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Alpha-decay: (Z,A)=(Z-2,A-4)+*He

It takes place in 8Be=*He+*He and in nuclei with Z>50.

Base : NUBASE

3 JiEE B Version : January 08th, 2004
: Parity (Z,N) : all
DECAY MODES
230 U 1 U 232 U O g+ (EC + &™)

_____ a=100% || EC*100% [ c=100% [l B &-
..... O <
Sggoogit B 1nternal Transition
ngpa 23“? 231Fa |:| Spontaneous Fission
ri] ll - EC*100% | (B*=HA6%|| a=100% ||| &

I oy . Stable nuclide

ZZBTII 229""" 230 Tl'l [0 unknown decay

0=100% || a=100% || a=100%

B |




EHepretuyHa ymosa anbda-pacnagy

Q= B(Z-2,A-4)+B(Z=2,A=4)-B(Z,A) > 0

B(Z,A) - eHepria 3B'A3Ky poanUTe/bCbKOro aapa

B(Z=2,A=4) = 28,295660 MeV - eHepria 3B'A3KY
anbPa-4YaCTUHKHU

B(Z-2,A-4) - eHeprifa 3B'A3KY A0OUYipHbOro Aapa



Base : NUBASE
Version : January 06th, 2004

Parity (Z,N) : all
DECAY MODES

0 g+ (EC + e*)
M s
O a
- Intermal Transition
|:| Spontaneocous Fission
B e
| I e
- Stable nuclide
I:l Unknown decay
120
12,0
Z A 11,5
11,0
110 — Toe Q-value of alpha-decay
10,0
7 9.50
9,00
100 — 8,50
8,00
N 7,50
7,00
90 — 6,50

1 1 1 N
240 260 280 A 300



Teopia anbda-posnaay (1928 p.)

[eoprut AHTOHOBMY TAMOB
(20-11-1904, Opecca, YkpanHa — 19-VIII-1968, boynaep, CLUA)

Edward CONDON and Ronald GERNI

Po3nap KBasicTauioHapHOro craHy npu cybbap'epHomy
TYHe/NIIOBAHHI
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15 _ 216p5=212Pp 4,

-20 E WS (nuclear)
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E=6.9 MeV
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Teopia anbda-po3naay

T1/2 — h In Z/F - nepioa HaniBpo3naay anbda-

po3naay

I = i I 7/(8, gg)jQ - 3ara/ibHa WKpKUHa anbda-po3naay

7/((9, (0) =h-10" t(Qa 0, f) - YaCTKOBa WMpPUHa anbda-posnagy AN

anb¢a-BMNPOMIHIOBAHHA B HanpAMKy 0

1

S

t(Q,.0.1)=

2 0(0)

5 Jd2utV.0.0Q,)-Q.)
a(o)

- KoedilieHT NponNycKaHHA ANA Niabap'epHOro TyHentoBaHHA aNbPa-YaCTUHKKU B

HanpAMKY 0, M - 3BeAeHa maca anbda-4acTUHKM i AOoYipHbLOrO Aapa.

1+ exps

A4

J



B3aemoaia anbda-yacTMHKMU Ta A4pa
v(0)= v (RO)+ vy (RO)+ v,(r)

ve (r,0) =

([ 27¢?

3

re? (3 r2 3R2 e
< (0) {E‘ 2. (8) 51 (0) ZYZ"(Q)[Z_ " 09)3}
SR 4:84 40( )(__ o JJ’ r<Tc (9)

( 3R? SR B, (0)+ R* ,34Y40(6')j r=r. (9)

o (0) 2 2 (o)
-, ) V(Q,)
W (r6.Q,) 1+exp[(r—rm(9))/d]
v,(r)= L

2,1



Anbda-BUNpomiHOBaHHA 3 gedopmoBaHOro aapa
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[TapameTpu3zalisa ssAepHOI YaCTUHH OTCHITIATY

_ V(Q.)
o (r’g’Q“)_1+exp[ r—r, (9))/d]

(@) Y N2 80, W01

AY3 A AY3 AYe

rm(9)=r1+R(1+ﬂ2Yzo( )+ B (0))

R:rZAV3(1+5+r4(N_Z)]
ATYA

d=d,+d,A™"
YacToTa 3iTKHeHHA anbda-4yacTUHKK bap'epom

v=19+S+vVZA® + v (A-2Z)/ A+v,Z//Q, +
Vs ((— 1) — 1)+ Vo + Ve By +vel(0 +1)A™YE




KyToBMU MOMEHT aZibda-4aCTUHKN
Mpasuno Biabopy napHOCTI
7T ‘
(-1
7%

Q= B(Z-2,A-4)+B(Z=2,A=4)-B(Z,A).
Tyt B(Z,A) - eHeprisa 3B'A3Ky agep.
OAHaK AKWO MU BUKOPUCTOBYEMO aedeKT aToOMHOI macu abo
eHeprito 38'A3Ky aToma B, (AK1i1 3a3BMYail HaBOAUTbLCA B TabaunuAx),
TOMY CNia BpaXxoByBaTU BHECOK €N1eKTPOHHOI 060/IOHKM aTOMa, TOMY
Q= B,(Z-2,A-4)+B_(Z2=2,A=4)-B_(Z,A)+k[Z® -(Z2-2)%],

Ae kZ¢ eHepria 38'A3Ky aTOMHOI 060/10HKU (aTOMHUX €NeKTPOHIB),

k=8.7 eV Ta €=2.517 for Z>60;

k=13.6 eV T1a £€=2.408 for Z<60.



Bniue enepril 3B'83Ky ATOMHHX €JIEKTPOHIB

Isotope T]/e;p 'S Ty, s (with screening) | T, s (without screening)
180 \ViV} 5,68-10% 3,62-10% 1,04-10%6
145 Pm 1,99-10%/ 5,68-10% 1,14-1018
148 Sm 2,21-10% 5,44-1023 1,41-10%
244 Pu 3,14-105 6,57-1015 1,40-1016




[TonepeyHmnn nepepi3 aNbda-NOrNIMHAHHA

2 72
o(E)= Jt(E, 8, ¢)sin(6)d6
1
t(E,0,0)=
b(6)
2
1+exp< = |dry2u(V(r,6,¢,E)-E)
45 - n a(e)
40 4
35 3
30 -\
=1 2 ;
S\15_5 Alpha-capture
010 4 E-ir/2 < -
2 5 a — o ® Alpha decay
=04
> 5 —\_/
-10 3
_15_2 216PO=212Pb+OL
22: WS (nuclear)
30 3 Coulomb
35 3 —— Coulomb+WS
40 3 E=6.9 MeV
45 e e
0 5 10 15 20 25 30 35 _ 40 45 50

r (fm)



UMADAC

United Model of Alpha-Decay and
Alpha-Capture

V. Yu. Denisov, H. lkezoe // Phys. Rev. C. — 2005. — Vol. 72. —
P. 064613, 9p

V. Yu. Denisov, A. A. Khudenko. Alpha-nucleus interaction
potential // At. Data Nucl. Data Tabl. , — 2009. — Vol. 95. — P.
815-835; Erratum, doi:10.1016/j.adt.2010.12.002.

V. Yu. Denisov, A. A. Khudenko. A - decays to ground and
excited states of heavy deformed nuclei // Phys. Rev. C. —
2009. — Vol. 80. — P. 034603, 10p; Erratum, Phys. Rev. C. 82
(2010) 059902(E).

V. Yu. Denisov, A. A. Khudenko. Alpha-nucleus interaction
ggtggtial // Nucl. Phys. At. Energy. —2008. — N2.3 (25). - P.

B.1O. /leHucos, A.A. XydeHKo. MNepunoapbl anbda — pacnaja,
ceyeHus anbPa — 3axBarta u anbda — AgepHoe
B3aumoaeicteue // N3sectua PAH. — 2010. — Tom. 74. - No.
4.—-C.594 - 598.



UMADAC: BxiaHi AaHi

1 The precise experimental data for the branching ratios, the
half-lives, ground state spins and the mass excesses from the
Nubase-2003 and Nuclear wallet cards (August 2008) are
used.

2 The quadrupole and hexadecapole deformations of
daughter nuclei are taken into account (the values of the
corresponding parameters B, and 3, were mainly extracted
from the RIPL-2 or Moller et al. ADNDT59, 185 (1995)
database).

3 The effect of atomic electrons is taken into account.
4 344 ground-state-to-ground-state alpha-decay half-lives.

5 The alpha-capture reaction cross-sections of 28Pb, 209Bj, >°Co
and 4944Ca are considered.

6 By using 4 and 5 we determine 22 parameters of the
UMADAG, related to alpha-nucleus potential (15 parameters )
and assault frequency (7 parameters).
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BxiaHI AaHI
BanOBaHO TOYHI eKCI'IepVIMEHTaani ,£I,aHi Aand nepexop,iB 3 OCHOBHOIO CTaHYy B

OCHOBHMUM cTaH B 344 sapax (KoedilieHTH po3ranyXeHHs, nepioan Hanispo3snaay
i HaaAMWKM macu B3aTi 3 KapT Nubase-2003 i Nuclear wallet (11 kBiTHA 2008 p.)).
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UMADAC: Alpha-Capture Cross Sections
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RMS errors for alpha-decay half-
lives for GS-GS transitions

1 S theor e 2
— Xp
0= Z [Ioglo (T1/2 )_ Ioglo( 12 )]
N-13
Total e-e e-0 0-e 0-0
nuclei | nuclei nuclei nuclei

0,6199 | 0,2980 | 0,7805 |0,7613 |0,7405 | UMADAC

1,0245 | 0,5205 | 1,1661 | 1,3453 | 1,2617 | N. Dasgupta-Schubert, M. A. Reyes, ADNDT 93,
907 (2007).

1,1209 | 0,3922 | 1,4850 | 1,3783 | 1,3426 | R. Moustabchir, G. Royer, Nucl. Phys. A683, 266
(2001).

1,1344 | 0,3652 | 1,5510 | 1,3635 | 1,3390 | E- L. Medeiros, M. M. N. Rodrigues, S. B.
Duarte, O. A. P.Tavares, J. Phys.G 32, B23
(2006).

1,3926 | 1,3067 | 1,4389 | 1,5728 | 1,2828 | P- Mdller, J. R. Nix, K.-L.Kratz, At. Data Nucl.

Data Tabl. 66, 131 (1997).




Partial half-lives of GS-GS alpha-transitions
and total alpha-decay half-lives

tot g.s.—g.s. g.s—9s.

Nucleus T1/2 Ba , % TJ/Z/BZOt, s B° % Tyz/Ba B
‘U 4.468-10%y 100 1.413-10%7 79.00 1.785-10%7
236 PU

% 2,858y 100 9.210-107 69.26 1.302-108
" Hg 36s 31 116¢ 0.18 2.00-103
“%Th 600 ms 100 0.60¢c 10 6.00
2eAm 432.2y 100 1.364-1010 0.34 4.01-1012
23 Np 2.144 108y 100 6.766-1013 0.44 1.538-1016
“AC 26.36 ms 100 2.636:10°2 3 0.879

206At

85 1836's 0.89 2.06-10° 0.008 2.30-107

172 |r

7 4.4s 2 2.20-1072 0 -

196 po;

g3 Bl 306 s 0.00115 2.66:107 0 -

%53 Bi 5.012 d 1.32:10 3.281-101 0 -




pole deformations
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Alpha-decay from ground into ground and excited states

!
Example from TOI-1998 o
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Alpha-transitions between excited states

Q, =AM, —(AM, +AM, )+k(z% -2 )+ E,, —E 4

1p
0.C. N Eq, =0

OoC. EOd == O




Transition | Q, MeV | / . B™ (%) | B®(%) | Tyr(s) Ty5°(s) HF
22Ra—?18Rn
0" 0" | 6,717 96,90 96,38 37,3 43,64 0,86
0" —>2"| 6,393 3,05 3,07 1,19E3 | 1,38E3 0,86
‘2 U—>"gTh
0t 0" | 6,034 67,40 70,12 | 2,67E6 | 2,63E6 1,01
0t > 2% | 5,962 32,00 25,35 | 5,62E6 | 7,27E6 0,77
223 U —)23900Th
0" —>0" | 4,899 71,38 72,28 | 1,09E13 | 1,10E13 | 0,99
0" >2" | 4,846 28,42 25,49 |2.,73E13 | 3,11E13 | 0,88
" U—>"5Th
0" 0| 4,614 74,00 72,72 | 9,99E14 | 1,16E15| 0,86
0" > 27| 4,565 26,00 25,15 | 2.84E15 | 3,36E15| 0,85
“eeCm—25:Pu
0ot 0| 5,205 81,90 67,61 | 1,46E13 | 1,38E13 | 1,06
0" — 27| 5,161 18,03 28,89 | 6,65E13 | 3,23E13 | 2,06




Geiger-Nettol law (1912): log,(T,,,) = aQ¥?+b

Viola-Seaborg, Moller, Royer, Sobiczewski etc:
10g10(Tyy,) = (Z+0b)QY2+cZ+d +h

Open guestions:

1. Problem of consistency: Relationship for total half-
lives, but Q-value for alpha-transitions are used for

GS-GS transitions.

2. Both the orbital momentum and the parity of alpha
transitions are ignored.



We propose new empirical relationships for
alpha-decay half-lives, which

1. Consider only ground-state-to-ground-state alpha-
transitions (consistency between energy of transition and
the partial half-life);

2. Take into account the spins and parities initial and final
states;

3. Consider even-even, even-odd, odd-even, odd-odd nuclei

separately;

. Dedicate to full range (Z>50,N>100) of nuclei;

. Dedicate to range of heavy (Z>82, N>126) of nuclei;

. Dedicate to range of (rest of nuclei) of nuclei;

o 0 b

=

V. Yu. Denisov, A. A. Khudenko. Alpha — decay half-lives: Empirical relations // Phys. Rev.
C.—2009. - Vol. 79. — P. 054614, 5p; Erratum, Phys. Rev. C. 82 (2010) 059901 (E).

2. B.IO. [leHucos, O.0. XydeHKo. EmnipnyHi cniBBigHOLWEHHA ANA nepioais anbda-po3naay
// YKp. ®i3. }ypH. —2009. —T. 54, Ne11. — C.1074-1077.



Empirical relationship for total

range of nuclei
16> 1/2
logy (T5°)=—26.1721-1.1549 2 £ 4 160882
u JQ
16— 1/2 [
l0g,, (T5°)=-30.2365-1.0726 2 £ 19192, 0.7198Y (0 +1) ¢ rp
7 JQ Q

~0.6965((~1) -1
1/6=1/2
_ 30084210853 2" ,16925Z 0.2453 e(m_m)ﬁ/Z

7 Jo Q

10g,0(T,5>° )
~0.6406((-1)’ ~1)

1/6—1/2
_ 30822709874 Z +1.6577Z+O.58931/€(€+1)m

7 JQ Q

log,, (TJQ °)

~0.2914((-1) -1)



RMS errors for total range of nuclei

S = \/ v _1 [Ioglo( t“e‘”)— log,, (T]j;‘p )]2

Total E-E E-O O-E 0-0

0.5488 [0.3308 |[0.6177 |0.6772 |0.6916 | Empirical relationships for total range of nuclei

0.6199 |0.2980 |0.7805 |0.7613 |0.7405 | UMADAC

1.0146 | 0.4225 |1.3585 |1.2624 | 1.0940 | D.N. Poenaru, I.-H. Plonski, W. Greiner, Phys.
Rev. C 74, 014312 (2006).

1.0245 [0.5205 |[1.1661 |1.3453 |1.2617 | N. Dasgupta-Schubert, M. A. Reyes, At. Data and
Nucl. Data Tabl. 93, 907 (2007).

1.1209 [0.3922 |(1.4850 |1.3783 | 1.3426 | R. Moustabchir, G. Royer, Nucl. Phys. A683, 266
(2001).

1.1344 |0.3652 |1.5510 |1.3635 | 1.3390 |E.L.Medeiros, M. M. N. Rodrigues, S. B.
Duarte, O. A. P. Tavares, J. Phys.G 32, B23
(2006).

1.3926 | 1.3067 |1.4389 |1.5728 | 1.2828 | P.Mdller, J. R. Nix, K.-L.Kratz, At. Data Nucl.

Data Tabl. 66, 131 (1997).




RMS errors for range of heavy nuclei
(Z>82, N>126)

total E-E E-O O-E 0O-0

0.5291 10.1907 |10.6610 | 0.7590 | 0.5388 | Empirical relationship for range of heavy nuclei

0.7094 |0.3001 |0.9542 [0.9110 |0.7753 |UMADAC

1.2408 [0.2970 |1.8106 |1.4845 | 1.4833 | P.Moller,J. R. Nix, K.-L.Kratz, At. Data Nucl. Data
Tabl. 66, 131 (1997).

1.2591 10.3894 |1.6645 | 15171 |1.7708 | N. Dasgupta-Schubert, M. A. Reyes, At. Data and
Nucl. Data Tabl. 93, 907 (2007).

1.2607 10.2686 |1.9108 | 1.5780 |1.1897 | D.N.Poenaru, I.-H. Plonski, W. Greiner, Phys. Rev.
C 74, 014312 (2006).

1.3500 [0.3188 |2.0332 |1.6298 |1.4300 | A. Sobiczewski, A. Parkhomenko, Phys. At. Nucl.
69, 1155 (2006).

1.4484 | 0.2250 |2.1482 | 1.6657 | 1.8440 | R. Moustabchir, G. Royer, Nucl. Phys. A683, 266
(2001).

1.5002 |0.3579 |[2.2642 |1.6775 | 1.8392 |E.L.Medeiros, M. M. N. Rodrigues, S. B. Duarte,
O. A. P. Tavares, J. Phys.G 32, B23 (2006).

1.7017 10.2271 | 25168 |1.9323 |2.2389 | M. Gupta, T.W. Burrows, Nucl. Data Sheets 106,

251 (2005).
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RMS errors for range of light nuclei

Total E-E E-O O-E 0-0
Empirical relationship for range of light 0.4955 | 0.2674 | 0.5767 | 0.5834 | 0.6653
nuclei
E. L. Medeiros, M. M. N. Rodrigues, S. B. 0.7750 [ 0.3731 | 0.8440 | 1.0658 | 0.9606
Duarte, O. A.
P. Tavares, J. Phys.G 32, B23 (2006).
Royer G., Zhang H.F. Phys. Rev. C 77 0.8114 | 0.4843 | 0.8408 | 1.1144 | 0.9635
037602 (2008)
N. Dasgupta-Schubert, M.A. Reyes. ADNDT | 0.8184 | 0.6046 | 0.6957 | 1.2076 | 0.8613
93 (2007) 907-930.
P. Moller, J. R. Nix, K.-L.Kratz, At. Data 1.4955 | 1.7221 | 1.1570 | 1.6586 | 1.1735

Nucl. Data Tabl. 66, 131 (1997).
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APPLICATIONS

It is found many nature nuclei, which are marked as stable now, however
they have finite alpha-decay half-lives, which we evaluated.

Alpha-decay half-lives are evaluated for nuclei (902) with Q_, >0

Cases of poorly evaluated alpha-decay half-lives are discussed.

208pPp alpha-decay half-life:
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Alpha-emitters considered as natural stable nuclei
with T, ,<10%sec. (T,/,in seconds)

T1/2

Abund., T T T T T
Isotope| o L | QMY 0T I UmADAC E?ft;e' Royer [;i;guubpeti' Mller | Medeiros
142Ce | 11114 | 0 | 13177 |>1,58-10% | 6,94-10% | 1,35-10% | 4,15-10% | 9,27-10% | 8,04-10% | 5,50-10%
145Nd | 8300 | 0 | 15984 | 1,0310% | 1,15-10°% [ 1,91-10% | 2,77-102 | 1,41-107 | 2,01-10%
1495m | 13.820 | 0 | 1,8926 | >6,13-10% | 3,37-10% | 4,10-10% | 1,22-10% | 1,93-10% | 2,08-10% | 9,08-10%
150sm | 7.380 | O | 1,4714 — | 9,70-10% | 1,58-10% | 4,67-10% | 9,12-10% | 2,94-10° | 6,84-10%
156Dy | 0.060 | O | 17839 |>3,16-10% | 2,18-10% | 4,54-10% | 1,45-10° | 3,47-10% | 3,03-10% | 1,64-10%2
1626r | 0140 | O | 1,6698 |>4,42-10% | 6,91-10% | 2,24-10% | 6,03-10% | 8,80-10% | 1,56-10% | 1,05-10%
168Yb | 0130 | 0 | 19771 | >410-10% | 564-10% | 2,09-10% | 6,49-10% | 1,40-10% | 4,03-10% | 7,83 10°
170vb | 3.040 | 0 | 1,7647 | 4,24-10% | 9,08-10% | 2,43-10% | 341-10% | 1,22-10% | 4,45-10%
176Ht | 5260 | 0 | 2,2861 — | 614107 | 2,15-107 | 7,48-10% | 2,15-10% | 1,07-10% | 6,98-10%"
177Hf | 18.600 | 2 | 2,2700 — |8,2510% | 8,49-10% | 1,78-1077 | 4,03-1077 | 2,26-10% | 1,27-10%
178Hf | 27.280 | 0 | 2,1086 — | 12210 ] 2,81-10% | 8,81-10% | 1,90-102 | 1,14-10% | 1,09-10%
180W | 0120 | 0| 25379 |>2,21-10% | 3,62-10% | 1,11-10% | 4,06-102 | 1,35-10% | 9,28-10% | 3,11-10%
1840s | 0020 | O | 2,9936 |>1,77-102 | 1,06-102 | 3,76-102 | 1,57-10% | 7,39-10% | 6,17-10' | 8,31-10%
185Re | 37.400 | 2 | 2,2245 — | 197102 | 2,06-10% | 5,77-10% | 74710 | 3,52-10% | 3,42-10%
1870s | 1960 | O | 2,7545 | 1,1310% | 8,26-10% | 1,92-10% | 5,08-10% | 5,62-10% | 857-10%
1880s | 13.240 | 0 | 2,1766 | 54310% ] 4,99-10% | 1,40-10%2 | 2,17-10% | 3,55-10% | 2,12-10%
102Pt | 0782 | 0 | 24504 | 413100383102 | 1,17-10% | 2,27-10% | 4,74-107 | 1,32-10%




Nuclei with large differences between experimental and

theoretical (T, ,, sec)

Tl/2

Isotope | @ MeV | o Tue T Emp Rel T Dasgupta- T,”Z T,;, Medeiros
Exp UMADAC Total Royer Schubert Moller

113l 2,71212 0 1,99-10° 9,85-10° 1,06-107 1,53-107 2,61-106 2,35-10* 2,00-107
149Gd 3,1234 0 1,89-1013 | 3,43-101 | 2,15-1011 | 5,48-10% | 9,86-101° | 3,73-10° 1,46-101
159Ta 5,7099 5 1,30 3,87-102 9,06-101 1,73 0,70 0,20 1,69
1761r 5,2653 0 3,95-102 2,42-104 2,35-104 1,03-104 6,85-10% 4,82-103 1,07-104
185Pt 4,4769 5 8,51-107 7,73-101 | 1,16-1013 | 7,58-108 2,25-10° 4,12-108 1,07-10°
181Hqg 6,3172 2 2,00-103 1,11-101 3,30-101 4,93 1,58-101 3,02 4,52
202Pb 2,6299 0 1,66-1014 | 2,14-10%! | 8,59-10%° | 2,50-102° | 4,15-10% | 1,91-10%8 2,84-10%0
206At 5,9244 0 2,29-107 1,15-10° 1,04-10° 3,16-10* 1,31-10° 3,51-10* 2,08-10*
223Ra 6,0172 2 9,88-107 8,57-10° 2,79-108 1,31-10° 5,79-10° 3,17-10° 1,15-10°
210AcC 7,6471 6 0,35 2,04 12,80 0,17 0,20 0,40 0,16
220AcC 8,3872 2 0,88 1,28-10° | 5,32-10° | 3,70-10* | 2,59-10% | 2,14-10°3 5,97-104
229Th 5,2073 2 4,63-10* | 1,02-101% | 1,58-102 | 2,36-101° | 1,08-101 | 5,77-1010 2,39-1010
218Pa 9,8554 0 1,74-104 | 2,19-106 | 1,56-10° | 2,38-107 | 8,40-10® | 1,80-10® 5,99-107
222Pa 8,8955 0 1,07-102 | 2,07-10% | 4,44-10* | 7,40-10° | 4,09-10° | 4,42-10* 1,18-10*
224Pa 71,7334 2 3,16-102 1,64 5,49 0,37 0,40 1,30 0,33
231U 5,6170 2 1,29-102 3,62-10° | 5,92-1010 1,17-10° 5,72-10° 2,90-109 9,84-108
235Am 6,6482 1 1,49-10° 1,23-107 3,03-107 2,08-10° 3,25-10° 3,73-10° 1,73-10°
243Bk 6,9187 2 7,04-107 1,25-10° 8,29-10° 8,41-104 1,45-10° 1,94-10° 6,79-10%
244Bk 6,8236 2 5,22-108 2,67-10° 1,04-107 5,84-10° 1,43-106 1,08-106 1,69-10°
255Fm 7,2858 4 1,03-108 2,83-10° 3,84-10° 5,23-10* 3,39-10° 2,19-10° 2,66-10*
256Md 17,9524 4 5,13-10° 1,44-10° 2,78-10* 5,74-102 6,20-102 1,88:10° 1,90-102
258Md 7,3185 1 4,45-1010 | 1,93-107 9,19-10° 1,93-10° 3,33-10° 4,67-10° 4,72-104
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UMADAC is established.

3HauaeHoO eMmnipuYHI cNiBBiAHOLWEHHA ANA nepioAais
Hanispo3naay anbda-po3naay, noB'A3aHUX 3
nepexoaamu Big GS po GS.

Bu3HaueHO noTeHuian anbda-aapa ANAa eHepriu
ninbap'epHnx i HaBKON0bap'EPHUX 3iTKHEHD.

[lyKe BaXK/IMBO BPAXOBYBATU AAK CMNHMU, TaK | NapUTeTn
CTaHiB, MiXX AKUMM BiabyBatoTbCA anbda-nepexosu.

MoBepxHeBa aedopmauia AOUIPHIX Aaep CUNIbHO
NOCUNIOETLCA AK NEePeTUHOM 3aXOMN/IeHHA NpPU eHepril
cyb6bap'epy, TaK i WiMpUHOLO anbda-po3naay.



Aakyto 3a ysary!!!



