOMIHIOBAHHS BIAMOBIAHUX anpoHiB. [lOpiBHAIBHMN aHaNI3
UX PO3paxyHKIB 3 aHAJOTIYHUMH JIJISl IHIIMX EKCIIEPUMEHTIB JO3BOJUB 3pOOUTH
IKaBUH BUCHOBOK TPO 3aTPUMKY BHUITPOMIHIOBAHHS KAOHIB BHACIIOK MPOLECIB Y
aZpOHHIN (a3l eBOMIOLIT CUCTEMH.

B uvomy pozmimi Oyna TakoX TMepeBipeHa Trimore3a CKEHTIHTY
IHTEP(PEPOMETPUUHOTO 00’ €MY CHCTEMH 3 MHOKHHHICTHO HAPOIKEHHS YaCTUHOK.
[Ipy  MOzemiOBaHHI  YOTMPLOX  PI3HUX  EKCHEPUMEHTIB 33  OJHAKOBHX
MHOYKHHHOCTEH, IMCEPTaHTOM OYJI0 BHUSBICHO BIAMIHHICTD iHTEpP(hEpOMETPUYHHX
00°€MiB, sKa NEPEBUILY€E TOXHOKH eKCIIEPUMEHTIB OLIbIL HiX BBIUl. YV nuceprarii
Oy7na BCTAHOBJIEHA KOPEJALis MK MOYATKOBUMH PO3MipaMH Majiardoi ajapoHHOI



cucreMu ((haepOoiy) Ta KIHICBUMH JOBKUHAMH OIHOPIAHOCTI BUIIPOMIHIOBAHHS
JaCTHHOK.

Tperiii  po3ain  aucepramii  NPHUCBSYCHHI ~ TEOPETHYHOMY  aHali3y
iHTepdepoMeTpii y MaIMX CHCTEMax, a came y MPOTOH-NPOTOHHUX 3ITKHEHHSX Ha
Bemukomy Anponnomy Komnaiinepi (IIEPH). KonaGopauismu ATLAS ta CMS
CIIOCTEPIrasocs  HETUIOBE sl SAPO-SIEPHMX — 3ITKHEHb — HACHYCHHs
iHTEp()EPOMETPUUHHMX PO3MIPIB CHCTEMH Yy TMPOTOH-IPOTOHHMX 3ITKHEHAX 3
BEJIMKOIO MHOKHUHHICTIO KIHIEBOT'O CTaHY.

Jlng  iHTepmperanii LUMX ~ E€KCIHEPUMEHTAILHMX —pE3yJIbTaTiB Yy JAuceprauii
3alpPOMIOHOBAHA  TOYHO  PO3B’sI3yBaHa  KBAHTOBO-IOJLOBA  MOACHb IS
BUIIPOMIHIOBAHHS TMIOHIB Y TMPOTOH-NPOTOHHUX 3ITKHEHHAX IIPU  BEJIMKHX
MHOKHHHICTSX. Jluceprantom Oy/I0 BKa3zaHO, IO CTaHJAPTHA IHTEpHIpeTalis
IHTEpGEPOMETPHUHUX PO3MIPIB SIK JOBKHUH OJHOPIAHOCTL y SAPO-sIEPHUX
3ITKHEHHSX, SKa OTPUMYETHCS B paMKaxX KBa31KIACHMYHOTO HAOJIMKEHHS, HE €
3aCTOCOBHOO JIO IIPOTOH-NIPOTOHHUX €KCIIEPUMEHTIB Y 3B’ SI3KY 3 MaNICTIO CUCTEMH
y TIOPIBHSIHHI 3 TEIUIOBOIO JOBKHUHOIO MIOHIB Ta KAOHIB. 3T1IHO 3 pe3yJbTaTaMH,
OTPUMAHUMHU Yy JUCEpTaliiHId pOOOTI, BUIIPOMIHIOBAHHS OKPEMHUX YaCTHHOK 13
TaKMX CHCTEM HeE € He3alekHUM. [lokazaHo, MO y CHUCTEMaxX 3 BEJIMKUMH
MHOKUHHOCTSIMM MO>K€ YTBOPUTUCH bo3e-ENHIITEHHIBCHKUN KOHJEHCAT, SIKUN
CIPUYUHSE KOTEPEHTHY €MICIK0 YACTMHOK Ta J03BOJIAE MOSICHUTH HU3bKE 3HAYCHHS
TaK 3BAHOrO I1HTEPCENTY.

Y YerBepTomy po3aiJii peCTaBIeHO PO3BUTOK MTOCHIKEHHs IHTephepomMeTpil
Yy  NOPOTOH-NIPOTOHHUX  3ITKHEHHsX  OoTpumano.  PosmmpenHs  monedn,
3alpONIOHOBAHOI Y TPETHOMY PO31II, MOJSITAE B MOJACTIOBAHHI T1POAMHAMIYHOTO
MTOTOKY Ta CEJIEKUIEI0 MO1N 3 (PIKCOBAHOIO MHOKUHHICTIO.

JIMCepTaHTOM TMOKAa3aHO, 1O MPU TAKOMY BIAOOpPI MO/ii, KOTEPEHTHICTh BUHHKAE
BHACJI1/IOK KOH/IEHCAIll] YaCTHHOK HAa OCHOBHOMY PIBHI CTATUCTUYHOTO OINeparopa
CUCTEMH. Y  3a0pONOHOBAHIA  MOJEIl  CIOCTEpPIrajlocss K  HACHYEHHS
IHTepEPOMETPUYHUX  PO3MIPIB CHUCTEMH, TaK 1 TOHWKEHHS IHTEPCENTy
KOPeIAUINHUX QYHKIIHA 31 301IbIIEeHHIM MHOKHHHOCTI. Lli ehexTn mocumooThes
31 3017BIICHHSIM 1HTEHCHBHOCTI T1IPOJMHAMIUHUX MOTOKIB y cuctemi. Oneprkani
pe3yJIbTaTH BAKJIUBI 1711 PO3YMIHHS IIPOLECIB MPOTOH-TIPOTOHHUX 31TKHEHD.

B minomy, amcepraniiina poborta AmxkumamberoBa Mycdepa JlanisspoBuua
MICTUTb OPHUTIHAIBHI Ta BAaroMi pe3yJbTaTH 3 aKTyalbHOr0 HampsaMKy (i3HKH
BUCOKHX CHEPrill MO JOCHIKEHHIO BIACTUBOCTEH Marepii, yTBOPEeHOI B Spo-
SUICPHUX 3ITKHEHHAX, Ta 11 eBOJIOLII Yepe3 KBapK-IIIHOOHHI CTYIEHI cBOOOIM 10
0araTOYaCTMHKOBHMX KIiHLEBHUX CTaHiB. Matepiann auceprauii omy6rmikoBai B
(GaxoBuUX MIKHAPOTHMX BHIAHHAX 3 BUCOKMM IMIAKT iHAEKCOM. [lO3MTHBHA



anpoOallisl LEX Pe3ysIbTaTiB 3aCBIIUCHA YHCTEHHHUMH NPE3EHTALIAMH Ha HAYKOBUX
KOH(EPEHIIIAX Ta CEMIHapax.

OnHak, 70 JAMcepTamii MOKHAa TAaKOK BHCIIOBUTH OKpeMi 3ayBaKeHHS Ta
noOaKaHH:

1.V BCTYI 710 MEPIIOTo PO3JIiLY 3ralyeThCs, IO OKPIM aIpOHIB Y KOJIaHAEePHUX
eKCIIEPHMEHTAX TAKOXK PEECTPYIOTh (OTOHH Ta JICITOHH, TIPOTE MPH 0OrOBOPEHHI
pe3y/IbTATIB CIIOCTEPEKYBaHI BEJIMYMHM, OB s3aHI 3 UMMM YaCTUHKAMH, HE
3ragyloThes B3araii. He 3po3ymino, 4u iCHy€e MPUHLMIOBA MOKINUBICTE ONHCAHHA
CIIOCTEPEKYBAHUX XapPAKTEPUCTHK (POTOHIB Ta K- JIENTOHIB B paAMKaX PO3BUHYTOI
B MCEpTallil MOJEJIL.

2. Sk mokazaHO B aucepTalii, IHTErpoBaHa TiJpO-KIHETUYHA MOJIE/b 37aTHa
ONUCYBATH CYYacHi EKCIIEPMMEHTH T10 3iTKHEHHIO YIbTPa PENATUBICTCHKUX SIIEP.
[Ipote BapTO Gy110 6 GIIBII AETATLHO BU3HAYMTH MEKI 3aCTOCYBaHHS Liei MOZEI.
[le cTocyeThesl K MaHOYTHIX €KCHEPUMEHTIB 3a OLIbII BHCOKMX EGHEprii, Tak 1
ICHYIOUHX €KCIIEPUMEHTIB 32 MEHILUMX €Heprii.

3. Y TpeTboMy PO3IiJI HE 10 KiHI 3p03YMUTHMH € 3B 130K MK KIJIbKICTIO YaCTHHOK
y aHATITUYHIA MOJEII MPOTOH-MPOTOHHUX 3ITKHEHb Ta MHOKHHHICTIO 3apsIUKEHUX
YACTMHOK y eKcriepuMenTax. Tak Ha Puc. 3.2. qiama3oH MHOKMHHOCTI csarae 250
YyaCTUHOK, a Ha Puc. 4.3. HaBeJCHO aaHi mpu HadaraTo MEHIIMX 3HAYEHHSX
KUIbKOCTI (710 20 4y 60) 4aCTUHOK.

4.V nuceprauiil BAKOPUCTOBY€EThCS TEPMIH “IOBKHHA OJHOP1AHOCTI”. O3HaYeHHS,
HaBeJleHe Y JAMCEPTallii, HeIOCTATHBO PO3KPUBAE (DI3ZUUHUIA 3MICT LI€T BEIHYNHH.
JIOpeYHO HABECTH MPHUKJIAJAM MOACIBHHUX PO3PaxXyHKIB, B SKUX 3B 30K HOBXKHHU
OJHOPIIHOCTI Ta peaIbHUX PO3MIPIB CUCTEMU OYB O IIPO30PUM.

5. JKapronne clIOBO «iHTepCenT» MOTPIOHO 3aMIHMTH Ha BIANOBIIHMH TEPMIH
YKPaiHCHKOI0 MOBOK), MalO4¥ Ha METI Ba)KIMBICTh MalOYTHBHOIO [PEACTABICHHS
PE3YIbTATIB LIKABOrO JOCIIDKEHHS B JEKLIAX ATS CTYJEHTIB UM B IHTEPB’IO LI
Mac-meia.

BucnopieHi 3ayBakeHHS HE BIUIMBAIOTH HA 3arajlbHy MO3UTUBHY OLIHKY
BUKOHAHOI HAayKOBOI po0OTH. BpaxoByrouu akTyanbHIiCTb, HOBU3HY Ta BaXKJIMBICTh
OJIEpIKaHUX PE3YIIbTATIB, IX OOIPYHTOBAHICTh 1 JOCTOBIPHICTD, @ TAKOXK IIPAKTHYHY
IHHICTH C(hOPMYJIBOBAHMX TI0JIOKEHB 1 BACHOBKIB, BBaXKalo, M0 podora «CreKTpu
Ta KOpEJSIii YacTUHOK B SUAPO-SICPHUX 1 TPOTOH-MPOTOHHUX 3ITKHEHHSIX 3
BUCOKOK €HEPri€l0 Ta MHOKMHHICTIO» BIJIOBIAAE BCIM BHMOTaM, BCTAHOBJICHHUM
MOH VYkpainu no nucepramiitHoi podotu, a ii aBtop, AmkumamoeToB Mycdep
JlaHIAPOBUY LIJIKOM 3aCIYrOBYE TMPUCYDKEHHS HAYKOBOTO CTYIEHS JOKTOpa
¢d11ocodii 3a cnenianpHicTO 104 — «Di3uKa Ta ACTPOHOMIS».



OiuiiHuil ONOHEHT

JloxTop ¢13.-Mat. HayK,

[Tpodecop,

Ynen kopecnonneHT HAH Ykpaiuu,

3aBimyBau Biaainy Gi3HKH BUCOKMX CHEPTiH
[uctutyTy Aaepuux pociimkens HAH Yipainu

AW Banepiii IYTAU

[Tianuc B.M. Ilyrava 3acBiauy:o:

Buenuii cekperap

InctutyTy sinepHux gocaiyaxkedns HAH Ykpainn
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