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BIOPRODUCTIVITY OF DNIEPER

RESERVOIRS ANALYSIS BY INDUCTIVE METHODS

The task was to determine the factors that have the most significant influence on the state of water in the Dnieper reservoirs by
constructing a model of dependence of the concentration of chlorophyll a in phytoplankton according to long-term observations
in Kremenchug and Kakhovka reservoirs. The results of observations of the Institute of Sciences in 1976—1993. Various induc-
tive methods were used to obtain a satisfactory result. Algorithms: linear regression of (LR), LASSO, combinatorial algorithm of

(COMBI) GMDH and correlation-rating algorithm (CRA).
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Introduction

A pressing issue in today’s world is environmental
security and maintaining ecological balance. Water
resources are extremely important in solving this
problem. Investigation of patterns of functioning
of aquatic ecosystems, formation of their biological
productivity and influence of natural factors on this
process under conditions of anthropogenic loading
are necessary for the development of scientifically
methods of management and prediction of water
quality [1 — 3].

The reservoir ecosystem is a complex system.
Water quality in reservoirs depends on many fac-
tors. Therefore, it is necessary to identify the most
influential ones by constructing models of their
functioning. However, environmental modeling is
a complicated process. Example of problematic is-
sues are: the uniqueness of each body of water (ri-
vers, lakes, reservoirs, etc.); problems of conduc-
ting system studies; small number of observations

and errors of measurements of physicochemical
parameters; incomplete knowledge of ecosystem
functioning.

To study the functioning of ecosystems in the
Dnieper reservoirs, the task was to determine the
factors that have the most significant influence on
the water status, by constructing a model of depen-
dence of chlorophyll "a” concentration in phyto-
plankton according to long-term observations in
Kremenchug and Kakhovka reservoirs. The results
of observations for 1976 —1993 were provided by the
Institute of Hydrobiology of the NAS of Ukraine.
Unfortunately, the difficult economic situation in
the country and the absence of a laboratory vessel
makes it impossible to obtain up-to-date monito-
ring data. Therefore, it is even more important to
identify the most important factors that affect the
environmental status of reservoirs.

As mentioned above, the small amount of ob-
servational data and measurement errors make
it difficult to solve the problem. Several methods
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of inductive modeling were applied in the study.
One of the well-known effective approaches to
finding dependencies by short sample data is the
Group Method of Data Handling (GMDH). In
the research, one of the considered algorithms
is the combinatorial algorithm of GMDH (algo-
rithm of complete search). However, the results of
such analysis are highly dependent on sampling.
Given the small number of measurements, the re-
sults of the modeling at different divisions signifi-
cantly differ. To overcome this problem, another
GMDH sorting algorithm was used, a correlation
algorithm with factor rating analysis that uses re-
sampling, that is, a repeated sample split. In ad-
dition, one of the popular modern methods, the
LASSO algorithm (Least absolute shrinkage and
selection operator), was performed.

The biological basis of the problem

The primary autotrophic link of reservoirs is phy-
toplankton (algae of various systematic groups that
inhabit the water column). By assimilating solar
radiation and converting it into organic matter in
the process of photosynthesis, it creates primary
products. Due to this, there are other aquatic or-
ganisms living in water through the supply chain.
The response of planktonic algae to the effects of
natural and anthropogenic factors can be inves-
tigated by the content of chlorophyll a, the main
photosynthetic pigment of phytoplankton, since it
is an indicator of the level of vegetation and pri-
mary production. The increase in organic matter
in the water is due to the intensive development
of phytoplankton. To a certain extent, this cre-
ates the basis for the development of a forage base
for fish and other aquatic organisms and helps to
increase their numbers. When the “flowering”
of water (mass development of blue-green algae
— cyanobacteria) begins, the water quality dete-
riorates and the oxygen content decreases. Oxygen
deficiency causes processes by which a number
of substances are more actively released into the
water. When the content of nitrogen, phospho-
rus, potassium in water exceeds a critical level, the
life processes of aquatic organisms are acceler-
ated, that is, the process of eutrophication inten-

sifies. The negative consequences of this process
are deterioration of water quality by organoleptic,
hydrochemical and sanitary-microbiological pa-
rameters, accumulation of biologically active sub-
stances (vital secretions of algae and products of
their decomposition), including toxic, allergenic
and carcinogenic ones. Water gets a bad smell and
taste, its transparency decreases, the color increas-
es, the content of dissolved and suspended organic
matter increases. It stimulates the development of
saprophytic bacteria (including especially danger-
ous pathogens), aquatic fungi, dramatically ex-
acerbating the epidemiological situation in water
bodies [4, 5]. A high level of eutrophication causes
fish and other hydrobionts to die. That is, from a
certain point in time, eutrophication causes deg-
radation of lake systems and reservoirs.

According to the world statistics, about 40—-50%
of cases of “flowering” in water accumulate sig-
nificant concentrations of compounds that cause
diseases of humans and animals [6].

The use of water bodies during “flowering” of
water for recreational purposes and as sources of
drinking water supply significantly increases the
risk to human health. It also increases the risk of
the formation of harmful substances also in the
process of water treatment by existing technologies
(eg, formation dioxins in the chlorination of wa-
ter contaminated with phenolic compounds). This
indicates the ecological and social significance of
the problem of anthropogenic eutrophication of
surface waters.

Formulation of task

Our purpose is to study the processes of ecosystem
functioning in the Dnieper reservoirs to determine
the factors that have the most significant impact on
the water status. We do it by constructing a model
of formation of chlorophyll a concentration in
phytoplankton according to long-term observations
in Kremenchuk and Kakhovka reservoirs.

The modeling was based on long-term
observations of mean values of chlorophyll "a" and
phytoplankton content per unit volume of water.
The following physicochemical factors were mea-
sured for the study [7]:
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* x, — total content of dissolved inorganic nitro-
gen, mg N/I,

* x, — content of dissolved inorganic phospho-
rus, mg P/l;

* x, — N/P — ratio of nitrogen content to phos-
phorus content, relative units;

* x, — water temperature, ¢° C;

* x, — volume of water runoff, m x 10°/month;

* x, — total solar radiation, MJ/m? x month.

DESCRIPTION OF THE RESEARCH

Environmental processes forme complex system.
The complexinteraction of manyfactorsgivesthem
the character of a random process. Therefore, the
calculations relating to the study of the laws of the
functioning of water resources are probabilistic,
statistical in nature. A large number of different
methods have been developed, which makes the
choice of the optimal method of finding patterns
for a particular case one of the key problems in
designing the statistical model of the process
under study.

The linear regression approach remains
one of the most powerful tools for analysis.
Therefore, it is advisable to use regression
analysis methods in the study of reservoir
ecological processes. However, it can often
produce erratic results. Regularization me-
thods prevent unnecessary complexity while main-
taining model adequacy. In addition, a small
amount of observations requires methods that
work satisfactorily on short samples. GMDH is
one of these methods. Several inductive modeling
methods were applied in the study: linear regres-
sion LR [8], LASSO [9], combinatorial algorithm
COMBI GMDH [10], and correlation-ranking
algorithm GMDH CRA [11].

Several methods for constructing a linear model
have been applied to determine the most influen-
tial factors for modeling. In order to evaluate the
adequacy of the obtained models, the coefficient of
determination R’ and the corresponding multiple
correlation coefficient R are calculated, which re-
flects the degree of dependence of factor X and the
dependent variable Y.

Note that the coefficient of determination R? is
calculated as follows [12]

ESS = Z(yreal - yest)27

t=1

TSS:Z(yreal_y)7
t=1
7=1%)
noo "

In the second stage of the study, modeling was
performed using one of the modern methods of
regression LASSO (Least absolute shrinkage and
selection operator). It consists of the introduction
of an additional component of regularization in
the optimization functionality of the model, which
often allows us to obtain a more stable solution [5].
This achieves a compromise between the regression
error and the complexity of the model structure.
During the minimization, some coefficients
become equal to zero, which, in fact, determines
the selection of informative features.

GMDH are well-known class of algorithms
that work well on short data samples. Therefore,
the next step in the study was to use the COMBI
combinatorial algorithm [6]. The result of
modeling using the combinatorial algorithm
COMBI GMDH highly depends on the division
of the data sample into training and testing sub-
sample. Especially when the data sample is very
short.

To overcome the problem of short data sam-
pling, bootstrap procedure is often used, i.e.
multiple uses of data sampling by different divi-
sions into training and testing subsample. This
technique is also used in another algorithm
(CRA) that was used in the study. This method
of selecting information arguments using cor-
relation analysis belongs to the class of GMDH
algorithms with an incomplete, directed search
of models.

The use of correlation ranking of the sequence of
arguments in enumeration algorithms was consi-
dered in [7]. We used a different method of defin-
ing of the informative factors based on pairwise
correlation and ranking.
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The general idea of the CRA method

In order to assess the informativeness of the fac-
tors according to the given table of observations,
we propose to use a rating of factors. At the be-
ginning, all the factors do not have rating points:
V' (x) =0,.., V(x) = 0). The rating is cal-
culated using a procedure, which is repeated
many times on different parions of the initial
data sample (Fig. 1). Data sampling is randomly
divided number of times into training and tes-
ting parts. The model is built on the training sub-
sample in a certain way. The model parameters are
calculated by OLS.

For the selected training subsample, each step
determines whether the factor should be included
in the model. The best model is selected using
the criterion of regularity, calculated on a verified
subsample of input arguments. If a factor is chosen
at this stage, we say that it get a rating score.

The described procedure is repeated many times
for different ways of splitting the sample. Thus we
get a rating (the sum of rating points) factors. After
completing the described procedure, the rating
is analyzed. The division into “informative” and
“non-informative” factors is made according to this
analysis. Those with a higher rating are considered
informative. This can be done in different ways:
automatic clustering procedures, application of
frequency criteria, or expert opinion. Thus, the
structure of the final model is determined, which
includes factors with alarge number of rating points.
The parameters of the model are determined using
OLS by full the data sample.

The procedure for constructing the model is
schematically presented in more detail in Fig. 2.
Modeling is done by gradually complicating the
model by adding one factor. Step by step for each
of the factors (elements of the set currentX) it is
determined whether it should be included in the
model (be an element of the set best/ndX). The
first partial model consists of only one factor. To
determine this factor, the value of the pairwise
correlation of each of the factors with the initial
value is calculated. The factor with the highest
correlation value is selected, provided that it is
not random (according to the pVal test). The OLS

Rating points: V (x;)=0,...

¥
Randomly divide the input data sample into the
| training and checking parts (in a given
proportion)

» Vixg)=0

¥
Procedure of building the best model
Regressors, included in the best model, receive
one raiting score

v

Repeat the procedure
of sample division
certain number of times

Clustering of the regressors according to their

rating
v

Choosing of regressors for the final model.
v

Estimate the model including only the chosen
regressors by OLS procedure using the whole
data sample.

Fig. 1. The scheme of the CRA method

builds a model, finds the coefficient, and calculates
the value of the original variable. Next, the following
factor is similarly selected. But we choose the one
for which the pairwise correlation with the current
residual model value y (Corr (AY, x))) has the largest
value Considering all the factors, we obtain a set
of partial models. The best model for the current
partition is selected according to the minimum
regularity criterion calculated on a verified subset
of input arguments. Those factors that are included
in the best model for the current sample devission
receive a rating score.

The procedure is repeated a specified number
of times (threshold). Thus, the rating of factors is
calculated for further analysis.

Resultes of modeling

Kakhovka reservoir

The first phase of research was conducted for the
Kakhovka Reservoir. Data on observations of the
state of the Kakhovka reservoir for the period from
1980 to 1993 are presented in Table 1.
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AY=Y

bestindX = @

currentX ={xq,..., Xph i=1, ....m

)

Corr (AY, x)),
p-Val(Corr (AY, x;)

)
T currentX ={x, ... x, },

12k, ESm,.{_,;I!___,;L_}C {L,....m}

Corr (y, x;) > threshald,
p-Val(Corr (y, x,)} = 0,01
i=1,..m

Yesy

The best model is
selected by the
minimum of the
external criterion

Exclude x; from
currentX

Include x; into bestindX

Find i: corr(AY , x)) is maximal;

v

Update the current partial model y*;

— | Y=A bestindX;
AY=Y-Y,

The coefficients A” of the model y"are estimated using OLS;

Fig. 2. The scheme of the constructing model procedure by CRA

At first, linear regression models with dif-
ferent number of factors were constructed and
correlation and determination coefficients were
calculated for them [5]. The calculations showed
that several models with different structures have
virtually the same coefficient of determination
(Table 2). This means that further complications
of the model structure do not affect the value of
the multiple correlation coefficient R = 0,839.
Thus it is sufficient to use the model with the least
number of factors. Further increase in the num-
ber of factors will mean unnecessary overhaul of
the model.

Aften application the LASSO, we obtained:
y=fx,x,x)=5,16x, +0,58x, + 0,02x,.

The model has a value of multiple correlation
coefficient R = 0,803.

To estimate the coefficients of the models by
COMBI GMDH, three variants of the division of
the data sample into training X, and test X, were
considered (Table 3). The model with the hightest
value R consider four factores.

The next one described CRA GMDH algorithm
was used to construct a model. To identify
informative factors, 50 random divisions of the
sample were performed. The obtained rating of
factors is presented in Fig.3.

The result model was
y=rf(x,x,)=14,29x, + 3,04x,,
for which the value of the correlation coefficient
R=0,812.
Thus, as a result of the analisys by various in-

ductive methods for Kakhovka Reservoir, models
were obtained (Table 4).
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Table 1. Kakhovka reservoir input data

Total content content of
total solar
of dissolved dissolved water volume of L
Year Mass of . . . . radiation,
i inorganic inorganic N/P tempera- water runoff,
august hlorophyll "a" . MJ/m?
# nitrogen, phosphorus, ture,  °C | m10°/month;
month
mg N/I mg P/I;
Y X, X, X X, X X
1 1980 58,1 3.224 0,065 49,60 19,4 5,080 552,7
2 1981 27,4 1.2312 0,076 16,20 21,1 3,200 703,8
3 bl
1982 16,3 1,3108 0,058 22,60 24,0 4,570 620,7
4 1983 41,4 1.4348 0,068 21,10 21,0 2,540 606,8
5 1984 14,1 0.617 0,095 6,49 21,4 3,390 673,3
6 1985 47,8 1.065 0,036 29,58 23,5 4,620 645,1
7 1986 29,1 1.156 0,027 42,81 23,4 4,150 497.,9
8 1987 17,7 0.081 0,026 3,12 20,8 2,830 724,3
9 1988 19,5 0.291 0,094 3,10 23,4 3,570 653,0
101 1989 11,09 0.406 0,026 15,62 22,7 4,260 753,0
1 1990 9,8 0.369 0,030 12,30 21,0 2,950 750,0
12 1991 17,9 0.578 0,123 4,70 29,0 3,360 693,0
13 ’
1993 14,3 0.438 0,111 3,95 22,9 2,840 625,0
Table 2. Regression models
Structure Models R
y=flx,,x,) 21,02 + 11,6%x, + 0,24*x, 0,831
Y=(x,,%,,X5,X) 23,05 + 11,41%x, + 0,33*x, — 2,84%*x,— 0,006*x, 0,839
VX, x5, X, X X,) 27,01 + 11,14%x, + 0,33*x3-0,14*x, — 2,66*x,— 0,008*x 0,839
VX, %,,%,,X,X,) 25,08 + 11,73%*x, — 7,33*x, + 0,3*x, — 2,77*x,— 0,009*x, 0,839
VX%, X,,X,,X,X,) 29,53 4+ 11,45%x, — 7,88*x, + 0,29%x,— 0,16*x, — 2,5766*x, — 0,0111%*x; 0,839
Table 3. The models by COMBI GMDH
Structure Model R Sample division (X,/X,)
y=flx)) y=21,59, 0,68 9/4
y=flx,, x,) y2 = 18,23x, + 96,25x, 0,74 8/5
Y=Ax, X, Xy X,) y3=16,1x, + 0,81x, — 1,56x, — 0,002x, 0,82 7/6
Table 4. The result of Kakhovka Reservoir modeling
Algorithm Model R
LR y=Ax,, x;, x;, x,) = 11,41x,+0,33x,—2,84x,—0,007x, 0,839
COMBI y=MAx, x,, X, x;) = 16,1x, + 0,81x, — 1,56x, —0,002x, 0,820
CAR y=fx,, x;) = 14,29x, + 3,04x; 0,812
LASSO y=Ax,, x,, x,) = 5,155x, +0,582x, + 0,015x, 0,803
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Rating of regressors

20
. m m

1 2 4 5 6

Rating poins
=

3
Factors

Fig 3. Rating of arguments for Kakhovka Reservoir

Kremenchuk reservoir

In addition to Kakhovka, another of the Dnieper
reservoirs was explored — Kremenchuk (from 1976
to 1992 yy) (table 5).

The first step was simulation using linear re-
gression LR:

Table 5. Input data of Kremenchuk Reservoir

y=2,12%x -719,11 *x, - 9,17* x,+
+1,83 *x, + 50,75 * x, + 0,02 * x,.

The obtained model has a coefficient of determi-
nation R? = 0,204. Accordingly, the multiple cor-
relation coefficient R = 0,452. But it contains all
the factors, ie does not select the most important.
And this does not meet the purpose of the study.
Therefore, other modeling methods were used.

The LASSO method was also used to model the
functioning of the Kremenchuk Reservoir. in our
study. The obtained model has the form:

y=0,10x,,

and the coefficient of determination R?> = -0,0045.
A negative value of R?> means that the resulting
model approximates the value of the original vari-
able worse than the mean value.

Total content .
Content of dis- Total solar
Mass of of dissolved . . Water Volume o
Year. . . solved inorganic radiation,
> hlorophyll a”, inorganic N/ P tempera- of water runoff,
august ) phosphorus, MJ [ m*x
mkg/1 nitrogen, mg ture, t °C m 10° /month;
mgP/l; month
N/1
Y X, X, X, X, X X,

1976 46,3 0,290 0,025 11,60 26,0 2,292 650,0
1977 86,8 0,408 0,040 10,20 18,6 3,210 560,5
1979 156,5 0,939 0,063 14,90 20,1 5,630 551,5
1980 54,2 0,862 0,069 12,49 19,0 3,320 507,9
1981 95,2 1,002 0,103 9,73 23,8 2,790 6437
1982 30,4 1,238 0,048 25,79 22,0 5,470 506,5
1983 123.,6 0,629 0,074 8,50 20,5 4,070 597,1
1984 17,0 0,690 0,060 11,50 20,2 2,450 530,3
1985 25,0 0,468 0,078 6,00 24,2 2,530 489,0
1986 40,1 1,067 0,084 12,70 23,6 3,970 629,1
1987 43,6 0,158 0,109 1,45 18,7 3,360 630,3
1988 39,0 0,529 0,129 4,10 22,9 3,930 649,0
1989 39,0 0,316 0,117 2,70 22,8 4,180 630,0
1990 74,3 0,459 0,062 7,40 23,1 2,964 688,0
1991 44,0 0,715 0,130 5,50 21,3 3,858 653,0
1992 55,4 0,269 0,084 3,20 24,8 2,399 649.0
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The next step was modeling using COMBI
GMDH. The obtained model has the form:

y=111,65x, - 872,48x, - 6,92x, + 124,93.

The coefficient of determination R> = -1,32 cal-
culated for it suggests that in this case the model
also does not bring the initial variable close to the
real values.

To construct the model according to the Kre-
menchuk Reservoir, a correlation algorithm
with the calculation of the rating of CRA factors
was also used. To obtain a rating 50 times, the
sample was divided into educational and trai-
ning (Fig. 4).

The model obtained using the CRA algorithm
has the form y = -0,96x, + 1,76x,. The multiple
correlation indexis R = 0,522. According to the
rating, the model includes two factors (nitrogen
content and water runoff), which gives reason to
believe that they play the most influential role in the
formation of chlorophyll "a" in the phytoplankton
of the Kremenchuk reservoir..

Conclusions

The paper presents a study of the functioning
of two Dnieper reservoirs (Kakhovka and
Kremenchuk) according to the statistics of long-
term observations. The aim of the work was to
build a mathematical model of the dependence
of the concentration of chlorophyll "a" in phyto-
plankton on a number of different physicochemi-
cal factors. The difficulty of solving the problem is
due to the small amount of observational data and
measurement errors. Various inductive methods
were used to obtain a satisfactory result. Modeling
algorithms were performed: linear regression

wu

[%]
o

Rating

Rating points
[~ w P
o o (=)

i
o

, m W = |
3

1 2 4 5 6
Factors

Fig. 4. Rating of arguments for Kremenchuk Reservoir

LR, LASSO, combinatorial algorithm GMDH
COMBI and correlation algorithm for analysis of
rating of CRA factors.

The analysis of the obtained results showed that
in all models obtained by different methods, both
reservoirs includes the variable x, — the mineral
form of nitrogen. This is natural, when atrophying
water bodies, the nitrogen content becomes a factor
that limits the development of phytoplankton. This
was observed in the reservoirs of the Dnieper. Also,
three of the models obtained for the Kakhovka
Reservoir and two models of the Kremenchuk
Reservoir, which highest value of multiple correla-
tion index, include an indicator of the volume of
water runoff.

The study suggests that these factors (the mine-
ral form of nitrogen and volume of water runoff)
may be the most influential for the life of phyto-
plankton and determine the state of functioning of
Kakhovka and Kremenchuk reservoirs. This applies
to the named Dnieper reservoirs and the available
sample of statistics for the summer season, which is
characterized by intense “blooming” of water with
blue-green algae.
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I A.ITionebecna, MoONOIIINI HAYKOBUI CITiBPOOITHUK,
MixHapoaHUil HayKOBO-YYOOBUI LICHTP

iHbopmauiiiHux TexHooriii Ta cucteM HAH ta MOH VYkpainu,
npocn. Akagemika [nymkosa, 40, Kui, 03187, YkpaiHa,
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MOIEJTIOBAHHA BIOITPOAYKTUBHOCTI
JHITTPOBCHKUX BOAOCXOBULI IHAYKTUBHUMUW METOJAMU

Beryn. locnigxeHHs 3aKOHOMipHOCTElH (PYHKIIIOHYBaHHSI BOIHUX €KOCUCTEM, BIUIMBY TPUPOJHUX YUHHUKIB Ha MPOLIEC
(opmyBaHHS 6i0J0TIYHOT MPOAYKTUBHOCTI BOJONM B YMOBaX aHTPOIIOT€HHOTO HABAHTAXXEHHS BilirpaloTh HaA3BUYAIHO
BaXKJIMBE 3HAYEHHSI IJISI OLlIHKY €KOJIOTIYHOI 0€31eKU Ta MiATPUMKHU €KOJIOTIYHOI piBHOBATH, i, SIK HACJiI0K, U151 PO3pOOKU
HayKOBO OOTIPYHTOBAaHMX METO/IIB YIIPaBJiHHS i MPOrHO3YBaHHS SIKOCTi BOJIHU.

Merta. byna nocrasneHa 3agaya BU3HauUeHHs (pakTOPiB, IKi MalOTh HaliBaroMillivii BIJIMB Ha CTaH BOAM B JIHIMPOBCHKUX
BOJOCXOBMIIAX, LUISXOM MOOYAOBU MOJENI 3aJIeKHOCTI KOHIEHTpalii xjopodiny a y (iTOMIaHKTOHI 3a AaHUMU
GaratopiuHux criocrepexxeHb B KpemeHuybkomy Ta KaxoBcbKoMy BOmOCXOBMILIAX. Pe3yibraTul criocTepexxeHs 3a 1976—
1993 poxu Hamani [nctuTyToM rigpo6ionorii HAH Ykpainu.

Mertoau. Manuii o0csir JaHUX CIOCTePeXeHb Ta MOXMOKM BMMIipIOBaHb 3HAYHO YCKJIAJHIOE PO3B’sI3aHHS 3ajaui.
JInst oTpuMaHHS 3al0BiJIBHOTO pe3yJibTaTy OyJi0 3aCTOCOBAHO pi3Hi iHAYKTUBHI Metoau. IIpoBeneHO MoneatoBaHHS
ajgropuTMamu: JiHiliHa perpecisg LR, LASSO, xomGiHatopHuii anroputm MI'YA COMBI Ta KopensiuiiHuii alropuTM 3
aHautizy peiTuHry akTopiB CRA. J1ns OlliHKM aleKBaTHOCTI OTpPUMaHMX MOJIeJIeld 3aCTOCOBAaHO KOe(ILliEHT AeTepMiHallii
R?1a BinmoBinHUi KoedilieHT MHOKXUHHOI KOpeJsii R.

Pesyabratu. Insg KpemeHuylIbKoro BOJOCXOBHIIA BUSIBUJIOCH, 110 MOJENdi, MoOynoBaHi 3a gonomorow LASSO ta
COMBI maroTh HeraTUBHE 3HaYeHHsI KoedillieHTy aeTepMiHaliii R?, TOOTO HEIOCTATHIO aIeKBATHICTh.

Mozesb, OTpUMaHa 3a JOMOMOroo JiiHiiHOT perpecii LR, Mae koedilieHT nerepminaiii R? = 0,204 (BianosinHo,
MHOXWHHOI Kopessiii R = 0,452). Lle o3Hauae, 1110 MOIEIb Ma€ 3a0BiIbHY alcKBAaTHICTb. AJIe TIPH IIbOMY Ma€ B CBOEMY
CKJIaJli BCi YNHHUKM, TOOTO HE BifOMpae HalBaromiltiii.

Mopenb, oTprMaHa 3a JOMOMOTOI0 KOPEISILiMHOTO aaropuTMy 3 pPO3paxyHKOM pPeUTHHry perpecopiB CRA, Mmae
KoedilieHT netepminaii R? = 0,273 (BianmoBinHO, MHOXHMHHOI Kopensuii R = 0,522).

st KaxoBChbKOTO BOIOCXOBHIIA MOZIETIi, OTPUMaHi 3aCTOCOBAaHMMU METOIaMU, MalOTh BUCOKHI CTYITiHb aleKBaTHOCTI
(R,,=0,838, R.,,5,= 0,820, R, = 0,812, R, .., = 0,803). KpiM TOTO, MOZIETi MAIOTh CXOXi CTPYKTYpH.

BucHOBKH. AHaTi3 OTpMMaHUX Pe3yJIbTaTiB ITOKa3aB, 110 0 CKJIAAy BCiX MOIeNeil, OTpUMaHUX PiI3HUMM METOIaMHu,
JIJIs1 000X BOJIOCXOBUILL BXOAUTH (pakTOp — MiHepajibHa ¢hopMa a3oTy. Lle 3akoHOMipHO, Ipu eBTpodyBaHHI BOAOWAM BMICT
a30Ty CTa€ TUM YMHHUKOM, IO JIMITy€e pO3BUTOK (iTomnaHKToHyY. Takox 10 cKJiamy TpbOX MOJEJEH 3 OTpUMaHUX st
KaxoBcbhKoro BogocxoBuila Ta 1Box Moaeseit KpeMeHuy1bKoro, siki MaloTh KoedillieHT MHOXMHHOI KopeJsiii R > 0,5,
BXOJIUTb MTOKAa3HUK 00’€MY CTOKY BOJIU.

[IpoBeneHe mocmimkeHHs Ia€ TMiACTaBU BBaXkaTH, 10 1Ii (akTopu (MiHepasbHa hopMa a30Ty Ta 06’€M CTOKY BOIMN)
MOXYTb OyTH HAlBIUTMBOBIIIIMMU JJISI XKUTTEMISTTLHOCTI (DiTOIIAaHKTOHY i BU3HAYATH CTaH (DyHKIIOHYBaHHS KaxoBCchKOTo
Tta KpemeHuyibkoro BogocxoBuill. Cka3zaHe CTOCYEThCSI caMe Ha3BaHUX JHIMPOBCHKUX BOJTOCXOBUIL Ta HasiBHOT BUOIpKU
CTAaTUCTUYHUX NAaHUX JITHBOTO CE30HY, SIKUU XapaKTePU3YETbCSl IHTEHCUBHUM <«IBiTiHHSIM» BOIW CHUHbO3EJIEHUMU
BOIOPOCTSIMU.

CAR

Karouosi caosa: inoykmueri memoou mo0ear8anHs, KOPeAAUilIHULL areopumm 3 po3paxynkom petimuney peepecopie CRA,

"_n

kombinamopruii areopumm MI'YA COMBI, LASSO, gpimonaankmon, konuenmpauis xaopoginy "a’.
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MOJIEIIOBAHHA BIOITPOAYKTHUBHOCTI
JHIMPOBCBLKUX BOAOCXOBUII IHAYKTUBHMMU METOJAMM

BBenenne. VMcciemoBaHue 3aKkOHOMEPHOCTEM (YHKIITMOHUPOBAHUST BOAHBIX 9KOCUCTEM, BIMSIHUS IPUPOIHBIX (DaKTOPOB
Ha mpolecc (OpMUPOBaHUS OMOJOTMYECKON MPOAYKTMBHOCTH BOJOEMOB B YCJIOBUSIX aHTPOIIOI€HHON Harpy3ku
WTPaIOT YPE3BBIYAiiHO BaXKHOE 3HAYECHUE TS OLIEHKM DKOJIOTMYEeCKOi 0€30MacHOCTH U MOAIEPXKaHUsI SKOJIOTMYECKOTro
paBHOBeCHsI, M, KaK CJICIACTBUE, IS pa3pabOTKM HAydYHO OOOCHOBAHHBIX METOIOB YIPAaBJICHUS M IPOTHO3UPOBAHMS
KavyecTBa BOIBI.

Heanb. brina nmocrapieHa 3a1aya ornpeneaeHus: HakTopoB, KOTOPbIE UMEIOT BECOMOE BJIUSIHUE HA COCTOSIHUE BOJbI B
JIHEeTPOBCKUX BOJOXPAHMIMILAX, TYTEM ITOCTPOSHUSI MOIEJIM 3aBUCUMOCTH KOHIIEHTPALM U XJ10poduiaaBhUTOIIAHKTOHE
10 JTaHHBIM MHOTOJIETHUX HabmonaeHui B Kpemenuyrckom u KaxoBckoM BomoxXpaHWIMINIAX. Pe3yibraThl HabTIoneHMiA 3a
1976—1993 roapl npenocrasieHbl MHcTUTYTOM ruapoduosoru HAH YkpauHsbl.

Metoapl. Mablit 00beM TaHHBIX HAOJIOACHUM 1 TTOTPEIITHOCTY U3MEPEHU I 3HAYUTEIBHO YCIOXKHSIET PEIICHUE 3a1auH.
JIns1 monydeHus: yaoBJIETBOPUTENIBHOTO pe3yjabTaTa ObUIM MPUMEHEHBbI pa3Hble MHAYKTUBHBIE MeTonbl. I[IpoBemeHo
MOJIeJIMpOBaHKE TAKUMU MeToAaMU Kak: JinHeiHas perpeccusi LR, LASSO, kombuHatopHblii anroputm MI'YA COMBI
U KOPPEISIIMOHHO- peUTUHTOBbIN anroput™ MI'YA CRA. J1iist oLleHKY aieKBaTHOCTU TOJYYeHHBIX MOJEIei pUMeHEeH
K03 bULIMEHT neTepMUHALIMKA R? U COOTBETCTBYIOIINIT KO3 MUIIMEHT MHOXECTBEHHOM KOoppesiiuu R.

Pesyabrarel. [T KpeMeHYIyrcKoro BoAOXpaHMINILA OKA3aI0Ch, YTO MOIEIM, IIOCTPOEHHbIE ¢ MOMOIIbI0 LASSO u
COMBI nMmeroT oTpUlIaTeIbHOE 3HaYeHE KO3 hUIMEeHTa TeTepMUHALMN R, T. €. HEMOCTATOYHOM aleKBaTHOCTH.

Mozenb, Mojy4eHHast ¢ MOMOIIbI0 JUHEHOW perpeccun LR, umeeT koabduiMeHT nerepMuHauuu R’ = 0,204
(COOTBETCTBEHHO, MHOXECTBEHHOI Koppesiiuu R = 0,452). BT1o 03HavyaeT, 4To MOJe/Ib UMEET YI0BJIETBOPUTEIIbHYIO
agekBaTHOCTb. Ho mpu 2TOM nMeeT B cBoeM cocTaBe Bce (haKTophl, T. €. He OTOMpaeT Hanbosiee 3HaYNMbIE.

Mojenb, onyyeHHasi ¢ MOMOIIBIO KOPPEJISILIMOHHOTO aJlfOpUTMa C pacyeToM peliTuHra perpeccopoB CRA, nmeer
ko3 duumeHT gerepmuHaunn R? = 0,273 (COOTBETCTBEHHO, MHOXKECTBEHHOI Koppesaunu R = 0,522).

Jnst KaxoBCKOTro BOIOXpaHWJIWINA MOJICIH, IOJYYeHHBIE NMPUMEHEHHBIMU METOIAaMH, MMEIOT BBICOKYIO CTEIICHb
anexBatHoctn (R, = 0,838, R = 0,820, R = 0,812, R = 0,803). KpoMe TOro, Momenu MMEIOT CXOXUE
CTPYKTYPBI.

BoiBoabl. AHaM3 MTOJIyYEHHBIX PE3YJIBETATOB MOKAa3aJl, YTO BO BCE MOJE/H, MOJYYEHHBIC Pa3IMYHBIMUA METOIAMM, JIJIsT
000MX BOTOXPAaHWIMII BXOIUT (haKTOp — MUHEpaTbHast hopMa a3oTa. DT0 3aKOHOMEPHO, TTOCKOJILKY ITPU 3BTPOGUPOBAHNT
BOJOEMOB COJECPKaHUE a30Ta CTAHOBUTCA (DaKTOPOM, JMMHUTUPYIOLIMM pa3BUTHE (UTOIIAHKTOHA. Takke B COCTaB
Tpex MOJeJIell U3 MOTydeHHbIX Wit KaxoBCKOro BogoxpaHMIMINa U AByX Momeneili KpeMeHuyrckoro, KOTopble MMEIOT
KO3 GULMEHT MHOXECTBEHHOI Koppessunu R < 0,5, BXoAuT nokasartesib 00beMa CTOKa BOJIBI.

COMBI LASSO

IIpoBeneHHOE wuCceqOBaHME AaeT OCHOBAHMS TIoJjlaraTh, 4To 3TH (akTophl (MHUHepalibHas ¢dopma a3ora U
00BEM CTOKA BOIBI) MOTYT OBITh CAMBIMM BIUSATEIbHBIMU IJISI KU3HEACATCITHHOCTH (DUTOTUTAHKTOHA M OIPEICIsiTh
cocrtosiHue dyHKunoHupoBanus Kaxosckoro m KpemeHuyrckoro BomoxpaHwauin. CKa3aHHOE KacaeTcsl MMEHHO
Ha3BaHHBIX THEMPOBCKUX BOIOXPAHUIUII U UMEIOIIEHCS BBIOOPKU CTaTUCTUYECKUX JAHHBIX JIETHETO Ce30Ha, KOTOPHIi
XapaKTepU3yeTCsI MHTEHCUBHBIM «LIBETEHUEM» BOIbI CUHE3EJEHBIMU BOIOPOCIISIMU.

KittoueBslie cioBa: undykmueHsie Memoodst MO0eAUpOS8aHUs, KOPPEAAYUOHHDLI AN20PUMM C PACHEeMOM PellmUHed pecpeccopos
CRA, komburnamoprutii aneopumm MITYA COMBI, LASSO, pumonnrankmoHn, koHyermpayus xaopoguaia "a".
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