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ANALYSIS OF THE APPROACHES TO THE DEVELOPMENT
OF THE MATHEMATICAL MODEL FOR THE MONITORING OF NATURAL
AND ANTHROPOGENIC SYSTEMS ON THE BASIS
OF DETERMINATION OF GRADUAL FAILURES PROBABILITY

(MpedcmaesneHo 4neHoM pedakyiliHoi Kosneaii 0-oM 2eosl. Hayk, npogh. O. M. leaHik)

The approaches for creating a mathematical model for monitoring natural and technogenic systems (PTS) and emergency situations
(ES) based on the probability of gradual failures are outlined.

The monitoring of the NAS and ES provides for comprehensive monitoring of changes in the natural and anthropogenic environment
and its components. The complexity of this process is determined mainly by the complexity of the diagnostics of the monitoring objects
and the precise measurement of a large number of indicators that determine the conditions and factors of the state of the NAS,
environmental pollution, etc.

The practical solution of this problem is possible on the basis of the use of modern mathematical and geo-information methods of
modeling that provide a comprehensive reflection of heterogeneous and multi-linked processes of formation and development of
emergency situations of different origins, which can not be achieved with the use of traditional technologies.

To describe the functioning of monitoring systems, it is worth building a mathematical model of the research object. The most
complete state of the object of the study is characterized by its mathematical functional and statistical model. However, a more complete
description of the static and dynamic state of the monitoring object is a probabilistic description of the state of objects with the help of
distribution laws of the probabilities of the parameters of the input influences elements, output parameters and vector-operators. Since
the probabilities of sudden bounces are determined by known formulas of the reliability theory, the main attention is drawn to the
determination of the probability of the gradual failures occurrence.lt is established that three mathematical models may be applied to
determine the probability of gradual failures (a mathematical model based on the integration of differential equations; a mathematical
model based on the Monte Carlo method; a mathematical model based on the quasilinear disturbances method). The results show, that
the proposed method of research may use to simulate various scenarios of flooding in the territories of the Chernihiv region.

Keywords: natural anthropogenic systems, emergency situations, models, geo-information systems, geo-information technologies.

Introduction. The complexification of modern technical
systems, the growth of anthropogenic risks arising from
environmental pollution, requires not only the increased
safety of such systems, which is achieved, in particular, by
the use of advanced control and diagnostics tools, but also
in case of the effective monitoring system availability.

Monitoring of natural and anthropogenic systems (NAS)
and emergency situations (ES) provides for comprehensive
monitoring of changes in the natural and anthropogenic
environment and its components. The complexity of this
process is determined mainly by the complexity of the
diagnostics of the monitoring objects and the precise
measurement of a large number of indicators that determine
the conditions and factors of the NAS state, manifestations
of the movements of the geological environment,
environmental pollution, etc.

Analysis of recent research and publications.
Fundamentals of a comprehensive methodological approach to
assessing the level of ecological safety of NAS and their
monitoring are presented in the study of national scientists G.
V. Lysychenko (Lysychenko et al., 2008), M. S. Malyovany
(Kharlamova et al., 2012) and others, and of foreign authors A.
M. Dies (Dies, 2015), M. N. Ordoueia (Ordoueia et al., 2015),
V. Costantini (Costantini et al., 2012) and others.

Methodical provision of risk analysis were widely covered
in the works of such scientists as A. B. Kaczynski (Kachinsky
et al., 2013), Y. O. Yakovleva (Bychenok et al., 2009), H.
O. Statyuhy (Statyukhy and Boyko, 2013) and in the studies
of foreign authors — D. W. Connell (Cao et al., 2013), M.
H. Whittaker (Whittaker, 2015) and others. However, the
issue of the introduction of GIS and GIT in the task of
monitoring of NA and ES, the development of reference
models of their state, modeling scenarios for their
development are considered only fragmentary. Therefore, the
development of mathematical models for effective monitoring

(diagnosis) of the NAS state and the development of ESs on
the basis of determining the gradual failures probability is
necessary and very relevant. This will detect, at an early
stage, the processes of destabilization and stabilization of the
state of the NAS, and let to model scenarios for the
development of the state of the NAS objects.

Definition still unsolved aspects of the problem.
Despite the existence of substantial studies on assess of the
level of ecological safety of NAS and monitoring, but
undoubtedlymuch remains to be done in the issue of the
study of mathematical models for effective monitoring of the
state of the NAS and the development of ES based on
determining the probability of gradual failure.

The purpose and tasks of the study. The purpose of
the study is to solve a scientific and practical task in
analyzing approaches to creation of a mathematical model
for monitoring the NAS and ES using GIS, GIT and methods
of stochastic modeling, because it allows investigating the
influence of factors that cannot be investigated by the
determinate factor model.

The purpose and tasks of the study. The purpose of the
study is to solve a scientific and practical task in analyzing
approaches to creation of a mathematical model for
monitoring the NAS and ES using GIS and GIT.

The object of the study is the mathematical models for
the tasks of monitoring and diagnosing the state of the NAS
with the help of GIS and GIT based on determining the
gradual failures probability.

The subject of the study is the methods of
mathematical modeling, algorithms and a set of programs
for assessing the risk of emergencies and for modeling
scenarios of their development using the GIT.

Research methods are based on the fundamental
provisions of the theory of mathematical modeling,
numerous methods for the solution of differential equations,
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the theory of complex systems analysis, decision making,
spatial analysis in GIS.

Presentation of the main material. The monitoring
process consists of monitoring the properties of the objects
and the implementation of targeted actions to identify and
evaluate important researcher-relevant relationships
between the characteristics of these properties.

The practical solution of this problem is possible on the
basis of the use of modern methods of mathematical
modeling and the means of geoinformation systems (GIS)
and geo-information technologies (GITs), which provide a
comprehensive mapping of heterogeneous and multi-linked
processes of formation and development of the different
origin ES which cannot be achieved under the condition of
traditional technologies use.

The use of GIS enables operational monitoring, the
construction of various ecological maps, as well as modeling
of possible scenarios for the development of an
environmental situation or emergency (Kharlamova et al.,
2012). Execution of estimated calculations and cartographic
visualization of the results give an opportunity to evaluate
the consequences of management actions according to the
most probable scenarios of the NAS and ES development
and on this basis to work out adequate protective measures
(Zatserkovnyi, 2014, Zatserkovnyi and Tustanovska, 2018).
This provides an opportunity to increase the efficiency and
validity of management decisions for warning reaction to the
danger of the emergence occurrence, reduce the risk of their
occurrence, in contrast to the traditional response to the
consequences of their occurrence.

Relevance of the problem. Existing in Ukraine
environmentally dangerous conditions connected with the
presence of anthropogenic dangerous objects (nuclear
power plants, chemical enterprises, objects of the
petrochemical industry, dams, pipelines, etc.). In the context
of improving the ecological sustainability of the NAS,
reducing the risks of emergency occurrence, the task of
constructing mathematical models of objects and monitoring
processes is very relevant.

Mathematical models must meet certain requirements
for the adequacy of the simulated process, the possibilities
of their realization in automated monitoring systems in real
time, the ability of automated decision making as for the
state of the object and the forecast of its development
(Burachek et al., 2011).

To describe the functioning of such systems, it is worth
building a mathematical model of the research object. The most
complete state of the object of the study is characterized by its
mathematical functional and statistical model.

Under a mathematical functional statistical model one
can understand the system of equations, which describes
the dependence of the parameters of the object of study
(NAS), GIS on external and internal impacts during
functioning. Based on the analysis of this model, it is
possible to formulate the main tasks that are solved by GIS
when monitoring the object, and also synthesize the optimal
structure of GIS.

When constructing a mathematical functional and
statistical model of a monitoring object, it is necessary to
take into account the fact that it includes various classes and
types of systems. These systems can be stand-alone and
non-autonomous, closed and open, stationary and non-
stationary, non-stop and discrete. Therefore, it is relevant to
use a general mathematical apparatus, which, if
appropriate, can be extended to a variety of partial cases.

In addition, when constructing a mathematical functional
and statistical model of an object, the main parameters of
the criteria for which the optimization of the characteristics

of the control process is performed are taken into account.
These parameters include:
¢ time of the process as a whole and of its components;
e the probability of failure-free operation and the
probability of the task being performed by the various
systems included in the research object and SES in general;
e accuracy of different systems, their weight, volume,
cost, energy consumption and other important indicators.
The perturbed state of a research object in monitoring
and management can be described by the following system
of equations, which is generally a mathematical functional
model (Demenkov, 2017):

DM, (182 0, = F( %X, 20 1=1. 20, (1)
P

where X {x,,...,x, } —avector of random time functions that
characterizes the output parameters of a research object;
z{¢,,...C,} — a vector of random time functions that

characterizes external and internal disturbances and
operating  impacts; F, - non-linear  function;

M, (¢,7,d /dt,Q) — a polynomial relative to differentiation

operators d /dt with variable-time vector of coefficients
0{q,,....q,} ; t—current time;=— moment of time up to which

the research of the object is done.

In the monitoring process, the state of any dynamic
system that is under the influence of control signals and
disturbances is determined by the output parameters that
are in a certain way related to the impacts on the system
through the corresponding system of equations (1) vector-
operator of a dynamic system, given either by a set of
mathematical operations Ap(t,1,X,Z,Q), or a set of linear or
nonlinear differential equations:

dx. , .
%=Fol.(t,I,X,Z), i=1,2,..,m (1)

= Y& T8,

where &g — non-random coordination functions; £, — random
coefficients; F, — non-randomnonlinearfunction.

Each group of nominal conditions with t=To, EOI,...,EOk

from nominal area Goand initial conditions x,...,x .

corresponds to solution of equation system (1):
Xio = 00 (Tgs T Xgpsees Xy 5 e G ) - (2)
Eachgroupofrealconditionsatcertainmomentoftime
=T, X500 X, 1> Gysen G, Of€alarea Gicorresponds to the

real solution of the equation system (1):
x, =0,(x ,...,x(')m‘,Cl,...,Ck.,tl,T) . (3)

The system of equations (1) both according to the
number of nonlinear operators and the number of output
parameters can split into mof separate equations.

To simplify the presentation we assume that the number
of output parameters is equal to the number of operators,
although, in general, they may be bigger in quantity. For the
i -th parameter, the system of equations (1) transforms into
the equation

M, (t,1.d/dt,q,...q,)x, = F(6,1,x,,,...0,).  (4)
Impulse function of the systemw(,1,v,x,,Z,0),

transition function of the system A(z,1,v,x,,Z,0), transfer
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function of the system W(t,T,v,p,xp,Z,Q), as well as

amplitude A(t,r,w],xp,Z,Q) and phase q)(t,T,w,xp,Z,Q)

frequency characteristics of the system correspond to this
equation during linearization.

Consideration of the equation of perturbation state of an
object allows us to perform a functional analysis of the state
of the object, synthesis of the control system and evaluation
of its effectiveness. However, a more complete description
of the static and dynamic state of an object is the
probabilistic description with the help of the laws of
distribution of the probabilities of parameters of input
impacts elements, output parameters and vector-operators.
Since the probabilities of sudden bounces are determined
by known formulas of the theory of reliability, the main
attention is drawn to the determination of the probability of
the gradual failures occurrence.

Three mathematical models can be used to determine
the probability of gradual failures:

e mathematical model based on the method of
differential equations integration;

e a mathematical model based on the Monte Carlo
method;

e a mathematical model based on the method of
quasilinear perturbations.

Under the method of integrating differential equations
one can see is a method of direct calculation of
multidimensional probability densities of output parameters
of a study object with the help of integration of variables that
are mathematical expressions of probability densities.

Monte Carlo method consists in repeated selection of
random variable of system parameters with the following
definition of the law of distribution of the output parameters
of the research object.

The method of quasi-linear perturbations consists in
representing the output parameters in the form of a Taylor
line with the following definition of the law of distribution of
probabilities of the initial parameters.

To determine the differential law of the system of random

output parameters x,(¢),...,x .(f) one can use the method

described in (Demenkov, 2017).
Assuming that the solutions are obtained (2), differential law

of probability distribution £, (x, (£),..., . (£),Egy.s Gy s g T)
of the system of random variables x,,...,x, Go,- G- I8

known, the function F, has lump-continuous partial

derivatives of the coordinates x;, the solution of the system
of equations (1) gihas second partial derivatives of x; and ¢,

and, moreover, the solutions have the first derivatives ,,
then the differential law of the distribution of the system of
random variables Xpyens X is determined by the equality

(Gnedenko,1988; Anderson,1963).

f(xl,...,x L0LT) =
- Jott). Ifoexp{ ) °_’d1}dcl, g

If we take into account the boundaries of value changes
¢,,....C, » thenthe equation (5) may be re-written in the
following way:

f(x,e0x,,t,T) =

Elmax i/ max’ 0
= j W) | fyexp jz ’d’c dE,,....dE,

“Ein & i 7, /=1 i

Where 1, = ¢, I:TO,’C, ¢, (T, To,xc,év ),Ev] with indices j, y, o,

which take on value 1,2,...,m, and v take on value 1,2,....k .

To determine the law of distribution of the transitive
function of the study object it is necessary on its entry to
submit leap-like effects and to determine the law

f(h] m 1T =
glmax él.ma( 0
= [ 0 | frexp IZ ’dt dg,,...dC,.
& jrmin CA min 1 /=1

To determine the differential m-dimensional law of the
distribution of impulse functions, one can use the Jacobian
of the transformation /(fr-— fw), taking into account that

wt,1,X,Z,0)=h(t,1,X,Z,0).

The differential law of the distribution of the transfer
function of amplitude and phase-frequency characteristics is
determined in case of harmonic impacts on the object.

Then we get:

e law of distribution of the transfer function of an object

f(W,...,W ’stst) =
Elmax ékmq\
T ] nonl f5 5]t
“Emin —&¢ min T, /=1 j

¢ the law of the distribution of the amplltude-frequency
characteristic of the object:

S (A4, A4,,1,7) =
& iax -
= [ ). | foexp{ IZ ‘“d }dcl, dGy;

7&! min EA ‘min

e the law of the distribution of the phase-frequency
characteristics of the object:

(@550,
- &
- T [ el S5t

~Eimin =& min 7, /=1

Thus, it is theoretically possible to quite precisely define
m*dimensional differential laws of the distribution of the
output parameter and vector-operators. However,
integration in explicit way is possible only when the
probability density is a simple analytic function of random
parameters. With the increasing number of parameters and
complexity of the analytical functions, the use of the method
brings up significant mathematical difficulties.

For complex objects with nonlinearities at probabilistic
analysis, for practical tasks it is sometimes enough to
evaluate only the first two moments of the output
parameters: the mathematical expectation and the
correlation function or dispersion. These moments allow us
to fully determine the probability distribution law, which can
be roughly considered normal.

The system of differential equations of perturbed state of
an object in a generalized form is represented as
(Demenkov, 201 7)'

ZM,p(t 17

170/1

’9t3T) =

Q)x =FX.,Z,t,0)+0,(Z);

o ©)
1 Ly —
Z,:Zal.x,.+ch§,., I=1,..,m,
i=1 Jj=1
where a!, cj. — constant coefficients; X {x,,...x,,} — vector of

random functions of parameter t, which determines the object
motion; Z{Cl,...,ck} — perturbation vector which is a random
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. . . ! . . . . vy s 0_ aE 0 a 0 1
sume linearization vs certain regime of object motion within Z (l T —Z T | M +Z C +K Zz,
=l am“l b Jj=1 amg b

working ranges of value or functions; ¢, — nonlinear functions
which that do not assume regular linearization; M i — Polyno-
mials vs differentiation operator with variable coefficients
in time; S, — number of parameters that determine the object

behavior; N, —number of acting perturbations.

Aftercorrespondingtransformationsalinearsystemofequa
tionsis created for further definition of mathematical
expectation of random functions:

ZM,p LT Q)mxp

/ ! NI !
= Z a;m,; + Z UL
i=1 =

And system of equations for definition of random
components of functions:

Lo
F}(tarsmxaml)—i_Kom/n

)

(8)
S N

_ 1.0 170

—Eal.xl.-i-gcj o
i=1 j=1

where K, and K| — statistical gain factors (Demenkov, 2017).

After integrating the systems of equations (7) and (8), for
example, by the method of successive approximations, let
us define the mathematical expectation, the correlation
functions and the dispersion of the initial parameters.

This method of an approximate solution may be used
when the method of harmonic linearization does not give the
desired results.

Applying the proposed approaches for modeling
scenarios of flooding the territories of the region, the authors
found that a majority of match between the simulation results
and the actual data provided by the Desnyanskym BUVR
gives a methodology for determining the probability of
gradual failures (quasilinear disturbances). The simulation
results for this approach are presented in fig. 1.
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Fig. 1. Visualization of flood areas of Chernihiv surroundings with different safety levels(translation of the map signs:
light pink — flood area of 50 % safety; pinks — flood area of 25 % safety; red — flood area of 10 % safety;
dark red — flood area of 5 % safety; brown — flood area of 1 % safety; blue line — water objects)

Water objects of the region and points of hydrological
observations are represented in the digital model by three
main types of spatial objects: point (hydrometric points,
sampling points), linear (rivers) and polygonal (lakes, large
rivers and reservoirs).As the result, a complete set of objects
of the same class within a given territory forms a layer. The
map provides an opportunity to designate lines of estimated
water levels of 1%, 5%, 10%, 25%, 50% of the Desna River's
safety in the Chernihiv region.

The terrain relief in the digital model is reflected in the
form of three-dimensional data as a set of elevations and
horizontal records. The digital model is used to obtain a
number of morphometric derivatives or other data, including
the exposure of slopes, cross-sectional profiles, generation
of watershed lines, etc. Hence, a common form of creating
a surface model is triangulation. One of the most frequently
used triangulation models for creating a digital elevation
model is TIN, when constructed, discrete points are
connected by lines forming triangles. Since the surface of

each triangle is determined by the height of its three vertices,
the use of triangles ensures that each surface of the network
fits snugly to adjacent areas. This ensures the continuity of
surfaces with an irregular location of points and determines
the complete topological connections for points, and for the
construction of triangles only a local search is required. The
TIN contains an array of coordinates and a pointer file in
which for each point all output data from it is recorded. Thus,
each side is recorded twice. Based on the three-dimensional
model of the relief, it is possible to assess, predict and
monitor water resources, to study the change of the
coastline due to the rise of the water level.
Conclusions.This study has shown that the described
approaches to creating a mathematical model for the
monitoring of natural-anthropogenic systems (NAS) and
emergency situations (ES) based on determining the
probability of gradual failures, it is advisable to use in the
tasks of managing territories, forecasting the development
of emergencies in monitoring NAS, making decisions in



~ 90 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

situational centers on emergency response. It is established
that three mathematical models may be applied to determine
the probability of gradual failures (a mathematical model
based on the integration of differential equations; a
mathematical model based on the Monte Carlo method; a
mathematical model based on the quasilinear disturbances
method). The research results were used to simulate various
scenarios of flooding in the territories of the Chernihiv
region. Therefore, the construction and application of the
proposed mathematical models is an important in the
creation of effective monitoring systems and increase the
control of territory management.
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AHANI3 NIAXOAIB LWOoAO CTBOPEHHA MATEMATUYHOI MOAENI ANA 3A0AY MOHITOPUHIY
NPUPOAHO-TEXHONEHHUX CUCTEM HA OCHOBI BU3HAYEHHA IMOBIPHOCTI MOCTYNOBUX BIOMOB

BuknadeHo nidxodu cmeopeHHs1 MameMamuyHoi Modesii Onsi 3ada4 MOHIMOpPUH2y NPUPOOHO-mexHo2eHHuUx cucmem ([1TC) i Had3euYyaliHux cu-
myauyiti (HC) Ha ocHoei su3Ha4eHHs iMogipHocmi mocmynoeux eiomos.

MoHimopuHre INTC i HC nepedbayae KOMMIEKCHi criocmepexeHHs1 3a 3MiHaMu NpupodHO-MexHO2eHHo20 cepedosuwja ma lio2o KOMIOHeHMmia.
CknadHicmb 4b020 NPoyecy 3yMOBITIOEMbCS 20/I08HUM YUHOM ckiadHicmio diazHocmyeaHHs1 06'ckmie MOHIMOPUH2y i MOYHO20 8uMipy eesukoi
KinbKocmi noka3Hukie, wjo eusHa4aroms ymosu i gpakmopu cmaHy [1TC, ekonoziyHo20 3a6pydHeHHs1 mowjo.

lMpakmuyHe po3e’sizaHHs yiei 3adayi MoXx/luee Ha OCHO8I 8UKOPUCMAaHHS Cy4acHUX Memodie MameMamuyHoO20 ma 2eoiHghopmayiliHo2o Mode-
JNroeaHHs, sIKi 3abe3nevyyromb KOM/IeKCHe 8i006pakeHHs1 Pi3HOPIOHUX | 6azamo3e 'A3aHux npoyecie ¢hopmyeaHHs1 i pozeumky Hadseu4valiHux cumy-
ayit pi3Ho20 NoxodXeHHSI, U0 HEMOXKJTU8O A0CSA2MuU 3a yMO8U 8UKOpUCMaHHsA mpaduyiliHux mexHosnogid.

Ans onucy ¢pyHKyioHyeaHHs1 cucmeM MoHimopuHay doyinbHo no6ydyeamu mamemamu4yHy mModesib 06'ckma docnidxeHHsi. Halibinbw noeHo
cmaH 06°'ckma docideHHs1 xapakmepu3ye io2o MameMamuy4Ha yHKYioHanbHO-cmamucmu4Ha modesns. [Ipome 6inbw No8Ho xapakmepucmu-
KOO cmamu4Ho20 i OUHaMiYHOo20 cmaHy 06'ekma MoHimopuHay € iMoegipHicHull onuc cmaHy 06'ckmie 3a G0NOMO20r0 3aKOHie po3mnodiny iMosipHo-
cmeli napamempie enemeHmie exiOHuUx ennueie, euxiOHux napamempie i eekmopie-onepamopie. OckinbKu iMoeipHocmi panmoeux eiomoe
eu3HavyarombCs 3a eidomumu ghopmMynamu meopii HadiliHocmi, mo ocHoeHa yeaza 3eéepmaembCcsl Ha 8U3Ha4YeHHsI iMogipHocmi nosieu nocmynoeux
8idmMoe. YcmaHoersneHo, wo 05151 eu3Ha4yeHHs1 iMogipHocmi nocmynoeux eidMoe Moxymb 6ymu eukopucmaHi mpu MmamemMamuyHi modesni (Mamema-
muyHa modernb, 3acHo8aHa Ha iHmezpauii dughepeHyianbHUX pieHsIHb; MameMamu4yHa modesib Ha ocHoei Memody MoHme-Kapno; mMamemamuyHa
modesib Ha 0cCHogi Memody KeasiniHiliHux 36ypeHb). Pesynbmamu noka3yroms, w0 3anpornoHoeaHuli Memod Ooc1iOKeHHsI MOXJ/1U80 eUKopucmosy-
eamu 0ns1 MoOento8aHHs Pi3HUX cyeHapiie 3amonneHHs mepumopii YepHiziecbkoi o6nacmi.

Knroyoei cnoea: npupodHo-mexHoz2eHHi cucmemu, Had3eu4aliHi cumyauii, modeni, 2eoiHghopmayiiiHi cucmemu, 2eoiHghopmayiliHi mexHosoaii.
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AHAIX3 NOAXOA0B K CO3AAHUIO MATEMATUYECKOW MOAENN ANA 3A0AY MOHUTOPUHIA
NMPUPOAHO-TEXHOINEHHbIX CUCTEM HA OCHOBE OMNPELENEHNA BEPOATHOCTU NOCTEMNEHHbLIX OTKA30B

WN3noxeHbl N00xo0bI co3daHusi MamemMamu4eckol modesu Os1s1 3a0a4y MOHUMOPUH2a NPUupPodHO-mexHo2eHHbIx cucmem (MTC) u ypesebiyaliHbIX
cumyauuti (YC) Ha ocHoee onpedesieHuUs1 8ePOSIMHOCMU NMOCMeNeHHbIX OMKa308.

MoHumopurez MTC u YC npedycmampueaem KOMIIeKCHble Habo0eHus1 3a U3MEHEHUSIMU MPUPOOHO-IMexXHO2eHHOU cpedbl U ee KOMIMOHEeHMOos.
CnoxHocmb 3mo2o npoyecca obycioenueaemcs 2/1a8HbIM 06pPa3oM C/TI0XHOCMbLIO OUa2HOCMUPOB8aHUsT 06bEKIM0o8 MOHUMOPUH2a U MOYHO20 U3Mepe-
Hus1 6onbWo20 Konuyecmea rnokasamesiel, kKomopbie ornpedesisitom ycrosusi U pakmopbl cocmosiHusi [1TC, akono2u4ecKo20 3a2psi3HeHUs1 U m.o.

lMpakmuyeckoe peweHue amoli 3ada4yu 803MOXHO Ha OCHOBE UCMO/Ib308aHUsI COBPEMEHHbIX Memodoe MameMamu4YecKo20 U 2e0UHGhOPMayUOHHO20
modenupoeaHusi, komopbie obecreyusarom KOMMIIEKCHOe omobpaxeHue pa3HOPOOHbIX U MHO20C8sI3HbIX Npoyeccos ¢hopMuposaHusi U pa3eumusi 4pes-
8blyaliHbIX cumyayuii pa3siu4HO20 MPOUCXO0XXAEeHUsI, YMOo He803MOXHO OCMUYb MPU yC/1I08UU UCMOb308aHUsT MPadUYUOHHbIX MeXHosI02ul.

Ans onucaHusi pyHKYUOHUPOBaHUSI cucMeM MOHUMOPUH2a yesiecoobpa3Ho nocmpoums MameMamu4eckyro Mooesib 06bekma uccrie0o8aHusl.
Hau6onee nonHo cocmosiHue o6bekma uccriedosaHusi xapakmepu3lyem e20 MameMamuyeckasi (hyHKYUOHaIbHO-cmamucmu4yeckasi Modesb. O0-
Hako 6osiee nosHOU xapakmepucmuKol cmamu4ecko20 U OUHaMU4YeCcKo20 COCMOsIHUSI 06beKkma MOHUMOPUH2a 518J151emcsi 8epOosiMHOCMHOoe Onu-
caHue cocmosiHusi 06bLEeKmMoe C MoOMOWbI0 3aKOHO8 pacrnpedesieHUs1 8eposiMHOCcMeli napaMempoe8 3J/1IeMEHIMO08 6X00HbIX 8/IUsSIHUU, 8bIXOOHbLIX
napamempoe u eekmopos-onepamopos. [TockosbKy 8epossMHOCMb 8He3aMHbIX OMKa308 ornpedesissemcs o u3eecmHbIM hopMysiaMm meopuu Hade-
JKHOCMU, MO OCHOBHOE 8HUMaHuUe ydesisiemcsi onpedesieHUI0 8E6POSIMHOCMU 10518/1€HUSI MOCMeNeHHbIX 0MKa308. YcmaHo8J/1eHo, Ymo 01s1 onpede-
JleHUs1 8epPOsIMHOCMU NocMeneHHbIX 0MKa308 Mo2ym NMPUMeHsIMbLCS mpu MameMamuyeckue modenu (MamemMamuyeckasi MoOeslb, OCHO8aHHasi Ha
uHmezpuposaHuu AuggepeHyuanbHbIX ypagHeHUl; Mamemamu4yeckasi MoOeslb, OCHo8aHHasi Ha Memode MoHme-Kapno; mamemamuyeckasi Mo-
Odesib, OCHOBaHHasi Ha Memode K8a3UsTUuHeliHbIX 803MyweHuli). lMony4eHHbIe pe3ynbmambi Moka3biearom, Ymo npednazaemsiii Memod uccnedoea-
HUST MOXXHO UCIMOJIb308aMb 07151 MOOeIUPO8aHUsi Pa3fiuYHbIX CUeHapuee 3amornseHusi meppumopuu YepHuzoeckol o6nacmu.

Knrouyeenie crnoea: npupodHo-mexHo2eHHbIe cucmeMbl, Yype3ebiyaliible cumyayuu, Modesnu, 2e0UHOPMayUOHHbIe cucmeMbl, 2e0UH¢ghopma-
YUOHHBbIE mexHoJIo2uU.



