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To describe the capture cross-section (o.) and the initial stage of the formation of super-heavy elements dynamic-
statistical model was proposed, it considers the nuclei interaction from contact time until the formation of the
dinuclear system.Were made analysis of the nucleus-nucleus potential and shown that there exists a limitation of the
angular momentum contributing to the capture cross-section, which is determined by the disappearance of a potential
pocket. Dynamic examination allowed to reveal the main contribution of angular momentum in the capture cross-
section. Were made analysis of the capture cross sections and dynamic characteristics of the reactions 42 Fe + 24 Py

and 42 Ni + 238U dependencies of o, from the beam kinetic energy.

PACS: 12.10.Kt, 23.20.En, 24.10.-i, 25.40.Lw, 25.70.Gh

1. INTRODUCTION

For the experiments on obtaining of super-heavy ele-
ments in the interaction of heavy ions, with a maxi-
mum yield of interest isotopes, main parameters are
isotope selection of initial combination of the beam-
target and the kinetic energy of the beam. This pa-
rameters can be changed while planning and making
experiments at accelerator. To describe the mech-
anisms of quasi-fission and fusion of heavy nuclei
numerous models were developed that can qualita-
tively describe these processes and can predict the
most probable reaction channels. The microscopic
dynamic model (MDM), based on the liquid-drop nu-
clear model, which describes the dynamics from the
contact moment until the formation of the compound
nucleus were introduced by Svyateckiy [1]. In the
fluctuation-dissipation model (FDM) [2] that were
introduced in the calculation of the statistical fluc-
tuation of the trajectories in the space evolution of
the nuclear system and the shell corrections in the
calculation of potential energy. At the model of nu-
cleons collectivization (MNC) [3], takes into account
the nucleon structure of the colliding nuclei. Due to
the overlap of the nuclear surface, the nucleons can
move from one core to another, it leads to a process
of nucleons collectivization which starts from the top
layers and then the rest.

The most realistic description of nuclei interac-
tion, in our opinion, proposed in the concept of the
dinuclear system (CDNS) [4, 5], on which built a
number of models that have been successfully used
to describe quasi-fission and fusion processes. CDNS
is described in [5]:

1. At the capture stage, after the dissipation of
kinetic energy occurs DNS formation in the minimum
of potential energy.

2. The process of complete fusion is realized after
the transfer of nucleons from lighter to heavier nuclei.
In this case there is an inherent fusion barrier (B%,),
to overcome of which requires a minimum excitation
energy (Ep;, = B},,), which is formed as a result
of the kinetic energy dissipation. Consequently, the
evolution of formed DNS proceeds along the coordi-
nate R - distance between the centers of the DNS
fragments and coordinates A (mass number) and Z
(protons number), through the transfer of nucleons
from fragment to fragment. This process can be di-
vided into three stages, so the evaporation residues
cross-section leading to the formation of super-heavy
elements, is written as [6, 7]:

ogr (Eem) = UC(Ecmv L)Pcoy (Ecm)Wsur(Eé’N7 L)(> )
1

where o, - effective capture cross section; P, - com-
plete fusion probability, depends on the competition
of the quasi-fission and fusion channels ; Wy, - com-
pound nucleus survival probability.

Analysis of the capture cross-section with nu-
merous calculations is given in [8], full capture cross
section is calculated as:

7h?
o, =
© 2uEem

> QRL+1)Peap(Eem, L), (2)
L

Peqp - full capture probability.
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To calculate the complete fusion probability,
which is determined by that DNS has passed internal
barrier fusion probability B}, = Bﬂ;“s, and formed
a compound nucleus can be use the approximate ex-
pression [5]:

125 exp[~(BJ"* — Byy)/(kTpns)]
1+ 1.25 - exp[—(BJ™ — By;)/(kTpns)]

CN

)

(3)
where  Tpys = (E*/a)'/?-  temperature  of
the dinuclear system, FE*- excitation en-
ergy, a=A/12MeV™Y; Byp= min(Bff, B,
Bﬁc, B, B};“S— determined from the potential en-
ergy calculations.

The probability of the compound nucleus survival

is calculated as [9, 10]:

- Ln(Eéw,)
WSSUT’ ~ P:En (EE'N) * - * .
g) LCn(Egy,) + T (Egy,)

(4)

This paper describes dynamic description of the
first stage of the reaction quasi-fission-fusion - cap-
ture (o), which mainly determines the full formation
cross-section of super-heavy elements. The calcula-
tion of capture cross-section gives the range of the
kinetic energy for the experimental beam and an op-
portunity to select the isotope configuration of the
beam and target. Shows crucial role of the change
of angular momentum in the two nuclei interaction.
Were made the calculations of capture cross-sections
for reactions 42 Fe + 2*4 Py and 42 Ni + 238U for sta-
ble isotopes of light nuclei in the whole possible ki-
netic energy range.

2. FORMALISM

To describe the capture cross-section of the interact-
ing nuclei will be used the following expression, that
is averaged over all possible angular momenta (Lyayx)
involved in the reaction:

hr
2uEem

Z(2L0i+1)'P1i'P2i7

Lo;

(5)
where = myma/(my + ms)- reduced mass, E.p-
beam kinetic energy, Lpax- maximum value of the
angular momentum at a given kinetic energy E.,,,
which may be involved in the reaction quasi-fission-
fusion, it is carried out by averaging the cap-
ture cross-section. The maximum value of the
angular momentum are easily obtained from the
energy balance at the interacting nuclei contact

Oc =

Linax(Eem)

POt Elpy, — VoM — VEOME — Veont — yR2/2. An-
gular momentum is defined[11]: L = pRRsing

where R = R; + Ry, R - velocity at the con-
tact point, 0 - angle between the beam axis
and the distances between centers of the interact-
ing nuclei, which for the maximum value is 7/2,

2uR2(Eem—Voou — Vi ) (1—h2)+2h4—0.5h2
then: Lrnax — \/ wR2( n Coul1+hg)( ) ,

because A2 — 0, then to determine the maximum an-
gular momentum can be used expression:

Lmax = R\/2M(Ecm - VCoul - Vn) . (6)

Verification of the expression (6) was carried out on
the reactions given above, and confirmed the correct-
ness of the selected assumptions. Lg; - the initial
value of angular momentum, which contribute to the
capture cross-section. Value Lg; < Lyax, because it
is limited by the difference of excitation energies of
light and heavy nuclei.

Fig.1 schematically shows the nucleus-nucleus po-
tential from distance between centers of the nuclei,
which implies that there is an energy pocket, which
determines the kinetic energy EWi" and E2% and,
naturally depends on the friction coefficients. Emin
determined by the energy required to overcome the
Coulomb barrier, and E22* - overcome the Coulomb
barrier and didn’t care systems to the quasi-fission
channel. Therefore Py;(L;, Ecpn) determined:

Pyi(Li, Eer) =Heaviside(E;(L;) — E;F™"(L;))—
— Heaviside(E;(L;) — E;F ™ (L)),
(7)

where E;(L;) - beam kinetic energy at the contact
point, E;7™"(L;) - minimum beam kinetic energy at
the contact point necessary to overcome the Coulomb
barrier (Fig. 1), E;™(L;) - maximum beam ki-
netic energy at the contact point at which the system
doesn’t go to the quasi-fission channel(Fig. 1). As
shown by calculations below for the given friction co-
efficients energy window is large, few hundred MeV’s
and at values E.,, > 370MeV, Py; = 0. Therefore it
is necessary to take into account only the first term
in expression (7).
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Fig.1. Dependence of nucleus-nucleus potential
from distance between the centers of the nuclei

To determine the capture probability for fixed ini-
tial angular momentum can be used expression:

E; (L) - AE; (L)
T ) (®)

Pyi(L;) =1 —exp (

where Tj(L;) = Ty(L;) = To(L;) = \/m -

temperature of the nuclei, after the dissipation of ki-
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netic energy to the excitation energy. E(L;) - ex-
citation energy, Ay - nucleons amount of the inter-
acting nuclei. E; (L;) - energy required to overcome
the quasi-fission barrier (fig. 1), determined from the
interaction dynamics. AES(L;) - difference between
of excitation energies of heavy and light nuclei.

Usually the dynamic description is provided
through the classical Newton’s equation for the col-
lective coordinate of the relative distance between the
centers of nuclei mass and angular momentum, which
contain the radial and tangential friction forces. At
this stage of the reaction emission of nucleons is ab-
sent, so the reduced mass p = Const. For spherical
nuclei without deformation, the relative motion and
changes of the angular momentum of the interact-
ing fragments can be written the following system of
equations [11]:

2
dL (1)
W = Yo(R)L(t) =0,

R

2
where F,,,(R, L) = _W7 Yr(R) = kR(anilgR)) )

kr, 7o(R) = k9<8‘%\’7]@)2, kr and kg - radial and
tangential friction coefficients, respectively, which
were selected [4] kr = (0.5...5)-1072s/MeV and
kg = 0.01-10723s/MeV. System (9) solved numer-
ically on range by R from the contact point of the
interacting nuclei (Reone)until the capture moment.
Capture process occurs in the minimum of the po-
tential pocket, or system goes to the quasi-fission
channel.

3. INTERACTION POTENTIAL

Important role in describing the dynamics of interac-
tion and calculating the capture cross-section plays a
selection of nucleus-nucleus potential. The potential

interaction between two nuclei can be written as [5]:
Vien = VC + VN + ‘/7"0t ) (10)

where Vi - Coulomb potential, for which can be used

the expression:
2
3 — L
Ry + R»

for rotational potential, which is crucial in calculating
of the capture cross-section, can be used the expres-
sion:

71 Zoe?
VC—1726-

- 2(R1 + Ro) ’ 1

h2L(L 4 1)

2uR? 7
where Z; and Z - number of protons in the
nuclei; R, R;, Ry - distance between the cen-
ters of the interacting nuclei and their radii, re-
spectively. To calculate the nuclear potential
is used short-range forces potential (proximity),
which has practically no adjustable parameters [12]:

Vi = VI = dnyRb(€) . (13)

Viot = (12)

All parameters can be found in [12, 13].

18

Fig.2 shows calculations of the interaction po-
tential for the reaction °6Fe + 24Py for different
values of angular momentum. Similar dependences
were obtained for all stable isotopes in the reactions
A2 Fe + 24Py and 42 Ni + 238U. Table 1 shows the
relevant data for listed above reactions and the max-
imum values of angular momentum.

The calculations shows that with increasing the
rotational part of the nucleus-nucleus potential (in-
crease of the angular momentum) the depth of the
pocket becomes smaller, the quasi-fission barrier
(Byy) decreases, and with certain values L barrier
disappears and capture becomes impossible. There-
fore just limited range of the angular momentum
may contribute in quasi-fission-fusion reactions for
the different isotopic configurations of the beam and

target.
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Fig.2. Dependence of nucleus-nucleus interaction po-
tential from the distance between the spherical nuclei
mass centers with different angular momenta for the
reaction 5% Fe + 24 Py

Table 1. The maximum values of the quasi-fission
barrier and the angular momentum when Bgy = 0

Reaction Bg}a"when L =0 |L when Bgy =0
Pife 4 24 Py 2.6 MeV 60
56 Fe 4+ 244 Py, 3 MeV 65
PTFe + 24 py 3.2 MeV 67
P8 Fe + 244 py 3.4 MeV 68
S8 NG 4 2380 2.1 MeV 59
60 Vi + 238U 2.3 MeV 62
61N 4 2381 2.5 MeV 63
62 Nj + 238U 2.7 MeV 65
64N 4 2387 3 MeV 67

4. NUCLEI DYNAMICS

Since length of the de-Broglie wave of heavy ion
is much smaller than the size of the nuclei involved
in the reaction, it makes possible to consider the nu-
cleus as classical objects. The interaction of nuclei,
leading to their capture is seen as a dynamic process.
Solving the equations system (9) numerically, by
Gear method, in the R range, from the contact mo-
ment of the interacting nuclei until the capture or



when system goes to quasi-fission channel, were cal-
culated dependences that characterize the capture or
quasi-fission process. Fig.3 shows change of kinetic
energy from the distance between the interacting
nuclei centers, arrows indicate the maximum and
minimum values of nucleus-nucleus potential. This
process is accompanied by intensive dissipation of
kinetic energy that goes into internal excitation of
nuclei. It should be noted that from the calcula-
tions the best value for the radial friction coefficient
is kp~(1...2)-10723s/MeV, because in this case
capture time is (5...50) - 107225, which corresponds
to the data in [11], where 7, ~ 2.6/T% g - 10722s.
At higher radial friction coefficients capture time
larger by orders and a situation arises by the
process of stopping on the way down of the nuclei-
nuclear potential after the Coulomb barrier. The
remaining calculations presented in this work when
kr=1-10"2s/MeV, kg =0.01-10"23s/MeV and
angular momentum is measured in A units.
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Fig.3. Dependence of the kinetic energy from dis-
tance between the interacting muclei centers from
contact point to minimum of nucleus-nucleus poten-
tial in reaction °°Fe + 244 Py
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Fig.4. Dependence of rotational potential from the
interaction time for reaction *®Fe + 244 Py

Special attention in the nuclei capture should be
given to changes in rotational potential, because it
determines the dynamics of height changes of quasi-

fission barrier, and, consequently, the capture proba-
bility.

Fig.4. shows dependence of the rotational poten-
tial from the interaction time, which shows that at
the initial time increase due to a sharp distance re-
ducing between the nuclei centers. In the region of
minimum potential energy there is a reduction of the
rotational potential due to the exponential depen-
dence of the relative angular mo-mentum from the
time. Dependence of the relative an-gular momentum
from the distance between the nuclei centers shown at
Fig.5. Since with time is established quasi-stationary
process of reducing the angular mo-mentum with an
almost complete dissipation of kinetic energy, so for
all analyzed reactions can use an expression:

7 (14)

Lpin =44 -1n <1+L0> ,
where Lg - initial angular momentum value, Ly, -
angular momentum value at the capture time. This
process explains that in capture cross-section calcu-
lation can’t be used L = Const, because change of
quasi-fission barrier leads to changes in energy re-
quired to overcome it, and, consequently, changes in
capture probability.
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Fig.5. Dependence of relative angular momentum
from distance between interacting nuclei centers for
reaction 5% Fe + 244 Py

5. CAPTURE PROBABILITY

Capture process includes both dynamic and statis-
tical parts. From Fig.1 and definitions (7) and (8),
follows that it is necessary to know the energy to
overcome the Coulomb barrier £ when light frag-
ment moving from right to left and the energy E—,
which is required to overcome the quasi-fission bar-
rier, when system goes into the quasi-fission chan-
nel. These energies were determined from the solu-
tion of (9), where the kinetic energy increment was
chosen 1 MeV with accuracy determination of E™T
and £~ 0.1 MeV. Figs.6 and 7 show dependences of
E* and E~ from the angular momentum for reac-
tions %6 Fe + 244 Py and %2 N7 4 238U. These kinds of
dependences, in the whole kinetic energy range were
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obtained for all stable isotopes of light nuclei in ana-
lyzed reactions.

From graphs follows that energy required to over-
come the Coulomb barrier increases with increasing
of angular momentum. This limits participation
of the initial values of angular momentum in the
capture cross-section. Therefore, to increase angu-
lar momentum involved in the reaction is necessary
to increase beam kinetic energy. The quasi-fission
barrier situation is reverse. Because depth of the
potential pocket with growth of Ly decreases, and
energy required to overcome quasi-fission barrier
with growth of Ly also decreases. Therefore, the
number of nuclei involved in the capture reaction,
also decreases. However, as follows from (14), angu-
lar momentum during the passage of nucleus-nucleus
potential is reduced, it con-tributes to the partial in-
clusion to the capture reaction nuclei with higher L.
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Fig.6. FEnergy required to overcome the Coulomb
barrier (EY) and quasi-fission barrier (E~) from
the relative angular momentum for the reaction
56 [ 4 244 Py,
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Fig.7. FEnergy required to overcome the Coulomb
barrier (E*) and quasi-fission barrier (E~) from
the relative angular momentum for the reaction
62Ni+238U

Figs.8 and 9, show dependence of capture probability
for the reactions °6Fe + 24Py and %2Ni + 238U, for
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the angular momentum calculated by (8) for different
initial kinetic energies of beam.

From the graphs follows that with increasing of
kinetic energy initially increases the contribution of
angular momentum in the capture reaction. How-
ever, with further growth of E.,,, value of decreases
by decreasing of the E~.
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Fig.8. Dependence of capture probability from an-
gular momentum at various beam kinetic energy for
reaction *6Fe 4 244 Py

The capture probability at relatively small E.,, is
close to one. With increasing FE.,,, excitation energy
increases and decreases E~, so decreases the cap-
ture probability, this process limits the values of L
in reaction. Influence of temperature on the capture
probability is insignificant.
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Fig.9. Dependence of capture probability from
angular momentum at various beam kinetic energy
for reaction 52 Ni 4 238U

6. THE CAPTURE CROSS-SECTION

To analyze the capture cross-sections of reactions
56 Fe 4+ 244 Py and 52Ni + 238U rewrite the formulas
(5, 8) as:



h?
2uEer,

Oc =

1
: (2Lo; + 1) - Po; ,
Lmax(Ecm) Lzo;

Pyi(Li) =1 —exp (— : T.(Ly)

9)

Term Py; from (5) can be excluded, as it determines,
eventually, only a minimal input kinetic energy neces-
sary to overcome the Coulomb barrier when Ly > 0
and accuracy of its determination depends on the
accuracy of the solution of the system (9). The
maximum Kkinetic energy is limited by the term Pj,.
In part.2, of this work is defined term Lyax(Fem)
- this is maximum value of the angular momentum
which may be involved to capture reaction. Ta-
ble 2 shows the values of L, for a beam kinetic
energies range, which carried the averaging of the
capture cross-sections. Dependence of the L., from
E.,, practically linear and the range of L. and
increases with increasing of the neutrons number in
the light fragment.

Table 2. Values of the Ly for the mazimum and
minimum beam kinetic energy (Eem)

L) = (Bl - E4 (L)),

Reaction  |[Lyax/E™R MeV |Lyax/E23* MeV
"1Fe + 2Py 144/313 176/339
0 Fe + 244 Py 142/309 187/347
PTFe + 24 Py 142/307 194/351
P8 Fe + 24 Py 148/308 203/355
SN+ 38U 157/332 172/343
6O NG + 238U 161/329 187/352
61 NG + 238U 159/327 192/355
62N + 238U 159/327 197/359
GING 4 2380 160/323 213/366
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Fig.10. Dependence of the angular momentum con-

tributing to the capture cross-section, from the beam

kinetic energy for the reaction 52 Fe 4+ 24* Py
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624 7. 238
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20
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335 340

Fig.11. Dependence of the angular momentum con-
tributing to the capture cross-section, from the beam
kinetic energy for the reaction ‘2482 Ni+ 338U

Lg; - is the value of the angular momentum, which
con-tributes to the capture cross section, by it is
made the summation Figs.10 and 11 show depen-
dences of the angular momentum contributing to the
capture cross-section, from the beam kinetic energy
for the reactions 42 Fe + 244 Py, and 42 Ni + 2380

From the graphs follows that with increasing of
the kinetic energy is increasing L contributing to the
calculation of the capture cross sections, it is due
to the nuclei overcome through the Coulomb bar-
rier with higher an-gular momentum. Maximum of
L reached after the maximum of the capture cross-
sections. After that, there is increase of excitation
energy and the capture probability drops to zero
when E.,, = E7)3*. The excitation energy until the
formation of the dinuclear system is distributed di-
rectly proportional to the nucleon composition of in-
teracting nuclei, so the temperature of the nuclei is
the same. During increasing of the FE.,, the system
temperature increases, but substantial contribution
to the capture cross-section to a sharp its reduction
doesn’t make. Table 3 shows the temperature values
at the maximum and minimum kinetic energy.

Table 3. Values of the T (MeV) for mazimum and
minimum of the kinetic energy (Eem) (MeV)

Reaction  [[/EZ™ MeV T/ER2 MeV
SiFe + 2 py 1.4/313 1.7/339
P6Fe 4 244 py 1.4/309 1.8/347
S7Fe + 24Py 1.4/307 1.8/351
P8 Fe + 24 Py 1.4/308 1.9/355
S8 NG + 2380 1.5/332 1.6/343
60 NG + 2381 1.5/329 1.7/352
6ING + 2381 1.5/327 1.8/355
62N 4 2380 1.5/327 1.8/359
64 NG+ 2380 1.5/323 1.9/366

Figs.12,13 show dependence of the capture

cross-section from the beam kinetic energy for
the reaction “A2Fe+24Py and 42N+ 2380,
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Fig.12.  Dependence of the capture cross-section
from the beam kinetic energy for the reaction
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Fig.13. Dependence of the capture cross-section from
the beam kinetic energy for the reaction 52 Ni 4 338U

Analyzing the dependence, we make following
conclusions: with mass asymmetry increasing energy
range of the kinetic energy increases. So it is increas-
ing the maximum value of the capture cross-section.
The maxima are shifted toward lower values of kinetic
energy. For reaction 42 Ni + 238(/ need a higher value
of kinetic energy than for the reaction 42 Fe + 244 Py,
to achieve maximum value of o..

Growth of the curves (see Figs.12, 13) with in-
creasing of kinetic energy is due to the inclusion of the
higher angular momentum values, which contribute
to the capture cross section. In addition, the exci-
tation energies difference increase and, consequently,
decrease the probability of capture. Almost after
the maximum capture probability decreases because
the quasi-fission barrier decreases. And with increas-
ing of the initial angular momentum decreases the
values of L, which contribute to the capture cross-
section, and with the disappearance of quasi-fission
barrier system goes to quasi-fission channel and cap-
ture cross-section becomes zero.
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CONCLUSIONS

Dynamic-statistical approach can be used to de-
scribe the capture cross-section, the initial stage of
super-heavy elements formation reaction. Specified
range of beam energies for reactions 42 Fe + 24Py
and 42 Ni + 2387, in which the capture cross section
is not zero, for all stable isotopes of light nuclei. Were
found the optimal values of kinetic energy, leading
to maximum values of capture cross-sections and the
capture cross section dependences were obtained from
the beam kinetic energy.

Shown decisive influence of the angular momen-
tum change on the capture cross section and investi-
gate the capture probability dependence from the an-
gular momentum with different kinetic energies. Cal-
culate the range of angular momentum contributing
to the capture cross-section with change of kinetic
energy.
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JNHAMMUMKO-CTATUCTNYECKOE OITMCAHUWE CEYEHU A 3AXBATA -
HAYAJIBHOU CTAIVN PEAKIINN CJIMAHUA TAXKEJIBIX ATEP

P.A. Anoxun, K.B. Ilasauti

s onucanus cedenus 3axBara (0.) HAYAJIBHON CTaJIUU PEAKINU O0PA30BAHUS CBEPXTIAZKEJIbIX JIEMEHTOB,
MPEeJJIOKEHA JTIMHAMUKO-CTATUCTHIECKAs MOJIENIb, PACCMATPUBAIONIAs B3aUMOJIEHiCTBIE SJIep ¢ MOMEHTa Ka-
caHusI JI0 MOMEHTa 00pa30BaHusl JBOMHOI sijiepHOi cuctembl. 1IpoBeJieH aHAM3 sIIPO-s/IEPHOTO TOTEHITHAIIA,
U IOKA3aHO, YTO CYIIECTBYeT OI'PDAHUYEHUE YIJIOBOI'O MOMEHTA, BHOCSIIETO BKJIAJ B CEYEHHE 3aXBaTa, KO-
TOPOE OIIPEJIETSIETCST NCIE3HOBEHNEM ITOTEHIMAILHOIO KapMaHa. JlmHaMudeckoe pacCMOTPEHUE MTO3BOJIIIO
BBISIBUTH OCHOBHO BKJIaJT YIJIOBOTO MOMEHTa B CeUeHUe 3axBaTa. [[pOBeIeHb pACIeThl, AHAJIN3 CEUCHUS 3a-
XBaTa M JHHAMIYECKIX XapaKTepUCTHK peakimit 42 Fe 4 244 Py u 42 Ni + 238U . Tlosyuens! 3aBUCHMOCTH 0.
OT KMHETHIECKON IHEPTUN IIyUKA.

JUHAMIKO-CTATUCTUYHUNN OIINC IIEPETUHY 3AXOILJIEHHSY - IIOYATKOBOI
CTAAOIlL PEAKIII 3JINTTA BAKKKNX AIEP

P.O. Anoxin, K.B. Ilasait

st onmey mepeTnHy 3aXOIIeHHsI (0.) MOYATKOBOI CTafii peaxIii yTBODEHHsI HAJIBA’KKUX €JEeMEHTIB, 3a-
IIPOIIOHOBAHA JUHAMIKO-CTATUCTAYHA MOJIEJIb, KA PO3IVIAIAE 3aXOIJIEHHS fep 3 MOMEHTY JOTHKY JI0 MO-
MEHTY YTBODEHHs IOJBiifHOI AnepHOI cucreMu. IIpoBeneno amasmi3 Sapo-sg1epHOTO MOTEHIATIY 1 MOKa3aHo,
o icHye 0OOMEXKeHHsI KyTOBOTO MOMEHTY, KWl pOOUTH BHECOK y TIEPETHH 3aXOIJICHHS, sIKAIl BU3HATIAETHCS
3HUKHEHHSIM [OTEHIIAJbHOr0 KapMaHa. JluHaMiaanii po3riis J03BOINB BUSIBUTH OCHOBHUI BHECOK KyTOBOTO
MOMEHTY B IIEDETHH 3axXOIIeHHsdA. [IpoBeneno po3paxyHKu, aHaji3 HepeTHHY 3aXOIJIEHHS 1 NUHAMIYHUX Xa-
pakrepucTuk peaxmiit 42 Fe + 244 Py i 42 Ni + 238, Orpumano 3a/meskHoCTi 0, Bij KineTudHoi enepril my4dka.
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