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Received in revised form: 25.09.2019 chemical research has shown that this approach is sufficiently substantial, both in Ukraine
Accepted: 16.02.2020 and abroad. The purpose of this work is to determine the main statistical parameters and to

research the possibility of applying theoretical laws of distribution to the time series of water
mineralization. This research presents the results of the application of standard statistical methods of hydrometeorological information
processing for data on water mineralization at 28 gauges of the Dnipro basin (within Ukraine) for the period from 1990 to 2015. The
dynamics of the obtained statistical parameters (long-term annual average, coefficients of variation, asymmetry and autocorrelation)
within the Dnipro basin in Ukraine has been analyzed. The average annual values of mineralization vary substantially within the studied
part of the Dnipro basin - in the northern part the maximum value of the annual average mineralization is 447 mg/l, as it moves to the
south, the mineralization increases and in the sub-basin of the Middle Dnipro it reaches a maximum of 971 mg/l; the highest values
are observed in the south (sub-basin of the Lower Dnipro), where they can reach extremely high values for particular small rivers
(the Solon River - Novopavlivka village, 3356 mg / 1). The long-term variability of mineralization in the rivers of the studied area is
insignificant, and the autocorrelation coefficients of the mineralization series are quite high, in most cases they are significant and tend
to decrease from the sub-basin of the Prypyat’ river in the north to the sub-basin of the Lower Dnipro river in the south. Within the
framework of the presented research, the possibility of using theoretical distribution curves known in hydrology to describe the series
of river mineralization, using the example of the Dnipro basin, has also been analyzed. Using Pearson’s fitting criterion, the Pearson
type I1I distributions and the three-parameter distributions by S.M.Krytsky and M.F.Menkel have been verified on their correspondence
with the empirical series of mineralization. As a result, it was found that in 85% of cases the Pearson type III distribution can be used,
and the three-parameter by S.M.Krytsky and M.F.Menkel can be used in 60% of cases.
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AHaJli3 yacoBuX psAiB MiHepaJi3auii Boau pivok y 0aceiini /{Hinpa 3 BUKOpHCTAaHHAM Teope-
TUYHHUX 3aKOHIB PO3MOALITY BUIIAJIKOBUX BeJTMYMH
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AHoTamisi. AHai3 Cy9acHHX HayKOBUX POOIT I0/I0 BUKOPUCTAHHS CTATHCTHYHUX METOMIB Y TIAPOXIMIYHUX TOCITIPKEHHSX MOKa3aB,
IO TaKUH MiAXiA TOCTAaTHRO OOTPYHTOBAHUI, SIK B YKpaiHi, Tak 1 3a KOpAOHOM. MeTa 1aHoi poOOTH — BU3HAYUTH OCHOBHI CTaTUCTHY-
Hi MapaMeTpH Ta AOCIIIUTH MOXIHMBICTh 3aCTOCYBaHHS TECOPETHYHMX 3aKOHIB PO3MOALIY /10 YaCOBUX psAAiB MiHepamizamii. B mpex-
CTaBJICHOMY JIOCJI/DKEHH] HAaBEACHI Pe3y/IbTaTH 3aCTOCYBAHHS CTAHAAPTHUX CTAaTUCTHMYHHUX METOIIB 0OPOOKH rifpOMETeoposIoriHoi
iH(opMmarii Ut TaHUX CrIoCTepekeHb 3a MiHepaizaliero Boau Ha 28 mocrax Oaceiiny [uinpa (y Mexxax Ykpainu) 3a nepiozn 3 1990
1o 2015 poxwu. [IpoananizoBaHo AWHAMIKY OTPMMAaHUX CTaTHCTHYHHX IapaMeTpiB (cepeiHix OaraTopiyHuX 3Ha4eHb, KOSQILi€HTIB
Bapiaii, acumeTpii Ta aBTOKOpeIsIii) B Mexax Oaceitny JlHinpa Ha tepuropii Ykpainu. Cepenni piuni 3HaueHHS MiHepaizamii cyTTe-
BO 3MIHIOIOTBCSI B MEXKaX OCIIKyBaHOI YacTHHHU OaceiiHy [IHinpa - y MiBHIYHIN YaCTHHI MaKCHMaJbHE 3HAYCHHS CEpeIHbOOararo-
piuHoi MiHepami3amii gopiBHIOE 447 MI/m, 13 MPOCYBaHHAM Ha MiBACHb MiHEpasi3amis 301IbIIy€eThes, 1 BKe y cyOOaceliHi CepeqHbOTo
Juinpa ii MakcumyM nocsirae 971 mr/in; HaifO1IbIII 3HAYSHHS CIIOCTEpiraloThest Ha miBaHi (cy6baceitn Huwkuboro [lHinpa), e MOXYTh
JIOCSITaTH eKCTPeMaIbHO BUCOKHMX 3HAUYeHb JUIs OKpeMHUX Manux pidok (p. Conona — ¢. HoBonasniBka, 3356 mr/m). baratopiuna Minu-
BICTH MiHepaJi3alil B piukax JOCIHIIKyBaHOI TEpUTOPIii He3HAYHA, a KOe]IllieHTH aBTOKOPEIISLIT Psi/IiB MiHepaizaii 10BoJIi BHCOKI, y
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OUTBIIOCTI BUMAJKIB BOHU € 3HAUYLIMMH Ta MAIOTh TCHICHLIIO IO 3MEHIICHHS BiJ cyOOaceiiny [lpumn’sTi Ha miBHOUI 10 cyObaceitny
Hwxuporo /lninpa - Ha miBaHi. B pamkax npencTaBiaeHoro T0CiIKEHHS TaKOX MPOaHaIi30BaHO MOXKIIMBICTh 3aCTOCYBAHHS BiIOMHUX
y TIAPOJIOTii TEOPETUYHUX KPUBHUX PO3MOALTY AJIst ONUCY PSIAiB MiHepasi3awil pidok, Ha npukiai 6aceiiny J(Hinpa. 3 BUKOPHUCTaHHAM
kpurepiro 3roxu [lipcona, nepesipero posnoainu Ilipcona III tumy ta tTpunapamerpuunuii C. M. Kpunpskoro i M. @. Menkens Ha 1x
BIJIMTOBIZIHICTE EMITIPUYHUM psaM MiHepaiizamii. B pesynsrari BusiBieHo, mo y 85 % BHIaaKiB MOXXHAa BUKOPHCTOBYBATH PO3IIOILT
[ipcona III Tumy, a Tpunapamerpuanuii C. M. Kpunpskoro i M. @. Menkens —y 60 % Bumaxis.

Kniouosi crnoea: minepanizayis, cmamucmuyni napamempu, 3aKOHU pO3NOOLLy

Introduction. Hydrochemical indicators of river water
and, in particular, mineralization, are formed under
the influence of natural and anthropogenic factors, due
to the complex processes that occur during the daily,
seasonal, annual and secular periods. The influence
of each factor on the formation of mineralization
cannot be taken into account unambiguously, so this
process can be considered stochastic or probabilistic.
In this case, taking into consideration that the
samples of hydrochemical characteristics are random
variables, there is a basis for the use of mathematical
statistics in the study of the processes of formation of
hydrochemical parameters of rivers.

This approach is used in Ukraine by scientists of
the Ukrainian Hydrometeorological Research Institute
(Kovalchuk et al., 2008; Osadchiy and Kovalchuk,
2013), in particular, to divide the magnitude of
hydrochemical concentrations into natural and
anthropogenic components based on theoretical
distribution laws. In the foreign literature such an
example can be found in the work of Chinese scientists
(Yang and Jian-Ying, 2017), who investigated the
possibility of using empirical distribution curves to
analyze the concentration of chemicals in the water
runoff of the river in different phases of water and
for values of probability. The use of multidimensional
statistical analysis by the scientists of different
countries is also noteworthy, for example, for the
geochemical assessment of groundwater quality in
Cote d’Ivoire (Guler et al., 2002), or the use of the
principal component method for the study of the
territory salinity in Spain (Morell et al., 1996). Among
the recent works the studies by scientists from India
on the hydrochemical composition of groundwater in
different parts of the country (Reghunath et al., 2002;
Umarani et al., 2019) using cluster and factor analysis
are also worth noting.

The purpose of this work is to determine the main
statistical parameters and to research the possibility
of applying theoretical laws of distribution to the time
series of water mineralization of rivers in the Dnieper
basin (within Ukraine).

Output data. The research was carried out on the basis
of'data from the State Surface Water Survey, carried out
by the State agencies for water resources management
of the Civil Protection Department of the Ministry of

Emergency Situations of Ukraine. For determination
of statistical regularities and distribution laws, the
data of mineralization observations at 28 gauges of
the Dnieper basin (Fig. 1) for the period from 1990
to 2015 has been selected (1990-2015, Shchorichni
dani). The boundary of the study area of the Dnieper
basin coincides with the state border between Ukraine
and Belarus and Ukraine and Russia.

Research methods. When performing hydrological
calculations, one of the main tasks is to determine the
probabilistic properties of a random variable on the
basis of distribution laws. Each random distribution
law is a mathematical function that fully describes
a random variable from a probabilistic point of
view. In practice, it is not necessary to consider the
law of distribution as a mathematical expression,
it is sufficient to indicate individual numerical
characteristics that reflect its main features (1997,
Rukovodstvo).

Specific statistical methods have been developed
to estimate statistical parameters on a sample basis.
The method of statistical moments is the most
universal, it is not related to any theoretical law of
distribution. In hydrological calculations methods of
determining statistical parameters based on certain
distribution laws are also used. These methods
include the highest-likelihood method, the calculation
formulas of which are derived from a three-parameter
gamma distribution, and a graph-analytic method that
uses theoretical distribution laws (most often Pearson
III and log-normal).

The number of statistical parameters used in a
theoretical distribution law should not be large. The
world experience shows that in calculating runoff,
the most optimal in terms of practical application are
those theoretical laws of distribution, which require
two or three statistical parameters for description —
such as mathematical expectation, dispersion and the
coefficient of variation dependent on it, distribution
asymmetry characteristics.

In modern hydrometeorology, as a rule, the three
most common methods of determining statistical
parameters are used — method of moments, method of
greatest plausibility and graph-analytical method. The
calculations are performed on the basis of hydrological
series (Hopchenko et al., 2014; Shkolnyi et al., 1999),
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but in this research it is proposed to use time series of
mineralization as the initial data.

Results and their analysis. The authors have obtained
statistical characteristics for the series of measured
mineralization values for the long-term period from
1990 to 2015 with the help of the software “StokStat
1.2 - Statistics for hydrology” (http://www.geodigital.
ru/soft_hydr), such as: the average value of the series
of total mineralization and relative average squared
deviation of arithmetical mean value o; coefficient
of variation C ; the C_asymmetry coefficient of C/
C, ratio, as well as the autocorrelation coefficient
(Table 1).

The analysis of Table 1 shows that the length of
the series of river water mineralization in the subbasin
of the Prypyat’ varies from 132 (the Ubort’ —Perga
village) to 185 values (the Styr — Lutsk). Average
values of ions over a multi-year period range from
368 mg/l (the Stokhid — urban settlement Liubeshiv)
to 442 mg/I (the Styr — Lutsk), accurate to the average
value calculating from 1.08% to 1.60%; maximum
deviations are noted in the gauge of the Ubort’—Perga
village with the value =339 mg/l at 6 = 3.17%, as
well as at the gauge the Uzh — Korosten city, where

=232 mg/l at 6 = 2.05%. In most gauges, the value
of C, is 0.14-0.19, and in the gauges of the Uzh —
Korosten city and the Ubort’—Perga village it is 0.26
and 0.36 respectively. The C_value varies from 0.57
to 1.15, the C/C  ratio ranges from 4.0 to 4.4.

For the Desna subbasin, the length of the series
ranges from 97 (the Seim — Mutin village) to 204
values (the Desna — Chernihiv). Average values of ion
sums within for a multi-year period range from 300
mg/l (the Snov — Shchors village) to 447 mg/l (the
Seim —Mutin village), with the accuracy of calculating
of the average value of ¢ from 1.06% to 2.11%. The
C, value makes 0.15-0.23. The value of C_ varies from
0.37 to 0.30, the ratio varies from 2.4 to 1.6.

The diagrams in the Fig.2 rejC sent a more
evident characteristic of the distribution of statistical
parameters of mineralization within the basins. Thus,
in the Prypyat’ basin (Fig. 2a), the average value of
mineralization tends to decrease towards the west,
where the upper river is, to the southeast, towards the
Uzh basin. Naturally, the dynamics of the coefficients
of variation have the opposite direction - the highest
values are characteristics of the basins of the Ubort’
and the Uzh. The number of samples varies slightly by
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Fig. 1. Map-diagram of the observation gauge locations in the Dnipro basin (within Ukraine), mineralization
data of which has been used in the research
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Table 1. Statistical characteristics of the general mineralization series of water bodies in the Dnipro river basin for the period 1990-2015.

relative
Ne Period Coefficient | Asymmetry | C/C average auto-
of Number | 2verage of coefficient squgred - correlation
gauge . value variation C, deviation of | coefficient
River-gauge of alu | arithmetical
on the C r(1)
values n C, v mean value
map mg/l 100V,
T
Subbasin of the Prypyat’ river
1 The Prypyat’- 169 405 0.19 0.71 3.7 1.48 0.36
Ritchytsia village
2 | The Turya— Kovel city 176 134 0.14 0.57 4.0 1.08 0.45
The Stokhid — urban
3 cettloment Livbashiy 179 368 0.17 -0.06 0.4 126 0.47
4| The Styr — Lutsk city 185 442 0.16 0.012 0.07 .19 0.28
5 | The Sluch - Novograd- 140 407 0.15 -0.14 0.9 1.28 0.51
Volynskyi city
6 | The Sluch - Sarny 141 396 0.19 0.24 13 1.60 0.50
7 | The Ubort’- Perga 132 339 0.36 -0.04 0.1 3.17 0.66
village
8 let’ye Uzh = Korosten 166 232 0.26 1.15 4.4 2.05 0.19
Average | 161 378 0.20 0.16 0.51 1.64 0.43
Subbasin of the Desna river
9 ff?i Desna — Chernigiv 204 372 0.15 0.37 24 1.06 0.38
1o | TheDesna-Litky 189 374 0.16 10.23 1.5 115 0.33
village
The Golovesnia —
11 | pokoshechi village 120 398 0.23 -0.05 02 2.11 0.46
1 | TheSeim -Mutyn 97 447 0.19 0.00 0 1.93 0.08
village
13 | The Snov-Shchors 110 300 0.19 0.30 1.6 1.76 0.19
village
Average | 144 378 0.18 -0.07 -0.50 1.60 0.29
i . Subbasin of the Middle Dnipro
14 | TheTeteriv —Tvankiv 92 373 0.18 121 7.1 1.85 0.26
village
The Irpin - Gostomel
15 | village (Mostyshche 171 476 0.13 0.03 0.2 0.99 0.21
village)
The Ros’ — Korsun’-
16 | Shevehenkivekyi city 92 531 0.13 -0.20 15 1.35 0.24
The Tiasmyn —Velyka
17| Vabkunivka village 105 699 0.20 0.14 0.7 1.91 0.29
The Trubizh
18 | - Pereryaslav- 179 610 0.12 0.06 0.5 0.90 0.09
Khmelnytskyi city
19 | The Sula_ Lubny 177 807 0.19 0.72 3.8 1.43 031
20| The Udai — Pryluky city 87 831 0.18 032 1.8 1.91 0.01
21 | The Psel - village 101 712 0.17 -0.03 - 1.66 0.01
Zapsillia
22 thl; Khorol —Myrgorod 106 971 0.25 1.06 43 2.34 0.46
23 thl; Vorskla —Kobeliaky | ¢ 785 0.18 0.34 1.9 1.41 0.08
Average | 128 6380 0.17 0.28 1.36 1.58 0.20
Subbasin of the Lower Dnipro
The Vovcha — urban
2| < eitloment Vasylkivka 170 3305.0 0.15 031 2.04 1.17 0.33
25 | TheSolona=" 159 3356.0 0.18 -0.19 -1.06 1.43 033
Novopavlivka village
26 | Ihe Mokra Moskovka - 172 1377.0 0.26 0.79 3.04 1.98 0.28
Zaporizhia city
27 | The Ingulets ~Sadove 103 357 0.11 5.00 45.45 1.08 0.06
village
The Ingulets —
2 | KrvwyiRih eity 171 1524.8 0.35 0.96 2.74 2.68 0.43
Average | 155 1984 0.21 1.25 9.63 1.67 0.29
Average for sub-basins 145 772 0.19 0.36 2.26 1.61 0.29
Average for the Dnieper River 144 479 0.19 0.13 0.46 1.61 0.30
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Fig. 2. Diagrams of statistical parameters of water mineralization in the Prypyat’ (a) and the Desna (b) river basins.

the pool. In the Desna basin the situation is different
- mineralization does not change substantially across
the territory, with some deviations in the Seim river
basin; the number of samples decreases remarkably
from the Desna to the Seim, and the coefficient of
variation increases (Fig. 2b).

In the subbasin of the Middle Dnieper the length
of mineralization series changes from 87 (the Udai —
Pryluky city) to 179 values (the Trubizh - Pereyaslav-
Khmelnytskyi). The average values of the total sum
of ions for the investigated period increase from the
west to the south east from 373 mg/l (the Teteriv —
urban settlement Ivankiv) up to 971 mg/I (the Khorol
— Myrgorod), with the fluctuation of relative standard
deviation o from 0.9 % to 2.34% (Table 1, Fig. 3a).

170

At the gauge of the Irpin — urban settlement
Gostomel, the Trubizh - Pereyaslav-Khmelnytskyi
city and the Ros - Korsun-Shevchenkivskyi city the
values C equal 0.12-0.13; at the gauges of the Teteriv
— urban settlement Ivankiv, the Sula — Lubny city,
the Udai — Pryluky city, the Psel - Zapsillia village
and the Vorskla — Kobeliaky city, the values of C,
fluctuate between 0.17-0.19; the highest values of C|
are marked along the cross-sections of the Tiasmyn -
Velyka Yablunivka village and the Khorol - Myrgorod
city and make respectively 0.20 and 0.25 (Fig. 3a),
so that there is a slight tendency to increase in the
same direction as mineralization values. The values of
asymmetry coefficients C_vary at the most wide range
- from -0.03 (the Irpin — urban settlement Hostomel
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Fig. 3. Diagrams of statistical parameters of water mineralization in the subbasins of Middle (a) and Lower Dnipro (b).

and the Psel —Zapsillia village) to 1.21 (the Teteriv —
urban settlement Ivankiv), and the C/C, ratio varies
accordingly from -0.2 to 7.1.

Considering the subbasin of the Lower Dnipro,
it can be noted that the length of the series of
mineralization observations here ranges from 159
(the Solona — Novopavlivka village) to 172 values
(the Mokra Moskovka — Zaporizhia city), and only
at the Ingulets point - Sadove village it makes 103
values. The average values of the sum of ions vary
from 3356 mg/I (the Solona — Novopavlivka village)
to 357 mg/l (the Ingulets — Sadove village) over the
perennial period, with the accuracy of the average
value ¢ 1.08% - 2.68% (Table. 1, Fig. 3b), i.e. there
was a decrease in mineralization from the northeast to
the southwest.

The C, values for the series of mineralization
of the Lower Dnipro rivers vary from 0.11 - 0.35;
the value of C_ ranges from -0.31 to 0.96, with the
exception of the Ingulets — Sadove village, where the
asymmetry coefficient is 5.00; the C/C ratio varies
from -2.04 to 3.04, and for the Ingulets point - Sadove
village reaches 45.45. Such a significant difference
in all indicators for the Ingulets — Sadove village can
be explained by the influence of the Dnipro waters,
which flow down the river channel 75 km upstream
(Khilchevskyi et al., 2012).

Table 1 also shows the average values of
statistical characteristics for sub-basins and their
averaged values for all basins. In this case, the average
mineralization for a basin is equal to 772 mg/l, but
this value will not be correct, because the small and
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medium-sized rivers of the sub-basin of the Lower
Dnipro have an average mineralization of 1984 mg/I,
which is a feature of the small rivers of the Black Sea
and Azov Sea region, but it does not correspond to the
mineralization of the Dnipro itself in its lower flow.
This situation can be explained by a small influence
of the inflow of rivers of the Lower Dnipro on the
runoff of the Dnipro River. Therefore, the average
values of these rivers can be ignored in calculations,
and the average mineralization of the Dnipro River
can be calculated using its large tributaries in the
upper and middle parts of the basin. Thus, the average
mineralization for the Dnipro River (within Ukraine)
can be accepted at the level of 479 mg/l, the average
value of C_ is 0.19; the C_/ C ratio can be averaged
as 0.5 and the autocorrelation coefficient is 0.30. The
obtained values correspond well with the data on the
mineralization of the main rivers of Ukraine presented
in the paper (Khilchevskyi et al., 2018), where,
according to the authors’ calculations, the average
mineralization of the Dnipro River is 488 mg/l, and
the mineralization of the Black Sea and Azov region
rivers is at the level of 2200 mg/1 .

The analysis of the dynamics of variability and
the autocorrelation coefficients throughout the Dnipro
basin (within Ukraine) are also of interest. As well
illustrated in the Fig.4, the variation of mineralization

The second stage of the research was checking of
the series of general mineralization for compliance with
the Pearson type III distributions and the three-parameter
distributions by S.M.Krytsky and M.F.Menkel, the
results of which are presented in the Table 2.

The analysis of the Table 2 shows that the series
of mineralization during the study period at all the
investigated gauge in the subbasin of the Prypyat’
River, except for the gauge the Ubort’ — Perga village,
correspond to the the Pearson type III distributions and
the three-parameter distributions by S.M.Krytsky and
M.F.Menkel according to the fitting criterion y*(a,v)
at a = 0.05 and v = 7. The series of mineralization
of the Ubort’ gauge — Perga village does not comply
with any of the studied distribution laws. This can be
explained by the fact that this series has the highest
temporal variability and the highest autocorrelation
coefficient, that is, the internal regulation of the series
is not well described by the selected distribution laws.

In the subbasin of the Desna, the mineralization
series at all the investigated gauges correspond
to the Pearson type III distribution law and the
three-parameter distribution by S.M.Krytsky and
M.F.Menkel according to the fitting criterion y*(a,v)
at o = 0.05 and v = 7, apart from the Golovesnia
gauges — Pokoshychi village and the Snov — Shchors
village, where the values y*> > y¥*(a,v), that is the series
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Fig. 4. Dynamics of variability and autocorrelation of river water mineralization series in the Dnipro basin.

within the considered territory is insignificant,
the correlation coefficient of the trend line is not
significant. On the other hand, the autocorrelation
coefficients have a significant tendency to decrease
from the subbasin of the Prypyat’ to the Lower Dnipro.
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of mineralization during the studied period do not
correspond to the law of distribution by S.M.Krytsky
and M.F.Menkel (Table 2).

In the subbasin of the Middle Dnipro, the series of
mineralization during the studied period correspond
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Table 2. Check of the series of general mineralization of water bodies in the Dnieper river basin for 1990-2015 for compliance with
Pearson type III distribution law and three-parameter distributions by S.M.Krytsky and M.F. Menke

Ne Pearson type III distribution distribution by S.M.Krytsky
of gauge Ri ; 2 (OL V) and M.F.Menkel
on the fver- stream gauge X9 X2 compliance X2 compliance
map
Subbasin of the Prypyat’ river
1 T.h ¢ Prypyat™- Ritchytsia 12.6 12.5 compliant 12.5 compliant
village
2 The Turya — Kovel city 12.6 7.8 compliant 7.9 compliant
The Stokhid — urban . .
3 settlement Liubeshiv 12.6 9.8 compliant 10.4 compliant
4 The Styr — Lutsk city 12.6 7.5 compliant 10.1 compliant
The Sluch - Novograd- . .
5 Volynskyi city 12.6 12.3 compliant 10.1 compliant
6 The Sluch — Sarny 12.6 8.1 compliant 9.6 compliant
7 The Ubort’- Perga village 12.6 17.7 not compliant 15.8 not compliant
8 The Uzh — Korosten’ city 12.6 7.1 compliant 11.5 compliant
Subbasin of the Dnieper river
9 The Desna — Chernigiv city 12.6 7.1 compliant 7.4 compliant
10 The Desna —Litky village 12.6 7.4 compliant 11.1 compliant
The Golovesnia —Pokoshechi
11 village 12.6 8.8 compliant 35.2 not compliant
12 The Seim —Mutyn village 12.6 8.7 compliant 12.4 compliant
13 The Snov —Shchors village 12.6 53 compliant 13.1 not compliant
Subbasin of the Middle Dnieper
14 The Teteriv —Ivankiv village 12.6 13.2 not compliant 16.9 not compliant
15 The Irpin - Gostomel village . .
(Mostyshche village) 12.6 5.90 compliant 11.7 compliant
16 The Ros’ — Korsun’- . .
Shevchenkivskyi city 12.6 9.30 compliant 20.2 not compliant
17 The Tiasmyn —Velyka . .
Yabkunivka village 12.6 7.48 compliant 15.5 not compliant
18 The Trubizh — Pereryaslav- . .
Khmelnytskyi city 12.6 10.2 compliant 18.8 not compliant
19 The Sula — Lubny city 12.6 15.5 not compliant 14.4 not compliant
20 The Udai — Pryluky city 12.6 3.92 compliant 6.68 compliant
21 The Psel — village Zapsillia 12.6 2.86 compliant 12.96 not compliant
22 The Khorol — Myrgorod city 12.6 4.0 compliant 4.25 compliant
23 The Vorskla — Kobeliaky city 12.6 12.1 compliant 4.9 not compliant
Subbasin of the Lower Dnipro
The Vovcha — urban . .
24 settlement Vasylkivka 12.6 9.7 compliant 59 compliant
25 Th ¢ Solona —Novopavlivka 12.6 3.45 compliant 3.96 compliant
village
26 The Mok.ra Moskovka B 12.6 7.65 compliant 12.3 compliant
Zaporizhia city
27 The Ingulets —Sadove village 12.6 8.9 compliant 20.7 not compliant
28 ;rl}z; Ingulets —Kryvyi Rih 12.6 15.37 not compliant 15.49 not compliant

to the Pearson III type distribution law at all gauges
except the Teteriv gauges — urban settlements Ivankiv
and the Sula — Lubny city, and the three-parameter
distribution by S.M.Krytsky and M.F.Menkel in three
cross sections (the Irpin — urban settlement Gostomel
(Mostyshche village), the Udai - Pryluky city and
the Khorol — Myrgorod city) according to the fitting

criterion ¥*(a,v) at a = 0.05 and v = 7 only within the
cross section (Table 2).

To sum up: for the cross sections the Irpin —
urban settlement Gostomel (Mostyshche village),
the Udai - Pryluky city and the Khorol - Myrhorod
city the series of mineralization correspond to both
distribution laws, for other gauges it is possible to
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use Pearson I1I type distribution law for calculations,
which is determined by the condition > < ¥*(a,v) , for
the gauge of the Teteriv — urban settlement Ivankiv
the series of mineralization do not correspond to any
of the studied distribution laws (the Table 2).

In the subbasin of the Lower Dnipro, the series
of mineralization at the three investigated gauges
correspond to the Pearson type III distribution law and
the three-parameter distribution by S.M.Krytsky and
M.F.Minkel by the fitting criterion ¥*(a,v) at o= 0.05
and v = 7. At the gauge of the Ingulets River — Sadove
village the series of mineralization correspond only
to the Pearson III type distribution law, at the gauge
of Ingulets — Kryvyi Rih the series do not correspond
to any distribution law, which can be explained by
significant anthropogenic loads and peak emissions
of the mine waters of the Kryvyi Rih iron ore basin
(the Table 2).

Conclusions.

* As a result of a standard statistical processing
(using the methods of moments and maximum
likelihood), the statistical characteristics of the series
of measured values of mineralization of water bodies
of the Dnipro basin for the period from 1990 to 2015
have been determined.

* The average annual values of mineralization
vary substantially within the studied part of the
Dnipro basin within Ukraine. Thus, in the northern
part (subbasins of the Prypyat’ and the Desna) the
average long-term mineralization fluctuates from
232 mg/l to 447 mg/l, and as it moves to the south,
mineralization increases and in the subbasin of the
Middle Dnipro it changes in the range from 373 mg/I
to 971 mg/l; the highest values are observed in the
south, in the subbasin of the Lower Dnipro, where
they fluctuate from 357 mg/l (the Ingulets - Sadove
village) to extremely high values of 3356 mg/l (the
Solona - Novopavlivka village).

* The obtained data are consistent with the data
(Khilchevskyi et al., 2018) on the spatial changes
of the water mineralization of the rivers of Ukraine,
in particular for the Dnipro basin, which indicates
the statistical stability of the average long-term
mineralization.

* The long-term variability of mineralization in
the rivers of the studied territory is insignificant, the
values of the coefficients of variation C vary in the
Dnipro basin within Ukraine in the range from 0.11 to
0.3 and do not have a signified trend.

e The asymmetry of the mineralization series
is sufficiently signified, and the corresponding
coefficients vary over a wide range from -0.03 to 5.00.

* The autocorrelation in the mineralization series
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is quite high and the coefficients r(1) are in most
cases significant; in general within the basin there is
a decrease of the autocorrelation coefficients from the
north to the south.

* Within the framework of the presented research,
the possibility of using theoretical distribution curves
known in hydrology to describe river mineralization
has been analyzed. In terms of the Dnieper basin,
using the Pearson fitting criterion ¥% the type III
Pearson distributions and the three-parameter by
S.M. Krytsky and M.F.Menkel have been checked
for their correspondence with the empirical series of
mineralization. As a result, it was found that in 85%
of cases the Pearson type III distribution can be used,
whereas the three-parameter by S.M.Krytsky and
M.F.Menkel in 60% of cases.

* The obtained results make it possible to use
theoretical curves to determine the mineralization
values of different probability of exceedance, but for
the final conclusions it is necessary to continue the
study using more source of initial information.
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