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sper:ific rates of birth and nrortality' In our report we cortsicler the following linear
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whereoistlreage,t-tlretirrre,u(a,t)_tlrequantityofirrrltvidualsoftlreagedat

tlre tirne t, t @)-the rnortality rate, ll@)-the birth rate' 9(rr) is the age tlistribution

of the population at the initial tine, P(t) is the size of the poprrlation at the time t'

Aistirelimitag<lsrrchtlratrroirrcliviclualext.,eeclsit,0istlrt'rlectol.oftlreunkrrowrr
c

parameters. one is able to observe a vector y(tra) whir:his a' variant of the state

parameters u(o,t) influenced by sonte noise'

A(t,a) : u(a,t) + ((a' t)' (2)
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rsht't'e ((o,t) is bhe vector of error ureasuretrtettts'

.[.he. problt:nr is to fincl a vector of parameters 0.(t) 6 o c It" ' 
such tirat y(o' t' 0)

{tlre s.lurio' of 
'r.oblern 

(r),(2)) does not t{ifie'essenti^,lrv r'.'r the give'u(a) - t}re

<resir.t:a'le{un<rtir' of the popurati.'t{istributi.n. 1''ra*y t:a'st's crut: to the presence

of ((t) it is inrpossible to fincl the exact value of 0(t)'

Wt: sliali evtrluate 0(t) by the criteriou function

'7 - rnax{gl(Y(')' 0' (' 
')]][,o

'.r-heLe t(')- is a notruegati.n'e clollvex fitltctioti sttch tltat

,t(0) : 0.''r(y) ---+ 'cc. n's y --+ rc''

The iclentification problettt is to clefine a vt'ctot'f/ e O su<'h that the functional

ma,\. llla\ . lr'(c, t) - A\u'l' /'])l : O(0)
t€[ts.ty1a€lrto.dtl

(3)

svstettt (l),(2)r O is thr:
(1)

aal

tion

me t,

own

state

artai's its .rinirnum. Here ,y(ct,,t.d) is the solr,rtiorL of thc

*et of ttttknorvu par-arnetels' Derlote

' min O(9) : c'
rl€G)

-\ou, it is possible to sa5r that the slstettt (l) is observable if

then the svsteul (l) is callecl e- observable' In the case ((l) :

to cottsicler the tbllon'ing functional

nlax t,l'1) ,1,,( 
t) - y(t,1, e )1 - ,:iljl),r ,.'i,ll1l,,[''(t) -

te lto'tr]tQfco'u1l

rvhich is eclvivalent to

e = 0, ancl

con,sf . it is

ife.>0
possible

u(tr,.t ,0)l

(2)
nrax nlax .[1.'(f ) - ttfur'l''0)l - ltr(t ) - y(n''t'' 0)ll

t1t2([t6.t1] o1a2€[ae'o1l
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FinallY, it l( - (ol < o < 0'

AND T.Y.KORNIENKO

( € E, ol)e can consider the following two functionals

1.

a) q3x lu(t) * a(a't' 0)l = A(0) 3 o;

b) nrax lu(t) - u(a't'O)t - Ti" l'(t) - s(a't'g)l - O(0) 5 a;

(4)

|.o)

It is necessary to find a set Oo of elements satisfying (a) ancl (5)'

Let us reduce the continttous system (1) to a discrete form'

Let D= {(o,t) : 0 1a 1A' 0 <t <T}'In the set D let us choose a grid with

a steP - size At = La'

Denote ltz = [fi] + 1,

ur,@) = u(a,kAt)'

uft = { trp(0), u;,(At)' "'' uP('efAt) }'

Assumingthattheftrnctionspandi3aretwicecontinuonslyclifier'entiableinD,

it is possible to linearize these functions

(a, t, P(t), 0) = l,o * ttra * ttzt + p3P(t) + p40 "' '

B(a,t;'P(t), 
g) = po * 0s + gzt + 0sP(t) "' '

The size of the population at a nroment i is

M

Px = O'E ut(lA')'

The sum of the partiar derivatives with respeet to u is approximated in a cha-r--

acteristic direction by the difierence

(ur+r((l 1 1)A') - ul'(lAt))(0r,, a"\l :
\b7- oi) '6o,.,o,t

At
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I Iri. implies

u1a1((/ + 1)Jt) : crtt - Fq9 * g*tu* t-ffi

rvhere

.,fr, - tro *./i * ((pr +./l)/ * (pz +.f2)t:)A'

q[.t : (- {"1rt)2. -1rjlr2. .,1:{$i.....-trrlt2. "' +(Jr)')JA'l . 
2 
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r4)

(5)

Thus. rve have ,[f or-rt of 'tf * t com1>ouens of the

Tr.(tor ur.. Now let us fincl a represelltation tbr the

Mr-l'

vector tI6.11, €xplessecl via the

first component of the vector

It'I

rrr+r(0) - t ar',tBr'+t,t
l-1

rV i\y'

* I Bu*,.r( -tl4)di' + t ( - B*+r,tgxt) ux'
t-t l=l

'u141 : At * CJr'trr' * Hr|x,

s'here

f;\j, tsrr9rr

-414t'2

-13Jtt2

-Llat'2

ll!, Rxtexz

I - p3lt2

-P3Af2

-P.,:r'

Lllt Butgu(ru-r)

-p3At2

*p3At2

Ilir Bu,g*tnn,l

-'i^u
-Tou

r - ryLt'

-J
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Recalling that the PaPulation is

system related to the o'bservation

(see (2)), we obtain the following

tet us discuss a more general problem'

;Considerthe,"uo*r',lineardifferenceeqyationofthen-!horder

I F^.-
lt+r = Lcr*n'-x *'E-g*u'-r * -ft+r

&=0 lc=O

lTili.}:llii::ff :*H:t:'Xff 3:;::TT::::t., : ::

CautJian values with zero mean

0s * 0. Agsun're that coefficients dr' ars unk4own' Denote

fn ^,ft r \

It)t= t gxlut-x'' 0't = (ao'dl' "" an-r)'

/c=0

Then ' ,

=' QT vr* tr"r * f'+t'' :

r 
i '0t+1 '

- i ; | _ -t' ,,' The t"*rr"it.i.n function Pe(x*tlzt,tos) of
whbre zl = (x1rrt-tt"''tt-n)' r

' rn (6), take the form 
,)process defined bY the equatrc

'^T \
Pe(E*rlzt'''') : F(*t+t - a' 

'zt 
- wt)t

yr,+t 2 Gt Yx * H*An * *"
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whereF(.)-isthedensityofdistributionoftherandonrvaluesfi.
ConsidertlreBayesapproachtoevaluatetheparametersofconditional

distribution

P(rt+t\ut,;1,'t01) : - 0r ,, - w1)u{0)n(d0)'

ur+r('):'rt'1ffi

I r{',r*'
o

following

order

endent

control,

(ttr,rr-r, ...,rt-n) the Phase vector

can be rewritten in the form

of the equatron
Denote

(6). Then this

byrT:
equation

where

t! =-

Theorem 1. For anY

minimizes the functional
T-r

Jy = E,{L 
'T U+-n

zt+t : Ar, + b(0r z1+ I gt'ut-t' * 'ft+r)'
k=0

- -07,,

- S7n)21 + V('r)\'

(e)

/oo oo\

Ito ool
| : I'lt
\oo oi /

T the strategY

i n.,ru'-o
k=0

,=[l

(10)

)of

(7)

the

and the relation
inf Jr - nTd2 +V(zo)

holds.
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C]or'ollaryl.Lettorsomettheinetltralitl''/_ctSr)etll.holcl.Thentlrereexists

p, 0<P<1,suchthat

E {V (aa1)1"' 
"} 

3 P\'lt') * ncl2 '

'Ying the inequalitY Xd) <
Corollary 2' Let I(0) be an arbitrary ciensity satis{

C\0). Then tlre following inecluality

TT
Er(I:;') S c:E'(T;f )

t"

hold.

Theorem 2. Let i Bxu't-t' - --gf,4 ancl '\(0) be the clensity of a

concentratecl in a fr".lrTit"a clomain anci satistying the inequality '\(0) <

the {ollowing inequalities

E{t?} l const; E{"?\ l cor:t'ct

us explain the theorem. The process (l:1;21), clefineci lry the tra'rrsitir'e

P(rt1*rlrr,'r,u1)canbetreateclasaprocessclefineclb;-theeclrtation

:rt+l = 0T 
" 

+i fiuu'-u* 'f'+r'
ft=0

where gt is a ranclonr vector with the clistribution functio' Ir(g). si'ce the nrean

of the clistribtrtion ,\1(0) is conclensecl in a neighbotrrhoocl of tlre poilit 00, then fol'

anytlheinecltralityr.0,*0o|(eholds.Hence,Theorem2clainsthatthestrategr.

(10)stabilizesatr'ajectoryofecltration(9)witha,,Snal,.ra'nclomperttrrbationof

thevectorofcoefficientsofeqtration(9).Nattrrallyonecanhopetlratthisstrat-

egy stabilizes the trajectory and for the ecluation lvith the unpei-tulbecl vector of

parametels 01= 0s'

(This wor"l; was supported ba RFFI CJrartt 97-01-00499)

clistlibution

CIQ). 'Ihc'rr

hold.

Let

function

-*I
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