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  2          

, , ,
, ,

, , .

,
.

, . -

, , -
(FAO-UNESCO, 1974, 1988),  (Soil Survey Staff, 1975, 
1999), , ,  (FAO-

, 1970-1981; , 2002),  (ECSC–EEC-
EAEC, 1985),  (EC, 2005).

-
 ( , 1990). 

,
(Schoeneberger et al., 2002),  (Soil Survey Staff, 2003), 

 (ISRIC, 2005) 
 (IUSS Working Group WRB, 2006). 

, ,
.

,
:

 2,  —  (FAO, 
1990). 

 3,  —
(FAO, 1990); SOTER (ISRIC, 2005); 

 (Schoeneberger et al., 2002),  (Soil 
Survey Stuff, 2003). 

 4,  —  (FAO, 1990) 
 5 (Kartieranleitung 5; Adhoc-AG-

Boden, 2005),  DVWK (1995), 
 (Schoeneberger et al., 2002), .

 5,  —
 (FAO, 1990), 

(Schoeneberger et al., 2002),  (Soil Survey Stuff, 2003) 
 (IUSS Working 

Group WRB, 2006). 
,

,
.

,
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 (WRB) (IUSS Working Group 
WRB, 2006). 

 WRB. 
,

.



4

 2

,
, ,

, , , , , ,
, .

.

,
,

.
.

,
 (ISO) , 

 ( ). : DE/ST/HAL – 0381 = 
- ,  381.

.
, .

 1 .

,
, . :

( ). , 8  2006  060108.

, ,
. ,

. .
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 1

1 ,
.

 125 , ,
,  C  R, 

.
1.1 ,
2

1
,

. ,
,

,
.

 80 ,  C  R, 
.

.
2.1 ,
3 2 ,

. ,

.
3.1 ,
4

.
,

.
.

4.1 ,
5 ,

: ,
,

.
 ( ) ,

.
 (0,0 ).

, , ,
. , ,

, ,  ( .
). : ,

- .

1  – .
2 ,

, .
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,
. ,

. ,
 (GPS) .

 (1  = 0,3048 ).

,  1:25,000 
1:50,000, . : TK50 L4536 
Halle (Saale) =  1:50,000  L4536 .

,
 (UTM) 

.  (
, , );

 GPS. : H: 56.95.250 
: 51°23'30,84'' ; R: 44.91.600 : 11°52'40,16'' .

,

.
.
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 3 

,
.

.
,

, , ,
.

.

 – ,
. ,

 ( )
 ( ),

.
,  ( )

.
( )  5° C (FAO, 1978). 

,
,

.
 2.

 (Schoeneberger et al., 2002) 
SU /
PC 
OV 
RA 
SL
SN

 (Ad-hoc-AG-Boden, 
2005) 
WC 1 
WC 2 
WC 3  24
WC 4  24 

WC 5 
 24 

WC 6 
: : SU, 25°C; WC 2 (= ,

 25° ,
)

,

 ( . 2).

.
- -

 (Soil 
Survey Staff, 2003) ( . 3; 

 1  2).



  8                                                                             

 3

PG = AQ =  PQ =
CR =   DU =  PU = 
FR =  IF =  US = 
ME =  IM =  XE = 
TH =  IT =  AR =  TO =
HT =  IH =    

,
. ,  —

, ,
. .

 <0 ° C ( )
.

,
.

:
, ;

;
;

.

,
, .
,  ( . 4). 

 –
. . ,

.
 25  ( ,

), ,
, ,  10 .

,
. ,

, .
 ( . 5). 
, ,

, .
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 4

1 2

(%) ( -1)
L  LP  <10 <50 0-25 
 LL  <10 <50 0-25 
 LD  <10 <50 16-25 
 LV  <10 <50 6-15 
S  SE  10-30 50-100 <6 
 SH  10-30 100-150 0-15 
 SM  10-30 150-300 0-15 
 SP  10-30 50-100 0-15 
 SV  10-30 100-150 6-15 
T  TE  >30 150-300 <6 
 TH  >30 150-300 0-15 
 TM  >30 >300 0-15 
 TV  >30 >150 6-15 

:
SOTER  2004 .

 « »  10 10 .
: SOTER, ISRIC, 2005. 
 5

CU =  DO =
RI =  TE =
IN =  (  >1% ) DU =
IM =  (  >15%) KA =
WE =  (  >15%)

: SOTER, ISRIC, 2005. 
 2

:

CR =  ( ) HI =  ( )
UP =  ( ) IN =  ( )
MS =  ( ) LO =  ( )
LS =  ( ) BO =  ( )
TS = 
BO =  ( )

: Schoeneberger et al., 2002. 
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 6

S    
    

V    
   

X    ( )

: Schoeneberger et al., 2002. 

 7

%
01  0-0.2 
02  0.2-0.5 
03  0.5-1.0 
04  1.0-2.0 
05  2-5 
06  5-10 
07  10-15 
08  15-30 
09  30-60 
10  >60 

.
 0,2%, , .

,
.

.
— , ,  —

;

.

 (

),

-
,

,

.

-
 ( . 3).  6 

.

,

.

. ,

,

.

 3
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 ( . 7).
 7, 

 ( )
( ). , , ,

, .
: N –

, E — , S — W — ; , SSW 
- - .

,
, .

;
 ( . 8).

 ( . ),
, ,

, .

 – ,
. ,

,
.

.
 9.

,
.

 4. 
.

.

 10.

.
.
.

,
.

,
.
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.
.

.
   

 8 

A   = 
AA .- .

 AA1 

 AA2 

 AA3 

 AA4 
 AA5 
 AA6 
AP .- .
 AP1 
 AP2 

AT 

 AT1 

 AT2 

 AT3 

 AT4 

. :
 AA4 
 AA4T 
 AA4I 

 AA4M 

 AA4C 
 AA4U 
M  = 
MF
MP
H  = 
HE 
 HE1 
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 HE2 
 HE3 

 HI1 
 HI2 
F  = 
FN
 FN1 
 FN2 
FP
P  = 

PN

 PN1 
 PN2 
 PN3 

PD ,

 PD1 

 PD2 

S  = ,
SR
SI 
ST
SC 
SX 
SD 
Y  = 
O  = 
U  = ,



  14                                                                             

 9 

Ce =  Fo =  Fi = 

CeBa =  FoAl =  FiCo = 
CeMa =  FoCl =  FiJu = 
CeMi =  FoGr = Ve = 

CeOa =  FoHa = Pu = 

CePa = ,  FoLe =  PuBe = 
CeRi = , FoMa =  PuLe = 

CeRy =  FoPu =  PuPe = 
CeSo = Ro = Lu = 

CeWh =  RoCa =  LuCc 
Oi = RoPo =  LuCo 

OiCc =  RoSu = LuTe 

OiGr =  RoYa =  LuTo 
PiLi = Fr = Ot = 

OiOl =  FrAp  OtSc =

OiOp = FrBa  OtRu 

OiRa =  FrCi  OtPa 
( ,

)
OiSe =  FrGr =    
OiSo =  FrMa =    
OiSu =  FrMe =    

 10

N =  BU = ,  ,
NK =  BR = 
VS =  TE = 
VM = PL = 

VE =  MP = ( )
VU =  (

)
MR = ,  (

)
IS =  ME =  (

, )
IF =  MS = 
ID =  MU = 

( )
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IP = , MO = 
( )

IB =  PO = 
IU = ( ) CL = 
AD =  SC = 
FE =  SA = 
LF = , BP = 

LV =  DU = ( )
AC = 

( ,
)

MI = ,

CR = ,

 11

F = 1 D = 
FE =  DE = 

FC =  DS =  ( -
)

FS =  ( - )  DD = 

FD =  DX = 

FX =  DT = 
W = 2 H = 
WE =  HT = 
WS =  ( - ) HM = 

WD =  HS = 
WX =  HF = 
S =  M = 
SE = B = 
SS =  ( - )

SD = 
SX = 

1 ,
, ,

.
2 , , .

,
,

.
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.
,

.
 (1973, SOTER; ISRIC, 2005) 

 11.
,

.

 – ,
.

.
, :

( ) ,
, . , ,

,
 ( ),  ( )3.

, ,
. ,

,
.

WE, 
. SA ,

in situ ,
, .

, , ,
. .

SOTER 
(ISRIC, 2005) . SOTER 

 1:1 000 000, 
.

,  12 
.

 (25-30 )  1 
; , ,

 10  < 20% ( );
.

.
,

.

3  ( )
 ( ) ,

 ( ), 
, .
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.
, , , , .

.
,  75% 

ó .
,

.
,

.

12 

I IA  IA1 

    IA2 
    IA3 
    IA4  ( )
  II  II1 , ,

    II2 
  IB  IB1 
    IB2 
    IB3 
  IU IU1 

    IU2 
    IU3 -

:
,

  IP  IP1 ,
    IP2 

/
    IP3 
    IP4 
M - MA  MA1 
   MA2 ,
     MA3 ,
    MA4 
  MB MB1 ,

    MB2 ( )
    MB3 Fe-Mn 

    MB4 
 ( )

    MB5 
    MB6 
  MU MU1 ,

S SC  SC1 ,
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( -
)

  SC2 , ,

   SC3 ,
    SC4 
    SC5 
  SO , SO1 ,

    SO2 

    SO3 ,

  SE  SE1 ,
    SE2 
U

( -
)

UR UR1 ,

 UF  UF1 ,
   UF2 , ,
 UL  UL1 
    UL2 ,
  UM ,  UM1 
    UM2 ,
  UC  UC1 
    UC2  (

)
  UE  UE1 
    UE2 
  UG  UG1 
    UG2 

    UG3 

  UK *  UK1 

    UK2 

  UO  UO1 
    UO2 
  UA / UA1 

   UA2 
/

  UU * UU1 
   UU2 ,
    UU3 
    UU4 
    UU5 ,

*
: SOTER; ISRIC, 2005. 

 ( / ),
, :
 d…= ,
 s…= .

 4 .



3                                                                                                                                        19 

,
. ,

, ,
.

.
,

.

 13 .

 13
.

vYn  (1-10 ) :
, , - , ,

, .
vYa  (1-10 ) :

 ( ), , ,
,

, .
Yn  (10-100 ) :

, , - , ,
, .

Ya  (10-100 ) :
 ( ), , ,

,
, ,

, .
Hn  (100-10 000 ) :

, , - , ,
, .

Ha  (100-10 000 ) : ,
, , , ,

,
, .

IPi , ,
.

IPp , ,
.

IPf , .
oPi , ,

.
oPp , ,

.
oPf , .
T , ,

, ,
.

O - , ,
, , .
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 4

.
, .

, ,
.

. ,
.

 (FAO, 1990). 
.

, ,
, , , - .

, ,
, , , , ,

.

. ,
,

, .
 14 

 ( ).

, ,
,

.

( 15) 
,

 14 
.

 14 

(%)
( )

N  0   
V  0-2 1 >50 
F  2-5 2 20-50 
C  5-15 3 5-20 
M  15-40 4 2-5 
A  40-80 5 <2 
D  >80   
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 ( -

-

),
-

 ( )
-

.

-

-
( -

) . -

,

.

-
-
,

,
-

-
-

, -
,

-

.

 15

(%) 

 (
)

( )
N  0 F  0.2-0.6 
V  0-2 M  0.6-2 
F  2-5 C  2-6 
C  5-15 S  6-20 
M  15-40 B  20-60 
A  40-80 L  60-200 
D  >80  

 16

N M
(

)
W NK  

 WS  A   ( )

 WR   AD 
 WG   AM 

 WT   AS 
 WD  AZ 

WA     

 17
,

%
0 0 
1 0-5 
2 5-10 
3 10-25 
4 25-50 
5 >50 
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 –
(  16). 

,

-
.

-
 –

-
.

,

,

,

 SOTER (FAO, 
1995), 

 17.

,
, .

18 ,
.

,
;  –

;  – ;
 – / .

,
 19.

:
 ( ) ;

( );  ( ); 
.

 18 

S
.

.
M

.

.
V

,
.

.
E -

 ( ). 

.

 19 

A
R  50-100

H
N
X
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, .
,

.
:

 (  20).

.

,
 – ,

.

( ,
)

,

.  21 

.

.
,  1 .

 2 .

 20 

( )
N   S 
F  <2 H 
M  2-5 V 
C  5-20 E 
V  >20   

 21

( ) ( )
F  <1 C <0.2 

M  1-2 D  0.2-
0.5

W  2-5 M  0.5-2 
V  5-10 
E >10 W  2-5 

 V >5 

S  <2    
M  2-10    
D  10-20    
V  >20    



  24                                                                             

, , ,
, , , , , ,
, .

-

-

,
.

 22 
-
-

-
-

.

, .

,
, ,

, , .  23 
, .

. ,
.

, .

,
.  ( )

 ( )
. ,

.
 (  5 ), . .  1 .

 22

(%) ( )
0  0-2 N 
1  2-15 F  <2 
2  15-

40
M  2-5 

3  40-
80

C  5-20 

4  >80 V  >20 

 23
,

%
0  0-2 
1  2-15 
2  15-40 
3  40-80 
4  >80 
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,
, . ,

. ,
 16  23 ,  19,5 .

. : , ,
. ,

, ,  28 (25-31)  45 (39-51) .

.
 10, 20, 25, 40, 50, 100  120 .

,
,

 (  24). 
 ( ).

-

,
- -

.

-

.

.
.

 24

( )
A  0-2 S 

C  2-5 W ,

G  5-15 I ,

D  >15 B 
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,
.

 –  (
) .

 (  4). 
,

 (USDA). ,

, ,
.  2000-63-2

.

 ( ) ,
 4. 

. /
,

.
,

 4.

,
 ( , , ,

) .
,  100%  (  4).

(  25). 
.  > 2 

.
:

: , , ,
, .

: , , , ,
,  ( ).

: , , .
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 4
,

:  (1990) 
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,
:

 –  –  100 .
 – -

30  100 .
 – , ,

 –  30  100 
.

 –  –  30  100 
.

 30%  25 cm .
 30%  15 .

 30% 
.

30% ,  12-
 <20%, /  < 0.4 

.
.

 – ,
.

,
.

,  8% 
.

, , ,
.

,
,

,  20% .
 – , ,

.
 8%  7.5 

 2 , ,  20% ,  20% 
.
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 25 
       

    ~% 
 

1      7   (    ) 
1.1   ,  ,       S < 5 
 •    : -

  
US < 5 

 •      (>0.6 ):   
  

 

CS < 5 

 •      (0.2-0.6 ):   MS < 5 
 •     (<0.2 ),      

: 
  FS < 5 

 •      (<0.12 ),   
   : 

  
 

VFS < 5 

1.2  , ,      
 ,   ,    : 

 LS < 12 

1.3    1.2,     
 

SL          < 10  
(  ) 
 

2     3-7  (     ),   
        2-3 ,   ,   

 
2.1 ( )     
 •    :  

 
SIL             < 10 
(  ) 
 

 •     :  SI < 12 
2.2 ,   ,  ,       
 •   :  

 
SL            10-25 
(  ) 
 

 •     :  L 8-27 
 •  ,        

: 
 

 
SIL           10-27 
(  ) 
 

2.3         
 , ,   : 

 
 
 

SCL 20-35 

3      3  (    ),    
  2-3 , , ,    ,      

      
3.1 :  

 
SC 35-55 

3.2       ,      
 • ,     :   CL 25-40 
 • ,  :  C 40-60 
3.3     ,   ,        
 • :  

  
SICL 25-40 

 • ,     :   SIC 40-60 
 • ,  :   HC >60 

:         
   .       , 

 ,  /   .    ,  
 –  .  ,  ,    ,  

          . 
: Schlichting, Blume, Stahr (1995),  . 
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,
, ,

 20% .
 30 ,

.

.

, , ;
, , .

,  20% ( )
 150 

.
 3% (

).
 < 0.6 .

-
-

-
, -

,

-
.

-

.
 ( )

, ,
.

,  (>2 )
, , , ,

.
,  40% 

 (  26  5). ,
,  «

», .

 26
,
%

N  0 
V  0-2 
F  2-5 
C  5-15 
M  15-40 
A  40-80 
D  > 80 
S ,
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 27.

-

:
< 20%( )

 75 

-
.

 40%( )

:

100

;

50-100 -
;

20-50 -
;

 20%  ( ,
)

100 
< 40% ( )

-

 100 

,
.

,
.

 5
,
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 27

( ) ( )
F  2-6 V  < 2 
M  6-20 F  2-6 
C  20-60 M  6-20 
S  60-200 C  > 20 
B  200-600    
L  > 600    

FM /
MC /
CS
SB
BL 

-

 28.

-

-

,

-
-

;

-

-

.

 28 

F
A
S
R

 29 

F

W

,

;

S ,
,

;

 30

QU
MI 
FE 



4                                                                                                                                   33 

 29.

,
,

.

,  (  12). 
, , ,

 30.
 ( ,

)  2 . ,
, .

.

,
.

 31

/ -

, ,

D1
-

 ± 

D2 -

D3 -  2/3
D4  1/3  2/3

1/2  2/3 

D5.1 -  1/6  1/3

D5.2  1/6

: Ad-hoc-AG-Boden (2005), 



  34                                                                             

.

, .

 2/3 ( )
.

 2/3  1/6 ( )
.

 1/6 ( )
.

, ,
,

.

.
: , :

 ( ):  (5-30 ),
.

.

, .
Oi – Oe – Oa,

; ; ;
/N >29. 

 ( ): , ,

 ( ) . Oi – Oe –
Oa .

,
.

; /N 18-29. 
:

.
; C/N 10-18. 

 ( )
,

 – , .
,

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

 ( , )
 (hue),  (value)  (chroma)

 (Munsell, 1975).  ( ) –  ( ,
, , ),  –

 1 ( )  8 ( ),  –
 1 ( )  8 ( ).

, , .
, .

.
, , ,

.
, , .

.
. ,

, ,
.

, ,
- , ,

.

,
. ,

,
 3.5, 4, 6, 6.5, 8.5  9 YR. ,

3.5 YR, ,  2.5 YR,  5 YR; 4 YR  5 YR . .

, .

 + -.
, :
,

.
, ,

.
,  10 YR,  5 ( )

, .
 7.5 YR  4 ( )  5 (

) .
,  7.5 YR  7.5 YR  > 4 (

) .
,  5 YR,  < 3.5 ( )

.
 5 YR ;  7.5 YR  5  5;  7.5 YR 



  36                                                                             

 5  5  6;  10 YR 
 2;  10 YR 3/1 ( ) .

7.5 YR GY, B  BG;  4 ( );
 2 ( )  (

). 
N1 N8  2.5 Y, 5 Y, 5 G  5 B ,

.
 5 Y, GY G ( ). 

 < 2.0 ( )  < 2.0 ( )  < 
3.0 ( ) .

 2 ( ) .
 3 ( )  3 ( )  5 (

) .
 3 ( ) .

 4 ( )  5 ( )  2 (
) .

> 2 ( ) > 2 ( )
.

 2 ( )  2 ( )
.

 4  8  4  ( )  5-8
 2-3 ( ) .

, .
 3 ( )  4.5 ( )  2 (

) .
 4 ( )

( ).
 3, 4  5 ( )  ( ). 

 5 ( )  ( ). 
 3.5 ( )  1.5 ( )

.
 5.5 ( ) .

 –

,
( ) .

,

 (
)

( ).

, , ,
.

 32

%
N  0 
V  0-2 
F  2-5 
C  5-15 
M  15-40 
A  > 40 

 33 

V  < 2 
F  2-6 
M  6-20 
A  > 20 
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, .

 ( ) ,

( ), , , ,
.

, , , ,
.

 4  2 
.

( )

.

.

,

, -

.

,
,

 32. 

.
,

, .

 34 

F
.

,
.

D ,
. ,

.
 2.5 

.
P ,

. ,
,

,
, .

 35

S  < 0.5 
C  0.5-2 
D  > 2 
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 33. 
.

 ( )
 34.

 ( ) –  ( ), 
, .

-

-  ( ) -
,

 (  36). -
 (WRB) 

, .

-  (DIN/ISO Draft, 
DVWK, 1995),  ( , 20-100- ,

 2 , )
 1-2 , .

,  1 .
.

 30 
, .

,
,  1- KCl.

,
 (  2 ,  0.5% 

( / ) KCl). .

 (Em)

( , +244  10ºC, Ag/AgCl  1 M KCl;  +287 
). ,
rH, : rH = 2pH + 2Eh/59 (Eh  25 ºC). 

rH .

,
,  (  37). 

 ( :  N1  N ), 
 (2.5 Y, 5 Y, 5 G, 5 B) .
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.
Fe²+

 0.2% (M/V) , - ,  10% (V/V) 
. Fe²+

- , -
. , . .

.

 36

rH
- rH

,
-

 > 35 
< 33   NO3

 < 29 Mn²+

Fe / Fe ,  < 20  Fe²+*

-
; Fe²+

 13-19 
Fe²+/Fe³+ (

)*
,  < 13 

 < 10 
* , , .

rH < 20
,

.  ( , .) 
.

 37
Fe 

- , - 5-GY-5-B2-3/1-3 Fe²+/Fe³+ Fe 
( -

)
, N7-8  10 YR 4/5 Fe²+CO3

, N7-8  5-B Fe2+
3(PO4)2 •
8H2O 

-  (

10%HCl 
H2S)

5-10-B1-2/1-3 FeS, FeS2
(  Fe3S4)

Fe 

, N8  N8 - - 
Fe 

: Schlichting et al. (1995) 
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-
-

( -
)

-
(

). -

-

,
,

, -
-
-
.
-

 (CaCO3)

-
 10% HCl 

.
 (  38). ,

.

, .
, , , ,

 ( ). ,
. HCl

,
, .

. ,
, -

.  39.

 38

%
N 0 -

SL 0-2 ,
MO 2-10 
ST 10-25 

HCl.

EX > 25 HCl. 

.

 39 

SC  (« »**)
HC  ( **)
HHC  ( **)
D
PM * ( ,

)
M
HL 

/  (  10 )
*  «

», 
.

** ,
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:
 ( ) >=2% .

 15% , ,
.

 40

%
N 0  EC = <1.8 -1  10 /25 H2O
SL 0-5  EC = <1.8 -1  10 /250 H2O
MO 5-15  EC = >1.8 -1  10 /250 H2O
ST 15-60 

/EX > 60 

, ,
.

 15-25% , ,
.

 50% , ,
.

,  50-100
, ,

50 .
,

 ( )  (
).

 (CaSO4•2H2O) ,
, .
,  ( , ,

, ),
.

, .
,

 (EC -1)
 (  40)  30-

 ( ).

.
 41.
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:
 5% ( )

.
 5% ( )
 1% ( )

.

5% ( )
1% ( ) .

 15-25% ( )  1% ( )
.

 50% ( )  1% ( )
.

,
.

 (CaSO4 • 2H2O; log Ks = -4.85  25 ºC). 

EC ( -1= -1)
(Richards, 1954). 

 ( SE). SE
,

.

 1:2.5 ( , 20 /50 )
SE

 (  42,  43 ).

 8 3

(~ 10 ).  10  25 
.  ( 2.5)

 30- .
 < 0.01 ¹.

 ( NaCl) :
 [%] = 2.5 [ ¹] • 0.067 • 2.5.

2.5 SE

, ,  43.
        250 • C2.5 
        ECSE =  
            WCSE

 41 

SC
D
G « » (

)
HL 

/  (  10 )
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 8  15 ¹ ( SE, 25 ºC) .
 4 ¹ ( SE, 25 ºC)  100 

.
 30 ¹ ( SE, 25 ºC)  100 

.

 42

ECSE = ¹ (25ºC)
N ( )  < 0.75 
SL  0.75-2 
MO  2-4 
ST  4-8 
VST  8-15 
EX  > 15 

: DVWK (1995). 

 43

 ( )
 ( )

: DVWK (1995), ,
.

- WCSE, /100 

- < 0.5% 0.5-1% 1-2% 2-4% 4-8% 8-15% 

, CS 5 6 8 13 21 35 
MS 8 9 11 16 24 38 
FS 10 11 13 18 26 40 
LS, SL<10%  14 15 17 22 30 45 
SiL 17 18 20 25 34 49 
Si 19 20 22 27 36 51 
SL10-20%  22 23 26 31 39 55 
L 25 26 29 34 42 58 
SiL10-27%  28 29 32 37 46 62 
SCL 32 33 36 41 50 67 
CL, SiCL 44 46 48 53 63 80 
SC 51 53 55 60 70 88 
SiC, C40-60%  63 65 68 73 83 102 
HC<60%  105 107 110 116 126 147 

 (  31.  4)
D1 D2 D3 D4 D5 

 80 120  170 240 300 
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.
.

. .
.

,  ( , ),
-  (1  2.5 

 1 KCl  0.1 CaCl2). ,
 15 .

 50-
 8 ³ (~10 )  25 .

 44

 ( )
pHCaCl2 < 5.1  > 15% 

< 4.6  > 4-15% 

< 4.2  < 4% 

 (= 
<50%), 

< 3.6  > 15% 

< 3.4  4-15% 

< 3.2  < 4% 

 10% 

: Schlichting, Blume, Stahr (1995), .

,
 (  44). 

.

 (  45), .
, .

 45

-

N
P , ,

. .
S H2S ( ; « »); 

.
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, ,
:  0.9 / 3  (

/ ). 
- .

,
 (Fieldes and Perrott, 1996). NaF:

NaF  9.5 
/ - .

OH-. ,
. ,

, , .
, NaF,  (

)  ( HCl). 

,
,  1 NaF (  7.5). 

- .
 – ,  1  50 

1 NaF (  7.5),  2- .  9.5, 
.  + -. 

:
,

.

/ - .
.

,

.  10-
,  – .

 5% ( ) ,
 0.05-2 

 0.02-0.25 .
 30% ( ) ,

 0.02-2 
.

,
. ,
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,
,

.

/
 (  46). 

,  ( )
.

.
, ,

. ,

.

 46

S LS,
SL, L 

SiL, Si, 
SiCL, CL, 
SCL, SC, 

SiC, C 

S LS,
SL, L 

SiL, Si, 
SiCL, CL, 
SCL, SC, 
SiC, C 

%
-  7    <0.3 < 0.5 <0.6-1.2 
-  6.5    0.3-

0.6
0.5-
0.8

0.6-1.2 

 6    0.6-1 0.8-
1.2

1.2-2 

 5.5   < 0.3 1-1.5 1.2-2 2-3 
 5 < 0.3 < 0.4 0.3-0.6 1.5-2 2-4 3-4 
-  4.5 0.3-0.6 0.4-

0.6
0.6-0.9 2-3 4-6 4-6 

-  4 0.6-0.9 0.6-1 0.9-1.5 3-5 6-9 6-9 
-  3.5 0.9-1.5 1-2 1.5-3 5-8 9-15 9-15 
-  3 1.5-3 2-4 3-5 8-12 > 15 > 15 

 2.5 3-6 > 4 > 5 > 12   
 2 > 6      

:  3.5-6,  0.5 ;
 > 6,  1.0 .

: Schlichting, Blume, Stahr (1995), .

 30  (
):  [12 + (

 × 0.1)] %  18%, 
 20% .

,  30 
 ( ) .

,  < 30 
.

 6% 
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 4%  30 
.

 0.6% .
 1.5% .

( :
 1:1.7-2) 

.

, .  –
,

.
.  ( ),

, .

 –
 ( ) .

.
, .

, ,
.

, ;
in situ ( ) .

, .
, ,

.

( )  ( ). 
,

, .
 ( )

( ). ,

 (  50%). 
, .

 ( ).

 47.
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 47

WE ,
.

,
,

.
.

MO ,
.

, ,

.
.

ST ,
.

.

.
:

WM    
MS     

 6
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 (  6) 
 48.

.
 49.

. , ,
 (  50). 

,  51. 
,

.
 ( , ).

 ( ,
).  ( ,

). ,
 52.

 48

( )
,

, ,
, .

 ( ,
)  ( ) .

,
, .

;

.

; ;
, ,

, .
.

,
, .

,
,

,
.

, ,
; .

4 ,
, .

4 ,

, .
, , ,

.
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,
 (

« »

,

)

.

,

/
 (

 30 

,

,
)

,
.

 ( ) .

.
,

.
,

 10-60º .
.

 ( ). 
.

, ,
 10 cm .

.
.

,
.

, /  20 
.

.
 25% .

 49 

RS 

 SS 
SG 
MA
PM

BL 
 AB 
 AP 

( )
 AS -
 AW  ( )
 SA -
 SB 
 SN 
PR 
 PS -
WE 
CO
GR 
WC 
PL 
CL 
CR 
LU 
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 50

 51 

FF 
VM
FM 
FC 
MC 
MV
CV

 52 

CO + PR 
PR AB

PL / PR 

 ( )  ( ).
, , , .

,
.

 (  1,  1) 
,  ( )

.  ( )
.  (  2,  1) 

.
.

 (  53) 
- .

/ /
/ /

VF  / <1 <10 <5 

FI /  1-2 10-20 5-10 
ME  2-5 20-50 10-20 
CO /  5-10 50-100 20-50 
VC  / >10 100-500 >50 

EC - >500 - 
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 (  54) 
.

:

.
,

, .
.

.

 53

LO 
SO

;
.

SHA ;
.

HA ;
.

VHA ;
.

EHA ;
.

:
: SSH – ; SHH – ; HVH –

.

 54

LO 
VFR ,

.
FR 

;
.

FI 
,

.
VFI ;

.
EFI -

; .
: : VFF – ; FRF –

; FVF – .
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 –

.

 (  55).
 –

,
. .

.  3 
 (  56).

.
,

.
-

 5-10 , -
-

10
.

-
 ( )

 50 
-1 .

-
 ( )

450 ²
.

 – .
 57.

 55 

NST 

.
SST 

,
.

.
ST

;

,
.

VST

.
: : SSS –

; SVS – .

 56 

NPL 
SPL ,

;

.
PL ,

;

.
VPL 

;

.
: : SPP –

; PVP –
.
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,
.

,
.

.
 <2 .

,
.

.

 (105°C)
. , , ,

.  (
 1.3 -3) .

.
,

, ,
.

 57 

F*

,  5 

,  4 

 (
)

3

,

 2 

 1 

 0 

*pF (p – , F – ) – log(hPa). 

. ,
,

.

.
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.
,

,  ( )
(  58).

 0.90 -3 .
20% ( ) ,

.

 58

( -3)

,
,

; ,
.

 <0.9 
BD1

; , .
, 0.9-1.2 

BD1

.
,

,
1.2-1.4 

BD2

;
,

.

, ,
,

1.4-1.6 
BD3

 1-2 ,
;

,
.

,
, ( )

1.6-1.8 
BD4

;
.

 >1.8 
BD5

,

,

.

 1.0-1.2 
BD1

,
.

,
,

,

1.2-1.4 
BD2

;

.

,
,

, ( -
, ,

)

1.4-1.6 
BD3

;

.

 ( -
, ,

)

>1.6 
BD4, 5 

:  >2%, 
 0.03 -3  1%-  ( . .

0.03 -3  = 3%,  0.06 -3  = 4% . .).
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-
,

.

-
, -

-
.

, -

-
.

« » (PD=BD + 0.009 · % ) (  7).
, ,

.

(  59).

, .

 59
, ,

-
% 3

- - D1
( )

<3  
SV1 <0.04 

 D2 
( )

3-<5 
SV2 0.04-0.07 

D3
( )

5-<8 
SV3 0.07-0.11 

D4
( )

8-<12 
SV4 0.11-0.17 

 D5 
( )

12
SV5 >0.17 

 7

: Ad-hoc-AG-Boden (2005). 
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 ( )

.

-
, ,

-
, , .  « »

 « », 
, , .

, .
, .

 – ,  10-
, , ,

(  60).

 61 

I - , . ,
.

,
, ,

, .
,

.
B

( )
 ( )

,
.

.
V

( )
, ,

,
.

.
.

C - ,
, ;

.
( ),  «

».
P ,

. ,
,

.
.

 60 

%
1  <2 
2  2-5 
3  5-15 
4  15-40 
5  >40 



  58                                                                             

-
.

-
. -

.

-

 61.

-

-  ( -
)

(  8). 
.

 62.

 ( )
( )  (
63). 

 « »
.

.

,
, ,

.

 62 

V  <0.5 
F  0.5-2 
M  2-5 
C  5-20 
VC  20-50 

: : FM –
;; FF – ; MC –
.

63

<2 
( )

>2 
( )

N  0 0 
V  1-20 1-2 
F  20-50 2-5 
C  50-200 5-20 
M  >200 >20 
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 8

- ,
 ( , , , ),

 ( - ) ,
,

(« »). , , ,
.

,
 (  64). 

 ( , )
.



  60                                                                             

 65 -

-
.

-
 66.

-
-

 (
67). , -

 ( )

-

-

-
-

.

 68, 
- ,

.

, , .
.

.
.

 ( ) .
.

,
.

 (  [ ]).

 64 

%
N  0 
V  0-2 
F  2-5 
C  5-15 
M  15-40 
A  40-80 
D  >80 

 65 

F ,

.
, , .

 2 .
D

 ( )
.

, ,
, .

 2-5 .
P

 ( )
.

.  5 .
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 66 

C
S -
H
CS - -
CH -
CC  ( aCO3)
G
HC « »  ( ,

. « » ,
,

-  (Bullock et al., 1985)). 
JA 
MN 
SL  ( )
SA 
ST
SF  ( )
PF -
Sl ,  (  –

,
).

SP , .
SN , .

: Shoeneberger et al. (2002), .

, ,

.

. -
-

 1 .

 / -
 69.

 67 

C
CI  ( ,

)

DI

DE
DC
O

 68 

P
PV 
PH 
CF 
LA 
VO
BR 
NS 
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,
-

-
-

 70.

-

-

-

 71.

-
 / 

-
-

 72.

-

, -
-

.
-

.

75% ( )

.

 69
 / 

B
 50%; 

.

D  50-
90%; .

C  50-
90%; 

.

 70
 / 

P

.

V
,

.

P
( ) .

D

.

 71 
/

K
Q  ( )
KQ -
F
FM -  ( )
FO -
I
GY
C
CS -
M
P
NK 
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.
.

 1-25 
/ .

, ,
; , .

 –
.

,
 10  < 20% ( )

, .
,

 <10 
.

.

 72 
 / 

N
( ).

Y ,

.

W ,
.

M ,
 (  90% 

).

C
 (  90% 

).

I
 (75 )

(  90% ).
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-
 – -

-
-

, -
-
-

,

, -

,
, -

 ( ), -
 ( -

) -
-
.
-

, -
,  ( ), 

-

. -

-
,

, , -
, , -

.

 73
,

%
N  0 
V  0-2 
F  2-5 
C  5-15 
M  15-40 
A  40-80 
D  >80 

 74 

T
C

,
.

SC
S

( ) ,
.

N

.
IP 

 (
).

IC 

R ,
.

O

 75 

V  <2 R  ( )
F  2-6 E 
M  6-20 F 
C  >20 I 
   A 
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-
 75.

-

 76.

-

.  77 -
.

, -
 78, 

 (
)

.

 ( )

 73.

 74.

( ),

, -
 10% ( )

.
,

.
, , ,

 76

H

S

B

 77 

K  ( )
KQ -
C  ( )
CS -
GY  ( )
SA  ( )
GB
J
S  ( )
Q  ( )
F  ( )
FM -  ( )
M  ( )
NK 

 78 

WH 
RE 
RS 
YR -
BR 
BS
RB -
YB -
YE
RY -
GE 
GR 
GS 
BU
BB -
BL 
MC 
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,

.

,

.

, -
.

.
-

, ,

.

. -

,
 (

8),
.

 ( )

 79.

 ( )  80.

, , ,
,

. , , ,
.

 79 

VF  < 0.5 
F  0.5-2 
M  2-5 
C  >5 

: : FF –
; FM – ; MC –

.

 80 

< 2 > 2 
N  0 0 
V  1-20 1-2 
F  20-50 2-5 
C  50-200 5-20 
M  >200 >20 

 81 

N
F
C
M

 82 

A
B  ( )
BO
BI
C
E
P
T
I
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 81.

 82 .

,  50% ( )
.

,
 25% ( ) .

,
,

.
, . , ,

.

 (IUSS Working Group WRB, 2006) : (1) 

;  (2) 
,

. ,
, , , ,

, , .
:

 « »
.

,
,

.

, , , .

, .
,

, .
:

 ( , ): 
;

: ;
:  ( ,

);
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:
;

, ,
: , , ,

;
: ;

 ( ), , ;
;

, , ,
: ;

.

 20% ( , ) .

,
,  ( , . HTM) – ,

, .
 ( ,

, ),
, ,

( , ).
, .

, , : «
, ,

,
, ,

» (Rossiter, 2004). 
:

 « »
,

.
,

.
« » ,

, ,
, .

, ,
, ,  ( )

, ,
. ,

 « ».
, in situ

( , ), ,
.

 « ,
».
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, ,
 « », 

, . ., 

; « » .
, , ,

 ( ). ,
 ( in situ)

. , .
:

,
( , ,

);
 ( ), 

;

( , ) in situ ( ,
), ;

, .
,

.
, , ,

,
, .

.

 (IUSS Working Group WRB, 2006) – ,
.

 ( )
( ).  (IUSS Working Group WRB, 2006) –

, ,
, .

, -
-
-

,

 100 

.

 83 

AN 
( )

ID 
MM
OG
PS 
SL 
SS 
WL 
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,  5 
,  95% 

.

, , ,
, , .

,  (
).

 83.

,
( )  ( ).

,
 ( ).

,
 ( ).

,  ( ).

 35% .
 35%  ( ,

, .) .
 35% 

.

,
 ( . .  50% ) ,

,  84, .

.
,

 (A, B, C, D . .) , , ,
,  ( ,

, ).
.  1 .
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 84

1
)  ( )  2 s…
) , ,

/
( )

 3 d…

2    
) - - ,

,
…UA2

) - , …UA2

) - - ,
, Fe/Mn 

…UA1

) - , H2S …UA1

) - , NH3, …UA2

) - , , …UA2

3 ,

) ,  ( -
)

…UA1

) , …UU3

) …UU3
) …UU1
) , …UU2
) …UU5
) …UU5

) ,  30% ,
-

…UA2

) ,  30% , …UA2

) , H2S,
 30%  ( , , ,

, , )

…UA2

: Meuser (1996), .

,
.

, :
.

 (  1 
 1), .

 20  (
) ,

, ,
.
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.
,  30-40 ,

.
,  20 

 ( ),  (
). 

. (  60 )
,  30 .

. ,
 15-30 ,

 ( ,  0-20 ,  20-30  30-50 ).
:

140-160 , ,
.
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 5

 –

,
.

.
,

 ( . . ),  ( ), 
,

.
, .

H, O, A, E, B, C, R, I, L W
. - ,

.
,

.

.

,
.  – ,

, . "
"  " ", 

.  –
, .

, : I - , L - 
W - .

H
,

,
.

, ,
.

.
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O
,

, , , .
.

.
, .

. ,

, ,
.

A
,

,
:

,
, ,

 ( );
, ,

;
, ,

, .
 ( )

, ,
, .

, ,
. ,

.
,

. , ,
, ,

,
, .

, ,
, .

E
,

, , ,
,

.
, , , .
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,

.
:

/ /
. ,

.
,

, ,
.

B
, , , ,

, :
, , , ,

, , ;
;

;
 ( ) ,

, ,
-

;
,

, , ,
,

,
;

.
 ( ) .

,
 ( ,

) ,
, .

, , : ,

, ,
; ,

,
;

.

C
, ,

,
, , . ,

,
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, .
, .

, .
,

.
, ,

,
 24 

.
, , , ,

. , ,
, .
, , ,

, ;
, .

R
, . , ,

,
R. R

 24 . R ,
,

. R
. ,

, .
.

I
,  75% ( )

.
.

,
. ,

, I. I
.

L
,

, .
: 1) ,

, ,
;  2) ,

 (USDA Soil Survey Staff, 2003). L
 ( ),

 ( )
( ). L .
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W
,

 24 .
 ( ).
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: CMdy; SiL(UE2,  UG2)/SSK(UG3) 

                        1     2     3        4      5 
1 = WRB (IUSS Working Group WRB, 2006). 
2 = .

 4 
 4 , :

SiL =  <10% ( );
skSiL = ,  10  40% 

( );
silSK = ,  40  80% 
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SK = ,  80% ( ).

3 = 
.

, SOTER (ISRIC, 2005). 
4 =  (
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…\…     “ … …”  30 ;
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(  50 ,
WRB – - );

…//…    “… …”  70-120 ..
5 =  2  3.

: skSiL(UE2, UG2/UG3) ,
, ;
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, ;
: …/R ( ) : ;

,
 ( ) : 1) 
; 2) 

; 3) .
( 2 ) .
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