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Abstract: The main result is improvement of the safety level forecasting method
for wastes storage place on the basis of simulation modeling application for safety
management system functioning. Parameters needed for safety level assessment of the
wastes storage place, which determine extreme situations occurrence risk, and
environmental quality indexes are represented as responses on external factors
influence. Interrelations of the process taking place on the object and in the
environment are stated and represented in formalized way.
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Problem setting. In February 2015 the Law of Ukraine of 19.06.2003 No. 964-

IV “About fundamentals of national security of Ukraine” was added with significant
amendments on determination of threats and directions of the state policy in the civil
protection. In particular, significant anthropogenic and technogenic overloading of the
territory of Ukraine was included into the list of threats for national interests and
national security in civil protection sphere as well as occurrence risk of technogenic
and natural extreme situations. Thus, the mentioned above law states legislative basis
for transition to complex resolution of problems of the environmental safety provision
as well as extreme situations occurrence risk decrease for objects which are the source
of negative environmental impact, for example, wastes storage places.

Concept of the Ukrainian security and defense development, approved by the
Decree of the President of Ukraine of 14.03.2016 No. 92/2016, establishes the
improvement of extreme situations monitoring and forecasting mechanism as a priority
action for the State Emergency Service of Ukraine. In return, existing today subsystems
of the Unified state system of civil protection are organized according to territorial,
branch or functional principle. Thus, they perform the monitoring and forecasting tasks
in separate areas and are not combined into joint information and analysis complex!.

Concerning the wastes storage places there were multiple examples of the
catastrophes in Ukraine and other countries such as landslides, fires, flooding, etc.
Extreme situation occurrence significantly complicates performance of the safety level
monitoring and forecasting for such objects. Especially it may be seen on simultaneous
realization of several events of different kinds. In return, analysis of the technogenic
and natural extreme situations occurring within the limits of the approved and not
approved wastes storage places demonstrates presence of interrelations between
environmental impact sources and extreme situations risk factors. For example,
accumulation of the large amounts of water due to rainfall or fire extinguishing sharply

raises risk of the landslide of the collected waste. Then such landslide brings additional

! €pain, O. M., Kanunenko JI. B. MOHITOpUHT 1 NpPOTHO3YBaHHS PHU3WKY BHHHKHEHHS
Ha/I3BUYAHUX CUTYyalil B YKpaiHi — cydacHHi ctaH Ta npobiemu // HaykoBuil Bicuuk: L{uBimsHui
3aXUCT Ta MoXkexkHa Oesmeka. 2016. Ne 2 (2). C. 75-82.
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negative environmental impact because of wastes spreading over the fields not

prepared for the safe storage provision. Obviously, for wastes storage places the
problems of monitoring and forecasting of both extreme situations occurrence risk and
environmental danger level are to be considered taking into account interrelations
mentioned above. It means the application of the unified assessment approach
including evaluation of the current and forecasted characteristics of the environmental
condition of the territories adjoining to such objects.

Additionally we have to take into account practical uselessness of the
usual method of the object condition control during extreme situation due to
danger level increase. At fire, for example, such danger is represented with
increased level of smoke, toxic combustion products concentration in air, raised
temperature of burning substances, etc. Therefore, the problem of improvement
of mechanism of monitoring and forecasting safety of wastes storage places is
topical.

Recent research and publications analysis. Existing today solutions on
methodology of the territory environmental condition assessment are generally based
on expert or calculating approach. Expert approach may be represented, in particular,
by the works of teams of Canadian scientists® or World Wild Fund For Nature®. Such
approach is based on conclusions made by the group of experts after investigation of
the large amount of initial data. In return, application of calculating approach means to
evaluate certain generalizing index by summation of the assessment on separate

characteristics. In most cases, it is achieved with weight coefficients application. Such

2 Wanda Leung, Bram F. Noble, Jochen A. G. Jaeger, Jill A. E. Gunn. Disparate perceptions
about uncertainty consideration and disclosure practices in environmental assessment and
opportunities for improvement [Electronic resource] // Environmental Impact Assessment Review.
2016. Vol. 57. Pp. 89-100. URL: http://dx.doi.org/10.1016/j.eiar.2015.11.001 (accessed March 20,
2017).
3 Living Planet Report 2016. Risk and resilience in a new era. [Electronic resource] / WWF
International Gland, Switzerland, 2016. URL: http://wwf.panda.org/
about our earth/all publications/lpr 2016/ (accessed March 20, 2017).
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approach is widely used in different fields like landfill danger evaluation®,

environmental territory assessment’, etc.

Fundamentals of the concept of complex environmental assessment of natural
and technogenic objects are described in works on environmental safety problems —
G. V. Lisichenko®, M. S. Maliovanyi’, H. O. Biliavskyj®, M. M. Prykhodko’, and
others. General approach to simulation used by the authors in investigation is
represented in works of Robert Shannon!?. What about application of such approach
for certain cases in resolution of the safety provision problem both of general and
specific type — these results are represented in articles of the authors!!.

Today monitoring and forecasting of extreme situations in Ukraine are
actualized on the level of independent systems, which are not combined into
unified information and analytical complex. Wide variety of danger factors
explains absence of unified criteria for the territory environmental condition
assessment. Thus methods based on expert or calculating approach do not provide
the opportunity to estimate absolute assessment of the environmental condition
and are more suitable for comparison of the territories with each other.

Besides different researches are based on different sets of assessment

characteristics. For example, the system of indexes represented in European

4 Aydi, A, Zairi, M. & Dhia, H. B., etc. Minimization of environmental risk of landfill site
using fuzzy logic, analytical hierarchy process, and weighted linear combination methodology in a
geographic information system environment [Electronic resource] // Environmental Earth Sciences.
2013. Vol. 68, issue 5. Pp. 1375-1389. URL: http://link.springer.com/article/10.1007/s12665-012-
1836-3 (accessed March 20, 2017).
5 benorypog, B. I1. Pa3paboTka METOI0JIOTHH MHTETPATLHOTO OLICHUBAHUS YKOJIOTUUECKOTO
cocTosiHusl TeppuTopuit // CxigHo-€Bponeicbkuil KypHan nepeaoBux TexHoiorii. 2014. Ne 5/10
(71). C. 25-29.
6 Jlucuuenko, I'. B., 3a0ynonos, 10. JI., Xwine, I'. A. Tlpupoguuii, TEeXHOTCHHHWI Ta
€KOJIOTIYHUN PU3WKH: aHaIli3, oliHKa, yrnpasiinas. K.: Hayk. nymka, 2008. 543 c.
7 Xapnamosa, E. B., Manesanbiit M. C., [lnanyk JI. JI. TeopeTuueckne OCHOBBI YIpaBIEHUS
9KOJIOTUYECKON 0€30TacHOCThI0 TEXHOTCHHO HarpyXeHHoOro pervoHa // Exonoriuna 6e3mexa 2012.
Ne 1 (13). C. 9-12.
8 [eBuyk, B. 4., Carankin, FO. M., binsscekuit, I'. A. Tta iH. Exonoriune ympaiiHHs / mija
pen. I'. A. Bumssewskoro. K.: JIe6ian, 2004. 430 c.
? [Tpuxonpko, M. M. TeopeTHko-MeTOAO0JOTIYHI OCHOBH €KOJIOTIYHOI OE3MEeKH TreoCHcTeM //
Haykogi 3anucku THITY. Cepis: I'eorpadgis. 2012. Ne 1(31). C. 179-191.
10 [llennoH, P. UMuTanimoHHOE MOJETMPOBAHUE CUCTEM — UCKYCCTBO M Hayka. M.: Mup, 1978.
418 c.
u Konockos, B. FO. MoenroBaHHS! MIITHOCTI HECYYUX KOHCTPYKIIiH OyIiBelb Mij] 4ac MOKexi
// TIpo6siemsl moskapHo# 6e3onacHocTH: CO. Hayy. Tp. Beim. 38. X.: HYII3Y, 2015.
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Guidelines for the Application of Environmental Indicators'? [14] includes only

the most important of them — 36 positions in total. But these indexes are directed
on determination of consolidated conclusions about territory environmental
condition.

Paper objective. Thereby, modern approaches to resolution of the problem
of the territories environmental condition assessment are directed mainly on
consolidated evaluation and forecasting, therefore their practical application for
dynamic control of environmental safety in conditions connected to possible
extreme situation occurrence is significantly complicated. In addition, it is to be
taken into account that experiments with full reconstruction of extreme situation
events is inadmissible according to safety requirements. Considering everything
mentioned above the methodological basis chosen for the represented paper is the
method of simulation modeling. Its application allowed us to proceed to analysis
of corresponding conditions of the object, evaluation of its functioning mode
alternatives and forecasting of its safety level.

The objective of the represented reserach is improvement of extreme situations
monitoring and forecasting mechanism for wastes storage places. To achieve the stated
objective the task of improvement of safety level forecasting method for wastes storage
place on the basis of simulation modeling is resolved.

Paper main body. Application of simulation modeling method allows to
achieve stable statistics of events development on condition of replacement of the real

safety management system of wastes storage place with its model. The functioning of
the safety management system is considered on the time interval (TO»Tl), which is
characterized with the influence of the complex of internal factors Fi (t)e @ i=l.n,
To determine extreme situation occurrence risk factors and environmental quality
indexes we add parameters em €E™> m=1.R and /¢ €E*? 1=1..P respectively.

A quantity of values E=E"™ UE™ is considered as a complex of responses of object

and natural environment on external factors influence taking into account interrelations

12 Environmental monitoring: Guidelines for the application of environmental indicators in
Eastern Europe, Caucasus and central Asia [Electronic resource] / Economic commission for Europe
of the United Nations. — 2007. — 75 p.
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of them. Result of modeling is represented as a set of dependencies on time

Pe3ynbTaToM MOIENIOBAHHS € 3aJIEKHOCTI Bim uacy W(t)=K(t).Y(t) of safety level

evaluation criteria K (1):K=K™ UK™ and control impulse Y(t) expressed as a

complex of influences on each of safety factors Y={Y;}. Y =gi(K),
The task of mentioned above dependencies is formalized in the following way
W(t)=M(A(t).B), (1)
where A — the set of input parameters of the system it the form of A=®UE: B — the
quantity of regulation limitations defining limits for each safety level evaluation

criteria.

The formed set of criteria K =K™ UK = K5 UK} represents formalized
requirements of normative documents which regulate conditions of wastes storage
place maintenance on allowable level of extreme situation occurrence risk
Ko iam (‘D’EES), m =1..R and environmental safety level K@ oy ? (CDaEEQ ), I=1..P
where R and P — the number of criteria used to evaluate safety level on mentioned
directions.

So, the process of safety control system functioning on wastes storage place in
general may be represented in following formal way:

{A,B}—)W:{K—)Y}_ (2)

As the real conditions of natural environment processes are characterized with
influence of complex set of negative factors, evaluation of their impact must be based
on dynamic models of environmental responses appearance. Taking this into account
the method of safety level forecasting for wastes storage place is in step-by-step
verification of the safe object functioning conditions compliance based on safety
criteria in n-measurable space of factors @ changing according to the program of the
object maintenance. The final objective of the method is to provide the generalized
conclusion on safety level.

The complex of input data for forecasting is formed on three directions.

1. Forming of the set of factors defining safety level according to the program of

the object maintenance taking into account control impulses application in condition
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of unallowable mode of action. For unification of safety level evaluation the quantity

of reduced factors F € ©™ ¢ :® > @™ s provided in the form
T _ . .od _ .
E =g (Fi)—m, i=1.n, (3)

where [Fi ] — maximum allowable limits of acting factors. Such approach allows to
proceed to consideration of n-measurable space of reduced values of factors with
maximum allowable limits determined by normative criterion as

E=1, i=1l.n 4)
whereby different on origin factors will be equalized on their value.

2. Forming of the set of investigated object safety level evaluation taking into
account defined set of acting factors. In particular it allows to gather up the set of
valuable responses maximally corresponding to the object condition.

3. Forming of the set of parameters and initial data defining initial conditions of
object and environment including maximum allowable limits of acting factors, object
parameters and environmental quality indexes.

Complex of safety level evaluation criteria is implemented for every acting
factor and valuable responses of environment and object. Consistent safety level
evaluation is accomplished for each set of factors determined according to the object
functioning program. Further the generalized conclusion on forecasted object safety
level is formed for the given time interval.

Conclusions of the research. The main result of the research is improvement of
the safety level forecasting method for wastes storage place on the basis of simulation
modeling application for safety management system functioning. The basic advantage
of the proposed method in comparison with those used today is in opportunity to take
into account the whole complex of acting factors of negative environmental impact
with collateral factors of extreme situations occurrence risk. Such approach application
allows to combine results of different functional and territorial systems of monitoring
of and forecasting of environmental condition and extreme situations. Thereby it gives

an opportunity to improve the safety monitoring and forecasting mechanism for wastes
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storage places without precision loss of the results achieved by separate monitoring

systems.

For practical implementation of proposed method it is needed to make systematic
investigations directed on collection of the formalized safety criteria database for as
big as possible amount of safety level evaluation indicators for wastes storage places
taking into account interrelation between natural environmental processes and object

functioning parameters.
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Bepaues Apuz Pour orinel, agptoHkT YI'3 MUC Pecniybnuku Azepbaiimxan

OIIPEJEJEHUE OCHOBHBIX IIOKA3ATEJIEH TSTOBO —
CKOPOCTHBIX CBOMCTB IIOKAPHBIX ABAPUITHO-
CIIACATEJIbHBIX ABTOMOBWJIEN B 3ABUCUMOCTH OT
TEIIVIOBOI'O PEZKUMA ATI'PET'ATOB JIUIAA OIIEPATUBHOTI'O ET'O
BBIE3JIA 1 IPUBLITUSI HA UPE3BBIYAVHBIE CUTY AN
DETERMINATION OF THE MAIN INDICATORS OF TIGH - SPEED
PROPERTIES OF FIRE ALARM-RESCUE AUTOMOBILES DEPENDING
ON THE THERMAL REGIME OF UNITS FOR OPERATIONAL ITS
DEPARTURE AND ARRIVAL FOR EMERGENCY SITUATIONS

B cmamuwe npuee@eHbz pes3yiomamnvbl 9KCNEePUMeHnaibHblx UCCIe00B8AHUL BIUAHUS
menjlio602c0 pexcuma azpecanios U MexXaHusmMoe NONHCAPHO2Oo aeapuﬁHO—cnacamerbﬂoeo
asmomoouns onepamueHocnib €20 evie30a U i’lle6blmMﬂ Ha 'ip@b’@bl’idﬁHble cumyayuu,
HA OCHOBHbLE nokazameiu mAac060 — CKOPOCNIHbLX CBOlICME.

Knrwuegvie ciuosea: nostcapras asmoyucmepHra, yaeﬂbHa}Z MOUHOCHb
a€m0M06quﬂ, CKopocnib OGMOfceHM}l, menoedast NO020Mo6Ka 06U2ames BHYymMpeHHeco
ceopanusl, onepamueHocnio, HAOEXNCHOCMb MEeXHUKU, cpedﬂee CKopocnib,

upe36bl yanuas cumyayus.
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