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ygò�w ªóY Fuj W0ªB^ +N,�® S4¯4° y{��FE|{5Nz , ï ð�ñS@ô (E¸ ° õ v�w{x + [2] öGyE�{FG|G5 ^`Ç [GD�F`jï ð�ñ (2)
^:�G� F (1) /`÷�ø]/4ù�ú{û-ü�ý�z




−d − βp̂ 0 J13 0

βp̂ −a J23 0

−βp̂ ar J33 −µp̂

0 0 κẑ 0
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5ó� W`Y FUjh|{|gy + J13 = −(µẑ + b)/(r − 1), J23 =

(µẑ + b)/(r− 1), J33 = −r(µẑ + b)/(r− 1) y{��Fujgï ð

ñ
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2 + a3λ + a4 = 0 (4)
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D1 = a1 > 0

D2 = a1a2 − a3 > 0

D3 = a1a2a3 − a2
1a4 − a2

3 > 0

D4 = a4 > 0
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γ = 1.0, d = 0.00833, β = 0.1

a = 0.5, µ = 0.1, κ = 0.5, c = 0.05
(6)

^ � ° �Nf + r, b
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r, b / 3 "�,�- · f(r, b) ?umGt�f f(r, b) > 0 /�c dN^� ¼ W2Y F`j
3 Maxima &BA¥à?C DE7F /(G�H]/ Maxima

^ c4F2ì�Í ^ È{t�fUCGÏ~F`jNïð�ñ
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(%i1) f0:gamma-d*x-beta*x*p$
(%i2) f1:beta*x*p-a*y$
(%i3) f2:r*a*y-b*p-beta*x*p-mu*p*z$
(%i4) f3:kappa*p*z-c*z$
(%i5) solve([f0=0,f1=0,f2=0,f3=0],[x,y,p,z]);
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(%o5) [[x = -------------,
beta r - beta

(beta r - beta) gamma - b d
y = ---------------------------,

a beta r - a beta



(beta r - beta) gamma - b d
p = ---------------------------, z = 0],

b beta
gamma

[x = -----, y = 0, p = 0, z = 0],
d
kappa gamma beta c gamma

[x = ----------------, y = --------------------,
d kappa + beta c a d kappa + a beta c
c (beta kappa r - beta kappa) gamma

p = -----, z = ----------------------------------
kappa
- b d kappa - b beta c

---------------------------]]
(d kappa + beta c) mu
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dx

dt
= f(t, x) (t0 ≤ t ≤ tF ), x(t0) = x0 (7)
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[t0, tF ] ? � c�d�^`©�e � +7f *�± M]/�g�h ñ ?
t0 < t1 < · · · < tn < tn+1 < · · · < tN = tF
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Z�º�Ëu[!]�/u» x(t)
^ È�t*f +�v n ��jP�!k ñ ^4�E�F2Ë x(tn) / (�w Ë>? xn 5-D�F�5@= +�(�w Ë xn (n =
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xn+1 = xn + hf(tn, xn) (8)

yG�EFUj@ò]w ª«Y iiZ{º�Ë x0 É ª + ô�² · (8) ?gm0tf +�� " x1, x2, . . .
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k1 = f(tn, xn)

k2 = f
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h
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h
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k3 = f
(
tn +

h

2
, xn +

h

2
k2

)

k4 = f
(
tn + h, xn + hk3

)

xn+1 = xn +
h
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(
k1 + 2k2 + 2k3 + k4

)
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