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SYSTEM APPROACH TO FORECASTING AND PREPAREDNESS
OF RESPONSE TO EMERGENCY SITUATIONS

Purpose. Development of system approach and formation of complex methods for joint forecasting of emergency situations
(ES) and ensuring the preparedness of the response of civil protection units in real conditions.

Methodology. When developing methods for predicting ES and possible damage as result of them, polynomial-regression
method with varied order, weighted least square method, probabilistic-statistical method, methods of time series and mathemati-
cal statistics were used. When developing models of resource provision of preparedness for emergency response, methods of regres-
sion analysis, time series and mathematical statistics were used. The principle of forecasting the costs of funds for the elimination
of the consequences of ES is based on the fact that they are determined by the costs of eliminating man-made and natural emer-
gencies. When choosing models for predicting technical support and the number of personnel required for emergency response,
we proceeded from the fact that they should be determined not only by the predicted number of ES, but also by their nature. The
model for optimization of territorial structures of civil protection (CP) is based on the principle of compliance of the number of
regional structures with the level of threats in these territories. Methods of mathematical statistics and mathematical modeling
were used in the study on the effectiveness of the application of system approach to joint forecasting and provision of preparedness
for emergency response.

Findings. Methods for forecasting the processes of emergencies and damage as a result of them, models for optimizing territo-
rial structures of civil protection, taking into account the state of man-made natural hazards in the regions of the state, forecasting
technical support and the number of personnel to eliminate possible emergencies.

Originality. A system approach to solving the problem of joint forecasting of ES and maintaining the preparedness of response
of civil protection units in order to minimize the consequences of these situations is proposed.

Practical value. The proposed set of methods and models is the foundation for substantiating organizational and technical

measures to prevent and adequately respond to emergencies both on national scale and in the country’s regions.
Keywords: emergency, civil protection, preparedness of response, resource support, model

Introduction. Consequences from emergency situations
have a strong negative impact on the environment [1, 2] and
the country’s economy [3, 4]. Decreasing the number of
emergency situations (ES), reducing the number of the fallen
and injured, as well as reducing damages is a difficult scientific
and practical problem, the solution of which can be obtained
only through the use of the system approach.

Without the system approach use, solving this problem will
be one-sided and not effective enough. The world experience
shows that it is better to prevent ES than to deal with their con-
sequences. Wherein, emergency preparedness should be con-
sidered as a priority step in ensuring the national security of
the country. Ensuring the national security is an integral func-
tion of the state, which guarantees the necessary conditions for
the life and activity of its citizens, the preparedness for and
elimination of man-made and natural emergencies [3, 6].

At the present stage, ES prevention should be considered
as a complex systemic process based on joint forecasting of ES
occurrence and early response to threats of their occurrence or
mitigation of possible consequences. At the same time, emer-
gency prediction should be aimed at regulating technogenic,
natural and social security, assessing the threat of occurrence
and early ES response. The process of mitigating the conse-
quences of emergencies should be aimed primarily at ensuring
the preparedness of the response of civil protection (CP) units.
Alongside this, the preparedness for response must be ade-
quate to the levels and nature of the threats from ES otherwise
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the possibilities of ensuring the readiness of the CP units re-
sponse to different levels of emergencies in different state re-
gions are significantly limited.

Thus, today, emergency prevention should be considered
as a complex systemic process based on joint forecasting of
threats of their occurrence and ensuring the readiness of the
CP unit response.

However, the known methods have limited capabilities re-
garding joint forecasting of threats of emergencies and ensur-
ing readiness to respond to them. This creates a contradic-
tion — on the one hand, the need to consider emergency pre-
vention as a complex systemic process associated with joint
forecasting of threats of their occurrence and early response to
them, and on the other hand, the possibilities of available
methods and models for this are limited.

Proceeding from this, the relevance of research aimed at
developing the system approach to joint forecasting and pre-
paredness to respond to emergencies is beyond doubt.

Literature review. ES prevention is a set of measures taken
in advance and aimed at the maximum possible reduction of
the risks of ES occurrence, as well as preserving human health,
decreasing the size of damage to the environment and material
damages in case of their occurrence [6]. Known methods for
preventing emergencies have limited capabilities regarding the
joint identification of threats to their occurrence and assessing
the preparedness of response units. This gives rise to the con-
tradiction mentioned above.

Important significance for preventing and responding to
emergencies is acquired by information that contains data on
forecasted and occurred emergencies and their consequences,
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as well as statements on the potential capabilities of the state
CP units to eliminate the possible ES consequences.

Forecasting is the basis of ES prevention. Analysis of
methods for forecasting the processes of ES occurrence was
carried out in [7—9] and it was shown that they are united in
the following main groups: extrapolational and interpolational
methods; extrapolation by envelope curves; regression and
correlation methods; statistical and probabilistic methods; ex-
pert methods; methods of logical modeling; construction of
development scenarios methods.

The most important ES property is their random nature
due to the influence of a large number of factors affecting the
process of their occurrence. Therefore, the probabilistic ap-
proach to forecasting the process of ES occurrence [10, 11] is
one of the most common methods for analyzing emergencies.
The main disadvantage of the probabilistic approach is the dif-
ficulty in developing models of ES occurrence, which greatly
complicates the analysis of the development of these processes
in dynamics. An option to overcome these difficultics may be
to use regression methods and forecasting models.

The purpose of the regression analysis is to determine the
relationship between the output variable and many external
factors. There are many variations of regression: linear, non-
linear, logistic, degree, autoregression and so on [12, 13]. The
advantages of these models include simplicity, flexibility, un-
ambiguity of their analysis, transparency of modeling. When
using linear regression models, the forecast result can be ob-
tained much faster than when using other models. The disad-
vantages of linear regression models are low adaptability and
the lack of the ability to simulate nonlinear processes. The
main disadvantages of nonlinear regression models are the dif-
ficulty in determining the type of functional dependence, the
difficulty in determining the model parameters.

An important advantage of autoregressive models is the
simplicity and transparency of modeling, the unambiguity of
analysis and design. The disadvantages of this class of models
are a large number of parameters, the identification of which is
ambiguous and very complex, low adaptability and linearity,
and as a result, the lack of the ability to simulate nonlinear
processes, which is typical for emergencies of various kinds
[71].

With insufficient information on the process of ES occur-
rence, models based on Markov chains are used [13]. Howev-
er, in this case, when forecasting the future state of the process,
only its current state is taken into account and information
from the previous development of the process is neglected.
This does not allow tracing the dynamics of the process and
identifying trends in its development.

In article [8], the perspectiveness of developing combined
methods for forecasting the ES occurrence processes, which
are a combination of different methods to compensate for the
disadvantages of some with the help of others, are shown.

The results of the forecast of ES threats are the foundation
for solving the problem of readiness of maintaining the forces
and means of CP for responding to them. The readiness of
forces and means of CP for ES response is the state of forces
and means of CP that determines their ability to fulfill the tasks
assigned to them. The analysis of the literature shows that the
content of the notions of readiness comes down to the concept
about the state of governing bodies and CP forces. This con-
cept is characterized by the ability of civil defense units to
carry out tasks, taking into account the relationship “readiness
level — risk level” [5], “readiness level — acceptable damage
level” [14], “readiness level — danger level” [5, 14]. Thus,
readiness is considered as a category reflecting the need to en-
sure the safety of the population in case of emergency.

The components of readiness are the providing of weapons
and equipment, material resources, the optimal distribution of
CP units in the state regions, the quality of personnel training,
and so on. ES readiness is achieved by planning, training,
equipping, and responding to emergencies.

The authors [15] conducted a comparative analysis of pre-
vention and counteraction systems to large-scale emergencies
in China, the USA, and the EU. The disadvantages and ad-
vantages of three- and four-criteria prevention and counterac-
tion systems to large-scale emergencies, respectively, are con-
sidered. The advantages are given to an algorithm that takes
into account the following processes: analysis, preliminary
risk calculation, improvement and coordination.

In article [16], a combined method was proposed for min-
imizing the consequences of a state level emergency, which is
based on well-known approaches for modeling stochastic pro-
cesses by discrete Markov chains.

To ensure the readiness of ES response units in many
countries of the world, the organizational structure, number
and staffing of rescue units is determined by the administra-
tion of the community or city [17]. The disadvantage of this
approach is that in determining the staffing of units, their tech-
nical support, and resources, the real potential threats of ES in
this territory are not fully taken into account. At that, the ter-
ritory area, the density of the living population and the sever-
ity of the ES consequences are not taken into account.

This leads to the fact that the organizational and staffing
structure, technical support are not adequate to the risks of
threats in these territories, which means that they reduce the
readiness of units for ES response.

Thus, the analysis of the state of forecasting, prevention
and response to ES shows that existing methods do not solve
the problem of preventing and responding to emergencies
from a systemic point of view, given the threats of emergencies
in the state regions and the possibility of CP units. Existing
methods are not complex and have the following disadvan-
tages:

- forecasting the processes of ES occurrence in an inte-
grated manner, by kind, types and levels, is not possible;

- the complete set and the organizational and staffing
structure of the regional divisions of civil protection do not
fully comply with the threats of ES in these territories.

Purpose. The aim of the work is to develop the system ap-
proach and form a set of methods for joint forecasting of the
number of emergencies and ensuring the readiness of the re-
sponse of CP units in real conditions.

To achieve this, it is necessary to solve the following tasks:

- to offer a combined method for forecasting emergencies
of different kinds by state and its regions;

- to develop a method for assessing damage due to emer-
gencies;

- to develop resource support models of the civil defense
units’ readiness at emergency response.

Results. Combined Emergency Forecasting Method for the
State and its Regions. The combined method for ES forecasting
allows predicting the total number of ES, the ES number by
origin and levels both in the state as a whole and in its regions.

Wherein, the forecast of the total number of ES né’,f,g is
carried out in accordance with the regression model in the

form of a k-degree polynomial
nfr =ry+rt+ntt 5+ 4k, (1)

where ng,zg =N, (t ) is forecasted value of the number of
emergencies in the state at the time of the forecast 7 = #,; (r;,
ry, 13, ..., Iy) are polynomial coefficients.

The degree of the polynomial & is chosen so that the num-
ber of given points is five times higher than the degree of the

polynomial. The polynomial coefficients r;, i =0,k(¢), based
on the ES information for a certain monitoring period, are
found by the weighted least squares method [18].

The forecasted number of ES in the i region is calculated

based on the forecasted number of ES in the state ng,f,g and the

emergency probability in the i region of the state Pé',,,g as fol-
lows
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where n}mEmg = Ngyg (t) is the forecasted number of ES in the

i" region of the state at the time of the forecast 7 = 1;,; Pj,,, is
emergency probability in the i” region in case of emergencies
in the state.

The forecasted number of ES in the state according to the

origin and levels is calculated based on the forecasted number
of ES in the state nﬁ’,f,g and the emergency probabilities

PTK? PNK? PSKa PStLa PRgL? PLcLa PObL:
Ngerk = ngrflg Py Mpeng = nﬁﬁg “Pyks
Npesk = ”gﬁg “Peys ()
Npesit = ngmcg Pors Nperg = ngmcg Prers
Nerer = néiﬁg “Prrs Mgeops = néiig “Popr» (3)

where ngx = nyg(te), Ngenk = Pvkie) s Npesk = Nsk(ls.) are the
forecasted numbers of ES, respectively, of technogenic, natu-
ral and social kinds in the state; ng.q; = ngi(fic), Ppcrgr =
= g (tpd)s Mperer = Nper(ty), Dmgptne —o < Dmgpy (tfrc) <
<Dmgi¥, +o are the forecasted numbers of ES, respective-
ly, at the state, regional, local and object levels in the state;
Py, Pyg, Pgx are emergency probabilities, respectively, of
technogenic, natural and social kinds in case of emergency in
the state; Py, Prer, Prer, Popy, are emergency probabilities, re-
spectively, at the state, regional, local and object levels in case
of emergency situations in the state.

The forecasted number of ES of the respective kind and
level in the regions of the state is equal to
etk = Prx  Mperics Mok = Pak Mpenis Mesk = Psk - Miesis

Wesit = Psi Mpesis Miergt = Prer *Mprergt>

i _pi . L _pi .
nfrchL_P LeL " MieLers nfrcObL_PObL oL

where n}rcrk =Ny (’ frc)’ n}rcNK =Nyg, (’ frc)’ n}rcSK =hgk, (t frc)
are the forecasted numbers of ES, respectively, of technogenic,
natural and social kinds in the i region of the state;

Wosi = sy, (’ fie )s Miseper, = Mgt (’ fre )’ Myerer = Nper, (t fie )’
Mseonr = Popr, (1 ) are the forecasted numbers of ES, respec-
tively, at the state, regional, local and object levels in the regions

of the state; Py, Pix, Piy are emergency probabilities, re-
spectively, of technogenic, natural and social kinds in the i” re-

gion in the case of an emergency of this kind in the state; P%;,

Piors Pl.ps Poy are emergency probabilities, respectively, at
the state, regional, local and object levels in the i” region in case
of emergencies of the corresponding level in the state.

Damage Assessing Method from Emergencies. Damage
caused to the state due to emergencies is determined by natural
and technogenic ES. Forecasted data on the number of ES of
a natural and technogenic kind, respectively, by types and lev-
els, are the basis for assessing the potential damage caused.
The total forecasted damage due to an emergency in the state
is the sum of the damages due to an ES of technogenic and
natural kinds

Dmg(tfrc) = DmgTK(tfrc) + DmgNK(l}"rc), (4)

where Dmg(t;.) is the total forecasted damage due to ES;
Dmgri(t;.) is damage due to a technogenic kind of ES;
Dmgyi(t;.) is damage due to a natural kind of ES.

Forecasting of possible damage due to an ES of a natural
kind is based on the fact that the total damage is calculated as
the sum of damage due to an ES of various types

Dmg e (15,)= D Dmg (t4,), (5)

J=1

where Dmgy(t;,) is the total forecasted damage due to natural
kind of ES; Dmg(t;,) is damage due to a natural kind of ES of
the j" type.

The forecasted damage due to an ES of the j” type is esti-
mated taking into account their quantity by levels and specific
gravity in the damage caused per ES

Dmg((ts.) = Visi () - SGisi + Viggr (Be) - SGipgr +
+Vizer () - SGirer, + Viosr () - SGiope»

where SGig,;, SGipgr, SGiy 1, SGop, are specific gravity in dam-
age from the j-type emergency (UAH million for 1 ES), re-
spectively, by ES of state, regional, local and object levels;
VjStL(tfrc)a VjRgL(tfrc)a VjLL'L(th‘C)’ VjObL(tfrc) are forecasted numbers
of ES of the j” type, respectively, of the state, regional, local
and object levels.

The values SGis,;, SGiper, SGiper, SGiop,, are determined on
the basis of statistical data on damage due to emergencies for a
certain previous monitoring period.

Forecasting of damage due to a technogenic kind of ES is
carried out in accordance with the regression-probabilistic
forecast method, which takes into account the average damage
and its root-mean-square deviation from real values. Esti-
mates of the forecasted damage values will be within

(6)

avg

Dmgfrm( -0 < Dmgy (tfrc) < Dmg;,VfTK +0o,

where Dmgp%, is assessment of the forecasted average dam-
age due to a technogenic kind ES; Dmgr(#;,) is assessment of
the forecasted damage due to a technogenic kind ES; & is root-
mean-square deviation of calculated damage estimates due to
technogenic kind ES.

Forecasted data on the number of emergencies and possi-
ble damage caused are the basis for the development of meth-
ods and models for assessing the resource support of the readi-
ness of CP units to prevent ES or liquidate their consequences.

Response Readiness Resource Support Models of Civil Pro-
tection Units at Emergency. The total forecasted costs of ES
consequences mitigation are the sum of the costs of managing
ES of technogenic and natural kinds

CSt(tfrc) = CS[TK(tfrc) + CSINK(tfrc)a

where Cst(#;,) is total forecasted costs; Cstrx(#;,) is forecasted
costs of mitigation of man-caused emergency; Cstyx(t;.) is
forecasted costs of managing natural emergency.

Studies have shown that it is advisable to choose a selective
regression model for forecasting the costs for the mitigation of
natural ES in the form of a power function

G- )]

where a and a, are model parameters.
The regression model of forecasting the cost of funds for
the mitigation of technogenic ES has the form

1
Costog(14.) = BOB;’TK(%)leﬁsz %5

where Q,, 0,, Qs are dummy variables (equal to 0 or 1 and are
determined based on the analysis of statistical data); By, B, B»,
B3, B4, are model parameters.

As a regression model for the forecast of the required num-
ber of pieces of equipment for managing an emergency used an
exponential model can be which has the form

T(t5) =1y '[n(tfm)T '["TK (’frcﬂyz '["NK (tfm)]h '[”SK (’frcﬂn ’

where 7(#;,) is the forecasted number of pieces of equipment
for the mitigation of ES; y,, v, 72, ¥3, Y4 are model parameters.

According to the results of the study, we can conclude that
as a regression model for forecasting the required number of
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personnel for the mitigation of an emergency it is advisable to
use a model of the form

2rs(te) = ) L 1) L 1) {1

where Prs(1;.) is the forecasted number of necessary personnel
managing ES; A, A, Ay, A3, A4 are model parameters
Method of Optimization of Territorial Structures of Civil Pro-
tection. As an optimization criterion, we select the requirement
that the numerical strength of certified CP structures in the i-th
region of the state should correspond to the level of threats in
this territory, i. e. the following condition must be fulfilled
S = ky -SCP

bp

where S7 is numerical strength of certified CP structures in
the i" region; Sg; is numerical strength of the typical territo-

rial CP structure; k z, is the rate of the annual intensity of
emergency of a state region.

The rate of the annual intensity of emergency of a region is
equal to

kZ: :Zl s
St

where Z; = Pfo, ‘M, is a comprehensive indicator that char-

acterizes the state of threats to the territory and population of

a state region; Zg, = PDy, -7, is a comprehensive indicator
that characterizes the state of threats to the territory and popu-

lation per state region; PD;?, is population density in the re-

gion; PD;;’, is population density in the state; 7, is the aver-
age annual number of ES in the i state region; 7ig, is the aver-
age annual number of ES per state region.

Results of Studies on the Effectiveness of Applying a System
Approach to Joint Forecasting and Preparedness to Emergency
Response. The application of a system approach to joint fore-
casting and preparedness of ES response is promising for any
country in the world. Features of the application will be deter-
mined by the availability of reliable statistic data on ES in the
state, the organizational structure of the CP forces and the po-
tential resource capabilities of the state on ES recovery. Based
on the available reliable data [19, 20], the authors conducted a
study on the effectiveness of the application of the system ap-
proach to emergency prevention on the example of Ukraine.

As an effectiveness criterion, we choose the module of
relative forecast error, which is calculated on the basis of previ-
ous statistic data

A,
-
n

where |A| is the module of the average relative forecast error;
|A,| is the relative error module of the i forecast step; # is the
number of statistic data.

The results of the actual number of ES in the whole state

ng;;g (the total number of ES of technogenic, natural and so-
cial kinds at all levels — state, regional, local and object ones)

and their forecasts (optimistic ngf,g =n{-’,f,g(lf|A|) and pessi-

mistic n,{?,f,; = ngf,g (1 + |A|) ) are shown in Figure.

Based on the forecasted values of the total number of ES, a
forecast is made at the types and levels (2, 3).

Forecasting emergencies for 2018 and 2019 will be incorrect
and have significant errors due to the lack of reliable data on
emergencies in some part of the territory of Ukraine (the Au-
tonomous Republic of Crimea, Donetsk and Luhansk regions).

Table 1 shows the value of damage due to ES, which are
given in official sources [19] (actual values in million UAH —
column 4). The predicted values of damage due to ES (col-

act e, fic
nEmg ’7Emg "E,,,Z

200
180 174
160 1152 Jso 152 155_——4
133 f_—2
140 3 143 i 150
120 1136 126 78 131
100
80
60
40
20
0
2013 2014 2015 2016 2017

. act fre, fre
Fig. Actual ng,, and forecast N, Ng,., number of emergen-

cies in Ukraine as a whole for 2013—2017:

— actual number of ES; — optimistic forecast of the
number of ES; — pessimistic forecast of the number of ES

Table 1

The results of calculations of the effectiveness of forecasting
damage due to emergency

Optimistic Pessimistic The module of
Actual value .
Year forecast forecast (min. UAH) the relative
(mIn. UAH) | (mIn. UAH) ’ forecast error (%)
1 2 3 4 5.0
2013 390 450 396.33 6.0
2014 150 210 198.65 9.4
2015 450 536 532.72 7.5
2016 220 270 265.31 8.0
2017 800 900 896.8 5.2
The module of the average relative forecast 7.22
error for the period

umns 2, 3) are calculated using expressions (4—6). In accor-
dance with these expressions and statistical data, the main
contribution to the amount of damage is made by state emer-
gency situations and then at the regional level.

The calculation results show that when forecasting at least
a year ahead, the modulus of the average relative error in fore-
casting the total damage from ES for the period from 2013 to
2017 is 7.22 % (Table 1).

The results of calculations of the effectiveness of the ap-
plication of resource support models for response readiness on
emergency are shown in Table 2.

The results obtained (Table 2) confirm the prospects of ap-
plying the system approach to solving the problem of joint
forecasting and ensuring readiness to ES respond. This is due
to the fact that the proposed approach provides for a compre-
hensive solution of interrelated tasks, taking into account the
threat of emergencies in the regions of the state and the capa-
bilities of the CP units.

Difficulties and limitations of studying the effectiveness of
applying the system approach to joint forecasting and ensuring
preparedness of ES response may be associated with a lack of
reliable statistical data on emergencies in the state. In addition,
the availability of information on the organizational structure
of the CP forces and the potential resource capabilities of the
state to liquidate of emergencies has no small importance.

Conclusions. The system approach to solving the problem
of joint forecasting and ensuring preparedness of ES response
should be based on combination of methods that take into ac-
count both the threats of emergencies in the regions of the
state and the capabilities of CP units, resource support, orga-
nizational structure and staffing.
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Table 2

The results of calculations of the effectiveness of the
application of resource support models for response readiness
on emergency

o 2 KR 2
g8 5 & 3 £
ELSE|EEE §|EL2%8
Year EEE5|EES0g|EELE
ZoEDZREEMEL2E P
g 5 &= g 5 S o) = g 5 £ 5
S2Eg|s2gEg|s2E5 8
X ooo|XolESTS|IXoeELST
2013 3.0 3.2 3.0
2014 3.5 4.3 3.0
2015 3.2 4.1 3.1
2016 4.0 5.0 3.3
2017 2.5 4.2 3.0
for the period 3.25 4.2 3.1

1. A combined method for forecasting emergencies of dif-
ferent kinds regarding the state and its regions is proposed. In
developing the combined method, a polynomial regression
method with a varying order, a weighted least squares method,
and a probabilistic-statistical method were used.

2. When developing models of resource support for the
readiness of CP units for ES response, methods of regression
analysis, time series methods and mathematical statistics
methods were used.

The principle of forecasting the costs of emergency mitiga-
tion is based on the fact that they are determined by the costs
of response to technogenic and natural ES. Wherein, it is ad-
visable to use regression models in the form of a power func-
tion to forecast costs on managing natural ES, and it is advis-
able to use the time series analysis method to forecast costs on
managing technogenic ES, which allows you to take into ac-
count some periodic patterns in the dynamics of changes in
the emergency mitigation costs.

When choosing models for forecasting the technical sup-
port and the number of necessary personnel for emergency
mitigation, we proceeded from the fact that they should be de-
termined not only by the forecasted number of ES, but also by
their nature. Therefore, exponential models that most ade-
quately simulate these processes are selected as models.

The optimization model of the territorial structures of
civil protection is based on the principle that the numerical
strength of regional structures corresponds to the level of tech-
nogenic and natural threats in these territories.

3. The developed set of mathematical methods and models
allows substantiating organizational and technical measures to
prevent emergencies both at the state level and on the scale of
each region, taking into account potential threats. This will in-
crease the effectiveness of actions to minimize the conse-
quences of an emergency.

Further improvement of the system approach to joint fore-
casting and ensuring readiness of ES response should be aimed
at studying the influence of the tactical and technical charac-
teristics of weapons and equipment on the readiness of the CP
units to ES respond, the mobility of modern forces and assets
of the CP, taking into account their presence in the territories
of neighboring regions, optimal allocation of financial re-
sources to maintain preparedness to ES respond.
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CucremMHuii miaxia 10 MPOrHO3yBaHHSA
Ta 3a0€e3NeYeHHsI TOTOBHOCTI pearyBaHHs
Ha HaJA3BMYANHI CHTyauil
I B. Isaneuy', C. A. Topeauwes?, 1. C. Bayain?,
M. T Isaneus’, O. O. Hosurosa®
1 — HauioHanbHMT YHIBEpCUTET LIMBLIBHOTO 3aXUCTy YKpai-
HU, M. XapKiB, YKpaiHa
2 — HamionanbHa akagemiss HauioHaiabHO1 rBapaii Ykpainu,
M. XapkiB, YkpaiHa, e-mail: port_6633@ukr.net
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Meta. Po3pobOka crCTeMHOTO Tiaxomy Ta (opMyBaHHS
KOMIUIEKCY METOJIiB CyMiCHOTO TIPOTHO3YBaHHS HaI3BUYaii-
HUX CUTYyalliii i 3a0e3reuyeHHs] TOTOBHOCTI pearyBaHHS Iii-
PO3/IiiB IMBIIBHOTO 3aXUCTY B pEAIbHUX YMOBaX.

Metomuka. [Tpu po3poOLi METOIiB MPOrHO3yBaHHS HaI-
3BUYAMHUX CUTYalill i MOXJIMBUX 3aBIAHUX 30UTKIB yHaCTi-
JIOK HUX BUKOPUCTAHO TMOJIiIHOMiaJIbHO-PerpeciiHuii MeToI i3
BapiiioBaHUM TTOPSITKOM, 3BasKeHUI MEeTO HAalfMEHIIINX KBa-
JIpaTiB, iIMOBIPHICHO-CTATUCTUYHUIT METOJI, METOAU YAaCOBUX
pSANiB i MaTeMaTUYHOI cTaTUCTUKU. [Ipu po3podui Moneneit
pecypcHoro 3abes3rneyeHHsi TOTOBHOCTI pearyBaHHsI Ha Haj-
3BMYAifHi CHUTYyallil BAKOPUCTAaHi METOIM perpeciiitHOro aHai-
3y, 4aCOBUX psIiB i MareMaTUYHOI CTaTUCTUKU. [TpuHummn
MPOTHO3y BUTPAT KOWITIB Ha JIKBiJAlil0 HACIIIKIB Hal3BU-
YallHUX CUTYyallili [PYHTYEThCSI HA TOMY, IO BOHU BU3HaYa-
IOThCSI BUTpAaTaMM Ha JIIKBiJallil0 TEXHOTEHHUX i TTPUPOIHUX
Haa3BUYaiHUX cutyawiii. [Ipu BuGOpi Momeneit mporHosy-
BaHHSI TEXHIYHOTO 3abe3revyeHHs] i KiIbKOCTI HEOOXiZHOTO
0CcO0OBOTO CKJIamy Uisl JIiKBifalii Haa3BUYaliHUX CUTYyaLiil
BUXOIWJIN 3 TOTO, III0 BOHU TTOBUHHI BU3HAYATUCS HE TiITHKU
MPOTHO3HOIO KiJIbKICTIO HAA3BUYANHUX CUTYyallili, ajie i iX xa-
paktepoM. B ocHOBY Momesni onTumizallii TepUTOpiaIbHUX
CTPYKTYp LIMBILIBHOTO 3aXMCTy MOKJIAACHO MPUHIIMIT BilIto-
BiTHOCTI YMCEIBHOCTI perioHaJIbHUX CTPYKTYP PiBHIO TEXHO-
TeHHUX i IPUPOTHUX 3arpo3 Ha LKX TepuTopisx. [1pu moci-
JOKEeHHI e(DeKTUBHOCTI 3aCTOCYBaHHSI CHUCTEMHOTO TIIXOIy
1100 CYMiCHOTO IPOTHO3YBaHHSI i1 3a0e3MeueHHs TOTOBHOCTI
pearyBaHHSI Ha HaI3BUYAIHI CUTYyallili BUKOPUCTAHI METOIN
MaTeMaTUYHOI CTATUCTUKY i MAaTeMaTUIHOTO MOJIETIOBAHHSI.

PesympraT. 3ampornoHoOBaHi METOAW TMPOTHO3YBAaHHS
MpolLIeCiB BUHUKHEHHSI HaA3BMYalHUX CUTYyalliil i 30MTKiB
YHaCJiI0K HUX, MOJIEJIi ONTUMI3allii TepUTOpiaIbHUX CTPYK-
TYp IUBUIBHOTO 3aXMCTY 3 ypaxXyBaHHSM CTaHy TeXHOTEHHO-
MPUPOIHOI HEOE3IMEeKU PETiOHIB AepXKaBU, MPOTHO3Y TEXHIU-
HOTO 3a0e3MeueHHs i KiJIbKOCTi 0COO0BOTO CKJIAy sl JIiK-
Bimalii MOXJIMBUX HAA3BUYANHUX CUTYALIilA.

HayxoBa HoBM3HA. 3a1TpOTIOHOBAHO CUCTEMHUI MiAXil 10
BUPpIILIEHHS 3aJa4i CyMiCHOTO IMPOTHO3YBaHHSI HaJ3BUYali-
HUX CUTyalill i MiaTpUMaHHSI TOTOBHOCTI pearyBaHHS ITi/-
PO3IiJIiB LIMBIJIBHOTO 3aXMCTY 3 METOIO MiHIMi3allil HACTiAKIB
LIUX CUTYyalliid.

IIpakTiyHa 3HAYMMICTb. 3aIIPOITOHOBAHUI KOMILJIEKC Me-
TOMIB i Monesielt € HyHIaMEeHTOM UTsl OO PYHTYBAHHS OpraHiza-
LiTHO-TEXHIYHUX 3aXOMiB 3 acKBaTHOTO pearyBaHHs Ha Hal-
3BUYAIiHI cUTYyallii K y MaciTabax AepKaBu, TaK i ii perioHiB.

KimouoBi cioBa: nadssuuaiina cumyayis, yuginbHuil 3a-
Xucm, 20moGHICMb peazysanHs, pecypcHe 3a0e3neueHHs, Mooes
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HA 4Ype3BbIYAiHbIE CUTYAIIUN
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Ieab. PazpaboTka cucteMHOro rnoaxoaa u (hopMupoBaHUe
KOMILJIEKCA METOJOB COBMECTHOTO IIPOTHO3UPOBAHUS YPE3BhI-
YalHbBIX CUTYallUi1 U 00ecIieYeH st TOTOBHOCTY pearupoBaHust
TTOIpa3IeIeHNI TPaskIaHCKOM 3allIUThI B PEATbHBIX YCIOBHUSIX.

Meroauka. [Tpu pa3zpaboTke METOIOB MPOrHO3UPOBAHUST
Ype3BBIYAHBIX CUTYallMii W BO3MOXHOTO yIiepba BCIel-
CTBHUE MX HCIOJb30BaH MOJMHOMMUHATbHO-PErPECCUOHHbII
METOJIl ¢ BapbMPOBAHHBIM TIOPSIIKOM, B3BEIICHHBIN METOI
HaUMEHBIINUX KBaApaTOB, BEPOSITHOCTHO-CTATUCTUYECKUIA
METOI, METOIBI BPEMEHHBIX PSIIOB M MAaTEMATUUECKOI CTaTH -
ctuku. [1pu pa3paboTke Mozeeil pecypcHOro obecreyeHust
TOTOBHOCTH pearupoBaHUs Ha Ype3BbIYAlTHBIC CUTYAIlUM MC-
MOJIb30BaHbl METOMIbI PErPECCUOHHOIO aHau3a, BpEMEHHbBIX
PAIOB M MaTeMaTUIECKOM CTaTUCTUKU. [1pMHIIUIT TTporHo3a
3aTpaT CPEeNCTB Ha JIMKBUAALIMIO TTOCIIENCTBUI Ype3BblYaii-
HBIX CUTYallii OCHOBBIBACTCSI HA TOM, UTO OHU OTIPEICIISIIOT-
csl 3aTpaTaMM Ha JIMKBUIALIMIO TEXHOTEHHBIX U MPUPOIHBIX
Ype3BBIYaiHbIX cuTyanuii. [Ipu BeIOOpe Momeseil mporHo3u-
POBaHUS TEXHUIECKOTO 0OEeCTIeYeHUST M KOJTMIeCTBA He00X0-
IMMOTO JIMYHOTO COCTaBa IS JIMKBUIALIMU YPe3BbIYaifHbIX
CUTYaIINi UCXOIVJIU 13 TOTO, YTO OHU TOJKHBI OTIPEIEIISITHCS
HE TOJIbKO ITPOTHO3HBIM KOJIMYECTBOM YPE3BbIYaiiHBIX CUTYa-
LI, HO U MX XapaKTepoM. B oCHOBY Mozieny onTUMU3aIun
TEPPUTOPHUATBHBIX CTPYKTYP IPakIaHCKOM 3aIIUThI TIOJIOXKEH
TPUHIIUTI COOTBETCTBUST YNCJICHHOCTH PETMOHATBHBIX CTPYK-
TYP YPOBHIO TEXHOT€HHBIX M TIPUPOIHBIX YIPO3 HAa 3TUX Tep-
putopusix. [1pu ucciaenoBaHnn 3(GEKTUBHOCTH TTPUMEHE-
HUSI CUCTEMHOTO TIOJIX0/Ia OTHOCUTEIBbHO COBMECTHOTI'O MPO-
THO3UPOBAHMS U 00eCTICUCHUSI TOTOBHOCTHU pearnpoBaHUs Ha
Ype3BbIUaHbIC CUTYalIMU NCTIOIb30BaHbl METOIBI MATEMaTH -
YEeCKOI CTATUCTUKY U MaTeMaTUIeCKOTO MOJIeTMPOBAHUSI.

Pesynbratel. [IpemtokeHbl MeTOIbI MPOTHO3MPOBAHUS
MPOLIECCOB BO3HUKHOBCHUSI UPE3BBIYAMHBIX CUTyalluid U
yiepOa BCIEACTBUE UX, MOJIEJIA ONITUMU3ALIMK TEPPUTOPUAIIb-
HBIX CTPYKTYP TPAKIAHCKOW 3aIUThI C yYYETOM COCTOSTHUS TEX~-
HOTE€HHO-TPUPOIHOM OMACHOCTH PETMOHOB TOCYIapCTBa, MPOo-
THO3a TEXHUUECKOTO 00ECITeYeHHS ¥ KOJIMYECTBA JTMUHOTO CO-
CTaBa JUIs1 TMKBUIALMY BO3MOXHBIX UYpE3BbIUaiiHBIX CUTYaLIWA.

Hayunas HoBu3Ha. [1pemiokeH CUCTEMHBIN TTOIXO K pe-
LIEHWIO 3aJa4yd COBMECTHOTO ITPOTHO3UPOBAHUS YpPE3BbI-
YalHBIX CUTYallMil U TTOIACPKaHUSI TOTOBHOCTH pearnupoBa-
HUS TTOApa3aeeHUI rpaXk1aHCKOM 3alUThI C LEJIbI0 MUHU-
MM3aLUU TTOCICACTBUN 3TUX CUTYALINIA.

IIpakTiyeckass 3HaYMMOCTb. [1penoXKeHHbI KOMIUIEKC
METOIIOB 1 MoJieJIeit IBJisteTCs (PYHIAMEHTOM JIJIT 000CHOBA-
HUSI OpraHM3alMOHHO-TEXHUYECKUX MEPOTIPUSITUIA 110 aieK-
BaTHOMY pearupoBaHMIO Ha Ype3BblYaiiHbIe CUTYalluU KaK B
Maciiutadax rocyaapcTna, Tak U ero permoHOB.

KiroueBble cli0Ba: upessbiualinas cumyayus, epaircoanckas
3auuma, 20Mo8HOCMb peasupo8anus, pecypcrHoe obecneuerue,
Modens

Recommended for publication by V.V.Tyutyunik, Doctor of
Technical Sciences. The manuscript was submitted 05.06.20.

114 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2020, N° 6


https://www.dsns.gov.ua/files/prognoz/report/2017/ %D0%90%D0%9E_2017.pdf
https://www.dsns.gov.ua/files/prognoz/report/2017/ %D0%90%D0%9E_2017.pdf
http://www.dsns.gov.ua/files/2018/1/26/Zvit 2017(���). pdf
http://www.dsns.gov.ua/files/2018/1/26/Zvit 2017(���). pdf
port_6633@ukr.net
port_6633@ukr.net

