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  خلاصه مقاله 
 لورنز فوق آشوب سیستم دینامیکی معادلات معرفی

�•�{ �µ�Z�‡ 2007 �, �Z�Ì�m 2�, �º�f�ˆ�Ì�‡ �©�Â�§ �Ê�]�Â�‹�M �Y�• �Z�] 4 �€�Ì�¤�f�» �d�·�Z�u �…�Z�‡�Y���€�] �º�f�ˆ�Ì�‡ ��Z�À�]�Â�‹�M �‚�¿�•�Â�· �Ä�W�Y�•�Y �{�Y�{ [ 6]. 

�¾�Ë�Y �º�f�ˆ�Ì�‡ �Z�] �Ä�§�Z�“�Y �Ä�·�{�Z� �»���½�{�€�¯ �¶�Ì�ˆ�¿�Y�€�¨�Ë�{ �¹�•�Z�Æ�q �Ä�] �º�f�ˆ�Ì�‡ ��Z�À�]�Â�‹�M �‚�¿�•�Â�· �Ä�f�y�Z�‡ �Ã�|�‹ �d�‡�Y �Ä�˜�]�Y�•���Ä�¯ ( 1)�, 

�c�Ó�{�Z� �» �¦�Ì�•�Â�e �Ã�|�À�À�¯ �¾�Ë�Y �º�f�ˆ�Ì�‡ �Y�• �½�Z�Œ�¿ �|�Å�|�Ì�». 



���€�Ë�•���¶�°�‹���•�{�{�Â�‹���Ê�»���Ã�|�Å�Z�Œ�»���‚�¿�•�Â�·���Ê�]�Â�‹�M���º�f�ˆ�Ì�‡���É�•�Z�‡���Ä�Ì�^�‹���l�Ë�Z�f�¿.  

�{�Â�¼�¿���¶�u���½�M���d�·�Z�u���É�Z�Å���€�Ì�¤�f�»���Á���º�f�ˆ�Ì�‡���Ä�]���•�Â�]�€�»���¶�Ì�ˆ�¿�Y�€�¨�Ë�{���c�Ó�{�Z� �»���Ê�f�ˆ�Ë�Z�]���¶�°�‹���¾�Ë�Y���º�‡�•���É�Y�€�].  
x1=[1 1 1 1];  

�•�Á�€�‹���É�Y�€�]���Ä�Ì�·�Á�Y���Ê�Å�{�•�Y�|�¬�» 
[T,X] = ode45(@fun1,[ -20 20],x1);  

�º�f�ˆ�Ì�‡���Ä�]���•�Â�]�€�»���¶�Ì�ˆ�¿�Y�€�¨�Ë�{���Ä�·�{�Z� �»���¶�u  

�c�Ó�{�Z� �» ���µ�Â�»�€�§���•�{���Ã�|�‹���Ã�{�Y�{���d�·�Z�u)1( ���ž�]�Z�e���•�{fun1 �|�¿�Y���Ã�|�‹���™�Z�v�·.  
function  xdot=fun1(t,x)  
Beta=28; n=1.3;  
xdot = zeros(4,1);     
xdot(1)=10*(x(2) -x(1))+x(4);  
xdot(2)= -x(1)*x(3)+Beta*x(1) -x(2);  
xdot(3)=x(1)*x(2) -8/3*x(3);  
xdot(4)= -x(1)*x(3)+n*x(4);  
end 

�¼�Ì�œ�À�e���Á���¶�°�‹���º�‡�•�Š�Ë�Z�¼�¿���Ã�{�Á�|�v�»���Ä�]���•�Â�]�€�»���c�Z  
figure  
subplot(221)  
plot(X(:,1),X(:,2))  
xlim([ -25 25]);  
subplot(222)  
plot(X(:,1),X(:,3))  
xlim([ -25 25]);  
subplot(223)  
plot(X(:,2),X(:,4))  
xlim([ -25 25]);  
subplot(224)  
plot3(X(:,1),X(:,2),X(:,3))  
axis([ -25 25 -25 25 -25 40]);  
grid  



  



  
���µ�Â�»�€�§5  

S(1)=x(2)+N(1);  
S(2)=x(4)+N(2);  

���µ�Â�»�€�§6  

function  ndot=funn(t,x)  
global  mu1 mu2  
ndot = zeros(4,1);    % a column vector  
ndot(1)=10*x(1)+x(1)*x(3)+mu1*x(2);  
ndot(2)=x(1)+mu2*x(4);  
end 
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���É�Z�Æ�·�Â�»�€�§���ª�^�—37 ���Á38   

DF1=0.3*(sin(1*pi*x(1))*sin(2*pi*x(2))*sin(3*pi*x(3))*sin(4*pi*x(4)));  
DF2=0.2*(sin(1*pi*x(1))*sin(2*pi*x(2))*sin(3*pi*x(3))*sin(4*pi*x(4)));  
d1=0.15*sin(5*t(i));  
d2=0.10*sin(7*t(i));  

  

  



���µ�Â�»�€�§39 ���Á40  
u1(i)= -((Beta(i)+10)*abs(x(1))+2*abs(x(2))+s1(i)+z1(i))*sign(S(1));  
u2(i)= -(abs(x(1))+(x(1)*x(3))+(0.5+n(i))*abs(x(4))+s2(i)+z2(i))*sign(S(2));  
fi1=(1.4+0.2*sin(u1(i)))*u1(i);  
fi2=(1.3+0.2*cos(u2(i)))*u2(i);  
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���Š�Ë�Z�¼�¿���d�·�Z�u���É�•�Z�‡���Ä�Ì�^�‹���l�Ë�Z�f�¿5-2  
figure  
plot(t(1:end -1),X) 
legend( 'x_1(t)' ,'x_2(t)' ,'x_3(t)' ,'x_4(t)' ) 
figure  
plot(t(1:end -1),S1); hold on 
plot(t(1:end -1),S2,'g' ); 
legend( 'S_1(t)' ,'S_2(t)' ) 
figure  
plot(t(1:end -2),u1); hold on 
plot(t(1:end -2),u2,'g' ); 
legend( 'u_1(t)' ,'u_2(t)' ) 
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DF2=0.2*(sin(1*pi*x(1))*sin(2*pi*x(2))*sin(3*pi*x(3))*sin(4*pi*x(4)));  
d1=0.15*sin(5*t(i));  
d2=0.10*sin(7*t(i));  
u1(i)= -((Beta(i)+10)*abs(x(1))+2*abs(x(2))+s1(i)+z1(i))*sign(S(1));  
u2(i)= -(abs(x(1))+(x(1)*x(3))+(0.5+n(i))*abs(x(4))+s2(i)+z2(i))*sign(S(2));  
fi1=(1.4+0.2*sin(u1(i)))*u1(i);  
fi2=(1.3+0.2*cos(u2(i)))*u2(i);  
[T,x] = ode23(@fun3,[t(i) t(i+1) t(i+2)],x);  
x=x(2,:);  
Beta(i+1)=abs(S(1))*abs(x(1));  
s1(i+1)=abs(S(1));  
z1(i+1)=abs(S(1));  
s2(i+1)=abs(S(2));  
z2(i+1)=abs(S(2));  
n(i+1)=abs(x(4))*abs(S(2));  
S1(i+1)=S(1);  
S2(i+1)=S(2);  
X(i+1,:)=x;  
D1(i)=d1;  
D2(i)=d2;  
i;  
end 
% plot(t(1:i+1),Beta)  
figure  
plot(t(1:end -1),X) 
legend( 'x_1(t)' ,'x_2(t)' ,'x_3(t)' ,'x_4(t)' ) 
figure  
plot(t(1:end -1),S1); hold on 
plot(t(1:end -1),S2,'g' ); 
legend( 'S_1(t)' ,'S_2(t)' ) 
figure  
plot(t(1:end -2),u1); hold on 
plot(t(1:end -2),u2,'g' ); 
legend( 'u_1(t)' ,'u_2(t)' ) 
  
x=[0.1 2 3 -3];  
X=x; 
Beta=3; n=2; s1=1.5;  
z1=.5; s2=1.8; z2=2;  
mu1=3;mu2=0.5;  
t=0:0.02:7;  
for  i=1:length(t) -2 
[T,N] = ode45(@funn,[t(i) t(i+1) t(i+2)],x);  
N=N(3,1:2);  
% N=[0 0];  
S(1)=x(2)+N(1);  



xdot(1)=10*(x(2) -x(1))+x(4);  
xdot(2)= -x(1)*x(3)+Beta*x(1) -x(2);  
xdot(3)=x(1)*x(2) -8/3*x(3);  
xdot(4)= -x(1)*x(3)+n*x(4);  
end 
function  xdot=fun2(t,x)  
Beta=3; n=2; s10=1.5;  
z10=.5; s20=1.8; z20=2;  
% u1=-(1)*sgn  
mu1=3;mu2=0.5;  
xdot = zeros(4,1);    
xdot(1)=10*(x(2) -x(1))+x(4);  
xdot(2)= -10*x(1)-x(1)*x(3)-mu1*x(2);  
xdot(3)=x(1)*x(2) -8/3*x(3);  
xdot(4)= -x(1)-mu2*x(4);  
end 
function  xdot=fun3(t,x)  
global   DF1 DF2 d1 d2 fi1 fi2 Beta n i  
  
xdot = zeros(4,1);    
xdot(1)=10*(x(2) -x(1))+x(4);  
xdot(2)=Beta(i)*x(1) -x(1)*x(3)-x(2)*DF1+d1+fi1;  
xdot(3)=x(1)*x(2) -8/3*x(3);  
xdot(4)= -x(1)*x(3)+n(i)*x(4)+DF2+d2+fi2;  
end 
function  ndot=funn(t,x)  
global  mu1 mu2  
ndot = zeros(4,1);    % a column vector  
ndot(1)=10*x(1)+x(1)*x(3)+mu1*x(2);  
ndot(2)=x(1)+mu2*x(4);  
end 

  


