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FORUM TOPICS
1. NUCLEAR PHYSICS
Nuclear reactions: theory and experiment

Structure and properties of the atomic nuclei
Technique and methods of nuclear-physical experiment

2. SOLID STATE RADIATION PHYSICS AND ISSUES OF MATERIALS SCIENCE

e Formation and evolution of defects in solids
e Structural and fuel materials of nuclear and fusion facilities
e New materials and methods of their preparation, nano-materials

3. RADIATION ECOLOGY AND METHODS OF ANALYSIS

e Radio-ecological studies of former nuclear test sites, assessment of risks and radiological issues.

e Technologies for reducing ecological risk of the radiation-hazardous facilities and territories,
radioactive wastes handling

e Analytical methods in the radio-ecology and nuclear forensics

4. NUCLEAR AND RADIATION METHODS IN MEDICINE AND INDUSTRY

» Production and application of radioactive isotopes
= Nuclear medicine
= Radiation technologies

The Forum also includes:

- Meeting «25 years of membership of the Republic of Kazakhstan at JINR»

- Round table «Research Reactors: safety, utilization, aging management», dedicated to the 50t
anniversary of the research reactor WWR-K



TEMATHUKA ®OPYMA

1. A/IEPHAA ®HU3HUKA

e SlnepHble peaKiuu: TEOPUs U IKCIICPUMEHT
e CrpyKTypa M CBOICTBA aTOMHBIX SIIEP
e TexHuKa U METOJIBI SACPHO-(PU3NYECKOTO IKCIIEPUMEHTA

2.PA/THAIIHMOHHAA ®U3UKA TBEP/[OI'O TEJIA HIIPOB/IEMbBI
MATEPHUA/IOBE/IEHUA

e  DopMHPOBaHUE U IBOJIIOLNS IEPEKTOB B TBEPABIX TEJIaX

e KoOHCTpYKIIMOHHBIE ¥ TOIJIMBHBIE MAaTEPUAIIBI IACPHOM U TEPMOSIEPHON
TEXHUKU

e Hosble MaTepuaiibl 1 METOBI UX MOJYYCHHS, HAHOMATEPUAIIBI

3. PATHAIIHOHHAA 3KOJIOT'UA U METO/IbI AHAJTH3A

° PaIlI/IOE)KOHOFI/ILIeCKI/IC HCCJICAO0OBaAHUA 6I)IBIIH/IX AACPHBIX IMOJIMT'OHOB, OLICHKA PUCKOB U BOIIPOCHI
JO3UMETPUH

e TexHOIIOTUY CHUKEHUSI SKOJIOTUYECKOTO PUCKA PaTHaIlMOHHO-OMACHBIX OOBEKTOB U TEPPUTOPHIA,
oOparlieHue ¢ pauoakTUBHBIMU OTXOJIaMU

¢ AHQJIMTHYECKHE METO/bI B PAIMOIKOIOTUH U SIIEPHON KPUMUHATHCTHKE

4. A/IEPHBIE U PA/IHALTHOHHBIE METO/Ibl B ME/THIIHHE H
IIPOMBIIIIVIEHHOCTH

* [Ipon3BOACTBO M NPUMEHEHNE PAAUOAKTUBHBIX H30TOIIOB
" Snepnas meguuuHa
* PanuanuoHHBIE TEXHOJIOTUU

B pamkxax ®@opyMa cOCTOATCH TAKKe:

- CoBemanme <25 net wienctBa Pecnyonuku Kazaxcran B8 OUS»

- Kpyruslii croa «/ccnenoBaTensCKie peakTopbl: 0€30MacHOCTh, HCIIOIB30BaHUE, YIIPABICHHE
pecypcomy, MpuypodeHHbIN K S0-JIeTHIO MycKa uccien0BareNbekoro peakropa BBP-K



Dear participants and guests of the International Scientific Forum
"Nuclear Science and Technologies'!

On behalf of the Ministry of Energy of the Republic of Kazakhstan, the International
Advisory Council and the Organizing Committee, | welcome you to the international scientific
forum "Nuclear Science and Technologies" dedicated to the 60" anniversary of the Institute of
Nuclear Physics.

This forum consolidates several important events of the scientific community: the traditional
11t International Conference "Nuclear and Radiation Physics”, the International Conference
"Nucleus-2017" and the 8t" Eurasian Scientific and Practical Conference "Nuclear Science and its
Application". The Forum will also include the meeting, devoted to the 25" anniversary of
Kazakstan's participation in the International Intergovernmental Scientific and Research
Organization "Joint Institute of Nuclear Research".

In the message "Third modernization of Kazakhstan: global competitiveness” to the people
of Kazakhstan the President specifies the task to create a new model of economic growth that will
support the global competitiveness of the country. The first priority is the accelerated technological
modernization of the economy, which implies the necessity to develop new industries. For this
purpose, it is necessary to develop the scientific and innovative potential, including that in nuclear
and radiation technologies.

The major part of the scientific, technical and human potential of the nuclear industry is
concentrated in such research centers as the Institute of Nuclear Physics and the National Nuclear
Center of the Republic of Kazakhstan.

The Institute of Nuclear Physics, founded 60 years ago, is the main organization of the
country involved in scientific research in nuclear and radiation physics, physics of nuclear reactors
and charged particle accelerators, solid state physics, radiation materials science, radioecology,
radiochemistry, radiopharmaceutical and development of nuclear and radiation technologies.

Within the framework of this Forum, the leading scientists from various countries of the
world plan to discuss the current issues of nuclear and radiation physics, materials science,
radiation ecology, analysis methods, nuclear and radiation methods in medicine and industry.

The level and quality of scientific achievements in nuclear science and technology contribute
to upgrading the international authority of any country. The long-term successful work of the
Kazakhstan scientists in peaceful use of atomic energy supports the global initiatives and efforts
of Kazakhstan in realization of new principles of nuclear safety and keeping the world free of
nuclear weapons.

I would like to wish the productive work, interesting scientific discussions and great progress
to all participants, guests and organizers of the Forum!

Minister of Energy of the Republic of Kazakhstan //jwﬁ / K.A. Bozumbayev
//“'ﬂ T



Yeaoicaemvie yuacmnuku u 2ocmu mesrcoynapoonozo nayunozo gopyma
«Hoepnaa nayka u mexnonozuuy!

Ot umenun MunucrepctBa sHepretuku Pecnyonuku Kazaxcran, MexayHapoaHOro
KOHCYIBTAaTUBHOIO coBeTa UM  OpraHum3allMOHHOTO KOMHMTETa IPUBETCTBYIO Bac Ha
MEXIYHApOJHOM HaydHOM (opyme «SlaepHas Hayka M TEXHOJIOTHH», MOCBAIICHHOM 60 -JeTHio
WNuctutyra sipepHoit pusukw.

OT10T hopyM 00BEIUHAET HECKOIBKO 3HAaYMMBIX U1l HAYYHOTO COOOLIECTBA COOBITUN — 3TO
TpaguimonHas 11-1 MexnyHapoaHnas KoHpepeHUUs «SlaepHas M paauanuoHHas (U3HKa,
Mexynapoanas koHpepenuust «Aapo-2017» u 8-1 EBpasuiickas HaydHO-IpaKTHYecKas
KOH(pepeHLIMS «SInepHas Hayka U ee IpUMeHeHHe». B pamkax gopyma Oyaer Takke IpOBEJEHO
COBEIAHME, IOCBALCHHOE  25-meturo  ydactust  Kasaxcrana B MexayHapoaHoi
MEXIPaBUTEILCTBEHHON HaydHO-UCCIIEe0BaTeNbCKON opranu3anuu «O0beIMHEHHBIH HHCTUTYT
ANEPHBIX UCCIEIOBAHUM.

B mnocnanum nHapony Kazaxcrana «Tperps MmonepHuzanust Kasaxcrana: mioOanbHas
KOHKypeHTOocriocoOHOCTh» [Ipe3nieHToM TMocTaBieHa 3ajadya Cco3/7aThb HOBYIO  MOJENb
HKOHOMHYECKOTO POCTa, KOTOpask O0ECHedHUT TIT00aTbHYI0 KOHKYPEHTOCHOCOOHOCTH CTpaHbI.
[lepBBIM NPUOPUTETOM SIBJISIETCS YCKOPEHHAsl TEXHOJOTMYECKash MOJEpHU3AIUsl IKOHOMHUKH, B
pamMKax KOTOpoi HeoOX0JIMMO pa3BUBaTh HOBbIE MHIYCTPUU. J{J1s 3TOr0 HEOOXOMMO Pa3BUBATh
HAyYHbIM 1 MHHOBAIIMOHHBIN MOTEHLHAJ, B TOM YHUCJIE B OOJACTH SIEPHBIX M PaJHAlMOHHBIX
TEXHOJIOTUH.

3HaunTEIbHAS YaCTh HAYYHO-TEXHUUYECKOTO U KaJpOBOIO IMOTEHLMAa aTOMHOM OTPAaCiH
COCPEJIOTOYCHA B TAKUX HAYYHO-UCCIIEA0BATENBCKUX LIEHTpaxX, Kak MHCTUTYT sinepHoil Gu3nku u
Hanmonanbsublit saepHblil neHTp Pecniyonuku Kasaxcras.

Co3mannsbiit 60 ner Hazag MHCTUTYT saepHON (M3HKH SBJISETCS TOJOBHOW OpraHHM3allkeit
CTpaHBbI IO NMPOBEICHUIO HAYUYHBIX UCCIIEOBAHNUM B 00J1aCTH SAEPHON U paAMallMOHHOM (pU3KKH,
¢U3UKM SAEPHBIX PEAKTOPOB U YCKOPUTENEH 3apsHKEeHHBIX YacTUL, (U3MKUA TBEPIOro Tena,
paIUallMOHHOTO MAaTepUaJIOBEICHUS, PAJMOIKOJIOTUH, PATUOXUMHUHU, paguodapMaleBTUKU U
pa3paboTKu SIEPHBIX U PAAMAlMOHHBIX TEXHOJIOTUMN.

B pamkax HacTosiero gopyma Benylme y4eHble W3 pa3HbIX CTpaH MHpa IJIAHUPYIOT
OOCYIUTh aKTyaJlbHble MpPOOJEMBbl SAEPHONM M pPaAMAllMOHHOM (M3UKH, MaTepuanoBEICHHUS,
paavaliMOHHOM 3K0JIOTUH, METOJIOB aHAJIN3a, SAEPHBIX U paJualliOHHbIX METOJIOB B MEUILIMHE U
MPOMBIIUIEHHOCTH.

VYpoBeHb M KaueCTBO HAy4YHBIX pa3zpabOTOK B cdepe sIepHON HayKu U TEXHOJIOTUHU
CIOCOOCTBYIOT TOBBIMICHUIO MEXIYHAPOJHOTO aBTOpPUTETa JIO0OH CTpaHbl. MHOTOJICTHSS
yCHeIHas AEATEIbHOCTh Ka3aXCTAaHCKMX YYEHBIX B 00JACTH MHUPHOTO MCIOJB30BAHMS aTOMHOMN
SHEPrUM MO3BOJIET TaKKe IOJIEPKUBATh IoOalbHble MHUIMATHBBI W ycunus Kaszaxcrana,
HaIpaBJIEHHBIE HA PEAIN3allMI0 HOBBIX IIPUHIIMII OB SIEPHON 0€30MaCHOCTH U TIOCTPOSHHE MUPA,
CBOOOHOTO OT SAEPHOTO OPYXKHSL.

Xo4y moxenaTb BCEM Yy4YaCTHHKaM, TOCTSM M oOpraHusaropaMm Qopyma IIOJOTBOPHOU
paboThl, UHTEPECHBIX HAYUHBIX AUCKYCCUH M OOJBIIMX TBOPYECKUX YCIEXOB!

Munuctp 3Hepreruku Pecnydoanku Kazaxcran K.A. bo3ymbaesB




PLENARY REPORTS

HJIEHAPHBIE JOKJIA/IbBI



Plenary Reports

HCTOPHUSI CO3JIAHUS, OCHOBHBIE JOCTIWKEHHWSA U IEPCOEKTUBbLI PA3BUTHSI MHCTUTYTA
SITEPHOM ®W3UKU

Kenorcun E.A.

PI'TI «MucTUTYT simepHOl (usukmy», Pecnyommka Kazaxctan

WnctutyT simepHOil ¢usuku Obu1 co3maH B 1957 romy i pasBUTHA (YHIAMEHTANBHBIX M IPUKIAJHBIX
HCCIeZIOBaHUM B 00NacTy AaepHO# (U3MKM MU MHUPHOTO MCIIOJNB30BaHMUS aTOMHOHM PHEPrMH B HApOJHOM Xo3sicTBe. B
ceoeMm obOpamenun B CoBer MunuctpoB CCCP u LIK KIICC o co3manuu HHcTHTyTa, Ipe3uIeHT AKaJeMUU HayK
Kazaxckoit CCP akagemuk K. U. CatnaeB nucan: «OrpoMHOe pacmidpeHne Ipou3BoaMTeNbHBIX cil KazaxcTana tpedyeT
COOTBETCTBYIOLIETO yCHJICHUS Hayku B KazaxcTane v B mepBylo ouepelb BHEIPEHHUS BO BCE 3BEHbs MPOMBIIIJICHHOCTH,
CEJIbCKOTO XO3SHCTBA M 3IPaBOOXPAHEHHs IMOCIEAHUX NOCTIXKEHWH siaepHoi ¢usukm». Ceroguss MHCTUTYT siaepHOi
¢usukn, otmevaromuit B 2017 romy cBoe 60-1eTre, YCHEIHO BBIMOJIHAET 3Ty MUCCHIO.

B nactosmee BpeMss UHCTHTYT smepHOi (usuky MUHHCTEPCTBa DHEPTETHUKH SIBISICTCS BEAylICH HaydHOH
opranmzanueii Kazaxctana B obnactd (QyHZAMEHTaNBHON W NPUKIATHONW sACpHON (H3WKH, paIdallMOHHON (H3UKH
TBEpJOIrO Tejla, SIAEPHBIX M pPaJUMallMOHHBIX TexHoJorui. HayuyHo-TexHM4yeckudl M NPOU3BOACTBEHHBIH MOTEHLHUAN
MHctuTyTa cO3MaBaics Ha NMPOTDKCHUH JECSATKOB JIET, MPH 9TOM YeThIpe 0a30BbIC HKCHEPUMEHTAIBHBIC YCTAHOBKH -
aTtoMHbIi peaktop BBP-K, kputHueckuil CTeHn, JBa YCKOPUTENs 3apsDKEHHBIX dactull — Y-150 u YKII-2-1 — Gpumm
CO3/aHBI B COBETCKHMH Tepros. B romer HezaBucuMoctn KasaxctaHa BBEJEHBI B OKCIUTyaTAIlHIO €IIe YEThIpe KPYIHEIC
YCTaHOBKH: yCKOpUTENb TKeIbIX HOHOB J[1[-60, mpoTonHsbIil mukinotpon C-30, yckopurtemu snekrpoHoB DJIB-4 u NJIY-
10.

B ctpykrypy NHctHTyTa BXOAAT Gosiee 20 HAy4YHO-HCCIE0BATEILCKUX JAOOPATOPHI M IIEHTPOB C COBPEMEHHBIM
AQHAIMTHYECKAUM W OKCIICPUMEHTAJBHBIM  00OpylIoBaHMeM, maBa (wmasa W  HAYYHO-TIPOM3BOJACTBCHHAS
pamosKkoyiornaeckas sxcrnemunus. B UA® pabotaror okono 700 coTpyAHHKOB, B TOM uucie Oosiee 70 JOKTOpOB U
KaH/MJATOB HayK.

VAD mMeer OONBIION OMBIT CO3MAHMSA HAYKOEMKHWX TEXHOJIOTHH, 3HAYUTENbHAs 4YacTh KOTOPHIX BHEJAPCHA B
IIPOM3BOJICTBO. B HacTosmee BpeMst pa3BUBAIOTCS CIEAYIONINE TEXHOJOTHISCKUE HANpaBIICHUS:

®  TIPOM3BOJACTBO PAMOM3OTOIHOM IPOIYyKIUH;

e pagmanuoHHAas 00paboTKa MaTEepPHAJIOB;

®  TIPOWM3BOJCTBO W IIPUMEHECHHE HOHHO-TPEKOBBIX MeMOpaH;

®  MOHHUTOPHHT U peaOWIMTalys OKpY KaloUlel cpeisl;

e oOpamieHue ¢ ICPHBIMHU MaTepHajJaMy, HCTOYHHKAMU HOHU3UPYIONINX H3TyYCHUH U pPaauoaKTHBHBIMU
OTXOJIAMH.

VHCTUTYT BBIMIOJHSACT HAY4YHO-UCCIEI0BATEIBCKUE PaOOTHl B paMKax TOCYJAapCTBEHHBIX IPOrpaMM, KOHTPAKTOB
C MEXAYHapOJIHBIMH OPTaHU3AIMAMH W KOMIIAaHMSMH C Pa3IMdHON (opMOH COOCTBEHHOCTH Kak B PecmyOimke
Kazaxctan, Tak u 3a pyOexoM, y4acTBYyeT B peajM3allid KPYIHBIX TOCYJapCTBEHHBIX WHBECTHIMOHHBIX MPOTPaMM,
oOecreunBaeT MEAMIUHCKAE [EHTIPHl W NPOMBINUICHHBIC NPEMIPUATHS CTPaHB HEOOXOJMMOW paIMOHW3OTOITHOW M
paIMannoHHO-00pa0OTaHHOW MNPOMYKIMEeH ¥ BBHICOKOCHENHANM3UPOBAHHBIMH yciayramu. MSA® cotpymHngaer c
BeAyIMMH By3aMu Kazaxctana, 3apyOeXHBIMH SICPHBIMH LEHIPAaMH M YHHBEPCHTETAMH B IIPOBEICHHH HAyYHBIX
HCCIIeIOBAaHUH TIPH HEMOCPEACTBEHHOM YUYaCTHH CTyJCHTOB OakajaBpuaTa, Maructpatypsl u PhD noktopaHToB.



Plenary Reports

EZ[I/]HBII?i MEXAHM3M TOSABJEHMSA T-HEYETHBIX TRI- © ROT-ACUMMETP U B PEAKIIUAX
TPOUHOI'O AETEHUA AAEP-AKTHUHMIOB XOJOJAHBIMU IIOJAPM3OBAHHBIMU HEUTPOHAMMU

Y Kaomenckuii C.T, zEyHaicog B.E., Y6 awescruii JLE.

1BopoHesxckuii rocy1apcTBeHHbIN yHUuBepcuTeT, Boponex, Poccus
2HUL] “Kypuatosckuit nactutyt”’, IeTepOyprekuil MHCTUTYT saepHoit Gusuku, [atunna, Poccus
kadmensky @phys.vsu.ru

B pamKkax KBaHTOBOW TeopuH zeneHUs [1-5] cTpouTcs eqmHbIH MeXaHu3M moseieHus T-nHeuétHpix TRI- m ROT-
ACHMMETPHH B YTJIOBBIX PacCIpe/ielieHUs X TPEThbHX YaCTHIl, B Ka4eCTBE KOTOPBIX PaCCMATPUBAIOTCS MpPeapa3pbIBHbBIC
anb(a-4yacTUIbl JI1 MCTAHHOTO, a TAK)KE MTHOBEHHBIC HEHTPOHBI M TaMMa-KBaHTHI I 3aJCP)KAaHHOTO TPONHOTO
JeJICHUST HEOPUCHTHPOBAHHBIX SIEP-aKTHHUIOB XOJIOJHBIMM IOJSIPU30BAHHBIMKM HEWTPOHAMH. DTOT MEXAHU3M
00ycnaBiMBaeTCs BIMSHHEM BpAICHUsI COCTABHOIO JCISIIEroCs sapa Ha aMIUIMTY/bl YIJIOBBIX pacIpesieleHui
¢parmenToB nenenus B u tpethux gactrn A depe3 KoprnomcoBo B3auMOEHCTBHE MMOJTHOTO CIIHA COCTABHOTO S/Ipa Kak
C OpOWTAIBPHBIMH MOMEHTaMH (parMeHTOB jeiieHust L, Tak W mpempa3pbiBHBIX TpeThux dactuil | mpu yuére
uHTep( ePEHINN JISTHTETEHBIX AMIUTHTY I PA3IHIHBIX S-HEHTPOHHEIX PE30HAHCOB (S, S’ ) COCTABHOTO NENAIIErocs sapa,
(hopMupyeMbIX IPH 3aXBaTe MafAIOIEro HEHTPOHA SAPOM -MUIIEHBIO ¥ 001a/IAI0IINX HE TOJBKO OJUHAKOBBIMU Jg = Jg’

, HO W DPa3MYHBIMH CIUHAMHU Jg # Jg'. Ilpu 5TOM Jyisi TIpeApasphIBHBIX amb(pa-d4acTuil MPOJEMOHCTPHPOBAHO

27,6 =1
hv

a

BBIIIOJIHCHUE yCJIOBHC KBA3UKIACCHUIHOCTU UX NBHKCHUS 77 = Koraa cpa3a YKa3aHHOT'O ABUIKCHUSL é‘l HC

3aBHCHUT OT |, 4TO MO3BOJISET BBHIPA3UTh IIABHBIC NEHCTBUTEIBHBIC YACTH YETHBIX {Aev (19)} U HEYETHBIX {AOdd (9)}

KOMIIOHEHT aMIUIUTy bl YIJIOBOTO paclpeeieHus anb(a-qacTull Yepe3 X yIIoBble pacnpeneneHus P(0) u P(r—0) .
Ipu stom mosinenne TRI- u ROT-acumMmetpuit i1 mpeapasphIBHBIX alb(a-4acTHIl CBS3BIBACTCS C YUYETOM

BimstHASA KopromicoBa B3anMoIeHCTBHS KaK HA aMIUIHTY A6l B (hparMeHTOB feneHns, Tak M Ha HEUETHBIC A"y uéTHBIC

ev o

A" KoMmoHeHTHl aMIUMTY [ anbpa-4acTUIl COOTBETCTBEHHO. J[s aHAIM3UPYEMBIX K€ ACUMMETPHN HMCIAPHUTENbHBIX
raMMa-KBaHTOB M HEUTPOHOB IOJTBEPXKAACTCS IMOJYyYCHHBI paHee pe3yJbTaT O HEOOXOJIMMOCTH ydéTa BIMSHUS
Kopuonmcosa B3auMOJEHCTBUS TOJNBKO Ha aMIumtyny B ¢parmentoB nenenus [4]. Tlpu sTomM 4ETHBIN xapaktep

ev o o
ammwmrtyy A= A" HCHapuUTENLHBIX TaMMa-KBAHTOB M HEUTPOHOB, OOYCIOBIECHHBIM BBICTPOEHHOCTHIO CIIMHOB
(parMeHTOB JeNieHUs, BO3HUKAIOIIEH u3-3a BIMsAHMS momnepeunsix Wriggling- u bending-konebanuii coctaBHOTO
JIETSIIErOCs AApa B OKPECTHOCTH €r0 TOYKH PasphbiBa, MPUBOIUT K MOsABJIEHHIO ToJbko ROT-acummerpuit. [TokaszaHo,

110 3 pexruBupie yris moBopota Af pparmentos menenms mox AeiicTBreM KOpHOMICOBa B3aMMOICHCTBHS COBIIAAIOT
11 Bcex paccmatpuBaeMbiXx TRI- m ROT-acumMeTpuii kak i1 mpeapa3phIBHBIX, TAK M U1 HCHApHUTEIBHBIX TPEThHUX
JaCTHII.

IMoxazaHo, 4TO TpemIOKeHHbIE B paboTe [6] MexaHW3MBI, OCHOBAHHBIE Ha HCIOJH30BAHUU KIACCHYECKUX
MPEACTABICHU W TPAeKTOPHBIX pacuéToB [7], B MpHUHIOUINE, HE MOTYT YYeCTb HEOOXOIMMOW IJIi OIMCAHHS
paccMaTpUBaeMBIX aCHMMETpUl HHTep(GEpeHINH JEINTCIBHBIX aMIUUTY][ PAa3INYHBIX S-HEHTPOHHBIX PE30HAHCOB.
[IpoaeMOHCTPUPOBaHA HEMOCICIOBATCIFHOCTD HCIONB30BaHus hending-koneGanuii COCTABHOTO ACTSIIIECTOCS siapa s
onucaHus aHam3upyeMsIx B [6] TRI-acumMertpuit n o6parmeHo BHIMaHNe Ha HapyIIeHHE B [6] TpeOOBaHUS COBIaJCHUS
ucnonb3yeMblx 1pu  pacuérax TRI- m ROT-acumMmeTpuil IEpexoiHbIX JAEIMTECIbHBIX cocrosnuii  JgzgKg ¢

AHAJJOTUIYHBIMU COCTOSAHHUAMHU, HCIIOJIB3YEMBIMU IIPpU pacqéTax aCI/IMMCTpI/Iﬁ C Ppa3MYHBIMHA P- u T-yétHOCTSIMU B
YIUIOBBIX pacHpCACIICHUAX Q)paFMeHTOB MOﬁHOFO ACJICHUS aHAJIM3UPYCMBIX SJCP.

Jlutepatypa

Bynakos B.E., Kammenckuit C.I'., D 66, 1894 (2003)

Bynakxos B.E., Kammenckuit C.I'., C. C. Kaqmenckwii, AP 71, 1917 (2008)

JIro6amesckuit JI.E.,, Kammenckuit C.I'., U3s. PAH. Cep. ¢pus. 74, 828 (2010)

Kammenckuit C.I'., Bynakos B.E., Jlro6amesckuii JI.E., 3. PAH. Cep. ¢u3. 80, 1013 (2016)

A. Gagarsky, F. Gonnenwein, I. Guseva et al, Phys. Rev. C 93, 054619 (2016)

I. S. Guseva, Yu. I. Gusev, Proceedings of the ISINN-14, Dubna, Russia, 2006, P.101. (JINR, Dubna, 2007).
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CHALLENGE FOR CREATION OF SCIENCE AND INDUSTRY ON THE BASE OF COOPERATION
BETWEEN CHIYODA TECHNOL CO. AND THE INSTITUTE OF NUCLEAR PHYSICS

Hosoda T."!, Kenzhin Y.™2

*1 Chairman of Chiyoda Technol Corporation, Tokyo, Japan
*2 Director General of the Institute of Nuclear Physics, Almaty, Kazakhstan
e-mail: hosoda-t@c-technol.co.jp

The idea of Chiyoda Technol Corporation (CTC) is “ to contribute to society on the base of technology for safety
utilization of radiation®. And the Institute of Nuclear Physics (INP) has a field of activity in common with CTC. By the
way, the reactors for research in Japan have been not operated after Fukushima earthquake. Therefore, CTC and INP
signed new memorandum mainly concerning study fields with WWR-K reactor owned by INP, on Nov.8" of 2016 when
the president of Republic of Kazakhstan visited in Japan.

In this memorandum, as interesting cooperation fields, CTC and INP selected four terms, i.e. Rl production, Next
generation dosimeter development, ®300mm Neutron transmutation doping—Si development and Neutron irradiation
study promotion. CTC and INP will aim to achieve “New utilization of WWR-K reactor”, * Improve of Science and
technology” and “ Personnel training on technology for safety utilization of radiation against medical persons and
university students”.

For four months from this memorandum signing, CTC and INP have investigated the possibility of cooperation
on creation of research and industry. Then, the cooperation study agreement was signed on 28t March in 2017. Special
study topics are shown as follows.

@ RI production technology development

@ 99Mo production technology development by (n,y) method with WWR-K

@ NDT-Si production technology development

@ Next generation dosimeter development

® Irradiation Technology development for irradiation study promotion with WWR-K

® D-Shuttle application study

In this time, the outline of status and future plan on our cooperation for the creation of science and industry between
CTC and INP will be presented.

WCCJIEJIOBAHUSA B OBJIACTH SIIEPHOM ITUIAHETOJIOTUHM B OUSIH

Llseyoe B.H.
OObeaMHEHHBI MHCTUTYT SIACPHBIX UccienoBanuii, T.Jlyona, Poccus

HccnenoBanus B o0nacTv sSAEpHON IUIAHETOJIOTMM BeIOyTCs B ABYX jabopatopusx OObeIMHEHHOTO WHCTUTYTa
spepHbIx ucenepoBanuii (OMSN): Jlabopatopuu HelTpoHHOH Qusuku um. .M .®Dpanka u Jlabopatopun paauanioHHON
Ouosoriy. DT padOThl BRIIOJHAIOTCSA B COTpYIHUYECTBE ¢ VIHCTUTYTOM KOCMHU4YecKux uccienoBanuii PAH.

OCHOBHBIC HANpPABICHUS HCCICJOBaHUA — pa3pabOTKa KOHIECNIWH, MaTeMaTddeckoe W (Qu3HYecKoe
MOJICJMPOBaHUE JCTCKTOPOB HEHTPOHOB M TaMMa-KBaHTOB /I KOCMHYECKHX allapatoB, a TaKkxke, (HU3NIecKue
KaTHMOPOBKH 3THX MPHOOPOB.

B moxnane OyayT mpencTaBieHBI pe3yJbTaThl, HOJyYCHHBIC NMPH CO3JAHMHU M MOCNeayloneld padoTe B kKocMoce
Hetektopa HelTpoHOB Bhicokux sHepruii (HEND) nHa Gopty Mapcuanckoro opGutansHoro ammapata HACA Mars
Odyssey, koumMMHupOBaHHOTO AeTektopa HeTpoHoB LEND Ha Gopty syHHOro opoutansHoro ammapata HACA Lunar

Reconnaissance Orbiter, uactpymenrta JIunamuueckoe anpbeno HeiitponoB (DAN) Ha GopTy ciyckaeMoro ammapara
HACA Curiosity u gpyrux.
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PAJUOHYKINIbI 1 TOKCUYHBIE 3JIEMEHTBI B TPAHCTPAHUYHBIX PEKAX KA3AXCTAHA -
PE3YJIBTATBI 10-JIETHEI'O MOHHUTOPHWHI A

Conooyxumn B.IL
WnctutyT sinepHoit Gpusuku, AimMartel, Kasaxcran

CocrosiHre BOJHBIX pecypcoB PecmyOimkn KaszaxctaH xapaktepusyercs oOmield HEJOCTATOYHOCTBIO, a TAaKXKe
3HAUHUTEIFHBIM WX 3arpsi3HEHHEM H HuctomeHHeM. Curtyarus ycyrOmsercs emie W Tem, 4Tto mocie pasBama CCCP u
pa3o0meHNsT OTICNBHBIX PECIyOJK 3HAYUTENHHO OCIAOWINCh KOOPIMHALUS pPaboT IO PeryiMpOBAHHIO ITOTOKOB
TPaHCTPaHUYHBIX pEK U KOHTPOJb Ka4yecTBa MX BOJ. DTa OCOOEHHOCTH CO3MA€T YIpo3y IOBBIIIEHHOIO HKOJIOTHYECKOTO
pUCKa W TICHXOJIOTHYECKOTO CTpecca Ul KWUTeJell HaceNICHHBIX IyHKTOB, Pa3MEIIeHHBIX B OaccelHax 3THX peK, H
TpeOyeT NPUHATHSA CPOYHBIX MEp 110 KOHTPOJIIO COCTAaBa MX BOJHBIX MOCTYIUICHHH.

K nHamboree KpymHBIM TpaHCTpaHWYHBIM pekaMm KazaxcTaHa, BTCKAONIMM W3 COMpENCTBHBIX CTpaH (CTpaHa
yKa3zaHa B CKOOKax), oTHOcATCs clenyromue: p. Upteim u p. Mmm (KHP), p. Ceipnapes (Y30ekuctan), p. Ypan (Poccus).
B mepeueHs TpaHCTpaHWYHBIX BXOIT TAKXKE CIEAyIOIINE MEHee MOJHOBOAHEIE peku: p Omens u p. Texec (KHP); p. Iy,
p- Kapabaira, p. Tamac (Keipreizctan); p. Yaran, p. To6ou, p. Ast u p. Unex (Poccus).

Hauwmnas ¢ Becum 2007 1. PI'TI «Kasrmgpomer» u HAD® MD PK npoBoasr paboTel MO ONpeaeieHHIo
PaIMOHYKIMIHOTO M 3JEMEHTHOTO COCTaBa OOBEKTOB OKpY’KalomeH cpelpl, 0TOOpAaHHBIX Ha NMPUTPAHUIHBIX yIaCTKAX
pek, BTekaronmx Ha Tepputopuio Kaszaxcrana. Ilpu opraHmsanuu 3Toi CHCTEMBl MOHHTOPHMHTa ObLIA HCIOJB30BaHA
METOJI0JIOTHS, pa3paboTaHHas KOJUIEKTHBOM ydeHbIX LleHtpamsHoit A3uu u CIIA B mpomecce BBIIOJHEHHUS paboT 1o
Mexaynapoasomy npoekry «Haspy3» [1]. B cootBercTtBUH ¢ 3TOW METOMOJOTHCH HA HAMEYCHHBIX KOHTPOJBHBIX
MMy HKTaX €KEr0HO (BECHOHM M OCEHBIO) MPOBOIATCS KCIEAUINOHHBIE pabOThl IO 0TOOPY MPOO 0OBEKTOB OKPYIKAIOLICH
cpempl. OmpezneneHne pagloOHYKIMAHOTO U 3JEMEHTHOIO COCTaBOB O0OPAa3lOB MOYBHI, JOHHBIX OTIOKEHHUH, a TaKKe
pacTBOPUMBIX M HEPAaCTBOPUMBIX KOMIIOHEHTOB BOJBI TMPOBOAUTCS B JaOOPATOPHBIX YCIOBHAX METOJAMU
WHCTPYMEHTAJbHON Y-CIIEKTPOMETPUH, PAAMOXUMHUYECKOTO aHalln3a, HeHTpoHOoakTMBaUMOHHOTO aHanmza (HAA),
pentrenogayopecueHtHoro ( POA), macc- 1 aTOMHO-I)MHUCCUOHHON CNIEKTPOCKOIMH C MHIYKTHBHO -CBSI3aHOU MIIa3Moit
(MC-UCIT n ASC-UCII, coOTBETCTBEHHO).

B moxnaze mpenctaBieHbl METOJOJOTUS U OCHOBHBIE pe3yibTathl 10-JeTHEro MOHUTOPHUHIA PaJUallMOHHONW M
9KOJIOTUYECKOW OOCTAHOBKM Ha MPUTPAHUYHBIX ydacTKax 3TUX peK. Ha OCHOBe MOJydeHHBIX aHAJIMTHYECKUX TaHHBIX
YCTaHOBNEHB! (haKThl TPAHCTPAHUYHOIO MEPEHOCa OTACIbHBIX 3arpsi3HUTENICH W BIUSHHUA TEXHOTEHHOH NesTeNIbHOCTH
(moOprya um mepepaboTKa ypaHa, METAUTypPIUs) Ha COCTOSHHE OOBEKTOB OKpYyXKawlled cpeasl B OaccelHax
TpaHCTpaHUYHbIX pek Kaszaxctana. Bce peku paHXUpoBaHbl IO YPOBHIO MX 3arpsi3HEHHOCTH PAIMOHYKIMIAMU H
TOKCHYHBIMH 3JIEMEHTAMHU. BpIpaOOTaHBl MpPEVIOKEHUs Ha NPOBEACHUE JACTANBHOTO o0ciienoBaHus HauOolee
3arpsI3HEHHBIX YYACTKOB OTACIBHBIX W3 ITHX PEK C IIEJbI0 OIEHKH CTENCHH PaJMAllMOHHOW W | WM XUMHUYECKOU
OIIaCHOCTH YCTaHOBJIEHHOTO 3arpsi3HEHUS I KUBBIX OPTaHU3MOB M OKpY>Karollel cpeipl.

1. Passell H.D., Solodukhin V.P., Khazhekber S., Poznyak V. L., Vasiliev LA., Alekhina V. Djuraev A.,
Salikhbaev U.S., Radyuk R.I., Suozzi D., Barber D.S. The Navruz Project: Cooperative, Transboundary Monitoring, Data
Sharing and Modeling of Water Resources in Central Asia // Nuclear Risk in Central Asia. — Netherlands: Springer
Science+Business Media B.V., 2008. — P. 191-199.
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ATOMHO-BOJIOPOJHASI DHEPTETHKA, KAK AKTYAJILHOE HAIIPABJIEHHE JHEPTETUKH
BYIYIIErO

Tapubog A.A.

Haumonanensiii A nepueiit MccnenoBatensckuii Lentp
Huctutyt Pamuanmonnsix [Ipoonem HAHA

BrisiBieHrne  BBICOKOA()(EKTHBHEIX W 0€30MacHBIX IyTed mpeoOpa3oBaHUS SAACPHON HSHEPTHH  SBIACTCS
aKTyaJbHBIM HaIpaBJICHUEM SAEPHOW HAayKU U TEXHOJOTUU COBpEMEHHOCTH. [I03TOMy B JAHHOM [OKJIaJe NPUBEACHBI
OCHOBHBIC PE3yJIBTATHl UCCIEIOBAHUI IPOIECCOB MPE0Opa30BaHus TCIDIOBON U PaJAallHOHHBIX COCTABILIFOIIIX YHSPTUH
JIeJICHHS SApa ¢ TOMOIIBI0 YHHBEPCAIHHOTO SHEPTOHOCHTES BOJOPOJAa. DTO HANpaBieHHE HAyKW M TEXHOJOTHH 3a
mocneqaue 50 et GopMHUPOBATIOCH KAaK CaMOCTOSTEIbHOE HayJYHO -TEXHHYECKOe HAIpaBIeHHE KaK aTOMHO-BOJOPOIHAS
JHEepreTHKa.

B manHO# paboTe uccie0BaHbl MPOIECCH MPeodpa3oBaHus paMalMOHHON W TETUIOBOW COCTABILIIOIINX SIICPHO N
SHEPTHH ¢ TIOMOMIBI0 YHUBEPCAIHHOTO 3HeproHocuTe. C IeNbi0 BBISBICHHS ONTUMANBHBIX IMyTel mpeoOpazoBaHus
9HEPTHHN UCCIIeI0BAaHBI KMHETHKA W MEXaHU3MBI HAKOIUICHNS! HOCHTENCH 3HEPTHH B Pa3IMIHBIX CHCTEMax MOJ IeHCTBHEM
HMOHM3UPYIONINX M3y YeHNH U Teruta. [IpoBeieHHBIe IPONECCH MOXKHO CTPYNIIPOBATH B OCHOBHOM B YETBHIPEX IPyMIIax
0 Mepe TaThl 0OHAPYIKEHHUS.

PagmanuoHHbie MpoIecchl MOJMYYEHUS BOJOPOJAA NPU PAAMOJIOTHMYECKOM pPAa3ioKEHUH BOIBI B TPUCYTCTBUU
OKCHUJHBIX COEIMHEHH.

TepMudeckue mpouecchl pas3ioKEeHHUs BOIBI ¢ YUaCTHEM Pa3IMYHBIX OKCHIHBIX KaTaJM3aTOPOB.

PappaninoHHO-TepMHUUYECKO€E Pa3I0KEHUE BOJBI B IPUCYTCTBHU OKCHIAHOW CHCTEMBL.

Pasmepubie 3¢ PexTl B pagualliOHHO-TETEPOTEHHBIX MPOIEccaxX Pa3NoKEHUs] BOJBI B MPHUCYTCTBHH OKCHAHBIX
COEIMHEHUH, PaIalliOHHO -TeTepOTeHHbIE TIPOLECCH OMyUYEHHUs BOJAOPOa B IPUCYTCTBUA HAHO Pa3MEpPHBIX OKCUAHBIX
COCIMHEHUN U MHIMBUAYaJbHBIX HAHO MOJYMPOBOJHUKOBBIX COEIUHEHHM.

C 1esbio BBISIBIEHHS BO3MOXKHOCTEH MpeoOpa3oBaHusl TEIUIOBOI COCTaBISIOUIMX SACPHONW SHEPTUU UCCIIEA0BaHbI
KMHETUKA MOJIyYeHHsI BOJOPOJa MPU PasoKEHUH BOIBI B MPHUCYTCTBUM MHAMBHUAYalbHbIX OkcuaoB BeO, A1203, ZrO2,
Si02 U CIOXHBIX OKCHAHBIX CHCTEM, KOTOPBIMHU SBISIFOTCS ILCOJMUTHI, ATIOMOCHIMKATBI, OOpPCHUIIMKATHI,
AMOMOIIMPKOHATLI, Oepummiicnankatel U Si02 — ZrO2 B ob6ynactu Temneparyp T=373-773 K B MIOTHOCTAX MapoOB BOJIBI

pu20 ~ 0.1-9 yr/em3

BoisiBieno, uto maumbas ¢ T=473K okcumpie coemHeHHs yCKOPAIOT TEPMUUECKHiA MPOLECC PA3NOKEHIS
BOJbl. BEIOpaH ONMTMManbHBIM TN OKCHAHBIX KaTaJlM3aTOPOB M PEXUMBI IOJIYYCHUS BOJOPOJA M3 BoJpl. IIpemioxen
MEXaHU3M TEPMOKATAIUTHLECKOTO  AEHCTBUSA  OKCHAHBIX CHCTEM B  MpOLECCE MOJy4YeHHs BOJAOPOJA.
TepMoxaTasMTHUECKHE TPOLECCH PEKOMEHIOBAaHbl sl MpeoOpa3oBaHMs TEIUIOBOW 3HEPTHU BBICOKOTEMIIEPATypPHBIX
PEaKTOpOB € MOMOILBIO MOJIEKYJISIPHOTO BOJOPO/JIA.

Ha ocHoBe uccienoBaHuil paauonusa BOABl B MPUCYTCTBUU IIMPOKHX KIACCOB MHIMBUAYAIbHBIX M CIOKHBIX
OKCHJIAHTHBIX COCJMHEHWH B 3aBHCHMOCTH OT INUPHHBI 3allpeIICHHOW 30HBI, COCTaBa, IOBEPXHOCTHBIX (HHU3HKO -
XMMHUYECKUX CBOMCTB, CTENEHU 3allOJHEHUs MOBEPXHOCTU OKCUAOB MOJIEKYJAMU BOJIbl. BBIABIEHO, YTO OKCHUIHBIE
CHCTEMBI HTPAIOT POJIb IpeoOpa30oBaTelsl YHEPTHH HOHU3UPYIOIINX U3y deHHH B 60Jee MOOMIBHON 1 yH0OHOH hopMe H
nepenade K aAcopOMpOBAHHBIM MOJIEKYJaM BOJbI. B pesynbTaTe paapallioHHO -TETEPOTEHHBIX IPOLECCOB B KOHTAKTE C
OKCUJHBIMH CUCTEMaMH BBIXOJI BOJOPOJA MPEBBIIIACT OT 3HAUEHUH BBIX0JA IPU PAJUOJIM3€ YUCTOM BOABI B TOMOTEHHOM
COCTOSIHUH,

Grer (HE:] = Grur«t(sz

KOTOPBIH SBJIETCS yKa3aTeJeM pPaJdallMOHHO-KATAIMTUYECKOIO JCHCTBHSA OKCHIHBIX CHUCTEM B IIpoliecce
mpeoOpa3oBaHus PHEPTUH DPaJMAIIOHHO COCTABIMIOIINX SICPHON HSHEprHd. BEIsABICHa MpHpoOJa, KOJIMYECTBEHHOMH
XapaKTepUCTUKU FeHEpaly, MEXaHU3M MUIPAalMU Ha MOBEPXHOCTH M B3aMMOJCHCTBHA MOJIEKYJaMH BOJbl HOCHTEICH
SHEPIUU B OKCUAHBIX CHCTEMAaX. YCTAHOBJIEHO, YTO HOCHUTEISIMM SHEPIUM B OKCHUAHBIX CHCTEMAax SIBIIOTCS
HEPAaBHOBECHBIC HOCHTENN 3apsIOB, BO30YXXICHHBIX COCTOSIHHH M Ie(eKTHBIE COCTOSHHUS CIPYKTYp, KOTOpPBIE
TEHEPUPYIOTCS MOJ ACHCTBUEM TaK MEPBUYHBIX U3IYyUYEHHUH, TAK M BTOPUYHBIX 3JEKTPOHHBIX M3JIy4YEHUH B OKCHIHBIX
cUCTeMax. BbIsBIEHBI 3aKOHOMEPHOCTU 3aBUCUMOCTH BBIXOJIOB HOCHUTENEH 3HEPIUU OT MOIIMHOCTU U3Iy4ECHUS, [IUPUHBI
3alpelIeHHON 30HBI, CTIPYKTypHOH YNOPSAAOYEHHOCTBIO U JUCIEPCHOCTH OKCHUIHBIX cucteM. Ha ocHoBe
SKCIIEPUMEHTAJIBHBIX U TEOPETUUECKUX PACUETOB ONPEACIIEHBl IOPOTOBBIE SHEPIUU T'€HEPALUU 3JIEKTPOHHO -IbIPOYHBIX
nap B pPa3IM4HBIX TUNAaX OKcuaoB. Tak i okcupa udnekrpuka Enop=2,0Eg, a B NOIympOBOIMMBIX OKCHJIAX
Enop=3,0-4,0Eg rne Eg mupunHa 3anpelIcHHBIX OKCUIOB. BBISBICHBI 3aKOHOMEPHOCTH MUIPAlUM HEPaBHOBECHBIX
HOCHUTENEH 3aps0B K MOBEPXHOCTU U B3aUMOJCHCTBHUS C aCOPOMPOBAHHBIMH MOJIEKYJIAMH BOJBI. Y CTAaHOBIICHO, YTO B
BBICOKOTIOPHCTBIX OKCHIAX MUTPANUs HEPaBHOBECHBIX HOCHTENICH 3apsOB HMPOUCXOIUT MO Opeid OBBIM MexaHHM3MaM
oJ JACHCTBHMEM IIOBEPXHOCTHOIO JJEKTPOCTATUCTAYECKOTo moyi. Ha ocCHOBe pe3ynbTaToB  MCCIEIOBaHUS
3aKOHOMEPHOCTeH TeHepalud, MUTPALUH, JOKOJIM3AIMH M PEKOMOWHAIMH HEPABHOBECHBIX HOCHTENCH 3apsmoB B
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HIMPOKUI KJIaC OKCHAHBIX COCJUHEHUI BBISBICHA POJb CTPYKTYypPHBIX HEYHOPSAHZOUEHHOCTEH U pa3MepHsbIe 3 dexTsl B
IpolLecCe HAKOIUIEHHUS JHEPIMM HU3JIyYyeHHH B TBEPABIX OKCHUAHBIX CHCTEMaX B BHJAE DHEPTUH JIOKAIN30BaHHBIX
COCTOSIHUH HEepaBHOBECHBIX HOCHUTeNeH 3apsiioB. OnpeeneHs! Npe/enbHble 3HAU€HHs HOCHUTENeH 3HEePTUH B OKCHIHBIX
COEJIMHEHMSAX. BBISBIEHB! ONTUMANbHBIE TUMBI U (OPMBI OKCHUAHBIX COEIUHEHMH, KOTOpBIE O0OJaJaloT BBICOKOI
paIManOHHO-KaTAIMTHYECKON aKTUBHOCTBIO B Ipoliecce pasznoxkeHus Bojbl. [Ipu T<573K ompezneneHbl cOOTHOIICHUS
MEXAy BBIXOJAMH HOCHUTENEH 3apsAf0B M BBIXOJ MOJEKYJSIPHOTO BOJIOPOJa MpH paJdallMOHHO-KATATUTHYECKOH
Pas3oKEHUHU BOJBI B IPUCYTCTBHM ONTUMAIBHBIX ()OPM KIACCHYECKUX KaTaIU3aTopOB

G (Hy) = %Gn )

G0 (H.3) — HaYaJIbHBIE BHIXOJbI HOCHUTEJCH YHEPTHUH.

BeisiBiieHo, uTO ¢ yBeiquueHueM TtemmepaTtypel 1>673K B paananoHHO -TEpPMOKATAIMTHYECKUX MPOIEccax
MIPOUCXOIUT TPAHCMHUCCHSI TIPOMEXKYTOUHBIX TpoaAykToB H 1 OH k MonekyIsipHOMY BOZOPOIY M MAaKCUMAaJIbHBIH BBIXO]
YHUBEpCcalbHOTO  dHeproHocutenst cootBeTctByeT G(H2) = GO(H.3), K03(h(DUIHMEHT TMOJEe3HOTO MACHCTBHS B ITHX

CUCTEMaX COOTBETCTBYET np:?)Gm (H2) z24%,
Ilpn pacuere 3Hauenmid G(H2) mpm paamannoOHHOTO-T €pPMHUYECKHX MpOIEccax BKIAJ TepMOKATAIIMYECKIX

npoiieccax pasznokeHue Bojpl BeruuthiBaeTcs Wp(H2) = W p1(H2)-WT(H2) 1 mostomy B 3HaueHHAX T] HE YYTEHBI
Wt(H2)
Iloatomy peambHoe 3Hauenue KIIJ pammannmoHHOro-KaTaaUTUYECKUX IPOLECCOB IOJNYYEHUS YHHBEPCAIbHOTO

9HEPTOHOCHTENS OOJIBIIC n=m p-

3a mocnemHue 25 JNeT Ha OCHOBE HCCICIOBAHUN 3aKOHOMEPHOCTCH paauMallMOHHO -TEeTCPOTCHHBIX HPOIECCOB
Pa3NOKCHHs BEIIECTB BBISBICH Pa3MepHBIA () (EeKT mpu NmepeHoce SHEprHy Ha MOBEPXHOCTHHIN ypoBeHb. COracHO
sToMy 3QdeKTy ecam B KaTtaim3aTopax Uil paJuallMOHHO-KaTAIMTHYCCKHX IIpolleccax UIMHA IepeHOoca HOCHTENeH
SHEePTUH CTAHOBHTCS CPAaBHHUM C pa3MepaMu 4YacTuibl katammsatopa (R) HaGmopmaercs cuibHas 3aBucuMocts G(H2)=f
(R). Ecrm y9ects 4TO, mIHA CBOOOJHOTO TpoOera HEPaBHOBECHBIX HOCHTENCH JHEPTHUH 3apsgOB B OKCHIHBIX

JMBNEKTPUKAX It SHeprun dacTuisl E=10—103 3B u3MenseTcs B MHTepBaje lev ~ 102-10 HM BBICOKas pPaJWallMOHHO-
KaTAJMTHYECKass aKTUBHOCTH MOXeET OBITh HaOomaThcs B CHCTEMax C HaHopa3sMmepamu. PasmepHslil addexr B
paIManoOHHO-TETePOTCHHBIX NTPOIIeccax IMOATBEPKACH Pe3yJbTaTAMH HCCIICIOBAaHWH pPaauoiiM3a BOJBI B NPHUCYTCTBUU
HaHO pa3MEpHBIX TBEPJBIX Teld B KIacCHYecKWX CHCTeMax paJuaIliOHHO-KaTOJMTHYECKHH IPOIECCOB MEPEeHOC H
nepegada YHEPIUHU BEIIECTB IOABEPTAOIIUMCS PA3I0KESHUIO IPOUCXOIIT B OCHOBHOM B a/ICOPOUPOBAHHBIX COCTOSHUAX
1 TO3TOMY Tt 3¢ QEKTHBHOTO Pa3iokeHHs Tpe0yeTcs yIOBICTBOPEHIE COOTHOMICHUS MEX/Ay IMUPUHAMHY 3aIpeIIeHHO
30HBI OKCHJIOB U auccoruatusHoro ypoBHs (E/) Boxsr Eg>E/]. B pagmannoHHO-TeTepOTeHHBIX IPONECCaX HAHO -CHCTEM
+H20 mmna cBoGogHOTO Tpobera BTOPHUYHBIX O-3IEKTPOHOB Lev>R M TMOITOMY YacTe BTOPHYHBIX 3JEKTPOHOB
MIPOXOJUT B MOBEPXHOCTh TBEPJOTO TeJld M B3aUMOJECHCTBYET ¢ KOHTaKTUpyrowei cpenoil. [loatomy ¢ ymeHblIeHUEM
pa3mepa JacTull BKIQJ MepeHoca K acopOMpOBaHHON (a3e yMEHBIIAeTCS M YaCTHIBI TBEPAOW (asbl BeAyT ceOsl Kak
HCTOYHUK BTOPUYHBIX 3JICKTPOHHBIX H3IydeHHUH. 3aKOHOMEPHOCTh MEPEHOCA SHEPTUH K MMOBEPXHOCTHBIM YPOBHSAM U K
KOHTAKTHPYIOLIEH cpele u3ydeHsl Ha mpuMmepax n-SiO, n-Al203, n-ZrO2, n- Al203-n-ZrO2, n-SiO2 u n-Be, n-Si.
YCTaHOBIIEHO, UTO MPHU paIH/IaHI/IOHjI-—IO-KaTaHI/I’H/I‘{eCKOM pasokeHUU BOMBI B aicopOUpoBaHHON (ha3e HAHO-OKCHUAOB IPHU
T<673K ynosnetsopsercs G(H2)=2G0(1.5.) B ciyuae pammonusa KuAKo¥ BOIbBI B NPUCYTCTBMH HAHO-OKCHIOB U n-Be,
Nn-Si tBepmast ¢asza BemeT ceOs KaK UCTOYHUK BTOPHYHBIX M3TydeHUH. MOJEKyJBI BOJBI B 3TUX CHCTEMaXx II0IBEPTaIOTCS
BO3ACHCTBUIO BTOPUYHBIX IICKTPOHHBIX H3Iy4CHHH B IPOCTPAHCTBE MEXKAY HAHO YaCTUIAMH HAa PACCTOSHUSAX OT
moBepxHocTH 4-5 HM. Pa3noxeHne MOJIEKyd BOABI B ATHX CHCTEMax IMPOUCXOJUT 10 MEXaHU3MY ILIa3MOXUMHUYECKOTO
pasmokeHHs BOABI. MaKCHMAaNbHBIH BBIXOJ MOJEKYJSIPHOTO BOJOPOJA IPHU pPamUONU3e BOIBl B IMPHCYTCTBUH
ONTHMAJBHBIX HaHO-cucteM Jjocturaercs G(H2)=14 wonexyn/1000B u xospdumment mnomesHoro medcTBUSL
npeoOpa3oBaHusl pPaJMAllMOHHO COCTABISIIONIMX SACPHON DJHEPrHM COOTBETCTBYeT mN=42%. Ecim peami3oBath
TPAHCMUCCHIO IPOMEXXYTOUHBIX IPOAYKTOB K KOHCYHOMY MOJIEKYJSIPHOMY BOJOPOJY M YUECTh TEPMUYECKUE MPOIECCHI
PasIoKeHHs BOJBI, TO 0KHAaeMOe 3HaueHHe 1 Oyner Ooubie.

Takum o0oOpa3oM, BBISBICHHBIE 3aKOHOMEPHOCTH pAaJMAIllMOHHO-TETCPOTEHHBIX IPOLECCOB  ITOJTYYCHUS
MOJIEKYJSIPHOTO BOJOPOJA CBHICTEIHCTBYIOT O TOM, YTO aTOMHO-BOJOPOJHYIO HEPTETHKY MOXHO pacCMaTpHUBaTh Kak
s dexmnBHBIN coco6 mpeoOpazoBaHUs TEIUIOBOW M PaJUAlMOHHO COCTABISIIONINX SICPHONW SHEPTUU U B COYECTAHHSX
HOBBIX OKOJICHHH SACPHO YHEPIeTHIECKUMH CHCTEMAaMHU KaK MEPCIEeKTUBHBIM NCTOYHUK HEPTHH.
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HOBBIE HAIIPABJIEHUA B UCCJIEIOBAHHWHU HYKJ/JIOHHBIX TAJIO
Jemvsinosa A.C.

THanuoHa bHBIH UccIenoBaTeNbeKuil 1EHTp «KypUyaToBCKuii MHCTUTY D)
1. Axkagemuka Kypuartoa, 123182 Mocksa, Poccus

OTKpBITHE Tajio — OJHO U3 BaXKHEHIINX I0CTHKEHUH (U3UKH AApa B KOHIIE MIPOIIIOTo BeKa. ['ajgo OBII0 OTKPHITO
B OCHOBHBIX COCTOSHHAX SIJep, J€XKAaIIUX Ha TPaHUNE CTAOMIPHOCTH C IOMOIIBI0O HOBOTO «HMHCTPYMEHTA» - IIy9YKOB
paIMoaKTUBHBIX sfep. OCHOBHBIM CBOIICTBOM ralio sIBIs€TCS YBEIMYEHHBINH paalyC BaJCHTHBIX HEHTPOHOB, B 2 - 3 pasa

MPEBBILIAIOIINIT pa3Mepbl 0cTOBa. OMHAKO MPSMBIX METOIOB U3MEPCHUS PAIyCOB KOP OTKOXKHBY U COCTOSIHUI HA TOT
MOMEHT HE OBLIO.

Hamreii rpynmoit 6plM pa3pabOTaHBl CIEAYIONIME METOIBI U3MEPEHHS PaJUyCOB SCp B KOPOTKOKHBYIIUX
COCTOSIHUSIX:

1) MomubuimposanHas gudpakuuonHas  Moueias  (MJM),  ucmosb3yoomas — 0COOEHHOCTH
TG PaKIMOHHON KOMIIOHEHTHI AU G epeHIInaIbHOTO CeICHHUS.

2) MeToJ paay’XHOr0 paccesHHs, OCHOBaHHBbII Ha OCOOCHHOCTAX Ppaly)KHOH  KOMIIOHEHTHI
G G epeHIMaTbHOTO CeYCHUS.

3) MeTo/1 aCHMIOTOTHYECKUX HOPMHUPOBOUYHBIX K03 PunnentoB (AHK)

4) Pacnipoctpanenne MJIM na peakuuu nepesapsyku (SHe,t) u, Bosmoxno, (d,2He)

HpI/IMeHeHI/Ie JAHHBIX METOJIOB MO3BOJIMJIO MOJYYHUTh CICAYIOMINE PE3YJIbTATHI:

e rajo 0GHAPYKEHO B «HESK30TUYECKHX» CcTabUIbHBIX saapax (*Be, 13C)

e rajo 0OHApPYKEHO HE TOJILKO B OCHOBHBIX, HO U BO30YXaeHHBIX cocTosnusax saep (°Be, 13C)

e rajo OOGHAPYKEHO HE TOJHKO B COCTOSHHUSAX JUCKPETHOTO CIIEKTPA, HO M B COCTOSHHSX KOHTUHYYyMa
(BpammaTenbHBIE TOJOCH °Be)

e  BrHepBble 00HapyXkeHo npoToHHoe rano B 13N. B sepkanbHbix coctosnusx B3N - 13C na6momarotes rano
(IPOTOHHOE ¥ HEUTPOHHOE, COOTBETCTBEHHO), UM EIONINE OMHAKOBBIE PaJAyChI

e  PaccMOTPEH BOTIPOC GOPPOMHUHOBCKUX M TAHTO CTPYKTYP B TPEXTEIBHBIX Tajo

e rano B u300ap-aHaNoroBeIx cocTosHUAX. ®He (2n) —BLi (np) — 6Be (2p).

THREE-BODY ASYMPTOTIC NORMALIZATION FUNCTIONS AS A NEW FUNDAMENTAL DYNAMIC
CHARACTERISTIC OF THE THREE-BODY HALO NUCLEI

Yarmukhamedov R.
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, 100214 Tashkent, Uzbekistan

The present review report is devoted to consideration of the asymptotic method of deriving the true asymptotics
of the radial three-body wave functions of halo nuclei with two both loosely bound ”valence” neutrons and charged
particles. These presented asymptotic forms are expressed in terms of a new fundamental dynamic characteristics of the
three-body halo nucleus in the form of the three-body asymptotic normalization functions (TBANFs). The methods
proposed for determination of the TBANFs are discussed. The results for the TBANF values obtained for the some
specific light halo nuclei and their sensitivity to the used two-body nuclear potentials are also presented.
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25 JIET HAIMIOHAJTbHOMY SITEPHOMY UIEHTPY PECIYBJIMKH KA3AXCTAH.
OT HAIIMOHAJIbHOM TPATEANU - K HAIIMOHAJILHOM T'OPJOCTH

Bamwvipbexos D.1'.
HarnwonaneHblid saepHblid eHTp PecnyOmmku Kaszaxctan, Kypuatos, Kazaxctan

Hauunonaneueiit simepHsiii neHtp PecnyOmmku Kaszaxcran (HSLL PK) cosman 15 mas 1992 roma VYkazom
Ipesunenta PecnyOmmkn Kazaxctan Ne779 Ha 06a3e komiuiekca ObiBmiero CeMHITQNATHHCKOTO HCHBITATEIBHOTO
mommroHa (CUII) m COOTBETCTBYIONIMX HAyYHBIX OpTaHM3alUil, W OOBEKTOB, PAaCHOJOXCHHBIX Ha TEPPUTOPUHU
Kazaxcrana. C 3akpblTMEM IOJMIOHA IEpE] MOJOIBIM HE3aBUCHUMBIM TOCYIAapCTBOM BO3HMK DS 3ajad, pELICHHE
koTophIxX ObuT0 TOpydeHo HSIL PK, a uMeHHO: IMKBHIANUS WHPPACTPYKTYPHI M MOCICICTBHA HCIBITAHUN SACPHOTO
OpYXWs; KOHBEpCHS OBIBIIETO BOCHHO-TIPOMBIIIIEHHOTO KoMmIuiekca CUIT 1 mcmosp30BaHme ero HayYHO -TeXHHYECKOTO
MMOTCHIIMANIA B MUPHBIX HEJIIX; KOHTPOJb 332 MPOBEACHHWEM HCIBITAHHN SOEPHOTO OPYXHS HA APYTUX JCHCTBYIOIINX
MTOJIMTOHAX MHUPA, a TAKXKE CO3Z]AHNE HayJHO-TeXHUIECKOI, TEXHOJIOTHIECKOH M KaapoBOil 0a3bl I pa3BUTHS aTOMHOMN
sHepreTnky B PecrryOimke Ka3zaxctas.

HecMoTps Ha Bce CIIOKHOCTH MEPEX0THOTO TepHoaa Havyana 90-X To/I0B MPOIUIOTO BeKa, MOCNEeAYIONINe TPy AHBIE
TOJBI CTAHOBJICHHMS, KOTOPBIC MIPEMIPHUATHE MPOIIIO BMECTE CO BCEH CTPAHOH, MOKHO C YBEPEHHOCTHIO KOHCTATHPOBATH,
yto HAI PK ycnemHo copaBuiics ¢ NOCTaBICHHBIMU TOCYJAPCTBOM 33JadaMK U Ha COBPEMEHHOM JTalle Pa3BUTUSL
aKTUBHO HApaIlMBaeT CBOI OMBIT M KOMIIETEHIIMH B chepe MHPHOTO HCIIOJB30BAaHHUS aTOMHOW »Hepruu. B mokmane
mpeJcTaBIeHa petpocnextnBa aestensaoctd HAL PK 3a npomeamie ¢ MOMEHTa €ro Co3faHMs TOABI U BBITIOJIHEH 0030p
TeKyIIUX paboT.

Crextp mposomumbix ceromas B HALL PK umccnenoBanuii BkmowaeT OOJbIION TIAcT paboT B 00OCHOBaHHUE
0€30MacHOCTH aTOMHOM SHEPTeTHKU C HCIOJb30BAHWEM YHHKAJIbHOUN JKCIEPHUMEHTATBHON M TEXH OJIOTUUECKOW Oa3sbl,
KOTOPYIO yJaJoCh HE TOJBKO COXPAaHUTh, HO U MOJEPHH3UPOBATh U MPUYMHOXUTb. B 310#1 0oOmactu HALL PK no6umncs
BIICYATIAIONINX PE3yJIbTATOB M CETOMHS SBISIETCS MHPOBBIM JHACPOM B OHKCIEPUMEHTAILHOM MOJECIUPOBAHUHU
MPOIIECCOB, COMPOBOKIAIOMINX TSUKENBIX aBapUH SACPHBIX PEAKTOPOB C IUIABJIEHUEM aKTHMBHOHW 30HBI. Peamn3oBaH psif
9KCIIEPUMEHTAJBHBIX MPOTPaMM B COTPYJHUYECTBE C SIMTOHCKUMH HAy4YHO -MCCIEIOBATEIbCKUMHU U KOMMEPUYECKUMHU
OpraHu3allusIMH, 4YacTb M3 HUX MNPOJOJDKAeTcs B JaHHBIH MOMEHT. [lojoutesnbHBIE pe3yJbTaThl NPOBEACHHBIX
9KCIIEPUMEHTOB MOy YHIIM MEXIyHapoaHOe MPHU3HAHUE U BbI3BaIM 00JbIION nHTepec k coBMecTtHOo# ¢ HAL[ PK pabore
CO CTOPOHBI JIPYTUX 3apyOCIKHBIX OPTaHNU3AIMH, 3aHUMAIOMINAXCS Pa3padOTKON HOBBIX PEaKTOPOB.

B chepe obecnieueHns pexxuma HepacpocTpaneHus siuepHoro opysxust B HALL PK BriepBbie B Mupe pa3zpaboTaHbl
U NPUMEHEHbl TEXHOJIOTUM JIMKBUJIALMU [OCIEACTBUH IpOBEACHUS SAEPHbIX MchblTaHMi Ha CeMUNaJaTUHCKOM
HCTBITATCIIbHOM MoJroHe. [IpoBelieHBl paboThl 1O W3BJICYCHHIO MOATOTOBICHHOTO K HMCIBITAHUSM SJIEPHOTO 3apsja,
3aKkpbIThl 181 mTosbHA, 13 ckBakMH M 12 MIAXTHBIX MYCKOBBIX YCTAHOBOK, MPEJIHA3HAYEHHBIX ISl UCIIBITAHUHN SEPHOTO
opyxwus. Co3maHbl W YCWICHB Oapbephl, HCKIIOYAIOMNE HECAHKIMOHHPOBAHHBIA IOCTYN K OTXOJaM SICPHOM
nearenbHocTd. Ceromnst nepenoBbiM omnbeltoM HSIL PK B sTOM HampaBieHuM HHTEpecyeTcsl OpyIUe CIpaHbl, Ha
TePPHUTOPHSIX KOTOPHIX JCHCTBOBAIM SACPHBIC ITOJUTOHBI.

VYHUKaNbHEI TI0 cBoe cytd u paspadotkun HSI[ PK B obOmacti paamoskoJioTHuecKux HccieoBaHui. B pamkax
9TOTO HANpAaBICHHWSA CO3JaHAa W BHEJPEHA CHCTEMa BBIABICHHWS ¥ JMKBHJAINH PaJMAllMOHHO -OMACHBIX CHUTyallli C
HCTIOTB30BAHUEM COBPEMEHHOH ammapaTypHO-MeToaudeckoil ©0a3pl. BBIABICHBI W OXapaKTepH30BaHBI OCHOBHEIC
PaIMOAaKTUBHO-3arPs3HEHHBIE YIACTKA M 00BbekThl Ha 50% Tepputopun CUIl o6mel miomamo 9210 kv 2, poBeaeHE!
HCCIICIOBAHHUSA «YCIOBHO (DOHOBBIX» Tepputopuil. Ha pesympTaTel 00cnenoBaHHS MOIYyYEHBl IOJIOKHUTEIHLHBIC
skcneptHele 3akmodeHHs MAIDIATO. OmelT TakoW paboOThl BBI3BANT HHTEPEC CO CTOPOHBI SAMOHCKHAX KOJUIET,
3aHUMAIOIIKECs JMKBUIAUUEH paJualliOHHO-0IacHOU cuTyauuu nocie aBapuu Ha ADC «Dykycumay.

Bompmoe Buumanue B HALL PK yaensercs HaydyHBIM UCCIEAOBAHUSIM B 00JIACTH YIPABILIEMOTO TEPMOSIEPHOTO
cuareza. B 2017 rtomy mnposeneH ¢usmueckuii myck KazaxcTtaHckoro MartepmanoBeqdeckoro Tokamaka KTM,
[IpeHA3HAYECHHOIO Il UCCIIENOBaHM MaTepUaloB TEPMOAIEPHBIX PEAKTOPOB. YHUKaIbHOCTL Tokamaka KTM B TOM,
YTO OH IO3BOJISIET HCCIENOBaTh MOBEACHHE MATePUANOB MPHU OUYEHb BHICOKMX TENJIOBBIX HAarpyskax. JTo TepBas B
Kazaxctane ycTaHoBKa [Uisi TPOBEACHUS HAYYHBIX HCCICJOBAHUM M HCHOBITAHUA Wil OyAyIIMX TePMOSICPHBIX
PEaKkTopoB, SABISIOMIAACS BKIAIOM Halled CTpaHbl B JEJ0 CO3JAaHUs TepMOSACpHON sHepretuku. 26 mas 2017 roga B
Kazanu Ha 73-em 3acepanuu DkoHoMuueckoro coseta ctpad CHI™ mecteio ctpanamu CHIT — Poccuiickoii @enepanuei,
Pecnybmukoii  Kaszaxctan, PecnyOmmkoit benapych, PecmyOmkoit Tamkukuctan, PecnyOmukoit Kuprusus u
Pecnybmikoit Apmenust Obuio moanucaHo «CornameHue O COBMECTHOM MCIIOJIb30BaHUM JKCIEPUM EHTAIBLHOTO
KOMIUICKCa Ha 0a3e¢ Ka3axCTAHCKOTO MaTepHalloBEAYeCKOro TokaMaka». 11 wrons 2017 roma corjameHue o
cotpymauuectse noaucano mexay HALL PK u Opranuzanueit UTOP, mianupyetcs nposeaeHue 00JIbIIOTO KOMILIEKCa
COBMECTHBIX PadoT.

Takum o6pasom, ceroguss HSIIl PK sBisetcs OTKpBITOH Wit COTPYAHHYECTBA COBPEMEHHOW HAyJYHOH
opraHuzalMel, perMoHaJbHBIM JIMAEPOM B 00JIaCTH pa3padOTKU U BHEAPEHUS NEePelOBbIX HHHOBALIMOHHBIX TEXHOJIOIUH
JUT1 aTOMHOW HAayKW M TeXHHKH, TOBBIIICHUS ee () (PEeKTHBHOCTH U GE30MTaCHOCTH.
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OCOBEHHOCTH TIOBEJEHUSA TEINWA U BOAOPOJA B JUCIEPCHO-YITPOUHEHHBIX
OEPPUTHO-MAPTEHCHUTHBIX PEAKTOPHBIX CTAJISAX

Tycesa JLIO., Kanun B.A., Cmanvyos M.C., Yepros U.H.
Hauvonanbneiil uccnenoBaTenbCkuil siaepHbId yHUBEpcuTeT « MDD

B mocnenuue rospl B Mupe 1 Poccun BeqyTes MMpPOKUE UCClieIoBaHus Mo co3aanuto craneid ¢ OLIK ctpykrypoit
(MapTEeHCHUTHBIX, ()ePPHUTHO-MAPTSHCUTHBIX, DEPPHUTHBIX) I 3aMEHBl UMHU CHJIBHO PacIyXarolliX ayCTeHHTHBIX CTaliel
¢ I'IK c1pykTypoii, HEJOCTATOYHYIO TI0 CPABHCHUIO C ayCTCHUTHBIMH CTAILIMU KapOIPOYHOCTh KOTOPHIX INIAHUPYETCS
MTOBBICHUTb MCIIOJIH30BaHUEM JUCIIEPCHOTO yrnpodHeHHs okcuaamu (YO cramm). Takue cTaimi M3roTaBIMBalOT METOIAMU
MOPOIIKOBOH MeTaryprun. C yBeNMYeHWEM ITyOWHBI BBITOPAHUM SIEPHOTO TOIDIMBA B peakTopax Ha OBICTPHIX
HelTpoHax oT ~12% T.a. B BH-600 no 16-22% T.a. B peakTopax HOBBIX IIOKOJEHUI B KOHCTPYKUHOHHBIX MaTepuanax
OynyT HapaOaTbIBaThCS 3HAYUTCIBHBIC KOHICHTPAIlMM TeMS M BOJOPOJA, NPHUYEM CKOPOCTh HAKOIUICHHS WX B
MaTepHallax peakKTopoB CHHTe3a OyIeT B pa3bl BHIIIE. [ el 1 BOAOPO SABIIOTCS OAHON M3 MPUYHH JeTpaallii CBOHCTB
KOHCTPYKIIMOHHBIX MaTePHAJIOB SACPHBIX PEAKTOPOB M TEPMOSICPHBIX PEAKTOPOB OyAyIIEero, MPUBOII K COKpAIICHHUIO
CPOKa CITy>KOBI MX KOHCTPYKTHBHBIX 3JIeMeHTOB. [Ipn 3TOM Temmii W BOJOPOJ YacTO NPOSBISAIOT HETaTHBHBIN 3(QekT
cHHepTH3Ma. B cBs3m ¢ 3TMM B padoTe MpHBEICHB! YKCIIEPUMEHTAIBHBIC Pe3yIbTaThl UCCICOBAHNS 3aKOHOMEPHOCTEH
3axBaTa, yAepXKaHUS M BbIJICNEHUS reius u Bogopoaa B JAYO cTansx, MOJydeHHBIX MO pa3HbIM TEXHOJOTHSIM, B
CPaBHEHHH C IOBEJICHHEM 3THX Ta30BBEIX IpUMeEceil B MaTpUIHOH (eppuTHO -MapTeHCHTHOH ctamm OI1-450, Ha ocHOBe
KoTOpoif m3rotoBieHa YO cTanb myTeM MEXaHUYEeCKOTO JIeTHpoBaHus okcuaoM Y203, MIutanTams rems 1 BoJopoia
MIPOBEJICHBl HAa HMOHHBIX yCKOopuTessix. IloBeneHHMe BHEAPEHHBIX Ta30B M Pa3sBHTHE MHUKPOCTPYKTYpPHI HCCIIEOBaHBI
MeTosamMu Tepmogaecopomonnoii ciiektpometpun (THAC) u mpocBeunBaromeil 3MeKTpoHHON MuKpockonuu (IIOM).
AOGCOJIOTHOE COJZiepKaHHEe BOJOPOJa B 00OpasIax ONPEIeNeHO B BBEICOKOUYBCTBHUTEIHHOM Ta30aHANM3ATOPE MOJAEIH
RHEN-602 ¢upmbr «Leco» c ucmonb3oBaHMEM MeTOJa BOCCTAHOBUTCIBHOTO IJIABICHHS B BaKyyMe WM B IIOTOKE
HMHEPTHOTO Ta3a-HocuTens (Ipu MaccoBoi moie Bogopoxaa ot 0,00005 mo 0,01%).

VYcTaHOBIIEHO, YTO B OTIMYHME OT CIIEKTpa Tra3oBbIAeNeHUs u3 MatpuuHoil ctamu OI1-450, cmextp TAC AYO
CTA XapaKTePH3yeTCs MOINHBIM IHKOM BBIICNICHUS TellMs B BBICOKOTEMIIEpATypHOW 00J1acTH, 3HAYUTCIBHO
MPEBOCXOIAIIEH TeMIepaTypy OCHOBHOTO MuKa ra3oBblaeneHuss u3 ctrama OI1-450. Pacuer sHepruum akTUBaluH
ra3oBBIJCIICHHs B BEICOKOTeMIiepatypHoM muke YO cramm maet oueHb Oojbiine 3HavYeHus. Clenano IpenoioKeHue,
YTO 3TO CBS3aHO C 3apPOXKACHHEM M POCTOM TEJIMEBBHIX My3BIPHKOB Ha HEKOI'€PEHTHBIX/TIOJTYyKOTCPEHTHBIX TPaHHUIAX
paszena MaTpHUIlbl C OKCHIHBIMH YaCTUIIAMH C BBICOKO# 3Heprueii cesa3u. CaenaHHOE MPEe/oIoKESHUE OATBEPIKICHO B
uccienoBanusix B [IOM, B KOTOPBIX MOKa3aHO, YTO MOYTH Ha BeeX rpaHuIax yactul Y203 GOpMUPYIOTCS IMy3bIPBKH.

B uccnenosanusx metogoMm TIC Bogopoa yCTAHOBICHO, YTO B (heppuTHO-MapTeHCUTHOM ctamm D11-450-1YO,
HM3rOTOBJCHHOM ropsdeit sxctpysuer (I'D), yaepuBaeTcss B 1Ba pasa OoJjblie Bojoposna, ueMm B ctamm  II1-450,
oJIyYeHHO# npokatkoi. B cram DI1-450, usrotoBneHHoi cnapk-masMennsiM criekanreM (CIIC) mopoika ctamm 6e3
nobasku Y203, conepkaHue BOJOPOJa COCTABISICT MPUMEPHO B 1,5 pa3a MeHblle, 4eM B MpokaTanHo# ctamu I11-450.
Jlo6aBka Y203 CyIIECTBEHHO yBEJIMYHMBACT COJICPIKAaHUE yaepKuBaeMoro Bojopoa, mpudeM VO cranp (CIIC) ¢ 1 mac.
% Y203 akKkyMyJHpyeT CYyIIECTBEHHO OOJBIIEe BOAOPOA, UeM Takas ke ctaib ¢ 0,3 mMac. % Y203, 9T0 CBHACTENHCTBYET
HMEHHO O POJM WCHEPCHBIX YacTHI[ B yIep)KaHHHM Bojxopona. Ilpm 3ToM MakcnMaibHOE KOJMYECTBO BOIOPOIA
yaepxkuBaetrcs B IYO cramm, H3roTOBICHHOW ropsueit sxctpysueit (I'D).

Ilpn ompeneneHnH aOCONIOTHOTO KOJMYECTBA BOJOPOIA, YIEPKUBAEMOTO B CTAINX, HMMIUIAHTHPOBAHHBIX
nonamu H* (E = 40 k3B, Tosn = 20 °C, @ = 5-102° H*/m2) o6napyxeHO, uto B ctamu DI1-450-1VO (I'D) ynepxuBaeTcs
MaKCHMalbHOE KOJMYeCTBO Boaopoaa (26,9104 mac. %), B ctamax DI1-450, DI1-450-J1YO (CIIC) u UC-68 3HaUNTENLHO
Mmenbe (2,5, 4,1 u 4,410 Mac. % COOTBETCTBEHHO), oaHako B cTami DI1-450-11VO (CIIC) xomuuectso Bogoposa B 1,6
pa3a, a B ctaym UC-68 — B 5,8 pasa Beite, uem B ctaymm DI1-450. Takum 00pa3oM, YCTAHOBJICHO, YTO Ha KOJIMYECTBO
YACP)KIBAaEMOTO BOJOPOJA CYIICCTBCHHOE BIMSHHE OKA3hIBaeT KAaK THIT KPUCTAJUIMYCCKOM pENIeTKH MaTepHaia — MpH
UJCHTUYIHBIX YCIOBHSX BBEJCHUS BOJOpOJMa B aycTeHHTHOH ctamm YC-68 akkyMyJMpyeTcs 3HAYHMTEIBHO OOJbIIe
BOJIOpOMA, YeM B (eppHuTHO-MapTeHCHTHOH cTamm OI1-450, Tak 1 Hammdue B CTPYKType CTaJled YacTHIl AMCIIEPCHOMH
ynpousstoner ¢assl — B JIYO cTamix yepKuBaeTcsi HAMHOTO OOJIBIIIE BOJOPOJA, 9eM B MaTpuuHO# ctamm DI1-450, Ha
OCHOBE KOTOPOl OHH M3TOTOBJICHEI.

OO6HapyKEHO, 4TO MPU NPEABAPUTEILHOM CO3/IaHUH IeIeBOi mopuctocTi obiyuenuem nonamu He* (E = 40
k3B, Toon = 20-650 °C, @ =5-1020 He*/m2) konmuecTBO yaepKMBAEMOT0 HOHHO-BHeApeHHoTo Bojopoa (H, E = 25 k3B,
Tosn = 20 °C, @ = 5-1020 H*/m2) Bo3pacTaeT co CHMKECHHEM JIABICHHS Telis B My3bIpbKax (C BO3PACTAHHEM pa3Mepa
ITy3BIPHKOB € YBEIMYECHHUEM TeMIIepaTyphl 00y IeHNS HOHAMH TeIIHs).
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ONPEIETEHUE HM3KOOHEPTETHYECKHUX NMAPAMETPOB NN-B3AUMOJENCTBUSA B
MAJIOHYKJIOHHBIX PEAKIUAX

! Konob6eesckuii E.C., 2 Kyxynun B.1., 1 3yes C.B., 1 Kacnapos A.A., 1 Muyyx B.B. ,1Mop00601<0ﬁ M.B., 2 Jle6edes B.M., 2
Tlomepanyes B.H., 2 Cnacckuii A.B.

Mucmuryt apepHbix uccnenosanunii Poccuiickoii akagemun Hayk, Mocksa, Poccus
ZMockoBCKHii TrocyIapCTBEHHbIH yHUBepcHTeT uMeHn M.B. JlomoHocoBa, HayuHo -uccnenoBaTenbCKuit
MHCTUTYT siaepHor Gusuku umenu JI.B.CkoOenbipina, MockBa, Poccus

B TeueHne MHOTHX JIeT OHOHM M3 BaKHEHIIMX 3a1a4 snepHOi Gu3nku ObUIO OOBSCHEHHE CBOMCTB SIEP MCXOM
13 TAHHBIX O HYKJIOH-HYKJIOHHBIX ToTeHIHanax. HecMoTps Ha 6ombmmoit nporpecc B ucciaenoBannn NN-B3auMmoneiicTeus
octaeTcs psx mpoOieM, 70 KOHIA elle He pemieHHBIX. K WX 4mciay OTHOCHTCS TpobiieMa HapyIISHHUsS 3apsIoBOM
cummMetpun (H3C) saneprbIx cmit. OcoOyio posib B MPOBEPKE TUIOTE3El O 3apsIOBOM CHMMETPHH SACPHBIX CHJI UTPAIOT
HCCIICIOBAaHHS HU3KOYHEPTeTHYECKHX XapakTtepiucTHK NN-B3anMOIeHCTBHS B CHHIJICTHOM CIIMHOBOM COCTOSIHUHM — JUTHH
paccesHus W dHepTUH BEpTyamsHOTO 1S coctosHus NN-cuctem. Tak kKak CHHIIETHOE 1So COCTOSIHME JBYX HYKIOHOB
MMOYTH CBS3aHO (CYIIECTBYET BUPTyalbHOE COCTOSHHE C DHEPTHEH OJIM3KOH K HyIHO), Majoe pasindne B BEIMYHHE
MTOTEHIIHAIA MOJKET IIPUBOUTE K 3aMETHOMY M3MEHEHHIO JUIMHEI paccesHus. TakuMm o0pa3oM, pa3HOCTh IJTMH PaCCesTHUSA
(WM SHEpTUH BUPTYaILHOTO CHHIJIETHOTO COCTOSIHHS) SIBISIETCS Ba)KHOU Xapaktepuctukoil 3¢ dexra H3C, u tpedyrotcs
TOYHBIE JaHHBIE 00 3THX HU3KOYHepreTnieckux mapamerpax NN-B3ammMoneHCTBHS.

OmHako U3BICYEHHBIE U3 3KCIEPUMEHTOB IOCJIEAHUX JIET JAHHBIE O BEJIUYMHE HEHUTPOH-HEHTPOHHOHN JUIMHBI
paccesiHus IMEIOT CYIIECTBEHHBIN pa30poc 3HAYEHUH: OT ann =—25 OM 70 @nn = —14 ¢M [1-5], 94TO HE HAET BOZMOKHOCTH
OJIHO3HAYHO OTBETUTh Ha Bompoc o creneHu H3C sanepHBIX CHIT U JIaKe O ee 3HaKe.

B 2016r. HaMK OBLIO IPOBENCHO UCCIEAOBaHUE NN-B3auMoeiicTeus B peakuuu d+2H—(nn)S+(pp)S—n+n+p+p
IIPH YHEPTUH AeHTpoHOB 15 M»1B Ha nuxnotpone HUMAD MI'VY [6]. Buepsble, B KWHEMATHUECKH TOJTHOM 3KCIEPUMEHTE
MOJlyYEeHO 3HAYECHUE SHEPTUN BUPTYAIBHOTO CHHIIIETHOTO 1So coctossaus (NN)S cucTeMbl. 3HAYECHHUE DHEPTHH COCTOSHHS
OTIPEJIENIEHO U3 CPABHEHUS JKCIIEPUMEHTATIHHOTO BPEMS-IIPOJIETHOTO CIIEKTPa HEWTpOHA OT passama (NN)S -cucTeMbl ¢
pe3y/bTaTaMu MOJIETIMPOBAHNS, 3aBUCSIIMMHE OT 3TOH dHepruu. [loydennoe u3 y2-aHanmsa 3HaucHue SHeprud Enn = 76
+ 6 k9B, 3HaYNTEIPHO HIKE 3HAUYEHHH, IEPECUUTAHHBIX U3 NN UTMH paccesHus B 3KcIepuMeHTax no nd-passany (120 —
160 x3B), uto yka3biBaeT Ha 3¢ (EeKTHBHOE YCWJICHHE NN-B3aHMOJCHCTBHA B MPOMEXKYTOUYHOM COCTOSHHH B
HcclielyeMOoU peakuuu.

B pabore npoBejeH aHanM3 JAaHHBIX HOJIYyYEHHBIX HAaMU B peakiun nNd—pnn npu suepruu 40 MaB [7], manHbIx
o peakuuu dd—ppnn [6], 1 JaHHBIX COBPEMEHHBIX KCIIEPUMEHTOB 0 ONPEACICHHIO JUIMHBI NN-PAaCCesiHUS B peakLin
nd—pnn [1-5]. OOHapyXeHa 3aBHCHMOCTh IIOJYyYCHHBIX B O3THX paboTax 3HAYCHWU UIMH paccesHus (ann) OT
OTHOCHUTEJIFHOTO UMITyJIbCa IBYXHEHTPOHHOW CHCTEMBI M TpEThell 3apsDKeHHOHM JacTUIlh! (TPOTOHA WU MIIPOTOHA) MIPH
COOTBETCTBYIOIIEH KHHeMaThke peaknuuu. OOHAapyKEHHAs 3aBUCHMOCTh MOJXKET OBITh OOBSCHEHAa B paMKax
Jubapuonnoit moaemm NN-B3aumoaericTus [8] BBeieHHEM HOBOTO MeXaHM3Ma - 00MEHa CKAISIPHBIM G-ME30HOM MKy
IMOapHOHOM (B HalleM cllydae NN-CHHIIETOM 1So) M 3apshkeHHOM yacTumel (IIpoToHOM mMim pp-cuHrietoM 1Sp). Ipu
9TOM C yBeIHYeHHUEM 3¢ (eKTUBHOTO PACCTOSHUS Mex Iy pparMeHTaMH CUJIa B3aHMOICHCTBHS YMEHbIIACTCS U B Ipeese
CTpeMUTICS K HyJIO, a JIMHA PAcCCEesHUS K 3HAUEHUIO B OTCYTCTBUE BIHMSHUS HAa JTy BEIMYUHY TPEXYaCTHUHOTO
B3aMMOJIEHCTBHA — ann=—15.5 M.

CrnHcok IuTepaTypsl
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Gonzales Trotter D. E. etal.,, Phys. Rev. Lett. 83, 3788 (1999).
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O BO3MOXHOCTH 3ANA3JABIBAIOIIEIO AEITEHUA SAAEP B OBJIACTH CBEPXTSKEJIBIX
TPAHCYPAHOBBIX 3JIEMEHTOB

Ckobenes HK.

JlaGopaTtopus saepHbIx peakiuii uM. I'.H. ®neposa, O0beMHEHHBIH HHCTATYT AACPHBIX MCCICIOBAHUA,
r. [lyona, Poccus, skobelev@jinr.ru

3anaszpiBarolee JeJIeHNe aTOMHBIX saep ObIo oOHapyxeHo B 1966-1967 romax. [1, 2] u oObscHeHo B 1972
roay [3]. OHO BO3HWKAaeT B JABYXCTYNCHYATOM SACPHOM IpoIllecce, KOTOPBIA cBs3biBaeT [3 —pacman ( K- 3axsat) u
mocrneayiomiee JejieHHe. B 3ToM mpomecce poaWTeNbckoe SApO CHadala mojsepraeTcss P— pacmagy (WM B HEM
mpouncxout K- 3axBaT), B pesynibTaTe 4ero 3aceisioTcs BO30OYIKICHHBIE COCTOSHHS B modepHeM sape. Ecm sHeprus
BO30YKICHHUS 3THX COCTOSHHI COMOCTABMMAa WM OOJIbINe, YeM Oapbep ICNCHHS JOYEPHETro sapa, TO JCJICHHE MOXKET
MIPOUCXOMTh MTHOBEHHO B KOHKYPEHLUH C JPYTMMHU BHJIAMU pacnaja 3Toro supa [3, 4, 5].

3ama3pIBaroniee JejeHne 00bIYHO HAOII0IAeTCs, B OCHOBHOM, B HEUETHO - HEUSTHBIX ApaxX, Y KOTOPHIX AHEPTUSI
B-pacnama (K-3axBata) cpaBHUMa ¢ 6apbepoM JeneHust 00pa3oBaBIIeToCs MOCe 3TOTo Mpolecca sapa. K Hactosmemy
BpEeMEHH W3BECTHO Oosiee 27 W30TONOB, HCIBITHIBAIONINX 3alla3fplBaollece JeJeHHe. 3amasIplBaioliee JIeIeHHE
00HapyXKEHO B TpeX 00JACTIX HYKIUIOB: HEUTPOHOICPUIMTHBIE U30TOMHI B 00JIACTH CBHHIIA, HEUTPOHOM3OBITOUHBIE
n3oTomsl B obmact AC u Pa n HelTpoHOAepMIMTHBIC H30TOIBI TPAHCYPAHOBBIX 3JIEMEHTOB [6]. OmHAKO, MPaKTHIECKH
BO BCeX OOMACTAX HUMeeTCs CKyIHas HHGpoOpMamus O psae sa1ep, HCIBITHIBAIOIINX 3aMa3/bIBaioIiee JeICHUE.
CyI1ecTBEeHHBIH POTPECC MOXKHO 0XKHIATh BO BCEX TPEX 00JIACTIX KapThl HYKIUAOB MPH pa3pabOoTKe U HCHOIb30BAHUU
HOBBIX METOJMK IMOJIyUYEHHUS H30TOMIOB U M3yYEHUH CBOMCTB UX pacmaja.

B cBs3u ¢ mpeacka3aHWeM CBOWCTB TPAHCYPAHOBBIX 3JICMCHTOB B HACTOSIICE BPEMsl UMEETCS LEMblid psia paboT
[0 pacyeTy Macc HOBBIX SiIEp M CBOMCTB MX pacmaga. B naHHON paboTe mpoBeaeH TaKOM aHamm3, rJe sl HEKOTOPBIX
HEYETHO-HEYETHBIX TPAHCYPAHOBBIX JJIEMCHTOB CJeliaHa BBHIOOpPKA MAHHBIX O UX OdHepruud K- 3axBata u 0OapbepoB
neneHus obpasoBaBinuxcs nocie K-3axsata modepHux snuep, JJaHbl OLIGHKH BEpOSTHOCTH 3aMa3/IbIBAIOIIECTO ACJICHUS I
psana u3otonos saeMeHToB ¢ Z ot 103 no 107.

Jlutepatypa:

B. U Kysuenos, HK., Cko6enes, I'.H. ®nepos /D, 4, 99 (1966).

B. U. Kysuenos, H. K. Cko6eses /D, 5, 1136 (1967).

H. K. CkoGenes //51®, 15, 444 (1972).

B. ., Kysnenos, H. K. Cko6enes // QYA S, 30,1513 (1999).

H.L. Hall and D.C. Hoffman, Ann. Rev. Nucl. and Particle Sci., 42, 147 (1992
A.N. Andreyev et al. // Rev. Mod. Phys., 85, 1541 (2013).
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1. NUCLEAR PHYSICS

e Nuclear reactions: theory and experiment
e Structure and properties of the atomic nuclei

e Technique and methods of nuclear-physical experiment

1. ATEPHAA ®U3UKA

e SlnepHble peakiMu: TEOPUSI U SKCIEPUMEHT
e CTpyKTypa M CBOMCTBa aTOMHBIX SIJIEP
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SOLVING QUANTUM MECHANICAL PROBLEMS USING FINITE ELEMENT METHOD AND
PARAMETRIC BASIS FUNCTIONS

Chuluunbaatar 0.1, Vinitsky S.I.1, Gusev A.A. 1, Krassovitskiy P.M. 2

LJoint Institute for Nuclear Research, Dubna, Russia
2Institute of Nuclear Physics, Almaty, Kazakhstan.

A new computational schemes, symbolic-numerical algorithms and programs implemented the high-accuracy
finite element method (FEM) for solving the quantum mechanical boundary value problems (BVPs) are presented [1-3].
A considered elliptic BVPs in a multidimensional domain are solved conventionally using the multivariable FEM. An
alternative approach consists in a reduction of the original BVP to a set of ordinary second-order differential equations
with respect to one of independent variable using expansion of a desirable solution over parametric basis functions of an
appropriate auxiliary eigenvalue problem [4-7]. We demonstrate an efficiency of the proposed calculation schemes and
algorithms for solving the boundary value problems describing Helium atom bound states and a quadrupole vibration
collective nuclear model (see Figure).
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Figure. The potential energy of quadrupole shape and two non-degenerated eigenfunctions (¥1 and We).
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in the framework of collaboration program JINR-RK N 337 2017.
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BO3BYKJIEHUE ™Mo B (pn)- PEAKIIUU HA SIIPAX HAOBUS
Buwmnesckuit UH., JKenmonooiccruii B.A., Caspacos A.H.
Wncturyt sipepusix uccienoBanuii HAH Yxkpaunst

Ha ceromusmmHwuii IeHP HENOCTATOYHO HCCIICAOBAHBI SACPHBIC PEAKIMU C MPOTOHAMH IIPH OKOJIOIIOPOTOBOH
oOmnacTn 3HaYeHUH YHEPTHH OOMOAPMPYIONINX YACTHI] IPH 3HAYUTENHHOI Pa3sHOCTH CIIMTHOB N30MEPHOTO M OCHOBHOTO
COCTOSIHIH OCTATOYHOTO A/pa. 3acelICHHEe BEICOKOCIIMHOBOTO BO30YKICHHOTO YPOBHS BOJM3M YHEPTETHIECKOTO MOpOTa
SIIEPHON PeakIMy COTJIACHO CTATUCTHYECKOTO MEXaHM3Ma MOJXKET OBITh CHIBHO 3aTOPMOXKEHO. [Io3ToMy mccnenoBaHue
BO30YKICHUSA H30MEPHBIX COCTOSIHUM Aep Ha spax MUIMICHEH ¢ HU3KUMU CIIMHAMHU U 00MOapMpyIONIMH YaCTHIIAMH,
KOTOpbI€ BHOCAT HEOOBIION YIITOBONH MOMEHT, MO3BOJUT JIy4Ille OIIEHUTh POJIb HECTATUCTHYECKUX MeXaHN3MOB. OmHUM
U3 TAKHX M30MEPOB sByseTcst *5MMI0 — TpuKBasM4acTMUHOE M3oMepHOe coctosuue (E*¥ =2.4 M»sB, Ty2 =6.85 4., J* =
21/2*) u mO3TOMY TENBI0 HAIeH paGoThl SBISETCS HCCIEAOBanue cedenus HapaGotku ™Mo B (p,n)- peakunu npu
OKOJIOTIOPOTOBO BETMUHUHE YHEPTUU MPOTOHOB.

Wsmepenue cevenuii HapaboTku 3™MO mpoBOAMIOCH HA MUIIEHAX METAJUIMYECKOTO HUOOHSA Tocye 06IydeHus
WX MPOTOHaMHU C BenumuuHO# sHeprun 3.85 M»3B. Ilpu 3ToM BenMuuHa >HEpruM BO30YXKACHUS OCTATOUHOIO spa
coctaBisieT b 200 k3B, O0ny4yeHus muieHei npoBoamioch Ha TanaeM-renepatope DI TI-10K Kuesckoro mHctHTyTa
sanepHbIX nccienosannit HAH Ykpannsl. B kauectBe MOHHMTOpA C IEJbI0 UCKIIOUYEHHS a0COMIOTHON BEJIMYMHBI ITOTOKA
NPOTOHOB M3 pacyeTa CEYEHUs HCIONb30Bajach MenaHas Qoybra W saepHas peaxuus "Cu(p,X)®3Zn. Wsmepenus
aKTMBHOCTEH MPOBOJWIOCH B OTICJIBHOH HH3KO(OHOBOH J1A00OPATOPUM C TIOMOIIBIO Y-CIIEKTPOMETPOB, COOPAHHBIX HA
6aze HPGe-netekTopoB ¢ »HepretmueckuMm paspemeHueM 1.8-2 k3B Ha ramma-muausx °Co u sddekmuBHOCTBIO
peructpanun 15-40 % mo cpasuenuro ¢ Nal(Tl)-netektopom pasmepamu 3"x3".

INonyyeHHas BeNUYMHA CEYEHHs COCTaBIAeT o = (5.6£0.5)x1030 cm2.

IMpoBoautcst 06CYKIEHHE MOJMyYEHHBIX PE3yJIbTATOB.

NEW IMPROVEMENT ON THE 1°B(p,a)’Be REACTION STUDIED VIA TROJAN HORSE METHOD AT
LOW ENERGIES

Rapisarda G.G. !, Spitaleri C. !, Cherubini S. 2, Cvetinovic A. !, Guardo G.L. !, Gulino M. 13, Cognata M. La !,
Lamia L. !, Puglia S.M.R. %, Romano S. 2, Sergi M.L. !, Sparta R. !

LINFN, Laboratori Nazionali del Sud, Catania, Italy
2 Dipartimento di Fisica e Astronomia, Universita degli studi di Catania, Catania, Italy
3 Universita di Enna “Kore,” Enna, Italy

It will be reported about a new measurement of the 1°B(p,a)’Be at energy of astrophysical interest, performed
applying the Trojan Horse Method to the 2H(*°B,a. 7Be)n three-body reaction.

The 1°B(p,a)’Be process is of astrophysical interest since represents the main process for the 1°B burning and can
provides hints to understand mixing phenomena occurring inside the stars. Such reaction turn out to be important also in
applied physics field in the framework of the aneutronic fusion. In particular 11B(p,2a)*He is one of the main reactions
taken into account for such fusion system. Nevertheless presence of 19B in natural boron fuel represent a source oflong-
lived radioactive isotopes, that is 7Be, through the reaction 1°B(p,a)’Be.

This recent THM measurement provides a new evaluation of the astrophysical S(E) factor. In particular the
improved experimental resolution allowed for a better separation between 8.699 MeV 1C level falling inside the Gamow
energy region, fromthe subthreshold level. Moreover we obtained for the first time the separation between the oo and a1
channels, allowing to disentangle the contribution of the al channel in the extracted bare nucleus astrophysical S(E)
factor.

The experiment will be described ad results for both oo and a1 channels will be shown.
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UCCIENJOBAHUE 7°M2Hf HA SITIPAX TA®HUS U TAHTAJIA B PEAKIUSAX C TOPMO3HbBIMU
IF'AMMA-KBAHTAMHA

JKenmonoowcckuii B. A., Caspacos A. H.
Wuctutyt sipepubix uccnenoBannii HAH Ykpaunsr

W3ydeHue cedeHUM U BBIXOJOB 3aCENCHUS BBICOKOCHUHOBBIX K-H30MEpHBIX COCTOSHUI MO3BOJAET IMOJIYyYHTh
pasHooOpa3Hy0 HHPOpPMALHUIO KaK O CTPYKType BO30YKICHHBIX ypOBHEH B HENPEPHIBHOH M IUCKPETHOH 0OJIACTIX
BO30YXKJIEHHS, TAK M O MEXAHHW3Max MPOTEKaHUs syiepHBIX peakmuid. 179™Hf mpunammexnt k takum K-mzomepam u
MO3TOMY HENBIO Hammel paGoThl ABISETCS UCCIENOBaHNe ceueHui Hapabotku 17°™Hf B peakimsx ¢ TOpMO3HBIMU TamMa-
KBAaHTAMH I BEIMYUHBI HHEPIUHU, KOTOpas IPEBBIMIACT UAIa30H BEIMYUH HHEPTUH TUTAHTCKOTO JAHIIOJBHOTO
pe3oHaHca.

W3Mepenus cedeHnii W BbIX0A0B Hapabotku 179MHf (T = 25 n, J* = 25/2) npoBoMIOCh Ha MHIIEHAX
MIPUPOIHOTO M30TOMHOIO COCTaBa ra)HUS M TaHTaja rocjie 00IyUYeHHs] UX TOPMO3HBIMH I'aMMa -KBAaHTAMHU C BEJIMYMHON
rpaHnyHOH sHeprun 37 M»aB. O6yueHne IpoBOMIOCH HA TMHEHHOM ycKopuTesne 31eKTpoHoB JIY3D-40 XapbKoBCKOTO
¢usuko-texHonornyeckoro uHctTuTyTa HAH Vipaunel. M3MepeHne axkTHBHOCTEH OCYIIECTBISUIOCH B OTACIBHOM
HHU3K0(OHOBO TAOOPATOPUHU C MOMOIIBIO Y-CIIEKTPOMETPOB, COOpaHHBIX Ha 6aze HPGe-aeTeKTOpoOB ¢ IHEPreTHYECKUM
paspemenneM 1.8-2 ¥9B na ramma-mausx 8°Co u sddexmprocThio peructpannn 15-40 % no cpasuenuto ¢ Nal(Tl)-
JIETEKTOPOM pasmepamu 3”x3".

HOJ'Iy‘ieHHLIe BEJIMYHUHBI CEUCHUI NPUBCJICHBI B Ta6m/1ue.

Peakiust 181Ta(y,pn(d)) 7O Hfm" 180Hf(y,n)179Hf™

E, MaB 37 37 151 175
E* 24.9 28.5 6.6 9

c'", MK 0.7(7) 0.53(5) 3.13) 0.75(8)

* - Jlng pacueTa cedeHHMi MCIOIb30BaM peakuuio (y,d) Tak kak ee sHepreTMYECKuii mopor Huxke. E* - sHeprus
BO30YKIECHHUSI OCTATOYHOTO s/pa.

CHkenue cedeHust (Y,N)- peakuyy Mo Mepe yBeIMYSHHUs] TPaHUYHO SHEPTHU TOPMO3HBIX Y -KBAaHTOB YKa3bIBaeT
Ha yBEIWYECHME BKIAJA IEPEIPABHOBECHBIX IIPOLECCOB, IPU KOTOPBIX BBUICTAIOIIMNA HEHTPOH BBIHOCUT 3HAUMTEIbHBII
YIJIIOBOM MOMEHT, OCTAaBIISAI OCTATOYHOE SIPO 0OETHEHHBIM BHICOKOCIIMHOBBIMH BO30YKICHHBIMU COCTOSIHUSIMH.
IpoBomuTcss 06CyXKACHUE TOTYyUEHHBIX PE3YIbTATOB.

O CBOMCTBAX SIIEP B OKPECTHOCTU IIPOTOHHOM W HEATPOHHOM TI'PAHMIIBI
CTABWIBHOCTH

Tapacos B.H., Kynpuxoe B.U., [Tununenxo B.B., Tapacos /|.B.
Hammonaneneiii HayuHsiid neHtp XOTU HAH VYkpaunsl, 1. XapbkoB, YKpauHa

IIpoBeneHo HccnelOBaHUE CBOWCTB OCHOBHOTO COCTOSIHMSI YETHO-YETHBIX S€p B IMMPOKOI 00JIACTH MacCOBBIX
YHCel, BKIOYas spa ¢ MPOTOHHBIM WM HEUTPOHHBIM H30BITKOM B OKPECTHOCTH HEUTPOHHOW M MPOTOHHOH TPAaHUIIBI
ctabmwipHOCcTH. OcO000€ BHHMAHHE YACISIIOCH sIpaM 3a MpefelaMi TeOPETHYECKH M3BECTHOW HEHTPOHHOI TIpaHHIEI
CTa0WILHOCTH, KOTOpBbIe o0OpasyiorT moayoctpoBa ctabmimbHOCTH ([IOC) sigep CTAaOWIBHBIX IO OTHOIICHUIO K
HCITy CKaHHIO OJHOTO Wi AByX HedTponoB mist N = 32, 58, 82, 126, 184, 258. Dtu pacueThl OCHOBAHBI HA HCIOJIL30BAaHUH
Metona Xaptpu-®oka ¢ cumamu Ckupma (Ska, SKM*, Sly4, SkI2) npu yuere akcuampno#l nedhopmarum siaep. s
HelTpOoHOM30BITOUHEIX siep 66Zr, 168Mo, 170Ru ¢ melitponnbim mMarmaeckum unciom N = 126 u 248Gd, 259Dy, 266pp ¢
HeHTpoHHBIM MarmueckuMm udmcioM N = 184 mpoBepeH aHamM3 KPHUBBIX 3aBUCHMOCTH ITTOTCHIHANIBHON SHEPTHH OT
napaMeTpa KBaJpymnoiasHoi nedopmarmu f. [IpoBeneH aHammM3 yCTOMYHUBOCTH YHCIICHHBIX PEIICHUH ypaBHEHUH XapTpu-
Qoka Wi Anep NPHHAWICKAMUX MOIyOCTpOBaM CTaOWIBHOCTH. [ HEHTPOHOW3OBITOYHBIX AIEpP B OKPECTHOCTH
N = 184 nOmOJHHUTENIPHO NMPOBEJCHBI PACYEThl CBOWCTB ITUX SACP METOJOM CaMOCOTIaCOBAaHHOTO PEJITHBUCTCKOTO
cpemrero o (¢ cumamu DD-PCL) npu y4ere akcuanpHO# nedopManuu siaep U mokasano, uto okonuanuem ([IOC) mis
N = 184 u cun DD-PC1 snsetcs siapo 246Sm.
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COMPILATION OF EXPERIMENTAL NUCLEAR REACTION DATA MEASURED IN KAZAKHSTAN
AND UZBEKISTAN FOR THE EXFOR LIBRARY

Kenzhebayev Nurzat 1, Zholdybayev Timur 2, Ergashev Feruzjon 2, Naohiko Otsuka **

IFaculty of Physics and Technics, Kazakh National University, Almaty, 050040, Republic of Kazakhstan
2Nuclear Physics Department, Institute of Nuclear Physics, Almaty, 050032, Republic of Kazakhstan
3 Institute of Nuclear Physics AS RUz, Tashkent 100214, Republic of Uzbekistan
4Nuclear Data Section, Division of Physical and Chemical Sciences, Department of Nuclear Sciences and Applications,
International Atomic Energy Agency, A1400 Wien, Austria
“e-mail: n.otsuka@iaea.org

Several accelerators and research reactors in Kazakhstan and Uzbekistan have been utilized for measurements of
nuclear reaction data such as cross sections. The data measured in these experimental works are useful not only for
discussion of physics extended by those who measured the data but also for theoretical and experimental researches
dealing with the same observables. For example, angular differential cross sections from various experiments contribute
to establish a set of reasonable global optical potential parameters for neutron- and proton-induced reactions (e.g., RIPL-
3 [1]). Accurately measured cross sections (excitation functions) of radioisotope productions (e.g., [2]) help estimation
of medical isotope yields for routine productions.

In order to utilize experimental data in the literature efficiently, it is very useful to maintain a data library providing
numerical data in a computer readable form. The International Network of Nuclear Reaction Data Centres (NRDC) has
collaborated to exchange experimental data measured for many decades under auspices of the International Atomic
Energy Agency, and people can receive numerical data collected in the EXFOR Library [3] from various web sites
maintained by data centres (e.g., [4]).

Data measured in the former USSR countries were originally compiled by four Russian data centres in Moscow
(CAJaD, CDFE), Obninsk (CJD) and Sarov (CNPD). In order to perform compilation of data measured by the U-150M
isochronous cyclotron at the Institute of Nuclear Physics in Almaty and other facilities in Kazakhstan and Uzbekistan
efficiently, a group of physicists fromthese counties was formed in 2013 [5], and the NRDC concluded in 2014 to develop
the new EXFOR compilation activity by the group in 2014 [6]. We are now collaborating for identification of newly
published articles for EXFOR compilation and also for compilation of data published in these articles. Numerical data
measured many years ago are also preserved in a printed form in the Institute of Nuclear Physics in Almaty, and we are
trying to improve availability of original numerical data not only for new articles but also for old articles. Progress in our
four-year collaboration will be presented.

[1] R. Capote et al., Nucl. Data Sheets 110 (2009) 3107.

2] V.N. Levkovskij, Activation cross sections for medium mass nuclei (A=40-100) by medium energy
protons and alpha particles (E=10-50 MeV), Inter-Vesy, Moscow, 1991.

[3] N. Otuka et al., Nucl. Data Sheets 120 (2014) 272.

[4] Bxperimental Nuclear Reaction Data (EXFOR) http://www-nds.iaea.org/exfor/ .

[5] N. Otuka et al., INDC(KAS)-0001, p56, 2014, International Atomic Energy Agency.

[6] N .Otuka and E. Dupont (eds.), INDC(NDS)-0661, 2014, International Atomic Energy Agency.
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A NEW INVARIANCE OF PERIODIC LAW
Asker Ali Abiyev
Institute of Radiation Problems of ANAS, askeraliabiyev@hotmail.com

A new invariance correlating with the periodic law has been found through Asker Ali Abiyev's Balanced Squares.

Balanced square is an arrangement of the numbers from 1 to a % 7 matrix, with each number occurring exactly once,
and such that the sum of the entries of any row, any column, or any main diagonals is the same.

In order to write Abiyev’s Balanced Squares of n'" order we use n/2 quantity (if n - even or (n - 1)/2 quantity (if n-
odd) frames, closed graphs and groups of numbers consisting of 4 arithmetic progressions [1]. Let’s suppose that, point

electrical charges have been placed in square’s centre according to numbers. Electric moment of vector 4 = X7, ;%
for each inner and outer frame of such a systemhas been calculated.

If we calculate magnitude of vector A, that is, |.#TE | from HEJI and HE,-}- for inner, outer and the sum, we will get
the following formulas:

L AT 2 z E—1[k(k—1) _— e

A% Dl=(a2.)" + (az,)" = - T + 1]V + )= (0 207 + 67);

k=1 [klk+1) .—
T @ [ + b= Do = B |V P g (e ) V207 7 5
R—i[_'.ic—:J'.ii—!J

A= |- tk-k- 0 |VeTT o o (o) Sz 59,

-1
where n-the order of square, ke [Ll ---aT}-the orders of frames, £ and &- constants of the arithmetic

progressions. These formulas are true for only Abiyev’s General Balanced Squares.

In the table below are calculated numerical values of functions f, (k)| £ (k.n) | filk,n)

Five special sequences have been found fromthis table:

1-2,8, 18,32, 50, ..; Il - 2,12, 38, 88, 170, 292, 462, ...; Il - (0, 2), (6,14), (26, 44), (68, 100), (140, 190), ...;
IV -2,6,10, 14, 18, 22, ...; V - 2, 10, 26, 50, 82, 122, 170, 326, ...;

The first sequence, shown with the 2n° formula, is the same as the result of Schr"f'dinger equation. The terms of
second sequence correspond to 1s2, ...3s2, ...5s2, ...7s2, ...9s2 elements, accordingly. The third sequence confirms the
repetition of the periods. The fourth sequence determines the quantity of electrons in levels s, p, d, f, g, correspondingly.
The terms of the fifth sequence can be compared with the magic numbers 2, 8, 28, 50, 82, 126.

If we take into consideration that, the correspondence of the numbered sequences with the periodic law is not a
coincidence and the thought of nuclear theorists about super heavy nuclei then we can suggest that, the periodic law
consist of 218 elements [2].

Note the above-mentioned sequences Il and 11l in the Table according to Quantumtheory.

™ ] =3
i -2
3 0 2
s 0 5
i -2 -12
1 5 0 4 10
S 2 -2 7
i -2 -12 -38
2 7 0 6 18 28
S 4 6 -10 9
i -2 -12 -38 -88
3 9 0 8 26 46 60
S 6 14 8 -28

[1] Mehmet Sahin, Asker Ali Abiyev, Azer Abiyev, The General Algorithm of Balanced Squares, Proceedings of
4th ICSC, Computing with Words and Perceptions in Systems. Analysis, Decision and Control, p. 155-162. Antalya,

Turkey, August 27-28, 2007.
[2] Asker Ali Abiyev, The correlation of Abiyev’s balanced squares with periodic law, Proceedings of the 2"d

International Conference on Applied Informatics and Computing Theory (AICT’11), Prague, Czech Republic, September
26-28, 2011, pp 33-38.
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NONLINEAR CORRECTIONS AND STRUCTURE FORMATION AT STRONG INTERACTIONS
Temiraliev A.T., Lebedev L.A.
Institute of Physics and Technology, Almaty, Kazakhstan

Perturbative QCD with asymptotic freedom is effective in the high-energy limit (at short distances) but there are
uncertainty in non-perturbative region. Many investigations on nonlinear corrections to linear evolution equations
DGLAP and BFKL or CCFM had done to understand which of nonlinearequations describe quark-gluon dynamics. There
are some applications of science of nonlinear dynamics, chaos and fractals in hadron physics [1-3]. In the framework
discrete map method of nonlinear dynamics we proposed the nonlinear equation [4,5], which is consider a quark-gluon
dynamical systemdescribed by the evolution equation of the map form: xi+1={R'F(x)}. Here x is the momentum fraction,
tis the time index, an experimental quark-gluon distributions F(x) stands for a nonlinear operator, R is a parameter, which
controls the efficiency of strong interactions and determines the character of observing regimes We use the
renormalization-group approach to the evolution equation. The investigation of nonlinear dynamics of stable structure
formation in quark-gluon cascade at multiple hadron and nuclear processes at high energy had discussed. Numerical
solution of the nonlinear equation has shown that arise an evolution termination in the field of small values of parameter
R, the transition is an established mode. The phase trajectories after transient regime reach some steady value (fixed
point). Later the orbit becomes strictly periodic with the period two (bifurcation of motionless point). At large values of
parameter, the quark-gluon systemtransfer in a chaotic mode when two close points run up on different trajectories. In
order to distinguish between the chaotic and not chaotic modes, we compare orbits of close entry conditions in these
modes. Dynamic quark-gluon systems are highly sensitive to an initial condition. The strange quark phase trajectories
(strange attractor with a fractal structure) display a new nonlinear phenomenon in hadron and nuclear physics — stable
structure formation through dynamic deterministic chaos in quark-gluon evolution. We assume that steady structure
formation in nonlinear quark-gluon evolution is a mechanism for confinement.

[1] Batunin A.V.: Fractal analysis and Feigenbaum universality in hadron physics. Physics-Uspekhi. 38(6),
609-622(1995)

[2] Yuki Minami, Dynamics near QCD critical point by dynamic renormalization group,
arXiv:1102.5485v3 (2014)

[3] E. Goldfain, Non-equilibrium Dynamics as Source of Asymmetries in High Energy Physics EJTP 7,
No. 24 (2010) 219-234

[4] A.T.Temiraliev “Chaotic dynamics in quark-gluon cascade” http://arxiv.org/abs/1106.4624 (2011)

[5] Temupammes A.T., anmsibaeBa A.K. @opmupoBaHuEe CTPYKTYp B HEJIMHEHHOW KBapK-TIFOOHHOM

sposmoniuu. M3sectss HAH PK, 2014, c1p.106-112;

COMPARISON OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS
RELIABILITY FOR 140142Ce

Varlamov V.V., Barbaryan V.A., Peskov N.N.
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

In systematic investigations of experimental partial photoneutron cross sections for many medium and heavy
nuclei [1-3] it was found out that many of them do not satisfy specially introduced criteria of data reliability [4]. It was
shown out that in various energy ranges of initial photons the ratios F1 = o(y, 1n)/o(y, xn) = oy, 1n)/c[(y, 1n) + 2(y, 2n)
+ 3(y, 3n) + ...] have physically forbidden negative values and at the same time corresponding ratios F2 = oy, 2n)/o(y,
xn) have physically unreliable values larger 0.50. That means that experimental neutron multiplicity sorting has been
done erroneously because of large systematic uncertainties and are not reliable.

Using experimental-theoretical method [1-3, 5] for partial photoneutron reaction cross sections evaluation new
data satisfied to data reliability criteria were obtained for many nuclei (for example, °2:94Zr, 115In, 112-124Gn, 133Cg, 159Th,
181Tq, 186-192Qg, 197 Ay, 208Ph, 209Bi). The only experimental reaction cross section o®®(y, xn) free fromthe problems of
experimental determination of neutron multiplicity was used and shared into the partial parts using the equations Ftheor; =
ctheor(y, 1n)/otheor(y xn) of the combined model of photonuclear reactions [6, 7]. It was shown that evaluated cross sections
differ noticeably from experimental once and that the main of that reasons are the complicated dependence of neutron
multiplicity on its measured kinetic energy.

The isotopes 140142Ce are of special interest concern the problems of data reliability because there are the significant
difference between experimental data obtained for partial photoneutron reactions (y, 1n) and (y, 2n) in [8] using
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quasimonoenergetic annihilation photon beam and neutron multiplicity sorting method. The point is that for 140Ce
integrated cross section of the (y, 1n) reaction is 1941 MeV mb and that of (y, 2n) reaction is 457 MeV mb. At the same
time for 142Ce correspondent values are 1022 and 1186 MeV mb. Therefore there are noticeable differences between the
integrated cross sections for total photoneutron reaction (y, Sn) = [(y, 1n) + (y, 2n)] — 2400 and 2210 MeV mb
correspondingly and neutron yield reaction (y, xn) = [(y, 1n) +2 (y, 2n)] — 2857 and 3396 MeV mb. The possible reason
is the large differences between energy thresholds Bnl and Bn2 of (y, 1n) and (y, 2n) on 140.142Ce isotopes. Bn1 are
correspondingly 9.2 and 7.16 MeV but Bn2 are 16.66 and 12.59 MeV.

Bxperimental data the reactions (y, 1n) and (y, 2n) on both isotopes were analyzed using data reliability criteria. It
was found out that with the exception of narrow energy range (~ 19-21 MeV) in 142Ce there are no noticeable
disagreements with criteria used. At the same time the energy dependencies of Fex?; differ noticeably from those of Ftheor;,
Therefore for both isotopes evaluated partial reaction cross sections were obtained using the experimental-theoretical
method. The way of new cross sections evaluation was the following — @ (y, in) = Ftheor; e o®*P(y, xn). It means that
competition between partial reactions is in accordance with model and their sum o®v@(y, xn) is equal to c®®(y, xn) also
free from problems mentioned. Using evaluated partial reactions cross sections new data were obtained also for total
photoneutron reaction [(y, 1n) + (y, 2n) + (y, 3n) +...] = (y, abs).

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical
calculations and very useful and important discussions.

V.V.Varlamov etal.// Phys. Atom. Nucl. 2012. V.75. P.1339.
V.V.Varlamov etal. // Eur. Phys. J. A.2014. V.50. P.114.

V.V.Varlamov et al. // Phys. Atom. Nucl. 2014. V.76. P.1403.
V.V.Varlamov etal. // Bull. Rus. Acad. Sci. 2010. V.74. P.842.
V.V.Varlamov et al. // Phys. Atom. Nucl. 2015. V.78. P.634.
B.S.Ishkhanov et al. // Physics of Particles and Nuclei. 2007. V.38. P.232.
B.S.Ishkhanov et al. // Physics of Atomic Nuclei. 2008. V.71. P.493.

A .Lepretre et al. // Nucl. Phys. A. 1976. V.258. P.350.
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SILICON BASED DETECTION SYSTEM FOR THE STUDY OF RARE FISSION MODE PROCESSES

Berikov D.B. 14, Ahmadov G.S.123 , Nuruyev S.M 12, Chuprakov I.A.*# Kopatch Yu.N.!, AkbarovR.!?,
Telezhnikov S.A.*

1 Joint Institute for Nuclear Researches, Dubna, Russia
2Azerbaijan National Academy of Sciences- AD and IRP, Baku, Azerbaijan
3National Nuclear Research Centre, Baku, Azerbaijan
4The Institute of Nuclear Physics, Almaty, Kazakhstan

Present report is dedicated to test of silicon based detection system constructed for the study of rare fission mode
processes in spontaneous fission of 252Cf. The systemincludes silicon detectors such as hybrid pixel detector Timepix,
thin PIN detector and APD diode. Two telescopes consisting of two Timepixand two thin PIN detectors are constructed
for particle identification by means of the well known AE—E technique. The 300 um thick Timepix detector, which has
an active area of 1.4*1.4 cm? and reverse bias voltage of 100 V, is used as E detector. The thin PIN detector used as AE
has an active area of 1%1 cm? and 12 umthicknesses and about reverse bias voltage of 12V. The 7 pmthick APD diodes
with an active area of 3%3 mm? are considered to use for detection of fission fragments.

Detection performance of the systemis presented with alpha radioactive sources (244Cm, 233U, 238Py, and 23°Pu)in
this report. Energy calibration is done for every detector and synchronization system is tested. Signals from the PIN
detectors and APD diodes are recorded by using 12 bit CAEN desktop waveform digitizer (DT5720) with a sampling rate
of 250 MS/s. The Timepix detector, however, is controlled with its readout and control system FITPix
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EVALUATION OF RELIABLE PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS FOR 13°La
Varlamov V.V., Kaydarova V.D., Peskov N.N.
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

The majority of partial and total photoneutron reaction cross sections were obtained at Livermore (USA) and
Saclay (France) using quasimonoenergetic annihilation photons and the neutron multiplicity sorting based on its energy
measurement. Using physical criteria of partial photoneutron reaction cross sections reliability it was found out [1-4] that
for many nuclei (%1.94.96Zr, 115In, 112-124g9n 159Th, 181T4 197 Ay, 208ph) those data are nor reliable. It was shown that many
data under discussion do not satisfy to proposed objective data reliability criteria: in various photon energy ranges the
ratios F2 = oy, 2n)/o(y, xn) = o(y, 2n)/o[(y, 1n) + 2(y, 2n) + 3(y, 3n) + ...] have physically unreliable values larger 0.50
and at the same time ratios F1 = o(y, 1In)/o(y, xn) have physically forbidden negative values. That means that experimental
neutron multiplicity sorting has been done erroneously because of large systematic uncertainties. Using the experimental-
theoretical method [1, 2] for reliable partial reaction cross section evaluation (c®@(y, in) = Ftheor; o g®®(y, xn)) new data
for reactions (y, 1n) and (y, 2n) (y, 3n) free of such kind uncertainties were evaluated for many nuclei. It means that
competition between partial reactions is in accordance with the combined model of photonuclear reactions [5, 6] and their
sum c®a(y, xn) is equal to o®®(y, xn) free from neutron multiplicity sorting problems mentioned above. It was obtained
that the new evaluated data noticeably differ from the correspondent experimental once.

Data for partial reactions (y, 1n) and (y, 2n) cross sections on 3°La [7, 8] obtained in two experiments in Saclay
were analyzed. It was obtained that data obtained in both experiments (Livermore and Saclay) generally satisfy objective
physical data reliability criteria. But data for both reaction cross sections are not reliable because:

— ratios F®; obtained for data from both experiments [7, 8] are near Fth¢%; calculated in the model [5, 6] only at
energies below ~ 20 MeV,

— at larger energies one can see noticeable disagreements between F&P; and Ftheor;: for both experiments FexP; >
|:theorl and F&P, < Ftheorz_

New cross sections for (y, 1n) and reactions on 139La were evaluated using experimental-theoretical method [1, 2].
New data for total photoneutron reaction o(y, Sn) = o[(y, 1n) + (y ,2n) + (v, 3n) + ...] were obtained also. The deviations
of evaluated partial reactions cross sections from experimental ones were discussed. It was shown that the main reason
of those deviations is unreliable moving the parts of neutrons from (y, 1n) reaction to (y, 2n) reaction at energies ~ 19-22
MeV and vice versa from (y, 2n) reaction to (y, 1n) reaction at energies ~ 22-25 MeV .

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical
calculations and very useful and important discussions.

V.V.Varlamov et al.// Bull. Rus. Acad. Sci. 2010. V.74. P.842.
V.V.Varlamov et al.// Phys. Atom. Nucl. 2012. V.75. P.1339.
V.V.Varlamov et al.// Eur. Phys.J. A.2014. V.50. P.114.

V.V.Varlamov et al.// Phys. Atom. Nucl. 2014. V.76. P.1403.
B.S.Ishkhanov et al. // Physics of Particles and Nuclei. 2007. V.38. P.232.
B.S.Ishkhanov et al. // Physics of Atomic Nuclei. 2008. V.71. P.493.
R.Bergere etal.// Nucl. Phys. 1968. 121. P.463.

H.Beil etal. // Nucl. Phys. 1971. 172. P.426.
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NEW PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS FOR °Zr IN THE REGION OF GDR
Varlamov V.V., Davydov A.l., Peskov N.N.
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

Using objective physical criteria of partial photoneutron reaction cross sections reliability it was shown [1-4] that
for many nuclei those data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity
sorting method are nor reliable. In various energy ranges the ratios F1 = o(y,1n)/o(y,xn) = o(y,2n)/c[(y,1n) + 2(y,2n) +
3(y,3n) + ...] have physically forbidden negative values and at the same time corresponding ratios F2 = o(y,2n)/o(y,xn)
have physically unreliable values larger 0.50. Experimental neutron multiplicity sorting has been done erroneously
because of large systematic uncertainties. Using the experimental-theoretical method [2] for reliable partial reaction cross
section evaluation new data for reactions (y, 1n) and (y, 2n) free of such kind uncertainties were evaluated for isotopes
91.947r [5]. It was obtained that in cases of both isotopes the new evaluated data noticeably differ fromthe correspondent
experimental once.

The experimental data for partial reactions (y, 1n) and (y, 2n) cross sections on isotope 0Zr [6, 7] were analyzed.
It was obtained that data obtained in both experiments (Livermore and Saclay) do not satisfy objective physical data
reliability criteria:

— ratios Fo®; = 6®P(y, 1n)/c®*P(y ,xn) obtained for data from both experiments [6, 7] noticeably differ from Ftheor; =
ctheor(y, 1n)/otheor(y xn) calculated in the combined model of photonuclear reactions [8, 9];

— in the energy range from ~ 245 MeV up to ~ 27 MeV there are forbidden negative values in F&; [6] and
correspondingly values F&®, [6] > 0.50.

New data free of the uncertainties mentioned above were evaluated for 29Zr using the experimental-theoretical
method [1]. The only experimental reaction cross section o®®(y, xn) [6] free from problems of experimental determination
of neutron multiplicity was used and shared into the partial parts using the equations Ftheor; = gtheor(y 1n)/cthecr(y xn) of
the combined model [8, 9]. The way of new cross sections evaluation was the following — 62¥al(y, in) = Ftheor; o &P (y, xn).
It means that competition between partial reactions is in accordance with model and their sum c&@(y, xn) is equal to
o®P(y, xn) also free fromproblems mentioned. New cross sections were evaluated for (y, 1n) and (y, 2n) reactions. Using
evaluated partial reactions cross sections new data were obtained also for total photoneutron reaction [(y, 1n) + (y, 2n) +
(y, 3n) +...] = (y, abs).

Similarly to the situation for isotopes 9194Zr in the case of isotope %0Zr there are noticeable disagreements between
the evaluated and experimental data also. Therefore many physical effects estimations based on using the experimental
data for 90Zr(y, 1n) and %°Zr(y, 2n) reactions cross sections should be reanalyzed.

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical
calculations and very useful and important discussions.
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V.V.Varlamov etal.// Phys. Atom. Nucl. 2012. V.75. P.1339.
V.V.Varlamov etal.// Eur. Phys. J. A.2014. V.50. P.114.
V.V.Varlamov et al.// Phys. Atom. Nucl. 2014. V.76. P.1403.
V.V.Varlamov et al.// Phys. Atom. Nucl. 2015. V.78. P.634.
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MEASUREMENTS OF CHARGE-CHANGING CROSS-SECTIONS FOR Ca AND Ni ISOTOPES
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Systematic studies of neutron skin thickness are quite important for determining the equation of state of
asymmetric nuclear matter. In order to determine the thickness of the neutron skin one needs to know both the proton
and neutron radii. Neutron radii can be deduced from matter radii via reaction cross-section measurements. Proton
radii have previously been obtained from electron scattering and/or isotope shift measurements, butthese methods are
limited to stable nuclei and metallic elements of the alkali (earth) group and noble gases. Therefore, we developed a
method to obtain proton radii using charge-changing cross-section measurements [1] and applied it to light nuclei, but
not, heretofore, to medium heavy nuclei. Now, we have measured charge-changing cross-sections of Ca and Ni
isotopes on a carbon target, including the nuclei for which protonradii are already known, in the RI Beam Factory
(RIBF) at RIKEN, using the Big-RIPS beam line. The dataanalysis is in progress.
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[1] T. Yamaguchi et al., Phys. Rev. Lett. 107, 032502 (2011)
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PHOTONEUTRON ENERGY SPECTRA FROM 181Ta, 208ph, AND 299Bi AND THE PROBLEM OF PARTIAL
PHOTONEUTRON REACTION CROSS SECTION RELIABILITY

Varlamov V.V., Orlin V.N., Peskov N.N.
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

Most of the cross sections of total and partial photonuclear reactions were obtained using quasimonoenergetic
annihilation photon beams at the National Lawrence Livermore Laboratory (USA) and France Centre d’Etudes Nucleaires
de Saclay [1, 2]. Both laboratories used similar methods to separate reactions with different multiplicities based on the
assumption that the neutron spectra of (y, 1n) and (y, 2n) reactions are fundamentally different. Quite different methods,
however, were used to measure kinetic energy of neutrons: at Livermore the so called “ring -ratio” method was used and
at Saclay a specifically calibrated large Gd—loaded liquid scintillator was used [1]. As a result there are well-known
complexsystematic discrepancies in partial photoneutron reaction cross sections obtained at Livermore and Saclay: as a
rule the (y, 1n) reaction cross sections are larger at Saclay, and the (y, 2n) cross sections are larger at Livermore. Therefore
Saclay-Livermore data difference is in some cases up to about 60-100%.

These disagreements were a subject of special studies for several years [3—6]. Since the total number of neutrons
detected at both laboratories agrees, it has been suggested that the difference of the partial reaction cross sections
originated fromthe noticeable systematic uncertainties of the procedures used to separate counts into 1n and 2n events.
Using the objective physical criteria of partial photoneutron reaction cross sections reliability it was shown that for many
nuclei those data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity sorting
method are nor reliable. In various energy ranges the ratios F1 = oy, 1n)/o(y, xn) = o(y, In)/o[(y, 1n) + 2(y, 2n) + 3(y,
3n) +...] have physically forbidden negative values and at the same time corresponding ratios F2 = o(y, 2n)/o(y, xn) have
physically unreliable values larger 0.50. New data free of the uncertainties mentioned above were evaluated for many
nuclei (for example, 91.947r, 115|n, 112-124gp 133Cg 159Th 181Ty, 186-192Qg 197 Ay, 208pp 209Bj) ysing the experimental-
theoretical method. The only experimental reaction cross section o®®(y, xn) free from problems of experimental
determination of neutron multiplicity was used and shared into the partial parts using the equations Ftheor; =
otheor(y, 1n)/ctheor(y, xn) of the combined model of photonuclear reactions (CMPNR) [7, 8]. The way of new cross sections
evaluation was the following — c®¥al(y, in) = Ftheor; e G&*P(y, xn). It means that competition between partial reactions is in
accordance with model and their sum c&@(y, xn) is equal to o®P(y, xn) also free from problems mentioned. New cross
sections were evaluated for (y, 1n), (y, 2n) and (y, 3n) reactions. For 159Th data were evaluated in [3, 4], for 298Ph in [5],
for 209Bi in [9]. The noticeable disagreements between the evaluated and experimental data were found out. It was shown
that the main reason of such disagreements is the complex relation between the measured energy of a neutron and its
multiplicity obtained. In preliminary calculations for 181Ta [10] it was shown that the energies of neutron fromthe reaction
(v, 1n) and the energy of the first neutron from the reaction (y, 2n) could be near.

Using the CMPNR the energy spectra of various chances outgoing neutrons fromthe reactions (y, 1n), (y, 2n) and
(v, 3n) were calculated for nuclei 181Ta, 208Pb, and 209Bi. Calculations were carried out for nucleus excitation energies 15,
20, 25, 30, 40, and 50 MeV. For all three nuclei it was obtained that if nucleus excitation energy increase the part of high-
energy neutrons in the inclusive neutron spectra increase also. At the same time the shapes and averaged energies of
various neutron spectra are near and the main maxima are place in small neutron energies ~ 0.7-1.0 MeV. The reason
could be that there are many neutron transitions to the excited states of finalnucleus. Therefore the dependence of neutron
multiplicity with its energy is very complex

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov for theoretical calculations and very
useful and important discussions.
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RELIABILITY OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS AND NEUTRON
ENERGY SPECTRA FOR 116Sn

Varlamov V.V., Ishkhanov AA,, Orlin V.N.
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

Many cross sections of total and partial photonuclear reactions were obtained using quasimonoenergetic
annihilation photon beams at Livermore (USA) and Saclay (France) [1, 2]. Both laboratories used similar methods to
separate reactions with different multiplicities based on the assumption that the neutron spectra of (y, In) and (y, 2n)
reactions are noticeably different. To measure kinetic energy of neutrons different methods were used. Those were so
called the “ring-ratio” method at Livermore and specially calibrated the large Gd—loaded liquid scintillator at Saclay [1].
There are well-known complexsystematic discrepancies in partial photoneutron reaction cross sections obtained at both
laboratories: as a rule the (y, 1n) reaction cross sections are larger at Saclay, and the (y, 2n) cross sections are larger at
Livermore (data difference in some cases is about 60-100%). In special studies [3-6] it has been shown that the
differences of the partial reaction cross sections originated from the noticeable systematic uncertainties of the procedures
used to separate counts into 1n and 2n events. Because ofthose many neutrons are unreliably transmitted from one partial
reaction to another. At Livermore for many nucleithe (y, 1n) reaction cross section decreases up to appearing of physically
forbidden negative values and the (y, 2n) reaction cross section vice versa increases up to values for which the data
reliability criterion F2 = o(y, 2n)/o(y, x0) = o(y, 2n)/o[(y, 1n) + 2(y, 2n) + 3(y, 3n) + ...] have physically unreliable values
larger 0.50.

Such effects are very impressive for 116Sn [7]. At energies ~ 21-26 MeV there are many negative values of (y, 1n)
reaction cross section correlated with F2 > 0.50 values. Additionally in contradiction to the definition F2 noticeably
decreases at energies larger ~ 23 MeV, though the energy threshold of (y, 3n) reaction B3n =27.4 MeV. So it should be
concluded that the data for both partial reactions are not reliable. To evaluate the reliable partial reactions cross sections
the experimental-theoretical method was proposed [8, 9]. The only experimental reaction cross section o®®(y, xn) free
from problems of experimental determination of neutron multiplicity was used and shared into the partial parts using the
equations Ftheor; = gtheor(y, 1n)/ctheor(y xn) of the combined model of photonuclear reactions (CMPNR) [10, 11]. The
evaluated cross sections were obtained as c®¥@(y, in) = Ftheo%; o ®®(y, xn) [8]. It means that competition between partial
reactions is in accordance with model and their sum c&¥@l(y, xn) is equal to c®*(y, xn) also free fromproblems mentioned.
Evaluated partial reactions cross sections noticeably differ fromexperimental cross sections obtained at both Livermore
and Saclay. It was concluded that those discrepancies depend on the energy spectra of outgoing neutrons. Thus, the
relationship between the energy ofa neutron and its multiplicity is very complex To investigate the connection of neutron
multiplicity with its energy in details the energy spectra of neutrons fromthe reactions (y, 1n), (y, 2n), (y, 3n), and (y, 4n)
on 16Sn were calculated in the frame of the CMPNR. The spectra were obtained for 116Sn nucleus excitation energies E&°
=20, 30, and 40 MeV and for neutrons of various chances — the unique neutron fromthe (y, 1n) reaction, both neutrons
from (y, 2n) reaction, etc. It was obtained that the neutrons with high energies up to E®*-Bn are presented in all spectra.
But the maxima of spectra for various E®* are placed at near energies about 0.7 — 1.0 MeV. It means that the connection
of the neutron multiplicity and its energy is very complicated. This is the main reason of significant systematic
uncertainties of experimental data obtained using the method of neutron multiplicity sorting and therefore of many
unreliable photoneutron partial reaction cross sections.

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical
calculations and very useful and important discussions.
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MACCOBBIE U SHEPTETUYECKHE XAPAKTEPUCTHUKHU IMPOJYKTOB JAEIEHUS 241PU
TEILIOBBIMM HEATP OHAMU

A6oynnaesa I'A., Kyra6oynnaes I''A., Paxmonog T.T., Catimoocanoe LILH.
WuactntyT Snepuoit @msuxn AH PY3, 100214, Tamkent, Y30ekuctan

MHoroeTHHH WHTepec K SBICHHUIO JEJCHHS CBA3aH C €ro IMHMPOKUM IPAKTHUYECKAM MPHMEHEHHEM H BaXKHBIM
Hay4YHBIM 3HAa4YeHHEM. B syepHOW (u3mKke AeleHHE NMPEACTABIIET YHUKAIBHYIO BO3MOXKHOCTH JUIS M3yUEHHS CBOMCTB
CHJIBHO Je() OpPMHUPOBAHHEIX S/IEP, HOCKOJBKY OYCHb MHOTOE MPOUCXOJWUT B SIPE MEXKAy MOMEHTOM 3aXBaTa HEUTPOHA U
HCIyCKaHUEM Y-KBaHTOB BO30YXICHHBIMH KOHEUHBIMH SAIpaMHU-OCKOJKaMu. HecMoTps Ha 3aMeTHBIH mporpecc B
TEOPETHIECKOM OCMBICIICHHH IIEJIOTO pPsifa BBIABICHHBIX 3aKOHOMEPHOCTEH, IOJHOTO KOJMYECTBEHHOTO OIHCAHUS
HMEIOIIeHCsl KCIIePUMEHTAIEHOW MH(GOpPMAIUH O MAacCOBO-PHEPTETUYECKUX, 3aPSAAOBBIX M YTJIOBBIX PacCIpeeNeHH
OCKOJIKOB JICJICHHSI K HACTOSIEMY MOMEHTY JOCTHYb HE yJanoch. [IpobGieMa CyIECTBEHHO OCIOXHSICTCS TeM, UYTO HU
caM MOMEHT pa3phlBa sApa Ha OCKOJKM, HH ¢GopMa sApa Tepex pa3pbIBOM HE SBISIOTCS HKCIEPUMEHTAIBHO
HaOmogaeMbIMH, U HHPOPMALKSA O HUX MOXKET OBITh MOJyUYeHa TOJBKO MPHU COMOCTABICHUHU Psiia YKCIEPHUMEHTAIBLHO
Ha0MOJaeMBIX BEIMYMH C pe3yJbTaTaMU PacyeToB, BHIMOJHEHHBIX B paMKaX Te€X WM MHBIX MOJENed WM TOIXO0I0B,
OTIMCHIBAIOLINX MTPOIIECC JIeICHHUI AaTOMHOTO siipa. B kauecTBe TakMX HKCIEPUMEHTAIFHO HAOMIOAAEMBIX BETMYUH MOXKHO
HCTIOJIb30BaTh MACCOBOE, YHEPTETHYECKOE U 3apSI0BOE PACIpeiesieHHs BBIXOIOB MPOIYKTOB aeneHus [1].

UsMepeHue  BBIXOJOB TPOIYKTOB JeNeHUs snep 2*'PU TEIOBBIMH HEWTpOHAMH TPOBOMMIOCH HA MAcC-
CIICKTPOMETpPE, PACIIONIOKEHHOM Ha TOPU3OHTANbHOM KaHaje peakropa BBP-CM UMSI® AH PV3 [2] u paszernsromum
POy KTHI ICJICHUs] OTHOBPEMEHHO MO0 MaccaM M, KHHeThu4ecKuM dHeprusiM Ex U MoHHBIM 3apsigam Z*. [I0OTOK TemIoBbIX
HENTPOHOB Ha MULIEHU COCTABIII Benmuuny Dr = 2x10'2 n/cm?-¢c, a xaamuesoe otHomenne Or/Ps=25. B usmepenusx
UCTIONB30BaIaCh MUIIEHb M3 241PU MpUroToBeHHas B BHAE JBYOKHCH XMMHYECKMM OCAXKIEHHEM Ha alFOMUHHEBYIO
HOUIOKKY TOMIUHOK 0,5 MM ¢ akTMBHBIM cloeM 40x5 MM2 1 ToJIMHOM 27545 Mkr/cm?, conepsxanme 241Pu (80,5+0,1)%.
Metouka u3MepeHuit U 06pabOTKH IKCHEPUMEHTANBHBIX CIIEKTPOB AETaNbHO omucadbl B [3]. Bbixoasl mpoayKToB
nenerns 241PU TEIOBBIMH HENTpOHAMM M3MEPEHBI B IMana3’oHe MaccoBbIX umcen A=130-158 ¢ (QUKCMPOBAHHBIMM
3HAYEHHUSIMHU KHHETHIeCKuX dHepruit Ex = 35; 40; 45; 50; 55; 60; 62,5; 67, 70; 74; 76,5 u 80M>B u HOHHBIMH 3apsAAaMHU
z* = (16-28)e,. OmpeneneH CyMMapHbBIi OTHOCHTENbHBIN BBIXOJ] [0 BCEM KUHETHUECKUM DHEPTHUSIM.

TMoHuKeHHBII BBIX0J HaOMoAaeTCa Y NPOAyKTOB AeleHus ¢ A=138 kak u B ciydae aenenus 23°Pu [4]. A raxke
o1 A=140 mpu Oonee HHU3KHMX HHeprusx. HaOmromaroTcst pasinyms MEXAy MAacCOBBIMH M  JHEPIeTHYCCKUMHU
pacupeneIeHuAMY U 3HAUEHUAM U MOy IuprH s 241PuU u 239Pu [4] ocoGenno B nuanasone MaccoBbIx uncen 135<A <145,
s penenus 241PU xapakTepHbl MEHbIIUE CPEAHHUE 3HAYECHUA Ei, BO3MOXKHO U3-3a GONBIIKX Ae)OpMalii U MeHbLIEH
3apsI0BOH IUIOTHOCTH 3TOM JeJiIieiicsi cucteMbl. KpoMe Toro, mpoBoaMiIack KOPPEIBILHs HALIMX H3MEpEHHIA MTPOIyKTOB
JieJIeHHs TSKEJION TPYIIBL ¢ JOTIOJHUTEIBHBIMU K HAM HPOAYKTAMH JeJeHHs JNerkoil rpymmsl  241PU ¢ MaccoBeIME
yuciamu A = 80 - 88, u3MepeHHbIMU Ha aHanormdyHoM macc-crekrpomerpe LOHENGRIN B I'peno6iie (®panius) [5].
AHaIM3UPOBANUCH PE3yNbTATHl U3MEPEHUI MPOIyKTOB Aenenus anep 23°Pu, 249Cf u 242Am ayis nerkoil rpymmbl, Takke
H3MEpPEHHBIMHM Ha 3TOM Macc-cektpomeTpe. s BceX AeIIIIUXCs TeIUIOBBIMU HEHTPOHAMH SJep XapaKTepHa TOHKas
CTpyKTypa s maccoBbix yncen ¢ A = 80, 82 u 84. [Ipeanonaraercs, 4T0 TOHKask CTPYKTypa B JIETKOW TPYIINE CBS3aHA C
YETHO-YETHHIMHU 3 PekTaMu U ¢ POPMHUPOBAHHEM OCKOJIKOB JICJICHUS ¢ MarudeckuMu duciaMu 28 u 50 mit Z u N,
COOTBETCTBEHHO. B TshKenol rpymme Halmdue TOHKOW CTPYKTYpBI HaOMomaeTcs JUII MacCOBBIX umced A = 154, 156.
[omymupuHEL MacCOBBIX M SHEPTETHUECKUX pACHpEeIeHHH Takoke IOKa3bIBAIOT CYIIECTBOBAHME TOHKOH CTPYKTYpPHI
TUT1 9TUX MacCOBBIX Yucell. IIpoBeneHHbIe N3MEPEHHUS MAaCCOBBIX BEIXOJIOB TIOKA3hIBAIOT IIOBBIIICHHBIN BBIXOJ OCKOJIKOB
nenenust ¢ A = 154-155 110 cpaBHEHHIO C W3BECTHBIMH JIMNTEPATYPHBIMHU JaHHBIME [5]. BO3MOXKHO, 3TO CBfA3aHO C TeM,
YTO MBI NPOBOJWIN W3MEPEHHS B Y3KOM DJHEPIeTHYECKOM WHTEpBaje, I03BOJIIIOIIEM BBISBHTE CTPYKTYypHBIE
ocobennocti. Kpome Toro, B 3TOM IMama3oHe MAacCOBBIX YHCEN 10 MOJECIM MHHHUMU3AINHN IOTCHIMAILHONH >HEPTHH
Jensmeiics cucTeMbl HaOMOJAaeTCs CYIIECTBOBAHHWE JOIMOJHHTEIHPHOTO KaHajla JeJeHUs, CBA3AHHOTO C OOJBIION
nedopmarweii B = 1,1 nerkoro ockoska u Manoi nepopmanueit By = 0,35 THKETOTO 0CKOJIKA.

H. Goutte et al., Low energy fission: Dynamics and scission configurations, AIP Conf. Proc. 798, 76, 2005.
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TIME SCALE OF THE THERMAL MULTIFRAGMENTATION IN “He + Au COLLISIONS
Avdeyev S.P. ! Karcz W. !, Kirakosyan V.V. !, Rukoyatkin P.A. !, Stegaylov V.I. %, Oeschler H.?, Botvina AS. 3
1 Joint Institute for Nuclear Research, Dubna, Russia; 2 Institute fiir Kernphysik University of Technology, Darmstadt,

Germany; 3 Frankfurt Institute for Advanced Studies Johann Wolfgang Goethe University, Frankfurt am Main,
Germany, E-mail: avdeyev@aol.com

The relative angle correlation of intermediate mass fragments has been studied for 4 GeV “He + Au collisions at
the Dubna Nuclotron with the FASA [1]4n detectorarray. Strong suppression atsmall angles is observed caused by IMF-
IMF Coulomb repulsion. Experimental correlation function (Fig. 1) is compared to that obtained by the multi-body
Coulomb trajectory calculations with the various decay time of fragmenting system. The analysis has been done on an
event by eventbasis. The multibody Coulomb trajectory calculations ofall charged particles have been performed starting
with the initial break-up conditions given by the combined model INC [2] + SMM [3]. The correlation function was
calculated for prompt break-up and for mean life time of the system 100 fm/c at freeze-out volume Vs = 3Vo.

It was found good agreement of calculations and measured correlation function. Mean life time of the systemis
47+ 12 fin/c for *He(4 Gev) + Au reaction which is in accordance with the scenario of a simultaneous multibody decay
of a hot and expanded nuclear system.

The research was supported by Grant No. 15-2-02745 from Russian Foundation for Basic Research.
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Fig. 1. Relative angle correlation function for IMF produced in “He + Au collisions at 4 GeV. Points —
experimental data. Solid line— INC+SMM calculations with prompt secondary disintegration. Doted line correspond to
INC+SMM calculations with mean time of secondary disintegration 100 fm/c.
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B3AUMOJEVNCTBUE ®EMTOCEKY HIHOI'O JIA3EPHOI'O HMITYJIbCA C MUIIEHBIO 181Ta
Cexcembaes JK.B. 1, Basxmemos O.C. 2, Azsamamos A.A. 12, Amanbex HH. Y2, Caxues C.K.1

1 EBpasuiickuii Hanmonansuelil yausepcutet uM. JL.H.I'ymunesa, Acrtana, Kazaxcran
2 Acrtanunackuit puman USI® PK, Acrana, Kazaxctan

INocremHee BpeMs 03HaMEHOBAJOCh CTPEMHTEIEHBIM IIPOTPECCOM B pa3paboTKe W CO3MAaHWM HOBOTO TOKOJICHUS
TBEPAOTEIEHBIX JIA3€POB, TCHEPHPYIOMNX HMITYyJIBCH (DEMTOCEKYyHIHOHM UMTEIbHOCTH. OJTH JIa3epHBIC yCTAHOBKH,
obmamas Mano PMTEIFHOCTBIO CBETOBOTO HMITYJbCA, OOECIEeYMBAIOT MUKOBYI) MOIIHOCTh BIUIOTH JIO 1015 Br.
@DoxycHpOBKa JAHHOTO JIA3ePHOTO M3TYyUCHHS JAeT BOSMOXKHOCTH IOTyYHTh OTPOMHYIO MHTCHCHBHOCTH B JHMAaIla30HE
10%6-102! Br/cm?. Takoe CBEPXUHTCHCHBHOE H3IyYCHHE IIO3BOJSET MONMyYaTh PENSATUBUCTCKAC HHTEHCUBHOCTH.
IosiBneHHe HOBOTO MHCTPYMEHTA HCCJIEIOBAaHMHA MMEET PEBOJIOIMOHHOC 3HaueHHe Wil (U3UKH, CpPaBHUM OE C
CO3aHHUEM HMITYJIbCHBIX HCTOYHUKOB YHEPTUH HAa OCHOBE AIEPHBIX peakuuil. [[puHInMnmuansHoe TOCTIKEHHE COCTOUT B
TOM, 4TO THraHTcKas KoHueHtpamusi sHeprun ~10'1 Jlx/cm® oGecmeunBaercs (GOKyCHPOBKOH (EMTOCEKYHIHOTO
Na3epHOTO M3IydYeHHs B «MHKpOOoOBeM» ~ 1071 cm3. Tlpu sTOM 3Heprus, meperaBaemas OJHOMY aTOMY, COCTABISIET
nopsaka 10 (1 3B = 1,6x101° JIxk). [l cpaBHEHUS: SHEPIHs, KOTOPYIO HEOOXOJMMO 3aTpaTUTh Ha pacllielUIeHHe Aapa
Ha OTACJbHBIC HYKIOHBI, paBHA IPUMEPHO MPOHU3BEICHUIO YICIbHON SHEPTHHU CBSI3H €b (Eb>>8 M3B) Ha YHCII0 HYKJIOHOB,
a DHEpPrus OTICJICHUS HYKJIOHA WIJIM NMPOTOHA HaxoauTcs B auamnazone 2-20MsB [1]. B pexume peasTUBUCTCKUAX
MHTEHCHBHOCTEH OKa3bIBAETCS BO3MOXKHBIM H3y4aTh ()yHIaMeHTalbHbIe CBOMCTBA BELIECTBA B CHIILHO HEPaBHOBECHBIX,
SKCTPEMAJIbHBIX COCTOSIHHMAX, @ TaKKe INPOBOJUTH SACPHO-(U3MYECKHE OKCHEPHUMEHTHl C  HCIIOJIb30BaHUEM
KOPIYCKYJSIPHOTO MW 3JIEKTPOMAarHUTHOTO W3Jy4YEHUH U3 IUIa3Mbl, CO37aBaeMOil (hEMTOCEKyHIHBIM Jia3epHBIM
N3JIyYCHUEM.

B MoMeHT 00iyueHHe TaHTalla JJa3epoM IIPOUCXOAUT CyOIMMAlMOHHBIH IpoLece, TeM CaMbIM 3aCTaBJIsIs TBEPJOE
TEJIO NMEPEUTH B COCTOSIHUE IUIa3Mbl. Bes sHepTHs na3epa yXoIuT Ha TO, YTOOBI pa3pyIllUTh KPUCTALUIMIECKYIO PEIIETKY
MHILICHHU, Ha TNpeojojeHne BaH-nep BanbcoBbIX cuil, a ocTaBmasics 4acT OyAeT MOHU3MPOBATh BCE aTOMBI MHILICHH.
IMocne gero OyzmeT BBUIET 3JIEKTPOHHOTO 00JAKO M HOHHOTO 00JIAKO JIETAIINE B OJHOM HalpaBiICHUI.

B manHO# paboTe ommMcaHBI METOMABI ITHX PACUYCTOB W IPEICTABICHBI PE3yNbTATHl PACUETOB CIIEKTpa JSHEPTHH
9J1eKTpOoHOB. [Ipom3BeIeHE CpaBHEHNUS CO 3HAYCHUSMHY JIMTCPATy PHBIX JaHHBIX.

Jlutepatypa:

[1] CaBemseB A.b. «SlmepHBIe mpomecchl B IOJNE PEIATHBHCTCKOTO (EMTOCEKYHIHOTO JIa3epHOTO
W31y YEHUSD

[2] Boponues B.T., Kykymua BU. fAnepro-¢pmsnueckne acuextst YTC. // SAnepuas dusuka, 2000, T.63,

Nel2, ¢.2147-2162.
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PRECISE GROUND STATE ENERGY OF THE HELIUM-MUONIC ATOMS
Aznabayev D.T. *?, Bekbaev A.K. 2 Korobov V.I.1

LJoint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia,
2Al-Farabi Kazakh National University, 71 Ave.,050038, Almaty

In our work the nonrelativistic ionization energies 3He?*ue” and “HeZ*u'e” of helium-muonic atoms are calculated
for ground states. The calculations are based on the variational method of “exponential” expansion. Convergence of the
numerical values of variational energies is studied by increasing a number of the basis functions N. That allows to claim
that the obtained energy values have 21 significant digits for ground states.

Muonic heliumions 3He2*x’e” and “He?*ue™ are simple three-body systems composed of the electron, a negative
muon and positive nucleus of 3He or “He. The lifetime of such atoms are determined by the lifetime of muon t=
2.19703(4)+107® sec. The three-body bound states has complicated hyperfine structure which is caused by an interaction
of magnetic moments of the electron, the muon and the nucles. Muon systems represent themselves as a unique laboratory
for precise determination of nuclei properties such as charge radius. Lately, a significant progress in an investigation of
energy spectrums of muonic atoms has been achieved by the CREMA collaboration (Charge Radius BExperiment with
Muonic Atoms). The Lamb shift and hyperfine structure in muonic hydrogen and muonic deuterium have been measured.
Similar experiments are planned for muonic helium. Light muonic atoms are important for testing of the Standard Model,
theory of bound states in quantum electrodynamics and for searching of exotic particles and interactions.

TABLE 1: The convergence of the total energiesin atomic units for the ground states in the helium-muonic atoms.
N is the total number of basis functions used in calculations.

N SHeZ* e ‘He2*ue
2000 399.042 336 832 862 534 827 027 433 402.637 263 035 135 454 018 960 573
3000 399.042 336 832 862 534 827 041 147 402.637 263 035 135 454 018 973 292
4000 399.042 336 832 862 534 827 041 545 402.637 263 035 135 454 018 974 468

TABLE 2: The convergence of the expectation values for the delta functions for various pairs of particles. N is
the total number of basis functions used in calculations.

N | 3He2t; e AHe2* e
{O(rNw} {0(rne)} {3 (1)} )
2000 20 149 938.845 0.320 611 550 99 0.313 682 320 01 0.313 760 536 34
3000 20 149 938.845 0.320 611 551 42 0.313 682 320 00 0.313 760 536 38
4000 20 149 938.845 0.320 611 551 56 0.313 682 319 99 0.313 760 536 37

Variational wave functions of bound states were obtained by solving the Schrodinger equation for the quantum
three-body problem with Coulomb interaction using a variational approach based on exponential expansion with the
parameters of exponents being chosen in a pseudorandomway. The results of calculations of the nonrelativistic energy
levels for a helium atom were presented. The numerical calculation results are listed in Table 1-2. The results of these
studies demonstrated that the energy values are as accurate as 21 significant digits. This accuracy allows one to obtain
reliable theoretical predictions.

References:

1 Pohl R., Antognini A., Nez F. et al. The size of the proton, Nature, 2010, vol. 466, pp. 213-217.
doi:10.1038/nature09250.

2, Antognini A., Kottmann F., Biraben F., Indelicato P., Nez F., Pohl R. Theory of the 2S-2P Lamb shift and 2S
hyperfine splitting in muonic hydrogen, Annals of Physics, 2013, vol. 331, pp. 127-145,
arXiv:1208.2637[physics.atom-ph].

3. Frolov A. M. Properties and hyperfine structure of helium-muonic atoms, Phys. Rev. A, 2000, vol. 61, no. 2,
022509. d0i:10.1103/physreva.61.0225009.
4, Korobov V. I. Coulomb three-body bound-state problem: Variational calculations of nonrelativistic energies, Phys.

Rev. A, 2000, vol. 61, no. 6, 064503. doi:10.1103/physrev A.
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6. D.T. Aznabayev, A.K. Bekbaev, I.S. Ishmukhamedov, V.I. Korobov, Energy levels of a helium atom, Physics of
Particles and Nuclei Letters, 2015, Vol. 12, No. 5, pp. 689-694.
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WCCJIENOBAHUE SHEPTETUYECKOW 3ABUCUMOCTHU NAPAMETPOB OIITUY ECKUX
MOTEHLHAJIOB JIJIsSI CACTEMBI 1“N+°B B UHTEPBAJIE E= 38,1-97 MDB

Bypme6aes H. *., Bosmocyn U. %, Anumos JI.K *, Kepumxynoe K.K*, Bypme6aesa JI.T. *, Myxamedocanos E.C.2,
Hacypana Mapocan*, Xooxucaes P.A. Y, Kapaxou M. %, Kypaxmeoos A.E.*

IPI'T UactutyT sipepoii Gpusuku KD PK, Amvater, Kazaxcran

2 VuusepcuteT Axnenus, Qpaxynpter ¢usnku, Autanes, Typuus
SKasaxckuii HAIMOHAILHBIN YHUBEPCUTET MMeHH amb-Dapabu, Amvatel, Kazaxctan
4Eppasmiickuil HaMOHANBLHEIN yHUBepcHTeT nMenn JL.Iymunesa, Actana, Kazaxcran

AKTyanbHBIM HaIpaBICHHEM HCCICIOBAHUN SIIEPHOH acTpO(M3UKK NPOJOJDKAIOT OCTABATHCS HCCIEAOBaHHUS
B3aUMOJeHCTBUS simep 1p-000s10uKky, BXOAAMUX B cocTaB saepHbIX peakmuit CNO-nukna B 3Be3gax. OmHOI U3 OCHOBHBIX
po0JieM COBPEMEHHOHN sNepHON (U3UKU SBISIETCS ONpEseiieHHE XapaKTePUCTUK SICPHO-AEPHOr0 B3aUMOJCHCTBUSL.
3HaHHEe JOCTOBEPHBIX MapaMeTPOB MEXbSJICPHOTO NMOTCHIMAIA B3aUMOJCHCTBUS HEOOXOIMMO Ui pacueTa CedeHHl
BCEBO3MOKHBIX SIIEPHBIX PEAKIMNA U CTPYKTYPHBIX XaPAKTEPUCTAK CTAJIKUBAIOIINXCS SIIEPHBIX cucteM [1].

KynoHoBckoe  OTTaJKMBaHHE MPEMATCTBYeT NIIyOOKOMY IEPEKPBIBAHHIO  CTaJKUBAIOIIUXCS  suep, W
B3aUMOJICHICTBUE HOCHT, B OCHOBHOM, MOBEPXHOCTHBIA Xapakiep H OIPEICIHCTCS IMOBEACHUEM MEKbIICPHOIO
MMOTCHIIMAIA Ha PACCTOSHHAX MOPSKA CYMMBI PaJIiyCOB CTAJIKUBAIOIIUXCS CHCTEM. B 3THUX yCIOBUSAX HOMHMO YIPYTOrO
paccesiHUs JOMUHHUPYIOT KBa3UYIPYTHE MPOLECCH, MPUBOIALINE K COCTOSIHUSM CPaBHHUTEIBLHO NPOCTON CTPYKTYpHI O3
IyOOKOM TEepecTpOKH SACPHBIX CHCTEM. OTO MOTYT OBITh KaK BpalllaTelbHbIC M KOJeOaTeJbHbIC COCTOSHUS,
BO30YIKIAIONIMECs B HEYNIPYTOM PACCESHUH, TAK OJHOYACTHYHBIC M KIACTCPHBIC COCTOSHHUS, 3aceisieMbIe B PEaKIUIX
nepenayd HyKIOHOB WM KIacTepoB. TakuM 00Opa3oM, K HACTOSILEMY MOMEHTY, MEXaHU3MbI (pOPMHUPOBAHUS CCUCHHH
YOPYTOTO paccesHHs TDKEIbIX HOHOB Ha JICTKUX s/Ipax OCTAIOTCS HE IOJHBIMH, MPOTHBOPEUUBBHIMU U TpeOyIoT Oolee
JICTAIBHBIX HCCIICI0BAHUM.

B aHanmm3 BKMIOYEHBI JKCICPHMCHTAIbHBIE NaHHbIe W3 paboT [2,3] mpu sHeprusx Eian = 38,1-97 Mb»B.
Teopetnuecknue pacdeTsl BbITONHsIHCH To mnporpamme FRESCO [4]. TlapameTphl ONTHYECKOTO TMOTCHIIMANA
MO0 MPANIHCh TAKMM 00Pa30M, 4TOOBI IOCTHYb HAMITYUIIEr0 COMTIACHS MEXAY TCOPETUYSCKUMH M IKCIIEPUM CHTAIbHBIM U
YIJIOBBIMU  paclpesicieHUsIMHU. ABTOMATHYECKUIl TMOKMCK ONTHMAIbHBIX I1APAMETPOB ONTHYECKOr0 IMOTEHIIHMAIA
TPOM3BOWICS MyTeM MHHMMH3AIMH BEMMYMHBI }2/N METOIOM HAaMMEHBIIMX KBAJPATOB. B KauecTBE MCXOMHBIX, OBLIM
B3ATHI ApaMEeTPHI TTOTEHINANA, IPEeUI0KEHHBIE B padoTe [3, P.199]. [ yMeHbIIEHUS HEOAHO3HAYHOCTH MBI CTapajmch
HE YXOJHTh JAJIEKO OT PEKOMEHOBAHHBIX 3HAUCHHH IeOMeTpHYecKuX napameTpoB (rv, av) moteHimana. Jmus mydmero
COTJIACHSl C IKCTICPUMECHTAILHBIMH JTAHHBIMH JIAIIG TITyOnHa MHIUMOM 9acTd (Wp) HEe3HAUHTEIFHO YMEHBINIANACH.

Jlutepatypa
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ynpyroro paccesust noHoB N ma sapax 1'B npu smeprusx 17,5 u 41 MaB // Ussectus HAH PK. Cep. ®usuxo-
matematmdeckas. 2016, Ne6 (310). C. 109-114.

2. H.Takai., K.Koide. o - transfer contribution to 1°B+1“N elastic scattering // Phys. Rev. C.(1988), \Vol.
38, N2, P. 741-747.

3. T.Motobayashi., LKohno., T.Ooi., S.Nakajima. a — transfer reactions between light nuclei // Nucl. Phys.
A 331 (1979), P.193-212. . www.fresco.org.uk
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INFLUENCE OF COMPLEX CONFIGURATIONS ON PROPERTIES OF PYGMY El RESONANCE IN
NEUTRON-RICH Ca ISOTOPES

Arsenyev N.N. Y, Severyukhin A.P.%?, Voronov V.V. 1, Nguyen Van Giai®

DBogoliubov Laboratory of Theoretical Physics, JINR, 141980 Dubna, Russia
2)Dubna State University, 141982 Dubna, Russia
3nstitut de Physique Nucléaire, CNRS-IN2P3, Université Paris-Sud, F-91406 Orsay Cedex, France

In many nuclear physics laboratories around the world, there is an increased interest to study short-lived radioactive
nuclei. Pioneering experiments with exotic 52:54Ca isotopes gave an evidence for strong shell effects [1,2]. The low-energy
E1 strength, which is often called pygmy dipole resonance (PDR), is sensitive to the shell structure [3]. For this reason,
the properties of the PDRin neutron-rich Ca isotopes provides important tests of theoretical studies. One ofthe successful
tools for describing the PDR is the quasiparticle randomphase approximation (QRPA) with the self-consistent mean-field
derived from Skyrme effective interactions [4]. Such an approach can describe the properties of the low-lying states
reasonably well by using existing Skyrme interactions. Due to the anharmonicity of vibrations there is a coupling between
one-phonon and more complex states. The main difficulty is that the complexity of calculations beyond standard QRPA
increases rapidly with the size of the configuration space, and one has to work within limited spaces. Using a finite rank
separable approximation for the residual particle-hole interaction derived from the Skyrme forces one can overcome this
numerical problem [5-7]. In our talk the effects of phonon-phonon coupling (PPC) on the low-energy electric dipole
response in 49-58Ca is discussed. Using the same set of parameters we describe available experimental data for 404448Ca
and give the prediction for 50-58Ca [8]. In particular, the inclusion of the PPC results in the formation of low-energy 1~
states. There is an impact of the PPC effect on low-energy E1 strength of 404448Ca, We predict a strong increase of the
summed E1 strength below 10 MeV, with increasing neutron number from 48Ca until 58Ca. The PPC effect on the electric
dipole polarizability is discussed.

This work is partly supported by CNRS-RFBR agreement No. 16-52-150003.
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Currently, vast experimental material is assembled on the study the unusual properties of some atomic nuclei,
known as the halo-states [1-5]. The defining feature of a halo was from the beginning understood to be a large spatial
extension caused by neutrons tunneling out from a nuclear core. Nuclei may reveal not only well-developed halo states
but also something intermediate between normal nuclei and halo nuclei, so called skin-states.

Halo effect research attractiveness that is quite enough reliably identify two main features of halo states as large
root mean radius r_. and narrow localized impulse distributions.

Despite the seeming simplicity and transparency of the question, both experimental and theoretical studies still
face certain difficulties.

In papers [6, 7] the results of our calculations for the modified radial wave functions for low-lying 2s-, 2d-excited
states 37 =1/2+, 3/2*, 5/2* of positive parity , with total momentumJin B, **C, and *’O nuclei are presented. To
construct these modified functions the matching procedure of oscillatory wave functions with corresponding Whittaker
functions have been used. It should be recalled that the matching radius r, is directly proportional to the oscillatory

parameter r, for which we used several values: some of them allow to reproduce available experimental and theoretical
data for r_ of *B, “c, and YO nuclei in the states with 3= =1/2*, 3/2*, 5/2*, and another ones are obtained from
the relation r,=1/k,.

The obtained modified wave functions [6, 7] have been presented as convenient expansion by Gaussian basis and
used in the current calculations of momentum distributions for mentioned above excited states of B, *C, O nuclei.
These calculations show that in the region of small momentum transfers g — 0 momentum distributions obtained for all
functions differ drastically. Thus, our assumption is that this characteristic is sensitive to the modifications of the
asymptotic behavior is fully confirmed. To address the issue of choice of reliable functions it is necessary in the future to
compare the obtained results with the available experimental data on elastic and inelastic form factors.

1 Tanihata I., Terashima S., Kanungo R. Observation of large enhancements of charge exchange cross section with
neutron-rich carbon isotopes // Phys. Rev. — 2016 — Vol. 4 — P.1-11.
2 Hansen P.G. Nuclear halos // Rev. Nucl. Part. Sci. — 1995 — \Vol. 45. — P. 591-634.

3 Tanihataa 1., Savajols H., Kanungod R. Recent experimental progress in nuclear halo structure studies // Prog.
Part. Nucl. Phys. —2013. —Vol. 68. — P. 215 -313

4 Horiuchi W., Suzuki Y., Abu-lbrahim B. Systematic analysis of reaction cross section of carbon isotopes // Phys.
Rev. — 2007 — Vol. C75 — P. 044607-1-14.

5 Samana A.R., Tarutina T., Hussein M.S. Pairing correlations in odd-mass carbon isotopes and effect of Pauli
principle in particle-core couplingin ** C and ** B e // Nuclear Physics — 2007 — Vol. A791 — P. 36-56.

6 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for the ground states of B, **C, and
O /I Abstracts of the 66" Int. Conf. “Nucleus 2016” — 11-14 October, Sarov, Russia — 2016 — P. 9.

7 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for 2s-, 2d-excited states of B, *C,

and YO // Abstracts of the 66" Int. Conf, “Nucleus 2016” — 11-14 October, Sarov, Russia — 2016 — P. 10.
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TAJIO- U CKMH-PAJITUYCbI BO3BY KIEHHBIX COCTOSIHUI SIJIEP 1!B,13C, 170
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2 - Kazaxckuit HanmoHanpHBIN yHHBepcHTET UMEHH anb-Papabu, T. Aimatsl, Pecrrybmmka Kasaxcran

B HacTostmiedt paboTe MBI TMPOJODKAEM HCCIICAOBAHUS HHU3KOJICKAIIUX BO3OYKACHHBIX 25-, 2d-COCTOSHMIA
MOJIOXKHUTEILHOW YETHOCTH C MOJHBIM MOMEHTOM J” =1/2* 3/2*,5/2* sagep “'B, ®C, YO, HauaTsie B paborax [1, 2].

HuTepec k TaHHOM TeMe uccleoBaHUs 00y CIIOBIICH, MPEXKIEe BCEro, TeM, YTO YKa3zaHHBIE cocTosiHUS saep B, B°C, YO
MPEACTABIIIOT CO00H MO0 SPKO BBIPAXKECHHBIE 2A0-COCTOSHUS C HU3KOIUIOTHOCTHBIM pAacClpeieieHHeM BaJCHTHBIX
HYKJIOHOB, JOCTATOYHO yianeHHbiX (Ha || 0,5-0,9 ¢pM) ot xopa sapa (kak, Hampumep, coctosuus ¢ J* =1/2" sanep
BC,Y0), mbo ABNAIOTCS CKUH-COCTOSHUAMU C M30BITOUHON KOHLEHTpaluedl HYKJIOHOB B TOBEPXHOCTHOH 06macTu

aapa 6e3 CyLIeCTBEHHOTO yBeNMUeHHs ero pasmepos [3] (kak, Hanpumep, coctosiHue ¢ J” =5/2" saapa “C). B s1oit
CBsI3M  0COOYI0  aKTyaJbHOCTh  IPEJCTABISACT MOJy4YeHHE  JOCTATOYHO  HAJC)KHBIX (TOYHBIX)  3HAYCHHI
CPeIHEKBaPATUIHEIX PAIMyCcoB [ JUIT BBINIEyKa3aHHBIX COCTOSIHHI smep B, **C, O . HecmoTps Ha Kaxyuryrocs

ms
MPOCTOTY ITOM 3a/ia4M, U TCOPHS, U IKCTICPUMEHT JI0 CHX TIOP BCTPEYAIOT ONPEICICHHbIC TPYIHOCTH HA IYTH €€ PEIICHNUS,
U TPYAHOCTA 3TH CBSI3aHBI, IPEXKJE BCErO, C HEOJAHO3HAYHOCTBIO ONPEACIICHUS CPEAHEKBAIPATAYHBIX paguycos [4, 5].
Panee B paborax [1, 2] ObuUM mpeaCTaBIEHBI PE3yJbTATHl PACYCTOB MOIUGUIMPOBAHHBIX BOJHOBBIX ()YHKIIHH,
KaK JyIsi OCHOBHBIX, TAK W HH3KOJICIKAIINX BO30OYKACHHBIX 25-, 2d-cocTosHuii siaep B, *C, Y0 ¢ J* =1/2",3/2",5/2

. HamomHMM, 4TO M MOCTPOCHMSA AAHHBIX MOIU(HUIMPOBAHHBIX BOJHOBBIX (DYHKIMH HCIIONB30Bajach MpOLEIypa
CIIMBAHUS OCHMUIITOPHBIX BOJHOBBIX ()YHKIHH C COOTBETCTBYIOMIMMH (QYHKIMAMH YHUTIEKepa.

B Hactosmei paboTe Ha OCHOBE HCIOJIb30BaHMA MOJYUYCHHBIX PaHEe MOAU(DHUINPOBAHHBIX BOJHOBBIX ()yHKIIHI
[1, 2] 6Gbu pOBesEHBI pacyeThl CPEAHEKBAAPATHIHBIX PAMYCOB U1 HU3KOJIEKALIMX BO30YKACHHBIX COCTOSHUM sep

ug 3¢ g YO. B uenoM, 3HAUCHHS [

rms >

H3MEPEHUH UMEIOIIMXCS DKCIEPUMEHTAILHEIX U TEOPETHUYECKHMX JaHHEIX [5, 6] (w1t cocrostHmii J” =1/2%, 5/2° sampa
,

MOJIy4eHHBIE B HacToAmeH paboTe, MO0 HAXOOATCS B Mpepesiax OMMOOK

13 o 17

C), 60 HEMHOTO MpPEBBIMAIT HX (W1 COCTOsIHUE J” =1/2*, 5/2* sgpa ~ (), 4TO BIIOJHE MOXKET OBITh
00yCIOBIEHO COOTBETCTBYIOIIMMH 3aBbINIEHHBIMH 3HAYEHUSAMH OCIIJUITOPHBIX MAPAMETPOB Fo M PAJMyCOB CIIMBAHUS
r . Takum 06pa3oM, HOJyUYEHHbIE PE3yJIbTaThl PACUeTOB [ HE TOJBKO IIOITBEPKJAIOT HAJIMYUE SPKO-BBIPAXKEHHOTO
rano->ddexra B cocrosuuax c J* =1/2" anep *C, V'O u sapko-BhIpakeHHOTo cKHH->(dexTa B coctosHuu ¢ J” =5/2°

1 1
saapa ’C, HO U BIIONHE MOTYT YKa3bBaTh HA Hajuuue rajo-d(dekra B cocTosHUSIX ¢ J” =1/2,3/27,5/2" supa ~ B,

. 1
MOCKOJIBKY 3HAYCHHUS [ Ul TPUBEJCHHBIX HU3KOJICKAIINX BO30OYKICHHBIX COCTOSHMUI simpa ~ B mpumepso B 1,5 - 2

rms

pasa 6OJ'ILH.I€, 49€M i1 OCHOBHOTI'O COCTOSAHUA JAHHOTO sapa.

11 13

1 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for the ground states of B."C and
17

O /7 Abstracts of the 66th Int. Conf. “Nucleus 2016” — 11-14 October, Sarov, Russia — 2016 — P. 9.
2 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for 2s-, 2d-excited states of B, **C,
and 'O // Abstracts of the 66t Int. Conf. “Nucleus 2016” — 11-14 October, Sarov, Russia — 2016 — P. 10.
3 Hbpaesa E.T., Kycymos M.A., ImambexoB O., CaxueB C.K. HccrnenoBanue CIpyKTypbl JETKHX HECTAOMIBHBIX
SIep U MEXaHM3M yHPyTroro NpoToHHOTO paccesHus // OUAS — 2011 — T.42, Beim. Ne6 — C.1602-1691.
4 Belyaeva T. L., Perez-Torres R., Demyanova A. S. et al. Neutron asymptotic normalization coefficients and halo
radii of the first excited states of *C and " Be // Phys. Rev. — 2014 — Ne90 — P. 1-2.
5 Lin Cheng-Jian et al. Extraction of the rms radius of 13C from asymptotic normalization coefficients // Chinese
Phys. Lett. — 2001. — V. 18, No1l. — P. 1446-1448.
6 Dubovichenko S.B. — Thermonuclear processes of the Universe. First English edition. NOVA Sci. Publ. New-

York. 2012. 194p.
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YIIPYTOE NMMPOAOJBHOE PACCESIHUE SJIEKTPOHOB HA JIEITKHUX SAJPAX 1P-OBOJIOYKH
Basxmemos O.C. Y2, Cetimxanu A.0. 1

1 EBpasuiickuil HanmoHanbHbIN yHUBepcuTeT uM.JI.H. I'ymunesa, r.Acrana, Kazaxctan
2 Acrtarunacknit pmman A PK, r.Acrana, Kazaxcran

PaccestHue 2JIEKTPOHOB 3apPEKOMEH/I0BAIO ce0sl KaKk 0MHN3 Hanbosee 3¢ (EeKTHBHBIX METO/I0B H3yUCHHs] CBONCTB
9HEPTETUYECKUX YPOBHEH ATOMHBIX SICp U MPEACTABISIET COO0M MOIIHBIN HHCTPYMEHT Ul U3yUCHHUSI CTPYKTYPBI siIep.

B Hactosmeit paboTe paccCMOTPEHBI yIpyTrue MpooJbHEIE GOopMpaKTOPHl TaKHX JIETKUX saep 1p-00010uku, Kak
9Be, 12C, 160 B momemu snmepHBIX 060NOUEK, a TAKKE I sapa °Be HAMHU PACCUMTAHBI YIPYTHE TIPOJOJBHBIE
bopmdaxropsl B K1actepHO# (20-+N)-momemu [1].

Ut cpaBHEHHS MOJYYCHHBIX PE3yNHTATOB MBI B3SUIM [AaHHBIC W3 OPYTHX OKCIOepUMEHTANbHBIX [2,3] u
Teopetruueckux [4,5] paGor.

F(a) F¥(q)
10° g

- - -0 Theory
e O Expt.

10° T T T 1 107 T T T 1
0 1 2 3 4 0 1 2 3 4

q, ! q, dnt’'
Puc.1 — Yrpyrue Gpopmbaxtops sapa 12C Puc.2 — Yrpyrue ¢opmdaxtops! sapa 160
Ff(q) 10° g3—— .
—— Be Cluster Model
—— “Be Shell Model

« °Be Expt.

q.zbu'1

Puc. 3 — VYmpyrme npomonbHble (GopMbakTOps!

sapa °Be
[1] Kykymin BUW. u gp. Wsydenme cipykryper u cBoiicte simep ¢ A=9 (°Be-°B) B pamkax
MyJIbTUKIACTepHOH muHaMudeckoi Monemu 20+N// Snepras ¢msuka, 1994,T.57, Nell, C.1964-1980.
[2] I. Sick etal., 1970,Nucl. Phys., A 150 631.
[3] J.P.Glickman, W .Bertozzi, T.N.Buti, et al. "Electron scattering from 9Be", Phys.Rev.,Vol.C43, 1991,
pp. 1740-1753.
[4] Ma EJ. et al., Chin.Phys.Lett. 23, (2006) 2695, arXiv:0709.1245 [nucl-th].

[5] R.A. Radhi, N.M.Adeeb, A.K.Hashim Elastic Longitudinal Electron Scattering form Factors of °Be. //
Journal of Al-Nahrain University, Vol.14 (2), June, 2011, pp.116-122.
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RADIATIVE CAPTURE o(t,y)’Be AT LOW ENERGIES

Burkova N.A. 1, Dubovichenko S.B. 2, Tkachenko A.S. -2, Mukaeva A.R. 12, Beisenov B.U. 12

lal-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan
2V.G. Fesenkov Astrophysical Institute, Almaty, Kazakhstan

The process of radiative capture *He(«, )" Be at low energies corresponding to the thermonuclear processes in

the prestellar stage of the evolution of the Universe plays a key role in nuclear astrophysics, since it can close the proton -
proton fusion cycle [1].

Another aspect that requires an estimation of the 7Be rate production is the inclusion of this nucleus in the chain
of radiative capture of protons leading to the synthesis of 8B whose decay is directly related to the solution of the problem
of the intensity of solar neutrino fluxes [2]. That is why, experimental data on the reaction *He(«, )’ Be are constantly

refined [3, 4], which in turn requires the adjustment of theoretical model calculations.

Special interest to the *He(«, )" Be reaction concerns the new measurements for the astrophysical S-factor
performed for lowest today 23 keV energy [2, 3].

In the framework of the modified potential cluster model with the classification of orbital states according to
Young diagrams and the refined potential parameters for the ground state of the 7Be nucleus in the 3He*He cluster model
with forbidden states, astrophysical S-factors of the radiative capture of 3He*He from 20 keV have been calculated [5, 6].
The parameters of the cluster-cluster potential are consistent with the data on the asymptotic normalization constants, the
data on the “Be nucleus spectra, the binding energy, and also the root-mean-square charge radii.

The results of present calculations are given in Figure. For references to the experimental data compilation see [4].
Transitions on to the ground state (3/27) and first excited state (1/2°) have beenaccounted; solid curve is the sumofthese
partial cross sections.
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As can be seen in Figure, the results of our calculations at the energy of 23 keV lie in the region of experimental
errors in [2]. For the energy of 20 keV, our calculation yields an S-factor of 0.570 keV-b, and at 23 keV it is 0.561 keV-b.

+6
5] keV energy [2] lead to a value of 0.548 (54) keV-b which

The most recent measurements of the S-factor at 23(

agrees well with our results.

1 Imbriani G. Direct measurements of cross section of astrophysical interest // Journal of Physics:
Conference Series 312 (2011) 042004.
2. Takacs M.P. et al. Constraining big bang lithium production with recent solar neutrino data // Phys.

Rev. 2015. V. D91. P. 123526 (7p.)
3. Trezzi D., Anders M., Aliotta M. et al. Big Bang SLi nucleosynthesis studied deep underground (LUNA
collaboration) // Astroparticle Physics. 2017. V. 89. P. 57-65.

4, Di Leva A., Gialanella L., Strieder F. Experimental status of 7Be production and destruction at
astrophysical relevant energies // Journal of Physics: Conference Series 665 (2016) 012002.

5. Dubovichenko S.B. Astrophysical S factors of radiative 3He*He, 3H*He, and 2H*He capture // Phys.
Atom. Nucl. 2010. V.73. P.1517-1522
6. Dubovichenko S.B. Radiative neutron capture and primordial nucleosynthesis of the Universe. Fifth Russian
Edition, corrected and added. Germany, Saarbrucken: Lambert Academy Publ. GmbH&Co. KG. 2016. 496p.
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SPECTROSCOPY OF MOLECULAR HYDROGEN IONS
Bekbaev A.K. 1?2, Aznabayev D.T. *2, Korobov V.. 2 and Nurbakova G.S. *

LAl-Farabi Kazakh National University (Almaty, Kazakhstan)
2Joint Institute for Nuclear Research BLTP (Dubna, Russia)

The static dipole polarizability for the hydrogen molecular ions HJZF, HD* ,and py are calculated. These new

data for polarizability take into account the leading-order relativistic corrections to the wave function of the three-body
systemresulting fromthe Breit—Pauli Hamiltonian of ma* order. Our study covers a wide range of rotational (J =0 - 5)
and vibrational (v = 0 - 10) states, which are of practical interest for precision spectroscopy of the hydrogen molecular
ions.

It has been shown recently [1] that simple molecular ions have potential uses as optical clocks with very good
stability. An essential ingredient for the high fidelity of such clocks is a good knowledge of the molecule reaction on the
external fields appeared in the experimental setup. For hydrogen molecular ions (HMIs), as the simplest three-body
system, such data can be rigorously obtained fromthe ab initio calculations with very high precision. The nonrelativistic
polarizability of ro-vibrational states with up to eight or sometimes even more significant digits is now available for a
wide range of states [2-5]. It is easy to show that relativistic corrections to polarizability enters at a relative order of
(O(®)) or contribute to about 10 of relative precision [6].

In this work we carry out calculations of the leading-order relativistic correction to the dipole polarizability of the
hydrogen molecular ions HJZF, HD™, and D . We take into consideration a wide range of ro-vibrational states: J = 0-

5,v =0-10. This is the first systematic study of the relativistic effects to polarizability of the HMIs for a variety of states.
The higher order (o(®)) radiative corrections in principle may be also taken into account, so far that has been done
rigorously only for the helium ground state [7, 8]. In our present work we do not touch this issue, thus our current

predictions are limited to 67 significant digits as a physically meaningful quantity.
Relativistic correction «, to the static dipole polarizability:

a, =af" +(1/c) a,
is expressed:
oy = 2%, [d|'W,)+ (¥, [ H, ~(H,)|'¥,)

= 2<‘PO | HBQ(EO —HO)’le | (Eo _H0)71d\PO>

+<\yo |d(E0—H0)’1(HB—<HB>)(EO—HO)’1d|‘P0>
here H, is the Hamiltonian of the Breit-Pauli interaction for the three-body system [9, 10], and ¥, is the
relativistic correction to the nonrelativistic wave function ¥ :
W, =Q(E, —H,) 'QH, |'¥,

1 Schiller S, Bakalov D and Korobov V | 2014 Phys.Rev. Lett.113 023004

Hilico L, Billy N, Grémaud B and Delande D 2001 J. Phys. B:At. Mol. Opt. Phys. 34 491 Karr J-P, Kilic S and
ilico L 2005 J. Phys. B: At. Mol. Opt. Phys. 38 853

Olivares Pilon H and Baye D 2012 J. Phys. B: At. Mol. Opt.Phys. 45 235101

Tian Q-L, TangL-Y, Yan Z-C and Shi T-Y 2015 Chin. Phys. Lett. 32 083101

Schiller S, Bakalov D, Bekbaev A K and Korobov V | 2014 Phys. Rev. A 89 052521

Korobov V 1 2001 Phys.Rev. A 63 044501

Pachucki K and Sapirstein J 2000 Phys. Rev. A 63 012504

Lach G, Jeziorski B and Szalewicz K 2004 Phys. Rev. Lett. 92 233001

Berestetsky V B, Lifshitz E M and Pitaevsky L P 1982 Relativistic Quantum Theory (Oxford: Pergamon)
10.  Korobov V | 2006 Phys.Rev. A 74 052506.
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CBOWCTBA JIETKMX ME3OHOB BO B3AMMOJEMCTBUAX TSAXEJIBIX SIJEP B OKCIIEPUMEHTE
®EHUKC

Beponuxoe A.A., Beponuxos A.A., Kapxo C.B., Komoeg /].0., Padzeséuu I1.B.
Cankr-IletepOyprekuit [lommrexamuecknit YauBepcuret [letpa Bemixoro, Cankr-Iletep6ypr, Poccus.

B 2005 romy Bce skcmepumentsl Ha koimadaepe RHIC (BHJI, CIIA) cnenmamu 3asBieHue o0 OOHApyXKEHHU
CIJIFHO B3aMMOJCHCTByIomeHd kBapK-rmooHHOH masMbl (cKI'TI) — cocTosHuUs simepHOTO BemecTBa MpU 3KCTPEMAaIbHO
BBICOKUX TeMIIepaType M IABICHUH, HPEICTABISIIOMETO COOOH MACaNbHYO XKHUIAKOCTh, CTCIICHAMU KOTOPOH SBISIOTCS
KBapKHU U TIIFOOHBI, 00JIalafoIiye IBETOBBIM 3apsaoM [1].

Omunm u3 npusHakoB cKI'II sBisteTcs momaBineHHe HHKITIO3UBHBIX BBIXOJOB JIETKUX ME30HOB B 001acTH OOMBIINX
MOTIEPEYHBIX UMITYJIbCOB [0 CPABHEHHIO C UX BEIXOJIOM B 3JIEMEHTAPHBIX p+p CTO IKHOBEHHUSAX, HODMHUPOBAHHOM Ha YHCIIO
MapHBIX HEYNPYIMX HYKIOH-HYKJIOHHBIX CTOJNKHOBEHMH. Psan Teopemndeckux Mojeneidt [2] cBa3piBaeT MomoOHOE
NOJABJIEHUE C IOTepEeH HPHEPrUM >KECTKMX HAapTOHOB B TropsdYed M IUIOTHOM Cpele, POKACHHOW B LEHTPaJbHBIX
CTOJIKHOBEHHUSAX TSDKENBIX Sep.

OmHuM U3 Ty4YlIMX WHCTPYMEHTOB Ui JKCIEPHMEHTANbHOIO H3y4YeHHs NHOoTeph dHepruu mapToHoB B cKI'TI
SIBIICTCS M3y4YCHHE CIEKTPOB POKICHHUS HEeWTpanbHBIX MUOHBI. HelTpanbHble MHMOHBI SBISIIOTCS MCEBJIOCKAISIPHBIMU
ME30HAaMU C HYJEBbIM CIIMHOM U OTpUIATENbHOH ueTHOCThO. [IoCKOMBKY B MX COCTAaB BXOJAT TOJIBKO KBapKH MEPBOTIO
MOKOJEHHs, U U d, MUOHBI COCTaBISIIOT 3HAYHUTENBHYIO JOJIO BBIXOJA YACTUIl B CTOJKHOBEHHUSX TDKENBIX SAEp, UTO
MO3BOJISIET U3MEPHUTh UX CIEKTP B IIMPOKOM JHana3oHe MONEPEeuHOro MMIYJbCa U B Pa3sHbIX KIaccax LEHTPaIbHOCTU
CTOJIKHOBEHHUS TSDKETBIX sgep.

H3yueHne HECUMMETPHUYHBIX CUCTEM CTAKHBAIOLIMXCSA TKEIBIX siaep, Takux kak Cu+Au, mo3BosseT MOoTy4HTh
Oonee moapoOHyr0 uHbOpMaUUIO O (YHIAMEHTAIBHBIX CBOMCTBaX MaTepUM B SKCTPEMalbHBIX YCIOBHAX. B
HECHMM ETPUIHBIX CHCTEMAaX Pean3yeTcs 0co0asi FTeOMETPHIO IEPEKPBITUS, OTIIMYHAS OT CHMMETPUIHBIX CUCTEM, TAKHX
kak Cu+Cu mm Aut+Au. CpaBHeHHE pe3yIbTaTOB, OJYyYEHHBIX C UCIOIB30BAHUEM CUMMETPUYHBIX U HECUMMETPUIHBIX
CTAJIKMBAIOIIMXCS SACPHBIX CHCTEM, W OIpEJCIeHHE YPOBHA HX COMNACHA C TEOPETHMYECKMMH BBIYUCICHUSIMHU
HaKJIaJbIBAlOT IOMOJIHUTEIbHBIE OTPAaHUYEHHS Ha 3HAUEHUS IIapaMeTPOB TEOPETUUECKUX MOEIEH, I03BOJIIIOT 0Ty YUTh
YHCJICHHBIE BBIPAXKEHUS V11 MIOTHOCTU I[BETOBBIX 3aPsI0B U JIy4llle MOHITh MEXaHU3MBbl B3aUMOJEHCTBUS IAPTOHOB CO
Cpenoi.

B skcnepumente PHENIX na RHIC [3] O6plmm m3MepeHbl BhIXOIBI HelTpanbHbIX mHOHOB B CutAu, CutCu u
Au+Au CTOJIKHOBEHHSIX C JHeprued B cucTeMe IlieHTpa Macc, paBHOW 200 I'sB Ha nHywioH. IlomaBieHue BBIXOIOB
HEUTpaibHbIX NUOHOB B CutAu CTOJIKHOBEHMSX HAaXOJUTCS B COINIACUM C pE3yJbTaTaMU U3MEPEHUll, MOJIyUYEHHBIX B
Cu+Cu m Aut+Au CTONKHOBEHHSAX NpH OJM3KUX 3HAYCHHUAX YHCIA ydacTHHKOB. OmHako, B mepudepuiHbix CutAu
CTOJIKHOBEHMAX CYyIIECTBYEeT HaMEK Ha IPEBBIIICHHE BBIXOJA HEHTpalbHBIX IHOHOB, B TO BpeMsa Kak B AutAu
CTOJIKHOBEHHUSX IIPH OJIM3KOM 3HAYEHHH YUCIIA YIAaCTHHKOB HAOIIOIACTCS TOJABICHNUE BBIXOJA HEHTPaJbHBIX IHOHOB, U
B Cu+Cu CTONKHOBEHHSX MX BBIXOJ CIa00 OTIMYAETCA OT BBIXOJA, H3MEPEHHOTO B 3JIEMEHTAPHBIX P+P CTOJKHOBEHHSIX
1 HOPMHPOBAHHOTO HAa YHCJIO MapHBIX HEYHNPYTUX HYKIOH-HYKIOHHBIX CTONKHOBEeHHH. CTEIICHb MOJABICHHUS BBIXOIOB
HelTpanpHBIX MTHOHOB B CutAU CTONKHOBEHHSAX HAXOAWTCA B MOJHOM COTJIACHU CO CTEHEHBIO MOJABICHUS aApOHHBIX
CTpYH B TOM e cUCTEME CTOJKHOBEHUS TAKEIbIX AJEp.

PesynbTatel OBITM MOJy4eHB B paMKaX BBINOJHEHUS TOCYJapCTBEHHOTO 3agaHus MmunoOpHayku Poccun

3.1498.2017/4.6.

1 K. Adcox et al. (PHENIX Collaboration), Nucl.Phys. A757:184, 2005.
2. X.-N. Wang, X.-f. Guo, Nucl.Phys. A696:788, 2001.
3. K. Adcox et al. (PHENIX Collaboration), Nucl.Instrum.Meth. A499:469, 2003.
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MOJETAPOBAHUE HEATPOHHO-® BBUMECKUX XAPAKTEPUCTHMK TIOJKPUTHYECKOM
CBOPKH «AJIIHA-TEIVIOBAS» METOAOM MOHTE-KAPJIO C BUBJIMOTEKAMM OIEHEHHBIX
SAAEPHBIX JAHHBIX ENDF/B-VII U JENDL-3.2

bepecnesa B.A., Kopoym T. H., Kopuees C.B.
T'ocynmapctBeHHOE Hay4dHOE yupexkaeHue « O0beMHEHHBII HHCTUTYT YHEPTETHUECKHAX U SICPHBIX

nccnenoBannit — CocHel» HammonaneHOW akanemun Hayk bemapycu, Pecrrybmmka bemapycs, MuHCK,
vaberesneva93@gmail.ru

B pabote mpenctaBieHBI pe3yibTaThl AHKCIEPUMEHTOB Ha MOJIKPUTHUECKOW cOopke «SlmiHa-Temmosas» ¢
tormmBoM UO2 10% oboramieHus.

Jns uccrnenoBaHWA HEUTPOHHO-(PH3UYCCKUX XapaKTEpPUCTUK cOOpKM HEOOXO[MMO TOYHO 3HATh CIEKIP
HEHTpOHOB B 3amaHHOM oOBeme. CyIecTByeT MHOXKECTBO METOJOB M3MEPEHUS HEHTPOHHBIX CIEKTPOB, KaXKIBIH M3
KOTOPBIX MMEET CBOM TPEHMYIIECTBA M HEAOCTAaTKU. B maHHOW paboTe paccMaTpUBaeTCsi METOJ AaKTHBALIMOHHBIX
JETEKTOPOB, KOTOPBIN SIBISIETCS] € JMHCTBEHHBIM CIIOCOO0OM H3MepeHus 0O0JBIINX TOTOKOB HEUTPOHOB Ha ()OHE MOIIHOTO
y-u3nyuenus. HaBenennass HeHTpOHaMM aKTUBHOCTb OOJy4E€HHBIX JETEKTOPOB MCIOJb30Bajach B MPOTPAaMMHOM KOJE
SAND-II mist BoccTaHOBIEHHS CIIEKTpa HEUTPOHOB. Takke HEUTPOHHO — (HHU3UYECKUE XAPAKTCPUCTHKU TIOIAKPUTAYCCKOMN
coopku «SmiHa-TemoBask» ObBUTM MOJIyYEHbI YUCICHHBIM MeToI0M ¢ moMoIbio koga MCNP4B u 610moTek oneHeHHBIX
snepubix ganabix ENDF/B-VII u JENDL- 3.2,

JI7ist moJTydeHus: CreKTpa HEMTPOHOB B MOJIKPUTHUECKOH cOopke «SlmiHa-TermnoBasy ObLI peali30BaH MOICIbHBIH
JKcIepuMeHT. PaboTa ocymiecTBIsUlach € TOMOINBIO MpOTpaMMBbl  pacdeta mnepeHoca wusnydenuss MCNPA4B,
peam3ytomeld metonx MoHTte-Kapio u mporpaMMbl BOCCTAHOBIICHUS clieKTpa HelTpoHOB SAND-II.

Paccuutannsie B nporpamme MCNP4B u BocctanoBieHHbIe B iporpaMMe SAND-II crieKTpbl HEUTPOHOB XOPOIIIO
COTJIACYIOTCS, UTO JOKa3bIBaeT KOPPEKTHOCTH padoTel mporpaMmbl SAND-II u nerxecooOpa3sHOCTs e MPUMEHEHUS T
BOCCTAHOBJICHUSI CHEKTPOB IO HKCIHEPUMEHTAIBbHBIM JaHHBIM CKOPOCTEH peakuui ¢ HUCHOJb30BaHUEM CIEKIpa,
paccunTaHHOro MetoioM MoHTe-Kapio, B kauecTBe OMOPHOTIO.

CAEN: HICTOYHUMKH TMTAHUSA U LIMD®POBAS DJIEKTPOHUKA IS SAEPHOM ®U3UKH U
OM3UKHN YACTHILL

bpeouxun Hean
000 «I'ammaTek», Poccust, Mocksa, ivan@gammatech.pro

Kommanus CAEN sBmsercs oguuM #3 O€3yCNOBHBIX JHACPOB PBIHKA HU(PPOBOH IIEKTPOHUKH H SABISIETCS
€IUHCTBCHHONW KOMIIAHWEH B MHpE, IMPEIOCTABIMIOIIEN IOJHBIA CIEKIP BBICOKOBOJBTHBIX M HU3KOBOJBTHBIX
HCTOYHUKOB IHTAHHSA, a TAKXKE DPAa3IMIHBIX MOJIyJeil cOopa MaHHBIX, COOTBETCTBYIOIIMX BceM cTaHmaptam |EEE.
Kommanus CAEN npernoctaBimser coBpeMeHHOE 000pyAOBaHHE WIS YKCIIEPUMEHTOB U HCCICAOBAHUH B 00macTiIx:

o OU3UKKU BBICOKUX DHEPTUI

® AcTpou3NKH

o HeiitpurHoit Qusuxn

e lccnenoBanuil T€MHOM Matepun

o SnepHoii Gpusnku

¢ Hayk o matepuanax

® MemMIUHCKOW (U3UKH

e HarnmoHaneHOM 6€30MacHOCTH

e [IpousBoacTBa

Bonee 35 net koMnaHus NPeAOCTaBIAET yUEHBIM U HHXKEHEpaM HauboJsee MpoJBHHYTOe 000py0BaHME I BCEX
BUJIOB JETCKTMPOBAHUS paJuallikd M BCEX THIOB JETEKTOPOB  ((hDOTOYMHOMKMTENH, MHOJIYNPOBOJHUKOBBIC, Ta30BbIC,
JKUJKUE, TUIACTHK).

B noxmage Oyner mpeicTaBlIeHO HE TOJIBKO ITOKOJICHHE COBPEMEHHBIX MCTOUYHHKOB NUTaHUS, BKIIOYAs MOJEITH
2017 ropa, MMHEKM MHOTOKaHAJIBHBIX aHAM3aTOPOB, HO M, YTO 0COGCHHO BaXKHO — ceMeiicTBo Digitzer.
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SBOJIIOLUSA OJTHOYACTHYHOM CTPYKTYPHI SIIEP C N=28 B JUCIEPCHOHHOW ONTHYECKOM
MOJIETHN

becnanosa O.B., Knumouxuna A.A.

DenepanbHOE TOCYIaPCTBEHHOE OIOMKETHOE YUPEKICHHE BBICIIETO 00pa30BaHMs
“MOCKOBCKHUH TOCYJapCTBEHHBIM yHUBepcuTeT uMeHu M.B. JlomoHocoBa”
Haywno-nuccnemoBaTebCkuil MHCTUTYT suepHOU (usuku uMmenn J[.B. CrkoOenpIipiHa,
Mocksa, Poccuiickas ®enepanus

Kaxk n3menstercs 060oueqHas CIpyKTypa saep Ipu IpUOIMKESHNH K TPaHUIaM HyKJIOHHOH CTAOMIIBHOCTH — OJUH
13 HauboJiee MHTPUTYIOMHUX BONIPOCOB COBPEMEHHOHN simepHOH ¢usuku. Ilpu mpuOmDKeHHH K TPAaHUIE HEHTpOHHOM
CTaOMIIBHOCTH MOYHO OXKHUAATh OcnadneHust 06omaoueuHoro 3¢ dexra [1], koTopoe ObUIO TOTYyYEHO B MOJEIH CPEIHETO

o +
IIOJII C PSAAOM BapHaHTOB B3amMmojerctBus CkupMa. DKCIepUMEHTAIBHBIE SHEPTHH BO30YKICHU E(21 ) HU30TOHOB C

maruueckuM gucioM N = 28 (CM. pUCYHOK, 4acTb a) CYILECTBEHHO YBEIMUMBAIOTCA I BAXK/IBI Marudeckux siaep 48Ca

, + ,
u °6Ni. HaumeHnblee 3HaueHue E(21 ) cpemm u3010HOB ¢ N = 28 HaGmomaercs y uzotona *2Si ¢ Z = 14, maxoasuerocs

BOJIM3H FPAHKIIEI HEHTPOHHOMH CTAOUILHOCTH. DTO IIPOUCXOHUT, HECMOTPS Ha TO, 4TO B siape 42Si 3aMbIkaeTca IPOTOHHAS
nogobonouka Z = 14 [2], Gmarogaps demy ¢Gopma dToro sapa Omm3ka k cdepudeckoil. B Hactosimei pabote

TIPECTABIICHBI PE3yJIbTAThl PACUETa IBOJIOIMH HEUTPOHHBIX OJTHOYACTATHBIX JOHEpTUH E . B aapaxc N=28u 14 < Z

nlj
< 32, BBINOJHEHHBIE B MOJICNI CPEJIHETO MOJI C JUCTIEpCHOHHBIM omrtrdeckuM mnotennuanom (JOIT) [3]. TloTenmman
9TOM MOJeMM eIuH U1 00NacTH OTPHIATENBHBIX M IOJOXKHUTENBHBIX SHEPTHH HYKIOHA, a caMa MOJEIb YCHEIIHO
HCHOJIb3YETCS Il pacyeTa CEUCHUN pacCessHUN HyKIOHOB SIIPAMU U OJHOYACTHUYHOM CTPYKTYpHl saep. B HEMTpOHHBIX
OJHOYACTHYHBIX criektpax simep ¢ N = 28 ocnmabnenue oOosioueyHoro dddexra mpu MPUOMMKEHHH K TpaHUIle
HEHTPOHHOM CTAOMIBHOCTH BBIPAXKAaeTCS B YMEHBIICHNH PACYCTHON YaCTHYHO -ABIPOYHON memm G MeXIy COCTOSHHAMHA
1f72 u 2p32 ¢ 3.9 MsB B %8Zn o 1.5 MbsB B “2Si (cMm. pucyHok, yacte 0). Takoil pe3ysisTaT cormacyercs ¢
9KCHEPUMEHTAIBHBIMY JAaHHBIMU, IOIy4YEHHBIMH B PEAKIUAX OJHOHYKIOHHOTO CpPBIBA M IOJXBaTa Ha HEHUTPOHHO -
U30BITOUHBIX H30TOMaX Si [4], CBUIETENLCTBYIOIMMHE O CYIIECTBEHHBIX BO30YKACHUAX uepes meib N = 28 B 363840Gj,

a) 6)
E" , MaB
nlj
E,., koB 0 sz s,
2 N=28 12Pio
4000 S
5 e 5 ; :
3000 =, : ;
19, e N
2000 _10—23“2,§ 2 o \\\
1000 -15 - ‘ . : 2 o \

14 16 18 20 22 24 26 28 Z
-20 4

12 14 16 18 20 22 24 26 28 30 32 34
+ . .
Puc. Dnepeuu 6036yoicoenust E(21 ) (@) u 380110y LS HETIMP OHHBIX OOHOYACIUYHBIX SHEP2ULL (0) UBOMOHOE C

N = 28. Temnvie 3nauku — sxcnepumenmansuvie oanuvie. Ceemible 3HAUKU, COEOUHEHHbIE CNILOUIHbIMU
nunuamy - pacvem c [JOII, wmpux-nynkmupnas aunus — suepaus Pepmu.
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Fridmann, 1. Wiedenho6ver, A. Gade et al. Nature 435, 922 (2005).
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MPOTHO3UPOBAHUE PAJIMAIIMOHHOM CTOMKOCTH PA3JIMYHBIX MATEPHAJIOB HA
YCTAHOBKE JIJI51 PAJJMALIMOHHBIX WCCJIEIOBAHUM PEAKTOPA WBP-2

Bynasun M.B., Kynukos C.A. *

106 e mMHEHHBI HHCTUTYT SAEPHBIX HCCIEN0Banmii, JlaGopatopus HelTpoHHOW Qusnukn uM. U.M. ®panka, T.
Hy6Ha, Poccmiickas Denepanms

V3MeHeHne JJIeKTpUYECKHX, (DU3NUECKUX M MEXaHHYECKHX CBOHCTB PAa3IMYHBIX JETEKTOPHBIX MatepuaioB (Si,
IIOJIM- 1 MOHOKPHCTAIUIB amMasa, GAAS, medaTHele IUIAThl U3 apJiOHA W MOJMUMUMA W T.J.) WM CEHCOPOB MAarHUTHOTO
moJist (3D 30HABI ¢ XOJIIOBCKMMH CEHCOpPaMH) NPU 0OIy4eHUH HEUTPOHAMH BBI3BIBACT OOJBIION HHTEpEC B TOM clydae,
KOTJa pedb 3aXOJUT O MPOTHO3MPOBAHHMU PAAHANMOHHON CTOHKOCTH [JaHHBIX MaTepHAlOB BO BpeMs IUTCIBHOM
9KCIUTyaTallMM PabOTAIOIIMX HA MX OCHOBE MPHOOPOB WM HEMOCPEACTBEHHO CAMHUX JATYMKOB B IIOJSX CUIBHOTO
HNOHU3MPYIOLIETO U3JTy YEeHHS.

Ha peaxtope WBP-2 B JIH® OUAU skciepUMEHTSI 0 TPOTHO3UPOBAHUIO PAJUAIIOHHON CTOMKOCTH pa3IMYHBIX
MaTepHaoB IMPOBOJAT Ha YCTAHOBKE Il PaJMALMOHHBIX HMCCIICJOBAHUH. YCTaHOBKa CHOCOOHA IepeMelarThesi K
aKTHBHOH 30HE PEaKTOpa M0 PEIbCOBOMY ITYTH, Ue€pe3 CleIMalbHBII KaHaJl B OMOJIOTHYECKOIT 3al[uTe, HA MUHUMAJIbHOE
paccrosnue 40 MM, 4TO 0O€creurBaeT MaKCUMaIbHOE 3HAaUeHHE TNIOTHOCTH MOTOKa OBICTPBIX HEHTpOHOB (O6onee 1 M»aB)
nopsxa 2:1012 n/cm?/c. Tlpu 3TOM, MaKCHMAaILHBIH (IOEHC GBICTPHIX HEHTPOHOB 33 OJMH CTAHJAPTHBIA UK PabOTHI
peakTopa, KoTopbiil coctanser 11 cyTok, noxomr go 108 w/cm?. Takoil (oeHC HEWTPOHOB MOJYYAKOT MAaTEPUAIBLI
nerektopoB ATLAS u CMS (LHC, CERN) 3a Bpems cBoeii paboThl Ha (PU3HYECKHI SKCIEPUMEHT, KOTOPOE COCTABISIET
npumepHo 10 ser. B TeueHwe 3TOro BpeMEHH, IOJ| BO3ACHCTBHEM CWIIBHBIX IMOJIEH HOHHM3MPYIOIIUX H3ITy4eHHI
JNEKTPUYECKUE CBOMCTBA JETEKTOPOB  YXyJIIAKOTCS (IIOBBIIACTCS TOK yTeuku, usMensercs sddexmuBHoe
COIPOTUBIICHHE W T.J.) BIUIOTh JIO BBIXOJA NMPHOOPOB U3 CTpOsi. MEHSIOTCS MEXaHWYECKHe CBOICTBA MaTepHaloB U
BO3pAacTacT HaBEJCHHAsl aKTUBHOCTh, YTO TAKKE 3aCTAaBIBIET yJETh 0c000€ BHUMAaHHE U NpoOJieMaM paJyali OHHOH
0e30MacHOCTH MepcoHala TNpH 3aMeHe KOMIUICKTYIOINX MaTepHalioB JETEKTOPOB IIOCTEe OKOHYAHHWA CpoKa HX
9KCIUTY ATAIHH.

VYcTaHOBKA NI paJMallMOHHBIX UccaenoBaHuil peakropa MBP-2 sBisieTcss HE3aMEHUMBIM UHCTPYMEHTOM U IIPHU
MIPOTHO3UPOBAHUN CTAOMIBHOCTH M 0€30TKa3HOCTH PabOThl CEHCOPOB MAarHUTHOTO IOJII B TEPMOSCPHOM pEaKTope
ITER. B Tokamake TOYHOE M3MEPEHNUE MArHUTHBIX TTOJIeH SBISIETCS] HEOOXOIMMBIM YCIIOBHEM I pabOThl yCTPOWCTBA U
i o0paboTKM  APYTMX MAarHOCTHYECKWX CHUTHANOB. PaaanmoOHHO-CTOHKHE IOJTYyIPOBOJHHUKOBEIE CEHCOPHI
MAarHUTHOTO TI0JIS JOJDKHBI COXPAHATh CBOK PabOTOCIOCOOHOCTh B YCIOBHAX BHICOKOTO (roeHca Heiftponos (>1018
H/cM?), KOTOpBIH OyJNET HaKOTUIEH 3a BpeMs paboTel peaktopa ITER (~20 ner). B mocnemmee BpeMs 60ibImoi nHTEpEC
MIPEJICTABIICT U UCCIEOBAHNE PaUAIOHHON CTOMKOCTH CEHCOPOB LI TPMOSIEPHOTO PEakTopa HOBOTO ITOKOJICHUS
-~ DEMO Scale, ¢proenc neittporos B kotopom 6yzeT 6oree, uem 1019 m/cm?.

Kpome 3amau mo NIpOTHO3MPOBAHUIO PAAMAMOHHOW CTOHKOCTH MpH OONydeHHH 00pas3moB ¢aoeHcaMu
ueiitponos Gomee 10'° w/cM?, Ha yCTAHOBKE Uil PAIMANMOHHBIX HCCICAOBAHMI MPOBOJITCS M DKCIEPUMEHTHI 10
00611yueHHIo 06Pa3noB MaabIMK (IFOEHCAMU HEWTPOHOB oT 5-101! H/cM?, HanpuMep, 1A U3ydeHHs H3MEHEHHS CBOMCTB
GaAsS-neTeKTopoB.

PEAKIIUM C BBUJIETOM HEATPOHOB HA W: DKCIIEPUMEHTAJIb HASI BEPU® UKAIIUS
PE3YJIbTATOB MK-MOJETUPOBAHUSI HA GEANT4

Bbenviwes C.C., Bvixano I''U., Cmonanu K.A., Xankun B.B.

HayuHo-uccnenoBatenbckuii MHCTUTYT siaepHo# dusuku uM. J[. B. Cko6enpipina (HUMSAD MI'Y) um. M. B.
JlomonocoBa, Mocksa, Poccuiickass @enepanus

MeTox IPOTOHHON M MOHHOMW IMYYKOBOM TEPAINU SABIIETCS OJHUM W3 MEPCIEKTUBHBIX HAIIPABICHUN B JEUECHUHU
OHKOJIOTHUECKHUX 3a00eBaHuil. XapakTepHOi OCOOEHHOCTBHIO ITYUYKOB IIPOTOHOB M JIETKUX HOHOB SBISIETCS HAIMYHE
nuka bparra B QyHKIMH yIEIbHBIX MOTEPh DHEPTHH HA Pa3HBIX Iy OMHAX B BEMIECTBE. DTO TO3BOJSIET C BBICOKOM
TOYHOCTBIO JIOKAJM30BaTh IIPOLIECC DHEPTOBBIJACIICHUS IIPH NPOBEICHUU paaHOTEpPaneBTHUECKOro ooiydenus. Ilo
CpaBHEHHUIO C JIYUEBOH Tepalneil ¢ UCII0JL30BaHUEM ITYUYKOB raMMa-KBaHTOB, IIPU B3aWMOJICHCTBHH IIPOTOHOB M MOHOB
C DHEpTUEeH HECKOJIbKO cOTeH M3B ¢ BemecTBOM MpOTEKAIOT 3HAYUTEHFHO 0O0Jiee CIOKHBIC MPOIECCHl, MPHUBOAIINE K
TeHepamuy BTOPWYHBIX YacThll (B YaCTHOCTH, HEWTPOHOB) M dddekraM mnepepaccesHus. HeoTbemieMoii 9acThio
MPOTENYPhl SBISAETCS KOMITBIOTEPHOE MOJICIMPOBAaHUE, KOTOPOE NPHUMEHSEeTCS I8 TUIAHHPOBAHUS OOJydeHUS H
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JI03UMETPUUYECKOT0 MOHUTOPUHTra. B Hactosmee Bpems Ui JETAILHOIO pacyeTa TPaHCIOPTa YacTUL] HOHU3UPYIOIIETO
H3Iy4eHHs] B IPOTOHHOM Tepanuyu MIMPOKO UCIOJIB3YIOTCS MAaKeThl MOJEIMPOBaHUS Ha OCHOBE MeToa MoHTte -Kapio.

B npencraBieHHO# paboTe paccMaTPUBAIOTCS SACPHBIC PEAKIINH, IPHUBO/IIIINE K BBIXOLY BTOPHYHBIX HEHTPOHOB
Ha cTa0mwibHBIX m30TOmax W. MHoronenectkoBbie KoummMatopsl (MJIK), wumsrotaBmBaembie u3 BoJb(pama,
HCTIOJNB3YIOTCS B SACPHONH MeaunuHe 1 (OPMHUPOBAHMSA Iy9YKa B HETOCPEICTBEHHOH OJM30CTH OT MalHeHTa, U B
mporecce 00JIy9IeHNS 9TO CTAaTh U HETO HCTOYHUKOM ITOBBIIICHHOTO HEHTpoHHOTO (hoHa. B manHO# paboTe ¢ mOMOMIIBI0
METO/la HaBEJICHHOW aKTUBHOCTH Ha YCTAaHOBKE [l] MOJyueHBbl 3KCHEPUMEHTAIbHbBIE BBIXOJbI PEAKIUNA C HCIyCKaHHUEM
HEWTPOHOB, MPOTEKAIOINNX B BOJIL(PAMOBONW MUIIEHH IO AEHCTBHEM JJIEKTPOHHOTO Iy4YKa ¢ dHeprueil 55 M»B. D
pe3yJIbTaThl CPAaBHUBAIOTCS C pacueTaMU T'€Hepaluy BTOPUYHBIX HEUTPOHOB, BBIITOJHEHHBIMHU C HCIIOJb30BAaHUEM IaKeTa
Mounrte-Kapnio GEANT4 [2], a Taxke ¢ BBIXOJAMH COOTBETCTBYIOIIMX (OTOSACPHBIX PEaKIMi, BBIYUCICHHBIMH Ha
OCHOBE JIOCTYTIHBIX TAOJMYHBIX H TEOPETHUECKUX ceueHul. [loydeHHble JaHHbIE SBISIOTCS XapaKTePUCTUKON TOUHOCTH
pacueta HeTpoHHBIX 103 HAa GEANT4 npu miaHupoBaHUU OOIydeHHUS B Ty4eBOM Tepamuu.

1 K. A. Stopani et al., "Studying photonuclear reactions using the activation technique,” Nucl. Instrum.
Methods A 745, 133—137 (2014).
2. S. Agostinelli et al., Nucl. Instrum. Methods Phys. A 506, 250 (2003).

OCOBEHHOCTH SJEKTPOMATHHUTHOI'O TI0JISI, CO3JJABAEMOTO IIPM B3AUMO/IEMCTBUU
Y3KOHAIIPABJIEHHOI'O IIYYKA YACTHL] BBICOKO SHEPITMU C I'A30BOI CPEJION

Banues @.®.

®denepanbHOE TOCYyAApPCTBEHHOE 0I0/PKETHOE 00pa30oBaTe IbHOE YUPEKACHUE BHICIIETO MPO(ECCHOHATBHOTO
obpazoBanus «CaHkT-IleTepOyprekuii rocysapCTBEHHBIN YHUBEPCUTED

PaGoTel MO W3y4eHMIO 3JEKTPOMATHHUTHBIX IOJIEH, MPOSBILIIOMINECS NP B3aMMOJICHCTBHM HOHHU3HPYIOIIETO
H3Iy4deHUs] C BEIECTBOM BEAyTCS C HadaJlo Npouuioro Beka [1].

B pabote [2] mpuBeneHBI pe3ysbTaThl  PACcUETOB 3JICKTPOMATHHUTHBIX TOJeH, GOopMUpyeMBIX B pe3ylbTaTe
B3aUMOJIEHCTBHS IIyYKOB 4acCTUL] BBICOKOM SHEPTUH C XKUIKOU cpenoil. s pacueToB 3JI€KTpOMArHUTHBIX OJIEH B HUX
HCIO0JIb30BaHa NOJyKIaccudeckas Mozenb [3]. Yuer B3auMOJEHCTBUS INEPBUYHBIX YACTHIL CO CPENOM IPOBOJUTCA Ha
OCHOBE KBAHTOBOW JJEKTPOIMHAMEKH. J[mi monydeHus wHGOpPMAIMKM O 4YacTHIaXx B (a30BOM IPOCTPAHCTBE
ncnomesyercst maker GEANT4. PacdeT 31eKTpOMAarHMTHBIX IOJICH mpoBOANTCS 1O (opMyrnaM KIacCHYECKOH
3JEKTPOJUMHAMUKY B paMKaX MOJICJH JITHEHHOTO TOKAa B IPOCTPAHCTBEHHO -BPEMEHHOM IIPEACTaBIeHUU [4].

B nanHO# paboTe Mo paccUMTaHbl 3JIEKTPOMArHUTHBIE MOJI, OPMUPYEMBIX IPH B3aMMOICHCTBIH 3JIEKTPOHOB C
ra3oBoi Cpenoi, B HIMPOKOM Juamna3oHe dHepruil u paBieHuid. [IpoBeleHO CpaBHEHHE PAaCCUUTAHHBIX YIVIOBBIX
pachpenencHui N3MEHEHHI YHEPTUN C IOTyYEeHHBIMU B SKCIIEPUMEHTAaX paclpeieNeHusIMu [5].

Pe3ynpTatel pacueToB, IPOBOIUMBIX IO JAHHONW METOJUKE, MOTYT OBITh HCIIOJIB30BaHBI IIPU MOJCIUPOBAHUH U
KOHCTPYHUPOBaHUM  JCTEKTOPOB I JKCICPUMEHTOB B (DHM3HMKE BBICOKMX SHEPTHH. Paboma evinonnena npu

noooepoicke tpanta us cpejacts CIIGIY  11.38.242.2015 u ¢ ucnoib30BaHMEM 0GOPYHOBAHMS PECYpPCHOTO IEHTpa
«Boraucurenbubiit 1ieHTp CIIOTY».

1 Yepenkos I1.A. Bummoe cBeueHne UHCTBIX XHAKOCTell mox neficteuem — -pammanuu. // JIAH CCCP.,
1934, . 2, Ne 8 C. 451-454.
2. Bamer ©.®. DexTpoMarauTHBIE O, GOPMHUPYEMBIE B pe3yJibTaTe B3aNMOICHCTBISI TaMMa KBaHTOB

¢ sHeprueit 1 MaB ¢ xunkoii cpemoit. // Te3uchl NOKIanoB 66-oif MexayHapOJHOUW KOH(pEPEHIMH M0 MpodieMaM
SIEPHOM CIIEKTPOCKOIMH U CTpyKType siapa. Capos, 2016. C. 175-176.

3. Valiev F.F. Electromagnetic fields formed upon the interaction of ionizing radiation with matter. //
Bulletin of the Russian Academy of Sciences: Physics. 2011. V. 75. Ne 7. P. 1001-1006.

4. Bopucos. B.B. DnektpomaranTaeie monst HeycTaHoBHBIIHXCS TokoB. CII6.: C.-I1.YHHBepcutet, 1996.
208c.

5. Pyxwnuxa S1H. Teopetnueckne n SKCIepUMeEHTaNbHBIE HCcenoBaHus 3 dekra Basmmosa-UepeHkosa.

/I ABTOpedepaT quccepTanuy Ha COMCKaHHE yUEHOU CTENeHH JoKTopa (us.-MaT. Hayk. JJyoHal993. 28 c.
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MEXAHU3M MOYTU CUHXPOHHOTO ®OPMHUPOBAHMSA CJIYYAHHBIX SMITAP MY ECKUX
JIMCKPETHBIX PACHPEJIEJIEHU OTCYETOB HE3ABUCHUMBIX THOTOKOB AJIb®A-YACTHI]

Baxmenv B.M., Pabomkxun B.A., Axunounoea E.B.

BopoHexckuii rocy1apcTBeHHbIH yHUBEpCUTET, Boponex, Poccus
E-mail: vakhtel@phys.vsu.ru

MeTo10M TapaieNbHOTO M3MEPEHHS MOTOKOB aib()a-4acTUI] OT OJHOTO MCTOYHHWKA H3nydeHus 238-Pu tpems
HE3aBHCUMBIMH CUETHBIMH KaHaNaMH [1] OJTy4€eHBI OCIE0BATENLHOCTH MOMEHTOB BpeMeHn {t,} perncTpanuu ampa-

YacCTHUI] 3a BpEMA T . Criocobom KOMIIBIOTEPHOTO CKAaHUPOBAHUA U3 {ti} MOJTYYCHBI MTOCICA0OBATCIIbHOCTU DMIIMPUICCKUX

pacnpenenermii  (OP) u3 mocmenoBatensHOcTeil  BeIGOpok obvema N<20 umcen orcueron K(At) yacTun

sapeructpupoanubix 3a Bpems Al. Bemruunst n u Al - 310 mapamerpsr nponemypsr ckanuposanus. IomHoe uucno

OP cocraBmano M =T /(nAt) =10° —107, rae NAt =6 - BpeMsi GopMHUpOBaHUS 0JHOU BEIOOPKH. Tum DP B hopme l; -
IJ

n,),THAe |- ero ciydaiiHas pasMepHOCTb U n = Z n; ¢buKcHpoBaCS C TOMOIIBIO
i=0

MEPHOTO CJIy4aiiHOTO BEKTOpa (Mg

3nauenus «IDy ciayuaitHoro moimHomal[l].

Cratuctudeckuil aHamM3 KPOCCKOPPEMANHOHHBIX GyHKIuH u wux @Dypbe mnpeoOpa3oBaHus Wil mHap
nocnenosaressHocTedt {t}, {z; =t,,, —t;}, {K;(At)} u3 Bcex TpeX KaHAJIOB HE BBIABUII JUHEHHON CBA3M MEXKIy HUMH Ha
yposue 3naunmoctn & =0,1,

IMoka3aHo, YTO MOCIEJOBATEIBHOCTH M3 MACHTHYHBIX N0 «IDy» OP kaxgoro tima | pasmepoMm 10 < M;

COOTBETCTBYOT IPOCTOMY MOTOKY [lyaccona u pacnpesesneHus Ciy4aiHbIX HHTEPBAIOB I, MEXIy IOCIe/I0BATCIbHBIMA

3P 0JHOTO THIIA COOTBETCTBYIOT MOKA3aTEILHOMY pacmpeeleHuio ¢ mapamerpom [ B emammax 6. TIpu omiHakoBsIx

YCIIOBUSAX U3MEPCHUN M CKAaHHUPOBAHUS I BCEX KaHAIOB (OPMHUPYIOTCS MOCICIOBATCIBHOCTH W3 WACHTHYHBIX THUIIOB
OP ¢ npaktMuecku paBHBIMA M U CPEIHUMU MHTepBanaMu r;(P), raie P =1,2,3 - nnnexc xanaia.

Iloka3aHo, 4TO pacmupeleNcHus HHTCPBAIOB r; (P, () MEXKIy MapaMd MOCICJOBATCIBHBIX HACHTUYHBIX 10 THITY
OP u3 mo6bIx 1ByX kaHanoB 0 < r;(p,q) =i;(p)—ij(q), rxe i;(p) 1 ij(q) NOCIEAOBATEIbHBIC MOPSAKOBBIE MOJIOKCHHS
OP B xanamax P u (, comacyioTcs ¢ moka3aTeIbHBIMHU PAcTIpeeNeHUAMH C TApaMeTpaMu 1/r;(p,q) =1/r;(p)+r;(q)
. OTo COOTBETCTBYeT MOJE/H ylIpaBieHus npoueccom Ilyaccona P apyrum npoueccom ITyaccona { nomo6Ho u3BecTHON

CXEM€ «CTapT-CTOID» U3MEPEHUsI BPEMEHU XKHU3HU COCTOSIHUM [3]. DaKkTHUEeCKU 3TO 3KBUBAJIEHTHO CYMMUPOBAHUIO JIBYX
HWIEHTUYHBIX IpoueccoB [lyaccona.
Takast MOYTH CHHXPOHHOCTh MMEETCS IUIs Map WACHTHYHBIX DP BceX TpexX KaHAJOB ¢ pa3dpocoM TMOpsKa

ri(p,q). OueBnmmHO, 4eM OoubIme Mj:M/rj W MEHBbIIE rj B cpaBHMBacMbIX KaHamax [ u (, Tem isyumre

CUHXPOHHOCTb. HJ'DI MaJIOBEPOATHBIX TUTIOB OP ¢ 00OIbIIMMY 3HAYCHUSIMH r] SABJICHUEC TTOYTH CUHXPOHHOCTU MPAKTHICCKU

HCYEC3aeT.

IHosToMy MexaHU3M (OPMHPOBAHUS SBICHUS MOYTH CHHXPOHHOTO TIOSBICHHS IOYTH OJHOTHIHBIX OP
0OHapyXEeHHOTO B [2] sBIieTCS KOMOWHATOPHO BEPOSTHOCTHBIM [UI1 CTAlIMOHAPHBIX IMYaCCOHOBCKHX IIOTOKOB M HE
TpeOyeT W11 00BICHEHUS 0COOBIX HEM3BECTHBIX BO3NICHUCTBHI Ha anb(a-pacmai siep.

1 E.V. Akindinova et.al. // Procedings of the International Sumposium on Exotic Nuclear, 2014 p. 651

2. C.D. lnoms u ap. // YOH, 1998, 1.41, ¢.1029

3. A.B.Tlotamos u nip. // CTaTHCTHYECKUE METOIbl H3MEPECHHI B DKCIICPUMEHTAIBHOM Pusnke. M. Atommsnart, 1980,
- 264 c.
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®OPMHUPOBAHUE TMNOCJIEIOBATEJIbHOCTENA SMIMPUYECKUX PACHPEIEJIEHUN OTCUETOB
IIOTOKOB AJIb®A-HACTHI]

Axunounosa E.B., babenxo A.I., Pabomkxun B.A., Baxmenv B.M., Xapumonosa J]JI.

BopoHexckuii rocy1apcTBeHHBI yHUBEpCcUTET, Boponex, Poccus
E-mail: vakhtel@phys.vsu.ru

Cratuctnaeckas o0paboTka MOCIEOBATEIEHOCTEH! MOMEHTOB BPEMEHH PETHCTPAIMM YaCTHI] MTOTOKOB ambda-
n3mydeHust 238-PU, MOJy4eHHBIX C IOMOINBIO TPEXKaHAJIHFHOTO BpPEMS-aMINIUTYJHOTO cIekTpomerpa [l], mo3Bommma
00pa3oBaTh MOCIEAOBATEIFHOCTA BEIOOPOK 00BEMOM N M COOTBETCTBYIOIINX YCIOBHBIX YMIHPUIECKUX PacIpeieIeHUH
(OP) otcuetoB K (At) wactnu 3a narepsamst Al npu Bpemenn gpopmuposanus ogHoro DP ®=nAt , nommom Bpemenn

wsvepenus | u uucne Beex OP T/@ =M [110° —10". Pacnipezenenns K (At) n HHTepBalioB 7=t —t cornacyorcs

Ij
c notokoM Ilyaccona. Iloka3aHo, 4To ycinoBHbIe OP pa3snuuHBIX THIIOB | : (Ngj,---sNy) HPU N = ZHij, rae n; (K (At))
i=0

- YMCNIa ONMHAKOBBIX 3HadeHud K, B BeIOOpKe, K; =0,1,..,1; TakKe COOTBETCTBYIOT pacmpenenenuto Ilyaccona ¢

]
N .

M = ZM ;> TAe M, - ciydaiiHbie GuHoMuanbHO pacnpereneHuble yucna OP mna j. [lokasano, 4o siBIcHHE M -
i=1

KpaTHOTO TOBTOpeHus moGoro u3 Bcex N - Bo3MoxmeIX THoB | DP mpm 10 < M, wu N<20 o6ycrosneHo

KOMOMHATOPHO-BEPOSITHOCTHBIM MEXaHU3MOM (DOPMUPOBAHUS MOCIEAOBATENBHBIX YCIOBHEIX DP. D dexr «Oommkuen
30HBI», PacCMOTPEHHBIH B paboTe [2] HA OCHOBE BO3JACHCTBHS Ha pacmaj siAep BHEIIHUX (PAKTOpOB, SBISETCS B
ACHCTBUTCIIBHOCTH KaYCCTBCHHON XapaKICPUCTHKON OSKCIOHCHIHMAIBHOTO PACHPEACNCHUS HHICPBANOB [, MEKIY

IIOCJICIJ0BATCIIBHBIM U BP, MOPOKACHHOTIO ITYaCCOHOBCKHUM XapaKTEpOM 06p330BaHI/IH BPCMCHHBIX PAI0B OP mis xaxaoro
HUX TUIIa J 1 BCEX TPEX KaHAJIOB.

AHam3 KOPPEIHOHHBIX, KPOCCKOPPEIMIUOHHEIX (QyHKIMH u ux Pypre mpeoOpa3oBaHUH WIS BpEeMEHHBIX
pAOoB OP xaXmoro THWIa BCEX KaHAJOB HE BBISIBHII Hepnom/Iqucmﬁ 2MuH<TJ- < 72yac B OIIEHKax KOppeﬂﬂHI/Iﬁ

rapMOHMK U KOPPEJSUHOHHBIX QyHKIMA cor(t+mT;,s+mT;), M= 01.. .
Toka3aHo, 4TO ABIEHHE MOYTH MEPHO/MYHOTO TOBTOPEHHs ¢ mepuojamMu T, DP pasmuuubiX THIOB | ecTb

CIIC/ICTBUE HE BHCILIHUX NEPHOANYECKUX (DAKTOPOB, KaK MPEIOKECHO B [2], a CTeNeHHOH 3aBHCUMOCTBIO OT T

CIJly4aifHOTO YHCIIa PA3IMIHBIX, HO TOJBKO MPUOIM3UTENLHO TMOX0kKHX 10 hopme IP B nurepsamax I to (rj) C pocToM

I, uB wactHocTH, kak mpu Ij kpatHOM T, =24 daca, Tak u Apyrux mepuomax T, u3 paGoTsr [2].

1 E.V.Akindinova, A.G. Babenko, V.A. Rabotkin, V.M. Vakhtel et al.//Proccedings of the International Sumposium
on Exotic Nuclei, 2014, p.651
2. CE. llnoms, u ap.// YO®H, 1998, 1. 168, Nel0, c.1129.
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BJUSAHAE TIOBEPXHOCTHOM IUIOTHOCTH TIOTJIOTUTEJ S HA HIUPUHY AINIMNAPATHBIX
JIMHAI MECCBAY3POBCKOI'O CIIEKTPA

Baxmenv B.M., Jloncononoe M.A., Cémos FO.I.

OI'BOY BO «Boponexckuii rocynusepcurem, Boponex, Poccus
E-mail: mdolg@rambler.ru

Impraa mMHUH TOTNOMEHHS B MEccOayIPOBCKOHM CIIEKTPOMETPHH SIBISICTCS HCTOYHHUKOM HH(pOpManmum o
CTPYKTypE HCCIEAyEeMOr0 BEIIECTBA, €r0 M30TOIMHOM M XUMHYECKOM COCTaBe, HaIM4Mu mpumeceil u ap. Ilpum stom
BeJMYMHA IIUPHUH BEChMa YYBCTBUTEJIbHA K TOJIMIUHE HcCIeayeMoro oopasna. CyImecTBYIOT pa3MyHbIe TeOPETHIECKUE
anmMpOKCUMAINY IIUPUHBI JIMHANA PE30HAHCHOTO IMOTJIOMICHUS B 3aBUCHMOCTH OT TOJIIMHBI UCCIeayeMoro obpasma. B
JaHHOH paboTe ObLIM MPOBEACHBI H3MEPEHUS MIUPHH PEe30HAHCHBIX IMHUH 11 00pa3mnoB nopomika Fe2Os ¢ ecrectBeHHOM
koHUeHTpamuii °’Fe (2,11%), pasmunbie mo coeil macce: ot 0,1 go 50 mMr. Omverum, uto B 0Opasue Fe>Os munus
mommomenus 14,4 k3B B >'Fe paciuernsieTcss noJ JAeicTBUeM MAarHWTHOTO IOJI HAa CEKCTET JIMHUM, COOTBETCTBYIOLIUX
pa3IMYHBIM 3HAYCHHUSIM MATHHUTHOTO KBAHTOBOTO YHCIA. M3MepeHHs MIMPUHBI IPOBOINCH Il BCEX JIMHUN CEKCTeTa
Ha MeccOayspoBckoMm crektpomerpe MS 1104Em mpoumssonctea IOOY HUM Ousuku B peXuMe MOCTOSHHBIX
YCKOpPEHHH C HEMOJBHXKHBIM HCTOYHUKOM. JIeTeKTUpOBaHHE OCYIIECTBISIIOCh C MOMOIIBI0 CHHHTALLILHOHHOTO
netektopa Ha ocHoBe Nal AxkmuBHOCTbL McTouHMKa °7CO B XpOMOBOI MaTpHlle HA MOMEHT U3MepeHuii paBHsanacy 10.46
MK. JIns monydenust ynpTpamanbix Mace Fe20s3, ucmosib30Banach METOIUKA HOCICAOBATEILHOTO pPa30aBICHUS JBYX
nopomuikoB (Fe203 u C). Cuauana 10 mr mopomka Fe2O3 Obun pa3baBieHsl B 1 Ip yriiepoja, ¢ Tochemyromeit
MEePEeMEIIKON B yJIBTPA3ByKOBOI BaHHE 3aTeM W3 IMOJIyYEHHOW cMecH Oblia clenaHa HaBecka maccoit 10 Mr u CHAT
MeccOayIpoBckuil crekTp. Jlamee mnpoucxommio IMOBTOpHOE pas30aBieHHE JaHHOW CMecH C J00aBlICHHEM
JOTIOJHUTEIEHOTO YIIIEPOJIHOTO MOPOIIKa Maccoi 1 rp, mocie 4ero MoBTOPHO IepeMelINBAIM CMECh B yIIbTPa3ByKOBOM
BaHHe. KOHTPOJIb KOHIEHTPAMK OCYIIECTBILLICSA IyTeM pEHTTeHo(IIoopeceHTHOro aHamm3a. Ha puc.l mpexacraBineH
MeccbayapoBckuii criektp Fe2O3 maccoit 50 Mr ¢ 0003HaYeHHEM JIMHUHN cekcTeTa. Ha pric.2 MaHbl pe3ynbTaThl H3MepCHHN
CHEKTpOB 00pa3IoB pa3HOi Macchl. KBampaTnkaMy OTMEUCHBI IIUPHHBI MIEPBOH JTMHUU MecccOayIpOBCKOTO CEKCTeTa,
TPEYTOJNBHUKAMH TPETheH JMHHUM cekcTeTa. [laHHBIE MO IMMPHWHAM JIMHHAH IOJIydeHBI MOocie 0O0pabOoTKH CIIEKTPOB B
nporpamMe Univem. OO6paboTka NPOM3BOAMIACH JIMHUSIMH JIOPEHIEBOH (GOPMBI € HCMOJIB30BAHUEM KPHUTEPHS
npasonoao6HocT! (2=1.
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0003HAYEHbl TUHUN CeKCmemd.

INonydeHHBIEe ammapaTHBIE CIEKTPBHI CIIA00 COTNIACYIOTCS C TCOPETUYECKOM AamlmnpoKCHMAalUeid 3aBHCUMOCTH
LIMPUHBI JIMHUN MOTJIOMICHUs OT TOJIMHBI 00pa3ua. B [2] Ha ocHOoBe aHanmm3a JOpeHIEBOi GOPMbI IMHUN HCITY CKaHUSI
Y MOTJIOMICHHS OKA3aHO YTO B 00JACTH TOHKHX PE30HAHCHBIX TOMNoTHTENEH (10 4 Mr/cm?), IMpUHA JTMHEHHO PacTeT ¢
YBEJIIMYCHUEM TOJIIHHEL. [loJydeHHBIE C IOMOMIBIO alapaTHbIX CICKTPOB IMINPHHBI JAJICKA OT IMHEHHON 3aBHCUMOCTH.
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HUCCIENIOBAHUE XAPAKTEPUCTHK MECCBAY3POBCKOI'O CHEKTPA B 3ABUCMMOCTH OT
NNAPAMETPOB MNOI'JIOTUTEJSA Fe203

Baxmenv B.M., [loncononoe M.A., Cémoe FO.I".

OI'BOY BO «Boponexckuii rocyHuBepcute™, Boponex, Poccus
E-mail: mdolg@rambler.ru

HccnenoBanusi, OCHOBaHHbIE HA PE30HAHCHOM IOMJIOIIEHUH METOJIOM MeccOayIpoBCKkoil crextpometpun [1],
TpeOyIOT ONTHMH3AIMK [AapaMeTpPOB IOTIOTHTETA WM, MO KpaWHed Mepe, NMOHMMAHHUA 3aBHCUMOCTH 3ddexra
MOTIIOIIEHUST OT TOJIIMHBI oOpasma. B Hactosmel pabote MPOBOMITCS HCCIECAOBAHMSA IOIJIONMCHHUS PE30HAHCHOTO
M3TyYeHUs] B 3aBUCHUMOCTH OT TOJINUHBI oOpasma. Jmd mpoBeneHUs cepuHM MeccOay>’pOBCKHX H3MEpEHHH OBLII
HPUTOTOBJIEHEI 06passl mopomka Fe203 ¢ ectecTBeHHOM KoHIEHTpawmit °7 Fe (2,11%), pasmaunsie no ceoeit macce (0.1,
05,1, 2, 3,5, 10, 13, 15, 20, 25, 30, 35, 40, 50 mr.). 3mepeHus: mpoBOMINCH HA MeccOaydIPOBCKOM criekTpometpe MS
1104Em B pexuMe MOCTOSHHBIX yCKOPEHHH (CKOpocTHas pa3Béptka 12.45 mm/c Opanmack M3 M3BECTHBIX 3HAUCHHUN UL
MarHuTHOTO ™oyt Fe203) BO BTOPOM HM3MEPHUTEIIHHOM KaHAlle CICKTPOMETpa C HEHOJBM)KHBIM HCTOYHHUKOM.
JleTeKTHpOBaHUE OCYLIECTBISUIOCH C TIOMOIIBIO CUMHTIUIALHOHHOTO AeTekTopa Ha ocHOBe Nal AKTHBHOCTh HCTOYHHKA
57Co B xpOMOBOH MaTpulle HAa MOMEHT U3Mepenuil paasyach 10.46 MK. O6pasusl Fe203 GblM cipeccoBaHbl, 3aKIEEHBI
C JIByX CTOPOH B CKOTY M TIOMEILICHBl B CHCHHUAIBHBIC () TOPOTUIACTOBBIC KIOBETHI C OKHOM muameTpoM 10 MM, miomanip
Kpyra LEHTPaIbHOTO OTBEpCcTHsA mox obpasen cocraBuma 0.78 cm?. Mecc6aydpOBCKHE CIIEKTPHI HAKAILIMBAJIACH II0
(ukcupoBaHHOMY BpeMeHH u3Mepenuid ( 2 u 24 dyaca), mo ¢ukcupoBaHHOMY KadectBy crekrpa (100 u 50), mo
(DUKCHPOBAaHHOMY KOJMYECTBY HMITYJbcoB B muke (30000). UToObI MOMy4YUTh CHEKTIPHI C MEHbIIeH Maccoir FexOs,
HCIO0JIb30BAJIACh METOIMKA MOCIIEA0BATELHOTO cMech MBYyX mopomkoB (Fe;Os u C). Cuayana 10 mr mopomika Fez0s3
Opu pasz0aBiieHBl B 1 rp ymiepona, 3aTeM U3 IOJYYEHHOH cMecH Obuma chejaHa HaBecka maccoit 10 Mr m cHAT
MeccOayIpoBCckHuil  criekTp. Jlamee mpoucxomio IMOBTOpHOE pas30aBieHHE JaHHOW CMecH ¢ Jo0aBlCHHEM
JOTIOJHUTEIEHOTO YIJIEPOHOTO ITOPOIIKAa MACCOH 1 Tp, MoCIie Yero CHUMAaJICs TIOBTOPHO MeccOaydpOBCKHI CIIEKTD.

Ha pwuc.] moka3aHa 3aBHCHMOCTh BEJIUYIHHBI
s dekra ot mapameTpoB nornotutenst Fe203. JlanHbie
mo BeymunHE 3(QexTa MmoNydeHsl mocyie 00paboTKH
cuektpoB B mporpamme  Univem.  Obpabotka
MPON3BOMIIACE JIMHUSMH JIOPEHIEBOH (OPMEI ¢
UCTIOJIb30BAHAEM KPHTEPHS MPABIOTIONO0HOCTH Y2<1.
OmvMernm Ha Tpaduke 00JaCTh  MOHOTOHHOTO
BO3pacTaHus MOITOMICHUS BILOTh A0 TommuuHel 0,3
mr/cm?.  TIpOUCXOKICHWE TIPOBATOB B  00JAcCTH
0,3<t<04 wu 04<t<0,5 1pebdyeT AOMOJHUTEILHOTO
SKCIEPUMEHTAIILHOTO U TEOPETHYECKOTO aHajM3a.
. = = - 5 ye Y = Crmag BemmumHBl 3Qdexta mpu OONBIINX TOJIIUHAX

t (rlew2) SIBISICTCS CJICICTBHEM CAMOIIOTJIONICHUS PE30HAHCHOTO
n3MydyeHuss B BemectBe MU 9(P¢ekroB ocrabieHus
U3ITyYCHUS M3-32 B3aUMOJIEHCTBUS ¢ aToMam¥u [2].

OtHocuTensHoe nornollexue B %

Puc 1. 3asucumocmp genruuunvl pghexma om
monwunsl 0opasya.
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QUANTUM TRANSPARENCY OF BARRIERS FOR COMPOSITE SYSTEMS AND IONS
! Vinitsky S.1., * Gusev A.A., * Chuluunbaatar O., ? Krassovitskiy P.M.

1Joint Institute for Nuclear Research, Dubna, Russia
2Institute of Nuclear Physics, Almaty, Kazakhstan

Mechanisms of quantum transparency of barriers in tunneling of a bound pair of particles or cluster due to
metastable states ofa composite system such as "bound pair orcluster +barrier» are studied. With decreasing the number
of degrees of molecular freedom, for example, for a rigid molecule model, the problemhas a great potential for analytical
studies [1]. The complicated problem of this class: the analysis of the mechanismof quantum transparency of a system
consisting of N identical particles has interest for both nuclear and molecular physics, and for physics of semiconductor
composite nanostructures [2]. The results of the work were applied to solve the problem of quantumtunneling of clusters
consisting of several identical particles on a straight line with paired oscillator interactions through narrow and high
Gaussian repulsive barriers commensurate with the mean size of the incoming cluster. Some examples of calculations
for various values of parameters of a Gaussian repulsive barrier, as well as a long-range repulsive barrier, including the
problem of channeling a pair of ions [3] are considered. The analysis of the effects of resonant quantumtransparency of
barriers or wells for a small-particle cluster is made, which are caused by the presence of the barrier metastable states
imbedding in a continuous spectrum localized in a vicinity of the potential energy minima of the composite system, is
presented [4,5]. Scattering models in a three-particle systemin a collinear configuration are considered [6]. To study this
class of problems, the development and improvement of existing analytical and numerical methods, and computer
programs are required [7]. Further research is focused on the analysis of resonant phenomena in the scattering problem
of several particles, the mechanisms of quantumtransparency of potential barriers in the processes of quantum diffusion
of molecules, quantumdiffraction of composite objects, channeling and tunneling of clusters and ions in crystals.

The authors thank Prof. F.M. Penkov for collaboration. The work was supported partially by grant MES RK
0333/GF4 and grant of Plenipotentiary Representative of the Government of the Republic of Kazakhstan in the framework
of collaboration program JINR-RK N 337 2017.

1 P. M. Krassovitskiy and F. M. Pen’kov, Contribution of resonance tunneling of molecule to physical observables
J. Phys. B 47, 225210 (2014).

2. A.A. Gusev, S.I. Vinitsky, O. Chuluunbaatar, L.L. Hai, V.L. Derbov and P.M. Krassovitskiy, Resonant tunneling
of the few bound particles through repulsive barriers, Phys. Atom. Nucl. 77, 389 (2014).
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model: diatomic homonuclear molecule and atomin collinear configuration, Proc. SPIE 10337, 103370J (2017).
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for computing energy levels, reflection and transmission matrices, and corresponding wave functions in the
coupled-channel adiabatic approach, Comput. Phys. Commun. 185, 3341 (2014).
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ABTOMATMBAIIUA CHUCTEMBI YIIPABJIEHHSA M KOHTPOJIA 3JEKTPOCTATHYECKOI'O
HMOHHOI'O YCKOPUTEIA

bexx B.B., Bonkos b.A., I'nywenxo H.B., Toprauee U J]., Kenmos A.A., Kupees A.B., Jlueyz H.C., [lnamos A.B.
WactutyT sinepHo# dpmsuku, 050032 Amvartsl, Kazaxctan

Brimm mpoBeieHbI paboThl IO aBTOMATH3AIUMH CUCTEMBI YIIPABICHUS M KOHTPOJI 3JIEKTPOCTATHIECKOTO MOHHOTO
yckoputenst YKII-2-1. B paMkax BBIIIOJHEHHBIX pab0T, CHTHAJIBHEIE IIEITH BCEX 3JIEMEHTOB HOHHBIX TPAKTOB yCKOPHUTEIS
nepeBeicHbl Ha KOMIBIOTEpHOE ynpasieHue. [IpoBeeHHbIe MEPONPUATUS TO3BOJIIM Ha NOPSJIOK MOBBICUTh TOUHOCTb
YCTaHOBKH, JOJTOBPEMEHHYI0 U KPAaTKOBPEMEHHYIO CTAaOMIPHOCTh MapaMeTpoB Y3I0B yCcKOpHTels. B Heckomsko pas
COKPATUJIOCh BpeMsI HACTPOUKHU U MEePEeCTPOHKU pexkUMOB paboTel yckopurtens. IloBsicuBmInecs Tpe60oBaHUS K TOUYHOCTH
paboTel y3mM0B MOTpeOOBaMM MNPOBEACHUS MOJICPHM3AIMM BCEX MCHOJIHUTENIBHBIX 3JIEMEHTOB YCKOPUTENS, KaK B
YIPaBIIOUICH, TAK U B U3MEPUTCIILHON YaCTH.

Lenu ynpasneHus yckopureneM o0BbEIUHEHBI B €AMHYIO IPOrpaMMYy, YTO MO3BOJMIO pealn30BaTh MPOLEAYPY
HACTPONKH YCKOPHTEN 110 KOHEYHBIM MapaMeTpaM Myuka. BbU co3JaHbl Mpoueayphbl KaIMOpPOBKU MapaMeTpoB y3IIOB,
MO3BOJSIONINE TPOU3BOJUTh UX aBTOMATHUECKYI0 HACTPOMKy MO TpeOyeMbIM XapaKTepUCTHKaM HOHHOTO IyuKa B
MHIIEHHBIX KaMmepax. [Ipu 3ToM coxpaHeHa TMOKOCTb HACTPOMKM HOHHOTO ITydKa C HCHOJb30BAHMEM Pa3IMYHBIX
HabOpOB KaMMOPOBOK, YTO JA€T BO3MOXHOCTh pabOTaTh ¢ y4eTOM TpeOOBAaHUI KOHKPETHBIX MOTpEOUTENEH HOHHBIX
myukoB. lcnonb3oBaHME pa3IUYHBIX HAOOPOB KaqMOpPOBOK oOOecHeuMBaeT MOBTOPSIEMOCTb HACTPOEK MpHU
HEOOX0MMOCTH BOCIIPOM3BE/ICHHS pPaHEee UCIIOIb30BABIINXCS PEXUMOB PAOOTHI yCKOPHUTEIIS.

Bbbuta paspaboTtana M BHeApeHa INpoleaypa KaaMOpPOBKM IHEPTHH YCKOPHTENS MO PE30HAHCHBIM  siJI€PHBIM
peakiusaM. Vcrnonb3oBanue Ui KaIMOPOBKY 3HEPTHH AIapaTHO -HE3aBUCUMOHN IPOLEAYPHI MO3BOJSET TapaHTUPOBATh
TpeGyeMble I POBOJMMBIX PabOT 3HAYEHHs SHEPTrUil HOHOB. B KamMOpoBkax ucnonbsyetcs peakuus 2/ Al(p,y)?8Si,
oOnajaromas LenbIM pAgoM MPEeUMYIIEeCTB epea ApyTUMH peakuusiMu. Hamune 65 pe3oHaHCOB B AMana3oHe dHEPTHi
0,22 — 2,0 M5B, no3BoJsieT MCIOIB30BaTh OJHY MHUIIEHb U KaIMOPOBKM BCEro JWANa3oHa »HEprHil. BosblmMHCTBO
pe3oHaHcOB uMeloT mupuHy MeHee 200 >B,nipu BBICOKOH HaJeKHOCTH HCIOJB3yEMBIX JAHHBIX, PACXOKICHHSA B
N3MEPEHHBIX HEPTUIX PE30HAHCOB, IO Pa3HBIM JIMTEPATypHBIM HCTOYHMKAM, He Ooiiee 50 3B.

PaspaboTan psin npouenyp, CHIKAIOIINX aBapUIHOCTh paboOT M MO3BOJSIIOMNX OJOKMPOBATh W3MEPEHHS IPH
OTKIOHEHHAX XapaKTePUCTUK HOHHOTO IyYKa BBIIIE JIOIIyCTUMON HOPMBI.

PaboTa BhITIONHEHA B paMKaX rpaHToBOTO mpoekTa 1458/I'd®4 MOH PK.

MANIFESTATION OF SUPERASSIMETRIC FISSION MODES 254FmAND 26°No IN THE REACTIONS
22\ +232Th, 238

Gikal K.B. ", Kozulin E. M. %, Itkis .M. %, Itkis M. G. !, Knyazheva G.N. !, Novikov K.V. !, Pan A.N. 1?

IFlerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, Dubna, Russia
2Institute of Nuclear Physics of Ministry of Energy of the Republic of Kazakhstan,Almaty, Republic of Kazakhstan

To investigate the role of closed proton and neutron shells in fission of 254Fm and 26°No nuclei at an excitation
energy of 40-45 MeVthe mass and energy distributions of fission fragments in the reactions 22Ne + 232Th and 22Ne +238U
have been measured. The experiments have been carried out at the U400 cyclotron of the FLNR JINR (Dubna, Russia)
using the double-arm time-of-flight spectrometer CORSET. For the compound nucleus 259No™ formed in the reaction 22Ne
+ 238y an increase of fragment yields in the supreasymmetric mass region 52/208 u, that corresponds to the formation of
fissioning pair of two double magic nuclei: “6Ca and 2°8Pb, were observed. Whereas for the compound nucleus 254Fm”
formed in the reaction 22Ne + 232Th at the initial excitation energy of 45 MeV the superasymmetric fission at the level of
mass yield of 104 was not found. Moreover, for 260No*compound nucleus at the initial excitation energy of 41 MeV the
bimodal fission was observed. In this case at the symmetric mass split the both fission fragments are close to the double
magic 1323n.
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HOW SMOOTH IS THE ENERGY SURFACE OF EVEN-EVEN NUCLEI?
Mikhajlov V.M., Vlasnikov A.K., Zippa A.l.
St.Petersburg State University, St.Petersburg, Russia

To answer this question the energy surface of even-even (e.-e.) nuclei is represented as the surface of the sixth
orderin N, Z coordinates:

E(N+s,Z+t)=E(N,Z)+‘Z%dinkp(N,Z) 6

In Eg. (1) N, Z are even numbers and S,t =0,£2,£4,%6, ie. in Eq. (1) there are 27 parameters dip,, - FOT VeEry

large N and Z d,,, :8”“/(6N ) (82)k E(N,Z). The energy surface, Eq. (1), being perfectly smooth, d,,,, should not
depend on a set of (N +s,z +t) nuclei which is used for calculations of these parameters. To verify it we have chosen
two such sets. The first one (1) includes energies of e.-e. nuclei with s =0 (N =const),|t|<6 and |s|<6,t=0
(Z =const). The second set (Il) includes energies of e.-e. nuclei with t=—s(A=N+Z=const) and
t=s (A+4, A£8, Ax12) . Besides, both of theminvolve a commonset with |¢| |s|, 2 <|s|, |t| < 6 - Calculations of d,

have been implemented for two semimagic nucleiwith Z =50 and N =82 and for deformed one ( A =170). Some values

of d._, (in keV) are given in Table (derivatives of the von Weizsicker energy are denoted as (dinkp )W ). These data and

inkp
all other parameters show that the energy surface of e.-e. nucleiis not quite smooth since d,,,, calculated with sets (I)

and (I1) can appreciably differ. The difference between values for i+k <2 obtained by using sets (I) and (I1) can extend
fromj 20 up to j 400 keV. For d, ,, of the highest orders (j+k >3) the differences are on average smaller though in
some cases comparable with the amount of parameters. The fourth and sixth order parameters which could make more
precise a new formula for calculations of the pairing energy suggested in [1] are practically so small that do not exert
influence upon the exactness of this new formula.

N, Z 68; 50 82; 58 100; 70
set [ 1l [ Il | Il
dy, +d;, 15377 15412 14005 14068 13083 12969
(dy, +d, )W 15227 14534 13112
dzy +d;, 1665 1938 1321 1749 720 743
(dy +d, )., 1038 011 779

1 A.K. Vlasnikov, A.l. Zippa, V.M. Mikhajlov // Bull. Russ. Acad. Sci. Phys.2016. V. 80. P. 905.

NEW APPROACHES TO DETERMINATION OF THE HEAVY ION’S MASS IN MEASUREMENTS WITH
PIN DIODES

Kamanin D.V. !, Pyatkov Yu.V. 21, Strekalovsky A.O.', Zhuchko V.E. ', Goryainova Z.I.*, Naumov P.Yu. ?,
Alexandrov AA. 1, Alexandrova I.A. 1, Mkaza N. 3, Kuznetsova E.A. 1, Malaza V. 3, Strekalovsky O.V. !

1Joint Institute for Nuclear Research, Dubna, Russia;
2 National Nuclear Research University “MEPHI”, Moscow, Russia;
3 University of Stellenbosch, Faculty of Military Science, Military Academy, South Africa.

The use of semiconductor detectors in spectrometry of heavy ions has several methodological obstacles that are
necessary to address. First of themis the pulse-height defect (PHD) that manifest itself in a formof seemingly less energies
than particles actually have. The second is the plasma delay effect (PD) that prevents precise measurements (TOF
technique) due to creation of plasma in detectors, which obstructs the charge collection. In this presentation, we discuss
new approaches to the HI mass reconstruction using Si PIN diodes for measuring both energy and time-of-flight.
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STABILITY CONDITION THROUGH NUCLEAR MASSES DIFFERENCES
Mikhajlov V.M., Vlasnikov A.K., Zippa A.l.
St.Petersburg State University, St.Petersburg, Russia

The standard approach to determination of N and Z for the most stable nucleus at a fixed A consists in minimizing
the mass m (N, z) with respect to N [1]:

dM (N,Z = A—N)/dN =(8/éN —8/6Z )M (N,Z) =0,

where M (N, Z) is supposed to be equal to the total free nucleon mass minus the binding energy B(N,Zz) given
by the von Weizsdcker formula in which B(N,z) is an explicit function of N, Z. In nuclei nucleon numbers change
discretely, however, ifone supposes that masses ofeven-even nuclei m (N +s, z+t) can be reproduced by series similar
to the Taylor one in powers of s and t [2] then parameters of such expansion d, ., are almost equal to derivatives of

M (N, Z) with respect to N and Z: Ao —0*M(N,2)/6'N&*Z . Therefore the parameter entering the stability
condition (dln —dlp) ~(0/oN —0/0Z)M (N, Z) can be obtained out of solutions to asystem of equations forthe reduced
Taylor series (i+k <6) at |s|,|t|=0; 2; 4; 6. Calculations of (dln —dlp) have given a surprising result: for many even-
even stable nuclei (dm —dlp) #0 though ‘(d1n —d1p )‘ is minimal for such nuclei (N, Z,) in comparison with adjacent
unstable ones with the same A, and (dln —dlp) attains to zero at N =N +s,, Where |s | <1. As an example in Table

values of (dln—dlp) are given for A =118 (N, =68, Z, =50), A =140 (N, =82,Z, =58) and A =170 (
N, =100, Z, =70).

Values of (dm —dlp) for A =118, 140 and 170.

A=118;s, =—0.4 A=140;s, = —0.4 A=170;s, =+0.4
N 66 68 70 80 82 84 9% 100 102
dy, —d,, keV | —3273 | 744 4691 | -3131 712 4383 | -2864 | 556 2285

1 A.Bohr, B. Mottelson. Nuclear Structure. V. 1. N.Y., Amsterdam: W.A. Benjamin, 1969.
2 A.K. Vasnikov, A.l. Zippa, V.M. Mikhajlov // Bull. Russ. Acad. Sci. Phys.2016. V. 80. P. 905.

MBMEPEHUE XAPAKTEPUCTHYECKOI'O M3JIYYEHUA KOMIIO3UTHBIX MATEPHUAJIOB IIPH
IF'AMMA-OBJIYYEHUHN NCTOYHUKOM KOBAJIBT-57

bypmucmpos FOM., 3yes C.B., Jlugpanos M.H., Cxopkun B.M.
WuctutyT sipepHbIx uccnepoBanuil Poccuiickoil akanemuu Hayk, Mocksa, Poccus

C nomo1plo HA3KO(OHOBOTO TaMMa-criekTpoMeTpa [l], BKIIIOYAIOMEro JNETEKTOp M3 OCOOOYHCTOrO TepPMaHWS,
pasMenIeHHBIT B HHU3KO(OHOBONH KaMepe C «IIAaCCHBHOI» 3alIUTOH, M3MEpPEHBl CHEKIPHl XapaKTepUCTHIECKOTO
PEHTTCHOBCKOTO M3Iy4YSHHS OT 00pa3oB KOMIIO3HIMOHHBIX MATePHAJIOB, 00IydaeMbIX TaMMa -KBaHTAMH C YHeprueit 122
B or wucrounmka k0GambT-57 axkmmBHOCTRERO 10° Bk, Jlns  cpaBHEeHMs OBUIM HM3MEPEHBI TAKKE CIEKTPHI
XapaKTePHUCTHYECKOTO M3Iy4YeHUS OT TOHKHX 00pa3IoB Bosb(ppaMa, BUCMyTa M CBUHIA OT UCTOYHHUKA K0OampT-57. Ilo
pe3yibTaTaM pPEHTTEHOCIEKTPAIbHOTO aHAJIM3a XapaKTePUCTHIECKOTO HM3IyYCHHS MOXKHO OIpPENeINTh 3JICMEHTHBIH U
KOJIMYECTBCHHBI  COCTAaB KOMIIO3HMIMOHHBIX MaTepuanoB. Ilo ko3ddurmmenty ocmabieHns MaTepHaIaMHU
MOHOXPOMATHYIECKOTO PEHITEHOBCKOTO H3IydeHHMsS, B TOM 4HCle ¢ dHeprueit 122 k3B, ompenensroTcss paaalluOHHO -
3alUTHBIE CBOWCTBAa MaTepuanoB. TOYHOCTh ONIpeEeIIEMbIX 3HAUEHUH 3aBUCUT OT yCJIOBUM U3MEPEHUs U AOCTUTaeT 2%
IIPH BPEMEHHU 00JIyYeHHS U U3MEPEHHs OKOJIO | MUHYTHI.
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1 Andreev A.V., Burmistrov Yu.M., Zuyev S.V., Konobeevskiy E.S., Mordovskoy M.V., Firsov V.I. // Nucl.
Phys. and Eng. 2013. V.4. P. 879.

MACCBI ATOMHBIX SAJEP U CHIAPUBAHHUE IMPOTOHOB B M3OTOHAX N =20, 28,50, 82
2 Braoumuposa E.B., 2 Huxanos b.C., % Tpemvaxosa T.IO.

1 MockoBCKHif TOCYHapCTBEHHBIH yHUBEpCUTET nMenn M.B. JlIoMoHOCOBa, U3NIECKuil (aKybTeT,
2, MOCKOBCKHI TOCYIAPCTBEHHEIN yHHBEpCHTET mMeHn M.B. JlomoHOCOBa,
Hayuno-uccrenosatensckuii macTuTyT HMeHHu [I.C. CroGempupna (HUMAD MI'Y).
Mockaa, Poccus

E-mail: @ vladimirova.elena@physics.msu.ru

Jns oueHku s¢¢exta crnapuBaHUS HYKIOHOB B aTOMHBIX SAPaX MOXHO HCIIOJIb30BaTh XapaKTEPHUCTUKH,
OCHOBAaHHBIE Ha Pa3HOCTIX Macc saep. [IoCTOSHHO pacTymas TOYHOCTh M3MEPEHMS MacC aTOMHBIX AJep, a TaKKe
JMarna3oHa MCClelyeMbIX H30TOIOB JIeaeT MCIOJIb30BaHUE TAKOTO METoja 0COOEHHO yIOOHBIM.

PaccMoTpeHb! pa3nMuHble BapUAHTHl OLEHKH BEJIMYMHBI YETHO-HEUETHOTO PACCIOCHHS MAacCOBOIl NMOBEPXHOCTH
aTOMHBIX si7iep. Ha ocHOBe skcrepuMeHTaJbHBIX 3HaUeHUH Macc siep-u30toHoB ¢ N = 20, 28, 50 u 82 mpocnexena
3aBHCUMOCTb YETHO-HEYETHOTO »(eKTa OT YKcia NMPOTOHOB M II0OKa3aHa B3aMMOCBS3b JAHHON XapaKTePHCTUKH CO
CBOJCTBAMH BHEIIHUX IIPOTOHHBIX 0060 049eK. VIcX0 a1 M3 3aBUCHMOCTH YHEPIUH OTACICHHUs MPOToHa Sp (Z) B LiemovKe
N30TOHOB, HauboJiee OYEBUAHONM OLEHKOW 3¢ dexra crnapuBaHUs MPOTOHOB SBISICTCS PA3HOCTh MEXIy 3HEprHeil
OTJIEJICHUS TIPOTOHA VISl JAHHOTO YETHO-YETHOTO siApa M 3HEPrHed OTICJICHUs MPOTOHA OT COCEJHEr0 HEYETHOro sjpa:
A pp(2) = Sp (@) Sp (Z-1) mm A*pp(Z) = Sp (2)— Sp (Z+1). Ycpemmennoe 3nauenue A®pp(Z) cOOTBETCTBYET yaBOEHHOMY
3HAYCHUIO YETHO-HeueTHOTO P dekra [1]:

A®pp(Z) = (A pp(2) + A*pp(2))/2 = 2 AWy (D).

AHaM3 IermoYeKk N30TOHOB ITOKAa3bIBACT, YTO B CIydae snep, B KOTOPHIX KOJMYECTBO MPOTOHOB COOTBETCTBYET
YaCTHYHO 3allOJIHEHHON 000J04YKe, MPHUBEICHHBIC XapaKTePUCTHKHA OTPakaloT 3P ¢eKT crmapuBaHUs. BripakeHHBIC
CKauK{ B JAHHBIX XapakTeprucTukax npu Z = 20, 28. 50 cOOTBETCTBYIOT M3MEHEHUSAM OJHOYACTHYHBIX SHEPTHH IIPOTOHOB
IIPY 3aMBIKAaHUH ITOJIHOCTBIO 3aMOJIHEHHOH 00omouku. Kak OpUT0 TOKa3aHO paHee Ha MpUMeEpe CIIapUBAaHUS HEHTPOHOB
[2], Hanboiee YyBCTBUTEILHON K MHOTOYACTUIHBIM 3 ()P eKTaM XapaKTepUCTUKOMN SBIICTCS Pa3HOCTH

App(2) ) — A%pp(2) = Sp (Z+1) — Sp (Z-1).

AHam3 CHCTEMAaTHK Pa3HOCTHBIX XapaKTCPHUCTUK UL IEMOYeK W30TOHOB M M30TOIIOB, MPOBEJCHHBII HA OCHOBE
9KCHEPUMEHTAIBHBIX MacC AaTOMHBIX Siiep B CPAaBHEHHH C PE3yJbTATAMH MHKPOCKOTIMYECKHX M MAaKpOCKOITHYECKHX
MoJeneil, MO3BOJIeT MOy YHUTh JOMOJHUTEIBHY0 HH(pOpMauio He TOJIbKOo 00 3¢ dexre crapuBaHug, HO U Takke 00
9BOJIFOIIMU 000I0YEUHON CTPYKTYPBI aTOMHBIX SIIED.

[1] A. Bohr, B.R. Mottelson // Nuclear Structure. 1969. Vol. 1. N.Y.
[2] B.S. Ishkhanov et al. arXiv: 1705.08329 (To be published in Chinese Physics C).
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CHEKTPOCKOTIMY ECKUE AMIUTATYJIbI JIJISI CMEIHAHHBIX KOH®UI'YPAIIUN OTAEISEMbBIX
KJIACTEPOB B OBOJIOYEYHON MOJETH

Tananuna JI.U., 3enencrkas H C.

@enepanbHOE TOCyAAPCTBEHHOE OIODKETHOE YUPEXKICHHUE BBICIIIETO 00Pa30BaHUA
«MockoBckuii rocyJapcTBeHHBIN yHUBEpcUTeT uMeHu M.B. JlomoHOCOBaY,
HayuHo-uccnenoBatenbckuii MHCTUTYT siiepHOU ¢usuku nmenu JI.B. Ckobenbubna, Mocksa, Poccus

B—>Cc+A .
CHekTpoCKONUYECKHE aMILUIUTY Il ® jls OIpeJesIIOT BEPOATHOCTh pachajia siapa B Ha BHUPTyaJbHBIN

KIACTEP ¢ CO CITMHOM S U siApo A ¢ 0pOHUTAIBHBIM MOMEHTOM OTHOCHTENEHOTO aBrskeHus |. TTonHsblil nepejaHHbI MOMEHT
J = | +sceasan ¢ Mmomentamu suep A u B: Jg =J 4 + j . Pacuer cnexIpocKonuyecKux aMIUIUTy I IPOBEAEH B PaMKax

MHOTOYaCTHYHOW MO 000JI0UEK C YYETOM OCTATOYHBIX MapHBIX B3AMMOJACUCTBHI Mexay HykimoHamu [1]. Yarem,

YTO JIETKUE spa B OCHOBHOM M HM3IIMX BO30Yy>KIEHHBIX COCTOSHHSAX HMEIOT 3alOJHEHHYIO ‘1s4> 000110UKy, U B
JJIbHEHIINX pacueTax Oy/eM ee OIyCKaThb.

B—oc+A —
CHeKTpOoCKOIMYECKas aMIUIUTYa ®sz OTHENEHH ¢ HYKIOHOB ‘(1[:))c k(1d)k> or sgpa B

‘(1 p)Bf(4+k)(ld)k> CO CMEINaHHBIMK KOHQUIypaLMsIMK VIS cTydas ¢ < oL ONpeeNseTcs cieayomuM obpasom [2]:

1/2 N/2
B4 )
CoTIN =[ j -(E] > ORI sys (DT

c A LaLgSASg
I-A SA ‘]A
xJ@2j+) (I, +D@L +D@Sg +D 4 | s (TataTo T [Tata), @
LB SB JB

rie N — raBHOE KBaHTOBOE YHCIO OTHOCUTEIBHOTO MBIDKEHHS OTIEILIEMOTO Kiactepa ¢ u siapa A, xodpuuueHT

B_4 1/2

N/2
pa3Bs3bIBa€T aHTUCUMMETPU3AINIO HYKJIOHOB fA1pa B KaHaie B — 4 + c, (—j — MHOXUTENb OTJIAauH,

C A
LA SA ‘]A
| S jr-9 j -CMMBOJI, 3aBUCAINUN OT OPOUTAIBLHBEIX MOMEHTOB L, Ly ¥ cimHOB S,,S, sanep 4 u B; Ti (ti) —
p A LB Ar OB P
Lg Sg Jg
M30TOMUYECKHIE CITMHBI (MX IPOSKIUH) sinep 4, B U Kiactepa c; (:):?T_CJ'I: s g — TMPHBEICHHAs MMPHHA KIACTEpa C B LS-
A—B A “B
CBS3U JUII CMEIIAHHBIX KOH(PUTYpanuit
~B—>C+A _ . ) c—k k. )
®LALBISA Sgs Z A fy]LeSeTe A fAILASATA arfLsT KA@p)* " (d)" : NI}-GK g7 )

[FILsT
B (2 al—i ST — k03¢ GUIUEHTH pa3loXKeHUs BOIHOBHIX GyHKmit snep 4, B u B—K (C opOuTansHeIM MOMEHTOM

L", crimsom S, msocrmmom T ') o Gasucy LS-cssn, K {@p) ™ @ad)* : NI} — 0606mennsrii ko3¢ dunment Tammu
[1], GK gy — remeanormueckuit koddoumuent ('K) ormenenus ¢ HyKIOHOB OT sfapa B cO CMEIIAHHBIMU
ko urypamnusmu [3]

GKysr =P OTFILS T, (1) [F,]Lp S, To: [Fa]le SeTe |

©)
x| PA L FATLASAT A (P [11L S, Ty ®(1A) [F,] L, S, To): [e]I sT,).

Cormacuo [3], T'K (3) ompenensercsi mpousBegeHueM opOuTanbHbix 'K OTmeneHuss HyKIOHOB W3 KaXIOH
000J109KH, 9j-CHMBOJIOM, CBSI3BIBAIOLINM OpOUTAIbHBIE MOMEHTHI BeeX mojacucteM B (3), u 9j-cumBosamu rpymmnsr SU(4).
IMocnenuue mpeacTaBmsitoT co6oii crnuH-u3ocnuHoBbIe 'K, yMHOXKeHHbIE Ha 9]-CHMBOJIBI OT COOTBETCTBYIOLIHMX CIIMHOB
u n3ocnuHoB. KoHkpetHsie BoipaxkeHust i Boraucienus 'K (3) npusenens: B [1].

1 B. I'. Heymauun, 10.0. CmuprOB, Hyrknounsle accoyuayuu 6 reckux aopax. (Hayka, Mockea, 1969).

2. H.C. 3enenckast, I.b. Temnos, Obmennvie npoyeccul 6 sidepuvix peaxyusx. (U3p-8o MI'Y, Mocksa, 1985).
3. L. Mailing, V. I. Kukulin, and Yu. F. Smirnov, Nucl. Phys. A 103, 681 (1967).
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OIITUKO-MOJIEJIbHBI 1 KOJ OPTMODEL-R C YUETOM PE3OHAHCHOI'O PACCESIHMSI
I'enepanos JI.H., ’Kepebyos B.A., Taosa C.M.
POAL-BHUND®, Capos, Poccus

B sKCHepMMEHTAIBHBIX JAHHBIX O YNPYTOMY pAcCesSHHI0 YaCTHI[ Ha JIETYAWIIMX M JIETKHX Spax dacTo
MIPUCYTCTBYET BKJIAJ peakunii (0OMEHHBIX MPOIECCOB W PE30HAHCHOTO pacCesHHSA), KOTOPHIH OCOOCHHO 3aMeTeH II0J
3aJHAMH yriamMu. B HamieM cooOIIeHHH TpeCcTaBieH ONTHKO-MojenbHblid ko OptModel-R, npenxasnaueHHbIN U1
pelneHus 3a/1a4, CBA3aHHLIX C yIPYTUM paccesaueM N, P, d, t, 346He, SLi ma chepuueckux supax (wm sapax GIM3KEX K
HHUM), B KOTOPOM YYHUTBIBAaeTCSI BO3MOJKHAS pe30HAHCHAS COCTABIMIONIAsA YyIpyroro paccesHus. OHa paccMaTpUBaeTCs B
Buie OpeHT-BUTHEPOBCKUX H30JIMPOBAHHBIX pe30HaHCOB.  [lpu ompeneneHMH KBAaHTOBBIX UYHCEN  pE30HAHCA
YUHUTHIBAIOTCS CIIMHBI M YETHOCTH sIpa-MUIIEHU U paccenBaeMoit yacTunbl. Kox paspaboTaH Ha 0CHOBE BEICOKOTOYHOTO
omrtuko-mMoenbHoro koga OptModel [1] ¢ morennmanom Bynaca-Cakcona B hopme, mpunstoir B pabote [2]. Bompoc
PE30HAHCHOTO pacCesHUsA 3aTparuBaicsd HaMU B IMyOmmKkanuu [1].

C nomoutpio koma OptModel-R mpoBemeH MOMCK IHEPreTHYSCKON 3aBHCHMOCTH MapaMeTpOB ONTHYSCKOTO
MmoTeHIMaNa g cucteMbl 2Be+d.

Ha pucyHke npejactaBieH NpoLecC ONUCAHHMS IHEPTeTHUecCKOH 3aBUCHMOCTH WG (epeHIMaIbHOTO CEeYESHUs
YIIpyroro paccesHus aeitpoHoB mig yros 107.9, 112.7, 135.5, 156.4, 168.3 u nonsipuzanust Jjisi SHEPTUHU JEUTPOHOB
2.8 MaB.
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1 Generalov L.N., Zherebtsov V.A., Taova S.M. // 3. PAH. Cep. ®u3. 2016. T. 80.Ne5. C.328.
2. Koning A.J., Delaroche J.P. // Nucl. Phys. A 2003.V. 713. P. 231
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OIEHKA CEYEHU OBPA3OBAHMSI PAJIMOAKTHBHBIX SIJIEP 1°Be IIPU B3AMMO/IENCTBHUH
JNEATPOHOB C °Be

Tenepanos JI.H., Censnkuna C.M., Taosa C.M., Kepebyos B.A.
POAL-BHUMD®, Capos, Poccus

Iposenenue paboT 0OYCIOBIEHO HEOOXOMMMOCTRIO YTOUHEHUs OUCHEHHBIX 3HaucHUA ceuenuii  Be(d,X)1°Be,
MIPECTABICHHBIX B MEXayHapoaHo# 6nbmioTeke oneHEHHBIX MaHHbIX TENDL (Bepcus 2014 1.) [1]. Onenka BbIIoTHEHA
Ha OCHOBaHMHU IKCIIEPUMEHTAIBHBIX JaHHBIX [2], [3], koTophie popMmanbHO pasmmuaroTcs B 1.8 pasa, a Ha camoM jee,
xopouio cornacytorcs. B pabote [2], oTtHOcsmelcs k 1955 T., ceueHHs M3MEPEHBl PAJAMOXUMHYECKHM METOJOM II0
peructpanum B-uactun pacnana saep 1°Be. Ilpu 06paboTke pe3yIbTaToB M3MEPEHHIT aBTOPEI [2] HCIIONIB30BaU 3HAYECHHE
nepuosa nonypacnana 1°Be, pasnoe 2.7-106 net, a ero cospemennoe 3Hauenue - 1.51-10% mer [4]. Hcmonb3oBanue
COBPEMEHHOTO 3HAYCHHWs IEPHOJA MMOJMypacraga MPHUBOIUT K YMEHBIICHHIO 3HaueHuit ceuenuii [2] B 1.8 pasa. B [3]
ceuenust ob6pasoBanus °Be TOJNyYeHBI CyMMHMpPOBAHMEM W3MEPEHHBIX MapuuanbHbXx cedenuin °Be(d,pi)l°Be”(E):
CYMMHPOBaHHUE BeJeTCcs 10 MEPBOTro saepHO-HecTaOmibHOTO ypoBHA 7.371 MbaB [5]. Takue xe nJaHHbBIe UMEIOTCS IS
sHepruu aeitponoB 11.8 MaB [6]. Hactosimas oueHka BBIOJHEHAa C HCIOJIb30BaHUEM MaTeMAaTHYECKOTO ammaparta
3JIeKTpOHHOU Oubimoteku SaBa [7]. Ha pucyHke mpenctaBieHbl MOJHBIC CEYCHUS 00pa30BaHUs PaIMOAKTUBHBIX sICP
10Be (TeMHBIE KPYXKKK — JaHHBIE paboTHl [3], KBagpaTel — JaHHKIE [6], CBETIbIE KPYKKH — IIePEHOPMHUPOBAHHbIE JAHHBIE
[2], xpectux — cymma ceuenuit °Be(d,po) u °Be(d,p1) [8], crutomnas munus — craiiH-onucanue).

, M6

Typll pe

E,MsB
Jlutepatypa
1 Koning A.J., etal. // ftp://ftp.nrg.eu/pub/mwwwitalys/tendl2014/tend12014.html.
2, Heft RE., Libby W.F.// Phys.Rev. 1955. V. 100. P.799.
3. I'enepanos JI.H., A6pamosuua C.H., 3sennroponckuit A.I'.// U3B.PAH. Cep.®n3.2000. T.64. C.440.
4, Audi G. et al.// Nucl. Phys. 2003. A729. P.28.
5. Ajzenberg-Selove F. // Nucl. Phys. 1979. A320. P.144.

6. Schmidt-Rohr U., Stock R., Turek P. // Nucl. Phys. 1964. V.53. P. 77.
7. Zvenigorodskij A.G., Zherebtsov V.A., Lazarev L M. etal The Library of Evaluated and Experimental Data on
Charged Particles for Fusion Application // Report IAEA-NDS-191, Vienna, 1999.
8. Zwieglinski B. etal. //Nucl. Phys. A.1975. V. 250. P.93.
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ONNCAHME KAHAJIOB PACCESTHHMSI a-YACTHILI HA JBYXKJIACTEPHBIX SIZIPAX B PAMKAX
TPEXYACTHUHOM 3AIAYH B METOJIE CAMOCOTJIACOBAHHOI'O PEIIEHUSI YPABHEHHS
IIPEAUHTEP A

I Tonosanosa H.®., % Tonosanos A.A.

1Poccuiickmit rocymapctennbiii yanepeuteT um. A.H. Kocwiruna (Texnomorun. [lusaiin. Vickycctso) Mocksa.
Poccus, E-mail: nina4l110@yandex.ru
2HesaBucuMblii uccneoBated» Mocksa, Poccns, E-mail 699anton@gmail.com

B metone camocornmacoBaHHOTo pewmenus [1, 2] 3agaunm paccessHMS 4acTULbl Ha CBSI3aHHOW JBYX4aCTUUHOMU
CUcTeMe HaxXoJWTCs pemreHue ypaBHeHus lllpemHrepa, 3anmucaHHOTO B KOOpAMHATax SIKoOH

r r
F oD+ VR IR ()= (& ) ORy(h | (1)
rie @, (F) ecTb BOJNHOBAasg (QYHKUMSA BHYTPEHHENO COCTOSHHMSA [BYXYaCTHYHOM CHMCTEMBI IPH JHEpruM E, .
@Oynxkupa  f (R, F) JeHcTBUTENbHA M TAaKOBA, 4TO COXPAHAETCA HOPMHUPOBKA BOJHOBOH (yHKumM. KoMIlmeKcHbIH
noteHMan V (R, r) = v(R,F) +iu(R, F) COIECPKUT Kak nHGOpPMALMIO O JBYXYACTUYHOM B3aUMOJCHCTBUM, TaK U O

COCTOSIHUMM CBSI3aHHOW CHCTEMBI U, B NPHHIIUIIE, MOXKET 3aBUCETh OT sHeprun. B ypasuenuu (1) I u R - koopauHaTh!
SIk0OM OTHOCHTE/ILHOTO JIBMKEHHUS YaCTHIL B IIAPE, U IBUKEHHA YaCTULLI | OTHOCHTENIBHO LIEHTPa MacC CHCTEMBI (M, , My

) M - COOTBETCTBYIOLIasi KoOpauHaTe R mpuBenéHHas macca a [/ -mpuBeAEHHas Macca YacTHll CBSI3aHHOW CUCTeMBbI. B
- 1

ACUMOTOTHYECKOM Cilydae QYHKUMIO f (R, F) MOXHO PaslokUTb B P, OTHOCHTEILHO KOOPAMHAT BEKTOPA I (X,Y,Z).

Koa¢d puimenTsl 31010 psifa Haxonsarcss us ypasHeHus (1). CxomuMocCTh pasnoxkeHus f (R,F) ONPEJeNieTcs TeM, 4To

JEHUCTBUTENbHAS U MHUMAs YaCTH MOTEHIUAA BXOJAT B KaXKIbIH 4ICH PA3JIO’KEHUS HE BBIIIE, YEM B IIEPBOM CTEIEHHU.
B nanHOi#1 paboTe Ha MpUMepe pPeaxiuil paccestHus IPOTOHOB U o YACTHI[ Ha JIETKUX JBYXKIACTEPHBIX sApaxX B paMKax
TpEXIacTHIHONH MO OBIIM MOJyYCHBI ONEHKH BKJIAJOB B ITOJIHOE CCYCHHE KAHAJOB PACCESHHS C MOTCHIMAIAMH U
BOJIHOBBIMH (DYHKIIUSIMH CBSI3aHHOM CHCTEMBI FayCcCcOBa BUA.

1 Golovanova N.F., Golovanov A.A. Czech. J. Phys. 2006, vol.56, Suppl.A, p. 275-280
2. Tlomosanosa H.®. M3sectust PAH. Cepus gusnueckas, 2015, tom 79, Ne 4, ¢.626

VYET BKJIAJIA TSAKEIBIX ME3OHHBIX PE3BAHAHCOB B CHMHIVIETHYIO CIIMHOBYIO
AMIVIATYAY YHPYTI'Oro nmPOTOH- NMPOTOHHOI'O PACCESIHHUSA 1P CPEJHUX W BBICOKHX
SHEPTUAX

Tonosanosa H ..

Poccuiickuii rocynapctennbiii yHuBepcuteT uM. A.H. Koceiruna (Texnonoruu. [Quzaiin. UckycctBo) Mockaa.
Poccus, E-mail: nina4110@yandex.ru

B pa6oTax [1,2] ObIJI0 MOKa3aHO, YTO ONMUCAHHE YIPYTOTO P-p PACCESHUS B METOJE MAaTeMaTHYECKOTO dHKOHAIa
C IByMS CITAHOBBIMH aMIUTHTYJAMH: CHHTJICTHO M

N@® =i,V [d?r o (F,, B /I-o(f, ] In[[1-o(f,, B)IIo(r V1) FFGA)
0
U TPUIJIETHOH
R = i B [d’r, o*(F,, B)/lI-o(fy, B)] In[[1-o(f,, B)]] Jo(r, V=) @
0

XOPOIIIO ONUCHIBAIOT IKCIIEPUM CHTAJIbHBIC JaHHBIE paccessHus mpu dHeprusx 62 Gev [1]u 7000 Gev [2] B o6iactu
NepeAaHHOTO YeThIpEX UMIyJbca -1<4,5 Gev’. B ammummty gax (1, 2) siikoHaneHas npoduibHas GYHKIUS UMEeT OJIMH U
TOT Xe BHA a(F,, B) = exp[—(A+iB) ( v r ) Ky(vr,)/8B]—1 HO ¢ pasubiMu HaGopamu Beqmuun A, B, V u
3HaYEHUSIMU MaTeMaTU4ecKoro siikoHana . B dopmyny (2) Bxomur ¢opm - dakrtop Fo(-1)> SIBISIIOINME Ty dLIen

aHAIMTHYECKON ITOIrOHKOI 3KCIEPUMEHTAIBHOTO MIPOTOHHOTO (OpM - (aKTopa, MHOTyUYEeHHOTO U3 YIPYTOTO PACCESHUS
JJIEKTPOHOB Ha MPOTOHAX.
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B naHHOM [OKJIae IpeICTaBICHBI Pe3yIbTaThl pacyéToB Aud hepeHINaTbHBIX CCYCHIH YIPYTOTO P-p paccesHHs
npu sHeprusx 23.5, 30.7 and 52.8 Gev. Bkian TDKENBIX ME30HHBIX PE30HAHCOB YUYHUTHIBAJICS C IOMOIIBIO BBEICHHS B
o dhepeHnraNIb-HOe CeYeHHE KPOME WICHOB ¢ aMIUMTy 1aMH (1, 2) OTTOJHATENFHO OHOTO WM HECKOJBKHX CIIaraeMbIX

2
COOTBETCTBYIOIIUX CHHITICTHBIM aMILTHTY1aM (2), y KOTOpbiX GopM - hakTopsl yMHOKeHbI Ha oTHoureHus (- t/ Mp).

2 ..
Bapbupyembie napaMeTpsl Mp MOXHO Ha3BaTh yCIOBHBIMH MaccaMu pe30oHaHCOB [5]. [loka3aHo, 4To y4éT pe30HAHCOB

HECKOJIbKO YJIyYIlIaeT COTJIacHe TEOPETHUECKHX pacdéToB M OKCHEPHUMEHTANbHBIX JAHHBIX B 0OJacTy OoJbHIKX
NepeJaHHbIX UMILYJIbCOB.

H.®.I'onoBanosa // M3B. By3os. ®usuka. 2013. T.56. ¢.97

H.®.I'onosanosa // U3B. PAH. Cep. ¢pus. 2014. T.78. Nell. ¢.1425

N.F. Golovanova, A.A. Golovanov // Rus. J. Math. Phys. 2003. V.10. Nell. P.31
M. beptuau, M. KXubdon // ®IYASL. 1995. T.26. Beim.1. C.32

I''A. Jlekcun Y®H 1970. T.102. Bein.3. c. 387.

a0 E

OLEHKA TIOBEPXHOCTHOTO HATSIZKEHHUSI B ATOMHBIX SIPAX
Tonuaposa HI'

Ousnyeckuil paxyiapTeT MOCKOBCKOTO TOCyJapCTBEHHOTO yHHBepcuTeTa nM.M.B.JloMoHOCOBa
Mockaa, Poccus

BenmunHa MoBepXHOCTHOTO HATSDKEHUsI B ATOMHBIX Spax OKa3bIBaeT ONpeJesioniee BIMsHue Ha GopMy sapa.
Boicokue 3HaueHMsT k0d()(HIMEHTa MOBEPXHOCTHOIO HATSDKEHUS G NPHUBOJAT K BBICOKMM JABJICHUSIM Ha SAPO U
CIIOCOOCTBYIOT MHWHMMU3ALMK IUIOIAM MTOBEPXHOCTH; IIPH MAaJIbIX G KyJIOHOBCKHE CHIIBI IPUBOIAT K Ae(OpMAaIHiM
MIOBEPXHOCTH U OTKIOHEHHSAM ee OT chepnueckoid Gopmbl.

OrneHKa MOBEPXHOCTHOTO HATSDKEHUS B AApax C YHUCIOM NPOTOHOB Z M CPEIHHMM pajuycoM R Moxer ObITh
NIPOU3BE/ICHA ISl YeTHO-YCTHBIX sIEp Ha OCHOBE CBSI3M KOd(UIMEeHTa MOBEPXHOCTHOTO HATDKEHUS G M JKECTKOCTH
sapa C [1]:

C =4R’c —3e°Z%/107R.

XKectkoctn C siiep OTHOCHTENBEHO KBaPYTOIBHBIX KOICOAHUI ITOBEPXHOCTH MOXHO OLCHUTH HA OCHOBE JAHHBIX
0 BEJIIMYUHAX CPEAHEKBAAPATHUHBIX AehopMaluii 4eTHO -ueTHBIX anep[2]. Pe3ynbratel pacueToB BemmumnH C mOKa3amu
CUIIBHYIO 3aBHCHUMOCTbD JKECTKOCTH OT 000s104euHO cTpyKTypHl sinep [3]. KoneGanus xecTkocTedl 4ETHO -UETHBIX SAED
KOPPEIMPYIOT C KOJIeOaHUIMHU CPEJHMX BEJIMYMH MOBEPXHOCTHBIX HaTsDKeHHH. [IpoBeneHHbIN pacueT k03¢ UIMEeHTOB
MIOBEPXHOCTHOTO HATSHKEHHs YETHO-YETHBIX sIEp NMOKa3al BBICOKUH ypOBEHb KoJsieOaHWil THX BesmdyuH. B Tabmmue
IIPEICTABICHBI HEKOTOPHIE Pe3y IbTaThl pacdera sxectkocteil C (8 MeV) n kospdummentos o (8 MeV / Fm?). Beicokix
3HAQUCHMH 3TH BEJIMYMHBI JIOCTUTAIOT B SAAPAX C 3aMKHYTBIMH HEUTPOHHBIMH MOJ000JI0YKaMH, a MakcuMyMbel B C 1 ¢
COOTBETCTBYIOT siApaM C ABYMsI OJIM3KMMH K [TOBEPXHOCTH 3aMKHYThIMH HeHTpOHHBIME cTpykTypamu (Ca-48 u Pb-210).
Io mpoBeICHHBIM OICHKaM, MaKCHMAJILHOTO 3HAaYeHHs ¢ aocturaet B supax Pb-208 u Pb-210 (cm. tabmmuiy). s Bcex
YETHO-YETHBIX SfEP PEIKO3EMEIbHBIX 3JIEMEHTOB XapaKTepPHbI OYEHb HU3KHE 3HAUCHUS G, HE IpeBbimamomme 1.5

MeV / Fm? (s tabimie npuBencHs! mamHbie wis  sgep Dy-160, Er-168,Hf-176). JUis M30TONOB OMHOTO M TOTO IKe
JIeMEHTa KoJleOaHHsl MOBEPXHOCTHOTO HATDKEHHS MOTYT ObITh BeCbMa 3HAYMTENbHBIMU. Hampumep, BENMYHHBI G
n3otonoB Ca-44 u Ca-48 ommuarotcs B 15 pas!

VBenMyeHne MOBEPXHOCTHOTO HATSHKEHHUS, NPHBOJUT K YBEJIMYEHHUIO JABIEHHsA Ha Aapo ( p= 2% ), H,
HECMOTpS Ha cIa0yIo0 CXKMMAaeMOCTh SACPHOI MaTepHH, K YBEINICHUIO CPEAHEH NIOTHOCTH sApa [3] ¥ MUHUMAaJIBHEIM

3HAYCHUSAM IapameTpa o .
Z 6 6 20 20 {20 |20 20 40 | 40 | 40 | 66 |68 72 82 82

12 |14 | 40 42 | 44 | 46 48 9 | 92 | 96 | 160 | 166 | 176 | 208 210

33| 135 | 645 | 62 | 45 | 144 [ 853 | 685 | 222 | 680 (19 |1.7 [25 |3310 3970
14|55 | 187 |16|12| 33| 18 | 10 | 37 [ 96 | 12 | 13 | 14 29 34

aln|l >

1 Alder K., Bohr A. et al // Rev.Mod.Phys. 1956. 28., P.433
2. Raman S., NestorJr. CW., Tikkanen P.// At.Data & Nucl.Data Tables. 2001.78,P.1
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3. Goncharova N.G. //Physics of Particles and Nuclei, 2017,48 #1,P.32

ADIABATIC REPRESENTATION FOR ATOMIC TRIMERS
1 Gusev AA., ! Vinitsky S.1., t Chuluunbaatar O., ? Krassovitskiy P.M.

LJoint Institute for Nuclear Research, Dubna, Russia
2Institute of Nuclear Physics, Almaty, Kazakhstan.

The models of atomic trimers with molecular pair interactions for collinear configuration [1] or zero total angular
momentum is formulated as 2D or 3D boundary-value problems (BVPs) in the Jacobi, polar and hyperspherical
coordinates. In the framework of Kantorovich method known in physics as the adiabatic representation these problems
are reduced to 1D BVPs with respect to (hyper)radial (or longitudinal) variable using the expansions of the desired
solutions over an appropriate set of 1D or 2D surface angular (or transversal) basis functions, parametrically depended
on the (hypenradial (or longitudinal) variable. The algorithm for calculating the asymptotic form of the parametric basis
functions at large values of the parameter (radial variable) is presented [2]. The efficiency of the proposed approach and
software is demonstrated by the benchmark calculations of the discrete spectrum of a trimer of Beryllium atoms, as an
example, see Figure.

o
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200 L1111 n)
’é EL: 200
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5 10 15
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Figure: The potential curves of Bes (in K), i.e., the energy eigenvalues depending upon the parameter p (in °A): a.
g(p)/p?. b.the isolines of 2D potentials of Beryllium trimer c. The 12" eigenfuction ¥(xy) of Beryllium trimer.

The authors thank Prof. F.M. Penkov for collaboration. The work was supported partially by grant MES RK
0333/GF4 and grant of Plenipotentiary Representative of the Government of the Republic of Kazakhstan in the framework
of collaboration program JINR-RK N 337 2017.

1 S.I. Vinitsky, A.A. Gusev, O. Chuluunbaatar, V.L. Derbov, P.M. Krassovitskiy, L.L. Hai, Three-body scattering
model: diatomic homonuclear molecule and atom in collinear configuration, Proc. of SPIE 10337, 103370J (2017).

2, A.A. Gusev, O. Chuluunbaatar, S.I. Vinitsky, L.L. Hai, V.L. Derbov, and P.M. Krassovitskiy, Model of diatomic
homonuclear molecule scattering by atom or barriers, Comm. Comput. Inf. Sci. 678, 511 (2016).

AKTUBALIMOHHBIE M3MEPEHHSI MHTEIPAJIbHBIX CEYEHWI PEAKLUI 12C(dn)i3N, 14N(dn)i50,
LIN(d,t)23N, 1N(d,n+a)13N, 260(d,n)l7F

T'enepanos JI.H., Abpamosuy C.H.
POAL-BHUND®, Capos, Poccus

Hactosimass pabota sBisieTcss Mpojo/bkeHHeM myOimkamuud [1], B KOTOpoH MpeAcTaBiIeHBl pe3yJbTaThl
M3MEpPEeHUH, BBIMOJHEHHBIX B MpouuioM. PaboTa HampaBieHa Ha NONOJHEHHWE HOBBIMH JaHHBIMH JJIEKTPOHHOM
6ubmmoteku simepHO-Gu3ndeckux KoHcTaHT SaBa [2]. Tlpu »Heprusx aeitpoHoB 2-12 M3B Ha 31eKTpOCTATHYECKOM
tanaeMHoM yckoputene OITI-10 (POAL-BHUMDO®) axtMBauMOHHBIM METOJOM H3MEPEHBl CEUEHHUsl peakiui
2Cd,n)1N  (B*T12=9.965 wmmm), MN@d,n)P0 (B Tw2=122 c¢), MN@E)SBN B T12=9.965 wmun.),
AN(d,n+0)BN(B*, T1/2=9.965 mun.), 160(d,n)1’F (B*,T12=64.5 c). O6nyueHne MHIIEHEH BBHINOJIHEHO B BO3YHIHOM
atMocdepe, B KOTOPYIO MyYOK JICHTPOHOB W3 HOHOINPOBOZA YCKOPHUTENS BBIBOJMICS Yepe3 aIOMHHHEBOE OKHO
TOMIMHON 15 MKM. WM3MepeHus BBIIIOJHEHBI Ha IBYX THIIAX MHIICHEH: jaBcaHoBbIX IuieHKax (CsH4O2) tommumHOM
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(5+1%) MKM, HaKJICCHHBIX HA TAHTAJIOBHIC JMCKH AHAMETPOM W TOJIIUHOMN COOTBeTCTBEHHO 24 MM H 300 MKM, M CIOSX
BO3Iyxa 3 WM 7 MM MEXIy aJIOMHHUEBBIM OKHOM U TAHTAJOBBIMHU JUMCKAaMHU YKa3aHHBIX pasMepoB. B m3MepeHusx c
BO3AYIIHEIMH MHIICHSAMHU MPOBOJIMINCE 3aMephl aTMOC(epHOTO AaBieHUs. [I0TOK IeTPOHOB Ha MHUIICHB H3MEPSUICS C
norpemHocThio 1%. Ero m3Mepenne Obuto Takum ke, kak u B [1]. Tlocie o0iydeHus cTommep paaroaKTHBHBIX SEp
(TaHTANOBBIH AVICK C JIABCAHOBOI MHIIEHBIO WM 0€3 Hee) IEepeHOCHICS Ha MOBEPXHOCTh TEPMAaHHEBOTO JI€TEKTOpa | 110
perucIpanuy aHUTHISLMOHHBIX KBaHTOB ¢ sHeprueil 511 k3B B Teuenue 20 munyT B 100- CeKyHIHBIX BpPEMEHHBIX
HHTepBajaxX H3Mepsulach B 00IIEeM Cllydae MHOTOKOMIIOHETHAs BpeMeHHas QYHKIHSA paclaja dTHX sjaep. Y UUTHIBAJIOCH
MEpTBOE BpeMs NPH PETUCTPAllM aKTUBHOCTH, ITONpPaBka Ha KOTOpPOE B HAYAIBHBIX BPEMEHHBIX MHTEpBaNax MHOTAA
coctapia 10 5%. D¢ QexTuBHOCTE perncTpanmuy >THX KBAHTOB OBITAa OIpEIeNieHa C IOTPENmIHOCTBI0 5% 1o
NaCIOPTH30BAHHON AKTMBHOCTH HcTouHMKa 22Na. JlmirensHocTs 00JydeHHs (S5 MHH) U HHTEPBal BPEMEHH OT
OKOHYaHUSA 00JydeHUs 0 M3MEPEHHUS aKTHBHOCTH HapaOOTAHHBIX PaJHOAKTUBHEIX sep (5-9 MuH) OB pa3sIMYHBEIMU
B CEpUAX U3MEPEHUI.

1 I'enepanos JL.H., A6pamosuu C.H., Censakura CM. // U3s. PAH. Cep. ®@u3. 2017. 1. 81. Ne 6. c. 717.
2. Zvenigorodskij A.G., Zherebtsov V.A., Lazarev L.M. etal The Library of Evaluated and Experimental Data on
Charged Particles for Fusion Application // Report IAEA-NDS-191, Vienna, 1999.

HWCCJIEJOBAHUE HEATPOHHOI'O TAJIO B 2B

. Hanunos A.H., 1ﬂeMbﬂH06a A.C., Y Ozn06nun A.A., 2 Benseea TJI., ?’Fowapoe C.A.,* Macnoe B. A., * Cobones IO.
I, ® Xne6nurxos C.B.,° Twopun I'I1, Gﬂofcchedmoe /1., 7Myxame()9fcaH06 E.°8 Tpsacka B.

THaumoHabHBIN MCCE0BaTENLCKHI 1eHTp «KypuaToBckuii mHCTHTYT», TWI. Akagemuka Kypuatosa, 123182
Mocksa, Poccus

2HesaBucuMblii YaupepcuteT mrata Mexuko, 5000 Tomyka, Mekcuka

3MOCKOBCKHIA TOCY IapCTBEHHBIN yHHBEPCUTET nMenn M.B.Jlom oHOCOBa, Jlenuuckue Topsl, 119991 Mocksa,
Poccus
400be/MHEHABIN MHCTUTYT SICPHBIX MCccnenoBanuil, 141980 Jly6ma, Poccus
SPajmesslii uHCTUTYT UM. B.I'. Xnonuna, Cankr-Iletep6ypr, Poccus
SUncTuTyT smepHoii pusukm, 050032 Ammarter, Kazaxctan
"Ka3axCKuii HAMOHAJILHBIH YHUBEPCHTET UM. alb-Papadu, 050040 Amvatei, KazaxcTan
8Vuupepcuter IOBACKION, OUHIAHMS

BbUT POBEIeH SKCIEPUMEHT 1O TIOUCKY COCTOSHHUN C HEMTPOHHBIM rano B 2B. M3mepenus mpoBOIMIHCE HA
yctanoBke LSC Ha muknotpone yHuBepcuteTa IOBsickyna (PunnsHaus). Maes paGoTel cocTosifia B TMOUCKE JABYX
COCTOSTHHUI ¢ 0KHIAEMBIM HEMTPOHHBIM rao, 1 u 2 .

bbum nosydensl gudGepeHnuaibabe cedeHns 06pa3oBaHus HECKOIBKMX YPOBHEH 1B, B TOM 4HCIE ¥ HCKOMBIX.

MeTogoM aCUMIOTOTHYECKUX HOPMHUPOBOYHBIX KOI(P(HULIHUEHTOB NOJy4YEHBl NpeIBapUTESbHBIE JaHHBIE O
pammycax rajgo miss coctosHui 2 M 1 : 5.9 ®Mm u 7.7 OM COOTBETCTBEHHO, YTO 3HAYUTEILHO OOJbLIE paadyca
BaJICHTHOTO HEHTpOHAa B OCHOBHOM COCTOSIHUH. DTO MOXTBEPKIAET HAJIMYHE HEUTPOHHOIO Tajio B OTHX COCTOSHUSX,
KOTOpBIE HAaXOJATCs B AUCKPETHOM CHEKTpe. BrepBble 0OHApy»KeHO rajio B COCTOSIHHMAX, OTIMYAIOIIUXCS OpUEHTALUeH
CIIMHA.

HeoumauHblil pe3yibTaT MoJlydeH pist cocTosHus 3, 3.39 MsB, Haxozsmierocs B HEMPEPHIBHOM CIIEKTPE, Ha
paccTostHum 19 k3B BeIme mopora passana 2B — 1B +n, ero pamdyc rajo okasaics yBeJIMUeHHBIM U PaBHBIM ~ 6.5 OM.
D710 yKa3bplBaeT Ha HAJIMYME TaJI0 TAKXKE U B 3TOM COCTOSHUU. [0 CUX TOp HEHTPOHHOE rajlo B HECBA3aHHBIX COCTOSIHUAX
Ha00aI0Ch TOJBKO y YJIEHOB BpallaTesIbHbIX IOJIOC.
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HNCCIEIOBAHUE T'AJIO B UBOBAP-AHAJIOT'OBBIX COCTOSAHHUAX

L Hempanosa A.C., Y Oznobnun A.A., 1ﬂaHuﬂoe A.H., 2 Bensesa T.JL, 3F0Hlmp06 C.A.

'HanmoHabHEIH WCCENoBaTENbCKUA TeHTp «KypUaaToBCcKmit MHCTHTY >, TI. Akanemuka Kypuatosa, 123182
Mocksa, Poccus
2HezasucuMblil YausepcuteT mtata Mexuko, 5000 Tomyka, Mekcuka
3MOCKOBCKHIA TOCY IapCTBEHHBIN yHHBEpCHTET nMenn M.B.JlomonocoBa, Jlennnckue ropsr, 119991 Mocksa,
Poccns

OmHuM U3 caMBIX IOCJIEIHUX Pe3yJbTaToB ObuTa pa3paboTka aHamora Metoga MM mit peakuuil mepe3apsaku
(®He,t), ucnomp30Banue KOTOPOTO MO3BOJMIO OTPEACIUTL MPOTOHHOE Talo B MEPBOM BO30YKIECHHOM COCTOSIHHH SIpa
13N. Oxkazanock, 4T0 TO COCTOSHHE HMEET TAKOH KE PajUyc, Kak W 3epKambHOe coctosHme 1/2+, 3.09 MaB B 13C,
HECMOTpSI Ha TO, YTO OJHO U3 HUX JISKUT O] IOPOTOM 3MUCCHU HEUTPOHA, a BTOPOE — MOPOrOM BBLIETa IMPOTOHA. JTO
HaOIIOICHHE TO03BOJIIET CAeNaTh CIEAYIOMMUIl IIar ¥ MOMBITAThCS MPUMEHUTh 3TOT MOAXOM I U3MEPEHUS Pajuy COB
n300ap — aHAJIOTOBBIX COCTOSTHHM.

He ucKimoueHsl yBeIMYeHHbIE DAY Chl B IEPBBIX BO30YKICHHBIX cocTosHuAX TpuiuieTa ®He - 8Li— 6Be, koToprie
TAKXKE MOTYT HMETh CTPYKTypY Tao.

Xopomo wu3BecTHO HeifrponHoe ramo B °He. Ilpeicka3aHo MPOTOH — HEHTPOHHOE Trajlo B BO3OYKIEHHOM
cocrosuuu 0%, 3.56 MoB B SLi, nesxamem Bcero na 137 k3B nuxe nopora 5Li >*He + p + n. Ero pamuyc He H3BECTEH,
HO mpejackazaH npumepHo Ha 0.25 @M Gosbme pamuyca ®He. MoXHO 0XMIAATH TOSABJICHUS ABYXIPOTOHHOIO Tajio B
OCHOBHOM cocTtosinuu Be.

B kauyecTBe mepBOro Imara HaMH OBUIM MPOAaHATM3HPOBAHBI OMyOJMKOBaHHBIC WG (epeHInaIbHbIle CeYeHHs
Heynpyroro paccestuus He + ®Li ¢ Bo30Oyxaenuem coctosuus 2.19 MaB, 3* npu sneprusix 34 u 72 MaB u 3.56 M»B, 0*
npu 3Heprusx 24.6 u 27 M»B.

BeposatHo coctosnue 0, 3.56 M»B uMmeeT Takoii ke paguyc, Kak H ero «60poMHaHOBCKHiT» nzodap—ananor SHe.
VYBemmueHune paauyca, npeackasaHHoe B padbote [1] n3-3a 6oJee NpoTHKEHHOW BOJHOBOW QYHKIUHU p — N, O-BUAUMOMY,
HEe UMeeT MecTa. TakuM o0pa3oM, mepexo] oT OOPOMHUAHOBCKOW K CTPYKTYpe TaHTO, HE MEHSAET PaJlyCca COCTOSHHS.
HamoMHMM, 9YTO NPOCTPAHCTBEHHAs CTPYKTypa sapa SHe Oblla TIpejcKa3aHa IOBOJBHO CJIOXKHOH, B KOTOPOMH
TIPOSBIBUTNCH KOPPEIMINH BYX THUIIOB: «CHUTapa» M «IMHEHTPOH». B CBA3M C 3THM BO3HMKAET BOIPOC, NEHCTBUTEIHHO
m1 npu nepexoge oT ®He k m3o6ap-ananory B SLi cTpyKTypa COCTOSHHS MEHSETCS HACTOJBKO CHIIBHO, YTO TpebyeT
BBEJICHHS 0COOOW pa3HOBHHOCTH TAHTO - Tajo.

[1] K. Arai, Y. Suzuki, and K. Varga, Phys. Rev. C 51, 2488 (1995)

HCCIEJOBAHHUE D3K30TMYECKHUX COCTOSIHUM B JIETKHUX SIAPAX
1 bypmebaes H., 1 Kepumxynos JK.K., Zﬂewzb}moga A.C., 13 Iicanceiimos JIM., L Anumos K., 1 Myxameoacanos E.C.

MucmuryT SAnepuoii Gusuxu, Anmatel, Kazaxcran
2HUL] Kypuatosckuii UuctutyT, Mocksa, Poccus
300baMHEHHBIH MHCTUTYT SAEPHBIX McclenoBanuy, Jyouna, Poccus
e-mail: janseit.daniar@gmail.com

HccnenoBanne ynpyrux ¥ HEYNPYTHX HPOIECCOB B3aMMOJCHCTBHS (L-4aCTUI C SAPAMH SBISICTCS OJHUM U3
Ba)XKHBIX HCTOYHHKOB HWH(pOpManud 00 OCHOBHBIX W BO30YKICHHBIX COCTOSHHH AaTOMHBIX siep. OTH IPOILECCHI,
MIPOTEKAIOMINE MIPH CTOJKHOBEHHSX 0.-4aCTHI[ C YHEPTHSIMH B HECKOJIBKO ACCATKOB M»3B, MO3BOJIIOT MOIYyYUTh BasKHBIE
CBEJICHUS O CTPYKType KOHKPETHBIX SACPHBIX COCTOSHAN. OOBIYHO MPU TAKUX SHEPTHUSIX IPOTEKAIOT NPSAMBIC TIePEX0/IbI
OT HaYaJIbHOTO K HEKOTOPOMY KOHEYHOMY SIACPHOMY COCTOSHHIO 0e3 MPOMEKYTOYHBIX nporneccoB. CrieioBa TeJbHO,
MIPSIMBIE MEPEX0 bl TO3BOJISIOT MOJIy4aTh JAHHBIE O CBOMCTBAX Pa3IMIHBIX COCTOSIHUH sep.

OcoObIil WHTEpEC TNPEACTABISIET IOTCHIHAN B3aHMOJCHCTBHS CIOXKHBIX YaCTHI[ C SAPAMH, HMCIOIIUMH
BEIPAXEHHYIO KIIACTEPHYIO CTPYKTYpPY. s HOTOOHBIX siziep ¢ NCKaKeHHOM 000109eqHOH CTpy KTypoii Mozens 00omodek
HE OTHCHIBACT HMX XapakKTepHbIE OCOOEHHOCTH. B HEKOTOPBIX HOBBIX MOJX0JAX, TAKMX KaK TUIMOTE3a O.-4aCTHYHOTO
koHzeHcaTa [1], mpeanonaraercst MosiBICHHE KIACTEPHBIX COCTOSIHMN C yBEIMYEHHBIM pajMycoM. 3ajaada H3MepeHHs
pamiycoB sep B HECBSI3aHHBIX COCTOSIHMSX IIPHBJICKIO OOJBIIOE BHHMAaHHE B IIOCIENHEE NCCATHICTHEC B CBS3H C
THITOTE30H O BO3MOJKHOM CYIIECTBOBAHHUH (L-9aCTHYHOTO KOHJEHCaTa B alb(da KOHEUHBIX sapax [2].

Jlo cUX TIOp CYHTAJTIOCH, YTO HamOoJiee BEPOSATHBIM KaHIUAATOM MMEIOINM CTPYKTYPY O-4aCTHYHOTO KOH/CHCATA
SBIICTCS M3BECTHOE cOCTOsiHME Xoitnma 7.65 MaB (0*2) B aape 12C. B KOHTEKCTe 0-4aCTHYHOM THIOTE3bI, yPOBEHb 7.65
M>5B B aape 12C cuuraetcss caMbIM IIPOCTBIM HPHMEPOM (.-4ACTHYHOTO KOHAEHCATHOTIO COCTOSIHHMS M MIPAET BaXKHYIO
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poJib 151 perieHus 310l npobiembl. B pabote [3], nmpeanonaraercs, 4T0 aHANOTHYHBIE COCTOSIHUS XO¥iIa MOTYT OBITh
06HapYKEHBI y HEKOTOPBIX COCEIHHX Sep, HapuMep, BO30YKIeHHOe cocTosHue 8.86 MaB (1/2°) B aape 13C.

KpoMme amanora coctosuust Xoita, sapo 13C mHTEpEeCHO €Ile TeM, 4TO B €r0 CNEKIPE MOTYT COCYIIECTBOBATH
pasIMYHBEIE CTPYKTYpPHI, HAIPHMeEp, CTPYKTypa Tano. OOHapyKeHHe HEHTPOHHOTO TaJlo CTaJI0 OJHUM W3 Hanboee sIpKAUX
OTKPHITHH B sIEPHOI (U3MKe, CIETAHHBIX B KOHIIE NMPONUIOr0 CTOJIETHA. [0 HacTOSIEeTro BpeMEHH HEHTPOHHOE Trajo
HaOJFO/IATIOCH TTOYTH HMCKIIOYUTEIHEHO B OCHOBHBIX COCTOSIHHAX HEKOTOPBIX PAaMOAKTHBHBIX snep. Ho Takoe sBieHne
rajo MOXeT ObITh OOHAPYKEHO U B CTAOWJIBHBIX siapax. B wactHOCTH, B paboTe [4] ObUIO ClENaHO MPEI0NIOKCHHE, YTO
nepBoe Bo30yxaeHHoe cocTosHue 3.09 (1/2°) aapa 13C MokeT UMeTh CTPYKTYpy Tajlo ¢ yBEIHYEHHBIM PAaIHyCOM.

B nanHO# paboTe mpecTaBIeHbl Pe3yJbTaThl CPETHEKBAIPATHIHBIX PAIMYCOB «IK30TUICCKIX», BO30YKICHHBIX
coctosHuii aapa 13C, KoTophle 3aBepINAIOT MUK MCCIEIOBAHMI MO U3yYEHHIO Falo COCTOSHUN B CTAOMIBHBIX SAPAX.
JINTEPATYPA
1] TohsakiA., Horiuchi H., Schuck P. and Rdpke G. Alpha Cluster Condensation in 2C and '°0O // Physical Review
Letters. - 2001. - Vol. 87. - P.192501.

[2] Schuck P., Funaki Y, Horiuchi H., Ropke G., Tohsaki A., Yamada T. Alpha-particle condensation in nuclei //
Nuclear Physics A. -2004. -Vol. 738. - P. 94-100.

[3] Milin M. and von Oertzen W. Search for molecular bands in '3C // European Physical Journal A. - 2002. -Vol. 14.
- P.295-307.

[4] Otsuka T., Fukunishi N. and Sagawa H. Structure of Exotic Neutron-Rich Nuclei // Physical Review Letters. -
1993. - WL 70. - P.1385.

POXJIEHUE IIOAINOPOIOBBIX IMOHOB B CTOJTKHOBEHUAX TAXKEIBIX MOHOB B
IT'MAPOAMHAMMWYIECKOM MNOJAXOJE C HEPABHOBECHBIM YPABHEHUMEM COCTOsHUSA

Josiuenxo A.T. Y, Mumpononsckuii UA. ?

HleTep6yprekuii roCcyIapCTBEHHBIH YHUBEPCUTET MyTeit coolOmenns Mmmepatopa Anekcanapa |,
Cankr-TletepOypr, Poccwus,
[letepOyprekuii MHHCTUTYT sinepHOi Gusuku uM. B.I1. Koncrantirosa, HUL] «Kyp4aToBCKUI HHCTUTYT»,
T'atauna, Poccus

PoxieHHEe IMOHOB B CTOJIKHOBEHMAX TSDKEIBIX MOHOB IIPU SHEPIUSAX MEHBIIUX Nopora ux poxaeHus — 300 MaB
B CBOOO/HBIX HyKJIOH-HYKJIOHHBIX CTOJIKHOBEHHSX OKA3bIBACTCS BO3MOJXKHBIM 32 CUET KOJUICKTHBHBIX 3(()EKTOB.

VYder KOMIEKTUBHBIX 3()(PEKTOB €CTeCTBEHHO IPOBOUTH B paMKaX T'MAPOJMHAMHYECKOTO MOJXOZa, SBHBIM
00pa3oM BKIIOYAIOIIET0 MHOTOYACTHYHBIH  XapakTep CTAJKUBAIOIIMXCS TSOKENBIX HOHOB. OIHAKO MpH HU3KUX
MIOMIOPOTOBBIX JHEPTHAX WIS CTATIKUBAIOIIUXCS TOKEIBIX HOHOB HYXXHO MOJU(PHUINPOBATE THAPOIMHAMHKY YIETOM
HEPABHOBECHOTO YPABHEHHUS COCTOSIHHMS, OIHCHIBAIOMIETO MEPEX0] OT NMEePBOHAYAIBHO HEPABHOBECHOTO COCTOSHHSA K
COCTOSIHHIO JIOKAJIbHOTO TePMOIMHAMHYECKOTO PAaBHOBECHS.

B Ttakom momxone (cMm., Hampumep, [1-3]) Hamu ObUIM ONHCAHBI OJKCIEPUMEHTAJIbHBIE JBOWHBIC
b depeHnInanbHbIe Ce4eHUs 00pa3oBaHMSA NMPOTOHOB M JIETKUX ()ParMEHTOB B CTOJIKHOBCHMSAX TDKEIBIX HOHOB
MIPOMEXYTOUHBIX dHEpTHid. B pas3ButHe 3Toro mojaxoja B JAaHHOW paboTe BBIYMCIEHBI NBOMHBIE MG (epeHInaIbHbIe
CEUECHHs POKJCHHS T+ - ME30HOB pU dHEPTHIX 94 MoB/HyKinon i cToikHOBeHUH noHOB 60 ¢ pasHpiMu sapamu,
KOTOPBIE COMIACYIOTCSI C UM EIOLUMUCS SKCTIEPUM EHTAJIbHBIMU JTAHHBIMU [4].

Pacuer runpomHaMHuYecKoil IBoOLMK 00pasyolerocs ropsdero mitHa hot Spot B mpouecce sapo-AIepHOTO
CTOJIKHOBEHHS MPOBEJICH € yueToM 3((PEKTOB SJIEPHOM BA3KOCTH. B 3TOM mpouecce Mbl BeiiensieM [1-3] craguto cxatus,
CTaJMIO pa3pexeHus M CTaJuio pas3iiera ¢ o0pa3oBaHMEM BTOPHYHBIX YaCTUIL (IIMOHOB, NMPOTOHOB U (DParMeHTOB).
Cornacue ¢ 9KCHEPUMEHTAIBHBIMH YHEPTETHYECKUMH CHEKTpaMU MTHOHOB [4] nocTurHyTo 6€3 BBEJCHHMS ITOATOHOYHBIX
IapaMeTpoB U OKa3bIBaeTCs OoJiee yIauHbIM 110 CPABHEHHIO C HAIIMMH NpEJbIIyIMMH pabotamu [5,0].

1 D’yachenko A.T., Gridnev K.A., Greiner W. //J. Phys. G. Nucl. Part. Phys. 2013. V. 40. P. 085101.

2. Hesaenko A.T., Tpumaes KA., Mutponomsckuit M.A. // V3. PAH. Cep. ¢us. 2015. T. 79. Ne7. C. 952.

3. Hesaenko A.T., Mutpononbekuid MLA. // Tesuckl 66 MexnyHapo HOW KOHQEPEHIUU MO MpodieMaM saepHOM
CIIEKTPOCKOIUU U CTPYKType aToMHOro siapa «Snpo-2016», Capos 2016, C. 80.

4, Badala A. et al. // Phys. Rev. C. 1991. V. 43. P. 190.

D’yachenko A.T., Lozhkin O.V. // Nucl. Phys. A. 1997. V. 626. P. 81.

6. Hpsuenko A.T.// Uzs. PAH. Cep. ¢pus. 1998. T. 62. Nel. C. 185.
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STUDY OF D(*H,n)X, D(*°Ne,n)X REACTIONS IN THE REGION OF ULTRA-LOW ENERGIES

DBystritsky V.M., ?Dudkin G.N., ¥Filipowicz M., VFilippov 4.V., ®Nechaev B.4., ®Nurkin 4. ?Padalko V.N., ¥Pen kov
F.M., “Tuleushev Yu. zZh., Varlachev V. 4.

DJoint Institute for Nuclear Research, Dubna, Moscow Region, Russia,
2National Scientific Research Tomsk Polytechnical University, Tomsk, Russia,
3)AGH University of Science and Technology, Faculty of Energy and Fuels, Cracow, Poland,
Ylnstitute of Nuclear Physics, Ministry of Energy, Almaty, Kazakhstan

Recently, the papers [1,2] have appeared in the literature describing the study of the interaction of hydrogen ions
and neon of natural composition, accelerated to 10-23 keV energies with the deuterated titanium target (Ti/TiO2:DX).
The authors of [1,2] suggest that the experimentally revealed neutron yield in the D(*H,n)X and D(2°Ne,n)X reactions
can be explained in the framework of the theoretical models, suggesting the method for formation of coherent correlated
states of the interacting particles, and the certain calculations performed in [3] show that transparency of the Coulomb
barrier in the crystal lattice can increase up to complete "penetrability” depending on the external actions. This approach
can be referred to the LENR approach (low-energy nuclear reactions). In the Russian terminology, this area of the
research refers to the so-called cold nuclear fusion (CNF) which has both evident supporters and ardent opponents (see,
for example, [4]). The aim of our paper is to study the mechanismof neutrons appearance in the above reactions. For this
purpose we have performed the computational and experimental investigations of the nature of background processes
occurred in the study of nuclear reactions in the region of ultra-low cross sections on deuterium-containing targets (TiD2)
under effect of hydrogen and neon ions. The experiments were performed on the pulsed plasma Hall accelerator [5] in
the range of ions energy 26+32 keV. It is shown that in the reaction with protons -D(p,y)3He, the yield of background
neutrons and y-quanta with the energies less than 4 MeV is stipulated mainly by the presence of natural impurity of
gaseous deuteriumin gaseous hydrogen and D(D, 3He)n reaction with subsequent interaction of neutrons with the target
surrounding materials, including the materials of detectors, by the (n, y) or (n,n’y) reactions. A small contribution is made
by the chain of reactions, the beginning of which is the elastic scattering of hydrogen ion with the transfer of energy to
the target deuteron - D(*H, H)D — D(D, 3He)n — (n, y) or (n, n’y). It is shown that the large yield of neutrons and y
quanta, recorded in the interaction of neon ions with the deuterium containing targets is entirely caused by the chain of
reactions, the beginning of which is the elastic scattering of neon ion with the transfer ofenergy to the target deuteron —
D(?°Ne, 2°Ne)D — D(D, ®He)n — (n, y) or (n, n’y). The main conclusion fromthe performed studies is that, no "exotic"
theoretical models fromthe LENR library are required to explain the yield of neutrons and y — quanta (MeV energies) in
the interaction of hydrogen and neon ions with the deuterium-containing targets.

1 A.V. Bagulya, O.D. Dal’karov, M.A. Negodaev et al. Bulletin of the Lebedev Physics Institute, 40(10) (2013)
282.

A.V. Bagulya, O.D. Dal'karov, M.A. Negodaev et al. Physica Scripta 90(7) (2015) 074051.

V.I. Wsotskii and M.V. VWsotsky. Journal of Experimental and Theoretical Physics, 120(2) (2015) 246.
A.V. Arzhannikov, G.Ya. Kezerashvili and Eduard P. Kruglyakov. Physics-Uspekhi 42(6) (1999) 615.

V.M. Bystritsky, V.A. Varlachev, G.IN. Dudkin et al. Physics of Atomic Nuclei, 80(2) (2017) 203.
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STUDY OF D(®*He,p)*He REACTION IN ASTROPHYSICAL REGION OF ENERGIES

DBystritskiy V.M., ?Dudkin G.N., ¥Filipowicz M., YFilippov 4.V., VKrylov 4.R., ?Nechaev B.4., ?Nurkin 4., PPadalko
V.N., “Pen kov F.M.,. YTuleushev Yu. Zh

DJoint Institute for Nuclear Research, Dubna, Moscow Region, Russia,
2National Scientific Research Tomsk Polytechnical University, Tomsk, Russia,
3)AGH University of Science and Technology, Faculty of Energy and Fuels, Cracow, Poland,
Ylnstitute of Nuclear Physics, Ministry of Energy, Almaty, Kazakhstan

Measurements of the cross sections for the "bare nucleus" fusion reactions 3He(d,p)*He, 3H(d,n)*He, 2H(d,p)*Hu
2H(d,n)3He, 3He(*He,y)"Li at ultra-low energies are of interest for both pure and applied physics. These reactions are
involved in the primary nucleosynthesis, i.e. they formthe "nuclear ashes" from 2H, 3He, “He u “Li nuclei synthesized in
the early Universe [1]. The information about these nuclei is used to retrieve the information about the baryons density
in the Universe. In addition, the study of the cross sections forthe "bare nucleus” fusion reactions provides the informatio n
about the screening effect of the nuclear reaction by electrons. The cross section ofthe fusion reaction in the astrophysical
plasma op(E) has the following form: op(E) = f(E)'ou(E), where on(E) is the fusion cross section for "bare" nuclei, fis the
enhancement factor of reaction due to electron screening of interacting nuclei. For Ue<<E the expression for fis converted
to the form: f = exp(nn(E)Ue/E), where mn = 15.7/E%/2 is the Sommerfeld parameter, Ue is the electron screening potential.
It should be noted that for the cross sections of 3H(d,n)*He, 2H(d,p)3H and 2H(d,n)3He reactions, measured on the gas
targets, the electron screening potentials values are obtained within the adiabatic limit, and for 3He(d,p)*He u D(*He,p)*He
reactions the electron screening potentials are almost twice as high as the adiabatic limit [2]. The electron screening
potential provides an important information about the role of electrons in the reactions induces by deuteron, tritium and
helium, used in the fusion reactors in the same energy range as for nuclear astrophysics (kT = 1+ 100 keV), which has a
great practical importance.

The aim of our paper is to study the D(He,p)*He reaction using the deuterated metal targets TiD2 and ZrDa,
manufactured with avarious crystal texture, which makes it possible to determine the contribution ofthe channeling effect
to the value of reaction enhancement factor [3]. This paper presents the results of measurements of the reaction cross
section and the astrophysical S-factor, performed on the target ZrD that have a polycrystalline structure, i.e. it has no
distinguished planes. The measurements were performed in the energy range of heliumions 3He*Ene = 18+30 keV (in the
lab. system) on the pulsed plasma Hall accelerator (Tomsk). Protons from the D(3He,p)*He reaction, with the energy of
14.7 MeV, were detected by the scintillation detector with the scintillator BC-404 115 mm in diameter 4 mm thick located
in the optical contact with the photomultiplier XP-2040. The target ZrD was deposited on the stainless steel foil 50 um
thick. The vacuum part was separated from the scintillation detector by another layer of stainless steel foil 50 um thick.
The tight integration of the target-scintillator system provided the high detection efficiency of protons of 0.3was achieved,
which was determined by Monte Carlo method calculation.

The number of accelerated ions incident on the target from zirconium deuteride-ZrD was in the pulse to 5-10%4.
The pulse nature of the plasma Hall accelerator operation provides the continuous background measurements, caused by
cosmic radiation and natural radioactivity, during the experiment. For this purpose, in the intervals between the
accelerator’s operating pulses of 10 us duration, when the beamof accelerated 3He* ions fell on the target, the background
events were recorded for the same time interval, but without the high voltage supply. Thus, in parallel with the detectors’
events accumulation during the acceleration time, we accumulated the events caused by the external background only.
The number of ions that interacted with the target in each pulse was determined by integrating the target current. To
suppress the electrons emission from the target, a metal grid with 93% transparency was placed in front of it at 1 cm
distance under the potential of -150 V. The measurements are currently continuing and the results will be reported at the
conference.

1 P.D. Serpico, S. Esposito, F. locco et al. J. Cosmol. Astropart. Phys. 12 (2004) 010

2. M.Aliotta et al., Nuclear Physics A690 (2001) 790.
3. V. M. Bystritsky, Vit. M. Bystritskii, G. N. Dudkin etal. JETP Letters, 99(9) (2014) 497.
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KJACTEPHBIM1 D®®EKT KAK MOAYJIAIMA YIJIOBBIX PACIIPEAEJTEHUA B ® OPME
CYIIEPIIO3 NI

Uvsiukos B.B., 3apunosa FO.A., FOwkose A.B.
HHCTTYT 3KCcIIepUMeHTAIBHON U TeopeTndeckoit ¢pu3nkn, Anmmartel, Kaszaxctan

B pabote [1] HaMu BnepBble OBIT OOBACHEH, HESCHBIM N0 TeX MOp, (PEHOMEH CYIIECTBEHHOTO MPEBBIMICHUS
CEUeHUI HaJl pe3epOPIOBCKIM IIPH MaJIBIX yTIIaX, KOTOPHIH OKa3ajcs GpparMeHToM NPOCTON MU PaKIIMOHHON Kap THHBI
¢ ocwpiuaMu Af, OopIIero mepmoja, 9eM OCHMUBINKME Ha sape-maTpune Afy B meiaom, To ectb ABq > Af4 OTOT
6ompmoit mepuon AOq okazancs TMEpBBIM IUGPAKIMOHHBIM KOJBIOM Ha BHYTPHSICPHBIX IPOCTPAHCTBE HHO
000coOneHHBIX o-KIacTepax. Takoe OOBSCHEHHE SBIIETCA NOCTOBEPHBIM, TaK KaK CYyIIECTBOBAHUE (L-9aCTUYHOMN
SIIEpHON MaTepuu OBUIO BCECTOPOHHE HAMHU HCCIENOBAHO M, TaKUM 00pa3oM, JIOKa3aHO paHee [2] Ha 0a3e HMHBIX
9KCIEPUMEHTAIBHBIX JaHHBIX.

B mHacrosme#t paboTe BBINOJIHEHA INUPOKas CHCTEMAaTHKa IIapaMeTpoB MOAYIHAINH (payHrodepoBCKUX
OCLMUBIIMN Ha sapax-MaTpUIaxX OT JUTUS [0 HUKENs OCHWULIIUAMH OT YNPYTOro PacCesHUS HaJeTAIOMIMX O -4aCTHI
Ha BHYTPHUSJIEPHBIX MYJIBTHUKIACTEPAX C MaccaMM OT MPOTOHA IO o-yacTULbl. KiacTepHble IIMPUHBI, SKBHUBAJICHTHBIE
CTaTBecaM MYJbTHKJIACTEPOB, B3SAThl U3 Haliel paboTsl [3]

0Nt =Ny +o;N; +...+0, N, .

Jns spep-MaTpull, Ha KOTOPHIX KJIAaCTepHbIC IMUPHWHBI HEW3BECTHBI, ITH MapaMeTpbl HAMU HaWJCHBI IyTeM
OTIMCAHMS MCXOHBIX IKCIIEPUM EHTAJBHBIX YITIOBBIX paclpeiesieHn i depeHInanbHBIX CeUeHHH YIPYTOTO PacCesHus
C TIOMOIUIBIO PA3JIOKEHUSI AMIUIUTY Il paccesiHus 1o nojmHomam Jlesxxanpa, npemioxxeHHoro B [1].

JAns  pacumpeHus «HOMEHKIATYPBD» OOHApPYXEHHBIX MYJBTHKIACTEPOB HCIOIB30BAHEI 0a3bl  TAHHBIX
JMTEPaTyPHBIX HCTOYHUKOB C JBAXKIBI MarddecKUMH sapamu 3oHmamu 160g. Takue sapa-30HIBI MO3BOJMIM HAWTH B
Aapax MaTpHIax MYJIBTUKIACTEPHl ¢ MaccaMu oT M =4 no M=16. [Ipu ncnone3oBaHMU Goylee TDKENOTO Spa-30HIA
40Cazo ocymiecTBIeH MOUCK eme 6o0jee TIKEIbIX MYJIbTHKIACTEPOB ¢ MaccaMM oT M=16 mo mM=40. B >Tux momckax
HCTIOJB30BAJIMCH PAacUYeTsl COOTBETCTBYIONIMX «KJIATPEKOB» C MONPaBKAMH Ha HYHEPIUH CBA3H MYJIBTHKIACTEPOB B
JAHHBIX SIpax-MaTpHIaX.

Taxum o6pazom, eHOMEH MOAYIAIUH PACIIIPEH HAMU B HACTOSIIEH paboTe 1o BceM cTaTBecaM (IIMPHHAM ) BCEX
MYJIBTUKIACTEPOB, YTO CTABUT HOBBIE BOIIPOCH! K IKCIEPUMEHTAIBHEIM METOIUKaM — MOBBIIICHUS TOYHOCTH U3MEPEHUSI
MAaKCHMyMOB MU PaKIMOHHBIX OCIMLIINI.

1. I'pumaes KA., HpsiukoB B.B., IOmkoB A.B. fBnenHue mmppakuuoHHOTO MOAbeMa CEYEHHWH B MEpeaHei
nonycgepe yrios kak 3¢ dexr saepHoit u knactepHoi uHTepdepenuuu // Ussectus PAH. Cepust pusuueckas,
2015, Tom 79, Ne7, c. 950-951.

2. CA. Aiicuna, KA. Kytep6exos, H.H. IlaBnosa, A.B. FOmkoB. DkcriepuMeHTaIbHbIE OCHOBAHUS CYIIECTBOBAHUS
anb(a-yacTHuHOM saepHOil Matepuu // U3Bectust AH, cepus pusuueckas, T. 53, Nel, 1989, c. 37-47.
3. HesiukoB B.B., 3apunosa F0.A., FOmkos A.B. 3MepeHus Ha MmydKax yCKOpPUTENCH KHHEMAaTHYECKUX TPEKOB KaK

OpsSIMOil METOJ OMpEeJeNiCHUs] MYJIbTHKIACTEPHBIX BHYTPUsAepHbIX amrumtyn // Bectauk KasHY. Cepus
¢busnueckas, 4 (55), 2015, ctp. 80 — 84.
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ONMCAHUE AHOMAJIUM SIIEPHOTO PACCESIHUS C NMIOTEHIIMAJIOM HBIOMEHA -Y HTH-
TAMBYPHHO B PAMKAX KOHIEIIMHN UCKPUBJIEHHOI'O PUMAHOBA IIPOCTPAHCTBA

FOwxkos A.B., [Joauxoe B.B., 3apunosa FO.A.
VHCTMTYT 3KCIIepUMEeHTATRHON U TeopeTndeckoit ¢pusnku, Ammartel, Kaszaxctan

OKcnepruMeHTalIbHBIE YITIOBBIE pacHpeleeHHs, MoJydeHHble Ha Ka3axCTaHCKOM H30XpOHHOM HHUKIOTPOHE C
perymipyemoi 3Hepruei nonos Y-150m [1], mpoaHamm3upoBaHsl B paMkax noTeHnuana HeioMmeHa-Ya-TamOypuHo,
SBIMIIONIETOCS B OTIMYHE OT OOMENPHHATEIX SACPHBIX (HEHOMEHOIOTHYSCKHX MOTEHIMAJIOB MOTCHIHAJIOM
(yHIaAMEHTATIEHBIM MUKPOCKOIIMIECKHUM, TTOTy4YEeHHBIM M3 BaKyyMHBIX ypaBHeHHH DiHmTeiiHa Rik = 0 [2]. BakyymHbIe
ypaBHEHHs MPEACTABIIOT cOO0N MpocTeiinine ypaBHEHUs] €IUHON TeOpUH MO, 00bEIUHSIIONEH reoMeTpU30BaHHbIC
(yHmaMeHTanbHbIe B3auMoaeicTus [2]. JpyruMu penleHus MU BaKyyMHBIX YpaBHEHHUH SBIAIOTCA pemeHus HpromeHa-
Yum-TamOypuHO, 103BOJIOIINE ONMCHIBATE TCOMETPH30BAHHYIO IOTCHIHABHYIO SHEPTHIO B BHJC

v=-"E (245
T Ar res!

C
=X omuchHIBaeT KYJIOH-HBIOTOHOBCKYIO NOTCHIHAJIbHYKO 3HEPIHIO, — HMCET

rae C1, C2 — KOHCTaHTHI, YJICH

(¢m3mgecknii CMBICT KOPOTKOJEHCTByromed noOaBkum Kk Hed. KopoTkonelcTBHe BTOpPOTO UJIEHA SBIETCS BEChbMa
MIpHUBIEKATeIIFHBIM CBOIICTBOM I (M3UKH CTPYKTYPHI siipa. B camom nere, B pabote [3] BIepBbIe ¢ 3THM IO TCHIIHATIOM
OIIMCAHO YIPYIO€ paccesHUue NPOTOHOB Ha spax Memu npu 3Hepruu 17 M»aB.

Taxum oOpa3zoM, mepexox sAmepHOH (U3MKH K HUCKPUBICHHBIM pPHMAaHOBBIM MPOCTPAaHCTBAM  JaeT
(yHIAMEHTATBHYI0 MHKPOCKOMHMYECKYI0 CBA3b MEXIy MOTCHIMAIBHON SHEprHed sapa W METPUKONH NPOCTpaHCTBA
Pumana. CxoqHble ujaen onyOJIMKOBaHBI HAMHU HEOaBHO B pabotax [4-7]. C nenpto mepexona K reiiseHOEproBckoMy S-

MaTpUYHOMY nojxoay norteHuuan HetomeHa-YHTH-TamMOypuHO yaoOHO npeoOpa3oBath B S-MaTpHUIly B BUJIE
K Kz

Si=7 -0

3mecy Bce oOo3HadeHHs oOmenpuHATE. C JaHHBIM BHAOM S-MaTpHUIBl BBIIOJHEH (HUT 25 yTIIOBBIX

pacnpenencHuii u3 [1], KOTOpBII MOKa3aJl, 4TO pasfelicHHE SACPHOTO MOTCHIMANA M, COOTBETCTBEHHO, S-MaTpHIbI Ha

KOMIIOHEHT «IIOXOXXHMH Ha CWIBHBIH + noOaBka» [2] maeT mpHeMieMoe COBMAJICHHE OJKCIEPHMEHTa WM TCOPHH,
NIOCTPOECHHON HAa KOHLENIUHN BHYTPU- U OKOJIOSACPHBIX JUIMNTUYECKUX 3aMKHYTBIX PUMAHOBBIX IPOCTPAHCTB.

1 B.IO. Tonuap u ap.//IIpenpunr I1-104, Amva-ATa, 1970; H.-H. IlaBnoBa u ap.// Ilpenpunt UAD, Amva-Arta, 1990,
KA. Kytep6exos u ap.// Ilpenpunt USAD, Anmma-ATa, 1991.

2. I''W. Munos. Teopus ¢pu3ngeckoro BakyyMa; TeOpHs, IKCIepUMEHTHI 1 TexHosornn/ M., Hayxka, 450 c.

3. E.A. T'y6apes, AH. Cunopos, I''1I. lllumos. dyHnameHTaIbHbBIE MOJETN 3JIEMEHTAPHBIX B3aUMOJACHCTBUI U
Teopus (usugeckoro Bakyyma/ M., 1992, 68 c.

4. A B. IOmxos, B.B. [pstukoB, FO.A. 3apunosa. HoBble 3aKkOHOMEpPHOCTH B SAIEpHON (U3MKE M CIPYKTypax
mukpomupa/ MuC, Ne9 (20)/ 2015, c. 35-40.

5. B.B. [IpsiuxoB, FO.A. 3apunosa, A.B. IOmkos. KmactepHas cTpykTypa snep U HOBBIE NPOCTPAHCTBEHHBIE
3akoHoMepHocTr/ Bectauk KasHY, cep. dus., Ne2 (57), 2016, c. 89-97.

6. B.B. IpsiukoB, 0.A. 3apunosa, A.B. IOmxkoB. DxciepuMeHTanbHOe 00HApYKEHHE AUCKPETHBIX BHYTPHUSACPHBIX
adhduHHBIX puMaHOBBIX mpoctpancts/ CO. «CoBpeMeHHble MAOCTWKeHUs Gu3uku ...», Anmatel, Kazak
yuuBepcureti, 2016, c. 25-26.

7. 10.A. 3apumnosa, B.B. [/IpsukoB, A.B. IOmkoB. Pumanosa saepHas ¢usuka/ Tam xe, ¢.29-30.
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COLLECTIVE AND QUASIPARTICLE DEGREES OF FREEDOM IN BANDCROSSING FOR 124Xe
Efimov A.D. 12, Mikhajlov V.M.

LAdmiral Makarov State University of Maritime and Inland Shipping efimov98@mail.ru
2|offe Physical Technical Institute, St.-Petersburg, Russia
3 St.-Petersburg State University, Russia

While several low lying excitations of even-even transitional nuclei with spin | <6 are caused practically by
collective quadrupole degrees of freedom, transition to higher spin requires inclusion into consideration of two-
quasiparticle states or weakly collectivized (uncollective) phonons. If they are not taken into account explicitly

calculations lead systematically to exceeding theoretical energies of the yrast band (especially with | > 6)as compared
with experimental values irrespective of that whether calculations are performed by using collective quadrupole
coordinates [1] or IBM—boson [2]. Our previous approach [3] to description of the bandcrossing bears phenomenological
character in the whole and uses a rather narrow set of uncollective phonons. Now we have the possibility to calculate
microscopically the IBM— parameters (renormalized by uncollective phonons) as well as matrix elements connecting

collective quadrupole phonons D with a wide set of uncollective ones BJ with spins such as 0 < J <10and positive

parity. This is carried out for J <6 (e.g. < DDD| H | BJ+ >) by the quasiparticle Hamiltonian H enveloping the
Saxon-Woods single-particle energies, monopole pairing and factorized multipole forces in particle-hole and particle-
particle channels. Actual calculations are implemented in the boson representation similar to IBM of H and wave

functions. Up to | =8" the collective component in functions prevails though an admixture of BJ lowers not only the
yrast levels butalso the interband transition energies (the difference between theoretical and experimental values of yrast-

energies up to 18" is not more ~40keV). In state | =8"* the component including BHO is very small (U 1%) and
collective component is 94%. However at | =10" the yrast band structure undergoes a sharp change: in states |1 > 10"

the predominant components includes BHO and a corresponding number of collective quadrupole phonons to provide

B(E2;10" —8") =780 ¢” - fm*

the necessary spin. This structure change accounts for the small experimental
B(E2;12" —107) =2000
(theoretical values is 800) and the large ( ’ )

B(E2;2" - 0%) =2100

(theoretical value is 2550) that is comparable

with experimental ,ie.in E2 -transitions for 1 >10" BJ:10 plays spectator.

1 M.Chabab, A.Ell Batou, A.Lahbas, M.Ounre // Nucl. Phys. A. 2016. V.953. P. 158.
2. K.Nomura, N.Shimizu, T.Otsuka //Phys. Rev. C.2010. V.81. 044307.
3. A.D.Efimov, V.M.Mikhajlov // Phys.Rev. C.1999. V.59. P.3153.
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IKCIIEPUMEHTAJIBHBIE UCCIEIOBAHUA POXIEHUA 3TA-ME3OHOB H KAOHOB B CU+AU
B3AMMOJIEMCTBUSAX TIPM DHEPTHUM 200 I'DB

beponuroes A.A., Beponuxos A4, Kapko C.B., Komos /[.O., Paosesuu ILB.
Cankr-IletepOyprexuit [lommrexamuecknit Yausepcuret [letpa Bemmxoro, Cankr-IletepOypr, Poccus

Ipn BEICOKMX 3HAYEHUAX TEMIIEPATYPHI | (W) 0apHOHHOH IUIOTHOCTH SAepHAs MaTepus IEPEXOANUT B COCTOSIHUE
CHIIbHOB3aMMO/ICHCTBYOMICH KBapK-rmooHHas iasmbl (cKI'II) [1], mpenctasmsiromeil co60i MIeaabHYIO JKHIKOCTH C
MapTOHHBIMH CTeneHssMHu cB0oOOmpI. [lomoOHOE COCTOsIHME yAanoch 3aUKCUPOBATh B LEHTPAIHHBIX CTOJKHOBEHHSIX
TDKENBIX sJep B OKCIepUMeHTax PerstiuBucTckoro kosmaiizepa tsoxensix nonos (RHIC, BNL) [2].

lamenue ampoHHBIX CTPYH sBsIeTca oMHUM H3 Habmonaembix npusHakoB cKI'TI, xoTopslil mposBmsercss B
MOJABJIEHUH BBIXOJa BBICOKODHEPTHUHBIX aJPOHOB B LEHTPAIBHBIX CTOJKHOBEHHAX YJBTPapeSITUBUCTCKUX TSDKENBIX
simep. Poxknenune ampoHOB B 00JacTH BBICOKMX MONEPEYHBIX UMIYNbCoB (Oompmmx 4-5 I'9B/c), B 0OCHOBHOM,
ompernensieTcss mporeccaMu (parMeHTAlMH, MPU KOTOPBIX BBICOKOOHEPTHUYHBIE MAapTOHBI BBUIETAIOT W3 00JACTH
CTOJIKHOBEHHS M 00pa3yloT aapoHHbIe cTpyH. [loJaBieHue BBIXOJa BBHICOKODHEPTHYHBIX aJPOHOB SIBISIETCS OJHHM U3
3¢ (ekToB ropsiuei SIEPHOI MATEPUH U CBA3AHO C MOTEPel IHEPTHHU KECTKHX MAPTOHOB B ropstyeii u miotHow cpene [3].
Takum 06pazom, U3ydeHHE CTENIEHH TOIaBICHHUS BBIX0a aJpHOB B 00JacTH OOJBUINX MOTIEPEYHBIX UM ITyJIbCOB SBISACTCS
XOPOIIMM HMHCTpYMEHTOM Uil u3yueHus cBoricts cKI'TL

KaoHbl sBIAIOTCA CTpaHHBIMM ME30HAMU W 3Ta-ME30HBl - YacCTUL[AMM CO CKpPBITOW CTpaHHOCTBbIO. JlaHHBIE
CBOICTBA JIETIAI0T 3TU ME30HBI IPEBOCXOHBIM UHCTPYMEHTOM ISl U3YUYEHUs IPOLIECCOB MOTEPh SHEPTUU MAPTOHO B U UX
JanpHeWel pparMeHTallii B 3aBUCHMOCTH OT CTPAHHOCTH POIKIAFOIIMXCS ME30HOB.

Cuctema Cu+tAu CTOJIKHOBEHUH SIBJISIETCS NEPBOH HECUMMETPHUUYHON CUCTEMOM SAPO-SAEPHBIX CTOJIKHOBEHMH,
JOCTYTIHOM /U1t aHaym3a. Briepeeie nanHbIe B 1ukie Cu+AU CTOJIKHOBEHHH NPH SHEPTHH B CUCTEME LICHTPa Macc, paBHON
200 I's>B Ha HykioH, Obu mody4deHsl B 2012 roxy B skcrnepuMmentax kosuiainepa RHIC. Cucrtema HeCMMMETPHYHBIX
Cu+AuU cToNKHOBeHHH XapakTepu3yerTcsi oco0oit (hopMoil mepekpBITHS AIep, OTIMYHOH OT (GOPMBI MEPEKPHITHS,
peam3syeMoil B CHMMeETpHUYHBIX cucteMax (Au+Au, Cu+Cu). M3ydeHne MOIaBICHHS WHKIFO3MBHBIX BBIXOJOB JTa-
Me30HOB M Ka0HOB B Cu+AU CTOJIKHOBEHHAX MO3BOJUT MPOBECTH JOTIOJHHATEIFHOE OTPAHUUICHHE MEXIY MapaMeTpaMu
Pa3IMYHBIX TEOPETHUECKUX MOJEJeH 1 JIydIle TTOHATh MEXaHI3MBI TOTepH dHepTHr napToHoB B cKI'TL.

B skcnepumente PHENIX m3MepeHbl MHKIFO3UBHBIE CHEKTPHI MO TOMEPEYHOMY HMIYJBCY 3Ta-ME30HOB, UX
(haxTopoB simepHON MOM(UKAIINY, a TAKKE OTHOIIECHHS BBIXOJIOB 9Ta-ME30HOB U HEHTPAIHHBIX ITMOHOB B ISATH KIaccax
nentpambHocTd Cu+Au cronkaosenuii npu dHeprun 200 I'9B Ha HYKJIOH B CHCTEME IIEHTPA MACC CTAJIKMBAIOIIMXCS SIIAED.
Brixoe1 oTa-Me30H0B B Cu+AU CTOIKHOBEHHSX ITOIABIICHBI B TOH K€ CTEIEHH, YTO U B Au+AU CTOJIKHOBEHHUSX IIPH TOI
ke sHeprud [4] U mpu ONM3KMX 3HAYCHUSAX YUCEN YIaCTHUKOB. OTHOIICHUS BBIXOJOB 3TA-ME30HOB M HCHTPaIbHBIX
MMMOHOB HE 3aBHCAT OT IeHTpajdbHOCTH Cu+Au CTOJKHOBEHHH B TpeJesiaX CTATUCTHYECKAX M CUCTEMATHUECKHUX
HU3MEPCHHI U HAXOLITCS B COIVIACHHU C PaHEe MOJYyYCHHBIMHE pe3yibTataMu B p+A u A+A cronkuHosenusix Ha RHIC [4].

PesynbraTel OBUIM TOJNyYeHBI B paMKaxX BBINOJHEHUs TOCYIapCTBEHHOTo 3ajgaHusi MwuHoOpHayku Poccum
3.1498.2017/4.6.

E. V. Shuryak, Phys. Rept. 61:71, 1980.

K. Adcox et al. (PHENIX Collaboration), Nucl.Phys. A757:184, 2005.
P. B. Arnold et al., JHEP 0206:030, 2002.

S.S. Adler et al. (PHENIX Collaboration), Phys.Rev. C75:024909, 2007.
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HENPEPBLIBHBIE CIEKTPHI MPOTOHOB W3 B3AMMOJENCTBUS o-YACTHI[ C DHEPTHEN 29 MOB
C SIIPAMH 2°Al 1 59Co

JKonovibaes TK. Y, Caovikos 5.M. Y, Hacyprna M. *?, Jlyiice6aes b.4. *, Hemaunos K.M. 2

I UnctutyT anepHoit gpusuku KAD MD, r. Anmartel, Kazaxcran;
2 Kazaxckuil HanmoHnanbHelli YHUBepcuteT uM. anb-Papabu, r. AnmMaTsl, Kazaxcran
3 Hazap6aeB YHusepcuter, I. ActaHa, KazaxcTan

IomydeHne HOBBIX YKCIEPHUMEHTANBHBIX SACPHBIX JAHHBIX MO MBaXbl WG (epeHratbHpIM U HHTETPAbHBIM
CEUCHHUAM peaKIHii, THUIINHPOBAHHBIX CTAOMIIEHBIM U H30TOTIAM U TEJIHSL, HAIIPaBJICHHEI Ha ITOTIOTHEHNE HH(OPMaIIMOHHO T
6a3bl, HeOOX0 MM O U IIP OCKTHPOBAHUS CHCTEM 0€301aCHOCTH YHEPTeTHIECKUX PEAKTOPOB, pa3padoTKH epCIIeKTUBHBIX
SIICPHBIX TEXHOJIOTUH, B YaCTHOCTH, THOPHIHBIX saepHO-3HepreTnueckux cucteM (ADS-Accelerator Driven System),
pa3BUTHE MOJEIBHBIX ITOAX0JI0B B TEOPHUU SACPHBIX PEAKINH, BEpU(PUKALINI OCHOBAHHBIX HAa HUX PAaCcYCTHBIX KOJOB [1].
HccnenoBaHne MEXaHH3MOB SIGPHBIX peaknuii, (GOpMHUPYIOMUX MOTHBINA WHKIIO3UBHBIA CHEKTP BTOPUYHBIX YACTHIL,
MO3BOJSIET HM3YYUTh AMHAMHKY OOpa30BaHMSA M 3BOIIONUHM BO30Yy)XKIEHHON COCTABHON CHCTEMBI K PaBHOBECHOMY
COCTOSIHUIO.

DKCIEPUMEHT MPOBOMICS ¢ HOHaMH “He, yckopeHHbIME 10 sHeprud 29 M3B Ha U30XpOHHOM HHUKIOTPOHE Y -
150M USAD (Anmatel, Kasaxcran). B kauecTBe MULIEHEH MOATOTOBIEHBI 0OoTamieHHsle Gossru u3 2’Al u 5°Co.
TommuuHa ¥ OTHOPOMHOCTH UCIOJB3YEMBIX MHUIICHEH OMpenesinach ¢ MOMOINBI0 N3MEPEHHs MOTepu PHEepPIruu ambga-
wqactur; (mpemapat 225Ra). [pomyktel peakumit peructpupoBamck AE-E teneckomom. CucTeMatddecKhe OIMMOKU
ceueHHi 00yCIIOBIICHBI TOTPEITHOCTAMHU B OIIPEJIEICHNH TOIINHBI MULLIECHH, KATMOPOBKHM HHTErPaTtopa TOKa U TEJIECHOTO
yrma crnekTpoMerpa u He mpeBbimami 10%. DHepretndyeckas KanMOpoBKa MPOBOAMNACH MO MHKAM, OTBEYAIOIIUM
M3BECTHBIM COCTOSIHUAM KOHEeuHbIX sep (Mumenn 2C u CHz). Boum u3Mepensl aBaxapl-mudepeHnranbHple ceueHus
u3 peakumii (*He,Xp) B unrepBane yrmios 15-135° ¢ marom mno ymiy 15°. Ha OCHOBE 3THMX 3KCIIEPMMEHTAIbHBIX
Pe3yIbTaTOB OBUIM ONpE/ECHbI IPOMHTETPUPOBAHHBIC 110 YIIIy WHTErPaJbHbIC SHEPIeTUUECKHUE PaclpeesieHHs.

Teopernueckuii aHaIM3 3KCHEPUMEHTAIBHBIX PE3yJIbTATOB BBIIOJHEH B paMKax MOJU(HUIMUPOBAHHON BepCUH

9KCUTOHHOH Mojem. Bo Bcex pacuerax mo mozmemu I'pudduna [2] (mporpamma PRECO-2006 [3]) B kKauecTBe HCXOHON
Opanach (p,,, h,[, P, hv) 2(2,0, 2,0) YaCTUYHO-ABIpOYHAs KoH(purypamus. HopMupoBOYHBIH K03 pummeHT

npuHuMaincs paBHbIM 15 MbB. [lpu mapamerpusanuu KBajapata MaTPUYHBIX DJIEMEHTOB HCIOJb30BAJIMCh 3HAUYCHHS
HOPMHPOBOYHBIX KOHCTAHT: Krz: Kzv: Kiw=2200:900:900 M>B?. I3 cpaBHEHHUs SKCIEPUMEHTATBHBIX H TEOPETHUECKH
PaCCUUTAHHBIX MHTETPAILHBIX CEYEHHUH ClieyeT, 4To ()OpMUpPOBAHUE CHEKTpa B oOiactu sHeprui 1o 15 MaB wuzer B
OCHOBHOM 4€pPE3 MEXaHU3M COCTaBHOTIO sifpa. C yBeIMUEHUEM 3HEPIUU BBUIETAIOUIMX IPOTOHOB POJIb OCHOBHOM BKJIAJ
JAIOT MpsIMBbIe Npolecchl. PoNb nMpeapaBHOBECHOTO MeXaHH3Ma HE3HAYHUTeE JIbHA.

PaboTa BeIMONHEHA IIPH MOAIEPAKKe IporpaMMsl ['paHTOBOTO (hHMHAHCHPOBAHUS HAayYHBIX HcciaenoBanuii MOH
PK, rpant 0335/T' 4.

1 Gadioli E., Hodgson P.E. Pre-equilibrium Nuclear Reactions // Oxford Univ. Press, New York, 1992.

2 Griffin J. J. // Phys. Rev. Lett. 1966, N9, P.478.

3 Kalbach C. PRECO-2006: Exiton model preequilibrium nuclear reaction code with direct reaction. Durham NC
27708-0308, 2007.
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MY JIbTUKJIACTEPHBI ®®EKT B BUJIE PACNPEAEJIEHUS TNMEPBUMHOI'O NMOTOKA YACTHIL
HA OTJAEIBHBIE KAHAJIbBI YIIPYTOI'O PACCEAHUA

Sapunosa FO.A. 1, Ipuones JIK. ?, [Josuxos B.B. ', FOuikos A.B. *

'HUU skcniepuMeHTaNBHON U TeopeTHaecKol gusnkn Ka3axckoro HAIMOHAIBLHOTO YHHBEPCHUTETA WM. allb -
®apabu, PecrryOomka Kazaxcran;
2FIAS, Goethe University Frankfurt, Ruth-Moufang-Str. 1, D-60438 Frankfurt am Main, Germany

OTKpbITHE HOBOIO KMHEMATUYECKOTO METOJa MCCICIOBAaHUMI BHYTPUSAIECPHBIX MYJBTUKIACTEPOB [1-2] ¢ TouHOH
peructpanmeif  MYyJIBPTUKIACTEPHBIX KWHEeMATWK  ("KMHIpEKoB") OKa3aloch  yAMBHUTEILHO  YHHUBEPCAIHHBIM.
EmHCTBEHHBIMU OTPAHUYECHUSMHU METOJa SBIIIOTCS ABa: 1) 30HIMpYIOIIas YacTUIA JOJDKHA OBITh JBAXKIbl Marude CKoi,
9T0OBI €€ CTPYKTypa HE OKa3ajach BO3MYINAIOMMM ()aKTOPOM I CIPYKTypHI sAep-MyJIbTUKIACTEPOB; 2) mpober
30HIMPYIOIIEH YacTULIBI B 30HANPYEMOM sIIEpHON Matepuu (B siApe-MaTpulle) NOJDKEH OBITh CPAaBHUMBIM WM OOJbIIe
JuaMeTpa SApa-MaTpHIbl, TO €CTh YHEPTUIO 30HANPYIOIIeH YacTUIIbI HY>KHO IIOA0UPaTh COOTBETCBYIOIIUM 00pa3zoMm.

B nHacTosime#t paboTe BBINOJHEHBI MCCIEIOBAHUS CHEKTPOB MYJBTUKIACTEPOB C MOMOILIBIO 30HIAMpPYIOMIEH o -
YaCTUIBI ¢ dHepruei mopsaka 10 MaB/HyKIOH, colepKaluxcs B BUJE JETKUX U cpeanux sunep — oT *Be mo 3°Co, u3
HU3MEPEeHHBIX () QepeHIHnaIbHbIX CEUeHUH YIPYTOro paccesiHus HaJeTaIoIUX o-4acTul] ¢ sHeprueit Eq=29,0 M>B Ha

MatpraHOM sipe 24Mg, 1B n Ha nx xnactepax [3]. Knacteprbie mupusbi by BBOISITCS HAMH B BHje

J.nﬁrn = 1.n||r1+1.nir: +1.n||r! + L .|.Nn:

¥y 1:+“+‘_i’!=91:+€::+m+€§ll

1= .
A A

B paboTe BHITTOJHEHB! pacyeTsl UAa30HOB MACCOBBIX YHCEIN IBAXKIBI MarndecKUX YacTHI[-30H/I0B U UX SHEPTHH
JUT1 COOTBETCTBYIOIINX MATIA30HOB MACCOBBIX YHCEI siiep-MaTpull. [t KaXkKA0To Juama3oHa BEIYUCICHB! KHHTPEKH I
BCEX TUIOB MYJBTUKIACTEPOB.

JUnist 30HIMPYIOMUX 0-4aCTUL] HaWIeHB! KIaCTepHbIE IIHPUHBI C MACCOBBIMU YHCIAMU a<4 UL JITKUX U CPEIHUX
simep-Matpuil. [TocTpoeHs! BOMHOBBIE ()YHKIMH I KOHKPETHBIX Sep. B TaHHOM »KCIIEpUMEHTE 3TH YHCHA KIACTEPHBIX
MIMPUH COOTBETCTBY FONIUX BHY TPHAICPHBIX HYKIOHHBIX KOH()UTYPAIHUii TIOJTYYEHBI ¢ TOYHOCTRIO 0 Koo 10%. s 24Mg:
HyKIOHBI 52%, ambda - 30%, tpumuit - 16%, xeittponst - 2%; misn 1B: myknonsr 47%, amsda - 25%, tpumwii - 21%,
JeHTpoHs! - 7% Takum 06pa3oM, JTaHHAS METOAUKA UMEET ONPE/ICICHHbIE ePCIEeKTUBBI AKCIIEPUMEHTAIbHOTO MOKMCKA U
oOHapyxkeHUs U OoJiee TDKEIbIX KIACTEpOB VI SAep CO CPEIHHUMH M TSHKEIBIMH MAacCOBBIMU YHCIAMU Ha IMydyKax
TDKEIIOMOHHBIX yCKOPHUTENeH ¢ dHeprHsMu okono 10 Map/HyKiIoH.

1 HesuxoB B.B., 3apunosa 10.A., FOmkos A.B. U3Mmepenus Ha mydkax yCKOpHUTeNiel KHHEMaTHYeCKUX TPEKOB, KaK
OpsIMO  METOJ] OIPEHCNICHUS MYJIbTHKIACTCPHBIX BHYTpHsaepHbiX amiumtyzn// Bectauk KasHY. Cepus
¢dusnueckas. — Ned (55). — 2015, — C. 80-84.

2. HpsuxoB B.B., 3apumnosa O.A., FOmkoB A.B. KnactepHas cTpykTypa siiep U HOBbIE NpPOCTPAHCTBEHHBIE
3akoHomepHocTd // Bectnuk KasHY. Cepust ¢pusndeckas. — No2 (57). — 2016. — C. 89-97.

3. 3apumoBa [0.A., [psukoB B.B. IOmkxoB A.B., Byprte6aes H.T., XonmeibaeB T.K., Kepumkyios XK.
Kunematnueckuii MeTo/1 BbIACTICHNS JOMHUHHUPYIOMINX TUIIOB KJIACTCPHBIX KOHPUTYpaLHUid B CIOKHOM siape // 66-
ast MeXXIyHapoaHast KOH(pEpEHINs o MpodiieMaM siIepHOH CHEKTPOCKONINH U CTPYKType aToMHOTO sapa "Snpo-
2016", Capos, ctp. 28 — 29
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IMPOCTPAHCTBEHHASI KOH®UT'YPALIUSI HEATPOHHO-U3BBITOUHBIX SIIEP 1 p-OBOJIOYKH
Tananuna JI. U., 3enenckas H. C.

@enepanbHOE TOCYAAPCTBEHHOE OIODKETHOE YUPEXKICHNE BBICIIETO 00pa30BaHMsA
«MockoBckuii rocyJapcTBeHHbIH yHUBepcUTeT uMeHu M.B. JlomoHOCOBaY,
Hay4Ho-uccnenoBaTeIbCKii MHCTUTYT saepHoOU ¢msuku uMmenn J[.B. CxkoGempubsraa, Mocksa, Poccus

B paMkax TeopeTHuECKOro MoJxoJa, OCHOBAHHOTO Ha MCIOJb30BaHUU 33Ja4H YETbIpEX TeJl U MHOTOYACTUUHOMU
Mozend 000JI04YeK C YYEeTOM BO3MOIKHBIX [IEPEX0OJIOB HEHTPOHOB M3 1p- B 1d—2S-060m0uKky [1], paccuutansl ceyeHus
peaxrmii 7°Li (t, p)°1iLi; °Be(t, p)1Be ¢ y4eToM KOTEPEHTHOTO BKIAAA OJHO- U JBYXCTYIICHYATHIX MEXAHU3MOB (puc. 1).
AHam3 yIIOBBIX 3aBUCUMOCTEH CEYCHMH ITUX PEaKIUi T03BOJMI BOCCTAHOBUTH BOJHOBBEIE (DYHKIIMHM OTHOCUTEIHHOTO
JBHIKECHHS IBY X U30BITOUHBIX HEUTPOHOB U SApa-KOpa U IOJY4YHMTh MX INIOTHOCTH BEPOATHOCTH W, , COOTBETCTBYHOLINE
MOTCHIHAIIBI B3aNMOJICHCTBHS M CPEIHEKBAIPATHYHOE PACCTOSHUE (L, ) MEKIy ABYMs HEHTPOHAMH M KOPOM Ha

nepuepun UCCIeOBAHHBIX SIIEP.

a
a 6 . 0.4
11y » P Li
P Li 0.2
n,
2n -
d\ I(»Li
) n,
t Li ’
! Li
Puc. 1. Jluaepammer nepedauu -40 2
OUHEUMpoHHO2 0 Knacmepa 8 &0

peaxyuu 9Li (t, p)1lLi: a — cpuois
OuHelmpoHa, 6 — nocredosamenvhas

-1
9 Puc. 2. W, 6 pm ~ (8epxuss nanenv) u 2n-kop nomenyuan 8 M>B (nusichsisi nawnens,
nepeoaya HelmpoHos. 2n 6 (sep ) P 4 0 )

6 3agucumocmu om f,, . a, 6 0ns a0pa 9Li, 6, 2 — MLi.

Ha puc. 2 B kauecTBe mpuMepa IpeJICTaBIEHbl 3aBUCUMOCTU W, OT PACCTOSIHUSA I, MEXKTY JBYMs H30BITOUHBIMH

HeHTpoHaMu ¥ KOpoM B sapax d1ILi. Kak BMIHO M3 pUCYHKa, XapakTep IBYyXHEHTPOHHOH mepH(epuu B 3THX Aapax
pasnuueH. [IpuurHa TAKOTO pasmMuuMs CBA3aHa ¢ 0OOJNOYEUHON CTPYKTypoil amux sjep. B °Li B cuity 3amkHyTO#H mon

. 4
JeictBueM Jj-cun (1p3,2) HEeHTpOoHHOH mojo6onouku W,, TPAKTUYECKH IOJHOCTBIO JIOKAIM30BaHA B 00JACTH

HEHYJIEBBIX 3HAYEHUI J0CTATOUHO ryGokoro 2n-'Li motenmmana. B pesymrtate (L, ) = 3 ¢m Tomko B 1.3 pasa

o N o . o
[PEBBINIAET MATEPUAILHBII Py C <Rm'-'> = 2.31 ¢, tak uTo ABYxHelTponHas nepudepus B OLi npeacrabnser coboit
CKkuH Ha nosepxHoctd ‘Li. B 11Li o6MenHble cribl MaifopaHbl pacTalkMBalOT [Ba BHELIHHX HYKIOHA, 3allOJHAIOLINE

2 . 4 .
/2) mOH000JI0UKY, U , 3QITOJIHSIO LI 32 ) TOH000JOUKY. WIIy Majoi dHEPTUU CBI3H Ty OuH
1 01000JI0UK; xop °Li, 3amomHsio 1 omobomnouky. B ¢ aJoi HHe cBs3u 1L 6uHa
2n-°Li noTeHuMana MouYTH B TPU pas3a MeHbIIE, YeM MoTeHnmana 2n-/Li, a W,,, XapakTepH3yeTcs NpOJ0JDKUTEIEHON
acCHUMITOTHKOM BIIIOTH 10 20 MaB, npu 3ToM 3HauuTenpHas 4acte W,,, B 11] i maxomuTcs BHe neHCTBHS MOTeHIMana. B

pesyibTate 60poMueBcKoe sapo L1Li nmeet (Lyy) = 6.7 M, uto B 2 pasa Goublue MAaTEPHAIBHOTO pajuyca <R;]1Li> =

3.27 dwm [2].
B sape 11Be, o6pazosarnoro B peakuuu (i, p), mMuedTpoHHas mepudepus, TAKKE KaK U nepudepus, CBI3aHHas C

1p-HEHTPOHOM, MPAKTHYECKH OTCYTCTBYET M HMEET pasMep, OJM3KHd K <Rr:Be> =294 o™ [2]. dnsn cMmerunaHHOM

KOH(Urypauuu ¢ 2S-HeUTpoHOM 1po 11 Be mposBIsSeT 0 THOHEHTPOHHYIO NEPU(EPHIO, Pa3MEPEI KOTOPOIt (L,) =90¢m

TIOYTH B TPH pasa MPEBOCXOIAT €r0 MaTepHaJbHBIN pajuyc.

1 JI. N. Tananuna, H. C. 3enenckas, DUA 43, 295 (2012).
2. I. Tanihata, H. Hamagaki, O. Hashimoto, et al., Phys. Rev. Lett. 55, 2676 (1985).

75



1. Nuclear Physic

3KCIEPUMEHTAJIbHOE UCCJEJIOBAHUE TIOJIHBIX CEYEHUM SIIEPHBIX PEAKIIUI C
HEATPOHOMBBBI TOUHBIMU M30TOINAMMU T'EIUAA Y JIUTHS HA YCTAHOBKE MULTI

1'23€prlWKuH B.A., Y2 Menuonncxesuw FO.D., Y Cobores FO.I, 1° Asnabaes /., ! Ueanoe M.IT, * Kpynko C.A., 3Ky2z1ep
A., Y2 lawmanoe HA., * Maii A.,* Macros B.A., *® Menoubaes K., ! Cxobenes HK.,* Cnennes P.C., * @omuues A.C.

106bemuennbii UactutyT Sneprbix Mccnenosanuii, 141980, YKomio-Kropu 6, JlyoHa, Poccns;
SMU®U, HaumoHabHEIH MccIeqoBaTeNbCkuii aaepHblil yauBepcutet, 115409, Mocksa, Poccus;
USAD, UuctutyT snepHOi pusuku, 050032, M6parumosa-1, Anmatsl, Pecy6imka Kasaxcram;
SEppasmiickuii HammoHambHEIH yauBepcuteT nMenn JLH. T'ymunesa, 010008, Acrana, Pecy6mmka Kazaxcran;
SUncturyT spepHoii pusnku, Yemckas Axamnemus Hayk, CZ250 68, Pex, Yexus;
"uctutyT spepHoii pusuku, [lomsckas Axanemus Hayk, 31-342, Kpakos, PecryGmika [lonbima

B Hactosmeit pabote mpexacTaBiIeH KpaTKUil 0030p METOIOB M3MEPEHHs IMOJHBIX CEYCHMH SICPHBIX PEeaKIuil.
OcHOBHOC BHUMaHHE yJAeNCHO MeTody TpaHcmuccuu [1,2], a Tak e MOMUGUIMPOBAHHOMY METOJy TPAaHCMUCCHH,
peammzoBaHHOMY B yctaHoBke MULTI [3] st um3MepeHus MOJHBIX ceueHuid B JlaGopatopuu SAEpHBIX peaxiui
O0wvequuenHoro Muctutyta SAnepusix Uccnenosanuit (JIAP OUAN).

IIpencTaBieHbl pe3yIbTaThl H3MEPEHHUS MOJHBIX CeueHui suepHbx peakuuii 488He + Si, 87911 + Si, npoBeneHHbIX
kak B OUSIU [4-6], Tak u B JPYTHUX MCCIEIOBATEILCKUX LIEHTPaX.

IpenctaBnen kpaTkuii 0030p pe3yNbTaTOB aHalM3a SKCHEPUMEHTAIBHBIX MJAHHBIX B paMKax pPaslIHYHBIX
TEOPETUUECKUX MOJICJICH, B YACTHOCTH MHUKPOCKOIUYECKOW HECTAlIMOHApHOW Mojem [5,6], pazsuBaemoii B JISIP OUSIN
B MOCJIEIHEE BpEMSI.

Crnucok nuTepaTyphbl
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Yu.G.Sobolev et al.//Instr. and Exp. Technique. 2012. V.5. P.7.

Yu.G.Sobolev et al. //Proceedings of EXON-2014. Singapore. 2015. P.142.

V.I. Zagrebaev, V.V. Samarin, W. Greiner // Phys. Rev. C. 2007. V. 75. P. 035809.

Camapwun B. B. // S1®.2015. T. 78. C. 133—146.

Haymenko M. A., Camapun B. B. [leanomxkesnd 10. D., Crob6enes H. K. // V3. PAH Cep. ¢us. 2016. T. 80. C.
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METOJHAKA ONEPATUBHOWM IEPECTPOMKHN SHEPTHUM IIYUYKA DJIEKTPOHOB YCKOPHUTEIA
MPU UCCJIEAOBAHMAX HA HEATPOHHOM WCTOYHHUKE HMH-JTIYD WA PAH

3yee C.B., Konobeesckuii E.C., Heoopeszos B.I., Ilonomapes B.H., [lomawes C.H., Conooyxos I'B.
WnctuTyT simepHbIX nccnenoBanuil Poccuiickoi akagemMuu Hayk, Mocksa, Poccust

B skcrnepuMeHTax 1o M3Y4YCHHIO peaKkuuil HEeyIpyroro paccesHHs raMMa-KBaHTOB Ha siipaX, (OTOSACpPHBIX U
JPYTHX peakiMii BeAyLIMXCS HA JIMHEHHOM yckopuTene 31ektpoHoB JIYD-8-5 MU PAH HeoOxoauMO TOYHO 3HATH H
HMEeTh BO3MOJXKHOCTh B TEUEHHUE OJHOTO CeaHca M3MEpPEHMH M3MEHATh B INUPOKOM HHTEpBale JHEPTHIO ITydKa
a7ekTpoHOoB. Mg 3Toro paspaboTaHa M pealu3oBaHa METOJUKa, MO3BOJMIOMIAS OMNEPaTUBHO U C XOPOILIMM
BOCTIPOM3BEJCHHEM YCTaHABIMBATh 3aJaHHYIO SHEPrHI0O Iydka U OCYLIECTBIATh 3Ty HpPOLEAYpy MHpPH YCIOBHU
MHOTOKPATHBIX KOPOTKMX IIpEphIBaHUN pabOThl YCKOPHUTENsI B COOTBETCTBHM C TPEOOBAaHMSAMH OSKCIIEPHMEHTA.
H3mepeHue sHepruu mydka YyCKOPHUTENS MPOBOAMUIACH C UCIOJB30BAHUEM MAarHUTHOTO CIEKTPOMETPA, COCTOAIIEIO M3
IByX 135-rpagyCHBIX MarHUTOB, MO3BOJIIOIIUX MOBEPHYTh My4ok Ha 270 rpagycoB. I'pagynpoBka MarHMTHOTO MO
CIIEKTpOMETpa NPOBEJCHAa C IIOMOIIbI0O MarHMTOMETpa Ha OCHOBE JaTdMka Xoia. B pesynprate paszpabotana u
MIPOBEpEeHa METOIMKa H3MEHEHHS SHEPTUH ITydKka yckopurens JIYD-8-5 B unatepnaine 4 — 9 MaB. OnepaTHBHBIA KOHTPOJIb
3a TOKOM M 9HEpTHeil My4yKa OCyILeCTBISIETCS B peskuMe ON-line MOHUTOpHPOBaHUEM TOKA Iy4YKa U TOKA YIPABIIOIIETO
MarHura.

Pabora moanepxana Poccuiickim Hay4dHBIM oHIOM, rpant PH® 16-12-10039.
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M3YYEHUE BO3MOKHOCTH BOCCTAHOBJIEHUSI TEILIOBOI'O W SIMTEILIOBOI'O CHEKTPA
HEATPOHOB ®OTOHEMTPOHHOT'O MCTOYHHMKA HAU PAH IO JAHHBIM HEATPOHHO -
AKTUBALIMOHHOTI'O AHAJIM3A

Agponun A.A., 3yes C.B., Konobeesckuii E.C.

WuetutyT simepHbIX uccnepoBanuil Poccuiickoil akagemuu Hayk, Mocksa, Poccus

B WAN PAH coszman W-Be-¢potoneltponHuslii uctouHuK HeWtpoHoB WH-JIVD [1] wHa 6a3e ymHeiHOTO
YCKOPHUTEIS 3JIEKTPOHOB. Pa0oTh Ha MCTOYHMKE BeAyTCA B 00JIACTH HEHTPOHHO -aKTMBAIIMOHHOTO AHANM3a M M3yYCHUS
peaxuuil noja AeUCTBUEM HEUTPOHOB. MHOIHME U3MEPEHHS IIPOBOIATCS AKTUBALMOHHBIM METOJOM, ULl KOTOPOIO BAasKHO
3HaTh CIEKTP HEHTPOHOB oOiydarommx oOpasmbl. B cmektpe HEHTpPOHOB (OTOHEHTPOHHOTO HCTOYHHKA ITOMHMO
OCHOBHOT'O BKJIaJia OT TEIJIOBBIX HEHTPOHOB NMPHUCYTCTBYIOT BKJIAIbI AIUTEIUIOBBIX M OBICTPHIX HEUTPOHOB. Bun crnextpa
U OIICHKA MOTOKOB OBLIM MOJy4EHBI paHee B pe3yJbTaTe MOJICIMPOBaHHA. Tak Kak XapaKTepUCTUKH CIIEKTpa HEHTPOHOB
CBSI3aHBI C HM3MEPSIEMBIMU BEIMYMHAMU YE€pe3 HUHTETPal CBEPTKH CIEKTPAIbHOM IUIOTHOCTH HOTOKAa C HM3BECTHBIM
cedeHueM (N,y) peakuuy, To U3BIeYb UHGOPMAIUIO O CIIEKTPe U3 IKCIEPUMEHTAIBHBIX JAHHBIX HENb3sl B IBHOM BHJE, a
MOXHO BOCCTAaHOBUTh, HAIIpUMeEp, PelIeHueM 00paTHoil 3a1aun.

B pabote paccMoTpeHa BO3MOXHOCTh BOCCTAHOBIEHMs HH(poOpMaluM o (GopMmMe CHEeKIpa U BKIAJOB B HEro
HEITPOHOB TEMJOBBIX M DIUTEIJIOBBIX JHEpruil. B KauecTBe HKCNEPUMEHTANBHBIX JaHHBIX Ul BOCCTAHOBJICHHUS
IpeIaraeTcsl UCIONb30BaTh JaHHBIC 110 HEWTPOHHO-aKTUBAIIMOHHOMY aHAIM3y OOIyuYeHHBIX B HMCTOYHHKE 0Opa3IoB.
CpaBHHUTENbHBIN aHANMN3 CEYCHUI HEHTPOHHOTO 3axBaTa Ha PA3NMUYHBIX SAApaX M CBEPTKM CEUEHHUH C Pa3IUuHBIMU
9HEPIeTUYECKUMH y4aCTKaMH MOJIEJIBHOTO CHEKTpa MO3BOJIMI 0TOOpaTh B KauecTBe 00 pasloB psii 3JIEMEHTOB, ULl
KOTOPBIX 3aMETHBIH BKJaJ B M3MEpsEMblC BEIMYUHBI JAIOT TOJIBKO TEIIOBBIE WM 3MUTEIUIOBBIE HEHTPOHBI, JIMOO MX
komOunamuu. IlpoBeneHsl oOiydeHus oOpa3sLOB M HM3MEPEHUS AKTUBALMOHHBIX CIIEKTPOB C HCIIOJIb30BAHHEM
HHU3KO(OHOBOTO ramma-crektpomertpa [2]. IIposeneHo BocctraHOBIeHHME (GOPMBI CHEKTpa HEHTPOHOB HMCTOYHHKA B
TEIUIOBOH M 3NUTEINIOBO YacTH crektpa. OLeHeHbl 3Ha4eHUs! INIOTHOCTH OTOKA HEMTPOHOB B 3TUX 00/IACTAX CHEKTPa.

Crnucok nuTepaTyphl
1. Andreev A.V, Burmistrov Yu.M., Zuyev S.V., Konobeevskiy E.S., Mordovskoy M.V., Nedorezov V.G. //
Bull. Russ.Acad. Sci.: Phys.,2017, Vol. 81, No. 6, pp. 748.
2. Andreev A.V. etal. // Nucl. Phys. and Eng. 2013. V.4. P. 879.

MWBMEPEHUE JSHEPTETHMYECKOI'O PACHPENEJIEHUSA IIYYKA 2JIEKTPOHOB YCKOPUTEIA JY3I-
8-5 Isin PAH

3yee C.B., Konobeesckuii E.C., Heoopesos B.I'., [lonomapes B.H., [lomawes C.H., Conooyxos I'B.
WuctuTyT simepHbIX uccnenoBanuil Poccuiickoi akaneMuun Hayk, Mocksa, Poccus

DKCIepUMEHTHI, BeAyIluecs Ha myuke yckopurens JIYD-8-5 USIU PAH, tpebyrot npu 00paboOTKe MOIydISHHBIX
Pe3yJbTATOB CBEJCHHI 00 IHEPreTUYECKOM PACIPEACICHUU 3JEKTPOHOB B Mydyke. DTH XapaKTePUCTUKU OIMpPEACISIIUCH
C TIOMOIIBI0 MAarHUTHOTO CIIEKTPOMETPA, COCTOSINEro W3 ABYX 135-rpaflyCHBIX MAarHWUTOB, IO3BOJLIIOIIUX MOBEPHYTHh
my4dok Ha 270 rpagycoB. ['pagynpoBka CIIEKTpOMETpa MIPOBEAcHa ¢ IOMOIIBI0O MATHUTOMETPa Ha OCHOBE IaTYMKa XOJUIa.
MrHOBEHHbIC 3HAYCHHs TOKAa Iy4YKa M TOKAa YINPABISIONIETO0 MAarHuTa ONU(POBBIBAIMCH C BH3yaJH3alUei B BHIC
JBYMEpPHON JuarpaMMbl “TOK IyYKa—TOK MarHuta” Ha 3KpaHe KOMIbIoTepa. JTO MO3BOJSIET B pekume On-line
MIPOU3BOIUTH TOHKYIO HACTPOWKY M ONIEPAaTUBHBIN KOHTPOJIb YHEPTUH Iy4yka yckopurtens. [IpeasapurensHo npoBeneHHas
KaMOpPOBKAa DHEPTUHM IIy4Ka YCKOPHUTENS C WCIOJB30BaHHEM MAarHUTHOTO CIHEKTpOMETpa MO3BOJSIET OMNPEICIHITh
JHEPreTHYCCKHE XapaKTCPUCTUKH IydYKa. Pe3ysipTaTel HM3MEpEHHH XapaKTCpUCTUK ITy4Ka, BKIIOYaroImue B cels
MTHOBCHHOC 3HAUYCHHC TOKA ITyYKa, CPEIHUI TOK, BEIMYHHY HAKOIUICHHOTO 3apsima ¥ (OpMy HSHEPreTHYECKOTO
pacrnpeesieHus i MOJHOro Habopa SHEPTHil COXPAHSIIOTCS B TeUCHHE BCErO ceaHca M3MEPEHHH Ha yCKOpHUTEe.

PaboTta momneprxana Poccuiickum HaydHbIM (hoHIOM, rpanT PH® 16-12-10039.
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MEXAHHM3M PACCESIHUSI n-ME3OHOB B INIAYBEPOBCKOM TEOPUM HA M3O0TOIIAX $8HE
Hbpaesa E.T. 1 Umambexos O.,2 Toxcaba JK. A.,? Vsuxoe FO.H. 3

MnctaryT spepuoii pusuxku HALL PK, Kazaxctan, Ammatst
2Ka3HY um. anb-®apabdu, Kazaxcran, Anmartel
3 O6bemuennbii UnctutyT Snepusix Uccnenosanmii OUSIU, Poccus, Jly6ua

YHUKaTBHOCTh MIOH-HYKIOHHOTO M MUOH-SIJEPHOTO B3aUMOJICHCTBHUS 3aKIFOYAETCSl B CBOMCTBAX CAMUX IMHOHOB!
JIeTKasi Macca, HyJIeBOW CIWH, TPU 3apsJOBBIX COCTOSHUS. [Iporecchl B3aMMOJACHCTBUS MUOHOB C sIpaMH  TPHU
MIPOMEXYTOUHBIX dHEPTHX (0T coTeH M»1B 1o '9B) m3yuarorcss B paMKax ONTHYECKON MOJENH, METOJOM CBSI3aHHBIX
KaHAJIOB, C IIOMOIIBI0 JUarpaMMHOM TEXHWKU, B KacKaJHOM MoOJenu, B JAUCIHEPCUOHHON TEOpUHM U B TEOPUHU
M PaKIMOHHOTO paccesHus I'may6epa. s onmcaHus — paccesHHs T-Me30HOB Ha m3otomax 5®He mcmosb3oBamachk
rmay0epoBcKas TeopHs, KOTOpas MO3BOJMIA PAcCUUTATh AMHAMHUYeckue J(G(EeKTsl MHOTOKPATHBIX COyIapeHuil ¢
HYKJIOHaMHU spa.

XOTA IIOCTAHOBKA DKCIIEPUMEHTA HEBO3MOIKHA YIS PACCESHMS T-ME30HOB Ha HecTaOmibHbIX u3otonax ®He, 8He,
HO U3 CPaBHEHHS Pe3yJbTaTOB C paccesiHHEM MPOTOHOB Ha THX M30TOMAaX (U1 KOTOPBIX UMEIOTCS IKCIIEPUM EHTAJIbHBIE
JaHHBIE), MOXKHO CJejaTh MoJIe3HbIe BBIBOABI. IIporpecc sKCHepHMEHTalbHBIX METOJIOB MOJy4YEHHUS HECTaOMIbHBIX
M30TOMOB JAET HaJexay B OyaylieM HoJyyaTb caMble 9K30THUECKHUE JaHHBIE.

Hcnosb3oBanne BonHOBBIX (GyHkumii (B®) B Tpexdactvunoit a2n -moxemu mis SHe [1] m BO o6Gonouednoi
MOJEMU ¢ pacimupeHHbIM 6asucoM (LSSM) mns 8He [2], nano BO3MOKHOCTb PAacCUMTaTh MATPUUHBIE BIEMEHTHI
paccesHUs aHAIMTHYECKH M Y9eCTh CTPYKTypy 3TuX sizep. Y sapa ®He umeetcs 1Ba BaneHTHBIX HElTpoHa, y sapa SHe —
geThipe. M3BecTHO, uTo TpexdacTnuHas B® sapa SHe MokeT HaXo[uTbCA B IBYX PasIUYHBIX KOHQHIYpPALUAX:
JMHEWTPOHHOH M curapooOpasHoi. B [3] ObI0 mOKa3aHO, YTO XOTA AMHEHTPOHHAs KOHGUTYpamus mpeoOiagaeT Hal
curapooOpasHoii (cooTBeTCTBCHO 95% 1 5%), HO MOCHEeNHssA TAkKe BaKHAa W BKJIAJ €€ B U epeHInanIbHOe CCUCHUE
(1C) Mo 3aJHMMH yITIaMH CPaBHUM ¢ auHeiTponHO. [ aapa 8He [2] HalineHo, 4To TOMHHHpYIOMAs KOHQHTYpaIHsl
06pasyeT paBHOCTOPOHHHI TPEyrodbHHK, B BepuuHe koToporo Haxogutcs Ol -yactuma, a B oOcCHOBaHMH —
JTMHEATPOHHBIE KIacTephl. Pazmmune B reometpun saaep *He u 8He o6bsacusercs neiicteuem npunnuna IMaym: B 8He
nMeeT MecTo 3P eKTHBHOE OTTAJKUBAHUE MEXIY TMHEHTPOHHBIMU KiIacTepaMy, B pe3yJIbTaTe UeTr0 OHU PacIoNararoTcs
no passsie ctoporsl oT Ol -yactimumoro xopa, B ®He HEHTPOHBI ¢ MPOTHBOMOIOKHO HAMPABICHHBIMH CIIHHAMHU B
npucytctBun MaccuBHoro Ol -xopa 06beaMHAIOTCS B KOMIAKTHBIH AUHEHTPOH [3].

MBI paccuurama JIC 1 aHammsupyiontyio cnoco6nocts (Ay) p®8He paccesnus npu E = 0.07 u 0.7 '5B/HyKkioH B
pamMkax may0epOoBCKOIl TEOpHH MHOTOKPATHOTO PACCESHUS C y4ETOM OJHO-, IIBYX- M TPEXKPATHBIX COyJApeHUH B
onepartope Q mia sapa ®He u B npuOmmkeHny IBYKpaTHEIX coyaapenmii B onepatope Q mi sapa 8He. [Tokaszano, uto
x0T ocHOBHOHM Bkiax B JIC mpu ManbIX MepelaHHBIX MMITYJbCaxX AT OJHOKPATHBIC COYIapeHHs, NMPH OOJBIINX
NepeaaHHbIX UMIYJbCaxX JMHAMMUYECKUE BKJIAJbl BBICIIUX HOPSAKOB 3HAYUTEIbHbl U JOJDKHBI YUHUTHIBATHCS.

Cpapuenue JIC 1 Ay NHOHOB M MPOoTOHOB Ha snpax ®8He mokasano, 4T0 OHM XOPOIIO KOPPETMPYIOT APYT €
npyroM. OnmHako UMeEroTCss W pa3nuyus. [I0OCKONbKY MHOHBI B3aUMOJCHCTBYIOT C HYKIOHAMH CHJIbHEE, YeM JpYTHE
YaCTUIBI, TO MHOTOCTYIIEHYATHIC MPOIECCH 0oJice BaKHBI. J[pyrHMH CIOBaMH, BKJIAJ MHOTOKPATHBIX CTOJIK HOBEHUH
Oynmer OombIlie B T-IAEPHOM pacCesHHUH, YeM B p-snepHoM. AOcomotHas BeanunHa JIC HECKOJBbKO OOJbIEe Wit -

. 7N pN
ME30HOB, YeM I IPOTOHOB, YTO 3aBUCHUT OT BeMUMH ceueHui Otgp 5 Ofgt B 2J€MEHTAPHBIX aMIUIUTYAaX.

MeI ocTapamcsk camocornacoBanno omucath JIC u Ay B ynpyrom p88He-paccessum, ¢ TeM, 4T06BI MOKA3aTh
YyBCTBUTEIFHOCTh XapaKTEPUCTUK K BOJTHOBBIM ()YHKUIUSAM sIep, PACCUUTAHHBIM B Pa3HbBIX Mojemix. IIpoBeneHHoe B
HacTosIIeH paboTe cpaBHEHHE Pa3HBIX MOAX0J0B Kk omeHke JIC u Ay, BBIABIAET 000OCHOBAaHHOCTh HCIIONB30BAaHUSA TEX
WM MHBIX MOJENEH.

PaGoTa BeimonHeHa mpu noanepskke rpantoB: 337 2017 Iomomounoro npeactaButens PK 8 OUAU u 3090/ d4
MunuctepctBa obpa3oBaHus 1 Hayku PK.
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V. I. Kukulin, V. N. Pomerantsev, Kh. D. Razikov, et al.// Nucl. Phys. A. 1995, V. 586. P. 151.

A.N. Antonov, D. N. Kadrev, M. K. Gaidarov, et. al.// Phys. Rev. C. 2005. V. 72. 044307.

3. JIN. Tananuna., H.C. 3enenckas // A®d. 2007. T. 70. C. 308; AD. 2009. T. 72. C. 1753; DUYAM 2012. T. 43.
Bem.2. C. 295.
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HEYIIPYTOE PACCESIHUE TIPOTOHOB HA SIJIPAX !315C B IJTAYBEPOBCKOW TEOPUUN
JKycynoe M.A.?, Uopaesa E.T. , Kabamaesa P.?

MucturyT spepHoii pusuku PK, Amva-ATa, Kazaxcram;
2 Kazaxckuif HalMOHANBHBIN yHUBEpCHTET WM. anb-Dapabu, AnMa-ATa, Kasaxcran

K HactosmeMy BpeMeHN HaKOIIIeH OOJIBIIOH HKCTIepUM eHTABHBIA MaTePHaI IT0 PACCESHHIO IPOTOHOB H s/iep Ha
M30TOTAX YIIepoJa B MIMPOKOM JMaIa30He YHEPTHil (0T HU3KUX J0 PEIATHBUCICKHX). B sKcneprMeHTaX, MpoBeIeHHBIX

B JIMA®D, CERN, RIKEN , PSl, GSI u B apyrux nmabopaTopusX, U3MEPEHBl CTaTUUECKHE (paanyChl (rp,rn,rm )

kBagpynoJbHble (Q) u MarauTHble ( £/ ) MOMEHTBI, PDHEpreTHYeCKHe CIIEKIPHI) U JuHaMudeckue (muddepeHnuanbasle U

noymEele cedeHus (JC, I1C), dopMbakTopsl, IMITyIECHBIE paclpeiceH s, MOIIPU3ANNN) XaPAKTCPUCTHKH.

Jdns o6paboTki MaHHBIX TPH MPOMEXYTOUHBIX JHEPTHAX (coTHH M5B wm BhIme) ymoOHO HCIOJIB30BATH
rnay6epoBckoe MpuOmpKeHue [1], KoTopoe ONHCHIBAET MEXAaHM3M MHOTOKPATHOTO PacCEsHHs U MO3BOJSET paboTaTh
peamICTHYeCKUMHU BOJTHOBEIMU (yHKIusMu (BD).

ITpooIDKas HAIHA TPE BTy IHE UCCIIEOBAHNS YIIPYTOTO M HEYIIPYTOTO PACCESHHUS IPOTOHOB Ha sapax 1315C [2-

+ +
4], B HacTosmeH paboTe MBI paccuutamm J{C HEYIIpyToro paccestHus Ha ypOBHH J7 =1/ 2+, 5/2 ) 3/2 s 13C n

+
Ha YpOBEHb J7= 5/2 mis 15C npu sneprusx 0.6, 0.8 u 1.0 I'5B. B pacuetax ucnomssosamcs BO 06omouednoit

Mozemu. Paccuntansl napruanbHble cedeHMs (O[HO- M ABYKpATHBIC) U IOKAa3aHO, B KAKyI0 00JIACTh YIIIOB/IEpEIaHHbBIX
HMMIIyJIbCOB OHU JAIOT JOMUHUPYIOIIUE BKIIA b

Lenbro HAMX pacyeToB SBISIETCS anpoOaIys FTHX GYHKIUI B IpoIeccax HEYNPYToro pacCcestHUs U MpOBepKa
BO3MOYKHOCTEH () paKIIMOHHOH TEOPHH B OMMCAHNH MEXaHU3Ma PaCCesHHS.

do/dQ, mG-cp
10° ¢ 10° ¢

do/dQ. verep

Puc. la. Jlud pepenumnansunie ceuenns p3C mpu Puc.16. To xe, uto Ha puc.la m pl®C
pasHbIX SHeprusax npotoHos E = 0.6, 0.8 u 1.0 I'>B

Ha puc.1a,6 npusenenst 3asucumoctu JIC p3C (a) u p!°C (6) ot sueprun nporonos: E=0.6 I'3B, 0.8 I'3B, 1.0
I'’B. Ha pucyHkax BHIHO, YTO C yBeIMYEeHHEM OHepruu crtonkHoBeHud B JIC HaOmopaetcs  Oosee ueTkas
m(GpaKIMOHHAsS KAPTHHA: YACIO MAKCUMyMOB U MHHAMYMOB B OJMHAKOBOM YITIOBOM JMAIa30HE YBEIHYHBACTCH,
MHHUAMyMBI CMEIAIOTCS B 06JIACTh MEHBUIMX YINIOB PACCESHHS.

TIMokasano, kak GopmMupyercss MPPAKIUMOHHAS KapTHHA NPH PACCESHMU NPOTOHOB Ha smpax 315C. Paccumtan
pian B JIC mapuuanbHeIX CEYEHHE OJHO- M JABYKPATHBIX coyZapeHuil. OIHOKpATHBIE TaplHAlbHBIE CEYECHHS
JOMHMHUPYIOT TIPU MAJbIX yIJaX PaccesHusl, AByKpatHeie — npu 60mbimmx. Munnmymsr B JIC HEympyroro paccesHus
BO3HHKAIOT KaK M3-32 OPTOTOHAILHOCTH B® OCHOBHOTO M BO30YKICHHOTO COCTOSIHHM, TAK M U3-3a CTPYKTYDBI sjpa-
MHUIIEHN M U3-32 NECTPYKTUBHOM MHTEP(EPEHIMN aMIUUTY{ OJHO- U ABYKPATHBIX COYIApEHHUH.

Iposeneno cpasuenue JIC p'3C u p®C-paccesnnii. TIpu cOOTBETCTBY IOIIMX SHEPTUSX OHU OJIM3KU JPYT IPYTY,
0JHAKO HAOJIOJAETCs CUCTEMATHYeCKHi caur cedenus pl°C-paccesHuss Ha 2-3° B 06NAaCTh MEHBIIMX YIJIOB, TaK
Ha3bIBAEMbIH MACCOBBIH CIBUT U3-32 JOMOJHUTEIHHOTO YHCIa HEHTPOHOB B 15C.

R. J. Glauber, in Lectures in Theoretical Physics (Interscience, New York, 1959) Vol. 1. P.315.

M. A. Zhusupov,E. T. Ibraeva, R. S. Kabatayeva. // Nucl.Theor. (Heron Press, Sofia) 2015. Vol. 34. P.12.
E. T. U6paesa, M. A. Xycynos, O. Umamb6ekoB. // S1®P. 2012. Tom 75. C. 1462.

E. T. Uopaesa, M. A. Xycynos, O. Imam6ekoB, I1. M. Kpacosunikuii. // S®. 2014. T. 77. C.95.
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CPABHUTEJIbHBI M1 AHAJIN3 PACCESSHUS NMPOTOHOB HA M3OTOIIAX 9B,9BE B
TAYBEPOBCKOM TEOPUM

Ubpaesa E.T.' Bypme6aes H.T.' Vsuxoe FO.H. ?

WucturyT spepuoii pusuku PK, Kazaxctan, Ammatsl
206wemmuennsii UactutyT SInepueix Uccnenosanuii, Poccus, Jly6Ha.

B pamkax mippaxmuoHHON Teopun [mayGepa, paccumrtansl muddepenmumansusie ceuenus ([C) ympyroro
paccesHus MPOTOHOB Ha 3epKabHBIX sapax ‘B u °Be npw sueprusix 135, 180 u 220 MoB (s koTophix mist sapa °Be
HUMEIOTCS SKCIIePHM eHTallbHbIe AaHHbIe [1-3]).

Bommossie pynkimu (B®) sepramsabix saep B u °Be paccuwnranst B Tpexaactuaroit 20N- mogem [4] ¢ mapubimu
oN- U oo-B3auMoieicTeuaAMHU. Pacuer B mposesen ¢ agyms pasimuunbiMu O -noteHumanamu: Ami-Boamepa ¢
OTTAJIKUBATEIILHBIM KOPOM Ha MajlbIX pacCcTOsSHUAX (Mojenb 1) u baka ¢ 3ampemeHHbIMH COCTOSHUAMU (MoJiess 2). B

obenx MOJCIIIX UCIIOJIb30BAJICA aN -IMIOTEHIIUAJ €¢ YCTHO-HCUECTHBIM pacCHICTINICHUEM q)a3013171x CIBHUI'OB

da/dQ, mb/cp do/dQ, mb/ep

ED=]35 MsB

x100

. ~ DN
=135 MaB L )
: k

4 10°F \“ .
L E=180 MoB LT

10 .
R 10°F 2 3
. ~JE=220 MaB

10°F i 1 L 1 i 1 I 1 I 1 i 1 i 104 L 1 L 1 i 1 i 1 " 1 i J

0 10 20 30 40 50 60 0 10 20 30 40 50 80

0, rpan 0, rpan
Puc.1 JC p®B-paccesnus npu E = 135, 180 u 220 Puc.2. Briagpl pa3HbBIX KpaTHOCTEH COyJIapeHHUN

M5B ¢ BO® B mozemu 1 (crionrHble KpUBBIE) U 2 B JIC p°Be-paccesnus npu E=135 M»B.

(I TpUXOBBIC KPUBHIE). OxkcnepuMeHTanbHble gaHHble U3 [1]. TloscHenus naHbl

B TCKCTC.

Ha puc.1 npusenenst JIC p°B-paccesnus mpu E = 135, 180 u 220 MsB ¢ B® B Mogemu 1 (CILIOMIHbIE KPUBEIE) 1
2 (mTpuXoBBIE KpHBEIE). Pa3mimaus, KOTOpbIE HMEIOTCS B CEUCHHSAX C IBYMS MOJCIHHEIMU B® 0OBACHAIOTCS pasHBIM
BUOM 3THX (yHKmmi: B Monemn | B BD mmeercs xkop mosTomMy oHa Oojiee IOBEPXHOCTHAs, C HPOTDKEHHON
ACIMTNTOTHKOH, B MoJem 2 (yHKIMS CHIbHEE BTSHYTA B SIPO, M BO BHYTPEHHEH 00/1acTH MMeEeT y3ell U IBa MaKCUMyMa.
Ha puc.2 mpuBeieHBl BKIAAb PasHbIX KpaTHOCTel coymapennit B JIC p°Be-paccesnus (xpupas 4) mpu E = 135 M3B.
PaccunTaHbl mapIuanbHBIE BKIAABI OT OMHO-(KpuBast 1), 1Byx-(kpuBast 2) M TpexXKpaTHbIX (KpuBas 3) coyaapeHHiH
HAJIETAIONIETO MPOTOHA C KIACTEPAMH, COCTABsommMMH sipo *Be. Kak BUAHO W3 puC.2, MUHIMYM BO3HUKAET B TOYKE
nepecedyeHys NapLuualbHbIX CEUEHUN OJHO - U JBYKPaTHBIX coyJapeHuil. TpexkpaTHble coynapeHus JeKaT Ha 4 nopska
HIDKE U IPaKTHYECKH BKJIAJa B ceueHHe He NaroT. [IpoBeieHHOE HCCieloBaHHE IPOAEMOHCTPHUPOBAJIO TyBCTBUTEILHOCT
JC ynpyroro paccesHuS K CIpYKType sAep M KO BKJIAQy IPOIECCOB MHOTOKPATHBIX COYJAPCHHI C O-KIacTepaMu H
nyxionom. Cpasrenne JIC wist p°Be ¢ skcrepumentom [1-3] mokasano, 4to B 06macti nepeannx yrios (6 ~30°) mamr
pacdeT corjiacyercst ¢ UMEeIOIUMHUCS TaHHBIMU.

Pabora BpImoNHEHa ¢ (QHUHAHCOBOW MOICPIKKOH rpanta 3372017 TloJHOMOYHOTO TIPEACTABHUTEIA
IIpaBurensctea PK B OV

JJ. Kelly /I Phys.Rev., 1988. vol. C38. P. 1490.

G. Roy etal./l Nucl.Phys. A.1985. V. 442. P. 686.
S.Dixit etal.// Phys.Rev.C. 1991. V. 43. P.1758.

V.I. Kukulin et al. // Few-Body Syst. 1995. V.18. P. 191.
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NEW CALCULATION OF RATE OF THE ASTROPHYSICAL REACTION 2C(p,y)'3N

2 ]gamov S.B., 2 Artemov S.V., ®Karakhodjaev A.A., 2 Radyuk G.A., 2 Tojiboyev O.R., Ergashev F.Kh., Aliev M.K., ®
Kholbaev 1., ® Rumi R.F., ®Khalikov R.l., ” Eshkobilov Sh.Kh.

2 nstitute of Nuclear Physics of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan
b National University of Uzbekistan, Tashkent, Uzbekistan

Traditionally, the rate of the radiative capture reactions included in astrophysical processes is determined with the
use of ultralow energy astrophysical S — factor data for this reaction. The alternative method of determination of the
radiative capture reaction rate through the reaction yield is proposed in [1]. In principle, utilization of the reaction yield
has an advantage as it can be sensitive to the latent resonances which may exist at very low energies unachievable for
direct measurement. The method has been used for the 12C(p,y)!3N reaction. The yield data on this reaction in the energy
range 200 keV< E< 1000 keV was used from [2] , in which the yield data obtained by the authors themselves of the [2]
and from[1,3] were presented together as mutually complementary data. In this study, the new measured by us yield data
at lower energies up to 70 keV has been used as well. In the figure, the results of the calculation of the rate of the
12C(p,y) 3N reaction are presented. The dependence of the reaction rate on the stars internal temperature is presented as a
general pattern and for low temperatures separately.

7000_ 1000
—— empiric calc. [1]

¥ allin one

1 ) A our
«E 5000 - . o [1,3]

* —0—

@‘ |
© 6000 so0
=

0.01 0.1 1 10

1 N.A.Roughton, M.J.Fritts, R.J.Peterson, C.S.Zaidins, C.J.Hansen, Astrophys.J.205 (1976) 302
2. S.V. Artemov, et al., Nucl. Insr. Methods A 825 (2016) 17
3. J.D. Seagrave, Phys.Rev.84(1951) 1219.
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FINE STRUCTURE OF THE B-DECAY STRENGTH FUNCTION AND OSCILLATION OF THE
ISOVECTOR NUCLEAR DENCITY COMPONENTS

Izosimov I.N., Solnyshkin A.A., Khushvaktov J.H.

Joint Institute for Nuclear Research, 141980 Dubna, Russia

E-mail: izosimov@jinr.ru

The B-decay probability is proportional to the product of the nucleon part described by B-decay strength function
Sp(E) and the lepton part described by the Fermi function f{Op — E). From the macroscopic point of view, the resonances
in the Gamow—Teller (GT) beta decay strength function Sg(E) are connected with the oscillation of the spin—isospin
density without change in the shape of the nucleus [1]. At the nuclear excitation energies E up to O (total energy of B-
decay) Sp(E) determines the character of the B-decay and the half-lives (71/2) of the B-decay, spectra of B-particles and
neutrinos emitted in B-decay, spectra of y-rays and internal conversion electrons resulting from de-excitation of daughter
nucleus states excited in the B-decay, and probabilities of delayed processes accompanying the B-decay [1-4].
Development of experimental technique allows application of methods of nuclear spectroscopy with high energy
resolution for Sp(£) fine structure measurement [2—4]. The combination ofthe total absorption spectroscopy (TAS) with
high resolution y-spectroscopy may be applied for detailed decay schemes construction [2].

High—resolution nuclearspectroscopy methods [2—4] made it possible to demonstrate experimentally the resonance
nature of Sg(E) for first-forbidden (FF) B-transitions and reveal splitting of the peak in the Sg(E) for the GT B*/EC decay
of the deformed nuclei into two components. This splitting indicates anisotropy of oscillation of the isovector nuclear
density component. A low intensity component of the splitted peak has a larger energy and corresponds to the y-type
oscillation (AK#0) of the proton holes towards neutron particles. The other component corresponds to the B-type
oscillation (AK=0) of the proton holes towards neutron particles. The value of such energy splitting for GT B7/EC decay
of 1902Ho is about Ey — Ep = 1 MeV.

It is shown that the high-resolution nuclear spectroscopy methods give conclusive evidence of the Sg(£) resonance
structure for GT and FF B-transitions in spherical ('47Tb), deformed (1602 190mHo), and transition (!*°Ho) nuclei. Splitting
of the peaks connected with the oscillations ofneutrons agaist protons (£1 GDR), of proton holes against neutrons (peaks
in Sp(E) ofthe B*/EC — decay), and of protons against neutron holes (peaks in Sp(E) ofthe B~ —decay) is discussed.

References

[1] Yu.V. Naumov, A.A. Bykov, I.N. lzosimov, Sov.J.Part.Nucl., 14, 175 (1983).

[2] I.N. 1zosimov, V.G. Kalinnikov, A.A. Solnyshkin, Physics of Particles and Nuclei, 42, 1804 (2011). DOI:
10.1134/S1063779611060049.

[3] IN. lzosimov, V.G. Kalinnikov, A.A. Solnyshkin, Physics of Atomic Nuclei, 75, 1400 (2012). DOI:
10.1134/S1063778812110099.

[4] ILN. lzosimov, V.G. Kalinnikov, A.A. Solnyshkin, Journal of Physics: Conf. Ser., 381, 012054 (2012).
DOI:10.1088/1742-6596/381/1/012054.

PEJIKHUE PACIHAIBI B ME3OHA
Hcaowvikoe A., Hsanoe M.A.
JIT®, OUsU, Ny6Ha, PO

B mpoBeneHHBIX B TOCHEAHEE BpPEMs OKCIHEPUMEHTaX HAOMONAMICH PACXOXKACHHS C TPEACKA3aHUSIMU
CranmapTHONf MoJenM B pemKHX pacmnagax B-mesona. Pemxue pacmamel, uaymue 3a cueT HEHTPAJIbHBIX TOKOB C
n3MeHeHneM (ieifBopa, M03BOJIIOT uccie0BaTh Y dextsl pu3uku 3a npeaenamu CraHgapTHOH MoJem. 3a MocueHee
JICCSITUIIETHE MHOMXECTBO HaOIoJaeMblX, BKmoyas Openuunrn, CP M ynioBele acUMMeETpUM B HHKIIO3UBHBIX U
9KCKIIFO3UBHBIX MOJiaX pacnaga B-me3ona, Obum u3MepeHsl Ha B-pabpukax u Ha skcnepumentax LHC. Dtu nanHbie
MO3BOJIIOT UCCNEN0BaTh CIMPANBHYIO CIPYKTypy BO B3aHMOJCHCTBHSX C M3MEHEHHEM apoMarta, a Takke BO3MOKHBIE
HOBbIE UCTOUHUKH CP-HapyIieHus.
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CIIAPUBAHUE TOXIECTBEHHBIX HYK/JIOHOB B M30TOIIAX BBJIM3U 90Zr
Hmawesa JI.T. *, Huxanos B.C. Y2, Cmenanoe M.E. *, Tpemwsxosa T.IO. 1?2

1 MockoBckuit rocyiapcTBeHHBINH yHUBEpCcUTET nMeHn M.B. JloMoHocOBa, Pu3uueckuii paKyIbTeT
2 MOCKOBCKHIA TOCYIapCTBEHHEIH yHUBepcuTeT nMeHn M .B. JloMmonocoBa, Hay4Ho -ucc e ioBaTe IbCKuit
HHCTATYT spepHO# ¢m3ukn mMenn [|.B. CkoGemsmbiaa, 119991 Mocksa, Poccus.

Cuiel crlapWBaHHSA TOXKACCTBEHHBIX HYKJIOHOB B SIpe HPUBOIT K (POPMHPOBAHHUIO MYJBTUIIIETA OCHOBHOTO
cocrosHust (GSM, ground state nwltiplet), ypoBHM KOTOpOro MOTYT OBITH pacCUMTAaHBl B HNPUOIIDKCHUH O-
B3auMoJzeiicTeus [1]. EAMHCTBEHHBIM MapaMeTpoOM JaHHOTO MPHUOJIKEHHs sBISIETCS BeIMYMHA paciuervieHus GSM,
KOTOPYIO MOXHO OINpPEACTUTh U3 3KCIIEPMEHTAJIBHBIX 3HAUCHUI MacC COCENHMX Sifep MO COOTHOLICHUSM I YETHO -
HedeTHOTO A ¢dexra. JlaHHBIM NOAXON MOKA3bIBAET XOPOIIME pe3yIbTaThl B SAApaX, UMEWONHMX Mapy u Oolee
TOXJIECTBEHHBIX HYKIOHOB (IBIPOK) CBEPX 3aMOJHEHHOTO Maruueckoro ocrosa [2-3].

B paboTe paccMOTpeHO MpOSIBJICHHE CIAPUBAHHSA TOXACCTBEHHBIX HYKIOHOB B COCTOSHHH | = 9/2 B
HU3KOJIEXKALMX BO30Y)aeHUsX sijep BOmm3u 90Zr (N=50, Z=40). Hecmotps Ha 10, yt0 N = 50 siBnseTcss Maru4eckum
YUCJIIOM H COOTBETCTBYET 3alOJHEHHOW HEWTpOHHOW 000JI0UKe, B CHEKTpe BO30YKICHHBIX cocTostHMA 90Zr
npucyTcTByeT Habop ypoBHelr GSM, pacuieruieHe KOTOPOTO COOTBETCTBYET JHEPIMHM CHapUBaHHS HEHTPOHOB
Ann = 3,71 MaB. B crniektpax ocTaibHBIX siep B nenouke n3otoHoB ¢ N=50 oTyemBO mpociiexuBaroTcs MyJIbTHILIETHI
COCTOSIHMH C CEHbOPHTH V > 2, pacllelIeHHe KOTOPBIX OINpeJeNsieTcs: SJHeprueil crnapuBaHus NpoToHOB. CpaBHEHHE
pe3yJbTaToB pacuetoB crnekrpoB GSM B npuOmmkeHnM 8-B3aMMOJACHCTBHS C DKCICPUMCHTAIBHBIMM JaHHBIMH U
pesynbTaTaMu padotT [4,5] AeMOHCTPUPYET COCTOSTEILHOCTh JAHHOTO MOAX0Aa B OMHCAHHMH MOJIOXKCHUS YPOBHEH C
OOJBIIMMHU 3HAYCHUSMH J M KAUYECTBEHHOM CTPYKTYPBI CIIEKTPOB.

* 4n -4n
E ,MeV lgg.‘,2 1 2.,
59 —
1 ((11))* S (12— e
(9), —
10 () e T
o (4" TO08"
1 (3'48".’ ()
3 4,2) _____ — 0y )
6 i ) e p—
4 T T =
2 2*
1 . A
0 —_— - I
exp [5] cale ¢ exp [5] calc
94 96
44Ru50 46Pd50

Puc.1 Crektpsl m30toHOB 94RU 1 96Pd: sxciepuMenTanbHblie 3HaYCHHS (CIE€Ba), pacyeThl B MPUOIMKEHUH O -CHIT
(ctipaBa) u pe3ysbTaTel paboThl [5]
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A DETAILED EXPERIMENTAL INVESTIGATION OF THE KLL AUGER ELECTRON SPECTRUM OF Zr
12 Inoyatov 4.Kh., *® Kovalik A.,> Muminov' T.M., * Perevoshchikov L.L., * Filosofov D.V., % Vénos D.

1 JINR, Dubna, RF; 2 UNU, Tashkent, UZ; 3 NPI ASCR, Rez, CZ
E-mail: inoyatov@jinr.ru

The KLL Auger electron spectrum of Zr (Z=40) emitted in the EC decay of °Nb (T1/2=14.60 h) was studied in
detail at the 7 eV instrumental resolution using a combined electrostatic electron spectrometer [1] and a °°Nb source
prepared by adsorption on a polycrystalline carbon foil. Energies, relative intensities, and natural widths (73) of all nine
well resolved basic spectrum components were determined (see the table) and compared with results of both the only
previous measurement [2] (in which the X-ray electron-hole excitation was applied) and the widely used calculations of
the transition energies [3] (performed in a semi-empirical approach) and transition probabilities [4]. Despite of great
uncertainties in the former experimental transition energy determination, significant disagreement of both the absolute
and relative transition energies between these two experiments was especially observed for the KL1L2(3Po), KL1Ls(3P1),
and KLoLs(*D2) transitions. The absolute KLL transition energies [2] are evidently shifted to higher values due to an
erroneous energy value of the KL2Ls(*D2) Auger transition in Cu used for the spectrometer energy scale calibration in the
work [2]. Thus the KL2L3(*Dz2) transition energy [2] is higher by 4.6(18) eV than our one (see the table) in spite of the
fact that our value is increased by about 5.5 eV [3] due to the creation of the K-vacancies by the EC decay (so called “the
atomic structure effect”). The relative transition intensities of the two measurements agree with each other within 1c as
well as with the calculations [4]. Nevertheless, the KL1L;-3 transition intensities [2] seemto be systematically lower and
the KLz 3Lz ones higher than our values. Natural widths of the KLL spectrum components were not determined in the
investigation [2]. Our values agree with the data of the compilation [5] within lo.

Transition Energies (eV) Intensities/~KLL (%) I (eV)
This work Ref. [2] This work Ref. [2] This work
KL L1 (*So) -521.0(6) -520.1(19) 8.4(5) 7.6(9) 10.9(18)
KLiL2(*P1) -299.6(4) -301.7(18) 15.1(6) 14.4(15) 10.3(11)
KL1L2(®Po) -262(3) -271(4) 1.7(5) 1.4(9) 10.3(11)
KL1L3(®P1) -214.0(5) -221.7(19) 8.5(6) 7.6(9) 7.9(13)
KL1Ls(3P2) -188.2(12) -185(4) 3.6(5) 3.6(9) 7.8(13)
KL2L2(*So) -92.3(15) -87(4) 2.9(5) 2.2(9) 6.8(15)
KL2L3(*D2) 13367.3(13)2 13371.9(12)2 44.0(11) 44.8(28) 7.2(5)
KLsLs(3Po) +71.9(13) +65(4) 2.9(5) 3.1(14) 7.909)
KLsL3(3P2) +95.1(6) +93(4) 12.9(6) 15.3(15) 8.5(9)

@ The absolute transition energy related to the Fermi level

[1] Ch. Brianson, et al. Nucl. Instrum. Methods 221, 547 (1984)

[2]  O. Hornfeldt, et al., Arkiv Fysik 23, 155 (1962)

[3] F.P. Larkins, At. Data Nucl. Data Tables 20, 311 (1977)

[4] M.H. Chen, B.Craseman, Phys. Rev. A 21, 442 (1980)

[5] J.L. Campbell, T. Papp, Atom. Data Nucl. Data Tables 77, 1 (2001).
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THE BEFFECT OF THE ATOMIC ENVIRONMENT ON THE KLM+KLN AUGER ELECTRON SPECTRUM
OF RUBIDIUM

12 Inoyatov 4.Kh., ¢ Kovalik A.,® Perevoshchikov L.L., 2 Filosofov D.V., ¢ Vénos D., ¢ Lee B.Q., ¢ Ekman J., ®f
Baimukhanova A.

1 JINR, Dubna, RF; 2 UNU, Tashkent, UZ; 3 NPI ASCR, Rez, CZ; 4 ANU, Canberra, AUS
5 Malmé University, Sweden;  INP, Almaty, KZ
E-mail: inoyatov@jinr.ru

Using a combined electrostatic electron spectrometer [1], the KLM+KLN Auger electron spectrum of rubidium
(Z=37) accompanying the decay of 83Sr and 85Sr was studied in detail for the first time. Radioactive atoms were situated
in polycrystalline platinum and carbon matrices and in an evaporated layer on a carbon backing. Energies, relative
intensities, and natural widths of fifteen basic spectrum components were determined (see the table — preliminary results)
and compared with the calculations and experimental data for krypton (Z=36) as well. Relative semi-empirical line
energies [2] were found to agree within 3o with the measured values while disagreement with experiment exceeding 3c
was often observed for values obtained fromour multiconfiguration Dirac-Hartree-Fock calculations. This can be mainly
attributed to the vapour-metal shifts of Auger-electron energies, as the theoretical energies calculated in this work are
referenced to the vacuum level, whereas the semi-empirical and observed energies are referenced to the Fermi level. The
semi-empirical absolute energy [2] of the dominant spectrum component agrees with the experimental value within Io.
Shifts of + (0.3£0.2) and - (1.8+0.3) eV were measured for the dominant KLM spectrum components between the 8Sr
sources prepared by vacuum evaporation on and implanted into the carbon foil, respectively, relative to 85Sr implanted
into the platinum foil. A value of (711+3) eV was determined for the energy difference of the dominant components of
the KLM+KLN Auger electron spectra of rubidium and krypton generated in the polycrystalline platinum matrix From
a comparison of the measured data and available theoretical results, the general conclusion can be drawn that the proper
description of the KLM+KLN Auger electron spectrum for Z around 37 should still be based on intermediate coupling of
angular momenta taking into account relativistic effects.

Transition(s) Energy (eV) Intensity/X(KLM+KLN)
Bxperiment Theory Bxperiment Theory
This work This work This work This work
KL1M1(%S0,S1) -340.5(10) | -344.7 8.5(7) 10.9
KL1M2(*P1,3Po) -260.8(10) | -265.5 7.709) 7.5
KL1M3(®P1,P2) -250.5(12) | -256.0 6.3(9) 8.8
KL2M1(*Py1,3Po)+ -132.4(12) | -131.9 3.5(6) 6.3
KLiMass
KLsM1(3P1,3P2) -76.9(14) | -73.1 4.2(9) 7.9
KL2M2(*So) -68.8(14) | -66.8 3.6(9) 2.3
KLoM3(1D2,3Dy)+ -50.5(5) | -50.8 20.6(13) 23.6
KL2M2(3Py1)
KLiN -23.5(13) | -17.3 2.2(5) 3.0
KLsM2(3P2,3S1)+ 13121.9(17)* | 13107.12 23.5(17) 24.6
KL3M3(3Po)
KLsM3(®D2,°D3,'P1) +6.4(8) | +6.7 6.9(13) 9.3
KL2My 5 +78.3(9) | +81.9 2.5(5) 31
KL3sMy s +136.4(9) | +140.4 3.5(4)-1 4.8
KL2N2 3 +195.8(14) | +194.3 2.6(4)+1 2.6
KLsN1 +236.6(15) | +236.5 0.8(3)+1 1.0
KL3N2,3 +253.3(11) | +258.7 3.6(4) 3.8

@ The absolute energy related to the Fermi level.

[1] Ch. Brianson, et al. Nucl. Instrum. Methods 221, 547 (1984)
[21  F.P. Larkins, At. Data Nucl. Data Tables 20, 311 (1977)
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PACYET KOPPEISIIAN IPA YETBIPEXIIPOTOHHOM PACHAJE METOJOM MOHTE-KAPJIO
Hemaunosa A.H., Tpukopenxo JI.B., lapoe I1.T"

OO0BbeTMHEHHBI WHCTHTYT SACPHBIX HCCIIEA0BaHUH, ['oCymapcTBeHHBIN yHUBEpCHTET «JlyOHa»
r. ly6Ha, Poccuiickass deneparust

JI7IsL OTHOCHTETIEHO JIETKUX CTAOMIIBHEIX M30TONOB XapaKTepPHO MPUMEPHO PABHOE YHCIO HEUTPOHOB M MPOTOHOB
B sAnpe (spepHas MaTepus cuMMeTpudHa). [Ipu 3TOM, XapakrepHast HEPTHS CBS3M HYKIOHA paBHa HECKOJBKMM M»B.
Taxue sapa oOpa3yroT Ha KapTe U30TOMOB "JOJMHY sSAepHOH cTabmwibHOCTH" . [Ipy M3MEHEHNH COOTHOIICHHS IIPOTOHOB
1 HEWTPOHOB, YMEHBINACTCS SHEPTHA CBA3M sipa. [Ipy yBemMueHHH H30BITKAa MIPOTOHOB (HEHTPOHOB) SHEPTHUS CBA3U
MpOTOHA (HEHTPOHA) yMEHBIIAETCs, B KAKOM-TO MOMEHT BPEMEHH IEePEXOUT UYepe3 HOJb U CTAHOBHUTCSA OTPHULATEILHOM.
Taxum 00pa3oM sIpO CTAHOBUICS AACPHO-HECTAOMIBHBIM (HEecBs3aHHBIM). Ha kapTe M30TONOB 00JIaCTH CBA3aHHBIX H
HECBSI3aHHBIX sfIep OTICTCHBI JUHUAMHU, KOTOPBIE Ha3BIBAIOTCS «TPAHUIIAMHU CTAOUIBHOCTI.

CpoiictBa simep BOJM3M TpaHUI] CTAOWIBHOCTH 3HAYHMTENHHO OTIMYAIOTCS OT CBOWCTB CTAOWJIBHBIX SIEP.
IIpuMepoM MOXKET CIIyXKUTh AMHAMHUKA ABYXIPOTOHHOTO (2p) pacmaza [1]. Jns cTaOMIIBHBIX siiep SHEPTHs OTACICHUS
JIBYX IPOTOHOB (S2p) GOJIbIIIE YHEPTHU OTIAENECHHUs OJHOTO MPOTOHA (Sp). 2P pachaj UAeT MOCIeI0BATENHHO 3aCENICHHEM
MPOMEKYTOUYHBIX cocTosiHUI. Ho BOJM3M rpaHuIl cTAOUIBHOCTH BO3MOXHA CHUTyauus, korma Sp > Szp, U HaOmromaeTcs
npsMoit 2p pacnaz (T. €. IPOTOHBI U3TYyYaOTCs OHOBPEMEHHO 0€3 3aCeNICHHUS IIPOMEKYTOUHOTO COCTOSTHHUS).

Ectes ykazaHMs Ha CyLIeCTBOBaHME SICPHBIX CHUCTEM, MOJBEPKEHHBIX paclagy C MCIOYCKaHHEM dYeThIpex
IIPOTOHOB M3 OCHOBHOTO cOCTOsiHHA. Takoil Buj pacmaza o0JazaeT JOBOJIBHO CIOXXHON JMHAMUKOW M €ro M3ydeHHe
ABJIAETCSI MHTEPECHO 3aaueil Kak Wil TEOPETUKOB, TaK M ISl KCIIEPUMEHTATOPOB.

EmHCTBEHHOM SKCIEPUM EHTAJILHO M3YYE€HHOW CUCTEMOM, MCIIBITBIBAIONIEH 4p pacnaza U3 OCHOBHOTO COCTOSIHUS,
apnsietca 8C. DxcrnepuMeHT [2] oKasa, 4To JuHAMUKa pacnaja 8C He cBOAMTCA HU K MPAMOIL, HU K MOCJIEJ0BATENbHOIA.
Pacman mpoucxomur B [1Ba 3Tama: Ha NMEPBOM 3Tafe MPOUCXOJUT MCIyCKaHHE JBYX NPOTOHOB U 3aCEJICHUE pPE30HaHCa
6Be, Ha BTOpOM OTale JaHHBIA pe30HaHC pachagaercs. Llenblo NaHHOM paboTel SBISETCS KAYECTBEHHOE OIMMCAHME
KOppemsiuii Ipu MoJoOHOM mpoliecce. B0 mpoBeseHO TeopeTHuecKoe HCCeoBaHHe 4p pachala B CleIyIOIeM
dbopmaimzme:

1. AMIumTy1a pacrnanga GpakTopu3yeTcs Ha IBe TPEXIaCTHIHBIX aMILTHTY bl

2. AHTHCHMMeETPH3AIHs aMIUIATY 161 IPOBOAUTCS YUCICHHO

HccnenoBanne 4p pacmaza IpOBOMMIOCE YHCIEHHO MeToqoM MoHTe-Kapio B cmily BecbMa TpPOMOB3IKHX H
CJTO>KHBIX BEIYHCIICHAH TIPH aHAMTHISCKOM PEIIeHNH 3aaud. belma coctaBieHa Mozens 4P pacasa K30 THIECKHX Sep
B KauecTBe CHCTEMBI IISTH T, IOCUYWTAHA KHHEMAaTHKa Takod cucteMbl. [locpeacteom Monte-Kapio momymsmmii Obut
oJIy4eH Habop MepBHUUHBIX COOBITHIA (Pa30BEI 00BEM, SJHEPTHH ITOACHCTEM, HMITYJILCHI) B CHCTEME KOOpMHAT SkoOw.
B xome pabGoTel OBIIM PacCMOTPEHBI OTPAaHWYCHHS HA BO3MOJXKHBIE HAOOpPHI KBAHTOBBIX UHCEJN, CBA3aHHBIE C
aHTHCHUMMeETpU3alMell 10 IepecTaHOBKAaM IPOTOHOB, OBIIM BBeAEHBI NpuOmMDKEeHHs (aszoBoro oObema, He
AQHTHCHMMETPU30BAHHON aMIUIMTYy[6I M AHTHCHMMETPH30BAHHOW aMIDMTYyIbl. IIOCTpOEHBI paclpenelieHus 1o
KoOpJuHAaTaM SIKoOH U B CHCTEME KOP-TIPOTOH.

B pesympraTe OBUIM TOJIyYEHBI pacueTbl SHEPrO-yINOBBIX M KOP-NPOTOHHBIX KOPPEISIUI B peakmuu
8C—5Be+2p—*He+4p. PacueTs Koppensuuii IeMOHCTPUPYIOT, YTO MPH HCCIEIOBAHUSX PACTIPENETICHHN HEOOX0 MM
yd4eT aHTUCUMMeTPU3alui, T.K. B AKOOMEBCKHX I10 ICUCTEMaX U B CHCTEMe KOP-TIPOTOH OBLIM IMOTyUEHBl CYIIEeCTBEHHO
OTIMYAIOIMINECs KaPTUHBI U He aHTUCUMM €TPU30BaHHON M aHTUCHMM ETPU30BaHHON aMImTy 1. B paboTe paccmoTpeHo
JIOBOJILHO MPOCTOE NpUOIKEHUE I onucaHusa 4P pacnana, KOTOpOe yIHTHIBAET TOXKIECCTBEHHOCTh IPOTOHOB pacaja,
Ha mpumepe cuctembl 8C. B manpHeliinem 6yneT MpOJOIDKEHO TEOPETHUECKOE UCCIeNoBanue 4P pacmaja u B IPYTUX
cucTeMax.

Crnucok myOJMKaIiii:

[1] JL.B. I'puropenxo DYASL. T. 40, Ne 5. (2009)
[2] Charity R.J., Elson J.M., Manfredi J. Phys.Rev. Vol. C84. P. 014320. (2011)

86



1. Nuclear Physic

JBYXIIPOTOHHBI M1 BUPTYAJIBHBIN PACIHAJ °Mg B CBEPXTEKYUYEN MOJETH
Hsankoe IO.B., Kaomenckui C.I.

Boponexckuii rocynusepcutet, Boponex, Poccust

kadmensky @phys.vsu.ru

IIpu ucnoap30BaHUM TCOPUU [BYXIIPOTOHHBIX JBYXCTYIIEHUATBIX pacnaloB suep [1] uccnenoBaHsl napuuaibHbIE
IMPUHBl U YIJIOBBIE PACHPEJEICHUS BBUICTAIOIUX IPOTOHOB U JBYXIIPOTOHHOIO JUArOHaJILHOTO BUPTYaJbHOTO
pacmana OCHOBHOTO COCTOSIHHS POJMTENLCKOTO simpa Mg B ocHoBHOE coctosiaue sapa YNe. Yrmosoe pacnpenenenne

)JAO'A

BeteTaronmx npotoros W (€, Q. , TZie K, K, — BOJIHOBBIE BEKTOpA MEPBOTO H BTOPOTO MPOTOHOB, MPEICTABIACTCS
1 2

IIPY UCTIOJIb30BaHUK 0003HaueHuil paboTel [1] B Buae
Jaoa 1 ¢ Jama m
W (Q‘ Q ) = J dr Z Z |1m| (Q )Y|2m|2 (lez )C‘]A 1lMa-amjy CIl}/mI1

)
k e (ZJA +1)(2ﬂ) 0 MAMyMy I 104 1Ma_1 1
Wl Jy Jomy My, my my, ( )

2
x II1+I2 CJA PLLNEY lzmjz A 1 |
Ja-2i2Ma-2Mj, IZ}/m,Zm2 11|1 Jz 2 Q (J

A’GA’ Al’o-Al) T|

rae I - OXHONPOTOHHAS WHPUHA, ONHUCHIBAIOIIAS BELICT IPOTOHA U3 000JI0YEYHOTO COCTOSHMS Nlj siapa A u
paccunTeiBacMasi B paMKax CBEpXIeKydedl moxemu siapa [2-3]. Ilommnas mmpuHa I, HCCIEIyeMOTO JBYXIPOTOHHOTO
pacmaza cBssana ¢ yrnossiM pacnpenenenuem (1) xkax I'y, = IW(QIZ Q. )dQ dQ, .

1 2 1 2
B Tabimne nmpuBeneHb! IBYXIPOTOHHBIC NapUUalbHbIC IIMPHHBI M COOTBETCTBYIOLIME O0OJIOYEHHBIE DHEPTUU
E(nlj), paccuuTaHHble B paMKax CBEpXIeKydel Mozen chepudecKoro siipa [2] HpU HCIOJB30BAHUM KOHCTAHTHI
NapHOTO B3aMMOJEHCTBHS NMPOTOHOB (J, =1.2 ¢ saxepHbIMU noTeHumanamu Hemuposckoro, ®asuca u I'pummicca-
Beuerm [5] B3anMoeCTBIS IPOTOHA € IOYEPHUM SAPOM, KOTOPBIC UMEIOT BUL V , ; = q(V,, +V,,) , KOraa 00a npoToHa
BBUICTAIOT M3 OJMHAKOBBIX OJHONPOTOHHBIX O0OJOYEYHBIX COCTOSHMH 2s(1/2), 1d(5/2), 1d(3/2), 1p(l/2) u

MoAroHOYHKIH mapameTp q=0.97.

IloTeHuuan Hemuposckoro PasiHCa I'punmucca - beyermn
li E(nlj), MaB | I(nlj),MsB | E(nlj), r(nlj) MsB | E(nlj), M>B | T'(nlj) .M>B
MsB
1d(3/2) 4.924 28.107% 2.352 1.0-10" 4.604 54-10*°
2s(1/2) 3.399 2,4-10° 1772 9.8-10™" 1.867 28.8-10"
1d(5/2) 2.817 1.3.10™ 2.074 1.4-10™ 2.787 1.3-10™
1p(1/2) -6.579 1.2:10™ -7.856 1.3-10™ -6.391 4.4.107"°

Orcrofa BUJHO, 4TO MOJABIAIONIMI BKJaA B MOJHYIO HMIMPUHY JaeT BO30YKJIEHHOE 000I0YEYHOE COCTOSHUE
2s(1/2) mu noteHuuama [l], a 3HauCHHWE NapUUaibHOW WIMPUHBI  COBMNAACT C IKCHCPUMCHTAIBHOM MIMPUHOM

™ =(,17%)-10™ [4] B npemenax omuOOK HM3MEPEHHH. YIIOBOE PACHPEACICHHE BBUICTAIOMMX IMPOTOHOB,
PacCYUTAHHOE € Y4ETOM 000JI04EUHbIX COCTOSHMH 25 (1/2), 1d(5/2) cMMMeTpHuHO oTHocuTenbHO yria ¢ =90, rue

9 - YroJ MEXay HallpaBJICHUAMUN UMITYJIbCOB BbUJICTAOIIUX ITPOTOHOB.

Pa6ota momnepxana rpantom PODU (15-02-03402-3).

Kammenckuit CI'., UBankos F0.B. // A®. 2014. T.77. C. 1075.

ConoBeeB B.I'. Teopust atomHoro siapa: SnepHbie Mmonemm. M.: Dueprousaat, 1981.
Kammenckuii C.I'., UBankoB 10.B., Jlro6amesckuii J[.E. mpunsaTo x neyatu B D (2017)
Mukha l. et al. // Phys. Rev. C. 2008. V. 77. P. 061303(R).

Byrpos B.II., Kammenckuit C.I'. // S1®. 1985. T.41. C. 1123.
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PABPABOTKA METOAA KBAZUMOHOXPOMATHM3AIIMA TOPMO3HOI'O CIIEKTPA JJIsA
V3MEPEHUA CEYEHU ®OTOSJAEPHBIX PEAKIANA BBJIM3U MOPOTA

Heoopesog B.I'., Konobeescxuii E.C., 3yes C.B., Bypmucmpos FO.M., Ilonomapes B.H., I[lomawee C.H., Conodyxos
I'B., Typunze A.A.

WuctutyT sipepHbIX uccnepoBanuil Poccuiickoil akanemuu Hayk, Mocksa, Poccus

B nocnemHue roap! Ut H3MepeHus cedeHu (HOTOAASPHBIX peaKIiid BOJIM3H MOpora BO30OHOBHINCEH PabOTHI MO
MOJEPHH3AINH TPATUIHOHHBIX METOIOB, OCHOBAHHBIX HA HCIIOJBL30BAHUH TOPMO3HBIX FaMMa -ITy4koB. OZHUM W3 TakWX
METOJIOB SABISIETCS “‘KBa3MMOHOXpOMATH3alMsA TOPMO3HOTO CHEKIpa, MpemIokeHHas B padote [1]. BMecto m3mepenus
KPHUBOI BBIX0J]a U UCIIOJIB30BAHUS CIOKHOM Mpoueaypsl 00paboTKu I HOIydeHUs CeUEHUH, Ipearanoch u3MepsaTh
JBe WIM TpH TOYKH IpH (PUKCUPOBAHHON BepXHEH IpaHUIle TOPMO3HOTO CIHEKIpa, KOTOpas OIpelenseTcss dHeprueit
9JeKTpoHa. B pesympraTe mocne  mpoOLEAyphl  BBIYMTAHMS W CIVIAXHUBAaHUS  CIIEKTPOB  MOJydaeTcs
KBa3UMOHOXPOMATHUECKUil cIieKTp (POTOHOB, TSI KOTOPOTO OMpeessieTcs CeYeHHEe PEaKIUH. JTO CTAJ0 BO3MOXKHBIM
Omnaromapsi COBpEeMEHHOMY YPOBHIO MOJIEIMPOBAHUS DHEPTETUUECKHUX U YTIOBBIX paclpeeieHuil TOPMO3HbBIX (OTOHOB
o nporpamme GEANT-4. IIpu 3ToM BO3pociu TpeGoBaHMs K U3MEPEHUIO TapaMeTpOB IyuyKa JIEKTPOHOB B MpOILEcce
9KCIIEPUMEHTA, BKIIOYAsl CTIEKTpaJbHbIE XapaKTePUCTHKH, pa3Mepbl My4YKa Ha MUIICHU U JIp.

VYkazaHHBIH MeTo 0TpabOTaH Ha JMHEHHOM yckopuTene 3yekTponoB JIVD-8-5 MM PAH. C noMormisio MeToa
HaBeJICHHOW aKTMBHOCTU IMOJIyYEHBbI NpeIBapUTebHbIE JaHHBIE MO CEUEHUSM peakuuid (y,y’) Ha HEKOTOPBIX M30TOMax
KaJMUsI ¥ WHIMS TP SHEPTHAX “KBa3UMOHOZHepreTniecknx’ (HoToHOB OT 4.5 1m0 8.5 MaB. M3MmepeHust akTHBAIIMOHHBIX
CIEKTPOB MOCJIC KaXKJIOTO OOJIydeHHs MPOBOIMINCH C HCIOJH30BAaHHEM HHU3KO()OHOBOrO ramma-crnekrpomerpa [2],
BKJIIOYAIOLLETO JETEKTOP U3 CBEPXUMCTOTO repMaHMsl, pa3MeIleHHbIH B HU3KO(QOHOBON KaMepe ¢ «IIacCUBH OM» 3alUTOM.

PaboTa moanepxkana Poccuiickum HaydHbIM hoHIOM, rpant PH® 16-12-10039.

1 Van Camp E. etal. // Phys.Rev. C. 1981. V. 24. P. 2499.
2. Andreev A.V. etal. // Nucl. Phys. and Eng. 2013. V.4. P. 879.

INVERSE QUASIFISSION IN THE REACTIONS 156.160GD + 186\y
Itkis I.M., Knyazheva G.N., Kozulin E.M.

Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, Dubna, Russia
jitkis@jinr.ru

To investigate the role of shell effects in the formation of neutron-rich fragments of multinucleon transfer reactions
the experiments to study the properties of the binary channel in the reactions 156.160Gd + 186\\ at energies close to the
Coulomb barrier were conducted using the beams of 196.160Gd ijons extracted from the U400 cyclotron (FLNR, JINR).
These experiments aimed mainly at obtaining the production cross sections of the lead -like fragments in the process of
inverse quasifission. The mass and energy distributions of the binary reaction products were measured at an energy of
860 and 935 MeV of 160Gd ions and 878 MeV in the case of 156Gd ions. The excitation energies of primary fragments
were estimated using their measured masses and energies.

The enhanced yield of products with masses 200-215 u was observed for both reactions. Moreover, at an energy
above the barrier for side-side collisions (935 MeV) the yield of Pb-like fragments is one order of magnitude higher than
at the Coulomb barrier energy due to the orientation effects.

The enhancement found in the yield of products with masses heavierthan the target mass confirms that low-energy
multinucleon transfer reactions may be used for producing new neutron-rich isotopes and for the synthesis of new
superheavy elements.
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HCIOJIb30BAHUE YCJIOBUIl T-MHBAPUAHTHOCTH JJIS OTEOPA MEXAHM3MOB SITEPHBIX
PEAKIIVIN, PACHAJIOB W JEJIEHUS SIJIEP

Kaomenckuu C.I", Kocmproxkos I1.B.

Bopouexckuil rocyrapcTBeHHbIN yHUBepcuTeT, Boponex, Poccus

kadmensky @phys.vsu.ru

Ilpn wucmoms30BaHUHM pe3ysbTatoB pador [1-2] moka3aHO, YTO AHU3OTPONHH, OOYCIIOBICHHBIC €IUMHBIM
MEXaHH3MOM HX MOSBICHUS B mu(QEpeHINATbHEIX CEYCHHAX HCXOMHOH M oOpamieHHOil kK HeH IO BpeMEHH
MHOTOYACTUYHOH MHOTOCTyIECHYATOW SACpHOI peakmuu, BRIpa)kaloTcd depe3 oOInue CKasipHbIC (IICeBAOCKAIPHEIC)
(yHKIMY, 3aBUCSIINE OT BEKTOPOB HMITYJbCOB U CIIMHOB YAaCTHIl HadaJbHBIX M KOHCUHBIX KAHAJIOB aHAIM3UPYEMBIX
peakiuii. B o6mem ciaydae 3HaueHHS yKa3aHHOHW (YHKIUM I UCXOJHOII M 0OpaleHHOH 10 BpeMEeHH peakiuu MOTYT
OTIMYATECS APYT OT Apyra. [IpomreMoHCTpUpoBaHO, UTO ycioBue T-MHBapHAHTHOCTH [3] B sAEepHBIX cHcTeMax TpedyeT
paBeHCTBAa [JAaHHBIX 3HAYCHUIl, KOTOpBIE IpH MepexoJe OT HCXOJHOM K OOpalieHHOW MO BpPEMEHH peaKIuu
npeobpasyroTcs ApYT B Jpyra MPU MHBEPCHU BCEX BEKTOPOB MMITYJIbCOB M CIIMHOB YACTUI[ U NEPECTAHOBKE JAaHHBIX
BEKTOPOB B COOTBETCTBHM C OOpaIleHHEM IOCIEJ0BATEebHOCTH CTyHNeHEeH HCCIedyeMBIX peakuuil mpu mepexone OT
UCXOHOH K oOpaleHHoil o BpemeHu peakiuid. ChenaH BBIBOJ, YTO, 3KCIIEPUMEHTAIbHOE UM TeOpeTUIEeCcKOoe 3HaHUE
(GOpMBI aHAIM3UPYEMBIX AHWU30TPONHUH YISI MCXOJHOW pEakuuH, IO3BOJIET ONPEACINTb (OPMBI  aHAJIOTH YHBIX
AHU30TPOMNHUH 11 0OpaLIeHHOHN MO BpEMEHHU peakUuu 0e3 e€ peallbHOro MPOBEAEHUs U IIPU UCIOJIb30BAHUU yCIOBUS T -
MHBAPUAHTHOCTH MPOBECTH OTOOP BO3MOKHBIX MEXaHH3MOB TIOSBICHUS yKa3aHHBIX aHU30TPOIIHH.

Haiinennoe ycnosue T-MHBapHAHTHOCTH HCIONB30BAHO U1 aHAlM3a MEXaHU3MOB MOSIBIEHHS BO3MOXKHBIX
acUMMETpUH ¢ paznuuHbIMU P- 1 T-4€THOCTAMU B C€YEHUSIX PEAKIUI TBOWHOTO U TPOMHOTO JAEJICHUSI OPUEHTHUPOBAHHBIX
A1ep-MUIIEHEH XOJIOJHBIMHM TMOJAPH30BaHHBIMU HelTpoHamu. IlokasaHo, 4YTO HEKOTOpBIE paccMaTpUBaeMbIt
aHU30TPONUHU I TPOHHOIO JENEHUs sAep YIOBIETBOPSIOT YCIOBUIO T-MHBApHAaHTHOCTH, €CNIM TPETbH YacTHLBl U
(parMeHTsI JeNeHUs POKAAIOTCS HE OJIHOBPEMEHHO, a Ha IOCJIEJOBATENbHBIX CTAAMAX YKa3aHHOTO JeleHus. B oTmune
OT IpeJCTaBICHUH psja paboT, HanpuMmep [4], oOHapyXKeHBI Takue aHW30TPOIHUH, KOTOPBIE 00 pamIaloTcs B HyJb IPHU
BCEX BO3MOXKHBIX T-HHBapUAHTHBIX MEXaHU3Max UX MosBiaeHUs. ChenaH BbIBOJ, YTO IPOBEICHUE IKCIEPUMEHTAIBHOTO
aHam3a TMOJOOHBIX AacHMMETpHii, B MPHHIUIE, TO3BOJIIET OICHUTh XapaKTePUCTHKH T -HeWHBapHaHTHBIX
B3aUMOJIEMCTBUN B SIIEPHBIX CUCTEMAX.
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Kammenckuit C.I'., I1. B. Koctprokos, SI® 79, 786 (2016)

Kammenckuit C.I'., I1. B. Koctprokos, npunsarto k nedata B D (2017)

M. L. Goldberger, K. M. Watson, Collision theory (Wiley J. & Son Inc., 1964)
F. Arash, M. J. Moravcsik, G. Goldstein, Phys.Rev. Let. 54, 2649 (1985).
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YTJIOBBIE PACHIPEAEJIEHUSA IMPOTOHOB JJIA ABYXIIPOTOHHBIX PACIIAJOB CBEPXTEKYYHX
AAEP U JUIMPOTOHHBIE KOPPEIAIINN

Kaomencxuit C.I, Bynwiués A. O., Hsanxoe IO. B.

Boponexckuii rocyaapcTBeHHbI yHUBEpcuTeT, Boponex, Poccus
Email: kadmensky @phys.vsu.ru

Iupuna I', ABYXIPOTOHHOTO pachaja pomuTensckoro sapa (Z, A) mpu (OpMUPOBAHMM M3 INIPOTOHHOI

KyIEepOBCKOH Mapbl POIUTEIHCKOTO Sipa JUIPOTOHHOTO COCTOSIHHS ABYX BBUICTAIOIIUX IMPOTOHOB C MOJHOM dHEpTrHEn
Q, cimHoM S = 0 U OTHOCHTENBHBIM OPOHUTANBHBIM MOMEHTOM | = 0, xapakTepu3yeMoro dHepriued E = P2 /4m, H

umnyiscom P =P, +P, ueHtpa mMacc, a TaKke SHepIuell & =p® /m, U UMIYICOM p = (P, —P,)/2 OTHOCHTEILHOTO

JIBIKCHHS, B KBa3WKJIACCUIECKOM MPUOMIDKeHNH [1] MOXKET ObITh MpeACTaBIeHa KakK

T, =A[P(Q-2)W,(e)p, 1)

e P(Q—¢) - (hakTOp IPOHUIAEMOCTH IIEHTPa TOKECTH AUMNPOTOHA!

R 2Z(z2-2)¢’
P(Q-¢)=exp —%j 2(2m,) #

Ry

-Q+eg(dr @)
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2
nprmaém Ry =1, [21/3+(A—2)1/3], rie =145 @M, a R, :2((ZD;ZE)e ®M — BHENHSA TOYKA MOBOPOTA.
OyHKIUA W, (&) B (1) mpexncTaBisieT co00# MpUBENIEHHOE YHEPTETHIESCKOE pacIpeieieHne TUIPOTOHA, PACCINTAHHOE
B pabote [2]:
F(n)
W, (£) = ; , ®)
) ¥ ( 1 h(n)
Fe(m)e+—|————-Z+p¢
m{ a B
i MCTOJb30BaHEl 0003HA4YeHUA TOH ke paboTel. BBOJAA NEpNEHMMKYJAPHYIO p, W MapaliebHyl0 p
p?
2
KOMIIOHCHTEI HMITyJIECa ) IO OTHOLICHHIO K UMITYILCY P 1 COOTBETCTBYIOMIE MM SHEPIHH E — P u E, :H
2m
p p

yuMTBIBas, 4T0 dp =27 p,dp, dp,, OTKyda mpu yciosuu Pl P, xorma p, =%sin(%), rne 0 — yrom mexuy
dE,

BEKTOpaMH p, H P, wmoxwno monyunts dpLU Tsmede u 3amucate mwmpuny [, (1) 4epe3 uurerpan
il

Fd :J. fd (e)dg OT HOPMHUPOBAHHOTO YIJIOBOTO pacupeaCICHUA fd (9) BBUICTAIOIIUX JUIIPOTOHOB:

—gH—gi)Wp(g +gi)dE @

3 :

Torma, nmpeacTaBiss MOJHOE HOPMUPOBAHHOE YIVIOBOE paclpefesieHue f(g) JIBYX BBUICTAIOIIMX IPOTOHOB ISt

f, (9)=Dsin0jP(Q

IBYXIIPOTOHHOTO pacraza sapa *°Fe kak cymmy:

f(9)=af, (H)erfpy2 (9), ©)

rae fpm (9) - HOPMHPOBAHHOC YIJIOBOE pacmpeleieHue IByX /fu0)

HEKOPPEJIMPOBAHHBIX IMPOTOHOB, BBUICTAIONIMX M3 00O0JIOYEUHOTO
cocrosHus 2p(3/2), maromero HauOoibImMK BKIa B (GOpMHpOBaHHUE
NONHOW  mmpHHBI | JBYXIPOTOHHOTO —pacmajga, M  CpaBHHBas
pacmpenencHue (5) ¢ SKCIEPUMEHTAIBHBIM PacIpeicIeHAEM yKa3aHHBIX
IPOTOHOB T METOJOM y? MOXXHO PacCUMTaTh KOHCTAHTHI a U D B

exp ?

Jexp(0)

¢dopmyne (5). Kak BumHO u3 Puc. HOpMHUpOBaHHas TUCTOrpamMMa
SKCNEPUMEHTANBHOIO YINOBOTO pacnpenencHus f (@) CYLIECTBEHHO

- L] 5 50 0 %0 120 150 180 o
OTIMYAeTCs TEOPETHYECKOro pacmpenesneHus (5), 1 KOTOPOTO ¢
HCTIOJB30BAJIOCH ABYXIIPOTOHHOE paclpesesicHue fp3/2 (9) n3 paboTel [3], paccumTaHHOE IUIA CBEpXTCKydYeH MOJenH

sapa.

1. B.U. Tomspanckuii, YOH 87, 255 (1965)
2. A.B. Migdal, Sov. Phys. JEPT 1, 2 (1955).
3. C.I' Kagpmenckuii., }0.B. UBankos, Jlio6amesckuii [I.E., npunsto k neyatu B P (2017).
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OBSERVATION OF TRUE TERNARY AND QUATERNARY FISSION OF LOW EXCITED ACTINIDES
! Kamanin D.V., >! Pyatkov Yu.V., *Mkaza N., ® Malaza V., * Strekalovsky A.O.

2Joint Institute for Nuclear Research, Dubna, Russia
INational Nuclear Research University MEPhI (Moscow Engineering Physics Institute), Moscow, Russia
3University of Stellenbosch, Faculty of Military Science, Military Academy, Saldanha 7395, South Africa

In our previous publications about the collinear cluster tri-parttition (CCT) of the low excited nuclei [1-3], we
focused on specific linear structures in two-dimensional mass distributions of fission fragments. Only such structures,
always linked with magic clusters and located in the region of an essential missing mass, are considered manifestations
of the CCT. A number of different CCT modes (structures) have been observed so far [3]. Physical scenario behind each
mode is a subject of much interest currently. Here, we are presenting the results of analysis of the most pronounced CCT
modes realizing presumably via ternary and even quaternary decays of very elongated precession configurations of the
mother system.

References
1 Yu.V. Pyatkov et al., Eur. Phys. J. A 45 (2010) 29.
2. Yu.V. Pyatkov et al., Eur. Phys. J. A 48 (2012) 94.
3. D.V. Kamanin, Yu.V. Pyatkov, "Clusters in Nuclei — Vol. 3" ed. by C. Beck, Lecture Notes in Physics 875, pp.
183-246 (2013).

TOYHOCTH OINPEIEIEHHS KOOPIMHAT METOJAOM JAETEHHS 3APSJIA B MO3UI[MOHHO -
YYBCTBUTEJILHOM JETEKTOPE TEILIOBBIX HEATPOHOB HA OCHOBE BOPA-10

Y Tomawes C. 1., * Bypmucmpos IO. M., ? [lpaues A. 1., * Kapaescxuii C. X.

1-OI'BYH UHCTHTYT sAepHBIX HccienoBaHui Poccuiickoif akanemunn Hayk, T. Mocksa, Poccns
2-OA0 T'HIl P® F’HNMNXTO0C, 1. Mocksa, Poccus

HccenemnyroTest peskuMBl pabOThl TTO3UIIMOHHO -4yBCTBUTEIHHOTO JIETEKTOpa HEHTPOHOB Ha OCHOBE TOHKOTO CIIOS
60opa-10 1 MOHU3AIMOHHOI KaMephl ¢ OMpeeIeHIHEM KOOPJMHAT METOJOM JENCHHUS 3apsAia C IEJbI0 MOJIyYeHHS €T0
HaWJIy4IIUX XapakTepucTuk. M3MepeHus npoBOJUINCH C MCIOJIb30BAHMEM KOMIIAKTHOTO MCTOYHMKa HeWtponos MU
PAH Ha ocnoBe yckopurens JIYD-8 ¢ mumeHsMu n3 Boibpama U Oepmiums W 3aMeITENIeM W3 MOJMATIUICHA.
IIpemiokeHsl pa3IMyuHble AJITOPUTMbl BBIUYUCIICHUS. KOOPUHATHI, Y4 UTHIBAIOIUE 3aBUCUMOCTb COOTHOLICHUST aMILIUTY [
CUTHAJIOB Ha JBYX KOHLIAX PACIpPENECICHHOIO CONPOTUBICHUSA OT BEIMYUH 3TUX aMIUUTyl. PaccMmaTpuBaercs BimsHUE
Ha IPOCTPAHCTBEHHOE pa3pelIeHue ACTeKTOpa HANpsDKEHUS MUTAHHA JeTeKTopa B HHTepBaie BeanduH oT 650 B mo 800
B. M3yuaetcs BiusiHUE Jerpajalui paboyero rasa Ha MO3UIMOHHOE paspelleHue ACTeKTopa B HHTEpBaje BPEMEHH OT
HECKOJIbKUX 4YacOB [0 HECKOIbKUX CYTOK. DBIIO MOKa3aHO, 4TO  XapaKTEPUCTUKUA [ETEKTOpa M3MEHSIOTCS He
CYIIECTBEHHO B TEUEHHE CYTOK.

Jyis monydeHusl BBICOKOTO TMPOCTPAHCTBEHHOTO pa3pelleHHs ObLIM CO3JaHbl HOBBIE YCHIMTENH C LIMPOKUM
JManazoHoOM JuHeiHocTH. M3MepeHus MpoBOMMIMCH MPHU PAa3IMYHOM MOpoTe peructpauuu. IIpuMeHsnuces Macku U3
KaJMUsl ¢ mapajuleNIbHBIMU npope3siMu. [lodydeHo Mo3ULIMOHHOE pa3pelleHre JNEeTeKTopa ~ 2 MM 10 TOpU30 HTAJbHOH
koopuHate X U ~ 4 MM IO BepTUKAJIBHOI KoopmuHate Y Hpu 3¢ (HEKTHBHOCTH PETHCTPAMU TEIUIOBBIX HEHTPOHOB ~
3% u nHanpspkenun nutanus 700 B. B kauecTBe MOHMTOpa HCIOJIB30BAJICS TEIMEBBIH CUETYUK HEHTPOHOB C M3BECTHOM
3¢ peKTHBHOCTRIO B TEILTOBOM 00sacTr. PasperieHne mo koopauHate X MOXKET OBITh YIIydnIeHo 10 1,5 MM mocpeacTBoM
yBeJIM4eHUs nopora peructpauuu. Ilpu stom ymensmaetrcs a0 50% pasmep uyBCTBUTEIbHOH 00JacTH M CHUXKAETCS
9P EeKTHBHOCTh PErUCTPALNH TEIUIOBBIX HEHTPOHOB 10 ~ 1,5%.
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CO-AXIAL FISSION INTO THREE COMPARABLE FRAGMENTS
Karpeshin F. F.

D.I. Mendeleyev Institute for Metrology
E-mail: fkarpeshin@gmail.com

Ternary fission is usually understood as nuclear fission into two normal fragments accompanied with emission of
the third light charged particle, usually alpha particles. Long time it was considered that at low energies of the fiisile
nuclei under tens MEV, division into three comparable fragments is extremely improbable. Only rather recently, the idea
of collinear fission into three fragments gained distribution. Purposeful searches of this mode resulted in experimental
values of relative probability about 10-4 in comparison with binary fission [1]. This revives old interest in the question.

Usually two mechanisms are considered which can realize this type of fission. One of them is, at first sight,
obvious: this consecutive nuclear fission, at first on two fragments, one ofwhich in turn undergoes fission into two others.
Both events can be considered as occurring in a random way, independently from each other. The other mechanism is
usually called the true ternary fission. However, for a long time this mechanism was not concretized. In Ref. [2] it is
shown that this mode is due to the doorway states of the hexadecapole prefission collective vibration. Estimation of the
mass ratio is obtained as 1 : 1.87 : 1, in excellent agreement with experiment [1]. Conservation of the projection of the
total angular momentum on the fission axis K=0 warrants holding the axially-symmetric form of the fissile nucleus during
the deformation up to scission. At scission, twisting of the fragments leads to appearance of the spins on the fragments
and of the related rotation of the fission axis. This brings about the famous ROT effect, which might destroy the co-axal
picture of the fragments flight. Trajectory calculations performed in the present work show that the angle of divergence
of the fragments remains within approximately two degrees. This holds the collinear flight of the fragments, in agreement
with experiment [1].

1 Y. Pyatkov et al. Eur. Phys.J. A. 2012. Vol. 48. P. 1.
2. F. F. Karpeshin. Phys. At. Nucl. 2015. Vol. 78. P. 548.

THE NUCLEAR CLOCK AND THE RELATED TECHNOLOGIES OF THE NEXT GENERATION
Karpeshin F. F. 1, Trzhaskovskaya M.B. 2, Vitushkin L.F. !

1D.1. Mendeleyev Institute for Metrology; 2 PNPI Kurchatov center
e-mail: fkarpeshin@gmail.com

Of great interest are nuclides, in which there are excited state with extremely low energies, within the scale of e
few eV or keV [1]: 201Hg, 189Q0s, 237Np, 235U, 229Th and other nuclides. Such levels are isomeric owing to small their
energies. They effectively mix up with close atomic levels, forming resonances in the optical domain [2]. This gives the
chance to operate with the lifetimes of these isomers in a resonant field of laser radiation. Unlike the atomic spectra, the
nuclear lines are stable against influence of external fields and environment. They possess rather narrow widths. These
advantages do their use attractive in many aspects, including creation of reference points of frequency in the optical range.
This gives basis for development new nuclear technologies, founded on application of lasers for mastering nuclear
processes. Fromsuch standpoint, one of the most perspective looks 22°Th, in which nucleus the splitting of the basic and
excited levels is minimum and makes less than 10 »B [3]. There are projects of creation of an atomic clock on this
transition with an uncertainty within 1021 [4].

Topical issues of study of this isomer are considered: experimental determination of exact energy of this isomer
and optical pumping the isomeric atoms through one- and two-photon absorbgtion. It is shown that in both cases the
decisive contribution occurs still from the resonant 8s — 7s electronic transition, in compliment with [2,5]. Details of the
optimum scheme of experiment in neutral atoms and ions are discussed. Estimated time of the two-photon pumping in
single ions of 229Th!' makes about 1.5 s with at intensity of the fields of each laserof 1V / cm.

G.T.Emery // Annu. Rev. Nucl. Sci. 1972. V. 22. P. 105.

F.F.Karpeshin. Fission in muonic atoms and the resonance conversion. Saint-Petersburg, Nauka: 2006.
S.L.Sakharov // Yad. Fiz. 2010. V. 73. P. 3. [Phys. Atom. Nucl. 2010. V. 73. P. 1].

E.Peik and Chr.Tamm // Europhys. Lett. 2003. V. 61. P. 181.

F. F. Karpeshin, M. B. Trzhaskovskaya. Phys. Rev. C. 2017. Vol. 95. P. 034310.
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METO/JIbl ONITUMM3ALIMUN CIIEKTPOB M3 JIBYMEPHbBIX JTUATPAMM KOPPEIWPYIOIIINUX
HABJIIOJAEMBIX B AJFEPHBIX PEAKHHUAX

3yes C.B., Kacnapos A.A., Konobeesckuii E.C.
Hucmutyt sipepHbIx uccnenoBanuil Poccuiickoil akagemun Hayk, Mocksa, Poccus

B pesynbrate JKCIIEPUMEHTATBHOTO HCCIEOBaHUS SICPHBIX PEAKIU MOTYT OBITh MOJIYYEHBI pa3inIHbIe
XapaKTepUCTUKN (DHEPTHH, MMIYJBCHI, yTJIbI BBUIETA) JUISI HECKOJIbKMX BTOPUYHBIX YACTHIL. B psine ciiydaeB 3Tu
XapaKTepUCTUKA MOTYT KOppEIUpOoBaTh, T.e. Ha JBYMEPHBIX Auarpammax (Hampumep, E1 — Ez mm ©1 — ©2), e E12 —
9HepTuH 9acTull | wm 2, @12 — UX yIIIBI BBIJIETa, MOTYT TOSIBUTBCS BBIJICJICHHBIC 00JACTH, TPOCSKIIMH KOTOPHIX HA OCH
KOOPJMHAT JayT BBIPAXCHHBIE CTPYKTYpPHl B OJJHOMEPHBIX criekTpax. OmHaKo B psje ciiydaeB, GopMa ITUX CHEKTPOB
HE ITO3BOJIIET BBIACIHUTE 3TH CTPYKTYPhI, HECMOTpPS Ha TO, YTO MPOCUHpPYyEMbIe 00JaCTH MOTYT OBITh IOCTATOYHO XOPOIIO
JIOKaJM30BaHbl Ha JIBYMEPHBIX MarpaMMax.

PaccMOTpeHBl pa3nMYHbIlE METONBl TOJYYEHHS ONTUMHU3UPOBAHHBIX OJHOMEPHBIX CIIEKTPOB, HCIIOJB3YS
JBYMEpHBIE JUarpaMMBbl KOppeJMpylomux mnepeMeHHbx. OnucaHa KOMMBIOTEpHAs MporpamMMa, MO3BOJIIONIAS
MIPOBOJMTh ONTUMH3ANUIO CIEKTPOB KOPPEIUPYIOMUX HAOMOMAEMBIX B SIACPHBIX PEAKIHIX, MPHUBEJICHB BapHUaHTHI
ONTUMHU3AIUH CIIEKTPOB.

Pabota BemonHeHa npu puHAHCOBOU moanepxke PODU B pamkax HaywHOTO mpoekta Ne 16-32-00743 mon a.

PACUYET M30TOMMHOI'O COCTABA KATAJIUTHYECKOI'O MATEPUAJIA IIPU OBJYYEHUU
PEAKTOPHBIMHW HEATP OHAMH

Abuwes M., Kenoscebaes H., Xacanos M., [picanubexos A.
KasHY wum. anp-®apadu, Gusuko-TexHuueckuii haxyapret, r. AnMmathl, Pecry6mmka Kazaxctan

OCHOBHOI1 IIEJBI0 UCCIICIOBAaHUH KaTAIMTHICCKOTO COCTaBa SIBIIETCS NMPUMEHEHUE €T0 B SACPHBIX peaKTopax B
KauecTBE 3allMThl OT TEIUIOBBIX HEHTPOHOB M JIONMOJHHUTEILHOTO MCTOYHMKa 3Hepruu [l]. Ilockonmbky wn30TOMBI
KaTAJUTHYECKOTO COCTaBa HE MEHSIOT CBOM KOHICHTPALUH INPH JUIMTEIFHOM OOJIyYEHHH, TO €ro CPOK IKCIUIyaTalluu
OyJIeT OoJbIIe OOBIYHBIX KOHCTPYKIIMOHHBIX 3JIEMEHTOB. DHEPIHs, BIACIsIeMast IPH MPEeBPAIICHIH YeThIpeX HeHTPOHOB
B OJHY ayib(ha HaCTHIy JaeT JOTIOJHHUTEIBHYI0 YHEPTHIO, 9TO criocobctByeT yBemmuenuto KIIJ peaxropa.

B 310i1 paboTe OBU MMPOBENEHBI PacyeThl W MOJCIHPOBAHHE C IEIBI0 MOJMyYCHHS KOJIMYCCTBEHHBIX JAHHBIX,
MPOSACHSIOMHNE 0OoJiee JETALHO HEKOTOPHIE AacleKThl paccMaTpuBacMOW HaMM 3amadd. J[mg 3toro 3aHOBO OB
paccUMTaHBl KOHIICHTPAIIMH 3JIEMEHTOB KaTAIMTHYSCKOTO COCTABa, TJe NPEIOJarajoch ydJacTHe TOJIBKO BOCHEMH
n3otoroB [2]. [lanee Oputa co3maHo Oojiee pacIIMpeHHAs MOJENb COCTaBa, IZIE B P EAKIMAX YYaCTBYIOT ISTHAIIATH
n30T0NOB. TOCKONBKY KOHIEHTPAIMM H30TONOB COCTaBa CHJIBHO 3aBHCHT OT IOTOKA TEIUIOBEIX HEHTPOHOB, OBLIM
MTOJIyYeHBI PE3yJIbTAThl UL HECKOJBKAX YPOBHEH ITOTOKA.

JUIst OIEHKN >HEPTHH, BBIACIIEMONW HpH OOJIy4YeHHH HEHTpOHAMH, OBIIM CHENIAHBI pacueThl IO ONPEACNICHUIO
IJIOTHOCTH TeIuia, ucimyckaemoro coctaBoM (heat density).

Jnst mosrydeHnst HeoOX0MMBIX pe3yIbTaTOB ObIJIa HANHCaHa IMporpaMMa Ha s3bike CH+ 1 OBUIH MCIOJIB30BaHEI
sIIepHBIC JaHHBIE M3 Pa3IMYHBIX MeXIyHapoaHbIX 0a3. [leprox nomypacnaga U cedeHUe MOITOIEHUS HEHTPOHOB OBLIH
B3AThl U3 OIICHEHHBIX naTa (aitnmo JEFF-3.1A, JEFF-3.2 m TENDL-2014 [5]. IIporpammMa B OCHOBHOM HAaxXOIUT

3KCIIOHEHLUATIBHY0 MaTpHUIly exp (At} meronom annpoxcumayuu 1laos[6, 7], koTopas maeT BCIO HEOOXOAMMYIO
nHpOpManuIo.
BujHO, 4TO NIpU HOPMAILHOM HEeHTpOHHOM noToke 1014 cocTap MpUAETK PaBHOBECHOMY COCTOSIHHIO TOJIBKO UEPE3
PEJ:M PEJ:DE'
60,000 net. KoHnentpanunu M30TONOB ! PE3KO YMEHBIIAIOTCS MOCHE CTa CeKyHA 00JIyueHus, 3TO MOHSTHO,
[IOCKOJIbKY HUKAaKH€ M30TOIBl HE MIPEBPAILAIOTCS B 3TU spa.
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Pucynok 1 — M3MeHeHre KOHIEHTPAIUK U30TOTIOB B
3aBUCUMOCTH OT BPEMEHHU MTPU HEUTPOHHOM TOTOKE

PucyHok 2 — I[IpounenTHas mons nzornoB KC mpu
JOCTHXKEHMM PAaBHOBECHOTO COCTOSHUA. Pacuer 6bLT
10Mcem2¢t clleNiaH ¢ MOMOIIBIO IETEPMUHUPOBAHHOTO METOIA

KOHC‘IHO, €CJIM Mbl CMOXKCM 3a/laTb Ha4YaJIbHYIH0 KOHICHTPpAIUIO CMCECH (KOTOpBIﬁ JOJDKEH COCTOATh W3 15

H30TOTIOB) KaK B PaBHOBECHOM COCTOSHHH, TO KOHIIEHTpAIHUSA HE OylIeT MEHATHCS BO BPEMEHH C Hadaja OOJydeHHs
HEUTpOHAMU.

Ha pucynke 2 mpuBegeHa NPOLEHTHAs A0 Ka)KAOTO HM30TONA B KATAIUTHYECKOM COCTAaBE, NPH KOTOPOM

BO3MOKHO PAaBHOBECHOC COCTOSIHHUE.

M.AGumes, H.KemxkebaeB, C.Kemxebaera, A.[>kannOexoB. PacueT mnpoxoxaeHWss HEHTPOHOB Uepe3
KaTamrHdeckuit coctas (Pb, Bi, Po) ¢ momompsio mporpammuoro kommiekca MCNP. //M3sectust HAH PK. — 2016.
— Ne3. - C. 5-11.

M.A6umes, M.Xacanos, H.Kemxke6aes. O Mukm4ecKkoi peakui ¢ yuacTueM TeIIOBEIXHeHTpoHOB. // BectnukHAH
PK. —2013. - Ne 6. — C. 12.

E.Burbidge, G.R.Burbidge, W.A.Fowler, F.Hoyle. Synthesis ofthe Elements in Stars. //Reviews of Mode rn Physics 29.
—1957. — Ned, — C.547.

Maria Pusa. Rational Approximations to the Matrix Exponentialin Burnup Calculations//Nuclear Science and
Engineering. — 2011. — Nel6. — C.155-167.

Otto Schwerer. EXFOR Formats Description for Users. — IAEA Nuclear Data Section, 2014. P 3.

H. Bateman. Solution ofa Systemof Differential Equations Occurring in the Theory of Radio -active Transformations.
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P. Parvaresh, M. Sohrabpour. // Design and testing of a neutron porosity probe using MCNP code. // Journal of
Radioanalytical and Nuclear Chemistry. — 2004. — Ne 260. — PP 335-337.

SKCIIEFPUMEHTAJIbHOE U TEOPETUUECKOE UCCJIEIOBAHUE PEAKIIAM !°B(p,a)’Be IPU

HM3KHUX SHEPTUAX

bypmebaes H., Kepumxynos JK.K., 3azyaun JIM., Anumos /LK., Myxameoocanos E.C., Hacypara M., Xooscaes P.A.

PI'TI «uctutyT sinepuoit ¢pusukm» MO PK, Amvatsl, Kazaxctan

Ha nactosmmit MmomeHT peakuun 1°B(p,a)’Be B 06nacti sHepruii HaneTaomux MpoToHoB oT 300 mo 1200 xoB

HauboJiee MOJHO u3ydeHbl B [1-2]. M3BectHO, uTo M30TON 1B sIBNISETCH KaHIMIATOM B albTEPHATHBHOE TOILIMBO B
MEPCIIEKTUBHBIX TEPMOSACPHBIX YCTAHOBKAaX. B KkauecTBe KOMIIOHEHTOB KOHCTPYKIIMOHHBIX 3JEMEHTOB IUIAHUPYETCS
IIMPOKOE HCHOJB30BaHHE H30TONOB Oopa, KoTopele obOecmeduBaroT 3¢ (EeKTHBHOE MOINONIEHHE HEHTPOHOB BO
BHYTPEHHHX CTEHKaX SJIEpPHBIX U TEPMOSJICPHBIX PEaKTOPOB, a TAKXKe PaJUAlMOHHYIO0 CTOMKOCTh 3TUX CTEHOK.
OueBHIHO, UTO WIS YCIEIIHOW pean3anuy OyAyLIUX sIepHO -dHEPTeTUYECKUX IPOEKTOB HEOOXOAMMBI TOUHBIE 3HAHUS
CEUYEeHHI dTHX peakuuil B 06macti Ep 6. < 1000 k3B. OnHako uMeromuecs B IMTEpaType dKCIIEPUMEHTAJbHbBIE JaHHbBIE
1pH Ep a6, = 300 - 1200 k3B umerot Gobioii pasopoc (6omnee 50%).

IosToMy Ha aneKTpocTaTHueckoM TaHAeMHOM yckoputene YKII-2-1 UuctutyTa siaepuoit ¢puszukun MO PK 61w

Oy Y€HBI HOBBIE DKCIIEPUM EHTANLHBIE JaHHBIE 110 Jud(epeHIManbHBIM 1 MOJHBIM cedeHusaM peakuuii 1°B(p,a)’Be mpu
Ep.ias. = 300 - 1200 x3B. B kauecTse MuIneHell HCTIONB30BAIMCH TUIEHKK Gopa ¢ obGoramennem 1o °B okomo 80%.
IMoxpoOHOE onMcaHue yCKOPUTEISI M SKCIIEPUM EHTAIBHBIX METOJ0B MOXHO HalTH B paboTax [3-5] U B UX cchlIKax.
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BbI10 BHINIONHEHO MoApo6HOe u3Mepenue muddepeHuanbHbX ceuennii peakuun 10B(p,a)’Be mis yrioB 0ya6.=
50, 70, 90, 120 u 140 rpamycos npu Ep a6. = 300, 320, 340, 360, 380, 400, 500, 600, 700, 800, 900 n 1000 x»B. HaiineHst
HHTETpaJbHBIE CEUEHHs IAHHOTO Ipoliecca. B mpenenax MOrpemrHoCTeld pe3ysbTaThl HAIIMX H3MEPEHHN COBIAIM C
JUTEPAaTyPHBIMHU JAHHBIMH B NEPEKPBIBAIOIIUXCS 00NacTsIX. BBINOJHEH peaHaiu3 yrnpyroro paccesHus NPOTOHOB Ha
agpax 0B mpu Tex e caMBIX SHEPIHAX, B PE3yJbTaTe 4ero IMOoJydeHbl ONTHYECKHe MOTEHIHUANbl B3aHMOJCHCTBHS,
KOTOpBIe OBLIM MCIOJIb30BaHbl B pacdeTax cedenuil peakuun 1°B(p,a)’Be B paMKax MeToJa MCKa)KEHHBIX BOJIH.

Hacrosimas pabota BbINoJHEHA Npu (HUHAHCOBOW MOJICPIKKE MPOTPAMMBI PAa3BUTHS aTOMHOW JHEPICTHKH B
Pecniy6mmike Kazaxctan no teme: «l3MepeHue U pacder CEUSHHI SIEPHBIX PEAKIMA W BBIXOJOB OCKOJIKOB JITICHUSI Ha
sIIpax MaTEPHAJIOB SACPHO-OHEPTCTHUCCKIX yCTAHOBOKY.

JIuteparypa:
A. Caciolli, etal. // Eur. Phys.J. A.2016. V. 52:P.136.
C. Spitaleri, et al. // Phys. Rev C. 2014. V.90. P.035801.
N. Burtebayev, et al. // Phys. Rev. C. 2008. V.78. P.035802.
C.B. y6osuuenko u ap. // Sn. ®us. 2011.T.74. Ne7. C.1013.
Sergey Dubovichenko, et al // Chinese Physics C. 2017. V.41, Ne 1. P.014001.

arwDdNE

3APSIZIOBBIE PAINY Chl M30TOIIOB Sn B JUCIIEPCUOHHOM ONTUYECKOM MOJEIH
becnanosa O.B., Epmakosa T.A., Knumoukuna A.A., Cnacckaa T.H.

denepanbHOE TOCyAApCTBEHHOE 0IODKETHOE YUPEXKIACHHUE BHICIIETO 00pa30BaHU
“MoOCKOBCKHH TrOCYyIapCTBEeHHBIH yHHUBepcuteT nMenn M.B. Jlomonocosa”
HayuHo-uccrenoBaTenbCkuii MHCTUTYT siiepHOU (isuxu umenu J|.B. CkobenbisiHa
Mocksa, Poccuiickas ®enepanust

CpeaHeKBaJpaTHYHBIA 3apsAAOBBIA paauyc Fch — OAHAa 3 (YHIAMCHTAJBHBIX BEJIMYMH, XapaKTCPHU3YIOLINX
CBONCTBa s1pa. B HacTosmel paboTe ucciaeyoTes BO3MOXKHOCTH JUCTIE PCUOHHOHN ontrueckoil Moaemu (JJOM) [1] ans
pacueTa 3apAI0BbIX PAIUYCOB s1ep Ha mpuMepe chEpUIECKHX YETHO -4e€THRIX n30TonoB 100-1328n,

3apsooBBI pagyc HM30TONOB SN HaxoMWICS W3 paclpeleiieHHs NPOTOHHOW IUIOTHOCTH, BBIYHCICHHOW B
OJTHOYaCTHYHOM HOJX0ZAe 110 popMyIie

1 . .,
p,(r) :_4 Z(ZJ +DN, Uy (),
TN

2
rae an i BEPOATHOCTH 3aIIOJHECHUSA OJHOYACTUYHBIX COCTOSAHUU MIPOTOHOB B AOpE€, Umj(r) — paavaljibHasg 4acCTb

BOJIHOBOH ()yHKIIHH, SBISTIONIEHcs pemeHneM ypaBHeHuUs lllpemparepa ¢ AUCTIEPCHOHHBIM ONTHYSCKUM ITOTEHIIHAIOM
([1OI). MpoTonusrit JOI necTabmmbHBIX n30TomoB 190132SN 1 cTabuneHbIX H30TOMOR 112:116.118,120.12450 Grinm ompenenen
panee [2]. B kauectBe 3Ha4CHMH N,,; HCIOJB30BANCH PE3YJBTATBl pacuyeTa BEPOSTHOCTCH 3alONHCHHUS IO

npubmpkeHHBIM GopMyiaM JIOM u mo ¢opmyrne teopum BKIUI ¢ smmupuveckuM 3HaYEGHUEM MapaMmeTpa IIeid
CIIapUBAHUS.

BrII0 MOCTUTHYTO corflacue pes3yibTaTOB pacuera Ich ¢  HMEIOIIUMUCS JKCIIEPHMCHTAIPHBIMU JaHHBIMH B
mpenenax < 2%. Pacuer mokasanm, 4To OTIMYME 3HAYCHUH PAJMYCOB Ich, COOTBETCTBYIOIIUX BEPOSTHOCTIM N

nlj?
BEIYHCICHHBIM 10 ¢opmynam JJOM u mo ¢opmyne BKII, ompenensercs, B OCHOBHOM, 3aCeJI€HHOCTIMHU BaJCHTHBIX
YaCTHYHBIX COCTOSHMM C dHeprHel Bhime dHeprun Pepmu E. .. Baxnas poib BaleHTHBIX 0JHOYACTHYHEIX COCTOSHUN B

(hopMHUpPOBAHHUU XBOCTAa paclpe/ielieHUH IIOTHOCTH siaep oOcykaaercs B [4] Ha mpuMepe HEWTPOHHOI IUIOTHOCTH sIEp
Ca, Ni, Zr, Sn u Pb. Yuer o6onouyeuynoro a3 pexra B MEnMor yactu JIOM [3] u3oTomoB Sn, 3aKmoYalonuiics B ee
YMEHBIICHUHN I Marn4eCcKuX saep MO CPaBHCHUIO C HEMAarm4eCKUMH, IIPUBOJUT K YMCHBIICHHIO PACYETHOTO pajanyca
Fch 3a CUeT, IPEXJIe BCEro, YMEHBIIEHHs 3aCEJI€HHOCTEH 4YaCTUYHBIX COCTOSIHMM ¢ oHeprueil Bbime E. .
UyBCTBUTEILHOCTh MOJIETM K 3HAYEHHSM [ch IMO3BOJIIET MCIIOJB30BATh JKCIEPHMEHTAJIbHbIE JAHHBIE O 3apsIOBBIX
pamuycax oI KOppeKuu mapaMmeTrpoB MEuMO# gactu JOIL

CrnHcok JuTepaTyphl

1 Mahaux C., Sartor R. // Adv. Nucl. Phys. 1991. 20. 1.

2. Becnanosa O.B., Pomanosckuii EA., Cnacckas T.M., Kimmmoukuna A.A. // Sinepuas usuka. 2015, T. 78. Ne
10. C. 935.

3. Bbecmanosa O.B., Pomanosckuii EA., Cnacckas T.W. // 3. PAH. Cep. dus. 2012. T.76. Ne 4. C. 560.

4, Warda M., Centelles M., Vinas X. // Phys. Rev. C. 2014. V. 89. 064302.
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HEATPOHHOE TAJIO B I3OTONAX Zr BBJIM3U I'PAHUIIBI HEATPOHHOW CTABWIBHOCTHU B
JUCHIEPCHOHHOM ONTHYECKON MOJEIU

becnanosa O.B., Knumouxuna A.A.

@enepanbHOE TOCYAAPCTBEHHOE OIOUKETHOE YUPEXKICHNUE BBICIIETO 00pa3oBaHMsA
“MOCKOBCKHUH TOCYIapCTBEHHBIN yHUBepcUTeT UMeHu M.B. JJomoHOCOBa”
HayuHo-uccienoBaTebCkiii MHCTUTYT snepHoU ¢msuku mmenn 1.B. CkoOenbubiHa,
Mocksa, Poccuiickas @enepauus

OmHo u3 HanboJee APKUX IKCIIEPHMEHTAIBHBIX ABICHHUHN B AApax BOJIM3H IpaHUIBI HEHTPOHHOI cTabmipHOCTH —
HAIMYKME HEWTPOHHOTO Tal0 B HEKOTODPBIX JIETKUX SAPAX, B 4acTHOCTH, 1Li. J[S M30TOTOB CPEIHETIKENBIX SAEP
JOCTIDKCHHE 3TOH IPaHUIBI SKCIIEPHUMEHTAIbHO — BOTIPOC OTHAJIEHHOTO Oyaymiero. B ¢Bs3u ¢ 3TMM BO3pacTaeT IECHHOCTh
TEOPETUYECKUX NPEACKa3aHUuM CTPYKTypbl Takux suep. PemstuBucrckas monens Xaptpu-®oka ¢ yueTtoM KOHTUHYyyMa
[1], a Taxxke HepensTHBHCTCKO# Monens XapTpu-Poka-Boromo6osa ¢ cuiamu Ckupma [2] mpenckas3siBalOT CIPYKTypy
HEHTPOHHOTO rajio B u30Tonax Zr BOJM3M TPaHULIBI HEUTPOHHON CTaOMIBHOCTH.

B Hactosmeit paboTe BBHIMOJHEH pacyeT HEWTPOHHBIX CPEAHEKBAJPATHYHBIX PAIMyCOB In HM30TONOB ZI C
90 < A < 130 B Mozenu cpeiHero MHoJisl ¢ JUCIEepPCHOHHBIM onTudeckuM noteHnuaioMm (JOID). Heittponnsiii JOIT
uzotonioB Zr ¢ 90 < A < 118 onpenenen panee [3]. Heiitpouusiii JIOI mis usotomos Zr ¢ 120 < A < 130 naiigeH c
HCIIOJIb30BAHUEM CHCTEMATUKH IJI00anbHbIX napametpoB [4]. Omun u3 nabGopos JIOIl 6bur ompeneseH ¢ ydeToM
npenosoxkenust [5] 0 HE3aBUCUMOCTH TMOBEPXHOCTHOM COCTAaBIAIONEH MHUMOW uactu Hedtpounoro JIOIT ot
OTHOCHUTENIBHOTO HEHTpOHHOTro M30bITKAa. CHIOBON MapaMeTp COCTaBISIIONECH XapTpu-()OKOBCKOTO THIA MOTCHLIHMANA
OTIpeeIIIICA U3 YCIOBHUS COTIIACHS PACUETHOTO CyMMapHOTo Yucia HeHTpoHoB ¢ uncioM N n3zotomna. PacueTHslit pamyc
I'n (CM. pHCYHOK) pacTeT ¢ yBeIMUEHHEM 4Hcia HelTpoHoB N B uzotonax Zr ¢ A >120 6rictpee, uem N3, Dror poct
00yCIOBIEH YaCTHYHBIM 3amoyiHeHueM coctosHuil 2f7/2, 3pssz, 3p12. CormacHo pacuery ¢ JIOIl, cocrosirme 272

r, o™ Haxomutcs Hike dHeprun Pepmum EF  mis Bcex
n m3o1ommoB ¢ 120 < A < 130, a oaHOYaCTHUHEIE
. g sHepruu Enlj cocTostHU 3P3/2 ¥ 3P1/2 JIe:KaT BOIM3H
o . Hyms. CpelmHeKBaJpaTHYHbIC pamdychl Rnij 3THX
5.0 e . COCTOSIHUM ~ 3HAYHMTEJBHO  YBCIMYCHBI o
e EE cpaBHEHHIO ¢ Rnij= 4-5 ¢M  Hmkexexammx
_ L cocrosnuid. Tak, wig 128Zr Rnij = 11,91 10,5 pm s
454 T i cocTosHUM 3P1/2 1 3P3/2 cOOTBETCTBEHHO. [Ipn 3TOM
i - 3aCeNICHHOCTH COCTOSTHUIA 3P1/2 U 3P3/2, HAIpUMeED,
Y B 12871 papnbl 0.6 1 1,8 HEHTPOHA COOTBETCTBEHHO.
] ¢ INosydeHHBIE pacyeTHBIC JAHHBIC COIVIACYIOTCS C
npenckasanusmMu - [L2] o dopmupoBanuu
CTPYKTYPBI HEHTPOHHOTO Tajio B m30Tomax Zr ¢ A
> 120.
35 T v T v T v T T T T T v
88 96 104 112 120 128 A
Heittponnsie 3apsioBble paauychl n3oTonoB Zr. Pacuer
no JIOM — crioniHsle TOYKH, 3aBUCHMOCTh FoNY3 _ mynkmupHas
mnus, ro=1.15¢pM Crucok nmTepaTypbl
1 Y. Zhang,M. Matsuo,and J. Meng, Phys.

Rev. C 86, 054318 (2012)

Y. Zhang, Y. Chen, J. Meng, P. Ring. Phys. Rev. C 95, 014316 (2017)

becmanosa O. B., Pomanosckuii E. A., Cnacckast, U3B. PAH. Cep. ¢us. 1. 76, Ne 4, C. 560-564(2012).
A.J. Koning and J. P. Delaroche, Nucl. Phys. A 713, 231 (2003).

J.M. Mueller, RJ. Charity, R. Shane et al., Phys. Rev. C 83, 064605 (2011).
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ON THE POSSIBILITY OF TRIGGERED DE-EXCITATION OF 110mAg ISOMER IN LASER PLASMA
Koltsov V.V.

Khlopin Radium Institute, Russia, St-Petersburg. e-mail: vladimir-koltsov@yandexru

In studies of trigged de-excitation of nuclear isomers in impulse laser plasma the 117.59 keVisomer in 110Ag nucleus
engages our attention. The level scheme [1]is shown in fig. 1. The triggering of 110mAg de-excitation is possible by transition
into 118.719 keV state followed by decay into ground nuclear state. 110mMAg isomer is attractive by its great half-life because
it is possible to prepare laser targets of high isomer concentration. The transition energy 1.13 keV to the trigger level is close
to laser plasma temperature. The trigger level half-life of 36 ns allows to leave plasma noise time interval out and to detect
y-rays of trigger level decay.

Previously the possibility of 110mMAg triggered de-excitation wasn’t discussed maybe because of the small probability
of M3 transition. Really, for instance the probability Piec of trigger level excitation by inverse internal electron conversion
(IEC) (fig. 2) has following order-of-magnitude estimation [2]

Piec ~ne (I'/T) A2 Ve T=Te Oeff Ve T

where ne is plasma electron concentration; T is plasma electron temperature; Z and ve — de Broglie wavelength and
velocity of electrons, which are in resonance with nuclear transition; T ~ plasma live-time; o,4¢ is effective cross-section of
trigger level excitation. For 1.13 keV M3 transition the width is T ~ # a Fw Py, where o = 6,0 - 10 ! is the internal electron
conversion coefficient [3], Py ~ 10-16 s ~1is the Weisskopf estimate of y-emission probability, Fw ~ 10~ 2 is the Weisskopf
hindrance factor. On such estimate the cross-section e~ 10~ 41 cm2 is negligibly small for effect observation. But according
to [4] the additional consideration of photon emission in IIEC process can increase the value of oeff estimation. Also, the
probability of IIEC can be increased by irradiation of isomer with X-rays, which are in resonance with nuclear transition. It
can be done by using for isomer target backing the materials, which have characteristic X-rays energy close to the nuclear
transition energy 1.13 keV. For instance, platinum has X-line of energy 1.1273 keV. So, the suitability of 11°mAg isomer for
laser experiments needs further consideration.

3+ 118718 free bound
- - 200 11
] electron electron
. M3 113003 .
6 A 22 20834
intial
116 48 117.607 state
1.36 %
) 1112
660 ns cleus :
= I i isomer mucleus mgZger
v 1156 < state
1110
_Ag
Fig. L. Fig. 2.

G. Gurdal, F.G. Kondev//Nuclear Data Sheets. 2012. V. 113, P. 1315.

V.I. Goldanskii, V.A. Namiot// JEPT Letters, 1976. V. 23, Ne 9. P. 451.

http://www.nndc.bnl.gov.

M.D. Bondarkov, V.M. Kolomietz//Bull. Acad. Sci. USSR. Phys. Ser. (USA). 1990. V. 54, Nel, P. 52.
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INOUCK HOBOI'O MBOMEPHOI'O COCTOSIHUS B AJIPE 186Re
Kapaces B.B., Konvyog B.B., Pumckuii-Kopcakog A.A.

AQ ”Pamuessiii uactutyT uMm. B.I'. Xiommua”, Poccus, C.-IletepOypr. e-mail: vladimir-koltsov@yandexru

B [1] Habmomami cTUMyIMpOBaHHOE Je-BO30yxaeHHe u3omepa 186™Re (T12 = 2,010 5 neT) B ropsueii nasepHoii
ia3Me Mo BPEMEHHOH 3aBUCHMOCTH MHTEHCHBHOCTH H3IydeHHs KBaHTOB 137 k3B pacnaga OCHOBHOTO COCTOSIHHS sijpa
18Re mocne nasepHoro o6myueHus 186MRe mumenu. HeMOHOTOHHOCTh 3TOH BpPEMEHHON 3aBHCHMOCTH MO3BOJMIA
TPEIMIONIOKHTE CYIIECTBOBAHUE HOBOTO M30MEPHOTO HHU3KOJIEKAIIETO cOoCTosHuA B saupe 86Re ¢ mepmomom momypacmana
HECKOIILKO CYTOK, KOTOPOE 3acenseTcst MpH Ae-Bo30yxaeHnn 8MRe B masme.

MEI monpo6oBam HaOIOIaTh 3T0 HOBOE H30MEPHOE COCTOSIHUE, Noty4das sapo 186Re B (p, N) peakuun o6IydeHnEM
npoTonamu sHeprun 15 MaB mumenn 185W (95 % o6oramenune no 186W). 3acenenue B 510l peakuuu HOBOTO M30MeEpa
mpuBelo OBl K BPEMEHHOW 3aBHCHMOCTH WHTCHCHBHOCTH JWHHM 137 k3B 0T 00iyueHHOTO HMCTOYHHKA, OTIMIHOH OT
U3BECTHOTO DKCIIOHEHIMANLHOTO pachana OCHOBHOTO coctosHus 186Re ¢ mepuomom T12 = 89,239 + 0,026 uacos [2] (Bce
MOTPEIIHOCTH yKa3aHbl HA YPOBHE OJIHOTO CTAHIAPTHOTO OTKIOHEHUS).

IIpoBoas mocnenoBaTebHBIE U3MEPEHUS Y-CIIEKTpa MUINEHH JeTekTopoM ¢ kpuctammiom OUlT J13 x 15 MM ¢
9KCIIO3UIMEH TI0 2 yaca, TOCTPOWIM BPEMEHHYI0 3aBUCUMOCTh HHTEHCUBHOCTH Y-mHUA 137 k3B (puc. 1), koTopas xopomio
BUHA B Y-CHEKIpe oOIydeHHOW MmumeHH (puc. 2). OTa BpeMEHHas 3aBUCHMOCTh ONHCBHIBACTCS OIHOW IKCIIOHEHTOH ¢
Ti2 = 84.9 + 2.2 yaca, 6;uskuM K T1/2 pacmaza oCHOBHOTo cocTosHus 186Re. Takum 06pa3oM, HOATBEPIUTH THIIOTE3Y O
HAJIMYMU UICKOMOTO H30Mepa He yiaiock. C y4eToM IMOTPEIIHOCTH IKCIIEPUMEHTA BEPOSITHOCTh 3aCelIeHHs 3TOr0 H30Mepa B
peaxmmu 8W (p, n) 186Re menee 0.5 %.

- M -
13 186g.
40000 I 1372
4000 -
|
[Tl
30000 | 111 I
Bl
l 2000 =
WY . .
20000 1865,
| 12256
1 1 1 1 1 1 1 o
20 40 60 t
Puc. 1. UYncmo otcuetoB Niz7 B ¢oTommke y-TMHUH 120 130 140 =B
137 3B B 3aBHCHMOCTH OT BpeMeHH t mocyie KOHIA Puc. 2. ®parment y-crektpa mpu t = 4 uaca.
06y denns W-MHIICHN. N — 9HCIIO OTCYeTOB B KaHalax CIEKTpa. YKa3aHbI

sHepruu y-nuHuii 186Re.

1 B.B. Barymun, H.B. Xwumkxos, A.A. Pumckuit-KopcakoB u ap./Te3uchl 66-if MexIyHapOIHON
KOH(epeHIUH 1o pobeMaMm SIIePHOHN CIIEKTPOCKONHUU U CTPYKType atoMHoTo siapa “Snpo-2016”. Capos. OI'VII “PDALI-
BHUND®”. 2016. C. 107.

2. C.L. Baglin//Nuclear Data Sheets. 2003. V. 99. P. 1.
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BO3MOKHOCTh MCCJEIOBAHUS HEATPOH-HEMTPOHHBIX KOPPEIAIMM B IAJIO-SIJIPAX
Konob6eescxuii E.C., 3asapsuna B.IL, 3yee¢ C.B., Kacnapog A.A., Kyprosuu A.C., Muyyx B.B.
WuctutyT simepHbIX uccnepoBanuil Poccuiickoil akagemuu Hayk, Mocksa, Poccus

V3BecTHO, 9TO B CBOOOJHOM COCTOSHHM HE CYIIECTBYET CBS3aHHOTO IMHEWTPOHA, AMNPOTOHA M Jake
CUHIJIETHOTO AEHUTPOHA, UMEIOTCS TOJBKO KBAa3UCBSI3aHHbIE CUHIVIETHBIE COCTOSAHUSA ¢ 3Hepruil nopsiaka 0.1-0.2 M»B nan
moporom pazBana. OmHaKo B sape CUHINIETHAas NN-mapa MoXxeT ObITh OoJiee cBsizaHa, 00pa3ys kimactep. HambGomnee
xapaktepHeiil puMep SHe, B koTopoMm cymecTByer jmHeiitporHas kommonenta. B 11Li tamke mmeercs ctpykrypa
LLi+nn. Tpu 5TOM B THX rajio-sApax MOKET OBITh JOTONHUTENLHOE B3aHMOJICHCTBIE MEKIY KOPOM M JMHENTPOHOM,
MPHUBOAAIIEE K JOMOJHUTEIFHOMY CBS3BIBAHHIO JBYX HEHTpoHOB. KpoMe 3THX ramo-saep MHTEPECHBIM MOXET OBITh U
UCCIIENIOBAHNE NPYTHX Tano-sjaep, Hampumep SHe, B KOTOpOM MOKET CyINECTBOBATh KaK JMHEWTPOH, TAK W JIBa
JUHEHTPOHA WU JIa’Ke TETPAHEUTPOH.

OcHOBHas Ujiesl MPEVIATAEMBIX HAM U SKCIIEPUMEHTOB COCTOUT B TOM, uTo ecmm u3 SHe mm 11Li 6vicTpo ynamats
KOD, TO HAaOMOJaeMblii XapakTep UMIYJLCHOTO pacupeeseHus “ocTaBiieiicsa” NN-mapel He JODKEH U3MEHUTHCS, T.K. OTH
napsl SABJSIIOTCSA B TAKOM JKCIEPUMEHTE “‘ClIeKTaTopaMu’, KOTOpble OBICTPO BBIJIETAIOT U3 30HBI PEAKUUU 0€3 CHIIBHBIX
HCKaK€HUH TOTO COCTOSIHUS, KOTOpO€ 3Ta Iapa MMeNla MepBOHaudaidbHO. M1 MOXHO 0XHIaTh, YTO M3MEpEHHbIE NN-
KOPPEJSINH, B YACTHOCTA SHEPTHH NN KBA3UCBI3aHHOTO (BUPTYAIBLHOTO) CHHITIETHOTO 1So COCTOSIHUS OKaXyTCs COBCEM
He Te, KOTOpble MPUCYIIX CBOOOIHBIM NN- 1 NP-CUCTEMAM.

B oakcriepuMeHTe MOTYT OBITb HCCIENOBaHbl DEAKIUMM TOJaxBaTa anbda-kopa u3 sapa SHe wm  OLi
6He+2H—S8Li+(nn) u 1Li+2H—11Be+(nn) c peructpanueil kax 3apsxenHoi uactuusl bLi (11Be), Tak u Heiftpona (umu
JBYX HEHTPOHOB) OT pacmaja CHHITIETHOTO NN cocTosiHUA. J[1 onpeseneHus SHEPTUU KBa3HCBA3aHHOTO JUHEHTPOHHOTO
COCTOSIHUSI OyJeT NPUMEHEH METO[, MO3BOJIIIONINI ONPENEIATh 3TH IHEPTHH 10 (POopMe IHEPreTUUECKOro CHEKTpa
HYKIJIOHOB, MTOJTyYaIoIUXCs IpU pasBase 3Toro coctosHus [1]. IIpu ycnoBuM, 4To JETEKTHPOBAHHE YaCTULBI MPOUCXOIUT
MOJ YIJIOM COOTBETCTBYIOLIEM BBIJIETy NN-CUCTEMBI B JBYXYaCTMYHON PEAKLUH, TONACTh B IETEKTOP MOTYT HEHTPOHBI,
BBUICTAIONIME B cHcTeMe IL.M. Wi Brepen (~0 rpamycoB) wm Hazaa (~180 rpamycoB). COOTBETCTBEHHO MOJIydaeTcst
crnenupuIecKuii SHEPTETHUECKUH CHEKTP W COOTBETCTBYIOIINI €My BPEMEHHOM CIIEKTp, XapaKTepU3YIOIIMHCS ABYMS
MTUKaM¥ C PACCTOSTHHEM MEXIy HUMH, 3aBHCAIIAM OT YHEPTHH KBa3HCBI3aHHOTO COCTOSHHS.

Ilpu WccneNOBaHMM peakmuii TMoIXBaTa Kopa OyneT ucmons3oBaH mydok SHe (ML) ¢ smeprmeit ~ 5-10
Mb>B/HYKIOH W TOHKash MUIIEHb W3 JEHTEPHPOBAHHOTO IOJMATIIICHA. B HSKCKIFO3MBHOM SKCHEpHMEHTe OyayT
pETHCTpHpOBaThCs Kak 3apskeHHas dwactuna (6Li11Be), Tak W oguH WM 1Ba HeHTpoHAa. YIIBI PETHCTPAIUH
COOTBETCTBYIOT KUHEMATUKE JBYX4aCTUUHOU PEAKIUM C BBUICTOM JUHEUTPOHA M 3apsLKEHHOM 4acTHIbl. 3apsDKEHHBIE
qactuer  (SLi11Be) GymyT permcTpmpoBAaTHCS TENECKONOM KPEMHHEBBIX JETEKTOPOB, a HEWTPOHBI IKHIKAMU
CIMHTIULITOPaMHU, C OIpeeJIeHIEeM YHEPTUH 10 BPEMEHH IpoJjeTa. B skcrepuMente OyayT OmpeaesieHbl SHepTHUH NN
KBA3UCBSI3aHHBIX CUHIJICTHBIX COCTOSHUI U Ha OCHOBE OIpEJEICHHS 3THX SHEPTHi IPOBEICHB! OIEHKH 3¢ eKTHBHOTO
MPUTDKEHNS, BO3HUKAIOIIETO MEX/Iy BaJCHTHBIMH HYKIOHAMMU B OJIe TPeThel 4acTHIlHI (KOpa).

Crmcok mmTepartypsl
9. Konobeevski E.S. , Zuyev S.V. , Kasparov A.A., Ostashko V.V. . Few-Body Systems 55 (2014) 1059

THEORETICAL STUDY OF THE NEON CLUSTERS
Korobitsin A.A. and Kolganova E.A.

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research,
141980 Dubna, Moscow region, Russia

Small clusters of rare gas atoms are of agreat interest in the recent years. They belong to a large class of molecules
interacting via potentials of van-der-Waals type and have unique quantum properties. One of these properties is the
Efimov effect [1]. This effect reflects the difference in the properties of the two-body and the three-body systems. When
there are at least two subsystems of zero binding energy, the three-body system has an infinite number of weakly bound
states - this is the essence of the Efimov effect. Calculations of ultracold three-body clusters require methods suitable for
solving three-body bound state and scattering problems in configuration space [2]. One of the effective methods for
studying three-particle systems is based on using the differential Faddeev equations in the total angular momentum
representation [3].

This work is aimed at a theoretical investigation of the neon atomic clusters. We developed a numerical algorithm
for solving differential Faddeev equations in the total angular momentum representation [3]. This algorithm has been
realized in the programming language C++. The developed numerically effective computational scheme, especially in

99



1. Nuclear Physic

combination with an option of using multiple processors, makes it possible to calculate wide range of three-body
problems. For the calculations of the spectrum of neon trimer we use finite-difference approximation and cubic
polynomial splines for solving the differential Faddeev equations with the zero asymptotic boundary conditions. To
increase the speed of calculation a template library Eigen [4] for linear algebra is used. We have applied developed
numerical algorithm for solving the above mentioned equations for the 2°Ne three-atomic system. To describe the
interatomic interaction the realistic potentials HFD-B [5] and TT [6] were used. The calculated results of binding energies
of the ground and the first excited states for neon trimer are in a good agreement with the results obtained using different
methods by other authors. Investigation ofthe ground state energy convergence with respect to the number of grid points
demonstrates that N, =250 is sufficient to get up to four accurate figures for the energy of the ground state (see Fig. 1).
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HADRON AND QUARK FORM FACTORS IN THE RELATIVISTIC HARMONIC OSCILLATOR MODEL
Myrzabekova E.B., Sagimbaeva N.B., Burov V.V.
Joint Institute For Nuclear Research, Bogalubov Laboratory Of Theoreticl Physics

Nucleon, pion and quark form factors are studied within the relativistic harmonic oscillator model including the
quark spin. It is shown that the nucleon charge, magnetic and axial form factors and the pion charge formfactor can be
explained with one oscillator parameter if one accounts for the scaling rule and the size of the constituent quarks.

Recall that the charge and magnetic form factors were adjusted to experimental data, and the rest were obtained
without additional parameters. We see a good agreement with the magnetic and charge form factors of the neutron.

Also, a good agreement of the axial form factor of the nucleon with experiment [1, 2].

1 W. Bartel et al., Nucl. Phys. B, 58 (1973) 429; P.N. Kirk et al., Phys. Rev. D, 8 (1973) 63; K. Hanson et al., Phys.
Rev. D, 8 (1973) 753; S. Rock et al., Phys. Rev. Lett., 49(1982) 1139; R.G. Arnold et al., Phys. Rev. Lett., 57 (1986) 174;
P.E. Bosted et al., Phys. Rev. C, 42 (1990) 38.

2. S. Galster et al., Nucl. Phys. B, 32 (1971) 221.
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TEST OF NUCLEAR FRAGMENTATION MODELS WITH CARBON FRAGMENTATION AT 0.95 GeV/n

! Abramov B.M., ! AlexeevP.N., *Borodin Yu.A., *BulychjovS.A., * Dukhovskoy I.A., * KhanovA.l.,  Krutenkova A.P., !
Kulikov V.V., t Martemianov M.A.,  Matsyuk M.A., ! Turdakina E.N., 2 Gudima K K.

INRC «Kurchatov Institute» — ITEP, Moscow 117218, Russia,
2Institute of Applied Physics, Academy of Sciences of Moldova, MD-2028 Kishinev, Moldova

Differential cross sections of nuclear fragment production at 3.5 degrees for 12C fragmentation at 0.95
GeVinucleon on a Be target were measured with beam-line spectrometer in the FRAGM experiment at the TWA-ITEP
heavy ion accelerator [1]. The fragments from proton to carbon isotopes have been identified by correlation measurement
of time-of-flight and ionization losses in scintillation detectors. The fragment momentum distributions in laboratory
frame are compared to the predictions of four ion-ion interaction models: INCL++, LAQGSM03.03, QMD and BC [2].
Obtained experimental data on differential cross sections for wide set of fragments are included to the experimental
nuclear reaction database EXFOR[3]. Successes and drawbacks of above mentioned models are discussed.

Two approaches were used to describe the invariant cross sections of the fragment production. In the
thermodynamic model [4], the spectra for protons and light fragments can be described as a sum of two exponential
functions with different inverse slope parameters (called temperatures) for statistic and cumulative mechanisms. Obtained
temperatures are in a good agreement with world data. For light fragments, coalescence model have been used to extract
information on a size of the interaction region [5]. The measurements of coalescence coefficients give the typical radius
about 3 fm.

References
B.M. Abramov et al., JETP Lett. 97 (2013) 439, Pisma Zh.Eksp.Teor.Fiz. 97 (2013) 509.

B.M. Abramov et al., Phys.Atom.Nucl. Vol. 78, Issue 5 (2015), 403.
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CTATUCTHYECKOE OIIMCAHMUE PACIHIAJA AHCAMBJIA AAEP-IIPEJINECTBEHHUKOB B
PAMKAX CYBIIYACCOHOBCKOI'O PACHPENEJEHUA

Kopbym T.H., Pyoak D.A., [lempoecxuti A.M.
TI'ocymapctBeHHOE HaydHOE yupexaeHue « O0beIMHCHHBIH HHCTUTYT YHEPTECTUYECKUX U SIICPHBIX UCCICIOBAHUNA —

Cocub» HanmonansHOH akagemun Hayk bemapycuPecnybmika bemapycs, Muack
tamara.korbut@gmail.com

B paboTax [1,2] B paMmKax MoJean pOKICHUS U THOenu 4acTull ObUIO pacCMOTPEHO B3aHMMOJACHCTBHE MPOOHOTO
HEWTpOHAa C MOJKPUTUYECKOW pa3sMHOXKAlOLIEH Cpeloi TelIoBOro peakropa, y KOTOPOro €CTb CBOM BHYTpPEHHUM
UCTOUHUK HEHTPOHOB B BHUJAE aHCaMONs saep-TNpeAleCTBEHHUKOB. PanuoakTuBHBIN pacman aHcamOns  snep-
MpeIIIEeCTBEHHUKOB OIMHCaH B pPaMKax ITyaCCOHOBCKOTO pacHpeeNeHus, KOTopoe SBISieTcs HNpUOIKEHHEM
OMHOMHaJILHOTO paclpeesIeHNs, KOTia YHUCIIO SiIep CHCTEMBI CTpEeMUTCS K OeckoHeuHOCTH N —00, a cama cucTeMa siiep
MOXET MCUYE3HYTh TOJBKO TMPHU BpeMeHax t — oo, I'TaBHBIA HENOCTATOK IyaCCOHOBCKOTO paclpefesieHuss 00yClOoBIeH
pacnazoM MOCIHEIHEro sapa-NpealleCTBEHHUKa — €ro BpeMs KHM3HU OKa3blBae€TCsA PAaBHBIM 0. [l OCTaJBHBIX A1ep-
IIPE/IICCTBEHHNKOB BpEMEHa JKM3HH KOHEYHBI M OJIM3KHM MO a0COIOTHON BEJIMYMHE B 00OMX TUINAX pacnpeznelieHuid. B
HacTosied paboTe Ha 6asze IMyacCOHOBCKOTO M OMHOMHMAJBLHOTO pacHpeielieHHH MNpeIokKeH HOBBIH (GopManmsM,
COYETAIOUINI IPOCTOTY MaTEMAaTHIECKOTO aIllliapaTta IMyacCOHOBCKOTO paclpeieieHNsI M KOPPEKTHOE ONMCAHUE pacnaia
MIOCJIEIHETO Si/ipa CUCTEMBI B ONHOMUAIBHOM pacrnpezeneHny. B pabore npeacTaBieH MaTeMaTHIECKUH armapat Mo JIeiH
PO’KZICHUsI ¥ THOEN YacTHI] B Cllydae CyOIyacCOHOBCKOTO paclpe/ieleHNs U NT0Ka3aH Pe3yJIbTaT CPABHEHUSI OIHMCAHUS
PaZMoOaKTUBHOTO paclaja siiep C MOMOIIBI0 ITyaCCOHOBCKOTO, OMHOMHUAIBHOTO H CyOITlyacCOHOBCKOTO PacIpeeNicHUH
U1 cpelbl Ha OCHOBE ypaHa-235.

Jlutepatypa
1.  T.N.Korbut, A.V. Kuz’min, EA. Rudak A Thermal Nuclear Reactor as an Analog of ADS Systems with Internal
Sources of Ntutrons. Bulletin of the Russian Academy of Sciences. Physics, 2015, v. 79, Ne4, pp. 461-469. ©
Allerton Press, Inc., 2015.
2. T. Korbut, A. Kuz’min, E. Rudak «Birth-Death Model for Description of Transient Processes in Multiplying
Medium with MOX-Fuel», Nuclear data 2016, 11-16/09, Belgium.
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OIIEHKA HEOIPEAEJNEHHOCTEN 3KCIEPUMEHTOB IO KPUTHUHOCTHU C
HUCIIOJIb30BAHUEM METOJOB IIOJIMHOMHWAJIBHOTO XAOCA

Kpasuenko M.O., Ky3omun A.B.

I'ocynapctBeHHOE HayuHOE yupexaeHue « O0beMHEHHBIN HHCTUTYT YHEPTeTUUECKUX M SICPHBIX UCCIEJOBAaHUNA —
Cocub» HanmonaneHoit akagemuu Hayk benapycu Pecry6imika benapych, MuHCK,
maxslevin.grey @gmail.com

Beenenne

AHanmm3 HeonpeAeNEHHOCTEH SABISETCS BAXXHBIM MHCTPYMEHTOM B IPOBEICHUH 3KCIEPUMEHTOB 110 KPUTHYHOCTH
3a CUET BIMSHMS HMCXOJHBIX MapaMeTpoB (3HAUCHHS CCUECHHH peakuui, reoMeTpUYecKHe IapaMeTpbl, MaTepHaIbHbIH
COCTaB M T.JI.) HA KOHEYHBIH pe3yJsbTaT. B mocnenHee BpeMst BO3HUK MHTEPEC K HaXOXKICHHIO HEONpEACNEHHOCTEH, He
UCTIOJIb3YSI METOJMKH, B OCHOBE KOTOPBIX JiexkuT MoHnTe-Kapio monemiposanue. OnpenenéHHoe pa3BuTHe B psige pabor
[2-5] nony4unu meTombl, OCHOBaHHEIE Ha Teopuu IlommHOMHuanepHOTro Xaoca. Pa3BuTHe NaHHBIX OCTCPMHHHCTHYCCKHX
MMOJIXOJI0OB K OIIGHKE HEONpeNeNEHHOCTEeH IMO3BOJIMT COKPATUTh 3aTpaThl MAIIMHHOTO BPEMEHH M, COOTBETCTBEHHO,
CHHM3HTH TPeOOBaHUS K BBEIYHCIUTSIBHOW MONTHOCTH. [Ipn 3TOM moctHraeMasi TOYHOCTh OICHKH ITOTPEIIHOCTH MOJKET
OBITH COTIOCTABUMA C TOYHOCTBIO CTATHCTUIECKAX METOJIOB.

AHanu3 Heomnpe/eEHHOC Tei

AHanm3 HeoNpelneNEHHOCTEHl B DKCIIEPUMEHTAX 10 KPUTHYHOCTH MO3BOJSAT HAXOAUTh YyBCTBUTCIBHOCTh Keff K
MOTPENTHOCTH HCXOJHBIX IapaMeTpoB. BEISABICHHE TaKMX 3aBHCHMOCTEH OIpenesieT yCTOMYMBOCTE CHCTEMBI W,
COOTBETCTBEHHO, e€ Ge30macHOCTh. Vcmonp30BaHie CTAaHIAPTHBIX METOJI0B [1] BbIUMCIEHHs TMOTpeUIHOCTeil He Bceraa
MIpUEMJIEM, YTO IPHUBOJMT K HETOYHOH OIEHKH. B Takux ciydasx MpuMeHEHHe IPyTHX MaTeMaTHIECKHUX MOIX0J0B JaéT
6oJee TOYHBIC PE3yIHTATHL.

Ipu anamuse HeompeneIEHHOCTEH OEHUMapK-IKCIEPUMEHTa MPOBOIUTCS Psil pacy€TOB Keff B 3aBUCHMOCTH OT
BXOJHBIX IApaMeTpoB. B ciydae, Korja Ha KOHEUYHBIH pPE3yJbTAT BIMAIOT HECKONBKO BEIMYHH C HOPMAaJIbHBIM
pacmpezeseHueM, uX OOl BKIa]l B HEOMPEACTIEHHOCTE Keff OTpemenseTcst eHTpaabHO# npeaenbHol Teopemoit. [pu
9TOM TakKe CUMTAETCS, YTO HU OJHA U3 BEIWYMH HeE ABISIETCS NOMUHHUPYIOIICH.

OznHako NpuMeHeHHe LEHTPaIbHON IIPEe/IeNIbHOM TeOpEeMBI He BCeT/ia BO3MOJKHO, BBULy HEPABHOM €PHOCTH BKJIaJa
B MOTPELIHOCTh OJHOI MM HECKOJBKUX M3 BEIMYHH. B TakoM ciydae ciemyeT HCIOJB30BaTh Oojiee TMOKHE METOUKH.
B pa6orax [2-5] onuchIBaOTCS METOMKH, OCHOBaHHbIE HA Teopur [loMHOMHAILHOTO Xaoca. DTH METOAMKU TO3BOJISIOT
C MOMOIIBI0 COOTBETCTBYIOIIETO MAaTEMaTH4YECKOTO almapaTa MoJy4arh PasjIoKeHUs CIIy4YaiHbIX BEJIMYMH B paMKax
teopun IIX ¥ B naybHeidIIeM onepupoBaTh 3THUMHU Pas3loKEHHAMHU U HOJIYUYCHHS HEOOXOIMMBIX pPEe3yJIbTATOB, B
YaCTHOCTH Cpe/iHee 3HaueHHUE Keff U OTKIOHEHHE OT HEro.

3aki04yeHne

Llenpto naHHO pabOTHI sBIsETCS MpUMEHeHHe MeToauku 11X B aHamu3e HeompeaeaéHHOCTeH Keff B GeHUMAapK-
IKCIICPUMEHTaX U € CpaBHEHHE C CTAaHZAPTHHIMH MeTozamu [1]. IlpuemieMbiM pe3ysbTaTOM SIBISETCS OLCHKA
HEONPEICIEHHOCTH Keff ¢ MaJOH MOTPEIIHOCTHIO CTAHAAPTHBIMY CHOCO0aMH, @ TAKXKE IOJIyYCHHE CXOKEro pesylbTaTa ¢
UCIIOJIb30BAHUEM METOJIOB ITOJIMHOMHAIBHOTO Xaoca. OtpaboTKa MaTeMaTHYEeCKOTO ammapaTa ITO3BOJIMT HOCTEIIEHHO
BBICTPOUTh YHHBEPCAJbHYIO0 HOBYIO METOJMKY aHAJM3a HEOIPEICNEHHOCTCH UIi NMPHMEHEHUsS B MOJCIMPOBAHUU
SIEPHBIX 3KCIIEPUMEHTOB.

Jlutepatypa
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DIFFERENTIAL EQUATIONS - Siam j. sci. comput. Vol. 24, No. 2, pp. 619-644 — 2002.

3. Teems E. Lovett, Ferdinanda Ponci, Antonello Monti A POLYNOMIAL CHAOS APPROACH TO
MEASUREMENT UNCERTAINTY — IEEE transactions on instrumentation and measurement, Vol. 55, No. 3, —
June 2006

4. A. K. Alekseev, I. M. Navon, M. E. Zelentsov THE ESTIMATION OF FUNCTIONAL UNCERTAINTY USING
POLYNOMIAL CHAOS AND ADJOINT EQUATIONS - International journal for numerical methods in fluids
Int. J. Numer. Meth. Fluids — 2010

5. L. Gilli , D. Lathouwers , J.L. Kloosterman UNCERTAINTY QUANTIFICATION FOR CRITICALITY
PROBLEMS USING NON-INTRUSIVE AND ADAPTIVE POLYNOMIAL CHAOS TECHNIQUES - Annals
of Nuclear Energy 56 (71-80) — 2013.
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ASYMPTOTIC BEHAVIOR OF SOLUTIONS IN FINITE-DIFFERENT SCHEMES
Krassovitskiy P.M., Pen kov F.M.

Institute of Nuclear Physics, Kazakhstan, Almaty, lbragimov str. 1
E-mail: pavel.kras@inp.kz

In many problems of numerical solution of the Schrodinger equation it is necessary to choose the asymptotic
distances that are many times larger than the characteristic size of the interaction region. And if the solution of one-
dimensional equations can be immediately chosen in a form preserving the unitarity, then preservation of probability, for
example, in the form of optical theorem implementation is a real problem for two-dimensional equations. The
mathematical essence of the problemcan be seen fromthe asymptotic representation of the finite-difference equation for
the function ¢(r)

r+Ar)—2¢(r)+o(r —Ar
(0( ) (0( 2) (0( )+k2(0(l’)=0,
(4r)
which does not have solutions of exp(ikr) or exp(—ikr) type. The solution ofthe provided equation will be the

o _ . [ kAr _ _
exponentials with the effective wave number keff = 2arcsi T AT , which expansion
1 2 3 4 6
K. =k+ —k(kAr)" + ——k(kAr)" + O\(KAr
=k okl + 2 k(ar)' + Of(kar)’)
contains a small additive 214k(kAr)2 . This additive to the phase already at sufficiently close distances Ry
gives a contribution comparable to 1: 214 kR (KAr)* ~ 1. In case of using the Numerov’s scheme, it is necessary to

4
solve similar problems with the influence of a summand of kRmaX (kAI’) type.

The described problems arise for solving
0.7 any differential equations with the dimension greater

I" than 1. These include the equations of the few-body
061 \| problem or the problems of one particle scattering on
0.5 |‘ a strongly deformed potential (for example atomic
I | nucleus) when the expansion in spherical functions

- 041 H || loses both physical and mathematical meaning.
% 03 ‘ I “ Figure 1 shows the curve of resonant
bi’ f l\ \ | |‘ diffraction cross section of a composite particle for a
0.2 . I I Il potential that is a low-transparency hole in the
014 | I‘." \ /;‘ ".‘\_7_7_,_,/"‘ opaque screen. The resonances observed in the
N diffraction scattering have the same nature with
0.0 +—=— w . . T resonant transparency through the barrier by
0 25 50 75 100 125 150 composite particles [1]. The accuracy of the obtained
E, AZ cross sections, determined from implementation of

Fig.1. Cross-section of diffraction scattering in the rear the optical theorem, was no worse than 1% at all
hemisphere fora berylliummolecule on the opaque screen with

. . . R
a slightly transparent aperture calculation energies. The required value of Ny, was

200-300 A for describing the diffraction on a
potential with characteristic size of 1 A.

The work was performed under financial support of MES RK 0333/GF4 grant.

1 P. M. Krassovitskiy, and F. M. Pen’kov// J. Phys. B: 2014. V.47. P. 225210.
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M3OCIIMHOBOE PACHIEIVIEHUE I'IP U ®OTOIIPOTOHHBIE PEAKIIMM HA M30TOIIAX OJIOBA
2 Benviues C.C., 2 Fysuna FOA., L2 thuxanoe B.C., 1 Kysneyoe A.A., 1 Opaun B.H., Y Cmonanu KA., Xankun B.B.

'Hayuno-uccenoBaTenbCkuii MHCTATYT sacpHOl Gusnukn uMenn JI. B. Ckobembipina MockoBCKoOTO
rocyapcTBeHHOTO yHHBepcuteTa mMeHu M. B. JlomonocoBa, 119991, I'CII-1,
Poccus, Mocksa, JIeHuHCKHE TOPHL, 1. 1, c1p. 2
2Musnueckuii (paxyapTeT MOCKOBCKOTO TOCYIAPCTBEHHOTO yHUBEpcHTeTa uMeHr M. B. Jlomonocosa, 119991, I'CII-1,
Poccust, Mocksa, Jlenunckue ropsl, a. 1, cip. 2
E-mail: kuznets@depni.sinp.msu.ru

IpenctaBneHsl pe3ynbTaThl HKCIEPUMEHTAIBHOTO U TEOPETHYECKOTO MCCIeNOBaHMSA (hOTOSIEPHBIX peakuuii Ha
M30TOMAaX HA KM30TOMaxX oJioBa. METoJ0OM HaBeJeHHOH akTHBHOCTH [l] st cTaOMIBHBIX M30TOMOB OJIOBA OTMpPEICITICHBI
BBIXO/Ibl PA3IUYHBIX ()OTOHYKIOHHBIX peaKiiid. [Iconms30BaI0ch TOPMO3HOE U3IyUCHHE YCKOPUTEIs 3JleKTpoHoB PTM-
55 ¢ Bepxueil rpanuneit 55,6 M»3B. TlonyueHHbIE KCIEPHUMEHTAIBHBIE BBIXOJbI (POTOTPOTOHHBIX U (OTOHEHTPOHHBIX
peakiuil CpaBHUBAIOTCS C TEOPETUUECKUMH pacuéTaMu BeIX0J0B 1o nporpamme TALYS [2], koMOMHUPOBAaHHON MO
¢dboTosnepHBIX peakuuii [3] U ¢ pe3yJbTaTaMM JAPYTHX JKCIIEPUMEHTAJbHBIX padoT. Ha BBIXObI (HOTONPOTOHHBIX
peakiuii CHIbHOE BIMSHHE OKa3blBaeT H30CIHMHOBOE pACUICIUICHWE TMIAHTCKOTO —JIMIOJBHOTO — PE30HAHCA.
JIOTIOTHUTENIBHO BBINOJIHEHO CpaBHEHUE ¢ MOAM(UIMpOBaHHOW Bepcuel nmporpammbel TALYS, B koTopylo BKmo4YeHa
BO3MOXKHOCTb pacuera BO30YXKIEHHS M pachaja COCTOSHUS C HM30CIMHOM [>. PaccunTaHHble TakuM o00pa3zoM
(hOTONIPOTOHHBIE CEeUEHHs Ha OOJIBIIMHCTBE M30TOIIOB 0JIOBA XOPOIIO COMIACYIOTCS C SKCHEPUMEHTAIBHO M3MEPEHHBIMHU
BbIXoiaMH. OziHaKo, B HacTosimed paboTe MOJydYeHO, YTO BBIXOAbI (POTONPOTOHHON M (OTOHEHTPOHHOI peakuuil Ha
CaMOM JIETKOM CTaOMJIHOM M30TOMNE 0JioBa 112SN cpaBHUMBI MO BenMuMHE. DTOT SKCEPUMEHTAILHBIN PE3yIILTAT He
yJaercsi OIMcaTh HU B OJIHOW W3 MCIIOJIb3YEMBIX MOJENCH. AHAJOTHUHBIN pe3yibTaT ObLI IOJIyYeH HAMH paHee i
(poTosnepHbIX peakuuii Ha uzoTone 106Cd [4].
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HOBBIN METOJl YJbTPANIPEHM3UOHHON HENTPOHHOM CHEKTPOMETPUU

1 Kysneyoeg HAL Beponuxos A2 Beponuxos A2 Fopucos FO.B.} bpacuney FO.IT.12 BopoHun B.B.1? Jlacuya
M.B. 22 Cemenuxun C.IO. 12 ®Deoopos B.B. 1.2

THULI «Kypuatosckuii mHCTHTYT» - I[IMSI®, 188300, I'atumna, Poccus
2 C. IetepOyprckuil monmMTexHuYeckuii yHuBepcuteT Iletpa Bemkoro, 195251, C. IetepOypr, Poccus

IIpemtaraeTcss pa3BUTh HOBBIM METOJ NPELU3UOHHOIO U3MEPEHHS CBEPXMAIIBIX U3MEHEHUN SHEPTUN HEUTPOHOB.

OcHOBHas ujed HOBOTO METOJA 3aKI0YAacTCs B HCIOJIB30BAHUM CHHHOBOW MHTEP(EPOMETPUICCKON TEXHHKU
SESANS (Spin Echo Small Angle Neutron Scattering), mmpoko HnpUMEHSOLIEHCS B HCCIENOBaHUIX 1O (QHU3MKK
KOHJICHCUPOBaHHOTO COCTOSHUS. B MeTo/ie cimHOBO# MHTEphepOMETpHN MIPOUCXOUT IPOCTPAHCTBCHHOE PACIICIIICHIE
HEHTPOHHOI BOJIHEI HA JIBa COCTOSIHUS, OTIMYAIONINECs MIPOSKIeH CIIHA Ha MarHUTHOE MO JIe, U, IIOCJIe IPOXOXKACHUS
paboueit o6nacT, 3TH [Ba COCTOSHHS CBOAITCS oOpartHO. Takum ob6paszom, (a3a MHTEPPEPEHIMOHHONH KapTHHBI, B
JaHHOM cilydYae 3T0 a3uMMyTaJbHOE HalpaBlCHHE CIHMHA HEHTPOHA, OMpeJelseTcs PasHOCThIO (pa3 OBYX COCTOSHMI
HEHTpOHa, HAKOTUIEHHO! B paboueii oOmacT.

[pemnaraeTcst KapAMHAILHO MOIM(UIMPOBATH AAHHBIN METOJI, HCHOJB3Ys MM pakiuio no Jlays B coBepIICHHOM
KpHcTae. Xopomo u3BecTeH 3¢ ekt M pakIUOHHOTO YCUICHHS, KOTJ]a MaJloe U3MEHeHHe HalpaBIeH:s MaJaloIlero
My4Ka NPUBOJUT K 3HAUUTEILHOMY OTKIOHEHMIO TPAeKTOpHH HEHTpOHOB BHYTpH KpucTamia. HelTpoH B kpucTamne
H3MEHSET HalpaBJIeHHe IBMKEHHsI Ha Yo £ (JecATKU IpalyCcoB) MPH OTKIOHEHUH MaJal0LIeTo MyyYKa Ha yroJ Hopsaka
Bparroeckoil mMpuHBL (HECKOJNBKO YIIOBBIX cekyHA). [lonoGHeiii ke »ddexT Habmomaercs, eciM MEHseTcs He
HampaBJeHHEe, a OJHeprus HeHTpoHa. MBI IpemiaraeM HCIONB30BaTh JaHHBIH 3QQexr w1 yBeaudeHus
MIPOCTPAHCTBEHHOTO PaCILEIUIeHUs] HEUTPOHHOM BOJHBI B MarHUTHOM ToOJ€. J[Ba KpHcTaia NOMENAaloTCs B MarHUTHOE
1oJIe MPOTUBOIOJIOKHOI HANpaBICHHOCTH, U MBI MMeeM cxeMy, nomoOuyio SESANS, Tonpko ¢ noGaBieHHBIMH
KpPHUCTAJUIAMHU, KOTOPBIE CIyKaT "yCHIMTeISIMU" HEHTPOHHOH pedpakuiy B MATHUTHOM IIOJIE.
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HpCZ[BapI/ITe.TILHBIe pacyCThl IMOKA3BIBAKOT BO3MOXXHOCTH IOBBIIICHUA YYyBCTBUTCIBHOCTH CIIMH-3XO0O MCTOJIUKU B

JIECSITKU THICSY pa3, YTO TMO3BOJUT PACIIMPHUTH KPYT TPAJIUIMOHHO PEIIaeMBbIX 3a7a4, a TAK)Ke MPOBOUTH HCCIICI0BAHUS
B o0nacTH yHJaMEHTAJBHBIX CBOWCTB HEUTPOHA.

/
+| !

- — — |

Cxema unmepghepomempa ¢ ucnonvzoganuem ougpaxyuu Helmponog no Jlays. K1, K2 — obracmu maznummuozo
noas eenuyunoi B, snaxu '+, -" coomeemcmegyiom nanpaenenuio maenumno2o nois ¢ kamywxax . (1) —pabouas
obnacme.

EMPIRICAL ESTIMATION OF PHOTODISINTEGRATION RATES OF 1%6Cdand 108Cd
2Belyshev S.S., 'Khankin V.V.,  Kuznetsov A.A., * Stopani K. A.

1Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 1(2), Leninskie gory, GSP-1,
Moscow 119991, Russian Federation
2Faculty of Physics, Lomonosov Moscow State University, 1(2), Leninskie gory, GSP-1, Moscow 119991,
Russian Federation
phone: (495) 939-25-58, fax (495) 939-56-31 E-mail: hatta@depni.sinp.msu.ru

It has been noticed in [1] that the ratio between the photoneutron and photoproton disintegration channels of 196Cd
might be considerably different from predictions of statistical models such as TALYS [2] and CMPNR [3]. While this
doesn’t affect the total cross section of photodisintegration, the thresholds ofthe corresponding reactions differ by several
MeV and, therefore, the total astrophysical rate of photodisintegration of 196Cd might be noticeably different from the
calculated value. Reaction rate uncertainties can strongly affect calculation of p-process production of 196Cd.

We use the bremsstrahlung beam of a 55 MeV microtron and the photon activation technique [4] to measure yields
of photonuclear reaction products on targets made of monoisotopic 196Cd and natural cadmium, and obtain absolute yields
and cross sections of (y,n), (v,p), (y,np), (y,2n) reactions on the 196Cd and 198Cd p-nuclides. The obtained results are then
used to calculate an estimation of evaluated cross sections, which are in turn used to calculate rates of photoneutron and
photoproton reactions on these nuclei at temperatures from0.1to 10 GK. It is shown that the resulting rates on 1°8Cd are
in a good agreement with the library values from the astrophysical reaction rate databases, while there is a significant
difference in the case of 108Cd, leading to a total difference of photodisintegration rate of up to 50%. Effects of the
observed disagreement on the calculations of isotopic abundances are discussed. This work has been sup ported by RFBR
(project No. 15-02-05839).
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PE3OHAHCHO-KOI'EPEHTHOE POXJIEHUE IIMOHHLIX IIAP B PEAKIINHU pd — pdrm B OBJIACTH
SHEPTUH I'DB

Komapos B. U., Kyucaguna A. I, Kypmananues K. K., Huprog /. A.

OO0BbeMHEHHBIH WHCTHTYT SACPHBIX HcciaenoBanuit, T. JlyOna Poccuiickas deneparus

HenaBno, mociie OTKpBITHS d {ESEU] pe3oHaHca ¢ OapHOHHBIM YHUCIOM 2 {DM] [1], xoTopwlil sBIsIETCA
KaHIUJaTOM B WCTHHHBIE MOapHOHBI, ObUI0 OOHapyxkeHo, 49To 3aramouHbii ABC — sddekr [2] cBssan ¢ ero
Bo30yxneHreM [3]. TloaToMy 3TO sIBJICHHE MPHBJIEKIO 0c000€ BHUMAaHKE. 37eCh MBI IpeacTaBisieM HaOmoaeHne ABC

D . o

— 3¢ dekra 1 BO30YKACHUSA Dy — pesonanca B peaxiun P T d—-p+d+ (mm) 4yepe3 Me30HHbI 00MEH B KOTEPEHTHOU
KHHEMaTHKe.

Bbulo  BBIMOJMHEHO  OKCHEPHMEHTANBHOE  HMCCICAOBAHHE  POXACHHS  NHOHHBIX IMap B peakiuuu

p+d—p+d + (mm)° npu sueprusx nporonnoro myuxa 0.8-2.0 ['B. DKCIEPHUMEHT GBI MPOBEIEH Ha CIIEKTPOMETPE
ANKE Hna cunxpotpone COSY B IOmuxe (I'epmanusi) [4, 5]. Mumens u3 geiitepuss 6omM0OapaupoBanachk MPOTOHHBIM
myukoM. Pactipesienenue coObITHI IO MHBapHUAHTHOM Macce AT MOKA3ao SBHBIM MUK ¢ Maccoi 2.36 ['3B/c? u mmpunoii
104 MbB/c?. TapameTpsl nuka Gimu3ku K HabmogaBmuMmcs panee B dkcriepumente WASA ma CELSIUS COSY [3],
NpUHUMAas BO BHUMAHWE MUKA BO3MOXHOE yIIMPEHUE U3-32 ME30HHOTO 0OMeHa U Gona oT u30BekTopHbIX | = 1 (17)° map.

WuBapuaHTHas Macca Hapbl MHOHOB MPEACTABIAET CO00H IBYXKOMIOHEHTHOE paclpefelieHne, cocTodiee U3
y3KOTO TMKa B paiione 300 MaB/c? ¢ nonymmpunoii okosio 90 MaB/c? Ha IHMpOKOM IMagKkoM KOHTUHYyMe. PezoHancHOe

IIOBCACHUC d:z:z — CIICKTpa MOXCT OBITh HHTCPIPECTUPOBAHO KaK JOKa3aTCJIbCTBO B036Y)K}Z[GHI/IH DDE I[I/I6apI/IOHa.
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M1-PEBOHAHC HA BO3BYXJIEHHBIX COCTOSHUMSAX B AAPAX 2S1D-OBOJIOYKHN
Kauan A.C., Kypeys U.B., Muwenxo B.M., Ymenxos C.H.
WNHcTUTYT QU3MKH BBICOKUX dHepTHil n saephoit ¢pusuku HHI XDTU HAH VYkpaunsl, XapbkoB, YKpanHa

U3yueH y-pacnajg pezoHaHCHONONO0OHBIX cTpyKTyp (PIIC), HaOmogaromumxcs B peakuuy paaualliOHHOTO 3axBaTa
npoTtoHoB sapamu 22Ne, 26Mg, 30Si, 34S, 36S, 38Ar  06macTu aHepruii yckopeHHBIX mpoToHOoB 0,8-3,0 MaB. Usmepenus
npoBowiKch Ha yckoputene DCY-5 HHI[ XDOTU. MnentudunmupoBad MarHWTHBIA IUIONBHBINA pe3onanc (MJIP) na
B30y KIeHHEIX cocTostHuAX anep 23Na, 27Al, 31P, 35Cl, 37Cl, 3°K. Onpeneneno mnomnoxenue uentpa Txectd (LIT) MIP
Ha BO30YKJIEHHBIX COCTOSIHUAX B THX sAapax. B aape 23Na By Ha coctosuuu 0,44 MsB nonyueno pasueiM 6,0 MaB; Ha
coctossHuH 2,982 M»B nonydeno pasaeiM 10,2 MaB. B sape 27Al Eyr. Ha coctosuuu 0,844 MsB nolyueHO paBHBIM
10,27 M»>B; Ha coctosiuuu 1,014 M»sB nonyueno pasubiM 10,31 MsB. B sape 3P Eyr Ha cocrosHuu 1266 M»>B
nonydeHo paBHEIM 9,15 MsB. B sape 3°Cl Eyr. Ha coctosauu 1,219 M»3B noiydeHo paBHbIM 5,68 MsB; Ha cocTosHMH
1,763 M5B nonyueno pasusim 7,34 MoB. B sape 37Cl By, Ha coctostrumn 1,727 MsB monyueno pasasiv 10,39 MaB. B
sape 39K Eyr. Ha coctostrmm 3,02 MaB nonydueno pasaeiv 7,9 MaB; Ha coctosann 3,944 MoB monyueno paBHbIM 7,44
M>sB.

Kak BHIHO W3 BBINIETIEPEUUCIICHHBIX JAHHBIX, MBI IOJYYWIH, 4YTO Mojoxenne MJIP Ha BO30yXICHHBIX
COCTOSTHHSIX COBIA/IACT C TAKOBBIM, MPEICKa3aHHBIM TUTIOTe301 BpuHKka-AKcens Wi siaep, KOTOpbIe HAXOAITCS B Hadalle
nogo6onouku (23Na — dsj2-mogo6onouka; 3P — ds2-momoGonouka) m ommvaercs Ha 3 MbdB mig szep ¢ mout
3anoJHeHHo# nogobonouxoi (3Al — ds;2-mogo6omnouka; 3°K — dsj2-mogo6onouka). D10, HO-BHAMMOMY, CBA3aHO C
BIMSIHUEM DHEPTHH CTIapuBaHus Ha cBolicTBa M/IP B HEUeTHBIX Apax, YTO COTIACYETCS C JaHHBIMHU MOJyYeHHBIMU HAMH
panee w1t MJIP Ha OCHOBHOM COCTOSIHHH B siapax Sd-oGomoukw [1].

1 A.C. Kawan u np. // U3Bectust PAH Cep. ®@us. 2011, 1. 77, Ne2, c. 234.
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HUCCJEJOBAHUE MEXAHM3MA PEAKIMHU 13C(d, p)!*C IIPU Ey4=15.3 MbB
Tananuna JLU., 3enencrkas H.C., Jlebedes B.M., Oprosa H.B., Cnaccxuii A.B.

denepanbHOE TOCYAAPCTBEHHOE OIODKETHOE 00pa30BaTeNIbHOE YUPEXKICHNE BBICIIETO 0Opa30BaHUs
«MockoBckuii rocyJapcTBeHHbIH yHUBepcUTeT uMeHu M.B. JlomoHOCOBaY,
Hay4Ho-uccnenoBaTeIbCkiii MHCTUTYT sinepHoU ¢msuku umenn J[.B. Crkobenpipiaa, Mocksa, Poccust

Ha 120-cm nuxnotpone HUMSA® MI'Y npu sHepruu neiftpoHoB 15.3 M3B u3MepeHsl yIIOBblE paclpeeIeHus
(YP) i peperumanbroro ceuenus peakuun 3C(d, p)14C B o6nactu yrios Belteta mpotoHoB Op = 20 — 160° (ma6.) ¢
00pa3oBaHWEeM KOHEUHOTO siapa B ocHOBHOM (0%) m mepBoM Bo30OyxkaeHHOM (17, 6.094 M3B) coctostausx. IlomydeHo
TaKXKe YITIOBOE paclpeiiesieHne MPOTOHOB, COOTBETCTBYIONINX CyMMe HE Pa3NelIIIONIUXCA B HKCIIEPUMEHTE COCTOSHUH
0%(6.589 M»B) + 3~ (6.728 M»sB) + 0~ (6.903 M>»B) siapa 4C.

WsBectrHO (Hampumep, [1-2]), yTo B 3TO# peakmmu (Mo KpaWHEeH Mepe, IpH OJIM3KHAX 3HAUCHUSAX YHEPTHUH ITydKa
JIEUTPOHOB) HHTEHCUBHOCTD TPYII P2 U P4, COOTBETCTBYOMUX cocTosiHUAM 0%(6.589 M»aB) n 07(6.903 M3B), npumepHo
HAa HOPSIIOK MEHbIIIE HHTEHCUBHOCTH rpymnmbl P3 (37, 6.728 MaB). [ToaToMy MOXKHO T0Narath, 4T0 U3MEPEHHOE CEUCHHUE
peakuuu ¢ BO30YKIEHHEM DTHX TpeX COCTOAHHMI sapa 14C OTHOCHUTCS, B OCHOBHOM, K COCTOSIHHIO 37,

OKCIeprUMEHTAIBHBIC pEe3yNbTaThl CPABHHBAJUCH C pacyeTaMd [UIl MEXaHM3Ma CpblBa HEHTPOHA B MeETOme
cszannbix kKananoB (MCK, koxg FRESCO [3]), B monemn coctaBroro siapa (CSI, koq CNDENSY [4]) u mis Mexanu3ma
HocleoBaTebHOM nepegaun yactvl (tpux-nyHktup, kox QUADRO, [5]). s nepexoja Ha ocHOBHOE coctostHue 14C
HCIOJIb30BaHbl BOJHOBbIe (yHKuun (BD) Heiitpona B 1p-o6Gosoueunoit moxenn ¢ LS-ces3pio [6], mo3Bossronrme
paccuuTaTh NpUBEJICHHBIE INMPUHBI HeifTpona. B cocTosHuil oTpumatensHo#t detHocTd sAmpa 4C ommcHIBaOTCA

CMEIIaHHBIMU KOHPUTYpauusIMu ‘1 pgld > . Meton pacueta mpuBEICHHBIX IIUPUH HEHTPOHA IUTs TAKUX KOH(QUTYpaLuit

U UX BEJMYHUHBI 1aHbI B [7].

GP(C.LI,.M., rpan)

Puc. 1. Yenoevle pacnpedenenus oupgepenyuanvuozo cevenus ¢ peaxyuu *C(d, p)**C npu Eq = 15.3 M>B. Jlna
2pynnsl Po NpUGeOeH pacuem 0 MeXaHusmMa nocied08ameibHol nepeoayu yacmuy (WUmpux-nyHKmup), paciem no
MCK (nynkmup) u ux cymma (cnaowmnas). [na epynn p1 u P3 noxkasaw pacuem no MCK.

CpaBHeHHE pe3yJbTaTOB pacdera AU(QepeHINanbHbIX CeUeHUH ¢ HKCIEpUMEHTOM (puc. 1) MOKa3bIBAaeT, YTO
MCK, peam3zoBannslii B koge FRESCO, B 0CHOBHOM ONHCBIBACT CTPYKTYpPY YIJIOBBIX paclpeesieHuid rpynn Po U P1 BO
BCEH yIIIOBO 00JaCTH BBUIETA IPOTOHOB, TOTJA KaK VI TPYTIBI P3 PACUCTHOE CEUCHHE 0Ka3al0Ch 3aHIKCHHBIM.

Biiam MexaHW3Ma IOCNCIOBATeIIbHOM Tepemadn dacTull (ToAXBaT HEHTpoHa W Jajee CpPBIB 2N C TPUTOHA)
0Ka3aJcs 3aMeTeH TOJBbKO s 0OpaszoBanust 4C B OCHOBHOM COCTOSHMH, a BKIajg Mexaumsma CSI Manm s Beex
HCCIIEIOBAaHHBIX IIEPEXOJIOB.

R.J. Peterson, H.C. Bhang, JJ. Hamill etal.// Nucl. Phys. A 1984. V. 425. P. 469.

W.von Oertzen, H.G. Bohlen, M. Milin et al.//J. Phys. A 2004. V. 21. P. 193.
http://www.fresko.org.uk/.

T.L. Belyaeva, N.S. Zelenskaya, N.V. Odintzov // Comp. Phys. Comm. 1992. V. 73. P. 161.

JL.N. T'ananmna, H.C. 3enenckas. ITatent #2016661673, 18.10.2016.

A H. bosipkuna. Cipyxkrypa sagep 1p-o6omouku (M3n-80 MI'Y, Mocksa, 1973).

H.C. 3enenckas // Tesucs! 67-ro CoBemaHus IO SACPHOI CIEKTPOCKOINH U CTPYKTYpEe aTOMHOTO S/pa.
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HWCCIAEIOBAHUE ®PATMEHTALIMOHHBIX TPOLECCOB B COYJIAPEHUSIX ACUMMETP WY HbIX
SIJTEP

I'pywesckas E.A., Jlebeoes UA., Temupanues A.T., ®edocumosa A.HU., Xapuesnuxog I1b.

OU3NKO-TeXHUUECKUH MHCTUTYT, Aymmatsl, Kasaxctan

HccenenoBanne ¢parMeHTAIIMOHHBIX IPOIECCOB B COYMAPEHILIX siep oOecrednBaeT YHUKAJIEHYI0 BO3MOXKHOCT
3arTHYTh B UX CTIPYKTYpYy, TaK KakK 3apsDKEHHbIC BTOPHYHBIC YACTHIB JCTCKTHPYIOTCS 0€3 KaKWX-TMOO IOPOTOBBIX
3HAQUCHUH ¥ COOTBETCTBYIOIIHE IIEPEX0bl MOTYT HAOJIFOMAThCS IPH MHHUMAIBFHO BO3MOXKHBIX Iepefadax 4-MMITyJIbca.
Oco06eHHO TIePCHEKTUBHBI B 3TOM OTHOIICHHUH SIBJIIIOTCS KpalHe mepudepuuecKie HeynpyTHe sSiepHble CTOJKHOBCHHS,
B KOTOPBIX f[pa-MHIIEHH IEHCTBYET Ha SIPO CHApsia, BBI3bIBAs AMCCOIMAIIMIO HAJETAIOIIETO sApa Ha IUCKPETHBIE
4acTHLEl. B IeHTpanbHBIX B3aUMOJCHCTBUAX aHAIM3 (ParMeHTALUH IO3BOJSET OLEHHTh I'€OMETPHIO CTOJKHOBCHHS
sIep, 0 KOTOPOH 0OBIYHO OYEHB MaJo MPSIMON dKCIIEpUM eHTAIbHO N nHpopManuu [1].

JUist OLleHKH TeOMETPUH CTOJIKHOBCHHUSI HYKJIOHBI B3aUMOJCHCTBYIOMUX SIA€P YCJIOBHO Pa3AeiAIOT HA J[BE TPYIIIbL.
IepBas rpymnma BKIOYAaeT MPOB3aUMOJACHCTBOBABIINE HYKIOHBI-y4YaCTHUKH, KOTOPBIE POXKIAIOT BBICOKOIHEPTHUHBIE
JMBHEBbIE BTOPHYHBIE UYaCTUIBI Ns. BTopas rpynma — HYKIOHBI, HE Y4YacCTBYIOIIHE B PEAKLUH HETMOCPEICTBEHHO U
Jaroliye CIeKTaTopHble (parMeHTsl sapa-cHapsima, Nf KoTopele BBUIETAIOT B Mpefenax IMepeiHero KOoHyca
(¢parMeHTallMK, M HHU3KO OHEPrH4YHbIe QparMeHTs! sapa MumeHn Np. OneHka cTeneHd nepudepUIHOCTH
B3aUMOJICHCTBUS MOXKET ObITh IPOBEACHA C IOMOIIBIO aHANN3a paclpeieNeHnH (pparMeHToB HaleTaloIIero Aapa u sapa
cHapsiga. CyMMapHbIi 3apsii (parMeHTOB HaJIETAIOIIETO s/Apa ITO3BOJIET OLEHUTh YHCJIO HPOB3aUMOEHCTBOBABIINX
HYKJIOHOB. Unciio ¢parmenToB siipa MumeHd Nh 1aeT OleHKH pa3fpoOIeHUs spa MULICHH.

B ciyuae B3aUMOJCHCTBUS ACUMMETPHYHBIX SAEp CUTyalus CYLIECTBEHHO YCIOXKHsSETCA, TaK Kak Ul
LEHTPaIbHbIX B3aMMOJCHCTBUI TOSBISIETCS TAaKOE IOHATHE KaK CTENEeHb LEHTpadbHOCTH. YeM Ooubllie pasmuyue
pasMepoB B3aUMOJICHCTBY IOIMX SIAEP, TeM OO0JIbIIEe OTIMYNE XapaKTEPHCTUK IIEHTPAIbHBIX B3aUMOCHCTBUI B LIEHTPE U
Ha nepudepun 6ompioro sapa. OmpauM U3 HauboJiee ONTUMAJNBHBIX TAPAMETPOB I OLIEHKH CTETIEHH LECHTPAIbHOCTH
B3aMMOJCHCTBHS U OTICICHUS COOBITHH C JIETKUMH M TDKEIBIMU SiIpaMy (OTOAIMYJIECHH SBISCTCS 3aBUCHMOCTb YHCIIA
¢parmenToB sapa-MummeHd Nh 1 MHOXECTBEHHOCTH JaCTHI U3 00JIACTH B3aUMOJCHCTBUSA Ns.

B nmanHO#t paboTe mpoBeneHO McCIeAOBaHWE OCOOCHHOCTEH pacmperneleHus (GparMeHToB B COYAapeHHIX
TDKEIBIX HOHOB C SApaMH (OTOSMYJIBCHH B 3aBUCHMOCTH OT CTETIEHH IICHTPAIBHOCTH W CTENICHH AaCHMMETPHHU
B3aMMOJICHCTBYIOIINX SZ€p HAa OCHOBE OJKCIEPUMEHTANBHBIX JaHHBIX EMU-01 xommaGoparmum, BKIIOYAIONIIHX
B3auMoeiictust S+HEm 200 AT'3B, Si+Em 14 AT'»B, Si+Em 3.7 AT'aB, u S+Em 3.7 AT'»B ¢ sgpamu dpotosmyinbcun [2].

PazneneHne MEHTPaIBHBIX U HepH(epHUIecKuX COOBITHH MPOBOIMIOCH HA OCHOBE KOJIMYECTBA MHOTO3apSAHBIX
¢parmenToB Hanetatomero sapa. CoOblTus ¢ omHMM MHOTO3apsamHBIM (parmeHToM (Nf =1) paccMmaTpuBamich Kak
nepudepudeckue, a ¢ Nf =0 kax meHTpaabHbIe. I ccaef0BaHNS 3aBUCHMOCTH CpeHel MHOKECTBEHHOCTH OT YHEPTUHI
CTOJIKHOBeHHSI M (IIyKTyanuuii Ha4dalbHBIX YCIOBHH SIPO-SIEPHOTO B3aMMOJCHCTBHS MOCTPOCHBI pACIpeICHUS
BTOPHYHBIX YACTHI[ II0 MHOXECTBEHHOCTH I LEHTPAIbHBIX M Hepru(epUUEeCKUX B3aUMOACHCTBHI NPH pPa3IHMIHBIX
sHeprusx (3.7, 14.6 u 200 AI'>B). Ha ocHOBe mOJy4eHHBIX pacHpe/eleHuii MOCTPOCHA 3aBUCUMOCTh MHOXECTBEHHOCTH
OT DHEPTUU B3aUMOJICHCTBHUS.

W3 pe3ynpTaTOB aHANM30M CIEAyeT, YTO CPENHsAs MHOXKECTBEHHOCTb PacTeT ¢ pocToM dHepruu. OmHaKo, 3TOT
POCT CYIIECTBEHHO OTIMYaeTcss I ILEeHTpadbHbIX U mnepudepuyeckux coobwituid. IIpu osHeprum 14 AIBB
MHO>KECTBEHHOCTh JIMBHEBBIX YaCTHI[ MPUMEPHO B JBa pas3a Bbllle, yeM npu dHepruu 3.7 AIlB. Ilpuuem u s
nepudepruveckux M LEHTPAJIbHBIX B3aUMOJCHCTBUH KOA(Q(QUIMEHT YBEIMYCHHUS MHOKECTBEHHOCTH IPHMEPHO
coBnazaet. [Ipu stom npu sHeprun 200 AI'5B korddunuent ysenmuenus (mo cpaBHeHHio ¢ dHeprueil 3.7 AI1B)
MHO>KECTBEHHOCTU LIEHTPAJIbHBIX B3aUMOJEHCTBUII CyIIeCTBEHHO BbIle, 4YeM il mnepudepudeckux (8.4 misa
HeHTpaIbHBIX U 4.8 mis mepudepudeckux). I[Ipu 3ToM, I IEHTPaJbHBIX B3amMojneictBuid  S+Em 200 AI»B
0OHapy>KMBaeTCs aHOMAILHBIA POCT YKCIa COOBITHI MOJHOTO paspylIeHHs HaJeTaIoMero sapa cepbl. Takue coObITUS
XapaKTepU3yIOTCS BBICOKOH MHOKECTBEHHOCTBIO W JAalOT TOTOK BTOPUYHBIX JIMBHEBBIX YaCTHI C OOJBIIUMHU
MOTepeYHbIMHI UMITYJIbCAMU B Y3KOM HHTEpBalle CpeaHel nceBaoObICTPOTH <1)>.

Crnucoxk aurepaTyphbl
[1] Fedosimova A.l., Gaitinov A.Sh., Lebedev I.A., Temiraliev A.T. Study on initial geometry fluctuations via
correlation of finite distributions of secondary particles in nucleus-nucleus interactions // J.Phys: Conf.Ser. 668
(2016) 012067
[2] Adamovich M.l. et al. Si-28(S-32) Fragmentation at 3.7A, 14.6A and 200A GeV /l Z. Phys. A (1995)
V.351 Iss.3 p. 311-316; Adamovich M.I. et al. Flow effects in high-energy nucleus collisions with Ag(Br) in
emulsion // Phys.At.Nucl. (2004) V.67 Iss.2 p.273-280.
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CIIEKTPOCKOTIUS ®He B PEAKIIUM TIOTJIOLIIEHUSI OCTAHOBUBUIUXCS TNMHWOHOB SIIPAMUA ''B

Iypos FO.b., )Kean Kopomxosa JLIO., Jlanywxun C.B., Jleonosa T.H., [lpumyna P.B., Candyxosckuii B.I",Yepuviuies
b.A., Ulypenkosa T /1.

HamuonanbHBIN HCCIICIOBATEIILCKUN SACPHBIA YHHBEpCUTET « MUDN,
115409, Poccusi, Mocksa, Kammpckoe ur. 31, +7 (495) 788-56-99, e-mail tileonova@yandex.ru

B pa6orte uccnenoBanne CTpyKTyphl yPOBHEH TSHKEIIOTO U30TOMA rems SHe BRITOHACTCS B PEAKIIUA MOTIIOMIEHHUS
OCTAHOBHMBIIMXCS MHOHOB sapaMu 11B. DKcHepuMeHT GBUT BHITIOJNHEH Ha Me30HHOU (pabpuke LAMPF ¢ momomiso
JIBYXIIJIE4EBOTO IOJyIPOBOJHUKOBOTO CIEKTPOMETpa 3apsKEHHbIX yacTul [1].

Bo36yxneHHble ypoBHU SHe Habmomamich B HECKOJNBKHX SKCIEpUMeHTax [2,3], OIHAKO CTaTUCTHYECKAS
00eCTIeYeHHOCTh pEe3yJbTaTOB HEBBICOKA. BO3MOXHO, O5TO SBISETCS OCHOBHON MPUYHMHON  3HAYUTEIHLHOU
HEOTIPE/ICICHHOCTH B 3HAUYEHUH YHEPTHH MEPBOTO BO30yXKAEHHOTO coctosHU: Ex = 2.7 + 3.6 M»B. [lpyras npuunHa
9TOil HeoNpeIeIeHHOCTH MOXeT OBITh 00YCIIOBIIEHA TeM, YTO HAOMOJaeMbIH B KCIIEPUMEHTAX MUK B JCHCTBUTEIRHOCTH
ABNAETCA CYTEPIO3MIMER IBYX COCTOSHUH — 2% pe3oHaHca M MSATKOTO JHMMoibHOro pesonanca ¢ JP =1 [4]. Tloatomy
pasimuuue B pe3ylbTaTax MOXKeT ObITh 00YCIIOBICHO Pa3HON 3aCEICHHOCTBIO 3THX KaHAJOB Pa3HBIX peakuusx. OmHako
JI0Ka3aTeabCTBO 3TOTO MPENOI0KEHUS TpeOyeT Mydliel CTATUCTUKY U3MEPEHHH U MPUBICYCHUS HOBBIX TUIIOB SACPHBIX
peakuuii, B KOTopbix o0pasyetcs 8He.

B neckonpkux pabotax [2, 4, 5, 6] Habmopmamich Oosiee BbICOKHE B030ykaeHUs. HaOmomaemblil CHEKTp
orpanuueH BeimuuHOW Ex = 7.5 M»dB [4]. Benenctsue cna®oif CTaTUCTUKM 3TU pe3yJbTaThl MOXKHO paccMaTpUBaTh
TOJILKO KaK yKa3aHWs Ha CYIECTBOBaHUE ypoBHeii SHe.

B macrosmeii paborte cnextpockomus SHe wuccnemyercs B peakuuu MOIVIOIIEHHMS MHMOHOB sapamu 1B,
DKcNepUMEHTAIbHBIN crekTp Hepoctarommx Macc (MM) u ero omucanme mus peaxkuuu B(n,pd)X npusesen Ha
pucynke 1. OTYéTIMBO MPOSABIAETCA OCHOBHOE COCTOsiHME sapa SHe, rpynma us deThpex GIM3KO PACIOJIOKEHHBIX
BO30Y)KAEHHBIX COCTOSIHMM B HWHTepBaje Henocralomux macc ~4 + 12 M»sB. Takke nomydeHsl ykazaHus Ha
CYIIECTBOBaHUS JBYX BBICOKOBO30OYXKIEHHBIX cocTtosiHUSA npu MM ~ 25 M»sB.

N, arbitrary units

30

201

101

> PRI [T S TS NS S T N S
0 10 20 30 MM, MeV

Puc. 1 CnekTp HENOCTAIOMMX MacC K IMape 3aperMCTPUPOBAHHBIX JEWTPOHOB u3 peakmun © 1B — pdX. 1-
dasoseiii 06béM 7w 1B — pd®Hen?, 2 - ¢asoswii 06ném 1w 1'B — pdSHe*2n. Ilukm — BKIam OT OCHOBHOTO U
BO30YXAEHHEIX cocTostHmii SHe.
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3ABUCUMOCTh MHOXKECTBEHHBIX IMPOIHECCOB OT PAZBMEPOB OBJIACTH
B3AMMOJIEMCTBHUS B COYJIAPEHUAX NMPOTOHOB W SIJIFP BBICOKHUX DHEPT U

1Ap2bm06a AX., Taiimunos A. 111 2 Keouxuna T.H., Jloxmuonos A.A.

l®usuko-Texauuecknii MHCTUTYT — Anmartel, Kasaxctas,
2UnctutyT spepHoi pusuku - Anvater, Kazaxctan

[NonuMaHue 3aBHUCHMOCTH MHOECTBEHHBIX TPOIECCOB OT pa3MepoB (M, BO3MOXKHO, OT (popmbr) oOnactu
B3aUMOJCHCTBUS SABISIETCS OMHOM M3 KIFOYEBBIX IPOOJIEM PEISTHBUCTCKON SACPHOHN (U3MKH.

Jns mccnenoBaHus 3TUX NMpoOJeM B KOCMHYECKMX Jydax Hpu dHeprusx Beime 10 T>B Opun BeIMOJHEH
KOMIIBIOTEPHBIM aHaIM3 JaHHBIX dKcnepuMeHTa «Crpatocdepa» [1]. Jma Bcex 3apsDKCHHBIX BTOPHYHBIX YacTUI[ B
XOPOIIO M3BECTHOM HHTEPMHTICHCH MOAX0J¢ OblIa M3ydeHAa 3aBUCHMOCTh «HMCTUHHBIX) NUHAMHYECKHX (DIIyKTyamuit
IUIOTHOCTH YaCTUI] HAJ CTATUCTHYECKUM (POHOM HAa OCHOBE (PUIBTPYIOLIMX CBOHCTB HOPMHPOBAHHBIX ()aKTOPUAIBHBIX
MoMeHTOB <F(Q> panra (. [Ipu camomono6HOM xapaxrtepe (iaykryanuit <FQ> IODKHBEI pacTé ¢ yMEHbIIEHHEM OHMHA
($a3oBOro mpocTpaHCTBa CTENEHHBIM 00pa3oM C mokazaTeneM ¢(q). B mpOTHBOMONOKHOM cllyyae IMaakux (yHKIUI
pacnpenenenns <F(> He NOKHBI 3aBUceTh OT (. KommuecTBeHHBIE pe3ynbTaThl MOBeACHUS ¢(q) Tpu OonbUIMX (
(mo g = 8) sicHO BBISBWIIM ABa PAa3IMYHBIX paiiOHa (- 3aBUCHMOCTH U B3aUMOICHCTBUI, 0Opa30BaHHBIX MPOTOHAMH H
aapaMu. JIoToJHUTENBHBIN aHAMU3 CIEKTPOB MONEPEYHbIX UMITYJbCOB BCEX FAMMa-KBaHTOB Y3KOTO TEpEeJHEro KoHyca
BO BCE€X B3aUMOJAEHCTBUSAX CHOBA MPOAEMOHCTPUPOBAI O0JBIIOE, - MPEBBIIAOIIEe CTATUCTUIECKHE OIIUOKH, - pa3audue
MEXAy NMPOTOHHBIMU U SAEPHBIMU B3auMogeiictBusMu. IIpu BBICOKHX 3HEPTUSIX aHAJU3 JAHHBIX BCEX YACTHUIl B y3KOM
IepeHEM KOHYCE COCTABISIET CEPhEe3HYI0 POOIEMyY U [yl COBPEM EHHBIX KOJUIAHAEPHBIX SKCHEPUMEHTOB [2].

Jns Gosee MOHOTO TMOHUMAHMS MCCIIelyeMON NpoOIeMbl B NIMPOKOM CIIEKTPE SAPO -SACPHBIX B3aUMOICHCTBUH
BBIIIOJHEH aHAlM3 JAHHBIX YCKOPHTEIBHBIX OSMYJIbCHOHHBIX dkcrepumeHToB 1pu  JINR-AGS-SPS  sueprusx.
IlpennosxxeHo u peamu3oBaHo [3] HOBOE pELIEHUWE B ONPENCICHUU CTENEHU LEHTPANbHOCTH COYIapeHHH szep,
OCHOBaHHOE Ha M3YYCHUH KOPPEILINH MEXIYy MHOKECTBEHHOCTBIO M CYMMOH Macc BCEX 3apsDKCHHBIX ()parMeHTOB -
CIIEKTaTOPOB: MPOTOHOB-CIIEKTATOPOB, alb(a-4acTHI-CIEKTATOPOB W MHOTO3apsOHBIX (PparMeHTOB-CHEKTATOPOB.
Wsyuenue B3aumoaeiictusix erkux — (C, O, Ne) cpennux - (Si, S) u mokensix — (Au, Pb) nonos ¢ mokensimu — (Ag/Br)
u gerkumMu — (C/N/O) siopamMu IpuBeNo K BEIBOAY 00 yCHICHHH (IIyKTyarii B Ha9aJbHBIX YCIOBHAX C yMEHBIICHHEM
obmactn BlammojelcTBus [4]. PesynpTaTel OBIM TPOMHTEPIIPETHPOBAHBI KaK MPOSBICHHE BHYTpEHHEH amnbga-
KJIACTepH3aINH JeTKUX sifiep [5]. B mampHEHmNX uccaenoBaHUSIX OBUIM M3yYEHBI pacHpe/eeHHs 0 MHOXECTBEHHOCTH
1 TICeBIOOBICTpOTaM. AHAMM3 (IyKTyannii MHOKECTBCHHOCTH B HanOoJee EHTPATbHBIX JETKUX-JIETKUX CTOJIKHOBEHHSIX
anep - (C, O, Ne)tH(C/N/O), cpemamx-nerkux simep - (Si, S)+(C/N/O), U TDKEIBIX-TSDKENBIX CTOJKHOBEHHIX Sep -
(Au,Pb)+(Ag/Br) nokasan, 4TO LIMPHMHBI PACIpPE/CNICHUsI MHOKECTBEHHOCTH OOpPATHO IMPOMOPIHOHATIBHBI 00BEMY
B3aNMOJICHCTBYIOIINX CUCTEM [6]. AHamm3 GIyKTyanuil NCeBIOOBICTPOTHBIX CIIEKTPOB B OTACIBHBIX B3aWMOICHCTBHAX
Ha OCHOBE MHOTOMEPHOTO CPaBHEHUS PaCIPEeNICHUH CO CTAHAAPTHBIM TayCCHAHOM IIPUBEN K TOYHO TAKOMY K€ BEIBOY
[7.

HoBerif aHANMN3 ABYX4aCTUYHBIX aIpOHHBIX KOPPEIIHIA, BEIIIOIHEHHBIH B HACTOSAIIEH paboTe, Taloke MOKA3bIBAET
pasmmume KOPPEIMIUOHHBIX IJIOTOB I LEHTPaibHBIX B3amMmozeiictBuax nerkux- yerkux - (C, O, Ne)+(C/N/O) u
TDKENBIX-TKEIBIX - (Au, Pb)+(Ag/Br) cTonkHOBEeHUH sizep.

Taxum 00pa3oM, MOJyueHO CHIBHOE yKa3aHHE HAa 3aBHUCUMOCTh MHOXECTBEHHBIX NPOLECCOB HE TOIBKO OT
pa3MepoB, HO U OT GOpPMBI 00IacTy B3auMOJeHCTBH. Peskoe ycuneHue ¢IyKTyaluii 1o BceM Ucclie Ty eMbIM apaMeTpam
B IIEHTPAJbHBIX B3aUMOJCHCTBUAX Jerkux- Jerkux - (C, O, Ne)+H(C/N/O) simep M0 CpaBHEHHIO ¢ TSHKEIBIMH-TKEIBIMH -
(Au, Pb)+(Ag/Br) CTOJIKHOBEHUSIMH SIAEP MOXKET ObITh MPOUHTEPIIPETUPOBAHO KaK MPOSIBICHNE HAPYIICHUS TPABIIbHOM
chepuueckoil KapTHHBI s1pa IpU Iepexoje OT TDKENbIX K JeTKUM sapaM. BHyTpeHHAs anb(a-KnacTepu3alys JerKuX
Afep MOXKET OBbIThb OJHMM M3 HauboJiee BEPOSTHBIX MCTOUYHHKOB TAKOTO HapylieHus. Bo30OyskaeHHbIH Gaeiip-0oim,
PO’KICHHBIH B CTOJIKHOBEHMSAX JIETKHX-JIETKUX SIIEp, MOKET OTpa)kaTb HadallbHble YCJIOBUSI COYJApeHUil U TeM CcaMbIM
oOecrneunBaTh Pa3IMYUe B apaMeTPax MHOKECTBEHHBIX MPOLECCOB.

Jlutepatypa
1. A.Kh. Argynovaet al., Proc. of 27-th ICRC 2001.—P.1477-1480, Hamburg, 2001.

2. A.Kh. Argynova, et al., 34-th ICRC 2015, The Hague, Netherlands, July 30 - Aug 6, 2015.
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4, A.Kh. Argynova et al., Quark Matter 2014, Darmstadt, Germany, 18-24 May 2014,

5 A.Kh. Arginova et al.,, Strangeness in Quark Matter 2015, JINR, Dubna 5-11 July 2015.

6 A.Kh. Arginova et al., ISYHECRI 2016, Moscow, Russia, August 22-27, 2016
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UCCJIIENOBAHME C YJIbTPAXOJIOAHBIMUA HEATPOHAMHU W BO3MOXKHOCTH CO3JAHMSA
HNCTOYHHUKA YXH HA PEAKTOPE BBP-K

Jviuazun E.B.
OO0BbeMHEHHBIH HHCTHTYT SACPHBIX HccilenoBanuid, Jlyona, Poccus

HccenenoBanns ¢ ynpTpaxonoaeiMu HelitpoHamu (YXH) Obum Havatel B [lyOue B 1968 rony. Ilocne oTkphITHS
YXH nocnenosano 6ypHoe paszputue d1oro HampapieHuss B CCCP Ha pa3mmuHbBIX peakTopax, B ToM yucie u B UAD
Ainma-Ate B 70-bl€ TOABI NPOILIOrO BEKA.

3a mpomenamee BpemMsa obnacte uccnenoBanuii ¢ YXH 3HaunTenpHO pacmmpunack. B 3To#f o6iacti aKTMBHO
paboTaoT HCCleNOBaTeNH Pa3lHYHBIX IEeHTpoB EBpomnsl, Amepuku u SnoHun. Ycemexu 3Toif paboTel OGeccOpHEL.
Hampumep, Ha ceromHAmHUI OeHb HanboJee TOYHOE 3HAYCHUE UII BPEeMEHM JXM3HU HEHTpOHa, HauboJiee CHIBHOE
OTPAaHUYEHHUE Ha BEIMYUHY JJIEKTPUUECKOTO JUMOILHOTO MOMEHTAa HEHTPOHA MOJIyUeHBI B 3KcIepuMeHTax ¢ YXH.

He cMoT1ps Ha HOCTATOYHO OOJBINYIO UCTOPHUIO, 3Ta 00JIACTE HEHTPOHHON (HHU3MKH NMPOJODKAET pa3BUBAThCA. B
rocjenHee BpeMs MOSBISIIOTCS HOBbIE MeETOnbl McciienoBaHuil ¢ YHX: u3yuyeHue KBaHTOBBIX COCTOSIHUM HEUTpoHa B
TPaBUTALIMOHHOM TIOJ€ 3€MJIM, KBa3HyINPYIOro paccesHUs HEHTpOHOB Ha MOBEPXHOCTH TBEPIBIX TeNl U SKUIKOCTEH,
n3ydeHus SBIeHUH kBaHTOBON onTuku ¢ YXH. O0cyxkpaeTcsi BOSMOKHOCTh UCHOJB30BATh YIBTPAXOJOHbIE HEUTPOHBI
HE TOJIKO JUTsl PELICHHs] BONIPOCOB (yHAAMEHTAIBHOW (PM3UKK 4acTUIl, HO M VI M3y4eHHs (pU3MKH MOBEPXHOCTEH.

OueBUIHO, YTO JNalNbHEWIIMHA CephE3HBIH MpoTpecc B ITOH 00JacTM BO3MOXKEH MPU CYLIECTBEHHOM pOCTe
nHTeHCUBHOCTU UcTOUHHKOB YXH. ITosToMy Oo0nbIIoi MHTEPEC BO BCEM MUPE BBI3BIBAIOT MIPOEKTHl TAKMX UCTOUHUKOB.
B nocnenHee BpeMs MOsSBHIOCH HECKOJILKO mnpemioxkenuid misi peakropos BBP, ITMK B ['atuumne u peakropa WJIJI B
I'peno6une (panums). Bee 310 MPOEKTHI NCTIONB3YIOT UJICI0 HCTOYHUKA CO CBEPXTEKYUUM I'eJIMEM B KOTOPOM BO3MOKHO
npou3BoacTBO Y XH 13 X0JI0AHBIX HEHTPOHOB M HAKOIUIEHUE HX JI0 BBICOKOH INIOTHOCTH.

Corpyanukamu JIHO® OUSHN cosmectHo ¢ cotpymHukamu HUL[ «Kypuatosckuii Uactutym-I1TUAD npemioxen
MIPOCKT HCTOYHUKA BhICOKOH MutoTHOCTH YXH Ha BeiBeneHHOM Tyuke peakrtopa [TMK. IIpoekT ucnoab3yeT 0coOeHHOCTH
KOHCTPYKIHMH pPEAaKTOpa: TSOKEIOBOIHBIM OTpakaTellb, OTHOCHTCNIBHO TOHKas (U3MUECKas 3allUTa, [IUPOKHE
HEHTPOHHBIE KaHANBI, IO3BOJMIONINE TOJMYyYHWTh CHApYXXH peakropa OodpIIoN HEHTpoHHBIM mOTOK. [pyroit
OCOOCHHOCTBIO TIPOEKTAa SBJICTCS HIeSd HCIOJBb30BaHHS OTpakaTelsi-3aMeINTeNI HEHTPOHOB BOKPYT TEIMEBOTO
HNCTOYHHUKA. JTO TMO3BOJKIET 3¢ (eKTHBHO Mpon3BomTe YXH B remu mpH OTCYTCTBHH XOJIOJHOTO MCTOYHHKA BHYTPH
peaxropa. IlpoBenéHHbIe OLEHKM MOKA3bIBAIOT, YTO peajM3alus 3Toro npoekra Ha peakrope ITMK moxer no3BoiuTs
mony4yuth mwioTHOcTh YXH B 1000 pa3 Gompmre, a motok YXH B 10 pa3 Gompire, yeM B HamboJyiee WHTCHCHBHOM Ha
CEroJHAIIHUN JieHb uctounnke Y XH B MJIJI.

PoctunTepeca k uccnenopaHmsaM ¢ YXH, npoucxomuT Ha (hoHE MOBCEMECTHOTO COKPAIECHHS YUCIIA HEHTPOHHBIX
ncTOoYHUKOB. CO37JaHUE MCTOYHUKOB YJIBTPAXOJIOJHBIX HEHIPOHOB HE C PEKOPIHBIMH, HO JOCTATOYHO BBICOKUMH
mapaMeTpaMu IPEACTaBIIEeTCS BaXXHOI 3amadel, Tak Kak IIO3BOJIMT IPOBOJWUTE METOJUYECKHE HCCICIOBAaHHUA U
peami3oBaTh HAyYHYIO IpOTpaMMy, He TpeOyromyio BbICOKHX NOTOKOB YXH. IlosToMy HMHTEpecHO paccMOTpeTh
BO3MOKHOCTb peanu3anuu npoekra uctounuka Y XH na BBP-K. IlepBbie OLIeHKH NIOKA3bIBAIOT, YTO BO3MOKHO IHOJIYUHTh
nctounuk YXH 6mm3kuii mo mapameTpaM k nctogHuKy B MJIJIL.
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3BOJIIOLUA OBOJOYEYHOI CTPYKTYPBI M30TOIIOB KPEMHHUS U CEPBI
lMaplcoea MJI, ZTpembﬂkosa T.IO.

1 MoCKOBCKHIA TOCYNapCTBEHHEIH yHHBEPCHTET uM. M.B. JloMoHOCOBa, ®u3ndeckuii GpakyIbTeT,
2 MOCKOBCKHH TOCYIapCTBEHHBIN yHUBEpCHTET uM. M.B. JlomoHoCOBa,
HayuHo-uccrnenoBatenbCkuii MHCTUTYT snepHoH ¢msuku uM. [.B. Crobensipina (HUMSAD MI'Y),
Mocksa, Poccus

OmHuM U3 BaXXHEHIINX BOMPOCOB COBPEMCHHOH SAICpHON (PU3MKM SBIIETCSA BOIPOC 00 M3MEHCHHH CBOMCTB
aTOMHBIX siiep Baam oT JmHuM crabmwisHocTd [1].  CoBpeMeHHBIE SKCIEPUMEHTAIBHBIC —HCCICAOBAHUS
HEHTPOHHOM3OBITOUHBIX H30TOMOB KPEMHHsS [al0T HOBYK HH(GOPMAIMIO O TAKUX SBICHHSAX, KaK TpaHChOpMalms
MaruuecKux YMceN WK pa3psuKeHue IPOTOHHOH IUIOTHOCTH B HEHTpe siapa [2, 3] .

Hacrosias paboTta NOCBsIIIEHa M3YyUYEHHIO IBOJIOLMH OJHOYACTUYHOW CTPYKTYPHI YETHBIX M30TOIOB KPEMHHUs
(Z=14) u cepsl (Z=16), cBS3aHHOM C POCTOM HEHUTPOHHOTO HM30BITKA. DKCIEPUMEHTATbHAS UHPOPMALUS O CTPYKType
CTAaOWJIbHBIX M30TOMOB MOJyYCHa M3 COINIACOBAHHOTO aHANM3a JAHHBIX PEakuuil OIHOHYKIOHHBIX mepeaad. HabGop
KPUTCPHUEB MO3BOJSIET 0TOOpATh M3 MMEIOLICTOCS MACCHBAa YKCIEPUMCHTANBHBIX JAHHBIX TPYIIIBI PEaKIHUil CPbIBA U
MOJXBaTa, B HAWMOOJbIIEH CTeNEHHM coMacymroluxcs ¢ oOosioueyHoil Monenbio. Ha ocHOBe OTOOpaHHBIX JaHHBIX
OTIPE/ICIICHBI YHEPTETUICCKUE MOJIOKECHHUS U 3aCEIICHHOCTH OJTHOYACTUYHBIX YPOBHEH JUI IPOTOHOB U HEHTPOHOB BOJU3H
sHeprun PepMu B CTAOMIIBHBIX M30TOMAX KPEMHHUS H CEPHI.

OnHovyacTHYHAsT CTPYKTypa YETHO-YCTHBIX HEHTPOHHOM3OBITOUHBIX H30TOMOB OINpPEJACHICTCS HAa OCHOBAaHHHU
9HEPTHH OTACICHUS NMPOTOHOB M HEHTPOHOB OT COCEOHMX HEUYCTHBIX SICP U CIIEKTPOB MX BO30YKIEHHBIX COCTOSHUIA.
JlaHHBIE 3aCENCHHOCTSIM MPOTOHHBIX COCTOSIHUI B CTAOMJIBHBIX H30TOIAX IMO3BOJSIOT 00JIee PEaMCTUYHO PaCCMOTPETh
MIPOLIECC YBOJIFOIIMU NPOTOHHBIX COCTOSHHI C pOCTOM HEHTPOHHOTO M30BITKA.

CpaBHeHHE MTOJTyYSHHBIX YKCIIEPUMEHTAJIBHBIX PE3yJIbTATOB C pacyeTaM¥ B JUCIIEPCHOHHON ONTHYCCKONH MOIEII
MMOITBEPKIAI0OT OCHOBHBIC TEHICHIMM B M3MCHEHHSIX O000JIOYedHOH CTpyKTyphl. IlOBBIMICHHAS YCTOWYHBOCTH
HaOJIFOIaeTCs He TOJBKO U Marudeckux sep ¢ N=20, Ho u w1 n3otonos 30Si u 32S. B TaHHBIX IEMOYKaX POSBIIETCS
s dexr 3amommsemont momobosoukn N=16 u ocmabmsercs ponp N=28 B KauecTBe Marmdeckoro uwcia. [lomMuMo
JIOKAJbHBIX U3MCHEHHMH HHEPTeTHUECKUX LICedl MeXay MMOA000J0YKAaMHU TaKKe HaOJIOMAI0TCs MepepaclpeeieH s
HYKJIOHHBIX IUIOTHOCTEH, BIEKYLIMX MOSBICHHE SPKO BBIPAXKEHHOH IMy3bIPbKOBOW CTPYKTYypbl  IUIOTHOCTH
pacmpeieneHust MPOTOHOB st 4Si U e€ IBOMIOIMK TI0 MEPE POCTA HEHTPOHHOTO U30HITKA.

O. Sorlin, M.-G. Porquet //Prog. Part. Nucl. Phys. 2008. V. 61. P. 602.
A. Mutschler et al. // Nature Physics, 2017. V. 13. P. 152.

J. Fridmann et al. // Nature, 2005, V. 435. P. 922.

O. V. Bespalovaetal // To be published in Phys. of At. Nucl. 2017.
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OHEPTETUYECKAA 3ABUCUMOCTDH CEYEHUA PEAKIIMHN Pg—»{PP}sno OBPA3OBAHMEM 1!Sg
JUITPOTOHA B IUATIA3BOHE DOHEPTUH 1-3I'9B

Kypmananues XK. K., Kyncaguna A. I, Lupxos /I. A., Komapos B. U.
OObeMHEHHBIH WHCTUTYT SICPHBIX UCcienoBanmid, . Jlyona Poccuiickas @enepanus

Ha ycranoske ANKE-COSY cylnecTByeT nporpaMMa U3ydeHHsl PEakiuii ¢ 00pa3oBaHueM 1S IMIIPoTOHA {pp}s
B KOHEYHOM COCTOSIHHU, YTO JOCTHTAaeTCsi OTOOPOM MPOTOHHBIX Map ¢ JHeprued Bo3OyxaeHus meHee 3 MoaB. Jlns
peaktuu pp — {pp}sn’ MpoJcIaHHBIE pPaHEE W3MEPEHHS TOKA3alM BO3MOMKHOCTh HAJIMYHS MHKA B DHEPTETHYECKOM
3aBUCUMOCTH CEUeHM BIepEN it sHepruu nyuka Tp> 1.5 I'3B. Panee otkpritsiii Ha ANKE nuk ¢ makcumymom npu Tp
= 0.66 I'3B cBsa3an ¢ Bo3OyxzaeHueM A(1232) m3o0apsl B NPOMEXKYTOUHOM COCTOSHHH, IPH 3TOM Oojee TDKENbIe
PE30HAHCHI, KaK O0KMAAeTCs, MOTYT NPHBOIUTh K BO3HUKHOBEHHIO BTOPOrO IIHKA B CEUEHHH HpHU Oojee BBICOKUX
smeprusix. B noknaze onrcana o6paboTka JAHHBIX U MPHUBEACHBI PEIBAPUTEILHBIE CEUEHUS PEAKIMH PP — {pp}sn¥ uist
HECKOJIbKUX dHEepruil myuyka B uHTepBase 1-3 I'3B.

1 T. Goldman and et al. // “Inevitable” nonstrange dibaryon, / Phys. Rev. C, vol. 39, 1889-1895, 1989.
2. M. Bashkhanov, H. Clement, S. J. Brodsky, // “Novel six-quark hidden-color dibaryon states in qcd”/ Phys. Lett.
B, vol. 727, 438, 2013.

3. S. Barsov and et al. / “ANKE, a new facility for medium energy hadron physics at cosy - julich”/ Nucl. Instr.
Methods A, vol. 462, 364 — 381, 2001.
4, B. Chiladze and et al. // “The forward detector of the anke spectrometer, scintillation and Cherenkov hodoscopes™/

Part. Nucl. Lett., vol 113(4), 95, 2002.
5. S. Dymov and et al. Part. Nucl. Lett., vol 119(2), 40, 2003.

MESON PHOTOPRODUCTION ON NEUTRON IN THE A2 EXPERIMENT

'Bulychjov S.A., * Kudryavtsev A.E., *Kulikov V.V., *Martemianov M.A., Tarasov V.E., 2Lizunova M.A., 2Romanov A.l.,
3Briscoe W.J., 3Strakovsky L.1.

INRC «Kurchatov Institute» — ITEP, Moscow 117218, Russia,
2MEPhI, Moscow 115409, Russia,
3George Washington University, Washington, DC 20052, USA

In March of 2017 the A2 collaboration at MAMI microtron (Mainz, Germany) has taken the data on meson
photoproduction on liquid deuterium target at tagged photon energies up to 1.5 GeV. The main aim of the experiment is
to performa high statistics study of neutral pion and n-meson production on free neutron. The measurements will greatly
improve the available database on neutron target and will help to disentangle the isoscalar and isovector electromagnetic
couplings of N* and A* resonances [1].

New detectors added to improve trigger capability of Crystal Ball/ TAPS facility are described as well as methods
of neutron detection efficiency measurements started by ITEP group [2]. This data taking is a continuation ofthe previous
one made at tagged photon beam with energies up to 800 MeV. The analysis of the experimental data are in progress.
Preliminary results on total and differential cross sections are discussed as wellas methods used for extraction of cross
sections on neutron-target from deuteron data. In addition, we compared the experimental data with the predictions of
SAID (USA) and MAID (Germany) partial wave analysis .

References
1. I. Strakovsky et al. Progress in Neutron EM Couplings. AIP Conf.Proc. 1735 (2016) 040002.
2. M. Martemianov et al., A new measurement of the neutron detection efficiency for the Nal Crystal Ball

detector. JINST 10 (2015), T04001.
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SKCIEPUMEHTAJIbLHBIE VICCJIEIOBAHMA C LEIBIO ONPEIETEHUSA CKOPOCTH JIEIEHHS
SIIEP 235UTIO IBMEPEHHO# AKTMBHOCTHU PA3JMYHBIX PAJHOHYKJIHIOB - IPOJYKTOB
JTEJTEHUS

Meoembexoe B.C., Aneiinuxos FO.B., ITonos IO.A.
Omman «UactutyT atomuoi sneprun» HAL[ PK, ropoxa Kypuatos, Kasaxctan

B pabGoTte paccMoTpeHa peam3anus pacdeTHO-IKCIEPUMEHTAIBHOTO METOJa ONPEeICHUS CKOPOCTH JETCHUS
(qucnma neneHMit) TSOKENBIX Sfep ypaHa IO HW3MEPEHHOI aKTMBHOCTH PAIMOHYKIMIOB — IMPOIYKTOB NEICHHS IIOCIEe
paboTsI peakTopa Ha MOCTOSHHOM ypOBHE MOIIHOCTH H TIOCHE BBIACPHKKH t.

B kauectBe 0oObBekTa HCCIENOBaHUS ObUIM B3STHI 00pasipl u3 jwmokcuaa ypana (UO2) ¢ ecrtecTBEHHBIM
oborameHnneM o u3otony ypana 235U, oOaydeHHBIE B SKCIIEpHMEHTAIbHOM KaHale peakropa MBI.1M.

Lenpto ¢u3MUecCKNX HCCICAOBAHUI SBIAIOCH MOTyUEHHE HKCIEPUMEHTANBHBIX JAHHBIX IO OIpPEACICHUIO
CKOPOCTH AeNeHUs TsKeNbIX siiep B oopasue UO2, o6imyuennoro B ®KD peaxropa MBI . 1M. dusnueckue ucciaeIoBaHUs
BKJIIOYAIH B ceOs:

— TMOATOTOBKY 00pasia K 00JIy4eHHIo;

— TPOBEJCHUE PEAKTOPHOTO IKCIEPUMEHTA ¢ DY ¢ MOMEIICHHBIM B HETO 00pasiomM;

— TOCTPEaKTOPHBIC HCCICIOBaHMS, BKIIOYAIOIINE TaMMa-CHCKTPOMETPUUCCKUEC H3MEPEHUsl CICKTPOB OT
00ry4eHHOTO 00pa3iia ¢ nocieay el 00padoTKON pe3yIbTaTOB U3MEPEHUH.

DKCHEpUMEHT MNPOBOMWICA C WCIOJb30BaHHEeM pasMemenHoro B ®KD DY, mnpexacrapmstoniero co0oit
MOJIMA TUIICHOBBI KOHTeHHep ¢ oopasuom UO2. Ob6pasen Haxoauics Ha ypoBHe IieHTpa A3 peakTopa.

O6pazen UO2 nuaMepsuicst Ha TaMMa CIIEKTPOMETpe M3 0000 YHUCTOTO TepMaHus Ha npoThkeHuit 22 cytok. [Tocie
aHanm3a creKTpoB OpuM onpeneseHs! [1/], mMeronie Hanboaee HHTCHCUBHBIC TaMMa -ITIMHUH. [l nanbHeimero anammsa
ObLTM BHIOPAHEI CHIEYIONIME PagMOoHyKmuapl - T1J1: 992Zr, 97Zr, 103Ry, 131], 140, 140 5 141Ce,

C mpuMcHEHHEM aKTUBAlMOHHOTO METOJa aHajn3a B JUOKCHIC YpaHa OTpEIeNcH psI PaJuOHYKIHIOB —
MIPOIYKTOB JEJEHH, 10 aKTHBHOCTH KOTOPBHIX ONpeseleHa CKOPOCTh JeNICHHS B oOpasie mMokcuia ypaHa. Taxoke,
OIICHEHAa IOTPEITHOCTh CKOPOCTH JIeJICHHS, KOTopas He ImpeBbicHia 6 %;

INonmydeHHBIE 3KCIIEpUMEHTATIBHBIE MaHHBIE OyIyT HCIOJB30BAHBI IIPH pPa3pabdOTKe METOAWKH OIpeIeIeHHS
YACIBHOTO YHCIA JeleHUH B 00pasiax sAepHBIX MaTepuanoB, o0ay4eHHbIX B peakropax UI'P u UBI" IM.

CAMOCOI'JTACOBAHHBIE MUKPOCKOIIMYECKHUE PACYETbI PAJIMATIMOHHbIX
XAPAKTEPUCTHUK SJIEPHBIX PEAKIU. CPABHEHUE PA3JHYHBIX IIOJIXOJI0B

Auaxoscxuii O. U. X, Kamepoxcues C. IT. 2, Jlomoposuu H. A. 3, IJensies B. 1. °

ITHIL P® ®usuko-3HepreTadeckuii MacTTYT MMeru A M. Jleiimynckoro, 249033 OGHuHCK, Poccus
2Hanmonanbusiii Uccnenosatensekuii Lentp "Kypuatosckuii Uucturyt", 123182 Mocksa, Poccust
8 Canxr-TleTepOyprekuii rocymapcTBeHHbINH yHuBepeuTeT, 199034, r.Cankr-IletepOypr, Poccus

0030p, MOCBAMIEHHBIH HOBBIM pe3ylbTaTaM  PACYCTOB BAXKHEUIIMX PaJUALUOHHBIX XAPAKTCPHUCTUK SACPHBIX
peakuuii (paAaldOHHBIX CHIIOBBIX ()yHKIUH, paAHalldOHHOTO 3aXBaTa HEHTPOHOB, COOTBETCTBYIOIINX rAMMa-CICKTPOB,
CPEIHUX paJMallMOHHBIX IIMPHH) B MarMyeckuxX M IOJyMarduyeckux sapax. Pacuersl BBIMOJNHSIOTCS B paMKax IBYX
CaMOCOTJIACOBAHHBIX MOAX0JI0B [1-3], KoTOpBIC YyUUTHIBAIOT 3(P(HEKTh, KAK KBA3UYACTUYHOTO METOJIa XaOTHYECKUX a3,
TaK U CBs3M C (DOHOHAMH M WCIOJB3YIOT HM3BECTHBIC MapaMmeTpbl cui CkupMa yii MOJIyYeHHsS CpPEIHEero MOJi,
9P eKTHBHOTO B3aUMOJCHCTBUS HYKIOHOB M (OHOHOB. Bo BCeX pacCMOTPCHHBIX XapaKTePUCTHKAX BKJIAJ CBSI3H C
(hOHOHAMH OKa3aJICs 3HAYUTEIFHBIM U HEOOXOMMBIM ISl ONUCAHUS UMEIOMINXCS YKCIEPUMEHTAJBHBIX JTaHHBIX.

1. O. I. Achakovskiy, A. V. Avdeenkov, S. Goriely, S. Kamerdzhiev, S. Krewald Phys.Rev. C 91, 034620 (2015).

2. C. I1. Kameppkues, O. . Auakosckuit, B. W. Lenses ITucema B dKOT®, 104, 387-392 (2016).

3. N. Lyutorovich, V. Tselyaev, J. Speth, S. Krewald, F. Grummer, and P. G. Reinhard, Phys. Lett. B 749, 292 (2015).
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CTPYKTYPA ¥ CBOMCTBA SIIEPHbIX W3OMEPOB
Kabuna JLIL, Jlucun C.C. , Mumponoavckui U.A.

INerepOyprexuit maCTHTYT nepHOit ¢pn3nkn uM.b.I1.Konctantnrosa HUIL «KypuaToBckuii HHCTHTY T,
I'aTamna, Poccus

Ha ocHoBe 0aspl JaHHBIX O BpEMeEHaxX JKH3HH SICPHBIX cOCTOsiHME [1] coctaBneH amiac CBOWCTB SIEPHBIX
n30MepoB. B jmoxmane paccmaTpuBaroTcs M30MEpHI CO BpeMeHeM JKU3HM Ooipmre 1 cexyHmsl (604 m3omepa). O1o
OTPAaHMYEHHE HOCHUT YCJIOBHBIH XapakTep M OTPAHHYMBACT BBHIOOPKY TOJIBKO KOJMYECTBEHHO, T.K. B HCXOJHOW Oase
JaHHBIX IMPEACTaBJICHA I/IH(I)OpMaHI/ISI 0 BCEX ANICPHBIX COCTOAHUAX C UBMCPEHHBIM BPEMEHEM KU3HU. PaCCManI/IBaIOTCH
M30MEPHI HE TOJBKO CTAOHIBHBIX B OCHOBHOM COCTOSIHUHM SIIIEP, HO U HECTAOWILHEIX, Hanpumep 189Ta u np. Ha puc.1, 2
MPEACTABJICHBI PACTIPEACIICHUA YUCJIa U30MEPOB IO MACCOBOMY YHUCITY U 11O DHEPTUHN UX BO36y)KHeHI/IH.
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MaccoBoMy gHciy. CepbIM OTMEUEH BKJIAJ U30MEPOB C  JorapudMy sHepruu Bo30yxJIeHUs (B eAMHUIAX KIB).
SHeprueit BO30yXKICHUS, ONPEICICHHON C TOUHOCTBIO
J0 aJUIMTUBHOU IOCTOSHHOM.

Kpome TpaiIHOHHBIX XapaKTepUCTHK H30MEPHBIX COCTOSIHHMN, CIIMH M YETHOCT, YHEPTHUs BO30YKICHUS, BPEMsI
)KU3HHU, MOJIBI pacra/a, B amiace IPUBOIATCS OCHOBHBIC PEaKIMH IOy YeHHS H30MepoB. DTa nHOpMALUs OYCHb BaXKHA
sl MPAKTHYECKUX Leed HpH OTHECCHHH MAAHHOTO H30Mepa K «PEAKTOPHOMY» WM «yCKOPUTEIBHOMYY» THITY.
CpaBHHBAIOTCSI XapaKTCPUCTHKHA H30MEPHOTO M OCHOBHOTO COCTOSIHHM sifipa.

W3yueHue CBOWCTB M30MEPOB SIBISCTCS BEIIMKOJCITHOW MPOBEPKOH NPaBHIPHOCTH HAIIMX MPEIACTABICHHH O
CIpYKType sapa. MOKHO BBIACIUTb M30MEPHIO IO CHUHY (B AeHOPMHUPOBAHHBIX SOpaX — IO MPOCKIMH CIHHA), IO
paBHOBECHOH (opMe, B YACTHOCTH «BHEIPCHHBIC» COCTOSHMS W H30MEpHI ACJCHHUS, M 10 YHEPrHH BO30YXkacHuUA. B
MOCJIE/IHEM CITyyuae, SHEPTHsA MEpeXo/ia Tak Mana, HanpuMep B 23°U numa B 22°Th, 410 31€KTpOMAarHUTHOE BpeMsl JKU3HHU
CTAHOBHTCS OOJBIIMM Ja)kKe B OTCYTCTBHM IPYIUX 3aIPETOB.

SIpneHue sHepHOW H30MeEpHHM OO0S3aTENBHO MODKHO OBITh BKIIOYCHO B PAcCMOTPEHHE acTpo(U3HYECKUX
HPOLIECCOB HYKICOCHHTE3a, T.K. OHO 3HAUUTEIHHO BIMACT HA KMHETUKY SOCPHBIX pacnaioB. JleTanbHOe 3HAHHE CBOWCTB
SICPHBIX H30MEPOB HEOOXOIMMO MPH OOCYIKACHHH NPUHIMITUAILHON BO3MOXKHOCTH MX BBIHYXICHHOM paspsaku [2], B
YaCTHOCTH ¢ HOMoOLIBI0 HeiftpoHoB [3]. Hakonen, camo 1o ce6e BpeMs U3HU H30MEPHOTO COCTOSHUS MOXET 3aBUCETh
OT BHEIIHUX ycioBuit [4].

1 Ka6una JLIT., JTucun C.C., Mutpononsckuit M.A.. ba3a maHHBIX U MMOJIb30BaTENbCKAN WHTEpQEHC MO0 BpeMeHaM
JKU3HH SIEPHBIX COCTOSTHUH. //Te3nucsl NoKmanoB 66-oif MexayHapoHO# KOHEpEHINH 10 MpodiieMaM sSaepHOM
CIIEKTPOCKOIMHU U CIPYKType aToMHOTO siapa «Snpo-2016». Capos, OI'VII «POAL-BHUND®», 2016, c.161.

2. Txana E.B. Ungynuposanuelit pacnan spepHoro uzoMepa 8™ Hf u «usomepuas 6ombay. //YDH, 2005, T.175,
¢.555.

3. Konmypos U.A., Kopotkux EM., [letpos 10.B. YckopeHHE TEIIOBLIX HEUTPOHOB H30MEPHBIME sinpaMu 52MEU.
/Mucema B XKOT®D, 1980, 1.31, ¢.254.

4. JlornnoB 1O.E., Eropos A.M., 3.M.MamorenkoB, C.O.MamotenkoBa, B.B.MapteiHoB. VccnenoBanue BIUSHHS

PE30HAHCHOTO OKpY>KeHUs (MeccOay3pOBCKUii KpaH) Ha HAOJ0jaeMoe 3HaueHHe IIePHo/1a oy paciaia u3oMepa
119m1Sn. //Mucema B XKD T®D, 2008, 1.87, c.7.
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UCCJIIENOBAHUE 3ABUCUMOCTHU BBIXOJA HEATPOHOB HA BOJb®PAMOBOW MHUIIEHU OT
9HEPTUM 3JIEKTPOHOB YCKOPUTEIA JY3-8 C IOMOIIBIO AETEKTOPOB HA OCHOBE
I'EJNsI-3 U BOPA-10

Mewrxos U.B.*, Kysneyoe C.IL*, I[lomawes C.H. ** Bypmucmpos FO.M.**, Kapaesckuu C.X.** 3yes C.B.**,
Conoodyxoe I'B.**

* - @exepanbHOE TOCyAApCTBEHHOE OI0MKETHOE yupekaeHne Hayku Pmudeckuit uHCTHTYT UM. [L.H. JleGe neBa
Poccuiickoit akanemun Hayk (PMIAH), r. Mocksa, Poccuiickas @enepanms.
** - @enmepanpHOE TOCYIAPCTBEHHOE OIO/DKETHOE yupexacHue Haykn actntyT Snepreix MccnenoBanmit Poccuiickoit
akagemun Hayk (SIN), r. Mocksa, Poccuiickas denepanust

HccnenoBaHa 3aBUCUMOCTb BBIX0J]A HEHTPOHOB M3 BOJB(PAMOBOI MUIIEHH OT YHEPIUHU 3JIEKTPOHOB OT 5 10 8
M>5B B myuke yckoputenst JIOVY-8. Pabota mpoBefeHa ¢ menbl0 ONTHMH3ALUM pekuMa paboTel yCKOpUTens, Ha Oase
KOTOPOTO CO3/aH HEHTPOHHBIM MCTOYHUK NI SASPHO-(QPU3NIECKUX U TBEPAOTEIbHBIX UCCIeOBaHUN. [l perucTpanuu
HEeITpoHOB Hcmosb30Bamuch remueBblil cuetynk CHM-18 ¢ addexmBHOCTEIO 80% MO TemIOBBIM HEHTpOHAM U
MO3UIMOHHO -9y BCTBUTEIBHBIN JETEKTOp co croem 0B, ycToiumBo paGoTaroiue B yCIOBHAX BEICOKOTO TaMMa-(GoHa u
CHIIBHBIX OJJIEKIPOMAarHUTHBIX HABOJOK. Ilone3Hble CHTHamBl JIETKO MACHTUQHUUUPYIOTCS U OTHEISIOTCS  OT
Pa3sHOO0OPAa3HBIX TOOOYHBIX UMITYJIECOB NPU 00pabOTKEe CIEKTPOB, HAOPAHHBIX C MOMOIIBIO aHAIM3ATOPA MMITYJIECOB.
Metomuka oTpabaTbiBanach Ha CTeHJE, COOPAaHHOM Ha OCHOBE IOCTOSIHHOTO HCTOYHHKAa HEHTPOHOB, B YCIOBHUSX
MHHHUMAaJIbHOTO PaJalliOHHOTO (GoHA U HaBOJOK. OCLUIIOrpAaMMBI CUTHAJIOB, MOJyUY€HHBIX C TOMOIIbIO CUIHAJIBHOTO
nponeccopa LCard L-783, ucnoip3oBamick i onpenencHdss (GpOpMbl MMITYJIECOB M HMOCTPOCHHS aMIUIATYIHBIX
cnektpoB. PPOHT HApACTaHUs CUTHANIOB COCTaBHI 3 MKC, cmaj ~ 15 MKc.

B skcnepuMenTe Ha yckopurene nHGOpManus ¢ IMO3UIHOHHO-4yBCTBHTEJIBHOTO JIETEKTOpa HAKaIUIMBANach B
BHUJIE N10CIIE0BATEIBHBIX COOBITHI, BKIIIOYAIONMX B ce0s 4 aMIUMTYy 16l M acTpoHOMHYeckoe BpeMs, a ¢ CHM -18 B Buze
aMIUTUTY JHOTO CHEKTpa. [IByMs NeTeKTOpaMH H3MEpeHa 3aBHCHMOCTh BBIXOJd HEHTPOHOB OT DHEPTHH DJIEKTPOHOB,
HOPMHUPOBAHHBI Ha TOK ITy4Ka yCKOpHTeNs. bbum caemaHbl oueHKH 3¢ (EKTHBHOCTH pEruCTpallid HEHTPOHOB
MTO3UINOHHO-IYBCTBUTEIHHBIM JIETEKTOPOM, HCIIONB3YS H3BECTHBIE XapaKTCPUCTHKH reJmeBoro cyetanka. OOHapyKeHa
3aBHCAMOCTH 3TOH 3()()EKTHBHOCTH OT SHEPTHHU AJCKTPOHOB B mpeenax oT 2 1o 4%.

AE-E TETECKOII JJIsI PETUCTPAIIUN 3APSIDKEHHBIX YACTUIL HA OCHOBE SI-AETEKTOPA U
MATPHUIIBI SI®3Y CO CHMHTWIJIAIIUNOHHBIMA KPUCTAJIJIAMU

Muyyx B.B., Mopooeckoii M.B.
Hucmutyt spepubix uccnepoBanuii PAH, Mocksa, Poccus

B Jlabopatopuu atomuorOo smpa WAW PAH mpoBomatcs paboTel 1O  HCCICJOBAaHHIO  PEAKIUU
d+d—->p+p+n + nc uenplo ONpeeNeHUss YHEPTHH BUPTYyaIbHBIX CHHIVIETHBIX YPOBHEH MABYXHYKIOHHBIX
cuctem (pp)*, (Nn)° wu (np)*. PaspaGateiBaeMblii neTekTOop Ha ocHOBE SIPDY mpesmoaraeTest HCMOIb30BATh B COCTABE
AE-E tenecxoma g perucTpanuu 3HepTUH U (pakTa perncTpanuyl ABYX KOHEUHBIX IPOTOHOB (T.H. E- netexktop momHoro
nornoienus) [1].

B xauectBe AE-merexktopa mcmosb3yeTcs MONMHOCTEIO OOEIHEHHBIH MOBEPXHOCTHO-OApbepHBIN KpeMHHEBBIH
JETeKTOp C TONMIMHOW ~25 MkM. E-merektopom noipkHa cioyXMTh MaTpHIla W3 ACTEKTOPOB, MUHHMAIbHO 2x2, C
MaKCHMAJILHEIME Pa3MEPaMU YyBCTBUTENEHON ILIOmMAMM Kaxknoro 3 x 3 mm?, [lpu 5ToM HMeeTcss 6 BO3MOMKHBIX
KOMOMHAINH IETeKTUPOBAHUS Mapbl IPOTOHOB B COBMAICHUN.

Beimu mpoBeseHbI pacdeTs! KWHEMATHKH JaHHOM peakiyuu, KOTOpble OMpeIeul TpeOOBaHUS HAa MapaMeTpsl
JIeTeKTOpoB. B paboTe OMUCHIBAIOTCA pacdeTsl U pacCMaTPHUBAIOTCA 0COOCHHOCTH MPOBECHHBIX U3MEPEHUN MapaMeTpoB
AE-E teneckona u, B ocobennoctu, E- nerexropa, coszmanHoro Ha ocHoBe SIPDY M CHMHTWULIIHOHHBIX KPUCTAIUIOB
LYSO. O6cyxparoTcst BOMPOCH NPUMEHEHUS MOJOOHOTO JEeTeKTopa B JKCIEPHUMEHTaX IO HCCIEIO0BAHUIO
MaJIOHYKJIOHHBIX peaKUuil.

Pabota nmpoBeneHa npu nojanepxke rpanta PODOU Ne 16-32-00743 mon_a.

Jlutepartypa:
1 3yes C.B., Kacnapos A.A. u ap. // 3s. PAH. Cep. ¢us. 2016. T. 80. Ne 3. C. 254.
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HEATPOHHBIE MOTOKH W PAJMAIIMOHHBI HATPEB MATEPUAJIOB B KAHAJIAX PEAKTOPA
BBP-K JJI1 HICTOYHHUKOB YXH

Ilapanos 3.1. 2, JTeiuazun E.B. *, Mondazanuesa A.A. ?

1 O6beMHeHnbBI HHCTUTYT SAEPHBIX MCCeN0Banuil, JlabopaTtopus HeWTpoHHO# Qusuku um. .M. dpanxa,
Hyo6na 141980, Poccus;
2['ocyaapCcTBEHHOE OFOPKETHOE YUPEXKICHHE BRICIIEr0 06pa3zoBaHus MoCKOBCKO 00acTh « YHUBEpCUTET «JlyOHa»,
Jy6Ha 141980, Poccus oijanka@mail.ru

Hcnomp30Banne yabTpaxolodHbIX HeifTpoHOB (YXH) B (hm3ndeckux SKCIepUMEHTaX IPUBICKAaTeIbHO Oaromaps
BO3MOKHOCTH HX JUIMTEIFHOTO YIEpKaHUS B 3aMKHYTOM 00BeMe - JIOBYIIKe. BriepBble 3T0 sBICHHE OBUIO OOHAPYKEHO
B Jlabopatopun HelitponHo# ¢usuxku OMAU rpymnmoit sxcnepuMenTatopos o pykosoactsoMm @JI. Iamupo. Oxraxo
JOCTUTHYThIE IIOTHOCTH HEUTPOHHOTO Tra3a M MOHBIHE OCTABILIOT JKeJaTh Jydmero. [TosToMy B pa3smMYHBIX HAYTHBIX
LEHTPax BeAyTcs] paboThl MO yIy4YIICHUIO CYIIECTBYIOUIUX MM CO3JaHUIO HOBBIX MHTCHCHBHBIX UCTOUHUKOB YXH misa
Pa3BUTHA DKCIIEPUMEHTOB IO U3YUEHHUIO CBOMCTB HEMTPOHA M MOBBIMIEHUS TOYHOCTH PE3YJbTaTOB.

Kazaxctanckuit snepHblil uccienoBatensckuii peaktop BBP-K (r. AnMatel) mocne MoaepHU3alUM, 3aBEpIICHHOM
B 2016 r, ctan paboTaTh C TEMJIOBBIACISIOMIUMH 3jeMeHTaMu 19%-ro oborameHuss mo ypany-235 u g Hero
dbopmupyeTcss OOHOBJICHHAs MpOrpaMMa HAy4YHBIX M NPUKIAIHBIX UccienoBaHuil. ONHMM W3 HANpaBICHUN ATOMH
MIpOTpaMMBbl MOTJIM OBl cTaTh uccnenoBanus ¢ YXH npu ycnoBuM co3aHus WHTEHCUBHOTO McToyHuKa Y XH, Hanpumep,
1o cxeme, npeoxenHoi B JIH® um. @panka OUAN, co cBepXreKyuuM rejmeM Ha BBIBEJICHHOM M3 peakTopa IydKe
TETUIOBBIX HEHUTPOHOB [1].

B pabote npemiaraetcsi MateMaTHYeCKOe MOJCIMPOBAHHE BEIMYMHBI U CIEKIPa HEHTPOHHBIX IOTOKOB H
paIMallMOHHOTO HarpeBa MaTepualoB B kaHamax peakrtopa BBP-K mis uctoununkoB YXH. PaGoumit MHCTpyMEHT
MoJzenpoBaHus — amepukaHckas Monte-Kapno MOCNP nporpamma TpaHcnopTa HEHTPOHOB M raMMa KBaHTOB.
[epBoHaYaNBHEIN Tam pabOTEI COCTOSIT B pacueTe aKTUBHOM 30HBI peakTopa W IOCTPOCHUH JETAJFHOW TeOMETpHU
9KCIECPUMEHTAILHEIX KaHAJOB B Kau4eCTBE BXOJHBIX IAHHBIX M 3amycka mnporpamMMbl MCNP. beula BeIOpaHa
ynpomméHHas (TOMOTeHHAs) MOJIeTb aKTUBHOM 30HBI peakTopa Kak HCTOYHHKA HEHTPOHOB JUII PACYETOB XapaKTEPHCTHK
HEHWTPOHHBIX TIOJIeW JIMINL BHE AKTUBHOM 30HBL.  [IpaBHJIBHOCTH TAKOTO BBHIOOpAa ObLIA TMPOBEPEHA IOCPEIACTBOM
MOJICITMPOBaHMS TIPEXHETO peaktopa 36%-ro oborameHus M ero mydkoB. CpaBHEHHE C  HKCIEPHUMEHTAIHHBIMH
JaHHBIMHU 70-X TOMOB, MOJy4eHHBIX B paboTax ¢ YXH Ha 3TOM peakTope, TeCTUPYET pacueTHYIO MOJENb PeaKropa.

VYcrmemHoe TecTHpOBaHNE U BHIIOJHEHHBIE 3aTeM pacueTsl il HelHe padoTaromero peaktopa BBP-K ¢ tBanmamu
19%-ro oGoramieHus [aeT HaM YBEPEHHOCTh B PEATMCTHYHOCTH TOJMYYEHHBIX Pe3yJIbTaTOB IS :

. CIIEKTPOB HEHTPOHOB B aKTUBHOW 30HE M B IIEHTPE CKBO3HOTO KacaTelIbHOTO KaHaia (IediekTop);

o IJIOTHOCTEH NMOTOKOB Ha BXOJie U BbIXOJe B pajuanbHbiil kaHan Nel (I'PK-1), Ha BbIxo/ie CKBO3HOTO KacaTeJIbHOTO
KaHaJa;

. pacrpeeeH s TUIOTHOCTH MMOTOKa HEHTPOHOB MO MHE pamuanbHoro KaHama ['PK-1;

. paIManOHHOTO HArpeBa B Pa3IMYHBIX MaTepHasax aeQIexropa;

. CIIEKTpa HEHTPOHOB Ha BBIXOJIE CKBO3HOI'O KAacaTeJIbHOIO KaHaja.

HecoMHeHHO, 3TH pe3yJbTaTsl OyIyT BOCTpeOOBaHbBI MCCIENOBATEISIMY, IUIAHUPYIOIIUME paboTy Ha peakrope
BBP-K. B wactHOCTH TOKa3aHO, YTO BBHJY COKpalIeHHS pa3MepOB aKTHBHOM 30HBI MOJCPHHU3HPOBAHHOTO peakropa,
HEOOX0MMO BKIIIOUNTh OEPHIUIMEBBIN OTpa’kaTeib B COCTAB 30HBI, YTOOBI COXPAHUTH MPEXKHUE MTOTOKH HEHTPOHOB BO
BHEITHUX OTHOCHTEIHHO 30HBI KaHalax. BaykHO Tak ke, 4To 00CYXIaeMbIil HCTOYHUK Y IbTPAXOJIOJHEIX HEHTPOHOB Ha
oOHOBICHHOM peaktope BBP-K MoykeT OBITh cpaBHUMBIM 110 TeMITy Tpou3BocTBa YXH ¢ meicTByIOMNM HCTOYHHKOM
YXH na momuoMm peakrtope B ILL (I'peno6mns, ®panmus).

1 EV. Lychagin, V.A. Mityukhlyaev, A.Yu. Muzychka, G.V. Nekhaev, V.V. Nesvizhevsky, M.S. Onegin, E.I.
Sharapov, A.V. Strelkov UCN sources at external beams of thermal neutrons. An example of PIK reactor // Nuclear
Instruments and Methods in Physics Research A 823 (2016) p. 47-55.
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RADIATIVE CAPTURE ’Be(p,y)'B AT LOW ENERGIES

Burkova N.A. 1, Dubovichenko S.B. 2, Tkachenko A.S. -2, Mukaeva A.R. 12, Beisenov B.U. 12

1 - al-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan
2 - V.G. Fesenkov Astrophysical Institute, Almaty, the Republic of Kazakhstan

The radiative capture reaction p+’Be—8B+} at astrophysical energies with the formation of an unstable B
nucleus, which due to the weak process decays 8B—8Be+e*+v with a further breakdown of 8Be into two ,, - particles ®Be
—4He+*He is one of the final reactions of the proton-proton cycle, which causes the main energy output of our Sun and,
apparently, most of the stars of our Universe.

High-energy neutrinos fromthe decay process of 8B in solar reactions are registered by detectors on the Earth and
make it possible to judge the course of some thermonuclear processes on the Sun. Therefore, a detailed study of this
reaction, in particular, the shape and dependence on the energy of the astrophysical S-factor and the reaction rate, is of
considerable interest fornuclear astrophysics. Such results will contribute to a better understanding ofthe mechanisms of
thermonuclear processes occurring in various synthesis reactions.

So, that is the reason for the detailed experimental study by the Seattle — TRIUMF collaboration [1, 2].

Present calculations have been done within the Modified Potential Cluster Model [3]. Potentials of cluster-nucleon
interactions coordinated with the spectra of the 8B for the scattering channel and the main bound 3P state in the cluster
p’Be channel are constructed. In the modified potential cluster model, the possibility of describing the astrophysical S-
factor of the radiative p’Be—8B} capture to the ground state of the 8B at the energies up to 1 MeV is considered.

The resonance at an energy of 0.722 MeV due to the M1 transition from the resonance 3P:-scattering wave is
revealed. The results for the calculated S-factor are given in the Figure. The obtained value 26.6 (1.5) €V -b for the S-
factor at 10 keV is in reasonable coincidence with the available experimental data and ab initio theoretical calculations
[4 - 6].
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The total cross sections and the reaction rate for the p’Be—8B7 capture in the temperature range from 0.01 to 5
To have been calculated.

References:

1. Snover KA., Junghans A.R. etal. The "Be(p, )*B astrophysical S-factor // Nucl. Phys. — 2005 — Vol.
AT758. — P. 687c -688c.

2. Cyburt R.H., Davids B., Jennings D.K. The "Be(p,y)°B reaction and its future // Nucl. Phys. — 2005 —
Vol. A758. —P. 693c -696¢.

3. Dubovichenko S.B. Thermonuclear processes in Stars and Universe. Second English edition, revised
and expanded. Germany, Saarbrucken: Scholar’s Press, 2015, 332 p.

4. Navr’atil P., Bertulani C. A., and Caurier E. "Be(p,)°B S Factor from ab initio No-Core Shell Model
Wave Functions // Phys Rev. C, 2006. — V. 73. — P. 065801.

5. Navr’atil P., Roth R., Quaglioni S. Ab initio many body calculations of the "Be(p, »)®B radiative capture
/I Phys. Lett. 2011. V. 704B. — P. 379.

6. Zang. X., Nollett K.M., Phillips D.R. Marrying ab initio calculations and Halo EFT: the case of "Be +

p—8B+ 7 // arXiv: 1401.4482v1 [nucl-th]. 2017. — 5p.
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STUDY OF ELASTIC AND INELASTIC SCATTERING OF DEUTERONS FROM °BE NUCLEI

! Burtebayev N., ! Kerimkulov Zh K., * Burtebayeva J. , * Mukhamejanov Y.S.,* Alimov D.K., ! Talpakova K.A., 12
Nassurlla Maulen , ! Khojayev R.A. , 3 Sakuta S.B., * Saduyev N.O., ® Galanina L.I.

Linstitute of Nuclear Physics, Almaty Kazakhstan
2Al-Farabi Kazakh National University, Almaty, Kazakhstan
3National Research Center “Kurchatov Institute”, Moscow, Russia
4Institute of Experimental and Theoretical Physics, Almaty Kazakhstan
5Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

The experimental angular distributions of elastic and inelastic scattering of deuterons from °Be nuclei were
measured at the extracted beam from isochronous cyclotron U-150M at the Institute of Nuclear Physics (INP, Almaty,
Kazakhstan) at Es=14.5 MeV. Nuclear reactions products were registered and identified using standard AE-E method
realized on the basis of PC/AT personal computer. In the "E-AE" telescope of detectors, AE - detector is a surface-barrier
silicon detector (manufactured by company ORTEC with an active layer of thickness of 30 to 200 pm and thin inlet (~
40pg/c? Au) and outlet (~40pg/cm? Al) windows. The complete absorption E detector is used as a stop detector -
company ORTEC high-purity silicon; thickness of 2 mm. The thin metallic foils made of beryllium-9 isotope were used
as targets. Target thickness was determined at UKP-2-1 linear accelerator of INP. For this purpose 27 Al(p,y)?8S reaction
yield curves in the region of E, =992 keV resonance [1] were measured using aluminum foil and sputtered target. The
shift of the resonance in 27 Al(p,y)?8S reaction, caused by the protons energy loss as passing through beryllium film, was
62,2 keV that corresponds to target thickness of 320 pg/cm?.The solid angle was 4x10%sr. The energy resolution at small
angles is in the range of 200-250 keV and at large - in the range of 250-300 keV and determined mainly by the energy
spread in the beam and the thickness of the target. Theoretical calculations were carried out using FRESCO [2] and
ECIS88 [3] computer codes.

The data on elastic scattering were analyzed within the framework of the standard optical model of the nucleus,
where the influence of inelastic channels is taken into account by introducing a phenomenological imaginary absorptive
part in the interaction potential between the colliding nuclei. In this model the elastic scattering is described by acomple x
interaction potential with a radial dependence in the formof Woods-Saxon. Parameters of optical potential were selected
to achieve the best agreement between theoretical and experimental angular distributions. In addition to our experimental
data for d+°Be at energy 14.5 MeV, we also analyzed the experimental data for this nuclear systemat other energies: 19.5
MeV [4] and 27.7 MeV [5].

The theoretical calculations of the angular distributions for the 5/2- (2.43 MeV) and 5/2* (3.05 MeV) excited states
were performed using the coupled channel method implemented in code FRESCO using potentials obtained in the analysis
of elastic scattering.

This work is supported by grant of MES of the Republic of Kazakhstan #1460 GF4.

References:
1 Bulter J.W. Table of (p,y) resonances by proton energy: E = 0.163— 3.0 MeV // U.S. Naval Research Laboratory.
NRL Report. — 1959. — P.5282-5299.
2. J. Raynal, ECIS—88, NEA 0850.
3. Thompson 1.J. Coupled reaction channels calculations in nuclear physics. // Comput. Phys. Rep. — 1988. — Vol.7.
- P.167-212.
4, C. M. JlykesiHoB, M. A. Haymenko,B. BypwsH, B. T'marones, A. C. [enuxun, B. Kpora, K. Kyrep6ekos, K.
Menmubaes, 1. Mpasek, 0. O. Ilennomxkkesuu, C. ITuckopxk, H. K. Ckobenes, 10. I'. Cobones, B. Tpxkacka, O.
Tyneymes, I'. Tropun, C. B. Xne6uukos, b. A.Ypas6exos. Knactepnas ctpykrypa 9Be W ee BIMSHHE Ha MEXaHU3M
nepenadu HykiaoHoB. [Ipenpunt — P7-2016-92. OUAH, 2016. — 17 c.
5. Slobodrian R.J. Scattering of 27.7 MeV deuterons on beryllium and boron // Nuclear Physics. — 1962. — Vol.32. —
P.684-694.
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KOMBUHUPOBAHHBIN 3AMEIJIUTEbL HEATPOHOB JIJISI IPOBEAEHUA SIJIEPHO-
®BUWYECKUX WCCJIEIOBAHUN HA PEKATOPE WBP-2

Ananves B J[., Myxun K.A., Pocoe A./].
OO0BbeMHEHHBIH WHCTUTYT SAACPHBIX HCCieoBaHmi T. JlyOHa

Peakrop HBP-2 sBisieTcss BBICOKOIOTOUHBIM HUCTOYHMKOM HEWTPOHOB. MUpPOBBIE TEHIEHIMM HCCJIEIOBaHUN B
obnmacTn (U3NKKM KOHACHCHPOBAHHOTO COCTOSIHUS, SACPHOM (DM3UKH, MCCICAOBAHUS OMOJIOTMYECKHX OOBEKTOB M T.II.
TpeOYIOT pa3IUYHbIE CIEKTPHI HEHTPOHOB. YUHTHIBAs IOTPEOHOCTh 3KCIEPUMEHTATOPOB B HCIIOJIB30BAHUN HEHTPOHOB
pa3mYHBIX 3Hepruil, B 2006 Toxy Mpu MOJEPHHU3ALUH peakTopa OBUIM yYTCHHI IOXKEJIaHHe I0Ib30BaTeell M Hagaloch
CO3/laHME UCTOYHHKA XOJOJHBIX HEHTPOHOB.

VICTOYHHK XOJOMHBIX HEUTPOHOB MpEACTAaBIsieT c000i 3 KOMOWHHPOBAHHBIX 3aMEIJIMTEN OKPY>KAOIMIHX
aKTUBHYI0 30HY peaktopa. KoH¢urypanmus TroJoBHONH dYacTH KaKIOTO 3aMeIMTeNIs YUYUTBIBAeT HaIlpaBlCHUE
HCCIIEIOBAaHUN KaXJIOT0 HSKCIHEPUMEHTAIBHOTO Iy4Yka OPHEHTHPOBAHHOTO HAa Ty WIM HMHYI0 YacTb IIOBEPXHOCTH
3aMemuTens. B 1o jxe Bpemst KoH(Urypalys roroBHON 4acTH 3aMeUTUTEN UMeeT KpUOTeHHYI0 KaMepy (Wi HoTyYeHus
CIIEKTpa TEIUIOBBIX HEHTPOHOB), KPUOTEHHYIO KaMmepy (Wi MOJIyYyeHHUs! CHEeKTpa XOJIOJHBIX HEHTPOHOB), a Tak ke H
CHeluaNbHble OTBEPCTUS Ul IOJyYeHHs BBICOKOIHEPIMYHBIX HeiftpoHoB. Takum o6pa3oM, Takue 3aMeUIUTE U
MO3BOJIAIOT Oy YHTh IKCIIEPUMEHTATOPY UMEHHO TOT CIIEKTP HEHTPOHHOTO MOTOKA, KOTOPBII HEOOXOAUM B KOHKPETHOM
HCCIIeI0BaHHH.

B pabGote OyzeT moka3aHbl pe3yibTaThl (HAaHHBIE CIEKTpa, MPOOIEMBI Jerpajallid U BA3KOCTH BelIecTBa
3aMeIUTeNsA) OMBITHOM odkcrutyatanmu 3amemiutesst K3 202, pabotatomero ¢ 2012 roga B PEXHUM  OMBITHOM
skciuryatanuu. [locne mosydyeHne M yTOUHEHHMS! SKCILTyaTallMOHHBIX M HEHTPOHHO -HU3MUECKHX HapaMeTpoB paboThI
3aMemmMTeNsl ObUIO IPHHATO pPEIICHHE O INPOJOJDKEHHHM paboThl M co3maHuu crexylomero 3amemmrenst K3 201
«UEHTPaNbHOTO HampasleHus». Ha mnpumepe Bexmymeiics pabGoTsl OyIOyT TNpEACTABICHBI STalbl  CO3JAHMS
KOMOWHHMPOBaHHOTO 3aMEUINTEN], HAaUWHAs CO CPaBHUTEJBHBIX HEHTPOHHO -(pU3N4ecKuX pacuéroB (MeTomoM MoTHe-
Kapno) pa3znmiyHbIX BapHaHTOB TOJOBHOM YacTH 1O pa3pabOTKM pabodMX YepTe)ked M IOATOTOBKH MH(QPACTPYKTYPHI.
Byner moka3aH BBIOpaHHBIM BapHWaHT, YYHUTHIBAIONIMHA TEXHOJOTHYECKYI0 BO3MOKHOCT M3TOTOBJICHHS B COYCTAHHH C
ONTHM aJIEHBIMH HEHTPOHHO-()M3NYECKUMHU CBOMCTBaMH. By eT faH KpaTkuil 0030p MPUMEHIEMOTO TEXHOJIOTHIECKOTO 1
KPHOTEHHOTO 000pyI0BaHHS KOMIUIEKCA.

BO3MOKHOCTH W3MEPEHWS HEATPOHHBIX CEYEHUI C UCIOJIb30BAHUEM
®OTOHEMTPOHHOI'O MCTOYHUKA JIMHEMHOI'O YCKOPWUTEIS JJIEKTPOHOB JIYD-8-5

Mopoosckou M.B., 3ye¢ C.B., Konooeesckuii E.C., Muyyx B.B., Cypkxosa U.B., Cxopxun B.M.
MuctutyT simepHbix uccnenoBanuii Poccuiickoil akanemuu Hayk, Mocksa, Poccus

B VAI1 PAH npoBoastcst paboTsI IO CO3MAHUIO yCTAaHOBKH I HEUTPOHHBIX HCCIEAOBAHUH Ha 6a3e cepUiHOTO
MPOMBIIIICHHOTO YCKOpHTENs 3JeKTpoHOoB JIVD-8-5. Dnektponsl yckoputens JIYD-8-5 ¢ mepectpanBaemoii sHeprueit
0T 4 10 9 M»B nomnagator Ha Boiab(hpaMOBBIif KOHBEPTEP U 00pPa3yIOT B HEM HOTOK TOPMO3HBIX FAMMa -KBaHTOB, KOTOPEIE,
nomnajas Ha OEPUIUIEBYIO MULICHD, POXKIAIOT (OTOHEHTPOHBI. I10IMITUIEHOBEBIN 0JI0K-3aMeITUTENb TO3BOJISIET BHYTPH
paboueii kaMmepbl HOTOHEHTPOHHOTO MCTOUHMKA MOJIyYUTh TEIUIOBBIE HEMTPOHBI C INIOTHOCTBIO ITOTOKA mopsaka 107-108
cM?¢cl. B Toke BpeMs HaIMYME BHIXOJHOTO KaHaJa M BO3MOXKHOCTL HM3MEHEHHS TI€OMETPMH OEpULIMEBON
HEHTpOHOOOpa3yIolIel MUIIEHHU IT03BOJIET MOIy4aTh BEIBEICHHbII MOTOK OBICTPBIX HEMTPOHOB.

CormacHo momxoay mpemioxkenHoMmy B [1], Ha  yckoputene JIVD-8-5 nmpuMmeHeHa  MeToMKa
“KBa3UMOHOXpOMATH3AIMK~ TOPMO3HOro crnektpa (oToHOB. M3MepeHus mnpu ABYyX Win OoJice OJM3KUX 3HAYCHHSX
JHEPTUH JJIEKTPOHOB M MCIIOJIB30BAaHUE CIELUAIBLHOM NMpOLEayphbl MO3BOJAET MOJYUYHUTh KBAa3MMOHOIHEPTETUUECKHIMA
“nmy4ok” (OTOHOB C IHEPTHEH OJM3KOW K BEpXHEH IpaHUIe TOPMO3HOTO criektpa. O0MydeHue TakuM “IyakoM” (pOTOHOB
Oepummesoit Mumenn (°Be) mo3BoMsSeT MONYYHTh Takke KBA3MMOHOJHEPreTHYECKUH “MydoK” OBLICTPHIX HEHTPOHOB.
Mo aeampoBaHHe TIOKa3aJio, YTO MPHU yCJIOBHH NOJyUYeHUS “mydka” GOoTOHOB ¢ dHepruei 5.5+0.5 M3B M0oXHO MOJIy4HTh
KBa3UM OHOJHEPIreTUYECKUN “MydoK” HEUTpOHOB ¢ sHepruent 3.4+0.4 M»B. IlockosibKy BO3MOXKHBIM MHTEpPBA dHEPTUI
3JIEKTPOHOB Ha yckoputene JIVD-8-5 coctaBisieT 4 — 9 MaB, HEeHTpOHBI MOTYT OBITh IOJYUEHBI B HHTEPBAJIC SHEPTUI 2
— 7 M>sB.

Jnst mpoBepKH pe3yJbTATOB MOJCIHPOBAHMS TPOBENCHBI HM3MEPEHUS IIOTOKOB OBICTPEIX HEHTPOHOB B
BBIBEJICHHOM KaHaJle HEHTPOHHOTO HCTOYHHKA. [IpemmosiaraeTcs MCHOIB30BaHHE JAHHOW yCTAHOBKH UII HPOBEACHUS
n3MepeHni HeHTPOHHBIX CeUCHNUH (ITOJHBIX CEUEHHUH, CEYCHNI YIIPYTOTO U HEYIPYTOTO pacCesHIs HEHTPOHOB, CHIIOBBIX
(GyHKOWH ¥ T.I.) IpH SHEPTHH HEHTPOHOB B 06mactn 2-7 M»>B.

1 Van Camp E, etal. Phys.ReV C, V. 24, P. 2499, 1981.
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ALPHA CLUSTERING IN N#Z NUCLEI

Nauruzbayev D.K. 1"® Goldberg V.Z.2, Nurmukhanbetova A.K. !, Golovkov M.S. 2, Volya A. 4, .Rogachev G.V.2,
Zherebchevsky V.1. %, Torilov S.Yu. 5, Tikhonov A. 8, Kaikanov M. , lvanov 1. 7, Koloberdin M. 7 and Kozin S. ”.

1 National Laboratory Astana, Nazarbayev University, Astana, 010000,Kazakhstan,
2 Cyclotron Institute, Texas A&M University, College Station, Texas, USA
8 Joint Institute of Nuclear Research, Dubna, Russian
4 Department of Physics, Florida State University, Tallahassee, Florida 32306, USA
5Saint Petersburg State University, Saint Petersburg, Russia
6School Sceince and Technology, Nazarbayev University, Astana, Kazakhstan
Insitute of Nuclear Physics, Almaty, Kazakhstan

There are various arguments [1,2] indicating that new insight in the problem of alpha clustering can be obtained

through experimental studies of the a-cluster states in N#Z nuclei. In N#Z nuclei, the nucleon decay threshold are
close to that for o particle, and the penetrability factors do not inhibit the nucleon decay from the states in question.
Therefore data on the properies of the a-cluster states in N#Z nuclei might give insight in the relation between the single
particle and cluster degrees of freedom.

There are mirror nuclei with Z>N for the all N>Z nuclei . Therefore poverful ideas and methods of charge

symmetry, analog states can be useful in these studies. These studies are also strongly motivated by astrophysics [3]

The data on the properties of the a-cluster states in N#£Z nuclei (unlike information on N=Z selfconjugate nuclei

(®Be, 12C,160..)) are very scarce due to the experimental and analysis difficulties.

do/dS? (mb/sr

We applied Thick Target Inverse Kinematic

600 - (TTIK) method[4] to study resonance reactions with
= hydrogen and heliumtargets at at Heavy lon Accelator

500 RS DC-60 [5] (Astana, Kazakhstan). An incorporation of
| time off light measurements in the TTIK method
enables us to develop the studies to a broader set of
nuclei with a broader range of their excitation
energies. The original measurements were made to
study resonance interaction of 13C, 15N, 160, 170 with
targets of pure hydrogen and helium. An analysis of
the experimental data was made using multilevel
multichannel R matrix code [6]. Obtained results are
compared with predictions of cluster-nucleon

configuration interaction model (CNCIM)[7]. Fig. 1

400

300

%s 2 25 3 15 4 45 5 presents an example of the experimental data and the
RN R-matrix analysis for 6O+alpha resonance scattering
at 180° c.m.
Fig.1 The 180° excitation function for the 0+ o resonance In my talk I'll give a detailed review of the
elastic scattering together with R matrix fit[8] studies in question. I'll also review a general status of
the relevant problems and perspectives in this newand
fruitful field.

[1] V.Z.Goldberg, G.V.Rogachev, W.H. Trzaska et al., Phys.Rev. C 69, 024602 (2004)

[2] V.Z.Goldberg, G.V.Rogachev AIP Conf.Proc.1491 (2012) 212

[3] E. Sugarbaker, R. N. Boyd, D. Elmore, and H. E. Gove,Nuclear Physics A 351, 481 (1981).

[4] K. Artemov, O.P. Belyanin, A.L. Vetoshkin, R. Wolski, M.S. Golovkov, V.Z. Goldberg, M. Madeja, V.V.
Pankratov, I.N. Serikov, V.A. Timofeev, Sov.J. Nucl.Phys. 52, 408 (1990).

[5] A. K. Nurmukhanbetova, V. Z. Goldberg, D. K. Nauruzbayev, G. V. Rogachev, M. S. Golovkov, N. A. Mynbayev,
S. Artemov, A. Karakhodjaev, K. Kuterbekov,A. Rakhymzhanov, Z. Berdibek, I. Ivanov, A. Tikhonov,V. I.
Zherebchevsky, S. Y. Torilov, and R. E. Tribble,Nuclear Instruments and Methods in Physics Research Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment 847, 125 (2017).

[6] E. D. Johnson, The Cluster Structure of Oxygen Isotopes, The Florida State University, 2008.

7 AMolya and Y. M. Tchuvilsky, Physical Review C 91, 44319 (2015).

[8] D. K. Nauruzbayev, V. Z. Goldberg, A. K. Nurmukhanbetova, M. S. Golovkov, A. Wolya, G. V. Rogachev, and

R. E. Tribble, (2017)., PRC in print.
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OB ONPEAETEHUN AMIUIMTY/Abl TEIUIOBBIX KOJIEBAHMII ATOMOB B KYBMUECKHX
KPUCTAJLIAX TIO JIAHHBIM JU®PAKIMUA HEWTPOHOB

IHapnues A.C., Paxmanos C. .

WactutyT sinepHoit pm3uku AH PecniyOmikn Y36exuctan, Yiyroek,
100214, Tamkent, 100214, Y36ekuctan, e-mail: khidirov@inp.uz

AMIUIMTY 12 TeIUIOBBIX KOJeOAHMH atoMOB U? B KPHUCTAalIe HApsAy C KPHUCTAUIMYECKOM DPEINETKOH sIBISeTCS
OJIHOW M3 CaMBIX BaXHBIX €ro (yHIaMEHTaJIbHbIX CBOHCTB. C aMIUMTYJOH KoneOaHWII aTOMOB B TBEPIOM TeJe
HEPa3pbIBHO CBSI3aHBI €T0 MEXaHNYECKHeE, TeTIO(PH3NIECKHE U INeKTpodu3ndeckue cBoiictsa. [loaToMy 111 00bsICHEHN 51
SBJICHUH CBSI3aHHBIX C 3THMMH CBOMCTBAMHU M UII IIPOTHOZUPOBAHUS STHX CBOHCTB HEOOXOIMMO 3HaHHE O aMIUIUTY]E
TEIUIOBBIX KoyicOaHMiI aTtomMoB B TBepaoM Tene. Llenp ngaHHOM paboTel — T1OKa3aTh HAWIYYIIUH METOX
9KCIIEPUMEHTAILHOTO OpeeNieHust u? .

AMIUIMTYly TEIUIOBBIX KOJIeOaHMH aTOMOB B TBEPABIX TellaX YacTO OMpEessIoT depe3 Temmepatypy /[ebas,
KOTOpast ONpeAessIeTCsl U3 3HaUeHUH TeIJIOEMKOCTEH, H3MePEHHBIX IPU HU3KUX TEMIIEPATypax, U3 U3MEPEHUH CKOPOCTH
pacrpoCTpaHEeHUs] aKyCTUYECKHX BOJH, Yepe3 ynpyrue HocTosHHble. OIHAKO MHOTIA MEXAY STAMH 3HaYCHUSIMU 04
oOHapy’KMBaeTCsl pasuTeNbHOEe pacxoxiaeHue. [lo-BUIMMOMY, 3TO OOYCJIOBIEHO C MCHOJB30BAaHHEM pPa3iIMYHBIX
MPUOIIMIKEHUI TIPU 3THX METOJIAX U MX TOYHOCTIMH. XOPOILINiT pe3ysbTaT MOXXHO NOJy4nuTs U3 3 dexra Meccbaypa n
110 ()OHOHHBIM CIIEKTPaM, OTIPEJIEICHHBIM YIPYTHM PacCEesTHUEM HEHTPOHOB.

OmHuM M3 CaMblX MPOCTHIX M JAIONIMX JOCTOBEPHBIX PE3yJbTATOB METOJIOB ONpEJeNeHuss Uu? B KyOUYECKHX

KpUCTA/UIax sABsieTcs MMppakuMOHHbIA MeTod. PentreHorpaduueckuil MeToa ompeneieHds U? Topasia CIOKHEE
Oyarosapsi 3aBUCUMOCTH CTPYKTypHOTO GopM-(hakrtopa ot yrist Bynbda-bparra, SKCTHHKIIMN ¥ TOTJIOMEHUIO X-Tydeit
B KpUcTayiax. B HeWTpOHHOM M pakiuy BIMSHNE 3TUX (HAKTOPOB MPAKTHYECKH CBOIATCS K HYJFO. DTO 00CTOSTESIBCTBO
ropasjuo ynpouaeT onpeaeseHne u? MetogoM audpakiud HeWTpoHOB. [Ipu 3ToM U? ONpe-AesAIOT HEMOCPEACTBEHHO
U3 DKCTIepUMeHTa 0e3 BCSKHX BCIIOMOTATENBbHBIX pacyeToB W MpUOmMDKeHUN. Byyun siaepHBIM METOJIOM HEUTpOHHAs
mdpakuus SBISETCS OJHUM W3 MOIIHBIX NMPEHU3MOHHBIX METOJOB HCCIENOBaHUS KOHICHCHPOBAaHHBIX cpen. [le-
BpoiineBckast mmHa BOJHBI A TEIUIOBBIX HEHTPOHOB ¢ »Hepruei mopsiaka ~ 0.1 5B nMeer mopsmaoK MexXaTtoMHOTO
paccTosiHus. DHEprusi TeIUIOBBIX HEMTPOHOB TOrO e MOpsAKa, YTO W JHEPrus TEIUIOBBIX KoJeOaHMH aTOMOB B
KpUCTAUIax. DTO M03BOJAET U3MEPATh U B KPUCTAJLIAX [0 HEYIPYTOMY PACCESHUIO HEUTPOHOB C BBICOKOM TOYHOCTHIO.
INoToMy 9TO KOTEPEHTHOE YIPYTOe PacCEesTHHE TEIUIOBBIX HEUTPOHOB OMPEeNIeTCs TMHAMUKOH BCEX YaCTUIl KPUCTAIUIA.
Ipu CTONKHOBEHUHU TEIUIOBBIX HEUTPOHOB C KOJUIEKTUBHBIMH TEIIOBBIMH KOJICOAHUSIMH PEMIETKH — (POHOHAMH YHEPIUs
Y UMIYJIbC CTAJKUBAIOLIMXCSI YacTULl (HEMTPOHOB U (QOHOHOB) COXPAHSIOTCS.

AMIUIMTYla TEIUIOBBIX KoJeOaHWH aTOMOB B KpHCTaJUlaX MOPHUBOIUT K OCHAOJEHUIO SKCIEPUMEHTAIbHO
HAGII0IAeM O MHTCHCUBHOCTH HEUTPOHOM(PPAKIIHOHHBIX MAKCUMYMOB lyen 1O CliEyFOIIEH 3aKOHOMEPHOCTH [1]:

167°u? ><Sin29 1)

l,,..=Kl,exp - 3 7

aKen

rie K — xoaddunment, 3aBucammii oT reometpun mnpudopa u obpasua; lo - MHTEHCHUBHOCTb PEIIETKH C

o 2
HETMO/IBMXKHBIMM aTOMaMU B y3l1aX; A —UIMHA BOJIHBI HEHTPOHOB; O — yron bparra; Uy — nomHoe cpepHekBaapaTHYHOE

CMEICHUE (IMHAMUYECKOe + CTATHYECKOEe) aTOMOB B KyOM4eCKOM KpHCTAJLIE.

Ha npuMepe KyGuueckux (IpocTpaHcisenHas rpymma Fm3 m, cipykrypa muna NaCl) kapGomrmtpuax
tutaHa TIiCxNy psma cOCTaBOB MOKAa3aHO, YTO 3HAYCHHUS aAMIUIUTY[Abl TCIUIOBBIX KOJEOaHMiT aToMOB B KyOHUECKHX
KpHUCTAJUIaX MOYKHO OIPEALNUTh N0 HEUTPOHOAM(PPAKIMOHHBIM JaHHBIM KaK METOJOM HaWMEHbIIMX KBaapaToB [1], Tak
1 MeToJoM mojHomnpodumbHOro anamuza madpaxrorpammbl [2]. [loka3aHo, 4TO0 pe3nbTaThl, MHOJYYEHHBICIIO
HEUTPOHOA(DPAKUMOHHBIM JAaHHBIM ~ METOJOM  HAMMEHBIIMX KBaJAPaTOB M METOJOM MOJHONPO(GWILHOTO aHaIu3
IMdpakTorpaMMbl NPAKTHYECKH COBIAJAIOT. Takoe COBMNAJCHUE MOXET SBISTbCS KPUTEPHUEM JOCTOBEPHOCTH

OTIpEe/IeTIeHNs 3HAYECHHS. U2 aTOMOB B KyOHYECKOM KPUCTAJLIE, TIOYIEHHOTO TI0 HEUTPOHOMM(PAKIMOHHEIM JAHHBIM,

Jlurepatypa
1. XumipoB W. Heitrponorpapuueckoe uccnenosanme cuctem Ti-C, Ti-N, Ti-C-H u Ti-N-H., Saarbrucken
(Tepmanus): LAP LAMBERT Academic Publishing. 2014. 286 c.
2. Kpxmxkanosckast M. T'., @upcosa B. A., by6nosa P. C. [I[pumenenne metoma PuTBenbia o pemieHus 3amay

nopowkoBoit auppakromerpun. Cankr-IlerepOyprekuii yausepcutet. 2016. 67 c.
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AHAJIMTUM ECKUE METO/JIbI ONPEAETEHMS AKTUBHOCTEW IPOJIYKTOB JIETEHHUS B
AKTUBHOM 30HE PEAKTOPA BB3P-1200 M UX NIPUIOKEHUSA

Iemposckuii A.M., Pyoak 3.4., Kopoym T.H.

I'ocymapctBeHHOE HaydHOE yupexaeHne « O0beMHEHHBIH HHCTUTYT YHEPTETHUECKUX M SIICPHBIX NCCIICIOBAaHUH —
Cocubl» HannonansHOM akazemuu Hayk benapycu
Pecny6imika benapycs, Musck, andy @cgm.ru

B paboTax [1-3] mpemioxeHO MpemIoKeH MaTeMaTHIECKUH anmapart, T03BOJIIIOECH MPOU3BOIUTH BEIYHCICHHE
yACNBHBIX aKTHBHOCTEH MPOJAYKTOB JAENICHHS B aKTUBHBIX 30HaX peaktopos turma BBOP-1000, BBOP-440, PEMK-1000.
INoxazaHO, YTO TOYHOCTH OLEHOK JIEXHUT B Ipegenax 1-2% 1o cpaBHEHHIO C 0ojee TOYHBIMU YHCICHHBIMHU
BeIYHCIIeHUAMU. B pabote [1] omucana meTomuka ompelereHHs aKTUBHOCTEH CIIOXKHO ONpeIe/sIeMBIX PadHOHYKINUIOB,
10 AaKTUBHOCTSM JIETKO OIpeJeIeMbIX C IPUMEHEHHEM KOPPEIIHOHHBIX COOTHOLICHUI.

B nacrosmeit pabote mpou3BeACHB AaHAIMTUYECKUE BBIYUCICHUS aKTUBHOCTEH MPOMAYKTOB JCNCHUS B PEAKTOpPE
BBOP-1200, mpeactaBisione HauOOJBIIYIO MPAKTUYECKYIO 3HAYUMOCTb. BBIUKCIEHBI M NpPEACTaBIEHBl B BHUJE
MIPOCTBHIX aHAMMTUYECKUX BBIPAXKEHUH B 3aBUCHMOCTH OT BPEMEHH 3HAUCHMS KOPPEIAIHOHHBIX KO HUIIMEHTOB MEXIY

CJIOXHO M JIETKO OMNpEEIsIeMbIMU AKTHBHOCTSIMH. [IpOW3BEJICH CPAaBHUTEINbHBIM aHAM3 COCTaBa OTPabOTABIIEro
torumsa BBOP-1000 u BBOP-1200.

Jlutepatypa

1. Slynnk O.U., Cratuctiyeckuid aHajiM3 OTHOUICHUH aAKTHBHOCTEH paJMOHYKIMIOB B SJCPHOM TOIUIMBE B
aBapUIHBIX PEAKTOPHBIX BhINMAACHUAX. [lriccepTalis HA COMCKaHME YYCHOM CTeleHH KaHAumata (us.-Mat. Hayk,
Mumnck, 2010, 147 c.

2. Bbypak A.O., Hanoneay I[1.A.M., Pynak 3.A., Pacuer Macc u akTMBHOCTEH HYKJIMIOB B aKTHBHOW 30HE peaxkTopa
PBEMK: dberHoMeHONOTHYECKasT TeOpUsl HapabOTKM MAacC W aKTHBHOCTEH MPOIyKTOB aKTUBALIMHU SIEP TOIUIMBA.
Musck, 2001. (TIpenpunt Ud HAH B Ne 732, c. 14).

3. bypak A.O., Epemuna A.H., Pymak O.A.b., AnnpoxcuMmanus 3aBUCUMOCTEH KOHLEHTpalUil HYKIMJIOB OT
BpPEMEHH IPOCTHIMH aHATUTHYECKIMH (QYHKIMSAMIE. //AToMHas 3Heprus, 1.94, Be.6, 2003. — c. 432-438.

PROTON-INDUCED FISSION OF 232Th AT LOW AND INTERMEDIATE ENERGIES

Pan AN. ", Kozulin E.M. %, Itkis .M. %, Itkis M. G.! Knyazheva G.N. !, Gikal K.B. !, Novikov K.V. !, Kvochkina T.N. ?,
Burtebayev N.T. 2, Covalchuk K.V. 2

1Flerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Russia
2L aboratory of Fission Physics, Institute of Nuclear Physics, 050032 Almaty, Kazakhstan
*E-mail: sofvillain1993@gmail.com

Abstract. To investigate the influence of shell effects on the formation of fission fragments in dependence on the
incident energy the mass-energy distributions of proton-induced fission fragments of 232Th were measured in wide proton
energy range of 7-55 MeV. The experiments were carried out using the proton beam of the K-130 cyclotron of the JYFL
Accelerator Laboratory of the University of Jyviskyld and U-150m cyclotron of the Institute of Nuclear Physics, Ministry
of Energy of the Republic of Kazakhstan. The binary fragments were detected in coincidence by the double-arm time-of-
flight spectrometer CORSET. The measurements at the lowest proton energies were performed by the double-energy
spectrometer.

The contribution of the symmetric component in mass-energy distribution grows up with increasing proton
incident energy, although even at the highest proton energy the asymmetric fission peaks are still visible. Therefore, the
shell structure effects were observed in fission fragment mass distributions even at high excitation energy. At the lowest
proton energy Ep= 7 MeV (6 MeV below the Coulomb barrier) in mass distribution within 35% error some indication on
presence of the superasymmetric mode connected with the proton shell Z=28 was observed.
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JEATETbHOCTD HIEHTPA AAEPHO-® TBUYECKHUX JAHHBIX POAIN-BHAMD® [0 KOMIIMIALIANA
3KCIEPUMEHTAJIbHBIX JIAHHBIX JIJISI MEXIY HAPOJHOM BUBJIMOTEKH EXFOR
MPOTPAMMHBII KOMIUIEKC EXFOR-EDITOR

Tuxynuna I'H., Taosa C.M.
POAL-BHUMD®, Capos, Poccus

B Unctutyte Snepuo-Pammanmonnoit ®@wmsuku POAL-BHUUO®, wauwmnas c 1973 1., Beaytcss pabOTHl IO
KOMITIIIIIUH 3KCIIEPUMECHTAIBHBIX JAHHBIX, OJMy4aeMBbIX B PEaKIHIX B3aUMOACHCTBUS 3apsDKCHHBIX YaCTUI C JIETKUMU
sapaMu. B HacTosmee BpeMs 3TOH JEATENIbHOCTBIO 3aHMMaroTcs cotpyiHuku llentpa SnepHo-@usnueckux JaHHBIX,
cozganHoro B 1997 r. [1].

B moxnaze mpencTaBieHBl OCHOBHBbIE HampabieHus aesrenbHoctd LSID/I, BeiaeneH Bkian Llentpa B passButue
MEXAYHApOJHOM OHMOIMOTeKH SKCHEpUMEHTANBHBIX AnepHbIX NaHHBIX EXFOR. Bonbmioit 00bEM KOMIWIALUH OBLI
BBINOJIHEH MO pe3ylbTaTaM paboT, MpOBEIAEHHBIX HA HKCIEPUMEHTANBHBIX yCTaHOBKaxX VHCTHTyTa saepHON (Gu3uku
Kasaxctana. IpuBeneno mnoapoOHOe omucanue mporpammHoro komiuiekca EXFOR-Editor, mpeasasHaueHHOTO JUIst
BBOJIa, pelaktupoBanus u 3anucu B popmate EXFOR nmaHHBIX 1O siIEpHBIM peakiusM [2].

Jlutepatypa
1 Taosa C.M., Iluxymuna I'.H. // 13B. PAH. Cep. ®us. 2011. T. 75. Ne7. c. 1073.
2. I'. H. Mukymuua, C. M. Taosa, C. A. Jlynaesa // Bectn. Han. Hccn. Sn. Yuaus. “MHUDU”, 2013, 1. 2, Nel, ¢.125.

PA3BBUTHUE IMIPOI'PAMMHO-YIIPABJSAEMBIX KOMIUIEKCOB MOHUTOPHUHI'A ®IMBUYECKHUX
XAPAKTEPUCTHUK M3JYYEHUA HUCCIENOBATEJIBCKHUX AJEPHBIX PEAKTOPOB

Tukynuna I'H., Osyunnuxos M.A., FOxnesuu B.A., Kowenes A.C., [Ipozdoe FO.M., Pacnonos H.B., Iluckopcruii U.M.
POAL-BHUMD®, Capos, Poccus

B Teuenme mocneauux ser Bo BHUMUD® paspabotaH psjg TpOrpaMMHO-yIPaBISIEMBIX KOMIUIEKCOB,
TIpeIHa3HaYeHHBIX I MOHUTOPHHTA (hH3NYECKUX XaPAKTCPUCTHK M3TydCHUS HCCIEAOBATEIBCKIUX SIEPHBIX PEaKTOPOB.
Cpem pa3paboTOK €CTh yHHBEpCAIbHbIE MHOTO()YHKIIMOHAIBHBIE CHCTEMBI [l], KOTOpBIE PETUCTPUPYIOT TIEPBUIHBIC
MTOKA3aHUS ACTEKTOPOB HEUTPOHHOTO M TaMMa HM3JydeHHil, mpeoOpasys ux B Gpu3udecKre nmapaMeTpsl HOHU3AIIHOHHOTO
H3TyYeHUs, W TMO3BOJMIOT CYIMTh O XapakTepe NPOUCXOJAMNX B peakTope TpoleccoB. Tamke MUPOKOe
pacmpocTpaHeHHUe MOJYYWIN CIICIHAIN3UPOBaHHEIE TPOTPAMMHO -allllapaTHeIe KOMIUIEKCH [2], mpeAHa3HaueHHBIE I
U3MEpPEHHs OTACHBHBIX (DH3HYCCKUX XapaKTepUCTHK WM MPHUBA3AaHHBIE K CHEIU(UICCKOH KOH(PUTyparuu
skcnepuMeHTa. [Ipn HE0OX0IMMOCTH KOMIIIEKCHI MOTYT BBINOJNHATP W KOHTPOJMpPYOHHE (yHKOUU C BBIPaOOTKOM
aBapUIHBIX, IPEAYTIPEAUTETbHBIX U HH(POPMAIMOHHBIX CUTHAIOB, KOTOPhIE HCIOJB3YIOTCS U1 YIPABICHHS PEaKTOpOM.

ArnmnapaTHas 4aCTh KOMIUIEKCOB Ipe/CTaBIsieT co00il Habop aTTeCTOBaHHBIX CYETHBIX M TOKOBBIX U3MEPHUTEIbHBIX
KaHAJIOB, YHCIO KOTOPBIX OOYCIOBICHO KOHKPETHOW OO0JACThI0 NPUMEHEHUS M pellaeMbIMU 3ajadamu. Jluamas3oH
U3MEPEHUS CHIIBI TOKa OT aeTekTopoB — oT 1,0-1011 1o 2,5-10° A; muanasoH usMepeHHs CKOPOCTH CUETA OT JETEKTOPOB
—or 0 mo 1-10° mmm./c. DYHKIMOHATLHOE HA3HAYECHHE KOMIUIEKCOB OMPENEIAETCS YHPABISIONMM IIPOTPAMMHBIM
obecrieueHneM.

B rnokmame paccMaTpHBAlOTCA IOAXOABI K MPOEKTUPOBAHHIO MPOTPAMMHO-YNPAaBISIEMBIX KOMIIIEKCOB,
IIpeJHa3HAuYEHHBIX I MOHUTOPHHTA (PU3NYECKUX XapaKTePUCTUK M3TydEHUS HCCIEA0BATEIbCKUX SICPHBIX PEaKTOPOB,
KaK COBOKYITHOCTH NPOTPAMMHBIX U TeXHUYECKHX CPEACTB C MCIOJIb30BaHMEM HapaboTaHHbIX B0 BHUMD® mertomuk,
aHAIMM3UPYIOTCA OCOOCHHOCTH HCIOJB30BAHUS MPOMBIIUICHHBIX HOHU3AIIMOHHBIX KaMep B KauecTBe IETEKTOPOB B
COCTaBE M3MEPUTENIBHBIX KAaHAJIOB KOMIUIEKCOB [3,4], MpHUBOAATCA NpHUMEpPbl KOHKPETHBIX peajM3allii ammapatHo -
MIPOrPpaMMHBIX CHCTEM C OIUCAHUEM HX (DYHKIIMOHAIBHBIX BO3MOKHOCTEH.

1 A.S.Koshelev, K.N.Kovshov, M.A.Ovchinnikov, G.N.Pikulina, A.B.Sokolov // Physics of Atomic Nuclei, 2016,
\Vol. 79, No. 8, pp. 117-124.

2. A.S.Koshelev, A.V.Arapov, M.A.Ovchinnikov // Physics of Atomic Nuclei, 2016, Vol. 79, No. 8, pp. 108-116.
3. A. C. Komenes, B. X. Xopyxwuii, M. A. Ouurnukos, I'. H. [Tukynuna // SInepras ®usnka n MHXAHUPHHT,
2013, 1. 4, Ne 11-12, ¢. 1009-1015.

4, A. C. Komenes, B. X. Xopyxwuii, M. A. Ounnnukos, I'. H. [Tukymmaa // BAHT, ®u3nka saepHbIX peakTopos,
2012, Beim. 3, c. 51-59.
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®OTOAIEPHBIE PEAKIIMU HA M30TOIIAX CTPOHIIUSA WU MOJIUBAEHA
2Benvies C.C., Y2 Mwxanos B.C., 1Ky3Hez406 AA., 1Op/mH B.H., 2Ilonosa M.B., *Cmonanu K.A., *Xanxun B.B.

'Hayuno-ucce0BaTenbCkuii HHCTHTYT saepHOi gpusuku uMenn Jl. B. Cko6enbibpiaa MoCKOBCKOTO
rocynapctseHHoro yHuepcuteta umenu M. B. Jlomonocosa, 119991, I'CII-1, Poccusa, Mockga, JIeHuHCKHE TOpBI, 1.
1, cmp. 2
2Dusnuecknii GpaxyIbTeT MOCKOBCKOTO TOCYIAPCTBEHHOTO YHUBEpP cHTeTa uMeHn M. B. Jlomonocosa, 119991, I'CII-1,
Poccus, Mocksa, Jlenunckue ropsl, a. 1, ctp. 2
E-mail: mm.popova@physics.msu.ru

Ilo coBpeMEHHBIM MPEACTABICHUAM, OOJIBIIMHCTBO CTAOMIBHBIX sAep TDKeIee xKelneza o00pa3oBamCh B
pe3ybTaTe S- U I-IPOLECCOB B 3BE3AHOM HYKJIECOCUHTE3E, T. €. IOCIEeI0BATEILHOIO 3aXBaTa HEUTPOHOB C MOCIIEIY FOIIUM
B-pacmamoM. OmHAKO Cpeau BCEX 3THX sIEp CYIIECTBYIOT TPyIa HEHTPOHOAe()UIUTHBIX CTAOUIBHBIX Afep (HampuMep
84Sru 92Mo), Ha3bIBacMBIX 00OHIEHHBIMHU, MEXAHU3M OOPa30BaHMs KOTOPBIX IO CHX IOP He Bbisd cHeH. OiHA W3 THUIIOTES,
Impu3BaHHass OOBACHUTH HX MPOUCXOXKACHHE, — IIeMOYKa IOCNEeNOBaTeNbHBIX (POTOANEPHBIX peakuuii Ha H30TOMNAx,
oOpazoBaBamxcsi 1O s- WM r-mpoueccy. OIHako MOJEIMPOBAaHME HE TMO3BOJIET MOJYyYHUTh HaOmomaeMoit
pacrnpocTpaHeHHOCTH 000 AeHHBIX siiep. [IpuunHa MOXKeT JexaTh B HEBEpHOH OLIEHKE CeYeHHUH, 0COOCHHO UIs peakiuii
C BBIJIETOM IPOTOHOB, BHOCSAIIEH OCHOBHOM BKIAJ B pa3pylLIeHUE 3THX saep. BoIbIIMHCTBO ceueHHi (OTOHYKIOHHBIX
peakuunii Ha cpeHUX (B YaCTHOCTH, HAa N30TONAaX CTPOHIUS U MOJIMOAeHA) U TKEJIBIX SiApaxX ObUIH 110 IyYEHBI C ITOMOLIBI0
IPsIMOTO U3MEPEHUS BBUIETAIONIMX YACTHL, MOTCHLIUAIBHO IMPHUBOJAAIICH K OONBIIUM CHCTEMAaTHYECKMM OIIHOKaM.
AKTHMBallMOHHAs METOJAMKA, WCIOJb30BAaHHAs HAMU JUI1 HPOBEACHUS OKCHEPUMEHTa, NPU3BAHHOTO OIEHUTH
JOCTOBEPHOCTb IMOJIyYEHHBIX CEUEHHH, TUIIEHa ITUX HEJIO CTATKOB.

B pesynbrate paboTsl OBUIO IIPOBEJEHO O0JydeHHE SCTECTBCHHBIX M30TONHBIX CMECEH CTPOHIMA U MOJMOJeHA
TOPMO3HBIM H3JTyYCHHEM C BepXHEW rpaHuier E,™ = 55.6 MaB, m3Mmepenue u pacmmppoBKa Y-CIEKTPOB 0CTATOYHON
aKTHBHOCTH, PacdeTbl SKCIIEPUMEHTAIBHBIX U TEOPETHIECKUX BBIXOJOB HPOIYKTOB (DOTOSICPHBIX PEaKMil Ha OCHOBE
Pa3IUYHBIX MOJENEH U DKCIIEPUM EHTAIBHBIX CEUEHUH M MX CPABHEHHE JUI1 pEaKIMK Ha HATypaJbHBIX H30TOMHBIX CMECAX
CTPOHIIMI W MOJHMOIEHA, NPHUYEM BBIXOJBl HEKOTOPHIX OB W3MEpeHbl BrepBble. [lodydeHHBIE pPe3yIbTATHI
CpPaBHUBAIINCH C pe3yJbTaTaMu pacueta Ha ocHoBe monem TALYS [1] ¢ npuMeHeHneM cTaHAAPTHBIX MTAPaMETPOB U C
BKIIOYEHHEM B pacyeThl H30CITHHOBOTO PACHICIUICHHS, a TAKKe IT0 KOMOMHUPOBAaHHON MOJIeTH ()OTOHYKIOHHBIX PeaKInit
[2] u ¢ uMeromUMUCS 3KCIIEPUMEHTAIBHBIMU cedeHUsIMU. HekoTopble U3 MOJIyUYEHHBIX PE3YyJIbTATOB IIPEJCTABICHBI B
Tabmime 1. B paboTe moxa3aHa HEOOXOMMMOCTh ydeTa HW30CIHMHOBOTO pPACIICIUICHUS Ui IMPAaBHIFHOTO OITHCAHUS
CeUEHUH (OTOSIACPHBIX PEAKINH C BBUICTOM MPOTOHOB M PEAKIWH C BBUICTOM JBYX HEHWTPOHOB. B ocHOBHOM pasmiume
MEXAy MOJEIIMH MPOSBIACTCS UL KOMIIOHEHTH! T>, HMEIOmEer OOJBIIYI0 SHEPTHIO BO30yxaeHusa. Ho, kak moxasamm
HaIlli SKCIICPUMEHTAIBHBIC JaHHBIE, CTaHAapTHas mporpamMma TALYS MokeT HEeBepHO ONHCHIBATE ()OTOIPOTOHHOE
Ce4yeHHe U 11 KOMIIOHEHTHl T«<.

Ta6mana 1. Berxogsl (oTOSAEpHBIX peakuuii Ha 000iineHHbIX sapax 84Sru %2Mo

W3oTom OcH. peakiyst Yexp YT1aLYs YTALYS+SO YkMmaop
9OMo 92Mo(y,2n) *°Mo (1.79 £0.11) - 1077 2.54 - 107 173 - 1077 243 - 107
1Mo 92Mo(y,n) °1 Mo (4.17 £0.19) -10°® 472 - 1078 472 - 106 5.89 -10°®
0N 2Mo(y,pn) °Nb | (262 £0.12) 107 | 3.19 - 107 274 107 272 107
91N 2Mo(y,p)™Nb | (1.20 = 0.02) -10° | 4.64 -10° 556 - 100 -
B3Gr 84S1(y,n) 535 (882 £021) 108 | 861-10° 86108 7.99-10 8
B3RD 84S1(y,p) °Rb (3.04 = 024) 108 | 148100 218108 3.04-10 8
B2Rb B4Sr(y,pn)82"Rb | (831 +038) 1050 | 5.87-10 10 5.00-10 10 -

[1] Capote R. et al. Belgya T., Bersillon O. laea-tecdoc-1506, 2006.
[2] Opsmn BH. Nuxanos B.C. fnepuas ¢usuka, 78(7-8):601, 2015.
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MOJETAPOBAHUE BTOPUYHBIX IMPOIIECCOB IPU B3AMMOJENCTBUUA ®OTOHOB C
BEIMECTBOM

Tlonoowvko A.HU., Yepnses A.I1
MockoBckuil rocynapcTBeHHbI yHUBepcuTeT uMeHu M.B. JlomoHnocoBa, Mocksa, Poccus

B coBpemeHHOH JydeBOH Tepammu IpH  OONydYEeHHHM TamUeHTa (GOTOHAMM JOOWTBCA  XOPOIIEro
MIPOCTPAHCTBEHHOTO PaCHpe/eIeHHs BEICOKOH 035! OJIM3KOTO K 00JIydaeMoMy 00beMY MOXKHO Pa3INIHBEIMHU METOTaMH.
Ho mopoii, axe ¢ UX MOMOINBI0 HE yJaeTcs AOCTHYh IPUEMIEMOTO pacIpeleleHHs M03bl U MOKPHITHI 00beMa, UTo
€CTCCTBCHHO HATAIKHBAET HAa HCCIEIOBaHMSA BO3MOXKHOCTH NPHUMEHEHHS OoJiee NMPOBUHYTHIX NPHEMOB, HAIPHUMeEp,
TAKOTO KaK MPUMEHEHHE TPaJeHTa MarHuTHOTO Toust [1-2]. JIns MogenMpoBaHusi TAKHX CHCTEM OOJBIIOE 3HAYCHHE
HMEIOT PaclpefeNieHus] BTOPHUYHBIX AJIEKTPOHOB, MO3UTPOHOB M IaMMa-KBAHTOB IO HMX KHHETHUYECKUM JHEPIUSM U
9HEPTHH, MOIJOIaeMBble BEIIECTBOM B pe3yIbTaTe BTOPUYHBIX IIPOIECCOB.

Bzaumopeiicteue myukoB ¢otoHoB ¢ sHepruamu S5, 10, 20, 50, 70 M»>B B BomHOM ¢QaHTOME € BEUIECTBOM
MOJIENMPOBAJIOCH C TIOMOMIBIO IIporpaMMHoro komiuiekca GEANT4 s 108 wacun B ciyuasx, Korna moporopas SHEpIus
BTOPHYHBIX 3JIEKIPOHOB cocTaBusieT 1 3B m 10 x9B, a pasmepsl dantomor — 40x40x40 cm® u 20x20x20 cm®. U3
MHOXKECTBa IPOLIECCOB B3aHUMOJEHCTBUS TraMMa-U3IydeHHs C BEIIECTBOM B JAHHOM JHEPreTMYecKOM HWHTepBale
npeo6ianaroT KOMITOH-3¢G G eKT 1 00pa3oBaHKe INEKTPOH — MO3UTPOHHBIX Iap.

B pesynbrate uccienoBanus ObUIO MOKa3aHO, YTO KOJMYECTBO BTOPUUHBIX 3JIEKTPOHOB ¢ IOPOTOBO# sHeprueil Ee
> 10 k3B menbuie Ha 10-13 %, yvem ¢ E. > 1 k3B, npu 3TOM KUHETHYECKAs SHEPTHS U NEepeJaHHAas YHEPTHS BEIICCTBY
ommyatorest Ha 2 — 3 %, BCIEACTBHE YMEHBLICHHMs 4uCiIa (POTOHOB B3aMMOJECHCTBYIOIIMX C TPETHHM JJIEKTPOHOM.
CneoBaTeNlbHO, BO3MOXKHO YBEIMYEHUE MOPOTOBOM dHEPTHM sl MOBBIMIEHUS] CKOPOCTH pacueTa 0e3 3HAYHTEIBHOTO
yXyJUICHUS KAaueCTBCHHON KapTWUHBL. bonee 3Ha4yMTeNbHOE BIMSHME OKa3blBacT M3MEHeHHe oObeMa QaHTOMa, C
40x40x40 cm3 o 20x20x20 cM3, Ipu KOTOPOM KOJMYECTBO BTOPHYHBIX KOMITOHOBCKUX 3JIEKTPOHOB yMEHBIIAETCA B ~
3 pasa, MO3UTPOHOB U 3JIEKTPOHOB B pe3yJibTaTe 0OpaszoBaHus map B ~ 1.7 pasa, a cyMMapHas 3HEpTHs, NepeaaHHast
BTOPUYHBIM HYacTHIaM B ~ 1.6 pa3a B pe3yJbTaTe yBEIMUYCHUS YUCIA IIEPBUYHBIX GOoTOHOB B ~ 1.2 pasa, CIMIIKOM paHO
MoKuaomux 00beM u yHocsimux B ~ 1.3 pasa Oonbiue 3Heprun. Kpome TOro, CpaBHHBAIMCh 3HAUCHUS INEPEIaHHON
BTOPHYHBIM YaCTULAM DHEPTUHU U DHEPTHH, MOITOIEHHON cpenoil B pe3ynpTaTe B3aUMOJICHCTBHUS C 3THMH YacCTULIAMH.
Jls komMnToH-3¢ (heKTa pa3HUIIA SHEPTHIA HEBeNrKa U cocTaBmwia oT 1 % s sneprun 5 MaB o 4 % mi 70 MaB. B 10
BpeMsI Kak IjI Ipoliecca poXICHHUS 3JIEKTPOH — IO3UTPOHHBIX Map pasHMIla HaMHOTO Oonbire - oT 1 % mi1 5 MaB no
15 % nns 70 MaB, 4T0 TPOUCXOJUT C YBEIMICHHEM YHUCJIA AaHHUTHIISIIMOHHBIX U TOPMO3HBIX ()OTOHOB, MOKHUJAONIHX
00weMm, B cpegHeM oT 2.52 gactur mit 5 MaB no 5.44 wactun s 70 MaB.
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Puc.1. [l myukoB ()OTOHOB PA3TMIHBIX HEPTHUH OIS YHEPTHH BTOPHYHBIX 3JIEKTPOHOB (OTHOCHTENHHO SHEPTHH
9aCTUI[ IEPBUYHOTO Tydka) B pantome 40x40x40 cm® B pesyinbrate jeiictus MexaHu3MoB: | — kommron-3¢Qdexr, I —
nponecc obpasosanus nap, Il — cymmaphsit Biag mexaan3moB [ — Il — A. OtHomeHHe K SHEPTHH ITyYKa MEPBUIHBIX
(hOTOHOB PHEPTUU TIEPEIAHHON BTOPUYHBIM dJiekTpoHaM U noszutpoHam (I) m mornmomenno# nmu (1), oOpasyromuxcst B
pe3ylbTaTte ACHCTBUS MeEXaHU3Ma poxkaeHus nap — b.

1 A.V. Belousov, A.P. Chernyaev, S.M. Varzar // Bull. Russ. Acad. Sci., Phys. 2007. V.71. Ne6. P.841.
2. B.M. Oborn, P.E. Metcalfe, M. J. Butson // Med. Phys. 2009. V.36. Ne§8. P.3549.
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AHAJIM3 JTAHHBIX, IBMEPEHHBIX C IIOMOIIbIO JIETEKTOPA HEATPOHOB HA OCHOBE
BOPA — 10 1 CYETYUKA C TETUEM-3 HA ®OTOHEATPOHHOM WMCTOYHUKE HEWTPOHOB
s PAH

Tomawes C.H.*, 3yee C.B. 1, Mewkos U.B. %, Bypmucmpos FO.M. *, Kono6eesckuii E.C. *, Kapaescxuii C.X. *

! MacmnryT sinepHbIx mccnenoBanuii Poccuiickoii akagemun Hayk, Mocksa, Poccust
2 Ousnueckuil nactHTyT MM. [LH. Jle6enesa Poccuiickoii akagemun Hayk (PDMAH), Mocksa, Poccus

AHamm3upyIOTCS aHHBIC, MOJy4YeHHBIE Ha (GoToHEHTpoHHOM HcTOuHHMKe HeWtpoHoB MH-JIVD MSU PAH c
pa3MMYHON SHEprueil 3JEKIPOHOB € OJHOBPEMEHHBIM MCIOJIBb30BAHUEM 10 3ULMOHHO-4YBCTBUTEJILHOIO JAETEKTOpa
HEUTPOHOB C aKTUBHBIM CJIOEM U3 10B i 3He-cuetunxa CHM-18 ¢ memnbio U3MEPEHHUs] BKJIaJa TEIUIOBBIX U OLICHKH BKJIAJa
HENTPOHOB ¢ Goliee BBICOKOM sHepruei. D dexkmBroCTs peructpanuu °B-reTektopa OTHOCHTENBHO 3¢ ()EKTUBHOCTH
cdeTdynka cocTaBisieT oT | 1o 4% I pasNHuHBIX SKCIEPHMEHTANBHBIX yCJIOBHH. lcmons3oBaHHE BCTPOEHHOM
MHOTOQyHKIHOHANBHON BbeIcOKOcKopocTHOI mmatel AIII/IIAIT L-CARD L-783 ¢ curHambHBIM HPOIIECCOPOM C
4acTOTOM JUcKpeTH3aiuu 10 0.3 MKC MO3BOJISET PETMCTPUPOBATH OCIMIUIOTPAMMY UMITyIILC OB C BBIXOJa ycumrens SHe-
cueTynka. Peructpanus HaBeJeHHOTO 3JEKTPOMArHUTHOTO CUTHANA OT cOpoca yCKOPUTENsl U HMITyJIbCOB OT HEHTPOHOB
MO3BOJISIET U3MEPSTh HE TOJBKO KOJIMYECTBO TEIJIOBBIX HEHTPOHOB, HO M OMpENENITh BPEMEHHOH CIIEKTp TelIOBBIX
HEUTPOHOB.

Hcnonp3oBaHue MacKy CO IIEJSIMU U3 KaAMUSL M OUE€Hb MaJoil 4yBCTBUTEIBHOCTH MO3UIIMOHHO -4y BCTBUTEILHOTO
JIETEKTOpa K 3JEKTPOMATHUTHBIM MoMexaM u (OoHy ramMMma-KBaHToB MeHee 1077 MO3BONSET HE TONBKO HCCIEN0BATH
KOOP/MHATHOE paspeinenue OB-eTekTopa, HO U OLEHUTL BKJIAJ HEWTPOHOB Pa3/M4HbIX SHepTHid. B aToM ciyuae *He-
CUYETYUK CIy>KUT MOHHMTOPOM TEMIOBBIX HEUTPOHOB. ['a30BbI MO3UIIMOHHO -UyBCTBUTEIbHBIN JIETEKTOP C AKTHMBHBIM
crnoem u3 0B npoieMOHCTpHPOBaI CTA0WIbHY 0 pabOTy B TEUEHHE T0/1a IKCIUyaTAIMM B HATIOJHIAEMOM PEKUME.

EXCITATION OF ISOMERIC STATES IN REACTIONS (y,n) AND (n,2n) ON 198200Hg NUCLEI
Palvanov S.R., Rustamova X.

Department of Physics, National University of Uzbekistan, Tashkent, Uzbekistan
E-mail: satimbay@yandexru, Palvanov1960@gmail.com

The measurement and interpretation of isomeric ratios have provided information about the energy levels structure
of nuclear systems and the angular momentum and reaction mechanism effects involved in the production of isomeric
states in nuclei.

In the present work results of investigation of the isomeric yield ratios and cross-section ratios of the (y,n) and
(n,2n) reactions on nuclei 198200Hg are presented. The isomeric yield ratios were measured by the induced radioactivity
method.

Samples have been irradiated in the bremsstrahlung beam of the betatron in the energy range of 10-35 MeV with
energy step of 1 MeV. For 14 MeV neutron irradiation we used the NG-150 neutron generator. The gamma spectra
reactions products were measured with a spectroscopic system consisting of HPGe detector CANBERRA with energy
resolution of 1,8 keV at 1332 keV gamma ray of 60Co, amplifier 2022 and multichannel analyzer 8192 connected to
computer for data processing. The filling of the isomeric and ground levels was identified according to their vy lines. In
the range 26-35 MeV the isomeric yield ratios Ym/Yy of the reaction (y,n)on 198Hg are obtained at first. Using the isomer
yield ratio and the total cross section of the (y, n) reaction on 198200Hg [1] we estimated the cross sections of (y, n)™ and
(y, n)¢ reactions. The cross section isomeric ratios at E,=En are estimated.

The experimental results have been discussed, compared with those of other authors as well as considered by the
statistical model [2]. Theoretical values of the isomeric yield ratios have been calculated by using code TALYS-1.8.

1 A.V. Varlamov et al. Atlas of GDR. INDS(NDS)-394.// Vienna: IAEA, 1999.
2. V.M. Mazur // Physics of elementary particles and atomic nuclei.2000.V.31. P.1043.
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MEXAHU3MBI OBPA3OBAHHMS JEATPOHOB B PEAKIIMAX MOTJIOIEHUSA OCTAHOBUBIIIUXCS
IIMOHOB

Iypos FO.b., Kean-Kopomkoea JLIO., Jlanywkun C.B., Jleonosa T.HU., Ilpumyna P.B., Yepnviwes b.A., Illypenxosa
A

HanuonaneHbll HccaenoBaTeAbCKuil siiepHbll yHuBepcuteT “MUON” Mocksa, Poccus

IpenctaBneHsl pe3yibTaTl HCCIICAOBAHUS CIIEKTPOB M BEIXOJIOB JCHTPOHOB, OOPA3yIONMMXCA B PEaKIUU
MOTJIOIIEHUS! OCTAaHOBUBINUXCS OTPHUIATCIBHBIX IMHOHOB sapaMu. PaGota ocHOBaHa Ha pe3yJbTaTax AKCIEPHMEHTA,
BBINIOJIHEHHOTO Ha cuHxpouukinotpone [IMA® PAH c wucnonbs3oBaHueM NOJYyHpOBOJHUKOBOTO crektpometpa [l1].
INomydeH yHUKaNbHBIII HAOOp NAHHBIX MO O0O0PAa30BaHHIO 3apsDKEHHBIX YACTHI[ HA CEMHAIATH MHIICHSAX B AHANa30HE
MaccoBbIx urcen 6 < A <209. Jlng aHami3a JaHHBIX OblIa pa3paboTaHa MoJelb [2, 3], MO3BOJMBIIAS Y IOBICTBOPUTEILHO
OTIHCATh CHEKTPHI 3apsKEHHBIX JaCTHII.

Mogenp npuMeHseTcs Ul ONUCAaHUS MEPBUYHON U IPEIPABHOBECHOI COCTABILIOIIUX BBIXOJOB JICHTPOHOB.
HocturHyto yposieTBopuTenpHOe (Ha YypoBHe 20%) cormacue ¢ OSKCHEpUMEHTANbHBIMU pe3ynbTaTamu. s
IIpeJpaBHOBECHON COCTABIIIONICH B paMKaX MOJENH ONpeelAl0TCs BKIa bl MPOIeccoB BeIOMBaHUS U nopxBaTa. OleHeH
BKJIaJ TIOTTIOIEHHs MTHOHOB Ha anb(a-KkIacTepax B 00pa3oBaHUE NEPBUYHBIX IEUTPOHOB.

CnHcok IMTepaTyphl

1. Gornov M.G. et.al. // Nucl. Inst. and Meth in Phys.Res. A. 2000. T. 446. C. 461.
2. Kopotkosa JI.IO. u ap. // U3Bectust PAH: Cepus dusnueckas 2012. T. 76. C. 446.
3. T'ypoBlO.b. u ap. // U3Bectust PAH: Cepus pusnueckas 2013. T. 77. C. 415.

TO THE PROBLEM OF VERIFICATION OF COLLINEAR CLUSTER TRI-PARTITION (CCT)

L2pyatkov Yu.V., > Kamanin D.V., 2 Alexandrov A.A., 2 Alexandrova I.A., 2 Goryainova Z.1., *Malaza V., Mkaza N.,
Kuznetsova E.A., 2 Strekalovsky A.O., 2 Strekalovsky O.V., and % Zhuchko V.E.

INational Nuclear Research University MEPhI (Moscow Engineering Physics Institute), Moscow, Russia
2Joint Institute for Nuclear Research, Dubna, Russia
3University of Stellenbosch, Faculry of Military Science, Military Academy, Saldanha 7395, South Africa

In a series of the experiments at different time-of-flight spectrometers of heavy ions, we have observed
manifestations of the newat least ternary decay channel of low excited heavy nuclei. Due to specific features of the effect,
it was called the collinear cluster tri-partition (CCT) [1,2]. Additional experimental information regarding the energies of
the CCT partners, and a proposed model of the process, respond to criticisms concerning the kinematics constrains and
stability of collinearity in the CCT. The octupole deformed system formed after first scission is oriented along the fission
axis and its rupture occurs predominantly after full acceleration. Non-collinear true ternary fission and far asymmetric
binary fission observed earlier seem to be special cases of the decay of the precession configuration leading to the CCT.

References

[1] Yu. V. Pyatkov et al., Eur. Phys. J. A 45, 29 (2010).

[2] Yu. V. Pyatkov et al., Eur. Phys. J. A 48, 94 (2012).

[3] D. V. Kamanin, Yu. V. Pyatkov "Clusters in Nuclei — Vol. 3" ed. by C. Beck, Lecture Notes in Physics

875, pp. 183-246 (2013).
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AB INITIO STUDY OF RESONANT AND WEAKLY-BOUND STATES OF LIGHT NUCLEI WITH SINGLE-
NUCLEON HALO

Rodkin D.M. %, Tchuvil sky Yu.M. *?

1Dukhov Research Institute for Automatics, 127055, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia

A basis of translationally-invariant wave functions suited to describe (A+1)-nucleon states with weakly-bound or
resonance nucleon using realistic NN- and NNN-potentials is built up. We develop a formalismand construct a code
suitable to transformthese functions to a superposition of conventional shell-model wave functions. In calculations ofthe
properties of halo states the approach allows one to use a basis which is significantly smaller in size compare to the typical
shell-model one. The wave functions of the proposed basis are easily involved to multi-channel calculations taking into
account excited-core channels. This basis can be completed by conventional shell-model wave functions. The approach
may be adapted without significant changes for describing cluster states of light nuclei. Thus our approach is a step on
the road of solution the general problem formulated in [1] — to build a unified theory of the nucleus and nuclear reactions.

1. K. Wildermuth and Y. C. Tang, A Unified Theory of the Nucleus (Veiweg, Braunschweig, 1977).

THE CURRENTS MECHANISMS OF THE WEAK LEPTONIC PROCESSES
Romanov Yu.l.

Moscow State University of Design and Technology, Moscow, Russia
E-mail: romanov.yu.i@mail.ru

In the present work, a development of [1], the weak leptonic processes are studied. Among the presented results

are the following.
1. The description of all known leptonic families using the “charge” (Lch) and “neutral” (Ln) quantumnumbers are
introduced.

Leptons e T Ve, Vu, Vr
Lch 1 0
Ln 0 1

Within this scheme the reactions caused by nondiagonal neutral currents (f_ﬂ':] and (17;1’91 where /=g, 7, changing
the flavor of leptons are discussed.

2. The structure of the diagonal neutral ézyq(1+heys)er, e = Ga/G and charge &y,(1+hys)v, h=galgv currents,
where the constants ga and gv can be either real and complexor pure imaginary, is investigated using the total NC- and
CC cross sections of elastic (anti)neutrino-electron scattering.

Connection of the ratio £ = U{'l’gﬁ?:]f 7(T; €) with the constants fi; and h is determined by following expressions:
1+ 4, Re h,

= Ag=————,
1—4,"° " 1+ |h)2

R=201 42401 =2=
1+|R[*"
The real positive values of heand h are desicribed as
he = ——[(R +1) £ V108 - -3R* - 3
0 E-1) '
1++32-—-R
h =
VR —2

In (V-A) approximation R1=3, he=h=1. Within the standard electroweak model R1=2.39, he=1.91 for sin20w=0.23.

The model in[2], according to which for Ve#( Vs €)-scattering Oy :1, g, =@=xig) €= V0.4 , predicts the values R:
=241 nhe= 195,

1 Romanov Yu.l.//Bull Russ. Acad. Sci. Phys. 2013. Vol. 77. No. 4. P. 476.
2. Ramanathan R // Nuovo Cimento. 1977. Vol. A37. No. 3. P. 233.
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UCCJIEJOBAHUE M3OMEPHBIX OTHOLIEHUM 9™INbu 133m9Xe [IPU ®OTOJAEJTEHUN 238U

L )Kenmomnoscckuii B.A., * Buwneeckuii UH., lﬂasu()oecmm ou,! Caepacos A.H., 2 Conodosnux E.H., 2 Huwiixo
B.A., ?Top6auenxo A.H.

! MuctatyT sinepubix uccnenosannii HAH Vipannsr, Kues
2 KneBckuii HaMOHANbHEIN yHUBEpcHTeT mMenn Tapaca lllesuenxo, Kues

U3MepeHbl M30MEPHBIE OTHOMICHHS BEIX0I0B Y (9/2) Y(1/2) /st °™IND 1 Y(11/2)/ Y(3/2) mst 1339 Xe mpu poTomenenmnm
2381 TOPMO3HBEIMH TaMMa-KBAaHTAMH C TPAHWYHOW BeqmMuMHOW sHepruu 12.5 Mb>B. OGiydeHne TpOBOMMIOCH HA
yckoputene M-30 YKropoACKoT0 MHCTHTYTa DJIEKTpOHHOU (u3nku. Habop y-CreKTpoB OCYIIECTBISIICS C MOMOIIBIO
CIEKTPOMETPOB COOpaHHBIX Ha 0a3e CBEpXUUCTBIX Te€PMAHHEBBIX ACTeKTOpoB. Ilpm »Heprum 12.5 M»>B penenue
MIPOUCXOJUT TOJIbKO 10 Kanaiy (7,f).

Vi3MepeHus BBIMOJHSUIMCH aKTUBALMOHHBIM METOJOM ITOCPEACTBOM OMNPEACNICHHs COOTHOIICHUS AKTHBHOCTEH
spep 25Zr (T1/2=64 mus), ©°™Nb (T1/2=86.6 u.) u %5INb (T1/2=35 n.) m 1331 (T1/2=20.8 u.), 133MXe (T1/2=2.19 1) m 1339Xe (T1/2
= 524 mug). Chnextpsl (oToneneHHs 3alUCHIBAIICHE C Pa3IMYHBIME BPEMEHHBIMHM HHTepBajamu. g aHamiza
HCII0JIb30BAJIMCH IKCIIO3ULUH OJIM3KUE K COOTBETCTBYIOIIMM IIEPHOaM IOJIypacnaja.

B pesynbTaTe MpOBENCHHBIX M3MEPEHHM, BIIEPBLIE MOMYYEHBI BEJIMIUHBI H30MEPHBIX OTHOMIEHHA st Y°MIND:
Y2/ Yw2) = 0.66:0.04 1 Y(11/2)/Y(312) = 0.34+0.06 s 133mIXe. [IpoBoautcss 06CYKAEHUE MOTYIEHHBIX JaHHBIX.

IKCIIEPUMEHTAJIBHBIE UCCJIENIOBAHUA POXIEHMWA II-ME3OHOB B U+U
B3AVUMOJIEUCTBUSAX TIPU DHEPTHUM 192 I'IB

beponuxoe A.A., beponuxos A.A., Kapxo C.B., Komog /].0., Padzesuu I1.B.
Cankr-IletepOyprckuii [Tomutexaudeckuit YuuBepcuteT Iletpa Bemukoro, Cankr-Iletepoypr, Poccus

W3yueHnne cBONUCTB CUIbHOB3aUMOJEHCTBYIOLIEH KBapK-TiooHHON mia3Mbl (cKI'II), coctostHus sinepHOit MaTepuu
B YCJOBHAX BBICOKOW TeMIepaTypbl M OapHOHHOHM IUIOTHOCTH M 00JiaJaromiel MapTOHHBIMHU CTEICHSIMH CBOOOJbI,
SBJICTCS] OJTHOM W3 3a/1ad cOBpeMeHHOM (u3ukn. CauTaercs, 4T0 B TAKOM K€ COCTOSIHUH Haxoauiach BceneHnas depes
MUKpOCeKyHbl nocie bonbmoro B3psiBa. [1].

B mabopatopusix ycnosusax cKI'T1 BnepBrie Oputa moydeHa B CTOJKHOBCHMSAX TDKEIBIX sep Ha PenstnBucTCKOM
xommaiinepe Tokensix woHOB (RHIC, BNL) [2]. Omamv n3 mpmsHakoB cKI'TI sBigercs sddekT rameHus aapoHHBIX
CTpy#, HaOMOMaeMbI B BHAEC NOJABICHHS ME30HHBIX BBIXOJOB B 00JacTH OOJIBIIMX NOMEPEYHBIX HMITYJIBECOB B
LIEHTPAJIbHBIX CTOJIKHOBEHUSX YIbTPAPEITUBUCTCKUX TDKENBIX SAEP IO CPaBHEHMIO C ME30HHBIM BBIXOJOM B
AJIEMEHTAPHBIX P+p CTOJKHOBEeHUsX. [10700HbBIH ekt sBisteTcs 3P PEeKToM KOHEUYHOTO COCTOSHHS B3aMMOICHCTBHS
TDKETBIX SAEpP, W CBI3aH C MOTEPSIMU YHEPTHUH MAPTOHOB B TOPSYCH M INIOTHOH cperne.

V3sMepeHne WHBApHAHTHBIX BBIXOJOB HEWTPAIBHBIX IMHOHOB SBJICTCS OJHHM W3 JYUYNIMX HHCTPYMEHTOB I
H3yYEHHUs IPOIECCOB MOTEPh SHEPTHN MapTOHOB, MOCKOJIBKY HEHTpAJIbHBIE MHOHBI MOTYT OBITh U3MEPEHBI B ITHUPOKOM
HHTEpBaje MONEPEUYHOTO UMITYIbCa C OTHOCUTEIFHO HEOOJIBIIMMHY CTATUCTUIECKUMHU M CHCTEMATHICCKUMH OMIMOKAMH.

3ameuarensHOW ocobenHocThio RHIC sBmsercst Bo3MokHOCTh wm3ydeHHs cBoifictB cKI'TI B pasHBIX
CTAJIKMBAIOIINXCS CUCTEMaX MPH Pa3HBIX YHEPTUAX CTOJIKHOBEHUSA. DTO M03BosieT u3yuaTs cBoiictBa cKI'TI, B ToM umcie
U MOTEPH DHEPTUM NApTOHOB B HEH, B 3aBUCHMOCTH OT DHEPTEeTUYECKOH MJIOTHOCTH U CpeIHeW UIMHBI CBOOOJHOTO
mpobera, peann3yeMbIX B IEHTPAIbHBIX CTOJKHOBEHUSAX TOKENBIX aaep. B 2012 rogy na skcnepumente PHENIX 6bpim
MOJTy4eHbI NIEpPBbIe TAHHBIE B LIMKJIE CTOJKHOBEHHH siiep ypaHa mpu sHepruu 192 I'sB, B KOTOPBIX peanmmsyeTrcs camast
OoJiblIasi TJIOTHOCTh JHEPTUH, AOCTYNHAas il aHamu3a. 1lodToMy u3ydeHHEe OCOOEHHOCTeH pOKACHHS ME30HOB B
cucreMe U+U CTOJIKHOBEHUI MO3BOJIMT MOJYyYUTh JONOJHUTEIbHbIE OIPAHWYEHUE Ha NapaMeTpbl TEOPETUYECKUX
Moeneh u usmeputsh cBoiictea cKI'II ¢ 6osiee BRICOKOI TOUHOCTEIO.

OxcniepumenT PHENIX [3] usmepun uaBapuaHTHble U] depeHMaNibHbIe CIEKTPBl POXKACHUS HEHUTPaJIbHBIX ITH -
ME30HOB I10 MONEPEYHOMY HUMITYJIbCY, a TaKkKe (DaKTOPBl ACPHON MOM(MHUKAIMKA HEHTPAIBHBIX I ME30HOB B IISATH
knaccax nentpaipbHoctd U+U ctonkHoBeHuit npu sHepruu 192 I'>B. B nentpanpubix U+U CTONKHOBEHHUSX MOJaBICHUE
MUOHHBIX BBIXOJIOB UMEET TAKOM K€ XapakTep, KaK W IMOJaBJIeHHE HEUTPaJbHBIX MMOHOB B Aut+Au CTOJKHOBEHUSX [4]
npH OJIM3KUX 3HAYEHUSAX YUCEN YUaCTHUKOB.

Pesynbratel OBITM TIOJIydeHBI B pPaMKaxX BBIIOJHEHHS TOCYJapCTBEHHOTO 3alaHus MwuHOOpHayku Poccun
3.1498.2017/4.6.

1 E. V. Shuryak, Phys. Rept. 61:71, 1980.

2. M. Harrison, T. Ludlam, S. Ozaki, Nucl.Instrum.Meth. A499:235, 2003.

3. K. Adcoxet al. (PHENIX Collaboration), Nucl.Instrum.Meth. A499:469, 2003.
4 A. Adare et al. (PHENIX Collaboration), Phys.Rev.Lett. 101:232301, 2008.
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INVESTIGATION OF DOUBLE BETA DECAY OF %8Nji
Brudanin V.B. 1, Klimenko A.A. !, Piquemal F.?, Rukhadze E. ®, Rukhadze N.I. !, Shitov Yu.A. %, Stekl I. 3, Warot G. 2

1 Join Institute for Nuclear Research, Dubna, Russia;
2 Laboratoire Souterrain de Modane, Modane, France;
3 Institute of Experimental and Applied Physics, CTU in Prague, Prague, Czech Republic
E-mail: rukhadze@jinr.ru

Investigation of double beta decay processes (B*EC, EC/EC) of *8Ni was performed at the Modane underground
laboratory (LSM, France, 4800 m w.e.) using ultra low-background HPGe detector OBELIX with sensitive volume of
600 cm? [1]. The objects of analysis were y-rays with energies of 511, 811, 864, 1675 keV. The B*EC decay of 58Ni will
be accompanied by emission of positron, which creates two correlated annihilation y-quanta with energies of 511 keV.
The B*EC decay of 38Ni to the first 2+1,811 keV excited state of 58Fe will be accompanied by emitting of additional y-
quantum with energy of 811 keV. EC/EC decay of 38Ni to the first 21,811 keV and second 2*,,1675 keV excited states
of 58Fe will be accompanied by y-rays with energies of 811 keV and 1675 keV, or 811+864 keV respectively. All these
y-quanta can be detected by the OBELIX detector with high efficiency.

A sample of natural nickel, containing ~68% of 58Ni, was prepared in a shape of a Marinelli beaker in 2014. It
looks like a cylinder with an external diameter of 192 mmand a height of 130 mm having an internal hole with a diameter
of 126 mm and a depth of 106 mm. The total mass of the sample is ~21.7 kg. Test measurements of the sample in 2014
and 2015 showed increased level of short-living cosmogenic isotopes. To decrease the level of this activity he sample
was stored underground till 2017.The main measurement was started in April 2017 and is in progress. Basing on
preliminary calculation of the data accumulated during 43.5 days of current measurement new experimental limits on
B*EC decay of 8Ni to the ground 0* and 2*1, 811keV excited state of >8Fe, and EC/EC decay of °8Nito 2*1, 811 keV and
2+, 1675 keV excited states of 8Fe were obtained. They are -T1/2 (B*EC,0*—0%) > 9.7x1021 y; T12 (B*EC, 0*—2*1) >
1.2x1022y, T1/2 (EC/EC, 0*—2%1) > 1.6x1022 y, T1/2 (EC/EC, 0*—2*2) > 8.3x1021y . All limits are at 90% CL. Previous
experimental limits for these decay modes were Ti2 (B*EC,0t—0%) >7.0x1020 y (68%CL) [2], T2 (B*EC,0*—2%1) >
4.0x10%0 y (68%CL) [2], T1/2 (EC/EC,0"—2%1) >4.0x10%° y (90%CL) [3] and T1/2 (EC/EC,0v—2%2) >4.0x101° y (90%CL)
[3]. For resonant neutrino-less radiative EC/EC decay with energy of 1918.3 keV a new experimental limit of
T1/2 (OVEC/EC-res, 1918 keV) >5.1x1022 y (90% CL) was also obtained.

1 N.l.Rukhadze etal.// Izvestia RAN, ser. phys. 2013. V.77. P.424.
2. S.I.Vasil’ev etal // JETP Lett. 1993. V.57. P. 631.
3. E.Belotti et al.// Lett. Nuovo Cim. 1982. V.33. P. 273

ABTOUOHM3AILIMAA ATOMOB TA IIPU DJIEKTPOHHOM 3AXBATE 181w
Kenmomnoowcckuii B.A., Caspacoe A.H., Cmpunvuyx H.B., Xomenxos B.I1.
WnctutyT sipepHbix uccnenoBanuiit HAH Ykpannbt

IIpoBeieHO UCCIEN0BAaHNE aBTOMOHM3aIMU atoMoB 81Ta npu snexktponnom 3axsate ¥1W (T2 =121 cyt.). Sdapa
181W mapaGateiBamuchk B (n, y)-peakuuu Ha peaxrope BBP USIU HAHY npu o6dydeHUM MUIIEHH M3 €CTECTBEHHOTO
Bonb(pama. [Ipu snextponnoM 3axsate 81W ¢ BeposTHOCTEIO 99,9 % pachai MAET B OCHOBHOE U IIEPBOE BO30YKICHHOE
coctosiHMe ¢ 3Hepruei 6 k3B, Qec = 188 x3B. C yyeToM Takoil cxeMbl pacmaza ObUla HCIOJB30BaHA METOMMKA
CyMMHUpOBaHUs coBnamarommx Kx-kBantoB. BepositHocTs aBTOMOHHM3anuu K-000109KH NpH 3JIEKTPOHHOM 3aXBaTe, Kak
npaBuio, MeHblie 107 OT BepOATHOCTM pacmajga, MOdTOMY HEOOXOAMMO NPOBOIUTh MCCIEAOBAHUS € OOJBIIMMH
motokaMu Kx-m3mydenus. Bosbmme motokn Kx-KBaHTOB NMPHBOIAT K OOpa3OBaHUIO CIy4YalHBIX COBIAJICHHUHA, Ha
MOPSAJOK MNPEBHINAOIINX OXUAaeMbIH 3P ¢eKkT oT apromoHm3anuu. /s ydera BKIaja CIy4YailHBIX COBIAJCHHI
U3MEPEHHS POBOIAIACH CO CMEIIAHHBIMU UCToUHHKaMu 81W+241Am 181W+109Cd, Usmepenns mposomwmck na Ge-
CIleKTpoMeTpe ¢ sHepretuueckuM paszpemieHrneM 500 3B Ha Kq Ta, 310 mo3Bomno pazgemuts Kq1 u Koo muku, uto
CYIIECTBEHHO MOBBICHIIO TOYHOCTh 00pPabOTKN TUKOB CYMMHPOBAHUS.

B pesympraTte TPOBENCHHBIX HCCICAOBAHWMN H3MEpPEHA BEPOATHOCTh ABTOMOHM3AIMHM Ta NPH 3IIEKTPOHHOM
saxsate 181W m oHa okasamack paBHOM Pxk = (2.2+£0.4)-104.

IIpoBomTess 06CYXIEHHE MOy YCHHBIX TAHHBIX.
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FUSION REACTIONS WITH LIGHT NEUTRON-REACH NUCLEI: PATHWAY TO SYNTHESIZE OF
NEW HEAVY NUCLEI

1Rachkov V.A.,* Karpov A.V., Saiko V.V.

IFlerov Laboratory of Nuclear Reactions, JINR, 141980 Dubna, Russia,
E-mail: rachkov@jinr.ru

During recent years, significant progress has been achieved in the experimental and theoretical investigations of
the region of heavy and superheavy nuclei. Note that for elements with Z > 100, only neutron -deficient isotopes (located
to the left of the stability line) have been synthesized so far, while the unexplored area of heavy neutron-rich nuclides
(located on the stability line and to the right of it) is extremely important for nuclear astrophysics investigations and, in
particular, for the understanding of the r-process of astrophysical nucleogenesis (a sequence of neutron capture and B-
decay processes). Fusion reactions of stable nuclei do notallow one to explore this area. The developments of the modern
powerful accelerators and creation of radioactive ion-beam facilities provide the possibility to receive the high intensity
radioactive ion beams (RIB). It may help to synthesize new isotopes of heavy and superheavy elements up to Z = 108 [1].

In this work the formation of heavy and superheavy nuclei in the fusion of radioactive projectiles with actinide
targets are discussed. The corresponding predictions of the fusion cross section for several combinations of colliding
nuclei have been made with the use of Web knowledge base on low energy nuclear physics, NRV [2]. These results may
be useful for planning and data analysis of the corresponding experiments.

[1] V. Zagrebaev and Walter Greiner, Phys. Rev. C, 78, 034610 (2008).
[2] http://nrv.jinr.ru

INVESTIGATION OF THERMAL NEUTRON FLUX FROM VVR-K REACTOR (INP) USING THE
DEVELOPED PROGRAM-TECHNICAL COMPLEX

Oskomov V.V., Sedov A.N., Burtebayev N.T., Saduyev N.O., Kalikulov O.A., Kenzhina I.E., Utey Sh.B., Shinbulatov
S.K., Zhumabaev A.l., Mukhamejanov Ye.S.

Hnstitute of Experimental and Theoretical Physics of al-Farabi Kazakh National University, Almaty
2Institute of Nuclear Physics, Almaty

In this paper, a comparison is made between the intensity of thermal neutron fluxes when they pass various media
recorded by SNM-15 proportional counter.

The main purpose of the experiment was to study the interaction of neutrons with matter and to determine the
features of their absorption and reflection in various media using the developed program-technical complex.

The setup for recording neutron events consists of gas-filled proportional counter SNM-15 and materials for
creating various media such as polyethylene, boron, graphite, beryllium, lead. The experiment was conducted at the
Institute of Nuclear Physics with a constant neutron background of VWR-K reactor. Counters of this type are used to
register neutrons generated in a 6NM64 neutron supermonitor. Thermal neutrons are detected by nuclear reaction 10B(n,
a)7Li. The BF3 gas enriched with 10B isotope is inserted into counters. The length of the counteris 2 m, the diameter is

15 cm.
Based on the results of the experiment, quantitative estimates of neutron flux intensity are obtained. Preliminary

calculations have been carried out to study the interaction ofneutrons with matter. The results of this study are the basis
for optimizing the process of detecting neutrons generated in 6NM64 neutron supermonitor.

This work was supported by grant #3838/GF4 of the Ministry of Education and Science of Kazakhstan.
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®OPMUPOBAHUE MHKJIIO3UBHBLIX CIEKTPOB (P,XP), (P,Xa) HA SIJIPE 9°Rh IIPU DHEPTUU
MMPOTOHOB 30 M29B

Jlyiicebaes 5.A. Y, Konowibaes TK. *, Cadvikose 5.M.*, Haccypana M. *, Hemaunos K.M. ?

! MucmutyT SnepHoii ®usuxu, AnMatsl, KazaxcTan;
2 Hazap6aeB YuuBepcuteT, Actana, Kasaxcran

B HacTosmmee BpeMs OCTPO CTOMT MpoOIeMa NMPOU3BOACTBA SACPHOM SHEPTHH HAa YCTAHOBKAX C ITOBBIIMICHHBIMU
cBoiictBaMu ©0e30macHOCT paboTalomMX B TMOAKPUTHYECKOM pEXHME, T.6. HECIHOCOOHOTO CaMOCTOSTEIHHO
MOJUIePKUBATh LEMHYI0 peaknuio. K TakuM yCTAHOBKAM OTHOCSATCS TAaK HA3bIBAGMBIC JJICKTPOSICPHBIC CHCTEMBI
(Accelerator - Driven Systems — ADS) — HOJIKpUTHYECKHAE CUCTEMBI C BHEIIHMMU HCTOYHUKAMHU HEUTPOHOB. [ToMumo
MOJydCHHsl 3HEPTUH, 3Ta CHCTeMa MO3BOJET NPOBOIUTh TPAHCMYTAIHIO MOJTOKUBYIIMX PaJUOAKTUBHBIX OTXOIOB
snepHoi dHepretwku. Ilpu co3maHMM TakuX YCTPOMCTB MUl KOPPEKTHOIO MOJEIMPOBAHMS HEHTPOHHOTO IOTOKA
HEOOXOUMBI JaHHBIE O CHEKTIPAJbHOM COCTABE M YITIOBBIX pacCHpe/eleHU BTOPUIHBIX IPOTOHOB U JIETKUX 3apsKEHHBIX
YaCTHLI, IPOU3BEACHHBIX IEPBUYHBIM POTOHHBIM ITyYKOM.

DKCIEPUM EHTANLHBIE IAHHBIE 110 JBAXIBI-TM( P epeHInaNbHbIM cedeHUAM peakuuii (p,xp) u (p,xa) Ha sape 103Rh
IIpU PHEPruM Najatomux npoToHoB 30 M»sB mony4yeHbsl Ha BBIBEICHHOM IyYKe H30XPOHHOTO IMKIOTpoHa Y -150M
HHCTUTYTa sifepHOH (U3HKH. VI3MepeHus BHIMONHEHBI B yrioBoM guana3oHe oT 300 go 1350 ¢ marom 159. B kauectse
MULIEHM HCIOJb30BANaCh CaMomomIepKuBamomaics Qonbra ¢ cogepxkannem 10%Rh mopsaxka 98%. Tommuna
ONpeIeNAIach M0 W3MEHEHHIO OTePh YHEPTHH 0-4aCTHIAMH OT PaJMOAKTMBHOIO MCTOYHHKA 226Ra mpu mpoxoxkaeHUn
4yepe3 MHIICHbh M COCTaBWwia 3 MKM. [ M3MEpeHUs CeYeHMH SOCepHBIX peakiuid (p,Xp) HCIOJB30BAJICS TEIECKOTL,
COCTOSIINI U3 MPOJIETHOTO KPEM HHEBOTO ACTEKTOpa ¢ ToMuuHONW 100 MKM M IETEeKTOpa MOJHOTO MOTJIOIICHHS Ha OCHOBE
cipHTIousitopa CsI(Tl) tommmuoi 2,5 oM. Jlng u3MepeHus peakuuit (p,Xo), TEIECKON COCTOSII M3 IMPOJICTHOTO
KPEMHHEBOTO JETEKTOpa TOJIIUHON 25 MKM, W KPEMHHEBOTO JETEKTOpa MOJHOTO MOTIOMICHUS TOJIIUHOH 1 MM.
DHepreTryeckast KAIMOPOBKA CIICKTPOMETpa MPOBOAIIIACE IO HAOMIOJAeMBIM YPOBHAM KOHEUYHBIX SIEp B UCCIICTy MBIX
peakIusax, a Takke M3 JaHHBIX T10 PACCESHUIO M PEaKIHsIM Ha YTICPOJHON U MOJIMITHICHOBOW MUIICHSX.

U3 mpaxsi—md pepenmmanbabx ceueanii d26/dEIQ monyuensr maTerpamsasie cnektpsl do/dE ¢ mocemy rommm
OTIpeIeIICHHEM MOJHBIX MAapUUANbHEIX CEYCHHH WCCIEeNyeMBIX peakuni. OKCIepUMEHTAIBHBIE pPe3yJIbTATHI
MIPOaHAIM3UPOBAHEl B paMKkaxX MOJU(DHUINPOBAaHHON BepcuH >KCHUTOHHOW Moxzemm ['pudduna [1] mpenpaBHOBEeCHOTO
pacmama sjep B pamkax pacuerHoro koma PRECO-2006 [2]. Tlomy4eHO yIOBICTBOPUTCIBHOE COTIIACHE
9KCIEPUMEHTAIBHBIX W PACUYCTHBIX 3HAYCHUH B 00JIaCTH SHEPTHH, COOTBETCTBYIOIINX NPEAPABHOBECHOMY MEXaHU3MY.

VCTaHOBIEHO, YTO MHTETPAILHBIE CEUEHUS B peakimsx (p,xp) u (p,xo) Ha sape 193Rh B HU3KOOHEpTETHUECKOMH
obmactu GopMHuPYIOTCS MEXaHH3MOM paclajia U3 COCTABHOTO sApa. BeicOkodHepreTnieckas 00J1acTb B CIIydae peaknuu
(p,Xp) bopMupyeTcs MpenMyIIECTBEHHO IMPeApaBHOBECHBIM crtocoOoM. B ciydae peaxmnuu (p,X0) OCHOBHOW BKIAJ B
CEUCHHUE JAI0T OJHOCTYIIEHYAThIE MPSMBIE IIPOIECCHI.

1 Griffin J. J. // Phys. Rev. Lett. 1966. Ne9. P.478.
2. Kalbach C. PRECO-2006: Exiton model preequilibrium nuclear reaction code with direct reaction.
Durham NC 27708-0308, 2007.

OIIMCAHME TIPSIMBIX SIAEPHBIX PFAKIUI B JUCKPETHOM TIPEJICTABJIEHUA
Caiinay6ex J{A. *?, Py6yosa O.A. *, Kykyaun B.M. *

ITHMUAD MT'Y um. J1.B. Ckobensupsina, Mocksa, Poccus
2 Bppasuiickuii Hanmonansuelii yausepcuter uMm. JI.LH. T'ymunesa, Actana, Kazaxctan

[pemaraeTcst HOBBIM METOJ] PEILICHUS 3324 PACCESIHUS HA OCHOBE JMCKPETU3ALNH KOHTHHYyMa, KOTOPBIH MOJKET
OBITh HCIIOJB30BaH I OIMMCaHusA NPAMBIX SAACPHBIX peaKHHﬁ. MCTOI[ IIO3BOJKICT HAXOIHUTH T-Ma’IpI/IHy B 3ajadc
paccesHHs, HCTIONB3Ysl CIIEKTPAIbHOE PA3JI0KCHUE TIOJIHOM PE30IbBEHTHl CUCTEMBI 10 0a3MCy CTAIMOHAPHBIX BOJHOBBIX
MaKCTOB, ABJIOIINUXCA HOPMHUPOBAHHBIMHU aHAJIOTaM U Q)yHKHI/Iﬁ HCIIPCPBIBHOTI'O CIICKTpa MOJIHOI'O raMJIbTOHHAaHa [1] B
MPAKTUYCCKUX pPACUC€TaX TaKUE€ TMAKETHBIEC COCTOSAHHUA MOXKHO alnlpOKCUMHUPOBATH IICEBAOCOCTOAHUAMMU TIIOJHOTO
TaMWJIbTOHHWAHA, IMMOJIyYCHHBIMU Ha OCHOBC JUAaroHaJnM3aliui MaTpHUIbl TaMWJIbTOHHAHAa B HCKOTOPOM |_2 Gasmuce.

B kagecTBe Takoro 0as3mca HCHOJB3YESTCS TaK Ha3bIBaeMBIM KOMIUICKCHBIHN rayccoB 6a3uc [2], g yHKIH KoTOporo
OTIPEIEIIIOTCSA YEePe3 rayCCONIbl C KOMIUIGKCHBIMH ITapaMeTpaMu:

(l)é (I‘) — % I‘l |:e—(l+ib)anr2 +e_(1—ib)anr2 ] n =:L 2,.“' N (1)
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B ommume OT OOBIYHBIX “BEICCTBCHHBIX» Trayccoun, ¢yHKuH (1) OCIHUMPYIOT B KOOPAWHATHOM
MPEACTABICHUN U TIOTOMY SBJSIOTCS XOPOIIMMH aNNpOKCHMAIMAMHU i (QYHKIUH paccesHUs W CTAI[HOHAPHBIX
BOJIHOBBIX MakeToB (cM. Puc.l). Takum oOpazom, B pa3BHBaeMOM IMOJXOJIE, aMIUIATYIbl YIPYTOTO PAacCesHUs Uit
MIUPOKOTO JMana3oHa JHEPTHid MOTYT OBITh HAWICHBI W3 OJHOKPATHOW JMArOHAIM3AIMH MATPUIBl IOJIHOTO
raMWwIbTOHHAaHa B KOMIUIEKCHOM TayccoBoM Oasuce. [Ipy 3TOM He BO3HHMKAET HUKAKHX JIOMOJHHUTEIHHBIX TPYAHOCTEH
MIPU y4YeTe NalbHOJCHCTBYIONIETO KYJOHOBCKOTO B3aMMOJICHCTBHS WM CJIOKHBIX HEJOKaJbHBIX MOTCHIUATOB. MeTon
MOET OBITh 0000IIEH M MCIOJB30BaH Il BEIYHCICHUS aMILUTUTY]l HEYIIPYTOTO PACCEsHHUS W pa3Balia MPU PaCCeTHUH
C1a0OCBI3aHHBIX U HECTAOUMIILHBIX SITIEP.

B kauecTBe WUTFOCTpAIMK BEITUCILIIOTCS MapuaibHble ()a30BbIe CIBUTH YIIPYTOTO paccesHus B cucteMax N-o u
d-a, KOTOpPBIE XOPOIIO COTNACYIOTCS € pe3yibTaTaMHi APYIUX MOIX0J0B H C IKCIICPHUMCHTAIBHBIMHU JAHHBIMU.
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Puc.1 TouHble KyJIOHOBCKHE BOJIHOBBIC ITAKETHI, OTBEYAIOUINE ACUMITOTHYECKON YaCTH raMWIIbTOHHAHA CUCTEM bl
d-a (crtoniHas KpUBAs) M UX ANMPOKCHMAIIHS B KOMIUIEKCHOM TayccoBOM 0asuce (IITpUXOBas Kp uBas) npu sHepruu E

=099 (a) 1 56.90 (6) MoB.

Crnucoxk juTepatyphbl:

1 H. Miither, O.A. Rubtsova, V.I. Kukulin, V.N. Pomerantsev, Phys. Rev. C 94, 024328 (2016).

2. T. Matsumoto, T. Kamizato, K. Ogata, Y. lzeri, E. Hiyama, M. Kamimura, M.Yahiro, Phys. Rev. C 68
064607 (2003).

MEXAHHU3M BO3BYKJIEHUSA COCTOSIHUA 6.13 (3) MabB SIJIPA 10 B HYIIPYTOM PACCESIHUU o-
YACTHUIL U 3He IIPU DHEPTUAX OKOJIO 50 MbB

Caxyma C.B. Y, Bypme6aes H. %, [[yiice6aes A. %, [viicebaes b.A.?, Bypmebaesa JI.T. 2, Konowibaes T.K.%, Hacyppra
M. 2, Caoyes H. %, Hosayxuii 5.I" *, Cmenanoe J[H. 1, Caowvixos T.X. ?

"Haumonansnenii UccnenoBatensckuii Llentp «KypuaToBekuii mHCTHTYT», Mocksa, Poccus;
2Uuctutryt SAneproit Ousuku, Anmatel, Kazaxcran

B pabote [1] Ha m30oxpoHHOM IHUKIOTpoHE Y-150M WHcTnTyTa fAneproit ®usuku (AmMatsl, Kazaxctam) mpu
sueprum a-uactun 48.1 MaB u 3He 60 M5B Gbum u3MepeHs! | MPOaHATM3UPOBAHEI YIIPYTOE U HEYNPYTOE PACCESHHIE HA
sapax 180 ¢ Bo3Oyxuaermem cocrosamst 6.13 (37) MsB. B ciywae paccesHumM 0-4acTUI] KOJUIEKTUBHAS MOJENE JACT
JIOCTATOYHO XOpOllee ONMUCAaHUE HEYNPYroro paccesHus, 3a UCKIoUYeHHeM obiactu yrioB meHee 30°, B TO BpeMsi Kak
s *He pacdetHble ceueHus 3a yriaoM Gosee 80° MOyT 3HAYMTEILHO BBILIE DKCHEPUMEHTAIBHBIX (COOTBETCTBYIOLINE
pacyeTHbIe CEeYeHUs II0Ka3aHbl HA PUCYHKE TOUYCUHBIMU KPUBBIMH).

VuuTeBask BEIPAKEHHYIO 0-KIACTEPHYIO CTPYKTYpy sapa 60, HamMu ObUmM BBIMONHEHBI PACYETHI HEYIPYTOTO
paccestHus ¢ mepexogoM B coctosiHue 6.13 (3) MdB MeTonoM CBA3aHHBIX KaHAJOB B PaMKax KIACTCPHON MOIEH.
Pacuetsl mpoBommick 110 nporpamme FRESCO [2]. Ucnonb30Bamics Be MOJENH, B KOTOPBIX apo %0 npencrasnsnocs
COCTOAMM W3 ABYX HMHEPTHBIX KiactepoB 2C + o wma 150 + n. CooTBETCTBYIOIME MApaMETPhl ONTHYECKHUX
MOTEHIMATIOB ObUIM B3ATH M3 paboThl [3], 3HaueHUs creKTpocKoMYECcKuX aMImTy 1 pis cucteM 2C + o mma %0 + n
nojiaraymchk paBHbiMH SA = 1.0 u 1.5, cooTBeTcTBeHHO. Pe3ynbTaThl pacueToB MOKa3aHbl HA PUCYHKE CILIOIIHBIMH (0t
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KJIacTepHas MOJENb) M IITPUXOBBIMHU (N-KIacTepHash MOJENb) KPUBBIMH. BHIHO, 9TO o-KlacTepHas MOJETb  JaeT
HaWIydIlee ONMMCAHHE ODKCIEPHMEHTAIBHBIX JAHHBIX, B TO BpeMs KaK apyras Mojelb, B KOTOopo#l smpo 160
NPENCTABIAETCS B BUIE CTPYKTypbl N + 150, HECKOIBKO 3aBBIIAET CEUEHHS MO MAJIBIMHU YTIIAMHU.

3
10° R 10
g “0+a g 10°F /> °0 + °He
g E=48.1 s =4 \ E =60 msB
3 6.131(3) < 10' 6.13 (3)
3 o
10°
10"
10"
10*
10%"20 40 60 80 100 120 140 160 180  10° i
0 20 40 60 80 100 120 140 160 180
OHM (rpa/:l) ec.m. (rpag)
1. N. Burtebayev, A. Duisebayev, B.A. Duisebayev et al., International Journal of Modern Physics E, 26
(2017) 1750018
2. I.J. Thompson, Comput. Phys. Rep. 7 (1988) 167.
3. C.M. Perey, F.G. Perey, Compilation of Phenomenological Optical-Model Parameters. Atomic and

Nuclear Data Tables. 13 (1974) 293.

JAHAMMKA OKOJIOBAPHLEPHBIX SIJIPO-SIEPHBIX CTOJIKHOBEHMM, NMPUBOJAIINX K
OBPA30BAHUIO J3K30TMYECKHUX SAIEP

Caiixo B.B. ', Kapnos A.B.*
1JTaGopatopus A nepubix Peaxunii um. I'.H. ®néposa, OUSIU, Jly6Ha, Poccus

Ipu sHEeprusx BOIM3M KYJOHOBCKOTO Oapbepa OCHOBHBIMHU KaHAIAMH PEAKIMU C TDKEIBIMH HOHAMU SIBISIOTCS
Iy 00KO-HEYTIPYyTroe paccesHue U KBasuAeNeHHE, B TO BpeMs KaK BEPOSTHOCTh CIMSHMSA Ype3BbIUaiftHO Mana. ViMeHHO
MPOLIECC KBA3UICICHUS MOJABISICT CIIMSIHUE HA HECKOJIBKO MOPSAKOB MO CEYCHHIO. YTOOBI OLCHUTh TAKYH0 MAJyIo
BEJIMYKHY, B IEPBYIO OUepe/ib HEOOX0MMO YMETh XOPOILIO OMUCHIBATE OCHOBHBIC KaHANBI PEaKIUU, a8 IMCHHO TITy0OKO -
HEYNPYTroe paccesiHue U KpasuzeseHue. boyiee TOro, mpoueccsl KBa3uACICHUS OYCHb YacTO HEOTACIUMBI OT IIIyOOKO -
HEYNPYTOro pacCesHHs M JCNCHUs, KOTOPOE SBICTCS OCHOBHBIM KAHAJIOM pachaja BO30YKICHHOTO TSDKEJIOTO
COCTaBHOTO sIIpa.

CwipHast mEccunanus NOJHOW KHHETUYECKOI SHEPTUH CTAJIKUBAIOIIUXCS SIep M HyKIOHHBIA 0OMEH MEeXIy HUMU
SIBISIIOTCS XapaKTePHBIMU OCOOCHHOCTAMH TIIyOOKO-HEYNPYTHX CTOJKHOBeHHH. HenaBHO BO300OHOBWIICS HHTEpeC K
iy 0oko-HeynpyraM nponeccam (I'HIT), B gactHOCTH, Oiarogapsi mpeacka3aHHOW BO3MOYHOCTH CHHTe3a HEH3BECTHBIX
HEHTPOHOM3OBITOYHEIX M30TOTIOB TSDKENBIX M CBEPXTSDKENBIX JJIEMEHTOB € JIOCTATOYHO OONBIIUMH cedeHusamu [1,2].
Ionyknaccnyeckne NMHAMHUYECKHE ITOAXOIBI SIBISIIOTCS MOIIHBIMH M HH(GOPMATUBHBIMHU CPEACTBAMH I aHAIM3a
HU3KOYHEPTETHYESCKUX SIPO-SICPHBIX CTOJKHOBEHWH. B Hactosmell paboTe mpexacTaBimseTcs HOBas MOJCHb SO -
SJICPHBIX CTOJIKHOBEHM, OCHOBaHHas Ha ypaBHeHUsiX JlamxkeBeHa [3]. Cucrematnueckuii anamms ['HII, BhImoaHeHHBIN
IUISL psiia KOMOWHANMN CHapSII-MUIIEHb, IIOKAa3bIBACT XOPOIIIee COTIACHE C COOTBETCTBYIOIIMMHE KCIIEPUM CHTAJIBHBIM U
JAaHHBIMHU. DTO TI03BOJIMJIO 3a()UKCHPOBATh MTapaMeTpPhl MOJETH M CeNIaTh HEKOTOPHIE BEIBOJBI OTHOCHTEIHFHO CEUCHHH
00pa30BaHUS IK30THUECKHX SJIEP B OKOJOOAPHEPHBIX AAPO-SIICPHBIX CTOJIKHOBEHUSX.

[1] V. Zagrebaev and W. Greiner, J. Phys. G 34, 1 (2007).

[2] V. Zagrebaev and W. Greiner, J. Phys. G 35, 125103 (2008).
[3] A.V. Karpov and V. V. Saiko, Phys. Part. Nucl. Lett. (2016) to be published.
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NEAR-BARRIER PROTON TRANSFER IN REACTIONS WITH 3He
Samarin V.V. 12, Penionzhkevich Yu.E. 1%, Naumenko M.A. !, Skobelev N.K. 1

! Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia;
2 Dubna State University, 141982 Dubna, Russia;
3 National Research Nuclear University “MEPhI”, Moscow, Russia.

Experimental cross sections for production of isotopes 197:198Hg, 194195Ay in reactions 3He+1%7Au, 3He+194Pt [1]
and isotopes #546Ti in reaction 3He+*5Sc [2] have been analyzed. To calculate the probabilities of proton and neutron
transfer as well as transfer cross sections the time-dependent Schrodinger equation (TDSE) [3, 4] has been solved
numerically (Fig. 1). Fusion-evaporation was taken into account using the code of the NRV knowledge base [5]. Results
of calculation demonstrate overall satisfactory agreement with the experimental data. The used TDSE approach may also
be applied to calculation of reactions with nuclei having proton halo, e.g., 8B.

T s @] O v a (@]

v, fm

-10+

20+

10 0 10 10 0 10 10 0 10
x, fm x, fm x, fm

Fig. 1. Example of the time evolution of the probability density for the protons of 3He in the collision with 45Sc at
Ecm = 10 MeV and impact parameter b = 5 fm. Radii of circumferences equal the effective radii of nuclei. The course of
time corresponds to the panel locations (a,b,c).

This work was supported by Russian Science Foundation (RSF), research project 17-12-01170.

N.K. Skobelev et al. // Phys. Part. Nucl. Lett. 2014. V. 11. P. 114.

N.K. Skobelev et al. // Phys. Part. Nucl. Lett. 2013. V. 10. P. 410.

V.V. Samarin // Phys. At. Nucl. 2015. V. 78. P. 128.

M.A. Naumenko, V.V. Samarin // Bull. Russ. Acad. Sci. Phys. 2016. V. 76. P. 450.

V.I. Zagrebaev et al. NRV web knowledge base on low-energy nuclear physics. URL: http://nrv.jinr.ru/.

LN

TIME-DEPENDENT DESCRIPTION OF INCOMPLETE FUSION, CLUSTER AND NEUTRON TRANSFER
REACTIONS

Samarin V.V. 12

1 Flerov Laboratory of Nuclear Reactions, JINR, 141982, Dubna, Russia;
2 Dubna State University, 141982, Dubna, Russia

The numerical solution of the time-dependent Schrodinger equation [1, 2] provides the possibility of intuitive
study of dynamics of complete and incomplete fusion, cluster, single, pair, and multi-nucleon transfer processes in
nucleus-nucleus collisions. The evolution of the a-cluster wave function of 12C in the reaction 12C+%1V [3] (Fig. 1) was
used for calculation of incomplete fusion cross sections. The theoretical cross sections show satisfactory agreement with
the experimental data [3] for (12C,a) and (*2C,2a) channels at energies near and above the Coulomb barrier. The single,
pair and multi-nucleon transfer channels in reactions 40Ca+%2Zr [4] and 4°Ca+!24Sn [5] were analyzed using the evolution
of wave functions for all nucleons.
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Fig. 1. The probability density for the a-cluster of 12C in the collision with 51V at Ejay = 51 MeV and impact
parameter of the collision b = 5.5 fm; radii of circumferences equal the radii of nuclei. The course of time corresponds to
the panel locations (a,b,c).
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o wNE

AJITEBPAMY ECKAA MOJEIb HYK/IIOHHBIX CHCTEM IIPU HAJIMMHUU ITPABWI CYIIEPOTBOPA
1O B3OCIIMHY

Kupunnoe M. 1., Huxumun A.C., Cumouxos A.C.
OI'BOY BO KI'DY, r. Kazans, Poccuiickas denepanms

B Teopum KBaHTOBBIX CHCTEM HapsIy € MPOCTPAHCTBEHHO-BPEMEHHBIMH CHMMETPHSIMH OONBIIYI0 POJH UTPAIOT
TaKXKe W CHMMETPHHU BHYTPEHHHX CTEIIeHeH CBOOOJBI YacTHIl B aOCTpakTHOM BHYTPEHHEM NPOCTpaHCTBE. Takwe
CUMMETPUH TPHHATO Ha3bIBaTh BHYTPEHHHMHM, W OHH CBS3aHBI C XapaKTepoOM B3aMMOJCHCTBHSA YaCTUI], KOTOpPHIE
MOPOXKIAIOT NUHAMHIYECKHE IPaBHiIa CyNepoToopa Mo 3apsay. BHyTpeHHHE CHMMETPUH OMMCHIBAIOTCS C MOMOIIBIO
KOMIIAaKTHBIX TPYNI TIOOANBHBIX KaJIMOPOBOYHBIX TpeoOpa3oBaHMii W B abeneBOM CcilIydae 3TO MOTYT OBITh
9JeKTpUIECKUH, OapHOHHBIH, JICNTOHHBIN U Ip. 3apspl, a B HeaOeleBOM Cilydae — H30CIHH, IIBET U Jp. «HeaOeleBbl
3apsaBD). IIpenctaBneHnss KOMIAKTHOH TPYNIBl KadMOPOBOYHBIX NpeoOpa3oBaHU 00pa3yloT MOHOUAAIBHYIO
TeH30pHYIO CUMMeTpuueckyto C*-kateropuro, KOTopasi COTJIACHO H3BecTHOU Teopeme Tanaku-KpeitHa okasbiBaeTcs
JyaJbHBIM 00BEekTOM HcxogHoW Tpymmbl. C ¢u3nuueckoidl TOUKM 3peHHs Takas KaTeTOpUS OMMCHIBAET 3apsIOBYIO
CTPYKTypYy CHCTEMBI. OJTO IO3BOJSIET IOCTPOUTH OyallbHOE OMHCAHHE TCOPUH, OCHOBHIBAICH HAa  HAOMIOIAEMBIX
BEJIMUMHAX U 3apsA0BOM CIPYKType.

B nactosiieit pabote paHa ¢GopMyJIMpOBKa NPOCTON anreOpanvyeckoil MOJeNH ¢ MpaBUIaMH CyNepoTOopa 1o
N30CHHMHY, KOTOpas  ampoOMpoBaHa B MAaJOHYKIOHHBIX cHUCTeMax. [loCTpoeHbl M30METpHUYECKHE OIepaTophl,
SIBJIFOLIMECS TIEPEHOCYMKAMHU M30TONMYECKOTO 3apsijia M CIUIETAIOIINE BaKyyMHbIH CEKTOp C 3apslOBBIMU CEKTOPAMHU.
[IpoeKTophl, COCTABICHHBIC M3 ITUX W30METPUUYECKHUX ONEPATOPOB, SBIAIOTCS IPOSKTHPYIOLIMMH ONEpaTtopaMH Ha
CHMMETPUUYECKHE MOIPOCTPAHCTBA U NIPHHAUICKAT LCHTPY aiareOpsl HabmonaeMbix. Taxke MoKazaHo, YTo (U3HYECKH
peam3yeMble COCTOSHHS, COOTBETCTBYIOIME CBSI3aHHBIM COCTOSIHUSIM, MOJKHO IIOJIyYHMTb C IIOMOLIBIO CIELHAILHOTO
N30METPUUYECKOTO OIepaTopa.
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ON THE SCATTERING OF POLARIZED ELECTRONS BY LIGHT NUCLEI OF HALF-INTEGER SPIN
Safin M. Ya.

Peoples’ Friendship University of Russia, Moscow, Russia
misafin@gmail.com

In the papers [1, 2] we considered several polarization asymmetries in the elastic scattering of longitudinally
polarized (g :-_Fl) electrons on polarized (§) proton target with an aim to clarify possibilities to detect violation of the
P- and T-invariances due to electroweak interference with account of anapole and electric dipole form factors of the
proton.

In recent years, interest is intensified in double polarization experiments, in particular, the experiments on the
scattering of polarized electrons and photons on the polarized target [3, 4]. Such studies can provide additional information
about the electroweak form factors of the proton and neutron, including form factors of anapole G, and electric dipole
G, moments, connected with violation of the spatial P-, charge C-, and combined CP-symmetry.

Here we study the spin asymmetries in the elastic scattering of electrons by nuclei of half-integer spin, described
in the framework of the Rarita-Schwinger formalism by invariant form factors of the electromagnetic and weak vertex
functions (n=1,2,... j+1, j=J -1/2)

£
2M 2M
In the case of nuclei with spin J=1/2 we calculate analytical expressions for differential cross section of the

scattering process with account of arbitrary spins of incident and scattered electrons, and target polarization. Then we
obtain and discuss expressions for the right-left asymmetry ARL(§) (longitudinally polarized incident and unpolarized

scattered electrons), degree of longitudinal polarization PRL(§) of outgoing electrons for unpolarized incident electrons,
and degree of longitudinal polarization PRL((;, §) of scattered electrons for incident electrons with helicity  and target

’ R - 0 o n.s) P
r‘ellm;n ZYQ(FI\(/In)'F#GJSn) YSJ__OLO:Z(n)_Ing)YS)v 1—‘\/FvLeak;n :V“(gg\/l)'k g(A)YS)__

polarization §. General correlational structure for these asymmetries is similar to that of

Pac (. §)=a() +b(©)(8M) +c(C)(SM) +d (©)(S[AM])
where i and M are unit vectors in the direction of incident and scattered electrons respectively. The last term,
proportional to triple correlation (S[rAm]) , stands for the time reversal violation due to electric dipole moment G, of the
target.

In the case ofscattering on unpolarized half-integerspin target, we discuss along with these right-left asymmetries
also the spin correlation of transversely polarized incident and scattered electrons. We show, that this scattering is helicity
conserving, and right-left asymmetry contains contribution from anapole moment G, of the target, whereas transverse
correlations arise only with simultaneous polarization of incident and scattered electrons.

References

1 Safin M. Ya. Bull. Russ. Acad. Sci.: Phys., 2015, Vol. 79, No. 7, p. 940.

2. Safin M. Ya. Bull. Russ. Acad. Sci.: Phys., Physics, 2016, Vol. 80, No. 5, p. 603.
3. Douglas, H.K., etal., Annu. Rev. Nucl. Part. Sci., 2011, vol. 61, p. 409.

4, Gurevich, GM., Phys. Part. Nucl. Lett., 2014, vol. 11, no. 1, p. 31

TEOPUS CIUHTUWIJIAIMHOHHBIX CIIEKTPOMETPOB C HECKOJbKHUMHU ®OTOAETEKTOPAMM
Cameoog B.B.
Haumonanensiit MccnenoBatensckuil Snepueiil yausepcuter « MU®W», Mocksa, Poccuiickas ®enepanus
INomydeHs! BEIpaXkeHHS I TMPOU3BOIAIMICH (yHKIUH BEPOSTHOCTH, ONHCHIBAIONICH CTATUCTHYECKHE IPOIECCHI,
MIPOUCXO/LIIINE B CHUHTHULIIIHOHHOM CIIEKTPOMETpE C HECKOJBKAMH (OTONCTEKTOPAMH, BBIPAKCHHS UL CPEIHETO
3HaUEHUs] U [MCIEPCUM aMIUIMTyJbl Ha BBIXOJE CIEKTpOMEIpa M BBIPAXKEHHE 1 OTHOCUTEIBbHOH AUCIepcuu,
XapaKTepH3yIoIei IHepreTHIecKoe paspemenne cuekrpomerpa. OdcyxaaeTcs meaecooOpa3HOCTs BBEICHHU (HAKTOPOB

@®aHO I COUHTHUBIMOHHEIX (POTOHOB ¥ I (POTOSIEKTPOHOB, MPEIOKEHHBIX B padoTe [1].

1 Bora V., et al. Estimation of Fano factor in inorganic scintillators, Nucl. Instrum. Methods Phys. Res. A., 2016,
805, 72-86.
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MYYEHUE XAPAKTEPUCTHK CIIOHTAHHOTO JETEHMA KOPOTKOXXHBY HIUX HN30TOIIOB
TPAHC®EPMHUEBBIX 2JIEMEHTOB

1 Ceupuxun A.U., 1EpemuH A.B., Yonexo A.I', * Manviues O.H., * Yenuzun B.M., * Hcaee A.B.,  Yeanoxos MJIL, *
Cokon EA., 1AH()peee A.B., Y Hnetioman TM., L Ilonos FO.A.

1-OMsH, y6na, Poccus

Paccmotpena mpoGieMa W3y4eHHS XapaKTCpPUCTUK CIHOHTAHHOTO JENeHHUS sfep, JeXKaluX B AK30THICCKOH
00JIaCTH KOPOTKOXHUBYIINX HEUTPOHHO-AE)HUIUTHBIX M30TOMOB ¢ Z > 100. [Insg pemeHUs MOCTABICHHOU 3amaud B
¢doxampHON mockocTH cenapatopa SHELS (MogmepHu3upoBanHbll  cemapatop BACHUJIMCA) wucnoss3yercs
KOMOMHUpPOBaHHAS JCTCKTHPYIOIas CHCTEMa, OCHOBHOHM dYacTbl0 KOTOPOM SBIAETCS HEHTPOHHBIN JETEKTOD,
MO3BOJMIIOMNN B «OH-TAWH» pEXHME U3MEpSATh BBIXOJBl HEHTPOHOB CIIOHTAHHOTO JENICHUS fAIep, MOJydaeMbIX B
peaKIusAX MOJHOTO CIUSHUS Ha IMydKaX TSOKENBIX HOHOB. PaHee, B paMKax IpOJeIaHHON pabOTsl MOJIyUeHB! JaHHBIE 00
OMHUCCHH HEHTPOHOB CIIOHTAHHOTO JEJNEHUS KOPOTKOKHBYUMX H30TOTOB 244246Fm u yTouHEeHBI paHee MOIydYeHHBIE
nanHble 10 252N0. B paboTe OmMCBIBAETCA CepHsl DKCIEPUMEHTOB, NpoBeneHHbIX B 2014-2017 T. ¢ MCNOJIB30BaHUEM
cenapartopa SHELS u my4ka MHOTO3apsIHbIX HOHOB yckoputens ¥Y-400 JISAIP OUSN. TlpuBoasatcs JTaHHBIE
9KCIIEPUMEHTa 0 M3YYEHHUIO CBOWCTB CIIOHTAHHOIO JeJICHHUS KOPOTKOXKMUBYIIMX HEHUTPOHO -IEPUIUTHBIX saep,
CHHTE3HPOBaHHBIX B PEAKIUU HoJHOTo cmsuus *8Ca + 204Ph = 252No”, B 3ToM 3KCIEpUMEHTE 3apErUCTPHPOBAHBI IBE
CINIOHTAHHO-JEJIANINECS AKTMBHOCTH, OTHOCSIIMECS K OCHOBHOMY M M30MEPHOMY cocrosHusaM smpa 2°ONo. Jlus
[IOJTIyYEHHBIX KOPOTKOXHUBYIHUX sIIep HM3MEPEHbl Nepuopbl Mojypacrnaja, MOJHble KMHETMYECKUE SHEPTHHU OCKOJIKOB
JIeJIeHUs] 1 HEeHTpOHHBIE MHOECTBEHHOCTU. CpesiHee YMuciao HEHTPOHOB Ha JIENIEHHE Uil aKTMBHOCTU ¢ ti/2 = 5.1 + 0.3
MKC cOCTaBwjIO BeymuuHy W = 4.38 = 0.13, mis siaep ¢ mepuooM moiypacmana t1/2 =36 + 3 MKC 3Ta BeJM4rHA COCTABHIIA
W =390+ 0.20. Kpome Toro, B peakiuu “8Ca + 298P = 256No” cuntesuposamich aapa 254No, naHHBIE 0 HEHTPOHHOIM
MHO’KECTBEHHOCTH ULl JAEJEHUsI 3TOTO M30TOIA TAKXKE INPUBOIATCS BIIEPBBIE.

B paMkax moroToBKH 0O0JIBIION MPOTPaMMBI SKCIEPUMEHTOB C MCIIOJIL30BaHUEM IyYka MHOTO3apSIHBIX HOHOB
50Ti yckoputens Y-400 JISIP, mpoBeseH SKCIEPUMENT MO M3YUEHHUIO CBOMCTB CIIOHTAHHOTO JEJNEHHS KOPOTKOKUBYIIETO
HelTpoHOo-IepuIMTHOTO Aapa 256Rf, monyvaemoro B peakuuyu nonHoro ciusaus 20Ti + 208Ph = 256Rf + 2n. Jna usotona
256Rf m3MepeHBI TEpHOM MOJypaclana M BEPOSATHOCTh paclaja depes3 CIOHTAHHOE JENieHWE. BIepBBIE M3MEPSNOCh
cpefHee YKCNIo HEHTPOHOB Ha 0JIHO CNOHTaHHOeE jeneHue 2°6Rf (W =447 +0.09).

B 3akmouuTensHOW YacTH pabOThl OOCYIKAAOTCS MOJNYYCHHBIC PE3YJbTaThl, a TaK )K€ INPUBOIATCS IUJIAHBI
pa3BUTHS MPOrpaMMBbl U3YUYEHHS CIIOHTAHHOTO AeneHus B JISIP OMSIN.
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TMOUCK D®®EKTOB HAPYIIEHUS MPOCTPAHCTBEHHOW YETHOCTHU B PEAKIIUSAX
XOJIOJHBIX TIOJIIPU3OBAHHBIX HEATPOHOB C JIETYAMIIIUMM SIJIPAMA

! I'eoenos FO.M., * Cedwuues I1. B.. > Becna B.A., % Illynveuna E.B., 3 Heceuncesckuii B.B., 3 Ilemyxos A.K., 3 Conounep
T, 2 Lummep O., * Hlananvcxuii I1.

Jlabopatopus Helitponroit pusuku um. M. M. ®@panka, OUAN, Tyo6na, Poccus.
C.-TletepOyprckuit HHCTATYT siaepHOU ¢usnku PAH, Iatunna, Poccust.
Wnctntyt Jlays-Jlamkesena, ['peno6is, Opanis.

Jlomsunckuii yHusepcuret, Jloass, Ilosbiua.

IpencraBnsiemble paboOThl MOCBALICHBI HCCIENOBaHUIO clIa0biXx HYKIOH-HYKIOHBIX (NN) B3aumoneicTBuil mpu
HU3KHUX 2HepTUsIX. B 3T0if o6nacTu cymiectByeT psa ¢pyHIaMEHTAIBHBIX IPOOIEM, CBSI3aHHBIX KaK ¢ H3yICHHEM cIaboro
B3aUMOJCHCTBUS, TAK U CHJIBHOTO B3aUMOJCHCTBUS B HHM3KODHEPICTUUECKOM, HEMEPTypOATHBHOM IIpefeNe KBaHTOBOH
xpomouHAMUKH. OCHOBHOH MPAKTHICCKON IEIbI0 SKCHEPHUMEHTOB OBLIO ONpE/esiCHNE BEIIMYUHBI CIab0i m-Me30HHOH
KOHCTaHTbI 00MeHa fz, cBs3aHHO# ¢ HelTpansHbIM TokoM B NN-B3anMO0e#iCTBIN, COTJIACHO OITMCAaHHIO B paMKax MOJEIN
0JIHOME30HHOTO oOMeHa snekTpociabbix NN-B3aumopeiictBuii npu Huskux SHeprusix. Koncranta fr  mosHOCTsIO
ompezesieTcss HeWTpaIbHEIMU ToKaMU. [1olydeHHBIe U3 SKCIEPUMEHTOB 10 IPOTOH-IPOTOHHOMY PAaCcCESHUIO 3HAUCHUS
KOHCTAHT CBSA3M, COOTBETCTBYIONIUX 3apsDKCHHBIM TOKaM, HAXOJITICS B XOPOIIEM COTTACHH C TEOPETHYECKIMU
Mpe/CKa3aHUsAMU MOJIEIN OJHOME30HHOr0 OOMeHa, B TO BpeMs Kak 3HaueHHe f; , MosydeHHOE B HECKOJBKUX IPYTUX
SKCHEpUMEHTaX BapbUPyeTCss B IMHMPOKHWX mpeaenax. st pemeHHs npoOiIeMbl HEOOXOIMMBI JIOMOJHHTEILHbIE
sKcriepuMeHThl. C TOYKK 3pEHUs TeOPETUIECKOW MHTEPIPETAIIMH HanOoJiee TOXO e CUCTEMOH Il UCCIe0 BAaHMA
sBisieTcst peakuus NP—dy, rae npocTpaHCTBEHHO HedeTHble 3(dextpl (P-HeueTHbIE) MOJHOCTHIO OOYCIIOBICHBI T-
Me30HHBIM 0O0MeHOM. OJHaKO, KaK M3-3a MaJOCTH OXHJIaeMoro 3¢ dexra, Tak U 10 PsIy TeXHHUECKHAX MPoOJieM, dTOT
9KCIEPUMEHT BeChMa TPYyIeH B pean3alni. B To xe BpeMs CyIIecTByeT HECKOIBKO TCOPETHIECKUX paboT, Tie aB TOPHI,
HCTOJB3Yys KIACTEPHOE PAaCCMOTPEHME JIETKHX siiep, paccunTtami P-HedeTHsle 3 (EKTHl B MOJEIH OJHOME30HHOTO
oOMeHa UIT peakIuil dTHX A1ep C MEICHHBIMH HOJIPH30BaHHBIMHU HEHTpOHaMU. B CBSA3H ¢ 3THM, HAMH OBIJIO IPHHATO
pelIeHne peaan3oBaTh NPOorpaMMy noucka P-HeueTHsIX 3¢ (PeKToB Ha Neryalimnx sapax.

K HacTosImeMy BpeMeHH BINIOJHEHBI H3MEpEHH:

P-HeueTHON acHMMMeETpUU YIIOBOIO PACIPENEICHUS SMHUCCHUM TPUTOHOB OTHOCHUTCIILHO CIMHA HEUTPOHAa B
peaxmuu °Li(n,0)3H; ofenc = (8.6 + 2.0)-10°8 ;

P-HedeTHO! acHMMETpHM YIJIOBOTO pAacIpenefieHHs] IMUCCHH Y-KBAHTOB OTHOCHTENFHO CIIMHA HEWTPOHA B
peaxuun 10B(n, o) Li*—y—"Li(o.c.); opnc = (0.0 + 2.8)-10°8;

P-HedeTHO! acMMMeETpHM YTJIOBOTO paclpelefieHHs] IMHCCHH O-9aCTHI[ OTHOCHTEIBHO CIIMHA HEWTpOoHa B
peaxtmu 1°B(n,a)’Li; a?pne.=-(11.2 + 3.4)-108.

[epBBIe SKCIIEpUMEHTH HaM¥ OBUTH MPOBENCHB Ha BEPTUKAJIGHOM KaHaie peaktopa BBP-M TN ® B Natanne.
3aTeM mcciefoBaHus OBUIH IIPOJOIDKEHBI Ha ITyYKe NOJIPU30BaHHBIX HEHTPOHOB HHCTpyMeHTa PF1B BBICOKOTIOTOUHOTO
peaxtopa WJIJI B I'peno6ne (Dpanmus). DKcHepUMEHTH IPOBOIMINCH HA XOJOAHBIX (<A>=4.7 A) momspus3oBaHHBIX
(94%) HelTpoHaX ¢ HHTErPaIbLHON HHTEHCHBHOCTRIO Ha obpasue (4 — 5)-1010 ¢, [ing pernctpanuy 3apsykeHHBIX 9aCTUILL
MIPUMCEHSJIaCh MHOTOCCKIIMOHHAS HOHM3AI[MOHHAs KaMmepa. ['aMMa-KBaHTBI PETHCTPUPOBAINCH JBYMsS JACTEKTOpaMU
Nal(T1) mramerpom 200 MM u TosmmuaoM 100 MM. IIpakTHueckd BCe Magarolire HEHTPOHBI MOTIOMAINCH 00pasaMu u
MUIIEHAMH, obeceunBas 3arpys3ky jaetekropos ~1010 s-l. B skcrepuMeHTax MpUMEHSsIAch CHENUANBHAS METOIUKA
n3MepeHnii Manbix P-HedeTHBIX 3 QeKToB, MO3BOJLIIONMIAS HCIIOIH30BAaTh BHICOKOMHTEHCHBHBIC ITYYKH HEHTPOHOB.
OCHOBY METOJMKH COCTABIIIIOT: TOKOBBIH METOA PETHUCTpAllii COOBITHH, HMPHUMEHCHHE IBYXICTEKTOPHOHM CHCTEMHI,
TeXHHKa KOMIICHCAIMH (IIyKTyaldil MOIIHOCTH PEakTopa, HepHOJUIECKOe IEePEKITOUYCHNEe HAIPaBICHUS BEAyIIETO
HEHTPOHHBIM CIIMH MAarHUTHOTO TOJ M IPOBEICHUE HYJIEBOTO 3KCIIEpHMEHTA. boree moapoOHO 3KCIIepHMEHTHI OyayT
OTIMCaHBI B JIOKITAJIE.

W3 3KcTIepUMEHTATIBHBIX JaHHBIX OBIIM MOJyYeHBI OLCHKH KOHCTAHT CBS3H. VX CpaBHEHHE C TCOPETHYECCKUMHU
IpeJCKa3aHMsIMH U pe3yIbTaTaMU APYTUX SKCIEPUMEHTOB OyAeT MPEACTABICHO B JOKIAJE.
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JIAD ® EPEHIUAJIbHBIE CEYEHUSI PEAKIIUM °Be(pa)bLi*(3.563 MbB) M3 JOILUIEPOBCKOTO
YIIUPEHUS y-IMHUW. R-MATPUUHBII AHAJIN3

T'enepanos JL.H., Censnxuna C.M., Pomanuxun B.I1
POAL-BHUMD®, Capos, Poccus

Ilpn saeprum npotoHOB Ep= 2.4-4.5 M>3B monyuens! muddepeHnumanbapie cedeHus (10 ymIy) peakmud
9Be(p,o)®Li"(3.563 M»sB). OHu ompeseieHbl U3 OMMCAHMS JOMIIEPOBCKOH (Gopmbl y-muEuu [1], [2], 06ycnoBIeHHOM
paspamKoii ABHKyIIerocs Bo30yxaeHHoro aapa bLi. Mcnomb3oBamich JaHHBIE U3MEpEHUi [3], B KOTOPHIX Y — KBaHTHI
perucTpupoBaIUCch NoJ yraoM O ° OTHOCHTENIHO HANpaBIeHHS JBHKEHUS IMPOTOHHOTO IMydka yckopurend. Ha pucyHke
MpeACTaBIeHO onrcanne Gopmbl v- ymHEK Wit Ep=2.377 MaB. B cBsi3u ¢ npuMeHeHneM Oepmums [4] B cTposimeMcs
tokamake ITER sta peaknms moxkert ObITh JuarHocTHaeckoil. g 91oit nemt HeoOxomMo UMeTs auddepeHIanbHbe
CCUCHUS.

cYeTHOCTb, MaB™

1,4x10°

° - 3KCNEPUMEHT
- onucaHue

1,2x10°

1,0x10° -

8,0x10"

6,0x10"

4,0x10"

2,0x10"

0,0

aMmnnmtyaa nMmnynbca raMmma KBaHTa, MaB

C 1enpi0 YTOYHEHHWs PE30HAHCHBIX MapaMeTpoB B obmactn  Ep=2.56 MaB mpoBenen R-matpuuHbIil aHam3
MOJyYeHHBIX U depeHnmansubix cedenuit. cnosp3oBancs R-matpuunsiit kox AZURE [5].

Jlutepatypa

Tryti S., Holtebekk T., Rekstad J.// Nucl. Phys. 1973.Vol.A201. P.135-144.

Kiss A et al. // Nucl. Phys. 1977. Vol.A282. P. 44-52.

I'enepanos JI.H., A6pamosnu C.H., 3Benuropoxackuit A.I'. u ap. // U3B. PAH. Cep. ®uz. 2003. T.67. NelO.

Nieswand C., Born M., Hacmann J. // Plasma Phys. and Contr. Fus.1990.Vol.32. Ne.3.P.12-19.

1
2.
3.
C.1462.
4.
5. Azuma RE., Uberseder E., Simpson E.C,, etal. // Phys. Rev. C. 2010. Vol. 81. 045805.
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CIIAPUBAHUE HEATPOHOB W IIPOTOHOB B SI/IPAX CN=7Z
Huxanos 5.C.*?), Cudopos C.B. Y, Tpemwsxosa T.FO. ?

DMockoBckuii rocyrapcTeeHHbIN yHUBEpcuTeT uMeHH M.B. JloMoHocoBa, @usuueckuil Gaxy isTeT,
2) MoCKOBCKH rOCyIapCcTBEHHbIN yHUBepcHTeT iMeHd M.B. JlomoHocosa, HayuHo -uccieloBaTeIbeKiil MHCTUTY T
saepHoit pm3ukn nmenu J[.B. Crxobenpiriaa, 119991 Mocksa, Poccus.

CrapuBaHHEe HYKJIOHOB OKa3bIBacT 3HAUHMTEILHOE BIHMSHHE Ha CIPYKTYypy aTOMHBIX suep. OcoObrid mHTEpec
MPEJCTaBIsICT W3ydYeHHE IapHOTO B3aMMOJCHCTBHA HEHTPOHOB M NPOTOHOB (Np-cmapuBaHMsA). Tak, OCTAIOTCA
HEpEUIeHHBIMHU BOTIPOCH KOHKypeHIH n3ockamipHoro (T=0) u u3osexropHoro (T=1) cmapuBaHus, a Tarke HATUIHS
YeTBIPEX-HYKJIOHHOTO B3aMMOJCHCTBHA B sAnpax TpymHOCTH B pa3pelleHHH 3THX U HHBIX IPOOJIEM CONPSKEHBI C
MEHBIINM KOJMYECTBOM HKCIEPUMEHTAJIBHBIX JAHHBIX, a TakkKe OOJBIICH MIOTHOCTHIO SACPHBIX CIIEKTPOB B HEUETHO -
HEYCTHBIX SIpax, rae NP-clapuBaHue Mpospisiercss Hanbosee sspko [1]. Beinemmts Bo36GYKICHHBIC COCTOSIHHS HEYETHO-
HEYETHBIX siIep, OTBEUAIOIHEe H30BEKTOPHOMY NP-CHapUBAHUIO, MOYKHO U3 CPaBHEHHS CIIEKTPOB COCEIHUX siep -u3o0ap,
B KOTOPBIX CHIAPUBAHUE TOKACCTBEHHBIX HYKIOHOB MPHUBOJUT K ()OPMHUPOBAHHUIO MYJIBTUILIETOB OCHOBHOTO COCTOSIHUS
(GSM, ground state multiplet). Kax Geiio moka3zano B pabotax [2, 3], pacuieruienne GSM B ciyuae TOXIECTBEHHBIX
HYKJIOHOB MOXET OBITh OTIPEJINICHO Ha OCHOBE MACCOBBIX COOTHOLICHUHN I YETHO -HEYETHOTO 3 dekTa.

B HacTosmiel paboTe omucaHue B3aUMOEHCTBUS HEHTPOHOB U IPOTOHOB B ciiyyae T=1 npoBeaeHO MO aHANOTHU
CO CIapMBaHMEM TOXJIECTBECHHBIX HYKIIOHOB B YETHO-YETHBIX siapax: cTpykrypa GSM paccumrtana B npuOIMKeHHU
JIeJIbTa—B3aUMOJICHCTBHS, Ul  OLEHKH paciemwiennss GSM  ucnonb30BaHbl  pas3iMyHbBIC BapUaHTl  MacCOBBIX
COOTHOULIEHUI:

e I3 paszHocTu MexX/y dHEPTHEH OTACICHUS Tapbl NP U IPOTOHA U HEUTPOHA 1o oTAebHOCTH [4, 5]:

4 _
A9(N,Z)=B,(N,Z)-B,(N,Z-1)-B,(N-12) M

o Hepe3 MacCChbl CEMHU COCCOHNX H,Z[ep
(N, Z)——[A '(N,Z)+ A (N +1,Z +1)] 03]
e uepes Macchl TPHHAIUATH cocez[HI/Ix szep:
AYI(N,Z) ——[A (N, Z)+A®(N,Z2)]1+56,, ®3)
e uepe3 mapHoe BBaHMO}:[eI/ICTBI/IG TOJIECTBEHHBIX HYKJIOHOB B COCEIHHUX M300apax [6]:
A (N, Z)——[A J(IN+1,Z-1)+ A5 (N -1,Z +1)] (@)

CIEKTpEI MYIBTHILIETA OCHOBHOTO COCTOSHHUS OBUIM HAMJEHBI B PAMKaX PasiMYHBIX ONEHOK BEIMYMHBI Anp B
HeueTHO-HeueTHRIX sypax N = Z ¢ BaJeHTHBIM U Hy KIIOHaM | Ha riogo6omouke 1f7/2 (42Sc, 46V, 50Mn, 54Co) u 1ds/2 (8F, 22Na,
26Al). CpaBHEHHE PE3YNETATOR PACUETA M IKCTIEPUM EHTAIBHBIX CHIEKTPOB sijiep ¢ N=Z TMOKa3hIBaeT, 4T0 M30BEKTOPHOE
CIIAPUBAHKE B PACCMATPUBAEMBIX S/IPAX C HYKIOHAMHY Ha OJHOM MO0 60JI0YKE MOKET OBITH HAKGOIIEE TOUHO OMUCAHO B
paMKax METOJa yCPEMHEHUs M0 JHEPTHU CIAPHBAHHUS M300ap -aHAJIOTOB, & TAKKE METOJA PACUETA IO DHEPTHH CBS3H
TPUHAIIATH STEP.

[1] S. Frauendorf , A.O. Macchiavelli // Prog. in Part. and Nucl. Phys. 78, 24 (2014)

[2] L T. Imasheva B. S. Ishkhanov, M. E. Stepanov, T. Yu. Tretyakova // Bull.of .RAS: Physics. 79, 521 (2015)
[3] L. T. Imasheva, B. S. Ishkhanov, S. V. Sidorov et al // arXiv:1704.06895

[4] L. T. Imasheva, B. S. Ishkhanov, M. E. Stepanov, T. Yu. Tretyakova // Phys. of At. Nucl. 78, 1463 (2015)
[5] C. Qi, R. Wyss // Phys. Scr.. 91. 013009 (2016)

[6] D.G. Madland, J.R. Nix // Nucl. Phys. A476.P. 1. (1988)
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HUCCJEJOBAHUE PAJIJMOAKTUBHOI'O PACHAJA 1569Ho—156Dy
Hzocumos UH., Connviuukun A.A., Xyweaxmog JK.X.

O6wemmaeHHEIH MHCcTHTYyT Snepubix MccnenoBanuii, 141980 [lyGHa, Poccus
E-mail: soln@jinr.ru

B Hammx SKcHepUMEHTAX il HapaOOTKH paJUoaKTHBHOTO IpenapaTa 1°6H0(56 MUH) MBI HCTIONB30BAIH PEAKIHIO
TIyOOKOTO pacIIeIUIEHUs sAep TaHTaja MPU B3aUMOJCHCTBUU C BRICOKOYHEPTHYHBIMH NpoToHaMu 0T Pazotpona JIAII
OMANU. ns 3Toro C NOMONIIBIO CIENHAJBHOTO YCTpoiicTBa 03 HapyIIeHHs BakyymMa B Kamepy (a3oTpoHa
yCTaHABIMBAJIACH MHUIIEHb MaccOd 5 rpaMMOB, IMPHUTOTOBJICHHAS M3 METAUIMYECKOTO TaHTaJa. 3aTeM IPOBOMIIOCH
o0ydyeHne yKa3aHHOW MUIIEHH ITyYKOM MPOTOHOB. B HammMx sKcIepUMEHTaX BpeM s OONydeHHs BapbHPOBAJIOCH OT
HECKOJBKUX JECATKOB MUHYT JO HECKOIBKHX 4YacoB. IIpm 3ToM BO BcexX cepusix OONydeHHs JHEpTHs IPOTOHOB
coctasisia Ep =660 M»B, a uatencuBHOCTS |p= 2 MKA. [Tocne 00ydeHNsI MUIIIEHb U3BIEKAIACh U3 KAMEPHI yCKOPHUTEN
U JIOCTAaBIBIIACH B PAAHOXUMHUYECKYIO TabOpaTopHIo, Iae xpomaTorpaduueckum metonoMm [1] Beraensack gpaxuus Ho.
IIpu 3TOM Bpems, OTCUNTAHHOE OT MOMEHTA CHSTHs MUIIEHU 10 KOHIA BblAeneHus (pakiuu Ho, B o6meil cnoxHOCTH,
He MpeBBINIANO ABYX 4acoB. 3ateM ¢paknus HO TpancmopTupoBanach K 3JIEKIPOMarHUTHOMY Macc-CemnapaTopy
xommiekca SICHATIII-2 [2], rae momenianach B CHEUAIbHYIO aMITyJly UCTOYHHMKA HOHOB U IMOJBEprajiach pa3ieieHHI0
Ha oTaenbHbIEe M30TOmBl HO. B cneumamsHOM ycTpolicTBe cO0pa MOHOM30TONIBI B BHIE HOHOB ¢ 3Heprueil 50 x»B
BBIC)KHMBAJUCH (KaXKbI B CBOEM MECTe) Ha aJIOMUHHEBYIO JIEHTY. JIeHTa U3BlIeKalach U3 yCTPOUCTBA, U3 KOTOPOH 3aTeM
BBIPE3AIICH OT/IENbHbIE (PArMEHTHl Pa3MeEPOM MopsKa | cM?, cofiepKallie TOT UM MHOH MOHOM30TOIL. BriocneacTsuu
9TH (pParMeHTbl HCIOJB30BAJIUCh B KAUYECTBE p/a-MCTOUYHUKOB Ul W3MEPEHMH Ha HAMX II0JIYIIPOBOJHHKOBBIX
CIIEKTPOMETpAx, B TOM umcie 1 MoHouszoton °6Ho. Beck npouecc paszenenus 0 Hayana U3MePEHUii 3aHUMa He Goliee
ojHoro yaca. Takum o6pazoM, cyMMapHOE BpeMs OT KOHIA 0OJTydeHHs 10 Hadaja U3MEPEHHI COCTaBILIIO OKOJIO TPEX
4acoB. 3a 9T0 BpeMs BOCEMHMHHYTHBIH (9%) usomep °6MHo, mpakTuuecky, MONHOCTHIO pacmajaics U Mbl HU3Mepsiu
raMMa CIeKTphl oT pacnaza (47) ocHOBHOTO cocTosHus 69H0(56 Mun).

V3MepeHnss mpoBOJMINCH C MOMOIIBIO CIHEKTPOMETPOB HAa OCHOBE CTaHIApTHBIX HPGe —gmetexkropoB ¢upm
ORTEC u CANBERRA. U3Mmepsumch CIEKTPHI Kak Y-Ty4eii, Tak U yyt-CoBmaneHuii npu pacnazae °69Ho(56 mun).

Hmxe yxa3aHBI XapaKTepUCTUKH KOHKPETHBIX JACTCKTOPOB, HCIIOJB3YEMBIX HAMH B HAIINX U3MEPECHHUSX.

D¢ P eKTHBHOCTB: Paspermenne:
HpGe (19%): AE, = 1.8 k3B (5°Co)
HpGe (28%): AE, = 1.9 3B (6°Co)
HpGe (50%): AE, = 2.0 k3B (5°Co)
HpGe (2 cm3): AEy = 580 5B na y120 B

B 2002 romy Obina omyOimkoBaHa pabota [3], TAe aBTOPHI MPOBEIM Y-CIIEKTPOCKOTHIO IEMOYKH pacmajia
156Er—156Ho—156Dy ¢ momompro Clover HPGe petextopa. Mcrounmk 1%6Er napaGateiBancs B peakuun 48Sm(2C,4n)
156Er pa myuxe 2C ¢ smeprueii 73 M»aB. [loyueHHbIe HAMU CBEAECHUS O Y-ydax (SJHEPTUSX U MHTCHCUBHOCTSX) M Yyt-
coBmaneHuii mpu pacmaze °%9H0(56 MuH) B mpenenax OmMOOK XOpOIIO COIVIACYIOTCA C JAaHHBIMH pabotsl [3].
Hcxmouenue cocTaBigeT y —1epexon 137.8 kaB ¢ 2*1 na ocHoBHOe coctosnme 01 156Dy. Ilo HammM naHHBIM €ro
HHTCHCUBHOCTh B OTHOCHTENBHBIX equHunax coctasimieT ly=115.0£3.0. B [3] ona Heckosbko 3anmkeHa ly=100+7.

B nHactosime#t pabote, UCHONB3Yysl HAllM JaHHBIE M JaHHBIE paboTel [3] HAM yHaloCh MOCTPOMTH JIOCTATOYHO
HoJHyo cxeMy pacnana °¢Ho—!5Dy (mpu 3ToM HaMu ObLIM pa3MelleHbl IPAKTUYECKH BCE HAOMONAEMBIE Y-TIEPEX0IbI
U yCTAaHOBJIEHHI 43 paHee HEU3BECTHBIX BO30YKIEHHBIX COCTOSHMN), BBIIOJHUTL 0aJaHC MHTEHCUBHOCTEH, ONpeEIEIUTh
3aCENIEHHOCTH BO30Y KIEHHBIX ypoBHEH S°Dy HenocpenctsenHo u3 ¢ + f'- pacnaga '>°¢Ho ¥ BHIYMCIIMTE NpUBEIECHHbIE
BepostHocTH logft.

1. ®. Momnap, B.A Xankun, 3 .Xeppman // DUAS, 1973, T.4, Ne 4, C. 1077-1155.

2. V.G.Kalinnikov, K.Ya.Gromov, M.Janicki, Yu.V.Yushkevich, A.W.Potempa, V.GEgorov, V.A.Bystrov,
N.Yu.Kotovsky, S.V.Evtisov // Nucl. Instr. and Meth., 1992, V. B70, P. 62-68.

3. M.A.Caprio, N.V.Zamfir, R.F.Casten, CJ.Barton, C.W.Beausang, J.R.Cooper, A.A.Hecht, R.Krucken,
H.Newman, J.R.Novak, N.Pietralla, A.Wolf, and K.E.Zyromski // Physical Review. 2002, C 66, 054310.
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METOJJUKA ONPEAETEHUS IMPOCTPAHCTBEHHOI'O PA3PEHIEHUSA STRAW-TPYBOK
Feponuxoe A.A4., Beponuros A.A1., Moconosa E.O., Conosvés B.H.
Cankr-IletepOyprekuit [lomrexanuecknit YHuBepcuret [letpa Bemxoro, Cankr-IletepOypr, Poccus

Bo MHOTrMX SKcrepuMeHTaX B 00JacTd (PU3MKM BBICOKUX JHEPTHH TPeOYIOTCS NEeTEKTHPYIOUINE CUCTEMBI
(HampuMep, CIIEKTPOMETPHUIECKHE TPEKEePHI), CIIOCOOHBIE BOCCTAHABIMBATE IIPOCTPAHCTBE HHYIO KOOPWHATY YACTHIIBI C
BBICOKOM TOUHOCTBIO.

CrnextpoMeTpuuecKuii Tpekep OOBIYHO COCTOWT M3 JAMMOJBHOTO MarHuTa ¢ OOJBIION amepTypod M HECKOJBKHX
TPEKOBBIX TEJIECKOTIOB, KOTOPHIE KOHCTPYHPYIOTCS W3 HECKOJIBKHX TPEKOBBIX cTaHmuil. CTaHIMM MOJDKHBI 00JanaTh
BBICOKUM IIPOCTPAHCTBEHHBIM pPa3pelleHHeM M MUHHMMAJbHBIM BKJIaJOM B MHOTOKPATHOE PAacCEsHHE PErUCTPUPYEMBIX
gacTHL. YacTo TPEeKOBbIe CTAHIIUM CO3JAIOT C MCHOJIb30BaHUEM Straw-TpyOOK, COOpAaHHBIX B TpEKEpHBIC MaHeNH. Taxue
CIEKTPOMETpPHUECKUE TpeKepsl yKe ObUIH HCIOIb30BaHbl B okcnepuMenTax NA62 u PANDA, u npyrux [1,2].

Straw-TpyOku - HPONOPIHOHAIBHBIE CUETYMKH, MPEJICTaBIAI0MNEe cOO00NH HMIHHAP (IMOBEPXHOCTh KOTOPOTO
SIBISIETCS] KaTOJIOM), 3allOJIHEHHBIM ra30BOH CMEChbIO, C YyBCTBUTEIHHOW MPOBOJIOKOW, HATAHYTOH MO OCH IMJIMHIpA
(anom). Ucnone3yst Bpemsi apeiida, MOXKHO ONpENENUTh PAacCTOSHUE OT TpeKa N0 aHoJa, TO €CTb B OJHOW TpyOke
rHpOopManus 0 KOOpMHATE COOUPAETCs IO NPUHLUITY «IHJIMHAP HauOOJIbILIEro COMDKEHU» - U3 IOy YEHHOTO BpeMeHH!
Ipeiida onpezenseTcs pajdyc HaUMEHBIIETO HUIMHIPA.

B npouecce paspaboTku Tpekepa HeoOxoauMoO MmoaoOpath mapamerTpbl straw-TpyOOK, Takhe Kak THII Tasa,
JaBJICHHE, HAlpsDKeHUe, JuaMeTp, mmHa u apyrue. OT 3TUX napaMeTpoB HANpsAMYI0 OyJeT 3aBHCETh paspelieHHe
JeTekTopa. 3adacTyio, Hocjie BbIOOpa mapaMeTpoB TpyOOK, MPOCTPAHCTBEHHOE pa3pellicHHe ONpefesieTcs Iisi Bcel
yCTaHOBKHU (Tpekepa) B meqoM. Ho a1d ontuMmusanuu Tpekepa IOJNE3HO PacCMOTPETh 3aBUCHMOCTh Pas3perieHHs OT
IapaMeTpOB Ha IPUMEPE OTACIBHO B3ATOH Straw-TpyOKH elle Ha 3Tarle IIAHUPOBaHMUS.

Jns onpezeneHus MPOCTPAHCTBEHHOTO paspemieHus straw-TpyOoK HeoOXoauMMo IpeoOpa3oBaHHE BPEMEHH
Ipeiida B MUHUMAJIbHOE PAcCTOSIHUE OT TPEKa /0 MPOBOJOKH. DTO O3HAYAET, YTO KOOPIMHATA B TPYOKe MOXET OBITh
OTpefesieHa TONbKO KOCBEHHO, a 3HAYUT U MPOCTPAHCTBEHHOE pa3pellleHHe HANPSIMYIO 3aBHCUT OT BPEMEHHOTO.

Ha mpaxTtiike, TpOCTpaHCTBEHHBIM pa3pelIcHHeM Has3bIBAIOT OIMHOKY, ¢ KOTOPOIl OyZeT U3MEpEeHO IOJOKEHHE
Tpeka B TpyOKe.

B manHO#W paboTe mpesmaraercss (C MOMONIBIO MOJEIMPOBaHUS ¢ ucnoib3oBanneM maketa GARFIELD wu
¢peiimBopka ROOT [3,4]) MeToMKa ONEHKH MPOCTPAHCTBEHHOTO pa3pelieHus straw -1pyOKu.

CHagasma HEOOXOIUMO OIPENeNMTh 3aBUCHMOCTh NPOCTPAHCTBEHHONH KOOPAWHATHI Tpeka (MHUHHMAaJbHOE
paccTosiHUE OT TpeKa JI0 aHO/a) OT BpeMeHH apeida:

- IPOCTPAHCTBEHHYIO KOOPAMHATy MOXHO HAaWTH C IOMOIIBIO CHCTEMBI HE3aBUCHMBIX JETEKTOPOB (IIyTeM
WHTEPTIOSIIINYA KOOPIMHATEI Ha TOJIOXKeHHe TpyOKn);

- jJamee cTpouTca IrpadHK 3aBUCUMOCTH BPEMEHHOTO CHTHAla CO Straw-TpyOKH OT HHTEPIOJHPOBAHHOM
KOOPJMHATHI, U OMpeesieTcss (yHKIUS 3aBUCUMOCTH U ee TapaMeTphl (HampuMep, ¢ HOMOIIBI0 (PUTHPOBAHHS).

INo momydeHHOW (YHKIMOHAIPHON 3aBHCHMOCTH OIIp €eTIeTCsS KOOpJIWHATa Tpeka B TpyOke (C IOMOIIBIO
oOpaTHOW (yHKIMH) U ee OTKIOHCHHE OT MHTCPIOJHPOBAaHHOW KkoopauHaThl. IllmpuHa pacmpenencHus OTKIOHEHUH
OyzeT cyKHUTh OLIEHKOH 001el OMMOKH U3MepeHus: KoopauHaTel. Toraa, ¢ yd4eToM OIHMOKA MHTEPHOJIIHU (KOTOpoe
3aBUCHT OT Pa3pelIeHNs] He3aBUCUMBIX JETEKTOPOB), MOXKHO MOJIy4HUTh OLEHKY IPOCTPAHCTBEHHOTO pa3peleHus straw-
TpyOKH.

MeToMKa UMeEET Psfl CIOKHBIX MOMEHTOB, B UHCHE KOTOPBIX:

- obpartHas QyHKIMS MOXET 0Ka3aTbCsa HE ONpeesieMoi Ipu HEKOTOPBIX 3HAUEHUAX apTyMEHTa;

- OIIEHKa pa3pelLIeHUs] CUJIbHO 3aBUCHT OT Pa3pelIeHUs] He3aBUCHUMBIX ACTEKTOPOB, TaK KaK NMPOCTPAHCTBEHHO -
BPEMEHHOE COOTHOIIEHHE OCTPOECHO HA U3MEPEHHAX HE3aBUCUMOIl CHCTEMBI.

OnHako, METOMKA MO3BOJSAET CAENaTh OLEHKY MPOCTPAHCTBEHHOTO Pa3pelIeHus OTAEIbHO B3STON TpyOKH, YTO
B CBOIO OuYepe/b JaeT BO3MOXHOCTb CPAaBHHTh HECKOJIBKO Pa3lIMYHBIX KOH(QUTypanuii TpyOoK ¢ LENbl0 ONTUMH3ALNN
paboThl KOHCTPYHPYEMOH CHCTEMBI.

Pe3ynmpratel OBUM TONYYCHB B paMKaX BBINOJHEHUS TOCYJApCTBCHHOTO 3amaHus MmuHoOpHaykm Poccun
3.1498.2017/4.6

Hcnonb3yemble HCTOYHUKH
1 Technical Design Report ~ for  the: PANDA Straw  Tube Tracker, https://panda-
wiki.gsi.de/pub/Tracking/WebHome/panda_tdr_trk.pdf
NAG62 Technical Design Document, https://na62.web.cern.ch/na62/Documents/TD_Full_doc_v10.pdf
ROOT Framework (https://root.cern.ch/)
4. GARFIELD (http://garfield.web.cern.ch/qgarfield/).
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OPUEHTALIMOHHBIE XAPAKTEPUCTUKHU SIJIPA 2“Mg(2*, 1.37 MbB) B PEAKIIUM 27Al(p, a.1)2*Mg
Tananuna JI. 1., 3enencrasn H. C., Jlebeoes B. M., Opnosa H. B., Cnaccxuii A. B.

®denepanbHOE TOCYJAPCTBCHHOE OFODKETHOE 00pa30oBaTeNIbHOE yUpeKICHHE BBICIIETO 00pa3oBaHus « MOCKOBCKHI
rocyJJapcTBeHHbIH yHUBepcuteT uMeHu M.B. JlomoHocoBay,
HayuHo-uccnenoBatenbckuii MHCTHTYT siiepHO# ¢usuku nmenu 1.B. Cko6enbibiaa, Mocksa, Poccust

Ha 120-cMm nuxnorpone HUMAD® MIY npu sHeprun 1npotoHoB 7.4 M»bsB  usMmepeHsl ABOIHbIE
mapdepernmansusie ceaenns W(0,, ¢y; 04) peaxuun 27Al(p, a1y)**Mg B 06nacT yrioB BelteTa o-4acThIl (Onas. = 30 —
160°). Jdns xaxmoro yrima Oq ¢GyHkuun yrnoBoit oy-xkoppemsinuun W(0y, ¢y; 0q) u3Mepsumch B TpeX IUIOCKOCTIX ¢y
perucTpanuy y-KBaHToB B HMHTepBaje 6y = 20 — 150°. DT0 MO3BOIMIO BOCCTAHOBHTH YIJIOBHIE 3aBHCHMOCTH BCEX 9
YETHBIX KOMITOHEHT CIIMH-TEH30POB MATPHILI IUIOTHOCTH KOHEYHOTO BBICTPOEHHOTO sAapa 24Mg B coctosmmm 2+ (1.37
M>5B). Ha 6a3e 3TUX KOMIIOHEHT OMpEJCNCHBl €r0 OPHEHTALMOHHBIE XapPaKTEPUCTHKH — 3aceleHHOCTH Pim(0q)
MAarHUTHBIX MOAypoBHEH C mpoekumeit M = 0, £1, £2 cnuna 2* W3ydaeMoro COCTOSHHS KOHEYHOTO spa W TCH30PBI
OpHEHTAIIMU MYJBTUIIOJIBHBIX MOMEHTOB tk¢ (0c) parra K O THOCHTENEHO UMITyJIbCA SAPA OTAAYH.

Venoevie  pacnpedenenuss  doldQ  u

o
dG_/dQ, MO-cp sacenennocmu PiM 6 peaxyusx, ykazauvlx
- A
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0 90 180
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DKCHEepUMEHTAIBHBIC PEe3yJbTaThl CPABHHBAIOTCS C pacdyeTaMH Il MEXaHW3Ma MOJXBaTa TPUTOHA B METOJC
cBs3aHHbIX KaHatoB (MCK) u B Mozenmu coctaBHOTO siapa B cratuctudeckoM mpezene (CS). B paboTte ucrnonbp30BaHBI
pacdeTsl M MOJENBHBIC MapaMeTpbl M3 Hamieid paHHeil myOimkammu [1], B KOTOpod OBUIM HpPHBEACHBI Pe3yJbTaThl
U3MEpPEeHHH TOJNBKO Ui Tpex 3HaueHHd yriaa Oq. CpaBHEHHE O3THX pacdyeToB ¢ 0Oojiee MOJHBIMH HACTOSIIUMHU
9KCIEPUMEHTAILHBIMHU PE3yJIbTaTaMU TOATBEP IO OCHOBHBIC BBIBOJBI, CACNaHHBIC B [1]: MpeMMyIIECTBEHHBINH BKIIA]
MpsIMOTO MEXaHW3Ma II0JXBaTa TPUTOHA B HCCJICIOBAHHOW DPEAKLUH, YIOBICTBOPHTCIBHOE OIMCAHHE 3aCEICHHOCTH
Pim(0o) 1 nmuuIb KauecTBEHHOE COTIIACHE MPU aHANM3E YTIOBBIX 3aBUCHMOCTEH ik (0o). OueBumHO, UTO B H3ydaemoii
peakiyy mpH Takoil HU3KO# 3HepTuH MpoToHOB (7.4 M3B) BO3MOKEH CyIIECTBCHHBIN BKIAJ PE30HAHCHBIX MPOLIECCOB,
KOTOPBIC 3/IeCh HE YUUTBHIBAIKCE.

IpoBeneHO CpaBHEHHE DKCIEPUMEHTAIBHBIX YIJIOBBIX 3aBHCUMOCTEll 3aceieHHOCTH Pim(By), moydeHHBIX B
UCCIIEI0BAHHOM peaknuu u B peakuuu 2*Mg(p, p1y)>*Md mpu Ep = 7.4 MaB ¢ 06pasoBaHreM TOTO e COCTOSHHS Spa
24Mg [2] (cM. mpumep mis M = 2 Ha puc.). B ommune ot [1], 06HApYkEHO 3aMETHOE CXOJCTBO 3aCEJIEHHOCTEH ¢
npoekisiMu M =0 u M =2, Torza kak yriioBele pacupeneicHus ¢ depeHInanbHOr0 CeUCHUS PeaKUid OTIMYAITCS
o ¢opme. Takoe OTHOCUTEIBHOE MOIOOUE MOYKET OBITh 00YCIOBICHO ONPEACISIFONIINM BIMSIHUEM CTPYKTYPhI U CBOWUCTB
BBICTPOEHHOTO KOHEYHOTo sapa 24MQ Ha BeqMYHHY 3aceleHHOCTEH, IOCKOJIbKY OCHOBHBIE MEXAHHM3MBI JTHX IBYX
peaxuuii pa3nu4aoTes, Mo-BUAUMOMY, CYIIECTBEHHO [1-2].

1. JLN. Tananuna, H.C. 3enenckas, B.M. Jlebenes, H.B. Opinosa, A.B. Cnacckuii // U3sectuss PAH, Cep. dus.,
2016, T. 80, Ne3, c. 338.

2. JL.N. Tanannna, H.C. 3enenckas, B.M. Jlebenes, H.B. Opnosa, A.B. Cnacckuii, C.B. AptemoB // U3BecTst
PAH, Cep. dwus., 2015, T. 79, Ne4, ¢. 557.
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MHOTOYACTUYHBIE ®OTOSI/IEPHBIE PEAKIIUA HA OBOMIEHHBIX SIJIPAX B OBJIACTH A=100-
110 B P-TIIPOIECCE HYKJIEOCHHTE3 A

! Benviwes C.C., 2Ky3He1406 A.A., 2Cmonanu K.A., ? Xanxun B.B.

ldusnuecknii GpakyasTeT MOCKOBCKOTO TOCYIapCTBEHHOTO yHUBEpcHTeTa nMern M. B. Jlomonocosa, 119991 Mocksa,
Poccuiickas ®enepanus
2Hay4HO-MCCIeI0BATEILCKAN HHCTATYT saepHoM Gpusukn uMenn JI. B. Ckobembipna MoCKOBCKOTO
rocyJapCTBEHHOro yHuBepcureta uMeHu M. B. JlIomonocosa, 119991 Mocksa, Poccuiickas ®enepanus
E-mail: hatta@depni.sinp.msu.ru

OmucaHue mponecca poXkAeHHS OOOMNICHHBIX sAep B XOJE 3BE3NHOTO HYKICOCHHTE3a SIBIACTCS OJHOW U3
aKTyaJbHBIX NpoOIeM saepHON acTpodu3uku. B COOTBETCTBHH € COBPEMCHHBIMH IPEACTABICHUSMH IJIABHBIM
MEXaHH3MOM 00pa3oBaHUS SIEpP M3 ITOH TIPYyNNBl ABIAETCS TaK Ha3bIBaeMBIH P-TIpolecc, MpeACTaBisiomuil coboi
LETOYKH SIEPHBIX PEaKuuil U pacmagoB, OCHOBHYIO POJIb B KOTOPBIX UTPArOT (OTOSIACPHBIE PEAKIUH, MPOUCXOIAIINe
npu Ttemmepatypax okono 3 'K B MOMEHT IpaBHTAIIMOHHOTO KoJjularica Opu B3peiBe cBepxHoBoit |l mama [1].
Teopetnueckuil pacuer HapabOTKM sAep B P-mpolecce He MO3BOJSIET BOCIHPOM3BECTH PACHPOCTPAHEHHOCTH psla
000iineHHbIX siiep B BeniecTBe COJHEUHON CUCTEMBI, YTO MPHUHATO CBSI3BIBATH C OTCYTCTBUEM HAJIEKHBIX TEOPETHYECKUX
MOJeNeil U IKCIIePUM CHTAIBHBIX JAHHBIX 10 (OTOSICPHBIM CEYCHHSM BOJIM3M MOpora peakuuu. B Hactosmas pabota
MOCBSIIEHA pacueTy TPAeKTOPUN P-TpoLecca U UTOTOBBIX KOHUEHTpAIMi 000HIeHHBIX Saep B 00JIaCTH MacCOBBIX YUCEI
100—110 B cBepxHOBOM 25Mo € MCHOJB30BAHUEM CKOPOCTEH MPOTEKAHHUS acTPOPUINUICCKHX PEeaKkIMid U3 OHOIHOTEKH
REACLIB [2], ckoppeKTHpOBaHHBIX Ha OCHOBE J@HHBIX IKCIEPHMEHTA B TOPMO3HOM ITyYKE YCKOPHUTENs 3JIEKTPOHOB
PTM-55 [3]. PaccmaTtpuBaeTcsi BKJIa ] MHOTOYACTHYHBIX (POTOAACPHBIX PEaKInii, MPOTEKAIOIIMX C BBUICTOM OoJiee, YeM
OJIHOTO HYKJIOHA.

[1] M. Arnould and S. Goriely, Phys. Rep. 384, 1-84, (2003).
[2] Cyburt et al., ApJS 189, 240 (2010).
[3] A. L. Karev et al., «55 MeV Special Purpose Race-track Microtron Commissioning,» in XXII Russian

Particle Accelerator Conference RuPAC-2010, Protvino, Russia, RuPAC-2010, Contributionsto the Proceedings, p. 316.

MANIFESTATION OF CLUSTERING IN LOW ENERGY FISSION: NEW RESULTS

Kamanin D.V. !, Pyatkov Yu.V.2!, Strekalovsky A.O.', Alexandrov A.A.1, Alexandrova I.A. }, Goryainova Z.1. 1,
Mkaza N. 3, Kuznetsova E.A. 1, Malaza V. 3, Strekalovsky O.V. !, Zhuchko V.E. 1,

1Joint Institute for Nuclear Research, Dubna, Russia;
2 National Nuclear Research University “MEPHI”, Moscow, Russia;
3 University of Stellenbosch, Faculty of Military Science, Military Academy, South Africa

In our previous publications [1, 2] we discussed the manifestations of a new original effect appeared at crossing
of the metal foils by fission fragments. We have observed significant mass deficit in the total mass Ms of the fission
fragments detected in coincidence with ions knocked out from the foil. In the light of the results obtained, a fission
fragment is supposed to be born in the shape isomer state that looks like di-nuclear system consisting of the magic core
and lighter cluster. New information concerning the effect under study was obtained in our recent experiments to be
discussed in the report.

References

1 Yu.V.Pyatkov et al., International Symposium on Exotic Nuclei "EXON-2014", Kalaningrad, Russia, 08-13
September 2014. Conference proceedings, Editors: Yu.E.Penionzhkevich, and Yu.G.Sobolev. Published by World
Scientific Publishing Co. Pte. Ltd., 2015. p. 383.

2. Yu.V.Pyatkov et al., Physics Procedia 74, 67 (2015).
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OLIEHEHHBIE 3HAUEHUS WHTEIPAJIbHBIX CEYEHUI PEAKIIMM 3H(t,2n)*He B
HH3KOSHEPTETHYHOH OBJIACTH, ITOJIYYEHHBIE C YYETOM JIEKTPOHHOIO 3KPAHHPOBAHHA

Taosa C.M., I'enepanoe JL.H., )Kepebyos B.A.
POAL-BHUMD®, Capos, Poccus

B OuOimmoTeke ONEHEHHBIX U OKCIEPUMEHTANBHBIX saepHBIX nMaHHbIXx SaBa (POSAL-BHUUD®) [1] co3nana
noaoubnoTeka SCreening, cozepikamiasi OLEHEHHbIE 3HAYCHUS MHTEIPAJbHBIX CEYCHHH OCHOBHBIX TEPMOSJICPHBIX
peakuii B 00JacTH HHU3KHX YHEPTHUH, MOJyYCHHBIX ¢ y4ETOM HJIEKIPOHHOTO JKpaHHpOBaHMA. B HacTosmiee Bpems
BOIIPOCY 3JEKTPOHHOTO AKPAHUPOBAHHA yJelseTcs OOoNbIIOe BHIMAaHHE KaK B OTCUECTBCHHBIX, TAK U 3apy OCKHBIX
JUTEPaTypHBIX HCTOYHHKAX [2,3].

B paboTe MpeacTaBIeHB pe3yibTaThl aHAIM3a OSKCIEPUMEHTATBHBIX JaHHBIX Mo peakmunm SH(t,2n)*He,
npomekaiowjeil 6 2azogou cpede [4-7]. Ilpusedén anroput™M ONHMCAHHS DKCICPUMEHTAIBHBIX JAHHBIX B
HU3KO9HEpreTHyHOH ob6mactu. IIpemBapUTeNbHBIM aHANMM3 IOKA3al, YTO MOTEHIHUAN 3JIEKIPOHHOTO AKPAHUPOBAHHSA
coctaBmsier okoJio 120 5B. D10 3HaueHHe B HECKOJBKO pa3 Beie noteHnuaina 40 5B, ykazannoro B my6mmkanuu [8]. C
TIOITYYEHHBIM TIOTEHIMAJOM SIEKTPOHHOTO KPAaHHPOBAHHMS DACCUMTAHBI 3HA4YeHHs cedeHmii peakimmn SH(t,2n)*He,
HayuHasi ¢ sHepruil Hajertaomux vactul 100 5B. Ilo paccuuTaHHBIM 3HAYEHUSIM CEYEHHH B HM3KOIHEPIeTHYHOM
001acTH BBIYHCIICHBI CKOPOCTH peakuuu. OnpeneneHbl ko3 GUINESHTH YCHICHHS sl CEYSHUH M CKOPOCTEH peakIuil.

Jlutepatypa

1 Zvenigorodskij A.G., Zherebtsov V.A., Lazarev L.M. etal The Library of Evaluated and Experimental Data on
Charged Particles for Fusion Application // Report IAEA-NDS-191, Vienna, 1999.
Beictpunkuit B.M., Beictpunkuii But.M., OQymxun I'.H. u qp. // KIT®. 2014. T. 146. Bein. 1 (7). C. 65.
Spitaleri C., Typel S., Pizzone R.G, etal. // Phys.Rev. C. 2001. V.63. P. 055801.
CepoB B.1., C.H. Aopamosuua C.H., Mopxkun JI.A.// Atomu. Duepr. 1977. T..42. C. 59.
Agnew H.M., Lenard W.T., Argo H.V.,, etal. // Phys. Rev. 1951. V.84. P. 862.
Brown R.E., Jarmie N.// Radiat. Eff. 1986. V. 92. P.45.
T'osopos A.M., Eu JL.T'., Ocetunckuii I'M. u ap. /Otuét, JINR-P-764, 1961, Zh. Eksp. Teor. Fiz. 42. 383. 62.
Typel S., Bliige G, Langanke K., etal. // Z. Phys. A - Hadrons and Nuclei. 1991. V.339. P. 249.
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NUCLEAR REACTION “K(a,n)**m3Sc AND ISOMERIC CROSS SECTION RATIOS
Chuvilskaya T.V.
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia

The calculations of the excitation functions of high-spin and low-spin isomeric States production in one and the
same nucleus as well as the respective isomeric cross section ratios (ICSR) were carried out for reaction 41K(a,n)*4™Sc.
Measurements of ICSR allow one to obtain reliable information on angular momentum dynamics of a preceding reaction
and spin dependence of nuclear level density. This dynamics depends on the properties of a target, projectile and emitted
particles. Experimental studies of ICSR produced by reaction 41K(a,n)*4™Sc in the a-particle energy ranges 14-32 MeV
were carried out by us earlier using off-beam measurements of induced activity of members of the isomeric pair.
Calculations of ICSR for the indicated reaction are performed using the codes EMPIRE-3 and TALYS. Forthe discussed
conditions the values of ICSR calculated by EMPIRE-3 are in disagreement with experimental ones being 20-30 %
greater. At higher energies of a-particles calculated values of isomeric ratios significantly exceed experimental ones. As
for the data obtained by use of TALYS code they turnto be in agood agreement with experimental ones over allmeasured
region except the expressive experimental maximum of ICSR at energy 26 MeV.
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TEOPETUY ECKOE WUCCJIETOBAHUE CEMAUHYKJIOHHOW CHUCTEMBI SLi+p C
HUCIIOJIb30BAHUEM AJITEBPAMYECKOW BEPCUM MOJIEIM PE3OHHUPYIOIIUX T'PYIII

Conoeves A.C. Y2, Hzawoe C.JO.

1 Beepoccuiickuii Hay4HO -UCCNIEN0BATENLCKUN HHCTUTYT aBToMatiki uMend H.JI. Jlyxosa, Mocksa, Poccus;
2 TUX0OKEaHCKHiT TOCYIaPCTBEHHBI YHUBEPCUTET, XabapoBck, Poccus
E-mail: alexander.solovyev@mail.ru

CeMUHYKIOHHAS siiepHas cuctema SLi + P MpeACTaBIseT 3HAYUTENLHBIN HHTEPEC JUISL SICPHOM acTpO(U3MKH.
DTOT WHTEpeC OOYCNOBIEH TeM, YTO B JAHHOM cHCTeMe mpoTekaeT peakims SLi(p, o)®He, xotopas mpu Hm3KHX
acTpopU3MIECKUX DHEPTHSIX OTBETCTBEHHA 3a cropamue sjep °Li B X0/€ MEPBHYHOTO W 3BE3THOTO HYKICOCHHTE3OB.
3Hanue cedenus peakun °Li(p, o)3He cilyuT oJHUM M3 HCTOUYHHMKOB HH(OPMAIMH, HEOOXOMMOM I pelleHUs PAa
acTpoPU3NIECKUX MPOOJIEM, BKIFOUAs TAK HA3BIBAEMYIO TIPOOIIEMY “UCTOIIEHHS JIUTHS B 3Be3/IaX. DKCIEPUMEHTAILHOE
HCCJIeIOBAaHHE JAHHOW peakIMy MPH acTpO(U3NIECKH BaXKHBIX SHEPTHAX OKa3bIBACTCS MPOOIEMAaTHIHBIM U3 -3 HAJIMIHS
KYJIOHOBCKOTO Gaphepa B cuctemMe °Li + p. B CBsA3u C 3TMM TEOpETMUECKHE HCCIIENOBAHUS MPHOOPETAIOT 0COOYIO
3HAYIMOCTb.

B nannoii pa6ote cuctema ®Li + p paccMoTpena B paMKax MEKPOCKOMHYECKOTO mojxona [1], ocHoBaHHOTO Ha
arreGpandecKoll BEpCUM MOJIETH pe30Hupyromux rpynn [2]. Beraucneno ceuenme peakmun SLi(p, o)He mpu mmskux
mo0aphepHBIX SHEPTHAX. [ omucaHMs SANepHOTO B3aMMOJCHCTBUS HYKIOHOB HCHOJB30BAJICS MOIU(UIMPOBAHHBIN
nmoTeHMan XaseraBel—Haratel [3], BKIOYArOMmM{ HENEHTpalbHbIE CHHUH-OPOUTANBHBIE M TEH30pPHBIE KOMIIOHEHTHI.
IIpoBeneHo cpaBHEHHE MOJIYUYECHHBIX PE3YyJbTATOB C JKCIEPUMEHTAIbHBIMU JaHHBIMU (CM. CChUIKH B pabote [4]) m
JPYTHMH TEOPETUUECKUMH pacueTaMu [5, 6].

1 A.C. Conosses, CIO. Uramos, Cboprux me3ucos 00k1aoos 66-oii medxicoynapoonou xoxpepenyuu “Aopo-
2016, Capos, Poccus, 2016, c. 98.
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H. Kanada, T. Kaneko, S. Nagata, and M. Nomoto, Prog. Theor. Phys. 61, 1327 (1979).

Y. Xu, K. Takahashi, S. Goriely et al., Nucl. Phys. A 918, 61 (2013).

K. Arai, D. Baye, P. Descouvemont, Nucl. Phys. A 699, 963 (2002).

V.S. Vasilevsky, F. Arickx, J. Broeckhove and T.P. Kovalenko, Nucl. Phys. A 824, 37 (2009).
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M3YYEHUE YTJIOBBIX KOPPEISALMIA B OKCNIEPUMEHTAX C B3AUMOJIEMCTBUEM
KOCMMYECKHX YACTHUIL HA YCTAHOBKE «AJIPOH-44»

1Eypme6ae6 H., 2 Hoonoockasn O.A., 2 Cadvikos T.X.,. Taym E.M.

MuctutyT spepHoi Qpusuku, Amvatel, KazaxcTan
2Du3MKO-TeXHUYIECKUH HHCTUTYT, AnMaTsl, Kazaxctan

B paboTe mpencTaBieHs! pe3ybTaThl HCCICAOBAHUS ABYXIACTHUYHOW KOPPEIANOHHON (QYHKINU B MPHUMEHCHUN
K DKCIEPUMEHTAJIGHBIM JaHHBIM, TOJTyYEeHHBIM Ha KOMIUIGKCHOW ycTaHOoBKe «AJ[POH-44y, Brmowatomeit B ceOs
HMOHM3AIMOHHBIN KaJOpHMETp, PeHITeHOIMYIbCHOHHYI0 Kamepy (POK) m cmennyio mumens. [lomydeHHble NaHHBIC
CPAaBHUBAIOTCS C Pe3yIbTATAMH NPOTOH-NPOTOHHBEIX CTOJKHOBEHHH MONydeHHBIX geTekropomM CMS mo mmpoxomy
JMaTa3oHy IMCeBAOOBICTPOTHI An u asumyTamsHOTO yriaa A B skcmepumente LHC, CERN. Ilpu actpodmsnuecknx
9HEPIHsAxX ObINA CJeNaHa IMONBITKA CPABHUTH HKCIIEPUMEHTANBHBIC JAaHHBIE C IPOCTOil kBapkoBo# Moensio (ITIKM).

CratucTuka HKCIIepUMEHTAIBHBIX JAHHBIX, TOTyYeHHBIX Ha yCcTaHOBKe 3a 2016 rox OblIa yBelIMueHa U BKIIOUEHA
B 001yro 6a3y maHHBIX. TakuMm 00pa3oM B KauecTBE MCXOAHBIX YKCIIEPUMEHTANIBHBIX JAHHBIX I yCTaHOBKU «A JIPOH-
44» Opum B3aThl 13208 coObITMiT W3 KOTOphIX OBUIO OTOOpaHo u ouudpoBaHo 3411 coObITHH, KOTOpHIE
mpoB3auMojeiicTBoBam B MumleHHu. Jlanee mpu o1Oope ceMeiicTBa raMMa-KBaHTOB C MHOXECTBEHHOCTBIO n>4 OBLIO
oTo0pano 673 coObitus. CemelcTBa raMMa-KBaHTOB C KOPOTKMMH JIaBUHAMHM B HMOHH3alMOHHOM KaJlOpUMeETpe B
JaJbHEHIINI aHaJM3 HE BKIIOYAJMCH.

Ha ocHoBe paHee pa3paOOTaHHOTO AITOPUTMA, B paboTe OBLIM NMPOBEACHBI BBIYHCICHUS ICEBIOOBICTPOT H
a3UMYTalbHBIX YTJIOB U3 JAHHBIX I10 PETUCTPAIMU YaCTHI] KOCMUYECKOTO U3IIyUY€HHs C INIOTHOW MUILIEHBIO HAa YyCTAHOBKE
«AJTPOH-44y. JIns o6pabOTKK 3aperUCTpUPOBAHHBIX COOBITHH, HCIIONB3yeTCs HamncaHHast noanporpaMmma ADRON 44
JUI1 OCTPOEHHUS Koppesauil B mxane A, An.

o pe3ynpTaTaM HCCne0BaHUS TOCTPOEHO paclpeseNieHUe YITOBBIX KOPPEIALUHA ¢ UCTIOIb30BaHUEM IBYMEPHBIX
KOppesIUOHHBIX QyHKIMH An — A@. B pacnpenenennn HaOIoNaloTCs ClOXKHAsE JByMepHast CTPYKTypa KOppessiiuii ¢
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IByMsI 9ETKO BBIPQ)XCHHBIMU MHKaMH C pa3MepaMu 1o asuMyty ot -0,5 1o +2 u mo KBa3MOBICTpOTe — MEPBBIA IHK
pa3mepom ot 4,6 1o 2,4, Bropoii ot 2,0 1o -0,4.

MeTompl HCcCIeIOBaHUS, IPUMEHsIEMBIE B JAaHHOM padoTe, SBIIOTCA HOBBIMH W HCIIOJB3YIOTCS Ha bBombrmom
Anpounom Kosmmatinepe (LHC, CERN) mwist onpenesieHust yIiioBbIX KOPPEIBIIHA, KOTOPbIE 00J1aal0T MHOKECTBCHHBIMH
XapaKTepUCTUKaMH. OKCIepUMEHTAIBHBIE JaHHBIC, NOJy4YCHHBIE B MpoOIlecce IPOBEICHHOW paboThl, MOTYT OBITh
TIOJIC3HBI IPX 00BSICHEHUN (PH3HIECKON TIPHUPOIBI, BIIEPBHIE MTOJYYEHHOTO SBICHUS MPOTDKEHHOHN CTPYKTypHI. [loaToMy,
HCCIIeIOBAaHUS TPOBOJUMEIC, B ATOM HAINPABJICHUH aKTyaJbHBI M MOTYT BHECTH CBOH BKJIAJ B M3yUCHHE MEXaHU3Ma
aJIpOHM3AINHU U BO3MOXKHBIX KOJUIEKTUBHBIX 3¢ (eKToB, BclencTBIE OOJBIION INIOTHOCTA YacTHIL.

Jns BBIACHEHHS CHTyallMd C IDIOTHOCTBIO YACTHI[ Ha €IWHHUIy OBICTPOTHI MBI TPHUBICKIN K aHAIM3y BCE
3apeructpupoBaHHbie B POK cemelicTBa HE3aBHCHMO OT HX COIIOCTABICHHS ¢ KaJopuMeTpoM. Beero 6bu10 0To6pano 673
coObrtuii ¢ 4Eg*4 T2B n Ng*4.

W3 xoppeIsImMOHHBIX JaHHBIX 3aBUcHMOcTH DN/Dymax ot Dymax cnefyer, 4To MOBBIIIEHHAs MIOTHOCTh YaCTHI]
B OCHOBHOM HaOJIOJaeTcs B TAKUX CEMEHCTBAX, B KOTOPBIX FaMMa-KBAaHThI Pa3lIeTaloTcs Mo OIM3KUMU yTIaMH, TO eCTh
KOJUIIMHPOBAHHBIM Iy4dkoM. [TosToMy pocCT mIOTHOCTH YacTHI[ 0OyCIOBIEH HE CTOJbKO YBEIMUEHHEM YHCIa raMma -
KBAaHTOB B CEeMeEHCTBE CKOJbPKO yMEHBIICHHEM Ha0mogaeMoro uHTepBana ObicTpoT Dymax Hamuame BbICOKOTO
9HEPTeTUYECKOTO MOPOra perucIpanuu raMmMa-kBantoB B POK Hen30exxHo BeneT kK motepe (pOTOHOB, BBUIETAIOMIMX MO
0OJILIIMMHU YTJIAMH, YTO B CBOIO OUYEpeb UCKYyCCTBEHHO CKMMAaeT MHTepBasl OBICTPOT cemMelicTBa-Dymax U yBenuuuBaeT
3HAYEHHE [UIOTHOCTA YacTHI] Ha uHTepBas GeicTpoThi-DNg / Dymax.

Kpome Toro, U3 Toi e KoppemsinuoHHOW 3aBucuMoctd DN/Dymax or Dymax cieayeT, 4To pacrpeesicHue
DN/Dy nmeetr MOHOTOHHBIN xapakTep 0e3 BBIACTICHHBIX IPYMI COOBITHI, TO €CTh HE MOATBEPHKIAET TUIIOTE3bl ABTOPOB O
cymectBoBaHuu SH-KBaHTOB.

MNOUCK PEJIKHUX KAHAJIOB PEAKIIMHU C UCIIAPEHUEM IIPOTOHOB
Tesexbaesa M.C., Epemun A.B.

OOBbeMHEHHBIN UHCTUTYT SICPHBIX UCCIeZ0BaHUM, ['ocyaapCcTBeHHBIH YHUBEpCHUTET «JyOHaY,
r. Iyona, Poccuiickas deneparus

Bonee 20 met B mabopaTopuy SICPHBIX PEaknnil MPOBOIITCS SKCIEPUMEHTHl 10 CHHTE3y M M3yUYCHHIO CBOWCTB
PaIoaKTHBHOTO paciajia H30TOTIOB CBEPXISDKENIBIX 3JIeMeHTOB (Z > 110). B 0CHOBHOM HCTIOB3YIOTCS PEAKIIUH ITOJTHOTO
CIMsHUSL yCKOpEHHOTO Tydka 48Ca ¢ Mmumensmu Toxenee ypama. U30Tombl cBepXmhKenbix sieMeHToB (CTD)
CHHTE3UPYIOTCS B PEAKLMSAX MMOJIHOTO CIMSHHUS TSDKENbIX MOHOB C SApaMH MUIICHH C MOCJCAYIOIIUM HCIIapeHUEeM
HEWTPOHOB M3 BO30YKICHHOTO COCTABHOIO sjpa. Peakuuu MOJHOTO CIMSIHUS C HCHAPEHHEM HEWTPOHOB MOTYT
HCTOIB30BaThCA I CHHTe3a HeOousbmoro wucna m3otonoB CTD, uto 00yclnoBIMBaeTCS HAMMYHWEM OTPAHHYEHHOTO
KOJIMYECTBa HM30TOIOB TPAHCYPAHOBBIX 3JIEMEHTOB, HMCHOJB3YEMBIX B KadecTBe MuileHd. [lns moiydeHus Oolee
HEWTPOHHO-U30BITOYHBIX H30TOTIOB CBEPXDDKENBIX JJEMEHTOB HEOOXOIMMO HCIOJIb30BATh YK30THYECKUE PEAKIHMU C
UCHapeHHeM IPOTOHOB U HECKOJBKMX HEHTpoHOB. Hampumep, B peaxuuu *8Ca+248Cm uepes p3n kaHan mosyyaercs
292Mc115, TOrIA Kak B IpamMoi peakiuu “8Ca+243 Am Bo3MOKHO MOy YHTh TOIBKO H30TONBI 288Mc115 ,289Mcy1s.

U3 nutepatypbl M3BECTEH TONBKO OJIMH SKCIIEPUMEHT, TJIe MPOBOIMIICS MOKCK P3N KaHama ¢ peructpamueit 256Md,
MOJTyYeHHOTO U3 peakiuu 242Pu+180 —#260Md”, Ha cemapartope BACUJIUCA ¢ ncnons3oBanueM mukiotpona Y400 JISIP
OUSU Owul TpOBENEH pAM DKCIEPUMEHTOB B O0JAcTH 0OJiee JIETKUX SIEp C WCHONb30BaHMEM peakimu 22Ne+
194,196,198pt_, 216,218,220Ra%* [1], rue B XN KaHaJe CHHTE3UPOBAINCH H30TONBIRA, a B PX1 KaHaje — U30TOIbI RN.

B mocnemee Bpems, ¢ ucrnoib3opanueM mydkos °°Ti u mumenn 164Dy mccnemoBanocs ceuenne o6pasoBanus
n30TONOB B P3N,p4Nn KaHalie, COOTHOLICHUE CEUYECHHH MEXIy KaHaIaMH X1 U PXN B 3aBUCUMOCTH OT DHEPTHU IyuKa
coctapisieT mopsaka 10/20/30. B atom roay B o6sacti TpaHC(EPMHUEBHIX siiep OBLT MPOBEICH MEPBEIH SKCIEPUMEHT 10
MOMCKY KaHAJIOB C UCTIAPEHUEM MPOTOHOB. B peakmuy noymoro cmsaust *0Ti+209Bi—~+25°Db " npu sneprun Bo30yxaeHUs

COOTBETCTBYIOIICH HCIIAPCHUIO IBYX HEHTPOHOB OBLT 00HapyskeH PON kaHaN, cOOTHOIICHHE ceueHui mopsiaka S00.
B Hosa6pe 2016 roma, B JISIP OUSAU, npoBomuiicss SKCIEPUMEHT NMPHU YHEPTUH, COOTBETCTBYIOLIEH HCHApEHUIO
YeThIPEX HEHTPOHOB MM P2N KaHAJOB.

1 AnnpeeB A.H., bornanos /I.JI., Epemun A.B. u np. IllupuHbl pacnaza BBHICOKOBO3OYXICHHBIX siiep Ra
BO3MOJKHOCTH WX OTMCaHUs B CTATHCTHYECKON MOJeNM BO30YXJeHUs kommayHn sep // Kpatkue cooOrieHus
OMAN. 1995, Ne4 [72] —95 c1p. 43-62.
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OBPA3OBAHME PE3OHAHCOB B PEAKIIASIX AHTUIIPOTOH-IIPOTOHHOW AHHUTWJISAIIUUA U B
PEAKIIUAX IMEPE3APAJKHW IIPOTOHOB MU AHTUIIPOTOHOB IIPH UMITYJIBCE 22.4 IT'9B/C

Booc D.I, Temupanues T.", H36acapos M., Camoiinos B.B., Typcynos P.A.

OU3NKO-TeXHUYECKUI HHCTUTYT, I. AnMmatel, Kazaxctan
*temturt@mail.ru

B pabote uccrenyercs o0pa3oBaHHe pe30HAHCOB MHOTOYACTUYHBIX CHCTEM C CYMMAapHBIM HYJIEBBIM 32 PSIIOM B
peaKuax aHTUMPOTOH-TIPOTOHHON AHHUTWMIMM M B PEAKOUAX Iepe3apsIKi IIPOTOHOB M aHTUNPOTOHOB UL
MHOXeCTBeHHOCTeil N=8, N>10 mpu mMmysce aHTHIIpOTOHA 22.4 I'3B/cC.

BzaumopelicTBUs aHTUIPOTOHOB € IPOTOHAMM PETUCTPUPOBAIMCH HAa [BYXMETPOBOM  BOJOPOIHOIL
Ty 3BIpBKOBOI Kamepe «JIroamunay OVAN npu 5KCTIOHNPOBAHUH ITyYKOM aHTUIPOTOHOB Ha CepIyXOBCKOM YCKOpPHTENEe
V¥-70 (Poccus).

B nporeccax MHOKECTBEHHOI TeHepaluy YacTUI] OCHOBHBIM METOJOM OOHAapy»KEHHUs PE30HAHCOB SBIACTCS
aHamM3 pacnpezeneHuil mo 3¢ dexTuBHOH Macce rpynn vacTul. DddekTtuBHas macca N — YacTUIl ONpeesseTcs
BBIpaKEHUEM

M,,, :\/(_Zn:Ei)z —(i P’

e Zn: E 1 Zn: p, - COOTBETCTBEHHO CyMMapHas SHEPrHs M BEKTOPHAA CyMMa HMITYJbCOB PACCMATPHBACMBIX
i-1 i-1
YaCTHII.

B pacnpenenenun 3¢ dhexruBabix Macc M(4x*4r™) HabMOMat0TCS HEPETYISIPHOCTH B paioHe Macc Pe30HAHCOB
(3686), v (3770), v (4040), v (4160), v (4415), a B pacupeneienusx > dexruBusix mace M(5z*5z7)+ M(6z*6x) 3ameTHBI
MUKA B parioHe Macc  (4160), y (4415), a Taxke 3aMeTHBI HEPETYJSIPHOCTH TIpH 3HaUYCHUAX M=4675, M=4975 n M=5275
M>bB/c2.

B peakiusax mepesapsiku MPOTOHOB M AaHTUNPOTOHOB pachpesencHus d¢dexkmnBabix mMacce M(4zx*dn) u
M(57*57) 0OpBIBAIOTCS Ha 3HAUEHHAX Moggp~3.5 U Mopy~4.0 ToB/c2 COOTBETCTBEHHO, @ B PEaKIMAX aHTHIPOTOH-
MPOTOHHOU aHHWUTWIIIUK pactupenencuus M(4x*4n) u M(5z*5n") mocTuraloT MakCHMajabHO BO3MOYKHOTO 3HAYCHUS
Mg~ 6.6 TaB/c2. Takol pe3ynbTat, BEpOSTHO, CBS3aH C B3aUMOJICHCTBUSIMH BCEX BAJICHTHBIX KBAPKOB C AHTHKBAPKAMHU
COYApSIOIIMXCS 4acTUl. MOXKHO BBICKAa3bIBaTh THIIOTE3y O TOM, YTO BaJCHTHBIC KBAPKH MPOTOHA, B3AHUMOJCHCTBYS C
BQJICHTHBIMH aHTUKBapKaMH aHTUIIPOTOHA, aAPOHM3UPYIOTCS B CHCTEMY I[IMOHOB dYepe3 00pa3oBaHHE TSDKEIbIX
COCTOSIHHMI THIa J/\, pactajarolixcs Ha HEHTPaIbHyI0 CHCTEMY ZT-ME30HOB.

ANALYSIS OF THE ONEENUCLEON TRANSFER REACTIONS ON 160 NUCLEUS AND ANC FOR THE
MIRROR CONFIGURATIONs "F— 180 +p AND 170 — 160 +n

1 Tojiboyev O.R., * Artemov S.V., ! Kayumov M.A., ! Karahodzhaev A.A.,  Juraev O.Sh., * Ergashev F.Kh.,
2 Burtebayev N.

Lnstitute of Nuclear Physics, Uzbekistan Academy of Sciences,
2 Institute of Nuclear Physics, Almaty, Kazakhstan.

The main goal of this work is to analyze the nucleon exchange processes between nucleus 60 and nuclei 170, 17F,
and to compare the extracted values of ANC for single-particle configuration of nucleon from different reactions at
different relative energies. For that we use combination of all available experimental data measured by us and literature
data for neutron transferring 180(d,p)*’0, 17O(p,d)160, 170(d,t)160 and proton transferring 180(d,n)'’F, 150(3He,d)!"F
reactions. Choice of these reactions is conditioned by nuclear-astrophysical importance of obtaining ANC which can be
used for calculation ofthe radiative proton capture 160(p,y)!70O. The interest also introduces A structure of the first excited
state of nuclear'’F is also of interest, which admittedly appears the proton halo-state [1,2]. Also it is interesting to check
an existence of a strong correlation between the values of the ANCs of mirror nuclear states which is discussed last years
[3,4] for 170—160+n and 1"F—160+p single-particle configurations.

The analysis of the reactions 160(d,n)1”F, 160(He,d)!’F and 180(d,p)170 has been carried out in the framework of
the modified of the distorted waves method (MDWBA) [5-7]. The spectroscopic factors and squares of ANC were
obtained for the mirror ground states of 170 - 17F nuclei, as well as for the excited state (E* =0.495 MeV, ' +) of the 17F
nucleus.. Therefore, the uncertainties connected with choice of the geometric parameters (parameter of radius ro and
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diffuseness a) of the Woods-Saxon potential used for calculation of the bound state wave functions and ambiguities of
the optical parameters are reduced, being within the errors for the experimental differential cross sections analyzed.

The value of ANC for 7Fys—160+p (1"Fexcs—1%0+p) obtained from analysis of reactions 160(d,n)!’F,
160(He,d)!7F is equal to 0.85 fmr! (5950+390 fml) and for 17Ogs —180+n from reaction 160(d,p)1”0 is equal to 0.70 fnr
1. Here is also shown that the relation b2,/b2,=C2,/C2; holds true for the obtained phenomenological values of the ANC
squares for the ground states of the nuclei 170 - 17F.

Liu Zu-Hua, Zhang Xi-Zhen, Zhang Huan-Qiao. //Chin. Phys. Lett., 2003. vol. 20, # 7. p. 1017.
Yu-Jie Liang et al. // Chin. Phys. Lett., 2005. vol. 22. # 5. - p. 1086.

Nie GK., Artemov S.V. // Bull. Russ. Acad. of Sci.: Physics, 2007. vol. 71, Issue 12. p.1762.
Titus L.J., Capel P., Nunes F.M.// Phys. Rev. C, 2011. vol.84, Issue 3, id.035805.

R. Gulamov, A. M. Mukhamedzhanov, G. K. Nie, // Phys. At. Nucl. 1995, 58, 1689
A.M.Mukhamedzhanov, H.L. Clark, C.A. Gagliardi et al, // Phys. Rev. 1997, C 56, 1302.

C.B. Aptemos, D.A. 3anapos, ['.K. Hu, // U3B. PAH, cep.dus., 2003, T.67 Nell c.1577.

NoakrwbdE

YIVIOBBIE KOPPEISIIUN BTOPUYHBIX 3APSDKEHHBIX YACTHLl B PEAKIMAX AHTUNPOTOH -
MNPOTOHHOU AHHUTWIALOWU IIPU 32 I'9B/C

Temupanues T. *, Hz6acapoe M., Kaymwixoe b.0., Camoiinoe B.B., Iloxposckuii H.C., Typcynos P.A.

Ousnko-TexHUYecKuil HHCTUTYT, Anmartsl, Kazaxctan
*temturt@mail.ru

Ha OGompmom agponHom komnaiizepe (BAK) B skcmepuMeHTaX Ha BTOPHUYHBIX IIy4YKax HNPOTOHOB M SAED
HaOJI0aMCh JalbHUE KOPPEJSILUMK Nap YacTUL] MPU OJMHAKOBBIX a3MMYyTAJIbHBIX YIJIAX, HO PE3KO OTIMYAIOLIMXCS IO
BEJIMYMHE KBa3HOBICTPOT. B 3TOi CBs3M NpeicTaBiIsSeT MHTEpEC aHAJIU3 DKCICPUMEHTAIBHBIX JAHHBIX C IPEJIEIbHO

Oonpmroit  MHOecTtBeHHOCTRIO (N=8, 10, = 12) B aHTUNPOTOH — MpPOTOHHON aHHWTWLIMKH Tpu 32 IHB/c.
OKCIepUMEHTAIBHEIE JaHHBIE [0 B3aHMOJCHCTBHAM aHTHIIPOTOHOB C IPOTOHAMH MOJIydeHbBl B paMKax
MexIyHapoHOTO COTPYMHHYESCTBA HAa (BPaHIy3CKOHW BOJOPOHOW Kamepe « Mupabenby Mpu dKCIIOHUPOBAHUHU MyYKOB
aHTUIIPOTOHOB Ha CepmyxoBckoM yckoputene Y-70 (Poccus).

IlpoBeneH aHaNM3 3aBHCUMOCTH Pa3sHOCTH asuMyTambHBIX ymioB Py — @y — ¢ wmexmy i-toii m  k-oit

YacTALAMHU B OBICTPOTAMH Ay = yi - yk rtnei=12, ...,n,k=1,2,..,n; 1 # k OpPH YUCIIC BIOPUYHBIX 4aCTHIL N).
A3UMYTANBHBIA YION ¢ BTOPUYHOHM YaCTHIBI OMPEJENACTCS KAK YTOJ MEXKIy HAYalbHOH IIOCKOCTBIO, COJIEpKAIIEH

HOHepe‘-IHBIﬁ UMITYyJIbC BTOPUYHBIX YaCTHUL] U HUMITYJIBC HepBH‘IHOﬁ qaCcTulbl C INIOCKOCTHIO, MEePICHIUKYIIPHO I

1, E+PR
" — I
HATPaBJICHUIO ABIXECHUS MEPBUYHON YaCTHIBL, a OBICTPOTA YACTHI[B! BEIYHUCIACTCS IO GOopMyIe Y==In

2 E-B "
E, P — sHeprus u npoaosbHbIH UMITYJIBC.

AHanu3 3aBUCUMOCTU Pa3HOCTH a3UMYTAIbHOTO yIia A ¢ JBYX YacTull OT Pa3HOCTU OBICTPOT AY ATHX YacTHI]
st MHOKecTBeHHOCTe N =8,n =10,n >12 mnoxasan, 4To HabmoJaroTcs Koppesuuu map dactuu npu A@ =0,
Ay =0, HO He HaOmoOmAOTCsA NANbHHE TMAapHBIE KOPPEIMIMM 3apsDKCHHBIX 4YacTHIl B HHTepBanme Ay =2-+4,

oOHapykeHHbIC B 3kcniepuMenTax bAK.
Pacnpenenenue Ay onuceiBaercss ¢ynkuueil I'aycca, a pacnpenenenue A¢ UMeeT CUMMETPUUYHBIH BHT,

ONMCHLIBAIOIIHICS TMHEHHON 3aBUCHUMOCTH BHIA =a+ b(ﬂ .
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BJUAHUE WRIGGLING-KOJIEBAHUI BBICTPOEHHBIX SIIEP HA YIJIOBBIE PACNPEJEJIEHUS
®OPATMEHTOB HX HMBKOOHEPI'ETHYECKOI'O AETEHUA

Tumosa JI.B. *, Kaomencxuii C.I'. X, Bynaxos B.E. ?

1 Boponexckuii rocynapcTBeHHbIN yHUBEpCcUTeT, BopoHnexk, Poccust
2 IletepOyprckuii MHCTUTYT siiepHO# ¢usuku, I'atunna, Poccus
E-mail: titova_Iv@phys.vsu.ru

AHM30TPOIMHY B YTJIOBBIX Paclpe/eineHus X (parMeHToB AeNCHNs] BHICTP OCHHBIX 51Iep -MUIIICHE! P e30HAHCHBIMU HEHTp OHAMU
OBLIM SKCIEpHMCHTATHHO M3MepeHsl B pabdorax [1-2]. Teopermdeckoe oIMCaHWE yKa3aHHBIX aHM30TPOIM OBUIO OCHOBAHO Ha
runoteze O.bopa [3], uto pparmMeHTsI AeNeHNs BBUIETAIOT CTPOTO MO MK NP OTUB HAIMPABJICHHS OCH CUMMETP UM JEJISIIerocs sapa,
KOTOpas W3-3a NPUHIMIIA HEOIP €/IENICHHOCT KBAHTOBOH MEXaHHKH NPHMBOAUT K BO3HUKHOBEHHIO OECKOHEYHO OOJBIIMX 3HAYCHHIl
OTHOCHTE/BHBIX Op GHTAIBHBIX MOMEHTOB (DparMeHTOB femeHHs | mu, cliefoBaTebHO, MOKET PeaTH30BaThCs JIHIIb IIp HOTIKEHHO. B
pabortax [4-5] B pamkax KBaHTOBOI TE€OpHUH NEJICHUS ITOKA3aHO, YTO MCTOYHUKOM BO3HHKHOBEHHMS OOJBIINX, HO KOHEUHBIX 3HAUCHHUN
OpOHTATLHEIX MOMEHTOB | (DparMeHTOB HE3KOSHEpTETHHECKOTO JENeHHS Siep SBIAIOTCS IONepedHble HyleBsle Wriggling-

KoJeOaHus JeISIIIErocs siapa BOIM3H ero TOUKH paspbiBa, Hp OaHAIH3Up OBaHHbIe B paboTte [6]. IIpu HCHoap30BaHUK NP €CTABIICHHI
pabor [1-2,4-5] yrioBoe pacnp efenenne (HparMeHTOB JICJICHHs BBICTP OCHHBIX sSIJIEP P €30HAHCHBIMU HEWTp OHaMH Np U yuere Wriggling-
KOJICOaHHH MOKET OBITh MOCTPOCHO B BHIIC:

W (0)=1+B, f, P, (cos®), @

rze f2 - IapameTp BBICTP OCHHOCTH sijiep -Mulieneid [1-2], P, (cos©) - nommHoM Jlexanapa, 3aBUCSILMI OT yTiia 0 MEXITy
Hanp aBJICHUEM BBUIETA ()parMeHTa [ENEHUs M OChI0 OPHMEHTAIMH JIENAMIETOCH Aapa, a Kodpouiment anmsorpormn B, wmeer
CIpYKTYpY B, =BJD, (C,)» TAc BemMYMHA BY ompenenserca B paborax [1-2], a xodddumment D,(C,)- Y UUTBIBAOILUIA

OTKJIOHEHHE YTJIOBOTO pacmpezeneHus (1) oT aHaTOrMYHOTO YTJI0BOro pachpeneneHus [1-2], pacCuuTbIBaeMOro mp# HCIoiIb30BaHUN
rurniote3bl O.bopa [3], korna Dg (CW) —1, UIMCET BH]L

D, (Cw) = ;‘Iﬁ (Cw)‘Vl' (Cw)\/(ZI +1)(2| l+1) (lepoo )2 /5 : @)

B ¢opmyne (2) ,(C,) - HOpMHPOBAaHHAs AMILIUTY]A PacIpe/ENCHUs OTHOCHTENBHBIX OpGHTATBHBIX MOMEHTOB I

(bparmeHTOB nernenHus, cBsi3aHHas ¢ Wriggling-komebanmsimMu u mpencraBisiemas kak ) (CW)= |/ CW eXp(—lz/ (4CW )) [5], tme

BemmuuHa C,, ompenensercs uepes mapamerp kectkocth K, u MaccoBeiii mapamerp M, mms wriggling-koneGanmii Kkax

Cw = KWMW [6]. Koaddrment D, (Cw) BO3pacraer ¢ pocroM BennmuuHbl C, , ONpEIETIeHHOM B eIMHMIAX hz, KaK

w?
D, (10)=0.835, D,(50)=0.964, D,(100)=0.982, D,(150)=0.988, cipemics Kk npegeny O.bopa D, = Dy =1 mpu
C,, — . CpaBHeHHE SKCIEPHMMEHTANEHBIX OTHOCHTEIBHEIX IOIDELIHOCTEH M3MEpEHHBIX Kodd@uimentos ammzorpomm B, B
MHTEpBale SHepTHil HeifrponoB (0.735-2.840) 5B mmst siapa U [1] u B marepBane (1.14 - 12.39) B mms sapa 2PU [2] ¢
TEOp €TUYECKUMH 3HAYECHUSIMH OTHOCHTENILHBIX OTKJIOHGHMH yKa3aHHBIX Kod(¢uimentoB ot npenena O.bopa, mo3Bossier ouneHNTH
obnacth 3Havenuit napamerpa C, <75 u C, <40 nna saep 28 y 25U, cOOTBETCTBEHHO, IS KOTOPBIX OTKIOHEHHS Y IIIOBOIO
pacnpeneneHus (1) OT aHAJIOTMYHOTO P acHp €/IeTICHNUs, TIOCTP OSHHOTO C MCIIONIb30BaHKueM rumnoTe3sl O.bopa, Mory T ObITE 00HAp Y KEHBI
NPU aHAIW3E SKCIICp MMCHTAIbHBIX YTJIOBBIX pacnpeneneHuid. OTcClofa ciemyeT BBIBOJ, 4YTO MHOJyd4YeHHble B pabore [5] mpu
UCTIONB30BAHMM  METONOB  paboTel [6] 3Hauemwe kodpdummenta C,, =120, nomagarommx B 00macTh, TAE HCYE3ACT
Yy BCTBHTEIBHOCTh K OTKJIOHeHMsIM oT rumote3bl O.Bopa, cornacyercss ¢ pesysbTaTtamyl aHain3a YTJIOBBIX Pacilp eAeleHNH,
TP OBEZICHHOTO B paborax [1-2].
Pabora moazepikana rpaarom PODU (15-02-03402-3).
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P-HEYETHBIE ACUMMETPUM B YIJIOBBIX PACIPEJETEHUSIX ®PATMEHTOB
HIBKOSHEPTETMYECKOTO JETEHUS SIEP NOJISIPUBOBAHHBIMHU HEATPOHAMHM C YYETOM
WRIGGLING-KOJIEBAHUI JAETSIIETOCS SIIPA

Kaomencxuu C.I, Tumosa JI.B., Kocmpiokos I1.B.

Boponexckuil rocyrapcTBeHHbIM yHUBepcuTeT, Boponex, Poccus
E-mail: kadmensky@phys.vsu.ru

Teopetnueckoe 0OBSICHEHHE TPUPOIBI P-HEYETHBIX aCHMMETPHH, CBS3aHHBIX C HECOXPAaHEHHEM UYETHOCTH, B
b depeHnHaNbHBIX CEUCHUIX PEeaKnuil MBOMHOTO MeleHHs HENOJIPH30BAaHHBIX Sep -aKTHHUAOB MOJIPU30BaHHBIMHU
TEIJIOBBIMH HedtpoHamu [1-2] maHo B paGote [3], roe yuuteiBamach HHTCpGEpPEHIHS NCIUTEIBHBIX aAMIUIATYX S-
HEHTPOHHBIX PE30HAHCOB U NPUMEIIUBAEMBIX K HUM CIIA0BIM B3aMMOICICTBHEM P-HEUETHBIX PE30HAHCOB TeM JKE
ciuHOM. B 37101 e paboTe [3] ucnoms3osanacs runote3a O.bopa [4], cormacHo k0oTOpoil hparMeHTs! IeTIeHUs BELICTAIOT
CTPOTO KOJUIMHEAPHO OTHOCHUTEIHHO HAMpPAaBICHHS OCH CHMMETPUM JEJINerocs $Apa, 4To B CHIy HpPUHIMIA
HEONPECNIEHHOCTH KBAaHTOBOW MEXaHWKM IPHBOJUT K BO3HMKHOBEHUIO OECKOHEYHO OOJBIIMX 3HAYCHUH
OTHOCUTENBHEIX OPOUTANLEHEIX MOMEHTOB | QparMenToB memenms. IlodToMy TumoTesa [4] MOXeT peanm3oBaThCs B
9KCIEpUMEHTaX JIMIIb MPHOMDKeHHO. VcTob3ys MpeacTaBIeHHe O TOM, YTO HCTOYHHKOM BO3SHUKHOBEHHS OOJBIINX
3HAQUCHHH  OTHOCHTENHHBIX  OPOMTANBHBIX ~ MOMEHTOB  (pparMeHTOB  CHOHTAHHOTO M BBIHYXICHHOTO
HHU3KOIHEPreTHYeCKOTO JeJIeHUs siiep sIBISIoTCs [S] momepeuHsle HyseBble Wriggling-konebanus nessiierocst sijpa
BOIM3M €T0 TOYKH pa3pbiBa, BBEICHHBIE B pabote [6], P-HewetHble acuMmMmeTpuu B ¢ QepeHrnaIbHOM CEeYCHUI
aHAJM3UPYEMOMN peakluH MPEeACTABISIOTCS B BUIE dc°™ /dQ:a"ddPl(cose), rae P, (cos©) - momiHom Jlexannpa,

nf

3aBucsIMii 0T yryia § Mexty HampaBneHHEM BbLIETA IErkoro hparMeHTa JeIeHHs M BEKTOPOM TOJIAPU3AIHH HEHTPOHa,
o =D, (C,)os™, npuiem ol - ko3 ¢uruenT P-HEUETHOH aCUMMETPHH, IOCTPOCHHBIM HPH HCIONb30BAHUU

runote3bl O. bopa [4], a ko3¢ hunmeHT D, (CW) AMEET BUJ

2
D,(C,) =Y wi (C v (C,)(Cif ) (21 +2)(21+1) /3. @
"
B dopmyze (1) y, (C,) - HOpPMUPOBaHHAs AMILIUTY id PACIPEACICHHS OTHOCHTEIbHBIX OPOUTATILHBIX MOMCHTOB

| ¢pparmentos nenenus, ceazannas ¢ wriggling-koneGanusaMu u npeactasiseMas Kak Y, (CW) = |/ C. eXp(—|2/ (4CW))

[5], Tne BeimumHa C,, ompejersieTcs depe3 mapaMmeTp jkecTkocTn K, M MaccoBblii mapamerp M,, mm wriggling-
KoJe0aHU KaK CW =h KWMW [6]. Y13 popmyust (1) cnenyer, uto KoddduuueHtsl D, (C, ) <1 Wl OObIX 3HAYCHUH

C,, (B emiHMLAX n? ) ¥ MEHSIIOTCS Kak D, (10) =0.953, D, (50)=0.989 , D, (100)=0.994 , c1pemsichb B npezene O.bopa
K 3Ha4eHHI0 D° = D, (C,, —> o0)=1. OTKIOHEeHHS yKa3aHHBIX K09 Guumentos D, (C, ) 0T ko3pduuuentos D s
nopsiaka nomsipuzaimn Q=1 cOCTaBHOro sAapa HMMEIOT MEHbIIME 3HAYCHUS, 4YEeM OTKIOHECHHS aHaJIOTMYHBIX
k03 puumento D, (C,) OT k0o3pPuunentoB D° s mopsaKa BRICTPOCHHOCTH Q =2, HCTIOJB3YEMBIX IPH aHAIH3E

aHM30TPONIMH B YIIOBBIX paclpeleleHus X (parMeHTOB JAENEHHs BHICTPOCHHBIX SIEp PE30HAHCHBIMM HEHTPOHAMU.
CpaBHEHHE OTHOCHTENBHBIX MOTPEIIHOCTEH SKCIEPHMEHTANbHBIX H3MEPEHHH KO3 GUIHUCHTOB acUMMeTpun o’ =

(3.67+0.06) s smpa 233U 2] m o® = (0.84 +0.06) musa sapa 235U [2] ¢ TEOpPETHYECKUMH 3HAYEHUAMH OTHOCHTEIBHBIX

odd

OTKJIOHEHUH YKa3aHHBIX KO3 duiuentos ot npeaena O.bopa o

, HHO3BOJIMJIM IIOJIYYHUTb OLICHKY obJlacTeil 3HaYEHMMA

napamerpa C, <30 u C, <15 mm sinep 233U u 235U, coOTBETCTBEHHO, Uil KOTOPBIX OTKIOHEHUs KO3 uumeHTa

odd odd

aCUMMETPUH o o

OT QHAJIOTHYHOTO KO3 HUIHEHTa o) MOTYT OBITh 0OHAPYKEHBI IIPH aHATN3E YKCIIEPUM CHTAIBHBIX

aCHMMETPHIi B YIIOBBIX pacrpeseicHusax. Pabora nmoauepxana rpantom PODU (15-02-03402-a).
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ALGEBRAIC METHODS FOR DESCRIBING THE ELASTIC SCATTERING PROCESSES WITH HIGH-
SPIN STATES

Burkova N.A. 1, Tkachenko A.S. 22, Beisenov B.U. "2, Mukaeva AR. +2

LAl-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan
2\.G. Fesenkov Astrophysical Institute, Almaty, the Republic of Kazakhstan

For practical calculations of the differential cross sections of scattering processes in a wide energy range enough

to consider elastic channels, that is, with good accuracy to take into accountonly the spin-orbital potential v, , neglecting
spin-spin interaction. In this case, the matrix of the amplitude of transition M is written as follows [1]:
M....(0) = N7k [ (0)3,,. +i D> (20 + D2 C),CLY,, exp(2ic,)1-U. )Y, (6,0)]. ©
Je

Differential cross section for elastic scattering in a system of two particles with spin structure 1+1 taking into
account the spin-orbit interaction appears as:

d_a(g) 3d0' Edd @
dQ 8 dQ 8 dQ '’
where the indices t and g belong to triplet and quintet states of scattering in the total spin channel S=1 and S=2
, respectively.
Let us present the new version for the matrix element (1) squared by modulus. As a first step the following
compact expression is suggested:

M () = 2 ColioColin A Yo (6:0) (3)
Jim

po _Vm [ RO+ e (1-U), ifv=v" ’

Tk [ie+DY e a-uy), ifv v/, “

While using the recoupling scheme for the angular momentums [2], and introducing the intermediate momentum
x We arrived to the following result:

ss
ClC = T e e {5 ®
Now we may obtain the matrix element. Using (4) and (5) the new representation is of the form:
SS
M, (0) = 3 (-1’ (23 +1) 2K+1Cf”msv Clomm { , /J(} ALY, (6,0) - ()
xJfm

Let us turn nowto the construction of the differential cross section basing on the M . matrix According the
general quantum mechanical rules matrix M_, . should be squared by modulus, then summing by s,v,’ quantum

numbers should be done, and final expression should be averaged by the spin of particles in initial scattering channel.
Final expression for the differential cross section has the following algebraic form:

do 1 2s+1Y) o [ssK) .. ,
a0 (2s, +1)(2s, +1) ;(2“1) %}(_1)3 5, Clom {MJ}A Yin (0.0 ?

It should be noted, that this expression for the differential cross section is of the universal form, and may be
applied for any elastic scattering processes. We see some advantage of obtained formula in case of direct programming.
In addition we want to give the limiting conditions on the new introduced in (5) momentum «:0<x<2S and 0<x <2/

In particular case of declared channel spin structure §=1+1 we have the following variant for the differential
cross section:

(23+1) J+0 1/~ (m /S‘J s 2
1)’* 11, I1,*C/ ALY, (0,00 8
dQ 4z 2Kk +1 l%‘( ) "M slx n(6:0)] ®)
Present results would be applied for the phase shift analysis of elastic scattering data for the high channel spin
states.
References:
1 Brown L., Stainer E., Arold L.G. and Seyler R.G. Polarization and phase shifts in 7Li(p,p)’Li from 0.4
t0 0.25 MeV and the structure of 8Be. — Nucl. Phys. — 1973. — Vol. A206. — P. 353-373.
2. Varshalovich D.A., Moskalev A.N., Khersonskii V.K. Quantum Theory of Angular Momentum. NY:

Word Scientific, 1988. 524 p.
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ACTPOOIBIYECKHUI S-®AKTOP PAIMAIIMOHHOIO 3AXBATA “He(a,7)'Be n "H(«a,y) Li
B IBYXYACTUYHOM TOTEHIIUAJbHOM MOJIETH

Typcynos 3.M., Tyvpaxyroe C.A., Kyopamoe X.H.
Wuctutyt simepuo#t pusuxu AH PY3, 100214, TamkeHt, Y30ekuctaHn

Peaxkiuu paauannoHHoro 3axsata SHe(o, y)'Be u ®H(o, y)’Li  urparoT BaxHy0 polb B AAEPHOM acTpoQu3uKe
[1,2]. OGe 3Tu peakuy BaXKHBI T IEPBUYHOTO HYKJICOCHHTE3a, B YaCTHOCTH, I PEIICHUS TaK Ha3bIBaeM O MpoOIeMBbl
6Li /7Li [3]. Kpome storo, peakuus 3He(a, y)’Be mpencTaBiseT MHTEPEC IPHM H3YYEHUH 3BE3IHOTO HYKICOCHHTE3a,
BKJIIOYasl Mpolecchl, npoucxomamux B ConHIE, MOCKOIbKY OHA SBISIETCA OTHPAaBHOW TOYKON IS BTOPOH U TpeTbeit
neneu pp-uuKia BOJAOPOAHOTO ropeHus. [lo 3TMM mpuYMHAM SKCIEpUMEHTAJbHBI MHTEPEC, BO3HUKIIMM C CepeauHbI
MpOLLIOro Beka [4, 5], He yMeHbIIaeTcs 10 cux mop [6, 7].

bonee TOoro, HagO0 OTMETUT, YTO OSKCHEPUMEHTAILHOE H3MEpeHHE S-(aKTOpOB peakuuid C 3apsDKeHHBIMU
YacTULIAMHU NPU HU3KUX YHEPTHUAX OKa3bIBAETCS 3aTPyAHUTENBHBIM U BEChbMa HEHAJECKHBIM M3-32 HAJIUYHA KyJTOHOBCKOTO
Oaprepa. DT0 00YCIOBIMBAET BaXKHYIO POJIb TEOPETHYECKUX MOJENEH, MO3BOJMIOIMX PACCUUTHIBATL S-(GakTop B
TPYAHOAOCTYITHOW Il SKCIIEPUMEHTA 00NACTH SHEPTHIA.

Llens HacTostmed pabOThl — JETANbHBIM TEOPETHYECKUH aHamm3 acTpodu3nieckoro S—¢akropa peakuui
paauanuoHHoro 3axsata SHe(a, y)’Be u 3H(a, y)’Li B Mojemu mByX Ten Ha ocHOBe o - SHe wu o - 3H - moTeHnmanos
MIPOCTOH rayccoBoi (OPMBI, NMPaBHIFHO ONHCHIBAOUIMX (DasoBeie caBUTH B Si/2, P12, P32, Dsj2, Dsi2, Fsr2, Fre-
MapIHaIBHBIX BOJIHAX, & TAKXKE YHEPTHIO CBA3H M ACHMITOTHIECKHE HOPMHUPOBOUYHEIE k03¢ ¢hurtieHTs (AHK) ocHOBHOTO
P3/2 m mepBoro Bo30YXkaeHHOTO P1/2 (cBA3aHHOTO) cocTosiHUM ‘Be. MBI HCX0MMM M3 3MIMpHYEcKuX 3HaueHui AHK u3
paboTs! [8], KoTophle OBUIM W3BICYEHBI M3 aHAIM3a SKCICPUMEHTAIBHBIX JAHHBIX ITyTeM SKCTPOTOJEIIHH B 00JacTh
acTpOPU3NIECKUX IHEPTHIA.

Ipn BeraMCICHNN acTpoU3UIECKOTO S-(hakTopa HCIOIB30BAIOCH U3BECTHOE BRIpaxkeHue [9, 10]:

S(E) = o(E)E exp(2777) @)
rae O - monHoOe ceueHHe mpolecca paMaIOHHOTO 3aXBaTa ; = -dHeprus wacTuil B CHCTEMe HEHIpa Macc
BXoiHOTO KaHama. [ToiHOe ceueHme paipanmoHHOTO 3axBata o (E) B moTenmmambHO# KmactepHo# Moxemm (ITKM)

BeIpaxaercs [9, 10]:

o(E)=2 0, (E)’

Bk ) :
‘ ' Y. M, (E)Y
g’ (28,+1)(2S,+1) A[24+)N])° SM§m‘< Ma@] @

0;,,(E)=

31ech (J-BOJIHOBOC YMCJI0O OTHOCHUTEJIbHOTO ABMI)KCHHS KJIACTEPOB, ﬂ -IIpUBCJICHHAs Macca, Sl, S -CIIMHBI, k}/ -

BOJIHOBOE YHCIIO (POTOHA, A - MYJIBTAIIOJHFHOCTh M OHA IPUHUMAET 3HaUeHne A=1 wm A=2 cootBeTcTBeHHO M1t E1, M1
u E2 TIEpEX0 0B, ‘Pi u \Pf -BOJIHOBBIC Q)yHKHI/II/I BXOJHOTO M BBIXOOHOTO KaHAJOB. B MMPUBCIACHHOM BBIPAXXCHUN JIA

CEUECHHs CIIEKTPOCKONMYECKUH (akTop C2 paBeH eMHUIE, KaK 3TO NpHHATO B padote [9, 10].

Tao6smmal. IMapameTps! noTeHnuanoB Vo u VM ¢ pacCYUTaHHBIMH dHeprusamHu cBsizu 1 AHK

Vb [11]
2S+1 N 172

T Ve | @oowr | EMB | Coow

2 P —83.589554 0.15747 1.58495 4.34
3/2

2 P —-81.815179 0.15747 1.16087 371
1/2

\Yi

2 P -75.346 0.1399 1.58664 4.80
3/2

2 P -76.910 0.1462 1.16075 3.94
1/2

B TaGimue 1 npuBeneHs! mapameTpsl OOIIEr0 HCXOIHOTO IIEHTPaIbHOTO I'ayccoBOro moTeHIMaia V (1)

=\ exp(-a 12) mst cucteM o - 3He wu a - 3H u3 pa6ote! [11] B napiuuansHeIx BomHax P12, P32, Kak BUgHO M3 TaGIMIEL,
3TOT MOTEHIMAJ HeJ0ONeHnBaeT smMmupuueckue 3Hauenns AHK Csz =4.80 dm2 u Ci2 =3.94 dm™Y2 g cBasaHHBIX

cocrosiuuii 'Be(3/27) u 'Be (1/2) cooTBeTCTBEHHO [8], XOTS IPABHUIILHO OMUCHLIBAET YHEPTHH CBA3M & M (hazoBble CBUIHL.
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B Tabmmme Taxke NpHBEACHBI MapaMeTphl MOIM(GHUIMPOBAHHOTO TOTEHIHATa VM B KaxIoH mapumaisHOW P-BojHe,
KOTOpEIA mpaBmwibHO ommckiBaeT AHK B nmomonHeHWe K SHeprud CBs3M W (a3oBBIM caBuraM. KyJoHOBckas 4acThk
MMOTeHIIMaNMa BbEIOpaHa kKak B paboTte [11].

Ilpn pemennn ypaBHenus llpemuHrepa mcnoib3oBaH aqroput™™ HymepoBa, MOTPENIHOCT KOTOPOTO HMeEET
nopsinok O(h®). Takast BEICOKas TOYHOCTE MO3BOJISAET MONYYHUTH BOJHOBBIE ()YHKIIMH, KOTOPHIE TIPEKPACHO COTTIACYIOTCS
C M3BECTHOH aCHMITOTHKON B KaXKIOW MapuuansHOM BosHe. Brmodens! Bkmams! E1, E2 snextpndeckux nepexonos 1 M1
MAarHuTHOTO Tmepexoja. [loka3aHo, 9T0 OCHOBHOM BKJAJ MPU HU3KUX dHEPTUsX faeT El-nepexon, E2-mepexon oTBewaeT
3a pe3oHaHCHYIO (7/27) oGmacTte sHEeprUH, a Bkiag M1 MarHUTHOIO Iepexoja OKa3bIBaeTCsd HE3HAUYUTEIILHBIM.

: . : . : : : :
war *He(o, 1)'B Pa63 + NSO4 =+ Le09 0.15 -
L e(a, y) be Kr82 Be06 Cal2 3 s . &4
0.7 0s82 + Br07 + Bol3 H{goq) Li . T;-If;
0.6k HiS§ + Co07 + Cald . Biod
T 05tk , > 010 Ny
2] 3 () N - A 4
= bt ) =3 TR U
5 04f v fedgs? 5 4 i
ERN AT L R 3 11
w7 » 005F .
02+ v, Vu
v,
0.1} B '
0.0 : ' l ' ' ! 0.00 ' :
05 10 15 20 25 30 35 0.5 1.0 1.5
E,, [MeV] E_ [MeV]

Puc. 1. Actpodusnueckuii S-paktop peakiuu 3axata
3He(a, y)'Be , paccuuTaHHEIH ¢ moTeHIManaMu Vp u

VM , B CpaBHEHHH SKCIIEPUMEHTAIBHBIMHU JAHHBIMU H3
pabor [5-6,12-21]

Puc. 2. Actpodusnueckuii S-hakTop peakiuu 3axsaTa
3H(a, y)’Li, paccuntanHslii ¢ noteHuanamMu Vo u Vv

B CpPaBHCHHHU DKCIICPUMCHTAJIbBHBIMU JaHHBIMH U3 pa60T
[22-25

Ha puc. 1 u 2 mokasaHbl TeOpeTHUECKUE KPHBBIE M acTpodusnueckux S-pakTopos peakumii 3axsata  3He(a,
v)’Be wu 3H(o, y)’Li, nonyuennsle ¢ noteHmuanaMu Vo © Vu B CpaBHEHHH C DKCHEPUMEHTANLHBIMU JaHHBIMH. Kak
BHJIHO W3 PUCYHKOB, MOJUQUIIMPOBAHHBINA MOTEHIIMAT VM JydIlle ONHCHIBAeT JaHHBIE acTpodu3nueckux S-hakropos,
YeM UCXOJHBINA MOTeHIHan Vp.
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ELASTIC d 12CSCATTERING WITHIN THE COMBINED GLAUBER AND OPTICAL MODEL
Ibraeva E.T. 1, Uzikov Yu.N.?2

Lnstitute for Nuclear Research Republic of Kazakhstan, RK, Almaty
2 Joint Institute for Nuclear Researches, Dubna, Russian Federation

Intrinsic electric dipole momenta (EDM) of particles and atoms if they do exist will indicate directly to time-
reversal invariance violation (and CP violation under CPT symmetry) as well as P-parity violation. Knowledge of these
signals is important to understand origin of matter-antimatter asymmetry of the Universe [1]. An EDM of charged
particles can be observed by measuring the rate of spin precession in an external electric field. Measurement of EDM of
protons and deuterons is planned at COSY (Juelich) by JEDI Collaboration using the COSY storage ring [2]. The main
idea ofthis measurement is to keep the polarization vector of the deuteron parallel to its velocity in order to exclude
influence of the dipole magnetic moment of the deuteron. The interaction between the EDM and radial electric field
would cause the polarization to rotate about the radial direction, generating a vertical polarization component. This
component would be observed at high sensitivity in a carbon target polarimeter [3] in deuteron - carbon scattering. An
important question is to choose an optimal energy of the deuteron beamwhich would provide a maximal figure of merit
in polarimetry measurement. Existing experimental data on polarized d!2C elastic scattering in region of ~100 -200MeV
not enough complete. Therefore theoretical calculations are desirable as a guide for a choose of the beam energy.

In this work we apply spin-dependent Glaubertheory [4] for calculation of differential cross section and vector
analyzing power Ay of the d!2C elastic scattering. The formalism of the dp- scattering [4] is modified here properly to
be applied to the d12C scattering and Coulomb interaction is taken into account. As the first step the elementary
N12Celastic scattering amplitudes are taken from the optical model [5] which provide a fit to the absolute value of the
unpolarized N!2C cross section but without fit to the vector analyzing power. Numerical results are obtained at the
deuteron beamenergy 270 MeV. We find the calculated differential cross section is in a good agreement with the data
[6] in the forward hemisphere, whereas the calculated spin observables Ay and Azz are only in qualitative agreement
with data. The latter indicates the importance of further development of the model for the amplitudes of the N12C elastic
scattering by fit to the corresponding spin observables.

[1] J. Engel,M.J. Ramsey-Musolf, U.vanKolck, Prog. Part. Nucl. Phys. 71, 21 (2013).

[2] G. Guidoboni et al., Phys. Rev. Lett. 117, 054801 (2016).

[3] N.P.M.Brantjes et al., Nucl. Instr. Methods Phys. Rev. Sect. A 664, 49 (2012).

[4] M.N. Platonova, V.I. Kukulin, Phys. Rev. C81, 014004 (2010); Erratum Phys.Rev. C94, 069902 (2016).
[5] V.Karpov etal. ,\Yad. Fiz. 79 , 520 (2016).

[6] Y.Satou etal., Phys. Lett. B 549, 307 (2002).

THE IMPACT OF THE ELECTRON SHELL UPON THE ALPHA DECAY OF IONIZED ATOM
Igashov S.Yu. ! and Tchuvil'sky Yu.M. 1?2

1Dukhov Research Institute for Automatics, 127055, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia

Intensive theoretical investigations of the influence of the electron shell of an atomon the alpha-decay widths are
recently carried out. In the present work we extend our approach to this problem presented in Ref. [1] to ionized atoms.
Various effects appearing due to the electron surrounding of a nucleus including the change of the boundary conditions,
decreasing of the penetrability of the potential barrier, energy transfer etc. are taken into account. Similar to the decay of
neutral atoms the aggregate effect, as a rule, turns out to be positive — the electronic surrounding intensifies the decay.
The scale of the effect is rather small. For example its value is equal to 1.38-10 and 1.72-10-3 for the decay of He-like
and Be-like Ra ions respectively. The effects displaying by single and double charged ions are very close to that in
respective neutral atoms. Typical values of the relative difference in the decay widths of these two types of processes are
of order 10°7.

1. lIgashov S.Yu., Tchuvil'sky Yu.M. Phys.At. Nucl. 76, 1452 (2013).
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PACYET HEATPOHHO-® IBUUECKUX XAPAKTEPMCTHUK BO3MOYXHOUW TOILUIMBHOM 3ATPY3KH
P COBMEIIEHUM MOX U REMIX-TEXHOJIOTHI B PEAKTOPAX HA TEIUIOBBIX HEMTPOHAX
HA IMPUMEPE BBJP-1200

Anetinuxoe A.H., Toncmuix B.C.

OI'BOY BO «BopoHnexckuii rocyHusepcute™, Boponex, Poccus
E-mail: defender136@mail.ru

B pabote [1] 61 paccMOTpEH BapHaHT reTePOTCHHON 3arpy3ku akTiuBHOH 30HEI BBOP-1000 PEMUKC 1 MOKC-
TOIUIMBOM. B paMkax 3Toif paboThl OB pacCYUTAHBI MPUMEPHBIE BBITOJBI MCIIOIB30BAHMUS COBMEIIEHHOHN 3arpy3KH
pereHepupoBaHHBIM TOIHMBOM. [2] PaboTa maét mpencrasienre 06 OMAaCHOCTH PaAlallMOHHOTO (OHA MPU COBMECTHOM
HCIOJIb30BAHUU TEXHOJOIMH PELMKIMPOBAHHOIO TOILIMBA.

B nmanHO# myOmMKanmuyu paccMOTPEHBl HEUTPOHHO-(PU3MYECKHE XaPAKTEPUCTUKH MPH 3aMBIKAHUU SICPHBIX
TOIUIMBHBIX LHUKIOB C Pa3IMuHbIM cooTHOomeHnrneM PEMUKC n MOKC-torumsa 1 o6oramennem U235, Pu239,

Beum paccumTanbl 0a30Bbl€ 3HAYEHUS HEUTPOHHO-(PU3MUECKUX XapaKTEPHUCTHK, NMPU IOJHOW TOMOTEHHM3ALUU
AKTMBHOM 30HBI.

BrisiBnieHbl JOMyCTUMBblE OTHOIIEHMS M oOoralieHHe TeTepOTeHHBIX TOIUIMBHBIX 3arpy30K, HPH KOTOPBIX
COXpaHSIOTCS BO3MOJXKHBIE HEHTPOHHO -pu3NUecKhe xapaktepuctiku B BBOP-1200.

18. Bo6pos E.A., Anekcees ILH. // UccnenoBanue xapakTepHUCTHK 3aMbIKaHHUS TOTLIMBHOTO IUKJIA peakTtopoB BBOP
Ha ocHoBe PEMUKC-te xHo torun  -2016
19. WN.H. Bacunpuenko, KIO. Kypakun, C.A. Kymmanos, A.Jl. Jxananaunos, B.H. Uepnsimes, [1.0. Kamiauuenko
// Anamm3 Bo3MOKHOCTH oOpareHus co cBexxum PEMUKC-torumiBoM Ha nefictByromux ADC ¢ BBOP-1000

CTPYKTYPA JEIKHX HECTABWIbHBIX SIIEP B PAMKAX CTAXOATHYECKOW BAPHALIMOHHOI
MOJIETA

Vpasbexoe B.A. Y2, Jlenuxun A.C. 12

1JIaGopatopus aaepHbIx peakuuii um. Oneposa, OVSHN, r. [ly6Ha
2T'ocymapcTeeHHbIi yauBepcutet «Jly6uax, r. lyGna

B mocnemmue necsatwnetds Ha (OHE pPa3BUTHSA SKCIEPHMEHTATBHBIX YCTAHOBOK, HMCIOJB3YIOMHNE BTOPHYHBIC
paIMOaKTUBHBIC ITyYKH, H3YYCHHE CTIPYKTyphl M CBOWCTB AaTOMHBIX siiep Bce OojbpIne HaOHWpaeT MOIYJSIPHOCTb.
HccnenoBaHne B OCHOBHOM HAINPABIEHO JIETKUM sJipaM, HaXOJAIIMMCA B TpaHUIE NPOTOHHOM M HEUTpOHHOM
cTabunabHOCTH. BBIIO BBISBICHO DS OCOOEHHOCTEH SK30THUECKUX SIIEp PE3KO OTIMYAIOIIUEecs OT CTAOMIBHBIX SEp:
pacmpeesieHre HEUTPOHOB Ha OIMpPEASIICHHOM PacCTOSHUM OT Kopa (rano) [1], n30bITouHast KOHLEHTpAIUs HEHTPOHOB B
MOBEPXHOCTHOW oOnacTu sigpa (CKUH-CTpYKTypa) [2] BOIM3M HEWTpOHHOW cTaOwibHOCTH. [IpuMepoM NpOsBISHUS
CBOMCTB rajio, CKUH-CTPYKTypbl MOTYT BBICTyIIaTh 6oppomuanoBckue sapa: ¥He, 11Li, '1-14Be u !7B. Cnemyer oTMeTHTS,
YTO COCTaBHAs Mapa MOJCUCTEMBI TPEX-4YaCTUYHOMN CTPYKTYPBl OOPPOMUAHOBCKUX SIIEP HE UMEET CBA3aHHBIX COCTOSHUM,
YTO SABISIETCS NMPHU3HAKOM HEMPUMEHUMOCTH MOJEIH 000J09YEK K ITUM sIpaM.

B nHacrosmeil pabote TeopeTuueckd HM3ydeHbI JETKUE sAlpa B IpaHMIE CTAOUIBHOCTH, TZIE€ 32 OCHOBY B3fTa
CTOXacCTHYEeCKasl BapHallMoHHast Mozelb [3]. B kauecTBe 6a3ucHO# GpyHKINM BOJIHOBOH (PYHKIMHM OCHOBHOTO COCTOSIHMS
BBICTYTIA€T NapaMeTpu3oBaHHas raycousa. OHa y/oOHa TeM, 4TO MO3BOJIIET BBIYMCIIITH WHTErPAbl B aHAJTUTHICCKOM
Buze. [l HavdambHOrO NpPHOMMKEHHMS B paMKaxX KIACTEPHOM MoOJENM dAapa paccMaTpUBAalOTCS B JABYXTEIbHOM
npubmokennu. IIpoBesieH TmaTenbHBIH OTOOP MAapHBIX MOTEHIMAIOB B3aUMOJCHCTBUS U1 CUCTEMBI M3 ABYX YacCTHIL
MMyTeM CpaBHHUBAaHUS HKCIEPUMEHTAIBHBIX JAaHHBIX (Da30BOTO CJABHIa yIPYTOTO PacCesHUs C €ro TeOpPeTHIeCKUMU
pacuetamu. IlpencTaBieHHBIE pe3yJbTaThl, PHEPIUS CHUCTEMBI, CTATHYECKHE XapaKTEPUCTHKU HCCIETyeMOTo spa,
YKa3bIBAIOT Ha MIPHUMEHUMOCTh CTOXACTHUECKOW BapHAIMOHHON MOJIETH K SK30THUECKUM SIIAPaM.

1. P. G. Hansen and B. Jonson, Europhys. Lett. 4 (1987) 4009.

2. I. Tanihata, D. Hirata, T. Kobayashi, S. Shimoura, K. Sugimoto and H. Toki, Phys. Lett. B289 (1992),
261.

3. V. 1. Kukulin and V. M. Krasnopol’sky, J. of Phys. G: Nucl. Part. Phys. 3 (1977), 795
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W3MEPEHUE YTJIOBBIX PACIIPEJETEHUI T'AMMA-KBAHTOB B PEAKIIMAAX HEYNIPYTOTO
PACCESIHUSI HEATPOHOB C DHEPTUEN 14 MbB HA SI/IPAX YIJIEPOJA M KHUCJIOPOJA

L2 ®eoopos HA., ® Tpemvsxosa TIO., * Konau FO.H., * Boicmpuyxuii B.M., ** I'pozoanos JLH., *° Anues @.A4., 1*
Pycros U.H., ! Ckoii B.P., 18 Xpawmxo K., " Bozonobos E.IT., 7Eapma1<06 IO.H. u xonnabopayus TANGRA

1O6bemMHEHHEI HECTUTYT SAepHBIX uccnenosanuit (OUSAN), Jly6ua, Poccus.
2MoCKOBCKHI TOCYIapCTBEHHEI yHUBepcUTET UM. M.B. JloMoHOCOBa, PU3ndecKuil (GaKyIbTeT,
Mocksa, Poccus.
3MocKkoBCKHii ToCy IapCTBEHHBINH yHUBEpcHTET UM. M.B. JlIoMmoHOCOBa, Hay4HO -HCCIe10BATENLCKUN HHCTHTYT
simepHO# pm3uku uM. J.B. Crobenpupina, (HUMSAD MI'Y), Mocksa, Poccus
AUHCTUTYT SIEPHBIX HUCCIENOBAHUN U suepHoi snepretuku (USIUAD), BAH, Codust, Bomrapus
SUuctutyT reonoruu u reopusuxu (UI'T), AAH, Baky, AsepOaiipkan.
*UucmuryT xumun (MUX), Axagemus Hayk Monnossl, Kummunes, Pecrry6imka Mososa.
"BcepOCCHHCKHMI HAyYHO-MCCIIEA0BATENLCKMIA HHCTUTYT aBToMatuku uM. HJI. JTyxosa (BHUHMA), Mocksa, Poccus.

B pamxkax npoekta TANGRA (TAgged Neutron and Gamma Rays) B OV npoBeneHO u3MepeHHe YIIOBBIX U
JHEPTeTUYECKUX paclpeesieHnii raMMa-KBaHTOB, 0Opa3yIoIIUXCs B PEaKUHsIX HEYNPYTOTro paccesHus HEHTPOHOB C
sHeprueit 14,1 M»aB Ha sapax yriepoja u kuciopoaa [1].

HccnenoBanus NpOBOIMINCH C MCIOJB30BAaHUEM IydYKa MEUYEHBIX HEHTPOHOB, (OpMHUpOBaHHE KOTOPOTO
OCYIIECTBIAIOCH MOPTATUBHBIM HEHTpOHHBIM TeHepaTopoM MHI-27 (paspabotanubiM u co3manubiM  BHHUHMA) co
BCTPOEHHBIM MHOTONMKCENIBbHBIM JETEKTOPOM 0-4acTull. Peructpamuss raMMa-KBaHTOB, 00pa3ymoIIUXcd B pPeakLusIx
12C(n,n y) n 10(n,n ’y), mpou3BoaMIach B COBHAAEHUSX C CHTHAIOM OT anb(a-aeTekropa. CucTeMa perucIpaldd raMma
— kBaHTOB BKmoudama B cebs 22 Nal(Tl)-cmektpomeTpa, pacmloJIOKEHHBIX BOKPYr oOgydaeMol MuIieHd [2].
Hcnonp30BaHue METOa MEUYEHBIX HEHTPOHOB MO3BOJIMJIO CYLICCTBEHHO yYMEHBIINTh (POH CIIydalHBIX COBMAICHUH |
BIEPBBIE OCYIIECTBUTh H3MEPEHHE aHU30TPONUH TraMMa-U3/IyUYeHUs B YKa3aHHBIX BBIIIE PEAKIHsX MU MaibixX (O < 20°)
u O6ompmmx (©>160°) yrmax, yTo KpaifHe Ba)KHO IS MPABHJIFHOTO MOHWMAaHHS MEXaHH3Ma HEYIpPYroro paccesHHs
HEHTPOHOB Ha s/pax yIieposa U KACIOPO.a.

Pe3ynpTaThl HACTOSIINX H3MEPEHHUH COTIIACYIOTCS B IpesielaX OMMNOOK ¢ pe3yIbTaTaMy, MOJyYeHHBIMH B OoJee
paHHHX SKCIIEpUMEHTax Ha yriiepose [3-5] u kuciopone [5,6].

Hcnonb30BaHre METOJa MEUYCHBIX HEUTPOHOB TTO3BOJIIET CYIIECTBEHHO MOBBICUTh TOYHOCTh U3MEPEHUS UCKOMBIX
BeJIMUMH, a Takke OoJee NeTanbHO M3yYHUTh 0COOESHHOCTH YTIIOBBIX paclpe/eleHH raMMa -H3ITy YeHHS.

Kopatch Yu.N., Bystritsk y V.M., Grozdanov D.N et.al., ISINN-23 proceedings, Dubna, 2016. p. 361.

I.Ruskov, Yu. N. Kopach, V. Skoy et al., Phys. Procedia. (2014) 59, p. 107.

J . Benveniste, A. C. Mitchell, C. D. Schrader et. Al., Nucl. Phys. (1960) 19, p. 448.

J.D. Anderson, C.C. Gardner, J. W. McClure et al., Phys. Rev. (1958) 111, p. 572.

T.Kozlowski, W.Kusch, JWojtkowska. Angular distribution of gamma rays from inelastic scattering of 14.1
MeV neutrons on C-12 and O-16. Inst. Badan Jadr.(Nucl.Res.) No. 661.—Swierk+Warsaw, 1965.

6. I.L.Morgan, J.B.Ashe, D.O.Nellis. Angular distribution of gamma rays from C, O, and N. WASH-1046, (1964),
p.110

g~ wWwNE

OLEHKA PEAKTMBHOCTH BBICTPO-TEILIOBOM MNOJKPUTHUYECKOM CBOPKH «SIJIIHA-BY CTEP»
BE3 TOIUIMBA B BBICTPOM 30HE

@oxoe FO.I, Pymxosckaa K.K., bypnoc B.B., Eouux U.A.

I'ocynapctBeHHOE HayuyHOE yupexaeHne « O0beIMHEHHbIH HHCTUTYT YHEPTCTHYCCKUX M SIACPHBIX
uccrnenoBanuii—Cocusl» HAH Bbenapycwu, r. Munck, benapych

Ommcana TeoMeTpHs W MaTepHANbHBIA COCTAB JIByX30HHOW MOJKpHUTHYECKOW cOopku «Slmina-Bycrepy,
yIpaBisieMOoi BHEITHUM MCTOYHMKOB HEUTPOHOB.

[IpuBeneHbl pe3ysbTaThl PACUETHBIX M OSKCIIEPUMEHTAJbHBIX OLEHOK YPOBHEH MNOJKPUTHYHOCTH B JABYX
KOH(Urypamusx akTHBHON 30HBI: 1) pH 3arpy’KeHHON TOIUTMBOM aKTUBHOM 30HE (C IBYOKUCHIO 10% -HOTO OOOTaIIeHHs
B TCIIOBOM 30HE U IBYOKHCEIO ypaHa 21%-Horo o0OoramieHus B OBICTpOH 30He) U 2) ¢ IByoKHCEI0 10%-HOTO 0OoTammeHus
B TCIUIOBOH 30HE M O€3 TOIUIMBA B OBICTPOI 30HE.

IlpoBeneHO cpaBHEHHE pacyeTHBIX 3Ha4eHHH H(G(EKTHBHBIX JOJeH 3ama3ipIBAIOIIUX HEHTPOHOB B
paccMaTpUBaeMbIX KOH(UTypamusXx aKTHBHOW 30HBI. [loka3aHO, 4YTO OCHOBHBIC KHHETHYCCKHE IapaMeTpbl
OIPENECISIIOTCS. TEIIOBOI 30HOM.
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PacueTHBIM U JKCTIEPUMEHTANBLHBIM MyTeM IOJydYeHbl PO CTPAHCTBEHHBIE PACIIpPEEeHUs MIOTHOCTH MOTOKA
HEHTPOHOB B HKCMEPUMEHTAIBHBIX KAHANAX 3arpy’EHHOM M He3arpyXKeHHOH TOILUIMBOM OBICTPOH 30HBI COOPKH,
NpOBENEHO CpaBHEHME pacuyeTa C OJKCIEPUMEHTOM U aHalu3 HEKOTOPBIX PACXOXKAEHUH pacueTHBIX U
5KCHEPUMEHTATLHBIX PE3YJIHTATOB.

Omnucansl mpubOpHOE ObecHeueHne M YCIOBHSA NPOBEJEHHS DKCIEPMMEHTAIbHBIX M3MepeHuil. B kauectse
BHEIIHETO MCTOYHMKA HEHTPOHOB UCHONB30Bajca uzoton Cf252,

OBPA3OBAHUE TSIKEIOIO M30TONA TEIUS SHe IIPU NOTJIOIMEHUM OCTAHOBUB IIUXCA
IMOHOB SIJIPAMU 1011B

Yepuviwes b.A., Kean-Kopomxosa JLIO., I'ypoe FO.b., Kapnyxun B.C., Jlanywxun C.B., Jleonosa T. H., [Ipumyna
P.B., Canoykosckuii B.I".

HanmonaneHblil uccienoBatenbckuil snepHslid yHuBepcuteT « MDD
115409, Poccus, Mocksa, Kammpckoe . 31, +7 (495) 788-56-99, e-mail chernyshev@mephi.ru

OCHOBHOE COCTOSHHE ToKenoro wmsotoma remus °He (IP=3/2) sBmsercs HyKIOHHO-HECTAGHIBHBIM,
pacmanaronmMcs Ha*He + N, u uMeer creayomue napameTpsl: pesoHancHas sueprus Er = 0.798 MoB mmpuna, I =
0.647 MsB [1]. Bompoc 0 B030yXIeHHBIX YPOBHAX °He MeHee ompeneneH, Kak B 00JACTH HU3KHX, TAK U BBICOKHX
sHEprUi Bo36yxkaenuii [1,2]. B Hactosueii pa6ote mouck coctosuuii *He npoBomMiIcs B CIEKTPax HEAOCTAKOLIMX MACC
(MM)B peakumsax NOTJIOLIEHUS OCTAHOBUBIIMXCA NMHOHOB: 10B(n~,dt).X u 1B(ntt)X. DxkcrepuMeHT ObLT BHINOJHEH Ha
yckoputene LANL c moMouibio 1By X1iied €BOTo MOy TPOBOJHUKOBOTO CIIEKTpOM eTpa 3apsbkeHHbIxuacTrll [3]. Kamubposka
CIIEKTPOMETPA B KOPPETSIMOHHBIX U3MEPEHUSIX ObLIA BHITIOJHEHA ¢ MOMOMIBI0 peakimu 0B(n,tt) X. Beimo nokasauno 4ro,
paspemenne (FWHM) o MM coctaBnsieT B uccneayembix kananax0.45(5) MaB. a To4HOCTb a0 COMOTHO I P UBS3KH IIKAJIBI
0.1 M»B. Cuenbio yMeHbLICHHS BKIAJa HEPE30HAHCHOTO (HU3HYeCKOT0 (OHA B U3MEPEHHUAX OBIIIM HCTIOIb30 BaHbI JOCTATOUHO
BBICOKHE TTOPOTH PErvcTpanuy 3apspkeHHbIX yactul (30 MaB), 4yTo mo3BosMiIo HaAeKHO BBLACINTH HU3KODHEPTHUYHBIC
cocrosiamst. Ha puc. npeznctasnen ciektp MM st peakuun 1B(n,tt) X. B6imszu MM ~ 0 M3B 0T4e TIMBO BBIIEISIETCS MWK,
SBIAIOLIMNACS CYNEPNO3UIHEH OCHOBHOTO M IEPBOTO BO30YKIEHHOTO cocTosHui *He. IlapaMeTpbl 0CHOBHOTO COCTOSHUS
COBMAJAIOT C MUPOBBIMH JaHHBIMH [1.2]. 11 mepBoro Bo30yXICHHOTO YPOBHS HaWlyullee OMHCAaHUE NOCTUTAETCS IPU
Er = 1.8(5) MaB u, I' = 4.7(7) M»>B. Onucanue 5KCHEPUMEHTANBHOTO criektpa peakuun B(m~,dt).X pocturaercs 6Ges
IIPUBJICYCHNUS BO30YIKIEHHBIX COCTOSIHUN. B 00eux peakuunsax He ObUIM MOJIyYeHBICTATHCTUYECKH 3HAUNMBIX yKa3aHus Ha
BBICOKOBO30Yyk1eHHbIe (Ex> 20 MaB) coctosnus “He.

N, oTH.eq.
701 Pucynok. Pacnpenenenus 10
[ MM s peaxuun 11 B(rn— tt) X ipu Eq > 30
B0~ ?{T MsB u  Et > 30 MbdB. Touku c¢
[ :|| HOTPEIHOCTIMH — DKCIIEPUM EHTAJILHBIE
S0 '||| nanHble.. CIUTOIIHBIE TMHUK | — MOJIHOE
[ | OmnHCcaHue;. 2- 0CHOBHOE cocTosiHme  He; 3
40 ]k — TepBoE BO30ykKIEHHOE cocTosaHuE “He;
1 | 4 — Hepe30HaHCHBIH (OH.
sor |

1 D.R. Tilley et al., Nucl. Phys. A, 2004, V. 745, P. 155.
2. I/Tanihata, H.Savajols, R/Kanungo. Progr/ Part. Nucl. Phys. 2013, V. 68, P. 215.
3. M.G.Gornov et al., Nucl. Inst. and Meth. in Phys.Res. A, 2000, V. 446, P. 461.
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BO3BYKJIEHUE 8MTaIO3UTPOHAMM C TPAHUYMHOWM SHEPTHEW 0,65 VbB
JKenmonoowcckas M.B. *, JKenmonoxcckuii B.A. 2, Jlvikosa E.H. 1, Yepusiee A.IT. *

'Hayuno-uccienoBaTebCKuii MHCTATYT saepHON Gusukn umenn JI.B. Ckobenbipina
MoOCKOBCKOTO rocyapCTBEHHOIO yHuBepcureTa umeHu M.B.JlomoHoCOBa,
2NucTHTYT ApepHbIX ucenenoBanuii HAH YkpauHb!

Ipy aHHUTHIAIMY TO3UTPOHOB CO CBSI3aHHBIMH 3JIEKTPOHAMH aTOMa OJHHUM M3 KaHAJIOB TAKOW PEaKIHH SIBIACTCS
BO30YXICHHE sAApa 3a CUeT Nepefadd BCeH HSHEPTHM aHHUTWIIIMH 3TOMY SIpy, TaK Ha3bplBaeMmas OechOTOHHAs
AHHUTHIBILHASL.

IIpeaCTaBISIET 3HAYUTENBHEIN HHTEPEC UCCIENOBaHuE B30y kaenus 180MTa ¢ I = 9, T.x. 06pasoBanue 3TOTO spa
OY€Hb BAXHO IS IOHUMAaHHUS acTpodusnueckux mporeccos. Kpome toro, panee mabmopanocs Bo30yxaenue 80MTanpu
o6myuennn y-kBantamu uzoromna 9Co (B, = 1,33 MaB ). D10 yKa3bIBa€eT HA TO, YTO AKTUBAIMOHHBIE YPOBHH HAXOIATCS
B o6mactu (1 + 1,33 M»sB), 4epe3 KOTOpBIE MOKET MPOUCXOUThH AHHUTWISIIMOHHOE BO30ykacHue 189MTa.

Hamu uccrnenoBana 6ecoTonnas anuruasnds Ha 80MTa npu 06ryueHnn MUILEHEH M3 €CTECTBEHHOTO TaHTAllA
To/IMHOM 60 MKM mo3utpoHamMM u3 pacnama % Cu c¢ rpanuunoi sHeprueit 0,65 M»>B. HMCTOUHMKHM TO3HTPOHOB
HapabaTeiBaMCh B peakiuu (N,y) mpu oOiaydeHHMH 00pas3loB ecTecTBeHHOW meau B peaktope BBP-10 UM HAH
Vkpaunbl. UHTETpaNBHBIA TOTOK MO3UTPOHOB coctaBmsn 3x1012 B/ c. UccnenoBanue 6ec)OTOHHON AHHUTMIALMH
MPOBOMIOCE Yepe3 uaMepenue aktupHocTd 1809Ta ¢ T1/2 =8 4. HA AHTUKOMIITOHOBCKOM CIIEKTPOMETPE TI0 Y-TIEPEXOTY
93 x3B u Ko-usnyuyennro Hf.

W3 nosy4eHHbIX SKCIEPHM EHTAIBHBIX JAaHHBIX ONpesieeHo (G eKTUBHOE ceueHHne 0ectOTOHHOW aHHUTHILILUH
Ha n3oTore 180 TaHTama pasHoe 6 = (2,2 £ 0,5) » 1029 cm2,

IIpoBomutcst 0OCY X IEHHE MOy YEHHBIX JTAHHBIX.

POSSIBILITY OF FAST NEUTRON DETECTION WITH POSITION SENSITIVE PIXEL DETECTOR
TIMEPIX

Chuprakov 1. **, Ahmadov G. 123, Gledenov Yu. M., Nuruyev S. *2, Berikov D. }#, Kopatch Y., Sansarbayar E. ¢,
Zolotaryova V. ** Akbarov R. 1®

1 Joint Institute for Nuclear Researches, Dubna, Russia
2Azerbaijan National Academy of Sciences- AD and IRP, Baku, Azerbaijan
3National Nuclear Research Centre, Baku, Azerbaijan
4The Institute of Nuclear Physics, Almaty, Kazakhstan

This paper presents aposition-sensitive detection method forfast neutrons by proton recoil in a plastic scintillator.
The detector consists of a plastic scintillator with silicon photomultiplier readout and pixel detector Timepix. As a known
plastic scintillators are hydrogen-rich materials adopted as neutron to proton convertors by elastic (n, p) scattering. Silicon
pixel detector Timepix is used for position-sensitive detection of recoil protons which exit the plastic scintillator.
Scintillation light is read out using micropixel avalanche photodiode of type MAPD-3NK from Zecotek Photonics Inc.
MAPD-3NK allows to measure the energy loss by protons in the plastic scintillator and to trigger Timepix detector.

Timepixdetector is a silicon based hybrid pixel detector which allows obtaining information from each pixel. The
detector consists 0f 256%256 square pixels (55 um) with pitch size of 55 um. The active area and thickness of'the detector
is about 1.96 mm? and 300 um, respectively.

Micropixel avalanche photodiode of type MAPD-3NK is one of silicon based alternatives to common vacuum
photomultipliers. MAPD-3NK consists of deeply burned pixels connected in parallel and operating in the Geiger mode.
MAPD-3NK has a total photosensitive area of 3.7%3.7 mm?2 and 10000 pixels per mm2. Operating voltage is about 90 V
for this photodiode.

Bxperiments have been carried out with 239Pu-Be radioisotopic neutron source and monoenergetic neutrons from
the reaction D(d, n)3He on the EG-5 Van de Graaff accelerator, FLNP, JINR.
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MOUCK HOBBIX MEXHYKJIOHHBIX B3AMMOJENCTBUI B PACCESIHUM HEATPOHOB HA SIJIPE
Boponun B.B. 23, Kysueyoe U.A.?, Illanupo J /. *?

1Canxr-TleTep6yprexuit ['ocynapcTBEHHBIN YHUBEPCHTET
2HUI] «Kypuatosckuit uHcTHTY D> - [TUSD
8 Cankr-TletepOypreknii oymTexHudecKkuii yausepeutet [letpa Bemkoro

M3BectHO, 4TO B mpupojae cymecTByeT 4 BuAa B3aMMOJCHUCTBHS, OJHAKO cCelyac B paMKaxX PacHIMpeHHs K
CrarmapTHO#t MoaemM (PHU3MKH YACTUI] IMUPOKO OOCYKHAEeTCS CYIIECTBOBAHME APYTUX B3aMMOJICHCTBHUM, IIEPEHOCHMBIX
HOBBIMH, Heu3BecTHbIMH Oo3oHamu [l], [2]. B mamHO# paboTe oOcyxmaeTcss MPUMEHEHHWE METOJa HEUTPOHHOTO
paccesiHUS I MMOMCKAa HOBOTO KOPOTKOIEHCTBYIOIIETO B3aMMOJCHCTBUS M HAJNOXKCHHS OTPAaHMYCHHH Ha KOHCTAHTY
CBSI3U TAKOTO B3aUMOIECHCTBUS.

CyTp MeTOa COCTOMT B OCYIIECTBICHHH HSKCIEPUMEHTa IO PACCEIHHIO HEHTPOHOB Ha IMOPOIIKE KPEMHUS
(mopomkoBast mudpaxius) ¥ MOMyYCHUH U3 CHEKTpa HHGOPMAIMU O 3aBUCHMOCTH aM IUIMTYyABl PACCEesTHUS OT
NepeAaHHOTo MMIyJbca (WIM OT yria paccesHus). B pamkax maHHOW paGoTel ObLT MPOBENEH pacyeT, NOKa3bIBAIOIIUI
COCTOSITENILHOCTh 3Toi maen. Kpome Toro, Mcxols W3 peanbHBIX JaHHBIX, MOJyudeHHBIX Ha peaktope FRM Il, Gpum
BBIUUCIICHBl OTPaHUYCHMS Ha KOHCTaHTy cBs3U. Iloka3zaHO, 4TO HOBas OIIEHKA HE YCTyMaeT y)k€ HMEIOIIUMCS, 4TO
ABJIAETCS] XOpoIleil MoTHBalel K MPOBEJEHHUIO NOJHOIIEHHOTO SKCIEPUMEHTA.

—&— random potential model [1]
= —— comparing forward - backward scattering [1]

4 —A— comparing forward scattering - total cross-section [1]
. ¥ noble gas scattering [2]
| N\ |[~®— FRMII (this work)
-6 4 AN
\\:t‘\‘
-8 4
10
NQ i
>
= 124
14 4
-16 4
-18 +--rm———m— 7 ——r———rr—
1E-12 1E-11 1E-10 1E-9 1E-8
A(m)

Pesynpratel OBUIM MOJNyYeHBl B paMKaxX BBINOJHECHUS TOCYJapCTBEHHOTO 3ajaHus MuHoOpHayku Poccun
3.3838.2017/4.6.

[1] V.V. Nesvizhevsky, G. Pignol, K.V. Protasov, Phys.Rev. D 77, 034020 (2008)
[2] Y. Kamiya, K. Itagaki, M. Tani, G. N. Kim, and S. Komamiya, Phys. Rev. Lett. 114, 161101 (2015)
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MOJETUPOBAHME SIIEPHO-® MIBUYECKHUX DKCIEPUMEHTOB HA MYUYKAX 3APSIKEHHBIX
YACTHILL

Opeawes ©.X., Apmemos C.B., Toxcuboes O.P., Heamoe C.F.
Wuctutyt Aneproit ®msuxn, Axanemus Hayk PecryOmikn Y36exnctan

Ilpn 1ulaHHpOBaHNM AACPHO-(PU3NUECKUX JKCIEPHIMEHTOB Ha IIyYKaxX YCKOpHTENeH 3apsDKCeHHBIX YacCTHIL
HEOOXOIMMO MPOBEACHHE TIPEABAPUTENBHBIX OICHOK HEOOXOIUMOTO IYyYKOBOTO BpPEMEHH H  aJeKBaTHOCTH
9KCHEPUMEHTAIbHON METOJWKM MOCTABICHHOW SKCIEpHMEHTANbHON 3amade. B maHHOW paboTe mpencTaBisieTcs
nporpaMma, HaricaHHasi Ha mporpaMMHoM sizeike Wolfram Mathematica u mo3Bosisitoiast MoAEIMPOBATE 0KUIAEMYIO
9KCHEPUMEHTAIbHYI0 HH(POPMAIUIO, HAIPUMED, IBYMEPHBIE CIIEKTPBI U CIEKTPHI MPOEKINH P UCIOoab30BaHuU A E-E
METOMUKH. BbIUKCIEHUE PEruCTpUPYEMOH JHEPTUM Il 3aJaBA€MOIO YyIA PACCESHUA MOJEIUPYEMOH peakuu
MPOM3BOANTCS. METOZIOM «event-by-eventymisi Kaaoro paspIirpsIBAEMOTO COOBITHS PEaKIHH C YYETOM KHHEMATHKH
peakiuu, JHEepreTMYecKUX TMOTeph, JHEPIeTUUECKMX M YIIOBBIX CIPArTIMHIOB. ['eoMeTpus MOJAEIMPYEeMOro
9KCHEPUMEHTa, XapaKTepUCTUKH MUIIEHH U YCIOBHS pPO3BITPHIIIA (TayCCOBO paclpelesieHne ¢ 3aJaBaeMBIMU
JUCTIEPCUSIMH JUTS PHEPTETHUECKOTO M YITIOBOTO pa3dpoca 4acTHll B MaJarOleM Ha MUIIEHb Iy4YKe, pABHOMEPHOE WU
rayccoBO paclpejieneHue 1o ToNIUHaM MHUIIeHH U AE-IeTeKTOpOB B TOUKaXx MOMaJaHus HaleTalouel u oopasyromieics
B PEaKIMU YaCTHUIl U T.J. MOTYT 3aJaBaThCs B JOOBIX TPEOYEMBIX COUCTAHHUSIX.

IpegycmoTpeHo MoJenpoBaHue Kak I KIACCUYECKON CXeMBbl U3MEPEHHUS YITIOBBIX paclpeaeNieHuil IpoayKToB
PEaKIuy ¢ UCIOJIB30BaHUEM Y3KOTO ITy4Ka M AeTeKTopa 1oJ] GUKCUPOBAHHBIM YIJIOM PETHCTPAIMH, TAK U Ul ITyYKOB C
0O0JIBIIMM YIJIOBBIM Pa3dpocoM U OOJIBIIMM CEYCHHUEM Ha MUIIEHH NPH MCIOJIBb30BAaHUN KOOPIMHATHO -4y BCTBUTEILHOTO
JICTEKTOPa, OXBATHIBAIOIIETO OJHOBPEMEHHO 3HAYMTCNIbHYIO 00JacTh yrioB. llociepHsss cuTyaunust THIIMYHA IS
9KCIICPUMEHTOB Ha IIy4KaxX PaJMOAKTHBHBEIX snep, dopmupyembix «in-flight» meromom. Ilpum stom B peasnpHbIX
JKCHEPUMEHTaX MOTYT OBITh HMCHOJB30BaHbl METOJbl ONPEACNIEHUS TPACKTOPHU KaXJIOH HaneTarollell Ha MHIIEHb
gactumpl (cM. Hamp. [1]), 9TO0 MO3BOJIIET MMETh YIVIOBOE pa3pelleHHe B M3MEPECHHM CYIIECTBEHHO JIyHUIIE YIJIOBOTO
pa3dpoca B HaseTaroIeM Iydke. [ 3Toro ciaydas IpeayCMOTPEH CIIyYalHbIH pO3BITPHINI TPACKTOPUH HaJICTAIOMIEH Ha
MHUILEHb YACTULBI U TOUKH €€ EPECCUEHUS C MIIOCKOCTHI0 MUILEHHU.

Jns BBISICHEHHS CTENIEHH BO3MOXHBIX HAJOXKEHHH OTHENBHBIX TPYII PETHCTPHPYEMBIX dacTull (OJM3KO0
PAacIoIOKEHHbIE YHEPreTUUECKUE YPOBHU KOHEUHOIO sA]pa, HaIU4Yue INPHUMECEH B MUIIECHU, HEJOCTATOYHO XOpOLIee
paszenieHrue 10 COPTaM YacTHI[) NPH OLEHKE COOTHOIICHMS WX MHTCHCUBHOCTEH HCIIONB3YETCS! YHCIO PO3BITPHILIEH,
MIPONOPINOHAIBHOE BETUIUHE 0KUIAEMOTO CEICHUS KXKIOTO M3 HHTEP(EPUPYIOIIUX IPOLECCOB.

PHCYHOK HILTFOCTPUPYET MOJIETMPOBanue Aetektuposanus AE-E metonom rpymnm sinep N u 140, o6pasyrommxcs
BO B3aMMOJICHCTBAN PajmoakTHBHOTO mydka 3N ¢ nefiTepreBoil MUIIEHBIO

>
g 25 - 8., =0 grad  E,,,=50 MeV
m» | ZH(BN!MO.S.)H
< V4
20 L
2H (PN,O5 15 ey )1
15 =
| ZH( NN 57 ey )?H .
2H( 13N,13Ng.s.)2H
10 T T T T T T T T T
10 15 20 25 30
E ., MeV

1 B. GUO etal., // Phys. Rev. C 87, 015803 (2013).
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FISSION RATE OF EXCITED NUCLEI DEPENDING ON THE SADDLE-TO-SCISSION DISTANCE AND
THE FRICTION STRENGTH

Chushnyakova M. V.2, Gontchar L. 13

1Physics Department, Omsk State Technical University, Omsk, Russia
2Institute of Physics and Technology, Tomsk Polytechnic University, Tomsk, Russia
3Physics and Chemistry Department, Omsk State Transport University, Omsk, Russia

It is well established that the distance between the saddle and scission (absorption) points, §3 and f;, increases with
the charge number of fissioning nucleus. This, in particular, is expected to influence the deviation of the quasistationary

fission rate obtained in dynamical modeling, Ry (4z), from the approximate Kramers rate Ry [1, 2]. The latter agrees with
Ry (3z) very well when 4z — g3 increases. The deviation of Thg = Ry (%] [Rp (@z) from unity was found earlier when the
collective motion occurs in the overdamped regime, i.e. at large values of the controlling parameter By [2,3]. Here B
is the damping coefficient of the collective motion and i@j is the frequency of this motion at the barrier.

In this contribution we study how the ratio "hz depends upon the strength of the friction parameter in rather wide
range of the latter. Namely, the dimensionless separation parameter ¥ = Uy /(@ T} varies from 0.05 up to 50. Here
is the frequency of the particle motion around the ground state, Uz is the fission barrier height, and T" stands for the
temperature.

We model the collective nuclear motion using the well-known Langevin equations in the one-dimensional
approximation. This is done, in particular, because no multi-dimensional version of the Kramers formula exists for the

case ¥ 1 (the so-called energy diffusion regime). Moreover, due to the deformation dependence of the friction
parameters the regime of nuclear collective motion can change from one domain of the coordinate space to the other.

Our calculations showthat in the energy diffusion regime the value "z does not deviate fromunity. As ¥ increases

the ratio "z increases by more than 50%. This ratio depends in a tricky way upon the friction strength and ;. We believe
that our study can be useful because the one-dimensional modeling and some “Kramers correction factors” are employed
every now and again in the analysis of experimental data [4-8].

[1] H. A. Kramers // Physica 7 (1940) 284

[2] I. . Gontchar // Phys. Part. Nucl. 26 (1995) 932

[3] L1 Gontchar, P. Frobrich, N.I. Pischasov // Phys. Rev. C47 (1993) 2228
[4] http://nrv.jinr.ru/nrv/webnrv/stat model/

[5] G. Chaudhuri, S. Pal // Phys. Rev. C63 (2001) 064603

[6] J. Sadhukhan, S. Pal // Phys. Rev. C81 (2010) 031602R

[7] J. Tiang, W. Ye // Phys. Rev. C94 (2016) 021601

[8] J. Tiang, N. Wang, W. Ye // Phys. Rev. C95 (2017) 041601

A FRESH LOOK AT TREATMENT OF RADIATIVE CAPTURE IN NUCLEAR REACTIONS:
APPLICATIONS TO THE a-a BREMSSTRAHLUNG

Arslanaliev A. 1, Shebeko A. 2

1V.N. Karazin National University, Kharkov, Ukraine
E-mail: arslanaliev.khn@gmail.com
2 Institute for Theoretical Physics, National Research Center KIPT, Kharkov, Ukraine
E-mail: shebeko@kipt.kharkov.ua

Our departure point in describing electromagnetic (EM) interactions with nuclei (in general, bound systems of
charged particles) is to use the Fock-Weyl criterion and a generalization of the Siegert theorem (see [1] where this
approach is compared with that by Friar and Fallieros [2]). It has been shown how one can meet the gauge invariance
principle (GIP) in all orders in the charge and construct the corresponding EM interaction operators in case of nuclear
forces arbitrarily dependent on velocity (see paper [1] and refs. therein). Along the guideline we have derived the
conserved current density operator for a dicluster system (more precisely, the system of two nite -size clusters with many-
body interaction effects included). Being expressed through electric and magnetic eld strengths and matrix elements of
the generalized electric and magnetic dipole moments of a system the single-photon transition amplitudes attain a
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manifestly gauge-independent (GI) form. Special attention is paid to the cluster structure of the T-matrix for radiative
process AHB—3<+C in which a target-nucleus A captures a projectile-nucleus B that is followed by the single-
photon emission and formation of a system C=A+B in a bound or continuum state , €.0., as in case of

CACE—SACAF |y o mgstrahlung. We showhow the decomposition of T into separate contributions responsible for
the photon emission stems from the time-space current components and depends on the interactions between colliding

nuclei (clusters) . The latter may be nonlocal. Evidently, if we switch off the a-a interaction in entrance and exit
channels, such a process will be impossible. Keeping this in mind, it is easily to see (at least, within potential models of
the a-a scattering) that the relevant Coulomb-like integrals with distorted waves can be calculated in terms of the half-
off-energy-shell a-a scattering amplitudes (cf., e.g., [4]). When calculating these quantities we show a constructive
way for taking into account the interplay between the Coulomb repulsion and strong interaction of colliding nuclei. At
the same time, one should note that the bremsstrahlung amplitudes in question are expressed through the cluster form
factors. Calculations are compared with data.

[1] Shebeko A.V., Sov.J. Nucl. Phys. 49, 30 (1989).

[2] Friar J.L. and Fallieros S., Phys. Rev. C 34, 2029 (1986).

[3] Shebeko A.V., Phys. At. Nucl. 77, 518 (2014).

[4] Garrido E., Jensen A.S. and Fedorov D.V., FBS 55, 101 (2014).

M3OTOINHBI AHAJIM3 BOJOPOJHO - TEIMEBOM CMECH; MOHHO-ONITUYECKASI CUCTEMA
BBICOKOI'O PA3PEIIEHUA

Y Fanae JLH., % Tanne HP., ® Haszapenxo JI.M., 4 Cemenos A.A., 3}7Kymee EM.

1) MactutyT anammidaeckoro mpubopoctpoernns PAH, Cankr-IletepOypr, Poccus,
2) ®TU mm. A. @ Moddpe PAH, Cankr-IlerepOypr, Poccus,
3) UnctutyT simepHOM Qusnku, Anmatel, KazaxcrtaH,
4) BHUM HM um. A.A. BouBapa, Mocksa, Poccus,

IIpoGaemMa KOPPEKTHOTO OMpeaeseHUs] M30TOMHOTO COCTaBa Ta30BBIX CMeEcei BOJOpPOJAa W Telusl BBI3BaHA
HEOOX0 MM OCTHIO IKCIICP UM CHTAIIbHBIX UCCJICI0 BAHHUI BOJIOPOIHO -TeJIMCBOM IIa3M bl B y CTAHOBKaX TEPM O ICP HOTO CHHIC3A.
B 5710t cBA3M COBEPIICHCTBOBAHME MAacC-CHEKIPAIbHOW ammapaTyphl C IEIbI0 yBEIMICHHS 00BeMa IOIydaeMoit
rHpOpPMAaNUU OCTAETCA OJHOUM M3 KIIOYEBBIX MpOoOJeM B Jeje JajbHEHIIero pasBUTUS B 00JacTd (U3UKH BOJIOPOIHO-
reJMeBoi mia3Mel. B HacTosIeit paboTe 00CyKIaeTcss OpUrHHANIbHAS CXeMa CICHHAM3UPOBAHHOIO MAarHUTHOTO Macc-
CIEKTPOMETpa, MPEIHA3HAYCHHOTO Uil M30TOMHBIX U3MEPCHHUU B [MAIa30HE MAcC BOJOPOJA — Telvs U UX OCHOBHBIX
npuMeceid. oHHO-ONMTHYECKass CHUCTEMa MAacC-CIIEKTPOMETpa COJCPKUT JOBYMEPHYK MArHHTHYI HPH3MY,
JOTIOJHCHHYIO JBYMS MICHTHYHBIMH 3JICKTPOCTATHYCCKUMH KOHACHCATOpaM U (LMIMHAPHYCCKUM, CHEPUICCKAM WK
TOPOUIAIBHBIM ). HoHHO-onTHYEeCKUE mapaMeTpbl  IByMEpHOM MAarHUTHOU TPHU3MBI u
9JICKTPOCTATHYCCKAX  KOHACHCATOPOB COIVIACOBAaHBI MEXAy CO0OW TAKMM 00pa3oM, 4TO MOHHO -ONTHYECKAs CHCTEMa
paboTaer B pexXMMe HOJHOH TPOIHOHN (OKYCHPOBKH Iy4yka - IO JBYM B3aHMMHO MEPIICHIUKYJIPHBIM HANPaBICHHAM H
mo paszdpocy OHHepruii HOHOB B IIydKe. Pa3BUTa HOHHO-ONTHYECKAas TeOpUS TAKOTO Macc-CIEKTpOMeETpa,
BBINTOJIHEHBI HEOOX0OAMMBIC YUCIICHHBIE pacdeThl. [Iprbop HecIokeH B UCIOJIHCHHH, €T0 JIETAJM | Y3JIbI TSXHOJOTUYHEI.
HoHHO-ONITHYECKast CHCTeMa PACCUUTAHHOTO MAacC-CIIEKTPOMETpa HMeEeT PEKOPIHO BEICOKYIO JHCIICPCHIO, B HECKOJIBKO
pa3 MpPeBOCXOMAIIYIO AUCTIEPCHIO KIIACCHIECKUX CHCTEM MAarHUTHBIX Macc-CIIEKTPOMETPOB, YTO B COUCTAHUH C TPOHHON
(dokycHpoBKOH oOecredrBacT BBICOKHE AaHAJIUTHYCCKHE XapaKTCpPUCTUKH M TpeOyeMyro Ijii aHajin3a BBICOKYIO
pasperariyio crnocobnocts, (He menee 5000) mpu yMepeHHOW JIMHE NEHTPAIbHOW MOHHOW TPACKTOPHUH - OKOJIO
OJTHOTO MeTpa.
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ASYMPTOTICAL THEORY OF THE PERIPHERAL SUB-BARRIER ONE PARTICLE TRANFER
REACTION FOR NUCLEAR ASTROPHYSICS

Tursunmakhatov K.I. and Yarmukhamedov R.
Institute of Nuclear Physics, Tashkent 100214, Uzbekistan

In the present work, the asymptotical theory is proposed for the peripheral sub-barrier transfer A(xy)B reaction
within the three-body model, where x=y+a, B=A+a and a is a transferred particle. This theory is based on the
following assumptions: 1) sub-barrier energy peripheral transfer reactions proceed mainly in regions well outside the
range (Rn) of the inter-nuclear x-A interactions; 2) due to fairly small values of projectile energies (or wave numbers k
(k—0)), the main contribution into the reaction amplitude comes to the lowest partial amplitudes corresponding to the
partial wave with 1<kRcn (1=0,1,2,...) at Rch>Rn, where Ren is the channel radius. In this case, the radial overlap functions
for the bound two-body ((y+a) and (A+a)) state wave functions for the xand B nuclei, which enter the matrix element
for the reaction amplitude, can be replaced by their corresponding asymptotical forms. Therefore, the differential cross
sections for the reaction under consideration can directly be expressed in terms of the product of the squared asymptotic
formalization coefficients (ANCs) for y+a— xand A+a— B [1], L’fc Ciz, which determine the amplitude of the tail of
the aforementioned overlap functions and are unknown.

The proposed theory is applied for the analysis of the experimental differential cross sections (DCSs) of the
nuclear-astrophysical 1°F(p,a)180 reaction measured in [2] at three projectile sub-barrier energies (Ep) of 250; 350 and
450 keV. One notes that this reaction is responsible for the burning of 1°F in the fourth branch of the CNO cycle and
such studies could be interest in determining the location of the site  of 19F nucleosynthesis [3].

The parameters for the optical potentials in the initial and final states are taken from [4]. The calculated angular
distributions reproduce well the experimental ones and, so, it makes us it possible to determine the product of the
ANCs for p+t— o and 160 +t—»19F, Cp:Cig ¢, by normalization of the calculated DCSs to the experimental ones. The

results of  the 'f_n:r'ffg.ﬂf values are equal to 33520.7+£1301.5(th.)+4357.7(exp.); 32822.7+1238.4(th.) £2133.5(exp.)
and 29544.5+1075.0.5(th.) £2215.8(exp.) fm2, which are derived at Ep=250; 350 and 450 keV, respectively. Here, the
pointed theoretical uncertainty corresponds to a slight variation of the Ren channel radius. The weighed mean and its
uncertainty obtained from these values is equal to f:;-frf:fspr =31584.8+1269.9(th.) +1449.4(exp.) fm2.

The E_u:tcj_:ﬁpf value obtained for each energy of E, can be used for calculating the total cross sections of the
19F(p,0)160 reaction. Besides, the weighed mean for the f_n:fffs.ﬂf , obtained from the present analysis, can do
extrapolation of the total °F(p,a)!80 cross section to a range of energies lower than 250 keV (E(cm)=237.5 keV),

including the Gamow peak located at the energy E=38.2 keVV corresponding to the stellar temperature Tg =0.02 [3]. At
present time this work is in progress within the proposed theory.

[1]. L. D. Blokhintsev, I. Borbely, E. I. Dolinskii. Sov.J. Part. Nucl.8 (1977) 485.

[2]. H. Lorenz-Wirzba.Ph. D. thesis Universit3t Miinster, 1978.

[3]. C. Rolfs and W. S. Rodney. Cauldrons in the Cosmos (University of Chicago Press,Chicago and
London 1988).

[4]. H. Herndl et al. Phys. Rev.C 44 (1991) R952.
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PEAKTOPHBIE SKCIIEPUMEHTBI IIO UCCIEJOBAHHUIO JTIOMMHECIHIEHIHUHA

JIBYXKOMIIOHEHTHBIX T'A30BBIX CPEJ, BO3BYJKIAEMBIX NPOJAYKTAMH SIIEPHO
PEAKIIUM SLI(n,0)°H

Topouenxo F0.H. 1, Camapxanos K.K. ', Bamwip6exos 3.I'. 2, Ilonkpamos FO.B. *, Kynvcapmos T.B. *, Bapcyxos HH. 1,
Xacenos M.Y. 3, 3ayp6erosa K.A. 1, Tyny6aes E.FO.

"YucTuTyT aToMHOM 5Heprun HanuonansHOTO szepHOro nentpa Pecny6mukn Kasaxcran, Kypuatos, Kazaxctan
2HarmoHanbHBIH saepHbIi nentp Pecy6mmxn Kaszaxcran, Kypwatos, Kazaxcran
SYactroe yupexnenue “National Laboratory Astana”, Acrana, Kazaxcran

CriexTpalbHBIE HCCIIEIOBAHHUA ONTHYECKOTO H3IyUEHHs Ia30BBIX CMeceil NMPEeACTaBIAIOT MHTEPEC I PELICHUS
3aJa4 CBSA3aHHBIX C IOWCKOM Ta30BbIX Cpel OOJaJalomMX BBICOKOH 3¢ (eKTHBHOCTBIO MpeoOpa3oBaHUS DHEPTHH
SIIEPHBIX Peakiyii B SHEPTUIO Ja3epHOTO WM CIOHTaHHOTO m3nmyueHus [1,2]. Takue cpeapl MOTYT MPUMEHSTHCS IS
BBIBOJIA DHEPTHH M3 SAEPHOTO U TEPMOSIEPHOTO PEAKTOPOB B BHUIE ONTUYECKOTO M3Iy4YEHUS, a TakKe IS KOHTPOJA U
peryaupoBaHus MapaMeTpOB PEAKTOPOB.

B nacrosimieit paboTte mpencTaBieHbl pe3yJbTaThl PEAKTOPHBIX HKCIEPUMEHTOB IO HCCIEAOBAHMIO CIIEKTPOB
momunecuenmun He-Ne um He-Kr ra3oBeix cMecei, Bo30yKIaeMbIX NPOAYKTaAMHU saepHOH peakuum SLi(n,o)°H, na
pa3HBIX YPOBHAX CTAllMOHAPHOM MolHOCTH peakropa BI'1.M.

1. E Batyrbekov, Converting nuclear energy into the energy of coherent optical radiation, Laser and Particle
Beams, 2013, V. 31, issue 4, p. 673-687.

2. M.Y. XaceHoB SaepHo-B030y)kaaeMas IUla3Ma Ta30BbIX CMeECed M Jasephl C AACPHOW HaKayKoi:
Mownorpadus. Anmater, 2011. — 187 c.

ANGULAR DISTRIBUTIONS AND ANISOTROPY OF FISSION FRAGMENTS FOR HEAVY NUCLEI
INDUCED BY INTERMEDIATE ENERGY NEUTRONS (1-200 MEV)

Vorobyev A.S. , Gagarski A.M. %, Shcherbakov O.A. 1, Vaishnene L.A. !, Barabanov A.L. 2:3

1B.P. Konstantinov Petersburg Nuclear Physics Institute of National Research Centre “Kurchatov Institute”, Gatchina,
Leningrad district, 188300, Russia
2NRC “Kurchatov Institute”, 123182, Moscow, Russia
3Moscow Institute of Physics and Technology, 141700, Dolgoprudny, Moscow Region, Russia

The experimental data on angular distributions of fission fragments for some actinide nuclei (232Th, 233U, 235U,
238, natpp and 209Bi) [1, 2] measured at intermediate neutron energies up to 200 MeVusing the neutron TOF-spectrometer
GNEIS at the PNPI 1 GeV proton synchrocyclotron in Gatchina are presented.

The measured angulardistributions and anisotropy W (0°)/W (90°) calculated fromthese distributions are presented
and compared with the data obtained by other authors. The experimental data for "aPb and 299Bi in a wide energy range
(from threshold to 200 MeV) have been obtained for the first time.

References.

[1] A.S. Vorobyev, A.M. Gagarski, O.A. Shcherbakov, L. A. Vaishnene, A.L. Barabanov JETP Letters, 102(4)
(2015) 203.

[2] A.S.Vorobyev, A.M. Gagarski, O.A. Shcherbakov, L.A. Vaishnene, A.L. Barabanov JETP Letters, 104(6)
(2016) 365.
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ASYMPTOTICS OF THREE-BODY BOUND STATE RADIAL WAVE FUNCTIONS OF HALO NUCLEI
INVOLVING TWO CHARGED PARTICLES

Yarmukhamedov R.

Institute of Nuclear Physics, Tashkent 100214, Uzbekistan

In this work, the asymptotic forms derived for the radial and total three- body (123) wave functions of halo
nuclei with two charged particles (1 and a core 3) in core-nucleon coordinates are presented. They are expressed in terms
of the three-body asymptotic normali-zation functions (TBANF) being as a function of the ratio (r) of the core-nucleon
coor-dinates. It is demonstrated that when the core is very heavy the derived asymptotic forms become equivalent to
the corresponding asymptotic formulae [1,2] obtained forthe Jacobicoordinates.

The asymptotic formobtained for the radial wave functions has been compared in different parts of asymptotic
regions with the approximate wave functions derived by D. Baye [3] within the Lagrange-mesh approach for the halo
(E*=3.562 MeV) state of SLi(pna) using two kinds of the nuclear aN potential. The intervals of the relative core-nucleon
riz and rz3 variables within which the approximate wave functions have a correct asymptotic behavior within about 10%
have been determined.

One has used the region where the agreement between a radial wave function and the asymptotic expressions is
excellent to deduce values forthe TBANFs, r:;{-’(r) (=1 and 2), for the SLi"(E"=3.562 MeV) nuclear depending on the
ratio r=r13/ r23 for the lowest admitted dominant values of the quantumnumbers of L and | being the total and relative
orbital momentum, respectively, for the aforementioned bound (pna) system. It is demonstrated that the values of the
TBANFs are sensitive to the form of the aN potential used. Besides, it is revealed the region of changing the (riz,r2s)
pair where the mirror symmetry occurs for the TBANFs derived for the isobaric (6He(g.s.),5Li"(E*=3.562 MeV)) pair in
the present work and in Ref. [4].

The deduced TBANFs are in principle observable quantities, for example, from an analysis of the experimental
differential cross sections for the exchange a(bLi, o)6Li"(3.562 MeV) and transfer a(3He,p)éLi*(3.562 MeV) reactions.
Therefore, it would be interesting to compare present results with experimental ones. It would make it possible  to
choose the formof the aN potential by comparing the phenomenological values of C:-J'j(r) (j=1and 2) with these values

obtained in the present work. They would allow one to get additional information about the formof the uN potential and
to verify an accuracy of the approximate wave function as a source of reliable information on the €} (r) asymptotic

normalization functions. In this connection, it would be highly encouraged to do such an experiment.

[1]. L D. Blokhintsev, M. K. Ubaydullaeva, and R. Yarmukhamedov, Phys. At.Nucl. 68 (2005) 1427.

[2. A.M.Mukhamedzhanov, M.K. Ubaydullaeva, R. Yarmukhamedov, Theor.and Math. Phys. 94 (1993) 315.
[3]. D. Baye, private communication(unpublished).

[4]. R. Yarmukhamedov, D. Baye , and Ch. Leclerg-Willain, Nucl.Phys. A 705 (2002) 335.

ELECTROMAGNETIC REACTIONS WITH THE DEUTERON IN THE BETHE-SALPETER APPROACH
Bondarenko S., Burov V.
Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

The solution of the Bethe-Salpeter equation with separable kernel of the NN-interaction for deuteron and
interacting np-pair is consider. The obtained solutions are used to investigate reaction of the elastic electron-deuteron
scattering at high momentum transfer. The relativistic covariant Graz Il separable kernel of nucleon -nucleon interactions
is used to analyze the deuteron structure functions, form factors and tensorof polarization components. The modern data
for the electromagmetic nucleons structure from the double polarization experiments as well as some other models of the
nucleon form factors are considered.

To investigate the reactions with the deuteron breakup the relativistic complex separable neutron-proton
interaction kernel is proposed. The uncoupled and coupled partial-wave states with the total angular momentum

J=0,1 are considered. The model parameters are determined by fitting the phase shifts and inelasticity parameter
in the partial-wave states as well as low-energy scattering parameters.

The obtained kernels are used to consider the exclusive electrodisintegration of the deuteron. The differential cross
section is calculated within the impulse approximation under several kinematic conditions of the experiment. Final state
interactions between the outgoing nucleons are taken into account. Partial-wave states of the neutron-proton pair with
total angular momentum J = 0, 1 are taken into account.
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HUCCJEIOBAHUE BO3JIEACTBUSI KOTEPEHTHOI'O DJIEKTPOMATHUTHOI'O W3JIYYEHUS HA
PAJIMOAKTUBHBIM PACIIAZL 152Eu M 23°Np

bapmuna E.B. v Cumarun A.B. 1, Cmupros A.A. 2 Ceowvix C.H. 3, Kamunckuii A.K. 3, Cmezaiinoe B.U. 3,
Tiomiwonnuxos C.U. S,Mad)eeg 4. LJepbakos U.A. 1

1 Muctutyt o6meii pusuxu um. A.M. [Ipoxoposa PAH, yn.Basunosa-38, Mocksa, Poccuiickas denepanus
2 UacTuTyT QusuKo-TexHuueckux mpobnem, [lyona, Poccuiickas deneparms
8 O0beIMHEHHBI MHCTUTYT AAEPHBIX uccaenoBanuii, 141980, JlyOna, Poccuiickas penepamus
4 HaumoHanbHbIH HCCNEN0BATENLCKUN ANepHBIH yHUBepcuTeT « MUDM», Mocksa, Poccuiickas (enepanus

DKCHepUMEHTHl MPOBOAMINCH B paMKax mpoekra «OHepruss U Tpancmyrtauus PAO» u Obun HampaBieHBl Ha
pelIeHue 3a1a9u U3yUCHHsI XapaKTePUCTHK SACPHO-(PUIMYCSCKIX IPOIECCOB, MPOUCXOMAIINX B SAPAX MO BO3ICHCTBUEM
KOTEPEHTHOTO 3JICKTPOMATrHUTHOTO m3nydeHus. Llenpio skcmepumenToB /1,2.3/ sBIseTCs W3ydYeHHE MEXaHHU3MOB
BJIMSIHUS DJICKTpOMAarHutHoro m3nydenuss CBY 1uama3oHa W ja3epHOTO H3IyYCHHH Ha BEPOSTHOCTh PAAHMOAKTUBHOTO
pacmaza azaep B T. u. 152Bu (T1/2=12.8), a Takxe, ¢ APYyroii CTOPOHEI, HCCIEJOBAHIE METOJAMH SAEPHON CIIEKTPOCKOIUH
KaHAJIOB PAJAMOaKTUBHOIO pacrnaja 00JydYeHHBIX HYKITHIOB .

O6pasen; °2Eu, BHeIpeHHEI B aMOMUHUEBYIO (hOJIBIY TOMIUHON ~25MKH, 06Iy4ancs B TeueHue 6 yaco CBU-
manyaerreM (30 I'ri) ¢ motHOCTBIO ToTOKa ~50%10-3 J/cm2. [lanee cieKTp TamMa-u3lydeHus >2Bu uccnenosancs Ha
pacman /2,3/, T.e. WcCeOBaCs CIa WHTCHCUBHOCTH HM3JIy4CHHS HanOoJiee CHIIBHBIX IEPEX0JI0B B CIIEKTPE ramMa-
Jyded B 3aBUCUMOCTH OT BpeMeHH, B TeueHue 90 mueit. Cm. matepuanst «1JIPO-2017» wu /2, 3 /.

Hamu taxke uccnenopancs pacnaf aaep 37Cs, 231Th, 234Th /1/ u 239Np npu Bo3aeiCTBHM Na3epHOTO H3IMydYeHHS
Ha WX BOJHBIE pacTBOPHL. OcoOBI WHTEpeC MNPENCTABIAET AAPO AKTHHHAA OeTa-MHHYC pacmamauka 23°Np, mwi
uccienoBanus kotoporo ucmosb3oBaics NA:YAG mazep ¢ mmHoi Bosmbl 1064 HM, IHMTEIRHOCTRIO UMIyJibca 10HC,
gactotoit 10 kI['1, sHEpTHEH B UMITyJIbCE - 2 MK, M3nydeHne ¢ oKycHpoBaioCh ¢ MIOMOIIBIO JIMH3BI CKBO3b MPO3PadHOE
I HETO OKHO CTEKISTHHON KIOBETHI Ha MUIIeHb 23°Np , MOMEIEHAYI0 B BOJHBIN PacTBOP. B TAKUX yCIOBUSX TIPOUCXOTUT
o0pa3oBaHHEe HAHOYACTHI[ B PAcTBOPE, OTBETCTBEHHEBIX 3a IIA3M000Opa30BaHNE, U KOJUIEKTUBHBIE (P (EKThl YCKOPEHUI
9JIEKTPOHOB B IUIA3MEHHOM KaHaie. KOHIEHTpaIuss HaHOYACTHIl OTIpPEeAessi- eTcs OIM30CThI0 NMEPEeTHKKH JIa3ePHOTO
ITydYKa K MUIICHW ¥ BPEMEHEM JIa3epHoro o0mydeHus obuyduenus /1/. Cm. matepuainsl koHO. «IAPO-2017».

WsMmenenue nepuoa nosnypacnana sapa 23°Np (T%=2.36 1) no ramma quaud 106 K9B IIPEICTABICHO HA PUCYHKE.

M3meHenne nepuona moiypacmnaa sizpa Np239 (T %=2.36
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Jlutepatypa:
1 bapmuna E.B., Cumaxun A.B. , Creraitnos B .U., Tomionnukos C.H., Hlagees I'.A., lllepbakos N.A.
KeanrtoBast snexktponuka , 47, Ne #(2017)
2 T'onc 3., Cempix C.H., Creraitnos B.W., TiomionnukoB C.U. u ap. [leBaATas MexayHapoaHas KOH(eEpEeHIUs Mo
M3yYEHHUI0 MUKPOBOJHOBOTO U TeparepuoBoro uinydenus, Hwkuuit Hosropoa, utons 24-30,2014.
2  CwmupHoB A.A., CreraitnoB B.M., Kammanukos B.I'.,TroTionnukoB C.H. u ap.,k.«Aapo2015»,C.ITetep.c257.
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PACHAJ HEYETHO-HEYETHBIX SIIEP Ho (Z=67) ¢ A=156,158,160,162,164
Bacanos IO.A. ,Touc 3., Kanunnuxos B.I. ,Cywkos A.A. , Cmezaiinog B.U. , FOwkesuy FO.B.
OO0BbeMHEHHBIH WHCTUTYT SACpHBIX nccnenoBanmid, 141980, Jly6na, Poccwmiickas denepamus

CucteMaTHIeCKUe dYKCIIEPUMEHTAIBHBIE UCCIIE0BAHMS PEIKO3EMENbHBIX siiep B 00acTlH MaccOBBIX uncen A >
150 mocy>xumm OCHOBOH yIi 000CHOBAaHHS HBIHE IMHPOKO HCIOJB3YEMBIX TEOPETHUECKUX MOJeNel sfapa (Takux Kak
0000mIIeHHas, KBa3MYaCTUIHO-(QOHOHHAS, MOJEIh B3aMMOJCHCTBYIOIIMX 0030HOB). Ecim cBoiicTBa YETHO-YETHBIX
CIJIBHOIC()OPMHUPOBAHHBIX SiIEp M SAep C HEYETHBIM A ONMCBHIBAIOTCA MOJEISIMH HEIIOX0 (BO MHOTHX CIydYasix
JOCTUTHYTO KOJMYECTBEHHOE COTVIACHE JKCICPHMEHTAIBHBIX M PACUETHBIX IAHHBIX), TO YCTAHOBICHHE CTPYKTYpHl U
CXeM pacIajia HeYeTHO-HEUESTHBIX sifep 3aTpyaHeHo. OCHOBOH M3 IPUUMH SBIITCS M30MEpHs 3THX saep. CM. TabuL.

W3omepus B aapax Ho BeI3BaHA 0COOCHHOCTBIO PACIIOJIOKEHUS yPOBHEH NPOTOHHOW U HEHUTPOHHOII CHCTEMEI Y
rpanunsl Oepmu (cocrostaust 7/2-[523], 1/2+[411], 7/2+[404], 1/2-[541] — y mporona, 5/2-[523], 3/2-[521], 5/2+[642],
11/2-[505] — y neittpona). CBsi3b HECMApEHHBIX MPOTOHA W HEWTPOHA B CHIBHO PasiMYarOMINXCS HHJIBCCOHOBCKHX
COCTOSIHUSIX W MPUBOJUT K H30MEPHBIM YPOBHSM.

Mzomepurie E3-mepexompr B 158, 160Ho (1 B 162,164H0) cuiibHO 3aTOPMOKEHBI IO CPABHEHHUIO C OLIEHKaMH
no Baiickonpy (coot. 2,5-104; 2,6-105; 1,5-103; 1,8:104). Cunpno 3atopmoxeH u M2-nepexoa B 160Ho (F3 = 8§-104).
Omnako M3-nepexon B 156Ho menee 3atopmosken (F3 = 100).

Ilpu Gerta-pacmane 156Er, 158Er u 160Er peamu3yeTcsi paspelieHHbIN, He3alep KaHHBIH (au)-mepexon I'amoBa-
Temtepa myteM mpeBparienus p7/2-[523] — n5/2-[523] ¢ Bo30OyXacHHEM B JOYEPHUX HEUETHO-HEUYETHBIX sapax Ho
cocrosiaus 1+{p7/2-[523] — n5/2-[523]}. B Gouee msukensix sapax Ho (A = 162, 164 ypoBHu 1+ yKa3aHHOTO THIIA JIABHO
UACHTHQHUIUPOBAHBI — 3TO OCHOBHBIE CcOCTOsHUA. B Oonee Jerkux sapax Ho Takwe cocTosiHMsS OBUIM HJICH-
TH(GUIUPOBAHEl HAIICH TPYNIIONH OTHOCHTEIFHO HeJaBHO (CM. TaOil) myteM HaOmopeHus Msarkux El-mepexonoB Ha
m3omep 2- B 158Ho u 160Ho, u na uzomep 1- B 156Ho. Ot El-nmepexospl OKa3aauch JOBOJILHO 3aTOPMOXKEHHBIMHU.
Omnako ux ¢aktopsl 3amemieHus ( coot. 3-103; 1,3-103; 1,2-103 ) cOOTBETCTBYIOT cHUCTeMaTHke BepositHocteit El-
MePexo0B B Ae(OPMHUPOBAHHBIX SIPAX PEIKO3EMEIbHOW 00IacTH.

BpemeHa ¥M43HW B AQpax 156,158,160Ho
1EDHD T2 '**Hayg)=15.6min; on line u
67 93 [Qec=330=30 KeV E =60keV,2-, T,,=5.02h{m) off line
1. T,,9+10=Ho=3220.2 ACHAIII
2. E,=118keV. t, ~5fns;
3. E,=67keV, t,,=2822nz
1-1_1 Ets]‘lﬂ{!_-.]=lll'll.i.ll;
E._—67keV.2-, T, o2 Tosin) on line B
v By 2"y Lypp=a/mmiml. .
198 e | Q=890230 kev ) _ ;g}}'ﬁm
i 21 #], T,,9 %= Ho=21min
2. E,,=147keY; t,,=1L8=0.2n=
3. E, =92keV, t;,=140=25n=
4. E, =75keV, t,,=58=3n:
I]_l EﬁHﬂ.‘r:_-__]=sﬁl'ﬂjﬂ;
on line B
155H E,_ =52keV\1*, T,,=9.521.5:(m) off line
=1410=15 KeV
67 Ogg | & 1. T,.0%t=tFp=7,2520 35min ACHAIII
# 1. E, =118keV, t,,=58=3ns
3, E, =81keV, t,~13=0.Inz
Jlutepatypa:

B.I' Kamuunukos, B.M.Creraiinos, !0.A.Baranos, T.A.HMcmamos, XK.Capasm, H.B.JOmkesu4, koud.«Sapo-
2016», Capos, c.112-113.
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HUCCJEIOBAHUE PACHAJA SIEP C IIOMOIILIO MHOI'O - IETEKTOPHOI'O CHEKTPOMETPA
COBNAJEHUM THUIA «JOJEKAEIP»

YanoyuIl, Adam U., Cmeeauinos B.U. Tiomionnuxos C.H.
OO0BbeIMHEHHBIH WHCTHTYT SACPHBIX HccienoBanuii, 141980, dyOHa, Poccuiickas ¢enepauus

HccnenoBanusi  paJdoOakTHBHBIX MHUIICHEH W 00pasloB, IMOJYyYEHHBIX B IpoLecce OOIydYeHUs B IO
3JICKTPOSACPHBIX HeUTPOHOB ycTaHOBKH « KBUHTA», mpoBouMBbIe B paMKax MporpaMMbl « DHeprus - TpaHCMy TaLlus»
0a3upyrOTCs Ha CICKTPOMETPUYCCKOM KOMIUICKCE, COCTOSIIEM U3 Pa3HbIX THIOB ACTCKTOPOB W amlmapatrypbl U
MMO3BOJIIIOLIEM MPOBOIUTh M3MEPEHUs CHEKIPOB TaMMa-Ty4eid M CICKTPOB PCHITCHOBCKOTO H3IYYCHHS , CICKTPOB
KOHBEPCHOHHBIX 3JICKTPDOHOB M  CIEKTPOB aib(a U3IyYeHHUs, KOTOPBI MOMOJHWICS BbICOKOI(] (P EKTUBHBIM
CIEKTPOMETPOM MHOTOKPATHBIX COBIAJCHHUI.

B pexmMe MHOTOKPAaTHBIX TraMMma-TaMMa COBHNaJeHHH ( PEKUM IO3UTPOH-TAMMa COBIAJCHHUHA, aHTH-
KOMITOHOBCKHH  pEXHM, PEKHM MHOTOKPATHBIX COBINAQJCHHWN M T. 1) Hayatel  (uU3MYeCKHEe H3MEpeHHs Ha
MHOTOJICTEKTODHOM CIIEKTPOMETpe COCTosIeM u3 omuHHaauatd 6Gosbaieodnsém upix NaJ(Tl) (mmamerp u BbIcOTA
kpuctaia paBHa 100 MM ) netektopoB. B kadecTBe IBEHaAaTOTO JETEKTOpa BO3MOXHO HCIOJIB30BaHUE, KaK
repmanueBoro - Hp(CGe), Tak U KPeMHHUEBOTO WM CUUHTHIUIALMOHHOTO AeTektopoB. Cum. puc. Hapsimy co crnektpamu
KaTMOPOBOYHBIX HMCTOYHHKOB HAaMH U3MEpPEHBI ramMmMa-crekTpbl pan mumeneid 239Np, 238Pu , 241Am u T.a. Cwm.
MaTepHaibl KoHQ. « Aapo»-2017,AnmaTer.
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Jluteparypa:
Anam ., Yanoys II., Creraiinos B.J., Ilpaxak @. koHd.«Sapo-1995», Cankr-IletepOypr, 20-30utons, c.430
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UCCJIEJOBAHUE PACIAJIA SIIEP OBPA3YIOIIMXCA TP OBJIYYEHMA MWIIEHEM 237NP, 239pU
U 21AM B MIOJIE HEUTPOHOB YCTAHOBKHM «KBUHTA» ®A30TPOHA OUM

Tromwnnukos C.HU., Cmezatinos B.U., Kunum C., llyma M., Cmupnos A.U., Janxaxcas O., Kpsuko U.A., Xyweaxmos
JK.H.

OO0BbeMHCHHBIH WHCTUTYT SACPHBIX HccnenoBaHui, 141980, ly6na, Poccuiickas denepamms
tel. (49621)62175, e-mail: tsi210647@yandex.ru, stegajlov2013@yandex.ru

JKcnepuMeHThI MPOBOAMINChL, HA BBIBEICHHOM IIy4Yke IMPOTOHOB (hasoTpoHa Jlabopatopuu saepHBIX IpobdiieM
OIS nmpu toke 1 MKA u sHeprun 660 M»>B.

Lenbio paboTsl ABJsIETCH CPABHEHUE CEUCHUU peaKUUil 3aXBaTa U JCJICHUA HAa Pa3IMYHbBIX PAaJUyCaxX yCTAHOBKU
«Ksuntay. Onpesienenne ux OTHONIEHHS JUTSl OCTATOUHEIX siuep B mumiensx 23'Np (puc) ,24*Am, 23%Pu B none HeHTpOHOB
[1] ma pasmrunbix pamycax ( Rmax~150 mm ) ypanosoit (238U) c6opku «KBUHTA» 1pu eé 06IIyueHr: IPOTOHAMH C
sHeprueit 660M»aB. BumgHo , 4TO chekTsl U3MEpeHHBle Ha MaioM paauyce 20MM ( TAe IOPOLEHTHOE OTHOIICHHE
BBICOKODHEPTeTUYECKUX HEUTPOHOB W MPOTOHOB MakcHMa- JbHO ) M JajdbHeM paauyce 150MM  KapIuHAJIBLHO
ommyarotcs. Cm.puc. B cnekipe A cusatom npu R=20MM HuU3KO - 3Hepretudeckas uyacte crektpa (300-500)x3B
MPAaKTHYECKH OTCYTCTBYeT. VI3MepeHHe raMMa CIEKTPOB OOJIyYeH - HbIX MHIICHEH MPOBOMMIOCH ¢ momouipio HPGe
nerektopa ¢ addexmuBHocThi0O  30%, wmsrotopneHHoro B MOTII [2], ¢ wucnoje3oBaHmeM — (GMIbTpa
(Pb50Mm+Kd2mMM+GU2MM +AI2MM), Ha paccrosausax oT 100mM u 400mMM. B mpo- mecce 00paGoTKH pe3yIbTaTOB B
MIPOAYKTaX KAXKAOTO sApa MUIICHH HalJICHbl KOPOTKOXKUBYIIME OCTATOYHBIE siapa ¢ nepruoaoM Ti/2 > 15munH. CM.jnoxmaz,

37Np, pt, 660mev

A
A

|
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37Np B no.e HellTpoHOB
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Jlurepatypa:
.1 SKilim etal. //XXII International BaldinSeminar, Russia, Dubna, September, 15-22, 2015.
2. A A.Smirnov, V.1.Stegailov, S.L.Tyutyunnikov et al.//«Nucleus2015», St-Petersburg, P. 257
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DETAILED STUDY OF N-N CORRELATIONS IN THERMAL FISSION OF 233U, 235U and 23°Pu
Guseva I.S., Gagarski A.M., Sokolov V.E., Petrov G.A., Zavarukhina T.A.

NRC “Kurchatov Institute”, B.P. Konstantinov Petersburg Nuclear Physics Institute
Gatchina, Leningrad District, 188300, Russia

Recently new precise measurements for the angular dependence of neutron-neutron (n-n) coincidence count rates
in thermal fission of 233U, 235U and 23°Pu were performed on the reactor WWR-M in PNPI. The purpose of this experiment
was to find more precisely the moment and place of neutron emission. It is known that most of prompt neutrons
accompanying the fission process are evaporated from the fragments fully accelerated due to Coulomb interaction.
However, some neutrons can appear directly at scission of nucleus. To distinguish them fromthe neutrons emitted after
fully acceleration of fission fragments, the difference in the angular and energy distributions is normally used. But for a
finding of the scission neutrons contribution in a fission process not only the neutron-fragment angular correlations is
possible to use but also n-n coincidences can be applied to determine the conditions of prompt fission neutrons emission
[1-4].

Evidently, to get true parameters of scission neutrons it is extremely important to obtain the experimental angular
distributions free from systematic errors. The special attention in this work was paid to studying of the possible effects
which can distort the experimental distributions (neutron scattering in the fission source and other surrounding materials,
“cross-talks” between neutron detectors, etc.).

Theoretical description of experimental data was performed using the Monte-Carlo method. The necessary input
parameters for these calculations, such as: energy spectra of neutrons in the fragment CM system, the average multiplicity
and dispersion of emitted neutrons fromeach fragment together with the covariance parameter, were obtained from the
other experiments and fixed. In addition to the above parameters the most probable final velocities of light and heavy
fragments were introduced and fixed. We had also two fitting parameters, which determine the contribution of scission
neutron componentand theirspectrumshape. It was supposed that the formof this component corresponds to Weisskopf
distribution.

Using all of these parameters we have calculated the number of n-n coincidences for various angles between
detectors, taking into account seven different neutron energy thresholds. The comparison of calculated results with the
experimental data, obtained in PNPI, allowed us to determine for these three isotopes the most probable contributions of
the isotropic components, which associated with so-called "scission™ neutrons.

References
1. J.S. Pringle and F.D.Brooks, Phys.Rev.Lett. 35 (1975) 1563.
2. C.B. Franklyn, C.Hofmeyer, and D.W. Mingay, Phys.Lett. 78B (1978) 564.

3. Sokolov V.E., Petrov G.A., Guseva l.S etal., in Proceedings of XVIII International Seminar on Interaction of
Neutrons with Nuclei, Dubna, May 26-29, 2010, JINR, E3-2011-26 (Dubna, 2011), Pages 108-118.

4.  A.M.Gagarski, 1.S.Guseva, G.V.Val’sky, G.A.Petrov, V.I.Petrova, T.A.Zavarukhina, in Abstracts of XX
International Seminar on Interaction of Neutrons with Nuclei, Alushta, Ukraine, May 21-26, 2012, JINR, E3-2012-
36 (Dubna, 2012), page 42.

DETECTORS FOR COMPLEX OF NON-CONTACT DIAGNOSTICS AND CONTROL OF FAST
PROCESSES IN TRANSMUTATION ELECTRONUCLEAR INSTALLATION

Maltsev A., Maltseva M.
JINR, Dubna, Russia, TENZOR, Dubna, Russia
A description of the measurement complex for correlative measurements of the main parameters and

characteristics of fast processes (At =1 psec) oftransmutation in asubcritical electronuclear reactoris given. The complex
contains opto-electronic and spectral detectors operating in real time with a computer system.
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COBPEMEHHBIE TEXHOJIOTUH W YCTPOWCTBA /151 IBMEPEHU SIJIEPHOTO
NMPUEOPOCTP OEHUA

Koowcemarxun B.A.

Hayuno-nnpousBoacteeHHOe yHuTapHOe npeanpustie «ATOMTEX»
r. Munck, Pecry6mka bemapych

OCHOBHEIM 3JIEMEHTOM MPHUOOPOB, amIaApaTypbl W CHCTEM, MPHMEHAEMBIX B 00NacTH SIEpPHO -(QHU3NIECKUX
HU3MEpEeHHH, ABIIOTCS JeTEKTUPYIONINE YCTPOICTBA UIT PETUCTPALMH PA3INYHBIX BHIOB SACPHBIX H3ITydEHHH.

CoBpeMeHHBIE TEXHOJOTHH W YCTpOIiCcTBA NETEKTUPOBAaHHA B OO0JACTH SIEPHOTO NPHOOPOCTPOEHHS B
OOJBIIMHCTBE CIy4acB OCHOBAaHBI HAa CO3JAaHMU M HCIOJB30BAHUU OJOKOB JETEKTUPOBAHMS, MPEACTABIIOMNX COO0O0i
3aKOHUEHHBIC HHTEJUICKTyaJbHBIE YCTpOIicTBA ¢ TeM WM HMHBIM BHIOM HHTep¢elca, o0ecnedynBarmUM —HX
MOAKIIOYEHHE K ammaparype ympasieHHs, cOopa u oOpaboTku naHHBIX (ycTpoiictBa 00paboTkM M OTOOpaKeHUS
nHpOpMaNuy, NepCoOHANbHbIE KOMIBIOTEPHI, CUCTEMBI BEPXHETO YPOBHS U T.1.).

B nokmaze mpeicTaBieH  LIIMPOKUH  CIEKTp  pa3pabOTaHHBIX ¥ HMPOMBILNIICHHO — W3TOTABIMBAEMbBIX
HHTEJUIEKTY JIbHBIX OJIOKOB JIETEKTUPOBAaHMS Ha OCHOBE Pa3MYHBIX BHJOB JETEKTOPOB a-, B-, Y-, X-, N-U3IyuYeHHH,
(YHKIMOHAJIPHO  3aKOHYEHHBIX M HCIOJB3yeMbIX B 00JIACTM  JIO3UMETPUYECKHX,  PAJAMOMETPUYECKHX,
CIIEKTPOMETPUYECKUX U JPYTHX H3MepeHuid. Pacrmomaras Takoro psjga ycTpoiicTBaM¥, HPOEKTUPOBIIMKH CHCTEM,
anmnapartypbl, IPUOOPOB MOJIYYAIOT BO3MOXKHOCTh i1 THOKON M 3¢ ekTnBHOHN pa3paboTKu anmapaTHO -IPOTrpaMMHBIX
CPEICTB pa3IMYHOTO Ha3HAYEHHMs, BOCTPEOOBAaHHBIX Ha IIPAKTUKE.

“UuTemexryanbHble” OJOKH WIM YCTPOICTBA ACTEKTUPOBAHUSI METPOJIOTHYECKN 00ECTIeYHBAIOTCS IIPH BBIITY CKE,
YTO 3HAUMTEJIBHO YIIPOIIAET KaIMOPOBOYHBIE IPOLIEyPhI /Ul CUCTEMHBIX HHTEIPATOPOB.

Jns meneidl METPOJIOTHUECKOTO OOECIEUeHUsl IpeIaraeTcst psiJi COBPEMEHHBIX 3TAJOHHBIX I'PajyHpOBOYHBIX
aBTOMAaTU3UPOBAHHBIX YCTAHOBOK M TEXHMYECKUX CPEJACTB (raMMa-I03MMETpHs, HEWTpOHHAs po3uMeTpus, Oera-
JO3UMETpHS, JO3UMETPUsl OKOJO(GOHOBBIX YPOBHEH, (OPMHUpPOBAHHE IIOJI TaMMa-M3IydeHHS BBICOKHUX OJHEPIHUi,
CIIEKTPOMETpPHS BBICOKUX SHEPIUH U T.KL.).

Ha ocHOBe WCHOIB3yEMBIX COBPEMEHHBIX JCTCKTOPHBIX TEXHOJNOTHMH ¥  yCIPOMCTB  CO3MaH  psf
KOHKYPEHTOCIOCOOHBIX M3MEPUTENBHBIX NPUOOPOB, ammapaTtypsl M CHUCTEM I Ielied pajuallioHHOTO KOHTPOIS H
SICPHBIX M3MEpeHUH:

. CTaIlMOHapHBIE TAMMa-paaoMEeTPhl, FTAMMa-CIIEKTPOMETPEI, FaMMa-0eTa-CIeKTPOMETPHI U1 PaJHallHOHHOTO
KOHTPOJIS TIPOO OKPYKAFOIIEH CpeIpl;

. CTAllMOHAPHBIC PAJTUOMETPHI AKTHBHOCTH 0~ M B-U3TyYarONINX HYKIUIOB B Mpo0ax;

. CHEKTPOMETPHI M3y ICHUS YEIIOBEKa,;

. HOPTATUBHBIC CIIEKTPOMETPHI-HACHTH()HKATOPHI;

. MOOMIBHBIC H HOCHMBIC PaMAllMOHHBIC CKAHEPHI;

6ecpo600TOOPHBIE CIIEKTPOM ETPHI MOYBBI, CTPOHMAaTepUAJIOB;
MIOTPYIKHBIE CIIEKTPOMETPBI;

. MIOMCKOBBIE, I03UMETPHUUECKUE U CIIEKTPOMETPUUIECKHIE YCTPOUCTBA I OECIIIOTHBIX JIeTaTeIbHBIX
anmnapartoB (CaMOJIEThl, BEPTOJIETH, KBAAPOKONTEPHI);

. JO3UMETPUUYECKHE U CIIEKTPOMETpUIECKUe yCTPOHCTBA I pOOOTOTEXHUUECKUX CHUCTEM;

. aBTOMAaTHUYECKHE MYyHKTbl paaraliioHHOTO KOoHTpoJis 1 cucteM A CKPO;

o CUCTEMBI aBTOMATU4YECKOM CUTHAIM3allud O CaMOIIOIEP KUBAOLIE