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204pp, (404 9n) and mspbﬁoﬂ,Qﬂ respectively. It is found
that spontaneous fission is the main mode of their decay.
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half-lives of transfermium isotopes are discussed.
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I. INTRODUCTION

In the synthesis of new isotopes of trans-
fermium elements, the spontaneous fission
probability for the heaviest nuclides 1is
of great importance. Since spontaneous fis-
sion is one of the main factors that deter-
mine the stability of superheavy elements,
the solution of this important problem has
attracted the attention of a number of in-
vestigators. However, in spite of conside-
rable achievements in fission physics du-
ring the recent years, much still remains
unclear, and additional data are needed for
further progress in this direction.

In fact, a number of plausible predic-
tions exist regarding the g-decay proper-
ties of the so far unsynthesized isotopes
of heavy elements ofZ=104, 106, etc. Cal-
culations suggest that a-decay of nuclei
of atomic numbers up to Z=126 is not expec-
ted to lead to a dramatic decrease in nuc-
lear lifetime. At the same time, the spon-
taneous fission predictions are substan-
tially less cgrtain. Moreover, it has re-
cently become evident that even extrapola-
tion into the region adjacent to the boun-
dary of the known nuclei appears unreliable.
A long time ago, Ghiorso et al.h’z/developed
the empirical systematics of spontaneous-



fission half-lives (see. fig. 1), which

indicates that the spontaneous .fission half-

lives of the isotopes of elements 100 and
102 depend strongly on nucleon number with
a sharp maximum for N= 152The authors of this
systematics predicted the same dependence
for the isotopes of the heavier elements.
However, the investigation of the proper-
ties of element 104 isotopes revealed se-
rious grounds for doubting the validity of
this extrapolation. Flerov et al./3 have
first synthesized the kurchatovium isotope
260Ky  which undergoes spontaneous fission
with a half-life of 0.1 sec. Later, Ghiorso
et al./245/ have investigated the g-decay
of odd isotopes with mass numbers 257,
259 and 261. Oganessian et al.’8/ have estab-
lished that25ﬁhlundergoes spontaneous fis-
sion (the partial half-life T% being equal

to 20~30 s) in 15-20% of the cases. Nurmia/1/

has reported spontaneous fission half-lives
of the isotopesz5th(T§F = 10 msec) and
261 SF . 2

Ku (T% >10 min).

By comparing these results with the syste-

matics of Ghiorso et al. (fig. 1) one can
see that odd Ku isotopes have high sponta-
neous fission hindrance factors (10°- 1012),
and the half-1ife of *®%Ku exceeds the value
predicted by Ghiorso’s systematics by a fac-
tor of 10%- 107.This long half-1life of 260Ky,
has been the subject of discussions between
the Berkeley and Dubna laboratories.

To solve the controversy, it was necessa-
ry to obtain some data on the spontaneous
fission probability for new kurchatovium
isotopes, in particular, %36k, with N- 152.
The isotope 236Ky, as well as the odd isotope
253Ku, have recently been synthesized by
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Fig. 1. Systematics of spontaneous fission
half-lives for elements with Z=98, 100, 102
and 104. Circles correspond to the experi-
mental values of spontaneous fission half-
lives of the even isotopes. The closed and
open triangles stand for even and odd
isotopes, respectively. The dashed curves
show the extrapolation using the data of
Ghiorso et al./1,2,31/,



Oganessian et al/SA The spontaneous fission
half-lives were found to be equal to 5 msec
and 4 sec, respectively. It became evident
that the half-lives of doubly even kurchato-
vium isotopes do not in fact agree with the
predictions of Ghiorso’s systematics/l’Z/,
and that they increase smoothly as one goes
from 2% Ku(N=152)to 260 Ku (N-= 152) .

A qualitative interpretation of the sub-
stantial change in the regularity for TiF
in T%ying from Z-102 to Z=1041s given in
ref. This interpretation is based on the
modern concept of the double-humped fission
barrier structure and on the deformation
energy calculations for heavy nuclei using
the Strutinsky method/%/. An important con-
clusion that follows from this interpreta-
tion is that in a certain region of the
Z and N values, in particular, at Z> 104 ,the
stabilizing effect of the subshell N=152 may
disappear. In addition, one can expect that
the sharp decrease in the T;F values at
N<152 and N>152shown in fig. 1, can be repla-
ced by a smoother dependence if one goes
rather far from N=152.

The calculations of the fission barrier
penetrability, carried out by Randrup et
al./1%/ Payli and Ledergerber "/, and Moller
and Nix/12,13/ generally confirm these con-
clusions. A more detailed consideration of
the problem requires spontaneous fission
data for the new isotopes located in the
region where the previously known regulari-
ties do not hold.

The production of these new isotopes of
elements 100, 102 and 104 is just the pur-
pose of the present work. Until recently
this problem seemed too complicated to be

solved. The traditional method of sythesi-
zing new elements using C,0 and Ne projec-
tiles is associated with the formation of
highly excited compound nuclei which are
very likely to undergo spontaneous fission
during the de-excitation process. Therefore,
the cross sections for the reactions which
can produce new isotopes of elements 100-
104 appear to be vanishingly small.

The new synthesis method’1%/ based on the
use of the complete-fusion reactions of the
type Pb+Ar, Pb+Ti , etc., permits the effec-
tive production of quite a number of neut-
ron-deficient isotopes which have been
inaccessible previously. The advantage of
this method is the possibility of producing
comparatively slightly excited compound
nuclei, whose ground-state transition occurs
following the evaporation of as a few as two
or three neutrons.

For the production of the new isotopes
234Ky and 2"g(u , the reactions 2MPb(M’Fi,2n)
and 2MPh( 4%Ar, 2n) were used. In the experi-
ments aimed at the synthesis of the isotope

02 use was made of the reaction , .
233(?2 Ne,bn) ,which is one of the few reactions
of this type, by which the production of v
new neutron-deficient isotopes of transfer-
mium elements is possible.

The analysis of the experimental data has
been carried out using the well known method
of calculating the excitation functions for
reactions involving the evaporation of
a certain number of neutrons from the com-
pound nucleus. This method is described in
detail in ref./15/ The calculations for reac-
tions initiated by Ar and Ti ions have been
performed using the same set of parameters



as in refs./814/, The only distinctive feature
of these calculations from the Previous ones
lies in the fact that the width ratio of
neutron emission to fission, I'j/I’; , has be
been calculated with the help of the empiri-
cal relation obtained taking into account
the latest data/8:14,16/This relation was de-
duced under the assumption that for nuclei
with Z>104 the effect of the subshell N = 152
vanishes not only on the spontaneous fis-
sion half-lives but on the I, /Iy value as
well. The systematics of the /Ty ratio,
which includes also the results obtained in
the present paper is shown in fig. 2. This
figure also shows the curves that approxi-
mate the experimental data.

lag 72 /07 = 1304-03832 +O0w

II. DESCRIPTION OF EXPERIMENTS
108

The experiments have been performed using
an external beam from the U-300 Heavy Ion
Cyclotron of the Joint Institute for Nuclear
Research. The bombardments of targets pre-
pared of %33y and stable isotopes were car-
ried out using different experimental ar-
rangements.

The ?*Ne%* ion beam with the initial ener-
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gy of 182 MeV, after being retarded in Fig. 2. The I,/T; systematics taking into
a stack of aluminium foils, passed through account the results of investigations of

a thin target made of 238U308( 1 mg/cm? of nuclear reactions of the type Pb(Ar, ) |,
uranium) deposited onto a Sum aluminium Pb(Ti, xn) and Pb(Cr,xn) .

backing (see fig. 3a). The recoil nuclei
escaping from the target struck the edge of

a thin rotating disk. The disk was surroun- recorded) and by single tracks. The total
ded by mica track’detectors for fission detection efficiency for spontaneous fis-
fragments. Spontaneous fission events were sion reaction products was 60%.

identified both by two coincident tracks in The average ?2Ne ion current was 2.5 x

the opposite micas (50% of the decay events x 10!'%2 part/sec.
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Fig. 3a. The experimental arrangement for

the observation of short-lived spontaneous Fig. 3b. The experimental arrangement for
fission products formed in the reaction the observation of short-lived spontaneous
By 4 B Ne . 1 - the®3y target, 2 - an fission products formed in the bombardment
aluminium foil disk (d=5um, ¢=16cm), 3 - of stable isotopes by heavy ions: 1 - the
mica detectors for fission fragments, 4 - truncated cone onto the inner surface of
Faraday cup, 5 - screens preventing the which the target substance was deposited, 2 -
prompt reaction products from striking mica mica detector for fission fragments, 3 -
detectors. ion beam, 4 - collimator.

The bombardment of the stable targets
manufactured of separated lead isotopes was
carried out using the experimental arrange-
ment shown in fig. 3b. The%%A, 6+ang %0 7; ™
ion beams passed through diaphgrams and

struck a rotating target. The target materi-
al was deposited onto a backing by vacuum
vaporization (see fig. 3b). The layer thick-
ness was equal to 2-5 mg/cm?



The angle between the beam direction and
the target surface was equal tp 12°.Therefo-
re, from the standpoint of the formation of
complete-fusion reaction products the target
appeared to be infinitely thick. Recoil
nuclei were stopped at a depth of 1.0 -

2.5 mg/cm? from the target surface. This
Permitted the efficient observation of the
fragments formed as a result of spontaneous
fission of these nuclei. The fission frag-
ments were detected using mica detectors
shown in fig. 3b. The detection efficiency
for spontaneous fission events was about
50%

The average Ar®* and Ti™ ion currents were
determined using the activation method to
be equal to 2 x 102 part/sec and lOllpart/sec,
respectively.

In both experimental arrangements shown
in figs. 3a and 3b, the maximum rotation
velocity was 24 000 rev/min permitting de-
tection of reaction products with a half-
life of Ty, > 200 msec.

ITI. EXPERIMENTAL RESULTS AND DISCUSSION
III.1. Synthesis of the Isotope ?30102

A thin%3U target was bombarded by 2%2Ne
ions with an energy of 120 MeV, correspon-
ding to the calculated maximum of the exci-
tation function for the reaction 233U(22Ne,5n).
The decay curve for the spontaneous fission
activity observed (Ty = 0.25 % 0.05 msec) is
shown in fig. 4. The production cross sec-
tion for the activity is 021.5x1073% cp?

The rest of the experimental data are lis-
ted in table 1. In our opinion, the 0.25msec
spontaneous fission activity can be attri-
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Fig. 4. The decay of the spontaneous fission
activity observed in the bombardment of %33y
by **Neions. An increase in the number of
tracks in the interval 2.0-2.4 mseec is due
to the incidence of a small fraction of
prompt fission fragments from the target
onto the mica detectors. In the half-life
determination this background was subtrac-
ted (open circles).
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(msec)

Half-life
4

0,25+0.05%

0.840,2
0.8
0,540,2

detected
78
88
12
24
15
13

Number

of s.f.events

Integral

4x1016
1.9x10"®
5,3x101©
2,5x1016
2,4x10'€
2,4x101°
1.7x1017
1.5x101%

TAEBLE 1

(msec)

Time
interval for ion flux

excitation observation
0,1-2.5

of activity
0.2-5,0
0.1-2.5
042-5.0
0.1=2.5
0.3-7.5
003"705

decay

Compound
nucleus
43,8-52.3
28-65
2764
43.5-65.5
15,7~28,7
21.8-45,7

“Ciey

Ion
enexrgy
(MeV)
225
"
”"
"
"

12041.5
203-225%
245

255
the inclined lead target. The stopping power was found using the tables of Northecliff: and Schillingjo)

The energy interval has been determined taking into account the stopping power of 401: jons in

Nuclear

reaction
233y 22y,
206py, 440,y
206py, 440,
206py, ,50py
206p,, ,50p4
208y, 48py

204Pb +4°Ar

206py, (40,0
204py, 440sr

buted to the 1sotop%m25°m2.ln fact, the
reaction U( Ne,bn) 102 is predominant among
other reactions of the ( Ne, xn) type at
the chosen?? Ne energy (120 MeV). Calcula-
tions suggest that under the glven experl—
mental conditions the reaction? U( Ne, 4n)
may have a comparable cross section. Ho-
wever, the isotope 102 formed in this
reaction is a known one; it undergoes a-de-
cay with Ty =0-8 sec (refs./17:18 /) rhe
other known isotopes of element 102, men-
delevium or fermium, which could in prin-
ciple be produced in this experiment have
half-lives also strongly different from
0.25 msec and undergo mainly a -decay. The
calculated cross section section for the
reaction 233U(zzNe,Gn) 24949 is at least

a factor of 20 smaller than that for the

5n reaction. Therefore, the isotopes of ele-
ments 102 with mass 249 and less cannot
account for this activity.

It -is not excluded that in the bombard-
ment of the 233 target by neon ions spon-
taneously fissioning isomers can be formed
as a result of multinucleon transfer reac-
tions. However, among the known spontane-
ous fission isomers there are none with
half-lives close to 0-25 msec. The closest
half-lives characterlzeﬁmmAm(T‘ =35 sec),

240m Ay (Ty =0.9 msec) and 246"'Am(Ty‘ =

= 73 sec). The cross sections for the ground
state production of these isotopes can be
calculated on .the basis of the data avai-
lable on multinucleon transfer reactions/19-21/
By taking the max1mum known isomeric ratio
equal to 10~ ¥ (ref! ) we obtain the cross
sections for the isomers indicated to be

a factor of 102 - 10% smaller than the value



obtained for the 0.25 msec activity. This
result agrees with the data fo the produ -
tion of 28mMpy (pef. }2 { ef. ‘f
by bombarding ?3%Th and238U targets with
different ions.

As follows from the systematics of the

spontaneous fission half-lives for isomers/25/

the assumption that the so far unknown iso-
mers with Ty =20.25 msec still exist should
be regarded as an unlikely one.

Thus, the 0.25 msec spontaneous fission
activity is most likely to be attributed
to the isotope 23031902 The half-1life of this
isotope for a -particle emission can be
estimated to be Ty>0.03 sec (refs./26-28/ )
Consequently, spontaneous fission is its
principal mode of decay.

242Fm

A lead target enriched in 204ph(51% 209y,
21.5%%% pp, 10.9% 2®7pp, 16.6% 2*8pp) was bom-
barded by 225 MeV 40Arlons. The experiment
was carried out using the experimental set-
up shown in fig. 3b.

The time distributions of the fission
fragments tracks observed for two different
velocities of target rotation are shown in
fig. 5. One can see that, along with the
known isotopes 24p, ang 246 Fm, which have
had to be formed on the admixture lead iso-
topes with mass numbers 206-208 (ref. /14/ ),
a spontaneous fission activity with a short
half-1life is also observable. The yields of
244 and ®*Fm can be determined from the
data of ref.hA/,However, in order to eli-
minate systematic errors due to the use of
different experimental arrangements in this

III.2. Synthesis of the Isotope
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Fig. 5. The decay of the spontaneous fission
activity obserbed in the bombardment of 20%p}
by %%Ar ions. The target rotation velocities
are 24 000 rev/min (a) and 12 000 rev/min
(b). The solid line corresponds to the
contribution from spontaneous fission of *%Fn
and?4% Fm ,which are formed at the expense of
reactlons occuring on the heavier lead iso-
topes available in the target material.

work and in ref./14/ a separate bombard-
ment of a %06Pb(90.4%) target by 225 MeV 405,
ions has been performed. The results of this
bombardment are presented in table 1 (the
second line). In this experiment, only the
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4 msec spontaneous fission activity attribu-
ted to ***Pb has been observed. The short-
lived activity whose decay is seen in fig. 5
has not been observed. On the basis of the
curves shown in fig. 5 it is possible to
estimate the half-life of this activity to
be equal to 0.8 0.2 sec. The rest of the
experimental data obtained in the bombard-
ment of ?%4Pp by 40Ar ions are given in tab-
le 1 (the third and fourth lines).

When identifying the 0.8 msec activity
one can exclude the light californium isoto-
pes 239,238 (¢ since reactions involving g -
particle emission under these experimental
conditions have yields/&/ that are more than
two orders of magnitude larger than the
yield of this activity. Thus, two possible
reactions are left to consider, i.e.,
204pp(40 Ar,2n) 2#2Fm  and 204pp( 104, 30) 2! Fm. For
this purpose we have carried out an experi-
ment in which the production of this emitter
was observed in the bombardment of a thin
206 p), target by‘oAr ions with the initial
energy of 225 MeV,

Figure 6 shows the calculated excitation
functions for the reactionszostﬁQM,xn)
with x =2-5. In order to reduce the back-
ground due to spontaneous fission of *4Fn
produced by reaction involving the emission
of two neutrons, the thickness of the 206Pp
layer was chosen to be 0.6 mg/cm?. As a re-
sult, the *ar ion energy in the target
layer was in the range of 203 to 225 MeV.
Under these conditions the 0.8 msec activity
has been observed. The results of this expe-
riment are presented in table 1 (the fifth

and sixth lines). As is seen from fig. 6, the

reaction 2°6Pb(4°Ar,4n)24’lthas a too small
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Fig. 6. Calculated excitation functions for

the reactions 206 pp(405r ).

cross section to be observed. Consequently,
the 0.8 msec emitter could be produced only
by the reactic)nszoﬁPb(40Ar,4n)242 Fm or

206 ppy(40 Ap 3p) 243py,



A comparison of the?¥%py andzosttarget

yields permits the assignment of the 0.8msec
activity to the isotope *#2Fm.The estimate

of its a -decay probability (see table 2)
shows that it decays mainly by spontaneous
fission.

254 Ku

The results of the bombardment of the ??%Pb
target with 97i ions are presented in the
seventh and eighth lines of table 1. The
decay curves of the spontaneous fission ac-
tivity observed in these experiments are
shown in fig. 7, its half-life being equal
to 0.5 0.2 msec. It is natural to assume
this activity to be attributable to one of
Ku isotopes with mass number 254 or 253.
The half-1life of the isotope255Ku(Tjgi 4 sec)
(ref.’®/ ), which might be produced in the

. 206 50 . . .
reaction Pb(""Ti;: 1n) , substantially dif-
fers from 0.5 msec. Under these experimental
conditions, the reaction 2(”in(:mTiAn)w2 Ku
was energetically forbidden. For the same
reason, the isotope 249102 and other lighter
isotopes of elements 102 and 100 are exclu-
ded.

The excitation functions calculated for
the reactions 20GPb(‘r'oTi,xn) given in fig. 8
show that the emitter observed can preferen-
tially be identified as the isotope 234y .

In fact, the maximum %°Ti ion energy equal
to 245 MeV turns out to be located much to
the left of the excitation function maximum
for the reac tionzospb(5°Ti,3nf53KuJThis as-
sumption agrees with the results obtained

in the bombardment of the 2%8Pb (97.8%) tar-
get by %8 Ti ions. The minimum excitation

I11.3. The Production of the Isotope
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Fig. 7. The decay of the spontaneous fission
activity observed in the bombardment of 208pp
by % Ti ions. The target rotation velocities
are 24 000 rev/min (a) and 8 000 rev/min (b).

energy of the compound nucleus 236k y produ-

ced as a result of fusion of 2%pp and ¥
appears to be 6 MeV higher than that of the
systemzostfoTLThis should lead to a sharp
decrease in the cross section for the reac-
tionzoGPb(M)ﬂ,2n). The calculated factor

of this decrease is equal to 30. At the same
time, if the 0.5 msec activity were produ-
ced in reaction with three neutrons evapo-

2i
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Fig. 8. The calculated excitation functions
for the reactions 29 Ph(39Ti, xn) .

rated, its yield had to remain constant
since some decrease in the cross section
in the maximum would be compensated by the
increasing maximum energy of 48Ti 1ions
with respect to 301,

22

TABLE 2

o (msec) 'rw(sec)

6calc.
(nbarn)

Reaction

0,03-1

1.5 0.25+0.05

1.5

233y 2‘21‘0.5n)2.5°1o.2

2.7

0.4

0.8
10

1.6
0.2

2 Pb(“oAr,Zn)24zpm

206py,( 40y 1, 4m) 242y

0.02-0,25

0,151

206pp( *0pp, 2n) 2 py

2osl’b( 5 o’l‘i, 2n) 2y

6

0.

0,540.2

0.3

208p( 484, 2)25%%y



In the reaction *®®Pb +*®Ti (see the last
line of table 1) no spontaneous fission ac-
tivity has practically been observed, since
the yield was approximatlyﬂ%en t%wes lower
than that in the reaction Pb + Ti.

One can see from table 2 that spontaneous
fission is the main mode of decay for 234Ky*,

The results pertaining to the properties
of new isotopes and to the regularities of
their formation by nuclear reactions are
summarized in table 2. The first column pre-
sents all the reactions whose products were
observed in our experiments. The experimen-
tal and calculated cross sections for the
reactions are listed respectively in the
second and third columns of the table. For
the zmh(%Ne,&ﬂ reaction, the maximum
cross section has been obtained directly in
the experiment. In other cases, the cross
sections calculated from the measured yields
of the activities produced in the correspon-
ding reactions on thick targets are presen-
ted. Possible errors in the absolute cross
sections correspond to a factor of two de-
viation from the true magnitudes. Relative
errors are substantially smaller and deter-
mined mainly by statistics.

The satisfactory agreement between the
experimental and calculated values of cross
sections, obtained in the present paper and
in refs. /8,14/ permit the conclusion that
the mechanism of complete fusion followed

* Spontaneous fission of253Ku with Ty, -
Z1.5 sec has been observed in other experi-
ments performed by Yu.Ts.Oganessian, N.A.Da-
nilov, A.G.Demin, M.P.Ivanov, A.S.Iljinov,
A.A.Pleve and S.P.Tretyakova.

24

by neutron evaporated from a compound nuc-
leus reflects some important aspects of the
interaction process in the case of the colli-
sion of lead nuclei with heavy projectiles
such as Ar or Ti.

The experimentally measured spontaneous
fission half-lives of the isotopes produced
are listed in the fourth column of table 2.
The fifth column presents the estimated
half-lives for g-particle emission. The
upper limit of these estimates is obtained
using the semiempirical mass formula of
Kolesnikov/Q&thile the lower limit follows
from the nuclear mass tables of Viola et
al./28/,

The systematics of spontaneous fission
half-lives is given in fig. 9. This inclu-
des the data obtained in the present paper,
the data on the isotopes?®¥2¥ g, (ref./s}D )
and the data for the isotope 259106, first
synthesized at Duhna /18/,

One can see from fig. 9 that the half-
life of the isotope 23019 is three orders
of magnitude shorter than that of its even
neighbour 252102.Consequently, the known re-
gularity associated with the stabilizing
role of the subshell N =152 is still in ef-
fect here.

The value of the **Ku half-1ife confirms
the conclusion about the smooth dependence
of the spontaneous fission probability for
Ku 1isotopes on neutron number 8/, 1t is
noteworthy that the half-life of *#fyp is
only a factor of 4 shorter than the half-
life of the neighbouring even isotope
and is approximately a factor of 1000 longer
than the value following from the systema-
tics presented in fig. 1. Thus, the sharp

25



SE
Y (years)

T

. (]
- 104 Svb msec
SIS I \
L {0- 2
742 146 150 154 758

Number of neutrons

Fig. 9.

Systematics of spontaneous fission

half-lives taking into account the new data

on the isotopes ?%2Fm ,

230 199 | 2MKy

255 Ku

236Ky and **2102. The limiti%g Ty values for

the odd isotopes 2 Fm ," "Fm

and25lﬂ2,obtained

on the basis of the results of the present

paper and ref./1/ and the

limiting Ty

value for the isotope 263106, which follows from

the data of Ghiorso et al.
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’&94 are also given.

decrease of the frir values for fermium ,
isotopes with N< 152 ceases withN=14 to give
a comparatively smooth dependence which is
characteristic of kurchatovium isotopes.
These results do not seem surprising within
the framework of the double-humped fission
barrier structure. Apparently, the fact
that the smooth variation of half-lives
begins to manifest itself as a result of

a factor of 10'* decrease in the absolute
TiF value in going from ***Fm to both 236Ky
and ?*Fm deserves attention. One had to
expect such a coincidence under the assump-
tion that in both cases the same factor,
i.e. the effect of the second barrier, which
delays spontaneous fission of isotopes

with N=152 is eliminated. In the absence
of this delay the half-life Tif is deter-
mined only by the first barrier penetrabi-
lity. The T%? values for the corresponding
fermium and kurchatovium isotopes are seen
to be of the order of a millisecond.

From the calculations using the Strutin-
sky method/% it follows that the height
and shape of the first fission barrier in
the nuclear region under investigation is
slightly dependent on nucleon number. There-
fore, one can assume that the rate of a dec-
rease in the spontaneous fission half-lives
as one moves to elements with atomic num-
bers 106-108 should slow down. This assump-
tion is in agreement with experimental re-
sults on element- 106.

Some lower limits on the Ty values for
the odd isotopes 2%3Fn (Ty, >50 sec), 243
(Ty > 4x10 sec) and 2$w2(T% >10 sec) es-
timated on the basis of the data of the pre-
sent paper and of ref./14 are given in
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fig. 9. This figure also shows the Tﬂ? 1li-
mit for the isotope of element 106 with mass
number 263, which can be estimated from the
paper by the Berkeley group/?%/, On the basis
of the systematics shown in fig. 9 we ob-
tain the hindrance factors equal to 22xlo‘
for 243Fp and *#Fm,>3x10® for 231 102 , =103
for 233k, , BT Ky and Ky and =104 forzsll(u .
For isotopes of element 106 with mass num-
bers 259 and 263, the hindrance factors

seem to lie within 103 - 10% Thus there is
no need in assuming abnormal hindrance fac-
tors for kurchatovium odd isotopes, as it
followed from the systematics of Ghiorso et
al., shown in fig. 1. It should be noted
that on the basis of this systematics one
had to conclude the hindrance factor for the
isotope %3106 to be >10M4,
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