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KHUPHULI (noxtopiuk (DSC) nuccepranusicu aHHOTALUSICH)

Jucceprauuss MAB3yCHHUHT 10J13ap0Juru Ba 3apypusitu. byryHru kyHna
KAXOHJIa FOKOPU SHEPIHSUIH SIPO-SAPO-TYKHALIYBIAPUHUHI SKCIEPUMEHTA Ba
Ha3apuil  TAOKUKOTH  3aMOHaBUM  (QU3MKaHUHT  Joim3apd  QyHIamMeHTan
MacajalapyuHy Xal KWIMIJIa KaTTa axaMmHsTra sra. Sapo-sapo-TyKHallyBiapu
KMYMK BAKT MOOalHUIA Kyla KUYUK XAXKMJa Kyda IOKOPU DHEPIUsl 3UUJIUTUHU
XOCHJI KWW WMKOHuUATHHH Oepamu. llly >xyma 3ud 2HEprusiau MaTepusHd
YpraHuin XO03Wprd 3aMOH IOKOPU JHEPrUsIM OFUP HMOHJIAp TYKHAIITYBIAPUHUHT
noi3ap0 Map3ynapujaH Oupu. TYKHAIIYBIaH OJAUH SAPOJAPHU AESIPIU EPYFIHK
TE3JUIWraya Te3aaTwiran Mapkasuii AUAU- Ba PbPb-TykHamyBmapuma XOCHII
oynran Marepusi Temneparypacu Ky€m mapkasumaru temneparypagad 100 000
MapTajiaH OpTUK OVianu Xamja TaJKUKOTUYWIIapra KBapK-TJIIOOH IIa3MaHu
ypraHuiira MUMKOHUST sipaTaju. by Mapkasuii sapo-sapo TYKHAIIyBIapUHUHT
JUHAMUKACUHU TaIKUK KWJINII 3apypaTUHU KypcaTaaH.

Mamnakatumuzga wWiM-(paH pUBOXKHUIA, >KyMJIaJlaH aToM SIAPOCH  Ba
eMEeHTap 3appadajap (U3MKacu MyaMMOJIAPMHM XaJl KWIMIIra XamJa
byHIaMeHTall TAAKUKOTIAPHHU FOKOPU XAJKAPO JapaxkaJa TAallKWJ KWIMILTa KaTTa
bTUOOp OepuiMoKaa. MamiakaTuMu3 WiaM-(paH puUBOXK Xamjaa GyHIaMEHTAl
TaAKUKOT HATWKaJapuHU Xaérra TaTOMK KWIMII Y4YyH (yHIaMeHTal
TaIKUKOTIADHA MYXUM HyHAIMILIapH Y30eKHCTOHHM SHAa PUBOMIAHTHPHII
oyiinua 2017-2021 vnnnapaaru Xapakatiap cTpaTerusicura KUpUTUJITaH.

Byrynru kyHaa »xaxoHJa SOpO-sApO TYKHAIyBIapu IMHAMUKACUTa OWUJl
acoCHIl MabJIyMOT XOCUJI OYJITaH aJpOHJIApPHUHT YIYaHTaH KYHaJaHT UMITYJIbC Ba
KaJaUTMK Oyiirua TaKCMMOTJIApUHU TaXJIWiuaad kenuO uwukaau. FOxopu
SHEPIUSIIM AP0 TYKHAIIYBIAPHU SHEPTUSACUHUHT 3HT KaTTa KUCMU MUOHJIAP XOCHIT
oymummra capduanagu. lllyHuHr y4yH 0OHOH XOcCcCajJapuHM TAAKUK KHJIUII
TYKHAIlyB 30HAacHUJard TJo0ajl XOoJATHW Xama TYKHAIlyB JIMHAMHUKACUHU
aHUKJAll YYyH MyXuM xucoOnaHaau. FOKOpU 3HEprusiiu ofvup MOHJIAp MapKas3Hii
TYKHaIyBIapuaa TYFWITaH T[HOHJAp KYHJAJMaHT UMIIYJbC €KUM DHEprus
TaKCUMOTJIAPUIAH aHMKJIAHTaH TeMIiepatypajiap Xocuia Oyiran yra 3ud Ba MCCUK
MaTepUsIHU KEHTaWWIIWIaH KeWHHTH XOJIATMHW aHMKJjamra épaam Oepanu. bup
HykioHra 1-10 I'sBnu orup monnap TYKHamyBiaapuia TUOHIAP XOCHI OViIuIIuaa
JeNIbTa-pE30HAHCHAP AOMHUHAHT pOJIb YUHAWAU. PensaTUBUCTUK OFUp HMOHIAp
TYKHAIIYBJIADA TaxJIMJIA LIYHW KYpPCAaTIWMKH, IEJIbTa-pe30HAHCIAp TYKHAIIYBHU
OonutanFuy “uccuk’ azacuna xocun Oynaau. Xocui OYiraH MaTepusiHi KeUUHTH
KeHraium Ba “‘coBumr’ ¢aszacuaa, IeIbTa-pe30HAHCIIap HYKJIOH Ba IMHOHJApra
emupunagu. bup Hykinonra 1-15 IbBnm  agpon-sapo- Ba  sApo-a1po-
TYKHAITyBJIApUIa TYFUITaH MUOHJIAPHUHT KYHIAJIAHT UMITYJIhC TaKCUMOTJIAPUHU
KMYMK KYHJAJaHT MMIYyJbClap/la Ky3aTWIraH MaKCUMyM acoCaH JieNibTa-
pEe30HaHCHIap EMUPWIMIUIAPUIAH XOCWJI OYIraH NUOHJapAaH Naijgo Oyiranu
KYpCaTHJITaH.

V36ekucron Pecry6nukacu Ilpesupentununr 2013 fmn 1 maprmarn 10—
4512-con “MykoOun 2Hepruss MaHOajJapuHU SHaJa PUBOXKJIAHTUPHUIL Yopa-
tanOupnapu tyrpucuna’tu, 2017 wun 17 ¢espangaru [IK-2789-con “dDannap
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akageMusicu (paosMATH, UIMUN-TAAKAKOT UIIUTAPUHA TAIIKHII STUII, OOIITKAPHUIIT Ba
MOJIMSUTAIITUPUIIHUA STHa/Ia TAKOMILIAIITUPUIL Yopa TaaOupiapu TYFpucuia’TH
Kapopmapuma, 2017 imn 7 despangarn  IID-4947-con  “V36ekucTon
PecniyOnukacuHu siHaja pUBOXKIAHTUPHUIN OVinya Xapakariap CTpaTerusicu
TyFpucuaa” ru GapMoHHIa Xamaa Ma3Kyp Qaosusrra TeruiuIk 0oIIKa MebEPUIA-
XYKYKUH XyxoKaTiapjaa Oedruianrad BasudajgapHU amaira OUIUpHINra Yoy
JUCCepTalys TaAKUKOTH MyailsiH Japaxaja Xu3mMaT Kuaaau.

TagKUKOTHUHT V36eKncTon PecnyOsimkacu ¢aH Ba TexHOJOrHsJIap
TAPAKKUETHHMHI YCTYBOp HYHAJIMULIAPUIAa MOCJAMIM. MasKyp TaaKuKOT
pecnyOnuka (an Ba TexHoNOTHsUIapu puBOoxUIaHTHpUITHUHT II. «OHepreruka,
HHEPIUs Ba peCcypc TEKAMKOPIUTW» YCTYBOp MyHanuIura MyBopuk Oa>kapuiras.

Jucceprauus MaB3ycd OyiMYa XaJKAp0 WIMHH TAaJAKMKOT/JIAp ILIAPXH.
FOxopu sHeprusiiv aIpoBUl TYKHAIIYBJIapJa MUOHIAp Ba A-pe30oHaHCHap XOCHII
Oynummra oua Tagkuxkotiaap bupnamran sapo tagkukoTiapu uHCTUTYTH (BATH,
Hy6na, Poccus), Orup wuonnap wmapkazu (OUM, [lapmmraar, ['epmanus),
bpykxeiien wmwuuii nadopatopusicu  (bpykxetien, AKI), Espomna sapo
tagkukotiaapu Mapkasu (LIEPH, JKeneBa, IlBeiiuapus), Jloypenc bepxiu
naboparopusicu (Kamudopuus, AKII), benarpang YuuBepcuretu tabuuit Qannap
dakynpretn (benrpan, CepOus), TOwmmcu paBmat yHuBepcutretd HOkopu
sHeprusiiap ¢uzukacu UHCTUTYTH (TOunucu, I'py3usi) Ba 1OKOpU SHEPTHUSIU SIPO
TYKHAIIIyBJIapura Ouj Xajakapo Kosutabopanusiiapra ab3o OViaran Oolika Xajlkapo
TaJKUKOT MapKazjiapuia yTKa3WIMOK/IA.

FOxopuna kypcatunran xankapo FOkopu sHeprusiiap gusukacu Mapkasiapu
Ba yJlapra KMpPYBUM XaJKapo KoJutabopamwusuiapjaa Oup HykjgoHra Oup Heua [HB
PHEPTUSIIM  aIPOH-SIAPO- Ba  SAPO-SAPO-TYKHAIIYBIApUAa XOCWJ — Oyirax
MUAOHJIAPHU KYHAAJIAHT UMITYJIbC, JKAIAJTMK Ba SHEPIrUsl TAKCUMOTIIAPUHU XaM/Jla
A(1232)-pe3onaHcinap XOCHJA OVIMIIMHA WHTCHCUB YpraHuin Oyinva »KaXOH
MUKECHIa OUp KaTOp WIMHI HAaTUXKaJIap OJIMHTaH, )KyMJIaJIaH: PEJISITABUCTHK SIIPO
TYKHAIIyBJIapyuJa XOCWJI OYiAraH NHOHJAp >KaJalIMK Takcumotiapu ['aycc
GyHKIUSICH KYPUHUIIKAA OYITUIIM KYpCaTHIITaH; MAUOHIAP KYHIAJIaHT UMITYJIbC Ba
Maccallap MapKa3uJard OJHEpPrusi TAKCUMOTIApU MKKW KHSUIMKIAH (UMKKU
TeMIiepaTypajan) ubopar Oynumm, kKuduk temneparypa yaymu 80-90% Ba karra
temriepatypa yuymu 10-20% atpoduna 6ynumm kypcatwiran (bupnamran sapo
TaJIKUKOTIapu MHCTUTYTH, J{yOHa, Poccus; EBpona sapo TaakuKOTIapW MapKasH,
Kenena, IlIseiinapusi; benrpan YauBepcutetn Tabuuii dannap (axynprery,
benrpan, CepOust; TOunucu naBiaT YHUBEPCUTETH IOKOPH dHEprusiap GuU3NKacu
uHCTUTYTH, TOmmucu, I'py3us); Oup Heua A ['2Bnmu mapkaszuil orup HOHIAP
TYKHAILTyBJIApUIa XOCHI OYJTyBUM MUOHIAPHU aCOCUA KUCMH JebTa-pe30HaHcap
EMUPUIUIIUIAPUIAH XOCUI OVIUIIM KYpCTaTWITaH; PEISTUBUCTUK aIpOH-SIpO- Ba
SAAPO-AAPO-TYKHAIIyBIapua xocua oyiaran A(1232)-pe3onanciap Macca Ba Macca
KEHTJIMKJIApU 0307 HYKJIOHIap TykKHamyBiapuaaru A(1232)-pezonanciap macca
Ba Macca KeHriukiapuaan (apk kwmmun kypcatwirad (Ofup MOHIIAp MapKasH,
Hapmiranr, 'epManusi); IOKOpU SHEPTUSIM OFMP HOHJAP TYKHAIIYBIapHuaa 3u4
aJpoH MaTepusiCuAa XOCHJI OyiraH JAelbTa-pe3oHaHciap MapaMeTpliapuHu
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y3rapuiu TepMmal Ba u300ap Mojemgapu €pAamuna TYUIYHTUPHITaH Ba aJpoH
3UYIUTH, TEMIlepaTypacd Ba OoIIKa SApoBHM QakTopiapra OOFJIaHTaHIUTU
kypcatuiran (Orup nonnap mapkasu, Jlapmimrant, ['epmanus).

JAyHéna mnuoHmap Ba JeNbTa-pe30HAHCIAp TYFUJUIN >Kapa€Hlapu Ba
MEXaHU3MJIApUHU YpraHuil Oyinda KyHuaara yCTyBOp HyHanuiuiapaa TaaKuKOT
om0 OOpUIMOKIA: MHOHJAp 003€-KOHACHCATUHU TAJKUK KHWIHIL; FOKOPH
SHEPrusijapa NUOH-HYKJIOH VY3ap0 TAbCUPUHHUHI PEAIMCTHUK MNOTEHIMAIUHU
Kypull; 3W4 sapo0 (agpOH) MaTepUsICMHM IHOH Ba JIEJbTa-pe30HaHCIap
Xoccajlapura TabCUPUHHM YpraHUII; MUOHIAp TYFWIMII XapaCHiapuaa JenbTa-
pe30HaHcHap YPHUHM TAJIKUK KHJIALL.

MyaMMOHM YPraHwJraljavk Japamacu. Xo3upraya €Takud XaJKapo
OoJlUMJIap TMHOHJAp Ba JIENbTa-pe30HAHCIAp TYFWIMII Kapa€HJIapy Ba
MEXaHU3MJIApUTa OUJI KYI1ad SKCIEPUMEHTA Ba Ha3apuil TaIKUKOTIAPHU amaira
olIUpraH, OMPOK KyHuIaru edyuaMaraH MyxuM Myammosap MaBxyd. Cep0O
omumiapu (L. Simic, S. Backovic, D. Salihagic) Tomonumman 4.2 A4 I»B/c
UMIYJIBCIU  AAPO-SAPO-TYKHAUIYBIapUaa XOCwi OyiaraH MaHQUil NHOHIAp
KAJAUTMK TaKCUMOTIAPUHHU TYKHAIYB MapKa3UMIMTUTa OOFJIMKIUKIAPU TaIKUK
kunuHrad (bupnamran gapo TaAKUKOTIApHM HMHCTUTYTH SKCIIEpUMEHTIIApHIa,
Poccust, Cep6us). Bupok skcrepuMeHTan CTaTHUCTUKACH KaMIIMTH YYYyH ylap
KaJaJUMK TAKCUMOTIIap MapKa3japy Ba KEHIJIMKIAPUHU TYKHAITYB MapKa3HMINTH
Ba sipojap Maccacura OOFJIMKJIMKIApUTra OuJ] aHUK OUp Xyjocara KeIWIIMaras.
V36ex Ba poccusmuk omumiuapu (M.M. Mymuuos, P.H. Bexmupsaes, C.A.
[Tapunora, E.H. Knagnunkas) Tomonuaan 4.2 A 1'3B/c umnynascau siapo-sapo-
TYKHaIyBJIapuaa XOCuia OynraH mMaH(Uid NMUOHJIAP KANAJUIMK TaKCUMOTJIAPWUHU
yIapHU KYHAAQJIAHT WUMIyJbciapura OOFMUKIMKIapu ypranwirad (bupnamran
SAPO  TANKUKOTIAPH HMHCTHTYTH OSKCIIEpHUMEHTIapuaa, Poccus, Y30eKHcToH).
bHUpOK 3KCnepHMeHTal CTaTUCTUKAacH KaMJIMTH yJjlapra MHOHJAp >KaJaJUIMK
TaKCUMOTJIAPDUHU  YJApHUHT KYHJAJaHT HMIIYJIbCH Ba SIpO  Maccacura
OOFJIMKJIMKIIApUra Ou MUKJIOPHM XyJiocara KeJIHIIra UMKOHUSAT OepMaras.

Xung omamiapu (G. Sau, B. De, S. Bhattacharya) Tomonmman roxopu
DHEPTUSIIA OFUP HOHJIAp MapKa3Wil TYKHAIIyBIapuja XOCWJ OYJIraH Xap Xuil
3appadajlapHd Maccajap MapKa3[aru >KaJauIMK TaKCHUMOTJIApPUHH CHCTEMaTHK
paBumiga TaBcudmam yuyn Karra koMOuWHanuoH Mojenu Takiu@d JTWITaH Ba
YHUHT  &pmamuna rokopu OSHeprusuim  PbPb  xamma AUAu  mapkaswmii
TYKHaIyBJIapuJa XOCHJI OViraH 3appayanap, >KymuiaJaH MHOHJAp, >KaJlaJUIMK
TakcuMoTiapuHu myBaddaxusaraun TaBcudiaanran (EBpoma simpo TaakukoTiapu
Mapkasu JkcnepuMeHTiapuzga, lleBennapus; PelsITUBUCTUK OFMp  HOHIAp
koyuaiaepu skcnepuMmentiaapuaa, AKI). Bbupok ymap dbenomenonoruk Katra
KOMOMHAIIMOH MOJIeNua UIIATUIaAUTaH apamMeTpiapHi (U3UKaBUid MabHOCUHU
Oepa onMaraH.

EBpomna ormMnapu (D. Pelte, M.A. Lisa, E.L. Hjort, B. Hong) Tomonnan 1-
2 A I'>Bnu mapkasuii ofup MOHJIAP TYKHAIIyBJIapuaa XOCUI OYIIyBUHM MUOHJIAPHU
acocuii KMCMH  JeNbTa-pe30HaHCIap eMHUpPWIHIUIApUAAH XOCHJ  Oynuiu
kypcatwirad (OfFup HMOHJIap MapKas3u sKcrnepuMeHtiapunaa, ['epmanus). bupok
bupnamran sapo TagKMKOTJIApU MHCTUTYTUHUHT 2-METpPJIM NpPOINaH Ba 1-meTpiu
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BOZIOpO My(hakdam KaMmepaiapuaaru 3KCepuMEHTIapUIa XO0CHUJI OYITrad nenbTa-
PE30HAHCIAPHUHT Macca TAaKCUMOTJIAPM PEKOHCTPYKIHUS KHJIMHMAraH 3.
dakarruna Outra wiMui Makoiaga cepo ommmiapu (D. Krpic, S. Backovic, L.
Simic) Bupnariran sapo TaaKUKOTIApH MHCTUTYTHHHHT 4.2 A I'3B/c umnynbenn
KapOOH-KapOOH-TYKHAIIIYBIapHUaa XOCUJ OYJraH JieabTa-pe30HaHCIAPHUHT Macca
TaKCUMOTJIAPUHU PEKOHCTPYKIUS KHJIa OJIUIITAH d]TH.

Cep0 omumuapu (S. Backovic, L. Simic), rpy3usuiuk tagkukorumiap (JI.B.
Uxaunmze, T. [xob6aBa, JI. Xapxemaypu, M. Mocunze) Ba Hemuc onumu (R.
Brockmann) wnuiapupa Typim Maccany TYKHAIIyBUM  SIpOJiap/ia Ba  TYpIH
TYKHAIIyB 2HEprusiiap/ia XOCWiI OYiaraH MUOHJAap KYHAaJaHT UMIYJIhC Ba Macca
MapKasuJard OdHEeprus TaKCUMOTIapu TaxXJIWil KUJIUHHO, TemrmepaTypanap
aHukJaHraH. bupok Oy TYKHamyBiapja NHOHJAPHH KYHJAJaHT UMITYJIbC EKU
DHEPTUs TaKCUMOTIAPUHUHT OyTyH coXagard TaxJIWIHIaH aHWKJIaHTaH
TeMIlepaTypaJapUHUHT TYKHAIIYB MapKa3uIUrura OOFIMKJIUTH TOIA OJIMHMAraH.

Jducceprauus TAAKUKOTMHMHI JUCCEPTANMS Oaskapujiran WIMUIM-
TAAKMKOT MYACCACACMHMHI WIMMA-TaAKMKOT HILUIAPH pexajapu OujiaH
Oorsmkaurn. Jluccepranus TaakukoTh DU3MKA-TEXHUKA HHCTUTYTH WIMUMN-
TAIKUKOT Uiuiapu pexkacuHUHT D2-D029 pakamnu “FKOKopu sHEprusiiiv aapoH Ba
SAJIPOJIAPHUHT sIpoJiap OWJIaH TYKHAIIUIIUAA SIAPO MATEPUSICH CTPYKTYpPACHHH Ba
koyiekTiB A ¢dektiapan  ypranum®”® (2007-2011), ®D2-D-0-42438 pakamim
“KOkopu sHeprusiiapia aJpoH Ba SAPOJApHU spoJiap OWsiaH TYKHAIIyBIapuia
KYT 3appadayiv XonarmiapHu Taakuk kuiwm’” (2012-2016) maB3ynapuaari HIMHA
JOUMXaNlapy Toupacuaa Oakxapuiras.

TaakukoTHuHT Makcaau 4.2 A I'B/c ummynbenm plzC-, d?C-, “He'’C-,
tct’c-, “C™Ta-rykmamysmapuza  mandmit  mmommap Ba  A’(1232)-
PE30OHAHCIAPHUHT  XOCHUJ  OYIUIN  KOHYHUSITIAPDUHU  XaMmJia  FOKOpHJaru
TyKHamyBnapaa Ba 3.25 A B/c ummynsean °Op- xamaa 40 I5B/c ummymnbenn
x PC-tykuamyBmapuga xocun Oymran  A’(1232)-pesonaHciapHuHr  MaH(Hi
MTUOHJIAp TYFUJIUIIMIATH YPHUHU aHUKJIaIgaH noopar.

TaankuKoTHUHT Basudasapu:

42 A TIaB/c wumnymeemm  p(C3Hg)-, d(C3Hg)-, a(C3Hg)-, C(CsHg)-
TykHanryBnapuaan Ba 40 [3B/c ummynbenu 7 (CsHg)-TYKHamyBapuian Mabiym
TypAard HORJIACTHK SIAPOBUM TYKHAIIYBIIADHU A)KPATHILL,

42 A TIaB/c wumnymscim  p(Cs3Hg)-, d(CzHg)-, a(CzHg)-, C(Cs3Hpg)-
tykHamysnapuaa, 40 I'9B/c umnynscnn 7 (C3Hg)-TVKHamyBmapuga xamaa 3.25 4
[5B/c uvnyascnn COP-TYKHALIYBIAPHAA XOCHI OYIraH KHCKA TPEKIN 3appadanap
xama Kamepa OOBEKTHMBHM TEKHUCIUTMra HucOaTaH KaTTa Oypuyakiapla ydraH
3appavajnap HYKOTUIIUIAPUHHU XUCOOTa OJIUIIL;

4.2 A I'B/c nmnynbeau plZC-, dlZC-, 4HelZC—, 12C181Ta—T}”lKHamanapH)1a Ba
3.25 4 IB/c ummynscnu °Op- Ba 40 I3B/c uMmnyascnn 7 -2C-TYKHAIYBIapHIa
xocusl Oyiran MaH(uil MuoHIap Ba MPOTOHJIAP Opacuaaru OypyakiIapuHU TaX I
k6, A°(1232)-pesoHaHCIapHUHT Macca TAKCHMOTIAPHHE KYPHIL;

TaIKUKOT KWIMHAETTaH TYKHAITyBiapjaa nepudepuk, sSpuM MapKasuil Ba
MapKa3ui TYKHAIIyBJIapHU aXKPATHIL Ba TaXJIAJI KWJINLLL



TaIKUKOT KUIWHAETraH TYKHAIIyBJIapJa Xamja axparwira mnepudepuk,
SpUM-MapKa3uil Ba MapKaswil TYKHAIIyBJIapja MaH(HU MUOHJAPHUHT KYHIAJIaHT
UMITYJIbC Ba >KaJaUIMK TAaKCUMOTIAPUHHU TYpJiW Hazapuil Mojeib (QpyHKIusiapu
épraMuia TaBcuIIaln Ba TaXJIM KAJIUII,

IOKOpUJIAry TaXJIMJI HATHXKAJTapUHU TATKUH KUJIUILL.

TaagKMKOTHUHT 00beKTH cHu(aTHAa IOKOPU IHEPTUSIU aJApOH Ba sJIpoJiap
KEJNTUPHUO YMKapraH siAPOBUMN xKapaCHIlap OJUHTaH.

TagKUKOTHUHI TPeAMETH — pPEIATUBUCTUK SAPOBUM-TYKHAIIYBIIAPHUIA
manwuii mroH Ba A°(1232)-pe3oHancnap XOCHI OYIHII KapasHIapH.

TaakuKoTHUHT ycyJiapu. FOKOpU sHEprusiv sIpoBUil TYKHAIIyBIapuaa
3appajiap XOCWUJ OViIMIIMra WHKIIO3WB EHJANIUIIIAa MaTeMaTUK CTaTHCTHKA
yCyJUlapu XamJia Ky4Jd MAarHUT MaijIoHdra KOWIAIITUPWIraH MydaKJyaiu
KaMepaHU PEJISITUBUCTUK PO Ba ajpoHjap OWiIaH HypJIaHTUPWITAHIA OJIMHTaH
ax0opOTIapHU KaiiTa UIIJIAIIra aCoCIaHraH SKCIIEPUMEHT METOUKACH.

TaagKMKOTHUHI WJIMHMH SIHTWJIMIM WIK OOp OJNIMHraH KyWuJaru
HaTWKalapaaH noopar:

4.2 A I'B/c nmmynscan plZC-, d'?C-, *He®C-, **C¥'Ta- TYKHaIITyBJIapua Ba
3.25 A I'sB/c ummynscan °Op- Ba 40 T5B/c ummynscan 7 C-TyKHAIIyBIapua
xocu 6ymran A°(1232)-pe3oHaHCIapHIHT Macca Ba MACCa KCHIIHKIAPH YIAPHHUHT
PEKOHCTPYKIMSI KUJIMHTaH Macca TaKCUMOTJIApUHU PENATUBUCTHK bpeiT-Burnep
byHKIUsAcH OulaH TaBcU(IIall HATHXKACH 1A aHUKJIAHTaH;

4.2 A I'»B/c nmmynbeaun p12C-, d?C-, “He'*C-, 12C181Ta-T5’/KHamanapm[a Ba
325 A TIdB/c umnymbcnn COP-TYKHAIIYBIApHAa XOCHI Oyiran MaHbuii
MAOHIAPHUHT TaxmuHaH (40-50) ¢omsu, 40 I5B/c wMnymscan 7 2C-
TYKHAIIYBIAPHAA 3CA IIyIapHAHT TaxMuHaH 6 ¢omsu A’(1232)-pesonancnapuu
EMUPWINIIUIAH XOCHJI OVIraHu TOTHIITaH;

TaxJIH KWIMHraH TykHamryBiaapaa A°(1232)-pesoHaHcioap MaccaTapHHHHT
SPKUH HYKIOH TYKHamyBiIapua xocut oyiaran A°(1232)-pesonancnap maccacura
HUCOaTaH  ypraya  KamMaWuIl  MUKIOPH  TapyajaHaéTraH  sapojiapaaru
HYKJIOHIAPHUHT OOFIAHHII SHEprusuIapura TaxMuHaH TeHrmuru Ba A°(1232)-
pPE30HAHCIApPHU acoCaH MapyajaHaéTraH SIpOJApHUHT OOFJIaHTaH HYKJIOHJIApUAa
XOCHJI OVJTUIIN aHUKJIaHTaH;

MaHGUN  THOHJIAP  OKCIEPUMEHTANT  JKaJaUTMK  TaKCUMOTJIApUHUHT
kenrmukaapu nepudepux d2C-, *CY?C-, “C*®'Ta-rykuamysnapuman Mapkasuii
TyKHamyBnapra yrragaa moc pasuiga (8 £2)% , (5+1)%  sa (15+2)%ra
KaManumm xamza MaH it IMAOHJIAP DKCIEPUMEHTAII KaJauTuK
TAKCHMOTIAPHHUHT Mapkasmapu mepubepux d°C-,"*C'*' Ta-rykunaurysnapuman
MapKka3uil TYKHaIlyBllapra yTraHja HHUIIOH (parMeHTausiCi TOMOHUTAa MOC
pasuiiaa —0.32+0.04 Ba —0.44+0.02 Gupaukiapra CHDKUIIYA aHUKJIaHTaH;

4.2 A I'B/c umnynscnu 4HelzC—, 12ClzC—, 12C181Ta—T}”/KHaHJyBJIapHILa XOCHII
Oynran MaH(pui THOHJAP KYHIAJAHT HUMITYJIbC TaKCUMOTJIapH ‘“IOMIIOK~ Ba
“KaTTUK’ KOMIIOHEHTaJIapyu TeMIEpaTypalapUHUHT TYKHAIYB MapKa3uHIUTUra Ba
TYKHAITyBYH SIAPOJIAP Yidamura OOFIUKIWKIAPU aHUKJIAHIN XaMmJla YypraHuiraH
TYKHAITyBIapJard  THOHJAPHU  KYHIQJIAHT  WMITYJIbC  TaKCUMOTJIAPUHU
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KOMIIOHEHTAJApUHUHT  TeMIepaTypajapu  opacuaard  ¢apKk  TYKHAIIyB
MapKa3uilUIMIY OIIUIIY OIaH Ycub OOpHUIlIK KYpcaTHIIraH;

2c?c (*C™'Ta)-rykuamysnapruga MaHdHil MHOHIAPHUHT “OMIIOK” P
KOMIIOHEHTa TeMIepaTypacu TYKHAIIYB MAapKa3uWIur YCUIIM OWIaH MOC
pasumia Yo (kamaitnmu) xamaa 2C**'Ta (*He'?C)-1ykuamysnapuna Mauduit
MAOHJIAPHUHT “KAaTTHK~ Py KOMIIOHEHTa TEMIIEPATypacu TYKHAIIyB MapKa3UIIATH
OILLIMIIY OUJIaH MOC paBHIIJIA YcuIly (KaMaluIlm) KypcaTHIIra;

42 A TI»B/c wumnynbcnu spuM-Mapkazuid Ba MapKasuil  SApO-sAPO
TYKHAIIyBJIapuJa TYKHAIIyB CHCTeMa VYJIYOBH OIIMINM OuilaH  MaHpwuii
MUOHJIAPHUHT “FOMIIOK” Py KOMIOHEHTA TEMIIEPATyPACHHH CUCTEMATHK KaMalHILIN
XamJia MapKa3ui aapo-a1po-TyKHAITyBJIapU/Ia TYKHAIIYB CUCTEMA YITYOBU OLIUIIN
OwiaH MaH(UI NHOHJIAPHUHT “KATTUK P; KOMIIOHEHTa TeMIEpaTypacuHu
CUCTEMATHUK YCHUIIIN aHUKJIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIapH KyHuaaruiapaad noopar:

PESATUBUCTUK aJIPOH- Ba SAPO-SAPO-TYKHAITYBIApUIa XOCUI OYiran MaH(uii
MUOHJIAp Ba NPOTOHJIAP oOpacuaard OypyakJIapuHU TaxJIWINra acoCJaHTaH,
A°(1232)-pe3oHaHCIIapHIHT Macca TAaKCHMOTJIAPUHH THKIANI (KYPHII) YCYIH
PUBOXKIIAHTUPUIITAH;

IOKOpU DHEPrusiid MapKaszuid SApO-sapo-TYKHAUIyBJIapuaa XOCHJI OyiraH
aJIPOHJIAPHUHT XKAJAJIMK TaKCUMOTJIAPUHU TaBcU(All YYyH KYJUITAaHWJIQJUTaH
¢denomenonoruk Karra KomOunammon Mopens (GCM) mnapaMerpiapuHUHT
bu3MKaBHUil MAbHOCH KypcaTubd Oepuiray;

IOKOpU DHEPTUSIIM aJPOH- Ba SAPO-SAPO-TYKHAIIYBIApHAA XOCHJ OYiraH
aIpPOHJIAPHUHT KYHJAIAHT UMITYJIbC TAKCUMOTJIADUHU TYKHAIIYB MapKa3uMJIATUTa
OOFNIMKJIMKIAPUHA YPraHUII y4yH aJPOHJIAPHUHT “IOMIIOK’ Ba “KATTHUK
KYHJIaJIJaHT UMITYJIbC TAKCUMOTJIapy KOMIOHEHTAJTapUHU alOXHUAa TaxJ M KWW
yCYJIU WK OOp KYJUIaHUJITaH.

OaMHran HaTHKAJAPHUHT  MINOHWIWJIMIH, DSHI  aBBajo, Karra
CTaTUCTHKaJaH HMOOpaT SKCIEpUMEHTal MarTepuai, 3appajap 3apsad xamja
MaccajJapyuHM aHMK KalJ KWJWHUIIM, YJIAPHUHT YHKUII Oypyakiapu Ba
UMITYJIbCIIADUHU €Tapiu Japakala aHUK YIYaHUIIM; OJMHTaH 3KCIEPUMEHTa
HAaTWKANApHU  KYJUIaHWITaH  Mojeiap EpaaMmuja KaHoaTIM  Japakana
TaBCU(IIAHUILN Ba OOIIKA SKCIIEPUMEHTIApIa TP SHEPTUSUIM Ba TYPJIM Maccalld
AIpoJiap TYKHAIIYBJIapHUa OJIMHIaH HATHUXKalapra MOCIUTY OUJIaH aCOCJIaHTaH.

TaagKUKOT HATHKAJIAPUHMHI MJIMHI Ba aMajMi axamMMATH. TaJIKUKOT
HaTIWKAJIAPUHUHT WIMHI axaMHSITH VpraHwiraH TyKHallyBiIapAa TYyFUITaH
A°(1232)-pesonanciapra oux ONMHTraH SHrU (yHZAMEHTAI HATIKANIAD YpTa Ba
IOKOpY DHEPIrUsUIM SIpPOBHI TYKHAIIyBJIapJa 3appadayap XOCHJI OYIUIIMra Ouf
XaJIKapo MabIyMOTIap 0a3acCMHU TYIIUPUIIM XaMma IOy TYKHAIIYBIap1a XOCHII
Oynran MaHGU{ TUOHJAPHUHT KYHAAJIAHT UMITYJIbC TAKCUMOTJIAPUHUHT
KUSTMKIIAPUHUAHT (TemMneparypalapuHUHT) TYKHAIIyB MapKa3uWJInrura
aHUKJIAHTaH OOFJMKIWKIIApU YWFOHTaH 3UY SAPO MATEPUSICUHUHI XOCCaJapUHU
TaBcudIaa KYJJIAaHWIAIIH MyMKAHIUTY OuiaH OenruiaHaiu.
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TaaKuKOT HaTWKaTaApUHUHT aMaJlui axaMUsTU YIIAPHUHT IOKOPU SHEPTHUSUIN
AJIPO-AJIpO-TYKHAITYBJIApUIa XOCHJI OYITraH HOCTaOWJI pE30HAHC 3appadyaiapHUHT
Macca TaKCMMOTJIAPMHU KypHuIll (THUKJIAI) YYyH KYJUIAHWIUIIHM MYMKUHIIUTH;
PEISATUBUCTUK SAPO-SAPO-TYKHAITYBIAPUHU TaBcU(Iall y4yyH HWIUIATUIAAUTaH
SHTU MOJIENIb Ba YCYJUIApHU TYFPWUJIMTMHU TEKIIMPHII XaMmJla 3aMOHABUN OFUP
WOHJAp TE3JATTUWIAPHIA SHTHM OKCHEPUMEHTIAPHU pEeXaJallTUPUII  yUYH
UIUTATUIIUIIN MYMKUHJIUTYA OWJIaH U30XJIaHaIu.

TagKMKOT HATHKAJAPUHMHI JKOPUHA KWIMHMINMA. TaxJiI KWIMHTaH
TyKHaIyBaapaa Mauguit muonmap Ba A°(1232)-pesonancmap Xocmn Oymmmmra
OHJI OJIMHTaH HaTHXaJlap acoCHJIA:

4.2 A ThB/c umnynsciu sipo-sapo-TyKHaAITyBIapuaa MaH(uil THOHIAPHA
KYHJaJIaHT UMITYJbC XaM/a >KaJalIMK TAKCUMOTIAPUHH TYKHAIIYB MapKa3UilIuru
Ba sSApoJiap Maccajapura OOFIMKIMKIAPUHU aHUKJIAHTaHu Oyiuya HaTuxkaiap
Hy(dy3mm xankapo wimuii sxypHaapaa (Physical Review C, 2015; International
Journal of Modern Physics E, 2015; International Journal of Modern Physics E,
2014; Physical Review C, 2013; Physical Review C, 2012; The European Physical
Journal A, 2011; Central European Journal of Physics, 2011) gon sTuiaranu y4yH
2016 imnga ¢usuka-mMarematuka coxacujga Hypysnmmu  Xankapo ®Dawnap
Axkanemusicu (TWAS, Utanust) ToMoHUIaH YbTHPO() STUIITaH;

JeIbTa-PE30HAHCIIap TYFUWIMIINIA Ba YJIAPHH XOCCAJApUra OWJl OJIMHTaH
SHIM HaTWXKaJlap XalKapo OJIMMJIAp TOMOHHUAAH XajKapo WIMHN KypHajulapia
(Physical Review C, 2009; Physical Review C, 2011; Progress in Particle and
Nuclear Physics, 2018; The Euroschool on Exotic Beams, 2018; Indian Journal of
Physics, 2017) GapuoH pe30HAHCIAPHUHT KEHI OHMpJIaMud SHEPrUs OpaJuFuaa
JIIEMEHTap XaMJa OFUp HWOHJIAp TYKHAUIyBJIapuja TYFUJIUII KOHYHUSTIAPUHU
aHUKJAll Ba WUUIATWIAETraH SHICM Ha3apui yciayOJapHM TEKIIUPUII YYyH,
nepudepuk CTa-Tykuamrysaapuaa A’-pesoHaHcIap XOCHT OYJIMIIMHE TAXJIHII
KWINII XamMJa PEISATUBUCTUK SAPO-TYKHAIIYyBIapuJa MPOTOH Ba MUOHIAPHHUHT
KOJUICKTUB OKMMHIa OHWJ] HATHXKAJIAPHU TaxJIMJI KWIHII Y9yH (QoiianaHuiIraH.
NnMuii-TaIKUKOT HATWKAIAPUHUHT HWUUIATWIMIIN MPOTOH Ba MHUOHJIAPHHUHT
KOJUIEKTMB OKHMMHUTa Ba JeJbTa-pe30HAHCIAp MapaMeTpiapuHu 3UY  aJpOoH
MaTepusiCha Y3rapuIlnra Oujl HaTKaJapHU TAJIKWHH KUJIUIITa MMKOH OepraH;

4.2 A T3B/c mmmynsemn p°C- Ba d™C-rykHamrynapuma Xocun 6yiran
A%(1232)-pesoHaHcnapHn  Macca TAKCHMOTIAPHHM Ba  yJApHH KHHEMATHK
XOCCAJIApUHU xamjia A0(1232)—pe30HchnapHH MaHpuit MAOHJIAPHU
TYFWIMIIWAATA POJMHU aHUKJIAHTaHW OVinuya HaTwkalap HyQQy3/IM XalKapo
wnmuii sxypHaiapaa (Physical Review C, 2012; Physics of Atomic Nuclei, 2012;
Physical Review C, 2013; International Journal of Modern Physics E, 2013,;
Physics of Atomic Nuclei, 2013) won stwnranm yuyn 2012, 2013 #nmiapaa
KanyOnu puBokaanTHpuil 6yiindya Xankapo (aH Ba TEXHOJIOTUSIAP KOMHCCUACH
(COMSATS, [TokucTOH) TOMOHHIAH YTUPO] ITUIITAH.

Nmaunr anpodanusicn. TaJKUKOTHUHT aCOCHI HaTWKajlapu 8Ta XalKapo
Ba pecryOiuKa WIMHIA aHXyMaHJIapuaa MyXxoKamaiad YTKa3uiraH.

HatmxkanapHuHT 3bJ0H KMJIMHUIIN. J(rccepTanus MaB3ycu Oyiinya sxaMu
33ta WiAMMIi MII Hamp KWIMHTaH, kKymnmagad 20Ta Makona Y30eKHCTOH
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PecniyOomukacu Onuit aTTecTanus KOMUCCUSICHHUHT JOKTOPJIUK IHCCEpTaIusiIapu
acoCHil WJIMHI HATWKATApUHU YOI OSTHUII TAaBCHsI ITHITAH HYQY3IH XOPKUH
WIMHNA XypHaJJIapua HAIIp dTUJITaH.

JluccepTalsiHMHT TY3WJIHMIIH Ba XaXKMH. Jluccepranus WM KUPUII,
ontu 000, Xynoca Ba doipamaHwiran agabuérinap pyuxatugaH uodopar.
JuccepTanssHUHT yMyMUN XaKMU 217 OSTHH TaIIKWI STaIu.
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JINCCEPTALIMSIHU ACOCUI MABMYHHU

JluccepTallUsIHUHT KHPHII KUCMUJA, OXUPTH WWIIapAa FOKOPU SHEPTUsIIU
aJIpOH-APO- Ba SIIPO-AAPO-TYKHaNTyBiIapuaa muornap Ba A(1232)-pesonanciap
XOCHJI OyivIura OWJl OJMHIAH AacoCHid WJIMHWA HATWKajiap TaxXJWid Ba
JIYCCepTalns MaKCaau Ba KYpUJraH aCOCUi MyaMMOJIapu KEJITUPUJITaH.

HucceprauussHuHr “IIHOHJIAPHUHT XOCHJI OVJMIIUIa OMJ HILIAPHUHD
KHCKA4Ya MIAPXH, IKCIIEPUMEHTAJ MATEPUAJ Ba MeTOAUKABHUI ycyaaap” neb
HOMJIAHTaH OMpPHUHYM OOOWJa MUOHJIAP XOCWUJ OVIMIIMra OWJ WIUIap KHCKaya
mapxu, 2-metpiu nponaH (CsHg) mydakdanu kamepa Ba Te3NalITHUPUITaH
AIpoJiap JlacTacd, pacMiid axO0opoT TaxXJWIM XaKuJa KUCKadya MabIyMOT
Ooepwirad. IOxopu »sHeprusuiap ¢usukacu nadoparopusicu (BATU, [lybHna,
Poccust) cunxpodazoTpoH Ba Te3jIaTru4 KOMIUIEKCH XaKHJa XaMm KHCKaya
MabJIyMOT O€pUIITaH.

1-xanBan
buTTra TYKHAIIYB X0AMCACUTAa TYFPH KeJyBYHA MaH(PUiIl MHOHIAP BA HINTHPOKYH
NMPOTOHJIAP YPTAaya IKCIHEPUMEHTAJI COHM, TYKHANIYBJIAP HO3JIACTUK KYHIAJIAHT
KeCHMJIapH Ba JKCIIEPHMEHTAJ CTATHCTHKA

TykHauyB Typu Ba <n(z)> <N(Ppartic.)™ Hosnacruk Hosnacruk
OOLITIAHFUY UMILYJIBC TYKHALLYBJIAp TYKHALLyBJIAp
COHM KYHIAJIAHT
xecumu (M0)
p*C, 4.2 GeV/c 0.36 + 0.01 1.83 £ 0.04 6 736 265 + 15
d"C, 4.2 A GeVic 0.66 + 0.01 1.94 + 0.06 7071 400 + 20
“He™*C, 4.2 A GeV/c 1.02 +0.01 2.83 +0.02 11 692 450 + 20
“C*”C, 4.2 A GeVic 1.45 +0.01 4.35 £ 0.02 20528 830 + 50
“C*™Ta,42AGeVic | 3.50+0.10 13.3 +£0.20 2 420 3445 + 40
®Op, 3.25 A GeV/c 0.30 + 0.01 1.93 +0.02* 13500 334+6
7 °C, 40 GeV/c 3.22 £0.02 1.00 + 0.01* 16 865 179 +2

*By epaa xamMMa NpOTOHJIAPHU YpTaua COHU Oepuiira

Taxymy1 KWJIMHTaH TYKHAITyBJap CTaTUCTHKACH, OOILJIaHFUY WMIYJIbCIap,
OuTTa TYKHAIIYB XOJMCAacura TYFpu KeJlyBYM MaH(Uil MUOHJAp Ba HIITUPOKYU
IIPOTOHJIAP ypTaya 3KCIIEPUMEHTA COHM Ba TYKHAIIYBJAap HO3JIACTUK KYHIAJIAHT
Kecumiapu |-kaaBaijia KypcaTHiras.

Hucceprammsiauar  “Ha3zapuii moaessiap Ba ycaybjaap mapxu” 1e6
HOMJIAHTAH WKKUHYM O00W PENATUBHUCTHK SAPO TYKHAITYBIApUAa XOCWJI OYyiraH
aJApOHJIAPHUHT, Wy XymyaJaH MUOHJIAPHUHT, KUHEMATHK CIEKTPIAPUHHU TYFPHU
tapcu(dIamga HWIOUIaTAIAgUraH Hazapuii Moae/uiap Ba  (DEHOMEHOJIOTHK
yCiIyOJlapHd  KUCKaya  puTHINra  OarvmuiaHrad. Maskyp — JTOKTOPJIHK
JMCCEPTALMSIHUHT  DKCIIEPUMEHTA]  HaTWXkajgapu OWilaH TakKocJall —y4yH
nnmatwiran Takommuwutamrupwirad FRITIOF Monenn xamaa Ksapk-I'moon
Top Moaenu (¥pTa sHeprusiapra MOCJAIITUPWITaH) KUCKada TaBcudiapu xam
KEJITUPUJITaH.

Crangapt Tepman MOJIeM aApPOHJIAPHU Maccajlap MapKa3uJaru KUHETHUK
AHEPIUsl CIIEKTPJIApUHU Kyiuaarnda TaBcuuiamam 0amopaT Kujlau:
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dN E
.~ = A-e _—k 1
N pEdE, Xp( T J’ (1)

Oy epaa p, E, Ba Ey TYKHalIyBUM SApOJApHUHT Maccajap MapKa3W CHUCTeMacujia
aJPOHHUHT MOC PAaBHILJA WUMITYJIbCH, TYJIUK SHEPIUSICH BAa KUHETUK SHEPIHUSCH.
Oxopumaru (1) ¢opmyna wma3kyp wumpga Oup TeMieparypailud — OAnuil
sKcroHeHran ¢pyHkuus ne6 atanrad. Mkku T, Ba T, Temneparypa MaBx yIIuruaa,
IOKOpHUaaru popmysa Kyiuaaru KYpuHMIiaa 0ymaam:

dN

E, E,
WdEk = A1-eXp(—T—J+ Az-exp[——J, (2)

1 TZ
Oy dopmyna Ma3Kyp HIIJIa UKKKA TeMIlepaTypaid OJIUN AKCIOHEHIIHan HyHKIUS
neb aranras.

Xarenopn TepmoaumHamuk Mogenn xocwin Oynran  “daitpOomiap”
JTACTACUHU JKaJauMK Oyitmua (asona OMp-OMpHIaH CUIDKUILMIA UMKOH Oepaiu.
by Mozaenga xap Xui1 UMIYJIbCIIM 3appaiap TUHY X0JaT TU3UMHUIA XHUCOOIaHTaH 1A
yHUBEpcaJl OyiraH Xaxm Jgoupacuga xocwin Oynamu. By mopen 3appamap Py
(kyHIamaHT MMIYJbC) TAKCMMOTUHM KyHujaruda TaBCU(IaHUIIMHU Oamiopar
KUJIa/IN:

dN m 1 m
E: A- Py - M, 'Kl[th ~A- P: -(mtT)Aexp(— th’ (3)

Oy dhopmyna MKKUTA TEMIIEpaTypa MaBxKyIJTUTHIa KyWHIard KYypUHUIIAA OYIaau:

dN 1 m 1 m
7NA1'pt'(mtT1)AeXp - +Az'pt'(mth)AeXp - J (4)
dp, T T,

oy epna K; Max/lonansa GyHkimsacu, m, =,/m’ + p/ xyuaananr macca, (3) Ba (4)
SKUHIAIyBIapu M, >>T Oynran xoyat yuyyH YypuHiau. XarefopH TepMoauHaMHK

Mogenuna agpOHIApHUHT HOPMHUPOBKA KWJIMHTAH KYHJAJIAHT UMITYJIbC TAKCUMOTH
Kyhugarnda udoaraHuinmgm MyMKHAH:

dN
N p,dp,

-1y e - 7, ©)

Oy epma N - €xku HOZJIACTUK TYKHAIIYBIap YMyMHH COHM, € XOcull Oynran
ampoHIap yYMyMHH  COHM, m, =.m’+p’ KYHAagaHr  Macca, |-CIIEKTpal
temriepatypa Ba A-put kuui kosddpduimentu. by (5) dyHkuuscu maskyp uniaa

oup Temmeparypain XareaopH QpyHkumscu ne6 aranraH. by gopmyna ukkuta T;
Ba T, TeMIiepaTtypa MaBXyAJuTHIa KyHuaara KypuHuiaa 0ymamu:

dN
N p,dp,

= A1 ’ (mtTl)llz eXp(_ %J + Az '(mtT2)1/2 eXp(_%j . (6)

1 2
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bonbuman Mopnenura acocnanu®, aApoHJApHH KYHIATAHT HMITYJIbC CIIEKTpJIapu
Kyiinaaru m; bonpuman QyHkusicu épaamuia TaBCU(PIAHUIIT MYMKHH:

dN m
———— = Am, exp| — — |, 7
N p.dp, t p( Tj )

Oy dopmyina Maskyp wuia Oup Temmeparypaiu bonbiiMan ¢GyHKIuscH 10
atanrad. WMkkura T, Ba T, TeMmepaTypa MaBXymJIuruaa, rokopuaara dopmyia
KyWuarnya KypUHUIIHA OJIAIN:

dN

m m
———=A -mexp| —— [+ A, -m, exp| - — |, 8
N p.dp, A -m, xp[ T J+ , - M, xp( = J (8)

1 2

MasKyp ¢opMmyna JguccepTalUs HIIWAA WKKA Temueparypaid bonbivan
byHKUMsICH €0 aTalraH.

TyKHaIIyBYM SHEPTUSJIADHUHT KEHT OPAUFUIA APO-AApO-TYKHAIIYBIIAPHIA
XOCHJI OYJIraH MUOHJIAp *KalaJUIMK TakcuMoTiapu ['ayce pyHKUuMsACH KYpUHHUIINIA
oymumun kypcatunrad. [[MOHIApHUHT AKCHEPUMEHTAN KaAALIUK TaKCUMOTIApU
Kyhiuaaru ['aycc TakCUMOTH (yHKUUMSACH EpAaMKIa TAaBCU(IAHUILIA MyMKHH:

(Y= ¥,)?
F(y) =iexp(—2° , 9)
o 20
Oy epaa ¢ — TaKCUMOTHHM CTaHAapT CHIDKUIINA —Ma3Kyp HIIIa TAKCUMOT KEHIJIUTH
ne6 aramraH, Yo — laycc TakcMMoTH Mapkasu Ba A - (bUT KuIuHAIUTaH
K03 pULIMEHT.

TyKHamyB mapaMeTpyHM yiadalra MMKOH OyiMaraHu ca®a0mnu, OM3 MasKyp
IUCCepTalsaia TYKHAIIYB MapKa3WWJINTUHU OCNrwiall  ydyH HIITHPOKYH

npotonaap (N,) coHnHM MuuaTauK. Mmrupokyn npoTonnap conu N < <npartpmt> :

(Mpartprot) <Np <2(Noiorer) B2 Ny 22(n o) 6YITan TyKHANIYB XOMCANAPUHH 613

MOC paBHIIlia NepudepukK, (puM MapKazuii Ba MapKa3uil TYKHaIIyBiap 1e0 OJIUK,
Oy epna <npartpmt> Oup TYKHAIIyB XOJIMCACUTa TYFPU KEIyBUM MIITUPOKYU

IIPOTOHJIAPHUHT ypTaya COHMU.

JluccepTaudstHUHT “A0(1232)—pe30Hch.J1ap XOCHJI OYanmu” 1e0 HoMJIaHTaH
yauaun 606u 4.2 A [»B/c wmnynscou plZC-, d?C-, “He'®C-, *C'®7Ta-
TyKHaIyBIapuaa Ba 3.25 A I'3B/c ummymscnu Op- Ba 40 I'sB/c nmmymscnn
x PC-rykuamysmapuga  A°(1232)-pesoHaHciap XOCHI —OV/IHIIM  TAXJTHIAra
GarmiTanran. Maskyp TYKHauryBnapaa xocut 6ymnran A°(1232)-pesoHaHciapHuHT
WHBAapHAHT Macca TAaKCUMOTIIApU TYKHAITyBIap/a XOCuI Oyiran MaH(uii muoHmap
Ba NPOTOHJAp oOpacujard OypuakJapHM TaxJWil KWIMII yciuyou Epaamuia
MyBapGaKUSITIN PEKOHCTPYKINS KUITUH/IH.

MycTakun aapo-a1po-TYKHAIIyBIapU MOJeIuAa, A-pe3oHaHciaap acocaH
NN — AN peakuusgcuga xocun Oymanu, Oy peakuusi NUOHJIAPHU TYFPUAAH TYFpU
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xocws Oymum NN — NNz, NN — NNzz peaknussiapu OunaH pakoOatiaa Oymanu.
Maskyp oauii Mogenaa A -pesonancnap Kyiiuaary peakiusaa Xocus 6ynaam:

pp > A"n+kzr (k=01,..), (10)

OyHmaH CYHr appoB A" — pr'eMupmimm peakimscd Kysatmiagin Ba A’
pe30HaHCH KyHuJaru peakiusiaa Xxocua Oynaau:

NN —- A°N +kz (k=0,1,..), (11)

oyHman cyHr mappoBA° —> Pz~ emupminm peakumsicn kysatmnamd. A’- Ba A*-
peoHaHCHap XOCWJ OYIWIIMHM TaxXJWIA Y4YyH XOJAucajapja Ky3aTWJTraH
3apsAJIaHTaH MMOHIIAP Ba MPOTOHIApAaH (oiimanaHuIraH.

Taxmun KAJTMHTaH TYKHaIIyBIapaarua Pr-KyPTIUKIAPUHUHT
JKCIIEpUMEHTal Ba (OH WHBapUAHT Macca Takcumotriaapu ¢apku - D(M)
TaKCUMOTH  KyWWUJaru pensiTUBUCTUK  bpeilT-Burnep QyHkuusicu Owiian
TaBCH(JIAHTaH:

MM,
(M?—M?%,)2 +T2M %,

b(M)=C , (12)

Oy epma M,— Ba I — pe3oHaHc Maccacu Ba Macca KEHTJINTH, C — HOPMHPOBKA
kodhpurreHTH.

IS

S

S
T

300

N

=]

]
T

D(M) (N/25(MeV/c?)

N

=

o

S
T

1 1 1 1
1150 1200 1250 1300 1350

600

500 [ g d
400 4

300 - B

D(M) (N/25(MeV/c?)

200

100

1
1150 1200 1250 1300 1350

M_ (MeVic)

L

1-pacm. 40 IIB/c mmnyabean 7 >C-Tykuamysaapua Pz’ (a)- Ba P~ (b)-
KY PTIMKIAPH IKCIIEPUMEHTAJ Ba (POH MHBAPHAHT Macca TAKCUMOTJIApPU
opacuaaru gpapk TakcuMotaapu (e) Ba yjaapau bpeiit-Burnep ¢pynkuusicu ounan
¢putiaapu (y31yKCcH3 3rpH YU3HUK)
40 T3B/c ummysberu 7 °C-TyKHaryBaapuaa P77 - Ba P -xybTiukiapy
JKCIIEpUMEHTal Ba ()OH WHBAPUAHT Macca TaKCUMOTIApH opacumard (apk
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TaKCUMOTNIapu Ba ynapHu bpeilT-Burnep ¢ynkuumsicu Omnan ¢utnapu 1-pacmaa
KYpCaTWJITaH.

Taxaun  KWIMHTaH — TYKHamyBiapga — xocwn — oyiaran  A%(1232)-
PE3OHAHCIIAPHUHT XHCOONAHTaH Macca, Macca KeHramkmapu xamma A°(1232)-
pEe30HaHCIap EMUPWIHIINIAH X0CKJ OViaran Man(uil muoHNap yaymu 2-xaaBajiia
KEJNTUPUIITaH.

2-7KaaBaJI
Tax/Ina KHIMHIaH TYKHANIYBIapaa xocna 6yaran A°(1232)-pezonancaapHunr
XMCOGIAHTaH Macea, Macca KeHrnkiaapu xamaa A°(1232)-pesonanciap
eMHUPHJIMIIHAAH X0CH 6Varan manduii muoniaap yaymu (R(A/77))

Peaxuust, po M (MbB/c?) I (MbB/c?) R(A’ I 77) (%)
d°C, 4.2 A Blc 1230+ 4 90 + 14 2 302 *°
p'“C, 4.2 3Blc 12225 89+ 14 2 39+3 ©
7~ 12C, 40 B¢ 1226 + 3 87 +7 6+1
°0Op, 3.25 4 I'3B/c 1224 + 4 96 + 10 41 +4
a'°C, 4.2 ATHBlc 1227 +2 103+ 6 48+ 3
12cl’C, 4.2 A HBle 1230 + 4 93+8 50+5
12c®Ta, 4.2 A MBI/ 1224 +1 86+5 64 + 4

Takkocnam yuyH, FOPI (Japmmraar, I'epmanus) komiabopauusiCHHUHT 1
Ba 2 A I»B »suHeprusnmap opanurugaru gespin mapkazuii Nit+Ni-Ba AutAu-
TYKHamyBiIapuaa xocwn Oynran A(1232)-pe3onanciap Macca TaKCUMOTIApU
KeHIJIMKJIApy Ba MAacCajJapUHHUHT YypTaya CUDKUIUIAPH (OPKUH HYKJIOHJIAp
TYyKHamyBuga Xocun Oyaran A(1232)-pesonancmap mapamerpraapura (M = 1232
MeV/c?, =115 MeV/cz) HUcOaTaH) 3-)kaJIBajIia KeJITHPUIITAH.
3-sKkaaBaJl
1 Ba 2 4 I'3B sHeprusijiap opajuruaaru aespuau mapkasuii Ni+Ni- Ba Aut+Au-
TYKHANIyBJapuaa xocuJ 6yaran A(1232)-pe3oHaHCIapHHHT Macca TAKCUMOTH
KeHIJIMKJIAPH Ba Maccajapu ypraya CHIKMILIAPU (APKUH HYKJIOHJIAp
TyKHamyBHaa xocua 6yaran A(1232)-pesonancaap maccacura (M = 1232 MeV/c?,
=115 MeV/c®) nucbaran)

T. Typn (am,) (MaB/c%) | (T,) (MaBIc)
Ni+Ni, 1.06AB 59+ 10 48+ 5
Ni+Ni, 1.45AI'»B -52+10 49 + 5
Ni+Ni, 1.93AIB 59+ 10 48+ 5
Au+Au, 1.06AIB 78+ 10 44+5

2- Ba 3-KaABanJlaH, €Hruja KapOOH Ba KHUCJIOPOJ sAposiapu Ousiax
TYKHaIllyBjapra Kaparauga, nespiu mapkasuii orup umommap (NiNi- Ba AuAu-)
TYKHaAIIyBJIapuaa XOCUJ OYnran A-pe30oHaHCIapHUHT Macca Ba Macca KeHIJUKIIApH
aH4a KYOpOoK KaMaWuIIM Ky3aTWiad. byHra sxTtumon cabab Oy aespiau MapKas3uii
OFHMp HOHJAp TYKHAIIyBUJA YTa 3U4 SIAPOBHM MaTepus maino Oynumim Ba yHaa A-
pEe30HaHCHap MapaMeTpiapuHM KECKUH V3rapuiiM. 2-%aABajjaH KYpUHHO
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Typubmuky, okopunark 4.2 A IB/c uvmynscin p?C-, d*C-, *He'*C-, *C'*'Ta-
TYKHAIIyBIapHAa Ba 3.25 A [9B/c uvmyscan °Op- Ba 40 T'5B/c ummynscmn 7 2C-
TyKkHamyBnapga KysaTmwiran  A°(1232)-pesoHaHCiapHM Macca  CHUDKHIIAPH
XaTONMKIAp JOoUpacuja HYKIOHJAPHUHT SApOJIapAard ypradya OOFIaHUMI
DHEPTUSCHUTA TCHTIHP.

80 -E

60

o 1

20

R(47) %

1 10 100
T, . /A[GeV]

be:

(0) — 4.2 A I'3B/c ummymbemn d?C-ryxuaurysu yuayH (Tpeam = 3.4 A [3B); (%) — 4.2 THB/c
UMITYJIBCITH plZC-T}“IKHaHJyBI/I yuyH (Tpeam = 3.4 A I'3B); (o) — 3.25 4 I'3B/c umnynscin 1°0p-
TyKHamrysu yayH (Tp = 2.5 I'3Bkucnopoxn Tuau cuctemacuia); (m) — 1.06, 1.45 Ba 1.93 4 I'>Bin
mapkazuii NiNi-Tyksanrysiapn yays; (¢) —Pia = 14.6 4 T'oBu mapkasuii 2SiPb-
TykHamysaapn yayH(Tpeam = 13.7 A T9B); (A) Ba (A) — 4.2 A T9B/c umnyasein “He'?C-
Ba?C*C-ryxmamrysmapy yays (Tpeam = 3.4 A4 [9B); (0) — 40 I'9Bmn 7 *C-TykHamysnapn yayH
(Theam =~ 39.9 I'2B)
2-pacm. AO(1232) eMHUPHJIMIIUAAH XOCHJI 0YJIraH MaH(uil MHOH/IAP yIyIIAPUHUHT
AACTAHU OMP HYKJIOHUIa TYFPH KeJIYBYH KHHETHK JHEPrUsiCUIa OOFINKIUIH

TaxJun KuInHraH TykHanrysiapaa A°(1232) eMuprInIIugas maino 6yran
MaH(UIl NHOHIAp YIYUNUIApUHUA MapKa3uil OFUp HOHJAp TYKHAIIyBJIApUIa
A0(1232) EMUPWIMIIUAAH Taiao Oynran MaHpuil NMUOHJAp YJIyHulapu OusiaH
TaKKOCH 2-pacMma KypcaTuiraH.

2-pacmaan 4.2 A I'B/c umnynbsciau plzC—, d12C—, 4HelZC—, 12C12C—, 120181T,-

TYKHamryBinapujga Ba 3.25 A4 [»B/c umnynbenn 160p—T}"/KHaHJyBJIapH)Ia XOCHII
6yran Manduii moHnapan TaxmuHaH (40-50)% Ba 40 I'B/c mMmynscan 7 2C-
TYKHAIIYBIApHAa 5ca MaHOUHA mHoHIapHH Taxmuuan 6% A°(1232)-pesonanciap
EMUPWINIIIAAH Taia0 Oynranmuru kypuHuO TypubOmu. bynra ca6ab 40 ' Brex
FOKOPH SHEprusIapia OOIIKA OFHP Pe3OHaHCIap Ba p°-,w’- xamaa f-Me30Hmap
XOCHJT OYITUTIT SXTUMOJITUKIIAPUHU Y CUIITUATUD.

HMucceprauustHuar “4.2 A I3B/c umnyabean AA-TyKHaunryBJaapuaa
MaH(Ui NMHOHJAPHUHT KAJAIIMK TAKCUMOTJIApU” €0 HOMJIAHTaH TYPTUHYHU
606 4.2 A TIB/c ummymscmu d+2C-, ?C+2C-a’?C+"®'Ta- ryxmamysmapuga
Xocusl OYiaran MaH@uil MHOHJApP >KAJAIMK TaKCUMOTJIADUHU CHapsii Ba HUILIOH
AIpO0 Maccajapura Ba TYKHAIYB MapKa3uWIMK Japaxacura OOFJIMKJIUKIApUHU
Taxjua Kuiauimra Oarunuianrad. [lyaunraexk 0y 6o6aa 4.2 A ['B/c umnynbenu
mapkasuii  “C+C-TyKkHauryBiapuaa Xocwa OYiaraH MaHGWH [HOHIAPHUHT
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xagawmmk TakcuMoTHHUHT Kartra KomOunammon Mogens (GCM) €pmammma

q)CHOMCHOJIOFI/IK TaXJIWJIW KCIITUPUIITaH.

4.2 A ToB/c nmmymscan d+2C-, *C+YC-pa’C+*'Ta-1yknamysnapuna
xocunl Oynran wmaHpuili nuonnap oSkcnepumeHTan Ba QGSM  kamamimk
TAaKCUMOTJIapH Xamja ymoy crektpiapHu (9)um TeHrnamaga Oepuiran [aycc
dbyukusacu Owran dutiaapu 3-pacmaa keatupwirad. 4.2 A I'B/c mvmmynbenu
d+%C-, *C+¥C-a**C+"®' Ta-1yknaurysnapuna xocu 6y1ran MaHbuil THOHIAp Ba
UIITUPOKYM TIPOTOHJIAP ypTadya KUHEMATHK XapaKTePUCTUKAJIApH 4-KaaBajiaa

Oepuiras.

(LN, )(dN/dy_)

f
_ }T

3 -2-10 1 2 3

32101 2 3
ycm

3-pacm. 4.2 A IB/c umnyabcau d+2C (0)-, ?C+2C (o)-Ba *C+™'Ta(m)-

TYKHALIYBJIAPHUIA XOCHJI 0YJIraH MaH(uil MHOH/IAP IKCIEPUMEHTAJ KAAAINIHK

TakcuMmoTaapu. Moc pasumaa QGSM cnekrpaapu (2) Ba 'ayce pyHkumst

épnamuaa ¢purtaap (b) y3aykcus Yu3uKJIap TapuKacuaa depuiraH. Xamma
crnekTpJap 4.2 I'3B/c uMnyJibc/id HYKJIOH-HYKJIOH-TYKHALLYBH Macca MapKa3u

CHCTEMACH/AA KYPCATUJITaH
4-kanBa

4.2 A TsB/c uvmyapcan d+2C-, ?C+C- pa C+®' Ta-ryknamysaapuaa xocui

OyJsran MaH¢uii nMOHJIap Ba MINTHPOKYH POTOHJIAP YpTaya KHHEMAaTHK

XapaKTepuCTHKAIAPH
T. rypu <n(z)> <Npart.prot.” <Yems> <pu(z)>,
GeV/c

g+2c JKcnep. 0.66+0.01 1.95+0.02 —0.12+0.01 0.252+0.003
QGSM 0.64+0.01 1.86+0.01 —0.17+0.01 0.222+0.002
ey 2 JKcnep. 1.45+0.01 4.35+0.02 —0.016+0.005 0.242+0.001
QGSM 1.59+0.01 4.00+0.02 0.007+0.005 0.219+0.001
12041817 JKcnep. 3.50+0.10 13.3+0.2 —0.34+0.01 0.217+0.002
QGSM 5.16+0.09 14.4+0.2 —0.38+0.01 0.191+0.001

S-xamBanma 4.2 A TsB/c nmmymscin mapkasuii Ba mepubepux d+2C-,
2C+"C- Ba”C+"™Ta-ryknamysmapn skcnepumentan Ba QGSM crieKTpIapiHK
[aycc Qynkumscu OwmnaH TaBcUdIall HATWXKACHAA OJIMHTAH MapaMmeTpiiapu

KYpCaTHJITaH.

19



2
5-xanBanmaru £ % d.f MHUKIOpIapHiaH KYpUHUO TypuOIMKH, XaMMa CIIEKTpiap

(QGSM cnextpnapuaan tamkapu) (9)um tenrinamana 6epuiran ['ayce dyHKuuscu
OwJiaH XM TaBCU(IaHTaH.

5-xanBau

4.2 A I'3B/c nmnyabeau d+'2C-,?’C+"C- Ba 12C+181Ta-Maplca3m7i Ba nepudepuk
TYKHamyBJaapu d3xkcnepumentan Ba QGSM cnekrpaapunu I'ayce pynkuusicun
Oomian (Tenrjama (9)) Tapcuduiam HATHKACHIA OJIMHTAH MapaMeTpJiapu

2
Type A, o Yo Z%d.f.
d+*C Akenep. | 0.52+0.02 0.7420.02 —0.29+0.03 1.26
Mapkasuii | QGSM | 0.55+0.01 0.77+0.01 —0.32+0.02 1.99
d+*C dkcnep. | 0.178+0.004 |  0.80+0.01 0.03+0.02 0.86
Ilepudepux | QGSM | 0.176=0.003 0.80+0.01 —0.10+0.01 2.79
c+°C | Dkcmep. | 1.44+0.02 | 0.774+0.006 | —0.021+0.009 2.52
Mapkasuii | QGSM | 1.63£0.02 | 0.794+0.006 | 0.009::0.009 2.97
“c+C | Dkenmep. | 0.274+0.003 | 0.813+0.006 | —0.008+0.009 2.76
Mepudepux | QGSM | 0.289+0.004 | 0.797+0.006 | —0.006::0.009 7.32
2C+"®Ta | Dkenmep. | 3.10+0.07 0.68+0.01 —0.52+0.01 3.63
Mapkasuii | QGSM | 4.02+0.09 0.66+0.01 —0.48+0.01 21.06
2C+"®Ta | Dkenmep. | 0.59+0.01 0.81+0.01 —0.080.02 2.82
Mepudepux | QGSM | 0.70+0.01 0.78+0.01 —0.09+0.02 7.19
MaH(}uii NUOHJAPHUHT  SKCHEPUMEHTAN  JKaJaUIMK  TaKCHUMOTIApH

kenrnukaapu nepudepux d2C-, *CY?C-, “C*®'Ta-rykuamysnapuman Mapkasuii
TYKHallyBjiapra VyTranga Moc paBumga (8+2)%, (5x1)%, Ba(15+2)%
Kamaitnim kypuHuO TypuOau. lllyHunraex manduii mHOHIAD SKCIEPUMEHTAI
KAmaULINK ~ TakCHMOTIapu  Mapkasmapu  mepudepux  d°C-,  “C'"™®'Ta-
TYKHaITyBJIapUJaH MapKa3uid TYKHAIIyBJIapra yTranja HHUIIOH (parMeHTaius
opanuru ToMoH mMoc pasuiiga —0.32+0.04 Ba —0.44+0.02 GupiukiIapra CHIDKUIIN
anuknapmon.  d?C-  Ba 12C181Ta-MapKaBHﬁ TYKHAIIYBJIapyUJa  KaJdaJIUuK
TaKCUMOTJIAp MapKa3JIapuHU [TyH/Iail CUJDKHIINA CHApS SIAPOCHIAH KaTTa OyiraH
HUIIOH SAPOCHIIATH COUMIUII (P (EKTIApHHA TYKHAITYB MapKa3UNUJINTH OIITaH/Ia
OpTHUILI OWJIaH uU30xJjaca Oyiaau.

TykHamyB cucremanapu cuMMmeTpuk Oynaranu Oouc, 4.2 A IHB/c
MMITYJIbCIIU MapKa:sHﬁlZC+12C—T§/KHamanapHﬂa Xocws ~ OynraH — MaHdpui
MUOHJIAPHUHT KaJauuk TakcuMoTu keHrimru 20 4 Ba 30 A I'»Bau mapkasuii
Pb+Pb-tykHamyBnapuna xocuin OynaraH MaHQuWd MUOHJIAPHU  KAJAAJUIHK
TAaKCUMOTJIapH KEHTJUKIapu OwiaH Takkocnawau (6-xkansam). 5- Ba  6-
KaJBaIUIAPAaH KYPUHUO TYpHOMMKH, MapKasuii ~“C+°C-TyKHAIIyBIapHAa XOCHI
Oynran MaH(uil MUOHNIAP KaNaJUIMK TAKCUMOTHU KEHTTUru mapkasuii Pb + Pb-
TYKHAIIyBiIapuaard Man(uili NMUOHJIAPHUHT KEHTJUKIApUAaH KUYUKPOKIup. by
3ca KeHIVIMKJIAPHU OUpJIaM4M SHEPrusl OMIMIIY OWIaH CEKWH OPTHILUIAH JaJIoyatr
oepanu.
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Karra KomOunammon Mogemn (GCM) cummerpuk Oup XwWiI saposap
TYKHAIyBJIapuJa XOCHJ OYyiIraH 3appajap JKaJaUIMK TaKCUMOTJIAPHUHU
Kyiuaarnda TaBCUQIIaHUIINHU OAIIopaT KUJIaH:

dN
N, dy

ev AA—QX

-1
=C(AA)ﬂV+”Z[1+expy;y°j , (13)

6-3KaaBaJI
20 4 Ba 30 A I'>Bau mapkasmii Pb + Pb-TyKHamyBaapuaa xocus 0yaran maHguii
MHOHJIAP Ba 3aPSAAJAHIAH KAOHJIAPHHU KaIa/UIMK TakcuMoTaapunu ["aycc
¢pynkuusicu o6uiaan Tapeudaam Hatmxacuaga NA49 kosutabopanusicu TOMOHHIAH
OJIMHIaH KeHIJIMKJIapH

Typ Mapka3suii Pb+Pb-TykHamyBaapu
20 4 I»B 304 1»B
T 0.837 £ 0.007 0.885 + 0.007
K" 0.601 + 0.012 0.722 £ 0.026
K™ 0.642 +0.035 0.710 £+ 0.032

Oy epaa - Ba y-mapameTrpiapu xap OUp TYKHAIIyB CUCTEMa Ba OMpJIaMyud SHEPTUs
Y4yH MOC 3KCIEPUMEHTaJ CHEKTPJIApHU FOKOpuaard (yHKIMs OWJiaH TaBcHQiall
HaTWKacuJa aHUKJIaHAIH.

dN/(N,,, dy)

-24 -16 -08 0,0 0,8 16 24

cm

4-pacm. 4.2 A I'3B/c umnyabeau (/s,, = 3.14 I'3B) mapka3suii () Ba nepudepux

(A) Ba 6apua (m) “C+"C-rykuamysaapnaa Man(uii THOHIAPHH IKCIIEPHMEHTA
Ba TakoMWLIAMTUPWITaH PPUTHUOD moaenn épaamuaa (y3JIyKCcH3 YU3UKIAP)
XHCOOJIAHTaH )KAJAIMK TAKCUMOTIapH Ba yjaapuu (13) gynkuusicn Ounan
TaBcuIaHNILIApH (MKKHU X0JaaT yuyH: ¢put 1asomuaa f = 0, A=0.55 yzrapmaran
(HyKTaau yu3uKaap) Ba ¢paxat f = 0 mapaMeTpu y3rapras (y3wjiran 4u3uKJjiap)).
Bapua cnexTpaap OMp HOJIACTHK TYKHAIIYB XO0AHCACUTAa HOPMUPOBKA KHJIMHIaH
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TaxJ11J1 KWJIMHTaH SKCIEPUMEHTAN KaJAUIMK TaKCUMOTIapu Ba yiapau (13)
dbyHKIusacu OmnaH TaBcuIaHUILIIApU (MKKU XoyaT yuyH: ¢ut nmaBomuaa f = 0,
A=0.55 y3rapmaran Ba ¢akat f = 0 mapameTpu y3rapran) 4-pacma KypcaTuiraH.
4-pacM MaH(pUN THOHJIAPHUHT SKCIIEPUMEHTAJl Ba MOJIEN TaKCUMOTIApH (PYHKITUS
(13) 6wnad sxmu TaBCU(IAHUIIIMHT KypcaTaau.

4.2 A T5B/c umnynsemu (4fs,, = 3.14 '3B) mapkasuii, nepudepux Ba Gapua

12~ 12~ o .

C+“°C-tykHamyBimapuga MaH()U THOHJIAPHUHT JKANaUTMK TaKCHMOTIAPHHH
(13) ¢yskuma Owman TaBcu@iam HaTHXKAcHAa OJWHTAH mapametpiap (Gut
naBomua = 0 y3rapmaran) 7->kaJiBajijia KypcaTHiraH.

7-xanaBaj

4.2 A 13B/c nmnyaseau (4/s,, = 3.14 I'3B) mapkasuii, nepu¢pepuk Ba 6apua

12~ 12 " .

C+7°C- TykHamyBJapuaa MaH(Quil THOHJIAPHH KATAIMK TakcuMoTaapunu (13)

(pyHkuusa OuaH TaBcH(JIAII HATHKACHIA OJTMHIAH MapaMeTpJap (put 1aBoMuaa
f =0 y3rapmaran)

T. Typu Typ C 4 Yo A x’In.d.f,
Bapu Ikcnepument | 0.69+0.01 | —0.140+0.003 | 2.22+0.05 | 0.22+0.03 2.72
. oapa Taxom. 0.72£0.01 | —0.152%0.005 | 2.08+0.08 | 0.33%0.04 | 4.70
TYKHAWYBAAP | oo O
. Ikcnepument | 1.80+0.03 | —0.155+0.004 | 2.33+0.05 | 0.11+0.04 1.12
Mapxkaszui T.
~ (0-10)% TaxoM. 1.73+0.02 | -0.166+0.008 | 2.26+0.13 | 0.31+0.10 1.74
OPUTUOD
Tepudepni Ikcnepument | 0.32+0.01 | -0.127+0.008 | 2.10+0.11 | 0.26+0.06 0.94
- (40-100)9% Takom. 0.41£0.01 | —0.147£0.007 | 2.03:0.09 | 0.29£0.04 | 1.72
OPUTHOD

Xap xun SPS Ba AGS »nsueprusimapaa I'. Cay Tomonuaan mapkasuit Pb+Pb-
TYKHaIyBIapuga  XOCWJl ~ Oynran  MaHpuid  NUOHJAPHUHT  SKAJaJUIMK
takcumotinapuau (13) dynkuus €pmamuaa taBcudnam HaTwkacuaa (f = 0, A ~
0.55) onuuran mapametpiiap 8-)kaaBaiga KypcaTwiraH. 7- Ba 8-)KaJBaJUlapHU
TaKKOCJIAraHma, Mapkasuii “C+"C-TyKnanurysiapuia (\/s,, =3.14 I'5B) onunran
y mapametrpu SPS Ba AGS »sHeprusutapga mapkasuii Pb+Pb-tykHamyBnapuna
(\/s,, = 6.3 T9B) onuuran y mapamerpiapuaan yprada xucobaa TYpT Gapobap

KUYMK OYJIraHU Ky3aTUJIIH.
8-kaaBaJ

Xap xua SPS Ba AGS sneprusinapaa I'. Cay romonnnan mapkasuii Pb+Pb-
TYKHALLYBJIAPHUAA XOCHJI OVJran MaH(puil NMOHIAPHH KANAINK TAKCUMOTIAPUHHA
(13) pyuxuus épaamuaa tapcudiam HATHKACUIA
(# =0, A~ 0.55) osiuHran mapamMerpJiap

Sy (TB) 6.3 76 8.7 123
y

—0.044+0.0003 | —0.037+0.0003 | —0.035+0.0003 | —0.027+0.0002
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By sca y mapaMeTpuHu TYKHAIIYB SHEPIHsCH /s, KaMaluiu OuiaH

nn
KaMalull TEHACHUMACUHUA KypcaTaad. S-pacMJa Ky3aTWiraH IIHOHIJIAp )
napaMeTpJIapUHUHT TYKHAIyB HHEPrusicira OOFJIUKIUTA YHU aCHUMIITOTHUK

(/Smn — © OYuranma y — 0) sxurnamyBuman gaxonaT Gepaiu.

0.00

-0.04} a

> 008}

1 10 100
(s,)" Gev

S-pacm. Iluonnapuu Mmapka3ui 2c+t2c (e)-, mapka3suii Pb+Pb(A)- Ba
Mapkasuii AutAu(m)-tykHamysJjapu (I'. Cay Ba 0omkaJiap) y4yH OJIMHIaH Y
napaMeTpJapyMHU TYKHAIIYB SHEPrusicura OOFJINKIUrd. TaxJnji KWINHTaH
TyKHamyBJjaap ~ (0-10)% mapka3uiliink Japaskacura Moc KeJaaau

>0

L]
-0.04 . 3

>~ -0.08f

-0.12

6 8 10 12
(s. )", Gev

nn

6-pacm. Manguii nuonaapuu (o), K" (A), K (V) Ba g-mMe3onnapuu (m) xap xua SPS
Ba AGS sHeprusuin mapkasuii Pb+Pb-TtykHamyBnapuaa sxcnepumeHTan
JKagaJuTMK TakcuMoTJaapuHu (13) pynxkuus épaammaa raBcuduiam HAaTUKaACUAA
osquHrad y napamerpJjapuHulr (I'. Cay Ba 6omkanap) TYKHAIIYB JHEPIrusiCura
OOFJIMKJINTH

5-pacma Mapkasuii “°C+C-Tykuamysnapuza (/s = 3.14 ['9B) omunran
y mapametpu SPS Ba AGS »sueprusimapaa mapkasuit Pb+Pb-tyknamryBnapuaa
(Js,, = 6.3 Ib»B) omuHran jy mnapamerpiapyd opacuaa Karta TagoByT

Kky3atuwinaantu. by TadoByr KBant XpomoaumHamukacu xucoOjanuiapura Kypa
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MaTEpUSHU OJIUI aJlpOH XOJaTUJaH KBApK-TJIIOOH MaTepuscura Gpa3zoBuil yTUIIN
VS 5 @B sHeprusma OamopaT KWJIMHHWINA OWJIAH MOC TYyIIamu. 6-pacmua ¢-

ME30H Ba OOIIKa 3appajiap y4yH OJHMHTAaH ) MapaMeTpiiapu opacuaaru Qapk ¢-

Me30H (ss) XOCHJ OVJIMIIM ydyH eHTHi U Ba 0 KBapkJIapujaH aH4a OFup OVJraH
FaJlaTh KBapK Ba aHTUKBAPK XOCWJI OYIUIIM Kepakiurd (Oy KBapkiap TYKHAIIYBYH
sJIpoJiap/ia MaBxyJ aMac) Ounan uzoxjaca oynaau. [lapamerp y <0 Ba 4yekJIaHTaH

xagammknap yayn (AA) 4 (axropu y3uHMHr Makcuman 1 KuiimaTmra =0
Oynranna ospumann. Jemak y=0 OynaraHga Mapkasuid —TYKHaIIyBiapaa
TYKHAIIyBYM  SAPOJIAPHUHT OXTUMOJ Oapya HYKIOHJIApPH JI€aJpOHU3ALUs
OynaraHuzgaH Ba OYTYyH TYKHAIIyBYd CHCTEMa MaKCHUMajl SHEprus 3UYINCHUra
SPUIITAaHM Ba KBApPK-TVIIOOH IIla3Ma XoJlaTUTa YTraHuJaH Jajiosiar OepuIln
MYMKHH.

HucceprauustHuar “4.2 A I3B/c mmnyabean AA-TyKHanryBJaapuaa
MaHGUil TNHOHJAPHMHI CHEKTpaJ TeMmmeparypajapu” 1e0 HOMJAaHIaH
6emmnun 606 4.2 A [9B/c ummyascin d2C-, *He'?C- Ba “*C**C-1yknamysmapuna
xocuy OynraH MaH(uil MUOHIAP CIIEKTpal TeMIlepaTypalapriHd TAAKUK KHJIUIITa
Garmmutanran. 4.2 A [9B/c uvmyasean “CYC-TyknamyBnapuia Xocun Oyiaram
MaH(GUN TMHOHIAP CIEKTpal TeMIepaTypalapyuHU YIApHU JKAJAIMK Ba YHUKHII
Oypuakiiapura OOFJTUKJIMKIAPU XaM YpraHujraH.

ev

(UN_)(dN/(pdp)), (GeVic)

0.0 05 10 15 0.0 05 10 15
p, GeV/c p, GeVic

7-pacm. 4.2 A THB/c mmnyascan *He'?C (a)-a *CYC (b)-Tyknamysiapuaa xocm
OyJIraH 7 -Me30HJAPHUHT KYHAAJIAHT UMITYJIbC TAKCUMOTJIAPH Ba yJjapHu (5) Ba
(6)uu Tenraamasiapaa 6epuirad oup (y3yJraH 4n3ukK) Ba HKKH TeMIIePaTypaju
(y3aykeu3 yu3uK) XaregopH pyHKOusicu 0UJIaH TaBcuQIaHUILIAPH

7-pacmma 4.2 A IsB/c mmmymsenn “He'”C- Ba “CY™C-tykuaurysnapuia
XocuJ OynraH 7 -ME30HJIAPHUHT KYHJAJIaHT MMITYJIbC TaKCUMOTJIApU Ba yJIapHU
OMp Ba MKKU TemIiepaTypaid XareaopH (QyHKIHsICH OwiaH TaBcuIaHHUILIaApU
KypcaTuiral. /-pacM O3KCIEPUMEHTan P; CIEKTPJIapHU HUKKH TeMIepaTypaiu
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XarenopH ¢GyHKUusCH OWaH XyJda SXIOM TaBCHU(IAHUIIMHU Kypcatagu. bup
TeMIepaTypaau XareJopH GyHKIUACH SKCIIEPUMEHTaJ CIEKTpIapUHU TaBCU(all
OJIMACJIMTUHU Kypcaragu, ailHUKca Oy (QYHKIUS SKCIEPUMEHTAN CIEKTPJIApHU

P, >0.8 coxama cesmnapnu kamaiiTupamu. IIMOH  CHEKTPIApUMHU  UKKH

TeMmriepatypaiu (Qopmacu OomIKa TypJid Maccald PEISITUBUCTUK SApOap
TYKHAIyBJIapUJa XaM WiIrapu Kysatwirad. Maskyp uiijga MaH(puil mMoHJIapHUHT
KYHJATaHT UMIYJIbC TaKCUMOTJIAPUHM UKKH  TeMIiepaTypaiu  XareaopH
dbyHkuusicu OunaH TaBcudIIall HaTUXKACUAA OJMHIaH CIEKTpajl TeMIeparypaiapu
(T4, T,) Ba ynapuunr ynyuuiapu (R, Ry) 9-xkaaBanga kypcaTuiras.

9-skanBaj

Ma3kyp MIIIa TaXJIUJI KHJINHIAH TYKHAIIYBJIApAa MaH(Uil MHOHJIAPHHA KYH/IAJAHT
HMITYJIbC TAKCUMOT/IAPUHM HKKH TeMIlepaTypaJju XareaopH QyHKUHUSICH OWJIaH
TaBcU (Al HATHKACH/IA OJIUHTAH ClleKTpaJ Temneparypajapu (T, T,) Ba yjapHu
yayuuiapu (Ry, Ry). C. bakoBu4 Ba fomKanaap oJiraH HaTHKaJap TaKKOCJIAIl Y4yH

KeJTHPWITaH
Typ T1, MbB Ri,% | T(MaB | Ry, % | 4%/nd.f.

42c Ma3skyp ni 8316 89+16 155+21 11+11 0.37
BakoBuu Ba 0. 89+4 91+7 190+33 9+7 0.57

el Maskyp uiu 8445 89+14 149+17 1110 0.73
BakoBuu Ba 0. 94416 8511 173+22 15+11 0.54

2p12c Ma3skyp uin 78+4 87+14 14649 13+6 0.69
BakoBu4 Ba 0. 8343 79+6 1457 21+6 0.72

C. DbakoBuu Ba OOWIKAJap NHOHJIAPHUHT HOWHBApPUAHT DHEPrus
CHEKTpJIApUHUA Macca MapKa3d CHCTeMacHuJa WKKU Temreparypainu Makcsen
bonapuMan  TakcuMOT  (QyHKUMSCHM OwiaH TaBcu(dIaml HaTWXKacuAa OJIraH
napameTpiiapyi OW3HHMHI HaTH)KaJIapuMU3 OWIaH TaKKOCHall Y4yH 9-kaaBania
KypcaTwirad. 9->xansan MaH(uil THOHJIAPHUHT Py CTIEKTpiiapura acocuit xucca (R;
~ 90%) xuuuk T; ~ 78-84 M»sB Temmneparypacu Kkymranu, karrta I, ~ 146-155
M5B temmnepatypa sca kuuuk (R, ~ 10%) xucca 6epranuau KypcaTaim.

HMucceprauustHuar “4.2 A I3B/c umnyabcan AA-TyKHamyBJapuaa
MaH(UH NUOHJIAPHM P; TAKCUMOTJIAPDUHMHI TYKHAINYB MApPKA3UMJIUIUIa Ba
SIIPO Maccajapura OOFJIMKJIMKJIApu” 1e0 HOMJIAaHTaH OJATHHYM OoOmma 4.2 A
['5B/c nmuynbenu (4fs,, = 3.14 I'5B) aapo-sapo- TYKHANIyBIapuaa XOCHI OYIran

MaH(DUI TUOHJAPHUHT KYHJAJTAHT MMIYJbC TAaKCUMOTIApU KHSUTMKJIAPUHA
(cmekTpan TemmeparypajlapyuHu) TYKHAIIYyB MapKa3uWIurd Ba TYKHAIIyBYU
sapoyiap yiadamura OOFIMKIMKIApU TaxXJMia KuiuHrad. bup myknonra 4.2 1'B/c
MMIYIbCIA MapKasuif, SpUM Mapkasuii Ba mepudepux ‘He+?C-, ?C+“C- Ba
“C+"®'Ta-rykmamyBmapauar  ynymu  (3kcmepument Ba  Ksapk-I'mioon Top
Mopemn (QGSM) y4yH, TYKHalmlyB yMyMHUH HOS3JaCTHMK KYHIAQJIAHI KECHMMHIa

(Oin ) HucOaran) 10-xanBanga KypcaTHITaH.
Bup mykionra 4.2 IsB/c ummymsenn ‘He+'°C-, *C+“C- Ba “C+''Ta-
TykHamyBiapuaa O0ytyH P=0.1-1.2 I'3B/c coxacunu ¢GuT KWIUII HaTHXKACHIA
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onuHTaH T; Ba T, TemmeparypaJiapuHy TYKHAITYB MapKa3uWIUTUTa OOFIUKIUTH
Tona ojuHManu. bynra ca6ad T; Ba T, aHumknamga HucOaTaH karta (UT
XaTOJUKIIAPH Ba 77 -ME30HJIIAPHUHT KYHIAJIAHT UMITYJIBC TAKCUMOTIIAPH ‘‘FOMIIOK
Ba “KaTTUK’ KOMIIOHEHTAaJapH TeMIlepaTypalapuHu OMp-OupHra TabCUpH OV IIHIIN
MYMKHH.

10-kanBag

bup nykionra 4.2 I'3B/c umnyabciaun mapkasuii, ApuM-MapKa3uii Ba nepudgepuk
"He+C-, “’C+"C- Ba C+"®'Ta-TyknamyBaapuunr yayum (3KCIHepuMenT Ba
KBapk-I'oon Top Moaeau (QGSM) yuyH, TYKHAILYB YMYMHA HO3JIACTHK
KYHAAJIAHT KecuMura (o,, ) HucoéaraHn)

Typ Ilepudepux TYKHaLL Spum-Mapka3uii TYKH. Mapxkasmii TYK. (%)
Okcnepum. | QGSM | Dkcnepum. QGSM Okcnepum. | QGSM
‘He+"C 541 541 371 381 9+1 81
c+C 581 621 311 301 111 81
“Cc+¥'Ta| 602 56 + 1 241 291 161 151

ev

dN/(N_ dp, p) [(GeV/c)?]

0.6 0.8 1.0 1.2
p, (GeVic)

8-pacm. 4.2 A I'3B/c umnyabcau nepudepuk (a), spum mapkasuii (b) Ba mapkasuid
(c) *He'*C (0)-, *C*C (m)-, *C'®'Ta (A )-TyKHamyBIapHAa X0CHT 6Y/Iran ManQuii
NMUOHJIAPHUHT KYHIAJAHT UMITYJIbC TaKcuMoTaapu “kartuk” (p= 0.5-1.2 I B/c)
KOMIIOHEHTAJIapH Ba YJapHHU OMp TeMnepaTypaju Xare1opH GyHKIUsICH OMJIaH
TaBcuduiapu (Y3JIyKCU3 YU3UKJIAP)

Ilysusr yayn unk Gop 4.2 A T9B/c nvnymsenu (4fs,, = 3.14 I3B) ‘He'C-,

2ct?c-, C®'Ta-rykmamysmapuma  xocw1 OyiaraH MaH(HI  HOHIAPHUHT
KYHJIaJIaHT UMITYJIbC TakcuMoTaapu “toMmiok’’ (Pi=0.1-0.5 I'3B/c) Ba “kartux” (p=
0.5-1.2 I'3B/c) xoMIoHeHTallapy TeMreparypajapuHyd TYKHAIYB MapKa3uujIuru
Ba TYKHAIITYBYH SApoJiap yiruamura Oorukiaukiapu (5) Ba (7)uu TeHIIamaaapaaru
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Ooup temmeparypanu XaremopH Ba bonbivan (yHkmmsiapu €paamuna ajioxuia
TaxJ I KUITAHH.

4.2 4 T5B/c uMmnyisean nepudepuk, spuM-MapKasuii Ba Mapkasuit “He'*C-,
2ct?c-, “CY¥'Ta-rykuamysnapuma xocmn OymraH MaHGWH  HOHIAPHUHT
KYHJIaJIaHT UMITYJIbC TakcuMoTaapH “KatTuk’ (P=0.5—1.2 I'3B/c) xoMmnoHneHnTanapu
Ba yJapHU Oup Temmeparypanu XareAopH (yHkiusicu OunaH TaBcudiapu 8-
pacMa KypcaTuiras.

11-:kaaBan

bup remneparypasau XarexopH Ba 0up temneparypain boabuman gyHkuusaapu
onian 4.2 A I'3B/c nmnyabeau nepudepuk, ApUM MapKa3uil Ba MapKa3uil "He'’C-,
2ct?C-, PC®' Ta-ryknamyBaapnaa xocna 6yaran Manduii THOHIAPHHHT
KYHAAJIAHT UMIYJIbC TAKCcuMoTaapu “roMimok” (p;= 0.1-0.5 I'B/c) xamaa “kaTTuk”
(pt= 0.5-1.2 I'3B/c) koMnOHEHTATAPUHHA TABCU(IAI HATHKACHIA OJJMHTAH

napamMerpJap
Typ @duT KWJINHTAH COXa
p. = 0.1-0.5IBlc p, = 0.5-1.2Blc
dur Tyku. | TYkH. A T (MeV) Pl A T (MeV) %
dbvHk. | Mmapka3. | TYpH n.d.f. n.d.f.
Hepud. | HeC | 1173 | 83+2 | 036 | 140 | 1206 | 097
CC | 1467 | 812 | 159 | 210 | 116+5 | 1.08
CTa | 2894 | 81+3 | 341 | 249 | 113=5 | 057
Spum | HeC | 2207 | 87+2 | 085 | 657 | 1105 | 222
Xar. | apkas. | CC | 3819 | 84%2 | 273 | 573 | 1204 | 0.8
CTa | 13710 | 76+3 | 190 | 624 | 1184 | 019
HeC | 3908 | 87+3 | 044 | 2506 | 987 | 093
Mapkas. ™c-""6230 | 86+2 | 1.05 | 1023 | 119+5 | 1.88
CTa | 20167 | 75+3 | 506 | 980 | 1289 | 071
Mepud. HeC 1019 74 +£2 0.78 93 111+5 0.91
CC | 1258 | 72+2 | 251 | 140 | 108+4 | 1.14
CTa | 2496 | 72+2 | 430 | 164 | 1054 | 058
sipum | HeC | 1051 | 76+2 | 155 | 423 | 102+4 | 222
Bombu. | pkas. | CC | 3315 | 742 | 395 | 381 | 111£3 | 035
CTa | 11373 | 68=2 | 263 | 417 | 1094 | 022
HeC | 3449 | 76+2 | 067 | 1575 | 92+6 | 097
Mapkas. ™" 5480 | 75+2 | 177 | 683 | 1104 | 1.87
CTa | 16722 | 67+2 | 609 | 670 | 1188 | 071

11-xanBamma Owp TeMmIiepaTypaiud XareJIopH Ba OHp TeMIepaTypaiu
bonpiman  ¢ynkumsuiapu O6mnnan 4.2 A 1B/c umnynscnum nepudepuk, sipum-
MapKa3uii Ba MapKa3uil *He'C-, 2Ctc-, 12C181Ta-T}”1KHamanapHna XOCUJT Oynran
MaH(UH MTHOHIAPHUHT KYHIAJIaHT UMIYJIbC TakcuMoTiapu “tommok’” (p= 0.1-0.5
[B/c) xamma “kartuk”’ (pP=0.5-1.2 I»B/c) xommoHeHTamapuuHu TaBcudIaml
HaTHXKacCUa OJMHTAH MapaMeTpiap KypcaTuiarad. XucoOJIaHTaH 7 -ME30HIapHUHT
KYHJAQJIaHT MMITYJIbC TAaKCUMOTJIApH “IOMIIOK~° Ba “KATTUK KOMIIOHEHTAJIapU
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l/2) OOFMKTUKIIapU

TeMIepaTypalapiHu TYKHAIIyBuH siaponap ymuamura ((ApAy)
9-pacMmza KenTUpUIITaH.

11-xaaBan 7 -ME30HJIAPHUHT [y TAKCUMOTJIADUHHM “FOMIIOK~ Ba “KaTTHK
KOMITIOHEHTa TeMIeparypajlapu TaxXJuil KWIMHTaH nepudepuk TYKHAIIyBiIapaa
Oup-OupHra SIKHHIMCHHE Kypcatagd. VYprammwman ~He+'?C-, 2C+“C- Ba
12C+181Ta—T§”/KHau1yBJIapz[arI/I XucoOJIaHran “KaTTuK’’ KOMIIOHEHTA
TeMIiepaTypajapu opacujard (papk TYKHAIIYB MAapKa3WWJIWTH OIIMINKA OWJiaH
yeum  KysaTHian.  CC+ Ta-TyKHamyBIapaard XWucOONaHTAaH “OMIIOK” P
KOMIIOHEHTa TeMmIiepaTypacu Mnepudepuk TYKHAIIyBIapJaH spUM-MapKa3uil Ba
MapKa3ui TyKHAIlyBjiapra yTraHjaa Ce3wiapiii KaMauiu Ky3aTUJIIu. 2C+"'Ta-
TYKHAIIyBJIApJard XHUCOOJNAaHraH “KaTTUK® [Py KOMIIOHEHTa TeMIIepaTypacu
TYKHAIyB MApKa3WWJIUTH OIIMIIK OWJIaH CHUCTEMATHK YCHUIIW Kypcatuiaau. byHu
MapKa3uil TYKHaIlyBJIapJa BY)XKyJra KejiraH KaTTa OOCHMIIM HUCCHUK MaTepusiaH
YUKKaH Te3 MUOHJap €KU TYKHAIIyB MApKa3WWIUTH OIIMIIKA OWiaH ‘‘KaTTUK’
HYKJIOH-HYKJIOH-TYKHAIIIYBJIapy ASXTUMOJUITMKIAPUHA OIIMIIKM OujlaH u30XJjaca
oynaau. 9a-pacmua 4.2 A I'B/c umnynbenu sipuM-mMapka3uii Ba Mapkasuil sapo-
AAPO-TYKHALIYBIapUIa TYKHANIYBYM CHCTEMA YII4OBU ((A A)Y?) OLIMIIM OWIIaH

T -ME30HJIAPHUHT “IOMIIOK~ P; KOMIIOHEHTa TEMIEPATypacCUHU CHCTEMAaTHK
KaMaluIy Ky3aTHJIIH.

[lepudepuk TyKHamIyBIapaa “rOMIIOK~’ pP; KOMIIOHEHTa TeMIlepaTrypacu
cucreMa YimdoBu ((A A )Y?) OIIMIIM OWIaH AeApid y3rapmaiau. Mapkasuit sapo-

AIpO-TYKHAITyBIapUAa TYKHAIIyB CHUCTeMa VJIYOBM OIIWIIA OuWilaH 7 -
ME30HJIAPHUHT “KATTUK~ P; KOMIIOHEHTAa TEMIIEPATYPACHUHUHT CUCTEMATHK OLIUIIN
aHuKIaHau (9b-pacwm).
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9-pacm. 4.2 A I'3B/c umnyabcau nepudepux (A ), ipum Mapkasuii (m) Ba
Mapkaszuii (0) SApo-APO-TYKHAIIYBJIApPUIa MAH(UH NMOHJIAPHUHT KYHIAJIAHT
HMITYJIbC TAKCUMOTJIAPH “IOMIIOK” (a) Ba “KarTuK” (b) KOMIIOHEHTAIAPUHM
XHCO0JIAHTaH TeMIIEPATYPAJAPUHUHT TYKHALLYBYH SIAPOJIAp YI4aMura ((ApAt)m)
OOFJIMKJIMKJIapH
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XVYJO0CA

«4.2 A T»B/c uvmyascin p, d, “He, *C(**C)- Ba *C*'Ta-Tyxuamysrapuna
manguii mmonmap Ba A%(1232)-pesomancmap Xocus OYIMIIM» MaB3yCHIAru
JOKTOPJUK AWCCepTanuscu Oyindya onubd OOpwiraH TaaKUKOTIap HaTH)KAacHa
KyHuJara xyJjocanapra KeJIuHIu:

1. Unx G6op 4.2 A4 I'B/c umnynbsenu plZC—, dlzC—, 4HelzC—, 12c181T,-
TyKHamyBnapuaa Ba 3.25 A IsB/c ummynscan °Op- Ba 40 I'9B/c ummynbenn
7 C-rykuamysnapuaa xocui 6yiran A°(1232)-pe3oHaHCIapHIHT Macca Ba Macca
KCHTJTUKIIAPY aHUKJIaH/IH.

2. 4.2 A T5B/c umnyascan pr2C-, d°C-, *He'*C-, *C'"®'Ta- ryxuamysmapuia
Ba 3.25 A I'B/c mmmymbenu COP-TYKHANIYBIAPHAA XOCHI OYyiran MaH)wHii
MHOHIAPHUHT TaxmmHaH (40-50) ¢omsu, 40 I5B/c wummymscnn 7 C-
TYKHAIIYBIAPHAA O3Ca 7 -ME3OHIAPHHHT TaxmMuHaH 6 Qomsu A%(1232)-
PE30HaHCIAPHUHT EMUPWIHMIIUIAH XOCUI OVIIUIIN TOMUIIIH.

3. Taxymn xwinHraH TykHamysmapaa A°(1232)-pe3oHaHCIApPHHHT SPKHH
nykion TykHamysaapmard A’(1232)-pesomanc Maccacura HucOaTaH Macca
KaMaluIM  XaTOJUKIAp JOWpacuja HYKIOHJIAPHUHT siApojapjard yprada
GoFnanu dHeprusicura TeHrmry Tommran Ba A°(1232)-pesoHaHcnapHH acocaH
AIpoJiapHU OOFJIAaHTaH HYKJIOHJIApUJa — SAPOJApPHU KOJUIEKTUB YHFOHUIIIHNA
XOCHJI OVIIUIIN aHUKJIAH]IH.

4. 42 A TdB/c nmnymsemn dC-, “C™C- Ba'*C"®'Ta-ryknamysnapuma
TyFUITaH MaH(UHA THOHJAPHUHT HKCIEPUMEHTAN JKAJaJUIMK TaKCHUMOTIApH
keHrmukmapuauar  nepudepux  d°C-,  PCPC-,  PC™'Ta-ryxkmamysmapugan
MapKasWii TYKHamyBmapra yrrasga woc pasumma (8£2)%, (5+x1)%,
Ba(15+2)% xamaiimmm xamzga 7 -ME30HNAPHU 9SKCIEPUMEHTANl  KAJAILINK
TAKCHMOTIIApH Mapkasmapuuuer mepudepuk d“C-, “C'™®Ta-ryxuamysmapugan
MapKa3uil TYKHaIlyBjapra YTraHaa HUIIOH (parMeHTalusl Opalufd TOMOH MOC
paBuiiaa —0.324+0.04 Ba —0.44+0.02 Gupaukiapra CUIKUAIINA TOMUIIIH.

5.  Mapkasui 12C12C-T}”IKHamanasz[a 7T -ME30HJIAPHUHT  >KaJaJUIUK
takcumotinapuan Karra KomOunammon Monenu (GCM) dynkiusicu Ounan
TaBcUUIall HATW)KACHIAa OJIMHTAaH Yy TapaMeTPUHH WITapu IOKOPU DHEPTUSIIU
mapkasuii  PbPb- Ba  AUAU-TyKHamyBaapuia  HHOHJIAPHUHT  JKaJaJlTUK
TaKCUMOTJIAPUHN TaBCU(IIANIAH OJWHTAH ) TapameTpiiapu OuiaH TaKKOCJHAIl
Hatmwxkacuga, GCM GyHKIMSICUHUHT § TapaMeTpPUHH TYKHAIIYB JHEPTUSCHUTa
OOFNMKIMTHHUHT — aCUMIOTOTUK (/s > Oynarauga y—0) SKUHIALNIyBH

KypCaTWiIau.
6. Mapkasuii ““CY”C-ryknamysmapuga (s, = 3.14 I'sB) omunras y

napamerpu xamaa SPS Ba AGS sueprusutapuaa mapkasuii POPb-tykuamrysiapuga
({/S,, = 6.3 I'9B) onumnran y mapamerpiapu opacuaa Karra TaQoByT MaBXKYIIUTH

kypcatunau. by TadoByT MaTepusHUHT O aIpOH XOJATHAAH KBapK-TJIIOOH
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MaTepusCUra Ha3apui OamopaT KUIMHraH (Ga3oBuil yTuil suepruscu (4/s,, ~5 I'9B)

OWJIaH MOC TYIIUIIN KYPCATUIIIN.

7. Unk O6op 4.2 A I1B/c wmmynscam ‘He'?c-, c’c-, *C¥lTa-
TYKHaIlyBIapuaa XOCWI OyiraH m -ME30OHJIADHUHI  KYHJAJIAHT  MMITYJIbC
takcumoTiiapu “tommok” (p= 0.1-0.5 I3B/c) Ba “kartuk” (p= 0.5-1.2IB/c)
KOMIIOHEHTaJapUHUHT  TeMIepaTypaiapu AHUKJIAHIU Ba Yypranuiran
TYKHAIIyBJIapJa 7 -ME30HJApHUHT YHIOy Py KOMIIOHEHTaJapu TemIepaTypanapu
opacugard gapk TYKHAITYB MapKa3uHIUTH OIIHIIK OWIaH YCUIITH KYPCATHIIH.

8. “c¥*C (*C™Ta)-ryknamyBnapuna 7 -ME30HIAPHUHT “FOMIIOK” Py
KOMIIOHEHTa TeMIIepaTypacd TYKHAIIYB MAapKa3WWJIUTH OLIUIIM OWjlaH MoC
pABHIIIA CHCTEMATHK ycHIM (Kamaiimmm) Ba ~-C o Ta (‘He'’C)-rykuamrysnapuma
T -ME30HJIADHUHT  “KaTTHK’ Py KOMIIOHEHTa TeMIepaTypacu  TYKHaIIyB
MapKa3WiLIUTU OIIMIIKA OWjaH MOC paBHINJIAa CUCTEMATUK YCHUIM (KaManuIIIH)
KYpCaTUJIAU.

9. 42 A T»B/c wmmynbcnu sSpuUM-MapKasuii Ba MapKasuil sAapo-sapo
TYKHallyBJIapujaa TYKHAIIyBYM CHUCTEMa YIYOBM OIIMIIM OwiaH MaH(Hii
MMAOHJIAPHUHT “IOMIIOK~ P; KOMIIOHEHTa TEMIIEPATYPACHHHU CUCTEMATHK KaManlWIIN
KypcaTwiad. by HaTmxka cucrema YIIHYOBM OLIMIIM OWJIAH MKKWJIAMYMA HYKJIOH-
HYKJIOH-TYKHAIIYBJIAPUHUHI COHUHU Xam/1a MUOHJIAPHUHT aTpodaaru HyKJIoHIapaa
COUMJIMIIMHN KECKUH OIIMIIM €KUM KEYPOK JeNbTa-pe30HaHCIap €MUPHIMIIUAAH
TYFUITAH “‘COBYK~ MUOHJAPHHUHT YIYIIMHU YCUIIW OWJIaH TYIIYHTUPHUIIN.

Mapkaszuii sapo-aApOo-TYKHAIIYBIIApUIA TYKHAIIYBUM CHUCTEMA YIIYOBU
OIIUIIK OWIaH 7 -ME3OHJIAPHUHT “‘KAaTTUK P KOMIIOHEHTAa TEeMIIepaTypacHHH
CHCTEMATHK YCHIIM aHUKJIAHIU. by Mapkasui TYKHAalIyBJIapAa BYXYyAra KeJraH
KarTa OOCHMMIJIM HMCCHK MaTepusiaH YMKKAH Te3 MUOHJap OwiaH €K cucTeMa
YI40BU OIIMIIN ouan “karTuk”’ HYKJIOH-HYKJIOH-TYKHAIIlyBJIApH
AXTUMOJUTUKIAPUHM YCUIITN OUJIaH TYITYHTUPUIIIH.
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INTRODUCTION (annotation of doctoral (DSc) dissertation)

Topicality and demand of the theme of dissertation. Nowadays the
experimental and theoretical investigations of the high-energy nucleus-nucleus
collisions are important for solution of the modern fundamental problems of
physics in the world. Nucleus—nucleus collisions allow very high energy to be
deposited within the small volume of space in a short interval of time. Analysis of
this high energy density matter constitutes one of the pripority directions of the
modern fundamental nuclear physics. The central AuAu and PbPb collisions,
where the nuclei are accelerated to a nearly speed of light prior to the collisions,
generate temperatures more than 100 000 times hotter than that of the centre of the
Sun and allow researchers to study a Quark-Gluon Plasma state of matter.
Therefore it is of importance the investigations of dynamics of the central nucleus-
nucleus collisions at high energies.

During the independence era, a big attention is given to the development of
science, in particular, of the theoretical and experimental works in the field of
nuclear and particle physics, in order to create conditions at the highest
international level for the fundamental research. The main directions of the
fundamental researches, having importance for a development of fundamental
science in our country and its subsequent application to the real life, are
highlighted in the Strategy of actions on the further development of the Republic
of Uzbekistan in the years 2017-2021.

Nowadays the data on dynamics of high-energy nucleus-nucleus collisions
come mainly from analysis of the measured transverse momentum and rapidity
distributions of hadrons. The biggest fraction of the energy spent on particle
creation during high-energy nuclear collisions is used for pion production. Hence
knowledge of the properties of pion production is necessary in order to establish
the global conditions created in the collision zone and to understand the dynamics
of the collision process. The temperatures, extracted from transverse momentum or
transverse mass (energy) distributions of pions, are important for probing the
freeze-out conditions after expansion of a “fireball”, produced in central heavy ion
collisions at high energies. The delta resonances play a dominant role in pion
production in heavy ion collisions at the energies of the order of 1-10
GeV/nucleon. As deduced from analysis of the relativistic heavy ion collisions,
delta resonances are produced at an early “hot” compressional phase of a collision.
At a later expansion phase, these resonances decay into nucleons and pions as the
collision system gets cooled down significantly. The kinematics of A decay was
shown to be responsible for the low transverse momentum enhancement of the
pion py distributions in hadron—nucleus and nucleus—nucleus collisions at incident
beam energies from 1 to 15 GeV per nucleon.

The present investigation complies with the tasks stipulated in government
regulatory documents and Decree of the President of the Republic of Uzbekistan
No PD-4512 “On works of further development of alternative energy sources” of 1
March 2013, Resolution Ne PR-2789 “On measures of further improvement of the
activities of the Academy of Sciences, organization, management and financing the
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scientific research works” of 17 February 2017, and Decree Ne PD-4947 “On the
Strategy of Actions on the Further Development of the Republic of Uzbekistan” of
7 February 2017 and others.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. The dissertation was carried out
in accordance with the priority directions of science and technologies
development: II. “Energetics, energy and resource saving”.

Review of international scientific researches on dissertation subject.
Investigations of the processes of production of pions and delta resonances in
hadron- and nucleus-nucleus collisions at high energies are held at the Joint
Institute for Nuclear Research (JINR, Dubna, Russia), Center of Heavy lons (GSl,
Darmstadt, Germany), Brookhaven National Laboratory (Brookhaven, USA),
Center of European Nuclear Research (CERN, Geneva, Switzerland), Lawrence
Berkeley Laboratory of University of California (California, USA), Department of
Natural Sciences of the University of Belgrade (Belgrade, Serbia), Institute of High
Energy Physics of Thilisi State University (Thilisi, Georgia) and other research
centers, which are the members of the International collaborations, involved in
high energy physics experiments.

The above international centers of high energy physics and international
collaborations involved in their experiments studied extensively the rapidity,
transverse momentum and energy distributions of pions and A(1232) production in
hadron-nucleus and nucleus-nucleus collisions at incident energies of the order of a
few GeV per nucleon. The several important results were obtained, including: the
rapidity distributions of pions produced in relativistic nuclear collisions were
shown to have a Gaussian bell-like shapes; it was discovered that transverse
momentum as well as the center-of-mass energy spectra of pions demonstrate the
two slope structures, corresponding to two different temperatures; the contribution
of the low temperature part to transverse momentum as well as center-of-mass
energy spectrum of pions was dominant being of the order of 80-90%, while that
of the high temperature part was about 10-20% (Joint Institute for Nuclear
Research, Dubna, Russia; Center of European Nuclear Research, Geneva,
Switzerland; Department of Natural Sciences of the University of Belgrade,
Belgrade, Serbia; Institute of High Energy Physics of Thilisi State University,
Thilisi, Georgia); it was found out that the main fraction of pions produced in
central heavy ion collisions at energies of the order of several GeV/nucleon come
from decay of baryon resonances, excited during the early compression phase of a
collision (which decay into pions and nucleons in the later expansion phase); it was
observed that the mass and width of the A(1232)’s produced in nuclear medium in
relativistic hadron-nucleus and nucleus-nucleus collisions modify as compared to
those of A(1232)’s produced in nucleon-nucleon collisions (Center of Heavy lons,
Darmstadt, Germany); the modification of A(1232) properties in dense hadron
matter created in central heavy ion collisions was interpreted in terms of thermal
and isobar models, and also related to the values of hadronic density, temperature,
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and various non-nucleon degrees of freedom in nuclear matter (Center of Heavy
lons, Darmstadt, Germany).

The following fundamental investigations are held nowadays on the processes
and mechanisms of pion and delta resonance production in relativistic nuclear
collisions: search for the pion bose-condensate and effects of pion identity;
construction of the realistic potential of pion-nucleon interaction at high energies;
investigations of the influence of the dense nuclear (hadron) matter on the
properties of pions and A(1232) resonances; study of the role of A(1232)
resonances in the processes of pion production.

Degree of study of the problem. To date, leading international scientists
carried out a large number of the experimental and theoretical investigations
devoted to the processes and mechanisms of pion and delta resonance production
in relativistic nuclear collisions, although some important problems still remain
unsolved.

The Serbian scientists (L. Simic, S. Backovic, D. Salihagic) investigated the
collision centrality dependencies of the rapidity spectra of the negative pions in
nucleus-nucleus collisions at 4.2 A GeV/c (at Joint Institute for Nuclear Research
experiments, Russia, Serbia). However, due to quite low statistics of the
experimental material, they could not make unambigious conclusions about the
changes of the widths and centers of the rapidity distributions of the negative pions
with the changes in the collision centrality and mass numbers of the colliding
nuclei. The Uzbek and Russian scientists (M.M. Muminov, R.N. Bekmirzaev, S.A.
Sharipova, E.N. Kladnitskaya) investigated qualitatively the dependencies of the
rapidity distributions of the negative pions on their transverse momentum range in
nucleus-nucleus collisions at 4.2 A GeV/c (at Joint Institute for Nuclear Research
experiments, Russia, Uzbekistan). However, not sufficient statistics of the
experimental material did not allow them to make quantitative conclusions on the
dependencies of the rapidity spectra of pions on their transverse momenta and
mass numbers of the colliding nuclei.

The Indian scientists (G. Sau, B. De, and S. Bhattacharyya) proposed Grand
Combinational Model (GCM) for the systematic description of the center-of-mass
(cm) rapidity distributions of different particles produced in central heavy ion
collisions at high energies. Using GSM, they described successfully the cm
rapidity distributions of the produced particles, including pions, in central PbPb
collisions and central AuAu collisions at high energies (at the experiments of the
Center of European Nuclear Research, Switzerland; Brookhaven National
Laboratory, USA). However, they could not give the plausible physical
interpretations of the parameters, used in the phenomenological Grand
Combinational Model.

The European scientists (D. Pelte, M.A. Lisa, E.L. Hjort, B. Hong) studied
intensively the delta resonance production and modification of delta properties in
central heavy-ion collisions at incident energies 1-2 A GeV, revealing that the
decays of baryon resonances give the largest contribution to pion production at
these energies. However, the mass distributions of the delta resonances could not
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be reconstructed in relativistic nucleus-nucleus collisions at Joint Institute for
Nuclear Research (Dubna, Russia) experiments with the 2-m propane and 1-m
hydrogen bubble chambers, except the work of the Serbian scientists (D. Krpic, S.
Backovic, L. Simic), where production of baryon resonances was analyzed
successfully in carbon-carbon collisions at 4.2 GeV/c per nucleon.

In the works of Serbian scientists (S. Backovic, L. Simic), Georgian
researchers (L.V. Chkhaidze, T. Djobava, L. Kharkhelauri, M. Mosidze), and
German scientist (R. Brockmann), the temperatures were extracted from the the
transverse momentum and center-of-mass energy spectra of pions for different sets
of colliding nuclei at various energies. However, practically no collision centrality
of these temperatures (slopes of pion spectra) could be revealed from analysis of
the whole range of the transverse momentum and center-of-mass energy
distributions of pions in the analyzed collisions.

Connection of dissertational research with the plans of scientific-
research works of the scientific research institution, where the dissertation
was conducted is reflected in the following projects, implemented within the
framework of the fundamental research topics of Physical-technical institute of
Uzbek Academy of Sciences: F2-F029 “Investigation of the nuclear matter
structure and collective effects at interactions of hadrons and nuclei with nuclei at
high energies” (2007-2011); F2-F-0-42438 “Investigation of multiparticle states in
interactions of hadrons and nuclei with nuclei at high energies” (2012-2016).

The aim of the investigation is to establish the regularities of production of
the negative pions and A°(1232) resonances in p*“C, d*?C, *He'?C, **C**C, *C'®'Ta
collisions at 4.2 A GeV/c and reveal the role of the A°(1232) resonances in
production of the negative pions in the above collisions and in **Op collisions at
3.25 A GeV/c and 7 °C interactions at 40 GeV/c.

The tasks of the research:

extraction of the separate classes of inelastic interactions in the set of
p(C3Hg) collisions at 4.2 GeV/c, n (C3Hg) interactions at 40 GeV/c, d(CsHp),
a(CsHg), and C(CsHg) interactions at 4.2 4 GeV/c;

accounting for the loss of particles with short tracks and those emitted
under large angles with respect to the object plane of the chamber in p*°C, d**C,
*He'*C, **c'*c, *C'®'Ta collisions at 4.2 A GeV/c, *Op collisions at 3.25 A
GeV/c, = **C interactions at 40 GeV/c;

reconstruction of the mass distributions of A°(1232) resonances, analyzing
the angles between outgoing z~ mesons and protons, in p*?C, d**C, “He'C,
2C™Ta collisions at 4.2 A GeVic, *Op collisions at 3.25 A GeV/c, 7 **C
interactions at 40 GeV/c;

selection and analysis of the peripheral, semicentral and central collision
events in the analyzed set of collisions;

analysis of the transverse momentum and rapidity distributions of the
negative pions in the minimum bias, peripheral, semicentral and central collision
events in the analyzed collisions by fitting these spectra by the theoretical (model)
functions;

36



interpretation of the obtained results on the dependencies of the transverse
momentum and rapidity distributions of the negative pions on the collision
centrality and mass numbers of the colliding nuclei.

Object of research is the nuclear processes, induced by hadrons and nuclei
at high energies.

Subject of research is the processes of pion and A°(1232) resonance
production in relativistic nuclear collisions.

Methods of research. An inclusive approach to the formation of particles in
nuclear interactions at high energies using the methods of mathematical statistics;
the experimental methods of analysis of film information, obtained from bubble
chambers, irradiated by the beams of relativistic hadrons and nuclei in the strong
magnetic field.

The scientific novelty of the dissertation research is expressed by the
following results, obtained for the first time:

the masses and widths of the A°(1232) resonances in the minimum bias p*“C,
d*2C, “He'?C, 2C*™Ta collisions at 4.2 A GeV/c, **Op collisions at 3.25 A GeV/c,
7 2C interactions at 40 GeV/c were determined from fitting the reconstructed
A°(1232) mass distributions by the relativistic Breit-Wigner function;

it was estimated that in p*?C, d**C, «**C, and**C™'Ta collisions at 4.2 A
GeV/c and in *®Op collisions at 3.25 A GeV/c around (40-50)% of the produced
negative pions come from decay of A°(1232) resonances, whereas in  **C
interactions at 40 GeV/c only about 6% of the negative pions originate from
A°(1232) decays;

it was obtained that the average decrease in the mass of the A%(1232)
resonances in the analyzed collisions agrees within the uncertainties with the
average binding energy of the nucleons of the fragmenting nuclei, suggesting that
the A°(1232) resonances are produced mainly on the bound nucleons at the
collective excitations of the fragmenting nuclei;

the widths of the experimental rapidity spectra of the negative pions were
found to decrease by (8+2)%, (5+1)%, and (15% 2)% in going from peripheral
to central d*°C, **C**C, and *C*®*'Ta collisions, respectively, and the centers of the
experimental rapidity distributions of 7 mesons were found to shift by —0.32+0.04
and —0.44+0.02 units towards target fragmentation region while going from
peripheral to central d*C and *2C*®'Ta collisions, respectively;

the collision centrality as well as the system-size dependencies of the
temperatures of soft and hard parts of the experimental transverse momentum
distributions of the negative pions in *He**C, *C**C, and **C**'Ta collisions at 4.2
A GeV/c were established and the differences between extracted temperatures of
both the soft and hard components of p; distributions of 7z -mesons in the studied
collision systems were found to increase with an increase in collision centrality;

the temperature of the soft p, component of the negative pions in **C*C
(**C*™Ta) collisions was found to increase (decrease) with increasing of the
collision centrality, and the temperature of the hard p; component of z -mesons in
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2c*®Ta (*He’®C) collisions was found to increase (decrease) consistently with an
increase in collision centrality;

the temperature of the soft p, component for z -mesons was found to
decrease consistently with an increase in collision system-size in the semicentral
and central nucleus-nucleus collisions at 4.2 A GeV/c, and the temperature of the
hard p, component of 7z -mesons was found to increase consistently with an
increase in system-size in central collisions.

Practical results of the investigation are as follows:

the method of reconstruction of the mass distributions of the A°(1232)
resonances produced in relativistic hadron- and nucleus-nucleus collisions, based
on analysis of the angles between outgoing protons and negative pions, was
developed,;

the physical interpretation of the parameters of the Grand Combinational
Model (GCM), used for description of rapidity distributions of hadrons in central
nucleus-nucleus collisions at high energies, was obtained;

the method of the separate analysis of the “soft” and “hard” components of
the transverse momentum distributions of hadrons for studying of their
dependencies on the collision centrality was applied for the first time.

Reliability of the obtained results. Reliability of the obtained results is
ensured by the quite high statistics of the data on nuclear collisions used in this
work, reliable identification of the particles by their mass and charge, quite good
precision in measuring the momenta and emission angles of the secondary
particles, satisfactory agreement between the experimental and model data.

Scientific and practical significance of the results of research. The
scientific significance of the results of the dissertation is given by that the new
fundamental results on A°(1232) resonance production in the studied collisions
complement the world data base on production of particles in nuclear collisions at
intermediate and high energies, and the established dependencies of the slopes
(temperatures) of the transverse momentum distributions of the negative pions on
the collision centrality in the analyzed collisions can be applied to obtain the
information about the properties of the excited dense nuclear matter.

The practical significance of the dissertation results is given by that they can
be used to reconstruct the mass distributions of unstable resonance particles
produced in high-energy nucleus-nucleus collisions, to check the adequacy of the
new models and approaches used to describe the relativistic nucleus-nucleus
collisions, and to plan the new experiments at the modern heavy ion facilities.

Application of the results of dissertation. Based on the results obtained
from analysis of production of the negative pions and A°(1232) resonances in the
studied collisions:

for determining the dependence of the transverse momentum and rapidity
distributions of the negative pions on the collision centrality and masses of the
colliding nuclei in nucleus-nucleus collisions at 4.2 A GeV/c (results were
published in international scientific journals: Physical Review C, 2015;
International Journal of Modern Physics E, 2015; International Journal of Modern
Physics E, 2014; Physical Review C, 2013; Physical Review C, 2012; The
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European Physical Journal A, 2011; Central European Journal of Physics, 2011)
the dissertant received the prestigious international award of the World Academy
of Sciences (TWAS, Italy) in the field of physics and mathematics in 2016;

the new results on production and properties of delta resonances were used
by international scientists in the international journals (Physical Review C, 2009;
Physical Review C, 2011; Progress in Particle and Nuclear Physics, 2018; The
Euroschool on Exotic Beams, 2018; Indian Journal of Physics, 2017) to test the
new theoretical approaches and find the regularities of production of baryon
resonances in elementary and heavy ion collisions in wide range of incident
energies; to analyze A° production in peripheral CTa collisions; to analyze the
results on the collective flow of protons and pions in relativistic nuclear collisions.
Usage of these results allowed the international researchers to interpret the results
on the collective flow of protons and pions and modification of the delta
parameters in the dense nuclear medium in relativistic nuclear collisions;

for obtaining the mass distributions of the A°(1232) resonances in pC and dC
collisions at 4.2 A GeV/c, determining the kinematic properties and role of the
A°(1232) resonances in production of the negative pions (results were published in
international scientific journals: Physical Review C, 2012; Physics of Atomic
Nuclei, 2012; Physical Review C, 2013; International Journal of Modern Physics
E, 2013; Physics of Atomic Nuclei, 2013) the dissertant was conferred twice (in
2012 and 2013) the award of the Comission of the Development of Science and
Technologies in the South (COMSATS, Pakistan).

Approbation of the work.The results of the present dissertation were tested
and presented at 8 international and republican conferences.

Publication of the results. On the theme of dissertation, 33 scientific works
were published, out of which 20 in the international journals, recommended by the
Supreme Attestation Commission of the Republic of Uzbekistan for publishing of
the main scientific results of the doctoral dissertation.

The structure and volume of dissertation. The dissertation consists of an
introduction, six chapters, conclusion, and a bibliography. The volume of the
dissertation is 217 pages.
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MAIN CONTENTS OF DISSERTATION

In Introduction, the analysis of the main results, obtained in the last years
on production of pions and A(1232) resonances in hadron-nucleus and nucleus-
nucleus collisions at high energies and the aim and the main problems considered
in the dissertation work are presented.

In the first chapter of the dissertation titled “Brief review of works on pion
production, experimental material and methodological procedures” the brief
review of works on pion production, the main characteristics of the 2 meter
propane (CsHg) bubble chamber and of the beams are presented, and a brief
description of a methodology of treatment and analysis of the film information is
given.The brief description of the Synchrophasotron and Accelerator complex of
Laboratory of High Energies (Dubna, Russia) is also presented. Statistics of the
measured events for the considered types of collisions and incident momenta,
mean experimental multiplicities per collision event of the negative pions and
participant protons, and cross sections of inelastic collisions are shown in table 1.

Table 1
Mean experimental multiplicities per collision event of the negative pions and
participant protons, experimental statistics and cross sections of inelastic

collisions
Collision type and <n(z)> <N(Ppartic.)> The number of | Cross section of
incident Momentum inelastic inelastic
collision events | collisions (mb)
p*C, 4.2 GeVl/c 0.36 + 0.01 1.83 £ 0.04 6 736 265 + 15
d'’C, 4.2 A GeVic 0.66 = 0.01 1.94 + 0.06 7071 400 =20
*He'C, 4.2 A GeVic | 1.02+0.01 2.83 +0.02 11 692 450 + 20
12c2c 42 AGeVic | 1.45+0.01 4.35 +0.02 20 528 830 + 50
12cBTa, 4.2 A GeVic | 3.50+0.10 13.3 +0.20 2 420 3445 + 40
®0Op,3.25 AGeV/ic | 0.30+0.01 | 1.93+0.02% 13 500 334+6
7 °C, 40 GeV/c 322+0.02 | 1.00+0.01* 16 865 179 £ 2

*Here the mean multiplicities of all protons are given

The second chapter of the dissertation titled “Description of theoretical
models and approaches” is devoted to description of the theoretical models and
phenomenological approaches used to describe adequately the kinematical spectra
of hadrons, including pions, produced in relativistic nuclear collisions. The brief
description of the Modified FRITIOF Model and Quark Gluon String Model
(adapted to intermediate energies), used for comparison with the experimental
results of the present dissertation, is also presented.

The Standard Thermal Model of freeze-out with the cms predicts that the
scaled cm kinetic energy spectra of hadrons in the limit E, >>T can be described

as
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dN E
- A ——k
N pEdE, exp( T ]’ (1)

where p, E, and E, are the momentum, total energy, and kinetic energy of a hadron
in the center-of-mass system of colliding nuclei. The above relation (1) is referred
to as the one-temperature simple exponential function. In case of two temperatures,
T, and T,, the above expression becomes

dN Ek Ek

2

referred to as the two-temperature simple exponential function.

The Hagedorn Thermodynamic Model allows for a set of fireballs to be
displaced from each other in the rapidity space. In this model, particles with
different momenta freeze-out within a volume which is of universal magnitude
when assessed in the rest frame for any given momentum. This model predicts that
the p; distribution of particles can be expressed as

dN m 1 m
o, A pe-m;- Kl(thz A-p, -(mtT)éeXp(—Tt} (3)

which, in case of two temperatures, can be written as

dN Ap. % axpl — Mt - Baxnl — M
dpt ~A1 pt (mtT) exp{ Tl]+A2 pt (mtT) exp( T2 } (4)

where K; is the MacDonald Function, m, =,/m?+ p/ is the transverse mass, and

the above approximations (3) and (4) are valid for m, >>T.  Using the Hagedorn
Thermodynamic Model, the normalized transverse momentum ( p,) distribution of
hadrons can be described using the expression

dN m
=A-(MT)"?exp ——
= ATy e - ®)

where N, depending on the choice of normalization, is either the total number of

inelastic events or the total number of respective hadrons, m, =m?+p? is the

transverse mass, T is the spectral temperature, and A is the fitting constant. This
expression (5) is referred as the one-temperature Hagedorn function throughout the
present work. Correspondingly, in case of two temperatures, T, and T,, the above
formula is modified as

dN m m
=A-(mT )1’2exp£——tj+ -(m,T )“2exp£——tJ, 6
N p.dp. A -(mT, T A, -(mT, T (6)

According to The Boltzmann Model, the transverse momentum spectra of
hadrons can be fitted using m,; Boltzmann distribution function given by
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dN m
= Am, exp| — = |,
Npdp, Xp( T] (7)

referred to as the one-temperature Boltzmann function in the present work. In case
of two temperatures, T, and T,, the above formula is modified as

dN
N p,dp,

—%J+ A, -m, exp(— %J, 8)

1 2

=A -m, exp(

referred as the two-temperature Boltzmann function in the present dissertation.

Analysis of rapidity distributions of pions produced in nucleus—nucleus in
wide range of collision energies showed that they followed a Gaussian shape. The
experimental rapidity spectra of pions in nucleus—collisions can be fitted
satisfactorily by Gaussian distribution function given by

F(y) = %exp(_(é;y;’)], 9)

(o2
where ¢ is the standard deviation, referred to as a width of distribution in the
present work, Y, — the center of Gaussian distribution, and A, is the fitting
constant.

Since impact parameter is not directly measurable, we used the number of
participant protons N, to characterize the collision centrality in the present

dissertation work. We defined the peripheral collision events to be those in
which Nps<n and the central collisions as the collision events

WithN, >2(n o), Where (n_ ..} is the mean multiplicity per event of

participant protons. Consequently, the semicentral collision events were defined as
those in which (n ) <N, <2(Npipror) -

The third chapter of the dissertation titled “Production of A°(1232)
resonances” is devoted to an analysis of A°(1232) resonance production in in
p+'“C, d+'°C, *He+"C, **C+"'Ta collisions at 4.2 A GeV/c, °Op collisions at 3.25
A GeV/c, and 7 **C interactions at 40 GeV/c. The invariant mass distributions of
the A°(1232) resonances, produced in the above collisions were reconstructed
successfully, using the method of analysis of the angles between outgoing protons
and negative pions in the collision events.

In the model of independent nucleus-nucleus interactions, the A resonances
are mainly produced in the reaction NN — AN, which competes with the process

of direct pion production: NN — NNz, NN — NNzz . In this simple model A™
resonances are produced via reaction

partprot> !

partprot

pp > A n+kz (k=0.1..), (10)

with the subsequent decay A™ — pz* and A’ _in reaction
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NN — A°N +kz (k=01,...), (11)

with the later decay A° — pz~. To analyze A" and A° production, the

observed final particles — protons and charged pions are used.

The distribution of differences D(M) between the experimental and
background invariant mass distributions of the pz pairs was approximated by a
relativistic Breit-Wigner function

'MM
(M?=M?)>+T°M?,

b(M)=C (12)

wherem, and I' are the mass and width of the resonance, and ¢ — the
normalization coefficient.
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Fig. 1. The difference (®) between the experimental invariant mass

distribution and background distribution for pz* (a) and pz~ (b) pairs in
7 *C interactions at 40 GeV/c and the corresponding Breit-Wigner fits (solid
lines

As an example, the difference bet\)/veen the experimental invariant mass
distribution and background distribution for pz* and pz~ pairs in 7 °C
interactions at 40 GeV/c and the corresponding Breit-Wigner fits are shown in fig.
1. The masses and widths of the A°(1232) resonances, fractions of z_mesons coming
from A°(1232) decay extracted in the above collisions are presented in table 2. For a
comparison, the average mass shift (relative to the corresponding value (M = 1232
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MeV/c?, T=115 MeV/c?) of the A(1232) resonance produced in nucleon-nucleon
collisions) and width of the A resonance, obtained by FOPI collaboration in near-
central Ni+Ni and Au+Au collisions at energies between 1 and 2 A GeV, are given
in table 3. As seen from tables 2 and 3, compared to the light carbon and oxygen
involved collisions, the mass and width of the A resonance produced in near central
heavy ion (Ni+Ni and Au+Au) collisions decrease more significantly. This is most
probably due to the dense nuclear matter, created in near central heavy ion
collisions, in which the properties of A resonance can change significantly.

Table 2
The masses and widths of A°(1232) resonances, fractions (R(A°/z")) of -

mesons coming from A%(1232) decay, in p, d, &, **C (**C) and**C**'Ta collisions
at 4.2 A GeV/c, °Op collisions at 3.25 A GeV/c, and in = *2C interactions at 40

GeV/c
Reaction, po M (MeV/c®) | I'(MeV/c?) | R(A°/z7) (%)
d“C, 4.2 A GeV/c 1230 +4 90+14 5, | 30£2 *F
p“C,4.2 GeVic 1222+5 % | 89+14 2 39+3 0
7 °C, 40 GeV/c 1226 +3 87 +7 6+1
°Op, 3.25 4 GeV/c 1224 + 4 96 + 10 41+4
a'“C, 4.2 A GeVic 1227 +2 103+ 6 48 + 3
12C*C, 4.2 A GeVic 1230 + 4 9348 50+5
12C™®Ta, 4.2 4 GeVic 1224 +1 86+5 64 + 4

Table 3
The average mass shift and width of the A resonance in near-central Ni+Ni
and Au+Au collisions at energies between 1 and 2 A GeV

Type (am,) (MeV/c?)| r,) (MeV/c?)
Ni+Ni, 1.06 A GeV 59 +10 48 +5
Ni+Ni, 1.45 A GeV -52+10 49 + 5
Ni+Ni, 1.93 A GeV 59 +10 48 +5

Au+Au, 1.06 A GeV -78 £10 44 £ 5

As observed from table 2, the average decrease in the mass of the A°(1232)
resonances in the analyzed collisions agrees within the uncertainties with the
average binding energy of the nucleons of the fragmenting nuclei.

Comparison of the above mentioned fractions of = -mesons coming from
A°(1232) decays in p, d(**C),”“C™C, a*C and™C'®'Ta collisions at 4.2 A GeV/c,
°Op collisions at 3.25 A GeV/c, and in 7 **C interactions at 40 GeV/c with those
obtained in central heavy ion collisions is presented in fig. 2. As observed from fig.
2, around (40-50)% of the produced negative pions in d*C,**C™C, a*C
and™C'®'Ta collisions at 4.2 A GeV/c, and in*°Op collisions at 3.25 A GeV/c come
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from decay of A°(1232) resonances, whereas only about 6% of the negative pions
in 7 *2C interactions at 40 GeV/c originate from A°(1232) decays. This is due to
the fact that at such high energies as 40 GeV the production probability of other
heavier resonances and p°, @’ and f° mesons increases considerably compared to
the incident energies of the order of several GeV/nucleon.

80 -E

60

o 1]

20+

R(A/7) %

i £O 100
T,../AGeV]

be

(0) — for d**C collisions at 4.2 A GeV/c (Theam = 3.4 A GeV); (%) — for p**C collisions at 4.2
GeV/C (Toeam = 3.4 A GeV); (o) — for °Op collisions at 3.25 A GeV/c (T, =~ 2.5 GeV in oxygen
nucleus rest frame); (m) — for central NiNi collisions at 1.06, 1.45, and 1.93 A GeV; (¢) — for
central 2SiPb collisions at pa, = 14.6 A GeV (Theam = 13.7 A GeV); (A) and (A) — for *He**C
and *2C*C collisions respectively at 4.2 A GeV/c (Tpeam = 3.4 A GeV); (o) — for 7 2C collisions
at 40 GeV/c (Tpeam = 39.9 GeV)

Fig. 2.Dependence of the obtained fractions of z-mesons coming from A°
decay on beam kinetic energy per nucleon

In the fourth chapter of the dissertation titled “Rapidity distributions of
negative pions in AA collisions at 4.2 A GeV/c” we investigated the dependencies
of the experimental rapidity distributions of the negative pions, produced in d+**C,
2c+12C, and **C+™'Ta collisions at a momentum of 4.2 GeV/c per nucleon, as
well as the dependencies of average transverse momenta of negative pions on their
rapidity, on the mass numbers of projectile and target nuclei and the degree of
collision centrality. Also the phenomenological analysis of the rapidity
distributions of the negative pions in **C+"C collisions at 4.2 A GeV/c using the
phenomenological Grand Combinational Model (GCM) was made. The
experimental rapidity distributions of the negative pions in d+C, *C+"“C, and
2C+"™'Ta collisions at 4.2 A GeV/c and the corresponding QGSM spectra along
with the fits by the Gaussian function given in Eq. (9) are presented in fig. 3. The
mean kinematical characteristics of negative pions and participant protons in
d+"C, “C+'C, and *C+"'Ta collisions at 4.2 GeV/c per nucleon are shown in
table 4.

The parameters extracted from fitting the experimental and QGSM spectra

for the central and peripheral collisions are given in table 5. In general, as can be

seen from Z%dfvalues in table 5, all the spectra are fitted quite satisfactorily
(except QGSM spectra) by the Gaussian function given in Eq. (9). As follows from
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table 5, the widths of the experimental rapidity spectra of negative pions decrease by
(8+2)%, (5+1)%, and (15+2)% in going from peripheral to central d+'C,
2c+C, and *C+"™'Ta collisions, respectively. The centers of the experimental
rapidity distributions of ~ mesons shift by —0.32+0.04 and -0.44+0.02 units
towards target fragmentation region while going from peripheral to central d+**C
and ?C+''Ta collisions, respectively. Such shifts of centers of rapidity spectra of
z~mesons in d+**C and *C+"'Ta collisions are caused by increase in rescattering
effects in target nuclei, which are heavier than projectile nuclei, as the collision
centrality increases.
Table 4
Mean multiplicities per event of negative pions and participant protons and
the average values of rapidity and transverse momentum of z"-mesons in
d+'2C, *C+%C, and **C+"™Ta collisions at 4.2 GeV/c per nucleon. The mean
rapidities are calculated in cms of nucleon—nucleon collisions at 4.2 GeV/c

Type <n(7T_)> <r]part.prot.> <Yems™ <pt(71'_)>1
GeV/c
g+i2c Exper. 0.66+0.01 1.95+0.02 —0.12+0.01 0.252+0.003
QGSM 0.64+0.01 1.86+0.01 —0.17+0.01 0.222+0.002
124120 Exper 1.45+0.01 4.35+0.02 —0.0160.005 0.242+0.001
QGSM 1.59+0.01 4.00+0.02 0.007+0.005 0.219+0.001
120418174 Exper 3.50+0.10 13.3+0.2 —0.34+0.01 0.217+0.002
QGSM 5.16+0.09 14.4+0.2 —0.38+0.01 0.191+0.001
“x
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Fig. 3.The experimental rapidity distributions of negative pions in d+C (o),
2C+C (o), and °C+"®'Ta (m) collisions at 4.2 A GeV/c. The corresponding
QGSM spectra (a) and fits by the Gaussian function (b) are given by the solid
lines. All the spectra are obtained in cms of nucleon—nucleon collisions at 4.2
GeV/c. The distributions are normalized per one inelastic collision event

Due to the symmetry of the colliding systems, it seems appropriate to
compare the widths extracted in central **C + *C collisions at 4.2 A GeV/c with
the corresponding widths obtained in central Pb + Pb collisions at 20 A and 30 A
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GeV (see table 6). As observed from tables 5 and 6, the width for 7~ in central **C
+ C collisions is slightly smaller than the corresponding widths for the negative
pions in central Pb + Pb collisions, which agrees with a weak increase of the width
with an increase in incident energy per nucleon.

Table 5

Parameters obtained from fitting the rapidity spectra of negative pions in
central and peripheral d+“C, *C+"C, and **C+™Ta collisions at 4.2 GeV/c

per nucleon by Gaussian function given in Eq. (9)

2
Type A o Yo Z%d.f.

d+*C Exper. | 0.52+0.02 0.74+0.02 —0.29:+0.03 1.26
Central | QGSM | 0.55+0.01 0.77+0.01 —0.32:0.02 1.99
d+“C Exper | 0.178+0.004 | 0.80:0.01 0.03+0.02 0.86
Peripheral | QGSM | 0.176+0.003 0.80+0.01 —0.10+0.01 2.79
c+c Exper | 1.44£0.02 | 0.774%0.006 | —0.021=0.009 2.52
Central | QGSM | 1.63+0.02 | 0.794+0.006 | 0.009+0.009 2.97
c+C Exper. | 0.27420.003 | 0.813+0.006 | —0.008+0.009 2.76
Peripheral | QGSM | 0.289+0.004 | 0.797+0.006 | —0.006:0.009 7.32
“C+®Ta | Exper | 3.10£0.07 0.68+0.01 —0.52+0.01 3.63
Central | QGSM | 4.02+0.09 0.66+0.01 —0.48+0.01 21.06
“C+®Ta | Exper | 0.59+0.01 0.8120.01 —0.08+0.02 2.82
Peripheral | QGSM | 0.70+0.01 0.78+0.01 —0.09+0.02 7.19

Table 6
The widths of the rapidity spectra of the negative pions and charged kaons in
central Pb + Pb collisions at 20 A and 30 A GeV extracted from fitting with
the Gaussian function by the NA49 Collaboration

Type Central Pb+Pb collisions
20 A GeV 30 A GeV

T 0.837 + 0.007 0.885 + 0.007

K" 0.601 £ 0.012 0.722 £ 0.026

K™ 0.642 + 0.035 0.710 = 0.032

Grand Combinational Model (GCM) predicts that for the symmetric collisions with
identical colliding nuclei, the rapidity distribution of the produced particles can be
fitted well by the function

dN
N, dy

ev AA—QX

M_yo

-1
:C(AA)ﬁy+7y2(l+epr j , (13)

which is the final expression for the symmetric collision systems in GCM, and /S
and y are the parameters to be extracted separately for each set of colliding nuclei
and cm energy.
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The experimental cm rapidity distributions along with the two types (5 = 0,
A=0.55 are fixed and with the fixed parameter £ = 0 only) of fits by the expression
in Eq. (13) are shown in fig. 4. It should be noted that the curves of these two types
of fits mostly overlap in fig. 4. As seen from fig. 4, the experimental and model cm
rapidity distributions of the negative pions are described quite satisfactorily by the
function in (13). It is necessary to mention that all the »? fits of the present work
were conducted by including the statistical uncertainties.
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Fig. 4. The experimental cm rapidity distributions of the negative pions in
central (e), peripheral (A ), and minimum bias (m) *C+"C collisions at vSun =
3.14 GeV along with the modified FRITIOF calculations (solid curves), and
fits by the function in (13) for the fixed parameters g =0, A=0.55 (dotted
curves) and for the fixed parameter g =0 only (dashed curves). All the spectra
are normalized per one inelastic collision event

Parameters of approximation by the expression in (13) of the cm rapidity
distributions of the negative pions in minimum bias, central, and peripheral
2C+"C collisions at fs,, = 3.14 GeV (8 = 0 is fixed) are presented in table 7.
Parameters extracted by G. Sau et al. from approximation by the expression in (13)
of the cm experimental rapidity distributions of the negative pions in central Pb+Pb
collisions at various SPS and AGS energies (= 0, A ~ 0.55) are shown in table 8.
It is seen from comparison of tables 7 and 8 that the value of y proved to be
consistently lower (~ more than four times, on the average) in central “C+"C

collisions at /s, = 3.14 GeV as compared to central Pb+Pb collisions at various
SPS and AGS energies ./s,, > 6.3 GeV. This decreasing trend of y with the

nn

decrease in ./s,, can also be seen for central Pb+Pb collisions in table 8.

The observed cm energy dependence of the parameter y for pions in fig. 5
suggests its approximate (y -0 as ./s,, - ») asymptotic behavior. As seen from

fig. 6, the gap between y’s, extracted for pions and for the charged kaons and ¢
mesons, reduced quite prominently with the increase in /s, from 6.3 to 12.3
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GeV, and the y’s for the charged kaons and ¢ tended to approach that for the
negative pions as /s, increased.

Table 7
Parameters of approximation by the expression in (13) of the cm rapidity

distributions of the negative pions in minimum bias, central, and peripheral

2C+%C collisions at /s, =3.14 GeV (# =0 is fixed)

Collision Type C y Yo A v*/n.d.f.
Type

Minimum Experiment 0.69+0.01 | —0.140+0.003 | 2.22+0.05 | 0.22+0.03 2.72
bias Mod. FRITIOF | 0.72+0.01 | —0.152+0.005 | 2.08+0.08 | 0.33+0.04 4.70
Central Experiment 1.80+0.03 | —0.155+0.004 | 2.33+0.05 | 0.11+0.04 1.12
~ (0-10)% Mod. FRITIOF | 1.73+0.02 | —0.166+£0.008 | 2.26+0.13 | 0.31+0.10 1.74
Peripheral Experiment 0.32+0.01 | —0.127+0.008 | 2.10+0.11 | 0.26+0.06 0.94
~ (40-100)% | Mod. FRITIOF | 0.41+0.01 | —0.147+0.007 | 2.03+0.09 | 0.29+0.04 1.72
Table 8

Parameters extracted by G. Sau et al. from approximation by the expression
in (13) of the cm experimental rapidity distributions of the negative pions in
central Pb+Pb collisions at various SPS and AGS energies (f =0, A = 0.55)

7.6

8.7

12.3

Vs, (GeV) 6.3
y

—0.044+0.0003

—0.037+0.0003

—0.035+0.0003

—0.027+0.0002
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Fig. 5. Center-of-mass energy dependence of the parameter y for pions,
extracted in the present work in central *C+%C (e), central Pb+Pb [G. Sau et
al.] (A), and central Au+Au [G. Sau et al.] (m) collisions. The data presented

correspond to ~ (0-10)%o collision centrality
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The differences in fig. 6 between y for ¢ mesons and y’s for the other

particles can be explained by that the ¢ meson (ss) requires production of both the
strange quark and its antiparticle (much heavier than light u and d quarks), which
are not available in the colliding nucleons. It can easily be verified that, for y <0

and finite rapidities, the factor (AA)Y" reaches its maximum value 1 aty=0.
Hence, it can be conjectured that y =0 could possibly be related to the complete

dehadronization of all the constituent nucleons of a collision system as a result of
head-on collision of two identical nuclei, when the whole colliding system
undergoes transformation into the state of deconfined quarks and gluons (QGP)
and attains its highest possible energy density.

Figure 5 shows a large gap between the values of y for central C+*C
collisions at ./s,, = 3.14 GeV and central Pb+Pb collisions at ./s,, > 6.3 GeV.
This is in line with the lattice QCD calculations, predicting the threshold energy
density for deconfinement phase transition to be reached already at ./s,, ~5GeV.
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Fig. 6. Center-of-mass energy dependence of the parameter y extracted [G.

Sauet al.] for the negative pions (e), K" (A), K" (¥), and ¢ mesons (m) from
their experimental cm rapidity distributions in central Pb+Pb collisions at
AGS and SPS energies

The fifth chapter of the dissertation titled “Spectral temperatures of
negative pions in AA collisions at 4.2 A GeV/c” is devoted to investigation of the
spectral temperatures of the negative pions produced in d**C, *He'*C, and **C**C
collisions at 4.2 A GeV/c. The rapidity and angular dependencies of the spectral
temperatures of the negative pions in **C**C collisions at 4.2 A GeV/c were also
explored. In fig. 7, the transverse momentum spectra of z_mesons in *He'“C and
2C'?C collisions at 4.2 A GeV/c are presented along with the fits by the one-
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temperature and two-temperature Hagedorn function. As can be seen from this
figure, the two-temperature Hagedorn function fits very well the experimental p;
spectra. On the other hand, one-temperature Hagedorn function fails to fit so well
the experimental spectra, especially it underestimates noticeably the experimental

spectra in region P, > 0.8 GeV/c. The two temperature shape of the pion spectra

was observed also in other experiments in collisions of different sets of nuclei at
various energies in the past.
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Fig. 7. Experimental p; distributions (e) of 7 mesons in *He*?C (a) and *C**C
(b) collisions at 4.2 AGeV/c and the corresponding fits by the one-temperature
(dashed curve) and two-temperature (solid curve) Hagedorn function given in
Egs. (5) and (6), respectively
Table 9
Spectral temperatures (T) of z' mesons and their relative contributions (R)
extracted in the present work, compared to those obtained by S. Backovic et
al. in minimum bias d**C, “He'?C, and **C**C collisions at 4.2 A GeV/c

Type T1, MeV Ry, % | Ty MeV R,, %0 7% Ind.f.
42c Present work 83+6 89+16 155+21 1111 0.37
Backovic et al. 89+4 91+7 190+33 9+7 0.57
el2e Present work 8445 89+14 149+17 11+10 0.73
Backovic et al. 9446 85+11 173+22 1511 0.54
12012¢ Present work 78+4 87+14 146+9 13+6 0.69
Backovic et al. 83+3 79+6 145+7 21+6 0.72

Spectral temperatures (T,, T,) of z_mesons and their relative contributions
(R1, R,) extracted in the present work from fitting p; spectra by two-temperature
Hagedorn function are presented in table 9. The corresponding results obtained by
S. Backovic et al. from fitting non-invariant cm energy spectra of negative pions
by two-temperature Maxwell-Boltzmann distribution function are also shown for a
comparison in this table. It is seen from table 9 that the dominant contribution (R,
~ 90%) to the total p; spectra of # mesons comes from spectral temperature T; ~
78-84 MeV, while T, ~ 146-155 MeV account for the remaining part (R, ~ 10%)
of p; spectra. It is observed from table 9 that the values of T, and T, obtained by S.
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Backovic et al. from analysis of non-invariant cm energy spectra of z mesons are
consistently higher (except for T, in *C*2C collisions) than the corresponding
spectral temperatures deduced from p; spectra of 7 in the present analysis. This
could be due to the influence of longitudinal motion on energy spectra of 7
mesons, whereas p; spectra are Lorentz invariant with respect to longitudinal
boosts.

In the sixth chapter of the dissertation titled “Centrality and A
dependencies of p; distributions of negative pions in AA collisions at 4.2 A
GeV/c” we analyzed the dependencies of the slopes (spectral temperatures) of the
transverse momentum distributions of the negative pions in nucleus-nucleus
collisions at 4.2 A GeV/c on the collision centrality and mass numbers of the
colliding nuclei. Fractions of the central, semicentral, and peripheral *He+C,
2C+™C and *C+'"'Ta collision events, relative to the total inelastic cross section,
selected using the method described in Chapter Il, both in the experiment and
QGSM are presented in table 10.

Table 10

Fractions of peripheral, semicentral, and central *He+**C,**C+**C, and
2C+1Ta collisions at 4.2 A GeV/c per nucleon, relative to the total inelastic
Ccross section

0.6

08
p, (GeVic)

Type Peripheral collisions Semicentral collisions Central collisions (%0)
Experiment | QGSM | Experiment QGSM Experiment | QGSM
*He+?C 54 +1 54+1 37+1 38+1 911 81
“c+“c 58+ 1 62+1 31+1 30+1 11+1 81
“C+%1Ta 60 +2 56+ 1 24 +1 29+1 161 151
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Fig. 8. Hard component of the experimental transverse momentum
distributions of the negative pions in peripheral (a), semicentral (b), and
central (c) — *He+"C (0),"*C+"C (m), and *C+'*'Ta (A) collisions at
4.2AGeV/c along with the corresponding fits (solid lines) by one temperature
Hagedorn function in p; range 0.5 - 1.2 GeV/c
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Practically no collision centrality dependence of the extracted temperatures T, and
T, was observed in *He+'2C,**C+*C and *C+™!Ta collisions at 4.2 A GeV/c,
which was likely due to interplay between the temperatures of the soft and hard
components of the pion p; spectra while performing combined two temperature
model fits in region p=0.1-1.2 GeV/c, and partly due to significant fitting errors of
T, and T,. We, therefore, studied the centrality as well as the system-size
dependencies of the shapes (spectral temperatures) of p; distributions of 7 mesons

by fitting separately their soft (p, =0.1-0.5GeV/c) and hard

(P, =0.5-1.2GeV/c) p, components by the one temperature Hagedorn and one

temperature Boltzmann functions, given in Egs. (5) and (7), respectively.

Figure 8 presents hard components of the experimental p; distributions of the
negative pions in peripheral, semicentral, and central *He+'C,**C+%C, and
2C+"1Ta collisions at 4.2 A GeV/c along with the corresponding fits by the one
temperature Hagedorn function in p; range 0.5 — 1.2 GeV/c. Table 11 presents the
parameters extracted from fitting by the one temperature Hagedorn and one
temperature Boltzmann functions of the experimental p, distributions of the
negative pions in peripheral, semicentral, and central “He+'“C,**C+'C, and
2C+"Ta collisions at 4.2 A GeV/c in the fitting ranges p, = 0.1—0.5GeV/c and

p, =0.5-1.2GeVl/c.

The dependencies of the temperatures of the soft and hard p, components of
the negative pions on the collision system-size ((ApAt)”Z) are demonstrated in fig.

9.
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Fig. 9. Collision system-size dependence of the temperature of the soft (a) and
hard (b) component of the experimental transverse momentum distributions
of the negative pions in peripheral (A), semicentral (m), and central (o)
nucleus—nucleus collisions at 4.2 A GeV/c, extracted from fitting by one
temperature Hagedorn function in p, range 0.1 — 0.5 GeV/cand 0.5 - 1.2
GeV/c, respectively (A, and A; are the mass numbers of the projectile and
target nuclei, respectively.)
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As seen from table 11, the temperatures of the soft as well as hard
components of p; distributions of the negative pions in peripheral collisions are
very close to each other for collision systems under consideration. On the whole,
the gap between the temperatures of the soft p, component in “He+"C, *C+%C,
and ?C+"Ta collisions increased with an increase in collision centrality.

Table 11

Parameters extracted from fitting by one temperature Hagedorn and one
temperature Boltzmann functions of the experimental transverse momentum
distributions of the negative pions in peripheral, semicentral, and central
‘He+'C,*C+C, and *C+"'Ta collisions at 4.2 A GeV/c in the fitting ranges
p, =0.1-0.5GeV/cand p, =0.5-1.2GeV/c

Type Fitting Range
p, =0.1-0.5GeV/c p, =0.5-1.2GeV/c
: 2 2
Fit. Centr. Caoll. A T(Mev) | ¥ / A T (MeV) x!

funct. Type Type n.d.f. n.d.f.

Periph. HeC 1173 83+2 0.36 140 120+ 6 0.97

CC 1467 812 1.59 210 116 £5 1.08

CTa 2894 813 3.41 249 113+5 0.57

HeC 2207 872 0.85 657 110+5 2.22

Hag. | Semicen. CcC 3819 | 84+2 | 273 [ 573 | 120+4 | 0.28

CTa 13710 | 76+3 1.90 624 118 +4 0.19

HeC 3908 87+3 0.44 | 2506 98 + 7 0.93

Centr. CC 6230 | 86+2 | 1.05 [1023 | 119+5 | 1.88

CTa 20167 | 75+3 5.06 980 128 +9 0.71

Periph. HeC 1019 74 £2 0.78 93 111£5 0.91

CC 1258 72 +£2 2.51 140 108 + 4 1.14

CTa 2496 72 +£2 4.30 164 105+4 0.58

HeC 1951 76 £2 1.55 423 102 + 4 2.22

Bolt. | Semicen. CcC 3315 | 74+2 | 395 | 381 | 111+3 | 035

CTa 11373 | 68+2 2.63 417 109 + 4 0.22

HeC 3449 76 £2 0.67 | 1575 92+6 0.97

Centr. CC 5482 | 75+2 | 177 | 683 | 110+4 | 1.87

CTa 16722 | 67+2 6.09 670 118+ 8 0.71

We observed that the T of soft p, component for *C+"'Ta collisions
decreases noticeably in going from peripheral to semicentral and central collisions.
In contrast to **C+'®'Ta collisions, quite opposite trend in behavior of centrality
dependence of T of soft p, component in “He+"C and C+"C collisions could be
interpreted as due to the much smaller system-size and, hence, much lesser
probability of multiple rescatterings of pions after the chemical freeze-out stage.
We found that the temperature of the hard p, component for **C+'*!Ta collisions
increased consistently with an increase in collision centrality. The consistent
increase of T of hard p, component in **C+'®Ta collisions can be explained either
by the early fast component of the collective flow resulting from the high pressure,
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built up in a core of collision zone, in central collisions or by an increase of
probability of the semi(hard) scatterings with an increase in collision centrality.

As observed from fig. 9a, the temperatures of soft p; component for
semicentral and central collisions decrease consistently with an increase in system

size ((A,A)"?), or, in other words, with an increase in the number of participant

nucleons in collision systems. On the other hand, the temperature of the soft p;
component for peripheral collisions does not change appreciably with an increase
in collision system-size.

As observed from fig. 9b, the T of hard p; component in central collisions
increases consistently with an increase in system size. This can be understood in
terms of the semi(hard) nucleon-nucleon collisions. This is because the probability
of the semi(hard) nucleon-nucleon collisions increases significantly as the number
of binary collisions increases quite prominently in going from central *“He+"C to
central **C+"C collisions, and further to central **C+'*Ta collisions.

CONCLUSION

According to the results of the research carried out on the theme of the
doctoral (DSc) dissertation “Production of negative pions and A°(1232) resonances
in p, d, "He, ®C (**C) and *C"'Ta collisions at 4.2 A GeV/c”, the following
conclusions are presented:

1. For the first time, the masses and widths of the A°(1232) resonances in
the minimum bias p*’C, d*?C, “He'C, **C"'Ta collisions at 4.2 A GeV/c, *°Op
collisions at 3.25 A GeV/c, = **C interactions at 40 GeV/c were determined from
fitting the reconstructed A°(1232) mass distributions by the relativistic Breit-
Wigner function.

2. It was estimated that in p'“C, d*°C, «**C, and *C"*'Ta collisions at 4.2
A GeV/c and in *°Op collisions at 3.25 A GeV/c around (40-50)% of the produced
negative pions come from decay of A°(1232) resonances, whereas in = “°C
interactions at 40 GeV/c only about 6% of the negative pions originate from
A°(1232) decays.

3. It was found that the average decrease in the mass of the A°(1232)
resonances in the analyzed collisions agrees within the uncertainties with the
average binding energy of the nucleons of the fragmenting nuclei, suggesting that
the A°(1232) resonances are mainly produced on the bound nucleons at the
collective excitations of the fragmenting nuclei in the analyzed minimum bias
collisions.

4. It was obtained that the widths of the experimental rapidity spectra of the
negative pions decrease by (8+£2)%, (5+1)%, and (15+ 2)% in going from
peripheral to central d**C, **C**C, and **C*®Ta collisions, respectively, and the
centers of the experimental rapidity distributions of z mesons shift by —0.32+0.04
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and —0.44+0.02 units towards target fragmentation region while going from
peripheral to central d**C and *2C*®'Ta collisions, respectively.

5. The approximate asymptotic (» — O as.[s,, — «) behavior of the

center-of-mass (cm) energy dependence of the parameter y was obtained from
comparison of the Grand Combinational Model (GCM) parameter y extracted from
fitting the cm rapidity distributions of the negative pions in central **C*2C
collisions with the corresponding parameters y extracted earlier for pions produced
in central PbPb and AuAu collisions at high energies.

6. A large gap was observed between the values of the parameter y of GCM
for central **C*2C collisions (s, =3.14 GeV) and central PbPb collisions (/s

> 6.3 GeV), which was shown to be in line with the theoretical calculation that the
critical energy density for transition of a nuclear matter into the phase of

deconfined quarks and gluons should occur at /s,, ~5GeV.

7. For the first time, the dependencies of the temperatures of the soft (p; =
0.1-0.5 GeV/c) and hard (p;= 0.5-1.2 GeV/c) p, components of the negative pions
on the collision centrality and collision system-size were established in
*He?C,**C™C, and *C"®'Ta collisions at 4.2 A GeV/c, and the differences between
the extracted temperatures of both soft and hard components of p, distributions of
= were found to increase with an increase in collision centrality in the studied
collision systems.

8. The temperature of the soft p; component of the negative pions in *C*C
(**C*™Ta) collisions was found to increase (decrease) consistently with increasing
of the collision centrality, and the temperature of the hard p, component of z in
2c*®1Ta (*He’®C) collisions was found to increase (decrease) consistently with an
increase in collision centrality.

9. The temperature of the soft p, component for ' mesons was found to
decrease consistently with an increase in collision system-size in the semicentral
and central nucleus—nucleus collisions at 4.2 A GeV/c, and the temperature of the
hard p; component of the negative pions was found to increase consistently with an
increase in collision system-size in central collisions.

The observed decrease of the temperature of soft p; component in
semicentral and central collisions in going from “He'?C to**C"C and further to
12C'1Ta collisions could be interpreted as follows: with an increase in system-size,
the pions have to undergo more and more rescatterings on nucleons of the
surrounding medium until they reach the final kinetic freeze-out stage, where the
system is cooled down appreciably. Increase of the temperature of hard p;
component in central collisions could be interpreted by an increase in pressure,
built up in a core of collision zone (and, hence, by an increase of T of “hot” pions
emitted from this core at initial collision stage) or by an increase in probability of
the “hard” nucleon-nucleon collisions with an increase in collision system-size in
central nucleus—nucleus collisions.
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BBEJEHME (anHoTamusi Auccepranuu JokTopa Hayk (DSc))

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbI JUccepTranuu. B Hacrosiee
BpeMsI DKCIEPUMEHTAJIbHbIE M TEOPETUUECKUE WCCIEA0OBaHUS SIAPO-SIECPHBIX
COYJIapEHUI TPHU BBICOKUX DHEPTUSIX UMEIOT BAXKHOE 3HAYCHUE ISl PEIICHHS
aKTyaJIbHBIX (PYHJIAMEHTAJILHBIX TPOOJIEM COBpEMEHHON (Gu3uku. SAapo-saepHbie
COYJIapEHHUsI TMO3BOJISIIOT CKOHIIEHTPUPOBATh OUYEHBb BBICOKYIO SHEPIUI0 B OYEHb
MajoM 00BEME MPOCTPAHCTBA B TEUCHHE OYCHH KOPOTKOTO IEPHOJIa BPEMEHHU.
N3ydeHne 3TON CBEPXIUIOTHOM MAaTe€puUy BXOJWUT B UYKCIO IMPUOPUTETHBIX 3ajad,
KOTOPBIMH  3aHUMAETCs COBpeMEHHas (QyHAaMeHTanbHas sjaepHas (¢u3MKa
BbICOKHMX dHepruii. llentpanpubie AUAU- u PbPb-ctonknoBenus, rae sapa a0
COYJJapEHUI YCKOPSIOTCS MPAKTUYECKH JO CKOPOCTH CBETa, TIE€HEPUPYIOT
temriepatypsbl, 6osiee ueM B 100 000 pa3 mpeBbIlIaroniye TeMrepaTypy B IHEHTpPE
ConHula, U MO3BOJSIOT UCCIEAOBATENSIM M3y4aTh MAaT€pUI0 B COCTOSHUM KBapK-
[CJIIOOHHOM TIa3Mbl. B 3TOM CBA3M AaKTyaJbHBIMU CTAHOBSTCS HMCCIICIOBAHUS
JVHAMUKA [IEHTPAIBHBIX SIPO-SIACPHBIX COYJIAPEHUN NMPU BHICOKUX SHEPTHUSX.

B nameii PecniyOnuke ynensiercss O0JbII0€ BHUMAHUE Pa3BUTHUIO SIEPHOM
(GU3MKN, B YACTHOCTH SKCIEPUMEHTAIBHBIX M TEOPETHUYECKUX pabOT B 001acTH
(GU3UKM aTOMHOTO sSipa W DJIEMEHTapHBIX 4YaCTHIl, a TakXe IMPOBEICHUIO
(GyHIaMEHTAIBHBIX MCCJICIOBAaHUN B ATOM HAIPABJICHUUM HAa MHUPOBOM YpPOBHE.
Hamnpapnenuss >Tux (yHIaMEHTaIbHBIX HCCIEAOBAHUM, HUMEIONIUX OO0JbIIOe
3HAUYEHUE JI1 Pa3BUTUS HAYKH HAIlel CTpaHbl U €€ NalbHEUIIIEero NpakTUIeCKOro
NPUMEHEHUS, OoTpakeHbl B (CTpareruu NEWCTBUU MO NaJbHEUIIEMY pa3BUTHIO
Pecniy6nuku Y36ekucran va 2017-2021 rr.

B Hacrosiee Bpems NaHHbIE O JIMUHAMUKE SIPO-SAEPHBIX COYIApPEHUI, B
OCHOBHOM, M3BJICKAIOTCSl U3 aHAJIM3a U3MEPEHHBIX PaCIpEEICHUN MOMEePEYHOTO
UMITyJIbca U OBICTPOTHBIX CIIEKTPOB aJApoHOB. HamOombinass mois SHEpruu,
pacxoayeMoi Ha oOpa3oBaHUE YACTHI] B SJIEPHBIX CTOJIKHOBEHUSIX MPU BBICOKUX
DHEPIusiX, TPATUTCS HaA POXKJICHUE NHUOHOB. I[lodTOMy 3HaHHME CBOICTB
o0pa3oBaHUs MHUOHOB HEOOXOJIUMO I BOCCTAHOBJICHUSI TJI00AIbHOW KapTHUHBI
o0JlacTU COyAapeHus sfep W TMOHUMaHUs JUHAMHMKU IPOIECCa CTOJKHOBEHHS
anep. TemmepaTyphl, U3BJIEKAaEMbIE U3 pacIpeeiCHUN MOMEPEUHbIX UMITYJIbCOB
WU TIONEPEYHBIX Macc (dHEpPruil) MUOHOB BAXHBI JUISI OMUCAHUSI COCTOSIHUS
AIEPHOM MaTepUU II0CJIE pPACLIMPEHUS OYEHb IUIOTHOM M TOpsYed MaTepuu,
0o0pa30BaHHOW B IIEHTPAJBHBIX COYAAPCHUSIX TSKENBIX WOHOB TPU BBICOKUX
sHeprusx. Jlembra pe30HaHChl UTPAIOT JOMUHAHTHYIO POJIb B 00pa30BaHUU MTHOHOB
py MepBUYHBIX dHeprusx mnopsaka 1-10 IsB/ayknon. Kak Obi1o momydeHo w3
aHajau3a COYJApEHUN PEISTUBUCTCKUX TSDKENBIX HOHOB, JE€IbTa PE30HAHCHI
o0pa3yloTcs Ha paHHEH «TopsYeily CTaJNM «CXKATUSD TPOIEcca COyIapeHus siep.
B no3nHel craguu «pacliupeHus», STU PE30HAHCHI PaclajaioTcsi Ha HYKJIOHBI U
MAOHBI, KOTJa COYJapsoIascsi CUCTEMa YK€ 3HAYUTEIbHO OXJaxAeHa. bpuio
MIOKA3aHO, YTO KWHEMaTHKa JeJIbTa-paclana sBJISETCS OTBETCTBEHHOM 3a
oOpa3oBaHHE€ MaKCUMyMa B O0O0JIACTMU MaJbIX I[IONEPEYHbIX HMITYJIbCOB B
pacrpeneneHusax o Py TMOHOB B aIPOH-SAEPHBIX U SAPO-AJIEPHBIX COYIAPECHUSIX
MIpY MEPBUYHBIX SHEPrusax myyka ot 1 1o 15 I'5B Ha HykJ0H.
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JlaHHasi Hay4YHO-HCCIIEOBATENbCKass paboTa COOTBETCTBYET 3agadyam,
npeaycMoTpeHHbIM B Ykazax [Ipesunenrta PecyOomuku Y30ekuctan Ne YII-4512
«O Mepax no JanbHeneMy pa3BUTHIO AIbTEPHATUBHBIX UCTOYHUKOB SHEPTUM» OT
1 mapra 2013 roma, Ne VII-4947 «O Crpareruu OelCTBUM 1O JajJbHEHIIEMY
pazButuio Pecnybnuku Y3b6ekucran Ha 2017-2021 rr.» ot 2 despans 2017 roxa,
[Toctanosnenuu IIpesunenta Pecyomuku Y36ekucran Ne T1I1-2789 «O mepax mo
JaTbHENIIIEMYCOBEPIICHCTBOBAHUIO JIEATEILHOCTH AKaJleMUU HAYK, OPTaHU3al1H,
yrnpaBieHUs U (GUHAHCHUPOBAHUS HAYYHO-HCCIIEIOBATEIBCKON JESTEIBHOCTI) OT
18 ¢empans 2017 roma, a Takxke B APYTHX HOPMATHBHO-TIPABOBBIX JOKYMEHTAX,
MPUHATHIX B JaHHOU cepe.

CooTBeTcTBHE MCC/IEIOBAHUI TPHOPUTETHBIM HANIPABJIEHUSIM Pa3BUTHUSA
HAYKM M TexHosoruii PecnyOdoukm  Y30ekucran. [lucceprannoHHOE
UCCJIEIOBAHUE TPOBEJECHO B COOTBETCTBUU C MPUOPHUTETHBIM HAINPABICHUEM
pa3BuUTHS Hayku W TexHosoruil B Pecrnybnuke Y36ekucran: |l. “Onepreruka,
IHEPro- U pecypcocoOepexeHne”.

O030p MeKIYHAPOAHBIX  HAYYHBIX HMCCJIEIOBAHHWI 1O  TeMe
JTUCCEPTALMH.

HccnenoBanuss mpoueccoB 0Opa3OBaHUs MHUOHOB M JI€NbTa-PE30HAHCOB B
aApOH- U AIPO-SAEPHBIX COYJAPEHUAX NPHU BBICOKMX SHEPIrUSAX IMPOBOIATCA B
O6benunénnoM UHctutyTe simepubix uccinenoBanuit (OUSAU, Jlyona, Poccus),
Hentpe Ttsokénbix wnonoB (LUTU, Hapmmranr, I'epmanus), bpykxeilBeHCKon
HauuoHanbHOUW Jabopatopun (bpykxeiiBen, CIHIA), EBpomeiickoMm IeHTpe
anepHbix uccneposanuii (LIEPH, Xenesa, 1lIBeiinapus), Jloypenc bepkiaueBckoi
naboparopun  Kamudopuuiickoro  yHuBepcutera (Kamudopnus, CIIA),
dakynapTeTe €CTECTBEHHBIX HayK benrpaackoro ynuepcutera (benrpan, CepOus),
NHctuTyTe  (U3MKM  BBICOKMX JHEpruM  TOMIMCCKOrO  rocyJIapCTBEHHOTO
yauBepcuteta (TOwnucu, [py3us) u Apyrux HCCIEIOBATENbCKUX IIEHTpax,
SBJIIONINXCS 4WieHaMH MeXIyHapOoaHbIX KoJutabopanuii 1o (u3MKe sIepHBIX
COYJIapEHUI MPU BBICOKUX SHEPTHUSX.

MexayHaponHble KOJUIa0Opalliy, YYacTBYIOIIME B OJKCIEPUMEHTaxX B
BBIIICYKA3aHHBIX  HCCIIEIOBATEIIbCKUX  LIEHTpAaX, TMPOBOJAWIN HUHTCHCUBHbBIC
WCCJICIOBAHMS PACTIPEIEICHUI TI0 TOMEPEYHBIM HMITyJIbCaM, OBICTPOTAM U
SHEPIUsM IMHOHOB, a Takke o0pa3oBaHuio A(1232)-pe30HaHCOB B aJApOH-AACPHBIX
U SIAPO-SJEPHBIX COYAAPEHUAX MPU MEPBUYHBIX DHEPTUSX MOPSJIKA HECKOIBKHUX
I'>B Ha HykioH. [losyyeH psx BaKHBIX PE3yJbTaTOB, B YACTHOCTU: MIOKA3aHO, YTO
OBICTPOTHBIE paclipesielieHus MMOHOB UMEIOT ¢opmy ['ayccoBoro pacnpenenenus;
MOJIYYE€HO, YTO pacipeiesICHUs MONEPEUHbIX UMITYJIbCOB, a TAKKE SHEPTUU TMOHOB
B CHCTEME-IIEHTpa-Macc (CIM) UMCIOT JBa HAKJIOHA, COOTBETCTBYIOIIUE JBYM
TeMmrepaTrypaM; BKJIaJl HU3KOTEMIEPATypHOH dYacTH B CIEKTP IHOHOB ObLI
nomuHupyromum (mopsiaka 80-90%), Torma Kak BKIJIAA BBICOKOTEMIIEPATypHOM
KOMITOHEHTHI criekTpa Obut nopsiaka 10-20% (O6benuuénnpii UHCTUTYT SIepHBIX
uccnenoBannii, Jlyona, Poccus;, EBpomelickuii HEHTp SASPHBIX HCCICAOBAHUM,
KeneBa, IlBennapus; @axkynbTeT €CTECTBEHHBIX Hayk benrpaackoro
yHuBepcuteta, benrpan, CepOus; WHCTHUTYT (QU3HKKM BBICOKHMX OJHEPTUU
TOUMUCCKOro roOCyAapCTBEHHOTO YHHUBEpPCUTETa, ['py3us); yCTaHOBJEHO, YTO
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OCHOBHAsl 4aCTh MHOHOB, OOPa30BaHHBIX B IIEHTPAIBHBIX COYIAPEHUSX THKETBIX
WOHOB TMPU DHEPIrUsSX MOpsiaKa HeckoibkuX [PB Ha HyKIOH, MPOUCXOAUT OT
pacnajoB OapUOHHBIX PE30HAHCOB, BO30YXKJICHHBIX B PAaHHEH CTaIUU «COKATHUS
coyJapeHusi; IoJiyueHo, uro Macca u mupuHa A(1232)-pe3oHaHCoB,
00pa30BaHHBIX B SIJICPHOU Cpelie B IIEHTPATIbHBIX COYIApPEHUIX TSKEIBIX HOHOB,
MOIU(DUIHUPYIOTCS 3HAYUTEILHO B CpaBHeHHH ¢ TakoBbIMH A(1232)-pe3oHaHCOB,
00pa30BaHHBIX B CTOJKHOBEHMSIX CBOOOJHBIX HYKJIOHOB (LIeHTp TSKENBIX MOHOB,
Hapmmranr, I'epmanus); Mmoaudukanus cBoictB A(1232) B TUIOTHOW aapOHHOU
cpeme, oOpasyromieiicss B IMCHTPAIbHBIX COYIAPCHHSIX TSKENBIX  HOHOB,
WHTEPIPETUPOBATIACH B paMKaX TEPMaIbHOU W M300apHON MOJIEsIeH, CBA3bIBATIACh
CO 3HAYCHHWSIMH QJAPOHHOW IUIOTHOCTH, TEMIIEpaTyphl H  Pa3IdIHBIMH
HEHYKJIOHHBIMHA CTENEHSIMH CBOOONBI B suepHoM Marepun (LleHTp TsOKEMBIX
MOHOB, [lapmiranr, I'epmanus).

[To mpouieccam 1 MexaHM3MaM OOpa30BaHUsI TMOHOB M JIEJIbTa-PE30HAHCOB B
PEISTUBUCTCKUX SIIEPHBIX COYAAPEHUAX BEIYTCs cieayrolre QpyHIaMeHTalbHbIC
MCCJIEIOBAHUS. TIOUCK MTMOHHOTO 003e-KoHeHcaTa U 3G (HEKTOB TOXKIECTBEHHOCTH
MIMOHOB,  TMOCTPOEHUE  PEATUCTUYECKOrO0  TOTEHIHAlla  MHOH-HYKJIOHHOTO
B3aUMOJICUCTBUSL TPU BBICOKMX DJHEPrUSX, WCCIEIOBAHUE BIMSIHUS TUIOTHOU
sfaepHor (ampoHHOM) cpenbl Ha cBoicTBa NHOHOB u  A(1232)-pe3oHaHcoB;
usyueHue poiau A(1232)-pe3oHaHcoB B mporieccax 00pa3oBaHuUs IMMOHOB.

Crenenb M3y4eHHOCTH mnpodsaembl. Ha ceromHsmHui neHp Beaylue
MEXIYyHApOJHbIE  YYEHBIC  TMPOBEIM  MHOXKECTBO  TCOPETUYECKHX U
AKCIIEPUMEHTAJILHBIX HCCICAOBAaHUH, TOCBAMIEHHBIX IpoIleccaM M MEXaHW3MaM
oOpa3oBaHMsS THOHOB W JENbTa-pPE30HAHCOB B PEISTUBUCTCKUX  SIIEPHBIX
CTOJIKHOBCHMSX, XOTSI HEKOTOPBhIC BaKHBIC MPOOJEMBI OCTAIOTCS /IO CHUX TIOp
HEPELIEHHBIMU.

CepOckue yuénsie (L. Simic, S. Backovic, D. Salihagic) wuccnenoBanu
3aBUCUMOCTH OBICTPOTHBIX pAacTlpeeieHUl OTPHUIATEIbHBIX MHOHOB B SPO-
saepHbIx coynapenusix npu 4.2 A I'sB/c ot uentpanpHOCTH coynmapenuii (B
skcriepuMenTax OObenuuénHoro MHCTHTYyTa siAepHBIX wucchnenoBanuii, Poccus,
Cep6usi). OHaKo, U3-3a MaJIOW CTATHCTUKU KCIIEPUMEHTAIBHOTO MaTepHrasa, OHH
HE CMOTJIM CJeIaTh OJJHO3HAYHOTO 3aKITIOYCHUS 00 U3MEHEHUH IMIUPUHBI U CIIBUTE
IIEHTpa OBICTPOTHBIX PACIPEACICHUI OTPUIATEIBHBIX MUOHOB C W3MEHEHUSMU
IIEHTPAIBHOCTH COYIApPCHWS M MAacCCOBBIX YHCENI CTaJKHWBAIOIIUXCS sIIep.
V30ekckue u poccuiickue yu€nsie (M.M. MymuuoB, P.H. bekmupszaes, C.A.
[MlapunoBa, E.H. Knagauikas) wucciaenoBaid KadyeCTBEHHYIO 3aBHCHMOCTD
OBICTPOTHBIX ~ pACIpEACIICHUA OTPHIATCIIBHBIX ITHOHOB OT 3HAUYCHHUHW WX
MOMEPEYHBIX HMIYJIBCOB B SAPO-sSACpHBIX coyaapenusx npu 4.2 A I'sBle (B
skcrepumenTax OO0beauHEéHHOro MHCTUTYTa sepHBIX HccienoBaHui, Poccus,
V36ekucran). OpHAKO, HEIOCTATOYHAs CTATHCTHKA  OKCIEPHUMEHTAJIBHOTO
MaTepHuaia He MO3BOJWIA UM CHIeNIaTh KOJTMYECTBEHHBIC BHIBOJBI O 3aBHCHMOCTSIX
OBICTPOTHBIX pacCHpeNesieHnii MHOHOB OT WX IOMEPEYHOT0 HMITYJIhCa M Mace
CTAJIKUBAIOIIUXCS SIEP.

WNunwmiickue yuéneie (G. Sau, B. De, S. Bhattacharya) mnpemioxumm
Bonpmryro komOnHarmonnyto Monenb (GCM) mist cucreMaTnyeckoro OnvcaHus B
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cucreMe IeHTpa macc (CiM) OBICTPOTHBIX pacHpeAeNiCHHd Pa3IMYHBIX YaCTHII,
BKJIIOYAsl MMMOHOB, OOPAa30BaHHBIX B IIEHTPAIBHBIX COYJIAPEHUSX TKETBIX MOHOB
IIpU  BBICOKMX OJHeprusix. Mcmons3ys 3Ty MOJENb, OHHM YCIEIIHO OIUCAIIN
OBICTPOTHBIE  paclpelesieHuss  Pa3jIMYHbIX  YacTHIl, BKJIIOYas  IHOHOB,
00pa3oBaHHBIX B IeHTpalbHbIX PDPb-cTonkHoBeHmsx (B 3KcmepuMeHTax
EBpomnelickoro 1meHTpa siiepHbIX uccieaoBanuid, IlIBelnapus) u IEHTpaTbHBIX
AuAuU-coynapeHusx (B dKCIEpUMEHTaX PelsITUBHCTCKOTO KoJUTaljepa TSKEIBIX
noHoB, bpykxeliBH, CIIIA) npu Beicokux sHeprusx. OqHAKO OHU HE CMOTJIU JaTh
(U3MYECKYI0 HHTEPIPETAUIO JUIsl MMapaMeTpoB, HCIOIb30BaHHBIX B bosbmoii
KOMOMHAIIMOHHON MOJIEIIH.

Espomnetickue yuénnie (D. Pelte, M.A. Lisa, E.L. Hjort, B. Hong) m3y4anu
WHTEHCUBHO 00pa30BaHUE MENbTa-PE30HAHCOB U MOJU(DUKAIMI0O MX CBOWCTB B
HEHTPAJIBHBIX COYIAPCHUSIX TSKETBIX HOHOB MIPH MEPBUYHBIX dHEprusix 1-2 4 [9B,
oOHapyXMB, YTO pacmnajabl OapHOHHBIX PE30HAHCOB JalOT OCHOBHOM BKJIaJ B
oOpa3oBaHME MHUOHOB IpPH 3TUX 3Heprusx. OJHAKO, MaccoBBbIE paclpeiesiCHUs
JIeJIbTa-PE30HAHCOB HE ObUIM PEKOHCTPYUPOBAHBI B PEISITUBUCTCKUX aJpOH-
SAJEPHBIX M SAPO-SJIEPHBIX COYAApEHUsX B JKcrepuMeHTax OO0beInHEHHOTO
HucrtutyTa sigepHbix ucciaenopanuii ([Jyona, Poccus) Ha 2-MeTpoBO# nponaHOBOH
u 1-MeTpoBOM BOAOPOJHOM MY3BIPHKOBBIX KaMmepax, 3a HCKIIOYEHHEM padOThl
cepockux yuénbix (D. Krpic, S. Backovic, L. Simic), rme ObLIO yCHENmHO
UCCJIEIOBAHO 00pa3oBaHUE OapUOHHBIX PE30HAHCOB B YIJIEPOI-YIIEPOIHBIX
coyaapeHusix rnpu umnyibsce 4.2 ['3B/c Ha HyKJIOH.

B paborax cepockux yuéneix (S. Backovic, L. Simic), rpy3uHCKHX
uccnenosareneit (JI.B. Uxauaze, T. J[xo6asa, JI. Xapxenaypu, M. Mocunze) u
Hemenkoro yuénoro (R. Brockmann) Obutn wm3BiedeHBl Temmepatypbl U3
pacnpeneneHui Mo NONepEeYyHbIM UMITYJIbCaM M SHEPTUSIM MHOHOB, 00Pa30BaHHBIX
B CTOJIKHOBEHUSIX PA3JIMYHBIX sI€p IPU BBICOKUX dHEPIHsX. OHAKO, IPAKTUYECKU
HUKAaKOM 3aBUCHUMOCTH 3THX TemIlepaTyp (HAKIOHOB NHOHHBIX CIIEKTPOB) OT
LHEHTPaJbHOCTU COyAAapeHusi OOHapyXeHO He Obulo B pe3yjbTaTe aHajau3a
pacnpeneneHui BO BCe 00JIaCTH MOIMEPEYHBIX MUMITYJIBLCOB M DHEPTUNl MTHOHOB B
VICCJIEIOBAHHBIX COYAAPECHHUSIX.

CBsi3p TeMbl JMCCEPTALMOHHOIO MCCICAOBAHUS C IUIAHAMHM HAY4YHO
HCCJIEI0BATEIbCKUX PadoT HAYyYHO-HCCJIEI0BATEIbCKOI0 Y4YpeKACHHUs, Iae
BBINIOJIHEHA JMccepTanuda. JluccepTallMOHHOE HCCIEAOBAaHUE BBIMOJHEHO B
paMKax TIUIAHOB HAay4YHBIX MPOEKTOB MO (yHAAMEHTAIbHBIM HCCIIEIOBAHUAM
®usuko-texunyeckoro uucturyra HIIO «®uszuka-Connue» AH PY3 no temawm:
O2-OA-D029 “UccrnenoBanue saepHOM CTPYKTYpPhl M KOJUJIEKTUBHBIX 3 (HEKTOB
BO B3aUMOJICUCTBUSX aJPOHOB U SIAEP C SIAPAMU MPHU BBICOKUX 3Heprusix’ (2007-
2011); D2-DA-0-42438 “UccnenoBaHne MHOTOYACTHYHBIX COCTOSHHUH  BO
B3aMMOJICUCTBUAX aJPOHOB U SAEp C SAPaMHU IMpPHU BBICOKUX 3Heprusax’ (2012-
2016).

Henb0 mcciaegoBaHusi SBISETCS  YCTAHOBIIEHHE  3aKOHOMEPHOCTEM
oGpasoBanusi oTpuuartensupix muoHoB u A’(1232)-pesomancos B p'°C-, d'’C-,
*He'*C-, C™C-, “C"®'Ta-coymapenmsix mpu 4.2 A I'3B/c u ompeneneHne poiu
A°(1232)-pe3oHaHCcOB B 0OPa30BAHMK OTPHIATEIBHBIX [IHOHOB B BBIIICYKA3aHHBIX
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coymapenusx, COp-3amMoneiictBusix mpu 325 A IB/c wm  w C-
B3auMoiericTBusx mpu 40 ['B/c.

3agaum uccJIe10BaAHNA.

U3BJICUb OT/IENIBHBIC KJIACCHI HEYNPYrHX coymapeHuii u3 Hadopa p(CsHg)-
coynapenuii ipu 4.2 I'3B/c, n (CsHg)-B3aumoneiictuii npu 40 I'B/c, d(CsHs)-,
a(C3Hg)-, u C(C3Hg)-coynapenwuii npu 4.2 4 '3B/c;

YUYeCTh IOTEPH YaCTHUI] C KOPOTKUMH TPEKAMH U YACTHII, BEUICTAIOIINX MOJT
OONBIIMMHU yTJIAMU K TUIOCKOCTH OOBEKTHBA KaMephl B plZC-, d?C-, “He'*C-,
2ct?c-, “C*® Ta-coymapenmsx mpu 4.2 4 IB/c, *°Op-coynapenusix mpu 3.25 A4
B/c, 7 *C-B3anmoxneiictusix mpu 40 I1B/c;

moyanTh MaccoBbie pacmpenenerust A’(1232)-pe3oHaHCOB, aHAIM3HPYS
YTIIBI MKy BBUICTAIOIIUMH 77 -ME30HAMU W TIPOTOHAMHU, B plZC-, d?C-, *“He'*C-,
12Clnga-coyz[apeHm{X npu 4.2 A I'B/c, 160p-COYI[apCHI/I$IX npu 3.25 A I'sB/c,
7t_12C-B3aHM0z[el?ICTBI/I51X ipu 40 ['B/c;

oTOOpaTh MW HUCCIEAOBaTh mepudepudeckue, MONyHEHTPAIbHbIE U
[EHTPAIbHBIE COYJIapEHUsI B aHAIM3UPYEMOM HaOOpe aJpoH- U SJIPO-SIEPHBIX
COyJapCHUH;

UCCJIEIOBATh pacCHpeleNieHus IO TMONEPEeYHOMY HMIIYJIbCY, OBICTPOTE
OTpHUIIATEIBHBIX TMHOHOB BO BCEX, NEPUPEPUUECKUX, TMOTYHEHTPAIbHBIX U
HEHTPAIBHBIX COOBITUSIX COYJApPEHUIl B KCCIIEIOBAHHOM HabOpe CTOJIKHOBEHUU
nyTéM  (QUTHPOBAHHUS  COOTBETCTBYIOIIMX  CHEKTPOB  TEOPETUUYCCKUMU
(MonmenbHBIME) (QYHKIHSIMU;

WHTEPIPETUPOBATh,  TOJYYCHHBIC  PE3yNbTaThl IO  3aBHCHMOCTSIM
pacnpeneseHui MOMePEYHBIX UMITYJIbCOB U OBICTPOT OTPHUIATEIBHBIX IMHOHOB OT
IIEHTPAIBHOCTH COYJApPCHWH ¥ MACCOBBIX YHCEN CTAJKWUBAIOIIUXCSA SIEpP B
UCCIIEIOBAaHHOM Habope coyaapeHui.

O0beKTOM HCCJIeIOBAHUS SIBIISIFOTCS SIICPHBIE TMPOLIECCHI, BbI3BAHHBIC
aJipOHAMU U SIAPAMHU MPU BHICOKUX DHEPTHUSIX.

IIpeamerom  uHccje0BaHMs  SIBISIIOTCA  TPOLIECCHI  0Opa3oBaHUs
orpuratenbubix mHOHOB U A’(1232)-pe30HAHCOB B PENSTHBHCTCKHX SICPHBIX
COy/apeHUsIX.

MeTtoabl uccjeaoBanusi. MHKIIO3UBHBIA TOAXO0 K 00pPa30BaHMIO YaCTHI] B
SJIEPHBIX B3aUMOJICHCTBUAX C HCIOJIH30BAHMEM METOJOB MaTeMaTHYeCKOU
CTaTUCTHKHU;, DKCIICPUMEHTAJIbLHBIC METOIbI aHalu3a (PrIbMOBOW WH(MOpMAIUH,
MIOJIYYCHHOW C Ty3BIPBKOBBIX KaMmep, OOJYyYEHHBIX MyYKaMH PEISITHBUCTCKUX
aJIPOHOB M sJIEp B CHIILHOM MarHUTHOM TIOJIC.

Hayunasi HOBHM3HA HCCJIEIOBAHHMS  3aKIIOYaeTCs B CICAYIOMINX
pe3yibTaTax, MOJYYCHHBIX BIICPBHIC:

mosydens! Maccsl 1 mmpus A°(1232)-pesonancos B pr°C-, d*°C-, “He'C-,
2C"®Ta-coymapenmsix mpu 4.2 A IB/e, *°Op-coymapenusix mpu 3.25 A B/,
7 *C-B3anMOICHCTBIAX npu 40 I=B/c nyTEM buTupoBaHus
PEKOHCTPYHPOBAHHBIX ~ MAaccoBbix  pacmpemenemii  A°(1232)-pesoHancoB
penaTuBUCTCKOMN Gopmynoii bpeiita-Burnepa,

noydeno, 4to B pC-, d°C-, a"’C- u “C'*'Ta-coynapenusx npu 4.2 A
I3B/c u °Op-coymapennsx npu 3.25 A I'3B/c okono (40-50)% oTpHIaTeqbHBIX
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MHOHOB  oOpasytorcs or pacmagoB  A°(1232)-pesonamcoB, a B 1 C-
B3anMoiericTBusAX ipu 40 ['9B/c ata o1 coctasiseT npubau3uTebHoO 6%,

MOKa3aHo, 4YTO cpefHee yMmeHbmreHne Macchl A’(1232)-pe3oHaHCOB B
UCCJICIOBAHHBIX COYIApEeHHSIX COIJlacyeTcs B Ipejesiax OIMOOK cO CpeaHei
DHEPrUer CBSI3U HYKJIOHOB (parMEHTUPYIOUIUX SIIEp, YKa3bIBaoIIee HAa TO, YTO
A°(1232)-pe30HaHCH, B OCHOBHOM, 06Pa3yIOTCS Ha CBS3aHHBIX HYKIIOHAX SIEp [PH
uX (s17ep) KOJJIEKTUBHOM BO30YK/ICHHH,

YCTAaHOBJICHO, YTO IIHUPUHBI CHEKTPOB OBICTPOTHBIX paclpeneIeHui
OTPULIATENILHBIX MHOHOB YyMeHbIatoTcss Ha (B8+2)%, (Gt1)% u (15+2)%,
COOTBETCTBEHHO, NPU IEPEXofe OT HepudepudecKux K weHTpatbHbiM d°C-,
2Ct?C- n *C*® Ta-coymapennsm, COOTBETCTBEHHO, a IIGHTPHI IKCIIEPUMEHTAIBHBIX
OBICTPOTHBIX pacHpeacieHuil 7z~ -Me30HOB cMmemarorcs Ha —0.32+40.04 u —
0.44+0.02 enuHUIl, COOTBETCTBEHHO, IO HAMpaBIEHUIO K 00JacTU (hparMeHTaIlu
MHUIICHH IPH Tepexoie oT mepudeprdeckux K ueHtpanbusiM d°C- u *C'**'Ta-
COyJapeHHsIM, COOTBETCTBEHHO;

YCTaHOBJICHBI 3aBUCHMOCTH OT IIEHTPAJbHOCTH COYJApeHUN U pa3MepoB
CUCTEMBI CTAIKUBAIOIINXCA SIJIEP TEMIEPATYP «MSATKON» U «KECTKOW» KOMITOHEHT
AKCIIEPUMEHTATBLHBIX pacrnpeneneHui 1o MOTICPEYHBIM HUMITYJIbCAM
oTpHuaTebHbX muoHoB B “He'’C-, CYC-, u “C'"®'Ta-coynapenmsx mpu 4.2 4
[3B/c n nokazaHo, 4TO pa3HULA MEXIY HM3BICYEHHBIMH TEMIEpaTypamu 00eHnx

KOMIIOHEHT [y pacupeinelieHuii 77 -ME30HOB YBEJIUYUBAETCA C YBEIMYEHUEM
IIEHTPATBHOCTH COYIapCHUS,

YCTaHOBJICHO, YTO TEMIIEpaTypa «MSATKOW» Py KOMIIOHEHTHI OTPHUIATEIbHBIX
nrono B “CYC (**C"*'Ta)-coynapenusx yBeamuuBaeTcsi (YMEHbIIACTCS) C POCTOM

[EHTPAIBHOCTU COYIApEHHUs, a TeMIlepaTypa «KECTKONW» pP; KOMIIOHEHTHl 7T -
12~181 414,12

me3oHoB B C T Ta ("He“C)-coymapeHusx yBenuuuBaeTcs (yMEHBIIIACTCS)

CUCTEMATUYECKH C POCTOM IIEHTPATLHOCTH COYIapEHUS;

MOKa3aHO, 4YTO TEMIIEPATypa «MSATKO» Py KOMIIOHEHTHI 7T -ME30HOB
YMEHBIIAETCS CUCTEMAaTHYECKH C POCTOM pa3Mepa COyIapsIOLIEHCs CUCTEMBI B
MOJIYHEHTPAIBbHBIX U LIEHTPAIBHBIX SIPO-sAepHBbIX coyaapenusx npu 4.2 4 I'3B/c,
a TemIeparypa <KECTKOM» P; KOMIIOHEHTBl 7 -ME30HOB YBEJIMYUBACTCS
CUCTEMATUYECKH C POCTOM pa3Mepa CTAIKHUBAIOIIECHCS CUCTEMbl B LIEHTPAIbHBIX
COyIapeHUsIX.

IIpakTHyeckue pe3ybTaThl HCCJIE0BAHUSA 3aKIIIOUYAIOTCS B CIEAYIOLIEM:

paspaboTaH METOJ PEKOHCTPYKIMH MaccoBbIX pacmpenerncuuii A°(1232)-
PE30HAHCOB HAa OCHOBE aHAJIM3a YIJOB MEXIY BBUICTAIOIIMMH OTPULATEIBHBIMU
NMOHAMU U POTOHAMM B PEISTUBUCTCKUX aJIPOH- U SAPO-SIAEPHBIX COYAAPECHHUSIX;

naHa ¢uznyeckas HHTepIIpeTaIus napameTpoB bombIoii KOMOMHAIIMOHHOM
monenn (GCM), ucnonb3yromencss sl OnucaHusi ObICTPOTHBIX pacmpeiesieHui
aZIpOHOB, O00pa3yIOUIMXCA B LEHTPAIBHBIX SAAPO-AIACPHBIX COYIApPEHHUSIX MpHU
BBICOKMX DHEPTUSX;

BIIEPBbIE MPUMEHEH METOJI PA3EIIbHOTO aHaIu3a «MSITKON» U <GKECTKOM»
KOMIIOHEHT PacCIpeleIeHUN NOMEPEYHOr0 UMITYJIbCa AJAPOHOB I YCTAHOBJIEHUS
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3aBUCUMOCTEN 3THUX pacHpeAesIeHHd OT LIEHTPAJIbHOCTH COYIapeHUs B aapOH- U
AIPO-SAEPHBIX CTOIKHOBEHUSX MIPU BBICOKUX DHEPTHSIX.

JloCTOBEPHOCTH Pe3yJIbTATOB MCCJIEA0BAHNSA 00eCTIeUnBaETCs JOCTATOYHO
BBICOKOW CTaTUCTHKOM NaHHBIX MO SIAECPHBIM COYAApPEHUSIM, UCIOJIb30BaHHBIX B
3TOM padboTe, HaAEKHON UIIeHTU(DUKAIIMEN YaCTHI] IO Macce U 3apsiay, J0CTaTOYHO
XOpOUIEH TOYHOCTHIO U3MEPEHHUS UMITYJIbCOB U YIJIOB BbLJIETa BTOPUYHBIX YACTHII,
YAOBJIETBOPUTEIBHBIM COTJIACHEM MEXAY SKCIEPUMEHTAIBHBIMU M MOJIEIbHBIMU
JTAHHBIMH.

Hayuynas M npakTudeckasi 3HAYMMOCTb Pe3yJIbTATOB HCCJIeI0OBaHMSA.
Hay4dHast 3Ha4uMOCTb pE3yJIbTaTOB UCCIEAOBAHUS ONPEAEISAETCS TEM, YTO HOBBIE
dyHIaMeHTaTbHBIC pe3yibTaThl [0 obpasoBanmio A’(1232)-pesoHancoB B
U3YYEHHBIX COYJIApPEHUSX MOIMOJHSIIOT MHPOBYIO 0a3y JaHHBIX MO OOpa30BaHUIO
YacTUL B SJAEPHBIX COYAAPEHUSX MPHU MPOMEKYTOUYHBIX M BBICOKHX SHEPIHsX, a
YCTaHOBJIEHHbIE  3aBUCHMOCTH  TeMIeparyp  (HakKJOHOB)  pacupelereHui
IIONEPEYHOT0 UMITYJIbCA OTPULIATENBHBIX TMOHOB OT LIEHTPAJIbHOCTH COYAAPEHHUS B
UCCJIEJOBAaHHBIX CTOJIKHOBEHUSIX MOTYT OBITh MCIOJb30BaHbl B COBOKYIHOCTHU C
pe3ynbTaTaMu  JAPYTHX OKCIIEPUMEHTOB JUIA  OIPENENICHUS SHEPreTHYECKOU
3aBHCHUMOCTH CBOMCTB BBICOKOBO30YKIEHHOMN IUIOTHOU SEPHON MAaTEpHH.

[IpakTrueckass 3HaYUMOCTh PE3YyJIbTaTOB JUCCEPTALMOHHOTO UCCIIEI0BAHMUS
3aKJIFOYAETCsl B TOM, UYTO MPUMEHEHHAs B JaHHOW pabOTe METOAMKA MOKET OBITh
WCIIOJIb30BaHa [JIs PEKOHCTPYKIIMM MACCOBBIX pACIPEEICHU HEeCTaOMIbHBIX
PE30HAHCOB, OOpPA3yIOUIMXCS B  SAIPO-SAEPHBIX COYIJAPEHUSIX IMPU BBICOKHX
DHEPrUsax, a MOJYYEHHbIE pPe3yJbTaThl MOTYT OBITh NMPUMEHEHBI JJI MPOBEPKHU
TOJHOCTH HOBBIX TEOPETUYECKUX MOAEIe M TMOAXOAOB I OMNHCAHUS
PENSTUBUCTCKUX  SAPO-SAEPHBIX  COYAAPEHUA W IUIAHUPOBAHWU  HOBBIX
HKCIIEPUMEHTOB Ha COBPEMEHHBIX YCKOPUTENAX TSKENTBIX NOHOB.

BHenpenue pe3yabTraroB HcciaenoBanus. Ha oOcCHOBE TMOJIydeHHBIX
pe3y/IbTATOB aHAIM3a OOpa3OBaHHS OTPHMLATETbHBIX mmoHOoB u  A°(1232)-
PE30HAHCOB B UCCJIEIOBAHHBIX COYAAPECHHUSAX:

32 YCTAHOBJICHUE 3aBUCUMOCTEN pacipeieseHui MONEePEYHbIX UMITYJIBCOB U
OBICTPOT OTPHUIIATEIBHBIX MMOHOB OT CTENEHHU LEHTPAIbHOCTU COYJApEHUs U Macc
CTAIKUBAIONINXCA SACp B SAPO-sSAepHbIX coymapenusix mpu 4.2 A IaB/c
(pe3ynbTaThl OIYOJIMKOBAHBI B 3apyOeKHBIX HAYYHBIX KypHanax: Physical Review
C, 2015; International Journal of Modern Physics E, 2015; International Journal of
Modern Physics E, 2014; Physical Review C, 2013; Physical Review C, 2012; The
European Physical Journal A, 2011; Central European Journal of Physics, 2011) B
2016 r. puccepTaHT cTaj JiaypearoM MNPECTUKHOW Harpaabl MexayHapOoIHOU
Axkanemun Hayk (TWAS, Utanus) B o01acTi pU3MKO-MaTeMaTHUECKUX HAYK;

NOJIyYeHHbIE PE3YJIbTATHI IO 0OPA30BAHUIO U CBOWCTBAM JI€JIbTa-PE30HAHCOB
UCIIOJIb30BaHbl MEXIYHAPOAHBIMU HCCIENIOBATESIMA (CCBUIKA B 3apyOeKHBIX
Hay4HbIX xypHanax Physical Review C, 2009; Physical Review C, 2011; Progress
in Particle and Nuclear Physics, 2018; The Euroschool on Exotic Beams, 2018;
Indian Journal of Physics, 2017) nmnst mpoBepKH HOBBIX TEOPETUYECCKHUX TOXOI0B
U YCTAaHOBJEHHUS 3aKOHOMEPHOCTEH pOXAEHHS OApUOHHBIX PE30HAHCOB B
AJIIEMEHTAPHBIX COYAAPEHHUSIX M CTOJKHOBEHMSX TSDKEIBIX HOHOB B IIMPOKOM
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MHTEpBaje MEpPBHUHBIX SHEPIMiA; I aHamu3a 006pa3oBaHms A’-pe30HAHCOB B
nepudepuueckux CTa-coymapenusx. lcnonb3oBaHue 93THX — pe3yJbTATOB
MO3BOJIMIJIO MHTEPHPETUPOBATH JaHHBIE MO KOJUIEKTUBHOMY MOTOKY IPOTOHOB H
MMOHOB M MOJU(UKAIIMU TapaMeTpoB JENIbTa-PE30HAHCOB B IUIOTHOM siiepHOM
Cpelle B COyJIapeHUsIX PEIsTUBUCTCKUX SINIEP;

3a  [ONydeHHe  MaccoBblx  pacmpeneieHmii  A’(1232)-pe3oHaHCoB,
o6paszoBanHbIX B P°C- u d“C-coymapenmsix mpu mmmyiasce 4.2 A IsBle,
ompeseneHre KnHeMaTndeckux xapakrepuctuk A’(1232)-pe3oHaHCOB U UX POIH B
POXKIACHUH OTPHUIATSIIEHBIX MUOHOB (pe3yJbTaThl OMYOJMKOBAHBI B 3apyOC)KHBIX
Hay4yHbIX KypHasax: Physical Review C, 2012; Physics of Atomic Nuclei, 2012;
Physical Review C, 2013; International Journal of Modern Physics E, 2013;
Physics of Atomic Nuclei, 2013) mucceprant ymocroen mBaxnsl (B 2012 u 2013
IT.) Harpaabl MexXnyHapoJHOH KOMHUCCHHM [0 HAyKe€ W TEXHOJOTHSIM JJis
ycroitunBoro pa3sutus Ha FOre (COMSATS, Tlakucran).

AnpoOanus pe3yabTaroB ucciaenoBaHusi. (OCHOBHBIE pE3yJIbTATHI
JUCCEPTAIIMOHHON pabOThI JOKIIAIBIBATNCH U 00CYKIAIUCHh HA 8§ MEXKITYHAPOIHBIX
U peCIyOIMKaHCKUX KOH(PEPEHIIHSIX.

IIyOonmukanuu pe3yJbTaToB HccjaenoBanusi. I[lo Teme aucceprauuu
omyOnukoBaHbl 33 HayuyHble palOoThl, B TOM uwucie 20 Hay4dHBIX CTaTeH,
pekoMeH/IoBaHHbIX  Breicmieir  AttecranmonHodt  Kommccueit — PecryOmuku
V30ekuctan [ MyONMKallMM OCHOBHBIX HAYYHBIX PE3YJIbTaTOB JOKTOPCKOU
JUCCEPTALIH.

Crpykrypa U 00béM auccepranuu. /uccepranusi COCTOUT U3 BBEICHUS,
HIECTH TIJIaB, 3aKJIIOYEHUs M CIHCKAa HCIOJIb30BAHHOW JuTepaTypbl. OObeM
JUCCepTalK cocTaBisieT 217 cTpaHuil.
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3AK/IIOYEHUE

[Io pesympraraM WCCIEIOBAaHWH, MPOBEICHHBIX IO TeME JOKTOPCKOU
mucceprauun «O6pa3oBaHie OTPUIATEIbHBIX THOHOB 1 A °(1232)-pesoHaHcoB B P,
d, “He, 12C(lZC)- 5 12C181Ta—coyz[apeHHﬂx npu 4.2 A I'aB/cy», mpencraBieHb
CJICTYFOIIIE BHIBOIBI.

1. BriepBeie ompezeneHbl MacChl U IMHUPHHBI (MACCOBBIX pPaCIpEICICHUIA)
A°(1232)-pesonancos, obpasoBaHsix B p-C-, d*’C-, “He'?C-, "CY"¥'Ta-
coymapermsix npu 4.2 A IB/c, *Op-coymapennsx mpu 3.25 A IB/c, 7 *C-
B3aumozencteusx npu 40 [B/c, myTtéM ¢uTupoBaHUsS MOTYYEHHBIX MACCOBBIX
pacnpenenennii  A°(1232)-pe30HaHCOB  peSATHBHCTCKON — dopMyitoii  Bpeiira-
Burnepa.

2. Tomyaero, aro B p°C-, d*C-, a™*C- u **C**'Ta-coymapennsx mpu 4.2 4
IB/c u *°Op-coymapenusix mpu 3.25 A IB/c okono (40-50)% OTpHLATEIBHBIX
MHOHOB  00pasytoTcsi oT pacmagoB  A°(1232)-pesomancoB, a B 7 C-
B3auMoJiercTBusx ipu 40 ['9B/c ata nons coctapisier npuOAN3UTEIbHO 6%

3. Tlokasano, 4uto cpemHee yMmeHburenne macchl A’(1232)-pe3oHaHCOB B
HCCJICIOBAHHBIX COYJApEeHHSIX COIJIacyeTcs B TIpejesiax OIMOOK CO CpeaHei
DHEPrUed CBSI3U HYKJIOHOB (PParMEHTUPYIOIIMX SJIep, YKa3bIBaIOIIee Ha TO, YTO
A°(1232)-pe30HaHCH B OCHOBHOM OOPAa3yIOTCS HA CBS3AHHBIX HYKIOHAX SIEP MPH
uX (s71ep) KOJJIEKTUBHOM BO30YKICHUH B HCCIICIOBAHHBIX COYTaPEHUSX.

4. YCTaHOBJIEHO, YTO MIMPUHBI CHEKTPOB OBICTPOTHBIX pPACTPEICICHUIMA
OTPULATENBHBIX NHOHOB yMeHbmawmorcs Ha (8+2)%, Gx1D% u (15+2)%,
COOTBETCTBEHHO, NPU IEPexofe OT mepudepudecknx K ueHTpatbHbiM d7°C-,
2CC- u *C"®' Ta-coymapeHusM, COOTBETCTBEHHO, a LIEHTPHI SKCIIEPHMEHTAIBHBIX
OBICTPOTHBIX pacHpeAcieHuil 7 -Me30HOB cmemaorcs Ha —0.32+20.04 u -
0.44+0.02 enuHULl, COOTBETCTBEHHO, MO HAMPABIEHUIO K 00J1aCTH (pparMeHTaluu
MHUIICHH TIPH Tiepexone oT mepudepudeckux k nentpamsubiv d°C- u *“C'**'Ta-
COyIapeHUsIM, COOTBETCTBEHHO.

5. VCTaHOBIEHO ACHUMITOTHYECKOE (7 -0 TpPH s, —> ) MHOBEIEHHE

3aBUCUMOCTH mapamerpa 7y (eHomenonorndeckoir moxenu GCM (bonbmas
KomOunarnmonnast Moienib) OT SHEpTUH CTOJIKHOBEHUS B CUCTEME IIEHTpa Macc Ha
OCHOBE CpaBHEHHS MapaMmeTpa ), MOJYYCHHOTO B HACTOAIICH MUCCEPTAIlUU IS
OBICTPOTHBIX paclpeeIeHUd OTPUIATEeILHBIX MHOHOB B IEHTPAJBbHBIX 2ctec-
coymapenusix npu 4.2 A IaB/c (ifs,, = 3.14 T5B), u napamerpamu 7,
NOJYYCHHBIMH paHee [T MMOHOB, 00pa30BaHHBIX B IieHTpabHbIXx POPD- n AuAu-
COYIapEHHSIX MTPU BHICOKUX SHEPTHSIX.

6. OOHapy’XeH pa3pbiB MEXAYy MapaMeTpoM ), MOJIYYEHHBIM B HACTOSILEH
JTUCCePTAK  JUIsi  OBICTPOTHBIX PACHpPEEICHUN OTPUIATEILHBIX TTHOHOB B
neHTpanbHex -C2C-coymapenusix mpu 4.2 A IB/e (s, = 3.14 T9B), u

napamMeTpamH j, MOJIy4YeHHBIMH JIJIsl TMOHOB, 00pa30BaHHBIX B IICHTpalbHbIX POPD-
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coynapenusx npu sHeprusix SPS u AGS (/s,, > 6.3 ['3B), koTopslii cornacyercs
C TEOPETUYCCKUM PacuEToOM SHEPruu CTONKHOBeHHS (./S,, ~5 [B) mia da3oBoro

nepexoaa aJpOHHOW MaTEPUH B COCTOSIHUE KBAPK-TIFOOHHOM TUTa3MBl.

7. YcTaHOBIICHBI 3aBUCUMOCTH TeMmepatyp «msarkoi» (p=0.1-0.5 I'3B/c) n
«wkéctroi» (P=0.5-1.2 I'B/c) KOMIOHEHT 3KCIEPUMEHTAIBHBIX pacIpeaeIcHU
0 IOIEPeYHBIM HMITYIbCAM OTPHLIATENbHBIX mHOHOB B “He'’C-?CYC-, u
2C¥'Ta-coynapenmsix mpu 4.2 A IB/c OT LEHTPAIBHOCTH COYNAPCHHUH W
pa3MepoB CHCTEMBI CTAIKUBAIOIIUXCSA SACP W IOKAa3aHO, YTO Pa3HUIA MEXKIY
U3BICYEHHBIMU TEMIIEpaTypaMu 00erX «MSATKONW» M <«OKECTKOW» KOMITOHEHT Py
pacnpeneneHuil 7 -ME30HOB YBEIUYMBACTCS C YBEIWYECHUEM IIEHTPAIBHOCTH
COyIapeHHusl.

8. Ilokazano, 94TO TeMIlepaTypa «MATKOW» Py KOMIOHEHTBI OTPHUIIATCIIBHBIX
muoHoB B “CPC (**C'™'Ta)-coymapenmsix yBenmumBaercs (yMEHBLIACTCS) C
POCTOM MCHTPATHLHOCTH COYJApEHUs, a TEeMIepaTypa OKECTKOW» Py KOMITOHEHTBI
7 -Me30H0B B C'™®Ta (*He'’C)-coymapenmsx yBeamdmBaeTCsi (YMEHBIIACTCS)
CUCTEMATUYECKU C POCTOM IIEHTPAILHOCTH COYAapEHHUS.

9. YcraHoBiI€HO, YTO TeMIeparypa «MATKOW» P; KOMIIOHEHTHI T -ME30HOB
YMEHBIIIAETCSI CUCTEMAaTHYECKH C POCTOM pa3Mmepa COYIapsIOUIEHCs CUCTEMBI B
MOJIYIEHTPAIBHBIX U LIEHTPAIBHBIX SJIPO-sAepHBIX coyaapenusx npu 4.2 4 I'3B/c,
a Temmeparypa <« KECTKOW» [Py KOMIIOHEHTHI 7 -ME30HOB YBEIMYMBACTCS
CUCTEMATUYECKH C POCTOM pa3Mepa CTAIKHBAIOIICHCS CUCTEMBbI B IIEHTPAIbHBIX
COyJapeHUSIX.

OOHapyXKE€HHOEC YMEHBIIICHUE TEMITEPaTyphl | «MSATKOW» Py KOMITOHCHTHI
T -ME30HOB B TOJIYIIEHTPAIBHBIX U IIEHTPAIBHBIX COYAAPCHUSX MPHU MEPEXOae OT
‘He?C- x ™C™C- u mamee x "“C™Ta-coymapeHmsM MoXHO OOBICHHTH
CJICTYIOITUM: TIPU YBEIIMUCHUN pa3Mepa COYIapsIONMIEeHCs CHCTEMBI YBEIIMUNBACTCS
YHUCJIO TIEpEepacCessHU MHUOHOB Ha HYKJIOHAX OKPYKAIOIICH SIEpHOM Cpembl 10
KOHCYHOW cTagud WX (MMMOHOB) KHHETHYECKOTO «pa3sMOPaKMBAHUM», KOTIA
CUCTEMA YK€ 3aMETHO «OXJIXKJICHa». Y CTAaHOBJICHHOE YBEIMYCHUE TEMIIEpPaTyphI
T «kEcTKOI» Py KOMIIOHEHTHI 7T -ME30HOB B IEHTPAIBHBIX COYIAPCHHSIX MOXKET
ObITh OOBSICHEHO POCTOM JaBJIEHUS, JOCTUTAEMOTO B 30HE coymapeHus (u,
CJIEIOBATEILHO, YBEIMUCHUEM | «TOPSYHMX» MMOHOB, HCITYCKAEMBIX U3 3TOU 30HBI
B HAYAJIbHOW CTaJUM COYJAPCHHS) WU YBEITUYCHUEM BEPOSTHOCTH «OKECTKHX)»
HYKJIOH-HYKJIOHHBIX COYAQpPEHUI C pPOCTOM pa3Mepa CTATKHUBAIOIICHCS CUCTEMBI B
[EHTPATBHBIX SIIPO-SIACPHBIX CTOJIKHOBEHUSIX.

68



=

3bJIOH KWINHI'AH UILIJIAP PYUXATH
LIST OF PUBLISHED WORKS
CIIUCOK ONNYBJIUKOBAHHBIX PABOT

| 6yamm (Part I; Yacrs 1)

Olimov Kh.K., Lutpullaev S.L., Olimov K., Gulamov K.G., Olimov J.K.

Production of A’ and A" resonances in collisions of “He nuclei with carbon
nuclei at 4.2 GeV/c per nucleon // Physical Review C. — American Physical
Society (USA), 2007. — Vol. 75. — id.067901. — 4 p. (Ne 1. Web of Science;
IF=3.820).

. Olimov Kh.K. Production of baryon resonances in 7 +2 C interactions at 40

GeV/c /I Physical Review C. — American Physical Society (USA), 2007. —Vol.
76. —1d.055202. — 7 p. (Ne 1. Web of Science; 1F=3.820).

. Olimov Kh.K. Production of baryon resonances in collisions of *He nuclei with

carbon nuclei at 4.2 GeV/c per nucleon // Physics of Atomic Nuclei. — Pleiades
Publishing (USA), 2008. — Vol. 71, N 1. — pp. 93-97. (Ne 1. Web of Science;
IF=0.411).

. Olimov Kh.K. Production of delta isobars on tantalum nuclei in CTa-collisions at

a projectile momentum of 4.2 GeV/c per nucleon // Physics of Atomic Nuclei. —
Pleiades Publishing (USA), 2010. — Vol. 73, N 3. — pp. 433-442. (Ne 1. Web of
Science; IF=0.411).

. Olimov Kh.K., Lutpullaev S.L., Yuldashev B.S., Huseynaliyev Y.H., Olimov

A.K. Production of A(1232) resonances on oxygen nuclei in **O+p collisions at
a momentum of 3.25 GeV/c per nucleon // The European Physical Journal A. —
Springer Verlag (Germany), 2010. — Vol. 44. — pp. 43-54. (Ne 1.Web of Science;
IF=2.373).

. Olimov Kh.K., Haseeb M.Q., Olimov A.K., Khan I. Analysis of A%(1232)

production in collisions of protons with carbon nuclei at 4.2 GeV/c // Central
European Journal of Physics. — Springer Verlag (Germany), 2011. — Vol. 9. —
pp. 1393-1409. (Ne 1. Web of Science; IF=0.765).

. Olimov Kh.K., Haseeb M.Q. Production of A°(1232)-resonances in p+*C

collisions at a momentum of 4.2 GeV/c // The European Physical Journal A. —
Springer Verlag, 2011. —Vol. 47. — id.79. — p. 16. (Ne 1. Web of Science;
IF=2.373).

. Olimov Kh.K., Haseeb M.Q., Khan 1. Comparison of characteristics of A°(1232)

produced in p*?C and d**C collisions at 4.2 A GeV/c // Physics of Atomic
Nuclei. — Pleiades Publishing (USA), 2012. — Vol. 75, N. 4. — pp. 479-487.
(Ne 1.Web of Science; IF=0.411).

. Olimov Kh.K., Haseeb M.Q., Khan 1., Olimov A.K., Glagolev V.V. A°(1232)

production in d+*C collisions at 4.2 A GeV/c. /| Physical Review C. —
American Physical Society (USA), 2012. — Vol. 85. — id.014907. — 14 p.
(Ne 1.Web of Science; IF=3.820).

69



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Olimov Kh.K., Haseeb M.Q., Hadi S.A. Rapidity and angular dependences of
spectral temperatures of negative pions produced in **C*C collisions at 4.2 A
GeV/c /I International Journal of Modern Physics E. — World Scientific
(Singapore), 2013. —Vol. 22, N. 4. — id.1350020. — 14 p. (Ne 1.Web of
Science; IF=1.198).

Khan 1., Olimov Kh.K. Spectral temperatures of A°(1232) resonances produced
in p'?C and d*?C collisions at 4.2 GeV/c per nucleon // Physics of Atomic
Nuclei. — Pleiades Publishing (USA), 2013. — Vol. 76, N. 7. — pp. 883-887. (Ne
1. Web of Science; IF=0.411).

Olimov Kh.K., Haseeb M.Q. On spectral temperatures of negative pions
produced in d**C, *He'*C, and **C™C collisions at 4.2 A GeV/c. //Physics of
Atomic Nuclei. — Pleiades Publishing (USA), 2013. — Vol. 76, N. 5. — pp. 595-
601. (Ne 1. Web of Science; IF=0.411).

Olimov Kh.K., Igbal A., Glagolev V.V., Haseeb M.Q. Analysis of rapidity
spectra of negative pions in d+%“C, “C+*C, and *C+"'Ta collisions at 4.2
GeV/c per nucleon // Physical Review C. — American Physical Society (USA),
2013. — Vol. 88. —id.064903. — 11 p. (Ne 1. Web of Science; 1F=3.820).

Olimov Kh.K., Hadi S.A., Haseeb M.Q. Centrality Dependence of Rapidity
Spectra of Negative Pions in **C+C and **C+'®'Ta Collisions at 4.2 GeV/c per
Nucleon // Physics of Atomic Nuclei.— Pleiades Publishing (USA), 2014. —
Vol. 77, N. 5. — pp. 613-622. (Ne 1. Web of Science; IF=0.411).

Igbal A., Olimov Kh.K., Khan 1., Yuldashev B.S., Haseeb M.Q. On centrality
and rapidity dependences of transverse momentum spectra of negative pions in
2C+2C collisions at 4.2 GeV/c per nucleon // International Journal of Modern
Physics E. — World Scientific (Singapore), 2014. —Vol. 23, N. 9. —id.1450047.
— 19 p. (Ne 1. Web of Science; IF=1.198).

Olimov Kh.K., Igbal A., Lutpullaev S.L., Khan I., Glagolev V.V., Haseeb M.Q.
On transverse momentum spectra of negative pions in **C+'®'Ta collisions at
4.2A GeV/c per nucleon // International Journal of Modern Physics E. — World
Scientific (Singapore), 2014. —Vol. 23, N. 12. —id.1450084. — 22 p. (Ne 1. Web
of Science; 1F=1.198).

Olimov Kh.K., Igbal A., Lutpullaev S.L., Hadi S.A., Glagolev V.V., Yuldashev
B.S., Haseeb M.Q. Centrality dependences of soft and hard components of p;
distributions of negative pions in *He+'“C collisions at 4.2 A GeV/c //
International Journal of Modern Physics E. — World Scientific (Singapore),
2015. — Vol. 24, N. 5. — id.1550036. — 24 p. (Ne 1. Web of Science; IF=1.198).
Olimov Kh. K., Ali Q., Haseeb M.Q., Arif A., Lutpullaev S.L., Yuldashev B.S.
Phenomenological analysis of rapidity distributions of negative pions in central
“Cc+?C collisions at,fs,, =3.14 GeV // International Journal of Modern
Physics E. — World Scientific (Singapore), 2015. — Vol. 24, N. 7. —id.1550049.
—21p. (Ne 1. Web of Science; IF=1.198).

Olimov Kh. K.,Olimov K., Gulamov K. G., Olimov A.K., Lutpullaev S.L.,
Yuldashev B.S., Haseeb M.Q. Partial inelasticity coefficients of negative pions
in p, d, a, ?C+"C and p, *C+'®Ta at 4.2 GeV/c per nucleon // International

70



20.

21,

22,

23.

24,

25.

26.

Journal of Modern Physics E. — World Scientific (Singapore), 2015. — Vol. 24,
N. 10. —1d.1550070. — 9 p. (Ne 1. Web of Science; IF=1.198).

Olimov Kh.K., Igbal A., Haseeb M.Q., Lutpullaev S.L., Yuldashev B.S.
Centrality and system-size dependencies of temperatures of soft and hard
components of p; distributions of negative pions in ‘He+'C, 2C+“C and
?C+'%'Ta Collisions at .fs,, =3.14 GeV // Physical Review C. — American

Physical Society (USA), 2015. — Vol. 92, N. 2. — 1d.024909. — 16 p. (Ne 1.
Web of Science; IF=3.820).

Il 6§yam (Part 11; Yacrs 1)

Olimov Kh.K., Lutpullaev S.L., Olimov K., Petrov V.l.,, Gulamov K.G.,
Olimov J.K., Yuldashev B.S. The comparative analysis of production of the
cumulative z* and 7~ mesons in interactions of protons and nuclei with nuclei
at high energies // “Nuclear and Radiation Physics”: Book of Abstracts of the
VI International Conference June 4-7, 2007. — Almaty (Kazakhstan), 2007. —
pp. 75-77.

Huseynaliyev Y.H., Suleymanov M.K., Khan. I., Olimov K., Olimov Kh.K.
Production of A% isobar in multi-nucleon 7 **C interactions at the momentum
of 40 GeV/c // “Modern Problems of Nuclear Physics”: Book of Abstracts of
the VII International Conference September 22-25, 2009. — Tashkent, 2009. —
pp. 73-74.

Olimov Kh.K. Production of baryon resonances on tantalum nuclei in CTa-
collisions at the momentum of 4.2 GeV/c per nucleon // “Modern Problems of
Nuclear Physics”: Book of Abstracts of the VII International Conference
September 22-25, 2009. — Tashkent, 2009. — p. 81.

Olimov Kh.K., Sattarov A.R., Huseynaliev Y.H. Production of A’-isobars on
oxygen nuclei in '°Op-interactions at the momentum of 3.25 GeV/c per
nucleon // “Modern Problems of Nuclear Physics”: Book of Abstracts of the
VIl International Conference September 22-25, 2009. — Tashkent, 2009. — p.
20.

Olimov Kh.K., Lutpullaev S.L., Yuldashev A.A., Olimov A.K., Huseynaliyev
Y.H. Production of A-resonances in *°Op interactions at a momentum of 3.25
GeV/c per nucleon // “Modern Problems of Nuclear Physics”: Proceedings
of the VII International Conference September 22-25, 2009. — Tashkent, 2010.
- pp. 269-279. (published in Uzbek Journal of Physics. — 2010. — Vol.12, N
4-6. — pp. 269-279.)

Olimov Kh.K., Olimov K. Correlations in azimuthal plane in production of
cumulative pions in relativistic hadron-nucleus and nucleus-nucleus
collisions // “Fundamental and applied problems of physics”: Proceedings
of the international conference, dedicated to 80" anniversary of
academician M. S. Saidov (in Russian) 24-25 November, 2010. — Tashkent,
2010. — pp. 36-38.

71



27. Olimov Kh.K., Khan 1. About spectral temperatures of A°(1232) produced in
p*?C and d™C collisions at 4.2 A GeV/c // “Nuclear Science and Its
Applications”: Book of Abstracts of the VI Eurasian Conference September
25-28, 2012. — Samarkand, 2012. — pp. 135-137.

28. Olimov Kh.K., Haseeb M.Q. Spectral temperatures of z' mesons produced in
d*?C *He'®C, and *2C*2C collisions at 4.2 A GeV/c // “Nuclear Science and Its
Applications”: Book of Abstracts of the VI Eurasian Conference September
25-28, 2012. — Samarkand, 2012. — pp. 137-139.

29. JIyrymnaes C.JL., Onumos X. K., Omamos K., [Terpor B.M. O6pa3zoBanue A® -n
A" -u306ap B aPOH- U AAPO-SAAEPHBIX COYAAPEHUSX TP BHICOKUX SHEPrUsX //
“@yHIaMEHTAJIbHBIE U MPUKJIAJAHbIE BONPOCH (pu3uku’™: COOpHUK 0O30pHBIX
cTaTeii  pecrmyOnuMKaHCKOM — KoH(epeHmuu, mocBsmeéanorn  100-metuto
akamemuka C.A. AsumoBa 6—7 Hos0ps1, 2014. — Tamkent, 2014. — c. 9-21.

30. Olimov Kh., Lutpullaev S., Kanokova Sh., Yuldashev B. Phenomenological
Analysis of Rapidity Distributions of Negative Pions in Symmetric **C+"C
Collisions at .fs,, = 3.14 GeV // “Fundamental and Applied Problems of

Physics”: Proceedings of the International Conference November 5-6, 2015.
— Tashkent, 2015. — pp. 4-9.

31. Olimov Kh., Lutpullaev S., Kanokova Sh., Yuldashev B. System-size and
centrality dependencies of temperatures of soft and hard components of p;
distributions of negative pions in *He+'C, *C+*C and C+"'Ta collisions at

s,, = 3.14 GeV // “Fundamental and Applied Problems of Physics”:

Proceedings of the International Conference  November 5-6, 2015. —
Tashkent, 2015. — pp. 10-14.

32. Olimov Kh.K., Lutpullaev S.L., Olimov K., Yuldashev B.S., Gulamov K.G.
Recent results on relativistic hadron-nucleus and nucleus-nucleus collisions
obtained from bubble chamber experiments // “New Tendencies of
Developing Fundamental and Applied Physics: Problems, Achievements,
Prospectives”: Proceedings of the International Symposium November 10-11,
2016. — Tashkent, 2016. — pp. 10-12.

33. Olimov Kh.K. Recent results on investigation of relativistic hadron-nucleus and
nucleus-nucleus collisions // “Fundamental and Applied Problems of
Physics”: International Conference Tashkent (Conference Programme,
Plenary Section), June 13-14, 2017. — Tashkent, 2017. — p. 3.

Tanabrop X.K. Onumon

72



ABtopedepart “Tun Ba anabUET TabIMMU )KypPHAIU TaXpUPUATHAA

Taxpupaad yrkazuwiay (19.02.2018 i)

73



