7. Appendix
7.1. Computation of the equilibrium point

In order to calculate the equilibrium point of the system (1), all of the equations must first be
set equal to zero, and then solved.

apyEy — tmAy =0, (92)
apEr — upAr = 0, (9b)
Am+AFR\ [ bAFA
o (1~ 222) (28 5, o
Ap+AfR) [ bApA
—apEp + (1 - p)r (1 — 2L55) (AFfa:I'W) — pgEp = 0. (9d)

7.1.1. Non-zero equilibrium point

First we add the four equations together to get

Ay +A A
rbAy (1 - M; F) (AF"'ZAM) = pgEy + unAy + ppEr + ppAp. (10)
From (9a) and (9b), we know
EM = Z_ZAM, EF = Z_ZAF, (11)

Substituting (11) into (10), we obtain

Ay, (1 _ AM+AF> ( AF ) _ OMHUMTHUMEE Ay + apUF+UFIE A (12)

K ArptaApm aym ar

Equation (9c) can be rewritten as

rbA,, (1 - AM+AF) ( A ) = mthep (13)

K ArptaAm p

and substituting (11) into (13) we get

rbAy (1 - 2000 (L) < loctiein 4 (14)

K ArptaAm amp

Using equations (10) and (14) we obtain

CMBMYRMEE 4 | CFUEYHERE g o GutEB)iM 4 (15)

am ar apmp
Rewriting (15), we obtain the relationship between Aps and AF .

HAM = GAF



That is j—; = %and Ay + Ap = (1 + %) Ay, Where H = (“M“E“:;’Ai’”)(”_l) and G =
HFHETUFAM

~ , Substituting into (15), we obtain
F

r H bH (ay + pe)in
(- (1)) i = e
I(( * G)"M)\H +ac)™ ayp M
Solving non-zero solution of above equation give us,

,  (K-Q)
A = H+G

Where Q = (ugtap)um(H+a)K
ayprbH
zero equilibrium point is

. From de relationship between Ap , AF , Ep and EF the non-

H UM ,x HUF ;4
1" (An, 2 Ay, B2 43, 28 43,
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7.2. Existence condition

The existence condition for I* existence condition is

* (K-Q)G
Ay = G >0 (16)

H,G,Q > 0.Then 4,, > 0 ifandonly if K > @Q, which is equivalent to

(aM‘HlE)HM(H"'aG) (17)
rbHapy

p >

By inserting this simplification into our expression, we can rewrite (17) and define new
expressions.

Refine, J = $Er@im ong p = Wetanaur

, then (17)is rewritten as
aybr arpbr

p>]+D1%p (18)

The inequality is solved in terms of p producing the next quadratic expression
p?+ (D —]—-Dp+]<0, (19)
where p; and p, are the solutionsof p2 + (D — ] — 1)p + J = 0, namely

__ J-D+1-vVA __ J-D+1+VA
== P2 ="

p1
Finally, the existence condition is

A=(D —] —1) —4] >0andp; <p < p,. (20)



7.3. Range for temperature
By substituting function (7) into inequality (4), we get

p1 <p(T) <p;

1
p1 < <p:
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