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KHUPHUI (pancada nokropu (PhD) nuccepranusiCAHUHT AaHHOTALUSCH)

Jucceprauus MaB3yCHHHUHI 10J13ap0JjuMru Ba 3apyparu. byryHru KyHna
NyHENA aHUKIWTH FOKOpH OYJraH 3aMOHAaBUN 3KCHEPUMEHTA KypHJIMaJapHUHT
nai0 OYIUIIM, aTOM SIAPOJIAPUHUHT TY3WIUIIIMHYU Ba OFUP MOHJIAP TYKHAITYBUAAru
peakuus  MEXaHU3MJIApUHHM  YpraHull  y4yH  Ha3apuil  TagKUKOTJIApHH
PUBOXIIAHTUPUIITHU Tajad 3TMOKIA. DKCIEPUMEHTaNl MabIyMoTjlapra acociaHuo
KUPHUII KaHATUHUHT (OONUIaHFUY OOCKUY) KYJIOH TYCUFUTa SKWH Ba YHAAH IOKOpU
DHEPrUusIapard peakuus MaxXCYJOTIAPUHUHT XOCHJ OYIWIIMHU  YpPraHHII
APOJIAPDHUHT KYIIWIMII MEXaHU3MJIAPUHU aHUKJIAIIJa Xall KWIYyBYH POJIb
VitHaiinu. Kupuin kaHaTMHUHT TaAbCUPUHU OUp XHJT TAPKUOUH SIAPO XOCKI KIITyBUH
TypAH Macca acCHUMETpHUsiCUTa dra OYJIraH CHapsA-HUIIOH >KY(QTIUTHHUHT
peaKkuusIap MaxCyJOTJIApUHM TaxXJWjl KWIWII OpKanu ypranum MyMkuH. [y
cababmu OFMp HWOHJAPHUHT ¥3apo0 TabCUp JWHAMUKACHHM Ba MacCaBUU
TaKCUMOTMHH TaJKUK KWIHII 5SKCICPUMEHTATOpJIap Ba HA3apuUETUMAp Y4YyH
no13ap0 MaB3yJapjaH oupu 0yau0 KOJIMOKIa.

Xo3upru BakTAa OyTyH OyHE OVinad ofup HOH Te3laTruujapura sra
TaJIKUKOT MapKa3jlapuaa TpaHCypaH Ba YyTa OFUP DJIEMEHTJIAPHUHT SIHTU
M30TOIUIAPMHU UNUIA0 YMKapuil Oyinya TagkKUKoTiap oaud OopHIMOKIA.
VTkasmnaétran Taxpubanapaa KaMpa® ONMIN peakiHsuIapu EpaaMuaa yTa OFUp
ANIEMEHTJIApHU OJIMIIAA KaTrTa KUUMHYWIMK, Oy CHHTE3 KWIMII KECUMHU
KUIUMaTJIapUHUHT KyJa KHYUKJIUTY OYITn0, yHUHT cababiapu TYKHAITYBYH s,ApoIap
TYJNa KYIWWIWIIMAArd MaBxyJ OyJaguraH TYCUKHUHI KaTTaJIUTd Ba/€KH XOCHUII
Oynran TapkuOui AAPOHUHT OYJIMHUO KeTullura Kapiu Oekapopauruaup. bynnan
TalIKapy, SAIPOJIAPHUHT TyJa KYIIWJIUIIMHUHT KECUMHHHM TapKuUOUH spo
OYIMHUIINAA YIYaHWITaH MabiIyMoTjiapra acociaHu® Oaxojamga HOAHMKIHK
MaBKyJ, YyHKHU TYJa KYIIUJIUIIra pakoOaTIom OYJIMHUII CHMOH Peakivs KaHalu
MaxCyJOTJIApUHUHT alpUM KUCMHU KYIIWIUII-OYJIMHUIN >KapaHU MaxCyJIoTIapu
cudaruna ymuanwiaad. OFup HOHIAp PU3NKACUAATU CYHITH TaXpHOaTapHUHT SHT
KU3UKAPJIN HATIKalapuaan oupu Oy, SHTU TypAard peakius MeXaHW3MIIAPUHUHT
Kami STUIUIIHIIND.

V36exucronna CYHIM WWUIapAa OFUpP HWOHJAp YPTaCHIAru TYKHALIyBJap
JTUHAMUKACH, aTOM SIIPOJAPUHUHT OVIMHUII MEXaHU3MJIApPUHH YpraHuil Oyiinda
Hazapuil Ba OKCHEPUMEHTAT TAAKUKOTIApHM YTKa3ulra KaTra 3bTUOOp
KapaTuiMokaa. Yoy ¢pyHaaMeHTall TaAKUKOTIap MaMJIaKaTUMU3 UIM-(DaHUHUHT
PUBOXIIAHUININ/IA KaTTa aXaMUTra sraaup. Y napHuHr amanuii tanouru 2017-2021
fimmnapna  V30ekucron Pecny6inMKacHHM SHAAA PUBOXIIAHTUPUII  Oyiinya
Xapakariap CTpaTeruscuaa’ aKe STTUPUITaH.

V36exncron PecryGmukacu Ipesunentununr 2017 iiun 7 despangarn I1d-
4947-con  “Y36exucton PecnyOIMKACHHM sSHAaja PUBOXIAHTHPHIN —Gyiinua
Xapakarnap crtpareruscu tyrpucuna’, 2017 viun 16 despanmaru [1D-4958-con
“Onmuit YKyB OpPTUAAH KEHHWHTW TabJIUM THU3UMUHH $IHA/la TAaKOMMJLIIAIITHUPUIL

¥36exucton Pecny6mukacu Ipesunentununr 2017 #iun 7 despanaru Ne ITd-4947 con dapmonn «2017—
2021 #imnmapaa Y36exucToH PecmyOnukacHN pUBOKIAHTHPUIIHUHT OemTa yCTyBop HyHamumu 0yiinda XapakaTiap
CTpaTerusicn»
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Tyrpucuna” dapmonnapu, 2017 imn 17 despangaru [1K-2789-con “dannap
akageMusacu (HaoNMATUHU sHala TAKOMWUIAIITUPHIN, WIMHA WIOUTAPHUA TaIIKUI
ATUII, OOLIKAPUII Ba MOJIUSIAIITUPHUIN OYViinua yopa Taadupiap Tyrpucuaa’, 2019
run 21 HosOpaaru I1K-4526-con “Snpo ¢u3mkacu MHCTUTYTH UIMHUM-TAAKUKOT
baonusaTHHY KYIU1a0-KyBBaTIaIl Yopa-Tai0upiiapu TYFpucuaa’” Kapopiaapu, XaMmaa
Ma3Kyp (aoiusTra TEruiuIn 00IKa MebEPUN-XYKYKUHN XyXoKaTiaapaa OelruiaHrad
Bazu(agapHU aMajra olMpuIia yoy AuccepTanus TAAKUKOTA MyailsiH Japakasia
XU3MaT KWJIAJIH.

TagKUKOTHUHT pecnydmnka dhan Ba TeXHOJIOTHSIJIAPH
PUBOAJIAHUIIMHUHT YCTYBOP HYHAJMILIAPUra MOCAMIH. Ma3Kyp TaaKUKOT
UM pecnyOiauka ¢aH Ba TEXHOJOTHsIIAp puBoxiIaHUMMHUHT 1. «DHepreTuka,
HHEProTEKAMKOPJIMK Ba MYKOOWJ 3HEprus MaHOallapu» YCTYBOp HYyHalIMIIHIa
MyBO(UK OakapHIIraH.

MyaMMOHMHI YPraHwjiraHjukK AapakKacu. XO03UPIrd BaKT/a KaXOHHHHT
CTaK4YM OJMMIIAPH TOMOHHIaH, >XymianaH, poccusiauk (G.G. Adamian, N.V.
Antonenko, R. V. Jolos, E. M. Kozulin), repmanusiuk (J. Khuyagbaatar, S.
Hofmann, W. Scheid), uranusanuk (G. Fazio, G. Giardina, G. Mandaglio), kopesiiuk
(K. Kim, Y. Kim, Yongseok O.), xuroiinmuk (H.Q. Zhang, P. Wen, L. Zhu),
amepukanuk (E. Henry, W.U. Schréder), xunauctonnuk (M. Thakur, A. Shamlath)
Ba OOIIKalap TOMOHUJAH OFUP MOHJIAp YpTacuaard TYKHAIIyBJIap TWHAMUKACUHU
ypranum Oopacuja Hazapuil Ba SKCHEPUMEHTAN TAAKUKOTIAp OJUO OOpPHIMOK/IA.
bynnman Tamkapu, y30ekuctomnuk omumiiap (B.ILIMukyms, HO.H.KoGnuk,
A.K.Hacupo, P.b.Tamxomxaes Ba OollKamgap) HUHT OFUpP  HOHJIAP
XyCYCHUSITIApUHU, OYJIMHUII MaXCyJOTJIapUHHM, KUHETUK DJHEPrUsICHHU Ba
pEaKLUSIHUHT OypUaK TAKCUMOTJIAPUHU YpraHull Oyiinda kyniad nuuiapu MaBxy/I.

bupnamran sapo Taakukoriaapu UHCTUTYTH (Poccust) Ba Snpo ¢usukacu
MHCTUTYTH (Y36EKHCTOH) OIMMIApH TOMOHHIAH OFUp HOHIAP YpTAacHAAru
peakuusiapaa Hazapuil Xxuco0 WIIapuia aHWK HaTKajgap OJMII YYyH, KYIIaJoK
Apojiap TU3UMHM MOJeTM UWNuiad 4yukwirad. bomka Mojemwnap OwiaH
TaKKOCJIaraHja KyIIaJoK sapojap TU3UMHU MOJICTUHUHT ad3auMKIapusian oupu
IIYHJAKH, 0y MOJEnb sIAPO KOOMKIAPUHUHT TY3WIHMIIUHA TYKHAIYB >KapaéHuUra
KypcaTraH TabCUPWUHU XHucoOra oJyidira HWMKOH Oepanu. byHnman tamkapu
XUTOWIHMK OJMMIIap TOMOHUJIAH OFHMP SJIPOJIAPHU KYIIWIIMIIMHUA XUCOOal yuyH
uniad Yukuiarad GEeHOMEHOJOTUK MOJEN MaBXKya OYViauO, YHUHT mapameTpiiapu
Hazapuil HaTWXaJapHU MabiIyM OViraH SKCIEpUMEHTal KEeCUMIIap XaKujaru
MabJIyMOTJIapra MOCIAIITUPUIL OPKAIH TOMUIAIHN.

AMMO IOKOpHJA KEITUPWITaH YCyJulap  SAPOJIADHUHT  KYIIWJIUII
MeXaHu3MJIapu (PU3MKACHHM TYIIYHTUPHUII YYyH e€Tapjvda MabiymMoT Oepa
onMaiiau. byHnan Tamkapu, peakius MEXaHU3MHIa KUPUII KaHATMHUHT KYIITaH
XUCCACH Ba TAPKUOUIA sIAPO XOCUIT OYITUIIT BaKTHIArd HYKJIOHJIAP aIMAIIHHYBH Iy
KyHraya ypraHuJMaras.

Jucceprauuss MAaB3yCMHMHI JHCCEpTANMS O0a:KapWiIraH WJIMHMIi-
TAAKUKOT Myaccacacm WIMHI-TAAKUKOT HIUIAPDA OWJIaH OOFJIMKJIMIH.
Jluccepranus TaaKUKOTH V36ekucron PecniyOonukacu ®dannap axamemusicu SAapo
bu3MKacl HMHCTUTYTH WIMHUN-TAAKUKOTIAp pekacuHuHr DA-D2-D055 "Orup
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WOHJIAp UINTPOKUIATH SIIPO PEAKIHsUIap Ba SAPOHUHT OYIMHUINKM HATHXKACHIA
XOCHJI OYJIaiural MaxCyJOTIapHUHT YUKUIIWHYU TaaKuK K" (2007-2011), DA-
®2-O115 "Kyn HYKJIOHIM aJMalldHUII PEaKIusIapy Ba KYITUIUII-OYJIMHMII
MEXaHU3MUHM WIMHUE TankukoT kuaum' (2012-2016), OT-®2-14"Kyuwnu y3apo
TQbCUPJIAITYBYM  KBAHT  CHUCTEMAJAPHUHI  KOJUIGKTUB Ba  MHKPOCKOMHK
xycycustiapuan Taakuk kuauin" (2017-2020) map3ycupard WIMHEA JIoHRHXagap
Jnoupacujia bakapuira.

TaaKMKOTHUHT MaKcaau OONUIAHFUY HEPTHS Ba OpOUTAT MOMEHTHHHT Xap
XWI KUMMaTIapyu YYyH peakUHs HaTkacuja Ky3aTWIraH MaxCyJoTjap YUKHII
OXTHUMOJUIMIUTA TYPJIA MEXAaHU3MJIAPDHUHI KYIIraH XUCCACMHU OaxoJsaligaH
noopar.

TagkukoTHUHT Basudaaapu:

Aposiap TYKHaIlyBHAa OOIUIAHFUY XOJaTJard Typjau opoOutan Oypyak
MOMEHTH Ba SIJPO CUMMETpUS YKU WYyHanuIl Oypuyakiapd Y4yH YMyMHUH ¥3apo
TabCUP MOTEHIIUATIUHU XUCOOIAIIL;

365+4206ph pa 3*S+2%Ph peaknusnapaa xap Xua OONUIAHFMY MIAPTIAp Y4yH
XapakaT TeHTJIaMaCHHU €YUl Ba Oapbhep OCTH Kampalll KapaCHIApUHUHT KYIITaH
XUCCAaCHMHU 0axoJialll yuyH TeHIJIaMaH! OJIUII;

%6542%ph pa *S+2%Ph peakuusAnapy ydyH KYIDAIOK SAApPO CHCTEMACHU
HBOJIIOIUSICHHUHT MYyBO3aHatT/a OyiMaraH OOILIaHFUY OOCKUYM YUYyH pPEaKIus
MaxCyJIOTJIApUHUHT Macca Ba 3apsij TAKCUMOTIAPUHU XU COOIAILL;

%65+205ph pa 3*S+2%8Ph peaknusAnapu yuyH KYIIAIoOK SAPO CHUCTEMACH
IBONIIOLMACKIA KYIIMIWII, KBa3MOYIMHUIN, Te3 OYJMHUII Ba OyFJIaHULI
KOJIMKJIapU YUyH KECUM KUHMaTIapuHHU XUCOOJIall;

Ti+208Pb peakumscu ydyH KYIIWJIWIN, KBa3MOYJIMHUII Ba Te3 OYIIMHMII
MaxCyJIOTJIapUHU MAacaBUil TAKCUMOTTa KYIITaH XUCCACUHU OaxoJallr;

BKr+4Ca peakuuscu y4yH 3aps) TaKCUMOTHHHHT (YHKHUII MaxCyJIOTIAPH)
Oypyak MOMEHTHUTA OOFITMKJINTHHN TAIKUK KUJTHIII,

BKr+*Capeakuusicu y4yH UyKyp OJaCTUK OYIMaraH TYKHAIIyB Ba
KBa3UOYJIMHUII MaXCYJIOTIAPUHUHT OypyaKk TaKCUMOT HATIKaJapUHU TaxXJIHII
KWW,

sHeprusg Ba Oypuyak MOMEHTHMHUHT Xap XWJI OOUUTAHFUY KUHUMaTIapu y4yH
KYIIAJIOK SIIPO CUCTEMACUHUHT SAIIAIT BAKTUHHA 0axOJarl.

TagKUKOTHUHI OOBEKTHMHM OFUP HOHJAD TYKHAIIYBUIATH PEAKLIHS
MaxcCyJIOTJIapu Ba yJIApHUHT Oypuak TAKCUMOTH TAIIKWI 3Ta]IH.

TagKUKOTHUHI NpPeIMEeTHHHU UKKUTA SIAPO YPTACUIATUA Y3apO TABCUPHUHT
YMYMHH TIOTCHITMAIHA, HHIIOH-IAPO TOMOHHUIAH CHApPSA SAPOCHHU KaMpalluaa
KYIIAJIOK SAPO CUCTEMACHHUHT XOCWUJ OYNIUIIM; ¥3ap0 TabCUpP KWIYBYM MKKWTA
SJIPOJIaH KYIIIAJIOK CHCTEMAHWHT 3BOJIIONMSICH, YHHHT STl MYJAaTH Ba KYIIAJIOK
AP0 CHUCTEMACHHUHT TapyalaHWIIA HATHXKACUAa PEaKIHs MaxCyJIOTIapUHUHT
XOCHJT OYJTUTITN TAIIIKHII dTaIH.

TankukoTHUHTr ycysapu. Kyuin ¥3apo Tabcup (PEeHOMEHOJIOTHK
MOTCHIIMAJIMHUAT MaTEMaTHK ammapaTd Ba MaKpOCKOIHUK CTATHUCTUK MEXAaHHKA,
nuddepeHnran TeHrIaMaIapHu SYUTIITHUHT aHATTUTUK Ba COHJIM YCYIJIIapH.

TaagKMKOTHUHT WIMMI SIHTWINTH KyHugaruiapaad uoopar:



SHEPIUSHUHT TOTEHIUAT TYCHUKAAH IacT KuiMariapu ydyH °S+°%Pbh pa
315+208ph  peakumsmapura Kampaml KeCUMHHHHT TYCHK OCTH KUIAMaTIapu
XUCOOJIaHTaH;

365+208pp, pa 34S+208Ph peaknmsanapuHUAHT 2n Ba 3N SMHUCCUS KAHAIUIAPU YUYH
OyFJIaHMIIl KOJJUFU KeCUMJIapHJia Ky3aTWIraH SKCIEpUMEHTAl KUiiMaTiapujaru
KarTa (apk cababnapu, ymoy peakuMsUIapHUHT ¥3apo TabCUp MOTEHIMAIapU Ba
KYUIWINII Oapbepiapu opacuaard hapk xucoOura Keaud YUKW KYpCaTUITaH;

BK1(10 M»B/uyk.)+*Ca peakuusacuaa o sSpuM MIap KHCMHUAA CHApS/ra
yXIWam MaxCyJOTIAPHUHT Ky3aTWIMIIWHM, XOCWJ OyiraH KyIIajgoK sJIpo
cucremacuHuHTr 180° ra Oypunnb OYIMHUII HaTHKACHIATH MaXCyJIoTiap cudaruaa
W30XJIOBYH SHTH YCYJI TaKJIA(] KUJTUHTAH;

BTi+2%Ph  peakuusacu OYIMHMIINAA, KBa3sUOYIMHUIN — MAaxcCyJOTJIApH
OYJIMHHUINTA YXIIAlll, ShbHU, KYIIIHII-OYIMHUII MaxCyJOoTIapy Macca TaKCUMOTHU
KEHTJIUTMHUHT OIIUIIKTa caba0uu 3KaHIUTU KYpCaTUIITaH.

TaaKUKOTHHHT aMaJIMii HATHXKAJIAPH KyHuaaruiapian noopar:

OMpUHYN MapTa CHapsJ SAPOHU HUIIOH SJIPOCH OWJIaH KaMmpall BaKTHa
XOCUJT OYJIraH KYIIaJIOK sIAPO CUCTEMA ABOJIIOIUSCUHUHT MyBO3aHatT/a OyiMaraH
OOCKMYM y4yH Macca Ba 3apsiJi TAKCUMOTIIApH OJIMHTaH;

OupuHuM Maporaba, o SpUM AP KUCMHUJA CHapsAra yxmanm
MaxCyJOTJIADHUHT KY3aTWIMIIUHA TYIIYHTUPHUII YYyH SIHTH XHUCOOJIAIll YCYIH
uniad yukwirad. byHra acocaH onjg  sSpuM  [apAa  CHapsiara  yXiaiil
MaxCyJOTJIAPHUHT YUKHIIM, KaTTa OpOUTa] MOMEHTAAru TYKHAIIyBlapia XOCHII
OyJraH KBa3HMOYIMHUII MaxXCylIOTIapu Ae0 TAIKUH KUIMHTaH.

TagkukoT HATHXKAJAPUHUHT HUIIOHWIMJMIM  SIpO Ba  Hazapui
(U3MKAaHUHT 3aMOHABUM yCyJIapu, IOKOpU caMapalid ajJropuTMiiap Ba COHJIU
YCYJUIAPHUHT KYJUTAHWJIUIIN; OJIMHTAH Ha3apuil HATHXKAIAPHUHT SKCIEPUMEHTA
MabIyMOT/Iapra Ba OomKa MyauTH(IaApHUHT HaTXKajJapura MyBOQUKIUTHHU
CUHYKOBJIMK OWJIaH TEKIIMPHUII; XYJIOCAJapHUHT TacT OJHEPrusjard sapo
peaKIUsIIApUHUHT aCOCUN KouJanapura MyBOPUKIUTH OUIaH acocliaHau.

TaagKUKOT HATHKAJIAPUHUHI WJIMHHA Ba aMajJuMi axaMUSATH. TagKuKOT
HATHWKATAPUHUHT UMUK axamustv, KyJoH Tycurura sKUH SHEprusijia OFup HOH
TYKHaITyBUa KaTTa SIpOJIApPHUHT KYIIWIHUII MEXaHU3MUHU aHUKJIANIaH noopar.
JuccepTanusiga KeNTUPUITaH TaKOMUJUIAIITUPUIITAH Ha3apui ycysiap, Xap Oup
peakiusi MEXaHU3MJIApUHMHT, YUKWl KaHaduja Ky3aTWIraH MaxcyJioTiapra
KYIITaH XUCCACHHU 0axoJialira UMKOH Oepajiu.

TaaKUKOT HATHXKATAPUHUHT aMajiuii aXaMHsITH IIIyHJIaH MOOpATKH, OJIMHTaH
HaTWKajlap YyTa OFUp SApOJIApHM Macca TaKCUMOTHAA, HEHUTPOH/MPOTOH
COHJIAPUHUHT HUCOATH Ba KOOMK 3P deKTaapu poJIMHU YPraHUIa UMKOH Oepajiu.
HatwxkanapHuHr sHa Oup aMaiuii axamMHsITH UIYHAAKW, Peakius HaTWKacuia
CHapsIT SIPOHK HUIIIOH SAPOHUHT OJI] KHCMUJA Ky3aTUIUIITMHI U30XJIAIIND.

TagKMKOT HATHIKAJTAPUHMHT KOPUHA KWIMHMIIU. KyllOH Tycurura siKuH
OynTraH sHepTUsIapAa OFUp UOHJIAP YPTACHIaru ¥3apo TabCUp AUHAMUKACH OYiinya
OJIMHTaH WJIMHIA HaTWXKajaap acocuia:

%65+208ph pa 3S+208Ph kampamn peakuusIapu TYCHK OCTH KECHMMHMHL
XUCOONIaHTaH KHMMAaTIapu XOPWIKUM OJMMIIap TOMOHHUIAH ¢oiaanaHuITaH
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(xanmkapo nimuii xypraautapaaru xasonanap: Nuclear Physics A 994, 121662, 2020;
Physical Review C 101, 014616, 2020; Physical Review C 101, 064604, 2020;
Journal of Physics G: Nuclear and Particle Physics 47, 075106, 2020). WMnmmii
HATWKATAPHUHT KYJUTAHWIMIIY TYPJIU XU peakiusiaapaa OONUIaHFuy SHEPTUSHUHT
NOTEHIMAJI TYCUKIAH NMacT KUWMaTiapy Y4yH Kampall KECUMUHUHT TYCHUK OCTH
KUMaTJIapuHu Xuco0alira MMKOH Oepras;

36S5+205ph pa 34S+208Ph peakiusanapuga OyFIAHUII KOJIUK KECHMIAPUHUHT
KUMaTIIapu ypracumard karta (apkKHH TYIIYHTHPHUIN YIyH OJMHTAH HaTHXKaiap
XaJIKapo TAAKUKOTUYIIIAp TOMOHUIAH STHTY Ha3apyil EHIANTyBHU CHHAO KYPHUII YIYH
UILIATIITaH (XaJIKapo WIMHUHN )KypHaLIapaard Xapoaamap: Nuclear Physics A 994,
121662, 2020; Physical Review C 101, 014616, 2020; Physical Review C 101,
064604, 2020; Journal of Physics G: Nuclear and Particle Physics 47, 075106,
2020). Mnmuit HaTWKAIAPHUHT KYJUIAHWIUIIA KHPUII KAaHATMHUHT POJIMHH
KYIIAJIOK SAPO CUCTEMACHMHHMHI SBOJIONMSICUTA KYIITaH XUCCACHHU H30XJaIira
MMKOH OepraH;

BKr(10 M»sB/ayk.)+*Ca peakuusacuga onjg sSpuM IIap KMCMHIA CHapsira
yXIan MaxcyJOTJIApHUHT Ky3aTWJIMIINA YYyH Takiaud KWIMHTAH YCYJ YeT JIUTUK
TaJKUKOTYMIAp TOMOHHUAAH (ohanaHwiran (Xajakapo WIMHH JKypHaJUIapaard
xaBonanap: The European Physical Journal A 55, 29, 2019; Journal of Physics G:
Nuclear and Particle Physics 47, 045115, 2020; Journal of Physics G: Nuclear and
Particle Physics 47, 075106, 2020). Mnmwuii HaTWKaJapHHHT KYJLIAHWTATIHA
KYIIAJIOK SAPO CHCTEMAacuIaH CHapsAra yXmam MaxCyJIOTIapHA YHKUIIMHU
YpraHuin Ba Iy CHCTEMaHUHT SIIall BAKTUHU OaxoJjamra UMKOH OepraH;

BTi+2%Ph  peakumsicu OYIMHUIIMAATH KBa3sUOYJIMHUII MAaxcCyJIoTIapu
POJMHY YpraHUWIIIaH OJIMHTAH Ha3apui XMCOOJANuIap YeT UK TaAKUKOTIUIIap
TOMOHHUJAH TaJAKUK STHWIAETTaH peakiysuiapAa mMacca TaKCUMOTHHU YpraHUIna
dorinananmiran (xanakapo WIMUH xKypHauiapaaru xaBsosanap: Physical Review C
98, 034601, 2018; Physical Review C 98, 014606, 2018; Physical Letters B 803,
135297, 2020). MnmMuii HaTHXKAJTAPHUHT KYJUTAHWIMIIK TACT SHEPTHUsUIapaa OFUp
WOHJIap YpTacuaard peakiusuiapja pakoOaTIallyBYd MeXaHU3MJIapHU Oup
OupuaH axxpaTuO OJUIIT UMKOHUHU OepraH.

TagKuKOT HATHXKAJAPUHMHI anpodaumusicd. [ldccepranus MITUHUHT
acoCHil HaTKajapu 7 Ta XaJKapo Ba pecrnyOiauka WIMAN aMaliuii aHKyMaHJIapuaa
Ba XalIKapo MakTaliapaa MyXxoKaMaaaH YTKa3HIraH.

TaakuKOT HATHKAJAPUHUHI YBJIOH KHJIMHUINM. J[uccepTamms MaB3ycu
JOMpacHaa KamMu 12 Ta MIMHI WII HAmp OSTHITAH, KyMuamaH Y30eKHCTOH
PecniyOnukacu Onuit aTTecTanusi KOMUCCHSCUHUHT JTOKTOPJIMK JUCCEPTAMSIIAPH
aCOCHUM WJIMMM HATXKAJIIAPUHU YOI DTUIL TaBCUs STWITAH WIMHUHN HalIpiapaa 5 ta
MakoJia, IyJixapjad 4 Tacu XOpWKUH )KypHaJUIapaa HaIIp dTUJITAH.

JAuvccepranMsiHMHT TY3WJIHIIM Ba Xa:xXMHM. /[uccepraums Kupuul, TypTTa
000, xynoca Ba (oipgamaHnwiraH anabuérnap  pyiixatugaH — ubOopart.
JucceprauustHUHT yMymMui Xaxkmu 102 GeTHU TalKui 3Tajau.



JINCCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum xucMuna yTka3wiraH TaJAKUKOTIAPHUHT J013apOJIMru Ba 3apypaTu
acocnanrad. PecnyOnuka (aH Ba TEXHOJOTHSIApU PUBOKIAHUIIMHUHT YCTYBOD
NYHaJIUMIUIAPUra MOCIWTY KypcaTWiraH. MyaMMOHMHI YPraHWITAHJIMK Japa)kacu
MyXOKaMa KWJIMHTaH, TaJKUKOTHUHT Makcaiu Ba Basudanapu, TaAKUKOTHUHT
WIMHNA SIHTWJIMTH XaMmJla aMaiuid HaTwxkanapu O0aéH KuiuHrad. [lucceprarus
UIIMHUHT anpoOanusIcu Xamja WITHUHT XaXKMHU Ba TY3WIHIIM XaKuaa KHUCKaua
MabJIyMOT OEpUIITaH.

JlucceprauusitHUHT "Orup HOHJIAPp  TYKHAIIYBHAA  JACTJIA0KH
0OCKUYJIAPHMHI JUHAMHUKAcH'" 11¢0 HOMIIaHTaH OMpUHYK O000HM1a TYKHAIIAaéTraH
AIPOJAPHUHTI HUCOMI XapaKaTMHU TaBCU(IIALl YUYyH SIIPO-SAPO Y3apo TabCUP
NOTEHLUAIN, Macca Ba MIIKaJTaHUII KO3()(PUIMEHTUHU XUCOOIall HIIapy aMaira
omypuiarad. MinkanaHum Kywiapu sapojiap OpacuJard HyKJIOH aJMalllMHYBU Ba
VIAPHUHT 3appadva-TelIMK Ky3Faaulid OuiaH OOFIMKJIMIMHUA XUcoOra oJcak,
UIIKaJaHUI KO3(p(UIMEHTH MUKPOCKONMK ycyiiaa XucoOnaHaau. TYKHamaéTran
SIPOJAPHUHT JWHAMUKACUHU YpPraHWUIl Y4yH HHUCOMI XapakaT TEHTJiaMajapu
onuHraH. bymapaan Qoiimananu6, 36S+206ph, 345+ 208pp gy 78Kr4 40Ca
peakuMsuilapy  y4yH Typiaud Xwuwil OONUIAHFUY DSHEpPrusi Ba OpPOUTATT MOMEHT
KUWMaTiapu Y4YyH, KaMmpall Ba UyKyp OJJIaCTUK OyiamaraH TYKHAIIYyB
TPACKTOPHUIIApU XUC00Ia0 YMKUIITaH.

Kymanox sagpo cucremacu (KSAC) monmenn poupacujga ¥y3apo Tabcup
NOTEeHUMaNM Kyiuaaru udona Epaamuaa XucoonaHau:

V(R) = Vc(R) + Vy(R) + Vyor(R), 1)

oy epma V:(R), Vy(R) Ba V,5:(R) Kynon, sapoBuii Ba ailiaHuIn
NOoTeHIMAIIapuaup. Peaknusiia KaTHAITyBYM SAPOJIADHUHT MIAKIW KYJIOH Ba
SIPOBUI TOTEHIMAIUIAPHA XUCOOIAMIA MyXMM axaMHATra sra. Y3apo TabCup
NOTCHIIMAUJATH  SAPOBUM KUCMU Murjgan TOMOHHMIAH Takiud KUJTUHTaH
ferrlp(x)] sddexTur HyknoH-HYKIOH Kywniapu opacupard (OIIUHI aMaéTu
OmyIaH XUCcoOJIaHaIH.

Vit R) = [ o1 (= 1) fers[plpg” (r = m)d?r,
forrlo) = Co (fin + (fox — fin) 222D).

p(0)

(2)

by epna pio) Ba péo) CHAps11 Ba HULIOH SIIPOJApUIard HyKJIOHJIAPHUHT 3UYJINTH;

C,=300 MeV fm3, f,, =0.09, f,, = —2.59 >](deKTuB HYKIOH-HYKJIOH ¥3apo
TabCUPUHHUHT IOUMUMIIApU; p = pio) + pgo).

Tykuamaérran sSApOJapHUHT HUCOMM XapakaTH KyWHJard TEHTJamanap
Epmamuga XpcoOJaHaIN:

HR)E + yr(RIR(D) = F(R), 3)
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F(R, al, az) - —

dL

OR

V(Ray,az) R2 Jdu(R)

)

OR

— =Yo(R)R()(OR() — 01R1err — B2Roery),
Ly =Jr(R,ay, )0 + 160, + ],0,,

.2 . 2 . 2
E __ JrRR,aq,a32)0 J161 126>
rot — > > >

+2

)

Kampam Ba 49yKkyp HOSJacCTHK TYKHAIIyBiIap ypTracuaard (apk IIyHIaKH,
HUCOMI XapakaT UMMOYJIbCH TYIHMK Oepmiamu €ku TYnMuK OepunMaian. WMkkama
xonataa xam KAC makmnanaau. Kampad onuin yayH MKKUTA MIAPT OaKapUIUILINA
Kepak: 1) Macca Mapkasuaaru CHapsSAHUHT JacTinaOku sHeprusicu E., y3apo
TabCUP TYCUFUHH CHTHUII YYyH eTapiinya katta Oynumm kepak (Kymon tycuru +
KUPUII KaHAJIMHUHT ainanum sHeprusicu), 2) KSAC sapo-smpo ¥y3apo Tabcup
NOTEHUUAIN KyAyFUra TylnO KOJMIIM Y4yH HUCOMI KMHETUK SHEPIUSIHUHT OUp
KUCMUHU TapKaTHIIK Kepak. Arap HNOTeHIHal KyIyK Oyiamaca, 4yKyp HORJIACTHK
TYKHAIIyB COIUp OYmaau.

154F | j i ; ;
2} | /=50 ', =40
|
< O150F
2 \ - \
= usf | JAR 3!
T 146 | I', T — g S
W 144 \ / \ /_\\
2 | — v \ e \
I Mo — E (in) A \
138 | —— £, lout) '}___ - /. \‘
138 L (a) ----- W) A\ I (b) . \
134 . . . . S - - e -
10 11 12 13 14 15 10 11 12 13 14 15 16
R(fm) R(fm)
15T " T T T 3 " R
1s2f | (=20 | =0
150F | ER E
< s \ | E
2 wsp | re—— £ | o —
= 4E | + | ko E
oF e2b | / i\
=< 1o} |\ 3 i E /
2 1sf £ A B £\ 'S i
= 16} / / 7 F o\ ‘/
S 134f AN / £ X b /f
132t + "\’:“/
130 F 3 -
| () o n 1 L. T
10 11 12 13 14 15 10 11 12 13 14 15 16
R (fm) R(fm)

1-pacm. 36S+296pp peakuusicn yuyn, E.,, = 146.41 M>B sneprusia uykyp
HO2JIACTHK TYKHamnyB (2) Ba kampam (6), (C), (1) TpaexkTopusiiapu

bupunun xonma (1(a)-pacm) cucTeMa SApPO-IIPO  ¥3apo  TabCHUPHUHUHT
MOTEHIMAaJ KyyFUra TylIMaiii Ba 9yKyp HOJIACTHK TYKHAITYBIIAp JaBOMHIIUTH,
KaMpalll peakiusuiapura Kaparanaa kucka oynamu (1-pacm (0), (€), (). Ymymuii
sHeprusa E;,;, mmkamanum kKodhUIMEeHTH Ba HYKTAIM YH3WUK OWIAH TaKIuM
stwiran V (t) y3apo Tabcup MOTEHIHUAIN Tyhalan Kamasau. AWIaHUIT SHEPTUACH
opbutan MoMeHT L KuiiMaTu optuinm 6uinan optud 6Gopaau Ba cucTeMa MoTeHIUal
TYCUKIAH yTa onMaiau, my cababmu L = 504 gan Oomnwtab Ou3 dakaT yykyp

HOSJIACTHK TYKHAITYBIIAPHH Ky3aTaMU3.
HucceprauusitHuHr  “Peakuust MaxcyJOTJAPUHMHI 3apsii Ba Macca
TAaKCMMOTH” 10 HOMJIaHTaH UKKHHYHM 000m, kKampaniad keiina KAC sBomonusicu
11



naiTuIa MyMKUH OYNraH KaHalapHu TaBcugmamra Oarunuianrad. bomrkapysuu
NOTEHUMAIHU XHUcOOJall, Macca Ba 3aps] TaKCUMOTH, KBa3sHOYIMHUIL OuiaH
pako0aTIaHyBUM KYIIMIHUILI SXTUMOJIIMTUHU 0axoJiamiia MyXuM poJib YitHaiu.

V3apo Tabcup noWpacumard SAponap OpacHIATM HEWTPOH Ba HPOTOH
aJIMalIMHYBU JKapa€HU CUCTEMaJard Macca TaKCUMOTHHM y3rapuiuura oJuo
Kenaau. Peakuus MaxcynoTiapu Macca TaKCUMOTHHUHI XapaKTEpUCTUKAJIapH,
KYIIAJIOK AP0 CUCTEMAaCHUHUHT NoTeHnuan sHeprus o3acu (I1310), nporonnap Ba
HEUTpOHIapHUHT KOOWK Ty3wnuiu Ba KSAC HMHr yHFOHHWII 3Hepruscu OuiiaH
oenrmnananu. [I1910 y3apo TabCUp KUITYBUYH SIIPOJIAP OPACHIATH YHEPTUs OaIaHCH
(Qg4) Ba anpo-aapo norenmmany (V(R)) AuFrBIMCH OpKanK XUcoOIaHa/u:

U(Z, A4, R, a,B1,a2,B2) = Qgg T V(Z, AR, ¢, aq, By, az, B2), (4)

Oy epna Z = Z; Ba A = A; KAC ¢dparmeHTiIapuHUHT 3aps]l Ba Macca pakamiapu,
oomika parmeHTinap Z, = Zpor — Z1 Ba Ay = Apor — A1, Oy epra  Zior Ba Apor
pEaKIUsIHUHT YMYMUM 3apsiJi Ba Macca COHJapu; f3; - AIpOJIApHUHT jaedopMalius
napameTpJiapy Ba @; - CHaps WYHANIMIIWTa HUCOATaH SIIPOJIADHUHT OypuaKiiapu;
Qg4 — TApKMOWUH AAPOHMHT yHFOHUIN SHEPIUACHHH aHUKIANI YIyH HIIATHIIAIAT aH
peakuus sHeprus 6anancu: Qg4 = By + B, — Bey.

Usr (Z,A, 4, Ry, 1, B1, @2, B2) = Uy (Z,A,€)  OomkapyBud  MOTEHIUAT
Oynuo, y xap Oup 3apan KuiMath Z y4yH, MOTEHUMaN KyIyKIapHUHT MUHHAMAJ
KMAMATIapy OWIaH aHWKIAHAMW. Y3apo TabCHp MOTEHIMATHHAHT MHHHMAT
KUiiMaTUra Moc keiaaural HucOuit macoda R,, Ownan 6enrmwnananu. Uy, (Z, A, )
KuiiMaTiiapu opoutanm MOMEHTHMHT (yHkuuscu cudaruga 0ymuod, [I3H0 xucod
MabIyMOTJIapUaH KyHuaarnia TOMUIa Iu:

Uar (Z,A, ) = Qgg +V(Z,A,4, Ry, a1, 1, a2, B2). (5)

Anponapnan OutrracuHuHr 3apsau Z Ba macca conu A Oynran KAC aunr
YUFOHUIII PHEPTUACH PEAKIMsIIa KaTHAIIYBYHM CHapsia dHeprusicu E.,, Ba peakuus
3apsa-accumerpuss  konburypamusicn  (Z,Zp; —Z) OpKalM  KylHuaaruda
XucoOJaHaIu:

Ez =Ecm —V(Z,Ry) + AQgg (2), (6)

Oy epna Zipy =721 +Zy, E.,, - Macca MapkKa3u CHCTeMacHIard TYKHaIyB
suepruscu; V (Z, R,,)- AApo-aapo MOTeHIMal KyAyFUHUHT R = R, 1aru MUHAMA
kuiimatn, AQg,(Z) - KAC 3apsax accuMeTpuMsACHMHMHT y3rapummaa  Qgg-
KMUMaTUHUHT y3rapuiid. Macca Ba 3apsia pakamiiapu A Ba Z OYnTraH sIpoJlapHUHT,
KAC HuHr t;,, flIall BakTHUAAH KEHWH YHUKUII SXTUMOJUIMIH KyWHJaruya
XHUCOOJIaHaIH.

* tin *
Vaz(E3(A), &, tine) = [ Paz(E3(A), €, )AL, dt, 7)
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Oy epna Py z(E7(A),4,t) - (Z, A) xondurypanusanu KACHUHT yiiFOHMII SHEPTUACH
E7, opbutan momenTu £ OunaH BakTHUHT Oepwuirad t KuiiMaTuga XOCWJI OYIHII

OXTUMOJUIUTH. A%f — KACHuHr 3apsn pakamnapu Z Ba Zcy — Z OYAraH UKKUTa

Oynakka mapyajaHUILI dXTUMOJIUTU. By KaTTtamuk y3apo Tabcup MOTEHLMAIUAArH
KBa3HOYIMHHUIL TYCUFUIa TECKapu OOFIaHran 0yu0, B, KBa3HOYIMHUII TYCHFUHU

kamaiTupuml  Ounan  opramu; Py z(Ez(A),¢,t) »oca, TpaHCIOpPT —MacTep
TEHIJIAMACHHH €UUII OMJIaH XHCOOJIaHAIH,

_PK(EKf‘e t) = K+1PK+1(EK+1J€ t) +A(+) 1Pr-1(Eg-1,4,t) — (8)

- + %
(a5 + 88 + AY) Pe(Er ,0)
Ky aykmonnu ytum kodguimeHTiapu Kyiuaarnda XucoOmanau:

B = Y 1g@P X1, (4,01 =, (4.0)

ipJjT
sin?[At(E (A) — &1 (A4))/2A]
(0 (4) — 610 (4))>

©)

Oy epna gi(fj)T (A) marpuria anemenTr 6yu6, outra HykinoHHEH KSAC Tanmku sTyBun

ey 9

"P" saponuHr “ip” catxu Ounan "7 SAPOHUHT “J1” caTXy Opacuaa aJIMalIMHyBHHH
TaBcupaiian (MpoToH anMamHyBH yayH K = P Ba HEUTpoH anMamuHyBH yayH K
= N) Ba yJmapHUHI KUHMaTiapu MHUKPOCKONHUK yCyld OWilaH XHCOOJIaHau.

i (K)  upn o o
&, Ban; P" sapoHUHT ypTaua MaWIOHM y4yH XHCOOJaHTaH Oup 3appaiu

DHEprus CXCMaCI/IHI/IHF MOC paBHIIA “Ip”’ caTXU YHEPTUSCU Ba YHUHT OAH UMK COHH.

A( ) Ba A( )y YTUI K03(PHUIHUEHTIAPUHUHT SAPOJIAp MACCACH Ba 3apsi]i COHJIapHra
60FJII/IKJ'II/IFI/I Ty(aiiinu, HEUTPOH Ba MPOTOH TakcuMoTiapu P, Ba Py XaMm ¥3apo
O0ornuK OYnmuO, yJapHUHT acoCHUil TEHTJIaMajapu mapaien paBumiga At BakT
KajiaMu Ouiian eunirad. [[poToH Ba HEUTPOHIAPHUHT OUP SApOJaH OOIIKA sIpora
YyTumm Oup BaKTHUHT Y3U1a, aMMO Xap XWJI OXTUMOJUIUKIIAp OWJIaH aMajra OIIHIIN
anuk. "P" Ba "T" xapdmapu KAC-aHuHT MOC paBuIa cHapsara (3Hr1ia) Ba HAIIOH
(orup) OYmakimapaarv HyKJIOHJIAPHUHT OUTTA 3appada X0oJaTIapuHu KYPCaTHII YUyH
UTTUTATUTIAIH.

Kpasu6ymuauin maxcynornapuaunr SKr (E/A = 10 MeV) + 4°Ca peakuus
MaXCyJIOTIApUHU XOCHJI OYIHIINTa KyIraH Xuccacu (7) TeHrJIaMaHd paKaMmIid yCyi
Epaamua euuin OusiaH 0axoJIaH Iu.
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Macca conH (4)
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3apsA1 coHH (Z)

2-pacMm. E;,, = 10 MeB/A sneprusina 78Kr + 4°Ca peakuusicn yuyn
XUCOOJIAHTaH KBa3HMOYJIMHMIN Ba KYIIHJIMII-0YIMHUII MAXCyJI0T/Iapuaa
Macca (3apsiji) TAKCUMOTH

2-pacMaa opbOutan MoMeHTHHHr L < 60h kwuilmMatu OwiaH TYKHaIIyBiIapaa
KBa3UOYJIMHUII MaXCyJIOTIapU/ia 3apsi/i Ba Macca TAKCUMOTH €HTHII SIAPO YUyH Z) =
18 Ba A; = 38 arpoduna, orup siapo yuyH 3ca Zy = 38 Ba A; = 78 arpoduna
WUFUITAHINTY AaHUK KYPUHUO TypuOau. 3apsl TAKCUMOTHHHHT IAKIINA, HEUTPOHJIAP
courn N = 20 Ba 40 ra Tenr 6ynran sapo €MUK KOOMFUHUHT TAhCUPUHUHT HAMOEH
staau. Hyknonnapuunr yrum kodpdurmentiapununar KAC saponapunaru Ourra
3appayvaiiy dHeprusiiapra 0eBocuTa OOFIUKINTY Ba TYKHAIIIYB SHEPTUSCHHUHT aH4Ya
kucmuHM (TaxmuHaH 40 M»bB) KSC aiinanuin sHEpruscu KYpUHUITUAA KOJWIITH
OupIaM4u MaxCyJOTJIAPHUHT 3aps]l TAKCHMOTHHU TACBUPJIOBYM YW3HKJIApJaru
KOOUK dS(PdeKkTnapuHuHr  cakjiaHuO  KOJUIIUHUHT  cababmapuaup. EHrun
AIpoJlapard SHEPrusl caTXJapu opacujard OyuumMKiap KaTTa siaposapra
Kaparanjga karra Ba Oy KoOuK »ddextnapu maiino Oynumura €paam Oepaju.
KBa3zuOynuuuin xapaHiapuga 3apsj Ba Macca TaKCUMOTWIAPUHMHI IAKIU
opbutan  MomeHTra  Oormukmup. 60A <L <70h  opamukma  Oynran
TYKHAITyBIapJa, KBa3UOYJIMHUIN MaXCyJOTIAPUHUHT TaKCUMOTU KYTIWJIHUIII-
OYIMHUII MaxXCyJOTIapHu 3apsj Ba Macca TaKCMMOTJIapura yXimad CHEeKTPHUHT
CUMMETPHUK Maccajiu KUCMHUTa Kapab uy3uiaam.

3-pacMaa Hazapuid xXucoOJlaHTaH Macca TaKCHMOTHHHM OJKCIEPHUMEHTAI
HaTIWKaJIap OwWiIaH TaKKocJaHuim Kypcatwiaran [Meenu Thakur, et.al., EPJA

53:133 (2017)].
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3-pacm. *8Ti (E = 273.1 MaB) + 298Ph peakuusicn yuyn kBa3u6y auaum
(KM3WJ1 YM3HK) Ba KYIIWIHII-0YJIMHUII (KYK YM3UK) MaXCyJ0TJIAPUHU
Ha3apuii 0axoJiall HATHKAJIAPH
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Hazapuii xucoOiiaHran peakuus MaxCyJOTIapUHUHT YUKHUIIA [IYHH
KypcaTaauku, 64-COHJIM Macca SKMHUJA KBA3WOYJIMHUII Ba KYIIWIUII-OYIMHHILI
MaxCyJOTJIAPUHUHT Macca TaKCUMOTJIApU yCTMa-ycT Tyuirad. Yoy nuk Fe Ba Ni
n3otorurapuauar N = 38 Ba 40 HEWTPOH pakamiapu OWJIaH XOCHJ OyIuIHra
OOFJIHK.

Macca coHH
I
o
1

Myposanaria
------ Mymosanatia G¥nvaran 365+206Ph

..... Myso3zaHaTaa 6¥TMaras 345+208Pb

20:-.-I---I-.-I.--I-..I...I...I...I...I
10 12 14 16 18 20 22 24 26 28

3apsi conn
4-pacM. KAC 3B0oJIIOIUSICMHHUHT MYBO3aHAaT/Aa 0yJIMAaran 0omiaHruy
oocknuu yuyH 36S+ 206Ph (ku3ua) Ba 34S+ 208Pp (kyk) peaknusiiapura
NMPOTOH COHUHUHT PYHKIUACU cudaTnaa XucoOJaHTaH CHAPS/ SIAPOAATH
Macca TakcuMoTH. CrucTteMa MYBO3aHAT X0J1aTHTAa KeJIraHAa, HKKaJIa
PeAKUMSIHUHT Macca TAKCUMOTJIAPH YCTMA-YCT TYIIA 1
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KAC »5BOMIOLMACMHUHT MablyM sIIall BaKTUAArd Macca Ba 3apsij
TaKCUMOTIIapH opacujaru ¢apk, TYKHAIIyBa KaTHAIIYBYHU SIPOJIADHUHT HEUTPOH
Ba MPOTOHJIAP COHMHUHT Oomnanfud N/Z - HucOatura OOFIIMK, YYHKH HYKIIOH
AIMAIIMHAIIIMHA KEJITUPUO YHKapajuraH YTUIl KOdPGUIHCHTIApH OWp XUl
3apsiira sra sIpOJapHUHT HEHTpOoHIap OminaH GapKiIaHaIurad U30TOIIap YIyH Xap
Xuaaup. Xap Xuj1 OoIIaHFuy HeliTpoH pakammapura sra N = 18 (34S) sa N = 20
(36S) 6yaran saponap KaTHAIUTaH peaklusaapia Kampa® ONIMII HaiTHaa XOCHI
oynran KAC Oynmakmapu opacumard IpoTOH Ba HeWTponyap HucOatu N/Z HuUHT
BaKT Oyiinua y3rapyily TPaHCIOPT MAacTep TEHIJIaMallapuHHU €4l Hynu OuiiaH
AHUKJIAHTaH.

Harmxana, KAC dparmenTiapuHuHr ¥3apo TabCup JaBOMUIATH JaCTIA0KH
MyBO3aHaTa Oyamaran 6ockuumpa °S+ 206Ph peakmuscugaru cHapsara yxmar
kucmaa N /Z —aucbat KuiiMaTu SHT KaTTaaup. by aca, ymlOy UKKuTa peakius yayH
XUCOOJaHTaH TMOTEHIMA] DSHEPrus 103acUJaH OJMHYBUM XapakaTIaHTHUPYBUYU
NoTeHIMan Ba JaHmmadT MAaKIMHUM TakKocialia cesunamd. S°S+ 206Pp
peaKkIusacHuia XOCuJl OYIran cHapsira yxiaii HeMTpoHra 0ol Oyiakka sra Oyiraxn
KSCa M9KY KYIIMJIAII TYCHK KaTTAIMIU nacTpokaup. S*S+ 298Ph pa 365+ 206ph
peakuusuiapy Y4YyH Macca Ba 3apsj aJMamuHyBuaaru (apk, Oy peaxkuusiapnaa
KYUIWJIMII SXTUMOJUTUTUATH (hapKHU Naia0 OYIuimra oaub Keiaiu.

365+ 206pp peakuumsicuna xocun 6yiran KSIC HUHT cHapsAra yXiam KHCMH,
345+ 208py  peaknMAHMHI IOyHAA KHCMHM OWJIAH TAaKKOCIAHIAHMA, KYIIPOK
HEUTpOHra sra 3KaHiuru 4-pacMjaH KypuHuO TypuOau. Harwxana OupuHun
peakiusaaa SAPOJIAPHUHT KYIIWIUII SXTUMOJUIMTH Karta OVnaau. bymakmap
opacuJard HEUTPOHJIIAPHUHT MyBO3aHat xonataaru takcuMmotu, KAC kucmitapura
Macca coHyiapuHUHT GyHKIuscu cudaruaa [IIFOHMHT MuUHUMaN KulMaTiapura
MOC KeJyBUM Macca KaTTajaukjapu oJuHraH (4-pacmmaru kopa um3uk). KSAC
MyBO3aHaTJa OyaMaraH XoJIaT y4yH XHMCOOJaHTaH CHapsara yxmam KACMJaru
HEMTPOH TAKCHMMOTH Iy CUCTEMAHHUHT tj; = 6 - 10722 gImam BaKTH y4qyH OJIMHTaH.

[I2K0Hu xucobnamm y4yH 3apsij pakaMu Z Ba YHra MOC KejlaauraH macca A
HaTwkanapuaan Qoitnananmianu, Oy sca Ousra Ppy KYIIWIUIT SXTUMOJUTUTHHU
KAC sanponapuHuHr Macca Ba 3apsii accuMeTpusich (QyHKuusacu cudaruaa
XucoOaam UMKOHMHK Gepanu. 3*S+ 298Pp peakumsacuna 3°S+ 296Pb peakuumscura
HUCOATaH TYNIMK KYIIMJIWIN TYCUFU OPTHINM, SAPO Mapkasiapapo wmacodacu
GbyHKIMSICH Ba yIApHUHT Macca-3apsjjiapy Opacuari y3rapuiira OOFIiK paBHINIA
xucobnanrad [IDKOHM Takkocnam HaTwkacuja KYpUHAIW. S-pacMard HKKala
[1210 opacumaru dapk (7) TeHTIaMaHHu €UHUIa, UKKada CUCTeMa y4yH OJIMHTaH
Xap XuJl macca connapuaad Qoitganmanuim tydaiim naingo Oynamu. S-pacMmaaH
KYpuHHUO TypuOauku, nmoreHiman o3a Z = 13 Ba R = 13.5 ¢m ra mMoc kemyBuu
KuiiMaTiapaa HIKM KYIHUIAOL TYCHK Bf) sra TYFpu KeTyBYM MakcuMasl KuAMaTra

ora.
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R (fm)

10 12

Z

1

14 16 18 20 22

5-pacm. 34S+208pp ga 36S+ 206ph peaknusnapuaarn KSIC 6y1akaapu

opacujaru HeMTPOHJIAP TAKCHMOTHHUHI MYBO3aHATIa €TMaraH Xo0J1aTH
yuyH xuco6aanran [IFOuunr kouryp kypunumu. [I3K0aaru oaxysaap

OOLIAHFUY 3apsii PAKAMUHU Ba s/iposapapo macoganu tapcuduiaiam

Yoy Tycuk 3*S+298Pb peaknmsa xonmatmpa TYIMK KYIIWIMID TYCHFU OYImO
KYpUHAIM Ba YHUHT KuiiMath S°S+ 29°Ph peaknmscu ydyH XucOONaHTaH MYKHU
KYIIMITUII TYCHK KaTTAIMTHIaH aH4a IOKOpH. 6-pacMaaH KYpuHUO TypuOanKH,

30 T{mux

25 KV IIUIHI [

20 A SN

U, (MeV)

CinvmMeTpHk OVIran
K:\-"IIIEI.'[UK HOpO CHCTEMAacH

3aps/1 COHH

25

6-pacm. Butra 242Cf Tapkuduii aapora 011 KeJyBYH HKKH peaKuus y4yH
3apsa conn GpyHKIUSICH cHPATHIA XHCOOIAHIaH GOIIKAPYB NOTeHIHAIH

345+ 208ph peakiusAcH ydyH XUCOOJAHTaH OOIIKAPYB MOTEHLUANU (KYK YM3HK)
3apsn pakamu Z = 13 Oynran Oynak y4yH KeCKMH KyTapuiand. Z = 16 kupui
KaHaJIMra MOC KEJaJuraH XapakaTjaHWIl MMOTCHUUAIMHUHT KuiiMatu Z — 0
KYIIWaum WyHanumuaara Z = 13 0ynarad MakcuMall KuWMaTAaH MacTPOKIUP.
Wukn kY tycurn Bry o (Z, A, £), xapakatianun notenmuaniauar Z = 0 Ba
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Z = Zp opacujparu OOUUIaHFWY 3aps] KuiiMatu ypracugaru (apk  opKaiu
aHUKJIaHA/IH,

B;us(ZfA' ‘E) = Udr(Zmax'Amax:{)) - Udr(ZP'AP:‘E)- (10)

JucceprauustHUHT “OFfvp HMOHJAPHMHI TYKHALIYBJAPUAATHM KaMpao
OJIMII, TYJIMK KYIIWIHII, KBAa3HOYJIMHHUII Ba OyFJIaHMII KOJAUKJIAPU
JKapaéHJApPUHUHT Kecumuiapu” 1e0 HOMJIAaHTaH YYWHYH 000M, Xap Oup KaHal
yUyH TYKHaIIyBlap MHaiThaa pakoOariallaguraH KaHajulap SXTHUMOJUTUKIAPUHU
XUCOONANI YCYJIUHY aKc >TTupagd. S°S+ 206Ph pa 34S+ 298P peakuusanapu yuyn
onuarad Hatmwxkanap, GSI (Japmmrant, I'epmanus) Ba JAEA (Tokau, Snonus) na
OJIMHTaH HKCIIEPUMEHTA MabIyMOT/Iap OWjaH TaKKOCIaHTaH.

Kampa® onuin kecuMm KaTTaIUTUHUHT Ha3apuid KUHUMaTIapu KHPUII
KaHAJIMHU TaBCU(IJIOBYM KATTATUKIIAp OWIaH XUCOOIaHa u:

Y L 4
Ocap(Eem) = = Xoto 24 + DPG) (Eem), (12)

Oy epna Pc(jz)? (Ecm) - Ecm. TYKHaNIYB 3HEpruscu Ba L = hf opOuTan MOMEHT 3ra
CHapsii SAPOHW HUIIOH SAPO TOMOHHJAH Kampald OJUIN SXTHUMOJUINTH, A =

R/ 2UE . U= A1A5/(A1+A,) — KIACHHMHT KelTUpUIIraH MacCacH.

[laprman kamMmpa® OJUII  KECUMH O'C(Q,(Ec_m, {B;})) xampab omumI

£ o
IPC(al), (Ecm, {B:i}) SXTUMONINTH, STPHA HUCOWM KWUHETHK JHEPTHUSHUHT FOTUINO

KCTUIITMHU TAaCBUPJIOBUM STPH YM3UFUHUHT SJIPO-SPO ¥3ap0O TabCHUP IMOTEHIIHAI
KYJIyFUTa TYITHO KOJUIITUHA XUCoOIan Wy OWIIaH aHUKJIaHA N

050 Eem B = 2= (20 + P (e, B). (12)

by epna A - xupum kaHanuHUHT jAe-bpoin TynkuH y3yHnuru. Kimaccuk xapakat

TEHIJIaMacu OWIaH XHCOOJIaHTaH ?C(‘fz), (Ecom, {Pi}), Kampab oJmmm 3XTUMOJHU

OepuiraH OONUTAHFUY SHEPTHS Ba opOUTAT MOMEHT YuyH 1 éku 0 ra TeHr OYyiumm
MyMKkuH. E_,, »Hepruscura OOFIMK paBullga, OpOUTAT MOMEHT (PYHKIUACU
cudaruaa kampad osuin yuyH € -opanuk (£, < £ < ;) MaBKyaaup:

(1,if ¢, <¥f<¥; and
Ec.m. > VB ,
0,if £t<¥, or £>+¢; and
£ ’ d
PeapEems BN =1"p ") (13)
cm. )

P for all € if Ecpm <V,

\
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Oy epna, £,, Ba £; - Oy TYKHAIIYB dHEPTUACHIA KaMpal OJUINra OJM0 KelaJuraH
opOuTayl MOMEHTHMHI MHUHHMMall Ba Makcumal Kuilmatiapu; Vp - Kupuin

. . NG .
KaHAJIUIaru Sapo-sapo NOTCHUUATMHUHT TYCHK KuiiMatu; P, p - TYCHK OpKaan
Kampai 3XTuMoau. YHuHr kuiimatu, BKb sxunnamysunan ¢oiigananud onmuHran
dbopmyna O6Viinya XxucoOIaHaIu:

PRys (Bem, (B)) = exp| =2 [ k(R ¢, {B})dR| (14)
Oy epna

K(RABY = |5 V(R A B = Ecm). (15)

R;, Ba R, WUKM Ba Tamky Oypwauin HyKTasapu 6ymuo, ymap V(R) = E.,, Owran
O0axomanran. € < ¥, opamMKAa KaMpalTHUHT WyKiuru, E.,, 1aH OomutaHraH
HUCOMM SHEPrus 3TpU YWU3UFUHU TMOTEHIMAI KyAyKKa TYIIHO KOJIMAaranjJuruHH
anrnatagu. Kamparnira xucca Kymaaurad napiyai TYJIKAHIap COHU OUp BaKTHUHT
V¥3uma paauan Ba opOuTan xapakarjap y4yH (3) TeHriamMa CUCTEMAaCHHHU EUHIIl
OwiaH XucoOJaHaIu.

VYironran xonataaru KAC smam BakTH gaBOMUIa Iy CUCTEMAaHM TAIIKUJ
ATYBYM UKKHUTA SAPO YpTacHaa HyKJIOHJIAp AIMAIIMHYBU OWJIaH pUBOKIAHAAMN. Xap
Oup xoJlaT ydyH peakuussHuHr ymoy Oockuuuga KAC nedopmanusiianran
MOHOSIIPO IIAKJIUTa YTUIIM €KW TYJIHUK KaMmpall OOCKAYUTa YTTyH4a UKKH OYJIaKkKa
(KBa3MOYIMHUII) aXKpalIWIId MyMKHH. BupuHumM Xonna, Sapo TU3UMHU TapKUOMIA
SAIPOHMHI CTATUCTUK MYBO3aHAT ILAKJIWTa €TUIIM KEepaK, aMMO OapKapOpIMKHU
TabMUHJIAII ~ Y4yH TycuK Oynmaramm  yuyn (B =0, ¢ > £y y4yH),
nedopMalusIaHTaH MOHOSIIpOra MOC KelaJuraH XoJucauap TapKuOuil sa1apo
HIaKJIura eTa oaMaiau Ba AeopMalMsUIaHTaH MOHOSIPO JApX0J UKKHUTA OYIakka
axpanaau (te3 Oynmuaui xapaéuu). LLlyHUHT ydyH mapuuan Kampaml KecuMura
KyWMJaru xaainap y3 XuCCaCuHU KyIIaau:

oty Ecm, (B} = 059 Beom, (B + 002 (Ecn, B + 0,7 (Ecom., (B (16)

Typnu XwWi yHFOHUILI SHEPrUsUIapy Y4YyH Napuuan KyIIWUJIUII KECUMH,
O

cap
Pcy KynauTMacu OumaH Kyiugarnda aHUKJIaHAIH:

(Ecn, {B;}) xampamr kecum Ba KSC HMHT KYIIMIWII —— 9XTUMOJUIMTH

0 e Ecms (B) = Pon (Ecan &, (B0 en (Ecn, (B, (17)

Pen(Ecm, €, {B;}) xymmmum  oxtumosury, KSC wunr  Zgy,, 3apsn

CUMMETPHUK KOHDUTYPAIMSICUNIAH Z 4, XapPAKaTIaHYB MOTCHIIMAIMHUHT MaKCUMaJl
KHMaTUra MOC KellaJuraH KOH(UTypamusra Kamap TYIUK  KYIIFUIALL
AXTUMOJUTHKIAPUHUHT HUFUHANCH cudaTuaa XucoOIaHa Iu:
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Pen(Eem, £, (Bi)) = 22me* P,(E3, £)PZ (E5, 4,{B.)). (18)

Zsym

040
0.35F
0.30F

025F

PCN

020F
0.15F

0.10 -

0.05

0.00 15 I 1 1 1 1 1 1 1 )

E, (MeV)

7-pacm. 36S+ 296pPph (ku3ua umsuk) Ba 3*S+ 298PD (kyKk y3yK un3MK)
peaKkuusiJIapU YYYH XHCOOIAHTaH KY WM 3XTUMOJLTUTH Py

365+ 206phy  pa 345+ 208ph  peaknuaAnapu  yd4yH XUCOOJAHraH  KYLIMJIMII
SXTHMOIUIMKIApMHN Pgy HaTwkamapu 7-pacmia Kentupuirad. S0S+ 206pp
PEAKIMACHHUHT TYIMK KYIIMIUI SXTUMoura S*S+ 298Ph peaknusacunarunan
KaTTa SKAHJIUTH KYpUHUO TypuOIu.

a
"

K xecuun  [mb)

Eimaiam kecave  (mb)

8-pacm. Tapku6Ouii IAPOHUHT TYPJIH XUJ YHFOHUIII
yneprusaapuia 36S+ 206pp (ku3mna) Ba 34S+ 298pPp (kopa) peakuusiiap yuyn
XUCOOJIAHTaH OypYaKk MOMEHTHUIa OOFJIMK PABUIIIA XUCOOJAHTAH
KYIMJIHIIHUHT apUuajl KeCuMJIapu
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8-pacm1a TypiIu X1j yHFOHMIL SHEPIUSACH YUYH XUCOOIAHTaH Ky IIMIAIIHHHT
mapuuan; KeCMM HATHKalapu akc STTUpHiraH. KYpuHUO TypHOIMKH, TYKHAIIYB
SHEPrUSACHUHUHI Tacaiumy Hatwkacuga S+S+208Ph peaxumsanuar 36S+ 206pp
peakuusara HUCOATaH KYIUMJIMII DSXTUMOJUIMTH KaMpok Oynamu. ILIyHWHTHEK,
Ky IIMum sxkapaéunapu S°S+ 206Ph peakuuscu yuyn 6ypuak MOMEHTHHUHT Gapua
KuiiMaTaapuaan coqup 6ymamu. 3*S+ 208Ph peakumsacu yuyn Ely = 24,26 MeB
sHepreTuk opanukia, Kynon tycuruaunr 36S+ 296Ph peaknusra auc6aran okopu
KUWMaTu Typailin 4yKyp HOAJIACTHUK TYKHAIITYB Ba KBa3WOYIMHHII XUCCACH OPTHO
O0opMoOKIa.

Tyna xymmnum xecumu Oapya mapuuan TYJIKUHIAP KylIMMYaJapyuHU
XHUCCAJIAPHHHU YKaMJTall WyIu OWTaH XucoOyianaau (0ypyak MOMEHTH OVinya):

0rusEem) = Syt 20+ 1)+ 02 (Bem) P (Eem).  (19)

¢ > {7 opanuKaary napuyal Ky i KECUMU T€3 OYTMHULIHUHT TTapIyat
KecuMu cudatuia Kapanaad. Te3 OYIMHUIIL KECUMH, MOHOSIPO XOCUJT OYIuimra
om0 kenyBun, ¥y < £ < £ OpaauKKa TYFpU KEIaJuraH napuyai TYIKHHIAPHUHT
XHMCCaJapUHU HUFUILI OPKaJIU XUcoOIaHaIH,

o (Eem) = Lozpt(28 + 1) 0 (Eem) * Poy) (Eem). (20)

KAC Mopenu poupacuparu kampaii KECUMHU KBAa3UOYIWUHUII, OYJIWHUII Ba
Te3 OYJIMHUIN KECUMIIAPUHHMHT HuruHaucura TeHr (16). MabiayMkd, KYIIWIHII
KECHMH OyFJIaHUTI KOJAUFU Ba KYIIMITAII-OYTHHUTI KECUMIIAPWHU Y3 HUNTA OJIa/IH.
[Iy6xacu3, KBa3UOYIUHUIIT KECUMU KyHHIarunvya aHUKTaHAIH .

Ogr(Eem) = Toce? (28 + 1) 082 (Eem) * [1 = P (Bean)]- (21)

KSIC nowpacuna TS uuHr yiironran sueprusicu E¢y Ba Oypuyak MOMEHTH ¢
HUHT OepuiraH KhWMaTIapuaa KYIIWIWAII Tapiyal KeCUM HaTwKajlapuaaH
doiinananuO, pUBOXKIAHTAH CTATUCTHK Mojen Oyinua Oyrnanum koiauru (BK)
KecumyIapu xucoomangu. S°S+ 206Ph pa 3%4S+ 298pp peakumsanap yuyn kampani,
TynmuK Ky Ba bK kecumnapuauHT Hazapuit kuitmatiapu 9- Ba 10- pacmnapnaa
Kampai Ba BK kecummapuHUHT SKCiepruMeHTall KHiMaTiapy OuilaH TaKKOCIIaHIH.
Ymly HatwxanapaH KypuHuO TypuOauku, 3N-OyFIaHUII KaHAIW Y4yH OJIMHTaH
Hasapuil HaTIKalap SKCIEPUMEHTal KuiMaTiap OWiIaH sSXIIH Moc Kemamd [J.
Khuyagbaatar, et.al., Phys. Rev. C 86, 064602 (2012)], 2n -OyfnaHuii KaHaIW yayH
OJIMHTaH Ha3apuil HaTwxanap sca, S°S+296Pbh pa 34S+ 208Ph peakumsanap yuyn
E;y=30 MeB Ba 28 MeB sueprusiraya 6yiran kKuiimatiap OWIaH SXIIH MOC KEJTaIH.

21



E (MeV)

c.m.

130 135 140 145 150 155 160 165 170 175
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102 %’ 368+206Pb . -!
10°F EEEEEEEE 1
10’ r A m  Capture (Exp.) '!
of Capture 3

Fusion
- - - = Fast -fission

B ER-2n (Exp.) 3
A ER-3n(Exp.) 1
——CN-2n ]

Kecnm kattamura  (Mb)

PETT IR IETTT e e |

9-pacm. 36S+296pPh peakuusicn yuyH Hazapuii XMco0IaHraH KaMmpani, TYJIHK
kyumiaum Ba BK (2n, 3n, 4n, 5n kanaaaap y4yH) kecuM KMAMaTIapuHu
JKCIePUMEHTAJI OJIMHIaH Kampam Ba BK kecum HaTmkasapu Ouiian

TaKKOCJa1l
E (MeV)
c.m.
130 135 140 145 150 155 160 165 170 175 180

P LI B BN B L BN BLAL LI LRI BLELALEL BLELELELE B AL BN R

1021— g4 28pyy g LA
107§ — .- 1
10 1
o o e Capture Exp.| 3
E 10°F = = = Capture 1
= 107k Fusion 1
g =2F e Fast fission | 3
: 10_3 r = ER-2n.Exp.| !
g 10°F A ER-3n.Exp.| 1
o R cron |1
=107 I U p— ER-4n 1
10°k /\{ e —ERSn |
107 | \ - s . E
10B ..|....|....\...4|....|....Ii..;4....|....|f...|.”

20 25 30 35 40 45 50 55 60 65

E. (MeV)
10-pacm. 3*S+298pp peakuus yuyn 9-pacMaa KeJITHPWITaHAeK HATHKAJIAD

HMuccepranussHuHT ""Peaknusi MaxcyJ0TJIapuHu Oypyak TakCcuMoTH' ' 10
HOMJIAaHTaH TYpTUHUYM O00uAa, OUPUHYM Ba HMKKWHYKM OoOJapja OJIMHTaH
mabaymoriaap épaamuiaa °Kr(10 MeV/A)+*Ca peakumsicn HaTHkKacuaa XOCHI
OYJIyBUM MaxCyJOTJIADHUHT Oypyak TaKCUMOTH HaTIKaJapyd KEeITUPUIITaH.
bupunun mapotaba, OyHgall Hazapuil XUCOO-KUTOOHUHT SIHTUM YCYJIM HILUIA0
YUKWIKO, SHEPTUSHUHT KaMalluIl peakuusiapuaa, OJiJl SApuM IIapja CHapsiara
¥Xmiam  MaxCyJOTJIapHUHT  Ky3aTWIMIIM — TYIIyYHTUpWIau.  KBasuOynuHuUII
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MaxCyJOTJIApUHUHT  Oypuyak TaKCUMOTHHH  TOIMMUIN  Y4YyH, CHCTEMaHHWHT
napyajaHuIIMAA ainanuin Oypuaru Opyg Kyiugarnua 6axonaHaam:

Opns = Oin + Qpns * Tpws; (22)

Oy epna 6;, peakUUsSHUHT KUPUII KaHaTH y4uyH (3) TeHIrJaMalapHUHT JMHAMUK
XUCOO-KUTOOMapy OwnaH aHWKIaHamu. 0;, HUHT Kuiimatu, Oepwiradn E., na
TYKHAIIAETraH AIpOJApPHUHT Oypyak MOMEHTUIAa Ba HYHanmuIl YKura HucOataH
SIPOJIAPHUHT (1 Ba A, Oypyakiapura OOFIUKINp. Z = Z, BaZ, = Z.y — Z OYynran
KSC xoH(UrypalusACUHUHT sIIAll BAKTH Tpys 0110, KBasuOymuHuI TYCuru B s
HUHT KUAMaTd Ba YUFOHUII SHEPrHSCHHUHT OepiraH KuiiMatinapu yuyyH Ej
KyWuJarnya aHuKJIaHa u:

h
TDNS = A_gf (23)

11-pacmaa 78Kr +*9Ca peakumscuga xocun 6yaran KSICHuHr Oypummin
Oypuarn HaTWXXaJapHHH AACTIA0KH SHEPTUSHUHT OUp HeuTa KUWMatTiapu y4yH
opbutan MoMeHT ¢yHKuuscu cudartuga kKentupwirad. Hatwxanapnan kypuHuO
TypuOauKU, opOuTan MoMeHTUHUHT ypTauda (40%4-704) xkuiimatinapuna KACHuHT
Oypunuin Oypyaru Karra Ba aijaHuIl OypyarMHUHT MakcuMal kuiimatu 180° ra
akuH. by mynu anrnaraauku, KACHuUHT smam Mmyanatd Ba Oypyak TE3JIUTH
CHapsiira yxmaimi OYJIakHU HUIIOH OYJiard oJjiiura YTUIINTra UMKOH Oepaiu.

210 T T ]
195 £
180 |
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< 7sp =~ E_=TT0MeV| |
60t ——  780MeV| ]
458 790 MeV

30F E
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0_... v b b b b b b b b b by
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¢ (n)

11-pacm. JlacTia0Ku SHePrusiHUHT OMP HeYTa KUMATIapu YYyH 0pOuTAaJ
mMomeHT QyHknusicn cupatuaa 'SKr + *0Ca peaxumusicnna KSICuunr
Oypuiui Oypuyaru

78Kr + *9Ca peakuuscu yuyH KBa3uOYIMHHII MaxCyJIOTIApMHUHT OypUaK Ba

Macca TaKCUMOT/IapH YUyH OO OOpHJIraH Ha3apuil TaJKHKOTIapra acocaH, SIpo
cuctemacu opOutan mMomeHTHUHT 40-60/ xuwitmaTmapuaa 180° raua Oypuinim
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MyMKHAHJIMTH Kypcatwirad (l1-pacmpa kypum mymkuH). Hatwkana, cHapsara
yXmam MaxcysioTiap oy spuM mapnaa 2,4-2,7 cM/HC Te3nuKAa Ky3aTWIUIIN
MyMmkuH, Oy asca [W.U.Schroder et.al.,, Pramana Jour. Phys., 85, (2015)] nma
KEITUPUIITaH IKCIEPUMEHTAN Ky3aTyBjapra MOC Kelau.

XVYJIOCA

"KynoH Tycurura sKMH OyJraH s3Heprusjiapjia OFHp HOHJIAp ypTacuaaru
y3apo Tabcup AMHAMHUKAcH' MaB3ycHaard (Qu3nka-mMaremaThka (panmapu Oyinda
dancada goxropu (PhD) nucceprarust UITMHUHT HATIOKAJIApPW acoCHa KyHHIaru
XyJiocaap KeJITUPHUIAIN:

1. KenTupwiran cHaps ssAPOCUHUHT HUIIIOH-]IPOCH OMJIaH KaMpaIHIIK yIapHUHT
TYIUK KYIMIWIMIIA  YYyH 3apyp IIapT dKawimurd kypcarwiau. Kamparn
sxTUMOIUIATY KyJOH MoTeHIManu Ba IAPOBUN NOTEHIMAT WMFUHINCHIAH XOCUIT
OynraH MOTEHUUATHUHT KyAYK Xakmura OofiukK. [loTeHiman KyITyKHUHT
YyKYypJIUTH, opOUTan Oypuyak MOMEHTUHHMHI OpPTHO OOopuIM OWiaH Kamailnb
Ooopuiy aHUK KYpuHUO TypuOau. Huiion Ba cHapsj Oynakiapuaa HKKUTa
KYIIMMYa HEHTPOHIAPHUHT MaBKyLIUrH, S°S+2%Ph peaknusacuna y3apo Tabcup
NOTEHIMAIIMHA YyKYypPpPOK Ba MacTpok Oynumura onud kenagu. LIlyHuHr yuyH,
ymly peakuuana Kampaml KeCUMUHUHT Kuiimath >*S+2%Ph peakumscupan
KaTTApOKAUpP, SbHU TapKMOuWii smpora yTumm kepak Oynram KSIC °S+20°Ph
peakuuacuaa KYnpoK xocuil Oymanu. by ¥3 HaBOatuma, peakuUsHUHT TYJIUK
KYIIWAJIUIT SXTUMOJUTUTUHU OITUPAIH.

2. KAC »Bomtonusicu HaTWXacHAard TYIUK KYIIAJIUII SXTUMOJUINTH, Xapakat
NOTEHIHATHUHT Ty3WINIIM Ounan Oenrunanamuran B, WYKA KyIIMIANI
tycurura O0ornuk. OFup cucTeMaliap Y4yH IOKOpU KYIIWIIMIN TYCUFU TIaiJI0
Oynmaam, Oy nca KYIIWIUII SXTUMOJUIMTUHMA TlacanTupanu. Kampamigan cyHTr
xocunt 6ynran KAC saponapu ypracuma HYKJIOHJAp alMalldHYBH JTaBOMU/IA,
KYIIMJTUII TPAEKTOPUSACUIA TTAH0 Oy nanuran Br,, ¢ MUKA KYNIMIAII Ty CHFUHHHT
345+298Ph peakiusicu yuyH xucoOnanran Kuiimatu °S+2%°Ph peaknmsacu yuyn
OJIMHTaH KUWMATIaH Karrtaaup. by, ymly MKKuTa peakuus yuyH XHCOOIaHraH
[ID¥0nan  onmHyBUM, XapakaT TMOTEHIMAIM Ba JAaHAmadT I[IAKIHHH
Takkocnamga kypuHaau. by dapk xypuO ymkuiran peakiusiapia Kampaii
xkapaéuuga xocua Oynran KSICuuar enrmn xucmumapumarua N/Z-aucOatiapu
Yypracunaru dapk Tydaiim ro3ara Keaaam.

3. 3S + 28pp pa S + 2°Ph peakumsnapu yuyHn, 2n Ba 3N KaHALIApHIA XOCHII
Oynran OyfIaHWIl KOJJAUFUHUHT OSKCIEPUMEHTIA OJIMHTaH KuiMaTiapu
opacunaru (apk, ymoy peakusUIapHUHT KUPHII KaHAIMHUHT XyCYCUSTIapUTa
OofnuK OynraH WKKUTa cabad OwnaH wu3oxjaHau. bupuHum cabab - Oy
peakuusuiap y4yH XHMCOOJIAHTaH SAPO-SApPO Y3apo TabCUPUHUHI MOTEHIMAI
KYIYKJIQpPUHUHT Yiadamjapu Ba kounamryBuaaru (apk. MxkkuHum cabab -
Kampanaad cyHr xocus o0ynaran KAC saponapu ypracuaa HyKIOH ajMallyBH
HATHXKacUa KYIITWIHII TPASKTOPHUSCHIA Tl 10 OYIauran B;us WYKHU KyIIUJIUIT
TYCUFUHUHT Oananpuknapunaru ¢apxaup. lynunraek, 3*S aapo kaTHamran
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peakuusAa TYIUK KYIMIMIWIIA KaTTa TYCUKHUHT Maiio OYIUIIMHU CHapsiara
yXIam SApo MaxXCYJOTIAPUHUHT YUKHUII TAaKCUMOTHHHU TaxJ I KUJIUIIAA
Ky3aTull MyMKUAH. CHapsiAra yXmam MaxcyJIOTIapHUHT YUKW TAKCUMOTHHUHT
WHTCHCUB OVIUIUIMIY, SAPOJIAPHUHT KYIIMIMIN >KapaHUHU KaMauTupaau.
Yoy cababnap Tygaiinmu, HeliTponra 6oif °S msotommman oiinanaHui,
35+208ph peaknms OumaH Takkocnaranga, °S+2%°Ph peakius yuyn karra
OyFJIaHMIII KOJIMK KECUMUHH OUITUPUILTA OJIMO KeTaau.

. BKr(10 A/MeV) +%Ca peaxkuusacMaa Ky3aTWITaH YUKMII MaxCyJIOTIApPH
KBa3UOYIMHMINI Ba KYIIWIUII-OYIMHUIN XapaHJIapuaaH XOCWI OYIraHiuru
aHuknangu.  Hatwxanapnan — kypuHHO — TypuOIMKH, — KBa3HOYIMHUII
KapaCHUHUHT 3apsi/i Ba Macca TAKCUMOTH OpOMTa MOMEHTra OOFiauKaup. L <
604 Owran TYKHAITYBIIAp yayH Oy WIIIAa OJIMHTAH Ha3apwuid HaTHXallap, Taxproa
HaTWXanapura SKUH OYynuO, 3apsig Ba Macca TaKCUMOTJIADUHUHT YpTada
KUiMaTiiapu eHrui maxcynor yuyH (Z; = 18, A, = 38) arpoduna Ba orup
saposiap yuyH oca (Zy = 38, Ay = 78) arpodua 3ud xoinamrad. 60A < L <
80A opanuwkaaru TYKHAIIyBIapaa, 3aps/l Ba Macca TAKCUMOTIIAPH SAPOJTAPHUHT
HOCUMMETPHK Maccajiap YMKHIL KOMUraya Kajaap 4y3uiaim.

. ByHnan tamkapu, sapo cuCTeMacCMHUHT aiinanui Oypyaruau yiyam, KACHUHT
ANl BAKTUHYU Oermiamra uMkoH oepamu. '°Kr(10 A/MeV) +%°Ca peakuusicu
YUyH, KBa3UOYIUHUII OYIaKIapUHUHT Oypuak TaKCUMOTIIapu OVitmya Hazapuii
TaJKUKOTIIAP, Oy SIPO CUCTEMACHHUHT OYpHUIIUII OypUaru opOUTas MOMEHTHUHT
L =(40-60) 7 xuiimaTraa 180° ra eTuinm MyMKUHJIMTHHA Kypcataau. Hatnxkana,
CHapsiara yxmam MaxcyJIOTiap SKCIEPUMEHTANl Ky3aTyBJapra MoC paBHIIIA
2.4-2.77 cM/HC Te3NUKIA OJIIUHTA SIPYUM IIap/ia Ky3aTHIAIIN MyMKUH.
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INTRODUCTION (annotation of PhD dissertation)

Topicality and relevance of the theme of the dissertation. At present, the
world successes in appearance of the precise modern experimental facilities
stimulate theoretical studies of nuclear structure and its role in reaction mechanism
at heavy ion collision reactions. The study of reaction mechanisms based on the
experimental data shows a decisive role of the entrance channel (initial stage) in the
yield of products at energies of the around and above Coulomb barrier. The effect
of entrance channel can be studied by analysis of products of reactions with different
mass asymmetries of projectile-target pair, leading to the same compound
nucleus.The study of the dynamics and mass (charge) distribution in collisions is
one of the urgent tasks of modern experimenters and theorists.

To date, research centers around the world with heavy ion accelerators are
conducting research to produce new isotopes of transuranic and superheavy
elements. A significant difficulty in producing the heaviest elements in fusion
evaporation reactions is exceedingly small cross sections, which can be attributed to
the hindrance at the complete fusion of colliding nuclei and/or to instability of the
being formed compound nucleus against fission. In addition, there is ambiguity in
the estimate of the cross section for pure complete fusion, from the measured data,
since the contribution of the products of the competing reaction channel, as
quasifission is included in the fusion-fission cross section. The high accuracy of
measurements of the ER cross section stimulates studies of the peculiarities of the
reaction mechanism in experiments producing transuranic elements. However, one
of the most interesting results of recent experiments in heavy ion physics is the
discovery of a new type of reaction.

During the years of independence of our country, the science has been
developed by providing theoretical and experimental investigations on nuclei fission
and events to solve fundamental problems in the world, and defined results have
been reached. Increasing the efficiency of nuclear technology area through the
application of innovative technologies of theoretical and applied investigations in
the area of nuclear reactions with heavy nuclei has significant meaning in the
Strategy of Actions on Further Development of Uzbekistan.

This research corresponds to the tasks stipulated in governmental 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,
Decree N0.PD-4958 “On further improvement of the post-university education
system” of 16 February 2017, Resolution No.PR-2789 “On measures of further
improvement of the activities of the Academy of Sciences, organization,
management and financing of scientific research works” of 17 February 2017 and
Decree N0.PD-4947 “On the Strategy of Actions on Further Development of the
Republic of Uzbekistan for 2017-2021” of 7 February 2017.

Relevance of the research to the priority areas of science and technology
development of the Republic of Uzbekistan. The dissertation research was carried
out in accordance with the priority areas of science and technology development of
the Republic of Uzbekistan: I1. “Power, energy and resource saving”.
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Degree of study of the problem. Nowadays, many scientific groups in the
world, such as Russian scientists (G.G. Adamian, N.V. Antonenko, R. V. Jolos, E.
M. Kozulin), German scientists (J. Khuyagbaatar, S. Hofmann, W. Scheid), Italian
scientists (G. Fazio, G. Giardina, G. Mandaglio), Korean scientists (K. Kim, Y. Kim,
Yongseok O.), Chinese scientists (F. Zhang, P. Wen, L. Zhu), US scientists (E.
Henry, W. U. Schrdder), Indian scientists (M. Thakur, A. Shamlath) and others,
make theoretical and experimental investigations to study the dynamics of collisions
between heavy ions. However, such Uzbek scientists as V.P. Pikul, Yu.N. Koblik,
A.K. Nasirov, R. B. Tashkhodjaev and others have many works on researching of
properties of heavy ion, fission products, yield, Kkinetic energy and angular
distribution of the reaction.

As a result of these studies, to obtain more accurate theoretical calculations in
reactions between heavy ions, the dinuclear system (DNS) model have been
developed by scientists from the Joint Institute for Nuclear Research (Russia) and
the Institute of Nuclear Physics (Uzbekistan).One of the advantages of dinuclear
system model as compared with other models is that, it allows take into account the
effect of the nuclear shell structure in theoretical studies of processes in collisions
of heavy ions.There is a phenomenological model developed by Chinese theorists
for calculating the fusion of massive nuclei, where the parameters are found by
fitting the theoretical fusion cross sections to known experimental data.

Unfortunately, these methods are less informative for understanding the
physics of nuclear fusion mechanisms. In addition, the contribution of the entrance
channel to the reaction mechanisms and multi-nucleon transfer during the formation
of a compound nucleus has not been studied until now.

Connection of the theme of dissertation with the scientific researches of
the higher educational institution, where the dissertation was conducted. The
dissertation was carried out within the framework of the scientific projects of the
Institute of Nuclear Physics: FA-F2-F055 “A study of the reaction yield with heavy
ions and nuclear fission” (2007-2011), FA-F2-F115 “Investigation of reaction
mechanisms of multinucleon transmissions and fusion-fission of nuclei” (2012-
2016), OT-F2-14 “Investigation of collective and microscopic properties of strongly
interacting many-particle quantum systems” (2017-2020).

The aim of the research is devoted to the estimation of contribution of
various reaction mechanisms to the observed yield of reaction products at different
initial values of energy and orbital angular momentum.

The tasks of the research:

calculation of total interaction potential of dinuclear system for different
initial condition of angular momentum and orientation angles of colliding nuclei;

solving the equation of motion and obtaining an equation for estimating the
contribution of subbarrier capture processes with different initial conditions for
reactions 3¢S+ 2%6pp and 3*S+ 298pp;

calculating mass and charge distribution of reaction products for non-
equilibrium initial stage of the dinuclear system evolution for 3¢S+ 296pph and
3454 208pp reactions;
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computing the fusion, quasifission, fast fission and evaporation recidue cross
sections in evolution of dinuclear system for the reactions 3¢S+ 29¢Pb and
34—S+ 208 Pb,

estimation of the contribution of the products of quasifission, fast fission, and
fusion-fission to the mass distribution for the reaction *3Ti+ 2°8Pp

studying the dependence of charge distribution (yield of products) on different
values of angular momentum for the reaction 78Kr + 4°Ca;

analysing results of the angular distribution of deep inelastic collision and
quasifission products for 78Kr + *°Ca reaction.

estimating the life-time of dinuclear system for various initial values of energy
and angular momentum;

The objects of the research are the reaction products in heavy ion collisions
and their angular, mass and charge distributions.

The subjects of the research are total interaction potential between two
nuclei, the formation of the dinuclear system at the capture of the projectile-nucleus
by the target-nucleus; the evolution of dinuclear system as the dynamics of two
interacting nuclei, its lifetime and yield of the reaction products at decay of dinuclear
system.

The methods of research. The research methods are mathematical apparatus
of phenomenological potential of strong interaction and macroscopic statistical
mechanics, analytical and numerical methods for solving differential equations.

The scientific novelty of the research is as follows:

the subbarrier cross sections for the capture of the projectile nucleus with the
target nucleus in the 36S+29pPp and 34S+298pp reactions were calculated for
various energies below the potential barrier;

the reasons for the strong difference in the values of the cross sections for
evaporation residues in the reactions 36S+ 2°6Pp and 3%S+ 298pb for channels 2n
and 3n, which are associated with the difference in the interactions potentials and in
the fusion barrier of these reactions, were revealed,

new approach is proposed based on the assumption that the dinuclear system
decays after a 180° rotation which are explaining the results of observation of the
projectile-like products in the forward hemisphere in the reaction "®Kr (10
MeV/nuc.)+*Ca;

it was shown that, quasifission products during the decay of the dinuclear
system in the *8Ti+ 2°8Pb reaction, are similar in mass distribution to the fission
products of a compound nucleus and responsible for an increase in the width of the
mass distribution of fusion-fission products.

Practical results of research consist of the following:

for the first time, the mass and charge distributions were obtained for the
nonequilibrium stage of the evolution of the dinuclear system formed during capture
before complete fusion;

new calculation method has been developed for an alternative interpretation
of experimental data with the emission of a projectile like products in the forward
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hemisphere, as the yield of quasifission products formed during collisions with a
large value of the orbital angular momentum.

The reliability of the research results is substantiated by the use of modern
methods of nuclear and theoretical physics and highly effective numerical methods
and algorithms; careful check of a consistence of the received theoretical results with
experimental data and results of other authors; consistency of conclusions with the
main provisions of the nuclear reactions at low energy.

Scientific and practical significance of the research results

The scientific significance of the research results lies in the elucidation of the
mechanism of the fusion of massive nuclei in heavy ion collisions at different
energies near the Coulomb barrier. The theoretical method improved in the
dissertation makes it possible to assess the contribution of each reaction mechanism
to the observed reaction products.

The practical significance of the research results lies in the fact that the results
obtained make it possible to investigate the role of shell effects, the ratio of the
neutron and proton numbers in the formation of reaction products in the production
of transuranic elements.Also, it interpret the appearance of a projectile nucleus in the
forward hemisphere outside the target nucleus after dissipation of a sufficient part
of its kinetic energy.

Implementation of the research results. Based on the obtained scientific
results onthe study of the dynamics of interaction in heavy ions collisions at energy
near the Coulomb barrier:

calculated subbarrier cross sections for the capture of an incident projectile
nucleus with a target nucleus in the reactions 3¢S+ 296pp and 34S+ 298pp, for
various values of energy below the potential barrier were used by international
researchers (references in foreign scientific journals Nuclear Physics A 994, 121662,
2020; Physical Review C 101, 014616, 2020; Physical Review C 101, 064604, 2020;
Journal of Physics G: Nuclear and Particle Physics 47, 075106, 2020). The use of
scientific results made it possible to calculate and evaluate the values of the
subbarrier capture cross section for different reactions;

the obtained reasons for the strong difference in the values of the cross
sections for evaporation residues in the reactions 3¢S+ 2%6Pp and 3*S+ 298pb are
recognized by international researchers (references in foreign scientific journals
Nuclear Physics A 994, 121662, 2020; Physical Review C 101, 014616, 2020;
Physical Review C 101, 064604, 2020; Journal of Physics G: Nuclear and Particle
Physics 47, 075106, 2020) as a promising new theoretical approach to studying the
evolution of the dinuclear system in reactions leading to the same compound
nucleus. The use of scientific results made it possible to interpret the role of the
entrance channel in the evolution of the dinuclear system;

the proposed method explaining the observation of projectile-like products in
the front hemisphere in the reaction ®Kr (10 MeV/nuc.)+%*Ca, was used by foreign
researchers (references in foreign scientific journals The European Physical Journal
A 55, 29, 2019; Journal of Physics G: Nuclear and Particle Physics 47, 045115,
2020; Journal of Physics G: Nuclear and Particle Physics 47, 075106, 2020). The
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use of scientific results made it possible to investigate the yield of products similar
to a projectile and to estimate the lifetime of the dinuclear system;

results on the determination of quasifission products in the decay of the
dinuclear system in the *8Ti+2%8pPh reaction were used by foreign scientists
(references in international scientific journals Physical Review C 98, 034601, 2018;
Physical Review C 98, 014606, 2018; Physical Letters B 803, 135297, 2020 ) when
studying the mass distribution in the other reactions. The use of scientific results has
made it possible to distinguish the products of different reaction mechanisms that
compete during heavy ion collisions at low projectile energies.

Testing of the research results. The research results were reported and tested
at 7 international and local scientific conferences.

Publication of the research results. On the theme of the dissertation, 12
scientific works were published, including 4 scientific papers in international
scientific journals recommended by the Supreme Attestation Commission of the
Republic of Uzbekistan for publishing basic scientific results of PhD dissertations.

Structure and volume of the dissertation. The dissertation is presented on
102 pages consisting of an introduction, four chapters, a conclusion and a
bibliography.

THE MAIN CONTENT OF THE DISSERTATION

The introduction presents the topicality and relevance of the topic of
dissertation, formulates the goal and objectives, identifies the tasks, subjects and
methods of research, determines the correspondence of the research to the priority
directions of development of science and technology in the Republic of Uzbekistan,
gives the scientific novelty of the research, substantiates the reliability of the results
obtained, discloses their theoretical and practical significance, provides brief
information on the implementation of the results and approbation of the work, as
well as on the structure of the dissertation.

The first chapter “Dynamics of initial stages of heavy ion collisions” of the
dissertation consists the calculations of nucleus-nucleus interaction potential,
reduced mass and friction coefficient to describe the relative motion of colliding
nuclei. Taking into account that, the friction forces are related with nucleon
exchange between nuclei and their particle-hole excitations, the friction coefficient
is calculated microscopically. The equations of the relative motion was derived for
studying the dynamics of colliding nuclei. By using these, the trajectories for capture
and deep inelastic collision at various initial energies and angular orbital
momentums were calculated, for 36S+2096pp, 34S+208phy and 78Kr+ 4°Ca
reactions.

In the framework of the dinuclear system (DNS) model, the interaction
potential calculated as follow:

V(R) = Vc(R) + Vy(R) + Vyor(R), 1)
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where V.(R), Vy(R) and V,,:.(R) are the Coulomb, nuclear, and rotational
potentials, respectively. The nuclear shape is important in the calculation of the
Coulomb and nuclear interactions between colliding nuclei with orbital angular
momentum at the internuclear distance R. The nuclear part of the nucleus-nucleus
potential is calculated using the folding procedure between the effective nucleon-
nucleon forces f,.rr[p(x)] suggested by Migdal and the nucleon density of the

projectile and target nuclei, pfo) and pg"), respectively:

Vit (R) = [ p@(r = 1) fors 0108 (r — 1) dPr,
ferrlp] = Co(fin + Uex = fi) 255)

p(0)

()

Here C,=300 MeV fm 3, f;,, = 0.09, f,,, = —2.59 are the constants of the effective

nucleon-nucleon interaction; p = pfo) + pg"). The effective values of the constants
fin and £, were fixed from the description of the interaction of the Fermi system by
the Grin function method and, therefore, the effect of the exchange term of the
nucleon-nucleon interactions was taken into account.

The relative motion of colliding nuclei is calculated by the following
equations:

H(R)EE 4y (RIR(E) = F(R),

IV(Ra1,a3) 7o Ou(R)
= = Yo(RIR(W)(OR(E) = 61Rcps — BoRocrr), ()

Lo = Jr(R, ay, @2)0 + J16, + J,0;,

.2 . 2 . 2
_ JrRRay,a3)0 J161 J20;
Eror = 5 T+

)

The difference between capture and deep-inelastic collision is, does the full
momentum transfer take place or does not. In both cases the DNS will be formed.
Two conditions must be satisfied for capture: 1) the initial energy E.,,, of projectile
in the center-of-mass system should be sufficiently large to overcome the interaction
barrier (Coulomb barrier + rotational energy of the entrance channel), 2) some part
of the relative kinetic energy has to be dissipated in order that DNS would be trapped
in the well of the nucleus-nucleus interaction potential. If there is not a potential well
the deep-inelastic collision takes place only.
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Fig. 1. Deep inelastic collision (a) and capture (b), (c), (d) trajectories at
collision energy E.,,, = 146.41 MeV for the 36S+ 2%6Pp reaction
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In the first case (see Fig. 1.(a)) the system is not trapped into potential well of
nucleus-nucleus interaction and, therefore, the duration of deep-inelastic collisions
is shorter than the one of capture reactions when the full momentum of relative
motion is transferred into intrinsic degrees freedom and the system is trapped into
potential well (Fig. 1. (b), (c), (d)). The total energy E;,; decreases due to dissipation
by the radial friction coefficient and the dynamical interaction potential V(t)
presented by the dotted line while the nucleus-nucleus potential including the DNS
rotational energy calculated with the undamped values of L is shown by the thick
solid line. The rotational energy is increased by rising L and the system can not
overcome potential well, therefore, starting from L = 504 we observe the deep
inelastic collisions only.

Second chapter “The charge and mass distributions of reaction products”,
is devoted to the description of possible channels during evolution of DNS after
capture. Calculation of driving potential, mass and charge distribution are playing
an important role in estimation of the complete fusion probability in competition
with quasifission.

The neutron and proton exchanges between the interacting nuclei lead to the
change in the mass distribution of the system. The characteristics of the mass
distribution of the reaction products are defined by the potential energy surface
(PES) of nuclear system, shell structure of protons and neutrons in nuclei and
excitation energy of the DNS. PES calculated as a sum of the reaction energy balance
(Qg4) and the nucleus-nucleus potential (V' (R)) between interacting nuclei:

U(Z; A; f, R; aq, ,81; ay, ,82) = Qgg + V(Z; A' R; ‘E; ay, Bl' a, ﬁz), (4)
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where Z = Z, and A = A, are charge and mass numbers of a DNS fragment while
the ones of another fragment are Z, = Z;,+ — Z; and A, = A;,+ — A1, Where Z;,;
and A,,; are the total charge and mass numbers of a reaction, respectively; £; are the
fragment deformation parameters and «; are the orientations relative to the beam
direction; Q,, is the reaction energy balance used to determine the excitation energy
of CN: Q,y = By + B, — Bey.

The driving potential Ug,-(Z,A,4, R, a1, B1, @2, B2) = Ugr(Z,A,€) 1S
determined by the minimum values of the potential wells for each charge value Z.
The position of the minimum value of interaction potential on the relative distance
is denoted as R,,,. The values of U,,-(Z, A,®) as a function of angular momentum ¢
are found from the data of PES calculated by formula

Uar(Z,A,4) = Qgg + V(Z, 4,4, Rin, ay, B1, @z, B2). ()

The excitation energy of DNS formed in collision of heavy-ions with the
energy E.,, and its charge-asymmetry configuration (Z, Z;,; — Z) is calculated by
formula:

Ez =Ecm —V(Z,Ry) + AQgg (2), (6)

where Z;,; = Z, + Z,; E.,, IS the collision energy in the center-of-mass system;
V(Z, R,,) is the minimum value of the nucleus-nucleus potential well, calculated at
R = Rp,; AQu4(Z) is the change of Q,,-value by changing of the DNS charge
asymmetry. For the first time the probability of the yield of the quasifission fragment
with the mass and charge numbers, A and Z, respectively, after interaction time t;,,;
of DNS is estimated by

* tin *
Yy 7 (E5(A), 8, tine) = ™ Py (E5(A), ¢, )N, dt, (7)

where P, ;(E, 7,4, t) is the probability of population of the configuration (Z, A) of
the DNS at the given values of the excitation energy E7(A4), angular momentum £
and interaction time t. A%f is the Kramer’s rate for the decay probability of the DNS
into two fragments with charge numbers Z and Z.y — Z. The decay probability
increases by decreasing the quasifission barrier B¢, which is taken as equal to the
depth of the potential well V(Z, 4, R, ¥); P;(EZ, 4, t) is the probability of population
of the configuration (Z,Z;, — Z) at E; and ¢, and it is calculated by solving the
transport master equation,
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d % - % %
= Py (B £, 8) = AL, Piyr (g, £ 8) + A P (Bie_y, £,8) —

_ (8)
(A§< 4 AP 4 AY ) Pe(EL, 4, 0)
The transition coefficients of multinucleon transfer are calculated as:
4
AP @) = D 1950 @I x ), 4,0(1 —nl, 4,0)
ipJr
(9)

sin?[AL(£( (A) — £ (A)) /24
(620 4) — &0 (4))?

X

where the matrix elements g(K) (A) describe one-nucleon exchange between the

DNS nuclei “P” and “T” (for the proton exchange K = Z and for the neutron
exchange K = N) and their values are calculated microscopically. Due to

dependence of the transition coefficients A§<_) and A§<+) on the mass and charge
numbers of nuclei, the neutron and proton distributions P, and Py are correlated
since their master equations are solved parallel way but consequently with the time
step At. It is clear that the proton and neutron transfers takes place simultaneously
but with the different probabilities. The letters “P” and “T” are used to indicate the
single-particle states of nucleons in projectile-like (light) and target-like (heavy)
fragments, respectively, of DNS.

The contribution of the quasifission products to the yield of 78Kr (E/A =
10 MeV) + 4°Ca reactions products have been estimated by the numerical solution
of Eq. (7).

Mass number (4)
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Fig. 2. The charge (mass) distribution of the quasifission (dot-dashed
and dot-dot-dashed curves) and fusion-fission (dashed curve) products
calculated for the 78Kr + 4°Ca reaction at the beam energy of E,p, =
10 MeV /A
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It is clearly seen in Fig. 2 that in collisions with L < 60# the centroids of the charge
and mass distributions of the quasifission products concentrate at around Z;, = 18
and A; = 38 for the light product and around Z, = 38 and A; = 78 for the heavy
product. The shape of the charge distribution is the manifestation of nuclear shell
effects related with the closed shells with the neutron numbers N = 20 and 40. The
shell effects in the theoretical curves of the the charge distribution of primary
products survive due to accumulation of the part of the collision energy in the
rotational degrees of freedom (about 40 MeV) and direct dependence of the
transition coefficients on the single-particle energies of nucleons in the DNS nuclei.
The gaps between energy levels in light nuclei are larger than those in massive nuclei
and this promotes the appearance of the shell effects. The shape of the charge and
mass distributions of the quasifission process depends on the orbital angular
momentum. In collisions with 60A < L < 70# the charge and mass distributions
extend up to the mass symmetric region by overlapping with those of the fusion-
fission products.

@
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Fig. 3. The results of the theoretical estimations of the QF (red dashed curve)
and FF (blue dashed curve) products for the 48Ti (E = 273.1 MeV) + 208pp
reaction

Figure 3 represents the comparison of the theoretical predicted mass yield
with the experimental ones [Meenu Thakur, et.al., EPJA 53:133 (2017)]. Theoretical
yield of the reaction products shows that there is the overlap of the mass distributions
of the quasifission and fusion-fission products near mass numbers 64. This peak is
related to the formation of the isotopes of Fe and Ni with the neutron numbers N =
38 and 40.
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Fig. 4. The mass number in the projectile nucleus as a function of its proton
number calculated for 36S+ 296pPp (dot-dashed line) and 3*S+ 298pPp (dashed
line) reactions for non-equilibrium initial stage of the DNS evolution. The
equilibrium distribution of neutrons between fragments corresponds to the
minimum values of the PES as a function of mass numbers one of the DNS

fragments (solid line)

The difference between the mass and charge distributions at the given time of
the DNS evolution depends on the initial N/Z - ratio in colliding nuclei since
transition coefficients causing nucleon transfer are different for the isotopes with
different neutron numbers of the nucleus with the same charge numbers. The N/Z-
ratio has been found by solution of the transport master equations for the proton and
neutron distributions between fragments of the DNS formed at capture with the
different initial neutron numbers N = 18 and N = 20 for the reactions with the 3%S
and 36S, respectively.

From the results of calculation, the largest of the N /Z-ratio in the projectile-
like fragments correspond to the 36S+ 296Pp reaction at the initial non-equilibrium
stage of the interaction of the DNS fragments. This is seen from the comparison of
the shape of the driving potentials and landscape of PES, which are calculated for
these two reactions. In the DNS with the neutron-rich projectile-like fragments
formed in the 36S+29€Ph reaction the intrinsic fusion barrier is lower. The
difference in the mass and charge evolutions for the 3*S+298ph and 36S+ 296pp
reactions leads to the difference in fusion probabilities in these reactions.

It is obvious from Fig. 4 that the projectile-like fragments of the DNS formed
in the 3¢S+ 206pp reaction are more neutron rich in comparison with the ones of the
3454 208pp reaction. As a result the fusion probability is larger in the first reaction.
Neutron numbers N corresponding to the given charge numbers presented in Fig. 4
are found from the analysis of the parallel solutions of the transport-master equations
(8): the neutron number N corresponding to the maximum value of the neutron
distribution function Py (4, t), (K = N) for the given Z is used in calculation of PES.
The equilibrium distribution of neutrons between fragments corresponds to the
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minimum values of the PES as a function of mass numbers one of the DNS
fragments (solid line in Fig. 4). Result for non-equilibrium distribution has been
obtained from the neutron distributions in the light fragment of DNS as a function
of its charge number at interaction time t;,,, = 6 - 10722 s after capture.

R(fm)

2 B 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 22
Charge number, Z, Charge number, Z,

Fig. 5. Contour maps of the PES calculated for the 3*S+298pp and
365+ 206pp reaction with the non-equilibrium distribution of neutrons
between the DNS fragments as a function of the radial distance between
their mass centres and charge numbers. The star on the PES shows the
initial charge numbers and internuclear distance

The results of the charge number Z and corresponding mass number A are
used to calculate PES which allows us to calculate the fusion probability P,y as a
function of the mass and charge asymmetry of the DNS nuclei.

The increase of the hindrance to complete fusion in the 3*S+ 298Pp reaction
in comparison with the 3¢S+ 296pPp reaction is seen from the comparison of PES in
Fig. 5 which are calculated as functions of the intercentre distance between nuclei
and their charge-mass asymmetry. The difference between the two PES(S) in Fig. 5
appears due to the use of the different mass numbers obtained in the solution of the
Egs. (7) by the different initial neutron numbers. As it is seen from Fig. 7 the
potential surface has higher bump corresponding to the intrinsic fusion barrier, Bz,
in the region Z = 13 and R = 13.5 fm. This bump appears as the hindrance in
complete fusion in the case of the 34S + 298Py reaction. This bump is significantly
higher than the one on the potential energy surface presented for the 36S + 296pp
reaction.
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Fig. 6. Driving potential calculated for the compound nuclei %42Cf as a
function of the fragment charge number

It can be seen from Fig. 6 that, the driving potential (blue dashed line)
calculated for the 3*S+ 298P reaction increases abruptly for the fragment with
charge number Z = 13. The value of the driving potential corresponding to the
entrance channel Z = 16 is lower than its maximum value at Z = 13 in the fusion
direction Z — 0. The intrinsic fusion barrier, B, (Z, A, ¥) is determined as the

difference between the maximum value of the driving potential between Z = 0 and
Z = Zp and the initial charge value,

B;us(Z'A' f) = Udr(Zmax'Amaxr'g) - Udr(ZP'APﬂ'D)- (10)

The third chapter “Cross sections of capture, complete fusion, quasifission
and evaporation resideu processes in heavy ion collisions” represents method of
calculations of cross sections for each channel, which are in competition during
collsions. Obtained results was compared with experimental data obtained in GSI
(Darmstadt, Germany) and JAEA (Tokai, Japan) for the 36S+2%¢ph and
345+ 208pp reactions.

Theoretical values of the capture cross sections are calculated with the
quantities characterizing the entrance channel by formula

_ At (®)
Jcap (Ec.m.) - EZ{EO (Z'E + 1):Pcap(Ec.m.)r (11)
where?c(jz), (E.,n) s the capture probability of the projectile-nucleus by the target-
nucleus in collision with energy E.,, and orbital angular momentum L = Af; A =

h/. 2uUE.., . All partial waves corresponding to the full momentum transfer events
are included into the summation in Eq.(11).
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The partial capture cross-section a0 (Ecm, {Bi}) 1s determined by calculation

cap
of the capture probability ?c%””;(Ec.m., {B;}) of trapping the curve presenting the

dependence of total kinetic energy on the time dependent internuclear distance into
the potential well of the nucleus-nucleus interaction:

08y Eem, ABY) = 2= (26 + DPS (Eem, (B)- (12)

Here A is the de Broglie wavelength of the entrance channel. The capture probability

?C(Cf,), (Ecm, {B:}), which is calculated by classical equation of motion, is equal to 1
or 0 for given beam energy and orbital angular momentum. In dependence on the
beam energy, E. ., , there is a £-window (#,, < £ < €, ) for capture as a function of

orbital angular momentum:

(L,if ¢,<¥t<?; and
Ec.m. > VB )
? 0,if <, or £>+¥; and
PeapEems BN =15 " )" ’ (13)

P for all € if Ecpm <V,

\

where ¢, and £, are the minimum and maximum values of the orbital angular
momentum ¢ leading to capture at the given collision energy; Vy is the barrier of the

nucleus-nucleus potential in the entrance channel; P]},{)}B is probability of the barrier
penetrability. It has been calculated by the formula which is derived from the WKB
approximation:

PRyies (Bem, (B:) = exp| =2 [y k(R ¢, {B})dR| (14)
where

K(RAABY = =5 (V(RABY) = Ecm). (15)

R;, and R,,; are inner and outer turning points which were estimated by V(R) =
Ec.m.-

The absence of capture at £ < #,,, means that the total energy curve as a
function of E,,, is not trapped into potential well: dissipation of the initial kinetic
energy is not enough to cause the total energy of DNS to be trapped due to the
restricted value of the radial friction coefficient. The number of partial waves giving
a contribution to the capture is calculated by the solution of Eq. (3) for the radial and
orbital motions simultaneously.

During the lifetime of the excited DNS the composite system evolves by
exchanging nucleons between the two nuclei constituting the DNS. For each event,
during this stage of reaction, the DNS can reach the shape of a deformed
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mononucleus or it can decay into two fragments (quasifission) before to reach the
complete fusion stage. In the first case the nuclear system has to reach the statistical
equilibrate shape of the CN, but the events which correspond to deformed
mononucleus without barrier to provide stability (B = 0 for £ > £/, where the £

is characteristic of each CN with its structure of nucleons) cannot reach the shape of
CN because the deformed complete fusion system immediately decays into two
fragments (fast fission process). Therefore, the partial capture cross section is
contributed by the following terms:

08 B, (BY) = 02 Ecom, B + 0fis Bern, B + 0.7 Ecm, (B (16)

The partial fusion cross section is determined by the product of capture cross

section acap(ECN,{ﬁl}) and the fusion probability P, of DNS for the various
excitation energies by the use of formula:

0 (Econ, ABY) = Pon(Ecans £, (B 0an (Ecm, (B}, (17)

The fusion probability P.y(E...,? {B;}) is calculated as the sum of
contributions to complete fusion from the charge symmetric configuration Z,,,,, of
DNS up to configuration corresponding to the maximum value of the driving
potential Z,,,4x:

Pen (Een, £, Bi}) = Z77 Po(E3, O)PL) (B3, £, {B:)), (18)

where E is calculated by formula (6) and the weight function P, (E7, £) is the mass
and charge distributions probability P,(E, £,t) in the DNS fragments is determined
by solution of the transport master equation (8).
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Fig. 7. Fusion probability P¢y calculated for the 36S+2%6pPp (red solid line)
and 34S+ 208pp (blue dashed line) reactions
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Comparison of the fusion probabilities P, calculated for the 36S+ 20¢pPh and
345+ 208pp reactions is presented in Fig. 7. It is seen that the complete fusion
probability of the 36S+ 296Pp reaction is about one and half times larger than that
of the 3*S+ 298P reaction.
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=
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Fig. 8. Partial fusion cross sections calculated for 3¢S+ 296pPp (red solid
curves) and 3*S+ 298pp reactions (black dashed curves) as a function of the
angular momentum, for differnet CN excitation energy

Fig. 8 represents results for partical fusion cross section for different
excitation energy. It can be seen, that, by decreasing energy of collision reaction
345+ 208pp has less probability of fusion comparing to 3¢S+ 206Pp reaction. Also
fusion prosesses take places in all values of angular momentum for the 3¢S+ 296ph
reaction. For the 3%S+208pp reaction, in the energy region E&y = 24,26MeV,
contribution of deep inelastic collision and quasifission are increasing due to higher
value of the Coulomb barrier comparing to 3¢S+ 2°6Pp reaction.

The fusion cross section is calculated by summarizing contributions of all

partial waves (angular momentum):
o=t ¢ ¢
Ofus (Ec.m.) = Z{J:Of(z'g + 1) ' Uc(aga (Ec.m.) ' PC(N) (Ec.m.)- (19)

The partial fusion cross section with £ > £¢ is considered as a partial fast
fission cross section. We should stress that for the superheavy elements £, is not
relevant quantity because there is no barrier connected with the liquid-drop model.
The fast fission cross section is calculated by summing the contributions of the
partial waves corresponding to the range ¢, < ¢ < ¢, leading to the formation of
the mononucleus,
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o (Bem) = Lyop (28 + 1) 0y (Eem) Py (Eem)- (20)

The capture cross section in the framework of the DNS model is equal to the
sum of the quasifission, fission, and fast fission cross sections, see Eq. (16). It is
clear that the fusion cross section includes the cross sections of ERs and fusion
fission products. Obviously, the quasifission cross section is defined by

Ogr(Bem) = Some28 + 1) 00 (Eem)  [1 = P2 (Bemn)]- (21)

In the DNS framework the partial cross sections of the CN formation are used
to calculate evaporation residue (ER) cross sections at given values of the CN
excitation energy Ecy and angular momentum ¢ by the advanced statistical model.
The theoretical values of capture, complete fusion and ER cross sections are
compared with the experimental values of the capture and ER cross sections of the
365+ 206pp and 34S+ 298Pp reactions in Figs. 9 and 10, respectively. The partial
fusion cross sections are used as the input data in calculations of the ER cross
sections by the advanced statistical model. It is seen from these figures that the
theoretical results for the 3n-evaporation channel are in good agreement with the
experimental data [J. Khuyagbaatar, et.al., Phys. Rev. C 86, 064602 (2012)] while
the theoretical curve obtained for the 2n-evaporation channel is in good agreement
with the data up to energies E;y=30 MeV and 28 MeV for the the 3¢S+ 296Pp and
345+ 208pp reactions, respectively.
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Fig. 9. The theoretical values of capture (red thick dashed curve), complete
fusion (solid thick curve) and ER (thin solid-2n, thin dashed-3n, thin dotted-
4n and thin dot-dashed-5n channels) cross sections are compared with the
experimental values of the capture (red circles) and ER (black squares-2n and
red triangles-3n channels) cross sections of the 3¢S+ 206pp
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Fig. 10. The same as in Fig. 9 but for the 3*S+ 298pp reaction

The fourth chapter “Angular distribution of reaction products” presents
the results of calculation of angular distribution for 8Kr(10 MeV/A)+%°Ca reaction
by using output data of first and second chapters. The first time the new method of
calculation has been developed to explain the observation of the projectile-like
products in the forward hemisphere in the energy damped reaction. To find the
angular distribution of the quasifission fragments, we estimate the rotational angle
Opns at the break-up of the system as

Opns = Oin + Qpns * Tonss (22)

where 6;,, is determined by the dynamical calculations of Egs. (3) for the entrance
channel of the reaction, i.e., at the capture stage. The value of 8,,, depends on the
angular momentum and orientation angles a; and a, of the symmetric axis of the
colliding nuclei at a given E.,,, . The lifetime of the DNS configuration tpyg With
Z=17Z; and Z, = Z.y — Z, where Z.y is the charge number of the compound
nucleus, is determined by the quasifission barrier B, and the excitation energy E
for given values of beam energy and angular momentum £ through

h
Tpns = A_gf' (23)

In Fig. 11 we present the results for the rotational angle of the DNS formed in
the reaction of 78Kr + *°Ca as a function of orbital angular momentum for several
values of the initial energy. It can be seen that, in the middle values (40A — 70#) of
orbital angular momentum, the rotational angle of the DNS is larger and the
maximum value of the rotational angle is close to 180°. This means that the lifetime
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and rotational velocity of the DNS allow the projectile-like fragment to go beyond
the target fragment.
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Fig. 11. The rotational angle of the DNS formed in the 78Kr + *°Ca reaction
as a function of orbital angular momentum # for a given E,;
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Performed theoretical study on the angular and mass distributions of
quasifission fragments in the reaction of 78Kr +*°Ca indicates that the rotational
angle of the dinuclear system can reach 180° at collisions with relative angular
momentum of L =(40-60)% (can be seen in fig. 11). As a result, the projectile-like
products can be observed in the forward hemisphere with a velocity in the range of
2.4-2.7cm/ns, which is consistent with the experimental observations reported in
Refs.[ W.U.Schroder et.al., Pramana Jour. Phys., 85, (2015)].

CONCLUSION

The main results of the theoretical research, which was carried out on the
theme of the PhD dissertation “Dynamics of interaction in heavy ions collisions at
the energy near to coulomb barrier” has leaded to the following conclusions:

1. It was shown that, the capture of incoming projectile-nucleus by target-nucleus
IS necessary condition for their complete fusion. The probability of capture
depends on the size of the potential well formed by the sum of the Coulomb
potential and nuclear attraction. It is clearly seen that the size of the potential well
decreases with increasing values of the orbital angular momentum of a collision.
The presence of two extra neutrons in isotope S and projectile-like fragments
makes the potential well deeper and lower for the 3S+2%°Ph reaction. Therefore,
the capture cross section for this reaction is larger than the one of the 34S+2%8ph
reaction, i.e. the larger number of DNS being to be transformed into compound
nucleus is formed in the 3°S+2%pb reaction. This increases the probability of
complete fusion.
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2. By the evolution of the DNS, the probability of the complete fusion depends on
the internal fusion barrier By, ¢, which is determined by the structure of the

driving potential. For heavy systems appears high fusion barrier, which reduces
the probability of fusion. The difference in the heights of the intrinsic fusion
barrier Bz, ; appearing on the fusion trajectory by nucleon transfer between nuclei

of the DNS formed after capture. The value of By, calculated for the *S+2°%Ph

reaction is higher than the one obtained for the *S+2%pp reaction. This is seen
from the comparison of the shape of the driving potentials and landscape of PES,
which are calculated for these two reactions. This fact is caused by the difference
between the N/Z-ratios in the light fragments of the DNS formed during the
capture in these reactions.

3. It was reached that, the difference between observed cross sections of the
evaporation residue of the S + 2%Pb and 3¢S + 2P reactions formed in the 2n
and 3n channels has been explained by two reasons related to the entrance
channel characteristics of these reactions. The first reason is the difference in the
sizes and position of the potential wells of the nucleus-nucleus interaction
calculated for these reactions. The second reason is the difference in the heights
of the intrinsic fusion barrier By, ; appearing on the fusion trajectory by nucleon

transfer between nuclei of the DNS formed after capture. Also, a larger hindrance
to complete fusion in the reaction with S can be observed from the analysis of
the yield of the projectile-like products. The intense yield of the projectile-like
products decreases the number of events going to complete fusion which
produces fusion-fission products and evaporation residues after emission
neutrons and light charged particles. Due to these consequences, the use of the
neutron rich isotope %S makes the ER cross section larger in the 3S+20°pp
reaction at the de-excitation of compound nucleus in comparison with the ones
of the 34S+2%8Ph reaction.

4. It was obtained that, the observed yields of the binary products in 8Kr (10
A/MeV) +%°Ca reaction are related quasifission and fusion-fission processes. It
can be seen from the results, that the shape of the charge and mass distributions
of the quasifission process depends on the orbital angular momentum. In
collisions with L < 60 the average values of the charge and mass distributions
are rather concentrated near the projectile/target masses and charges at around
(Z, = 18, A; = 38) for the lighter product and at around (Z,; = 38, Ay = 78)
for the heavier product, which has a good agreement with the experimental
results. In collisions with 60A < L < 80#A the charge and mass distributions
extend up to the mass symmetric region overlapping with those of the fusion-
fission products.

5. Moreover, measuring the rotational angle of the dinuclear system in the
experiment allow us to establish a life time of DNS. From theoretical study on
the angular distributions of quasifission fragments in the reaction of ®Kr (10
A/MeV) +%°Ca, which indicates that the rotational angle of the dinuclear system
can reach 180" at collisions with relative angular momentum of L =(40-60) 7. As
a result, the projectile-like products can be observed in the forward hemisphere
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with a velocity in the range of 2.4-2.7cm/ns, which is consistent with the
experimental observations.
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Heabr0 ucciaea0BaHUsA SBISIETCS OLICHKA BKJIAJA PA3JIWYHBIX MEXaHU3MOB
peaKiuu B HAOJII0Ja€MbIi BBIXOJ IIPOJIYKTOB PEAKIIMK IPU PA3TIUYHBIX HAaYAIbHBIX
3HAYCHUSAX PHEPTUU U OPOUTATHPHOTO MOMEHTA.

3amauu uccjieI0BaAHNS:

pacyer IMOJHOTO IMOTEHIHaNa B3aUMOIEHUCTBUS JBOWHOWU SIAEPHOW CUCTEMBI
JUIS. PA3JIMYHBIX HAYAJIBHBIX YCIIOBUM YTJIOBOTO MOMEHTa W YTIJIOB OPUEHTALUU
CTaJIKUBAIOIINXCS SJIEP;

pellIeHuEe YPaBHECHUS IBMKCHUS U MOJyYEHUE YPaBHEHU ISl OLICHKH BKJIaa
MPOIIECCOB TOAOAPHEPHOr0 3axBaTa C Pa3HBIMU HAYaJbHBIMU YCJIOBHUSMH JIJIs
peaxuuii *°S+2%Pp y 34S5+208pp;

pacdyeT MacCcoOBOTO M 3apsAJIOBOTO pacIHpeleSCeHUs] MTPOAYKTOB PEaKIUi s
HEPAaBHOBECHOM HAYAJIBHOM CTAJAUU DSBOJIIOLMHU JBOWHOM SIEPHOU CHUCTEMBI B
peaknusx S+2%pp p 34S+208pp;

pacyeT CEUEHUM CIMSHUSA, KBa3WJEJICHUs, OBICTPOrO JEJCHUsS M OcCTaTKa
MCIIAPEHUs] B SBOJIOLMH JBOMHOM SIEPHOM cUcTeMbl uisi peakumii >°S+2%Pb n
34G.4208pyy-

OIICHKA BKJaJa MPOJYKTOB KBA3HUJCJICHHS, OBICTPOTO NEJICHHUS U CIUSHUSI-
JeJIEHUs B MACCOBOE pacrpesenenue 1 peakuuu “8Ti+2%8ph;

M3yYEHHUE 3aBUCHUMOCTH paclpeseneHus 3apsjaa (BbIxoJa MPOAYKTOB) OT
Pa3IMYHBIX 3HAYEHUI YIIIOBOr0 MOMEHTA Juisl peakiuu 'SKr+4Ca;

aHaIM3 Ppe3yJbTAaTOB YIJIOBOTO paCHpeiesieHUs] MPOJIYKTOB TIyOOKO
HEYIPYroro CTOJIKHOBEHMS U KBasueleHus 1 peakuun ' Kr+40Ca.

OLICHKAa BPEMEHU JKU3HU JBOMHOW SIACPHOM CHCTEMBI IIPU PaA3JIUYHBIX
HavyaJbHbIX 3HAYEHUSIX SHEPTUU U YTIIOBOIO MOMEHTA.

O0BbeKTOM HCCIeT0BAHMS SABIISIOTCS TPOIYKThI PEAKIIUU ITPU CTOJIKHOBEHUH
TSDKEJBIX HOHOB, UX YTIIOBOE, MAaCCOBOE M 3apsII0OBOE PACIIPEICIICHUE.

IIpeaMeTom Mcc/IeIOBAHMS SIBISIOTCS MOTEHUHMAT B3aUMOJCUCTBUSI MEXKIY
IBYMsl siipaMH, oOpa30BaHUE JBOWHOW SIAEPHOM CHCTEMBbl NpPHU 3axBare sapa-
CHapsaa SAPOM-MHUILEHBIO; SBOJIIOLNS ABOMHOW SIAEPHOM CHCTEMBI KaK JTUHAMMKA
JIBYX B3aUMOJICUCTBYIOIIUX SIZIEP, BPEMS €€ KM3HHU M BBIXOJI MPOJAYKTOB PEaKIuu
IIPU pacnaje ABOMHOMN SAEPHON CUCTEMBI.

HayuHasi HOBM3HA UCCJIeIOBAHMS 3aKJII0YAETCS B CICAYIOLIEM:

OTIpeJIeNieHbl TToA0aphepPHBIC CEUEHUS 3aXBaTa HAJETAIOIIETO sapa CHapsa ¢
AAPOM MHIIEHH B peakimsax °S+2°Pb y 34S+2%Ph s pasnuusbIX 3HAYEHHIH
HHEPTUU HUXKE TIOTCHIIMAILHOTO Oaphepa;

TEOPETUYECKUM METOJIOM [OKa3aHO, 4YTO Pa3HHII B MOTEHLIHAIAX
B3aUMOJIEHCTBHA M B Gapbepax CIUAHMS B peakuusax -°S+20°Pb p 34S+208ph pyg
KaHAJIOB 2n W 3n OTBETCTBEHHBI 3a OOJBIIYIO Pa3HUILy B 3HAUYCHHSIX CEUCHUN
OCTaTKOB HCHapEHUS;

MPEUIOKEH HOBBIM TOAXOJ JUisi OOBSICHEHUSI PE3yJIbTaTOB HAOJIOICHUS
IPOLYKTOB CHapsia, oOpasyrommxcs B peakmuu °Kr(10 M»>B/myk.)+*°Ca B
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nepeaHe moiycdepe, MOAPa3yMEBAIONINA, YTO JABOWHAS SAEpHAs CHUCTEMa
pacrmaaercs mocie nopopora Ha 180°;

ITIOKA3aHO, YTO MPOAYKTHI KBAa3UIEIICHNU BO BpEMs pacnaja JBOMHOM SIEPHON
cucteMbl B peakuuu “STi+?%Pb, nomoOHBIE MO MaccOBOMY pAacCIIPENEICHUIO
OPOAYKTaM JEJIEHUS COCTaBHOTO SiJpa, OTBETCTBEHHBI 32 YBEIMYCHUE MIMPHHBI
pacrpeiesieHrs Macc MPOYKTOB CIAUSHUS-CICHUS.

BHenpenne pe3yJibTaToOB HccaenoBanusa.Ha ocHOBE MOy4eHHBIX HAYYHBIX
pe3yibTaTOB MO HUCCIENOBAHUIO JTUHAMUKH B3aUMOJECUCTBHUS B CTOJIKHOBAHMSX
TSDKEJIBIX MOHOB MPHU YHEPTHUSAX OKOJIO KYJIOHOBCKOTO Oapbepa:

paccuuTaHHbIe I010apHEPHBIC CEUCHUSI 3aXBaTa HAJIETAIOUIETO sI/Ipa CHapsiia C
AZPOM MHMIIEHH B peakuuax °S+2%Pb u *S+208Pb, nnsa pasnuusblx 3HAUEHUI
PHEPIrUM HIKE TMOTEHIMAIBHOTO Oapbepa HCIONIb30BAHBI MEXKIYHAPOIHBIMU
UCCIIeIOBATEISIMU (CCBUTKH B 3apyOeXHbBIX HaydHBIX XypHaitax Nuclear Physics A
994, 121662, 2020; Physical Review C 101, 014616, 2020; Physical Review C 101,
064604, 2020; Journal of Physics G: Nuclear and Particle Physics 47, 075106,
2020). Mcnonb3oBaHUE HAYyYHBIX PE3YJIHTATOB IMO3BOJIMIIO PACUUTATh U OLICHUTH
3Ha4YCHUsI MOA0APHEPHOTO CEUCHUS 3aXBaTa JIsl PA3HBIX PEAKIIHiA;

MOKa3aHHBIE MPUYUHBI CUJIBHON Pa3HUIBI B 3HAYCHHSIX CEUECHUH OCTATKOB
ucrapenuss B peakuusax °S+2%Pb u 34S+208Pb  npusHaHBl MeXIyHApPOIHBIMU
UCCJIEIOBATEINSIMU KaK MPECTIEKTUBHBIN HOBBIA TEOPETUYECKUN MTOAXO0/1 B U3YUECHUHU
HBOJIIOIIMU JIBOMHOM SJIEPHOM CUCTEMBI B PEaKIUAX, MPUBOISIINX K OJJUHAKOBOMY
COCTaBHOMY SIZIPY(CCBUIKHM B 3apyOeHBIX HayudHbIX kypHasax Nuclear Physics A
994, 121662, 2020; Physical Review C 101, 014616, 2020; Physical Review C 101,
064604, 2020; Journal of Physics G: Nuclear and Particle Physics 47, 075106,
2020). Mcnonb30BaHKe HAYYHBIX PE3YIbTATOB MMO3BOJIMIIO HHTEPIIPETUPOBATH POJIb
BXOJSLIErO KaHaja B SBOJIIOLUIO IBOWHOU AIEPHON CHCTEMBI;

MPEIOKEHHBINA TTOAXO0/I, OOBSCHSIOMNNA HAOIIOICHUE TTPOTYKTOB, MOJOOHBIX
CHapsfy B TIepeiHeM monymapuu B peakuuu °Kr(10 MboB/myk.)+*°Ca,
UCTIONIb30BaH 3apyO0eKHBIMU MCCIIEIOBATENAMU (CCHIIKM B 3apyOEKHBIX HAyUHBIX
xypHanax The European Physical Journal A 55, 29, 2019; Journal of Physics G:
Nuclear and Particle Physics 47, 045115, 2020; Journal of Physics G: Nuclear and
Particle Physics 47, 075106, 2020). Vcnonb3oBaHuEe HAy4YHBIX pE3yJIbTaTOB
MO3BOJIMIIO MICCIIEIOBATH BBIXOJ MPOAYKTOB MOJAO0HBIX CHAPSIy W OIEHUTH BPEMs
YKU3HU IBOMHOU JIEPHON CUCTEMBI;

pe3yNbTaThl 10 ONPEASICHUIO TMPOAYKTOB KBa3WACICHUS TMPU pacmnajie
JBOMHOM siiepHOM cucTeMbl B peakiuu “Ti+2®Pb ncnonssosanack 3apy6eKHBIMU
YUEHBIMH (CCBUIKM B MEXAYHApOAHBIX HaydHBIX kypHanax Physical Review C 98,
034601, 2018; Physical Review C 98, 014606, 2018; Physical Letters B 803,
135297, 2020) npu H3YyYEHHUH MACCOBOIO PACCIPEACICHUS] B HCCIEIYyEMbIX
peakuusx. Mcrmonb3oBaHME HAydHBIX pPE3yJbTaTOB TO3BOJHIO  pa3invaTh
MEXaHU3MBI PEaKIUH, KOTOPbIe KOHKYPUPYIOT BO BPEMs CTOIKHOBEHUHN TSHKEIIBIX
WOHOB IPY HU3KUX SHEPTHUAX CHAPSA.
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Ctpykrypa u o0bem auccepramuu. Juccepramusi COCTOMT W3 BBEICHUS,
YEeTBIPEX IJ1aB, 3aKJIFOUCHHMS, CITUCKA UCIIOJIb30BAaHHOM JINTEPATYPhl M MPUIIOKCHUS.
TekcT nucceptaruu usnoxeH Ha 102 crpanuiax.
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