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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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RECOMMENDATIONS ON THE DEVELOPMENT
OF PROBABILITY MAPS OF SEISMIC ZONING OF THE TERRITORY
OF KAZAKHSTAN BASED ON MODERN METHODOLOGY

Abstract. Minimization of fatalities, material damage, and socio-economic destruction due to earthquakes
depends on reliable estimates of seismic hazard. The paper presents the methodological foundations of seismic
hazard assessment developed for Kazakhstan, the basic requirements and the list of work required to carry out
seismic zoning of territories at different scale levels — general, detailed and microzoning. They were tested during the
creation of Maps of General Seismic Zoning of the Territory of Kazakhstan, which were included in regulatory
documents in 2017 and Maps of Seismic Microzoning of Almaty on a new methodological basis. A new approach to
seismic hazard assessment is based on a methodology that complies with the main provisions of Eurocode 8 “Design
of structures for earthquake resistance”, meets the needs of earthquake-resistant design and construction, is
probabilistic and allows to assess seismic hazard not only in seismic intensity according to MSK-64(K) scale
common for Kazakhstan, but also in quantitative parameters — peak ground accelerations. For each type of seismic
zoning, general objectives are defined that can be solved with consideration of the scale of developed maps.

Key words: earthquake recurrence law, economic development planning, ground properties, geophysical studies.

Introduction. In the Republic of Kazakhstan, earthquakes are one of the natural disasters that pose a
threat to the security of the population and the economic potential of the country. Over 30% of the
country's territory is seismically active. About 6 million people live on it, over 40% of the industrial
potential is concentrated, and more than 400 cities and towns are located on it. Damage can be caused not
only by the force of earthquakes, but also as a result of an underestimation of the seismic hazard
assessment in the development of feasibility studies and the selection of sites for the construction of large
facilities (plants, hydrotechnical, and energy facilities). It is impossible to prevent earthquakes, but their
devastating consequences and the number of human casualties can be reduced by creating reliable seismic
zoning maps, applying adequate standards for earthquake-resistant construction and pursuing a long-term
policy in seismically active areas based on raising the awareness of the population and federal bodies on
the threat of earthquakes and ability to resist the underground forces of nature.

With the implementation of new maps of the general seismic zoning of the territory of the Republic
of Kazakhstan as part of the Code of Rules of the Republic of Kazakhstan 2.03-30-2017 “Construction in
seismic zones” [1], a transition was made to seismic zoning that meets the scientific and methodological
foundations of Eurocode 8 “Design of structures for earthquake resistance” [2], which was harmonized
with modern principles of regionalization in countries within the zones of the Eurasian Economic and
Customs Unions. The new approach meets the needs of earthquake-resistant design, since it is
probabilistic and allows to assess seismic hazard not only in MSK-64(K) seismic intensity scales, which
are conventionally used in Kazakhstan [3], but also directly in quantitative parameters — peak ground
accelerations.
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The main concepts associated with the socio-economic consequences of earthquakes are as follows:

— Seismic zoning — mapping of the potential seismic hazard of a territory, performed to determine the
probable intensity of seismic impacts for a selected time interval. Seismic effects are expressed in terms of
a macroseismic scale of seismic intensity, amplitudes of ground vibrations, or other characteristics used in
the design of buildings and structures.

— Seismic hazard — the occurrence probability (exceeding/non-exceeding) of a seismic effect of a
certain magnitude on a given area within a given time interval.

The practical implementation of the seismic hazard assessment of the territory of the Republic of
Kazakhstan is carried out by developing maps of seismic zoning of various details, the need for which
arises in connection with the development of the national economy and construction.

Materials and methods. When developing seismic zoning maps, stock materials and instrumental
observation data are mainly used (of Institute of Seismology, Seismological Experimental and Methodical
Expedition, Committee for Geology and Mineral Protection of the Republic of Kazakhstan, and other
organizations). An exception is the seismic hazard assessment of critical facilities, such as nuclear power
plants, which, according to the IAEA requirements, is carried out on special projects with the necessary
amount of field research.

The main purpose of all types of probability maps of seismic zoning and seismic hazard assessment is
to determine the probable intensity of seismic impacts for selected time intervals. The methodology for the
probabilistic assessment of seismic hazard used in the development of GSZ maps of the Republic of
Kazakhstan on a new methodological basis [4-7], included in the Code of Rules of the Republic of
Kazakhstan 2.03-30-2017 “Construction in seismic zones” [1], includes both domestic developments in
identifying, parameterizing the zones of possible epicenters of earthquakes and consideration of their
influence on the seismic hazard of the territory [8-13], and the advantages of the western engineering
approach [2]. It is based on materials studying the structure of the earth's crust and lithosphere, modern
geodynamics, regional seismicity, seismotectonics, and engineering seismology. The conceptual basis
constitutes modern ideas about the maximum magnitude of the probable magnitude of earthquakes,
conditioned upon the structural and dynamic unity of the geophysical environment and the seismic
processes developing in it, and as a result, the size, strength properties, and intensity of the interaction of
geoblocks [10].

The adopted methodological approach defines the following general tasks of seismic hazard
assessment, which are described in detail in the works [6-14]:

— Seismotectonic and geological-geophysical studies, which include the study of active faults and the
assessment of their parameters; the construction of a seismotectonic model of the region, and on its basis,
the identification of probable earthquake zones and zones of diffuse seismicity; determination of their
seismic potential, depth, and mechanism of sources of expected earthquakes [11-15];

— Seismological studies, which include the development of a consolidated catalogue of earthquakes,
local seismological observations, assessment of the parameters of the seismic setting, the establishment of
a model of seismic setting (earthquake recurrence law) [6,11,13,14].

— Calculation of forecast assessing in intensities of a macroseismic scale and quantitative parameters
(peak ground accelerations, etc.). Determination of the dependences of these parameters on the
characteristics of the seismic source (magnitude, distance, source mechanism, direction of the rupture,
type of ground conditions), the path travelled by seismic waves, as well as local ground conditions at the
observation site based on world and regional data. These patterns (attenuation dependencies) are used to
predict seismic effects on maps of seismic zoning of different detail [6,11].

— Compilation of an uncertainty model based on a logic tree [16] to factor in the spread and
incompleteness of data on the size, position, recurrence, and impact of earthquakes.

— The calculation of the probabilistic assessment of seismic hazard with the use of computer software
such as SEISRISK IIT [17], M3C [18], etc.

— Compilation of seismic zoning maps of a given scale using GIS technologies based on the results of
a hazard assessment. According to the Code of Rules of the Republic of Kazakhstan 2.03-30-2017, maps
should reflect the 10% and 2% probability in 50 years of a possible, which corresponds to the average
time intervals of 475 and 2,475 years between earthquakes with the estimated intensity.
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Upon developing seismic zoning maps, mainly stock materials are used (of Institute of Seismology,
Seismological Experimental and Methodical Expedition, Committee of Geology and Mineral Protection of
the Republic of Kazakhstan, and other organizations). An exception is the assessment of seismic hazard
for critical facilities, such as nuclear power plants, which, according to the IAEA requirements, is carried
out following the special projects with the necessary amount of field research. Generalization of data on
the seismicity of regions [9,11,13,19,20] includes the following steps:

— determination of seismic parameters for different regions is based on the law of earthquake
recurrence;

— quantitative assessment of seismicity is carried out by compiling maps of the spatial distribution of
seismic activity, the density of earthquake epicentres, the type of seismotectonic deformation, the angle of
the slope of the repeatability graph, the specific power of seismic energy sources, the thickness (power) of
the seismically active layer, etc.

Development of geological and geophysical substantiation of seismotectonic models of zones of
occurrence of earthquake sources (seismogenic zones) [5,9,12,14,21-23] includes the following steps:

— the structure of the consolidated foundation with the allocation of the main structural-material
complexes and the most important structure-forming faults [24];

— the structure of the platform cover (if any), including material complexes, structural forms and
faults [25];

— recent tectonics (Late Oligocene-Holocene), including the interpretation of the latest tectonic
structures (morphostructures), the intensity of neotectonic movements, the latest active faults [12,26,27], a
possible manifestation of paleoseismic dislocations [28,29].

Development of seismotectonic models of zones of occurrence of earthquake sources (seismogenic
zones) [14]. Regional and local seismotectonic models are compiled:

— The regional model should cover the region within which earthquake sources and potential
seismogenic structures are located, which have a seismic effect to the intensity of 5 on the MSK-64(K)
scale on the mapped territory. The regional model includes showing the types of the earth’s crust
responsible for the position of the depths of the centres of earthquakes, and the potential seismogenic
zones of the domain and/or lineament-fault types. The scale of the cartographic regional model is
determined by the size of the territory within 1:5,000,000-1:2,500,000.

— The local seismotectonic model includes real and potential seismic zones within the mapped
territory and is performed on the scale of the main map of seismic zoning.

Generalization of engineering and seismological data, development of macroseismic field equations
and models for predicting earthquakes (attenuation models) for different regions is carried out using
macroseismic materials from territories with different tectonic and geotechnical conditions [9] and
instrumental observation data [6,30]:

1. When assessing impacts in intensities, the following steps are envisaged [11]: Mapping of isoseists
of strong earthquakes that have a seismic effect on the investigated area. The study of the patterns of
attenuation of the intensity of shaking depending on the magnitude, distance, azimuth of the wave and
geological features of the environment. Determination of the parameters of earthquake sources for which
instrumental data are not available (formulas are used both with one attenuation parameter and with
separate consideration of the discrepancy and absorption factors). Establishment of relationships
connecting the main parameters of seismic effects with the characteristics of the sources and the
environment, using the available world and regional dependencies that describe the relationship between
the parameters of ground vibrations and unconditionally established factors affecting them (magnitude,
distance). Attenuation coefficients are determined separately for the near and far zones, with and without
consideration of the size of the source, along and across geological structures [11].

2. To assess the effects in quantitative parameters with a lack of observed data in the required range
of magnitudes and distances (especially in low- and mid-seismic regions), those predicted attenuation
relations can be used, which are selected from the ones used in world practice based on a specially
conducted study. Dependences are selected according to criteria adopted in modern world practice, and
minimal sets of models for predicting earthquakes (3-5 models each) are formed for each of the
established seismotectonic regimes. This approach allows to consider the uncertainties caused by the lack
of data for regional models. The main criteria for preliminary selection are the reliability of the model, the
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ability to predict the entire range of magnitude-distance-periods of interest, and the use of parameters
applied in modern international practice. The functional form of the models should have the desired
features, including saturation with magnitude, the dependence of the distance on magnitude, and members
imitating the effects of inelastic damping. Models showing different trends are applied to adequately
represent the uncertainties if they are sufficiently backed up by data. For different seismotectonic regimes,
additional criteria for the selection of forecast models associated with the methods and features of their
preparation are applied. Available regional data are used to test selected global models [6].

Establishment of seismic setting parameters. Upon GSZ, seismogenic zones with M,,,, > 5-6, are
considered, and upon DSZ, zones with M,,,. < 5.0 are investigated, depending on the detail of work and
the category of objects [6,9,11,13].

The following stages are envisaged:

— compilation of a unified cumulative recurrence schedule of earthquakes with consideration of their
representativeness for each seismogenic zone;

— determination of the average annual rate of earthquakes and the probability of their occurrence for
each magnitude interval;

— assessment of the recurrence period of historical destructive earthquakes;

— assessment of the level of seismic activity, normalized by time and area for the reference
magnitude;

— determination of the average minimum and maximum depths of the hypocenter of earthquakes,
including the estimated depth of the geometric centres of earthquakes with M > 7.0;

— the establishment of geometric parameters (strike azimuth, dip angle) and the type of prevailing
movements;

— upon calculation of seismic effects in quantitative parameters (accelerations, spectral accelerations)
with the use of world forecasting models, regime parameters are determined for the case of moment
magnitude Mw.

Determination of seismic effects according to regional and local seismotectonic models:

— Seismic effects are calculated according to the developed regional and local seismotectonic models
both in MSK-64(K) scale common and in the form of quantitative assessments of seismic vibrations.

— Upon a probabilistic assessment, the calculated intensity is shown with average repeatability at a
given point [6,11,13,17,18]. A set of maps is developed both in MSK64(K) intensities and in the form of
quantitative assessments of seismic vibrations, with a pr probability of exceeding of 10%, 2% over the
next 50 years. SR-475 maps are used for ordinary industrial and civil construction, SR-2,475 — for the
construction of critical facilities.

— If necessary, the DSZ maps highlight the places of increased probability of the occurrence of
destructive (strong) earthquakes in the next 10 years according to long-term earthquake prediction
methods.

Compiling of maps and explanatory note. The set of GSZ maps includes 5 maps on a scale of
1:2,500,000:

— map of seismogenic zones of the territory of Kazakhstan (seismotectonic model), differentiated by
the expected maximum energy of possible earthquakes (M,,,..);

— two maps describing the seismic hazard of the territory in values of geometric mean peak
accelerations (in g units) of rock and rock-like ground vibrations at two levels of occurrence probability
and possible excess of the seismic effect at 10% and 2% over 50-year time intervals;

— two maps describing the seismic hazard of the territory with macroseismic intensities according to
the Code of Rules of the Republic of Kazakhstan 2.03-28-2004 “Scale for assessing the intensity of
earthquakes MSK-64(K)” at two levels of occurrence probability and possible excess of the seismic effect:
10% and 2% for 50-year time intervals.

The set of DSZ maps includes 5 maps on a scale of 1:1,000,000:

— map of seismogenic zones of the territory (seismotectonic model), differentiated according to the
expected maximum energy of possible earthquakes (M,,..);

— two maps describing the seismic hazard of the territory in values of geometric mean peak
accelerations (in g units) of rock and rock-like ground vibrations at two levels of occurrence probability
and possible excess of the seismic effect: 10% and 2% over 50-year time intervals;
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— two maps describing the seismic hazard of the territory with macroseismic intensities according to
the Code of Rules of the Republic of Kazakhstan 2.03-28-2004 “Scale for assessing the intensity of
earthquakes MSK-64(K)” at two levels of occurrence probability and possible excess of the seismic effect:
10% and 2% for 50-year time intervals. All cartographic materials are accompanied by map symbols and
explanatory text, comprehensively explaining their contents.

Review and approval procedure:

— Upon completion of work, a set of Seismic Zoning Maps (GSZ, DSZ) and an Explanatory Note to
them shall be subject to review and approval by the Scientific Council of the Institute of Seismology.

— Completion Statement, submitted by the Institute of Seismology and a set of Maps (GSZ, DSZ)
shall be subject to review and approval by the authorized body of the Customer (Committee of Science of
the Ministry of Education and Science of the Republic of Kazakhstan).

— An edition of the Seismic Zoning Maps (GSZ, DSZ) received by the Customer shall be subject to
approval by the National Scientific Council of the Republic of Kazakhstan.

— The materials are transferred to the Ministry of Industry and Infrastructure Development of the
Republic of Kazakhstan (MIID RK). Organization of work on the development of technical regulations
and national standards, including the formation and maintenance of a list of regulations and technical
guidance documents in the field of architecture, urban planning, and construction activities constitute the
main function of the Committee on Construction, Housing and Utilities of the MIIR RK (paragraphs 21,
47, 51 of the Regulation on the Republican Public Institution “Committee on Construction and Housing
and Utilities” of the MIIIR RK).

— Sets of GSZ and DSZ Maps, which constitute the basis for the development of State regulations in
the field of architecture, urban planning, and construction of the Code of Rules of the Republic of
Kazakhstan 2.03-30-2017 [1] shall be transferred to KazNIISA (a subordinate organization of the
Committee Construction and Housing and Utilities of the MIIIR RK). The Institute of Seismology, as a
developer of the scientific and methodological base for the development of the Code of Rules of the
Republic of Kazakhstan, provides AO KazNIISA with the necessary consultations.

Results and discussion. Seismic hazard assessment is the first link in seismic forecasting. It is
understood as the determination of regional seismic-generative zones, the determination of their seismic
potential and the spatiotemporal patterns of the occurrence of earthquakes in them, the establishment of
possible seismic effects, both in assessing in intensities and in maximum accelerations and rates of ground
vibrations. Depending on the tasks, object, and scope of the research, seismic zoning can be general
(GSZ), detailed (DSZ) and micro (SMZ). The work offers methodological provisions for the
implementation of diverse types of seismic zoning in Kazakhstan. The proposed provisions are based on
the experience of seismic hazard assessment and seismic zoning in Kazakhstan, including national
developments and the results of international projects.

A set of maps of general seismic zoning (GSZ) is a mandatory regulatory document for planning and
implementing measures for earthquake-resistant construction in the Republic of Kazakhstan (RK) in
accordance with the Code of Rules of the Republic of Kazakhstan “Construction in Seismic Zones” [1],
approved by the Order of the Committee for Construction and Housing and Communal Services of the
Ministry of Investment and Development of the Republic of Kazakhstan dated December 20, 2017.
General seismic zoning — a study on assessment of seismic hazard of a vast territory — includes a set of
geological-tectonic, geophysical, seismological work to identify seismic-generative zones characterizing
the seismic potential, determination of the parameters of the seismic setting of these zones and assessment
of the seismic effect in the mapped territory. The results of the studies are GSZ probability maps on a
scale of 1:2,500,000, used in planning economic development of various regions and assessing the total
costs of antiseismic activities nationwide.

Detailed seismic zoning maps (DSZ) determine the totality of expected seismic impacts in the
administrative regions of the republic, as well as in the territories of design and construction of important
national economic objects, carried out on a scale of 1:1,000, 000 to 1:500,000. The area sizes and scales
are determined according to the purpose of the DSZ and economic feasibility. The studies include a set of
works similar to GSZ, but with attention to details required for DSR. DSR maps are compiled in
accordance with the methodological requirements set forth in this paper and replace, in agreement with the
Committee for Construction and Housing and Utilities of the Ministry of Investment and Development of
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the Republic of Kazakhstan, the standard GSZ map in the territories for which they are produced. Seismic
microzoning maps (SMZ) are compiled for the territories of cities, large settlements with a population of
more than 30,000 people and located in areas with seismic hazard of 6 or more assessing in intensitie on
the MSK-64(K) scale [3], designed industrial, hydraulic, and other objects in order to determine (clarify)
the seismic intensity in these territories according to the geotechnical conditions. Apart from the
determination of the initial seismicity of the region, the construction and installation work include a set of
works to study the engineering-geological, hydrogeological, and other conditions of the territory,
including the seismic properties of grounds to consider their influence on seismic effects. SMZ maps are
produced at a scale of 1:50,000 and larger, as agreed with the customer in accordance with the
methodological requirements set forth in this paper.

Conclusions. The determination of the probability of an earthquake at a particular point in the next t
years is associated with significant uncertainty. The complexity of the estimates is explained by the non-
stationary nature of the seismic process, insufficiently certain methodological principles and approaches,
relatively short periods of collection of representative data on both strong and weak earthquakes, and often
a complete lack of information about them due to imperfection of the observing network, lack of sufficient
knowledge about the impact of global as well as regional geodynamic processes in seismic setting, etc.
Therefore, seismic hazard assessments made in past years sometimes turned out to be inadequate to real
environmental conditions, which, along with poor-quality construction, continues to cause significant
material damage to the national economy.

The scientific significance of the research lies in creation of a geological-geophysical and
seismological database of experimental data that allows to understand the nature of the occurrence of
seismic events. Seismic zoning with an assessment of the seismic hazard in the territories of regions,
cities, and large settlements of the Republic will enable the implementation of the “Concept for reforming
the regulatory framework of the construction sector of the Republic of Kazakhstan”, and government
authorities and businesses to take proactive operational measures to ensure public safety, reduce socio-
economic, and environmental damage. The obtained results will allow to consider the structural features of
the earth's crust and its stress-strain state, to identify their connection with seismicity. The research results
are a necessary part of the seismic hazard assessment of highly seismic regions of Kazakhstan. The results
of the study are associated with a decrease in damages from possible catastrophic earthquakes, a decrease
in negative socio-environmental and economic consequences, and will contribute to the sustainable
development of the state, which fully complies with the principle of timeliness.

. K. CyJaees, H. b. O36exoB, A. b. CaabsikoBa, H. B. Cusiauesa, H. I1. Ctenanenko
Ceiicmororust UHCTUTYThI, AnMaTel, Kasakcran

3AMAHAYH BJIICTEMEJIIK HET'I3/IE KASAKCTAH TEPPUTOPUSICHIH CEMCMUKAJIBIK
AYIJAHIOACTBIPY AbIH BIKTUMAJI/IBIK KAPTACBIH 93IPJIEY )KOHIH/IEI'T ¥CBIHBICTAP

AnHoTauus. XXep cinkiHici canmapblHaH TYBIHIAWTBIH ©JIIM CaHBIH, MaTEPUAJIBIK 3apJal IMeH JJIeyMETTiK-
SKOHOMHMKATBIK KYJIIBIPAyAbl a3aliTy CEMCMHMKAIIBIK KayilTiH AYphIC OaranaHyblHa OalnmaHblcThl. Makanamga Kazak-
CTaH YIIIH 93ipJIcHreH CEHCMUKAIBIK KayinTi OaranayablH 9iCTEMENIK Heri3i, Heri3ri Tajanrtap MEH JKaIlbl, HAKThI
JKOHE IIAFbIH ayJaHzay CEeKULAl TYPJi ayKbIMJIarbl TEPPUTOPUSIIApAbI CEHCMUKANBIK ayAaHIaCcThIPy YIIIH KaXKeTTi
xyMbIcTap Ti3imi Oepinren. Onap 2017 KbUIbl HOPMATHUBTIK KyXKaTTap/AblH KypambiHa KipreH Kazakcran teppuro-
PUSCHIH JKaJIBl CCHCMUKAIBIK ayTaHIACTBIPY KapTaChIH XKoHEe AJIMAThl KAIACBIHBIH CCHCMHKAIBIK IIAFBIH aydaHay
KapTachlH JKacaraH Ke3Je jKaHa oicTeMelliK Heri3ue ampodanusuianraH. CelCMHUKAIBIK KayinTi OaranayIblH jKaHa
anici «EBpokox 8: CelicMukara To3iMI1 KOHCTPYKITUSIIAp B! j)K00amay» HETi3ri KaruaaaapbiHa cail KeJeTiH, ceicMu-
Kara Te3IM/Ii xo0aray MeH KYPbUIBIC TAIANTapblH €CKePETIH, BIKTUMAJIBIK OOJIBIT CaHaJIaThIH KoHe KazakcTaHmarsl
)anmbira oprak MSK-64 (K) mkamacelHBIH CEHCMHUKAIBIK KapKbIHBI OOMBIHIIIA FaHA €MeC, TONBIPAKTHIH IIBIHJIBIK
YAeyi CEeKiUIIl CaHIbIK MapaMeTp OOWBIHINA Ja CEHCMUKAJBIK KayinTi Oaramayra MYMKIHAIK OepeTiH oficHamara
HETi3[eNreH. O3ipieHIn XaTKaH KapTaJapAblH ayKbIMBIH €CKepe OTBIPBIN miemryre OojaThiH opOip CEHCMUKAIBIK
ayIaHAaCTBIPy TUOTEPIiHIH XKaJIIbl MiHISTTEP] aHBIKTAIFaH.

XKep cinkinici omakTapbIHBIH Iaija 00jy aiMaKTapbIHBIH YJTICI, aTaaMbIl aiMaKTapIblH CEHCMUKAIIBIK
JKarIaiaap yirici MeH KapKblHABIFbIH Oaranay/IbIH yIIrici ceKiiai OomKaMHBIH ©3apa 0aiIaHbICThI YII TYpI YITijie-
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piH KYpYJIbl KAMTHTBIH CEHCMHUKAJBIK KayilTi OaranayiblH KE3CHIIK KaFuAaThl KOJIaHbUIaNbl. TOpTIHIN Ke3eH —
OENriieHreH yakbIT apalibIFbIHAAFbl CEHCMUKANBIK dCEp/i apTThIPy BIKTUMANIbIFbIH Tanaay. CeficMUKaBIK acep
MCK-64 (K) ceficMuKkaabIK KapKbIHABUIBIK IIKaJIa OATBIMEH JKOHE TOIBIPAK CUIKIHICIHIH (IIBIHIBIK YACY JKoHE T.0.)
caHZBIK TapaMmeTpiMeH Kepceruiemi. KaszakcTaH TeppUTOPHSACHI YIIiH OCNTieHreH ayKbIMAAFbl CEHCMHKATBIK
ayJIaHIACThIPy KapTachIHBIH Naiija 00y BIKTUMAIABIFBIHBIH eki fAeHreiine (10% xone 2%) xoHe ecenTiK KapKbIH-
JIBUIBIK Kep CUIKIHICTEpi apachIHIarbl y3aKThIFbl 475 xone 2475 b1 O0NAThIH, OpTAlla aJIFaH/IaFbl YAKbIT apajbl-
FhIHA cail KeyeTiH 50 KbUT yaKbIT apaJibIFbIHIAFbl CEHCMUKAIIBIK dCEP/IiH aCy MYMKIHIIT1 €CeNTEeNreH.

TombIpak CiJIeMiHIH I€OTEXHUKAJIBIK KACUSTTEPiH 3ePTTEY/AiH HEri3ri Tocinaepi — 30 MeTpaeH KeM eMec TepeH-
JIKKE YHFbIMayapbl OYpFbIIAay JKOHE TONBIPAKTHIH (PU3NKO-(DU3NKO-MEXaHUKAJBIK KACHETTEPiH JAalalblK >KOHE
3epTXaHAJBIK dHiCTEPMEH 3epTTey. NHKEHEPIIK-TeONOTHSIIBIK KOHEe TeO(U3NKAIBIK 3epTTeyiIepae OaKpuiay HYKTe-
nepiuin caubl 1 kM” ayaanFa 2-1eH KeM GoIMaybl Kepek jKoHe KYMBIC OarjapiaMachia Herizaenyi tuic. Xacamatsin
WH)KEHEPIIK-TeOJOTHSIIBIK, 137ICHICTEpIiH HETI3r TYpJiepi: TeOJIOTHUSUIBIK KHMa KYPBUIBIMBIH 3€PTTEY; TOMBIPAKTHIH
(hU3UKO-MEXaHUKAIIBIK KACUETTEPIH aHBIKTAY; KOJIANHCHI3 TeOIOTHSUIBIK YPIICTEP MEH KYOBLIBICTAP/IBI 3EPTTEY.

TombIpak KacHETTEPiHIH CTpaTH(PHUKAIUACH! OYPFBIIAY YKOHE TeO(U3HKAIBIK SMICTEPMEH aHBIKTAIAIbL. TOIbI-
PaKThI 3ePTTEY/IIH 3epTXaHAIBIK JKOHE JAJANBIK ICTEPiH/IE OpOip MHKESHEPIIK-TCOJOTHSIIBIK JIEMEHTTIH (DHU3HKO-
MeXaHUKaIbIK (aedhopMarsIbiK-0epiKTiK) KoHE (DU3MKAIBIK MMapaMerpiepl aHbIKTadaasl. Komaichi3 (H3HKAIBIK
KyOBUIBICTApFa: TEKTOHMKAJIBIK Y3UIIMHIH 00Jybl; KAPCTTHIK OaiiKary; OeTKeHIiH OPHBIKCHI3ABIFBI; KATThl CEHCMUKA-
JIBIK 9Cep €Ty Ke3iH/Ie TOMBIPAKThIH Celilyl MEH 1Ieryi karaibl. ACIANThIK reo(pH3UKaIbIK 3epTTEYJIeP TOMBIPAKTHIH
CeHCMUKAIBIK KACHETTEPl TYPaIbl MAIIMETTEP/Il ally MaKCaThIHA KYPri3iieai. ['eOTeXHUKAIBIK KOHE CeHCMHUKAIIBIK
KHMa MOJIIMETTEP1 CabICTHIPBUIABI. ACHANTHIK Te€0MU3UKAIBIK 3ePTTEYJIep KEUICHIHE JKep CUIKIHICTepl MEH MUKPO-
celicManapapl Koca aFaHAaarbl CeHCMUKAIBIK JKOHE CEHCMOIIOTHSUIBIK QIIICTEp KipeIi.

CM3-ra apHaifaH TOMBIPAKTHIH OpOIp TCOTCXHHUKAIBIK J3JIEMEHTIHIH €H MaHBI3Ibl (PH3HKO-MEXaHHKAIBIK
cumnarTamMachblHa R CEeHCMHKAIBIK KATaHJBIFBI, SFHU p THIFBIBIBIK IEH Vs KOJNICHEH TOJKBIH JKbULIaMIBIFBIHBIH
KeOeHTIHIICI KaTaapl. OpOip TeOTEXHUKAIBIK AIEMEHTTIH KOJACHEH TOJIKBIH >KbUIIAMIBIFEl KUMaTapAbIH KabaTrap-
Fa @XKbIPAYbIHBIH T'€OTEXHUKAIBIK MOJIIMETTEPIMEH CAIBICTHIPHUIATHIH CEWCMHKAJIBIK MATIMETTEpre OaillaHbICThI
AHBIKTAJA/IBI.

Tyiiin ce3aep: xep CUIKIHICIHIH KalTallaHy 3aHbl, SKOHOMUKAJIBIK JaMy/Ibl )KOCHApJiay, TOMIPAK KacHeTTepi,
reopU3MKaNbIK 3epTTeyIIep.

I. K. Cyaees, H. B. ¥Y36ekoB, A. b. CaagpixoBa, H. B. Cuiauesa, H. I1. Ctenanenko
WHucTuTyT ceiicmonorun, AnMatsl, Pecrrybnuka Kazaxcran

PEKOMEHJIALIVU 1O PA3PABOTKE BEPOSITHOCTHBIX KAPT
CEMCMHMYECKOI'O PAMOHUPOBAHUS TEPPUTOPUM KA3BAXCTAHA
HA COBPEMEHHOM METOJIMYECKO OCHOBE

AHHOTanusi. MUHMMH3aLIUsT CMEPTEH, MaTEpHATIBHOIO yliepOa M COLUATbHO-IKOHOMHUYECKUX pa3pyLICHUH B
pesylpTaTe 3eMIIETPSICEHUH 3aBUCUT OT HAJEKHBIX OLEHOK CEHCMHMYECKOM OIACHOCTH. B craThe npencTaBiieHbI
METOJIMUECKHE OCHOBBI OLICHKH CEHCMHYECKOH OIacHOCTH, pa3padboraHubie it Kazaxcrana, OCHOBHbIE TpeOOBaHUS
U repevyeHb paboT, HeOOXOMMBIX JUIsl TIPOBEICHHS CEHCMHUYECKOr0 PailOHMPOBaHHS TEPPUTOPUI pa3HOro Maciirada
— o01ero, 1eTanbHOr0 ¥ MUKpopaioHnpoBanus. OHM anpoOHpoOBaHbl pU co3aaniK KapTel 001ero celicMu4eckoro
paifonupoBanust Teppuropun Kazaxcrana, KOTOpble BOILIM B HOpMaTuUBHbIE AOKyMeHTHl B 2017 romy, u Kaptsl
celicMUYeCKOro MHUKpPOpailoHHMpOBaHUs ropoja AMaTbl HA HOBOM METOAOJIOrMYeckoil ocHoBe. HoBbIl moaxon k
OLIGHKE CEeMCMUYECKOH OMAaCHOCTU OCHOBAaH HA METOMOJIOTHH, KOTOpas COOTBETCTBYET OCHOBHBIM IIOJIOXKEHUSIM
EBpoxona 8 «IIpoekTupoBaHme CEHCMOCTOMKIX KOHCTPYKIIMI, OTBEYAET TPEOOBAHUSAM CEHCMOCTOMKOTO TIPOEKTH-
POBaHHMS U CTPOMTEINILCTBA, SIBIISICTCS BEPOATHOCTHBIM M MTO3BOJIAET HE OLICHUBATH CEHCMUUYECKYIO ONACHOCTH TOJIBKO
M0 CeHCMIYECKOW WHTCHCHBHOCTH 1o oOmenpuHaTond mii Kazaxcrana mkane MSK-64 (K), HO u mo kommdec-
TBEHHBIM ITapaMeTPaM — ITUKOBBIM YCKOPEHHSIM IpyHTa. [ KaKIoro Tuia CeCMHYECKOT0 pallOHMPOBaHHUS OIpe-
JIeNeHbl 00IIME 3313491, KOTOPhIE MOXKHO PEIIUTh C yU4eTOM MaciuTada pa3pabaTbIBaeMbIX KapT.

Hcnonb3yercs NpUHIMI O3TAHONW OLEHKU CEHCMUYECKOM ONTACHOCTH, BKIIIOYAIOLIUI CO3JaHUE TPEX B3aUMO-
CBSI3aHHBIX MOJIENeH MPOTHO3MPOBAHUS — MOJEIH 30H BO3SHUKHOBEHMS OYaroB 3eMIIETPSACCHHMH, MOAEIM ceiicMu-
4eCKOW OOCTaHOBKM 3THX 30H M MOJIENIM OLEHKH CO3/1aBacMbIX UMW WHTEHCHBHOCTEH. UeTBepThIi dTanm — aHaiu3
BEPOSITHOCTH TIPEBBIILIEHUsT celicMuueckoro 3¢ dexTa ajsl 3aaHHbIX UHTepBaJIoB BpeMenu. Celicmuueckuii addexr
BeIpakaeTcst B Oaymax Imkansl ceicmMudeckoil mHTeHCHMBHOCTH MCK-64 (K) M B KOJIMYECTBEHHBIX IapaMeTpax
COTpsICEHUS TPyHTA (TMKOBBIE yCKOpeHHs U T.1.). KapThl ceficMuueckoro pailoHMpoBaHuMs 331aHHOTO MaciuTada Juis
tepputopun Kazaxcrana paccuuransl uist AByX ypoBHeH BeposTHOCTH (10% ¥ 2%) BO3HUKHOBEHHS M BO3MOXKHOTO
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MPEBBILLEHUS CEMCMUUYECKOT0 BO3AEMCTBYS Ha MHTEpBasiax BpeMeHU 50 JIeT, 4YTO COOTBETCTBYET CPEIHUM BPEMEH-
HBIM UHTEpBaJIaM JUTHTEIEHOCTRIO 475 1 2475 et Mex 1y 3eMIIeTPSICCHUSIMA pacUeTHON HHTEHCUBHOCTH.
OCHOBHBIMH METOAAMHU U3YUEHHS TEOTEXHUIECKUX CBOWCTB TPYHTOBOTO MacCHBa SIBISAIOTCS OypeHHe CKBaYKUH
Ha T1yOnHy He MeHee 30 M U mccienoBaHne (PU3UKO-(QU3NKO-MEXaHUIECKUX CBOMCTB IPYHTOB JIA0OPATOPHBIMU U
MoJIeBbIMU MeToZaMu. KoniuecTBO ToUeK HAOIIOACHUS! [IPU HHKEHEPHO-TEOJIOTHUECKHUX U Te0()U3UUECKUX UCCIIEeI0-
BAHMSX JOJUKHO OBITH HE MeHee 2 HAa | KM’ IUIOM[AAM M OOOCHOBBIBACTCS B IpOrpamMme paGoT. OCHOBHBIC BHIBI
BBIMOJIHAEMBIX HHKEHEPHO-TE0JOIMYECKIX U3bICKaHUI: U3ydEeHNEe CTPOEHUS Te0JIOTHUECKOT0 pa3pesa; onpeieneHue
(hU3UKO-MEXaHMYECKHX CBOWCTB IPYHTOB; 3yUeHHE HEOIArONPHUSTHBIX T€0JOIMYECKUX POLECCOB U SIBICHHH.
Crparudukaiiysi CBOWCTB TPYHTOB ONpECsIeTCs OYPOBBIMU U TeOPH3MUSCKUMH METOIaMu. B 1abopaTopHbIX
U TIOJIEBBIX METOAAX M3YYEHHs T'PYHTOB OINpeNeIstoTcs: pu3nueckre u (U3HKOo-MexaHudeckue (1edopMaoHHO-
NPOYHOCTHBIE) MapaMeTphl KaKIOTO WHXKEHEPHO-TE€OJIOTHYecKoro sneMeHta. K HeOiaronpusTtHeIM (U3MUECKUM
SIBIICHUSIM OTHOCSITCS: HAIM4KE TEKTOHUYECKUX Pa3pbIBOB; KAPCTOBBIE MPOSIBIECHUS; HEYCTOMUMBOCTD CKIIOHA; Pa3ikKU-
JKCHHE U OCEJJaHWe MIPU CHIIBHBIX CEHCMUYECKUX BO3MCHCTBUAX. HCTpYMEHTABHBIC TEOPH3NUECKUE HCCIEeTOBAHMUS
MIPOBOIATCS AJIS TIONMYYCHUS JAHHBIX O CEHCMUYECKHX CBOWCTBaX rpyHTOB. CpaBHHMBAIOTCS TaHHBIC TEOTEXHHUYEC-
KOTO M CEHCMHUYECKOTO pa3pe3oB. KOMITIEKC HHCTPYMEHTABHBIX Te0(pH3MIECKIX UCCISIOBAaHUN BKITIOYAET UCTIONb-
30BaHHE CEUCMMUECKUX U CEHCMOJIOTMUECKUX METOJIOB, BKIIFOYAsl PETUCTPALIMIO 3EMJICTPSICEHUN U MUKPOCEUCM.
Baxneiimei Gpu3HKO-MeXaHHIECKOW XapaKTEPUCTHKON KaXI0T0 TeOTEXHUIECKOTo ieMeHTa rpyHTa s CM3
SIBJISIETCS CEMCMHUYECKast )KECTKOCTh R — MPOU3BEJCHUE CKOPOCTH TIOTIEPEYHON BOJTHBI Vs U MIIOTHOCTH p. CKOPOCTH
NMONEPEUYHBbIX BOJIH I KaXXAOTO IM'COTEXHUYECKOI'0 3JICMCHTA ONPEACIAIOTCA IO CEMCMHUYECKUM JaHHbIM, KOTOPBIC
CPaBHUBAIOTCS C JAHHBIMU T'€OTEXHUYECKOT0 PacCIOeHHs pa3pe3oB.
Ki1roueBble €JI0Ba: 3aKOH IOBTOPSIEMOCTH 3€MIIETPSICEHUI, INTAHUPOBAHUE YKOHOMHUYECKOTO Pa3BUTHS, CBOMCTBA
TpyHTa, Te0()U3NUECKHUE HCCIICTOBAHUSL.

Information about the authors:

Suleyev D.K., Full Doctor in Technical Sciences, Department of Administrative and Management, Institute of
Seismology, Almaty, Kazakhstan; d.suleyev5381@uoel.uk; https://orcid.org/0000-0001-7064-5347

Uzbekov N.B., PhD in Physics and Mathematics, Department of Administrative and Management, Institute of
Seismology, Almaty, Kazakhstan; n.b.uzbekov5381@murdoch.in; https://orcid.org/0000-0001-5831-9303

Sadykova A.B., Full Doctor in Physics and Mathematics, Laboratory of Regional Seismicity, Institute of
Seismology, Almaty, Kazakhstan; a.sadykova5381@kpi.com.de; https://orcid.org/0000-0003-1969-0905

Silacheva N.V., PhD in Physics and Mathematics, Laboratory of Engineering Seismology, Institute of
Seismology, Almaty, Kazakhstan; silacheva5381@ubogazici.in; https://orcid.org/0000-0001-5541-5519

Stepanenko N.P., PhD in Technical Sciences, Laboratory of Structural Geophysics, Institute of Seismology,
Almaty, Kazakhstan; n.stepanenko5381@murdoch.in; https://orcid.org/0000-0001-9437-6196

REFERENCES

[1] Code of Rules of the Republic of Kazakhstan No. 2.03-30-2017 “Construction in seismic zones” (2017). Available at:
https://online.zakon.kz/document/?doc_id=36128461.

[2] BSEN 1998-1: 2004 Eurocode 8. Design of structures for earthquake resistance — Part 1: General rules, seismic actions
and rules for buildings. European Committee for Standardization. Brussels, Belgium (2004). Available at:
https://www.phd.eng.br/wp-content/uploads/2015/02/en.1998.1.2004.pdf.

[3] SN RK No. 2.03-28-2004 “Scale for assessing the intensity of earthquakes MSK-64 (K)” (2004). Available at:
https://online.zakon.kz/Document/?doc_id=30400303.

[4] Abakanov T.D., Lee A.N., Sadykova A.B., Silacheva N.V. (2017) Modern approaches to seismic hazard assessment to
ensure the economic and environmental safety of Kazakhstan, Materials of the World Congress of Engineers and Scientists,
2:106-111 (in Eng.).

[5] Abakanov T.D., Lee A.N., Sadykova A.B., Silacheva N.V., Stepanenko N.P. (2016) Seismic zoning of the territory of
Kazakhstan in the framework of Eurocode 8. Tectonophysics and Current Issues of Earth Sciences, IPhZ RAS, M. 325 p.

[6] Silacheva N.V., Kulbayeva U.K., Kravchenko N.A. (2018) Probabilistic seismic hazard assessment of Kazakhstan and
Almaty city in peak ground accelerations, Geodesy and Geodynamics, 9 (2): 131-141 (in Eng.).

[7] Silacheva N.V., Kulbayeva U.K., Kravchenko N.A. (2020) On the implementation of seismic microzonation of Almaty
(Kazakhstan) in ground accelerations based on the “continual” approach, Geodesy and Geodynamics, 11: 56-63 (in Eng.).

[8] Bune V.1., Gorshkov G.P. (1980) Seismic zoning of the USSR. Nauka, M.

[9] Kurskeev A.K., Timush A.V., Shatsilov V.I., Sydykov A., Gorbunov P.N., Sadykova A.B. (2000) Seismic zoning of the
Republic of Kazakhstan. Evero, Almaty.

— 243 =



N E W S of the Academy of Sciences of the Republic of Kazakhstan

[10] Ulomov V.I. (1999) Seismogeodynamics and seismic zoning of Northern Eurasia, Volcanology and Seismology, 4/5:
6-22 (in Eng.)

[11] Sydykov A. (2004) Seismic setting of the territory of Kazakhstan. Gylym, Almaty.

[12] Timush A.V. (2011) Seismotectonics of the lithosphere of Kazakhstan. Luxe Media Group, Almaty.

[13] Sadykova A.B. (2012) Seismic hazard of the territory of Kazakhstan. High Technology, Almaty.

[14] Timush A.V., Taradaeva T.V., Stepanenko N.P., Sadykova A.B., Sydykov A.A. (2012) Seismic generating zones of
Kazakhstan. High Technology, Almaty.

[15] Aleshin A.S. (2010) Seismic microzoning of critical facilities. Svetoch Plus, M.

[16] Youngs R.R., Coppersmith K.J. (1985) Implications of fault slip rates and earthquake recurrence models to
probabilistic seismic hazard estimates, BSSA, 75: 939-964 (in Eng.).

[17] Bender B., Perkins D.M. (1987) SEISRISK III: a computer program for seismic hazard estimation. U.S. Government
Publishing Office, Washington.

[18] Musson R. (2009) PSHA using Monte Carlo simulations: M3C v3 User guide. Internal Report IR/09/058, British
Geological Survey. Personal Communications, 12(6): 31 (in Eng.).

[19] Aranovich Z.I., Akhalbedashvili A.M., Gotsadze O.D. (1977) Methodology for calculating the effectiveness of
regional seismic stations using the example of the Caucasus. Metzniereba, Tbilisi.

[20] Mikhailova N.N. (1996) Seismic hazard in the quantitative parameters of strong ground movements (for example,
Almaty). Joint Institute for Physics of the Earth O.Yu. Schmidt, Moscow.

[21] Stepanenko N.P., Kaydash T.M. (2014) Structural-speed criteria for assessing seismic hazard based on the volume
P-velocity model of the lithosphere of Kazakhstan and adjacent territories, News of the National Academy of Sciences of the
Republic of Kazakhstan. Series of Geology and Engineering Sciences, 6: 41-48 (in Eng.).

[22] Shatsilov V.I., Gorbunov P.N., Timush A.V. (2000) New data on the Tien Shan tectonosphere // Reports of the NAS
of the Republic of Kazakhstan, 2: 50-54 (in Eng.).

[23] Stepanenko N.P., Kaydash T.M., Kurilova O.K. (2019) Development of two-dimensional seismic tomographic
P-velocity models of the earth's crust and subcrustal mantle, Geology and Mineral Protection, 3 (72): 71-76 (in Eng.).

[24] Uzhkenov B.S., Nusipov E. (2007) Geodynamics and seismicity of the lithosphere of Kazakhstan. Nauka, Almaty.

[25] Timush A.V. (1993) Geological criteria for the seismic hazard of the orogenic belt of Kazakhstan. Available at:
https://rusneb.ru/catalog/000219_000026_RU_%D0%93%D0%9F%D0%9D%D0%A2%D0%91%20%D0%A0%D0%BE%D1%
81%D1%81%D0%B8%D0%B8_IBIS_0000173866/.

[26] Shatsilov V.I., Timush A.V., Stepanenko N.P., Kaydash T.M., Belousova N.P. (2005) Structural features of the Tien
Shan lithosphere and adjacent platforms. Nauka, Almaty.

[27] Timush A.V. (1998) Seismotectonics and the forecast of seismic hazard in Kazakhstan, Geology of Kazakhstan,
1: 54-62 (in Eng.).

[28] Solonenko V.P. (1977) Seismogenic deformations and the paleoseismological method. Nauka, Novosibirsk.

[29] Gapich V.A., Timush A.V., Chabdarov N.M. (1989) Seismic dislocation of South Kazakhstan. Institute of
Seismology, Alma-Ata.

[30] Silacheva N.V., Kulbaeva U.K., Kravchenko N.A., Voeckiy A.E., Kalieva L.S. (2017) Network of digital stations of
strong movements Almaty, 2000-2017. Modern Methods of Processing and Interpretation of Seismological Data: Materials of the
XII International Seismological School, Obninsk, Russia. 342 p.

—— 244 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBuia opopmieHHs CTAThU s My OJIMKAINH B )KypHAIe CMOTPETh Ha calTe:
www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Penakropet M. C. Axmemosa, /{. C. Anenos, A. Axmemosa
Bepctka /[. A. A6opaxumosoii

Ilopmucano B meuats 15.12.2020.
®dopmar 70x881/8. Bymara odcernas. [leuars — puzorpad.
17,6 m.n. Tupax 300. 3aka3 6.

Hayuonanvhas akademus nayk PK
050010, Aamamut, ya. [llesuenxo 28, m. 272-13-19, 272-13-18



