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,  
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 700-900 º ,  30-180  
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.  

, , ,  

 [71, 73]. 

 

: . 

 [74] ,  

.  [75] ,  

, . 

: 

1.  ( )  

 M  ( ); 

2.  700-900 º  5-

10 º ; 

3. (30-300 )  

; 

4. ,  

 90-110 º  [22, 

72, 76]. 

5.  

,  

 ( ),  

 ( )  ( ).  

 [71, 77]  

: 

1. . -M  

 ( 100 º  ) : 



39 
R – OH+MOH  R – OM + H2O     (1.11), 

 R = Ar-, Ar – (O)-, Alk – C(O)-. 

2. .  

: 

R – C(O) – Ar + 2MOH  R – C(O) – OM + MO – Ar   (1.12), 

 R = Ar-, Alk-. 

 

,  

. ,  

 [77]. 

 [77] ,  

.  

 d002  

0,412  0,490 ,  Lc  0,8 

 1,52 ).  

.  

 

[71]: 

-  S- : 

Ar-O-Alk + MOH  Ar-OM + Alk-OH     (1.13) 

 

.  

,  

. 

 

,  

.  200-600 º ) 

, ,  

. ,  

. 
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.  ( 400 º ) 

 M+  

. , : 

6MOH + C  2M + 3H2 + 2M2CO3      (1.14) 

 [78], -

 

2 . 2 ,  

. 

, ,  

: 

1)  M  

-M; 

2) (M2 3 

 M2 ) ; 

3)  M2 3  M2  M,  

. 

 

,  

 M  
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,  [81].  
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 (  1500-1800 2 )  

 ( , , 

.). 

,  

 

 [83]. ,  

, , . 

 

0,25-1 . . -

 300 º  

 900 º ,  10 º . 

 

 200-250 , .  

,  

[84] .  

-

 (> 1500 2 ).  

 

[85].  

.  

,  

. : -

.  

,  

.  

 ( ) -

 [86].  

.  

 

 [81, 87]: 



44 
1) : 

4 + ( 1) = + + + 3     (2.1) 

2)  2 3  400-500 º  

 ; 

3)  650-700 º : 

+ 2 +          (2.2) 

+ 2 2 + 3        (2.3) 

 [81] 2 -

 (  700 º ) : 

+ + 2        (2.4) 

+         (2.5) 

2 + +         (2.6) 

 

” (“potassium cycle”) [76, 88, 89]. 

 
 

 1 – , 2 – , 3 – , 4 –  

 

: X  = 1, 2, 3, 4,   = m(KOH)/m(C). 

 

 [90].  

. , 

,  

[91, 92]. ,  

. ,  

. 

 1-2 ,  

 90 . 
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 850-

920  10  

 20 .  

. -

 5 %  HCl -

 90 . 

. , 32 – 

,  300  1:2  

, 64 – ,  600 º  

 1:4.  

,  

,  

, . 2.1. 

 
. 2.1.  
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(m1)  (m2): 

= 100%          (2.7) 

 (%) ,  

 1%. 

,  

,  ( .2.2).  

: 

> : > = <75> : <25>           (2.8) 

 –  (  KS-15  Lonza). 

 

,  

.  

,  

.  

 
. 2.2.  

: 1 – ; 2 – ; 3 – ;  

4 –  

, 

 

 
1 

2 

3 

4 
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 “2525”, .  

 30 % . 

 

2.2  

 

, 

. ,  

,  

. ,  

 

. ,  

, , ,  

,  

, .  

 

. 

-

: (1) -

; (2) , , ,  

 = const; (3)  

 (EI ). 

 –  

-

.  

,  

 [93]. 

,  

 )( 1VsdtdUv ,  

 C : 
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Cv
dt

dUCi            (2.9) 

 

 C  U –

  ,  C(U)= f(U). : 

vUC
dt

dUUCi )()(          (2.10) 

,  (2.9)  (2.10) C(U) ,  

vUi )( ,    )(Ui  –  

. ,  

 dUdqC  

UqC  . 

 1U  2U ,   

: 

2

1

2

1

)()(
U

U

U

U
dUUCdt

dt
dUUCq         (2.11) 

 AUTOLAB PGSTAT12  

“ECO CHEMIE” ( ),  GPES  

 FRA - 2.  

 0  1  0  

2,5 .  
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.  

, .  

,  

. 2.3). 
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. ,  
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.  

.  

 –  

 [95, 96].  
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, tVtU sin)( 0  f2  –  

 f  (0.01  < f < 100 ).  

 ( ,  

) : 

)sin()()( 00 tVC
dt

tdUCti ,        (2.12) 

 – ,  90°  0V – 

.    

90°,  

 

.  

 

,  (1-3). 

 EIS  

 Z", : 

C
j

Cj
Z 1           (2.13) 

 Z"  R,  

,  ESR , : 

RZ .          (2.14) 

,  ( ): 

Cj
RZZZ 1 ,         (2.15) 

 R  C  

 [22, 97, 98]. 

 R,  C – 

,  

, , , 

, , .;  Z  

, ,  (2.15). 

 Levie [99, 100], Salitra . [101]  RC 
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,  – Z"  Z', ,  

:  45°  

,  Z'- ,  

+ ;  –  “ ”  

 ( ), , – Z"  Cj  

.  Z'-  

.  Rpore  

, 0 . 

 

)  ZView-2. -

-

, -

,  

 

 [102]. 

-

.  U  t 

.  

U   

, : 

IRU            (2.16) 

 (U, t –  

 = const) q  U(t)  t,  

U(t)  q.  

,  

: 

dU
dtIC            (2.17) 
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U
tIC             (2.18) 
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,  1dU  10  
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I
dUR
2

1             (2.19) 
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). ,  

-

 [103].  – ,  

 

),  ( ),  ( ),  ( ). 

 

,  

.  

 

 (STA 449 Jupiter  NETZSCH). 

-

. -

, , -

.  

.  

, -

. ,  

, 



56 
.  

, , , , 

. 

 2-3  
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 Al2O3.  
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1 %. 
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,  =4000…400 -1 
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s  Ias ,  

 [107]:  

= ,         (2.20) 

 ,  –  ,  -1;  –  

; k– . ,  
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,  ( ),  
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 ( ), -

 [108]. -
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,  ( ), -

,  
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, ,  
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0
0

sin( )( ) ( ) 1 ( ) srI s I s P r dr
sr
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.  
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2

( ) ( ) exp
3

g
e p

R
I s I s N V   (2.22) 

 ( )eI s  – . 

 0s ,  

( )I s ,  

.  lg ( )I s  2s  

, 

. ,  

 gR : 

5
3s gR R   (2.23) 

 L – :  

12 gL R   (2.24) 
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  – ; VM –  

,  37,7 3 .  
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.  

 IUPAC,  (2 ), 

 (2-50 )  (50 ).  

 ( ). 

,  

.2.9 [116]: 

 

 
. 2.7.  

 

 1 ,  

.  2  4  

- .  

-

, - .  

 3  5  ( )  

,  

, , , 

.  2  4  3  5  

,  (4,5 )  

,  

.  

. 

:  

,m A s
t

W N AS
M

          (2.26) 
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 Wm – , ,  

,  - ,  – ,  –  

. 

 . 

 .   

,  

, ,  

. : 

= ( ) / ,          (2.27) 

 f – ,  12  6  

 1.091,  =  0.81  / .  77  

 = 0.162 .   

 (2.30) . 

 

 t-  [117].  

 

. t  V 

 t. , 

 0/ 0,2 0,5 

 t,  

: 

m

Wt
W ,  (2.28) 

  – ,  

77  0,354 . 

 

 V  t ,   
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 V ,  

. 

 

 (BJH),  – . 

, , , 

,  

. ,  

.  

 

: 

0

2 ,
ln /

L
m

Vr
RT p p

  (2.29) 

  –  (8,85 107 3  77 ), VL 

–  (34,7 3 ),  –  

 (77 ), 0 – , R – , rm –  

 [118]. 

 

,  rm , ,  

.  

: 

,p mr r t   (2.30) 

 t – .  t  

 3,54 (Vads/Vm),  3,54 Å – ,  

Vads/Vm –   

,  

 [119]. 

:  

=           (2.31) 
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 (  

)  

 (77 )  Quantachrome Autosorb 

Nova2200e.  180  

18 .  (SBET
2 )  

,  

/ 0 = 0,050…0,035.  (Vtotal, 3 )  

 0 ~ 1,0.  (Vmicro, 3 ), 

- (Smicro,  2 )  (Smezo,  2 ) 

,  t- ,  BJH  DFT. 

,  

, -

, -

. 

 

2.8  
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-

 

.  

 ( , )  

 ( , ) [120]. -

 ULAB UV 102, 

 400 , -

 10 .  

 

[121]. 

 1  

 1 2 0, 025C C K
A

m
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,  10  1  
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),  

 

.  

 ( , )  

   [122]. 

,  

 (100  0,1 )  

15 .  0,1  

.  

: 

= ( ) . ,       (2.32) 

 V1 – ,  10 
3 , 3;  V2 -  

,  10 3  

, 3; 0,0127 – ,  1 3  

 0,1 3, ; 100 –  

, , 3; m –  
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.  

 1-2 ,  900 º  

.  
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3.2   

 

-

 ( , .)  

 ( , .) -
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 STA 449 F3 

Jupiter (  NETZSCH) 10  

 25 ÷ 1000 ° .  

10–6 ,   50  .   

 Al2O3. 

 

 

, , -

.  

,  – ,  

 – . 

 ( .3.1) ,  

 

,  900 ° . ,  

 

 

130° . , ,  

 200 °  10 °  
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 10-12 %.  

 

 120-140 ° .  

 170-210°  

-

. 

 

 
. 3.1.  (1 –  

 ( ), 2 –  

), 3 –  ( ) 

,  25  350  

 60 %  

-

. -

 210  380 °  

 ( , 2 )   

, . -

,  

,  600  

 85 % . 
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- ,  
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.  
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.  
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 150 .  

 150-500 ° -
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, , 

, . ,  

,  

 [128].  

,  500 ° .  650-900  
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 650-800  
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,  = -196° ,  Quantachrome 

Autosorb (Nova 2200 ).  

180°  20 .  

. 3.2.  

 N2,  

.  

. , 

 

.  

 H4  IUPAC  ~ 0,5 [117].  
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, 

 [117].  

,  

, 

. , 

34  

1608 2 ,  0,78 3 . , -

 

31,  160 .  

,  1:1  

 

 2,2 . 

 3.1 

 

 

SBET, SDFT, Smicro, Vmicro, Smeso, Vtotal, d ,  

2  2  2 3 2 3  

C31 1313 1196 1067 0,438 246 0,6844 2,213 

C32 1334 1292 1215 0,498 119 0,5837 1,744 

C33 1414 1346 1289 0,508 125 0,638 2,09 

C34 1608 1579 1426 0,546 182 0,7743 1,994 
 

,   

: 

 BET-  DFT- . ,  

, -

 DFT- ,  

, -
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,  

, . , 

 ( -, -

), . . 3.3  
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r
V

P
PRT cos2ln

0

(3.1)

  – , V  – ,  –  

 R – .  [117] ,  

 

 r . , 

 

0

ln

cos2

P
PRT

Vtrp          (3.2) 
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 ¼, 34  

. ,  
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,  
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) ,  

 ( ).  

 

,  325-375 .  

 ( , 

). 

 

.  650-900  

, , .  650-
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:  – ;  – 
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 3.2 

 

 SBET, 2  SDFT, 2  Smicro, 2  Smeso, 2  Vmicro, 3 Vtotal, 
3  

C3 1313 1196 1067 246 0,438 0,6844 

C4 1188 1303 1148 40 0,4691 0,5207 

C5 1068 1216 1018 50 0,4164 0,4697 

C6 1213 1332 1160 53 0,4768 0,555 

C7 1042 1214 984 58 0,3981 0,4656 

C8 837 894 804 33 0,3299 0,404 

C9 721 731 692 29 0,2729 0,3173 

 

 

.  

.  

6. ,  

 (0,555 3 )  

4 5.  
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.  3.6.  
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-
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-
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, -
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-

,  s =0,015 A-1
 (

4 ( )s sin – , 

– .  

0,1 ,  ( 2 )d=0,02 .  

 

: 
*

exp.(2 ) (1/ ) { (2 ) (2 )}oI K K I I ,     (3.3) 

 *(2 )I – , exp.(2 )I –  

, (2 )oI – , 

exp

(0)
(0)

oIK
I

– , -

 2 0o ).  

. 

 ( m ) -

-

 (s=0). 

, ,  

 d : 

exp( )o mI I d ,        (3.4) 

 –  (  = 5,5 ), oI –

.  

: 

ln( )o

m

I
I
d          (3.5) 

,  

 ( 0I )   ( I ),  

, : 
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1 m

x

w ,           (3.6) 
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 ( )J s .  

: 
3 2 2ln { ( )} ln ps J s K s        (3.7) 
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K
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300 0,52 0,73 1217 13.0 ± 1.7 28.3 ± 1.7 

500 0,65 0,66 1133 10.2 ± 1.6 21.5 ± 1.6 

600 0,74 0,61 1012 8.4 ± 1.7 15.9 ± 1.7 

700 0,86 0,55 941 18.8 ± 1.7 22.6 ± 1.7 
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41 42 43 44

6
8

10
12
14
16
18
20
22
24

r
im.

, A

41 42 43 44

16

18

20

22

24

26

rc, A

 
. 3.24.  ( )  ( )  

 KOH 

, -

,  8-10 Å. 

 

~25 Å,  

1:1  1:3 . -

,  1:4. 

 ~20 Å.  

. 3.24  

. 

 3.4 

  

 3, /g sm   2, /S m g  .,imR A ,cR A 

41 0.65 0.68 1133 10.2 ± 1.6 21.5 ± 1.6 

42 0.51 0.73 1216 8.3 ± 1.5 19.5 ± 1.5 

43 0.43 0.77 1278 9.4 ± 1.6 21.5 ± 1.6 

44 0.33 0.83 1346 20.2 ± 1.3 24.4 ± 1.3 
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, 44  

,  24 Å.  

 

. 4 . 

 

3.6   

 

 

 

,  

 ( -

, , ) ,  

. -

 

.  

,  

,  

.  [141] ,  

 

,  

.  

-

 

, . 

 

. -

 

 ( ), -

. -

,  
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, .  

. 

 

.  10  

 50   0,5; 1,0; 1,5; 2,0; 3,0; 4,0; 5,0; 6,0; 

7,0; 8,0  1500 .  

 15; 30; 45; 60; 90; 120; 150; 180; 210  240  

[120]. ,  

 

400  10 .  

.  

 

 ( . 3.25). 

 

0 50 100 150 200 250

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

, 

 
, 

.
.

 
. 3.25.  

 

,  

 

, , -

.  

 

,  
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,  

 

.  

 

. 

 

 0,1  50 ,  

 (25  

1,5 )  20 .  

 

 

.  

,  

 ULABUV 102 -

 

.  

 (  

0,8 . )  5  (25 )  

.  

 0,1  0,8 . 

 

 

. ,  

 

 [142]. ,  

. 

43 44. 

,  

, .  

 (1:1)  (290 ) 
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,  = 300 º  ( . 3.26).  

 

150 . ,  600-900 º  

,  

. 

 

300 400 500 600 700 800 900
100
120
140
160
180
200
220
240
260
280
300
320

T, oC

A
, 

/
 1:1
 1:2
 1:3
 1:4

 
. 3.26.   

 

 

 

 

.  
+ - ,  

,  

 [71], [81].  

. 

-

.  

 

,  

(1,97 )  (  2 ) .  

,  
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.  

 = 1:3  325 . 

 

. ,  

3  

 = 1:1,  31 %. 

4  

 280-325 .  

,  

 [143].  

, ,  

,  

 

.  

 

, , .  

,  

93,  110 . 

,  

 

.  

,  

 100  

.  

 

 0,5-1,7 . 

 

 300…400 º , 3  

 

. 3.27, ). ,  
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, . 

 (1:1)  

 (290 ) ,  = 300 º . 

300 400 500 600 700 800 900
260

280

300

320

340

360

T, oC

A
, 

/

 1:1
 1:2
 1:3
 1:4

300 400 500 600 700 800 900
680
700
720
740
760
780
800
820
840
860
880
900
920

 1:1
 1:2
 1:3
 1:4

T, oC

A
, 

/
 

)              ) 
. 3.27. :  

) ; )  

 

 

 = 1:3  325 . 

 

.  A 31 

.3.27, ),  

V=0,684 3 ,  2-25  

. 3.28).  

 

 150 . ,  

 600-900 º  

, . 

, ,  

 

, ,  

.  

, -
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.  

 (Smeso = 240 2 )  

. 

C3 C4 C5 C6 C7 C8 C9
0
5

10
15
20

200
400
600
800

1000
1200

S,
 

2 /

 d < 2 
 d = 2-5 
 d = 5-25 

C3 C4 C5 C6 C7 C8 C9
0,00

0,01

0,02

0,03

0,04

0,1

0,2

0,3

0,4

0,5

V
, 

3 /

 d < 2   d = 2-5 
 d = 5-25 

 
)         )  

. 3.28.  ( )  ( )  

 

 

 

.  

,  

,  

 

.  

 

 (  

, )  

,  

 ( )  

)  

. 
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 [117].  

 0,25-1 ,  

 8  50  

 4  32 %,   4 %,  

 1:0,25; …; 1:2.  

 1 - 2 .  

 100  24  

.  

 550  

 10  30 . 

 

 60 .  

 15 % HCl 

 PH  80 . 

 

 ( 025, 050, …, 200). 

 

Quantachrome Autosorb Nova 2200e . 3.29.  

025 - 125 ,  

.  IUPAC 

,  

150 - 200  H3 [119].  

 

-  

 [117]. 
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)       ) 

. 3.29.  77 : 

) 025 — —, 050 — —, 075 — —, 100 — —, 125 — —; 

) 150 — —, 175 — —, 200 — — ( , ) 

,  

,  

, : 

,  

.  

, . 

 

,  

.  

,  

 [144].  

 

, , 

 

,  

-  

 550  60  ( .3.30.). 
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)        ) 

. 3.30. ) 025, ) 175 

 

 

 ( . 3.6.).  

 (SBET
2 )  

,  / 0 = 0,050…0,035. 

 (Vtotal, 3 )  

 0 ~ 1,0.  (Vmicro, 3 ),  

- (Smicro,  2 )  (Smezo,  2 )  

 t- ,  BJH  DFT [119]. 

. 3.6 

 

 SBET, 2   Smicro, 2  Vmicro, 3   Smeso, 2   Vtotal, 3  

025 775 745 0,303 30 0,336 

050 880 870 0,354 10 0,360 

075 1340 1290 0,535 50 0,575 

100 1635 1520 0,687 115 0,804 

125 1830 1760 0,779 70 0,856 

150 1510 645 0,319 865 1,231 

C175 1335 712 0,334 623 1,095 

C200 1120 560 0,243 560 0,851 



110 
 

,  

 

. 3.6). 150  1,231 3  

.  

 

 
)        )  

. 3.31.  ( )  ( )   

 

125, 

 ( . 3.31),  

 96% .  

 

 ( .3.31). 

 

 ( , )  

 ( , ) [120].  

 1  ( . 3.7)  

1 2 0, 025C C K
A

m
         (3.13) 

1 – , 3;  2 – 

, 
3;  – ; 0,025 –  



111 
, , 3; m –  

, . 

 3.7 

 

 ,  ,  

025 171 331 

050 137 339 

075 149 363 

100 261 365 

125 259 368 

150 307 370 

C175 348 370 

C200 330 373 
 

025, 050, 075  

.  5%  

 ( . 3.29, ).  

025,  

 5-50 , 050 075.  

075  

 3-5 . 

 (S = 1600-1850 2 )  

100 125  90-95 %. 

 

,  260 ,  

 5-50  (250 2 )  3-5  (200 2 ). 

150, 175, 200  

 ( . 3.31).  
 300 - 350  )   370  
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3-50 . , 

- (2 - 50 )  (>50 ). 

, ,  

 

 

 

.  

,  

 

.  

.  

 

. -

,  

,  

.  

 

.  

.  

:  

,  

, . 

,  

, : 

 12  160  65%  HNO3.  

 

 3 ,  

 pH  

 65 ° . -

,  
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 N-  

 150÷750 °  

.  

 

. 3.32.  

.  CN-0  

4,  

. N-2  CN-

4 ,  650 °  

.  

 

0,0 0,2 0,4 0,6 0,8 1,0

260

280

300

320

340

360

380

V
, 

3 /

P/P0  

. 3.32.  -196 °  

4 , CN-0 , CN-2 , CN-4 , CN-6  

 IUPAC ,  

 H4 

 ~0,5.  

. ,  

. 3.8,  

.  

N-4  

,  97% . 
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 3.8 

 

 
Stotal, 2  Smicro, 2  Smeso, 2  Vtotal, c 3  Vmicro, c 3  

C4 1188 1148 40 0,521 0,469 

CN-0 1158 1130 27 0,493 0,453 

CN-2 1251 1219 31 0,539 0,491 

CN-4 1339 1303 36 0,577 0,523 

CN-6 1292 1261 31 0,547 0,504 

 1  

 ( .3.33) .  

, 

 10  1 . 

C4 CN-0 CN-2 CN-4 CN-6
180

200

220

240

260

280

300

320

340

A
, 

/

 

. 3.33.  

N-0, CN-2  

. 3.8),  

4. , 4 

 

 (CN-0).  
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, ,  

 

,  

,  N2.  

T  450 °  (CN-2),  

,  

 

,  CN-0. 

 CN-4  

(1339 2 ),  97 %.  

,  

 235  260 .  

CN-6  

, . , 

 550 ° ,  

 

. 

 

3.7   

  

 

 

 sp2  

,  

 

 ( ). 31  

 750÷1850 -1.  

31 ( . 3.34)  

 [145], [146] 

 G-  (~ 1590 -1)  D-
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 (~1355 -1). G- -

 sp2 . 

D-  

 sp2  

 [147]. 

 (  

)  

.  

 

800 1000 1200 1400 1600 1800
0

200

400

600

800

1000

1200

1400

1600
1590 -1

1355 -1

, 
.

.

k, -1
 

. 3.34. ,  

 

.  

 

: 

 G-  (1579÷1589 -1),  

(E2g ) sp2 ; 

 D1-  (1349÷1371 -1),  

; 

 D2-  (1605÷1616 -1),  

 G 

 (  E2g  ) [148]; 
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 D3-  (1514÷1551 -1), ,  

 [149]; 

 D4-  (1129÷1253 -1),  

 sp  

 [150]. 

. 

 

,  

 [151, 152],  

 

.  

 

. ( .3.35).  FT-IR 

Thermo Nicolet .  KBr  

 1:100.  

,  

 500 -1 ÷ 4000 -1. ,  

 

 [153]. 

 555 -1,  

,  

 2500÷3800 -1,  

.  3473 -1 

 O-H,  

. 
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500 1000 1500 2000 2500 3000 3500 4000
0,06

0,08

0,10

0,12

0,14

0,16

1433

, 
. 

.

, -1

1385

1614

2924
1711

555

2856

3473

 

.3.35.  

 

 2856 -1  

2924 -1,  C-H  

H2 .  1385 -1  

 O-H 

.  1433 -1  

1614 -1
,  

CH2/CH3 . ,  

 1711 -1  2924 -1,  

 C=O  C-H  [154].  

,  

 1385, 1614 -1  

.  [155],  

 

, 2,  

 ( 2 3).  

,  (550-900 º )  

,  

2 .  
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.  

,  

. 

,  

.  

 

.  
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1. -

 300…900 º -

. ,  

, -

. 

2.  

,  

 

.  

-  

 (2-25 ). 

3.  

,  

. -

 0,46 Å-3  0,57 Å-3, ,  

.  

. 

4. ,  

-

.  

 

 300…400 º , -

 

.   

5.  

 

 

.  

,  
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(Smeso = 560-870 2 ),  

 (  =235 , =260 ). 

6. , -

 

 

. 
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 IV. 

 

 

 
4.1  -

,  
 

,  

 

, , -

.), , , -

 [156, 157].  

,  

, 

, . ,  

 ( , , 

,  [142]),  

. 

 

 

 

.  

,  90 % .  

 

.  

. -

, ,  

, ,  

.  

,  

, ,  
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  .  

 

 [158].  

, . 

: 

s
 + + + - = - + + + -,       (4.1) 

 s
 – , + - –  

,  – ,  

. 
 – -

,  

 

.  

, 

 

 (  = 106 – 10–3 ) [159]. 

-

, , , 

, , 

 / .  

,  

.  

 

 

– Im Z = f (Re Z).  

 ( . 4.1),  

: 

> : > = <75> : <25>,       (4.2) 

 –  (  KS-15  Lonza).  

,  
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 “2525”,  

.  30 % . 

 AUTOLAB PGSTAT12 

 “ECO CHEMIE” ( ),  GPES  

FRA-2. 

 
. 4.1. .  

C31 — —, C32 — —, C33 — —, C34 — — 

 

.  

 

, , 
+  [160].  

 

 
. 4.2. ,   

 
 

,  

,  

, . 4.2.  L1  

L1 Rs C2

R2 CPE3

R3 CPE4
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,  

.  Rs ,  

.  

 

. , 2
  R2  

, - ; 

3
  R3-CPE4 – . -

 

,  ( . 4.1). 

 

 4.1 

,  

 

L1, 
 

Rs, 
 

C2, 
 

R2, 
 

CPE3-T, 
 CPE3-P R3, 

 
CPE4-T, 

 CPE4-P 

C31 0,24 0.17 0,008 46 1.44 0.55 1.001 5.732 0.89 

32 0,20 0.19 0.291 40 1.21 0.53 1.894 5.312 0.99 

33 0,19 0.15 0.680 18 1.02 0.58 1.817 3.488 0.89 

34 0,22 0.15 11,18 13 0.87 0.64 1.056 5.14 0.81 

 

 5·10-4, 

 5 %.  

. 4.1,  L1  Rs ,  

 

. 2 

 R2 , ,  

-  
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.  

 , ,    [159], -

 ZCPE = CPET(j )-CPE
P.  CPE  

, , , .  

 CPE ,  1,  

,  CPE  ~ 0,5 – .  

 [161] , ,  

.  

,  

 ( ),  

. -

.   

.  

. 

, 3 

 

 (  CPE3-P  0,5),  

 R2. ,  

, ,  

 ( 34  

CPE  0,64).  R3 ,  

 

.  

 CPE4, . 4.1  

 (  CPE4-P  1),  

. 

 

 

 ( . 4.2). 

 ( ) 
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: 

Zf
C

Im2
1 ,           (4.3) 

 f – , Im Z – , m – .  

 ( ) -

 ZView-2. 

,  

, -

 0-1 .  

 

 
)        ) 

 
)  ) 

. 4.3. : 31( ), 32( ), 

33( ), 34( ).  – 1,5,10,20,30,40,50  (  

 s) 
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. 4.3 .  

 

(s = 1-10 /c).  

,  

 

 “ ”,  

 [162]. , 

, ,  

 

,  [163]. 

 

.  

. 31  20  

 1,5  

32 34. 

. 4.4.  

30 %  KOH  

1  5 .  

.  s = 1 ,  

,  

 

 [151].  0,85…1  

,  

 [164].  

 5 , ,  

. ,  

 

 – ,  

. 
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 4.4. , : 

) s = 0,1 ; ) s = 0,5 . C31 — —, C32 — —, C33 — —, C34 — — 

 

 

1 .  

:  

ms
IC 2 ,            (4.4) 

  – , s – -

, m – . , -

,  

 ( ),  

 

 [165]. 

 

, ,  

 ( . 4.5). 

-

 15  ( . 4.2).  

: 

mU
tI

C p

 - U
2

m

,            (4.5) 
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  – , t  – , Um – , 

U , m – .  

:  

IRU            (4.6) 

 

 
. 4.5. 31( ), 34( ). 

 10  100  

 10  

 

,  

,  

. 

 

 4.2 
,  

 
 

   
 

C31 178 168 169 

C32 162 160 163 

C33 156 152 154 

C34 165 164 163 
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 ( . 4.6 ) ,  

.  

, ,  

 ( . 4.6, ). 

 

 
)                                                              ) 

 4.6.  ( )  ( )  

. C31 — —, C32 — —, C33 — —, C34 — — 

 

. 33  10  100  

 53 %. 31, 

  = 10  178 , 

 100  18 %.  

. 4.6, , 31, 32 33  

  = 100  14 %.  

,  10-30  

,  

, .  

,  

 –  = 1:3  24 %. 
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4.2   

 

-

 28  [166].  

. 4.7 , -

 

-

1:1:1. 

 

 
. 4.7.  10  

-

, , -

.  

-

. 

, -

,  

. 

,  

, -

 0-1 . . 4.8  
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 30 %  

KOH  1  5 . 

. 

 

 
. 4.8. ,  

: ) s = 1 ; ) s = 5 . 41 — —, 51 — —, 91— — 

 

-

, -

.  

 (s = 1 ÷ 5 ) 

,  

. ,  

, ,  

.  

.  

 s = 1 , ,  

,  

,  [160]. 

 1 ,  

,  0,85…1  

. ,  
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 – ,  

 

. 
 

 

 

. 4.9.  

 

 

 

 ( . 4.9).  50 .  

, -

,  

 

. , -

 150…195  
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 50 ,  

 18 % ,  

100 . 

 ( . 3.23,  

) ,  25 º  350 º  

 60 % -

. ,  

.  

 ( . 3.23, ),  

 [128].  250-270 º ,  

, ,  

320 º  – .  

 2 . -

 450 ÷ 750 º  

, ,  

. , 

,  

. 

. 4.9, 3- 5 

. , -

 300-500 º  

,  

. 6 .  

,  t=600 º  

= 1:4 , 

.  

.  

,  

 

,  
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.  

.  

,  

. 

, ,  

 ( . 4.10) ,  

-

.  

 

 
. 4.10 .  

 10  100  10  

91  10  100  

 32 %. 31,  

  = 10  178 ,  

 100  17 %. . 4.10 

, 51- 71  

 50  135-145 . 

,  

 10-100  25 %,  

, . 

 

.  450-700  
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,  

 0,3  0,4 , , ,  

 [130].  750-800  

, , , ,  

. 

. 4.3. ,  

. 

 4.3 

,  

 
 

  
 

31 178 168 169 

41 181 170 175 

51 177 155 153 

61 169 166 165 

71 162 150 154 

81 148 136 140 

91 116 110 109 

 

. -

 – , 

-

,  

 [125]. ,  

,  3-5 ,  

,  

.  
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 1000  ( . 4.11). 

,  

 97-99 % ,  

,  

.  

 < 2 %. 

 

 
. 4.11.  20 . 

C31 — —, C32 — —, C33 — —, C34 — — 

 

4.3   

 

, ,  

 ( ) [167]  

 [168].  

, 

 

.  

,  

.  

 1  



139 
[(C2H5)4NBF4  CH3CN] ( F4 ),  

. ,  

30% OH  

 1 . ,  

 1,0 .  

 ( F4 )  

 2,7 . ,  

 

, ,  

 

, ,  

, ,  

. , . 

 0,5 , 

,  

. , , 

 P2O5 ,  ( ). 

, -

, -

.  

. -

 

30 2  

1000 2 , ,  

 300 .  

,  

. ,  

: 

1.  

, . 
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2.  

, . 

3. ,  

. 

4.  

. 

,  

.  

,  

.  

 

-

 ( ) .  

 

, ,  

. ,  

,  

 

 ( F4/ ),  

.  

 

 

. 

,  

F4 ) , . 4.12. -

.  

, -

, , ,  

,  

. ,  
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. 
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)        ) 
.4.12. 32( ), 42( ), 

52( ), 62( ).  10, 30, 50, 60, 80, 100  

 
 ( . 4.12) 52  

= 50  

, -

.  

32 42 , ,  

 (U< 1 ),  

 (U=1…2,5 ). 32, 

,  ,  
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.  

 U 3 . 

. 4.13 -

 ( )  

F4  50 .  

 

. 
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. 4.13. ) 

) . = 50 . 

C32 — —, C42 — —, C52 — —, C62 — — 

 

-

. . 4.14 -

.  

 

. 32 42 

. 

, 32  

 = 60-100  68 %. 

, 32 

 (1067 2 ) 42 
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(Smicro=1148 2 ).  

52  16 .  

 =100 ,  

. 
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)        ) 

.4.14.  ( )  ( )  

. C32 — —, C42 — —, C52 — —, C62 — — 
 

-
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, . 4.15. 
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, 

. 4.16.  

 (10 ). 52  

, ,  [3]  

.  

.  

 ,  

 

.  
+  BF-

4.  

,  

 1 ABF4/A , . 4.17. 
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