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LAMPIRAN

Lampiran 1. Titik ekuilibrium non endemik dan endemik model

penyebaran penyakit meningitis.

> restart

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>

B:=02:0:=02:u:=0.00002:0:=05:%:=0.15:8:=03:y:=05:A
= 0.00005:¢:=03:N:=1:122:=0.05:7/ :=08:0:=0.15:

> Pl=A+vy-(RI +R2) —[3~S-(1Ws) —u-S:

WJ —(u+e+3)-C:

(1 —1l)-L
> p3 = [W}-S—(p—l—w)-m:
>P4=Ilaoo+8C—(u+o+y)Is:
>p5:=eC+yw2Is—(u+y+0)RI:
>pP6:=y(1—12)Is+06-RI — (u+y)-R2:
> T := solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S, C,Ia, Is,RI1,R2}) :

>P2:=(

69



Lampiran 2. Analisis Sensitivitas menggunakan software Maple
> restart
> with(linalg)
>
2
RO = (AB(Surl—uwrl—wr]e+8w+uw+me))/(u(a6u+a8m+au
+0cuco+ocue+0w)e+x6u+x6w+xu2+xuo)+xue+x0)e+6u2+8um
il o+ e+ pod));
2
R0:=(A[3(8u1'1—u(orl—on]e+8(o+um+me))/(u(a6u+a8w+au
+0cum+(xue+ocwe+x5u+x8w+xu2+xum+xue+xwe+5u2+8uw
+u3+u2w+uze+uwe))

> #Untuk Parameter 3
> Pl = diff (R0, B)

Pl=(A(dut —potl —mr]e+8(o+uu)+me))/(u(a6u+a8w+au2 +opo
+aue+o¢we+x6u+x8w+xu2+xum+xue+xme+6u2+8uw+u3
+u2(0+uze+ucoe>>

> = .i
P11 Pi R0
Pll =1
> #Untuk Parameter tl
> P2 = diff (RO, 1)

PZ::(AB(Su—um—me))/(u(ocﬁu+oc8w+ocu2 +ouw+ope+oamet+ydu

+X5(D+XM2 +xuw+xue+xwe+8u2 +5um+u3 +u2w+uze+uwe))
Tl

> P22 := P2-—
RO

(du—pw—we) 1/

P22:=
utl —potl —otle+d0+puo+ oe

> #Untuk Parameter A
> P3 := diff (RO, A)

P3::([3(6u11—uwr]—wr]e—i—8(0+uw+we))/(u(0¢8u+o¢8m+o¢u2+ocu(0
+aue+awe+x8u+x8w+xu2+xum+xue+xme+6u2+8uw+u3
+u2w+u2e+ucoe)>

A
> = —_
P33 = P3 RO

P33 :=1
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> #Untuk Parameter
> P4 = diff (RO, %)

P4:=—(AB(8url—umr]—wr]e—l—&w-l—uw-l—coe) (8u+6w+u2+uw+ue
+we))/(u(o¢6u+a8m+au2+0cuoo+ocue+0ccoe+x8u+x8m+xu2

2

—l—xum—l—xue—i—xme—kﬁuz+8um+p3+u2m+uze+uwe) )

> = pg.K_
P44 = P4-—o

P44:=—((Su—i-Su)—l—uz—i—uu)—l—ue—i—me)x)/(ocﬁu—i—ocSm—i—omz—I—ocuu)—l—ocue
+0c0)e+x8u+x8(o+xu2+xuw+xue+xwe+8u2+8um+u3+u20)
—l—uze—l—uu)e)

>

> #Untuk Parameter @
> P5 == diff (RO, ®)

P5::(AB(—uTI—r]e+5+u+e))/(u(o¢6u+ocSu)Jrocuz+ocuw+ocue+occoe
+x6u+x8m+xu2+xum+xue+xme+8u2+8uw+u3+u2m+u2e
—i—ume)) —(AB(Burl—uwTI—mr]e+80)+uw+me) (oc8+ocu+oce
+x6+xu+xe+8u+u2+ue))/(u(a8u+a8w+au2+ocum+ocue
+0HD€+X5M+X5(D+XM2+XM03+XHE+X(D€+5M2+5H(D+M3+!~l20)

—l—uze—l—ume)z)

()
> p55 = pP5-—
53 5R0
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P55 = (AB(—MT[—Tl€+5+u+E))/(M((XS].L+(X80)+(X}L2+(X].LCO+OL].L€+O

—i—xSu—i—xSm—i—xuz+xuw+xue+xme+8u2+8uu)+u3+u2m+uze

—i—uwe)) —(AB(SuT]—umr]—cor]e+6m+uco+(oe) (oc8+ocu+oce
+x5+xu+xe+6u+u2+ue))/(u(a8u+o¢5m+au2+0cu0)+0cue
+ame+x8u+x6m+xu2+xum+xue+xwe+8u2+6uw+u3+u20)

2
+uze+u(oe) ))mu<a8u+oc6m+ocu2+auw+aue+ame+x6p+x8m
2 2 302 2
AW Fyxuo+ypnet+yowe+duw +épo+u U o+ e—Hune))/

(AB(dutl —pwt —ote+do+pm+ one))

> #Untuk Parameter 8
> P6 = diff (RO, )

P6:=(A[3(u11+m))/(u(oc8u+oc8m+ocu2+auw+aue+o¢me+x6u+x8m
+xu2+xum+xue+xcoe—|—8u2+8uo)+u3+u2w+u2e+ume))
2
»+pr2 +xum+xue+xwe+6u2+8um+u3+u2co+uze+ume) )

)
> P66 := P6-—
RO

P66:=| | (AB(ntl +m))/(u(a8u+o¢8m+o¢u2+0cum+0cue+ocwe+x8u+x

—l—xuz+xuw+xue+xme+6u2+6uw+u3—i—uzco—i—uze—i—ucoe))

2
»+xpﬁ+xuw+xue+x(oe+6u2+8uw+u3+u20)+u2€+!~lwe) ) 5M<0€5H

+0L8(o+ocu2+ocu0)+0cue+oc0)e+x8u+x8w+xu2+xum+xue~l—xme
2 3,02 2

+ou +épo+u +u o+ e—i—ume))/(AB(Sur]—umﬂ—(orle—i-Sw

+ U0+ we))

> #Untuk Parameter 0
> P7 := diff (RO, ®)
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P7::(AB(—u1'1—rle+5+u+e))/(u(oc6u+oc5m+ocu2+(xu0)+0cue+oco)e
+x6u+x8m+xu2+xum+xue+xme+6u2+8uw+u3+u200+u26
—i—uwe)) —(AB(SuTI—uwTI—wr]e+8w+u0)+we) (oc8+ocu+0ce
+X6+xu+xe+8u+u2+ue))/(u(o¢6u+a6w+au2—i—ocum—i—(xue
—i—oune+x8u+x8(o+xu2+xuw+xue+xwe+8u2+8um+u3~|—u20)

—l—uze—l—uwe)z)

(O]
> P77 = P7-——
RO

P77 = (AB(—ur]—T]e—l—ﬁ+u+e))/(u(o¢6u+o¢8w+o¢u2+ocuw+ocue+o

+X6u+x8w+xu2+xum+xue+xwe+6u2+6um+u3+u2w+u26

tpoe)) — (AB(Sut/ —pot/ —otde+do+pno+od) (ad+ap+oe
+X8+Xu+xe+6u+u2+ue))/(u(o¢8u+a8m+au2+(xu0)+(xue
—i—ocwe—l—xf)u—i—xéim—i—xuz+qu+xue+xme+6u2+6um+u3+u20)

2
+M2€+M(0€) ))wu<a8u+a5m+o¢p2+(xuw+0cue+ocwe+x8u+x8w
2 2 3,02 2
AW Fyxuo+yuet+ywe+duw +épo+uw U o+ e—ﬂuue))/
(AB(dutl —pwt —otle+do+um+ ne))

> #Untuk Parameter €
> p§ = diff (RO, €)

P8:=(AB(—OJTI+w))/(u(oc8u+oc5co+ocu2+(xuw+(xue+ocu)e+x6u
+x5w+xu2+xuw+xue+xwe+6u2+8uw+u3+u2w+uze+uwe))
—(AB(Surl—umr]—wr]e+8m~|—um+a)e) ((xu+ocu)+xu+xco+u2
—l—pm))/(u(ocSu—l—ocSw—i-(xuz—l—ocum—i-ocpe—i-(xme—i-xé‘)u—i-xé‘)u)

2 2 3002 2 2
W Fxuo+ynet+yowe+duw Fopo+uw U o+ e—i—uwe)

€
> P88 == P§-——
RO
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P88:=| | (AB(-w1l +w))/(u(0c8u+oc6w+ocu2+ocuw+ocue+ocwe+x6u+

+xu2+xum+xue+xme+8u2+6uoo+u3+u2m+uze+ucoe))

5 2 302 2 2
XU Fxpo+Fyxlet+yxyme+d oo+ o+ E-{-LL(DG) ) E},L(OCSH

+0L8(o+ocu2+auw+aue+ame+x8u+x8w+xu2+xuw+xue+xwe
+5LL2+5M(D+LL3+|.120)+M2€+|.LO)€>)/(AB(8M’L'I—},L(O‘L']—0)T]E+8(0
+ue+oe))

> #Untuk Parameter ||

> P9 == diff (RO, u)

P9::(AB(811—0)11+w))/(u(oc5u+oc6w+ocu2+ocuu)+ocue+ocu)e+x6u

+x8m+xu2+xum+xue+xme+8u2+8uw+u3+u2m+uze+ume))
—(AB(Sur]—umﬂ—wr]e+8w+um+me))/(u2(oc6u+oc8(o+0cu2
+ocuco+ocue+ocwe+x8u+x6m+xu2+qu+xue+xwe+6u2+8u0)
+u3+u2m+uze+ume))—(AB(Sur]—umr]—mr]e+8m+u(o
+ we) (ocﬁ+20cu+ocm+oce+X8+2xp,+xw+xe+26u+5co+3u2
+2uu)+2ue+me))/(u(a8u+a8m+au2+aum+aue+awe
+X6u+x6w+xu2+xuw+xue+xwe+8u2+8um+u3+u2w+uze

+uod’)

> — po.
P99 P9 RO
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P99 :=| | (AB(87 — w1l +m))/(u<0c8u+oa8(o+ocu2 +oum+ope+ome+yi

+X5(D+XM2+XH03+XHE+X(D€+5MZ+5M(D+M3 +u20)+uze+u0)e))
—(AB(S;M]—umr]—wrle+6w+uco+we))/(u2(a8u+oc8u)+ocu2

+ocum+ocue+(xme+x8u+x8m+xu2+qu+xue+xwe+8u2+8uw

+u3 +u20)+uze+ucoe)) —(AB(Sur]—umr]—cor]e—l—Sm—i—uu)

+ we) (0c8+20cu+0c0)~I—0ce+x8+2xu+xm+xe+28u+6m+3u2
+2uw+2ue+we))/(u(a8u+a6w+au2+0cuoo+ocue+occoe
—i—x&u—i—xﬁw—i—xuz+xuw+xue+xwe+6u2+8uw+u3+u2m+uze

2
—i—u(oe) ))uz(oc8u+oc60)+ocu2+0cum+0cue+ocwe+x8u+x8m+xu2
2 302 2
+ypuo+yxuet+yxoe+du +dpo+u +u o+ e+uwe))/(AB(8uﬂ

—not —0tle+do+uUo+we))

> #Untuk Parameter o.
> P10 = diff (RO, o)

P10:=—<A|3(6u11—u(o7:1—mrle+8(o+u0)+0)e) (8u+80)~|—u2+u0)+ue
—i—u)e))/(p(océ‘)u—l—ocSm—l—ocuz+aum+aue+ame+x5u+x8w+xu2

2

+XHOJ+XM€+XCOE+5H2+5H03+H3+M20)+H2€+H0)€) )

o
> P110 := P10-—
RO

PI]O::—((6u+6m+u2+um+p,e+me) oc)/(ocf)u+oc8w+ocu2+ocuw+ocue
+ame+x8u+x8w+xu2+xuw+xue+xwe+8u2+8um+u3+u20)
+uze+uwe)
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Lampiran 3. Penentuan persamaan bifurkasi

> restart : with(plots) :

>

® = 02:p:=0.00002:0 := 0.5:% = 0.15:5:= 0.3:y = 0.5: A := 0.00005: € := 0.3
N=1:2=005:7 =08:0:=0.15:

> restart;
Sa=pu+o+y:
>h=u+y:
>d=p+e+d:
Sf=u+ow:
Sg=u+o+y:
>h=1lP:
> (hab-A-X+ hyx*(2:by+ (1 —2)-ay+0-2%)) :
a-b-d-u+ X-(a-b-dP—b-hy-e—hy-ce)
C-d
> — ——
S oy
> Ja = Bl=d)sx ( u)-S :

A
>K=wla+8C—(L+o+y)X=0:
> J = numer(lhs(K)) -denom(rhs(K)) = numer(rhs(K) ) -denom(lhs(K)) :

J
> K= <.
K lhs( )
> K1 = Ihs(J) :

> implicitplot( K1 =0,=0.1,X=0.0.1) :

>y = coeff(K1,X) :

> n = coeff(KI, X,0) :

>y = coeﬁ’(Kl,Xz) :

>

RO := (AB(8utl —pwtl —cor]e+8m—l—uu)—i-u)e))/(u(ocf)u—l-a&o—i-(xuz
+ocuu)+ocue+ocwe+x8u+x8m+xu2 +XM®+XM€+X®E+5H2 +ouom
il o+l et pod)):

> M1 = solve(RO—1=0,B) :
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Lampiran 4. Sintax simulasi bifurkasi dengan nilai parameter g

(B=0.2)
> restart :
> with(DEtools) :
> with(linalg) : with(VectorCalculus) :
>
B=102:0:=02:u:=0.00002:0:=05:%:=0.15:6:=03:y:=05:A
= 0.00005:¢ :=03:N:=1:12:=0.05:7/ =08:0:=0.15:

> Pl = A+y-(RI +R2) —&S(%j —uS:

WJ —(n+e+3d)C:

(1 —11)I
> P3 = [%j.s—(u+w)-la:
>Pqi=lao+8C— (L+a+y)Is:
>ps:=eC+y12Ils—(L+y+o0)RIl:
> p6 =y (1 —12)Is +0-RI — (L +y)R2:
> T = solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S,C, la, I, RI,R2}) :
>

>P2:=(

RO = (A[_’)(é‘)ur]—uu)r]—mr]e+6m+uw+me))/(u(a8u+a8m+(xu2
+ocuco+ocue+0w)e+x8u+x8(o+xu2+xum+xue+xme+8u2+8uo)
3,02 2
o+ e+poed)):

> with(linalg) : with(VectorCalculus) :
>T1:=T[1]:T2:=T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5,P6],[S, C,Ia,Is, RI, R2]) :
> jacl = subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-0.986197492134063, -0.337733651369526, -0.126128856496411

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15973255775372,0.00158087934783999, -0.00157849745389581, -0.290319408284038,
-0.500027083163507, -0.650020000000000

(B=0.3)

> restart :

> with(DEtools) :
> with(linalg) : with(VectorCalculus) :
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>

B:=03:0:=02:u:=0.00002:0:=05:y%:=0.15:8:=03:y:=05:A
= 0.00005:¢ :==03:N:=1:122:=0.05:7/ :==08:0:=0.15:

> Pl = A+ (Rl +R2) —B-S(I—A“j) —uS:

B-1l-S-Is
N
A\l —1l)-L
> P3 = [—B( NT) SJ~S—(|.L+0))-Ia:
>P4d=law+8C—(ut+a+y)ls:
>pP5s=eC+y2Is—(L+y+0)RI:
>p6:=1y(1—12)Is+0cRI —(n+wy)R2:
> T := solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0},{S,C, Ia,Is,RI,R2}) :
>

>P2:=( ]—(u+e+5)-C:

RO := (AB(dntl —uu)rl—mrle+6w+uw+me))/(u(oc6u+oc80)+0cu2
—I—ocum—i—ocpe—l—ocme—l—xéiu—i—xém—i—xuz—I—xuco—l—xue—i—xcoe—i—éuz—i-mw)
+u3+u2w+uze+uwe)):

> with(linalg) : with(VectorCalculus) :
>T1:=T[1]:T2:=T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5, P6], [S, C, Ia, Is,R1,R2]) :
> jacl := subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.06865294393117, -0.308608607267027, -0.0727984488018024

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15973438367225,0.00119060401712791, -0.00119781283223920, -0.290321024853564,
-0.500024048088934, -0.650020000000000

(B=0.4)

> restart :

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>

B=04:0:=02:u:=0.00002:0:=05:%:=0.15:6:=03:y:=05:A
= 0.00005:¢ :=03:N:=1:122:=0.05:7 =08:0:=0.15:

> Pl = A +vy-(RI +R2) —&S(%j —uS:

B-1l-S-Is

> P2 =
(&5

]—(].H—e~|—8)-C:
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> P3 = (sz—(u—l—w)-[a:

>P4=laow+dC—(ut+a+y)ls:

>pPs=eC+y2Is—(L+y+0)RI:

>pP6:=y-(1—12)Is+06-RI — (L+y)-R2:

> T := solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0Y}, {S, C, Ia, Is, R],R2}) :

>

RO = (AB(dutl —pwtl —wr]e+8(o+uw+me))/(u(a8u+o¢8m+au2
+aum+aue+awe+x6u+x6m+xu2 +XM0)+XM€+X0)E+5H2 +oum
il o+l e+ pod)):

> with(linalg) : with(VectorCalculus) :
> 77 =T[1]: 72 = T[2]:
> jac := Jacobian([P1, P2, P3, P4, P5, P6], [S, C, Ia, Is, R1,R2]) :
> jacl == subs(Tl1, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.13841518316760, -0.0179680903767637, -0.293676726455640

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15973620964772, 0.000589011651680524, -0.000605811119774765,
-0.290322641542702, -0.500021012893889, -0.650020000000000

(B = 0.45)

> restart

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>

B:=045:0:=0.2:n:=0.00002:0:=0.5:%:=0.15:8:=03:y:=05:A
= 0.00005:€¢:=03:N:=1:122:=0.05:7/:=08:06:=0.15:

> Pl = A+vy-(RI +R2) _B.S'(%j —u-S:

BISI)_ (s cho)c:

(1 —=1l)-Is
>P3:=[B( )
>P4d=law+8C—(ut+a+y)ls:
>psi=eC+yw2Ils—(L+y+0)RIl:
>p6:=7yx-(1—12)Is+0-RI—(u+y)R2:
> T := solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S, C, Ia, Is,R1,R2}) :

>P2==(

J'S—(u+m)-la:
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>

RO = (AB(Surl—um’cl—(M'le+8w+um+me))/(u(o¢8u+o¢8m+au2
+auw+aue+awe+x8u+x6w+xu2+xum+xue+xme+6u2+8um
+u3+u20)+u26+u0)6)):

> with(linalg) : with(VectorCalculus) :
>T1:=T[1]:T2:=T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5, P6], [S, C, Ia, Is,R1,R2]) :
> jacl = subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.17006043191717,0.00885703944765298, -0.288856607530478

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15973712258246, -0.0000107974369014347 + 0.000421542677292278 1,
-0.0000107974369014347 — 0.0004215426772922781, -0.290323449906240,
-0.500019495251188, -0.650020000000000

(B=0.5)

> restart :

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :
>

B:=05:0:=02:u:=0.00002:0:=05:%:=0.15:8:=03:y:=05:A
= 0.00005:€:=03:N:=1:122:=0.05:7/ :=0.8:06:=0.15:

> Pl := A +vy-(RI +R2) —&S(I—A‘jJ — S

> p2 = (%] —(u+e+3d)C:
> p3i= (—B'(IZ_VT])']SJ-S—(u+m)-1a;
>P4i=lao+8C—(u+a+y)Is:

>pPs:=eC+y2Is—(L+y+0)RI:

>pP6:=y-(1—12)Is+06-RI — (n+y)-R2:

> T = solve({PI=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S, C, la, Is, R, R2}) :

>

RO = (AB(Sutl —pwtl —wr]e+8(o+uw+me))/(u(a8u+o¢8m+au2
+aum+aue+awe+x6u+x6m+xu2 +XM0)+XM€+X0)E+5H2 +oum
il o+l e+ pod)):

> with(linalg) : with(VectorCalculus) :
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> 77 =T[1]: 72 = T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5, P6),[S, C,Ia,Is, R1,R2]) :
> jacl = subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.20002000000000, 0.0350581059358213, -0.285098105935821

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15973803553262, -0.0000131951216027000 + 0.0008439696372103611,
-0.0000131951216027000 — 0.000843969637210361 1, -0.290324258320772,
-0.500017977578366, -0.650020000000000

(B=0.6)
> restart
> with(DEtools) :
> with(linalg) : with(VectorCalculus) :
>
B:=06:0:=02:u:=0.00002:0:=05:%:=0.15:8:=03:y:=05:A
= 0.00005:€:=03:N:=1:22:=0.05:17/ :==08:0 :=0.15:

> Pl = A +y-(RI +R2) —B-S-(I—A”j) —uS:

WJ —(u+e+3)-C:

1 —=1l)-L
> p3 = [WJ.S_(H—HD).M:
>P4d=1Ila-0o+8C—(u+o+y)Is:
>pSs=eC+y2Is—(u+y+0)RIl:
> pP6 =y (1—12)Is+0RI— (L+y)R2:
> T = solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S,C, a, Is,R1, R2}) :
>

>P2:=(

RO == (AB(Sutl —pwt —ote+do+pm+ me))/(u(af}u +ado+ oy
+opo+opet+ome+yxdn+xdm —i—xuz +xULO+yue+yowe +8u2 +oum
+u3 +u2m+uze+u(oe)) :

> with(linalg) : with(VectorCalculus) :

> 77 =T[1]: 72 = T[2]:

> jac = Jacobian([P1, P2, P3, P4, P5, P6], [S, C, Ia, Is,R1,R2]) :

> jacl = subs(TI, evalm(jac)) : eigenvalues(jacl);

-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.25580772802631, 0.0854087632049604, -0.279661035178649

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
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-1.15973986153156, -0.0000179904632942017 + 0.00133469905857443 1,
-0.0000179904632942017 — 0.00133469905857443 1, -0.290325875197000,
-0.500014942142357, -0.650020000000000

(B=0.7)

> restart :

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>

B:=07:0:=02:u:=0.00002:0:=05:y:=0.15:8:=03:y:=05:A
= 0.00005:€ . =03:N:==1:12:=0.05:7 =08:0:=0.15:

> Pl=A+vy- (RI+R2) —ﬁS(%j —u-S:

WJ —(n+e+3d)C:

(1 —11)-1
>Psi=Jaw+8C— (W+o+y)Is:
>p5i=eC+yw2Ils—(L+y+0)RI:
> p6 =y (1 —2)Is +-RI — (L +y)R2:
> T = solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S, C, la, Is,Rl, R2}) :
>

>P2:=(

RO = (A[_’)(é‘)url—uu)r]—u)r]e+6m—l—uu)—i-u)e))/(u(océ‘)u—l-aSm—i—ocuz
+ocuu)+ocue+ocme+x6u+x8(o+xu2+xum+xue+xme+8u2+8uo)
3,02 2
o+ e+poe)):

> with(linalg) : with(VectorCalculus) :
>T1:=T[1]:T2:=T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5,P6],[S, C,Ia,Is, RI, R2]) :
> jacl := subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.30717463530161, 0.133062036791486, -0.275947401489881

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15974168758745, -0.0000227857769430146 + 0.001688345378480901,

-0.0000227857769430146 — 0.001688345378480901, -0.290327492192871,
-0.500011906585849, -0.650020000000000

(B = 0.88)
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> restart :

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>

B:=088:w:=02:1:=0.00002:0:=05:%:=015:0:=03:y:=05:A
== 0.00005:€¢:=03:N:=1:12:=0.05:17 = 0.8:6:=0.15:

> Pl := A +vy- (Rl +R2) —B-S(I—A“j) — S

> P2 = (%] —(u+e+3)-C:

> P3 = (WJ-S—(M+(D)-M:

>P4d=1Ila-0o+8C—(u+o+y)Is:

>pPs=eC+y2Is—(L+y+0)RIl:

>pP6:=y(1—12)Is+0Rl—(n+wy)R2:

> T := solve({P1=0,P2=0,P3=0,P4=0,P5=0,P6=0}, {S, C,Ia,Is,RI,R2}) :

>

RO:= (AB(8utl —powl —mr]e+8m+um+me))/(u(a8u+a8m+au2
+ocuco+ocue+0w)e+x6u+x8m+xu2+xu0)+xue+xcoe+8u2+8u0)
+u3+u20)+u26+u0)e)) :

> with(linalg) : with(VectorCalculus) :
>T1:=T[1]:T2:=T[2]:
> jac = Jacobian([P1, P2, P3, P4, P5, P6],[S, C,Ia,Is, R1,R2]) :
> jacl = subs(TI, evalm(jac)) : eigenvalues(jacl);
-0.0000200000000000000, -0.500020000000000, -0.650020000000000,
-1.39122830884031, 0.212773346931893, -0.271605038091584

> jac2 := subs(T2, evalm(jac)) : eigenvalues(jac2);
-1.15974497434063, -0.0000314174380126211 + 0.002185119633654441,
-0.0000314174380126211 — 0.002185119633654441, -0.290330403043565,
-0.500006442280444, -0.650020000000000
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Lampiran 5. Sintax simulasi untuk grafik
> restart

> with(DEtools) :

> with(linalg) : with(VectorCalculus) :

>
>B:=103:
B:=103:

®:=02:1:=0.00002:0:=0.5:¢:=02:8:=03:y:=05:A:=0.00005:¢€:=0.3:
N:=1:122:=0.05:7/ :=08:0:=0.15:

>Pl:=A+vy:(R+U) BS( ) u-S:

>pz==(w%]—((u+e+s).c):

\1—=1)-
> p3 = [w]
>P4:=Po+8C—(uL+y)O:
>pP5si=eC+yx12:0—((L+y+0)R):
> p6 = (1-(1- 2)0) + (08) — (1 +v)-0):
> T:= solve({P1=0,P2=0,P3=0, P4=0,P5=0,P6 =0}, {S,C,P,O,R, U}) :
>

S—(u+w)P:

RO := (AB(8utl —pwtl —mr]e+8m—l—pm—i-u)e))/(u(océ‘)u—l-ocSm—i-ocuz
+ocum+0cpe+ocme+x6u+x8m+xp2—l—xum—l—xue—i—xme—i—ﬁuz—i-&w)
+u3+u20)+p26+u0)6)):

> with(linalg) : with(VectorCalculus) :

> 77 = 1[1]: 72 := T[2] :

> jac := Jacobian([PI, P2, P3, P4, P5, P6], S, C,P,O,R,U]) :

> jacl := subs(TI, evalm(jac)) : eigenvalues( jacl) :

> jac2 = subs(T2, evalm(jac)) : eigenvalues(jac2) :

>T1:=%S() A+ y-(R+U) BS[ )—u-S:

_d o _(BuSQ) .
> 7121 = 4 €W [—N ) ((n+e+3)-C):
i M] _ p.
> T3] = le(t)[ I S—(u+w)P:
> T4 = %Q(t):P-w—l—S-C—(qux)-Q:
>T5:=% (t)=eC+y2:0— ((L+w+0)R):

> 76= U = (x:(1 - 2)-0) + (k) = ((u+v)-V)

84



>

ivs :== [[S(0) =1500,C(0) =300, P(0) =30, Q
)=

50,R(0) =40, U(0) =301, [S(0) = 1000,
C(0) =150, P(0) =10, 0(0) =50, R(0 )=10]]:

>

DEplot([T1, T21, T31, T4, TS, T6], [S(¢), C(¢), P(t
= [red, blue] arrows = medium, scene = [ t, S(
= "Susceptible", labels = [ Bulan(t), Populasi],
— ["HELVETICA", 10]) :

), O(¢), R(2), U(t)], t=0..30,ivs, linecolor
t) ], method = rosenbrock, stepsize = 0.5, title
titlefont = ["ARIAL", 15], labelfont

>

ivs :== [[S(0) =1500,C(0) =300, P(0) = o,Q
)

50,R(0) =40, U(0) =301, [S(0) = 1000,
C(0) =150, P(0) = 10,0(0) =50, R(0 )=10]]:

>

DEplot([T1,T21,T31, T4, T5, T6], [S(2), C(¢), P(¢t), O(¢), R(2), U(t)],t=0..35,ivs, linecolor
= [red, blue], arrows = medium, scene = [t, C(t) |, method = rosenbrock, stepsize = 0.5,
title = "Carrier", labels = [ Bulan(t), Populasi), titlefont = [ "ARIAL", 15], labelfont
= ["HELVETICA", 10]) :

>

ivs := [[S(0) = 1500, C(0) =300, P(0) = 30,0
)=

50,R(0) =40, U(0) =30], [S(0) = 1000,
C(0) =150, P(0) =10, 0(0) =50, R (0 )=10]]:

>

DEplot([T1, T21, T31, T4, TS, T6], [S(¢), C(¢), P(¢),
= [red, blue], arrows = medium, scene = [ t, P(t)
= "Infected without Symptoms", labels = [ Bulan
labelfont = ["HELVETICA", 10]) :

, method = rosenbrock, stepsize = 0.5, title
t), Populasi], titlefont = ["ARIAL", 15],

0(1),R(2), U(t)],t=0.35,ivs, linecolor
]

(

>

ivs := [[S(0) = 1500, C(0) =300, P(0) = 30,
C(0) =150, P(0) = 10,0(0) =50, R(0) = 1

)=

0(0) =150, R(0) =40, U(0) = 301, [S(0) = 1000,
0, U(0)

(
=10]]:
>
DEplot([T1, T21,T31, T4, T5, T6], [S(¢), C(¢), P(¢t), O(¢), R(¢), U(t)], t=0.35,ivs, linecolor

= [red, blue] arrows = medium, scene = [ t, Q(t) ], method = rosenbrock, stepsize = 0.5,
),

t,0(1)]
title = "Infected with symptoms", labels = [ Bulan(t), Populasi], titlefont = [ "ARIAL", 15],
labelfont = ["HELVETICA", 10]) :

>

ivs == [[S(0) =1500,C(0) =300, P(0) =30, 0
)

(0) =150,R(0) =40, U(0) = 30], [S(0) = 1000,
C(0) =150, P(0) = 10,0(0) =50, R(0) = 10, U(0) = 10]] :

>

DEplot([T1, T21,T31, T4, T5, T6], [S(¢), C(¢), P(¢t), O(¢), R(¢), U(t)], t=0..35,ivs, linecolor
= [red, blue] arrows = medium, scene = [t, R(t) ]|, method = rosenbrock, stepsize = 0.5, title
= "Recovery without Disability", labels = [ Bulan(t), Populasi], titlefont = ["ARIAL", 15],
labelfont = ["HELVETICA", 10]) :

>

ivs :== [[S(0) =1500,C(0) =300, P(0) = o,Q
)

50,R(0) =40, U(0) =301, [S(0) = 1000,
C(0) =150, P(0) = 10,0(0) =50, R(0 )=10]]:

|I
OA
-
—
O =
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>

DEplot([T1,T21,T31, T4, T5, T6], [S(2), C(¢), P(¢t), O(¢), R(2), U(t)],t=0..35,ivs, linecolor
= [red, blue], arrows = medium, scene = [t, U(t) |, method = rosenbrock, stepsize = 0.5,
title = "Recovery with Disability", labels = [ Bulan(t), Populasi), titlefont = [ "ARIAL",
15], labelfont = ["HELVETICA", 10]) :
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Lampiran 6. Penjabaran untuk Untuk Memperoleh Persamaan (4.37)
wiy" +6c*—(u+a+ )iy =0
( abdeiS*+d1,[Jj(is*)2 [b)(r2+a)((1—12)+0)(12])
abdfu+fi,* (abdB—pbefr,—poept,)

abAft is*+1,b[3"r (is*)z byt,+ax(l—t,)+oxt "
6( - - [ - 2 2] —(,u+a+)()is=0
abdu+i5*(abdﬁ—wbeﬁrl—lpaeﬁrl)

abdja)Ais*+dw1,l)j(is*)2 [byt,+ayx(1-15)+0xT,] n
abdfu+fis*(abdB—ypbeBt,—Poefty)

abASﬁTlis*+¢6ﬁ‘[1(i5*)2[b)(‘r2+a)((1—1'2)+a)(1'2] .
- —(u+a+)()15 =0
abdu+ig (abdB—ybeBti—poeBtq)

abdjwhi,* +dwpj(i;*)? [b)(rz +a)((1—1'2)+0')(12]
abdfu+fis* (abdB—ypbefr,—poept,)

abfASBT, 1" +fpspr, (1,7)? [b)(rz +a)((1—12)+0)(‘52]
abdfu+f1,*(abdB—bept;—poeft;)

abdfu+fi* (abdB—ybefr,—poept,)

abdfu+fi* (abdB—pbept,—poept;) (# a X)ls

misalakan g = (u + a + ), maka diperoleh:

abdjodiy +dowpj(i*)? [b){‘rz +a)((1—‘rz)+o')(‘r2]
abdfu+fis* (abdB—ypbefr,—poepr,)

abfAS8Bt i +f PSPty (is*)z [b)(rz +a)((1—‘rz)+a)(1'2]
abdfu+fis* (abdB—ypbepr,—poept,)

abdfhu+fhis* (abdp—pbepri—poefry) |
abdfutfi, (abdf—pbefr,—poepr,) °

< abdjwAi" + dwlpj(is*)z[b)(rz +ax(1-7,)+ 0)(12] + abfASBT i +
Fwspr, (i,)? by, + ax(1 - T,) + oxt,| — (abdfgu + fgiy (abdp —

Ybefty — Yoefty)) i =0
& (bdwyjyt, + adwjy(1l — 1,) + dwpjoyt, + bfpdBtixT,
+ afpéftix(1 —13) + fYéptioxT, + fgbept,
+ fgoept, — abdfgp) [i,']?

+ (abdjwh + abfA8BT, — abdfgy) i," = 0 (4.37)
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