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The report: 97 pages, 1 book, 18 sources, 3 applications.
RESERVE, STABILIZATION, QUALITY, METHOD, ESTIMATES, CONCENTRATION, CONDITION, GEOINDICATORS, CRITERIA, ALGORITHMS
Object of study: Mining design and production enterprises.
Mining project and mining enterprises.
Purpose of the project: Development of technology for stable stabilization of quality concentration and preparation of ready-made removable reserves of solid minerals along the horizons of the mine.
Method of work: complex, including the method of estimation theory, modeling method, information and geological-geometric analysis, qualimetric estimates.
Results of work and their novelty.   A method for determining the geo-indicator properties of the modal characteristic of ore quality is substantiated. Geoindicator geological-geometric and conditioning-technological criteria for assessing mining reserves; a method for assessing the zonal distribution of the useful component; a method for spatial zoning of mining reserves by uniformity of concentrations and a method for the level of conditioning of ore quality. A full - scale experimental analysis of the implementation of the developed methods is performed. Computer computational algorithms for qualimetrization of the geological content of a useful component are justified.
Novelty of the work: for the first time, geo-indicator criteria for typologizing the reserve of different-quality ores were developed (patent No. 233535, 2019 was obtained); a method for determining the genetic zone of influence of the modal value of the useful component (ayavka No. 2019/0637.1, 2020); methods for zoning mining reserves by air conditioning and concentration of ore quality along the mine horizons.
Recommendations for implementing research results. It is required to develop a technological manual on the application of methods for zoning of mining reserves.
Field of application: Mining and geological branch of mineral resources development.
The economic significance of the work is due to the stabilization of fluctuations in the ore content, taking into account the target indicators of consumer quality, the estimated forecast is up to 800 million tenge / mine.
Predictive assumptions about the development of the research object. Development of research on the development of quality stabilization technology for the exploitation of high-value solid minerals is required.
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INTRODUCTION

Assessment of the current state to solve scientific and technical problems.
Traditional methods of forming the quality of ores consist in drawing up geological high-quality prospective and calendar and current plans for mining horizons, which represent deterministic sets of disparate sets of microblocks with different quality indicators and diverse geometric configuration, from which enlarged production areas are built. The measure of their set is the average content, which is the target quality indicator. However, due to the purely calculated value of its value, and since it is not a natural geological value recorded in the reservoir space, the reliability of average quality is in advance committed to unpredictable accidents, accompanied by systematic and random errors.
The absence of stable proper mechanisms for zoning concentration concentrations, the complexity of the nature of the processes of assessing and using discretely separated geological blocks within a scalar geological exploration massif usually cause a high cost, laboriousness and repeatability of the processes of formation and stabilization of quality, make it impossible to establish real patterns of concentration of ore quality. The well-established practice of a single-shot increase in the volume of exploration wells and sampling of mine workings is often accompanied by the uncertainty of reaching a reasonable concentration limit corresponding to the true average grade for the production area [3,8].
The practice of applying modern foreign directions of geostatistics, traditional methods of isolines, graphic-analytical and computer modeling, methods of structural-mineralogical, geochemical, technological mapping of minerals is reduced to the disclosure of individual parameters and processes that have an indirect effect on the formation of quality, they consider tasks that are not related to these problematic disadvantages [4,9].
Basis and initial data for the development of the theme. The analysis of the acceptability of the known methods for the formation of quality indicators of quality outputs showed that the known methods of geoindicators, which are identical in nature, are reduced to the determination of various properties of rocks and the interrelationships of their features with subsequent identification in relation to the geological mapping of a geological object. They lack analytical assessments describing the dependencies and criteria for identifying target concepts, which affect the effectiveness of their application in various problems of forming and stabilizing the quality of ores during mining.
Justification of the need for research. The need for research is due to the priority and large-scale direction of production for the creation of finished products of minerals in terms of quality and condition, providing the technical conditions of the sales market. The importance of carrying out research and development work on this issue on a national and international scale is due to the fact that solving the problem of creating a consistent process for stabilizing the quality of ores is aimed at a radical modernization of the traditional methods and technologies for forming the standardized quality of ores by averaging with the involvement of technological processes and technical funds. For this, it is envisaged to use the methods and principles of a new direction - qualimetrization of geological and technological processes of exploitation of minerals.
Information about the planned scientific and technical level of development, patent research and conclusions from them. The patent research carried out at the beginning of the work in the field of mapping and the formation of quality at the level of its stability with the involvement of geo-indicator features showed the patentability of the project tasks. The development of new conceptual results obtained under the project, which are associated with the use of geo-indicator signs in the field of georesources, is envisaged.
Information on metrological support of research work. In this project study, the developments being carried out are not associated with negative impacts on the environment, no equipment is required.
Relevance and novelty of the topic. The relevance of the topic is due to the unfavorable economic and technological consequences caused by the growth of competition, the tightening of technical conditions and the market for the quality of mineral raw materials, the dynamics of increasing costs for exploration, numerous testing of wells and various warehouses, additional technical means, averaging technological processes and pre-enrichment. Thus, the solution of the problematic tasks of the formation and stabilization of the ore quality outputs, which make it possible to eliminate the exorbitant cost of frequently repeated ore quality averaging processes by creating progressive approaches and technologies, becomes urgent.
The novelty of the topic. The novelty of the project topic and the impact of the results obtained on the development of science and technology is seen in the use of the first developing direction in the earth sciences - qualimetry of properties and processes of exploitation of minerals, and stable geological-genetic qualimetric geoindicators. For the first time, it was established and experimentally proved that the division of the geological reserve into zonal areas of homogeneous concentration, conditionality and variability of quality can be achieved by the nature of regular changes in the geological contents of ores by using the genetic zone of influence of the modal value of the useful component. A method has been developed to determine the genetic zone of influence of the modal value of the useful component for the first time by using the differences in heterogeneity of the interval values ​​of the contents grouped around it (patent №. 233535, 2019).
The fundamental difference between the new ideas on the topic lies in a fundamental change in traditional approaches and technologies to the processes of formation and stabilization of quality, including spatial qualimetric reproduction of rich and high-quality, typologized according to the target quality indicators, with increased, ordinary and near-contour with a low concentration of ores, zoned according to the degree of quality readiness for specifications and market range. The prospects of ideas on the topic stems from the use of "hidden" natural geoindicator useful properties of the main quality characteristics and the fundamental principle of "feedback" from the target indicators of consumer quality to the parameters of its concentration in the ore massif.
Communication of this work with other research projects. This work is a continuation of the research work "Creation of a qualimetric basis for the theory of regulation of the quality of ore products in difficult mining and geological conditions" and "Development of a method for standardization and technological processes of indicators of mining operations" carried out in the period 2010 - 2014.
Purpose of work. Development of technologies for stabilization of quality concentration and preparation of ready-made removable reserves of solid minerals along the horizons of the mine.
The idea of achieving the goal of the project is based on the use of the concept and methods of qualimetrization of processes in the tasks of stabilizing the concentration of quality and finished stocks with the help of qualimetric geoindicators that ensure a sustainable optimum in terms of their target indicators.
Method of work: complex, including the method of estimation theory, modeling method, informational, geological-geometric and factor analyzes, qualimetric estimates and geo-indicator signs.
Research task: 
1) Development of qualimetric geo-indicator criteria for mapping the quality of ore minerals;
2) An analytical description of the target indicators for stabilizing the quality concentration in the production areas of the reservoir;
3) Development of methods for creating spatial zoned mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine.
A full-scale experimental analysis of the acceptability of new methods and analytical assessments of the spatial and statistical distribution of the concentration and conditionality of the quality of ores based on the actual data of the zonal division of the geological reserve of the main deposit of the Lisakovsky iron ore deposit was carried out.
The results of research and development work on problematic problems of parametric stabilization of variation in the consumer quality of ores during their extraction are of great importance in the field of new achievements in domestic and world science.
List of prepared interim reports:
2018 - 0218RK00492 "Development of technology for sustainable stabilization of quality and preparation of ready-made removable reserves of solid minerals along the horizons of the mine"
2019 - 0219RK00387 "Development of technology for stable stabilization of quality concentration and preparation of ready-made removable reserves of solid minerals along the horizons of the mine."



1  Development of qualimetric geo-indicator criteria for mapping the quality of ore minerals

Based on the results of the analysis of the current state of the practice of assessing quality indicators and the use of geo-indicator signs, their specific features, it has been established that the practice of applying modern foreign methods in statistics, existing isoline methods, graph-analytical and computer models, methods of structural mineralogical, geochemical, technological mapping of minerals is reduced to the disclosure of individual parameters and processes that have an indirect impact on the formation of quality and they consider tasks that are not related to these problem shortcomings [7-9]. Evaluation of the essence and acceptability of the known methods of mapping indicators, quality related to quality in the patent space showed that they are basically identical in the nature of the use of geo-indicators. Their essence boils down to the determination of various properties of rocks and and the relationship of their ghosts with subsequent identification in relation to the geological lodging of a geological object. The lack of analytical assessments describing the dependencies and criteria for identifying target representations affect the effectiveness of their application in various tasks of the mining and geological industry.
The results obtained for 2018 include completed scientific developments according to the schedule: 
1) An analytical analysis of the current state of the issues of assessing the indicators of geo-resources using geo-indicator features has been carried out, their specific features have been disclosed. 
2) The method for determining and using the geological - genetic geoindicator properties of the modal quality characteristics of solid fossils, based on the results:
a) The assessment of the geological and genetic properties of the modal value of the useful component in the determined space and the statistical field of contents, obtained in the form of spatial feature properties of the image continuity and the uniqueness of its distribution, as a variable in a deterministic space with absolute coordinates (x, y, z) and statistical feature properties as the number of frequency distribution of grades, as a statistical variable in the well data field with stratigraphic coordinates (j,i,ө);
b) the geo-indicator signs of the geological and genetic properties of the modal value of metal contents were determined, including the highly informative value of the modal value as the main geo-indicator sign; two-dimensional distribution of its values, reflecting the spatial relationship of deterministic geometrical and statistical stratigraphic parameters of well data; its functional connection with the target indicators of the formation of quality.
3) Geoindicator criteria for qualimetrization of ore quality concentration for the production areas of the deposit were developed.
a) substantiated the guiding concept of substantiation of geo-indicator criteria for qualitative typology of a geological reserve of a solid mineral. 
b) geo-indicator geological and geometric criteria have been developed that provide typologization of the space of metal contents into the contours of rich, high-quality, ordinary, near-contour poor ores and geo-indicator condition-technological criteria that provide technomorphological parametrization of the rational division of the near-contour areas into mining zones and quality zones. 
The target task is the development of geo-indicator digital criteria for qualimetrization of the quality concentration for the production areas of the deposit was carried out for the first time on the basis of the use of natural geological-genetic properties and geo-indicator characteristics inherent in the modal quality characteristic; highly informative and two-dimensionality and its functional determinability in the space of the ore massif are determined and analytically described; for the first time, geometric expressibility was revealed as a spatial variable with absolute coordinates and as a statistical digital variable with stratigraphic coordinates. The suitability of the modal characteristics of the quality of ores as the main qualimetric geo-indicator of the qualitative and technological typology of rich, high-quality, ordinary and near-contour ores for which the limits of concentration, conditionality and variability of the metal content are uniform has been proved.
A method has been developed for determining and using the geological and genetic geoindicator properties of the modal quality characteristics of solid minerals, which is based for the first time on the results of identifying and assessing the natural geological and genetic properties and geoindicator features inherent in the modal quality characteristic. The geological-genetic spatial and statistical characteristic properties inherent in the modal quality characteristic are determined and analytically described, the properties of two-dimensionality of propagation are assessed simultaneously as a spatial parameter, geometrically expressed in the reservoir space and as a statistical measure of the set, estimated by the number of frequencies in the stratigraphic surface, functional relationships by the average value and correlation with the main parameters of quality formation.
The concept of substantiating geoindicator criteria for qualimetrization of ore quality is to create a qualitative and technomorphological structure of an ore massif by substantiating a basic vector geoindicator and its constituent digital criteria that allow parametric structuring of ore quality by production sites within horizons. The basic qualimetric geoindicator as a vector modal-digital criterion is intended for the selection of varieties of raw material quality, geometric display and statistical differentiation of the concentration of metal contents. The substantiation of the basic natural geo-indicator was carried out on the basis of the geological and genetic properties of the modal quality characteristic, according to which spatial and statistical (deterministic) qualimetrization of quality is provided. The basic geo-indicator is a two-criterion, which has a statistical character and has a numerical quantitative value, and as a modal area, which has a spatial character and geometric expression. This property of two-dimensionality of the modal quality characteristics formed the basis for the creation of a two-criterion geo-indicator for a qualitative typology of reservoir reserves.
The main geo-indicator signs of the geological and genetic properties of the modal value of the metal content were determined and evaluated: a) as a quality attribute with the highest information content, exceeding other values by 4-6 times, confirmed by the results of the assessment in the conditions of deposits of chromite, bauxite and iron-bearing ores; b) as a qualimetric modal area as a two-criterion regulatory feature, based on which the geological reserve is divided according to geometric expressions and statistical data of grades into qualitative types of recovered ores and the correlation of spatial and statistical quality parameters along their contours is analytically estimated.
Geoindicator criteria for the qualimetrization of ore quality for the production areas of the deposit, including the components of the criteria: geological-geometric and conditional-technological digital criteria have been developed. Geoindicator geological and genetic criteria provide a qualitative typology of the geological reserve on the basis of which the reproduction of production sites is carried out that are qualitatively homogeneous in terms of target indicators of consumer quality. Geoindicator conditioning-technological criteria provide the parameterization of the technomorphological structure of the areas of near-contour mixed-poor ores, along which rational contours of production itself and waste formation zones are constructed.
A geo-indicator digital model of qualimetrization of the metal content space according to particular digital criteria for the qualitative typology of ores was developed based on the principle of multi-criteria assessment and has the form

F(K0)=Ф(Kg0, Kt0),                                                      (1)

where
Kg0, Kt0 – geo-indicator criteria of geological (Kg0) and technological (Kt0) qualification.
The geo-indicator geological criterion (KG0) is a basic component in a multicriteria model and is designed to reproduce and display the limiting contours of metal concentration within the main intra-contour ore massif. In essence, the geo-indicator geological criterion is vector in nature and consists of three particular modal-digital criteria (Kg.1, Kg.2, Kg.3). This criterion serves as a regulatory basis for the reproduction of qualitatively typologized levels of concentration, conditionality and variability of metal contents within the production areas along the horizons.
Private modal-digital criteria allow for a detailed structuring of the geological reserve through its qualitative typology at the level of production areas (blocks). The first particular modal-digital criterion is intended for the typological separation and display of high-grade ore rich with an increased concentration by a combination of positive absolute deviations exceeding the modal value and the aggregate of metal contents common in the contours of these limits К1= |Сi-Сmо| ≥0). The second particular modal-digital criterion serves as a critically important regulator of qualimetrization and is intended for typological selection and display of highly informative modotypic quality ores with an increased concentration by a combination of modal values and the aggregate grouped around the zone of influence of their metal contents (K2= |Сi-Сmо| →min). The third particular modal-digital criterion is intended for the typological division and display of industrial rank-and-file with a predominant concentration of medium-quality ores by a combination of negative deviations not exceeding the modal value and the aggregate of these metal content limits common in the contours (K3= |Сi-Сmо| ≤0).
Thus, the geo-indicator-digital multicriteria model of reproduction of qualitatively typologized zones of concentrations of metal content includes a particular qualimetric criterion:
1) Criterion Kg.1(Ci) =|Ckaч-Сmо|>0, 

distribution limits                        (2)

2) Criterion  , 

distribution limits                        (3)

3) Criterion  , 

distribution limits                      (4)

According to the concept of qualimetrization of the geological exploration scalar massif of a deposit during its differentiation, the maximum values ​​of the modal geoindicator and the average value of the content for the base gelogic areas contoured at the initial level of differentiation are subject to a gradual decrease. In the full structure of qualimetrization of a geological reserve of a solid mineral on the basis of geo-indicator digital criteria of qualitative typology, the initial indicators are: maximum values of the geological content for geological areas of quality and ordinary ores; the minimum values of the geological grade for the production areas of run-of-mine and near-contour ores; the values of the amplitude variability of the geological content for geological and operational areas; qualitative limitation (parameter) of the technical conditions for the sale of products; modal values of geological content for geological and operational areas. The qualimetric structure of differentiation of geological reserves provides for spatial zoning of geological reserves using geo-indicator digital criteria through the modal value and the average value of the geological content.

























2 Analytical description of target indicators of stabilization of quality concentration in the production areas of the reservoir

A method has been developed for assessing the zonal spatial - statistical distribution of the concentration of a useful component in the contour of an ore deposit, based for the first time on the use of the zone of influence of the modal characteristics of the quality of ores, according to which the zoning and accuracy of mineral reserves are ensured. Analytical estimates of the determination of the dimensional parameters of the zone of influence of the modal value of the contents are substantiated, taking into account their heterogeneity, along which the zonal contours of the reserves of ordinary, high-quality and high-quality ores, homogeneous in concentration and conditionality of the useful component, are established. Potential foundations of operational maintenance and a procedure for qualimetric mapping of zonal ore reserves have been created, aimed at increasing the efficiency of exploration and stabilizing the quality and development of mining operations. Analytical assessments of the formation of uniformity of distribution of concentration and conditionality of ore quality over the production areas of the deposit are recommended. Working formulas for calculating the degree of heterogeneity of ore quality indicators are derived, taking into account their information content and variability of the content of the useful component.
Based on the scientific results obtained, a full-scale experimental analysis of the acceptability of the new method and analytical assessments of the spatial-statistical distribution of the concentration and conditionality of the ore quality was carried out according to the actual data of the zonal division of the geological reserve of the main deposit of the Lisakovsky iron ore deposit. The confirmed conclusions were obtained that: the relative error in determining the zonal reserves is reduced than with the traditional approach due to the stabilization of variability and geometric uncertainty, concentration and conditionality of ore quality, ranges from 25 to 29%. The increase in the level of parametric stability of fluctuations and the uniformity of the quality of zonal reserves of iron ores of the Lisakovsky deposit has been experimentally confirmed. At the same time, the basic natural values of the concentration of iron distribution are differentiated in an ascending order at the level of increase within the zonal reserve from 1.3 to 8.0 times, and also indicators of the variability of the distribution of iron are differentiated in decreasing order at the level of decrease in the range from 1.2 to 3.2 times.
Research work on the project was carried out according to the schedule and includes the results of the study of tasks for the analytical description of the target indicators of stabilization of concentration and quality condition for the production areas of the deposit planned for 2019.
1) The results of the study of the problem of assessing the area of spatial - statistical distribution of concentration, taking into account the zone of influence of the modal value of the useful component, contains developments:
· a method has been developed for assessing the zonal spatial and statistical distribution of the concentration of a useful component in the contour of an ore deposit, based for the first time on the use of the zone of influence of the modal characteristics of the quality of a mineral, which ensures the zoning of division and the accuracy of calculating mineral reserves;
· substantiated analytical assessments of determining the dimensional parameters of the zone, the effect of the modal value of the grades, taking into account their heterogeneity, along which the zonal contours of reserves of ordinary, high-quality and high-quality ores of homogeneous concentration and conditionality of the contents of the useful component are established;
· potential foundations of operational maintenance and a procedure for qualimetric mapping of zonal ore reserves have been created, aimed at increasing the efficiency of exploration and stabilization and development of mining operations.
2) The results of the study of the problem of analytical assessment of the formation of the uniformity of the distribution of concentration and quality of ores in the production areas, provided contains developments:
· substantiated analytical assessments of the formation of uniformity of the degree of distribution of concentration and conditionality of ore quality over the production areas of the deposit;
· developed working formulas for calculating the degree of heterogeneity of ore quality indicators, taking into account their information content and variability of the content of the useful component. 
1) A full-scale experimental assessment of the acceptability of the developed method for assessing the spatial and statistical distribution of the concentration and quality of ores in the conditions of the main deposit of the Lisakovsky iron ore deposit was carried out.
The assessment of the area of the spatial-statistical distribution of the concentration (zone of influence) of the useful component in the field is based on the developed method, which for the first time considers the zonal differentiation of the geological ore reserve into homogeneous production areas by using the genetic zone of influence of the modal value of the mineral quality.
The essence of the method for assessing the spatial-statistical distribution of the concentration of the useful component over the deposit is to determine the zone of influence of the modal value of the useful component on the content values grouped around it by using the highly informative and minimal level of variability inherent to it at a steady state of the concentration of the useful component, as well as the functionality of the modal value as a natural sign of division in two statistical and geometric measures. Due to the given properties of the modal value, and the direction of the spatial transformations of the reserve indicators within the characteristic contours of zonal changes in concentration concentrations, isomorphic lines drawn according to modal values divide the reserve fields into homogeneous mode-concentrated qualitative, low-grade ordinary and large - high-quality ore reserves of zonal reserves.
The theoretical substantiation of the allocation of zonal parts of the geological reserve was achieved by applying the fundamental geological and genetic modal feature of the dismemberment of the geological reserve by the nature and properties of regular changes in the concentration of useful components in the field of the deposit. The essence of the zonal subdivision of the calculated reservoir reserve is to determine the size of the zone of influence of the modal value of the useful component on the contents values grouped around it by using the degree of differences in the measures of the inhomogeneity of the contents falling on the modal (hm0), small (hs.з) and large (hl.з.) their group values, which determine the boundary values of the contents of the useful component dividing the statistical field of the deposit. Boundary statistical values of the grades and the basic dimensional area of the zone of influence of the modal value geometrized according to them are set differentially through a modular geo-indicator of heterogeneity estimated by the variances of the interval grouped grades.
The modular geo-indicator of heterogeneity is the ratio of the variances of the grades per small  and large  their values to the variance over the modal interval

                                                            (5)

	Where
 - dispersion of grades within the modal range; 
,  - dispersion values, respectively, within the limits of their small and large interval values.
A model representation of reproducible zonal contours of homogeneous patterns is obtained in the form of dependences of the boundary limits for the separation of the geological reserve on the values of the modular geo-indicator of heterogeneity and the interval of the distribution series, which are expressed in the form of constructive functions by which the boundary values of the statistical separation of the geological reserve are determined:



Boundary values of the transition of heterogeneities in the zones of influence of the modal content () for small () and large () their values according to formulas (6) and (7) are determined differentially depending on modular geo-indicators of inhomogeneities (5) and the size of the interval (h).
The conceptual order of development of the process of dismemberment of the geological reserve includes the transition from the boundary values of the statistical dimensions of the zone of influence of the modal value (), () to geometric expressions by displaying them through isomorphic lines traced according to the values of the boundary values in the field of the reservoir reserve. In the complex, the boundary statistical dimensions provide a statistical division of the entire set of grades, and isomorphic lines provide a geometric division of areas of different quality groups of grades.
The theoretical and practical significance of the spatial-statistical regularity of the zonal manifestation of quality uniformity in terms of concentration, conditionality and variability of geological contents in the process of dismembering the reservoir reserve is that the zonal area of ​​influence of the modal value of the useful component divides the geological reserve massif into zonal parts, in which an increase in homogeneity and accuracy, a decrease in fluctuations in the values of variability and uncertainty of geological content at the level of natural minima has a natural genetic character.
An in situ - experimental analysis of the acceptability of the method for assessing and analytical description of the concentration and conditionality of the contents of the useful component is given in the conditions of the Lisakovsky iron ore deposit, which showed that:
1) The uniformity of the degree of fluctuations in the conditionality of the quality of ores increases with an increase in the average value of the grade during the differentiation of the geological prospecting massif into separate ore zones, the variance and range of distribution of grades gradually decrease as the average value of the grade in ore zones; 
2) The conditional uniformity of quality and the average value and indicators of content variability are interrelated, with a decrease in the values of the average content of the useful component, the variability indicators - variance and amplitude differences of the contents - are killed with a certain regularity. These patterns have found experimental confirmation in the obtained empirical dependences.
It has been established and experimentally confirmed that the absolute values of the root-mean-square errors in determining the average content and determining the zonal reserves for geological blocks decreases than with the traditional approach due to the decrease in variability and geometric uncertainty in their contours, as well as an increase in the concentration of the useful component, leading to a reduction in random components of the total error.
1) A decrease in the geometric error in delineating areas by geological blocks occurs due to the zonal differentiation of the perimeter and dimensional parameters, leading to a reduction in the geometric and interpolation uncertainties of their contours at the level of mining and technical conditions of field development, and on average reach 1.4 times compared to in traditional practice.
2) An actual increase in the overall accuracy of calculating zonal reserves occurring due to a decrease in the random component of variability and an increase in the informativeness and geometric certainty of the indicators of zonal reserves in geological blocks, which are more significant in the conditions of large complex - structural deposits and ranges from 25 to 29%.




















3 Development of methods for creating spatial zoned mining reserves according to target indicators of stabilizing the quality of ores for a deposit

3.1 Substantiation of computer computational algorithms for qualimetrization of geological content according to geo-indicator criteria

In computer simulations and calculations in the field of task automation, as a rule, problems arise with the reliability and completeness of the initial computational algorithms, the results of which often lead to "hidden" and enormous economic consequences. The impossibility of conducting an operational real check of the reliability, completeness and complexity of the initial computational algorithms due to the advantages of computerization, this problematic task remains outside the attention of research. Due to the multifactorial nature, complexity and diversity of conditions for solving mining and geological problems of the rational development of mining operations and managing the formation of the consumer quality of ores during mining, this problem should be considered a priority for today and in the future.
Substantiation of computer computational algorithms for qualimetrization of geological content according to geo-indicator criteria is aimed at increasing their complexity, completeness and reliability using existing progressive research results. The results of previous work on the project highlighted in the interim reports (2018-2019) and other research data carried out by the performers were used as prerequisites and methodological foundations for the creation of computer computational algorithms. The main ones are:
1) Report "Development of technology for sustainable stabilization of quality and preparation of ready-made removable reserves of solid minerals along the horizons of the mine" (intermediate, №. АР05133057, supervisor A. Kurmankozhaev)
2) Report "Development of technology for stable stabilization of quality concentration and preparation of ready-made removable reserves of solid minerals along the horizons of the mine" (intermediate, №. АР05133057, supervisor A. Kurmankozhaev)
Report "Creation and implementation of technology for mining in difficult mining and geological conditions" (final, 0109RK01205, supervisor A. Kurmankozhaev)

3.1.1 Significance of the impact of the quality and quantity of minerals on the efficiency and manufacturability of mining

The influence of indicators of production and concentrate yields on the completeness and quality of minerals, including quantitative and qualitative losses of ores and metal recovery on the formation of production costs, have been studied from various points of view, which gives them a diverse character.
The assessment of the influence of the completeness and quality of the yield of mining and concentrate of chrome ores on their prime cost was carried out by using the nature of changes in the values of losses and dilution of ores, the dynamics of changes in the yield of concentrate and metal recovery during enrichment, as well as taking into account the formation of the content of the main component in the original mining and tailings, depending on from the level of waste rock clogging. The reporting indicators of mines and the results of studies related to the problem under study were used as statistical initial data for the analysis.
The interconnection between the yield of mined ore and the cost of 1 ton of production for a specific ore body and the dynamics of their change was studied using types of statistical distributions of their values, taking into account the indicators of concentration, conditionality and variability of grades. As the main characteristics of the quality output formation, they are closely related to the type of statistical distribution that describes the mean and modal values of the estimated useful component. By the type of distribution of grades, average and other values are determined, the accuracy and variability of the results of recovering reserves from the subsoil are predetermined.
The assessment of the significance of the influence of the value of the output of mined ore on the economic indicators of mining was carried out using the well-known calculation formulas.
Open pit productivity (A) and overburden repayment cost () vary depending on the values of the extraction yield, losses and dilution of ores and is expressed as [4, 10, 11]

                                                      (8)

where
- recoverable ore reserve for the reporting period;
,  - respectively, the cost and the stripping ratio; 
,  - loss and dilution coefficients of ores.
Analytical estimates of the relationship between the cost of 1 ton of production, its output , overburden indicators , , losses  and dilution  and the recoverable ore reserve, taking into account the formula for production productivity and the cost of overburden repayment (8), are transformed in the form:

                                       (9)

Empirical parameters a, b, c are different for different fields and depend on the actual values of the initial values.
The structure of the relationship between the cost of 1 ton of mining, the cost of repaying the overburden necessary to obtain 1 ton of ore, and the productivity of an excavator for mining was revealed by statistical analysis (N = 654) of their actual indicators for the quarries of the South Kempirsai chromite, Dzhetygarinsky asbestos and Karagailinsky polymetallic deposits. The actual statistical data of the accounting calculation of the cost of production and stripping according to the current technical and economic reports (N = 854) were used.
Formation of the cost of 1 ton of production depending on its output  and overburden indicators ,  and dilution taking into account the formulas for determining the cost of overburden repayment and production productivity are analytically expressed in the form [3, 4]

                                        (10)

The structure of the relationship between the prime cost of 1 ton of mined concentrate and their yields and metal recovery rates was studied using statistical analysis based on the actual indicators of these values for the open-pit mines of the Donskoy GOK [3, 4, 11]. As a result of the conducted statistical analysis, the quantitative influence of the quality and quantity of extraction and concentrates on their cost was established, taking into account the losses and dilution of ores in the form of regularities inherent in the processes of the formation of these indicators.
Dependencies of the cost of 1 ton of mined chrome ore  from its exit , cost of chrome concentrate  from its exit  and the content of the original production  from the level of metal recovery to concentrate 

                                       (11)

Dependence of the cost of 1 ton of mining on the yield of lost ores  and diluting rocks 

                                       (12)

Analysis of the above correlation equations (11) and (12) shows that the close  inverse proportional relationships of a linear nature are inherent in the dependencies between: the cost of production and its output, i.e. proportionally to the value of production and inversely proportional to the balance stock, the cost of concentrate and the quality of production, the cost of the concentrate and the extraction of its quality.
The results of the correlation-regression analysis of the formation of the cost prices of varieties of chrome ore products during mining and processing show that certain patterns are inherent: 
· the formation of production costs for 1 ton of ore and concentrate is characterized by regularities of proportional decrease (or vice versa) with an increase (or decrease) in the level of yields of quantity and quality and concentration of chrome ores;
· decrease (or increase) in the cost of concentrate occurs in proportion to the increase (or decrease) in the content of the main component in the original ore and the level of metal recovery during the dressing of chrome ores;
· ore losses increase the overburden ratio, reduce the ore yield and thereby increase the level of its prime cost, dilution of ores increases the volumes and costs of mining, transportation, ore mass enrichment and reduces the concentrate yield, and also leads to a decrease in the quality of the ore and concentrate being processed;
·  a decrease in the extraction of metal into concentrate and its quality leads to a decrease in the cost of concentrate and the yield of waste (metal in tailings) during enrichment. 
A quantitative assessment of the obtained equations of the given dependencies made it possible to establish that each percentage of increase in the production yield causes a decrease in its cost by 9.2%, and an increase in the yield and recovery factor of quality (metal) by one percent causes a decrease in the cost of concentrate by 9.5%.
The studied analytical estimates can be used in the design, optimization of the mode and front of mining operations, substantiation of economic and technical and economic solutions and ore dressing, as well as as a starting point for planning and development of measures to reduce the cost of ore products.
3.1.2 Computer computational algorithms for qualimetrization of geological content according to geo-indicator criteria

The substantiation of computer computational algorithms for the qualimetrization of the geological content of the useful component was carried out on the basis of the results of the selection of effective qualimetric estimates before and after production, taking into account the level of their geoindicator significance.
The creation of algorithms for the qualification of the geological content of a useful component is based on two sequential stages of quantitative assessment:
· establishment of basic (reference) qualimetric estimates of the geological content of the useful component before and after mining according to the data of the ore massif;
Assessment of the level of geological content of the useful component based on individual qualimetric indicators and in a comprehensive manner, taking into account the relationship of their formation during production
Algorithms for calculating the qualimetric assessment for determining the average content of a component as the main indicator of the quality of ores are justified in relation to the conditions of the reserve before its extraction and its output during mining.
A. Algorithms for calculating the qualimetric estimate of the ore quality yield through the average value of the grade of the useful component before mining within the ore reserve.
Algorithms for calculating the qualimetric assessment for determining the average content of the useful component in the ore mass before its extraction from the subsoil were created on the basis of geological and geometric data of the ore body and its sections.
The qualimetric assessment of calculating the yield of ore quality before mining is determined as the estimated average content of the useful component in the massif within the contours of the reservoir reserve according to analytical and probabilistic-statistical formulas.
The calculated value of the average content of the useful component according to analytical estimates, they are calculated through the functional dependences of its value on the values of the mode , asymmetries (A) and median , the spread of the beneficial component, deduced by Professors Pearson and Kelly, [5], with some transformation which have the form

         С - constant (С=2)               (13)
The given dependences are of a complex functional nature and their application requires the availability of statistical data in sufficient volume and appropriate analysis.
The average value of the contents of the useful component determined using the theoretical parameters of the distribution function of the studied variable feature can be converted into qualimetric predictive estimates, taking into account the specific distribution density functions of the feature for the main types of distributions.
The calculated value of the average content of the useful component is determined through correlating quality-determining indicators, including the values of the center of position (modal frequency), measures of location (dispersion) and dispersion (range) of distribution of the contents in the ore massif of the deposit [1,4]. As the initial data for statistical analysis, we used the block results of samples for exploration and drilling and blasting wells in the Lisakovsky iron-ore, Yuzhno-Kempirsai chromite, Karagailinsky polymetallic and Krasnooktyabrsky bauxite deposits [3,4]. Average Correlation  с , standard deviation and amplitude change  contents of the useful component are generalized by equations in the form

                                                       (14)

The multifactorial dependences of the ore quality yield on the values , , . 
B. Algorithms for calculating the qualimetric assessment for determining the average grade of the useful component based on the data on the quantity and quality of mined ore.
The general expression for the quality outputs during production can be represented as [11]

                                               (15)

where
,  – accordingly, the quality of the mined ore mass and ore in the industrial contours of the deposit and mining operations;
a is a generalized indicator characterizing the natural conditions of mining operations, including geomorphological complexity , heterogeneity  and variability of the main components  by deposit ; 
b is a generalized indicator reflecting changes in the quality of ores due to transformation during loosening , averaging and dividing  processes;
c - a generalized indicator reflecting changes in the qualitative composition of ore due to the degree of readiness of reserves for extraction , completeness of ore extraction  when developing a deposit .
These indicators include the geological, technical, technological and organizational level of mining operations aimed at creating an effective level of quality education in accordance with the requirements of air conditioning and technical conditions of the market for the sale of products. In general, the general expression of the quality of formation characterizes the aggregate of levels of extraction of minerals from the bowels, its dilution (clogging), taking into account the influence of a large number of factors (natural, economic, technological).
Under the conditions of the formation of the quantity and quality of mined ore in the ore body, the regularities of the quantitative and qualitative mixing of the intra-contour varieties of ores are described by dependencies in the form [4]

                                                            (16)

where
 – maximum possible values of the quantity and quality of redeemable reserves in the massif;
D,  – values of the quantity and quality of mined ore; 
,  – quantity and quality of ore along the i-th contours of redeemable balance reserves; 
 – empirical parameters of quantitative and qualitative mixing of varieties of mined ore mass. The “plus” and “minus” signs in the model may change depending on the conditions of the mining technology and the volume of intra-ore varieties of ore mass.
Qualimetric evaluation of the calculation of quality output values   and quantity mined ores depending on the dynamics of volume changes  and contents  extinguished stock, losses and dilution  ore during mining is expressed as a system of simplified formulas [3,4]

                                     (17)

Based on the patterns of formation of the quantity and quality of production (16), we obtain:

                                                 (18)

Sufficient convergence of the calculated indicators of the quality and quantity of ore mined, calculated according to empirical and established analytical estimates, as well as by the equations of correlation dependences, show that the recommended qualimetric estimates make it possible to differentiate their values with sufficient reliability.
C. Algorithms for calculating qualimetric estimates of accuracy and fluctuations in the values of the average ore grade during mining.
Factors affecting the accuracy of determining the average content:
1) Technical nature: errors in sampling, preparation and chemical analysis of samples (random error).
2) Natural character: peculiarities of the location of the indicator in the space of the deposit (random variability), the trend of change in the indicator (linear variability), deviation of the indicator from the linear (natural variability), density of the sampling network;
3)  Technological nature: the number of simultaneously operating faces (excavators), the productivity and level of organization of the excavators, the displacement of excavators along the length of the entry from a given position due to deviations in productivity from the planned.
It has been theoretically confirmed and experimentally established that the error in determining the average content (quality) occurs mainly (more than 85-90%) due to the natural variability (dispersion) of the distribution of the component contents in the space of the ore body. The best reliable quantitative estimate of the accuracy of the average grade is the basic traditional formulas of probabilistic statistics used to assess the accuracy and fluctuations of the average values of the quality of a mineral.
Accuracy index P as calculated error versus actual error , which represents the difference between the true value of the content and the mean value calculated for the given series. According to probabilistic statistics, if we express the relationship between  and P formula:

,                                                                (19)

then in 68 cases out of a hundred the coefficient ∆ must be less than or equal to 1, in 95.5 cases out of a hundred - less than or equal to 2, etc. When determining the errors in calculating average grades and reserves, it is necessary to comply with the theory of probabilities that the actual relationship between P0 and P.
The root-mean-square error in determining the average grade of the deposit proceeds from the regular  and random  components of the total variability of its value.

                                                        (20)

Natural component  за depends on the mathematical expectation of a random function and characterizes the spread of the indicator relative to the mean. Random component  does not depend on the value of the indicator and is closely related to the genesis of mineralization.
The formula for determining the mean square error in determining the mean content (1) in cases where  takes the form

                                                             (21)

The magnitude of the error (m) means that the average content (M) determined for a given number of observations (n) will not differ from the true value by a value greater than m, i.e. it will be within 
Formulas for assessing the accuracy of determining the volume of ore recovered from the subsoil by the arithmetic mean method in working form (в %) [6]

              (22)

Here  – отrelative fluctuations of thickness (m), content (s), area (S) of the ore body, %;  – reflects the degree of confluence of the regular component of the power and content variability, i.e. if there is covariance between them;  – reflects the degree of influence of the random component of the power variability of variables m, c, s;   (S – area within the zero contour of the ore body) is a relative measure reflecting the degree of error of the near-contour area, dollar units.
D. Algorithms for calculating the qualimetric assessment of the stability of quality indicators of production.
The essence of the concept of creating parametric standards for managing the quality stabilization process is to highlight the structural characteristics that reflect the "hidden" internal properties and geological and technological features inherent in the dynamics of the empirical distribution of the qualitative indicator as the ore mass transforms.
As structure-forming parameters that differ from traditional ones, as internal “useful” parameters - characteristics of the empirical distribution of features, the following are taken: the mode of features and the amplitude change of the stabilized indicator. Hence these characteristics  serve as qualimetric regulators of the ore mass transformation process in the averaging process.
The process of transformation of the modal value towards an increase to the value of the technical parameter of product delivery, and the amplitude variability of the indicator - towards a decrease of at least 80% of its value before averaging and is described by equations [7, 13]

                                                         (23)

This nonparametric fact is confirmed by the practical results of work on traditional geometrization and modern qualimetrization of the quality of minerals, as well as from numerous scientific research works on the assessment of statistical distributions of quality indicators in the conditions of a fairly large variety of mineral deposits.
Qualimetric controlled standards for the stabilization processes of different-quality ore reserves are implemented taking into account the planned degree of averaging and technical parameters of product delivery in the form of statistical and spatial assessment. Statistical evaluation () reflects the transformation of the distribution of metal contents to its technological limit - the regulated value provided for by the technical condition of the consumer market (). This indicator expressed as a fashion relationship  to the required standardized quality value .

    (24)

Where
 - the amount of tolerance for the delivery of products, taking into account the inevitably admitted error in determining the content.
Spatial-amplitude assessment reflects the degree of transformation of the variability of the quality indicator through the magnitude of the amplitude deviation  metal content from the planned one and is expressed in fractions of its value after averaging 

                                                        (25)

The qualimetric standard of a controlled technological process of quality stabilization during ore averaging is obtained in the form

                                                (26)

Where
- number of faces, over which ore averaging was carried out. The resulting expression of the standard deviation of the quality in the mixed volume of ore is a value that can be reduced by averaging. Fashion values  and amplitude variability of the averaged indicator (metal content, grain size, content ratio, etc.) is determined from the sample values with sufficient accuracy using simple statistical formulas.
The results of substantiation of computer computational algorithms for qualimetrization of geological content allows us to conclude that:
· Computer computational algorithms are substantiated on the basis of integrated qualimetric geo-indicator criteria for assessing the main target indicators of ore quality implemented in combination when creating rational mining reserves along the mine horizons;
· target ore quality indicators for which qualimetric geo-indicator criteria for their assessment are justified, selected on the basis of their economic (subsection 3.1.1) and consumer (subsection 3.1.2) significance, and include indicators of the outputs of the main quality indicator of the average ore grade before and after mining, accuracy of the average values and fluctuations of grades, stability of quality indicators of production.

3.2 Development of methods for creating spatial zoning of mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine 
The process of creating spatially zoned mining reserves according to quality targets includes a method based on an assessment of concentration uniformity and a method based on uniformity of the conditionality limits of the useful component. 

3.2.1 Substantiation of the method for creating spatial zoning of mining reserves according to the target indicator of uniformity of concentration, taking into account the uneven distribution of ore types

The method for creating spatial zoning of mining reserves according to the target indicator of uniformity of concentration concentrations is based on the stage-by-stage formation of the quality and dimensional parameters of the mining stock within the general geological contour of the ore body along the mining horizon of the mine.
With regard to the conditions for the formation of removable reserves along the horizons of the mine, general conceptual requirements have been established, including geological, technological and methodological standardized estimates [1,2].
Geological criteria for the development of ore deposits include: 
· mining reserve as a small part of the reserve, ore bodies and deposits;
·  must have minimum dimensions according to the corresponding operational and technological parameters of development;
·  relatively homogeneous geological conditions: consistent dimensions and elements of occurrence of ore bodies; 
· uniform distribution of useful components by area and power;
·  constancy of physical and chemical properties of ore and host rocks; 
· the reliability of the determination of reserves and the possibility of primary accounting for the extraction of minerals and components.
Technological criteria requirements include: 
· criteria for mining them with a unified development system with a unified technological scheme for ore extraction;
·  efficiency of technological characteristics and parameters of mining operations; 
· rationality of methods for extracting minerals with sufficient completeness and complexity of their extraction from the subsurface; 
· by ensuring that there are geological and technological conditions for determining reserves within the dredging reserve;
· primary accounting of extraction of minerals and components is possible;
·  clarification of data of operational exploration and ore mining with sufficient reliability;
·  as a production geological and technological link in combination with mining equipment, which, as a result of mining operations, produces an ore flow; 
· completeness of technology functioning, development and mining operations;
·  optimal functioning of design parameters and decision-making processes. 
The methodological generalized requirements for the condition for creating the excavated stock include: 
· establishment of normative and planned values of losses and dilution of ores in the extracted ore;
·  methods for assessing and accounting for ore extraction indicators;
·  results of operational exploration of mineral reserves;
·  accurate sampling of mined ores;
·  the effectiveness of the functioning of economic and organizational management methods. 
The main and final stage of the formation of the excavated stock is the results of determining the target indicator of the uniformity of the concentration of grades with subsequent comparison with the planned or specified value.
A. Assessment of concentration uniformity using indicators of their variability.
It is recommended to evaluate the homogeneity of grades in the ore massif using the variability index through the standard deviation  or variance  their values along a given contour of the stock, along which the features of the concentration of the useful component are determined.
As a result of numerous works and many years of practice in assessing regulated quality indicators of minerals, it has been established that:
· the spatial distribution of the useful component in the ore deposit is closely related to the geological and genetic characteristics of the deposit, it has a certain feature in accordance with the established pattern;
·   the main characteristic of the distribution of the useful component in the space of the ore deposit, which provides a quantitative assessment of the results, is the natural variability - variance. 
The uniformity of ores through the amount of dispersion of contents for the i-th section within the reserve field is determined by the formula

                                              (27)

where
 – area of the i-th section on the j-th section in the stock field;
 – number of the studied population;
 – the ratio of the average content for the i-th section to the modal value for the j-th section within the ore reserve. 
Indicator  numerically reflects the degree of significance or insignificance of the level of uniformity of contents in the contour of the geological reserve and is based on the use of changes in the dispersion of their values within the excavation reserve along the mine horizon.
The regularity of reducing the variance of natural content variability with increasing average concentration and modal value of contents is theoretically confirmed by using the known dependencies common in statistics. Dispersion of contents  linked by average (), standard deviation ), number of observations (), in various combinations, which are highlighted in many calculated estimates and formulas of statistics [4,6,7,14,17].
The above analytical relationships between the variance and the mean value and the mode of the abundances prove that they have inversely proportional regularities. As the average content (and mode) increases, the variability of the distribution of the useful component decreases in inverse proportion. A generalized assessment of changes in ore homogeneity was also carried out by using the variance of average grades within the base reserve and along the contours of excavated reserves or sections traversed in the reserve field, taking into account their relationship.
B. Evaluation of the uniformity of concentration of grades by the uniformity of distribution of types of ore products.
The model of the characteristics of the homogeneity (heterogeneity) of the distribution of varieties of types and grades of ore products is presented in the form

                                              (28)

Qualimetric geometric exponent  designed to assess the uneven distribution of the identified contours of natural and technological types (and varieties) of ore products
                                              (29)

where
,  – qualimetric estimates of the spatial and statistical unevenness of the location of the i-th natural or technological type of recoverable ore products;  
 – the length of the location of the contour of the i-type or ore grades along the deposit, m; 
 – total length of the reservoir contour, m.
Information parameter  as an indicator of the totality of the diversity of types and grades of ore products, includes estimates of quantitative  and quality heterogeneity and significance  their exits during mining

                                               (30)

where
 – he total amount of all conditionally separated natural types or technological grades of ores during mining;
 - the number of conditionally contoured contours of a specific i-th natural type or technological grade of ore in the space of the considered area of the mining reserve, fraction of units;
 – metal content in the mined i - that type (or grade) of ore, %;
 – the contents of metals in the mining wastes, %; 
,  – qualities (content) of the outputs of the i-th natural type or technological grade of ore according to the extraction reserve, %. 
Evaluation of formulas (28) - (30) allows us to conclude that the homogeneity of the grades changes in proportion to the values of the geometric and information non-uniformity of the types of ore products.
It follows that the homogeneity of recoverable ore reserves is essentially predetermined depending on the level and nature of the distribution of indicators of homogeneity of ore grades, including the variability of concentration and the degree of heterogeneity of type grades within the extraction reserve, which decrease several times from the initial limits along the general contour of the geological reserve of ores.

3.2.2 The method of creating spatial zoning of the extraction reserve according to the target indicator of the uniformity of the ore quality conditionality limits along the mine horizons

The essence of the method for creating spatial zoning of mining reserves according to the target indicator of uniformity of changes in ore quality conditionality along the mine horizons is similar to the previous method. For the initial stage of creating spatial zoning of mining reserves in them, the operational requirements (standards) are similarly used in combination with the allocated contours of reserves in geological areas, reproduced by means of a modal geo-indicator.
The method of zoning of mining reserves according to the target indicator of uniformity of grade conditionality along the mine horizons is to use the developed features, modified in the form of a quantitative scale, including the quantitative ratios of modal and average grade values ​​and parameters of geological and operational conditions, as signs of separation of the ore body reserve. Analytical presentation of qualimetric signs of spatial zoning of mining reserves according to the level of their conditionality was obtained in the form of quantitatively scaled specific ratios of the absolute values of the quality indicators of ores.
The qualimetric scale of mining reserves zoning is constructed using six differentiated criterion assessments.
1) Qualimetric assessment of the zoning of the mining stock of commercial high-grade ores, indicating the groups of absolute values of the contents included in the contour of its formation

 ,                                             (31)

2) Qualimetric assessment of zoning of the extraction reserve of high-grade conventional ores 

                                                (32)

3) Qualimetric assessment of zoning of the excavated stock of high-quality conditioned stable ores

                                       (33)

4) Qualimetric assessment of zoning of the extraction stock of ordinary average grade ores

                                         (34)

5) Qualimetric assessment of zoning of the excavated stock of low grade ore

                                           (35)

6) Qualimetric assessment of the zoning of the extraction reserve of the border rejection zones of ores

                                          (36)

where
, ,  , , ,  - the values of the contents of the useful component in the selected sets, according to which the extraction reserves are zoned, respectively, of marketable high-quality, rich conditioned, high-quality conditioned, ordinary medium-standard, low-content conditioned, near-contour mixed ores of rejection zones within the reserve along the mine horizon;
, , , - respectively, the values of the average content of the useful component for the excavated reserves;
- maximum value of the contents of the useful component;
,  - modular geo-indicators defining the zones of influence of the modal value;
 - the importance of geological condition on ore quality; 
 - rejection grade for ore quality. 
In order to increase the reliability and efficiency of the spatial zoning of mining ore reserves in terms of the conditionality of their quality, on the basis of qualimetric scaled estimates, geological and technological analytical indicators are used in parallel: 
· determination and assessment of the level of mixing of the mined ore from the formation contour of the i-th extraction ore reserve with host rocks;  
· determination and assessment of the level of the pre-dressing separation process of diluted ore mined from the formation contour of the mining stock at crushing and sorting plants; 
· determination and assessment of the outcrops of diluting rocks and waste extracted from the formation contour of the i-th extraction ore reserve. 
Qualimetric estimated indicators of the conditionality of the extracted ore, recovered during the processing of the i-th extraction reserve, include a complex of opposite coefficients [3,4].
Conditioning and technological parameters of mixing ores and intervening rocks during mining

                                            (37)

where
 – rejection value content of a useful component, %;
 – ore quality by the mined ore reserve, %;
 – the content of the useful component, respectively, in the recovered ore and host rock, %;
,  – values, respectively, the limiting sizes of the relative (%) and absolute (t) dilution values, t;
,  – current losses and dilution, %;
,  – the amount of lost ores and diluting rocks, t. 
The given indicators are intended to improve the optimality of the created contours of excavated stocks due to the complexity and differentiability of the approach to their formation:
· the developed method of spatial zoning of mining reserves by ore quality conditionality allows using quantitative ratios of modal and average grades, parameters of geological and operational conditions, which serve as signs of separation of the ore body reserve, taking into account the geological and technological indicators of ore recovery assessment, which ensures differentiation and reliability of the results of their implementation;
· completeness and comprehensiveness of the results of the implementation of the method of zoning of mining reserves according to the uniformity of the limits of the quality of ore quality are achieved through the use of qualimetric criterion signs of the zoning of the geological reserve into zonal areas of commercial high-quality, rich conditioned, high-quality conditioned, ordinary medium-grade, low-grade conditioned, near-contour mixed ore rejection zones within the reserve along the horizon of the mine.
Technological procedure for the implementation of methods for creating spatial zoning of mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine. 
1)   The choice of suitable for the implementation of methods of zoning mining reserves of computer computational algorithms for qualifying the geological content, formed according to estimates:  
·   yields of ore quality through the average value of the grade of the useful component within the ore reserve and after mining; 
·  average grade of the useful component, taking into account the quality and quantity of mined ore; 
·   the accuracy and variability of the average grade before and after mining; 
·   stability of quality indicators of production, dependence of the cost of 1 ton of production on its output during production. 
2) Preparation of the initial data of the geological reserve of the ore body for zoning of excavated reserves according to the target production indicators in relation to the conditions for the implementation of the methods of their formation.
3) Spatial zoning of rational mining ore reserves according to the target homogeneity of the concentration of the useful component using qualimetric geoindicator criteria for assessing the homogeneity of the grades, the unevenness of types and grades of ores, taking into account the uncertainty of the contours for determining the average values according to the developed method
4) Spatial zoning of rational mining reserves according to the target indicator of uniformity of the limits of conditionality of the useful component based on the analytical basis for its determination and the relationship between the average and modal values of the contents using:
 а) Qualimetric geoindicator criteria (assessments) of zoning of mining reserves: 
· high quality commercial ores with high quality; 
· conditional high-quality rich ores; 
· conditioned high-quality highly stable ores; 
· average grade ranks by grade of ore; 
· ow-grade, low-grade common ores; 
· mixed near-contour within the rejection grade of ores. 
б) Geological and technological indicators using analytical expressions: 
· determination and assessment of the level of mixing of the mined ore from the formation contour of the i-th extraction ore reserve with the host rocks; 
· determining and assessing the level of the pre-dressing separation process of diluted ore mined from the formation contour; 
· determination and evaluation of the outcrops of diluting rocks and waste extracted from the formation contour of the i-th extraction ore reserve. 
5) Evaluation of the results of the implementation of the methods of spatial rationalization of mining reserves by target indicators of stabilization: by uniformity of concentration and conditionality of ore quality by additional involvement of a complex of opposite qualimetric recurrent coefficients (17), (18), (24) - (26), (31) - (36 ).
6) Comparative verification of the results of the implementation of zoning of mining ore reserves according to the developed methods by means of a full-scale experimental analysis of the results of their use using actual data from the exploration and production of ores for specific deposits of solid minerals.




CONCLUSION

The main conclusions based on the results obtained during the reporting period for the project include completed scientific developments carried out according to the schedule.
For the first section: 
1) An analytical analysis of the current state of the issues of assessing the indicators of geo-resources using geo-indicator signs was carried out, their specific features were disclosed. 
2) The method for determining and using the geological and genetic geoindicator properties of the modal quality characteristics of solid fossil has been substantiated, based on the results:
· assessment of the geological and genetic properties of the modal value of metal contents in a deterministic space and the statistical field of contents, obtained in the form of spatial feature properties of image continuity and unambiguity of its distribution as a variable in a deterministic space with absolute coordinates (x, y, z) and statistical feature properties in as the number of frequencies associated with the main parameters of the distribution of grades as a statistical variable in the scalar field of well data with stratigraphic coordinates (j, i, ө);
- determination of geological indicators of geological and genetic properties of modal values of metal contents, including highly informative modal values as the main geographic indicator, two-dimensionality of the distribution of its values, reflecting the spatial relationship of deterministic geometric and statistical stratigraphic parameters of well data and the relationship with target indicators of quality formation.
3) Geoindicator criteria for qualimetrization of ore quality concentration for the production areas of the deposit have been developed.
·  substantiated the guiding concept for the development of geo-indicator criteria for the qualitative typology of a geological reserve of solid minerals.
· geo-indicator geological and geometric criteria have been developed that provide a typology of the metal content space into the contours of rich, high-quality, ordinary, near-contour poor ores and geo-indicator condition-technological criteria that provide technomorphological parametrization of the rational division of the contour areas into mining zones and zones of rim formation during their development.  
For the second section:
1) The results of the study of the problem of assessing the area of spatially - statistical distribution of concentration, taking into account the (zone of influence) of the modal value of the useful component, provided for in the first section of the schedule contains developments:
- a method for assessing the zonal spatial - statistical distribution of the concentration of a useful component in the contour of an ore deposit was developed, based for the first time on the use of the zone of influence of the modal characteristics of the quality of a mineral, according to which the zoning and accuracy of mineral reserves are ensured;
· substantiated analytical assessments of the determination of the dimensional parameters of the zone of influence of the modal value of the grades, taking into account their heterogeneity, along which the zonal contours of the reserves of ordinary, high-quality and high-quality ores, homogeneous in concentration and conditionality of the contents of the useful component, are established;
Potential foundations of operational maintenance and a procedure for qualimetric mapping of zonal ore reserves have been created to improve the efficiency of exploration and stabilize and develop mining operations.
2) The results of the study of the problem of analytical assessment of the formation of uniformity of distribution of concentration and quality of ores in production areas contains the following completed developments:
- substantiated analytical assessments of the formation of the uniformity of the degree of distribution of the concentration and conditionality of ore quality over the production areas of the deposit
- working formulas for calculating the degree of heterogeneity of ore quality indicators are derived, taking into account the information content and variability of the contents of the useful component
3) A natural - experimental assessment of the acceptability of the developed method for assessing the spatial - statistical distribution of the concentration and quality of ores in the conditions of the main deposit of the Lisakovsky iron ore deposit was carried out, which showed that:
· the relative root-mean-square error in determining the zonal reserves decreases than with the traditional approach due to the decrease in variability and geometric uncertainty in their contours, as well as an increase in the information content and indicators of concentration and conditionality of ore quality, leading to a reduction in random components of the total error and ranges from 25 to 29% 
The increase in the level of parametric stability of zonal reserves for the iron ore deposits of the Lisakovskoye deposit has been experimentally confirmed: the basic natural values ​​of the concentration of the distribution of iron in the geological reserve are differentiated in an ascending order at the level of increase within the zonal reserve of ordinary - 1.3 times, qualitative - 3.3 times , rich high-quality ores - 8.2 times; indicators of variability of the distribution of iron over the geological reserve are differentiated in descending order at the level of decrease in the range from 1.2 to 3.2 times for these three geological blocks.
For the third section:
1) Computer computational algorithms for qualimetrization of the geological content of a useful component have been substantiated, including qualimetric geo-indicator estimates: 
· calculation of the average content of the useful component for the block of excavated stock with the involvement of analytical, correlation and probably statistical equations;
·  formation of the quality and quantity of the output of mined ore with the involvement of analytical and correlation dependences between the average content of the useful component and the quality-determining indicators of production;
· determination of the accuracy and variability of the initial values of the average content of the useful component. 
· the level of stability of quality indicators of production.
2) An assessment of the significance of the impact of the quality and quantity of ores and concentrate on the profitability and manufacturability of mining was carried out by using the correlation equations of the dependences of the cost of 1 ton of mined ore on their values during mining;
· the formation of the production costs of 1 ton of ore and concentrate is characterized by regularities of proportional decrease (or vice versa) with an increase (or decrease) in the level of quality yields and ore beneficiation;
· decrease (or increase) in the cost of concentrate occurs proportionally as the content of the main component in the original ore increases (or decreases) and metal is extracted during ore concentration;
each percentage increase in the production yield causes a decrease in its cost by 9.2%, and an increase in the yield and the quality (metal) recovery factor by one percent causes a decrease in the concentrate cost by 9.5%.
3) Spatial zoning of excavated mineral reserves is based on a differentiated approach to taking into account the factors that determine the contours and include a method of zoning according to concentration uniformity and a method according to the uniformity of the conditionality level of the contents of the useful component, which differ in the application of various qualimetric geo-indicator criteria.
4) A method has been developed for spatial zoning of excavated mineral reserves according to the homogeneity of the concentrations of the useful component, which consists in the use of qualimetric geoindicator signs of their zoning according to the degrees of output of the target ore quality indicators, including the dependences and specific ratios of the average, modal and conditional values of the contents of the useful component, according to which the complexity and reliability of the results.
5) A method has been developed for spatial zoning of mining reserves according to the homogeneity of the ore quality conditionality level, which consists in the use of integrated six qualimetric geoindicator criteria (signs) for the formation of ore quality conditionality, due to which the differentiation and optimality of the results of zoning mining mineral reserves. 
The novelty of the developments received on the project was confirmed by the received patent №. 233535 and the submitted applications №. 2019/00031-Eurasian 2019 and №. 2019 / 0637.01-kz.
Assessment of the completeness of the tasks. The completeness of the completed scientific developments was assessed based on the complexity, detail and completeness of their contents in accordance with the tasks according to the schedule.
A full-scale experimental assessment of the method for assessing the distribution of the concentration of ore quality in the conditions of the Lisakovsky iron ore deposit was carried out (a patent was obtained based on the results). 
Recommendations for the specific use of research results. It is required to develop technological regulations for the application of geo-indicator criteria for typologizing the quality and zoning of mining reserves as the basis for mapping and planning the quality of ores along the horizons of the mine.
Assessment of the technical and economic efficiency of implementation. High technical and economic indicators result from stabilization and reduction of the level of fluctuations in ore grades, increased metal recovery and waste reduction, the estimated forecast is up to 500 million tenge / mine.
Assessment of the scientific and technical level of the completed research work in comparison with the best achievements in this area. The introduction of a method for determining and using the zone of genetic influence of the modal value of the useful component for the qualimetric division of the geological reserve into zonal parts, makes it possible to increase the parametric stability and uniformity of the quality of ores and the accuracy of their parameters, to reduce the cost of labor-intensive averaging processes of stabilization of consumer quality, which have taken root in domestic practice and abroad. countries. Scientific results play a key role in the creation of an advanced technology for stabilizing the quality of ore products.
Publication.
The results of the study were published for the entire period (2018-2020) of the work: 9- articles, one monograph, including those with the impact factor and KKSON 5 articles, 1-based on Scopus, 1 patent received, 2-patent applications were filed ( 1-in the Eurasian and Kazakhstan patent offices).
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Applications 1.28
to the Agreement No. __o t ________2018
for grant funding

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN

Under contract №. _____ dated __________________ 2018
1. Non-profit joint-stock company
Kazakh National Research Technical University
named after K.I. Satpayev"

1.1  By priority: 1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures
1.2 For sub-priority: 1.3 Geology and development of mineral deposits.
1.3 1.3 On the topic of the project: №. AP05133057 " Development of technology for stable stabilization of quality concentration and preparation of ready-made removable reserves of solid minerals along the horizons of the mine"
1.4 Total amount of the project 27 180 000 (twenty seven million one hundred eighty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
· - for 2018 - in the amount of 9,000,000 (nine million) tenge;
- for 2019 - in the amount of 9,081,000 (nine million eighty-one thousand) tenge;
- for 2020 - in the amount of 9,099,000 (nine million ninety nine thousand) tenge.
2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 irection of work: Stabilization of the quality of solid fossil
2.2 Area of application: Mining and geological industries for the development of mineral resources.
2.3 End result:
· for 2018: Qualimetric geological and genetic geoindicators for mapping the concentration of useful components according to the target indicators of quality stabilization at the level of finished reserves for production sites. Publication of 1 book in a Kazakh publishing house;
· - for 2019: Publication of 2 reports in the proceedings of International congresses, symposia; 2 articles in foreign and domestic journals with a non-zero impact factor. Submission of 1 patent application to the Kazakhstan Patent Office. Publication of 1 book in a foreign publishing house;
· - for 2020: 1 monograph will be published. Submission of 2 applications to the Eurasian and International Patent Offices. Publication of 2 articles in journals (Scopus) with a non-zero impact factor, such as the International Journal of Computational Methods ».
2.4 Patentability: patentable.
2.5 Scientific and technical level (novelty): The breakthrough of the concept and the uniqueness of the technology lies in the creation of a stable stabilization of the concentration of useful components according to its target indicators to the optimum level, for the first time in the basis of natural gel-genetic geo-indicator properties of the modal characteristics of the quality of a solid fossil.
2.6 he use of scientific and technical products is carried out by the Customer and the Contractor jointly.
Type of use of the result of scientific and (or) scientific and technical activities: Security documents and publications

3. Name of work, terms of their implementation and results
	The cipher of the task stage
	Name of work under the Contract and the main stages of its implementation*
	Period of execution*
	Expected Result*

	
	
	Start
	end
	

	1
	Development of qualimetric geo-indicator criteria for mapping the quality of ore minerals
	January
2018
	1 november 2018
	Qualimetric geo-indicator criteria for mapping the quality of ore minerals will be developed

	1.1
	Substantiation of the method for determining and using the geological and genetic geoindicator properties of the modal quality characteristics of solid minerals
	January
2018
	May 2018
	A method for determining and using the geological and genetic geoindicator properties of the modal quality characteristics of solid minerals will be substantiated

	1.2
	Development of geo-indicator criteria for qualimetrization of ore quality concentration by production areas of the deposit
	June
2018
	1 november 2018
	Geoindicator criteria for qualimetrization of ore quality concentration by production areas of the deposit will be developed. ”1 book will be published in a Kazakh publishing house.

	2
	Analytical description of the target indicators for stabilizing the quality concentration in the production areas of the reservoir.
	January
2019
	1 november 2019
	An analytical description of the target indicators of stabilization of quality concentration in the production areas of the reservoir will be carried out. Analytical assessments of target indicators for stabilization of quality concentration in production areas of the reservoir will be established.

	2.1
	Assessment of the area of spatial-statistical distribution of the concentration (zone of influence) of the useful component in the contour of ore deposits
	January
2019
	May 2019
	An assessment of the area of spatial and statistical distribution of the concentration (zone of influence) of the useful component in the contour of ore deposits will be carried out. Regularities of changes in the area of spatial and statistical distribution of the concentration (zone of influence) of the useful component in the contour of ore deposits will be established

	2.2
	Analytical description of the formation of uniformity of concentration and conditionality of ore quality in production areas
	June
2019
	1 november 2019
	An analytical description of the formation of uniformity of concentration and conditionality of ore quality by production sites will be carried out. Analytical assessments of the formation of the uniformity of concentration and conditionality of ore quality in the production areas will be established. 2 reports will be published in the proceedings of International congresses, symposia; 2 articles will be published in foreign and domestic journals with a non-zero impact factor. 1 patent application will be filed with the Kazakhstan Patent Office. 1 book will be published in a foreign publishing house.

	3
	Development of methods for creating spatial zoned mining reserves according to target indicators of stabilizing the quality of ores for a deposit
	January
2020
	1 november 2020
	Methods will be developed for creating spatial zoned mining reserves according to target indicators of stabilizing the quality of ores for the deposit

	3.1
	Substantiation of computer algorithms for qualimetrization of geological content according to geo-indicator criteria
	January
2020
	May 2020
	Computer algorithms for qualimetrization of geological content according to geo-indicator criteria

	3.2
	Development of methods for creating spatial zoning of mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine
	June
2020
	1 november 2020
	Methods will be developed for creating a spatial zoning of mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine. 1 monograph will be published. 2 applications will be filed with the Eurasian and International Patent Offices. 2 articles will be published in journals (Scopus) with non-zero impact factor, such as the International Journal of Computational Methods.
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[bookmark: _Hlk54212180]Supplementary Agreement № 6
to the grant financing agreement
№. 110 of" 05 " March 2018

Nur-Sultan                                                                                             «__» __________2019
State institution "Science Committee of the Ministry of education and science of the Republic of Kazakhstan", hereinafter referred to as the Customer, represented by the Chairman A.S. Abulkasova, acting on the basis of the Regulation on the Science Committee, approved by order of the Executive Secretary on July 10, 2018 №. 169-K, and by order of the Minister of Education and Science of the Republic of Kazakhstan №. 52-zhқ dated May 22, 2019, on the one hand and the Non-profit Joint Stock Company Kazakh National Research Technical University named after K.I Satpayev, hereinafter referred to as the "Executor", represented by the Vice-Rector for Science Kenzhaliev B.K., acting based on the Power of Attorney №. 36 dated May 06, 2019, on the other hand, based on Articles 401, 402 of the Civil Code of the Republic of Kazakhstan, Resolutions of the Government of the Republic of Kazakhstan dated May 25, 2011 №. 575 "On Approval of the Rules for Basic, Grant, Program-Targeted Funding of Scientific and (or) Scientific and Technical Activities", decisions of National Scientific Councils on the priority "Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures" (minutes of June 14, 2019 №. 4 and of July 01, 2019 №. 5), "Information, telecommunication and space technologies, scientific research in the field of natural sciences" (minutes dated July 05, 2019 №. 8), "Scientific foundations" Mangilik el (education of the XXI century, fundamental and applied research in the humanities) "( Minutes dated August 23, 2019 №. 6) have entered into this Supplementary Agreement to Agreement №. 110 dated March 5, 2018 (hereinafter referred to as the Agreement) and have agreed on the following:
7. Lines 2.2 and 3.2 in section 3 (Name of works, terms of their implementation and results) in Appendix 1.28 of the Agreement, state in a new version as follows:
	2.2
	Analytical description of the formation of uniformity of concentration and conditionality of ore quality in production areas
	June 2019
	1 november 2019
	An analytical description of the formation of uniformity of concentration and conditionality of ore quality in production areas will be carried out. Analytical assessments of the formation of the uniformity of concentration and conditionality of ore quality in the production areas will be established 1 report will be published in the proceedings of the International Congress or Symposium; 2 articles in foreign and domestic journals with a non-zero impact factor

	3.2
	Development of methods for creating spatial zoning of mining reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine
	June 2020
	November 1, 2020
	Methods will be developed for creating spatial zoning of mining zoning reserves according to target indicators of uniformity of concentration and conditionality of ore quality along the horizons of the mine. Over the entire period of the project implementation, 2 articles will be published in journals (Scopus) with a non-zero impact factor, 1 application will be submitted to the Eurasian Patent Office and 1 monograph will be published





11. The supplementary agreement is an integral part of the Agreement.
12. The terms of the Agreement not affected by this Supplementary Agreement remain unchanged.
13. The supplementary agreement is made in two copies, one copy for each of the parties, having the same legal force.

























APPENDIX B

List of published works on the topic for 2018-2020:

1 Kurmankozhaev A. Special statistical distribution of indicators of minerals. Astana, Journal of the National Academy of Mining Sciences, No. 2, June 2018, p. 22-28. (Russian) http://www.nagn.kz/images/Magazine/Zhurnal_3_NAGN.pdf 
2 Kurmankozhaev A. Qualimetric modeling - a new stage of evolution in digital mapping. Astana, Bulletin of KazNAEN, No. 1., 2018, p. 58-66. (Russian) https://kaznaen.kz/wp-content/uploads/2018/10/№-1-2018-почта.pdf 
3 Kurmankozhaev A., Orinbasarova E., Erzhakyzi A.. Digital model in the problems of Development of modern Cartography. «Scientific discussion» Editorial board address Praga, vol. I, №22, 2018г., st.36-vi.  (English) http://scientific-discussion.com/wp-content/uploads/2018/09/VOL-1-No-22-2018.pdf 
4 Kurmankozhaev A., Orynbasarova E. Information security of the map content in the conditions of complex georesource objects. G. Kharkiv., Proceedings of the XXXVIII International conference "Kazvitok of science in the XXI capital", Science and information center "Knowledge", 2018. p.87-93. (Russian) http://nic-znanie.org.ua/images/docs/August_2018/Kharkiv_august_2018.pdf 
5 Kurmankozhaev A. Method of qualimetric preparation of ore deposits to the calculation of their geological reserves / A. Kurmankozhaev. - Almaty: Bulletin of KazNRTU im. K.I.Satpaeva, 2019. No. 6. p.17-26. (Russian) https://official.satbayev.university/download/document/12921/ВЕСТНИК-2019%20№6.pdf 
6 Kurmankozhaev A., Esbergenova E.A. Structural relationships and interchangeability of asymmetric variable types. M .: International Eurasian Scientific Journal, No. 8 (77), Impact factor - 0.82. 2020, p. 13-17. (English) https://euroasia-science.ru/wp-content/uploads/2020/09/Euroasia_877_6_august_2020.pdf 
7 Kurmankozhaev A. Advantages of degenerated model in the assessment of the distribution of ore reserves variables classified as normally distributed variables. International Turkish scientific journal "Earth Science". Impact factor - 1.362. Percentile - 56%. Publisher - Scientific and Technical Research Council Turkey-Tubitak, 2020, 6 st. (in print) (English) https://journals.tubitak.gov.tr/earth/index.htm
8 Курманкожаев А.  Advantages of qualimatric modernization of the preparation of a geological reserve, using modal geoindicators. 3 CONFERENCE OF THE ARABIAN JOURNAL OF GEOSCIENCES (CAJG). Springer Pringer nature. Impact factor - 1.12. Percentile - 35%, 2020, 5 st. (in print)
Monographs
9 Kurmankozhaev A. Theoretical beginning of probabilistic modeling of distributions of georesource indicators. Monograph, Almaty, publishing house Satbayev University, 2019 .-- 221 p. (Russian)
Patents 
1 A KZ patent was received for the invention "A method of qualimetric preparation of geological reserves of solid minerals along the horizons of a mine" (No. 233535, 2019, Kurmankozhaev A.).
2 An application was filed for obtaining a Eurasian patent for an invention (No. 201800031, 2019, Kurmankozhaev A.).
3 An application was filed for obtaining a Kazakhstan patent for an invention "Method for determining the zone of influence of the modal value of the useful component on the zoning of the dismemberment of the estimated reserves of ore deposits" (No. 2019 /0637.1, 03.09.2019, Kurmankozhaev A.).
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Ipunoxenns 1.28
x loroBopy Ne__ ot 2018 r.
Ha IpaHTOBOE (HHAHCHPOBAHHE

TEXHUYECKAS CIEIIUOUKALIUS 1
KAJEHIAPHBIN ILIAH PABOT

ITo noroBopy Ne oT 2018 rozma
1. Hexommep4aeckoe aKuuoHepHOe 0011ecTBO
«Kazaxckuii HAMOHAJILHBIH HCCTEI0BATENbCKHI TEXHH'ECKHIl YHUBEPCHTET
- umenn K.1. CarnaeBa»

1.1 Ilo mpuopurery: 1. PanyonaneHOEe HCHONB30BAHHE IPUPOIHBIX, B TOM YHCIE
BOJHEIX PEeCypCoOB, I€0JIOTHs, IepepaboTKa, HOBBIE MAaTEpHalbl M TEXHOJOTHH, O€30IIacHBIC
U3AETAS ¥ KOHCTPYKIIUA

1.2 Tlo mommpuopurery: 1.3 Teomorms H pa3paGoTKa MECTOPOXKICHHN IMONE3HBIX
HCKOMAEMBIX.

1.3 Tlo Tteme mpoexra: Ne AP05133057 «PaspaGoTka TEXHONOTMH YCTOHUMBO
cTabWMsaliy KOHUEHTPAlMH Ka9eCTBa H NMOATOTOBKH FOTOBBIX BBIEMOYHBIX 3aIIaCOB TBEPHBIX
HCKOIAeMBIX II0 TOPU30HTaM PyAHHKA)

1.4 O6mias cymma mpoekta 27 180 000 (0sadyame cemv MURAUOHOE CMO 80CeMbOeCAm
mpiCA4) menze, B TOM 4MCIE C pa3sOHBKOM IO rojam, [Uis BBIIOJNHEHUS paGoT COIIacHO
IIYHKTY 3:

- Ha 2018 rox - B cymme 9 000 000 (neBATH MUIIHOHOB) meHze;

- Ha 2019 rox - B cymme 9 081 000 (DeBSTE MUUIHOHOB BOCEMBJIECAT OZHA THICSIA)
menze; o i

- Ha 2020 rox - B.cymme 9 099 000(neBsTh MHIUTHOHOB HEBSHOCTO NEBATH THICAY)

menze.

2. Xapaxmepucmuka Hay4HO-mexXHU4eCKoli npOOyKUUU NO KeATUDUKAYUOHHGIM
RPUBHAKAM U IKOHOMUUECKUE ROKA3amenu

2.1 Hanpasnenue paborsl: CtaGuu3anys KauecTBa TBEPAOro HCKOIAeMOro

2.2 O6nacte mnpuMeHEHHS: [OpHO-TCONOTMYECKHE OTPACHM OCBOSHHS MMHEPAIBbHBIX
DECYPCOB. '

2.3 KoHeunslit pe3ynbTaT:

- 32 2018 rox: KsamimMeTpuueckue reoyoro-reHeTHIeCKie reONHANKATOPEl KapTUPOBAHUS
KOHIIEHTPAIlMH IOJIE3HBIX KOMIIOHEHTOB IIO IEJIEBBIM ITOKa3aTe/saM CTaOWIN3alMM KayecTBa Ha
YPOBHE TOTOBBIX 3allaCOB IIO IKCITyaTalHOHHBIM y4acTkaM. IlyOmukanus 1 KHHTH B
Ka3aXCTaHCKOM H3/1aTeJIbCTRE;

- 32 2019 rom: Ilybmmkamusa 2 HOKNAmOB B TpyZax MeXAyHapOOHBIX KOHIPECCOB,
CHMIIO3UYMOB; 2 cTaTell B 3apyOeHBIX M OTEYECTBEHHBIX JXYpHATIAX C HEHYJEBHIM HMIIaKT-
¢axropoM. Ilomaua 1 3asBku Ha mateHT B Kasaxcranckoe mateHTHOS Oropo. IlyGnuxamums 1
KHHTH B 3apy0exXHOM H3IaTENBCTBE;

- 3a 2020 rox: Byner omy6nuxoBana 1 moHorpadus. [Tomaga 2 3asBox B EBpasuiickoe u
MexnyHaponHoe Oropo mateHToB. [lyOrmkanus 2 crtareit B KypHanax (Scopus) ¢ HEHYJIEBBIM
UMIaKT-(QaKTopoM, Takux kak «International Journal of Computational Methods).

2.4 TTareHTOCTIOCOOHOCTH: ATEHTOCIIOCOOEH.

2.5 Hay4no-TexHau4eckuii ypoBeHb (HOBH3HA): [IpOpEIBHOCTE KOHIENIMH H YHHKAIBHOCTD
TEXHOJIOTMH 3aK/IIOYAETCs B CO3JaHHUH YCTOMUYMBON CTaCMIM3amuy KOHIEHTPALMU IIOJIE3HBIX
KOMIIOHEHTOB II0 €€ I[eJIeBBIM IIOKa3aTelliM JIO YPOBHSA OINTUMyMa, BIEpPBBIE B OCHOBE
€CTECTBEHHBIX TIE€IOr0-TeHEeTHYECKUX TI'€OMHIUKATOPHBIX CBOMCTB MOJANBHOH XapaKTepHCTHKU
Ka4ecTBa TBEPJAOTO HCKOIIAEMOTO.

2.6 Hcnonp3oBaHHE HAayYHO-TEXHUYECKOH HPOIYKIUH OCYIIECTBIACTCS 3aKa3uumKoM H
HcnonuureneM COBMECTHO.

2.7 Bun wcnonp3oBaHUS pe3ynbTara HayyHOM W (WIM) Hay4HO-TEXHHYECKOH
nesTenbHOCTH: OXpaHHBIC JOKYMEHTHI B ITyOIHKaliH.

i
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3. Haumernoeariue pabom, CpOKu ux peanu3auyuu u pe3yibmanmst

Hudp | HammenoBanme paGor mo CpOK BBIIIOJIHEHHA ¥ O>xunaeMslii pe3yabTaT*
3amaHus, Jorosopy u ocnonnme* prpEem DKOrOATHE
sTana STaIbI ero BHITOTHEHHST
31 PaspaGoTka SIaBaps 1 aos6psa Bynyrt pazpaGoTaHbI

KBaAITUMETPUICCKUX 2018 2018 KBaJIMMETPHYECKUE
TEOMHAUKATOPHEIX T€OHMHIOUKATOPHEIE KpHTEPHH
KPHTEPHEB KapTHPOBaHM KapTUPOBAHUs Ka4eCTBA PYAHBIX
KadgecTBa PYZOHBIX HCKOITAeMBIX
HCKOMAaeMBbIX

1:1 O6GocHoBaHUE crioco6a Ansape Maii 2018 | Byzner o6ocHOBaH cnocoG
omnpeneseHus u 2018 OnpeneseHHs U MCIIOIE30BaHUs
HCITOJIE30BAaHUSI '€0JIOrO- Te0JIOrO-reHETHIECKHX
TEeHETHYECKHX TEOHHIHMKATOPHEIX CBOHCTB
TEOMHINKATOPHBIX MOJAIBHOM XapaKTEepUCTUKH
CBOHCTB MOIAIBHOMN KadecTBa TBEPABIX HCKOMASMBIX
XapaKTEepHCTHKH KadyecTBa
TBEPABIX HCKOIIAaeMBbIX

1.2 PazpaboTka Hions 1 HOAGPs BynyT pazpabGoTaHbl
TE€OHHIHUKATOPHEBIX 2018 2018 TE€OMHAUKATOPHEIC KPHTECPHH
KpHTEepHEB KBaJTMMETPH3aIlHuH
KBaJIMMETPHU3 AN KOHIICHTPAIIMH KadecTBa Py Mo
KOHIIEHTpauH KayecTBa SKCILUTyaTaAllHOHHEIM y4acTKaM
pyxa mo 3anexu. Byner omyGnukosana 1
SKCILTYaTAlHOHHBIM KHHTa B Ka3aXCTaHCKOM
YYacTKaM 3aJISXKU H30aTEILCTBE.

2 AmnanuTHYeCKOe onucanue | SIlaBaps 1 HOAGpPs Byner nmposeaeno

LIEIEBBIX NMOoKa3aTeIeH 2019 2019 aHAJTUTHYECKOE OIUCcaHue

cTaGHIH3aIuH LENeBBIX ITOKa3aTeneH

KOHIIEHTPAallHK KauecTsBa craGurH3anyi KOHIICHTPpalau

110 3KCIUTyaTallHOHHBIM KadecTBa MO SKCIUIYaTallHOHHBIM

y9acTKaM 3aJIS)KH. ydJacTKaM 3aJIeXXKH. ByayT
YCTaHOBJICHBI aHAJTHTHYCCKHE
OLIEHKH LEJIEBBIX II0Ka3aTeTH
CTaGHIN3aHUH KOHIICHTPALIAH
KadyecTBa I10 3KCIUTyaTallHOHHBIM
YyYaCcTKaM 3aJI€XKH.

2:dl OueHka obacTu SlaBappb Maii 2019 |Byner mpoBeZeHa OLCHKA
MPOCTPaHCTBEHHO- 2019 0o61acTH IPOCTPAaHCTBEHHO-
CTAaTHCTHYECKOTO CTATHCTHYECKOrO
pacrpocTpaHeHUs pacnpoCcTpPaHCHHs] KOHIICHTPaIluu

KOHIEHTpauu (30HBI
BJIMSIHUSI) IIOJIC3HOTO
KOMIIOHEHTa B KOHType
PYIOHBIX 3aJI€XeH

(30HBI BIIMSIHUS) TTOJIE3HOIO
KOMITOHEHTA B KOHTYPE PYAHBIX
3anexxeii. ByayT yCTaHOBJIEHEBL
3aKOHOMEPHOCTH U3MCHECHH S
061aCTH IPOCTPaHCTBEHHO-
CTaTHCTHYECCKOIO
pacnpocTpaHeHUs KOHIICHTPaHuHu
(30HBI BIMSIHHSA) IIOJIE3HOTO
KOMOOHEHTA B KOHTYPE PYAHBIX
3ayIexKei
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22 AHaITHTHIECKOE OIIHCAHUE Hrous 1 HOAGPs Byznert npoBeaeHO
dopMupoBaHust 2019 2019 aHAITHTHYECKOE OIHCaHHEe
OAHOPOAHOCTH dbopMHpPOBaHMSA OXHOPOSHOCTH
KOHIIEHTPauMH 1 KOHLEHTPAITUH H
KOHAHIHOHHOCTH KOHIHUIHOHHOCTH KadecTBa Pya
KadecTBa pyn 1o IO 3KCIUTyaTallHOHHBIM
3KCIUTyaTAllMOHHBIM ydacTtkaMm. ByayT ycraHOBIEHBI
ydacTKaMm aHATUTHIECKUE OLEHKH

dopMupoOBaHKI OTHOPOSHOCTH
KOHIEHTPAMUH H
KOHIOMITHOHHOCTH KadecTBa pya
10 3KCIUTyaTalHOHHBIM
ydacTkaM. BynyT omyGnuKoBaHBI
2 nokjiana B TpyHax
Mesx1yHapOHBIX KOHIPECCOB,
CHMIIO3UYMOB; OYIyT
omy6IMKOBaHBI 2 CTaTBH B
3apy6e’XHBIX B OT€YECTBEHHBIX
SKypHaIax ¢ HEHYJIEBBIM MMIIAKT-
daxtopom. Byner monana 1
3asiBKa Ha IaTeHT B
KazaxcTaHcKoe naTeHTHOoe Oropo.
Byner ony6nukosasa 1 xkaura B
3apyO6eKHOM M3/1aTEIILCTRE.

3 PaspaGoTtka criocoGoB SIHBapb 1 HOs6ps1 | ByayT pa3paGoTaHEI CIIOCOOBI
co3aaHus 2020 2020 CO3MaHHUs MPOCTPAHCTBEHHBIX
TIPOCTPaHCTBEHHBIX patioHHMPOBAHHBIX BEIEMOYHBIX
PaliOHHPOBAHHBIX 3aracoB I10 HEJIEBBIM
BBIEMOYHBIX 3aI1acoB IIO MOKAa3aTessM CTaGHIH3aIuH
IEIEBBIM IIOKA3aTEIAM KagecTBa Py/ 10 3aJIEXKHU
CcTaGMIH3alluK KadecTBa
PYA IO 3aJIEXKH

2. O6GocHoBaHuE SuBaph Maii 2020 | ByxyT oGOCHOBaHBI
KOMITBIOTEPHBIX 2020 KOMIIBIOTEPHEIE aJITOPHTMBI
AJITOPUTMOB KBaJIMMETPHU3ALMHU
KBaJTHMETPH3AIUH FEOJIOTHYECKOTO COACPXKaHUs o
TeOJIOTHYEeCKOro T€OHHIUKATOPHBIM KPUTEPHUAM
conepIKaHusl 10
TEOMHIUKATOPHBIM

KPHTEPHIM
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2.2 Amnamutuaeckoe onucanue | Hions 1 HosaGpst | Bynet mposezieHO
dopmupoBanus 2019 2019 AHAIMTHYECKOE OIHCaHUe
OIHOPOIHOCTH dhopMHpOBaHusS OMHOPOAHOCTH
KOHIEHTPALHHU U KOHUEHTPAaIUK |
KOHIMITMOHHOCTH KOH/IMIIHOHHOCTH Ka4ecTBa Pyx
KavecTBa pyJ [0 10 3KCILUTyaTAllHOHHBIM
3KCIUTyaTaIMOHHBIM yuyactkaMm. BynyT ycraHoBneHs
ydgacTKam aHATUTHYECKHIE OLECHKH

¢$opMupOBaHHs OJTHOPOAHOCTH
KOHIEHTPanuK K
KOHJIMITHOHHOCTH Ka4yecTBa Py
TI0 3KCIIIyaTallHOHHEIM
ydactkaM. ByayT onmyGnukoBaHbBI
2 joxiana B TpyHax
MexayHapOAHBIX KOHIPECCOB,
CHMITO3UYMOB; OyayT
onyGIMKOBaHEI 2 CTATBH B
3apy6eHBIX U OTeYECTBEHHBIX
JKypHaJIaX ¢ HEHYJIEBbIM HMIIaKT-
tdaxropom. Byzner nozpana 1
3asBKa Ha NIATEHT B
Kasaxcranckoe raTeHTHOe Gropo.
Byner omyGnuxoBasa 1 xHura B
3apy0eKHOM H3/1aTEILCTRE.

3 PaspaboTka cioco6oB SIuBape 1 HosGpst | ByxyT pa3paGoTaHsI clIOCOGEI
CO3aHusA 2020 2020 CO3IaHHUs MPOCTPAHCTBEHHBIX
NIPOCTPaHCTBEHHBIX pallOHMPOBaHHBIX BEIEMOYHBIX
PaiiOHHPOBaHHBIX 3aI1acoB 110 LEIEBbIM
BBIEMOYHBIX 3aIlacoB IIO [OKa3aTessiM CTabHIH3anul
LEJEeBbIM IIOKa3aTeIsIM Ka4ecTBa Py 10 3aIEKH
cTaGHIN3aluy KadecTBa
Py IO 3aJIEXKHU

3.l O6ocHoBanHe SIuBaps Mait 2020 | ByxyT 060CHOBaHBI
KOMITBIOTEPHBIX 2020 KOMITBIOTEPHBIE aJITOPHTME]
JITOPUTMOB. KBaJIHMETPU3ALHU
KBaJIIMETPU3ALUH Te0JIOTHYECKOTO COAEPKAHUA 11O
Te0JIOTHYECKOT0 TeOUHUKATOPHBIM KPHTEPHIM
CoAepIKaHus 110
FEOMHIUKATOPHBIM

KPUTEPHIM
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3.2 |Paspabotka coco6oB Urons
CO3TaHHs 2020
TPOCTPAHCTBEHHOTO
paliOHMpPOBaHHs
BBIEMOYHEBIX 3aI1acoB [0
HENEBBIM TTOKA3aTESM
OJTHOPOHOCTH
KOHIUEHTPaIU: |
KOHIHIOHUOHHOCTH
Ka4gecTsa pya oo
TOPH30HTaM PyAHHKA

1 HosiGps  |BynyT paspaGoTaHbl CIOCOGHI
2020 CO3TaHMs  TPOCTPAHCTBEHHOTO
paﬁomsposanm BBIEMOYHBIX
3a11acoB o IIEIEBBIM
[I0Ka3aTeIsM OZIHOPOTHOCTH
| KoHTeHTpaNMH u
| KOHIMIOHOHHOCTH KadecTBA pPYX
10 TOPH30HTaM pyAHHKa. Byzmer
omy6nukoBaHa 1 MoHorpadus.
Byayr mnomaHbel 2 3ajdBKH B
Espaswuiickoe # MexIyHapogHoe
Gropo [IATEHTOB, Bymyt
ony0IuMKOBaHEL 2 CTaTtk¥ B
JKypHainax (Scopus) ¢ HeHYIeBBIM
HMIaKT-(aKTopoM, TaKuX Kak
«International Journal of
Computational Methods).

Ot 3akazumKa:

ﬁpe;[ceﬂaTenb 'Y «KomureTa HayKn
MyitncTepeTsa o6pasosanus n nayku PKy

pacuios b.C.

Ot VcnomHuTesis:

O3HaKOM:ICH:
HayuHgIi pyKOBOAUTEIH npoeKTa(OB

(MOAITHCE)

KypmankoxkaeB A.
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JononnarenasHoe corjauenne Ne 6
K JloroBopy Ha rpanToBo¢ GUHAHCHpOBANNE
Ne 110 o1 «05» mapra 2018 roxa

r. Hyp-Cyaran «/Ly 29 2019 roma

Tocynapersenioe yupexnenne «Kommrer mayku Munucrepcrea o6pasoBaHHs W HayKH
Pecriy6muku Kasaxcran», umMeryemoe B aibHelimmenm 3akasunk, B e Ipencenarens AGyixacosoi
A.C., geiiciByrowero Ha ocHopaHuM IlonoxeHns o KomuTere HayKH, YTBEPK/IEHHOIO TIPHKA30M
Orsercraennoro cexperapst 10 uromns 2018 Ne 169-K, v npnkazom Munucrpa o0pasoBanus i HayKd
Pecny6muku Kasaxcran Ne 52-xk or 22 mas 2019 rona, ¢ oxsoif croponsl 1 Hekommepueckoe
aKuuoHepHoe obmecTBo «Kasaxckuii HalMoHaBHBI HCC/IEI0BATEbCKIM TEXHHYECKHH YHUBEPCHTET
umern KM Carmaesay, umMeHyeMoe B JanbHelinienm «HcrnonnuTensy, B mune Ilpopexktopa o mayke
Kemxanuesa B.K., neificteyromero Ha ocnopannn Jlosepernoctn Ne 36 ot 06 mast 2019 roga, ¢ apyroit
CTOpOHBI, Ha ocHoBanuu crateu 401, 402 DIpaxmasckoro Konexca Pecmy6muin Kasaxcram,
mocranosrerns IIpasurenccrsa PecnyGmnkn Kasaxcram or 25 mas 2011 roma Ne 575 «O6
yrBepx/ierun [TpaBuin 6a30B0r0, TPAHTOBOrO, MPOrPAMMHO-LENEBOrO (HHAHCHPOBAHHS HAYYHOH K
(WIM) HAYYHO-TCXHHYCCKOH JEATENBHOCTHY, pelieHnii HanMOHaNbHEIX HaydHLIX COBETOB IO
TIpHOpPHTETY «PaIMOHANBHOE HCTIONE30BAHHE IPUPO/IHBIX PECYPCOB, B TOM YHCIIEC BOAHBIX PECYPCOB,
TEoJIorHsl, mepepaboTka, HOBblE MAaTEPHAIB M TEXHOIOTHH, Oe30NacHble M3JEMUs H KOHCTPYKIHAY
(uporokonst oT «14» mrons 2019 rona Ne 4 u ot «01» mons 2019 rona Ne 5), «HndopManmonnELe,
TEJICKOMMYHHUKALMOHHbIE U KOCMHYECKHE TCXHOJOTHH, HAYIHBIC HCCICNOBAHHMA B o6nacTH
€CTEeCTBEHHBIX HayK» (mpoToxon ot «05» mions 2019 rona Ne 8), «Hayunbie ocnoBbr «Manrinik Ex
(obpasosanme XXI Beka, (yHIaMCHTAIBHBIC H IPHKIIAIHEIC HCCTICA0BAHAS B 0BIACTH TYMaHHTAPHBIX
Hayk)» (mpotokon oT «23» asrycra 2019 roma Ne 6) samouminn Hacrosiuee JIONOJNHUTCIBHOS
cornamenye k Jorosopy Ne 110 ot 05 mapra 2018 rozia (1anee — Jloropop) i NPHILTH Kk COTVAMIEHHIO
0 HIDKCC/ICYIOIICM:

1. Crpoxy 2.4 B pazzene 3 (Haumenosanue padom, CpoKu Ux peanu3ayuu i pe3yinsmamast)
TIpunoxennn 1.4 JIoroBopa W3I0KKUTH B HOBOI PERAKIIAHA CIICIYIOIETO COJCPKAHMS:

« |24 |3apaga VIII: Cpasnenne | OxTs6pn 1 Byner nonyweH momxom K
Pe3yIBTaToB 2019 Hox0psl | peanu3auuM  METOJd KOHEYHBIX
Pa3paboTaHHOTO MoAXona 2019 | o6semor Ha
K pealu3alMd  MeToja HECTPYKTYPHPOBAHHBIX  CETKAX
KOHCUHBIX  00BEMOB  C s onpodasnoi pumETpanuHE B
AHATHTHYECKHMH | JIBYMEPHO# TIOCTAHOBKE H
PEIICHHAMHI " Pe3yNMETATE! CPaBHHTENHHONO
| pesympraTaMH  H3BECTHBIX aHanusa. Bynyr onyGinkoBansr 2
METOOB € TOUKH 3peHHs HAyuHBIX cTaTeii B COOpHHKax
TOYHOCTH. Marepuanos  xoudepenrmit, 1

CTAThsl B OTEYECTBEHHOM H3JaHHI
C HEHyJIEBBIM HMMaKT-GaxTopom,
1 monorpadpus u 1 crates B
PeleH3HpyCMOM Hay4HOM
M3IAHHH,  HHIEKCHDYeMOM B
MENKJIYHapOIHBIX 6asax, MaHHBIX
Scopus umm Web of Science c
HCHYJICBBIM HMIAKT-(aKTOPOM. »
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7. Crpoku 2.2 u 3.2 B pasmene 3 (Haumenosanue pabom, CpoKu ux peanusauyuu u
pesynemamst) B Tlpunoxenun 1.28 JloroBopa HM3JIOKHMTL B HOBOH DENAKLMH  CIIEAYIOLIErO

COZEPIKAHMS:

« | 2.2 | Ananutryeckoe ormcanue | Mions |1 HosiGpsi| ByneT npoBeneHo aHanmuTHYECKOE
(opmupoanus 2019 2019 | onmucanuc popmupoBaHus
OIHOPOIHOCTH OJ[HOPOJHOCTH KOHIIEHTPAITHH H
KOHTIEHTPAIEH 1 KOHJMIMOHHOCTH Ka4ecTBa Pyl
KOH/IHITHOHHOCTH 10 9KCILTYaTAHOHHBIM YIacTKaM.
KayecTsa pyA o ByzmyT ycTaHOBJEHBI
IKCTLTYATAITHOHHEIM AHAIHTHYECKHE OLCHKH
yJacTKam (hopMHEPOBaHHS ONHOPOTHOCTH

KOHIIEHTPAIIHH H
KOH/IMITMOHHOCTH Ka4eCTBa Py
TIO 3KCTUTYaTallHOHHBIM Y4acTKaM.
Bynyr onyGnuxosanst 1 goxnazn
Tpyaax MexayHapoaHoro
KOHTpecca HITH CHMIIO3HyMa; 2
cTaThy B 3apyOeKHBIX H
OTCYCCTBCHHEIX JKyPHAIAX C
HEHyJIeBLIM UMITAKT- (hakTopom

« [ 3.2 | Paspadotka ciocoGon Hronn 1 BynyT paspaboTansi crioco6s!
CO3/aHuUst 2020 HOSOpPS | CO3/aHUs IPOCTPAHCTBEHHOTO
TIPOCTPAHCTBEHHOTO 2020 | paitoHHPOBAHHS BEICMOYHBIX
palioHMpPOBAHHSL PpalfOHHPORAHMS 3aTacOB MO

BBIEMOYHBIX 3aITACOB IO
LeNIeBBIM TIOKa3aTelsM
OJHOPOAHOCTH
KOHIIEHTPAIMH |
KOHAHLMOHHOCTH
KayecTra pyJ Mo
TOPH30HTAM PyIHHKA

LEJICBBIM IIOKA3ATENAM
OJTHOPOTHOCTH KOHLEHTPAIIHH H
KOH/IAIIMOHHOCTH Ka4ecTna Pyl
II0 TOPH30HTaM PyIHHKA. 33 Bech
TIEPHOJT PeaTH3aIliK POEKTA
GyayT onyOIMKOBAHEL 2 CTATHH B
AaypHanax (Scopus) ¢ HeHyJIEBBIM
HMMaKT-hakTopoM, Gy/eT nofana
1 3asBka B EBpasuiickoe
matenTHOE G1opo 1 OymeT
onyb:ikoBaHa 1 MoHOrpadus

8. Crpoxy 12 B paspene 3 (Haumenosanue pabom, cpoku ux peanu3auuu u pesyivinamst)

Tpunosxenyu 1.38 JIoroBopa H3N0KATH B HOBOI PEAKLIAM CIIEAYIOLIETO COAEPKANUS:

12 | TpoananusupoBats Cenradpe | Hosbos | Byayr IPOAHATH3HPOBAHEI
PE3yJILTAaTBl M YTOYHUTH 2020 2020 PE3YyJIbTaTel H YTOYHEH METOJ
METOO aHamsa a”anu3za MCCTONOJIOMKEHHsS IS
MECTOMOJIOXKEHU S AN Tpael('ropnﬁ JBUKCHUA
TPAeKTOpHI JBHIKEHUS TPAHCIOPTHBIX CPeACTB. byner
TPaHCTIOPTHBIX CPEACTB. omybrmikopaHa 1 crartes B

PeLEH3UPYEMBIX 3apyOenHBIX

HAYYHBIX H3JAHUAX C HEHYJIEBBIM
HMMNaKkT-QaKkTopoM u 2 cTaThi B
HayYHbIX M3JaHUSIX M3 CIHCKa
PEKOMEHI0BAHHBIX KKCOH.

»
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11. JlononHuTebHOE COTJIALIEHHE SBIETCS HEOThEMIIEMOH JacThio Jlorosopa.

12. Venosus JloroBopa, HE 3aTPOHYTHIC HACTOSLMM JIOMOJIHHTEILHBIM COTJIALIEHHEM,
OCTAIOTCS B HEH3MEHHOM BHJIE.

13. JIoMONHATEIBHOE COIIAIICHHE COCTABIICHO B JIBYX K3CMIUIAPAX, 1O OUHOMY 9K3EMILIAPY
UL KXK0H B3 CTOPOH, HIMEIONIHX O/IHHAKOBYIO IOPHAHYECKYIO CHITY.

HOpuauueckue aapeca cTopoH:

«3akazaHK»: «HcnonnuTenn»:
T'Y «Komurer nayku MunucrepcTsa HAO «Kazaxckuii HAIHOHANLHETI
obpasoanus u Haykn Pecrry6mmin Kasaxcran» —HCCIeI0BATENbCKAM TEXHUYECKHH YHHBCPCHTET
1. Hyp-Cyuran, npocniext Morrinix En, 8 umern KM, Carnaesay
BHUH 0611 4000 7608 T. Amvarr, yi. Carmaesa, 22
BHUK KK MF KZ 2A BMH 1501 4000 8602
MMK KZ92 0701 01KS N000 0000 BUK KC JB KZ KX
K6e 11 MUK KZ62 8560 0000 0696 8618
PI'Y «Komurer KasuaueiicTpa Kée 17
Musncrepersa gunancos PK» Banx AO «Banxk Lientp Kpemur»

A. ADyJikacoBa

¢
Lo O o
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BBITHCKA
13 npoTokona Ne 3 3aceAANNS HAYHHO-TEXHINECKONO COBCTA
KasHUTY nwenn K], Catnaesa (HTC KasHUTY)
o «13» oxTsGps 2020 1.

r. AamaTbt «13» okrsiGps 2020 r.

MPHCYTCTBOBAJIH: nprcyrersonan ee unexst HTC —

WM. Belicem6etos, A. Coraasixos, /1. HaypsisGacsa, 3. Msmanues, V. JKan6ac6acn,

3. Tyiiebaxosa, B. Kycnanranes, K. PricGexos, K. Enemecon, H. Ceiinona, B.

OwapGexos, A. Caperoa, /1. AmMGacha — TeXHIECKHi CekpeTaps.
TIOBECTKA JIHSI:

1. OBcyxaeie n yraepicieniie 3axTouHTebHbX oT4eTos 0 HUP HAO
«KasHUTY nvern K.1. Catniaesay 10 I paronomy MHAHCHPOBAHIIO HayHHbIX
nccnenopanni Ha 2018-2020 rogei» 3a 2020 roa.

2. Pasioe.

CIVIIAJHA:

Jlokian Haysoro pykomoxwtens mpoexta AP05133057 «PaspaGotka
TeXHOTOrH YCTOR4MBOI CTAGHIMIALIH KOHIEHTPALMN KA4ECTBa H TOITOTOBKA
TOTOBLIX BHICMOWHEIX 3ANIACOB TBEPABIX HCKOMAGMBIX 110 FOPH3OHTAM PYIIHKa
Kypmankoaaena Asuyxana.

Tociie oBCyKeHHS “IeHb! HAYHHO-TEXHHTECKOTO CoBeTa

TIOCTAHOBHIH:

1. Saxmountensumii orier mo mpoexty APOSI33057 «Paspaborka
TEXHOIIOrHH YCTORAMBO/ CTAGHTH3ALMH KOHUEHTPAIMH Ka%ecTBa 1 MOATOTOBKA
TOTOBHIX BHIEMOWHEIX 3ANACOB TBEPBIX HCKOMAENHIX 110 FOPHIOHTAM PYIHKG)
nayuHOrO pyKooHTens Kypmankomaesa A. yToepnTs.

2. PeKOMEHZIOBATS AKTHBHOE y4acTHe B KOHKYpeax oonapzemsix MOH PK
 APYTHMI TIPOQILTBHBIMH MUHHCTEPCTBAMS i BEIOMCTEAMH.

sacenanus HTC A. Coapikos

Cexperaps saceaans
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COJIEP)KAHUE

Kosionka riaBHoro perakropa

Pricnanos H.b. Obpaiienye K uMTaTessM. ..

IIpo6ieMbI ropHOii HAYKH

HarmonanbHast Axanemus Topubix Hayk o npoGiemax oTpaciieBoii HaykH.
Hnrepseio Ipesunenra HATH, n.m.u. H.B. Peicnanosa......

Hcabek T.K., Kamapos P.K., Myxamemkatnos C.J1.
K mpo6ieMe 0TpabOTKH JTOKaIbHBIX yYaCTKOB YTONBHBIX IIIACTOB
B KaparaHIMHCKOM yroibHOM GacceiHe ...

MuHepaabHO-ChIPbeBbIe Pecypchl

Kypmankosxaes A.K.
CriermanbHOE CTATHCTHYECKOE PACTIPEICICHHE MTOKa3aTeNeil reopecypcos

Teorexnosiorus

Anpnamxapos H.H., Annamxap A.H. Boccranosnenue 6e31eiCTByIOMMX 1 MaJIOA€OMTHBIX
HEe(TAHBIX U ra30BbIX CKBAKMH AKTIOOMHCKOIO PErHoHa METOIOM OypeHus 60KOBOro CTBOJA

Jyiicebaes b.0O., Baiitaco K.M., Vikkenos B.C., Cadnenos K.O.
O BO3MOXKHOCTH WHBEPCHH TTOTOKOB SHEPTHH TIPH A00bIYE ypaHa.....

Owmmpramu A K., Mympanuios A.A.
AkTyanbHbie mpobnems ocBoeHus ckpakun [1CB ypana u myTn ux pemenus

Teomexanuka

Edpemos E.1O., Tamxun A.A., Xapucos T.d., Xapucosa O /1.
HccnenoBanne reoMexaHn4eckux ycuoBuii KnembaeBckoro kapbepa U BbISIBICHHE
TIOTEHUHAJIBHO OINACHBIX Y4YaCTKOB .

T'eodkosiorust u NPOMBINIJICHHAS 0e3omacHoCTH

Paxumbekos C.M., Kyrreibaes A.E., Apunos C.A., Mykaures H.b., Ecenfaera b.A.
HWHdopManHOHHBIH acrieKT mpo6ieMbl 0e30MaCHOCTH BEACHHS MO3EMHBIX TOPHBIX PaboT.....

DKOHOMHKA M YNPABJIEHHE F'OPHBIM NPOH3BOICTBOM

Tamues C.K. EBpasuiickast ncTopust pa3BUTHS TOPHOAOOBIBAIOLIEH OTpaciin
110 KHUre «B MoKucKax COBETCKOTO 30J10Ta»

[Poros E.-M], XarxanGaes E.E., JKarkanGaesa JK.K., JKarkan6aes T.E.

CpaBHUTENbHBIN aHAJIM3 YKOHOMUUECKOH SQPEKTUBHOCTH LOGBIH 30JI0Ta HA POCCHITHBIX
MECTOPOKIEHHAX CII0COO6aMK ByJIb103ePHO-CKPENEPHBIM U ITOJ3EMHOTO

CKBaXMHHOTO BBILIC/IAYUBAHMS. ..

Paxumbekos C.M.
CHCTEeMHBIIT aHAJIN3 TOPHONOOBIBAIOIIETO HPEITPUSATHS ...
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MWHEPAJIbHO-CbIPbEBbIE PECYPCbI

V]IK 622.271

Kypmankoxaes A.K.,

0.m.H., npocheccop, kagedpa «Mapkuietioepckoe 0eno u 2eodesus» Kazaxckozo Hayuonansnozo
mexHuecko2o ucciedosamenvcko2o ynusepcumema umenu K.M. Camnaesa

an. nowma:kurmankozhaev_a@mail.ru

CMNELUMANBHOE CTATUCTUYECKOE PACNPEAENEHUE
MOKA3ATEJIEN TEOPECYPCOB

Annomayun: Hosoe cneyuanvrnoe cmamucmuyeckoe pacnpeoenenue 0CHOBAHO HA Meopemuye-
CKYIO KOHYeNYuio BbIA6NICHUs U Y4ema UHGOPMAMUEHO BbICOKUX 2€OUHOUKAMOPHBIX XaPAKMEPUCIUK U
UHBAPUAHMHBIX CIPYKMYP PACAPOCMPAHEHUs. 2eONPUSHAKOS C NPUBTIEYEHUEM CReYUATbHON (YHKYuU
2UNepoONUIecKo20 KOCUHYCA. YCmOouusas uH6ApUAHMHAs, CIMPYKMYPA PA36UMUs. 6ePOSIMHOCMHbIX
4ACMOm 2eONPUIHAKOS YCMAHOBNIEHA NO Pe3VAbMAmam OYeHKU CUMMEMPUYHbIX MUNo8 pacnpe-
Oenenuil pasnoodpasnvix ceonpusnaxos (N=424000) no pasnuunvim MecmoporicOeHUsM YepHbIX,
yeemuwix u peokux memannos (N=208). Ilnomnocme ynkyuu pacnpedenenusi ompasicaem gopmy
VHUMOOGNbHOU CUMMEMPUYHOU KOTOKOI00OPA3HOU KPUBOLl, 0ONnycKaiowell pasiuyHblX 3Ha4eHull
akcyecca borvuie Hyns E > 0 npu munumanvnocmu acummempuu. Ilo pesynomamam cpasnumens-
Hotl oyenku 6onee 700 cummempuyHbIX MUN08 IMnUpU1ecKux pacnpeodenenuil pasiuunvix 124 zeo-
NPUBHAKOB ¢ acummempuel u IKCYeccom bonbuie Hyis yCMano81eHa 8bICOKAs CXOOUMOCb UX C
HosbiM pacnpedenenuem noumu 6 1,4-2,0 paza mounee, uem Hopmanbroe u Opyeue OIU3KUe K HeMy
meopemuuecKue pacnpedeieHnus; NOOMeepICcOeHo, Mo AnnPaKCUMAYUOHHAS MOUFHOCHIb PACHpe-
Oenenus obecneyusaemcs 3a cuem napaMempuzayuu GyHKYyuu pacnpeoeienus ¢ npusiedeHuem
MOOGIBHBIX XAPAKMEPUCIMUK U AMRIUMYOHOU USMEHUUBOCU 2EONPUSHAKA, ABTAIOWUMCS DOnee UH-
popmamusHbIMU U 2€OUHOUKAMOPHBIMU CINAMUCIMUYECKUMU NOKA3AMEISAMU PACHPOCMPAHEHUs! 2e0-
npusHaka.

KuiroueBsle cjioBa: Pacnipesiesienue, reonpusHak, napamMeTp, reOMHIMKATOPHAsi, MOJIA, H3MEHYH-
BOCTb, CHMMETPHYHOE, HHBAPHAHTHASL, CXOLMMOCTb, CTATUCTHYE CKHE.

Tyitin: JKana apnaynsl cmamucmukablk mapaiy 3aj0bLiblebl 2Unepoonatvlk KOCUHYC YHKYUsACHL
APKbLIbIL 2€0UOUKAMOPIbIK XAPAKMEPUCIMUK NEeH 2e00en2iepOiy UHBAPUAHMMbIK KYPAMbIH AHIKMAY
JlcaHe Natoanany meopusnblK KOHYENYUACIHG He2i30eninol. Opcanansl Kapa, mycmi jcane cupekmi
Memanoapovly Kenmekenoepi mypevicvinoa (Ne208), xkenmypni eeobenzinepOin cuMMempusibly
mapany 3agoviiel monmapwin (N=424000) 6azanayoeiyy nomuogicenepi neeizinoe zeobenzinepoir
Mapanybinbly bIKMUMANObIK JHCUITIKMEPIHIY MYPAKMbl UHBAPUAHMMBIK KYPAMbL AHBIKMATLIHOBL.
Bip mo0anovi cummempuanst KONOKo1 Munmec Cbi3blK Mapany mulbi30blK (QYHKYUACH aPKbLIbL
betineneneoi, scane ome a3 ACUMMEmMpUAILIK nen Hoaden kon sxcyec (E>0) wamanapuin kopcemeoi.
Acummempus sicone sxcyecc wamanapvl Honden ken apmypii 124 ceobeneinepdiy cummempusibiy
munmix 700 5MRUpUKATbIK MApaiy Monmapbin CaiblCMulpManbiy, 6azanyobly HAMuiceepi Jeysinoe
01apObIY YCHIHBLIBIN OMBIPAH HCAHA MAPATYbIMEH, Denzini HOpManObIK JHCIHe COAH HCAKbIH MaApa-
aynapoan 1,4-2,0 pem sicozaper 0andikme Getineneiimindizi mysxcolpolavlmoansinovl. Ieobenzinepoiy
MapanybiHbly CMAMUCMUKAILIK UHGHOPMAMUSMI JcaHe 2e0UHOUKAMOPIbIK KOPCEMKIUmepi MOOAN0bIK,
CHIINAMMAManapbl MeH amMRAUMyOanblK o32ep2iuimikmepi apKotivl, Mapany GyHKYUACIH napamen-
piiey mypabiCblHOA OHbIH ANNPAKCUMAYUATLIK WAMACHIHBIH JHCOLAPBLbIZbI 0271€10€HINOL.
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CTATbU KASAXCTAHCKWUX YYEHBIX

KYPMAHKOXAEB A.

KBAJIMMETPUYECKOE
MOOENNPOBAHME-
HOBbI 3TAMN 3BOMOLINK
B KAPTOIrPA®VPOBAHUA

B craTbe OCBELLEHa CYLHOCTb HOBOO MeToAa KBannMETPUYECKOro Kap-
TUPOBaHWS KOHLEHTPALWN MeTanna fyTeM OBOCHOBaHMS eCTECTBEHHbIX
MOoZanbHO-LPOBbIX rEOMHAEKaTOPOB.

MeToz OCHOBaH Ha reomnoro-kBanMMETPUYECKOM MPUHLMNE KapTUpoBa-
HWS KayecTBa kak 6a30Bblli OCHOBHON LMGpOBOI TexHonorum crabunusa-
UMM KauecTsa TBEPMbIX UCKOMAeMbIX, U 3aKMK4YaETCs B AETEPMUHUPOBaH-
HOM KapTUpOBaHMM KOHLEHTPaLMN COAEpXaHUii MeTann nyTem Ksanume-
TPUYECKOil AN bEPEHLMALMM CKaNIPHOTO FE0NOropasBejoHHOro Maccu-
KYPMAHKOXAEB A. Ba 3aNeXu Ha BOCTIPOU3BOAMMbIE MHBApUaHTHLIE rEOMOro-cTaTuCTUYECKIe
nonsi, CoAepXallve AUCKPETHbIE 3HAUEHUS COAEPKaHMI CKBXUHHBIX JaH-
HbIX B aBCOMKTHOM MPOCTpaHcTBe. MeTod BKIIOUAET BbISBNEHUE CBOMCTB

[lOKTOp TEXHUYECKUX HayK,

npodpeccop, akapemmk KasHAEH. W 3aKOHOMEpHOCTeli B CTpaTUrpachuyeckoM MPOCTPaHCTBE M paiioHMpoBa-
AsTop 6onee 350 Hay4HbIX HUe KaYecTBEHHO TUMONOrM3MPOBaHHbIX 3KCTIyaTaLMOHHbIX 3aMacoB MHBa-
TpyAos, 9 moHorpadcwuu, 10 PWaHTHBIX MO OAHOPOAHOCTU KOHLIEHTPALWW, N3MEHUMBOCTU W KOHAULMOH-
naTeHToB. HOCTU MeTanna, onpeAeneHyte 1t OnMcaHue 3aKOHOMEPHOCTeN 1 3aBUCMO-

CTeil C MOMOLLbIO Pa3paBoTaHHBIX MOAAMEHO LiNdPOBLIX FeoMHA-KaTOPOB.
KoHLenuys BoCrpon3BeaeHmsi CKanspHOro CTaTUCTUYECKOTO MOMs AUCKPET-
HO pa3’MelLEHHbIX CKBaXWUHHBIX AAHHBIX COREPXKaHMi B MPOCTPaHCTBEHHO-
[DIETEPMUHMPOBaHHbIE UHBAPUaHTHbIE FEONoNMYeckue Nons, oToBPaXKaloLX
3aKOHOMEPHOCTM U Apyr1e CTpaTUrpadtueckie 0coBEHHOCTY pacrpesene-
HUS! KOHLIEHTPLI METarNa OCHOBaHb! Ha BbISBMEHIM U UCTIONb30BaHUN pac-
npe/ieneHys KOHLIEHTPaLWi METanna 0cHOBaHs! Ha BLISBNEHNN 1 UCTIONb30-
BaHWUM paHee He U3YUYeHHbIX ECTECTBEHHBIX MeOMoro-reHeTUYECKUX reonHae-
KaTOPHbIX CBOVCTB 1 [1BYMEPHOCTI MOAAmbHOW XapakTepucTUKi kauecTsa,
o KOTOpOMY OGECrEeUNBaloTCH CTPYKTYPHBIA MEPEXOA OT TPaaMLMOHHOTO
MpUHLMNG — CTaBUNN3aLms KayecTsa nocne AoBbIYM K 0BPaTHOMY MPUHLM-
ny — cTabunnsaums kauecTsa 10 A06biuM. MPoLEece AOCTIKEHUS pesynkTa-
TOB TEXHOMOTMYECKOTO YCPeHEHs KauecTsa rocre AoBbIUN Ha OCHOBE KBa-
TUMETPUYECKOTrO KapTMPOBaHWS KOHLIEHTPaLWMM MeTanma perynupyTes no
LieneBbIM NoKa3aTensimM 1 OLIEHOUHBIM KPUTEPUSIM CTaBUNU3aLMN kauecTsa i
TEXHUYECKOro YCToBUS. VIcXofist 13 TeopUN NepexoAa oT AETEPMUHNPOBaH-
HbIX K CTaTUCTUYECKUM 3aKOHOMEPHOCTSIM, 1 CBA3U MEXZy reoMeTpUUeckoil
MOZIEN 1 MOEMbIO CBOVACTB, MPOCTPAHCTBEHHOI KOPPENMPYEMOCTi napa-
METPOB MMCTOrpaMMel PACrIpeAeneHns 1 reoMETPUUECKIX BbIPaXKEH CKBa-
KMHHBIX [JaHHBIX MPOBE/IEHa MyTEM MCTONb30BaHNS FEOMETPU3OBAHHOI are-
MEHTapHON AYelik eANHNYHOTrO HabMoAeHUs, NpeacTaBeHHoN B KayecTse
cTpaTurpacuiecko-pasmepHoit ceTki. Mpu 3ToM, KBanMMeTpudeckas kapTa
KOHLEHTPaL{N COlepXaHuii MONe3HOro KOMMOHEHTa noapasymMeBaeTcs Kak
reomeTpuyeckas Mogenb 0BbeANHSIOLLEN PasMNYHbIX KaUECTBEHHBIX U KO-
NUYECTBEHHBIX MOMOXEHUI CTPYKTYPHBIX 1 CTPATUTPachUYEcKUX MOBEPXHO-
CTeil reonoropassefjoMHOro Maccvsa TBEPAOTO MOMe3HOro NCKONaemoro.
MpW KBaNMMETPUYECKOM KapTUPOBaHUN MOAaMbHas BENUUMHA Pacrpo-
CTpaHeHWsi CofepXaHuii MeTanna o6ocHoBaHa B KauecTse KsanuMeTpuye-

HayuHasi cebepa - cosdaHue u pas-
sumMUue Hay4HO20 HarpaeeHus «
Keanumempus npoyeccoe oceoe-
HUsi 2eopecypcoe»
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TIpoBeeH aHAITH3 CYITHOCTH IIH(POBOH MOJIETH MECTHOCTH H 3 )eKTHBHOCTH IPHMEHEHHA ITH(P OBBIX KOM-
TIOHEHTOB B 3aJaYaX COBPEMEHHOH KapTorpaduH. MI3M0KEHBI CIOCOGHI HCTIONb30BAHAA HX TPH KBATHMETPHYE-
CKOM KapTHPOBAHHH KOHI[CHTPAITHH METaJlla H OTPE/IEICHHH HABHTAIIHOHHBIX NAPAMETPOB TPACCHPOBAHHA TI0-

JIBHKHBIX 0OBEKTOB.
Abstract

An analysis of the essence of the digital terrain model and the efficiency of the use of digital components in
the tasks of modern cartography is carried out. The ways of using them for qualimetric mapping of metal concen-
tration and determination of navigational parameters for tracing of mobile objects are described.

Kirouesble c10Ba: KaprorpadHposanme, coBpeMeHHbIE METOIBI, THPPOBAA MOIEN, KBATHMETPHIECKAS,
CI0COG KOHIIGHTPAITHH METAIlIa, Te0Je3HIECKO — HABHTAITHOHHBIE, TADAMETPEL, TIO/BIKHBIC OGBEKTEL
Keywords: mapping, modern methods, digital model, qualimetric, method of metal concentration, geodetic-

navigational, parameters, mobile objects.

B macTosIee BPeMA B CBA3H C BO3PACTAIONIHMH
BO3MOKHOCTAMH TEXHOIOTHH KOMIBIOTEPH3AHH H
CDEJICTB aHATH32 H IEPEIATH HHGBOPMAIHH IPOHCXO-
JTHT 3HATHTEITBHBIH CKATOK B PA3BHTHH IH(POBEIX MO-
Jenelf B MeTofoB B Kaprorpadmu. IIpm 5ToM KoM-
ILIeKCHaA TpoGiIeMa KapTorpagHpoBaHHsA 00bEKTOB H
TPOIIECCOB OCBOGHHA T€OPECYPCOB C IPHBICICHHEM
KapTOrpadHaecKHX NPOH3BE/ICHH I, B KOTOPIX PeasH-
3YIOTCA HAydHBIE HICH H METOJIEI, IPHOGPETAeT Bak-
HOE IPHKIIA/IHO — SKOHOMHYECKOE 3HAYCHHE, YCHIHBA-
€TCA 3HATHMOCTB Da3BHTHA KapIorpaHIecKoro Me-
TOJA HCCIEJ0BAHMH B DA3THIHBIX OTPACIAX HAYKH O
Semre.

AHaTH3 TIPAKTHKH HCTOMb30BAHHA PA3THIHBIX
KapT TOKA3BIBAET, UTO CETONHA B cdepe mmdpposoro
KapTorpaQHPOBaHHA TPeGyeTcs eIHHAA TPOTPECCHB-
Has KOHIICTITHA Da3BHTHA, YCOBEPIICHCTBOBAHHE 3a-
JlaIH BHIGOpA HCXOTHOH €THHHITBI H OTOGPaKaeMBIX
0GBEKTOB, METOJIOB KOMIUIEKCHOTO MOJIEHPOBAHHA H
CTIOCOGOB HCTONB30BAHHA TOTOTPAQHIECKHX KapT.
Kaprorpadmaeckue (akTopsl HCTIONB3YIOTCA  JIA
OmpeJleTeHHs  MOP(hOMETPHIECKHX — XApaKTEPHCTHK
MECTHOCTH, TIOCTPOSHHA PHPOHO-KONOTHIECKHX H
AHTPOTIOTEHHBIX 30H, OGOCHOBAHHA HHJICKCA Hampd-
JKEHHOCTH HA3EMHBIX H TIOJ[3€MHBIX YIaCTKOB C yIETOM
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Abstract

The methods of creating information availability of map content with the
help of various geo-indicators are outlined, the information density estimates and
the results of calculation of map information on the main types of theoretical dis-
tributions of geo-signs are given.

KiroueBble cioBa: HHGOPMATIBHOCTD, 0OECIIEUCHHOCTD, SHTPOINS, I'€0-
HHUKATOPEL, COAEPKAHIE KapTHI, [€0PECyYPCHL.

Keywords: informativity, security, entropy, geo-indicators, map content,
geo-resources.

B crarhe H3II03KEHBI 0COOEHHOCTH HIMPOKO PACIpPOCTPAHEHHBIX CIOCOOOB
Te0TIOrHYEeCKOT0 KapTHPOBAHIS HPOAYKTIBHEIX YIACTKOB 3eMHOI ITOBEPXHOCTI
Ha OCHOBE KBAIIIMETPUYECKHX T'EOMHANUKATOPOB BBHIJENECHIA OTOOpaXKaeMbIX
KOMITOHEHTOB KapT B YCIOBHSAX ICIIOIb30BaHNSA KOCMHYECKIX CHIMKOB, JaHbBI
OLIEHKN MH(pOPMAINOHHON 00ECIIeYeHHOCTI COMEPIKAHI KapThl C IIpHBIIEYe-
HIIeM HH()OPMAIMOHHOI SHTPOINI U Pe3yIbTaThl PAacUeTHI IT0 BIJJaM TeOpeTHde-
CKHX paclpeseneHuii.

B HacTosIIee BpeMs H3BECTHEI Pa3IITIHBIE BIJIBI T€0TOIMYECKOT0 KapTHPO-
BaHHs, KOTOpBIe BKIOYaloT: 1) CI1oco6 reo1oro — CTpyKTypHOro KapTHPOBAaHIA
MECTOPOXKICHHS - COCTAaBIEHHE I'€0JIOT0 — CTPYKTYPHOIi KapThl; 2) Croco6 M-
HEpanoro — TEXHOJIOIMYECKOT0 KapTHPOBAHIIT MECTOPOXICHII — COCTAaBICHIE
T€0JI0r0 — MUHEPAIIOTHYIeCKOil KapThl MECTOPOSKISHIA ¢ MIHEPATIOT0 — TEXHOIIO-
rHYecKkoil knaccuukanueii pyn;

Ha mpakTuke pelreHie KOHKPETHBIX 3a/1a4 KapTHPOBAHIS BEIIOTHASTCS O]
Ha3BaHUAMI TEXHOJIOTHYECKOTO KapTHPOBAHUS CBOIMCTB Py[, CTPYKTYPHOE Kap-
THPOBAHIIE Pa3BUTUSA OTAEIBHBIX THIIOB TOPHBIX MOPOJ, KOIIIECTBEHHOE MITHE-
parnorudeckoe KapTHpOBaHHE HHTPY3HBHOCTH MaccuBa. KapTmpoBaHne reope-
CYPCOB, B CYIIIHOCTH, OCTaeTCs OTASTBHBIMI METOANYESCKIMHI Pa3HOBUIHOCTMII
KOHIEIIIIHN I'€0IOTHYECKOr0 1 Fe0I0r0—TeXHOTOIMYECKOro KapTHPOBAHIA.

H3BecTeH Croco0, CYIHOCTh KOTOPOTO 3aKI0YAeTCs B IIPOBECHII MHOTO-
30HANBHOII KOCMITYeCKOil ChbeMKH CIEKTPAIBbHOI APKOCTH MOPOA, Ha3eMHBIX I
TTa0OPaTOPHEIX IeTporpaddeckux HcciaemoBanuii. ITo pesymprataM HX Haxo-
JUITCS 3aBICHMOCTD CIIEKTPAIbHOIl PKOCTH IOPOJ OT KOIITIECTBEHHOI'O MIIHE-
PaNoOrudecKoro cOCTaBa, 1 I10 JaHHBEIM MHOT030HANBHOIT ChEMKH CIEKTpanbHOI
SIPKOCTIH TIOBEPXHOCTH penbeda CTpOSATCsA KapThl H30MMHMI coaep KaHuil mopo-
J1000pa3yIoNINX MHIHEPAIoB HHTPY3UBHBIX MaccuBoB [2]. B maHHOM crmocobe B
KauecTBe TeONHANKATOPA IIOCTPOSHNA CTPYKTYPHI KapThI HCIONB3YETCS 3aBHCH-
MOCTB CIIeKTPANBHOIT APKOCTH MOPOJ] OT KOTMUECTBEHHOTO MIHEPAIBHOT'O X CO-
cTaBa. OfHaKO, JOCTOBEPHOCTH PE3y/IbTaTOB KaPTHPOBAHNUS 3aBICHT OT TECHOTEI
KOPPEIAIMOHHOCTH 3aBUCUMOCTH U CTEIIeHH HaJeXXKHOCTH K03 (IIIeHTOB pe-
TPECCHH, YTO YaCTO HEOCYIECTBUMO BBIY MHOTO(aKTOPHOCTH STOil 3aBICHMO-
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METO/{ KBATTMMETPHYECKOM IIOJAT OTOBKH PYIHBIX 3AJIEKENR
s IOJCYETa IX TEOJIOTMYECKHX 3ATTACOB

AnHoTanmus. II3M0XKeH MeTOJ KBAaTHMETPHYECKOH IIOATOTOBKH T€ONOrHYECKOro 3amaca K IIOJCYETY
TOCPEJICTBOM 30HBI BIHAHHA MOJATBHOH BETHUHHBI IOJIE3HOTO KOMIIOHEHTA C Y4ETOM Da3slHYHil HEOTHOPOJHOCTEH
TPHCYIIHX K HHTEPBAIbHBIM 3HAYCHHAM COJIepKanmit. Ha 3ToH OCHOBE JOKA3aHO 3aKOHOMEDHOCTS BOCTIPOH3BEICHHA
30HANBHBIX KOHTYPOB IOJCYHTHIBACMBIX 3allaCOB MONOCOCDENOTOYCHHBIX KAYCCTBEHHBIX, MANBIX 110 CONEPKAHHIO
PANOBBIX H GOJBIIHX — BEICOKOKAUECTBEHHBIX OHOPOIHBIX PYJI.

KioueBble ¢10Ba: METON, 30HA BIHAHHA, 3aIlaC, KBATHMETDH3AIIHA, 30HATBHOCTH, MOJATBHAA BETHYHHA,
HEOJIHOPO/THOCT.

TIpoGeMa DACKPHITHA TeONPOCTPAHCTBEHHBIX IOTEHIHATOB CKAIAPHOTO IONS COJEPXKAHHMIT IO
MACCHBY 3aleXH IyTeM HCIOTb30BAHHA DA3IHUHI HEOTHOPOJHOCTH H JHCIEPCHOHHOTO aHAIH3a
pacmpefielleHHs KOHIIEHTPAIlHH IOIe3HOTO KOMIIOHeHTa H3yueHa DA HcCIefoBaTeliMH. OJHAKO 3aJadi
Ompe/ieNleHHs 30HAIBHOCTH PACHOPOCTPAHEHHs CONEPIKAHHH B 3aBHCHMOCTH OT Pa3MepOB 30HBI BIHAHHA
KITIOUEBBIX XApAKTEPHCTHK IONe3HOTO KOMIIOHEHTAa IPH PelIeHHH 3ajgad II0CueTa 3aIacoB IOYTH He
H3YUEHEI.

MeTosi KBaTMMETPHYECKOH MOATOTOBKH PYIHBIX 3ajlekeff K IMOJCYETY HX TeONOTHYECKHX 3amacoB
OCHOBAH Ha TIPHHITHII HCTIOJb30BaHUSA CHCTeMeOoGPa3yIoNIHX TeOHHIMKATOPOB B ITeNeBBIX MPOIeccaX «3amac
— TeXHOJIOTHs». MeToZ OTIHYAeTCS TeM, 4TO 30HA BIHAHHA MOJATBHOI BETHIHHEI ONPEeNIOTCA BIEPBEIe
TyTeM HCIOTH30BAHHA CBOMCTBEHHBIX K Helf BHICOKOHH(OPMATHBHOCTH H YCTOHUHBOCTH pacIpeeleHHs
KOHIIEHTPAIlMH H He3HAYHTETBHOCTH H3MEHUHBOCTH IIONIe3HOTO KOMIIOHeHTa, Ha OCHOBe KOTOpEIE
YCTAHABIHBAIOTCA CTATHCTHUECKHE TPAHHYHBIE BeTHUHHBI H pa3Mephl IeOMETPH30BAHHOH MOJaTbHOM
TEOMHIHKATOPHOH IUIOMAIH, PACWICHSIONIHX IO 3aIaca IIO0 30HATBHOMY XapaKTepy H3MeHeHHit
CoflepkaHHI HA 30HBI KAUeCTBEHHO OJHOPOJHBIX 3amacoB pyd. Ha ocHOBe pa3spaGOTaHHBIX (OpMyIT
YCTAHABIHBAIOTCA TPAHHUHbE BEeIHUHHB! CTATHCTHUECKOTO pa3JeNeHHs COBOKYIHOCTH —COZJepIKAHHIt
JH(p(epPeHIHPOBAHHBIX B 3aBHCHMOCTH OT Pa3lMHUMil CTeNeHH HEOJHOPOJHOCTH CIPYIIIHPOBAHHBIX
HHTePBAIBHBIX HX 3HAUeHHil. I'eoMeTpHUecKHe BHIPAKEHHA CTATHCTHYECKHX TDAHHYHBIX BETHUHH
OCYIIIECTBIIACTCS Yepe3 H30MOPHBIe THHHH, TPACCHPYEMBIX 110 HX aGCOTIOTHBIM 3HAUEHHAM IO IUIOIIATH
3amaca 3aleXH. B CHIy BEINIENPHBEJCHHBIX CBOMCTB MOJANBHON BeTHUHHBI, H IPOCTPAHCTBEHHOM
TpaHCHOPMHPYEMOCTH TOKa3aTeNlelf NOIA 3amaca IO 30HATPHOMY XapakTepy H3MeHeHHi KOHIIeHTDAIlHH
COfepKaHHH, H30MOpGHble IHHHH TeOMETPHUECKH pAaCWIEHAIOT IIONA 3alaca HAa OJHOPOJHBIE
MOJOCOCPEZIOTOYeHHble ~ KaueCTBEHHBle, ~Malble 10 CONEPKAHHIO pAZOBBIE M GONbIIHE —
BBICOKOKAUECTBEHHBIe 30HAIbHbIE 3amachl. OGOCHOBAHHOCTh HCIIONB30BAHHA T€HETHIHOTO PATHyCa 30HEI
BIHAHHS MOJANBHOH BETHUHHBl HA 30HANBHOCTh 3aIlacOB JOCTHTHYIa B CBA3H C NpPHMEHEHHeM
(yHIAMEHTATBHOTO Te0TI0TOreHeTHIeCKOro IPH3HAKA PacuIeHeH s Te0OTHIECKOTO 3a1aca 10 30HaTbHOMY
XapaKTepy H CBOICTBAM 3aKOHOMEPHBIX H3MeHeHHH KOHIEHTDAIlMH IOJe3HBX KOMIIOHEHTOB B IIONe
CoZlepKaHHIf 3anexkH. I paHHIHbIe CTATHCTHUECKHe BeTHYHHE! COIePXKAHHIT H TeOMETPH3HPOBAHHAS IO HEM
6a3opast IUTONIANh 30HBI BIHAHHA MOJATBHOI BeNTHUHHB! YCTAHABIHBAIOTCS IH(GQEpEeHIHPOBAHHO Yepe3
MOJYIBHBI TEOHHIHKATOP HEOTHOPOTHOCTH ONEHHBAEMBIH IO JHCIEPCHAM HHTEPBATBHBIX 3HAYEHHIt
COZIepKaHHIL.

MozynbHEle TeOHHIHKATOP HEOJHOPOJHOCTH IMpeJCTaBIAeT COGOH OTHOMIEHHe JHCIePCHt
coJIepKaHHH, IPHXO/IAIIHNXCSA Ha Majble (ti,f_;) H GOIbIIIHE (o‘: ) HX 3HaYeHHA K JHCIIEPCHH 0 MOJATbHOMY
mepsany (0,)
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AHHOTANUS

TI310XKEHBI Pe3yIbTaTHl OLEHKI CTPYKTYPHOIT CBSI3H, TOX/ICTBEHHOCTH I B3alMO3aMEHSEMOCTH OCHOBHBIX
ACCHMETPIYHEIX THIOB TEODETIYeCKIX —PDACTIEJENCHIN], Hambonee 9acTo MPHEMIEMBIX UL OLCHKI
pacTIpe/ieIeHIii pasIIIHBIX TOKa3aTeNell B Te0OTHII I TeXHIKe. HICIob30BaH METOT SMIMIPIYECKOro aHA3a
U CTATHCTIYECKIX BBIBOJOB C IPHBICUCHIEM HENApaMETPHIeCKIX (aKTOB 0  3aKOHOMEDHOCTSIM
pacrpeienerii. BBIIONHEH aHAMI3 SMINPHYECKIX DE3yIBTATOB NPUMEHEHNS JOTHOPMAIBHOTO IaMMa- I
pacrpefienesns  Befibymna ¢ mpmHBIedeHNeM OGMIIPHBIX CTATHCTHYSCKNX JAHHBIX I3 JHTEPATYPHBIX I
CCTIEI0BATENBCKIX HCTOYHIKOB. PaCKpBITH XapakTepHble OCOOEHHOCTH H CTATHCTHYECKIE 3aKOHOMEPHOCTH
pacTpe/ieIeHIii IPHUCYIIX K HIM, IOTYYCHB! ONCHOUHBIC CTATHCTIYECKIE BBIBOIBL, 10 KOTOPEIM BBISBICHE!
CTPYKTypHBIE CBSI3I MEIY (YHKIISIMI JOrHOPMATBHOTO, TaMMa- I pacTpeeNeHns BefiGymma. YcTaHoBIeHE!
TOX/ISCTBEHHOCTh I IJICHTHMHOCTh PAsBHTHS BEPOSTHOCTHBIX 9ACTOT NPH IX MPHMEHSHHI, 0GOGIICH
KOMILIEKCHPOBAHHENT ~TeOMETPUYECKIil «00pas»  acCHMMETPHYHOCTH, —CBONCTBEHHON K OTHM THIAM
pacrpefienermii. CIPYKTypHBIE CBS3H H B3alMO3aMEHSEMOCTh AaCHMMETPIUHBIX TIHIOB PACHIPEICISHIL
PEKOMEH[IOBAHBI [UISl TOBBINCHIS HANEKHOCTH H JOCTOBEPHOCTH OIEHOYHOrO BBIOOpA pacmpeieleHms B
YCIOBISIX HEONPEAEIEHHOCTH 1 HE3HAYNTENbHOCTH CTATHCTHYECKIX JAHHBIX IPH PEMICHII 3a1ad, CBA3AHHBIX
TPOTHO3AMH, TEXHOJOTITIECKIMI 1 KOMITBIOTEPHBIMI Pa3paGoTKaMIL.

ANNOTATION

Presented the results of evaluation of structural connection, identity and interchangeability of main
asymmetric types of theoretical distributions most often acceptable for assessing the distributions of various
indicators in geology and technology. The method of empirical analysis and statistical inference was used with the
involvement of nonparametric facts according to the distribution patterns. The analysis of the empirical results of
the application of the lognormal, gamma distribution and the Weibull distribution with the involvement of
extensive statistical data from literary and research sources is carried out. The characteristic features and statistical
regularities of distributions inherent to them are revealed, estimated statistical conclusions are obtained, according
to which structural relationships between the functions of the lognormal, gamma and Weibull distributions are
revealed. The identity and authenticity of the development of probabilistic frequencies in their application have
been established, the complex geometric "image" of asymmetry inherent to these types of distributions is
generalized. Structural relationships and interchangeability of asymmetric types of distributions are recommended
to increase the reliability and credibility of the estimated choice of distribution in conditions of uncertainty and
insignificance of statistical data when solving problems associated with forecasts, technological and computer
developments.

KioueBste ci1oBa:  TOKIECTBEHHOCT, —B3aMO3AMEHSEMOCTh, ~CTPYKTYDHBIC —CBS3H,  9aCTOTHI,
ACHMMETPITIHOCT, PACIPE/ICTICHIE, TEONPI3HAKIL, TEXHITIECKIE BEIINHE, HHTCHCHBHOCTD, CTATHCTHYSCKHE
BBIBOJIBI, OIINOKI.

Key words: Identity, interchangeability, structural connections, frequencies, asymmetry, distribution,
geoindicators, technical, technical quantities, intensity, failures, statistical inferences, errors.

B TOPHOTEONOTHYECKIX ~pa3pabOTKaX —MOUTH
BCer/la TCTIOTB3YIOTCS CTATHCTIYECKOE
pacmpefleNienIie  I3yJaeMoro ToKasatessl. OJHako
BBIOOP €T0 KOHKPETHOTO BIIA 9aCTO COMPOBOKIAKTCS
CKPBITBIMI I TPYOBIMI OIINOKAMII, COOTBETCTBEHHO T
3HAYHTENBHBIMH TIOCTECTBISMIL [IpobiemMa omeHKH

pacrpefieneHIii  TCONPH3HAKOB 1 TEXHIYECKIX
TEPEMEHHBIX IIPOKO H3ydeHa H OCBEIICHBl B
IITEpAaTYpHBIX ~ HCTOYHIKAX, HO  HEIOCTATOYHO
13yYeHBI CTPYKTYPHBIE CBA3H I B3AIMO3aMEHSEMOCTh
ACHMMETPITIHBIX THIOB TEOPETHIECKIX
pacIpe Je/eHHil.

Jlng mccefoBaHHS 3Tofl IpoOIeMHOIl 3ajadn
ICTONB30BAH  METOX  SMINIPHYECKOTO aHamm3a It
CTATHCTHYECKHX ~ BBIBOXOB  C  NpPHBICUCHHEM
PE3YNBTATOB OLEHKI PACTPE/IENCHIL TeONPI3HAKOB I
TEXHIMECKIX IIEPEMEHHBIX C IIPHMEHCHIIEM OCHOBHBIX
ACHMMETPITIHBIX THIOB TEOPETIIECKIX
BEPOSTHOCTHBIX 3aKOHOB JUIsl KOTOPBIX HCIIOb30BaHBI
JaHHBIC W3 JIITEPATyPHBIX I HCCIIEHOBATENBCKIX
HCTOYHIKOB [1-4]. B cTaThe NpHBENECHBI Pe3yIbTaTbl
TCCTIeI0BAHIS CTPYKTypHOit CBS3I u
TOX/ISCTBEHHOCTI CTPYKTYPHBIX TapaMeTpoB
IOTHOPMATBHOTO, ~ FaMMa- 1 PACHpe/IeleHIs
BeiiOymwra, Hambolnee dacToe IPHMEHSIEMBIEe I
OIleHKe SMIHPIIECKIX pacmpeenermit

TEONOTIYECKIX NPH3HAKOB I TEXHIMECKIX BEIIIMNH.
I3ygeHsl ycnoBHsS HX (OPMHPOBAHNS C ydeTOM
CBOIICTBEHHBIX K HHM 3aKOHOMEDHOCTEll pasBHTHS
BEPOSTHOCTHBIX 9aCTOT. B OCHOBY —ONpe/eieHIs
CTATHCTHYECKIX ~ 3aKOHOMEDHOCTEil I  BBIBOZOB
TOTIOKEHE! 0GobmeHnbIe KOMIIO3HIINOHHEIE
UHBAPHAHTHBIE (HOPMBI DPa3sBHTHS BEPOSTHOCTHBIX
YaCTOT 1O 5THM OCHOBHBIM  aCHMMETPHYHBIM
PpaCTIpe/IeTIeHILIM. 3aKOHOMEPHOCTH
tbopmooGpasoBanIs BEPOSTHOCTHEIX acToT
TPHCYIIIX K HIM HCTIONB30BAHBI KK TOXK/IECTBEHHBIE
1 B3aHMOCBSI3aHHBIC HEINAPAMETPIIECKIe (aKTbL,
OTP@KAIOIIX OCHOB 0GOOIIEHHOI KOMIIO3HI[HOHHOIT
ACHMMETPIIHOI (OPMBI pacTIpeieIeHIIs.

I3 aHAMITIECKOTO M3YHeHNS DAaCHpeeleHImt
Pa3sHOOGPA3HBIM T€ONPH3HAKOB PAa3IIHBIX IOTIE3HBIX

nckomaeMsix  [1,2] BEITEKAIOT, 9UTO XapaKTepHBIE
OCOGEHHOCTH INPHCYIINIX K HIM CBOQHICS K
CIIeYrOIITIM:

3aBUCIMOCTE ~ YPOBHS  aCHMMETPHII  OT
Ko>hDUINEHTOB  BapHaI 10 PasIIIHBIM
TEOPETIIECKIM pacTIpe ieeHIsIM
TPSMOTIPOIIOPITIOHATBHAS u BBIPAKACTCS
IJICHTITHBIMIT KPUBBIMIT; JlorHOpManmEHOMY,
BeiiOyura i1 raMMa-pacipe e IeHIIIM IPICYII 00mas
IICHTITIHAS TPABOACHMMETPIIHOCTH
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Advantages of degenerated model in the assessment of the
distribution of ore reserves variables classified as normally distributed
variables
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K.I. Satbayev Kazakh National Research Technical University
Almaty, Republic of Kazakhstan

Abstract: Degenerated distribution model is based on the theoretical
concept of identifying and recording highly informative geo-indicating
characteristics and invariant distribution structures of geological features
with the involvement of a special hyperbolic cosine function. A stable
invariant structure for the development of probabilistic frequencies of a
geological feature has been established based on the results of assessing the
symmetric types of distributions of various geological features for various
deposits of ferrous, non-ferrous and rare metals (N=102). The modeling
distribution function relays the shape of a unimodal symmetric bell curve
that allows different excess kurtosis values to exceed zero with minimal
asymmetry. Based on a comparative assessment of more than 25 symmetric
types of empirical distributions of various geological features with
asymmetry and excess kurtosis greater than zero, their high convergence
with the new distribution was found to be almost 1,4-2,0 times more
accurate than normal and other similar predicted distributions.

It 1s verified that the approximation power of the distribution function
is ensured by its three-parameter feature that includes modal characteristics
and amplitude variableness, which are more empirical geo-indicators of the
geological features distribution.

Keywords: model, geological feature, geo-indicator, mode,
symmetric, invariant, accuracy

1. Introduction

The problem with evaluation of the empirical distributions of
geological features and other indicators of mineral resources, despite its
great importance in addressing various land and subsoil use problems,
requires an appropriate solution. The complexity of solving this problem is
due to the multifactorial nature and specific features of the nature of the
processes of mineralization and relief formation inherent in various mineral
resources features. The available indirect approach to the assignment of the
geological features distribution to any known predicted distributions that
are based on certain phenomena, or processes that are not related to their
distribution patterns for mineral deposits, remains a source of incorrect
predictions and estimates. The methodological procedure for assessing the
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distribution of geographic features has no theoretical justification and is
reduced to the mechanical selection of the known distribution law. Thus, it
often results in various mechanical steps and attempts to describe them
using functions of the known distribution laws and i1s attached to
assumptions and all kinds of artificial rounding and deletions. Therefore,
practically, we have to agree with their approximate convergence.

The most widespread practice is the assignment of symmetric types of
distributions of qualitative attributes of minerals to the normal probability
distribution. The analytical completeness of the calculation formulas for
determining statistically distributed frequencies without challenging
calculations is the main reason for the widespread use of this practice.
There have been numerous attempts that considered different variations and
modifications of the normal distribution [Yezhov A.L, 1961, Mitropolsky
A K., 1990]. There are some known works on the normalization of the
density function through transformation of one variant into another using
series and polynomials [Kendall, M.J., Stuart, M., 1966].

In distributions similar to normal and many others with distribution
remainders going to infinity, the variables do not have real significances of
expectation and variance, although in reality they do. The use of certain
finite distributions and the possibility of using truncated, correlative, and
other forms by replacing variables is not an adequate solution to this
problem. Analytical identification of the actual contour of a finely
distributed geological features (x,; < x < x,) with a total “idealized”
probabilistic space of a fairly distributed variable (-0 <x <o)
predetermines accuracy errors [A. Kurmankozhaev, 2018]. Errors made
due to the inconsistency of the real convergence of distribution of the
characteristic with the selected predicted distribution, generally, relate to
cumulative errors, are accompanied by major implications in expected
project designs and regulatory and procedural guidelines, feasibility studies
of production processes.

2. Conceptual framework of distribution model

Theoretical concept of substantiation of a degenerated statistical
distribution model is based on the construction of a simulating function that
reasonably describes the established stable invariant structures for the
development of probability frequencies of symmetric distribution types of
geological features. The modeling function as a reproducible representation
of an invariant geometric “image” of the development pattern of
probabilistic distribution frequencies as the characteristic values grows, is
adopted by analytical framework of the desired distribution. When
constructing the distribution function of geological features, the position
was used where invariance as an invariable structural part of a pattern can
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ADVANTAGES OF QUALIMATRIC MODERNIZATION OF THE
PREPARATION OF A GEOLOGICAL RESERVE, USING MODAL
GEOINDICATORS
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The article presents the results of theoretical and experimental confirmation
of the advantages of qualimetric modermization of the formation of the quality of
ore reserves using the commercial component mode and the zone of its influence,
which are used to provide stable limits for the uniformity, variability and real
accuracy of their target indicators, deep discovery of information diversity zones
and other hidden scalar content fields’ potentials that fundamentally change the
conventional concept of considering the qualitative structures of geological
reserves to be highly researched and then unchanged after the confirmed results of
prospecting and estimation.

The results of the qualimetric modemization of the formation of the quality
of ore reserves and theoretical and experimental confirmation that the qualimetric
separationof reserve based on the use of geoindicator properties of a mode and the
zone of its influence results in a regional rearrangement of the nature of
distribution and uniformity of the contents, where there is an increase of
operational content, accuracy and geometric certainty of the reproduced zonal parts
of the geological reserve.

The content of the method for determining the boundary parameters of the
zone of influence of the mode and their coordinated values in the reserve field,
displayed through isomorphic lines, based on differences in the heterogeneity of
the interval contents taking into account the variances of their values, is presented.
It highlights the geoindicator properties of the mode and the zone of its influence,
spatial and statistical peculiar features inherent therein, including two-
dimensionality, divisibility of the totality of contents through their values, high
information content, the functionality of a link with a mean value, the peculiarity
of increased concentration values, the least variability and uncertainty of
geological contents. The results of modal geoindicators’ modification as statistical

1
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and geometric qualimetric features of division of the deposit reserve, peculiarities
of the formation of a rational level of the operational content of the reserve due to
the reproduction of geological contours of regionally divided reserves of different-
grade ores are presented.

The work presents the theoretical essence of occurrence as a result of the
qualimetric reserve separation, the regional regularity of the natural spatial and
statistical transformation of its parameters, which ensure reproduction of the
contents of rich high-quality, highly informative, quality, ordinary low-quality ore
volumes, zoned based on homogeneity and pattern of occurrence, the nature of
zonation that is genetically related to the genesis of occurrence of various
geological contents frequencies.

The article covers the results of field-experimental studies of the qualimetric
separation of geological reserve based on actual geological and operational data of
prospecting and exploitation of the Lisakovski iron ore deposit, which confirmed
the increasability of the operational content and accuracy of regional reserves
(20+29%), and the average content (14+20%) due to the reduction of random
fluctuations, the increase in informative value and geometric certainty of the
contents, which are more significant in the context of large complex structural
deposits.

The new results of using a coordinated relationship between the frequency
parameters of distribution histogram and their geometrical expressions in the
deposit reserve field are presented while substantiating the method for determining
the boundary parameters of the modal influence zone, according to which the
scientific problem was solved for the first time, of the qualimetric reserve
separation by uniformity and limits of changes in ore contents into ordered
geological volumes, in the contours where concentration and information value of
the contents acquire increased variability and uncertainty are their lowest natural
values.

The work highlights the targeted results of the qualimetric modernization of
the formation of the quality of ore reserves using modal geoindicators in the form
of real foundations for estimation, exploration, averaging and stabilizing the
quality of minerals, which reduce the cost of time-consuming plural processes of
technical averaging and determining pattems, multiple entrapments of in-mine
exploration wells, metal losses due to frequent fluctuations in the stability level of
consumer appeal during mining and enrichment.




image39.jpg
SATBAYEV
UNIVERSITY





image40.jpg
99. Besyraas 3.0, KCTZ(THCTM‘{CCKOM)’ OMPEIENCHUIO CPCTHIIY
U MaKCHMATbHBIX 3HAYeHMit KOHueHTpawm npuneceii. JL: Tpyau
ITO, 1971 r. Bam. 254, — ¢ .133-139. : i

100.bopomaués N A. OcHosrrie BONPOCK! TEOPHH TOUHOC T
Tpoussoncta. — M., JL: Hsg-po AH CCCP, - 1950,

101.op S.B. Crarncrnuecxne METOB! aHAMM3A T KOHTPONIN
KaecTEA HazexHOCTI, — M.: Cogercroe Dbaano, 1962.

102.Kypyankomaen A, Crpyxrypa BAATMOCHA 11
ceBeCcTOMMOCTEH i momHOTEL VSBICTICHIL 3AMACOB Py.I6I NP OTKPLHN
Zao06sree. C6. T'oproe zeno, Amva-Ara, KaaTITH. Bem, 2,1975,

103. Kypmankosmacs A.,  3aypbexosa 3. Cueremiio-
ONTHMHIANHONKAA OUERKa (OPMHpOBAFA TOBAPHBIX MPOAYKILIH
Pyanoro ceipest. Anmarer, Kasl OCHHTH, 2000. - 169 c.

104.Kypmankoxaes, A. Pacnpenenenne COXCPIAHMS THANIIY
KOMIIOHEHTOB B 206HITOl pymHOI Macce, Yexus, r. Mpara. Tpyium
Mesxaysapoanoro CHMMO3IyMA 10 MaT. reoorun, 1993,

105 Kypyankonaes A A. Pacnipeneaenue KOTHYCCTBCHHMN 1
RACCTBEHHBIX  moxasatenei  orxomop nobsrmn. Ty
MERAYHAPOHOH  HayuHO-mpaKTITIeCKOl xoneperuum  «lapime
waykn Peeny6mnxn Kasaxcerany. — r. Amvare, 2004 — C. 199.201]

106.Kypmankoxaes A. Onenxa bacnpenenennii ocnonmis
TIPHSHAKOB W moKasaTenedt m oTpaboriw sanexelt 1o HexoTapn
PYAHEN MecToporaemitam Kasaxcrana, C6. Ouznxa Teépnoro e
— Anva-Ara. Tpyas KasIITH, 1988. B

107 Kypmanxoxaesa A.A. K npo6meme Perysmpon
BBIXOXOB TEXHOTEHHBIX OTXOZOB I Mx SKOTOTHYECKHX HOCHEAL N
mpu 208b19e pyx. Tpyasr 6-if MEXKIYHAPOIHOMN HAYIHO-TCXHII O
oneperum  «Hosoe 3 GesomacrooTn  xmaHexCHTOILHOE
KasHTY. - 1. Anvater, 2004, — C. 263-267.

108.Mamioxa WS Cratucriga GromreTon  Haceeni
«Crarucrrgan, - 1967, - C. 124-132.

109. Jumxns M. Kpnssie pacnpencrenms n AROHOMI
necaeosanmx. — M.: Jxouomixa, 1973, — 175¢

i

COIEPXKAHUE

BBEJEHHE. "
YACTB L ®ynaamentansusie 0CHOBLI BCPOSATHOCTHBIX
CHMMETPHYHBIX N ﬂCﬂMMQTpI!'leIX pacnpeaenenmnii,
Ipynmnst pzlmpeuencuuﬁ cemeiicTsa KPHBBIX, AHCKPETHBIX H
CHEMHANLHEIX pACHpexesennii... ... ..

1 TED[)IHI npeue!lsno{mmcrpu-mux BEPOSITHOCTHBIX
pacnpenenennii. . ... i
1.1 ®ynnamcHrazsHbic 0CHOBED TIPENETBHO CHMMETPHH!
bacnipenienenuii BeposTHoCTel, .

1.2 Moaempyrouute dysrma, TEOPETHUECK e

1.4 Teopernueckue cpoiictaa TIPEETLHO-CHMMETPUIHO
3AKOHOMEPHOCTH PaCTIPEAENEeHII BEPOSTHOCTEI o
HOPMATBEHOMY 3QKOHY.
1.5 MuoromepHbie HopmansHsie pacnipeesents: /1 CAyaiiHb

BEHYHH. ..,
1.6 Teopus pabroMepHBIx CHMMETPHYHBIX
pacnpenenen it GyHKILIME IHHEHHBIX U YLIOBEIX BeTuamH, ..

2. Teopust AHCKPETHBIX BEPOITHOCTHIX pacnpeneseHnii, ux
CBoiicTBa. ..
3. Teopust acummeTpUHBIK ¥ KpaiiBe-aCHMMETPHIHBIX
BEPOSTHOCTHBIX PACHPEACKCHIIT ¢y aiinbx Beanunn

3.1 AcHMMeTpHYHEIC BePOSTHOCTHEIS PacnpeaeneHs ramMm a-
(DyHRUMAME CTyYaliHBIX BexmumE ...

3.2 Acummerpuunsie BEPOATHOCTHEIE PACIPEACTEHIST
(ynKnmaME npeoSpasoranubIK CayHaifHeIX BeNMYMH. .
3.3 AcHMMeTpHUHEIE H KPAFiHC-aCHMMETPHYHbIC .
BEPOATHOCTHEIS PACTIPEAETCHIA SKCMOHSH AT HBIMIT
dyRRUMAMI CHydaiinbX e ...
3.4'Acuvmerprunsic i KpaHHe-aCHMMeTpIYHEIR :
Pacnpeneie s NOKA3ATENMBHEIME ()Y HKLMAMU CITyIaitHbIx
BETHYHH

48

54

70
70

77
83

88

221





image41.jpg
4. Teopus cemeiictn BeposTHOCTHEIX pacnpeneensmii
Mupcona, Béppa u Hundga bynsunsvm pazamunss

KPHBBIX o 93
4.1 Cemeiictaa pacnpenenermii TMupcona dynkun;
DA3TUYHBIX KPHBHIX. 93
4.2 Cpoiictsa cemeiicrn BEPOATHOCTHOTO pacnpenenekns Béppa
& HRORONBRHMHE DYHRUMAME 1. 0o xccro oo cneonessssonsossamms sosds 100
4.3 Croitctea cemeiicrs pacnpeaenerns [unda
THIEPOONHUecKIMI (hYHKIHsMIT EPHBBIX. ...0viviiiinae i, 102
5. Crennasbnbie pacupexencuns Gymcnmmann pusnaecknx
H YLUSOBBIX BEJTHYIH 107
5.1 Crennasnsurre pacnipenenenms yuknnamm dusnaeckux
BETHYHH 107
5.2 Crennansasie pacnpeeners yHxunay yriaosss
BEMHTHH. .........ooevenennnn.. . 118
YACT 1. OMEHKA TPUEMJIEMOCTH
TEOPETHYECKUX PACHIPEJIEJIEHUI B I EQJIOTHH,
TOPHOI PASPABOTKE, IKOJIOTHY U TEXHEKE, ... 124
6. Onernxca npremiemocT TCOPETHYECKHX PACHpencaeHmii B
Te0.10THI H rOpHOi paspadoTke. )
7. Ouenka npuemesocTi TEOPCTHIECKHX PACH]PENeICHIIT B
158
179
9. Knacenduramus CYIECTBYIOMHNX TCOPETHIECKIX
pacnpenenennit epositocTe 194
3AKMOYEHKE. ............ % 210
Bubanorpadmuueckai crmcox ... 2%

222

Kypmankoskaes A.

TEOPETHYECKOE HAYAJIO BEPOSTHOCTHOI O o
MOJETMPOBAHUS] PACIIPEIEIEHHI [TOKA3ATENEN
TEOPECYPCOB

VLT, Kaexeanosa
C. E. Cunuporna
JL 1. Kacoicanosa

Hau. OIIT ©Y
Penaxiop
KoMnrrotepHas BepeTka

Hommucano B nevars 20.11.2018 r.
Tupaz 50 5x3. Qopmar 60x84 1/16. Bynara Tunorpadexas Nel .

Ya-uan. . 14,0, Ven. ma. 13,0, 3axas Ne 839. N
Iena norosopnas.

Hsnanne Ka3axckoro HauNOHAMEHOr0 HCCIeA0BATENBCKOEO
TEXHHYECKOro yHupepcuteta umenn KL Cartnaesa
JlenaprameHT MAPKETIIHIA H KOMMYRUKALHI KasHUTY,
Hsnatensckoe ynpasiesnie
r. Ammater, yi. Carnacea, 22




image42.jpg
i

KA3AKCTAH PECNYBIUKACHI PECNYB/UKA KA3AXCTAH

REPUBLIC OF KAZAKHSTAN

NATEHT
PATENT

Ne 33535
OHEPTABBICKA / HA T30BPETEHME / FOR INVENTION

(21) 2017/0697.1
(22) 21.082017

Kasakcran Pecry6imikacs eneprabbicTaphl MEMJIEKETTIK TisiTiMiHze
Tipkey kyHi / lara pernctpaumn B locynapersennoM peecTpe
n306perennuit PecyGrmkn Kasaxcran / Date of the registration in the State
Register of Inventions of the Republic of Kazakhstan: 14.03.2019

(54) KaspiKTeIK GoMBIHIIA KATTH! KeH OPSIHAPHIHBIH TEONOTHSUIBIK KOP/IAPHIH KBATHMETPHSIIBIK
Jaibmaay Taci
Crioco6 KBanHMETpHUYECKOH INOATOTOBKHM I€OJOTMYECKHX 3allacoB TBEPHOrO HCKOMAeMOro o

| TOPH3OHTaM PyHHKA

Method of qualimetric preparation of geological reserves of solid minerals on mine horizons

(73) Kypmankoxaes Asumxat (KZ)
Kurmankozhayev Azimkhan (KZ) e

(72) KypmauxoxaeB Asumxan (KZ) Kurmankozhayev Azimkhan (KZ)

«¥ITTHIK 3UATKEPAIK MEHIIK HHCTHTYTh PMK AMpeKTOPBIHBIH M.a.
W.o. nupexropa PI'TT «HaumonansHbill HECTHTYT HHTE/UTEKTYaRBHOH COGCTBERHOCTIN
'Executive director of RSE «National institute of intellectual property»





image43.jpg
KP OM «¥ITTHIK 3HATKEPIiK MEHIIIK HHCTHTYTED PMK
PI'TI «<HaumoHaNbHBIA HHCTHTYT

HHTeJLIeKTyanbHol cobeTeenHocTiy MIO PK

National Institute of Intellectual Property,

Ministry of Justice of the Republic of Kazakhstan

Acrana kanacsi, KopramkeiH Tac xomnsl, 35 rumaparst
ropon Acrana, mocce Kopramkets, 3nanue 3B

Astana, Korgalzhyn highway, building 3B
Tenedon / Telephone number: +7 (7172) 62-15-15

E-mail: kazpatent@kazpatent.kz
http:// www.kazpatent.kz

TarenTTi Kywinne ycray akpiChl yaKbiThI/Ibl TONICHIEH XKaraaiina,
narentTin Kywi Kasakcran PecryGrukacsinbiz GyKin ayMarsisaa KO/IaHbUIALb.
JleicTBre naTeHTa pACTIPOCTPAHACTCS HA BCIO TEPPHTOPHIO PecrryGmukn KasaxcTaH NpH YC/OBMM CBOSBDEMEHHOMH OTUIATH OAACPKARUS
: TIATEHTA B CHTE.
Subject to timely payment for the maintenance of the patent in force
the effect of the patent extends to the entire territory of the Republic of Kazakhstan.

«¥3MM» PMK 8e6 - nopransia Kasakcran PecryGikacs: onepTaGbicTapst MEMIICKETTIK
Ti3inimi Geniminae erepTaGhIC NATEHTIHE TOBIK CHTIATTAMACH KO/DKETIMA.
Tonxoe onucaHne H3OGPETCHHS K NATEHTY
* noctynHo Ha BeG-noprane PITI «<HHHAC» B pasnene «[0cynapCTBEHHBIE PEECTPB
Pecniy6nnku Kasaxcramy.
Full description of the patent is available on the N11P web portal in the State Register of Inventions
of the Republic of Kazakhstan section




image44.jpg
PECNYBIIUKA KA3AXCTAH

ABTOPAbIH Kyaniri
YOOCTOBEPEHUE ABTOPA

Ne 107168

Kypmankoxaes Asumxan (KZ)

oHepmabbic asmopui(napet) Gonbin MabeliAMbIHObIEL OCHIMEH KYNAHOBIPLIIAObE
se1semesi(iomes,) asmopom(amu) uzobpemenus

(11) 33535

(54) KasbIKTHIK GOMBIHIIA KATTH KeH OPBIHAAPHIHBIH [E0JOTHSIIBIK KOPIAPHIH KBATAMETPHSIEIK
JaibIHay Tacim

Croco0 KBanHMeTpHYECKOH MOATOTOBKH IT€0NOTHYECKHX 3aacoB TBEPAOTO HCKOTIAEMOTO TI0
TOPHU30HTAaM PyJHHKA

(73) KypmaukosxkaeB Azumxan (KZ)

«¥ATTHIK 3UATKEPIIK MEHILIK MHCTHTYTbI) PMK THPEKTOPL{HBIH M.a.
H.o. nupekropa PITI «HaunoHasbHbIA HHCTHTYT HHTEAIEKTYANbHOM COBCTBEHHOCTI

——t
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B pesyastare IKcUepTM3bi 3a4BKH N0 CYNECTBY YCTAHORIEHO, HTO 3asBiEHHOE
TPCUIOKEHAE COOTBETCTRYET YC/OBHSM NATEHTOCHOCOGHOCTH M30GpeTeHHs, ONpeAC/CHHBIM
nynxrom 1 cramwedt 6 INarewmsoro saxona PecnyGmuxn Kasaxcran. Buitaerca nonowmrensuoe
JAKMOUEHAE HKCACPTHON OPraHM3AUMH O BHLAAYE NATCHTA HA MIOGPETEHHE C HIDKENPHBEACHHOMN

(57)

CnocoG KBanMMETPHYCCKOH NOATOTOBKH rE0JIOTHYECKHX 3aNTacoB TBEPAOTO HCKONAEMOrO N0
TOPU3OHTAM pYARWKS, BRKAKNAIOUWH TCONOTHYCCKHC 3AlACK K WA(OPMALWMH, NPHSHAKA
palionnposanns, (OPMHPOBAHWE KaHECTBA, KAPTHPOBAHME COACPKAHWH omauu@IOW(UiiCA meM,
umo TeOMHOPMALMOHHYIO MONEPHH3ALUMIO (OPMHPOBANMA KIMECTBA BHIMONHAIOT yTeM
KBATHMETPHYECKOTD BOCMPOH3IBOJICTBR JKCIUTYATAIMOHHLIX YMACTKOB H KAPTHPOBAHHS HX 1O
TOPHIOHTAM, COACPAAUINX AHGOCPCHINPOBAHKKE, B OCHOBE MOATHHBIX TEOHIMKATODOB 110
TIApAMETPAM KOHUCHTDAINH, MIMCHWMBOCTH M KOHMUMOMHOCTH, KAWECTBCHHBIC, MOAOTHDHBIE,
PANOBBE M MPHKOHTYPHBIC Py, NPOCTPAHCTBEHHO  OKOHTYPMBAGMBIX — MCXOXAR
TPOCTPAHCTBEHHOH CBA3M NCOMETPHYECKOH eIMHAILI BIHAHMA MPOG M CTATHYECKONO HHTEpBAia
BapHALINOHHOTO PAJIA PACTIPE/IC/ICHNS COACPIKAILAX B NPE/enax.

(56) KZ 29429 B, 30.12.2016

EA 026718 B1, 31.05.2017.

H.o. navaasauKa ynpasienus M’( IW

C. Myxamenna
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EBPA3UINCKAS NATEHTHAS OPTAHU3ALING (EANO)
Q Eurasian Patent Organization
e & e
EBPA3UIACKOE MATEHTHOE BEAOMCTBO (EAMB)
Eurasian Patent Office

M. Yepkacckuit nep., 2, Mockea, 109012, Poccus

M. Cherkassky per. 2, Moscow, 109012, Russia DaKc (Fax): +7(495) 621-2423, E-malk: info@eapo.org
Ha N2 or 05/01/2018 r. MKp. KokTeM-2, A. 19, KB. 16, r. Anmarel,
Homep 3asBku: 201800031/26 050040, Pecny6nuka Kasaxcran

r-Hy A. KypmaHkoxaesy
Aara oTnpaBku

YBEAOMANEHMUE
0 AaTe Ny6/MKaLNM OTHETa O NATEHTHOM NOUCKe N
NoAaYe XOAATAICTBa 0 NPOBEAGHUM 3KCNEPTU3bI NO CyLyecTsy

1. B cootseTcTBUM C npaBunom 43(1) MateHTHoM VHCTPYKUWM K EBpasniickoil naTeHTHOI koHBeHuum (nanee
= WHcTpykuma) EATB HacTOSUMM HanpaBnsieT 3asiBUTENio OTYET O MAaTEHTHOM MoMcke no espasnickoit

3asBke N2 201800031,

flo xodamaiicmey saseumein o npedocmasienu Konuii GOKYMENMO8, YKGSGHNNX & OMYEME o NAMENMHOM ROUCKe, SaRUMENo Mozym G
HATpaGeii KOMAL MU OOKYNENMOB 50 UCKIIOUENIEM KONl aAGOK, CSEDENUR 0 KOMOpbLx He docmiymei 01 O3HaKoMIEHUS mpemoun nuyam. K
JmosymoNy xodamaiicmay Oorxcen Geims npuoxcen OOKyweHm, MoOmSepHCOIOWuIl yniamy noWMUs 33 nodavy smozo xodamaiicmsa.
Yroxsnymas nownuna ynaasusaemcs ¢ pasmepe 640 pyéneii PO & coomeememeu ¢ nywcmon 9(1) [Monoxeenus o nowmnas Espasuicxor
namesimioil opeausayuu  (daree-EAINO). Ecmu cywmapnoe kommecmso mucmos e sanpawusaensx doxymenmas Gonee 20, Oomyca Goums
npoussedena donaama  paswepe 60 pyGaeii PO 5a Kaxcdwii nocredywouyuii 3a dsadyamuuw aucm. Ecau doxyxenm, noomsepycoaiouuii ynamy
oo, un ee donaamy, we rpedemaaren, sanpowenneie 6 Xodamaiicmee 3azsumens dokyweHmb He NaMpaBITIOMICA,

2. OT4eT O maTeHTHOM rowcke Gyaet ony6nukosaH 28/02/2019 B BlonneteHe EBpasuifckoro naTeHTHoro
BeaomcTea N2 2 3a 2019r.

3. [X] Xoparaiictso o MPOBEACHNN SKCNEPTU3bI MO CylecTBy noyyeHo_18/01/2018 PesynbTatsi
PaccMOTPEHMs 3TOTO XOAATANCTBa 3asBUTENIO ByayT COOBIEHbI AONONHUTENBHO. -

4. [ fina nposenenus no aanHoi espasuiickoi 3asiekm 3KCNEPTU3bI MO CYLWECTBY 3asBUTENI HEOBX0AMMO
MOAATL COOTBETCTBYIOLEE XOAATANCTBO COracHo cratbe 15(5) EBpasuiickoit naTeHTHOIt KOHBEHUMM (aanee —

KoHBeHUMsT) M ynnaTuTh nownuHy 3a NpoBeAeHHe KCNepTU3bl Mo CyLLECTBY B OTHOWEHHN
[ oaroro usobperenus
[ rpynnbi uso6petenuii
B pasmepe py6neli PO (MyHkrbl 1(5), 4(1) MonoxeHns o nownmHax EAMO).
YNOMSAHYTOE XOAATaIiCTBO AOMKHO BbITh MOAAHO A0 Ecnu xopaTaiicTso He nopaHo Ao Toit

AaTbl, OHO MOXeT 6biTb MOAAHO A0 NpU yCrOBUM YNnaThl YCTaHOBNEHHOM AONONHUTENbHOMN
MOLWNUHBI. -

Ho xo0amaiicmey sasaumens, nooannomy & EAIIB o coomsemcmeuu co cmameeii 13(5) Konsenyuu 00 ucmenermsn mecms wecmies ¢ damm
MYGAUKa i eGPATLCK Ol 3AR8KU, @ ecTu omem o noucke nyGmUKyemcA omdexsio, mo ¢ ame ezo nyGauxayuu, EAITB nposodum Skcnepmusy smoii
aasxt 1o cyujecmey. Eciu dannoe xodamailcmao e nodano a meuenue Imozo wecmuNECANHOZ0 CpoKa, OHO MONCEm Geumb nodano @ mevene dayx
MECAYES C Jambi OKOHGHUR GWIIUEVKASaNHO0 CDOKG npu  yniame. Yemanoarennoil donomumensioil nowuse: (absay amopoii npasuna 46(1)
Hucmpyayu). Jononumensnas nownuna ynaavueaemes o pawepe 0% om nowsunsi,  yomanoszensoi & nynxmax 4(1)(i) u (i) Honoweenus o
nowsmnezx EATIO.

Ecnu x0paraiicTeo o npoBefieHMn 3KCNEPTU3bI MO CylwecTBy He GyAeT NoAaHo B yKasaHHble
CPOKM, 3asiBKa GyAeT CUMTATLCS OTO3BAHHOI.

HauanbHuk otpena
opManbHoi 3KCnepTusbl

W.W. Taxupos

TenedoH: +7(495)411-61-50%211
(146)
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Homep Mesx/1yHapOaHOH 3asBKH
NUCBMEHHOE COOBLIEHHE
MEXJIYHAPOJIHOT'O IIOUCKOBOI'O OPTAHA PCT/KZ 2017/000025

Tpada V OBocnosannoe yrepscnue B coorserersun ¢ [pasuiom 43 bis.1(a)(i) B OTHOIICHHH HOBH3HbI, .
#306PETATEHCKOr0 YPOBHSt H IIPOMBILICHHOH MPUMEHHMOCTH; CCLITKH H HOSICHEHHS, HOAKPCILISIOMHE - -

TAKOE yTBEPHKACHHC

Vrepxuerue
Hosusua (N) Iysxret 1 nA
Tysrat e HET
so6perareibokiit yposeiis (IS) Tysikrst 1 [ o
TlynkTht ) HET
Ipowmsinnennas npumennvocts (1A)  Tlymkrst 1 JA
MynkTst HET

2.

CCBUIKH U OSCHEHHA:
D1: PYJIEHKO B.B. u jap, MHOroMepupif METOX KBAIMMETPHYCCKOH  ONCHKH

KOMIUIGKCHBIX ~ MCCTODOXICHWI — MOJNIE3HHIX  HMCKONACMBIX,  L'opmbri  HH(OpMAIMOHIIO-

aHaMTAYCCKu Brouierens, Ne 7, 2009, ¢.138-146 -

Uz D1, nanGonee GIM3KOro aHanora H306peTeH s, H3BECTEH CIIOCOD KBAIMMETPHUCCKOH
OLICHKH ICOJIOTMYECKHX 3aIlacoB TBEPJIOr0 HCKOIAEMOro 110 FOPH30HTAM Py/HUKA, BKIIOYAION kM
OMIpe/ielieHre KayecTBa TBEPHBIX WCKOMACMBIX, DAOHMPOBAHME M KAPTHPOBAHUC 3aIacoB
TBEP/BIX HCKONAEMBIX I10 [TAPAMETPAM OJTHOPOJIHOCTH, M3MEHYMBOCTH U KOH/IIHOL .. JCTH.

Usobperenne oramyaercst oT D1 TeM, 4T0 N0 KBAIMMETPUYECKAM MOJANBHBIM KPUTCPUsIM
OCYMECTBISIOT D HepeHIMPOBAHHOC PAROHHPOBAHUE [EOOTOPA3BEAOUHOIO PY/IHOIO MACCUBA
[0 TOPHU3OHTY; [O MOJAJLHBIM KJIACCOBEIM IIPOMEXYTKAM CTPOST KOHTYPHBIE I0JIOCHL,
cojlepKaITMe MONAIBHBIC 3HAYEHHS; HPOBOIAT KBATMMETPU3ALMIO IPOLECCOB KapTHPOBAHHMS
PEONIOTHYECKOr0  3allaca [0  COYCTAHMIO  MOJANBHBIX ~ 3HAYEHMH U COBOKYITHOCTH
CrpyIITMPOBAHHBIX BOKPYT 3aIaca COEPIKAHMi BBIIEISIOT I€OJIOTHUECKUE YIaCTK MOJOTHIIION
PyABL, cojepiKaleif MONAIbHbIC 3HAYCHHS; 110 COUCTAHUIO MOJONKHTEIBHBIX OTKIIOHCHHHA
[PEBBUNAIONIMX MOJAIBHOE 3HAYCHHE W COBOKYNHOCTH 3HAYCHWI COJACPXAHHA Meral
BBUIC/IAIOT TEOJNOTHYECKHE YYACTKH KaueCTBEHHOM pyJsI C TOBBINEHHOH KOHLCHTpAIMCH
KAauecTBa, [0 COYETAHWIO OTPHLATCIBHBIX OTKIOHGHWH, He NPEBLIMAIOUMX MOJAIHHONO
3HAYCHHSA, M COBOKYIIHOCTH 3HAYCHMI COJEP)KAHM METa/uIa BEIIC/ISIOT IE0JIOTHYCCKHE VIaCTKM
PANOBOM pyABl C ITOHWKEHHON KOHIGHTpAaIHEH KauecTsa; MO COYCTAHHIO otphmarenspx
OTKJIOHGHHMHM, HE UPEBBINAIOMMX MOJAIBHOIO 3HAYCHHS [0 YYactKy PAIOBBIX Dy)l, |
COBOKYITHOCTH COJICPIKAHMIl BBUICISIOT SKCIUTYaTAllMOHHBIC YJacTKH UPHKOHTYPHOH pYJbI, B
KOTOPBIX IIPe06iiaacT KOHLCHTPAIHS COACPIKAHHH, HE MPEBLITAIONUX TCXHUICCKUE YCIOBHSL.

Cire10BaTeNbHO, H300PETEHHE COOTBETCTBYET KPHTEPHIO HOBH3HEL.

W3o6pereHue OTBEYACT KPHTEPUIO M300PCTAaTENbCKOTO YPOBHSA, T.K. YKa3aHHBIC B HCM
OTTMUUTEILHBIC TIPU3HAKH HE H3BECTHBI W3 LPEALICCTBYIONIEr0 yPOBHS TEXHUKU U H300perciune
B LEIOM HE OMEBMJHO JUii ClENUalNcTa B JAHHOM OOGNACTH TEXHWKH JUL JOCTHXKCHE
TEXHUYECKOTO PE3yJIbTaTa — YIPOLICHUs H COKPAIIEHHS BPEMs KBATMMCTPHYCCKOH MOATOTOBKY
ICOJIOIMHYECKUX 3a11aCOB TBEPJIBIX HCKOTIAEMBIX.

W306pereHue HPOMBIILICHHO IIPHMCHAMO.

Gopwa PCT/ISA/237 (Lpatpa V) (lrwaps 2015)
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Howmep MesxTyHapo/iHoi 3asBKu

OTYET O MEX/{YHAPO/THOM IIOMCKE PCT/KZ 2017/000025

Ipada IV Texer pepepara (IIponoaenie nynKTa 5 nepsoro ancra)

{1006 KBAJIMMETPHYECKOH MOITOTOBKH TEOJOIMYECKHUX 3aIacOB TBEPIBIX HMCKOMAEMBIX 110
TOPM3OHTAM  PYAHHMKA, BKIIOYAIONMMH - TEONOTHYECKHE 3amackl M MH(OPMAIMH, MpHU3HAKH
paiforupoBanys, popMHpoBaHUEe KauecTa, KapTupoanue. B crocobe mMonepnusaus hopMUpOBAHUs
KayecTBa Ha 0a30BOM ypOBHE TEONOTOPA3BE/KH BBIIONHAETCS IMYTEM KBAIMMETPHUECKOTO
BOCIPOM3BOJICTBA PaHOHUPOBAHHEIX T'EOJIOIHUECKHX YYACTKOB M KAPTHPOBANHMS MX N0 TOPH3OHTAM,
coiepkalluM - AuppepenupoBauLle B OCHOBES MONANBHBIX I'COMHAMKATOPOB [0 MapaMerpaMm
KOHICHTPAIlMH, HM3MCHYMBOCTH H KOH/IMIMOHHOCTH KAJYECTBEHHBIC, MOJIOTHIIHBIC, DPSJIOBBIC H
LPUKOHTYPHBIC DYIbl, B TMPENEiax KOTOPBIX OSKCIEPUMEHTAILHO MOATBEPIICHO yMEHBIICHHC
JWCHCPLUUN ¥ HEONPEICIEHHOCTH, IIOBBINIEHHE OXHOPOAHOCTH M TOYHOCTH TEOJOTHYECKOI'O
CONEpXaHH [0 paHee HE JIOCTHUFHYTOTO ONTHMyMa, NpPOCTPAHCTBEHHOE paifOHUpOBAHHEC W
OKOHTYPMBaHME HX IPOBOAMTCA II0 DACUECTHHIM pasMepaM IUIOMAfedl [0 OJTHUM  YdacTKaM,
ONPE/IENSEMBIX HCXO/S M3 IPOCTPAHCTBEHHOM CBSI3H IEOMETPHYECKOM EIMHHMIB BIUAHUS TPOG M
CTAalACTHYECKOTO HHTEPBAA BAPHAIMOHHOTO DS pACTIpEENeHHs. TeXHUYECKHil pesyiprar -
TIOBBINICHAE ~ KBATMMETPHICCKOM OJHOPOXHOCTH M TOTOBHOCTH TE€OJIOTMYECKHX 3alacoB  JI0
YCTOHYMBOTO ONTHMYMA Pa3BEJAHHOCTH M CTAGHIIM3AIMA Ka9ecTBa Py/IHBIX POAyKiuit. CoKparmaroTest
3aTPaThl HA KCIUIOPA3BE/IKU ¥ CTAOHIIM3aIMH KaueCTBa, BPEMs! H TPYA0EMKOCTh IPHHSATHS PEIIEHUH 110
KBAJIHMETPHUCCKUM KapTam.

Dopvia PCT/ISA/210 (1IpoKiomkerme eproro ncra (3)) (Aimapn 2015)
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HIVKTIOE OTMETHTE HIAKOM X
JaABACHIIC € PEKBIBIITANIE, IPOCTARICHILING PUTEHHHC, agaseres VBeon

Mpuaosenue |
« [paBrIam COCTABICHHS. O(OPMICHHS H PACCMOTPEHHS
JAABKH Ha H30OPCTCHHE. BHECCHHS CBCIACHHIT B rocyapCTBEHHbIH PECCTp @
wioGperenuit PecnyGanki KasaxCTaH, @ TAIOKE BBLAAH OXPAHHOTO JOKYMEHTA
Dopma W3-11T
Jlata nocTy nICHHS (85) Jlata MepeBoaa MEx1y HapOAHOit (21) Peructpausonubiii Ne | (22) Jlata nozaun

JASBKH HA HALMOHATBHYIO sy | 2 p
01 CFH 209 oo/9/ 065

TR0) per e pANRONATH 1M MEAAVHAPOANIOH SAABKH H AATA MEHKAYIDONOR ORI, YCTANONIEKILE TOAYHAIOIHM BEAONCTRON

D (87) nOMeEp H ATa MEKAYRAPOHOR IYEHKAIN MEKIIYHAPOANOH JRBKH
[ (96) uowep enpasuiicro asmen i 34T nozaw 2058KH, YCTAHOBACHITHE HOTYSAIOMUM BESIONCTEOM

] (97) nowep w aara nyGmkannn eupasnitcxoit sasmkn

3ASIBJJEHUE B PIT] «Hatgionanmisit iHCTITYT (HTEIEKTYRIbHON COGGTBEIHOCTIO
‘Mithncrepersa KOeruinn Pecnybimkn Kaaxcran

0 Bblja4e naTeHra

o
Pecny6smku Kaszaxcran P
Ha u3odpereHne
TipeaocTaBaAs VKA3AHHLIC HIDKE JIOKYMCHTBI. npowry (mPOCHM)  BBLIATH Koa crpasint
narent PecnyGauki Kasaxcran Ha H300PETCHHE HA HMSL JasgBuTEIs(CH) ““;‘;""‘é“:{”“
(71) 3aseurcas(n): Hexommepueckoe AKUHOHEPHOE ofuecTso (ecm o1 yeTaoRACH)

«Ka3axCKHil HALMOHALHBIH HCCIEI0BATENLCKHIT TeXHHUECKUIA = iy e vl
ynusepcurer umenn K., Carnaesa»
050013, r. Aamartbl, ya. Carnaesa 22

(VKA HIBACTES TOAROS MM HITH HAWMEHOBAHHE H MECTORMTEIBLE TBO HIIH MECTOHAXOUK/ICHHE.
HaNibie © MECTORHTEALCTBE ANTOpOR-1AsBHTETEH UBOITES B Tpacbe, PRION € Fpadiofl ¢ Koo (72)

JATIOMHETCA TONBKO TIPH HENPATIHBAKIH TPHOPHTETA 10 jiate, Gonee patiHe, YeM JaTa [O/IatH ABKH B HAWC

[1pority (IIpOciHA) YCTAHOBIEI, HPHOPIFTCT HIOTpETeIti 10 Jare:

o TepROF(hY) SBKH(OK) B rocyapeTBe-yuacTHxe [lapiokekofi Komeimmi (1.2 T 20 axoria)
[ ot Gortee parieit 1amiat 1 HHMC 5 coormerersiar ¢ 1. 4 er. 20 3akoria

1O/a4H TIEPBOHAYATHHOFN JASBKH B HHHC 8 cootneretsin ¢ 1. 5 cr. 20 3akona

0] rwwoprera HepBoHavaTHHOM HasmkH (115 ¢r. 20 3akona)

(HOMEp HSIBKH . JIATA HOjLaH ) ‘
| .
| D {HOCTYTLICHHS JIONOAHITETHHLIN MATCPHATOR K Go/ee PatHeH 3asinKe (Tt 3 cr. 20 3akona) 1

(31) Ne ueppoi, Gosee D (32) Jlata HCOPaUMBAEMOrO (33) Ko crparbi ot 110 ST.3 (TIpH HClIpaimBativi
et TiepBOHAUIHHOM |
SSBKH

HpHOpHTETA KOHBEHIHOHHOTO IPHOPHTETH)

(54) Tamanie iwobperenus -

Cnoco ompeaesens 30HbI BJHSHHS MOAILHO BETHHIHILL NOJEe3HOr0 KOMMOHEHTA HA
30HAMBHOCTH PACUJICHEHHS 3ANACOB PYAHBIX 3AEKei

AZpec A4 MEPENHCKH (OHbIH TIOMTOBBII AAPCC M HMS AApecaTa)

050013, r. Aamathl, ya. Catnaesa 22. HAO KasHUATY umenu K.H. CaTnaesa

Teaeon:292-55-40 MoGHbHbii Ten Daxc:(8-727)292-60-25 Aapec 9ICKTPOHHOM
nouTsi.Yusupov.56@mail.ru

(74) TlarcHTHbiit NOBCPCHHBIH (MOTHOC M. PErHCTPALHOHH BT HOMEP) Aeay EACTABHTCIS | 3asBHTEI(CIT)
(MOZHOC MM HITH HAUMEHOBAHHNC) 5 |

1@ FBIEA MBHRCTPAIN

| «i(.U. CorBaen aThiHARKL! KA3AK YNTToI}
g

TeXHUKansIK 3epTrey. yHnBepcuTaTin
KOMMEPLMANLIK evec akiinorepnik
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Tepedenb npHAAraeMbix 10KYMEHTOB Kom-so. 3 | Kori-Bo ks,
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D PHIOKEHHE K 3asBICHHIO
OlTHCAHUE H300peTeHHA 27 2
opmyna nsoGpeTermst 1 2
uepTek(H) U HHble MaTePHAIILL
peepar T 2

JOKYMEHT 06 oluiaTe MojauH 3asBKH

JIOKYMEHT, TOATBEP/AKAIONMI HAlMHe
OCHOBAHWEH ISl YMCHBIICHHS! pasMepa
onnaThl

Kotsi(1) 1epBoM(BIX) 3asBKH(OK) (ITpH
HCTIAIIMBAHKH KOHBEHIOHHOTO
NPHOPHTETa)

JIOKYMEHTbI 3asBKH Ha HHOCTPAHHOM
SA3bIKE

JIOBEPEHHOCTD, V/I0CTOBEPSIOTI{as!
TOTHOMOMHSA TIATEHTHOTO NOBEPEHHONO
WM [pe/CTARHTENS

JpYTofi JIOKYMEHT (VKa3aTh)

o old o] olododo

KAIARCTAH PECTIVEINKACS! IEINET MUHMCTPRIMHIN
¥IITTHII M5 TXEPTIK MEHLIK WHCTHTY TSI
R CYAWIBIBIK KYPTIZY K¥YKBIFBHAAF bl
PECIy B NbI MEMPEKETT' KACINOPHbI

03 CEH 2019

Kipic

(mecro sy mramma HHAC)

NG DHIYPhi SepTOAKCH, TPE/VIATaeMO UTH TyOAHKAITH ¢ (OpMYI0(pedieparon)

(72) AsTop(nl) TTommi

(VKA4IHBACTCS TIOTHOS MASE)

TOKHTEILCTBA,
crpaibi W ee koA no cranpapry BOUC
ST.3. ecu OH YCTAHOBJICH

OYTOBbIH
BIONAs

ampec  Mec-
HAMMEHOBAIHE

Tlommen(n)
w/w aBTopa(oB)

aBTOpa(oB)-3aaBH eI CH)

Kypmankosxkaes A3UMxan

Pecnybanka Kazaxcraw, KZ. 050040,
r. Amvarsl, Mkp. Kokrem-2, 1.19. k.16

—

o=y

ST (met)

@AOY

TIPOILY (MPOCHM ) HE YITOMMHATS MCHS (HAC) KAK aBTopa(oB) NPH 1My G/IMKALMK CBE/IeHHI O BLLIAYE TIaTeHTa Ha M30GpeTerme

TMogruack(n) apropa(oB):

Toanucs MpopekTop HA(
um.K.1.Catnaet

LA MOATHCH PYKOBOAMTEA CKPENIAL

B.K. Kenxanues
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