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1   

 

1.1    .   

 

      

 ,          

 90°.      -

      . 

 –  ,     

  ,    ,   

  . ,   

    :  , -

   ,     -

.  

      -

  : 

– ;  

–   ; 

–    . 

      -

      [1].  -

   ,      -

     [2]    , 

     1,a    -

    .      -

 , ,   (lv = 27,5 / 2),  

    ,      -

  ~ 0  1,    . 
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 –      ;  –    -

     ;    –  ,     

     ,   MMA + -

;  –      , -

  ;  –      

 1 –    
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  ,     -

  150°   , ,  , 

         [3-4]. 

    ,  -

  ,      -

 .   1,   ,   

.     ,    

         

      1,  [4-5]. 

       

 ,     -

 ,    [6,7,8]. 

  1,       -

,     .     

  ,      [11].  

  ,   ,  -

     .    

     [11,12] (   -

 ≈0),      1, .  , 

    ,    

   ,      

   ,  ,     

[9,10].       -

  :     [2,13,14]. 

    ,    

       

[15,17,18]. 
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 ,      

       -

        

      [19-20]. 

  Cassie1 and Wenzel [13-14]  -

    θ  [22]   .   -

 θC         -

,      . 

(1) 

, r -   [17] -    , -

   [18]. ,  r>1> , ,   

  1 , cosθc<0  θc> 90°.    

 ,       

 θ>θc>90°.      -

,   . 

 ,        -

 (θ≈74°) [21]. ,     -

  , ,      -

 θ <90°,       Wenzel [13]. 

 ,    2, ,  2, ,  -

    – –    -

  θ ≈ 70°    .  

 θ <ψ,   ,   2 ,  -

    -   ,    

    ,     -

  .   ,  θ >ψ,     

2,   ,      -

 [3].  
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,  –   -        

  ;  –  ;  –  , 

 M. Nosonovsky [16],    

 

 2 –      

  [16]    -

   ,    . 

 ,        

     . - , 

     ψ,   -

  θ .  

    ,     , 

 θ  = ψ,  ,     

  -  (dAsl)     (dθ)  -

      , , 

 dAsldθ<0.         -

   ,   

  ,    2, .  

-          

 (0° <ψ <90°),     -

     ,   θ >0° [5].  



14 

 

 2,     ,    

   -  (z)   (θ = 30 °)  

 (θ =150°) .  ,    -

      (z≈1,5) (   

    ),    ,   -

       30°.  

     [10,12]   -

  ,     

(z≈4)      .  ,  -

        « -

» (  )   [3,6,22]  

    . 

       -

,  ,     -

     [9].   -

         

  [22-24],     

 ( )        

- . 

      

     ,    -

,   .      -

   ,       

   [6,23]. 

        -

,    3, .       

       -

  MMA ,    -

         -

.  ,   ,   -
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  ,      , 

   IV,     

   .   

 
 – cosθ*adv  θ*adv –     ,  

cosθ*rec  θ*rec –    ;  –  ,  -

;  – ,      

 3 –   

     ,   , -

       -  

.   ,         

 (IV)  .     -

 ,     -  -

 .      -

      ,  

  MIT      , 

       -

-     .   -

  ,  Marmur [15]. 
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 ,      -

     ,    

  [5].  ,    ,    -

    [15]    -

  ,      

,         -

 - .   ,   

     ,  -

     - .  -

,       -   , 

        -

,  -  ,      -

. ,      -

 ,  ,      . -

    ,    

  ,   MIT    

,      -

        3,  . -

   ,   , 

    -     

      .  -

   -  (h1)     : 

h1 = κ– 1(1−cos [sin− 1(Dκ)]),  (2) 

 κ –    - . 

Κ = P / 2 lv, (3) 

 P – ,        

, (4) 

          -

,   -   .  
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 p–  ,  g –   . 

        -

 ,    (h1)   -

     -     -

 (  ), 

h2 = R (1- cos θ), (5) 

      -  .  

 D <<1 / κ ≈ lcap 

H* = h2/h1=2(1 – cosθ)Rlcap / D
2, (6) 

  , D*–  ,  -

        , 

   .   ,  -

  ,     fs 

   

D* = (R + D) / R, (7) 

     D*    -

  fs      θ*.    

    ,   D*  H* 

   . 

     (D)     

 D*,       H*,   

     - .   

   .  

  ,   (7)         

,                                                                                            (8) 

   (W)   (H)   -

,    3,c,   (D*)   

 (H*)   ,     -
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,    ,   -

   ,       

       [11].  

        -

 ,       .   

1        

   . 

 

 1 –  ,    -

    

    

    

–C( )– OH  –C6H5  

–OH  –CH=C(CH3)–
CH=CH2 

 

–C(O)H  –CnH2n+1  

>C=O  –C3H7  

–NH2  –C2H5  

–NH  =CH2,>CH2  

–C(O)–NH2  –CH3  

–C(NH)–OR  –SH  
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–C(O)OH 4 
–OH 3 
–NH2 2-3 

–C(O)H, >CO, >NH 2 
–CH–NH– (  ) 1 

 
   ,    -

         

    . -  

        

     .  ,    

.  

 

1.2    

 

Deng    [24-26]    

   .      -

,     . 

    ,    -

   (  30-50 ),   -

,  . ,    -

,      ,   -

.       -

,        -

. 
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  ,      ,  
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 ,  ,  .   -

   . 

 « – » 

   ,    ,  

  .   ,  ,   -

      ,    

   .  ,   -

     ,   -

 . 

            

 ,   (  180 °)  

     .   -

        -

   [29].       

   ,     -

     . 

  ,   : 

–      (CVD);  

–  ;  

–  ;  

– -  . 

       -

,      .   

      -

   .    , 

       .   -

          

 (CVD),         -

,       ,  -

    [29].    -
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[33,34]. 
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- ),  (       -
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,       -

 .      . 

  

       -

   .      -

    . 

  ,      . -

       

 « – »,       

  « – ».  

        

  . 

   Zhao Y    [46]  -

       . 

        -

.     153,9°  157,7° -   -

.  

Xiu Y et Liu Y [47]     -

    KOH,     Au 

 HF  H2O2    . -

     168,1°     2° 

Cortese B et D’Amone [48]    

 (PDMS),      -

.  ,    -

  PDMS      , -

       170 °. 
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1.3       

 

   (NafenTM)    -

     .     -

          

  .    ( / ).    

  .      

 5.         

    5   20 .      -

  .     -

   ,   -Al2O3. 

 

 
                                                                                                              

 – ;  – ;  –  

 5 –   NafenTM 

 

 NafenTM 

     ,  

  [49],     (  6)  

  1200° .    . 

   87,2 °      -

         -

  –      .  

  3,47 %       76,8  . 
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   454,9 °      9 

2AlOOH → Al2O3 + H2O (9) 

     1,61%      34,39 

 .   ,     -

 0,1146 ,  ,  5,18 %     AlOOH 

( ).  

            

5,5-6 %   

   865,3 °      

-Al2O3→δ-Al2O3 (10)    

   1074,1 °      

δ-Al2O3→α-Al2O3  

 

 

 6 –  NafenTM [49] 
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     NafenTM,     

7. 

 

 
 

 
 

 – - ;  – - . 

 7 – NafenTM    1400°  
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 ,    , -

     .     -

 0,222 / ,    120 2/ .     

       8  20  80 , -

    . 

 

 8 –      NafenTM,  -
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2   

  

2.1     

 

   (NafenTM)    -

     .     -

          

  .    ( / ).    

  .     -

        5   20 . -

   ,    – 12   

   – 400 .   NafenTM :  

,  ,  , . 

 

2.2  щ   

 

       -

,   ,    ,    -

. 

     :   -

.      ,   -

 : ,  .  

          

 (  ).      

   ,      

   - . 

      . 

 ,      ,  . -

          -

. 
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      ,       

,   . 

  ( -9-  )–  

    

CH3(CH2)7CH=CH(CH2)7COOH  

    , t =13,4 °  (   -

)  16,3 °  (   α- ), t  =286 ° . 

    ,     -

.       . -

    ,    

H2   ,     (NO2, 

SO2)    с-9-  ( )  

(t  44 ° ),     (KMnO4, O3)   

   . 

    ,   

     .  

3–( 2)16–  

 ,        -

       .   -

      .    –   

   ,    -

 69° C.   . 

  (  )   -

      12  ,   

   . 

3–( 2)10–  

      ,   

, t =44° ,   t =225°C.       

     . 
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2.3    

 

     NafenTM  -

  ,     -

     ,     

 ,       -

 ,     . 

       -

    . ,    , 

 , ,  .  

       

  . 

        -

,         -

  .       -

.         . 

     ,     -

 ,      .   

   ,  . 
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1 –  ; 2 –  ; 3 –    ; 4 – 

 ; 5 –   

 9 –      

  

 

 

2.4   

 

 ,      

   .    

    :  

       

  .  

      

      :    

 ,        

-      .  

    ,     -

   (NafenTM)  0,5 .    100  

http://www.simas.ru/products/neft/filtration/vakuum/a/a_5603.html
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   (  1  %)    8–

12.        

,       3   1000 

/ .         -

. 

 ,      -

       ,   

  Al   ,   (15). 

 

Al3+ + 3CH3(CH2)10COO− →Al(CH3(CH2)10COO)3  

 

  10      

 .    , -

      ,   -

   .  
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 10 –    .  

          -

 Hitachi S5500 

 

     (5  -

  100 )         . -

        

 NafenTM,      50  -

   3–5      . -

        -

 -  .      

  ,       -

:        –  .  

,   ,    ,    

     .    
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   .    -  -

 -       1,5 . 

      49   -

         100-110 ° . 

 

2.5       

 

  ,      -

   ,     

  .  ,   

 .      -

     ,  -

,      .   

   c      

      15 ,    

  11.     ,     

OCA 15EC      X  Y    

      .  

     5 ,    

,       

.      -

.           -

. 

   

–       ; 

–  6-  - ; 

–        ; 

–    USB- ; 

–        . 
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 11 –     15  

 

         

   .     σS 

   .     -

 SL    ,   -

  L     .   

  ,   (16). 

(16) 

        . 

       -

       12,       

  - ,       

. 
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 12 –       -

,    

 

2.6    

 

      SDT Q600, -

 13 ,      3,  -

      ( -

 )  ,    -

  (   /  

 ),      ,  

     ,    

. 

  TGA     -

  .  

   DTA,   -

         -

  .  
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 13 –  SDTQ600 

 

 3 –    

     1500°C 

     (  1  5 ) 

   
       

(     ) 
  –  1000°C  0.1  100°C/  

  –  1000  1500°C  0.1  25°C/  

-    

  
; 

 1500  50°C  < 30  

  ,  

   200  (350    ) 
  0.1  

  / 
 

±2% (   ) 

  0.001°C 

 Pt/Pt-Rh (  R) 

  7  (0.05 ) 
     –    

 
: 40 , 110  

 (Al2O3): 40 , 90  
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3   

 

3.1     

 

       -

 NafenTM     .   

   .        -

 4 – 6.     : CA(L) –  

 , CA(R) –     CA(M) –     

 .  14-16     

  15 . 

 4 –     . 

  CA(M)[°] CA(L)[°] CA(R)[°] 

1 152,9 152,9 152,9 

2 154,2 154,3 154,2 

3 153,4 153,2 153,5 

  153,5 

 

 

 14 –        
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 5 –      

  CA(M)[°] CA(L)[°] CA(R)[°] 

1 142,9 143,0 142,8 

2 146,2 146,1 146,3 

3 144,2 144,3 144,2 

  144,4 

 

 

 15 –       

  

 6 –      

  CA(M)[°] CA(L)[°] CA(R)[°] 

1 153,9 153,7 154,1 

2 156,3 156,2 156,3 

3 154,0 153,8 154,1 

4 153,2 153,1 153,2 

5 153,5 153,6 153,5 

  154,2 
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,    ,     
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3.2      

 

      

           

    .   ,  

  .     , 

         .  

   ,     -

    5 .   ,    
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   c ,         

      150 °    4    

     15       

.          ,   -

        -

   .      7. 

 

 7 –      . 
    , ° 

1-   2-   

 -  116.3 122 

 -  115.3 108 

 -  141.6 127,6 

 

  17–19     .  

,   ,        

  .     -

    .   21    -

   . 

 
 –  ;  –   

 17 –       

,  NafenTM     
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   3    5  
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3.3    

 

      -

          -

.         .  -

        .   -

        -

,      8. 

 

 8 –   TGA / DTG 

   

, 

% 

  

, 

% 

-

 

 

-

, ˚C 

 -

 

 

, ˚C 

 

 -

 -

 , % 

  

 -

, % 

 

 -

, ˚C 

-

 

453,67 10,6 84,8 10,3 288,22 84,0 298,9 

-

 

425 12,0 84,9 13,5 306,78 81,7 360 

-

 

375 17,8 76,2 18,2 295,48 75,4 376 

 

      -

        

   . 

,                                                                                                  (17) 

, –    , –   -

, 2 –      , – , 

 –          -

  . 
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   200,3 /  

 

   282,47 /  

 

   284,48 /   

 

 

  9       

        

     . 

 

 9 –   

 ,  Δm, % 

 8,9 10,3 

 12,55 13,5 

 12,64 11,8 

 

 

 

    22  TGA   

 ,         -

.          

    .   TGA / D G -

    ,     -

    .     

 22   TGA  DTG ,   . 

     ,   

 .  



53 

 

 TGA      -

 ,   50°C     -

,     453,67 °C    -

,    ,  t      298,9° 

C ,      ,   -

          -

   .  ,    -

  ,  10,6   4,6%     -

    15,2%. 

      TGA ,   -

.     ,  -

      ,   , -

   .      -

   288,22° C         

    10,3%.     -

 , ,        

    16%. 
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 –     ;  –     

 22 –     
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  –  ,     

 .   

 TGA    23, ,   -

 ,   50°C    

 ,    ,     425 °C  -

   ,    ,  t   

   360°C ,       -

           

        -

   .  ,     

 ,  12  3,1%      

   15,1%.  

    TGA ,   . 

        306,78°C   -

         -

,     13,5%.    

  , ,      -

      18,3%. 
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 –     ;  –     

 23 –      
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 TGA    24,    -

 ,   50°C     

,    ,       

  ,        

          -

    ,  ,    

 , t      376°C.  , 

     ,  17,8 %  6 % -

        23,8%.  

    TGA ,   . 

        295,48°C   -

         -

,     11,8  6,4%    

  .      ,  

        -

.       ,  

          

   ,   ,   -

    ,      -

      ,    -

       -

 . 
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 24 –     
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1.     -

    .    -

:     ,   

         

         

3 .        .  

         

  ,    -

 .        

-       

 ( ). 

2.        

    c      

   .       

  153,5°;    144,4°.    

      , -  -

    , ,  -

   ,         -

      ;    -

 154,2°.    ,   

     145°,   -

       -

. 

3.        -

        .  

     10.4 %   -

      288.22° ;   

   12%    306.78° ;  -
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  17,8%     295.48° .   

        

 ,      

  .   

4.  ,     -

       -

.    ,     

      .  

      

    122°,    108°  

   127,6°. 
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