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CLUSTER BEHAVIOR OF THE GROUND IRREVERSIBLE MOVEMENT
DURING DEVELOPMENT OF A LANDSLIDE

The aim of this work was identifying of dissipative structures as a product of the ground surface irreversible
movement during a landslide development.

A complex methodology has been used. Ground has been considered as an open thermodynamic system. It dissipates
ground pressure energy and potential energy of the irreversibly sliding body along the gravity gradient. The author of this
paper used geodetic monitoring, statistical analysis, and computing geometry for investigation of movement kinematics.

Results. It was found that in the ground, which transferred over peak strength of the rock, dissipative structures
emerge due to short interaction of the rock fragments and distant cooperation of rock clusters. This self-organization can be
detected by monitoring of incremental movements having the magnitude from 2 to 10 standard errors of displacement
measurement. Positions of centers of the clusters are determined by K-means clustering, and boundaries of these clusters
may be outlined by Voronoi diagram in Euclid space. This facilitated unveiling of dissipative structures and developing of a
new approach to provide stability of the ground. The main principle uses restriction of the three translational and three
rotational degrees of freedom for the ground, which transferred over peak strength.

Novelty. It was determined for the first time that the dissipative structures of the ground, which disperse ground
pressure energy, are altered discontinuously due to their bifurcation. These structures have the patterns such as differently
oriented irreversible moves of short-living ground clusters and domains, what provides accumulation of degrees of freedom
for the development of the irreversible movements and deformation. It was for the first time when K-means clustering and
Voronoi diagrams in Euclid space have been employed to detect the ground clusters, and short interaction of the ground
fragments and long cooperation of the clusters were identified.

Practical implementation of this novelty was used for the development of a new approach when the landslides are
stabilized with the restriction all the degrees of freedom both translational and rotational.

Key words: ground, irreversible movement, clusters, short interaction, distant cooperation.

Introduction. It is the common point view that rainfalls are

Landslides cause big loses and expose the the main trigger of the slides because they
people to the danger. Urgency of this problem reduce internal friction in the ground and
steadily grows, what demands increasing of decrease its strength. Chen et al. [5]
concern for the researchers and specialists. [1]. investigated dependence of the rainfalls and the
In addition, Klime$ et al. [2] demonstrated that landslides. They demonstrated that the large-
the landslides follow with serious social scale landslides, which involve soil, alluvia, and
problems.  Therefore, the problem of rocks, occur when the rains intensity is large
investigation of the causes and the landslides and ranges in diapason from 11.5 to 31.0 mm/hr
development mechanisms has attracted constant lasting more than day or from 26.5 to 62.5
attention. hours. On the other hand, small-scale landslides

Choi et al. [3] made analysis of a wide array may occur at the wide range of climatic
of technologies, methods, and tools for conditions, when precipitation varies from 8.5
preventing of the landslides. In spite of this, to 31.0 mm/hr and the rains last from 4.0 to
efficacy of these methods remains insufficient. 62.5 hours. This shown that the large-scale
Zerathe et al. [4] indicated that it is important to slides requires not only intensive wetting of the
investigate kinematics of the landslides, what ground but elevation of the groundwater level
provides understanding of the ground too. Frequency of the large-scale slides depends
deformational behavior during development the of their area reversibly according to power law
landslides and failure of a quarry ledge. Slow with the exponent of —1.1 = 0.07.
slides are especially relevant for investigation Statistical indicators of the landslides are
of the kinematics behavior of the ground [4]. important, but there is a need to know the
Quick slides last for several minutes and even peculiarities of the slide bodies behavior and
seconds and finish by catastrophic devastation their evolution during development of the
of the surface and constructions, whereas the slides. This task is solved in this paper.
slow slides may develop during months and
even years, what allows investigating of the Methodology of investigation.
slides in details and provides possibility to So far, collapse of the ground body due to
obtain essentially new knowledge. triggering and development of the slide is
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considering as the transition from the order to
the chaos, what follows with the mandatory
increase of entropy up to the maximum level.
As an example, let consider the paper of
Lombardo et al, [6]. However it should be kept
in mind that, as the physical body, ground or
quarry ledge involving in active sliding are an
open thermodynamic systems, because they
convert potential energy of the gravity into
kinetic energy of the movement, surface energy
of the fractures, and heat. According to
Kondepudi and Prigogine [7] such the systems
disperse the energy and are potential to create
so called dissipative structures.

It means the rock mass, ground, or alluvia
involving in development of the slide may
independently organize or self-organize their
movement thereat minimizing the entropy
production. To say it in other words, the
entropy may increase but not to maximum. This
hypothesis will be examined in this paper.

According to Haken [8], such a state is
called as synergetic one, and dissipative
structures emerge only if there is interaction
among the components of the open
thermodynamic system. In the case of the
landslides, such the system is represented with
the ground that participates actively in
development of the slide.

The author of this paper assumed that the
components, which would interact, are separate
fragments of the ground. The interaction is the
most relevant to investigate on the sliding
surface using geodetic instruments. Such works
were accomplished many times, but the
investigators did not reveal the self-
organization.

As an example, it may be demonstrated by
Gaffet et al. [9], who monitored coordinates of
special marks fixed on the ground surface
within the boundaries of a slow landslide at an
Alp region. Distribution of the ground
displacements that were monitored during
several years did not provide any new
knowledge. Well known fact have been just
acknowledged, namely vectors of the slide
movement are oriented along the gravity
gradient and velocity of the sliding accelerated
during rainfall season.

The author of his paper has suggested that
the absence of the self-organization effect may
be elucidated by the fact that the French
specialists emphasized on the integral
movement measurement and ignored small
incremental displacements. Noticeably,
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derivative of the integral movement does not
provide the relevant information concerning
possible signs of the dissipative structures. The
reason is that determination of the derivative
relies on the assumption concerning continuity
of the displacements. However when discrete
movement occurs, the derivatives cannot
uncover some important details, which may put
the dissipative structure in the light.

Therefore the main attention in this paper
has been paid to the incremental displacements.
Such an approach makes possible to account
irreversible nature of ground fragments
displacement. It is common knowledge that
process of irreversible deforming of the rock
depends on the way of loading after transition
the rock through the peak strength. That is why
the integration of the separate interval
displacements may cause omission of the
important information. The reason is the
incremental deformation may alter not only
magnitude but orientation as well. Therefore the
incremental deformations may neutralize each
other.

Based on this assumption, the author of this
paper hypothesized that the dissipative
structures may emerge in the ground under
action of fluctuations, what conforms to the
theory of thermodynamics of irreversible
processes founded by Kondepudi and Prigogine
[7]. According to them, these fluctuations might
follow by bifurcations, irreversible nature of
which is discrete. Therefore, the dissipative
structures may be unveiled by monitoring the
incremental displacements of the geodetic
marks in certain moments of time.

Special investigations were accomplished to
determine the optimal interval of the
incremental displacements, what facilitates
defining those dissipative structures that are
close to their real number.
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Figure 1. Optimal diapason for the incremental
displacement
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Lower boundary of this interval corresponds
to two standard errors of measurement and
upper boundary is ten standards (Figure 1).
Such the interval provide with confidence of
93% that detected structure is the real
dissipative structure but not a casual mosaic,
which is a result of errors of measurements. The
same confidence level defines impossibility to
skip or overlook a dissipative structure.

Investigation of dissipative structures
during slow slide development.

Evolution of the structures was being
investigated during development of a slow
landslide. This slide has been inspected at sea
of Azov shore having abrasion-ravine-sliding
category. Abrasion kind of the shore with short
ravines and sliding terraces is typical at the East
Ukraine. The slides occur on the upper Pliocene
clays and activate after lasting period of
precipitations, which moisturize the ground
(Figure 2). Such the slides are the best
candidates for investigation, because they are
slow and provide possibility to detect important
details of the irreversible ground movement.

Geodetic marks were installed at the
distance from 2.5 m up to 4 m, what provided
reliable fixation of the dissipative structures
during triggering and development of the
landslide. Instrumental monitoring of the
ground surface movement was carried out
during spring — summer - autumn period. This
allowed investigation of subsidence dynamics
both during active spring period, when the soil
moisture was high and in summer, when the
moisture was perspired because a hot season.

Frequency of the instrumental sessions has
been determined according actual current

intensity of the ground movement in the ground
plane i

and in vertical
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Figure 2. Landslide at the seashore of Azov
dimension, keeping interval between sequential
sessions in the range from 2 to 10 standards of
the measurements. On the one hand, this
allowed unveiling of the major dissipative
structures and on the other hand not duplicate
measurement sessions saving time and labor.

Distributions of integral movement of the
ground on the representative area of the
landslide are depicted in Figure 3. In addition to
slide movement monitoring, another experiment
has been run at the distance of 2 km from the
seashore. The second experimental area had
horizontal surface and has been selected as a
benchmark that was used to control possible
movement of the marks as a result of wetting of
the ground and drying. Variation of the
benchmark coordinates was in the limits of

measurement error.

Figure 3. Distribution of the integral traversal
displacement (a) and along the gravity gradient

(©)

To the beginning of the autumn, magnitude of
sliding along gravity gradient was from 150
mm up to 400 mm (fragment (b) of the Figure
3), whereas traversal movement varied from -62
mm to 139 mm (fragment (a).

Vertical subsidence of the geodetic marks
was from 14 mm to 71 mm. These distributions
indicate that all components of the landslide
integral movement were distributed unevenly
and irregularly, because the lines of the fixed
displacement are not parallel and traversal
displacements had different signs (plus and
minus), are asymmetrical relatively gradient of
the gravity, and exceeded error of measurement
by 20-60 times more.

Figure 4 demonstrates typical patterns of the
ground displacement field that has been built
from incremental vectors of the ground
displacements during two weeks in the spring
period. Maximum vector magnitude was 19 mm
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that is more by 10 folds than error of the
measurements.

As a first approximation, incremental
vectors were separated in four categories: those,
which oriented to the right and upward, right
and downward, left and upward, and left and
downward. These groups of the vectors were
marked with different colors and named as
clusters, because ground fragments within a
cluster move consistently. The clusters indicate
that ground creates the dissipative structures,
which are the results of cluster cooperation.

Figure 4. Typical patterns of dissipative
structures: 1- divergence; 2 —rotors; 3 —

torrents; ----- cluster, moving up and left; —
downward and right; ---- up and right; no
marked boundary - left and downward

It is possible to define a set of the patterns,
namely divergence 1 that produces fissures
between the clusters, rotors 2, and torrents 3. It
is evident that such structures are the
consequence of the cluster cooperation.
Noticeably, such dissipative structures are
temporary and periodically alter as the landslide
progresses. These dissipative structures have
been investigated in more details in physical
models from synthetic materials, which have
been selected for the conditions of the
experiment.

There were such patterns as rotors,
divergence, convergence, which were verified
in the physical model. The fissures close as the
clusters converge. It is important that the
ground mass moves unevenly after transition
over peak strength, but creates short-living
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clusters, interaction of which generates typical
patterns of dissipative structures.

Bulking factor of the ground increases
proportionally to fractures aperture and average
amplitude of sliding. Increase of the emptiness
in the ground facilitates accumulation of the
degree of freedom, which enable irreversible
sliding of the ground.

Period between altering of the dissipative
structures varied from a week up to month.
Figure 5 demonstrates that shifting of the
dissipative structures occurs abruptly and
discontinuously, what reflects bifurcations that

follow irreversible processes in the open
thermodynamic systems. Such bifurcations
trigger under influence of stochastic

fluctuations of ground pressure, humidity,
temperature, and free surface energy of the
fractures. It may be seen that the patterns alter
radically, and the boundaries of descendant
clusters do not coincide with the boundaries of
the predecessors as a rule.

Figure 5. Evolution of cluster mosaic during
three consecutive bifurcations of dissipative
structure

Immediately after transition of the ground to
the over-peak state, approximately one half of
the clusters boundaries run through intact areas
of the sliding ground. However, share of the
boundaries, which coincided with existent
fractures and discontinuities grew steadily as
the landslide progresses.

Author of this paper developed a method for
reliable delineation of the cluster boundaries
using combination of K-means clustering and
Voronoi diagrams. Average distance from the
ground clusters have been determined as
weighted Euclid distances:

M
21
DGR = |3 ) (s = X2
j=1

where D(i,k) is distance from ground
fragment to center of cluster k, M is the number
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of the fragments, Xi,j are coordinates of the
fragments, Xj(k) is average distance from
cluster k center to current origin of coordinates.
These distances are recalculated iteratively in
such a way that dispersion of the distances
within a cluster was sought to a minimum,
whereas variation of the distances between
centers of the clusters pursued to maximum.

Computer simulation has demonstrated that
such regularity takes place as the number of the
clusters grows, and respective dispersions
stabilize, what is a sign for finishing of cluster
determination.

After this, boundaries of the clusters have
been delineated using VVoronoi diagrams. Figure
6 demonstrates overlay of the displacement
field and VVoronoi mosaic.
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Figure 6. Overlay of the incremental
displacements field and VVoronoi diagram

Rate of the dissipative structures self-
organization has been studied using variagram
statistic of the nearest neighbors proposed by
Karlis and Ntzoufras [10] and Malkov et al.
[11]. It was found that conformity of the vectors
orientation and their lengths is maximal at the
beginning of the irreversible movement of the
ground. For example, Skellam indicator was
560 at the beginning, whereas it dropped down
to 176 or by 3.18 times as the sliding body
accumulated emptiness and degrees of freedom
(Figure 7).

The same behavior of the incremental vector
coherence was registered on the other
indicators. It means that maximal self-
organization occurred at the beginning of the
irreversible movement of the ground, when
there were not sufficient degrees of freedom to
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enable dilatation of the sliding body and
development of the landslide. However,
separate ground fragments increase the
opportunity to move and necessity for the self-
organization decreases as the degrees of
freedom accumulate.
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Figure 7. Decaying of the conformity
indexes during development of the landslide

Discussion of the results.

Novelty of the dissipative structures
unveiling in the sliding ground is essential. The
author of this paper demonstrated that sliding
ground is not a passive conservative system that
slides under gravity force along the gradient of
the gravity and, as a result, increases the
entropy because of degradation from the
fracturing and disorientation of the ground
fragments. On the contrary, the ground mass
disposed to the self-organization during the
stage of irreversible movement and
deformation. Ground fragments interact
actively among themselves. This facilitate
emerging of the dissipative structures, which
evolve in forms of bifurcations that are
triggered by stochastic fluctuations of
thermodynamic parameters such as ground
pressure, temperature, humidity.

Interaction between ground fragments is
direct and occurs within the distance of
fragments dimensions and may be assessed
from several centimeters up to quite a few
meters depending on the ground strength and
fracture intensity.

Such interaction the author of this paper
named as short one, as the adjacent ground
fragments interact through the direct contact.

As a result of the self-organization, the short
interaction of adjacent fragments transforms to
far or distant interaction or cooperation of the
clusters. This distant cooperation reflects in the
emerging of the clusters and domains that move
coherently, what provides accumulation of the
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degrees of freedom, which are used for
development of the landslide.

These findings essentially develop modern
understanding of mechanism and kinematics of
irreversible movement of the ground that slides
along the gravity gradient. So far, specialists
consider landslide body as a passive
conservative system. For example, Conte et al.
[12] made an assumption, considering the
sliding mass as a rigid body that slides without
any deformation but major deformations occur
along the contact of this body and sliding
surface of the bottom ground.

On the contrary, sliding body experiences
irreversible deformations accommodating them
to minimize entropy production. It means the
ground fragments and their clusters accumulate
degrees of freedom involving coordination of
their movement, interaction and cooperation,
what enables development of the landslide. It
would have lost the opportunity to progress the
movement if there were not necessary degrees
of freedom. Collapse of the ground is not
sufficient condition for development of sliding
without reserve of the degree of freedom.

Therefore, it is expedient to improve extant
technologies for stabilizing of the landslides by
restricting all the three degrees of freedom both
translational and rotational. So far, these
technologies restrain one major degree of
freedom that coincides with the gravity
gradient.

A popular technology allows preventing
landslide development using piles. However,
the piles resist to siding ground passively with
reactive forces. The author of this paper has
developed a method that employ three
orthogonal systems of pretensioned cables,
which suppress the dissipative structures and
prevent development of a landslide.

Conclusion.

Dissipative structures in the ground, which
transited into over-peak stress state, emerge
because of short interaction of adjacent ground
fragments and distant cooperation of their
clusters. These dissipative structures may be
detected through monitoring of incremental
ground displacements in the range from two
standard errors of measurement to ten
standards. Centers of the clusters can be
positioned using K-means clustering and their
boundaries may be delineated by Voronoi
diagram in Euclid space. This allows unveiling
of the dissipative ground structures. New
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approach has been developed to provide
stability of the ground restricting all the three
degrees of freedom both translational and
rotational.

Patterns of the dissipative structures in the
ground are developed with the fields of
incremental  displacement.  Length  and
orientation of the field vectors are different with
Skellam indicator of 600-800 immediately after
damaging of the ground, however spatial
variation of the vectors decays proportionally to
elapsing time as the landslide progresses
because of accumulation of degrees of freedom.
This allows developing new methods of
reinforcing of the ground.

A new technology uses three systems of
orthogonal pretensioned cables, which suppress
evolving of the dissipative structures, thus
reduces probability of the irreversible ground
movement.

The author of this paper plans to investigate
evolution of the dissipative structures in time
and in space for different ways of the loading
and boundary conditions.
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KJIACTEPHUM XAPAKTEP HEOBOPOTHHUX 3PYIIEHD ITIJI YAC PO3BUTKY
3CYBY IPYHTOBOI'O CXUJTY

Memoto pobomu ¢ docnioumu KiHeMamuxy HeoOOpOMHUX 3DpYULeHb IPYHIMOBOI NOGEPXHI Ul MACUBY 2IPCLKUX NOPIO
nio uac po3euUmKy 3cy8y CXuny 3eMHoOi HO8epXHi.

Memoou oOocnioncenv. Y pobomi epynm, Hamocu U MAcug 2ipcbKux ROpIo0 po32na0acmuvcsa AK 6IOKpuma
mepmMoouHamiuna cucmema, sKka nio 4ac HeoOOPOMHUX 3PYULEHb PO3CIIOE eHepailo 2ipCbKo2o0 MUCKY, abo/i nomeHyiuny
eHepailo 3CY8HOI Mmacu, KA CKOB3A€ Y30060ic epadienmy cuau mAxiCIiHHA. A 00ChiodicenHs KiHeMamuKu 3pyuieHb
3acmoco8ani 2eo00e3utti Memoou IHCMpPYMeHMAnbHUX CHOCEPEedICeHb, CIMAMUCTNUYHO20 AHANI3Y, A MAKOC 00YUCTIOBANLHOT
2eomempii.

Pesynvmamu docniddcens. Bcmanogneno, wjo OucunamusHi cmpyKkmypu y Macugi 2ipcoKux nopio, wo nepeiuios y
NO3AMENCHULL CMAH, GUHUKAIOMb Y Pe3yibmami 61u3bKoi 63aeMo0ii ROpOOHUX (hpazmenmis i 0aibHbOI 63acMO0il Kiacmepig i
BUABNAIOMBCA  MOHIMOPUHSOM 11020 — eIeMEeHMAPHUX — 3pYUleHb,  Geluduna AKUX 3Haxooumeca y Mmedcax 2-10
CepeOHbOKBAOPAMUUHUX NOXUOOK SUMIDIOBAHHSA 3DYUWIEHb, NPUYOMY YeHmpu Kiacmepié 6usHayaromvcs memooom K-
cepeonix, a ix mexci nonieonamu Bopomozo y Eexniooeomy npocmopi, wo 003801A€ GUAGUMU BKA3AHI OUCUNAMUGHT
cmpykmypu Ui 00TpyHmyeamu HO8ull NpUHYun 3a0e3neveHHs CMIUKOCMI MAcugis 2ipCbKux nopio wiisxom aKmueHo20
0OMedICeH s KilbKOCMI (adc 00 mMpbox) NOCMYNANbHUX U 00epMANbHUX CIMYNEHI8 c80600U MACU8y, Wo 0ehopMyEmbes y
NO3AMeNHCHOMY CINAHI.

Haykoea nosusna. Bnepuie 6cmarnoeneno, ujo OUCUnamueHi CmpyKmypu, sKi po3ciioloms eHepeito 2ipcbKo20 mucky
3MIHIOIOMbCSL 6HACTIOOK IX Oihyprayiti cmpubkonodibno i maiome nammepHu y 6UisiOl PI3HOHANPABIEHUX HE360DONMHUX
3pYUleHb KOPOMKOJICUBYHUX KIACMEpPi6 1l OOMeHi8 macugy, AKi hopmylomvcs 3 NopoOHux @pasmenmis, wjo 3adesneyye
cmyneHi c60600uU 0151 PO36UMKY U HAKONUYEHb HEe360POMHUX 3pyuieHb | Oepopmayili; enepuie 008e0eHO, WO YeHmpU
Kiacmepie HAOMIHO usHayaromvcsi memoodom K-cepeowix i nonieonamu Bopownozo y Eexniooeomy npocmopi; enepuie
6CMaHOBNEHa OIUZLKA B3AEMOOIS CYMINCHUX NOPOOHUX (pazmenmie ma OaNbHs 83AEMOOIs KIACMEPI8 3PYIHOBAHO20 MACUBY.

Ilpakmuuna yinnicme podoomu noaseac 6 OOIPYHMYBAHHI HOBO20 NPUHYUNY 3a0e3neyeHHs CMIlIKOCmi MAcusie
2IPCHKUX NOPIO WAAXOM AKMUBHO20 0OMENCEHHS KITbKOCI (adc 00 MPbox) NOCMYNAIbHUX | 00epmMATbHUX CIYNEHI8 c80000U
macusy, wo oepopmyemocs y nozamexrcHomy cmani. Ha ocHosi exazanoeo npunyuny po3pooneHo Hosi cnocobu ynpaeiins
CMIUKICMIO MACU8Y 2IPCLKUX NOPIO.

Knrouogi cnosa: macug cipcokux nopio, Heobopomui 3pyuienns, kiacmepu, O1u3bKa il 0anbHs 83A€MOOiL.

3axaposa JliogMuiaa MukosaiBHa — KaHIMJaT TEXHIYHUX HAyK, CTApIIMK HAyKOBHH cIiBpOOITHHK, [HCTHTYT
¢i3uxu riparunx npoueciB HAH Ykpainu (Byn. Cim¢epomnonbebka, 15, M. JIninpo, Ykpaina).
Email: mila2017ma@gmail.com.
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KJIACTEPHBIN XAPAKTEP HEOBPATUMBIX CABUKEHU BO BPEMS PA3BATHUS OIIOJI3HENA
I'PYHTOBBIX CKJIOHOB

Lenvio pabomel s6aemca ucciedosams KUHEMAMUKY HeoOPaAMUMbIX COBUNCEHUN NOBEPXHOCIU NOYBbL U MACCUBA
20PHBIX NOPOO NPU PA3BUMUU COBUICEHUSL CKIOHA 3EMHOU NOBEPXHOCTI.

Memoow uccnedoganuii. B pabome epynm, HaHOCbl U MACCUB 2OPHBIX NOPOO PACCMAMPUBACINCI KAK OMKPLIMA
MEPMOOUHAMUYECKAs CUCeMd, KOMOPAs NPU HEOOPAMUMBIX COBUNHCEHUAX, PACCEUBAEM IHEPSUIO 20PHO20 OABNEHUS U / U
NOMEHYUATLHYIO IHEPSUIO ONONZHEBOU MACCHL, CKOb3UM 8006 SPAOUEHMA CULbL madcecmu. [ uccied08aHus KUHeMAMUKY
CO8UdICeHULl NPUMEHeHbl 2e00e3uiecKie Menoobl UHCINPYMEHMANbHbIX HAOII00eHU, CIMAMUCMUYECK020 aHau3d, d maKoice
BbIYUCTUMENLHOU 2E0MEMPUU.

Pesynomamut uccneooganuit. Ycmanoeieno, umo OUCCUNAMUSHbIE CMPYKMYPbL 8 MACCUBE 20PHbIX NOPOO,
nepeweowiux 8 3anpedeibHoe COCMosHUe, BOSHUKAION 6 pe3yibimame OIUK020 83aumMO0eicmaeus NOPOOHbIX PpaeMenmos u
0aNbHE20 B3AUMOOCUCMEUs KIACMEPOS U OOHAPYICUBAIOMCS MOHUMOPUHSOM €20 SNIEMEHMAPHBIX COBUNCEHUT, BEeNUYUHA
Komopuix Haxooumcs 6 npedenax 2-10 cpeonexkeaopamuyeckux nocpewtHocmell u3MepeHusi COSUNCeHUl, Npuyem YeHmpol
Knacmepog onpeodensaromcs memodom K-cpeonux, a ux epanuyvi nonueonamu BopoHo2o 6 e6Knudoeom npocmpaucmee,
N0360J151eMm 8blAGUMb YKA3AHHbBIE OUCCUNAMUSHbIE CIMPYKIMYPbL U 0OOCHOB8AMb HOBYII NPUHYUN 0DecheyeHuUs YCmouiueocmu
MACCUBOE 20PHBIX NOPOO NYMeM AKMUBHO20 O0SPAHUYEHUsl KOuuecmea (00 mpex) NOCMYNAmenbHulX U 6paujamenbHbix
cmenenell c60600bl Maccuga, 0e)opmupyemcs 8 3anpedebHOM COCIMOAHUMU.

Hayunasa nosusna. Bnepevie ycmanosneno, umo ouccunamushvle CmMpyKmypbl, pacceusarom Hepeuio 20pHO20
0aGIeHUs USMEHAIMCA 8 pe3yibmame ux OuQyprayuil cKaukooOpAsHO U UMEIOM NAMMEPHbL 8 8UOe PA3HOHANPAGIEHHbIX
HeoOpAMUMbIX COBUNCEHUN KOPOMKOHCUBYWUX KIACMEPOS U OOMEHO8 MACCUBA, KOMOopvle (HOpMUPYIOMC U3 NOPOOHbIX
¢paemenmos, obecneuusaem cmenenu c80000bl Ol PA3GUMUSL U HAKONACHUL HeoOpamumbvlx cogudicenutl u oegpopmayuii,
enepsvle OOKA3AHO, YMO YEHMPbl KIACMEPO8 HAOEICHO onpedesomcs Memooom K-cpednux u noaueonamu Boponozo e
€BKIIUO0BOM NPOCMPAHCIEBE, BNEPEble YCMAHOBAEHA DAUIKOE 83AUMOOCUCIBUE CMENCHBIX NOPOOHBIX PPaeMenmos u OanbHee
83aumodeticmsue Kiacmepos paspyueHH020 Maccusd.

Ilpakmuueckas yenHocmy pabomul 3aKI04AEMCA 8 0OOCHOBAHUU HOBO20 NPUHYUNA 0OeCnedeHUs YCmOouiU8ocmu
MACCUBO8 2OPHBIX NOPOO NYMeM AKMUBHO20 O0ZPAHUYEHUs. KOIuuecmsda (00 mpex) NOCMYNAMENbHbIX U 6PAaAmenbHbIX
cmeneneil  c60000bl  maccusa, Oeopmupyemcs 6 3anpedeibHoM cocmosHuu. Ha ocuose ykasamnoeo npunyuna
paspabomanvl HOBble CNOCOObL YNPABIEHUSL YCMOUMUBOCHIBIO MACCUBA 20PHBIX NOPOO.

Kniouegvie cnosea: maccus zopuwvix nopoo, Heobpamumvle COBUNCEHUA, KIACMepsl, OaU3Koe U OdalbHee
83aumooeticmaue.

3axaposa Jlwoamuiaa HukosiaeBHA — KaHAWIAT TEXHUYECKUX HAYK, CTApIINK HAYYHBIH COTPYIHUK, MHCTUTYT
¢usuku ropubix nporeccoB HAH Ykpaunsl (yia. Cumdepononbsckas, 15, m. [lnenp, YkpanHa).
Email: mila2017ma@gmail.com
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