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MATHEMATICAL TOOLS FOR DECISION SUPPORT
SYSTEM OF MEDICAL SYSTEM RESEARCH UNDER
UNCERTAINTIES
I.Ye.Andrushchak*, V.P.Marcenyuk**, O.M.Marcenyuk**
*Lutsk National Technical University, Ukraine,
**Ternopil State Medical University, Ukraine
westa@land.ru, marceniuk@yahoo.com

Here we would like to present our results in field of application of
system analysis methods to problem of clinical medicine. We emphasize
effects of uncertainty that should be taken into account in such complex
systems. It will be shown that even considering deterministic models of
such nonlinear systems we see different qualitative behavior closely
dealt with parameters values. Let’s start from origin of such a problem.
Nowadays there are obtained a lot of models describing physiological
indices of human body at different diseases and treatment schemes.
Primarily they are based on regression analysis. More complex ones use
neural networks and evolutionary programming. The most significant
attempts to construct mathematical models at different levels of
hierarchy of human organism were made by John Murray [3], Keener
and Sneyd [2], G..Marchuk [1], Mackey and Glass (they investigated
nonlinear phenomena applying dynamic systems and introduced notion
of dynamic diseases). Without considering uncertainty all these models
can be applied for patients from determined groups (primarily for given
age and a lot of another restrictions).

As for projects stimulating given research we would like to note
the following. During the last years Medical Informatics Department is
fulfilling investigations initiated by Healthcare Ministry of the Ukraine
in order to develop and use general system analysis algorithm to study
different diseases [4] - [9]. Namely, in fields of oncology (melanoma,
leukemia), infectious diseases (flue), therapy (bone tissue diseases).
Naturally there arises a problem to develop a general model for disease.
It is incorrect to state that we managed offering unique universal
algorithm to construct disease general model at whole. More correct is
to say this approach can be used for diseases of different nature. We
believe this approach can be extended to processes in sociology and
demography as well as for economy and finance branches tasks. A lot of
them have the same nature as human diseases. Let’s pay attention on
special medical terminology necessary (as small as possible). First of
all, the most recognized definition of disease states that disease is a set

11



of pathologic processes weakening vitality and activity of a human
organism. Here pathologic process is a set of pathologic (that is not
normal) and protectoral reactions within human organism. That is, the
most significant is modeling pathologic process.

Based on this reasoning we offered general model for pathologic
process including three counterparts

(1) the reason or cause of disease (it may be some external factor
(like bacteria, chemicals) or own modified cells (tumor cells);

(i) immune system supports organism with help of specific
antibodies (sort of predators) and plasmatic cells (their ancastors);

(ii1) normal cells, tissues and organs (it is necessary to consider
them to satisfy to some constraints of toxicity).

For these researches we used our own software - Software
Environment for Medical System Researches (SEMSR). There is
developed conceptual model of software environment of system
medical investigations support. Implementing it there is offered model
of data structure in branch of system medical investigations and
invented in terms of XML- technology. There is developed interface
which is Web-integrated, user-oriented and adjustable. There are
implemented mathematical methods of system analysis of pathologic
processes in form of Java-classes hierarchy. There are developed
software tools to execute system medical investigations, to prepare
results obtained for presentation in Internet and visualization.
References
1. Mathematical modelling in immunology and medicine. - Proc. of the
IFIP TC-7 Working Conf., Moscow, USSR, 5-11 July 1982, Ed. by
G.I.Marchuk, L.N.Belykh. Amsterdam, New York, Oxford: North-
Holland, 1983.

2. Keener, J., Sneyd, J. Mathematical Physiology. New York: Springer
Verlag,1998.

3. Murray J.M. Mathematical Biology. New York: Springer-Verlag,
1989.

4. A. G. Nakonechnyi, V. P. Martsenyuk, Controllability Problems for
Differential Gompertzian Dynamic Equations, Cybernetics and Systems
Analysis 40 (2): P. 252-259, 2004.
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MULTI-DIMENSIONAL ASSESSMENT OF COMPLEX
SYSTEMS AND ITS REALIZATION USING R
Bakhrushin A.V., Bakhrushin V.E.

Classic Private University, Zaporizhia, Ukraine
Vladimir.Bakhrushin@gmail.com

Multi-dimensional assessments are widely used when studying
complex systems of different nature. They are based on the hypothesis
that property which interests us, can not be measured directly, but can
be estimated from measurements of a number of other object
characteristics. Well-known examples are: university ratings,
assessments of applicants at universities, different socio-economic
indices (Human development, Press freedom, Consumer price etc.),
psychological tests and so on. The main objectives of the assessment
may be the ranking of studied objects in magnitude of the integral index
or in their deviation from the standard in the attribute space and also
object grouping in the equivalence classes corresponded to different
levels of the integral index. Methodologies for constructing
multidimensional assessments in many areas are very similar.

Usually such assessments are built as weighted sums of partial
indicators. But various measures of closeness and similarity as well as
different scalarization methods for the integral index formation may also
be used depending on the purpose of the measurement and peculiarities
of partial indicators.

One of the main problems of multi-dimensional assessments
constructing is to ensure their validity, reliability and accuracy.
Assessment validity characterizes its ability to measure exactly that
quality of an object which interests the researcher. Assessment
reliability characterizes its reproducibility in independent repeated
measurements of the same objects in the same conditions. Most
commonly these characteristics are checked using different types of
correlation coefficients. The accuracy of estimates is important from the
viewpoint of the possibility to distinguish close objects.

Some of the methods of obtaining multidimensional assessments
and ranking of objects were implemented using the programming
language R. Among them are methods based on the calculation of the
integral index as a weighted sum of the partial indicators, choosing the
main indicator and converting of the rest to restrictions, ranking of
indicators, maximin and maximax assessment.
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INVESTIGATION STABILITY AND CONVERGENCE
INTERVAL ITERATION METHODS IN KINEMATIC WAVE
PROBLEM
Bartish M.,Venherskyi P.

Ivan Franko National University of Lviv, Ukraine
petro.vengersky@gmail.com

We consider the model of shallow water flow in kinematic
approximation[1]:

oq, & o ( 4, hooh 1 ol
) et

h ) Fr’oéx, pRe o Ox,

Jj=10X;

V2glg,
— Ky | — | =12,
LReC " h B,

2 ba .
%+Z£=R.
or 3 0x,

Simplified equations of shallow water flow in the form of
kinematic wave equation take this form:

2 da .
%_'_Zi:R’
or 50x;
g, =o,h™,i=126Qx(0,T]
where
m=3/2, o, =C B, ,i=1,2,
| grad

C — coefficient Chezi, n(x;, x,) — function of the relief surface runoff.
The variation problem which was solved by the finite-elements

method is formulated.The result is a system of nonlinear equations

which were solved by interval iterative methods.We investigated the

conditions of stability and convergence of these methods.

References

1. Venherskyi P.S. Matematical model channel flow in kinematic
approximation./Venherskyi P.S.,Kokovska Y.V.//“DSMSI-2011";
Intertational Conference: Theses of conference reports. May 27-
29. — Kyiv, 2011. — P.250-251 .
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THREE-STEP METHOD WITH MEMORY BASED ON FINITE-
DIFFERENCE NEWTON’S METHOD FOR SOLVING SYSTEM
OF NONLINEAR EQUATIONS
Bartish M.Ya., Kovalchuk O.V.

Ivan Franko National University of Lviv, Ukraine
olyak2005@gmail.com

Consider the system of nonlinear equations
P(x)=0, P:R"—>R". @)

The famous method for solving (1) is Newton’s method that required
exact Jacobian matrix in every step. The finite-difference Newton’s
method is to use the finite-difference as an approximation of derivatives
in Newton’s method

X1 =3~ [0 ] P(xp), @)

P(x; +hpe;)—P(x
where (Qk).z (% kj) (k), j=L...,n.
We propose next three-step method with memory based on method (2)
—1
x=x-[Q0]  P(xop),
—1
u =X ~[Ok] P(xp),
-1
Ve =% =[Ok] Py,

Xi4 =argmin||P(uk + 7 (Vg —uk))”, k=12..

3)

We prove convergence of method (3). Testing of method (3) for many
problems shows efficiency comparing with method (2) and three-step
method base on (2) with [1]
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ELABORATION OF DIALOGUE PROCEDURES IN SAFETY
SUPPORT AUTOMATED SYSTEMS OF WIRELESS
NETWORKS
BeridzeZebur , GeladzeNona
Batumi Shota Rustaveli State University, Georgia

Design of dialogue regimes in which the organization of
relationship between customers and system is performed via a dialogue
is of great importance in the safety supportive automated systems of
wireless networks. In general, errors occurred during automated security
will be avoided in case the interface is considered in favour of
customers as much as possible.

The initiator of the system dialogue process is a man who sets the
working goal and selects means of accomplishment. Meanwhile, the
system should provide adequate reaction to the customer needs. Men set
the task whereas the system allots the means for the problem solution.
Under the dialogue system we generally mean the set of programs which
provide relations between men and technical devices. Our aim is to
elaborate dialogue algorithm for these relations and determine their
contents, on the basis of which programs will be designed afterwards.
By means of the dialogue system the dialogue exchange, conversations
and procedures should be conducted.

During the functioning of the dialogue system the dialogue
exchanges in the automated recogniser system are conducted in
succession. While performing certain functions of the dialogue the
strictly determined successions are used so that the structure of the
exchange successions is fixed. The system dialogue procedure is a part a
dialogue system which in the general occasion contains manual
operations, human-computer chats and machine procedures.

The article analyses the forms by means of which the elaboration
and design of dialogue procedures is conducted in computers.

OPTIMIZED MODELING AND REALIZABLE SIMULATORS
Beyko I.
National Technical University of Ukraine “KPI”, Ukraine
ivan.beyko@gmail.com

New adequate mathematical models and realizable numerical
simulators of complex control processes are designed and implemented
as sources of new knowledge and new tools of scientific-substantiated
decision-making in uncertain environment and uncertain objectives.
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Methodology of scientific substantiated decision making covers data
mining in search for adequate assess of trends of critical variables
required for models optimization to meet practical requirements to the
admissible time 7(p) and to the admissible error E(p) of results obtained
by the models with the alternative values of the model parameters p. In
search for optimal values of p that enable obtaining maximal use of
available models of different level aggregation and of different resolving
power, and as well of all the available sources of useful information, we
implement the unified optimality criterion function J(p)=KT(p)+ E(p).
The useful information may be obtained from available different
heterogeneous information-sources, available knowledge and expert
systems that accumulated experience of practitioners and analysts. In
search for useful information sources to design optimal working models
we develope solve operator methods and algorithms. The proposed
methods of models optimization are based on the system decomposition
into optimized subsystems in accordance with the unified optimality
criterion. The proposed optimization iterative procedures detect those of
the model’s subsystems that ought to be decomposed and those that
ought to be aggregated, taking into account the evaluated 7(p) and E(p).

NUMERICAL ALGORITHM FOR TIME DIFFERENTIAL
GAME WITH INCOMPLETE DATA
Beyko I., Pidvalna J., Poltoratckyj M.
National Technical University of Ukraine “Kiev Polytechnic Institute”
ivan.beyko@gmail.com

We consider control systems
2(0) = f(x(0),u(t),q(0),0), t €[1,, T, x(1,) =x" € X°
with unknown functional parameters g(¢) € O . The problem is to find
the optimal controls #(¢) € U that minimize the functional
Vrelt,t] x(r)e X°,
T(u,x,X)=argmint | t>t, x,(t)=%.(t), iel {1,2,..,n} .

u(t)eU
In case of X(¢) being a trajectory y(¢) of a control system
dy(t
0 — (000
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the risk extremal control % is defined by the optimized sets X°, Y° as

the time minimizer 7 = inf max 7,
u(-)el v(-)eV

T, =min{t| [|x() -y, < e iel).
Numerical algorithms for the optimal control calculation implement
solutions of the system

(1) = argmax(q(0), f (x(,w) . ¥(1) = [ (x(0),u(0). g(1),0),
§0 =1, 7 9),  ¥(T@%X) =5(T(@% X))

SUBOPTIMAL CONTROLS IN UNSERTAIN ENVIRONMENT
Beyko L., Shchyrba V.

National Technical University of Ukraine “Kiev Polytechnic Institute”
ivan.beyko@gmail.com

We consider complex optimization problems in search for optimal
controls u” €U that minimize risk functionals F,(x,u,t,,T,q) and

satisfy inequalityies F}(x,u,t,,T,q) <0,

F(x,u,00,T,q) 2 [ B (x(0),u(0), 1, q(0))dt +

fy

+8,(10, T, (1), X(T),4(1,),¢(T)), i =0,m

on trajectories x of control systems
2(0) = f(x(0),u(t),q(0),1), t €[1,,T1, x(1,) € X°, g(#) € O . Optimal

values u°(¢) are calculated as minimizers of
n;ngX{(l//o(f),f(xo(f),u,q,f))— D AR (0),u,1,9)},
i=0

where x°(),°(¢) are a nontrivial solution of the system

X(6)= f(x(0),7"(1),1,§(1) , x(5) =%,

L (0 f1OT 00D + 3 AR O 0.0,

dt

W)= Zz G TE%), v([T)=Y e, T.%.5), x(T)=¥.
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L<T, A=), A" A 20, A =(Ag, Apens A,) £ 0.
If the risk measure is evaluated by the time value 7 - ¢t under
restrictions ¥(t)e X c R™, te[t,,T], then the optimal control is
calculated as maximizer

(1) = argmax(g (1)) f (x(1).1)) dq (’) Lf o7 )T g0
x(T(u,x,X))=x(T(u,x,X)).

In case of the function X(¢) being a trajectory y(t) of a control system
dy(t)
dt

optimized sets X°, Y’ as the time minimizer T = min max7 ,
u(-)el v(-)eV

= g(¥(1),v(t)) the risk extremal control # is defined by the
T, =min{t| |x() -y (D)< &, iel}.

OPTIMIZED SIMULATORS AND ALGORITHMS OF RISK
MINIMIZATION
'Beyko 1., *Zinko P.
'National Technical University of Ukraine “Kiev Politechnic Institute”
*Taras Shevchenko National University of Kyiv, Ukraine
ivan.beyko@gmail.com

We consider risk minimization problems in search for the minimizer
u' = argmigl)lﬁ(u) of the risk function F(u)= Eman f(x(1,q,0),u,9,0) that
ue qe

is defined on the stochastic process x(u,q,0) of the graph-operator
system

A(x,u,q,0) = (A1 (x,u,q,0),..., 4y (x,u,q,é’)) =0,

A
A, (61,G,0) = (A (%15 205U G Ot s - - - A o 5 Ziy, My, >G> O,

(x,u,q,@,z)é{(xk,uk,qk, Zk)}k SH (xk’uk’qk’ k’Zk) {(xkr’uks’qks’ ky’st)} =1 >

19



with control inputs u €Q, system parameters g €Q , random values 6
of the probability space (©,%,P), random performance function
F(x(u,q,0),u,q,0), expected performance indicator F(u), and
subsystems models 4, (x,,,z,,4,q,.6,) =0 of the graph’s k-th knot that
describes interdependences between the ks-th subsystem’s states x,,
controls u,, parameters g¢,, random values 6., z, =¢_(x,u,q,0),
k=1N,, s=1N,. The high order solve operator algorithms are developed
to calculate trajectories x,(t, p,q,0) of subsystems

ty = (Uy0Ghs05 B0 Zs0) € R,
X150 (F0) = X0 (T s U5 Qs Ors0 Zas0) € R™,
Xt (1) = @ (X (D U3 Qs O s Zain s Oy (X ()5 15 G O Z1i > 1))
telt ], b, = T(xks(i—l)([i)7ti’uksi’qksi’gkyi’zkyi) >,
Xis(is) (1) =W (X, (8,08, sUps(ivny» 9ks(i+l) > Zks(inl) ),
by implementation the high-order simulator

t+h

X(t+h)=p(t+h)+ j O@)(f(p(2).7)—dp(z)/dr)dr

of the trajectory x(r) 2 x(r,u,7,6) of the control system

%(7) = f(x(1),7) 2 a(x(2),u,q,0,,7,0(x(,).t,,1,7,6,7)) .

We have proved that for any p() and Q() satisfying asymptotic
equalities p(7) = x(r)+ O(h'), dQ(z)/dr =—-Q(z)A(z)+O(h*), O(t +h) =1,
the simulator x(t+h) satisfy the high-order asymptotic equality
X(t+h)=x(t+h)+O00*"), s=k+[+1. To calculate »* we develop numerical

algorithms based on stochastic generalized gradient methods and
stochastic minimax algorihms.

VERSION OF THE DSS ABSTRACTION
Bondarchuk. Y.V.
Taras Shevchenko National University of Kyiv, Ukraine
byv@univ.kiev.ua

Living of the DSS in the shadow of the decision making (DM)
models and methodological knowledge leads to stagnation for most DSS
as an independent class of software systems. Independence of the DSS
from the methods of DM will remove restrictions of DSS being only a
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procedure (a form of) DM method, and a user interface. In [1] presents
the authors' opinion on a more adequate paradigm for DSS.

The hierarchy of DSS abstractions (most to least) is the following.

First abstract (maximum): systemic manifestation in which the DSS
is the interpreter of the set of solutions, with which the decision maker,
experts and other decision support system (DSS that is distributed)
work. It should be important for the decision to be a separate object [1].

2nd abstraction: the manifestation of the DSS structure - DSS
patterns

3rd abstraction: the abstraction of decisions - their patterns and
metrics.

4th abstract: DSS taxonomy (DSS place among others) (as an
option [2]).

Together with DM methods the following composition of abstrac-
tions is proposed:

Emergence of the DSS

. .

DSS patterns Abstraction of solutions
Solution Solution
patterns metricss

' . v

DSS taxonomy
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THE POWER APPROXIMATION OF THE TIME SERIES
Bondarenko V.
National Technical University of Ukraine “Kiev Polytechnic Institute ”
valeria_bondarenko@yahoo.com

We consider a mathematical model for the time series S;..S,, . The
primary processing is smoothing, removing the trend-leads to improved
time series x,..x, -(“initial”).

Consider xj,x,..x, asthe observed values of some quantity at
some moments of time.Let us choose a random process X(t),

where x; =X (%) .

This problem has a controversial solution, because different
processes (with different distributions) may have the same trajectories.
The subjective criteria for selection of X(t) is as follows.
1. Process should possess known characteristics, particularly the
Gaussian process should be chosen.
2. X (t) should not be Markov, as the Markov communication does not
provide an adequate description of real phenomena.
Thus, the proposed approximation leads to the following model of

_ . . a
original time series: x; =sgn y; -‘zj‘ .
Let’s By (¢),0<¢<1- is fractional Brownian motion with Hurst

exponent H, f-is twice differentiable function.

Let's consider the application of algorithm .

As anfirst exampleconsiderthedata:the daily data of solar activity (366
data, ftp:/ftp.ngdc.noaa.gov).We calculated the initial time series
Xj..x3¢5 With increments y; =x;; —x;,k =1,2..365.

Ry, = 365Z|yk| 0,141; R2n—36 D yi=004d=054=14.

Z, =sgn yg -|yk|0’7, k=1.365. The second example: 1678 values of

interestrate(337 data , http://bank.gov.ua/control/uk/index).The interest
rate is given by the following formulain each time window.

Sy =a+bexp{X(t)},
22



X0 =in>D=% 0,085,
S0)—a
—1 S —
v = xEopSma o
n S, —a
R
R, =0,425;R, =0,541;d, == =0,334,
R2n
| r%%)
=2 =033 1=2,
Jz C(3+)

ve=sgny, |z [z =sen v, ol

Applying the estimation algorithm, we obtain A = 0,3.

The third example- monthly data interest rate of Germany Bundesbank
(www.bundesbank.de) for 2003-2012,120 data.

1 119 1 119 B RZ
R, =— =139, R, =— =33, d,=-2=0,59.
1n 119;‘”‘ 2 119;” "R

2n

Applying the method of Hurst parameter estimation, let's calculate the
equation

A A

72 1,22 -10,A=0,4.
o] o]
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DECISION MAKING PROBLEM WITH FUZZY SET
OF PREFERENCE RELATIONS
Bovsunivskyi O.
Taras Shevchenko National University of Kyiv, Ukraine
bovs@email.ua

The report addresses the problem of rational choice of alternatives,
provided that the objective of decision maker (DM) is given by the
fuzzy set of non-fuzzy preference relations.

It is assumed that the DM can compare any pair of alternatives x,y

from the set X by the preference relations: R CcXxJX,
ie N={1,2,...,n}. These relations can be understood as some criteria on
which DM compares the alternatives in terms of achieving its objective.

Sometimes the decision maker cannot clearly indicate which of the
preference relations R,, i€ N, characterize its objective, but may

define some fuzzy subset [I] N = N of these relations.
The report examines two methods of aggregation of criteria
preference relation R,, i € N, into the aggregate preference relation R :

first — aggregation of the union criterion of preference relations

R= U R, ; second — aggregation of their intersection 0= N R, . These
ieN ieN

relations are known as a type-2 fuzzy relation [2] and formalized fuzzy
reflection with membership functions, respectively r(x,y,z) and

q(x,y,z), x,yeX, ze{0,1}, which act as a "fuzzy membership

functions" of these type-2 fuzzy relations.

It is also worth noting that the concept of fuzzy-effective alternatives
will be correct for the problem of decision-making with the goal to be
specified by the fuzzy set of fuzzy preference relations.

References

1. Mashchenko S., Bovsunivskyi O. Decision making problem with
fuzzy set of goal sets // “Information Theories and Applications”. —
2012.-19. —Ne 3. — P. 249 - 257.

2. Mashchenko S. Fuzzy individual-optimum equilibriums //
Cybernetics and computing engineering.— 2010.— Ne 159.— p. 19 —29.

24



GERBER-SHIU DISCOUNTED PENALTY FUNCTION
OPTIMIZATION PROBLEM FOR RISK MODEL WITH
MULTIPLE THRESHOLDS
Bratiychuk Mykola
Silesian University of Technology, Poland
Mykola.Bratiichuk@polsl.pl

In the report we deal with the classical risk model of the form

N(1)

Ey=u+ct=) &+ W(),

where W(t) is a standard Brownian motion. Let

r(u) =inf{t > 0: £(f) <O} and
M (u) = E{e”" U {&(z(u)-),&(z ()}, 6 >0,

where U(x,y), x,y >0 is a nonnegative bounded function.

The function M (u) is called Gerber-Shui discounted penalty function
and it is a powerful analytical tool in risk theory. In the report
we consider this function in the following scheme (see, for example
[1]). Let n levels 0=0,<b <...<b, <00 be given. We suppose

that the premium rate ¢ is equal to ¢, whenever &(¢) €[b, |,b,). The

traditional method of finding the function M (u) uses the

differentiability of this function which is not obvious. We propose a
new approach that enables us not only to overcome the difficulties
connected with differentiability of the function M (u) but to find the

effective computational algorithm of its finding. Some optimization
problem for model in question we have considered as well.
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ON PROPERTIES OF ONE NETWORK MODELS WITH
DEPENDENT INPUT FLOWS
Chechelnitski A., Kucherenko O.

Taras Shevchenko National University of Kyiv, Ukraine
che@unicyb.kiev.ua

We will consider two systems of the type [GI /M /] with a bivariate

input flow customers (v, (1),v,(2)) where
v(t) =)+ y,(0),v, () =y, (1) + y,(0), and  y,(¢),i=1,2,3 are
independent revival flows.

We will suppose, that the parameters of the model depend from
n (number of series) and next conditions are true:

a) [MT,Q T =1 #0,B =Dz, <o, 7, is an interval of the k-th
revival, i= 1,2,3.

by = /n+o(l/n),i=1,2, u is a rate of the time of

service in our systems.
For sequence of processes

én(t):(éil(t)7§nz(t))’ nZl’ tE[O,T],
E=n"(X"(nt)-An), =12
(X is a number of customers in i-th system), where
o, =L +4) w,a, =4, +4,)/ 1, the following theorem is true.
Theorem. The sequence of stochastic processes & ()

converges in uniform metric to diffusion process with infinitesimal
mean a(x) =(a,(x),a,(x)) and diffusion matrix B, where

(al (x),a, (x)) = (_Mx’ _/sz)

Bz[ﬂﬁﬂwﬂ]ﬂhﬂsﬂs s ]

J A2+ 2+ Bo + B
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MIX NETWORK OF QUEUE WITH PARALLEL STRUCTURE
AND BIVARIATE POISSON INPUT FLOWS
Kateryna Chechelnytska
Taras Shevchenko National University of Kyiv, Ukraine
kchechelnytska@gmail.com

Today’s computer systems are more complex, more rapidly
evolving, and more essential to the conduct of business than those of
even a few years ago. The result is an increasing need for tools and
techniques that assist in understanding the behavior of these systems.
We consider a mix stochastic network of the Jackson’s type . Our
network of queues is a collection of service centers (nodes) E,E, ..., E,,
which represent multichannel systems. The node E, operates as a queu-

ing system of the type M / M /o, thus the service time of the each cus-
tomer is exponentially distributed with the parameter g > 0. The nodes
E,E,,...E, operate as Jackson’s network of the type [M/G/oo]r.
Denote G, (t) the distribution function of service time in the node E,,

i=1,..,r. Let us consider a set of the bivariate Poisson input flows
(V{(Z‘),Vﬁ([)) i=1,..,r with the parameters A =6p,,i=0,r; b,

i=Lr; Z p, =1. In this case our model describe the situation, when
i=1

two customers simultaneously arrive in the network.. One customer

arrives in the node E, (M /M /+w) , another arrive in the one of the

nodes E,E,,...,E of the network [M/G/oo]r. After a customer is
served by the node E,it leave the system. Similarly, after a customer is

served by one of the nodes £}, E, ..., E. , it may reenter the same node,

)

move to another one, or leave the network.
Suppose as well that X, (), i=0,1,...,r is a number of customers in

1

the node E,, i=0,1,..,r at the time ¢, P:“piju_r» 1S a transition
i,j=

matrix of the network [M / G/oo]" , X(t) = (XO (t),Xl (t),...,Xr (t)) .

Let’s consider the generation function of a number of the customers in
the network’s nodes at the time ¢ :
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Y zz ez x PLX(0) = (kyhynnk, )}

ko ok sk,
The next theorem is true.
Theorem 1. Let the queuing network meets following
conditions:

+00 -1
1) exist i ,that » p . <1; 2) aiz{_[thi(t)} 0.
=

Then 1im‘P(z,t)=exp{—[—+ S, —(bP" (1), 1)(1-2,)—

o0 H H iz
(" +&®) D" (a)- 5P’ (,u),l—z>—<bP*(,u),l—ZOZ>,
where z=(z,...z,), a=(a,...a,). ” : y” - diagonal

matrix, &, is Cronecer symbol, P*(u)= ([ -0 (y)) [Z} (y)}% ,

+o0
%

0 (u)= j edQ(u) is Laplas transform of the semimarkov matrix
0

1

L q,(t)=p,G.(1), 5(/1) is Laplas transform of the

_qu
vector ( - ( ) (Z)) in the point 4, aVis the solution of the
equation « )(1 P) A and & s the solution of the equation
a?(I-P)=b, b=(b,...h,)

Consequence. In special case, when =1 and G(t)zl >0 we

can obtain a stationary result for two systems M /M /o w1th bivariate
Poisson input flow. The limit distribution has a generation function of
the following form

w(zo,zl)zexp{(ﬁwl a ](1_20)_

uo p(p+a)

—(%m a(/j:_a)J(l—zl)—ﬁ(l—zozl)}.
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ON F PARTIAL SOLUTIONS OF THE NAVIER-STOKES
Cherniy D.
Taras Shevchenko National University of Kyiv, Ukraine
D_Cherniy@ukr.net

The three-layered viscous incompressible fluid flow inside narrow

layer of height # was considered (see fig.l/). The main equations
described this flow is Navier-Stokes equation

Y

0
Fig. 1. .
The three-layered viscous Fig.2.
incompressible fluid flow
P v =-Y2 FiEap (1)
p p
VvV =0, )

with the following boundary condition in the top and bottom surface,
accordingly.

V(x,.0,0) = Vy (x,3,0), V (X, p, 1, t) =V, (x, 1) . 3)

In the assumption that the considered flow is always layered
(w(x,y,z,t) = 0) the solution can be written in the following form

V(x,p,2,t) = (u(x, p,2,6),v(x, ,2,0),0), p=p(x,y,2,1),
p = const . @

We suppose that the differentiable function ¢ =¢(x,y,z,¢) for

different values of z and ¢ exists. Therefore the velocity components
u(x,y,z,tyand v(x,y,z,t) can be presented by the following equations

u(x,y,z,t) = %go(x, V,z,t) > v(x,y,z,t) = ai(p(x,y,z,t) . (%)
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The equations (1) under mentioned before assumptions (4) and (5) have
a solution, which can be written in the integral form

0 1( o * (o ’
. s 7t | = s at +| = sV at +
6ﬂw2){uﬂw2ﬂtwmyﬂn

(6)

2

P(x,y,t 0
+ (x,y )—# (X, y,2,t) =q(z,1).

p p oz

For viscous flow (see for detail fig.2) we have get the initial-
boundary problem of unsteady vortex flows, when the convective
components are comparable to the viscosity components, we can write
the equation

2 2 2
Op _udyp 1 (%j B I (2 L)
ot p oz 2|\lox 3y P

with boundary conditions (z = 0;4 ):

w,v)_, =V ,0(x,3,0,t)=(0,0), (8)
W,v)_, =V 00,0t =V, (x,0,1), (9)

and initial condition
1=0: P(x,,2,0) = P(x,y,2). (10)

Therefore this method allows to analyze different three-dimensional

with small depth streams in the assumption that considered flow is layer
flow. The proposed method allows us to take into account the generation
of moving vortex structures on the sharp edges of the border.
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CONSEQUENCES - AN OFTEN FORGOTTEN PART OF RISK
Correll Raymond
Rho Environmetrics and CERAR, University of South Australia
Rho.Environmentrics@bigpond.com

Risk is often considered as a probability but an alternative definition
includes both the probability of an event and its consequence or harm.
This can be formalized as a productof likelihood and consequences or

more practically as Risk = Z p.c, where py is the probability of an event
k=0

k which would have a harmc,. An estimate of the risk may be dominated

by the potential harm. The talk will be illustrated by two examples.

The first taken from a risk assessment of fire starts from an elec-
tricity grid and how potential consequences (or harm) were estimated.
That risk assessment was used to assess which part of the grid required
upgrading and more importantly which parts did not require upgrading.

A second example is in the use of disease control in wheat
production. The root disease can be controlled at a cost by using
fungicides and the effectiveness of that can be obtained by an
assessment of the plants. However the consequence of the disease
control (as measured by grain yield) varies between seasons and
between locations. Under some conditions control of root disease can
give much larger yields but under some conditions disease control may
result in lower yields.Formulation of this is an ongoing challenge.
Reference
1. Correll RL, Crisci F, Field JBF and Quick DG (1992). Optimum
placement of insulated cable to reduce bushfire threat EECON’92 Brisbane
Australia.

TECHNICAL AND PROGRAMMING SUPPORTIVE MEANS OF
FOREIGN LANGUAGE LEARNING
Didmanidze Ibraim , Natalia Zoidze, Ketevan Zoidze
Batumi Maritime Academy, Georgia
Batumi Shota Rustaveli State University, Georgia

The given work aims at formation of the foreign language
conceptual model with the help of practical usage of information-
communicative technologies. The method will encourage the
educational system reforms, it will improve the quality of the foreign
language learning and teaching.
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In order to reach the goals practically, the following main problems
should be solved, such as:

e Defining the orients of practical usage of information
communicative technologies in the process of foreign language
teaching.

e Definingthecommunicativecompetencein foreign language teaching,
to form and develop the modern conception;

e Working up the conceptual model of Information-
communicativetechnology of foreign language teaching
By using the information technologies the adults conception is

receiving the new character. The ability of modeling the situation

increases the systematic mind, where the cultural and moral value takes
part in realization and origination of the new technologies.

Today it is necessary to have the skills of getting information from
the different sources, of using and creatingthem independently.

Using the information-communication technologieshelps the foreign
language teacher.Newmaterial, increases the effectiveness of teaching
and learning, improves the quality of teaching and learning.

Information-communicative technologies are of great importance.
These means implements the practical realization of teaching. They can
be divided into two parts: technical and programmed means.

The basic goals of technical and programmed usage are the following:
» Increasing the motivation of teaching;

Developing the speech competencies;

Ability of Comprehension of authentic foreign text;

Increasing the linguistic knowledge;

Developing the talent and readiness for the learning of foreign

language independently.

YV VYV

MULTILAYER NEURAL NETWORK
Didmanidze Ibraim, KakhianiGrigol , Didmanidze Didar

Batumi Shota Rustaveli State University, Georgia
Learning efficiency of multilayered neural networks depends on
quantity of layers in a network, quantity of neurons in the hidden layer

and initial initialization of synoptic communications between neurons.
For learning efficiency the architecture of a neural network plays large
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role. Dimension of entrance and output layers of a neural network
depends on a solved task and structure of a set of entrance data.

As it is known a three-layer neural network approximation
practically any function with any in advance set accuracy is possible.
Thus the accuracy of approximation depends on quantity of neurons in
the hidden layer.

One of defects of a method of gradient descent is its "jamming" in
local minima. For the purpose of overcoming of this defect possibly
application of a so-called method of a heavy ball.

In this case modification of synoptic communications of a neural
network happens according to the following expression

Aw, (t+1)= —aij'(Sj )y‘]. +7 Aw, (1),
where y - a constant called by moment parameter. Value of parameter of

the moment undertakes from range [0,1] introduction of this parameter
allows to overcome rather small local minima.
On the basis above stated it is possible to draw the following
conclusions:
1.The neural network with one hid denlayerisable to display any
entering signals in any proceeding signals;
2.The quantity of neurons in the hidden layer has to be less number of
data in training selection;
3.Power of a neural network can be in creased both at the expense of
increase in neurons in the hidden layer and at the expense of in crease
in quantity of the hidden layers if a network influences #2 and the
network is n'table tosol vean objective that it isnecessary to increaseq
uantity of the hiddenlayers.
Thus initialization of synoptic communications in a network has to
occur in rather narrow range of values.
Adaptive speed of training of neurons of the penultimate hidden

Z—QZ,(%—%)% ’
(F'(O))sz(ZiCiwif )2

layer can be counted as follows «, (t) =

where C, =7,F'(S)(1+Y,57).
Here j number of an output layer of a neural network, i last hidden
layer of a network, k penultimate hidden layer.

The expressions given above allow to estimate the adaptive
speed of training of a neural network with one or several hiddenlayers.
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APPLICATION OF APPROACH TO DECISION MAKING IN
COUNTER TERRORISM ACTIVITY
Dolenko G., Lobach S.
Taras Shevchenko National University of Kyiv, Ukraine
GalinaDolenko2006@yandex.ua, s.w.a.t.oc.team@gmail.com

Terrorism prediction problem is completely pressing nowadays,
especially since 9.11.2001. Main aim of our research was to check
statistical hypothesis about distribution of intervals between terroristic
acts and its parameters, and create a program dynamically updating data
set. To achieve it, we suggested program engine which dynamically
searches and accumulates information about terroristic acts on-line.
Now database, generated by this program, includes over 12000 items for
different countries. We consider &, interval between attacks, to be a
random variable. The main hypothesis was in exponential distribution of
& for attacks in the USA [1]. As we considered, research purpose was to
define distribution parameter 4. We used method of least squares to

find it [2]. For examining main hypothesis we applied Kolmogorov-
Smirnov test [2].

As a result, hypothesis wasn’t declined by this test with any
statistical significance level in bound <015, which gives offences

time distribution for studied sample for United states.

References

1. 2009 FBI report on terrorism — http://www.fbi.gov/stats-
services/publications/terrorism-2009.

2. IlpuxmagHas cratuctuka: OCHOBBI MOIETHUPOBAHUS M TEPBHYHASL
obpaboTka maHHBIX. CnpaBounoe wu3panue. C.A. AiBazsH, U.C.
Enrokos, JI.[[. Memankus, — M.:®@uHaHCH 1 cTaTucThka, 1983. — 471 c.

ON ONE OF THE ALGORITHMS FOR OPTIMIZING
CALCULATION PROCESSES IN THE LOCAL NETWORK
Donadze Mikheil , Imnaishvili Giorgi, Sirabidze Nukri

Batumi Shota Rustaveli State University, Georgia

Leading experts in the field of computing indicate the ultimate
goal of development of information technologies is the creation of a
system of ,,ubiquitous” computing, which should provide access to
information and means of processing it almost anywhere in the globe.
To create such a system is necessary to address a set of interrelated
technical problems and, above all, in the field of software distributed
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computing resources. When creating software for distributed and
multiprocessor systems programmer is faced with a number of technical
challenges, which include: the unreliability of the circuit structure, the
complexity of matching the speed of the plurality of functional units, but
the main problem of distributed programming, and, in general, parallel
computing systems is an adequate plan Developer system
implementation in multiple computing processes. Ensure coordinated
functioning in discrete systems of hundreds and sometimes even
thousands of interrelated processes is impossible without fundamentally
new approaches to building software systems.

Known formal apparatus describing concurrent systems in terms
of communicating sequential processes C. Hoare has advantages when
presenting the mutual influence processes, structuring, lack of
divergences, deadlocks and possible formal proof of correctness in the
design of computer systems to be submitted in the form of parallel
composition of interacting subsystems. However, such a device does not
have sufficient visual representation model, which makes it difficult in
some cases, its use for the analysis of irregular distributed computing
systems composed of different objects. Additionally, the unit
interconnected sequential processes quite accurately describes the
implementation of computing in the traditional multiprocessor systems
(the most famous of which are representative of the cluster system) is
inadequate to calculate conveyor systems.

Currently, there is a tendency of association in a single computing
circuit computing components that focus on different types of high-
performance computing: parallel computing, conveyor calculation, as
well as various combinations thereof. For analysis of such systems there
is a need of fundamentally new modeling tools for distributed
computing that would have the advantages of the existing modeling
tools and would have additional opportunities to ensure implementation
of the analysis of parallel processes to a new level.

The advantage of the scheme in question.
1) B matrixperformsa one-time input into the processors and then input
of only vector-rowsA[i] (minimization of the data flow).
2) The function capacity of the processors are automatically calculated.
If the processor functions faster it gets additional load (the k<m case).
The system offers the following possibilities:
1) The receipt of the data about the system:

e the number of the processors (machines) that are engaged in
calculations.
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¢ the management of each processor resource (type, memory capacity,
speed).
2) The management of the data flow among processors:
e creation of the connection channel between any two processors;
e management of the channels re-addressing;
e receipt of the information on the data processing speed per specific
arch (localizing ,,narrow spaces*);
e setting the desired speed for the data flow on each arch.
3) Launch of a task on each processor by the machine.
4) Reporting on the status of the ongoing task (error, hung, etc.)
5) For a group of processors, the simultaneous data transfer via
broadcast means of local networks.i.e. simultaneously via several
channels.

HOUGH - PAIRS OF SPACES IN A CHARACTERS
RECOGNITION PROBLEM
Donchenko V., Zinko T.
Taras Shevchenko National University of Kyiv, Ukraine
voldon@bigmir.net

General Hough transform scheme (Hough pair of spaces) was
described in [1]. Basic content of the construction proposed is spreading
in the general case the main structural elements of the classical variant
of Hough Transform (HT) [1]. This is primarily required replacing the
parametric family of the curves since just that family is the basis of all
HT construction.

Specificity, abstract version of HT consists of the next structural
constituents. Firstly, these are two abstract sets — “spaces”™: S, — called

observations space with elements se S , called observations; S, —

called parameters space with elements called parameters. Secondly, —
two families of subsets in each of two “spaces”, mutually parameterized
by the elements of the “conjugate” spaces. Besides, they are agreed
upon with each other in the certain way. Namely these families are
denoted correspondingly: G, < §,,6€ S, and L c§,,s€S,, and the

agreeing condition (matched condition) is as follows:
0 forany 6€S, of what s € G, follows that 6 € Ls: s € Gy =0 €Ly,

o forany se S, of what e L, followsthat seG,: 6L, = s5eG,.
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In the classical HT construction fulfilling of matched condition is the
subject of the theorem.
Subsets G,,0e€ S , are denoted as “curves”, L ,se€S, — as Hough

transform of observation s € §,,.

The rest elements of HT construction remains the same: a sequence
of observations s,,...,s, €S,, HT of the sequence of the observations:

L L_ , accumulator function and Hough-estimator [2,3].

An example of described above Hough-pair construction, which is
important in applications, is the such one in which: “curve” is a set of
pixels in a display representing the character from this or that collection
of characters. The set of these characters is the parameter space of the
Hough-pair, while a Hough — transform of the pixel is the subset of the
character collection, including the pixel as the element of a display
symbol representation.

Theorem 1. The quaternary S, — a set of the pixels, used for symbol

representation, S, — some collection of symbol, G,cS§,.0eS, -
pixels subsets, represented each of the symbol 6 from S, — are together

a Hough-pair of spaces.

It should be noted that one more Hough pair could be designed
regarding a symbol collection. Collection of the curves in this new one
is collection of “discretized” subsets of correspondent pixels.

This concept in [4] was used for character recognition by the its
images particularly for symbols recognition on automobile license
plates. The approach on the base of Hough-pair conception showed high
efficiency.
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GENERELIZING OF ARTIFICIAL NEURO NETS
Donchenko V.
Taras Shevchenko National University of Kyiv, Ukraine
voldon@bigmir.net

Artificial neural nets (ArtNN) with hidden layers is a technology,
that is widely used in applications (see, for example, [1]). In essence
they implement superposition functions of special parametric family of
functions.

But some faults of the ArtNN are obvious, namely, the constraints
on the primary functional elements represented by neurons, constraints
on topology, constraints on the optimizations, properly in the
appearance of the Back Propagation.

In the report the attempt is undertaking to extend the ArtNN up to
Functional nets taking as the primary the special functional element — so
called ERRT: elementary recursive regressive transformation,
spreading the topology and introducing “natural” optimizing parameter.
The fulcrum for the implementing this attempt arises from the theory of
Moore -Penrose Pseudo Inverse Matrixes (see, for ex. [2]) developed by
Kirichenko [2].

The approach proposed is realized in the conception of so called
Recursive nonlinear Functional Transformation - Functional Net (RFT-
FN. The idea of such type transformations in the variant of direct
recursion was introduced and discussed in the paper [4] . As it has been
already noticed earlier, RFT — FN embodies the main ideas of the
classical ArtNN: using the composition of standard primary functional
elements (artificial neurons — a.n.) connected according some topology
for constructing a complex object. The primary elements of the
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composition: a.n. — represents mathematically comparatively simple
function: a composition of linear function — linear functional for input
multi- dimensional variable, — and simple standard scalar function.
Conception of the RFT-FN leaves the main idea of ArtNN
unchangeable: that the idea of constructing a complex objects through a
composition of standard simple ones. But it is proposed and
implemented some substantial refinements. The main of them are
actually in the next: enriching the domain of the feasible functions for
the basis standard functional elements and introducing the special
procedure for the adjusting for the newly connecting ERRT; introducing
the special recursive dynamic procedure for the constructing the RFT-
FN; enriching the topology of connections; adaptive construction of
functional net. There are some more additional enhancements for the
ArtNN, proposed and implemented in the conception of the RFT — FN.
These are: coordinate wise nonlinear transformations of the input and
intermediate inner coordinate along with the linear transformations of
them. All the refinements make it possible to optimize the constructing
of the RFT-FN on the each recursive step and wholly by the next ways:
by the choice of the feasible functions for the ERRT, by the choice of
linear transformations of its coordinates and coordinate wise nonlinear
transformations of the coordinate for the input variables for the newly
connected ERRT: single or a number of them.
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MOBIUS INTEGRATORS FOR CONTROL PROBLEMS
! Frank, J., 2 Zhuk, S.
'Utrecht university, The Netherlands
’IBM Research - Ireland
j-efrank@uu.nl, sergiy.zhuk@ie.ibm.com

The paper presents symplectic Mobius integrators for Riccati
equations arising in linear quadratic optimal control problems. All
proposed methods preserve symmetry, positivity and quadratic
invariants for the Riccati equations, and non-statinary Lyapunov
functions. In addition, an efficient and numerically stable discretization
procedure based on reinitialization for the associated linear Hamiltonian
system is proposed. An efficacy of the proposed methodology is
illustrated by applying an implicit midpoint version of the Mobius
integrator to a Riccati equation associated with Galerkin projection of a
linear hyperbolic equation.

References
1. Frank, J. And Zhuk, S. Symplectic Mobius integrators for LQ optimal
control problems, CDC14 (submitted).

STUDY OF A MODEL OF ENVIRONMENTAL "PREDATOR-
PREY" WITHOUT AGE STRUCTURE
Garkusha N.
Taras Shevchenko National University of Kyiv, Ukraine
n@gmail.com

In this paper the mathematical model of population growth and
interaction of "predator-prey" is considered with the following
assumptions [1]: the density of the species, i.e. number of individuals
per unit area can be completely described by a single variable (ignore
the age, sex and genetic differences); changes in density can be
adequately described by deterministic equations; results of the
interaction within and between species occur with some delay (puberty).

Then the model can be represented by a system of two differential
equations following form

() = ax(t) - bx*(t) - ex(e — o)yt = )

: Hr-1). 1
H0=e)- 2 @
x(t - r)
A qualitative study of systems with aftereffect. Special interest is
the point lying in the positive quadrant:
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7 af ae
1 (.x Y )a X, =—> =
U bf e & bf +ce
The system of "perturbation equations” linearized in a neighborhood
of [ ,(x,,y,)- take the form

f(t) = (a —2bx, )f(t)— cyzf(t - r)— cxzn(t — T),

r}(t)=ef7(t)+f% Lo g(e-2)-29(-2)|-

2 2
A study of the singular point / (x,,y,) was done. The influence of

the aftereffect on the dynamics of the system is reviewed (1).
References
1. Smith J. The models in the ecology. — M., Mir, 1976. — 184 p.

FILTERING PROBLEM FOR PERIODICALLY
CORRELATED STOCHASTIC PROCESSES
Golichenko I.1.

National Technical University of Ukraine "KPI", Ukraine
idubovetska@gmail.com

We consider the problem of mean square optimal linear
estimation of the functional 4/¢ = f:a(t)g’ (—t)dr that depends on the
unknown values of periodically correlated stochastic process
{C(¢),t e R} [1] based on observations of the process ¢ (¢)+ 8(t) for

t<0. The noise {A(¢),t € R} is uncorrelated with £(¢) periodically

correlated process. This problem is studied for two cases: spectral
certainty (spectral densities are known) and spectral uncertainty (a class
of admissible densities is given).

Let spectral density matrices f(A4) and g(A4) of stationary

sequences {{;,j€Z} and {0,,jeZ}, which are induced by processes

¢(¢t) and O(t), respectively, be known. The classical Kolmogorov

projection method allows us to find formulas for calculating the spectral
characteristic /(f,g) and the mean square error A(f,g) [2] of the

optimal linear estimate of functional 4’¢ :

' (f,8)=(4" ™) f (W) =D (€M) f 1)+ g,
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A(f.8)=Mh(f.8) f.8) =(a,Wa)+(d.Ud).

In the case of spectral uncertainty the minimax-robust approach to
estimation problem is used. That is we find estimate that minimizes the
mean square error for all spectral densities from a given class
simultaneously.
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APPLICATION OF STOCHASTIC OPTIMIZATION
PROCEDURE TO INVESTMENT PORTFOLIO PROBLEM
Gorun P. P.!, Chabanyuk Ya. M.?

'Lviv Polytechnic National University, Ukraine
*Lviv State University of Life Safety, Ukraine
pavlo.gorun@gmail.com

Optimal portfolio of Markowitz model [1] has the following
simplified form [2]:

d
r(u)= Z”i”i — max,
i=l
_ d d
C(u;x) = Z ZSij(x)“i“j — min, Sl-j(x) = CjjXiX j,
i=1 j=1

where 7; =r;(f) — return on i- asset, x; =x;(¢f) — the risk of adverse
changes in market quotations for i- asset, Cij =c,-j(t), j=1.,n —

correlation coefficients of random variables of return on assets (risk of
adding to the portfolio of i - and j -type of asset).
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And stochastic optimization procedure (SOP) with Markov switching
. . . -1
in series scheme is given by formula (let Z =0 “lfc(”/f’xlf) =0)[3]

u®(t) =u +$ZZS(;8)_1a]beC(ulf,x]f),t >0, u(0)=ug, ue RY ,

where u e Rd, and v(¢) =max{n:rn St} — counting process of
restoring 7,,n>0 embedded Markov chain x, =x(r,),n>0 in
uniformly ergodic Markov process x(¢#) in dimensional space (X,X)
with generator Q and potential Ry [4, Subsection 1.6]. Pseudo gradient
V}, is according to the rule

V,C(u)=((C,) = Clu; )12, i=1,d),
uf =u; +b(t)e;, ¢; =10.,...,1,0,...,0}.

Sufficient conditions for convergence of this procedure is in [4].
Described SOP was applied to the search problem of optimal investment
portfolio. Simulation results confirm the good convergence of
procedure. So, even with partial data on selected assets and their
behavior, the use of SOP enables to find the point of extremum for
chosen regression function.
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METHODS OF INTELLIGENT MODELING OF ECONOMIC
AND MANUFACTURING PROCESSES FOR MANAGERIAL
DECISION SUPPORT SYSTEMS
Gritsenko V., Timashova L.

International Research and Training Center for Information
Technologies and Systems of National Academy of Sciences of Ukraine
and Ministry of Education and Sciences of Ukraine
dep190@irtc.org.ua

At the present moment economic and manufacturing systems are
under conditions of the highly unstable economic environment. There-
fore, an efficient support of the decision making process is necessary to
take the reasonable managerial decisions under such circumstances.
Uncertainty is a fundamental feature of the insufficient provision with
the knowledge about a certain problematical situation in order to support
the decision making process in the field of management and economics.
On this point any managerial decision should be grounded on the possi-
bility to take into consideration incomplete data. Also any managerial
decision should be based on the intelligent tools for modeling in order to
increase the level of efficiency of the managerial decisions.

The present day there is an issue of current importance to determine
the main factors that stipulate for the ways of the negotiation of the
nascent negative economic phenomena. It is necessary to use the
contemporary mathematical apparatus to determine the strategy of the
efficient management for the economical and manufacturing systems.
Particularly, for such purpose we should use the intelligent modeling
based on the knowledge extraction and realization in the intellectual
systems for the infotainment of the managerial decisions on different
levels. The urgency of these issues is determined by the urgent need in
the scientifically based, contemporary, comprehensible, and easy-to-
operate methods and new technologies for the decision support systems
for the management activity on different levels.

At the present moment an analysis of the scientific results both in
our country (V. M. Glushkov Institute of Cybernetics of National
Academy of Sciences of Ukraine, T. Shevchenko National University of
Kyiv, National Technical University of Ukraine, Institute of Artificial
Intelligence (city of Donetsk), etc) and abroad (Institute of Control
Sciences and Institute for System Programming of Russian Academy of
Sciences (RAS), St. Petersburg Institute for Informatics and Automation
of RAS, Lomonosov Moscow State University, such American
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institutions as Princeton University, University of Massachusetts,
Stanford University, Columbia University, etc) show that in spite of the
numerous researches in this field there is an urgent need in the
comprehensive research and application because there are still many
gaps in the surveys to deal with the state-of-the-art challenges [1,2].

The goal of the researches in these matters is to develop a
theoretical footing for the methods and tools for intelligent modeling of
processes defined by incomplete and uncertain data. This theoretical
basis should be used for the decision support systems to take managerial
decisions on the different levels in the constantly changing environment.
The methods’ and intelligent modeling technologies’ development is the
result of the researches in this field. It synthesizes accomplishments in
the field of traditional methods of mathematical modeling with the
systems based on the knowledge and the tools for intelligent analysis of
data. A new concept of the forming and development of the knowledge-
oriented methodology for intelligent modeling is also a terminal
product. This new concept synthesizes accomplishments in the field of
traditional methods of mathematical modeling with the systems based
on the knowledge and the tools for intellectual analysis of data. Also it
synthesizes new high-performance algorithms of the intelligent
modeling for the multivariate interconnected processes. These processes
are based on the knowledge-oriented technologies to intellectualize the
process of the managerial decision making support on different levels.

The main idea of these researches is to synthesize accomplishments
of the mathematical modeling methods, knowledge-oriented approaches
of artificial intelligence, and the intelligent analysis of data. It will
provide the tools of managerial decision support with features peculiar
to the human intelligence. Thus, it will increase efficiency of decision
making. Furthermore, intelligence systems will enrich the potentialities
to execute difficult tasks in the constantly changing environment
because they contain knowledge and technologies. Such systems process
information purposefully taking into consideration the experience. This
experience is acquired in the process of the problem solving in the
environment of incomplete and undetermined current information.

General economics, systems analysis, knowledge representation
methods, economical and mathematical methods and models,
information technologies and intelligent information systems, a theory
of decision making in the environment of uncertainty, colliding and risk
caused by them were used to develop the technology.
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The technology of the intelligent modeling for the social-economic
and manufacturing processes is an applied product. These processes are
characterized by incomplete and uncertain information. The technology
is designed for the managerial decision support systems of different
levels in the constantly changing environment.

Summary. This line of investigation is of current importance. It should
be developed and accomplished with help of the up-to-date software.

NUMERICAL SIMULATION OF THE PROCESS OF OPTICAL
RADIATION IN THE DEFORMING MEDIUM
Gryshchenko Oleksangr', Zagorodnia Ganna’,
Onotskyi Viacheslav’

Taras Shevchenko National University of Kyiv, Ukraine
'OGryshchenko@ukr.net, “anjal45@ukr.net,
*vingar@unicyb.kiev.ua

The general models of processes of adaptive or quasilinear optics
are known from 80th years of the last century [1,2]. It is science which
is on a side between engineering development and scientific researches.
It is engaged in studying of optical high-energy radiation distribution
process in the being deformed environment. It found the practical
application in the industry, medicine, in astronomical researches.

Nonlinearity of high-energy beams distribution is explained first of
all by non equilibrium change of the environment density in which the
bunch of beams extends. Such interaction of a power field and
temperature of the environment is described by system of the equations
of transfer for complex-valued function of energy and the energy
balance equation. Change of a power condition of the environment leads
to change of light penetration coefficient, and also to deformation which
in turn creates the deforming force which influences the direction of
beam movement.

Besides, in case of beams bunch distribution in the atmospheric
environment it is necessary to consider movement of air masses which is
described by Navier-Stokes equations.

Mathematical model of such phenomena it is investigated more not
enough.

In our work one of possible ways of numerical modeling of energy
distribution processes in such tasks is offered. It is offered modification
of two-step DS-algorithm [3]. It is investigated properties of numerical
model. Testing is held.
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ESTIMATION OF EXTREME VALUES: A CASE STUDY FOR
THE INTENSITY-DURATION-FREQUENCY CURVES
ASSESSMENT"

Jan HoleSovsky', Jaroslav Michalek’

'Brno University of Technology, Czech Republic
*University of Defence, Czech Republic
honza.holesovsky@gmail.com, michalek@fme.vutbr.cz

The extreme value theory is widely applied in order to estimate
the frequency of rare and extreme events. However, the increasing
demands on protection of human and their properties give a rise to
requirement for more accurate prediction and estimation. The purpose of
the contribution is to introduce and compare several parametric and
nonparametric techniques meant for extreme value index estimation
under the assumption of athreshold model.The nonparametric
estimators make use of high enough order statistics, which are selected
on the basis of double bootstrap methodology [1]. Both approaches are
further applied to estimation of intensity-duration-frequency curves,
which represent an important tool in hydrological praxis. The properties
of estimators and their impact on the curves estimation are discussed.
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UNCERTAIN LINEAR SYSTEMS OF INEQUALITIES:
STRONG SOLVABILITY AND STRONG FEASIBILITY
Oleg Iemets, Oleksandra Yemets’

Poltava University of Economics and Trade, Ukraine
yemetsli@mail.ru; yemets2008@ukr.net

The system of inequalities with data in the form of fuzzy numbers is
considered in the report. The strong solvability and strong feasibility of
uncertain linear systems of inequalities are investigated. Criteria of
strong solvability and strong feasibility of uncertain linear systems of
inequalities are received on five grades: exact, quasi-exact, semi-
uncertain, quasi-uncertain and uncertain grades.

The concepts of fuzzy number, its membership function and the
carrier; a continual and discrete fuzzy number; the peak (acute and
nonacute) of a fuzzy number; a normal fuzzy number; a standard fuzzy
number; a standardized fuzzy number; an interval matrix and its upper
and lower bounds; the middle matrix and the matrix of radiuses for an
interval matrix; an interval vector and its upper and lower bounds; the
middle matrix and the matrix of radiuses for an interval vector; a fuzzy
matrix; the interval linear system of inequalities; a fuzzy system of
linear inequalities are introduced for this aim.

The definitions of solvability and feasibility, strong solvability and
strong feasibility; strong solvability and strong feasibility of the system
of linear inequalities on five grades: ¢ (#€{0,1,2,3, 4}) are presented

in the report.

Theorems-criteria of strong feasibility and strong acceptability of
uncertain linear system of inequalities in the five grades are formulated
and proved.

It is planned to use these facts in optimization problems with
uncertain data in the future.
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ONE ALGORITHM FOR THE TWO-LEVEL MODEL OF
PRODUCTION AND TRANSPORTATION PROBLEM SOLVING
Ivokhin E., Adzhubey L., Almodars Barrak Subhi Kaml
Taras Shevchenko National University of Kyiv, Ukraine
ivohin@univ.kiev.ua, adzhubey@ukr.net

Principles of block optimization [1] simplify analysis, decision and
meaningful response of many problems of planning and management.
Through these methods can be divided into a complex production-
transportation problem to autonomous production planning problem and
organizing the delivery of products. On the other hand, interpretation of
the results in terms of content often enough to determine sustainable
approaches functioning of various economic and technical systems [2].

Traditional production and transportation problem is to determine
the production and transportation plan, minimize the total costs which
are related to the organization of production and transportation of
manufactured products to the points of consumption.

Assume that each consumer can satisfy their need for products only
by one manufacturer. This problem can be formulated as the linear
mixed-integer programming problem [3].

To create an effective method for solving of the obtained problem
it is carried out a modification of the general method of the problem
solving with considering the features of the two-level problem. There is
proposed to find the optimal solutions by using the iterative scheme [1].

This algorithm has been proposed for solving the problem of
efficient allocation of capacity data links between the nodes of the
network providers and users, taking into account both the needs and
benefits of subscribers and providers capacity. It has the sufficiently
high computational efficiency, what means about constructive
application of the proposed algorithm for the optimization problems
with two levels of formalization.
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ON ANALYSIS OF FUTURES MARKETS BY MONTE CARLO
METHOD
Kakoychenko A.
Taras Shevchenko National University of Kyiv, Ukraine
a.kakoychenko@gmail.com

The financial markets pricing process is unambiguously described
by flows of transactions. There are three most popular types of
transactions: add order, remove order and modify order. The model
allows passing from problem of pricing prediction to sub problems of
transactional flows prediction.

The process of model developing and testing required specialized
computer simulation software. The original program “Watcher” is used
for this purposes. This software is able to store and analyze market data,
perform tests of strategies and help with the development of trading
strategies. The data about transactions, provided by Moscow Exchange,
is also used in this research.

Many scientists consider the time intervals between two transactions
as exponential or gamma-distributed [1],[2]. But the analysis of
transactional flows proved, that this assumption contradicts the reality.
The model based on the range of frequencies is employed for the
approach. Nevertheless, the problem of evaluating the analytical
distribution formula is considered to be still actual.

Using this model to modeling and predicting the market states
requires model estimation. The estimation algorithm is also proposed.
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THE CLASSICAL AND QUANTUM DECISION
MAKING LOGIC
Jan Kaluski
Chorzow School of Banking, Chorzow, Poland
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In the work some problems of quantum decision making with
comparing to the classical logic are presented. Based to Bell’s theorem
(1964) and many works of famous physicians as Einstein, Bohr,
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Heisenberg, Born, Schroedinger, von Neumann and others which hold
fast to the concept of new logic, the hard way of development of
quantum logic in decision making is discussed. Simultaneously in the
paper the 1. Kant’s formal logic, Lukasiewicz-Tarski’s truth theory and
logic across the Jacyna-Onyszkiewicz’s cosmological theory and
Buddism’s philosophy are presented. To decision making in the
concrete situations some models of quantum information theory,
quantum probability and first of all quantum game theory are used. On
the number of examples according to detailed computing of the quantum
probability and construction of the quantum strategies in the games, the
methods of calculating are showed. In all mentioned discussion shows
that these methods are different from classical methods.

The work consists of 7 parts. The first part a genesis of classical
and quantum logic as well as literature is presented. The aim of the work
has been formulated by comparing analyses of the classical and
quantum logic in the models of decision making in theoretical and
practical aspects. Many historical, philosophical and just esoterical facts
into consideration was taken.

In the second part the genesis and properties of the quantum logic
are presented. In the third part some elements of the quantum
probability theory in comparison with the Kolmogorov probability
theory is discussed. An example calculating of the quantum probability
and classical ( Kolmogorov) probability is done.

In the fifth part the quantum game theory with the many examples is
discussed. Many kinds of game are presented in the aspects of
transformation the classical sets of game to quantum sets.

In the sixth part the quantum entangled states of atomic systems is
discussed. In the last part a reassume concerning of the all problems
covered in work is done.
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APPROXIMATE SYNTHESIS IN IMPULSE DISTRIBUTED
OPTIMAL CONTROL PROBLEM WITH RAPIDLY
OSCILLATING COEFFISIENTS
Kapustyan O.V., Kapustian'O.A., Rusina A.V.

Taras Shevchenko National University of Kyiv, Ukraine
! olena.kap@gmail.com

For a wide class of problems with both distributed [1]and
concentrated control [2] without restrictions it is possible to obtain a
closed optimal synthesis, parameters of which are expressed in terms of
the eigenfunctions and the eigennumbers of the corresponding
differential operator. In the case of rapidly oscillating coefficients in
such operator the task is to substantiate the approximate average
synthesis formula [3], [4]. In this work from this point of view we
consider a parabolic problem with distributed control and impulse
controlled action [5]. On the basis of the found formula of exact
synthesis we propose and prove procedure for constructing approximate
average synthesis, which consists in replacing all rapidly oscillating
parameters in the exact solution formula for the average ones and in
replacing all infinite sums for the finite ones.
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INFORMATION OPERATOR AND OPTIMAL ALGORITHMS
IN PROBLEMS OF MEASUREMENT AND DETECTION
Kasyanyuk V.S.

Taras Shevchenko National University of Kyiv, Ukraine
veda.sia@mail.ru

Radio-location parameters’ Pareto-optimal estimations [1] in
measuring task also as detection’ optimal algorithms are tightly related
to Fisher information operator in problems of measurement and
detection.

In case when radio-location parameters” vector x = (x,,...,x,)" is

estimated on measurements’ data y = (y,,...,¥,, )
y=Ax+v, )]

n,m

where 4 =(a;);2]";.; is matrix that characterizes measuring device and

V=0V, T are measurements’ noises, M(v)=0, M(ww*)=R,
det R # 0, then Pareto-optimal estimation x looks like
F=A"(44" +oR) 'y, 0>0. )

The estimation is accompanied by a background noise with level
h(w)=trA" (44" + wR) ' R(AA" + wR)™" A, which decreases monoton-
ous when o increases, and operator residual characterizing  estima-
tion” % displacement @(@)=tr(A" (44" + @R) " A4*(AA" + wR) ™" 4 -
—2A4*(AA" + @R) "' A+ E), which increases monotonous with the
growth of @. Choosing @ background noise’ level and the estimation’
operator residual value can be controlled.

Equation (1) linear transformation with the matrix 4*R™" leads to
A*R'y=A"R"Ax + A*R'v . The equation matrix is the Fisher infor-
mation operator F = A"R™' 4. As shown, de-correlated equation’ (1)
solution represented as a decomposition by the eigenvectors of matrix

F coincides with the Pareto-optimal estimation (2) corresponding
w=+0.
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The obtained solution’ properties are considered.
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DATA CLUSTERING USING THEORETIC-
POSSIBILITYAPPROACH
Kasyanyuk V., Malutenko L.
Taras Shevchenko National University of Kyiv, Ukraine
tk@unicyb.kiev.ua

The problem of data set effective partition into equivalence classes
using clustering algorithms is of a great practical importance. While
solving the problem, the task of choosing clustering algorithm's
adequate parameters can occur. In case of un-appropriate parameters
choice, the obtained partition will not meet experiment’s requirements,
but even if parameters’ choice was made successfully, questions can
often appear in regard of correct linking of data set's certain subsets to
one or other cluster. We propose an approach to clustering based on the
possibilities theory [1]. It allows us to consider inconclusiveness and
ambiguity of clustering algorithm’s parameters' selection when such
parameters are given as a fuzzy value or fuzzy variables’ vector.

The mathematical model is based on concepts of fuzzy cluster and

fuzzy partition. Let D is a finite data set, Dis a set of admissible

partitions of D into equivalence classes, a: X — D is a clustering

algorithm that makes a certain partition of D depending on parameters
'vector's value xeX. Let us call mappings 'system {C}cqi,.  Where
Ci: X—Da fuzzy partition, if U C/(x)=D and for all xeX, we

xeX
have:C(x)ea(x) and C(x)NCi(x) = where 1 # j. We define fuzzy
cluster as a fuzzy value C(&) on the set D, generated by canonical fuzzy
element & of possibility space (X, 2", P).

We propose evaluating methods for basic theoretical-possibility
characteristics -possibility and necessity—for assertions regarding appoint
belonging to the fuzzy cluster, fuzzy cluster and certain set non-empty
intersection, and two points’ equivalence relatively to fuzzy partition.

Problems of choosing the best (in certain sense) points and pairs of
equivalent points of given data set are also considered in our paper.
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A DECISION TREE BUILDING USING RANK STATISTICS
Khytryi L.V.
Taras Shevchenko National University of Kyiv, Ukraine
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Let’s denote that observation of a scalar variable ) occurs under
condition x=(x,...,x,). However, y 1is stochastic. According to
sample data one must find areas of vector x values, where values of y

are homogeneous. This result can be used for further sample analysis or
for prediction.

A decision tree building using a statistical test of homogeneity is
a suitable way to find homogeneous areas. Decision tree building
procedure is a recursive split of the sample according to the rule which
looks like x; <v so that p-value of homogeneity hypothesis applied to

values y of two resulting subsamples is the smallest. The split occurs if

it is statistically consistent. Rules of that splits that occurred form a
decision tree.

The usage of a statistical test in a decision tree building helps to
avoid the overfitting problem, which must be solved, when, for
example, some entropy-based measures are used [1].

Until one doesn’t make any assumptions about the distribution
functions, nonparametric tests of homogeneity should be used.

In the context of the research there was implemented the software
which allows to build decision trees using Wilcoxon-Mann-Whitney and
Van der Waerden rank tests of homogeneity [2].
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ASYMPTOTIC DISSIPATIVITY OF THE RANDOM
EVOLUTION WITH IMPULSE PERTURBATION

'Kinash A.V., *Chabanyuk Ya.M., 'Khimka U.T.
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Consider the stochastic system with impulse perturbation given by the
stochastic differential equation [1]
du®(t)=C(u(t);x(t/ *))dt + edn’ (t),u’ (t) e R, @)

with impulse perturbation process 7°(f)= j(: n° (ds;x(s / 52)), where

family of processes with independent increments determined by
generators I'’ (x)p(u,w,x) and T (x)p(u,,x) [2].
The limiting evolution for (1) is a solution of the following equation
du(t) = a(u)dt + o(u)dW (¢), 2)
where W(t) - Wiener process and a(u) has the representation

a(u)= jC(u;x);r(dx). Limiting difussion o(u)o (u)=B(u), where
X
B(u)=2[b,(x)Rypb, (x)7(dx) + [ b, (x)r(dx)[2].
X X
Let also satisfied the condition of balance jbl (x)z(dx)=0.
X

Definition. System (1) is called asymptotically dissipative if it is
dissipative limiting evolution (2).
Theorem Let process (u”(t),rf(t)) satisfied weakly convergence

conditions. In addition, for ¢, >0,c, >0 conditions a(u)V '(u) < —c,V (u),
sup|| o(u) |l< ¢, and condition of balance are satisfied.

Then the system (1) is asymptotically dissipative.
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THE NEW INVERSE BURGERS DYNAMICAL SYSTEM AND
ITS INTEGRAL SUBMANIFOLD
Kindybaliuk A.A., Prytula M.M.
Ivan Franko National University of Lviv, Ukraine
mykola.prytula@gmail.com

Recently the inverse Burgers dynamical system for the Burger’s
equationu, +uu,_ =u_ was introduced in [2] in the next form:

u,=v,
{ (D

v, =u, +uv.

We have obtained different inverse Burgers system in next form:
’ 2 2

The main goal of system (2) is ability to rewrite it as a set of differential
forms generating the closed Cartane-integrable ideal [1].

Theorem. The set of first order equations (2) is equivalent to the set of

second rank differential forms {a @ }constructing integral submanifold.:

{afz) = du/\dx+vdx/\dt+(u2/2)(dX/\dt), 3)

al? =du A dt+dv Adx,

do? = (dx—dt)na?,

Ideal is closed dl(a) c () :

{d al? =0.
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NONSTATIONARY TEMPERATURE FIELDS IN MEDIUMS
WITH THE DYNAMIC CHARACTERISTICS
'Kolyada Yu.E., Bulanchuk O.N.
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The study of nonstationary temperature fields in various mediums
are necessary for understanding processes taking place in the
modification of surface metals and alloys properties by pulsed
concentrated energy flows. An operational property of machined details
and components are substantially increased due to the formation the
hardened surface layer as a result of modification. The hardened layer is
formed with increased microhardness due to its heating and subsequent
rapid cooling deep into the sample at a speed of 10°-10" deg / s.

Experimental results of numerous authors indicate that a change in
microhardness along the depth of the layer is a function with obviously
expressed maximum. Such dependence is favorable from the viewpoint
of operational characteristics detail subjected to friction. However, the
available theoretical studies give different results- dependence of the
microhardness of the depth hardened layer is a decreasing function with
a maximum value at the sample surface, which passes to the
microhardness of the original material. l.e. there is an obvious
discrepancy between the experimental and theoretical results. Such
calculations are obtained by many authors for solving one-dimensional
heat equation. It was assumed that the thermodynamic characteristics of
the medium remained stationary.

In this work we solve the problem of the spread the temperature
field in medium with dynamic characteristics. In particular, the phase
transformations have been considered occurring in the medium (in the
metal), under the action of the pulsed surface energy flows. It is these
circumstances lead to the necessity take into account dynamics of the
basic thermodynamic properties of mediums in different phases (solid -
liquid). Consideration was also given the energy loss due to thermal
radiation.

The simplest way to model the heat transfer process in view melting
of the medium is use a classical heat equation with the modified density,
specific heat and thermal conductivity coefficient:
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Here, the coefficient heat conductivity of a medium £ is calculated
using the formula % = (1—04) k + ak,, subscripts 1 and 2 denote the

coefficients relating to the of heat conductivity of the liquid and solid;
o - smoothing function, which depends on the temperature T and

simulating phase state of medium. View a(T) is given from the

assumption, that the phase transition is carried out in the temperature
range from 7 —AT /2 to T +AT /2, where T - the melting

temperature, AT - the width of the temperature interval inside which the
substance is a mixture of solid and the melt. In this case « (T) defined

in such a way that it is equal to one, if the substance is a liquid and
0, T<T, —AT/2

zero, when-solid: a(T) = s
L, T>T, +AT/2

with following
T +AT/2 da(T) . - .

———2dT =1. In the case of infinitely narrow interval
T,-AT/2

condition

function a(T) is the Heaviside function equal to zero then 7T < T,

and equal to one for 7> T , here j—; - Dirac function.

For the specific heat capacity at constant pressure, also temperature-
dependent, formula is used
da
ar’
where )\ specific heat of fusion. Density of the material as a
function of temperature, given by expression

(1 - 04) p,c,, tap.c,,
(1 — a) ¢, tac, '
It is investigated model yielded nature of the change microhardness
into the sample, which is observed experimentally. All this has allowed
better understand the essence the physical processes occurring in the

interaction of concentrated energy flows with medium and take the
necessary technical decision by consideration of concrete problems.

¢ = (1 — oz)cm +ac,, + A

p:

2
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PROBABILISTIC APPROACH TO CONSTRUCTION OF
MODELS OF DUOPOLY WITH QUADRATIC FUNCTIONS OF
COSTS OF PRODUCERS
Kosarevych K.V.

Ivan Franko National University of Lviv, Ukraine
katia_kosarevych@mail.ru

Two nonclassical models of the quantitative competition under
the conditions of duopoly with random strategies and quadratic costs of
producers were proposed. The class of distributions of random
quantities of manufacturer’s production, which guarantees the existence
of "corrected" Nash equilibrium [1] in built models, was allocated.
Formulas for the calculation of the equilibrium were found in an explicit
form, first in case of duopoly with one random strategy [2], later with
both random strategies.

In particular, all results were obtained for exponential and
uniform distributions of random strategies with changeable parameters
of distributions. Herewith the quantities of manufacturer’s production
are considered independent random variables. The use of exponential
and uniform distributions (with changeable parameters) allows to solve
the problem of searching of "corrected" Nash equilibrium by the
methods of convex optimization.
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ASYMPTOTIC GENERATOR OF OPTIMIZATION
PROCEDURE WITH IMPULSIVE PERTURBATIONS
'"Kukurba V., *Chabanyuk Ya., *Malanchuk O.
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*Lviv State University of Life Safety, Ukraine
3Lviv National Medical University, Ukraine
vkuku@i.ua

Continuous stochastic optimization procedure with semi-
Markov’s switchings and impulsive perturbations is defined by the
evolution equation[1]:

du® (t)=a()[V,, C(u® (t);x(t/e*))dt + &dn’ (1)], (1)

b(1)
where ¥y, Clu) = (C(u+b(t);x2)b—(§(u—b(t);x))’ ueR. The

regression function C(u;x) depends on uniformly ergodic semi-

Markov process x(z) >0,£>0, in the dimensional space phase of
states (X, X), u®(¢),t >0 —random evolution, & - scheme parameter.

Impulsive perturbation process 77°(¢),>0 and its generator are
defined in [2].

Lemma. Generator of procedure (1) on perturbed Lyapunov
function V°(u;x,t) =V (u)+ &’ a@)V,(u;x) + &*a@)V, (u;x), where
V(u) e C*(R), has representation:

L7V (u,x,0) = a()LV (u) + 65 () (u),

where LV (1) =T1C, (x)V (1) =I1V,C(u;x)V'(1). The negligible term
6, (1)V (u), satisfies condition |G, (t)V (u)|< M .
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MARKOV MODEL HEALTH INSURANCE POLICES
Kushnir L., Yeleyko Ya.
Ivan Franko National University of Lviv, Ukraine
kushnir.iruna@gmail.com

To describe the policy should specify: validity of the policy 7, the set
of possible states of the insured £ and stochastic process f(t) on T with
values of E, reflecting the random change of state of the insured [1].

We denote by Z, Z=e* the random variable describing the
insurance benefits, when the insured event. Let & — continuous random
variable with distribution function F (x), which describes the interest

rate. Then the actuarial present value for the insured aged 7 years from
payment of the size of the unit at the time of the insured event can
calculate as follows:

A, =E|Z]= j P, (t)ﬁe&dF((S)Jdt . (1)

0

If 0 — random variable that takes the value of 0,,0,,...,0, with
probabilities p,, p,,..., p, , respectively. Then the actuarial present
value is calculated as:

Ao, =E[Z]= Zpkj RIXO73 @)

where p_(¢) is the probability of the 1nsured event.
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STEADY STATE ANALYSIS OF INFINITE RETRIAL QUEUES
Lebedev Eugene, Ponomarov Vadym
Taras Shevchenko National University of Kyiv, Ukraine
vponomarov@gmail.com

Retrial queues are a very important class of stochastic systems that
are often used in practice. The queuing systems are the most appropriate
models for computer and telecommunication networks, queue control
and other stochastic systems (for more details see [1]).

In classic retrial queues it is usually assumed that each call which
cannot be served immediately and has joined to the orbit returns to the
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servers and tries to get service again in a random period of time
independently from other sources of retrial calls.

In spite of widespread of the retrial queues explicit formulas of the
steady state probabilities were obtained only in the simplest cases [1].
Steady state distribution or main performance measures of queues with
more than two servers are usually computed by some sort of a recurrent
algorithm.

The main purpose of this presentation is to obtain explicit
analytical expressions of probabilistic characteristics of the M/M/c/c0
queue in the steady state through its parameters for all ¢=1,2,.... First
we obtain explicit formulas of vector-matrix type for steady state distri-
bution of the truncated system. It can be written in the following form:

7, (N)=A,;(N) -my(N),j=0.1,...,

-1
N-1 N-1

where A j(N)z(H BilA[]Clel {e{ (HBilAi JClel} , A, B;, C —
i=j i=0

matrices that depend on the parameters of the system.

To find stationary distribution of the initial system we now take the
limit of 4,(N) as truncation level N tends to infinity.

In case of the system with one or two servers, the above formulas
turn into scalar expressions, which are well known from earlier works.
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TOPOLOGY OF HAMILTONIAN VECTOR FIELDS
ON CLOSED DOMAIN
Losieva M., Pryshliak D.
Taras Shevchenko National University of Kyiv, Ukraine
mv.loseva@gmail.com

On the plane, we consider closed bounded domain U with smooth
boundary. A function fis an m-function if all the critical points of the
function f and its restriction to the boundary are nondegenerated.
Hamiltonian vector generated by the function f, or skew gradient field of
the function f has the integral curves, which coincide with the
components of the function levels. To describe the topological structure
of the this field we use graph introduced in the works Kronrod and
Reeb, which is obtained as a quotient space of U by identification of the
points belonging to the same component of level. Orientation graph is
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determined by the direction of function increasing. Also we paint the
edges in two colors — red, if the corresponding components of the level
are homeomorphic to the segments, and black if they are homeomorphic
to the circles.

A function will be called simple if function is not more than one
critical point of the function or its restriction on each level. Two vector
fields is called topologically equivalent if there exists a homeomorphism
that maps the trajectory of one of the vector field in the trajectories of
the other, keeping the direction of movement on them.

Theorem. Two Hamiltonian vector fields of simple m-functions on
compact domains are topologically equivalent if and only if their
painted oriented Kronrod-Reeb graphs are isomorphic (isomorphism
preserves the color and orientation of the edges).
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MINIMAX FILTERING PROBLEM FOR STOCHACTIC
SEQUENCES WITH STATIONARY INCREMENTS
"Luz M.M., *Moklyachuk M.P.

Taras Shevchenko National University of Kyiv, Ukraine
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The problem of optimal mean-square estimation of a linear
functional A& =Z::Oa(k)§(—k) of unknown values of a stochastic

sequence ¢&(m), meZ, with stationary nth increments [1] from
observations &(k)+n(k) at points of time k =0,—1,-2,..., is considered.
n(m), meZ, is an uncorrelated with &£(m) stationary stochastic
sequence. In the case where spectral densities f(A) and g(A) of the
sequences are known spectral characteristic and mean-square error of an
estimate 1215 are calculated by the formulas
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gAY alkye™ (=AY " (P'S,a,
(A (f(A)+ 2 g(A)  (1—e™) (f(A)+ ﬂz"g(/l))
A(f,g;;lf) = <Sﬂaﬂ,Pﬂ_lS#a#>+<Qa,a>.

The operators S,

(1= [ g [1=e™ "2 f(A)gA)
FA+2"¢(A) 7 f(A+A"g(A) " f(A)+A"g(A)
vectors a, and a are defined by the coefficients a(k), k=0,1,2,....

h,(A) =

P,, O are defined by the Fourier coefficients of the

functions

Minimax method of estimation is applied in the case where spectral
densities f(1) and g(1) of the sequences are not known, but sets of

admissible spectral densities are given. Formulas that determine the
least favorable spectral densities and minimax spectral characteristics
are proposed for some special classes of admissible densities [2].
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MODELING OF FUNDAMENTAL FACTORS ON THE
DYNAMICS OF PRICES FOR REAL PROPERTY
UNDER UNCERTAINTY
Maksyshko N., Shapovalova V.
Zaporizhzhya National University, Ukraine
maxishko@ukr.net, victoria2909@mail.ru

The real estate market is an integral part of the system of economic
relations. The prediction of the of the real estate market behavior is
particularly difficult due to the fact that the processes taking place in the
market influenced by objective economic conditions and subjective
decisions of market participants determine the nonlinear dynamics of
market prices, the crisis and, as a result, a high degree of
unpredictability dynamics.
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In the face of uncertainty cognitive modeling is the unique tool for
the analysis, the use of which is appropriate for the analysis of the
functioning of the real estate market.

In this paper presents the cognitive model that reflects the impact of
fundamentals on changing the dynamics of the price of real estate. For
its construction analyzes four main factors: natural (floods, hurricanes,
volcanic eruptions, and other emergencies, etc.), economic (crisis and
economic growth as a result of which there are changes in GDP,
revenues and costs of economic agents and inflation), political (change
leadership of the country: the election of presidents, governments and
parliaments, acceptance of bills, etc.), social unrest or more.

The result is a cognitive model quantitative measurement validity of
fundamental factors on the dynamics of prices for real estate,

represented as a vector @ = (¢, @5, @5, ¢}).
The cognitive models of accounting for the influence of
fundamental factors on the dynamics of real estate prices makes it

possible to increase the effectiveness of decisions made in real estate,
and used to build an effective prediction system.

APPLICATION OF THE AGENT-BASED MODELING
APPROACH TO DECISION MAKING
Manovytska D.

Taras Shevchenko National University of Kyiv, Ukraine
manovytska_dariia@ukr.net

Strengthening of real processes unpredictability in society calls for
the need for creating new analytical approaches and related management
methods.

The paper describes procedures that could increase the effectiveness
of managerial decision-making at the regional and state levels by
deepening our understanding of the meaning of complex unexplained
phenomena in society, influences of preferences for one's own kind, that
can lead either to conflict or to cooperation. For that, in the paper
Schelling Segregation Model [2] and simulation software tool NetLogo
[1] are used.

Schelling segregation model is designed to explore important social
phenomena and it represents a system of dynamically interacting agents,
"the model of self-assembled Neighborhood". Schelling introduced a
model system of distinguishable types of agents (population, folks) with
discriminatory individual preferences for certain neighborhood
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compositions, and then quantitatively explored the dynamics of this
model system. Schelling model showed that spontaneous human
interactions often lead to the emergence of an unintentional patterns on a
societal level, either desirable or not; it explained why do wars start,
conflicts between people, nations emerge, etc. Especially interesting are
segregation patterns resulting from the voluntary choices of individuals,
when rigid segregation is the unintended consequence of a much milder
preferences (the paradox of "weak preferences"). In some cases, due to
the small incentives, the actions of blind forces - seemingly harmless
personal preferences, can lead to polar results. Using this model, we can
find that when the desired similarity threshold is too high (90%), then in
such a society will never be peace. At 40% similarity, there are
segregated areas like the ghetto areas of racial segregation.

Using Schelling Segregation Model and results obtained in NetLogo in
managerial procedures allows enhancing the quality of decisions taken.
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INVESTIGATION OF NONLINEAR DYNAMICS IN MODEL OF
HODGKIN-HUXLEY BASED ON LYAPUNOV'S EXPONENT
Marcenyuk VP, Maihruk ZV
Ya. Horbachevsky Ternopil State Medical University, Ukraine

marceniuk@yahoo,com,zorana_mauhruk2010@mail.ru

Software implementation of the algorithm for calculating the
Lyapunov exponent.

The software environment proposed in this paper is implemented as
package of Java-classes. It consists of the following packages and
classes.

FDE package is designed to obtain the numerical solution of
differential equations. GRAPH package contains classes for graphical
visualization of solutions of equations. Hodgkin huxley package
contains classes describing the Hodgkin-Huxley model and algorithm
for calculating the Lyapunov exponent. This package includes the
following classes:
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e Hodgkin HuxleyLiapunovExponentsSystem — describes the
right parts of the differential equations of Hodgkin-Huxley model
and algorithm for calculating the Lyapunov exponent;
e Hodgkin HuxleyLiapunovExponentsSystemGraph — is used for
graphical plotting of solutions of equations;
e Hodgkin HuxleyLiapunovExponentsSystemGraphMenu -
class, which describes the main menu of a program,;
e Hodgkin HuxleyLiapunovExponentsSystemInputDataFrame -
class-frame for input of initial parameters of a model.
The developed software package of classes is a useful tool that can be
used in web projects of integrated physiological modeling.
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ABOUT ONE ALGORITHM CLUSTERING DATABASES IN
ELECTRONIC COMMERCE
Marin D.E.
Taras Shevchenko National University of Kyiv, Ukraine
dimam1391@gmail.com

The general idea of the algorithm is to construct neural network
training unmanageable. It consists in calculating the geometric
properties Hebbopodobnoho rule learning and lateral interactions.

The main characteristics of the algorithm are:

e continuous input space images activations generated from some
probability distribution;

o the network topology is built in the shape of a lattice consisting of
neurons determines the discrete output space;

e neighborhood function 7, (n) is time-dependent and is defined in
a neighborhood of the winning neuron i(x) ;

e learning speed setting 7(x), for any given initial value 7,,
gradually decreasing in time 7, but does not reach zero.

Apart from initialization, the algorithm goes through three basic
steps: sub-sample, find best match and adjusting.

1.Initialization. For outgoing vectors of synaptic weights W, are
selected random values. The only requirement here is the difference
vectors for different values of j=1,2,....,/, where /- the total number of

neurons in the lattice. It is recommended to keep small amplitude
values. Another way to initialize the algorithm is the random selection

of the set of weights {VV_/.(O)}_I/.:1 with the available set of input vectors.

2.Subsample. Choosing the vector ¥ from the input space with a
certain probability. This vector is the excitement that is applied to the
lattice of neurons. The dimension of the vector x is equal to m .

3.Find the maximum similarity. Find the most suitable (who won)
neuron i(x)at step n, using the criterion of minimum euclidean

distance: i(x)=argmin|x-w,|[,j=12,..,/
J

4.Correction. Corrects vectors synaptic weights of all neurons using
the following formula: w; (n+1)=w,(n)+n(n)h,,,(n)(x—w,(n))

wheren(T) - setting speed training; h,, ., (n) - neighborhood function
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centered on the winning neuron i(x). Both of these parameters are

changed dynamically during training in order to obtain better results.

5. Continued. Go back to step 2 and continue the computation as
long as the card features do not stop to significant changes occur.
This algorithm was used in e-commerce to increase the number of sales.
References
1. Xaiikun C. Heiiponnsie cetu. Ilommerit kype / C. Xaiikua — M.:
Bunssamc, 2006 — 1104 ¢. — ISBN5-8459-0890-6.

SOFTWARE ENVIRONMENT OF EPIDEMIOLOGICAL
SYSTEM RESEARCH
Marcenyuk V., Kuchvara O.
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Influenza and infectious diseases continue to be one of the most
urgent medical and social problems. Advanced researches in analyses
and authentic scenarios of epidemic growth forecast are of particular
importance nowadays. The prediction of arising and course of epidemics
is necessary for the most effective implementation of
immunoprophylaxis measures, in particular, it is significant both for
elucidation and organizing planning of events.

The purpose of this report is to suggest web-integrated software
environment that implements principle mathematical models on the
basis of approaches to computer modeling and also on the basis of
existing software which is used during epidemiological investigations.

The results of system analysis in the process of decision making in
epidemiological system investigations, the analyses of system structure
and project investigations, allow to design and to realize the software for
mathematical epidemiology tasks. SSMD uses modern algorithms of
data processing and contains databases for input, eternal and imprint
data flows and knowledge base that give an opportunity to assess
impartially the condition of the epidemiological disease extension
process and to choose optimal decisions concerning the prophylaxis and
treatment. The use of client-server architecture allows providing an
effective access to data, realizing security measures and heightening the
effectiveness of information processing.

The Netbeans environment is chosen as a set of instruments for Java-
project of this paper — by virtue of characteristics of universality, quic-
kness of developing and openness which are described above. More-
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over, freely distributed libraries of AJAX and RIA components are used
in the project — both for work with database and for graphic interface.

Consequently, the software environment of epidemiological system
researches, is suggested in this paper. The project is realized on the basis
of Java-technologies, which makes this program product to be Web-
integrated.

Software environment secures the threshold values calculation of
reproduction basic numbers, taking into consideration the type of
compartmental epidemiological model and also optimal diagram of
prophylactic measures.
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A MATHEMATICAL PROGRAMMING PROBLEM
WITH THE FUZZY SET OF CONSTRAINTS
Mashchenko S.O., Al-Sammarraie Mohammed Saad Ibrahim
Taras Shevchenko National University of Kyiv, Ukraine
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A classical problem statement in mathematical programming is to
search an extremum of objective function g(x) on a set F of feasible
alternatives x being elements of a set X . The set of feasible alternatives
F is specified on X by aset M ={1,2,...,m} of inequality constraints

of the form f,(x)<0,ieM.

In known formulations of fuzzy mathematical programming
problems the fuzziness is manifested in the description of both the
objective function and the set of alternatives, not concerning the set of
constraints. In the report, we will analyze a mathematical programming
problem with a fuzzy set of the indices of constraints.

Assume that decision maker (DM) cannot clearly specify which
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constraints from the set M should actually define the feasible
alternatives but can only define a membership function (i), i € M , of

the fuzzy set of indices M C M of actual (in his opinion) constraints.

Without loss of generality, we assume that the DM maximizes the
objective function. Then a mathematical programming problem with a
fuzzy set of the indices of constraints occurs in the following

formulation: g(x) —> max, xe X, f,(x)<0,ieM.

In the basis of offered approach the notion of intersection of fuzzy
set of fuzzy sets [1] lies to the solving of this problem. In the report
properties of this set are led and the formulation of the problem of
rational decisions choice is considered.
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TO THE ISSUE OF SOLUTION ESTIMATING OF LINEAR
VARIATIONAL EQUATIONS IN GILBERT SPACES
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Let H, be a Gilbert space over the field of real numbers, which
coincides with its adjoint one, H, be a subspace of the space H,,
which is continuously and densely embedded in H,. Let a vector
@ € H, be a solution of variational equation

alp,y)=BIy)+(g.¥), VyeH,, (1)
a(p,y) is a bilinear continuous form, given on H,, BeL(H,,H,),
4 is a vector from Gilbert space H,, which is a solution of linear
equation F8=f, 2)
Fe £(H,,H,), H,H, are Gilbert spaces, f is some vector from

domain of values of the operator F .
Assume that a vector y is given in form

y=Cp+v,Ce L(H,,H), 3)
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where ¢ is the solution of the equation (1) with unknown value of f,
v is unknown vector from Gilbert space H .

Under such a condition that (v, f) belongs to a set G of space
HxH,, and perhaps the operator F has no the inverse one, we
investigate the problems of finding optimal in some sense solution of
equation (1) with the observations (3). Also we research the case when
v is the realization of random vector with unknown -correlation

operator, which belongs to some set. Under some conditions on the sets,
we prove that the optimal estimates satisfy some equations.

LINEAR ESTIMATES OF THE STOCHASTIC PROCESSES
MEAN VALUES UNDER UNCERTAINTIES
Nakonechnyi O., Demydenko S.

Taras Shevchenko National University of Kyiv, Ukraine
a.nakonechniy@gmail.com

Let on interval [0,7'] a continuous in mean square vector stochastic
process ¢(t) be given with mean value E¢(t)= H(t)x(¢) and
correlation function R(?,s), where H(¢) is a matrix of dimension
nxm, which has continuous elements and the continuous vector
function x(¢) on [0,7]. We also assume that the values

Ty _
N = J.gk (t)s(t)dt,k =1,N, and realizations ¢(¢) are observed on
0

the interval [7},,7] with known function H(¢#) and unknown x(¢) and
R(t,s), which belong to the sets G and V" of some functional spaces.
g, (t) is the matrix functions sequence of dimension pxn with the

elements from space L,(0,7;). The linear estimates of the vector-

N U
function x(¢) have a form ()= > u" (t)rp; + j u® (t,9)c(s)ds +c,
k=1 Ty

where u,({l) (1),u'? (t,s) are some matrix functions, ¢ is vector.
Optimal estimate is found from the condition
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inf sup j E|x(t)- %) dt—supJ.E|x(t) 20| dt.
GV
We prove the existence condmons for such estimates and
investigate the problems of determining the best estimates for the sets

T| ;k 2
G- x()_[ d xk(l)
0

RISK MANAGEMENT AND DECISION SUPPORT
IN INSURANCE
Norkin B.
Glushkov Institute of Cybernetics, Kyiv, Ukraine
bogdan.norkin@gmail.com

T
dt<q? k=1, V:{R:jspR(t,t)dtng,kzl}.

0

We study a stochastic bi-criteria optimal control problem to find an
insurance company’s optimal dividend policy accounting for return and
risk indicators. The evolution of the company's capital is modeled by a
stochastic risk process in discrete time with subtraction of dividends. As
a measure of profitability average total discounted dividends are used,
and as an indicator of risk, borrowed capital necessary to prevent ruin,
as well as the probability of negative capital values is taken. We
consider three approaches to solve the problem.

The first one is based on parallel simulation technique [1].

In the second one the problem is reduced to a one-criterion
formulation by using penalty risk functions with variable penalty
coefficient [2]. To find the optimal control the dynamic programming
method is validated. Bellman optimality equations are solved by
successive approximations that in this case have an exponential rate of
uniform convergence.

In the third approach we approximate the Pareto optimal set of the
problem by means of the so-called barrier-proportional control strategies
[3]. In these strategies dividends are taken as a certain quota of the
capital excess over given barrier. To find corresponding profitability and
risk performance indicators we solve Bellman type integral equations.
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THE MATHEMATICAL MODEL OF FORMATION AN
ADMINISTRATIVE DECISIONS OF PROVIDING AN
EDUCATIONAL SERVICES IN EDUCATIONAL
INSTITUTIONS
Pampuha Igor, Savkov Pavlo, Savkova Valentina
pamp@ukr.net, savkovpa@meta.ua valentina.savkova@gmail.com

An existing world of the management tasks system of decision-
making in the field of assessing the quality of educational services in
higher education requires: high reliability; systematization of data and
knowledge in related fields; genesis and predicting the results of the
processes behavior; adapt to internal changes in the system, and external
influences; optimized bench-mark data (input parameters, flexible
mathematical data processing apparatus); grounding and a selection of
the criterions for decision-making; consideration of the results of a
professional activity; versatility of using . The analysis shows that the
qualitative generalization and implementation of all of the above
requirements is the development of an adequate mathematical model.
One the aspect of its construction, it is a choice and justification of
mathematical apparatus.

As the mathematical apparatus it is proposed to use synthesis of
aggregate of theory of neural networks (non-linearity, mapping input
data into output, adaptability, the obviousness of an answer, contextual
information, fault tolerance, an efficient feasibility = on modern
computers and VLSI, the analogy with neurobiology), control theory
(dynamic units to use as activation functions), analytic hierarchy process
(the grounding of the choice of transfer functions and their parameters at
every stage of the educational process description), space method
(building of the dynamic model of the process of educational services
with the ability to monitor the parameters in the defined check point and
moment of a time, to explore reachability properties, controllability,
stabilizability, observability, recoverability, identifiability, canonical
decomposition, self-organization) benefits. Thus, as a result of the
synthesis of mathematical tools it is possible to develop a mathematical
model of describing the formation of administrative decisions on the
provision of educational services in educational institutions to achieve
quality at a level not lover than defined.
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SIMULATIONS OF FRACTIONAL BROWNIAN MOTION
Pashko A.A.
Taras Shevchenko National University of Kyiv, Ukraine
pashkoua@mail.ru

Wiener process with arbitrary Hurst index can be represented as a

series [1] W, ()= Z(ak sin(x,2)X, +b, (1—cos(y,2))Y, ).
k=1
where {X},Y;}- independent standard Gaussian random variables,

{xy } - real zeros of Bessel functions J_, (x), {4 }- real zeros of Bessel

(04
functons (), ap —ZC__y _mTNC
X Jea (X))’ Vi J_a (i)’
C= F(%%W Consider the following series as a model
z
M
Sa(t,M)ZZ(ak Sin(xkt)Xk +bk(l—COS(ykt))Yk), where {XkaYk}'
k=1

independent strictly sub-Gaussian random variables. Since the zeros of
Bessel functions are not exactly calculated, we will find them with some
precision, the same applies to the expansion coefficients. Designate the

approximate values a,,b,,x,,y, by 51{’51“%1{’)71{‘ Let |ak —5k| <h,
by =bi <h s P —E] <l -
accuracy of the calculation.

Then the process model has the form

M —
Sa(t,M)=Z(ék sin(X,2) X, +b; (l—cos(}kt))Y;{). A simulation
k=1

<hi. Where he hl h' h}

accuracy A(?) is equal to A() =W, ()= S, (t,M).
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Given results A(f)can be used to simulate processes with given

accuracy and reliability in various function spaces.
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THE USE OF THE DCF MODEL IN ESTIMATING THE COST
OF EQUITY CAPITAL IN VERTICALLY INTEGRATED
COMPANY
PetlenkoYulia V.

Taras Shevchenko National University of Kyiv, Ukraine
f_knu_4@mail.ru

The main arguments that a vertically integrated company value is
unaffected by its choice of capital structure was developed by J.
B.Williams [1]. Following up on Williams' work, Modigliani-Miller
(MM) [2] solved that all financing decisions are irrelevant. In this paper
we discuss the use of a model based on the Discounted Cash Flow
(DCF), or Gordon Model [3], approach to measuring equity costs. The
general DCF model may be defined as follows:

D11+ D22+ D33+...+ wa, (1)
(1+r) (1+r) (l+r) (1+r)

where F, is the current price of the stock of vertically integrated

value = F, =

company, Ot is the expected periodic dividend, and 7 is the required rate
of return.

Gordon and others went on to use the DCF model for manypurposes,
and versions were developed to deal with situations where theexpected
future growth rate is variable as well as constant. In almost all of the
publications the intrinsic value of a firm is determined by the size,
timing, and risk of its expected future dividend.

The basic DCF Gordon’s Model constant growth model states that

D/ . . . . D
r= + g, it is possible to rewrite the equation: P, ="1 ,
RTEEEP 1 ° /r—g)

where gexpectedgrowth rate in dividends as predicted by a marginal
investor.In this sense, the constant growth assumption is a reasonable
one for many vertically integrated companies.

The discounted- cash-flow (DCF) formula for the present value of a
stock is just the same as it is for the present value of any other asset.
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Recall that free cash flow (FCF) is the cash from operations that is
actually available for distribution to investors, including stockholders,
bondholders, and preferred stockholders. Therefore, vertically integrated
company value can be calculated as the present value of its expected
future free cash flows from operations, discounted at its weighted
average cost of capital (WACC), plus the value of its nonoperation
assets. This equation can be used to find the value of vertically
integrated company’s operations at time N, when its free cash flows
stabilize and begin to grow at a constant rate.

z FCF, FCF,_ _FCE, (1+g)

t

l = = .
e ;1 (1+wAcc)™ WACC-g WACC-g

This result figure is called the company’s terminal, or horizon, value,
because it is the value at the end of the forecast period[4]. It is also
sometimes called a continuing value.
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ESTIMATES FOR THE MAXIMUS MODULUS OF ANALYTIC
CHARACTERISTIC FUNCTIONS
Platsydem Marta, Sheremeta Myroslav, Kinash Orest
Ivan Franko National University of Lviv, Ukraine
marta0691@rambler.ru

Let F - distribution function. The function ¢(z)= IeizxdF (%),
defined for real z [1, p. 12] is a characteristic function of this law.
If @ has the analytic continuation on the disk D, ={z:|z|< R},

0 < R < +o0, then we name ¢ by analytic in D,. It is known that ¢ is
analytic in D, characteristic function if and only if for every

re[ 0,R ) WF(X):ZI—F()C)+F(—X):0(67”))6—)4-00.
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By ® € Q(0,R), 0< R <+, we denote the class of positive
unbounded functions ® on [r,,R) for some re[0,R) such that
the derivative @' is positive, continuously differentiable and
O(r)
'(r)
be the function associated with @ in the sense of Newton and & be the

inverse function to @' .
For ® € Q(0,R), and ®'(x,) <a<b <400 we put

increasing to + o on (7,,R). For ® € Q(0,R),let W (r)=r—

GgmaquzbfLJQ%T»w, Gg¢a®yﬂ%é%;jwﬂm}

a

Theorem Let @ € Q(0,R), 0< R <+, and ¢ be an analytic

in D, characteristic function of a probability law F,which
satisfies 1limW, (x)e™ =+,  We suppose that In u(r,p) < ®(r)

Jor all relr,,R) and W, .(x,)—InW,.(x,,)=0(1), k > o, for

some increasing to + o sequence X = (X, ) of positive numbers. Then

mlnﬂ(’”a(o) < lim G, (x;, %, D)
AR D(r) oo Gy (X, x,,,, D)

and if
(D" (r)
o) +[ (@'(7)?

where Q(r)=0 if R<+o0 and Q(r)=Inr if R<+w, then

lj In®(r)>q>-w, relr,,R),

lim A 0) e 1060 X, P
TR Ind(r) >e In G, (x,,x,,,, D)
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GUARANTEED ESTIMATES OF SOLUTIONS AND RIGHT-
HAND SIDES OF INFINITE SYSTEMS OF LINEAR
ALGEBRAIC EQUATIONS UNDER UNCERTAIN DATA
Podlipenko Yu. K.

Taras Shevchenko National University of Kyiv, Ukraine
youripl@mail.ru

In this study we focus on the problem of guaranteed estimation of
solutions and right-hand sides of infinite systems of linear equations

X =Y agx, =b, (i=12,..) (1)
k=1

under uncertainties. Here we suppose that a, are the known

coefficients satisfying the condition

o0
2
Y e <o,

ik=1

b,i=1,2,..., the free members, are unknown and subjected to a certain
quadratic restriction. We also suppose that system (1) has a unique
solution in the space [° for any b ={b.} e/’ (this assumption is
fulfilled if and only if when the number 1 is not an eigenvalue of the

operator A € L(I*) defined by the infinite matrix (a,, ).

.. . . . 2
From indirect noisy observations of unknown solution x = {x,} €/

of system (1) we obtain optimal, in certain sense, linear with respect to
observations estimates of this solution and right-hand side b = {b,} and

estimation errors which are expressed via solutions of some two
uniquely solvable infinite systems of linear equations of special type.

It is proved that the solution of each of obtained systems may be found
by the method of reduction, i.e., by means of a passage to the limit in the
solution of the finite system obtained from the corresponding infinite
system by discarding all equations and unknowns commencing with a
certain one.
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THE THRESHOLD CONTROL POLICY FOR RETRIAL
QUEUES WITH TWO RETRIAL ATTEMPTS
Pryshchepa Oksana
Taras Shevchenko National University of Kyiv, Ukraine
o.prischepa@gmail.com

Retrial queues have been widely used to model the many real
situations in telephone systems, telecommunication networks and call
centers (see, for example, [1],[2]).

In this work we consider the M /M /cretrial queues in which the
number of retrials for each customer is limited by two attempts. These
retrial queues are characterized by the following feature. A flow of
customer arrives from outside to servers. If an arriving primary
customer finds a server free then it immediately occupies the server and
leaves the system after service. If all servers are busy then it leaves
service area and some random time repeats his demand. If a customer
fails to enter the service facility at second retrial then the customer
leaves the system without service.

We consider situation when a rate of the input flow is controlled by
the threshold policy. That is, if in some moment of time the total number
of customers in the orbit of the system which can do first and second
attempt does not exceed the value /H then the system operates in the

first mode with rate of input flow A, . If it is more than H then the

system switches the second mode with rate of input flow 7, .

The main purpose of the presentation is to point out the optimal
threshold H depending on model parameters. For this purpose the
algorithm for stationary probabilities and the quality function are
constructed for the truncated model of our queue. That is, the orbit size
(numbers of customers in the orbit of the system which can do first and
second attempts) is limited by given two constants.
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CALIBRATED MEAN IN SAMPLING SURVEY
Rozora Iryna, Lukovych Olga
Taras Shevchenko National University of Kyiv, Ukraine
irozora@biigmir.net

Calibration weighting is a general technique for adjusting
probability-sampling weights to increase the precision of estimates,
account for unit nonresponse or frame errors, or force internal estimates
to be consistent. Lets, however, focuses on the basic conditions: single
phase sampling and full response. In practice, survey conditions are not
that simple, but many theory papers nevertheless address this situation.

Let's start with a definition of the calibration approach proposed by
Sarndal(2007).

Definition. The calibration approach to estimation for finite
populations consists of

(a) a computation of weights that incorporate specified auxiliary
information and are restrained by calibration equation(s),

(b) the use of these weights to compute linearly weighted estimates
of totals and other finite population parameters: weight times variable
value, summed over set of observed units,

(c) an objective to obtain nearly design unbiased estimates as long
as nonresponse and other nonsampling errors are absent.

A probability sample s is drawn from the finite population
U={1,2,...k,...,N} . Denote by =, the inclusion probability of unit and by

the design weight of . Let y be the variable of interest. The value y,
of the study variable y is recorded for all £ es (complete response). The

Zyk

objective is to estimate the unknown mean u, = UN . The basic design

24
estimator of 4 is 4" = kT , the Horwitz-Thompson estimator.

It is unbiased for x, and it is the basis for construction of many

estimators. It is not always a very good estimator. HT estimator may be
seriously deficient. One of the question is to improve an accuracy of the
estimate /, .

A more efficient weighting as compared with HT estimator is
usually achieved by using the available auxiliary information. Denote by
x, an auxiliary variable, associated with the k-th unit.
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zwkyk
Definition. (Deville and Sérndal (1992)) Estimator 4, , = kE*N
is called calibrated if it estimates the known mean x,_ without error:
Efic,, = u, (or the same Y wux, =Y x )and the distance between the

kes keU

weights d, and weights w, is minimal according to the loss function
L(w,d)=L(w,,d, kes)

To calculate calibrated weights we solve a minimization problem

L(w,d)=L(w,,d, .k € s) > min

Note that for some loss functions the explicit solution exists, for
others the iterative procedure can be used. Deville and Sarndal (1992)
show that a variety of distance functions satisfying mild conditions will
generate asymptotically equivalent calibration estimators. The most
commonly used distance measure is the chi-squared distance
L(w,d)=)(w,—d,)’[(g,d,), where the g,'s are known positive constants

uncorrelated with the 4, 's.

Calibrated weights can be less than 1 or negative (for some loss
functions). (It may cause a real problem when, for example, estimating
totals for domains.) Questions about the existence of a solution to the
calibration equation are discussed in Théberge (2000).
we obtain that calibrated mean estimator is equal to

D Wy

I[ICAL) kestlu, +ﬂ(ﬂx H (1

where f=(i%)"'%'y, ¥=(f),. IS a matrix with corrected vectors

=NGA X5 Ve =N Y
References
1. Alexander, C.H. (1987). A class of methods for using person controls in
household weighting. Survey Methodology, 13, P.183-198.
2.Bankier, M.D., Rathwell, S. and Majkowski, M. (1992). Two step
generalized least squares estimation in the 1991 Canadian Census. Working
paper, Census Operations Section, Social Surveys Methods Division,
Statistics Canada.
3.Kovacevi¢, M.S. (1997). Calibration estimation of cumulative
distribution and quantile functions from survey data. Proceedings of the
Survey Methods Section, Statistical Society of Canada, P.139-144.
4.Lehtonen, R., Sarndal, C.E. and Veijanen, A. (2003). The effect of model
choice in estimation for domains, including small domains. Survey

&3



Methodology, 29, 3344.

5.Rueda, M., Martinez, S., Martinez, H. and Arcos, A. (2007). Estimation
of the distribution function with calibration methods. Journal of Statistical
Planning and Inference, 137, P.435-448.

6.C.-E. Sérndal (2007). The calibration approach in survey theory and
practice. Survey methodology, 33(2), P.99-119.

THE GROUNDING FOR INDICATORS OF QUALITY OF
EDUCATION IN HEI
(Higher Educational Institutionals)
Savkova Valentina, Marx Gémez Jorge
valentina.savkova@gmail.com,
jorge.marx.gomez@uni-oldenburg.de

The choice of parameters is performed according to the structure of
the organization and leading EP in HEI [2,3] and is divided into three
blocks: - Block 1 - indicators of impact on the organization and
conducting of the entrance campaign; Block 2 - indicators of impact on
the organization and conduct of EP in HEI; - Block 3 - interning on a
first position at work. These units are consist of the following indi-cators
of impact on the EQ of HEI: Block 1 (4, +4,,): A;; = {requi-rements

to availability and adequacy of documents}; A, = {require-ments for
the number of points in the certificate of Centre of the evaluation of
EQ}; Aj; = {requirements for the number of points for participating in
the contest}; A4 = {requirements for evaluating the state of health};

Ajs = {requirements for individual psychological assessment as a
candidate}; Al6 = {requirements} medical examina-tion; Block 2
(A4, +A4y;): Ay = {requirements for organization of self-training};

Ajy={organization} current control knowledge; Ay;={ atten-dance of a
lessons by a student}; A,, = {availability of textbooks and training
manuals on subjects, their quality}; A,s ={controlling the acti-vities of
the leadership of the organization and attendance}; As = {equipment
reading rooms, laboratories, classrooms, special. Audiences};
A,; = { motivation of a student}; A,s = {organization, discipline and
conscientious attitude to learning of a student};Block 3 (4;, +4;,):

Aj = {professional competencies of a student }; Aj;, = {business
competencies of a student }; As; = {level of a teacher competence}; A4
= {level of compliance with the requirements of the teacher in daily
activities}; Aszs = {personal qualities}; Azs = {level of discipline};
Aj7 = {moral and ethical qualities}. Gaining a weight coefficients and
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the priority of each indicator of impact on EQ in HEI is performing

using the analytic hierarchy process (AHP): AH=AN;
H, 1
H, |3 W=qHm; g=

H nax = Z:/:IHn

H,

;Y W, =1L W, >0

Wi W= Wi> .. 2Wy {A,., i= 1,N} = {(A,.k,W,,k), k= 1,N} .

PROPERTIES OF THE PERTURBED CONES IN VECTOR
OPTIMIZATION PROBLEM
Semenova N.V., Lebedeva T.T., Sergienko T.I.
V.M.Glushkov Institut of Cybernetics of NASU, Ukraine
nvsemenova@meta.ua, lebedtt@ji.com.ua

A discrete  vector optimization problem Z(M(F,X)):
max {F(x) | x € X}, is considered, which consists of search of elements
optimal set solutions M (F,X)e {SZ(F,X),P(F,X), Sm(F,X)} , Where,
P(F,X)— set of Pareto-optimal solutions, S/(F,X)— set of Slater-

optimal solutions, Sm(F,X)— set of Smale-optimal solutions. We will
put in order the feasible area of problems Z(M (F,X)) by means of

polyhedral cone K ={xe R" |Cx > 0}.Effects of input data perturbations

on the solutions of vector optimization problems are investigated[1-3].
Analysis of properties of perturbed cones which partially order the
vector optimization problem feasible domain with respect to the linear
objective functions were carried out. Structure of the set of specific
perturbed ordering cones with different values of parameter of
perturbations of input data were studied.

The expounded results undertaken studies allow substantially to
extend an idea about properties and structure of set by the special
character of perturbed cones, putting in order the set of feasible
solutions of vector optimization problems. The got results can be drawn

" This work was supported by the State Foundation of Fundamental Research
of Ukraine (the project 54.1/039).
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on in development of theory of well-posedness of vector optimization
problems, including problems fully and partly integer optimizations.
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SEMILOCAL CONVERGENCE ANALYSIS
OF COMBINED METHODS
Shakhno S.M., Yarmola H.P.
Ivan Franko National University of Lviv, Ukraine
s_shakhno@franko.lviv.ua, halina_yarmola@ukr.net

Consider the equation
H(x)EF(x)+G(x)=O, @8

where F' and G are nonlinear operators, defined on a convex subset D
of a Banach space X with values in a Banach space Y . F' is a Frechet-
differentiable operator, G' is a continuous operator, differentiability of
which is not required.

For solving equation (1) we proposed two-point combined methods
[2, 3]. These methods are based on Newton's method, method of a linear
interpolation and two-step methods with derivatives and divided
differences. The formulas of the methods are:

X, =x,~[F'(x,)+G(2x,~x, 5x,,)] H(x,), n=0L... ()
xn+1 :xn _Aan(xn)’ Yn+1 :xn+l —An_lH(an), n= 0’ 1:"-: (3)

where A4, =F’(%}+ G(xﬂ;yn)-

We also investigated the method [1]

X, =%, = F'(x,)+G(x,;x ]H ), n=0,1,.... 4)

n+1
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Semilocal convergence of the methods (2) - (4) was studied under
generalized Lipschitz conditions for derivatives and divided differences.
These conditions are more general and include classical Lipschitz
conditions. Also we established the conditions under which the methods
converge to the unique solution of equation (1).
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ON CONJUGATE TRIGONOMETRIC SERIES
Shatashvili Albert , Bakuridze Mzevinar , Didmanidze Marina
Batumi Shota Rustaveli State University, Georgia

Below we suppose that 7'=[-z,7] and functions f:R—> R are

27 - periodic. For feL(T), by o[f] and o[f] we denote Fourier
trigonometric series of f and its conjugate series respectively, i. e.

ol f,x] ="—2°+ > ay coskx + by sinkx, k=0,1,2,...
K=1

&[f,x]zZ—choskx+aKsinloc, keN, where
K=1
a, Eak(f)zlj.(t)cosktdt, keN, a, Eak(f)zlj‘(t)sinktdt, keN.
ﬂ-T ”T

b, =b.(f) =lj(t)sinkzdz, keN.
”T

1

We imply, that ~ f,(x)=—
27

[f(x+f)—f(x—l)]ctg%dt, n>1.

3 [N =N

If pe[l+] and the function f e Z’(T), than
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1 N
||fp={5j;lf(t)l dt}} , pe[L+o].
= lfl, =supl o,

If felL’(T), pe[l,+o]and &>0, than the representation
(6, 1), =sup|| f(+h)—f()],, is called L? -modulus of continuity
h<5

Therefore L”(T) = c(T) and ||/

of function f .
Let’s note that w(d, f), = @(J, f).,.
Theorem 1.Let p €]l,+oo[ and f € C(T). Then

6" (=T IS AP 0| — o f | +n70Cf),dnm) 7 f, nz4

n? B

MINIMAX ESTIMATING FOR THE VOLATILITY SURFACE
Shchestyuk N.
National University “Kiyv-Mohila Academy”, Ukraine
Natalyshch@gmail.com

The Black—Scholes-Merton model [1] gives options prices as a
function of volatility. If an option price is given by the market we can
invert this relationship to get the implied volatility. If the model were
perfect, this implied value would be the same for all option market
prices, but reality shows this is not the case. Implied Black—Scholes
volatilities strongly depend on the maturity and the strike of the
European option under scrutiny. It is easy to solve this paradox by
allowing volatility to be time-dependent, as Merton did (see Merton [2],
1973). However, the dependence of implied volatility on the strike K ,
for a given maturity 7 (known as the smile effect) is trickier. The spot
process S is then governed by the stochastic differential equation Dupire
[3].

The volatility surface O'(K , T ) is a function of the strike K and

expiration T . It is constructed using market prices of European call and
put options. The volatility surface O'(K I ) is defined implicitly by
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kat(SﬁKﬂT): CB_S(SaTaRoKaO-(KaT)),

where C

kit (S K, T ) denotes the market price of the call option with
expiration 7" and strike K and C B—s(') is the corresponding Black-

Scholes formula for pricing this call option.

The volatility surface is very important for risk management
purposes and scenario analysis. But from definition we have only a
number of points on our surface and we need fill in the rest of the
surface using some sort of interpolation or extrapolation procedure.

In this paper the discrete volatility surface O'(K T ) was constructed
for GOOGLE options and considered as random field O'(u,z)) for

(u, U) € D c Z?[4]. We want to predict unknown values of a random
field J(K A ), (K A )e P & D from observations of the field O'(u,z))

for (u,u)e D c R*. For this aim some classes of correlation
uncertainty are considered. Problem of estimation of the functional

A,0 = Za(u,v)a(u,v) on the unknown values of a random field
(u,v)eP

U(K,T), (K,T)e P & D from observations of the field U(u,u) for

(u, l)) € D c Z? is investigated. Formulas are proposed for calculation

the mean square errors and spectral characteristics of the optimal linear
estimate. The least favourable spectral densities and the minimax-robust
spectral characteristics of the optimal linear estimates of the linear
functional 4,0 are found for some classes of random fields.
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TRANSITIONAL MODAL LOGICS OF NON-MONOTONE
PARTIAL PREDICATES
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Modal logic is an extension of classical mathematical logic which
is a more powerful tool for expressing and analysis: e.g., temporal logics
are used for dynamic systems modelling, software systems specification
and verification; epistemic modal logics are used for description of
intelligence systems, databases and knowledge bases with incomplete
information. However, classical logic has some fundamental restrictions
which don't allow taking into account sufficiently such properties of
subject-domain information as incompleteness, partiality, uncertainty.
This leads to a problem of construction of new program-oriented logical
formalisms based on wide classes of partial mappings over nominative
data. Composition-nominative modal logics [1] could be such a
formalism. Their imporant variant, modal transitional logics (MTL), can
adequately represent changes and development of subject-domains.

The report introduces MTL of partial quasi-ary predicates without
monotonicity restriction (for research dedicated to the equitone
(monotone) case of MTL, see [1, 2]). Such logics can be of effective use
for description of dynamic and information systems under uncertainty
and incompleteness.

We define languages and semantic models of MTL of non-
monotone predicates and investigate their semantic properties.
Significant difference between MTL of monotone and non-monotone
predicates is demonstrated: as an example, the converse Barcan formula
is not valid in the case of non-monotone predicates, however (see [2]),
this formula is valid in the case of monotone predicates. Properties of
logical consequence relations for sets of formulas, specified with states,
are considered. Basing on these properties, corresponding sequent
calculi can be constructed.
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The apparatus of mathematical logic is widely used in various
logical systems in programming and modelling. The systems are usually
based on classical predicate logic. However, traditional total single-
valued mappings don't allow taking into account sufficiently such
properties of subject-domain information as incompleteness, partiality,
uncertainty. At the same time, partial mappings over incomplete data
can be easily found in programming and modelling; moreover, such
mappings are not always single-valued and monotone. So it becomes an
important task to introduce and investigate program-oriented logical
formalisms based on such mappings. Composition-nominative logics of
partial predicates [1] could be such a formalism.

In this paper we study semantic properties of pure fisrt-order
composition-nominative logics (PCNL) of partial single-valued, total
multi-valued and partial multi-valued predicates. Along with basic PCNL,

we consider logics with extended renomination composition RI*.

These logics called PCNLER. By using it, one can indicate explicitly
the absence of value for the subject names (variables), i.e., remove
components with undefined names. Also we define compositions of

extended quantification 3.x and V', x through R .

We describe languages and semantic models of PCNLER and
study their semantic properties. The criterion of subject variables strict
unessentiality, formulated in terms of extended quantifiers, is proved.
Logical consequence relations for sets of formulas |=¢;, |=cw, =1 =
|=7= are specified and their properties in various semantics are
investigated. These properties allow to construct sequent calculi for
such logics.
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We consider semi-continuous killed Markov decision
processes [ 1] which satisfies following conditions:
1. Setof states X and set of actions 4 — separable metric spaces.
X, X X — closed subsets of X and A4 A

m+12°**2“%p m+12°°*2“"n

closed subset of 4 .
2. If x, >xeX and q, € A(x,) then exists limit point of

sequence {ak} , which belongs to set A(x).

3. 0f fef(X,) and g(a)= [ p(dx]a)f(x) (ac4, ) then

t

ge(4) (t=m+1,...,n) (where £(E) — set of all semi-

continuous functions on £ [1]).
4. Reward function g belongs to £(4,)and terminal reward r

belongs to £(X,).

We introduce crash function [2], defined on a subset X~ of a
set kepyBanb X and probability measure defined on space of
ways L:

P(l)— /Ll(dxm)ﬂ-(damﬂ xm)p(dme am+l)"'p(dxn
p(dx,)(da, | %,) p(dx, | a,.)-p(ds]a,), x; e X"

We investigate fundamental equation and conditions of
existence of measurable optimal policies.
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There are given the developed information systems and
examples of their application in the field of environmental
protection.

- " Chronicle of Nature " information system is designed for
inventory and monitoring of biodiversity in reserves and national
natural parks of Ukraine. The system integrates at functional level
the database (DB) with the interface program of the user for data
input and editing, and also software which forms and implements
information requests to DB in a friendly for user interface. The
database includes general information, data on territory flora and
fauna, data on protected species, etc.

- Information system of the rural water supply objects
certification. The system makes it possible to create a uniform
information databank for consolidation of information on a
condition of sources and objects of rural water supply with the
subsequent analysis of a situation.

- Greencity information system for inventory of urban
plantation allows to carry out the analysis of inventory and
monitoring data. The system includes the following units: help
system, database with the interface, mapping unit, inquiry unit and
report generation unit in the form of thematic maps and paper
documents. All units are united by the common user interface.
The system includes the cartographical unit and can be adapted
for use in parks, reserves and botanical gardens.

- Information monitoring system of pollutants discharge
with drainage water into the Black Sea. The system allows to
calculate the spillover of polluting substances in the discharge
points and in the automated mode to display necessary charts on
the digital map.
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Problem statement.Over the last years, decision-making
problems in portfolio management have become of major interest
in the field of investment activities of organizations at the
Ukrainian market. On a day-to-day basis, significant amounts of
stocks are sold and purchased with the purpose of generating a
profit. The efficiency of decision-making in portfolio management
depends greatly on the reliability and accuracy of price fluctuation
forecasts. That is why short-term securities forecasting is of great
practical significance for investors' business activities.

The information on stock price performance gives us the
impression of hectic motion: falls and rises of stocks succeed one
another randomly. Even if we have been observing an upward
stock trend over a large time interval, should we take a closer look
at the chart, we will see that this trend paves its way through
complex motions of the time series. The series direction
constantly changes influenced by irregular and often unknown
forces. The forecast has to be made. Usually this task is assigned
to experts who can analyze the current market situation and
identify factors, which influence the stock motion on a regular
basis. That is why we set ourselves the following task. Firstly, we
will try to study the applicability of statistical methods, aimed at
describing recurring events or situations characterized by
relatively stable connections, for short-term securities forecasting.
Secondly, if the above-mentioned statistical methods can be
applied to complete this task, we will seek to identify their most
promising class, distinguish the unique characteristics of these
methods and review the simplest onesin detail. Finally, we will
show their practical use.
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General formulation.The object of research is the time series of
successive daily data on bigname stocks that we will write down
as x,,Xx,..,x, where N — is the series length, or the length of the

examined truncated series, to be more specific. Our task was to
detect a more or less stable dependence of the i” observation
from the previous ones and, based on this, to make a forecast for

the (N +1) " moment.

As a statistical base for this research, we used the bigname stock
data: AZST, BAVL CEEN DOEN, MSICH. The length of each
time series was randomly assumed to be equal to 150 daily
observations from 01.02.2013 till 01.09.2013. We have previously
made sure that the initial series are not absolutely random (not a
white noise where there is no dependence between the series
values, which are related to different moments, and the future
motion direction of which is equally possible, i.e.,
unpredictable).The selected series have been tested using the
criteria of randomness: the turning point criterion, the phase
length distribution criterionand the criterion based on rank
correlation. We used the adaptive model class, since these models
absorb new information and can adjust their parameters based on
the forecast error made at the previous stage. We need a forecast
for the next day but all we have to do to gain positive effect is to
foresee the motion of the stock up or down. We will begin to
construct the model by looking at the following product
m, =kk,_, . It is easy to notice that
+L,when k,=landk,_ =1 whenk =-1,k_ =-1
m;, = 0,k, =lork, ;=0
-1, whenk,=land k_ =-1 whenk =—-1landk_, =1.

The first equation in this expression corresponds to the stock
motion trend maintenance as you go from one moment to another,
the third equation shows the change in the trend, in this case, it is
about the turning point, and in the second equation, it is about an
uncertain situation. To find out, which situation is the most
common today, we should find a way to average out the ™:series
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for a known interval. Todo that, let us use the exponential
smoothing method.

S, =am, +fS, ,, (1
where S, - exponential average value at t
@ — smoothing constant (adaptation parameter), S=1-c.

The expression (l)an be rewritten in the following way
S, =am, +(-a)S,_, =S, +a(m, —S,_) (2
Where S, ,can be viewed as a one-step ahead forecast, as an
me value forecast made at ¢ —1, in this case the value (m, -5, )

is the error of the given forecast, the new=: forecast is the result of
the previous forecast adjustment in respect to its error. This is
what forecast model adaptation means. The best value of «is
established through a trial and search process aimed at minimizing
the losses and maximizing the gains.
Conclusions

We have carefully examined the adaptive model, which can
be applied to the real data. The overall results are positive, though
there is still no way we can avoid the risk altogether. The
proposed approaches to short-term securities forecasting allow
experts to make efficient decisions. Broadly speaking, the forecast
itself is background information for the second phase of work,
which is developing an optimal solution.
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The report presents the aggregation approach and explains
multiple criteria decision methods developed to assist industrial
authorities in the management of complex environmental protection
projects.

Group decision making is a situation where two or more decision
makers are involved in decision of a joint problem whereas each of them
has their own understanding of the problem and the decision
consequences. In this situation the individual preferences must be
aggregated and there are at least two kinds of aggregation - behaviors
aggregation and formal one.

Behaviors aggregation is the process by which decision group are
able to trade-off their expectations and agree on a common system of
objectives and preferences. After a communicative phase, decision
makers as a rule assume a unified problem structure and common value
functions.

In complex situations where occurs an interdisciplinary
incomprehension the individual solutions can be represented and
compared through formal aggregation procedures to select a uniform
solution. One of the most common methods of formal aggregation is a
method using ordered weighted average operators (OWA) introduced by
R. Yagerin[1].

In this report, we represent a series of classical OWA, and
develop some new aggregating operators, establish various properties of
these operators, and then apply them to develop new approaches to
multiple group decision making with both probabilistic and fuzzy
information, and with different sequence order. Moreover, we extend
these aggregation operators and decision making approaches to interval
environments. Finally, we show how the use of the proposed approach
allows decision group members to search for satisfying solutions and to
evaluate them.
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RECURRENT LEAST SQUARES
NON-STATIONARY PARAMETER ESTIMATION WITH
LEAST DEVIATION NORM FROM ‘ATTRACTION’ POINTS
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Consider the identification of slowly time-varying parameter vector
a in situation when for ¢ its ‘attraction’ point . (V) is known at any

moment N (N =0,1,2,...). The least squares estimate with variable
forgetting factor A(7) is investigated in non-classical case when this
estimate may be not unique for model:
y(k)=x"(k)a+&k), k=1, N, NeN,
where y(k), £(k) are scalar observation and error model, respectively,
vector x(k) is given, aeR”, A(i)€(0,1], ieN. The last-named
estimate may be not unique and set of these estimates is defined as
ArgminQ(a,N) ,
o

where

Q(O"N)Ziw(k,N)ﬁz(k),w(k,N): [140. swo k=1.N -1,

k=1 1, sxwo k=N.
The least squares estimate &(N ) with variable forgetting factor

A(7) and least deviation norm from ‘attraction’ point o.+(N) at moment
N is proposed as unique estimate on before-mentioned estimate set:

&(N) = Xy +(E, - X3 Xy )ou(N), NeN,
where (7)— Moore-Penrose pseudo-inverse operator,

F = column(\w(L,N)y(1),....JW(N, N)y(N)),

)?N = column (mxT(l),. . .,mxT(N)).

Two forms of recurrent representation for d(N ) are suggested

without use of matrix pseudo-inversion. Recurrent algorithm for
weighted residual sum of squares g(N)=Q(&(N),N) is obtained too.
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METHODS
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In this study we consider the problem of optimal traffic control
where the value of the optimality criterion is represented by the value of
average time spent before leaving a crossroad.

We assume that during the time 1 car arrives at the crossroad (in i -

th direction) with probability 4 and does not arrive with
probability 1 - 4, . In case of “green light” car passes with probability o,
and does not pass with probabilityl—m (i=1,2). We assume that
numbers of cars waiting at the crossroad are limited with N, (i=1,2)

and car flows are independent. There are several possible ways of traffic
control under such conditions.

The fixed-mode automaton is control system keeping “green light”
during the time g,z for the first traffic flow and a,r for the second one

(a,, a, are positive integers). If the sum a +a, is fixed a may

become a parameter of optimization. To solve such complicated
problem we use stochastic simulation approach and genetic algorithms.
The feedback automaton [1] is control system which chooses the
flow in accordance to the rule fixed for each state of the system. The
state of  the system is represented by random

vector X (1) = (X, (1), X, (1)), X,(¢) is number of cars in the first line

and X, (¢) is the same value for the second one. This model is solved

with the help of Howard algorithm for Markov decision processes with
several ergodic sets [2].
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The problem adopting the optimal decision in terms of risk can be
written as follows [1]:

Aopt = {ai,opt | ai,()pt € A A ’;’,opt = l'nlll'l(f;)} s (1)

where A_  is a set of optimal alternatives a; , belonging to the set A

opt i,0pt

of all alternatives and assessment of adverse outcome 7, which is the

i,opt
lowest among all ratings 7. Outcome 7; will be called a risk.

To quantify the risk may be offered different evaluation functions.
Such functions will be called risk functions.

Considered are some typical presentations of risk functions that
can be used in applied problems of decision-making in engineering,
technology, ecology and economy.

Let there the set of alternatives among which it should be chosen
the best one using the criteria for minimal risk (1) be. It is shown that
the comparison of alternatives on risk [2], appropriate evaluation
functions of alternatives can be given as the functions of additional risk,
components of which are based on estimates by which extreme among
alternatives ordered in increasing for one of the evaluation criteria are
characterized.
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KRISFLOW Hydrogeological Computer Model

KRISFLOW HCM is designed for determination of the
depth of groundwater, depending on various factors, in particular
agricultural practices and drainage system regime. Model allows:
» systematizing the information characterizing the long-term

regime of flooding,

» predicting the dynamics of groundwater in accordance with
natural, agricultural, and technological factors,

» justifying the solutions on reconstruction and optimization of
the drainage network,

» predicting groundwater contamination with herbicides and
pesticides from agricultural practices.

The software is used to manage an irrigation system
Kahovska.

Drainage Optimization Model

The model is designed for improvement of drainage
schemes and development of optimal drainage regimes for areas
underflooded by groundwater. Model allows:
» determining the optimal drainage system regime (water

pumping rate providing the normal groundwater level)
depending on data in monitoring wells,

» carrying out the decision-making support upon drainage
design.

Use of a complex allows creating the optimal layouts of
drainage of the drowned territories, irrigating systems and
industrial zones. It will help to improve an ecological condition of
adjacent territories by retardation of water-logging, erodibility and
soil salination processes.
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ABOUT UNCLEARNESS AND INFINITE IN COMBINATORIAL
OPTIMIZATION
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The argument of objective function in combinatorial optimization
are combinatorial configurations (permutations, partitioning, selections
of different types and others like that) [1]. In some problems we can
represent them as input data. Combinatorial configurations show by
itself any aggregate of elements, which appears from all or from some
elements of base sets 4={ay,...,a,}. Will designate them w. They

form a combinatorial sets W . Will name subsets W, W by subsets

of isomorphous combinatorial configurations, if its elements w are

isomorphous (combinatorial configurations — isomorphous, if number of
elements for them identical). For this W simultaneously is finite and

infinite, as a number n can acquire arbitrary values. Subsets W, of

placing with reiterations (or combination with reiterations) — finite, and
sets W the same combinatorial configurations for the same n —

infinite. Such properties are characteristic for fractals. In recognition of
speech, electrocardiograms, encephalogram input data are certain
signals which show by itself placing with reiterations. From here the
unclearness of input data. For example, speech, which answer the same
word, to said repeatedly the same announcer or different announcers,
differ between itself. In the problem of classification it is infinite base
sets, part of elements of which is known, and part is determined in the
process of decision of problem, that information enter in the process of
decision of problem and changes in time. The argument of objective
function in her is the partial partitioning of infinite sets 4 on m subsets

with reiterations. It is infinite.

References

1. Tumodiera H.K. TeopeTuxo-uncioBi MeTonu pO3B'S3aHHS 3a1ad
KoMOiHaTOpHOI onTuMizauii. ABToped. AUC... TOKT. TeXH. HAayK / — [H-T
kioepuetukn iMm. B.M. I'mymxoBa HAH Vxkpainu, Kuis. — 2007. — 32 c.

102



SWITCHED SYSTEM IN RETRIAL QUEUEING
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The theory of retrial queues forms one of important field
of the general queueing theory. The theory of such systems is subject
of the monograph [1] and their different applications one can find
in [2].

In this paper a system with limited waiting space and the two
services is considered. In the contrast to the traditional queueing
systems we deal with model with unlimited orbit. The later means that
if an arriving claim find both the servers and waiting space being
occupied it becomes the sources of repeated claims. We also supposed
that the intensity of input flow depends on the number of the sources of
repeated claims. For such a system the condition for ergodic
distribution of the number of claims in the system to exist is find. To
find that distribution itself we propose an approach involving two
stages. On the first one the explicit formula for ergodic distribution for
the system with limited orbit was obtained in the matrix form. On the
second stage the ergodic distribution for unlimited orbit has been
obtained from the formula obtained on the first stage by using
approximation. The estimation of the rate of convergence of the
ergodic distribution for the system with finite orbit to that of unlimited
one is obtained as well.
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The Mamdani FLC usually considering as a knowledge-based
alternative to conventional control of technological processes. It can be
applied for modification of control strategy in general.

For solving the task of the control of technological processes of
growing agricultural crops within a certain technological scheme [1] we
used Mamdani-type FLC [2], where

Au(k) =u(k)—u(k —1) - change of the control,

Ae(k)=e(k)—e(k —1) - change of the error of the control,

u(k) = f(e(k),Ae(k)) = K je(k) + K Ae(k), K,,K, - parameters,

e(ky=wlk)-y(k), w,y - variables, 1,...k-1k,.,n -
sequentially ordered in time the technological steps.

To account for the structure of an algebraic functional network in
received fuzzy systems model convenient to use the template-based
approach. The family of all possible elemental rules for a given
partitioning of the input and output spaces constructed into the grid
provide a fuzzy region in the Cartesian product space.

For this case it is possible easily made the extension to multiple
inputs.

In this method we associate with each elemental rule a value
indicating the credibility (weight) of this rule being an appropriate rule
for the system being modeled.

For the solving of the task of learning the weights of the rules we
take adaptive FAM Rule learning approach.
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MATHEMATICAL MODELLING OF HEAT AND MASS
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The problem of modelling of heat and mass transfer effect on the
stress-stained state (SSS) of soil array on the availability of moving free
surface and strength of connectivity is considered (see Fig. 1).

Fig.1. The soil array with moving free surface under heat and mass transfer

The mathematical model of this problem in two-dimensional
statement in generally accepted designations may be described by the
following boundary value problem [1, 2]:
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v=-K(c,T)gradh+ v gradc+ v, gradT, divv +% =0, (x,¥)eQ,(®), (6)

. 0
(@, )., =n§, ooy =y =hxy0) ., =0 Hop=2, (D)

oUu oV 1{oU oV
= = xy:E s

==, & = 8
Ex=5 0 6 o ®)

+_
oy Ox

o = 0 =
o =—1I\e +ve |-, 10, o, =—\¢e, +ve, )-a,T0, v, =2u(c,T)c,, (9
1+V(x y) a"]' y 1+V(} ) T ) /u( T) V()

X

and with the appropriate boundary conditions. Here: (x,y)€Q,
Q=0Q,0OuQ,#), fi(c), f,(c) are functions which express the
influence of soil density on its SSS due to the forces of connectivity,
v=vat(x,y)eQ,(¢) and 0 =0 at (x,y) € Q,(¢).

There is obtained the numerical solution of boundary value problem
(1)-(9). Displacements, stresses, deformations and field distribution
pressures, filtration velocities, concentrations of salt solution and
temperatures are found. The change of SDS of soil array under heat and
mass transfer and strength of connectivity was analyzed.
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MATHEMATICAL MODELING OF SOIL LAYER STRESS-
DEFORMED STATE CHANGE UNDER FLUID FILTRATION
VIA RADIAL BASIS FUNCTION METHOD
Vlasyuk Anatoliy, Drozdovskyi Taras
International university of Economics and Humanities named after
Academician Stepan Demianchuk, National University of Water
Management and Nature Resources Use, Ukraine
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In common notation mathematical model of soil layer one-
dimensional stress-deformed state change under vertical fluid filtration
is represented with such boundary problem [1]:

lov 10p g

+g—=v, €(0;1),t>0, 1
oot oo A y €(0;7) (1
dl  kh+l
Soti @)
dt o |
2
(ﬂ’i"-z/ui)dui:yi’ ye,i=12 3)

dy’
and corresponding boundary conditions and conjugation conditions.
Here v - fluid speed, [ = [(¢) - injecting front position for moment

t, u - displacement, h(y) - pressure.

Numerical solution of boundary problem (1)-(3) with corresponding
boundary conditions obtained with radial basis method as

L(X2) =Y a0, (r6). u, (X,2)= Y b0 (1,.6). @)
Jj=1 J=1

Computational algorithm and software for boundary problem
solving was developed. Numerical experiments were carried out with
different parameters sets. Relying on obtained data visualization
displacement, deformation and tension distributions change was
determined. All the results were compared to the work [1] results.
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MATHEMATICAL MODELING OF SALT TRANSFER
PROCESS UNDER SIMULTANEOUS FILTRATION AND
MOISTURE TRANSFER IN SATURATED AND NON-
SATURATED SOILS WITH VERTICAL DRAINAGE
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Mathematical model of salt transfer process under simultaneous
filtration and moisture transfer in saturated and non-saturated soil
domains (fig. 1) is formulated in following boundary problem [1,2]:

¥

A D,

B

X
Fig.1. Salt transfer process to vertical drainage in saturated and
non-saturated soil domains

oc oc
a(Dl (Cl)]j a(Dl (Cl)lj
0 oy oc / oc . oc
o a + £y —U;(Cl)a—xl—uy(cl)é—yl—yl(cl—C ):‘7167;’(1)

) gl ez Sy

vl(e,)= k(qu) L v(e )a‘“

)= k(cl,m e >acl (3)

~ Oh
hl(xa}go)::i{é(xﬁ}o’ hJAD =:})’ ] =0, hJ

on |BC =4, hl|CD =H, @)

AB

oc,

n

= 01 (5)

ABUBCUCD

¢,(x.3.0)=Cy(x.p),
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oD fe) 6[D2(c2)802)
[ ax}"' » Ux( 2)602_ (2)% 72(62_C*):0-2 6025(6)

ax v a oy ot
oh, 0 oh 0 oh
W)V —2=—|k(c,,h, ) =2 |+—| k(c,,h, ) =2 | (7
/1( z) o ax( (Cz 2) ax] GyL (cz 2) ay)
0,(2)=~k(erh) L0 b (er) = k(s h) 22 (8)
ox Y ay
~ oh
hy(x,3.0)=H,y(x,y), Iy, =y, =2 0.
N | 44,040,000
=~ oc,
e, (x,9,0)=Cy(x,y), —= =0. (10)
N | 44,04D,0DD

Conjugation conditions are set correspondingly for pressure,
concentration and salt flows on the saturated and non-saturated domain
boundary (groundwater level curve)

h1|AD: h2|AD > CI|AD = cz|AD > vc, =D, %szcz —Dza&- (11)
on on

Boundary problem (1)-(11) difference scheme was constructed
using A. Samarskyi’s local one-dimensional method. Computational
algorithm and software for boundary problem solving was developed.
Numerical experiments were carried out with different input data sets.
Relying on obtained data visualization pressure, velocity, salt
distribution change in saturated and non-saturated soil domains was
identified.
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MATHEMATICAL MODELLING OF VERTICAL MIGRATION

OF RADIONUCLIDES IN UNSATURATED POROUS MEDIA IN

NON-ISOTHERMAL CONDITIONS ONE-DIMENSIONAL CASE
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National University of Water Management and Nature Resources Use,
Rivne, Ukraine
A.P.Vlasyuk.rv@gmail.com, Zeonet@gmail.com

The problem of radionuclide vertical migration in unsaturated
porous media with biporous micro- and nanosized sorbents to trap filter
in non-isothermal conditions is considered (see Fig. 1).

H,C\1), C0).T,(t)

¢ (x,10) <

H,,C2(), C2(1), T, (1)

T
Filter
LU

Yx

Fig.1. The migration of radionuclides to the filter-traps

The mathematical model of this problem in one-dimensional case in
generally accepted designations may be described by the following
boundary value problem [1, 2]:

oc,

Fe o(,. oT) oc
oo Do +§(DT‘ Ej_u"a_;_m”zcz’ .

oc, 1 0 .. 0Oc 1 0(,,. OT 0q
2= — | RD, =2 |+——| R*D, — |+y,¢, —r,c, —0=L, 2
ot R? GR( 26Rj R’ aR( noR )TN TRa %0
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og 1 0( , aqj 1 8( ) 6T]
A___ 2\ pp A= D, 2|, 3
o r 6r(r “or ) r*or et or ®)

ﬂ(h)%:%(k%)_vgz’ uxz—k%+v2—i+v72—§ )
L[CCT0)] 0, qCx,r,0)|_, =k, -c,(x,0), 5)

a |, :
%,_o =0, ¢, (x,r,t)|r:Rp =c,(x,1), (6)
Le,(0,0)=C\(¢), Le,(1,0)=CH ), 7
Le,(0.0=Ch0). Lo, (L) = C5 (1), ®)
LT0,0)=T,(0), 1,740 =T, (1), ©)
h0) =, h(l)=H,, T(x,0) =T, (x), (10)

(x0)=C(), ¢,(x,00=C)(x), g(x,r,0)=0°(x,r), (1D
where ¢ (x,t), D, are concentration and coefficient of convective
diffusion of radionuclides in the zone of moisture transfer; cz(x,t),
D, are concentration and coefficient of molecular diffusion of
radionuclides in particles of sorbent with radius RP; q, D, are

concentration and diffusion coefficient of radionuclides in the
nanoparticles with radius R ; k, is a coefficient of internal influence of

particulate mass transfer on mass transfer in the soil skeleton.
Obtained the numerical solution of boundary value problem (1)-(11)
by the method of finite differences. Distribution of concentrations

¢ (x,t), ¢,(x,t) and g(x,r,¢) in unsaturated porous media are found.
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MATHEMATICAL MODELING DYNAMICS
VALUE OF STOCKS
Voloshchuk S.D.
Vadym Hetman Kyiv National Economic University, Ukraine
serg_vls@rambler.ru

Stocks as a form of property, are a tool of dividing the profits
from the enterprise in a market economy. Stocks value — index of
company operation performance. It is possible to simulate dynamic
pattern of stocks value using initial-value problem, boundary-value
problem and initial-boundary value problem with distributed parameters
[1]. In particular, the equation of stock consistency is given by:

ou o’u

— = 2@ o+ fx x+7u ju(x fdx = N,» O(t) = ju(x £)dx »
where x — value of stock, ¢ — time, u(x,#) — density function shares,
N, — total number of shares, Q(f) — number of stocks, with a value
[x,,x,] at time .

We will solve the problem of modeling the density of shares. Using
these parabolic equation and initial-boundary conditions in the discrete

form: u(x,,)],o = (x), %, >0, =Lns ux,t)| o =0,¢,>0, j=Lm.
The problem could be solved approximately. Unknown function
construct as the sum wu(x,t) = G(x,7)+u,.(x,f) and the there must be a

criterion: @ = Zu(x,,O) o(x,)) +Z(u(0t) 0)Z—>m1n

J=1 *4)
G(x,t) — the fundamental solution of the differential equations.

1y (s) = ” G(x—x',t—1")y,(x,1")dx'dt’ - the function that provides the
O

satisfaction of initial-boundary conditions. y,.(x’,) — unknown

function. It is found in the process of minimization @ . The procedure
of pseudoinverse the system of integral equations used in this [2].
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AN APPROACH TO MODELING OF DECISION MAKING
SYSTEMS FOR MOBILE PLATFORMS
Zahorodnii' Yu., Voytenko® V.

" Taras Shevchenko National University, Ukraine
? Sheridan Institute of Technology and Advanced Learning, Canada
satr@unicyb.Kiev.ua, yuzagor@ukr.net ,
volodymyr.voytenko@sheridanc.on.ca

This abstract is related to using mobile applications to enhance
decision making [1], [2]. From well-known areas in this case, very
popular are:

1. Decision Making in Medicine. Medical applications are
increasingly used to support diagnosis and management of diseases.
For example, applications that allow the user to input patient-specific
information along with reference material to automatically diagnose a
disease or condition.

2. Decision Making in Business. These are systems that help a mobile
users with decisions that they encounter “on the go”. Examples include
consumers making purchasing decisions in retail stores: application
read coding information of the product in the supermarket, and suggest
the best retailer of this product based on the lowest price in that time.

Another approach could be defined as mobile facilitator in human
activity (active mobile helper) with interaction with Nature’s objects.
Such application should read information about environment (objects,
sounds, specific characteristics) and identify them based on data (similar
to mobile expert systems). Objects could be described using mathemati-
cal models to help us to find and analyze behavior, structure, or pattern
of those objects. Mathematical models include differential equations of
different types. For example, it may be the program, which identifies
virus’s deseases of culture plants (hop, wheat or another) based on
numerical index which can be perceive by mobile device (the plant’s
height).
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BEST-MEAN ESTIMATES IN MODELS OF INFORMATION
CONFRONTATION
Nakonechnyi O., Zinko P.
Taras Shevchenko National University of Kyiv, Ukraine
a.nakonechniy@gmail.com

In the paper, we consider the mathematical model of information
confrontation with m types of information [1,3]:

chizf) (a,+b,L(t )( ZL j =1)>0,

DL <Ly, 1<i<m, t>0,
i=l1

(M

where L (1), L —the current and the initial value of the number of
"carriers" of thei—type of information; L, —the total number of human
society; a,,b,,i= 1,_m —intensity distribution of information of the
i—type, respectively, the outer and inner channels. Denote
L (t,a,b),i=1,msolutions of the Cauchy problem (1) with given
parameters a =(a,,....a, ), b=(b,....b, ).

It is assumed that the points¢,,k =1, N (z,,, >1,) are observed
values L, (tk,ao,bo),i :I,_m,k :I,_N of the
perturbations v, (¢, )i = 1,m,k =1, N, that we know the value

Vi (tk,ao,bo) =L (t ,ao,b°)+ v, (tk),i =1,_m,k =1,_N,

where a’ = (alo yeres ),bo (bl0 yorh) ) —unknown parameters,

perturbation v, (z,),i=1,m,k=1,N —are also unknown and belongs

toset —{V|2F Vigseess V. 1} for some  nonnegative

functions 7, (x,....,x, ), satisfying conditions F,(0,...,0)=0,k=1,N.
Introduce a limited set of the form:

= {(a,b)|ﬁ:ﬂ (yl (tk,ao,bo)—L] (t,(,a,b),...,ym (tk,ao,bo)—Ln (t,(,a,b)) < l},
k=1

where v = (vlk,...,vmk )k:T .
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We study the problem [2] of the trajectories and the optimal
mean-square  projections Z(T )in  accordanceT >y of  the

vector L = (L1 (T,a,b).,....L, (T,a,b)) with the terms:

2
min max
ab (aﬂ,bﬂ)eQ

= max
(ao,bo )EQ

rral’ibn;[1 (Q)H‘L(T,a,b)—L(T,ao,bo)
[

=1 (0) i

1(Q)— Lebesgue measure of the setQ .

2
s

L(T.a,b)~L(T.a",b")

L(T)-L(T.a",b")

* da’db’ =

(1)~ L(T.a".5°)[ da"ap?,

References

1. Mihaylov A.P. Model information noyborbyi / A.P. Mihaylov,
N.A.Marevtseva // Matematicheskoe modelirovanie. — 2011. — T.23, Nel0.
—Pp. 19 -32.

2. Nakonechniy O.G. Otsinyuvanny a parametriv v umovah
neviznachenosti / O.G.Nakonechniy // Naukovi zapiski KNU Imenl Tarasa
Shevchenka, seriya:«Kibernetika». — 2004. — Pp.102 — 111.

3. Nakonechny O.G. Guaranteed estimation of the observations matrix for
systems with variable structure // O.G. Nakonechny, V.S. Donchenko, P.M.
Zinko / Abstracts XX International Conference “Problem of decision
making under uncertainties”. — Brno, Czech Republic. September 17- 21,
2012. —pp. 89-91.
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'MuctutyT Matematukn 1 Mexannkun HAH Azep6aiipkana
*JIbBOBCKMIi HALMOHANBHBIH yHHBepcuTeT uM. M. dpanko, YKpauHa
Soltanaliev@yahoo.com, I_Bazylevych@yahoo.com

PaccmaTtpuBaeM OJHOPOAHBIM HEPA3IOKUMBIHA, HENEPHOAHUYECKUI
BETBSINMIICS  Npolecc €  KOHEYHBIM  KOJIMYECTBOM  YAaCTHIL

M) = (,u] ®),.... 1, (t)) c HEPEPHIBHBIM BPEMEHEM.
F(t,5)=(F'(t,5),...,F"(t,s)) - npousBoasias (yHKIMs mpolecca, rie
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F/(t,s) - ycnoBHas npousBoasias QYHKIMS IPH YCIOBHH, 9TO B MO-
MeHT Bpemenu ¢ = () B crcTeMe IPUCYTCTBOBANA OJIHA YAaCTHIIA THIA J .
IIpouece p(t,t+ 7) Mbl OyaeM Ha3bIBATh MPOLIECCOM PEyIUPOBAHHBIM
K mporecchl 4(t) - eci OH 0003HAYAET KOJNMYECTBO YaCTHIl B MOMEHT

BPEMEHHU [, KOTOpbIE HMEIOT B MOMEHT BPEMEHM [+ 7 HEIyCToe
MHOECTBO TOTOMKOB.
Beenem mpousBomsmyro  (QYyHKIHIO peIylHpPOBAaHHOTO IIpolecca

O(t,7,5) = (D' (t,7,5),...,D"(1,7,5)), 30ech komnonenta O’ (¢,7,5)
- YCJIOBHAs TPOU3BOAANIAS (DYHKIMS KOJNMYECTBA YaCTHI[ THIA |

MMEIOUINX B MOMEHT BPEMEHHU [ + 7 HEeIyCTOe MHOKECTBO MOTOMKOB.
Taxxe BBEJIEM eie OZIHY MIPOU3BOASIIYIO (byHKUIMIO

F(t,5) = (F\(t,5),.... F, (1,5)) , ¢ F J(1,5) = iP{ﬂj () = kj(s")".

Teopema IMpousBomsmas  Gynkuuss  D(¢,7,5)  yIOBIETBOPSET
UHTErPAILHOMY YPaBHEHHUIO

D/ (t,7,5) = j.hj(CD(t —u,r,s))thj (u)+

+ F/(t,8)(F’ (t,exp(p{ 7)) — F'(1,0)),

rae h’ (S) - YCIIOBHAsI TUIOTHOCTh MEPEXOIHBIX BEPOATHOCTEH YACTHUIL
THMA j TpH yCIOBHM, 4TO mpeBpameHne mnpowmsouwio, G (u) -
(GyHKUMS pacmpenesieHHss MOMEHTa TpEeBpallleHUs] YacTHIbl THUMA

[OCIe MOMEHTa BpeMeHH f, p/ - IUIOTHOCTb IEPEXOIHBIX
BEPOATHOCTEH YacTUIBl TUMA j IPU YCIOBUM, YTO NPEBPALICHHE HE

MIPOU3OILLIIO.
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I'JISICTUI ITPOLEC 3 IMMITPAIIEIO B TEOPIi UACEJI
'Anies C.A, *Boituyk 3.T.
'TacturyT Maremaruku i Mexaniku HAH AzepGaiimxany
*JIsBiBChKMi HanioHansuuit yHiBepcuTeT iMeni IBana dpanka, Ykpaina
soltanaliyev@yahoo.com z_boichuk@yahoo.com

Hexait me[a;b),a,b,me N. B pobori [l] po3misHyTO
O3HAueHHS 1 BIACTHBOCTI IodncenbHOi BeawmunHH SDA(m) —
KUTBKICTh JIOJIATKOBUX MPOCTUX MIIBHHUKIB YKCIa M, 30KpeMa, SKIIO P —
npocre uncio, To SDA(p)=0, SDA(p*) =k - 1.

Oznauenns 1. Cuctemoro S O3HAaYMMO yCi HATypalbHI 4YWCIa 3
intepBany [a;b) inosnaunmo S=.[a;b)

O3zHaueHHs 2. YaCTHHKOIO m CHUCTEMH S O03HAYUMO HATypasibHe
m € [a;b).

OznavenHs 3. TN YaCTUHKM M BU3HAaYaeThes yucaoMm SDA(m).

3rifHO UX O3HA4YeHb KOXEH iHTepBal [a ; b) Ha MHOXuHI N €
cucteMoro S 3 ThroM JacTiHOK Bif 0 i merme log, b.

B nomoBizi moGy0BaHO MHOXKHHY cTaHiB cuctemu py = [p*' ; pY), p
—mnpocre, k=1,2, ....

CriogaTky po3riIsTHyTO BUIAIIOK p = 2: 2=[2%"; 2%, OueBmaHoO, MmO
IIpH TIEPEXOMAl CHCTEMH 13 CTaHy 2y y CTaH 2y KUJIBKICTh YaCTHHOK
MOJBOIOEThCS JlOBeleHO, IO TpH IIbOMY KOXXHA YaCTHHKA THITY
SDA(m) 3 iiMoBipHicTIO | mepexoanTs B yacTHHKY Ty SDA(m) + 1.
Pemrra 2! uwacTHHOK 3 HEBIZOMHMH THIAMH IMMIrpyioTh i3
30BHIIIHBOTO JKEpeIa.

PosrissHyTO TakoK BUNAAKH TULISCTOrO MPOIECY 3 iMMITpaliero
U AOBITBHOTO TpocToro p > 2. Ilpu mepexoni cucremu i3 crany px y
CTaH Py+1 KITBKICTh 9aCTHHOK-iMMirpanTiB pisra (p-1)* p*'

J11st KO’)KHOT PO3TIIIHYTOI CUCTEMH Sy TOOYI0BaHO 3aKOH PO3IMOJILTY
BenmmuuHU SDA(m).
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TPAHC®OPMEPHI TEXHOJIOTI'TI B CKJIAII
KOMILJIEKCHOI PEABLITAIII 3 HABUAHHSM XO/bBU
TI'opoynos O.A., Ocagunii €.0.
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3 MeTol0 BIOCKOHAJEHHS YIPAaBIiHHSA NPOLECOM KOMIUIEKCHOI
peabimitamii B  HeBpoJorii Ta opTromemii 3  BHKOPHUCTAaHHSIM
tpancomeprnoro mnpuctporo (TII), HamanHA gOmMOMOTH JKapro i
MEPCOHANTY Y BUPOOJICHHI MPABUJIBHUX PIllIEHb, CTBOPIOETHCS CHUCTEMaA
KiOEpHETHYHOTO YIIPaBIiHHA B OCHOBY, S$KOI BXOAWTH MeaWYHA
iHpopmartiitna Tpancdopmepna texnosnoris (MITT).

MITT - ue cykynHicTh 3ac00iB, MOJENEH, alrOPUTMIB 1 MpoOrpam,
mo 3abe3neuyroTh QyHKIioHyBaHHS TII, sk camocTiHHOTO TPUCTPOIO,
TaK 1 SK HEBIT'EMHOTO €JIEMEHTY KOMILJIEKCHOI CHCTEMH peabiiTartii,
10 MiCTHTh 0a3u JaHMX PO MarieHTa i 06a3u 3HaHb MPO YIPaBIiHHS
JIKYBaJbHUMH BIUIMBAaMH; 3a0€3MEUYIOTh CYNPOBiJ BCHOI'O >KUTTEBOTO
uukiny TTIL

CrBopenns MITT noB'si3aHo Takok 3 HEOOX1THICTIO ONITUMAIIEHOTO
yIpaBIliHHS TPOLIECOM BiTHOBHOIO JIIKYBaHHS, JOCSATHEHHS HAHKpaIInX
pe3ynpTaTiB 32 paxyHOK e(eKTHBHOTO  BHUKOPHCTaHHS  BCIX
(hyHKIIOHATFHUX MOXIHBOCTEH 3akiaaaeHnx B TI1. MoxHa Bi3HAUNTH,
mo ocobnusictio MITT € Te, mo oO'ekrom ympasiians € i TII,
narient (I1a), mpudomy i came TII € kepyrouoro cucremoro mns Ila.
Kpim Toro, MITT MicTHTh y CBOEMY CKJIaJi €IEMEHTH, IO BOJOIIIOTh
TPaHC(POPMYIOUNMH BIIACTHBOCTSMH - JIOCSATHEHHS HOBOT METH IIPH iX
BHUKOPHUCTaHHI 3a JOMOMOIrOI0 PaHille HEBUKOPHCTAaHUX BIACTUBOCTEH
abo ix xomOiHamiii. Cepen ycporo apceHaimy MeTOAiB (i3maHOL
peabimitamii 3 BiZHOBIEHHS pyXoBUX (yHKIIH 1ikaBi Ti, fKi
CIpSIMOBaHI Ha BIIHOBJICHHS XOAbOM (K OKpeMHuil BHIAIOK
BiTHOBJIEHHS PYXOBUX (YHKIIiH), SIKi 32CTOCOBYIOTBCSI Ha BCIX eTamax
JIIKyBaHHS.

Po3pobnenuit 3a Bumoramu MITT TII y Burisgi 30BHIIIHBOTO
aHTPONIOMOP(HOTO OaraTo(yHKIIOHAJIEHOTO POOOTH30BaHOTO
TIPUCTPOIO, Bimomoro sk «Exoskelety, BinmoBigae muM BUMOTaMm.
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HEKOTOPBIE CBOMCTBA IIUKJIUYECKHAX
HEPECTAHOBOK KAK BEPHINH HIEPECTAHOBOYHOI'O
MHOI'OI'PAHHUKA
'Tpebennnk U.B., *Yépuas O.C.

'XapbKoBCKHil HAMOHATIBHEIH YHHBEPCHTET PaAHOAIEKTPOHUKH,
VYkpanHa
'igorgrebennik@gmail.com, ‘titovaolga90@gmail.com

PaccmaTpuBaroTcsi HEKOTOPBIE CBOWCTBA MOJMHOKECTB MHOXECTBA
MEPECTaHOBOK 0e3 MOBTOPSIOMIMXCS DJIEMEHTOB M COOTBETCTBYIOIIHUE
cBoiicTBa 00pa3oB  yKa3aHHBIX [MOJMHOXKECTB B  E€BKIHIOBOM
MIPOCTPAHCTBE.

[lorpyxxeHue  MHOXKECTBa  IEPECTAHOBOK B E€BKIUAOBO
MIPOCTPAHCTBO TO3BOJISIET HCIOJIB30BaTh KOMOMHATOPHYIO TEOPHIO
MHOTOTPAHHUKOB ISl UCCIIEOBAHUSI KOMOMHATOPHBIX MHOMKECTB U WX
BBIMMyKJIBIX ~ 000JOYeK —  KOMOHMHATOPHBIX, B TOM  4YHCJC
[1€PECTaHOBOYHBIX, MHOIOIPaHHUKOB [1].

PasnuuHbpie orpaHuYeHHs B MaTeMaTUYECKUX MOJESAX 3aJad Ha
MHOXECTBE TEPECTAHOBOK TPHBOAAT K HEOOXOIUMOCTH BBEICHHUS
KJIACCOB KOMOWHATOPHBIX MHOJKECTB, KOTOpBIE  SIBIISIFOTCSA
MOJAMHOKECTBAMU KJIACCHYECKOI'O0 MHOXKECTBA NEPECTaHOBOK. OaHUM
W3 TakWX TOAMHOXXECTB SBISIETCS MHOMKECTBO  IUKIMYECKHAX
MEPECTaHOBOK, i1 KOTOPOT0 KOMOMHATOPHBI MHOTOIPaHHUK TIOKa HE
omucaH. B cBsA3M ¢ 3THM MOXXHO HCIIOJIB30BaTh IEPECTAHOBOYHBIN
MHOTOIPaHHUK [UIsl HCCJIENOBAaHUSA €ro BEPIIMH, COOTBETCTBYIOIIMX
LIUKIMYECKUM TIePEeCTAaHOBKAM.

Hannast pa0oTa MOCBSIICHA HCCIEIOBAHUIO 00pa30B 3IIEMEHTOB
MHOXXECTBA LMKIMYECKUX NEPECTAHOBOK B E€BKJIMJOBOM IPOCTPAHCTBE
KaK IMMOJAMHO’KECTBA BEPIINH NEPECTaHOBOYHOTO MHOTOTPaHHHKA.

Mexy nAByMs BepIIMHAMH I€pECTaHOBOYHOTO MHOI'OIpaHHMKA,
COOTBETCTBYIOUIMMH LHKINYECKHM II€PECTaHOBKAM, MOYKHO YKa3aTb
yTh MUHUMAaJBHOW JUTMHBI, KOTOPHIH B OOIIEM ciydae SBISETCS He
eAMHCTBEeHHBIM. OmpesenuM Bce BO3MOXKHBIE MYTH 3aJaHHOW JUIMHBI,
COEIMHSIIOIINE JaHHbIE IBE BEPIIHMHEI.

B nokmage wuccinenyercss BONPOC ONPEAENICHHS BCEX IyTeH,
COEIUHSIOMNX JBE BEPIIMHBI, COOTBETCTBYIOUINE ITUKIMYECKUM IIepe-
craHoBKaM. [loAcUUThIBAaETCA KOJUYECTBO MyTEH MUHUMAJIBHOM JJIMHBI
B 3aBUCUMOCTH OT IOPOXKIAIOLIMX 3JEMEHTOB, 3aJCICTBOBaHHBIX B
TPAHCIO3UIMX, TPHUBOAAMIMX K TMOJYyYEHUIO CMEXHBIX BEPIIUH
[1epEeCTaHOBOYHOI'0 MHOT'OI'PaHHUKA.
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MATEMATHYECKAS MOJIEJIb 3AJJAYU TIEPEJAYN
JAHHBIX ITO CETHU OT HECKOJIBKUX NCTOYHUKOB
HNOTPEBUTEJIIO
I'pedennuxk U.B., UBanoB B.I'., Ypusiera U.A.
XapbKOBCKUI HAIMOHAJIBHBIN YHUBEPCUTET PagU03JIEKTPOHUKH,
VYkpanHa
igorgrebennik@gmail.com, valeryivanov@ukr.net,
inna.u2111@gmail.com

B mnpomecce obmena wH(popMammerl MO CETH YacTO BO3HUKAET
HEOOXOJUMOCTh IepenaTh JU00 ckauaTh (haiiabl OOJIBIIOrO pa3Mepa,
KOTJa JaHHbIE HaXOOUTCS OJHOBPEMEHHO B HECKOJIBKUX JOCTYITHBIX
xpanununiax. Takas cutyanus cymecTByet B mupuHToBbIX (P2P) cersx,
peanu3ylonMx KOoNepaTuBHBIA oOMeH ¢aitnamu uepe3 HHTepHeT.
3nech ¢aiinbl MepeaaloTcss YacTsIMH, KaXIblld torrent-KIMEeHT, MoyYast
9TH YacCTH, B 3TO XK€ BpeMs OTHAET UX APYTUM KIMEHTaM, YTO CHIIKAaeT
HarpyskKy M 3aBUCUMOCTb OT KaXXIOI'0 KJIMECHTA-UCTOYHUKA U O6eCHe‘II/I-
BaeT M30BITOYHOCTh JaHHBIX. [IpyrumMu cinoBamu KaKablid  aii,
KOTOPBIN IepelacTcsl B TAKUX CETSIX, NENIUTCA Ha (PparMeHThl U CKauM-
BaeTCs 110 YacCTSIM OT Pa3HBIX KIIMEHTOB B JIIOOOH IOCIIEIOBATEIEHOCTH.

HpI/I OTOM BO3HHUKAC€T BO3MOXHOCTbH, 4 YBCIWMYCHUA CKOPOCTHU
3aKayKH, YKa3bIBaTh T€ aJpeca, OTKYJa MOXHO CKa4aTh UCKOMBIN (aiin
U MaHUIYJIMpOBaTh KaHaJaMM, IO KOTOPBIM OyIeT IPOBOAUTHCS
mepeaada. ITo MMEET OOJBINOE 3HAYEHUE, MOCKOJIBKY, KaK IMPaBUIIo,
CKOPOCTb COCTUHEHUs MOTpeOuTeNsl, (GOPMHUPYIOLIETO 3aMpocC, C CEThIO
6ompmas (mo 100 MO B cexyHIy), a HA UCTOYHHKAX JTAHHBIX OOBITHO
YCTaHABJIMBAECTCS CYIIECTBEHHOE OrpaHWYEeHHWE 10 CcKopocTH. Ha
Pa3HBIC KaHaJibl CBA3M W HCTOYHHUKHU IIO-pa3HOMY pPaCHpeacIdeTCAa
3arpysKa B Ipolecce ckauuBaHus. Takod Moaxof Mo3BOJISAET MOJydYaTh
BBICOKYIO CKOpPOCTh 3arpy3ku (hailyioB, HE 3aBHCETb OT IEPEPHIBOB
COCAMHEHHS, HET HEOOXOAWMOCTH B XpaHEHHH (aiila Ha cepBepe —
(aiiel MOTYT XpaHUTHCS HA KOMITBIOTEpaxX KOHEUHBIX MOJIb30BATENCH.

B pabore moctpoeHa MmaremaTHyecKas ~ MOJIENb  3aJaud
IUIAHUPOBAHUS 3aKayku (aityia OOJIBIIMX pPa3MEPOB IMOTPEOUTENIO OT
HECKOJBbKMX MCTOYHHKOB 32 MHHUMAaJIbHOE BpeMs Kak 3a/aud KOMHHa-
TOPHOH onTuMmu3anuu. IIpoBeneHbl BEIYUCIUTEIbHBIE YKCIIEPUMEHTHI C
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Mozenbio. [Ipyn M3BECTHBIX MapameTpax CETH — TOIOJOTHH, MPOITYCK-
HBIX CHIOCOOHOCTAX AYT, OTPAaHUYEHUSIX CKOPOCTHU Mepeadyd U BO3MOXK-
HBIX MapLIpyTax CIUIaHUpOBaHa nepenava ¢aiia OT MCTOYHHKOB
MOoTpeOUTENI0 3a MUHMMalbHOE BpeMs. OmnpeneneHsl pa3Mepsl
(¢parMeHTOB, TepeAaBaeMbIX M3 KaXKIOrO y371a, W MappyThl
ciiefoBaHus (pParMEeHTOB TI0 CETH.

OCOBEHHOCTHU MATEMATUYECKOI'O
MOAEJIMNPOBAHUSA 3AJAYU OJTHOMEPHOI'O IIOUCKA B
YCJOBUSAX CIYYAMHBIX BO3SMYIIIEHUIA
'Tpe6ennux U.B., *Pebesiok JLH., *Pedesiok E.JI.
12X apbKOBCKHMIA HAIIMOHATBHBIIT YHUBEPCUTET PaJUO3JIEKTPOHUKH,
YkpanHa
'igorgrebennik@gmail.com, *leonidos_60@ukr.net

IIpu pemennu 3agad ONTHUMU3ALMHM BO3HUKAET HEOOXOIUMOCTH B
pelIeHnH 3a7aui MOMCKAa TOYKH DKCTPEMyMa YHHUMOAAIBHON (DYHKITUH
B YCJIOBHUSX JAEWUCTBUS CIy4alHBIX Bo3MylleHuil. M3BectHo [1], dro
[IPOIeCcC TMOMCKA TOYKU 3KCTPEMyMa YHHMOJAIbHOH (YHKIMH MOKET
OCYIIECTBIIATHCA JEeTEPMUHUPOBAHHBIMI METO/IaMH HYJIEBOTO TIOPSIIKA.

CrnyuaiiHble BO3MYILIEHUS 110 XapaKTepy BO3JEHCTBUS Ha MOJE3HbIH
CUTHaN TMOJPA3AEIAIOTCS HA AJAWTHUBHBIE U MYJIBTUIUIMKATHBHBIE.
ITomaBnsroniast 4acTh BCTPEYAIOIINXCS HA MPAKTUKE CIyYalHBIX BO3MY-
LIEHUH IPUHAJIEKUT K KJIacCy aAIMTUBHBIX. B mpoliecce nmoucka ToUku
9KCTpEMyMa MOTYT JAEHCTBOBATH CIIy4alHbIE BO3MYILEHUS, HCKaXKa-
IOLIME PeaNbHOE 3HAY€HHE YHHMOJAIBHON (YHKLUH, T.e. OyneT UMeTh
MECTO ciTydaiiHoe OJyXJaHue TOYKH 3KCTPEMyMa B MPOIECCE TIONCKa B
MCXOJHOM MHTEpBAJIE, YTO MPUBOAUT K HCKaKEHUIO HH(OpMALINH.

Knaccuueckne MeTOABI OJHOMEPHOIO IIOMCKA HE  SABJISIOTCS
MIOMEXOYCTOHYMBBIMH M K HACTOSIIEMY BPEMEHH HE CO3JaHO METOJOB
IIOMCKa B  YCJIOBMSIX  JEWCTBHS  CIy4YalHBIX  BO3MYILECHUI,
HaKJIaIbIBaEMbIX Ha MPOLIECC TOUCKA.

B oroit  cBiA3M BO3HWKAET HEOOXOAMMOCTH B  pa3paboTKe
CHEIMATBFHBIX METOZOB OJHOMEPHOTO MOMCKA, IMOAABISIONINX IeHCTBHE
CIIy4alHBIX BO3MYIIEHUN ONPEAEIEHHOTO BHJIA U KOPPEKTHPYIOIIUX
cilydaiiHoe Oiy)KOaHWE TOYKH IKCTpeMyMa YHHUMOJAIbHOW (PyHKIMH,
KOTOphIe  0asupyloTCsi HAa  ajlrOPUTMHYECKOM  (TIPOLIEAYPHOM)
MIO/IaBJICHUH aJIUTUBHBIX BO3MYILICHUH.

B noknmame paccmarpuBaloTCSi OCOOCHHOCTH MAaTreMaTH4YeCKOTo
MOJICIIMPOBAHMUS 3a]adll TTOMCKa SKCTPEMyMa YHUMOJAIbHON (QYyHKIHH

121



B YCIOBMSX JIEWUCTBHS CIIy4allHBIX BO3MYIICHHMM Ha OCHOBE aHaIu3a
o01meii cxeMbl 0OJHOMEPHOTO MOKCKA B YCIOBHAX JEHCTBUS CITy4alHBIX
BO3MYIIEHUH C Y4YeTOM MaTeMaTHYeCKOM MOJENH  CIyYalHBIX
BO3MYILEHUH.
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MOJAEJIOBAHHS ITPOLHECY PO3BUTKY
JAEMOI'PA®IYHUX XAPAKTEPUCTHUK IMPALE3JIATHOI'O
HACEJIEHHSA
Hxannanosa 1. A., badunwk O. 1.

JABH3 «KuiBcbkuit HalioHaTEHUH €KOHOMIYHHHA YHIBEPCUTET
iM. Baguma [etbmanay , Ykpaina
irada-05@mail.ru, sahb@ukr.net

OmauM 3 (GakTopiB, MO MIIKOM 1 TTOBHICTIO BH3HAYA€E TEPCIIEKTHBH
PO3BUTKY KpaiHu € aemorpadisi. barato eKOHOMIK, 110 PO3BUBAIOTHCS
Ha BJIACHOMY JOCBi/i NMEpEeCBITUMIMCS y MepeBarax jaeMorpagiqHoro
nepexony. B Takux kpaiHax uyacTKa HaceJIeHHsI Npale3laTHOro BiKy,
pocTe, CTUMYJIIOIOYH TIPU IIbOMY €KOHOMIYHE 3pocTaHHs. Bin nmemo-
rpadiyHMX XapaKTEPUCTUK NPaIE3JaTHOrO HACEJCHHsS 1 ITOKa3HUKIB
neMorpadivHOTO PO3BUTKY 3aJIEKUTHh PO3BUTOK TPYAOBOTO KaIliTaiy i,
SIK pe3yJIbTaT, BEIMIMHA CYKYMHOT0 HALIOHAJIBLHOTO 10XO0/Y.

[MpunymeHHs 3rigHo 3 SKUMHU Oyy€eThCcS MOJEIb:

1. BonuB uncenbHOCTI 3pOCcTaHHS HACENICHHS HA 3HWKEHHS 1HBECTHUIIIM-
HOTO IONUTY. B cydacHHX yMOBax Lie € Ay>XKe aKTyaJIbHOIO IPOOJIEMOIO.
2. VYUOBINBHEHHA 3POCTaHHA KUTBKOCTI HAcCeNeHHS 3 OIHOTo OOKy
MOJKHa BBaXaTW OJIaroM, OCKUIBKM I1I€ NPU3BOAUTH 110 3MEHILEHHS
HaBaHTA)XEHHsS Ha PECypCH, MEHIIUH 30UTOK OTOUYIOUOMY CEPETOBHILY
1 T. 1., 3 IHIIOTO OOKY MPH CyYaCHUX MPaBHJIAX TPH HAIIUM €KOHOMIKaM
BJIACTUBUIA BHUPaKEHUH €QEKT «Beloculeny», TOOTO SKIIO0 BOHU HE
PYXaroThCs TOCTATHBO LIBUIKO, TO MaJat0Th.

3. lns 3abe3nedenHs OLIBIIOT YU MEHII ITOBHOI 3aMHSTOCTI, EKOHOMIKA
MOBHHHA MIATPUMYBAaTH BHUTPATH Ha JOCTaTHHOMY piBHi, 1100
BHUKOPHCTOBYBATH CBill IIOTEHIIiaI.

4. BaxxnuBHiI KOMIIOHEHT BUTpPAT — IHBECTHUIIIl — 3aJIEXKHUTD Bill eeKTy
MPUCKOPEHHS: CaMe TEeMIIM 3POCTaHHS EKOHOMIiKH, a He IMOTOYHHM
piBeHb BUPOOHHUIITBA BIUIMBA€E HA MTONUT HA HOBUI KaIliTall.
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5. 3abe3nedeHHss JOCTATHLOIO 3HM)KEHHS BIJCOTKOBOI CTaBKH, 100
MiATPUMYBATH 1HBECTHLIHHUHA IOMHUT, HE3Ba)XKalOUM Ha CIOBiTbHEHHS
3poctanHsi HaceneHHs. I[IpoGiemMa B ToMy, IO peanbHa BiJCOTKOBa
CTaBKa, sfKa TIOTpiOHA, 3a HAMIMHUMH aKTUBAaMH MOXKE BHSIBHUTHCS
HaNPUKIHII BiJi’€MHOIO i TOMY, TaKoIO, IKY MOXHa JOCSTTH JIUILE MPH
HAasBHOCTI JIOCTAaTHKOI 1HQUIALIT, [0 BCTYIAE B iICOJOTIYHE MPOTUPITUS
3 MIPUXWIBHICTIO 3a0€3MEeUNTH IHOBY CTA0ITBHICTb.

6. PamionanbHe BuKOpHCTaHHS (DAKTOPiB BHPOOHUIITBA 3 METOIO
MiIBUIIEHHS HALIOHAILHOTO NPUOYTKY KpaiHH € OJHIEI0 3 CEPHO3HIMINX
npoOieM, $Ki HamaraloThCsl BHUPIIIMTH NPAKTUYHO BCI JAEpKaBU
HE3aJIeHO BiJ iX COMiaJbHO — €KOHOMIYHOTO PO3BUTKY Tomy myske
B)XXJIMBUM € PO3B'S30K MpOOJIeMH 3 HaOUIbII e()EeKTHBHOTO BHKODPU-
CTaHHsS TPYIOBHUX pECypciB, TOOTO BHSBICHHS ONTUMAaIbHOI MOJENi
3alHATOCTI HaceNeHHs. lle muTaHHS Mae myke Ba)KIMBE 3HAYCHHS IS
VYkpaiau B cydacHU mepiof; ¢opMyBaHHS OCHOB PHHKOBOI €KOHOMIKH.
s yKpaiHChKOT €KOHOMIKH B Cy4acCHOMY CTaHi XapaKTepHO 3pOCTaHHS
0e3po0ITTS,  3HIWKEHHA  BHPOOHWYOI  aKTHBHOCTI,  TOPYIICHHS
PO3MOAITLYHX BITHOCHH, 3pOCTAaHHS 3alfHATOCTI B TIHROBIM €KOHOMIIITI.

7. Ans migpaxyHKy piBHSL 0€3p00iTTS BUKOPHUCTOBYEMO METOAMKY Bropo
TPYZIOBOI CTaTHCTHKH: aJbTEPHATUBHUH 1HAMKATOD (AK IOMOBHEHHS IO
odimiiinoro). Bin Bimomuit mig xomom U — 6 1 BpaxoBye 3HEBIpEHHX
MOTCHI[IHHUX TMPAIiBHUKIB, a TaKOX CIIBPOOITHUKIB, SIKi 3alHATH
YacTKOBO, ajie 3BOJIVIM O TpamioBaTH MNOBHUHM JAeHb (B odiumilHINA
CTaTHCTUIIl BOHH BBaXKAIOThCSA 3aiHATHMH). PospuB mix U — 6 Ta
odimiiHuM piBHeM 0e3pobirtsa cyrreBuid ( g CIHA U — 6 — 12,3%, a
oimitinuit — 6,3%). lle cBiguuTHL Mpo Te, IO 3HAYHA KiJIBKICTh
pPOOITHHKIB Tpale3gaTHOro BiKy, SIKi JaBHO BTpPAaTHIH pPOOOTY,
TepecTany IIyKaTH HOBI BakaHCIi. SIK TMOKaszamu AOCIIDKEHHS, Ti XTO
CUIUTH 0e3 poOoTH Oinbie 6 MICAIIB CTHKAIOTHCS MPH MPalEBIAIITY-
BaHHI 3 BEJIHMKHMHU MPOOJIEMaMH, OCKUTBKM OUTBINICTh TparelaBiliB He
XOYyTh HallMaTW TpAIiBHUKIB 3 BEIWKAMH PO3pUBAMH B Kap’epi
Oe3BimHOCHOT KBaui(ikamii. TpuBane 0e3pOOITTA TaKOXK ACOLIIOETHCS 3
BUTPATOIO MPOoQeCciiHNX HABHUYOK Ta 3pOCTAI0YOI0 JITIPECIETO.

8. Monenp BpaxoByBaTHMe TaKOXX (PAaKTOp HEBE3iHHS MPH TPUBAIOMY
0e3po0ITTi: AKIIO KOTOCH 3BUIBHSIOTE ITiJl 9aC €KOHOMIYHOTO CHady, TO
TaKii JIFOJIUHI BXKKO 3HAWTH pOoOOTY, @ YUM JIOBIIIE BiH CUAUTH O€3 pPo0o-
TH, THM Baxkde ii 3HaiiTn. Anani3z O’bpaiicHa TOBOAUTH HECTIPOMOTHICTh
IbTEPHATHBHOI BEpCii, 3T1AHO SIKO1 SIKIIO JIFOJMHA HE MOKE 3HANTH c0bi
HOBE Miclie OiJTBII HiXK 3a MiB POKY, TO IPHYMHA B HHOMY CAMOMY.
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OOPMAJIIBALIA B3AEMHOI'O PO3TAIIYBAHHS
NPAMOKYTHMUKIB 3 BUITAAKOBUMU TAPAMETPAMHU
€Emens 0.0., bap6oaina T.M.
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OpHi€0 3 MPaKTHYHO 3HAYMMUX 3a]1ad, SKi MOXYTb OyTH aeKBaTHO
¢dopmamnizoBaHi 3a JONOMOIOIO amapary eBKJIIZOBOI KOMOiHATOPHOI
onTHMi3amii, € 3a7ada YIaKkOBKH MPSAMOKYTHHUKIB. Y HaWmpocTilmomy
BUMAJKy BOHAa TIOJNATa€ Yy pO3MILICHHI Oe3 HakiagaHb y m
HaNiBHECKIHYEHHHX CMYXXKaX OJHAKOBOI HIMPUHU p TPSIMOKYTHHKIB

TaKoi caMoOi IMUPUHH 3 METOI0 MiHIMI3amil HaHOUIBIIOl JTOBXKUHU
3alHATHX YaCTUH CMYKOK.

Y Bumagky, KOJIM IIapaMeTpH INPSIMOKYTHUKIB € IUCKPETHUMHU
BUIAJKOBUMH BEJIMYMHAMM BHHHKA€ IHMTaHHSA Npo (Qopmaizallito
MOHSATh B3a€MHOTO PO3TAlllyBaHHS NPSMOKYTHHKIB. s mporo moxke
BHUKOPUCTOBYBAaTHCS YHOPSIKYBaHHS BHIIQJIKOBHUX BEIMYUH (OAWH i3
Croco0iB BBEJCHO MOPSAKY MpeacTaBicHo B [1]). 3a Takoro po3ymiHHS
JOTHKY NMPSIMOKYTHHUKIB TOBKMHA 3aiHATOI YaCTUHH CMY>KKH JIOPiBHIOE
CyMi JIOBKMH PO3MILIEHUX Yy Hill IPSIMOKY THHKIB.

[Hmmii  migXig 0 BHU3HAYEHHS JOIMYCTHMOIO  PO3TAallyBaHHS
NPSIMOKYTHHUKIB ~ TIONSATaE B OOMEXEHHI 3HM3Yy  WMOBIPHOCTI
HETNEePEeKPUTTA CYCiHIX MOpAMOKYTHHKIB. Take i oOMexeHHS
WMOBIPHOCTI HaKIIaJA€ThCS MPH 3’ SICYBaHHI JTOBXUHH 3aHATOT YaCTHHI
CMYTH. SIKIIO 3Ha4YeHHS HIKHBOI MEXi HMOBIPHOCTI MOKJIACTH PiBHUM
OJMHHII, OTPUMAEMO JKOPCTKY ITOCTAHOBKY — MPSIMOKYTHUKH HE MalOTh
CHUTBHUX TOYOK IIPH KOJHUX Pealizalisix BUMAJKOBUX IapaMeTpiB.

AHanoriuHuil miaxig wMoxe OyTH TaKoX BUKOPUCTAHUNA IS
noOyJ0BU MOAeJel 3a1a4 MOKPUTTS NPSIMOKYTHUKaMH 3 BUIAJKOBUMH
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napaMeTpamu.
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PEIIEHUE BBIITYKJIBIX 3ATAY JIEKCUKOTPA®UYECKOM
OIITUMHU3ALIUN
!Tomara M.M., 2CemenoB B.B.
'T'BH3 ,,VropoacKuii HalHOHATbHbII YHUBEPCUTET, YKparnHa
*Unctutyt kubepuetnku uM. B.I'. ['mymkosa HAH Ykpaunsl, Ykpanna
lomagamarija@yandex.ua, hunt.semen@gmail.com

PaccmarpuBaercs  3amada  JIEKCHKOTpaWUecKOW  ONTHMH3AITAH
min® {F(x]x IS X}, rie F(x)z( l(x),...,f,(x)), fk(x), k=1,...1, —
BBIMyKJbIe  QyHKIMH. X = {x eR" |Ax <bx> 0}, rne AeR™",
a;eR,i=1...m, j=l,...n,be R™.

Onpenenenne. Bexkrop v#0 Oynem HasblBaTb BO3MOXHBIM
HaIpaBieHHEM JIEKCUKOTPaQHIECKOro CITyCKa M3 TOUYKH X OTHOCHUTEIBHO

MHOXecTBa X , eciH F(x+ocv)<L F(x) 51 (x+ocv)eX IpU BCEX
JOCTAaTOYHO MajbIX o > 0.

[IpennaraeTcss TPUONMKEHHBIA  alTOPUTM  JUIS  PEUICHHS
JICKCUKOTpaUUECKUX 3aJ]ad BBIMYKIION ONTUMH3AIUM, COCTOSIIMHA W3
TpeX MOCIEI0BATEIBHO BHIOIHAEMBIX STAIOB!

1) HaxoXJeHHWe BO3MOXXHOTO HANpaBIeHHs JIEKCHKOTpa(uIecKoro
CITyCKa  OTHOCHUTEIPHO  MHOXKECTBA X yTeM  peIIeHUus
JeKCUKoTpaduiIeckoi 3aJauu TMHEHHOTO MPOrPaMMUPOBAHHUS;

2) HaxOXJCHHWE BEIMYHMHBI IlIara B 3TOM HAMpaBICHUU PEIICHUEM
JIEKCUKOTPaUIECKO OJHOMEPHON ONTHMU3AITMOHHON 3a]1a4H;

3) mepexo/1 K CIAeAYIoNeMY MPUOTUKECHUIO.

Jis pemeHuss  BcrioMoratenbHbIE 3a7auu  pa3paboTaH psij
u3BeCTHBIX MeTol10B[3]. Cxema anropurMma:

1. BeiOupaem AoImycTUMOE peIeHHe 3aaaqn x¥ . Haxonum 3Hauenue
VF (x) B Touke x', rme VF (x) BEKTOP, COCTABJIECHHLIN U3 IPaJUEHTOB

YaCTUYHBIX KPUTEPHEB BEKTOP-QyHKIUU [ (x) B TOUKE X € X :
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VF(xk)f = (Vfl(x")...,Vf,(xk)).

2. CtponM (HyHKIHIO

~ n af xk n @’,(xk)
D(x) = JZ;J—)(;X] xj,...,;zjj

Pemaem JIEKCUKOTpapHuYecKyI0 3agaqy JIMHEWHOTO

MIPOTPaMMHUPOBAHUS BHJIA: min” D(x), xeX. Ilycts
zF = arg: min” cD(x), x € X . IlepexoauM K MyHKTY 3 alropurma.

3. Breruncasem F(xk). Ecan (VF(xklzk —xk)ZL 0, To x* - Touka

JIEKCUKOTpauuecKoro MUHUMyMa, HHa4ye MepPEeXoauM K MyHKTY 4.

4. Nmem crnenyromee MNpUOIIKEHUE S =xkpa k (Zk —xk , TIe

oy min® F(xk + oc(zk —xk )): F(xk + (xk(zk —xk )), U TEpPEXOIUM K
0<a<l

urepamu k =k +1.
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3ACTOCYBAHHSA BAOCKOHAJIEHOI'O MATEMATHUYHOI'O
METOIY HA BA3I IIOBYIOBU MATPHUILI TAPHUX
IOPIBHSIHD, 1O ICHY€ Y 3ABJJAHHAX OIITUMAJIBHOI'O
BUBOPY TEXHIYHUX 3ACOBIB OXOPOHH
Misxkyxin FO.B.
IIIME im. I'.€. ITyxoBa HAH Ykpainu, Ykpaina
yuriviti@Gmail.com

Ha nacrynHuii yac, B yMOBax CKJIaJHOI KpUMIHAIBHOT 00CTaHOBKH
y CBiTIi, a Takok W B YkpaiHi, HaOyBae OCOOJMBY aKTYyalbHICTbh
BIIPOBQ/KEHHSI CYyYaCHMX AaBTOMAaTH30BaHMX KOMIUIEKCIB TEXHIYHUX
3aco0iB oxopoHu (AKT30) Ha CcKkIaJgHHX TEXHOJOTIYHHMX 00'€KTax
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enepretuxu migsuineHoi Hebesneku (CTOE). 3aco0u 0XopoHH MOBHHHI
OyTH ONTUMAJIBHUMHU I BUPIIICHHS TOCTaBICHMX IUNH i
3aJIOBOJIBHATH ICHYIOUMM TEXHIYHHM BHMOTaM TI0 3a0e3NeYeHHIO
Oe3nexn ocoOnmMBo BaxkinuBuX 00'ekTiB eHepreTuku. [Ipu mpomy CTOE
BapTO OCHAIIYBaTH HAJIMHUMU CHUCTEMaMH O€3IeKH, SIKi 3a70BOJIbHSIN
0 HayKOBO - OOTPYHTOBAaHUM CyYaCHUM BHMOTaM.

s mporo OyB PO3MIIAHYTHH 1 MPOAHATI30BaHO NESKUN IEperiK
MaTeMaTHYHUX METOIB, AKI HaWOUIbIIe O 3aJOBOJBLHSIM TEXHIYHUM
3aBJIaHHAM, 10 MOB’s3aHi 3 HaaiiHOI oxopoHoro CTOE rtexHiuHUMH
3ac00aMu OXOpPOHH. 32 OCHOBY IPOIOHYETHCSI BUKOPUCTATH HACTYITHI
MaTeMaTwuyHi Metoxai (Bci OynmM yJOCKOHaJeHi): Kputepid Banbaa;
agutuBHa ¢yHKuis belieca-Jlanmnaca; marpuns mnapHUX TOPiBHSHB;
(dbyHKIis AHT €.

B momoBimi  mpomoHyeThCS  pPO3TIASHYTH  PO3pOOICHHN
YIOCKOHAJICHUI METOJ| MapHUX MOpiBHAHB. Lleii MeTom mo3Boiise Ha
OCHOBI PO3IIISALY BEIUKOI TPyNH 3Hau€Hb TEXHIYHUX XapaKTePUCTUK
pO3paxoByBaTH KIUIBKICHI OIIHKH, IO XapaKTepH3YIOTh CTyIeHi
npuaatHocTi Bukopuctanus po3risiHyTHx AKT30 Ha 3amanoMy 00'ekTi
eHepreTukd. B sKocTi BXiIHUX JaHWX BHUCTYNAIOTh HACTYIHI
noka3HuKU: 3aranbHa cTpykrypa AKT30O (ckinagoBuX eleMeHTIB, L0
BXOJIAITh Y KOMILIEKC); mpexa'sBiieHi TexHiuni Bumoru a0 AKT30, mo
mnaHyeTbess excrryatyBatd Ha neBHomy CTOE; posrmsang  gesikoi
cykymHocTi  pisHMX  AKT30; 3HaHHI  MHOXWHU  TEXHIYHUX
xapakTepucTuk Kokaoi AKT30.

Po3pobnenuii  ynockoHaJeHWH  METOJ  TNapHUX  IOPIBHSIHb
IUTAaHY€ThCS 3aCTOCYBAaTH JJsl BHpIIIEHHS 3aBlaHb, 3B'A3aHUX 3
3abe3neueHnsM (izmaaoi Oesnekn CTOE 3 Bukopuctamasm AKT30,
1o nepeadavyeHuil Uil eKcIuTyaTanii Ha JaHoMy 00'ekTi. Po3pobnenunii
HOBHMI{ METOJ{ JIO3BOJIUTH JIOLIOMOTTH IPOCKTYBaJbHHUKAM,  SIKi
pPO3pOONAIOTh IIEBHY TEXHIYHY CHCTEeMy O€3leKH Ha 3aJaHoMy
00'€KTi EHepreTMKM Ha paHHIX CTaAisSX TMPOEKTYBaHHSA. A TaKOX
JOTIOMOTTH B TEXHIYHOMY pillleHHi BHOpaTH ONTHUMAalbHIM BapiaHT i
CTpyKTypy ocHOBHUX ejeMmeHTiB AKT30 i yHUKHYTH <«JTHOACHKOTO
(hakTopy B TPOEKTYBaHHI CHUCTeMH Oe3NeKu». 3acTOCYBaHHS I[HOTO
MaTEeMaTUYHOI'O amapaty J03BOJIUTH i3 OLIBIINM CTYIIEHEM HaJiiHOCTI
BripoBaguT ¥ Hamani ekcruryaryBaté AKT30 wa CTOE migsumienoi
HeOe3MeKH.
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3ACTOCYBAHHS MATPHYHOI'O METOJY HAMMEHIIINX
KBAJIPATIB JJ1sA IPOI'HO3YBAHHS OBMIHHUX KYPCIB
Hasapara .M.
KuiBcekuit HartionansHUH yHiBepcuTeT iM. Tapaca llleBuenka, Ykpaina
inna_na@ukr.net

OOMiHHMH KypC € OAHHUM 13 OCHOBHMX ITOKa3HMKIB, IO BHKO-
PHUCTOBYIOTBCS Y MAKPOCKOHOMIYHOMY MO/IENIIOBAaHHI., @ HEOOXIAHICTD y
MIXKHApOJHUX B3a€EMOPO3paxyHKaxX IMOPOJIKYE MOTpedy y HamidHOMY
HOro MPOTHO3yBaHHi. Y MOMOBiJIi PO3IIISAHYTO 3arajbHi OCHOBU METOIY
IIPOTHO3HOTO OIlIHIOBAaHHS MOKA3HWKIB, 110 0a3yeThcs HA "MaTpHYHOMY
MeTomi HaWMenmmx — kBagpatiB" (MMHK) i3 3actocyBaHHIM
nceBrnoodepueHHs 3a Mypow - [lenpoysom [1 - 4]. Ilepesaramu MMHK
€ BUKOPUCTAHH SIBHUX (POPMyYJI [UIs OLIIHOK, a TAKOX T€, L0 MaTPU4Hi
CIIOCTEPEXEHHSI 30€piraloTb CTPYKTYpy 3B’SI3KIB MK JOCIIIKYBaHUMHU
XapakTepUCTUKaMH: sIK 3a iX Habopom, Tak i y uaci. Kpim Ttoro, y
JOTIOBiZi AETAJLHO PO3MISTHYTO MOKPOKOBHH AJITOPUTM 3aCTOCYBAaHHS
METOAYy Ta HPEACTaBICHO pE3ylbTaTH pPO3PAaxXyHKIB Ha MPHUKIAAL
MPOTHO3YBaHHS OOMIHHUX KypcCiB. AmpoOariisi MeToay 3aildiCHIoBaIacs
i3 BUKOPHCTaHHSAM CTaTUCTHYHUX JaHUX OOMIHHHMX KYpCIiB TPH / Jojap
CIIA, pH / eBpo, TpH / pociiicskuit pyons 3a 2009 — 2013 pp. [5].

Jliist BKa3aHOTO MPOMIXKKY 4Yacy BiAIMOBIIHI PO3paxyHKH MPOJIEMOH-
CTpyBaJH e(EeKTUBHICTH 3amponoHoBanoro Ha 6a3i MMHK mninxoxy no
PO3B’s13aHHsI 3824 IPOTHO3YBAaHHS B PO3TIISIHYTiH MpeIMeTHiN obacTi.
Jlitepatypa
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KEPYBAHHA 3 TOUKOIO PIBHOBAT'Y ®YHKIIII METH
"Hikitin A.B., ’Cemeniok C.A., “Yaéaniox M.S.
'ByKoBHHCHKHIT NepkaBHuiT (HiHAHCOBO-€KOHOMIUHHIT yHiBEPCHTET
*Hauionansuuii yuisepcuter «JIbBiBChKa mostiTexHika» , Ykpaina
nik_tol@rambler.ru

Teopema. Hexaii posrmsimaeTbcs mpouec, MO OMUCYEThCA
CTOXaCTHIHUM IH(PepeHITiaTbHAM PIBHAHHIM

dv® (1) = a(y® (0),x(t ] &))dt + (35 (6),x(¢ 1 &))dw(r) (1)

3 Kep}IBaHHHM, 10 BU3HAYAETHCSA piBHSIHHSIM
du® (1) = a()G(y® (1), x(t | &),u’ (t))dt )

Ta CKJIAIOBAUMHU a(u,x,y),G(u,x,y),J(u,x,y) eC*?! (Rd ,X,]R'") .

[Tpu BUKOHAHHI YMOB

0 0

[a(t)dt=co, [a*(t)dt <o
0 0
Mae Micre cmadka 301KHICTB[ 1]

(4% (1).5% (1) = (a(0), 7). 3)

e TpaHUYHUN mporiec BHU3HAYACTHLCS Ha TecT-QyHKIIAX

30,3(

(p(u,x,y) eC” Rd,X, Rm) TeHEPaTOpOM

~ ! A ’ 1 n "2
Lo() =2y (1) + aOG 09, + ¢y (167 ()

ac
a(y)= [ a(y,x)z(dx),
X

Gy = [ GUrxaa(dx), 62 ()= | o2 (yox.u)a(d).
X X

Jliteparypa
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TPAHC®OPMEPHI TEXHO.IOT'Ii B 3ABE3ITEYEHHI
KUTTEBOI'O HUKJIY NIPUCTPOIO «EXOSKELET»
Ocanumii €.0., I'opoyHos O.A.

KuiBcpkuii HattioHansHUH yHiBepcuTeT iM. Tapaca llleBuenka, Ykpaina
vo_ua@sana.net.ua

B 2004 poui Bmepme B cBiTi Oyna mnpuiiHATa HaliOHaJIbHA
mporpama CIIIA 3 CcTBOpeHHA Ta 3acCTOCYBaHHS 30BHIIIHBOTO
aHTpOTIOMOP(HOT0 06araToUiILOBOrO0 POOOTH30BAHOTO MPUCTPOIO, IO
oinmbmn Bimomuii sk «Exoskelety. Ha »xamb, 10 1pOro uacy, He €
BIIOMHM yHIBEpCaJIbHHUNA MPHUCTPIH, M0 0€3 CYTTEBUX KOHCTPYKTHBHUX
3MiH 3/1aTeH 3HANTH 3aCTOCYBAaHHS B CIIOPTUBHII, BIICHKOBIH, MeAMIHI I
gy ToO0yToBii cdepax. Xoua B PpI3HMX KpaiHax BXKe ICHYIOTbH
€K30CKEeJIeTH, 110 € MPUAATHUMH Il MACOBOT'O 3aCTOCYBaHHS B OKpeMil
3 mepepaxoBaHux cep. Ham nocBin cTBOpeHHS Ta BUKOPUCTAHHS
€K30CKEJIeTiB 0araTouiLo0BOro MPU3HAYCHHS MiATBEPIUB
MEPCHEKTUBHICTD AJISl HUX, IPUHHATOT HAMH, apXiTeKTYPHOI KOHILIEMIII.
Mu ix posrnsmaemMo Sk mpuctpoi-tpancdopmepu. BiamosimHo, ix
KUTTEBUN  TMKI ~ 3a0€3MEUy€eThCSA  3aCTOCYBAHHSIM  BiATIOBIIHHX
TpaHCcHOPMEPHHUX TEXHOJIOTIH. ITo HaIIOMY BU3HAYCHHIO
TpaHcopMepaM Ha3MBAIOTh «...NPUCTPOI, IO Oe3moceperHbO YU 3
00’€KTaMH BXOJKEHHS MAlOTh 3JATHICTH IO TEPETBOPEHHS». 100TO,
OTPUMYIOTh MOTPIOHI BJIACTUBOCTI JUIS NOCSITHEHHsI MeTU. BimmosinHo,
TpaHCOp-MepHi TeXHOJIOTii 3a0e3MeuyoTh iCHyBaHHS TpaHC(opmMepa
Ha TPOTs31 MOTr0 XUTTEBOrO LHUKIY. B SKOCTI TakMX TEXHOJOTiH
MOXYTh OyTH BH-KOPHCTaHI K YHIKaJIbHI TEXHOJOTI, 0 CTBOPIOIOTHCS
i KOHKpeTHWH TpaHchopmep Tak 1 yHiBepcaibHi (ACAD), mo
MOXYTh BHUKOPHCTO-BYBaTHCh, B T.4. HAa INEBHUX €Tamax >XUTTEBOIO
UKy Tpanchopmepa.

HeszanexxHo Big mnpuiHATOT apXiTEKTYpHOI KOHIEMII MOKHA
BHU3HAUNUTH €(EeKTHUBHICTh OIOMEXaHIYHOTO BIUIMBY KEPOBAaHOTO
0araromuiapoBOro npuctporo kiacy «Ex3zockener». BoHa 3amexuts, 10
BXJIMBOCTi, BiJ PIBHA TOMO JIOTiYHOCTi, OOMEXKeHHsS (IIiJCHUIICHHS)
PYXJIMBOCTI, BEIMYMHH HAaBaHTAKCHHS HA CKEJNeT Ta CKJIAIOBI,
eproHoMiku, piBHA poboTu3alii. OcTaHHe, Mae 0cOONIHMBE 3HAUYEHHS MTPH
HAsBHOCTI OMOPHO-PYXOBUX TOpYIIeHb. He3anexHo BiJ NMpuU3HAYEHHS,
TaKWil amapar TOBUHEH 3abe3ledyBaTd OJHOYACHE IIJICHIICHHS Ta
TPEHYBaHHS  CKEJIETHO-M’SI30BOi  CHCTEMH 1  OIOPHO-PYXOBHUX
MO>KJIMBOCTEH.
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OIIBIT PASPABOTKH Y UCITIOJIb30BAHMS BA3BI 3HAHUI
B KOPIIOPAIIMU «NOOSPHERE VENTURES»
Monsikos M.B., X auun nr., *IleBuenxo I'.51.
'Tenepanbherii aupexrop NV, ZPyKOBOI[I/ITCJ'IB Hayunoro Lentpa NV,
*PyxoBomutens bassl 3Hanmii NV, Kopropauus «Noosphere Venturesy
'maxvp77@gmail.com, *khanin.ig@gmail.com,
she-genn@yandex.ru

B nokmane paccmaTpuBarOTCAd MPUHIUIBI MOCTPOEHUS U OIBIT
WCTONb30BaHusA BUKHU-ToN00HOH bassl 3nanuit (b3) xopmnoparuu
«Noosphere Ventures». [lo0ynnTensHbIME IPHYUHAME (BO MHOTOM OHH
JIOCTaTOYHO TPATUIMOHHBI, Pa3Be UYTO MX IPUOPUTET MOXKET OBITh
pa3nuuHbIM) co3naHus Takod b3 B kopmopauuu «Noosphere Venturesy
SBIISIFOTCS CIICAYIOIIUE:

e HeoOxomumocTh  coO3laHHMsS  €AMHOTO  WH(QOPMAIOHHOTO
IIPOCTPAHCTBA B KOpPHOpallMM — JUKTYETCA TEPPUTOPUANBHOMN
yIAIEHHOCTbIO IPOEKTOB APYT OT Apyra W BIMSHHEM IJI00aNN3aliu
(Yxpauna, CIIA, 3anannas Epomna).

e Cozganue cucteMbl 3QQEKTUBHOIO B3aWMOIECHCTBUS MEXKIY
MIpOeKTaMH, (KOTOpbIe BBICTYMAIOT KaK OTHAEIbHBIE OM3HEC - €IUHUIIBI,
XOTS MEXAy HHMH €CThb MHOTO OOILIero) - TUKTYeTCSl Kak
HEOOXOIUMOCTBIO COKPAIEHHsI PAacXOJOB Ha OAHOTHUITHBIE U IOXOXKHE
paboThl, TaK 1 HEOOXOAUMOCTHIO MOBBIIIEHHUS CTENIEHN CTaHAAPTU3ALNH
U TUOM3alM paboT  4YTO, KaK CIEACTBHE, AODKHO TPHUBECTH K
MTOBBIIEHHIO MTPOU3BOAUTEIBHOCTH TPY/a.

e OnTUMHU3aLMs PaCXOAOBAaHUS CPEACTB HAa 00yUYCHHE U Pa3BUTHE
nepcoHasia — 3HAUYMTENIbHBIE CPEJCTBA OTBIIEKAIOTCA Ha ATH Ienu, 0e3
9TOr0  HEBO3MOXHO  pa3BuTHE W  (HUHAHCOBOE Oiaromosryydue
KOPIIOpaLuy — HO3TOMY LIeNIeCO00pa3HO, UCXOS U3 3TON TOUKH 3PEHHUS,
OpraHU30BaTh 00yUYEHHE HOBBIM TEXHOJIOTHSIM cpeacTBaMu b3.

e (CoxpaHeHHe 3HAHHU NPU YXOAE COTPYIHHUKOB — H3HAYAIBHO
TpaJuIIMOHHAs NpUYKuHa co3fanus b3.

[IpuopurerHsie HampaBicHUs QopMupoBaHHs 3HaHMH B B3
OTIPE/IETSUINCh HaNpaBICHUSIMU JESTEIbHOCTH KOPIIOpPAllMH, KOTOphIE
CBSI3aHbI, KaK [IPaBUIIO, C Pa3InYHBIMU MIHTEpHET-IpOEKTaMH.

IIpu npoexktupoBanuu b3 HCIOIH30BATNCH CIICAYIOIINE METOIBI:
CTPYKTYpUpPOBaHUs (QJITOPUTMUYECKONH JEKOMIO3UIINH), CUCTEMHOCTH,
abcTparupoBaHus, HEPapXUU, MOIYIBHOCTH, HATTISIAHOCTH U IPOCTOTHI.

B noknane BbimeneHsl M 0000IIEHBI OCHOBHBIE NPOOJIEMBI H
3aJa4M, BO3HUKIINE Tpu mnocTtpoeHun b3 xopmoparmm «Noosphere
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Ventures»: XpaHeHHS W AaKKyMyJSOUH 3HAHWH, OOy4YeHHs U
camooOydeHusi B pamkax b3 u ¢ yderom meneBbix yctaHoBok TOII-
MEHEDKMEHTa KOpIlopaunu, KoppekTHoro odmenus ¢ b3 u pemenus
MIPOM3BOJCTBEHHBIX 3aJa4, OLEHKH 3((EKTUBHOCTU UCTIONB30BaHusA b3,
noucka B b3 um co3manms oOmiero si3bika — rmiioccapus. B pokinane
MIPUBEIEHBI M ONMHUCAHBI COOTBETCTBYIOIINE PEIICHHUS.

PaccMoTpeHb! OCHOBHBIE IPUUMHBI, BIMAIOLINE HA IIOCTPOCHUE U
s dextuBHOCTS (yHKIHOHUpOoBaHWS Takod b3. IlpoBegen amamm3
ncnonp30oBaHus b3 coTpyaHMKamMH KOpHoOpalMd, B  pe3ysbTaTe
KOTOPOTO BBIJIEIIEHBI OCHOBHBIE (haKTOPBI, BIMSIOLINE Ha TOCEIAEMOCTb
B3. IIpennoxena KOMILIEKCHAsI OILICHKa a¢dhexTuBHOCTH
¢yHkunonupoBanusi Beeit b3, a Takke onenka 3h(heKTUBHOCTH OXHOU
n3 noxacucteM b3. IlpennoxkeHsl MyTH ONTUMHU3ALUU M TOBBIILIEHHS
a¢dextuBHOCTH B3.

Jluteparypa
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HHTennekTyanbHbIN KanuTan - CTpaTEru4eCcKuit MIOTEHIHAAI
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2. bpykunr J. WHrennexTyansHbId kanuTan. Kirod x ycmexy B HOBOM
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5. TaBpunoBa T. A. ba3pl 3HaHWH WHTEIUIEKTyaIbHBIX cuctem. — CII6.:
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PO HAJIIMHICTh CUCTEMM BE3 HAJIMIPHOCTI
3 3AJIE2KHOIO BIIMOBOIO
Pomanuyk K.I'., Credpanummn JI.B.

[HCTUTYT TenekoMyHikauii 1 rmodansHOro iHGOpPMaLiitHOTO
npocropy HAH Vkpainu, Ykpaina
c.romanchuk@mail.ru, dvstefanyshyn@yahoo.com

PosrisigaeTbes B3aeMozis 3a HaAiiHICTIO ABOX miacucteM (S,, Ta
Sy) y ckmani emuHoi cuctemu S, 0e3 HAAMIPHOCTI, SIKa BHKOHY€
sagany Qyskuito U: S, =1{S,,,S;}. Ilpu upomy mincucrema S,

Oe3nocepenHbo peanizye pynkuito U , a S, 3abe3nedye i BUKOHAHHS.
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Hexait BigMoBa cuctemu S, BinOyBaeTbCs IPH BiAMOBI OyIb-KOT
3 11 migcucrem, S, abo S,,. fxmo S, He BUKOHYe 3amaHy (yHKIIiO
U 3 BnacHux (BHYTpILIHIX), HE3aNeXKHHMX Bix S, NPHYUH, TaKy
BIZIMOBY HiJICHCTEMH S, Ha3BEMO HE3aISKHOM. SIKIIO S, He BUKOHYE

¢yHKUifo BHACHiOK BiAMOBH S,,, TO Taky BiAMOBY S, Ha3BeMO
3aJI€XKHOI0.
BcranoBieHo, 1m0 WMOBipHICT BinmoBH cuctemu S, ={S,,,S,}

3a BiZICyTHOCTI HAJAMIPHOCTI Ta 3 3aJIEXKHOI0 BiMOBOIO IIICHCTEMH S P
Oyme OUTBIIIOI0 3a WMOBIPHICTH BiAMOBH aHAJOTIYHOI CHCTEMHU 3
HE3aJIOKHUMH BiJMOBaMH BIJIIOBIAHHMX IigcucreM S, Ta S, Ha

BenmauHy  Ap(Sy) =p(SK)p(SM)_p(SK)2p(SM)’ ae  p(Sg).,
p(S,,) — iMoBipHOCTI He3aleKHHX BigMOB migcucreM S., S,
cucteMu S, , BIAIOBIIHO.

[lokazano, ™0 IicHye Mea /i HApOUIyBaHHA HAMIMHOCTI
migcucTeMu S, Komu 0e3 OJHOYACHOrO MiJBUIICHHS HamiffHOCTI

nigcucremu S,, HMOBIPHICTH BIIMOBH cHCTEMH S y 3MEHIIYBAaTHCS HE

Oyze 1 HazuiifHICTh cUCTEeMH S, He 3pocTaTUME.

JOKAJIN3AIAA OLIEHOK B MHOTI'OKPUTEPHUAJILHOM
3AJAYE HA MHOKECTBE IIEPECTAHOBOK
Cemenona H.B'., Haropuas A.H.?

'MucturyT kubeprernxu um. B.M. Tiymkopa, Kues, Ykpansa
*YKpauHCKHMii TOCY1apCTBEHHEIH YHUBEPCHTET (DMHAHCOB U
MeXIyHapoIHOU Toprosiu, Kues, YkpanHa
nvsemenova@meta.ua, vpn2006@rambler.ru

JloBONIBHO 4acTo MpU MOACTHPOBAHMU (PHHAHCOBO-IKOHOMUYECKUX
MPOLIECCOB MHOTOKPUTEPHAJIBHBIMUA 3aJadaMH HEO00XOAMMO, YTOOBI
nesieBble (DYHKIHMH AOCTUTAIM KOHKPETHBIX UYHCIIOBBIX 3HAYEHUM WM
HAaXOJAWINCH B OINPEAEICHHOM JHamna3oHe. B GonbImMHCTBE ciydaeB u3
MHOTOKPHUTEPUAILHON 3aJaudl ONpPEAeNICHHBIM METOJIOM CKaJSIpU3aLMN
HOJIy4al0T OJHOKPUTEPUANIBHYIO, ISl KOTOPOH M3BECTHO MHOXKECTBO
MetonoB pemeHus [1,2]. Ilpu 3TOM BO3MOXHa TOTepsS BaXHBIX
pewennid. IloaToMy axTyanbHOW SIBIAETCS  pa3padOTKa HOBBIX
AITOPUTMOB TIOWCKA, YYHUTBHIBAIOIIMX MHOTOKPUTEPHAIBHOCTH 3aJauM.
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Paccmotpum MHOrokputepuanshyto 3agauy Z(F,X), rae F(fi,...fr),
fi =<cl~,x> —>extr, ieNy= {1,...,6}, M HEKOTOpBIC IICJICBbIC (DYHKIIHO-
Hajibl JOJDKHBI  JIOCTHIaTh  KOHKPETHBIX  YHCJIOBBIX — 3HAYCHHM:
S1(X)=Y15e0 [ (X)=yp .k <i, HA KOMOMHAaTOPHOM MHOXKECTBE IIEpe-
craHoBOK P, (4). IlocnenoBaTenbHOCTh —IIEPECTAHOBOK — COIJIACHO

JIEKCUKOTpauiecKoro MeToja I'eHEepHPOBAHMS HWHTEPIPETHPYETCS Kak
rpa¢ G, , BEpIIMHbl KOTOPOTO COOTBETCTBYIOT 3JIEMEHTAM MHOXKECTBA
nepectaHoBok P, (A4) [2,3]. AJroput™M JIOKaJu3alMUd BEKTOPHOU
¢byskunu i 3agaun Z(F, X)) cocTouT B cieqyronieM:

— TIeNeBbIe (DYHKITMU YIIOPSIOYMBAEM IO HEYOBIBAHUIO IIPHOPHUTETOB.
BaxxHO UCKITIOUUTH T€ QYHKIMH, KOTOPHIE NOMAAAI0T B OAMH YUCIOBOM
JMaIa3oH, He HapyIlasi COAeP KaTeIbHOCTD YCIOBHUS 3a/1a4H.

— Pemaem 3agady JokanMzanuy JUid KXol neneBod QyHkuuu f;,
i € N,, ¥ IOJIy4aeM JIOIIyCTUMBbIE MHOXKECTBA IIepecTaHOBOK G; [3].

— Hopmamusupyem wMHOxkectBa  Gy,G,,...,.G HaxoauM oOlee

i°
pewenne G'=G, G, (...G;, i€ N,, [4], eciu OHO CyILIECTBYET.
— MHuoxecTBo 2meMeHTOB G’ YIOPSZ0YMM B JICKCHKOTrpadHIecKoM

MOpsiIKe HEyObIBAaHHS W I0JIyY4aeM MHOMXECTBO HCKOMBIX pEIICHHUIMA
3amaun Z(F,X). JlanpHeimme uccienoBanus OyIyT HampaBIeHBI Ha

paccMoTpeHue MHOTOKPUTEPHUAIBHBIX 3a1a4 Ha IPYTUX
KOMOMHATOPHBIX MHOKECTBaX.
Jluteparypa

1. Cepruenko U.B., Kacnmuukas M.®d. Moaenu u MeToAbl pelieHus
Ha OBM koMOmHaTopHBIX 3amad ontuMmsanuu. — K.: HaykoBa mymxa,
1981. - 288 c.

2. CemenoBa H.B., Koneukina JI.M. Bekrophi 3ama4i AHCKpeTHOI
onTuMizamii Ha KOMOIHATOPHUX MHOXXHHAX: METOTU IOCTIDKEHHS Ta
po3B’s3anns. — Kui: Hayk. mymka, 2009. — 266 c.

3. HomenT.A., Koneukuna JI.H. O06 omHOM monxoae K pELICHUIO
KOMOMHATOpHOW 3ajaydl ONTHMHU3alUUK Ha rpadax // Ympaisionme
cucrembl ¥ MamuHbL. — 2009. — Ne 4. — Cc. 36—42.
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CTEHJIU HANIBHATYPHOI'O MOAEJIFOBAHHSI AJ151
CTBOPEHHS CKJIAJHUX CUCTEM
Tumamos O.
IncruryT kibeprernku im. B.M. I'mymkoBa HAH VYkpaian, Ykpaina
alex_timashov@mail.ru

HaykoBi, opranizaumiiiHi Ta TexHi4Hi mnpoOiemMH, MOB'sI3aHi 3
MIPOBEACHHSIM BHIPOOYBAaHb CKJIATHOI TEXHIKH 3a CBOEIO CKIIATHICTIO
CyMipHi 3 Ipo0OeMaMu CTBOPEHHS CaMUX BUPOOIB

HaniBHaTypHe MOAENIOBaHHS [O3BOJIIE YTOYHUTH PpeE3yJIbTaTH
AHATITHYHUX  PO3PaxyHKiB  TPH  TPOSKTYBaHHI  CHCTEM,  iX
MaTeMaTHYHOTO MOJICTIOBAHHS, a TAKOK CKOPOTUTH OOCST KOIITOBHUX
HaTypHuX BunpoOyBane [1]. Skmjo MaremaTnyHe MOJETIOBAHHS
HalOITbIl e()eKTUBHO Ha paHHIX CTadisX NPOEKTYBAHHS CHCTEMH,
HaTypHE - Ha 3aBepIIaNbHIX, TO HalliBHATYPHE MOJICIIOBAHHS 3a3BHYai
BUKOPUCTOBYETbCS Ha TMPOMDKHUX cTamiax. [licns BUTOTOBICHHS
po3poliieHOr0 3pa3ka, B psAAI BHIAIKIB NPOBEACHHS HATypHOTO
MOJCITIOBAaHHSA yTpymHeHe ab0o B3araji HEMOXXIHBO, TOMY IIO
QITOPUTMH YTIPABIIHHS CHCTEMOIO Ta OOpOOKHM CHTHAJIB IIe He
Hanaromxkeni. [lepexin Bim eramy KOMIT'IOTEPHOIO MOJEIIOBAHHS 10
peamizarii B "3ami3i", MaOyTh, € HaiiBakunM. lle moB's3aHO, B mepiry
4epry, 3 TUM, IO Hiska MaTeMaTW4YHa MOJIeNb, HACKIIBKH O TOYHOIO
BOHa He OyIa, He 3/1aTHa BpaxyBaTH BCix ocobOnuBocTeil cuctemu. Came
B IIbOMY BUII3JIKy Ha MEPIINH IJIaH BUXOAATH METOJM HaIliBHATYPHOTO
MOZIETIOBaHHA. Y TIpoIeci HamiBHATYPHOTO MOJETIOBAHHS BJAJIO
MOEAHYIOTHCS ITEPEBard MaTEMaTHYHOTO Ta HATYPHOTO MOJICIIOBAaHHS, 1
MOXKe OYTH OCATHYTO ONTHMabHa B3a€EMOJISI MK OOYHCITIOBAIIEHUMU
1 HATYpPHUMH €KCIIEPIMEHTaMH.

JocmipkeHHs pealbHUX TOYHOCTHHX XapaKTEPUCTUK CHCTEMH,
10 PO3pOOISETHCS, Y BCbOMY Jiala30Hi MOXIUBHX 3MiH MapaMeTpis,
30BHIIIHBOTO BIUIMBY 1 po3poOKa Ha I[if OCHOBI ONTHUMAILHUX
ITOPUTMIB 0OpPOOKH JTaHUX Ta KEpyBaHHS - BCE 116 MOXKIIMBO TiJIbKH 3
BHUKOPUCTAaHHIM CTCH/IB HAalliBHATYPHOTO MOJACTIOBAHHSI.
Jliteparypa
1. A. Brandt, I. Kossev, Albert Falke etc., Preliminary system
simulation enviroment of the university micro-satellite Flying Laptop.
In book: R. Sandau etc. Small Satellites for Earth Observation, 2008,
342 p.
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MIHIMAKCHE OLIHIOBAHHA B I'MIEPBOJITYHUX
PIBHAHHSAX 3 PO3PUBHUMU KOEDIINIEHTAMMU 11PU
HEINOBHUX CHHOCTEPEXEHHSX I ®YHKLIIA J)KEPEJIA
3AJIEZKUTD B ITPOCTOPY
Yyxpaii JI., Yyxpaii B.€.

JIbBiBCHKMIA HaliOHAJIBHUM arpapHUil yHiBEpCHTET, Y KpaiHa
l.chukhrai@gmail.com

B Q= {(x,t) 0<x<lt <t< t3} pO3TIIIHEMO  TiMepOomiuHy
KpailoBy 3ajjauy
o’ op(x, t) 0 8(/)(x t)

a(t)——— e (k( )———) +b(xX)p(x,1) + B(x,1) f (x) (1
3 KpaI/IOBI/IMI/I yMOBaMI/I
¢)(0,t)=0,t€(ll,t3), ¢(h:t)=0’te(t19t3) (2)
Ta IIOYAaTKOBUMM yMOBaMI/I
p(x,1,) = £, (x),0'(x,1,) = wy (x),x €(0,1), 3)

ae f(x)eL,(0,1), f,(x) € L,(0,1),w,(x) € L,(0,1), B(x,t) € C(X2,),
k(x)e C'(0,1),b(x)e C(0,1), mnpuuomy IJa>0,c>0 Take, IO
k(x)=a>0,k(x)<cwmaibke ckpizb Ha (0,1), a xoedimient a(¢)
3aJI0BOJIbHSIE YMOBY
a,t <t<s,
a(t)=40,t=t,, 4)
a,,t, <t<t,
ae a,(t) e L,(t,s),t, <s<t,,a,(t) € L,(t,,t;),a,(t) >0,a,(t) >0.
[IpumyckaeThcsi, MmO CIOCTEPIraeThCs peamizallii BUIAJAKOBOTO
npouecy y =(y,(?),,(?)) 3 rinsbeproBoro mpocropy H y Burmsai

1
i (t) = Ihlk(x)¢1(xat)dx+771k(t)at1 <t<s,k=LN,
0
&)

1
V3 (D) :J.h3k(x)¢3(x’t)dx+773k(t)9t2 <t<t,k=1N.
0

ae @(x,t) = (¢, (x,t),9,(x),p,(x,t)) - y3aranbHeHi po3B’SI3KH CUCTEMHU
piBasub  (1)-(4), 4, (x)€ L,(0,1),i=1,3, 1, (t),n7,,(t) - BuGIpKOBi
3HAYCHHS BHUMAQJKOBUX TMPOIECIB, SKI TIOMApHO HEKOPEIhOBaHI, 3
HYJILOBUMH MaTEeMaTHYHUMHU CITIOIIBAHHSIMU
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Mn, (t)=Mn,, (t)=0,Mn  (t)<o,Mn; (t)<w.  BymeMo BBaxaTH,
mo f,(x),w,(x), f(x), 1, (¢),7;, (t) HE BU3HAYEH] TOYHO, a BIAOMO, L0
BOHH HaJIEXXaTh MHOXHHI

[0 e+ [0 )Y g de <1,

K} ;3
[ M0y} (0de <1, [ M3 (o) (e <1,

bl 2

3HaiineHo MiHIMaKkCHY OIIIHKY (dyHKITIOHATY (@)

s 1 1 1

1) = [ [1,Ce,0)py (x,t)edt + [ L (x)p, (x)de+ [ [ 1 (x,0)p, (x,0)dedt - 3a
40 0 t 0

HCIMMOBHUMMH CIIOCTCPCIKCHHAMU (5) 3a CTAaHOM CHCTCMH, IO ONHUCYETHCA

cucteMoro piBHAHG (1)-(4) y HacCTymHOMY BUTIISAI

(0) = [ y(0)d =17).

0

MU [bOMY HOXHOKa OLIIHIOBaHHS JOPIBHIOE

o* =supMl() ~l)F =I(p)

a u(t) = ([ 1 (OO (x) p, (x,0)dx, [ 15 (£)hy () s (x,)d).

Oyukuist p(x,f) OAHO3HAYHO BU3HAYAETHCA SIK PO3B’SI30K CHCTEMH
iHTerpasIbHO-AN(EepEHIIaTbHUX PIBHSHB.
Jlitepatypa
1. Hakomewnmit O.I. OrmiHoBaHHS TMapaMeTpiB B  yMOBax
HeBu3HaueHocti // Haykogi 3anmucku KHY im.T.I".1lleBuenka. — 2004.-
Tom 7:dakynbrer kibepuetuku, — C.102-112,
2. Hakoneunmit O.I'. OnTuManbHe KepyBaHHS Ta OIIIHIOBaHHA B
PIBHSHHSIX 13 YaCTHHHUMH MOXigHUMH. HaBuanpHuii mocionuk — BIIL]
«KuiBcbkuit yHiBepcurer», 2004.
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PIBHSIHHSI BEJIMAHA B 3AJJAYAX OIITUMI3ALII
MHOKHUH ITIOYATKOBUX 3HAUEHD AJI51
CTOXACTUYHMX PI3BHULIEBUX PIBHSIHD 3
MAPKOBCBKUMHA KOE®PIIIEHTAMMN.

IMymapin 10.B., CanimoBa H.A.
KuiBchkuii HalliOHATFHUN €KOHOMIYHUH yHIBepcUTET iMeHi Bamuma
T'erbmana, Ykpaina
shusharin@meta.ua

PosrnsimaroTbcs BEKTOPHI Pi3HULIEB] PiBHSHHS BUTILILY

Xy = A(kE)X, +D B, (k,E)Xn, +B(k,Eu,, k=01, X,=v,,
j=1

ne A,B s jzl,_r, B — nesxi matpumi, &, — MOCHIITOBHICTH BEKTOPHHX
BUINAIKOBUX BEJIMYMH, 10 YTBOPIOIOTH JaHLIOI MapKoBa i3 CKIHYeHHUM
guciom cradis 9,,..,60,, n,, k£=0,1,.., j=1,_r CKaJISIPHI BHITaKOBI
BeJIMYMHM, IO HE 3aJexarb Bix &,, u, — BEKTOp KepyBaHb, IO
Bubupaerscst y Bumani u, =F,(X,,E,), ne F,— pnesixka QyHKIis.
Hexaii G(A) MHOXHHU IOYAaTKOBHUX 3HA4YEHb V,, TAKa 10 BUKOHYETbCS
yMOBa

v(u)=ZEgk(Xk,uk)+gT(XT)SL (1)

A —ckanapHuil nmapamerp, g,.g,,k=0,7—-1 neski s -omHOpPiIHI
¢yskuii. Iloznauumo uepe3 G(A,  )— MakCUMajbHY 110 BKJIIOUEHHIO

MHOKHHY, TIPH SIKiii BUKOHY€ThCS yMoBa (1).
[Nokazano, 110 MpH JESIKUX YMOBaX Ma€ Micle PiBHICTb

1/s
max 7\‘max = |:Sup I/() (VO):| s

Ug eyl G(1)

9
re Vo)=Y, 0004, 4,=P{&=6,}, a dymiz V, (x) e

n=1

PO3B’A3KOM PiBHSHHSA
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q
V,.(x)=min |:gt,l (x,u)+ ZEV[ 1 A(1,8)) X +
" I=1 |

+> B ,(n,0,)Xn,, +B(n,9, )u}n,m,

j=1

e Ttl,n :P{gt-H :61/&.\1 :en}’ I/n,O zgl(x)'

Jliteparypa

1. KopeniBcokuii JI.I. CTifiKicTh po3B’sI3KIB CHCTEM PI3HUIECBUX PIBHIHB
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Ne3 — C.183 — 189.
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