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M = 500, 

N = 1300, 

 = 0.4, 

 = 0.2, 

 = 0.15, 

 =0.1, 

 = 0.11, 

 = 0.4321, 

 = 6, 

 = 5, 
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 = 0.77777, 

 = 0.555555, 

 = 0.32, 

 = 0.44, 

 = 0.5, 

 = 0.77777, 

 = 0.555555, 

 =0.2, 

 = 0.22222, 

 = 0.33333. 

: 

 = 100, 

= 300, 

=  = 10000 , 

= 3, 

. 

Python  
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, r     

T = 40. 
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M = 520, 

N = 115, 

 = 0.2, 

 = 0.2, 

 = 0.15, 

 =0.1, 

 = 0.11, 

 = 0.4321, 

 = 6, 

 = 5, 

 = 0.77777, 

 = 0.555555, 

 = 0.32, 

 = 0.44, 

 = 0.5, 

 = 0.77777, 

 = 0.555555, 

 =0.2, 

 = 0.22222, 

 = 0.33333. 

: 

 = 100, 

= 300, 
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=  = 100,  

 = 3, 
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, r    T = 40. 
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M = 10, 

N = 300, 

 = 0.6, 

 = 0.2, 
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 = 0.6, 

 =0.2, 

 = 0.11, 

 = 0.4321, 

 = 6, 

 = 5, 

 = 0.15, 

 = 0.2, 

 = 0.32, 

 = 0.8, 

 = 0.5, 

 = 0.77777, 

 = 0.555555, 

 =0.2, 

 = 0.22222, 

 = 0.33333. 

: 

 = 2*10**5, 

= 5*10**9, 

=  = 3, 

 = 12, 

.  

 , r   
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. 

 
 
from scipy.integrate import odeint 
import numpy as np 
import matplotlib.pyplot as plt 
from sympy import * 
 

 
 
def D_m(xm, p): 
    alpha_m = 0.2   
    pp_m = (alpha_m * xm) / p 
    return pp_m * 0.1 
 
def D_n(xn, p): 
    alpha_n = 0.2   
    pp_n = (alpha_n * xn) / p 
    return pp_n * 0.1 
 
def S(xm): 
    global c 
    beta = 0.15  
    pc = (beta * xm) / c 
    return pc * 0.1   
 
def U(w, r): 
    gamma = 0.1   
    dc = (gamma * w) / r 
    return dc * 0.1 
 

 
 

 
def P(xm, xn, p): 
    global M 
    global N 
    return int(M * D_m(xm, p) + N * D_n(xn, p))/ M 
 
DU_znh = 5   
SU_znh = 6   
k = 0.44   
mu_beta = 0.77777  
mu_gamma = 0.555555 
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def
global M

    global N 
    global mu_beta 
    global mu_gamma 
    xi = 0.32  
    rez = M * int(p * mu_beta * S(xm) + r * mu_gamma * U(w, r)) * (1 - xi) / N - p * D_n(xn, p) 
    return rez 
 
def dxmdt(xn, xm, p  
    global M 
    global k 
    global mu_beta 
    global mu_gamma 
    global DU_znh 

    xi_ = 0.5   
    delta_beta = 0.77777   
    delta_gamma = 0.555555   
    rez = P(xm, xn, p) * (1 + k) + r * (DU_znh / M) - (p * D_m(xm, p) + ((1 + xi_) / M) * M * 
int(p * mu_beta * S(xm) + r * mu_gamma * U(w, r)) + p * delta_beta * S(xm) + r * 
delta_gamma * U(w, r)) 
    return rez 
 

 
    theta_beta = 0.2  
    global M 
    global k 
    rez = theta_beta * M * int((1 + k) * P(xm, xn, p) - S(xm)) 
    return rez 
 

 
    theta_gamma = 0.22222  
    global M 
    global DU_znh 
    lamb = 0.4321  
    rez = theta_gamma * int(DU_znh + S(xm) * (M * lamb - 1)) 
    return rez 
 

 
    lamb_du = 0.11   
    global M 
    global SU_znh 
    phi = 0.33333   
    rez = M * (lamb_du * S(xm) - U(w, r)) + SU_znh - phi * w 
    return rez 
 
xm0 = 300 
xn0 = 100 
p0 = 1.2 * c 
r0 = 3 
w0 = 1 
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conditions=[xn0
xn = int
xm = int 
p = int 
r = int 
w = int 
arguments=[xn, xm, p, r, w] 
 
def func(arguments,t): 
    xn=arguments[0] 
    xm = arguments[1] 
    p = arguments[2] 
    r = arguments[3] 
    w = arguments[4] 
    rez = [dxndt(xn, xm, p, r, w, t), dxmdt(xn, xm, p, r, w, t), dpdt(xn, xm, p, r, w, t), 
drdt(xn, xm, p, r, w, t), dwdt(xn, xm, p, r, w, t)] 
    return rez 
 
t = np.linspace(1,40) 
y0 = conditions 
time = t 
rez=odeint(func, y0, t, full_output=False).T 
print(rez) 
xn_=rez[0] 
xm_ = rez[1] 
p_ = rez[2] 
r_ = rez[3] 
w_ = rez[4] 
 
print(t) 
print(p_) 

 
 

 
plt.plot(t,xn_) 
plt.show() 
 
plt.title  

 
 

plt.plot(t,xm_, color ="red") 
plt.show() 
 

 
 
 

plt.plot(t,p_, color ="orange") 
plt.show() 
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plt.plot(t,r_, color ="green")
plt.show()
 

 
 
 

plt.plot(t,w_, color ="black") 
plt.show() 
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2 
 

. 
 
from scipy.integrate import odeint 
import numpy as np 
import matplotlib.pyplot as plt 
from sympy import * 
 

 
M  
N  
 
def D_m(xm, p): 
    alpha_m = 0.2  ####### 
    pp_m = (alpha_m * xm) / p 
    return pp_m 
def D_n(yn, p): 
    alpha_n = 0.6  ####### 
    pp_n = (alpha_n * yn) / p 
    return pp_n 
def S(xm): 
    global c 
    spoilage  
    beta = 0.6  ####### 
    pc = (beta * xm) / c 
    return (1 - spoilage) * pc  -  
def U(w, r): 
    gamma = 0.2  ############ 
    dc = (gamma * w) / r 
    return dc 
def P(xm, yn, p): 
    global M 
    global N 
    return int(M * D_m(xm, p) + N * D_n(yn, p))/ M 
 
DU_znh = 5  ####### 
SU_znh = 6  ############ 
k = 0.8  ####### 
mu_beta = 0.15  ######## 
mu_gamma = 0.2  ######## 
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def dyndt(yn, xm, p, r, w, t):
    global M 
    global N 
    global mu_beta 
    global mu_gamma 
    xi = 0.32  ######## 
    rez = M * int(p * mu_beta * S(xm) + r * mu_gamma * U(w, r)) * (1 - xi) / N - p * D_n(yn, p) 
    return rez 
def dxmdt(yn, xm, p, r, w, t): 
    global M 
    global k 
    global mu_beta 
    global mu_gamma 
    global DU_znh 
    xi_ = 0.5  ######## 
    delta_beta = 0.77777  ######## 
    delta_gamma = 0.555555  ######## 
    rez = P(xm, yn, p) * (1 + k) + r * (DU_znh / M) - (p * D_m(xm, p) + ((1 + xi_) / M) * M * int( 
        p * mu_beta * S(xm) + r * mu_gamma * U(w, r)) + p * delta_beta * S(xm) + r * delta_gamma 
* U(w, r)) 
    return rez 
def dpdt(yn, xm, p, r, w, t):  
    theta_beta = 0.2  ####### 
    global M 
    global k 
    rez = theta_beta * M * int((1 + k) * P(xm, yn, p) - S(xm)) 
    return rez 
def drdt(yn, xm, p, r, w, t): 
    theta_gamma = 0.22222  ######## 
    global M 
    global DU_znh 
    lamb = 0.4321  ###### 
    rez = theta_gamma * int(DU_znh + S(xm) * (M * lamb - 1)) 
    return rez 
def dwdt(yn, xm, p, r, w, t): 
    lamb_du = 0.11  ############ 
    global M 
    global SU_znh 
    phi = 0.33333  ############ 
    rez = M * (lamb_du * S(xm) - U(w, r)) + SU_znh - phi * w 
    return rez 
 

 
 

xm0 = 5*10**9 
yn0 = 2*10**5 
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p0 = 1.05 * c
r0 = 12#000 

 
 
def func(arguments,t): 
    yn = arguments[0] 
    xm = arguments[1] 
    p = arguments[2] 
    r = arguments[3] 
    w = arguments[4] 
    rez = [dyndt(yn, xm, p, r, w, t), dxmdt(yn, xm, p, r, w, t), dpdt(yn, xm, p, r, w, t), drdt(yn, xm, 
p, r, w, t), dwdt(yn, xm, p, r, w, t)] 
    return rez 
t = np.linspace(1,40) 
cols=['b','c' , 'g' ,'k' ,'m' ,'r' ,'y', 'aqua', 'darkblue', 'crimson', 'tomato', 'lime', 'gray', 'gold'] 
 

W 
def allplotyn(): 
  plt.title  
  plt.xlabel("t  
  plt.ylabel("yn  
  global yn0,xm0,p0,r0,cols,t,w_cond 
  for i in range(len(w_cond)): 
    w0 = w_cond[i] 
    conditions=[yn0,xm0,p0,r0,w0] 
    rez=odeint(func, conditions, t, full_output=False).T 
    plt.plot(t,rez[0],color =cols[i]) 
 
  plt.show() 
def allplotxm(): 
   
   
   
  global yn0,xm0,p0,r0,cols,t,w_cond 
  for i in range(len(w_cond)): 
    w0 = w_cond[i] 
    conditions=[yn0,xm0,p0,r0,w0] 
    rez=odeint(func, conditions, t, full_output=False).T 
    plt.plot(t,rez[1], color =cols[i]) 
  plt.show() 
def allplotp(): 
   
   
   
  global yn0,xm0,p0,r0,cols,t,w_cond 
  for i in range(len(w_cond)): 



43

 

w0 = w_cond[i]
    conditions=[yn0,xm0,p0,r0,w0] 
    rez=odeint(func, conditions, t, full_output=False).T 
    plt.plot(t,rez[2], color=cols[i]) 
  plt.show() 
def allplotr(): 
   
   
   
  global yn0,xm0,p0,r0,cols,t,w_cond 
  for i in range(len(w_cond)): 
    w0 = w_cond[i] 
    conditions=[yn0,xm0,p0,r0,w0] 
    rez=odeint(func, conditions, t, full_output=False).T 
    plt.plot(t,rez[3], color =cols[i]) 
  plt.show() 
def allplotw(): 
   
   
   
  global yn0,xm0,p0,r0,cols,t,w_cond 
  for i in range(len(w_cond)): 
    w0 = w_cond[i] 
    conditions=[yn0,xm0,p0,r0,w0] 
    rez=odeint(func, conditions, t, full_output=False).T 
    plt.plot(t,rez[4], color=cols[i]) 
  plt.show() 
 
allplotyn() 
allplotxm() 
allplotp() 
allplotr() 
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3
 

- . 
 
import numpy as np 
from scipy.linalg import solve 
import matplotlib.pyplot as plt 
 
c = 3 

 
xm0 = 10**18 
yn0 = 10**6 
p0 = 1.05 * c 
r0 = 12 
w0 = 10 
xmT = 11**18 
ynT = 10**7 
pT = 1.05 * c 
rT = 12 
wT = 1 

 
def system(y, t): 
    xm, yn, p, r, w = y 
    M = 10   
    N = 300 
    DU_znh = 5 
    SU_znh = 6 
    k = 0.8 
    mu_beta = 0.15 
    mu_gamma = 0.2 
    global c 
    alpha_m = 0.2   
    alpha_n = 0.6  
    spoilage = 0.01 
    beta = 0.6 
    gamma = 0.2 
    xi = 0.32 
    xi_ = 0.5 
    delta_beta = 0.77777 
    delta_gamma = 0.555555 
    theta_beta = 0.2 
    theta_gamma = 0.22222 
    lamb = 0.4321 
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lamb_du = 0.11
    phi = 0.33333 
 
    pp_m = (alpha_m * xm) / p 
    pp_n = (alpha_n * yn) / p 
    pc = (beta * xm) / c 
    dc = (gamma * w) / r 
 
    dpdt = theta_beta * M * ((1 + k) * (M * pp_m + N * pp_n) / M - pc) 
    dxmdt = (M * pp_m + N * pp_n) / M * (1 + k) + r * (DU_znh / M) - (p * pp_m + ((1 + xi_) / 
M) * M * ( 
            p * mu_beta * pc + r * mu_gamma * dc) + p * delta_beta * pc + r * delta_gamma * dc) 
    dyndt = M * (p * mu_beta * pc + r * mu_gamma * dc) * (1 - xi) / N - p * pp_n 
    drdt = theta_gamma * (DU_znh + pc * (M * lamb - 1)) 
    dwdt = M * (lamb_du * pc - dc) + SU_znh - phi * w 
    return [dxmdt, dyndt, dpdt, drdt, dwdt] 
 
 
 

 
def target_function(init_conditions): 
    t = np.linspace(0, 40, num=500) 
    solution = rk4(system, init_conditions, t) 
    final_values = solution[-1, :] 
    target_values = np.array([xmT, ynT, pT, rT, wT]) 
    return final_values - target_values 

 
def jacobian(f, y): 
    h = 1e-5 
    f0 = f(y) 
    jac = np.zeros((len(y), len(f0))) 
    for i in range(len(y)): 
        y_perturbed = y.copy() 
        y_perturbed[i] += h 
        f_perturbed = f(y_perturbed) 
        jac[:, i] = (f_perturbed - f0) / h 
    return jac 
 

 
init_conditions = np.array([xm0, yn0, p0, r0, w0]) 

 
for _ in range(10):  # iterate for a maximum of 10 times 
    F = target_function(init_conditions) 
    if np.allclose(F, 0):  # if we are close enough then stop 
        break 
    J = jacobian(target_function, init_conditions) 
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delta = solve(J, F)  # solve J*delta = F for delta
    init_conditions -= delta  # update our initial conditions 
   

 
t0=0 
T=40 
t = np.linspace(t0, T, num=500) 
solution = rk4(system, init_conditions, T) 
#print(solution) 
def rezultat(sol): 
   
    global t 
    xm_, yn_, p_, r_, w_ = [],[],[],[],[] 
    for i  in range(len(t)): 
      xm_.append(sol[i][0]) 
      yn_.append(sol[i][1]) 
      p_.append(sol[i][2]) 
      r_.append(sol[i][3]) 
      w_.append(sol[i][4]) 
 
     
     
     
    plt.plot(t,yn_,color ="red") 
    plt.show() 
 
    plt.title("      ") 
    plt.xlabel("t ") 
    plt.ylabel("xm ") 
    plt.plot(t,xm_, color ="red") 
    plt.show() 
 
    plt.title  
    plt.xlabel("t  
    plt.ylabel("p  
    plt.plot(t,p_, color ="red") 
    plt.show() 
 
     
     
     
    plt.plot(t,r_, color ="red") 
    plt.show() 
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    plt.plot(t,w_, color ="red") 
    plt.show() 
rezultat(solution) 
 
 


