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AV – 3, V – , 
3  . 

.2.6. ( -97).
Big,, V – 

,  – , ,     
,

wT
, 

 – .
 “ ”

) , 
 ( , 

).
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 IV

-97 -97.

, , 
, -97 -97.

:

1. , 

, 
, 

, .
2. 

 (
). ) 

. , 
, , 

, .
3. 

  . 
:

, ;

;
, ;

.
4. 

:
;

;
;
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5.  ( ), 
 - .

:

 ( inhal
A ) 

;

 ( inhal
A  ) 

;
 ( );

 ( ) , 
.

:
 ( inhal ) 

;
 ( inhal ) 

.

4.1. 
-97

 4.1. 
( -1)

* ** **
 ( ) 20*** 2 1

:
 - lens  ( ) 150 15 15

 - skin  ( ) 500 50 50
 - extrim  (

)
500 50 -

:
* - 

;
** -  (  45 ) 

 4.6;
*** -     5 ,  50 
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( max ).
:

( inhal )  ( inhal );

 ( inhal ) 

 ( inhal );

.

6.  ( , ) 

-97. 
 ( .

 2  -97).
7. 

. 
, , 

. , 
,  (4.1), (4.2)  

.
8. , 

, 
, , . 

, 
.

9. 
, 

:
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(d)1

(c)1

(b)1

i i
(a)1

IIE

extrim

extrim

skin

skin

lens

lens

ingest

i

ingest

i

inhal

i

inhal

iext

(4.1)

:

extE  -   ;

 - , ;
inhal
iI - i ;

inhal
i  - i

, ;
ingest
iI - i ;

ingest
i -  i-

, ;
lensH  -  ;

lens  - 
;

skin  - ;

skin  - 
;
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extrimH  - 
;

extrim  - 
.

10. 
 ( ) 

, 
:

(d)1

(c)1

(b)1

i i
(a)1

K

C

K
CE

extrim

extrim

skin

skin

lens

lens

ingest
i

ingest
i

inhal
i

inhal
iext

(4.2)

:
inhal
iC - i

;
inhal
iK - i

, ;
ingest
iC - i

;
ingest
iK - i .

11. ,  ( )  (4.1), (4.2) 
 ( ) . 
 (d)  (4.1),  (4.2) .

12. , 
, , 

 (4.1)  (4.2).
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13.  (4.1), (4.2)  ( ) 
 (

),  (b), ( ), (d) - 
, , .

14.  10 
.

15. 
, 

 Ra-226 ( RA), Th-232 ( Th), -40 ( K)

= ARa+1,31 Th +0,085 K , (4.3.)

 1,31  0,085 –  Th-232 -40 
 Ra-226

-  370
, 

;
-

370  740 , 

;
-  740

 1350 
:

:
, 

 0,5 . 
 4 ;

:
, 

.
, 

 3700 
 ( )         

.
16.   ( ) -

, 
:

- 4,4  (30 ) , 
,

- 7,7  (50 ) , 
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1998 
17. 
)  Rn-222  50

3,    Rn-220 ( ) - 3 3.  ,  
, , , 

, 
.

18. 
 Th-232   1,9 103

19.  
 :

- Rn-222 - 100 ,
-  - 1 ,
- Ra-226 - 1 ,
- Ra-228 - 1 .

.
20. 

 Cz-137  Sr-90 
» ( -97),  25.07.1997 .

, 

 - 1 
 Cz-137  Sr-90, 

. 
 10  Cz-137  35

   Sr-90.
 Cz-

137  Sr-90  4.2.

 4.2. 
Cz-137  Sr-90  ( ).

Cz-137 Sr-90
1 2 2 4
1 , 20 5
2 60 20
3 , 40 20
4 70 10
5 . 200 20
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 4.2.

1 2 3 4
6 , 150 35
7 , 100 20
8  ( .) 6 2
9 2 2
10 300 60
11 500 100
12 500 50
13 2500 250
14 600 200
15 600 200
16 40 5

21.  ( )
, :

1AA

Sr

Sr

Cz

Cz  , (4.4.)

A z ASr –  Cz-137  Sr-90 
 , PSr -  Cz-137  Sr-90 

.

  
, 

.
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 V

        

5.1 

. , 
. 

, , 
, 

.
dr)t,r(w

 t ,  [r, r+dr] 
, .

CD
t
C

(5.1)

 D – , - ), 
, 

drre
tD

)t,r(w Dt
r

24
33

2

2

1
  (5.2)

 (5.2), , 

 t 2r

0

22 6Dtdr)t,r(wrr (5.3)

, , 
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 t , 

t . , 
 – .

, , 

D = Tb, (5.4)

: T- ,  b - , 
, , . , 

, ,  R

b =
R6
1

  , (5.5)

 - .
, :

321

111
3
1

aaa
b , (5.6)

1, 2, 3 – , ik

.

, , .

§ 5.2.           
       .

, 
.
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.
, 

. 
 ( ) 

   , 
  [8] .

, 
. 

, , , , .

.

, . 
, 

, 
, . 

. 
  

. 
. 

. 
 (  - ).

.
. 

  
. 

. 

.

. 
.

. 
.

,
,

, , 
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.
    

. 
, 

, 
F.

 5.1. , 
y.

  3 3 3

0,22
0,16

0,11
0,08 F

0,06
0,04

 5.2.  g( ), 
z.

a1 b1 a1 b1

A
B
C
D
E
F

0,112
0,130
0,112
0,098

0,0609
0,0638

1,06
0,950
0,920
0,889
0,895
0,783

5,38 – 4
6,52 – 4
9,05 – 4
1,35 – 3
1,96 – 3
1,36 – 3

0,815
0,750
0,718
0,688
0,684
0,672

 5.3.  f(z0, x), z
 z0.

z0, 
1 d1 c2 d2

1
4
10
40

100
400

1,56
2,02
2,73
5,16
7,37
11,7

0,0480
0,0269

0
-0,098

-0,00957
-0,128

6,25 – 4
7,76 – 4

0
5,38 – 2
2,33 – 4
2,18 – 5

0,45
0,37

0
0,225
0,60
0,78
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§ 5.2. 
.

, , 
   ,  -     ,

, 
. 

:
-   ;
- 

;
-    - .

  , 
. 

,  (  5.1). , 
,  

. 
. , 

, , 
 (  II . 2.2.1), 

. ,
 ( ),

, 
. ,

, 
.

 5.1.  :
I- ; II-  ( ); III-

; IV- ; 1- ; 2- ;
3- .
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§ 5.3.       
  .

    
  .

1) ; 2) ; 3)   .
:

, 
, 

. .
  -   , 

rB   vA

dr
dA

KB v
rr (5.1)

r  (r = x, y, z) - , y, z, 
, 

:

z
K

zy
AK

yx
AK

xdt
dA v

z
v

y
v

x
v   (5.2)

,  (5.2) 
. , 

. 
, :

z

2

y

2

x

2

zyx
230

zyut-x
4t
1-exp

t4
1 tz,y,x,G

, (5.3)

r (r = x, y, z) .  r
:
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1
j 1

1
2
3

;                            (5.4)

1

1

j 1
h 1

;      (5.5)

1

1
1

1
1

j 1
11

11
11

1 ; (5.6)

h - , , ; - –
; -  1 , 2 ;  , -

, 
; j – j ;

- .
.

2,0 ,     (5.7)

T-    1,4    13,4 .
z:

1
1zz

0uu (5.8),

1z = 1 .   K
 ( ) 

. 5.4.

 5.4. 

, 2

-0,2
0,13
0,09

-0.15
0,135
0,08

-0,1
0,14
0,07

-0,5
0,145
0,06

0
0.15
0.05

0.05
0.16
0.026

0.1
0.17

0.015

0.15
0.18

0.009

0.2
0.19
0.005
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   (5.3) 
. 

. 
,

. 

. 
. 

, 
: 

, , 
, 

, 
      .

 2000   
      

        . 
: 

, , . 

, 
.

  .
: 

 (
). 

, 
. 

, 
  , 

, 
  

.
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.   
 ( ) 

r2 , 

:

gv
)l(

)l(h

h
2
9r

3
1

oz

2
12

oz
2

2 ,        (5.9)

 -  0 - h.
r

,   .

 (x ,y) 

.
  :

d
H
v

2
)vy(

2
)ux(

exp

)(y)(x)(H
v

2
Q)r,y,x(A

m

g
2
yi

2
iki

2
xi

2
iki

0 iiiiim

g
ii‘

            (5.10)

 -  i-
;

,

dr)r(fr

r)r(fr
QQ

0

3

i
3
i

i             (5.11)

Q - ;
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.rrr,www

ww
ww

Udw

rr,www

)y,x(Ug

;QQ

minmin

min

N

1i
i

             (5.12)

mH  - , ix , i

.v
w

HHyy,u
w

HHxx
i

m
i

i

m
i                (5.13)

)t(),t( 2
yi

2
xi - i :

mxH

i

mxH

i

m
mm

mxH

i

m

m
imx

2

xH

i2
xH

2
vH

2
xH

3
2

i1iH1i1i
2Ha2

i
2
xi

e2e
2
1

2
32)e1(

)t(xc)t(xe)(

,)()
dz
ud

(
3
1 2

ii
2
z

2H m            (5.14)
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myH

i

myH

i

m
mm

myH

i

m

m

imy

2

yH

i2
yH

2
vH

2
yH

3
2

i1iH1i1i
2Ha2

i
2
yi

e2e
2
1

3
22)e1(

)t(yc)t(ye)(

,)(
3
1 2

ii
2
z

2
Hm

(5.15)

;
dx
vd

a,
dy
ud

a m

m

m

m

H
yH

H
xH                      (5.16)

)t(x i1i
2 )t(y i1i

2  - 

, 

),tt(S)tt(D
12
1y

),tt(S)tt(L
12
1x

0
2
y0

2
i

2

0
2
x0

2
i

2

                 (5.17)

,)
T

tt1(
2

sined

)
T

tt1(
2

cosel)tt(L

0
1

0
)tt(

0

0
1

0)tt(a
00

0y

0x

          (5.18)

.)
T

tt1(
2

sinel

)
T

tt1(
2

cosed)tt(D

0
1

0
)tt(a

0

0
1

0)tt(a
00

0y

0y

(5.19)
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1T  -  (
), 

.
dx

udT
max

1

i

i
1                   (5.20)

1T
.

, 4)2
H( 0

 (5.18)  (5.19) . 
2
xS 2

yS :

,tl)
dz
ud(

3
1e2e

2
1

2
3tt2

e1)
12
l(c)tt(S

22
z0

2
tt)tt(2

xc

02
xc

2
uc

2tt
2
xc

3
20

c10
2
x

xc

0

xc

0

xc

0

     (5.21)

,tul
3
1e2e

2
1

2
3tt2

e1)
12

d(c)tt(S

222
z0

2
tt)tt(2

yc

02
yc

2
vc

2tt
2
yc

3
20

c10
2
y

yc

0

yc

0

yc

0

    (5.22)

;)u31,0(;dz
d;19,1c 22

vc
2
uc1                   (5.23)

.
c c

2
uc

xcyc (5.24)
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=0,6, m
:

,
H
Hln

HH
H)H(

mm

m
mc              (5.25)

)H( m - 
. 

   « » 
:

);0(l
2
1yy

,u
w
llu

w
Hxxx

xx
xx

,xx,lu
w
l

,lu
w
Hxxx

1

,u
w
lu

w
Hxxxu

w
H
xx

xx

ll
Q)z,y,x(A

y0

i

oz
x

i
i3i2

i2i3

i3

i1i2x
i

oz

x
i

i2i1

i

z0

i
i1i0

i

i0i1

i0

yx

i
iT

(5.26)
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,)r,y,x(A)r,y,x(A
2
1

)r,y,x(A
2
1)r,y,x(A)y,x(A

N

ii
i

ii

ii
i

ii

1i

ii

ii
ii‘ii‘

          (5.27)

,
r

)rr(r
ii

,
r
rrN,

r
rr

Ni

max

minmaxmax

                 (5.28)

maxr , minr  - , 
)r(f

.
0G , 3 ,  

:

,
2

hz-exp
2

h-z-exp

2
y

2
ut-xexp

2
xFtz,y,x,G

2
z

2

2
z

2

2
y

2

2
x

2

zyx
230

  (5.29)

, , z -  (
.); u –  ,  ; t  -  ,  

; h – 
, ; xF  - ; x , y , z  - 

. 
. 

.
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 5.2.   ( )
z ).

:

2
z

2

2
z

2

2
y

2

zy
0

2
hz-exp

2
h-z-exp

2
yexp

u2
xFzy,x,G

.  (5.30)

§ 5.3. y z .

y z .

. 
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. 
-

, y z

, z ,   
:

;
0,0001x1

xc
x 3

y       (5.31)

max
z0

max
z

max
z00

z
xgx,zf

;xg x,zfxg x,zf
x ,           (5.32)

max
z  - z ;

0z  - , ; x – 
, . g(x) f( 0z , x)   :

b2
2

b1
1

xa1
xaxg ,       (5.33)

10z
xc1

xcln

;10zxc1xcln
x,zf

0d2
2

d1
1

0
d2

2
d1

1

0    (5.34)

 –
 (5.5; 5.6; 5.7).  

.

 5.5. , 
y

3 3 3

0,22
0,16

0,11
0,08 F

0,06
0,04
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 5.6. g( ), 
z

a1 b1 a1 b1

A
B
C
D
E
F

0,112
0,130
0,112
0,098
0,0609
0,0638

1,06
0,950
0,920
0,889
0,895
0,783

5,38 – 4
6,52 – 4
9,05 – 4
1,35 – 3
1,96 – 3
1,36 – 3

0,815
0,750
0,718
0,688
0,684
0,672

 5.7. f( 0z , x), y

0z .

0z , 1 d1 c2 d2

1
4
10
40

100
400

1,56
2,02
2,73
5,16
7,37
11,7

0,0480
0,0269

0
-0,098

-0,00957
-0,128

6,25 – 4
7,76 – 4

0
5,38 – 2
2,33 – 4
2,18 – 5

0,45
0,37

0
0,225
0,60
0,78

 (5.30). 
 :

1)
:

 F(x)=exp(- x/u) , (5.35)

 - .
2) :

dx
2
h1

u
v2exp)x(F 2

z

2x

0 z

g  , (5.36)
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gv  -   ;
3)   :

F(x)= exp(- x/u) , (5.37)

 - .
, , 
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. 
:

1) , 
, - , , 

, -137 .;
2) , ,

, - , 
   (144Ce, 141Ce, 147Pm), 90Sr, 91Y,

95Zr, 95Nb,106Ru (  Pu). 
, 

 ( );
3)  – 

»  (54Mn, 60Co, 55Fe, 63Ni),
65Zn, 51Cr .

 – , ,
, .

, , 
, 

. 
, , 

. , , 
, .

 (
), .

, , 
  

.
1.  - . 

, 
. 

90Sr, 137Cs, , .
2.

. 
) 

, .  (
) .

3.   .
,
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, 
 IV , 

”.

 “ ”

 1

 1. .
 2. 24    

.
3. 

.
4.  - 

,  100 .

 2
1. 234Pu.
2.   

,  4,50 .
3.  0,8 

.
4. 

,  200 .

1. 210 , 
 2,2  (

 5,30 ).
2. 

.
3.                

 6,2 .
4.    -

, 
 10 .
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 4
1.  100 . 

, .
2. , 

.
3. .
4. 

, 
0,01 .

 5
1.  1 226Ra88  1 . 

, .
2. 

.
3.  3,0

.
4. 131I, 

 500 3. 
 1 3/ .

 6
1. 238U92.
2. 

 4,0 .
3. 

.
4.    

 1 , 137 s 
100 3.

 7

1. 222Rn86,  1,5 .
2. 

.
3. , 

 1 .
4.  400 
, 60  100 3.  2 .
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 8
1. , m=3 .
2. , 

 2,5  1 .
3. 

. .
4.  1 

90Sr '  100 . 
'  - 50 .

 9
1. ,  1/3 

225
29
2. 

0,8 .
3. , 

 1 .
4.   131

.

 10
1. , 

.
2.   

, .
3. .
4. 137Cs    

.

 11
1. , ,

   64Cu29.
2. 

,  10 .
3.  -  1,2 .
4. 

, 137Cs 
 10000  30  20000

.  1*10-5 .
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 12
1.  1 3 .
2.  0,8 

.
3. 

.
4. 

137Cs  1000 
=0,01, =0,85.

 13
1. 235U92.
2.  0,8

.
3. 

.
4.    1 226Ra88.

 14
1.  =  4*10-2 -1.

 75% .
2. , 

.
3.  1,2 

.
4. .

 15
1. , 

238U92
226Ra88

.
2. , 

 10 .
3. 

.
4.  1 

90Sr  100 . 
'  -50 .
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