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f VA (t)dt
M —w(t)
ons moboco >0 onepamop A, umeem no kpaiineii mepe 00no cobemeennoe snauenue,
Jaedxcaujee npasee M +¢.
Bepna cnepyronias reopema.
Teopema 3. Ilyemv &>M[2. Tozoa npu scex >0 onepamop A, ne umeem

cobemeennvix suavenut, nexcawux ¢ naxyne (M —&,€). Ecu a e (0, a;), mo onepamop A,

umeem cobcmeennoe 3HA4YeHue, Jjgeacawjee 6 CYyuyeCmeenHHom cneknmpe, a UMEeHHO, 6 unmepedaie
(e,M +e).
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DYNAMICS OF CONVEX COMBINATION OF NON-VOLTERRA
QUADRATICSTOCHASTIC OPERATORS
Mukhitdinov R. T., Abdullayeva M.A
Department of Mathematical Analysis, Bukhara State University, Bukhara, Republic of
Uzbekistan.

Abstract. In this paper, we study the dynamics of operators consisting of a convex combination
of non-volterra quadratic stochastic operators defined in a two-dimensional simplex. Fixed point
sets have been found for such operatorsand a set of boundary points of the trajectories are
described.

Keywords: Volterra quadratic stochastic operator; trajectory; fixed point; periodic point;
limit point.

Quadratic stochastic operators were first introduced by Bernstein in [1]. They are useful
in solving problems arising in mathematical genetics, namely, in the theory of heredity.

Let S™' :{x=(xl,x2,...,xm)e R™: for_any_i,x, zo,and_in =1}
i=1

be the (m—1) - dimensional simplex. A map V of S™"into itself is called a quadratic stochastic
operator (QSO) if
VX), = Z Pij X X;
ij=1
forany x e S™* and forall k =1,...,m, where

Piik 20, Py = Pjix forall i, j,k; zpij,k =1.
k1

Assume {x(”) eS™ :n =O,J,2,...}is the trajectory of the initial pointxeS™, where
XM =V (x™) forall n=012,..., with xX© =x.

Definition 1. A point x € S™"is called a fixed point of a QSO V if V(x) = x. Denote the
set of all fixed points of a QSO V by Fix(V ).

Definition 2. A QSO V is called regular if for any initial point xeS™?", the limit
lim V (x™) exists.

n—oo
Note that the limit point is a fixed point of a QSO. Thus, the fixed points of a QSO
describe limit or long run behavior of the trajectories for any initial point. The limit behavior of
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trajectories and fixed points play an important role in many applied problems. The biological
treatment of the regularity of a QSO is rather clear: in the long run the distribution of species in
the next generation coincides with the distribution of species in the previous one, i.e., it is stable.

Definition 3. A fixed point x"is called hyperbolic if its Jacobian D,V (x") has no
eigenvalues on the unit circle.

Definition 4. A hyperbolic fixed point x " is called:

i) attracting if all the eigenvalues of the Jacobian D,V (x") are less than 1 in absolute

value;
ii) repelling if all the eigenvalues of the Jacobian D,V (x”) are greater than 1 in absolute
value;
iii) a saddle otherwise.
Consider the following the non-Volterra QSOs on the two-dimensional simplex
é 2 é 2 2
X=X Xi= Xt X2 X, Xo
. é 2 2 i é 2
Vl' X2:X2+X3+2X1 Xz (1) V1' X2: X2 (2)
Xo=2X Xat2X: Xs Xs=2X X5+ 2 X Xs

Consider the function f(x)=2x(1-x).

In the following theorem we describe the asymptotical behavior of the quadratic
operators (1) and (2).

Theorem.

) FixV)=lg.e,0¥2Y2)) FixV,)=le,.e,0/2042)
2 MV =055 foray x"<S\,e)

nN—aoo
1

. n 1
) limVix=G05) foray x"eS\g.e,f

N—o0
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ACUMIOTOTUYECKUE OLUEHKHU JJ51 TAYCCOBCKUX UHTEI'PAJIOB
MycradoeB HemaTxon CadoeBuu
byxapckuil unsicenepHo-mexnoro2uveckult UHCmumym

B paboTte HaxoIuTCs acCHUMIITOTUYECKOE DPA3JIOKEHHE TayCCOBCKOIO MHTErpaja BHIA
2 o
jexp(—h F(X));,L 1 (dX), rne  H — rwisbeproBo  mpocTpaHCTBO, h - G0kl
=T
H h?
MIOJIOKUTEJIBHBIA TapaMeTp, | — CUMMETPUYHBIA  IMOJOKUTEIBHO-ONPENEIEHHBIN  SAEPHBIN
Omeparop Ha THILOEPTOBOM MPOCTPAHCTBE € TAKUMU COOCTBEHHBIMH YHCIAMH A, YTO

A=A, 2. ,0<A; <1,
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