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Abstract.  Turbulence surrounding of theconformity to the today’'s challenges it is necegsar
development programs of territory technogenic gafetevelop formal evaluating means of TTSS effectigsne
systems impacts the implementation of the program. Analyzing the practice of TTSS functioning one can
Thus, it raises the need to design constructivéstod determine state special development programs as the
mathematical modeling configured to the phaseshef t strategically important tool to improve TTSS struet
development program in order to increase the efiicy and composition. In this connection the main stage
of applying limited human, financial material, tinaed such a special program is generating the prograssiam,
other resources being involved to solve the probé#m which is performed within the pre-investment phakés
technogenic safety systems. We consider both éc stalife cycle. Namely at this stage all the parameters
optimization model of the technological safety epst (quantitative characteristics of the TTSS propsjtaf the
structure and dynamic one taking into account tatef optimal structure TTSS would be defined on the da$i
fixed assets of potentially dangerous industrialecty construction and implementation of appropriate jote
composition and quantity of hazardous substancewbe models.

applied and stored at some industrial object, offetiors However, taking into account long-term program
that determine the potential possibility of techewig performance we can face changing the program
incident occurrence. environment parameters as well as their priority fo

As criteria of the problems one can use forms ahanagement decisions. So, there is also a needsignd
known criteria that allow to assess the economiconstructive tools of mathematical modeling in the
efficiency of different technological safety systenfhe subsequent phases of the development program én twrd
main constraints of static and dynamic optimizatioincrease the efficiency of applying limited human,
mathematical models have been proposed and analyzedinancial material, time and other resources being

In common the problems being considered arn@volved to solve the problem of TTSS development.
stochastic discrete (discrete-continuous) probleais This makes it necessary to develop and use the
multi-criteria optimization, and their decisionbased on program approach [1] as the framework of develogmen
the implementation of the branch and bound approacénd implementation of mathematical modeling apparat
The approach allows organizing iterative algorithon intended to point out the TTSS optimal structure an
identify desired parameters of TTSS developmemiarameters. This paper focuses on developing twdski
program product. of mathematical models concerning TTSS optimal

Key words: technogenic safety system, turbulencgtructure and parameters, specifically a static and
surrounding, technogenic hazards, stochastic descralynamic realizations, which are matched the staféise
programming. state special development program.

INTRODUCTION THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

A territorial (realm) technogenic safety system
(TTSS) is a complex administrative and technicatey Analyzing recent scientific publications on questio
operating in a turbulent environment [1]. The tuemge and related matters one can stress the followingt@adn
of the system’s environment is determined by adbt the paper [2] some methodological aspects of pngfihe
factors and main of them are critical technical an#nission of the state special development programthe
technological state of the equipment at potentiallfjekj of civil defense have been discussed. Thielarf3]
dangerous industrial objects (PDO), uncertainty d?roposes an approach to find the optimal compasitib
national economy dynamics as well as violations dfomplex technical system at the stage of its design
technological discipline and high level deteriavatiof The publication [4] deals with the design and asialyf
TTSS fixed assets. optimization mathematical model intended to detasmi
Moreover at present TTSS performs its functionfhe structure of a complex technical system being
under strong resource constraints, including peeman Operated under the strong impact generated by the
staff reduction and lowering everyday operationimeg €xternal environment. Paper [5] proposes the qualit
financing of local units of the State Emergencyvierof ~estimation for functioning complex organizationaida
Ukraine (SESU) along with increasing demands téchnical systems according to the "cost-effectsst
territorial technogenic safety system both to ttsicture ~ criterion.
and management quality. To solve the problem of TS
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In [6] there is suggested an optimization THE MAIN RESULTS OF THE RESEARCH
mathematical model of the structure and paramefettse
technogenic safety system on potentially dangerous Taking into account the two-level hierarchical
industrial objects (PDIO) that is considered gwa@duct structure of TTSS, namely the level of PDIO and the
of some development program. Under modeling therritory level in whole, let us apply the apprae
characteristics of possible hazards on the enviestimand decomposition of problem being considered. In other
people of the region arose as the result of amtagdnic words the problem of modeling the PDIO optimal
emergency have been taken into account. Publicgfipn structure and parameters should be analyzed in
is concentrated on mathematical models and opttioiza accordance with the levels of the TTSS hierarchy.
solution methods supporting dynamic management of Leaving aside for the moment the territorial lewe
limited resources of the construction project gsaet of concentrate now on the level of PDIO technogenietga
program. system.

.In [8] the whqle set of activities on providing Let SV" h=1H be a tuple of variable
territory technogenic safety that belongs to TTSS to
competence has been divided into 2 types accorging characterizing current state 6fth element of the set
means of activity implementation, namely active angp|o on the territory being analyzed. parametgkéﬂ
passive measures. As passive approach one cardeonsi 0
procedure of rational choice of PDIO technical andescribe the state of fixed assets feth enterprise,
technological parameters at its design stage. lmtwhcomposition and quantity of hazardous substancesybe
follows we examine the set of active measures @mgur applied and stored &tth enterprise and other factors that
techn0|ogica| Safety_ Active measures indud@etermine the potential pOSSIbI'Ity of technogein'm'dent
construction of effective technological safety sysé on OcCcurrence.
PDIO and modernization TTSS in general through the Besides, a tupIeSVth defines the set U" of
implementation of the TTSS optimal structure and ) 0 )
parameters adapted to the region characteristkiagta dangerous impacts on the environment and population
into account their dynamics of development at give_the_ region that would be arise as a result of teghnic
planning horizon  t + T], where § is the beginning of incident ath-th PDIO. Furthermore, we assume that the

the TTSS development program design anfause of the technogenic incident and, accordirsgigt)"

implementation. im_plementation at thd;-th PDIO are random equipment
Optimization method providing optimal allocation offailures and systematic failures appeared due togagf

financial resource along the stages of the TTSKthPDIO fixed assets [10].

development program has been proposed in [9]. Tdia m Suppose, the set:

feature of the method proposed consists of usirg th

subject area specific under problem objective fionct ul=guly,i=114
and constraints definition. As a ground of compgatat
scheme we applied the Balas additive algorithm. has a discrete character. In general, the $&t®rm the

Huge source of possible technogenic hazards is the . — . .
engineering infrastructure of the city. Large aiin SetY ={ui }, =11 allthe possible dangerous impacts
Ukraine suffer from technical and technologicalbn the environment and population:
imperfections of engineering infrastructure, which
increases the risk of technogenic incident. Thielarf10] H

discusses the ways to solve the problem of re-eeging U= hD:1U "

water networks as a part of city engineering

infrastructure. h ) . .
Environmental aspects of air pollution by produatts Let I be a discrete random variable that quantifies

industry and human waists are considered in [13]- 1 (in monetary terms it will be corresponding damatie)
Publication [14] deals with the mathematical model,,gnitude of the impacu” on the environment and
and solution method for optimization problem of the .
allocation of limited resources of a project ag@bfem of population.
the arrangement of rectangular objects, where tbjec In general | takes a set of values:
being placed have variable metric characteristiad are
subject to functional dependences. The partial ityual
criteria and the constraints of the feasible dondithe
problem are formalized.

P ={1M}, b =18,

with known probabilitiespi(lihh ), and the average score
OBJECTIVES

/\? of damage takes the form:
This paper focuses on creating set of constructive
tools for modeling the optimal structure and paremseof B
PDIO technological safety system on given territasy A = zhhh hi(1M). 1)
the product of the TTSS program development. B=1



MODELING THE OPTIMAL STRUCTURE ... 81

Thus, the estimate of the number of possible Virifan

- L . hhy
If the probability distributionp;(li™ ) is unknown, the modernization of PDIO technogenic safety sysiguals:

they are all considered equiprobable:

Np
h -
p(™) = (M) = .= p(I™) =22 [V,
n=1
and . . . o
Let us consider main constraints of optimization
I hig ) mathematical model of the technological safety esyst

A structure
First, one should limit the total cost of the systas
well as values of specific resources.

The amount C;(s,) of j-th resource to develop

M_cu

AT :i
B;

''b

or decision maker can formulate certain hypoth@sdise
form of "subjective probabilities".
technogenic safety systemteth PDIO is equal to:
The static model of the technological safety
system structure

— 2y — A
LetZ = {z,}, m=1M be discrete set of components Ci(8,)= D Sy Em. 3)

possible for improving the safety system structofe m=1

some PDIO in order to counteract the set of hazards

uh :{uih}, i =]Th_ where: chm is the assessment of thh resource value to

Enter into consideration the matrix supply the modernization of the TTSS, including the
E=(Eim)-_ﬁ eI [15] of effectiveness for a set of dismantling obsolete equipment and entering elemgnt
to the safety system dfth PDIO. Then the cost of the
componentsZ. The elementsE;, are dimensionless safety system di-th PDIO is generally defined as:
values that can be determined on the basis ofBttati

data, or expert estimates. In the case the vector J
€mn = (Eim Eom»-Ejm) determines the degree of C(8,)= . Cj(s,) Z ZShm im, (4
effectiveness of the counteract of componepton a =1 =1 m=l

discrete set of impacttl. Herewith the safety system ) )
structure includes only those components that havéherer;is the cost of-th resource unit.

counteract to at least one impact from Thus restriction of the overall cost of the safety
Supposes,, be a vector defining some variant of theSyStem has a kind:
safety system structure d&tth PDIO. Moreover, éﬁ J M
ines initi - St Y s, o <Ch (5)
defines initial state of structure at the time mamg, j hm jm = “max
=1 m=1

where ér? 0 S\{m.
0

Denote as sy, the element of the vectors,  where: C™ is the maximum amount of financial
responsible for the presence or absence of bl  resources.
component in the safety system structure beinggdesi. Similarly one can define constraints on the value o
Note that the elements,,, may be of two kinds. First, an cost of certain types of resources.

: T Another important limitation is the possible
item s, can take value§01} indicating the presence or . S
hm . 9 P incompatibility of the componentsn{, m} of safety

absence of the m-th component in the safety systelisiem To generate the appropriate restrictionshoeld

structure,m=1,,,Q, <M. form the conformity matrifV=(w;)y, wherew; = 1 if
For example, it would be the presence or absence tbe components nfi, m} are compatible, andv; = 0

the fire automation system or others elementh-#t otherwise.

PDIO. Second, the elemest,,, can take discrete values ~ Then constraint on simultaneous presence irhttie

from a finite set of valuesy, 0 $ |Sy| =V, (e.g., the thitr};n?ri/esfjezr;s '%?%r\?vgétlble combination of componént

quantity of fire engines)n =1,N, ,N, < M,Q+N =M .

In this case raises the question of defining thelto Shi BBnj OV =10, j=LM,i#j. (6)
efficiencyEnm(Spn) Of System components.
Assuming that the total efficienc¥En(Sy,) of Each variants;, of the system structure is estimated

component;, contribution to the overall efficiency TTSS py the vector quality criterion:
can not exceed 1, and the contribution of eachegpent

unit of component z is less than the previous, it is F(ECS) - extr |, )
possible to define the structure of functiég(s,,) as a $GORM

logistic or polynomial one. where:G is the set of feasible solutions that is defingd b



82 V. Popov, I. Chub, M. Novozhylova

a system of financial, technological, technicalimnei The genesis of the system structure development is
constraints taking into account the type of funusig¢3-6). represented by matrix
Criterion (7) makes it possible to evaluate the

properties of the solutios;, being selected. % = (Sim )pﬁmzm ;
The dynamic model of the technological safety that determines the composition of safety systenindu
System structure the time interval [0T]. Vectors § are rows of matrix.

Consider now the main features of the dynamic
optimization model of the technological safety epst
structure.

As before, structur& of h-th PDIO safety system is

The exogenous parameters of the model. The
construction of TTSS needs to spend a lot of resmr

defined by a set of components: O={r;} i =17, including material, financial ones,
_ time and others. The resourcés are spent both on the
Z(U) ={zw}, m=1,M , inclusion new componentg-" to the system structure

and the elimination of inefficierd-""" components from
which counteract hazard impacts on the environraedt the system structure.
population of the territory from possible technoigen Suppose that to include the new component to safety
incident: 7 = [J(Z). Under modeling we will assume thatsystem need<y, units of resource; and to withdraw
time period [0,T] (T — given planning horizon) is divided
into intervals {, t + 1], t=0,T —1 On which impacts of
the environmentJ are constant, i.e. the time will be

componentz,, 0 Z-** from the system takebj, units

of this resource. Cogpj; of unit resource; is a function

considered as discrete variable. of time and it is equal to:
On the borders of time intervals it is possible to
i _ t
change the nature of environmental effects. In what Pt =Pjo(1+E)",

follows it causes changes in the safety systenctsire.
Consequently it need to include to the system new
componentsZ-", and to eliminate componen&-°"

ineffective for the next stageZU” 77 whereé is the interest rate. Then the values:

Let E{, denote the effectiveness of system 3 3
component z, to counteract to possible hazardous Cmt =Zij (pjr and by =ijm [t
impact u, in the time periodt[t + 1]. In general, each j=1 =1
element z,, of the setZ(U) can be characterized by a

efficiency matrix: determine the cost of inclusion (exclusion) compiaine

z, respectively.

— n -
Em = (Em )l=1,T,n=1,N ‘ Remark 1. When designing the optimal TTSS variant
it is advisable to take into account the operatiogts of
As TSTB should include only those components thatystem components during the period of its deptiecia

resist at least one destabilizing effect withinpeafied In summary, we state the problem of defining the
time interval [0,T], then the matriE is to be imposed the optimal system structure for a given quality cidgar
following condition: F(E,b,c,2,v) as follows:

T |

2.2 Bim >0. (®) F(EbcZ st) - extr . (10)

t=1i=1 GRM

Values E;,, are dimensionless quantities and can be
determined on the basis of statistical data orgigieer

reviews [4, 5]. Note under certain stages ‘i{e Analysis of problem constraints. The set G of

asible solutions of the optimization problem (1)
rmed by a system of constraints that along with
h Inequalities (8,9) contains the following restriets:

» on the resources that are used to construct some
variant of safety system:

implementation of safety system development progra
TTSS and as a result of changing conditions
performing TTSS valuek;,, may also change along wit
the numberM, i.e. M = M(t) in accordance with the
condition (8).

Assumption 1. Let condition:

Ci(Z)=Cy™, j=17, (11)

cot-1 t
aofoT]:stt sl =
max

: 9) A . . .
DTD[t +1,T] :SrTnh > S:nh where: Cj is the available value ¢fth resource at
takes place. timet taking into account the discount of a kind:



MODELING THE OPTIMAL STRUCTURE ... 83

M Each node of the decision tree determines some
Cit(2)= Z(S(t_l)m_stm Pjtm +Cjm (Stm =S(tym )»  variant §, of the TTSS structure during the interval
m=1 [t, t + 1]. The arcs of the decision tree are designated

t=1T. zht; and determine the presence of appropriate
) component g for time periodtO[t,t+1] as a part of the
+ on the total cost of safety system variant: technological safety system being constructed.

Each node except the root one has an input arc and
C(z)<Ccma, (12)
(T+1-1)@M -m
where: the total amount of resources available uibdb

version of the system: output arcs, which are indexed ag t; and satisfy the
condition:
J T
C(z)zzzcjt(z)pjt- T=tm>m
j=1t=1 ' '
|:T' >T.

* on the minimal acceptable level of system ) o _
components efficiency to counter the destabilizing AS & result of constructing the decision tree is th

impacts of possible technogenic incident: ordered setS containing all manner of variants,.
However, some variants,, from S would not satisfy
01 Etim > Eijg for certain constraints of kind (3-6) or (8-9), (11-1%o,

(13) appropriate set of cutting rules based on congggjnis
to be introduced into consideration.
These cutting rules allow discarding elements ef th
« on minimal acceptable level of system efficiencyset S, which are not belong to the set of feasiblations.
to counter the destabilizing effects of the envinemt: Moreover, cutting rules being considered also teject
of the solutions, which are not Pareto-optimal of2€3.
Etii( > Etfi“i“, (14) As the result one can obtain an reduced set Hroftstre
variants of kind:

Om,g|m# g,st'fn =1,stz =1,

where: E{"™" is the minimum allowable efficiency to HIPOHOGOS

counteract embodiment of tieh hazardous impact in the

time periodt. o where P is the set of Pareto-optimal solutions.
» on possible combinations of system components

Ot Ogm(Stk +Stm ) < SkStm (15) CONCLUSIONS

i . 1. The modeling environment to generate optimal
whgre. (?km b{e1} - t.he“ element of the matrbO structure of the territorial technogenic safetytegs has
designating the compatibility of system components peen proposed. In general, the problems (7), (Ed)gb
andzy, considered are stochastic discrete (discrete-ogomtis)
To determine the structure of criterle(E,C S) (7)  problems of multi-criteria optimization, and thelecision
and F(E,b,cZ,v) (10) one can use forms of knownis based on the implementation of the branch anddo

criteria that allow in some way to assess the ewino approach. Taking into account the hierarchical mssef
efficiency of diffe.ren_t technological_safety syswnfor TTSS construction one can define parametess
example, the criterion of a maximum average l0Sgssigning optimal structure of h-th industrial abjthat is

prevention [16]; economy criterion of damage [1ffie . o
criterion of minimizing the total cost of safetyssgms’ potentially dangerousn =1H as exogenous ones for the

equipment and industrial exploitation [18], etc. optimization problem of higher hierarchy level, r&ymn
for determining the optimal characteristics of iterial
The exact solution method for the dynamic problem technogenic safety system. This approach allows
of construction the technogenic safety system organizing iterative algorithm to identify desired
Since the seZ of feasible components is of discretgP@rameters of TTSS development program product.
kind and timet is the discrete variable then all the 2. The dynamic optimization problem (10) as well as
possible realizations of the technological safetgtam ItS Static analog (7) refer to the class of NP-hi]

e = . ._problems. Thus, the direct application of the blhaaad
structure withint =1,T can be represented as deusmrﬁound method to solve the problems of the practical

tree vertices. A decision tree is a convenient wagrder §imension definition does not always point out oyt

the set of feasible solutions for discrete optimi@® |(esult in a reasonable time. Therefore. it seems
problem according to the ideology of the branch angyropriate to use locally-optimal or heuristic mgzhes
bound [19] method. to find quasi-optimal solutions.
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