
281. . - . . 2. . 2007. . 48.  4

 541.128.7

1,4- . II.

. . , . . , . . , . . ,

. .

( , ;
e-mail: ukhgmag@mail.ru)

 1,4- -
, .

,
. -

, -
. -

. , -
.

1.
 1,4-

-
-
-

.
-

, -
, -

 [1].
,  (∂/∂t)ρδ2S ≥ 0, -

,
,  (∂/∂t) ρδ2S < 0 – 

( ρ – ).

-
 [1]:

V
∫ (∂/∂t)ρδ2SdV = 

Fs
∫ δ(μk/T)δxkv

ndFs + 
Fs
∫ –δT–1δq1

ndFs +

+ 
V
∫ δwδ(Aw/T)dV = 

Fs
∫δ(μk/T)δxkv

ndFs + 
V
∫ δwδ(Aw/T)dV +

+ KTFs(δT) 2/T2 + ρCTνq(δT) 2/T ,                           (1)

Aw – , w – 
, V – , Fs – -

, q1
n – -

, μk – k- ,
v – , T – ,CT –

, KT – .
, -

,
Fs
∫ δ( μk /T) δxkv ndFs, -

,
 (δxk = 0), 

-
:

    
V
∫ δwδ(Aw/T)dV + KTFs(δT)2/T2 + ρCTνq(δT)2/T.           (2)

 (2) 
 ( ∂ /∂ t) ρδ2SdV -

δ w ⋅ δ ( A w / T ) d V -

.

1,4-  (QH2) -
 [2–4] -

: 1) 
≈ 7,77–8,14;  1,4- -

 QH – [2]; 2) -
,

-
 (II)  DMG  Py [3]; ) -

 Q–., HO2
.  HO2

–  [4].
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:

1. QH – + Co2kO2
4+ → 2Cok

2+ + Q–.  + HO2
.,

2. Q–.  + HO2
. → Q + HO2

–,
3. Q + QH – → 2Q–. + H +,
4. QH – + HO2

. → Q–. + H2O2,
5. Q + HO2

– → Q–. + HO2
.,

6. HO2
. + HO2

. → H2O2 + O2,
7. 2Cok

2+ + O2 → Co2kO2
4+,                        (3 )

 QH –, Q –.  Q – 
 1,4- , Co2kO2

4+  Cok
2+ – -

 (II). [QH –] =
a; [Co2kO2

4+] = b; [Q –.] = x; [H O2
.] = y; [Q] = z;

[QH –] = a – x – z = h -
 ( -

)
 ( δw

 δ( Aw/T)  [5]):

δwiδ( Awi/T) dV = V{[( δx/x) 2 Rw2 +  (δy/y) 2 R( w2 +

+ w4 + 4w6)  + (δz/z) 2 R( w3 + w5)  + (δh/h) 2 R( w1 +

+ w3 + w5)  + (δx/x) (δy/y) R( 2w2 – w4)  + (δx/x)´
( δz/z) R(– w2 – 2w3 – w5)  +  (δx/x) (δh/h) R( –w1 –

– 2w3 – w4)  +  (δy/y) (δz/z) R( –w2 – w5)  +  (δy/y)´
( δh/h) R( –w1 + 2w4)  + (δz/z) (δh/h) 2Rw3] +

+  (δT/T2) (δx/x) [ –w1E1 – w2( Q2 – E2) – 2w3E3 –

– w4E4 – w5E5) ] + (δT/T2) (δy/y) [–w1E1 – w2( Q2 –

– E2) – w4( Q4 – E4)  – w5E5 – w6( Q6 + E6) ] +

+  (δT/T2) (δz/z) [–w2E2 – w3( Q3 – E3) – w5( Q5 – E5) ] +

+  (δT/T2) (δh/h) [ – w1( Q1 – E1) – w3( Q3 – E3) –

– w4( Q4 – E4) ] + [( δT2/T)(–1/RT2)
7

1i=
∑ wiEiQi +

KTFs/V + ρvqCT/V]}.                                 (4)

 (4) , -
, ,

: (δx/x) 2Rw2 +  (δy/y) 2R( w2 + w4 + 4w6)  +
( δz/z) 2R( w3 + w5)  + (δh/h) 2R( w1 + w3 + w5) , 

, -
.

,
( –1/RT2)

7

1i=
∑ wiEiQi, -

,
K TF s/ V , , . . -

-
.

, -
 – Q –.

 2  3. 
 (4) -

:
[( δx/x) (δz/z) R( w2 + 2w3) + 2(δx/x) (δh/h) Rw3 +

+ (δy/y) (δz/z) Rw2].
,

-
.

 (3) ,
 Q –. -

 QH2  HO2
. (  1  4).

–R[ (δx/x) (δy/y) w4 +  (δx/x) (δh/h) (w1 + w4)  +
+ ( δy/y) (δh/h) w1] ,

. -

.
-

,
-

, , :

–{[( δT/T2) (δx/x) [w2( Q2 – E2) + 2w3E3] +

+  (δT/T2) (δy/y) [w2( Q2 – E2) ] + (δT/T2) (δz/z)´
´[w2E2 + w3( Q3 – E3) ] + (δT/T2) (δh/h)

´ [w3( Q3 – E3) ]}.

-
 2  3, 

- Q–. ( δT > 0 →
δx > 0), -

,
.

. -
:

–{(δT/T2) (δx/x) [w1E1 + w4E4) ] + (δT/T2) (δy/y) [w1E1 +

+ w4( Q4 – E4) ] + (δT/T2) (δh/h) [w1( Q1 – E1)  +

+ w4( Q4 – E4) ]}.

, -
, -

.
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2.

-

, -
.

 1,4- -
 (II), -

 ( -
,

, -
-

),

:

d X/dt′ = k1( A − X  − Z) B − k2 X Y + 2 k3( A −

– X  − Z) Z + k4( Y − X  − Z) Y + k5 Z;

d Y /dt′ = k1( A − X  − Z) B − k2 X Y − k4( A −

– X  − Z) Y + k5 Z − k6 Y
2;

d Z/dt′ = k2 X Y  −  k3 ( A − X  − Z) Z − k5 Z , (5 )

X = [Q–.], CY = [H O2
.], Cz = [Q], CA = R( ),  CB =

 ( ), R ( ) = [QH2] + [Q–.] + [Q], t′ − .

e .

2.1.

-
-

 [6]:

εdx/dt = (μa –ρ–1x –μξz)b – xy + 2(μξρa –ξx – μξ2ρz)z +

+ (μρϕ a–ϕ x–μξρϕz)y + z,

ε′dy/dt =  (μa –ρ–1x – μ ξz) b – xy – (μρϕa – ϕ x –

– μξρϕz) y + z – σy2,

dz/dt = xy – 2(μξρa–ξx –μξ2ρz) z – z,                (6)

ω = k3/k2; η = k2/k3; ε = k5/k2; δ = k5; μ = k1/k2; ρ =

k3/k1; ξ = k2/k5; ϕ = k4/k2; σ = k3
2 k6 /k2

3; ε′= k3 k5 /k2
2.

-
. -

-
 (7):

(μa – ρ–1x –μ ξz)b – xy + 2(μξρα–ξx – μξ2ρz)z + (μρϕa –

– ϕ x–μξρϕz)y + z = 0,

(μα – ρ–1x – μξz)b – xy – (μρϕα–ϕ x–μξρϕz)y + z –

– σy2 = 0,

xy – 2(μξρα – ξx –μξ2ρz)z – z = 0.                         (7)

,
( ) :

x = αμρ; y = 0; z = 0.

– ,
-

, :

1

1

1

1 0.
0 1

b b

b b

λ

λ

−

−

−ρ − −αμρ −μξ +

−ρ −αμρ − −μξ + =
αμρ − − λ

(8 )

, -

λ3 + 1λ + 2λ + 3 = 0                                  (9)

:

A1 = (ρ–1b + aμρ + 1); A2 = (ρ–1b + abμ2ξρ); A3 = 0.   (10)

 (10)
: λ1 = 0, λ2 ≠ 0 λ3 ≠ 0.
,

, -
-

– -
 [7]. -

Δ∗ = – 1
2

2
2 + 4 3

3 -
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. 1. Xi, Yi Zi  ( ).
Xi – Yi, Yi – Zi; Xi – Zi ( ) Xi – Yi – Zi ( )  ( = 3,0⋅10−3, b = 1,0⋅10−4)

,  [7], ,
Δ∗ < 0 ( | 1

2
2
2| > |4 3

3|) -
,
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. 2. Xi, Yi Zi  ( ).
Xi – Yi, Yi – Zi; Xi – Zi ( ) Xi – Yi – Zi ( )  (  = 1,0⋅10−2, b = 1,0⋅10−4)
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. 3. Xi; Yi  Zi  ( ).
Xi – Yi, Yi – Zi; Xi – Zi ( ) Xi – Yi – Zi ( )  (  = 3,0⋅10-3, b = 1,0⋅10−3)
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CHEMICAL INSTABILITIES DURING 1,4-NAPHTODIOL OXIDATION

IN HOMOGENEOUS MEDIUM. II. THERMODYNAMIC ANALYSIS

AND MATHEMATICAL MODELING

U.G. Magomedbekov, Kh.M. Gasanova, U.G. Gasangadzhieva, K.A. Abdulkhamidov,
S.Sh. Mutsalova

(Daghestan State University, Department of general and inorganic chemistry)

A possible mechanism of the processes of 1,4-naphtodiol oxidation in oscillatory regime was
proposed and a kinetic model was developed. On the base of analysis of Lyapunov thermodynamic
function had been shown that reasons of the origin of chemical instabilities were the realization
of autocatalytic stages and reversible dynamics bonds. The system of differential equations
describing the kinetics of the reaction were analyzed qualitatively and solved numerically. The
character of the stationary state and the possibility of bifurcations were examined. The proposed
mathematical model satisfactorily describes the processes occurring in the system.

 “  – ”;

, . . -
.

2.2.

-

,
 [8]. -

-
-

Mathcad Rkadapt,
-

 [9]. -
-

. . 1 -
-

 ( )  ( )
,  = 3,0⋅10–3 b = 1,0⋅10–4 (

 600, -
 1). -

, -
,

 (
; Xi  = [Q–.]; Yi = [HO2

.]; Zi = [Q]).
, . 2  3, -

, -
,

 – -
 ( )  (b). -

,
a b, , -

.
, -

,
-

 1,4- -
. ,

-
, ,

,

.

 (  06-03-96621).

1. . ., . ., . .,
. .

-
. ., 2001.

2. . . -
. ., 1980. . 2. .  383.

3. . .  3d -
. ,

1987.
4. . ., . . // . . 1995. 64.  12. . 1183.
5. . . // . . - . . 2. .

2001. 42. . 75.

6. ., ., ., . -
. ., 1991.

7. . . -
. ., 1984.

8. . . . . -
: . ., 2000.

9. Pojman J.A. Studying Nonlinear Chemical Dynamics with
Numerical Experiments. Department of Chemistry &
Biochemistry. University of Southern Mississippi, 1997.
P.  339.

 26.10.06


