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Abstract. Information technologies provide an opportunity to
create, collect, save, process and efficiently use information in the
processes under investigation. In the contemporary world,
information technologies are most frequently linked with
modelling, making use of computer technology and information
networks. Modelling is considered to be an indirect investigation
method for originals of objects used while researching the
substitutes of the objects. The information image of the object
(information model) may be used as the object substitute. In
economic studies it is important to create a business model.
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l. INTRODUCTION

One of the constituent parts for successful application of
production systems in economics (PSE) is optimization of
functioning of all production and economic parameters of the
given system. The aim of this research is modelling the
behaviour of the criterion of stability of PSE.

In terms of stability of PSE, many authors consider the
organisational and economic stability of PSE under changing
parameters of external environment. Stable position
(functioning) of PSE in the market is understood as the
capacity of PSE to maintain or increase the tendency of
positive growth, i.e., to maintain (increase) the sales volume of
goods or services and the profit margin gained by sales of
goods and services rendered under different changes of
external and internal environment of PSE functioning.

Steady position of PSE in the market is understood as PSE
ability to keep or increase the tendency of positive
development, i.e., to keep the volume of the goods or services
sold and the profit received from sales of the given goods and
services in changing external and internal environment of
PSE.

Modelling of behaviour of the criterion of PSE stability is
based on establishing alternative strategies, which are
introduced during definite moments of modelling time,
thereby supporting stable PSE performance. Thus, the concept
“criterion of stability” has been introduced. The primary goal
of management of PSE stability is maintaining the criterion of
stability with regard to the given interval of allowable values
of the chosen criterion of stability. Uncertainty in PSE is
understood as a situation when there is incomplete or no
information at all about the possible conditions of the system
itself and the environment, in which the system functions.
Conditions of uncertainty can also be explained as various
unexpected fluctuations of some factors of external and

internal PSE environment. Steady performance of PSE is the
ability of all PSE participants to perform a complete set of
functions and also maintain (or even increase) the services to
be rendered for a long period of time under the conditions of
uncertainty. Ignoring the evaluation of the influence of
variable factors during the research on the processes
occurring in PSE frequently expands the “zone of risk”,
thereby leading to mistakes in the real time situation that, in
turn, may finally result in significant material losses.

The financial stability of PSE is the capability of all
participants of PSE to implement their financial liabilities in
full on the timeframe set by the contract.

Industrial stability of PSE designates the ability of the
system to keep or increase volumes of production or services
during all technological processes in case the conditions of
functioning of the given system are changed.

The key problems presented in the paper are the following:

- development of integral criteria for estimation of the

financial and industrial stability of PSE;

- stochastic modelling of stability of PSE during modelling

time under the conditions of uncertainty;

- setting alternative strategies of PSE performance;

Introduction of an integral criterion of stability of PSE
assumes the analysis of all industrial and financial processes in
the system, i.e., the internal and external processes of PSE.
The novelty of the given research is the algorithm of research
of stability of industrial production systems under the
conditions of uncertainty.

I1. TRADITIONAL METHODS OF STATISTICAL MODELLING FOR
INVESTIGATION OF ECONOMIC SYSTEMS

Using traditional methods of statistical modelling [1,2,3,4]
for investigation of economic systems, it is possible to set the
task of creating an efficient procedure for generating
incidental parameter values constituting factors of an
simulation model, to effectively use up-to-date information
technologies, to ensure continuous control of the behaviour of
the specific economic system that is being researched. The
traditional scheme of simulation modelling is the generation of
a mass of incidental parameter values featuring the changes of
model factors (Fig. 1). The algorithm of generation of
incidental continuous value X (see Fig. 1), having continuous
distribution function F, can be described in the following
steps:

Let us generate, within an interval (0.1), an evenly
distributed incidental parameter u ~U(0.1). Let us calculate
X = FY(u). The value of F*(u) will always be definite, since
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O<u<l, but the area of defining the function F is the
interval [0,1].

Identification of factorsto be
generated and their characteristics

y

Start of the process of generation |«

!

Generation of factors of the system

v

Analysis of the results

v

Adjustments (corrections) of the
model

Is repeat
generation
required?

Application of the generated results

Fig. 1. Algorithm of repeated generation of incidental parameters

The figure below presents the essence of the algorithm
graphically; here an incidental value may be assumed to be
either positive or negative. This depends on the specific value
of parameter u. In the figure, the value of parameter u,
produces a negative incidental value X;, but parameter u,
yields a positive incidental value X, (see Fig. 2).
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Fig. 2. Scheme of reverse transformation
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The method of reverse transformation may also be used if
value X is discrete. In this case the distribution is as follows:

F(x) =P{X < x}=> p(x), 1)

X <X

where p(x;) is probability P(X;) = P{X = Xi}.

It is admitted that incidental parameter X may have only
such values as X, X, ..., for which x; < X, < .... Thus the
algorithm of developing the values of incidental parameter X
will have the following consequences:

Let us generate, within the interval
distributed incidental parameter u ~ U(0. 1);

Let us establish the least positive round value i, for which u
< F(X;), and assume that X=x;.

Both options of the method of the reverse transformation
for continuous and discrete values (at least formally) can be
combined in one formula:

X =min P{x: F(x)>U}, @)

(0.1), uniform

which is true also for mixed distributions (i.e., containing
both continuous and discrete components). In contrast to
common direct methods of generating incidental values (the
method of the reverse transformation composition and
implosion), for imitating the factors of the simulation model
it is recommended to use the so-called indirect methods,
namely, the acceptance-refusal method. This method may
turn out to be suitable if due to certain reasons it is
impossible to apply direct methods or if these methods are
inefficient.

The “acceptance-refusal” principle is rather common. If the
aforementioned algorithm is looked upon from a slightly
different perspective, it is clear that it may be extended for
generating incidental points in areas having higher
dimensions — i.e. in multi-dimensional areas. A more popular
method, which is used for stochastic modelling, is a copula
method [3,4,5,6,7].

I1l. MODELLING THE BEHAVIOUR OF CRITERION OF
STABILITY

Modelling the behaviour of criterion of stability of PSE is
based on building a set of alternative strategies, the
introduction of which at certain periods of time allow
maintaining of PSE functioning in a stable position, i.e., the
concept of “criterion of stability” is introduced [8, 9, 10].
Thereby, the main objective of managing stability of PSE is
provision of criterion of stability to the given interval of
permissible values of the chosen criterion of stability. Taking
into account the infrastructure of PSE, as well as the character
of relationship of internal and external factors of the
functioning environment of PSE, the criterion of integral profit
is considered to be the generalized (integral) criterion for
stability, which may be presented as [11, 12, 13, 14]:
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P(TO,T,W)sz(t,W)dt —].C(t,w)dt > K, @3

To To

where [Ty, T] — the period of modelling time of PSE

functioning;

w — the incidental parameter (vector of incidental parameters)
with the given distribution affecting the behaviour of
PSE to be investigated

P (To, T, w) — the criterion of integral profit of PSE functioning
in the period of modelling time of PSE functioning;

T
IR('[,W)dt — the integral criterion of profit gained from PSE
TO

functioning in the period of modelling time of PSE
functioning;

T
IC(t,W)dt — the integral criterion of losses linked with the
TO
functioning of PSE in the period of modelling time of
PSE functioning;
K — the given minimal value of integral criterion of profit due
to PSE functioning in the period of modelling time of
PSE functioning.
In this paper, the authors consider the stochastic modelling of
stability of PSE during the modelling time t of PSE
functioning. The task for stochastic modelling of PSE
functioning is presented as follows:

T T
P(To,T,w)zjR(t,w)dt—jc:(t,w)dt > K:

where p;; — the value of the criterion of integral profit of PSE
' at the moment of modelling time t;

p™" it — the minimal value of the criterion of integral profit of
PSE at the moment of modelling time t (determined by

conditions of modelling);

p"™ ¢ — the maximum value of the criterion of integral profit
of PSE at the moment of modelling time t;

Qi — the volume of sales (services of functioning) of PSE
functioning implemented at the moment of modelling

- timet;

Q™" i — the minimal volume of sales (services) of PSE
functioning implemented at the moment of modelling
time t (determined by conditions of modelling);

Q™ ;¢ — the maximum volume of sales (services) of PSE
functioning implemented at the moment of modelling
time t (determined by conditions of modelling on the
basis of information characterizing the real capacity of
the market segment);

Cij: — the production (services of functioning) price per unit of
PSE implemented at the moment of modelling time t;

Cij: — the maximum production (services of functioning)

price per unit of PSE implemented at the moment of

modelling time t (determined by conditions of
modelling on the basis of information about the prices
of similar production in the market);

a number of observations (control points) considered in

the process of modelling;

t— the modelling time;

T, — the time for positiveness of the period of stability;

T — the time for completing the process of modelling.

n_

IV. MODELLING PROCESS OF STABILITY OF PRODUCTION

T T
T 0 0 SYSTEM IN ECONOMICS
ZZQ_ Ciii <Sit j=12,...m; Fulfilment of the conditions 3 and 4 provides ascertainment
— e MELLL ) e of values of integral profit P (criteria of stability of PSE) to the
- 0_ = (4)  given boundaries during the period of modelling time t of PES
p™it < Piy < P functioning at given constraints. The dynamics of the process
. under investigation takes place during the period of modelling

Q™it < Qi < Q™ time [To,T] (see Fig. 3).
Ci,j,t < G j.ts
1=12,..,n; t=T,,....T.
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Fig. 3. Graphical representation of the use of algorithm of dynamic programming for ensuring stability of PSE
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In Figure 3, a trajectory 5 shows violation of the condition
of stability (condition 1). As the process of modelling of the
stability of PSE is investigated dynamically, the necessity
arises to use the methods of dynamic programming. The
value of integral profit P (criterion of stability of PSE) is
accepted as the target function. During the investigation, the
dynamic state of PSE is modelled with variable values of
parameters of PSE satisfying conditions in the system (2).

In Figure 3: B, — a variety of permissible values of the

criterion P after n periods of modelling time of PSE;
A — the interval (set) of values of parameters of PSE (Q, p,
C,...) when the criterion of stability of PSE falls into an
interval (set) B, by optimal trajectories; By, B,, ..., B, — the
interval (set) through which the trajectory of values of
criterion P must pass at the moments of time (control points)
Totty, Totty+ty, ..., T. The task of managing the stability of
PSE in the process shown in Figure 3 turns into a task of
control of trajectory of the values of the criterion P and (if
possible) introduction of constructive effects into the process
of PSE development at the moments Tg+t;, Totti+t,, ..., T
using the information about the possible optimal trajectories
of the values of criterion P.

V.GRAPHICAL REPRESENTATION OF THE RESULTS OF
STATISTICAL MODELLING OF STABILITY OF THE PRODUCTION
SYSTEM IN ECONOMICS

The process of statistical modelling may be implemented
with the help of modelling programmes. Modelling of PSE
stability was performed by changing the parameters
characterizing the basic features of the financial reserve of
PSE, as well as by changing the actual parameters of payments
among participants of PSE. For modelling purposes the
authors have used MS Excel software. The table illustrating
the changes of the parameters to be modelled is shown in Fig.

Using the results of statistical modelling of the PSE state
makes it possible to determine the probability characteristics
of its stability at the given moments of time, including the
identification of risks linked with PSE functioning in the
given periods of time. Figure 5 shows the results of
statistical modelling of PSE transfer to a stable state (see
Table 1).

Income Pavment
Reserve 10000
delay_min = 7 delay_min = 3
wl= 25 wl = 20
delay_max = 32 delay_max = 23
max_time negat= 58

Fig. 4. Graphical representation of changing parameters to be modelled of PSE stability by using the Monte Carlo methods

TABLE 1
FIRST TIME POSITIVENESS DEPENDING ON W1 AND W,
wo | fiw) | ow | f(w)
1 58 1 58
2 5 2 85
3 5 3 67
4 0 4 85
5 3 5 84
97 85 97 2
98 85 98 6
99 83 99 I
100 85 100 3

Using the results of statistical modelling of the PSE state
makes it possible to determine the probability characteristics

98

of its stability at the given moments of time, including the
identification of risks linked with PSE functioning in the given
periods of time. Figure 5 shows the results of statistical
modelling of PSE transfer to a stable state (see Table 1).

Graphical illustration of the results of statistical modelling of
PSE stability by using Monte Carlo methods and changing
parameters w; and W, is presented in Figures 5 and 6.

Figure 6 shows that a cubic polynomial describes the
changes in PSE stability well enough when changing the
basic parameters of the system to be modelled. In the case
of the well-known distribution of incidental parameter w, it
may be possible to use the parametric methods of
modelling of incidental values. In the real life only rarely it
is possible to gain a sufficiently good description of
behaviour of incidental parameters. In this case non-
parametric methods of modelling may be used by applying
histograms, methods of local non-parametric regression etc.
The authors have described in detail the non-parametric
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methods of modelling in other research papers (see
references).

Distribudon of first time of positiveness

L, lays

¥1=0.0000000264x*- 0.0026097405x+77.268
R!=10.782

¥2=0.0000000235x"- 0.0021488339x+ 56,867
R!=10.825

A wl=3
m wi=11
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Fig. 5. Graphical representation of the results of statistical modelling of PSE stability by using Monte Carlo methods (Distribution of first time of positiveness)
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Fig. 6. Graphical representation of the results of statistical modelling of PSE stability by using Monte Carlo methods (polynomial approximation of PSE

V1. CONCLUSIONS

The application of modelling is connected with the fact that
frequently it is not possible to provide a definite description of
the behaviour of the economic system being investigated.
When investigating the dynamic behaviour of the economic
system, i.e. by making definite changes of parameters of the
system under investigation, we frequently observe the
existence of incidental factors affecting the character of the
behaviour of the system. In addition, it should not be forgotten
that the very character of the research also brings its incidental
elements into the research process. By using statistical
dynamic programming, as well as the Monte Carlo method for
modelling it has become possible:

1) to model PSE stability under conditions of uncertainty;

2) to model the “risk zones”, in which the stability of PSE
has been distorted,;

stability)

3) to identify the amount of the financial reserves required
for PSE stability in the “risk zones”;

4) to manage functioning of PSE using the integral criterion
of PSE stability.

The method of modelling allows developing (simulating)
different scenarios of functioning of the investigated economic
systems. The modelling method developed by the authors may
be used for tackling a wide range of economic problems
(design and analysis of industrial systems, stock management,
balancing of production capacities, allocation of investment
funds, optimization of investment funds, optimization of flows
of cargoes and services etc.).
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Vladimirs Jansons, Vitalijs Jurénoks. RaZoSanas sistému stabilitates uzvedibas modelé$ana ekonomika

Darba tiek izskatita iesp&ja razoSanas-ekonomiskas sisteémas stabilitates riska un nenoteiktibas apstaklos novértéjumam, izmantot statistiskas modelé$anas metodi
Monte-Karlo un dinamisko programmeé$anu. Razo$anas-ekonomiskas sistémas stabilitates modelé$ana paredz alternativo stratégiju izveide kuras, noteiktos laika
periodos, lauj stabiliz&t un optimizet petamas sistémas darbibu. Tas nozimg, ka sistému izmanto$anas efektivitates raksturoSanai tiek ievests un izmantots sistému
darbibas stabilitates kriterijs. Izmantojot statistisko modelé$anu, var noteikt sistémas trajektoriju kopu, kuru izmantojot var aprékinat optimalas trajektorijas un
riska zonas. Tas dod iesp&ju, izmantojot dinamisko programmeésanu, kontrol&t razo$anas procesu starpposmos un ievest nepiecieSamas korekcijas razoSanas
procesa. Tada razo$anas procesa statistiska kontrole, ar noteikto ticamibas pakapi, lauj nodro$inat razosanas procesa stabilitati un samazinat razo$anas procesa
izmaksas. Rodas iespgja razo$anas-ekonomisko sistému pétiSana noteikt sistému darbibas stohastiskos raditajus katram darbibas laika periodam. Modelesanas
izmanto$ana razoSanas sist€ému stabilitates uzvedibas p&tiSanai lauj:

- noteikt p&tamas razoSanas-ekonomiskas sistémas dinamiskas uzvedibas raksturu;

- noteikt batiskos faktorus, kuri tiesi ietekm@ p&tamas razosanas sistémas darbibas stavokli realaja modelésanas laika;

- paplasinat sisteémas uzvedibas parametru diapazonu, saglabajot sist€émas stabilitati;

- izstradat un praktiskajos pieméros paradit efektivakas modeléSanas metodes, kas var&tu biit izmantotas raZoSanas-ekonomiskas sistémas pétisanai riska un
nenoteiktibas apstaklos. Raksta tiek apskatitas sistémas gadijuma parametru modeléSanas metodes, taja skaita ari inversa transformacijas metodes izmantoSana
gadijuma lielumu masiva generacijai. Autori izstradaja linearu stohastisku modelé$anas algoritmu izmantojot Monte-Karlo un Belmana metodes. RazoSanas
sistému stabilitates uzvedibas model€Sana un pétiSana varétu but praktiski realizéta péc autoru izstradata un darba aprakstita algoritma izmantojot MS Excel
statistiskas funkcijas. Statistiskas modeléSanas ar Monte-Karlo metodi tiek realizétas darba izmantojot MS Excel 2010 programmu. Praktiskaja pieméra autori
ilustré optimalas trajektorijas un aprékina risku zonu noteikSanas iesp&amibu.

Buaagumup Sucon, Butanuii FOpenok. MojennpoBaHue MoBeieHUs! CTA0HIBHOCTH NPOU3BOICTBEHHBIX CHCTEM B 3KOHOMHUKeE

B pabore paccMmaTpuBaeTcsi BO3MOXKHOCTH HCIIONB30BAHHS METONOB CTATHCTUYECKOIO MOJCITUPOBAHUS — CTaTUCTHYECKoro Merona Monre-Kapio B
COBOKYITHOCTH C METOJOM AWHAMUYECKOTO MPOrpaMMHPOBAHHUS ULl OLEHKH YCTONYMBOCTH (pyHKIIMOHHPOBAHWS IPOH3BOJCTBEHHO-3KOHOMUYECKUX CHCTEM B
YCIIOBHSIX HECTAOMIBHOCTH. MoOJENMpOBaHUE ITOBENCHUS KPHUTEPUsl YCTOHYMBOCTH INPOU3BOJICTBEHHO-DKOHOMUYECKHX CHCTEM Oasupyercsi Ha TOM, YTO
(hopMHpyeTcsl COBOKYIMHOCTD aJbTEPHATHBHBIX CTPATErHii, BBEJCHHE KOTOPBIX, B OIPEICICHHbIE MOMEHTHI BPEMEHH, MTO3BOJIIET MOANCPKUBATh JIEITEILHOCTD
MIPOU3BOJICTBEHHO-9KOHOMUYECKHX CHCTEM B YCTOHUMBOM COCTOSIHUM, T.€. BBOJAMTCS IOHSTHE ,,KpUTepuil ycroitumsoctu”. IIpu 3TOM OCHOBHOH 3amadeit
YIPaBJICHUsS. YCTOHYMBOCTHIO IPOM3BOJCTBEHHO-DKOHOMHYECKUX CHCTEM SIBISIETCS OOecledyeHHne HPHHAIICKHOCTH KPUTEpPHs YCTOHYMBOCTH 3aJlaHHOMY
HHTEpBaly IOMYCTUMBIX 3HAUCHHH BBIOPAHHOTO KPHUTEPUs YCTOHYMBOCTH. VICIome3yst pe3yiabTaThl CTATUCTHYECKOTO MOJEIMPOBAHUS  COCTOSIHHS
MIPOU3BOJICTBEHHO-3KOHOMHYECKUX CHCTEM, MOXKHO OIPEIENUTh €€ BEPOSITHOCTHBIE XapaKTePUCTHKH JUIL JTI000ro MOMEHTa BpeMeHH. [1osBisieTcs BO3MOXKHOCTh
HCCIIEJOBaHUS 30H YCTOMYHMBOCTU M PUCKOB, CBSI3aHHBIX C JIEATEIbHOCTHIO POU3BO/ICTBEHHO-PKOHOMUYECKHUX CHCTEM, B 3aJlaHHbIE NepHo bl BpemeHH. [porecc
CTaTHCTUYECKOr0 MojenupoBanus MoHTte-Kapno MokeT OBITH OCYIIECTBICH C IOMOILIBI0 HMMEIOIMXCS HPOrpaMM MoOjenHupoBaHus. B paborte s
CTATHCTUYECKOr0 MOJICIMPOBaHKs HcIoib3oBaiack nporpamma MS Excel 2010. Hcronp30BaHre METOZOB MOJICIMPOBAHMS Ul HCCIIEIOBAHHUS IIOBEICHHS
9KOHOMHUECKUX CHCTEM B YCIIOBUSX PHCKA M HEONIPEIEIEHHOCTH 1aeT BO3MOXKHOCTb:

- ONPEJEIUTh XapaKTep TMHAMUYECKOTO MOBEICHNS SKOHOMUUECKHUX CHCTEM;

- BBISIBUTH (haKTOPBI, BIMSIONINE Ha N3MEHEHHE COCTOSTHUS SKOHOMHYECKOH CHCTEMBI B PEXKUME €€ PeabHOTO (pyHKIIMOHUPOBAHNS;

- pacHIMpUTh AUANA30H BO3MOXKHOT'O U3MEHEHUsI TapaMeTPOB CUCTEMBI, TIPH KOTOPBIX COXPAHAETCS YCTOMUMBOCTD HCCIIEyEeMOH CHCTEMBI;

- pa3padboTaTh ¥ NPOMJLIIOCTPUPOBATH HA MPAKTHUECKUX MPHMepax Hanbosee 3G (HeKTHBHBIC METOIbI MOJICIUPOBAHHUS U UCCIICOBAHHS SKOHOMHUYECKHX CHCTEM
B YCJIOBUSIX PUCKA M HEOIIPEIECTIEHHOCTH.
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