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METHOD CONFOCAL MICROSCOPY TO CONTROL THE DEGREE 
OF FILLING OF THE CAVITIES OF THE WOOD 

This paper aims to show how confocal microscopy can be useful for control the filling of the cavi-

ties of the capillary-vascular structure of the wood liner with an oil modifier in depth. 

The tests were carried out with three batches of birch wood samples. Samples were soaked: from the 

first batch – by the method of a hot bath at a temperature of 130 ± 5°  from the second – by the method of 

thermo contrast baths at operation 130 ± 5°  and 20 ± 5° ; in the third batch – control samples for deter-

mining the moisture content of the wood prior to drilling. The estimation of uniformity and depth of filling 

of cavities of capillary-vascular structure of wood was studied with the help of optical and confocal (laser) 

microscopy on Olympus LEXT ols 3000 microscope on the surface and depth of 1/3 and 1/2 thickness of 

samples according to the known technique. According to the value of the average deviation of the profile, 

the level of computer analysis, the set parameters of non-uniformity of filling wood modifier through the 

thickness of the sample depending on the method of impregnation. To calculate the degree of filling of 

wood with a modifier, a mathematic dependence was proposed, which takes into account the kinetics of 

changes in wood moisture during high-temperature impregnation. 

The proposed method of controlling the filling of structures based on the use of confocal microsco-

py can be used to determine the actual degree of filling of the capillary-vascular structure of wood raw 

materials and materials. 
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.  , -
   , 

   [1], 
     -

  -   

  (  
) [2–4]. 
  ,  -

   ,  
 20022.6-93 [5].  , -



146 Êîíòðîëü ñòåïåíè çàïîëíåíèÿ ïîëîñòåé äðåâåñèíû ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

     -
    
    -
  ,   

.     
   -

 -   -
 ,      

 ( )  ,  -
    .  
    -

  1 3     
 ,   -

  : 

1 ,
m m

q
v

−
=           (1) 

 m –    , ; 
m1 –    , ; 
V –   . 

  [4, 6, 7]  -
      

 m ,   ,  
   : 

.
m

i
m

=    (2) 

   -
   [8].    

    V , 
  ,      
 V  (  ): 

.
v

i
v

=     (3) 

     -
     

       -
.     -

 ,   -
,      

      
      

 ,    
   

    V  
     . 

     -
     -

  [9, 10]. 
   –   

    
     -

 -   -
    

  .  
    -

   - -
    -

 ( )    -
 ;  -

      -
  , -

     -
 . 

   .  
    -

   -
 12%.     -

,      
  t = 130 ± 5° .   -
 – ,    -

    
t = 130 ± 5°      t = 20 ± 5°   

 .    -
   ,  -
     -

. 
       -

     -
      ( . 1). 

    
  ,   [9]. 

 

 

. 1.    

       

   

 

    
  i -  
     
     

-600/10.   -
,   16483.7-71,  

     0,1%  
      

    t = 130 ± 5° . 
     -

   -2 (  25-
2021.003-88).     

   2    . 
    

    ( -
)    Olympus 

LEXTols 3000. 
 . 1.   

   -
   -

1

2 h

1/2 h 

1/3 h 

3 



À. Á. Íåâçîðîâà, Â. Â. Ìàêååâ, Â. È. Âðóáëåâñêàÿ 147 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

    . 
     

   ,  
     -

-  ,   -
.  . 2  3  -

     -
  . 

   -
-     

    -
   , -
    -

  « »  -
. 

    
  ( )  

 (  ) 
     -

 . 
   -

     
    ( -

) ,    
     

,     
. 

   ( . 2 
 3) ,  -  -

     
   :   

( )       
,    1/3h  

1/2h .  ,   
  ,   

  ,   
1/3h  1/2h    
140 ± 5 , 90 ± 5 , 40 ± 5 ,  -

    -
 – 60 ± 5 , 30 ± 5 , 30 ± 5 . -
       

    . 
 ,   -

      -
      -

 ,  -
     

      
   -

-   . 
2.     -
  ,  

    -
 .  -

     
    12–20%. -

      
   ,    

     -
    ( )  

 ( ).  , 
 ,    

,     -
     -

   . -
      , 

     -
   .  -

      -
    . 
     

   -
 : mow –   -
 W  ; mow –   

; ρ  –  ; -
   ρ .  = 1,54 / 3; 

W –   ;  -
 . 

    
 

100%,
v

i
v

= ⋅   (4) 

 V  –     -
; V  –   -

  . 
    -

    

2. H O( )
,

owm m mm
V

− −
= =

ρ ρ
      (5) 

 m  –     -

; 
2H Om  –   -

,   . 
    -

    
     . -

       -
   .  -

      -
 . 

  -  
    -

   Vo   -
  V .    W: 

   

o .

o . o

. .

.
owow

v mm
V V V V

ρ −
= − = − =

ρ ρ
     (6) 

  (2)  (3)  (1), -
     , 

    -
    

: 



148 Êîíòðîëü ñòåïåíè çàïîëíåíèÿ ïîëîñòåé äðåâåñèíû ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

2. H O .

o .

( ( ))
100%.

( )

ow

ow

m m m
i

V m

− − ρ
= ⋅

ρ ρ −
       (7) 

      
       

 ,   (7) -
  

          
. .

o .

( )
100%.

( )

w

ow

m m
i

V m

− ρ
= ⋅

ρ ρ −
       (8) 

 

 

. 2.         h ( ), 

  1/3h ( )   1/2h  ( ),      

 

 

 

100  

100 

 = 140 ± 5  

 = 90 ± 5  

 = 40 ± 5  

100 



À. Á. Íåâçîðîâà, Â. Â. Ìàêååâ, Â. È. Âðóáëåâñêàÿ 149 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

 

. 3.         h ( ), 

  1/3h ( )   1/2h  ( ),      

 

.     

   -

     -

     

     

 ,   -

     

-     

      

 .  ,  

     

    

   -

.    -

     -

     -

,    -

  . 

)

 = 60 ± 5   

 = 30 ± 5   

 = 30 ± 5   

 

 

 

100 

100 

100 



150 Êîíòðîëü ñòåïåíè çàïîëíåíèÿ ïîëîñòåé äðåâåñèíû ìåòîäîì êîíôîêàëüíîé ìèêðîñêîïèè 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

 

1.  . .,  . .     //  
. 2011.  5. . 159–163. 

2.  . .,  . .      -
    //   . 2015. . 18.  14. 

. 126–130. 
3. Hill C. A. S. Wood Modification: Chemical. Thermal and Other Processes (Chichester: John Wiley 

& Sons), 2006. 
4.  . . -      . .:  

- , 1974. 87 . 
5.  .  :  20022.6-93. . 1995-01-01. .: -

, 1995. 
6.  . .        

    -  : . … 
. . . ., 1987. 385 . 

7.  . .,  . .  .  . : 
, 2005. 448 . 

8.  . .,  . .       -
  // i   . . -  . 1984.  2. 

. 33–37.  
9.  Study of the transverse liquid flow paths in pine and spruce using scanning electron microscopy / 

. Olsson [et al.] // Journal of Wood Science, 2001. Vol. 47. P. 282–288. 
10.  Lande S. Development of chemometric models based on near infrared spectroscopy and 

thermogravimetric analysis for predicting the treatment level of furfurylated Scots pine. Wood Science 
Technology. 2008. Vol. 21. P. 210–216. 

References 

1. Patyacon V. I., Sokolov V. A. The Effectiveness of methods of wood treatment. Vestnik KrasGAU 
[Bulletin of KrasGAU], 2011, no. 5, pp. 159–163 (In Russian). 

2. Kosheleva N. A., Sheykman D. V. Study of the process of impregnation with polymers in the modi-
fication of low-value wood species. Vestnik tekhnologicheskogo universiteta [Bulletin of technological 
university], 2015, vol. 18, no. 14, pp. 126–130 (In Russian). 

3. Hill C. A. S. Wood Modification. Chemical, Thermal and Other Processes (Chichester: John Wiley 
& Sons), 2006. 

4. Annenkov V. F. Drevesno-polimernyye materialy i tekhnologiya ikh polucheniya [Wood-polymer 
materials and technology of their production]. Moscow, Lesnaya prom-st’ Publ., 1974. 87 p. 

5. GOST 20022.6-93. Wood protection. Methods of impregnation. Wood protection. The ways of im-
pregnation. Moscow, Standartintorm Publ., 1995 (In Russian). 

6. Vrublevskaya V. I. Tribotekhnicheskiye kharakteristiki drevesiny i nauchnyye osnovy sozdaniya i 
primeneniya antifriktsionnykh samosmazyvayushchikhsya drevesno-polimernykh materialov. Dis. dokt. 
tekhn. nauk [Tribotechnical characteristics of wood and scientific bases of creation and application of anti-
friction self-lubricating wood-polymeric materials. Doct. Diss.]. Leningrad, 1987. 385 p. 

7. Fedorov N. I., Yarmolovich V. A. Lesnaya fitopatologiya [Forest Phytopatology]. Minsk, BSTU, 
Publ., 2005. 

8. Rodnenkov V. G. Kupchinov B. I. On the question of determining the degree of filling of modified 
wood. Vesti Akademii navuk BSSR [Bulletin Academy of Sciences of the BSSR], 1984, no. 2, Phisical and 
Technical Science, pp. 33–37 (In Russian). 

9. Olsson T., Megnis M., Varna J., Lindberg H. Study of the transverse liquid flow paths in pine and 
spruce using scanning electron microscopy. Journal of Wood Science. 2001, vol. 47, pp. 282–288. 

10.  Lande S. Development of chemometric models based on near infrared spectroscopy and 
thermogravimetric analysis for predicting the treatment level of furfur. Wood Science Technology. 2008, 
vol. 21, pp. 210–216. 

   

   –   ,   «  

   ».    . 

(34, . , 246653, . ,  ). E-mail: anevzorova@bsut.by 



À. Á. Íåâçîðîâà, Â. Â. Ìàêååâ, Â. È. Âðóáëåâñêàÿ 151 

Òðóäû ÁÃÒÓ   Ñåðèÿ 1    1   2019 

   –   ,   -
        « ».  -
   (34, . , 246653, . ,  ). E-mail: 

250882@inbox.ru 
   –   ,   «  

,    ».    -
 (34, . , 246653, . ,  ). E-mail: anevzorova@mail.ru 

Information about the authors 

Nevzorova Alla Bronislavovna – DSc (Engineering), Professor, the Department of Ecology and  
Energy Efficiency of Technosphere. Belarusian State University of Transport (34, Kirova str., 246653, 
Gomel’, Republic of Belarus). -mail: anevzorova@bsut.by 

Makeev Vyacheslav Valerievich – PhD (Engineering), Head of the Department of Environmental 
Safety and Energy Saving in Transport Research Center of the Railway “SECO”. Belarusian State Univer-
sity of Transport (34, Kirova str., 246653, Gomel’, Republic of Belarus). E-mail: 250882@inbox.ru 

Vrublevskaya Valentina Ivanovna – DSc (Engineering), Professor, the Department of Machine Parts, 
Lifting and Construction Machines. Belarusian State University of Transport (34, Kirova str., 246653, 
Gomel’, Republic of Belarus). E-mail: anevzorova@mail.ru 

 28.02.2018 


