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Main parameters in dynamics of populations, epidemics and in demography are

specific rates of birth and mortality. In our report we consider the following linear

model of the "evolution equation”:
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P(t) = /u(a,t) da 120,
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the time ¢, p(a) ge distribution

of the population at the initial time, P (%)

such that no individual exceeds it, 0 is the vector of the unknown
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where ((a,t) is the vector of error measurements.
The problem is to find a vector of parameters g*(t) C © C R*, such that y(a,t,9)
(1),(2)) does not differ — the

(the solution of problem essentially from the given v(a)

ion of the population distribution. In to the presence

desiveable functi many cases due

of ((t) it is impossible to find the exact value of (t).

We shall evaluate 6(t) by the criterion function

g—= max{cp[( (+), 0,¢, t)]}

where o(+) - 1s a nonnegative convex function such that

0(0) = 0, p(y) — 00,a8 y — 00

The identification problem is to define a vector § € © such that the functional

max max |v(a,t) —yla.t.0)| = O(0) (3)
t€[to.t1] a€fao.an] :
attains its minimum. Here y(a,t,0) is the solution of the system (1),(2): O is the

et of unknown parameters. Denote

min ®(0) = €.

eEO

Now it is possible to say that the system (1) is observablelif # =0, and if € > 0
then the system (1) is called e— observable. In the case C(1) = const, it 1s passible

to consider the following functional

max max |v(t)—1 a. t.0)] = min min - v(t) — 1 a.t,f
tE[to.z“]fIE[u.o.ul][ ( ) J( ' )] tE[to,tl]rx.E[(m.(z.I][ o J( )]

which is eqvivalent to

max max [|v(t) = ylar. 1. 0)| = lo(t) — ylaz. ta. 0)|]

tﬂng[to.h] (ll(lge[ao.ul]
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¢ € =, one can consider the
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following two functionals

~ Finally, 1s |¢ = Gol < @< 0,

=
Y y(avtve)\ G q)(e) < a; (4)

a) max lv(t)
_y(a,t,0)| = ®(0) = & (5)

b) ~max folt) = y(a,t,0)| — ntlian lv(t)
d a set O, of elements satisfying (4) and {5).

ete form.

D let us choose a grid with

It is necessary to fin
the continuous system (1) to a discr

0<a<A,0<t<T}.Intheset

- Let us reduce
Let D = {(a,1):
a step - size At = Aa.
Denote M = [—g—t] 4 A
ug(a) = ula, kAt),
Up = {uk(O),uk(At), 5

Assuming that the functions p and
e functions

L up( MAt) Y.

3 are twice continuonsly differentiab

lein D,

it is possible to linearize thes

ula,t, P(t),0) = po + @ + pot 4+ psP(t) + piab ...

ﬁ(a,t,P(t),()) = 60+ﬂ1(L+/32t+ /BBP(t) )
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This implies

upp (L4 1)AL) = ap — a6 + griuk

where

aut = flo + fo+ (1 + fO)+ (2 + f2)R)AL

v = (ﬂ(At)Q, o AR S s AL, . R :—ﬂE(At)z)
9 FNCEEL e Ao 2
l

Thus. we have M out of M + 1 componens of the vector 41, expressed via the

Now let us find a representation for the first component of the vector

wector uj.
Wgs1-
M M M
wpr(0) = S aga By + ) Bipra( =)0 + > (= Brgragrr) uk,
=1 1= le=1
e ,
wppr = Ax + Grug + Hibr,
where
s M Bugn M Buges: 4% M| Brgkar-1) el Bklgk(Ml)\
¢ . L <
—l—_?Atz 1 - ;Lgf_\tz i ——;1,3L\f2 —%?At)'
A . . Ry
Gk = ——I'ITBAfZ —,LLgAtZ —[lgAtz -—'L—;-Atz 5
—'l—_l)'EAtz 715 o S M —uzAt? 1- L.)E/_\tz
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iy s ;
Hy = (Z Bk+1,l('—ﬂ4)7_l‘4a . --,—#4> .
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we obtain the following

Recalling that the papulation is observable (see (2)),

system related to the observation

yre1 = Gryr + H.0y + Ck

Let us discuss a more general problem.

nce equation of the n-th order

Consider the following linear differe

.
1 n—1
: Ti41 = z apTi-k + Z Brus—k + fr41
k=0 k=0

where ay, Bk - are constant coefficients, fi -1

|
n values w1th zero mean and the dis

Gaussia
Bo # 0. Assume that coefficients «; are unknown. Denote

persion F5uy

‘ m
wy = Z Brut—k; 07 = (0, 15y Otp—1)-

Then ,
: Ay g 07z, + wy + fr1s (7

ke Ee transition function Pg(;tt+1\zt,‘lvt) of th

where 2T = (Z¢, Te-1 -0 Tt
take the form

process defined by the equation (6),

””Po(ilft+1\2t,wt) e F{ Byt — 0Tz, —wy),
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he random values fi.

(-) -is the density of distribution of t
f conditional

where F
aluate the parameters o

Consider the Bayes approach to ev

‘ distribution
following
P(yalve 200 w2) = / Flaes — 072 — ww(0)n(do),
)
F(flfH_l -5 GTZ,: = 'lUt)
voai(0) = (D)5 N
w1(8) = YO 7B v, 21, w01)
P Denote by zI = (Tt;Ti-15 5 x:_,) the phase vector of the equation
er
E (6). Then this equation can be rewritten in the form
(6) m
241 = Azt b(6T z¢ + Z Brtis—k + fr41)s (9)
k=0
where
pendent G0 i AR 1
control, [ e 0
A ; ; b=1.
00 400 OX 0
Theorem 1. For any T the strategy
(10)

e .
Z Brut—k = —etT.Zt

(7)
k=0

minimizes the functional

) of the
-1 :

Jp= EV{Z Z;‘P(I — STn)zt + V(ZT)}
=0 7

and the relation

i%f Jr = aTd® 4 V{zs)

holds.
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Corollary 1. Let for some t the inequality I — ¢St > ¢ol. hold. Then there exists

p, 0<p<l, such that
E{V(ze41)l26; v} < pViz) + nd®.

Corollary 2. Let A(@) be an arbitrary density satisfying the inequality A(0) <
C~(6). Then the following inequality
T

g
ENY ) < CE( =)
&

t

hold.
m
Theorem 2. Let 3 Brui—k = —0Tz; and A(0) be the density of a distribution
k=0
concentrated in a bounded domain and satisfying the inequality A(f) < C~(0). Then

the following inequalities
E{z}} < const; E{u?} < const

hold.
Let us explain the theorem. The process (Tt V) defined by the transitive
function P(2e+1]26 Ve u) can be treated as a process defined by the equation

m

Tipr = 07 2, + z Brus_i + fre1,
k=0

where 0, is a random vector with the distribution function Ae(0). Since the mean
of the distribution A(6) is condensed in a neighbourhood of the point fp. then for

anyt the inequality [0: — fo| < € holds. Hence, Theorem 2 claims that the strategy

(10) stabilizes a trajectory of equation (9) with a "smal” random perturbation of
the vector of coefficients of equation (9). Naturally one can hope that this strat-
egy stabilizes the trajectory and for the equation with the unperturbed vector of

parameters 0, = bo.
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