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simply “be translated into a programming languadé.this stage, the program is a console applicationhich

you want to set a matrix of weights (the prograksdsr a specific value, the user enters it), drahta starting
and final points are requested and the shortestisvegiculated. In the future, we plan to issueaarintuitive

and simple interface, add a graphical represematidshe network, add some modifications of theogtgm.

The program will be useful for pupils and studeintsorder to understand Dijkstra's algorithm while
dealing with the problem of finding the shortestyw@he program is also useful for teachers tottessolutions
pupils and students find quicker. Developing thisj@ct, you can get quite an interesting, usefuddprt,
besides being unique and versatile.
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The paper discusses the use of fuzzy logic inrtht@gam of occupational risk assessment.

Soft computing includes fuzzy logic, neural netwgrkrobabilistic reasoning, and genetic algorithms.
Today, techniques or a combination of techniquemfall these areas are used to design an intetiegsystem.
Neural networks provide algorithms for learningsdification, and optimization, whereas fuzzy ladgals with
issues such as forming impressions and reasoniagsemantic or linguistic level.

Fuzzy logic was initiated in 1965 [1] by Lotfi Aadeh, professor for computer science at the Urityers
of California in Berkeley. Basically, fuzzy logis ia multivalued logic that allows intermediate esuo be
defined between conventional evaluations like falgs#, yes/no, high/low, etc. Notions like rathalt br very
fast can be formulated mathematically and procebgezbmputers, in order to apply a more human-lke of
thinking in the programming of computers [2].

In 1993 Kosko (Kosko) proved a theorem on fuzzy ragimation (FAT — Fuzzy Approximation
Theorem) [3], which states that any mathematicatesy can be approximated by a system of fuzzy logic
Therefore, using natural language rules “If — théaifowed by their formalization by means of thedhy of
fuzzy sets can be any arbitrary accurately refleetrelationship “Input Output” without the use afmplex
apparatus of differential and integral calculuaditionally used in the management and identifisati

Fuzzy logic has emerged as a profitable tool fer ¢bntrolling and steering of systems and complex
industrial processes, as well as for householdeamdrtainment electronics, as well as for otherexgystems
and applications like occupational risk assessment.

In the real world, vagueness and ambiguity existabhee of the limitations of our language and other
factors, such as context and perception. Closddyee to this ambiguity is the question of lexizaprecision in
natural language; when expressing knowledge, iddals would rather use words than numbers.

Occupational risk assessment deals with uncertaiat®ns, that is, situations in which we do navé
complete and accurate knowledge about the systm stich as estimate severity consequences gbatoooal
accidents.

Additionally, legal records, statistical data arig slocumentation produced by companies are gdperal
insufficient for determining risks. On-site inspects generally use linguistic expressions rathantimetrics to
assess the safety risks. These facts increasenfiredision and inaccuracies of the occupationklassessment
process, and this imprecision is the reason whyseea fuzzy approach.

For systems in which imprecise and inaccurate médion is available, fuzzy concepts and techniques
provide suitable ways to collect observed inputdaid represent it in a uniform and scalable wayz¥ sets
seem to be quite relevant in three classes of @gfns: classification and data analysis, reagpninder
uncertainty, and decision-making problems.

In our work, we use the lattermost application e€idion making because it will allow the combinatio
of all risk factors using aggregation operatordéfine a general level of risk assessment.

A fuzzy inference system (FIS) essentially defiaesonlinear mapping of the input data vector into a
scalar output, using fuzzy rules. The mapping mec@volves input/output membership functions, FL
operators, fuzzy if — then rules, aggregation dpatisets, and defuzzification.

The FIS contains four components: the fuzzifiefeience engine, rule base, and defuzzifier. The rul
base contains linguistic rules that are providediyerts. It is also possible to extract rules fraumeric data.
Once the rules have been established, the FISeaietved as a system that maps an input vecton twugput
vector. The fuzzifier maps input numbers into cepanding fuzzy memberships. This is required ineor
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activate rules that are in terms of linguistic ahtes. The fuzzifier takes input values and deteesithe degree
to which they belong to each of the fuzzy setsmé&mbership functions. The inference engine defimapgping
from input fuzzy sets into output fuzzy sets. Itadtmines the degree to which the antecedent isfigatifor each
rule. If the antecedent of a given rule has moaa thne clause, fuzzy operators are applied tombtaé number
that represents the result of the antecedent &rrthe. It is possible that one or more rules rin@yat the same
time. Outputs for all rules are then aggregatediriguaggregation, fuzzy sets that represent thputudf each
rule are combined into a single fuzzy set. The dafier maps output fuzzy sets into a crisp numisaveral
methods for defuzzification are used in practioeluding the centroid, maximum, mean of maximaghgiand
modified height defuzzifier. The most popular deiffization method is the centroid, which calculatasd
returns the center of gravity of the aggregatedzyuget. FISs employ rules. However, unlike rules in
conventional expert systems, a fuzzy rule localiaesegion of space along the function surface austef
isolating a point on the surface. Also, in an Fi&lltiple regions are combined in the output spacerbduce a
composite region. A general schematic of an FEhawn in Figure.
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Fig. Schematic diagram of a fuzzy inference system

The fuzzy model includes three fuzzy inferenceayst F$, FS and F3 [4].

Input variables of the first fuzzy inference systettme probability (frequency) of hazar@;), which
considers prescription of accidef), severity of the consequences of hazards infle¢gy and the duration of
hazards exposuredf). An output variable of the first fuzzy inferensgstem is a level of occupational risk
(Ronai), Which caused by unsafe hazard. The level of patonal risk is used as a basis for making a dectis
about the necessity of risk management actions.

Two variables are accepted in second fuzzy infaresystem: class working conditions KM7;) and
relative risk OF;) for a certain class of diseases. The result®filazy inference system is the second linguistic
variable — “professional risk of effect of occupatal hazard” Rz q:)-

The first variable of third fuzzy inference systens hazard indexi{B,) for definite profession or to the
structural subdivision. The second variable; B number of temporary disability for all illneger 100
employees 3BVT,). An output variable of third fuzzy inference syst is “an occupational risk of complex
effect of hazards"Rz;q).

According to the results, employees of followindpdivisions are exposed to high level risk of comple
influence work environment: tankage facilities, dasjuipment and repair department. It is neceseatgvelop
preventive control solutions to reduce risk.

The main advantage of using fuzzy logic in our nliogecompared with other mathematical modeling
techniques is the easy representation and manipulat empirical knowledge about ill-defined contep

Application of the proposed fuzzy model of occupadil risk assessment for health workers at oil
refinery would prejudge adequate administrativeigiens on elimination or limitation impact factocf
production in the face of uncertainty as a reswiprove the quality of functioning of occupationafety
management systems.
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In this paper we consider the problem of global Lyapunov reducibility of linear differential systems and
shows the main results available to solve this problem. With entered our concept of partial uniform global
attainability, we obtain a solution of this problem for three-dimensional systems with discontinuous and rapidly
varying coefficients.

Consider a linear non-stationary control system
x=A(t)x+B(t)u, xOR", uOR™, t>0, Q)

with locally integrable and integrally bounded matoefficients A and B. Closing the system (1) with the
control defined in the form of a linear feedback
u=U(@)x, (2)

whereU is a measurable and boundg@dxn) — matrix, we obtain a closed system
x=(AQ)+BHU )%, xOR", t>0, 3

coefficients are also locally integrable and inédigr bounded. Along with (3) we also consider abitaary
system

z=C(t)z, zOR", t>0, 4)

with measurable integrally bounded matrix coeffitseC.

The problem of global Lyapunov reducibility of linear system (3) is to construct for a system (1) a
measurable and bounded control (2) that the lirgatem (3), closed this control will be asymptdtica
equivalent [1, c. 56 - 57] to system (4). This mefh, c. 57 - 58] that there will be a linear trfamsation
relating system (3) and (4)

x=L(t)z,
matrix which satisfies

sup(| L[|+ L) |+ L) D) < 0.

There|| O — is spectral (operator) norm of matrices [2,55]3i.e. matrix norm induced by the Euclidean

norm.

The problem of global Lyapunov reducibility wasrfarated [3] by representatives of the Izhevslosthf
mathematics Tonkov E.L. and Zaitsev V.A. in tlaelye90th years of the 20th century. Professomkde E.L.
proposed to seek a solution to this problem asgyumiiform complete controllability of system (1).

Definition 1 [3, 4]. The system (1) isuniformly completely controllable if there are numbers

0>0, y>D0,thatfor anyt, >0 and x,JR" in interval[t,, t, + 0] there is a measurable and bounded control
u at all td[t, t,+o] satisfying the inequality| u(t) [< Y| %, || and transforming the vector of the initial
condition x(t,) = x, of the system (1) to zero on this interval.
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