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     In this paper we deal with difference equations arising from economics models with the Walras’ law, mathematical models 

in biology, red blood density models and the Lotka-Volterra’s equations. Moreover we discuss the stability and chaos of the 

systems by applying the Liapunov’s second method and chaos criteria. 
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(Fig 1. )
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Fig 1.  Stability orbits. 

m

 

         x(n +1) = f (n, x(n))               (1) 

n = 0,1,2,… x(n) m

I = [0,1]  x(n)  Im (1) k
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        P(k) = {x1, x2, …, xk}  

xp+1 = f (n,xp), xp  xq, x1 = f (n,xk), 

(1  p < q  k ; n = 0,1,2,…) (1)  
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P(k) [EV-UAS.FC](

) [EV-UA.FC]  

[EV- US]  

P(k)

2,19)  

 

R+ = { 0  x < + }  

CIP = {a:  R+ R+

} A – B = { x  A : x  B}  
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V: Z+ I
m
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(a) r > 0  N0 0 ar, 

br  CIP n  N0  

x  Im  S(P(k),r)  
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r > 0  N0 0 cr  
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(1) a = 0.5

0 < b < 2 x(n) 25,000  

n  30,000 (Fig 2. )  

b =0.7

7). 

            x(n +1) = f (x(n)),               (2) 

 f (x) =
11x 2 25x +14

42x 2 59x + 24
, n = 0,1,2,… 

 

 

 

 

 

 

 

 

 

 

     Fig 2.  Chaotic orbits. 

 

 

22.( ) (2) 3

f S
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(I)S x f p ,  

     lim
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f n (x) f n (p) > 0 ;  

(II) S 2 x, y ,  

lim
n

f n (x) f n (y) > 0, lim
n

f n (x) f n (y) = 0.  

(I),(II) (2)
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y = f (x),0 x, y 1 3

0.6 x 0.61

3 . 2

 

{f (0.6) 0.6} {f (0.61) 0.61} < 0  

f (x)  x > 0 on[0.6, 0.61]  
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1,5,10).

t = 0,1,2,… (
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)  

tN . ( )…= ,2,1,0t  

tP . 

f . 

. 

c . 

 

Host  

Eggs Larvae Pupae Adults 

eggs   

Parasitoid Adults Larvae  

 

    Fig 3.  Host and parasitoid. 
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 aPt
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t = 0,1,2,…, K > 0 2
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K

 

 
 

 

 
 aP

,  N (1 e aP ))T , 

T (3)  

  xt+1 = f (xt ) (t = 0,1,2,...).             (4) 

 (4) xe = Ne ,Pe( )
T

 

    Pe =
r 1 q( )
a

Ne =
Pe

1 e aPe
 

3 r, q, a  

4

 

1) r = 0.5, q = 0.4, a = 0.2 (Fig 4. ) 

2) r = 2.0, q = 0.4, a = 0.2 (Fig 5. ) 

3) r = 2.2, q = 0.4, a = 0.2 (Fig 6. ) 

4) r = 2.65, q = 0.4, a = 0.2 (Fig 7. ) 

 

   Fig 4.   Case with r = 0.5, q = 0.4, a = 0.2. 

 
   Fig 5.   Case with r = 2.0, q = 0.4, a = 0.2. 

 

   Fig 6.   Case with r = 2.2, q = 0.4, a = 0.2. 

 
   Fig 7.   Case with r = 2.65, q = 0.4, a = 0.2. 
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( er < (qr +1)eqr )

r, q  

 

 

(3)

1)

13,17)

 

 

( ) (4)  xe 

(i) – (iii) (4)

 

(i) f (x) xe  Be  

(ii)  Df (xe)  

 >1  

(iii) z   Be z  xe M

 f
M(z) = xe, Df M(z)    0. 

 

r = 2.65, q = 0.4, a = 0.2

(i),(ii) 20)  

 

   Fig 8.   The Graph of y = h(N). 

 

(iii) z = (N,P)T xe = Ne ,Pe( )
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102



37

 

(3)

 

 

  

 

(5.4±0.8) 106 /m2 (4.8±0.6)

106 /m2

 

n xn [n,n+1]

dn = axn

pn = b(xn )
re sxn

4,14)  

      xn+1 = xn axn + b(xn )
r e sxn             (5) 

(n=0,1,2,…).  

F (x) = (1 a)x + b(x)re sx  

a = 0.6, b = 1, r = 6, s = 1.5 3

x1 = 0 < x2 < x3 Fig 9.

   Fig 9.   The Graph y = F(x) has 3-fixed points.

x1 

F’(0)  < 1 

x2 F’(x2)  > 1 

x2

x3 F’(x3)  > 1

 

r =8, s =16, b =1.1 106 a

p1, p2, p3, p4, p5, p6 

Fig 

10. 

Fig 10.   The Graph y = F
3
(x) with a=0.78 indicates the 

Li-Yorke’s chaos.

   x(n +1) = f (n, x(n))  (n = 0,1,2,...)          (6)

xe

f n, xe n xe

(a) - (c) V: Z+ Bc(xe) R+

.   

      Bc(xe) ={ x :  x  xe  < c }  

      E(xe ;p) = { x: 0 <  x  xe < p } (0 < p < c) 

 

(a) a  CIP n  0  

x  E(xe;p)  

V(n,x)  a(d(x, xe)) 
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(b) V(n,x) = V(n+1, f (n, x))  V(n,x)  

b  CIP n  0  

x  E(xe ;p)  

V(n,x)  b(d(x, xe)) 

 

(c) V(n, xe) = 0  (n  0). 
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