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Abstract. Ensuring the reliability of hydraulic structures, in particular highland dams, is of particular importance
for sustainable water supply in the agro-industrial complex, especially under conditions of water scarcity and
seismic activity. The purpose of this work was to evaluate the stress-strain state of highland dams taking into
account the complex action of volumetric, seismic and hydrostatic loads to improve the reliability of water
infrastructure serving agriculture. The Kolosov-Muskhelishvili method was used in the study to model stresses in
elastic media taking into account the interaction of rocks, tectonic stresses and external loads. The peculiarities of
stress redistribution in the dam massif under changes in the reservoir level and water saturation were analysed,
and the influence of seismic effects on the formation of shear zones in isotropic rocks was revealed. It was found
that in mountainous relief conditions horizontal stresses may exceed vertical stresses, which requires revision
of design approaches. The combined effects of gravitational, seismic and hydrostatic forces on the stability of
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Stress-strain state of highland dams under the influence...

structures have been analysed. Special attention was paid to the influence of tectonic processes and relief on the
stress state of the soil mass. The results of the study can be used in the design and operation of highland dams
that provide water supply to reclamation systems and agricultural areas in earthquake-prone regions. Modern
methods of mathematical modelling significantly increase the accuracy of engineering calculations and ensure
the reliability of hydraulic structures, which is especially important for ensuring agrarian safety. The assessment
of stress-strain state of structures serves as a basis for predicting their behaviour under various loads and taking
effective measures to maintain stability. The practical value of the performed work lies in the use of the results by
design and engineering survey organisations in the design and construction of highland dams, allowing designers
to accurately predict the behaviour of hydraulic structures under various operating conditions, ensuring reliable
and sustainable water supply in agriculture, especially in areas with increased seismic activity and complex
engineering and geological conditions

Keywords: gravitational force; conformal mapping; initial stress state; boundary conditions; dam modelling;

hydrostatic pressure; filtration processes

Introduction

Kyrgyzstan, located in a mountainous area, faces a
special problem in water supply and irrigation of ag-
ricultural land. The accumulation of water resources
is an essential part of hydropower and agro-industrial
development, as it provides a stable water supply for
agriculture and allows efficient use of water bodies for
irrigation. To provide water resources, it is necessary to
develop and operate reservoirs at different elevations.
However, dam failure, especially in mountainous are-
as with large volumes of stored water, poses a serious
threat to human life and can also lead to flooding of
settlements and agricultural land.

The performance of dams in mountainous condi-
tions has many characteristics, which makes the as-
sessment of their stability a complex task, especially
considering the specifics of agriculture and water man-
agement. As noted by U. Hansamali et al. (2025), the
failure of dams and levees can be caused by a variety of
factors, including seismic activity, the impact of water
from reservoirs, and the design and materials of both
natural and man-made dams. The location of dams rel-
ative to sea level is also important, which is directly
related to the temperature regime and operating con-
ditions of the dam during different seasons (Ouma et
al., 2022). These aspects need to be taken into account
in the design and operation of hydraulic structures to
ensure their long-term safety and minimise risks to ag-
riculture and water supply.

However, dam failures in such high-altitude zones,
as well as accidents at large hydroelectric power plants
(HPPs) located in river canyons, pose a real threat to
human life and safety, and can lead to massive de-
struction of settlements and agricultural lands. These
problems become especially urgent in the conditions
of complex geography of the country, where climatic
conditions, seismic activity and geological features
significantly affect the strength and stability of hy-
draulic structures (Montayev et al., 2025). One of the
most important tasks is to assess the stability of dams
in mountainous areas, which requires consideration

of many factors such as seismicity, temperature fluc-
tuations, hydrostatic water pressure, water filtration
through the dam body, and structural features. The
stability of dams in such conditions is related to the
preservation of structural stability, prevention of fail-
ure and deformation, which is key for the long-term
operation of these facilities (Popov et al., 2023).

M. Sainov (2022) has made a significant contribu-
tion to the study of the stress-strain state and stability
of various types of dams. In his work, the influence of
pore pressure on the fracture resistance of an ultra-high
rock-fill dam with a central clay core is considered.
Using numerical modelling techniques, the author in-
vestigates the stress distribution and identifies critical
zones prone to crack formation. The results emphasise
the importance of considering internal water head in
dam design, especially under conditions of varying wa-
ter saturation. The author also investigates the stress-
strain state of a concrete dam with a concrete screen
when the friction coefficient in the screen-sidewall
contact zone is reduced. It is established that friction
reduction leads to redistribution of stresses and poten-
tial reduction of stability of the structure. The author
emphasises the need for accurate setting of boundary
conditions when modelling structures of this type. In
addition, M. Sainov (2023) summarises theoretical and
practical aspects of the design, construction and oper-
ation of earth dams in a textbook intended for training
specialists in hydraulic engineering. The manual covers
a wide range of engineering solutions and contains a
structured presentation of basic and applied principles
applicable in real dam operating conditions.

In the work of S. Pari (2025) provides a probabil-
istic analysis of the stability of an earthen dam under
steady-state seepage conditions. Special attention is
paid to the influence of the clay core location on the
overall stability coefficient. The author uses stochastic
modelling techniques to account for uncertainties in
the geotechnical parameters of the foundation and dam
body. It is found that the displacement of the core from
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the centre of the structure can significantly reduce the
stability of the structure, especially in conditions of pro-
longed saturation. The analysed studies reflect modern
scientific approaches to the assessment of stress-strain
state and stability of dams. E. Argal (2024) in his work
analyses the causes of seepage, methods of controlling
it and offers recommendations on how to improve the
condition of a dam.

The purpose of the study of the stress-strain state
(SS) of highland dams was to evaluate the distribution
of stresses and strains in the dam structure to ensure
its stability, safety and durability during operation. This
included analysing the effects of external factors such
as hydrostatic pressure, seismic activity on the dam
structure. Objectives of the study:

modelling of the stress-strain state of rock dams
taking into account seismicity, temperature, water pres-
sure in reservoirs, and geological features;

analysing existing methods of calculating the
VAT of dams in mountainous areas, taking into account
the impact of various natural and geophysical factors;

development of recommendations for strength-
ening the design of dams in mountainous areas to en-
sure their long-term stability and safety for the popula-
tion and agriculture.

This study can make it possible to solve the com-
plex problem of dam stability in mountainous con-
ditions, which is an important step to ensure the re-
liability of hydraulic structures, minimise risks for the
population, safety of irrigated lands and stable water
supply in agriculture.

Materials and Methods
The Kolosov-Muskhelishvili analytical method for
modelling the stress-strain state of a mountain dam
taking into account various natural and anthropo-
genic factors, described in detail in R. Abdikarimov et
al.(2011). The application of this method made it pos-
sible to conduct a comprehensive study of the influ-
ence of hydrostatic, thermal and seismic loads on the
stability of the structure, as well as to determine the
critical stress zones and develop recommendations for
structural optimisation taking into account the devel-
opments presented in the study by N. Kobeleva (2017).
The stability of the dam under various external in-
fluences was assessed. The most vulnerable sections
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of the structure subjected to maximum stress were
identified according to the methodology described in
E.Askarbekov et al. (2019). The proposed methodology
made it possible to assess the stability of the dam un-
der the combined effects of natural factors.

Analytical modelling of highland dams was carried
out by using the mapping functions w (¢) and deriv-
ing relations for the complex potentials @ (¢) and ¥ (()
based on the given boundary conditions (1):

D(t) + O(t) + {w®P' ) + ' (OP®)} = N(t) +iT(D). (1)

1

W' (&)

In the present study, a semi-infinite region corre-
sponding to the centre plane of the dam was consid-
ered, with two characteristic protrusions on the con-
tour taken as the initial points of the mapping ((=0)
(Baialieva et al.,2023). This approach allowed us to pre-
cisely set the geometry of the computational domain
and ensure correct imposition of boundary conditions.
The creation of the mapping function consisted of two
steps: 1) selection of the general form of the mapping
function; 2) development of a technique for selecting
the values of the parameters of this function a (to=1,
2,3). The general form of the function representing the
proposed class is shown as (2):

_ _al+¥ioo @ ({—D)*+by
z=w(() = CrtoD , )

where zx=+iy;i =+-1; b,,
2, 3) are complex constants.

The second part of the problem was solved by graph-
ical packages in MATCAD #14 to vary the constants in
the parametric equations, which follows (2) when {=t:

a, t are constants, a (to=1,

_ fa®) by (t+to)
x(t) = (t2+1)3 ' [(t+tg)2+1]
_ 0 by
y(©) = (t2+1)3 + [(t+te)2+1]" (3)

The proposed mapping technique differs from the
previously known one in its flexibility, clarity and high op-
erability in modelling dam shapes (Mirsaidov et al., 2013).
After creating the dam computational model (Fig. 1),
i.e. when all parameters w (Q) in (2) are determined, the
equation (1) was integrated and its conjugate equation in
closed form under given arbitrary external loads to calcu-
late the stress state of the semi-infinite region.

0
Curvilinear orthogonal
{CreateMMesh{(F.—-4 16.0.-2_85.18))

Figure 1. Dam model

Source: B.Zhumabaev & K. Ismailova (2005)
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The formulated boundary value problem (1) was
solved by constructing relations of two complex poten-
tials F(¢) and ¥(Q) in the form:

W' (QF(Z+@(Q) F (Q)+ka/(T+)?+2kpo) ATH)3 +
+3ka) AT+ Ky N {Hrop+i )2+
+w'(QW(C) = AQ);

(W & )F(Q)-y NE-1)* -2k; /(E-D)3-
-3k3 NE-D)* Ky NTHyo1)* = B(), (4)

where A (¢) and B (¢) depend only on the external loads
N and T and are computed as Cauchy type integrals:

f (N+iT)a)’(t)dt

(N- lT)a) (t)dt
- i T )

AQ) =+

where ¢ belongs to the lower half-plane, n =0 in the
plane of the omnipotent complex variable {=&+in.
The operator w (§) =ad+ w(¢) is instantiated as:

G| b (6)

o= Lg-ne " grtg—i’

wo() =

The general model of the stress state of surge dams
as a sum of three stress fields:

ox°=0(x)"+o(X)?+0(x)9,0(y) =00

+U(y)<p)+o(y)c,f(y)(> T(y)(n)+T<y)<p)+T(y)<). @)

This stress field is defined as the integral of the in-

homogeneous differential equation of equilibrium for
the half-plane (Zhumabaev & Ismailova, 2005):

L 60’

/=0, (8)

ax ao’

where p =yk_sing, p,=Y (1-k_cosd) are the horizontal
and vertical components of the volume force; g —gravi-
tational acceleration; k.- seismicity coefficient.

The integrals from (8) have the form

=AY, ©)

where A =1y (1 -k _cosé); A,=y (1 -k_cos6); A, =k - ysiné;
A is the coefficient of lateral spreading.

The initial stress state of rock dam arrays under the
action of the above forces is represented as the sum of

A oA
o =AY, o, A, T,

Upstream slope of a weir

the first two stress fields (7) with upper indices “n” and
“p”and satisfies the boundary conditions on the contour:

X(n)O=(o(x)P+o(x)P) cos (n, x) +
+H(T(X) P+ (X)) cos(n,y)=0;

U(n) 0= (t (hu) @+t (hu) ¥) cos (n,x) +

+(0 ()P +0(y)?)(cos)(n,y)=0, (10)
where n is the direction of the external normal at the
contour point under consideration.

Condition (10) contains the sum of fictitious loads
N and T and load-force. The latter arises from the first
stress field (9) at the contour points. Denoting by F,and

F., the boundary conditions are obtained:
FL(®) = [00(8) = 0o (D] - [T5 + Tewy (O + Ty (®)]
Fy() = [wo(8) = wo®)] - [T, + T3 (®) + Ty (0], (11)

where

iAy +A3

A +A
T2 = —a T3 1 Z,

. Ap—Ay+2iAs
s
A1—Ay—2iAs

—

s Ty =1

H

L Aq +A2

s Tg =1 s T, =1

The solution of this boundary problem on the ini-
tial stress state of the surge dams is given by calculat-
ing the Cauchy type integrals in (5) from the boundary
conditions in (11).They are of the form:

AQ) = == [ RO = [Ts + T,05(D] - wo(§) +
+Te (Zk:lﬁ + t+C:—i) a

B 4 Sk Ss Se
T (Zk:l (t-i)k T T (t+t—i)2)

1 dt ’
B({) = _Ef Fl(t)ﬁ = Tzwo(Hwo({) +
3 Cs \ _
+Two({) + T, (Zk:l (t—k + t+t—i)
_ 4 Sk Ss Se
T3 (Zk:l (t-Dk + t+t—i + (t+t—i)2)'

The stress-strain state of the upland dam, when the
depression between the mountains is filled with water,
experienced the action of external load (influence of
the reservoir (Fig. 2).

(12)

Downstream slope of a weir

Figure 2. Calculation scheme of the reservoir

Source: B.Zhumabaev & K. Ismailova (2005)
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In this case, the solution of the problem on the
influence of the reservoir on the stress-strain state
of the dams _according to the boundary conditions
F @)= N(t)a)'(t) and F, (t)=F , (f) were determined
by the relations:

A@Q) =
[r" * Zees (cr:gk * = (cr—zf)k + = (c+zzliz)k B ¢+T:J+i]
n 2:? Yl ({Cﬁ)k * X (cc—zzc)k * i (z+izlit)k * ::::H
B({) =
[Ro + B 2 + Bt i B i + o]
In {8+ B 2 + B e + Do e + e (13)

The initial stress state was determined for the se-
lected computational model. All relations required for
the calculation of stress components were algorith-
mised in MATCAD environment.

" Results and Discussion

The modelling results satisfy all the conditions of the
problem on the influence of the reservoir on stress re-
distributions in the massifs of the upland dams. Stress
values are presented in relative values. This circum-
stance allows to reflect more objectively the estab-
lished regularities of stress distribution. The use of the
Kolosov-Muskhelishvili method in calculations allows
to improve the design of dams, taking into account the
interaction of materials and soils, which contributes to a
more accurate and efficient approach in construction, it
also allows to identify potential zones with high stresses
and deformations at early stages and take timely meas-
ures to strengthen the structure and prevent failures

Ismailova et al.

(Botokanova & Isaeva, 2024). It is based on the classi-
cal theory of elasticity and complex potentials, which
guarantees theoretical validity of calculations and ap-
plicability in engineering practice for modelling the
stress-strain state of dams. This method has proven its
effectiveness in modelling complex hydraulic struc-
tures such as mountain dams, where the interaction of
materials and external factors is crucial for the stability
of the structure (Nikolaevsky, 2012). Thus, the results of
the study have significant practical value for the design
and operation of mountain dams, and the methodo-
logical correctness is ensured by theoretical validity of
the method and its integration with modern numerical
methods (Botokanova, 2024).

In the work of B.Zhumabaev & K.Ismailova (2005)
performed an in-depth mathematical analysis of the
stress state of rock massifs of canyons in the zone of
reservoir formation. Particular attention was paid to
the influence of water pressure regime on the redis-
tribution of stresses near the surface of the canyon,
taking into account the different orientation of the
slope of the layering of the geological massif. On the
basis of the developed mathematical model private
analytical solutions describing the stress state of rock
massifs under different variants of load combinations
are obtained. The following types of combined effects
are considered: joint action of gravitational and hy-
drostatic loads; simultaneous effect of gravitational,
seismic forces and hydrostatic loads; superposition
of gravitational, horizontal tectonic and hydrostatic
effects. The results of the analysis show that water
saturation of the massif and changes in the reser-
voir level lead to significant local redistributions of
stresses, especially in zones of disturbed layering and
on sloping slopes (Fig. 3).

o
CreateMesh (Fey .—6.16.0.—3.65.36)

500

Figure 3. Stress components

Source: B.Zhumabaev & K. Ismailova (2005)

It has been found that when hydrostatic pressure
increases in combination with seismic effects, the
probability of shear deformations in weakly cemented
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layers increases (Baialieva et al., 2023). Under the action
of horizontal tectonic stresses, additional hydrostat-
ic pressure favours the activation of already existing
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dislocation zones and fracturing. B. Zhumabaev & K. Is-
mailova (2005) focus their research on the stress-strain
state of dams, especially in mountainous areas. They
consider the influence of physical and mechanical prop-
erties of materials, water pressure, temperature and
seismicity on the behaviour of dams. Particular atten-
tion is paid to the evaluation of filtration processes in
the dam body and their influence on the deformations
and stability of the structure. B. Zhumabaev & K. Is-
mailova (2005) offer a methodology for calculating the
VAT of rock dams, which takes into account both stat-
ic and dynamic loads, as well as seasonal temperature
fluctuations, which is especially important for frozen
and seismically active regions. Their work emphasises
the use of multilink models to more accurately account
for the interaction of various factors such as water fil-
tration, changes in geology and heat transfer, which im-
proves the accuracy and reliability of the calculations.

Conclusions of B. Zhumabaev & K. Ismailo-
va (2005) confirm the need to integrate the water stor-
age factor into geomechanical calculations, especially
in the design and operation of reservoirs in complex
engineering and geological conditions. As part of the
research conducted by K. Abdyldaev (2015), a compre-
hensive analysis of the stress-strain state of rocks in
mountainous terrain was carried out. Particular atten-
tion is paid to the identification of the relationship be-
tween tectonic processes, gravitational forces and re-
distribution of horizontal stresses in the massif. Based
on analytical calculations and modelling, it was found
that in zones of complex relief the maximum horizon-
tal stresses significantly exceed the values predicted
by classical theories of elasticity for flat conditions
(Baialieva, 2015). This is due to a combination of the
following factors: the effects of redistribution of the
massif weight in the presence of height differences;
directional tectonic compression, characteristic of ac-
tive mountainous regions of Central Asia; local redis-
tribution of stresses in the zones of slope bends and
contacts of rocks of different stiffness.

K.Abdyldaev (2015) also revealed that in some cas-
es horizontal stresses can reach values comparable to
vertical stresses, and in some zones even exceed them.
This effect is enhanced in the presence of pre-formed
tectonic disturbances, faults and weak interlayers. The
analysis confirmed that the traditional approaches of
VAT calculation, based on the assumption of homo-
geneity of the stress field, are unacceptable for engi-
neering calculations in mountain conditions. Ignoring
spatial variability of stresses can lead to underestima-
tion of risks of deformation processes (landslides, slope
failures) during construction of hydraulic structures,
dams and mountain roads. The work of K. Abdyldaev
& A. Toktosunov (2017) demonstrates the necessity of
complex consideration of tectonic and gravitational
factors in modelling of VAT in massifs with mountain-
ous relief and underlines the relevance of application

of three-dimensional geomechanical models based on
real geological and structural data.

The analysis of the stress-strain state of the soil
massif in the area of the Ust-Ilimskaya HPP construc-
tion was based on a comprehensive study of geologi-
cal conditions, including relief and tectonic features. A
significant contribution to the study of these processes
was made by N. Bondarchuk et al. (1978) and other spe-
cialists engaged in the assessment of stresses in the
base of hydraulic structures. In the process of research
it was established that against the background of gen-
eral gravitational loading the massif experiences a sig-
nificant influence of horizontal tectonic stresses. The
latter are caused by both ancient tectonic processes
associated with the formation of the Siberian platform
and active modern deformations of the Earth’s crust
within the southern margins of Siberia.

The relief of the Ust-Ilimskaya HPP territory, char-
acterised by alternation of river terraces, erosion scarps
and slopes, additionally increases the unevenness of
stress distribution. As calculations on the basis of elas-
tic-plastic models have shown, areas of increased hori-
zontal compression and vertical tension are formed in
the zones of slope bends, which leads to localisation of
plastic deformations and reduction of bearing capacity
of the massif (Bychkov,1981).The influence of the reser-
voir filling process is of particular complexity. Reservoir
filling leads to an increase in pore pressure, changes in
effective stresses and, as a consequence, to redistribu-
tion of stress fields in the coastal zone (Kasparyan et
al., 2006). According to the studies, as a result of wa-
ter level rise by 20-30 m, redistribution of horizontal
stresses occurs up to the depth of 100-150 m, which
is accompanied by an increase in the risk of landslide
deformation formation on coastal slopes.

The work of C. Li et al. (2020) confirms that in condi-
tions of high reservoirs of similar type, the character of
stress changes depends significantly on the shape of the
base relief, the depth of tectonic faults and the nature of
watered rocks. According to field observations and theo-
retical modelling, the greatest redistribution of stresses
is recorded within the coastal slopes composed of poorly
consolidated or disturbed tectonic rocks, where addi-
tional load from the reservoir can initiate slow creeping
deformations or rapid failures such as rockfalls and land-
slides (Khusanov & Khaydarova, 2019). These results are
relevant not only for the conditions of the Ust-Ilimskaya
HPP, but also for the design of new large hydraulic struc-
tures in regions with pronounced relief and active tec-
tonics. Thus, the works of these scientists are of great
practical importance for the design and operation of
dams in mountainous areas such as Kyrgyzstan. Given
the high seismicity and difficult climatic conditions, the
development of effective methods for calculating the
VAT of dams, taking into account all these factors, be-
comes a key aspect for ensuring the safety of hydraulic
structures and preventing potential failures.
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Conclusions

In the course of the study,a methodology was developed
for calculating the stress-strain state (SS) of upstream
dams, taking into account the influence of volumetric
forces and changes in this state before and after filling
the reservoir. This approach allowed a more accurate
prediction of the distribution of stresses arising in the
dam structure, which is of key importance for ensuring
its durability and stability, especially in the context of
hydraulic structures serving agriculture. The analysis
showed that horizontal stresses reach their maximum
values in the contour part of the reservoir bowl, along
the loaded section. At the same time, small tensile
stresses are observed in the area just above the lev-
el of the reservoir mirror, and the compressed section
occurs only in a small part of the dam massif, where
the thickness of this zone is about 1.1-1.15 of the dam
height. A zone of tensile stresses is formed along the
depth of the reservoir, the intensity of which gradually
decreases. Vertical stresses show a similar pattern, but
their decrease is somewhat slower in depth.

Particular attention is paid to the tangential stress-
es, which reach their maximum values in the zone of
slope inflection, as well as in the contour part of the
dam localised at the base. These data are critical for
analysing potential weakening zones of the structure
and minimising failure risks. Application of the Kolos-
ov-Muskhelishvili method makes it possible to take
into account a wide range of factors affecting the sta-
bility and stability of dams, such as hydrostatic pres-
sure, seismic activity and geological conditions. This
method significantly improves the accuracy of predict-
ing the behaviour of structures and helps to optimise
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the design and operation of hydraulic structures. Thus,
the performed VAT calculations have become an im-
portant step in ensuring the reliability of upstream
dams used in agricultural and water management. Tak-
ing into account complex loads, including seismic and
gravitational forces, as well as peculiarities of canyon
slopes in reservoir zones, allows increasing the stability
of structures to various external influences. Prospects
for further research are aimed at developing more de-
tailed models that will take into account the effects of
climate change, seasonal temperature fluctuations and
other factors, as well as improving calculation methods
to ensure the long-term safety of water management
facilities and minimise risks to agriculture, which de-
pends on the stability of water supply.
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AHHOTaums. [MOpOTEXHMKANbIK  KypyniManapiplH, artan aiTkaHga, 6uiiMk  Toosmopaory [AambanapapiH
MWEHUMIYYNYTYH KaMCbi3  Kbllyy arpoeHep >al KOMMAEKCMHAE, ©3re4Ye CYYHYH TapTbiWTbIrbIHbIH YKaHa
CecMmMKanbIK aKTUBAYYNYKTYH LIapTTapbiHAa TYPYKTYY CYy MEHEH KaMCbi3 Kbillyy YYyH ©3reye MaaHure 33. byn
MLWTUH MakcaTbl aibln YapbacblH TeinereH cyy Yap6a MHbPACTPYKTYPaCbiHbIH ULLEHUMAYYYTYH XOropynaTyy yuyH
KeNeMAayK, CeMCMMKabIK XaHa MMAPOCTaTUKaNbIK XXYKTOPAYH KOMMNEKCTYY apakeTUH 3CKe anyy MeHeH 6uiink
TOONOpAOry AambanapibiH YblHanyy-gedopmaumsnbik abanbiH 6aanoo 6onroH. M3unpeene TekTepamH 3 apa
apaKeTTEHYYCYH, TEKTOHMKANbIK YblHANYyNapabl KaHa ThILKbI XXYKTOPAY SCKe anyy MEHEH Cepnuaruy yeipenepasry
YblHANYynapabl MOAENAB6re MyMKYHAYK 6epyyyy KonocoB-MycxenuwBmam bIkMacbl KongoHynraH. Cyy cakTarblyTbiH
LEHI33/IMHMH KaHa Cyyra KaHblKKaHAbIrbIHbIH ©3repyly MEHEH NAOTMHA MaCCMBMHAETM YblHANyynaphbiH Kaipa
GeNyLITYPYAYLWYHYH ©3reyenyKTepy Tanfooro asbiHbiM, M30TPONTYK TOO TEKTEPUHAEMM >Kbi/bIlLYY 30HaNapbiHbIH
nanga GonywyHa ceifcMUMKaNbIK TaacMpnepamH TaacMpu aHbikTanraH. Toonyy penbedTe ropu3oHTangblK YbliHanyy
BEPTMKANAYYAaH albilN KETUWM MYMKYH 3KEHAMTM aHblkTangbl, 6yn 0on6oopnoo bikManapbiH Kaipa Kkapan
YbIryyHy Tanan Kbinat. KOHCTpYKUMSNApAbIH TYPYKTYYYryHa rpaBUTaLMsIbIK, CEACMUKANbIK XaHa r’MapoCcTaTUKablK
KY4TOpAYH OMprenelkeH TaacMpuH Tangoo >Kyprysynet. Tornypak MAcCMBMHWMH CTpecc abanbiHa TEKTOHMKaNbIK
MpOLLeCCTEPAMH XaHA penbedTUH TaacupuHe e3reue KeHyn OypynaTt. M3ungeeHyH HaTblikanapbl ceMCMMKanbiK
KOOMTYY PerMoHA0opA0ry MenMopaums CUCTEManapbliH XaHa aibln Yyapba aiMaKkTapblH CYy MEHEH KaMCbi3 Kblayydy
6uiink Toonyy Aambanapibl f0N600PN00A0 KAaHA IKCMAYyaTaUMSNOOA0 KOMAOHYAYWY MYMKYH. MaTteMaTukanbik
MOAENAEWTUPYYHYH 3aMaHban MeToAAOopY MHXEHEPAWK ICENTeenephAyH TaKTbirbiH ONYTTYY TYpPAe >KaKWbIpTaT
KaHa rMApPOTEXHUKANbIK KYpYNyLITapablH MIEHUMAYYAYTYH KaMcbi3 Kbinart, 6yn aibin yapba Koomncy3ayryH Kamcbl3
KbINYY YYYH ©3reue MaaHunyy. KoHCTpyKumanapabiH YbiHanyy-aedopMaumanbik abanbiH 6aanoo anapabiH ap kaHaan
KYKTOMAOPAOTY KYPYM-TYPYMYH BOMIKONL00 XaHA TYPYKTYYNYKTY CakTOO OOKOHYA HaTblKanyy Yapanapabl Kepyy
YYYH Herus 6o/1yn caHanat. ATKapbiiraH WWLTepAMH NpakTUKanblk 6aanyynyry Aon600pAayK-UHKeHepanK U3nnLee
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yloMaapbl TapabbiHaH GuiiMK Toonyy Aambanapibl 4,0n1600pn00A0 XKaHa KypyyAa HaTblikanaphpl nannanaHyyaa,
[0n1600paooYynapra ap KaHaai akcnayaTaumanbik WapTTapaa rMapoTeXHUKANbIK KYPYyaManapabiH KYpYyM-TypyMyH
Tak 60/KONA00r0 MYMKYHAYK BepeT, aiibin yapbacbiHaa, ©3reue CeMCMUKaNbIK aKTUBLYYYK Ky4YereH xaHa Tataan
MHXXEHEPAMK-TEONOMUSbIK LWAPTTApAa CYYHY MILEHUMAYY KaHa TYPYKTYy KaMcbi3 Kbiyyaa
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AHHoTauusa. ObecneyeHne HaAEXHOCTH MMAopoOTEXHUYECKUX COODY)KEHVIIZ, B YaCTHOCTU HATFOPHbIX MJOTHUH,
nMmeet OC06y}O 3Ha4YNUMOCTb Ansa yCTOlZLIl/IBOFO BogoobecneyeHms B arponpombilWIEHHOM KOMMNNeKce, ocobeHHO
B yC/noBuaAxX ,El,eq)MLl,l/lTa BOAHbIX peCypCOB M CEMCMMYECKOM aKTUBHOCTU. Llenbto HacTosen pa60TbI 6blna oueHka
Hal'lpFI)KEHHO-,EI,ECbODMVIpOBaHHOFO COCTOAHMUA HATOPHbIX NMJOTUH C Yy4E€TOM KOMIJIEKCHOIO nencTeus 06'bEMHbIX,
CEMCMUYECKMX U TMOpoCTaTUHECKUX HArpy30K 414 NOBbIWEHNA Ha4EXXHOCTU BOLOX035IMCTBEHHOM VIHq)paCTDYKTypr,
O6Cﬂy>KMBa}OLLI,EI7I Cenbckoe Xo034McTBo. B umccnegoBaHMM MCMONb30BaH METON, KOﬂOCOBa-MyCXEJ’IMLIJBVU'IVI,
KOTOprVI No3BOJIAET MOAENNUPOBATL HANPAXEHUA B YNpyrnux cpegax c y4eTtom B3aMMOLENCTBUS FOpHbIX Mopoa,
TEKTOHUYECKUX Haﬂpﬂ)i(EHMVI M BHELWHUX HArpys3ok. bbinun NpOaHaIN3NPOBAHDI 0C06EHHOCTH nepepacnpegeneHusa
HaI'IpFI)KEHMﬁ B MaCCUBE NJOTUHbI MPU USMEHEHUU YPOBHA BOLOXPAHW/INLLA U BOAOHACHILEHNN, a TAKXKE BbIABIEHO
B/IUSIHME CEMCMUYECKUX BO3LENCTBMI Ha CbOpMMpOBaHME CABUTOBbIX 30H B M30TPOMHbIX MNoOpoaax. YcTaHoBAEHO,
4YTO B YyCN10BUAX TOPHOTO penbed)a FTOPU30OHTA/IbHbI€ HANPAXXEHNA MOTYT NMPEBbIWATb BEPTUKAJIbHbIE, YTO Tp66y6T
nepecMoTpa MNPOEKTHbIX NOAXOOO0B. HDOBE,EI,EH aHanun3 KOM6VIHI/IDOBaHHbIX BO34ENCTBUM rpaBUTALNOHHDIX,
CcencMmyeckmnx M TMAopoCcTaTn4eckmnx Ccun Ha yCTOl?IHVIBOCTb COOpy)i(EHVIﬁ. Ocoboe BHMMaHUE yoeneHo BJ/IMAHUIO
TEKTOHMYeCcKmnxnpoueccos n penbed)a Ha Hanps>XeHHOEe COCTOAHUE TPYHTOBOIro MaCCuBea. Pe3yanaTb| ncenenoBaHuA
MOryT OblITb MCMOMb30BaHbI npn nNpoOeEKTUPOBAHUM M 3SKCNyaTauMMU HATOPHbIX TMJIOTUH, obecneymBaoWmnX
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BOAOCHaBXeHME MEeMOPaTUBHbIX CMCTEM U CEbCKOXO3AMCTBEHHbIX TEPPUTOPUI B CEMCMOOMACHbBIX PErMoHax.
CoBpeMeHHble METOfbl MaTeMaTMYECKOTO MOAEMPOBAHMUSA 3HAUMTENbHO MOBbLILAIT TOYHOCTb MHXKEHEPHBIX
pacyeToB v 06eCneynBatoT HagEXKHOCTb MMAPOTEXHUYECKMX COOPYXKEHMI, YTO 0COBEHHO BAaXHO A1 06ecrneyeHms
arpapHoi 6esonacHocTu. OueHKa HanpsKeHHO-LehOPMUPOBAHHOMO COCTOSIHUS COOPYXKEHMI CTYXKUT OCHOBOM AN19
MPOrHO3MPOBAHMSA MX MOBELEHMS MOL PA3/IMYHBIMU HArPy3KaMMU U NPUHATUS SDOEKTUBHBIX MEP MO MOAAEPKAHUIO
yCTOMYMBOCTU. MpakTMHeckass LEeHHOCTb BbIMOJHEHHOM paboTbl 3aKMOYaeTCs B MCMONb30BAHMM PE3YNbTAaTOB
MPOEKTHbIMU U UHXEHEPHO-U3bICKATENbCKUMMU OPraHM3aLMaMuU Npu NPOEKTUPOBAHMMU U CTPOUTENLCTBE HAarOPHbIX
MAOTUH, MO3BOMAS MPOEKTUPOBLLMKAM TOYHO MPOrHO3MPOBATL MOBEAEHUE TUAPOTEXHUYECKMX OBBLEKTOB B
Pa3fMUHbIX 3KCMYaTaLMOHHbIX YCI0BMAX, 06ECMeYnBalolmMx HageKHOe M yCTOMuMBOE BOAOCHAbGXeHue B
CE/IbCKOM X039MCTBE, 0COBEHHO B paitOHaX C MOBbILIEHHOW CEMCMUYECKOM aKTUBHOCTBIO U CIIOXKHbBIMU UHKEHEPHO-
reosIorMyeckMMmn yCaoBusMu

KnioueBble cnoBa: Cuia rpaButaumu; KoHhOpMHOE OTOBpaxeHWe; HauyajbHOE HAMpsSKEHHOE COCTOSIHUE;
rPaHWYHbIE YCIOBUS; MOLENMPOBAHNE M/IOTUH; TMAPOCTAaTMYECKOE AABNEHUE; GUNLTPALMOHHbIE NPOLECCHI
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