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, .  [14], -
. 

 (Pinus sylvestris) -
 [16]. ,  

 (NH4)2S2O8  
-30. , , -

 KOH  1  10 -
. -

.  [13]  3000 ./ . -
,  10 % H2SO4  = 5 

. .  [14]. 
, 

.  
 CHN-  «Perkin  Elmer  Instruments»  -

,  
 [3]. -

.  «Spectrum One FT-IR 
Spectrometr»  «Perkin Elmer Instruments»,  c KBr  

 3%,  [3]. -
 [3]  «Perkin Elmer Instruments»  «Lambda 35 

UV/VIS Spectrometer». -
 «TGA/SDTA 851e»  «Mettler Toledo Star» . 

 – 5° .  25 °  
, -

.  20 .  
 75  

 0,1  NaOH. , -
. 

, -
 [17]. 

 

, -
 [1],  ( . 1). -

, , , -
,  ( )  

 60–120, 120–240, 240–400  400–700 ° . . 
-

 310–340  500–560° .  200–
430 ° ,  [2]. -

-
 [2].  

, ,  400 ° -
 510–540 ° , -

 [1, 2].  
 ( )  29127-91  

 – m m  . 1). m m  
, -

. , 
 

 – m*  m* . 



 ... 
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. 1.  ( ) : 1 –    (  1);  
2 – ,  NH3·H2O (  2); 3 – , 

 NaOH (  3); 4 – ,  
OH (  4); 5 – ,  

 KOH (  5) 

, -
, . -

,  –  
 NH3·H2O. . -

-
. -

 [3]. 
,  

 ( . 2) . 
, ,  

, -
. ,  

 NH3·H2O. -
, . -

 ( b), -
.  

 1. ,  29127-91  
, % 

  1  2  3  4  5 
m  36,1 43,4 36,6 31,3 37,6 
m  58,9 52,5 60,4 – 59,5 
m*  38,0 45,2 37,7 – 38,7 
m*  62 54,7 62,3 – 61,3 

* –  
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-
 pH –  10,5  11,5 [4].  

. -
 [5] , , -

, -
. ,  

,  NH3·H2O.  
 

 ( ),  
 ( . 1)  [6]: 

CH
COCHC

/
67,0/2/ ,

 

  = 0,33 – ; 0,67 – -
 . 

-
 [1, 2].   2.  

-
, .  

,  NH3·H2O. , ,  
-

 NH3·H2O, . -
 ( )  ( . 3).  

,  ,   NH3·H2O, -
. ,  NH3·H2O, -

,  .   
, .  [7]:  

4[N])-50(0,87[O]-34,4[H]90[C]Q , 

 [C], [H], [O], [N] – . 
 4. , -

, . 

 2.  (  % ) 

  1  2  3  4  5 
 55,27±0,40 41,50±1,16 57,76±0,08 57,95±0,28 55,13±0,14 

H 5,34±0,08 5,18±0,12 6,16±0,07 6,42±0,15 6,20±0,02 
N 3,56±0,01 1,51±0,02 2,25±0,03 1,99±0,21 3,86±0,10 
O 35,53±0,16 51,51±0,43 33,53±0,06 33,64±0,64 34,51±0,09 

 1,16 1,50 1,28 1,33 1,35 
 0,48 0,93 0,27 0,33 0,47 

N/C 0,05 0,03 0,03 0,03 0,06 
. 0,69 0,96 0,62 0,66 0,73 

 3. , * 

 1  2  3  4  5 
– 0,20 0,36 – 0,41 – 0,46 – 0,41 

* –  = (2QO – QH)/QC,  QO, QH, QC – , ,  100  [7] 

 4. ,  

 1  2  3  4  5 
18093,5 8261,3 18416,9 18288,3 18601,2 



 ... 
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 [8, 9]. -

.  
, , -

 [10]. , 
, . ,  

. 5), . 
,  

. , 
, , -

. ,  ( )  ( -
) , .  

,  
.  

, . 
2  

.  – 
NH3·H2O. , -

 NH3·H2O  
. -

 NaOH  KOH. ,  
, , 

,  NH3·H2O. 
, -

, -
, -

. ,  5  
,  [3]. ,  

2  5  « » .  
 ( . 6). 

 
, ,  

, , , -
. , ,  

.  
,  

. ,  
 

. 
 ( . 2)  

.  
. , -

 NaOH, . , 
 NH3·H2O  KOH, 

: , -
.  ,  ,  -

 50000–60000, , -
.  

, -
. 
-



. , . , .  
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. -
 (1711 -1),  (1223 -1)  (1032  

1073 -1), -  (3240-3280 -1).  
 (1606  1511 -1), -

 (2922  2853 -1). 
 (1107 -1). 

 5.  

 
0,005%

465  
1  E465 /E650 E400 /E500 E500 /E600 E600 /E700 

1 0,0419 2,994 2,463 1,810 1,516 
2 0,0417 2,610 2,211 1,676 1,454 
3 0,0382 2,770 2,325 1,733 1,483 
4 0,0349 2,691 2,360 1,709 1,430 
5 0,0195 1,284 1,296 1,142 1,144 

 

 

 6.  ( ) 
 

 ,  
1 61400±2250 
2 105500±5000 
3 50000±5000 
4 51000±4000 
5 305000±4000 

 
-
-
 

-
 (1610 -1)  

 2620 -1. 
. 2. -  

 
 

(1610 -1)  2620 -1.  -
 [11], -

 ( . 7).  
-

.  
 [12]. 

, -
. ,  

, . -
, . 

 7.  

 3400/ 
1610 

1720/ 
1610 

1270/ 
1610 

.2920/ 
1610 

1070/ 
1610 

3400/ 
.2920 

1720/ 
.2920 

1270/ 
.2920 

1070/ 
.2920 

1 0,96 0,98 0,99 0,98 0,98 0,98 1,00 1,01 0,99 
2 0,99 0,97 0,97 1,01 0,98 0,99 0,96 0,96 0,97 
3 0,96 0,98 0,98 1,01 0,97 0,95 0,97 0,97 0,95 
4 1,03 0,99 0,95 1,08 0,95 0,95 0,91 0,87 0,87 
5 1,11 – 1,03 1,01 1,12 1,10 – 1,02 1,10 
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Dudkin D.V.*, Fediaeva I.M., Zmanovskaia A.S. FEATURES OF THE MOLECULAR STRUCTURE OF THE HUMIC 
ACIDS OBTAINED IN CONDITION OF SONOCHEMICAL PROCESSING OF PLANT RAW MATERIAL IN AN AQUE-
OUS ALKALINE MEDIUM 

Ugra State University, Chekhova st., 16, Khanty-Mansiysk, 628012 (Russia), e-mail: dvdudkin@rambler.ru 
The object  of the study were humic acid (HA). The purpose of research is  -  to identify the structural  features of the 

structure of the HA, obtained as a result of sonochemical treatment of secondary plant materials  in an aqueous alkaline medi-
um. The new data that characterize the structural features of HA extracted from typical for KhMAO-Ugra raw peat and wood 
waste were obtained. The results of termo-weight analysis, elemental composition and electronic spectra, gel chromatography, 
infrared spectra of HA molecules extracted from prototypes of humic substances derived by sonochemical effects in aqueous 
alkaline media from plant raw materials  are shown here.  The basic laws of the HA structure,  depending on the nature of the 
plant raw and on alkaline power which are used for sonochemical treatment were identified. It is shown that as a result of so-
nolysis of plant material  the periphery of the HA molecules  is formed from  carbohydrate polymers because of destruction and 
condensation processes occurring simultaneously. 

Keywords: humic acid, thermogravimetric analysis, molecular weight, molecular weight distribution, elemental compo-
sition, sound part of humic acids, humic acids peripheral portion, the degree of oxidation. 
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