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CTpykTypa siiep 4 MeXaHU3MBbI
peaKkuuil HyKJIOHHBIX Iepenay

Peakuyn MHOTOHYKJIOHHBIX TI€pefad SIBISIOTCS (-
(DEeKTHBHBIM METO/IOM IOJIyYEHUS M U3yUCHUS CTPYKTYPBI
9K30THYECKHUX s/ep. BrepBrie 11 3TOro peakiuu MHO-
TOHYKJIOHHBIX Tiepenad Obuti npumeHensl B JISIP OUSIN
B OKcIiepuMeHTax rpymnmsl B. B. BonkoBa, B KOTOpBIX OBLTO
TOJTy4eHO OoJiee JiecsTKa HOBBIX siiep Ha TpaHuIax Hew-
TPOHHOM CTaOMIBHOCTH. MeEXIy TeM HYXXHO OTMETHTb,
YTO CEUCHHUS PeakKLuii mepeaad, MIpUBOIAIINX K 00pa3oBa-
HUIO DK30TUYECKUX SIIEp B OCHOBHOM COCTOSIHHM, MOTYT
OBITH OYCHB MaJbI.

JlnanasoH ceyeHU! NPOCTUPAETCS OT HECKOJIBKUX
HaHOOapH 10 MuKpoOapH. Bee 3T0 HakmanbsiBaeT ompe-
JICTICHHBIC YCJIOBHS Ha JKCIIEPUMEHTAIBbHYIO METOIUKY:
HEOOXOJMMOCTh M3MEPEHHsI TIPOAYKTOB MO TEPEIHUMHU
yrmiamu, BbICOKast 3()(heKTHBHOCTD MCHONB3yEMBIX CIICK-
TPOMETPOB, BBICOKOE pPa3pelIeHHEe MO Macce M 3apsmy
00pazyIommxcsl B peakiuy MPOAYyKTOB, BO3MOXKHOCTH Ce-
Taparyy IPOAYKTOB PEaKIMH U s/Iep NEPBUYHOTO MydKa.

[l uccrienoBaHus peakMii MHOTOHYKJIOHHBIX Iepeaay
B JISIP OMSIU Gblna cozgana SKCIepUMEHTalIbHas ycTa-
HOBKa, BKJIIOYAMONIasg B ce0s MarHUTHBIM aHaIu3aTop
BbIcokoro paspemenns (MABP), a Taxke cnenmanbHas
KaMepa paccesHus ¢ JIorapu(pMUIECKIMHU TOIYIIPOBOI-
HUKOBBIMH JleTeKTOpaMu-Teraeckonamu (tonmuHoi 10,
50, 100 u 3500 MKxM). DTO MO3BOISIIO UACHTU(DHUITUPO-
BaTh U U3MEPATh IHEPreTUYECKUE U YIIIOBBIE pacipese-
JIeHUs] IPOAYKTOB PeakUuil repejad B NIMPOKOM JiUaria-
30He yroB (oT 0° mo 160°) ¢ BEICOKHM YTIIOBBIM U YHEP-
TeTHUYECKUM pa3pelieHueM. M3MepeHus noj nepeiHuMu
yIJIaMH OCYIIECTBIISIIIMCH C TMOMOIIBI0 MarHUTHOTO aHa-
JM3aTopa BhICOKOTO paspenieHuss MABP, 4To mo3Bosso
NPOBO/INTH WACHTHU(PHKALMUIO MPOMYKTOB peakuuid mo A
1 Z ¢ abCOMOTHOM TOYHOCTBIO.

[IpoBeneHHbIE HCCIETOBAHUS IOKA3ald, YTO MpPH
B3aMMOJICHCTBUHN CIA0OCBSI3aHHBIX KIACTEPHBIX SAEp
B XapaKTEPUCTHKAX WX B3aUMOACHUCTBUS C SIpaMHU-MU-
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Multinucleon transfer reactions are an efficient meth-
od for producing and studying the structure of exotic nu-
clei. For the first time, multinucleon transfer reactions were
used for this purpose at JINR FLNR, in the experiments of
the group of V. V. Volkov, in which more than a dozen new
nuclei were obtained at the neutron stability boundaries.
Meanwhile, it should be noted that the cross sections for
transfer reactions leading to the formation of exotic nuclei
in the ground state may be very small.

The range of cross sections extends from several
nanobarns to microbarns. All this imposes certain condi-
tions on the experimental technique: the need to measure
the products at forward angles, the high efficiency of the
spectrometers used, the high mass and charge resolution
of the products formed in the reaction, and the possibil-
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ity of separating the reaction products and nuclei of the
primary beam. To study multinucleon transfer reactions,
an experimental setup was created at JINR FLNR which
includes a high-resolution magnetic analyzer (MAVR)
and a special scattering chamber with logarithmic semi-
conductor detector-telescopes (10, 50, 100, and 3500 um
thick). This made it possible to identify and measure the
energy and angular distributions of the products of trans-
fer reactions in a wide range of angles (from 0° to 160°)
with a high angular and energy resolution. Measurements
at forward angles were carried out using the high-resolu-
tion magnetic analyzer MAVR, which made it possible
to identify reaction products by A and Z with absolute
accuracy.
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MIEHSAMH TIPOSIBISIOTCS OCOOEHHOCTH WX KIJIACTEPHOM
crpykrypbl. B peakiuu 180 (10 MaB/nykinon) + Ta 651
0OHapy’KeH MEXaHU3M MHOTOHEUTPOHHO nepenaun. Kak
MOKA3aHO, B OTUX JKCIIEPHMEHTAX BO3MOKEH MPOIECC
rnepejayl MeCTH HEUTPOHOB JI0 CaMOIr0 HEUTPOHHO-U3-
OBITOYHOTO CTAOMIILHOTO M30TOMA KHUCIOpPOJa C Mac-
coit A =24.

BbUIM MOJy4eHbl U M3yYCHbI HOBbIE U30MEPHBIC CO-
CTOSIHMSL B peakluu ¢ MydkoM HoHoB SHe. B peakuun
45Sc(*He, 1)*Ti BmepBble M3MEpEeHbl OCHOBHOE M BO3-
OyskJeHHbIe cOCTOsHUSA B siape *3Ti, BKirouas 3aceleHue
1300ap-aHaJoroBOro coCTosHus. Mccienosanue peak-
mmii ¥Sc(3He, t)*Ti u 197 Au(®He, t)!°"Hg nokasaio, uto
MX MEXAHU3M MOYKHO OOBACHHTH 3apsI0BO-00MEHHBIMU
npoleccaMu, B KOTOPHIX MPOSBISETCS JIBYXTEIbHBIIH Xa-
pakTep oOMeHa SHepruen.

[IpoBeneHHbI TEOPETUUECKUM aHAIM3 IOJyYEHHbIX
PE3yNbTaToB TO3BOJIMI OOBACHUTH HEKOTOPHIE 3aKOHO-
MEPHOCTH B MEXaHH3MaX PEAKLHUil Iepeiau HyKJIOHOB
C TOYKHM 3PEHHMS JMHAMHUKH PEAKIUH CO CIabOCBA3aHHBI-
MU SIPAMH, KaK PaJIMOAKTHBHBIMHU, TAK U CTAOMIBHBIMH.
C TeopeTHYEeCKON TOUKH 3PEHHs MOKA3aHO, UTO B HU3KO-
SHEPTETUYECKUX SIPO-AJEPHBIX CTOJIKHOBEHHAX IMEpe-
Jada HyKJIOHOB (W/WIM WX TepepacrperelicHne) MOXKEeT
UIparh BaXKHYIO POJIb U IPOSIBIATHCS KAK HEMOCPEICTBEH-

HO B KaHaJlaX HYKJIOHHBIX Il€pefiad, Tak ¥ B U3MEHEHUU
MOTEHIMATIbHOI HEPTHH CUCTEMBI, YTO, B CBOIO OYepe/b,
INPUBOIUT K M3MEHEHUIO CEUEHHH OTHENbHBIX KaHAJIOB
U TIOJIHOTO CEYEHHs PeaKLUH 10 CPAaBHEHUIO C MOAEIBIO
C HEU3MEHHOU B XOZI€ CTOJIKHOBEHUS HYKJIOHHOM IIJIOTHO-
ctbto. [lomyueHo xopotiee coracue ¢ KCIEPUMEHTAIIb-
HBIMHM JaHHBIMHM TI0 CEYEHHSIM O00pa30BaHMS yKa3aHHBIX
U30TOIOB TIPU COBMECTHOM YYETE IPOLIECCOB IEeperadn
HEHTpOHAa M MPOLECCOB CIUSHUSI-UCIAPEHUS B paMKax
CTaTUCTUYECKOI Mozenu. PesymsraTsl pacdeToB U momy-
YEHHBIE 3aBUCHMOCTH B PAaMKax 3THX PAacyeTOB IIO3BO-
JISIOT C UX TOMOIIBIO JIeNIaTh SKCTPANOJISIUN Ha Jpyrue
SJIpa, 4TO SIBJISETCS BaKHOW 3afadyell B BOIIPOCE CHHTE3a
HOBBIX DK30TUYECKHX SJIED.

Pesynsrarsl paboTel MOTYT OBITH MCTIONB30BaHBI MIPH
JaNbHEHIIeM HCCIEA0BaHUM MPOLIECCOB Mepefadd Hy-
KJIOHOB W/WJIM KJIACTEPOB, YTO ITO3BOJIUT aHAIN3UPOBATH
JIaHHBIE DKCIEPUMEHTAIbHBIX HCCIIENOBAHUN PEaKIH
C JITKUMHU, PK30TUYECKUMHU U PaJUOAKTUBHBIMU SJIPAMH,
nony4yeHHbIe Kak B JISIP OUSU, Tak u B IpyTuX HAy9IHBIX
nenrpax. Mcnonb30BaHHbIE TEOPETUYECKHE TIOAXO/BI 110~
MOTYT IMPOBECTH MIAHUPOBAHNE HOBBIX IKCIIEPUMEHTOB U
MIPOaHAIU3UPOBATH UX PE3YNIBTATHL.

HccnenoBanus, NpeACTaBICHHBIE B JAHHOM IH-
KJe padoT, NPOBOJAMINCH B KOJIAOOpalMH C HMHCTUTY-

The performed studies have shown that, in the in-
teraction of weakly bound cluster nuclei, the character-
istics of their interaction with target nuclei manifest the
features of their cluster structure. In the reaction 180
(10 MeV/nucleon) + Ta, a multineutron transfer mecha-
nism was discovered. As shown in these experiments, the
process of transfer of six neutrons is possible, to the most
neutron-rich stable oxygen isotope with a mass of A = 24.

New isomeric states were obtained and studied in
the reaction with a beam of 3He ions. In the reaction
45Sc(®He, t)*Ti, the ground and excited states in the
45Ti nucleus were measured for the first time, including
the population of the isobar-analogue state. The study
of the reactions 43Sc(3He, t)*3Ti and '97Au(®He, t)!°"Hg
showed that their mechanism can be explained by
charge-exchange processes with a two-body nature of en-
ergy exchange.

The theoretical analysis of the obtained results made
it possible to explain some patterns in the mechanisms of
nucleon transfer reactions from the point of view of the
dynamics of reactions with weakly bound nuclei, both ra-
dioactive and stable. From a theoretical point of view, it
was shown that, in low-energy nucleus—nucleus collisions,
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the transfer of nucleons (and/or their redistribution) can
play an important role and manifest itself both directly in
the channels of nucleon transfer and in a change of the
potential energy of the system, which, in turn, leads to a
change in the cross sections of individual channels and
the total reaction cross section as compared to the model
with the unchanging nucleon density during the collision.
Good agreement with the experimental data on the cross
sections for the production of these isotopes was obtained
when taking into account neutron transfer processes and
fusion-evaporation processes within the framework of
the statistical model. The results of calculations and the
obtained dependencies in the framework of these calcu-
lations make it possible to use them for extrapolation to
other nuclei, which is important from the perspective of
the synthesis of new exotic nuclei.

The results of the work can be used in further studies
of nucleon and/or cluster transfer processes, which will
make it possible to analyze the results of experimental
studies of reactions with light, exotic, and radioactive nu-
clei produced at JINR FLNR and in other scientific cen-
tres. The theoretical approaches used will help to plan new
experiments and analyze their results.
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The studies presented in this series of works
were carried out in collaboration with the insti-
tutes of the JINR Member States: the Nuclear
Physics Institute (Rez, Czech Republic), the
Institute of Nuclear Physics (Almaty, Kazakh-
stan), the L. N. Gumilyov Eurasian National Uni-
versity (Astana, Kazakhstan).

This work is submitted to the competition of
scientific and methodological works of JINR.
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