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Purpose. Establishment of regularities of the high-altitude and exposure distribution of mudflow sites in the basins
of the rivers Teresva, Tereblya, Rika, Bila and Chorna Tysa, as well as connection between the landslide and mudflow
processes.

Methodology. Digital terrain modeling of the basins of the rivers concerned. Spatial overlay analysis of distribution
of mudflow sites, metric operations to obtain the data of the high-altitude and exposure positions and prevailing slope
angles. Factor analysis identifying the direct and indirect effects of the high-altitude position of the mudflow potential
sites onto mudflow formation, usage of the statistical criteria for significant characteristics selection. Graphical visu-
alization of the influence of synthesis of the high-altitude position and slope angle onto the development of mudflows.
Regression analysis of the regular connection availability between the mudflow and landslide processes.

Findings. Regularities of distribution of mudflow sites according to the factor characteristics: absolute altitude,
slope angle, slope exposure and availability of landslides in the basins of the rivers concerned are identified.

Originality. The geoinformation modeling was used for the first time to identify the regularities of the mudflow
development in relation to spatial factor characteristics for the basins of the rivers: predictor of the “absolute altitude”
and revisers of the “slope angles” and “slope exposure”. The histogram analysis of the high-altitude distribution of
the mudflows and landslides in the basins of the rivers mentioned was used to determine the connection availability
between their development and high-altitude position. Functional dependencies are presented in the form of linear
and quadratic regression dependencies showing the relative contribution of the features and indicating the respective
levels of significance.

Practical value. The determined regularities can be used to identify potential sites of mudflow in the basins of the
rivers Teresva, Tereblya, Rika, Bila and Chorna Tysa at known values of altitudes, slope angles and slope exposures
and occurrence of the landslide processes on some high-altitude areas. The regression dependencies may be consid-
ered when carrying out the mathematical and prognostic geoinformation modeling of the mudflow phenomena de-
velopment according to the following algorithm: establishment of similar regression and functional dependencies
between other factors of mudflow formation, their combination according to the regularities shown in the article,

forecasting of the mudflow hazards based on the formed multifactor multiple model.
Keywords: mudflow, geomorphological parameters, mudflow hazard, spatial factors, landslides, GIS

Introduction. The Carpathians are divided into three
mudflow hazardous areas: northeast, northwest, and
southwest (Fig. 1). The east area belongs to the basin of
the Dniester River. The southeast mudflow area is lo-
cated in the district of the Prut and Seret River basins.
The southwest mudflow area covers the basin of the
Tysa River.

The mudflow basins of the Carpathians belong to the
third and fourth categories of the present hazard of
mudflow: medium and slightly hazardous. The amount
of the material, removed by mudflows annually in the
Carpathian region, reaches 500—2400 m?*/km?>. The last
big mudflows were observed in 1998, 2001, 2008, and
2010. Considering the climatic changes of recent de-
cades, gradual displacement of climatic zones, and for-
mation of the so-called “hybrid zones” [1], activity of
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mudflow processes in the Carpathians may increase,
because the geoinformation modeling and forecasting of
mudflow processes are a pressing issue at present.

Analysis of recent research and publications. The fun-
damental research studies of mudflows include the
works, written by the following authors: M. M. Eisen-
berg, I.V.Boholiubova, B.L.Velychko, B.F.Vinohra-
dov, M.S.Hohoshydze, B.M.Goldin, B.M.Ivanov,
V. FE. Perov, 1. 1. Herheulidze, S. M. Fleishman, A. 1. She-
ko, P. Conssot, D. Wrachien, E.J. Gabet, R. M. Iverson,
M. Cora, M. Jakob, T. Takahashi., and E. Zic.

An important contribution to the study of mudflows
has been made by the following Ukrainian scientists:
0O.M.Adamenko, E.D.Kuzmenko, A.M.Oliferov,
H.I.Rudko, YeA.Yakovlev. Further development of
these studies is authored by O.M.Ivanik, O.I. Luki-
anets, I.P.Kovalchuk, M. M. Susidko, and V.V.Shev-
chuk and they have paid much attention to the use of
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Fig. 1. Mudflow hazardous areas of the Carpathian re-
gion, I-1 — eastern (basin of Prut), I-2 — northeast
(basin of the Dniester River), and I-3 — southeast
(basin of the Tysa River)

modern geoinformation technologies when studying the
mudflow processes.

The relevance of the study of mudflows is evidenced
by the annual reports of international conferences and
workshops, the latest of which is the “6™ International
Conference on Debris Flow Hazards Mitigation: Me-
chanics, Prediction and Assessment”, held in Tsukuba
in Japan in 2015.

The absence of activation of mudflow processes in
the Carpathians for the period from 2011 to 2014 led to a
reduction in the research on mudflows and publications
on the subject respectively. Recent scientific works in
this area were published by D.V.Kasiianchuk and
I. P. Kovalchuk.

Unsolved aspects of the problem. The newest GIS
technologies provide an opportunity to assess the multi-
factorial impact of environmental conditions onto the
mudflow processes in the multi-year cross section. The
modern prognostic systems, proposed for mudflow haz-
ardous territories of the world, operate mostly in the ar-
eas considering the regional features that are peculiar
only for them. The study of local regularities of mud-
flows allows improving these systems and getting of reli-
able results.

The predictive GIS model, proposed in the work [2],
is an open system, the improvement of which is expect-
ed to be carried out by means of establishment and con-
sideration of the new regularities of the factors influence
onto the mudflow process in spatial and in temporal di-
mensions. When creating the aforementioned model,
the grouped data files of the factor features were taken
into consideration for the whole mudfiow hazardous
area. An issue arose to study the mudflow phenomena
beyond the river basins and in order to do this, it was
decided to use the geo-modeling mudflow formation
within the basins of the rivers of Teresva, Tereblya, Rika,
Bila and Chorna Tysa.

Objectives of the article. The objective of these stud-
ies is to establish the regularities of mudflow processes
depending on their altitude and aspect within the basins
of the rivers Teresva, Tereblya, Rika, Bila and Chorna
Tysa.
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In order to achieve this objective, the following tasks
were solved:

- search for the latest methods of spatial analysis and
modeling in GIS when studying mudflow processes;

- formation and supplement of the database of regis-
tered mudflows;

- GIS modeling of the relief of the river basins with
addition of the values of altitudes and expositions of
slopes to the database;

- factor analysis in order to find stochastic connec-
tion between spatial factors and mudflow processes;

- quantitative histogram analysis of altitude of mud-
flow position and mudflow streams belonging to the
slopes of certain aspects;

- search for the connection between the develop-
ment of mudflows and landslides with elements of over-
lay and histogram analysis.

The research was made for the eastern part of the ter-
ritory of Transcarpathia within the basins of the rivers
Rika, Teresva, Tereblya, Chorna and Bila Tysa (Fig. 2).
The maps at scale 1:100 000 were used for construction
of a digital elevation model. The area of the study is
4,222 km?>.

Presentation of the main research materials. The
main factors of development of mudflows include tec-
tonics, geomorphological, geological, hydrological con-
ditions, modern exogenous geological processes, soil
and vegetation cover, and human activities.

When selecting the complex of factors for the mud-
flow process modeling, it is important to consider the
mudflow process genesis. When carrying out the spatial
analysis, the mudflows of rainy genesis were taken into
account. This choice is caused by the fact that this type
of mudflows occurs in the Carpathian region most fre-
quently (in 99 % of cases). According to the scheme of
the territory zoning of the mudflow hazard, the chosen
territory belongs to the zone of predominant develop-
ment of “warm” water and mudslide mudflows.

After the mudflow activity peaks in the Carpathian
region in 1998, 2001, 2008, and 2010, there were not
many mudflows during the period from 2010 to 2014.
The November flooding in the basin of the Verkhnia
Tysa River in 2015, when one and half month rain fell
during three days causing the mudflow processes activa-
tion. The cases of rainy and snow-rainy genesis mud-
flows were recorded in the Rakhiv district near the vil-
lages of Kostylivka and Bilyn.

The data from the cadastre of mudflows of the “Za-
hidukrheolohiia” SE, results of the field geological and
geomorphological observations in the mudflow areas,
and stock materials of the region were used for the anal-
ysis.

The work [3] profoundly describes the process of se-
lecting the relevant factors and factor features (quantita-
tive measures of factors reflection) at the regional prog-
nostic modeling of mudflow formation. Simultaneously,
the question of structuring influence of factors by
searching for their specific hierarchy arises. It is logical
that the altitude of the area is a determining factor since
it has a direct impact on all other natural conditions of
the territory in the multi-year cross section. Let us fol-
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Fig. 2. Model of relief of the research area with landslides and mud flows

low empirically the impact of the altitude on the devel-
opment of mudflows in the complex of other factors
through factor analysis by the principal components
method.

The value of each potential predictor (mudflow fac-
tor feature, altitude, angle of slope, altitude of water-
shed, the average annual amount of precipitation, dis-
tances to the road, to the river, to the forest, to the settle-
ment, to the landslides, to the tectonic faults, to the
watershed, affection of lithofacies and tectonic zones by
mudflows) X; is provided in the form of linear combina-
tions of factors F; and factor loadings a; where. j = 1,
2,.mm<k.

m
X, =Y a,F,, (1)

Jj=1

where m is the number of factors.

The mathematical model of the method is based on
the logical assumption that the value of the set of inter-
related characteristics produce a general result, in our
case it is the process of mudflow formation. To select the
significant factor features, we use the Cattell criterion.
According to the schedule in Fig. 3, factors 1—5 were
selected; the factor loadings are given in Table 1. The
discovered connection between factor 1 and factor char-
acteristic of “altitude” is the largest among all other fac-
tors. In addition to the above-stated, the high value of
the correlation is observed for other characteristics of
the altitude — “altitude of the watershed”, which further
proves the significant impact of altitude on the develop-
ment of mudflow processes. We can conclude that there
is a complex influence according to the “predictor-cor-
rector” system, where the altitude is a predictor while
other factor characteristics are identified with strong
correlations — correctors. The contribution of factor 1 to
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the general variance is the biggest and sufficient (0.26)
since the revealed strong connections between factor
characteristics and factors 3, 5 (variances of 0.11, 0.07,
respectively) are less important, but scientifically inter-
esting (important by Cattell criterion) and require fur-
ther study.

For the purpose of redistribution of the dispersion, a
procedure of factor rotation was performed using the
Varimax normalized method, which maximizes the
variation of squares of loadings for each factor that leads
to increase in the large and reduction of the small values
of the factor loadings. After the procedure of rotation,
the obtained aggregates are no longer the main compo-
nents but they are generalized factors. The matrix of the
factor loadings after the rotation is listed in Table 2. The
procedure of rotation of axes confirmed a significant im-
pact of the above mentioned factor features, the factor
loading of which remained significant. Simultaneously
with the strong connections identified previously, new
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Fig. 3. Cattell’s scree plot
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Table 1
The matrix of factor loadings (factor analysis without rotation of the axes)

Factor characteristic Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Altitude —0.862576 0.124923 —-0.210226 —0.079788 0.061311
The angle of slope —0.076945 0.444725 0.136490 —0.623666 0.129498

The distance to the road —0.606169 0.463988 —-0.085587 0.047351 0.089731
The distance to the river 0.024753 0.478660 0.248430 —0.528499 0.315227
The distance to the forest 0.555062 —-0.364523 0.113179 -0.310920 —0.026898
The distance to the settlement —0.507841 0.533246 —0.081431 0.352309 —-0.120377
The distance to the landslide —0.068292 0.158477 0.113787 —0.323066 —-0.876507
The distance to the tectonic fault —0.271787 —-0.497131 —0.380582 —0.210868 0.295874
The distance to the watershed —0.291968 —0.187106 0.866542 0.126017 0.099282
Altitude of the watershed —0.726569 —0.140990 0.552816 0.100987 0.039446
The average annual precipitation 0.579194 -0.127753 0.311753 0.152379 0.048947
Infestation of lithofacies zone —0.541007 —0.566128 —0.005836 —0.231751 —0.098958
Infestation of tectonic zone —0.622615 —0.595674 —0.067834 —-0.150377 —0.095651
The contribution in the general variance 0.260884 0.161062 0.112879 0.090164 0.079363

Table 2
The matrix of factor loadings (factor analysis with rotation of the axes)

Factor characteristic Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Altitude 0.729036 0.505943 0.088082 0.136814 —0.003607
The angle of slope 0.086063 —0.029979 —0.021417 0.773131 0.146844
The distance to the road 0.738806 0.050933 0.078310 0.213513 —0.014010
The distance to the river 0.030494 —-0.176597 0.067304 0.794944 —0.039287
The distance to the forest —-0.731154 0.013416 -0.092956 0.070703 0.052622
The distance to the settlement 0.796640 —-0.179015 0.074343 —0.073856 0.099169
The distance to the landslide 0.019540 0.021381 —0.016539 0.048664 0.954925
The distance to the tectonic fault —0.051021 0.675524 —0.181652 —-0.017876 —0.324968
The distance to the watershed —0.067424 0.008747 0.943861 0.028044 —0.024577
Altitude of the watershed 0.346545 0.323061 0.800065 0.005636 0.023309
The average annual precipitation -0.527168 -0.395355 0.125184 —-0.126195 —-0.093717
Infestation of lithofacies zone 0.011065 0.777503 0.231746 —0.086898 0.104086
Infestation of tectonic zone 0.093656 0.827868 0.224189 —0.172493 0.068479
The contribution in the general variance 0.205332 0.179254 0.132072 0.104705 0.082989

pairs of factor characteristics “altitude” appear — “dis-
tance to the road” — “distance to the settlement”, which
form a group of technogenic factors; “infestation of
lithofacies zone” — “infestation of tectonic zone”, a
group of parameters of the linear infestation of mudflow
watercourses appeared. These groups are artificial and
there is no sense to explore them. In contrast, the pair
“distance to the river” — “slope angle” fully reflects the
geomorphological peculiarity of the Earth’s surface, de-
scribes the impact of the slope angle of the Earth’s sur-
face on mudflow processes, including some belonging to
the basin.

Logically, the factor variable “distance to the water-
shed” is a derivative of the factor characteristic of “alti-
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tude” and “altitude of the watershed,” it explains its
strong factor loading, but the “distance to landslide” as
a quantitative measure of the presence of landslides in
mudflow basins is completely an independent charac-
teristic. The connection between the mudflows and
landslides for mountainous areas was studied in the
works [4, 5] where the physics effects in accordance with
local geomorphological features are described in detail.
Let us consider the existence of such paragenesis to the
study area for every river basin separately.

In order to observe the altitude position of mudflows
in GIS, the elevation models for the basins of the rivers
Teresva, Tereblya, Rika, Chorna and Bila Tysa were
constructed. When analyzing the digital elevation mod-
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els, except the altitudes of mudflow sites, the values of
slope angles and aspect were taken. The data were ana-
lyzed using statistical apparatus.

The histogram analysis showed that more than half
recorded mudflows in the basin of the Teresva River
were observed at an altitude of 500—800 meters above
the sea level.

The interval of 25—75 percentile in Table 3 reflects
the height of 564—718 meters and can be considered the
most favorable for the mudflow processes.

The combined effects of altitude and slope angles
can be observed in Fig. 4, a, which showed the surfaces
constructed with the help of the method of weighted
distances. The parameters of summary regression of the
factor characteristics of “altitude”, “slope angle”,
“slope exposition” are given in Table 4. These values
can be used for modeling the process of the mudflow
formation under the scheme: predictor (altitude) — cor-
rectors (slope angle, slope exposition).

Table 4 shows the standardized regression beta coef-
ficients and ordinary regression B coefficient. The beta
coefficients were obtained during the previous standard-
ization of variables for the mean value of 0 and a stan-
dard deviation of 1. The value of the beta coefficient
makes it possible to compare the relative contribution of
the independent variable (altitude) in the prediction of
dependent one (slope angle). As we can see, p-level is
significant, indicating the current pattern. We will ex-
plain how the slope angle of surface directly and indi-
rectly affects the mudflow development. The steeper the
slope is, the more intensive is the surface runoff and the
less is infiltration of moisture into the thickness of the
soil that forms liquid component of the mudflow during
heavy rain. The intensity of erosion exponentially in-
creases with the increase in the slope angle. This is ex-
plained by the fact that with the increase in the gradient,
the kinetic energy of precipitation remains constant, but
the transport accelerates towards the foot. The power of
the soil profile on the slope varies regularly according to
the relative altitude and the slope. Typically, soil thick-

ness is less on elevated flat-angle areas as a result of ero-
sion and gravitational movement of the material, and it
is gradually increasing due to its accumulation towards
the lower areas with little bias. It explains the formation
of mudflows on very small slope angles where there is
detrital material available. The amount of the solar en-
ergy also depends on the slope, because it determines
the angle of sunlight on the Earth’s surface. Increasing
the slope in the direction of receipt of sunlight increases
the angle of incidence and the amount of the energy that
the surface receives. This determines the microclimate
features of the potential mudflow site, in particular —
temperature, evapotranspiration and moisture of the
upper soil layers. The peculiarity of the vegetation cover
cumulatively reflects all the above mentioned character-
istics, because they directly or indirectly have an effect
on the edaphic factors such as water and temperature
regime of soil, mechanical composition of the root lay-
er, the content of nutrients, etc. The effect of vegetation
on mudflow forming processes is described in detail in
the work [6].

The next parameter of relief, which is closely associ-
ated with the angle of the slope, is the slope exposition.
In the case of mudflow forming processes, both factors
are correctors. Formation of mudflows in the basin of
the Teresva River on the slopes of some aspect can be
seen in Fig. 5.

Most of mudflow streams are on the slopes of the
north-east (20 % of amount of mudflows) and north
(21 %) aspects. Interpretation of the aspect in predicting
of mudflows can be carried out in several ways because it
describes: the direction of the flow lines and the very di-
rection of mudflow streams; orientation of areas in rela-
tion to the flow of sunlight, i.e. the amount of solar ra-
diation that is received by the Earth’s surface and that
affects moistening. It is known that in the northern
hemisphere, the slopes of the southern aspect are better
heated than the northern ones. In addition, due to high-
er evapotranspiration, the southern slopes are drier than
the northern ones. The amount of solar radiation di-

Table 3
Basic statistics of values arrays of altitude position of landslides and mudflow sites in the river basins
Teresva Tereblya Rika Chorna and Bila Tysa
Mudflow Landslide Mudflow Landslide Mudflow Landslide Mudflow Landslide
Average 653.3 759.23 756.0 694.05 505.87 681.94 616.18 988.74
Median 628.6 720.00 759.8 720.00 490.72 720.00 609.77 920.00
25th percentile 564.3 480.00 699.9 440.00 406.74 400.00 542.44 760.00
75th percentile 718.4 960.00 820.5 880.00 595.01 870.00 648.34 1160.00
Minimum 380.0 240.00 281.4 240.00 277.95 240.00 481.46 400.00
Maximum 1187.2 1680.00 1108.6 1480.00 915.50 1480.00 930.70 1680.00
Standard deviation 138.6 315.45 130.2 273.40 132.71 277.68 92.41 276.99
Variance 19 199 99 508.81 16942.9 | 74 747.63 17611 77 105.17 8539 76 722.97
Number 117 426 82 121 97 124 44 119
122 ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2017, N2 2
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Fig. 4. 3D surface of factor characteristics of “altitude” (Z), “slope angle” (Y), slope aspect (X) for the river basins:

a — Teresva; b — Tereblya; c — Rika; d — Chorna and Bila Tysa (color scale in accordance with the absolute altitude values, m

rectly determines the intensity of development of plants
and their biological productivity. These laws stipulate
the local features of soils and vegetation that affect the
intensity of mudflows. This is explained by the fact that
the sun falls on the eastern slopes in the cool morning
hours and it is spent on heating of surface and western
slopes are lighted in the afternoon when the surface was
already heated. As a result, the western slopes are slight-
ly warmer and less wet than the eastern ones. In addi-
tion, since the northern and north-eastern slopes are
wetter, the landslide processes develop on them [7]. All
of the foregoing explains the presence of more favorable
conditions for the formation of mudflows on the slopes
of the northern and north-eastern aspects.

The spatial overlay analysis in GIS showed that 30
out of 114 partial mudflow basin of the Teresva River
have landslides, which is 26 % of the amount. To trace
the presence of connection between the mudflow and
landslides, a pairwise histogram analysis was made. The
distribution of values of altitude of mudfiow tends to the
normal law of distribution (K—Sd =0.103719 at p < 0.20).
The distribution of mudflows and landslides by altitude
is shown in Fig. 6, a, from which we can see that the
interval of values of altitudes of landslides contains the
values of the altitudes of the mudflows, i.e. in the upper
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parts of the partial basins, where the mudflows were ob-
served and landslides were recorded, which could be po-
tential sources of sediments and vice versa — mudflows
could be activators of the landslides at lower altitudes.
The existence of such connection was proven statisti-
cally using the Mann-Whitney test, the results of which
are shown in Fig. 6, a, p-value indicates a level of depen-
dency of two samples of mudflows and landslides.

As for the mudflows in the basin of the Tereblya Riv-
er, most of them are fixed at altitudes of 600—900 meters
above the sea level, which indicates more alpine condi-
tions of their development. 25—75 percentiles include a
range of altitudes from 700 to 820 m. Mudflows are re-
corded mainly in the upper part of the river because the
lower part of the catchment area is a plateau, dissected
by river valleys into separate slopes with wide flat or
dome-shaped peaks that do not promote the develop-
ment of mudflow processes. The angles of the slopes in
relation to absolute marks are shown in Fig. 4, b. 28 % of
the mudflow basins have a northeastern prevailing as-
pect (Fig. 5).

The water regime of the Tereblya river which is high-
er than the reservoir, as wells as other rivers of this area,
is characterized by frequent floods throughout the year,
but the maximum expenditure is usually formed at
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T eresva
e=l==Tereblya
ey Rika

==@==Black and White Tysa

Fig. 5. Distribution of values of altitudes of landslides and
mud flows for the rivers
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snowmelt, which activates the landslide and mudflow
processes that are characterized by a special mutual
connection, whose presence is shown in a histogram in
Fig. 6, b. Distribution of the variables of the altitudes of
the mudflows tends to normal: K—Sd = 0.128 with
p < 0.15. 18 out of 42 partial mudflow basins include
landslides, which is 43 %. The connection is checked
statistically using the Mann-Whitney criterion. The re-
sult is shown in Fig. 6, b and it allows concluding that
there is dependence between the samples of the altitudes
of landslides and mudflows.

Comparing the altitudes of mudflows in the basins of
other rivers that are discussed in this article, mudflows
in the basin of the Rika River develops at lower alti-
tudes — half of all listed in the cadastre mudflows were in
the basin at an altitude of 400—600 m. The development
of mudflows at lower altitudes can be explained by the
presence of the considerable slope angles (Fig. 4, ¢), ex-
cept the favorable complex of effects of local meteoro-
logical, geological and tectonic conditions. Mudflows
are mainly of mudslide nature. The slopes, on which the
mudflows were recorded, mostly have northern, north-
eastern, and eastern aspects (Fig. 5). Fig. 6, ¢ shows the
high-altitude position of landslides and mudflows in the
river basin. The high-altitude areas, where landslides
develop, contain areas with mudflow processes. It can

Fig. 6. Distribution of values of absolute altitudes of the landslides and mudflows for the rivers:

a — Teresva; b — Tereblya; ¢ — Rika; d — Chorna and Bila
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be seen from the histogram with the p-levels and test
values of normality of samples and their interdepen-
dence. Work [7] explains the interdependence of mud-
flows and landslides due to formation of the so-called
“soils that lost coupling”, while there occurs the process
of formation of loosely-sediments, moving due to the
altitude difference on a slope, excessive moisture, and
changes the center of gravity. This process can begin
from the formation of a landslide (landslide body or part
of it further forms a solid component of mudflow) and
from mudflow process that gives rise to the development
of landslides.

Most of the mudflow manifestations in the basins of
the rivers of Bila and Chorna Tysa are characterized by
the altitudes in the range from 500 to 700 m, where the
surface is composed of aeration products of flysch sand-
clay sediments. At the altitudes above 900 m, there are
meadow soils, generally with the admixture of gravel
and rocks that promotes the formation of water-rock
mudflows. 10 out of 22 slopes with mudflows streams
have northern aspect, which is reflected in the chart in
Fig. 5. Fig. 6, d shows that the vast majority of the land-
slides that have been recorded in the partial basins have
altitudes higher than the altitudes where mudflows have
been recorded at the same time. The available theoreti-
cal assumptions about the connection between land-
slides and mudflows in the basins of the rivers of Teres-
va, Tereblya, Rika, Bila and Chorna Tysa have been
proven empirically by the analysis of their high-altitude
location by the histogram. The identified regularities
can be used for identifying potential mudflow sites with
known values of altitudes, slope angles, slope aspect,
and availability of landslide processes in certain high-
altitude areas, which allows assuming that landslides
were used as a source of loosely-clastic material for
mudflows. To determine the existence of statistical de-
pendence between the samples of the altitudes of mud-
flows and landslides as in previous cases, the criterion of
Mann-Utni, which showed that the hypothesis of the
existence of dependency between the samples should be
taken into account, was used.

Research conclusions and recommendations for fur-
ther research in this area.

1. The prognostic information systems based on GIS
allow modeling mudflow processes and predicting their
development effectively. The openness of such systems
provides the possibility of continuous addition of the
spatial and temporal information and taking into ac-
count the new regularities of the factor impact. The in-
troduction of the factor characteristic of “altitude” in
the system led to the appearance of the issue of indirect
reflection of its influence through another characteris-
tic. Verification of this hypothesis was performed with
the help of the factor analysis, which denied allegations
of duplication of influence. The question of structuring
the influence on mudflow formation by hierarchy of fac-
tor characteristics in matrix of factor loadings was solved
simultaneously.

2. To optimize the usage of the prognostic model of
mudflow hazard, previously presented by the authors, it
is proposed to primarily define the potential mudflow
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sites (by altitude division), for which the mudfiow haz-
ard will be calculated.

The results of the research presented in this article
make it possible to trace the influence of high-altitude
position of the mudflow sites with the help of the pre-
dictor-corrector system in complex of the factor charac-
teristics of “slope angle”, “slope exposition”. The func-
tional dependency is reflected in the form of linear and
quadratic regressions and the standardized regressive
beta coefficients are given. The regularities that were
identified should be considered in mathematical and
prognostic geoinformational modeling of mudflow pro-
cesses development for the basins of the rivers Teresva,
Tereblya, Rika, Bila and Chorna Tysa. The algorithm of
using the results is the following: establishment of simi-
lar regression and functional dependencies between the
factors of mudflow formation, combining them with the
regularities given in this article, and forecasting a mud-
flow hazard formation based on the presented multiple
multifactorial model.

3. The available theoretical assumptions about the
connection between landslides and mudflows in the ba-
sins of the rivers Teresva, Tereblya, Rika, Chorna and
Bila Tysa are proven empirically by the histogram analy-
sis of their high-altitude location. The identified regu-
larities can be used for identifying of potential mudflow
sites with known values of altitudes, slope angles, slope
aspect, and availability of the landslide processes in cer-
tain high-altitude areas.
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Meta. BcraHOB/IEHHS 3aKOHOMIpHOCTE y BHCO-
THOMY Ta €KCITO3ULIITHOMY pO3MO/IiJli CEJEBUX OCEPE-
KiB — y OaceifHax pik TepecBu, Tepeo6ini, Piku, binoi ta
Yopnoi Tucu Ta 3B’S43KiB MiX 3CyBHUMU i CEJIEBUMU
SIBUIIIAMM.
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Metomuka. [ludpose monentoBaHHs penabedy Oa-
CeliHiB yKa3aHuXx pik. [IpocTopoBuii oBepieiiHuii aHa-
JIi3 pPO3MOJIiIy OCEepPEeNKiB CEJECXOMKEHHs, KapToMe-
TPpUYHIi omepalii oTpMMaHHS JaHUX IIPO BUCOTHE Ta
€KCITO3UIIiliHEe MTOJIOXKEHHSI, IIepeBaXkaoyi KyTH YXUITY.
daxkropHMii aHaJTi3 3 METOIO BUSIBJIICHHS Oe3Iocepesi-
HBOT'O Ta OMOCEPEIKOBAHOTO BIUIMBY BUCOTHOTO IOJIO-
>KEHHSI TOTEHIIHHOTO CeJIEBOr0 OCEepeaKYy Ha Ipoliec
CeJICyTBOPEHHS, BUKOPUCTAHHS CTATUCTUYHUX KPUTE-
piiB Bimbopy Baromux o3Hak. I'padiuHa Bisyanmizallis
BIUIMBY CUHTE3y BUCOTHOTO TMOJOXEHHS U KyTa YXUITy
Ha pO3BUTOK celliB. PerpeciiiHuii aHa1i3 HasiBHOCTI 3a-
KOHOMIpPHOTO 3B’SI3KY MiX CEJISIMU Ta 3CyBaMU.

Pe3yabratu. BusBieHi 3aKOHOMiIpHOCTI pO3MOAiTy
ceJIeBUX OCePeAKiB BiIITOBIIHO 10 ii (haKTOPHMX O3HAK:
a0COIIOTHOI BUCOTU, KyTa YXUITY, €KCIIO3ULIil CXUIY Ta
HasIBHOCTI 3CYBiB y 0aceiiHax BUILEBKa3aHUX PiK.

HaykoBa HoBu3Ha. Ynepiue 1151 6aceiiHiB pik 1UIsi-
XOM TeoiH(popMalLiiiHOro MOJIEIOBaHHSI BUSIBJIEHi 3a-
KOHOMIpHOCTi PO3BUTKY CeJICNPOSIBIiB BiTHOCHO TpPO-
CTOPOBUX (PAaKTOPHUX O3HAK: MPEAUKTOpa ,,a0COIIOT-
HO1 BUCOTH““ Ta KOPEKTOPIB ,,KYTiB YXUIiB“ 1 ,,6KCTIO3U -
it cxuny®. Yhepie HUisiXoM TiCTOrPaMHOTO aHali3y
JNAHUX BUCOTHOTO PO3IOIiTY CeJIiB i 3CYBiB y 6aceiiHax
VX PiK YCTAaHOBJIEHO HASBHICTh B3aEMO3B’SI3KY MiX iX
PO3BUTKOM 3a BHCOTHHMM mMoJIOXeHHSIM. DyHKITio-
HaJIbHi 3aKOHOMIpPHOCTI HaBeIeHO Y BULJISIAL JTIHIMHUX
i KBaIpaTUUHMX peTpeciiiHuX 3ajiexKHOCTe! 3 Bimoopa-
JKEHHSIM BiTHOCHOTO BHECKY O3HaK, i3 3a3HAYeHHSIM
BiIMOBiIHMX PiBHiB 3HAYUMOCTI.

IIpakTnyna 3HaumMicTh. BcTaHOBIEHI 3aKOHOMIp-
HOCTi MOXYTbh OyTM BUKOPUCTAHI ISl BUSBJAECHHS TO-
TeHLIMHUX celleBUX OcepelKiB y OaceitHax pik Tepec-
Bu, Tepe6:i, Piku, binoi Ta YopHoi Tucu, 3a Bizomux
3HAYEHb BUCOT, KYTiB HAXWIy, €KCITO3ULil CXWIiB Ta
HasIBHOCTI 3CYBHMX TpoOLECiB. PerpeciiiHi 3ajiexXHOCTi
MOXYTh YPaXOBYBAaTHCh IPU MaTeMaTUIHOMY U IIpO-
THOCTUYHOMY TeoiH(hOpMaImifHOMy MOIC/IIOBaHHI
PO3BUTKY CEJICBUX SIBUII 32 HACTYITHUM aJTOPUTMOM:
BCTAHOBJICHHSI aHAJIOTIYHUX perpeciiHuX i (pyHKIIio-
HaJIbHUX 3aJIeXXHOCTe MiX (hakTopamu cenedopmy-
BaHHSI; KOMIUJIEKCYBAHHS iX 3a NMPUBEACHUMU Yy NaHii
CTaTTi 3aKOHOMipHOCTSIMU; TPOTHO3YBaHHS CeJieHe-
0e3MeKu Ha OCHOBI YTBOPEHO1 MYJIbTU(DAKTOPHOI MHO-
>KWUHHOI MOJEJTi.

KmouoBi cioBa: ceni, eeomopghonoeiuni napamempu,
cenesa Hebesnexa, npocmoposi pakmopu, 3cysu, I'IC

Ieab. YcTaHoBIIeHNE 3aKOHOMEPHOCTEH B BBICOT-
HOM U 3KCIO3UIIMOHHOM pa3Mesie CeJIeBbIX 0YaroB — B
OacceitHax pek Tepecsbl, Tepebnu, Pexu, benoit u
YepHoii Tuckl 1 cBsizeit MeX1y CABUXKHBIMU U CEJIEBbI-
MM SIBICHUSIMU.

Mertomuka. lludpoBoe MoaenupoBaHue pelibeda
OacceliHOB yKa3zaHHbIX peK. [IpocTpaHCTBEHHBIM
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OBepJIeHbBIN aHaIU3 paclpeae/ieHrs CeJIEBbIX 0Uaros,
KapTOMETPUYECKHME OIepaldu IMOJydeHUs JaHHBIX O
BbICOTHOM 1 9KCTMIO3MILIMOHHOM MOJIOXKEHUU, TTpeodJa-
JAIOLIMX YIJI0B HakJIoHa. MaKTOPHbIM aHAIU3 C LIEJIbIO
BBISIBJICHUSI HETTOCPEACTBEHHOTO U KOCBEHHOTO BJIMSI-
HUS BBICOTHOTO TTOJIOXEHUS MOTEHLIMATILHOTO CEJIEBO-
ro oyara Ha Ipoliecc cenechopMUPOBaHUS, UCTIOIb30-
BaHUE CTAaTUCTUUYECKUX KPUTEPUEB OTOOpA 3HAUMMBbIX
npu3HakoB. ['paduueckass Bu3yanauszalvsl BIUSHUS
CMHTE3a BBICOTHOTO TTOJIOXKEHMS W yIjla HakKJIOHa Ha
pa3BuTHE celieil. PerpecCMOHHbIN aHaIM3 HATMY WS 3a-
KOHOMEPHOI CBSI3U MEXIY CEJISIMU 1 OTTOJI3HIMMU.

PesyabTaTbl. BoisiBieHbI 3aKOHOMEPHOCTH pacripe-
TIEJICHMST CEJIEBBIX OUaroB B COOTBETCTBUU C €€ (paKTop-
HBIMU IPU3HAKaMU: aOCOJIIOTHOM BBICOTOM, YIJIOM Ha-
KJIOHA, 3KCITO3ULIMEN CKIIOHA Y HAJIMYKUEM OTIOJI3HEN B
OacceliHax BbllIEYKa3aHHbIX PEK.

Hayunas noBusHa. BriepBbie misg OGacceifHOB pek
MyTeM reorMHGbOPMalIMOHHOTO MOACIUPOBAHUS BbISIB-
JIeHbl 3aKOHOMEPHOCTU Pa3BUTUSI CeJENPOSIBICHUI
OTHOCHUTEJIbHO TMPOCTPAHCTBEHHBIX (DAaKTOPHBIX MpPU-
3HAKOB: TMPEAUKTOpa ,,a0COMIOTHONM BBICOTHI® U KOp-
PEKTOpOB ,,yIJIOB HaKJIOHA® U ,,9KCIMO3ULIMIA CKJIOHA.
BnepBble myTeM TI'MCTOrpaMMHOIO aHaiu3a AaHHBIX
BBICOTHOTO pacripeie/ieHusI cejieil u OroJi3Hel B Oac-
ceiliHaxX 9TUX PeK YCTAHOBJIEHO HAJIMUYUE B3aUMOCBSI3U
MEXIy WX Pa3BUTHUEM IO BBICOTHOMY ITOJOXEHMUIO.
DyHKIMOHATIbHBIE 3aKOHOMEPHOCTU IIPUBEIACHbBI B
BUE JUHEWHBIX U KBAAPATUUYHBIX PEFPECCUOHHBIX 3a-
BUCHMOCTEI ¢ 0TOOpakeHUEeM OTHOCUTEIbLHOIO BKJIa-
J1a TIPU3HAKOB, C YKa3aHUEM COOTBETCTBYIOIIMX YPOB-
HEeU 3HAYMMOCTH.

IIpakTHyeckas 3HAYUMOCTh. Y CTAHOBJIEHHbIE 3aKO-
HOMEPHOCTU MOTYT OBbITb UCITOJb30BaHbI 17151 BbISIBJIE-
HUS MOTEHIIMATbHBIX CEJIEBbIX 0YaroB B 0acceitHax pex
Tepecbl, Tepebnu, Puku, benoit u YepHoii Tucel,
MPU W3BECTHBIX 3HAYEHHUSX BBICOT, YIJIOB HAKJIOHA,
9KCIO3ULMU CKJIOHOB M HAJWYMsl OMOJ3HEBBIX IMPO-
1eccoB. PerpeccuoHHbIe 3aBUCMMOCTHA MOTYT YYUTbI-
BaTbCs MPU MATEMATUYECKOM U ITPOTHOCTUYECKOM Te-
OMHOOPMAIIMOHHOM MOIEIMPOBAHUU PA3BUTHSI Cele-
BBIX SIBJICHUH 1O CJIEAYIOLIEMY AJITOPUTMY: YCTAHOBJIE-
HUE aHAJOTUYHBIX PErPEeCCUOHHBIX U (DYHKIMOHAIb-
HBIX 3aBUCUMOCTEN MeXy pakropamu ceaedhopMupo-
BaHUsI; KOMIUIEKCUPOBAHUSI WX C TMPUBEAEHHBIMU B
JIaHHOI CTaTbhe 3aKOHOMEPHOCTSIMU; MPOTHO3UPOBA-
HUS CeJIeONacHOCTU Ha OCHOBE CO3JAHHOU MYJIbTU-
(hakTOpHOI MHOXECTBEHHOW MOJEIHU.

KimoueBble ciioBa: ceiu, eeomopghonoeuueckue napa-
Mempbl, cenesas ONACHOCMb, NPOCMPAHCIMEEHHble (aK-
moput, onoazuu, THC

Pekomendosano do nybaikauii dokm. eeon.-MiH. HAyK
E.JI. Kysvmenkom. Jlama nadxodxcenHs —pykonucy
31.05.16.
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