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KHUPHUIII (dpancada noxkropu (PhD) muccepranusicn aHHOTALUSICH)

Juccepranus MaB3yCHHUHI J0J13ap0JMru Ba 3apypatu. byryHru kyHjaa
nyHéna OFUp HWOHNAp OwiaH OOFNIMK SAOpO peakuusuiapu (u3mKacu coxacuia
KYIJ1a0 AKCIIEPUMEHTANT MabIyMOTIap UUFUINO KOJTaH. byJlapHUHT Ky KHCMUHA
MOC Ba Oup-Oupura 3uja KelIMalJuraH TaxMHHIIApra acoclaHTaH MoOJelap
épraMua TYIIyHTUpHIIIAp MaBxyld. Ofup sAOpoJapHUHT  V3-Y3uJaH Ba
KY3FaTUJITaH XoJaTAaH OYIMHUIUIAPUHU Ha3apyuid TaIKUK STUIHUHT JOJ13apOiauru
OYNIMHUII >KapaéHUHHM TYJIUK TYIIYHHO eTWJIMaraHjuru OujiaH OofnuK. by aca
OYIMHUII MaxCyJloTIapu XaKuJard MablyM 5SKCIEPUMEHTAT MablyMOTIapHU
TaxJIMJI KWJIMII YYyH SIHTHM Ha3apuil MeToasiap Uiiad YMKUIUIINHE TaKo30 ATa/IH.
TaxIWJUTapHUHT Ba YHHMBEpPCal KOHYHHUATIIAP YPHATWIMIIMHUHT THU3UMIIALTYBU
MaccCHB sApoJiap OYJIMHUII )Kapa€HUHUHT pEaTMCTUK MEXaHU3MIIAPHU SIpaTau.

MycTakuuMK HWutapua MamilaKaTUMHU3[a SPOHUHI OYJIMHHILWTA JOUP
HKCIIEPUMEHTAJl Ba Ha3apuil MIUIAPHU PUBOXIAHTUPHUIL XaMJa AYyHE MHUKECHIA
dbyHIaMeHTa)I MyaMMOJIapHU Xajl dTUIll Oyiinya KeHI KaMpOBIM 4Oopa-Taaoupiap
aMaiTa  OWMPWINO,  MyaiisiH  HaTIDKajzapra  OSPUIIMIAA.  Y30EeKHCTOH
PecnyOnukacuHu siHaja pHUBOKJIAHTUPHUIN Oyimya XapakaTiap cTpaTeruscuiaa
OFUp szpoJiap OWJlaH KeYaJWraH peakuusiap, XyCycaH, sAPOJIAPHUHT MKKHUIa Ba
yuyra OYJIMHUIIM COXacuJard Ha3apuid Ba aMajud U3JaHUIUIAp HaTHXKachaa
VWHHOBALMOH TEXHOJOTUSJIAPHU >KOPUM JTUII OPKAJIU AP0 TEXHOJIOTHSIapU
COXACHHMHI camMapaJOpJIMTUHU OIIMPUII MyXUM Ba3uda 3TuO OenruiaHim.

XO03Upru KyHAa *KaXOHHUHT TYpJIu WIMHUKA MapKa3Jiapujia spaTWiral xap Xl
Ha3apHil MoJiejuIap MaBXKyJl, aMMO OMPOHTa MOJEIb eApiid OUp XM MaxCyJOTIN
yura OVnuHUIIHM TYnukiuruda udonanad Oepa onmaiiau. by skapaéumap Tyna
OYIMHUII XOIWCATAPUHUHT KWYUK (OM3UHU TAIIKWJI OTUIIUTA KapaMaclat,
YIIAPHUHT TaOWMATUHU OWJIUII SAPOJAPHUHT OJAMN MKKHUra OVIMHMII >KapaéHUHU
OwuInra KaTTa Xucca Kymaad. bynuaui skapaéHuia Ky KjaacTepiau TU3UM XOCHIT
Oynumura sAapo MOJJACMHUHT KOOWUK TY3WIMIIHWIa OSTrajldrd TYpaH  XWJl
AIPOJIAPHUHT OYIMHUIINAA KYIT KiacTepiaap XOCUJl Oyiuin TabuaTuHU Ha3apuil Ba
HKCIIEPUMEHTAN OWIMII OYJIMHUIIHUHT TYJIUK TACBUPUHM KypHUIITa HWMKOH
apatagd. Ma3Kyp TaIKUKOT SOpPOHMHI Y4 Ba YHJAH KyI KjacTepJapra
OYJIMHUIIMHY TAJAKUK KWIWIIHUHT OONUIAHUIIA OViIraHu OujlaH XaM MYyXuM
axamusTra sra.

V36exucron Pecry6mukacu Ilpesumentununar 2013 fmn 1 mapraarn I1dD—
4512-con “MyxkoOun »Heprus MaHOAJapUHMU SHAJA PHUBOKIAHTUPHUIN YOpa-
tanoupnapu tyrpucuna’tu, 2017 vun 17 despangarun [1K-2789-con “®annap
akajgeMuscu (paosMATH, UIMUN-TAAKAKOT UIUTAPUHU TAIIKHII STUII, OOIITKAPHUII Ba
MOJIMSUTAIITUPUIIHA STHA/Ia TAKOMIJUIAIITUPHII Yopa TaaOupJiapu TYFpUcuaa’ TH
Kapopnapuma, 2017 imn 7 despamgary [1d-4947-con  “Y36ekucron
PecnyOnukacuHu siHaja pUBOXKIIAHTUpUIN Oyiinya Xapakariap CTpaTerusicu
TyFpucuaa” ru GapMoHuaa xamaa Ma3Kyp (aosMarra TErHIUIM OOIMIKa MEbEPHi-
XYKYKUH Xyxokariaapaa OenruiiaHraH BasuanapHU amaira OIIMpUIIra Yoy
JUCCepTalLMs TAAKUKOTH MyailsiH Japaxaza Xu3maT KUJIaau.



TaakuKOTHUHT pecny0juKa (paH Ba TEXHOJOTMSJIAPH PUBOKJIAHUIIU-
HHMHI YCTYBOP HyHAJIUILJIApUra MoOCJuru. Maskyp TaKUKOT pecriyOnuka ¢aH
Ba TeXHOJorusmapu puBoxiaHumuHUHT II. «DHepreTuka, sHeprusi Ba pecypc
TEXAMKOPJIUT» YCTYBOP WYHAIUIIN JOUpacuia OakapuiraH.

MyaMMOHMHI YPraHWITAaHJIMK Japaxkacd. DbyryHru KyHraya oOfup
SAIPOJIAPHUHT yura OYJIMHUIIMHUHT CTATUCTUK Ba JUHAMHUK XOCCAJIapUHU Hazapui
Xam/ia SKCIEPUMEHTANl YpraHull Y4yH TYHEHUHT €TaK4yd OJUMIIapH, >KyMJIaJiaH,
repmanustiik A.R. Degheidy, J.A. Maruhn, H. Diehl, W. Greiner, F. Gonnenwein,
W. von Oertzen, J.P. Theobald, P. Heeg Ba M. Mutterer; poccusumk HO.B.
[Tatkos, /I.B. Kamanun, A.B. Kaprios, B.A. Py6uens Ba C.I'. SIBmmil; amepukaink
M.L. Muga Ba C.R. Rice, mBenmsunk P. Holmvall Ba U. Koster, xunauctonnuk K.
Manimaran, K.R. Vijayaraghavan sa M. Balasubramaniam cunrapu ommmiap
TOMOHM/IAH KaTTa XaXMa WIMHIA TaAKUKOTJIap OJMO OOpHIIraH.

Orup wonmap (U, Cf, Th, Pu Ba xaka3o) OYJIMHUII MaxCyJOTJIAPUHUHT
YUKUIIY, KUHETUK SHEPTrUsicM Ba Oypuyak TaKCUMOTH xapakrtepuctukaitapu B.IL
[Mukyns, FO.H. KobOmuk, A.K. HacupoB cunrapu y30€KHUCTOHJIUK OJHMIIAP
TOMOHHJIAaH PKCIIEPUMEHTAN Ba Hazapuil ypranwirad. OFup MOHJIAp UIITHPOKHIA
KeUaJguraH sJpo peakuusuiapuHu  TaBcudnam  yuyH bupnamran — smapo
TaKUKOTIapu MHCTHTYTH (Poccus) Ba Supo dusukacu muctutytH (YV366KHCTOH)
OJIUMJIApY TOMOHUAH KYIIAJIOK PO CUCTEMACH MOJCIIN UIITad YUKUIITaH.

ABBaITH TaAKUKOTIAP y4ra OYJIMHHUINHUHT (paKaTTHHA €HTHII SIPOJIAPHUHT
(He, Li, Be Ba Oomkamap) y4yu0 4YHMKHUIIATa YpraHuilira KapaTWIraH. yura
OynmuuuimHUHT Oy Toudacuaa ypragarn (parMeHT (€Hruia saApo) OYIuHUII
MaxCyJOTJIApUHUHT MapKa3JIapuHU OWPJIAMITHPYBUN UYHU3UKKA TEPICHINKYIISIP
HyHamumaa y9u0® YWKUINA TaJAKUK KAJWHTaH Ba OyHAAa YMKKAH DHT OFUDP SIPO
OJITHHTYTYPT OKaHJIWIM aHuKjaHrad. KehnHrn mnaitna bupnamran  sapo
TaJKUKOTIap HHCTUTYTUAard Poboc skcnepumentan rypyxu (FO.B. Ilstkos, [.B.
Kamanua Ba Oomikanap) OOIIKa THIJIArd ydra OYJIMHUIIHA — Y4 KJacTepra
kosutrHeap OynuaumHY (keiinHuanuk YKKB) yprana 6onutaau. by ydra 0ynuHumn
MaxcyJoTiapu (Kiactepyiapu) aespiau Oup yu3ukiaa yduOd 4MKaau Ba YJIapHHUHT
Maccajapy COMUINTHpUO OYynamuraH KuiiMaTiapra i3ra, sbHU ypTajaru (pparMeHt
katTa Macca conura (<100) sra OVnuIM MyMKHH.

®000C IKCIEPUMEHTAI TYPYXH V3 AKCIIEPUMEHTUHUHT HATWXKAJAPUHHU YBJIOH
kuiarangan keiimd xuna onmmmiapu (K.R. Vijayaraghavan, K. Manimaran Ba M.
Balasubramaniam) tomonugan 0y MaB3yjaa YTKa3WJIraH Ha3apuid TaaKUKOTIap/a,
acocaH, TYIWK TOTEHIMaN Xucobmam opKamu ¢pparMeHTIaApHUHT 3apsii Ba Macca
COHM OaxojaHTaH. by Ha3apuUsSHUHT acOCHMU KaMUYMJIUTH ITyHIaH HOOpaTKH, OMTTa
Oappep ydTa SAPOHU OOFJIOBYM HMKKHWTA OVHUHHHUHI (KECHIIYBYH Xa)KMJIAPHUHT)
Y3WIUIIMHU YpraHuil ydyH unuiatwirad. by sca ¢parmentnap dakartruHa Oup
BaKT/Ja  @XpAJIUIIM MYMKUHJIWTMHA  aHriatagu. Myamwmdnap  OyHnmai
YyerapajJaHUIIHUHT cabaOMHU MyXOKaMa KWIMarassiap.

Orup SIpOJIApHUHT, ACOCaH, ypaH Ba KaTuhOPHUM SAPOTAPUHUHT TYyPIU XU
ydra OYITUHUII MEXaHU3MJIApH X03Wprada TaAKUK KUITMHMAaraH.

JuccepTranus MaB3yCUHUHT JUCCEPTALMA 0AKAPUITAH WIMHIA-TATAKUKOT
Myaccacacu WJIMHI-TAAKMKOT MILIapu OujaH Ooraukauru. [lucceprarms
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TaAKUKOTH SApo pU3MKacu MHCTUTYTH WIMUN-TAAKUKOTIAp pexxacuHuHr OA-D2-
D055 «Orup siaposiap OuIaH KeUyBYM pEaKLMs MAXCYJOTIAPUHUHT YUKUIIUHU Ba
SAPOHUHT OVAMHUIIKMHKA Taakuk OStuim (2007-2011); DPA-O2-O115 «Kyn
HYKJIOHJIM VTUII Ba KYMUIUII-OYIMHUII pPEaKusi MEXaHW3MIIAPUHU TaJKUK
stun (2012-2016) maB3ycuaaru WMl JJoluxaaap Joupacuaa Oakapuiras.

TaakMKOTHHHr MakKcaaM yd4  Kiactepra  KOJUIMHEap  OYJIMHUII
MEXaHU3MJIADUHU TaBCU(IJIOBYM Hazapuil (OpMaTU3MHU PHUBOXKIAHTUPHUII Ba
OYIMHUIITHUHT KOJUTMHEAPIUKKa 0IU0 KeTyBYM cabaOHU aHUKTalIgaH noopar.

TaaKukoTHUHT Basudaiapu:

25U (ngp,f) peakumsga KeTMa-KeT KOIUIHHeap (Iapaiied HyHAIMIga) ydra
OYIMHUIITHYU TaBCU(IIANT YUYH KYIIAJIOK SIAPO CUCTEMACHHHUHT TYIHUK ¥3apo TabCUp
MMOTEHIINAINHN XUCOOJIALLI;

U(ng,f) peakimsaga KeTMa-KeT KOIMHEAp ydra OY/IHHHIIIA YHKKAH
MaxCyJOTJIApHUHT 3apsi] TAKCUMOTHUHU OaxoJial,

#2Cf SIAPOCHHMHT CIIOHTAH y4ra OYIHHHIINIA KOIUTHHEap KOH(UIypalusia
¥3ap0 TabCHp MOTeHUHAnHH SHr orup (°Sn) Ba ypramaru (*°Ca) simpomap
opacujaru Mmacoara OOFIMKIUTHHY YPTaHuUIIL;

P2Cf  SIIPOCHHMHT IEAPIH KETMA-KeT KOJUIMHeap XAKHKWH ydra GYIHHHIIN
Y4yH MaxCyJIOTJIap YMKHUII SXTUMOJUIMTUHU Ba KUHETUK YHEPTUSIIAPHU XHUCOOIalT,

°Cf(sf) peakumsiga HokomtuHeap (&Hmiaran) KOHGUIypamHsiZa —deKKa
dparmenTmap (°Ni Ba ’Sn) opacmmarum MacodaHH TYIHMK ¥3ap0 TabCHP
NOTEHIMAN AKIUAAru poJIMHU YpraHuui,

P2Cf(sf) peakumsima Xakukuil ydara OymmHMm ydayH Jlarpamk Xapakart
TEHIJIAMACUHH OJIUILI;

XapakaT TEHIVIAMacUHU TypJiu Xuj OouuianFuy mwaptiap ounan eunm (Komm
Macajacu);

KOJUIMHEAp yura OYJIMHUIIra 0Jiu0 KeTyBYM OOIUIaHFUY MIAPTIAPHU TOTIHIIL

TaaKMKOTHUHT 00BEKTH OFUpP SApPOJAp, yura OVJIMHHII MaxCyJoTJIapu Ba
KJIacTepiapaaH uoopar.

TaagKMKOTHUHT TpeIMeTH WKKU (Ba YY) SIIpO Opacuaaru TYIUK Y3apo
TabCUP, yura OYJIMHUII MaXCYJIOTIAPUHUHT YMKHUIIHU, y4Ta ¥3ap0o TabCUPIIAITyBUN
AIpOJIap CUCTEMAaCUHUHT OOIUIAHFUY X0JIaTH XUCOOIaHAIH.

TaakukoTHUHT ycyaapu. uccepranusga GEHOMEHONIOTHK KyWId Y3apo
TabCUP MOTCHIIMATUHUHT Ba MaKPOCKOIMHUK CTATUCTUK MEXaHHUKAHUHT MaTeMaTHK
annapatu, quddepeHnran TeHrJaMaHUHT aHAIMTUK Ba COHJIM €4MMIIapU CUHTapu
ycyimapaas (houanaHuIau.

TagKNKOTHUHT MJIMHUI SHIWJIMTY KyWugaruiapiad uoopar:

XaKUKUN yuyra OVIMHMII XapaCHUHU TaBcU(Iall Y4yH SHIU YYTaIUK SO
CUCTEMAacHd MOJEeNM WIUIA0 YMKWITaH Ba alpuM XoJulapAa KOJUIMHeap yura
OYMHUII TabuaTaa MaBXY IJTUTH aHUKJIAHTaH;

U(ng,f) peakumsma  KeTMa-KeT — KOUIMHeap — ydra  OYJIMHHMIIIA
82Ge+"2Ni+%Ge xananm sHr OXTUMOJIJIN KAHJIUTH TOIIUJITAH,

13281 SIIPOCUHUHT Ni+*Ca cucremacura SKAH JKOHJIAIIMIIK OWp BaKTIa
(éxku mespnM KeTMa-KeT) KOJUIMHeap ydura OVIMHHUIN YYyH JKyJa MYXHMJIUTH
KYpCaTUJITaH;



”Ni Ba Ca opacmmarn OymuEum TycuFu ~°Ca Ba °Sn opacHmarura
HUcOaTaH OanaHAPOKIUTH KYpCcaTUiraH,

yUTaJuK SIAPO CHUCTEMACHUHUHI KOJUIMHEap OYJIMHUIIWra OJu0 KeIyBUd
y3uauil apadacujgary OOUUIAHFUY I[IAPTIAp TONWITaH Ba YJIAPHUHT OYJIMHMIIA
Y4yH MYXUMJIUTH KYpCATUIITaH.

TaagKUKOTHUHT aMaJIMii HATHXKAJIApH KyHuaruiapaad noopar:

KysraTmaran >-°U  sZPOCHHHHT KETMa-KeT yd KiacTepra KOJIUTHHeap
OYJIMHUIIIMHUHT SKCIEPUMEHT HATIKAJlapura MOC KeJaJIuraH 3SXTUMOJUIUTU
KaTTapoOK KaHAJIN 82Ge+"2Ni+%Ge sxannuru OJIMHTaH;

P2Cf sgpocuHuHT ¥3-y3uman Oymuammmaa CNi+°Ca+'*’Sn xanamHuer yu
KJlacTepra KOJUIMHEap OYJIWHUII SXTUMOJUTMTH OOIKa KaHajulapra HucOaTtaH
KarTapokauru xamjaa Ca Ba Sn siaposiapu ypracuaard OYMMHHUHT y3uiuind Ni Ba
Ca sagponapu ypracuparura (y3WJIUILIAp OpacHIard BakT (apku >Kyna KHCKa
oYUM Kepak) HUcOaTaH IpTapoK pyil OepHIILIapy KypCaTHIITaH;

22Cf sApOCHHMHT CIIOHTaH OyIMHUMIIAA ypTagard (*°Ca) sIpOHHUHT TE3/IHIH
KyJa KUYMK Ba KHHETUK SHEPTHACU NETEKTOPHUHT KAl STUII Yerapa KUMMAaTHIaH
knuuksurd Tormuiarad. Iy caGabmm, skcnepuMeHntna Oy SAPOHU Ky3aTHIITHUHT
WJIOKHK OYIIMaraHu yuyH (pakaT UKKUTa 4eTKU (parMeHTIap Kaij KUJIMHTaH,

arap Ni Ba Sn siaponap opacuaaru HucOuid macoda 21 ¢m gan kuuuk Oyca,
y XO0JJa KOJUIMHEApJIWKAAaH OFUII Ky3aTWIraH, YyHKA UTapyBuu KyJoH Kyuu
ypragaru Ca sapocy TE3NUTMHUHT NYHAIMIIWHN KOJUIMHEAP XOJATHIaH YUKAPaIH.
bupok Oynaa Hucouit Macodanu ommmy 6minan Ca SAPOCUHUHT MUHUMAJ X0JIaTH
KOJUTMHEAp YM3UKKA CHUDKUIIM OJTMHTaH;

P2Cf SAPOCHHMHT XAKUKHil yd4ra OY/IMHHUIIMHAHT JUHAMHUK TaxJIAINIaH
KOJUTHHEap OYJIMHUINTa OJMO KeTyBYH (paKaTriHa OuTTa OOIUIaHFUY IIapT (XaMma
aaposiap Oup YM3MKAA KOMJIallraH Ba ypTajard siApoO TE3JUTH HYHaTUIIMHUHT
KOJUTMHEap YHM3WKKAa HUCOATaH MEPIEHAUKYJSAP TAIIKWI 3TYBYMCH HOJIA TCHT)
OOpyMry aHUKJIaHTaH. Y3unuil apadacunarua Kojaran 0apya OONLIaHFUY IIapTIiap
HOKOJUTMHEAp yura OYJIMHUIITA OO KETUIIA TOMUITaH;

Ca SIIPOCUHUHT Nj SIAPOCHUIAH AKPATTUIIIN 1328n SIIPOCUHUHT “Ni+*Ca
CHCTEeMACHAaH akpanuimura kaparanma 1,35x107'¢ ra keupok pyii Gepuin
OJIMHTaH. by BakT oj1uii KKUra OYVIMHUII BaKTH (~10'1gc) OWJIaH COJIMIITHPraH/a
KyJa KHYUK YKAHJIUTU KYpPCATUIITaH.

TagKUKOT HATHKAJIAPUHUHI HIIOHWIWJIMIM KapalaéTraH kapacHiap
KeTMa-KEeTJIMTUHU YpraHulijga OJIMHTaH HaTwkalap (u3uKa KOHYHJapura
OYUCYHMIIH, TaXJIUJI XYJIOCATAPUHUHT ¥3apo Kapama-KapIIWIuKaaH X0du OYIIUIIIH,
3aMOHaBHMIl Hazapuil (pu3uMka MeToIapH, IOKOPH caMapald COHJIM METOAJap Ba
QITOPUTMJIAP UIUIATUITAHIUTY OUJIaH acocliaHayu; Ha3apuid Wyn OujaH OJIMHTaH
HATWKAJIApHU IKCIIEPUMEHTA] Ba OOIKA aBTOPJIAPHUHI HATHKalapu OWiIaH MOC
KEJIUITN CHUHYKOBJIMK OWJIaH TEKITUPWIIW; XyJocalap KyWH SHEpPTHsijaard sapo
peaKIUsIIApUHUHT aCOCUN KouJlajmapu OujlaH MOC KeJTaJIu.

TaagKUKOT HATHKAJAPUHUHT WIMHMH Ba aMaJIMid axaMUATH. TagKuKoTIaa
ApaTWIraH YCyJUIApHMHT Ba MIy YycyJulap €paaMulia OJUHIaH TaJKUKOT
HAaTWKAJIAPUHUHT WJIMHUM aXaMHUsITU SIHTU SKCHEPUMEHTAl MablyMOTJiapa
OJIMHTaH MaxCyJIOTJIAp XOCCAJAPUHUHT TaXJIWIA Ba XaKUKUWA yura OYJIWHUII
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MEXaHU3MJIAPUHU VPHATHUI YYyH YJIApHUHT (OUIATMIIMTH Ba TYpJW SAPOBUN
Kapa€Hinapra TaTOUK KWIMII MyMKUHJIMTY OUjiaH M30XJ1aHaau. MaxcynoTIapHUHT
KOJUIMHEAPJIUTUHUHT Ha3apuil TaXJWiIM WIK 00p YTKA3WIUIIK OFUDP SAPOJAPHUHT
yuyra OYJIMHUII TaOWMATUHU TYIIYHUIIAa MYyXUM axaMuaT KacO dTaju.
JluccepTalysiHU TallIKWJI KWITaH MakoJiaiapra XaBoJiajgap OyHHU TacaUKJIalIu.

TaaKUKOT HATHXKATAPUHUT aMaJIMid axaMUsTH IIYHJaH MOOpaTKd, yjap SHT
HXTUMOJUIM YUYTaJuK SAPO CUCTEMAaCHHUHT KOH(DUTypalMsUIapuHA Ba YHUHT
OYIMHUII KaHAUIADUHU AHUKJIAIl YYyH MWIUIATUIMIIH MYyMKHH. SpaTtwiran
XUCOOIal METOIM ydura OYJIMHMII MaxCyJIOTIApUHUHT 3apsiji, Macca, SHEPTUs Ba
Oyp4ak TAakKCMMOTHM KaOW yudra OVJIMHHMII TYpUHU KYpCaTyBUd Xap-XHI
napamMeTpjJapuHu  0axosiall  ydyyH ~ KYJUITAHWIMIIM ~ MyYMKUH.  Hatwxkanap
KJIACTEPJAPHUHT SIAPOBUI peaKlusuiapAard pojid Ba yJIapHU HICHTU(UKALNA
KWIMII YYyH OJKCIEpUMEHTaJd Ky3aTUIl [MApTIAPUHU MIUIA0 YWKUILIA Ba
peakuusuiap TaOMaTHHY Tax 1M KHiniaa ¢poiaand YUy MyMKUH.

TagKUKOT HATHIKAJAPUHUHI KOPUHA KUJIMHUILM. 220f SIAPOCUHUHT Y3-
y3uman Oymmunmmmma CNi+°Ca+'¥Sn kananuHMHT yd KiacTepra KOJIMHEAp
OYIMHUIIM >XTUMOJUIMTH OOIIKA KaHajulapra HUCOATaH KaTTapOKJIUTU XOPUKUUN
wnmuii kypHaapaa (Journal of Physics G, 2017; Physical Review C, 2016;
Physical Review C, 2017) xomnuHeap yura OYJIMHMIN KaHAJIMHUA aHHMKJIAIIIA
doitnananunrad. MWnmuil  HaTWOKaHUHT  KYJUIAHWJIUIIN ~ OFUP  SAPOJAPHUHT
KOJUIMHEAp yura OYJIMHUII MEXaHU3MUHU aHUKJIAIIra Xu3MarT KUJITaH.

2Cf sapocuHUHT yura oyauaumuaa Ni Ba Sn opacumaru HucOuii Macoda 24
(¢M n1aH KaTTa OYIUIIM CUCTEMAHUHT HOKOJUIMHEAP NMapyaJlaHUIIUTa OJIM0 KeJIMIIN
MYMKHHJINTH XOpvxuid miMmuid xypramwiapaa (International Journal of Physics E,
2016; European Physical Journal A, 2017; Physical Review C, 2017) 6yauHHIIHA
KOJUIMHEAp €Xyl HOKOJUIMHEAPJWTMHW aHUKJIaljga uWoUaTwirad. nmuii
HATIDKAHUHT Ky/UTaHHIAME > Cf SIPOCHHMHI HOKOJUIMHEAp ydra OYIMHMII
XOJIJTAPUHM aHUKJIAITa XU3MaT KUJITaH.

TagkukKoT  HATWKAJAPUHMHI  anpoldamusich.  Ma3skyp  TaJKUKOT
HaTWXKanapyu 3 Ta Xajdkapo Ba 4 Ta pecnyOiuKa WIMHH-aMaIui aH)XyMaHH]Ia
MYXOKaMaJlaH yTKa3WITaH.

TagKuKOT HATHKAJTAPMHUHI IBJIOH KWIMHMINM. Jlucceprauus mMaB3ycu
6yitnua sxamm 17 Ta WIMMH MII HAamp KHJIMHTAH, UIynapaaH Y36eKHCTOH
PecnyOnmukacu Onwmii arrectanus komuccusicuHuHT (¢ancada mokropu (PhD)
JUCCepTALMsUIapU  aCOCUWA WJIMHMM HATWKAJIAPUHUM YOI ASTUII TaBCHsl ATUITaH
uimuil Hampiapaa 10 ta makona, skymiazaH, 8 Tacu XOPWXKUN KypHajuiapaa
HaIIp STUITaH.

JluccepranMsiHUHT TY3WJIMIIM Ba Xammu. /[uccepranust Tapkubu Kupul,
TypTTa 000, Xynoca, hoigananuirad agadbueTiap pynxaTu Ba WJIOBaJaH HOOpar.
Huccepranustauar Xaxkmu 103 OeTHU TalIK¥IT 3TaIH.



JINCCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum kucMmujga yTka3wiral TaaKUKOTIAPHUHT J0A3apOUTru Ba 3apypaTH
acocjaHraH, TaJKUKOTHMHI Makcaaud Ba Basudanapu, OOBEKT Ba MpPEIMETH
TaBcu(IaHraH, pecrnyoauka GpaH Ba TEXHOJOTHSIIAPH PUBOKIAHUIITMHUHT YCTYBOP
HYyHaIMIIIapUura MOCIUIH KYpCaTWTaH, TAaJKUKOTHUHI WJIMHWA SIHTHJIWTH Ba
amalluii HaTuKalapy 0a€H KWIMHTaH, OJMHTaH HaTHKaJapHUHT UMUK Ba aMalnuit
axaMuATH ounO OepwiraH, TaJKUKOT HATMOKAJApUHUA aMajiueérra KOPHM KUJIMII,
Halllp STWITaH MHIUIap Ba JAUCCEpTalMsd TY3WIMIIM Oyiinua MabilyMOTJIap
KEJITUPWITaH.

Jluccepramusauar « > U(Ng,f) peakuusiza KeTMa-KeT MKKHra GOyJIHHUII
OPKAJIM Y4 KJacTepra KoJuiuHeap OYauHUII» 1¢0 HOMJIaHTaH OupuHYK O600uIa
uccuk (E,,, = 0.025 eV sneprusim) HeﬁTpOHHHHr235U M30TONKUAA FOTWIMIIUIAH
XOCHJI OynraH 2oy AIPOCUHUHI XAKUKUI yuyra OVJIMHMIIA YpraHuirad. yura
OYyIMHUII Kapa€HU KeTMa-KeT MKKUra OVJIMHMII kapa¢HJlapyu THU3UMHU cudaruia
TacaBBYyp KWJIMHIraH. MaccaJlapyHuHI MHKIOpPU JAESApJId  SKUH  OYIMHUII
MaxCyJIOTJIApPUHUHT XapakaT WyHanuiy oup ykaa, 1ed Kapajiras.

Orup SApPOJApHUHT OYJNIMHUIN MaxCyJOTJApUHUT Macca Ba  3apsj
TaKCMMOTHMHU TaBcu@iam yuyyH Kymanok sjapo cucteMacu (KAC) xonuenuusicu
KyJUIaHWITaH. fapo OYIMHUIIM Yy4YyH YHUHI DJHEPrusiCH acoCHUW XOoJaTaaru
KuiiMatugad Oapbep axpaTuO TYpyBUM DJUIMIICOMJ IIAKITa TYFpU KeJIaJura
3Heprusuap coxacura yraau. Aapo nedopmauusicu optud 00pubd, YHUHT IIAKIN
TaHTEJICUMOH KYpUHUIIra Kejaaau Ba myHUHT yuyH KAC Meronnapunu O0yiauHMIT
KapaCHUHUHI CYHI'M KUCMHHU YpraHull y4yH KyJulall MyMKHH. ['aHTEICHMMOH
CUCTEMAaHUHI MKKW KUCMHHU TaCBUPJIOBUM Macca (3apsil) aCUMMETPUSCH HYKIJIOH
aIMAIIUHYBA OpKanu Vy3rapaau. [uccepramusiga OYITUHUIIHUHT OOIUIAHFUY
OOCKMYM, SbHU OYJIMHYBYM SIAPOHUHT IIAKJIA KOMIIAKT IIAKJIJAH KYIIAJOK SAPO
CUCTEMACH IIAKJIUTa YTUIIHN KapaIManIu.

VY4 kjactepra KoMHeap OYIMHUIIHM 1-pacmaa KypCaTUITaHHIIEK HKKH
OOCKMYJIM KETMA-KET UKKHUIa OYJIMHUII cu(aThuaa KEATUPUIL MyMKHH.

O
Co
O
-G00O-
O
Ty

1-pacm. Orup AAPOJAPHUHT KeTMA-KeT Y4 KJIacTepra KoJinHeap 0V THHUIIMHUHT
HAMOMHUIIN
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KAC TynuK SHEPrusiCMHUHT Y3rapuiii peakuus Oananc sueprusacu (Qgq) Ba
CUCTEMAHUHI TAalIKWJI STYBUWJIApPH OpPACHIArH SAPO-SAPO  y3apo  TabCUP
noreHianuaunr V;,, (Z, A, R) iiuruaancuaan noopar:

V(Z,A,R) = Vint (Z,A,R) + Qgg (Z:A) (1)
Qgg DPeEaKUMs JABOMUJA WYKH SHEPIUSHUHT Y3TapUIIMHM HAMOWMIN KHIIaIu:
Qg9 =B1(Z,A) + By(Zey — Z,Acy — A) — Ben (Zen, Aen ), Oy epna By Ba B, (Z
Ba Zcy —Z) — KSC rtamkwn 3TyBUMIApUHUHT OOFJIAHUII DHEPTHsIapu (3apsija
comnapu). 2(a)-pacmMaa moreHnman dHeprus cupta V(Z,R) dparmeHtiaap
opacumaru HucOmii wmacodha R Ba 3apsam conu Z dyHKOusAcH cudartuaa
kearupuiaran. 2(b)-pacmaa kypcatunran Vi, (R) sSapo-sapo MOTEHIIHAIN AlZl Ba
AZZZ ¢parmeHTIap opacuiard y3apo TabCcUpra MOC Kemamu. Z; Ba Z, 3apsn
COHJIapUTa MoC KelnyBuu A; Ba A, Macca COHJIapU MOTEHIMA SHEPIUsl CHPTUHUHT
MUHUMAJI KMMUMaTHHU TabMUHIA0 Oepaau. dparmMeHTHUHT OepwiraH 3apsg Z
COHMra 3ra OYJIMHYBYM CHCTEMAaHUHT TYJIUK 3HEPTrUACHHUHI MUHUMYMHJIAH Macca
A COHM TONWIIAJIH.

(a) (b)

]
th

V(R.Z=40) (MeV)
m

35t

l A_ (tm)

13 14 a5 16

A my’

5
-10 ¢
-15 E
-0 k
= B ()
_30 E
-35

r

U, (MeV)

0O 5 10 15 20 25_30 35 40 45 50
Z

2-pacMm. @parMeHT./Iap opacuaaru Hucouii macoga R Ba 3apsia coHu Z pyHKUMACH
cudaruaa 238y YYYH NOTEHIMAJ JHeprusi cuptu (a); 1027 r+1%1e KACHuHr y3apo
Tabcupura moc kexayBun V(R) siapo-siapo norennmnann; KSICHuHT 0y anHAIINra Kapum
noTeHIHaN ypanuHr aykypsuru 6y Bpys (b); 2°U yuyn Gomkapys norenmuanu (c).
Vine (Z,A,R) ¥3apo Tabcupu HyKJIOHJIAp Ypracumaru 3¢dektuB Murgan
Ky4lapy OWJIaH WKKaja SApO HYKJIOH 3WWIMTH (YyHKIUSIAPUHU HUKKA YpaMiu
XucoOnam MeToau acocuaa Ttomuwiaan. Murgan >(QQexkTuB HYKIOH-HYKJIOH
NOTCHIIMAIA UNUIATUIUINHHUAT ~ ad3aymurd — Oy  MOTSHIMATHHHT  ¥3apo
KECHUIIIYBUM COXalapJard HYKIOHJIAp 3W4iurura cesrupiurupaaup. llorennman
Vpanunr MaBxymauru KAC saponapura OofjlaHraH XoJjjaa KOJUIITa Ba MKKWTA
dparmMeHTra  axpajiryHraya HYKJIOHJAp  ajJMallMHYBH  OpKajdu  ¥3apo
Tabcupjammira HWMKoH Oepaau. Ilorenmuan ypauunr uwykypaurun KSAC
(dbparMeHTIapUHUHT 3apsi]l Ba Macca aCUMMETHPHsLIIapura OOFJIHK.
bomkapys mnorenmmanu KACHUHT 3apsa Ba Macca acCUMMETPHUSIIAPUHU
anuktaiian Ba KACHUHT Gepuirad 3apsiji aCUMMETPHUSICH YUYH XUCOOIaHTaH sSapo-
sapo moteHuuan (Vi (R,,)) VpalapuHHHT MHHAMYMJIAPUHH OWpPJIAIITHPHUIII
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opkamu Tommanu (2(b)-pacmra kapasr). Y Z-2<Z<90 yku Oyiinad moTeHIHam
DHEpPrusl CHUPTH BOAUWCHHUHT TyOuWIa E€TYBUM OTPU YHM3UK OPKAIM HAMOWHII
kunuHaau. Arap Z 3apsan acummetpusin KAC yuyH moTeHnman ypaHuHr TyOura
MOC KelyBud R HHHT KuiiMatuau R, (Z) opkanu udogananca, y Xoiaa OOmKapyB
MOTEHIMAIN Kyhuaara ¢popMyna épaaMuia aHuKJIaHAIH
Udr (Z,A) = Vint (Z,A, Rm (Z)) + Qgg (Z:A) (2)
KACHUHT OYNMMHUIIM CTaTUCTUK JKapaéH cudartuga TaxJIuil KUJIAHUIINA
MYMKHUH. YHUHT UKKHTa ()parMeHTra OVIMHUIINTA TYCKUHINK KWIyBYH Oapbep
Oamanyury  OepuiiraH FajaéHiaHUI dSHepruscura Oofauk 3bdextuB Tpys
XapopaT/ii CUCTEMaHUHT 3aps] (Macca) TAKCUMOTHIa CTATUCTUK MYBO3aHATHUHT
YpHatwmmura €paaMm Oepamu. BymuHuIn MaxcyiaoTiaapuHUHT 3apsan (macca)
takcumotu Y (Z) ¢dparmentinapuunr Oymuuum apadacumarn KAC xonatuparu
3apsin Takcumorura P(Z) Ba Oepuinran Z 3apsg acumMeTpus xoiatuaadn KSICHuHT
oymuuu sxtumosuturura W (Z) 0ormuk:

Y(Z) = Y,P(Z2)W(Z) 3)
P(Z) = Pye~Var@/Tons @) (4)
W (Z) = WyeBows @D/Ts @) (5)

by epna Tpys(Z) = /ED% Ba Tp(Z) = /BD% — MOC paBuIIa OYJIUHUII YKU

Oyiinad muHUMymaaru Ba Oapbep yctuaard (€ku OYIMHUIIN HYKTACHIArM)
Acn
12 MaB
Epns — KACHuHT Fanmaéunanui 3ueprusicu Ba Bpys (Z) aca KACHUHT Oy muHUIIM

yuyH Tycuk (2(b)-pacmra kapanr). Yy, Py Ba W MOC 3XTUMOJUIHK TaKCUMOTH yYyH
HOPMAJIJIAIITUPHUIIT KO3 PDUITUCHTH.

YKKBHHMHT KeTMa-keT MexaHu3mra acocaH (l-pacmra KapaHor), OupiaMuu
UKKUTa OVIMHUII pYi Oeprania Xocui OYiaradH MaxcyioTiaap/iad OupUHUHT UKKUATA
OYIMHUININAA WKKUHYM Ba YUYMHYU MaXCyJIOTiap MIAaKJUIaHAAU. DKCIIEPUMEHT/A
OMpUHYN WKKUTA OYIWHUIN MaxCyJoTiapuiaH Oupu, andarra, AETEKTOPJIAPHUHT
Oupuma Kaiig STWUIaaW, WKKUHYM OYIWHUII MaxCyJloTJIapuaaH OupH Kapama-
Kapimd Tapadaard UWKKMHYM JOeTekrtopaa kKadn ostunaau. [llyngait  xkunuoO,
UKKIJIaM4H OYJIMHUII MaxCyTOTIAPUHUHT HKKUHYUCH KAl KHITHHMAH KOJaIu.

Kyiu E,,, = 0.025 eV sneprusnm “uccuk’ HEUTpOHIap Ouian Xocui Oyiran
%" gapocHMHMHT OGMpIAMYM MKKHTa OYIMHUINN KypHIraHZa, acoCHil MKKHra
OYIMHUII KaHAJIAp MaxCYJOTJIapu YUKHIIWJAH TallKapyu apuM MaKCHMyMJiap
TYPYXHY MaBXy/l KaHJINTY KyHuarnda aHuKJ1IaHa i

92Ky + 144y
Ny, +235U—> 236 5% _, 86Se+150ce

82Ge + 1°*Nd

by xanammap VYKKb wmaxcynornapura onud Kenumiu MyMKUH. Arap
OynuHUIM MyMKHH OYynraH orup siaponap cudartuga Ba, Ce Ba Nd smponapu
oivHca, y xoina, YKKBb wmaxcynotnmapum yuyH 1-kaaBanjga KeJITHPHWITaH
HaTWXanap OJIMHAJIU.

cuctreMaHuHTr 3¢G@(EeKTUB Xapopariapu, a = — caTX 3UWINTH TapaMeTpH.
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1-:xaaBag

236) 1,
U* sgpocuHuHr YKKDB yuyH Typiu XuJ1 KeTMa-KeT KAaHAJIAPHUHT aMaJIra OIIWIIN YYYH
XHCOOJAHTaAH IXTHMOJLUTHKJIAPH

2OU" £, +f, HunT bupnamuu orup
o . YKKbB
Oy IuHHUIIT STPOJIAPHUHT Oy TMHUIIL
YHKHILIApU
KaHaJ1apu KaHaJUIapu
LIS I i Z
82~ oy 154N ¥ Nd —'“Ni +“Ge 3-10
Ge+Nd PINd —"°Zn"+®zn" 1.5-10*
TS0~ * B8, B2~ o™ 5
86 n*, 150~ o * Ce —"Fe +7Ge 1.0-10
Se+Ce 150ce" L, 2Ni"+8Zn" 1.4-10°
THn ¥ 62~ B2 " &
921, * 1444 _* Ba —“Cr +7Ge 9-10
Kr+""Ba “Ba " Ni"+"°Ni” 1-10”

Kangsanman  xypunaauku, YKKbBHMHr 3Hr sxtumomm — KaHaimu
250" -82Ge+"*Ni+*Ge xucobnanamm Ba YHUHT YUKHUIIA 3 107,

Fanaéunanran OYyIuHUII MaxcCyJoTJapuiaH yuyuO YMKKAH HEUTPOHJIAP COHU
xucobra omunca, xap oup '°Ni* Ba *°Ge” napmaH ydu® 4HKKaH HEHTPOHIAp COHM
UKKUTa Ba yYMYMHM HEUTpOHIAp COHU TYpTra TEHIJIMIUHU Owiamu3. Oxup
okubatna, KAC  pgoupacupa  YKKBHUHT  SHr  SXTUMOJUIM  KaHaU
200" 82Ge+"Ni+¥Ge+4n xucobnanam.

VY4 kiacrepra KoJUlMHEap OYJIWHUIIHUHT KackaJ MEXaHU3MHU JIoMpacuia
XUCOOJIaHTaH MaxCyJIoT Macca conjiapu 84 gaH Karra sMac. AMMO SKCIIEpUMEHT/IA
OyHJaH KaTTa Maccajiu XOJUCaJapHU KYPUIIMMH3 MyMKHH. By KamM4miuk ydra
OYIMHUIITHUHT OOIIKAa TYPJIM XWJI MEXaHU3MJAPUHHU YpraHuira TypTKU OVIIu.
[IIyHuHT yuyH yura OYJIMHUIIHUHT OOIIKA MEXaHU3MH AUCCEPTAIUSHUHT UKKUHIU
000u1a MyxoKaMa KUJIUHA/IH.

JuccepranussHUHT “XaKUKHA y4ra OYJIMHMINHMHI JeSIpJHd KeTMa-KeT
MexaHu3Mu” 71e0 HOMIJIAaHTaH MKKUHYM OOOW OFUp SIIPOHUHI MaccajapH SKUH
OyJraH XakuKui ydra OVJIMHUII MEXaHU3MHUTa OarulUIaHTaH. by MeXxaHW3MHUHT
oJIAUHTH 00012 TaBcu(IaHraH MexaHu3MIaH (GapKu IIYHJAKH, AespJid KETMa-KeT
MEXaHU3MJIa SIIpoJIap opacujard WKKuTa OyiuHHUHT (1-pacmparu 3-0ockudra
KAapaHT) Y3WIHIILIApU OpacuJard BakT >KyJa KMYUK. By HaTKara 3pHUIIMII Y4yH
Oy 0obOnma stHTM Hazapuil Mojaenb — ydTtanuk sfapo cuctemacu (YSC) monenu
unuiad Yukuiarad. by Mozens Kyaaok sSiapo CUCTEMAacH MOJIETTUTa aCOCIaHTaH.

bynunaguran  YSCHuHT  KoimHeap  KOH(purypamusich — Kydujgarmya
aHUKJIaHAW: yuTa (parMeHT oOumma OyauHuw yKuoa Kounamrad Ba OyHa
VACHUHT TYIUK SHEPrUACUHUHT KUWMAaTH MUHUMal Oynmamu. 3-pacmiaa
KYpcaTuiraHuIeK , Yekka siaposap “1” Ba “2” xamaa ypragaru sapo sca “3” kabu
Oenrmnanrad. bynpgai taxymnga unuiatuiaaurad YSACHuHr y3rapyBumnapu 3-
pacMa KypcaTUiIraHUAeK aHUKJIAHTaH:

Ly —

Z, A A
SN Ve \
( { e

i
| \ |

\

R |

R12 -

3-pacm. YSC pparMeHTIAPUHUHT KOJUTHHEAP KOMJIALTYBH
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VACHuar mnoteHuuan sHeprus cuptd  (II9C) MuUHMMYMIIapy  yHUHT
dbparmMeHTIIapy 3apsij Ba Macca COHJIAPUHU Xam/1a OFUPJIUK MapKa3jiapu opacuaaru
Macodanu y3raptupu6 Ttommiamu. I[I9C komnuneap VYSCHUHT UKKWTa
bparMeHTUHHUHT 3apsi]] COHUTa OOFJIMK MKKH Vadyamiid OONIKapyB MOTEHIMATHMHU
Hamomum kwiagu. YAC ypracunaru gpparmeHT OuiiaH 4eTku (pparMeHTIap Macca
Mapkasnapu opacugaru Ri3 Ba Rz macoda sapo-sapo ¥3apo Tabcup NMOTEHIHAI
HHEPTUACH KUHMATH MUHUMYMUJIAH TOTTUIIAIH.

[12C kyinaaruda xucooaaHuIagM:

U(Z1,A1,BY, 23, A5, B®, Z3, A3, B, Ry3, Rs;)
= Vint (ZlJ A1, ﬁ(l)ﬂ ZZ' AZ» ﬁ(Z)' ZB: A3» ﬁ(3), R13r R32) (6)
+ Qggg (Z1, Alﬂ Z3ﬂ A3)
by epna Z; Ba A; YSIC i-un (i=1,2,3) pparMeHTHHHUHT MOC paBHIL A 3apsj Ba Macca
coHnapu Ba Rjj i-uM Ba j-uM (parMeHTIApHUHI Macca MapKas3lapu Opacuaaru

macoda. @ ={ Z(i), 3@} sca | (parMeHTHHHT JedopMalus MapameTpiiapu

TYIJIaMHU Ba ﬁz(l) Ba B3(l) MocC paBullia eOopMalUHUHT KBAAPYIOJb Ba OKTYIIOJIb
KucMiiapuHu  Hamovum  Kuiaau. YSACHuur ¢parmentiapu opacugaru Vi,

e ampo Ba V. Kynon
Kucmnapuaan ubopar. Kypunamuxu, V12 =0, uysku 1 Ba 2 ¢parmentiap 3
(dbparMeHT OpKajdu aXpaTwiraH Ba 11y ca0albiiy yJIapHUHT HYKJIOH 3WYIMKIIApU
TaKCUMOTH KECHIIMaiau, (akaTruHa yiap opacuja KyJIOH y3apo TabCUpU
MaBxkyd. (6) Tenrmamagaru Qg Oy yura OYIMHUIIHUHI pPeakuusl SHEPTusicu
OanaHcuaup.

bynuaum apadacu xomartumaru YSCHUHT 3apsja Ba Macca TaKCUMOTHHU
xucobnam yuyH [IDCHuHr Bomuiich Ba MUHUMyMJapu ¥3apo Tabcup Vi,
noreHuuanuan (Zq, Ay, Z3, Az, Ri3, R3;) HuHr QyHkumsicu cudarumga xucoOmarl
OpKaJli aHUKIaHWIaau, uyHku (Z,, A,) vu (Zq, A1, Z3, A3) opkaiau Torica Oyiaau
Ba Ry, = Ry3 + R3,. Bynu xap 6up {Z;,Ay; Z3,A3; Z,, A} xouburypamnus y4ayH
Ve HU Riz Ba Rgy dynkumsicu cudarupa ummatub Torca Oymaau (reomeTpust
cudaruga 3-pacmMra Kapasr).

Wkku ymuonu Oomikapye noreHumamu Uy, (Zq,Aq;Z3,A3) dparmentiap
Macca Mapkasiapu opacugaru macodara OOFiauK Vi SApO-SApo Y3apo TabCcHUp
NOTCHIMATMIATH Ypa KUWMATHHUHT MUHHMYM KHAMaTura Moc KemyBuH (6)
uponanaru [IICHUHT KUKMAaTIIapy OpPKaIu TOMUIAIH:

Ugr (ZliAli ﬁ(l)' ﬁ(Z)'Z3'A3'ﬁ(3)) (7)
= U (leAll ﬂ(l); ﬂ(Z)fZ3IA3' ﬂ(g)’ Rggun)’ Rgznln))

P2Cf smpocu yuym (7) ¢opmynra épaammaa XHCOONAHTaH OOIIKAPYB
noreHimani 4-pacmaa kenrupwirad. “CCT” typrOypuak wummarn Z;(A;) Ba
Z3(A3) macca connmapu YKKB maxcynoriaapura moc kemaau. “FFF” typrOypuak
aca Jespau OWp XWJ Maccalud ydTa (parMEeHTHUHT IIAKJUIAHUIIUTA TYFPU
kenaguran YSC KoHQUrypauusuiapuHu Kypcataaud. Y3JIyKCH3 Ba ITyHKTHD
YU3UKJIap 4YeTku Z, sAnpo cudaruia ¥2%Sn Ba ™'Te rta o9ra VIIC
kKoHurypauusuiapuan  kypcaraau. llynmait kunu6, YACHUHT yeTku sapocu

OupuHYM 60012 KeNTUpUIraH Kabu WKKM, sbHH V)
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Z,=50 Ba Z,=52 3apsia coHUTa TEHI Oyjica MHHHMMAaJ HEpPrusra sra BOAMIHU
KYPHIINMA3 MYMKHH Ba 6y 2~ 2Cf—fi+f3+%2Sn Ba ®’Cfofi+f;+*Te 6ymanm
KaHaJllapura Moc kenaaud. Boauil nedapnu Z3;=28 1M MaijoHTradya 4y3wiaau.
Ni+Ca+Sn koHdurypauus Ca+Ni+Sn koHpurypammsra kaparanjua Kympok
XTUMOJUTMKKA 3ra, yyHKU [IDCHuHr xuiiMatu Ca+Ni+Sn koHuUrypamus ydyH
OJITMHTH KOHUrypanusira Hucobaran 12 M»B ra karrapox.

40 48 56 64 72 80 88 9% 104 112 120 20

-8
-10
12
-14
-16
18
-20

6
-22

4

1

4-pacm. °Cf (sf fff) peaxuustnuar norenuasn sneprust cupru (Ug,)

by VAC dparmentinapu noteHuuan ypamaad OYJIUHUINM KEpak Ba IIyHUHT
VU4YH YJIapHUHT UYYKYpJUTHMHU Oaxojaml >XKyJa MyXuM, S’bHU OOFJIaHTaH OFUP
KIacTepiap Y30K BAaKT OWpra KONMIUIAPH MYMKHMH. Y3apo TabcHp Veasn
MOTEHIUAIMHUA Xucoouai yuyH Ryijca Macoda Vyic, MTOTEHIIMATHUHT MUHUMYMHUTa
TVFpU KeJyBUM KuiiMatuaa Qukcupnanaaud, noteHnuan Vyica 3ca  Veasn
MOTEHIIUAJIHUHT MUHUMYMHTa MOC KelyBud (ukcupianraH Rcgsn KuiiMaruia
xucobmanaau. Hatmxanap 5-pacMaa KeITHUPUIITaH.

| Wi ca* Yoasnt i snt Pagg |
(I 50 132
Ni+*Ca (e Ca+ ""Sn

0 8 8 7 6 13 14 15 16
A, (fm) A, (fm)
5-pacm. YAC ¢pparmenTiapuHu 6Mp koiixa yuuiad Typysum 0yannum apagacugaru Byica
Ba Bcasn TYcukIap
15



Ni+Ca cucremanmar Oynunum  apadacumaru  Byjsy,  O6apbep  Vnisn
NOTEHIIMAIMHUHT YyKypJurura TeHr 0ynub Rsp ra 6ornmk paBumiga y3rapaau. by
Xoaucanu Kypcatuin yayH (6) TeHrinamanard Vi HOTEHIMATMHUHT Ri3 QyHKIMs
cudarya MaKCUMyM Ba MUHUMYM KuiMaTiapu ¢apku OViaran Bz GapbepHUHT
y3rapumu OaxonaHau. baxonam HaTwKacu IIYHM KYpcaTaauKd, Y4YUHYU
dbparMeHTHUHT MaBXKy IJTUTH Ni+Ca CUCTEMACUHUHT OYIMHUIIMHU
CHIJUTAITUPUII yYyH XKyJa MYyXUM. YUYUHYM MaccuB Sn (parMEeHTHUHUHT
MaBXyyUrd OynuHuin apadacunaru TycukHu 4 MbB ra xamaiitupanu Ba mry
cababmu Ni+Ca cucTeMaHuHT OYITUHUII SXTUMOJITUTHA OPTAIH.

JluccepranustHUHT «“S2Cf SAPOCHHMHI Y3UIAH-Y3U OYJIMHUINHAA YYTAJIUK
SIAPO  CHCTEMACHHHUHI OyauHumn apadacuaaru KoHpurypamuscu”aed
HOMJIAHTaH YYMHYM OOOM y4YTaIMK SApPO CHCTEMACHHUHI MYMKHUH OYyirax
KOHUTypauusiapuHu 6axosarira Oarunuianrad. bupuHun Ba ukkuH4M 0061apaa
MaxCyJOTJIapHUHT 3aps]l Ba Macca TaKCUMOTJIApM MyXOKaMa KWJIMHIAH, aMMO
yJIApHUHT OVJIMHUIIAH KEHUHTU HMITYJIbCIAPUHUHT KOJUIMHEAPJIUTH MyXOKama
KWJIMHMAaral 3a4. YUuH4YM 000712 KoJUIMHeap OyiamaraH KoH(urypauusiap xam
TaxXJIWIra TOPTHIIH.

Hazapuit éanamys YSC monenura acocianrad Ba OyHaa MKKUHYM 0001aru
kabu KAC ydyH uMIuiaTuiaral KapuHAOII MOJENra acoCjaHraH ‘‘yuTajauk SApo
cuctemacu” TtepMuHu unatwiad. Y SACHunr ¢usuk xycycustiaapu KAC kalw,
OMpOK Y¥3apo TabCUPJIALIYBYM SIAPOJIAP yUTa.

A
¥ 3
) — 2
3 R : .
o 13 m_ s Y
1 ™ —/ 23 \\
|. I ]‘~ ' I >
.._‘_\ / X 3 \ i X g / ," X
R \ | ,
R N | .,/
12 ~_ |

6-pacm. V(Rq3, X3, y3) NOTEHIMAJ SJHEPTUSIHU XHCOOIAIIIa HILIATUIAAUTAH
y3rapyBYWJIApHU KYpPcaTyBYH cXeMa

[Torenuuman s3neprus yura sapo opacuaaru KyioH Ba sapo y3apo tabcupiapu
WUFUHAUCUIAH TONMUIAIU:

V(R12,x3,y3) = z Vij (R12,x3,Y3) (8)
i<j

Vij (R12,x3,¥3) = Vij(nuc)(R12»x3'Y3) + Vi,-(coul)(R12»x3'3’3) (©)

By epna i,j=1,2,3 Ba i<j. flnpo-anpo norenumannapu Vi; (Ri,x3,y3) “i” Ba 7
(parmenTiapu opacunary HucOuiét R;; macodara Oornmuk (6-pacMra Kapawr).
V3apo TabcHp OTCHIMANMHHHT  XUCOONAll METOOM HKKHHYH — 600na
TaBCU(IaHTaHUJEK. R{, HHUHT (QUKCUpJAHTAaH KUWMATIApH Yy4yH X3 Ba Y3
byukiusa cudaruga V' xucobnamn HaTvwkaiapu /-pacmia Kypcatuiarad. Pacmman
KypuHaauku, R ;<21 ¢m Macoda ydyH yuTanwk sIApO CUCTEMAcH Y4yOypyak
maknra sra (Ys>0), yynku Kynon urtapyBum kywiapu Ca sigpocunu Ni Ba Sn
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MapKa3JlapuHd  TyTalITUpyBuM R  yKupmarm — koimmMHeap — XojaTaaH
YUKapaau.

V,(fm)

9
8
7
6
5
4
3
2
1
0

Y4(fm)

O =« N W A& OO N ®©

©C = N QL & 0O N @

\ 2 | /
i) fie =) Hl\4
A\ | /4

\ | -“.,_‘_f

I LM

il | y/

\ { ¥ f‘

\I Y

2 4 6 8 10 12 14 16 18 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
X,(fm) X,(fm)

7-pacMm. “1” Ba “2” (pparMeHTIAPHUHT Macca MapKa3japu opacuaard Hucoumii Ry,

MacoganuHr 19 nan 24 ¢pm rava 6yaran kuiimatu yuyH “3” ypranaru ¢ppamentaunr (Ca)
Macca MapKa3u xosatura (X3 Ba Y3) 600rauK V(Rq3, X3,y3) NOTEeHIIHA YHEPrUusi CHPTH

Ca ydyH MOTCHIMAA YpAaHUHT MHUHUMAJ KuiMath Katta, Vi, (Ri; =
19 dm,x3 = 8,2 dm,y; = 4,4 dm) = 248,83 MaB. by Ca sanpocununr R,
YU3MKKA HUCOATaH XOJATUHUHI OMpHHUYM Xycycusitu. by xonnma Ca sIpOCHHHMHT
X0JIaTH OFUp siApoiap opacuaa xoimamaauran He, Li, Be, ..., Si enrun
APOJIADHUHT OyiMHUII apadacupard xoJaTiapd OwilaH yxmam Ba ydra
OYIMHUIIIA YYMII TPACKTOpUsUIapu JAespiu Rjpp 4YM3MKKAa NEpPHeHAUKYJIISP.
SV’pTaz[arI/I Ca sapocunuHr Rj; koymmHeap YKura HUCOaTaH XOJATUHUHT UKKUHYU
xycycusitu 0y V(Rq3,X3,V3) Aa MOTEHIMAT YpaHUHT MUHUMyMH Ri, OwiaH moc
kenumuaup. [lorenuuan ypanuHr MUHUMYMHU Ry, opTuiim OuiaH 11y YM3uK TOMOH
xapakaTinaHaau. R;p=21-22  ¢m  kwitmat  yuyH YSCHUHT  KOJUITMHEap
KoHpuryparusicu aBh3anpok, JekuH V (Ry,, X3, Y3)1a NOTeHIHAI YpaHuHr 2 hM ra
KeHraiiumu  xucobura Vpragarm Ca  XOJaTMHUHT  KOJUIMHEAp  YKIaH
GAyKTalMsICMHM Ky3aTUII MYMKHH. /-pacMJlaH siHa IOyHM XyJoca KHIJIMII
MyMkuHKH, arap YSC Ry;p;>24 ¢m na OynuHca, yHIa KOJUIMHEAp OYIMHUIIIAH
OFMIIM Ky3aTwiaau. By ouMmk caBosnra »xaBoO Oepuin ydyH keiimHru 0o0na
JUHAMHK XHCOOJap aMmanira OIUpUIITaH.

Jlucceprammsauar  ““2°Cf  y3uman-y3m  GYJIMHHMIINAA  YYTAIHK  SUIPO
CHCTEMACMHMHI JWHAMHUKACKH” 1e0 HOMIIAHTaH TYPTUHYM 000U OYITMHUIIHUHT
KOJUTMHEAPJIUTUHN aHUKJIAIl y4yyH OYNIWHAETraH y4yTalMK SIAPO CUCTEMACHHHHT
Jlarpanx xapakat TEHTJIaMaCHHH €4YHIlra OaruIlIaHTaH.
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Knaccuk Jlarpamk TeHrnamMacMHHM OJIMII Ba YHHM €UMII acocuil Baszuda

1 .
xucobnanaau. Jlarpanxuan Oy L=7T—V, 0y epna T = 3 3, m;R? — cucremanumr

KMHETHK »JHeprusicu, V — QparMeHTinap opacujgard TYJIUK Y3apo TabCUp
TOTEHIIMAJIN, M; — I-4H SIPOHUHT MacCaCH.
XKapaén X Ba Yy Tekuciuruaa OYAraHM yUyH XapakaT TeHIJaMaiapu
Kylujgaruya:
av
aRix
Horennman sueprust V daxar R;; HucOuii mMacogpara OOFIMK OYiraHu y4yH
(14) Tenrnamanu Kyiugarnya €3uil MyMKHH:

(10)

miVi, =

( ) Rioy aVv +R13x aV
m v = —
i Ri; Ry,  Ryz ORy3
R 15174 R av
U myy, = + 12x 23x (11)

Ri, 0Ry; | Rys 0Ry;
Ry3, 0V Ry3, OV

Ry3 ORy3 Ry3 ORy3
Y-KOMITOHEHTA YYyH CUMMETPHK 3 Ta TeHIJIaMa OJUII MyMKHUH. MmMmyJic cakjiaHuIin
KOHYHUHHU Zi3=1 m;v;, = 0 nHOGaTra onu6 (ayrku “>Cf HUHT CIIOHTAH GYIMHMIIN
yuyH P.,, = 0), (11) dbopmynanapiaru TeHrjiamaaap COHH OWUTTara KUCKapaju.
(11) dbopmymanapman KYpHHAIUKH, XapakaT JAMHAMHKACH TYJIHK Y3ap0 TabCUP
NOTEHIMAIA XOCWiIacura Kywin Oofiuk. TYauK ¥3apo Tabcup MOTEHIIMATMHHHT
XucoOJal METOU YYMHYM 00012 KENTHPUIITaH.

Vunman 600ma Kaiix oTHiraHuaex, --Cf SApOCHHHHT ¥3-Y3umaH ydra

Oy IMHMIIKA SXTUMOILIHTH SHT KaTTa KaHai — 6y ' Ni+°Ca+*Sn. 6-pacmzaa "°Ni
— OUpUHYY SAPO (Yara >Kousamiras), 13291 _ pkxuHun anpo (YHra skousamran),
*0Ca sca — yunmHun (YpTaza skoinamiran) supo.

km3U3x =

60 e
40 _____r___—f"
20 UL
P
s E Tl
i I R,
_&CE ""R_&. -.-..""--_
E — A, T
-100 4
124 e
0.8 I
0.4 e -
W oanl” ——
= LR o o —_——
E .04 /
L 1 T L L o
= -0.8 WA BT ix
7 2] WO T
16 _ —
2.0 T e
T T T T TT T TT T T T 1

0 5 10 15 20 25 30 35 40 45 50 G55 60
t(10%s)
8-pacm. BakT dpynkuusicu cudaTnia yura sipo KOOPAHMHATAJAPUHHUHT (IOKOPHIAaru) Ba
Te3JTUKJIAPUHMUHT (MacTAarn) X KOMIOHEHTACH
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Komm macanmacura Moc KenyBud OOLUIAHFUY INAPTIAPHUHT yuTa XOJUHH
Kypamu3. bupuHun xon — Oommga xamMma sapoJiap OUp UYM3HMKIA >KOWJIAIIraH.
Uynku, YSC xomnuHeap KOHQUTypallMsTHUHT OYIuHUII apadacujard dHEpruscu
Oomrka KoHGUTrypanusaapra HucOaTaH KUYMK Ba TYJIWK MOTCHIMAIHUHT sIpoJiap
opacujaru HUcOMi macodara OOFIMKJIMIUIATH JIOKAJl MUHMMYMIa MOC KeJlaJu.
VYyta aapoHUHT OOUUTAHFUY TE3NMKIAPUHUHT MKKalla (X Ba y) KOMIIOHEHTAJapH,
aspHd  YSC  ¢dparMeHTIIapuHUHT  [IAKIJIAHUIIM 1[Iy  Japaxaja CEeKUHKH,
bparmenTinap Hon (€KW JKyJa KHWYMK) Te3nMKka odra. HOxopuma aWTuiaTan
Oonutanruy mapmiap Ownan eumnrad (11) xapakaT TEHrIaMacMHUHT €4uMHu 8-
pacmzaa kypcaTwiran. MyxuMm HaTiwka cudatuia IIyHH alTHII MyMKHHKH,
cucremMa OynuHTaHaaH KeWnH yauHuyd sapo (Ca) x Yku OVitnad KoopAMHATACHHU
JEeSpJIM y3rapTUPMAsITH, YyHKH YHHHI Te3JIUrd Hoil. by aeranm, ypragaru (Ca)
SIPOHU HKCHEPUMEHTAA Ky3aTHIIHU ACSIpid WIOXKH WYK. By Xymoca ukkuHum
00012 OJTMHTaH HATW)KaHU TaCTUKIIANIH.

WkkyuHYM Ba y4MHYM XoJulapAa Oapua OONUIAaHFWY IIApTiap aBBaITHICK,
aMMO MOC paBullIa Vypramard sapo Oupo3 IOKOpUJA >KOWIAIraH, sbHU
R3y(t=0)=0,5 ¢m Ba Ypramarm sAApO TETUTHHUHI Y-KOMIIOHEHTH Vs, (t = 0) =
0,1 cM/Hc. XwucoOmam  HaTwxkamapu 9-pacmMma  kentupwirad.  Pacmuaan
KYPUHAJAUKHU, KaJIbUUWA AIPOCH KOMIAIIyBUHUHI KOOpJIMWHATa OOIIMIaH Y YKuaa
0,5 ¢™ ra orumm €KM YHUHT OONUIAHFUY TE3JIMTUHUHT Y-KOMIIOHEHTU HOJITA TEHT
OYyIMaciurd HOKOJUIMHEAap OYIWHUIN YYyH eTapjid Ba HWKKajga XojljJa Xam
TpaeKTopUsIap OUp-OupHra xya yxXiarml.

bapua xomnapna OynuHMII TapTHOM OWp XuJ, SBHU OomMIAEK Sn sapocU
Ni+Ca cucremanan axpanaau, cyHrpa ~1,4x 103 BaktaaH kel Ni+Ca cucrema
napyanaHaju.

T a I ol B I

15 4 20

10 4

y(fm)
¥ifm)

L=

100 80 €0 -4 20 o e “0 B0 100 80 E0 40 20 0 20 40 &0
x (fm) X (fm)
9-pacm. 8-pacmaaruaex Oouuianruy maptau, ammo R3y(t=0)=0,5 ¢m (a) Bavs, (t = 0) =
0.1 cMm/Hc (b) xoa1ap yuyH yuTa 0YJIMHYBYH AAPOJAPHUHT TPAEKTOPHSJIAPH
8 Ba 9 pacMiapzaH IyHH XyJnoca KMJIMIIMMHU3 MyMKHHKH, arap ¢gakat xamma
anponap Oup ykma koinamica (R, = 0) Ba yprajmaru sapo OouUIaHFUY
TE3JIMTMHUHT Y-KOMIIOHEHTH Oynamaca (V3, = 0), yHaa KoyuuHeap OYiIuHULI pYyi
Oepanam.

WNnoBama wkkuta nedopmarusiaHral  sapoJiapHUHT  sjapo  Ba  Kymon
KUCMIIapuaaH ubopar ¥3apo TabCHp NOTCHIMAIMHUHT aHUK KYPUHUIIN
kentupwiaau. Kynon kucmuan xucooOmam yayH BoHr gopmynacu Ba MKKUTAIHK

19



Oykmnil MeTonu OwiaH XHCcOONMaHaaWraH SApPO KUCMU Y4YyH (opmyanap
KENTUPHUJIITaH.

XVYJO0CA

“Yu kiactepid KoOJUIMHEAp OVIMHUII MEXaHW3MJIapu~  MaB3yCHUJIaru
auccepranus Oyitmya YTKazuiraH Ha3zapui TAAKUKOTIAp HaTHXKacula Kyuujaru
XyJiocayiap TaKIuM STHIIIN:

1. 2°U(ny,f) peakumscuna xocun 6yaran Famaéamanran ~°U  KOMIIAYHI Spo
KeTMa-KeT MEXaHW3M OyilM4a yd4 KiacTtepra KOoJUIMHeap OyiIuHca, MaxcyJoTiiap
82Ge*, ”Ni" Ba 82Ge*6§”/ﬂam/1. YKKb yuyH Oy KaHaJIHUHT 3XTUMOJUIMTH OOIIKa
KaHaJlJlapra Kaparaija KaTTapoK Ba YHUHI MKKHUra OVJIMHMINTa 3XTUMOJUIUTHUTA
nucOati 3-10% ra Tenr. By XHCOGIAHraH HATHKA OSKCICPUMEHTAA ONHMHTAH
KuitmMatra sskuH. AMMo Macca conrn M=132-138 ra TeHr MaxcyJaoTiaap YUKUIITHHA
Oy MexaHu3MJ1a Xuco01ab OVamanu.

2. YKKBbHuHT “mespin KeTMa-KeT MeXaHu3M~ J1¢0 HOMJIAaHTaH HMKKHHYH
MEXaHU3MHHHUHI ~aMajra OLIMII 5SXTUMOJUIMTH OJHI KarTa, YyHKA OFHP
dparmentanar (*?Sn  sapocunmnr) Kymon wmaiimonn ca6abmu °Ni Ba °Ca
opacuaaru y3apo Tabcupaaru OyiauHuin apadacu TYCUKHU KaMaUIIMHU XucoOra
onanu. by 13289 AIPOCUHUHI KOWJIAITyBU Ni+*Ca cucremanunr Oy IMHUIIH
YVUYH YHTa SIKUH OYJIMIIN KEPAKJIMTUHU aHTIaTaIu.

3. DHeprus Ba UMITYJIbC CaKJIaHHII KOHYHU OWIaH OOFJIMK TEHTJIaMaJapHUHT
cunmu  uryHM  kypcatamuky, ~-Cf—"°Ni+*°Ca+'¥Sn peaxkumsga ypragaru
saaponur (Ca) tesnmuru nesapiau Hoira TeHr. llynunr yuyn Ca sapocuHu
HKCIIEPUMEHT/IA Ky3aTUIIl KUIHH.

4. ®°Cf s$APOCHHHHT CIIOHTaH OYIMHMINM Y9yH XUCOOTAHTaH TYIHK y3apo
TabCUP TOTECHIMAIN HATHXKACUIAH IIYHU XyJoca KWJUII MYMKHHKH, arap Ri,
(uexka Ni Ba Sn ¢parmentiapau 00fnad TypyBun uyn3nkK) 21 oM nan kuduk Oyca,
yekka siiposiap ypramgaru siaponu (Ca) xoymuHeap XoinaH yukapanu Ba YSAC
yubypuak KoHurypamnusra sra 0ynaan. R;,=21-22 ¢m kabu xaTTa KuiMaTiIapaa
NOTEHIMAI YpaHUHT MUHUMYMHU R, um3ukka kydaau Ba YSC ydyH KomidHeap
KOH(purypanus aBg3ai.

5. Arap OymuHum apadacu Oockuunga YSACHUHT XamMma sipoJiapu
MOTEHIIUAJI PHEPIUsl CUPTH MUHHUMYMHIAa MOC KEJIYBUM KOJTMHEAp KOMialraH
Oynca Ba y ykuaa yuuHuu snapora (Ca) TeHr Tabcup 3TyBUM Kyd OYynmaca (Eku
OOLITAHFUY TE3JIUMTUHUHT ) KOMIIOHEHTH HOJIra TEHr OYyica), y XO0JiJa Y4TaJIUK
AP0 CHUCTEMACH KOJUTMHEap OYJIWHUIIM MYMKHUH. bomika Oomnutanfud maptiap
HOKOJUIMHEAap y4ra OYIMHHILITa 0IH0 KeJa/Iu.

6. bapua xomrapaa YSCuunr ("°Ni+°Ca+'*Sn) 6yauuum Baktn aespiiu 6up
xun 1,4-10%¢ aTpoduaaru KuiimMarra sra. by aca BakT OONUTaHFUY IapTra JAesipiiv
OOFIMK SMACITUTHHM aHriatagu. byHra OYIMHUITHUHT KeTMa-KeTiuru cabal:
onaun Sn sapocu Ni+Ca cucremanan axxpanaau, cyurpa Ni smpocu Ca sapocuaan
axpanaau.
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INTRODUCTION (annotation of PhD dissertation)

Topicality and relevance of the theme of the dissertation. Today most
experimental data have been collected on the physics of nuclear reactions in heavy
ion collisions. These data require to be understood by suitable and non-
contradictory models. The topicality of theoretical investigation of the spontaneous
and induced fission of heavy nuclei is related to the absence of full understanding
of fission processes. It requires new theoretical methods to analyze the known
experimental data of fission products. Systematization of the obtained
experimental results and establishment of analyses and regularities in them allow
studying the realistic mechanisms of heavy nuclear fission. There are a lot of
theoretical models created in various scientific centers, but no one of them can
fully descript ternary fission with the yield of products with almost the same mass
numbers.

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 and particular binary and ternary
fission of nuclei has significant meaning in the Strategy of Actions on Further
Development of Uzbekistan.

Now, in the world, there are different theoretical models created in various
scientific centres, but no one model can explain ternary fission with almost the
same fragments. The current dissertation work is the original investigation of the
ternary and multicluster fission by the author. Of course, these processes constitute
less than one percent out of all events of fission, but knowledge of their nature
allows us to better understand the conventional nuclear fission process.
Multicluster fission exists due to the shell structure of nuclear matter, so both
theoretical and experimental knowledge of the nature of multicluster fission in
different nuclei contribute to build a full fission mechanism that increases practical
application of its regularity.

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,
Resolution N0.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” of 7 February
2017 and others.

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: II. “Power, energy and resource
saving”.
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Degree of study of the problem. Until today leading scientists of the world,
for example, German scientists (A.R. Degheidy, J.A. Maruhn, H. Diehl, W.
Greiner, F. Gonnenwein, W. von Oertzen, J.P. Theobald, P. Heeg and M.
Mutterer), Russian scientists (Yu.V. Pyatkov, D.V. Kamanin, A.V. Karpov, V.A.
Rubchenya and S.G. Yavshits), American scientists (M.L. Muga and C.R. Rice),
Swedish scientists (P. Holmvall and U. Késter), Indian scientists (K. Manimaran,
K.R. Vijayaraghavan and M. Balasubramaniam) and others have done a number of
investigations to study the statistic and dynamic properties of fission of heavy
nuclei experimentally and theoretically.

Properties of heavy ion (U, Cf, Th, Pu etc.) fission products, like yield, kinetic
energy, and angular distribution have been studied by such Uzbek scientists as
V.P. Pikul, Yu.N. Koblik, A.K. Nasirov and others. To describe nuclear reactions
with heavy ions, the dinuclear system model has been created by the scientists of
the Joint Institute of Nuclear Researches (Russia) and the Institute of Nuclear
Physics (Uzbekistan).

Earlier the investigation of ternary fission included only a binary fission with
accompanied light charged particles, i.e. He, Li, Be etc. In this mode of ternary
fission, middle fragment (light nucleus) flies perpendicular to binary fission line
and the heaviest emitted cluster is sulfur nucleus. But later the experimental group
(FOBOS) from Russia started to study another type of ternary fission — collinear
cluster tripartition (hereinafter CCT). These ternary fission products (clusters) fly
almost in one line and their masses have around the same value, i.e. middle
fragment can have larger mass numbers (<100).

After publication of the results of the FOBOS experiments, the number of the
theoretical researches by Indian scientists has increased. Especially, charge and
mass numbers of fragments were estimated by calculating the yield of products,
and possible configuration by calculating the total potential energy in their
theoretical papers. Main deficiency of this theory is that one barrier was used for
two necks (or overlapping surfaces), which means that the fragments can be
separated only simultaneously. This limitation was not taken into account by
authors,

Taking into account the current status of the problem, we tried to investigate
various mechanisms of ternary fission of heavy nuclei, especially uranium and
californium nuclei.

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).

The aim of the research is development of a theoretical formalism
describing mechanisms of collinear cluster ternary fission of heavy nuclei and
identification of conditions leading to collinearity of fission.

The tasks of the research:
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calculating the total interaction potential of dinuclear system for describing
the sequential collinear (prolate) ternary fission in the ?*U(ny,f) reaction;

finding the charge distribution (yield of products) of the sequential collinear
(prolate) ternary fission in the ?*°U(ny,,f) reaction;

studying the dependence of the total interaction potential on the distance
between the heaviest (***Sn) and middle (*°Ca) clusters in collinear (prolate)
configuration in spontaneous ternary fission of 2°2Cf;

calculating the yield of products formed by the almost sequential mechanism
collinear cluster tripartition of *2Cf;

studying the role of the distance between edge fragments (°Ni and **2Sn) in
shape of total interaction potential in non-collinear (oblate) configuration in the
252Cf(sf) reaction;

getting the Lagrange equation of motion for the true ternary fission in the
252Cf(sf) reaction;

solving the equation of motion with different initial conditions (Cauchy
problem);

finding the initial conditions which lead to collinear ternary fission.

The objects of the research are heavy nuclei, products of ternary fission and
clusters.

The subjects of the research are total interaction potential between two (and
three) nuclei, yield of ternary fission products, initial states of the system which
consist of three interacting nuclei.

The methods of research. On the theoretical level, 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:

a new trinuclear system model to describe true ternary fission process was
developed, and it was revealed that in some cases collinear ternary fission takes
place in nature;

it was found that in sequential collinear ternary fission more possible channel
is ¥Ge+"’Ni+*Ge in the 2°U(ny,,f) reaction;

it was shown that the location of **Sn close to the "’Ni+°°Ca is important to
be collinear ternary fission at the same time way;

it was also shown that fission the barrier between "“Ni and *°Ca is higher than
that of *°Ca and **2Sn, i.e. separation of ***Sn from the system "’Ni+>°Ca is easier;

it was shown that the initial condition at pre-scission stage of trinuclear
system is important for its decay which leads to a collinear fission.

Practical results of the research consist of the following:

more possible channel of sequential collinear cluster tripartition of the excited
28 is %2Ge+"*Ni+¥Ge in agreement with experimental data was obtained;

it was shown that at spontaneous fission of ?°°Cf the probability of collinear
ternary fission of the "°Ni+°Ca+'*?Sn channel is more comparing with other
channels, and rupture of neck between Ca and Sn nuclei occurs earlier than Ni and
Ca. The difference of the rupture time should be too short;
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at the spontaneous fission of %°Cf the velocity of the middle fragment (*°Ca)
is close to zero, and hence the possibility of the experimental observation of this
fragment is rather small;

it was found that if the relative distance between Ni and Sn nuclei is less than
21 fm, then repulsive Coulomb force extrudes Ca nuclei from the collinear
position, meanwhile the minimum position of Ca moves to collinear line with the
increasing of the relative distance;

it was shown that from the dynamical calculation of true ternary fission of
52Cf there is just one initial condition that leads to collinear fission: mass centres
of three nuclei lie in one line and the perpendicular component of the middle
fragment’s velocity to the collinear line is zero. All other initial conditions of the
pre-scission state result in non-collinear ternary fission;

it was found that the breakup of *°Ca from Ni occurs around 1.35x10%
seconds later than the separation of *¥*Sn from "°Ni+>°Ca system. This time is very
small compared with the time of a usual binary fission (~10™ s).

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 is determined by the ability of the developed
formalism in the dissertation to analyze the properties of ternary fission fragments
obtained by new experimental data and results of different theoretical models. For
the first time, theoretical investigation of collinearity of products was carried out
by the researcher, and this is important in understanding the nature of ternary
fission of heavy nuclei.

The practical significance of the research results lies in the fact that they can
be used to obtain more possible configurations of a ternary system and to define its
fission channels. Created calculation method can be used to estimate different
parameters of ternary fission products such as charge, mass, temperature, as well as
the angular distribution that shows the type of ternary fission. The results can also
be useful for the analysis of the nature and dynamics of nuclear reaction
mechanisms, and in the development of observational experiments and criteria for
the detection and identification of clusters.

Implementation of the research results. Great probability of collinear
ternary fission of the "°Ni+>°Ca+'**Sn channel at spontaneous fission of **Cf
comparing with other channels was used by international journals (Journal of
Physics G, 2017; Physical Review C, 2016; Physical Review, 2017) to define a
channel of collinear cluster tripartition. The use of the scientific research result has
given chance to define collinear ternary fission of heavy nuclei.

Possibility of non collinear ternary decay at more than 24 fm of the distance
between Ni and Sn at ternary fission of **°Cf was used used by international
journals (International Journal of Physics E, 2016; European Physical Journal A,
2017; Physical Review C, 2017) to define collinearity or non collinearity of

26



fission. The use of the scientific research result has given chance to define cases of
non collinear fission.

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 17
scientific works were published, including 8 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 103 pages consisting of an introduction, four
chapters, a conclusion, an appendix and a bibliography.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction, the topicality and relevance of the dissertation theme are
justified, the aims and objectives are formulated, the scientific novelty and the
practical results of the study are set out, the reliability of the obtained results is
proved and their theoretical and practical significance are disclosed, a summary of
the implementation of the research results and the structure of the dissertation are
given.

The first chapter of the dissertation titled “Collinear cluster tripartition as
sequential binary fission in the 2°U(ny,f) reaction” is devoted to the study of
the true ternary fission of **U induced by thermal neutrons. The ternary fission
process has been considered as sequential binary fission, and the fission products,
which fly in one line, have close mass numbers.

For the description of mass and charge distributions of fission products of
heavy nuclei, the concept of the dinuclear system (DNS) has been applied.
Actually, at the descent from the saddle point to the scission point, the fissile
nucleus looks like a dumbbell and changes its shape and mass (charge) asymmetry
by nucleon exchange. Therefore, the mass and charge numbers of the being formed
products are changed up to the scission of necks connecting the fragments. The
initial stage of fission, when the shape of the fissionable nucleus transforms from
the compact form into the double nuclear system, is not considered in the
dissertation. The charge distribution of the fragments is calculated after the
formation of DNS. In the case of the DNS with a large-neck parameter, the DNS
model is not acceptable because the DNS concept proposes the smallness of the
neck connecting the two interacting nuclei relatively with their whole volume.
Collinear cluster tripartition can be assumed to be the two-stage fission of the
sequential binary fissions shown in Figure 1.

O
-
o.a@oo_»
0 6-0-

Figure 1. The illustration of the sequential collinear cluster tripartition of a heavy nucleus.

The change of the DNS total energy is the sum of the changes of the energy
reaction balance (Q,,-value) and nucleus-nucleus interaction potential V(Z, 4, R)
between its constituents:

V(Z,AR) =V (Z,AR) + Quy(Z,A). (1)
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The Q,4-value represents the change of the internal energy of the system
during the reaction: Q4 = B1(Z,A) + By(Zen — Z,Acn — A) — Ben (Zons Aen),
where B; and B, (Z and Z.y — Z) are binding energies (charge numbers) of the
DNS constituents. Binding energies are taken from well-known tables of the
nuclear experimental data. In Figure 2(a), the potential energy surface V(Z, R) is
presented as a function of the relative distance between the fragments and the
charge number Z of a fragment. The nucleus-nucleus potential V;,; (R) shown in
Figure 2(b) corresponds to the interaction between fragments A121 and AZZZ. The
mass numbers A; and A, corresponding to the charge numbers Z; and Z, provide
minimal values of the potential-energy surface. The mass number A of a fragment
was found from the minimization of the total potential energy of the fissioning
system at the given charge number Z.
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Figure 2. Potential-energy surface for 2°U as a function of the relative distance R and
fragment’s charge number Z (a); nucleus-nucleus potential V(R) corresponding to the
interaction of DNS '%Zr+Te; the depth of the potential well is the barrier Bpns against to
decay of DNS (b); driving potential for 2°U (c).

The method of calculation of interaction potential V,,,; (Z, 4, R)is based on the
double-folding procedure with the Migdal effective force between nucleons. The
advance of the use of the effective nucleon-nucleon potential by Migdal is related
to its sensitivity to the nucleon density of the surrounded area. The presence of the
potential well allows DNS nuclei to be in interaction by multinucleon transfer
before the decay into two fragments.

The driving potential has been found by connecting the minima of the
potential well (V. (R,,)) of the nucleus-nucleus interaction (see Figure 2(b))
calculated for each charge asymmetry of the DNS, i.e. it is the curve lying on the
bottom of a valley of the potential-energy surface along the Z-axis 2<Z<90. If we
use R,,(Z) to show the value of R corresponding to the bottom of the potential
well for the DNS with the charge asymmetry Z, then the driving potential is
defined by using (1) as

Udr (Z, A) = Vint (Z,A, Rm (Z)) + Qgg (ZrA)- (2)
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The decay of the DNS may be analyzed as statistical process, i.e. statistical
equilibrium in the charge (mass) distribution of the system can be established in
dependence on the given excitation energy and height of the barrier hindering its
decay into two fragments. The charge (mass) distribution of the fission fragments
yield Y (Z) depends on the charge distribution of the DNS fragments P(Z) and
decay probability W (Z) of the DNS from the given charge-asymmetry state Z:

Y(Z) = "W P(DW(2), (3)
P(Z) = Pye=Var @)/Tons (), 4)
W(Z) = Wye Bons ()/Ts(2) (5)

where Tpys(Z) = /EDTNS and T(Z) = /BD;VS are the effective temperature of the

system in minimum and on the barrier (or at the scission point), correspondingly,

a= 1;‘% is level density parameter. Eny¢ IS excitation energy of DNS, and

Bpys(Z) is the scission barrier for the decay of the DNS (see Figure 2(b)). Yy, P,
and W, are normalizing coefficients for the corresponding probability
distributions.

According to the sequential mechanism of CCT (see Figure 1), when one of
the two binary fission products undergoes to the sequential fission, the second and
the third products are formed. The other first fission product is obligatorily
registered by the detector and one of two sequential fission products is registered
by the opposite detector. Another product of the sequential fission is missed.

When we consider the first binary fission of 2*°U by the thermal neutron with
energy E,, = 0.025eV, besides binary fission channels, we shall see the
maximum region in the yield of products:

?2Kr + **Ba
ng, + 235U - 236y* — { 86ge 4 150(¢

82Ge + 1>*Nd
These channels can lead to CCT products. If we take Ba, Ce and Nd nuclei
as heavy fragments, and calculate the yield of CCT products, then we get the
results shown in Table 1.

Table 1. The calculated realization probabilities of different sequential channels for
the collinear cluster tripartition of 23U,

Fission channels Fission channels of

20" 1, +f, primary heazvy Iragmelnt Yields of CCT
"o NG | g e | ia0®
825"+ Ce” ij‘é‘g*:iiiﬁ*ﬁgﬁ* } 2 }82

144 * 62~ ,*,82 * . -6
R AT
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From Table 1 it can be seen that the most possible channel of CCT is
28" 58Ge+"2Ni+%2Ge whose yield is 3-10™.

If we take into account the number of emitted neutrons from the excited
fission fragments, then we obtain that the number of emitted neutrons from each of
2Ni" and %Ge” is 2, consequently the total number of neutrons is 4. Finally, in the
framework of DNS, the most possible channel of CCT s
2U -%Ge+Ni+*Ge+4n,

The fragment masses within the framework of the current cascade mechanism
of collinear cluster tripartition are not more than ~84 a.m.u. But in the experiment,
the products with the mass number of more than 84 are observed. This reason
motivates to consider the ternary fission in different ways. So, another mechanism
of ternary fission is discussed in the second chapter of the dissertation.

The second chapter of the dissertation titled “Almost sequential mechanism
of true ternary fission” is devoted to another mechanism of the true ternary
fission. The difference between this mechanism and the mechanism which is
described in the first chapter is that in the almost sequential mechanism, the
intermediate time of ruptures of two necks between nuclei (see the third stage in
the Figure 1) is too small. To reach this result, the new theoretical model —
trinuclear system (TNS) based on the dinuclear system model was developed in
this chapter.

The collinear configuration of the TNS undergoing fission is defined as
follows: first, the three fragments are situated in one fission line due to the minimal
value of the total energy of TNS. The border nuclei are numbered “1” and “2”,
while the middle nucleus is labeled as “3”, as shown in Figure 4. Consequently,
there is no nuclear interaction between the outer fragments 1 and 2. The definitions

of the variables of TNS used in this analysis are illustrated in Figure 3:
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Figure 3. Collinear configuration of TNS fragments.

The minima of the potential-energy surfaces (PESs) are found by the variation
of the charge and mass numbers of the two outer fragments of TNS and the
distances between them. The PES is the two-dimensional driving potential which
depends on the charge numbers of two fragments of the collinear TNS. The
distances R;3 and Rs, between the centers of mass of fragments are found from the
minimum value of the nucleus-nucleus interaction.

The PES is calculated as

U(Z1, A1, BV, Z3, A5, BP, Z3, A3, B, Ry3, R3;)
= Vine (21,41, BV, Z5, A2, P, Z3, A3, B, Ry3, R3z) (6)
+ Qggg (leAbZS'AS);
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where Z; and A; are the charge and mass numbers of the i fragment of the TNS
(i=1,2,3) respectively, and Rj; is the distance between the mass centers of the i™ and

i fragments. Here, g® ={ O, 5@} is a set of deformation parameters of

fragment i, where ,82(") and ,83@ represent the quadrupole and octupole parts,
respectively. As was mentioned in the first chapter, the interaction potential V;,,;

contains two parts; namely, the nuclear part V.. and the Coulomb part V. It is
clear that V12 = 0 since the fragments 1 and 2 are separated by the fragment 3
and, therefore, there is no overlap of their nucleon densities. There is only
Coulomb interaction between them. In Equation (6), Qg4 is the reaction balance
energy in ternary fission.

In order to calculate the mass and charge distributions of the TNS in the pre-
scission state, the minima and valleys of the PESs are determined by computing
the interaction potential V;,, as a function of (Z;,A;,Z3, A3, Ry3,R3y) since
(Z,,A,) can be defined through (Z;,A4,Z3,A3) and Ry, = Ry3 + R3,. This is done
by taking V;,, as a function of R;3 and Rz, for each configuration of
{Z,,A1;Z3,A5;Z,, A, } (see Figure 3 for the geometry).

The two-dimensional driving potential Uy, (Z1,Aq; Z3,A3) is determined by
the values of the PES in Equation (6) corresponding to the minimum values of the
potential wells in the nucleus-nucleus interaction Vi, between neighbor fragments
as a function of the distances between their centers of mass:

Ugr (Z1,A1, BD, BP, Z3, A5, BP)

, ) y
=U (erAer(l),B(Z),Z3,A3,ﬁ(3), Rggnln), Rgznln)) ( )

o
E 60 <C

\ e

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 486
Z

1

Figure 4. The potential-energy surface (U, of the °2Cf (sf fff) reaction.
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The result of the calculation of the driving potential by formula (7) for **Cf
nucleus is given in Figure4. The rectangle “CCT” shows the area of the mass
numbers Z;(A;) and Z3(As) which corresponds to the CCT products. The rectangle
“FFF” shows the area of formation of three fragments with the similar mass
numbers. The solid and dashed lines show the TNS configuration having **Sn and
34Te, respectively, as the outer nucleus Z,. So, we can see the valley, which is the
minimal energy area (Z,=50 and Z,=52) and corresponds to the **Cf—f,+f;+'**Sn
and Z2Cf—f,+f;+"**Te fission channels. The valley extends up to the area of about
Z3=28. The TNS configuration of Ni+Ca+Sn has large probability compared with
the Ca+Ni+Sn configuration since the PES value of the latter configuration is
about 12 MeV higher than that of the previous configuration.

These fragments of the TNS should be emitted from the potential wells and,
therefore, it is important to estimate the depths of the potential wells, since the
bounded heavy clusters can stay together during a definite long time. For the
calculation of the interaction potential Vs, the distance Ryic, is fixed to the value
corresponding to the minimum of Vyic,, While the Vyica potential is calculated at
the fixed value of Rc,sn that gives the minimum of Vcas,. The result is given in

Figure 5. )
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Figure 5. The pre-scission barriers Byica and Bcasn keeping TNS fragments together.

The depth of the potential Vy;s, is the difference between the maximum (on
the barrier) and the minimum values of Vj, as a function of Ry3 in Equation (6). Its
value is used as the pre-scission barrier Byis, being a function of the distance Rs,.
To study the role of the pre-scission barrier at the decay of TNS, we estimate the
change of the B3 barrier. The results show thatthe presence of the third fragment is
important to cause the decay of the Ni+Ca system in an easier way. The presence
of the third massive fragment Sn makes the pre-scission barrier shallower by 4
MeV, and thus, the decay probability of the Ni+Ca system increases.

The third chapter of the dissertation titled “Pre-scission configuration of the
trinuclear system at spontaneous ternary fission of 22Cf” is devoted to the
estimation of possible configurations of the trinuclear system. In the first and

33



second chapters, the collinearity of ternary fission was not discussed. So, in the
third chapter, the configurations which are not collinear are considered.

The theoretical approach is based on the TNS model, and as in the second
chapter, we use the term “trinuclear system” based on a related model used for
DNS. The physical details of the TNS are the same as those for DNS, but there are
three interacting nuclei.
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Figure 6. The scheme showing the variables used in. the calculation of the potential

_ _ energy V(R12,%3,¥3).
The potential energy is found as the sum of the nuclear and Coulomb

interactions between three fragments:

V(Ri2,x3,¥3) = Z Vij (R12,%3,¥3), (8)
i<j
Coul
Vij (R12,x3,¥3) = Vij(nuc)(R12,x3,}’3) + Vl-j( o )(R12:X3J’3), (9)

where i,j=1,2,3 and i<j. The nucleus-nucleus potentials V;; (R, x3, y3) depend on
the relative distances R;; between fragments “i” and “j” (see Figure 6). The

calculation method of interaction potential is the same as was described in the
second chapter. The results of calculations of IV as function x; and y; for the fixed
value of Ry, are shown in Figure 7. It is seen from the figure that the ternary
system has the triangular shape (ys>0) for the distances R;;<21 fm since the
repulsive Coulomb forces extrude Ca from the collinear position on the axis Ry,
connecting the centres of masses of Ni and Sn.

The minimum value of the potential well for Ca is large, V,,;,, (R, = 19 fm,
x3 = 8.2 fm,y; = 4.4 fm) = 248.83 MeV. This is the first property of the Ca
position relative to the line Ry,. In this case, the position of Ca is similar to the pre-
scission states of the light nuclei He, Li, Be, ..., Si, which are placed between two
massive nuclei and their emission trajectories are nearly perpendicular to the line
Ri2 in the ternary fission. The second property for the position of the middle Ca
nuclei relative to the collinearity axis Ry, is the coincidence of the minimum of the
potential well in V(Ry,, x3, y3) With Ry,. The centre of the potential well moves to
the line Ry, by the increase of its value. We can state that the collinear
configuration of the TNS is preferable for the values of Ry,=21-22 fm but the
fluctuation of the position of the middle Ca cluster from the collinearity axis can be
observed due to the extension of the potential well in V(Ry;,x3,y3) up to 2 fm
around the axis. From Figure 7 it can be also concluded that if TNS decays at
Ri,>24 fm value, then deviation from the collinear fission may take place. To
answer this open question, dynamical calculations are done in the next chapter.
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Figure 7. The potential energy surface V(Rq3, x3,y3) as a function of the position x; and ys;
of the centre of mass of the middle fragment “3” (Ca) for the value of R;, from 19 to 24 fm
of the relative distance between centres of mass of fragments “1” and “2”.

The fourth chapter of the dissertation titled “Dynamics of the trinuclear
system at spontaneous fission of 2Cf” is devoted to the solution of the Lagrange
equations of motion of the decaying trinuclear system to define the collinearity of
the fission.

The main task is obtaining the classical Lagrange equations of motion and
solving them. The Lagrangian is L=T—V, where T = %Zle m;R? — kinetic energy

of the system, V — total interaction potential between fragments, m; is the mass of
the i" nucleus.
As the process occurs in the x and y plane, so the equations of motion are
av
_ : 10
OR,, (10)

As potential energy V depends only on relative distance Rj (or Ry), so
equation (10) can be written as following

Riz, OV Ry3, OV

m;v;, =

T = TR ORy, | Ryz OR
Vg, — Rize 0V Rose OV 1)

R12 aRlZ R23 aR23

g, — _Rese OV Rize OV

\ Ry3 0Ry3  Ry3 ORy3

Symmetric three equations can be obtained for the y component. Considering the
conservation law of linear momentum Y>_, m;v,, = 0 (since P,,, = 0 for the
spontaneous fission of 2°2Cf), one of the equations in formulas (11) can be
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excluded. It is clear from Equation (11) that the dynamics of motion strongly
depends on the derivative of the total interaction potential. The method of
calculation of total interaction potential is provided in the third chapter.

As mentioned in the third chapter, the most possible channel for spontaneous
ternary fission of *Cf is °Ni+>*Ca+"3*Sn. "°Ni is the first nucleus (placed on the
left side), *2Sn is the second nucleus (placed on the right side) and *°Ca is the third
one (placed in the middle) in Figure 6.

Let’s consider the 3 cases of initial conditions which correspond to Cauchy
problem. In the first case, it is considered that initially all nuclei are placed in one
line, since the energy of the collinear configuration in the pre-scission state is the
smallest, and relative distances between nuclei correspond to the local minimum in
the total energy. Both components (x and y) of initial velocities of the three nuclei
are zero. In other words, the formation of fragments of the TNS is so slow that the
fragments have zero (or too small) velocities. The results of the solution of the
equations of motion (11) with the abovementioned initial conditions are shown in
Figure 8.An important result has been obtained that after decaying of the system,
the third nucleus (Ca) almost does not change its coordinate along x axis, because
its velocity is about zero. It means that detection of the middle nucleus (Ca) is
almost experimentally impossible. This conclusion proves the assumption done in
the second chapter.
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Figure 8. x component of coordinates (upper) and velocities (lower) of three nuclei as
functions of time.

In the second and the third cases, all initial conditions are the same, but the
middle nucleus (Ca) is placed a little bit upper, i.e. R,(t=0)=0.5 fm and the initial
velocity of the middle fragment is v3, (t = 0) = 0.1 cm/ns, respectively. The
results of the calculations are shown in Figure 9. It can be seen from the figure that
the deviation of the location of calcium nucleus on 0.5 fm on y-axis from the origin
or non-zero y component of the initial velocity of the Ca nucleus is enough to get
non-collinear ternary fission, and in both cases, the final trajectories are similar.

36



In all the cases, the sequence of ternary fission is similar, i.e. at the beginning
Sn nucleus is going to break up from the Ni+Ca system, and then at ~1.4x10 % s,
the Ni+Ca system has decayed.

20 4 l:a} | Sn . Eb]

yifm)
y(fm)

X (fm) S x(f:n] D
Figure 9. Trajectories of three decaying nuclei with the same initial conditions as in Figure
8, but with R3,(t = 0) = 0.5 fm (a) and v3,(t = 0) = 0.1 cm/ns (b).

From Figures 8 and 9, it can be concluded that there is collinear fission only
when all the three nuclei are located in one line (R;, = 0) and there is not y
component of the initial velocity of the middle fragment (vs, = 0).

In the appendix, we present the exact expressions of interaction potential
between two deformed nuclei consisting of the nuclear and the Coulomb parts. The
Wong formula to calculate the Coulomb part and the formula to calculate the
nuclear part with the double folding procedure method are presented.

CONCLUSION

The analysis of the main results of the theoretical research carried out on the
theme of the dissertation “Mechanisms of collinear cluster tripartition” has led to
the following conclusions:

1. If the excited compound nucleus ?°U” formed in the **°U(ny,,f) reaction can
undergo the collinear cluster tripartition by the sequential mechanism, then the
products will be #Ge*, "’Ni* and **Ge*. The probability of this channel is maximum
compared with the other channels for CCT, and it is equal to 3-107* relative to
binary fission. The value of the yield is close to the value obtained in the
experiment. But the yield of products with mass number M=132-138 was not
obtained in this mechanism.

2. The second mechanism of CCT, which is called “almost sequential
mechanism”, has been suggested to reproduce the yield of the massive fragment
(**Sn nucleus) in spontaneous fission of ?°°Cf together with "°Ni and *°Ca nuclei
by taking into account the decrease of the pre-scission barrier in the interaction
between "Ni and *°Ca nuclei due to the Coulomb field of the massive fragment. It
means that the location of ***Sn should be close to Ni+*Ca system for its
separation.

37



3. The solution of the equations related with the energy and momentum
conservation laws shows that the velocity of the middle fragment (Ca) is about
zero in the ®*Cf—""Ni+>*Ca+'¥Sn reaction. That is why Ca nucleus is hard to
observe in the experiment.

4. From the results of the calculation of the total interaction potential for the
spontaneous fission of 22Cf we can conclude that Ry, (line connecting centers of
the outer fragments Ni and Sn) is smaller than 21 fm, outer fragments extrude the
middle fragment (Ca) from collinear position, and the TNS has the triangular
shape. At larger values of R;,=21-22 fm, the minimum of the potential well moves
to the line Ry, and the collinear shape of the TNS is favorable.

5. In the pre-scission stage, if all the nuclei of the TNS are placed collinearly
corresponding to the minimum in the potential energy surface and there is no net
force on the third nucleus (Ca) on y-axis (or y component of its initial velocity is
zero), then the trinuclear system can be broken up collinearly. Other initial cases
lead to non-collinear ternary fission.

6. In all the cases, the decay time of the TNS ("’Ni+°°Ca+'%?Sn) is nearly the
same value, around 1.4x10%s. It means that the time almost does not depend on
initial conditions. It is because of the sequence of the fission: firstly, Sn nucleus is
separated from the Ni+Ca system, and then Ni is decayed from Ca nucleus.
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BBEJEHMUE (anHoTamusi 1uccepranuu okropa ¢pusocodun (PhD))

AKTYaJIbHOCTh M BOCTPe0OBAHHOCTH TeMbl Juccepranmuu. B Hactosmiee
BpEeMs B MHUpPE HAKOIUIEHO MHOXKECTBO SKCIEPUMEHTAJIbHBIX NAaHHBIX B 00JIACTH
(GU3MKN AOEPHBIX PEaKUUN C TSHKEIbIMA MOHAMHU. BONBIIMHCTBO M3 HUX TpeOyer
NOHUMaHHUSI C TIOMOUIbIO TMOAXOJSAIIMX W  HEMPOTHBOPEUUBBIX  MOJIETICH.
AKTyanbHOCTh TEOPETHYECKOTO UCCIIEAOBAHUS CIIOHTAHHOTO M MHIYIIMPOBAHHOTO
JICNIEHUs] TSOKEINBIX SiIep CBSI3aHAa C OTCYTCTBHEM MOJHOTO MOHUMAaHMs Ipoliecca
JIeJIeHus1, 4yTo TpedyeT pa3pabOoTKU HOBBIX TEOPETHUUYECKUX METOJIOB JUIS aHAIIM3a
U3BECTHBIX AKCIIEPUMEHTAIBHBIX TAHHBIX O XapaKTePUCTUKAX MPOIYKTOB JCJICHUSI.
CucremaTiKka aHamU30B M YCTAHOBJICHHE YHHUBEPCAIBHBIX 3aKOHOMEPHOCTEH
MO3BOJIAT CO3/1aTh PEATUCTUYECKHE MEXaHU3MBI IMpollecca JAEJICHUS MaCCHBHBIX
anep.

B roasl He3aBucuMocTH yJensieTcs OOJbIIOE BHUMAHHUE Pa3BUTHIO
HKCIIEPUMEHTAIbHBIX U TEOPETUUYECKUX pPabOT B 00JaCTH (DU3UKHU JENEHUs Saep, a
TaK)K€ MPOBEACHHUIO (PYHIAMEHTAJIbHBIX HCCIIEIOBAaHUI B 3TOM HalpaBiICHUHM Ha
MHUPOBOM ypoBHE. B 3TOM 11aHe yaanoch JOCTUYb ONpEAEIEHHBIX PE3yIbTaTOB, B
YaCTHOCTM B I[OHMMAHUU TPUPOJBl TPOWHOTO JENEHUS TSDKEIBbIX —SAep.
VYayumienue 3¢Q(EKTUBHOCTU  HANpaBlICHUS  SACPHOM  TEXHOJOTHUH  Yepes
IPUMEHEHNE WHHOBAIIMOHHBIX TEXHOJOTUH TEOPETUUYECKUX U MPHUKIaJHBIX
MCCJICIOBAaHUI B 00JIaCTH PEAKIUil C TSHKEIBIMHU sIIpaMH, B YaCTHOCTH OMHApHOE U
TpPOWHOE JeJICHUS sep, MMEET OOJbIIoe 3HAaueHHuE W oTpakeHo B CTparerun
JNEHCTBUM MO JalibHENeMy pa3BuTuio PecryOnrku Y30ekucTaH.

Ha cerogusmHuii [eHb CYIIECTBYIOT pa3jMYHbIE MOJIEIH, CO3JaHHBIC B
pasHBIX HAy4YHBIX I[IEHTpaxX MHpa, HO HU OJHA M3 HUX HE MOXET ONHCHIBATH
TpPOHHOE JeTICHHE TIOYTH C OJIMHAKOBBIMH MPOAYKTaMu. J[aHHas quccepTaloHHas
pabota  sBise€TCS  HAYaJlOM  HCCJIENOBAaHUS ~ aBTOPOM  TPOMHOro U
MYJBTUKIACTEPHOTO JIeJeHHs. XOTs 3TU MPOLECChl COCTABIISAIOT JOJU MPOICHTA
BCEX COOBITUH JeNIeHUs], HO 3HaHUE UX NMPUPOIbI MO3BOJIUT JyYIlle TOHITH MPOLIECC
OOBIYHOTO JeeHus saep. MyJbTHKIACTEpHOE AENIEHUE CYIIeCTByeT Ojaroaaps
000JIOUEYHONH  CTPYKType  SJAEpPHOrO  BEUIeCTBa,  TEOPETUUYECKOE U
HKCIEPUMEHTAJIbHOE 3HAaHWE TPUPOJBI MYJbTH KJIACTEPHOTO JEJIEHUS B
pa3IMuHBIX fApax Oyner cnocoOCTBOBATh MOCTPOCHUIO MOJHOM KapTHUHBI JIEJICHHUS.

JlanHasi ~HaydHO-HMCCIIEIOBaTeNbCKasi paboTa COOTBETCTBYET 3ajauam,
YTBEPXKACHHBIM B TOCYIApCTBEHHBIX HOPMATHBHBIX JOKYMEHTax, YKa3zax
[Ipesunenta PecnyOnuku Y3b6ekucrtan «O Mepax 1o AalibHEHIIEMY Pa3BUTHIO
aNbTEPHATUBHBIX MCTOUYHUKOB sHEprum» oT 1 mapta 2013 roma Ne VII-4512, «O
Mepax MO JaJbHEUIIeMY COBEpPIICHCTBOBAHHUIO NEATEIHHOCTH AKaJIeMHH HayK,
OpraHM3aliM, YOpaBIeHUs ¥ (UHAHCUPOBAHUS HAYYHO-UCCIIEIOBATEIHCKON
nestenpHOCTHY OT 18 deBpans 2017 roma Ne T1I1-2789, «O Crparerun neictBuii
1o JayibHeWmeMy pa3putuio Pecmyommku Y36ekuctan» ot 2 despans 2017 rona
Ne VII1-4947.

CooTBeTcTBHE MCCJIEI0BAHUSI PHOPUTETHHIM HANPABJIEHHUSAM PA3BUTHSA
HAYKH M TeXHOJIOrWii pecmyOauku. JluccepraunoHHOE HCCIEAOBaHUE
BBITMIOJIHEHO B COOTBETCTBUM C MPHOPUTETHHIM HaNpaBiICHUEM Pa3BUTHS HAyKH U
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texHomornii B Pecnybmuke VY30ekuctan — Il. «DHeprermka, sHepro- u
pecypcocoepereHne.

CreneHb H3y4eHHOCTH MNpoOGJaeMbl. Jl0 ceroaHsIIHEero aHs BeAylIue
yueHble Mupa, HanpuMmep Hemerkue (A.R. Degheidy, J.A. Maruhn, H. Diehl, W.
Greiner, F. Gonnenwein, W. von Oertzen, J.P. Theobald, P. Heeg u M. Mutterer),
poccuiickue (FO.B. Ilstkos, JI.B. Kamanun, A.B. Kapnos, B.A. PyGuens u C.I.
SAsmmi), amepukanckue (M.L. Muga u C.R. Rice), mBenckue (P. Holmvall u U.
Koster), wnmgmiickue (K. Manimaran, K.R. Vijayaraghavan wu M.
Balasubramaniam) wu apyrue TpOBOAMIM OTPOMHBIA 00BeM pabOTHI IO
TEOPETUYECKOMY M  JKCIEPUMEHTATLHOMY HW3YYEHHIO CTATUCTUYECKUX U
JTWHAMUYECKUX CBOMCTB TPOMHOTO JCICHUS TSAXKEIBIX SJIEP.

Hexoropeie y36ekckue yuensie (B.I1. [Tuxyns, FO.H. Ko6muk, A.K. Hacupos
U JIpyTHE) MPOBEIN TEOPETHUECKUE U IKCIICPUMEHTAIBHBIE PAaOOTHI 110 H3YYCHHUIO
BBIX0/1a, KHHETUYECKOUN 3HEPTUU U YII0BOTO PACIPEEICHUS MPOAYKTOB JACICHUS
Tsokenabix uoHoB (U, Cf, Th, Pu u T.1.). Jns onucanust peakiuu ¢ TSKEIBIMU
MOHAMU pa3paboTaHa MOJIEIb IBOMHON SJIEPHONM CUCTEMbI COBMECTHO C YUCHBIMU
OObEeIMHEHHOTO HHCTUTYTa sifepHbIX wuccinenoBanuid (Poccusi) m HucturyTa
sanepHoit pusuku (Y30eKucTaH).

Panee wuccienoBaHue TPOWHOTO JEJIEHHUS] BKJIIOYAIO B CeOSl  TOJIBKO
OWHapHOE JICJIEHHE, COMPOBOXKIAIONIEEC SMUCCUEH JIETKUX 3apsHKEHHBIX YaCTHII,
T.c. He, Li, Be u tax nanee. B 3Tol Moieu TpOMHOTO ACIICHUS CPSIHUI (hparMeHT
(merkoe sIPO) JICTUT MEPIECHIANKYIISIPHO JIMHUK OWHAPHOTO JIeNCHHs, U Hanbolee
TsSDKEIbIM a7ipoM Obuia cepa. Ho mo3zxke skcnepumenTanbHas rpynna ®oboc B
OObeIMHEHHOM HUHCTUTYTE suepHbIXx wucciuemoBanuii (FO. B. Ilarkxos, J[. B.
Kamannen wu Jpyrue) Havyala u3ydaTh JAPYrod THI TPOWHOTO JICJICHUS —
KOJUTHHEapHOe KiacrepHoe TpoitHoe aenenue (manee KKTJ/I). DT mpoaykTh
TpoitHOTO JeseHus (KacTephl) JETIT MOYTH HA OJHOW JIMHUH, U UX MAcChl HMCIOT
CpaBHUMBIC 3HAYCHHUS, T.€. CPEAHUM (PparMEeHT MOKET UMETh OOJIbIIINE MACCOBBIC
yucia (<100).

[Tocne omyOnuKoBaHUs pe3yJabTaTOB 3kcnepuMmeHTa Doboc, HUHIUKCKHE
yuenble (K.R. Vijayaraghavan, K. Manimaran, M. Balasubramaniam) orexuiu
3apsAI0BOE M MaccoBO€ 4YMcClia (ParMEHTOB C TOMOIIBIO BBIYUCIICHHS TOJTHOU
MOTEHUUAIBHOW 3HEPrUur. OCHOBHBIM HEAOCTATKOM 3TOW TEOPHUU SIBIIAECTCS TO, YTO
OJH O0aphep ObLT MCIOJB30BaH IS IBYX IeeK (MePEeKPHIBAOIINX TOBEPXHOCTH).
DTO 03HAYaeT, 4To (parMeHTbl MOTYT OTJEIUTHCSA TOJBKO OJHOBpPEMEHHO. Takoe
OrpaHUYEHHE aBTOpaMU He 00CYKIaeTcsl.

YuuTeIBasi TEKyIUM cTaTyc MPOOJEMBI, MbI TILITAEMCS UCCIICIOBATh Pa3HbIC
MEXaHU3Mbl TPOWHOIO JEJCHHUS TSKENbIX sJiep, B OCHOBHOM SJI€p ypaHa U
KanudopHus.

CBa3b TeMbI JMCCEPTANMM C HAYYHO-UCCJIEA0BATEIbCKMMHU pPadoTaMu
HAYYHO-MCCJIEI0BATEILCKOI0 YUpe:KIAeHHsl, Ie BBINOJHEHA IUCCepTALNS.
JuccepTalliOHHOE WCCJIEAOBAaHUE BBIMOJHEHO B pPaMKax HAyYHBIX IPOEKTOB
WNuctutyra sinepHoii ¢usuku mo temam DA-O2-D055 «HccnenoBanue BbIXoaa
NPOJYKTOB PEAKIMU C THKEIBIMA HOHAMH U jaeieHue smep» (2007-2011); DA-
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O2-d115 «HMccnegoBaHne MEXaHU3MOB PEAKIIMM MHOTOHYKJIOHHBIX Tepefad u
ciusaue—naencHue saep» (2012-2016).

Heabio uMcciaenoBaHUs SIBISETCS pa3BUTUE TEOpPETHYECKOro (opmannzma
ONMCAaHUS MEXAaHU3MOB KOJUIMHEAPHOTO KJIACTEPHOTO TPOMHOTO JIEJICHUS U
BBISIBJICHUE TTPUYNH, IPUBOASAIIMX K KOJUIMHEAPHOCTH JCIEHUS.

3ajgauu uccJaeI10BaHUA:

BpruucinTe MOJIHBIA  TMOTEHOMAT B3aUMOJICUCTBUS JIBOWHOM  SAIECPHOMU
CUCTEMbl JUIsl ONHUCAHUSl TOCJIEAOBATEIBHOTO KOJUIMHEAPHOTO (BBITSIHYTOIO)
TPOMHOTO JICTICHUS B peaKuHH235U(nth,f);

OILICHUTH 3apsIOBOE pacipejieiicHue (BbIX0I MPOJIYKTOB) MOCIIEI0BATSILHOTO
KOJUIMHEAPHOTO (BBITSHYTOT0) TPOHHOTO AeieHus B peakuun ~ U(N,f);

W3YYUTh 3aBUCUMOCTbH MOJHOTO MOTEHIMAa B3aUMOACHCTBUS OT PACCTOSIHUS
Mex Iy Hanbosee TsokenbiM (°2Sn) u cpentnm (*°Ca) KIacTepaMy B KOTHHEAPHOIM
(BBITSIHYTOM) KOH(MUTYPAITUH IIPH CIIOHTAHHOM TPOMHOM JICJICHUH »2ct

BBIYUCIIUTh BEPOATHOCTh BBIXOAA MPOJYKTOB JJIA IMOYTH MOCJIEA0BATEIBLHOTO
KOJUIMHEAPHOTO UCTUHHOTO TPOWHOTO JCJICHUS »2ct

U3YYUTh POJIb PACCTOSTHUS MEXKIY KpaWHUMU (pparMEeHTaMu (70Ni U 132Sn) B
(dbopMe TIOJHOTO MOTEHIMAIa B3aMMO/ICHCTBHS B HEKOJUTMHEAPHOH (CILTIOIICHHOM)
kou(uryparuu B >>CF(sf);

MOJYYUTh YpaBHEHHUs MABWKEHHS Jlarpanka sl HCTHHHOTO TPOMHOTO
nenenust B peaxtun > CF(sf);

PEIINTh ypaBHEHUS JBIOKCHUS Pa3HBIMU HAadaJbHBIMHU YCIOBHsAMH (3amada
Kommn);

HalTH HAYaJIbHOE YCJIIOBHE, KOTOPOE MPUBOJIUT K KOJUTMHEAPHOMY TPOMHOMY
JICIICHHUIO.

O0beKTOM MCCJIeIOBAHUS SIBIISIIOTCS TSDKENbIE s/ipa, MPOAYKTHI TPOMHOTO
JIEJICHUS U KJIaCTEPBHI.

IIpeameTom Mccae0BAHMS SIBJISIFOTCA MMOJIHBIN MTOTEHIIMAT B3aUMOIACUCTBUS
MeXKIy AByMs (M TpeMms) sIpaMH, BBIXOA MPOJAYKTOB TPOWHOTO JCIICHHS,
HayaJbHbIE COCTOSIHUS CHUCTEMBI, KOTOPAasi COCTOUT U3 TPEX B3aUMOJICHCTBYIOIIUX
anep.

MeTtoabl uccaea0BaHusI: MaTEeMAaTUUECKHUI anmnapatr (eHOMEHOJIOTHYECKOTO
MOTEHIMAJIa CUJIBHOIO B3aWUMOJECHCTBUS U MAKPOCKONMYECKOM CTaTUCTHUYECKOU
MEXaHUKH, aHATUTUYECKUE W YUCIICHHbIC METOMAbI pelieHus: auddepeHiranbHbIX
YPaBHEHUM JIBUKECHUS.

Hay4ynasi HOBU3HA MCCJIeIOBAHUSA 3aKITIOYAETCS B CJICIYIONIEM:

pa3paboTaHa HoOBasi MOJENIb TPOWHON SACPHOM CHUCTEMBI [JIsi OMHUCAHUS
MpoIiecca UCTUHHOTO TPOWHOTO JCJICHUS W BBISIBJIEHO, YTO B HEKOTOPBIX CIydasx
KOJUTMHEAPHOE TPOMHOE JICICHUE UMEET MECTO B IIPUPOJIE;

HaWJIeHO, YTO MpPHU TMOCJIEIOBATEILHOM KOJUIMHEAPHOM TPOMHOM JIEJICHUU
Gosee BepOsITHBIM siBIsieTcs Kanan > Ge+ °Ni+*Ge B peakuun “°U(ng,,f);

MOKa3aHO, 4YTO PAacCIOJ0KEHUE 280 Gmusko k  °Ni+°Ca Baxno s
OJIHOBPEMEHHOTO (WJIA TOYTH TMOCJIEA0BATEIbHOTIO) KOJUIMHEAPHOTO TPOITHOTO
JIeJICHUS;
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HaiiieHo, uto Gapbep aeneHus Mexay “Ni i *°Ca Boiure, gem y *°Ca u >2Sn,
T.e. oTAeneHne Sn ot cucrembl ' -Ni+Ca IpoucXOoauT Jerye;

MOKa3aHO, YTO HauyaJbHOE YCIOBUE [JIi TPOWHOW SIAEPHOM CHUCTEMBbl Ha
Npeapa3pblBHOM CTaaud BaXXHO [JIs1 €€ pacnaja, KOTOpoe NPHUBOJIUT K
KOJUIMHEAPHOMY JIEJICHUIO.

IIpakTH4yeckue pe3yabTaThl HCCJIETOBAHUSA 3aKIIOYAIOTCS B CIEIYIOUIEM:

MOJIy4eHO, 4YTO 0oJiee  BO3MOXHBIM  KaHajoOM  IOCJEI0BATEIbHOIO
KOJUTHHEAPHOTO0 KIACTEPHOTO TPOHHOTO AETeHHs BO3OYKICHHOTo ~°U sBiseTcs
%2Ge+"*Ni+%Ge, uTo coBmamaer ¢ FKCIEPUMEHTANBHBIMH TAHHBIMIL

TOKA3aHO, YTO MPH CIIOHTAHHOM JeNeHnH ~>°Cf BepOSTHOCTh KOJIMHEAPHOTO
KJIACTEpPHOTO TPOiHOro menenns kamana ' Ni+XCa+'*Sn cpaBHuma ¢ apyrumu
KaHaJlaMH, a pa3pbIB MIEUKH Mexy sapamMu Ca 1 SN IpOUCXOAUT paHbIie, yeM Ni
u Ca. Pa3znuna BpeMeHU MEX1y pa3pbIBaMH JI0JDKHA ObITh CITUIIKOM KOPOTKOMH;

Ha#/IeHO, YTO MPH CIIOHTAHHOM jenennn >>Cf ckopocTs cpemrero dpparMenta
(*°Ca) oueHp Mama M KHHETHYECKAs DHEPIUS MEHbIIE IOPOra PEerHCTPALNH
JNETEKTOpa, MOATOMY O3KCIEPUMEHTalIbHOE HAOJIOJEHUE 3TOTO SApa JOBOJIBHO
CJI0)KHO, TEM CaMbIM IOKa3aHa MpUYMHA HAOJIIOJEHUS TOJIBKO JIBYX ()parMeHTOB
TPOMHOTO JIETICHHUS;

OOHapyX€HO, YTO OTKJIOHEHHE OT KOJUIMHEAPHOCTU HAOIIOJAEeTCs, €CIH
OTHOCHUTEJIBHOE pacCTosiHME Mexay aapamu Ni u Sn mensiie 21 ¢wm, Tak kak
OTTaJIKUBAIOIIAsl KYJIOHOBCKasi CWia BblAaBiuBaeT sapa Ca W3 KOJUTMHEAPHOTO
MOJIOKEHHUS, a C YBEJIMYEHHWEM OTHOCHTEIHHOTO PACCTOSHUS MHUHUMAIBHOE
nosnoxkenue Ca nepemMeniaercs B KOJUIMHEAPHYIO JTHHUIO;

IpU AMHAMHYECKOM aHATH3¢ HCTHHHOTO TPOiHOro aenenns 2>°Cf maiinero,
YTO UMEETCs] TOJIbKO OJIHO HaydaJlbHOE YCJIOBHE, MPUBOJSIIEE K KOJITUHEAPHOMY
JICNICHNIO: BCE SApa pPAcMOJOXEHbl HAa OJHOW JMHHUU, a TEPHeHAUKYIISIpHAs
COCTaBJISIIOLIAsl CKOPOCTH CpelHero ¢parMeHTa K KOJUIMHEApHOH JMHUM paBHA
HyJ10. Bee octanbHble HauallbHBIE YCIIOBUS IPEAPA3pPbIBHOTO COCTOSIHUS MPUBELYT
K pe3yJibTaTaM HEKOJUIMHEAPHOTO TPOMHOTO JIEIECHNUS;

Moy4eHo, 4to pacmax Ca u3 °Ni mponcxomuT mpumepHo Ha 1,35x107¢
mosxe, 4eM oraereHne -Sn ot cucremsl Ni+Ca. [Toka3aHo, 4TO 3TO BpeMs
OYEHb MaJIO II0 CPABHEHHIO CO BPEMEHeM 00bIIHOro GrHapHoro aenenus (~107°¢).

Jl0CTOBEPHOCTH pe3yJibTaToB uccJeJ0BAHMSA 00OCHOBBIBAETCS
UCTIOJIb30BAaHUEM COBPEMEHHBIX METOJIOB SIEPHOM M TEOPETUUYECKON (PHU3UKH,
BBICOKO()(DEKTHBHBIX ~ YMCICHHBIX METOJOB W  QITOPUTMOB; TIPOBEACHA
THIATETIbHAS ~ TPOBEPKA  COTJIACOBAHHOCTH  TMOJYYCHHBIX  TEOPETUYECKUX
PE3YNBTATOB C AKCIIEPUMEHTATLHBIMU JTAaHHBIMU U PE3YJIbTaTaMU JPYTHX aBTOPOB;
BBIBOJIBI XOPOIIIO COTJIACYIOTCS C OCHOBHBIMH TIOJIOKEHHUSIMH SIACPHBIX peakinuit
IPU HU3KUX YHEPTHsIX, OMyOIMKOBaHHBIE PA0OTHI, BXOISIINE B AUCCEPTAIIHOHHYIO
paboTy, HUTUPYIOTCS] HE3aBUCUMBIMU aBTOPAMHU.

Hayuynass M npakTuyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJEIOBAHMS.
Hayuynast 3Ha4MMOCTh METOJOB, pPa3pabOTaHHBIX COUCKATEJIEM, U PE3yJbTaTOB
UCCIIEIOBAaHUM, IOJIYYEHHBIX C TOMOIIBIO S3TUX METOAOB, OIpeNeseTcs] HX
MOJIE3HOCTHI0 W TMPUTOAHOCTBIO JUUISI YCTAHOBJIEHHUS MEXaHU3Ma MCTUHHOTO
TPOMHOTO JENIEHUS WU aHalu3a CBOWCTB (PParMEHTOB, MOJYYEHHBIX B HOBBIX
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HKCIEPUMEHTANbHBIX  JaHHbIX. TeopeTHueckuid aHalIn3  KOJUIMHEAPHOCTHU
MPOJYKTOB BIEPBBIE MPOBOJIUJIICS COMCKATENIEM U SIBISIETCS] KIIOYEBBIM MOMEHTOM
B [TIOHUMAHUU MPUPOBI TPOMHOIO JEICHUS TSKENbIX siaep. LlenHocTs maTepuana
JUCCEPTALNU MOATBEPKIACTCS MHOTOYHCIICHHBIMU CCBUIKAMHU u
MOJIOKUTEIbHBIMUA OT3bIBAMHU Ha OIYOJIMKOBaHHBIE CTaThU COMCKATENsl aBTOpaMU
U3 Pa3HbIX HAYYHBIX HEHTPOB EBponbl u A3uu.

[IpakTryeckasi 3HaYMMOCTh PE3YyJIbTATOB UCCIEIOBAHUS 3aKIIOUAETCS B TOM,
YTO OHM MOTYT OBITh HCIOJB30BaHbI JUIsI ONpPEAENICHUsS HauOOJee BEPOSTHBIX
KOHQUTYypaluii TpPOWHOW SACpHOM CHUCTEMBI M KaHAJOB €€ pacmaga. Meron
pacyera, pa3BUTBIA B TUCCEPTAIMH, MO3BOJIAET MPEACKA3bIBaTh TAKUE MMAPAMETPHI
IPOAYKTOB TPOMHOIO JEJEeHUs, Kak 3aps], Macca W YIJIOBOE pacIpeesICHHUE.
Pe3ynbTaThl Takke MOTYT ObITh TMOJE3HBI JIJIi aHAJIM3a MPUPOJBI U JUHAMHUKHU
MEXaHHU3MOB SIJIEPHBIX PEAKIUA, MOTYT ObITh HCIIOJIb30BaHbl B IUIAHUPOBAHUU
HKCIIEPUMEHTOB JUIsi HAOJIOJIEHUST BBIXOJA KIJIACTEPOB C  OMNPEACTIEHHBIMU
CBOMCTBaMH U JUIsl YCTAaHOBJICHUSI MEXaHU3Ma UX 00pa30BaHUs.

BHeapenue  pe3yJbTaToOB  MCCIeI0BaHWsl. bonbpmias — BEpOSTHOCTH
KOJUIMHEApHOTO KIACTEPHOTO TPOHHOTro meneHus mo kanamy ' Ni+*Ca+*’Sn npu
CIIOHTAaHHOM jeleHnn ~-Cf ncronb3oBana B 3apyGexHbX xypHanax (Journal of
Physics G, 2017; Physical Review C, 2016; Physical Review C, 2017) mus
ONpeIeNICHNs] KaHalla KOJUIMHEAPHOTO TPOMHOro JeieHusd. VMcnosib30BaHHE 3TOro
pe3ynbTara [MO3BOJWJIO OMNPEAEIUTh MEXAaHH3M KOJUJIMHEAPHOTO TPOMHOIO
JeJIeHUSL.

B03MOXXHOCTh HE KOJUIMHEAPHOTO pacmnaja MpHU paccTosiHUU Mexay Ni v Sn
Gombire, geM 24 (M B TPOITHOM AeneHuH sapa > -Cf ncmonb3oBana B 3apyOeKHBIX
xypHanax (International Journal of Physics E, 2016; European Physical Journal A,
2017; Physical Review C, 2017) nis ompeaelieHUs KOJUIMHEAPHOCTH WM HE
KOJUICHEAPHOCTH  JiejeHus. lcnosib30BaHWME 3TOro  pe3ysbTara  I03BOJINIIO
ONPENIECNUTh ClIy4au HE KOJUTMHEAPHOTO JCJICHUSI.

Anpobanusi pe3yJbTaTOB Hccaea0BaHusA. Pe3ynbTaThl nccie0BaHui ObLIN
00CYXXJIeHBI Ha 3 MEXKIYHAPOAHBIX U 4 peCyOIMKaHCKIX KOH(EPEeHIIHSIX.

Ony0JMKOBAHHOCTH Pe3yJbTATOB HcciaenoBanus. [lo teme nuccepranumn
ormyOMKoBaHO 17 Hay4yHBIX paboT, B ToMm uncie 10 HaydHbIX crareid, 8§ U3 HUX B
MEXKIYHApOJHBIX  HAY4YHBIX  JKypHajdaX,  pPEKOMEHJIOBaHHBIX  BeIciuei
aTTeCTallMOHHOM komuccued PecnyOnmku VY30ekucran st MyOJMKaluu
OCHOBHBIX Hay4YHBIX PE3yJIbTaTOB JAUCCepTalHu JokTopa ¢uiocodun (PhD).

O0beM u cTpyKTypa amccepraumu. J[uccepraius COCTOUT U3 BBEICHMS,
YeThIpeX TJIaB, 3aKIIOUEHMs, CIUCKa JUTepaTypbl W mpuioxeHus. OObeM
nuccepranuu coctapisieT 103 crpaHulibl.
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