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ИСПРАВЛЕНИЕ 

1. Стр. 108, таблица Д3. В ряду “Cs-134” и колонке “50 лет” вместо значения “5.1E-03” 
следует читать “5.1E-02”. 
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5. 

 [ ]

1 a,b,c 

[ / ]

1

1 a,b,c 

,
Am-241 γ (60) 

α (5486) 
T1/2 = 433 

1-10  3.E-02 30 

Gd-153  (97) 
T1/2 = 242 1-40  4.E-01 2 

I-125 γ (35) 
e (34) 
T1/2 = 59 

1-10  6.E-02 20 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

50-500  3.E-02 30 

Ra-226  (186) 
 (4784) 

T1/2 = 1600 
30-300  2.E-04 200 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

50-500  1.E-01 8 

Sr-90  (max: 196) 
T1/2 = 29 50-1500  0 N/A 

Pd-103 X (20) 
T1/2 = 17 50-1500  0 N/A 

I-125 γ (35) 
e (34) 
T1/2 = 59 

50-1500  9.E-03 5 

Ir-192  (317) 
β (max: 675) 
e (303) 
T1/2 = 74 

200-1500 1.E-01 8 

Cf-252  (6118) 
X (15) 
T1/2 = 2.6 

50-1500  3.E-07 400 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

≈ 10 3.E+00 20 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

0.03-10  6.E-04 70 

Ir-192 γ (317) 
β (max: 675) 
e (303) 
T1/2 = 74 

≈ 400 3.E+01 2 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

50-1000 T  3.E+05 < 1 
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 Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

500 T  3.E+04 < 1 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

2-100 T  6.E+03 < 1 

,
Ir-192 γ (317) 

β (max: 675) 
e (303) 
T1/2 = 74 

0.1-5 T  4.E+02 9 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

0.1-5 T  1.E+03 3 

(Cs-137) γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

   

(Tm-170)  (84) 
 (max: 968) 

T1/2 = 129 
   

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

1-100  6.E+00 10 

Am-241/Be γ (60) 
α (5486) 

T1/2 = 432.2 

1-800  2.E+00 20 

(Cf-252)  (6118) 
X (15) 
T1/2 = 2.6 

   

Am-241 γ (60) 
α (5486) 
T1/2 = 432.2 

0.02-3  9.E-06 10 

Ra-226  (186) 
 (4784) 

T1/2 = 1600 
   

(Pu-239)  (5157) 
 (52) 

T1/2 = 24000 
   

Am-241 γ (60) 
α (5486) 
T1/2 = 432.2 

50-500  2.E-03 30 

(Ra-226)  (186) 
 (4784) 

T1/2 = 1600 
< 40  2.E-05 5 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

4 - 8  2.E+00 30 

Eu-152/154  (1408/1274) 
T1/2 = 13.5/8.6 7 – 40  5.E+00 10 
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Am-241/Be γ (60) 
α (5486) 

T1/2 = 432.2 

0.1-2  6.E-03 7 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

400  2.E-02 2 

(Cf-252)  (6118) 
X (15) 
T1/2 = 2.6 

3  6.E-04 70 

(Ra-226/Be) γ (60) 
α (5486) 

T1/2 = 432.2 

   

/

Pu-239  (5157) 
 (52) 

T1/2 = 24000 
   

Am-241 γ (60) 
α (5486) 
T1/2 = 432.2 

1-4  1.E-02 3 

Po-210  (5304) 
T1/2 = 138 1-4  4.E-06 30 

(Ra-226)  (186) 
 (4784) 

T1/2 = 1600 
   

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

   

Ni-63  (max: 67) 
T1/2 = 100 200-500 M  0  

H-3 T1/2 = 12  1-10  0  

Fe-55 X (6) 
T1/2 = 2.7 0.1 - 5  2.E-03 30 

Cd-109  (88) 
T1/2 = 463 1 - 8  1.E+00 50 

(Pu-238)  (5499) 
 (84) 

T1/2 = 88 
   

(Am-241) γ (60) 
α (5486) 
T1/2 = 432.2 

   

(Co-57)  (122) 
T1/2 = 272    

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

0.1 - 400  1.E+08 < 1 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

0.1 - 400  2.E+07 < 1 
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Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

1 - 100 T  3.E+04 < 1 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

1 - 100 T   < 1 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

0.1-20  1.E+00 50 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

0.1-10  3.E+00 20 

(Am-241) γ (60) 
α (5486) 
T1/2 = 432.2 

4  1.E-02 3 

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

1 T  6.E+01 1 

Kr-85 β (max: 687) 
T1/2 = 10.8 0.1-50  1.E-02 4 

Sr-90 β (max: 546) 
T1/2 = 29 0.1-4  0  

(Pm-147) β (max: 225) 
T1/2 = 2.6 40  1.E-05 10 

Tl-204 γ (69) 
β (max: 763) 
T1/2 = 3.8 

40  4.E-03 10 

(C-14)  (max: 156) 
T1/2 = 5730    

(Am-241) γ (60) 
α (5486) 
T1/2 = 432.2 

   

Cs-137 γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

1-20  1.E+00 50 

Am-241 γ (60) 
α (5486) 
T1/2 = 432.2 

1-10  3.E-02 1 

Cs-137 γ (662) 
β (max.: 512) 
e (624) 
T1/2 = 30 

0.1-40  2.E+00 20 

,

< 0.1 

H-3 T1/2 = 12  1-50    

Ni-63  (max: 67) 
T1/2 = 100 200-500 M    

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

1-1000 T  3.E+05 < 1 
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 (Cs-137) γ (662) 
β (max: 512) 
e (624) 
T1/2 = 30 

  < 1 

Cs-137 γ (662) 
β (max: 512) 
e (624) 

< 100 T 6.E+03 < 1 

Co-60 γ (1173; 1333) 
β (max: 318) 
T1/2 = 5.3 

< 100 T 3.E+04 < 1 

Cf-252  (6118) 
X (15) 
T1/2 = 2.6 

< 10 2.E-03 20 

(Am-241/Be) γ (60) 
α (5486) 

T1/2 = 432.2 

   

(Pu-238/Be)  (5499) 
 (84) 

T1/2 = 88 

   

(Ra-226/Be)  (186) 
 (4784) 

T1/2 = 1600 

   

H-3 T1/2 = 12  1-10 T    

: .
a -

 CF6, 1,
.

.
b .
c , ,  « » (

).

,
.

6. ,

1
H-3  5 

 50 
, ,

C-14  1 
 10 

,

 CO2
F-18  500 ,

Na-22  50 
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1
Na-24  5 
P-32 
P-33 

 200 
 50 

,

S-35  5 ,

Cl-36  5 , ,
Ca-45 
Ca-47 

 100 
 1 

Sc-46  500 ,

Cr-51  5 
 100 

Co-57 
Co-58 

 50 
-

,

Fe-59  50 

Ga-67  200 ,
Kr-81m  2 

Sr-85  50 ,

Rb-86  500 ,

Sr-89  300 ,
Y-90  300 , ,

Nb-95  500 ,

Tc-99m  1 ,

In-111  500 ,

I-123 
I-135 
I-131 

 500 
 500 
 500 
 10 
 50 

,

Sn-113  500 ,

Xe-133  400 
Sm-153  8 ,
Au-198  500 ,
Tl-201  200 ,
Hg-197 
Hg-203 

 50 ,

: .
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 [6]).

 15 
,
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,
.

,
.
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,
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,
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,
, ,

, ,
:

.

 2 

.

 3 

. , , .
,

.
.

 4 
,

.
.

.

 5 
,

,
.

.

 6 

,
,

.

,
.

:

[ / ] [ / ]
K-40 370 100 – 700 
U-238  Ra-226 25 10 – 50 
Th-232 25 7 – 50 
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)

.

,
, ,  1 ,

.

 ( , ). 
,
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.

.

,
. ,

d .

( )
2

6 2150
X

.TCFAE /d
d

e
ext

⋅⋅⋅=

:
Eext =   [ ]
A  =  [ ]
Te  =  [ ]
CF6 = 1 [( / )/( )] 
X  =  [ ]
d1/2 = 2 [ ]
d  =  [ ]
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d  [ ],  X –  [ ]. 

,
. ,

d .

( )
2

d
d

7

X
5.0CFA

D 2/1⋅⋅
=&

:
D&   =  [ / ]
CF7 = 1 [( / )/( )] 
A  =  [ ]
X  =  [ ]
d1/2 = 2 [ ]
d  =  [ ]

d  [ ],  X –  [ ]. 

, ,
.

2

1

D
Da
&

&
=

:

a1
xX1 −

=

:
X1  =  (  M1) [ ]
x  =  [ ]

1D&  =  M1 [ / ]

2D&  =  M2 [ / ]
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, ,
:

2/1d
d

7

2
11

5.0CF

XDA
⋅

⋅=
&

:
A  =  [ ]
X1  =  (  M1) [ ]

1D&  =  M1 [ / ]
CF7 = 1 [( / )/( )] 
d1/2 = 2 [ ]
d  =  [ ]

d  [ ],  X –  [ ].
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1. 
 1 

CF6
( / )/

( )

CF7
a

( / )/
( )

H-3 0.0 0.0 
C-14 0.0 0.0 

Na-22 
Na-24 

2.2E-07 
3.8E-07 

3.4E-07 
5.1E-07 

P-32 
P-33 

0.0
0.0

0.0
0.0

S-35 0.0 0.0 
Cl-36 3.1E-13 2.1E-11 
K-40 
K-42 

1.6E-08 
2.8E-08 

2.2E-08 
3.9E-08 

Ca-45 8.9E-17 6.1E-15 
Sc-46 2.1E-07 3.1E-07 
Ti-44 1.1E-08 2.8E-08 
V-48 2.9E-07 4.4E-07 
Cr-51 3.4E-09 2.0E-08 
Mn-54 
Mn-56 

8.6E-08 
1.7E-07 

1.5E-07 
2.4E-07 

Fe-55 
Fe-59 

3.2E-10 
1.2E-07 

2.2E-08 
1.8E-07 

Co-58 
Co-60 

1.0E-07 
2.5E-07 

1.6E-07 
3.6E-07 

Ni-63 0.0 0.0 
Cu-64 2.0E-08 4.7E-08 
Zn-65 6.0E-08 1.3E-07 
Ga-68 9.8E-08 1.5E-07 

Ge-68+ 
Ga-68 

9.8E-08 2.1E-07 

Se-75 3.9E-08 1.4E-07 
Kr-85 

Kr-85m 
Kr-87 

Kr-88+ 
Rb-88 

2.3E-10 
1.5E-08 
7.8E-08 
2.5E-07 

3.6E-10 
3.0E-08 
1.1E-07 
3.5E-07 

Rb-86 
Rb-87 
Rb-88 

9.6E-09 
0.0

5.7E-08 

1.4E-08 
0.0

5.2E-08 
Sr-89 
Sr-90 
Sr-91 

1.4E-11 
0.0

7.1E-08 

2.1E-11 
0.0

1.1E-07 
Y-90 
Y-91 

Y-91m 

0.0
3.7E-10 
5.5E-08 

0.0
5.5E-10 
8.7E-08 

Zr-93 
Zr-95 

0.0
7.6E-08 

0.0
1.2E-07 

Nb-94 
Nb-95 

1.6E-07 
7.9E-08 

2.5E-07 
1.2E-07 

Mo-99 1.6E-08 2.6E-08 
Tc-99 

Tc-99m 
4.1E-14 
1.2E-08 

6.4E-14 
2.1E-08 

Rh-103 2.1E-08 3.0E-08 

CF6
( / )/

( )

CF7
a

( / )/
( )

Ru-103 
Ru-105 
Ru-106 

5.0E-08 
8.1E-08 
1.4E-09 

7.9E-08 
1.3E-07 
7.1E-09 

Ru-106+ 
Rh-106 

1.4E-09 7.1E-09 

Ag-110m 2.8E-07 4.2E-07 
Cd-109+ 
Ag-109m 

1.6E-07 2.9E-07 

Cd-113m 0.0 0.0 
In-114m 1.0E-08 3.5E-08 
Sn-113 
Sn-123 

3.4E-09 
7.0E-10 

4.2E-08 
1.1E-09 

Sn-126+ 
Sb-126m 

5.7E-09 2.2E-08 

Sb-124 
Sb-126 

Sb-126m 
Sb-127 
Sb-129 

1.9E-07 
2.8E-07 
4.9E-10 
6.8E-08 
1.5E-07 

2.8E-07 
4.4E-07 
7.8E-10 
1.1E-07 
2.2E-07 

Te-127 
Te-127m 
Te-129 

Te-129m+ 
Te-129 
Te-131 

Te-131m 
Te-132 

6.0E-09 
1.6E-09 
4.2E-08 
4.6E-08 

4.5E-08 
1.5E-07 
2.3E-08 

1.1E-08 
1.2E-08 
6.5E-08 
7.8E-08 

7.1E-08 
2.2E-07 
4.9E-08 

I-125 
I-129 
I-131 
I-132 
I-133 
I-134 

5.9E-09 
3.4E-09 
3.9E-08 
2.4E-07 
6.2E-08 
2.7E-07 

3.8E-08 
2.1E-08 
6.2E-08 
3.6E-07 
9.8E-08 
4.1E-07 

I-135+ 
Xe-135 

3.8E-07 5.4E-07 

Xe-131m 
Xe-133 

Xe-133m 
Xe-135 
Xe-138 

2.7E-09 
4.6E-09 
4.8E-09 
2.4E-08 
1.1E-07 

1.7E-08 
1.9E-08 
2.1E-08 
3.8E-08 
1.6E-07 

Cs-134 
Cs-136 

Ba-137m 
Cs-137+ 
Ba-137m 
Ba-133 
Cs-138 
Ba-140 

1.6E-07 
2.2E-07 
6.2E-08 
6.2E-08 

4.1E-08 
3.0E-09 
2.0E-08 

2.5E-07 
3.4E-07 
9.5E-08 
9.5E-08 

9.3E-08 
4.2E-09 
4.3E-08 

La-140 2.3E-07 3.4E-07 
Ce-141 7.2E-09 1.4E-08 

Ce-144+ 3.1E-09 1.1E-08 
Pr-144   
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CF6
( / )/

( )

CF7
a

( / )/
( )

Pr-144m 
Pr-144 

2.9E-09 
1.2E-09 

2.8E-08 
5.8E-09 

Pm-145 
Pm-147 

3.6E-09 
2.9E-13 

2.0E-08 
4.4E-13 

Sm-151 2.3E-12 9.8E-11 
Eu-152 
Eu-154 
Eu-155 

1.2E-07 
1.3E-07 
5.3E-09 

1.9E-07 
2.0E-07 
1.6E-08 

Gd-153 1.1E-08 4.3E-08 
Tb-160 1.1E-07 1.8E-07 

Ho-166m 1.6E-07 2.7E-07 
Tm-170 5.0E-10 4.8E-09 
Yb-169 2.9E-08 9.8E-08 
Hf-172 
Hf-181 

2.2E-08 
5.5E-08 

4.9E-08 
1.0E-07 

Ta-182 1.3E-07 2.2E-07 
W-187 4.9E-08 8.6E-08 
Ir-192 8.3E-08 1.4E-07 

Au-198 4.1E-08 6.7E-08 
Hg-203 2.3E-08 4.5E-08 
Ti-204 1.0E-10 1.1E-09 
Pb-210 6.9E-10 3.5E-08 
Bi-207 
Bi-210 

1.6E-07 
0.0

2.9E-07 
0.0

Po-210 8.8E-13 1.3E-12 
Ra-226 6.2E-10 2.2E-09 
Ac-227 
Ac-228 

3.9E-11 
9.5E-08 

2.0E-09 
2.1E-07 

Th-227 
Th-228 
Th-230 
Th-231 
Th-232 

1.1E-08 
3.9E-10 
2.3E-10 
2.5E-10 
2.1E-10 

8.4E-08 
1.6E-08 
1.4E-08 
7.3E-09 
1.4E-08 

Pa-231 4.3E-09 7.9E-08 

CF6
( / )/

( )

CF7
a

( / )/
( )

U-
./ .b

U- .b
U-232 
Pa-233 
U-233 
U-234 
U-235 
U-236 
U-238 

2.3E-10 
2.8E-10 
3.2E-10 
1.7E-08 
1.2E-10 
2.8E-10 
1.4E-08 

0.0
2.3E-10 

1.5E-08 
1.8E-08 
2.1E-08 
4.6E-08 
6.8E-09 
1.8E-08 
7.4E-08 

0.0
1.5E-08 

Np-237 
Pu-236 
Pu-238 
Np-239 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

3.8E-09 
3.4E-10 
3.0E-10 

0.0
1.2E-10 
2.8E-10 

0.0
2.3E-10 

5.0E-08 
9.9E-09 
8.8E-09 

0.0
3.4E-09 
8.4E-09 

0.0
6.9E-09 

Am-241 
Am-242 
Am-243 

3.1E-09 
8.5E-10 
5.4E-09 

3.7E-08 
2.5E-08 
3.8E-08 

Cm-242 
Cm-243 
Cm-244 
Cm-245 

3.1E-10 
1.3E-08 
2.8E-10 
7.5E-09 

9.2E-09 
6.6E-08 
8.2E-09 
6.0E-08 

Cf-252 2.1E-10 6.1E-09 

:  Oak Ridge National Laboratory (ORNL) 
 CONDOS  1 .

a / . -  1 /  0.1 / .
b ,  U-238, 

 –  U-234. 
 U-234 ( ).

  U-234, 235  238, 
 10%, 

.
CF6 ,  1  1 .
CF7  1  1 .
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2.  (HVL) d1/2

 d1/2 – , , ,
.  “ ”,

.

d1/2 [ ]
a a Ala a b a

H-3 0 0 0 0 0.00E+00 0 
C-14 0 0 0 0 0.00E+00 0 

Na-22 0.67 1.38 3.85 9.4 7.94E+03 4.35 
Na-24 1.32 2.14 6.22 14.75 1.27E+04 6.88 
P-32 0 0 0 0 0.00E+00 0 
P-33 0 0 0 0 0.00E+00 0 
S-35 0 0 0 0 0.00E+00 0 
Cl-36 0 0.01 0.02 0.04 3.90E+01 0.02 
K-40 1.15 1.8 4.99 11.97 1.02E+04 5.63 
K-42 1.18 1.84 5.1 12.21 1.04E+04 5.75 
Ca-45 0.01 0.03 0.1 0.24 2.12E+02 0.11 
Sc-46 0.82 1.48 4.2 9.84 8.47E+03 4.66 
Ti-44 0.04 0.21 0.6 1.41 1.25E+03 0.67 
V-48 0.8 1.48 4.18 9.95 8.50E+03 4.67 
Cr-51 0.17 0.82 2.38 5.69 4.98E+03 2.68 
Mn-54 0.68 1.33 3.8 9 7.70E+03 4.22 
Mn-56 0.94 1.65 4.78 11.13 9.66E+03 5.27 
Fe-55 0 0.02 0.05 0.12 1.02E+02 0.05 
Fe-59 0.94 1.59 4.51 10.58 9.10E+03 5.02 
Co-60 1 1.66 4.65 10.99 9.42E+03 5.2 
Ni-63 0 0 0 0 0.00E+00 0 
Cu-64 0.41 1.08 3.01 7.61 6.32E+03 3.43 
Zn-65 0.87 1.53 4.34 10.15 8.74E+03 4.81 
Ga-68 0.42 1.09 3.04 7.67 6.38E+03 3.47 

Ge-68+Ga-68c 0.42 1.09 3.04 7.67 6.38E+03 3.47 
Ge-68 0.01 0.03 0.08 0.18 1.60E+02 0.09 
Se-75 0.12 0.62 1.79 4.26 3.74E+03 2.01 
Kr-85 0.41 1.07 3 7.59 6.31E+03 3.43 

Kr-85m 0.1 0.5 1.46 3.46 3.05E+03 1.64 
Kr-87 0.83 1.67 4.84 11.46 9.92E+03 5.36 

Kr-88+Rb-88c 1.17 1.89 5.51 12.74 1.11E+04 6.05 
Kr-88 1.20 1.95 5.71 13.2 1.16E+04 6.25 
Rb-86 0.87 1.53 4.35 10.13 8.74E+03 4.81 
Rb-88 1.17 1.89 5.51 12.74 1.11E+04 6.05 
Sr-89 0.74 1.4 4 9.35 8.05E+03 4.42 
Sr-90 0 0 0 0 0.00E+00 0 
Sr-91 0.71 1.38 3.94 9.31 7.98E+03 4.38 
Y-91 0.96 1.62 4.57 10.74 9.23E+03 5.09 
Zr-93 0 0 0 0 0.00E+00 0 
Zr-95 0.6 1.26 3.58 8.61 7.31E+03 4 
Nb-94 0.64 1.30 3.70 8.84 7.54E+03 4.13 
Nb-95 0.62 1.28 3.63 8.72 7.42E+03 4.06 

Mo-99+Tc-99mc 0.49 1.11 3.16 7.6 6.48E+03 3.54 
Mo-99 0.49 1.11 3.16 7.6 6.48E+03 3.54 
Tc-99 0.05 0.25 0.73 1.73 1.53E+03 0.82 

Tc-99m 0.07 0.39 1.13 2.68 2.37E+03 1.27 
Ru-103 0.4 1.06 2.97 7.53 6.25E+03 3.4 
Ru-105 0.48 1.16 3.28 7.98 6.77E+03 3.69 
Rh-106 0.49 1.17 3.29 8.16 6.84E+03 3.73 

Ru-106+Rh-106c 0.49 1.17 3.29 8.16 6.84E+03 3.73 
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d1/2 [ ]
a a Ala a b a

Ru-106 0 0 0 0 0.00E+00 0 
Ag-110m 0.71 1.38 3.91 9.36 7.98E+03 4.38 
Cd-109 0.01 0.06 0.18 0.43 3.80E+02 0.2 

Cd-113m 0 0 0 0 0.00E+00 0 
In-114m 0.23 0.75 2.14 5.18 4.45E+03 2.41 
Sn-113 0.02 0.09 0.27 0.65 5.71E+02 0.31 
Sn-123 0.88 1.53 4.36 10.16 8.77E+03 4.83 

Sn-126+Sb-126mc 0.48 1.15 3.27 7.99 6.76E+03 3.68 
Sn-126 0.04 0.19 0.55 1.3 1.15E+03 0.62 
Sb-124 0.83 1.55 4.39 10.49 8.98E+03 4.9 
Sb-126 0.52 1.19 3.37 8.21 6.95E+03 3.79 

Sb-126m 0.48 1.15 3.27 7.99 6.76E+03 3.68 
Sb-127 0.47 1.14 3.24 7.92 6.70E+03 3.65 
Sb-129 0.72 1.4 3.98 9.45 8.09E+03 4.43 

Te-127m 0.01 0.08 0.23 0.54 4.76E+02 0.26 
Te-129 0.33 0.93 2.63 6.53 5.50E+03 2.99 

Te-129m 0.38 0.82 2.33 5.65 4.79E+03 2.61 
Te-131m 0.65 1.31 3.74 8.88 7.61E+03 4.17 
Te-132 0.1 0.53 1.54 3.66 3.22E+03 1.73 
I-125 0.01 0.08 0.23 0.54 4.77E+02 0.26 
I-129 0.02 0.09 0.25 0.6 5.26E+02 0.28 
I-131 0.25 0.93 2.67 6.5 5.59E+03 3.02 
I-132 0.63 1.31 3.7 8.91 7.57E+03 4.14 
I-133 0.47 1.15 3.23 8.05 6.74E+03 3.67 
I-134 0.72 1.4 3.98 9.43 8.08E+03 4.43 

I-135+Xe-135mc 0.98 1.66 4.7 11.06 9.53E+03 5.23 
I-135 0.98 1.66 4.7 11.06 9.53E+03 5.23 

Xe-131m 0.02 0.1 0.29 0.7 6.16E+02 0.33 
Xe-133 0.03 0.16 0.47 1.11 9.80E+02 0.53 

Xe-133m 0.05 0.25 0.73 1.72 1.52E+03 0.82 
Xe-135 0.14 0.72 2.1 4.99 4.38E+03 2.36 

Xe-135m 0.41 1.07 2.99 7.54 6.27E+03 3.41 
Xe-138 0.9 1.64 4.79 11.09 9.72E+03 5.26 
Cs-134 0.57 1.24 3.5 8.5 7.19E+03 3.93 
Cs-136 0.65 1.32 3.76 8.86 7.62E+03 4.18 

Cs-137+Ba-137mc 0.53 1.19 3.35 8.2 6.92E+03 3.77 
Cs-137 0 0 0 0 0.00E+00 0 
Ba-133 0.16 0.67 1.92 4.63 4.02E+03 2.17 

Ba-137m 0.53 1.19 3.35 8.2 6.92E+03 3.77 
Ba-140 0.33 0.96 2.69 6.72 5.65E+03 3.06 
La-140 0.93 1.64 4.63 11.04 9.47E+03 5.19 
Ce-141 0.07 0.37 1.07 2.52 2.23E+03 1.2 

Ce-144+Pr-144mc 0.05 0.28 0.82 1.95 1.72E+03 0.93 
Pr-144       

Pr-144m 0.02 0.1 0.28 0.67 5.88E+02 0.32 
Pm-145 0.02 0.11 0.31 0.74 6.56E+02 0.35 
Pm-147 0.06 0.34 0.99 2.35 2.08E+03 1.12 
Sm-147       
Sm-151 0.01 0.03 0.09 0.21 1.82E+02 0.1 
Eu-152 0.66 1.32 3.73 8.84 7.59E+03 4.17 
Eu-154 0.74 1.38 3.91 9.24 7.92E+03 4.35 
Eu-155 0.04 0.23 0.66 1.56 1.37E+03 0.74 
Gd-153 0.03 0.18 0.51 1.21 1.07E+03 0.57 
Tb-160 0.68 1.35 3.84 9.01 7.77E+03 4.26 

Ho-166m 0.45 1.09 3.1 7.46 6.37E+03 3.48 
Tm-170 0.03 0.18 0.51 1.21 1.06E+03 0.57 
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d1/2 [ ]
a a Ala a b a

Yb-169 0.06 0.3 0.87 2.05 1.81E+03 0.97 
Hf-181 0.27 0.86 2.41 6.02 5.07E+03 2.75 
Ta-182 0.8 1.39 3.94 9.26 7.97E+03 4.39 
W-187 0.43 1.03 2.91 7.17 6.04E+03 3.29 
Ir-192 0.24 0.92 2.64 6.42 5.52E+03 2.98 

Au-198 0.29 0.97 2.74 6.77 5.75E+03 3.11 
Hg-203 0.14 0.73 2.13 5.04 4.44E+03 2.39 
Tl-204 0.03 0.18 0.53 1.27 1.12E+03 0.6 
Pb-210 0.01 0.05 0.15 0.35 3.11E+02 0.17 
Bi-207 0.65 1.3 3.68 8.79 7.50E+03 4.11 
Bi-210 0 0 0 0 0.00E+00 0 
Po-210 0.65 1.31 3.73 8.88 7.58E+03 4.15 
Ra-226 0.09 0.48 1.4 3.32 2.93E+03 1.58 
Ac-227 0.01 0.08 0.22 0.52 4.57E+02 0.25 
Ac-228 0.67 1.35 3.84 9.05 7.79E+03 4.27 
Th-227 0.11 0.58 1.69 4.01 3.53E+03 1.9 
Th-228 0.02 0.13 0.37 0.88 7.73E+02 0.42 
Th-230 0.01 0.05 0.14 0.34 3.02E+02 0.16 
Th-232 0.01 0.04 0.12 0.28 2.48E+02 0.13 
Pa-231 0.09 0.46 1.35 3.2 2.82E+03 1.51 
U-232 0.01 0.04 0.12 0.29 2.59E+02 0.14 
U-233 0.01 0.06 0.16 0.39 3.44E+02 0.18 
U-234 0.01 0.04 0.12 0.28 2.42E+02 0.13 
U-235 0.09 0.46 1.35 3.19 2.81E+03 1.51 
U-238 0.01 0.04 0.11 0.27 2.36E+02 0.13 

Np-237 0.03 0.12 0.41 0.98 8.62E+02 0.46 
Pu-236 0.01 0.04 0.11 0.27 2.39E+02 0.13 
Pu-238 0.01 0.04 0.11 0.27 2.37E+02 0.13 
Pu-239 0.01 0.04 0.12 0.29 2.58E+02 0.14 
Pu-240 0.01 0.04 0.11 0.27 2.37E+02 0.13 
Pu-241 0 0 0 0 0.00E+00 0 
Pu-242 0.01 0.04 0.11 0.27 2.37E+02 0.13 
Am-241 0.02 0.12 0.35 0.82 7.27E+02 0.39 

Am-242m 0.01 0.04 0.13 0.3 2.67E+02 0.14 
Am-243 0.03 0.18 0.52 1.24 1.09E+03 0.59 
Cm-242 0.01 0.04 0.12 0.28 2.48E+02 0.13 
Cm-243 0.08 0.43 1.26 2.98 2.63E+03 1.41 
Cm-244 0.01 0.04 0.12 0.28 2.47E+02 0.13 
Cm-245 0.05 0.27 0.79 1.86 1.64E+03 0.88 
Cf-252 0.01 0.04 0.12 0.3 2.61E+02 0.14 

:  Oak Ridge National Laboratory (ORNL) 
 CONDOS. .

a 0 = < 0.01 
b 0 = < 0.99 
c .
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3. 

 CF4
b

 [( / / 2)]
 CF3

a

[( / )/( / 2)] 1- 2- 50

-3 0.0E+00 
C-14 5.7E-11 5.2E-07 4.9E-07 1.0E-04 

Na-22 7.4E-06 3.7E-03 3.4E-03 8.4E-02 
Na-24 1.3E-05 2.0E-04 0.0E+00 2.0E-04 
P-32 1.0E-08 5.3E-06 1.2E-06 6.8E-06 
P-33 1.6E-10 1.1E-06 4.4E-07 1.8E-06 
S-35 5.9E-11 1.2E-06 8.7E-07 4.7E-06 
Cl-36 2.4E-09 8.1E-06 7.7E-06 1.6E-03 
K-40 5.2E-07 2.6E-04 2.5E-04 5.3E-02 
K-42 9.4E-07 1.2E-05 0.0E+00 1.2E-05 
Ca-45 1.6E-10 2.9E-06 2.4E-06 1.8E-05 
Sc-46 6.8E-06 3.0E-03 2.2E-03 1.2E-02 

Ti-44+Sc-44 7.8E-06 4.0E-03 3.8E-03 5.9E-01 
V-48 9.8E-06 2.8E-03 7.1E-04 3.7E-03 
Cr-51 1.1E-07 3.8E-05 1.7E-05 6.9E-05 
Mn-54 2.9E-06 1.4E-03 1.2E-03 1.4E-02 
Mn-56 5.6E-06 1.5E-05 0.0E+00 1.5E-05 
Fe-55 0.0E+00 9.1E-07 8.5E-07 2.2E-05 
Co-58 3.4E-06 1.6E-03 9.4E-04 3.9E-03 
Fe-59 4.0E-06 
Co-60 8.3E-06 4.2E-03 3.9E-03 1.7E-01 
Ni-63 0.0E+00 5.3E-07 5.0E-07 9.1E-05 
Cu-64 6.6E-07 8.6E-06 0.0E+00 8.6E-06 
Zn-65 2.0E-06 9.4E-04 8.2E-04 8.0E-03 
Ga-68 3.3E-06 

Ge-68+Ga-68 3.3E-06 1.6E-03 1.4E-03 1.5E-02 
Se-75 1.3E-06 6.2E-04 4.9E-04 3.1E-03 
Kr-85 9.3E-09 

Kr-85m 5.4E-07 
Kr-87 2.6E-06 

Kr-88+Rb-88 8.2E-06 
Rb-86 3.3E-07 1.0E-04 3.2E-05 1.5E-04 
Rb-87 3.1E-10 
Rb-88 2.1E-06 
Sr-89 8.0E-09 1.1E-05 6.6E-06 2.8E-05 
Sr-90 1.0E-09 1.7E-04 1.6E-04 2.1E-02 
Sr-91 2.4E-06 3.4E-05 7.5E-08 3.4E-05 
Y-90 1.9E-08 1.7E-06 6.7E-10 1.7E-06 
Y-91 2.0E-08 1.7E-05 1.1E-05 4.9E-05 

Y-91m 1.9E-06 1.6E-06 6.5E-09 1.6E-06 
Zr-93 0.0E+00 2.2E-05 2.1E-05 4.8E-03 
Zr-95 2.6E-06 1.4E-03 1.3E-03 6.8E-03 
Nb-94 5.4E-06 2.7E-03 2.6E-03 5.5E-01 
Nb-95 2.6E-06 1.0E-03 5.2E-04 2.1E-03 

Mo-99+Tc-99m 9.5E-07 6.1E-05 3.1E-08 6.1E-05 
Tc-99 2.8E-10 4.1E-06 3.9E-06 8.2E-04 

Tc-99m 4.3E-07 2.7E-06 1.2E-14 2.7E-06 
Ru-103 1.6E-06 6.4E-04 3.6E-04 1.5E-03 
Ru-105 2.7E-06 1.4E-05 1.8E-12 1.4E-05 
Rh-106 7.5E-07 
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 CF4
b

 [( / / 2)]
 CF3

a

[( / )/( / 2)] 1- 2- 50

Ru-106+Rh-106 7.5E-07 4.2E-04 3.8E-04 4.8E-03 
Ag-110m 9.4E-06 4.5E-03 3.9E-03 3.9E-02 

Cd-109+Ag-109m 1.1E-07 6.4E-05 5.8E-05 8.6E-04 
Cd-113m 9.3E-10 1.1E-04 1.1E-04 9.2E-03 
In-114m 3.2E-07 4.5E-04 3.5E-04 2.2E-03 

Sn-113+In-113m 9.9E-07 2.2E-05 1.7E-05 1.2E-04 
Sn-123 3.0E-08 3.2E-03 3.2E-03 7.0E-01 

Sn-126+Sb-126m 5.3E-06 2.6E-03 1.7E-03 7.8E-03 
Sb-124 6.0E-06 2.4E-03 4.2E-04 2.9E-03 
Sb-126 9.8E-06 

Sb-126m 5.4E-06 2.3E-04 1.1E-06 2.3E-04 
Sb-127 2.4E-06 2.3E-05 4.9E-08 2.3E-05 
Sb-129 4.9E-06 3.7E-06 3.6E-08 3.7E-06 
Te-127 1.8E-08 1.8E-07 0.0E+00 1.8E-07 

Te-127m 4.0E-08 3.4E-05 2.7E-05 1.6E-04 
Te-129 2.1E-07 2.5E-07 9.7E-16 2.5E-07 

Te-129m 1.3E-07 1.1E-04 5.4E-05 2.2E-04 
Te-131 1.5E-06 1.2E-06 3.8E-08 1.2E-06 

Te-131m 4.8E-06 2.0E-04 3.3E-06 2.0E-04 
Te-132 8.0E-07 6.9E-04 1.1E-06 6.9E-04 
I-125 1.5E-07 7.8E-05 5.2E-05 2.4E-04 
I-129 9.1E-08 1.7E-04 1.6E-04 3.4E-02 
I-131 1.3E-06 2.5E-04 1.8E-05 2.7E-04 
I-132 7.8E-06 1.9E-05 0.0E+00 1.9E-05 
I-133 2.1E-06 4.5E-05 0.0E+00 4.5E-05 
I-134 8.9E-06 8.1E-06 0.0E+00 8.1E-06 

I-135+Xe-135m 5.4E-06 3.7E-05 0.0E+00 3.7E-05 
Xe-131m 7.3E-08 
Xe-133 1.6E-07 

Xe-133m 1.4E-07 
Xe-135 8.5E-07 

Xe-135m 1.5E-06 
Xe-138 3.6E-06 
Cs-134 5.4E-06 2.7E-03 2.5E-03 5.1E-02 
Cs-135 1.2E-10 7.0E-07 3.9E-07 8.5E-06 
Cs-136 7.4E-06 1.9E-03 3.6E-04 2.3E-03 

Cs-137+Ba-137m 2.1E-06 9.9E-04 9.4E-04 1.3E-01 
Cs-138 7.7E-06 
Ba-133 1.4E-06 7.0E-04 6.6E-04 4.8E-02 

Ba-137m 2.1E-06 
Ba-140 6.4E-07 2.0E-03 4.4E-03 2.5E-03 
La-140 7.6E-06 3.2E-04 1.2E-09 3.2E-04 
Ce-141 2.6E-07 9.9E-05 4.9E-05 2.0E-04 

Ce-144+Pr-144 2.0E-07 1.5E-04 1.3E-04 1.4E-03 
Pr-144 1.3E-07 4.0E-08 0.0E+00 4.0E-08 

Pr-144m 4.6E-08 2.2E-08 0.0E+00 2.2E-08 
Pm-145 1.2E-07 6.0E-05 5.7E-05 5.8E-03 
Pm-147 1.2E-10 4.4E-06 4.1E-06 1.0E-04 
Sm-147 0.0E+00 
Sm-151 1.8E-11 3.5E-06 3.3E-06 5.9E-04 
Eu-152 3.9E-06 2.0E-03 1.9E-03 1.6E-01 
Eu-154 4.2E-06 2.1E-03 2.0E-03 1.3E-01 
Eu-155 2.1E-07 1.1E-04 1.0E-04 4.2E-03 
Gd-153 3.7E-07 1.8E-04 1.6E-04 1.5E-03 
Tb-160 3.8E-06 1.7E-03 1.2E-03 5.8E-03 
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 CF4
b

 [( / / 2)]
 CF3

a

[( / )/( / 2)] 1- 2- 50

Ho-166m 6.0E-06 3.1E-03 2.9E-03 6.1E-01 
Tm-170 2.1E-08 1.6E-05 1.3E-05 8.5E-05 
Yb-169 1.1E-06 4.0E-04 2.0E-04 7.9E-04 
Hf-172 4.0E-07 
Hf-181 1.9E-06 7.7E-04 4.5E-04 1.8E-03 
Ta-182 4.3E-06 2.0E-03 1.6E-03 9.7E-03 
W-187 1.7E-06 4.1E-05 0.0E+00 4.1E-05 
Ir-192 2.8E-06 1.2E-03 8.9E-04 4.4E-03 

Au-198 1.4E-06 9.4E-05 3.9E-08 9.4E-05 
Hg-203 8.2E-07 3.3E-04 2.0E-04 8.5E-04 
Tl-204 5.2E-09 4.0E-06 3.8E-06 1.2E-04 
Pb-210 8.8E-09 1.9E-03 2.2E-03 5.9E-01 
Bi-207 5.2E-06 2.6E-03 2.5E-03 3.4E-01 
Bi-210 3.7E-09 1.2E-04 1.1E-04 7.3E-04 
Po-210 2.9E-11 3.5E-03 2.9E+03 2.0E-02 
Ra-226 2.3E-08 9.2E-03 9.2E-03 1.9E+00 
Ac-227 5.5E-10 4.6E-01 4.4E-01 5.1E+01 
Ac-228 3.3E-06 3.6E-05 1.4E-05 3.0E-04 
Th-227 3.7E-07 7.7E-03 3.7E-03 1.3E-02 
Th-228 8.3E-09 4.2E-02 3.9E-02 7.7E-01 
Th-230 2.7E-09 3.7E-02 3.5E-02 7.5E+00 
Th-231 6.5E-08 
Th-232 1.9E-09 1.9E-01 1.8E-01 4.6E+01 
Pa-231 1.4E-07 1.2E-01 1.1E-01 6.7E+01 
Pa-233 6.9E-07 
U-232 3.6E-09 3.2E-02 3.1E-02 1.2E+01 
U-233 2.5E-09 8.0E-03 7.6E-03 1.7E+00 
U-234 2.6E-09 7.9E-03 7.4E-03 1.6E+00 
U-235 5.2E-07 7.4E-03 7.0E-03 1.5E+00 
U-236 2.3E-09 7.3E-03 6.9E-03 1.5E+00 
U-238 1.9E-09 6.8E-03 6.4E-03 1.4E+00 

U ./ . 1.9E-09 6.8E-03 6.4E-03 1.4E+00 
U . 2.6E-09 7.9E-03 7.4E-03 1.6E+00 

UF6g(sol 234) 2.6E-09 7.9E-03 7.4E-03 1.6E+00 
Np-237 1.0E-07 2.6E-02 2.5E-02 5.3E+00 
Np-239 5.8E-07 3.4E-05 6.4E-09 3.4E-05 
Pu-236 3.5E-09 1.6E-02 1.5E-02 8.0E-01 
Pu-238 3.0E-09 3.9E-02 3.7E-02 6.6E+00 
Pu-239 1.3E-09 4.2E-02 4.0E-02 8.5E+00 
Pu-240 2.8E-09 4.2E-02 4.0E-02 8.4E+00 
Pu-241 6.8E-12 7.6E-04 7.2E-04 1.9E-01 
Pu-242 2.4E-09 4.0E-02 3.8E-02 8.0E+00 
Am-241 9.7E-08 3.5E-02 3.3E-02 6.7E+00 

Am-242m 1.1E-08 3.2E-02 3.0E-02 6.3E+00 
Am-243 1.9E-07 3.5E-02 3.3E-02 7.0E+00 
Cm-242 3.4E-09 4.2E-03 3.5E-03 5.9E-02 
Cm-243 4.4E-07 3.5E-02 3.3E-02 4.3E+00 
Cm-244 3.1E-09 2.9E-02 2.7E-02 2.8E+00 
Cm-245 3.1E-07 5.0E-02 4.7E-02 1.0E+01 
Cf-252 2.6E-09 1.7E-02 1.5E-02 3.9E-01 

: [15, 16, 17]. 

(a)  « »
, ,  [15], 

 III.3.  [16] 
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 1.4. ,
, , , , .

 (b)  (1 -6) 

 [17].  
(c) ,

.
.

3 , ,
 50 , .

, .
 International RASCAL (NRC95). 

 (CF3) –  1 
i  1 / 2 .  CF4

.  RS=1E-6 -1,
,  ( )

 ( ) .
.

4. 

SF (a)
 1 1.0 -

 1 0.7 0.47 – 0.85 

-  ( ) 0.4 0.2 – 0.5 

-  (
) 0.2 0.04 – 0.4 

,

- ,  1 ,
- ,  1 , 0.1

0.05
0.03 – 0.15 
0.03 – 0.07 

-  (  500  1000 2

)(b)

-
-

0.05
0.01

0.01 – 0.08 
0.001 – 0.07 

 (> 1000 2 )(b)

-
- 0.01

0.005
0.001 – 0.02 
0.001 – 0.15 

: [18]. 

(a) , , ,
; .

(b)  SF ,
, , ;

 [19]. 



4:

- . 1  3

111

- , .

, .
- ,

,
.

,
,

.
- ,

,
. ,

.
- , 5,  [19]. 

-
.

.

 ( - )

 1 
- , :

H C CF SF Ts,i s,i 8,i b e= ⋅ ⋅ ⋅
:

=
i

i,ss HH

:
Hs =  [ ]
Hs,i = i [ ]

i,sC  = i
[ / 2]

CF8,i = -
i 5 [( / )/( / 2)] 

SF  = . .;
 ( , / , ), 
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 0.2 – 0.3  0.001,  [20]. 
Te =  [ ]

5. -
,

T1/2 .
CF8

[( / )/
( / 2)]

-3 12.3  0 
C-14 5730  0.32 
F-18 1.83  1.9 
Na-22 2.6  1.7 
Na-24 15  2.2 
Al-26 7.20E+05  1.8 
P-32 14.3 . 1.9 
P-33 25.6 . 0.86 
S-35 87.5 . 0.35 
Cl-36 3.00E+05  1.8 
K-40 1.30E+09  1.5 
K-42 12.4  2.2 
K-43 22.2  1.9 
Ca-45 163 . 0.84 
Ca-47/Sc-47 4.54 . 3.5 
Sc-46 83.8 . 1.4 
Sc-47 3.4 . 1.5 
Cr-51 27.7 . 0.015 
Mn-52 5.6 . 0.761 
Mn-54 312 . 0.062 
Mn-56 2.58  2.4 
Fe-52 8.26  1.1 
Fe-55 2.68  0.016 
Fe-59 44.5 . 0.97 
Co-56 77.1 . 0.55 
Co-57 271.8 . 0.12 
Co-58 70.8 . 0.3 
Co-60 5.27  0.78 
Ni-63 100  0 
Ni-65 2.52  2.2 
Cu-64 12.7  1 
Cu-67 2.58 . 1.3 
Zn-65 243.9 . 0.076 
Ga-66 9.45  1.6 
Ga-67 3.26 . 0.35 
Ga-68 1.13  1.8 
As-76 1.1 . 2.1 
Se-75 119.8 . 0.14 
Br-77 2.38 . 0.01 
Br-82 1.47 . 1.5 
Rb-87 18.64 . 1.9 
Sr-85 64.8 . 0.06 
Sr-89 50.5 . 1.8 

T1/2 .
CF8

[( / )/
( / 2)]

Sr-90/Y-90 29.1  3.5 
Y-90 2.7 . 2 
Zr-95/Nb-95 64 . 1.6 
Mo-99/Tc-99m 2.75 . 1.9 
Tc-99m 6  0.25 
Tc-99 2.10E+05  1.2 
Ru-103/ 
Rh-103m 39.3 . 0.78 

Ru-106/ 
Rh-106 372.6 . 2.2 

Ag-110m 249.8 . 0.68 
Ag-111 7.5 . 1.8 
Cd-109 462.6 . 0.54 
In-111 2.8 . 0.38 
In-113m 1.66  0.73 
In-115m 4.49  1.3 
Sn-125 9.64 . 2.3 
Sb-122 2.7 . 2.2 
Sb-124 60.2 . 2.2 
Sb-126 12.4 . 1.8 
Te-123m 119.7 . 1.1 
Te-132 3.26 . 0.78 
I-123 13.2  0.38 
I-124 4.18 . 0.52 
I-125 60.1 . 0.021 
I-131 8 . 1.6 
Cs-131 9.69 . 0.01 
Cs-134 2.07  1.4 
Cs-137 30.2  1.6 
Ba-133 10.5  0.13 
Ba-140/La-140 12.8 . 3.8 
La-140 1.7 . 2.1 
Ce-139 137.6 . 0.49 
Ce-141 32.5 . 1.8 
Ce-143 1.38 . 2 
Pr-143 13.6 . 1.7 
Pm-147 2.6  0.6 
Sm-153 1.95 . 1.6 
Eu-152 13.5  0.92 
Eu-154 8.59  2.1 
Eu-156 15.2 . 1.2 
Er-169 9.4 . 1.1 
Yb-169 32 . 1 
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T1/2 .
CF8

[( / )/
( / 2)]

Re-186 3.78 . 1.8 
Re-188 17  2.3 
Ir-192 73.8 . 1.9 
Au-198 2.7 . 1.7 
Hg-197 2.67 . 0.092 
Hg-203 46.6 . 0.89 
Tl-201 3.04 . 0.27 
Tl-204 3.8  1.6 
Pb-210 22.2  0.0084 

T1/2 .
CF8

[( / )/
( / 2)]

Po-210 138.4 . 6.90E-07 
U-235 7.04E+08  0.18 
U-238 4.47E+09  2.30E-03 
Pu-238 87.7  3.70E-03 
Pu-239 2.41E+04  1.40E-03 
Am-241 432.7  0.019 
Cm-244 18.1  2.20E-03 
Cf-252 2.65  3.20E-03 

: [19]. 

CF8 - ; -
.

 (  70 ) -
. -

. ,
 ( ).
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,
.

,
.

,
.

 ( ).
,

.

 1 
,

,
 [6], 

5 .

 2 
,

:

=
⋅⋅=

n

1i
ei,2i,ainh TCFCE

i,aC  = i  [ / 3]
CF2,i = i 6; ,

 1.2 3/
 ICRP ,  [21] 

Einh =  [ ]
Te =  [ ]
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 3 
,

:

=
⋅⋅=

n

1i
ei,1i,athy TCFCH

:
Hthy =  [ ]
CF1,i = i ( ) 7;

,  1.5 3/  1.12 3/
 ICRP ,

,  10  [21].
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6. 
 1  – 

 CF2
[( / )/( / 3)] 

H-3a 7.8E-04 
C-14 8.7E-03 

Na-22 2.0E-03 
Na-24 4.1E-04 
P-32 5.1E-03 
P-33 2.3E-03 

S-35 . 2.9E-03 
S-35 . 2.1E-03 

Cl-36 1.1E-02 
K-40 3.2E-03 
K-42 1.8E-04 
Ca-45 5.6E-03 
Sc-44 2.7E-04 
Sc-46 1.0E-02 
Ti-44 2.0E-01 
V-48 3.6E-03 
Cr-51 5.6E-05 
Mn-54 2.4E-03 
Mn-56 1.8E-04 
Fe-55 1.2E-03 
Fe-59 6.0E-03 
Co-58 3.2E-03 
Co-60 4.7E-02 
Ni-63 2.0E-03 
Cu-64 1.8E-04 
Zn-65 3.3E-03 
Ga-68 7.4E-05 
Ge-68 2.1E-02 
Se-75 2.0E-03 
Kr-85 

Kr-85m 
Kr-87 
Kr-88 
Rb-86 1.4E-03 
Rb-87 7.5E-04 
Rb-88 2.4E-05 
Sr-89 1.2E-02 
Sr-90 2.4E-01 
Sr-91 6.2E-04 
Y-90 2.3E-03 
Y-91 1.3E-02 

Y-91m 1.7E-05 
Zr-93 3.8E-02 
Zr-95 8.9E-03 
Zr-97 1.4E-03 

Nb-93m 2.7E-03 
Nb-94 7.4E-02 
Nb-95 2.7E-03 

Nb-95m 1.3E-03 
Nb-97 6.8E-05 
Mo-99 1.5E-03 
Tc-99 2.0E-02 

Tc-99m 2.9E-05 
Ru-103 4.5E-03 

 CF2
[( / )/( / 3)] 

Ru-105 2.7E-04 
Ru-106 1.0E-01 

Rh-103m 4.1E-06 
Rh-105 5.3E-04 
Rh-106 1.7E-04 

Ag-110m 2.0E-02 
Cd-109 1.2E-02 

Cd-113m 1.7E-01 
Cd-115 1.7E-03 
In-113m 3.0E-05 
In-114m 1.4E-02 
In-115 5.9E-01 

In-115m 8.9E-05 
Sn-113 4.1E-03 
Sn-123 1.2E-02 
Sn-126 4.2E-02 
Sb-124 1.3E-02 
Sb-126 4.8E-03 

Sb-126m 3.0E-05 
Sb-127 2.9E-03 
Sb-129 3.8E-04 
Sb-131 6.6E-05 
Te-127 2.1E-04 

Te-127m 1.5E-02 
Te-129 5.9E-05 

Te-129m 1.2E-02 
Te-131 4.2E-05 

Te-131m 1.4E-03 
Te-132 3.0E-03 
I-125 7.7E-03 
I-129 5.4E-02 
I-131 1.1E-02 
I-132 1.7E-04 
I-133 2.3E-03 
I-134 8.3E-05 
I-135 4.8E-04 

Xe-131m 
Xe-133 

Xe-133m 
Xe-135 

Xe-135m 
Xe-138 
Cs-134 3.0E-02 

Cs-134m 9.0E-05 
Cs-135 1.3E-02 
Cs-136 4.2E-03 
Cs-137 5.9E-02 
Cs-138 6.5E-05 
Ba-133 1.5E-02 

Ba-137m 
Ba-140 8.7E-03 
La-140 1.7E-03 
La-141 2.3E-04 
Ce-141 5.7E-03 
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 CF2
[( / )/( / 3)] 

Ce-143 1.2E-03 
Ce-144 8.0E-02 
Pr-143 3.6E-03 
Pr-144 2.7E-05 

Pr-144m NC 
Pm-145 5.4E-03 
Pm-147 7.5E-03 
Nd-147 3.6E-03 
Sm-147 1.4E+01 
Sm-151 6.0E-03 
Eu-152 6.3E-02 
Eu-154 8.0E-02 
Eu-155 1.0E-02 
Gd-152 2.9E+01 
Gd-153 3.2E-03 
Tb-160 1.1E-02 

Ho-166m 1.8E-01 
Tm-170 1.1E-02 
Yb-169 4.5E-03 
Hf-172 4.8E-02 
Hf-181 7.5E-03 
Ta-182 1.5E-02 
Re-187 9.5E-06 
W-187 2.9E-04 
Ir-192 9.9E-03 

Au-198 1.3E-03 
Hg-203 org. 9.6E-04 

Hg-203 inorg. 3.6E-03 
Tl-204 5.9E-04 
Pb-209 9.2E-05 
Pb-210 8.4E+00 
Pb-211 1.8E-02 
Pb-212 2.9E-01 
Pb-214 2.3E-02 
Bi-207 8.4E-03 
Bi-210 1.4E-01 
Bi-212 4.7E-02 
Bi-213 4.5E-02 
Bi-214 2.1E-02 
Po-210 6.5E+00 
Fr-223 1.3E-03 
Ra-223 1.3E+01 
Ra-224 5.1E+00 
Ra-225 1.2E+01 
Ra-226 1.4E+01 
Ra-228 2.4E+01 
Ac-225 1.3E+01 
Ac-227 8.1E+02 
Ac-228 3.8E-02 
Th-227 1.5E+01 
Th-228 6.0E+01 
Th-229 3.6E+02 
Th-230 1.5E+02 
Th-231 5.0E-04 

 CF2
[( / )/( / 3)] 

Th-232 1.7E+02 
Th-234 1.2E-02 
Pa-231 2.1E+02 
Pa-233 5.9E-03 
Pa-234 6.0E-04 
U-232 5.6E+01 
U-233 1.4E+01 
U-234 1.4E+01 
U-235 1.3E+01 
U-236 1.3E+01 
U-238 1.2E+01 

U Dep&Nat 1.2E+01 
U Enrich 1.4E+01 

UF6 1.4E+01 
Np-237 7.5E+01 
Np-239 1.5E-03 
Pu-236 6.0E+01 
Pu-238 1.7E+02 
Pu-239 1.8E+02 
Pu-240 1.8E+02 
Pu-241 3.5E+00 
Pu-242 1.7E+02 
Am-241 1.4E+02 
Am-242 3.0E-02 

Am-242m 1.4E+02 
Am-243 1.4E+02 
Cm-242 8.9E+00 
Cm-243 1.0E+02 
Cm-244 8.6E+01 
Cm-245 1.5E+02 
Cm-248 5.4E+02 
Cf-252 3.0E+01 

: [2]. 
a  2 ,

.

.

 IAEA BSS [2].  
6

 IAEA BSS (
); ,

 1.5 3/  (
,

 [21]).  
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7. 

 1 

 CF1
[( / )/( / 3)] 

 10 
Te-131m 2.0E-02 3.7E-02 
Te-132 3.8E-02 6.8E-02 
I-125 1.5E-01 2.5E-01 
I-129 1.1E+00 1.5E+00 
I-131 2.3E-01 4.1E-01 
I-132 2.1E-03 3.8E-03 
I-133 4.2E-02 8.3E-02 
I-134 3.9E-04 7.3E-04 
I-135 8.6E-03 1.7E-02 

: [22].

,
 1  1 / 3.

7  [21] 
( ). ,  1.5 

3/  1.12 3/  10  (
,

[21]).



5:

- . 1  6 

119

.

.

, ,
, , ,

.

 – .

.
, :

i. ,
ii.
iii. 
iv.
v.

 1 
i , :

u
DFQC mi

i,a
⋅=

:
Ca,i = i  [ / 3]
Qi = i [ / ]
u  =  [ / ]
DFm = 8

 [ -2];  0.5 1, 
 ( )
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9 , 10 – 
 ( ).

8.  [ -2]

a-
b

[ ] A B C D E F

 0.5 c 5.7E-04 6.6E-04 7.2E-04 7.9E-04 8.4E-04 8.9E-04 
1 3.3E-05 7.9E-05 1.3E-04 2.4E-04 3.4E-04 5.0E-04 
2 9.2E-07 4.3E-06 1.3E-05 4.2E-05 8.6E-05 2.0E-04 
3 7.3E-07 1.8E-06 5.9E-06 2.3E-05 4.6E-05 1.1E-04 
4 5.6E-07 1.0E-06 3.4E-06 1.6E-05 3.2E-05 7.8E-05 
5 4.4E-07 6.2E-07 2.1E-06 1.1E-05 2.4E-05 5.7E-05 

10 2.6E-07 3.5E-07 7.2E-07 4.0E-06 9.1E-06 2.4E-05 
15 1.8E-07 2.4E-07 3.5E-07 2.3E-06 5.6E-06 1.4E-05 
20 1.4E-07 1.8E-07 2.5E-07 1.4E-06 3.6E-06 9.2E-06 
25 1.2E-07 1.5E-07 2.0E-07 9.6E-07 2.5E-06 6.8E-06 
30 1.0E-07 1.2E-07 1.8E-07 7.7E-07 2.1E-06 5.5E-06 

:  0.5  [22],  5-7, . 25-
27; , [23],  3-5a-3-5f. 
a .

 1000 .
b .
c ; ,

.

9. 

( )
 a

[ / ]  > 4/8  3/8 

< 2 A A-B B - - D 
2 A-B B C E F D 
4 B B-C C D E D 
6 C C-D D D D D 

> 6 C D D D D D 
: [23], . 591. 

a .
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10. 

[ / ]
 0.3 

,   1 
, , 2 – 3 

, 4 – 5 

, ,  6 – 7 
, , 8 – 9 

,  10 – 12 
 13 – 15 

; 16 – 18 

 19 – 21 
, 22 – 25 

 ( ) > 25 

. 1.
: [24].

[
-2

]

 [ ]
 0 
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. , ,
, , .

.

 1 
, :

r

ii
i T

FRFA
Q

⋅
=

:
Ai =  i  [ ]
FRFi = i 11,

, 12,
Tr =  [ ]

11.  (FRF) 

,
.

FRF =  ( ) /  ( )

FRFa FRFa

H-3 ( ) 5.E-01 Se-75 1.E-02 
C-14 Kr-85 

Na-22 Kr-85m 
Na-24 

1.E-02 
Kr-87 

P-32 Kr-88 

1.E+00

P-33 Rb-86 
S-35 Rb-87 
Cl-36 Rb-88 
K-40 

5.E-01 

Sr-89 
K-42 Sr-90 
Ca-45 Sr-91 
Sc-46 Y-90 
Ti-44 Y-91 
V-48 Y-91m 
Cr-51 Zr-93 
Mn-54 Zr-95 
Mn-56 Nb-94 
Fe-55 

1.E-02 

Nb-95 
Co-58 1.E-03 Mo-99 
Fe-59 1.E-02 Tc-99 
Co-60 1.E-03 Tc-99m 
Ni-63 Ru-103 
Cu-64 

1.E-02 
Ru-105 

1.E-02 
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FRFa FRFa

Zn-65 Rh-106 
Ga-68  Ru-106 
Ge-68 Ag-110m 

Cd-109 Xe-138 1.E+00 
Cd-113m Cs-134 
In-114m Cs-135 
Sn-113 Cs-136 
Sn-123 Cs-137 
Sn-126 Cs-138 
Sb-124 Ba-133 
Sb-126 Ba-137m 

Sb-126m Ba-140 
Sb-127 La-140 
Sb-129 Ce-141 
Te-127 Ce-144 

Te-127m Pr-144 
Te-129 Pr-144m 

*Te-129m Pm-145 
Te-131 Pm-147 

Te-131m Sm-147 
Te-132 

1.E-02 

Sm-151 
I-125 5.E-01 Eu-152 

1.E-02 

I-129 Eu-154 
I-131 Eu-155 
I-132 Gd-153 
I-133 Tb-160 
I-134 Ho-166m 
I-135 

5.E-01 

Tm-170 
Xe-131m Yb-169 
Xe-133 Hf-172 

Xe-133m Hf-181 

1.E-02 

Xe-135 Ta-182 1.E-03 
Xe-135m 

1.E+00

W-187 1.E-02 
Ir-192 1.E-03 U-232 

Au-198 U-233 
Hg-203 U-234 
Tl-204 U-235 
Pb-210 U-236 
Bi-207 U-238 
Bi-210 Np-237 
Po-210 

1.E-02 

Np-239 
Ra-226 Pu-236 
Ac-227 Pu-238 
Ac-228 Pu-239 
Th-227 Pu-240 
Th-228 Pu-241 
Th-230 Pu-242 
Th-231 Am-241 
Th-232 Am-242m 
Pa-231 Am-243 

1.E-03 

Pa-233 

1.E-03 

:  [25]
,  [25],  [26,]  3.7 STCP 

, . 12.
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12.  (FRF) 

FRFa

 1.0 
 ( , ,

)
1.0

 0.5 
 0.01 

 0.01 
 0.001 

 0.001 
 0.005 

 0.001 
 0.0001 

: [25]. 
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.

.

,

 1 

,  [6].  

 2 

:

=
⋅⋅⋅=

n

1i
i,5i,ffi,fing CFDIUCE

:
Eing =  [ ]
Cf,i = i f

[ / ]
Uf = f , .

 100 / ,  –  25 / ;
 500 / ,

 – 100 / ; [ / / ]
CF5,i = 13 [ / ]; 

i
DIf,i =  [ ]; ,

;  T1/2 > 21  –  30 ;  T1/2 < 21 
–  (Tm)

44.1TT 2/1m ⋅=
 T1/2 – 

 [2]. 
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 3 
 2 .

 4 
,

.

13. 

 – 

 CF5
[ / ]

H-3 1.8E-05 
C-14 5.8E-04 
Na-22 3.2E-03 
Na-24 4.3E-04 
P-32 2.4E-03 
P-33 2.4E-04 
S-35 . 7.7E-04 
S-35 . 1.3E-04 
Cl-36 9.3E-04 
K-40 6.2E-03 
K-42 4.3E-04 
Ca-45 7.1E-04 
Sc-44 3.5E-04 
Sc-46 1.5E-03 
Ti-44 5.8E-03 
V-48 2.0E-03 
Cr-51 3.8E-05 
Mn-54 7.1E-04 
Mn-56 2.6E-04 
Fe-55 3.3E-04 
Fe-59 1.8E-03 
Co-58 7.4E-04 
Co-60 3.4E-03 
Ni-63 1.5E-04 
Cu-64 1.2E-04 
Zn-65 3.9E-03 
Ga-68 1.0E-04 
Ge-68 1.3E-03 
Se-75 2.6E-03 
Kr-85 0.0E+00 
Kr-85m 0.0E+00 
Kr-87 0.0E+00 
Kr-88 0.0E+00 
Rb-86 2.8E-03 
Rb-87 1.5E-03 
Rb-88 9.0E-05 
Sr-89 2.6E-03 
Sr-90 2.8E-02 
Sr-91 6.5E-04 
Y-90 2.7E-03 
Y-91 2.4E-03 
Y-91m 1.2E-05 
Zr-93 1.1E-03 

 CF5
[ / ]

Zr-95 9.5E-04 
Zr-97 2.1E-03 
Nb-93m 1.2E-04 
Nb-94 1.7E-03 
Nb-95 5.9E-04 
Nb-95m 5.7E-04 
Nb-97 6.9E-05 
Mo-99 6.0E-04 
Tc-99 6.4E-04 
Tc-99m 2.2E-05 
Ru-103 7.3E-04 
Ru-105 2.6E-04 
Ru-106 7.0E-03 
Rh-103m 3.8E-06 
Rh-105 3.7E-04 
Rh-106 1.6E-04 
Ag-110m 2.8E-03 
Cd-109 2.0E-03 
Cd-113m 0.0E+00 
Cd-115 1.4E-03 
In-113m 2.8E-05 
In-114m 4.1E-03 
In-115 3.2E-02 
In-115m 8.6E-05 
Sn-113 7.4E-04 
Sn-123 2.1E-03 
Sn-126 4.8E-03 
Sb-124 2.6E-03 
Sb-126 2.5E-03 
Sb-126m 3.6E-05 
Sb-127 1.7E-03 
Sb-129 4.2E-04 
Sb-131 1.0E-04 
Te-127 1.7E-04 
Te-127m 2.3E-03 
Te-129 6.3E-05 
Te-129m 3.0E-03 
Te-131 8.7E-05 
Te-131m 1.9E-03 
Te-132 3.8E-03 
I-125 1.5E-02 
I-129 1.1E-01 
I-131 2.2E-02 
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 CF5
[ / ]

I-132 2.9E-04 
I-133 4.3E-03 
I-134 1.1E-04 
I-135 9.3E-04 
Xe-131m 0.0E+00 
Xe-133 0.0E+00 
Xe-133m 0.0E+00 
Xe-135 0.0E+00 
Xe-135m 0.0E+00 
Xe-138 0.0E+00 
Cs-134 1.9E-02 
Cs-134m 2.0E-05 
Cs-135 2.0E-03 
Cs-136 3.1E-03 
Cs-137 1.3E-02 
Cs-138 9.2E-05 
Ba-133 1.5E-03 
Ba-137m 0.0E+00 

 CF5
[ / ]

Ba-140 2.6E-03 
La-140 2.0E-03 
La-141 3.6E-04 
Ce-141 7.1E-04 
Ce-143 1.1E-03 
Ce-144 5.2E-03 
Pr-143 1.2E-03 
Pr-144 5.1E-05 
Pr-144m 0.0E+00 
Pm-145 1.1E-04 
Pm-147 2.6E-04 
Nd-147 1.1E-03 
Sm-147 4.9E-02 
Sm-151 9.8E-05 
Eu-152 1.4E-03 
Eu-154 2.0E-03 
Eu-155 3.2E-04 
Gd-152 4.1E-02 

Gd-153 2.7E-04 
Tb-160 1.6E-03 
Ho-166m 2.0E-03 
Tm-170 1.3E-03 
Yb-169 7.1E-04 
Hf-172 1.0E-03 
Hf-181 1.1E-03 
Ta-182 1.5E-03 
Re-187 5.1E-06 
W-187 6.3E-04 
Ir-192 1.4E-03 
Au-198 1.0E-03 
Hg-203 . 1.9E-03 
Hg-203 . 5.4E-04 
Tl-204 1.3E-03 
Pb-209 5.7E-05 
Pb-210 6.9E-01 
Pb-211 1.8E-04 
Pb-212 6.0E-03 
Pb-214 1.5E-04 
Bi-207 1.3E-03 
Bi-210 1.3E-03 
Bi-212 2.6E-04 
Bi-213 2.0E-04 
Bi-214 1.1E-04 
Po-210 1.2E+00 
Fr-223 2.3E-03 
Ra-223 1.0E-01 
Ra-224 6.5E-02 
Ra-225 9.9E-02 
Ra-226 2.8E-01 
Ra-228 6.9E-01 
Ac-225 2.4E-02 
Ac-227 1.1E+00 
Ac-228 4.3E-04 
Th-227 8.8E-03 
Th-228 7.2E-02 
Th-229 4.9E-01 
Th-230 2.2E-01 
Th-231 3.4E-04 

Th-232 2.3E-01 
Th-234 3.4E-03 
Pa-231 7.1E-01 
Pa-233 8.8E-04 
Pa-234 5.1E-04 
U-232 3.3E-01 
U-233 5.0E-02 
U-234 4.9E-02 
U-235 4.6E-02 
U-236 4.6E-02 
U-238 4.4E-02 
U ./ . 4.4E-02 
U . 4.9E-02 
UF6 4.9E-02 
Np-237 1.1E-01 
Np-239 8.0E-04 
Pu-236 8.6E-02 
Pu-238 2.3E-01 
Pu-239 2.5E-01 
Pu-240 2.5E-01 
Pu-241 4.7E-03 
Pu-242 2.4E-01 
Am-241 2.0E-01 
Am-242 3.0E-04 
Am-242m 1.9E-01 
Am-243 2.0E-01 
Cm-242 1.3E-02 
Cm-243 1.5E-01 
Cm-244 1.2E-01 
Cm-245 3.0E-01 
Cm-248 1.1E+00 
Cf-252 9.0E-02 

: [2].

 IAEA BSS [2].
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-
.

- -
, .

-
.

- ,

 1 
, :

⋅⋅=
i

i,9i,aeext CFCTE

:
Eext = 

 [ ]
i,aC  =  i  [ / 3]

i,9CF  =  i 14
Te =  [ ]
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14. -
   

CF9
[( / )/( / 3)]

H-3 0.0E+00 
C-14 0.0E+00 
Na-22 4.8E-04 
Na-24 1.0E-03 
P-32 0.0E+00 
P-33 0.0E+00 
S-35 0.0E+00 
Cl-36 1.8E-12 
K-40 3.4E-05 
K-42 6.3E-05 
Ca-45 3.4E-15 
Sc-46 4.4E-04 
Ti-44 2.8E-05 
V-48 6.3E-04 
Cr-51 6.7E-06 
Mn-54 1.9E-04 
Mn-56 4.1E-04 
Fe-55 4.8E-09 
Fe-59 2.6E-04 
Co-58 2.1E-04 
Co-60 5.6E-04 
Ni-63 0.0E+00 
Cu-64 4.1E-05 
Zn-65 1.3E-04 
Ge-68 1.9E-08 
Se-75 8.5E-05 
Kr-85 4.8E-07 
Kr-85m 3.4E-05 
Kr-87 1.9E-04 
Kr-88 4.8E-04 
Kr-89 4.4E-04 
Rb-86 2.1E-05 
Rb-88 1.5E-04 
Rb-89 4.8E-04 
Sr-89 3.0E-08 
Sr-90 0.0E+00 
Sr-91 1.5E-04 
Y-90 0.0E+00 
Y-91 7.8E-07 
Zr-93 0.0E+00 
Zr-95 1.6E-04 
Zr-97 4.1E-05 
Nb-94 3.4E-04 
Nb-95 1.7E-04 
Mo-99 3.4E-05 
Tc-99 1.1E-10 

CF9
[( / )/( / 3)]

Tc-99m 2.8E-05 
Ru-103 1.0E-04 
Ru-105 1.7E-04 
Ru/Rh-106a 4.4E-05 
Pd-109 1.4E-07 
Ag-ll0m 5.9E-04 
Cd-109 4.8E-07 
Cd-113m 0.0E+00 
In-114m 1.9E-05 
Sn-113 1.8E-06 
Sn-123 1.5E-06 
Sn-125 6.7E-05 
Sn-126 1.0E-05 
Sb-124 4.1E-04 
Sb-126 5.9E-04 
Sb-127 1.4E-04 
Sb-129 3.2E-04 
Te-127m 6.7E-07 
Te-129 1.1E-05 
Te-129m 7.4E-06 
Te-131m 3.1E-04 
Te-132 4.4E-05 
Te-134 1.9E-04 
I-125 2.3E-06 
I-129 1.8E-06 
I-131 8.1E-05 
I-132 5.2E-04 
I-133 1.3E-04 
I-134 5.9E-04 
I-135 3.5E-04 
Xe-131m 1.8E-06 
Xe-133 7.4E-06 
Xe-133m 6.3E-06 
Xe-135 5.2E-05 
Xe-135m 9.3E-05 
Xe-137 4.1E-05 
Xe-138 2.6E-04 
Cs-134 3.4E-04 
Cs-136 4.8E-04 
Cs/Ba-137a 1.3E-04 
Cs-138 5.2E-04 
Ba-133 7.8E-05 
Ba-139 7.8E-06 
Ba-140 4.1E-05 
La-140 5.2E-04 
La-141 9.3E-06 
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CF9
[( / )/( / 3)]

La-142 6.7E-04 
Ce-141 1.6E-05 
Ce-143 5.6E-05 
Ce-144 3.7E-06 
Ce/Pr-144a 1.1E-05 
Nd-147 2.8E-05 
Pm-145 3.5E-06 
Pm-147 7.8E-10 
Pm-149 2.5E-06 
Pm-151 7.0E-05 
Sm-151 1.9E-10 
Eu-152 2.5E-04 
Eu-154 2.7E-04 
Eu-155 1.2E-05 
Gd-153 1.9E-05 
Tb-160 2.4E-04 
Ho-166m 3.5E-04 
Tm-170 1.0E-06 
Yb-169 5.9E-05 
Hf-181 1.1E-04 
Ta-182 2.8E-04 
W-187 1.0E-04 
Ir-192 1.7E-04 
Au-198 8.5E-05 
Hg-203 4.8E-05 
T1-204 2.1E-07 
Pb-210 2.8E-07 
Bi-207 3.4E-04 
Bi-210 0.0E+00 
Po-210 1.9E-09 
Ra-226 1.4E-06 
Ac-227 2.7E-08 
Ac-228 2.0E-04 
Th-227 2.2E-05 
Th-228 4.1E-07 
Th-230 8.1E-08 
Th-232 4.1E-08 
Pa-231 6.3E-06 
U-232 5.6E-08 
U-233 5.2E-08 
U-234 3.2E-08 
U-235 3.3E-05 
U-236 2.6E-08 
U-238 2.2E-08 
U-240 1.5E-07 
Np-237 4.8E-06 
Np-239 3.6E-05 
Pu-236 2.5E-08 
Pu-238 1.9E-08 
Pu-239 1.7E-08 

CF9
[( / )/( / 3)]

Pu-240 1.8E-08 
Pu-241 0.0E+00 
Pu-242 1.6E-08 
Am-241 4.1E-06 
Am-242m 1.0E-07 
Am-243 1.1E-05 
Cm-242 2.1E-08 
Cm-243 2.7E-05 
Cm-244 1.8E-08 
Cm-245 1.5E-05 
Cm-246 1.5E-08 
Cf-252 1.6E-08 

: [16]. 

a
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, .

,
. ,

.

,
:

∆

⋅= 2/1T
t

ot 5.0AA
:

Ao =  t o [ ]
At =  t [ ]

t = t-to;  [ ,
]

T½ = 

,
 (T2): 

AMN)h(T
101.16A

2/1

17

sp ⋅
⋅=
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AMN)d(T
104.83A

2/1

15

sp ⋅
⋅=

AMN)y(T
101.32A

2/1

13

sp ⋅
⋅=

:
Asp =  [ / ]
AMN = ; ,
T2 =  ( ),  ( )  ( )

, :

spAWA ⋅=
:

A =  [ ]
W =  [ ]
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( . . . )

: . : __________ 

: __________________________ :_________
                            ( . . . )

.:   ____________ 

:   ___________________ :   ___________ . :   _______ 

[ ]

-

:   ___________________ :   ___________ . :   _______ 

[ / ] [ ] [ ]
    
    
    

     
     
     

:   _____________ 
( )

/ / [ ]

/  /   
/  /   
/  /   

:
.
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:
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:   ________________________ 
( - )
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 I 

,
,

, ,
,

, - , ,

 ( ) ,
, . . ,

,  1986 .
 (Emergency Response Centre = 

ERC), , ,

. -
 ( ), ,  7- ,  B0720 

B0725. 
 (Emergency Preparedness and Response Unit), 

 (Radiation Safety Section), 

 (Division of Radiation and Waste Safety of the Department of 
Nuclear Safety). 

 1 

.

, ,  ERC 
- . , , ERC 

, .

 2
:

A :
i.
ii.
iii.  
iv. ,

v. ,
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:
i.
ii.
iii.  
iv.
v.

vi. /
vii. /

viii.  /

ix.  /
x.  /

xi.   ( ),

, ,
/ .

 ERC , , ,
, .

,
. ,

, ,
.

 3 
 / 

.

 (Emergency Response 
Centre) . ,

, .

 4 

. .

 5

,
, :

:………………………….…………………………………. 

( )  ( ):………………………..……………………….. 

( ) :…………………………….
!
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- ,
,

. .

, . ,
, ,

:

i. ;
ii. , ;
iii. , , ;
iv.

.

,

. , ,
:

i. ,
;

ii. ;
iii. , ;
iv.

;
v. ;
vi.

.

. ,
, .

. ,
, , .

, ,
.

,
, .
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:

i. ,
;

ii. ;
iii.

;
iv.  

, ;
v.  ,

;
vi.  .

,
, , ,

, ,
.

:
.

, .

.
, ,

,
.

.

 (1) 
 ( )  (2) 

 (
). ,

, ,
.  II1. 
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.

,
,

.
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.

,
.

.  – 
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-

.

-
.
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,

.
,

.
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,
.
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, ,

.

5. ,

, .

6. ,

.
, , ,

.

,
.

, ,
, ,

.
. ,

- .
 ( , , ) , ,
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.
,

( , , , ),

.
: ,

 ( , , , ,
, , , ).   

,
, /

.
,

, , . .

:

(a) , ,
;

(b) ;
(c) ;
(d) 

.

 [27, 28], 
[29, 30, 31, 32, 33]. 



153

 III 

∗

 – ,
, .
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, , .
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. -
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-
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, ,
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,
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, ,
.  1 
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,
, , , . ,

-
 50 ; .

, :
. - ,

 10 , -125,

                                                
∗  NAIR Handbook, .1995,  

 NRPB [34] 
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-

- ,
. -

, , , . -
.

, .
, -

.
,  5 

/ 2.

 " " ,
, , , ,

, ,
. -

;  25 
, .

,
,

, - , .

,
, , ,

.
.

,
.

 [6]. 



156

TA  III1. 

,
.

.
, ,

.

 [M
]

-

β-
 (

)
β- (

)
 X

e 
. . .

α- N
aI

 

H-3 12.3 β-0.019 – – – – – – –

Be-7 53.3 γ 0.48 R U R R – – – R – – R
C-14 5.7 103 β- 0.156 – R R – R R – R R – –

Na-22 2.6 β+ 0.55 
γ 1.28 

S U R S R R – R R – –

Na-24 15.0 β- 1.4 
γ 1.4, 2.8 

S U R S R R R R R – U

   
P-32 14.3 β- 1.7 – R R – R R R R R – U
S-35 87.5 β- 0.17 – R R – R R – R R – –
Cl-36 3.0 105 β- 0.71 – R R – R R – R R – –

K-42 12.4 β- 3.6 
γ 1.5 

S U R S R R R R R – U

Ca-45 163.0 β- 0.26 – R R – R R – R R – –

Ca-47* 4.5 
β- 0.69 (82%) 
γ 1.3, 2.0 
(18%) 

S U R S R R – R R – –

Sc-46 83.8 β- 0.36 
γ 1.0 

S U R S R R – R R – –

Cr-51 27.7 x 0.005 
γ 0.3 S U R S – – – P – – P

Ma-54 312.5 γ 0.8 R U R R – – – P – – P
Fe-55 2.7  x 0.006 – U R – – – – P – – P

Fe-59 45.1 β- 0.4 
γ 1.2 

S U R S R R – R R – –

Co-56 78.8 β+ 1.5 
γ 1-3 

S U R S – – – – – – R

Co-57 271.4 γ 0.13 R U R R – – – P – – P

Co-58 70.8 β+ 0.5 
γ 0.8 

S U R S U U – P U – P

Co-60 5.3 β- 0.3 
γ 1.3 

S U R S R R – R R – –

Ni-63 100.0 β- 0.066  – U R – – P – – P – –
Zn-65 243.8 γ 1.1 R U R R – – – R U – P
Se-75 119.8 γ 0.1 - 0.4 R U R R – – – R – – R
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Br-82 1.5 β- 0.4 
γ 0.5 - 1.5 

S U R S R R – R R – –

Kr-85 10.7 β- 0.7 – U R – – – – – – – –

Ru-86 18.7 β- 1.8 
γ 1.1 

S U R S R R R R R – –

Sr-85 64.8 γ 0.5 R U R R – – – R – – R
Sr-89 50.5 β- 1.5 – R R – R R R R R – U
Sr-90 29.1 β- 0.5 – R R – R R – R R – –
Y-88 106.6 γ 1.8 R U R R – – – R – – R
Y-90 2.7 β- 2.3 – R R – R R R R R – U
Y-91 58.5 β- 1.5 – R R – R R R R R – U

Zr-95 64.0 β- 0.4 
γ 0.7 

S U R S R R – R R – –

Nb-95 35.2 β- 0.16 
γ 0.76 

S U R S R R – R R – –

Mo-99 2.8 β- 1.2 
γ 0.7 

S U R S R R R R R – U

Te-99 2.1 105 β- 0.3 – R R – R R – R R – –
Te-99m  6.0 γ 0.14 R U R R – – – – – – R

Ru-103 39.4 β- 0.2 
γ 0.5 

S U R S R R – R R – –

Ru-106 1.0 β- 1.5 - 3.6 
γ 0.5 - 2.9 

S U R S R R R R R – U

Ag-110m 249.9 β- 0.5 
γ 0.6 - 1.5 

S U R S R R R R R – U

Cd-109 1.3 x 0.02 
γ 0.09 S U R S – – – – – – R

In-111 2.8 x 0.02 
γ 0.2 S U R S – – – R – – R

Sn-113 115.1 x 0.02 
γ 0.4 S U R S – – – R – – R

Sn-119m 293.0  x 0.02  – U R U – – – R – – R

Sb-124 60.2 β- 0.1 - 2.3 
γ 0.6 

S U R S R R U R R – R

Sb-125 2.7 β- 0.6 
γ 0.6 

S U R S R – – – – – –

I-125 60.1 x
γ 0.03 – U R U – – – R – – R

I-129 1.6 107 β- 0.15 
x 0.03 – U R S R R – R R – R

I-131 8.0 β- 0.6 
γ 0.4 

S U R S R R – R R – –

Xe-133 5.3 β- 0.3 
γ 0.08 

S U R S – – – – – – –

Cs-134 2.1 β- 0.6 
γ 0.7 

S U R S R R – R R – –
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Cs-137 30.0 β- 0.5 
γ 0.7 

S U R S R R – R R – –

Ba-133 10.7 γ 0.3 R U R R – – – R – – R

Ba-140 12.7 β- 1.0 
γ 0.5 

S U R S R R U R R – U

La-140 1.7 β- 1 – 2 
γ 0.3 - 2.5 

S U R S R R R R R – U

Ce-139 137.7 γ 0.2 R U R R – – – R – – R

Ce-141 32.5 β- 0.5 
γ 0.15 

S U R S R R – R R – –

Ce-144 284.9 β- 3
γ 1 - 2 

S U R S R R – R R – –

Pm-147 2.6 β- 0.2 – R R – R R – R R – –
Sm-151 89.9 β- 0.6 – U R – R R U R R – –

Eu-152 13.3 β- 0.7 
γ 0.3 - 1.3 

S U R S U U – R U – R

Gd-153 242.0 x
γ 0.04 - 0.1 R U R R – – – R – – R

Tb-160 72.3 β- 0.5 – 1 
γ 0.1 - 1.3 

S U R S R R U R R - -

Tm-170 128.6 
β- 1,
x
γ 0.01 - 0.08 

S U R S R R U R R – –

Yb-169 32.0 x
γ 0.01 - 0.3 R U R R R R – R R – R

W-185 75.1 β- 0.4 – R R – R R – R R – –

Ir-192 74.0 β- 0.7 
γ 0.5 

S U R S R R – R R – –

Au-198 2.7 β- 1
γ 0.4 

S U R S R R U R R – U

Au-199 3.1 β- 0.4 
γ 0.2 

S U R S R R – R R – –

Hg-103 46.6 β- 0.2 
γ 0.3 

S U R S R R – R R – –

Tl-204 3.8 β- 0.8 – R R – R R U R R – U

Pb-210 22.3 β- 0.06 
γ 0.05 

S U R S – – – U – – U

Po-210 138.4 α – – – – R R –

Ra-226 1.6 103
α
β- 3
γ 0.2 - 2 

S U R S R R R R U U –

Th-228 1.9 
α
β- 2
γ 0.1 - 3 

S U R S U U – – R R –
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Th-232 1.41
1010

α
β- 2
γ 0.5 – 2 

– – – – U U – – R R –

U-238 4.5 109
α
β- 2
γ 0.1 - 2 

S U R S U U – – R R –

Ne-237 2.1 106 α
γ 0.03 - 0.4 

S U R S U U – – R R –

Pu-238 87.7 α U U – – R R –

Pu-239 2.4 104 α
x S U S S U – – – R R U

Am-241 432.0 α
γ 0.06 

R U R R – – – – R R U

Cm-244 18.1 α U U – – R R –

Cf-252 2.6 
α
n 2 
γ

R U R R U U – – R R –

:
,

. .

R
S , -

,
.

U , .
P : .
– .



160

 IV 

.
,

.

,
, .

.

.

,  (« ») 

, .
,

.
 5 /

 " ". 
,

.

" "

,
, .

.

.
: " "  "
". 

, .

 " "

.
 " "  (I, 

II  III, ),
. .  IV1. 



161

 IV1. 

[ / ] 1  [ / ]
I–
II–
III–

0.005
0.5
2

-
0.01
0.1

, ,

.
 I ;  II  III 

 ( .  IV1). 
.

. IV1. 



162

 " "

,
.

, ;
, ,

.
 « »  I, II  III 

/ .

 " "

.
 « », .

,

.

, .
.

,
. , ,

,
. .

,
, .

.
.

,
.

. IV2. 



163

,
- ,

 (
). ,

,
 ( ,

).

, ,
,

.
, ,

.

,
.

 «  – 
». 

,
 « ».  

 [7, 8, 34, 35]. 



164

 V 

,
, , .

 [10], 

, ,
.  – 

 ( , ) ,
.

,
 ( ),  – 

.

 ( ). ,
. , ,

,
.

, ,
, , ,

. ,
,

,
. ,

, .
,

. ,
.

.

:

i.
, , , ,

, ,
, ,

, ,
.

ii.  ( - )

.
iii. ,

 (
).

iv. , .



165

v.  ( )
.

vi.
,  ( .

VI1). 
vii. , ,

, .
viii. 

 ( .  VI1), .
ix. 

.
x. 

.
xi. , / .

, , . .
xii. -

 ( ).
xiii. .
xiv. .

. .



166

. V1. 
,

 V 
,

,
 ( .  [6]). 

 [36]

?

:

,

:

, . .

?

:
• 

;
,

• 

,
.,

• 

• 

• 
• 

• 



167

 VI 

,

, ,
. , ,

,
.

,
. , ,

,
.

,
, .

 100000 2.
.

: .
 5000 /

[10], 
, .

, .
,

. ,
.

:
i.

.
ii. .

- .
iii. - ,

. :

;

,
, ,

, ,
.

iv. , , :

;
.



168

v. ,
. ,

.
.

vi. ,
.

, ,
.

vii.  [6]. 
viii. ,

, . , , - 
, .

:

, ;
, , , ,

, -
;

,
;

; ,
.

ix. -
 (

).  ( ).
x. 

.
xi. 

 ( ). ,
/ . , ,

. .
xii. .

. .

 [11]. 



169

 VII 

. ,

, ,
.

.
:

1. : ,
, , .

2. ;
, ,

,
 c .

3. ,
.

4. , ,
.

5. .

,
, ;

, ;
.

1.
;

,
.

2.
;

, .

,
.

, , , .
,

.

,
, ,

:



170

. ,
.

,
.

, , -
.

i. ,
.

ii. ,
.

, ,
, ,

. , ,   ( )
(1987) [29], ,

, :

(a) « » ;
(b) ;
(c)  –  Web-

.

, ,
 c ,

.
, .

. ,
,

. ,
: ,

, .
, ,

,
. ,

.



171

, ,
.

« »  « »: , .

 – ,
,

.
,

.

, .

, .

 – ,
.
, , ,

.

,
" ".

,

.

.
.

.

, , , ,
. ,

.

, .
. . ,

. ,
.



172

,  30 .
,

, .

, .
.

. ,
.

,
.

. ,
 ( ) ,
, . !

. .

 – .
. , , , ,

.

,  " ", 
. ,

,  " ", 
.

. . ,
, ,

.



173

 VIII 

.
,

, , , ,
 / , ,

.
, ,

.
, ,

. , ,
:

, ,
, ;  ( )

: , , ,
, , , . .

, , ,
,

, , ,
,  / , ,

, , , -
- ,  ( ,

)

, , ;
, , ,

, , ., Co-60, Cs-137, Ir–192; ,
, , . .

-, -, - , , -

,
;

, ,

, ,
 ( )



174

, , , ,

, ,
,



175

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Intervention Criteria in a Nuclear 
or Radiation Emergency, Safety Series No.109, IAEA, Vienna (1994). 

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safety 
Standards for Protection against Ionizing Radiation and for the Safety of Radiation 
Sources, Safety Series No. 115, IAEA, Vienna (1996). 

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Emergency Planning and 
Preparedness for Accidents Involving Radioactive Materials Used in Medicine, 
Industry, Research and Teaching, Safety Series No. 91, IAEA, Vienna (1989). 

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Assessment Procedures 
for Determining Protective Actions during a Reactor Accident, IAEA-TECDOC-955, 
Vienna (1997). 

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Method for the Development of 
Emergency Response Preparedness for Nuclear or Radiological Accidents, IAEA-
TECDOC-953, Vienna (1997). 

[6] INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Procedures for 
Monitoring in a Nuclear or Radiological Emergency, IAEA-TECDOC-1092, Vienna 
(1999).

[7] INTERNATIONAL ATOMIC ENERGY AGENCY, Regulations for the Safe Transport 
of Radioactive Material (1996 Edition), Safety Standards Series No. ST-1/ 
Requirements, IAEA, Vienna (1996). 

[8] INTERNATIONAL ATOMIC ENERGY AGENCY, Advisory Material for the 
Regulations for the Safe Transport of Radioactive Material (1996 Edition), Safety Series 
No. 7, IAEA, Vienna (1996). 

[9] INTERNATIONAL ATOMIC ENERGY AGENCY, Planning and Preparing for 
Emergency Response to Transport Accidents involving Radioactive Material, IAEA 
Safety Guide No. ST-3, IAEA, Vienna (2000). 

[10] INTERNATIONAL ATOMIC ENERGY AGENCY, Convention on Early Notification 
of a Nuclear Accident and Convention on Assistance in the Case of a Nuclear Accident 
or Radiological Emergency, Legal Series No.14, IAEA, Vienna (1987). 

[11] INTERNATIONAL ATOMIC ENERGY AGENCY, Emergency Planning and 
Preparedness for Re-entry of a Nuclear Powered Satellite, Safety Series No. 119, IAEA, 
Vienna (1996). 

[12] INTERNATIONAL ATOMIC ENERGY AGENCY, Clearance Levels for 
Radionuclides in Solid Materials, Application for Exemption Principles, IAEA-
TECDOC-855, Vienna (1996). 

[13] INTERNATIONAL ATOMIC ENERGY AGENCY, Clearance of Materials Resulting 
from the Use of Radionuclides in Medicine, Industry and Research, IAEA-TECDOC-
1000, Vienna (1998). 

[14] US ENVIRONMENTAL PROTECTION AGENCY, External Exposure to 
Radionuclides in Air, Water, and Soil, Federal Guidance Report No. 12, US EPA, EPA-
402-R-93-081, Washington DC (1993). 

[15] US ENVIRONMENTAL PROTECTION AGENCY, Manual of Protective Action 
Guides and Protective Actions for Nuclear Incidents, Rep. US EPA, EPA 400-R-92-001, 
Washington DC (1992). 

[16] INTERNATIONAL ATOMIC ENERGY AGENCY, Derived Intervention Levels for 
Application in Controlling Radiation Doses to the Public in the event of a Nuclear 
Accident or Radiological Emergency – Principles, Procedures and Data, Safety Series 
No. 81, IAEA, Vienna (1986). 



176

[17] SHLEIEN, B., Preparedness and Response in Radiation Accidents, Health and Human 
Service, Food and Drug Administration, Rep. FDA-824 (1983). 

[18] JACOB, P., MECKBACH, R., Shielding factors and external dose evaluation, radiation 
protection dosimetry, 21 1/3 (1987) 79-85. 

[19] JENSEN, P.H., Atmospheric Dispersion and Environmental Consequences — Exposure 
from Radioactive Plume Pathways, Rep. Risø-M-2849(EN), Risø National Laboratory, 
Roskilde, Denmark, (1992). 

[20] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Age-
dependent Doses to Members of the Public from Intake of Radionuclides: Part 4 
Inhalation Dose Coefficients, ICRP Publication 71, Vol. 25 Nos 3-4 (1995). 

[21] ECKERMAN, K.F., WOLBARST, A.B., RICHARDSON, A.C.B., Limiting Values of 
Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, 
Submersion, and Ingestion, Rep. EPA-520/1-88-020, Federal Guidance Report No. 11, 
Environmental Protection Agency, Washington DC (1988). 

[22] RAMSDELL, J.V., Atmospheric Diffusion for Control Room Habitability Assessments, 
Rep. NUREG/CR-5055 (PNL-51998), Pacific Northwest Laboratory, Richland, 
Washington DC (1988). 

[23] TURNER, D.B., Workbook of Atmospheric Dispersion Estimates, AP-26, US 
Environmental Protection Agency, Office of Air Programs, Research Triangle Park, 
North Carolina (1970). 

[24] SHLEIEN, B., The Health Physics and Radiological Health Handbook, Revised Edition, 
Silver Spring, USA (1992). 

[25] McGUIRE, S.A., A Regulatory Analysis on Emergency Preparedness for Fuel Cycle 
and Other Radioactive Material Licensees (Final Report), NUREG-1140, US Nuclear 
Regulatory Commission, Washington DC (1988). 

[26] SOFFER, L., et al, Accident Source Terms for Light Water Nuclear Power Plants, Rep. 
NUREG-1465, US Nuclear Regulatory Commission, Washington DC (1992). 

[27] INTERNATIONAL ATOMIC ENERGY AGENCY, Medical Handling of Accidentally 
Exposed Individuals, Safety Series No. 88, IAEA, Vienna (1988). 

[28] INTERNATIONAL ATOMIC ENERGY AGENCY, Assessment and Treatment of 
External and Internal Radionuclide Contamination, IAEA-TECDOC-869, Vienna 
(1996).

[29] INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiological Accident in 
Goiânia, IAEA, Vienna (1988). 

[30] INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiological Accident in San 
Salvador, IAEA, Vienna (1990). 

[31] INTERNATIONAL ATOMIC ENERGY AGENCY, The Radiological Accident in 
Soreq, IAEA, Vienna (1993). 

[32] INTERNATIONAL ATOMIC ENERGY AGENCY, Accidental Overexposure of 
Radiotherapy Patients in San José, Costa Rica, IAEA, Vienna (1998). 

[33] INTERNATIONAL ATOMIC ENERGY AGENCY, Lessons Learned from Accidents 
in Industrial Irradiation Facilities, IAEA, Vienna (1996). 

[34] NATIONAL RADIOLOGICAL PROTECTION BOARD, NAIR Handbook, 1995 
Edition, Harwell (1995). 

[35] INTERNATIONAL ATOMIC ENERGY AGENCY, Schedules of Requirements for the 
Transport of Specified Types of Radioactive Material Consignments, Safety Series No. 
80 (as amended 1990), IAEA, Vienna (1990). 

[36] INTERNATIONAL COMMISSION ON RADIATION UNITS AND 
MEASUREMENTS, Determination of Dose Equivalents Resulting from External 
Radiation Sources, Report 39, Bethesda, MD (1985). 



177

[37] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1990 
Recommendations of the International Commission on Radiological Protection, 
Publication 60, Pergamon Press, Oxford and New York (1991). 



178

A

,
,

,
, .

, ,
,

.

. .

, ,
.

, , ,
,

.

, .

. .

,
. :

A(t) dN
dt

=

 dN – 
,  dt. 

 ( -1),
 ( )2. 1  = 1 /

 (A) 
.

                                                
2  ( ),  3.7 × 1010 ,  , 



179

. . .

, ,

,
.

. . .

,
,

 ( )
, - .

. .

. .

, ,
, ,

. ,
, ,

. . .

.

. .

,
, .

: .

. .



180

; . .

.

 ( )
. .

,
, ,

.
, ,

,
.

. . .

, .
, ,

,
. . , ,

, .
: ,

, / ,  - 
( )3. :

dm
dD ε=

. ., , ,
,

. ,
;

, . . .  N 60 [36].    
: , ,

.
, ,

 . 
: ,

.
: ,

, . .
( )

.
: .

, ,
;

, , .

                                                
3 ,  0,01 .



181

,  - -
( - ).

: ,
 50  (70  – 

). ,
, ,

.
: ,

,  (
 wT) HT

, . .:
T

T
T HwE =

,
.

 – / ,  –  ( )4. .
N 60.

: ,
,

. ,

. HT,
/ ,  –  ( ). .  N 60 [37].  

: , . . ,
, .

: , ,
,

.

. .

 (  – 
)

.
BSS [2]. .   

, , ,
,

.

E

. .

                                                
4 ,  0,01 , .



182

.

,
,  ( ), 

, .
: , .

 ( ) : ,
.

. .

. .

.

:
.  — 

 — . .

,
, ,

.

, ,
,

,
.

,

. . .
,

.

. . .



183

: ,

,
.

, ,
.

- : , ,
.

.

.

. .

,
,

.
, , , ,

; -
,

;
,
, ,

; - 
 ( ., )

 ( .,
).  ( , )

,
.

:
,  (

),  ( ).
: ,  (a) 

,  ( )
. ,

,
.
: ,
.



184

 ( )

.
.

, ,
.  – 

,
/

, ,
.

. .

.

,
.

; , , ,
.

 ( )
.

, ,

, .

, - , ,
,

.

,
,

.
.



185

: ,
,

.
: ,

,  ( ,
).

: ,
,

.

. .

. .

, .
, ,

,
, , ,

.5

. .

 ( )
.

, , ,

,
.

, , ,

.

, .6

                                                
5 , ,  ( ,

),
 ( ,

, ).
6 ,

.



186

: ,
 ( ) .

: , .

, ,
.

: , .
: ,

.
:

, ,
, - .

: ,
,

, ,
.

:
,

,
. ,

.

- , .

 ( )
. .

 ( )
. .

,
.

.

 – 
,

, .
, ,

.

,
.



187

,
. ,

,
( , )

,
, .

: ,
,  (

)
.

: ,

.

. .

.

, .
 ( ):

 (
)

.  BSS [2]
.

: ,
.

,
. , ,

.

. .

. .

 – ,
,

.

. .

.



188

,
.

;
. .

,
, ,

.
.

,
/ - .

.

 ( ),  ( ).
.

:
, , , ,
,

.

- , .

,

. ( ).

, ,
, ,
, ,

.

 ( )
.



189

,
/ ;  -  

.

,
.

 (KI), .

, . .
.

,
,  ( )

.
, .

: , . . .

, ,

.
 [37]. 

,
,

.

: , ,
.

,

.    
: ,

.
: ,



190

.
: ,

.
 BSS [2]. 

:  ( ,
), 

.

. .

. .

 ( )
,

, ,
.

, ,

.

 ( )
« » , ,

,
.

.

,
;

.  ( . ),
, ,

.
- .



191

: ,
,

.  [36] 
a ,

d
, ,

; H*(d) [36].
d = 10 .

. .

. .

. .



192

A
; , ;

i ; At –  t, Ao - 
 to

Al /

AMN  ; ,

As / 2

Asp /

Cj i,

/ 3

/

/

/ 2

; ( ) ,
; : a-

, g- , s-  ( ), f- ;
;  C 

;
 As

CF i1,
( / )/
( / 3)

i;
,

;
 1,2 3/

CF i2,
( / )/
( / 3)

i;
,
;  1,2 3/

CF i3,
( / )/
( / 2)

;  1 
i

CF i4,
( / )/

( / 2)

;
i;

.

CF i5, /
, ;

i

CF i6, ( / )/( )
 1 

; ,  1 
 1 

CF i7, ( / )/( ) ;
 1  1 

CF i8, /( /c -2)
- ;

i



193

CF i9,
( / )/
( / 3)

-

D
. /

/
-

DI f i,
; , , ,

d1/2 C

DFm -

ET

Eext

Einh

Eing

FRF - 

& *Hg /  1 

Hs

Hs i,

 ( - ) ; i
i

Hthy

OF - 

; ,
 SF, , ,

; ,
; ,  0.6 

Qi / i

SF - 

SF - - ,
. .

t

T1/2 , ,



194

Te

Tm , , : T Tm = ⋅1 2 144/ .

Tr

u /

Uf
/

/
f,

W

X
c

; ;
 r, d  y  

t



,
14–18 , 1997 

Kerns, K. Iowa State University, United States of America 

Martin i , R. J. Stefan Institute, Slovenia 

McKenna, T. International Atomic Energy Agency 

Winkler, G. Atominstitut der Österreichischen Universitäten 

a,
25  – 5 , 1997

Buglova, E. Research Clinical Institute of Radiation Medicine and Endocrinology, 
Belarus 

Kerns, K. Iowa State University, United States of America 

Martin i , R. J. Stefan Institute, Slovenia 

Nogueira de Oliveira Instituto de Radioproteçáo e Dosimetria, Brazil 

Roberts, G. Oxford, United Kingdom 

a,
12 – 23 , 1998 

Buglova, E. Research Clinical Institute of Radiation Medicine and Endocrinology, 
 Belarus 

Lafortune, J SAIC Canada, Canada 

McKenna, T. Washington, United States of America 

Martin i , R. J. Stefan Institute, Slovenia 

a,
17 – 21 , 1998

Buglova, E. Research Clinical Institute of Radiation Medicine and Endocrinology, 
 Belarus 
Martin i , R. J. Stefan Institute, Slovenia 

195



Ricks, B. Oak Ridge Institute of Science and Education, United States of 
America 

Sinklair, M. Illinois Department of Nuclear Safety, United States of America 

a,
8 – 12 , 1999 

Buglova, E. Research Clinical Institute of Radiation Medicine and Endocrinology, 
 Belarus 

Croft, J. National Radiological Protection Board, United Kingdom 

Martin i , R. J. Stefan Institute, Slovenia 

Rozental, J. de Julio Ministry of Environment, Israel 

a,
8 a  – 4 , 1999

Martin i , R. J. Stefan Institute, Slovenia

196





04-14724




