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.  
 

2.3.2. ,  
 

 
 

 [52,57,58].  
,  

. , 
6 5 - ( ) - 6 5 –  -  , 

6 5 - ( )3 - 6 5 -  - , 
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,  
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max 
,   

. 11.  (  [56]) 
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,  
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,  
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, . ,  
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 ( .13).    
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 ( )  
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+ + 
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-O-H + 
max=255  

max=275  

max=280  
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,  
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,  
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,  
 p- . , , 

,  
 ( .14).  

 
, ,  

. ,  
, ,  

.  
 

, , ,  
 (  

),   
.  
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 ( , , , 
, .)  (Pg).  

 
 4. 

+H2O 

+ OH- 

OH O2N 
O- O2N 

  

.13.  
 (  [52]) 
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, ,  
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, . 
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1)  (  
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2)  
,  
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 s-  p-

 (1  2 ),  
, , ,  

.  
, , .  

 ( ,  
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 max= 432   max= 291  
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 (  ( ),  ( )) (  [56]) 
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.  
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,  ( ) d-

,  ( ) 
, , ,  

.  
,  d-

 (  d-  
, , . ). 

 
: d-d-  

.   
  

 [56].  
 

2.4.1. d-d  
 

 
.  d-

 (  f- ,  f-f 
).  d-  

,  ,   d-
 ( . 15).   (  

)  ( )  
 (eg)  -  (t2g). 

,  
, ).  

  
.  " "  

 
:  , , 

.   
 ( ) [10,26,56].  
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 ( )  
 

.  
 d- .  
  

 ( ),  
.   

 –  - ,   
.  

, . 
  ( )  

. 
1. , , 

 
). ,  (  

,  

 
 

dxy, dx , dy
2  t2g, 

dx
2

-y
2, dz

2 eg 

. 15.  d-  
) (  [10]) 
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 27)  (  77),  
 1,5  – 18 600  31 000 -1, . 

2. , , 
 ( ).  

 +3  +2   
      18 600  9 300 -1. 

,  
 

.  
3.   t2g .16),  

, .  
,  eg, , 

 .  
 d- , , ,  d1>d2>d3, 

.  d- ,  
 eg,     

,  eg   t2g , ,  
 d3  d4 .  

 
,  d- . 

 d-  Fe2+, Co2+, Ni2+  6   8  (  
 t2g),  

  . , , 
, . ,  

,  
 ( , 

, , )  
 -

. 
1.  ,    

.   F, Cl, Br, I  
. 

2. ,  
,  

.  ,  ,   
 F, O, N, C.  

 
 :  

I<Br<Cl<F<OH<C2O4=H2O<NCS<NH3<NO2<CN 
, ,  

 ( ) ,  
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- ,  - .   
 

.  
 

, :   
 Cr(H2O)6

3+  50 ,  

 Cr(OH)6
3-,  =40 . 

, , , 
.  

,  Ni(H2O)6
2+ 

)  Ni(CN)4
2- ( ), ,  

, ,  
,  

,  
   

.  
.   

 Cr(III)  
: Cl 

( =39  ),  2  ( =50 ), NH3 ( =62 ), CN 
( =75 ).  

 Co(II)  ( ,  
),  -  (  

. 16.  d-  
 (  

) (   [10]) 

t2g 

eg 

2< 1  3> 2 
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, ,  
 – -

, , ,  
.   d-d-  f-

f  d-f- , 
.  

 
 (  10-100). ,  

 (  10000)  
,  .  
 –   

.  
 

2.4.2. . 
 

 d-d  
 - ,  

 
.  3  

:  
1.  

. 
,  [Co(NH3)5Cl]  

 Cl .  -d 
 -d).  
2.  

.  
 

 MnO4
-, CrO4

2-, VO4
3-, MO4

2-. 
 

, ,  (  
,   ). 

3.    (  
 (II)). 

 (  
) , ,  
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 PbI2 .  
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,  ,  .  ,   
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  . , 
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. ,  ( , 
 d- ),  
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 ( )  
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 . ,  
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 - .  

, ,  
.  
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.   -   -  

 
, . 

,  
 - .  

 d (f)-
. , ,  

 
,  

.  
 

,  
, , . 

 
, , ,  

, , ,  
,   d-d- ,   

.  
, ,  

 “ ” 
,  

, ),  
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 3. , ,  
 

 
 

, ,  
, ,  

,  
 

.  
, ,  

, . 
 

. ,  

.  
 ( ).  

.  
, 

, .  
,  

 [2].  
 

 [55]. .  
 F  DG  

.  
 ABC.  MN,  

 PT ( .17) - . 
  ( . spectrum - 

). -
.  

,  
,  

 -  
.  

 
3.1.  

 
 7 :  - 770-

620 ,  -620-585 ,  - 585-550 ,  - 550-
510 ,  - 510-480 ,  - 480-450 ,  - 450-
380 .  

 [2]: 
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1) ,  
2 )  ( ), 
3)  ( ). 

, ,   
. , , 

 .   -  ,   
. , , , 

 ( ). 
 ( . 18, , ), 

,  
 ( )  

, , , 
,  

 ( . 18, , ).  
 ( ) , 

, . 
,  

 
 - ,  

).  
,  

. 17.  
 (  [55]) 
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D 
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 %.  
=100%.  

,   - 
. ,  
, .  

 [3]. 
  , , . 

1. . :  
, . , 

.  
2. .  

,  
.  

, . ,  
,  

.  
, , 

, ,  ( ). 

 
 

50 

100 

, % 

,  
400 750 

. 18. ,  
  ( , )  ( , )  (  [2]) 
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3.  ( )  
, , ,  

.  
4. . ,  

,  
. , ,  

, . 
5.  -  

.  
6.  - , 

 ( ),  
,  
. ,  

. 
  

. 
 

 
3.2.  

 
  

,   
.  

,  
. , 

, .  
 , , 

 
.  

. 
 [51] .  [1],  

 [76].  
 

. 
.  

 . 
1.  

, , 
 

.  
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2. ,  
 . 

3. , ,  
 ( , , , 

) , , .  
,  

:  BaCr04 (  
),  Fe2O3 ( ),  

) 3  
).  

 
,   8   

 (  100:0  
10:90).  ,   1   8,   

 . ,  
, , 3,  

 6 .  
 1,2,4,8,16,32.  . 
, , 

,  13 .  
 1  13. ,   

,  624 .  
, ,  

.  
,   -  ,   -  

,  ( ).  

 
, 

,  
.   

 
, ,  

,  
,  

.  
.  [1] . 

. ,  680 
, ,  

.   
,   
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.  
,  0.5  

0,25 ,  
 

, . 
,  

.  
 200 .  

, 
  

 [ :  19].   
 

, , .  
 

.  59 ,  
 

. 
 

 30-40- . ,  
, .  (1937), 

 11 ,  
 4- ; . 

 (1943),  23 ,  
 
 

.  
,  

 (  
).  

 [76] -  
 

.  
,  7 ,  

.  
.  

 (hue).  
 (2,5; 5; 7,5  10)  R (red), Y (yellow) 

 YR (yellow-red). ,  10R -
, 2,5YR - , 5YR - 

, 10YR - , 5Y - .  
  ,  
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(B)  (G) .  
 ( ) - chroma  

) - value.  
 (  1 (0 -  

)  8),  
 2  8.  , , -

 10R 2/3,   
, ,  

 -  ( ).  - 

 N.  
 

, ,  
, ,  

,  
, , 

.  
,  1931  

,  
 

 ( , ) [2]. 
,   

.  - , 
 

,  
.  

, ,  
, , 

.  
,  X, Y, Z, 

 Z=  1-(X+Y),   -   –  
 ( ).  

 [2],  
 (1936) .  

.   [19],   
.   X, Y, Z -  -  

,   
 ( )  

 (10 ):  
= i      (9) 

Y= j      (10) 
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Z k      (11) 
,  

 x, y, z ( ) :  

=
ZYX

,     y=
ZYX

Y ,     z=
ZYX

Z            (12-14) 

 
 x, y  

 ( )  ( .19).  
 y  -  x.   

 ,  
,   -   -   

.  
,  

.  
, ,  

 y,   
 .   

,  ,     
=y=z=0.333  

(x;y) , 
.  

 .  
,  

.  
. ,  

 (x,  y),   , P. , 
, ,  

 580   595  ,   
 60-70% ,  

.  
 

3.3.  
 

 
. 

 [19], . 
1.  

, , ,  
, . 

  
,  
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,  
:  

,% = (( 2/ 1).100) – 100     (15) 
2.  

,  
, ,  

 
.  

 -  
.  520 -580  

 450-488 , ;  
 – 554-596  (  

);  – 500-540  
); ,  
,  

 440-470 ,  520-580 .  

0.2 

0.6 

0.2 0.8 

480 

x 

y  

E 

450 

500 
590 

560 

540 

520 

Y 

X 

650 

. 19.  ( )   
 (  [2]) 
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3.  ( . 19)  
 (x, y). ,  

,  
,   Y  590 ,  

, -
 485  ( .20).  

 Y.  
 (x, y),  

, ,  
,  

 -  .  
,  

   -    .   
 

 520-
580  450-488  (  

):  
= [((100 580/ 520)-100)- ((100 488/ 450)-100)] - ,  (16) 

  - .  
 

,  
-  Fe.  

 =
2
3 [((100 540/ 500)-100) - ((100 596/ 554)– 100)] -  (17) 

(x;y) 

485  

590  

X 

Y 

 

. 20.       (  [19]) 

x 

y 



 51

  - X .  
,  

.  
, ,  

,   -  
.   

= 22       (18) 
, 

,  
 

.  
.  [19]  

, .  
 ( ); 

 
.  

,  
 

 5  91,5% (  
 0  100). ,  - 

, ,  
 100  0  5  

91,5%.  
= 500/  - 6 /100,     (19) 

 – .  
 1-2 ,  8-12 . 2 -

 85-95 1  
.  

 
:  

 = 10       (20) 

 
 (  70-80),  

1 ,  1-4, 
.   20, 40.  

 
,   

,  
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. ,  
:  

= 310       (21) 

 
 (50)  —  

 ( 1-2). 
, 
, 
. 
 

,  
,  

.  
 

 [24]  [34], 
. . 

 
,  

. , 

i      i+1 

, % 

i       i+1 

Si 

 

. 21.     
 [24]) 
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  ,  
, ,  

,  
 =f( ) ( . 21).  

 
.  

,  

 40  ,   =420 : =
n

,   n  -   

.  
,  

,  

 
d
d , , 

 '=f'( ) .  
  

 ( ) ,  1995 .  
 [34], :  

1)   750 , 750,  
2) , ,  
3) ,  

, = 650- 480. 
4) , h,  
5)  ( ), 1/2  
6) .  

 
, ,  

  (  40 )  
   400 

 750 : 

=
9

.... 720680520480440400   (22) 

,  
,  750, 

.  ,   
 750 ,  

 ( . 22). , ,  
,  

750 , ,  
, ,  750.  
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,    

. 
 h  1/2  

 ( .  23).   h  ,   
, . 

, 
,    

 ( ).  
, , 

,  
 1/2.  

,  
,  

 :  

tg  =
12

12       (23) 

 
, 

. 22.    
750    (  [34]) 

, % 

,  
500 600 700 

50 
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 tg  =
400750

400750 .  

,  
d /d ,  

 (tg i). 

 
, , 

. ,  
,  

, . 
,  

, 
 

. ,  
, , ,  

 
. 

50 

. 23.  (h),  
 (  ½)   (    

 (  [34]) 

,  

3 

A 

B 

 1/2 

 

1 

h 

500 600 700 

C 
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 4.  
 

 
:  

, , , . .   
 

 -  
, , 

,  
.  

, , , 
.  

,  
 [3], : 

 I = R + T + A,      (24) 
 R - ,  - ,  -   

  ,  I -  
.    -  R  (24) - 

,   -  
,  - . 

 (24)  
  :  r - ,  - 

, t - . 
     

, :  
 = ( /I).100% ,       (25) 

t= (T/I).100%,       (26) 
r= (R/I).100%      (27) 

,  
 100%. 

 
4.1.  

 
   

 (24)  
,    -  .  ,   

,       
(l).     [3, 21]  

 3-100  .     ,  
, , , 

. 
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 [20,21],  
  ,   

.24). ,        
,  

. ,  
, , , -  

   Fe  
.  

.   

 
,    

, , ,  
. 

, , , 
, . , 

,   
.   ,   

, , ,  
, .  

.  
Baumgardner (1953) ( . : [3])  

 4-6  2 ,  
 (0,1-0,5 ) -  2 .   

 0.001 %  . 

 

 

.24.  
, l  (  [20]) 

 

H, % 

l,  
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  -   
 10 , ,  , 

. 
.  [20,21],  

 
, ,  , 

.  
   

.   
,  

  
   ( .25),   

 
,     .  

 
 0,2 ,  – 0,05 ,  – 0,03 .   

 
,  

.    
,  

      .  
, ,  

,  
. 

.  Feher, 
Frank (1936) ( . : [3]), ,  

. ,  
   0,5  

0,58%,  -  2 .  
, .  

, .  
.  ,   

,       ,  
 -  

, , , 
,  

2 (       
).   
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 4.2.   
 

       
-

 [25,39,49 .]  50% , 
 95% , ,   

,  
, . ,  

 2-3  ,    
,    

,  
  ,    

 .  

   
    ,   

. , 

0.02 

0.2 

l,  

.25.  
 (l)  

 (   [21]) 

 
 <0.01 , 

% 20 40 60 
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, .  . .  

,   
, ,  , 

 [24].  
,  ,   

.   
.  

,  
,   

  — ,   —  ,  
 -  

 ( ) .   
 

. ,  
  , 

,  , ,    
,  

.  
 - ,  ,  -  

.  
  

,    
,  .   ,   

,   
 

,  
.  

.   
   

 max,  Dmax (  max). 
 

 1/2, ,  
 - 1/2Dmax 

 1/2 max) ( . 11). 
   

 [54,56].  
:  

It= Io.10 -  C. l       (28) 
lgIo/It = C.l      (29) 
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 I ,  It  -  
,  C  -   

, , l -  
,  - ,  

.   
 

 D,  [54].  
: -lg  = D.  

, , It,  Io 
,     = It/Io,  -lg  = D, 

 D - . 
 -      

     
 (  ).  

 1  l=1 .      
 

,        
,   .       

 ,max.  ,max    
       

 ( , ,   (III)),  102-103 -   
.    

 
 ,max  n.104 -  n.105.  

 
,   

.  
 

 ( , %),  
,  

 
.  1%    

1%-    l=1 
. , 

 0.01  0.001%.  
 ( ),  

,  
,  

: 
 D= C1l  + C2l + .......+ nCnl    (30) 
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 [28,29,54].  

 
4.2.1.   

 
 

   
,    

 ( .3).    
,  430, 

448, 568,  613  [24,28,29,54] .  
,  Pg,  

,  
. . .  

 
.  Pg-  

 4,9- -3,10- . 
 

 (  660 ). .  
 (D)  

,   : 
D =ke-a         (31) 

 k,  a  —  ,   -  .  
 ,  

 D  D  : 

a=(ln D  -ln D      (32) 
,  

 
 [28,29], ,  ,  

,         
,  .   

     
.  

 
),  

 
.  

,  
   

. , 
,  p- , 
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, . 
 

, .  
 

. , ,  
 - -,  

,  
.  

 
   

.  
,  

,  
.   

 [29]    .2  
 

 2.   
 (  [29]) 

 

 465
0.001%   465

0.001%  

-
 

0.049 0.011-0.016 

 0.076 0.017 

 0.050 - 

 0.113 0.010-0.014 

 0.067 - 

 0.073 0.011-0.017 

 0.080 - 

,  0.070 - 

 0.093 - 
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.  
   

, : 
0.001% =

lC
D465 ,      (33) 

 -  (  
/100 ).  

)  
,  

 ( )): 
0.001% ) =

)(

465

lC
D ,     (34) 

) -  ( ) /100 . 
 

. -
,  

,  
.  EC  

,  
,  .   

 
).  

   
, : 

=
100

      (35) 

. .  (1966)  
, ,  

. ,  
,  

,  
,   ,  

, . 
.  

, ,  
 

. ,  
,  

 [28,29,54]. 
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, , -

 (  D,  
)  465  650 . 

465 650 ( 4 6).  
, ,  

 650 ,  
. 

 
4.2.2.   - 

 
 

 
 

,  
.  

,  
,  ,  ,   

 .  
,  

,  
. 

  
 D- , . 

,  
 ( ,  

 1 ):  
-1= 104 / m.       (36) 

  ,   
 D.  D,   

 -  
). 

 
(0,770-2,5 ),  (2,5-50 (30) )  (50 - 2000 ).  

 - 
 2,5  12-15 .  

 [28,29,54]. 
  ,  

 
.26). ,  

,  ,  
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 -      .      
 

.   
 
 

, .  
 

.  
   

,  
  . 

 
. ,  

,  
,  

.  
,   

,  , 
, ,  

,  ,   
.   

 3.  
 

,  
.  

. 26.     
 2000-700 -1 : 1 – ,  

2 –  (  [29]) 
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 3.  
 ( : [28]). 

 
 

 
  

-1  
3600 2.8  

 
 

3500-3300 2.8-3.0  ,  
 

, 
 NH 

2920  
2860 

3.4-3.5  
 

2 3 

1725-1700 5.8-5.9  . 
 

 
1650 6.0  -I 
1610-1600 6.2  

 
 ( ). 

 
 

1590-1580 
 

1400-1390 

6.3  
7.1-7.2 

, -
 

-
-

 

 
 
-[COO]- 

1540 6.5   II 
1510-1500 6.6-6.7   ( ) 
1460-1440 6.8-6.7  

 
2 3) 

1260-1200 8.0-8.2   ( - . 
) 

1150-1050 8.7-9.5  .  
 

1080-1050 9.3-9.5  
 

 

860-730 11.6-
13.7 

  
 

 
730-720 13.7-

13.9 
 - 2)n  n>4 
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, ,  
, -

. 
   

.  
 -Si-O- -Si- -,   Si-O-Al,  

, -
, .   

, , ,  
,  

, . 
  

.   
,  ,  

.  
 [54]. 

 
4.3.  

 
     

:   ,       ,  
. ,  

  
, ,  .  

, , ,   
    , ,  

,      
    .   

 
.     ,   

    ,      
,  

,  
.  

  .  
, .  -

,  
,   [55].   

  .   
,  

)    
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. ,  
,  

,  
    .         

  .  
 I  

:  I~1/ 4 ,  ,    
.  

  ,  
, , 

, .  
, ,    

.  
,  
,       

  ,  , , 
.  

    ,  ,   
      

.  
,   

,   
,   

 
.   

,      
.  

 
4.4.  

 
 5-10  90%  ( ) 

 [24,25,27,41,45].  
  ,    .   

,  
 [ : 44].  

   
:  

 (  27, ).  
.  

,       ,  
, . 
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 -  

,   
  ,       ( . 27, ).  

 
,    

,  
.  

,   
  ,    ,  

.   
.  

.   
,  

,  .  , 
 -  

.  , , . 
, 

  .   
   

,  
,    (  27,  ).  

   - . 
  , 

,  .   
   

.   

a   

. 27.  
 – ,  – ,  –  [24] 
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 -  F,   
    ,  

 F  [44]. 
,  

.  
 

   ( -14,  -18),  
 

.    “ ” 
,  . 

,  
 

 R       
   ( )  R .   

  Fo:          
,   

.  
 : 

 =(R/R )100%.      (37) 
,  , , 

,  ,  
 r [44,55].  

. 28. ,  
   [55]) 

N 
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,     F    
 ( ),   (  )   

 ( ) ,  
,  N ( . 28): 

B=
cos
0F  100%     (38) 

 (r) ,  
 B,  
,  

 Bo, ,  
 ( ): 

r = ( )100%      (39) 
   

 -     
 [54].    

  ,       Mg, 
 100%.   “ ”  
   

,   
 ,   

.  
 -  ,  

, .  
, ,  

   
 = .  

 ( )  
 ( )  

 - 750,  r500 .  .  .      
         

 [24, 41, 54].   
,    

 400  750 ,     
 

.  ,         
.   

  : 

n

i,
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 ,i -  i-  
, , n -  

 ( .21) 
, ,  

,      
 [24,39].  

,  
  .  

 
.  

 ( , ) 
 

 -  ( .18 , ),  
 ( ) - 

 
. 18. , ).    

 ( .22),  
.  

,   
.  

,   
,   .   

-18  
,  

 (  
),   100% ,  

.  
 

,  
. , 

       
: ,  

. , . 
, . 

 
. , , 

, .  
,  

 ( . ), ,  
,  

. .  , 
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        .   -
,    .  

 - .    
 46 , 

,  
. ,  

 ( ), ,   
, , , 

, ,     
,  ,  

. ,  
: ,  ,   
.   

     
: ,  .  

 
 

,  ,   
,  

 1 .   
 0,25-1  

. 
 
 

,  
. 

 
 

 5.  
 

 
5.1. |  

 
 

 
 1928 . , 

    .  
,   

      .       
 30-31%, ,  

 – 25%, ,   
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 - 17%  ( ). ,  
60- ,   

, ,  
,  .   

 [24,25,30,39,41]   
,   

 2-3 ,  
   .   

,  
 1-5-7 ,  

,  
. .  [39,46]  

, ,   
,   2-3  .  ,  

,  [43], ,  
 7  0,25        

,    0,25   
.    

,   [53]  
5   20-25 . ,  

 [43] ,  
 2-3,  5  5-10     

      (  
 2%). 

 
 

.  1966 . [30]   
     700 

 ( 700)  (d)  
: , - , 

 [24].  
 

,   700  
.  ,  

   ( .29): 
 700 = k.10-ld  + 700, max    (41) 

 k, l - , , 700, max -  
,  

,   
. ,     

   700, max ,  
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 - 2.  l, k   
 (  5 )   ( . 4).   

 
 (41)  ( )  

700  
,   

.29.    
; 1-3 – , 1- , 2- . , 

3 – . 1; 4 – ;  –  
,  (  [24]) 

 700, 
% 

d,  
 

10 

20 

30 

40 

50 

2 6 4 8 

  

 

1 

3 

2 

4 
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 0.25 -
  .        ,   

, , , 
 – 

,  
. 

 
. 4.  (   [24]) 

 
,  max l k 

: 

1 

 

1 

 

43.0 

50.5 

41.5 

 

33.0 

38.5 

35.5 

 

0.22 

0.27 

0.26 

 

10.0 

12.0 

6.0 

, 1 17.5 15.5 0.60 2.0 

, 1 16.6 13.0 1.22 3.6 

, 1 22.0 18.0 0.38 4.0 

, 1 26.5 20.0 0.52 6.5 
 

 
   

,  
 ( ) .      

   ( .30).  
,  

,   
,  

,  – .  
, 

.  
    ,  

,        
,      

  . 
 

.  700,0 -  
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,  0,  
      

.   
 

,  
. 

 l   k         .    
 k,  

,  l,  
. 

,  
,  

 
.  

,  
,        

.   [48,50], 
Ashburn,  Weldom  [60],   ,   

, ,  
        

  ,  ,  
.   

,   
,   
  . ,  

. 30   
   ( )  ( ) : 

1 - , 2 –  (   [24]) 

  

1  
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      -  
 2 ,  

.  10-15% 
) , . 

, ,  
, ,    

,     2-3 ,   
 0,25  -   ,   

.   
      

.   2  ,   
,  

 0,5-1 . 
   

. 
 
 

5.2   
 

     
 -  ,   
  , , -

 [24].  
 

:    
, ,  

, ,  .   
,   

,  
. 

 s1  s2 - ,  1  2,  
 -  ( ),  

 : 
= 1S1 + 2S2      (42) 

, . S1+S2=1, , 
,  

S1= 1- S2,  (42) : 
 = 1 (1-S2) + 2S2 = 1- 1S2 + 2S2 =S2( 2- 1)+ 1  (43) 

,  
,  

.    
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 ( ), 
. .  

    , 
 

 [24]. 
    

,   
.  

  ,   
  

,         
 ( ) V1  V2   

    
: 

 = 1V1 + 2V2      (44) 
 

, ,  
;     2-     

.  
,  (44) : 

= 1V1 + 2V2 – 1.5V’  ( 1 - 2)2   (45) 
  -  , 1   2 -  

,   V1  V2 -   
 (V1+V2=1), V' - ,  

  , 1,5 –  
,  - ,  

.  
=0.59, ,  

.  
,   

.   
,            

.  
  , 

,  
. 
 

.  
,  

 
.   
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5.3.  
 

    , 
,  [7,20,39,50,60 .].  

 
.  
 

,  -  
 [50,62].  

.  
       

 
 ( .31).  [7,46,50]  

   
 ( )  2  

 ( ) -   1,5- 2,5 . 
   [50]  

 
, . ,  

:  – 0,3-2-3%, 
 – 0,4-10%,  – 2-12%,   

 – 4-5-25%.  
. 

     
.  [7]  

, : 
r  = rz + (r0 – rz) exp (- Wc) + dWn,    (46) 

 r  -    580-720 
,  r0 -  W=0, rz - 

,  
, , d , n <1 , c>1 - . 

 
 0-2(5) ).   

 2-4%. 
   

   
 [46, 62, 65, 66, 79].  

,  
,   ,  ,    (1430 

, 1990 , 2350 ). 
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. ,  
.  

 [39,46].  ,  5  20% 
,  

, 
,  

: 
 = A - b W,      (47) 

  - ,  A, b - ,  
. ,  (46) 

   (47),  
   

 (  2 . 31) , . 
, .  

 

W, % 

12 24 

-
  (2) 

 
 (3) 

-
  (1) 

18 

22 

26 

14 
 

, % 

4 8 

 

. 31.  (   
[7]) 
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 –  
 4-16%. 

Epema [65,66] ,  
 

,  
, ,  

. , 
 Menetti (1984),  

,  
 ( wet)    ( dry) ,  

 (P): 

= dry ( P
WP ) + wet ( P

W ),  W W*   (48) 

 W  -  ,  W*- ,  
.  Epema [66]  

 
, ,  1174-1334 .  

 
 80%  

. ,  
 

,  
. 

,  
 (24) ,   

  .  ,  
,  

.    
 ( ) 

 
- .  

         
, ,  

,  -  
.  ,  ,  

 -   
,    ,   

   
     ( .31,  

3) [7,50].  
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5.4.  
 

 
5.4.1.  

 
  ,  

,  ,   ,   
 

 [19,24,41].  
, ,  

.   
, , ,  

: , , ,   
,  ( ).   

 -  (  
) - ,  ,  

,  (  
),  .  , 

,   
, , , , 

, ,  
.  

   ( . 32),  
.  1927 . [  41].  

 [5,6,16,24,33] : 
 750 = 750,h +  -k     (49)  750 - 

 ( ) , 750,h - 
,  

750,0=( 750,h + )-  
 ( ),  – , k - , 

.  (49) 
   

.   
, , ,  

 1%1,       (  d /dH 
 7-8).     

  ,   

                                                        
1  
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 750,0,  
0,5% .   

 –  1  4% - 
,  

 (  
4-5),  .   5-6%   

     
,   

.  
,  

 d /dH  1-2.  
,  750,h.  

 
. 

 
,  750 

     
 ( ,  3%), 

 d /dH   
. , , , 

 -H,  
. ,  

 (H).  
 4  6-7% , 

,  d /dH , ,   
    .    

 
 

    , ,  - 
. ,  

    .   
 

,  (49),  
  d /dH   . 5). 

, ,   
   ,   

.  
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,   
, . , 

 k  (49)  
 -  

,   - ,  
       H 

. 5).  
    :  

.   

,%  

20 40 60 80 

. 32.  
 750  

  (  [24]) 
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  ,   

    
,          (  32).    

, ,  
 ( .33),     

,   
.   ,   

       
 

,    
 (  

),   
.  

, ,  ,   
, ,  , 
, ,  

,  
 

 .    
,  , ,  

 [14,17].    
 ( )  " ".  

 k       (49)  
 750,h.  750,h  

,  
   -    , 

 
.  ,   750,h    

 70%,   
 -  20%.   

750,h  
,  ,  .  ,   

,   750,h   
 6-9%,   

- 22-35%  16%,  ( .33). 
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 5.  
 (  [16]) 

  
  

 
 

,  

750,h   k 
-  

-  
-  

 
8,4 
9,0 

 
50,1 
35,5 

 
0,063 
0,043 

, 
, 1983 

 
 
) 

8,5 40,5 0,155 , 
, 

,1986 
: 

- , 
, 

 
; 

- , 
, 

, -
; 

-   (  
.); 

- , 
 

 

 
8,5 
 
 
 
8,0 
 
 
 
8,0 
 
8,0 

 
19,1 
 
 
 
29,1 
 
 
 
31,0 
 
22,0 

 
0,149 
 
 
 
0,170 
 
 
 
0,480 
 
0,360 

 
 

 
 
 

 (  
 

, 
1989) 

, 
1988 

, 
1981 

 ( . 
); 

-  , 
, 

-
 

6,0 
 
8,0 

52,0 
 
49,6 
 
 

0,250 
 
0,171 

 (  
 

,
1960) 

 (  
 

, 
1989) 

, -
, , 

, 
 

,  
-  
-  

 
 
 
 
 
22,0 
35,0 

 
 
 
 
 
32,3 
19,9 

 
 
 
 
 
0,054 
0,096 

 
 
 
 

, 
1991 

 
-   16,0 35,1 0,260 , 1986 
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 750,0.   

. -
 750,0  44-58%,  

, 
,  750,0= 54-55%,   

      . 

   
,  ,   

,  
,        

.  

750,h=6-9%  

20 40 

. 33.  
 750  (1)  

(2)  (  [15]) 

,% 

750 ,% 

10 

20 

30 

50 

40 

2 

1 

750,h =20-35% 
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,   

.  
 

,   
.   

,   
,  

 [7]. 
 

, ,  
,  [9,17,19,29,33,41,59,61]. 

, ,  
 [9,33,41]. .  [28,29] , 

, .  
 

.     ,   
,      

  ,  .  
 [9]  

 3-6 , ,   
    . 

, ,  
, .  

,   
   

.    
.  

       [9]   

: D s = 001,0

%001.0 aE C
,  

 - ,  a -     
/100 ,  0.001 -  ( /100 ). 

 Ds    4-20 ,  , 
,  108  6. 

,  ,  
,    -   

       
 ( . 34).   400  1,5-2 

,    -    3-4   ,  .   
, ,   
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,  
 

,   .  
,  ,   

  . 
,  

,   
.  

 
,  

. ,  –  “ ” ,  
    ,  

, 
.  

  ,  
.  

,  
, 750,0.  –   

,  
,   

,  
.  . 

   20%.  - 
, , .  

 
 -   

, . 
 4%,  

  ,  
. ,   

,  .  
   750,h.  

   
. , , >7, 

,  
     

.  
, ,  

, .  
 

     [14,16,47]. 
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,  ,   
 

     
.   ,      

, 
 

. .  
 

5.4.2.  
 

, ,  
 ( ) , ,  

).  
 Fe ,   

      .   
 

[49,50,62].  
,     .   

,  

 

 

20 

10 

30 

 

 
600 500 

. 34.  
   (  [50]) 
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 [46]  
  

 
 Fe : 

 + kFe ,       (50) 
 ,  

.  
 1,5-4% ( . 35, ).   

 ,  
.  ,  

           

,   ,    
     

,  
700-8000,      Fe2O3.    

,% 

30 

20 

10 

40 

2
.

4
.

6
.

8
.

  
, % 

 

 

.35.   
 

 ( )  ( ) (  [41]) 
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   Fe   
 ( .35, ): 

= a + b.  Fe  .       (51) 
 

, , , ,  
., ,   

   
   Fe. 

 
, ,  

, ,  
,  

 -  [24,41,48-51].  
.  -

,  
 Fe (=V),  

.   
 

, 
 [18,38]: 

max - a 10-k (Fe/ )     (52) 
 Fe  0,5  1,5 

 (51)     ,    
(>1,7-2)  ( .36),    

. 
     

 
, , ,  

,    /( ) [18,38]. 
 

5.4.3.   , ,  
 

 
 [5,35,37,49,65,80 .]. 

 
, , , 

. , 
  , , 

,  
.  ,  

,  , , .  
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,   

.  
.  , , , 

,    -
. ,   

      
     [5].  
,  

   
 [14,15].  

, , 
 ( .37, )   

 750= 0 – k.  CaSO4,      (53) 
 0  k  -  ,  CaSO4 - , %.  

 
.  

,   
,  

. 
,  

,  

10 

, % 

5 

15 

20

1 2         3       4       5 

V 

. 36.    
 V= [Fe ]/[ ] (  [38]) 

V 
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. ,   - 
   

 - .  
      ,   ,   

,  
   

 
 

. ,  
,   

,  
, ,   [5]  

 
 [14,15] ( . 37, ): 

750= 0 + k.
CaSO4,      (54) 

, ,  
 

. ,  750= 0 + k.  Ca O3, 
 (  38),   

   

.  [4,5,13,14,38,41] 

50 

40 

45 

750, % 

5 10 15 20 25  
, % 

 

 

. 37.  
 

 ( )  ( )  (  ([15]) 
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 0 
=15-18-26%,  k=1,2-1,8,           ( ),  

 
: 0=48.5, k=0.37 [4].   

 
d 750/d 3  ,   

 
 ( ),  

.  
,  (  

[5]), ,   
,  .  ,   

     
, ,   

  , ,  
, ,  

.  
  ,  

. 
,    

 [14,15]. , ,  
,  ,  

, ,  
.  

 
,  

, .    
,  

,  
.  ,  

.  
, ,  

, ,  
 

.  
 ( ) .  ,  

,  ,   
, . 
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.  

, ,  
 

.    
 
 

 [14,15].  
 750 -  

. 
 

2+  SO4
2-,  

. 

. 
, , ,  

.  ,  ,   
,  

.  

750,
% 

20 

40 

60 

80 

10 20 30 40 50 

CaCO3, 
% 

 

 

. 38.  
  ;   –  ,  ( )  -  

 (  [5]) 
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.   

   
 

.  [5,15,35,36,37] 
   

. , , -
,  

.     
 [35] ,  

 
:   

 = 0,333 ( . .,%) + 30    (55) 
 = 0,892 (K+Na, %) + 32     (56) 
 = 0,614 (Cl, %) + 32          (57) 

 
  —  ,  

.  
,    

  :     
.  

, , , 
. . 

 [5]  ,   
 

. , ,  
,    -    

 -     
,  

,   
.  

 
 [15,37]   

 
. ,   

 1,5%,  
 ( . 39, ). ,    

, ,  
 (  (  

) —  16%),  ( .39, ).  
 



 100

  2%,  
 90  Na+ /100  150 

 SO4
2-/100 .    

,  ,   
 

.   
 

    ,  ,  ,  
,  

.  
 

   [5].   ,   
, ,  
,  90-100%,  

 
.  

35 

45 

55 

1 

 
, % 

5 10 15 

. 39.   
;  - ,  

 ( ),  –  (  [37]) 

 

 

~ 
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 ( ) 
.  

, , 
.   

 
 [15,68]. 

   
: ,  

),  (  
),  

.    
 100%, ,  
,  

.   
,  

.  NaCl , ,  
,  

 (  
, )  ,  

 50-70%.  
. , 

,  50-70%  (!), 
. 
 

  . 
 

 (24).  
,  —   

 
, .  

.  
, ,  
, . 

,  
.   

, , 
,     NaCl  

,  
.  

 
 ( .40). ,   , 
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,  
,  

 “ ” .  
 “ ” , 

.  
,  -

,  
  ,  ( . 41).  

. 

,  
,  .      CaSO4 

 
,  

 
 ( . 42). ,  

      ,  
, ,  
” .  

. 
,  

 
,  

. , 

. 40. ,   
:1-  300 , 2-  100 ) (  [15]) 

1 

2 
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,  
,  

,        ,  ,  
,  

. ,  
 

 ( , 
,  , ) [5].   

,  
,  

,  
:  

,  
,  

.  
,  

,  
. , 

,  n-
,     

,  
 —  —   

.41.   NaCl   
 10% (  [15]) 
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. , 
.  .   [47]  ,    

  96% : 
,  ,  

, ,      
 ( , ) . 

 [68-70] ,  ,  
, ,   

     52%.   
 

 ( ) :  
32-34%   52%.  —  
5,2%,   —  6,5%,  — 5,6%.  

, ,   
,  

 ( ,  
) . -

   [16]  
    (H)       ( ) 

,    
 .   

. 42.  
   (  [15]) 
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 90%,  

.  
 41%,   -  36%,  

 -  13,8%,     -  1%.  
 

,         
 r2.  

  -  (r2 =0.78),   
 

   5,7,   – 4,1.  
,  

,  
.    

 (  [16])  
,  (  
), ,  

 ( ).    
 

 750  95,6%.  
 -  

 750  88%.  
, ,  

 
 
 

. ,  
  ,  

.  
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 6.  
 

 
 

, , , 
. 
 

:  
, , . 

.  
 

6.1.  
 

 3 
 [24,28].  ( .42, )  

,  
.  

,  400 
 8-15%,  750  -  

 15-20% ,  
30-45% - .  

, ,  
,     400 

 750 ,  20-25% (  400 )  50-
60%  (  750  ).   

,  I .  
 d /d , 

 II  ( . 
42, ). ,  

.  
,  

.  
 500-660 .  

 d /d  
,  

 
 ( . 42, ).  

 
.  [24,28]  

.  
 Condit [63] .  
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 d /d .  

,  
 -   300   

1000 , ,  
.  

 
 d /d ,   

.  
 d /d ,  

 320  450  480 
 580 ,  780 .  

, 
, , .  

 

10 

0 

30 

50 

500 600 700 

. 42.  
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 300  530 ,  530  580   
 (  

).  580  
, ,  

 620   740   740  ,   
 d /d   .   

,   
. Condit [63]  

,  
,   440, 540, 640, 740  860  

   
 

.  
 

,  
,  

,  
.    

   
,  

 
[5,17, 43,48-50,73-78].  

 
 

 , 
 

.  
 

6.2.    
 

 
 

,  
 ,  750.  

,  
,  - ,  

, ,  
 [19,24]. , , 

,  
.  
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, .  
[27,39,46], , .    

  
, ,  
 ( . 43). -

,  - 
.  
, ,  

  
. : "  

", “ ", 
".  

, 
,  [11]  

  
, .  
   

.  
, . . , 

 
:    

,  
, ,  
.  ,   

, ,  
 -  

. , , 
,  

,  ,   
,  

. ,  
,  

 
.  

 
 

,  
, ,  
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.  
 [15,17].  

 
 

 (  30 30 ) ,  
 [39].  

, , 
, , -

, 
% 

 

10 

15 

20 

25 

. 43.  
  

: 1– , 2 – , 3 – , 4– 
, 5 – , 6 –  

, 7– , 8– , 9– 
, 10– , 11– 

, 12– , 13 – , 14– 
, 15–  [  [46]) 

1   2     3    4     5   6       7    8   9   10   11      12    13   14  15 



 111

,  
: “  - ”, “ -

 - ”  “  -  
”.    

 10 ,  
 0,95.  

 [15,17]  
.  

, , ,  
: ,  

, -   0-3  
 0,95  0,999,  

  -  0,90-0,99.  
 

, , , . 
,  ,   

,  
 - ,  - . 

, ,  
 

,  
.  

 ( ). , 
,    

 - ,   -  
 ( )  

.  ,  ,   
 

   
.  

 ( ),  
. , , 

,  
,  

 
,  

.  
, ,  

,  25-40%,  
.  
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. ,  
, , 

 [17,18].  
.  ,  ,  

,  
.  2,5 

. ,  
. , 

,  
 

 200-  
. , 

,  - 
,  

.  - 
,   

.    
,  

-
,  

 10-20% .  
, , 

, ,  
 

.  
, ,  

, 
 

,  ,   
,  

. , , , 
  , , 

 
, ,  

,  
.   

,  
,  

, ,  
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.  
 

. , 
 
 

 .  
,   

,  
 

.  
,  

.  
,   

.    
 

.  
 
6.3.  

 
,  

, ,  
.  

, , ,  
,  

 
.  

. 
 
 

, ,  
   

[13,36,41,45,46].  
 ( .44).  

, ,  
,   (  3-5%)  

.  ,  
,  8  15%,  

.  
,  

 ( .44,2)  
,  
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  .   

1 (17-20%)  (35-45%),  
,  

,  .  1.  
 .   23-29%.  

  
. 1  17-20  40%, ,  

 
,  ( . 44, 3).  

, 
 

.  ( .44, 4)  1 
 -  10-12%, , 

 3-4 %.  
 

,   

.44.  
: 1- , 2 - , 

3 - , 4 - , 5 - , 6 - 
, 7 - , 8 - , 9 -  (  [45]) 
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 3-5%.    
.  

  
 ( .44, 6):  8-9  15%  
 (  –  

0,5 ).   
.  

 
   8-10%, ,  
 18  60%  -  [36].  

 
 (  2-3%)  

 30-50 ,  -  
 8-10%    

  ( . 44, 7 ).  
 ( . 44, 8),    

 
, , 

 - .  
 

 13-22%  35-45%  
 .  

.  
 ( . 44, 9, .45, ,  )  

 30-32%  
 -  50% -  ( . 

3),  35-30% [15,17].  
 -  

 
.  30%  

 50-55% ,  
,  

.  
, , 

.  
 (0-2 )  (  1-

3%).  , 
 15-18%.  

 ( . 
45, ),  

, .  
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 - 
 55-60%,  -  

, 
,  - 35-40%  

 

.45.  
)   = 650- 480 (1)  

:  - ,  - -
,  - , -  

,  - -  (  [15,17]) 

    
. ,  
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 ( . 45, ).  

 50%,  
,  35-40%,  

 -   70%  - .   
,  

  -  20%.  
 ( . 45, )  

,  
,  1-2%.  

. 
,  

 4 .  
,  

-
. 

, , 
, 

.  
  , 

, ). 
  ,  

 
,     

.  
, ,  
, .  

,  ,  
 

:  -  - ,  
, .  

: . ,  (  
,  

).  
, ,  

, . 
  

,  
. ,  

. 
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, ,  
 

,  ( . 
.8).  

.  [13,41]  
 

. ,  
,    . 

 14  
  11  50%.  

 = 640 - 480;  
 12 ;   

 12 .   
,  

  
 

  .  
,   ,  ,  

,  
 

.  
, 

, , 
, .  

,  
 

, 
  

. , 
, 

.  
 

.  
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  7.  
 

 
 

7.1.  
. 

 
 

 I  
 ( . 46).  -  

 
- ,  

 – Id (direct – ).  
,  

, ,  
 Is (scattered – ).  

,  
,  

 
), , , 

.  (  
)  –  

 Ia (absorption- ).  
 ( ) 

 Il (long wavelength – ), 
,  

,  .  .  ,    
 (  

 ),  
 Ile  

(emitted – ).  
 [8] :  

I = (Is+ Id)(1- ) + (Il - Ile) – Ia    (58) 
 

, , ,  
,  

 -    (  
,  .);  ,   

,  
 ( ,  

) [12].  
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 (  

), , 
,  0,6 , 0,69-0,76 

, . 
, ,  

,  
,  

 
.  

, ,   
,  

, . 
,  

; 

Id 

Is 

Ia 

Il 

 
Is 

Ile 

. 46.  
 ( :[12]) 
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,  
; , ,  

 
 

.  
, : 

, . 
 –  

,  
. ,  

,  
,  .  

 –  
 
 

)  
.  -  

, .  
.  

 
 

. 
 

7.2.  
 

 
   

.  
,  

,   ( -  
) 

 .  
 –  

    .  
 ( ) , 

,  
,  

, ,   
,  

.  
,        
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.  
, .  

  ,  
   ( )    
 ( ).  

, ,   
     -   

). ,   ,   
, ,  

.  
 

,  
 

.   
. 

 
7.2.1.  

 
       

,  
.   

   
. , 

, ,   
  [12].  

,  
 

.  
  ,   

.   
       

,  
, , , 

), ,  
       

  ( )  ( lor 
composite).  

 ( ),  
, .).  

: ,  
.  
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.  

-  
 ( ,  ,  

),  
 (  

, , ).  
, 

,   
.  

 
  ,  

, .  
,  

    2-3 
,  -  60% [12]. 

   
 ( ,  

, ), ,  
, 

 60%..  
,  

, ,  
 – .  

 9 ,  
,  ,    

  .  
, ,  

 256 .  
,   

,  ,  
.  , , 

. 
     

. 
 

7.2.2.  
 

 
 [12,65,72].  
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.  
. - 

,    
,   

 
. ,  

   
,  , ,   

 
 

. ,  
 

,  
, .  

 
 - . ,  

     (C ),  
 1972 .,   SPOT ( ), 

    1986 .   
 3- )  4  (500-600 
, 600-700 , 700-800  800-1100 ).  

 LANDSAT-MSS c c .   1982 .  
,   4 ,  

(Thematic Mapper)  7 ,  4  
   (452-518 (1),  528-609 (2),  626-692 (3), 776-905 (4) 

),  -    (1567-1784 (5),  2097-2349 (7)  10,4-12,5  
(6) ). . ,  (3) 

,  
;  

(4)  
. .  [12]. 

, ,  
  ,   

    
  .   

 
.  

 0,5  (56 79 ),   – 0,09  (30 40 
).   -  1,2-1,4 ,  

 120 100 ). ,   SPOT,  
:  10-20  
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.  
 2 3 ,  « » 

 2  ,   Word  View  -  3 3   
 15 15 - - ; Mapsat -  5-10 . 

 
,  

.  
,  

 ( ),  
 “ ”  

.  ( ) ,  
,  

. 
 

  ,  - 
 -  .    

,   
 11056’,  ( ) 185 

 

 

 

 

 

 79 56  

185  

=110 56’ 

185  

. 47.    
 (  [72]) 
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.   (  image, 
 “ ” )    

185 185 , ,  25  ( . 
47).  ( . 48)    

,   4  7  
 ( ,  

LANDSAT), ,  
 [72].       

.   
 (  6  

16), .  
,  

,   
      .  

     - ,  
 

, . 
 

 0  255 .  
 ( . 

49).     ,  
,  

 - . 
, ,  

,  
,   ,   

  ,      
  ,  . 

 
, , 

,  
,    .  

, , 
, ,   
. ,   6 (-16) 

,  
.   ,     

 6 (-16) .  
,  

 
.          
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)  
    ,     

.  
.  

, , 
, .   

 2 :  (  
)     (  

,  
, ,  

.).  
. 
 

.  
 

.  
 

.  

 
,  “ ”  

, ,  
,       ,    

 
 

 

 

 

 

 

. 48.    
.  – ,  -  

,  –  (  [72]) 
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.  3-  
,  

, ,  
, ,   

.  –  
.  

. 
     

:   (  
)  ( ).   

 
,   

.  
 

,    , 
: , , ,  

, , ,  
.  ,  

,   ,  
, .  

 
  ,      " "  

 (sampling).  
. 

,   -   
 

 –  
   

.  
 “ ” ,   

.  
   

 
   (  

  ).  
,  ,   

 
. 

,  
 “ ”.      
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 ( , ).  

 
, ,   

  ,  
  - . 

 “ ” - ,  
,    

. ,   5  
 - , , , , , 

.  
  ,   

 
      . 
,      100     

 10, ,        90%. 
         

. 
  

 

 

 

 

 
 

.49.  

 (  [72]) 
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,  
. , 

. 
      

,  .  
         
,  

.   (  0  
255 ) ,  

,    
  ,     

.  
  .    

 
 

,  , 
, .  

 [64-
67].  

,  
    ( ),  

.  
,    in situ  

, .  
,   

,   
 

,  
.  

   
.   ,     

  ,   
.  

 
 ( ),  

   
.     ,    

,   
    ,   

.  [73-75] 
,  
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.  
, 

.  Marsh, Lyon [74] 
     

   
 4%,  

 1/2  ( -2, 
 76 ,  

).   
 1:62  500  ,  ,    

   
.  

,  
,  

,  
1:250 000,  15 .  

,  SPOT,  
 1:100 000,  

 5 . ,  
 Mapsat,  

  1:50 000,  20 . 
 

 ( )  5 
 (  –  20 ). 

, , 
,    

,  (  
),  [12].   , 

   
,  

   
.  

, , ,  
 
 

, , . 
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 8.  
 
 

  
 

8.1.  
 

 
,  

 (  7)    
 ( .).  

,   
 

, . ,  
,  

,  
.  

, ,  
, , 

,  
.  

.  [5]      
 

.  
 ( . 50).  (f1)  

   
, ,  (D .), 

 , 
.   (f2) 

   
 H.  

,  
 

.   ,    
, 
 
 

. ,  
  -H,   

, ,  
. 
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   [53]  
 
 

.  
         

 100 ,  38 40 .  
 
 

.    
  ) 

, .  
 

D . 

,% 

 (H), % 

D .=f1( ,%) 

=f2 (H, %) 

. 50.  
 (  [5]) 
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 (3,8-5,8%). ,  
:  =f1(H,%).  (  

) 
 

 ( ) , 
.  

 f2: =f2 ) 
 

,  
,  

: C =f3 ,%). ,  
 

 5% ( ). , 
)  

, )  
, 
 

.  
   

 
 

.  [59,71].  
  

 12 ,   -
 (400-2600 ). , 

 1:25000,  
.  

 (  
),  

 
 (R)    

  .     
     0,4-0,44(1),0,46-0,48(2),  0,52-

0,55 (3), 0,72-0,8 (8), 1-1,4(10), 1,5-1,8 (11)  .     
 (58),  

,  
: 

=4,28 +0,02 R8-0,27 R11 +0,17 R1 -0,1R2 -0,03 R10 -0,04 R3,  (59)  
 Ri –   i- .   

           
   620-660  ,  
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 - 0.74.  
,    

: <1,5; 1,5-1,99;  2-
2,5; 2,5-3,5; 3,5-6; >6%.  

  
2%,       

. 
 

.  
”   

 2; 2,5;  3%. 
 

,  ,  
 (r=0,93).  

:<0,5; 0,6-1,1; 1,2-
2,2; 2,3-3,4; 3,5-6,3; >6,3 [12]. 

 
8.2.   

 
 

, 
,  

;  
.  

,  
, 

,  
.  

.  
, 
 

, .  
 (  5), , 

, ,  
,  

 ( , 
) [24].  

 
 
 

[22,23,40-42].  
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 750, 1= 620 - 
470, 2 = 590 - 540.  

. . [40,41]  
 
 

:  
750 = 0.01  (       (60)  
 -  ,  %,  -  

=100%, =0; , 750 -   
=0, =100%. ,  

 = 620 - 470.  
 

,  
. ,  

 
.  

,  
, ,  

.    
 

.  
(   ( . 51). 

,  
,  

 ,  
.  

 (  
  ( . 52).  
 , , 

 
. 

 
 

.   
=  ,  

. 51)  
  , ,  

 
. , , ,  
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, ,  
, . 

 
 

.  
 [42]  

, 
 

,  
 . -

  15%   
 6,5%, -  

 15-17%   6,5   8%.    
,  

, , ,  
 

. 

 

 

.51.   750 (  
) 2+  ( : [40]) 

,% 
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,  

   
.  

 
, ,  

.  
 (  )  

 (tg = /(750-400));  
.  

 [18]  , 
tg  .  

, , 
,  

  tg      = 0,95    0,90, 
  (   6) .             

.52.  750   
+A2+  ( : [40]) 
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 6.  
 (  [14]) 

 
 

 
 

 
-

 

, % -
-

 

-
 

 
% 

 
 
 (  

=0,95) 

 750, % 
. 30 34,6 3,0 8,7 33,5-35,7 

 26 37,8 4,8 12,7 35,9-39,7 
 70 41,2 6,1 14,8 38,1-44,3 

 tg * 

. 30 52,6 5,9 11,3 50,4-54,8 
 26 59,8 9,8 16,3 55,8-63,8 

 17 66,5 12,4 18,7 60,0-72,9 

 , % 
. 30 8,4 1,3 15,9 7,9-8,9 

 26 9,8 2,1 21,1 9,0-10,7 

 17 11,2 2,7 24,1 9,8-12,6 
*  tg   

,  750 
 

,  
.  

, ,  
, ,  

, . 
, 
 

, ,  
 ,  

 40%.   9,4-
14,8%,  9%.   

.     ,  60%,  
,  
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, , 
 15-20%  23%.  

 
:  
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,  k - .  
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.  
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 7.  

 
  

 
,  
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 8.  
   (  [69,70]) 

 
 
 

 (X  tp
.m, 

p=0,95;  .  .)    
 

 
-
, 

 
 

 
 

 
 

400 - 500  700 - 800  

 
  

34,5 - 80,7 115,8 - 166,0 133,9 - 174,9 

 31,5 - 105,7 55,7 - 112,3 96,9 - 153,1 

 92,3 - 142,1 74,7 - 131,3 90,0 - 133,3 

 
Na+  1  1 /100 ),  

 (1-2  Na+ /100 ),  (2-6  Na+/100 ); 
;  

 (6-12  Na+/100 )  (  12  
Na+/100 ) .  

 70%, ,  
 ( )  -  63%. ,   

 
,  

 [65, 70] 
,  

 
 

, , -  
. ,  

,  
 

 ( ) .  
 

, 
 " ".  



 145

 
 

1. .  

  .  . .  

. , 1932, . 6, . 196-306  

2. . , . , 1959, 86  

3. .  

.  :  .  .   

. ., . 9, , , 1969, 132-146 

4. . 

. , . , 1978, N 4, .139-142 

5. . . 

.: , 1984. - 320 . 

6. .  

. , 1981, N 11, . 114-123  

7. .  

. . , 

1983, 272, N 1, . 83-89.  

8. . . . . 1986, 244 . 

9. .   

. , 1966, N2, 

.105-111 

10. . , , 

, 1967, 464 . 

11. ., , .  

 

. , 1995, N 10, . 1248-

1256. 



 146

12. .  

. ., , 1992; 1994, .1, 2 

13. .  

. . 

... ., , , 1985, 21 .  

14. .  

  ,  .  . 

. . . : 

 

", , 1990, . 68-74, 

15. .  

. . .. .., , ., 1991, 150 ., 

16. ., .  

. 

, 1996, N 1, . 3-9. 

17. ., ., .  

 

. . , . , 1997, 

59 . 

18. ., ., .  

 

. , 1998, N 

2, . 186-192 

19.   .       

. ., , 1974, 351 ., 

20. .  

. 

. . . , 1981, .113, .4 , . 334-346 



 147

21. .  

. .  

. , , 1983, . 130-139. 

22. .  

. 

. . . , ., , 1984, 24 .  

23. .  

 

. .  

. , , 1983, . 

91-98. 

24. .,  .  

. ., , 1986, 118 . 

25. ., .  

 

 

 // , 1964, N 2, . 83-94. 

26.  ( .   ,   .   ).  .,  

, 1989, . 3, . 378-385 

27. , ., .  

 

. . . . . , 1976, N 7, . 128-132 

28. .  ,  .,  , 1992, 2- ., . 43-48 

29. .  

. . , 1990. 325 . 

30. .  

. 1.  

. . . . 



 148

, 1966,  4, . 206-210. 

31. ., . , 

. . -

 ( .  

., .), ., , 1994, . 219-232.  

32. ., ., ., . 

 

. 

.  

, ., , 1990, .161-

165.  

33. ., .  

.  

. . . . . . , 1989, N4, .75-82. 

34. ., ., .  

. 

, . , 1995, N 4, 35-42, 

35. ., ., ., ., 

., .  

. 

. . . . . , 1986, N 5, . 88-93. 

36. ., ., .  

. 5.  

. . 

. . , 1974,  1, . 112-115. 

37. ., ., .  

 



 149

 // ,1991, N 4, 

. 120-134. 

38. .,  ( ) ., . 

        . 

13.   . . 

. . . . , 1987, N 4, 

.95-102, 

39. ., ., . 

 

. .  

, , , 1983, . 5-30.  

40. ., .  

 

. . -

 ( .  

., .), ., , 1994, . 127-147. 

41. ., ., .  

. , 

. 2001., 175 . 

42. ., .  

. .  

 ( . ., 

.). ., , 1994, . 232-244. 

43. .  

. . 

, 1962, 245 . 

44. ., .  

. . 



 150

, 1981, 284 . 

45. .  

.  

, , 1980, N 1, . 45-52.  

46. .  

. . . 

, ., , 1979, 150 .  

47. .  

.  . , 1967, N 1, . 116-125.  

48. .  

. .- ., , 1966, 119 . 

49. . ., 

,1974, 252 . 

50. . ,  

. . 

. , 1960., . 9., .101-124 

51. . . . . . .- . -

, 1927, . 5, . 63-120 

52. .   .  .  2.  .,  ,  1983,  

160 c. 

53. .,  .  

, 1981, 231 . 

54.      ( .   

., .), ., , 1980,  4-7 

55. ., . . .3, , 

, 1951, 796 . 

56. . , . 1-5, 1988-1998 

57. . , .2, 



 151

, , 1957, . 368-375 

58.   . , , 

, 1967, .118-151 

59. Al-Abbas  A.  H.,   Swain   P.   H.,   Baumgardner   M.   F.   Relating  

organic matter and clay content to the multispectral  radiance. Soil 

Sci. ,1972, v.114, N. 6, p.477-485 

60. Ashbun E.V., Weldom R.Q. Spectral diffuse reflectance of desert 

surfaces. J.of Optical Soc. of America, 1956,vol. 46,N8, p.583-586 

61. Baumgardner M. F., Kristof S. J.,  Johansen  C.J.,  Zachary  A. L. 

The effect of  organic  matter  on  multispectralproperties  of soils. 

- Proc. of Indiana Acad of Sci., 1979, v. 79, p.413-421, 

62. Coleman T.L., Montgomery O.L. Soil moisture, organic matter and 

iron content effects on the spectral characteristics of selected 

vertisols and alfisoils in Alabama. Photogramm. Eng. Remote 

Sens., 1987, 53, N 12, .1659-1663 

63. Condit H.R. The spectral reflectance of American soils. Photogr. 

Eng., 1970, vol.36, N 9, p. 955-966. 

64. Epema   G.   F.   Atmospheric   condition   and   its   influence   on  

reflectance of bare soil surfaces in southern Tunisia.  -  Intern. J. of 

Remote Sens., 1992, v.13, N 5, p.853-868 

65. Epema  G. F. Spectral reflectance in  the  Tunisian  deserts. Doct. 

thesis, Wageningen  Agric.  Univ.  The  Netherlands,  1992 , p.150 

66. Epema  G.   F.   Effect   of   moisture   content   on   the   spectral  

reflectance  in  a   playa   area   in   southern   Tunisia.   -   Proceed.  

Intern.   Symp.   Remote   Sensing   and   Water   Resourses,    

Enshede, 1990b, p.301-308, 

67. Epema  G.  F.,  Kroonenberg  S.  B.  Ground  reflectance  of   natural  

bare  and  pure  surfaces  as  an   aid   in   interpretation   of   



 152

LandsatThematic   Mapper   data   in   southern   Tunisia.   -   

Advanced  Space Research, 1992a, v. 12, N 7, p.39-42, 

68. Karavanova E.I., Orlov D.S. Application of spectral reflectability 

for monitoring of soils' salinity. SPIE Proceedings series, vol. 2107 

"Optical Monitoring of the Environment", 1993, p.314-320.  

69. Karavanova E.I., Orlov D.S. The possibilities of remote 

diagnostics of soils salinisation in arid regions.  17th International 

Cartographic Conference, Barcelona, Spain, 3-9 September, 1995, 

Proceedings, Part 1, p. 1218-1222 

70. Karavanova E.I., Shrestha D.P., Orlov D.S. Application of remote 

sensing for the study of soil salinity in semi-arid Uzbekistan/ In: 

Response to Land Degradation. Oxford& IBH Publishing Co. Pvt. 

Ltd. New Delhi-Calcutta, 2001, p. 261-273 

71. Kristof  S.  J.,  Baumgardner  M.  F.,  Weismiller  K.  A.,  Shirley  D.  

Applications of multispectral reflectance studies of  soils:  pre- 

Landsat. - Proceed. 6  th  Annu.  Symp.:  Mach.  Proces.  Remotely 

Sensed Data and Soil Inform. Syst. , and  Remote  Sens.  and  Soil 

Surv., Indiana, 1980, p. 52-62. 

72. Lillesand T.M., Kiefer R.W. Remote sensing  and image 

interpretation, 1987, ISBN 0-471-85462-X 

73. Lyon R.J.P. Evaluation of  ERTS  multispectral  signatures  in 

relation to ground  control  using  a  nested  sampling  approach, 

Stanford Remote Sensing Lab., Fin. Report NAS 5-21884, 1975, 

600 p 

74. Marsh S. E., Lyon R. J. P. Quantitative relationships of  near 

surface spectra to Landsat  radiometric  data.-  Remote  Sens.  of 

Environment, v. 10, N 4, 1980, p. 242-261, 

75. Marsh S.E. Quantitative relationships of surface  geology  and 



 153

spectral  habit  to  sattelite  radiometric data.-Stanford University 

Ph. D. Diss.  1978, 225 p.,  

76. Munsell soil color charts. Munsell color company. Baltimore. 

USA, 1954 

77. Myers V.I. Salinity and Nutrients levels. Manual of Remote 

Sensing. Amer. Soc. of Photogrammetry, 1983, v.1, N1, 2180-

2182, p. 2147-2153 

78. Richardson A.I.,Gerbermann A.H. Gausman H.W., Cuellar J.A. 

Detection of saline soils with skylab multispectral scanner data. 

Photogr. Eng. and Remote Sens., 1976, v.42, N 5, p. 679-684  

79. Shield J.A., Paul E.A., Arnaud R.J., Head W.K. 

Spectrophotometric measurement of soil color and its relation to 

moisture  and  organic  matter.  Can.  J.  S.  Sc.,  1968,  v.  48,  N  3,  p.  

271-280 

80. Thies A.E., Winter R.P. Soils salinisation in semi-arid regions. 

14th Congress of Int. Soc. of Photogr., 1980, v.23, p.916-923. 

81. Venkataratnam L. Monitoring of Soil Salinity in Indo Gangetic 

plains of north Western India using multidate Landsat data.// Proc. 

17th Int. Symp. Rem. Sens. of Env., 1983, Ann Arbor, Mich., 9-13 

May, 1983, vol.1, p.369-377 

 


