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pH 7,5; 

pH 8,5- pH 9-
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pH 4-5 ) 

.

pH-

pH

pH) 



16 

pH

pH

H+  OH- 

H2O = H+ + OH- 

K 

K= { [H
+
] 
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 pH

pH-

pH

pH-
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           H+                            K+ 

H+ + 3 KCl = [ K+ + 3 HCl. 

           H+                            K+ 

                                            K+ 

Al3+ + 3 KCl = K+ + 3AlCl3. 

                                            K+ 

HCl

AlCl3 +3H2O=Al(OH)3+3HCl

KCl  1 n 

HCl, 

n NaOH

                                                             
* ,,  
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T 
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pH- pH  5,6-
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NaOH-  CO2 
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pH

KCl- n 

H+ +KCl = K+ +HCl +AlCl3 , 
            Al                                   K+ 

AlCl3 +3 H2O = Al(OH)3 + 3HCl; 

 

AlCl3 + 6NaF = Na3AlF6 + 3NaCl 

KCl-  1,0 n  (pH 5,6-6,0); 
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            H+                                                      Na+ 

KCl) 
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 NH4Cl

NH4OH-

 

NaCl  KCl-

 

Ca, Mg, K, Na)

n pH-

n pH-

n 

Ca- Ca-

 Mg
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Na2O = (a 
 
p 

 
100) : (н 
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н
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NaCl

 

Na2O, 
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 1,0 n pH
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CO2- CaCO3  
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CO2 CaCO3-
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B = X
 

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B - CO2
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CaCO3 - 

A = (B 
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A CaCO3 -

CO2 CaCO3 - 

B - CO2
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CO2 CaCO3-
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K2Cr2O7

2K2Cr2O7+8H2SO4 +3C( =2Cr2(SO4)3+2K2SO4 +8H2O+3CO2 .

6FeSO4 (NH4)2SO4 +K2Gr2O7 +7H2SO4 = Cr2(SO4)3 + 

+ 3 Fe2(SO4)3 + 6 (NH4)2SO4+K2SO4 + 7H2O. 
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H2SO4 

KMnO4 n 

KMnO4
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n KMnO4
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100, 
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K2Cr2O7) 
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18 - 200 

C = [ (V1  V2) : н] 
 
n  

 
0,003 

 
100, 

V1 
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NaOH n 

n NaOH-
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n NaOH-
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NaOH- n

Na2SO4
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 n HCl-
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 n NaOH 

Na2SO4-

n NaOH - 

n NaOH-
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Ca2P2O7
  5H2O Fe4(P2O7)3 

 

 9H2O 

pH 

NaOH

 Na4P2O7
  10 H2O 

NaOH;

M NaOH n; pH 



  

79 

NaOH
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NaOH n 

Na2SO4-
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  NaOH-  Na4P2O7
  10 
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 n NaOH: 2  NaOH  1 
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CO3
2-+HCO3

- + Cl- + SO4
2-

 +Ca2+ + Mg2+ +Na+ + K+; 

Fe3+  SiO3
2- 

pH

K, Na, Ca, 

Mg 
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Na2CO3 

2Na2CO3 + H2SO4 = Na2SO4 + 2NaHCO3, 

CO3
2-

 + H
+
 = HCO3

-
 . 

H2SO4-  

0,02 n 

0,02 n H2SO4-  
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CO3
2-

CO3
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2
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2
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CO3
2

 H2SO4 -  0,02 n 

 

 

HCO3
--

H2SO4-  0,02 n 

NaHCO3 + H2SO4 = Na2SO4 + 2H20 + 2CO2. 

Ca(HCO3)2 + H2SO4 = CaSO4 + 2H2O + 2CO2. 
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a 
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H2SO4

m 

n 

H2SO4

n - H2SO4
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-
 m

m HCO3
-
 - 

HCO3
-
-

HCO3
-
-

HCO3
-
-
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NaOH
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 0,01 n 

n NaOH

AgNO3 0,01 n 

NaCl + AgNO3 = AgCl + NaNO3 

AgCl 

CrO4
2- 

Ag2CrO4-

K2CrO4 + 2AgNO3 = 2KNO3 + Ag2CrO4 

Ag+-

Ag2CO3

Cl- 
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H2SO4-  0,02 n 

KOH  0,02 n 

K2CrO4) AgNO3  0,01 

n 

Cl--

Cl
- 

 (a ·
 
n ·

 
v ·

 
100) : (b ·

 
p) , 
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a AgNO3

n - AgNO3
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 100 

 b - 

 p -

Cl % = m · 0,0355 

 m 

Cl--

 
 

  

AgNO3 

Cl-
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AgNO3  0,01 n-

K2CrO4

H2SO4 -  0,02 n 

KOH  0,02 n 

BaCl2- BaSO4- 

Na2SO4 + BaCl2 = BaSO4 + 2 NaCl 

 

BaSO4-

SO4
2--
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HCl). 

n BaCl2

MgCl2 n 

Б 0,05 n 

Б- 0,05 n 

BaCl2 MgCl2

BaCl2 MgCl2) 

 Б- 0,05 n 

0,05 n Б-

 Ca + Mg

Ca + Mg

Ca + Mg
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 A  (Б  B)
 
·

 
0,05 ·

 
K ·

 
100 ] : C, 

A - 0,05 n Б-

 BaCl2 MgCl2
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K+  Na+ 

a : (1000 ·
 
2) %, 

a  K+  Na+ 

K+

K+

K % ·
 
1000) : K, 

K
+
 .

K+  Na+
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Na
+

Na
+
 

HCO3
-, Cl-  SO4

2-

Ca2+ Mg2+ 

HCO3
--

Cl- - 12,40 SO4
2- _ 

Ca2+ 

Mg2

Na+  16,77 

 7,95 =8,82 Na+ Na, 
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CO2-

 

Cr2O7
2- + 14H+ + 6e = 2Cr3+ + 7 H2O 

2Cr6 + 6Fe2+ = 2Cr3- + 6Fe3+.



104 

n 

CO2 -

 n

 n

K2Cr2O7 0,2 n 

K2Cr2O7-

H2SO4 (
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 n H2SO4

Na2CO3
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HCO3
-
 - 

 

Ca(HCO3) 2 = CaCO3 + CO2 + H2O

 

CO3
2- - 0,012; HCO3

- - 0,22; Cl- - 0,23; SO4
2- - 0,243; Ca2+ - 0,083; 

Mg2+ - 0,039; Na+ - 0,18; HCO3
--

CO3
2- - 0,012

HCO3
- - 0,11

Cl- - 0,23

SO4
2- - 0,243

Ca2+ - 0,083

Mg2+ - 0,039

Na+ - 0,18 
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Fe, Mn, 
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Н = 
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% Mg =

% Na =
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CO3
2- HCO3

- Cl- SO4
2- Ca2+ Mg2+ Na+

         
 

 
       

Ca(HCO3)2 

Ca(HCO3)2. 

 Ca(HCO3)2. 

 

Mg(HCO3)2- ,

NaHCO3- ; HCO3
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CaSO4 . 

 

(0,91
  
68,07) : 1000 = 0,062 % CaSO4 

CaCl2

MgSO4

x MgSO4; 

MgCl2-

Na2SO4

x 71,04) Na2SO4. 
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x 58,46) : 1000 = 0,379% NaCl; 

 

x 53,0) : 1000 = 0,021 % Na2CO3. 

Ca(HCO3)2 

CaSO4 0,062 

MgSO4   

Na2SO4 

NaCl

Na2CO3 
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2NH3+3O2=2HNO2+2H2O+172 

Nitrosomonas 

Nitrobacter-

2HNO2 +O2= 2HNO3 +26 
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H KNO2 = K

HNO2.

3HNO2 = HNO3+ 2NO+H2O. 

N 15-
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NH3  NO3

NH4-
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2CH3CHNH2COOH+13H2SO4=(NH4)2SO4+ 6CO2+16H2O+12SO2 

NaOH-

NH3- n-

NH3 

(NH4)2SO4- n H2SO4-

n H2SO4-

n NaOH- 

KOH-

n H2SO4-
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SO2-
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NaOH

KOH) 
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NaOH-
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a 
.
H1 b 

.
H2) 

.
0,014 

.
100} : r = N%, 

a H2SO4-

H1 H2SO4-

b  NaOH

H2 NaOH

r - 100-1050 

n H2SO4-

H2SO4-

n NaOH-

 
.
20,0)  (0,05175

.
14,2)

 .
0,014 

.
100 } : 2,4265 = N 6,1%; 
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1. H2SO4 (

H2SO4 

NaOH  

KOH 

NH4
+-

2. 

3. NaOH  KOH 40%-

4. H2SO4  HCl

n

5. NaOH  KOH 

6. 
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pH 

pH 

H2SO4-
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H2SO4-

H2SO4 (

SO2-

CrO3) 20
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 NaOH-

d=5-6 

NaOH-

H2SO4- x 
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NaOH-

x 14 = 0,56 

x 200 = 112 

 

 

 CrO3 K2Cr2O7 -

 H2SO4

 NaOH- 

 NaOH;

 

 

CO2-

ж. ,,Агрохимия,, 1967, 

№9) 

n H2SO4- n H2SO4-
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 n 

H2SO4

H2SO4- n

w = 6,1
 

 
a, w n H2SO4

a CO2 %-

 n H2SO4 w 
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 a a CO2

%- CO2

 H2SO4- n

H2SO4

 n H2SO4-
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 n, 0,5 n  2 n . 

2. 

C”-
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X = (a 
 
n 

 
14 

 
100) : r,

N 

a  H2SO4-

n H2SO4-

 

r  

N
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K2HgJ4 
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NH4-

NH4Cl,

NH4

NH3 N-

NH4) 0; 0,01; 0,02; 0,03; 0,04; 

0,05; 0,06; 0,07; 0,08; 0,09; 0,10 

NH4

X= (a  V0 100) : (V1  н) 
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NH4

a NH4

V0 - 

V1 - 

н - 

100 - 

 K2HgJ4; 

NH4-

NH
4 + 2NaCl = Na+ +2NH4Cl , 

          NH
4
                                      Na+ 

 

NH4Cl + 2K2HgJ4 + 4KOH = NH2Hg2OJ + 7KJ + 3 H2O + KCl 



130 

 

KCl-

KCl-
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NH4

X= (a  V0 100) : (V1  н) 

NH4

a NH4

V0 - 

V1 - 

н - 

100 - 
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pH 

 pH 

HCl- KOH- pH-
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NH4-
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4HNO3+8HCI=2NO2CI+2NOCI+2CI2+6H2O 

AgCI-

C6H3OH(HSO3)2+3HNO3=C6H2OH(NO2)3+2H2SO4+H2O. 
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a NO3
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V1 - 
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A) a-
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NO2. 

                                                             
* 

 



138 



  

139 



140 

 

 



  

141 

P2O

± C 

PO4
3-) 

H3[P(Mo3O10)4] 



142 

KH2PO4-

P2O

P2O



  

143 

X= (a 
.
p

 .
100) : r 

X P2O

a 

 P2O

 

p - r  

a = 0,01185;  P2O

x x



144 

H2SO4 

 HCl-

 H2SO4

SnCl2  H2O

HCl-



  

145 

SnCl2  H2O

HCl-

KH2PO4, 

P2O5-

 P2O5-

P2O5. 

P2O5-

 MoO3, 

MoO3-

MoO3 ( H2MoO4), 

MoO3



146 

SnCl2.  H2O

HCl-

MoO3

MoO3 

pH 2,3; 

C 



  

147 

HCI  KMnO4-

 NH4OH-

 

 HCI



148 

 KMnO4-

 

C6H4N2O5 100

 NH4OH (  0,91) 

1 

 H2SO4

 

 

SnCl2 
 

H2O HCI-

CuSO4 H2O



  

149 

P2O5



150 

SnCl2
 

 

H2O, 

                                                             
* 

 KH2PO4

P2O5-  



  

151 

 H2SO4 

 

 

 

SnCl2 
 

H2O; 0,25 

HCI-

 P2O5 100 

 P2O5 100 



152 

 P2O5 100 

 P2O5 100 

 P2O5 100 

 P2O5 100 



  

153 

1. 

2. 

3. 

4.  

K2CO3-

K2CO3-

K2CO3 

K2CO3), 



154 

KMnO4-

Na2CO3 

H2SO4

NH4)2CO3

H2SO4

H2SO4



  

155 

 P2O5 100

 P2O5 100

 P2O5 100

1. (NH4)2CO3  H2O 1 %-

pH

                                                             
* 

(NH4)2CO3, (NH4)2CO3- NH4HCO3



156 

H2SO4, 

KMnO4; KMnO4  

Na2CO3 
 
10 H2O 10

C6H4N2O5) 

MoO3

H2MoO4,  

SnCl2  2H2O 

NaHCO3  

pH



  

157 

NaHCO3 -

H2SO4

KMnO4

H2SO4-

  NaHCO3

NaHCO3 

  KMnO4;

 H2SO4 H2SO4 

 

 H2SO4;

 

 

 



158 

 

pH - 3-

H2SO4-

SnCl2-



  

159 

SnCl2

1. H2SO4 H2SO4

H2SO4  

NH4)2SO4.  H2SO4

pH=3,0; 

2.



160 

SnCI2 , 

2H2O HCI-

KH2PO4

P2O5-

0,01 P2O5. 

Ca, Mg, SO4  

CO2 



  

161 

P2O5-

pH 6,5 7,8 

 P2O5 100 

 P2O5 100 

 P2O5 100 

 

CaCO3 

MgCO3, 



162 

pH 

KMnO4-

H2SO4  HCI  



  

163 

MnO2

KMnO4- KMnO4-

 H2SO4 



164 

HCIO4 

 HCIO4 KCIO4. 

HCIO4 KCIO4 

 HCIO4-

 KCIO4 

                                                             
* 

 



  

165 

H2SO4  

HCIO4 (50-72%)  0,1-0,2 

K4Fe(CN)6 MnSO4-  

K4Fe(CN)6-

pH  6,8-6,9 

 H2SO4



166 

 HCI 

 NaOH-

HCI, 

C 

NaOH-

NaOH 



  

167 

NaOH-

 NaCI-

P

P

P

P P P  

HCIO4



168 

K4{Fe(CN)6}-

MnSO4-

 

NH4OH

NH4OH-

H2SO4-

 NH4OH-

HCI-

P P P  

                                                             
*  



  

169 

P

P  

P P

Al, Fe  Ca 

) 



170 

1 n NH4CI; 0,5 n NH4F; 0,1 n NaOH 0,5 n 

H2SO4. 

-16 

1 n NH4CI

1 n NH4CI, 

NH4CI

n NH4F- NH4F-

1 n NH4CI-

n NH4F- pH= 8,5, 

1 n NH4CI

                                                             
* 

 



  

171 

n NH4F- 

 1n NH4CI 

AI-  n NH4F 

 pH-8,5 

AlPO4 (

CAHPO4- 

Fe -  n NaOH FePO4(

Ca -   n H2SO4 



172 

HCIO4-

NH4OH-

HCI-

HCI-



  

173 

H3BO3 

NH4(BF4), F1 

n NH4F-  H3BO3-

n NaOH NH4F-

NaCI-

n NaOH-

 NH4F- 



174 

H2SO4, 

NaOH-

NaOH-

n NH4F  0,1 n NaOH

n H2SO4- 

NaCI-

n H2SO4-

 NH4CI  1 n 

 0,5 n NH4F

 H2SO4 n 

 NaHCO3- 1 n 

 KMnO4



  

175 

 K4{Fe(CN)6} - 

 MnSO4 - 

 n H2SO4  H2SO4;

 30-72 %-  HCIO4 -

10. NaCI-  

11. M H3BO3   

12. NaOH  n  

13. 

 CI

 

 



176 

P32-

pI  pII) 

pIII.



  

177 

n NH4F

 NH4)2SO4+0,25%-  (NH4)2MoO , 

(pH-4,8);

0,5 

NH4)2SO4+0,25%-  (NH4)2MoO

NaCI

                                                             
* 

NH4)6 Mo7O24.4H2O; 



178 

 n CH3COOH+0,25 %- (NH4)2MoO4

 (pH 4,2);

n CH3COOH+0,25 %- (NH4)2MoO4. 

NaCI

 n NH4F  (pH  8,5).

n NH4F



  

179 

M H3BO3

H(BF4)
* , 

 n NH4F

 M H3BO3-

SnCI2-

                                                             
*  F’- 

MoOF; MoO2F2, 

(NH4)3MoO3F3 

 



180 

NaCI

 0,1 n NaOH

0,1 n NaOH

H2SO4 

NH4OH

HCI 

(H2SO4)-

SnCI2, 

NaCI



  

181 

  n H2SO4

 n H2SO4, 



182 



  

183 



184 

 HCI-

 HCI-

CI  

SO4
2-  PO4

3- 



  

185 

pH  7,0) 

CH3COONH4-

pH - 7,0-

 

HNO3 

HCI-



186 

 

CH3COONH4-

pH-

 pH-7,0-

 HNO3; 115 HNO3

 

 HCI HCI

NaCI-



  

187 

NaCI-

 NaCI-

NaCI-



188 

K2O-

C
0

K
2
O

-
 

1 2 3 4 5 6 7 8 

 
       

K2O-

          
          
          
          
          
          
          
          
          
          
          
          
          

 C. 



  

189 

K2O-

K2O

 
K2O-

 

 

 NaCI- NaCI-

NaCI- Na3CO(NO2)6 

 



190 

H2SO4-

 K2O 100 

 K2O 100 

 K2O 100 



  

191 

 K2O 100 

 K2O 100 

 K2O 100 

HCI

HCI



192 

HCI-

C 

HCI-

HCI



  

193 



194 



  

195 

HF  HNO3 HClO4 

H3BO3  

HNO3  HClO4 

HCl



196 

HCl HF 

HCl 

HCl, 

HCl-

Al, Fe, Ti, Ca, Mg, K, Na, Li, Mn, Cu, Zn



  

197 

Cu, Zn  

Co 

CH3COONH4  pH-4,8-

Cu  Zn; ,, Co

метод Кругловой, 

 Cu, Zn  Co 

CaCO3 

CH3COONa 

CaCO3 CH3COONa 

Mn



198 

B, Cu, Zn  Co 

К.Боротынский и М.Зиетецка,

 – pH-

A-L 

B, Co, Cu  Mn  

(Н.Барон)

pH

Cu, Zn 

Co  

H2SO4

(раствор Тамма) Fe, Al, Si, Mn 

Г.А.Соловье-

вым) 



  

199 

HCl (1 n HNO3) 

pH - 

 

ЭДТА pH - 4,5

pB, Cd, V, Ni, Cr, Hg, As 

HCl HNO3

ЭДТА pH 4,5 

 



200 

 

HCl

HNO3

ЭДТА pH 4,5 

 

pH pH ЭДТА 

HCl 1:10-

Fe, Al, Si, Cu, Zn, Mn, As; 

Ca, Mg, Sr, K, Na; 

Co, Mo, Pb, Cr, Cd, Ni pH 

- 4,5) 

ЭДТА-

Si, Fe, Mn, Al, Cu, Sn, As

Pb, Cd, 

Ni, Cr, Co  Mo



  

201 

ЭДТА-

KCl, NH4Cl, CH3COONH4-

K Na 

NH4Cl

HCl

CH3COONH4

CH3COONH4 (57,5  CH3COOH, 

NH4OH - 



202 

pH-

Ca-

Ca, Mg, 

K, Na Ca, Mg Sr 

K, Na  

Li 

Al, Fe, Mn, Sn, 

Cu 

 

1. HF 

Zn, Cu 

 Pb-

HCl) 

HNO3)

pH 4,8)  

pH-



  

203 

pH-  4,5 

pH 4,5) ЭДТА- ЭДТА-

pH 3,5) 1

CH3COONa  136  CH3COONa 
.
3 H2O 

CCl4-

CCl4-

pH 

NaOH-



204 

pH 3,8). 

7. pH - 3,5-

SiO2 
 
nH2O  

MnO2
 

 
nH2O 

(раствор по Барону) pH-

4

pH- 



  

205 

NaOH-

NaOH-

H2SO4 



206 

Спекол”) 620 

ФЭК-Н-57-

H2SO4-

 MnSO4  CuSO4. 



  

207 

Fe(III)-

H2O2, NO3  

 

MgSO4

 

H2O2, 

NaOH 

Fe(III)-  (NO3) 

Спекол”) 620 

ФЭК-Н-57-

 



208 

H

H

Cu, Fe3+  Al

Б-

B

X=(a xV0x1000) : (н x V1 x 1000) = (a x V0) : (н x V1) 

X  

a - 

V1  

н  

 

H2SO4- d 1,84) 

 H2SO4- d 1,84);



  

209 

 

 H2SO4- d 1,84);

  

H3BO3 

B/

 А 

 Б (

А

C (

А

 

Na, K, NH4), 

HCl-

 H2SO4 : 14  H2SO4 d 1,84) 

 H (0,9 % - H 

H- H  

H  



210 

pH -7-

KOH-

HCl (

pH- 2 

 Б 

pH 5,2-

H 

H2SO4 (168  H2SO4 

KMnO4 (3,2 KMnO4 



  

211 

Dithiol) 

 H2SO4 HClMo (V) 

Mo(V)  



212 

HCl-

 SnCl2

н  

 ФЭК-

 



  

213 

HCl 

ФЭК-



214 

X= (a 
 
V0

 .
1000) : (н 

.
V1 

.
1000) = (a 

.
V0) : (н

 .
V1), 

X

a

V0

V1

н

 HCl (d 1,19) 

HCl (d 1,19) 

HCl-

 

 

 

 SnCl2 



  

215 

 

HCl-

HCl-

 

 

 

NaOH; 

 

NH4)6Mo7O24x4H2O 

HCl-

 н  

 



216 

CH3COONH4  pH-4,8-



  

217 

CCl4-

Cu 

X= (a 
.
V0

 .
1000) : (н 

.
V1

 .
1000) = (a 

.
V0) : (н 

.
V1), 

X

a

V0

V1

н

 CCl4-

CCl4, 

CCl4

 



218 

CuSO4
.
5H2O), 1 

 H2SO4

Ni, Co, 

Cu, Cd, Pb, Fe  



  

219 

pH 5,0-5,5) 

CCl4; 

pH-



220 

pH-4,5; 4,8, 

pH

CCl4

CCl4-

CCl4-



  

221 

X=(a
 .
V0 

.
1000) : (н 

.
V1

 1000) = (a 
.
V0) : (н 

.
V1), 

 

X

a

V0

V1

н

 

NH4OH, 

 pH 5,0) :

CH3COONa 
.
3H2O)

CCl4-

 



222 

 

CCl4

CCl4

CCl4 

 



  

223 

R 

 R 

Co2+  Co3+-   

R 

Cu, Fe, Ni, Mn 

pH-



224 

 pH-

HNO3 H2O, 

HNO3 H2O 

HCl-

R 

H3PO4  HNO3-

H3PO4  

 HNO3) 

Co/

R – 

H3PO4- HNO3- 



  

225 

ПААФ) ЦИНАО-

ПААФ) 

pH

pH

ПААФ-

H2SO4-



226 

X=(a
 .
V0

 .
1000) : (н 

.
V1 

.
1000) = (a 

.
V0) : (н

 .
V1), 

X

a

V0

V1

н

 

 H3PO4 

 HNO3-

 R  

 ПААФ, 0,05%-

 

CoSO4
 
7 H2O) 

H2SO4 



  

227 

 

O  S;

CCl4-

Co, Ag, Cu, Zn, Hg, 

Ni 

Al, Fe, Ti 



228 

Pb 

pH  

CCl4-

CCl4-

X=(a 
.
V0 

.
1000) : (н

 .
V1

 
1000) = (a 

.
V0) : (н 

.
V1), 

X

a

V0

V1

н

 CCl4-

CCl4-



  

229 

HCl- 

CCl4-

CCl4-  

H2SO4

 

pH  8,5

 KCN

CCl4

 

pH 

 

HNO3

Pb; 100 _ 

 



230 

Ni+2  Ni+4 

pH-4-  

pH-7-

a- 

Ni+2 +2H2=Ni(H)2 + 2H+. 

a-

a-

Ca2+, Co2+-



  

231 

CHCl3). 

pH 

CHCl3-

M HCl-

KOH- 



232 

a-2-

a-2-

a-2-

pH pH

a-2-

Ni 

 

X=(a 
.
V0 

.
1000) : (н 

.
V1 

.
1000) = (a 

.
V0) : (н 

.
V1), 

X



  

233 

a

V0

V1

н

 

 KOH

 

 

 NH4)2Ni(SO4)2 
 

6 H2O H2SO4 

 a-2-

 -

 

 

 CCl4: 



234 

pH–2,0

pH 2,0), 

Ni  Co 

Ni  Co 

pH 2,0- HCl-



  

235 

NaOH

CCl4-

NaOH

CCl4-

CCl4-

X=(a
 .
V0 

.
1000) : (н 

.
V1 

.
1000) = (a 

.
V0) : (н 

.
V1), 

X

a

V0

V1

н

 



236 

 

 

 

V(V). 

Sn, Ti, Zr  Sb, 

Cu, Co, Ni, Cr. 

N БФГА), 

HCl-



  

237 

Fe, Al, Ti, Mn, Zr. 

Fe, Cu, Co, Cr, Mo; , Cr, Co, Mo 

H2SO4-

KMnO4-

NaNO3

NaNO3 KMnO4-



238 

H3PO4-

H2O2

HNO3

HCl HClO4

HCl 

HCl-

KMnO4

HCl-

H2SO4 FeCl3

Fe3+.



  

239 

KMnO4

X=(a
 .
V0 

.
1000) : (н 

.
V1

.
1000) = (a

 
V0) : (н 

.
V1), 

X

a

V0

V1

н

  

N- БФГА

NH4F- NH4F-

Fe  Al

 M HCl-

БФГА-  - 

CHCl3-  

CHCl3-  



240 

 

HCl:H2O  

 M HCl - 

3. KMnO4 (2% -

NaNO3

Na2WO4 

NH4F (20%- 

БФГА-  

V2O5

NaOH

H2SO4-

V/



  

241 



242 

Ag + + Cl- = AgCl (

K2CrO4)

Ag++ CrO2-
4 =Ag2CrO4 

AgCl 

Ag2CrO4, 

CrO2-
4 



  

243 

AgNO3

pH 7-10-

NaCl NaCl 



244 

 Cl), AgNO3; 

X = (a 
 
k 

.
1000) : v, 

a  AgNO3 

k - AgNO3-  

v - 

 AgNO3- AgNO3 

Cl.

  NaCl : 1,6486  NaCl (

 K2CrO4 

 H2SO4

H2SO 4 

 NaOH NaOH-

 



  

245 

 

Hg2 + 2Cl- = HgCl2. 


 

pH 2,

pH 2,0 

pH 3,0  

pH, 



246 

Hg(NO3)2

 

Cl = (a 
 
n 

.
K 

 
1000 

 
35,46) : V , 

a Hg(NO3)2 

n - Hg(NO3)2 

K - Hg(NO3)2   

V 

Cl--

  Hg(NO3)2 

Hg(NO3)2 
 
0,5 H2O 

HNO3-

HgO 

(K) 



  

247 

K= a : b , 

a  NaCl b - Hg(NO3)2 

 NaCl: 

NaCl

 

 HNO3-

HNO3 

 NaOH NaOH 

Ba, Mg, Si, B, Al, Fe (III),Ti . 

KNaCO3  0,6 

ZnO-

Na2CO3



248 

R 

HClO4, 



  

249 

C-

C-

X = (a
 
 V0  V2  1000) : (н V1 V3

 
1000) = (a ·

 
V0  V2) : (н V1

 
V3); 

X

a

V0

V3

V2

V1 - 

н-  

KNaCO3  0,6  

ZnO-



250 

Na2CO3

HCl-

M 

pH - 5,3; 

 KNaCO3, Na2CO3, ZnO 

 Na2CO3, 

 H2S04 ( HCl (

 H3PO4

 ZrOCl2 
.
8H2O 

 H2SO4  HCl 

 C- C-

C-

 M 

 R (0,004 M 

HCl

 M HCl -

HCl-

HCl-



  

251 

  M HCl-   

M HCl-

HCl-

 

M 

 

 

F/



252 

Fe2+  Fe3+; 

Fe2+-

OH

Fe2+.

 Б) 

pH 1,0) Fe3+-

HNO3 



  

253 

pH 1,0-1,4 

Б-

 

Fe2+  

Fe3+ 

Fe2+  Fe3+

Fe3+



254 

Fe3+  Fe2+

Cu2+ 

Fe3+

 Fe3+

Fe2+ 

 Fe3+



  

255 

Fe3+ Б H2O2-

 Fe3+ Б-

Б

pH 

a,a-

a,a-



256 

Fe2+

pH pH - 

Ме2+ : R 1:3

Fe3+-  

Fe2+-

pH - 3-4) 

pH - 0-1) - 

a,a-



  

257 

pH - 3-4-

Fe2+-

Fe2+-

pH - 4-7-



258 

Fe3+-  Fe2+-

pH

Fe2+  Fe3+ 

Fe2+- Fe3+-

X = (a 
 
V0 

.
1000) : (н 

 
V1

 
1000) = (a 

.
V0) : (н

 .
V1)

X

a

V0

V1  

н - 



  

259 

 

 

 

 

 

 

 

HCl  

 

 Б

 

 

 

 

 

NH4Fe(SO4)2 
.
12 H2O 

HCl



260 

Mn2+-  MnO4
--

 



  

261 

H2SO4) 

 (KJO4) Mn2+-  MnO4-

 MnO4
--

HNO3 H2O2 

 

HCl

HNO3- 

 HNO3- 

 H2SO4 

H3PO4 (d 1,7) 

KJO4

H2SO4-



262 

GH2=N=OH) Mn2+-

Mn (CH2O)6]
2-; 

Fe2+; Cu2+; Ni2+; Co2+, 

 



  

263 

H2S2O8 - 

 

Mn2+-  

MnO4
- 

Mn2+ + 5 S2O8
2- +8H2O = 2MnO4

- + 10SO4
2- +16H+ 

MnO4
--

MnO2
 
 H2O-

Mn4+-

H2SO4

MnO2 
 
 H2O 

KNO3



264 

H2SO4

SO3-

AgNO3

H3PO4, 10 

X = (a 
.
V0 

 
1000) : (н 

 
V1

 
1000) = (a 

.
V0) : (н 

.
V1) 

X

a

V0

V1 - 

н -

 H2SO4; HNO3; H3PO4;

 

 

 



  

265 

 

 NH4Cl 

 

Б-

 

MnSO4- , 

H2SO4 (d 1,84

Mn/

Al2O3 

Al3+ 



266 

C22H23O9N3  

Fe (III), Ti, 

Be, Cu, Cr, V; Fe(III)- Fe(II)-



  

267 

 KCl-

Al3+ n-

a 
.
V0 

 
100) : (n

 .
V1 

 
1000) = (a 

.
V0) : (n 

 
V1 

 
10) 

a - 

V0 _ 

V1 - 

n - 

 



268 

ЦИНАО*

C ( pH  5,8) 

Fe(III). 

KCl-

B, 

a 
.
V0 

.
100) : (n 

 
V1) 

a - 

V0 - 

V1 - 

n - 

                                                             
*  



  

269 

 

 

 

 

 

 pH 4,0): 

HCl (d 1,18), 0,9 

pH

 A : 326 

C, 

 B: 

 A-



270 

 

KAl(SO4)2 12 H2O] 

Al

Al.



  

271 

 Ю.И.Добрицкая) 

HF-

HCl-

Р.Х.Айдинян) 

KClO3 = 2KCl + 3O2. 

HCl-

KClO3,

H2O2; 



272 

HCl-

KCl

KClO3 

HCl H2O2 

HClO4 HNO3-

 

HNO3-

H2O2

NaOH

HNO3 



  

273 

Na2O2) 

HCl, 

SO4
2--

 



274 

Fe3+ Fe2+-  

BaSO4

BaCO3  

BaHPO4

SO4
2- 

Fe3+-

HCl-

BaCl2

BaCl2



  

275 

HCl-

H2SO4-

S = (a 
.
0,1373 

.
V0 

 
100) : (н 

.
V1) , 

a - 

BaSO4

SO4
2--

V0 - 

V1 - 

н - 



276 

Ni, Cu, Sr, Ca 

H+ 



  

277 

 H+ 

HCl 

pH – 2-

 

pH-

 



278 

n 

- 

pH - 2  

H+ 

X = (a
 .
V0 

.
1000) : (n 

 
V1 

.
1000) = (a 

 
V0) : (n 

.
V1) ,

X - 

a 

V0 

V1 

n 



  

279 

H – КУ-2 КУ - 2, 8 

HCl

AgNO3

HCl

pH-

 BaCl2 BaCl2-

BaCl2 x 2H2O 

H2SO4

 T: 1 NaOH

 

 

 

 

 

 

 



280 

 

K2SO4

 

 

Na2CO  

 MgO.

 

Na2CO   Na2O2.

 HCl, 10

 

BaCl2

 pH 2; pH 3 - 4 : 5,8 

NH4OH

pH – 2-  pH 3-4-

 pH 10) MgCl2-

NH4Cl, 

 900 MgCl2  10%-



  

281 

 T-

Б-

 

BaCl2 x 2H2O 

HCl

 KNO3

HCl 

HCl, 



282 

 HCl

SiO2 
 
nH2O-

SiO = (A ·
 
100) : n, 

A - 

n - 

H4[Si(Mo3O10)4] 
.
H2O 

P, Ge, As, V, 

Zn, Sn, Ti, W, 
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pH 1-8

Si; 

HF

Si

H2SO4-  pH 1,5-

H2SO4- pH 1,4-
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pH 3,8-4,8 a – 

Sn (IV) - , 

Si

 

Si

 

 NH4SCN KSCN) 10 %-

 HCl  HCl 

 

HCl  



  

285 

 

 

 SnCl2 
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Д

К
) 
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k
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Cd    

Ni    

Pb    

Hg    

Sb    

As    

V    

Cr    

Se    

Bi    

Cu    

Zn    

Mo    

Co    

Sn    

Zr    

F    
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1
.E

n
  

 x- S2, 

S,  V

 S-x);  
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2) 

.
x

x
n



 
22

2

:
.

1

x x n
S

n

 
  




 

 
22 :

.
1

x x n
S

n

 
  




 
 

100,
S

V
x

 

2

.
S

S
x n


 

2

2

0,560 0,3136

0,530 0, 2809

0, 490 0, 2401

0,570 0,3249

0, 480 0, 2304

2,63 1,3899

x x

x x  
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2,63
0,526.

5

x
x

n
    

2.    

 
22

2
2

:
1,3899 (2,63 : 5)

0,0016.
1 4

 
   

  


 x x n
S

n

0,0016 0,04.S  

100.
S

V
x

   

0,04
100 7,60%,

0,526
S

x
    

 

V 

K2O. 
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2

2

3,8 14, 4

4,7 22,1

4,3 18,5

3,9 15, 2

4,0 16,0

4, 2 17,6

3,7 13,7

4,1 16,8

3,9 15, 2

4, 4 19, 4

41,0 168,9

x x

x x  

 

41,0
4,10,

10
x    

 
22 2

2

1

2

: 168,9 (41 :10) 0,8
0,08.

1 9 9

0,283.

0,283
100 100 6,9

4,1

0,283
0,895

3,16

x x n
S

n

S

S
V

x

S S
S

x n n

 
   





    

   

 

0,10
1,1.

0,0895


  

x M
t

x

 t  

n

t t 
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I x1 0,560 0,530 0,490 0,570 0,480 2,63 0, 526

II x2 0,550 0,540 0,500 0,510 0,520 2,62 0,524

 d 0,010 - 0,110 0,010 0,060 0,040 d=0,13 
 d2 0,00010 0,00010 0,00010 0,0036 0,0016 d2 = 0,0055 

 
22

2

: 0,13 : 5 0,026

:
0,0055 (0,13 : 5)

0,0102.
( 1) 5 4

   

 
   

  
 

 

d d n

d d n
Sd

n n

 

t 
0,026

2,55.
0,0102

d

Sd
   

t 

t t
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K2Cr2O7 

HCl, H2SO4, NH4OH, NaOH), 

K2CO3) 


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

Na2CO3 
 
10 

H2O) 

Na2CO3) 25 



Na2CO3 
 
10 H2O 

 HCl, HNO3, 

H2SO4,NH4OH ), 
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
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n-
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1 HCl + NaOH = NaCl + H2O

H2SO4 + 2 NaOH = Na2SO4 + 2H2O

HCl-

H2SO4)

H2SO4 

½

H+) 

KOH + H2SO4 = KHSO4 + H2O 

2 2 Al(OH)3 + 3H2SO4 = Al2(SO4)3 + 6H2O 

KOH

Al(OH)3

OH-)
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Al2(SO4)3 = Al2(SO4)3 AlCl3 = AlCl3 

KMnO4) 

KMn7+O4 + 10 FeSO4 + 8 H2SO4 =2 Mn2+SO4 + K2SO4+ 5 

Fe2(SO4)3 +8H2O. 

KMnO4-
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H+ + OH- = H2O. 

n 

n 
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n 

H2SO4

n 

n-



300 

n-

Na2B4O7 · 5H2O 

n
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n 

n 
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KCl). 

KH2PO4). 
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 N  C 
 l  Na 

Ba  Ni 

B  Au 

Br   Pt 

S  O 

As  Fe 

V  Rb 

Ag  Se 

Hg  Si 

W  Cu 

Zn  Sr 

J  Ti 

Sn  Pb 

K  U 

Ca  P 

Co  F 

Li  Cl 

Mg  Cr 

Mn  Cs 

Mo   H 
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HNO3  

NH4OH  

NH4 NO3  

 
H4N)6Mo7O24 

.4H2O  

(NH4)2CO3
 .H2O  

NH4C2H3O2  

NH4H2PO4  

(NH4)2HPO4  

NH4F  

NH4Cl  

(NH4)C2O4
  H2O  

BaCl2
  2H2O  

KOH  

KMnO4  

KH2PO4  

K2HPO4  

K3PO4  

KCl  
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K2CrO4  

CaCO3  

Ca(H2PO4)2
  H2O  

CaHPO4 
 2H2O  

Ca3(PO4)2   

NaOH  

Na2CO3
  10H2O  

NaH2PO4
  H2O  

NaH2PO4
  2H2O  

Na2HPO4
   

Na2HPO4
 .7H2O  

Na2HPO4
  12H2O  

Na3PO4  

Na3PO4  12 H2O  

NaCl  
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NaC2H3O2
  3H2O  

SnCl2
  2H2O  

AgNO3  

H2SO4  

HCl  

CH3COOH  

H2C2O5 
 2H2O  
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HCl        

H2SO4        

HNO3        

CH3COOH        

NH4OH        
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1 n 0,5 n 0,2 n 0,1 n 0,05 n 0,02 n 0,01 n 

H2SO4,  d 1,84  Na2B4O7
 . 

10H2O 

 t 600 C );  
190,7; 

HCl,    d  1,19  
H2C2O4 . 2H2O   

KMnO4;  31,61 

KMnO4 

  Na2C2O4;  

67,01. 

NaOH  
H6C404; 59,04. 

KOH      
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Ba(OH)2 . 8 H2O  
AgNO3 

 NaCl;   

58,45. 

Na2S2O3 . 5H2O 
 

K2Cr2O7;  49,04. 

FeSO4 (NH4)2SO4 

x    x 6H2O    
 

K2O;  31,61. 

K2Cr2O7 ; 
392,16. 

 Б 
 

MgSO4
.7H2O; 

123,25.  
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AgCl Cl CO2 CaO 
AgCl AgNO3 CO2 CaCO3 
Al2O3 Al CO2 Na2 CO3 
Al2O3 AlPO4 CO2 NaH CO3 
Al2O3 Al2(SO4)3 CaCO3 C 
BaSO4  SO4 CaCO3 CO2 

BaSO4 SO3 CaCO3 CO3 
BaSO4 S CaCO3 Ca 
BaSO4 H2SO4 CaCO3 CaSO4 
BaSO4 Ba CaCO3 CaSO4

.2H2O 
BaSO4 CaSO4 CaSO4 Ca 
BaSO4 CaSO4

.2H2O CaSO4 CaO 
C CaSO4 CaCO3 
CO2 Fe Fe2O3 

C CO2 Fe FeO 
C  Fe FeCl2 
CO2  Fe FeCl3 
CO2 C Fe FeSO4

.7H2O 
CO2 CO3 Fe Fe(SO4)3 
CO2 Ca Fe2O3 Fe 
Fe2O3 FeO N NO3 
Fe2O3 FePO4 N N2O5 
Fe2O3 FeCl3 N Na NO3 
Fe2O3 Fe2(SO4)3 NO3 N 

H2O H NO3 N2O5 
H2O O NO3 Na NO3 
KCl K N2O5 N 
KCl K2O N2O5 NO3 
K2SO4 K N2O5 Na NO3 
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K2SO4 K2O NH4 N 
K2SO4 KCl NH4 NO3 
Mg2P2O7 Mg NH4 N2O5 
Mg2P2O7 MgO NH4 Na NO3 
Mg2P2O7 MgCO3 NH4 NH3 
MgSO4 Mg NaCl Na 
MgSO4 MgO NaCl Na2O 
MgSO4 MgCO3 NaCl Na2 CO3 
MgCO3 Mg(HCO3)2 NaCl NaH CO3 
Mg2P2O7 P Na2SO4 Na 
Mg2P2O7 PO4 NaHCO3 Na2 CO3 
Mg2P2O7 P O5 Na2CO3 NaH CO3 
Mn MnO NaHCO3 Na 
Mn MnO2 Na NaH CO3 
Mn KMnO4 SiO2 Si 
MnSO4 Mn SiO2 SiO3 
MnSO4 MnO SiO2 SiO4 
MnSO4 MnO2 SiO2 Si2O7 
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pH 5 pH 5-6 pH 6 
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Mn Zn Cu Co B Mo
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Cd   

Ni   

Pb   

Hg   

Sb   

As   

V   

Cr   

Se   

Bi   

Cu   

Zn   

Mo   

Co   

Sn   

Zr   

F   

                                                             
* 

1998  
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Агрохимические методы исследования почв.Изд «Наука» , 

Москва, 1975. 

Аринушкина Е.В - Руководство по химическому анализу почв 

М 1971. 

Виноградов А П Геохимия редких и рассеянных химических 

элементов в почвах М.1957. 

Джон Райан, Джорж Эстефан (ИКАРДА) и Абдул Рашид 

(Пакистан) - «Анализ растеий и почвы» - Руководство по 

лабораторным анализам ИКАРДА, 2002. 

Методы определения микроэлементов в почвах, растениях и 

водах Под ред.И.Г.Важенина. М., 1974  

Минеев В.Г Практикум по агрохимии М.1989. 

Минеев В.Г Химизация земледелия и природная среда М.1990. 

Орлов Д.С., Гришина Л А Практикум по химии гумуса М 1981. 

Спирина В.З., Соловьева Т.П Агрохимические методы 

исследования почв, растений и удобрений Томск.2014  

Ягодин Б.А Практикум по агрохимии М.1987. 
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pH

pH-

(ИКАРДА)  ........... 20 

pH

S) 

CH3COONH4
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CaCO3-

 CO2 - 
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191

HCI
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H-

ПААФ) ЦИНАО-
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a-2-

БФГА) 

Fe3+ Б H2O2-

a,a-
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ЦИНАО*-
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