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Abstract: To identify the exchange coefficients of a nonlinear polynomial tricompartmental general
system of (« + B) , we follow the procedure; firstly, the recommended solution is to introduce an
adequate time t* > 0 in a determinable manner. That is, after injecting quantity a into the main
compartment, wait a moment for the exchange in the polynomial (« + ) order nonlinear general
system to settle, and then compare this compartment to compartment 2 at *. Secondly, applying the
Taylor formula will linearize the system and identify the exchange coefficients. Finally, we will prove
that the linearization method is stable.
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1. Introduction

Nonlinear compartmental systems of polynomial type are encountered particularly in population
dynamics. These systems are controlled by the following hypothesis: "The quantity passing from the
compartment i to the compartment j is equal to k;;x¥ xjﬁ (B = 0if compartment j is outside environment
) where x;(t) denotes the mass quantity of compartment i at time t and k;; the exchange coefficient
and & , 8 are constants characterizing the compartmental system. This so-called hypothesis of order
polynomial exchange (« + ) . In the present study our aim is to identify the coefficients exchange of an
open polynomial tricompartmental catenary system, using linearization process. The measurements
given by the experimenter will be used in conjunction with a time delay technique to adapt the results
obtained for identification in linear compartmental systems.

2. Definitions and Notations

We consider the nonlinear tricompartmental system of polynomial type, namely (« + ), shown
in Figure 1.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. (Sg\lf?) :Nonlinear polynomial tricompartmental system

The mass balance principle in each compartment leads to nonlinear differential equations (see
[2]). The identification is done by exiting the system with and instantaneous injection of substance
quantity a in the first compartment. Thus we can say that the tricompartmental catenary system is
governed by the following differential system with initial condition:

ko125 (£) + ka1 x5 (t)) xf(t) - klzxg(t) + kmxf(t) + kle) xf(t)

= (
x2<t> = (ko (1) + ks (1) x5 (1) — (kan (1) + ka5 (1) ) 5 (1)
X4(8) = (kg () + kasx§ () 25 (1) — (kan (£) + kspxh (1)) 25 (1) (1)
x1(0) =a
XQ(O) =0
X3(0) =0

we note :
X:[0,+0] — R3

t — XT(t) = (x1(t), x2(t), x3(t))

The state function of the tricompartmental catenary system (SI(\fL) ), is:

F:R3 — R3
(x1,x2,x3) — F(x1,x2,x3) = (f1(x1,x2,x3), f2(x1, %2, x3), f3(x1, X2, X3))

such that:
klzxg + k13x§ + kle) X

k21xf + k23x5’,8 x5

k31x{3 + k32x§ x5

fl (xlr X2, X3) = (k21x% + kglxg) xf —
fo(x1,x2,x3) = (k12x§ + kaox§) xg -
Fa(x1, 2, x3) = (kpax® + kpaxd) b —

With these notations we can write the differential system (1) under the vectorial form:

XT(XT(t))
a 2)
X0)=1] 0
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3. Preliminary Study

The partial derivatives of the function F being:

3 B _
%(xl,xz, x3) = (Bkx x5 + Bka1x5) xf la (klzxg + k13x§ + kle) & l

d _ -1
%(xlfxz, x3) = Dékuxgx'f T ﬁkzlxi‘xf
d _ -1
%(xlfxz, x3) = Dék13x§x'f T ﬁkslxé‘xf ,
%) _ 1
Ti(xhxz, x3) = Dékzlex% 1 ﬁkux‘i‘xﬁ

0 - _
ﬁ(xl,xz, x3) = B (kiox§ + k3px§) xg L (k21xf + k23x3’8) x5 1

axz

d _ _

Ti(xlrx2/ x3) = lxkzsxgx% T— ﬁk32x"3‘xﬁ L
and 5

i(961,362, x3) = ak31xfx03‘71 - 5k13x’i‘xﬁ71

BX3

9f2 B -1

1
873(3%362, x3) = akapxy x5 — Pkp3xsx

a - —
O x325) = B (et + ko) 6 (koned + k)

The function F is differentiable in all point (x1, x, x3) such that x; # 0, x, # 0 and x3 # 0 forall « > 0
and all B > 0, and the Jacobian matrix is given by:

—g1(x1, %2, x3) — atkgex ! g2(x1, %9, x3) 0
DF, x1,%2,%3) | = 81(x1/x2,x3) _gz(xllx21x3) —gs(xl,xz,xa) g4(xl,xz,x3)
( )
0 g3(x1,x2,x3) —84(x1,x2,X3)
with: .
g1(x1, %0, x3 = “klzxi“AXQ - ﬁkﬂxg‘xﬁ
a—1 g1

$2(x1, %2, x3) = akp1 x5 xf — Bkipxfx
g3(x1,x2,x3) = vckzgxg‘_lxg - ‘Bkgzxé“xﬁ_l
Qa(x1,x2,x3) = 06k32xg71x2‘8 — [Skzgxs‘xﬁkl
For the linearization of the system (2) we apply the Taylor formula in the neighborhood of the initial
condition (4,0,0).

Theorem 3.1. 1. Fis not differentiable in (a,0,0) ifa < 0or p <O.
2. Ifa > 1and B > 1 F is differentiable in (a,0,0). The Taylor formula applied in neighborhood of (a,0,0)

leads to:

FT(x1,x2,x3) = FT(a,0,0) + (DF)(4,0,0) (1 — a,x2, )T+ <D2P) (x1 —a,x,x3)°

(x61,X92,%03)
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with: (xg1, Xg2, Xg3) = (x1 +0 (x1 —a),xa + 0.x2, x3 + 0.x3) with 0] < 1.
For t sufficiently small, we propose to approach the differential system (1) on [0, to] by the following linear

differential system:
X'T(a,0,0) + (DF)(4.0,0) (1 — @, %2, %3)" ©)
with
ka1 0 0
(DF)(4,00) = 0 -pn O
0 0 —P32

3.1. System Delay and Linearization of the System 1
For t > t* > 0 the system (S%)L)) is then governed by the Cauchy problem:
%4 (1) = (kanx (1) + ks (£)) xf () = (a5 (1) + ks () + ke ) 23 (1)
x5 (8) = kioxd ()5 (£) + kaoad (DL (1) — (kan () + asf (1)) 25 (1)
4

() = ks (£)x5 (1) — kspx§ (£)25 (1) 4)
x1(t*) = ax
xz(t*) =b
() =c¢

The Taylor formula on the interval [t*, t)] is given by:

x/T (as,b,c) + (DF(H*,Z,/C) (x1 —as,xp — b, x3 — C)T> .

with
_gl (u*lblc) - akleagfil g2(a*/b/ C) 0
(PFape) = g1(a:,b,c) ~g2(a,,b,0) — g3(as,b,c)  galan,bye)
0 g3(a.,b,) “gala.,b,0)

such that:

g1(as,b,c) = akypa 1bP — ,Bkﬂb"‘af*l

Qo (as,b,c) = akmb“*laf — Bk1pa®bP~1

93(as,b,¢) = akozcPb* 1 — BkapbP~1c®

g4(as,b,c) = akzpbPc* 1 — BkoscP~1b*
and

ko b%aP — kypatbP — ky,a® ; kipalbP + kspc®bP — (k21a€ + k23c/5) b, )

FT *7 b/ =
(a C) ( kng“cﬁ — kgzcabﬁ

we pose:
gi(a« b,c) =gt
82(ax,b,c) = g3
gs(ﬂ*, bc)= g;;
g4(ﬂ*, b,c)= gZ
and

fi = karb®af — kipathP — ki at
f5 = kppa®bP + kspc*bP — (k21a5 T k23c/5> b
f; = k23b"‘cﬁ — kngabﬁ
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We can prove that there exists 7, § and w such that:

Y
(DF((a*,h,c)))' 4 = F(a*,b,c).
w
Indeed
gg -kt g . X
81 88 & | s
82 8 88 w
We apply the crammer method: we pose
—81 — 8 — akgeat ™! g5 g
M= 81 -g8i—-8 8
8 8 88
fi 85 s
Mi=1| f; —8—8& Se ,
f3 84 —85 — 8
—81 — g —akeal™ ff g3
Mz = 81 i &
* % N %
82 fi —8 —8
—81 — & —ekeat™ gy ff
M, = g 3-8 f
82 & f
we have detM # 0 so:
. detMl
T= detM
_detM,
T detM
W= dEtM3
T detM

so we can write the differential system (4) in the equivalent form:

x1(t) —an+y
t

X,(t) = (DF(a*,b,c))’ x(t) —b+9
x3(t) —c+w
therefore:
x1(t) —ax +
X'(t) = (DFg, pe))- | x2(t) —b+0
x3(t) —c+w

the change of the state function of the tricompartmental system:

x () —as+
]/z(t) = xz(t) —b+46
ya(t) x3(t) —ctw

50f16

*
1
j— >k
- 2
*

3

*

6

)
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YT(t*)_

)a ,d,c) Y(t>

(D
= (7*/5 (U)
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(6)

The matrix (DF )(a* be) has the general form of a compartmental matrix, so to this matrix we can

associate "formally" the compartmental linear system that we will note (S l(i;T1P)

following figure:

Figure 2. (S(Lp)) :Linear Polynomial tricompartment System

with:

P12 = Dékuﬂ‘i‘*lbﬁ — By bal !
pis = akiscPai! — Bkajal '
p21 = ako b*~ 1af — ﬁklzﬂ"‘bﬁ 1
P23 = akpscPb* 1 — BkybF~1c
p31 = akyabcr! - ﬁklscﬁ_lﬂi‘
P32 = ak32blgc"‘_1 — ‘Bkzgcﬁ_lboé
P1e = akieal™ !

) represented by the

Proposition 1. The real numbers a, , b and c such that the exchange coefficients {pij/ i,j=1,2,3i#j}is

strictly than zero if and only if x > B > 1.

exist if and only if « > B > 1.

Proof. Knowing that:
P12 >0
p21 >0

and
p23 >0
P32 > 0

and
p13 >0
p31 >0

we pose:
x = kipaf

x' = knga

" = kizaf

akipa¥ — ﬁkmb“iﬁﬂ'g >0
aky b~ ﬁa* ‘Bklza >0

wkozb® — BkapbPc=F >0
0(k32b/3C“_‘B — lBknglx >0

akyzaf — ‘Bkg,lﬂ C'X_f5 >0

akzpc*~ ﬁa* ,Bk13a >0
y = ko b*F af
and yl = k32b}3c0¢—ﬁ

y' = kaabcr P
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then
p12 >0 PN ax — By >0 (S)
pn >0 ay —px >0
! py /
p23 >0 — ucx, ,B]// >0 (8"
p32 >0 ay —Bx' >0
"o "
p13 >0 — zxx// ,By// >0 (8"
p31 >0 ay” — Bx" >0
then

if « < B the set of solutions of the systems (S); (S) and (S”) is empty .
if « > B > 1 the set of solutions of the systems (S); (S’) and (S”) is not empty.
O

4. Calculation of the Exchange Coefficients { pii/ ,j=1231i# j} of the System (Sl( np) ) and the

Excretion Coefficient p;,

Note the compartmental matrix of the linear model (Sl(izp)) by:

—P12 — P13 — P1e P21 P31
A= P12 —p21 — P23 P32
P13 P23 —P32 — P31

The matrix A being tridiagonal and compartmental, its eigenvalues noted A; {i € {1,2,3}} are real,
distinct and strictly negative. The general solution of the system is written in the form

3
Z Blexp (\;t) Vi€ {1,2,3}

where ﬁ{ (i € {1,2,3}) is the j th column of the matrix B of the elementary masses, associated with
the i compartment. The measurements made on the first and the second compartment make the
minimization of the functional ] introduced by Y.Cherruault [4] possible:

. mn 2 3. 2
J(BAel<i<21<k<3) =) (Z (xi(tj) - ﬁ;e“ff> (7)
j=1 k=1
we put:
min ] (B, A1 <i<21<k<3) =] (B A 1<i<21<k<3)
the functions ¢;, i € {1,2,3} defined by:
@i (t) =exp (ATt) ,Vt>1t*, Vie {1,2,3}

being linearly independent we can conclude that for every integer i in {1,2,3} we have:The matrix
A being tridiagonal and compartmental, its eigenvalues noted A; {i € {1,2,3}} are real, distinct and
strictly negative. The general solution of the system is written in the form

=Y Blexp (Ait) Vi€ {1,2,3}

i=1
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where ,BZ (i € {1,2,3}) is the j th column of the matrix B of the elementary masses, associated with
the i compartment. The measurements made on the first and the second compartment make the
minimization of the functional J introduced by Y.Cherruault [4] possible:

i=1

2
T(Bdi<i<21<k<3) =) (i (xi(t]-) - i ﬁ;;eAkfj> ) o
j=1 k=1

we put:
min] (Bf, A 1<i<2,1<k<3) =] (B, A, 1<i<2,1<k<3)
the functions ¢;, i € {1,2,3} defined by:
@i (t) =exp (Ajt) ,Vt>1t", Vie {1,2,3}

being linearly independent we can conclude that for every integer i in {1,2,3} we have:

Ai*BY = (—p12 — p13 — P1e) Br + p B2t + pa1 B 9)
AFBF = puapi* — (p21 — p2s) BF* + P3P (10)
AfBE = pisBlt + pasPit — (pa1 + pa2) B} (11)

4.1. Calculating of Excretion Coefficient p1,

We have a relationship (1) forall t > 0:
X1 (1) + x5 (t) + x3(t) = —kexq (t)

for t =t" and t = fy such as f*x # ty # 0 we have:

X7 (F) + 23 (F) + x5(t7) = —kpex (1) (12)
x] (to) + x5 (to) + x5(t0) = —k1ex (o) (13)
therefore:
Xy (#) + x5 (#) +x5(t) _ ¥ (t)
xq(to) +x5(t0) +x5(t0)  x§(to)
| (21 (£) + x5 (7)) 27 (fo) + x5(H7)x5 (to) = (] (f0) + x5 (ko)) x5 (£*) + x5 (ko) ()
x3(£)x7 (fo) — x5(to)xf (1) = (x1(to) +x5(to)) — (¥4 (") + x3(¢))
4

the relation (12) which is equivalent to:

(21 (£7) + x5 (7)) x7 (o) + x3(£)x7 (fo) = —kaext (£°)x7 (to) (14)

and the relation (13) which is equivalent to:

(x1(t0) + x3(to)) x4 (£°) + x3(t0) 7 (£7) = —knexq (fo)x (£7) (15)

doi:10.20944/preprints202401.1705.v1
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therefore:
(KL (#7) + x5 (7)) 2 (to) — (x4 (to) + x3(k0)) x4 (t7) + & = kae (x (fo)x7 (£°) — x{ (t7)x{ (to))
then . . . .
o = () +55() 5 (t0) = (1) + () 24(+) +2 )
. =
(xf (o) x§ (1) — x§ (£)x7 (o))
and we have
pre = akieat! (17)
Theorem 4.1. adding the equations (9), (10) and (11) we get:
1%
B =— }*_ﬁ%*—plei’% vie {1,2;3}
1
4.2. Calculating the Exchange Coefficients {p;;/ i,j =1,2,3 i # j}
The relation (9) allows to write:
MBI = (=pi2 — P13 — p1e) B1" + p 7" + par i (18)
A3By" = (—pr2— P13 — pie) BS" + a5’ + pafs’ (19)
ASBY = (=p12 — P13 — p1e) BY + p2 B3 + paip3’ (20)

by multiplying both sides of the relation (18) by the number B1* and the relation (19) by the number
—Bi* and by adding the two relations side by side, we obtain

(A5 = 23) BYBY = o (BBY — B3 BL) + v (BT°BY — B1°BY) @

and by multiplying both sides of the relation (19) by the number B}* and the relation (20) by the
number —B1* and by adding the two relations side by side, we obtain

(0~ 24) BY B = par (B BE — B YY) + o (BN — BEBY) @)

which is equivalent to:

oi-ag s\ _ (R S
i _ E 11* 12* = By B3 — B35 By By By — B3 By (23)
(A3 —A3) By B3 P31
K (24)
if detK # 0 then
p dEtKl
21 =
J4E, (25)
Pa1 = detK

such as

K — (A;_A;)ﬁl%*ﬁ%* ﬁ?*ﬁ%"—ﬁ%*ﬁ?‘ K — ﬁi*ﬁ%*— gﬁi (A = A3) ﬁ%*ﬁ%*
(A3 =A3) BBy B3'BY — B3Py BBy — BBy (A3 —A3) By By
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and the relation (10) allows to write:
MBT = pBt™ — (p21 — p23) BT° + PPy (26)
* 2% 1x 2% 3%
A3 B3 = p12Ba" — (P21 — p23) B3 + P32 (27)
MBS = piaBy’ — (P21 — p2s) B3 + PPy’ (28)

by multiplying both sides of the relation (26) by the number f2* and the relation (27) by the number
—B2* and by adding the two relations side by side, we obtain

(Nf = 13) B3 = pra (B8 — BY B + pa (BTBY — BTBY) @)

by multiplying both sides of the relation (27) by the number g5* and the relation (28) by the number
—B5* and by adding the two relations side by side, we obtain

(03— 25) B85 = pua (BLB3 — B BE) + v (BE 85— 1 43) &0
SO

( (A —A3) B B3 ) _ ( Bipy —BYBY  BIBY — BBY ) ( m)

(A3 =A%) B3B3 By B3 — By By By B3 — BY B3 P32
K/
if detK’ # 0 then
B detK]
P12 = detlg
B detK,
P32 = "Zoik
such as
(A —=A3) BT'Bs BT —BTBY
K| =
O3 -BEY BB B
and
L B (i) R
K2 -

BYBS BB (A —A3) BT

and the relation (11) allows to write:

M BT = pisBl* + p2sPT — (pa1 + px2) BT (31)
M5B = p1aPy’ + p2sPy’ — (pa1 + px2) B3 (32)
A3B3 = p1spBy’ + psB5 — (pa1 + px2) By (33)

by multiplying both sides of the relation (31) by the number £3* and the relation (32) by the number
—B3* and by adding the two relations side by side, we obtain

(A5 = 1) BBY = s (B3 — BB ) + v (BFBY — 3BT &N
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and by multiplying both sides of the relation (32) by the number 3* and the relation (33) by the
number —p3* and by adding the two relations side by side, we obtain

(A= A3) B3 BY = pua (BY'BY — BB ) + ps (B3B3 — BYAY) (35)
SO
(AT =A3) BT B3 BI'BS — By BT BIBY — BB P13
(A5 =A%) B3 BY 2By — BBy B3 BY — B3 By P32
K//
if detK” # 0 then
_ detK{
P13 = Zerkr
B detKY
P25 = etk
such as
(M = M3) BB BB — BB
K] =
(A5 =MD BB BB — B3 By
and 1% g2 1% 23 3% 23
(PR BEET (- AR
Kz =
By By — B3B3 (A3 = A3) By B3
Let’s put:
P1e =14
P12 =15
pa1 =13
p2s =14
P32 =15
P13 =1
ps1 =117

4.3. Calculating the Initial Condition c
The initial condition ¢ is determined by:

*

e = (7 +12) " ((a+B) (ATBT M + 2383 + 233N ) +aun; + b

Proof. We have
Xy (1) = kyza®cP + kosb®cP — (k31c"‘b5 + k32c"‘uf)

and we have
Y3(E) = ATBY e + A3B3ret  A3 B3Nt

and consequently

ky3a%cP + kysb®cP — (kg,lc"‘bﬁ + k32c"‘a’f) = A1B¥eM ANt A3 BRIt
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furthermore we have:
17;1k = leng'Bb“_l — ‘Bkgzbﬁ_lclx
17; = uck32blgc”‘_1 — ﬁkzgcﬁ_lb‘x
g = akiacPal ! — Bkaial 't
Ny = ock31afc"‘_1 — ﬁklgcﬁ_lai‘
which equivalent:
betay = akozcPb® — ﬁkg,zb/gc"‘
cns = akspbPc® — ,Bkzg,c/sb"‘
a.; = akizcPat — ,Bkg,lafc‘"
cny = zxk31afc"‘ — ,Bklgc/ga‘jﬁ

and consequently:
by — e = (a + B) (kascPb™ — ksc*bF)
a:g — oy = (a+p) <k13C’3‘15§ - k3111/f€“)

which implies:

bﬂz + ﬂ*ﬂg —C (77; + 77;) = (DC + ‘B) <k23Cﬁba + k13cﬁai‘ — (k31a’fc"‘ + kgzcabﬁ))

SO
c = (p+n)" ((‘X +B) <<k31afc"‘ + k32C“bﬁ) - (kzscﬁb“ + k13cﬁai‘>> + by + ﬂ*’?é)
y3(t)
finally, we get:
e = (7 +12) " ((a+B) (AT M + 2383 + 233N ) +aun; + b
O

4.4. Calculating the Exchange Coefficients k;; {i,j = 1,2,3}

1 2
OB BT

Proposition 2. Let p* = I B3* B3 | the associated partial matrix of measures to the system
5B B

(51(51)) identified by (6) if & > B > 1 then the system nonlinear (5552) is additionally identified

k1, has already calculated

and ot ot
_ detQq fon etQ] fon — etQf
12 detQ 13 detQ’ 2 detQ"
o — detQ,  detQ) o — detQ))
27 detQ 7 detQ) 2 detQ”
such as

I W (O P R A
—BatbFl wafpr 7 adbpe! —BatbFl g3
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Q= acPaf? - ﬁﬂfilc“ 0 = e - ,Bufflc“ Q= wcPai1 e
—BcP1at waber—1 1 " waP 1 2 —BcP~ta¥

Q" = acfbr! — BbP e Q= N — BbP1cx QU = acPpr—1 N
= _'Bcﬁflblx abPci—1 1= 77; abBcr—1 2 = —,Bclgflb”‘ 17;

Proof. We have « > B which implies that detQ, detQ’ and detQ” do not equal zero and we have

13 = akipal~1bP — Bayb®al !
75 = akoy b 1al — Bhypalbh !
172 = (xk2gcﬁb"‘_1 — ‘Bkgzbﬁ_lca
17; Oék32b/3C“71 — ,Bkzgcﬁilba
ne = akyzcPat™! — Bkl o

Ny = (xkg,lafc"‘_l — ﬁk13c/5_1ai‘

we apply Crammer’s method, we easily find the solutions [

5. Stability of the Linearization Method

Forall {i,j = 1,2;3 with j > i} weset p;; = 9" and P = 0 suchthatp; {i,j =123 i#j}
the exchange coefficients of a real linear compartmental system and note that the exchange coefficients
of a real nonlinear compartmental system by Ei]- {i,j=1,2;3}

And note that 55’ the errors made on the calculation of p;; {i;j =1;2;3 j > i} and sé. the errors made
on the calculation of pj; {i;j =1,2;3 j > i}
and weseta, = {1 ,b = {pand ¢ = 3.

Proposition 3. We can approximate the exchange coefficients of nonlinear polynomial system by:

agi0F + BE;0)

(a2 - p2)cles
Lttt g (36)

" - ped

ij =

which represent the respective approximations of the exchange coefficients k;; {i,j =1,2,3;i # j}

7 (ag; 4 ¢;B) max (sjl:, s;)

|kij — kij| <
(w2~ p)c0cs -
_ (BE; + &jo) max (8]1'1 s;)
Kji = Kl = 2 _ g2ygugh
("‘ - ﬁ )(:] (:i
Proof. 19{:* being an approximation of p;; then there is .s]; ( ]61;| < sJZ) such that:
* / - -1
6 + e = akylf e — pigtel (38)
and consequently:
— * i’ -1 —
oG (0 + ) ) = oPhyEh e — kel (39)
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Proposition 4. 87 being an approximation of pj; then there exists s? ( |£§./| < E;) such that:
* i’ — -1
0 +ef = akigj '] — ply] 6 (40)
and consequently
* i’ — -1
BO7 +el) = apkygt el — prhyel g (41)
by adding the two relations (39) and (41) side by side, we obtain
oZ NG (0] + el )+ BO7 + ) = kel ey — Pkl
joEnRTE T AL AU L B ij5;  6i
Which is equivalent to:
ali(8F + €] ) + BE;(9 + sz]f) = kij(a® — ﬁz)gfg?
s0 ) '
= aZi(8) + ;) + BEi(9) +)
(a2 - p2)ibes
the relation (38) which is equivalent to:
ex -1 .
BEid; (87 +€)) = Bakigl e — BPhids el (42)
the relation (40) which is equivalent to:
* i’ — -1
w(07 + €)= k&t el — pakycl e (43)

and by adding the two relations (42) and (43) side by side, we obtain
BECTI (07 + ) + a0 + ¢ ) = aPhkgt Tl — prhjcn el
which is equivalent to:

BEi(07 + ) + (07 +e) = ahugral — phcnet
kji(a? — .32)‘3}?‘5?

as a result ) ‘
ki — BEi(0F +e;) + (87 +¢))
(a2 - g2zt
SO , ‘
_ ai(0F +¢€) )+ pE;(0F +eb)  agid; + pEio:
kij =, lim 3 = oy
(¢} &) —(0,0) (a — B2)E;} (a? — B2)E;}
Proposition 5.
i i’ * *
o= lim BLi(B] &) +Ea(d] +¢j)  BEid] +Gjad)
(& &) —(00) (a2 — pR)gel (a2 — pr)zsc?
therefore
i~y = agi(8; + € )+ Bg;(87 +¢b) g0 + Bt

(a2 — Py (a2 — Py
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agie] + Gjpel L | (a6i+jp) max (¢.¢)
@ @ =g
_ (e g max (4,6)
(a2 - )t

and
BEi(0] +el) +agi(9] +ef)  BEOf +Ejud]

(a2 — g2t (a2 - g2t
[S(,‘is]i + §j¢x£§-’ - (BEi + (;rjoc) max (8]1 ,.sll'./)
(a2 — p2)ciet (a2 — p2)cel
(BEi + €jo) max (s]l:, s})
(a2 — g2zt

|Kji — kil =

<

Theorem 5.1. see [7] We have:
plf = ?13 (44)

SO _
ple
kle =

ag? 1
Conclusion 6. The linear model associated to the non linear polynomial tricompartmental general system of
(a + B) order involves four important difficulties:

1. The initial condition at time t = 0 does not permit to give a complete information about the model (Sl(\IIjL) )-
A temporization t* is introduced to suppress this difficulty.

2. If this temporization is not modulated, the linear model is not necessarily real. We have shown that the
measures done on the compartment 1 and on the compartment 2 permit to choose one measure at instant
ti1 = t* such that we can develop a linearization method.

3. The nonhomogeneous condition x3(t*) = c being unknown is identified form measures done on
compartment 1 and on compartment 2.

4. The linearization method is stable.
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