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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 carthquakes
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 carthquake resistance”, meets the needs of ecarthquake-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.
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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 modem principles of regionalization in countries within the zones of the Eurasian Economic and
Customs Unions. The new approach meets the needs of ecarthquake-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 modem 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 arca. 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 inclastic 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
cach magnitude interval;

— assessment of the recurrence period of historical destructive earthquakes;

— assessment of the level of seismic activity, normalized by time and arca 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 A7 > 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 ecarthquake 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
carthquakes 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
carthquakes 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 Ultilities 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
arc 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.

I K. Cyaees, H. b. O30¢exon, A, b. Caxpikosa, H. B. Ciiauera, H. I1. Cremanenko
Ceticmoniorusa uHCTHTYTHL, AnMmarsl, Kasakcran

3AMAHAYH 9JAICTEMEJIIK HET'I3JAE KASAKCTAH TEPPUTOPHUACHIH CEMCMUKAJIBIK
AYJAHJACTBIPYABIH bBIKTUMAJIIBIK KAPTACBHIH 93IPJIEY JKOHIHJAEI'T YCBIHBICTAP

AnHoramusa, JXep CUIKiHICI caamapblHAH TYBIHOAWTHIH ©J1iM CAHBIH, MATCPHAIABIK 3apJal MCH OJICYMCTTIK-
SKOHOMHKABIK KYJIIBIPAYAbl a3alTy CCHCMHUKAJBIK KayilTiH Ayphic OaranaHybiHA OaimanbicThl. Makamaaa Kaszak-
CTaH VIIH 931pJCHICH CCHCMHKANBIK KAyinTi OarajayaplH 9TICTEMENIK HETi31, HETi3Ti TAlanTap MCH KANIbI, HAKTHI
JKOHC IIAFBIH AVAAHAAY CCKIAI TYPIl ayKBIMIAFbl TCPPHTOPHAIAPABI CCHCMHUKANBIK ayJAHAACTHIPY VIIH KAXKETTi
JKyMBIcTap TiziMi OepimreH. Omap 2017 KbpLTbI HOPMATHBTIK KYKAaTTApIbIH KypaMbiHa KipreH Kaszakcran teppuro-
PHSACHIH JKAJITbl CCHCMUKATIBIK Ay IAHIACTHIPY KAPTACHIH KOHC ANIMAThl KAaJACBIHBIH CCHCMHUKAITBIK IAFBIH ayAaHIAY
KapTachlH KacaraH Ke3Zc >KaHA dMICTEMENK Herizae ampodanwsianraH. CeHCMUKANBIK KayinTi OaranmayablH KaHA
onici «EBpoxon 8: CeficMukara Te3IMAI KOHCTPYKIIHUIAPABI KOOANAY» HETIr KaFHJalIapblHa Call KCJICTIH, CCHCMHU -
KaFa Te3iMAi ’k00ajiay MCH KYPBUIBIC TATANTAPBIH CCKEPCTIH, BIKTHMAIIBIK OOJIBIN CAHAIATHIH JkoHE KazakcTaHmars
skammeFa optak MSK-64 (K) mkanachiHBIH CCHCMHUKANBIK KAPKBIHBI OOHBIHINA FAHA SMCC, TOMBIPAKTHIH IIBIH/IBIK
YAeyl Cekinai CaHAbIK mapameTp OOMBIHINA Ja CEHCMHKAIBIK KayinTi Oaranayfa MYMKIHZIK OEpeTiH omicHaMara
HETI3AeAreH. O3IpJCHIN JKaTKAH KapTaJapablH AyKbIMBIH CCKEpPE OTHIPBIN IIEHIyTre OOJATBHIH SpOip CEHCMMKAIBIK
ayJAHAACTHIPY THOTCPIHIH KBl MIHACTTEP] AHBIKTAJIFAH.

Kep cinkimici OmAaKTApbIHBIH TMaiaa OO0y AMMAKTAPBIHBIH YJTiCi, ATAIMBII AWMAKTAPIBIH CEHCMHUKATBIK
JKaFgaiimap yirici MCH KapKbIHABIFBIH OaFajiayIbIH YITiCi CeKiai OODKAMHBIH 63apa OAMIaHBICTHI VI TYPJI YiTiie-
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PiH Kypyabl KAMTHUTBHIH CCHCMHKANBIK KayinTi OaralayslH KE3E€HAIK KaFWAaThl KOJIAHBUIAABL. TOpTiHMON Ke3eH —
OCITiNCHIeH YaKbIT APANBIFBIHAAFb CCHCMHKANBIK 9CEPAl apTTHIPY BIKTUMANIABIFBIH Tanaay. CeHCMHKANBIK dcep
MCK-64 (K) ceficMAKAIBIK KAPKBIHIBLIBIK ITKATIa OATBIMCH JKOHC TOMBIPAK CUTKIHICIHIH (IIBIHABIK YACY KOHE T.0.)
CaHOBIK TapaMeTpiMcH kepcerimenmi. KaszakcTtaH TeppHTOPHACH YIOIH OCATIICHTCH AyKBIMIAFBI CCHCMHKAITBIK
ayTaHJACTHIPY KAPTACHIHBIH Maiina 001y BIKTHMAIABIFBIHGIH ¢Ki AeHreiine (10% xone 2%) ’KOHE €CENTIK KAPKBIH-
JIBLITBIK JKCP CLIKIHICTEPi apaChHIAFH Y3aKTHIFE 475 mkone 2475 kb1 OOJATHIH, OpTalla alFAaHIAFEl YAKBIT apajbl-
FBIHA Call KeNMeTiH S50 JKbIT YaKbIT apaIbFRIHAAFE CCHCMUKATIBIK OCCPAiH aCy MYMKIHIITI CCCTTCITCH.

TombIpak CieMiHIH TCOTCXHUKAIBIK KACHCTTCPIH 3¢PTTCYIiH HETi3ri Tocimaepi — 30 METPACH KeM eMeC TCPCH-
TIKKC YHFBIMATAPABI OYPFBUIAY JKOHC TOMBIPAKTHIH (DH3HKO-()H3HKO-MCXAHHKAJIBIK KACHCTTCPIH JANANBIK >KOHC
3ePTXAHAIBIK OMICTCPMEH 3¢pTTCY. NHKCHEPIIIK-TCONOTHSIIBIK, KOHE TCOPM3HUKANBIK 3ePTTCYICPAC OaKplIay HYKTC-
nepiHiH caubl 1 KM” ayJaHFa 2-I¢H KeM 00IMAayhl KEPEK sKOHE sKyMBIC OaF1apIaMachina Herizaeayi tuic. YKacamarsm
HHKCHEPITIK-TCOIOTHSIIBIK 13ACHICTEPAIH HETI3r1 TYPJEpi: TeONOTHAIBIK KMMAa KYPBUTBIMBIH 3€PTTCY; TOIBIPAKTHIH
(PM3MKO-MEXaHUKATIBIK KACHETTEPIH aHBIKTAY; KOJIAMCHI3 TCOJNOTHSIIBIK YPAICTEP MEH KYOBLIBICTAPBI 3EPTTEY .

TomsIpak KacHETTEPiHIH CTpaTH(UKANKACH OYPFBINAY MKOHE Ireo(hM3NKAIBIK dICTCPMEH AHBIKTAMA bl TOIbI-
PaKTHI 3ePTTEYIIH 3EPTXAHANBIK KOHE JANAIBIK dJICTEpiHAC dpOip HHKECHEPIIK-TCOIOTHAIBIK 3MEMEHTTIH (pr3HKo-
MCEXAHUKAIBIK (Ie(POPMAIHAIBIK-OCPIKTIK) JKOHE (DH3UKAIBIK MApaMETPICpl aHBIKTadamel. Komalchi3 (DH3HKABIK
KYOBLTBICTAPFA: TCKTOHUKAIBIK Y3LTIMHIH OOJyBI, KAPCTTHIK Oalkamy, OCTKCHIIH OPHBIKCHI3ABIFBI, KATTHI CCHCMUKA -
JIBIK OCEP CTY KC3iHAC TOMBIPAKTHIH CCHITY1 MCH IIOTyi >KaTafgpl. ACTIANTHIK TeO(H3HKATIBIK 3¢PTTCYIC) TOMBIPAKTHIH
CCHCMUKAITBIK, KACHETTEPI TYPABI MAIIMETTEPII Ay MAKCATBHIHAA JKYPri3iieai. [ COTCXHUKATBIK KOHE CCHCMMKAIIBIK
KHMa MOJIIMETTEPi CANBICTBRIPBUIAABL. ACTANTHIK TCO(PH3HKANBIK 3CPTTCYICP KSIICHIHS KeP CLIKIHICTEpi MCH MHKPO -
celicMaIapabl KOCa aTFAHAAFBI CCHCMHUKABIK YKOHE CCHCMOIOTHAIBIK 9TICTEP Kipeadi.

CM3-ra apHaIFaH TOMBIPAKTBIH OpOip TCOTCXHHKAIBIK AICMCHTIHIH €H MAHBI3IBI (DH3HKO-MEXAHHKAIBIK
CHIIATTAMACHIHA R CCHCMMKAIBIK KATAHABIFBL, SFHH 0 THIFBI3ABIK TCH s KOIICHCH TOJKBIH KbLTAAMIBIFBIHBIH
KOOCHTIHICI KaTaapl. OpOip T€OTEXHUKAIBIK HJICMEHTTIH KOIIICHCH TOJKBIH >KbLIIAMIBIFBI KUMATIapabsH KadaTrap-
Fa AXBIPAYBIHBIH TCOTCXHHUKAIBIK MOMIMCTTCPIMCH CANTBICTHIPBUIATHIH CCHCMHKANBIK MOTIMETTCPre OAHIAHBICTHI
AHBIKTATIATIbL.

Tyiiin ce3aep: >kep CUIKIHICIHIH KalTalxaHy 3aHbL, IKOHOMHKAIBIK JAMYIbl XKOCTIAPIAy, TOMBIPAK KACHETTEPI,
TCO(DMBHKATIBIK 3CPTTCY ICP.

I. K. Cyaees, H. B. ¥36exoB, A. b. CagpikoBa, H. B. Cuiauepa, H. I1. Crenanenko
Hucruryt ceiicmomorun, Amvarst, PecryOmmka Kazaxcran

PEKOMEHJIAIIUUA 11O PASPABOTKE BEPOATHOCTHBIX KAPT
CEUCMHUYECKOI'O PAHOHUPOBAHUS TEPPUTOPHUH KA3AXCTAHA
HA COBPEMEHHOU METOJUYECKOHU OCHOBE

AnHOTammsl. MUHIMH3a0Us CMEPTEH, MATEPHAIBHOTO yHiep0a M CONHAIbHO-YKOHOMUYCCKHX PA3pyLICHUH B
pe3yapTaTe 3EMICTPACCHHH 3aBHCHT OT HAJCIKHBIX OLCHOK CECHCMHMYECKOH OMACHOCTH. B cTaThe mpeacTaBicHBI
METOIUYECKHIE OCHOBBI OIICHKH CEHCMHYECKOM OTACHOCTH, pazpadoTaHublie [yt KazaxcTana, OCHOBHBIC TPEOOBAHUS
H TICPCUCHB PAad0T, HCOOXOAUMBIX /I MPOBCACHUS CCHCMUICCKOTO PAHOHHPOBAHUS TCPPUTOPHHA PA3HOTO MACIOTada
— 00mIero, ICTambHOTO M MEKpopatioHupoBanna. OHH anpoOHPOBAHEI PH co3AaHuA KapTer 00mero CeHCMIIECKOTO
paiionupoBanms Teppuropun Kasaxcrana, kOTOpble BOILIM B HOPMATHBHBIC JOKYMEHTHI B 2017 roxy, m Kapter
CCHCMHYCCKOTO MHKPOPAHOHHPOBAHUSA TOPOJa ATMATHI Ha HOBOH METOMOJIOTHHUCCKOH ocHOBE. HOBBII moaxox k
OLICHKE CEHCMHYECKON OMACHOCTH OCHOBAH HA METOJOJIOTHH, KOTOpPas COOTBETCTBYET OCHOBHBIM IOJIOKCHHAM
EBpoxoaa 8 «[IpoekTupoBaHne CEHCMOCTOMKUX KOHCTPYKIHUH», OTBEUACT TPECOOBAHMIM CEHCMOCTOWKOTO TPOCKTH -
POBAHHUA U CTPOUTEIBCTBA, ABETCA BEPOATHOCTHBIM U IMO3BOJLIET HE OLEHUBATH CEHCMHYECKYIO OMACHOCTH TOIBKO
Mo CCHCMHYCCKOW WHTCHCHBHOCTH mo oOmenpuHAToN ana Kaszaxcranma mkaxe MSK-64 (K), HO u mo kommdec-
TBEHHBIM MAPAMETPAM — MHKOBBIM YCKOPEHUAM IpyHTA. [UIA KasKAOrO THIHA CEHCMHYECKOTO PAlfOHUPOBAHUA OIpPE-
JICTICHbI OOTIHE 33a1a4H, KOTOPHIC MOXKHO PEIINTD C y4eTOM Macmrada pa3padaThIBAEMBIX KapT.

Hcnonp3yeTcs NpUHIMI NO3TATHON OLEHKH CEHCMUYECKON OMACHOCTH, BKIIFOYAOLIUM CO3AAHAE TPEX B3AHMO-
CBA3aHHBIX MOJCJICH MPOTHO3HPOBAHUA — MOACTH 30H BO3HHKHOBCHHA OYATOB 3EMIICTPACCHHH, MOJACTH CEHCMHU-
YECKOH OOCTAHOBKH 3THX 30H M MOJCIH OLCHKH CO3JABACMBIX WMH WHTCHCHBHOCTCH. UETBEPTHIH 3Tam — aHAIH3
BEPOSITHOCTH IPEBBIICHMST CEHCMUYIECKOTO 3((heKTa Al 3aNaHHBIX MHTEPBAIOB BpeMcHHU. Ceticmmueckuit 3(dexr
BRIpAKACTCHA B Oamiax mkamel ceificMmueckoii mHTCHCHBHOCTH MCK-64 (K) W B KOJIHYCCTBCHHBIX HApaMeTPax
COTPSICCHHUS TPYHTA (IMMKOBBIC YCKOPEHHUS U T.1.). KapTsl ceficMIieckoro palfoHUPOBAHUS 3aJAaHHOTO MacmTada st
Teppuropuu Kazaxcrana paccumraHsl Ayl ABYX ypoBHEH BeposTHOCTH (10% u 2%) BO3ZHHKHOBEHHUS W BO3MOKHOTO
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MIPEBBIICHU CEHCMHUYECKOTO BO3ACHCTBHA HA MHTEPBANax BpeMeHH 50 JIET, YTO COOTBETCTBYET CPEAHHM BPEMEH-
HBIM HHTEPBAJIAM JIHTCIBHOCTBIO 475 1 2475 neT Mexay 3eMICTPACCHUAME PACUCTHOM HHTCHCHBHOCTH.
OCHOBHBIMH METOAAMH H3YUCHHS TCOTCXHUUECKUX CBOMCTB IPYHTOBOTO MACCHBA SIBJLTIOTCS OyPEHHE CKBAKHH
Ha r1yOmHy He MeHee 30 M W mccreoBaHHe (PH3HKO-(PH3HKO-MEXAHHUCCKHX CBOWCTB TPYHTOB JTa0OPAaTOPHBIMH H
TOJIEBBIMH MeTOAaMH. KommiecTBO ToUeK HaOMOACHIL IIPH HH)KEHEPHO -TEOIOTHUECKUX M TC0(DH3MIECKHUX HCCIICI0-
BAHMAX JOJDKHO OBITH HE MeHee 2 HAa | KM® MUIOIAIM H OOOCHOBBIBACTCA B MPOrpaMMme padoT. OCHOBHBIC BHIBI
BBINOTHACMBIX HHDKCHEPHO-TEOJOTHICCKIX U3BICKAHUHN: H3YUCHHE CTPOCHUS TEOJOTHYSCKOTO Paspesa; ONpeacaCHUE
(PM3MKO-MEXaHMIECCKHUX CBOMCTB ITPYHTOB; H3YUCHUE HEOIArONMPHATHBIX TCOJIOTHUCCKIX MPOIICCCOB U SBJICHHH.
Crparu(mkanus CBOHCTB TPYHTOB OIIPEACICTCS OYPOBBIMH U TreO(H3MICCKAME METOAaMH. B mabopaTopHbIX
W TIONICBBIX METOJAX H3YYCHUS TPYHTOB ONPEACILIFOTCS (hH3MMECKHE M (PM3HMKO-MEXaHm4YecKue (ae()opMaIiOHHO-
TIPOYHOCTHBIE) MAPAMETPHI KAKAOTO HHKCHEPHO-TCOIOTHICCKOro 3neMeHTa. K HeOmarompusaTHeM (PH3HUECKUM
SBICHUAAM OTHOCATCA: HATHYHE TEKTOHHYCCKHX PA3PhIBOB; KAPCTOBBIC MPOSABICHUSA, HEYCTOIYMBOCTD CKIIOHA;, Pa3Ki-
JKCHHC M OCCIAHHC MPH CHJIBHBIX CCHCMHYCCKHX BORICHCTBHAX. THCTPYMCHTANBHBIC TCO(PH3HICCKIC HCCIICAOBAHMU
TIPOBOIATCS IS TMOJMYYCHHUS JAHHBIX O CEHCMHYECKMX CBOMCTBAX IpyHTOB. CpaBHHBAIOTCA JAHHBIC TCOTCXHHYCC-
KOTO M CEHCMHYECKOTO Pa3pe30B. KOMIIEKC HHCTPYMEHTANBHBIX TeO(M3HICCKAX HCCICAOBAHNN BKITFOYACT HCIIOJIb-
30BaHHE CEHCMHUYECKHUX H CEHCMOIOTHYECKUX METO0B, BKJIFOUAS PETUCTPALIUIO 3eMIICTPACCHII H MEUKPOCEHCM.
Baxueiime# (r3HK0-MEXaHHUECKOH XapaKTEPHCTHKON KKIOTO TEOTEXHIIECKOTO 3IeMeHTa rpyHTa 11 CM3
SABIBICTCA CCHCMHUYCCKA KECTKOCTh R — MPOU3BEACHUE CKOPOCTH MOTICPSUHON BOJHBL Vs U MIOTHOCTH p. CROPOCTH
MOMEPEYHBIX BOJH AN KAKAOTO TCOTEXHHYECCKOTO JJIEMEHTA ONMPEACIAOTCA M0 CEHCMHUYECKUM JAHHBIM, KOTOPBIE
CPABHUBAIOTCS C JAHHBIMH FCOTEXHHYECKOTO PACCIOCHUS PA3Pe30B.
Kmo4deBnbie ¢/10Ba: 3aK0OH TIOBTOPSIEMOCTH 3EMIICTPACCHHH, TUIAHUPOBAHHUE SKOHOMHYIECKOTO PA3BHTHL, CBOICTBA
TPYHTA, Te0(hU3MICCKAUE HCCIICTOBAHSL
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