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ABSTRACT

Continuous model of Lotka-Volter’s on simplex Sm-1is studied in the article. There was determined a
relationship between tournament and the system of differential square equation, that describes
evolution of genetic systems in Lotka-Volter’s model.
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INTRODUCTION

System of differential equation model

. m -

Xk (t) =x (@) Dlax @) [, k=1Lm @
i=1

is named differential equation of Volter’s model, where \aki\ <1 and a, =—4a,, but X (t)-

unknown functions.

Let A, = (8, )1, aki\ <1, Vk,i :1,_m alternate matrix, i.e. A; =-A,.
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Definition. Alternate matrix Am is called

transversal, if all main minors of even order
differs from zero.

Obviously that if A - transversal, then
a, # 0 on different K and i .

Hereinafter we shall consider only transversal
alternate matrix, not mentionning word
"transversality".

To each alternate matrix
m
A, =(@)ia

We shall match the tournament 7' like, that
there is corresponding matrix of adjacency to it
signA,, =(sign(a, )y, i-e. tops K and i
connected with arrow coming from 1 and K,
if a,; >0.

Since Aﬂ —transversal alternate matrix,
Definition is considered to be correct.

Definition. Alternate matrix is identified as
transitive  (strong),  if  corresponding
tournament is transitive strong as well. (see
No.1).

Alternate matrixes Ar(nl) and A;Z) are
identified isomorphic, if corresponding
tournaments Tnfl) u Tnfz) are isomorphic as

well.
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The offer 1 [2]. The tournament which

corresponds to alternate matrix A is not
strong then and only then, when it accurate to
isomorphism has the following model:

A AL

A A
where A and A alternate matrix, all the
elements of the matrix A’ positive,

— (A:XS )T ,moreover I +S=m.

We shall look through the problem of Koshi for
the equation (1) with initial condition

X(t,) = (X, (t,), %, (t,),.... %, (t,)) e S™
(2)

Since simplex g™t compacted, then decision
of the problem of Koshi exists and single in gap
(—o0; + ). In order to demonstrate that

X(t) € S™ when t € (—o0; + )

where X(t) = (X, (t), X, (t),....x_ (1))

solution of the problem of Koshi, we shall look
through the following function f :R™ - R,

forany X= (Xl,Xz,...,Xm) eR"

(00=2x%. O

This function is named spur.

By means of this function it is possible to study
several characteristics of solution of
differential equation (1).
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(i). Let X(t) the solution of differential
equation (1). Then the following will be fair:

f(x()=0

In the reality,

(ii ). Let X(t) the solution of differential
equation (1) with initial condition (2), then

f (x(t)) =1 forany t € (—o0; + ).

In the reality, according to (i), we’ll get

f(x()= 2%, ()= () =0.
Fromhere

F(x(D) = f (x(t,)) = Zx (t)=1 for

any t € (—o0; + ).

(iii ). Let X(t) the solution of differential
equation (1) with initial condition

X(t,) =(0,%,(t,),....x_(t,)). (4)

Then X(t) =(0,X,(t),...,x, (t)) for any
t € (—o0; + ).

In the reality, we’ll look through the solution of
the problem of Koshi only comparatively to
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unknown function X, (t), considering X (t) -

given functions, where 1 =2,m:

LO-x0[Tax0)
with initial conditions

X (t,)=0 (6)

Since the right part of differential equation (5)
satisfies the condition of Lipchitz, then X, (t)

the solution of the problem of Koshi for
differential equation (5) with initial condition

(6) exists and single, i.e. X (t) =0 for any
t € (—o0; + ).

Effect 1. Let X(t) the solution of differential
equation (1) with initial condition (2), then

X(t) = (X, (t), %, (t),....x_(t))eS™ for

any t € (—o0; + 0).

Effect 2. Let X(t) the solution of differential
equation (1)  with initial  condition
X(te) = (% (6 %, (&), X, (8)) € It ™
- (@)

Then

X(t) = (x (1), X, (t),....x_(t))eintS™

forany t € (—o0; + ).

Let the matrixbe A = (aki ) is not strong

m
k,i=1
and let T_- be a tournament, corresponding

to amatrix A_.

According to the Offer No. 1 we consider, that
the matrix A_ has
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(Ar A;J
As A

where A and A - alternate matrixes, all

elements of the matrix A:;S positive and

_ T
A= —(A:XS) , here '+ S=m. Besides,
let’s imagine, that T, —sub tournamentand T

-sub  tournament Tm—tournament are
considered the tournaments according to
alternate matrixes A and A,.

Theorem 1. Let X(t) the solution of differential
equation (1) with initial condition (7). Then for
the free top | of the tournament T, the
equation is executed as  following
t|_I)II]o X; (t) =0 and for the free top | of the

tournament Tr is executed as following

lim x; (t) = 0.

t—>+o00

Proof. According to the effect No. 2, we have
X(t) €intS™ forany t € (—o0; + 0). Since
the matrixes A wun A - alternate, then
majority solutions of inequality A X<0 u
A.X>0, accordingly in the simplexes S
and S°7, is not empty [3]-

( i ). Let’s consider, that the point
q=(9,,d,,--0,) € S"™ is considered as a
solution of inequity A X< 0. Then the point
Ei = (ql,qz,...,qr,0,0,...,O) belongs to the

—

S

simplex S " here F +s=m.
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It is clear, that the point §&S™" s
considered to be the solution of inequity for
A, X <0 besides

Anq :(al’aZ""’a'r’ar+1""’am)’

where @ <0 forany i=1r and @, <0
forany 1=1,S,here r + S=m.

from the equation (1) we have the
following

In(x, ()= 3 a,% () = (Ax(D),.
k=1m (8)
Let’s enter the indication

Ln(t) = (In(x,(©)).In(x, (©))....In(%,(t)))
We'll look through interproduct vectors
I_.n(t) nQ:

(L’n(t);qj=(Anx<t>,a)=(x<t),A;a)=—(x(t),Ama)=—iaixi (t)=

i=1

=—(ax,(t) +ax,(t)+..+ax, (1))

Since X(t) €intS™" forany t € (—o0; + 00)
and @ <0 for any [ Zﬂ and @, <0 for

any I =15, 10
-> ax(t)>0
i1
forany t € (—o0; + ).

From other side, interproduct vectors Ln(t)
and Ef :
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Oh@ﬁ»ﬁ)=%m&ﬁ»+qJN&0D+m+qJM&ﬁn=mijW0]

This means, the following equation is executed

|h(f[ X (t)j - —Z ax, (t). ©)

i=1

Thereby, the function (D(t)ZHXiq‘ (1)
i=1

increases and O0<¢@(t)<1l for any
t € (—00; +00). That is why it exists as
following

lim p(®) = lim [Tx* ®) =C.
—>+00 —>+075

Then it is clear that

ax%)c{fjﬁﬁzc},

where a)(XO) set of limited points of paths.

Let’s take the free point M € w(X,). we'll
look through the path

M (t) :(Ml(t)vMz(t)’---me(t))Ca)(Xo)

points M . Then from (9) we have

r
a)(XO) C{l_lxiqi :C}m{xrﬂ = Xr+2 == Xm :0}
i=1

As the digits r+1Lr+2,..,m are
considered to be the tops of the tournament
TS , then for the free top | of the tournament

T, the following is executed:
tlim X (t)=0.

t is looked through the case similarly, when
P=(Py, Pyse-s Ps) € S*! is considered
the solution of inequity AS p= 0. In this case
we get

lim x, (t) =0.

t—+o0

Biological sense of the theorem 1.

If the tournament of the evolution is not
strong, then all biological models can be
divided into two classes thereby that models
from first class during the process of evolution
step by step (monotonously) disappear
(collections which are indicated in the theorem

1 through T,), initial evolution starts in the

0=|h(lef‘ (t))=—iaiMi(t)=—(a1M1(t)+azMz(t)+---+amMm(Qi)cinity of some balanced condition in which

Since a,,; < 0 fro anyi =1, S, for the fair of

the last equation must be executed as
following

Mr+1(t) = Mr+2(t) ..

any t € (—o0; + ).

=M_(t)=0 for

Thereby
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