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LAMPIRAN 2
PROGRAM PENELITIAN

#Titik E1
import numpy as np

impert matplotlib.pyplet as plt

def integrasi(F, x0, y0, xb, h):
def Iunge_kuttaQ(F, x0, y0, h):
k1

Flx0, yO)

k2 = F(x0 + hf2, yo + 1/2xk;1_.i_a_@;
k3 = F(xD + h/2, y0 + 1/2&1#%

k4 = F(x0 + h, y0 + k3*h)

return (1/6)*(kl + 2%k2 + 2%k3 +

=1
Y =11
x = x0
o
X.append (x)
Y.append(y)
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while x < =zb:
h = min(h, zb - x)

y = y + runge_kuttad(F, x, y, h)

x=x +h

X.append(x)

Y.append.'{ ¥) .
oY
—

return np.array(X), np.array(Y)

# Fungsi sistem persamaan diierenai:ﬁ;!-__p
def F(t, y): *
qub, qw, fwb, fw,=y r‘s I
-
shivk = 1 f/
rhol = 0

shiw = 2

rho2 = 0.05
Q = qu+quwb
K = 2000000
ma = .02

‘shi = 0.11

8i = 0




mwb = 0.59
mw = 0.9
dqwb_dt = ((shiwb #* fwb**2 + rhol * shiw * fw**2 + rho2 =* shiw * fw = fwb) / (fwb + fw)) =
(1 - (@ / K)) - (ma + shi) * qwb

dgw_dt = (({1 - rhol) * shiw * fw=x2 + (1 - rh\i% i\f?aw * fw = fwb) / (fwb + fw)] =*

(1 -0/ K)) - (ma + shi) * qw L;\
dfwb_dt = (shi / 2) » qwb + si = fw b
dfw_dt = (shi / 2) * qw - si * fw ::;}

return np.array([dgwb_dt, dqw_dt,ig?w

# Parameter-parameter
x0 =0

y0 = np.array ([200000, 500000, 900000,
xb = 400

h=0.1

}’;’ t"‘i k\\

# Memangpgil fungsi integrasi untuk menyelesaikan sistem PDB

X, Y = integrasi(F, x0, y0, xb, h)
print ("Nilei x:“, X)

print ("Nilai qub(x):", Y[:, 0]}
print ("Filai gu(x):", ¥[:, 11}
print ("Nilai fwb(x):", Y[:, 21)
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print("Nilai fw(x):", Y[:, 3])

# Plotting

plt.figure(figsize=(8,8 ))

plt.plot (X, Y[:, 0], label='Stadium Ak‘nxti.‘t W}’i \8 '\'(,l}
plt.plot(X, ¥Y[:, 1], label=’Stadium Akua_t-s,kd;bg. - g

plt.plot(X, Y[:, 2], label='Betina nanuﬂu' .

plt.plot(X, Y[:, 3], label=’Betina Dg'igg‘n _7

plt.title(’Kondisi Titik E_1') E : O

plt.xlabel ("Hari') =

plt.ylabel (’Banyaknya nyamuk’) D : U

plt.grid(True) * *

plt.legend () 0 Q
-~

plt.show() F/,f
Tr—
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#Titik E3
import numpy as np
import matplotlib.pyplot as plt

import matplotlib.animation as animation

def integrasi(F, =0, y0, zb, h):
def runge;kutta4(F,.x0, ¥0, h):
k1l = F(x0, yo) “
k2 = F(x0 + h/2, yO + 1/2%kix*h})
k3 = F(x0 + h/2, yO + 1/2%k2:
k4 = F(x0 + h, yO + k3*h) )

return (1/6)*(kl + 2%k2 + 2%k3 +

Xx=0 P

=
"

1
x = x0
= y0
.append (x)

= o=

.append (y)

while x < xb:

h = min(h, xb - x)
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y = y + runge_kuttad(F, x, y, h)
x=x+h

X.append(x)

Y.append(y)

return np.array(X), np.array(Y)

def Fi{t, y):
quwb, qw, fwb, fw,=y
shiwb = 6.6
rhol = 0

shiw = 28.43

rho2 = 0.05
Q = qwtqub
K = 2000000
ma = 0.02
shi = 0.1
8i = 0

dqwb_dt = ((shiwb * fwb#*2 + rhol * shiw * fw+%2 + rho2 * shiw * fw * fub) / (fwb + fw)) *




(1 - (@ / K)) - (ma + shi) * qwb

dgw_dt = (((1 - rhol) * shiw * fw#*2 + (1 - rho2) * shiw * fw * fwb) / (fwb + fw)) *

(1 - (0 / K)) - (ma + shi) = qw

dfwb_dt = (shi / 2) * qwb + si * fw - (mwb * fwb)
dfw_dt = (shi / 2) = qw - si * fw - mw * fw \h \
return np.array([dqwb_dt, dgw_dt, df'ﬂ’b‘ﬂ_@;}\ W dt1)

\cq

o

# FParameter -parameter

x0 = 0 o : 4 :
¥0 = np.array ([500000, 0, 1000000, 1]3_}“' i Sipeawal b, qw wb, fw
xb = 2000 - ; .:J
h=0.1 * *

v 7S

o N
# Memanggil fungsi integrasi untuk men_yei(sa ? ‘::..
X, Y = integrasi(F, x0, y0, xb, h) f("_)\ > \-—i}

o 4 ] 3 4
PROBO

print {("Nilai =:", X}

print ("Nilai qwb{x):", Y[:, 0])
print ("Nilai gw(x):", ¥[:, 1]}
print ("Nilai fwb(x)}:", Y[:, 2])
print {"Nilai fulx):", ¥[:, 31)
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# Plotting

plt.figure(figsize=(10, 10))

plt.plot(X, Y[:, 0], label='Stadium Akuatik WU
plt.plot (X, Y[:, 1], label=’Stadium Akuatik WI*)
plt.plot (X, Y[:, 2], label='Betina Dewasa U’U')\ \8 '\'(r :
plt.plot (X, ¥[:, 3], label='Betina Dewasa Uc?\ ) i '-"{ (
plt.title (*Kondisi Titik E_3') Tl 4 N

plt.xlabel ('Hari’) ;\:" - = ’{7
plt.ylabel ('Banyaknya nyamuk') E : - O
plt.grid (True) —
plt.legend () D : U
* *
< o
7 )

—
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#Titik E4

import numpy as np

impoert matplotlib.pyplot as plt

def integrasi(F, =0, y0, =b, h):

def

=
n

b

=

runge_kuttad (F, =0, y0, hj:
k1 = F(x0, yo0) -
k2 = F(x0 + h/2, yo + 1/2;1;1@3;'1’::_:\'
k3 = F(x0 + h/2, y0o + 1/2-1;_2:_-:9"&3
k4 = F(x0 + h, y0 + k3=h)

return (1/6)#(kl + 2%k2 + 2

1 2
8
x0
yo

.append (x)
.append(y)

while x < xb:

=
1]

min{h, xb - x)

y =y + runge_kutta4(F, x, y, h)

Ly



x =x + h
¥.append(x)
Y.append(y)

return np.array(X), np.array(Y)

# Fungsi sistem persamaan diferensial

def F(t, y):

A
quwb, gqw, fwb, fw,=y -
shiwb = 7.027 g
rhol = 1 - 3
shiv = 8.8016 *
rho2 = 0.5 2

Q = qw + aqwb
K = 2000009
ma = Q.02

shi = 0.1

si = 0

mwbk = 0.03

mw = 0.013

dquwb_dt = {(ahiwh + fub++2 + rhol + shiw * fw++2 + rho2 #* shiw * fu * fwbh) / (fub + fw}l *

(1 -(Q/K) - (ma+ shi) * qub

g



dqu_dt = (((1 - rhol) * shiw * fu#*2 + (1 - rhe2) # shiw #* fw * fwh) / (fub + fu)) *

(1 - (@ / K)) - (ma + shi) * qw
dfwb_dt = (shi / 2) * qwb + si * fw - (mwb * fwb)
dfw_dt = (shi / 2) * qw - si * fw - mw * fw

return np.array([dqwb_dt, dgw_dt, dfwb_dt, dfw I

A\ S ¥
# Parameter-parameter »}\ J/
) P
=0 =0 BN }7
y0 = np.array ([500000, 0, 1000000, 1]) # Kendisi awal untek qub quy fwb, fw
zb = 5000 _‘_{
h=20.1

print ("Nilai z:", X) )\ }']F\){‘}‘{‘j\.‘}\\‘
print {"Nilai qwb(x):", Y[:, 01)
print ("Nilai quw(x):", ¥Y[:, 11)
print ("Nilai fwb(x):", Y[:, 2]}
print ("Nilai fw{x):", Y[:, 3])

# Plotting

6



plt.figure(figsize=(10, 10))
plt.plot (X, Y[:, 0], label='Stadium Akuatik WU*)
plt.plot(X, Y[:, 1], label=*Stadium Akuatik WI )
plt.plot (X, Y[:, 2], label=’'Betina Dewasa WU’)

plt.plot (X, Y[:, 3], label='Betina Dewasa WI') \C; '\' ( ]
plt.title(’Kondisi Titik E_4') Q\\ CEREE g -"l}( 3
plt.xlabel {'Hari®} L 7

plt.ylabel ('Banyaknya nyamuk’) ':\ (s | ~ A\ .
plt.grid(True) : .
plt.legend ()
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