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PECULIARITIES OF NON-LINEAR CROSS-CORRELATION
ANALYSIS WITH DIFFERENT METHODS OF BOND
STRENGTH DETERMINING
BakhrushinV.E., Bakhrushin A.V.
Vladimir.Bakhrushin@gmail.com

Cross-correlation analysis is a widely used method for solving the
problems of bond strength determining at dynamics of several
parameters. One of the problems that arise at its application is the
possibility of non-linear bonds. In this case the results of bond strength
may be significantly underestimated. The most popular statistical
software, such as Statistica, SPSS and so on has no tools for determining
of non-linear cross-correlation. Only the Pearson correlation coefficient
is available for time-series correlation analysis. Therefore, it was
proposed in [1] to use the sample determination coefficient as an index
of bond strength for such problems solving and appropriate software
was developed. It may be calculated as
K,=1-88, /S8, =SS, /SS,,, where SS.; — residual sum of squares,

SSiot — total sum of squares, SS,., — regression sum of squares. For the
sample coefficient of determination SS.;, is calculated for the model of
the piecewise constant function, for which one of the series is
preordered in ascending order. Lately it was shown [2] that the accuracy
and reliability of obtaining determination coefficient values may be
essentially increased if the unknown model values are calculated as
moving averages of initial data. But in this case another difficulty for
the cross-correlation analysis may occur. It consists in the fact, that
within the statistical error such coefficient of determination is
independent on lag. Thus it is proposed to use proposed in [2] method
for the time series, one of which is preordered in ascending order.
Appropriate software is designed.
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THE PROCEDURE OF DISTRIBUTION MODELS
IDENTIFICATION FROM EMPIRICAL DATA
BakhrushinV.E., Dudko 1.0O., Ignakhina M.O.
Vladimir.Bakhrushin@gmail.com

The wusual procedure of distribution model identification
involves forming hypothesis about the type of distribution and its
verification by means of one or more standard criteria. Model
parameters are given either a priori or determined by the sample
moments, such as arithmetic mean and standard deviation for the normal
distribution.

This procedure arrow when it was not possible to use modern
computing power. Today there is a sense to enter one more step —
refinement of parameters by using the procedure of minimization of
some objective functional [1]. As an objective functional it is advisable
to use the residual sum of squares or the maximum absolute residual
value. First of them corresponds to ®” test and the second — to the
Kolmogorov — Smirnov test. In some case objective functional
minimization gives an opportunity essentially close the model to the
empirical distribution function.

But there is a serious problem, that the critical values of criteria
are determined within some assumptions about the type of model and on
model parameters determination procedure. Most commonly it is
assumed that its values were determined regardless of the sample.
Sometimes the sample distribution moments are used as parameters. But
in this case critical values are smaller. It can be assumed that using of
minimization step will further reduce the critical values, but we don't
know their exact values. So we propose to use standard criteria of
models adequacy, such as residuals properties for solving the problem.
The validity of this approach is confirmed by the practice of distribution
models identification and computer experiments.
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EXTREMAL STRATEGIES IN PURSUIT-EVASION
DIFFERENTIAL GAMES
I.Beyko' , Valid AlBain’
'National Technical University of Ukraine “Kyiv Politechnic Institute”
*Syria University
ivan.beyko@gmail.com
Using convex approximations of the families of optimal
terminal surfaces of terminal states we develop numerical
algorithms for designing extremal control strategies of the
minmax time pursuit-evasion differential game:
T, =argmaxmint| x, () =y, (1),
ipel . cil,...q}, i, el c{l,..,n},

d"(’) = F(x()u(0)), x(1) € R, u(t)eU c R',

dfi (t’) KO W(8)), y(t)eR", v(t)eV < R".
The designed extremal strategies use observation data (z,x(z), y(r)) to

calculate extremal controls
u(r) =argmax(¢(z), f(x(7),u)), v(7)=argmax(y(z),1(y(7),v)),

where (X,7,¢,w,) is the solution of the boundary value problem

dx(t dy(t
A0 _ raw.aen. L0 -nao.50)
do(t dy(t
L0 50,7 (), ";—t“ = (B GOFON p (). 1e[n.T],
() =x(2), y(©)= (), X, (1) =y, (1), ¢, (") =y, (T), i, €l , i €l,
telr,T].
To calculate extremal controls in real time the iterative algorithm is
proposed. At the first step we calculate (x,y,p,y) satisfying initial

conditions
9, 0)=y, (0)=y, (0)-x, (0) fori el ,iel;

p ()=0msi el , y (0)=0fori ¢l 6 x(0)= x’, y(0)=y°
in search for the first moment 7 >0 satisfying z(#) =0, where

dx(t) —f( (t) (l‘)) M_h(y(t)i(t)),

2(1) £ (p(1), (1) = x(7)) ,
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L0 100 0, LD = OO v o),

u(r)=arg maX((/’(T),f(x(T),u)), v(r) =arg n}gX(W(T),h(y(T),V))-
Ifforall i €7 , i el,

x> %y
| .XiA (T) - i)_ (T) |S &g, | (Di‘ (T) _l//iv (T) ‘< &,

then the & -extremal control is obtained. Otherwise the following new

values of ¢(0),w(0) are calculated

9(0) = ((0)+ 29(0))/ | (0) + 2@ (0) |, w (0) = w (0)/ [ (0) [,

y,-‘(T)—x,-x (T), iy € [J”
d“;“) =L GO aO)] o), ?,(1)= {Oj il
d'/;Z(”_ LR (O w (@), 7, (1) =y, (T)+ A, (T)

by choice of 1 in order to satisfy the inequality z(7)>0.

The developed iterative procedures for the ¢ -extremal control
calculation are implemented in the design of optimized three-level
real-time pursuit-evasion strategies. The sensitivity problems of the
designed strategies are investigated.

INTERIOR POINT METHODS FOR OPTIMIZATION OF
DISTRIBUTE PROCESSES
Beyko I., Shchyrba O.
National Technical University of Ukraine “Kiev Politechnic Institute”
ivan.beyko@gmail.com

Using interior point methods we develop numerical algorithms for
optimizing control processes described by linear partial differential
equations. In order to design direct optimization algorithms the linear
state equations are discretized to obtain a linear programming
optimization problem that are solved by efficient liner programming
interior point algorithms. In this way implementation of power
computers allow the handling of a great variety of complicated
optimization problems. Taking into account that discretized models of
many-dimensional partial differential equations become of grate
dimension we consider calculation problems of interior point methods in
infinite-dimensional ~ spaces. =~ Numerical realizations comprise
continuation techniques, inexact Newton methods, discretization

18



schemes, and error estimators of linear solvers for optimal control
problems with partial differential equations. The encountered difficulties
of existence and convergence of the central path are discussed by
application of inexact path following methods of interior point type
formulations in infinite dimensional optimal control problems.

SOLVE-OPERATOR METHODS FOR OPTIMIZATION OF
CONTROLLED STOCHASTIC PROCESSES
"Beyko I., *Zinko P.
'National Technical University of Ukraine “Kiev Politechnic Institute”
*Taras Shevchenko National University of Kyiv, Ukraine
ivan.beyko@gmail.com

We develop computational solve-operator procedures for
stochastic processes simulation and risk optimization under parametric
uncertainties. In a rather general form the solution u" of a risk
optimization problem is defined as the minimizer «’ :argruneiél]?(u) of a

risk function F(u)= Emanf(u,q,H), where u is the control input, ¢ is an
qel

uncertainty parameter, 6 is a random variable defined on a probability
space (®,%.P), f(u,q,0) is a random performance function, F(u) is the

expected performance indicator, Q 1is a set of uncertainty, and Q is a
feasible control set.

We consider time and space multidimensional interdependent risk
processes where the random performance function

fu,q,0) = f(x(u,q,0),u,q,0) depends on the stochastic process x(u,q,6)
that is simulated by the graph-operator system
A(x,u,q.0) 2 (4,(x.1,4.0).... Ay, (x.u,4.0)) =0,
A, (01,q,0) = (A, (X5 245 U5 G5 Oy s
oo Ay (5 Zi s Wiy, Qi > B, )
(614,65 0) 2 {001 GOVt (st G5 0) 2 (N g, Gy O )1 o5

The ks-th subsystem 4, (x,,z,.u,.q,.6,)=0 of the graph’s k-th knot
describes interdependences between the ks-th subsystem’s states x,_,
controls u,, uncertainty parameters ¢,, random parameters 6, and
influences z, with the subsystem environment, z =g, (x,u,q,0),

k=LN,, s=LN,.
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Computational procedures for calculation x_c,.q,.6,.z,) depend

on types and dimensions of algebraic, differential, or general algebraic-
integral-differential equations that describe the ks-th subsystem. In order
to design efficient computational procedures for calculating
x.(u,.q,..0,.z,) there are successful attempts in search for adequate

approximations of stochastic subsystems 4, (x,.z,.u,.,9,.6,)=0 DY
simplified SDE:
dx, () =a, (u,,q,,0,,2,)dt +b, (U, ,q,.,0,,z, )dwt),

dx/i (0= x/i- (t)(a/i (g Gy > Oy 24 ) + bkz.v (Uh» Gy » Oy 24 )AW(D)),

dxis (= ali? (U4 Gi> Oy 24 )x/i ()dt + blfs Uy Gy 5 Oy 24 )AW(D),
or by more general SD systems

dxie (1) = (A1), (1), 0(2),0)x;, (1) + c(u(t), (1), (1), 0)dt +
+B(u(t),q(t),0(t),t)dw(t)
with known trajectories formulae
xllcs(t) = xllcs (7)) + ail(s (sG> Ors» 20 = 15) + bzlcy(”kquw O > 23 )W — 1)),
x/i- (1= exp((alzm (45594505 24) — (b/i )’ (U4 Q1> G524 2)(E — 1)) +
+b,f\, Uy, 9,56, 2, )Wt —1,)),
X (6) = X (1) exp(@y, (5 Gy O 2, )(E = 1,)) +

40, (402 XD, (01 Bon2 )0 = D)D),

X (1) = D(0)x¢ (1) +<1>(f).[; Y(@)(c(u(r),q(7),0(1), 1)+ +B(u(7),q(7),0(7), 7)dw(7),
where @() and ¥() are the fundamental matrices of the associated
homogeneous system and of it’s conjugate system, and
w(t) = (W, (0),..., w,(¢)) are Brownian movements
dw, () 2w, (t+dt)—w,(t), E(dw’(t)=0o’dt,
E(dw,(t)dw, (1)) =0 for i # .
Trajectories x of subsystems that are described by nonlinear

stochastic differential systems
dx(t) = a(x(t),u,q,0)dt + b(x(t),u,q,0)dw(t),
a()={a,(),i=L.n}, b(O)={b, ()i =1.ni=1.m},

may by calculated by iterative Euler-Maruyama method

X(t) = x(8) +a(x(t,),u, q,0)(t;,, =) +b(x(t,),u,q, O)(W(t;,,) = w(t,))
or by Milstein’s higher-order method
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x(tz’+l) = x(ti) + a(x(ti )7u5 Q> 9)(ti+l - ti) + b(x(ti)’u’ q’ 9)(W(ti+l) - W(ti )) +
+%b(X(t,-),u,q,6’)bT(x(t,- )1, ¢, O)N(W(t,,) = w(t))* +1, = 1,,,).

Probability densities p = p(x,t|x,,t,) for random vectors x(t)eR",
a(’) = (a,(),...,a, (")), @(-)=%Zn:bik(~)bjk(-) are calculated as solutions of the

k=1

Fokker-Planck equations

PO 5 (00,0, P+ 3 = [y (300100, O)p (5]

at i=l ax[ i=1 j=1 (il

_ 1 Ny

a()=(a,(),-.a, (), b;()= Ezbﬂc ()b () -
k=1

We develop higher order solve operator methods to calculate
trajectories x,, (¢, p,q,0) of general control processes
to =T (U0 G105 O Zi0) € Ro X (t) = Xty s Ui Qs O o) € R™,
Ay (1) = s (X0 (U5 Qs Opi> Zii o b Oy (Kis (8)5 115 Q> O 2o D)), EE[E11],
Ly = T(xks(i—l)(ti)7ti’uksi’qksi’9ksi’zksi) > 1,
xks(i+l) (ti+] ) = W(xksi (ti+l )’ ti+] s z’lks(iﬂ) > 91cs‘(i+l) H st(i+]) )’

were 6, € R™ are random vectors defined by distribution functions

Foi (O | ooy (8510 Gy 1y Ous sy Zasiry) - FOT given g, i, and for given
realization 6 of 6@, the trajectory x(r)=x(r,u,q,0) satisfies the
differential equation

dx(t)/dt = f(x(z),7) 2 a(x(7),u,q,6,7,0(x(t),t,,it,7,0,7)) and it’s s-order
approximation x(¢t+#4), x(¢t+h)=x(t+h)+O0®"), s=k+[+1, is calculated [1]
by

t+h
%(t+h)=p(t+h)+ [ 0@)(f(p().7)-dp(e)/dr)dr,
using p() and Q() satisfying
p(r)=x(r)+O(h"), dO(r)!dr =-0(r)A(z)+O(h"), Ot +h) =1.
To calculate » that minimizes the risk function
Emax f (x(u.g,0),u,4,0)
qe

we implement stochastic generalized gradient methods [2] and
stochastic minimax algorihms [3].
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INTRACELLULAR PROCESSES MODELING USING ACTIVE
PARTICLES
Biletskyi A., Biletskyy B.
Kyiv National Taras Shevchenko University
V.M. Glushkov Institute of Cybernetic of NAS of Ukraine
borys.biletskyy@gmail.com

We develop computational framework for modeling and
simulation of intracellular processes. The processes are coordinated by
introducing multiple locally interacting particles corresponding to the
proteins in living cells. The particles affect the flow of the specific
processes, so that the particle concentration represents all the processes
currently running in the system.

The particles are able changing the environments due to the
algorithmically defined interactions. Each particle in the configuration
has a real value associated with it which measures the local stability of
the configuration. The system dynamics is implemented in a way that
the interactions are used for switching between configurations,
configurations with lower cumulative stability appear less frequently
during the evolution of the system.

Composite particles can be composed of simpler ones using
different types of bonds, so that the resulting particle inherits the
properties of the nested particles. We consider the particles with inner
structure represented by a tree. Such representation allows calculating
the particle properties given its structure and encoding any particle
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including all its properties in a linear sequence of symbols from some
finite alphabet.

The proposed framework is implemented as a separate Scala-
library. The library was used for real life processes modeling such as:
auto-oscillating reaction, composite particle self-assembly and decay,
particle foraging and membrane transport. The processes studied are
available online as Java-applets.

RISK MODELS FOR CRITICAL INFRASTRUCTURE
PROTECTION PLANNING
Biriukov Dmytro', Zaslavsky Volodymyr’
'National Institute for Strategic Studies, Kyiv, Ukraine
*Taras Shevchenko National University of Kyiv , Ukraine
! biryukov@niss.gov.ua, > zas@unicyb.kiev.ua

Last two decades characterized by increased scale and number of
natural disasters, technogenic accidents and terrorist activities. To resist
numerous threats G8 countries were compelled to develop effective
mechanisms to protect national critical infrastructures (CI). Due to
legislative acts of USA, Canada and EU the CI is considered as systems
and assets, whether physical or virtual, vital to national security,
governance, public health and safety, economy and public confidence
[1]. CI provides enormous benefits, services, and opportunities for
government, business and people, but, simultaneously CI is highly
vulnerable for numerous threats that may have serious effects, such as
cutting populations off from clean water, power, transportation, or
emergency supplies. The risk models are used to support decision on CI
protection measures planning and resource allocation and therefore to
mitigate these threats.

Despite the developed mathematical techniques of the risk theory,
there is a significant difficulty for CI risk modeling. These difficulties
are connected with the following.

(a) Uncertainty. Information on threats is unknown, classified or
there is lack of statistics. Risk analysis can seldom be performed on the
basis of large statistical databases because they may not exist, and full
information may not be available at the time when decisions need to be
made [2].

(b) Interdependency. Much effort is currently being spent to develop

23



models that accurately simulate CI behavior and identify
interdependencies [3]. Because of the interdependence of CI that result
multiple cascade effect, estimation of the value of risk for catastrophic
events considered as a hard problem [4].CI can be seen as so-called
“‘system-of-systems’’, they consists of multiple, heterogeneous,
distributed, occasionally independently operating systems embedded in
networks at multiple levels, which evolve overtime [5].

(c) Sector and threat type specifics. CI components are different in
various sectors (banking, transport, energy, defense industrial base,
emergency services, water supply etc.) and they exposed to different
threats. Respectively, a number of specific methods for risk assessment,
standards and guidance were developed. A case of terrorism risk
assessment shows that common used measures based on expected
values are unsuitable and a case-specific approach should be developed
[6]. For example, we propose an extension of logic-probabilistic
technique to model scenarios of attack on CI facilities and assess
probability of attack success [7].
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COMPLEX MODELING OF FILTRATION PROCESSES IN
HYDRAULIC STRUCTURES UNDER UNCERTAINTIES
A. Bomba, V. Gavryliuk, A. Terebus
Rivne State Humanitarian University
Abomba@ukr.net, im_vova@ukr.net, anna.terebus@gmail.com

The method for the numerical solution of nonlinear model
boundary-value problems on finding of quasiconformal mappings is
modified for the case when the filtration process is considered in a
porous medium with free boundaries restricted by the flow surfaces and
equipotential surfaces, particularly in a spatial earth dam with a
longitudinal drainage (as a managing parameter) on the impenetrable
foundation (in Fig.1) whenever the tail-water exists. Hereby we state an
optimization problem on a determination of minimum length of the
drain layer to collect seepage.

/.

A

Fig. 1 An earth dam with a drain layer

We used ideas of the method of block iterations when we built (and
proved) a corresponding algorithm, which was based on alternate
“freezing” of the south for conformity parameter, internal and boundary
net knots of curvilinear domain etc.
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ERLANG RETRIAL QUEUES WITH HYSTERESIS
STRATEGIES OF INPUT FLOW
"Bratiichuk M., ? Protopop Iu.

'Silesian University of Technology, Gliwice, Poland
*Kyiv Taras Shevchenko National University
Mykola.Bratiichuk@polsl.pl , 15082008@ukr.net

We deal with a retrial queue of the type £/M /1 in which the
interarrival intervals of primary calls have an Erlang distribution and
intensities of repeated calls and of the service process are supposed to be
constant. The input flow of the customers is subjected to the hysteresis

strategies which means that there are two different levels, say 4, and

h,,0<h, <h, and two regimes for the input flow. The first regime
means that the input flow follows Erlang distribution with parameters
n, A, while the second one means that the parameters of input flow are

equal to m, A,. The system operates as follows. Let £(#) be the number
of customers in the orbit at the time ¢ and 0<&(0)<h,. If

t <t =inf{t : £(t) = h,} the customers arrive at the system according

to the first regime. At the timez the input flow starts to follow the
second regime. That regime remains till the number of customers in the

orbit reaches the level £, at which time the input flow starts to follow

the first regime again and the process repeats. We consider both
truncated model and the model with unlimited orbit. The explicit
formulae for steady state distribution of the customers in the system are
obtained and an optimization problem for such a system is considered as
well.
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ASYMPTOTIC VIEW OF GENERATOR OF JUMPING
OPTIMIZATION PROCEDURE IN MARKOV MEDIA IN
DIFFUSION APPROXIMATION SCHEME
Yaroslav Chabanyuk, Pavlo Gorun
Lviv Polytechnic National University
yaroslav_chab@yahoo.com, Pavlo.Gorun@gmail.com

The jumping procedure of stochastic optimization (PSO) with
Markovian switchings in diffusion approximation scheme has view

v(t! €)1
u(t)y=u+ Za,f(VbC(u,f;x,f)+6‘1C0(u,f;x,f)), t>0,

k=0

u(0)=u, (1)

in notation [1], V,C(u,)={(Cu";)—C(u;))/2b(t)},
u* =u *b(t). Additionally, y — rate of time normalization,

x,=x(r,),n=20 - embedded Markov chain in uniform ergodic
Markov process x(¢),t >0, in standard phase states space (X, X) with
generator Q[2] and potential R,. The regression function C(u;x),

ueR , xe X, satisfies the condition of existence of global solution
accompanying  systems  du,(t)/dt=C, (u (t);x), x€ X,  with

assumption of a single extreme « . In (1) there are u’ =u‘(z’),
xi=x(rl), al =alti), i =1,/ ,n>0,a>1/2.
Norming PSO (1) has view:

v =t [u® (0)/ e—CE (1)),
where diffusion perturbation has form

v(t/ 7y

& -2 -1 . £, ¢
Cot)=¢ Zk=0 a;,Co(ui;x;).
Next let’s consider three-component Markov process (MP)

ve(t), CE(t), x° =x(t/€"7), t>0. ()
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Lemma. Generator of MP (2) on test functions ¢@(v;3) € C*(R) has
representation:

Lip(vix)=e770p(;3x) + & " Lip(v;wix)

where

Lf,(dv, W, x) = (Ax){(p(vﬁ?“/ A “av, C(—(j Z, X)W+
{

+6 QG Zx)) - w,y)}c"”y { ve,' (3w ),
‘

Pco(-;-;y)=JXP(y,dz)¢>(-;-;Z), z=v+t'w,

where w — standard Wiener process.
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SOME NEW CONSTRUCTION OF REGULAR E-OPTIMAL
SPRING BALANCE WEIGHING DESIGN FOR EVEN NUMBER
OF OBJECTS
Ceranka B., Graczyk M.

Department of Mathematical and Statistical Methods
Poznan University of Life Sciences
bronicer@up.poznan.pl, magra@up.poznan.pl

The problem of determining new experimental designs under
given optimality criterions is presented. Related problems are shown in
the papers [1], [2], [3]. Here, there are presented some issues connected
with the spring balance weighing designs and with the construction of
the design matrix satisfying the criterion of E-optimality. The incidence
matrices of partially incomplete block designs are used to construction
of the regular E-optimal spring balance weighing design.
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DIFFUSION APPROXIMATIOM OF MULTICHANNEL
QUEUES AT THE NETWORK MODELS WITH THE
PARALLEL STRUCTURE AND COMMON FLOW
Chechelnitski A., Gubeladze A., Kucherenko O.
Taras Shevchenko National University of Kyiv
che@unicyb.kiev.ua

The parallel construction of the processes of calculations and
treatment information is one of basic principles, used for planning
modern computer networks. It allows to get a high speed and
substantial economy of time. That is why an analysis of mathematical
models with the parallel operating systems of service and general input
flows are very important. .

In this paper we will consider the model which consists of 7

nodes E,,..., E . Each node operates as a queueing systems M /M /.

It means that node E; has a Poisson input flow of calls (exponential

interarrival times) y, (t) with the parameter A4, >0, i= 1,7 The calls

arrive one at time and immediately take one of servers. Each node has
an infinite number of servers. Correspondingly, the service time in the

node £, i zﬂ; has exponential distribution with the parameter

>0, 0= 1,—7” . Each call can be served only in one node. After service

completion calls leaves the nodes. In addition we suppose that the batch
which consists of » calls arrive semilteonsly at the all nodes according

to a Poisson process y(t) with the parameter b > 0. All nodes operate

in parallel way in order to provide service in the batch of » calls. The
construction of our model implies that in general the calls enter our
model according to a multidementional Poisson input flow

29



(Vl (t),...,vr (t)) with parameter 4, >0, izl,—r , b>0, and the
component v (t) has the following representation
v,(1)=y,(¢)+y(t). Denote by O(1)=(Q, (¢)....0,(1)). t€[0,T]
the number of calls in the nodes of our model at time #. We will study
the transient behavior of the multidimensional queueing process Q(t)

in heavy traffic conditions. This means that characteristics z >0,
i= 1,7 of our model depend on a scaling parametern, n — +00 in the
following  way: 1) ,ul.(") =u/n, i= L,7. Denote by
0, (t) = (Ql(n) (nt),...,Qf") (nt)), te [O,T] the numbers of calls in the

nodes of our model at time nf.We assume as well that the initial
number of calls is 0 in each node: 2) Q[.(")(O)zo, i=17. For

process & (1)= (51(") (1),ems £ (t)) , where
&Y (1)=n""(Q" (nt)=a,(1)n), a,(t)=(4+b)(1-e "),
i= 1,7 ( so &, (t) is a normalized queueing process

n"? (Qn (m‘) —a(t)n) , Where a(t) = (0{1 (t),...,ar (t))) we prove a
convergence in uniform metric to a diffusion process. Let us prove this
fact.

Theorem 1. Suppose that conditions 1) and 2) hold. Then the sequence

of processes ¢, (t) = ((fl(") (t),...,fr(") (t)) converges in uniform metric
in any interval [O,T ] to a diffusion process & (t) , & (0) =¢£, =0 with

infinitesimal mean a (x) = (al (x) —e (x)) and diffusion matrix B,

(a,(x)sema, (x)) = (=X, ci—p1,x)
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(4 +b)(2—¢™) b b
. b (A, +b)(2-e*) b b
: b - b
b b (4+b)(2-¢*)
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REFORMULATING PROBLEMS TO GIVE BETTER
SOLUTIONS
Ray Correll
rho.environmetrics@bigpond.com

There are cases where the problem as presented to a statistician
appears to be impractical but the problem can be modified slightly to
give a solution that is acceptable to the statistician and the client. We
consider several problems where this occurred.

A request was made to estimate the under-recording of fire starts
by powerlines. The client expected the statistician was to examine the
company’s records of fire starts. The statistical team sought data from
the local fire authorities and obtained in effect an independent data set.
A capture mark recapture technique was used to obtain an objective
assessment of the under reporting.

A second example was a requirement to sample the high wall of
an open cut mine. Obtaining samples from the high wall was difficult
and dangerous — impossible to take samples at random points. An
alternative was to sample the drill cores that had been obtained in
advance of the mining.

Other examples will be presented from a range of applications.
These examples will include both successes and further challenges.

Conclusion. Many problems can be solved more readily if they
can be refocussed in to a more tractable form. This can only be achieved
when there is close collaboration between the statistician and other
investigators. Establishing such a relationship takes effort but the results
are worthwhile.

31




JUSTIFICATIONS OF GROUTING MODELS
M. B. Demchuk
National university of water management and natural resources use
nbdemch@mail.ru

Before creations of foundations on weak soil plots, to make better
elastic properties of soil tracts the grouting operations are performed. In
this technique a cement grout is injected under high pressure (10-30
bars) into a water saturated or dry porous medium. The aim is reached
after the grout hardening.

The infiltrate is composed of particles that are responsible for the
phenomenon called the deep bed filtration or the depth filtration.
Depending on particle and pore throat sizes two limiting cases are
distinguished in the description of this phenomenon. In the first case,
large particles are trapped by small pore throats. Whereas in the second
case, small particles deposit over large pore bodies and large pore
throats that result in a gradual reduction of pore throat sizes [1].

Grouting is rather costly and time consuming. Its regime is
determined by concentration distribution evolution [2]. Therefore, a
calculation of this evolution using mathematical modeling is important.

This distribution contains the high gradient region that
corresponds to the transition from a soil with the maximal cement
concentration to a soil with the zero one. The injection pressure used in
fieldworks is so high that the width of this zone is much smaller than the
distance covered by the cement in the soil [3]. Therefore, this zone can
be substituted by a sharp boundary between the fluid with maximal
cement concentration and the one with the zero cement concentration
[4]. Thus, real scale grouting can be modeled by a problem with a free
moving boundary. But if a grouting model does not have a free moving
boundary, then it can be referred to the class of problems about
pollution propagation.

A grouting model does not take into account all aspects of a
simulated system [4]. Comparison of model calculations with laboratory
measurements justifies a set of assumptions used in a model
formulation. The following example illustrates the fact that the amount
of information such comparison provides depends upon uncertainty
values of the compared quantities. Let us assume that two compared
quantities can take only integer values from segments with lengths
2-n;+1 and 2-ny + I respectively with equal probability. Let us also

assume that n; <n) and that during the comparison two values turned
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out to be exactly equal. The number of cases when realizations of these
quantities coincide equals (217 +1)-(2n, + 1), and the number of cases
when these realizations coincide in the case of their mathematical
expectations being equal equals 2n; + /. Thus, we can conclude that in

the case when the realizations of compared quantities are identical the
probability of their mathematical expectations being equal equals
1f(2ny +1) [5].

In this work it is shown that in the existing grouting models
belonging to the class of problems about pollution propagation the
comparison of model calculations with laboratory measurements
provides small amount of information due to the significant values of
errors in the input data. Consequently, attention should be paid to the
precision of laboratory measurements.

Afterwards, the investigation will be conducted to check the
hypothesis that during real scale cement grout injection in sand the deep
bed filtration can be neglected.
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METHODOLOGICAL APPROACH TO FORMING
EVALUATION SYSTEM FOR INNOVATION ECONOMIC
DEVELOPMENT
Dolenko G.A.

Taras Shevchenko National University of Kyiv, Ukraine
galinadolenko2006@yandex.ru

The innovation economic development research domain offers
huge potentialities. ~The aim of this paper is the evaluation of
effectiveness of innovation economic development of organizational
system with the help of the fuzzy sets theory and the elements of applied
statistics. The model and the method of evaluation of effectiveness of
economic development of organizational system are proposed to
consideration. The methodology is illustrated through example of
Ukraine. Statistical data over the years 2010-2011 is used for
calculations.

Fig.1. Tree indicators for evaluating the effectiveness of economic development

The mathematical model of result indicators definition problem for
regional economic development was proposed in the paper [1], as the
following: <T, L, ®>.

T is a result indicators tree (fig.1.).

T is built on the base of the hierarchy decomposition of problem.

On the first level of hierarchy T is the main goal FO of
organizational system.

Criteria of socio-economic development of organizational system
Fs,s=1, ..., S, (sub goals of FO) are represented on the second level of
hierarchy T.
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Subsystems Ri, i = 1,..., m of organizational system are
represented on the third level of hierarchy T. For example, for the task
of regional development indicators evaluation Ri, i = 1, ..., m, are
ratings of regions [2].

@ - system of preference relations of some factors over others at
each level of hierarchy T:

®={F(Q)Ffpe(-.=).i=j}

Linguistic variable L is linguistic values:

L = {Very Low Level (VL), Low Level (L), Average Level (A),
High Level (H), Very High Level (VH)}.

L is a set of qualitative assessments of levels for each criterion and
each subsystem in the hierarchy T, that we want to find.

In the paper we propose methodological approach to forming
evaluation system for innovation economy development.
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SOME EXAMPLES OF MEMBERSHIP FUNCTIONS
OUT OF FUZZY THEORY: PRNICPAL CONSEQUENCE
V.S.Donchenko
Taras Shevchenko National University of Kyiv, Ukraine
voldon@unicyb.kiev.ua

It is the common place, that Fuzziness is the mean for uncertainty
handling. But what it is that “uncertainty” the fuzziness handles with”?
How does it do that? Standard answers on these questions commonly
reproduced by the addicts of Fuzzy are out of math common sense. One
can find details see, for example, in [1-2].

What is the “uncertainty” by itself? Is it mathematics? If not,
where ought one to look for the origin of the conception? How
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does the uncertainty sort with the Fuzziness? What is primary
between these two? There are some more pertinent questions
related to place of Math and Applied Math in definitions and
applications of the uncertainty and Fuzziness as well as to the role
of the Heuristics in Applied researches. Uncertainty surely is the
first in discussing about priority within the mentioned pair. For
example, Pospelov and his school [3] share this opinion. They
consider the Fuzziness to be the mean for the uncertainty handling
but not vice versa.

Author shares the opinion that the pretensions of fussy
theory to be universal mean for uncertainty handling are
unreasonable(details in [1-2],mentioned above). But the next
examples of membership functions out of fuzzy theory make this
clearly obvious. Namely, these are: any probability; each column
of transition matrix of a Markov chain; logit- and probit
regression and its generalization; multiset theory. Variety of
examples and correspondent theories make it impossible to apply
them specifically in the terms of membership functions.
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OBJECT REPRESENTATIVES: VECTOR AND MATRIX IN
MATHEMATICAL MODELLING
Donchenko V.S., Zinko T.P
Taras Shevchenko National University of Kyiv, Ukraine
voldon@unicyb.kiev.ua

The objects of investigation in Mathematics after Georg Cantor (
math structures) are the sets plus “ties” between its elements. So, math
modelling is designing in math “parts plus ties”, which reproduce “part
plus ties” in the real object, modeled.

So, the question of critical importance in math modeling is which
math objects represents “parts” and which - “ties” ones. The “parts” are
considered to be “representatives” of the object under modelling. These
“representatives” should be chosen in such a way that variety of math
structuring means were sufficient to convey the object structure.

It is comm. place to choose “representatives” constructed to be
finite ordered collection of characteristics (corteges): quantitative
(numerical) or qualitative (non numerical). Such corteges are numerical

as a rule, i.e. are vectors from Euclidian space R". Such choice is
determined as by the variety of the ties: linear operations (addition and
scalar multiplying), scalar product and correspond norm, as well as by
advanced techniques of operating with the objects in such spaces.

It is noteworthy to say, that space R™" of all matrixes of a fixed
dimension mxn may represent alternative example of Euclidean space.
But it is used much less frequently for “environment space” for the
“representatives”. This situation is determined by much more less
perfectness in technique developed for the matrix in comparison with
the vectors such as classical matrix methods and classical linear algebra
methods. SVD-technique and methods of Generalized or Pseudo Inverse
(G-inverse) or inverse according by Moore — Penrose among them(see,
for, example [1,2], also [3]).

The development of G-inverse technique for the Euclidean space
R™" of matrixes is represented in the report, including SVD-
representation for linear operator on matrix corteges with the following
designing of orthogonal projectors, “grouping” operators and so on, as
well as application of the technique developed for solving classification
problem for matrix representatives (see, also[4]).
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STABILITY ANALYSES OF LEXICOGRAPHIC OPTIMUM OF
MARKOWITZ’S BI-CRITERIA PROBLEM WITH WALD’S
AND SAVAGE’S CRITERIA
Emelichev V. A., Korotkov V. V.
Belarusian State University
emelichev@bsu.by, wladko@tut.by

We consider a bi-criteria discrete variant of the investment
management, based on Markowitz’s portfolio theory [1], with two
ordered criteria, namely with Wald’s maximin efficiency criteria [2]

min z ;X ; — max
ieN,, jen, xeX
and Savage’s minimax risk criteria

max Z 73X —> min-
ieN,, jeN, xeX
Here N, ={1,2,...,n} is the set of investment alternative projects

(assets); N,, is the set of market states (situations); x = (xi,
Xp,..,%,) € X < {0,1}" is an investment portfolio, where x; =1,if
investment project j € N, is implemented, and x ;= 0 otherwise; e;
is an assessment of efficiency of project j € N, in the situation when

7. 1s a risk value of missed

the market is in the state i€ N, ; 7;

opportunity of project j € N, when the market is in the state i € V,,, .
Those the initial date of the problem are the efficiency matrix
E =[e;]€ R™" and the risk matrix R =[r;;]e R™".
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In this context, a bi-criteria investment Boolean problem

Z™(E,R) with Wald’s and Savage’s ordered criteria means the
problem of searching the set of lexicographically optimal portfolio

L"(E,R).

The stability radius of the portfolio erm (E,R) is defined as
follows: p” (x*)=sup Z, if 2D, and p”"(x*)=0, if 2=0,
where Z={c>0:V(E,R)e Q) (x*e L"(E+E,R+R")},
Q(e) ={(E",R") e R™" xR™" : |E'|+|R <e},

||A|| = Z Z la; |, A=[a;]1€ R™". Thus, the stability radius
ieN,, jeN,

defines an extreme level of the initial data perturbations of the problem

Z"™(E,R) , preserving lexicographic optimality of the portfolio.
Theorem. The stability radius p”' (xo) of a portfolio

0 er™ (E,R), m>1, has the following lower and upper bounds

p<p”(x")< 20,
where

_ b : 0
¢®= min max min z €rX; — Z CiiXj |
xeX\{xO} iENm kENm jEN,, jENn

Earlier in [4] we announced similar bounds of extreme level of
parameter perturbation when new Pareto-optimal portfolios of
Markowitz’s multicriteria investment Boolean problem with several
Wald’s criteria.

This work was supported by the Republican Foundation of
Fundamental Research of Belarus (the project F11K-095).
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STATISTICAL INFERENCE OF LEFT-CENSORED SAMPLES
FROM WEIBULL DISTRIBUTION
Fusek, M., Michalek, J.
Brno University of Technology, Brno, Czech Republic
fusek.m@gmail.com
michalek@fme.vutbr.cz

Censored samples are very frequent in many different branches of
statistical applications ([2]). The paper focuses on application of
censored samples in environmental studies, where the samples are often
left censored. Many articles about left censored data with normal
distribution have been published in the past years ([1, 3]). The results
published in environmental applications usually assume left censoring
and normal distribution of studied variables. Also left censored samples
from exponential distribution, which are a special case of censored
samples from Weibull distribution, were studied ([4, 5]). However, for
the left censored samples from Weibull distribution, which are frequent
in environmental applications, there are only few general comments
based on the maximum likelihood approach. In this contribution,
maximum likelihood approach to doubly left-censored samples from
Weibull distribution is used. The exact Fisher information matrix is
derived and used for determination of confidence intervals for parameter
estimates. These results are compared with those obtained from the
empirical Fisher information matrix on simulated data. Finally, the
results are demonstrated on environmental data of biotic matrices
contamination.
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SOME APPROACHES TO TO PATTERN RECOGNITION
Golodnikov A.N.,.Knopov P.S.
V.M.Glushkov Institute of Cybernetic of NAS of Ukraine
knopovl@yahoo.com

Problems of pattern recognition consist in constructing a unified
model, which combines both observable and hidden parameters of the
object. As examples of such models one often considers Gibbs random
fields. The crucial point in such models is the estimation of the
parameters of the Gibbs distribution. In this talk we suggest an
approach for the choice of the Gibbs distribution, which is based on the
obvious fact that one can take an arbitrary distribution which agrees
with already known a priori information, as a “true” Gibbs distribution.
Therefore the distributions on which the maximal and minimal values of
the probabilities of the observed object are achieved, are of special
interest. We show that such problems can be reduced to linear
programming problems.

IMAGE SEGMENTATION OF NUCLEI
Golubeva K.M.
Taras Shevchenko National University of Kyiv, Ukraine
katrin_g@bigmir.net

Two methods were suggested for the segmentation of images
(nuclei of buccal epithelium). They are adaptive threshold method and
method based on the 36 rule.

Thresholding in image processing is based on the previous choice
of the so-called threshold of brightness. The last one is required for
partitioning the image into two clusters. The algorithm assumes that the
image to be thresholded contains two classes of pixels (foreground and
background) then calculates the optimum threshold separating those two
classes so that their combined spread (intra-class variance) is minimal.
Minimizing the intra-class variance is the same as maximizing inter-
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class variance [1]. Let NV be the total number of pixels of image, L be the
number of shades of gray, and »; be the number of pixels with shade of
gray [, then inter-class variance is computed

2 2
Occ, = W0, (4, = 14)",

k
1
where a)1=2pl., o, =1-w, p,=n/N, /zlz—é ip;,
i=1

1 & .

=— > ip,.
H, o, i:kZH D;

According to the classic empirical 30 rule in practice the
confidence interval (m(x) - 3 o(x), m(x) - 3 o(x)) contains at least 95% of
the values of general population [2], m(x) is mathematical expectation
and o(x)) is variance of stochastic variable x. Thus, after calculating of
the confidence interval of standard background it becomes possible
separating image into two clusters.

The advantages of the method based on the 3o rule are simplicity
and high speed of computation. But the algorithm uses standard images
of background of nuclei that are processed. Adaptive threshold method
doesn’t use standard images, but it has more complex implementation,
therefore, its realization takes more time.
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ON A-OPTIMALITY OF SPRING BALANCE WEIGHING
Graczyk M.
Department of Mathematical and Statistical Methods
Poznan University of Life Sciences
magra@up.poznan.pl

The problems related to the optimality criterions of specific
experimental design is presented in many papers in literature, see [1-5].
Here, the problem of determining an A-optimal spring balance weighing
design under assumption that the measurement errors have different
variances and they are uncorrelated is considered. The lower bound of
the trace of the information matrix is given and the conditions
determining the optimal design are presented, also. The incidence
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matrices of the balanced incomplete block designs and the group
divisible designs are used to constructions of the regular A-optimal
spring balance weighing design.
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OPTIMIZATION OF LINEAR FUNCTIONS ON CYCLIC
PERMUTATIONS
'Grebennik I., *Lytvynenko O., *Titova O.
Kharkiv National University of Radio Electronics
! Igorgrebennik@gmail.com, ? litvinenko1706@gmail.com,
? titovaolga90@gmail.com

The problem of minimizing a linear function on the set of cyclic

n
permutations is considered:L(x):zCixi , where c...c, are the given
i=1
real coefficients, and x;,x,...,x, take the values of all possible cyclic
permutations of generating elements a, <a, <..<a,. The report

proposes an exact and heuristic solution for this problem.

The report introduces the concept of partial permutation, analyses
the combinatorial properties of these permutations associated with the
formation of new cycles by adding a new element to the partial
permutation. Corresponding propositions are formulated and proved.

For the exact solution of the problem branch and bound algorithm is
used. At every step of the algorithm each of the generating elements not
included in the current partial permutation joins it. It is the technique of
branching.

For each partial permutation the estimate of the objective function is
calculated. A partial permutation with the better estimate undergoes
further branching. The full cyclic permutation with the best objective
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function value is an intermediate solution. Branching continues until
there is no partial permutation with the better estimate than the
intermediate solution.

At the beginning of the heuristic solution all the possible partial
permutations of length ¢ are constructed. After this a certain fraction of

permutations having the best evaluation of the objective function is
selected. Next, other generating elements are joined to each of the
selected permutations. Then the “best” permutations are selected again.
The process continues until the length of the permutations reaches n.

The results of computer experiments on the exact and heuristic
solution of the problem are described and analyzed.

PREDICTING SURFACE CURRENTS FROM UNCERTAIN
IMAGE OBSERVATIONS
Isabelle Herlin, Etienne Huot
I’Institut national de recherche en informatique (Inria), France
Isabelle.Herlin@inria.fr Etienne.Huot@inria.fr

The paper describes an innovative approach to estimate motion
from uncertain image observations of the Black Sea. Unlike most image
processing methods, which apply a Tikhonov regularisation in order to
solve the aperture problem, our approach relies on a dynamic model of
the surface currents. This dynamic model is obtained from an
approximation of the Navier-Stokes equations for motion and expresses
the transport of image brightness by the velocity field. An image
assimilation method is defined in order to solve these evolution
equations with constraints linked to image observations. As the dynamic
model is also uncertain, a weak formulation of data assimilation is
applied, that allows controlling the model error. The paper discusses
both issues:

- Noisy image data. This requires the definition of dedicated
observation error covariance matrices. In particular, these
matrices allow to process images contaminated by acquisition
noise or partly occluded by clouds. This is of major interest due
to the cloud coverage over Black Sea.

- Uncertain model. This also requires the definition of the error
covariance matrix. A dual method has been developed to
estimate motion in that context. Improvements obtained by
including this error in the control are described in the paper.
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Results are quantified on synthetic images and the method is
illustrated and discussed on satellite data. Perspectives of the work
concern the short-term prediction of surface currents.

EUROPEAN DEFENSE SECTOR IN 21°" CENTURY - DEALING
WITH INCREASING UNCERTAINTY
Vladan Holcner
University of Defence, Brno, Czech Republic
Vladan.holcner@unob.cz

Planning and managing defense sectors in most European countries
has become a rather gamble in many aspects. First, the will of the
nations — or their political representatives — to spend national resources
on defense has become less predictable. This can be demonstrated e.g.
by the shift from the model of general conscription to all-volunteer
forces or — and above all — by the amount of public funds allocated to
the military. National defense systems (as well as international)
represent long-term projects exposed to the risk of not fulfilling
medium- and long-term financial commitments declared by national
governments. This fact has become the key factor determining defense
sectors in most Western and Central European countries over the past
decade.

This key factor is reflected in many other areas like in the labor
market where due to limited budgets military might lose its
competitiveness when recruiting personnel competent for military
service. Another area relates to the level of technology affordable for
domestic forces in relation to technology of both partners and potential
enemies.

The key factor is naturally linked to the uncertain future threat and
uncertain nature of future enemies. As remained unclear and far distant
from the today’s ordinary lives, this makes the will of nations to prepare
for their defense even more complicated.

Not directly related to the economic burden of defense but of
particular importance, particular military operations naturally result in
casualties. When planning military operations like those in Afghanistan,
it is necessary to estimate own casualties and take them into account as
an integral part of the overall burden resulting from the efforts when
achieving political and military goals of given operation.
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This paper focuses on selected aspects of the risks described above
and outlines possible ways of dealing with them in a streamlined and
transparent way.

STOCHASTIC EXTENSIONS OF A TRAFFIC ASSIGNMENT
PROBLEM
HoleSovsky, J., Popela, P.
Brno University of Technology, Brno, Czech Republic
y107238@stud.fme.vutbr.cz
popela@fme.vutbr.cz

The purpose of the paper is to study properties of the original stochastic
extensions of a traffic assignment problem (TAP). Various versions of
the determistic TAP belong among problems that are carefully
investigated for a long time.Therefore, the authors have identified recent
challenges in the research directions towards stochastic and bilevel
programming approaches and try to tackle them in a novel way. Studied
modifications of models are accompanied by illustrating examples that
are implemented in GAMS.

COMPARISON OF POWERS OF SOME TESTS IN ONE-WAY
ANOVA TYPE MODEL WITH NEGATIVE BINOMIAL
DISTRIBUTION
Zuzana Hiibnerova', Lucie Doudova’

Institute of Mathematics, Brno University of Technology,
Czech Republic
! hrdlickova.z@fme.vutbr.cz , * Lucie.Doudova@unob.cz

When analyzing biological, insurance or reliability data the
negative binomial (NB) distribution is often encountered. This paper is
concerned with models, where the expected value and the shape
parameter of the NB variable possibly depend on one factor.
Particularly, the tests of an equality of the expected values under various
assumptions about the values of the shape parameters are inspected with
regard to the empirical size and power. The testing procedure in the
case, when the hypothesis of an equality of the shape parameters is not
rejected, is of the main interest. An extensive simulation study aims at
answering questions that might arise in this situation.
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ABOUT THE PROBLEM OF GROWING OF A DISCRETE
FUZZY NUMBER CARRIER DURING ALGEBRAIC
OPERATIONS
0.0. Iemets, O.0. Yemets'

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

During performing of a number of operations with fuzzy numbers
[1], growing of the carrier of a discrete fuzzy number occurs. However
several gradations are enough for describing qualitative phenomena.
Therefore let set the problem of the reduction of the number of carrier
elements with the realization of an opportunity to save the information
about values. It is proposed that the information is given by the fuzzy
number. One of methods is presented in the report.

Let we have a fuzzy number A4={(q |W),(a,|u,)} for

describing a variable. It is necessary to describe this variable by a fuzzy
number with a carrier which has £ <n carrier elements

Describe this procedure by reduction 4 to B in a general view.
Let 4={(a|u),(a,|n,)}, without restricting the generality,
consider g, <a, <..<a,. It is necessary to get the reduction of the
number 4 down to the number B (corresponding A ) with k& elements.
Denote B ={(b |n),-»(b, n;)}. Split the interval [a;,a,] into &k

-a

intervals A; =[a, + h(i—1), a; + hi], where h:a”T, i=12,..,k (for

i=k the right end of interval is included: [, +A(k—1);a, +hk]). Find

a,—a
k

value n; of membership function for each b;: m, = D au,/ > a;,

Jia;eh; Jia;eh;

their middles: b; = a, +h(i—%) —a+ (i—%), i=12,..k . Find the

i=12,..,k . Thereby B is defined.

It is proposed to investigate the properties of the operation of
reduction in further researches.
References
1. Oleg Iemets, Oleksandra Yemets'. Solving of combinatorial
optimization problems on fuzzy sets: Monograph. PUET. Poltava, 2011.
239 p. (in Ukrainian).
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ON THE NUMBER OF EMPTY BOXES IN THE BERNOULLI
SIEVE
Alexander Iksanov
Taras Shevchenko National University of Kyiv, Ukraine
iksan@univ.kiev.ua

Suppose we are given a multiplicative random walk (a stick-
breaking set) generated by a random variable W taking values in the
interval (0,1) and a sample from the uniform [0,1] law which is
independent of the stick-breaking set. The Bernoulli sieve is a random
occupancy scheme in which 'balls' represented by the points of the
uniform sample are allocated over an infinite array of 'boxes'
represented by the gaps in the stick-breaking set. Assuming that the
number of balls equals n I am interested in the weak convergence of the
number of empty boxes within the occupancy range as n approaches
infinity. Depending on the behavior of the law of W near the endpoints
0 and 1 the number of empty boxes can exhibit quite a wide range of
different asymptotics. These will be carefully discussed with an
emphasis on the methods exploited.
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PROBABILITIES FOR EXISTENCE OF SOLUTION
OF THE PROBLEM WITH NONLOCAL CONDITIONS
FOR A SYSTEM OF PDE WITH SPATIAL SHIFTS
Ikiv V. S.

Lviv Polytechnic National University, Ukraine
ilkivv@i.ua

Let D” =[0,T]xQ%Y be a cylindrical domain of variables
(t,x), where Qf = (R/27Z)" a p -dimensional torus, p>2, T >0,
(t,x)=(t,x,...,x,). In the domain D” we consider the following
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problem with nonlocal boundary conditions in time variable ¢ for the
system of partial some order differential equations

ou
EZAI(D)Z’{{;I+“'+AQ(D)M§Q+f’ (1)
g —put|,r= . 2

A unknown vector-function u =u(f,x) has the size m , u is the

vector-function u of vector shift &eQF by variable x, vector-
function f = f(¢,x) and @ =@(x) are given functions, € C. The
operators 4 (D),..., Ay (D) are differential polynomials with constant
matrix complex coefficients, where D = (=i 0/0x, ,...,—i 6/ ox,).

Solvability of the problem (1), (2) is a random event (for some
values of the vector & =(§1,...,§Q1), where O, <0, the solution

exists, but for others — does not exists [1]) in probability space with the

space of elementary events Qf ~'. An elementary event is the choice of
the problem (1), (2) at fixed shift value (3? € Qfgl . We establish the
conditions of solvability of the problem (1), (2) with probability of one
and unique solvability conditions and uniform upper bound of norm the
problem solution with predetermined close to one probability.
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AUTOMATION OF RECTIFICATION PROCESS IN FOOD
INDUSTRY
Vasyl V. Ivanchuk
National University of Water Management and Natural Resources
ivanchuk.v@mail.ru

Wash rectification process 1is characterized by energy
consumption, complexity of processes of mass transfer, instability of
technological parameters [1].

Currently the most widely used in manufacturing is three-column
wash rectification unit (WRU) of indirect action, for which a wide range
of automation systems is developed and there is a permanent
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improvement [2]. However, a drawback of such units is high
consumption of thermal energy and cooling water.

To solve this problem a diagram of automatic control of wash
rectification unit of indirect action including the main stream processes
and their means of automatic control and regulation was developed.

In order to ensure optimal consumption of energy streams is
proposed, except the stabilization of the main technological parameters
WRU, the introduction of automatic calculation and adjustment of
reflux ratio, which in its turn affects the cost of energy resources.

Reflux ratio is based on the following parameters: the reflux
expense, the strength of reflux, the expense of the original product, the
strength of the original product.

Reflux ratio is regulated by changing the steam into the column at
the appropriate changes in water supply reflux condenser [1].

Besides the proposed methods to determinate the control and
stabilization of additional parameters of the WRU in system of
automation offered introduction of an artificial neural network [3],
which will provide high quality final product, to ensure the balance of
material and energy flows and their rational use.
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SUPPORT PLANNING MODEL OF DEMAND FOR
MATERIALS IN COAL MINE1
Katarzyna Jakowska-Suwalska, Maciej Wolny
The Silesian University of Technology, Poland, Gliwice
katarzyna.suwalska@polsl.pl; maciej.wolny@polsl.pl

The multicriterial model of demand for materials in coal mine is
presented in the work. The model is built on basis of historical data of

' This work was supported financially by the Polish Ministry of Science and
Higher Education within a grant N N524 552038, 2010.
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material consumption (per ton of coal production) and there are
considered two criteria in the model:

n
(a) Z|x” - zl.| — min, fori=12,...,n,
=

(b) F,(z;) > min,fori=12,..,n,

where x; is a consumption of i-th material (i=1,2,...,n) in period ¢
(t=1,2,...,T); z; is a decision variable, which means i-th material order
volume (per ton of planned coal production); Fi(.) is a distribution
function of i-th material consumption. There is presumed in the work
that volume of i-th material consumption is a continuous random
variable with known distribution. In proposed model it is also assumed
that costs of materials order volume are limited. Considered problem
with the two criteria is solved by using goal programming and as a
result two non-dominated solutions are received. The game-theoretical
approach to multicriteria decision problems is used to choose the final
solution. This part of work deals with multicriteria descrete (finite)
decision problem as a game between the criteria — the game is played in
DM’s mind. The game is analyzed using non-cooperative stability
definitions and concept of risk dominance.

APPLICATION OF THE STACKELBERG DUOPOLY MODEL
TO DECISION PROBLEM IN MINING ENTERPRISES
RESOLUTION®
Jan Kaluski
The Silesian University of Technology, Poland, Gliwice
jan.kaluski@polsl.pl

In the work on the basis of [3] the Stackelberg Duopoly Model
(SDM) for receiving the payoffs of the two-person non-zero-sum game
to resolution the decision problem in mining enterprises is presented.
The work consists of four parts. After introduction, in the second part,
some methods of modeling and resolving the bimatrix game are shown.
Two-person game with one leader and one follower is considered and
discussed [1,2]. In the third part on the ground of the SDM the original
method receiving of the elements of (nxm) dimensional bimatrix game is
presented. The new method determines the payoffs players as profit for

? This work was supported financially by means a Polish Science within a
grant N N524 552038, 2010.
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each player. The next, n and m pure strategies for two players are
considered . One example to explain the new method is given. The
example concerning two mining enterprises output a coal. The leader in
this game is fictitious . The Table 1 shows the Stackelberg (2x3)
dimensional bimatrix for two players as profits (in Polish zloty) per each
player. In the Table 1 variables O, and (), are output in millions tons

per each enterprise.

Tablel.The Stackelberg bimatrix game for decision problem

0, 0, 0,
0, (1030;592,5) | (1629,4;116,5) | (1359,4;299,3)
0/ (=200;1234,5) | (=200;292,5) | (=200;779,5)

On the ground of bimatrix game the Stackelberg equilibrium was
calculated from the following formula:
min‘aioj = m;axmjin a, =5 (A).
J

where i=1,2;.j=1,2,3 and S"(4) is profit of Stackelberg for the
leader. According to a formula above we determined the optimal
strategies as pair (1,1) and the profit (1030,592,5) - corresponding to
this pair of strategies - is Stackelberg result of balance.

Simultaneously the equilibrium of the SDM (when the number
of pure strategies for two players is infinite) also was calculated [2]. The

result was (851,330) for output Q,=34mlntons and

0, =1,6mln.tons.

Finally we can conclude that application of the Stackelberg
Duopoly Model allows to create the bimatrix hierarchical non-zero-sum
game for resolution the decision problem in mining enterpises.
References
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Model to bimatrix hierarchical non-zero-sum game. 13-th International
conference “ Modern information and electronic technologies”. Odessa, 4-8
June, 2012

52




APPROXIMATED REGULATOR IN OPTIMAL CONTROL
PROBLEM FOR PARABOLIC INCLUSION
Kapustyan O.V., Kapustian O.A.

Taras Shevchenko National University of Kyiv
alexkap@univ.kiev.ua, olena.kap@gmail.com

The construction of regulator for infinite-dimensional optimal
control problem is one of important in the modern control theory. This
problem arises in applications where the medium characteristics change
over time, and the interaction functions are discontinuous on a phase
variable. In this paper we consider the optimal stabilization problem
with non-autonomous perturbations in coefficients and fixed parameters
geH,y>0

dy

EJrAg(t)yng(t,y)Jrg-v(t), t>0, 0
y(0)=y,€H,
v(-) eU = L* (0,+), )
T = [ Q|y(t)||2 - 2 (6) it > inf 3)
0

and corresponding unperturbed problem when £=0. We assume that
the unperturbed problem has the unique solution {y,u} and its regulator
u[ y] can be found in feedback form.

Under general conditions on non-autonomous perturba-tions of
differential operator A,(#) and non-Lipshiz multivalued interaction

function F,(¢,y) we prove the solvability of the problem (1) - (3) and
we prove that regulator u[y] of the unperturbed problem realizes

approximated stabilization on solutions of perturbed problem (1) - (3).
References

1. Kapustyan O.V., Kapustian O.A.,Sukretna A.V. Approximated
stabilization for nonlinear parabolic problem // Ukrainian Mathematical
Journal, 2011. — Vol. 63, Ne 5. — pp. 654-661.

2. Kapustian O.A. Approximated stabilization problem for parabolic
inclusion // Num. and Appl. Math. Journal, 2011. - Nel1(104). — pp. 62-67.

53



A NEW TIME-SAVING VARIANT OF KORPELEVICH’S
METHOD FOR VARIATIONAL INEQUALITY PROBLEMS
O. Khalymon
Taras Shevchenko National University of Kyiv, Ukraine
holyman.login@gmail.com

Broad class of problems are oftenly posed to equilibrium
problems. A great number of methods has been designed for solving
them, including gradient methods. Important special case of variation
inequalities is intensively researched. It’s known that the simpliest of
gradient methods require strong monotony conditions to converge.
Extragradient methods are one of the means to handle this hindrance. In
[1] G. Korpepevich proposed an extragradient algorithm, which
converges with monotonus and Lipschitz continuity conditions only.

Much research effort has been dedicated to generalise this
method. For example, [2] introduced time-saving (in sence of
computations for a single iteration) modification of Korpelevich's
method where the second projection onto main set had been replaced by
specific subgradient projection.

We have analyzed and compared several classic search algorithms
for variational inequalities and their modifications. Also, we introduced
own method (a new time-saving modification), which showed itself
more effective than classical ones for main sets of complicated structure
and proved its weak convergence.
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FLUCTUATIONS OF STOCHASTIC OPTIMIZATION
PROCEDURE WITH IMPULSE PERTURBATIONS
Ulyana Khimka, Yaroslav Chabanyuk

The continuous stochastic optimization procedure (SOP) is set by

the evolutional equation [1]:
du® =a()[V,C(u’(t),x(t/e*))dt + &dn’ (¢)] (1.

where C(u,’) e C*(R)- aregression function, u € R, x € X , is depends
on the evenly ergodic Markov processes x(¢),f>0, in the dimensional
phase states space (X,X), with the generator O, the stationary
distribution n(B),Be X, and the potential R, [2],
V,C(u,)=(C(u",)—C(u,))/2b(2), u'=u £b(t), b(t)y=b/t",
a(ty=alt, a>0,b>0.

Let the condition of balance (CBI1) IIb (x)= L 7(dx)b (x)=0,

b, (x):ijF(dw, x) where @' - the generator on the family processes

n°(t,x),t20,x< X . For the existence of an extremum point u, of the
averaged system du(z)/dt = C'(u(¢)) is a sufficient condition of balance
I1C'(0,x)=0.
Consider the normalized fluctuations v° (¢) = & '[u’ (t) — en* (¢)].
Theorem. Let the CB1, CB2 and the conditions of convergence
[1] SOP (1) be satisfied, the functions C'(u,x), C"(u,x) are uniformly
bounded on  at X. Then the weak  convergence
v (@),n (@) = (c@®),W (1)), € >0,t>0, takes place. The limiting
process (c(),W (1)) is given by the generator
Lo(v,w) = (ac/H)(v+w)p' (v,w)+(a’/2t)Bp" (v,w), where
c={ (d)C"(0,x), B=[ 7(dx)C'(0,x)R,C'(0,x).
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ABOUT ONE MODEL OF THE DISEASE TRANSMISSION
PROCESS
Khusainov D., Manovytska D.
Taras Shevchenko National University of Kyiv, Ukraine
dkh@unicyb.kiev.ua
The report considers one of the mathematical models of the
transmission of infectious diseases. Here, x(t), y(t), Z(t) denote the
proportions of the susceptible, infective and recovered individuals,
respectively. The function f (x, y) describes the number of meetings of
susceptible people x(t) and infective people y(t). It is assumed that the

disease is transmitted only when susceptible and infective people meet.
Then, the dynamics of the disease spread can be described by the
following system of the ordinary differential equations:

x(t)= 24 - ux(e) - pe(e)(0),
(0)= By ()~ (u+ 7)(0),

2(1)= le) - 1e(0),
A>0, u>0, >0, r>0.

It is easy to see that adding all the equations, we obtain

%(x(t% He)+ 2(6)) = 2= (x(0)+ p(e) + =(2)).

Hence, we obtain the first integral of the system

x(t)+ y(0) + 2() = e (x(0)+ 1(0)+ 2(0)+ 2 (1 — ).
y7i

And x(t)+ y(t)+ Z(t) - 4 will be performed for ¢ — 400, which
U

means that the number of susceptible, infective and recovered people
will tend to a constant value.

In the report an investigation of the singular points and the
phase portrait of the system as a whole are made. The influence of the
parameters on the system dynamics is determined.

The influence of the delay is considered separately. At the same
time, the following system is reviewed:
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x(e)= 2= puclt) = Al(e)yle = 7).

()= pele)yle —7) = (u+y)¥(2).

2(t) = ()= ee), = > 0.

FINITE DIMENSIONAL REDUCTION OF NONLINEAR
HYDRODYNAMIC THIN LAYERED FLOWS EVOLUTION ON
INVARIANT TWODIMENSIONAL SUBMANIFOLD
Arkadii Kindybaliuk, Mykola Prytula
Ivan Franko National University of L’viv, Ukraine
mykola.prytula@gmail.com

Let us consider finite dimensional reduction [1, 3] of dynamical
system [2]
u, =kh_ +kuu_,
6]
ht = kZ (uh)x
on invariant submanifold
M? ={(u, h)e M < C7'(R',R*): gradLy[u,h] =0}
of critical points [1] of the following Lagrange functional

Xo+!
‘ 1
Lun)= | (c, (u +h)+c,7uh+5c9 (k2 —kzuzh)de.
Canonical Hamiltonian variables ¢, p on submanifold M* c M are
q:=nh and p:=cgh, .
Theorem. The nonlinear hydrodynamic system of thin layered flows

evolution (1), reduced on the invariant submanifold M* c M is exactly
equivalent to the set of two commuting canonical Hamiltonian flows:

dg _ohy” 1
dx Op kg P
oh™ c?
d_p — — 2 — cl + —”Lz ,
dx 0q 2¢c,k, q
and

57



dQ_ahét) _ %
i p kel

(1) 3 2
d_p _ oh, _ ¢c, ¢, ¢ e, L

dt oq cy 2cik, - 2c3k, q°

that are Liouville-Arnold completely integrable by quadratures systems.

2

The corresponding Hamiltonians h{" ,h\" € D(M*) expressed in canonic

variables are:

2 2
G R— €16 1 p2 __& l —|ec - “ q
2 1 )
cgk, 2k, 2c.k, q 2¢c4k,
5 2 2 3
¢ ac, ¢, , ¢c¢, 1 [¢c, c,

hY = q.

- —— +
cy cik, 2klc§p 2ck, q c, 2cyk,

Hamiltonian functions A{”,4{” e D(M*) have been found from
determining relationships:

dhs

o )
dh(t)

d)zc = —(gl”asz [u, h]o(ut > ht ))
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DYNAMIC RANDOM EVOLUTIONS IN ASYMPTOTIC SMALL
DIFFUSION SCHEME
Olha Kiykovska, Yaroslav Chabanyuk
Lviv polytechnic national university
olja.kiykovska@gmail.com, yaroslav_chab@yahoo.com

The dynamic random evolution in asymptotic small diffusion scheme is
defined by the solution of evolution equation [1]:

duf(t)=C(uf(o;x(g))dws"co(uf(r);x%))dws%a(ugm;x(g))dm

where the regression function C (u R x), ue Rd depends on uniformly
ergodic Markov process x(Z),# >0 in the merging phase space state
(X, X), u is the random evolution, W is a Wiener process, and & is a
small parameter series [2]. For the generator O of a Markov process
x(¢),t > 0, with stationary distribution 7(B),B € X, it is determined
the potential operator RO [2].
The velocity function

C%(u;x)=C(u,x)+& 'C,(u;x),ue R ,xe X,
satisfies the balance condition

TIC, (u;x) = [ 7(dx)C, ;) =O0.
X
The Markov random evolution is characterized of coupled Markov

t
process generator u° (¢),x; = x(—),t >0, [3]
&

L (x)@(u;x) = £ Q(u; x) + &' Q (x) (3 x) + Q, (X) (13 x),
Q, ()(u;x) = Cy (u; )@’ (u; %),

Q, (X)p(us ) = C(us ¥)gp' (%) + V5 607 (w3 0)p" (w5 ).
Theorem. Let the uniformly ergodic Markov process X(),f >0,

satisfy the balance condition, then the exponential generator converges
weakly to the limiting generator [3]

H* ¢ (u;x) > Hp(u), 0" (u;x) = p(u),e — 0,
on perturbing test-functions
9 (u; x) = p(u) + & In[l + £, (u; x) + &7 @, (u; x)].
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The limiting exponential generator is defined by terms:

Hpu) = Cw)p' () + Vo B @)lp @) + V5 e0* (g (w),
where B*(u) = 2I1C, (u; x)R,C, (u; x) + o (u),

C(u) = jX 2(dx)C(u,x), o*(u)=T1o> (u;x).

References

1.KIYKOVSKA O.I., CHABANYUK YA. M., 2012 Convergence of
stochastic process with Markov switching.// Matematychni Studii. —
2012. —vol.32 no.2 — P. 203-208.

2.KOROLYUK V. S., LIMNIOS N. Stochastic Systems in Merging
Phase Space/: World Scientific Publishing, - 2005. - 330 p.
3.KOROLYUK V.S. Large deviation problem for Markov random
evolution with independent time-scale in the asymptotic small diffusion
scheme// Ukr.math.journ. — 2010, T.62, Ne5, - P. 643- 650.

ALMOST SURE CONVERGENCE OF RISK PROCESSES
O. I. Klesov
National Technical University of Ukraine “KPI”
klesov@math.uni-paderborn.de

We consider a risk process where the number of claims is denoted by
N(?). The process N(f) is constructed from a sequence S(n) being of a
general structure. In particular, we do not assume that S(n) are partial
sums of independent identically distributed random variables (in this
sense, N(?) is the so-called generalized renewal process, see [1]). In this
way, we may model nonhomogeneous claim processes.

Assuming some ergodic properties of the auxiliary sequence S(n), we
find the almost sure behavior of the risk processes. In some cases, the
converse is also true, namely the behavior of the risk process determines
those of the auxiliary sequence S(7).
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MATHEMATICAL MODEL OF OPTIMAL TAX RATE
N. Korkuna, H. Tseheluk
Ivan Franko National University of L’viv, Ukraine
a.natali.m@mail.ru

The subject of research is determination of the optimal total tax
rate of economic entities. The dependence of tax rates and tax revenue
volume cab be described by the "Laffer curve’, that was proposed by
American economist Arthur Laffer. The economic meaning of this curve
is that the increase in tax rates is not always accompanied by increased
tax revenues.

To determine the optimal tax rate, we propose the mathematical
model:

D(x) = Ax“(1-x%)”,

where D(x) - the budgetary income from taxation, x (0< x <1) — tax
rate, A >0, a >0, > 0 - parameters that determine the curve.

The total tax rate at which contributions to the budget will be maximum,
expressed by the formula:

)
x= .
2+«

Ukraine has a situation where businesses are forced to move (in
whole or in part) in the informal sector due to excessive tax burden. In
Ukraine, according to Goskomstat, in 2010 the number of "illegals" who
worked in the informal sector increased by 179.3 thousand persons.
Logical to assume that with further increase in tax rate the number of
companies in the "shadow" will increase. In this case we propose to
calculate the revenues with the formula:

D(x) = Ax“(1-Tx* —x*)”,

where T - relative number of firms operating in the "shadow".
Then the optimal value of the total tax rate is expressed by the
formula:

Y= a
NA+T)a+28)

61



APPROACH TO EVALUATION OF DISTRIBUTION
OF INTERVALS BETWEEN TERRORISTIC ACTS
Korolyuk V., Dolenko G., Lobach S.

Taras Shevchenko National University of Kyiv, Ukraine
vskorol@yahoo.com, GalinaDolenko2006@yandex.ua,
s.w.a.t.oc.team@gmail.com

Terrorism prediction problems have received considerable
attention, especially since 9.11.2001. The main aim of our research is to
check statistical hypothesis about the distribution of intervals between
terroristic acts and its parameters. To achieve it, we suggested program
engine, which dynamically searches and accumulates information about
terroristic acts on-line. At the present time, the database, which was
generated by this program, includes over 12000 items.

We consider that the interval between offences & is a random
variable. The main hypothesis consisted in exponential distribution of &
for countries, which have got the label of “flashpoint”: Iraq, Afghani-
stan, India. The research purpose was to define distribution parameter
A, as well. We used the least square method to find it [1]. Then, Kolmo-

gorov-Smirnov test was applied to examine the main hypothesis [1].
As a result, hypothesis wasn’t declined by this test with any
statistical significance level in bound ¢ < 0,15, which gave offences time

distribution for mentioned countries.
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MEANS OF PARALLEL PROGRAMMING IN MANAGERIAL
DECISION MAKING
Bc. Iva Krejéova, Ing. Vladislav Bina, Ph.D.
Faculty of Management in Jindfichiiv Hradec,
University of Economics in Prague, Czech Republic
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The contribution deals with an example of computationally hardly
feasible problem of decision making under uncertainty. Namely it
concerns the well known Monte Carlo approach to the random
generation of scenarios in case of operating profit based on factors with
given probability distributions. The aim is to obtain an approximate
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distribution of profit which provides an important information source
for the decision maker.

Though the simplest (and commonly used) solutions of the
problem assume mutual independence of all factors, this is usually not
correct. Therefore, an important issue comprises the correct
representation of dependence relations which can be based on the means
of correlations or some more advanced approaches (e.g. copulas).

As the accuracy naturally grows with the increasing number of
scenarios generated, in more complicated cases it may be
computationally hardly feasible to perform the simulation sequentially.
In such cases it appears to be reasonable to employ the means of parallel
computing.

The contribution presents a theoretical basis as well as the
practical implementation of an illustrative task of economical results
using a cluster of PCs programmed in C language with employment of
the MPICH parallel environment.

CONTINUOUS-TIME MODELS IN PORTFOLIO THEORY
Lenka K¥ivankova
Department of Mathematics and Statistics,
Faculty of Science, Masaryk University, Czech Republic
142474@mail.muni.cz

We proceed from the classical Markowitz portfolio theory in the
static framework. A Markowitz efficient portfolio gives the highest
expected return for a given amount of risk. The extension of this model
leads to the fund separation theorem of CAPM [1].

The first solution to the dynamic portfolio problem in continuous
time was introduced by Merton [2]. He assumed that prices of assets
follow an Ito process with constant expected return and covariance of
returns, and also market equilibrium.

We present the Olson-Rosenberg paradox [3], which
demonstrates a contradiction between the assumption of stationary
distribution of returns and the separation theorem on the one hand and
the assumption of market equilibrium on the other hand.

One consistent approach in the dynamic setting is given by
Stochastic Portfolio Theory of R. Fernholz [4]. The rates of return and
volatilities follow stochastic processes and equilibrium is not assumed.
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We will also discuss another approach to the Olson-Rosenberg
paradox, which leads to nonlinear stochastic differential equations.
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CONVERGENCE OF THE STOCHASTIC OPTIMIZATION
PROCEDURE WITH SEMI-MARKOV’S SWITCHINGS IN
DIFFUSION APPROXIMATION SCHEME
KukurbaV.R.,ChabanyukYa.M.,Kinasch O.M.

Lviv Polytechnic National University
vkuku@i.ua

Continuous stochastic optimizationprocedure with semi-Markov’s
switchings in diffusion approximation scheme is defined by the
evolution equation

du®(t)=V,,Cu’ (0);x(t/e?)) + &' Cy(u, x),t = 0,u’(0) =u,, (1)
s C(U3) = (Cu+ b(1);x) ~ Clu = b(1):x))/ 26(0).

a(t)>0,b(t)>0, and regression function C(u;x)depends on
uniformly ergodic semi-Markov’s process x(¢) >0, >0,in the

whereu € R,V

dimensional space phase of states(X,X), that is defined by
kernel O(x, B,t) = P(x, B)G (t) ,where G _(t)- is the function of
distribution of time spent in the current state x € X . Associated Markov
process X, (¢),¢ > 0 is defined by the generator Q [1].

Lemma. The extended compensating operator L7 [2]of
procedure(1) on the test functions @(u,") € C*(R)can be determinedby

the relation:
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L o(u,x) = &' Qe(u, x) + G (x)Qu(u, x)

where G*' (x) = T G, (s)C’  (x)CZ. (x)ds, Q, = q(x)P,

Po(x) = IP(x,dykD(y), C{ (1)) =[C,(x) + £'Cy(0)]p(u),

Co(0)e(u) = Cy(u; )@’ (u), C,(x)p(u) = a()V ,, C(u; x)¢'(u).
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STATE — DEPENDENT RETRIAL QUEUES
Lebedev E.A.
Taras Shevchenko National University of Kyiv, Ukraine
leb@unicyb.kiev.ua

Classical retrial queues are characterized by the following feature:
a call arriving when all servers accessible for him are busy leaves the
service area but after some random time repeats his demand. This
feature plays a special role in several computer and communication
networks as well. Other applications include stacked aircraft waiting to
land, queues of retrial shoppers and so on. The last results of retrial
queues theory are accumulated in [1].

A retrial queue with 71 servers is given by three parameters: A
is a rate of input Poisson flow of primary calls, £/ is a service rate and

V is arate of repeated attempts. As a rule, a service process

Q(t) = (Ql(t)an(t)) € S = {0,1,...,7’1’1} X {0519}
is two-dimensional one where (), (¢) is a number of occupied servers at

t 20 moment of time, O, (t) is a number of retrial calls.

In this presentation it’s assumed that the parameters A, M,V may

be depended on the moving phase state (i, ]) €S of the service
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process OQ(t): A= /11,],, U=y, V=V From a mathematical standpoint

the assumed dependence complicates the retrial queue model. In this
case the method of generating functions which proved its effectiveness
for the classical models (see, for example, [2]) is not applicable. Using
for special domains of phase space S a balance of probability flows for
state-dependent queues in stationary regime it has been obtained the
vector-matrix formulae (or recurrent calculating schemes) for stationary
probabilities (see [3], [4]).

Later on this approach was used to find optimal parameters for
state-dependent retrial queues in a set of threshold and hysteresis
strategies. Thus, a class of models under consideration extends the field
of applications.
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VECTOR DISCRETE OPTIMIZATION PROBLEMS: A
STABILITY ANALYSIS®
T.T. Lebedeva, N.V. Semenova, T.I. Sergienko
V.M. Glushkov Institute of Cybernetic of NAS of Ukraine
nvsemenova@meta.ua, lebedtt@i.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)eIM = {Sl(F,X),P(F,X),Sm(F,X)} ,
where, 9 = {SI(F,X),P(F,X), Sm(F,X)} , P(F,X)— set of Pareto-
optimal solutions, S/(F,X)— of Slater-optimal solutions, Sm(F,X)—

3 This work was supported by the State Foundation of Fundamental Research
of Ukraine (the project 41.1/031).
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set of Smale-optimal solutions. Necessary and sufficient conditions of
T,-, T;-, T,- and T;-stability of Z(M(F,X)) problem, where
M(F,X)eIN, are established. It is shown that the concept of these

stability types can be taken to two notions defined below with respect to
stability of feasible solutions and helps to expose nature of perturbations
actions in input data on the feasible, optimal and non-optimal solutions.

LetM =MU{X, X\P(F,X), X \SUF,X),X\Sm(F,X)}-collecti-

on of subsets of set X and .47 is any element from 9t . We will choose
a number 6>0 and set of the perturbed input data arbitrarily
u(d) = (4,(8),u,(8)) € O5(u) . We will designate A7, subset of the

perturbed feasible set X, ), proper a set as subset /47 of feasible set

X. We suppose a point xe A7 €M stably belong to the set, if such,
that Vu(8) € O5(u): x € M, , and non- stably belong to the set .17
in other case. The set Ker(.47) of all points which stably belongs to the

set A7 € 9 makes the kernel of stability of set .17 . We suppose that
a point x€ X does not belong stably to the set A7 eIM\{X}, if

36>0: Vu(d) € O5(u) x ¢ M, . We will designate Q(A7) the set of

all points xe X, not belongings stably a set .17. Obviously,
VM eM\{X}: Ker(X\ M) QA)c X\ AL . For example, if
the partial criteria and the restrictions of problem are presented
quadratic functions, theorems are just. Let M (F,X) e IN.

Theorem 1. Z(M(F,X)) is T,-stable <> when among its feasible
solutions exists even one, which stably belong to the set M (F,X), i.e.
Ker(M(F,X))#D.

Theorem 2. Z(M (F,X)) is T,-stable < Ker(M(F,X))=M(F,X).
Let M(F,X)# X .

Theorem 3. Z(M (F, X))is T, -stabile < X \ M (F,X)=Q(M(F,X)).

Theorem 4. Z(M(F,X)) is I;-stable < Ker(M(F,X))=M(F,X)
and X \M(F,X)=QM(F,X)).
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ON A MODEL OF THE TRANSITION LAYER OF THIN-FILM
STRUCTURES
Lebyedyeva T.S., Shpylovyi P.B., Ozerov M.V.
V.M. Glushkov Institute of Cybernetic of NAS of Ukraine

Today there is a need in the high resolution method of analysis of
interfaces in thin-film structures suitable for regular use in the process
of development of the technology, as well as in the manufacture of thin-
film products. Method of anodization profiles provides information
about the microstructural characteristics of thin films and their
interfaces by testing the changing of the dU/dt (U) during anodic
oxidation of the structure, where U is the voltage across the sample.

However, for the calculation of the films thickness and the width
of the interface and the concentration profiles of the materials it is
necessary to create a mathematical model of the transition layer taking
into account the statistical regularities in the distribution of materials
into interface.

This work represents the creation of such a model and its
application to calculate the characteristics of the interface of thin-films
structures metall;-metall, (metall; is the top layer). By creating a model
the authors used the methods of nonlinear regression and the Gaussian
approximation.

The above model is valid only for structures for which the rate of
growth voltage during oxidation of the upper layer (dU/dt); < (dU/dt);.
Attempts to investigate the growth of anodic oxide when (dU/dt), >
(dU/dt), were taken in [1]. It was found that under these conditions it is
possible the nanostructuring of anodic oxide layer. Construction of a
mathematical model then is much more complicated and requires
additional research.

On the basis of the model the software was developed and
characteristics of thin-film structures on the basis of niobium and
aluminum, used in superconducting electronics and optical sensors on
the evanescent fields were calculated [2, 3].
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THE TRANSITIONAL AND STATIONARY REGIME FOR
NETWORK OF THE TYPE [M, |G ||

Hanna Livinska
Taras Shevchenko National University of Kyiv
livinskaav@gmail.com

Let consider a queuing network [M, | M | o] with parameters:

A(t), i=1,2,..r is a rate of the input Poisson flow of calls at i -th

3 r .
node; [, i=1,2,...r is the service rate in 7 - th node; P = Hpif'Hl is the

switching matrix.

Let Q. (t), i=1,2,...r be the number of calls in the i-th node of
this network at the ¢ moment of time. We study the transitional regime
for Q(t)=(Q,(?),...,0.(t)), t=0 and introduce the generating

function: @(s,7) = Es?"” x..xs%", |s,| <1, i=1,2,...0 = (500s8,) «

Theorem 1. For the service process in the transitional regime

r

®(s.0) = {H {1 ~S (-5, (r)} ' ] x exp{—i (1-5,)p, (t)} :

Jj=1

where 0'(0) = (il,ip_._,ir),pk(t)zzrlj./ij(u)pjk(t—u)du,

Jj=lo
P(0)=|p, (0] =exp(Au)(P=D0). A =|us |-
This theorem was subsequently generalized to the case [M |G]oof -

networks and there was obtained a special form of Jackson's law for
networks with nonhomogeneous periodic Poisson flow.

Note that the formulas obtained in this work generalize the results
of [1] for homogeneous Markov networks of this type.
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THE CREATION OF CRYPTOGRAPHIC KEYS BASED ON
ON-LINE SIGNATURE
Lutskiv A., Lupenko S., Zagorodna N.
Ternopil Ivan Pul’uj National Technical University
Landriy@gmail.com

Given research is devoted to the development of on-line
signature authentication system. Software for authentication could be
considered separately, but its desired feature is capability of integration
in information systems with other types of authentication data. Main
steps of the person registration in authentication system are shown on
figure 1.

A
On-line signatures »
(Graphical tablet, Tablet PC, etc.

L [5 signatures or/and more]

On-line signature preprocessing

,

On-line signature statistical
Processing

[signature is unstable]

On-line signature
authentication
stability testing

[signature is stable]

Minimization of authentication
attributes

!

Generating a unique hash

@ Store in authentication database,

(RDBMS, LDAP, I Re-new signature |
passwd-like database) 1

© 6 0 6 O

—

Figure I - General person registration scheme
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One of the fundamental problems of the on-line signature
authentication system exploitation is a creation of stable, reliable and
unique authentication keys compatible with usual password hash by
size and form. This approach will give a possibility to increase the
application of on-line signature authentication systems significantly.

Available general methodology mostly concerns the static
biometry data. Therefore investigation and development of the
cryptographic key based on dynamic biometric personal attributes is a
scientific problem of great importance. It is required to create
cryptographically stable and unique standards-valued biometric keys.
Development of new methods if this problem solution will allow to
apply this methodology not only to on-line signature, but to whole class
of other dynamic biometry data, including “keyboard handwriting” and
pronunciation of voice phrases.

Steps 1-5 are investigated in [1-3]. Step 7 is standard for
different information systems. According to collected logging data
(quantity of false rejects) a person is recommended by authentication
system to renew his on-line signature using re-registration on 8th step.
This paper concern step 6, where key should be obtained.

Development of common methods of a unique encryption key
creation based on on-line signature is carried out by authors. This key
should represent person by the dynamic biometric pattern and at the
same time be cryptographically strong. Web-page of this project is
available at: http://www.nalabs.te.ua/signature/.
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USE OF DISCRETE NONLINEAR DYNAMICS TOOLS
IN DECISION-MAKING ON THE STOCK MARKET
Maksishko N.

Zaporizhzhya National University
maxishko@ukr.net

The infrastructure of the stock market have changed in a
globalized economy and use of new information technologies, which led
to a complete review of concepts and models as a function of the market
in general and certain types of businesses associated with the issuance
and trading of securities, including broker-dealer services, etc.

Investigation of the structure and dynamics of the Ukrainian
stock market has revealed that the stock market is a complex, nonlinear
system. Of existing mathematical methods to predict not only the
correct value, but even in the right direction of the dynamics of the stock
market is rather limited.

The aim of this research is the use of discrete nonlinear
dynamics methods [1] to analyze the behavior of the index and futures
on the index of Ukrainian shares.

As a result of a complex fractal analysis we established the
existence of long-term memory in the dynamics, obtained quantitative
estimates system characteristics of the dynamics, which made it
possible:

a) to estimate the degree of predictability of the dynamics at
different time intervals and sections;

b) to determine the parameters and build a hybrid prognostic
model that is based on the model of a homogeneous structure (CA), and
compared with other methods, provides a more accurate forecast.
References
1. Makcumko H. K. MonentoBaHHS €KOHOMIKH METOAAMU JUCKPETHOL
HemiHiHOT nuHaMiku : MoHorpadis / H. K. Makcumko ; Hayk. penm.
mnpod. B. O. [epenenuus. — 3anopizoks : [Tomirpag, 2009. — 416 c.

2. Official site Ukrainian birzha [Electronic resource] . - Access mode:
http://www.ux.ua.

72



DECISION SUPPORT SYSTEM FOR MEDICAL SYSTEM
RESEARCH
V.P.Martsenyuk, I.Ye.Andrushchak, N.M.Gandzyuk,
N.Ya.Klymuk, O.M.Kuchvara, Z.V.Mayhruk
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine

Topicality of the theme. The current state of health care is
closely related to orientation on evidence-based medicine, the main
directions of which are: standardization of health care and medical
research, active use of decision support systems in medical research,
development of clinical information systems.

Overcoming contradictions between the amount of medical
information and the possibility of its full analysis is possible with the
use of information systems in medicine that are based on methods of
modeling, system analysis and decision making theory.

At the same time the basis for decomposition in algorithms of
system analysis in medicine is the content model of a disease. The
disease implies the integration of pathological processes, characterized
by restriction of protective and adaptive effects and decrease of working
capacity of a human being. Hence, the determinant in the disease
analysis should be study of the pathological process. In addition, the use
of models of diseases in clinical practice must take into account such
processes, as pharmacokinetics and pharmacodynamics of a medical
preparation.

On the other hand, systematic and analytical substantiation of
application of schemes and methods of treatment should be based on
adequate financial models, such as medical insurance with the
calculation of the duration of a patient's stay at the stage of the disease,
the cost of treatment, determining the basic indicators of health
insurance policy.

The above-mentioned problem encourages to the development of
informational-analytical decision making support system aimed at
solving the tasks of choosing optimal treatment schemes on the basis of
integration of the pathological process and medical insurance models.
The characteristics of pathological process, indicators of toxicity of
treatment as well as basic parameters of health insurance policy are the
criteria of quality in such models.

The main statements. One of the most complex pathological
processes is the process of pathologic formation growth. We suggest to
use Homperts dynamics for the description of tumor growth. Therefore,
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as the basic model the anti-tumor immunity model, taking into account
the influence of the damaged target-organ on the immune response, is
proposed. Besides, the practical tasks associated with radiotherapy and
radiosurgery  (gamma-knife,  cyber-knife)  treatment  require
consideration of impulse effects in such models.

It should be noted, that the impulse differential equations in
general form may not have any solution, even when the corresponding
differential equations are quite smooth. Therefore, evaluation of
solutions of the system in the terms of model parameters in explicit form
is suggested.

The model can be used for the description of pathological process
of tumor growth and for choosing treatment schemes in the tasks of
optimal management. At the same time, the tasks of health insurance in
case of oncologic diseases require consideration of models for defining
the basic indicators of an insurance policy — survival of the patient,
amount of premiums, calculation of the cost of treatment and others.
This requires consideration of the probabilistic models of multi-staged
diseases.

We have proposed a multi-staged model of oncological disease as
a compartment process for which are known laws of distribution of
period of the patient's stay at each stage. So, a four-staged model of the
disease has the following form (Fig. 1):

VO Vl
Stage 0 > Stage 1 > Stage 2
U U
0 1 U2
'
Stage 3

Fig. 1 Compartment model of four-staged disease.
Here V.

] =@- is duration of a patient’s stay at a stage i,
i =@ before the transition to the stage i+1, i =@; U,- is time of a
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patient’s stay at the stage i, i = 0,2 before death, that is the transition to
stage 3. Here, with the aim of correctness consider that V, =U,.

In order to obtain transition probabilities and calculate the number
of insurance functions such random values are introduced:

H, =min(U,,V,),i=0,2,
W,=U,~V,,i=0.2,

J _
Y, =Y H,i<j=02.
k-1
The main result of the research states:
Theorem 1. Transitional probabilities ¢, (1),i< ;=02 can be
calculated in accordance with the ratio:
q;O)=P{S(0)=j/SO) =i} =PW, >0,k =i, j-1,(P{Y, >t/W, >0,k=i,j -1} -

—P{Y;, >t/W,>0,k=i,j-1}).

)

Suppose further exponential distribution of values U; and V,, i= 0,2,
that is :

U,~ Exp(6),i =02, V,~ Exp(4,),i =0,1. )

Theorem 2. In case of assumption (2) concerning the nature of

value distribution U; and V,, i=0,2, transitional probabilities

g, (¢),i < j =0,2 can be calculated as follows:

Qoo (1) =0 >0,

o, (0) = A ( O + 4 e O _ o=@ty 450
M0, 44, 6+ A, -6, A, ’
4ol) = Aoy ( (6 +%)@ +A)e™ G+ RGO
@ +4)G+4) G+4 -6 -4)6,-6-4)6, (G+4-6—7%)
, t>0.
Go3 (1) =1=qoo (1) =401 (1) = qa (1), >0,
g, () =e W 150,
G = Aoy s,

6 +4 6,-6 -4

qi3(1)=1—q,, (1) —q,(2), t >0,
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gn(t)=e" " 1>,
Gy () =1—e @) 150,
It should be noted, that assumption (2) concerning exponential

distribution of values U, and V,, i =0,2, although it gives a clear view

of the formulas for calculating transition probabilities and can be
applied in many cases, but still it does not completely correspond to
tumor growth, which, as it is experimentally proved, corresponds to
Homperts dynamics. This given distribution law subjects survival of
patients with cancer, and time of their stay at the stages of the disease.
So, further we will also consider the case, when the values U,,V;,

i=0,2 have Homperts distribution, that is U,~G(y;,n,),

Vi~G(a;,p;), i= 0,2. At the same time redefinition of Homperts
distribution parameters is used, according to which:
=4

Fy (H)=1—exp| —e i,

t-a;

F,()=1-exp|—e ” |, i=02.

Further, we will consider the case when 77, = f, i = 0,2.
Theorem 3. Let U~G(u,n) and V~G(a,f)- be random
variables distributed according to Homperts distribution, and 7 = f.

Then the difference W =U -V, distributed according to the

distribution law with density:
_truta
"

___ e
JowO=—— (3)
(e”+e ")
In calculating the total time of stay on the stages of the disease in
this case, we will certainly come to the special functions. As an example

is the following result, obtained in case of the model in the absence of
mortality at intermediate stages of the disease.
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Theorem 4. Let V), be distributed accordingly G(u,77), and V] -
accordingly G(0,7) - are independent random variables. Here 1,77 >0.
Then the random variable Y =V, + V| has a distribution function

F () =1-2Z K, (22), “
t—u
where Z=e¢ 7 ,and K,(-) is modified Bessel function of second kind.

Below is the order of calculation in the model of insurance
functions related to the level of premiums, expected benefits and
longevity. More information about such insurance functions is described
in [Bowers, N.L., Yerber, HU., Hickmen, J. C., Jones, D.A. and
Nesbitt, C.J. (1997), Actuarial Mathematics, 2-d ed., Schaumbury
Illionis, The Society of Actuaries.]

It is obvious, that the parameters of an insurance policy should
result from the cost of medical services that will be provided. So, the
cost of -¢ year policy with continuous annuity a;(¢#) must correspond
the expected cost of medical services for a person, who is currently at
the stage i, taking into account the cost of § 1 in the future. For
example, the cost of medical services for a person who is now at the
stage i = 0,1, which during the time (0,7) becomes the final stage 2,
may be calculated as follows:

t
H(t,i) = J.(Cn +cye" e g, (s)ds, where c¢,,c,,,h are
0

positive constants.
Here c; is some fixed cost of medical services for the stage i

(for example, the cost of the basic treatment), czeh"s,(O <s<t) is the

variable cost of treatment, which is determined by the initial stage 7 and
time s .

Conclusions. In the research mathematical methods are
developed, that underlie the decision-making support system of
insurance providing of cancer treatment. It is shown, that the model,
which is suitable for adequate description of the pathological process of
growth of abnormal formation is the model based on impulse
differential equations of Homperts dynamics. On the other hand, the
calculation of insurance functions and cost of treatment leads to the
necessity of development of probabilistic model of multi-staged disease,
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where the distributions of period of stay at the stages of oncologic
disease correspond to Homperts distribution.

ON OPTIMAL CONTROL PROBLEM IN MODEL OF
PATHOLOGICAL FORMATION GROWTH BASED ON THE
RICHARD DYNAMICS
V.P. Martsenyuk, O.A. Bagrij-Zayats
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
marceniuk@yahoo.com, bagrijzayats@gmail.com

The theory of optimal control has been well developed for over
forty years. With the advances of computer technique, optimal control is
now widely used in multi-disciplinary applications such as biological
systems, communication networks and socio-economic systems etc. As
a result, more and more people will benefit greatly by learning to solve
the optimal control problems numerically.

Treatment of a pathogenic disease process is interpreted as the
optimal control of a dynamic system. Evolution of the disease is
characterized by a non-linear ordinary differential equation that
describes concentrations of pathogens, plasma cells, and antibodies, as
well as a numerical indication of patient health. Without control, the
dynamic model evidences sub-clinical or clinical decay, chronic
stabilization, or unrestrained lethal growth of the pathogen.

The dynamic equations are controlled by therapeutic agents that
affect the ate of change of system variables. Optimal control solutions
that defeat the pathogen and preserve organ health are demonstrated. It
is shown that control theory can point the way toward new protocols for
treatment and remediation of human diseases.

Interaction of laser irradiation and biological systems are
investigated. The pathological formation growth based on Richard
dynamics are considered.

Pontryagin maximum principle is applied in this work to find the
optimal control of the pathological formation growth. The general
solution of the controlled system is obtained. Finally, numerical
example are presented to explain the analytical solution.
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OPTIMAL CONTROL BY THE PROCESS OF AEROSOLS
SEDIMENTATION OF HEAVY METALS
V.P. Martsenyuk, D.V. Chernetskyy
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
dmitroch7@.gmail.com

Modern production of heavy industry is accompanied by a large
release of aerosols of heavy metals into the atmosphere, which are
harmful to the workers’ health of these enterprises. There are two ways
to reduce this harmful effect: modernization of production (which will
reduce release of harmful substances); optimization of microclimate at
the enterprises, that will speed up sedimentation of dust of heavy metals.
The most effective is combination of these both methods. In modern
terms the first way is more effective, but it is also very costly, which
often becomes an obstacle for its realization. Next we will focus on the
second method.

The process of heavy metals aerosol sedimentation depends on
the rate of aggregation of nanoparticles of these metals, which in its turn
depends on the air temperature. So, with the elevation of temperature
the intensity of Brownian motion increases, which will accelerate the
formation of nanoparticles of large size, which will form sediment by
the action of gravity. However, the elevation of temperature will cause
increase of upward flow of air, which will increase the amount of
aerosol in the air.

Also a significant factor for accelerated sedimentation of heavy
metals dust is air irrigation (washout), but this will increase humidity in
the premises that is often harmful to production.

For an optimal selection of the above-mentioned parameters we
use the apparatus of optimal control. We construct a function of aerosol
sedimentation rate depending on the number of aerosol particles at a
certain level and the probability of collision of these particles. It
dependes on the environment temperature, viscosity and density of the
air, particle size (or their conglomerates). Next we consider finding the
minimum of this function by taking the temperature as a control. The
solution of this problem will be those optimal conditions in which the
dust sedimentation rate of heavy metals will be maximal. So, the
concentration of harmful nanoparticles at the human respiratory tract
level is minimal, i.e., their effects on the organism will be minimal.

It should be noted, that in case of necessity to increase
concentration of aerosol in the air, we similarly construct the function of
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aerosol sedimentation rate in this environment, and again turn to the
problem of optimal control. So, we can regulate the concentration of
certain aerosols in the air column, according to the production
requirements.

CONSTRUCTION OF THE EXPONENTIAL ESTIMATE IN THE
COMPARTMENT SYSTEM WITH DISTRIBUTED DELAY
BASED ON HALE-LUNEL’S INEQUALITIES
V.P. Martsenyuk, N. M. Gandzyuk
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
nadiagan84@gmail.com

Compartment systems with delay arise in a number of problems of
population dynamics, pharmacokinetics, mathematical epidemiology,
and others.

The solution of these equations even in the linear case results in
approximate calculations, which is not very convenient for finding
explicit solutions of such problems as:

- determine the time ¢~ , when the number of infected people will be
less than a certain level i~ (mathematical epidemiology);

- assess the time, when there will be no more d° units of the medical
preparation in the patient’s organism (pharmacokinetics) etc.

A number of papers is devoted to the construction of exponential
estimates for the systems with delay. Yet, the most promising, in our
opinion, is the method of construction of the whole class of exponential
estimates on the basis of Hale-Lunel’s inequality.

So, the aim of our work is application of the approach on the basis
of Hale-Lunel’s inequality for construction of the exponential estimate
of solution of compartment systems with distributed delay.

In this work the method of construction of the exponential
assessment of solutions of linear compartment system with delay is
developed. With this aim, the linear functional of Lyapunov-Krasovsky
and Hale Lunel’s inequality have been used. The result is illustrated by
pharmacokinetic model in anesthesiology.
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PHYSIOLOGICALLY-BASED PHARMACOKINETIC
MODELING OF NANOPARTICLES
Martsenyuk V.P., Melenchuk I.B., Kravets N.O.

I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
melenchuk_i@mail.ru

Nanoparticles or nanotechnology were explored through
pharmacokinetic studies for a variety of biomedical usages including:
delivering and targeting drugs; enhancing therapeutic durations and
effects through controlled release mechanisms and/or binding to
nanoparticles; reversing multidrug resistance; manipulating and
influencing tissue distributions for therapeutic efficacy; evading
reticulo-endothelial system for longer bioavailability; affecting drug
pharmacokinetics by manipulating particle size and charge or through
encapsulation; imaging application through the unique physicochemical
properties of nanoparticles; and potentiating drug effects. “Classical
pharmacokinetics” refers to those empirical noncompartmental or
compartmental pharmacokinetic studies routinely practiced in
pharmaceutical industry. Unlike classical pharmacokinetics, the
compartments of a PBPK model have anatomical and physiological
identity and related significance. This is a major difference from
empirical noncompartmental or compartmental pharmacokinetic
modeling approaches. PBPK models can be wused to describe
concentration—time profiles in individual tissue/organ and in the plasma
or blood. When the concentration of a certain target tissue, rather than
the plasma concentration, is highly related to a compound’s efficacy or
toxicity, PBPK modeling will be a more useful tool than classical
pharmacokinetic models for describing PK/PD relationship and thus
make a better prediction of the time course of drug effects resulting
from a certain dose regimen for the compound of interests. Furthermore,
PBPK models in combination with absorption simulation and
quantitative structure—activity relationship approaches will bring us
closer to a full prediction of drug disposition for pharmaceutical new
entities, and help streamline the selection of lead drug candidate in the
drug discovery process. Lastly, unlike empirical noncompartmental and
compartmental pharmacokinetics, PBPK modeling is a powerful tool for
extrapolation, be it for inter-species, inter-routes, inter-doses, inter-life
stages, etc.
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GENERATION OF SYNTHETIC ECG-SIGNALS WITH THE
HELP OF McSHARRY MODEL
V.P. Martsenyuk, R.O. Sarabun
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
romasar86@gmail.com

New biomedical algorithms of processing electrocardiosignals are
usually evaluated by their application for electrocardiogram, which are
kept in a large database. Having access to the realistic artificial ECG
signals it is possible to facilitate this assessment. In this work a review
of the model, designed for generating synthetic signals of ECG, is made
and it is realized as a software environment.

To construct the model a system of three nonlinear differential
equations proposed by McSharry in the article [1] is used. The model
generates an ECG trajectory in three-dimensional space with
coordinates (x, y,z) . Some tines on the ECG such as P, Q, R, S, T, are
displayed by means of trajectory motion relative to the axis z. They are

found by fixed angles 6,,6,,,6;,06;,0, ona circle in the plane (x,y).

The saoftware environment is realized as a package of Java-
classes. It includes the following packages and classes. The Fde package
is used for obtaining the numerical solution of differential equations.
The Graph package contains the classes, intended for graphic
visualization of equation solutions. The mcsharry package contains
classes describing McSharry’s model. It includes the following classes:
McSharryECGSystem — describes the right parts of the differential
equations of the model; McSharryECGSystemGraph — is used for
constructing graphs of solutions of the corresponding equations;
McSharryECGSystemGraphMenu — is a class, that describes the menu
charting; McSharryECGSystemInputDataFrame — is a class-frame for
the introduction of the initial model parameters.

The developed software environment enables its publication in
the form of the Internet project.
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THE ALTERNATIVES SELECTION PROBLEM
ON THE FUZZY SET OF CLEAR GOALS
S.0. Mashchenko, O.M. Bovsunivskiy
Taras Shevchenko National University of Kyiv, Ukraine
msomail@yandex.ru, bovs@email.ua

The problem of rational selection of alternatives, in which the
goal of individual decision-maker (IDM) is defined by the fuzzy set of
clear targets, is considered.

Let be X — universal set of alternatives which are given by the
fuzzy set of alternatives D and clear sets G,, i € N ={l,...,n}, that can

expresses (characterize) the IDM’s goal. Sometimes the IDM can’t
clearly specify which clear sets G,, ie N are relevant when making

decisions, but may determine some fuzzy subset N N of these sets.
Then the IDM’s goal may be defined by the intersection G = G, [1,2]
ieN

of fuzzy set N of crisp sets G,, ie N. In this case, for each fixed

alternative x € X value of membership functions of fuzzy set G also
create fuzzy set and can be define as so-called type-2 fuzzy set (fuzzy
set with membership function that has fuzzy set of values; T2FS).

It was developed a constructive representation of the membership

function of T2FS - G, considered the properties of this set. In paper

also proposed method of the alternatives selection from the fuzzy set G
on the fuzzy set of alternatives D; indicated the existence of
maximizing alternative.
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RESEARCH OF NONLINEAR DYNAMICS AND CHAOS
CHARACTERISTICS IN THE MODELS OF MEDICAL-
BIOLOGICAL PROCESSES
I.Ya. Horbachevsky Ternopil State Medical University, Ukraine
Maykhruk Z.V.

The hidden tendency of nonlinear dissipative systems to the
irregular movements has been remained unexplored for a long time. The
study of such systems was limited by the area of regular behavior,
which is characterized by regular attractors (a fixed point, a limit cycle
or a torus). In the study of dissipative systems a whole new world was
discovered by Edward Lorenz, who developed a simplified
hydrodynamic model for meteorology, which is derived from the
simplified Navier-Stokes equation. In this work on the example of
medico-biological processes the basic characteristics of dissipative
system are studied, which are volume contraction in phase space and the
concept of regular attractors that characterize the correct movement.
Next chaotic motion is considered, which is studied by classical means,
such as power spectrum and autocorrelation, as well as by modern
geometric and numerical methods, such as Lyapunov exponents,
correlation dimensions and Kolmogorov entropy, that are used for
characteristic of a strange attractor.

Autocorrelation _(s)— llm _J‘ f(t n S)f(t)dt and

arc

= ;%ﬁ J. f(t _lwdt

equivalent representations of one and the same evolutionary process.
However, each of them has different characteristics of output signal

f ( l‘) . Autocorrelation reflects memory of the internal communications

spectrum of power P( a))

of the system, while the spectrum shows us the dominant fundamental
frequencies.

With the help of Lyapunov exponents a number of results has
been obtained as to their relation to the attractor dimension according to
Lyapunov, concerning assessment of entropy by Kolmogorov-Sinai due
to positive Lyapunov exponents.
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In clinical application it is important to know the largest
Lyapunov exponent o, of chaotic motion, as it allows you to get

assessment of the so-called relaxation time t* .

MATH MODELLING OF THE TACTICAL ACTIVITIES
Jan MAZAL', Petr STODOLA’, Ivana MOKRA’
University of Defence, Czech Republic
'jan.mazal@unob.cz,’petr.stodola@unob.cz,’ivana.mokra@unob.cz.

In context of the latesttechnological approach to the human
activities, it also affects the military area. The development and
increasing demands on combat information systems leads to the state,
where these systems slowly reaching its technological edge and the next
way of its development lays in optimization of the tactical command
and control process. The future of the 21-st century battlefield is
turning in a one perspective to the tactical decision support based on
math modeling of tactical activities in a real time. This problematic
consists of the wide spectra of the operational and multi-criteria
problems. This article is dedicated to one of the thorniest problem of
contemporary asymmetric battlefield, namely math solution of the
optimal area surrounding including computer application and simulation
of the mentioned problem.

INTEGRATION OF THE GEOGRAPHICAL AND
OPERATIONAL ANALYSSESIN THE TACTICAL MANEUVER
MANAGEMENT
Jan MAZAL', Petr STODOLA’, Marian RYBANSKY’
University of Defence, Czech Republic
'jan.mazal@unob.cz, *petr.stodola@unob.cz,marian.
*rybansky@unob.cz.

The latest militarytrends are setting the demanding requirements
tothe contemporary operations. The focus is laid on the quality and
proper integration of underlay analyses, necessary for the effective
decision process execution. These trends are apparent since the year
2002 and escalating in the context of building geographical and tactical
criteria database. This plays the decisive role as an input to the weighted
and conditional geo-tactical layer integration. Possibilities,
combinationsand algorithmic approach could be really wide, mainly in
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the area of conditional and stable tactical configuration search. Solved
problem, described in the article is dedicated to the optimal maneuver
management in a wide context of tactical, meteorological and
geographical conditions. This is the fundamental fragment of the
operational and tactical tasks, what we could solve by these days (thanks
to a high computing power of the latest computer technology).

TRAFFIC MANAGEMENT OPTIMIZATION AND ITS
MODELING
Jan MAZAL', Petr STODOLA®
University of Defence, Czech Republic
'jan.mazal@unob.cz, *petr.stodola@unob.cz.

The paper deals with the issue of the optimal traffic flow focused
on effective exploitation of all traffic segments, considering the traffic
density, time and situational dependence and dynamical condition inthe
road net. Solution of this problem is dependent on the time density
estimation of the partial traffic segments and the procedural
modification of the road (math) graph in each iteration process of the
shortest path algorithm. Practical integration of the suggested solution
with advanced car GPS and communication systems would be
considered as a high improvement of the traffic management in a
common and limited environment. It also enables to identify or
potentially predict the critical configurations and find optimal
redirection of the traffic.

ABOUT METHODS OF DECISION ADOPTION UNDER
UNCERTAINTIES
Menshikov Yu.L.
Dnepropetrovsk National University, Dnepropetrovsk, Ukraine
Menshikov2003@list.ru

Mathematical models of real processes and computer calculation
are using for decisions adoption under uncertainties [1].

Let us consider the connection between external input z and
output u s of real process has the form 4, z=us, where 4, is some

approximate operator of real process.
Among the most typical algorithm of decisions adoption is based
on forecast of behavior physical process by help of adequate
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mathematical description of this process (operator 4, ) in deterministic

and stochastic statements taking into account the inaccuracy of operator

A, . The positive decision will be adopted if the forecast corresponds

to waiting result. The negative decision will be accepted in other case.
The synthesis of adequate mathematical description reduces to solution
of special inverse problem. The value of solution inaccuracy of this
inverse problem can be great.

But in some cases for adoption of decision the more deep
investigation is necessary to make. For example, conclusion about right
choice of mathematical description of process (operator 4, ) has to

execute on basis of comparison of functions 4, zand us which is

given from measurement. If the choice is true then the positive decision
will be accepted. The surface of moon is hard or not, the machine
works in normal regime or not, patient is alive or not, chosen scenario
is true or not, for example. The situation is complicated because for
adoption of decision it is necessary to have the size of operator
deviation 4, from exact operator 4,,. Such evaluation of deviation

cannot be executed on principle. The possible algorithm of this problem
solution was suggested.
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FUNCTIONAL REPRESENTATION OF AUTOMORPHISMS OF
ROOTED SPHERICAL HOMOGENEOUS TREE
Morozov D.

The National University of Kyiv-Mohyla Academy, Ukraine, Kyiv
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The study of the group of automorphisms of a of rooted spherical
homogeneous tree is an important practical problem of discrete and
computer mathematics. Portraits technics for automorphisms is
illustrative, but technically difficult. Besides it does not allow to work
directly with infinite-state automorphisms. Representation of
automorphisms by continuous extension of isometric functions (defined
on natural number series) provides a convenient apparatus for work on
automorphisms of large or infinite number of states.
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The following constructive theorem can construct a wide class of
functions which define the automorphisms of rooted spherical
homogeneous tree.

Theorem 1

The set of ring isometrics Z2 is the class of adjacency by subgroup
of strictly compressive functions concerning operation elementwise add
in compressive functions group.

Theorem 2

Polynomial is an isometry if and only if the coefficient a, is odd 2-
adic number, sum of the coefficients with even numbers greater than 0
is an even 2-adic number and sum of the coefficients with odd numbers
more than 3 is even 2-adic number.

INFORMATIONAL AND SOCIOLOGICAL EFFECT ON
DECISIONS UNDER UNCERTAINTY
Muzychuk A.

Ivan Franko National University of L’viv, Ukraine
pnc_andriy@mail.lviv.ua

The introduction of a new product onto the market can change the
way consumers, or at least some of them, view established brands. This
might be by drawing attention to some quality which was not previously
much regarded, or it might make people give different weightings to the
established qualities when making their decisions. Consumers are acting
as Decision Makers (DMs) who have to evaluate and select one of
available alternatives. This selection can be done once or periodically.
Introducing the new alternative to the available set can be seen as “new
information” for the DM.

In recent paper the natural extension of the concept of adopting
evaluation rules in repeated decisions under uncertainty when the
additional information becomes available introduced in [1] is suggested
based on the assumption that the set of available alternatives for DM are
dynamically changing from time to time. In the model not only the
DM’s experience gained during the analyzing outcomes from previous
selections, but “sociological effect”, i.e. how one DM influences
another, is also taken into account. Among other assumptions is that
behavior of environment describes with Markov Chain.

Evaluation rules are created using OWA operator introduced in
[2]. Despite the fact the OWA is widely used in different field to build
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evaluation functions, there are some issue with using this approach [3]
that is discussed is the paper as well.
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GUARANTEED ESTIMATION OF THE OBSERVATIONS
MATRIX FOR SYSTEMS WITH VARIABLE STRUCTURE
Nakonechnyi O.G., Donchenko V.S., Zinko P.M.

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

The special type of the estimations are proposed for consideration in
the report in the case of the vector functions observations

Let the vector functionx,(¢,5)eR™ and x,(t,s)eR™ are the
solutions of equations:
dx, (t,s)

dt

(1)
dxz(t 5) = f3(%250), %2 (55) = (3, (5,9)),s <1 <T,

where £ (x;,¢ ) f2 ((x5,1)),g(x ) —some vector functions,  which

=f (xl,t), X (to,s)zxo,to <t<s,

guarantee solvability of equations (1).
Let also vector functions y; (t),i =1,2 are observed, each of them are

of the form
IH l S ds +&; ( )
where H(s)—the matrix function, to<T<T, <T,

ty <t <T,E;(t)—realizations of uncorrelated mean square continuous
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vector random processes with correlation functions R,(7,t,) and
R, (1,t,) , respectively.
It is also assumed, that the matrix function H (s) is unknown. There

two basic variants of additional supposition relatively this function.
These are the next ones:1) it belongs to some set G of continuous
functions;2) it belongs to Sobolev’ space.

As to correlation functions Ry (#,%,), Ry (#.1,). They are supposed
to be unknown and are the ones which belong to some sets F; and F,
correspondingly.

We explore the problem of constructing the guaranteed linear mean
square estimation (GLMS) H (s)for the function H (s), namely, that
one, which determined by the relations

NN
—H{(s)| ds=
in o | H(s)=H(s)|
T, A 2
= sup IH(S)—H(S) ds =c°. )
G’FI’FZTI

Explicit form of the GLMS as the solution of optimization problem
(2) exists under certain assumptions. Also, the relevant example, when
correspondent estimation are reasonable to be found one can find in [3].
Namely, it is the case, when the observations are of the form

JH z‘s)ds+§()

where H (s)— the scalar functlon
and the vector functions

L(i)(t,s)z(L(li)(t,s),L(zi)(t,s))Tand (zflf)(z,s),Lgf)(z,s)), i=12

are correspondingly  the solutions of the next systems of the
equations,correspondingly:

(1
dLT(t”) (<‘>+a( (s, s))(Lo-L§1>(t,s)-Lg>(t,s)),L§1>(o,s) .
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1
0] (o0 01 1.9))( 2 19 1.8) - 19 (19)). 19 (0.9)= 1)
under0<¢<s Ta ng)(s,s) = LEI)(S,S) +0;, i=1,2,
and

ar’® t,s
) (424 oD (1)) 0 - 12 (1.5)- 19 (1.9)).

(2)
AES) (2 1 1)1y~ 9 15)- 2 0),
unders<t<T,

with some real number 0, i =1,2 —which may be unknown.
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SELECTED METHODS OF ECONOMIC TIME SERIES
DESCRIPTION
Neubauer J., Odehnal J.
University of Defence, Brno, Czech Republic
jiri.neubauer@unob.cz, jakub.odehnal@unob.cz

The article is focused on selected quantitative methods which can
be used for description of economic time series. Vector autoregressive
models and cointegration analysis play an important role in description
of economic events (see Johansen (1995) or Lithepohl (2007)).
Multidimensional non-stationary process is called cointegrated if there
is a linear combination of its one-dimensional components, which is
stationary or trend-stationary. Economic time series are predominantly
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non-stationary, nevertheless, one can find linear links which keep that
whole system in so-called long-term equilibrium. Next useful tools for
analysis of economic time series are methods of change point detection.
Authors compare standard statistical methods of change point detection
(see Csorgd, M. and Horvath, L. (1997)) with the method based on the
sparse parameter estimation (see Neubauer, J. and Vesely, V. (2010,
2011)). All mentioned methods are applied to real economic data sets.
Keywords: time series, vector autoregressive model, cointegration,
change point detection
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UNCERTAINTY ANALYSIS IN INFORMATION SYSTEM FOR
AIR QUALITY MANAGEMENT
Nochvai V."%, Kryvakovska R.?

'The National State Tax Service University of Ukraine
*Pukhov Institute for Modeling in Energy Engineering, National
Academy of Science Ukraine, Kyiv
volivn@ukr.net

The model for decision making in air quality management is
considered. It is associated with large uncertainties due to incomplete
data, errors of models and not precisely defined criteria for decision
making. Neglect of the uncertainty could lead to erroneous decisions.
Thus, the study of the reliability of data in information systems of
environment management and uncertainty cutting is an actual problem.
For this purpose the methods of optimization under uncertainty and
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fuzzy decision-making models are considered relatively to the main
sources of uncertainty. As a tool to deal with the probabilistic
characteristics of information flows in the system of decision-making
the Bayesian networks are analyzed.

The usual task of multi-objective optimization relating to air quality
control is considered here. Generalized criteria for n. - cost functions
with a given p vector of preference expresses minimizing of

environmental cost functions (air quality damage) and the emission (Q)
control cost to ensure quality standards in the most effective way using
the technical and economical means:

F(Q):z pw,(0,q) = min, where g - random parameter that

characterizes the error and incompleteness of data estimates.

The optimization task for air quality management was written also in the
form of fuzzy decision making model. It enables the decision-makers to
set thresholds for possible constraint violations and deviations from the
desired targets. Vector relaxation is applied for search of satisfactory
deviation from the ideal point.

The interaction with a decision-maker through the user interface is
necessary to provide implementation of the optimization model in the
fuzzy decision support system. For this purpose, the corresponding
structure of the data flow in the information system is proposed on the
base of web-interaction.

MODEL OF MILITARY SPENDING AND ECONOMIC
GROWTH
Odehnal J., Neubauer J.
University of Defence, Brno, Czech Republic
jakub.odehnal@unob.cz, jiri.neubauer@unob.cz

The article is focused on evaluation of relationship between the
military spending and economic growth. Authors (e.g. Dunne (2001),
Kollias (2004)) investigated the causal relationship between variables in
accordance with economic theory which presents that military spending
as a part of government spending can affect national economy through
various channel (e.g. through Keynesian-type aggregate demand
stimulation). The aim of this article is to investigate and describe
existence of relationship and when it exists, its nature and direction. To
analyse the military spending in selected countries, authors employ
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method of statistical analysis and analysis of multiple time series
analysis.
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MOBILE SYSTEMS FOR FORECASTING AND DECISION
SUPPORT INFORMATION
Okhremenko A.E., Stepanov O.V., Chernij D.I.
Taras Shevchenko National University of Kyiv, Ukraine

Technology of forecasting [1,3-5], using simulation software and
systems, provides less time processing, high accuracy results and,
simultaneously, prevents risks in making responsible decisions. The
existing systems for forecasting of the continuation of evolutionary
processes require powerful computational resources. Computer systems
of such purposes [5], usually located in project offices, which carry out
the development of general construction project. But, during the
construction, engineers often need mobile systems, which (using rapid
modeling) can provide clarification aerohydrodynamical parameters and
other physical processes that occur inside or outside of some technical
constructions and structures.

The mobile system for rapid prediction of aerohydrodynamical
processes based on a simplified mathematical model [1,3] and the
effective application of computing technologies was developed [2,4].
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The system allows to determine the flow characteristics of randomly
located open loops of arbitrary geometry. Similar modeling mobile
systems can be installed on Tablets (Pic. 1) or on smartphones (Pic. 2)
with touch screens. Adaptive interface provides a convenient
introduction of geometric characteristics of design or construction for
which is necessary to determine flow characteristics. Adaptive interface
provides a convenient introduction of geometric characteristics of
design or construction for which is necessary to determine flow
characteristics.

Fig.1 Fig.2
Mobile modelling system installed Mobile modelling system installed
on iPad. on smartphone with touch screen
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THE SCHEME OF PARTIAL AVERAGING FOR ONE
CLASS OF HYBRID SYSTEMS
O. Osadcha, N. Skripnik
olga.osadcha.ua@gmail.com

The hybrid system, where one equation is a differential equation
with Hukuhara derivative and the second one is an ordinary differential
equation, is considered. The interest in such systems follows from the
fact, that some parameters of the model may be accurate, while the rest
may contain the noise, errors and inaccuracies.

Consider a hybrid system with a small parameter

{DHX =¢F(t,X,y), X(0)=X, 0

y:‘gg(taXay)a y(o):yOa

where >0 is time, X € D, c conv(R"), ye D, cR", ¢>0 isa

small parameter.
With system (1) the following partially averaged system is
assigned

{Dﬁff =F(1,X,7), X(0)=X,, o
y=¢e8t,X,7), 70)=y,,
where

lim — h( [Fe,x,y)t, j Ft,X y)dt] 3)
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.1
}‘IE;IEOF =0. (4)

T T
Ig(t=X=Y)dt_I§(t>Xay)dt
0 0

Theorem. Let in the domain
0= {(t,X,y) : 120, XeD, ye Dz} the following conditions
fulfill:

1) the multivalued mappings F (¢, X,y),F(t,X,y) and vector-
functions g(t,X,y),8(t,X,7) are continuous in ¢, uniformly
bounded by constant M and satisfy Lipschitz condition in X,y with
constant A ;

2) limits (3) and (4) exist uniformly with respectto X € D, andy € D, ;
3) the solution ()~( (), )7(7,‘)) of system (2) with initial conditions

X(0)=X,eD'cD,, 70)=y,eD, cD, is defined for all
t>0,c€(0,0], and X(f) belongs with some p - neighborhood to
the domain D,, y(f) belongs with some &- neighborhood to the
domain D, .

Then for any #7>0 and L>0 there exists such
£,(n,L)€(0,0], that for 0<g<g, and 0<¢< L&' the following
inequalities hold

h(X@0.X@)<n. [y©O-50)]<n.

where (X ), y()) and ()~( (), )7()) are the solutions of systems (1)
and 2) accordingly with initial conditions
X(0)=X(0)€ D[, y(0)= 0) € ;.

In case when the multivalued mappings F(¢, X, ), F(t, X, )

and vector-functions g(z,X,y), (¢, X,7) are periodic in time, the
more exact estimate can be obtained.
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SIMULATION OF RANDOM FIELDS ON THE SPHERE. IN
FUNCTIONAL SPACES
A.A. Pashko
European University, Kyiv, Ukraine,
pashkoua@mail.ru

It was constructed models random fields in functional spaces.
This models approximate random fields with a given accuracy and
reliability in of simulation in functional spaces are received.

Let S d spherein R?. Let &(x) - random continuous on the

average to quadratic, random field on a sphere. This field it is
w h(m,d)

possible to depict ina kind [1] &(x) = z zgfnS; (x),

m=0 [=

where {51 }— are independent sub-Gaussian random variables,

m

E& Y =02, [=1,.,h(m,d), S (x)— orthonormal spherical

accordions of degree m, h(m,d) - is an amount of accordions and

D h(m,d)o, <.

m=1
M h(m,d)

Let &, (x)= Z fonan (x). The &,,(x) is approximate

m=0 [=
model for £(x) with by accuracy ¢ >0 and reliability ¢« in
some functional space, if

Pl -&,0 | 26| <1-a,

where || . || -norm in functional space.

Theorem 1. Let there is a droningly undiscerning
o 1
sequence{h, >0 |, b, >, k—o0 , and ZCS(J(S))Z <

s=1

11

where J(s) =Y h(k.d)b2o? . c. = 3dl(s)<d">(z'p]( bi—bi J
k=1 s+1

N
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1

then for &> ZCS (J(S))E and D(M) = Zw:cs (J(s))?

s=M+1 s=M+1

g 1
P{|§(x) -&y (x)||p > & }S (D((j\/[)) exp{— #(M)} exp{g} .

Let &(x) - linear isotropic random fields in Z, (€2) - space.

Theorem 2. If Zh(m,d)-ai -m*™" <0, for >0 and

m=1

1

P (“f(x)—(f]v(x)rdx}z >5b<|u &

C, -C- > h(m,d)-b, -m*"

m=N+1

0 2
where Zh(m,d)-bm -m®! ga—. a
m=1 u(_l)(lj
&£
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DEVELOPMENT OF NEO-FUZZY MODEL OF NON-
SATURATED PART OF SOIL
V. Pastushenko, A. Stetsenko
National university of water management and environmental use, Rivne
vteren@gmail.com , s_anastasia@ukr.net

The water-air conditions of soil on the drain-humidifier double-
sided action systems with underground moistening are controlled by
groundwater level’s changes. Forecasting of plants’ needs in water
during vegetative period is very important for water and energy
resources saving during the soil’s moisture control. The problems of
adaptation and self-instruction of soil’s moisture’s automated control
systems in the conditions of stochastic weather factors’ actions and
control object characteristics’ changing are steel opened. The control
object in such systems is the non-saturated part of soil, in which the
plants’ root-age is situated. Stochastic disturbances — weather conditions
— constantly influence on the object, that’s why it has a stochastic
uncertainty. The task of this work is to develop a mathematical model of
non-saturated part of soil for soil’s moisture forecasting on the base of

neo-fuzzy neural network in the form of
W/flﬂ:NN(Pk+1Dk+1»Lk+1sW1?_1sW/f)a where input parameters are

rainfalls P (mm), deficit of air’s moisture D (mbar), groundwater

level L from the light surface (m). The output parameter is the sucking

soil’s pressure wh (m) in the fixed soil’s level /4, which is connected
with soil’s moisture by means of the main hydro-physical characteristic.
NN( ) - neural network transformation, & - current step. Results of
modeling for different soil’s levels are presented in the table 1.

Table 1

Results of neo-fuzzy models’ work for sucking soil pressure’s forecasting
in non-saturated part of soil

15 Mean square deviation
Soil’s layer — -
training testing
h=0-10 sm 0.2725 0.2798
h=10-20 sm 0.1353 0.1471
h=30-40 sm 0.08413 0.08158
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FOPTIMAL ESTIMATION OF FUNCTIONALS FROM
SOLUTIONS TO TRANSMISSION PROBLEMS FOR LINEAR
PARABOLIC EQUATIONS BY POINT OBSERVATIONS
Yu. K. Podlipenko', N.V. Grishchuk’, A. Kovalyuk®
' Taras Shevchenko National University of Kiev, Ukraine
*Niger Delta University, Nigeria
3ASA Institute of Computer Technology, NY, USA,

! youripl@mail.ru, * akovalena@aol.com

We elaborate methods of minimax estimation for values of
functionals from solutions to transmission problem for linear second
order parabolic equations with uncertain data.

It is assumed that right-hand sides of equations, boundary,
transmission, and initial conditions entering into corresponding BVPs as
well as second moments of noises in point observations are unknown
and subjected to quadratic restrictions.

Our approach makes it possible to find optimal linear, with respect to
observations, estimates of functionals from unknown solutions
corresponding to the "worst" realizations of perturbations.

When the restrictions on unknown deterministic data of the
boundary value problems of transmission are given completely or
partly, we prove the theorems on a general form of minimax mean
square estimates for functionals from solutions the considered BVPs as
well as the theorems on the errors of estimation.

Using the method of transposition, we establish that the minimax
estimates are expressed via solutions of some systems of integro-
differential equations of the special type and prove the unique
solvability of these equations.
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APPROXIMATE MINIMAX ESTIMATES OF FUNCTIONALS
FROM RIGHT-HAND SIDES OF MAXWELL EQUATIONS
Yu. Podlipenko' , Yu. Shestopalov’

! Taras Shevchenko National University of Kiev, Ukraine
*Karlstad University, Karlstad, Sweden
! yourip@mail.ru, ? yourshes@kau.se

In our previous studies [1] we obtained, in particular, optimal
estimates of functionals from right-hand sides of equations entering the
statements of interior Maxwell problems with incomplete data using a
minimax approach. Our approach was as follows. Let D be a domain
bounded by a perfect conductor and occupied by a "dissipative"
dielectric with unknown electric current density J belonging to a certain
bounded set of vector-functions square integrable in D.

The considered problem of estimation was: by observations of
electric and magnetic fields E and H to estimate linear continuous
functionals from J under the assumption that observations are linear
transformations of E and H perturbed by additive random noises with
zero means and unknown second moments also belonging to a certain
given set in the corresponding Hilbert space. We determined linear with
respect to observations optimal estimates of right-hand sides of
Maxwell equations from the condition of minimum of the maximal
mean square error of estimation taken over the above subsets. Such
estimates were called minimax or guaranteed estimates.

We developed the methods for obtaining such estimates
expressed in terms of solutions to special variational equations.

In this work we obtain approximate minimax estimates via
solutions of linear algebraic equations and show their convergence to
the optimal estimates using the Galerkin method for solving the
aforementioned variational equations.

This work was supported by the Visby Program of the Swedish
Instutute.
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HYDRODYNAMIC DEFORMATIONS IN POROUS MEDIA:
THEORY AND APPLICATIONS
Polyakov V., Zhelizko V.
Institute of Hydrodynamics NASU, KNUBA
Polyakov_IGM@list.ru, zhelizko_v@ukr.net

A theory of hydrodynamic deformations in cohesionless porous
media has been worked out based on exact solutions of mathematical
tasks of two classes. It’s an effective instrument for studying
deformation regularities and consequences. The basic models consist of
interrelated deformation and hydrodynamic submodels solved
sequentially. The theory is able to provide reliable prediction of
developing and reaching the steady  physico-mechanical state for
cohesionless soils. Drainage quite often operates at extreme conditions
(intensive infiltration, high groundwater table and pressure in head
horizon). Uncertainties arise when considering by theoretical methods
groundwater flow and hydrodynamic deformations jointly because of
considerable difficulties with the above conditions formalization. It’s
principally possible to remove the uncertainties if wvalid initial
information is available and when modeling the deformation and flow
processes as far as the first one comes to end and the second one
becomes stabilized. But this way is unpractical. So, having in mind
necessity, at least, of approximate deformations effect accounting we
suggest to use, firstly, empirical data from full-scale observations,
secondly, steady-state solutions of drainage tasks for soil subjected to
deformations of the first (piping) and the second (structure ordering)
types. Coming from the conception and the method of hydrodynamic
resistances, a whole number of formulae have been deduced to calculate
components of the general hydrodynamic resistance which adequately
characterize improvement of soil water at different deformation
scenarios. Associated in overall technique the formulae allow to extend
essentially the application field of the popular method of simplified
calculating drain parameters generalizing them to cohesionless and low-
cohesion soils without any modification. Detailed quantitative analysis
has been performed at numerous typical examples and in respect to a
workable system of horizontal drains. It was established that drainage
discharge can increase and hydraulic losses decrease  due to
hydrodynamic deformations by several tens of percent . So both types of
deformations often make an important contribution to groundwater
dynamics under drainage control.
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ON APPROXIMATION OF CONTROLLED RETRIAL QUEUES
Vadym Ponomarov
Taras Shevchenko national university of Kyiv
vponomarov@gmail.com

The research of wide class of retrial queueing systems faces the
problem of calculating characteristics of the system with the Poisson
input flow. Markov chain that describes service process in such system
is multidimensional and has infinite state space. Transaction matrix of
such process usually does not have special properties that would
streamline the explicit solution of Kolmogorov set of equations. In
addition, the probabilities of transition between states of the controlled
system depend on its current state that complicates their obtaining even
more. Therefore only the simplest models are explicitly researched on
this moment (see, for example, [1], [2]).

This paper deals with the Markov model of the retrial queue with
the Poisson incoming flow and controlled service rate. Characteristics of
this system are approximated by characteristics of the system with the
finite state space. It operates similarly to the original input system but
has a restriction on maximum queue length. That means that the request
which arrives when all servers are busy and there are M retrial
customers on the orbit is lost. Such restriction on the state space allows
us to write explicit formulas for stationary probabilities of the truncated
system in terms of its parameters (see [3]).

The intuition indicates that, if we choose truncation level M large
enough, then the truncated model converges to the original one. In
general case the accuracy of such approximation depends on many
factors: parameters of the system, truncation level, control policy and so
on. So this problem should be investigated in more details. In this paper
we discuss the closeness between stochastic characteristics of the input
and finite system conditionally to their parameters. Several rather
general policies of service rate switching are taken into account.
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RETRIAL QUEUES WITH LIMITED NUMBER OF RETRIALS
Pryshchepa Oksana
Taras Shevchenko National University of Kyiv
o.prischepa@gmail.com

Retrial queues are characterized by following feature that a primary
customer who finds busy the service facility upon arrival immediately
leaves the servers area, but some time later he repeats his demand.
Between retrials he is said to be in 'orbit'. Such retrial queuing systems
have been widely used to model the many practical situations.

In this work, we consider the retrial queue where the number of
retrials of each customer is limited by two attempts. Customer arrive
from outside according to a Poisson process with rate 4. Service times
of customers are independent of each other and have an exponential
distribution with parameter zz. The customer finding server busy upon
arrival join orbit. Each customer is allowed to attempt the server request
at most three times including primary attempt by an external arrival and
if a customer fails to enter the service at second retrial, then the
customers leaves the system without service. We assume that period
between successive retrials are exponentially distributed with parameter
v, for first retrial and v, for second retrial.

The system state at time t can be described by means of a process
0() =(0,(),0,(8),0,(t)), where Q,(¢) is the number of busy servers
at time ¢, Q,(¢) is the number sources for first repeated attempt at time
t,0,(t) is the number sources for second repeated attempt at time ¢.
The process Q(t) is a continuous time Markov chain with
S={0,1}x{0,1,...} x{0,1,...} as the state space. Truncating the states of
0, (?) by finite number, say N,k =1,2, the resulting process is the level
depend quasi-birth-and-death process and the matrix analytic method is
used for founding of stationary probabilities.
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DECISION-MAKING IN THE MANAGEMENT OF THE TAX
AUTHORITIES ON THE BASIS OF INTEGRATED
PERFORMANCE INDICATORS
Olexandr Redych
National University of State Tax Service of Ukraine
redich@asta.edu.ua

The paper highlights the features of the methodology of the
integral convolution of indicators for decision-making in activities of
tax authorities of Ukraine.

The structural model of quality management should be based on a
system of decision support and risk management system. The core of the
quality management system should be a system of formation and
evaluation of key performance indicators (KPI) and integral criterias,
etc.

The paper presented the appropriate mathematical models to
ground the decisions and results of calculations.

Analysis of the results of calculations indicate the possibility of
applying the proposed methodology of integral criterias:

- For in-depth analysis of the results of operational processes of
the tax authorities, and indeed, for human resources management based
on key indicators (KPI);

- To determine the interdependence of quality operations, socio-
economic status of regions and other external factors;

- For classification (determining the location (rating)) the tax
authority.

In particular, the results reverse interdependence integral quality
of the tax authorities and socio-economic development of regions,
indicates that these findings need further investigation to identify factors
causing such interdependence.

Systematic calculation of dynamic series of key performance
indicators, their analysis based on modern technologies of data mining
will enable more accurate forecasting of tax revenues to take account of
external factors, to set reasonable objectives for quantitative analysis of
tax risks and reduce their impact on overall result of the tax offices of
Ukraine.
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ON SIMULATION OF STOCHASTIC PROCESSES WITH
ACCURACY AND RELIABILITY
Rozora L., Lukovych O.
Taras Shevchenko National University of Kyiv, Ukraine
irozora@bigmir.net

Simulation of stochastic processes is one of an important sphere

in probability theory and its applications because of wide use in
different fileds, e.g. in social and economic sciences, actuarial and
financial mathematics, engineering, physics and so on.
A lot of scientists worked on problem of model construction for
stochastic processes and fields. Some of them are S. Yermakov, G.
Mikhailov, M. Yadrenko, Yu. Kozachenko, V. Ogorodnikov, S. Prigarin
and others.

Let (Q, F, P) be probability space and ¢ €[a,b]. Consider a

Gaussian separable centered second-ordered stochastic process with
known correlation function

R(t.5)= EX)X(5) = [ f(t.2)] (5. A)d A

Then the process X(t) is represented in series
X(t) = ngak (t):
k=0

where a,(f) are some coefficients and & are centered non-correlated

random variables with variance 1.
Definition 1. The process XN(t) is called the model of process

X(t), if Xy ()= D a, ()&, .

It’s clear that the deviation in a such case is equal to

X yO=X1)-X,(@)= Z a,(t)&, . Taking into account the
k=N+1
derivative of the process we consider a quadratic form

Yo(6)= X3 (0 +(X3(0)"
The conditions on Y, (¢#) under which the model approximates the

process with given reliability and accuracy taking into account the
derivative in some Banach space are studied.
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HARNESSING EMPIRICAL CHARACTERISTIC FUNCTION
CONVERGENCE BEHAVIOUR
Lino Sant
University of Malta
lino.sant@um.edu.mt

The estimation of parameters for Levy processes has generated a
substantial amount of research, lately with a strong injection of interest
coming from applications in finance. In effect the central problem can
be framed as parameter estimation from readings coming from an
infinitely divisible distribution. This link leads naturally to empirical
characteristic functions which had been studied and used as statistical
tools in much the same way as empirical processes had been earlier.
Results related to the weak convergence of empirical characteristic
functions to a Gaussian processes have not been exploited as fully as
they might have been. Authors were discouraged by the fact that this
type of convergence cannot always take place within the Banach space
of continuous functions. Nevertheless, the Hungarian construction was
exploited to study strong convergence properties of this process through
Kiefer and Brownian bridge constructions using the stochastic integral.
Interest has lately shifted to other methods of estimation like empirical
likelihood and the generalized GMM. A natural context wherein to
reconsider the whole problem would be that of Gaussian processes
defined over carefully selected Hilbert spaces of functions over R, the
domain of characteristic functions. In this talk this last idea is expanded
against the background of parallelisms and contrasts between these
many estimators and viewpoints which are highlighted and put into
perspective with particular reference to ways in which integrated
squared error estimation can be studied and improved.
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COMPUTER MODELLING OF COMPOSITES USING
HETEROGENEOUS NUMERICAL SCHEMES
Savula Ya., Dyyak 1., Mykhaskiv V., Olendiy O.

Ivan Franko National University of Lviv,
savula@franko.lviv.ua

We have considered some mechanics problems (theory of elas-
ticity, contact problem, wave propagation) for which coupled boundary
element and finite element approximations are suitable. The periodically
layered materials and the systems with randomly distributed quasi sphe-
rical micro-inclusions are widely used in building and aviation engine-
ering, automobile industry, geophysics etc. In recent years, computer
modeling of composite materials have received increasing attention in
computational mechanics. Despite of the great progress of computer
technologies in the last decades, numerical analysis of heterogeneous
structures still encounters significant difficulties. The increasing comp-
lexity and heterogeneity of real-world applications, coupled with simi-
larly complex and heterogeneous parallel and distributed computing sys-
tems, have led to the development and deployment of advanced compu-
tational infrastructures that provide programming and efficient runtime
management support for such implementations. Investigation of the da-
mage in the components of the composite can be divided into two sta-
ges: at the first stage we have to solve the problem on the effective cons-
tant of composites (homogenization problem) and at the second stage
using the solution of homogenization problem (linear) and iterative me-
thod we can determine the nonlinear deformative properties of composi-
te, where nonlinearity is caused by micro-damaging in the components.

On the base of the weak formulation and the iteration method
parallel Dirichlet domain decomposition schemes for solution of
unilateral frictionless two-body contact problems of elasticity using the
penalty method. These schemes have been generalized for multibody
contact problems and their convergence has been proved. We propose
wider class of parallel mixed Dirichlet and Neumann domain de-
composition methods for frictionless contact problems.

We considered 3-D time-harmonic elastic wave diffraction
problems for the randomly distributed volumetric rigid massive in-
clusions. Numerical results concern the displacements of inclusion and
the distributions of contact tractions on the interface were obtained by
direct boundary element method.
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STATISTICAL ANALYSIS OF DEPENDENCES BETWEEN
TERROSIST THREAT AND POLITICAL AND ECONOMIC
DEVELOPMENTS
Sedla¢ik, M., Odehnal, J., Michalek, J.

Faculty of Economics and Management, University of Defence,
Brno, the Czech Republic
marek.sedlacik@unob.cz, jakub.odehnal@unob.cz
michalek@fme.vutbr.cz

The statistical analysis of dependences between terrorist attacks
(intensity of a terrorist threat) and development of selected political
parameters relevant to setting adequate counterterrorist policy is the
goal of the paper. Problem of evaluation of terrorist behavior ranks
among topical economic and econometric issues. For instance,
Gaibulloev, Sandler (2008) examine the impact of terrorism on
economic growth by long time series analyses. Enders, Sandler (1996)
also estimate the negative and significant impact of terrorism on foreign
direct investment in the case of Spain and Greece. Blomberg, Hess and
Weerapane (2004) utilized a model demonstrating that the probability of
terrorist attacks has proven to be higher in better democratically
developed countries and countries with higher revenues. Chen, Siems
(2004) estimates relation between terrorist attacks and returns of
financial markets. The cost and impact of terrorism on tourism industry
are discussed in Enders, Sander (1991). These authors constructed a
time series model and found out that terrorism decreased the number of
visitors in Spain.

To quantify the independent variable, authors selected data
published by the World Bank evaluating the quality of administration in
selected countries by means of 6 variables. The first variable designated
as Voice and Accountability assesses the quality of administration in
compliance with the evaluation of the level of political, civil and human
rights in individual countries. The second variable Political Instability
and Violence should assess the probability of possible violent threat for
the given country or the level of political instability in the country.
Government Effectiveness, i.e. the third variable, comprises the public
service quality assessment, the level of bureaucracy and reliability of the
government in the given country. The next variable Regulatory Burden
assesses the regulatory burden of the country, and Rule of Law or the
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legal order quality comprises the assessment of public trust in social
norms and the level of conformity to them.

The risk of Terrorism will be described by generalized linear
model. Also the classification of states according to the relationship
among response variable and covariates will be given using cluster
analysis and regression trees.
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GENETIC ALGORITHMS OF SOLVING OF VECTOR
DISCRETE OPTIMIZATION PROBLEMS
Semenov V.V.

V.M. Glushkov Institute of Cybernetics of NAS Ukraine
hunt.semen@gmail.com

The multicriteria problem are investigated:
min{/(x)|xeX}, XcZ"cR", X #D,|X| <o, f — vector function,
f:E—F, so the problem is to find such a point xe.X, that
F(X)N(f(¥)-K\{0})=D. Denote by E,(/,X) a set of solutions

of the problem, and elements from this set will be called Pareto optimal
solutions. Multicriteria optimization problems can generate a large sets
of Pareto optimal solutions. Identifying the best solutions for a very
large number of Pareto optimal solutions can be difficult. Therefore
PMD is useful to be able to get a small set of preffered Pareto optimal
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solutions. This discrete optimization problem is analyzed to obtain
optimal subsets of solutions of large sets of Pareto optimal solutions.
Consider a new concept called Pareto border’s rank. The solutions
directly on the boundary have rank 1. If we delete these solutions, and
then calculate a new boundary, the solutions on this boundary will have
rank 2, etc. This procedure is called non-dominated sorting. Rank is not
the only way to use the Pareto boundary for calculating advantages. We
can also determine the stgrength of the solution equal to the number of
solutions that are Pareto dominated by this solution. The strength of the
solution can be used as its advantages. But strength does not always
shows how close located the solution to the Pareto boundary. Indeed,
the solutions at the edges of boundary is often not so strong as the
solutions far from the boundary. Rather then strength we can determine
the weakness of the solution as the number of solutions that dominates
the present. Obviously the solutions on the Pareto boundary have
weakness 0, and the solutions away from the boundary have higher
weakness. Some more successful version of the solution weakness is its
insignificance: the combined total strength of all solutions that
dominates the present. It is preferably the insignificance was as little as
possible. Non-dominated solution have the insignificance equals O.
Measure of similarity is calculated as the distance to other solutions, in
particular, to the £-th nearest solution.

MODELING PROCESSES OF THE POPULATION DYNAMICS
Oleksandra Shatyrko, Denys Khusainov
Taras Shevchenko National University of Kyiv,
AlexShatyrko@gmail.com, khusainov@unicyb.kiev.ua

The considerable part of mathematical models are described by
systems of the ordinary differential equations of the form

#(0)= K[x(e)ele). (1)
Here K[x(f)] square matrix, indicating the dependence of the rate of
increase from the phase coordinates. If the matrix K [x(t)] is linear, then

the model is a system with a quadratic right-hand side. In particular, if
the model is a scalar, we obtain the Verhulst’s model. In general, the
system (1) with linear part K[x(¢#)] can be written in vector-matrix form

X(t)=[4- X" ()BIx(1) . ©)
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Here A={a,}, i=ln - square diagonal matrix with constant
coefficients, B = {BI,B2 yeers B, }T - rectangular n” x n —matrix consisting
of the symmetric square nxn— matrices B, izl,_n, on which in
oDy sennD ),
X7 (6)={x,(¢), X, (t),.... X, (¢)} - rectangular nxn* —matrix, consisting

of a square nxn— matrices X,(¢), on which in i —rows are the vectors

i — column is the vector b =(b

x(¢), the other elements are zero.
We investigate non-zero equilibrium point x, of the system (2),

located in the first quadrant. In the case of asymptotic stability of the
linear part of the non-zero equilibrium position, the guaranteed stability
region of the singular point x, will be

G, =n’}>%x{Gr .G, cG,}, G, :{yeR” :yTHy<r2},

G, ={xeR" : y|<R}.
As a rule, more adequate are mathematical models described by
systems of functional differential equations with time-delay
x(t)=[4-X"(t-7)Blx(1). 3)
Investigation of stability of non-zero equilibrium point of system

(3) is carried out. The Lyapunov function method with the additional
condition of B.S.Razumihin is chosen as apparatus of investigation.

CHAOTIC DETERMINISTIC SYSTEMS FOR
RISKY ASSET MODELS
Shchestyuk N., Shabalin D.
National University “Kiyv-Mohila Academy”, Ukraine
Natalyshch@gmail.com , Den.shabalin@gmail.com

We should present an alternative to linear asset prices model that are
driven by “chaos”. It is known that a chaotic deterministic system can
appear to behave as if it were “random”, and it can be difficult in
practice to decide whether an apparently random time series has been
generated by a stochastic or a chaotic (non-linear) deterministic model
or a combination of the two. It would be of great interest to scientists if
fluctuations, previously thought to be random, turned out to have a
deterministic explanation.
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In this paper various sorts of ARIMA - models for real stock price,
which are driven by chaotic deterministic model (logistic map and
other) rather by “white noise”, are considered. The correlation structures
of log-returns for stochastic and chaotic deterministic models are
compared. Problem of distinguishing between chaotic and stochastically
random series by various statistical methods is investigated. An
application demonstrating stock prices based on chaotic time series have
been written.
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COLLECTIVE MARK SETTING IN DISCRETE MODELS OF
DECISION MAKING
Yury Shestopalov
Karlstad University, Karlstad, Sweden
youri.shestopalov@kau.se

We develop mathematical methods to make collective decision or
determine collective mark that enable one to compare the events and
make their ranking. A non-statistical approach proposed in [1] and
further developed in this work is based on the analysis of information
stored as a special family of integer matrices. We perform construction
of a chain of nonlinear ‘quality’ functionals that leads to the possibility
of unambiguous collective mark setting. This topic is related to discrete
mathematical models of the decision making under uncertainties [2].

We address the situation when a large group of respondents
answer several times to a questionnaire consisting of many items by
setting  marks in a K-digit scale; the answers are collected
correspondingly as a K-adic matrix A = [a;] with the entries that are
integers satisfying 1 < a; < K (every entry is a 'mark’ in a K-digit scale).
We define a nonlinear map on the set k" of nxm K-adic matrices and a
binary relation on the set of images of this map suitable for the required
analysis (purpose) and finally obtain a ranking of the event. Note that

K™ is a subset of the set I"" of nxm integer matrices which is not closed
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with respect to algebraic operations (addition, multiplication by a
number).

Define a counting-mark function Fe,: " — 1"%, which ‘rolls
up’ initial K-adic matrix 4 to an integer matrix F = [fi] = Fcu(4)
containing the information concerning occurrence of (repeating) marks
in the columns of 4: f;; is the number of figures £ (k= 1,2,3,...,K) in the
ith column of A. Next, define a ranking function Fg,: "8 — " which
creates ranking matrix RA collecting the information on the order of
row index of a matrix F in I™®. A total-ranking function Fpy: K" — ¢
specifies the ranking of ranking matrix RA4: the ith component of the
total-ranking vector t = Frg, (RA) is the sum of all values of the ith
column of matrix RA4. The last operation F,(t) that has values on the set
of K! different K-adic vectors with non-repeating components (a subset
of ¥ ) forms the ranking as a column vector by setting its first
component equal to the mark (index) with the highest rank and so on, to
obtain finally the total-ranking vector T = @(A4) = Fry (Frra (Fra (Fem
(4)))) as a result of superposition @ of all the constructed operations.
The latter can be unambiguously associated with a natural number T
which will be a collective mark in the complete K!-point scale of the
event evaluated in terms of matrix 4. More precisely, the sets of mxK
integer matrices or nxm K-adic matrices can be divided into K!
equivalence classes o7 = {F: @,(F) = T}, where @;(F) = Fry (Frra (Fra
(F))), or 17 = {A: ®(4) = T} with respect to their (equal) collective
marks 7 = [,2,3,..., K!. For the given quiz parameters m (number of
items) and n (number of respondents) one can perform, in the given
mark scale, detailed description of these classes including calculation of
the number of elements in each class.

Conclusion: we have proposed an algorithm that, in a K-digit
mark scale, enables one to establish a correspondence between the set of
K-adic matrices and K! (collective) marks independently of the (row)
size of initial matrix A. Clearly, this mark scale is sufficiently rich to
satisfactory take into account fine differences in the background
information given by matrix 4 and perform comparison of the event
evaluated several times as a sequence of the quiz matrices where the
number of respondents may vary.

This work was supported by the Visby program of the Swedish
Institute.
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LOGICAL MEANS OF DYNAMIC AND INFORMATION
SYSTEMS DESCRIPTION TAKING INTO CONSIDERATION
UNCERTAINTY AND INCOMPLETENESS
Oksana S. Shkilniak
Taras Shevchenko National University of Kyiv
me.oksana@gmail.com

Modern information and program systems are generally based on
the apparatus of mathematical logic. Temporal logics are successfully
used for dynamic systems description and modelling, software systems
specification and verification. In particular, epistemic modal logics are
used for description of intelligence systems, databases and knowledge
bases with incomplete information. Such logics are usually based on
classical predicate logic. However, classical logic has some fundamental
restrictions; it's based on traditional total single-valued mappings 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. Composition-
nominative logics of quasi-ary partial predicates [1] could be such a
formalism.

Composition-nominative modal logics combine facilities of
traditional modal logics and logics of quasi-ary predicates. Modal
transition logics [2] are an imporant variant of composition-nominative
modal logics; they are based on modal transition systems (MTS). Within
the scope of the latter, multimodal (MMS) and temporal (TMS) modal
systems were specified. Epistemic modal systems are special case of
multimodal systems.

116



This paper concerns the study of first-order MTS of partial
predicates. We specify functional-equational MMS, and define
functionally stable MMS which allow of carrying superposition over
modalities. Relation of logical consequence for sets of formulas of TMS
and MMS, specified with state names, is introduced and studied.

The introduced logics can be of effective use for dynamic and
information systems description taking into consideration uncertainty
and incompleteness.
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SOME PROPERTIES OF KILLED MARKOYV DECISION
PROCESSES
Shpak P., Yeleyko Y.
Ivan Franko University of Lviv, Ukraine
prshpak@gmail.com , yikts@yahoo.com

We consider killed Markov decision processes [2] with crash
function

c(x)=~ supg(a,)

i=m+1 4 €4;
defined on killed state and probability distribution P’
P* (Z) _ /’l(‘xm)ﬂ-(amﬂ xm )p(‘xmﬂ am )"'ﬂ-(an hn—l)p(xn an)’ Vt xt # xt*

13,703, P[5, 7 (a ) p(xi|a), x, = x,
inspace e L=Xx(AxX)"™.
Let Zfl =(X,4,J,p:,9:-".-c,, 1, ) be sequence of killed Markov

decision processes with finite set of states and set of actions on time
interval [m,n]
If the following conditions take place:
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Vte[m,n],Va, € 4,Vx, € X, :pk(xt|a,)—>p(xt|at),

k—

Vie[m,n],Va, € 4, :q,(a,)—=>q(a,),
vxn € Xn :rk('xn)wr(xn)’
Vx, € X, i (x,) ——— ux,),
Vte[m,n]:ck(x:)wc(x:)

the behavior of the limit killed Markov decision process., its assessment
and optimal policy are examined.
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APPLICATION OF REINFORCEMENT LEARNING IN
AIRLINE REVENUE MANAGEMENT
!Jaroslav Sklenar, 2David Stephen Borg, *Pavel Popela
University of Malta
! jaroslav.sklenar@um.edu.mt
? davidsborg@gmail.com *popela@fme.vutbr.cz

Revenue Management (RM) is nowadays an essential tool used in
large industries, especially by airline companies. This tool aims at
optimising revenues by a better control of several factors;
predominantly inventory and pricing. In the paper we consider a
stochastic optimal control problem which consists of finding an optimal
policy to when it is profitable (or not) for an airline company to accept a
group booking request. The trade-off is well known. Accepting a group
request results in blocking the seats that would otherwise be available to
normal single passengers by groups requesting a discounted price in the
early days a flight is open for booking with a relatively high probability
of future drop-outs (individual cancellations). On the other hand
rejecting most group requests might result in under-booking of the
planes. So an optimal policy of when and under what conditions should
the group requests be accepted is required. Our attempt to solve this
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problem is based on the Infinite Horizon Stochastic Dynamic
Programming (SDP) approach. More specifically, the decision making
problem is described as a Markov Decision Problem (MDP). The states
are based on the time till the departure and the number of seats booked
at the time. The state definition is of course a simplification of a more
complicated real booking situation. Nonetheless, this resulted in almost
3 million different states that make the classical solution based on
transition and reward matrices intractable. To overcome the curse of
dimensionality and especially the curse of modelling, we have applied
the solution technique called Reinforcement Learning (RL). In the SDP
context this technique is based on simulation of rewards associated with
the decisions. A policy close to optimum could thus be found in an
acceptable time without the need of transition probabilities and rewards.

RECURRENT PARAMETER ESTIMATION ALGORITHMS
WITH SPLITTED STRUCTURES FOR NONLINEAR SYSTEMS
UNDER UNCERTAINTIES BY LEAST SQUARES METHOD
WITH MINIMAL DEVIATION NORM
FROM ‘ATTRACTION’ POINTS
Alexander S. Slabospitsky
Taras Shevchenko National University of Kiev
sl@univ.kiev.ua

More effective on-line parameter estimation procedures are
proposed for nonlinear dynamic object with special structure when each

individual equation of state has its own parameter vector o) , Viz.:
x,(k+1) = f7 (k) utk). ke +g, (k).uk). )+ & (K), j=1n, ke,

where vector functions f;(x(k),u(k),k) and g,(x(k),u(k),k) are given,

x(k) = (x,(k),2, (K)o, (K)) k), E(k) = (&(K).&(K).....&,(K))"

are state, control and disturbance vectors respectively.
The least squares estimation problem of unknown parameter

vector o = column(a(l),a(z),...,a(”)) for this system is considered in

non-classical case when this estimate may be not unique and
additionally ‘attraction’ point a.(N) for parameter vector & is known

at any moment N, N =0,1,2,... . The least squares estimate (N)
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with minimal deviation norm from ‘attraction’ point «. (N ) at any
moment N is suggested as unique estimate in this situation, viz.:

&(N) = Fyiy +| E-FyFy Ja.(N), N €N,
where £ = column (F(x(1),u(1),1),..., F(x(N),u(N),N)),

F(x(k),u(k), k) = diag (£ (x(E).u(k). ... ;] (x(k),u(k). b))
Xy = Column(x(Z) —g(x(D),u(1),1),...,x(N+1)— g(x(N),u(N),N)),
g(x(k),u(k),k)= column(gl(x(k),u(k),k),. g, (x(k),u(k),k)),
(") — Moore-Penrose pseudoinverse operator.

The splitted recursive procedures for estimate «@(N) by least
squares method with minimal deviation norm from ‘attraction’ point
a*(N ) at any moment N and for corresponding residual sum of

squares are derived under these non-classical assumptions.

DETERMINATION OF ENTERPRISE VALUE BY USING THE
A FUZZY PAY-OFF METHOD FOR REAL OPTION
VALUATION
Adam Sojda
Silesian Uniwersity of Technology, Poland
adam.sojda@polsl.pl

The term value has many meanings, for each person value may
mean something different. One can talk about book, fair, liquidation
values. The scope of applicability of these concepts depends on their
usefulness, credibility and preferences of the subject conducting the
evaluation. one of the sources of enterprise value creation is broadly
understood investment due to which future income may be expected. in
this thesis it was assumed that the enterprise value stems from expected
future profits, generated by the enterprise and discounted with an
appropriate interest rate.

Enterprise value is calculated on the basis of the following
formula:

i FCF, RV,

(1+waccy (1 +WACC)'

120



The pay off-method calculates the real option value form pay-off
distribution as follows:

TA(x)dx

ROV =2 xE(4,)

©

_J. Alx)dx

Three scenarios concerning cash flows in a certain enterprise were
determined: the most beneficial, the most likely and an unfavorable as
well as corresponding residual values. For each of them the V value is
determined separately. The resulting fuzzy V is the payoff distribution
for the synergies investment.

The option value may be determined from the received fuzzy V value.
If the whole distribution is above zero option value is nothing else than
fuzzy average value of fuzzy V.

REGRESSION TREES AND RANDOM FORESTS FOR
PREDICTIVE MAINTENANCE
IN SEMICONDUCTOR MANUFACTURING
Ernst Stadlober , Peter Scheibelhofer
Graz University of Technology, Austria
e.stadlober@tugraz.at
Peter.Scheibelhofer@austriamicrosystems.com

We present a universally applicable methodology for predictive
maintenance based on classification and regression trees used for both
exploratory data analysis and modeling. Such approaches yield an
intuitive insight into multivariate data sets and are especially suitable for
complex processes with nonlinear relationships. For prediction we use a
method that utilizes an ensemble of classification and regression trees
called Random Forests. Such aggregations of a large number of models
may offer improved accuracy of prediction.

Tree-based methods are non-parametric modeling techniques
which can be used for a wide range of applications. The suggested
method will be applied for predictive maintenance of an ion
implantation tool where the residual life time until next maintenance is
defined as the time- to-event response variable. Measures of variable
importance inherent to Random Forests reduce the pool of 20 predictor
variables to at most 5 relevant predictors. The final model with 400 trees
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explains about 81% of the variance. In the critical time frame of 72
hours (Friday to Sunday) before failure the standard error of the
prediction is reduced to 12 hours. This application demonstrated the
potential of predictive maintenance in wafer production and equipment
control.

EXPERIENCE THE ACCIDENT RISK ASSESSMENT
ON SOME LARGE DAMS
Dmytro V. Stefanyshyn
The Institute of Telecommunications and Global Information
Space of the NAS of Ukraine
dvstefanyshyn@yahoo.com

Accident risk is the main part of general dam construction risk [1-
4]. Taking into account accident risk at design stage of dams and under
construction allows optimizing of their parameters and makes it possible
to choose dam variants with the lowest risks. Risk assessment of
accidents on dams under operation allows: 1) determine importance and
take into account different uncertainties and factors, which can disturb
reliability and safety of dams; 2) determine contributions of different
accident factors into total risk; 3) identify the most risky accident
scenarios on dams; 4) exercise accident risk management measures for
dams.

In the report some examples of risk assessment of accidents on
large dams are considered to provide their safety and support decision
making processes. There are examples of two variants of the
Rogunskaya dam comparison, safety supporting of the Boureya dam
under construction and Sayano-Shushenskaya dam under operation.
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DECISION MAKING IN ENVIRONMENT OF ASYMMETRIC
CONFLICTS
Richard Stojar, PhD.
University of Defence, Czech Republic
richard.stojar@ unob.cz

The contribution deals with the decision making process in an
environment of hybrid threats and with its difference from previous
decision making process in traditional conflict. It describes the process
of rationalization of decision making process and subsequent possible
demands on current and future commandants who will face the
asymmetric and indeterminate battlefield and flexible enemy.

CALCULATION OF THE THERMODYNAMIC ACTIVITIES
OF THE COMPONENTS OF BINARI MELTS
Sudavtsova V.S., Shevchenko M.A., Kudin G. L.,

Kudin V.G.!, Kobilinskaya N. G.

Frantsevitch Institute for Problems of Materials Science of NASU
! Taras Shevchenko National University of Kiev, Ukraine
sud@ipms.kiev.ua

When the activities of components of the metallic A-B melts are
not studied, though knowledge of them gives more information on the
interaction between components, we can calculate them by the theory of
ideal associated solutions (IAS). For the calculation we use the
thermochemical properties (obtained by us or found in literature), and
also the phase diagram. Usually, we select 2-5 associates for each
system, which are often similar to the intermetallics observed in the
solid alloys, and the most stable in melts at high temperature are the
associates AB, A;B, AB,, A;B, AB;. Adding any other associates to the
model generally doesn’t cause any significant effect, because their
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concentrations prove to be very low. The IAS model is based on the
expression of negative deviations of thermodynamic properties of melts
from the ideal ones by forming some amount of associates 4, B, with

parameters A S, and A /. So the next equations are implemented:

AS, AH, ., y
2 T RT Yaaj aA+aB+nZ:1:xn:1,

AH = (ZN:Aann)/(1+ZN:(i,, +j, —Dx,),

n=1

x, = exp(

5 AG,
x,Inx,+x,Inx, +an(ﬁ+lnxn)
AG =RT N ol
1+Z(i11 +jn _l)xn
n=l

Methods of numerical search of the Gibbs energy minimum allow

us to obtain the values of a,, a,, x, for the given set of parameters

AS, and AH,. Finally, changing these parameters, and also

composition and number of chosen associates, it is possible to reach a
good accordance with all experimental data (phase diagram,
calorimetric and other) simultaneously in the majority of cases. The

parameters A S, and A H, are not totally free: in the model used by us
the following equations are taken:
AI{n < (AHn—l(c _cn)+AHn+1)(cn _cn—l)/(cn+l _Cn—l) ’

n+l

A Snfl (cn+1 — cn ) +A Sn+1 (cn — cnfl)
AS, < )
Cn+1 - cn—l
where ¢, = - +"j , and ¢, ,<c,<c,, are the molar parts of
n n

component B in these three associates (including monomers).

The thermodynamic parameters of these associates, and also
intermetallics, which correspond to the optimized model, usually
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correlate between each other. If we know the concentrations x, of all

the associates and pure components, and also Gibbs energies of pure
components and their compounds in a solid state, it is easy to calculate,
whether the formation of the selected solid phase is thermodynamically
advantageous at the given temperature. Basing on this, it is possible to
solve the direct thermodynamic task — to build a phase diagram of the
A-B system using the data on the properties of associates in this system.
It can be realized when we search the temperature, at which at least one
solid phase can form from the solution, for each composition of the
latter. It can be done, for example, if we select a large interval of
temperature, which surely consists the liquidus temperature, and search
this temperature, for example, by the method of binary search, dividing
the interval of the possible temperature by two with every iteration.

The final result is a set of values of the enthalpies and entropies of
formation of associates and solid intermetallics, which agree with all the
known experimental data on the liquid and solid alloys of the given
system A-B. Optimization by the IAS model can correct the small
(within the experimental error) deviations in the mixing enthalpies of
melts, and also can extrapolate the thermodynamic values onto the
unstudied range of concentrations. These procedures have been already
executed by us for a great quantity of metallic systems, especially
containing Al, Si, Sc, Mn, Fe, Co, Ni, Cu, Y, Sn, lanthanides and some
other transition metals.

RETRIAL QUEUES WITH COTROLLED OF INPUT FLOW
I.Usar, I.Makushenko
Taras Shevchenko National University of Kyiv, Ukraine
usar@unicyb.kiev.ua

We deal with a retrial queue of the type M /M /m in which
intensity of primary calls depends on the number of customers in the
orbit [1],[2]. The intensities of repeated calls and the service process are
supposed to be constant. Variable character of the input flow rate allows
to consider the system under different strategies. In the report we
consider two variants: threshold and hysteresis strategies.

We consider both truncated model (i.e., the number of places in
the orbit is limited) and model with unlimited orbit.
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The explicit formulaec for steady state probabilities enable to
propose an effective algorithm for optimal decision making which
consists in finding of optimal position for a level to maximize some
objective functional. As such a function we took the following

w(h)=CS, -C,S, - C,S; - max,,
where S, is the number of calls have being served; S, - the number of
calls which become repeated calls; S, - the number of switching of the
input flow; C, - income associated with service of a call; C, - penalty

connected with a refusal in service; C, - penalty connected with a

switching of the input flow rate.
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STATE MONETARY POLICIES BASED ON THE CONTROL
OF THE DEMAND OF ALTERNATIVE ASSETS.
Vergunov V.

Taras Shevcenko National University of Kiev
v_47@bigmir.net

The problem of regulating demand for cash assets as a
regulators of the financial sector of the country is an important aspect of
central banks around the world.[1]Empirically is possible in most cases
to determine the moment when you need to take regulatory action. But it
is impossible accurately and specifically define the volume and
direction of influence, especially in large economies. [2]

This requires constant monitoring of the stock market as a
market of alternative asset. Assuming that the demand for domestic
market for currencies of other countries on a small enough that it does
not take into account. To get animage of the currency market to build
market model. Perhaps even very crude.[3] It is proposed to use fuzzy
sets. From the division of sectors in which companies are direct
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competitors. It is very simple, but the main purpose of this model to
identify those assets that need attention.

Then by using Ito process possible to build a credible alternative
asset price. With its specific forecast asset returns. [4] It is possible
predict the demand for them, as a result opportunity to take clear the
steps to regulate supply.
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THE ALGEBRAIC FUNCTIONAL STRUCTURES
FOR THE ANALYS OF THE AGROTECHNOLOGIES
Vergunova L.

Taras Shevchenko National University of Kyiv, Ukraine
vergunova@bigmir.net

On the example of technology grow crops are considered
approaches to the analysis of agricultural technologies [1, 2] on the basis
of the functional structures.

Functional structures built on the basis of a pre-existing generic
algorithms [1] and the main agrotechnological process parameters.

Are held simplifying transformations for functional network of
agricultural technology, which is described by the language of
algorithmic algebras [3].

Simplifying transformations that are used, allow to obtain a
pessimistic estimates for a set of indicators. These indicators make it
possible to take into account the economic and environmental
components, quality (be free from defects) of agricultural technology,
taking into account the condition of minimization of average total cost
or maximization of defect-free technology.

Obtained consolidation for the constructed of probability graphs
[2, 3]. This procedure is done with a view to calculate the costs and
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quality of the agricultural technology. Taken into account presence of
resources that are replenished and not replenished.
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MATHEMATICAL MODELLING OF BUILDING GROUND
FOUNDATION STRESS-STRAIN STATE CHANGE UNDER
FIXING
A.P. Vlasyuk, T.A. Drozdovskiy
National University of Water Management and Nature Resources Use
A.P.Vlasyuk@rambler.ru, coldion@gmail.com

The problem of hydropower building (HB) (fig. 1) foundation
stress-strain state (SSS) change mathematical modeling is considered. It
means SSS evaluation both in injection domain Q, and in soil layer

domain Q, .

Mathematical model of this problem under isothermal conditions
in common notation could be represented by the following boundary
value problem [1, 2]:

- SSS equation for the displacement vector U= (U,V) components

in the fixing domain Q,:

H'AU+(7\,+]J)E 6—U+6—V =X,
ox\ ox Oy
o(oUu oV M
WAV + (A +p)=—| =+=—|=7,
oy\ ox Oy
- Newtonian fluid time-

independent pressure equation in the
deformable soil skeleton of the injection
domain Q,

Fig.1. HB ground foundation
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0 oh
a(k(a)aj [k( )—J = 2

SSS equation for the displacement vector u=(U,V) components
in the filtration domain:

u(c)-AU + (k(c) + u(c));;x[z—g+g—§j+[a7»(6) [a_UJr 8Vj+

ox ox E
(3)
26_U5M(C)+6M(C)(5_U+5_Vﬂ: ’
ox Ox oy oy Ox
. o(oUu ov oMc) (oU oV
e AV+(7»(C)+u(C))ay[6x 6yH > [ax ay}
6V au(c) op(e) 8U oV _y
6y oy Ox 6y 6x ’

- groundwater filtration equation

V = —k(c)grad h, div V =0, “4)

- dissolved substance mass transfer equation

div(D(c) . gmd(c)) - (v(c), grad(c)) —v-(c-C,)= G%, ®)]
with appropriate boundary condition
a) for the displacement vector components

U=V=0, (xy)eABUCD, [U]=[r]=0, yer,,

(/1+2y)aU Aa—V_o,a—U a—V_O(xy)eADuBcUrz,
Ox Oy oy Ox

129



b) for pressure:

= ~ P
By =Hi (63, By = (5.y), (VR =0 B =g M=
0
¢) for injection front points (floating boundary I'y)

—l
(v, n)—crat,

d) for dissolved substances concentration:
C(xayao):CI)(xay) b

oc

T~ 207

0Nl 4 pugc
Here: A,u,A(c),u(c) are Lame coefficients, X,Y — mass force

c| =0 (ve-DVe, ﬁ)| N =0.

components, ¢ - dissolved substance concentration, 4 - pressure,
e= f(o), o - porosity coefficient, £ - filtration coefficient, 7 - unit

boundary normal vector.
Conformal and quasiconformal mathematical model problem
convertation to the parametrical rectangle variables &,7 was performed.

Problem numerical solution has been obtained via finite differences
method with floating boundary domains numerical conformal mapping
application, successive upper relaxation method and A. Samarskiy
monotone local one-dimensional use. The boundary value problem
computational algorithm and appropriate software have been developed.
The conducted mathematical and computer modeling makes it
possible to provide fixing domain contour quantitative and qualitative
assessment and hydropower structures foundations stress-strain state
change, the structures' carrying capacity, facilities stability and
reliability.
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MATHEMATICAL MODELLING OF STRESSED DEFORMED
STATE CHANGE OF SOIL DAM BASE WITH CORE
UNDER HEAT-MASS TRANSFER
A.P.Vlasyuk, N.A.Fedorchuk
National University of Water Management and Nature Resources Use,
Ukraine, Rivne
A.P.Vlasyuk@rambler.ru, N.A.Fedorchuk@mail.ru

The problem of modelling stressed deformed state (SDS) change of
soil dam base with core under heat-mass transfer on the availability of
free surface of ground waters is considered (see Fig. 1).

y
D L M C
D1_[ o
-l _
1 T [/ Q 2
b Al K 1y
/, /. o

Fig.1. SDS of soil dam base with core under heat-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]:

1(e.TYAU + (e T) + e, Ty 2| 2L OV | | GMe DI [oU OV
ox\ ox Oy ox ox Oy

D) 0V e DOV VN _ ). Ty+ 2u(e. T, 2= x,
ox  Ox Oy dy Ox Ox

u(e, AV +(/1(0,T)+ﬂ(C,T))%(%—Z+Z—:J+|:—MEyC’T) (%—Z+Z—;J+

)

LMD OV oD OU OV N\ _ o e T+ 2u(e, T, L= ¥,
dy 0Oy Ox oy Ox Oy

V.-(D(c,T)Vc)—vVe—y(c-C )+V~(DTVT):nZ—j, )

m

131



oT

V‘()\.TVT)—pCPDVTZCT a—, (3)
t
v=-K(c,T)Vh+v_(c)Vc+v, VT, divf)+g—n20, 4)
t

s =H, M =H,, (v,n)|,, =0, Hcsr=y. T=DD,UD,C,UC,C,,
(5)
Ao, =G, (@.m)|, =0, I,=4BUBB, UB,C, UT, (6)
]—1Aq :T—l" T‘Irz :i’ FZZDIDUDCUCG’ T‘ICIB1 :i’ ]—133' :i’ (qT’n)lAB :09
(7
4], =0, [c]],, =0, ]l =o0, [qc]|r3 =0, T, = KD, UNC,, (8)
[r]],, =0, [qT“D:O, I, =T UKLUNM, 9)
q. =vc—D(¢,T)Ve-D, VT, q; = pc 0T - A VT, (10)

op
Da n :n—, (11)

( )|r ot
c,=0, 7,=0, (x,y)eAD, WD DUDCUCC UCB, UBB, (12)
u,=u, =0, (x,y)e 4B, (13)

[u,]=[u,]=0, [0,]=[r,]1=0, (x,y)eT UKD, UD,LUNC, UC,M, (14)

- T, (6. )), (x,y)eQ,
C(xsyyo)zco(st’), (an’)EQw T(xﬂyao):{,\(/)z '
Ty (%, ), (x,y)€€,,
3

3

where Q =(JQ, Q,={JQ); oxr0)=(-h(xy0). =0
i=1 i=1

describes free surface I'; n is a vector of oblique cosines of exterior

normal to area boundary.

There is obtained the numerical solution of boundary value problem
(1)-(15). Displacements, stresses, deformations and field distribution
pressures, filtration velocities, concentrations of salt solution and
temperatures are found at the body base of soil dam with core. The
change of SDS of soil dam base under heat-mass transfer was analyzed.

(15)
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OPTIMIZATION OF DETERMINISTIC POPULATION
DYNAMICS MODELS
Vojtova Michaela
Masaryk University, Brno, Czech Republic
michaela.vojtova@mail.muni.cz

The aim of this talk is to apply methods from optimal control
theory to the mathematical modeling of biological pest control. We
formulate a pest control strategy for nonlinear Kolmogorov system
of n interacting populations

)'cile.fl.(xl,xz,...,xn) i=12,...,n (D)

where xl.(t) is density of population iat the time ¢, f, are

continuous functions of variables x, , by introducing natural enemies

into (1) as a control function. The sufficient conditions for existence
of an optimal feedback control function are based on the fact, that
the steady-state solution of the Hamilton-Jacobi-Bellman partial
differential equation is a Lyapunov function guaranteeing stability
and optimality [2]. We apply those general results to the predator-
prey system in modified form

= -2 |- 2
K ) 1+axT

caxy

M+ axT
to illustrate biological control of pest mite in stored grain Acarus siro
by predatory mite Cheyletus eruditus.
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MATHEMATICAL MODELING OF DYNAMICAL SYSTEMS
WITH UNCERTAIN INITIAL-BOUNDARY CONDITION
Voloshchuk S.D.

Vadym Hetman Kyiv National Economic University
serg_vis@rambler.ru

The problem of constructing an approximate solution of linear
initial-boundary task is reviewed. The is ill-posed problem is studied,
when some of the initial boundary conditions of the problem is
unknown. An approximate solution is constructed as the sum of:

Y($)=p,(8)+ Yo (), s =(x,t) e S, =Sx[0,T],SeR", T =0S
where y,(8)= I G(s—s"u(s"ds' — the solution of differential equations

8o
of dynamics without taking into account the initial-boundary conditions;
Yor (8) = IG(S—S')MOF (s")ds'; G(s—s") — the fundamental solution of
RII+|
the differential operator of equations; u(s) — the right-hand side of the

differential equation; u,.(s) — unknown function that provides the

satisfaction of known initial-boundary conditions.
The function u (s) belongs to the set Q .. Elements of this set

minimize the total mean-square error @® of the initial-boundary
conditions of the problem. The set Q. can be constructed in two ways.

In the first case, the matrix-integral system was obtained as a result of
discretization of initial-boundary conditions and mean-square error ®
with the following pseudoinverse of this matrix [1]. In the second case,
the integral representation of the initial-boundary conditions is
discretized by variable s'. This procedure allows to replace the integrals
by the corresponding sums. As a result we have a matrix-functional
system which is ready for pseudoinverse [1].

The problems of observation and control of system, state of which
is modeled by this initial-boundary value problem are resolved similarly
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ITERATIVE BANDWIDTH SELECTION IN KERNEL
DISCRIMINANT ANALYSIS
Kamila Vopatova
University of Defence, Czech Republic
kamila.vopatova@unob.cz

Kernel estimates belong to the most popular non-parametric
estimates of a probability density function and they are a useful tool for
visualising the distribution of data. Kernel density estimates play an
important role in exploratory data analysis as well as in a discriminant
analysis. These estimates strongly depend on a bandwidth matrix, which
controls smoothness of the estimated density.

We focus on data-driven bandwidth matrices; especially those
selected according to a recently proposed iterative method, and compare
it to a least square cross-validation method and a normal reference rule.
We study the performance of the kernel discriminant analysis with
parametric (i.e., linear and quadratic) discriminant rules on simulated
and real data.

ABOUT ONE RANDOM SEARCH ALGORITHM OF
PARAMETERS IDENTIFICATION FOR ONE MODEL OF
DEVELOPING SYSTEM
Yu. Zahorodnii, T. Korobko
Taras Shevchenko National University of Kyiv,
Ukraineyuzagor@ukr.net

Let function m(r,t,z) describes density of age-distribution of
biological population, where 7 € [0, Z'max] is age of the individual and
te [0, T ] is time, with the definitional domain
Q= {(T,t)|0 <<t ;0<¢t<T } This function satisfies differential

equations of hyperbolic type and some additional conditions which
describe biological laws [1].
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Let the function of the population’s general biomass has the next
view
H(t,c)= [m(z,0dr,
0
That the parameters identification problem is stated as

_x . _ . Np _ h > Ny h
¢ =arg min J(c)=arg min X \H(;;,0)-H; | /| 2\H,; , (D)
ceC ceC i i=1

where /1 l-h - experimental data at the observations time 7, € [O, T ],

i=1,N, ,and C - the set of identification parameters.

For solving problem (1) we used adaptive method of random
search. Than algorithm of the model parameters identification had the
next view.

Step 1. To define the model parameters from the set ci1eC and k=1.
Step 2. To calculate 70 = J(c1), using formula (1).
Step 3. To find &, - independent realization of random unit vector &,

which is even distributed on unit m-measured sphere with center point
in origin of coordinates, where m — number of the parameters.

Step 4. If the set L, = {p|zk +pé& eC,p eR}

is not empty, than go to step 5, else increase k& on 1 and, if £ < N, than
go to step 3, else to stop the algorithm.

Step 5. To select points pO < p1 < p" from the set L, and calculate
Py =4, +a1m+a2\/%, where m - number of changes
(improvements) of vector C}k for last n =20 iterations of the
_An(p' -p)-(p" - p°)

n—n

algorithm, a, = po, a,

. " =p)-np' - p’)
2 \/;_n .

Step 6. To calculate » = J( cr 2:50) -
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Step 7. If r <r0, than increase k on 1, Ck = Cio +p&,, rO=r and,
if K <N, go to the step 3, else go to the step 11.
Step 8. To calculate » = J( ¢k — p,&,).

Step 9. If r <r0, than increase k on 1, Ck = Cia -p.&, rO=r and,

if £ < N, than go to the step 3, else go to the step 11.

Step 10. To increase k on 1 and, if £ < NV, than go the step 3, else go
to the step 11.

Step 11. To give out ¢ as result of the algorithm.

Using this algorithm, it were defined parameters of the model for
the hop plants as a developing system.
Reference
1. Akimenko V.V., Zagorodniy Yu.V. Modeling of dynamics of monocycle
cells aggregation.// Cybernetics and systems analysis. —2011. — v.47, Nel. -
p-34-49.

STOCHASTIC OPTIMIZATION OF A TRANSVERSELY
VIBRATING CANTILEVER BEAM
Eva Zampachova
Brno University of Technology
zampachova@fme.vutbr.cz

Many problems from a wide range of applications can be
described as optimization problems with constraints in the form of
ordinary or partial differential equations (ODEs or PDEs). We are
interested especially in the engineering problems where the processes
are very often governed by PDEs and uncertainties can be found there.
The paper discusses the applicability of stochastic programming
approach to the optimization problem of the forced undamped
transverse vibrations of a cantilever beam, see e.g. [3] and [4] for
another engineering applications. Two-stage PDE constrained stochastic
programming problem is formulated as a theoretical model for the
selected engineering problem. Scenario-based approach [2] and finite
difference method are used to propose a computational scheme for this
optimization problem. Estimates of the approximation errors are based
on Monte Carlo method and theory of point and interval estimation [1].
The solution quality is determined in terms of these estimates. By means
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of derived approximations the mathematical model is implemented and
solved in GAMS. Graphical and numerical results are presented and
interpreted.
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OPTIMIZATION PROBLEMS OF INFRASTRUCTURE
FACILITIES ALLOCATION
Olena Zaslavska
Taras Shevchenko National University of Kyiv, Ukraine
zasla@univ.kiev.ua

We consider two optimization problems of infrastructure facilities
allocation, which arise in the planning of social infrastructure (primary
education, health care, culture, sport and recreation facilities), and
roadside infrastructure (maintenance and gas stations, restaurants,
camping areas). The first one is to maximize

r{lEiInAl.(yil,71.2,...,7/1."*,x},xiz,...,xl.k*), (1)

subject to: Ziel (c! v 7O+ zl_d ZkeK chyixk <b, )
ZkeH"_ yk<liforalliel, s=1,2,..,p, 3)

SE/}J ke\gx 7/,." =1forall j=1,2,...m, iel, 4)

yi=10,1}, af <xf <pB', x! —integerforallkeK, iel; (5)

where [={1,2,..,n} and K ={1,2,...k'} are finite sets; A() -

nonlinear function of variables ;/ik , xl." , keK, iel; coefficients c? ,
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¢, b are given values from R, ; H c K are given sets (used to
specify compatibility conditions); S, are given sets (used to specify

connectivity conditions), j=1,2,..,m; a, B are given nonnegative
integer values; and the second problem is to maximize

ZkeK(p 2 minGan, Y, 8aff ) (©6)

subject to: Ziel( v ofc! + ZkeK 5l.kCl.kxl.k) <C, (7)

keK

S i zaforallkeK, he H={12,.,k"}, ()

keK

Z p, min(s, 8 a’x") > a(k\/K SICY + z é‘ikCikxfj foralliel, (9)
keK <

5fe{o,1}, af <x <p', x' —integer forallke K, iel; (10)

~k
k k .
where p,, a;, s;, ar, C, a>1 are given values from R, ; W, cI

are given subsets of set /.

Described optimization problems (1)-(5) and (6)-(10) characterized
by following features: a) fixed and variable costs are considered in
constrains (2), (7), (9), b) boolean and integer variables bounded on the
interval values are used (5), (10); ¢) compatibility conditions - (3) and
connectivity conditions - (4) are defined for boolean variables; min-
operator is used in (6) and (9).

The algorithm for solving (1) - (5) and (6) - (10) problems is based
on decomposition approach developed for middleman problem that was
proposed in [4]. According to this algorithm to solve the initial problem
we should develop the sequence of parameterized subproblems, that can
be quickly solved (easily in means of computational complexity) due to
use of heuristic rule. Procedure of subproblem formation includes
elimination rules to remove subproblems which solution can’t improve
global solution of the initial problem.
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HYSTERESIS STRATEGY FOR M?/G/1/m QUEUE WITH
TWO-SPEED SERVICE AND BLOCKING OF INPUT FLOW
Zhernovyi K.

Ivan Franko National University of Lviv, Ukraine
k.zhernovyi@yahoo.com

In application of queueing systems, the following two problems are
of great importance: a) we don’t want the queue to be too long; b) It is
desirable that the total idle time of the server should be as short as
possible. These requirements are in opposition to each other. This
situation is readily identified in the following example. Let us consider a
standard M/G/1-type queueing system and let p be its traffic intensity.

It is well known that if 0< p <1, then the mean value of the queue

length is finite, but it increases towards infinity as p T1. On the other
hand, the mean value of total idle time has a tendency to increase as
p+0. So, problem a) requires p to be close to 0, while problem
b) requires p to be close to 1. We propose to satisfy both these
requirements using a special type of queuing system.

We consider the M?/G/1/m queue with two service modes (basic
and postthreshold) with the distribution functions of service time F'(¢)
and F (¢) respectively. Postthreshold mode is used in conjunction with

blocking of input flow if at the beginning of service of the next custo-
mer the number of customers in the system £(¢) satisfies the condition
&(t) > h,. Return to the basic mode and stop blocking carried out at the
beginning of service of the next customer, if £(¢) < A, where i < h,.
By using Korolyuk's potential method [1], we obtain Laplace
transforms for distributions of the number of customers in the system on
the busy period, for the busy time distribution function and formulas for
average duration of the busy time, for the stationary distribution of
number of customers in the system and for stationary characteristics of
queue. The case of m =0 and problem of optimal choice of parameters
hy and h, are considered.
References
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ITERATIVE MINIMAX OPTICAL FLOW ESTIMATION FROM
A SEQUENCE OF SATELLITE IMAGES

Sergiy Zhuk' , Jason Frank’ , Isabelle Herlin ’ .
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* _ Taras Shevchenko National University of Kyiv, 64, Volodymyrska
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In geophysics, the atmosphere and ocean satisfy the assumption of
incompressibility. Currently, a large number of satellites provide an
increasing amount of 2D observations of these systems. The 2D in-
compressible hypothesis still remains a good approximation for ocean
satellite sequences if little or no vertical motion occurs (no upwelling
and downwelling). Introducing the divergence-free assumption for
motion estimation methods is then a promising issue for such data
sequences. During the last two decades, many authors investigated the
issue of reconstruction of the fluid velocity (optical flow) from 2D
images of the incompressible fluid, assuming that the brightness
function of the images is transported by the optical flow. For instance, a
2D brightness transport equation (optical flow constraint) may be
derived from the 3D continuity equation in radiography fluid flow
imagery. For Sea Surface Temperature (SST) oceanographic images, the
2D optical flow constraint is derived from a 3D model of ocean surface
temperature.

In this paper we present an iterative minimax state estimation
approach for the following inverse problem: to reconstruct the optical
flow given a sequence of 2D images of the flow surface and assuming
that the optical flow satisfies incompressible 2D Navier-Stokes equation
with uncertain parameters.
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METHODS OF DISTRACT ANALYSIS OF TEST TASKS IN
REMOTE LEARNING SYSTEM «VITAVA»
Zhyrytskyy V.

Taras Shevchenko National University of Kyiv, Ukraine
v.zhiritskiy@gmail.com

Computer testing is an effective tool of estimating the students’
level of knowledge if the test is the reliable measurement tool [2].

One of the methods of estimation of the test reliability is method of
distract analysis of test tasks of closed form and verification of uniform
distribution of distractors [1].

One of symptoms of successful distractor selection is fact that
students, who performed the test task incorrectly, choose the distractors
with equal probability [2].

For verification of hypothesis we use the criteria ;(2 .

The further of distractor analysis is to calculate the value of point-
biserial correlation coefficient for every distractor using following
formula:

_ X1 X0 ning
Pbis = SZ n(n—1) )
X

where Z- average value of individual marks of students who have

chosen the distractor; %- average value of individual marks of

students who haven’t chosen the distractor; S )%— sample variance of

individual marks; #n; — amount of students who have chosen the
distractor; ny,— amount of students who have not chosen the distractor;
n — amount of students, n; + ny.

Distract analysis allows making conclusions about the quality of
developed distractors for test tasks.
References
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MOJIEJIM C MPENEAEHTHOM HAYAJIBHOM
HHO®OPMAIIMEN
Anadmuen A.C.
THY um. B.1. Bepaanckoro, Cumdeporionb, YkpanHa
anafiyev@gmail.com

«B skoHOMEKE Kak He(hOopMalTH30BaHHOW HayKe BaXKHa OIOpa Ha
MpeleeHThl, Ha SMIIMPHYECKHe 3aKoHOMepHocTH. [loaTomy B Hei
OoJblIOe 3HAUEHHE MMEIOT METOIbl 00yUeHHs TUarHOCTHKE M BBIOOpa
Ha OCHOBE OIIbITa, HAa MaTepHuale HaOmroaeHui» [1].

B o6mem ciydae 3agady ONTUMH3AINHA MOXHO C(HOpPMYIIMPOBAThH B
crenyromeM Bune: extrf(x)/x e Qc X, rae f: X—>Y — uenesas
¢yHKIuUs, X — MHOXECTBO 00BEKTOB, Y — MHOKECTBO 3HaUCHHUH () —
MHOJKECTBO JOITyCTUMBIX PEIICHNH, U3 KOTOPOTO BHEIOWPAETCS MCKOMOE
ONITUMAJIbHOE 3HAYCHUE 1eJIEBON (DYHKIIUH.

OnTuMHu3alMOHHBIE 3aJayd, KOTZa TOJHOCTBIO 3aJaHbl IiejieBas
¢yHKUMS W OONAacTb JONMYyCTUMBIX pemeHuid (0OBIYHO B BHUAE
OTpaHWYCHHUN-HEPABEHCTB), JOCTATOYHO XOPOIIO M3y4eHbl. OmHaKo B
peaNbHBIX MPAKTUYECKUX 337a4yax, B YACTHOCTH YKOHOMHYECKUX, KOTJa
MBI HMMEEM JeJI0 C MOJCIMPOBAHMEM HECTAlMOHAPHBIX M IUIOXO
OTIPE/IETICHHBIX TIPOIIECCOB, TSKENIO TOYHO BHIHACATh LENEBYIO
(GYHKIWIO U OrpaHWYeHus. BeiiencTBue 4ero nMeeT MecTo HEMOJIHOTA
HCXOIHBIX IaHHBIX. B 3TOM cilyuae TpyAHa Jake cama MOCTAaHOBKa
3aaud, HE TOBOPA YXKe O BBIOOpE aJeKBaTHOW pelIaeMoi 3amade
MOJIENT M HETIOCPEICTBEHHOTO MONCKA ONTUMAIILHOTO PEIICHHS.

B nanHoli paboTe nemaercs akUEHT Ha 3a0ayax ONMUMUZAYUU C
npeyeoenmuoll Ha4anbHou ungopmayuel, KOTopele cnabo H3ydeHbl U
MIPENICTABIISFOT OTPOMHBIN MPAKTUYECKU HHTEPEC B CBSI3U C OONBIITUM
00BEMOM HUMEIOIIEHCS TIPEIIeICHTHON WHGOpMAUHA. AKMyanibHbIMU
CMAHOBAMCA  3a0a4l  CUHME3d AN20PUMMO8 MAWUHHO2O 00yYeHUs
(anzopummos 0byueHuUss N0 npeyeoeHmam) u Memoo08 ONMUMUSAYUL.

Jluteparypa

1.Marematudeckue wmetroabl B dSkoHomuke / [Epemmn W.U.,
Mazypos Bn.Zl., Cxapun B.J[., Xawait M.IO.]. — TIlog pen.
Epemnna I.MI. um Masypoa Bxa.JI. — Exarepunbypr: W3n-Bo
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K BOITPOCY Ob YTOYHEHUU METOJAUKH! PELLIEHUS
3AJJAY DKOJIOI'MYECKOI'O MEHEJIZKMEHTA
Annmenko B.A.

Uepaurorckuii punmuan EBponeiickoro yauBepcurera, T. YepHUTOB
ocean_soull11@mail.ru

MeToauka CUCTEMHOTO aHanM3a JUIsl UCCIETOBaHUNA U OTIHMCaHUS
COITMO-IKOJIOTO-9KOHOMHYeCKHX cucTeM (COOC, B pPOIHM KOTOPHIX
BBICTYNAIOT MPOMBIIIJICHHBIE MPEANPHUSITHI-IIPUPOIOTION30BATENH), a
TaKkKe pa3padOTKU TEXHOJIOTUU NOAAEPKKU npuHsaTus pemeHuid (ITI1P)
Ha cerogHs TpeOyeT pacuimpeHus W ycoBepuieHcTBoBaHHUSA. Ha puc. 1
MIpUBEIEHA CXeMa OPTraHU3aIlH SKOJIOTUIECKOTO MEHEKMEHTA.

JITP
v - v
Opransl v Opransl
yIIPaBJIEHHs CTIIIP yIIPaBJIEHHs
A ['panuna

CucremMa MOHUTOPHHTA CooC

A A {;

Otx01b1
[Ipompii- — DKoJ0TU-
JIeHHAs Pecypest gecKas
(TexHoTEeHHas)
CHAC (pecypcHasi)

Puc. 1. Cucrema nenrpanmmsoBanHoro ynpasineHus CO9C

C wHamed TOYKH 3peHHUs, C TMO3WIHHA (OPMATH30BAHHOTO
OINMHCaHUs JIOOBIX CUCTEM, MBI MOKeM TipencTaButh COIC cnemyonmm

obpazom: Spy € (X - X5) (Y, -Y,), npumensis dopmyy:
— (o}
SC33C - Q(SH S3) ’
e S,;Ta S,- COOTBETCTBEHHO MPOMBIIUICHHAS W SKOJIOTHYECKast

noxcucremsl; X ,, X ,,Y,,,Y, - MHOXecTBa MX BXOIHBIX M BBIXOIHBIX
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nepeMeHHbix; °,() - 3HAKW Omeparyii MPsIMOro M 0OPATHOTO COEIUHE-
Hust noacucteM. K XxapakTepHbIM 0COOCHHOCTSAM Sy, MBI OTHOCHM

HaJINIKUC BO3MOKHBIX IPOLECCOB, XapAKTCPHLIX MJIA MOACUCTCMBI S9 .

Ea31/1py5101> Ha OIIMCaHMM JaHHOIro Kjacca CHUCTEM  MbI
nopempiiaracéM METOAUKY HMX HMCCICOOBAHUA, COCTOAIIYIO U3 IIATH OTAIlOB!:

KOHIIETITyaJIn3aIius, crierubuKarnys, 0oTOOpakeHue, aHaJus,
peanmzanus. B ocHoBy uHpopmanmonnoro mpomecca [P monoxen
pan MIPUHLIMIIOB, OTJIMYAOLIUX SKOMEHEIKMEHT oT

MIPOM3BOACTBEHHOTO, C YYETOM KOTOPBIX HAaMH MaT€MaTHYECKHd OBLIH
MOCTABJICHBI THUIIOBLIC 3aJla4yv YIIPABJICHUA INPUPOJOIIOJIB30BAHUEM U
oxpaHoi mpupoasl. CuuTaem, 4YTo MaTeMaTHUeCKasi MOJIENb, aJeKBaTHO
otoOpakaromas mpomeccbl B CODC, MoxeT OBITH TNpeacTaBicHa
CIIeIyIOmUM 00pa3oM:

_ A _By\. yA _ By .
Yy =F(rpup,z5,2,); Yy =@(ry,uy,2,,Y5);

A _ B . _ A B .
Zy3 _@3(”35”992}1]52}6)9 Zy[] _Fz(rﬂouﬂazygazya)v

B A4 .yB _ 4
Zy9 =CD4(F3,u3,ZyH,Zy3) 5 Y3 —®2(r3:un:ZyH:Y3)

rne u,e€U,,r, € Ry-  COOTBETCTBEHHO  yIpaBIsieMble |
HaONIoaeMble BXOIHBIE IepeMeHHble BS,;uU, €U, ,r; € R, -

A B
YIIpaBJIA€MBIC U HaGHIO,HaCMBIC BXOOHBIC IIEPEMCHHBIC B SH’ 9 Y3 -

COOTBCTCTBCHHO BXOJHBIC a0MOTHYECKHE U OMOTHYECKUE NEPEMCHHBIC B

A

. . B
S Z ;7> Y7 - BBIXO/IHBIE MEPEMEHHBIE B S, z yi1>Z i = BBIXOJIHBIE

abno- 1 GHOTUYECKUEe IePEMEHHBIE B S , Bo3AeiicTBytomue Ha S ;.

Hns  pemeHusa Kaxaoil W3 3aJad  HAaMM  [IPUHUMAIIUCh
OIIpEJENICHHbIE YCJIOBUS, IPH BBIIOJIHEHHMH KOTOPBIX MOTYT OBITh
pelIeHsl TPoOJIEMBI yIpaBiIeHHU B 00JaCTH COOIIONEHUS CTATUYECKUX U
JUHAMMYECKUX  3aKkoHOB  ympaBieHus COOC B ycloBHAX

HEOTIPEJIETICHHOCTH COCTOSIHUI S, , IPH HAJIMYHN CE30HHBIX (haKTOPOB,

UUKIAYECKUX U CTPYKTYPHBIX  HM3MEHEHUH,  CBONCTBEHHBIX
3KOJIOTMYECKOM moacuctemMe. Bce 3TH MOCTAaHOBKU 3alad HE TOJBKO
O0YEpPUHMBAIOT KPYT TPOOJIeM BO BpPEMs peau3alii dKOMEHEIKMEHTA,
HO H TpeIyCMaTpPUBAIOT ONpe/elieHue OCOOSHHOCTEH pa3paboTKu
CUCTEM NOJIEPKKU MPUHATUS PEILICHUMN.
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O PEKOHCTPYKIIMU HEN3BECTHbBIX XAPAKTEPUCTHUK
CHUCTEM C NOCJIEJEHCTBUEM TP N3MEPEHUN
YACTU KOOPJANHAT
M.C.b.mm3opykoBa, B.U.MakcnmoB
Wuctutyt Mmatemaruku u Mexauuku YpO PAH, ExatepunOypr, Poccus
msb@imm.uran.ru,
maksimov@imm.uran.ru

Ob6cykmaeTcss 3ajjada yCTOMYMBOTO BOCCTAHOBICHHS IEPEMEHHOTO
BXO0/Ia, & TaKXK€ HEU3MEPUMBIX KOOPAMHAT JTUHAMUYECKON CHCTEMBI C
TIOCIIEIEHCTBAEM TIO0 pe3yJbTaTaM HETOYHBIX HaOIO/IEHWH YacTu ee
Tpaektopuu. Llenb coolOmenns — nath HEKOTOPBI HabOp alNropuTMOB
peumieHuss A pana  TUOMYHBIX  cuTyanuil.  CoaepikaHue
paccMmarpuBaeMoOl 3aJadd TakoBO. MMeeTcs nWHaAMHYecKas CHCTEMa,
OTHCHIBa€Masi ~ BEKTOPHBIM  HEIMHEWHBIM  nudQepeHnnamTsHEIM
ypaBHeHHEeM. TpaeKkTopuss CUCTEMBI 3aBUCUT OT MEHSIOUIETOCS BO
BPEMEHH BXOIHOTO BO3JIEHCTBHS (BX0/a). 3apaHee BXOJ M TPAEKTOPHS
HE 3a7]aHbl, HO, BO3MO)XHO, M3BECTHO MHOXECTBO, OTPaHUYHMBAIOIIEE
JOMYCTHUMYIO pealn3aluio BxoJa. B npouecce aBmkeHns HabIoAaeTCs
yacTh (ha30BBIX COCTOSHUH cucTembl. HaOmioneHus, BooOIIe roBops,
HeTO4YHBl. Tpebyercs  MOCTPOUTH  AITOPUTM  MPUOIMIKEHHOTO
BOCCTaHOBJIGHHSA BXO0ja U HeHaOmoJaeMol dYacTh KOOpJHMHAT,
o0Jamaronuii CBOWCTBAMH AMHAMUYHOCTH M YCTOMYUBOCTU. CBOHCTBO
OUHAMHYHOCTH O3HA4aeT, YTO TeKyIue 3HAYeHHs MPHONKEHIS
COOTBETCTBYIOUINX KOOPIWHAT M BXOJla BBHIPAOATHIBAIOTCSA B pealbHOM
BPEMEHH, CBOMCTBO YCTOHYMBOCTH — YTO MPHOIMIKEHUS CKOJIb YTOIHO
TOYHBI MTPH JOCTATOYHON TOYHOCTH HAOIIOICHHUS.

3amaya OTHOCHUTCS K KJIacCy OOpaTHBIX 3a7a4 AUHAMUKHU YIIPABISEMBIX
cucreM. [IpencraBieHHBIE B COOOLICHWH alTOPUTMBI OIMUPAIOTCS Ha
KOHCTPYKIIUM TEOPUU YCTOWYMBOTO JUHAMHYECKOTO OOpalieHus,
COUETAIIINE METOABl TEOPHH HEKOPPEKTHBIX 3ala4 W TEeOPHH
MO3ULUOHHOTO yrpaBieHus. CyTb METOIMKH COCTOMT B TOM, YTO
QIrOPUTM BOCCTAHOBJICHUS MNPEACTaBISICTCS B BUAE alropuTMma
YIOPABJICHUS HEKOTOPOM HCKYCCTBEHHOM IMHAMUYECKOHM CHCTEMOMH,
MOJENbI0. YTIpaBiICHHE B MOJENN aJalTHPYeTCs K pe3yibTraTam
TEKYIIMX HaOMIONEHUH TakuM 0O0pa3oM, YTO €ro peanu3amus BO
BPEMEHU alPOKCUMUPYET HEU3BECTHBIN BXO/I.
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JNOPEPEHIIUAJIBHBIE YPABHEHUSA C
3ANTA3ABIBAIOIINM APT'YMEHTOM, OIIMCBIBAIOIIIUE
HEMAPKOBCKHI CJIYYAVHBIN TPOITECC
K.I'. Bagees, 10.B. lllymapun
Kuesckuii HanMoHaNbHbINA yHUBEpCUTET UMeHU Bannuma I'etbmana
shusharin@meta.ua

EcrecTtBeHHBIM  000OIIEHMEM  CHUCTEMBI  OOBIKHOBEHHBIX
mudepeHInanbHbIX — ypaBHEHUH  sABIAIOTCS  nuddepeHnrnatbHbIe
ypaBHEHHUS C 3ama3JblBalollUM apryMeHToM. IlpuBeseM onauH U3
Pe3yIbTAaTOB B Pa3BUTHH ATOTO BaXKHOTO HAIPaBJICHUS.

Teopema [1]. Ilycts cucrema nuddepeHInaIbHBIX YpaBHEHUH

ar 5’) AP() W

ONpeaeNnsieT HEKOTOpPhI MapKOBCKHMN KOHEYHO3HAYHBINA CIIy4dalHbII
nporiecc, P(f)— croxacTHueckuii BEKTOP.

[Tycts a,()20,7,(t)=0 (k=1,...,N),
I1, (f) —mpon3sBoONBHBIE CTOXAaCTUYECKHE MATPHIBL Toraa cHcTeMa

G hepeHITnaTbHBIX YPaBHEHHH C 3aI1a3/IbIBAOINM apTyMEHTOM

d]:z’(t)—A(t)P(tHZak(l) L, OP1-7,0)=P(1D) @

ONpeeIIIeT HEKOTOPbIA HEMapKOBCKUH CIy4aiHbINA MPOLECC.
Ipu  7,(t)=0 (k=0,1,...,N) cucrema ypaBHeHuii (2)
ONMCHIBAET KOHEYHO3HAYHBIN CITy4ailHbId MapKOBCKHI Mmpo1iecc.
Cucrema ypaBHeHHH (2) MTO3BOJIUT UCCIEAOBATH 0OJiee peaabHbIC
3aJa4u, CBA3aHHBIC CO CﬂyqaﬁHbIMH mpoueccamMu.
JIuteparypa
1. Bamees K.I'., Kapenoa O.JI., Toperor B.M. Ontummzanus
JUHEWHBIX CUCTEM CO ciy4yailHeiMH kod(duumentamu. —M.: H3-Bo
PYJH, 1996, — 258 c.
2. TuxonoB B.M., MuponoB M.A. MapkoBckue mnpouecchl. —M.:
Coserckoe paauo, 1977. 488 c.
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HJAEHTUOUKANUA HEU3BECTHBIX ITAPAMETPOB
HNCTOYHHUKA 3ATPASHEHHNMU B JIBYXMEPHBIX
HECTALOMOHAPHBIX 3ATAYAX MACCOIIEPEHOCA
Baacwk A.Il., Baraok O.M.

HanmonanbHblil yHUBEPCUTET BOJHOIO X034CTBA U
MIPUPOONOIb30BaHus, T. POBHO
A.P.Vlasyuk@rambler.ru, olga_bagnyk@ukr.net

PaccmatpuBaeTcs 3a7adya MOAETHPOBAHHS TIEPEHOCA 3arpsI3HEHUH
B oOrpaHuueHHOM obmacth Q€ R> 0T  HEKOTOPOro TOYEUHOTO
WCTOYHMKA MOLIHOCTH (), PaclojOKeHHOro B Touke M (xo, Yo ) eQ
[1]. Hy>)kHO 1O M3BECTHBIM H3MEPEHHUSM KOHIEHTpAIM 3arps3HEeHUi

C;,i=1,N B TOuKax ¢ KOOpJAMHATAMH (xi, yl.) B MOMEHTBI BpEMEHU

{;, ONIpeNeNuTh MOLIHOCTb, KOOPIMHATBI W BpEMs CpadaThIBaHUS

MTCHOBEHHOTO TOYEYHOTO WUCTOYHHMKA 3arpsA3HEHH, a TakKke
nogobmacte 2, €, B KOTOpPOH KOHLEHTpALHs c(x, y,t) HE

npesbiaet 3ananHoi Bemmunabl Co .
B orpannuenHoit obmactu €, :QX(O,T ) HINETCS PeIlIeHue

chOpMyJINPOBaHHOMN BBIIIE 3a/1a4l, MaTEMaTH4eCcKasi MOAEIb KOTOPOH B
OOIIETTPUHATHIX 0003HAYEHUAX CIIeTyIOIIas:

cc -
Le= o —difDgradprvgraderyc = 0x—x, \y—y, Nt £, (1)

c(x, y,O) =0, ()
lc‘rz (ﬁc—Dgradclrz 0, 3)
rne (1) — muddepennmansHOe  ypaBHEHHE  KOHBEKTHBHOTO

1((HY3MOHHOTO TIEPEHOCCA 3arPA3HEHUM CO CKOPOCTBIO V = (an y),

(3) 3amaer rpannuHbIe yenoBus Ha rpanuie [T obmactu €.
Cornacuo [2] conpspkenHas 3ama4a K (1)-(3) umeer cienyromuit

BUJI:
- % —Vgrade” + 5" — div(Dgradc* )= P, 4)
C*(X,y,f)IOHpI/I t=T, %)
(\70* — Dgraa’c*)r =0, (6)
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rae P, = 8(x—x,)5(y = »,)0(t-1,), i=1,N.
JlBoMCTOE  TIpeiACTaBIeHHE  (YHKIMOHAIa  OT  KOHIEHTPALHH
creytomee:

J:

S ey

dtﬁ Pcdxdy = QJT‘dt j j ¢ dxdy . (7)
00

B cioyuae mpsAMOYroibHOM ofnactu co cTopoHamMu d i b
2

pemenue npsmoit 3amaun  (1)-(3) ¢ mocTossHEBIME KO3 PHUITCHTAMH H
HYJIEBBIMHM HAYaJbHBIMU M TPAHUYHBIMH YCIIOBUSAMU IIPUMET BH/T

2 12
T e LI Lraed A T
rae
U(x,y,t)ziiiF(m,n)ex —sz(m—2+£j sinMsinﬂ,
ab oo a b’ a b

F(m,n)= Qsinmsin%.
a

Pemenue conpsipkeHHOM K HEM 3aauun

V. v, VEHVy o s s
Ti-t)lU 0.7
¢ ()= SXPLD(JC x’)+2D(y %)= { Do o (F=4) | Ulwrd), T<0F),

0, 7e f,,T], i=LLN

Torna HemsBecTHbIE MapaMeTpbl MCTOYHHUKA 3arpsisHEHHH X, V,,f,,0

Ha OCHOBE ABOWCTBEHHOI'O TNpeACTaBIeHHS (YHKIMOHAIa C YYETOM
perieHus. COMPsDKCHHOW 3ajavd, HaXOIUM W3 PEIICHHS CIeAYIOIIeH
CUCTEMBIL:

Ji =G = Q6 (lg2%0,%0)» i =1, N .
JlntepaTtypa
1 Bmacroxk A.Jl. Jloxamuzamusia MECTOHAXOXKIECHUS HCTOYHHKA
3arpsi3HEHH B IByXMEPHBIX HECTAIMOHAPHBIX 3a7jaduaX MaccolepeHoca
/ Al Bmnaciok, O.M. barmrok//Te3. mom. XIX wmexmyHap. KoH.
«IIpoGeMbl IPUHATHS PEUICHUI B YCIOBHAX HEOIPENeIeHHOCTH,» Te3.
nok. — Kues, 2012. — C.67-68.
2 Mapuyk ['.MI. Marematndeckoe MoOIEIUpOBaHHE B MpodieMe
OKpy>Karomeit cpenbl. — M.: Hayka, 1982. — 320 c.

149



MATEMATHYECKOE MOIAEJIUPOBAHUME U33MEHEHUA
HAIIPSIKEHHO-AE®@OPMHUPOBAHHOI'O COCTOSHUA
I'PYHTA IITPU HATHETAHHWHA B HEI'O BSIKYIIETI'O
PACTBOPA
A.IL Baacwk, T.A. JIpo3nosckuii
HanuonanbHblil yHUBEpCUTET BOAHOTO XO35UCTBA U
TIPUPOIOTIOIL30BaAHNUS, Y KpanHa
A.P.Vlasyuk@rambler.ru, coldion@gmail.com

PaccmatpuBaercs 3amava 4 n K rePlQre !
M3MEHECHHUSI HAIPSHKEHHO- P gl
1eOPMUPOBAHHOTO  COCTOSHHUS o |
(HAC)  rpyHTOBOH  OCHOBBI
TUAPOTEXHUYECKOTO o0BeKTa
(I'TO) (puc. 1) mpu HarHETaHUH
BSDKYILETO pacTBopa B €ro

I
Mz

OCHOBAHHe, KOTOpast Q,

3akmodaercss B pacuere HJIC 3 . c
3

KaKk B 007acTH Harmetamms (2 Puc.1. [pyHTOBOE OCHOBaHwe [TO

TaK 4 B TPYHTOBOM Maccuse ().

MaremaTudeckass MOJe€lb JAHHOM 3a7adyd B H30TEPMHYECKHUX
YCIIOBUSIX B OOLICTIPUHATHIX OOO3HAYCHHSX OIMCBIBACTCS CIICHAYIOIICH
KpaeBoi 3amaueii[1,2]:

- ypaBHeHusmMu HJIC namsg KOMIIOHEHT BEKTOpa CMEIIECHUH

U= U,V
o(oU oV
Wi AU+ (0 + ) —| ——+—| = X;,
ox\ Ox Oy
o(oU oV M
WAV + ()| —+——|=%, =12
oy\ ox Oy

- CTallMOHapHBIMM YpPaBHEHUSMH JUIsl HAllOpOB HBIOTOHOBCKOMN
YKUJIKOCTH B J1e()OPMUPYIOIIEMCS CKeJIeTe TPyHTa 00IaCTH HarHEeTaHUS

i (k(s) %) + 9 k(e) ok _ 0 2)
ox ox) Oy oy
MPU CIIEAYIOINX KPAEBBIX YCIOBHSX:

a) 711 KOMITIOHEHT BEKTOpa CMEIIEHUI
U=V=0, (x,y)e/_3 U/_4 U/_7' U/_3',

150



Wl=lr]=0, el

; +2ui)6—U+li a—Vzo,
ox oy
oy Ox
0) 11 HATIOPOB Ha TPaHUIlE 00JIACTH HATHETAHMS
Oh h
el I N IS
"I, s Mgy
B) U TOYeK poHTa HarHeTaHUs (CBOOOIHOM rpaHmIIbI I y)
_ d
(v,i)=c=F.
dt
3neck: Aj,u; — kodpdumuments Jlame, X;,Y; — KOMIOHEHTHI

MacCOBOHW CHIIBI, & - Hamop o0NacTH HarHeTaHus1, k(€) - KOAPPUIUEHT
¢bwieTparyy, € = f(6), 6 - K03QOUIHESHT TOPUCTOCTH, O=y —h, I -
BEKTOP HAIPABJIAIOIIUX KOCHHYCOB BHEUIHEH HOPMaJIU K TPaHUIIE.

IIpousBeneHo KoH(opMHOE u KBa3HKOH(POPMHOE
npeoOpa3oBaHKe 33J]a4l MaTEMATHIECKON MOJICH K TIEPEeMEHHBIM &, |

[apaMeTPUUECKOro MNpAMOYToJbHUKA. YHCIEHHOE pelleHHe 3alauu
[IOJIyYEHO METOJIOM KOHEUYHBIX PAa3HOCTEH C UCHOJb30BAHHEM YHCIICH-
HBIX KOH(OPMHBIX 0TOOpaXkeHuit obnacTelt co CBOOOAHBIMU TPaHULIAMH
U TNPUMEHEHUEM METOJa IOCJIENOBAaTEIbHON BEpXHEH penakcaluu.
Pa3paboTaHo BBIYMCIHUTENBHBIN alTOPUTM PEIIEHHE COOTBETCTBYIOMIEH
KpaeBoH 3aJ1auil ¥ HEOOXOAMMOE ITPOrpaMMHOE 0OecTIeueHue.
[IpoBeneHHoe MaTeMaTHYeCKO€ M KOMIIBIOTEPHOE MOEINPOBaHUE
[IPEIOCTAaBIsAET  BO3MOYKHOCTb  JIENaTh KOJIMYECTBEHHYIO u
KAa4eCTBEHHYIO OIIEHKY BEJIMYMHBI 30HBI HArHETaHUS IS pacueTa
HanpsHKeHHO-1e()OPMHUPOBAHHOTO COCTOSIHUSI TPYHTOBBIX OCHOBaHHIA
THIPOTEXHUYECKUX OOBEKTOB, MX HECYIIEH COCOOHOCTH, CTOMKOCTU H
HaJeXHOCTU COOPYKEHUH.

Jluteparypa

1. Cepruenko U.B., Cxonenxuii B.B., Jleitneka B.C. Maremaruueckoe
MOJICITUPOBAHUE U HCCIEIOBAHUE MPOIECCOB B HEOAHOPOIHBIX Cpenax.-
Kues: Hayk.nymka, 1991.- 432 c.

2. Bmacrok A.IL., dpo3noscbkuii T.A. MaTemaTnuHe MOJIeNIOBaHHS 3MiHU
HJZIC rpyHTOBOrO MacHBY NpH HAasSBHOCTI €BOJIOIiOHYIOUHX KaBepH/ Tes.
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morm. XVII Bceeykp. nHayk. koH®. “CyyacHi mpoOIeMH TNPHKIATHOT
MaTeMaThKH Ta iHpopmaTuku”, JIbeis, 2011, - C. 113.

MATEMATHUYECKOE MOJEJIUPOBAHUE
MACCOINEPEHOCA IIPU ®UJBbTPALINU U
BJIAT'OIIEPEHOCE B HACBIIEHHO-HEHACHUIIEHHBIX
CJIOUCTBIX I'PYHTAX
Baacwok A.IL, IIBeTkoBa T.II.

HannonanbHblil yHUBEPCUTET BOAHOIO XO35MUCTBA U
MPUPOIOUCIIONB30BaHus, I. POBHO
A.P.Vlasyuk@rambler.ru, Tsvetkova@ukr.net

HUccnenyercss MacconepeHoc COJIEBBIX PACTBOPOB MPH (QUIIBTPAIUH
IIOA3€MHBIX BOA MW BJarn B HACBIIICHHO-HCHACBIIICHHBIX CJIOHUCTBIX
rpyHTax.

MaremaTH4ecKyr0 MOJENbL JaHHOW 3a1auu B ciosx I = 1,8 obmactu
IIOJIHOT'O HACBIIIICHHUA B O6IIIerI/IH$ITLIX 0003HaYEHNSIX HA OCHOBAHHUH
pabort [1, 2] MokHa onucaTh CeIyIOIIeH KpacBo 3a1aueii:

[D( )aclJ . .
ox ) L_ _ ci 1
8x 8 71(1 C) O'lat (1)
o 8
(k(l,h) S D-vileD cl— )
ai
v, =k, (cl,h )—+vl(c)acl 3)
x

I (x0)=Cy(x), ' (0,0=C{(), ¢'(,,0)=ch(l,,0), @)
hi(x,0)= Hy(x), h'(0,0)=H{(x), h!(l,t)=Hi(x) )
MaTeMaTI/Iqecxon MOJC/Ih 3aJauyd B CIOSX i=s+1,N oOmactu

HEMOJHOTO HACHIIEHUS B OOMICTIPUHATHIX OO0O3HAUEHUSAX MOXKHA
OIHCaTh CIEAYIONeH KpaeBoii 3amaueit [1, 2]:

o

Eﬂch
—x v 802 ( i_c*):o- 8& (6)

- b

C
o 275 NS 2 275,
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i ahl
ﬂ(%)g 7(]( (c 2,h ) 2)_ 2(
b ) T LI z)acz ®)

ch (x,0) =55(x>, ch(l,t) = 65 (), ci(l,t)=c5(L,t), (9
hy(x,0) = Hy(x), B5(0,0)=H{(x), h5(l;,t) = Hy(x). (10)
yCJIOBI/IH COHpSI)KGHI/I}I JJIA Hanopa H KOHHGHTpaHI/II/I 3aJaHHbIC Ha

FpaHI/ILIaX CJIOCB prHTa COOTBETCTBCHHO

802 %)

- 0
[y =lelly=| F =D | =0. @
X

x=l;
rie Dl(cf), D, (clz) - KoatbcbnuHeHTH KOHBEKTHBHOM M Qy3un B

closix  obmacted, (.l ply,  k — K03 duLIEHTHI
(e

2( 2 2)
BOJOIPOHUIIAEMOCTH, V, (ci ), v, (0'2) — K03 (YUIIMEHTHl XUMHUYECKOTO

ocMmoca, [h]‘ li:[c]‘z- — NPBOKKM (YHKIUM OTHOCHUTEIBHO HAIOPOB U
1

KOHIIEHTpAINH COJIeH, 3alaHHble Ha TPaHUIaX CIOEB TPYHTA.

Jus kpaesoit 3amaun (1)-(11) mocTtpoeHa MOHOTOHHAs Pa3HOCTHAS
cXeMa, HalIeHO ee YHCIEHHOE PEIleHHE W BHITNOJIHEHO MPOrpaMMHYIO
peanmzanuio. Ha ocHOBE NpPOBEAEHHBIX UYHCIEHHBIX 3KCIIEPUMEHTOB
MOJIYYEeHO paclipefesicHue MO BJard B CJIO0SX 00JacTH HEHOIHOTO
HACBIIIEHHS, TOJIe HAOPOB B CIIOSAX OOJACTH IIOJIHOTO HACHIIIEHUS,
IOJII KOHLEHTPAllMd B CIIOSX O00JacTe TOJHOTO W HETOJHOTO
HaChIIIEHWsS TOYBBI. YUTEHO BIUSHHE MaccolepeHoca cojell u
OCMOTHYECKUX SIBJIEHMH Ha MpOLECC BIaronepeHoca B closX o0igacTu
HEMOJHOTO HACHIIICHNUS.

Jluteparypa

1. Bnacrox A.Il, IiBetkoBa T.II. Maremaruueckoe MOJCIHPOBAHUE
MaccoIlepeHoca coyiell Ipu COBMECTHOW (DMIIBTpAINH U BIArorepeHoce
B HACHINIEHHO-HEHACHIIIICHHBIX TPYHTaX B HEIMHEWHOW MOCTaHOBKeE //
Tes3. XVII Mexa. koud. ,, [IporHo3upoBanus u NpuHATHSA PELICHUN B
YCIOBHSIX HeonpeaeneHHocty ~, Cxoqnuna, 2011. — C. 48-50

2. Pa3Burme uccnepoBanuii mo teopun ¢uapTpanun 8 CCCP (1917-
1967). — MockBa:Hayxka, 1969. — 542 c.
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OIITUMHUBALIUOHHASA MOJEJIb BUITOJAAPHOI'O PBIHKA
KBOT HA BbIBPOCHI IIAPHUKOBBIX I'A30B
Hurac B.B., Pozen6epr B.JI.
WNHctutyT Marematuku u mexanuku YpO PAH,
r. ExatepunOypr, Poccus
digas@imm.uran.ru, rozen@imm.uran.ru

I'mobGanpHOE W3MEHEHWE KIMMaTra SBISIETCS OJHOW W3 Hamboiee
00Cy’XKJaeMbIX ¥ HEOJHO3HAYHBIX Mpo0sIeM B coBpeMeHHOM mupe. [lpu
HU3YUCHHUU PA3JIMYHBIX €€ ACII€KTOB HEPEAKO UCIOJIb3YIOTCA PE3YJIbTAThI
MIPUMEHEHUST MaTeMaTHYeCKHX Mojele. B pabore, mpomoinkaromieit
nccnenosanus [1], obcyxmaeTcss MOAETHFHO-OPUEHTHPOBAHHBIA MOIX0]
K IOCTPOCHUIO ONTUMAIbHOM CTpaTeruv nOBEACHHA CTpaH Ha MCKAY-
HapoOJHOM pBIHKE KBOT Ha BBIOPOCHI TApHUKOBBIX T'a30B, KOTOPBIN
SIBIIIETCS. OMHUM M3 MEXaHU3MOB pEaH3allid TPHPOTO0OXPAHHBIX
cornamennid. Crenuduka MOAEIH COCTOMT B PAaCCMOTPEHHH JBYX
[IPO/ABLOB, NpeCleAyomnX OOMIyI0 Helb W MMEIOLUIMX BO3MOKHOCTH
pe3epBUpPOBaHMS KBOT M ONTHUMH3AIMN BpeMeHH WX mponaxwu. [Ipen-
nmojiara€Tcs, 4ro Ipu yCJIOBHU NPUHATHA WHUIUATUB 110 COKPAIICHUIO
BEIOPOCOB Pa3BUTHIMU CTpaHaMud Mo Tuny KHOTCKOTO NpoTOKONa
Poccust 1 YkpanHa MOTYT COIJIACOBAaHHO JIE€WCTBOBATH HA PHIHKE KBOT.
Monenp ucnonb3yeT (GyHKIHIO CIIpoca Ha KBOTHI CO CTOPOHBI ITOTEHIIHU-
IBHBIX TIOKyNaTeleld, (QYHKIUIO MpeAeibHBIX 3aTpaT Ha CHIDKCHHE
BBIOPOCOB TPOJAABIaMH W TIPOTHO3 AWHAMUKH «TOPSYETO BO3IAYyXa»
(pa3HOCTH MEXIy TEKYIMIMMH BBIOPOCAMH W THIIOTETHYECKUMH 00s3a-
TeNbCTBaMH). AJTOPUTM pEIIeHUs 3aJa4d OCHOBAaH Ha IMPOLEAypax,
MpEeJIOKEHHBIX B padote [2].

Pabora BrImOoMHEHa TpH ToO[IEpkKe mporpammsel llpesummyma
PAH «IlepcriekTuBbI CKOOPINHUPOBAHHOTO COIMATEHO-I)KOHOMUYECKO-
ro passutus Poccum u YkpauHbl B OOIICEBPONECHCKOM KOHTEKCTEY,
npoekt 12-T1-1-1038.

Jluteparypa

1. Kaguer A.M. , Makcumos B.W. , Pozenbepr B.JI.. O6 oxHoit onTu-
MHU3AIHOHHON MOJEIHN MEXIyHAapOIHOTO PHIHKA KBOT HA BBIOPOCHI Map-
HHUKOBBIX ra3oB. Mat. mojaenupoBanue, T. 21, Ne 5, c. 103—113, 2009.

2. Kryazhimskii A.V., Maksimov V.I. A solution algorithm for
problems of optimal control in Hilbert spaces. Journal of Mathematical
Sciences, Vol. 121, no. 2, pp. 22262247, 2004.
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MOJIEJIJMPOBAHUE TUIIMYHBIX 3ABUCUMOCTEN
OBBEMOB DKCIIOPTA YKPAUHBI
B EBPOIIECKHUE CTPAHBI
JAunxosckas b.B., Happoackuii B.A.
KueBckuii HallMOHANBHBIN YHUBEPCUTET KyJIbTYPhI U HCKYCCTBA,
VYkpanHa
navrodskiy@ukr.net

PaccmatpuBaercst 3a7ada SKOHOMETPHUYECKOTO aHajIM3a IoKa3are-
Jeit skcrmopTa YKpanHbl Ha OCHOBE MOJIENEH, KOTOPhIE MO3BOJISUTH OBl
[OJy4aTh KAa4eCTBEHHBIH IPOTHO3 3KOHOMHMYECKHX XapaKTEPUCTHK,
OIMCBHIBAIOIINX CTPYKTYpY YKpamHCKOro skcropra B EBponeiickue
ctpanbl. Mccnenyrores clieyronue THTHYHbIC 3aBUCUMOCTH:

1) nang MonmenupoBaHHA OOBEMOB IKCIOpPTa YKPaWHBI B TPYMILY

crpan EC: x, = F(x,,m,,m, .t kv ,curs) ;

2) nans MOJENUpPOBaHMS OOBEMOB OJKCIOpTa YKpauHbl B

KoHkperHsle crpansl EC: x, = F(x,,x,,m, ,m, ,m,,t,kv ,curs);

3) aus monenupoBaHus 00beMOB 3kcropta Ykpaunsl B EC 1o

TOBapHBIM rpynnam: x, = F(x,,m_t,kv_,curs);
rae x, — o0beMbl 3KcopTa YKpaussl B rpymiy crpad EC, x,— o0beMsl
sKkcnopTa Ykpaussl B crpansl EC, x, — 00beMbl 9KCIIOpTa YKpauHbI B
EC no rtosapubM rpymnmnam, m,— 00bEMBbl MMIIOPTAa B YKpauHy W3
rpynn crpad EC, m,— o6bembl umnopra B Ykpauny u3 crpad EC, m, —

o6veMbl uMmmiopra w3 EC 1o TOBapHBIM Tpymmam, {— 3K30TCHHAs
[epeMeHHas TpeHnaa, kv, — QUKTUBHAs epeMeHHas, curs — I1oKa3areib

HU3MEHEHUS Kypca IPUBHBI K JIOJLIAPY.
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IKOJOTHMYECKHUE MOJAEJU JTNHAMUKU. IUCKPETHAS
MOJIEJb JIECJM C TOCJEJENCTBUEM
I'apkyma H.H.

Kuesckuii HauroHanbHbIN yHUBEpcUTET UM. Tapaca [lleBueHKO

B nmokmame paccMaTpHBAaKOTCS — pas3iMuYHBIC  MOAM(UKAIMH
Moenei auHaMuku nomyisiuil Jlecnu. OcobeHHOoCThIO0 MOenu Jlecou
SIBIIIETCS] YUET BO3PACTHOM CTPYKTYPHI MTOMYJISIINH.

Takum oOpa3om, MaTemMaTHdecKas MOJAETh JTUHAMUKH B
BEKTOPHO-MAaTPUYHOM BHUJIC 3alUChIBACTCI B  (QOpPME  CUCTEMBI
Pa3HOCTHBIX YpaBHEHHI

x(k+1)=Lx(k), x(k)=(x,(k),x,(k).....x, (k)), k=1,2,....

rAC KBaJApaTHasA MaTpula L PasMEPHOCTH 71 X 11 UMECCT BUJ

_fl f2 fn—l n_

p 0 .. 00
L=|0 p, .. 00

0 0 .. p., O]

U Ha3bIBaeTcs maTpuuei Jlecnu.
JuHamuka pa3BUTHA TOMYJSIIUKM MOXET OBITh OmMHUcaHa
KBa3WIMHEHHON CUCTEMOM pa3HOCTHBIX YpaBHEHUI
x(k+1)= L[w(x(k))], k=0,1.2,...
Haxonern, yauTsIBasi BpeMs MOJIOBOTO CO3PEBAHMS, pACCMATPUBAETCA
JuHelHas cucteM Jlecau ¢ 3ama3apbIBaHUEM

x(k+1)= Lx(k)+ L,x(k —m),

0 0 .. 0 0] e fo £

p, 0 ... 00 0 0 .. 00
L= 0O p, .. 00 , L, = 0o 0 .. 0 0

0 0 .. p., O 0 0 .. 0 0 |

[IpoBeneHo wucclieOBaHUE TOBEACHUS PEIICHUNH CHCTEMBI.
Hatinensr ocoOble pemeHus, UCCIIeIOBaHa UX YCTOHYNBOCTb.
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MMAPETO-OIITUMAJIBHBIN MOJAXO/I K 3AJIAYE
BOCCTAHOBJIEHUSA ®YHKIIMOHAJIBHBIX
3ABUCUMOCTEH B YCJIOBUAX HEUETKOCTH
3asopotHsblii A.JL., Kacssniok B.C.

Kueckuii HarmoHanbHbIN yHUBepcuTeT UM. Tapaca [lleBueHko
zal_ua@inbox.ru

PaccmarpuBaercs 3amaya BOCCTAHOBIICHWS 3HAYCHHH (DYHKIIMH
f (x) u3 kjacca L, [D] Ha MPOU3BOJIHHOM 3aJJaHHOM Ha0Ope 3HauYeHUI

aprymesra Xx,, ..., x,, 13 oosactu D . IIpu 3TOM cunTaercs, 4to camu
3HaYeHHs] (YHKIMH B JAHHBIX TOYKax f (xl), cees f (xm) HEU3BECTHBI.
BMmecTo 3TOro M3BECTHBI HEUETKO MCKAKEHHBIE 3HaYeHUs (DyHKIIMOHAA

V= .[gl.(x)f(x)dx +u, 0= Ln. Tyr g, (x)e L, [D] - U3BECTHBIE sjpa
D

(byHKIMOHANA, (£, - HEYETKUE MOTPELIHOCTH B M3BECTHBIX 3HAUCHUSX
¢yHkumonana y;. s HeueTKuX omuOOK U3BECTHBI UX paclpeeeHus,
SIBIIIIONIUECS] MOHOTOHHO YOBIBAIOIUMH (PYHKIUSAMU OT MOJIYJIS
apryMeHTa. JTH paclpe/elieHus pPaBHbl 1, €Clii OMUOKK HET, U PaBHBI
0, ecnmu ommOKka OeCKOHEUYHO BeNMKa. TakuM 00pa3oM peannsyercs
MPUHIIUIL: YeM OOIIbIIE OIMOKA, TEM MEHBIIIE €€ BO3MOXHOCTb.

A

[IpenyiosxkeHo UCKaTh OLEHKH | (x), peias 3a7ady ONTUMHU3ALUU
no Ilapero. IlepBeiM  KpuUTE€pueM  ONTHUMAIBHOCTH  SIBISIETCS
npuOImKeHne (x) K €€ YCpPeIHEHHOMY 3Ha4eHHI0 B HEKOTOPOH

OKPECTHOCTH 3aJaHHBIX TOYeK. T.e. mpubOmmkeHune f (x j), j=1lm x

B 1/25(1‘ , ‘x—xj‘ <g,

= , &; - 3ajaHHas
D ‘ 0,‘x—xj‘>€j

OKPECTHOCTh YCPCAHCHUA JIA TOYKHU X Iz BTOpOH KpUTCpruunu

OIITUMAJIBHOCTH - MHUHUMMH3aUA HCO6XOI[I/IMOCTI/I OIINOKHU B

A

nocrpoeHHoi oueHke [1]. Halinenneie onenku f (x) Jlajee MOXKHO
WCTIONB30BaTh IS MOCTPOCHHS B aHAIUTHYECKOM BUAE (DYHKIHMU B
3aJIaHHOM KJiacce.
JIuteparypa
1.ITerrbe FO.IT. BO3MOXHOCTB. DJIEMEHTHI TEOPUH U NMPUMEHEHHS. —
M.: Oauropuan YPCC, 2000. — 192 c.
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CPABHUTEJBHBIN AHAJIN3 METO/IOB
HNPOI'HO3UPOBAHUA MAKPOIKOHOMMNYECKHUX
MOKA3ATEJIEA YKPAUHBI
3aiiuenko FO.I1., IN'acanoB A.C.
HanuoHanbHbBI TEXHUYECKUM YHUBEPCUTET Y KPaWHHU
"KueBckuil MOJIMTEXHNYECKUM HHCTUTYT"
zaychenko@gmail.com

HeoOxomumo Ha ocHOBE MHGOPMALMH O MECSYHBIX IOKa3aTelsxX
MpoleHTa W3MEHEHUs MHJAeKca NoTpedbutensckux meH (% UIIL) wu
HaI[MOHAIBHOTO BHYTpeHHero BasoBoro mpoxaykra (HBBII), a taxxe
JaHHBIX O JPYIHMX MAaKPOIKOHOMHYECKUX II0Ka3aTelsiX Y KpauHBI
mocTpouTh nporHoszupytomue wmozaenu (I[IM) skcrnoHeHIHanbHOTO
crnaxxuBanus (D3), amrtoperpeccun (AP),), aBroperpeccun co
ckomp3samuM  cpenauM  (APCC), m Momennm ¢ HCIOJIb30BaHHEM
nonuHoMuHanbHOTO MI'YA (IIMI'YA) Ha oOcHOBE JMHEHHBIX H
KBagpaTHUYHBIX  onucanuil. IlpuBeneHsl  pe3ynbraTel W JaH
CpPaBHUTENIbHBIM aHanu3 TouyHOCTH [IM I pa3HBIX COOTHOIICHHH,
obOyuatomet  (NoO)  mpoBepounoir  BeiOOpok  (Nmp).  Otan
NpenBapuTeIbHON  00pa0dOTKM ©  aHamu3a psAjga  COCTOSUT B
BOCCTAaHOBJICHHE OTCYTCTBYIOIIMX 3HAuY€HWH C ToMompbi0 33 cC
pacCUMTAaHHBIM  HaYalbHBIM  TNPHOIMKCHHUEM, HOPMHPOBAHUH |
yHaleHUH TIEpBBIX M BTOPBIX pasHocTed psga. B pesynbrate
HCCIIEIOBAaHUH BapbUPOBAINCH COOTHOLIECHHUS MEXAY o0beMoM NoO u
Nmop  BeiOopok. llpuBeneHpl CTaTHCTHYECKHE  XapaKTEPHCTUKH,
MOJyYCHHBIE JUIS TOCTPOCHHBIX MOJIENICH W pealibHble 3HAYCHUS psijia
(% WIIL) npu nenenun BbeIOOpKM HA NoO m Nop B TakoMm
B3anmooTHomeHnn NoOyu=20 u Nmpos=19 (NuaBu=04/Nnpos=00).
[pu sToM B Mozmenu O3 B KauecTBe HAYAIBHOTO MPUOIMIKEHUS
BBIOpaHO cpenHee 3HaueHue pana 1,095, mapameTp CriaaxuBaHUS
anbpa=0,1 BbIOpaHO MO ceTke 3HAaueHU, B Moaenu nopsanok AP u CC
OpTn BBIOpaHBl 3 coorBercTBeHHO, T.e. APCC(3,3). Kak cimeayer u3
NPUBEACHHBIX  pe3ynbTaroB  mpu  Nobyu=16 u  Nmopos=23
(NuaBu=04/NnpoB=06)  Hawimy4meii 1m0  BceM  HPOTHO3HBIM
XapakTepucTukaMm siBisgeTcss mojenb uderkoro IIMI'YA Ha ocHoBe
KBaApaTHyHBIX 9acTHBIX onucanuit (HO). Moaens getkoro [IMI'YA na
OCHOBE JINHEHHBIX YaCTHBIX OMMCAHUN HAXOJHUTCS Ha APYTOM MECTE.

[lomyueHnHsle pe3ynbTaThl TO3BOJSIOT CHENATh  CJEXyIOIIHe
BBIBOJIBI: C yBENHUYeHHEM o0beMa oOydaromiedl BBIOOPKH 3HAYCHHS
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CTaTUCTUYECKUX XapakTepucTuk R kBaapar u DW s Bcex moneneit
npuOIMKaeTcs K CBOMM HACaNbHBIM 3HAYCHUSM; MO0 CTATHCTHYECKUM
XapakTepUCTUKaM B OOJBIIMHCTBE CIIydaeB Jydlied okasamack [IM
APCC; mo mpOorHO3HBIM XapaKTEPUCTHKaM JJII BCEX COOTHOIICHWH
oOyyaromeil ¥ MpoBEepOYHOH BHIOOPKH MUHHMAJbHBIE 3HAUCHHSA TIO
nokazatesnsMm RMSE nu MARE npu npornozuposannn UIIL u HBBII
JOCTUTAIOTCA [UII MOZENIN YeTKOro MOJMHOMUHaNbHOro MIVA Ha
OCHOBE KBaJpaTHYHBIX YAaCTHBIX omucaHuid. Bo Bcex skcrepuMeHTax
mozenb dyetkoro IIMI'YA ¢ nuneiinbiMu YO 3aHMMaeT BTOPOE MECTO.
Takum 00pazom, NpOBEACHHBINA aHaIU3 MOKa3all, yTo Mozeiau [IMI'YA
Ha OCHOBE JIMHEHHBIX W KBaApaTHUHBIX YO SBISIOTCS HAWITYYIIUMH IO
CPaBHEHHIO C KIJIACCHYECKMMH CTaTUCTHYECKUMHU Meroaamu (AP,
APCC, 23) npu nporHo3upoBaHUN MAaKPOIKOHOMUYECKUX ITOKa3aTelel
(WITL m HBBII) sxoHOMUKH Y KpawWHEI.

HCIOJIb30BAHUE HEMPOHHBIX CETEM JIJIS
HHPOI'HO3UPOBAHUSA HEYETKUX JAHHBIX
HUeoxun E.B., Aky6eii JI.T., Xapuenxko U.HU.
Kuesckuii HamoHalIbHBIN YHUBEpcUTET uMeHu Tapaca [1leBueHKo
ivohin@univ.kiev.ua

TpamuiioHHO 3a7a4a MPOTHO3UPOBAHMS JAaHHBIX, MOJYUYCHHBIX B
pesynbrate HabmoneHud, GopMmynmpyercs ciemyrommmM obpazom [1].
U3BecTeH HEKOTOPBIN HA0OP BXOJHBIX AaHHBIX, OMUCHIBAIOIINX OMpeEe-
JICHHBIE XapaKTEPUCTUKU TUHAMHYECKUX IPOIECCOB, KOTOPHIE CUUTA-
10TCs1 00pa3IoBbIMU. HelipoHHas ceTh 13 MPOU3BOIBHOTO HEUACATBHOTO
CHUTHala, MOIaHHOTO Ha €€ BXOJI, JOJDKHA BBIICIHTH COOTBETCTBYIOIIHN
oOpa3zerl (pu ero HAJIMYUK) WIK JaTh 3aKIFOUEHUE O €ro OTCyTBuU. B
o0IeM cilydae, CUTHaJl OMHUCHIBaeTCs BeKTopoM X = { x;: i=0,...,n-1},
IJie 77 — YUCIIO HEHPOHOB B CETH U Pa3MEPHOCTh BXOJHBIX U BBIXOJHBIX
BekTOpoB. Ecim ceTh pacno3HaeT oOpasen Ha OCHOBaHHUHU MPEIbSBIICH-
HBIX €l TaHHBIX, €€ BBIXOJ COJICPIKUT BEKTOP BBIXOJHBIX 3HAYCHHN CETH
Y, coBmamamImuii C HaWJeHHBIM o0pasmoM. B mpormBHOM ciyudae,
BBIXOJTHOM BEKTOp HE COBIAJICT HU C OJIHUM W3 UMEIOLINXCs 00pa3IoB.

3amaya CyIIECTBEHHO YCJIOXKHSIETCS B Cly4ae NpeICTaBICHU
BXOJIHBIX JIAHHBIX B BHJIE BEKTOpPa 3JIEMEHTOB HEKOTOPOTO HEYETKOrO
MHOECTBA, TIOCTPOCHHOTO Ha OCHOBE COBOKYITHOCTH HaONIOJICHHH B
YCIIOBUSIX HEONPEAETICHHOCTH.
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[pennaraercs WCHONB30BAaTH HEHPOHHYIO ceTh Xomdwiga s
MOMCKa BBIXOAHBIX 3HAYEHMH CETH JUId pa3sHBIX YPOBHEH NpHHaIJIek-
HOCTH HEYETKHX DJIEMEHTOB BXOIHOI'O BEKTOpa M BEKTOPOB-00PA3LOB.
IIpennoxena mnpouenypa arperanyy IOJYYEHHBIX BBIXONOB B BHIE
HEYETKOr0 BEKTOpa, aHAJIU3 3HAUE€HUH KOTOPOro M03BOJISET ONPEACIUTh
TEH/ICHIUIO U3MEHEHMSI JaHHBIX B JAJIbHEHIIIEM.

Paccmorpena 3amada HaOdroneHHs IPU  YCIOBHM HETOYHOCTH
BXOJHBIX JAaHHBIX, NPEICTABIEHHBIX B BHAE Ha0Opa HEYETKHUX
MHOeCTB. [lolydeHbl ycloBUS COBMECTUMOCTH MCXOJHBIX JAHHBIX C
PacCUNTaHHBIM B CETU BBIXOJIOM.

[MpennoxxeHHbIH MOIX0A anpoOUpoBaH MpHu 00padOTKE IKOHOMHUYE-
CKUX JaHHBIX (CTOMMOCTHb Kypca akIMi), MOJyYeHHBIX B pPE3yJibTare
HaOJIIoNEeHNH 32 TMHAMUKON COOTBETCTBYIOLIMX ITOKa3aTeNeH.
JIuteparypa
1. Kpyraos B.B. Heiiponnsie cetn. Teopus u mpaktuka/ B.B.
Kpyrnos, B.B.bopucos. — M: I'opsuas nunus-Tenexom, 2002. — 382 c.

3AJTAYA UAEHTUO®UKAIIMU 1151 HEJIUHEHHOTI'O
HECTAIIMOHAPHOI'O YPABHEHUS INPEJUHI'EPA
IO HABJIIOJIEHUIO HA BCEHM OBJIACTH
A.JI.Wckennepos', I'.51.5ry6os’, H.C.M6parumos’, M.A.Mycaesa'
! JleHKOpaHCKHiT FOCYIapCTBEHHBII YHUBEPCHTET, A3epbaiipkan
*Kagxasckuii yauBepcuter, Typuus
*BaKMHCKHUIi TOCYIapCTBEHHEIH YHUBEPCUTET, A3epbaiiiKaH
! office@lsu.edu.az , * gabilya@mail.ru ,
? natiq_ibrahimov@mail.ru

PaccmoTpym  BONHOBOM 1mpoliecC, B KOTOPOM KOMILUIEKCHAs
aMIUTUTYJ]a BOJHBI OMUCHIBACTCS CIEAYIOLIEH HayalbHO-KpaeBOH 3ana-

4yel I OHOMEPHOI0 HeIUHENHOTro ypaBHeHus lpenunrepa [1]:

0 0 0
i%+a—x[vo(x%j—vl(x)l//k+a1|l//k|21//k=ﬂ(x,t),(x,t)Ekal,Z, (1
v (x0)= ¢, (x)xe(0.0) k=12, @)
w,(0,)=w,(1,t)=0,t€(0,T), (3)
al/IZ(O’t):al/lZ(l’t):()’te(OjT)’ (4)
ox ox
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roe = \/—_1 —wmanMag emuanna, [ >0,7 >0 —3amanHsle uncna,
0<x<1,0<t<T,Q,=(0,)x(0,£),Q=Q,, a,— moboe Bemecr-
BCHHOE 4HUCIO, ¢, (x), I (x, t), k=12— wusmepumble (yHKIUH,
YIOBJICTBOPSIOIIHE YCIOBHAM:

02
?, EWz(O,l),(Dz GWZZ(O,I), d%}fo): d(f;x(l):o’

foew(Q)k=12. (5)

Vo (x ), v ()C) — HCU3BCCTHBIC  BCIHICCTBCHHO3HAYHBIC KOBd)(bHHHCHTLI,

OMNUCHIBAIOIINE HEOAHOPOIHOCTH CPEbl PACIIPOCTPAHECHHUSI BOJIHBL.
Hama 1elb 3aKIII0YaeTCs B ONpEeICIICHU N TPONKHU

{Vo (x), %) (x), W(x,t )} Ha OCHOBE JIOIIOJIHUTEI'bHON UH(POPMAIIUU:
vi(xt)=w, (%) (1) e Q, (©)
TO €CTh 110 HAOJIFOICHHIO 110 Bcei obmactu €.
Bekrop-Qynkuus v = v(x) = (vo (x), v (x)) Oyner HalineHa Ha
MHOXKECTBE!
V= {v =(vy,v, ):v, €W, (0,1),v, € L,(0,1),
dv, (x)

0<b, <v,(x)<b,, <b,0<b, <v(x)<b,¥xe(0,0), ()

- 0
rue bj >0, j=0,4- 3aganHple MONOKUTEIBHBIC YKHCITA, CAMBOI V

O3HAa4YaeT «IpH MOYTH BCEX». OTO MHOXKECTBO OyJeM Ha3bIBaTh
MHO’KECTBOM JIOITyCTHMBIX DIIEMEHTOB.

Omnpexaenexue v = (vo,vl) u3 MHOKecTBa V' nipu ycnoBusx (1)-(4),
(6) sBisieTca oOpatHoii 3anaueit ans ypasaenuii [lpenunrepa Buga (1).
BapuanuonHslii MeTon pemieHus oOpaTtHOW 3afadd 00 ONpeneneHUH
{v(x),w(x,t)} u3 ycnosui (1)-(4), (6) ocHOBBIBaeTCS Ha BapHAIIMOHHOM
MOCTAaHOBKE JTOW 3aJaud, KOTOpas 3aKI04aeTcsi B MWHHMHU3AIUH
¢dyHKIMOHANA:

T W)=l =wsl, o+ alv=e, ®)

Ha MHOXecTBe V' mpu ycnosusix (1)-(4), rne o = 0 —3agaHHOe 9uCio,
H=Ww,(0,0)xL,(0,l), ®=(w,,® )ecH— 3ananusii snement. dry
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3a/ady B JaibHeWmeM OyieM Ha3bIBaTh BapUAIMOHHOW 3afadei WITH
3agaueit upentuduranuu (1)-(4), (8).

B aToli pabote cHauana q0Ka3aHbL:

Teopema 1. ITycts GyHKIHU @, (x), Iy (x,t), k =1,2 ynosnerso-

psror  ycnoBusiMm (5) u @ € H —3anansbiii snement. Tornma 3agaya
unentuukammu (1)-(4), (8) mpu @ >0 umeer X0Tst ObI OJHO PEIICHHE.

Teopema 2. Ilycts BbIMONHEHBl ycnoBua TeopeMbel 1. Torma
CYIIECTBYET IUIOTHOE MoaMmHOXkecTB0 (G mpoctpancTBa [ Takoe,4to
st moboro @€ G u npu o >0 3amaua uaenrudukanun (1)-(4), (8)
HMMEET €AUHCTBEHHOE PEILLICHUE.

Hamee B 3TO# paboTe YCTaHOBIEHO HEOOXOAMMOE YCIOBHE IS
pewmenus 3amaun uneHtudukanuu (1)-(4), (8) B BHIE BapUAMIOHHOTO
HEPaBEHCTBA.

JlutepaTtypa
1. XKypasneB B.M. Henuneiiapie BOTHBI B MHOTOKOMITOHEHTHBIX CHCTEMaX
¢ qucnepcuei u quddysuein. Ynpaaosck: Yal'V, 2001. — 200 c.

Ob UCITOJIb30OBAHUHU TEOPETUKO-BO3MOKHOCTHOI'O
HOAXOJA K 3AJAYE OBPABOTKHN U UHTEPIIPETAIIUN
U3MEPEHMI
Kacesniok B.C.

KueBckuii HanmoHanbHbIN yHUBEpcuTeT UM. Tapaca [lleBueHko
veda.sia@mail.ru

PaGora mocBsAmeHa pa3sBUTHIO MaTEMAaTHYECKHX  METOJOB
00paboTKH, aHanM3a M HMHTEPHpPETallMd KOCBEHHBIX H3MEPEHHUH Mpu
YCIIOBHH, KOT/1a OIIMOKH B AAHHBIX SIBJISIOTCSI HEYETKMMHU BEIHYMHAMM.
PaccmarpuBaercst ciydail, Korjia MoOJIeJb W3MEPEHUN OIKCHIBACTCS
CUCTEMOW JMHEHHBIX HHTEIPAIBHBIX ypaBHeHHH @penronasma I poga
BHJA

y=Gu+v,G=[gt)edt: L,[D]—>C",g(t) = (& ()., (1)

Orienka u3Mepsiemoro curnana - Gyukiuu u(?) € L,[ D] - naxomures ¢

HCIIOJIb30BAaHUEM TEOPETUKO-BO3MOXKHOCTHBIX METOAOB [1] U3 ycmoBus
MUHUMH3AIUH HEOOXOIUMOCTH OMIMOKH; MPH STOM JI TOCTPOSHUS
OLIEHKH MAaKCHMAJIbHOH BO3MOXHOCTH I TPUXOAMM K YCIIOBHIO
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o' (y—Gu)=max @' (y—Gu), rie Q" (x)- GyHKIWS
u
pacrnpesiesieHdss HEYETKOW BEJIMYMHBI V. BBHAY MOHOTOHHOIO

yObiBanust GyHkimu @ (X) monydaem, 4To U CIEAYEeT MCKaTh Kak

peuIeHUEe CUCTEMBbl HHTErpaibHbIX ypaBHeHHM @penroaeMa I poaa
vy =Gu. JlanHas 3amada SIBISETCS HEKOPPEKTHOM M HYXKIAeTcs B

perynspusanui. Jiasg ee pemieHHs INpeAnaraeTcsi  paccMOTPETh
CJIENYIOIYIO 3a/lauy ABYKpUTEpHaNbHON MUHUMHU3anuu 1o Ilaperto

HGu -y H2 — min

u
2 . >
et — min
u

[apaMeTpUYECKOe CEMEHCTBO PEIICHUM KOTOPOM HAa30BEM IApeETO-
HOPMAJIBHBIMU OLICHKaMHU. JIOKa3bIBa€TCs, YTO MCKOMOW OLEHKOH
MaKCHMaJbHOM BO3MOYKHOCTU SBIISIETCSl MapeTO-HOpMallbHas OILCHKa,
COOTBETCTBYIOLIAs 3HAUCHUIO TTapameTpa o = +0 .
JlntepaTtypa

1. IIerreeB HO.IT. Bo3amokHOCTB. DI€eMEHTHI TEOPUH U IPUMEHEHHS. — M.
Omuropuan YPCC, 2000. — 192 c.

ARIMA-LI IPOTHO3 KAYECTBA KPEJAUTHOTI'O
NOPT®EJISI BAHKA
KBacuuii M. H., I'oay6en B. B.
JIbBOBCKUMIT HHCTUTYT OaHKOBCKOTO Jiefia Y HUBepCUTETa OaHKOBCKOTO
nena HanmonanmsHOTO Oanka Ykpaunsl ( T. Kues ), Ykpanna
mkvasniym@lbi.wubn.net

Wmerommuecss HMHCTPYMEHTBI aHallM3a KadecTBa KPEIUTHOTO
nopTdenst KacaroTcsi PETPOCIEKTHBBI, a COBpPEMEHHas (HHAHCOBAs
cpena - HecrabmimpHas. llosTomy ams obecniedueHus >hdekTuBHOCTH
NPUHSTHS PpEIICHUH BO3HUKAET HEOOXOAMMOCTh MEPCHEKTHBHOTO
ananu3a. C 3TOH b0 MPEI0KEHO AJIS OLEHKH KayecTBa KPEAUTHOTO
noprdenst Ha KPAaTKOCPOUYHYIO IIEPCIEKTUBY WHTETPAlMI0 METOAA
ARIMA wu onepexaromux wuHIukaropoB (ARIMA-LI). B pamkax
JAHHOTO WCCIENOBaHMUs JJIsl TPOBEICHHS aHaiu3a HCIOJIb30BaHO
BpEeMEHHOH psix  Ko3(G(GUIMEHTOB YAEIBHOTO Beca MPOOIEMHBIX
KpPEAWTOB, KOTOPHIA PACCUUTHIBAETCS KaK OTHOIICHHE MEXIY CyMMOi
3aJI0JDKEHHOCTH 10 KPEUTaM M CYMMOH IPEJOCTaBICHHBIX KPEIUTOB
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He(pMHAHCOBOMY CEKTOPY JKOHOMHUKH B mepuon sHBapb 2009 - uionb
2011 (Puc. 1).

= o = -y
o x < T
= @ = @
S =1 S 5]
= @ e <
S o = 13
= @ = =1

Puc. 1. lunamuka k03 (puiineHTOB yIEIBHOTO Beca MPOOIEMHBIX
KpeauToB [3]

C mnomompio cratuctuyeckoro makera STATISTICA 8.0
noctpoeHsl Moaenu ARIMA, KOTOpble SBIAIOTCS Ba)KHBIM KJIacCOM
apaMeTpUYECKHX MOJIENEH, ONKUCHIBAIOIINX HECTALlMOHAPHBIE P [1,
c.435]. JlaHHBINA TAKET MO3BOJISET WACHTU(DHUIIMPOBATH MOJIETH, TOECTH,
OTIPENICINTh TMapaMeTpbl P - TOPSIOK aBTOPETPECCUU, ( - TOPSIOK
CKoOJIB3siero cpeanero, d - mopsgok pasHoctH [1, ¢.443]. OcHOBHOM
KpUTepud WACHTUDUKAITUN MOBEJCHUE ABTOKOPPEISIUMOHHON U
YaCTUYHOH aBTOKOPpENSIIMOHHOM ¢yHKkumu. Eciam oHa He uMeer
TEHJCHIMU K 3aTyXaHUIO, TO MOXKHO T'OBOPUTh O HECTALIMOHAPHOCTHU
psana [1, c.444]. PaccMOoTpuUM pUCYHOK 2.

Kaxk BumuM, oHa He UMEET TCHACHIINA K 3aTyXaHHUIO0, TaHHBIA Ps-
HecTanroHapHbId. [TloaToMy HE0OX0AUMO OpaTh Pa3HOCTH psla IO TEX
mmop, ToKa maHHas (YHKOWMS HE CTaHeT cranmuoHapHOW [1, c.445].
IIpoBexst  wTepamuio  B3SATHS ~ PA3HOCTH  JBAXKIBI,  IMOJTydaeM
craunoHapHsii psg npu d = 2 (Puc. 3).
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Autocorrelation Function
KoedpiuieHT_npobnemHmnx
(Standard errors are white-noise estimates)

Lag Corr. S.E. T T T Q p

1 +.892 1712} ; d 127.13 .0000
2 +.773 .1684 | 3 § 148.21 .0000
3  +.655 .1654 | : i 163.87 .0000
4  +.536 .1625 | : . 1 174.75 .0000
5  +.422 .1594 | ' C ] 181.78 .0000
6 +.313 .1563 | ' ) 185.79 .0000
7 +.214 .1532} : - 187.75 .0000
8 +.124 .1499 | : e 188.43 .0000
9  +.034 .1466 | : 1] 188.48 .0000
10 -.034 .1433} ' 1 188.54 .0000
11  -.082 .1398} O 188.89 .0000
12 -.127 1363} L 189.76 .0000
13  -.181 .1326} S 191.63 .0000
14 -.228 .1289 | [ 194.75 .0000
15 -.275 .1251} [ 199.59 .0000
16 -.317 .1211} [ 106.4 .0000
17 -.348 .1170} ] 115.3 .0000
18 -.374 .1127} % 126.3 .0000
19 -.372 .1083} T 138.1 0.000
20 -.362 .1037 } ] 150.3 0.000
21  -.346 .0989 | ] 162.5 0.000
22 -.309 .0938 | ] 173.4 0.000
23  -.261 .0884 | g ] 1182.1 0.000
24 -.226 .0827 | E : 1189.6 0.000

0 . . . 0 ---- Conf. Limit
-1.0 05 0.0 05 1.0

Puc. 2. ABTokoppensaunonHas (GyHKIUS BpeMEHHOTO psizia

Crnemyronum 3TaroM HYKHO ONPEIEITUTh MapaMeTpPhl p | (.
AHanu3upysi TIOBEJICHUE aBTOKOPPEISIMOHHOH W YaCTUYHOH
ABTOKOPPEINSIMOHHON (DYHKIMIA, NPUXOAUM K BBIBOLY, YTO
JIOCTaTOYHO TOYHO JAHHBIM pPsSJ MOXKET OBITh OMUCAaH KJIaCCOM
Mozenen, A Kotopelx p = 2, q = 0. Ilapametp p craructudecku
3HaunMbIii (Puc.4).

C nomomisio mogenn ARIMA (2,2,0) cienaeM nporsos Ha 2
nepuona ( Puc. 5).

Kak Bugno, ucnonp3oBanne Mmojeiledi ARIMA mosBonser
CIPOTHO3UPOBATh  JOBOJBHO OOJBIIOW HWHTEpBAl JOBEpHS.
[TosToMy mJis yTOYHEHHS TPOTHO3a CJEAYET OIPEACNIUTh
TEHJICHIINI0, YTOOBI MO>XHO OBIJIO BBIOPATh TOJIBKO OJIHY YacTh
WHTEpBaja joBepus. s 3TOro mpemsaraeTcsi HCIOJIb30BaTh
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Autocorrelation Function
KoediuieHT_npobnemnux: D(-1); D(-1)
(Standard errors are white-noise estimates)

Lag Corr. S.E. T T T Q p
1 -.326 .1765 1 1 3.42 .0646
2 -.312 1733 [ {1 6.66 .0359
3 +.286 .1701 ¢ 1 9.49 .0234
4 +.035 .1668 I 1 9.53 .0491
5 -.260 .1634 /1 112.07 .0339
6 -.026 .1599 0 112.09 .0599
7  +.143 .1564 ] 112.93 .0740
8 -.073 .1528 ¢ O 113.16 .1066
9 +.174 .1492 — 114.51 .1053
10 -.311 .1454 ¢ | 119.09 .0392
11 +.234 .1415| 1 {21.82 .0259
12 +.169 .1375¢ 1 123.33 .0251
13 -.208 .1334 1] 125.75 .0184
14 -.085 .1292 O 126.19 .0245
15 +.120 .1248 ¢ (I 127.12 .0278
16 +.032 .1203 ¢ : 1] 127.19 .0395
17 -.192 .1155¢ | 129.96 .0267
18  +.140 .1106 i 1 131.57 .0248
19 +.040 .1055 | o0 {31.71 .0338
20 -.021 .1001 } [ | 131.75 0461
21 -.086 .0943 1 I 132.59 .0510
22 +.057 .0882 g 133.01 .0618
23 +.021 .0817 [ | 133.08 .0797
24 -.037 .0746 | 4133.33 .0974
0 H R L o Conf. L
-1.0 -0.5 0.0 0.5 1.0
Puc. 3. ABTokoppensiunonHas GyHkuus npu d = 2
Input: KoedigieHT_npobnemiux (Spreadsheets)
Transformations: 2*D(2)
kAodel: (2,200 MS Residual= 00005
Param. Asympt. | Asympt. | 4] | Lower Ulpper
Faramet. Std. Err. t 25) 95% Conf | 95% Conf
pi{l) [[o357=2a7l 015856857 1.92211| 0.066059 | -0.025545] 0.740139
<] o=y -0. 447504 0.185920 -2, 40751 | 0.023769 | -0.530513 | -0.054594

Puc. 4. Onenka mapamerpoB monenu ARIMA (2,2,0)

Forecasts; Model: (2.2.0) Seasaonal lag: 12 (Spreadsheests)
Input: KoedigieHT_nNpobnemHmnx
Start of origin: 1 End of arigin: 31

Forecast Lowwer Upper Std. Err.
Caselo. S0.0000% | 90. 0000 %
32 [0 1107671 0. 095990 0122543 0008894
33 0101511 0032105 0.114117 | 0.007321

Puc. 5. Tabnuna nporao3HbIx 3HaueHUH s monenun ARIMA (2,2,0)
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METOJl OINEPEKAIINUX HHAUKATOPOB, T.€. IMOKa3aTelnen Jyis
NpeJIcKa3aHus MUKOB U JJHA SKOHOMUYECKUX IUKIOB [2, ¢.132]. B
HAallleM Clly4ae TaKUM HHJAMKATOPOM SIBISIETCS KypC JoJulapa
CIJA x rpuBHe. CrieoBaTeNnbHO, YUYHUTHIBasi €ro JUHAMHKY,
MOXHO C HEKOTOPOW BEpPOATHOCTBIO YyTBEPkKIAaTh, YTO B
KpPaTKOCPOYHOM IEPUOJIE COXPAHUTCS TEHACHIUA K YMEHBIICHHUIO
yAETBHOTO Beca MPOOJIEMHBIX KpeauToB. llosTomMy MOXKHO
YUYUTBIBATh TOJBKO HWKHIOKO YacTh HWHTEPBAJIOB JOBEPHS,
KOTOpple Mbl noiayumnn c¢ nomompso ARIMA  mopenu.
[Ipornosusiii uaTepBan OyaeT coctaBisaTh (0.098990; 0.110767)
JUTsl iepBoro nporuozupyemoro nepuoja u (0.089105; 0.101611)
st BToporo. Takum oOpa3oM, 0OBEIMHHB HECKOJBKO METOJIOB
MIPOTHO3UPOBAHUS, HAM YJAJIOCh TMOJYYHTHh 3HAYUTEIHLHO OoJee
TOYHBIE TMPOTHO3HBIC 3HAYEHUS MO CPABHEHUIO C IPOTHO3AMH,
KOTOpBIEC OBLIU MOTYYSHBI KaXKIBIM METOJIOM OTIEIHHO.
JlutepaTtypa

1. Xanadpssa A.A. CraTucTHYecKUd aHANIM3 JNAaHHBIX. 3-¢ W31, Y4eOHUK—
M.: OOO«bunom— Ilpeccy», 2007.- 512c.

2. Xonnen K., ITin A.A., Tomncon [Ix. JI. ExonoMidne mporHo3yBaHHS :
Beryri— K.: [npopmrexnika — EMII, 1996. — 216c¢.

3. http://www.bank.gov.ua/control/uk/publish/category?cat id=71195.

HEMAHMUITYJIAPYEMbBIA MEXAHW3M BBIBOPA C
CENAPABEJIbHOM NEJEBOM ®YHKIIUEN
N.B.Ko3un
3amopoKCKUil HalTMOHAIBHUN YHUBEPCUTET, Y KpanHa
ains@commint.net

PaCCManI/IBaCTCﬂ 3aavda MPUHATHUA KOOICPATUBHOI'O PCHICHUA

JUISL 1 aTEHTOB HAa MHOXKECTBE JIOIMYCTHMBIX pemennii X < R” . Bynem
MPEIoaraTs, 4To peleHue UIIETCS B KPUTEPHAIBHOM IIPOCTPAHCTBE,
TO €CThb BEJIMYMHA IIOJIE3HOCTH areHTa C HOMEpOM i sBseTcs i-U
KOOpAMHATOW  pemeHus  x =(X,,X,,....X,)€X . Kaxnaplii arenr
npeciuegyeT 1edb  MaKCHMU3UpPOBaTb COOCTBEHHYIO  IOJIE3HOCTb
X, >max . [ng BbIOOpa KOONEPATUBHOIO PEIIEHUS HCIOIb3yeTCs
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neneBass  (pyHKIMS, TOCTPOGHHAas  HAa  OCHOBAaHMHM  BEKTOpPA
x'=(x",x,"...,x,") COOOLLEHUI1 areHTOB:

F(x") =igi(xl. ") = max

i=1

rie g;(x;"), i=1L2,..,n-Bo3pacTaromue (YHKIUU COOTBETCTBYIOIIUX
MepeMEHHBIX, a CaMH MNepeMeHHBIEe X,'- mH(popMamus O 3HAYCHHUSIX
COOCTBEHHOI MOJIE3HOCTH, TIepelaHHAsT COOTBETCTBYIOIIUMHY ar¢éHTaMHU.

Koanmuuum areHTOB 3ampenieHbl, TO €CTh KaXAbld areHT
dbopMupyer cBOe COOOIIEHHME HE3aBUCHUMO OT COOOLIEHHH Jpyrux
areHToB. B TakuX ycnmoBHsIX Ka)Iblil areHT 3aMHTEPECOBAH Iepenarhb
UCKa)XCHHYI0 HMH(OPMAIMIO O 3HAYEHHH CBOEH IOJIE3HOCTH C IIEJBIO
o0ecnevnTh MPUHATHE HanOoJiee BRITOJHOTO IS Ce0s peIIeHHS.

g  xaxkmoro areHTa ompeaenseTcs BeludmHa —mTpada
5,20, i=12,..,n. [Ipuuem mrpad BBHIUUCIHAETCS HA OCHOBE TEX K€

cOOOIICHNI areHTOB M IMpPaBWJIO pacueTa BEJIWYHMHBI ITpada, Kak U
MPaBWJI0O TPHUHATUS KOOMEPATHBHOTO PEIICHUS, W3BECTHO KAKIOMY
areHty. [Ipenmonaraercs, 4To KaXXAbIi areHT MpecieAayeT IeTb MaKCH-
MHU3aldHd COOCTBEHHOW ITOJIG3HOCTH 3a BBIUETOM BEJIUYMHBI InTpada
X; —S; &> max . 3ajadya HalTu Takyro cucTeMmy IITpadoB, KOTOpas HpU
HEKOOTIEPAaTUBHOM TIOBEJACHWH AareHTOB IO3BOJNISIET TapaHTHPOBATh
COOOIIICHHE TPaBANBON MHGOPMAIIMK areHTaMH O CBOEH TOJIC3HOCTH.

[TokazaHo, yTO Takas cucTema ITPa(oB CYIMIECTBYET U MOXKET
OBITH HaliieHa Kak celIoBas TOYKAa WIPhl MHOTHX areHTOB, B KOTOPOH
JOMYCTUMBIE CTPATErWy 3aKII0YalOTCS B COOOLICHHHM HH(POPMALUH O
3HaYeHUH COOCTBEHHOM TOJIE3HOCTH.
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OB YCTOMUYHUBOCTH B CPEJJHEM KBAJIPATUYECKOM B
HEJIOM YIIPABJISIEMBIX CTOXACTHYECKHUX
JUHAMHUYECKHUX CUCTEM CJOYYAUHOU CTPYKTYPBI C
IIYACCOHOBBIMU BOSMYIIIEHUAMHU
Jykamug T.O., Hukutun A.B.

YepHOBHUIIKMI HAITMOHANBHBIN yHUBEpCcUTET NMeHH F0pusa @enpkoBrya

Ha BepositHoctHom Gasuce (Q,F,P,F={F < F,t>0}) [1]

paccMOTpUM ypaBHEHHE BO3MYILEHHOTO ABW)KEHUS, IO KOTOPHIM Oyaem
IIOJPa3yMeBaTh JUHAMUYECKYIO CHUCTEMY CIy4allHOM CTPYKTYpbl C
KOHEUHBIM IOCIIEACUCTBHEM

dx(t) = a(t, E(t), x(t), u)dt + b(t, (), x(£), u)dw(t) +
+ [ e, &), 2, x(0), )7 (dz. d), )

C BHEIIIHUMH MAPKOBCKUMH HEPEKITIOUEHUSIME
Ax(1)_, = x(t,) = x(t,=) = g(t,~ (b, =), x(1, ),

t,eS={t, T,neN}, li_r)zoltn:+oo (2)
Y HAYQJILHBIMH YCIOBUSIMU

St)=yeY,x(t)=x,eR", n, =heH.(3)
3mecy  {&(f),t >0} — MapkoBCKMIl TpolecC CO 3HAYECHHAMH B
METPUYECKOM MpOCTpaHcTBe Y ¢ MepexoaHoi BepostHocTeio P (s, y,t)
[1; (7,,k>0) — wmems MapkoBa €O 3HAYCHUSMH B MCTPHYCCKOM
npoctpaictBe H 3 mepexomHoi BeposTHOCTBIO HAa Kk -OoM miare
P, (h,G)[1]; x() = x(t,®) :[0,0)xQ — R™; w(f) — oxHOMepHBIit
CTaHJapTHEIA BMHEpOB npomuecc; V(dz,dt)— LeHTpoBaHas IyaccOHOBas

mepa; u € U € R” — ympasnenue.
[lycTb  W3MepMMBIE 3@  COBOKYIHOCTBIO  MEPEMEHHBIX

OTOOpaKeHNUS a:R, xY xR"xU —» R",
b:R, xYxR"xU > R", c¢:R, xYxZxR"xU—>R" =u
g:R, xYxHxR" -5 R"™ ynosnersopsitor 1o HOCIeHEMY

apryMenry yciosuio Jlumnmmuia
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|a(t,y,x1 ,u)—a(t,y,x, ,u)|2 + |b(t,y,x1 ,u)—>b(t,y,x, ,u)|2 +
+ “c(t, v,z x,u)—c(t,y,2,x, ,u)ll_[(dz) +
zZ

(4)
2 2
+|g(tay:h>x1)_g(t:yah:x2)| < L|x1 — X, L> O:
npu V¢ >0, yeY, he H,uycnosue
la(t, y,0,u)| + |b(z, ,0,u)| +|g(t, y, h,0)| = ¢ < 0. )

Huckpernbiii  omeparop  Jlsmywosa (v, )(y,h,x)  Ha
[OCIIEI0BATELHOCTH M3MEPUMBIX CKaJISIPHUX yHKIMH
vi(»,h,x):Y xHxR” - R', ke NU{0} mns ypasuerus (1) ¢
IMITyJIbCHBIM JIeHiCTBHEM (2) ONPEENSETCs PABEHCTBOM

W)0hx) = [Pe(vohex)dux dzxdlyy,, (u,z,0) ~ v, (3. h,)
YxHxD

CrpaseninBa TeopeMa.
ITycrs:

D 0<[te, —1,|<A k20, A>0;
2) BeITIONHAETCA ycnoBue Jlunmmuna (4) u yclioBue paBHOMEPHOM

OTPaHUYCHHOCTH (5);
3) cymecTByIOT TocienoBarenbHOCTH (GyHKIME JlamyHOBa

vk(y,h,x) u ak(y,h,x), k>0 takue, MmO B CHIYy CHCTEMEI

cpaeunBo Hepasenctso v, (v,4,x) < —a, (v,h,x) u emomusiorcs
2 2 2 2
HEPaBeHCTBA C, |x| <v, (y,h,x) <c, |x| , Cy |x| <a, (y,h,x) < c4|x|

npu HEKOTOPBIX c,>0,i=14 Ut BCEX

k>0,yeY, xeR",heH.

Torma cunmpHOE pelIeHne CUCTEMBI CiydaitHoU cTpyKTyphI (1)-(3)
ACHMIITOTHYECKH YCTOMYMBO B CPEIHEM KBaAPATHUECKOM B LICIIOM.
JlntepaTtypa
1. Jemkxun E.b. Mapkosckue mporneccsl. — M.: @uzmarrus, 1969. —
859c.
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OIITUMAJIBHOE YIIPABJIEHUE UHBECTHUIIUSsIMU B
IMPOU3BO/JICTBEHHBIE ®OHJBbI, HUHTEJJIEKTYAJBbHBIN
KAIIUTAJL, OXPAHY OKPY)KAIOIHEﬂ CPEBI
Jsmenko U.H., Tagees 10.I1.

KueBckuii HantmoHaNbHBIN yHUBEpcUuTeT uMeHu Tapaca [lleBueHko
lyashenko@univ.kiev.ua,ytadeyev@gmail.com

PaCCManI/IBaeTCH MOJEJIb OTITUMAJIBHOTO YIIPaBJICHUS
T

w= j.u(c(t),p(t))e"s’dt — max,

0

K=(1-a-pB)F(K,L)- K,

L=pF(K,L)-v(L-L,),

p=(e-ry)F(K.L)-pp.

c=aF(K,L),
rie 0<a(t)<L,0<B(1)<L,0<y(t)<L0<a(t)+p(1)+y(t)<1.
3nech u(c, p)—(yHKIUMS MONE3HOCTH, ¢ —TIOTpeGICHHE, p — 3arpsi3He-
Hue, K —mpousBoacTBeHHbIC (GOHIBI, L—Tpyn, L — L,—MHTEIIEKTY-
allbHAs  YacTh TPYIOBEIX pecypcoB, F(K,L)—npou3BoicTBeHHas
¢$byHKUUA, 0 —kod(punmeHt JTMCKOHTHPOBAHUA, M —HOpMa

aMOPTHU3allMd MPOU3BOJACTBEHHBIX ()OHIOB, V — HOpPMa aMOpPTHU3AIHU
WHTEJUIEKTYaIBHOTO  KamuTana, & <1—KodQQHIUeHT 3arps3HeHwus,
7 >1-Ko3QPULUMEHT YMEHBIICHNS 3arPSI3HEHUS TIPH OUHCTKE, () —TEMII
acCUMWIILMK 3arpsisHeHus.B 3amaue peub uuer o0 ONTHMAaIBHOM
BbIOOpE yIpaBIIeHUH a(t),ﬁ(t),}/(t) .

K wuccnemoBaHuio Mojeind TPUMEHEH MPHHIUI MaKCUMyMa
[lontpsaruna. IlocTpoeH TaMWIBTOHHAH, CHCTEMa CONPSLKEHHBIX
i epeHINaIbHBIX YPaBHEHNH IS TBOHCTBEHHBIX IEPEMEHHBIX.

JleTanbHO HCCIIeIOBaHBI TOUYKH PaBHOBECHS, YOBJIETBOPSIOIINE
HEOOXOIUMBIM yCIIOBUSM ONTHUMAJIBHOCTH.
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O PEAJIM3AIIMU 3AJAHHOI'O KAYECTBA ITIPOLHECCA
YIPABJISIEMOM CUCTEMBI B YCJIOBHSIX
HEOIIPEJEJIEHHOCTH
Makcumos B.H.

WucturyT MaremaTtuku u Mmexanuku YpO PAH,
VYpanbckuii penepanbHblil yHUBEpCHUTET, T. EkatepunOypr, Poccust
maksimov@imm.uran.ru

Bosnukaromme B NPUIOKEHUSIX JIUHAMHYECKHE YIIPaBIsieMbIe
CHCTEMBl 4YacTO TMOJBEPKEHBI BO3ACHCTBHIO IEPEMEHHBIX BXOJIOB
(Bo3MyIIeHHIT), 3aKOHBI M3MEHEHUS! KOTOPBIX CIIa00 IMpencKa3yeMbl H
MPaKTUYEeCKH He HaOIrofaeMbl. JTO SIBISIETCS TPUUMHON neduiura
nHpopmanun. B mocnenHee Bpemst qeUINT WHPOPMALUH IO IPHYUHE
OrpaHMYCHHOM CKOPOCTH B KaHajax Mepeiadyn JaHHbIX, AUCKPETU3ALNN
W  KBaHTOBAaHMSA CHTHAIOB  CQOPMHpOBAT  BaXHYIO  OOJIACTh
uccnenopanuii. Teopust ynpaBieHus B YCIOBUSIX HEINOJHOM U
MeHsIonecs MHQOpMalUK TOCBALICHa H3YYEHHIO TaKuUX CIydaes.
Iesnpro 3TOM Teopuu, B YAaCTHOCTH, SIBIISIETCA YAEp)KaHUE CHUCTEMBI B
MPEIIUCAaHHOM JIalla30He JOMYCTHMBIX TPAGKTOPUA TMpU JHOOBIX
BO3MYULICHUSX HEU3BECTHHIX BXOJ0B. OIHUM M3 TUIHYHBIX IPUMEPOB
3aJa4y yKa3aHHOM TEOpHUH SIBIISIETCA 3a/la4a peaan3aluy IPeAnuCcaHHOro
JBIDKEHHS, CYTh KOTOPOH COCTOMT B MOCTPOCHHU AITOPUTMOB
¢opMHpOBaHMsI ~ 3aKOHOB  YIPAaBJICHUS  HEKOTOPOH  CHUCTEMOW,
o0ecTeurBalOIMX 3aJaHHOE KayecTBO YIPABIIEMOr0 JHHAMHYECKOTO
mporecca. B curyanmsx, korma cucremMa HeE SBISIETCS HOJIHOCTBIO
HaOJrOIaeMOH, KITIOYEBOUM IIar B CO3JaHUM JKEJIAEMBIX KOHTPOJJICPOB
— 3TO OHJIAWH-PEKOHCTPYKUHUS HEHAOII0aeMbIX KOMIOHEHT (a30BOro
BekTopa W/miau BxoaoB [1]. Tunmunas 3amada, o KOTOPOH HIET Pedb B
HACTOSIIIIEM COOOIICHUH, XapaKTepu3yercsi IByMsi ocoOeHHOCTAMU. Bo-
MEPBBIX, MBI [IOJIAraeM, YTO COCTOSIHUSI CHCTEMBI (BCE MM UX YacCTh)
u3MepsoTcess HeTouHo. [loaToMy TouHOe pelieHne 3a1a4u HEBO3MOXKHO,
BCJIEJICTBHE YET0 MBI JIOITyCKaeM NpUOIIIKEHHOE pelieHre. Bo-BTophIx,
MBI TpeOyeM, 4TOObI yIpaBiIeHus, HEOOXOJUMBbIE IJIsl pEIICHUs TOYHOM
U TpUOIMKEHHOW 3afiay YNpaBJICHUS, «Majo» OTiauyanuch. s Toro
9TOOBl  3TOTO  JOOUTHCS, MBI HCIIONB3YeM  CTaOMIN3HPYIOIIee
yIOpaBiICHHEe C OOPaTHOW CBS3bI0, MCIIOJIB3YIOUICE CIJIAKUBAIOLIUI
¢ysakunonan. Ilpu 3ToM MBI omuMpaeMcsi Ha TEXHHKY JHHAMHYECKOTO
obpamenus. [locimenHsit  ocHOBaHa  Ha  COYETAaHMHM  METOAA
IKCTPEMAIILHOTO C/IBUTA M3 TEOPUH TO3UIHOHHBIX TU(PPEepeHIINATBLHBIX
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WTP ¥ METOOB PEryJIApH3alfH U3 TEOPUN HEKOPPEKTHBIX 3a/au (THUIa
METO/a CTIIaKUBAIOLIETO ()YHKIIMOHANA MITH METOJIa HEBSI3KH).

B kadectBe oOOBeKTa HCCIEIOBAaHWHA, Ha IpHMEPEe KOTOPOTro
pealln30BaHa ONMCAaHHAs BBIINIE MACOJIOTHS, B3STa JUHAMHUYECKas
MOJI€Jb, CBSI3BIBAIONIAS OCHOBHBIE SKOHOMUYECKHE M SKOJIOTMYECKHE
MoKasarenu, npemiokeHHas B MoHorpaduu [2]. Eciu oT guckpeTHoi
TUHAMWAYECKON CHCTEMBI, IIpeajlaracMoi aBTOPOM MOHOTpaduu,
MIEPEUTH K «HETPEPHIBHOW», TO MOJENb OyJIET OMUCHIBATHCS CUCTEMOM
HEJIMHEWHBIX ~ OOBIKHOBEHHBIX  JU(QQEepeHUUATbHBIX  YpaBHEHHUH
YETBEPTOTO MOPSAIKA!

T(t)y = T@)+c,T(t)+c, 10g2(1+A;['T((§)j+c3O(t), t€[0,9],
7 = c(T-T), €]
M) = E@1-u@)=6,M @),

K@) = -6.K(@)+I(1).

3nech O(f)— BIUAHHE BHENIHUX MAPHUKOBBIX Ta30B, (f)—
CHIDKEHHE SMHUCCHH TI0 OTHOIIEHHWIO K HEKOHTPOIUPYEMOW SMHUCCHH,
M, (t)— wu30bITOK Macchl NApHUKOBBIX Ta30B B aTMocgepe 10
CPaBHEHHIO C JOWHAYCTpHUAIBHBIM TepuomoMm; 1(f)— cpemHas

TeMIIepaTypa Ha 1oBepxHoct 3emiy; 7(f) — cpenHss TeMieparypa B
riyouHe okeaHa; [(f) — rnoOanbHble WHBecTunuu; K (f)— 3amac

KanmuTajga. Poib ympaBnsiomuxX MapaMeTpoB, 3aKOHBI (POPMHUPOBAHHS
KOTOPBIX CIIeyeT OCTPOUTD, UrpatoT GyHKuuu u(t) u I1(t).

PaboTa BbITIONIHEHA TIPH MOAJCPIKKE MPOTPAMMBI TPUOPHUTETHHIX
uccnenosanui Ilpesunuyma PAH «IlepcniekTuBBI CKOOPAMHUPOBAH-
HOTO COIIMAJIbHO-OKOHOMHMYECKOT0 pa3BuTus Poccum u VYkpauHbsl B
001I1eeBPOIIECKOM KOHTEKCTE, TIpoekT 12-11-1-1038.

Jluteparypa

I. OcunoB 1O.C., Kpsxumckuii A.B., MakcumoB B.M. Mertoabl
JUHAMHUYCCKOI'O BOCCTAaHOBJICHUA BXOJ10B YHpaBIAEMbIX CHCTEM.
Exarepun0ypr, 2011.

2. Nordhaus W.D. Managing the Global Commons. The Economics of
Climate Change. MIT Press, 1994.
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Ob OIITUMAJIBHOM YIIPABJIEHUU IMTOTOKAMMU B
CETSAX DPJAHI A
Men3zaros JLIII., Jleoenen E.A.
KueBckuii HaumoHanbHbIN yHUBEpcUTET uMeHH Tapaca [lleBueHKO
leb@unicyb.kiev.ua

[Ipu paboTe COTOBBIX CETEH CBA3M YacTO BO3HHKACT 3ajaya
yHOpaBieHus OOUIMM IMTOTOKOM BBI3OBOB. B CBSI3M ¢ 3THM paccMOTpUM
JBE  COCEIHUE  COTHl, (DYHKIMOHUPOBAaHHWE KOTOPBIX  OyJlem

MOJICIUPOBATh CUCTEMAaMH JpJiaHra Sl u Sz. Yepes n,, 4;,
i=1,2, Gynem 0603HAUaTH YMCIIO KAHAJOB CBA3M M MHTEHCHBHOCTH

00CITy)XKMBaHUs BBI30BOB B I - ol cucreme. Ha cucremsl Sl,Sz
MOCTyIaeT oOummMid peKyppeHTHBIH TOTOK BbIZ0BOB  ([1], ctp. 134),
F(t) - ¢ynkums pacupeneneHus wWHTepBaza BPEMEHH MESKILY
MOMEHTaMHU TIIOCTYIIJICHUS! BBI30BOB. B MOMEHT mnpuxona BBI3OB C
BEPOATHOCTBIO  (J;  HamlpaBseTcs Ha OOCIy)KMBaHHE B IEPBYIO
CHCTEMY U C BEPOATHOCTbIO ¢, =1—¢g, - Bo BTOpylo cucremy. Ecin

BCE€ KaHAJIBI CBSI3U B CHCTEME 3aHSTHI, TO BHI3OB TEPSAETCSL.

Ha npaktuke Hammume o0mero motoka OOYCIOBIECHO TEM, YTO
30HBI OOCTYXHBaHHS COCEIHUX COT IiepeceKaroTcs. AOOHCHTHI WH3
MepeceYeHns U TEHEPUPYIOT BBI30BBI OOIIETO MOTOKA.

O6osnaunm uwepes  S(f), i=1,2 - uucio BHI30BOB,
06CiIy’KMBaHHE KOTOPBIX 3aBEPIIMIOCH B [ - Oif cucTeme 3a Bpems [ .

Ecnu cymecTByoT npegenst  11m o b 'ES l.(t ), T0 Gyaem 0603HaYATH

ux wepes m;, [=1,2. Ouesunno, m,, i=1,2 szaBucar or

mapaverpos: ¢ =(q,,q,), F@), n,u, i=1L2. B
nanbHeiimem Gynem cumrats, uto  F(f), n,, I, 3aaHbl, a BHIOOP
BEKTOpPA ( HAXOJMTCS B HALIEM DPAaclopshKeHMH. Takum 06pasom
m =m/(q), i=1,2.

AHaJIOrM4HO, ecnu CYILLECTBYOT npe/esl
lim,_ ¢ cov(S,(¢),S;(¢)), 1o Gynem oGosHauaTh HX Hepes
Vy=Vi(q). i=12.
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Ilepeiinem K MOCTaHOBKE ONTUMHU3ALMOHHBIX 3a]1a4.
ycts  C ;s i=1,2 - npubeus OT OBCTYKHBAHHS OJHOTO

BBI30BA B I - Ol cucteMe. Toraa BaKHOE 3HAYEHUE UMEET CIEMYIOMIast
3ajaya:
Cim,(q) + C,m,(q) —> max, @)

9,+9, =1, ¢q,,9,20. )

Pemenue ¢ Y= (ql* ,q;) samaun (1), (2) mpexncraBusieT coboil Takoe

YHpaBJICHUEC O6HII/IM BXOAHBIM IIOTOKOM, KOTOPOC€ MAaKCUMH3HUPYET
CPEAHIOI0 PUOBLIB.

OueBuHO, YTO ZCZ.V;J.(CI)C , ABISCTCS BEIMMMHOMN pHCKA.

YuuTeIBas 3T0, Mbl IPUXOJUM K ONTUMHU3ALMOHHON 3a/laue BUIA

2
> CV,(q)C, - min (3)
i,j=1
Cm(q)+Cym,(q)=M,, 4)
q,+9,=1, ¢q,.,q9,20. %)

IIpuopurernocts 3amau (1) - (2), (3) - (5) 3aBucCHT OT UenH
VOpaBJICHUA CHCTEMaMH Sl’Sz' [lomoOHBIE TIOCTAHOBKH IS

MHOTOKAaHAJIBHBIX CTOXaCTHYECKMX CeTed uccieaoBamuch B [2]. B
TpeayIaracMoi paboTe penieHrue ONTHMHU3AIIMOHHBIX 33/1a4 OCHOBAHO Ha
3¢ (eKTHBHEIX aiTopuTMaX pacdera ¢pyHKIMOHANOB 11,(q), V(@)

i,j=1,2. Cnyuaii myaccOHOBCKOTO BXOHOTO MOTOKA H3yYeH B

pabore [3].
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MUHMMHU3AIMUs pUcKa 11 ceredd Opnanra //  BectHuk Kuesckoro
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Ob OJJHOM NOAXOJAE K HAXOXIEHHWUIO TEMIIA
HAYYHO-TEXHHUYECKOT O ITPOI'PECCA
Hasapara .M.

KueBckuii HaumoHanbHbIN yHUBEpcUTET uMeHH Tapaca [lleBueHKO
inna_na@ukr.net

B nmoxmanme paccMOTpeHBI MPOOJIEMBbI HAXOXKACHUS TEMIA DHIIO-
TeHHOTO HAayYHO-TEXHHUYECKOTO mporpecca [1-5], a Takxke mpemioxeH
MIOAXOMA K €ro HaXOXKICHUI0, Oa3upyIIUICS Ha UCIIOIH30BAHUH MaTeMa-
TUYECKON MOJENN SKOHOMHUYECKUX IpoleccoB [6]. Moaens sBhsieTcs
pazButueM Moxaenu "Ameda" [7], B KOTOpOH  ydUHUTHIBAETCS
B3aUMOJICHiCTBUE (PAKTOPOB COBOKYITHOTO CIIPOCA M COBOKYITHOTO
MPEIUIOKCHUST C DHAOTCHHBIM HAaXOXJACHUEM YPOBHS HHQIIALUY.
[IpuHuunuanbHBIM ~ MOPEANONOKEHUEM A  HAaXOXICHUS  TEMIIa
SHIOTE€HHOr0 Hay4YHO-TEXHHUYECKOI'O MPOrpecca €CTh MPEANONIOKEHUE O
U3MEHSIEMOCTH €T0 BO BpPEMEHM, a TaKXkKe TO, UYTO IIPOrpecc Io
SKOHOMHUYECKOM CYTU SBISETCA «IOTOKOBBIM» IIOKa3aTeleM, a He
[I0KAa3aTelIeM «3araca.

BrramnciieHHbIi IpeIoKeHHBIM 00pa3oM TEMI HayJIHO-TEXHUIEC-
KOT'0 TIpOrpecca MOXKHO MCIOIb30BaTh JJIsl IPOTHO3UPOBAHUS 3HAUYCHUH
OCHOBHBIX MaKPOSKOHOMUYECKUX MOKAa3aTeNeH B YCIOBUAX NEPEXOIHOM
SKOHOMUKH.

Jluteparypa
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B.C. lonuenko, .M. Hazapara // Bicamk KHY im. Tapaca IlleBueHnka.
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IPOTHO3HBIE OIIEHKH PEINIEHUI HAYAJIBHO-
KPAEBBIX 3AIAY JIJI1 YPABHEHUI ITAPABOJIMYECKOI'O
THUIIA B YCJIOBUAX HEOIIPEJEJIEHHOCTH
A.T. HakoHe4HbIH
KueBckuii HarmoHanbHbIN yHUBEpcUTeT nMeHH Tapaca llleBuenko
a.nakonechniy@gmail.com

[ycte Q - orpannyenHas o6aacTh B mpocTpancTBe R” ¢ KycouHo
rnajgkoit rpanuneit I'. B uwmuape Dy = Qx (¢4,,T) dysxums ¢@(x,t)

SIBJISIETCS CIIa0BIM PCIICHUEM YPaBHCHUSA

0
L¢=a—f—A¢=f(x,t) (1)
C HAYAJIbHBIMU U KpaeBLIMI/I yCJIOBI/ISIMI/I BHUIa
¢(xat0) = ﬁ)(x)a ¢|FT = 0 (2)

[Ipennonaraercs, uro ¢yukuun f(x,t), fo(x) uHTErpHpyeMmMsIe €
KBaJpaToM B  COOTBETCTBYIOIMX 0Omactsx. IIpu  HEKOTOPHIX
HemsBecTHbIX QyHkimsix  f(x,?), f,(x) 3amaercst Bekrop Yy u3

risbeproBoro npocrpanctea H  Buma y=Ce+ f,, tne C -
JIMHEHHBIA HEIPEPBIBHBIN OIlEpaTop, ONPENEICHHBIM B MPOCTPAHCTBE
L,(Dy,), Ty <T, f, - neussectHblil BekTop. IlycTh Takke M3BECTHO,

uto Bektop (fy, f;,f>) mpuHamIexkur Hekoropoit obmactu G, a depes
G,(f) 06o3HaYMM MHOXKECTBO BH/a

G,(f)=1{fos ) : (fo /1,y — Cp) € G},

Omnpenenenne. HazoBeM MHOXXECTBO pPEUICHWH Ha4dalbHO KpPaeBOM
sagaun (1), (2), mis xortopoit (yHkumm f,, f; HpuHaIITEKAT

MHOKECTBY Gy( f) MHOXECTBOM TPOTHO3HBIX OIEHOK (YHKIHH

o(T,x).
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I/ICCHEI[yeMBIe 3agadu  COCTOAT B KOHCTPYKTUBHOM OIIMCaHHUU
MHOXECCTBA Gy ( f ) , a TakKiKX€¢ B OINpPCACICHUNU OITUMAJIbHBIX B
HCEKOTOPOM CMBICJIC IIPOTHO3HLIX OLICHOK.

HSy‘IaIOTCH TAKXXC BOIIPOCHI O MTOCTPOCHHUUN JIMHCHHBIX MPOTrHO3HBIX
OIICHOK, Korjaa q)YHKHI/II/I ﬁ),fi - CJIy‘IElﬁHBIG C HCU3BCCTHBIMHU

CPEeTHUMH U KOPPEISIIUOHHBIMHA (DYHKITUSIMHU.

TF'APAHTUPOBAHHBIE OIIEHKW HHTEHCUBHOCTH
HNCTOYHHUKOB B 3AJJAYAX IIEPEHOCA U IN®DY3UN
Hakoneunslii A.T'., lemunenxo C.B.

KueBckuii HanmoHanbHbIN yHUBEpcUTET uMeHU Tapaca [1leBueHKO
s.demidenko@gmail.com

[TycTh 3amana nocnenoBaTeabHOCTh GyHKUME y,(¢), k=1, N Buga
V(@)= (g, (1) +n,(1),0<t<T, k:L_N, (D

e p(t)=@(t,x), x € R" - pemieHue 3aaa4u

99 _ Lo+ g(0)f ().

ot
(0, X)=(/)(T x), 2
L a v +0o
v= ,jzl”a ox, jz'ax v
Marpuua  A4=(a;), i,j=1l,n - IONOKUTENBHO ONpE/CIICHa,

j=1,n, o - HeKOTOpBIC YKCIa, (g, 0(1)= ng (xX)p(t,x)dx,
R/l
n,(f) - peanu3alMu HENPEPBHIBHBIX B CPEAHEM KBaAPaTHYECKOM
MPOIECCOB € HyneBLIM CpeJHUM M  MaTpuled  Koppensuun
R(t,5) = (r;(t,5)), i, j =L, 1(t,8) = En,(0)17,(s).

OneHkd GYHKUIUH f (t) UIIYyTCS B BUJE

A N T
FO=3 [,y (e +e, 3)

k=1 ¢
rae GyHkuun u, () UHTErpUpyemsle ¢ kBaaparoM Ha unrepsaiue (0,7 ),
€ - HEKOTOpasi KOHCTAHTA.
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[Ipeamonaraercs, uro HeusBecTHass GyHKOMA f(f) TPUHAAICKHUT
MHOXecTBy G mpoctpaHctBa L,(0,7), a KOppessnuoHHAs (QyHKIHS
R(,s) - Taxke HEM3BECTHA M IPHHAAJICKUT MHOXKECTBY V.

~

I'apanTupoBanHast oueHka f(¢) MILETCS U3 YCIOBHA
2

T 2 T N
min sup j E (f -7 (t)) dt =séuij[f -/ (t)j dt. (4)
; F Y FY
Hab6mronenns (1) 3anmichIBalOTCS B BHIIE
nO= [2AWp,AdA+n,0), 5)
e

rae yHkiws ¢(f,4) eCTh penieHne ypaBHEeHHs

9 P+ gD

ot
9(0,1)=9(T,4). (6)
P(A)= Zakjﬂ,kitj +0—i2vk/1k , Ine
k,j=1 k=1

g.()=Q2nr) > jgk(x) expi(A,x)dx.

Hanee uccnenyercs 3agada oueHku GpyHkuuu f(¢) A ypaBHEHUS

(6) mpu maOmomenusix (5). Ilpm HexoTopeix MHOXecTBax G u F
MPEIAratoTCsl KOHCTPYKTUBHBIE TADAHTUPOBAHHBIE OLICHKH.
JlutepaTtypa
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OB YCTOMYABOCTU HA KOHEYHOM UHTEPBAJIE
BPEMEHMU PEHNIEHUM CTOXACTHYECKHX
JTUO®DEPEHIIUAJIBHBIX YPABHEHU.
Haxoneunsrii A.I'., lllymapun 10.B.

KueBckuii HarmoHanbHbIM yHUBepcuTeT nMeHH Tapaca llleBuenko
nakonechniy@unicyb.kiev.ua

Ilycte x(t)eR" €CTh peuieHue CTOXaCTUYECKOTO
g depeHInaTBEHOTO YpaBHEHHUS

dx(t) = f(x(2),t)dt + o (x(2),t)dw(t) , x(t,) =x,, (1)
rae w(t)€ R" — craHAapTHBIA BHHEPOBCKHI TIPOIIECC, BEKTOPHAs
byukims [, u MaTpudHas QYHKIHMS G — TAKOBBI, YTO CYIIECTBYET
eMHCTBeHHOE petenue ypasuenus (1), npuuem f(0,7) =0, o(0,¢)=0.

ITycts Takke f,6 Takue QYHKIUH, YTO BBIIIOIHEHO yCIOBUE

f(x,t)=A(x,t), o(ix,t)=Ac(x,t) mpu A>0.

G, —cemeiicTBO MHOKeCTB M3 R", ut0 G, <G, mnpu A, <2,.

Hccnenyercss 3aada O HaXOKACHHHM MHOXKECTBa HAYaIbHBIX
YCJIOBUI TaKUX, 4TO IIPHU BCeX X, € G, BBIIOJIHAIOTCS HEPABEHCTBA!

Pk(xo):].Efk(x(t),t)dt—i—Ed)k (x(1),1)<1, k=1,N, )

rne  f,(x,t), ®,(x,t) — HenmpepbIBHbIE (YHKIMU IO COBOKYIHOCTH

NEPEMCHHBIX TaKWX, YTO CYMCCTBYIOT COOTBETCTBYIOIIUC CpPCIAHHC
3HAYCHU U OJI1 BCEX A BEITIOJIHSIIOTCS YCJ10BUsA

2r
Jix,0) = L7 D, (x,1),
2r
@, (Ax) =17 D, (x)
[TokazaHo, 4T0 UMEET MECTO TeOpeMa.
Teopema. [lnis1 TOro 4ToOBI BBIMOIHSIOCHE HEPABEHCTBO (2) Ipu
BceX X, € G, , HEOOXOIUMO M JOCTATOYHO, YTOOBI A YIOBIETBOPSIO

1/2r

COOTHOIIIEHHUIO A <{maxmaxV, (x,.t,); , roe  GyHKUOuS
1<k<N xyeG

V,(x,t) — pelieHre ypaBHEHUS ¢ YaCTUYHBIMU IIPOU3BOAHBIMU BUA

68_1/; =V (x,0), f(x,0)) + %SPG(XJ)GT (O (x,0)+ f,(x,0),
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V.(x,T)=®,(x,T), V/— rpaguent byHkumu, V,'— Matpuia BTOPBIX
MPOU3BOIHBIX.

JlutepaTtypa

1. Hakoneunsrit O.I'. K ycToWumBOCTH Ha KOHEYHOM HHTEpBAJE PEUICHUIN
croxactudyeckux ypaBHeHuit / O.'. Hakoneunsii, A.M. Mepenos //
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CXEMA INIOJIHOI'O YCPEJHEHUSI JTUHAMHWYECKHUX
CUCTEM HA BPEMEHHBIX IIKAJIAX
A.IIL Orynenko', O.]1. Kuumapenko®
Opecckuil HalMOHANBHBIN yHUBepcuTeT MeHu M.11. MeununkoBa
! ogulenko.a.p@onu.edu.ua, *olga.kichmarenko@gmail.com

B pabote npencrapneHo 000CHOBaHUE METO/A YCPEIHEHHS JUIS
CHCTEM ypaBHEHHI Ha BPEMEHHBIX LIKaJlaX, KOTOPbIE MOAETHPYIOT IPO-
LIECCHI, MPOUCXOANINE TO B HEIIPEPHIBHOM, TO B JHCKPETHOM PEXKHME.
Teopusi nTMHAMUYECKUX ypaBHCHWH Ha BPEMEHHBIX INKANaX aKTUBHO
pa3BuBaeTcsi B IOCJIEAHEE JECATHIETHE, OCHOBOIOJATAIOIIUMHU
sIBISTIOTCS paboTel Bohner M., Peterson A. [1, 2].

Ilycte T - BpeMeHHas HIKaja — HEMyCTOE 3aMKHYTO€ MOJAMHO-
xectBou3 R, t €T -Bpems, & >0 - mansiii mapamerp. J{iist cucrembl

x? ng(t,x) (1)

x(ty) =%y
rme xeR", X (t,x) - n-MepHas BeKTOp-QYHKIHSA, HAMHU JOKa3aHa BO3-
MO>KHOCTb IIPUMEHEHHUSI CXEMBI IOJIHOTO YCPEIHEHUS NPH €CTECTBEH-
HBIX YCJIOBHSX, TAPaHTUPYIOMINX CYIIECTOBAHNUE pPemIeHHs nCXoaHoH (1)
U ycpeaeHHOHW (2) cucreM, a Takke MPU PABHOMEPHON CXOAMMOCTH
OTHOCHTENBHO X Tipenena (3) u, ecau moTpedoBarh, YTOOBI CYIIECTBO-
BAJIO TaKoOe 3HAYEHUE 4 >0 QYHKUUMHM «3EPHUCTOCTH» BPEMEHHOM

INKAJIBL 4(¢), 9TO 1T IEOOOTO ¢ € T MO0 4(t)=0, MO0 1) > ;-

%CA :g)?(rf) ) I . \
{{:(IO):XQ ( ) X(x)_%g:};;t”)((t’x)dt ( )

AHaJNOrM4YHbIEe PE3yNBTaThl ISl HEMPEPHIBHOTO M AMCKPETHOIO
BpPEMEHU IIOJYyYEHbl [aBHO M Xopomo wu3yueHsl [3, 4], B [5]
MIPE/ICTaBICHbI OIEHKH OJM30CTH PEUICHHH MCXOMHOM M YCpEeTHEHHOM
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CHUCTEM IMpHU CJIOXKHO MPOBEPSIEMBIX OrPAHUYECHUSAX Ha IMPaBYIO 4YaCTh
YPAaBHEHUH U IIpU OTPAHUYEHUSAX HA CBOMCTBA BPEMEHHOM IIIKAJIbIL.
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AHAJIM3 YYBCTBUTEJBbHOCTH PEHIEHUI
3AJAY TETEPOAUDPY3UNU IPUMECHOI'O BEHIECTBA
OTHOCUTEJBbHO U3MEHEHUI TAPAMETPOB CPE/IbI
Casyaa 1., lllep6ara I'., IlepoaTbiii M.

JIbBOBCKMI HallMOHAIBHBIN YHUBEPCUTET HUMeHU VBana PpaHKo
savula@lnu.edu.ua, shcherbatyy@gmail.com,
shhelenka@gmail.com

BcenenctBue 3arpsi3HeHUsT TOYBBI PAaJUOHYKIHWIAMHU, BPEIHBIMU
XUMHYECKUMHU BEIIECTBAMH M WX MEPEHECEHUS MOI3EMHBIMU BOJAMH,
AKTyaJIbHbIMU SABJIAIOTCSA HpO6HeMLI KOMIIBIOTEPHOT'O MOJCIIMPOBAHUA
mporeccoB  AudQy3unm W MaccomepeHoca MpuUMeceld B TIOYBeE.
Ilepenecenue MIPUMECHOTO BeIlleCTBa B HEOTHOPOIHOM
MHOTOKOMITOHEHTHOU cpene (rerepomudysus) B paboTe MOIETUPYETCs
CUCTEMOH ypaBHEHMH mapabonuyeckoro tuma. [Ipu wucciaenoBaHUH
mporeccoB  rerepoauddy3ud CyIIECTBEHHBIMU SIBIISTIOTCS.  BOIPOCHI
aHanmm3a 4YyBCTBUTENbHOCTH (AY) - ompeneneHwe BIMSHHUS MAalbIX
M3MEHEHUl  TmapaMeTpoB  Tporecca  (Ha4aabHOTO  COCTOSIHUS,
BHYTPEHHUX U BHEIIHMX MapaMeTpOB) HA IUHAMUKY IPOIECCa U €ro
xapaktepuctuku. llomyuennple B pesymbrate AU  KodhUITHEHTHI
YYBCTBHUTEIHHOCTH (TIOJIHBIE TIPOU3BOIHBIE HEKOTOPOH XapaKTEPUCTHKHI
Ipolecca OTHOCUTENILHO BBIOPAHHOIO MapaMerpa) MpPeJOCTaBISIOT
BOXHYI0O HWHQOPMAIMIO O BIMSHWUU BBHIOPAHHOTO IapaMerpa Ha
IUHAMUKY — mpomecca. JlamHas  wmHbOpMamms — yKasplBaeT — Ha
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HEOOXOMUMOCTh  3aJlaHusl  (M3MEpEHHUs) TapamMeTpoB  PeajbHOrOo
mpolecca ¢ ONpeAeeHHON TOYHOCTBIO C LIETbI0 MPOrHO3UPOBAHUS €ro
MTOBEICHUS c TpeOyemoi TOYHOCTBIO. Koaddummentst
YyBCTBUTEIBHOCTH SIBIIIIOTCS HEOOXOAMMON COCTaBILIIOIIEH IpH
pemeHny o0paTHBIX 3ajad, 3a/1a4 HACHTU(PHUKAINN apaMeTpoB, 3a1au
ONTHMU3ALIUY.

B panHO#l pabGoTe aHamMM3WpyeTCsi UyBCTBUTEIHHOCTh PEIICHUIH
3agau rereponuddy3ud MPUMECHOTO BeENIeCTBA B OJHOMEPHBIX H
JBYMEpHBIX TeJlaX OTHOCUTENbHO W3MEHEHWH NapaMeTpoB Cpeabl.
C ucnosib30BaHUEM TOIYJIUCKPETHBIX anmpokcuManuii [ManépkuHa u
MeToja KOHEYHBIX 3JIEMEHTOB HavaJbHO-KpaeBas 3amavya
rerepoauddy3un cBoAUTCS K 3amade Komm s cucTeMbl OOBIK-
HOBEHHBIX UG epeHINANBHBIX YPABHEHHH OTHOCHUTENIBHO Y3JIOBBIX
3HAQYEHWH  KOHLEHTpauuid  npumecu.  IlomydeHsl  ypaBHeHuUs
YyBCTBHUTEIBHOCTH B TU(PepeHINAILHON, BAPUALIIOHHON U KOHEYHO-
JJIEMEHTHOH mocTaHOBKax. IIpuBemeHBl pe3ysbTaThl YHCIEHHBIX
SKCIIEPUMEHTOB Ui 3aJad  aHajW3a  YyBCTBUTENBHOCTH U
HWACHTH(QHUKALMN TTapaMeTpoB Il mporecca rerepoauddy3un B cioe
nouBsl. [IpoaHann3upoBaHO BIMSHUE MajblX M3MEHEHHH NapaMeTpoB
MOJIEJIM Ha paclpeesieHne KOHIIEHTPAIlUil IPUMECHOTO BEIECTBA.

MEXPEI'MOHAJIbBHOE BLIPABHUBAHUE B CUCTEME
MEXBIO/UKETHBIX TPAHC®EPTOB YKPAUHBI
Cemenos B.B.

WuctuTyT nemorpaduu ¥ CONUANBHBIX UCCIET0BAHUN HMEHH
M.B. IItyxu HAH Vkpaunst
semenovsr@meta.ua

[MpenmonoxxeHne OTHOCHTENBHO BBIPABHHUBAIOIIETO XapakTepa
CHCTEMBl MEXOIOPKETHBIX TpaHC()EpPTOB MPOBEPSETCS C IOMOILBIO
IIOCTPOCHUSI W OIIEHWBAaHWS MOJIENH, YCTaHABIMBAIOIIEW 3aBHCHMOCTD
Mexay oObemMoMm  TpaHchepra M goxogamMu  (OFOIKETHBIMH
MOCTYIUIGHUSIMA) PETHOHOB Ha denoBeka. [Ipu 3ToM ucmonbzyem
MOHATHE TPOTPECCHBHOCTH, KOTOPOE ONpEAEISIETCS aHAJIOTHYHO
MPOTPECCUBHOCTH HANOTOBOM cUcTeMbl. CHcTemMa MEKOHIKETHBIX
TpaHC(EpPTOB SIBISIETCS TPOTPECCHBHOM, ecin 3(QQeKTHBHAs CTaBKa
TpaHcdepTa, T.e., OTHOIIEHHE oOBeMa TpaHCepTa Ha 4YeIOBEKa K
MTOKA3aTeI0, KOTOPHIA BBHIPABHHUBAETCS (COOCTBEHHBIE TOCTYIUICHHUS B
PETHOHANGHBIN OOJKET, BAJIOBOM PETMOHANBHBIM MPOAYKT H T.II.)
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YMEHBIIIAETCS C POCTOM 3TOTO TOKazaTels. JTO TaKKe O3HAYaeT, YTo
npefenbHas CTaBka TpaHC(epTa MEHbLIE CPeIHEH, WM, B TEepMHHAX
3NaCTHYHOCTH, 3JIACTUYHOCTH TpaHc(epTa Mo PerHoHATBHBIM 10X0JaM
JNODKHa OBITh MEHbLIE eAWHUIBI. B paboTe MOMydyeHbl OLEHKU
peaucTpuOyTUBHOM CHOCOOHOCTH CHUCTEMBI MEXKOH0IKETHBIX
TpaHC(epTOB YKpauHbl OTHOCHTEIBHO BBIPABHUBAHUS HMEIOLIMXCS
pecypcoB peruoHoB. VccnenoBaHbl epepacnpeaeanuTenbHble CBOUCTBA
CHUCTEMBI MEXOIO/KETHBIX TpaHC(epTOB YKpauHBI 3a mepuoy 1999-
2010 roma. IlomyuyeHHble pe3ynbTaThl CBUIETENBCTBYIOT O TOM, YTO B
1999-2005 rogax nmpaBUTENbCTBO B OOJIBIICH MEpe OPUEHTUPOBAIIOCH Ha
BBbIICJICHHE OOIIEIE/IeBbIX 0e3yCIIOBHBIX TpaHToB. B mepuoa 2006-2009
TOAOB  BIHMSHUE  TPAHTOB COOMHAHCUPOBAHUSI  CTAHOBHUTCS
JOMHUHHPYIOIIMM,  OOpa3oBbIBas  MOJOXKUTEIbHBIE  CTUMYJBl K
YBEJIHNYEHHUIO COOCTBEHHBIX HAJIOTOBBIX MTOCTYIUICHUH PETHOHOB.
AHanmu3 pe3yJIbTaToOB MCCIEAOBAHHS MTO3BOIMI OICHUTH BIUSIHHE
COOCTBEHHBIX PECYPCOB PETMOHOB M MEXOIOMKETHBIX TpaHc(epToB Ha
00BeMBI U CTaOMIIEHOCTH (bHAHCHPOBAHMS o0Opa3oBaHHUs,
3I[PaBOOXPAHEHUS U COIMATBHOM 3alUTHI @ TaKkKe CHOPMYIIOBATE PSiJT
OpeNIOKeHUH  AJsl  HMCIONB30BaHUS  NPEHMYINECTB  CHUCTEMBI
MEXOIOIKETHBIX TpaHC()EPTOB M YCHIICHHS €€ BIHMSIHUS Ha pPa3BUTHE
COLMAITLHON HHPPACTPYKTYPHI 32 CUET JJOXOJ0B MECTHBIX OIOJKETOB.

PEIIEHUE OGPATHOM 3AJIAYM ITIEPEHOCA
3ATPS3HEHUM PEYHBIM TIOTOKOM
Creasn O.B., Creas H.O.
oleg.stelya@gmail.com

PaccmatpuBaercss oOpatHas 3agaya s HECTAlHOHAPHOTO
ypaBHEHUS aaBeKUMH-AA((y3UH, OMUCHIBAIOIIETO IPOLECC IepeHoca
KOHCEPBAaTUBHBIX 3arpsi3HEHUN pPYCIOBBIM INOTOKOM. KOHBEKTHBHBIN
WIEH YpaBHEHUS COJEPKUT PACXOJHYIO XapaKTepUCTHKY pycia,
KoTopast ompefensercs u3 cucreMbl ypaBHeHHi CeH-BeHana.
HaOmonenust 3a KOHIEHTpaIMied 3arps3HEHHN OCYIIECTBIAECTCS Ha
rpanune oOjacTh HIKE 10 TedeHuio. B 3amaue HeoOxoanmo
YCTaHOBUTH 00BEM COpPOCOB B PEKy, NPH KOTOPOM KOHIIEHTPALHS
3arpsi3HEHUH B MecTe HabOaroneHus He OyIeT MpeBbIIATh OIYCTHMOM
BEJIMYMHBL. 3ajaya CBOJUTCS K MUHHMMHU3AIMH (YHKIWOHANA, JUIS
HaX0XJEHUS MHMHHMyMa KOTOPOTO HCIONB3YETCS METOJA IPOEKIIUU
rpaguenTa. J{ns pemenns ypapHeHuil CeH-Benana ncnone3yercs cxema
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Ilpeiicmana. JIuHeapu3alusi HEIMHEWHOW CHUCTEMBI Pa3HOCTHBIX
ypaBHEHMH ocyuiecTBisierca MerogoMm Hetorona. IlonydenHas B
pe3yabpTaTe CUCTeMa JIMHEWHBIX YPaBHEHUH Ha Ka)KJIOM IIare MeTojaa
HploToHa pemraercss wuTepallMOHHBIM MeTojoM. HaiineHnHas B
pe3yibTaTe  MOJCIMpPOBAHUS  IUCKpETHas  QYHKIMS  pacxoja
WCTIONB3yeTCA IS pemieHust oOpaTHOW 3amauu. Jlns HaxXoXIeHUsS
KOMITOHEHTOB TpajiieHTa (YHKIMOHANIA HCIIONB3YETCs COMpPsDKEHHAs
3amavya JUid ypaBHEHHS anBekuuu-nuddysun. Pemenwe mnpsimMond u
COTIPSDKEHHOM 3a/1auM OCYIIECTBISIETCS ¢ IOMOIIBIO Pa3HOCTHOW CXEMBI,
OCHOBaHHOW Ha mapabonmyeckoM crulaiiHe. B cooTBercTBHH ¢
MIPUBEIEHHBIM AITOPUTMOM DPa3padOTaHO MpOrpaMMHOE OOecrieueHHe.
PaccmaTtpuBaemas 3amaua uMMeeT MNPUKIAIHYIO HaIlpPaBIEHHOCTbh U
MOJXKeT OBITh UCIOJB30BaHA JJIs CO3/IaHUs rpaduKa IIaHOBBIX COPOCOB
3arpsi3HEHHBIX CTOKOB B peKH. Pe3yibTaThl YHCIEHHBIX pacyeToB
CBUJICTEIILCTBYIOT O BBICOKOW BBIYUCIHUTENBHOW 3(h(EeKTHBHOCTH
pa3pabOTaHHBIX  ajlrOPUTMOB ¥  NPOTPAMMHOTO  oOecredeHwusl.
JanpHeWmM  pa3BUTHEM  pabOTBI  MOXKET  OBITH  CO3IaHWe
MIPOTPaMMHOTO ~ KOMIUIEKCA €  yAOOHBIM  TIOJH30BATEIBCKUM
uHTEpPEicoM.

Ob OCHOBHBIX NOAXOJAX K MOJAEJIMPOBAHHUIO
MEJIUAITIOKA3ATEJIEN
Tapacosa O.B.
KueBckuii HanmoHanbHbIN yHUBepcuTeT MeHH Tapaca IlleB4yenko,
Ykpauna
olga_ta@bigmir.net

PerynsipHoe cOLMOJIOTHYECKOE HCCIENOBAaHUE HU3MEPEHHsS Tele-
BU3MOHHOU ayJUTOPUU SBIAECTCA UCTOYHUKOM €IUHOU TEeIEBU3MOHHOU
«BaJIOTBI» - TEJIEBU3UOHHBIX PEUTUHIOB. JlJIsI pa3iIUYHBIXMEIUNHBIX
3aja4, B TOM YHUCIe, Ul 3aJa4yll MEeHaIUIaHUPOBaHUsl, BOSHUKAET HEOO-
XOJIUMOCTh B MOJICTTUPOBAHUU MTOBEICHUS TEIEBU3MOHHON ay AUTOPHH, a
COOTBETCTBEHHO M TEJIEBU3MOHHOTO  pEUTHHra €  LENbI0
nporao3uposanus [1,2].

B noxnane paccMOTpeHbI OCHOBHBIE MOJXObI K MOJEIUPOBAHUIO
(hyHKIIME pedTHHra TENEeBU3NOHHON ayIUTOPHHA C TENBI0 IPOTHO3H-
pomanus [2,3,4]. Ilpemnoxeno ucnons3oBanne RTF-mpeobpazoBanmii
[5,6] g KOHCTPYHPOBAHUS MPOTHO3HBIX CPEJICTB PEIICHUsT MEIUNHBIX
3a/1a4, B TOM 4YHUCIIE, 3a]a4l MeIUAIJIAHUPOBAHHUS.
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OBOBHIEHUE METOJA CTPYKTYPHO-AJI®GABUTHOI'O
IHOUCKA
Tumogeepa H.K.
Me:xryHapOIHBIA HAyYHO-Y4UEOHBIH HEHTP HHPOPMAITMOHHBIX
texHosoruit u cucteM HAH u MOH VYkpaunst
tymnad@gmail.com

W3BecTHRIMH YHUBCPCAJIbHBIMU METOAaMU peuicHue 3aga4
KOMOWHATOPHOW ONTUMH3AaLWU Pa3IMYHBIX KIJIACCOB TpedyeT uis
KOKIOTO W3 HHUX pPa3padOTKH [OMOJIHUTENLHBIX MPaBHI, KOTOPHIE
OTIMYAIOTCA MeEXIy COOOW. YHHBEpPCANbHBI METOA CTPYKTYpHO-
a()aBUTHOTO TIOMCKA OCHOBaH Ha PAaCNO3HABaHHH CTPYKTYPBI BXOJHBIX
JAaHHBIX W OMNPEACICHHOM  YHOPSANOYCHHH  KOMOHMHATOPHBIX
KoH(UTrypannii. B HeM MCTIOMB30BaH M3BECTHBIN pa3pelInMbIi CITydai,
3a/IaHHBIA JByMsl CHCTEeMaMH mepecTaHoBOK (a) u (b), Ha KOTOPBIX

BBelleHa IleneBas (DYyHKIUS Zab. Jns aTuX cucTeM OompeaeneHb

NEPECTAHOBKH, IJId KOTOPBIX Zdb MNPUHUMACT HauOOJbIICe WU

HauMeHbIllee 3Ha4YeHUs. ECIIM 3JIeMEHTBI MEPEeCTaHOBKU M3 CUCTEMBI
(@) ynopsmodeHbl OT OOJBIIEro 3JIEMEHTa K MeHblieMy, a u3 (b)
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YIOPSIAOYEHBI OT MEHBILETO IEMEHTa K 00NbIIeMY, TO 3HAYCHUE Zab

ABJISICTCA rI00aILHBEIM MHUHHUMYMOM. Ecmu 3JICMCHTBI oboux
NEPECTAHOBOK YIOPAAOYCHBI OT MCHBLIICTO JJICMEHTA K 6OHI)IHCMy, TO

3HAYEHHUE Zab SIBJIIETCS TII00ATBHBIM MaKCHMYMOM.

Jns pasauyHBIX KIAcCOB 3aJa4 KOMOMHATOPHOW ONTHMH3AaLUU
OTIMYAOTCS KaK NMpaBWIa HAXOXKACHHSA ONTHUMAIIBHOTO PEIICHHS 3THM
METOAOM TakK M paspemnMmblii ciydail. [lo cmocoOy BbIUMCIIEHUS
LesieBo (yHKIMH BBIACIHM CTAallMOHApHBIE W TUHAMUYECKHE 3aIaqH.
JUid  cranmoHapHBIX 33ad  HAa MHOXKECTBE IIEPECTAHOBOK U
MOJMHOKECTBE ~ M30MOP(MHBIX ~ KOMOWHATOPHBIX  KOH(UTyparuii
CIIPABEJIUBBI OTOBOPEHHBIN BBIIIE paspemuMblii ciydail. Ho s
pPa3HBIX KJIAacCcOB 33Jay HAXOXKIACHHE ITHM METOJOM ONTHMAIbHOTO
pemrenust TpeOyeT pa3pabOTKN OTAENBHBIX MpaBwil. i THHAMHYECKHUX
3aja4d B Ipolecce MX PEIIeHHs TeHepUpPYeTCsl TeKymas WHPOpMaIus,
M3MEHAIOLIAsACS B 3aBHCUMOCTH OT aprymenrta. [loaTomy BXOAHBIE
JAaHHBIE 3aal0TCA OJHOW KOHEYHOM IMOCIENOBAaTENBHOCTBIO, KOTOpas
sBJsIeTCsl (DYHKIMEeH KOMOWHATOpHOW KOH(UTYpaluu, a pa3perrnMbli
cilyyail, Uil KOTOPOTO aHAJUTHYECKH BBIUMCIISIOTCS TI00ANbHBIC
MUHUMYM U MakCUMYM, OTJINYAe€TCA OT OMMCAHHOTO BHIIIIE.

MMNHHNUMAKCHOE OHEHNBAHUE B I'NIIEPBOJINYECKHUX
YPABHEHMUSAX C PA3PBIBHBIMU KOO®OPUILIMEHTAMMA
TP HENTOJIHBIX HABJIOJAEHUAX
JI.B. Yyxpaii, B.€. Uyxpaii
JIbBOBCKMI1 HALIMOHAJIBHBIN arpapHblil YHUBEPCUTET, Y KpauHa
l.chukhrai@gmail.com

B Q, ={(x,1):0<x<1,<t<t,} PacCCMOTPUM THIEPOOIIECKYIO

KpaeBYyIO 3a/1auy
Op(x.t) _ 8 ago(x f)

at)——>— e (k( V=) +b(x)p(x,1) + B(x,1) f (x,1) €]
C Kpa€BbIMH yCHOBI/ISIMI/I
¢(07t):()7t€(t1’t3)9 (o(hal):()a[e(ll’t}) (2)
1 HadaJIbHBIMU YCJIOBUSAMUA
P(x,4,) = o (x),0'(x,1,) = w, (x),x € (0,1),, 3)

rae f(x,1) € Ly(,), f,(x) € L, (0,1), w, (x) € L,(0,1), B(x,1) € C(L)),
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k(x)e C'(0,1),b(x)e C(0,1), mnpuuem IJa>0,c>0 Takoe, dTO
k(x)=2oa>0,k(x)<cnourn Besne Ha (0,1), a xodpdunment a(t)
YIOBIETBOPSET YCIOBHE
a,t <t<s,
a(t)=40,t=t,, “)
a,t, <t<t,
rae a,(t) e L,(t,,s),t, <s<t,,a,(t) e L,(t,,t;),a,(t) > 0,a,(t) > 0.
[Ipennonaraercsi, 4To HAOMIOJACTCS peAU3alUs CIy4ailHOTO
npouecca y = (y,(¢), y,(¢)) c runsbeproBo mpocrpanctsa H B Buze

1

yu ()= J‘hm(x)@(xat)dx"'771k(t)at1 <t<s,k=LN,
0

()

1
() = [ by (s (x,t)dx + 175, (0,1, <t <13,k =1, N,
0

rae @(x,t)= (@ (x,1),0,(x),@,(x,t)) - 0000IICHHbIE PEIIECHUS CUCTEMBI
ypasuenuit (1)-(4), h, (x) e L,(0,1),i=13 , n,,(¢),1;,(¢t) - BoIOOpOUHBIE

3HAYECHUS CITy4aitHBIX MIPOIIECCOB, KOTOpBIE IIONIaPHO
HEKOPPEIUPOBaHbI, C HYJIEBBIMU MaTEMaTHYECKUMH OXKUAAHUSIMH

Mn, (t) = Mn,, (t)=0,Mn}. () <oo,Mn; (t) <. Bymem cuurtarh, 4TO
Jo(X),w,(x), f(x), n,,(t),n,,(f) He ompeneneHHbIE TOYHO, a M3BECTHO,
YTO OHU NPHUHAIICIKAT MHOKECTBY

[ @) ¢ @dx+ [ (W ()¢ (x)dx + I [ 17 (x.00g] (x,pyxdr +

J.fz2 ()5 (x)dx + jfff (x,8)q; (x,t)dxdt <1.

Halineno  MUHHMakcHyl0 OIEHKYy (QyHKnuoHama /(@)

1

() = j [5G0, (e )dxedt +[ 1, () p, () +[ [ L (x, ), (vt 32

40 50
HETOJHBIMU HAOMIOJCHUSIMHA (5) MO COCTOSHUIO CHUCTEMBI, KOTOPOE
OIIHCHIBAeTCS CUCTeMOI ypaBHeHNH (1)-(4) B cremyromniem Bue
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10)= [, (0, (0 + [,(0)y, (0t = 1(9)

IIpH 3TOM HNOT'PCITHOCTE OLCHUBAHUA PaBHACTCA

o =sup M[l(g) ~ i) =1(p),

a u(t) = ([ 7 () () p, (x, ), [ 15 (£) iy () p (x, 1)),

Oynkuus  p(x,/) OMHO3HAYHO OMPEIENAeTCS KaK pelleHue

CHCTEMBI HHTETPATbHO-THUPPepeHINATBHBIX YPaBHEHUH.
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CTATUCTHYECKASA OBPABOTKA PE3YJIbTATOB
TECTUPOBAHHUA TPOTPAMMOM INDEX
Ilapanos M.M., O6pyu TaTbsana , Mapenen Ouaecs
KueBckuii HarmoHaNbHbIN yHUBEpCcUTET nMeHH Tapaca llleBuenko
sharapov@unicyb.kiev.ua

B KueBckoM HanMoHaTbHOM YyHHMBEpcUTETE HMEHH Tapaca
[leBuenko Ha dakyiapTeTe KUOCpHETHUKH Kadeapod MpHUKIagHON
CTAaTUCTUKH pa3paboTaHa oOHJIAHH mporpamma Index mpoBepku
MPaKTHYECKUX 3HAHWWA CTYACHTOB 10 TEOPUH BEPOSTHOCTEH U
MaT€MaTUYECKOM CTATHCTHKE. YHUKAJIBHOCTb 3TOH  IIPOrpaMMbl
3aKIl04aeTcss B TOM, 4YTO, BO-NEPBBIX, OHAa IPEAYyCMAaTPUBAET
BO3MOXKHOCTH HCTIOJIB30BaHMA 337]ad ¥ BOIPOCOB IIHPOKOTO CIIEKTpa (C
(UKCHpOBaHHBIM OTBETOM, C BHIOOpDOM BapuaHTa OTBETa, C
HCTIOJIb30BaHUEM B KaueCTBE OTBETA yKcia, QYHKIMU ACHCTBUTEIBHOTO
apryMeHTa, JIOTHYIECKOM ¢byHKIHH, BepOATBHOTO OTBETA,
MTOIMHOKECTBA J€HCTBUTEIBHBIX YHCEN); BO-BTOPBIX, I KaXKIOTO
UCTBITYEMOTO 3aJadyd MOTYT OTJIMYaTbcs B TOW WM MHOH Mepe (OT
[IOJTHOM MIOEHTUYHOCTH, O U3MEHEHUs YUCICHHBIX MM KaueCTBEHHBIX
COCTaBJISIIOIINX YCJIOBHA); B-TPETbUX, B TPEHUPOBOUYHOM PEKHME
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MOJKHO MPOUTH TECTHPOBaHUE O€3 PEerucTpaliy; B-4eTBEPTHIX, BEACTCS
CTaTHCTUKAa YYAaCTHUKOB IIPpOEKTa Ha HECKOJbKUX YPOBHAX (OT
OOIIEAOCTYTHOTO, O HHIMBHIYATbHOW CTATHCTUKA W CTATUCTHKH,
JOCTYITHON TONBKO MPENOJAaBATENI0); B-IIATHIX, IpPOrpamMma JIEerKo
MOKET ObITh MOAM(HUIMPOBAHA JIJIsl UCTIONB30BAHUS B IPYTHX yUeOHBIX
JUCITUTUTAHAX.

CaMbBIM HMHTEPECHBIM C HAy4YHO-TIEJArOTHYECKOW TOYKH 3PEHUS
SABIISACTCS KOpperIHHOHHBIﬁ aHaJin3, HOSBOH’IIOIHPII;'I BBISIBUTH CBA3b
MEXIy BECOM KaXJOW 3aJaud, KOTOpBI 3apaHee OIpeaeIseTCs
MpernoaBareneM, U KOJTHUECTBOM HEBEPHBIX MOMBITOK PEIICHUS 3a1a4n
UCIIBITYEMBIMHU. Pe3yHLTaTBI aHaJin3a IMPUMEHUMBI KaK IJId KOPPEKIHUU
BECOB 3ajiay, TaK U JJISl KOPPEKIUH COOTBETCTBYIOIIUX TEOPETUUECKUX
pa3nernoB, MPenoaaBacMbIX CTYACHTaM.

B HacTosmmit MomeHT mporpamma Index pyHKIMOHHPYET U TOCTyITHA
B HHTepHeTe 1o ajapecy http://databa.com.ua/sharapov/ukr/index

PEAJIMBALIUS OTHOINEHUSA ITPEAITIOYTEHUS
B YCJIOBUAX HEONIPEJAEJEHHOCTH
lapanos Muxaua MuxaiisioBuy, [lapxomen Aprém IMurpueBuy
KueBckuii HarmoHanbHbIM yHUBepcuTeT nMeHH Tapaca llleBuenko
parhomets_art@mail.ru

3ajaua MPOTHO3MPOBAHMS BBIMIPHILNIA OJHOTO M3 JBYX HIPOKOB
COINIACHO pe3ylbTaTaM MIP MEXAYy HHUMU U JAPYTUMH HIPOKaMU
BO3HMKAeT JIOBOJBHO dYacTo. [IpocTedimmmu npuMepaMu MOTYT
CIIY’)KUTh CIIOPTHUBHBIC COPEBHOBAHHS. BBIMIPHINI B TAaKHX CHUTYaIHsX
nuMeeT OOBEKTUBHO CIIy4aifHyl0 HNPHPOJY, @ COOTBETCTBYIOIIHME 3a/1auH
HE MMEIOT €MHOrO PEIICHHs, MOCKOJIbKY TOYHO HEHM3BECTEH CII0CO0
KOJIMYECTBEHHOTO  IPEACTABICHUS ~ OTHOIICHMS  NPENOYTCHHS.
IToaTOMy  BO3HHMKAIOT  BONPOCHI O  TIOCTPOCHHH  Pa3lUYHBIX
MaTEMATUUYCCKUX MOHCHCﬁ, HUCCICA0BaHNA CBA3UM MCXKIAY HUMHU U HUX
0000uieHnss, 4YTro OyAeT JOMOJHUTEIBHBIM CBHJICTEIBCTBOM HUX
aJIeKBaTHOCTH.

B nmanHOW paboTe aHaJIM3UPYIOTCS JBa IOIXOJa K 3ajade
HAXOXKJCHUS BEPOATHOCTH pPEATU3AlUU OTHOIICHUS MPEANOYTECHHS
Mexay oObekTaMu A U B ¢ M3BECTHBIMH BEPOSITHOCTSIMHU peau3aluu
OTHOLICHUA MNPCANOYTCHUA MCEXKAY HHMU W JPYyTruM 0O0BEKTOM.
[IpoBoautcst 0000IIEHHE OIHOTO U3 MOJX0A0B Ha 0OJIbIIEe KOIUIECTBO
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00BEKTOB, a UMEHHO Ha CIydYail, B KOTOPOM OHHU O0Opa3yroT IeNb, H
cllydaii, B KOTOpOM OHHU 00pa3yloT AepeBo.

[lpuBogutcs aHamu3 o0oOmenuii. B wacTHOCTH, 0000IICHUE
OCTAalOTCSl CIPAaBEAJIUBBIMA TIpU 3aMeHe (QYHKIMH KOJINYECTBEHHOU
OLIEHKM OTHOIIEHHS NpPEANOYTeHHs Ha JApPYTryl0 HeyOBIBAIOLIYIO
¢$yHKUUIO.
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YCJIOBUA CXOANMOCTHU AIBYXITAPAMETPUHYECKOI'O
METO/IA THITA XOPJI JIJIsSI PEHIEHUS HEJTMHEHHBIX
YPABHEHUI C YYETOM NOTI'PEIIHOCTEN OKPYI'JIEHUIA
laxuo C.M., SIpmoaa I'.I1.

JIpBOBCKMI HALIMOHAIBHBIA yHUBEpCUTET UMeHH VBana dpaHko
s_shakhno@franko.lviv.ua

IlycTp 3anaHO HETMHENHOE YpaBHEHUE
F(x)=0, €]
rae F — HENpephIBHBIN ONEpaTop, ONPEACICHHBIA Ha BBITYKIOM
MHOXeCTBe [) 0aHaXoOBOTO TPOCTpaHCTBA X CO 3HAYECHUSIMH B
O6anaxoBoM mpocTtpaHctBe Y. Jus pemenus (1) paccmorpum
WTEPallMOHHBIM METOJ THNAa XOpX C JBYyMs JCHCTBUTEIbHBIMHU
napameTpami [1]

-1

Xn+l = Xn _[F(unavn)] F(x,), nz0, (2)
e u, =x, +0,(x,_1—x,), v, =x, +B,(x,_1 —x,), o, <[0;1],
B, el-L1]; F (u,v) — pasuencHHas Pa3HOCTb IEPBOTO IOpPsAKa

omepatopa [’ 3a ToukamMH U M V, X_j,X) — 3aJlaHHbIC HaYalbHbIC
TIPUOIIKEHUS.

YactHbIMHU cltydasmu mpouecca (2) npu o, =0, B, =1 sBuasrorcs
metox xopx [2], npu o, =0, B, =0 — knaccuueckuii metox HetoToHa,
opu o, =1, B, =-1 — meron Kypuarosa u npu o, =0, B, €[0;1] -
meTtoA Tuma xopA [3].

B nanHOM noknaze MCCIEAYIOTCS YCIOBHSI CXOAMMOCTH Ipolecca
(2) ¢ ydeToM MmorpenrHoCcTe OKPYTIACHHHI B €T0 IOTHAS IOTPEITHOCTD.
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