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MARKOV MODEL OF RISK IN THE LIFE SAFETY
PROJECTS’

B.JI. Toeyncokuii, 1O.C. Yepneea, E.C. Pyoenxo. MapkiBcbKka MOIeIb PU3HKY B MPOEKTaX 0e3NMeKH
JKHTTETISUIBHOCTI. 3alIpONIOHOBAHO MO JIUIsI OI[IHKH PU3HUKY B MPOCKTAX i mporpamax y cepi Oe3neKu KuT-
TEMISITFHOCTI HAa OCHOBI ITOJAHHS OIIIHKH y BHUIJIAI OJHODPITHOTO MAapKiBCHKOTO JIAHITFOTA 3 AUCKPETHUMHU CTa-
HaMH| i 9acoM. 3aCTOCYBaHHS 3alPOIIOHOBAHOT MOMETI TO3BOJISIE TIEPEUTH Bil OJHOBHMIPHHX 10 OaraTOBHMIp-
HUX OI[IHOK PiBHsI O€3MEeKH OpraHi3amiifHO-TeXHIYHIX CUCTEM.
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JKH3HEesI TeILHOCTH. [IpeioskeHa MOIeNb I OIICHKH PUCKa B MIPOCKTAaX U MporpaMMax B cdepe Oe30macHo-
CTH YKH3HEJICSITEIPHOCTH Ha OCHOBE MPEIICTABICHNS OLICHKU B BUJIC OJHOPOIHOW MAaPKOBCKOM LIEIH C JUCKPET-
HBIMH COCTOSIHMSIMU U BpeMeHeM. [IpuMeHeHne MpeyioKeHHON MO MO3BOJISIET MEPEHTH OT OJHOMEPHBIX K
MHOTOMEPHBIM OLICHKaM ypPOBHsI 0€30MaCHOCTH OPraHU3aMOHHO-TEXHUYECKUX CHCTEM.
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V.D. Gogunsky, Yu.S. Chernega, E.S. Rudenko. Markov model of risk in the life safety projects. We
propose a model to assess the risk in projects and programs in the field of safety of life through the provision of
assessment in the form of a homogeneous Markov chain with discrete states and time. The application of this
model allows us to go from one-dimensional to multidimensional assessment of the security of organizational
and technical systems.
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Introduction. Under the project as “a time-limited purposeful change a single system with the re-
quirements for quality results, possible limits flow of funds and resources and a specific organization” [1].
A key part of building projects in the life safety (LS) is a goal-setting - the rationale and objectives of
the project selection [2].

Formulation of the problem. This raises the problem of management of complex multi-criteria
system including facilities, planned process and many of the project participants, each of which is fo-
cused on their own goals [2]. The proved choice of the objective function determines the efficiency of
the projects LS [3].

Analysis of the publications. Fundamentals of Project Management using the Balanced Scorecard
are proposed in [1]. The risk of reduced life under the influence of harmful factors in the working area
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of enterprises is based on the well-known Weber-Fechner law [2]. Other approaches for risk assess-
ment developed are in [3...5]. The theoretical basis for the formation of the concept of security in the
organizational and technical system is an axiom of the potential hazard, the principle of Farmer, the
Weber-Fechner law, the principle of minimum Liebig, Shelford tolerance law [4]. The level of influ-
ence of environmental factors on the condition of people is based on the data in the form of “dose —
effect” [6]. In general, the result of a project in LS is some product or service, which are characterized
by cost and risk measure.

The purpose of the article. Development of model representations of the projects objective func-
tion in safety.

Features of the risk assessment. Management of projects and programs in LS is - a complex form
of project activity in the “man — machine — environment™ system.

These projects (programs) have the similar to any other project features:

— goal — the safety of operating personnel and the public;

— certain deadlines (start and end);

— established financial, material and human resources.

Differences projects LS [1]:

— the objective function of the project — a technological and environmental security — shows
the desired property of a production environment or territory, and is not related to profit from the pro-
duction and sale of a product or service;

— uniqueness — geographical and climatic characteristics, method of formation, mechanisms of
harm and spread of harmful substances in the environment.

There are two types of governance for LS — proactive and reactive. The difference between
them lies in the fact that the external action on the part of the project team in the first instance is car-
ried out before, while the second — after the accident, which may occur as a result of accidental causes.
Currently dominates the second variant, that usually triggers certain decisions to change the system to
reduce the risk of adverse events in the future.

Methods for measuring and assessing risk are manifold. This is due to the fact that in different
domains of life different parameters to evaluate the efficiency of objects and processes are used. Thus,
while treating a patient doctor controls the “medical risk” that characterizes the success of surgery or
therapy. Civil engineer manages the risk of an object under construction structural failure. Profession-
als in the field of occupational health and environmental safety are focused on risk assessment and
management system to reduce it. They act on behalf of enterprises, customers, the community, society,
or life in general. Risk is mainly assessed by the probability curve (a dimensionless value between 0
and 1), but the frequency of implementation also can be used. The frequency of implementation is — a
number of cases of possible manifestations of risk during a particular period of time.

There are two long-standing views on risk: the first is based on scientific and technical assess-
ments (the so-called theoretical risk), the second depends on the human perception of risk (the so-
called effective risk). These two points of view permanently conflict in social, human and politi-
cal sciences.

The theoretical risk is expressed in the form of statistics that often comes down to the probability
of an undesirable event. Usually, the probability of such events, and some estimate of expected harm
is combined into one plausible result, which combines a set of probabilities of risk, regret and reward
in the expected value for this result.

Thus, in the statistical decision theory, risk assessment function (x) for the parameter 0, calcu-
lated for some of the observed parameters x, is defined as the mathematical expectation of the loss
function L

R(8)=[L(8,8(x))- f(x|0)dx, (1

where L(0,5(x)) — the loss function of the estimate 6 parameter and the estimate d(x) value; f(x|0) —
the probability of an undesirable event.
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In practice, as a rule, use particular forms of expression (1) are used, consisting in the fact that the
relationship is greatly simplified, given the specific conditions of the implementation of risk assessment.
The probability of an undesired event is determined by the frequency of implementation of hazards

N(t
f(x10) =0, @
O(x)
where N(t) — the number of adverse events during the period #; O(x) — the total number of events in

the system.

Thus, the assessment of health risk when exposed to environmental factors are performed under
the assumption that the level of pollution of the air or the water environment is known [6]. This means
that the pollution event has already taken place: f(x|0)=I.

For the loss function L(0,d(x)) usually take some measure of the cost of risk units is taken, which

characterizes the effects of an event. Thus, the fatal accident entails paying an employee family of
five-years salary. Thus, the cost measure of risk in terms of the employer may be taken to be the size
of a five-year earnings of the employee. Such a valuation can be established for other levels of severity
of consequences of adverse events.

The present study proposes not to use a measure of the cost of risk, since it is an expression of the
level of development of social relations, and not characteristic of the quality of organizational and
technical system. To characterize the effects, you can use the value of the probability of consequences,
taking into account their severity. This is a ratio of the number of adverse events (number of deaths,
number of cases of disease, disability, etc.) caused by the action on the population of a particular ha-
zard to the total possible number

ni

P =L,(8,8(x)) = —— )
2

i=1

zp -1, (4)

where i — condition index (events) to determine the severity of the population, i=1...s; p, — proba-
bility state, 0<p;<I; n; — the number of events of a certain severity in the population.

Under these provisions risk is the product of two variables having probabilistic nature. Further, in
this study we consider the characterization of the effects of exposure to adverse environmental factors
for f(x|0)=1.

Negative aspects of the factors of the “man — machine — environment” are implemented
through the events that serve as indicators of their potential manifestation and contribute to the realiza-
tion of potential dangers in the future. On the recommendation of the International Organization of
Health different levels of damage and, therefore, the probability of impact can be determined by the
structure of events: D; — norm; D, — minor violations; D; — indirect evidence; D4y — denial; Ds —
accident

Represented as a graph of transitions from one state D; to another D;, which denote the probabili-

ties m,{i=15;7=15i#j} of transitions to other states, as well as the probability
T =1,5; j =1,5;i= j} of saving the current state (Fig. 1). These transitional probabilities can be de-

termined by expert methods. The resulting homogeneous Markov chain with discrete states and the
time can be solved by well-known methods [3].

Additionally, compared to the pyramids recommended by the Health International society, on a
graph marked switch to less dangerous levels of damage in one, two or even three levels, which may
take place in case of organizational, preventive or therapeutic measures.

We describe a homogeneous Markov chain with discrete states and discrete time steps and
changes calculated using the probabilities of the states. [4] Under the steps we understand some com-
plex-effects of measures implemented by an object that changes the parameters D;.
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Suppose that at any time ¢ (after any &-th step) index D can be in one of the states: D={D,, D, ...
Ds}, that is, to make one of the full group of incompatible events: D\® D,® .. Ds® The indicator
D may vary at each step &

D={p:(k), px(k), ..., ps(k)}.
Denote the probability of finding an object in the states j: j =1,n in the completion of steps k&
k=1: pi()=P(D,"); pa(1)=P(D2"); ... ps()=P(Ds").
k=2; p1(2)=P(D\?); px(2)=P (Dz(z)); s P5()=P(Ds5?);

k=I; p\(D)=P (Dl(l));Pz(DZP (Dz(l)); coess Ps(D=P (Dsm)-
Probabilities p;(k), pa(k), ..., ps(k) are the probability of the state of a homogeneous Markov
chain, in which the transition probabilities are independent of the step. Considering the property of
incompatible actions, forming a complete set for each step £

pi(k) + pa(k) + ... + ps(k) =1.
The transition probabilities my {i= 1...n; k= 1...n; n=5} can be obtained by expert methods. “A
delay” m;, complement to one the sum of the transition probabilities of transition to other states.
Based on the matrix of transition probabilities, provided that the initial state of the system is
known, it is possible to find the state probabilities p;(k), p2(k), ...ps(k) after each k-th step of manage-
ment actions on the system. The equations for calculating the probabilities of the form:

pilk+)=p (k)1 + p,(k) -1y, + py(k) -7y, + p,(k) -7y, + ps(k) -7,
Pr(k+1)=p (k) -1, + py (k) -1y, + Py (k) -7y, + py(K) Ty, + ps(K) - T,
py(k+1)=p,(k) -7t 5+ p, (k) 7ys + py(k) -1y s + py(k)-mys + ps(k) -5, (%)
Pk +1)=p (k) -1,y + p, (k) -1, + py(k) -0y y + py(k) -1y, + ps(k)-Tis,,
ps(k+1)=p, (k)7 s+ p,(k) -7, 5 + py (k) -1y 5+ py(k)-0y5 + ps(k) - s 5.

The system (5) has 10 variables — transition probabilities m;; are known. Five equations include
10 unknown variables. Solving this system requires the number of equations to be equal to the number
of unknown variables, ie five ties must be added, based on the initial conditions. Usually the state
probabilities p,(k), i=1...5 are set as known variables.

Behavior of the system is determined by the initial state {p;(0), p2(0), ... ps(0)} and the transition
matrix, which, for each new project has different values of its elements:

T, m, 0 0 0 0,75 0,25 0 0 0

T,y T, T3 0 0 0,15 0,75 0,10 0 0

Hn__Hz Ty, Ts, Ty T, 0 |2(0,05 0,15 0,65 0,15 0
y

Tar Tan Tyus Tag Ty 0,02 0,05 0,15 0,63 0,15
0 0 0 Ts, Tss 0 0 0 0,25 0,75

Simulation results example using a Markov chain shows the possibility of a multi-dimensional
assessment of the probability of occurrence of certain events (Fig. 2).

The system can be changed by the influence of perfomers. This is possible by using, for example,
health and safety law, socio-economic, organizational, technical, sanitary and preventive measures
aimed at protecting the health and efficiency of employees [4]. It is necessary to ensure the proper
management of projects in LS. After all the project can go into the category of “bad” and not complete
at all if any errors or project team improper actions take place [5].
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Fig. 1. A labeled graph of the system: D; — the dis- Fig. 2. Changing the state probabilities of the system
crete states; m;— transition probabilities during the work projects: pi(k) — the probability of

state, i=1...5, k — step number — the discrete time

Conclusions. The proposed model reflects the Markov processes in LS. System structure and topol-
ogy of relationships allow to draw preliminary conclusions about the concept of proactive systems man-
agement LS — do not expect serious consequences and accidents. You must use the indicators of levels
of damage occurrence and form events, and introduce new methods for preparation and healthy life.
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IKOJIOI'MYECKASA OHEHKA ITPOEKTOB

T.M. Onex, K.B. Konecnuxosa, C.B. Pyoenxo. ExoJioriuna oumiHka mpoeKkTiB. 3anpornoHOBaHO MiaXif 10
BUSIBJICHHSI €KOJIOTTUYHUX TIPOOJIEM Ha PaHHIX CTAIisAX PO3TIISAY MPOEKTIB ISl BKIIOYCHHS B HUX 3aXOiB, CIIPS-
MOBaHUX Ha TOJIMIICHHS SKOCTI HABKOJHUIIHLOIO CEPEIOBHINA Ta 3ar00IraHHs, 3MCHIICHHS Ta KOMIICHCAIIIIO
€KOJIOI'TYHOr0 30MTKY. PO3IIISIHYTO OLIIHKY SIKOCTI €KOJIOTIUHOI CKJIaIOBOT ITPOEKTY.

Kiouesvie cnosa: poekTH, €KOJIOTTUHI XapaKTEPUCTUKH, BIUTUB HA HABKOJIMIITHE CEPEIOBHUIIIE, IKICTh €KO-
JIOT1YHOT OITIHKH.

T.M. Onex, E.B. Konecnuxoga, C.B. Pydenxo. JkojiorudecKkasi OlleHKa MPOeKTOB. [IpeiokeH moaxon K
BBISIBIICHUIO SKOJIOTMIECKUX MPOOJIEM HA PAaHHUX CTaUSIX PACCMOTPEHUS MPOCKTOB JUIS BKIIOYCHUS B HUX MEPO-
MPUSITHIA, HATIPABJICHHBIX HA YJIyUIICHHE KAuecTBa OKPYIKAIOIIEH CPE/Ibl U MPEIOTBPAICHHIE, YMEHBIICHHE 1 KOM-
TMIEHCAIMIO KOJIOTHYECKOT0 yiepba. PaccMoTpeHa olieHKa Ka4ecTBa SKOJIOTHYECKON COCTABIISIONICH TPOCKTA.

Kniouosi cnoea: nmpoeKThl, IKOJIOTHYECKUE XapaKTEPUCTHKH, BIUSHUAE HA OKPYKAIOIIYIO CPely, KauecTBO
3KOJIOIMYECKON OLIEHKH.

T.M. Olekh, K.V. Kolesnikova, S.V. Rudenko. Environmental assessment of projects. An approach to the
identification of environmental problems at the early stages of the projects to be included in the draft of meas-
ures aimed at improving the quality of the environment and the prevention, reduction and compensation for envi-
ronmental damage. The evaluation of the quality of environmental component of the project is considered.

Keywords: projects, environmental performance, the impact on the environment, the quality of environ-
mental assessment.

Beeoenue. 1lens sxonormdeckoit omeHkw (D0) cOCTOMT B OOECIIEYCHUH KadecTBA MPOCKTHPOBAHMS,

YTOOBI MMPOEKTHI, TUIAHBI PA3BHUTHSL, IPOTPAMMBI | Ap. ObLUIA IPHEMIIEMBI C TOYKH 3PEHHS OKPYKAIOIIEH cpe-
IBI ¥ ycToiunBocTH. DO HCTIONB3yeTcs TS IPOTHO3a, aHaIN3a M HHTEPIPETai 3HAYMMBIX BO3JEHCTBHN
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