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The paper presents the following algorithm for the diagnosis of pollution of water objects: the theoretical bases for diagnosing the
characteristics of the deterioration of the water objects condition (occurrence of malfunctions) with the deviation of their parameters from
the standard ones on the steady or close to the steady (quasi-steady) modes of pollution development and further assessment of the level
of risk of occurrence of a dangerous situation, the approval of management decisions on liquidation or minimization of this pollution

impact on the ecology of the water object.

The development of effective algorithms of pollution identification at the initial stages of pollution of water resources will enable an
assessment of the nature and level of water pollution with the increasing number of chemicals associated with an increase of
anthropogenic pressure on water objects. To simulate the processes occurring in the aquatic environment, it is proposed to use the

geographic information system (GIS).

The conducted studies indicate that the borders of identification of the initial development of the process of pollution spreading (the
occurrence of malfunction) is largely determined by the number of parameters that are measured in the process of diagnosis. The
sensitivity of this diagnostic method for the majority of one-dimensional malfunctions is proved.
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Introduction. Water quality is a characteristic of water
composition and properties, which determines its suitability
for a specific type of water use. According to the teachings
of V.I. Vernadsky the basis of the modern system
assessment of the water quality (drinking, sewage, surface
and underground) should be the classifications which
contain indicators and criteria of the water composition and
its properties (physical, chemical, biological), which are
collectively suitable for solving a wide range of problems,
connected to the protection of water resources, their use and
diversity of types of hydro-economic activities. Such a
system must simultaneously answer environmental,
hygienic and technological requirements. Very regrettably,
today such a system does not exist, mostly because of the
complexity of this interdisciplinary task [1].

In assessing the quality of natural waters, three
approaches are usually wused: physico-chemical,
bacteriological and biological, each of which allows you to
receive important information, and, when used all together, it
is possible to evaluate the aquatic environment from
ecological point of view [7].

During physico-chemical evaluation of water quality one
determines its transparency, the concentration of suspended
particles (turbidity), ionic composition, total mineralization, the
presence of organic and nutrient substances, the
concentration of dissolved gases, the active reaction of water
(pH) and others. These abiotic characteristics are very
important, but not sufficient for complete understanding of the
aquatic ecosystem condition. More complete information on
ecosystem response to pollution can be obtained by
analyzing the qualitative and quantitative composition of
hydrobionts, the presence or absence in their bodies of
substances hazardous to their lives [5].

Biological methods for assessing the quality of water are
based on the estimates of the responses of plankton,
benthos, macrophytes and fishes to the appearance of
chemical substances of mineral and organic origin in the
aquatic environment. The level of pollution of water bodies
is assessed by the presence or absence of organisms-
indicators based on a comparison of species diversity,
population size and biomass of the population of polluted
and clean zones. During this comparison it is usual to use
absolute values and indices of species diversity [6].

The method of assessing the quality of water (as the habitat
of hydrobionts) by species composition and indicators of

quantitative development of species-indicators and the
structure of groups formed by them is called bioindication.
Bioindicators of water quality are organisms, the presence,
amount or specefics of the development of which are indicators
of natural processes or anthropogenic impacts that change the
composition and properties of water as a environment where
they exist. With the composition of the flora and fauna of water
bodies, the quantitative ratio of their individual representatives
it is possible to judge on the degree and nature of pollution and
the condition of aquatic ecosystems. The method of
bioindication allows evaluating the efficiency of the purification
facilites and the distribution of polluton during the
transboundary relocation of toxic substances.

Diagnosing the state of water objects is not a trivial task.
This is a complex dynamic process.

On any monitoring object (of diagnosis) parameters and
characteristics that describe the state of this system change
over time.

Under the object of diagnosis one should think about a
system that meets two conditions. First, the system can be
located in two mutually exclusive and distinct states
("workable" and "disable" that is it satisfies or does not meet
certain quality criteria). Secondly, it is possible to define
elements (blocks, subsystems), each of which is also
characterized by states that can differ and which are
determined by the results of inspections.

The diagnostic algorithm is a sequence of tests performed
which are included into a diagnostic test and the rules for
processing the results of the tests to obtain a diagnosis.

Diagnosis is information about the diagnostic object,
which allows assessing the quality of the system or its
"malfunction”, that is to identify the cause of its non-
compliance with certain quality criteria based on the analysis
of diagnostic parameters or symptoms.

Symptom is a form of displaying the deviation of the
diagnostic parameter from its permissible values.

In order to diagnose the processes taking place at the
object of diagnostics (water object), it is necessary to
evaluate the changes occurring in it, as well as to predict
these changes in conditions of uncertainty and to take
effective managerial decisions for them. In addition,
changing the parameters of the water system of one level of
the hierarchy can appear (affect) due to the change of
completely different characteristics of the water system of
the second level of the hierarchy.
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In the process of searching for new effective methods for
diagnosing the status of water resources, it is first of all
reasonable to develop algorithms for diagnosing water
objects in quasi-steady regimes, when the process of the
pollution of the water environment is just starting with some
pollutant (malfunction), which worsens the state of a certain
water object.

The purpose of the work is to develop theoretical
foundations for identifying the characteristics of the
deterioration of the state (faults) of water objects with the
deviation of their parameters from the "standard" on the
steady or close to the steady (quasi-steady) modes of
pollution development and further assessment of the level of
risk of a dangerous situation, taking management decisions
on liquidation or minimization of this pollution impact on the
ecology of a water facility.

Analysis of recent research and publications. An
important contribution to solving the problem of water quality
assessment, drinking water supply at the state level was
made by such scientists as A.V. Jacyk, A.M. Tugai,
V.J. Melnik, A.K. Zapolsky and many others. The issue of
drinking water supply in certain regions was investigated by
M.A. Safonov, V.O. Orlov, A.F. Kiselev, V.D. Rud,
N.V. Yanko and others. However, the current situation of the
quality of water resources indicates the need for further
research in this area and is relevant.

Presentation of main material. Ensuring citizens' security
and protecting society is one of the most important functions of
the state. Unfortunately, Ukraine is currently the most critical
region in Europe with anthropogenic pressure, which is several
times higher than the average European level [9].

On the territory of Ukraine almost all spectrum of
dangerous natural phenomena and processes of
hydrogeological and meteorological origin may arise. These
include large floods, catastrophic flooding, large snowstorms
and ice-colds, hurricanes, tornadoes, squall winds as well.

The end of XX — the beginning of the XXI century is
marked by cataclysms that are partially related to the problem
of surface water purity — the threat of massive gastric
infections, deterioration of the quality of drinking water,
reduced bioavailability of surface waters and their self-
cleaning ability. Therefore, the problem of clean water in many
countries of the world and particularly in Ukraine plays a
central role in water protection activities and is very relevant.

The realities of the today's Ukraine have led to the
deterioration of the quality of water and the mode of river
flow; have turned many rivers into cannels and a network of
reservoirs and ponds. The development of effective
algorithms for pollution recognition at the initial stages of
pollution of water resources will enable an assessment of
the nature and level of pollution of water with the increasing
number of chemicals associated with an increase of
anthropogenic pressure on water objects.

In the general case a linear mathematical model of an
object of study with the presence of measurement errors can
be represented by matrix equations of two types [10]:

Y, = AX +AY, (1)
or

W,=AX +AW,, W,=Y,-TS,, AW, =AY, -TAS,, (2)
where Y, — vector of relative deviations of parameters of the
mode of operation of the object of study of dimension (m x1)

;X — vector of relative deviations of the required
parameters of the condition of the researched object, control
and effects of disturbances of dimension (n X 1) ; A —matrix
of coefficients of influence of dimension (m X n) ; S — vector

of relative measured perturbing and controlling affects, if

they are not relocated into vector Y by means of
transformation for a given structure of equations. The
dimension of the vector (v? ><1) ; T — matrix of coefficients

of dimension influence (mxv.).

The diagnostic model of the studied object of the type (1)
is correct to use in the following conditions:

« the diagnostic model takes into account the program of
management of the investigated object in the diagnostic
mode. In this case if the control affects are measured, then
they are introduced into the vector Y, , if not measured then

they are absent; the deviation of the control parameters is
equal to zero;

o there is no rejection of perturbation effects in the
diagnostic mode;

o there are no errors in measurements of perturbation
effects;

o the characteristics of the reference modules correspond
to the nominal characteristics or the identification of the
mathematical model with the individual characteristics of the
investigated object (phenomenon) is performed, that is, there
is no influence on the vector Y, of natural dispersion of the

characteristics of the modules of the object (phenomenon);

o there is no reduction of the measured parameters to the
standard atmospheric conditions. In the opposite case,
when converted to standard atmospheric conditions, the
components of the vector Y, will become correlated.

In all other cases, it is necessary to use a diagnostic
model (2).

In real modeling conditions the object properties change
in a wide range, therefore, in order to ensure the necessary
efficiency of the diagnostic system, it is necessary to have a
standard of controlled parameters and a matrix of affecting
factors at each diagnostic mode for each thematic layer of
the system in the appropriate conditions of the study
(diagnosis). For this purpose, it is best to use a
comprehensive GIS [3]. However, today, the fully-variable
multifunctional mathematical model of GIS with all thematic
layers in the memory of a computer is not possible due to
certain restrictions of these devices.

To diagnose quasi-stationary processes (phenomena)
occurring on certain water objects, it is legitimate to use a
mathematical model (1). To take into account the accuracy
of the measurement of the parameters, the output system
(1) is normalized by dividing each " equation by the
corresponding mean-square deviation o, which is

equivalent to the multiplication of the left matrix equation (1)
on the diagonal matrix
1

GJ'l

> e

After rationing and taking into account the measurement
errors we:

Z,=AX+AZ,, Z,=Z+AZ,, (4)
where
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Vector components AZ, are independent random

variables distributed under normal law with zero mathematical
expectations and dispersions that are equal to 1, that is
7(aZ,)=N(01), cov(Z,Z,) =0. (6)
While solving the task of diagnosing of water resources
condition it is possible to have 2 different situations:
— number of parameters of condition which will be

reflected in the measured vector 23 , less than matrix rank

A(r<n) . In this case to each combination C v=1,(r-1)

of parameters one can put matchable image and solve the
task on the basis of theory of images recognition [8];
— number of parameters of technical condition which will

be reflected in vector Z, , is equal or is of higher rank vs A
matrix rank. In this case, any combination of parameters of
condition C' v =n,m will correspond to the entire space of

controlled parameters that makes the task unsolvable.

At the same time at the first stage the check of the
hypothesis of belonging of the vector with measured
parameters to the image of the considered malfunction
should be conducted. It is done with the help of the
probability estimation criterion. And at the second stage the
solution is made only of those subsystems, which, with a
given probability (0,95), explain the deviation of the vector of
the measured parameters [2].

In order to diagnose the condition of water objects, the
probability of simultaneous occurrence of less number of
malfunctions is higher than the probability of simultaneous
occurrence of a greater number of malfunctions; therefore
the task of diagnosing a natural or anthropogenic system is
appropriate to be solved by consistent testing of hypotheses
with increasing number of malfunctions [4].

In the study of one-dimensional continuous failures the
system of equations (1) are converted into a system with one

variable, that is, the vector X is converted into a scalar X,

Z,=AX,, Z,=7Z,+AZ,, Z,=A% +AZ,, (7

J A

where A — jt column of matrix A.
During parameter of technical condition change from —w
to +wo the vector Z/. varying in size and direction will lie on

the straight line, whose position in the space of controlled
parameters can be assigned by the vector A j(putting X, =1);

that is the images of one-dimensional continuous failures in the
space of armed controlled parameters are straight lines
passing through the origin of the coordinates. Because of
the noisiness of the vector of substitutable parameters the
system of equations (7) is incompatible. The degree of
incompatibility can be judged by the square J; of the

perpendicular L, , which is pulled down from the end of the

vector Z, to the vector 21!, (Fig. 1).

If the vector of substitutable parameters Z, is a
reflection (cause) of " malfunction and on this reflection the
errors of measurements of the measured parameters of the
controlled parameters are imposed, the system of equations
(7) is compatible and the square J; of the perpendicular L,

will depend only on the measurement errors:
J,=LL =Z/B.Z,, (8)

>

~ N

ne B, =1, -2

AT

\hk >

Fig. 1. Graphic interpretation. of equation system
incompatibility (7) due to noisiness of vector
Taking into account the errors of measurement that were
reflected in vector Zj , we will get the amount of information
that can be distinguished in the following way:
J, =AZ]BsZ, . (9)
As shown in the work [9] the properties of matrix B, and

component of vector AZ, are such that quadratic form (9) is
divided according to law xi-square with m —1 degrees of freedom.
Z(J,)=x(m-1). (10)

For a given probability of identification error a and vector
length Z, one can determine the quantile of the distribution

Ji_e [9I:
Pl <} =1-a. (11)

Thus the condition of vector Z belonging to
malfunction (condition of compatibility) with probability
(m—o) may be put in the following way

J. = J, <1 (12)
- Jlfa o

Thus without solving the system of equation one can

obtain the answer to the question whether the measured

vector Z, is the product of ion is the jt" malfunction.

Then all compatible subsystems are solved. The solution
for /" malfunction for which each condition (12) is fulfilled, is
carried out according to the formula

7',
x, ==L, (13)
"oA44,

In order to determine condition under which vector Z, is

a reflection of M malfunction and will be incompatible with

image of k' malfunction, it is necessary to pull down

perpendicular L, from the end of vector Zg onto the image
of ki malfunction. In this case the quadratic form

J,'/< =L§/<L,'k ’ (14)

is split according to the law of xi-square with (m—1) degrees

of freedom and parameter of non-centrality A> = Z.B,Z, [10].

For a given probability of identification error a, with known
accuracy of measurements of controlled parameters, it is
possible for the given degree of malfunction x; development to

find quantile of breakdown (distribution) (/) :
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P, (0, )} =o (15)
Vector Z, with probability 1-o will not coincide with

image of k" malfunction if quantile (15) will be higher than
quantile J,_, of breakdown (distribution) (15):

(7). >Jia- (16)
The smallest magnitude of malfunction X, for which the

correlation (16) is valid, will be searched border of diversity
/™ malfunction in given conditions of diagnosis.
For geometric interpretation of received results let's

describe cylinder around image of malfunction flj, the
surface of which is located at the distance ,/(J,),_, . Around

the image of malfunction ﬁk the similar cylinder is located

the borders of which are at distance (/) =./(/) _, - The

presence of accidental errors of measurement causes the
situation when vector of errors AZ, might be rotated to any

direction relatively to vector Zj and is not dependent on the

S

size and direction of vector Zj Having designed the

cylinders on the area created by images of j and k™
malfunction we will receive stripes along images of these
malfunctions.

We will present the multidimensional space in which the

vector Z, is located on the area (square) as a circle with a

center at the end of the vector Z, and with radius (J/)I,

On this area we will consider a vector Z =Z,

characterizing one of the worst variants of the measurement
and which is a reflection of this malfunction. The end of the
vector Z,p is on the border of j1 malfunction and a circle.

At the same time, various variants of the vector Z_, location

are possible.

Let us consider 3 typical cases. In image 2 vector Z,p
which is a reflection of /M malfunction will not differ from
image & ' malfunction, that is vector Zzp being in the center
of cylinders crossing, may be attributed both to f"and &

malfunction.
On Image 4 a limit case is represented.

(Iix) <(1j)ra
—~ I_,/-\\l
/ \ _'Xim-l,/[]z

o -

|
(i (I)ha 1

Fig. 2. Graphic interpretation of the indistinguishability of two one-dimensional malfunctions
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Fig. 3. Graphic interpretation of measured parameters when relate only to k' malfunction
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The magnitude of the malfunction X, which determines

the border of differentiation of j™ malfunction when

comparing it with k ™ malfunction for given conditions of
diagnosis one can calculate with the formula (8)

S

( Li)y=(Ij)1-a

5 2 2
A~ Him) N ‘}:[m-l,e(l
1\ /Y

.'il

(Ii)ra (I
Fig. 4. Graphic interpretation of limit case

VW (ma)

il i)

‘x/‘ =

Conclusions. The conducted studies indicate that the
borders of identification of the initial development of the
process of spreading pollution (occurrence of malfunction)
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are largely determined by a number of parameters that are
measured in the process of diagnosis. However, an increase
in the number of substitutable parameters for more than 10-
12, in terms of malfunctioning, is inappropriate, since it can
lead to a significant reduction of the recognition boundaries.
Measure 8-10 of the most informative parameters leads to
the fact that the borders of identification for majority of one-
dimensional malfunctions will not exceed 1% of the degree
of their development, which characterizes the sensitivity of
this method of diagnosis.

However, the given algorithm, unfortunately, cannot
provide an effective diagnosis of water objects for all
situations, since many cases of water pollution
(malfunctions) are more complex, that is, two- and more
dimensional. In addition, it is required to have a number of
researches of diagnosing of dynamic processes and
phenomena occurring in certain areas.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LeBuyenka, HHI "IHcTuTyT reonorii”

Byn. BacunbkiBcbka, 90, M. Kuis, 03022, YkpaiHa

PO3POBKA E®EKTUBHUX ANTTOPUTMIB AIATHOCTYBAHHA 3ABPYAHEHOCTI MOBEPXHEBUX BO[

Y po6omi npedcmaeneHo anzopumm diacHocmyeaHHs1 3a6pydHeHHs1 00HUX 06'ekmie. Po3pobsieHo meopemu4Hi ocHoeu diazHOoCmyeaHHs1 xa-
paKmepucmuk nozipweHHsi cmaHy (8UHUKHEHHs1 HecripasHocmeli) 800HUX 06'ekmie npu eidxuneHHi ix napamempie 8i0 emanoHHUX Ha cmanux abo
6nu3bkux Ao cmanux (keasicmasnux) pexumax po3eumky 3abpyOHeHHs ma HacmynHoOi OYiHKU pieHs1 pu3uKy eUHUKHeHHs1 He6e3ne4yHol cumyauii,
yxearsleHHs1 ynpasiHCbKux piweHb uyodo nikeidayii abo mMiHimizayii ybo20 3a6pyOHeHHS1 Ha eKosl02ito 800HO20 06 ‘ekma.

Po3po6ka ehekmueHux anzopummie po3ni3HaeaHHs1 3a6pyOHeHHs1 Ha MoYamKoeux emanax 3abpy0dHeHHs1 800HUX pecypcie dacmb MoXsiusicms
OUiHKU xapakmepy ma pieHsi 3a6pydHeHocmi 800 3POCMaro4or0 KinlbKicmio XiMiYyHUX pe4yo8UH, M08 'sI3aHUX i3 MOCUIEHHSIM aHMPOMNO2eHHO20 Hasa-
HMa)xeHHs1 Ha 800Hi 06'ekmu. []nsi ModentoeaHHs npoyecis, wjo 8idbysarombcsi y 800HOMY cepedosuui, MPONOHYEMbCSI 8UKOPUCMO8Yy8amu 2€0iH-

¢opmauyitiny cucmemy (TIC).

lMpoeedeHi docnidxeHHs1 ceidyamb, W0 2paHUyi po3ni3HagaHHsI M0YamMKo8020 PO38UMKY MPoyecy MowupeHHs1 3a6pyOHeHHs1 (BUHUKHEHHST He-
cnpasHocmi) 6a2amo e YoMy eu3Ha4alrombCsi Kinbkicmto napamempie, wyo 3amiproromscs e npouyeci diacHocmyeaHHs. [loeedeHo Yymnueicme Oa-
Ho2o memody diacHocmyeaHHs1 01151 6inbwocmi 0OHO8UMIPHUX HecripagHocmel.

Knroyoei cnoea: e00Hi 06'ekmu, diacHocmyeaHHsl, MOHIMoOpuUH2, 2eoiHghopmauiliHa cuc ,
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KueBckuit HauMoHanbHbIN YHUBepcuteT UMeHun Tapaca LeB4yeHko, YHU "UHcTUTyT reonorun”

yn. BacunbkoBckas, 90, r. Knes, 03022, YkpauHa

PA3PABOTKA 3®®EKTUBHbIX AIITOPUTMOB OUATHOCTUKU 3ATPA3HEHHOCTU NOBEPXHOCTHbIX BO[,

B pabome npedcmaesieH anzopumm OUa2HOCMUKU 3a2psi3HeHUs1 800HbIX 06beKkmoe. Pa3pabomaHbl meopemuyeckue OCHO8bI OUa2HOCMUKU
Xapakmepucmuk yxyOuweHusi COCMosiHusi (603HUKHOBeHUe HeucrnpasHocmeli) 800HbIX 06LEKMO8, MPU OMKIIOHeHUU UX rnapamempoe om “ucnpas-
HbIX, 9MasIoOHHbIX” Ha cMayuoHapHbIX Unu 6/IU3KUX K cCMayuoHapHbIM (Kea3ucmayuoHapHbIX) peXXumMax pacrnpocmpaHeHusl 3a2psi3HeHUs1 U Moc-
nedyroujeli oyeHKU 803HUKHOBEHUS onacHoU cumyayuu, NpuHsimue yrnpaeneH4YecKux peweHul no ukeudayuu unu MUHUMU3ayuu pacrnpocmpaHe-
HUS1 3M020 3a2Ps3HEHUs] Ha 3KOJ1I02Ulo 800HO020 06bEKMa.

Paspabomka 3ghghekmueHbIx aneopummMos pacrio3HaeaHusi 3a2PsI3HEHUs] Ha HayallbHbIX 3Mmanax pacnpocmpaHeHus 3a2psi3HeHUs] 600HbIX pe-
cypcoe dacm 803MOXXHOCMb OUEeHUMb Xapakmep U ypoeeHb 3a2psi3HeHUs1 800 pacmyujuM Kosiu4ecmeoM XUMU4ecKux eeujecms, o6ycrioeneHHbIX
ycuneHueM aHmpornoz2eHHol Hagpy3Ku Ha 800Hble 06bekmbl. [nsi ModenupogaHusi Mpoyeccos, npoucxodsujux 8 eo0HoU 6pede, npednazaemcsi
ucnonb3o08amb 2e0UHopMayuoHHyro cucmemy (F'C).

lNpoeedeHHble uccnedosaHusi ceudemesnib.cmeyom, Ymo 2paHuUybl Pacro3HagaHusi Ha4asbHO20 Pa3suUMusi Npoyecca pacrnpocmpaHeHusi 3a2psi-
3HeHus1 (OMKJIOHeHUs1 oM 3MaJsloOHHO20 3Ha4eHUs])) 80 MHO20M OrfpedesisiloMCcsl KoJu4YecmeoM napaMempos, Komopbie u3Mepsitomcsi 8 npoyecce
OduazHocmuposaHusi. [lokazaHa YyecmeumesnbHocmMb 0aHHO20 Memoda duazHocmupoeaHusi Onsi 6o/bWUHCMEa 0OHOMePHbIX HeucnpasgHocmel.

Kntouyeenie crnosa: 800HbIe 06beKmbl, duazHOCMUPOBaHUsl, MOHUMOPUH2, 2e0UHEOPMaYUOHHas CUC| 14eckasi Modesib.




