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> restart; 

   
delta[i] -  
lambda[i] -  
omega_p[i] -    
a[i]-  
rho[i] -  
Tc1(t) - - 

T0(x)-  
alpha[1] - - 

 
T_cr -  
q - -  
tau_max -  
> delta[1]:=0.0005;delta[2]:=0.1;delta[3]:=0.0005; 

 := 1 0.0005  
 := 2 0.1  
 := 3 0.0005  

> lambda[1]:=58;lambda[2]:=0.037;lambda[3]:=58; 
 := 1 58  
 := 2 0.037  
 := 3 58  

> rho[1]:=7800:rho[2]:=35:rho[3]:=7800: 
> omega_p[1]:=470:omega_p[2]:=1340:omega_p[3]:=470: 
     omega[i] - '  , 
> 

omega[1]:=rho[1]*omega_p[1];omega[2]:=rho[2]*omega_p[2];omega[3]:=rho[
3]*omega_p[3]; 

 := 1 3666000  
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 := 2 46900  
 := 3 3666000  

> alpha[1]:=60.0;alpha[2]:=3.0;  
 := 1 60.0  
 := 2 3.0  

> T0:=18:Tc2:=t->T0; 
 := Tc2 t T0  

> Tc1:=t-
>spline([0,20,40,60,80,100,120,140,160,180,200,220,240,260,280,300],[96,158,21
2,255,292,326,347,371,381,394,401,407,414,423,429,430],t,linear); 
Tc1 t spline [ ], , , , , , , , , , , , , , ,0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 ,( := 

[ ], , , , , , , , , , , , , , ,96 158 212 255 292 326 347 371 381 394 401 407 414 423 429 430 t, ,
linear )

 

> for ii from 1 to 3 do a[ii]:=evalf(lambda[ii]/omega[ii]); end do; 
 

 := a1 0.00001582105837  

 := a2 0.788912580010-6  
 := a3 0.00001582105837  

> T_cr:=60;q:=1.4e5;tau_q:=300; 
 := T_cr 60  

 := q 140000.  
 := tau_q 300  

     -
 

     lambda_cr -  
     omega_p_cr -  
     rho_cr -  
 lambda_cr:=0.05;rho_cr:=0.7;omega_p_cr:=1100; 

 := lambda_cr 0.05  
 := rho_cr 0.7  

 := omega_p_cr 1100  
     omega_cr -  
> omega_cr:=rho_cr*omega_p_cr; 

 := omega_cr 770.0  
> q_zir:=q/(omega_p_cr*rho_cr); 

 := q_zir 181.8181818  
> tau_max:=60*5; 

 := tau_max 300  
    N[i] -   i-  
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    N[i]-1 - i-  
    M -  
    dtau -  
    h[i] -  
    x[i] -  
> x[0]:=0.0:x[1]:=delta[1]:x[2]:=x[1]+delta[2]:x[3]:=x[2]+delta[3]: 
> N[1]:=4;N[2]:=101;N[3]:=4; M:=6000; 

 := N1 4  
 := N2 101  
 := N3 4  
 := M 6000  

      
> for ii from 1 to 3 do iii:=ii-1: h[ii]:=(x[ii]-x[iii])/(N[ii]-1) end do:  
> dtau:=2*0.5*2*0.005/6.; 

 := dtau 0.001666666667  
    dtau   
> dtau*a[1]/h[1]^2;dtau*a[2]/h[2]^2;dtau*a[3]/h[3]^2; 
0.9492635019  
0.001314854300  
0.9492635019  

> nqt:=tau_q/dtau: 

       
> fd := fopen(" -1.txt", WRITE): 
> fprintf(fd, "delta(1) = %5.4f     lambda(1) = %5.3f     omega(1) = 

%5.4e\n",delta[1],lambda[1],omega[1]): 
> fprintf(fd,"delta(2) = %5.4f     lambda(2) = %5.3f      omega(2) = 

%5.4e\n",delta[2],lambda[2],omega[2]): 
> fprintf(fd,"delta(3) = %5.4f     lambda(3) = %5.3f     omega(3) = 

%5.4e\n\n",delta[3],lambda[3],omega[3]): 
> fprintf(fd,"N[1] = %g    N[2] = %g   N[3] = %g   dtau = 

%g",N[1],N[2],N[3],dtau):fprintf(fd,"\n\n"): 
> fprintf(fd,"T_cr = %g   q = %g      tau_q = 

%g",T_cr,q,tau_q):fprintf(fd,"\n\n"): 
> fprintf(fd,"lambda(2)_cr = %5.3f     omega(2)_cr = 

%5.4e",lambda_cr,omega_cr):fprintf(fd,"\n\n"): 
> fprintf(fd,"\n"): 
> fprintf(fd,"  t      T_s      T1      T2      T3      T4\n\n"): 

      
> a1Xdtau:=a[1]*dtau:a2Xdtau:=a[2]*dtau:a3Xdtau:=a[3]*dtau: 
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> h12:=h[1]^2:h22:=h[2]^2:h32:=h[3]^2: 
> N1m1:=N[1]-1:N2m1:=N[2]-1:N3m1:=N[3]-1: 
> qXdtau:=q_zir*dtau: 
> for i from 1 to 2 do 
zn:=3*lambda[i]/h[i]+3*lambda[i+1]/h[i+1]: 
> C1[i]:=4*lambda[i]/(h[i]*zn): 
> C2[i]:=-lambda[i]/(h[i]*zn): 
> C3[i]:=4*lambda[i+1]/(h[i+1]*zn): 
> C4[i]:=-lambda[i+1]/(h[i+1]*zn): 
> end do: 
> C_Tc1:=2*alpha[1]*h[1]/(3*lambda[1]+2*alpha[1]*h[1]): 
> C_Tc2:=2*alpha[2]*h[3]/(3*lambda[3]+2*alpha[2]*h[3]): 
> C_TTTP12:=lambda[1]/(3*lambda[1]+2*alpha[1]*h[1]): 
> C_TTTP3N3:=lambda[3]/(3*lambda[3]+2*alpha[2]*h[3]): 
        
         
 
          
> for i from 1 to 3 do 
for j from 1 to N[i] do 
xx[i,j]:=x[i-1]+(j-1)*h[i]; 
TTT[i,j]:=T0(xx[i,j]): 
end do; 
end do; 
 
           
 
> mm_max:=tau_max/dtau+1: 
> mmm:=0: 
> for mm from 0 to mm_max while TTT[2,1]<T_cr do 
> for i from 1 to 3 do 
for j from 2 to N[i]-1 do 
TTTP1[i,j]:=TTT[i,j]+a[i]*dtau*(TTT[i,j+1]-2.0*TTT[i,j]+TTT[i,j-

1])/h[i]^2; 
end do: 
end do: 
 
> for i from 1 to 2 do 
TTTP1[i,N[i]]:=C1[i]*TTTP1[i,N[i]-1]+C2[i]*TTTP1[i,N[i]-

2]+C3[i]*TTTP1[i+1,2]+C4[i]*TTTP1[i+1,3];                                            
TTTP1[i+1,1]:=TTTP1[i,N[i]];                                                                                                          
end do: 
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> 
TTTP1[1,1]:=C_Tc1*Tc1((mm+1)*dtau)+C_TTTP12*(4*TTTP1[1,2]-
TTTP1[1,3]): 

> 
TTTP1[3,N[3]]:=C_Tc2*Tc2((mm+1)*dtau)+C_TTTP3N3*(4*TTTP1[3,N3m1
]-TTTP1[3,N[3]-2]): 

 
> for i from 1 to 3 do 
for j from 1 to N[i] do 
TTT[i,j]:=TTTP1[i,j]; 
end do: 
end do: 
> if (mmm-mm=0) then printf("                  %11.1f    %5.1f    %5.1f    

%5.1f    %5.1f    
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);fprintf(fd,"%5.1f   %5.1f   %5.1f   %5.1f   %5.1f   
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);mmm:=mmm+M; else end if;  end do: 

                          0.0     96.0     18.0     18.0     18.0     18.0 
                         10.0    127.0     43.2     43.2     18.0     18.0 
                           
> mm_fin:=mm: 
    -  
> lambda[2]:=lambda_cr;omega_p[2]:=omega_p_cr;rho[2]:=rho_cr; 

 := 2 0.05  
 := omega_p 2 1100  

 := 2 0.7  

> omega[2]:=rho[2]*omega_p[2];a[2]:=lambda[2]/omega[2]; 
 := 2 770.0  
 := a2 0.00006493506494  

    
> a2Xdtau:=a[2]*dtau: 
> for i from 1 to 2 do 
zn:=3*lambda[i]/h[i]+3*lambda[i+1]/h[i+1]: 
> C1[i]:=4*lambda[i]/(h[i]*zn): 
> C2[i]:=-lambda[i]/(h[i]*zn): 
> C3[i]:=4*lambda[i+1]/(h[i+1]*zn): 
> C4[i]:=-lambda[i+1]/(h[i+1]*zn): 
> end do: 
> j_cr:=1: 
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> for j from 2 to N2m1 do 
jqt[j]:=1; 
end do: 
> for mm from mm_fin to mm_max do 
> for j from 2 to N1m1 do 
TTTP1[1,j]:=TTT[1,j]+a1Xdtau*(TTT[1,j+1]-2.0*TTT[1,j]+TTT[1,j-

1])/h12; 
end do: 
 
> for j from 2 to N3m1 do 
TTTP1[3,j]:=TTT[3,j]+a3Xdtau*(TTT[3,j+1]-2.0*TTT[3,j]+TTT[3,j-

1])/h32; 
end do: 
> for j from j_cr to N2m1 do 
if T_cr<TTT[2,j] then j_cr:=j fi; 
end do: 
 
> for j from 2 to j_cr do 
 
> if jqt[j] < nqt then   
> TTTP1[2,j]:=TTT[2,j]+a2Xdtau*(TTT[2,j+1]-2.0*TTT[2,j]+TTT[2,j-

1])/h22+qXdtau; 
jqt[j]:=jqt[j]+1; 
> else TTTP1[2,j]:=TTT[2,j]+a2Xdtau*(TTT[2,j+1]-

2.0*TTT[2,j]+TTT[2,j-1])/h22; 
fi; 
> end do: 
 
> for j from j_cr+1 to N2m1 do 
TTTP1[2,j]:=TTT[2,j]+a2Xdtau*(TTT[2,j+1]-2.0*TTT[2,j]+TTT[2,j-

1])/h22; 
end do: 
 
        
> for j from 2 to j_cr do 
if TTTP1[2,j]>TTTP1[2,1] then TTTP1[2,j]:=TTTP1[2,j]-qXdtau fi; 
end do: 
> for i from 1 to 2 do 
TTTP1[i,N[i]]:=C1[i]*TTTP1[i,N[i]-1]+C2[i]*TTTP1[i,N[i]-

2]+C3[i]*TTTP1[i+1,2]+C4[i]*TTTP1[i+1,3];                                            
TTTP1[i+1,1]:=TTTP1[i,N[i]];                                                                                                          
end do: 
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> 
TTTP1[1,1]:=C_Tc1*Tc1((mm+1)*dtau)+C_TTTP12*(4*TTTP1[1,2]-
TTTP1[1,3]): 

> 
TTTP1[3,N[3]]:=C_Tc2*Tc2((mm+1)*dtau)+C_TTTP3N3*(4*TTTP1[3,N3m1
]-TTTP1[3,N[3]-2]): 

 
> for i from 1 to 3 do 
for j from 1 to N[i] do 
TTT[i,j]:=TTTP1[i,j]; 
end do: 
end do: 
 
> #if (mmm-mm=0) then printf("                  %11.1f    %5.1f    %5.1f    

%5.1f    %5.1f           
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);fprintf(fd,"%5.1f   %5.1f   %5.1f   %5.1f   %5.1f   
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);mmm:=mmm+M; else end if;  end do: 

> if (mmm-mm=0) then printf("                  %11.1f    %5.1f    %5.1f    
%5.1f    %5.1f    
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);fprintf(fd,"%5.1f   %5.1f   %5.1f   %5.1f   %5.1f   
%5.1f\n",mm*dtau,Tc1(mm*dtau),TTT[1,1],TTT[2,1],TTT[2,(N[2]+1)/2],TT
T[3,N[3]]);mmm:=mmm+M; else end if;  end do: 

 
0.0      96.0     18.0     18.0     18.0     18.0 
20.0    158.0     69.8     69.8     18.9     18.0 
30.0    185.0     98.4     98.3     98.1     19.3 
40.0    212.0    126.5    126.5    126.2     23.7 
50.0    233.5    153.5    153.5    153.2     29.4 
60.0    255.0    179.0    178.9    178.7     35.5 
70.0    273.5    202.9    202.9    202.6     43.0 
80.0    292.0    225.3    225.3    225.0     50.9 
90.0    309.0    246.4    246.4    246.1     58.9 
100.0    326.0    266.3    266.3    266.2     67.1 
110.0    336.5    284.5    284.5    284.2     75.5 
120.0    347.0    300.5    300.5    300.2     83.8 
130.0    359.0    315.2    315.2    314.9     92.2 
140.0    371.0    329.2    329.2    328.9    100.6 
150.0    376.0    341.6    341.6    341.4    109.0 
160.0    381.0    351.9    351.9    351.6    117.3 
170.0    387.5    361.0    361.0    360.7    125.4 
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180.0    394.0    369.3    369.3    369.0    133.5 
190.0    397.5    376.7    376.7    376.4    141.4 
200.0    401.0    383.0    383.0    382.8    149.2 
210.0    404.0    388.5    388.4    388.2    156.8 
220.0    407.0    393.2    393.2    392.9    164.3 
230.0    410.5    397.6    397.6    397.3    171.5 
240.0    414.0    401.7    401.7    401.5    178.6 
250.0    418.5    405.8    405.8    405.5    185.5 
260.0    423.0    410.0    410.0    409.7    192.3 
270.0    426.0    414.0    414.0    413.7    198.8 
280.0    429.0    417.8    417.8    417.6    205.3 
290.0    429.5    421.0    421.0    420.7    211.5 
300.0    430.0    423.4    423.4    423.2    217.6 
> fclose(fd); 
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