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KA®EJIPI CACTEMHOI'O AHAJII3Y
TA TEOPIi IPUMHATTS PIIIEHD 20 POKIB

Kacdenpa cucremHoro anamizy Ta Teopii npuiHATTS pimeHs (1o 1998 p. —
kagenpa Teopii aBTOMaTH30BaHUX CHUCTEM) 3acHoBaHa B 1988 poui 3 iHiniaTuBU
Ta MIATPUMKH AUpeKTopa [HcTuTyTy KibepHeTukH iM. B.M.I'mymkoBa akagemika
B.C.MuxaneBuua 3 METOIO LIUILOBOI MATOTOBKH CIIEL1ATICTIB.

Kadenpa 3nmilicHioe  minroroBky — OakanmaBpiB  3a  mpodeciiiHuM
CHpsIMyBaHHSM "CHCTEMHHUH aHaNi3 Ta Teopis NPUHHATTS pilleHs" 1 Ha Lill OCHOBI
TOTy€e CIHELialicTiB Ta MaricTpiB Ha AeHHIH ¢opmi HaByaHHS. BumyckHukn
kKaenpu NpamoTh MPOBITHAMH CHemiallicTaMu Ta (axiBIfIMH B HayKOBHX
nentpax HAH VYkpainu, B ramy3eBuX IHCTUTYTaXx Ta IIIMPHEMCTBAX,
aHANITHYHAX TeHTpax, ¢ipMax Ta OaHKax B SKOCTI PO3POOHHKIB MaTEeMAaTHUIHHX
MoOJIeNield Ta alrOpUTMIB, CIIEHIaTiCTiB 3 Teopii MPUIHATTS PillleHb Ta ONTHUMI3aIlil
CHCTEM, CHCTEMHUX AaHAJITHKIB Ta CHCTEMHUX IHTErpaTopiB, MEHEIXepiB Ta
KOHCYJIbTAHTIB IO PO3p0o0IIi Ta BIIPOBAKEHHIO iHQOPMAaLliHHUX TEXHOJIOTIH.

Ha meii wac Ha kadenpi mpairoe KOJeKTHB 3 9 BHUKIaIadviB: 3aBigyBad
kadenpu, mpodecop, mokTop ¢i3.-mar. Hayk Hakoneunuit O.I'., mpodecopu
Axkimenko B.B. i Jlonuenko B.C., momentu bommapuyk FO.B., Jomenko I.0.,
3aropomuiii }0.B., 3impko IIL.M., IBoxim €.B., Mamenko C.O., a Takox
BHCOKOKBaTi(hikOBaHI (paxiBIli, JOCBIMUCHI ITEarory Ta BimoMi BUeHi 3 [HCTUTYTY
kibepuetnkn iM.B.M.I'mymkxoBa HAH VYkpainu, inctutyty KocMmiuamx



nmociimkeas HAH Ykpainu, ski copMyBaiy MIITHAN HAYKOBUN Ta IeIaroriTHIH
ocepelioK, Jie OXOdYe CIEeIialli3yloThCsl CTYIEHTH Ta acmipantd. Jlo ckmamy
kadenpy BXOOUIM HAYKOBUH CEKTOp MAaTeMaTHYHOTO 3a0e3leueHHS Ta
naboparopist [HTeNeKTyanbHUX BUPIIIYIOUAX CUCTEM.

3 6 BepecHs 2007 p. CEKTOpP MaTEeMAaTUYHOTO 3a0e3MeueHHs OYB BUALUICHHIM
y OKpemuil HayKoBO-HoCHigHUK cektop «[IpobieM cucTeMHOTO aHamizy»
(maykoBuit kepiBHuk npodecop Hakoneunuit O.I.). Ha TemepimiHiii MOMEHT y
CEKTOpi mpamioe 9 CcHiBpoOITHUKIB, cepell SKHX 2 JHOKTopa ¢i3.-MaT. Hayk,
MPOBITHUI HayKOBUH criBpoOiTHHK, npodecop Ilommnenko FO.K. i crapmuit
HAYKOBHH cIiBpoOiTHUK, Tpodecop Boiinexiscrkuii C.0., 4 kanaugatu ¢i3.-mar.
Hayk: 3aBigyBau cekropy Kamyctsn O.A., HaykoBuii ciiBpoOiTHHK [laBmroueHko
O.J., momonmi HaykoBi cmiBpoOiTHukH XKyk C.J., Bomomyx C.J. Takox
npamioloTh: npoBigHuil imxenep Kopodko T.B., imxenepu 1 kateropii, mo
npoBoAsaTe HTP JloceBa M.B., Jlemuaenko C.B.

Kpamii Bumyckauku kadeapu MpoAOBXKYIOTh HABYaHHS B acCIipaHTypi Ta
JOKTOpPaHTYpi, HAaBYAIOThCS 3a KOpIoHOM. Ha xadenpi xoxeH pik HaBUAETHCS 10
JICCSITH acIlipaHTiB, Ta OJIMH JOKTOPAHT. 3a JABAJALATH POKIB Kadeapa miAroTyBaia
nonay 10 mokTopiB Hayk, 40 kannuaariB Hayk i 300 cremianicTis.

3 1997 no 1999p, Ha kadenpi BUKOHyBaBcs Y KpaiHChKO-AMEPHKAHCHKHIA
npoekt "IIpoGnemu ineHTudikamii Ta KepyBaHHA B YMOBAaX HEBHU3HA4€HOCTI"
cymicHo 3 HMenbcbkuM yHiBepcuTeToM (KepiBHHKH Tpodecopu Hakoneunwuit O.1.
ta Poman Kym).

B 1998 acomiamieto AFCEA Europe Tta dakynsTeToM KiOepHETHKH
KuiBcpkoro yHiBepcurery im. Tapaca IlleBuenka OyB opranizoBaHUi
MixHaponuuii ceminap-BuctaBka-AFCEA Europe Seminar and Exposition "The
Information Technology Contribution of a Safe Regional Environment" (cekpetap
MPOTPAMHOTO KOMITETY CeMiHapy - MOIeHT B.A.3acmaBchKuif).

3 2001 poky pa3om 3 kadempamu TOCIIIKEHHS OIEparliii Ta MpUKIaTHOL
CTaTUCTUKU TPOBOIUTHCA IMopidHa MixHapomgHa koHdepentis "Prediction and
Decision Making under Uncertainties"( PDMU), roioBa mporpaMHOTO KOMITETY -
npodecop Hakoneunwmii O.I'.

Kadenpa wmae m©HaykoBi 3B's3kM 3 IHCTHUTYTOM KIOEpPHETHKH, iM.
B.M.I'mymkxoBa HAH VYxkpainn, O6uncmroBanibanM 1ieHTpoM PAH, IHCTHTYTOM
mpobiem ympaBuinHs PAH, bBinopycbkuM  Jep)KaBHHM — YHIBEpCHTETOM,
Incrurytom wmaremarnkn AH Binopycii, MOCKOBCHKHM YHIBEPCUTETOM iM.
M.B.JlomoHocoBa,  BiiicbkoBOIO  [HXEHEPHO-KOCMIYHOIO  aKaJeMi€ro  iM.
A.®.MoxalcbKoro (Cankr-IlerepOypr), XapKiBCbKUM IHcTuTyTOM
panioenektpoHiku iMm. SHrens, IHctuTyToM mpobiem mammHOOynmyBanHs HAH
VYkpainu, a TakoX 3 MDKHapOJHUMH HAyKOBHMH Ta HaBUAIBHUMH 3aKJIaJaMH -
IncruryToMm mpukiagHoro cucremHoro aHanizy (IIASA, JlakcenOypr, ABctpis),
TexHiuHMM yHiBepcuTeToM Ta EkoHOMiuHUM yHiBepcuTeToM (Binens, ABctpis),
Vuisepcurerom Manito6a (Binminer, Kanama), Menbchkum yHiBepcHTETOM
(CIIA), VuiBepcureTroM iM. Macapuka (BbpHo, UYexis), Kopomnichkum
TexnonoriyauM [HcturyTOoM (CTOoKTonbM, LlIBerwis) Ta iHIIMMH YHIBEpCHUTETaMU i
3aiiicHIOE OOMiH HayKOBOIO iH(opMali€to, GpaxiBIsIMH.
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THE JOINT LIMIT BEHAVIOUR OF SINGLE QUEUES AT THE
NETWORK’S MODELS WITH PARALLEL STRUCTURE"
Chechelnitski A., Kasjanov A., Kucherenko O.
Taras Shevchenko National University of Kyiv
che@unicyb.kiev.ua

A lot of problems in modern queueing theory are related to the
limit theorems. The advances of queueing theory in this area are closely
tied to the progress of the theory of diffusion processes in
multidimensional spaces.

Here we will consider a pair of single server queues [M /M / 1]2

with a common input flow of customers. We suppose also that
customers arrive in pair from outside and queue up for service
individually at the first station and at the second one. After completing
server in only one station they depart the model.

We assume that sequences of interarrival times and service times
form three mutually independent sequences of identically distributed

random variables. The interarrival times [/, have the exponential

distribution with parameter b and service times at the ith station
(i = 1,2)have the exponential distribution with parameter £, . As usual,

we denote the traffic intensities by p, =b/ u, fori=12.

Theorem. If conditions p, >1, i =12 hold, then the sequence
of stochastic processes & (f) = n_m(Ql. (nt)—n(b - U, )t), o, (t) is a
number of customers at the ith station (t > 0), converges for any
segment [O,T ] in uniform metric to diffusion process cf(t) satisfying
the following equation d& t)= Bdw(t), where diffusion matrix

B - b—pu, b
b b—u,
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THE STATIONARY DISTRIBUTIONS IN POISSONIAN
TANDEM QUEUES!
Chechelnitski A., Kucherenko O.
Taras Shevchenko National University of Kyiv
che@unicyb.kiev.ua

Consider a tandem queueing system M /M /oo — M /M /.
We assume that customers arrive from the bivariate Poisson input fow

(Vl (t), v, (t)) Customers from the input flow v, (t) arrive for service at

the first system M /M /oo . Having completed service there, they
proceed to the second system M /M /oo, and after completing service
at the second system they depart the model. Moreover the second station
has its own input flow of customers v, (t) which is dependent on the

flow v, (t) It means that our flows v, (t) and v, (t) form the bivariate
Poisson input flow with parameters A4, >0, 4, >0, 5>0. We
assume also that the service times at the ith station (i = 1,2)have the
exponential distribution with parameter g, for i =1,2.

Let X, (t)be the number of customers at the ith system
(i = 1,2) at the moment 7. Our aim is to obtain the expression for
stationary distribution of the process (X . (t), X, (t))

Theorem. The service process in the Poissonian tandem

queues (X . (t), X, (t)) has the ergodic distribution which is given by

. . . min(i,_/) ali*ka;*kaéf _{al az “3}
lim PLY, (1) =i Xa (1) = i = 2 A-0G-n
where a1=£+bL,a2=;ﬁl+ﬂz+b,a3= b )
o+ ) 1 Hy + 145
i,j=100.
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1.Chechelnitski A.A., (1999) Asymptotical properties of Erlang
Queueing systems with dependent Poisson input flow. Top, v.7,
221-229.

' PoGora BukoHaHa 3a migTpumkm JlepKaBHOro (OHAY (yHIAMEHTAIBHUX
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HIERARCHY DECOMPOSITION OF CRITERION FOR
VISUALIZATION TECHNIQUES SELECTION PROBLEM
Dolenko G., Svyatoha S.
galinadolenko2006@yandex.ru,  ssvyatoha@gmail.com

There are a large number of visualization techniques that have
been developed to support the exploration of large data sets. We chose
45 alternatives of different visualization and interaction techniques from
them.

In this work we attempt to construct hierarchy decomposition of
criterion for decision making support of visualization techniques
selection process. Such selection is multi criterion decision making
problem.

For comparison alternatives of different interactive techniques
we analyzed a lot of criterion. On the base of our investigation we
formed hierarchy decomposition of criterion which consists of four
levels.

Our main goal — to select visualization techniques - is on the first
level. On the second level there are
6 criterion that mainly influence on our choice:
1. Application domains criteria.
Data mining and knowledge discovery criterion.
Software criterion.
Usability criterion.
Ergonomic criterion.
Criteria of effective design method.

g e Vel e
- M T T Fre
4 iy e

j AN AP

Fig.1. Inxight Star Tree hierarchy decomposition of criterion for
visualization techniques selection
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On the third and fourth level there are 75 sub criterion, which
connected with criterion of the second level and precise them.

Then we used Inxight Star Tree Studio to display the topology
of hierarchy decomposition of criterion (Fig.1).

Our proposed visual framework empowers analysts to explore
selection problem along arbitrary dimensional path using hierarchical
visualization techniques. Decomposition trees are generated with a few
mouse click and support “speed-of-thought” analysis by revealing a
multi scale view of the data. By implementing various hierarchical
layouts, visual metaphors and interaction options we account for a
variety of tasks, data patterns. We plan to further improve the scalability
of hierarchical decomposition by applying and making algorithms for
changing quantity of criterion or alternatives and doing web software
realization.
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ROBUST EMISSION TRADING SCHEMES UNDER
UNCERTAINTIES
Y. Ermoliev, T. Ermolieva, M. Jonas, M. Makowski, G. Fischer
International Institute for Applied Systems Analysis, Austria

The aim of this paper is to analyze an integrated approach for joint
treatment of natural and human related uncertainties and bilateral carbon
emission trading. Proposed stochastic model allows to introduce
explicitly the detectability of emissions to control the safety of Kyoto
targets for robustness of trading schemes. The introduced scheme takes
long-term perspectives on emission trading by using rational
expectations. The dynamics of this scheme is driven by specific
decentralized stochastic optimization procedure with different
endogenous disequilibrium prices between mutually beneficial bilateral
trades, but finally the system converges to cost-effective and
environmentally safe global equilibrium. The safety constraints work as
a discounting mechanism that discounts the reported emissions to
detectable levels. This, in turn, provides incentives for participants to
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reduce uncertainties before trading. The explicit introduction of
emission detectability and safety constraints or(and) increasing returns
of new abatement technologies may easily produce the duality gap
preventing price-based trading to be environmentally safe and cost-
effective scheme. The role of proposed computerized multiagent trading
system is central for dealing with long-term perspectives, irreversibility
and “lock-in” equilibriums. This system can be viewed as a device for
decentralized collective regulation of trades.

The public property of large scale pollution makes it impossible to
organize complete environmental markets with private demand for and
private supply of pollution control. The monetary evaluation of environ-
-mental damage and therefore the benefits of cleaning up makes little
sense. Yet, the idea of carbon trading proposed in the Kyoto Protocol is
becoming increasingly popular for global climate change control. At the
same time, the existence of various exogenous and endogenous inherent
uncertainties raises serious concerns regarding the ability of carbon
trading markets to fulfill the main purpose of the climate change control
without creating world-wide irreversible socio-economic and
environmental disruptions. Definitely that interests of profit oriented
markets may contradict the main concerns of the Kyoto Protocol.

The Kyoto Protocol was established in 1997 under the United
Nations Framework Convention on Climate Change proposed in 1992.
The main objective of the Protocol is to enforce a standard of a 5.2%
reduction in the global emissions of greenhouse gases (GHGs) below
1990 levels during the first commitment period from 2008-2012 to
prevent dangerous anthropogenic interference with the climate system.
For each country taking part, the Protocol specifies a target emission
level not to be exceeded in this period. However, it also allows for
emission trading. This means that each party (country, company) of the
Protocol has the possibility to exceed their prescribed emission level
given that another party carries out an equivalent emission reduction
such that the aggregate emission level remains constant. It is assumed
that parties with high emission reduction costs will buy emissions from
parties with low emission reduction costs within prescribed Kyoto
targets. In other words we can think of parties engaged in a bilateral
emission exchange process driven by cost minimizing and
environmentally safe sequential decisions without the need for a market.

In contrast, carbon trading markets, which become increasingly
popular in recent years, are more similar to share markets. Parties hold a
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number of permits to emit a specific amount of emissions. The total
amount of permits cannot exceed a limit or a cap on the amount of
carbon (or other pollutant) that can be emitted. Parties that need to
increase their emissions beyond the cap must buy permits on the market
according to prevailing market price. Thus, if in the bilateral emission
trading scheme the exchange of emission is driven by abatement costs
(e.g., their marginal values), in the carbon trading markets the exchange
of emissions is driven by prevailing market prices, which are usually
modeled by exogenous random processes with potential bubbles
induced by speculators. Such price signals may have nothing in
common with minimization of abatement costs and environmental
safety constraints of participants unless they have rather specific
endogenous character defined by the dual model generating dual cost-
effective and environmentally safe prices. In fact, the design and even
the existence of robust cost-effective and environmentally safe emission
trading schemes can be derived from the availability of robust
decentralized optimization procedures for underlying emission control
model.

There are two principle approaches to control pollution: centralized
“command-and-control” methods and decentralized market simulating
schemes. If the central agency is fully informed about emissions and
abatement cost functions of all parties, the primal problem of finding
emission levels that meet given environmental standards in a cost-
effective way is a straightforward task. It allows easily to deal with
nonconvex cost functions typically encountered in long-term
evaluations involving new technologies with increasing returns. The
convexity of the model can also be destroyed by explicit introduction
the detectability of emissions and environmental safety constraints.

If the central agency is not fully informed, then the primal model
has to be solved in a decentralized manner. The bilateral emission
trading scheme of Section 5 corresponds to a decentralized solution of
the primal model. An alternative to this scheme may be a price-based
carbon emission market simulating a decentralized solution of the dual
problem. Unfortunately, the cost-effectiveness and environmental
efficiency of this solution critically depend on the proper modeling of
price processes, in particular, their dependencies on costs functions and
environmental constraints.

There is a number of scientific challenges related to the types and
origins of uncertainties (Ermoliev et al., 2000, Godal et al., 2003,
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Liberman et al., 2007) affecting the design of pollution control schemes.

First of all, emissions of greenhouse gases (GHGs) are not directly
observable. In general, emissions can be estimated with information on
GHG-emitting activities by applying specific conversion factors and
from atmospheric measurements using diverse inversion models. The
activities are monitored by the regulatory agency in each party and
emissions are reported to the Convention Secretarial according to
specific guidelines developed by the Intergovernmental Panel on
Climate Change (IPCC). The accuracy of the estimated emissions
depends on the quality of the monitoring system in each specific country
and on the accuracy of the conversion factors used. Current estimates of
the overall uncertainty of the greenhouse gases inventories produced by
the countries so far show that for most of them this uncertainty is in the
same order of magnitude as, if not greater than, their agreed emission
reductions. Also, the ways uncertainty is quantified, represented and
accounted for in decision-making have not yet been adequately
reflected, neither in national inventory reports nor in the procedures for
the design and approval of robust Kyoto flexible mechanisms (including
emission trading schemes).

As emissions of GHGs cannot be observed perfectly, parties can
underreport emissions either on purpose or because of uncertainty.
Conversion factors can also be manipulated, as many of them do not
apply globally. Hence the uncertainty in emission levels can be
exploited strategically giving rise to unreported emissions. Yet the
design of robust emission trading schemes requires the verifiability of
tradable products enabling their reality. For example, carbon prices in
the European Union crashed and caused instabilities in late April 2005
after the Czech Republic, Estonia, France, the Netherlands and Sweden
all reported lower than anticipated emissions (Energy Business Review,
May, 2006).

Apart from monitoring and measuring emissions, another essential
source of uncertainties are the uncertainties of the abatement costs. The
parties have no incentives to reveal information on real costs. If a permit
buyer reveals his abatement cost function, the seller can use this
information when bargaining on a permit price such that the buyer is
worse off than he otherwise would be. Hence, parties have incentives to
keep this information private and the specific costs of emission
reductions may remain unknown. Besides, abatement costs may vary
according to unknown in advance market conditions including

19



“bubbles” created by speculators. They are also subject to both industry
wide and firm specific shocks, e.g., uncertainties and shocks connected
with new technologies.

This talk illustrates the importance of a proper uncertainty
representation which may have skewed probability distributions. In this
case, the use of equal-sided uncertainty representation (as practiced by
IPCC) can leave out of consideration an essential mass of potential
emissions. There are available generic approaches for detecting
emission changes based on potential stochastic scenarios of emission
trends (an overview of alternative approaches is available in Lieberman
et al., 2007). Contrary to these, we propose a stochastic detection model
which allows to represent asymmetric distributions of both human
related uncertainties and uncertainties associated with the natural
variability of emissions. As a result, this allows us to introduce
appropriate risk measures to control the safety of Kyoto targets. This
type of safety constraints is typical for pollution control, financial
applications, stability regulations in the insurance industry and
catastrophic risks management (Ermolieva et. al., 2005). In a sense,
these constraints work as a discounting mechanism which discounts the
reported emissions to detectable levels overshooting uncertainty within
a specified safety levels, i.e., portion of detectable emission changes.

Since the concept of safety constraints discounts emission changes
to detectable levels, this provides incentives to reduce uncertainty before
trading. This significantly affects the trade equilibrium state, i.e., this
state cannot be achieved without explicit introduction of the
detectability and the safety constraints. In contrast to “black-and-white”
uncertainties characterized by equal-sided intervals (see overview in
Lieberman et al., 2007), the proposed stochastic model aims to reduce
underestimating and overestimating costs by wusing additional
information on likelihoods of uncertainties which can be characterized
by precise or/and imprecise probabilities and sets of potential scenarios.

The proposed sequential bilateral trading schemes are based on
stochastic decomposition methods. The trade at each step takes place
towards minimization of safety-adjusted costs of meeting parties. This
generates disequilibrium random prices which are endogenously driven
towards the cost-effective and environmentally safe equilibrium price.
The proof of the convergence can be used for the feasibility analyses of
alternative schemes. Other trading schemes, especially based on
exogenous price processes may not guarantee the cost-effectiveness and
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environmental safety. In particular, explicit introduction of the

detectability of emission changes and safety regulations may easily

destroy the duality of emission trading model with dramatic
consequences on the ability of price-based trading schemes to achieve
cost-effective and environmentally safe solutions.

The main concern of this talk is also the irreversibility of
investments and other decisions, which may follow emission trades. In
order to avoid this, we outline a computerized Multi-Agent Trading
System (MATS) for stable and fair functioning of proposed emission
trading scheme. We also analyze path-dependencies of trading schemes
relying on instantaneous observable markets situations.
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DECISIONS MAKING UNDER RISKS AND
UNCERTAINTIES IN AGRICULTURE
Gunther Fischer' Tatiana Ermolieva’
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? Int. Inst. for Applied Systems Analysis, Austria,
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As noted by Nobel laureate J. Stiglitz, risks in agriculture play a
tremendous role. Nevertheless, usual approaches to decision making and
planning agricultural production do not include explicit treatment of
uncertainties and measures for sharing the risks by stakeholders. One
wonders how these approaches can advise real-world agricultural
planners to effectively cope with risks affecting production and resource
allocation.

Many factors, including economic growth and industrialization
alter the structure and mode of operation of agricultural production
systems. In particular, these trends promote agricultural systems geared
towards making use of economies of scale to produce the highest output
at the lowest cost. This has led to production specialization and
allocation of resources to large farmers favoring input-intensive mono-
cropping. The intensification increased environmental pollution, caused
marginalization of smallholder farms, decreased rural welfare and
triggered abandonment of land and migration of rural population to
cities. In addition, risks to agricultural producers are further exacerbated
by climate change and variability, as well as market distortions and
instabilities.

This paper aims to demonstrate the need for adequate
accounting of risks and uncertainties to achieve robust planning in
agriculture. The methodological emphasis is on the development of an
integrated modeling framework under risks and uncertainties, which
would permit to account for multiple dependencies and linkages of
factors such as demand, supply, and resource availability, at various
spatio-temporal scales and would reflect the goals and constraints of
stakeholders. The proposed risk-adjusted approaches to planning
agricultural production emphasize the cooperation and risk sharing
among diverse producers and products.
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THE NUMERICAL ANALYSIS OF THE ELLIPTIC PROBLEM
BY THE SEMIREGULAR FINITE ELEMENTS
Hoderova, J.

Institute of Mathematics
Faculty of Mechanical Engineering
Brno University of Technology
hoderova@fme.vutbr.cz

We solved some elliptic problem for the case of a bounded
domain Q whose boundary 0Q consists of two circles I'j, I'; of the same
centre Sy. These circles have the radii R;, R,=R;+p, where p is much
less then R;.

By the finite element analysis we solve the variational problem
which is formally equivalent to a two-dimensional nonlinear elliptic
boundary value problem with mixed nonhomogeneous boundary
conditions (i.e., on a part I'; of the boundary 0Q the boundary condition
of the Dirichlet type is prescribed and on the remaining part [,=0Q \ I’
the boundary condition of the Neumann type is prescribed).

An elliptic problem given on such a domain has many practical
applications (let us mention the air-crevice between a rotor and stator in
an electromachine, or the cartilage between a joint and hip).

The finite element analysis of this problem is restricted to the case
of semiregular triangular finite elements with polynomials of the first
degree, which are uniquely determined by function values at the vertices
of a triangle. The numerical results are compared with results of the
theory and there is a good correspondence.
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The stock control model considered in this study will be expressed
as follows:
It is assumed that initially the stock level is at z > 0. At random

times 7, :Z;‘f ,n>1, the system can be at the states

z-§,,8, = z;nlwhere &, and 7,are independent and identically
distributed positive valued random variables; such that, &, s are the time

between two successive demands and 77,s are the amount of the
demands. It is known that the variation of such systems is expressed by
renewal reward process X (¢) (see [1]-[7]). The process X (¢) changes

in this way until the stock level reaches the control level 0. When the
stock level reaches the control level 0, the variation of the process is
interfered. As a result of this interference, the system comes to a random

state ¢, after a time period of 6, and consequently the first period is
completed. After this interference the process X (¢) continues to change

similar to the way it changed in the previous period. The investigation of
the steady state characteristics of the process X (¢)has theoretical and

practical importance. It is known that these characteristics are expressed
in terms of the characteristics of the random variables &, 7,,6, and
¢,. However when the distribution of the random variable ¢, is

selected from a wide class of distributions the formulas obtained have
very complex mathematical structures. Because of this reason it is not
practical to use these formulas in various applications. In order to
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BILINEAR CONTROL SYSTEMS.
VWynogradska A. V.
Scientific fund of scientistsand and specialists in moleculav cybernetics
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rishin@kv.ukrtel.net

Here we examine bilinear control systems with square
performance criterion. Optimalcontrol that transfers bilinear system
from the initial state into given final state and minimizes the functional
of quality according to Pontrjagin's principle of maximum leads to so
called two- point boundary problem for direct and conjugate variable.
To solve the problem we must reconstruct group of Lee, that is
parametrized by components of the vector of initial states of direct and
conjugate system, that commutate on the force Brockett's equation [1] .
In the basis coordinated with the structure of algebra of Lee, the
equation for the commutator [2] have the form of generalized Eyler’s
equation. Corresponding group of transformation forms the group of
SO(n) rotations of n-dimensional space. It is possible to reconstruct the
group whether by using structural constants that leads to a necessity of
solution of two Koshi's problems, or using the infinitesimal operators
[3] . In the second case it is essential to resolve the second problem of
Koshi. If the group is compact the optimal control has global character.
For Hamilton's bilinear systems the role of commutator for a direct and
conjugate variables is carried out by Puasson's bracket. Hamiltonian in

that case has the form H :ZH U, (t), where u,(t)- control
)

functions, H ,-partial Hamiltonians. So the problem of optimal control

of the ensemble of is quite analogical. Mechanical variables are con-

sidered as operators, that are given by Puasson's brackets. Multivariate

sphere is the orbit of the group of controllable motion of the ensemble.
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