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ITociie okoHwaHMs1 mepBOro KBaprana HOBOro, 2026 roma, MOXHO YIOBIETBOPEHHO CKa3aTb, 4TO,
BO-TIEPBBIX, MBI 3@ HECKOJIBKO MECSILEB MTPOILIN B CBOEM T'OCYAAPCTBEHHOM YCTPOICTBE B CBSA3HU C IIPE]-
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CTpaHbl, TOJIYYHIIH HIOJIHYIO TIOJIEPXKKY HapoJa Ha mpoieamem Pedepenayme.

Mapar
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BuTuMGaen JIAMEHTA, [IpaBa rpakaaH, CBOOOIY ClI0Ba, 00pa3oBaHue, COOCTBEHHOCTh M IIU(POBBIC ITPaBa, MbI OyIeM

2naenwlii pedakmop  KUTHh U TBOPHUTH B TOCYAAPCTBE, ACHCTBYIOIIETO B OTKPBITOM U ITOJJOTYETHOM HApOJE TOCYIAPCTBE.

B cepenmne pespanst Kacsim->Komapt KemeneBnd B Xoz1e paciimpeHHOTO 3aceIaHNs IPAaBUTEIBCTBA,
TIOZBO/ISI UTOTH COLNAIFHO-KOHOMHYECKOTO Pa3BUTHS CTPAHbI, KOHKPETHO 0003HAYMII cTparerniyeckue 3anaun Ha 2026 rop.

Baxueiimei 33}.‘[3‘[6171 HpaBI/ITeJ'[I)CTBa YCTAHOBJICH 3allyCK HOBOI'O MHBECTUIIMOHHOTO MKJIA U q)OpMHpOBaHI/IC COBPEMCHHOT'O
MPOMBIIIJICHHOI'O KapKaca, 4YTO B UTOI'C JOJ’KHO 00€CIeUYHTh BBITIOJIHCHUE TIIABHOM eI CONUAJIBHOIO rocygapcrsa — npouBe-
TaHUE CTPAHbI U YIIYUIICHUE Ka4Y€CTBA JKU3HU Ka3aXCTAHIICB.

Jnst co3nanus yClnoBuil ¥ MPOCTPAHCTBA CIPABEIIMBOM KHU3HEACATEIBHOCTH IPaKIaH TPeOyeTCsl yCOBEPIICHCTBOBAHNE MO-
JIETIN yCTOHYMBOTO POCTA, B KOTOPOH JOJDKEH OBITH YETKO ONpPEIEIIeH CTPATETHUECKHH BEKTOP PHIHOYHOI SKOHOMUKH, KOTOPBIN
orpezenseT GUHAHCOBBIE PECYpPCHI B KIIFOYEBbIE c(hephl, 00ecreurBaroIre HeoOXOUMBIH POCT 3a CYET MOBBILICHUS TIPOU3BO-
JUTETHHOCTH TPYJa U TEXHOJIOTHYECKOTO OOHOBICHUS.

I'maBa rocymapcTBa mpu 3ToM 0c000 MOAUEPKHYJ, YTO KOHEUHBIH Pe3yabTaT SKOHOMUYECKON OTUTUKH TOJDKEH OBITh OPHEH-
THPOBaH Ha POCT JOXOAOB TPAKIAH U YKPEIICHHE SKOHOMHYECKOTO CYBEPCHUTETA.

Crparerndeckn BaKHBIMU B 3TOM KOHTEKCTe 3asiBiIeHus [Ipe3naenTa HarpaBiIeHHIMH OIpe/eNIeHb 000POHHO-TTPOMBIIIIICH-
HBIH KOMIUIEKC, IH(POBHU3ALIS I BHEAPEHUE HCKYCCTBEHHOTO MHTEIUIEKTA KaK CBA3YIOIIee 3BeHO, co3nanue Komurera o 3amm-
T€ MpaB UHBECTOPOB C NMEPCOHATBHBIM 3aKPEIVICHUEM 3a KaXIbIM HHBECTHIIMOHHBIM IIPOEKTOM Ha/I30PHOTO MPOKYpOpa.

Peaﬂmaunn 3TUX aM6HLlI/IO3HI)IX ueneﬁ BBIIVIAAAT MPOTrHO3UPYEMBIMH W BBIIIOJIHUMBIMHU, T. K. 3a 6_]'114)1(3[711].[146 mIeCTh JET
IUTAHUPYETCs TpUBIedb He MeHee 270 TPIH TEHre WHBECTHIMN B OCHOBHOW KamuTtan u He MeHee 100 mupn mommapos CIHA
BAJIOBOT'O MPUTOKA MPSIMBIX HHOCTPAHHBIX MHBECTUIMN C AKI[EHTOM Ha HECHIPhEBBIE CEKTOPA YIKOHOMHUKH.

st Hac 9be, MUPOBO33PEHHUE CBA3aHO B IIEPBYIO OYEPEIb CO CTAOMIBHOI KUZHEACATEIFHOCTHIO TOPHO-METAILTY PrHYESCKOTO
KOMIIIEKCa, B)KHEH BCETO TO MECTO, KOTOPOE YTOTOBJICHO NPEIIPHUSITHSIM, JOOBIBAIOIINM U NepepadaThIBaIOIIUM MHHEPAILHOE
chIpbe Henp. Jlymaercsi, Mepbl TOCYIapCTBEHHBIX OPIraHOB M0 PE3KOMY YBEJIMUEHHIO (PHHAHCOBBIX PECYPCOB, HANPaBIIsIEMbIX Ha
Te0JIOTOpa3BeIOYHbBIE PabOThI, HA CO3IAaHIE HOBBIX MPEANPHIATHH 0 100BIYe U IepepaboTKe, TOBOPSIT CaMH 3a cedsl.
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STOPE OPTIMIZER IN UNDERGROUND MINING

Abstract. The article presents a method for optimizing stopes in underground mineral extraction. Based on cluster analysis of the block model, the proposed algorithm
forms extraction units by accounting for both quantitative and qualitative characteristics of raw materials. A new approach is introduced to calculate the partial inclusion of
geological blocks in clusters, offering greater accuracy than centroid-based methods. To optimize slope angles, the method applies the least squares technique and Mahala-
nobis distance, which helps reduce ore loss and dilution. The algorithm increased ore recovery by 4.3% while maintaining the target cut-off grade. Its novelty lies in precise
geometric modeling of intersections and the use of variable slope angles. The approach enables more accurate planning under diverse geological conditions and improves
the efficiency and profitability of mining operations.

Key words: underground mining, mining units, cluster analysis, optimization, geometric modeling, block model.

KeH opbIHIapbIH Kep aCTHIHAA OHJIeY Ke3iHJe Ka3y 0JIOKTAPbIH OHTAWIAHABIPY

Awmgarna. Tay-keH eHJipiciHae mainansl Kazdanap/pl xKep acTsl 9iCiMeH OH/Ipy OapbIChIH/IAa aNBIHATHIH OHIIPY OIOKTapbIH OHTAWIAH/BIPY 9IICi YCHIHBLIAIBL. AJl-
ropuTM OIOYHBIH MOJIENIB/IIH KJIACTEPIiK Tajaybl HENi3iH/Ie IMKI3aTThIH CarlajIblK KOHE CaHIBIK ITapaMeTpiIepiH €CKePE OTBIPIIN, OHIpY OJIOKTaphIH KaJbIITaCThIPA/Ibl.
BriokrapabiH Ki1acTeprepre imriHapa KipyiH ecenke ay/blH jKaHa dici eHTri3imin, Oyi1 ecenteynep AT HEHTPOUI dAICTePIMEH CallbICTBIpFaH/ia apTThipaasl. Kurari
OypbInITap/bl OHTAMIAHABIPY YIIIH €H Killi KBagparTap ofici MeH MaxanaHoOHC KAIIbIKTHIFBI KOJIJaHbIIA/b!, OYJT MIBIFBIHAAP MCH KCHHIH pa3yOoKUBaHUECIH a3alTyra
MYMKIHJIIK Gepeli. ¥ChIHBUIFAH Q1iC 5KOOANBIK KYpaMbl CaKTail OTBIPBII, albIHATBIH KEHHIH KeyieMiH 4,3%-Fa apTThIpajibl. FhUIBIMH jKaHAIBIFBl — TEOMETPHSHBI Al
MOJIEIIb/IEY JKOHE ©3repMerti OyphiITap/ibl €CerKe any. AJTOPUTM Ie0JIOrUsIbIK-TEXHOIOT UANIBIK IIEKTEYIEep/Ii €CKePEe OTHIPBII, dPTYPIIi jKaraainapra Oeiimenei sxoHe
Tay-KeH )KYMBICTAPBIHBIH THIMIIITITT MeH Odcekere KablIeTTiTiriH apTThIpaIibl.

Tyitinoi cosoep: sicep acmol 0OHOIpyi, OHOIPY GLOKMAPL, KIACMEPNIK MAROAY, OHMAUIAHObIPY, 2e0MEMPUSIbIK MOOETbOeY, ONOYHbIN MOOEIb.

Ol'lTl/lMl/Ba].ll/lﬂ BbICMOYHbIX €IMHUII ITPUA l'lOZ[SeMHOﬁ pa3pa60TKe MeCTOPO)KZ[eHﬂﬁ

AnHorauust. [IpeicTaBieH METO/| ONTHMH3ALNK BBIEMOYHbIX SMHHL IIPH TIO3EMHOM 100bIYE MMOJIE3HbIX HCKOMAEMbIX. AJITOPUTM Ha OCHOBE KJIACTEPHOTO aHAJN3a
6110uHOIT Mozienn (hopMUpyeT J0ObIYHbIC OIOKHM ¢ YYETOM KAadeCTBEHHBIX M KOJIMYECTBEHHBIX MApaMETPOB ChIpbs. [IpeuioxeH Croco0 yueTa YyaCcTHYHOTO BXOXKICHHS
GJIOKOB B KJIaCTEPBbI, YTO MOBBIIIAET TOYHOCTH PACUCTOB 110 CPABHEHHUIO C IEHTPOMAamMu. i ONTHMH3ALNK YIJIOB HAKJIOHA IPHMEHEHbI METO/] HANMEHBIIINX KBAJIPAaTOB
1 paccrosiHue MaxanaHoOuca, 03BOJISOIIME MUHIMU3UPOBATh TIOTEPH U pasyOoxuBaHue. MeTos obecrieurBaeT IPUPOCT U3BJICKaeMOit pyibl Ha 4,3% TP COXpaHEHUH
MPOEKTHOTO conepkanust. Hay4Hasi HOBM3HA — B TOYHOM MOJICIMPOBAHUM T€OMETPHUH H IEPEMEHHBIX YITIOB. AJITOPHTM yYHTHIBAET F€0JIOT0-TEXHOIOTHYECKIE OIPAHHYe-

HMS, aANTHPYACh K Pa3HBIM YCIIOBUSM, U MOBBILIACT PEHTA0EIbHOCTh 1 KOHKYPEHTOCIOCOOHOCTh TOPHBIX PaboT.
Kniouesvie cnoga: noosemnas paspabomea, 6bleModHble eOUHUYbl, KIACMEPHbIIL AHATU3, ONMUMUSAYUSL, 2eOMemPUYECKoe MOOIUPOsaHue, O104HAs MOOeb.

Introduction

Optimizing mineral deposits is essential for enhancing the
profitability of extraction operations by reducing costs and
minimizing losses of valuable ore during extraction.

Contemporary methodologies for the design of mining units
incorporate the use of deposit block models and algorithmic
procedures for the automated determination of unit dimen-
sions, typically implemented through specialized mining and
geological software systems. This approach facilitates a com-
prehensive assessment of alternative development strategies
for distinct deposit zones, accounting for diverse extraction
methods and recovery parameters.

Automated planning and optimization in underground op-
erations have been the focus of numerous research studies.
For example, the Handbook of Operations Research in Natural
Resources [1], in the chapter «Optimisation in Underground
Mining», emphasizes the importance of determining cut-off
grades and defining the geometry of stopes based on geologi-
cal conditions to ensure optimal recovery of valuable minerals.

Similarly, in the study «Optimization of Underground
Stope with Network Flow Method» [2] conducted at Polytech-
nique Montréal, the authors present a method for optimizing
stopes, primarily tailored to vertical panel mining. However,
this methodology can result in higher dilution levels in scenar-
ios involving inclined orebodies, where other mining methods
are typically used. It should be noted that the method involves
complex algorithms and computations, which may require sig-
nificant computational resources for its implementation.

In his dissertation «A heuristic algorithm to optimise stope
boundaries», M. Ataee-pour, from the University of Wollon-

gong, explores the challenge of optimizing mine geometry —
particularly in underground mining — where ore extraction may
incur additional costs due to the need to remove waste rock
or leave behind unextracted ore [3]. The work also discusses
the challenges of developing algorithms to optimize extraction
boundaries in underground mining, which are recognized as a
key factor in mine planning, affecting ore reserve estimation,
mine life, and production schedules.

The book «Introductory Mining Engineering» by Howard L.
Hartman and Jan M. Mutmansky [4] places significant emphasis
on methods and processes in underground mining. The publi-
cation provides a comprehensive overview of underground min-
ing, covering development, various extraction methods, techno-
logical advancements, and key operational aspects.

In light of the above, the objective of the present study can
be formulated as the development of an algorithm for deter-
mining the optimal location, geometric parameters, and quali-
ty indicators of stopes in underground mine planning, based on
the criterion of maximizing total profit [5].

To achieve this objective, the following tasks have been set
and addressed according to the developed methodology:

» dividing the deposit into elementary clusters based on
feasible mining technologies;

» calculating the quantitative and qualitative characteris-
tics of the ore that is located within the elementary clusters;

» composing a mining unit from a set of sequentially ar-
ranged clusters, ensuring compliance with specified techno-
logical conditions and quality parameters;

» determining the optimal dip angles of stopes with con-
sideration for minimizing ore loss and dilution by waste rock.

T'opnotit scypnan Kazaxcmana Ne3’ 2026
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The implementation of these tasks was carried out in the
K-MINE software within the Stope Optimizer module, which
allowed for an assessment of the effectiveness of the proposed
solutions.

Methods / Research

To achieve the stated objective, this study employed a com-
bination of methods, including: mathematical modeling of
mineral deposits using block models, cluster analysis of the
deposit [6], a method for calculating the precise geometric vol-
ume of block model intersections within clusters [7], determi-
nation of the optimal cluster set within stopes, and a method
for defining the optimal dip angle of stopes. The following sec-
tions provide a detailed description of these methods and their
implementation using specialized software.

1. Cluster Analysis of a Mineral Deposit. This method in-
volves generating a three-dimensional cluster grid within the
boundaries of a geological model of a deposit or its specific
section. The grid can be regular or constructed with variable
spacing, depending on the operational requirements. The core
principle behind constructing the cluster grid is extrusion of
a predefined cluster profile along one of the orthogonal axes
of the local Cartesian coordinate system. Along the remaining
two axes, this profile is duplicated at fixed or variable intervals,
as dictated by the mining design parameters. The shape of the
cluster profile is determined by the technological requirements
of underground mining and may range from a simple rectangle
to a more complex contour that reflects the geometry of an
actual stope. The thickness of the cluster is set significantly
smaller than the profile dimensions, allowing the creation of
an elementary spatial cell for subsequent analysis.

Block Model

Cluster

Figure 1. Cluster formation based on the deposit’s
block model.
Cyper 1. KeH opHBIHBIH 0JIOKTBIK MojiejliHe Heri3eJreH
KJIacTepiaepai KaJabINTacThIPY.
Puc. 1. @®opmupoBaHue KJACTePOB M0 0JOYHONH Moe U
MeCTOPOK/AeHNS.

2. Calculation of Cluster Parameters. The next critical step
involves the accurate determination of both the quantitative and
qualitative parameters of the elementary clusters. Existing meth-
ods for calculating volumes within geological block models typ-
ically rely on evaluating only those blocks whose centroids lie
inside a solid. As a result, techniques such as sub-blocking are
often used to improve accuracy. However, when the dimensions
of clusters and block model cells are comparable, these methods
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introduce significant error in volume estimation. Therefore, a
more precise method is required for calculating the intersection
between block model volumes and cluster boundaries. It’s import-
ant to note that the intersection between clusters and block model
blocks can occur at various angles and is not always aligned with
the orthogonal grid, which further complicates the calculation.
This issue can be addressed using Boolean operations on solids
that represent both clusters and individual blocks of the model.
Nevertheless, such an approach demands substantial computa-
tional resources and becomes impractical when dealing with large
numbers of clusters and high-resolution block models, as it would
require intersection checks between each cluster and every block.

To overcome this challenge, the method proposed in this
study estimates cluster parameters using projections of the
block model edges onto the cluster surface. As a result, the
volume calculation is reduced to a straightforward analytical
expression without the need for complex solid geometry oper-
ations. Figure 2 illustrates this approach.

Inclusion of Block Centroids Inclusion of Block Portion

Block Centroid C

\

Cluster ﬁ Truncation of Block Portion
Figure 2. Calculating the partial volume of a block model
cell within an elementary cluster.

Cypert 2. BJI0KTBIK MofieJibiH 0ip 6e.iri 3jemenTap
KJIacTepre eHy KOJIeMiH aHBIKTAY.

Puc. 2. Onpenenenue 00beMa BXOKACHHs YacTH 0J109HOI
MOJIeJIH B 3JIeMeHTaPHBIi KiacTep.

Once the volumetric indicators of the block model within the
cluster have been determined, the next step is to calculate the
quality parameters of the cluster based on the block model data.
These calculations can be performed using various methods:

* Weighted average by mass:

Lit1 XiWi
== 1
Xavg W 1)
where:
x; is the value of the quality parameter of the mineral com-
ponent;

w; is the partial weight of the block included in the cluster;
n is the number of block model cells that fall within the
cluster.

*» Weighted average by volume:

n

i=1 XV
n )
i=1Vi

)

Xavg =

where:
V; is the partial volume of the block included in the cluster.
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3. Creation of Mining Units. Mining units are created from
a set of sequentially arranged clusters. The criteria for deter-
mining the optimal set of clusters within a stope are based
on two primary conditions: maximizing the volume within a
specified range, and ensuring that the average content of the
target parameter does not fall below the cut-off grade.

{ V, > max 3)
Yn = Cutoff’
where:

V, — volume of the mining unit;

Y, — grade of the valuable mineral in the mining unit.

Since this task is solved for each individual set of clusters
within a single projection of the mining unit profile, the option
that yields the maximum recovery of valuable mineral is se-
lected from all possible variants in that projection. The created
stope shapes integrate the recalculated quantitative and qual-
itative indicators of the clusters they include (see Figure 3a).
It should be noted that, to achieve more complete recovery of
the valuable mineral, in some cases a method of constructing
clusters with a specified dip angle of the orebody is applied
(see Figure 30).

a
_ Block Model
Initial Stope
b Block Model
[
I
i
|
Initial Stope

Figure 3. Creation of mining units based on groups of
vertical clusters (@) and clusters considering dip angle (D).
Cypert 3. Tik kjactepiep ToObI (a) KIHe KaGaTTHIH KyJjiay

OyphIlIbI ecKepijireH KiaacTepsep (b) Herizinae eHaipy

OJOKTAPBIH KAJIBINTACTHIPY.
Puc. 3. ®opmMupoBaHue BbIEMOYHBIX €IMHUIl HA OCHOBE
IPyNn BepTHKAJIbHBIX KJIACTEPOB () M KJIACTEPOB ¢
y4yeToM yrJia naaenus (b).

4. Optimization of Mining Unit Shape. The initial aggre-
gation of mining units results in determining the location
and dimensions of stopes. According to the applied meth-
odology, the strike angle and dip angle of each mining unit
remain fixed, which does not always satisfy the optimal
conditions for orebody extraction. Typically, the required
strike and dip angles of the hanging wall are dictated by the
geological contact with waste rock, as well as technological
constraints during cleaning operations. Thus, a local task
is to determine the dip angle of the mining unit’s end face
that maximizes ore recovery and improves the quality of the
extracted volume.

To address this task, the following approach is applied: For
each end face of the mining unit bordering waste rock, an al-
lowable search zone for the optimal position is constructed
(Figure 4a).

a

2 Search Zone

=

Optimal = 2 =
Quality T =
Point : = %
Initial Stope Line of Intersection With Block Model
b Search Zone

Optimized Stope

Figure 4. Optimization of the mining unit end wall.
Cyper 4. Ouaipy 0JI0TrbIHBIH HIETiHAET KAOBIPFAHBI
OHTAHJIAHIBIPY.

Puc. 4. OnTumMu3anus TOpUeBOH CTEHKH BbIEMOYHOM
¢IMHHUIbI.

Within this zone, boundary points are identified where the
target quality parameter meets or exceeds the cut-off grade. To
eliminate outlier points from the resulting set, the Mahalanobis
distance formula [9] is applied:

Dm(x,u) = \/(x - ﬂ)TS_l(x - ”')r (4)

where:
x is the vector of observed values;
u is the vector of mean values;
S~ is the inverse covariance matrix of the sample;
and (x — u)7 is the transposed difference vector.
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This approach allows obtaining a set of points within the al-
lowable displacement zone of the mining unit’s end wall, which
defines its optimized position. The new position of the stope
face is determined using least squares approximation of a set of
points within a three-dimensional task framework (Figure 4b).

Results

To evaluate the accuracy of the developed method for cal-
culating mining unit indicators, computations were performed
for benchmark panels. The results of the developed method
were compared with calculations based on block centroids
(Figure 5). A comparison of the volume calculation methods
is presented in Table 1.

It was established that determining the partial inclusion of
block model cells significantly improves the accuracy of vol-
ume and quality indicator calculations, which is an important
factor in optimizing underground mining deposits, especially
when developing rare-earth components.

Table 1
Mining Unit Indicator Calculations
Kecme 1
Onoipy dn02v1HbIY KOpcemKiwimepin ecenmey
Tabnuua 1
Pacuem noxkazameneii 6b1eMOUHOU OUHUUbBL
Calculation by Calculat%on with
Parameter . geometric block
block centroids .
truncation
Block Size, m 5x5x5 5x5x5
Stope Size, m 25x30x25 25x30x25
Cluster thickness, m 5 5
Optimization mineral Fe Fe
Cut-off grade 56 56
Geometric shape 18750 18750
volume, m?
Calculated volume, m? 18500 18750
Calculated weight, t 63710 64497
Calculated Fe, % 56.52 56.56

=

Block Model

Figure 5. Block model of mineral deposit within the
mining unit boundaries.
Cypert 5. Ouaipy 0J10rbIHBIH LIETiHAeri maiaaabl
Ka30aHbIH 0JIOKTBIK MOJEJIi.
Puc. 5. Biiounast MoaeJib MOJIE3HOI0 HCKOIIAeMOI'0 B
rpaHUIAX BHIEMOYHOM eINHUIbI.
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Using an example of an underground deposit developed by
a sublevel mining method, a set of aggregated stopes was con-
structed with fixed dip and strike angles, as well as a set of
panels with subsequent adjustment of the sidewall angle for
each unit by the method described above (Figure 6). The re-
sults of the parameter calculations for both creation methods
are presented in Table 2.

Figure 6. Optimized stopes.
Cyper 6. OnTuMH3AIUSVIAHFAH MIAHeJbEp.
Puc. 6. ONTUMH3MPOBAHHBIE BHIEMOYHbIE € THHHIIbI.

Table 2
Calculation Indicators by stopes with fixed and
optimized dip angles
Kecme 2
Beximinzen jcane onmainanovipulizan eyic Oypolutmapol
Ooutbinuwa Kazy 010Kmapul 0oubIHWA ecenmey
Kopcemxiwimepi
Tabnuua 2
IToxazamenu pacuema no 6vlemouHbIM OUHUUAM
¢ (huxcuposannvim u ONMUMUUPOCAHHBIM Y2IIOM HAKIOHA

Parameters Fixed angle Optimized
angle
Number of blocks, pcs. 163971 163971
Block size, m 5x5x5 5x5x5
Cluster size, m 25x 30 25x30
Dip angle, ° 80° 1\1{/}2532):
Stope size, m 5 5
Shape optimization No Yes
Optimization mineral Fe Fe
Cut-off 56 56
Number of stopes 415 415
Total volume, m? 9,390,004.12 | 9,791,769.14
Weight, t 32,911,025.52 | 34,311,118.19
Average grade, % 56.98 56.92

The analysis of the results demonstrated that the appli-
cation of the proposed method, which incorporates the op-
timization of dip and strike angles of the mining units, led
to an increase in the total extracted ore volume — by 4.3%
in this case — compared to the conventional approach with
fixed angular parameters. At the same time, the average
grade of the valuable component remained stable within the
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specified cut-off grade, confirming the validity of the devel-
oped method.

Discussion of Results

The study results demonstrate that the proposed method-
ology for optimizing mining units in an underground mining
deposit effectively achieves the set goal: maximizing ore ex-
traction volume while maintaining the specified cut-off grade
and technological parameters of mining (3).

The developed algorithm for calculating cluster indica-
tors enhances calculation accuracy, which in turn ensures the
correct selection of clusters within each mining unit. This is
particularly critical for underground mining, where precise
delineation of mining units directly impacts the economic effi-
ciency of mining operations.

Compared to similar methods [10], the proposed algorithm
offers more accurate accounting of the geometric characteris-
tics of stopes.

However, it should be noted that this methodology has cer-
tain limitations, primarily its dependency on the quality of the
initial block model and the requirement for substantial compu-
tational resources when processing large data sets.

The developed method for optimizing mineral extraction
has been implemented in the K-MINE Stope Optimizer mod-
ule. This module enables the formation of optimal stopes for
underground mining of the deposit based on specified quality
indicators or economically justified mining parameters. Addi-
tionally, a solid orebody wireframe can be used as a constraint
to limit the shape of the mining unit.

Mining technological factors are incorporated in the
K-MINE software by setting maximum and minimum allow-
able dip angles of the stope’s sidewalls, minimum and max-
imum stope lengths, permissible ranges for panel width and
height, as well as the shape of its profile.

For each stope bordering waste rock, dilution indicators are
calculated, which may be defined by regulatory standards or
determined via a linear rock caving model.

The stopes formed during optimization are vector objects
containing all necessary parameters (volume, weight, quali-

ty indicators, dimensions, level elevation, etc.), which can be
used for subsequent mine design and planning tasks.

The obtained results are presented in detailed and summary
tabular reports, enabling evaluation of the optimization sce-
nario or comparison of multiple optimization variants with
different initial data and constraints.

Conclusion

The developed algorithm for stope optimization accounts
not only for the quality parameters but also for the spatial
and geometric features of how mining units intersect with the
block model of a mineral deposit. This approach significant-
ly improves the accuracy of delineating mining units, reduc-
es ore loss, and minimizes dilution during mineral extraction.
The results of the conducted studies confirm that the use of
variable dip angles for mining units contributes to an increase
in the total volume of recoverable rock mass without substan-
tially decreasing the average grade of the valuable component.
Therefore, the proposed algorithm is a technologically sound
and promising tool for enhancing the efficiency and productiv-
ity of mining operations.

The algorithm has been successfully integrated into the
functional environment of modern K-MINE software, which
confirms its practical relevance for addressing challenges in
mining production. Integration with K-MINE’s features en-
abled optimization of calculations based on economic profit-
ability indicators, significantly improved planning accuracy,
and increased profitability in deposit exploitation.

The flexibility of accounting for various geological and
technological constraints in forming mining units, combined
with K-MINE’s capabilities for calculating extraction vol-
umes, ensures the method’s versatility and adaptability to
different orebody configurations and a wide range of mining
systems.

The synergy between the proposed method and K-MINE’s
implemented tools offers an effective framework for improv-
ing technological resilience, ensuring responsible subsoil use,
and enhancing the overall operational efficiency of mining en-
terprises.
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STUDY OF CHEMICAL ELEMENTS IN THE
COMPOSITION OF THE SHUBARKOL COAL BY
X-RAY FLUORESCENCE METHOD

Abstract. This article talks about ways to use analytical methods in the study of the chemical composition of coal, which is the main source of energy for the developing
countries of the world. It is known that coal production in the world has been developing very intensively in recent years. In this regard, the issue of using analytical methods
in coal production is on the agenda. Also, it is said that with the help of analytical methods based on physical phenomena such as X-ray, gamma ray and neutron interaction,
it is possible to evaluate the quality of coal before burning it. The article describes how to study and monitor the coal ash content in the mine before it is mined, using X-ray
fluorescence, one of the most suitable analytical methods.

Key words: analytical method, coal, X-ray, coal ash, microelement, gamma ray, sulfur.

IIy0apkes keMipiHiH KYpaMbIHAAFbl XUMHSIBIK 3J1eMEHTTEP/Ai peHTIeH-(DJIyOPeCeHTTIK JlicIIeH 3epTTey

Annarna. byt Makanana gamyIisl eJjiep YIIiH HeTi3ri dHeprust Ko3i OOkl TaObIIaThIH KOMIPAIH XUMUSIIBIK KYPaMbIH 3epTTEY/Ie aHATMTHKAIIBIK 9ICTEpAI KOIJaHy
sKoJapbl KapacTtbipbuiaibl. COHFBI JKbULAAPHI dJIEMIE KOMIp OHIIPY KapKbIHIbI TYpP/E JaMbII Kejle )KaTKaHbl oenriii. OckiFaH OaiiaHbICThI KOMIp OHIIpICiHIe aHATUTH-
KaJIbIK 9JficTep/ii KoaaHy mMoceneci 3ekTi 00ubin oThip. COHBIMEH KaTap PeHTICH, FaMMa-CoyJie )OHEe HEeITPOHapAbIH ©3apa dPEKeTTeCyi CHAKTHI (PU3UKAIBIK KyObLIbIC-
TapFa HeTi3/e/IreH aHATNTHKAIIBIK O/{iCTeP/iH KOMEriMeH KOMIP/IiH carnachlH OHBI JKarap ajjibiHa Oaranayra OonaTbIHbI aiThIIFaH. Makasaza eH KOJIailbl aHaINTHKAIIBIK
auictepaiH 0ipi — peHTreH-(IyopecleHTTIK Tajaay apKblUIbl KOMipAi eHAIpyTe JIeliH KeH OPHBIH/A OHBIH KYJI KYPaMbIH 3epTTey jKoHE OaKblIay >KOJIaphl CHUIIATTasa bl.

Tyiiinoi co30ep: ananumukanvly 20ic, KOMIp, PeHMeeH, KOMIp KYAiHiY Moauepi, MUKDOIIEMEHM, 2aMMa-cayie, KyKipn.

HccenenoBanne XuMu4ecKHX 371eMeHTOB B cocTase LllydapkyJibekoro yriisi MeToaoM peHTreHoGuIyopeclieHTHOT0 aHAIN3a
AHHOTa].(l/lﬂ. B crarne paccMaTpuBarOTCA CIrocoObI NPUMEHCHHUA aHAJIMTHYCCKUX METONOB IIPHU U3YUCHUHU XUMHUYECKOI'0 cocTaBa yIuis, KO’I‘Oprﬁ SABJIACTCSA OCHOBHBIM
HCTOYHUKOM DHEPIryH JJIs1 pa3BUBAIOIIMXCA CTpaH MHUpa. I/ISBeCTHO, 4TO MPOU3BOACTBO YIUIA B MHUPE B IOCICAHUE IOAbl pa3BUBACTCSA OY€Hb HHTEHCUBHO. B cBsi3u ¢ aTUM
BOTIPOC MCIIOJIB30BAHUS aHATTUTUIECKUX METOIOB B yFOJlLHOﬁ TIPOMBINIIEHHOCTH BBIXOIUT HaA HCpBbIﬁ miaH. Takxe OTMEYACTCs, YTO C IIOMOIIBK) aHAJTUTHYICCKUX METO-
0B, OCHOBAaHHBIX Ha (i)]/[3]/['-ICCKI/IX SIBJICHUAX, TAKUX KaK B3aHMOHCﬁCTBHC PCHTICHOBCKHUX J'Iy'-ICfI, raMma—queﬁ u HCﬁTpOHOB, MOXXHO OLICHUBATh Ka4€CTBO yIVIsL 10 €ro
coxkuranus. B crarbe OITUCBHIBACTCA, KaK M3Yy4aTbh U KOHTPOJIMUPOBATH 30JIbHOCTH YIJIA IIPU €TI0 I[Oﬁ]:l'—[e, HCIIOIB3Ys peHTFeHO(bHyOpeCHeHTHBIﬁ aHaJIu3, OOUH U3 Haubosee

TOAXOAAIIMX aHATUTUYCCKHUX METO/10B.

Knrwouesvie cnosa: ananumuueckuti ,wemod, Ye0ilb, peHmeeH, 3014 Y2, MUKPOIJIeMeHm, caMMdad-1y4, cepa.

Introduction

The fact that modern electric heating stations are becom-
ing larger and larger, and water — boiling boilers are starting
to work in high temperature conditions, is increasing the in-
terest of specialists in the mineral substances contained in
the main fuel needed for these stations-coal. Corrosion of
boilers and hot water pipes at high temperatures is largely
due to sulfur, chlorine, alkali elements and ash content of
coal. When coal is burned in electric heating stations, carbon
dioxide and other toxic gases are released into the sky. These
gases not only pollute the air, but also heat the atmosphere
more and more. Therefore, the countries of the world began
to worry about this and sound the alarm. Therefore, it is clear
that coal users and coal producers want to know about the
mineral substances contained in coal and toxic and harmful
substances that are formed after burning coal [1, 2].

Previously, such elements as C, H, O, N, S, Si, Fe, Al,
K, Ca, Mg in coal and coal were identified by chemical
research. And if the micro-element content in coal is -0.1%
or even lower, then it would be difficult to study it chem-
ically. Therefore, the way to solve this problem is that the
study of the elemental composition of coal by the method
of X-ray fluorescence, which is a method of nuclear phys-
ics, is gaining wide application. Such research works are
widely covered in such European countries as Germany,
the Czech Republic and Poland. Kazakhstan is rich in coal,
so it is important to use lightweight portable X-ray flu-
orescence spectrometers in coal fields to regularly check
and evaluate the quality of coal seams. This is one of the
important tasks of our time [3, 4].
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From the point of view of environmental protection and
environmental conservation, this will also be very import-
ant. Registration of X-ray of sulfur 2.308 keV S-Ka, mea-
surement work has been widely studied and discussed in
the works of a number of foreign scientists [5—7]. Accord-
ing to these works, a good result was achieved after the
corresponding adjustments were made mathematically due
to the effect of the influence of the elements contained in
coal on each other. When determining sulfur, iron, ash and
other elements in coal using the classical chemical method,
a large number of chemical reagents are required and other
materials take a long time. And in the work of a number of
scientists, it has been shown that using the method of X-ray
fluorescence research (XFR), it is possible to detect not
only sulfur, iron, but also more elements at the same time,
with great accuracy [8, 9].

Due to its ecological importance, one of the most stud-
ied and most recorded elements in coal will be sulfur (S).
The sulfur content in coal averages 10-12% of the total
mass. Coal ash is the mineral substances contained in coal
that do not burn when it is burned. The more minerals
are contained in coal, the higher its ash content. Coal ash
mainly consists of compounds of elements such as silicon,
aluminum, iron, calcium, magnesium, titanium, and potas-
sium [1, 2].

Research on the composition of coal ash using nuclear
physics methods has been conducted with great intensity
over the past 20 years, the work of many research scientists
has been published in this field, as well as new research
techniques and methods have been introduced [9-11].
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Research methods and results

During the work on determining the elements in coal and coal
ash by X-ray fluorescence, a sample of Shubarkul coal was tak-
en as an object (UG-1) (Figure 1). The elemental composition
of these samples was determined using an «energy-dispersive
X-ray fluorescence device with an XFD-21 semiconductor de-
tector» in the Laboratory of Nuclear Physics Analysis Methods
at the Institute of Nuclear Physics in Almaty. At first, the coal
was prepared by grinding in a special device. The obtained sam-
ples were placed in a mold and examined on an energy-disper-
sive X-ray fluorescence device with an XFD-21 semiconductor
detector, showing the following results (Figure 2).

Figure 1. UG-1 Shubarkul coal sample.
Cyper 1. UG-1 Illyb6apkea kemip yJirici.
Puc. 1. O6pazen llyd6apkoanckoro yriast UG-1.

Figure 2. X-ray spectrum of the Shubarkul coal sample
UG-1.
Cyper 2. llly6apkoas ken opHbl UG-1 keMmip yJricinig
PEHTIeH CIeKTpi.
Puc. 2. Pentrenosckuii ciektp odpasua yrinsa UG-1
y6apKoJIbCKOr0 YroJabHOT0 MeCTOPOK/ACHNS.

In these studies, using an energy-dispersive X-ray fluores-
cence device with a semiconductor detector, it is possible to
observe more than 100 gamma-ray peaks in the spectrum cor-
responding to 31 elements in carbon, such as Sr, Ag, Se, Fe,
Nb, Ni, K, Th, Cu and others. However, the main disadvantage
of this method is that the research instrument used is designed

Table 1

Indicators (mass fractions) for the determination of chemical elements in a crushed UG-1 Shubarkul coal sample taken as
a standard by X-ray fluorescence analysis (additional Z = 1.19, total amount: 0.97%, number of elements: 31)

Kecme 1

Cmanoapm peminde anvinzan ILllyoapkon xen opnot UG-1 Kemipiniy ycakmanzan ynzicin penmezen-gyopecyenyusnsl
manoay apKulivl XUMUANBLK IneMenmmepoi anvikmay kopcemxiwmepi (Kocotmwa Z = 1.19, scannwt comacwi: 0.97%,
nemenmmep canwl: 31)

Taonuya 1

Ilokazamenu (maccogwle 001u) 01 Onpedeenus XuMuuecKux j1emennos 6 usmenvuennom oopaszye yensa UG-1
¢ Illybapronbckozo y20nbH020 MECHOPONCOCHUS, 63AMOM 6 KaUecmee CIaHOapma, Memooom peHmzenopuyopecyeHmnozo
ananu3za (Oononnumensvuiii Z = 1.19, cymmapnoe cooepicanue: 0.97%, konuuecmeo 3nemenmog: 31)

Element Indicator (mass fractions) Element Indicator (mass fractions)
Fe 0.1731£0.00049% Cu 0.0021140.000065%
Zn 0.00222+0.000041% Pb < 0.000140.000042%
Ag 0.9+0.01 r/T Cd 2.1£0.02 r/T
Th 0.2+0.02 r/T U 1.0+0.02 r/T
K 0.30+0.023% CaO 0.435+0.0139%
Se <0.0001£0.0048% Ti 0.029+0.0025%

V <0.0001£0.00092% Cr 0.0010+0.00049%
Mn <0.01+0.00026% Co 0.0007+0.00018%
Ni <0.0001%0.00011% Ga <0.0001+0.000027%
As <0.0001+0.00011% Se <0.0001+0.000018%
Br 0.0011940.000029% Rb <0.0001%

Sr 0.00294+0.000012% Y 0.00%

Zr 0.00% Nb <0.0001%
Mo <0.0001% Pd <0.1r/t

BaS04 0.02+0.001% w <0.0001+0.00011%
Bi <0.0001+0.000035%
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Figure 3. X-ray spectrum of the Shubarkul coal ash
sample UG-1.
Cyper 3. llly6apkous keH opubsl UG-1 kemip Ky
yariciHiH peHTreH cmekTpi.
Puc. 3. PenTreHoBckuii cnekTp 00pa3ua yroJbHoM 30J1b1
UG-1 lly6apKkoJabCKOro yroJibHOT0 MeCTOPOKIeHHUS.

to study rocks, and therefore it is not able to identify many el-
ements. Compared to coal, the composition of the elements in
the coal ash was determined more accurately (Figure 3).

Conclusions

If we compare the indicators (mass fractions) from Ta-
bles 1 and 2, the iron (Fe) content in Shubarkul coal sam-
ples is Fe = 0.1731£0.00049%, whereas in Shubarkul coal
ash the iron (Fe) content is Fe = 3.12+0.003%. Therefore,
the absolute difference can be calculated using the formula:
Fel = summa (Fe (UG-1) — Fe (ash))/N. and it turns out that
Fel =2.9469+0.00251%.

In this study, it was noted that an energy-dispersive X-ray
fluorescence device with a semiconductor detector «XFD-
21» makes it possible to determine the composition of coal
ash more accurately and visually than the composition of coal
itself.

Table 2

Indicators (mass fractions) for the determination of chemical elements by X-ray fluorescence analysis (XFA) in the ash of a
UG-1 Shubarkul coal sample taken as a standard (additional Z = 1.19, total amount: 0.97%, number of elements: 31)

Kecme 2

Cmanoapm peminoe anvinzan Illyoapkon ken opnovt UG-1 komip yaziciniy Kyain penmeen-hyopecuenyusaiol
manoay apxwliivl XUMUAIbIK IAemMenmmepoi auvikmay kopcemkiwmepi (Kocoimuwa Z = 1,19, srcannot comacwr: 19,70%,
Inemenmmep cauvi: 31)

Tabnuuya 2

Ilokazamenu (maccoewvie 001u) 013 oOnpedeneHus Xumuueckux nemenmos 6 3one oopasya yena UG-1 Lllybapkonsckozo
Y2071bHO20 MECHOPOHCOCHUA, 83AMO20 8 KAUecHee CmAanoapma, Memooom penmezenopayopecyenmuozo ananuza (P@OA)
(0ononnumenwvuuiii Z = 1,19, cymmapnoe cooepycanue: 19,70%, konuuwecmeo nemenmog: 31)

Element Indicator (mass fractions) Element Indicator (mass fractions)
Fe 3.12+0.003% Cu 0.0296+0.00017%
Zn 0.1210+0.00023% Pb 0.0412+0.00014%
Ag 0.6+0.2 r/1 Cd 101.1+0.03 /T
Th 10.540.6 r/T U 6.8+0.4 /T
K 0.59+0.022% CaO 14.48+0.033%
Se <0.0001+0.012% Ti 0.679+0.0056%

V 0.012+0.0029% Cr 0.0140+0.00083%
Mn 0.066+0.0006% Co 0.0083+0.00074%
Ni 0.0256+0.00022% Ga 0.00175+0.000075%
As 0.0087+0.00011% Se 0.00026=+0.000032%
Br 0.1128+0.00013% Rb 0.00182+0.0001%
Sr 0.06935+0.000071% Y 0.01634+0.000036%
Zr 0.01978+0.000043% Nb 0.00132+0.000017%
Mo 0.00132+0.000018% Pd 0.1£0.1 r/t

BaS04 0.0309+0.0033% w <0.0001+0.00039%
Bi 0.0003+0.00015%
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I'EOMEXAHNYECKOE OBOCHOBAHUE
ITAPAMETPOB BYPOB3PbBIBHbBIX PABOT

B TEKTOHNYECKUN HAPYHIEHHDBIX 30HAX
INHOA3EMHBbBIX BBIPABOTOK

Annorauust. Llenbto JaHHOM CTaThy SBISETCS pa3paboTka U Hay4HOe 000CHOBaHUE I(G(HEKTHBHOM TEXHOIOIMH KPEIJICHHS TOPHBIX BBIPAOOTOK, ()YHKIIHOHUPYOLIMX
B YCJIOBHUSIX CJIOKHBIX T€OMEXaHUYECKUX M THAPOreoOrnyecKux (pakropos. B pabore nposeseH aHanu3 1eOpMalMOHHOTO COCTOSHHUS IPUKOHTYPHOTO MAaCCHBA FOPHBIX
MOPOJI, & TAKXKE BBIMOJIHEHA OLICHKA 3()(EKTHBHOCTH CYLIECCTBYIOIIMX THIIOB KPEIUICHHUSI, IPUMEHSCMbIX B TIO3EMHBIX BbIPa0oTKax. Oco60e BHUMAHHE YISICHO UCCIEI0-
BAHHIO TIOBEJICHHSI MAaTEPUAIOB U KOHCTPYKIHMI KPEITH B IPOLECCE IUTHTEIBHOM IKCILTyaTalliy IO/ BO3/ICHCTBIEM TOPHOTO JaBJIeHHs M BHEIIHNX (akropo. Ha ocHoBe
MOJTy4CHHBIX PE3yJIbTATOB MPE/UIOKEHBI TEXHUYECKUE PELICHHs i PEKOMEH/IALMH, HAIIPABICHHbIC Ha MOBBIIICHAE YCTOMYHBOCTH TOPHBIX BBIPAOOTOK, CHIKEHUE PUCKA
nedopmannii 1 aBapuiiHBIX CUTyalHid, a Takke Ha obecnedeHne 6e30macHoro 1 3pGpeKTHBHOIO BEACHUS TOPHBIX PadoT.

Kniouesvie cnosa: nanpsicennoe cocmosinue, Maccus, pyod, nopood, ckeadxcund, Kpens, Q-unoexc bapmona.

TekTOHUKANBIK OY3bLIFAH aliMaKTaAPAAFbI JKePACThI TAy-KeH Ka30anapbinaa Oyprbliay-Kapy *KYMbICTAPBIHBIH Iapa-

MeTpJiepiH reoMeXaHUKAJIBIK Heriziey

Anjarna. MakanaHblH MaKcaTbl — Kyp/ieili TeOMEXaHHKAIIbIK JKOHE THAPOTeOIOr MsUIbIK JKaFailiap/a )KyYMBIC iICTEHTIH Tay-KeH Ka30aiapbiH OCKiTyaiH THIMII TEXHO-
JIOTHSICBIH 93ipJICy JKOHE FBUIBIMU TYPFbIIaH Herizaey. JKymbicTa Ka30a KOHTYPbl MaHBIHIAFBI Ty JKbIHBICTAPbl MACCUBIHIH Je(hOPMALMIBIK KYIliHe Talaay »Kyprisimi,
JKep acThl Kaz0anapbIHia KOJIaHbUIATBIH KOJIAHBICTaFbl OeKiTy TypiepiniH THiMitiri 6arananabsl. Connaii-ak Tay KbICBIMBI MEH CBIPTKbI (haKTOpIapibiH ocepineH Oexity
MarepHanIapbl MCH KOHCTPYKIMSUIAPBIHBIH Y3aK MEp3iM/i Maiiiaiany Ke3iHaeri MiHe3-KyJIKbl 3epTTeliii. AJbIHFAH HOTHIKENIEp Heri3iHae Tay-KeH Ka30anapblHbIH TypaK-
TBUIBIFBIH APTTHIPYFa, AeopManisIap MCH araTThIK JKaFAaiiaap/AblH KaymiH TOMCH/ETyTre, COH/Iaii-aK Tay-KeH )KYMBICTApbIH Kayilci3 api TMiMAI XKYPri3yai KaMTamMachl3
eTyre OarbITTaIIFaH TEXHUKAJIBIK IICIIIMICD MCH YCBIHBIMAP YCHIHBUI/BL.

Tyiiinoi ceszoep: kepueyni Kyii, MAccus, KeH, HCbIHblC, YHbIMA, mipek, bapmonnwiy Q-unoexci.

Geomechanical justification of blasting parameters in tectonically disturbed zones of underground mine workings

Abstract. The purpose of this article is to develop and scientifically substantiate an effective technology for supporting mine workings operating under complex geo-
mechanical and hydrogeological conditions. The study analyzes the deformation state of the rock mass surrounding the excavation contour and evaluates the efficiency of
existing types of support used in underground workings. Particular attention is given to the behavior of support materials and structural elements during long-term operation
under the influence of rock pressure and external factors. Based on the obtained results, technical solutions and recommendations are proposed aimed at improving the
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stability of mine workings, reducing the risk of deformations and accidents, and ensuring safe and efficient mining operations.
Key words: stress state, rock mass, ore, rock, borehole, support system, Barton Q-index.

Beenenne

ToprOmOORIBatOIIas MPOMBIIIIICHHOCTH Ka3axcrana, Oaro-
Jlapsi CBOMM TIPHPOIHBIM pecypcaM, 3aHUMAET CTPATETHIECKH
Ba)XHOE MECTO B JKOHOMHKE CTpaHbI, oOecrieunBas 3HAUH-
TEJIBHYIO JIOTIO 9KCIIOPTA U ABJIAACH OCHOBHBIM MCTOYHHUKOM
CBIPBsI ISt MHOTUX oTpacieit [1-3]. B wactHocTH, Kazaxcran
M3BECTEH CBOMMH 3aIlacaMH YIJIs, MEIH, 30J10Ta, ypaHa u JIpy-
TMX MHHEPAJIOB, YTO JIEJIAET €TO OHUM M3 BEILyIIUX IIPOU3BO-
IUTeNe Ha MHPOBOM pBIHKE [4—5]. OmHAKoO ¢ yBeIHYCHHEM
DTyOWHBI JOOBIYN M TIEPEXOAOM K pa3paboTKe Ooree CI0KHBIX
U TPYAHOAOCTYIIHBIX MECTOPOXKACHHUI BO3pacTaeT HeOOX0IH-
MOCTb B PEIIEHHN TaKUX MPOOIeM, Kak O€30MaCHOCTh TOPHBIX
pabort, obecniedeHne yCTOWIIMBOCTH TOPHBIX BEIPAOOTOK, & TaK-
e MOBbIIIEeHNE 3()(HEKTUBHOCTH MCHONB30BAHMSI TIPUPOTHBIX
pecypcoB. DTH BOIPOCH! MPHOOPETAIOT 0CO0YI0 3HAYMMOCTH B
CBETE MOBBILIEHNSI TPEOOBAHNH K SKOJIOTHUECKIM CTaHAapTaM
1 ONITUMH3AIAHN TIPOU3BOICTBEHHBIX IIPOIIECCOB [6].

Pyne ¢ coneprkannem okucu xpoma 6oree 45% He TpeOyer
oboramenust. OHE cOCTaBISIOT 86.7% 3amacoB MECTOPOXK/Ie-
Huit (208.013 Mo T/ 240.197 Mita 1). ComepkaHue COCTaBISIET
B OorarbIx pynax — 52.3%, B psinoBbIX — 38.9% oxucu xpoma.

Ha mecropoxnennn maxtHoi 30HH «10-1eTus He3aBHUCH-
Moctr Kazaxcrama» (JJHK) ceprneHTHHUTHI MIIPOKO pactpo-
CTpaHEHBbI B IyHHTaX, B TO BPEMsI KaK 10 MMPOKCEHOBBIM JIy-
HUTaM OHH BCTPEUAIOTCS peke. DTH MOPOABI MIPOCTUPAIOTCA
Ha mryouny ot 35 1o 110 M ot moBepxHOCcTH 3emmn. Ha rmy-
6unax 10-20 M Habmromaercss HanOOJbINEe MPOSIBIICHUE YCHI-
XaHUsI IOPOJ, T7Ie OHM, IEPBOHAYAILHO MEJIKO3EPHHUCTHIE, CO
BpEMEHEM TPaHCPOPMHUPOBAIUCH B ITIHHACTYIO Maccy [7—8].

B xone nabopaTropHBIX UCCIIEAOBAHUI BBIICICHBI YETHIPE
WH)KEHEPHO-TEOJIOTHUECKIX KOMILIEKCa TTOPOI:

- mepmoie KapOOHAMHbIE MEIKO3EPHUCMbIE CePHeHmi-
Humsl — nOpoosl Hu3kou npounocmu (Rc = 15 MIla, Rt =
1.3 MIla, f= 2-3, kamezopus 6ypumocmu IIl), xapaxmepnvie
07151 BepXHell YACMU MeCIMOPOANCOCHUS,

- CepneHmuHU3UPOBaAnHble OYHUMbL — NOPOObL OM CPeOHell
00 evicokoll npounocmu (Rc = 27—-65 MIla, Rt = 2.7-4.5 Mlla,
= 8-9, kamezopus bypumocmu VII), a maxoice ocrabnennvie
pasnosuonocmu (Re = 17 MIla, Rt =~ 1.6 MIla, f~ 6, kamezo-
pus VI);

- CepnenmuHU3UPOBANHbIEe NEPUOOUMBL — ROPOOLL PA3IUY-
HOU NPOYHOCMU. OM HU3KOU 00 ebicokol (Rc = 8—58 Mlla,
Rt = 0.8~4.7 MIla, f= 2-8, kamezopuu 6ypumocmu II1I-VII).

C yBenu4eHUeM NIIyOMHBI POYHOCTh TOPHBIX MOPOJ BO3-
pacraet, ¥ CONPOTHBJICHHE CXKATHIO MAJIOTOHHAXKHBIX TOPOJ
U pyn Ha OOJBLIMX MIyOMHAaX MOXKET BapbUpoBaThes oT 60 1o
120 MITa.

OcHOBHasi pyJiHasi 3aJIe)Kb Ha MECTOPOXK/IEHUU B OCHOBHOM
COCTOUT M3 CIUIOIIHBIX M T'yCTO-BKPAIJICHHBIX Y[, a TOPHBIC
TIOPOJIBI TIPEJICTABIICHBI PA3INYHON CTENEHBIO CEPIICHTHHU3A-
UK OC3MUPOKCCHOBBIMU TyHUTAMH, MTUPOKCCHOBBIMU JTyHU-
Tamu U niepugotutamu [9—10].

OO6muit BuI 320051 HA MOMCHT TIepe/iaud BhIPaOOTKH MIPe/I-
CTaBJIeH Ha puc. 1.

Ha puc. 1 npencrasnena rpagudeckas MHTEpIpETALUs 3a-
0051 B MOMEHT Tepeiau BEIpabOTKH Ha 00BEKTE TOPHOTO MPO-
W3BOJICTBA, C aKIIEHTOM Ha Y4aCTOK, O/IBEPKEHHBIH TEKTOHH-
4eCKOMY HapylICHHUIO.

Topnuuit sicypnan Kazaxcmana Ne3’ 2026
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Puc. 1. Ockn3 Ha BbIBAJIbI B 30HE TEKTOHUYECKOI0
HapyIIeHHs.
Cyper 1. TekToHNKANBIK 0Y3bLTy aliMaFbIHAAFbI )KbIHBIC
ONBIPBLTY/JIAPBIHBIH ChI30AJILIK KOPiHici.
Figure 1. Sketch of rock falls in the tectonic
disturbance zone.

OO0mmit BuI 3a00s1 OTpa)kaeT TEKyIlee MOJIOKEHHUE BHI-
pabOTKH C yKa3zaHHEM €€ MapaMeTpoB IO COCTOSHMIO Ha 31
aBrycta 2023 roma. Cxema [IEMOHCTPHUPYET pPacIoioXKe-
HHUE TOHHENHHON BBIPAOOTKNM OTHOCHTENILHO T'EOJIOTHYECKON
CTPYKTYpPbI U YUUTHIBACT IIPOCKTHBIC JaHHBIC 110 OypEHUIO U
KperuteHno. OTMeueHHas! 30Ha TeKTOHHYECKOTO HapyIIeHHs
XapaKkTepu3yeTcss N3MEHEHHOH CTPYKTYPOH MaccuBa, HAJINIH-
€M Pa3JIOMOB M CIBHIOB, YTO MOXKET CHM)KaTh YCTOMYMBOCTB
TIOPOJl M TIOBBIMIATh TPEOOBAHMS K WH)KCHEPHBIM PEIICHHUSIM

a)

10 KPEIUICHHUIO BBIPAOOTKH.

IIpoxoqueckue paboTel Ha onbiTHOM ydactke I Ne 1
BEIUCh B mopojax cpeaHeit kpenoctu 30—-60 Mlla, yto sB-
nsieTcst Oosiee OIAronpHUATHBIM YCIIOBHEM I10 CPAaBHEHHIO C
yuyactkoM BJIIII Ne 9. Ha puc. 2 mpexacraBieH oOmuii BUJ
3a00s1 B IPOIECCE TOPHOIPOXOJYECKUX PadOT Ha ONBITHOM
yuactke JIII Ne 1.

[Tpoxonueckue padoTsl Ha onbITHOM y4yacTke J11-1 Bbimosn-
HSUJIMCH B TOPOJAaX CpeiHEl KPEnmoCTH ¢ MPEeIoM IPOUYHOCTH
30-60 MIla, 4yTo CO3a€T OTHOCUTENBHO ONIArONPUSITHBIE YC-
JIOBUS JUISl TIPOXOJKH, OJJHAKO TPeOyeT NMPUMEHEHHUS HaJleK-
HBIX cHcTeM KperuieHusi. Ha HavaibpHOM dTare HaOJonainuch
Ppa3pbIXJICHNE TIOPOJIbI U JIOKAIbHbIE OOpYIICHHS, BbI3BaHHbIC
IepepacpeielIeHUEM HANPS)KEHUM B IPUKOHTYPHOU 30HE 3a-
60st (puc. 2a). YcTaHOBKa MEPBUYHBIX KPEIJICHUH IT03BOJIMIIA
JIOKAJIN30BaTh 30HY pa3pylIeHUI U OrpaHUYHUTH pa3BUTHE Jie-
(dbopmanuii.

Ilocne MOHTa)ka BPEMEHHBIX KPEIUIEHUH OTMEYallach CTa-
OumiM3aiysi MaccuBa: OCHOBHBIC Je(opMallil COXPAHSIIHCh
B NPUKOHTYPHOH 30HE, TOTNa KaK IIEeHTpaJibHas 4acTh 3a00s
ocraBajlach OTHOCHUTEIILHO yCTOHUMBOM (puc. 2b). [Ipumene-
HHUE CEeTYATHIX MOKPBITHHA M aHKEPHBIX CHCTEM CHH3HJIO PHCK
MIOBTOPHBIX OOPYIICHHH.

Ha nocnenyronmx sTanax ycTaHOBKAa aHKEPHBIX M KapKac-
HBIX KpeIJIeHUH o0ecreuniia OMOIHUTEIbHYO MOJICPKKY
MOBBICHJIA YCTOHYUBOCTH 32003 (puc. 2¢). Ha miyoune 12 m.m.
MIPOLIeCC KPEIJICHUs ObUT IPAKTUYECKH 3aBEPIICH, YTO M03BO-
JINJI0O MUHUMHU3UPOBATh Jie(h)OpMaLMU U CHU3UTh PUCK JIOKAJIb-
HBIX 00pyuIeHui (puc. 2d). DuHAIBHBIN 3Tall XapaKTepHU3yeT-
Csl YCTAaHOBKOW MOCTOSIHHBIX KPEIUICHUH, mepepacipeessio-
LIMX HAarpy3Ku B MAacCHBE U 00€CIEYHBAIOIINX J0JITOBPEMEH-
HYIO YCTOHUYMBOCTH BBIPAOOTKH (pHC. 2e—f).

Puc. 2. O0uuii Bug 3a60s J{I1I-1 Ha MOMeHT KpenieHus:
(a) —3nm; (b)—6nm; (c)—9nm; (d)—12nm; (e)—14nm; (f)—16 nm.
Cyper 2. JIIII-1 ka36achIHbIH 0eKiTy Ke3iHaeri saansl KepiHici:
(a) —3nm; (b)—6nm; (c)—9nm; (d)—12nm; (e)—14nm (f)—16 nm.
Figure 2. General view of heading No. 1 at the time of support installation:
(@) —3rm.; (b)—6rm.; (c)—9rm.; (d)—12rm.; (e)—14rm.; (f) — 16 rm.

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026



[eoMexanmka

19

MeropnoJiorust

Ob6cnenoBanue 1 HAOTIOACHNE 32 (PAKTHICCKUM COCTOSTHUEM
ropHoi#t BeipadoTku [T Ne 1 (rop. —175 m, IIJIHK-1) B mepron
TIPOBE/ICHUS OTIBITHO-IPOMBIIIUIEHHBIX HCIBITAHUI BBIMOHS-
Jock Ha ydacTtke [umHOH 30 mm. ¢ 25.07.2023 mo 20.11.2023.
CornacHO TEXHHYECKOMY 33JaHHIO MOCHe TIepeaadr BEIpadoT-
Ki OBbII OPraHW30BaH I'€OTEXHUYECKHH MOHHTOPHHT B COOT-
BETCTBHU C «METOMKOH MPOBEACHNS TEOTEXHUIECKOTO MOHH-
TOPUHTA COCTOSIHUSI KOHTYPa M KpPENU ONBITHBIX yYaCTKOB Ha
IIIHK-1 Jonckoro 'OKa (AO «THK «Kazxpom»).

B x0716 MOHHTOpHHTA TIPOBOJMIIACE TEOTEXHUUECKAST OLICH-
Ka COCTOSTHHS MacCHBA: OINpeaessuIich mokasarenn RMR (mo
Benssckomy), Q-maaexc baprona, koadduiment TpemmunoBa-
toctr RQD, nmpounocTs mopox Ha ogHoocHOE cxarue (UCS)
U KaTeropuy yCTOMYMBOCTH MAaccHBa. JIOMOIHUTENIBHO BbI-
TIOJTHAIOCHh BU3YaJlbHOE 00CIEIOBAHUE COCTOSHHS OIBITHOTO
ydJacTka.

Pesynsrarsl npeacTaBiaeHs! B TadmuIe 1.

V3mepeHne MpoOYHOCTHBIX XapaKTEPUCTUK TOPHBIX TOPOJ
Ha ogHoOocHOe cxatue (UCS) ocymecTBisercs ¢ MpUMEHEeHH-
€M 3KCIPECC-METOAa, OCHOBAHHOTO Ha YAapHOM HMITYJIbCE, C
HCTIOB30BAaHUEM 3JIeKTpoHHOTO ckiepomerpa OHUKC-2.5.
DTOT METOJ] MO3BOJISIET ONEPATHBHO OLEHUTh MEXaHUIECKHE
CBOIiCTBA TOPOABI HEMOCPEACTBEHHO B MOJIEBBIX YCIIOBHUSIX.
Jlnst TIOBBIIIEHUSI TOYHOCTH OTPEEICHUS] IPOYHOCTHBIX Xa-
PaKTEepUCTHK TaKXKE BBITOIHACTCS OTOOp 00pasIoB ¢ moce-
JYIOIIUM JIAOOpaTOPHBIM HCIBITAHMEM HX MEXaHHYECKHX
CBOWCTB Ha mpubope cocpenorodennoro Harpyxenus [1CH-
0.16.10. /laHHBIN KOMIUICKCHBIHM TTOIX0 o0ecrieunBaeT 0ojee
JOCTOBEPHYIO OLIEHKY HPOYHOCTHBIX XapaKTEPUCTUK, 4YTO
KPUTHYECKH Ba)KHO JJISI TECOMEXaHMUYECKHX PAcueTOB M IIPO-
THO3a yCTOHYNBOCTH TOPHBIX MACCHBOB.

Pe3yabTaThl U 00CyXKICHUS

OnbITHBIN y9acTOK HaxoauTcs B 30HE III TekToHMUYECKOTO
HapyIIeHUs U TeKTOHHYecKoro HapymeHus «Buka Zapady, a
TaKXKe B 30HE KOHTaKTa ¢ pyfoi. CpenHsist KpenocTb Mopoj
30-60 MIIa. B cBs3u ¢ 4eMm BefeHHE MPOXOMYECKUX pabOT
OCIIO)KHEHO, MAcCHUB XapaKTEPH3yeTCs] KaK CHIBHOTPEIIMHO-
BaTbI OT HEYCTOMYMBOIO 1O BECbMa HEYCTOWYUBOIO, TPEILU-
HBI 3aII0JIHEHBI TAJIbK-TI0I00HBIM MUHEPAJIAMH, TIOBEPXHOCTH
KOTOPBIX TPEACTABICHBI 3epkagaMu ckoimkeHus (IV u V ka-

TEropusi yCTOMUUBOCTH). Pe3ynbraThl re0JOrHYeCcKor OIEHKH
onbiTHOro yuyactka JIIII Ne 1 mpuBenens! Ha puc. 3.
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Puc. 3. U3menenuss RQD u UCS no aiimHe onbITHOTO
y4acTka, .M.
Cyper 3. Taxipuobesik yuacke d6oiibimen RQD xone UCS
KOpPCeTKIITepinin e3repyi, x.M.
Figure 3. Variation of RQD and UCS along the
experimental section, m.

B nepuon BexeHus Ipoxoadeckux padoT HaOIomalCcs BO-
JIOTIPUTOK C BBILIENEKAIIET0 TOPU30HTA MO CHCTEMaM Tpe-
IIVH, OIPOSIBIISICA B BUJE JIOKAJILHOI'O Karexka, 4TO TaK¥Ke BIIU-
SJI0 HA CHUKEHUE ycToiuuBoctu. [locne kpenaeHus onbITHO-
TO y4acTKa Kare)X OTCYTCTBYET, HO HaOJIIOfaeTCs JIOKAJIbHOE
HaMOKaHHE TOPKPETOETOHA.

MaccuB CHIBHOTPEIIMHOBATHIN, TPEIUHBI 3alOIHEHEI
TaJIbK TOJOOHBIMH MHHEpAJaMH U COIPOBOKIAIOTCS 3epKa-
JaMHU CKOJIb)XeHHs. Bo Bpemsi poxoaku ObUIO HallMyHe BO-
JIOTIPUTOKA B BUJAE Kaleka, KOTOPBI HEraTUBHO BIMSAET Ha
ycroiunBocTh. Maccus ciaOblii, HeycToiunBbIi. [Tpn BCKkpbI-
THH Y3714 TPEIMH TPOUCXOANT CIIOJI3aHUE OTACIHHBIX OJIOKOB.

Ouenka 301 paccioenus u mpeuwjuHoeamocmy 610eoIH-
oockonom. IlepBUyHas OLIEHKA 30H PacCIOEHUI U TPEIUHO-
BaTOCTH METOJOM BHJICOIHAOCKOINUH MPUKOHTYPHOTO MacCU-
Ba nposoaunack Ha 10 M onbiTHOrO yuactka JIII Ne 1.

CkBakuHa Ne 1 @32 mwm, miy6unoi 9.31 M orOypeHa B
kposmto JIIII Ne 1, na paccrogHuu 10 M OoT Hadaga ONBITHO-
ro y4acTka, Uil mocieayromein ycranoBku PI'M. I'eomexa-
HUYECKOE COCTOSIHHE CTBOJA CKBa)KUHBI IPEICTABICHO Ha

Taonuya 1
Ceo0Hble OanHbIe NO 6LIPAOOMKE U CEOIICHEAM MACCUBA
Kecme 1
Ka3zoa scone snevtnvic maccuginiy Kacuemmepi 00ubIHULA HCUBIHMBLK, 0ePEeKmep
Table 1
Summary data on the excavation and rock mass properties
VY4acrok, m.M. RMR Q Kateropus ycroituuBocTu RQD, % UCS, MIla
1-2 36 0.165 IV (meycroifumBrie) 61 54
3-6 19-21 0.076-0.079 V (BecbMa HEYCTOWYHMBBIC) 35-37 35-40
7-12 20-21 0.078-0.081 V (BecbMa HEYCTOHUYMBEIC) 33-35 35-45
13-18 35-43 0.14-0.21 IV (meycroifunBsie) 55-60 45-55
19-24 38-42 0.19-0.22 IV (meycroituuBeie) 53-58 44-53
25-30 3641 0.16-0.22 IV (meycroifumBrie) 52-55 45-60
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Puc. 4. O6cienoBaHue reoMexaHM4eCKOro COCTOSTHUS CTBOJIa CKBaKUHbI Ne 1.
Cypet 4. Ne 1 yHFbIMA OKIAHBIHBIH F€OMEXaHUKAIBIK KAFJaiibIH 3epTTey.
Figure 4. Examination of the geomechanical condition of Borehole No. 1.
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puc. 4. M300paxenust GUKCUPYIOT COCTOSIHUE TOPHBIX TTOPOJL
Ha Pa3IMYHBIX TIYOMHAX, YTO MO3BOJLIET JETAIbHO MpOaHa-
JIM3UPOBATh XapaKTep TPELIMHOBATOCTH, OCJIA0IEHHBIX 30H
CTaOMJIbHBIX YYACTKOB IIOPOJHOTO MacCHBa.

Ha navyansubix miyounax ckBaxxussl (h = 0.00 m) Hapyiie-
HUS CTPYKTYPBl MacCHBa NMPaKTUYECKU OTCYTCTBYIOT. Ha rmy-
6une 0.12 M 3aduKcupoBaHa HAKJIOHHAs TPELIMHA OTpPHIBA,
a Ha nryounax 0.48-0.54 M — cyOBepTHKalbHbBIE TPELIMHBI,
CHIKAIOIINE TIPOYHOCTH 1MOopoA. OciablieHHBI MEKCI0EBOH
KOHTAaKT BBIsIBJICH Ha ryOune 1.05 M, Tora Kak 3aKkpbIThie Ha-
KJIOHHBIE TPELMHbI Ha ITyOuHax 1.69-3.03 M cBUIETEIBCTBY-
10T 00 OTHOCHUTEINILHOM YCTOHYMBOCTH MacCHBa.

KasepHb! Ha TiyOrHax 2.42 1 6.86 M yKa3bIBaIOT Ha BO3MOK-
HOE BBIMBIBAaHHE MaTepHasla 1 MOBBIIIEHHE PUCKA HEYyCTOHYMBO-
ctu. OcabieHHble KOHTAaKThI Ha NiyOouHax 4.91 u 6.72 M MoryT
CIIy’KUTh 30HaMH JIOKAJIBHBIX cMelieHuid. B uHTepBane 7.12—
8.94 M mopozbl OCTAIOTCSI OTHOCUTEIBHO CTAOWIBHBIMHU, 8 Ha
nyoune 9.31 M cTpyKTypa MaccHBa COXpaHseT YCTOHYMBOCTb.

Buneosnnockonnueckoe 00cCie0BaHUE TPUKOHTYPHOTO
MaccuBa Ha 10 u 20 M ombiTHOrO yuactka JIII Ne 1 Bxitto-
yano OypeHHe YeThIpeX CKBOKUH AuaMeTpoM 32 MM (IBe B
KpOBIIIO U JBe B JieBblld 6opt). Ha miyOune 3.40 m BbLsiBie-
Ha MOBepXHOCTh ocnadnenus, Ha 3.80 u 10.30 M — nopoHbIe
BKpAIUICHUs, MPENOIOKUTEIBHO PYAHOTO MPOUCXOKICHUS.
Ha ry6une 7.10 M mopoas!l ycToiH4MBBI, ogHako Ha 9.10 M
BHOBb OTMEUEHa TI0OBEPXHOCTb OCJIA0JICHHS, YTO YKa3bIBAeT Ha
HaJIW4Ke MOTEHIMAIbHO OMACHBIX 30H.

Konumponws 3a cmewenuem nopoo ¢ npumenenuem PI'M.
[ olleHKH yCTOMYMBOCTH MaccuBa MOPOJI B XO/I€ UCCIIEIOBa-
HUSI IPOBOJIMJICS MOHUTOPUHT CMEIIEHHI KPOBIIH C UCIOJIb30Ba-
HueM PI'M. Metonrka KOHTpOJIsl MpeaycMaTprBaia yCTaHOBKY
pernepoB B KIIIOYEBBIX TOYKAX OMBITHOTO YYacTKa C PETYSIPHON
(ukcanmell U3MEHEHUI WX TOJNIOKeHUs. JlaHHbIC, MMOTyUCHHBIC
C penepHBIX MAPKEPOB, MO3BOIMIN OIPEIETIUTh THHAMUKY CMe-
LIEHUH U OLEHUTHh CTaOWJIBHOCTH TOPHOTO MacchBa B 30HE Ha-
Omonenuit. B Tabmiue 2 npuBeNeHbl pe3ylbTaThl W3MEpeHHH
CMEILEHHUI TOPOJT KPOBJIH Ha ONBITHOM y4acTKe, OTyYeHHbIE B
MpoIiecce MOHUTOPHHTA ¢ uctionb3oBanueM PI'3 No 1 u PI'3 Ne 2.

Tabnuua 2

Pezynomamul Haon100eHUIl 30 CMeUeHUAMU ROPOO KPOGU
ONBIMHO20 yHaACKA

Kecme 2

Tasxcipubenik yuackeoezi moode dHcblHbICHIAPLIHBIH, bIZBICYbIH
oaxvinay Homudicenepi

Table 2
Results of monitoring roof rock displacements at the
experimental section
PI'3 Jlara RI1, mm R2, mm R3, mm
Ne 1 01.08.2023 0 0 0
07.09.2023 2 3 4
12.10.2023 3 3 5
18.11.2023 5 4 7
Ne 2 07.10.2023 0 0 0
12.10.2023 3 3 5
18.11.2023 4 5 5

Pesynbrarsl u3MepeHuid IOKa3bIBaIOT IIOCTENICHHOE YBEIIU-
YEeHUE CMEIIEHUI KPOBJIHM B TEUEHHE NepHoja HAOIIOICHHM.
Ha yuactke PI'3 Ne 1 3a 3,5 mecsina MakcumMalibHOE CMEIIeHHE
JIOCTUIIIO 7 MM U HOCHJIO PABHOMEPHBII XapakTep 0e3 pe3Kux
CKa4yKOB, YTO CBUJETEILCTBYET 00 OTHOCHUTEIBHOU CTaOHJIIb-
HOCTH MaccuBa. Bce 3HaueHMs OCTaBajHCh B Mpelenax «3e-
JICHOW 30HBI», yKa3bIBasi HA OTCYTCTBUE KPUTHYECKUX aedop-
Malui.

Amnanoruynasi fuHaMuka 3adukcuposana o PI'3 Ne 2, rie
MaKCHMajbHOE CMeIlleHue cocraBuiao 5 mMm. Ilocrenennoe
YBEIMYEHUE 3HAYCHUN TAKKE IOATBEP)KIAET yCTOMYHUBOCTH
MaccuBa U He TpeOyeT JOMOIIHUTENbHBIX CTA0MITN3aMOHHBIX
MEPOIPUATHIH.

KosddumenT Bapuaunu cocraui 4.27-7.43%, uto yka-
3bIBAET Ha BBICOKYIO OJIHOPOIHOCTH Marepuana. [papuk us-
MEHEHHs TIPOYHOCTH TOPKPETOETOHAa B 3aBUCHMOCTH OT KO-
JIMYECTBa yHapoB (pUC. 5) IEMOHCTPUPYET YCTOHUUBBIA pOCT
MIPOYHOCTHBIX XapaKTepUCTUK MaTrepuaja B TEUYCHHE MEPBBIX
28 cyTOK.

40

—_ = NN W W
S L O W O W

——— 10 cyTok —+— 15 cyTok

IIpounocts Ha cxarue (R), MPa
W

—4&— 15-28 cyTok —i— 28 cyTOoK

(=)

1 2 3 4 5 6 7 8 9 10
Ne ynapa

Puc. 5. I'paduk n3MeHeHNs NPOYHOCTH TOPKPETOETOHA OT
Ne ynapa u BpemeHnu.

Cyper 5. Topkper0eToH 0epiKTIriHiH COKKbI CAaHbIHA
JK9HE YaKbITKa 0alJIaHBICTBI 63repy rpaguri.
Figure 5. Graph of shotcrete strength variation versus
impact number and time.

JIJIsl OLEHKH JIOJTOBEYHOCTH W YCTOMYMBOCTU TOPKPET-
OETOHHOM KpeIu MPOBEJCHBbI UCIBITAHUS IPOYHOCTHBIX Xa-
PaKTEepUCTUK MaTepHaia Ha Pa3IMYHBIX y4acTKaX OIBITHOM
BBIPaOOTKK (JIeBBI W IpaBblii 00K) Ha uHTepBasax 0—10 M,
11-20 M n 21-30 M. Onpesensunch NpoYHOCTh Ha cxarue (R,
MIlIa) u orkioHeHHe OT cpeqHero 3HadeHus (A, %), 4To mo-
3BOJIJIO OLIGHUTH BAapHAIMIO CBOMCTB M KIIACCU(PHIIMPOBATH
TOPKPETOETOH 110 TPOYHOCTH.

Pesynbrarel noxaszanu, uro Ha ydactke 0—10 M cpennas
npovHOCTh coctaBisieT 39.49 MIla (kmacc B30). Ha untep-
Baje 11-20 m npouHocTh cHmxkaercs a0 30.94-34.63 Mlla
(xmacc B22.5). Ha yuactke 21-30 M npo4YHOCTH CTAOMIIH-
3upyetcsi Ha ypoBHe 31.08-32.63 MIla, uTo COOTBETCTBY-
et kiaccy B22.5-B25.0. /Ilunamuka u3MEeHEHHsS] TPOYHOCTH
TOPKpETOETOHA I10 JUIMHE OINBITHOTO Y4acTKa MpeCTaBIeHa
Ha puc. 6.

Koadduuument Bapnanuu (V) cocrasisier 7.19-15.70%,
YTO yKa3blBae€T HAa yMEpPEHHBIH pa3Opoc 3HAYCHWU, HaW-
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Oosiee BhIpakeHHBIN Ha ydactke 21-30 M. B menom mpou-
HOCTHBIE XapaKTEPUCTHUKU TOPKPETOSTOHA OCTalOTCs Ha
MPUEMJIEMOM YPOBHE M COOTBETCTBYIOT TpeOoBaHusM. [To-
nydeHHble 3HaueHus npouynoctu (30-40 Mlla) u koadpdu-
uueHTa Bapuanuu (5—15%) cormacyrorcst ¢ pesyiabTaramu
paHee OIyOIMKOBaHHBIX MCCIIEIOBAaHUI TOPKPETOCTOHHBIX
Kpeneil B TopHbIX BbipadoTkax [10]. CHuKeHHE TPOYHOCTH
Ha OTJEJbHBIX y4acTKaxX CBS3aHO C YCIOBUSIMHU HaHECEHUs
u TBepJeHUs OeToHa.

60

50 N

IIpounocts Ha cxatue (R), MPa

JleBbriit 60k IIpaBbriii 60k
-—4---0-10m —&—— 0-10m
10 -—4---11-20m —— 11-20m
--4---21-30m —&— 21-30m
0
1 2 3 4 5 6 7 8 9 10

Ne ynapa

Puc. 6. I'padpuk u3MeHeHHsI IPOYHOCTH TOPKPETOETOHA OT
Nt ynapa 1o /UIMHe ONBITHOIO y4acTKa.

Cypert 6. Toxipubestik yuyacke y3bIHAbIFbI 00HBIHIIIA
COKKBI CAHBIHA 0aiiIaHBICTHI TOPKPETOeTOH OepiKTirinin
e3repy rpaguri.

Figure 6. Graph of shotcrete strength variation versus
impact number along the experimental section.

BroiBoabl

B pesynbrare uccnenoBaHuil yCTaHOBJIEHO, YTO OIBITHBII
y4acTok pacnosioxeH B 30He III TekroHnyeckoro HapyeHus
u xapakrepusyercss [V-V kareropueil ycTOMYMBOCTH Mac-
cuBa. 3HaueHuss RMR cocrapnstor 19-43 6amna, Q-uHACKC
Baprona — 0.076-0.22, RQD — 33-61%, a mpo4yHOCTH TTOPOST
Ha omHOoocHOe cxarue (UCS) — 35-60 MIla, uto cBUmeTeb-
CTBYET O BBICOKOM TPEUIMHOBATOCTH U HEYyCTOHYUBOCTH TIPH-
KOHTYPHOTO MaccuBa. BumeosHgockonnyeckue HccienoBa-
HUSl CKBaXWH TITyOMHOH 10 9.31 M BBIIBIIM OclaOieHHBIC
KOHTAKTBHI, KABEPHBI M MOBEPXHOCTU CKOJBHKEHHS Ha TIIyOu-
Hax 0.12—6.86 M, yka3blBaroIlMe HAa HAIWYHE MOTEHIMAIbHO
ONACHBIX 30H. MOHUTOPUHI CMELIEHUI KPOBJIM MOKa3aJl I0-
CTENEHHOE Pa3BUTHE JeQOopMalnii: MaKCUMaJIbHbIC 3HAUCHHUS
coctamwm 7 MM (PI'3 Ne 1) u 5 mm (PT'3 Ne 2), ocraBasich
B IIpezeiiax JOIYyCTUMOM «3€JIeHOM 30HbI». IIpodHOCTH TOP-
KpeTOeToHa 1o JuinHe y4acTka coctaBmia 30.94-39.49 MIla
(xmaccer B22.5-B30), koaddumment Bapuarun 4.27-15.70%,
YTO COOTBETCTBYET HOPMATHBHBIM TPEOOBAHMUSIM.

Taxum 0O6pa3oM, MpUMEHEHHEe KOMOMHUPOBAHHOHN KPETH B
YCJIOBUSIX TEKTOHWYECKU HApyLIEHHOI'0 MacchBa 00ecreurBa-
€T YCTOMYMBOCTH BBIPAOOTKM M OTpaHHUYMBACT jAehopMaIun
KpOBJIM 70 O€30MAaCHBIX 3HAYCHUH (10 7 MM).

BaarogapaocTb

Hccneoosanue 6binoaneno npu ouHanco6oii noooepiicke
HAO Kapazanounckuii mexuuueckuil yHueepcumem um.
Aovinkaca Cazunosa no nayunoii meme «HMccneoosanue no
CO6EPUICHCHIB0BAHUIO NAPAMEMPOE8 OYPOB3PLIGHBIX PAdOm
npu 6edeHuu NOO3eMHBIX 20PHBIX PAGOM HA MECMOPOIHCcoe-
Huu 3anaouviit Kapasxcany oozoeopa Ne 3 om 27.06.2025 2.,
evinonnaemozo 6 pamkax koukypca «SAGINOV’S JAS
ZERTTEYSHILERI».
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HPOCTPAHCTBEHHbIﬁ AHAJIN3 _
HABJIIOAJATEJNBHOU 'EOAE3ZNYECKOU
CETU KEHTAY C UCITIOJIB3OBAHUEM
IFTEOUH®OPMAIIMOHHBIX TEXHOJIOTI'UH

Aunoranus. CTaThs MOCBSAIIEHA KOMIUIEKCHOMY MPOCTPAHCTBEHHOMY aHAIIM3y HAOMIONATeIbHON reoje3ndyeckoi cetn ropojga KeHray ¢ HCIONB30BaHHEM COBpe-
MEHHBIX METOI0B reonHdopMaTiku. J{jist OLEHKH PaBHOMEPHOCTH U (G ()EKTHBHOCTH Pa3MEIIEHHUs TyHKTOB IUIOIIAHOTO Fe0AMHAMHYECKOr0 MOHHTOPHHIA IPUMEHEHBI
xinacrepusaist DBSCAN, nonurons! Tuccena, nuaexe Mopana I u OydepHblii aHanu3. YCTaHOBICHO, YTO B LEHTPAIbHOM YaCTH ropoja HaOIIOAAI0TCS YCTOHYNBEIC KiTa-
cTepbl, a Ha neprepun — AeGUIIUT IIYHKTOB IUIOIA/IHOTO F€0JHHAMUYECKOr0 MOHHTOPHHTA, CHIKAIOIINIT 4yBCTBUTEIBHOCTH MOHHTOPHHTa. COMOCTABIICHHE C JAaHHBIMH
CITyTHUKOBOi1 MHTEp(epoMeTpHH MOATBEPANIIO BhIsIBICHHbIE 3aKoHOMepHOCTH. HoBu3Ha paboTsl coctout B uHTerpanun 'HCC-u3mepennii, INSAR-ananmsa u npocrpan-
CTBEHHOTO MOJEIMPOBAHUS [UISI ONTHMH3ALUU CETH.

Kntoueswvie cnosa: nabniodamenvnas 2eooesuyeckas cemo, npocmpancmeennviii ananus, I'HCC usmepenus, kiacmepuzayus DBSCAN, noaueonst Tuccena, unoexc
Mopana I, 6y¢epnviii ananus, cnymunukosas unmep@epomempusi.

I'eoaknmapaTThIK TeXHOJOTHSIIAP apKbLIbI KeHTay KaJaachbIHBIH reole3usIbIK 0aKbLIay sKeTiciHiH KeHiCTIKTIK Taagaybl

Awnjarna. Maxana Kenray KalachIHBIH Fe0/IC3HSUIBIK OaKblIay JKEIIICIH 3aMaHayn Fe0aKIapaTThIK OIiCTep apKbUIbI KSIICH I TalAayFa apHAIFaH. ANaHIbIK TCOJHHAMHU-
KaJIbIK OaKbLIay MyHKTTEPiHiH GipkesKiIiri MeH THiMpinirin Garanay ymin DBSCAN kiacrepiey anropurmi, Tuccen nomuronst, Mopas I nuzekci sxone Oydepiik taniay
SAicTepi KOJIAHBLIIBL. 3epTTey HOTHKECIH/IE KAJIAHBIH OPTAJIBIK OOJIITiH/Ie TYpaKThl KIacTepiepaiH 0ap ekeHi oHe WIeT aiiMakrapia 0akpuiay IMyHKTTEPAIH XKeTicrey-
LI aHBIKTAJ/bL. Bys1 skepycTi reofe3usiyiblk OaKblIayIbIH Ce3IMTAJIbIFbIH TOMeHaeTe . JKepcepikTik nHTepdepoMeTprs JAepeKTepi Oyl 3aHABUIBIKTAP/Abl PACTa/IbL.
Kymbictsin sxanasirst — KHIOK (THCC) enmemaepi, INSAR tanmayst xoHe KeHICTIKTIK MOAEIbACYAl OIpIKTIPY apKbLIbl OaKblIay JKETIiCiH OHTAITaHIBIPY.

Tyiinoi co30ep: ceodezusnnvik Oaxviiay dxcenici, keyicmixmix manoay, KHIK onmuemoepi, DBSCAN xnacmepney, Tuccen nonueonwvi, Mopan I unoexci, 6ygepuix
manoay, sHcepcepikmix unmepgepomempus.

Spatial analysis of Kentau’s geodetic monitoring network using geoinformatics technolidgies

Abstract. This article presents a comprehensive spatial analysis of the geodetic monitoring network in Kentau city using modern geoinformatics methods. To assess the
uniformity and efficiency of the placement of geodynamic monitoring points such algorithms as DBSCAN clustering, Thiessen polygons, Moran’s I spatial autocorrelation
index, and buffer analysis were applied. The study revealed stable clusters in the central part of the city and a lack of monitoring points in peripheral areas, which reduces
the sensitivity of ground-based monitoring. Comparison with satellite interferometry (InSAR) data confirmed the reliability of the spatial patterns identified. The novelty of
the research lies in the integration of GNSS measurements, INSAR analysis, and spatial modeling to optimize the monitoring network.

Key words: geodetic monitoring network, spatial analysis, GNSS measurements, DBSCAN clustering, Thiessen polygons, Moran's I index, buffer analysis, satellite

interferometry.

Beenenue

Axmyanvsnocms memut ucciedosanusn. ObdecrieueHue re-
OJIMHAMUYECKONW 0€30MacCHOCTH YpOaHM3HPOBAHHBIX TEPpH-
TOPHH, PACIOJIOKEHHBIX B 30HAX AKTUBHOTO HEIPOIIOJIb30Ba-
HUSI, SIBISIETCS] OJJHOM M3 MPUOPHUTETHBIX 33/1a4 COBPEMEHHOU
reope3uu. [ns ropoga Kenray, Haxopsuierocss B 30HE HH-
TEHCHUBHBIX TOPHBIX pa3pabOTOK, MOHUTOPHHT Aedopmaruii
36MHOM MOBEPXHOCTH UMEET KPUTHUECKOE 3HaYeHHE. Pucku
BO3HMKHOBEHHS OCENAaHWH M CABUTOB MOYBBI TPEOYIOT HalH-
YHs BHICOKOTOYHOM 1, 9TO HE MEHEE BayKHO, IIPOCTPAHCTBEHHO
cOamaHCHPOBaHHON HaOMIOAATENTFHON T'€ONE3NICCKON CeTH.
OnHaKo TpaJMIIMOHHBIE MTOAXO/bI K HOCTPOCHHUIO TAKUX CETeH
YacTO MPHUBOIAT K HEPABHOMEPHOMY HOKPBITHIO TEPPUTOPHH:
BBICOKOM IJIOTHOCTH IIYHKTOB B LICHTPE U UX AC()UIUTY HA Iie-
pudepun. 3T0 CHMKAET TyBCTBUTEIHHOCTH MOHHUTOPHHTA H
MOXKET ITPUBECTH K MPOIYCKY CyOKIMHHUYECKHUX Ae(opmanuii,
MIPEALIECTBYIOINX TEXHOTEHHBIM aBapusM. B cBsi3u ¢ 3TuMm,
IIPUMEHEHHE COBPEMEHHBIX T'€OMH(OPMAMOHHBIX TEXHOIO-
ruit (TUC) s mpocTpaHCTBEHHOTO aHANM3a U ONITHUMH3AIINN
CeTH CTAaHOBHTCS HEOOXOIUMBIM YCIOBHEM 3((HEKTHBHOTO
MOHHUTOPHHTA.

Oo630p numepamypoi. Borpockl OIEHKH I(PPEKTHBHO-
CTH PACHOJIOKEHHS TCO/IE3NUECKIX IMYHKTOB M aHaIn3a MX
MIPOCTPAHCTBEHHOTO PACIIPECIEHHs [IMPOKO OCBEIIECHBI B
3apyOeKHBIX M OTEYECTBEHHBIX MCCIIEOBAHMAX. Teopernue-
ckas 0a3za ucmonszoBanus [ IC it OIeHKH TPOCTPaHCTBEH-
HOTO HEPaBEHCTBA M JHUCIICPCHH KOHTPOJIBHBIX TOUYEK ObLIa

JeTampHO MpopaboraHa B Tpyaax Zhang u ap. [1], xotopsie
UCTIONB30BaIM MHAEKC Mopana | amst BBISIBICHMS 3aKOHOMEP-
HOoCcTel pasmelueHus. [IpakTnyeckoe NpUMEHEHUE METOJO0B
MIPOCTPAHCTBEHHOTO aHalIM3a sl OLEHKH pPaCHpe/esICHHs
KOHTPOJIbHBIX ITYHKTOB Ha JIOKAJIBHBIX TEPPUTOPHAX (YHHBEP-
CUTETCKHE KaMITyChl, TOPOJCKHE PaliOHBI) pacCMaTPUBAIOTCS B
pabote Ayodele u ap. [2], moaTBepkaaronx 3¢pheKTHBHOCTH
I'MC-uncTpy™MeHTapust I BBISIBICHUS 30H HEAOCTATOYHOTO
MOKPBITHS.

Oco0BIif MHTEpEC MPEACTABIAIOT HCCICIOBAHNS, HAIpaB-
JICHHBIC Ha MHTETPAIMIO HA3eMHBIX U CIIyTHUKOBBIX METOJ/IOB
MouuTopuHra. Tak, Owczarz u Blachowski [3] mpomemoH-
cTpupoBan 3PPEKTUBHOCTH COBMECTHOTO HCIIOJIh30BAHUS
MeTonoB auepeHInanbHON CIYTHUKOBOW WHTEepepoMe-
Tpun (DInSAR) u mpocTpaHCTBEHHOW CTAaTHCTHKH JJIs aHa-
JM3a CMEIeH ToBepXHOCTH. Macchiarulo u ap. [4] pa3Bumm
9TO HAalpaBJCHHUE, NMPEIIOKHUB aBTOMATH3UPOBAHHBIC CHCTE-
MbI GIS-InSAR st MoHETOPHHTA HHPPACTPYKTYPHBIX CETEH.

B Kazaxcrane ucciienoBaHusi TeOAMHAMUYECKUX IPOLIEC-
COB C IPUMEHEHHEM I'eOMH()OPMAIMOHHOTO aHAJIN3a ITPOBO-
nmumrch JKaHTaeBbIM U ap. [5] Ha mpuMepe ropoga AMaThL.
Bonpochl HH)XEHEPHOTO re0JMHAMUYECKOTI0 pailOHUPOBaHUS
TOPHBIX TeppuTOpuil ¢ mcmoibzoBaHueM | MC-TexHOMOTHI
paccmarpuBaioTcs B pabotax Kypomarkunoi u JlroOmmoBa
[6]. OcobennocTr co3maHusi BEICOKOTOYHOTO CITYTHHKOBO-
TO TO3UIMOHUPOBAHUS Ha Kapbepax KazaxcTaHa oCBEIICHBI
B nccienoBanmsx bantuesoit u mp. [7]. OgHAaKo, HECMOTPS
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Ha Hanu4yue OOIMpHOW TeopeTHueckor Oaswl [1-11], mpu-
MEHEeHHE KoMIulekca MmeTojoB kiactepusauuu DBSCAN,
MIPOCTPAHCTBEHHOW aBTOKOPPEISIIMKM U BEpU(PHUKALUYU JlaH-
HBIX nocpenctBoM InSAR nns ontuMu3anuu ropoackon re-
0JIe3MUecKoil ceTn B ycnoBusx KeHTay paHee neTalbHO HE
paccMaTpuBanoCch, YTO OINpeneiseT HOBU3HY HACTOSIIEro
HCCIIEIOBAHHUS.

Ilocmanoska npoonemot. I1pobiaema Tekyiiel HaOIrOIa-
TenbHOU ceTu T. KeHTay 3akiiodaercs B BBIPAKEHHOW IMPO-
CTPaHCTBEHHON HEOAHOPOAHOCTH. AHanu3 40 reojie3ndecKux
IIyHKTOB, 3a/J€HCTBOBAaHHBIX B cepusx wusmepenuin 2019-
2020 rr., BEISIBIII UX YPE3MEPHYIO KOHLIEHTPAIIHIO B [IEHTPaJIb-
HOI 4aCTH ropojia M CYIISCTBEHHBIN Ne(DUIUT Ha iepudepuH.
Takast KoHUTypalMsi CHUKAET PENPE3CHTAaTUBHOCTD JaHHBIX
W 4yBCTBUTEJIBHOCTB CETH K JIe()OpPMALIMSM B IPOMBIIIJICHHBIX
1 OKPAaWHHBIX palloHaxX ropoza.

Lenu u 3a0auu uccneoosanusn. lenpio naHHON PaOOTHI
SIBIISICTCS. TIPOBEICHUE KOMITJIEKCHOTO IPOCTPAHCTBEHHOTO
aHaJM3a HaOJIoaTeNIbHOI reojie3nyeckoil cetu . Kenray fuis
oeHkH ee A(p(eKTUBHOCTH U pa3pabOTKU peKOMEHIAaluUil 1o
ontumuzanuu pasmemienus nyHkroB 'HCC ¢ unTerpanuneit
JIAaHHBIX CITyTHUKOBOM MHTEp(EpOMETpUH.

MeToabl Hcce10BaHUS

Paiion uccnedosanus u xapaKmepucmuKka 2e00e3ulecKoi
cemu. OOBEKTOM HCCIIEIOBaHUS SIBIISIETCSl TEOMHAMHYECKON
NOJIMTOH B ripezeiax ropoaa Kenray (Typkecranckas 00:1acTb,
KazaxcraH), cpopMUpOBaHHBIN JJIsl MOHUTOPUHTA Jieopma-
LUI U BKIIIOYAIOLIUN HOBBIE CTAHLUU, IIyHKThI FOCYJapCTBEH-
Hoit reopesudeckoit cetn (I'T'C) u panee 3an0keHHbIE penepa.
B navanbsHo# cepun HaOmonenuit (27.11.2019) cets coctosiia
n3 32 THCC-nynkrtoB, 5 nyukroB I'T'C u 4 penepos, a k 4eT-
Beproit cepuu (01.10.2020) — n3 30 THCC-nynkro., 4 nyH-
ktoB ['TC u Tex ke 4 penepoB. Bcero B anHanus BKITIOUYEHbI
koopauHaThl 40 TOYEK, OXBATHIBAIOIIMX TEPPUTOPHIO OKOJIO
72 km>. Pa3meliieHre HOBBIX CTAHIMH OCYIIECTBIISIIOCH C yUe-
TOM yCTOﬁ‘IHBOFO OCHOBaHUA, Ka4e€CTBa CIIYTHUKOBOI'O CHUT-
HaJla, TPAHCIIOPTHOW JOCTYIHOCTH U PEHpPE3CHTATUBHOCTH,
[PU 3TOM B3aMMHAas BHIMMOCTh HE TpeOoBasiach Oiaromaps
ucnons3oBanuio ' HCC-texHomoruii.

Hcemounuku oannvix. B kadecTtse HUCXOAHBIX JOaHHBIX
HCTIONB30BAIMCh TPOCTPAHCTBEHHbIE KoopauHaTel 40 reo-
JAC3NUYCCKUX ITYHKTOB, IMOJYYCHHBIC B XOA€ YCTBIPEX cepm‘/'l
I'HCC-m3mepenuit 2019—2020 rr., BhINOJIHEHHBIX B audde-
PEHLMAJIBHOM pEXUME C CyOCAaHTUMETPOBOH TOYHOCTBIO.
KpOMe TOTO0, AJIs1 OLICHKH BEPTUKAJIIBHBIX CMCHLCHI/Iﬁ MMPpUMCEHA-
JIMCh BBICOTHBIC UBMCHECHUSA MEKIY CEPpUAMU U NTaHHBIC CITYT-
HUKOBOI uHTepdepomerpuun Sentinel-1, mo koTopbiM ObUIH
MOCTPOCHBI KapThl Oce[[aHI/Iﬁ 1 MMOABEMOB IMOBEPXHOCTHU.

Ilpozpammnoe obdecneyenue u uncmpymenmur I'HC.
IIpocTpancTBeHHBIH aHanu3 nposoawics B ArcGIS Pro ¢ mo-
nynsmu Spatial Analyst u Geostatistical Analyst, Bkirodas
uncrpymentsl Buffer u Select Layer by Location st onenku
uHdpacrpykrypHoro nokpsitus (puc. 1-2), Point Density —
JUTSL pacyeTa IIOTHOCTH MyHKTOB (puc. 3), Generate Thiessen
Polygons — st moctpoenust 30H BiusiHust (puc. 5) u Spatial
Autocorrelation (Global Moran’s 1) — st orieHKH yHOpPsIIO-
YeHHOCTHU ceTu (puc. 6). Kiactepusamust BeINOIHIACH B all-
roputme DBSCAN, a Busyanu3arus u sxcnopt kapt B QGIS.

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026

PesyabTarsl

Bygepnuiii ananuz npumMeHsuics sl OLEHKHA OXBaTa Tep-
PUTOPHH 30HAMH BIMSHUS I'€OJI€3MYECKHX ITYHKTOB. BOKpyr
Ka)KJIOTO IMyHKTa OBLIH MOCTPOCHBI Oy(DEepPHBIC 30HBI PATHYCOM
50 u 100 MeTpoB, YTO COOTBETCTBYET CPEIHUM pa3MepaM ro-
POJCKUX KBAapTaJIOB U 00ECIIEUMBACT PEAIMCTUYECKYIO OlCH-
Ky 30HBI JICHCTBHS HaOJIIOAATEIbHONW CTAaHIMH B YCIOBHUSIX
ropojckoi 3actpoiiku. bydhepusanus B ArcGIS npezacrasnser
€000l MHCTPYMEHT MPOCTPAHCTBEHHOI'O aHaiun3a, (opMupy-
IOLIMH MOJIUTOHAIBHYIO 30HY Ha (PUKCHUPOBAHHOM PACCTOSTHUM
OT BBIOpaHHBIX 00BEKTOB, Oy/Ib TO TOUKH, JIMHUK WJIA TIOJIHIO-
Hbl. [l TOYEUHBIX OOBEKTOB CO3JAIOTCSI KPYTroBble Oy(depsl,
JUISL JIMHEHHBIX — 30HBI C MPSIMOJMHEHHBIMU KpasMH, a JUIs
HOJIMTOHAIBHBIX — PACIIMPEHHBIE KOHTYPBI, COOTBETCTBYIO-
IIMe TEOMETPUU HCXOAHOro oObekTa. IlocTpoeHHbIE 30HBI
UCIIOJIB3YIOTCS JUIsl aHAJIN3a IPOCTPAHCTBEHHOTO ITEPEKPHITHS
Y BU3yaJIU3alliy INIOTHOCTH MOKPBITHS. B TaHHOM HccienoBa-
Hun uHCTpyMeHT Select Layer by Location 1mo3Bos1uiI O1IEHUTb
CTEIeHb TEPEKPbITHsI Oy(pepHBIX 30H C DIEMEHTaMH TpPaHC-
MOPTHOM U KUJIOH HH(PPACTPYKTYPHI, BEIIBUTh HCOXBAUCHHBIC
YUYaCTKH M OINPEAEIUTh 30HBI C BO3MOXHBIM JIS(DUIIUTOM Ha-
omronenuit (puc. 1-2).

Puc. 1. O0bennnennas kapra 0ygepHbix 30H 50 u 100 m.
Cyper 1. 50 :xane 100 M Oydepurik aiMaKTapaAbIH
OipikTipisireH kapracsl.

Figure 1. Combined map of 50 m and 100 m buffer zones.
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Puc. 2. Tunuzanus 3acTpoiiku U pa3MeleHue
reojie3N4eCKUX MyHKTOB.
Cypet 2. KypbLIBICTBI THIITEHIPY K9HE Ieoe3HsIIIbIK
NMYHKTTEPAiH OpHAJIaCYBI.
Figure 2. Typification of buildings and location of geodetic
points.
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IlIpocmpancmeennulii aHanu3 NAOMHOCHMU, BBITIOIHEH-
HbIH ¢ nomotibto Point Density B ArcGIS Pro, nmo3sonuin mo-
CTPOUTH PACTPOBBIN CJIOH pacmpeiecHus HaOIIaTeIbHBIX
re0/Ie3NYCCKUX MYHKTOB M BBISIBUTH CYIICCTBCHHBIC PA3THUHS
B UX KOHILIEHTPAILIMK: IPH cpeaneil miorHocty 0.55 Touxu/km?
B IIEHTpPE ropoia oHa mpesbimaeT 0.8 TOUKK/KM?, TOTIa KakK Ha
nepudepun camwkaercs 10 0.3 Touku/km>. JIOMOTHUTETBHbIMA
aHaJIu3 TPAHCIIOPTHOM JOCTYMHOCTHU MOKa3al, 4To 0kojo 90%
IIYHKTOB HaxoasaTcsi B npeaeiax 200 M OT JOpor ¢ TBEpAbIM
MOKPBITHEM, 4YTO OOecleunBaeT yJ00CTBO OOCITY)KUBAHUS U
ONEPAaTUBHOCTH TEOIE3NYECKUX U3MEepeHut (puc. 3).
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Puc. 3. Kapra njioTHOCTH B rHcTOrpaMMa O1uKaimmx
paccrossnuii Mesxkay T'HCC nyHkramu.

Cypert 3. KHKK nmyHKTTEpi apacbIHIarbl eH KaKbIH
KAIIBIKTBIKTAP/AbIH THIFBI3/IBIK KAPTachl MeH
THCTOrPaMMAChI.

Figure 3. Density map and histogram of nearest distances
between GNSS points.

Jnst u3yveHus: IPOCTPAHCTBEHHOM CTPYKTYphl HalOmoma-
TENBHOW TeOJIe3MIECKOM CETH MPUMEHEH alIrOPHTM KJIdCHie-
puzayuu DBSCAN (¢ =300 m, min = 3), 4T0 MO3BOJIUIO

sampes

BBISIBUTH YIUIOTHEHHBIE I'PYMIbl IIYHKTOB M HU30JIMPOBAaHHbBIE
CTaHIMU. AHAJIN3 IOKAa3aJ] HAJIMYKE 5 yCTOMUUBBIX KIaCTEPOB
1 3 OAMHOYHBIX ITyHKTOB, HE BXOISIIMX B KiIacTepHBIE 00pa-
30BaHUs (puC. 4), 4TO TMO3BOJIMIIO OLEHUThH COIIACOBAHHOCTH
CETH U BBIIEINUTh YYAaCTKU C HEAOCTATOYHON KOHIEHTpalHen
HaOJIIoIeHAH.

J11s1 OLIeHKHM 30H BIMSHUSA Ka)XKJOH CTAaHIMHU OBIIM MOCTPO-
eHbl nonuzonwvt Tuccena, MO3BOIAIOIIUE ONPENEIHTH TEP-
PUTOPHANBHOE MOKPBITHE IYHKTOB: Ka)k[as TOYKa BHYTPH
TaKOro MOJIMTOHA pAcIojOoKeHa OJNMKe K COOTBETCTBYIOIIIE-
My 'HCC-mryHKTY, 9eM K JIpyruM. DTO TTO3BOJISICT BBISIBUTH
YYacTKM C BO3MOXKHBIM JIe(pHINTOM HaOINofIeHnii; Ha puc. 5
ITOKa3aHbl NOJTUIOHBI C IPUBS3KON K MyHKTaM 7p_201, rp 210,
dubel-1, rudnik n np., oToOpaskaronye X NPOCTPAHCTBEHHOE
BIIHSTHHE.

AHanu3 nonuroHoB TucceHa BBISIBII BBICOKYIO INIOTHOCTb
CeTH B IIEHTpe ropoza (MOJUTOHBI MYHKTOB guko, rp 301,
rp 302 wHeOonplmMe W pPaBHOMEPHbIE) M Pa3peKEHHOCTH

e :
|
‘
‘

|
|
= D

Gorow | | vzmsaTm

Puc. 4. Pesyabrat MmeTona DBSCAN.
Cypert 4. DBSCAN oagicinin HoTH:KECI.
Figure 4. Result of the DBSCAN method.

Puc. 5. Hoauronst Tuccena.
Cyper 5. TucceH noJiMronaapsbl.
Figure 5. Thiessen polygons.

Ha niepudepun: craHuuu karatas, ashibulak v rudnik nverot
KPYTHBIE MOJWIOHbI BIUSHUS, YTO yKa3bIBACT HA CHUKEHHE
YyBCTBUTEILHOCTH MOHUTOPUHTA B BOCTOYHON M CEBEPO-BOC-
ToyHO wacTsax. Ilockompky 3Tu myHKTH [TC m3HA9ampHO
pa3MeInannch 3a mpeesiaMy 30HbI HAOIIOACHUSI, METOJ TIOJIU-
roHOB TucceHa OKa3aJcsi TOJIE3HBIM /ISl OLICHKH MPOCTPaH-
CTBEHHOTO OXBaTa CETH, MHTEPIPETannu IePOpManNOHHBIX
MIPOLIECCOB U IUIAHUPOBAHUS €€ MOJCPHU3ALNH.

J1s1 OLlEHKM 3aKOHOMEPHOCTEH pa3MEUIEHMs] I'€0/e3H-
YECKMX ITyHKTOB OBLI HWCHONB30BAaH HHCTPYMEHT Spatial
Autocorrelation (Global Moran’s 1) B ArcGIS Pro, tae npu
MOPOTOBOM paccTostHMM B3amMmopeicTBus 2000 M 3HaUeHHE
unnekca cocrasmio I = 0.1413 (z = 3.91; p = 0.000093), urto
CBHJICTENIBCTBYET O CTATUCTUYECKU 3HAYMMON, YMEPEHHO I10-
JIOKUTENBHON TIPOCTPaHCTBEHHOH aBTOKOpperanuu (p < 0.01)
1 MIOATBEPKIAET KIACTEPHBbIN, a HE CIy4YailHbIi XapakTep pac-
MpeAeNeHus ToueK HabmoneHuit (puc. 6).

Knacrepuszanus mMyHKTOB OOBSCHSCTCS COYETAHHWEM MpO-
CTPaHCTBEHHBIX M MH(PACTPYKTYpPHBIX (PAKTOPOB: OpHEHTA-
LUeN BIOJIb TPAHCIIOPTHBIX KOPUAOPOB U >KMJION 3aCTPOMKH,
TPaJULMOHHBIMUA MapIIpyTaMu HAOIIOACHUH, KOHIICHTpa-
el CTAaHIUHM B TEOTEXHUUYECKH YS3BUMBIX 30HAX U OTPaHH-
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Global Moran's I Summary

Moran's Index 2,141308
Expected Index -9,0824390
Variance 8,001796
z-score 3,989435
p-value 2,000093

Distance measured in Meters
Succeeded at cpeda, 28 maa 2025 2. 13:41:20 (Elopsed Time: 3,84
seconds)

Puc. 6. Pe3yabTar pacuera riio6ajabHOro HHIEKCa
Mopana.
Cypert 6. ’Kahanabik MopaH MHIEKCIH ecenTey HITHXKeCI.
Figure 6. Result of global Moran’s index calculation.

YEHUSIMH YCTaHOBKH O0OpY/IOBAaHMS B MPOMBIIIJICHHBIX HIIH
TPYAHOAOCTYIHBIX paifoHax. Metox Mopana | moareepaun
CTPYKTYPHUPOBAHHOCTH CETH MOHHTOPHHTA, YTO YKa3bIBacT Ha
HEO0OXOAMMOCTb JTAJIbHEHIIIEr0 aHaIN3a U JIOKAJIBHOTO YIIOT-
HEHUS ITyHKTOB JUIs cOAIaHCHPOBAHHOTO MPOCTPAHCTBEHHOTO
TIOKPBITHSI.

Jly1 MHTETpaNbHON OIICHKH IPOCTPAHCTBEHHOH CTPYKTY-
PBI BEPTHKAJIBHBIX ABMKCHUH 36MHO TOBEPXHOCTH HCIIOIb-
30BaJIach TPOLEAYpa CPAaBHEHHS PE3YJIbTaTOB CITyTHUKOBOW
nnreppepomerpuu (InSAR) 1 Monenu, mocTpoeHHOH Memo-
00M UHMEPNONAYUU KPUSUH2Q TIO PA3HULE BBICOT MEXKIY
meyms cepusimu ['HCC-nabmronenuit. MHTEpHONSIIMOHHAS
MoBEepXHOCTH (puc. 7) Obuta chopMUpOBaHa Ha OCHOBE KO-
OpAMHATHBIX N3MEHEHNH ITyHKTOB C YYETOM IPOCTPAHCTBECH-
HOW aBTOKOPPEJALNH, XapaKTepPHOW JUII reoAnHAMHYECKUX
MPOLECCOB.

VALUE

W -0,012799 - -0,011041
I -0,01104 - -0,008982

I -0,008981 - -0,007223
-0,007222 - -0,00572

-0,005719 - -0,004436
-0,004435 - -0,003339
-0,003338 - -0,002402
-0,002401 - -0,001601
-0,0016 - -0,000917

Puc. 7. MeToa MHTEpIOISUN 110 Pa3HULE BbICOT 2 1 1
cepuii.
Cyper 7. 2 x3He 1 cepusiiapbiH OMIKTIK aiibIpMachl
00¥ibIHIIIA MHTEPIOISALUSA Jici.
Figure 7. Result of interpolation method based on height
difference between 2 and 1 series.

WHTeponsuust KpUTHHIOM TTO3BOJIMIIA TIOCTPOUTH HETpe-
PBIBHYIO MOJIENb OCEJaHWi, BHISIBUB OCHOBHBIC TEHJICHIIUH
BEPTUKAJIBHBIX CMEIEeHNH Ha ourone. CpaBHEHHUE C PE3YIIb-
taramu InSAR (puc. 8) mokazano BEICOKYIO COTIIACOBAHHOCTD:
00a MeTona 3a(hMKCHPOBAIM 30HBI AKTHBHBIX Je(opmaruii B
I0KHOH M I0T0-BOCTOYHOHM YacTsX, a TAK)Ke€ OTHOCHTENHHYIO
CTaOMIILHOCTH CEBEPHON TEPPUTOPHHN O€3 3HAYNTEIHHBIX BEp-
THUKAJILHBIX CMEIICHUH.

T'opnwuit scypnan Kazaxcmana Ne3’ 2026

Value
P 0,00788582

B -0.0120806

Puc. 8. CpaBHUTEbHBII aHATU3 MOJY4eHHOI
NMOBEpPXHOCTH ¢ pe3yjabraramu InSAR.
Cypert 8. Anbinran 6erti INSAR HOTHKeIEpiMeH
CAJIBICTBIPMAJIBI TAJI/1AY.
Figure 8. Comparative analysis of the obtained surface
with InSAR results.

O0cyxnenue

IIpoBeneHHBII TIPOCTPAHCTBEHHBIN aHATM3 HAOMIOMATeTbHOM
reofe3nyeckoi cetu I. KeHray 1o3Bosinil BbISIBUTH CTPYKTYPHbBIE
0COOEHHOCTH €€ OpTraHW3alii ¥ KOJMIECTBEHHO OICHHUTH 3()-
(heKTHBHOCTD TOKPBITUS TEPPUTOPUH. Pe3ynmbsTarel MccienoBa-
HUS JEMOHCTPUPYIOT BBIPQKEHHYIO MPOCTPAHCTBEHHYIO HEOJI-
HOPOIHOCTH, OOYCIIOBICHHYIO HCTOPUYECKIMH (haKTOpaMH 3a-
CTPOIKH 1 TeOMOP(OTIOTHIECKIMH 0COOSHHOCTSIMI MECTHOCTH.

OreHKa IUIOTHOCTH ITyHKTOB MeTomoM Point Density moka-
3aja CyIeCTBEHHBIN qucOanaHc MEXIy HEHTPAIbHON U MEpH-
(epuitnoii 3oramu. [InoTHOCTE pacmupenenenus D B okpecT-
HOCTH Ka)XJJOH TOYKM pacTpa paccuuThIBagach 1o (hopmyie
(1) xax oTHOIIEHHWE KOJIWYECTBA ITyHKTOB A, TTOMAJAIOIINX B
OKPECTHOCTb, K IUIOLIAN 3TOH OKPECTHOCTH A:

D=—. (D

AHanm3 MoTy4eHHONW KapThl INIOTHOCTH TT0Ka3all, YTo MpH
CpellHEeM 3HaueHUH 1o nonurony 0.55 myHKTa/KM?, B LEH-
TpajbHOW ypOaHM3MPOBAHHON YaCTH IOKa3aTelb MPEBHIIIACT
0.8 mynkra/km?. B To sxe Bpems Ha mepudepun (BOCTOUHbBIC
U CEeBEPO-BOCTOYHBIC OKPAMHBI) IUIOTHOCTH CHIIKAETCS JI0
KPUTHYECKUX 3Ha4eHHH — MeHee 0.3 myHKTa/KM?, 4TO cO3/a-
€T PUCK MPOITyCKa JOKAJIBHBIX T€OJMHAMHYECCKUX COOBITHII B
9THX 30HaX. JlomosHUTENBHBIN Oy(epHbIi aHaIM3 MONTBEp-
qui, uto 90% myHKTOB cocpenoTrodeHsl B npeaenax 200-me-
TPOBOH 30HBI OT JOPOXHOW CETH, YTO CBHUJICTEIBCTBYET 00
«MHPPACTPYKTYPHOM CMEIIECHUI» BEIOOPKH.

Jnist BepuduKay rpyniipoBKA CTAaHIUH OB IPUMEHEH
anroput™M DBSCAN, ocHoBaHHBII Ha Tu10THOCTUH. DOpMUPO-
BaHHUE KJacTepa OCYLIECTBISUIOCh MPU BBIIOIHEHUH YCIOBUS
HaJIMYUS] MUHUMaJIBHOTO KonmdecTBa Touek (MinPts) B panu-
yce &, cormacHo ycioBuio (2). Touka p cuuranzach KOpHEBOH
(core point), eciu:

IN.(p)| = MinPts, 2)

rie N.(p) = {q € D|dist(q,p) < €} — &-OKPeCTHOCTb TOU-
KH p.
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[Tpu smMnupuyecku nooOpaHHbIX napamerpax &€ =300 M u
MinPts = 3 ObLIO BBISIBJICHO 5 YCTOWYMBBIX KJIaCTEPOB, IPEH-
MYILIECTBCHHO B 30HAX JKWIJIOH 3acTpoiiku. Takxke oOHapyxe-
HBI 3 U30JMPOBAHHBIX MYHKTA (IIyMOBBIE TOUKH), HE BOILIE-
LIMX B KJIACTEPHBIC 00pa30BaHMUsI, UTO YKa3bIBaeT Ha (hparMeH-
TapHOCTh CETH 3a MPEeAeIaMH LIEHTPAIBHOTO sIpa.

OrneHKa TeOMETPUYECKOT0 OXBara TEPPUTOPUH BBINOJI-
HSJIACh TOCPEICTBOM IOCTPOCHHUSI MOJUTOHOB THCCeHA.
['paHuLBI MTOJMTOHOB ONPEIEIISIIUCH TAKUM 00pa3oM, 4TO
mo0asi Touka BHYTPHU TOJIMIOHA HAXOAUTCS OJIMXKE K COOT-
BETCTBYIOIIEH CTaHLUHU, YTO (OPMAIBLHO BBIpaXKaeTcs yc-
nosueM (3).

Pi={xeR¥d(x,s) <d(xs;)Vj=i}. ()

Pe3ynbTaTsl NOCTPOEHUS BU3YaTH3UPOBATIHN 3HAYUTEIIBHYIO
JIMCTIPOTIOPLIMIO IIJI01A/Iel MOJUTOHOB. B leHTpanbHOl yacTu
MOJIUTOHBI (TyHKTHI 7p_301, rp_302) uMEr0T MaJyto MJIOIAIb
U BBICOKYIO CTENEHb COCEJCTBA, TOIJa Kak nepudepuiiHbie
crannuu (karatas, ashibulak, rudnik) xapakrepusyrorcsi 00-
LIIMPHBIMU 30HAMH BIMSHHA. DTO TMOATBEPXKIACT THIIOTE3Y
0 CHW)KEHHMHU paspellaronieidl criocoOHOCTH MOHHTOPHMHIA Ha
OKpauHax ropoja.

JUIs cTaTUCTUYECKOM OLIEHKHU YNOPSAI0YEHHOCTH CETH ObLI
paccunTaH nobanbHbI nHIeke Mopana 1. JlanHblid nokasa-
TeJb OIpEeNsAeT CTeNeHb KJIaCTepH3allui B MIPOCTPAHCTBE U
BBIUHKCIIAETCS 110 popmysie (4).

= N X 2jwi(x; — 7)(351' —X)
XiZjWij Yi(x; —x)? ’

rae N — 4HuCII0 MyHKTOB;

W;; — TIPOCTPAHCTBCHHBIE BECA;

X — aHAIU3UPYEMBIi aTpHOyT.

Pacuernoe 3nauenme nuaekca cocrasmio I = 0.1413 mpu
-orierke 3.91 u yposue 3HagumoctH p < 0.01. TTomoxuTens-
HOE 3HAUCHME WHIEKCA W BBICOKAs CTATHCTHUYECKAs 3HAUH-
MOCTh OTBEPralT THHOTE3y O CIyYalHOM paclpeleleHUH,
TIOATBEPKIast KJIACTEPH30BaHHBIN XapaKkTep CeTH. DTO CBHJIC-
TEJIBCTBYET O TOM, YTO TEKyllas KOHHUrypamus ceta chop-
MHPOBaHa HE HAa OCHOBE PETyJISIPHOM CETKH, a MO BIMSHUEM
BHEIIHUX (haKTOPOB (3aCTPOKA, TOCTYITHOCTB).

WHTerpanus pe3yabTaToB Ha3eMHBIX U3MEPEHHUH U JAHHBIX
CITyTHUKOBOH pajapHOi HHTEp(HEpOMETPHH TTOATBEPIHIIA BbI-
sIBTICHHBIC TeHAeHIMH. CONOCTaBIeHNE WHTEPHOIANOHHON
MOZIETH BEPTHUKAIBHBIX CMELICHHH (MOCTPOCHHOH METOAOM
kpuruaTra) ¢ Kapramu InSAR 1mokazaao BEICOKYIO CXOTUMOCTh
(R*> 0.85) B 30Hax C BBICOKOH INIOTHOCTHIO MyHKTOB. Oba Me-
TOJa CHHXPOHHO 3a(UKCHPOBANIN aKTHUBHBIC ae(opMarroH-

“)

HbIC ITPOLECCHI, YTO 000OCHOBBIBAET MMPUOPUTECTHOCTH YILIOT-
HCHUA reo;lemqecxoﬂ CCTU UMCHHO B OTHUX CCKTOpax.

3aki04eHue

[TpoBeneHHOE KMcCie0BaHNE TPOCTPAHCTBEHHOM CTPYKTY-
Pl HaOJFOATEIbHON Teoie3nueckoi cetu I. Kenray, BKioua-
foreit 40 MyHKTOB HA TEPPUTOPHHU IUIOIIAABIO 72 KM%, IO3BO-
JIUJIO TTOJIYYHTh CIIEAYIOIIUE KOJINYECTBEHHBIE PE3YyIbTaThl:

1. Ananuz nromnocmu 6biA6UIL CYUeCmEeHHbLL OUCOANANC
6 pasmewjenuu cmanyuil. Ilpu cpeonem nokazamene no 2o-
pooy 0.55 nynkma/km’, 6 yenmpaivHol yacmu RIOMHOCHb
npesviutaem 0.8 nymkma/km’, mozoa xka na nepugpepuiinix
VUACMKAX OHA CHUNCAEMCSE 00 KPUMUYECKUX 3HAYEeHUL MeHee
0.3 nynkma/xm?.

2. Ilpumenenue anrecopumma DBSCAN (npu ¢ = 300 m)
NO360IULO BLIOCTUMb 5 YCIMOUYUBLIX KIACMEPOS 8 30HAX
NIOMHOU 3ACMPOUKU U 3 UBONUPOBAHHBIX NYHKMA, YMO VK-
3bisaem Ha @pacmenmapnocme cemu. Cmamucmuyeckas
BHAUUMOCTb OAHHOU 2PYNNUPOBKU NOOMEEPICOeHd pacHe-
mom 2nobanvroco unoexca Mopana, xomopulii cocmasui
1=10.1413 (z—oyenxa = 3.91; p < 0.01), umo Oookaszvieaem
HeCayuatnslll, KIACMepu308anHvlil xapakmep pacnpeoeie-
HUsl HAOIOO0eHU.

3. Bygepuwitl ananuz nokazai 6bICOKYIO 3046UCUMOCTIND
pasmewjenus cemu om mMpAaHCHOPMHBIX KOPUOOPOS8: YCma-
Hogneno, umo 90% ecex nyHKmMOG pacnonodiceHvl 8 npedendax
200 mempog om dopoe ¢ meepoblM NOKPLIMUEM, YMO, ¢ OOHOU
cmopouwl, obecneuugaen 0OCmMynHOCMb, HO ¢ Opyeoll — 02pa-
HUYUBaen MOHUMOPUHE YOUTIEHHbIX YUACTNKOG.

4. Conocmasenenue unmepnorsyuOHHOU MoOelu Gepmu-
kanvnwvix cmewenuti ' HCC ¢ 0annvimu cnymnukogou unmep-
@epomempuu Sentinel-1 npodemoHcmpupo8ano blcOKyIo €xo-
oumocmu pesynbmamos. Oba memooa 4emko JOKAIU306ANU
30HbI AKMUBHBIX dehopmayuil, noOmeepous HeodXoOUMOCHb
VIIOMHEHUS] HA3eMHOU Cemu UMEHHO 8 IMUX CeKMOpax.

Takum 00pa3om, NOKa3aHO, YTO TEKylash KOHQUTrypauus
ceTu TpeOyeT ONTUMHU3AIUHU IIyTeM J00aBJICHUS HOBBIX ITYH-
KTOB B BBISIBIICHHBIC 30HBI C HU3KOH IIJIOTHOCTHIO MOKPBITHS
(menee 0.3 myHKTa/KM?) aas 00eCHeUeHHsT PaBHOMEPHOTO
re€OJMHAMUYECKOI0 MOHHUTOPHUHIA BCEHU IOPOICKOH arniome-
pauuu.
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'KEPII KAIUBIKTBIKTAH 30H/TAY JIEPEKTEPI
BOUBIHIIIA KYJICAPBI KAJTACBIH/JIAFBI CY
TACKBIHHBIH JUHAMUKAJBIK O3TEPICIH
MOHUTOPUHITEY

Amaarna. byriuri tanna XKepyi KambIkTeikTan 3onaTay 9nicrepi (KK3) cy TacKbIHBI CHAKTBI IMHAMUKAIBIK JKOHE ayKbIMJIbI KYOBUIBICTAp/Bl KOCA alFaH/a, TaOuFu
amarTap/ibl 3epTTey MeH OaKbliay/ia MISMIyI pell aTKapajibl. By TexHomorus xep OeTiHeri e3repicTepai pTypili CHEKTPIIiK Juana3oHapaa Tycipyre MyMKinaik oepeni,
OyJ1 KeIICH i KeHICTIKTIK-yaKbITTHIK TalAdy MyMKIHAIriH KamTamace!3 eteni. J)KK3 nepexrepin naiinanany cy 6acy aiiMaKTapblH KapTara TYCipy, OJapAblH AaMy AHHAMH-
KacChIH KaJiaraiay sKaHe bIKTUMAJI 3aJ1aJ1/ibl O0JDKay THIMAILIITIH ailTapiibIKTail apTThIpajibl. 3epTTey asChlHAa MYJIbTHCIICKTPabl CypeTTep Herizinae Kyscapsl KanachiHbIH
ay/JlaHbIHAAFbI Cy OOBEKTIIEPIHIH YaKbITIIA 03repicTepine Tanaay Kyprizingi. Jlepekrep/i oHaey HOTHKECIHIe KOKTEMT] KaHe KY3ri Ke3eHIep/eri ¢y OeTiHiH ayaaHbl MeH
KOH(MUIYypALMSICHIHBIH ©3repyi aHbIKTaIIbI, OYJI JKay bIH-IIALIBIHHBIH KOOeoiHe OaiaHbICThI.

Tyitinoi cozdep: cy mackpliol, MOHUMOPUHS, bLIZANIOBLIBIK, OUASPAMMA, IKOLO2USL, AMPUOYMMelK Kecme, 6a20apiamd, ayblmky.

Monitoring the dynamics of flooding in the city of Kulsary using remote sensing data

Abstract. Under contemporary conditions, Remote Sensing (RS) techniques play a pivotal role in the investigation and monitoring of natural hazards, particularly
rapid and large-scale phenomena such as fluvial flooding. This technology facilitates the systematic recording of Earth surface modifications across diverse spectral bands,
enabling robust spatio-temporal analysis. Such capabilities contribute to an objective assessment of both natural and anthropogenic drivers impacting the environment. As
part of the study, an analysis of temporary changes in water bodies in the area of the city of Kulsary was carried out on the basis of multispectral images. As a result of data
processing, variations in the area and configuration of the water surface in the spring and autumn periods were revealed, due to an increase in precipitation.

Key words: flood, monitoring, humidity, diagram, ecology, attribute table, program, deviation.

MO]—[I/ITO[)]/[HF JMHAMHUKH HABOXHEHUH B ropoae Ky.]'lbcapbl M0 JAaHHBIM TUCTAHIHUOHHOI'0 30HIUPOBAHUSA 3emin

AHHOTAIMSI. B COBPEMEHHBIX YCIIOBHSIX METO/bI JUCTAHI[MOHHOTO 30HAMpoBaHus et (J]33) UrpaiorT KIOYEBYIO PONb B U3yYEHHH H MOHHTOPHMHIE CTUXHIHBIX
OencTBHil, BKIIOYAsT TAKHE TMHAMHUYHBIC W MAcIITabHbIC SBJICHMUS, KaK HABOJHCHWS. J[aHHAS TEXHOJIOTHS MO3BOJSCT (PUKCHPOBATH H3MEHEHMS 36MHOW MOBEPXHOCTH B
Pa3IMYHBIX CIIEKTPAIBHBIX TUANa30HaX, 00eCIeunBas BO3SMOKHOCTD KOMIUIEKCHOTO ITPOCTPAHCTBEHHO-BPEMEHHOT0 aHanu3a. Vcnons3oBanue qanubix /133 cyniecTBeHHO
noBbImaeT G GeKTHBHOCTH KapTorpadupoBaHus 30H 3aTOIIICHHS, OTCICKUBAHUS JJMHAMUKH UX Pa3BUTHS U IPOrHO3HPOBAHS MOTEHIIMAIBLHOTO yiepoa. B pamkax nccie-
JIOBaHMS HA OCHOBE MYJITUCICKTPAIBHBIX CHUMKOB U IPOBE/ICH aHAIN3 BPEMEHHBIX M3MEHEHUH BOAHBIX 00bEKTOB B paiione ropoza Kymbcapsl. B pesynbsrare 00paboTku
JTAHHBIX BBISIBJICHBI BapHALNK IO ¥ KOH(Urypaly BOJHON MOBEPXHOCTH B BECCHHHIT M OCCHHHUI MEPHUO/IBI, YTO 0OYCIIOBICHO YBEIHICHUEM KOIMICCTBA OCAIKOB.

Kntouesvie cnosa: nasooox, MOHUMOPUHZ, 8IAHCHOCMb, Ouaepmma, JKo02cUA, ampuﬁymusl—za}z maﬁﬂuua, npoepavmd, omxjioHeHue.

Kipicne

Kazakcran PecrnyOnukachl VIIIH Cy TacKbIHBI KYOBLIbI-
CBl YITTBIK KayilCi3[iK MeH SKOHOMHKAIBIK TYpPaKTHUIBIKKA
eneyni Karep TOHIIPETIH Heri3ri TaOuFu JEeCTPYKTHBTI (ak-
TopnapabiH Oipi Oonbin caHanansl. EmmiH rumporpadusuibik
JKEJTICIHIH epeKIIeIiKTepi, TPaHCIICKapaIbIK ©3CHACPIIH KOIl-
TIT1 JKOHE KIMMATTBIK TpaHcopManusiap — acipece KbICKBI
JKaybIH-IIAIIBIH MOJIIEPiHIH apTybl MEH KOKTeMIl Kap epy
(hazachIHBIH KbUIIAMIAYbI — CY ACHICUIHIH KPUTHKAJIBIK KOP-
ceTKimTepre JeiiH KoTeplryiHe Heri3ri cebeni 6omyna. by
JKarainap Cy TaCKbIHBIHBIH KalTalaHy NMEepUOJbIH KbICKAp-
TBIIT, OHBIH YKOWKBIH KYIIIH apTTBIPHIM OTHIP.

XKepnai kambikreikran 3ouaray (JKK3) omicimen cy tac-
KbIHBl JMHAMUKACBIHBIH MOHHUTOPHHII Cy OackaH ayMak-
Tap/pl aHBIKTAY, OJAPIbIH aylaHbl MCH TEPCHIITIH Oaraiay,
COHJIali-aK ToyeKelsl KapTajapblH acay YIIIH ONTHKAJIbIK,
PaZMOJIOKAIUSUIBIK JKOHE FAapBIIITHIK JIEPEKTepAl naiinana-
Ha OTBIPBII, CIYTHUKTIK JEPEKTEP apPKbLIbI CY TACKBIHBIHBIH
JIaMYbIH JKesea Oakpuiayra jkoHe 0oJpKayFa MYMKIHIIK Oe-
pexni.

Cy tackbiHbIH OakpiTay Ke3inze KK3 apThIKIIbUTBIKTaPHI:

- MUIMOINIK: CNYMHUKMIK QepeKmep anam ayKblMblH JICbLl-
dam bazanayea MymKiHOIK Oepeoi;

- aymakmapovl Kammyobly KeHOiel: KOl dHcemimOiniei KublH
aymakmapovl Koca an2amod, YIKeH aymMakmapobl Oaxbliay
MYMKIHOI2L,

- Mapuxu manoay: OmKeH cy mackblHblH Manoay HaHe Mo-
oenvboep Kypy Yulin cypemmep Mypazamuliid KOl HCEmKizy;
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- KeWeHOINiK: cy mypanbl 8aHa emec, COHbIMEH Kamap ung-
DPAKYPBUILIMHBIY, JICA-KYUL, OCIMOIKMED, MONbIPAKMbIY bli-
2an0bLIbIZbL MYPATILL AKNAPAM QLY.

Konpany:

- bonarcay dicane eckepmy. mayekendepoi bazanay, cy mac-
KbIHbIHBIY MAPALYbIH 00NHCAY;

- WYRbLI dpeKem emy: KYmKapyubliap yulin anam aumak-
MapvlH AHLIKMAY JcaHe 3a1a10bl baganay;

- Y3aK Mep3iMOi JCOCnapaay: Kopeay wapaiapuii a3ipiey,
aymaxkmapobvl KainbiHa Keamipy.

TacKpIH CyiapabIH TEpic acepi MyJIBTUIUINKATUBTI CHITATKa
We: OJI TEK arpapiiblk CEKTOP/bI FaHa eMeC, COHBIMEH KaTrap Ke-
JIK-KOMMYHHKAIVSUTBIK JKQHE WHXKCHEPIIK MH(PPAKYpPBUIBIM-
Jlap/ibl, CTPATETHSIIBIK HbIcaHaapasl Kamtuael. Cy acTeiHaa
KaJlFaH aybUl apyallbUIbIFbl alIKAITaphl MCH JKaHBUIBIMIIAP-
IIBIH JICTpaJalusFa YIIbIpaybl CJIiH a3bIK-TYJIIK Kayimnci3mi-
rine Tikeneil Hykcan kenripeni. COHbIMEH Kartap, TYpFbIH YH
KOPBIHBIH 3aKbIM/IAHYBl MEH QJICYMETTIK MaHbI3bl Oap HbICAH-
JIapIbIH KHpaybl XaJbIKTHIH IEMOTPaQHsIIbIK JKOHE QJICyMeT-
TIK JKarJaliblHa Kepi 9CEpiH THTi3il, MEMIJIEKETTIK OIOJKETKE
caJIMaK, Tycipezi. DKONOTHSUIBIK TYPFbIIaH ajiFaHia, MyHIal
ararrap JaHAmadTTapabIH TYPaKTBUIBIFBIH Oy3bIN, TaOWUFH
pecypcTap/IblH CapKbUTYbIHA SKEI COKTHIPYBI MYMKIH.

2024 xpuIFel KoKTeMTI1 Ke3enae Kasakcran 3amaHayn Ta-
PUXBIH/IAFBI €H ayKbIMJIBI THIPOJIOTHSIIBIK anaTTapsH OipiHe
tan Oonnbl. Enmin 10 aliMarbIHIA TOTCHIIE KaFaal PexKUMi-
HiH KapusutaHybl MeH 120 MBIHHAH acTaM a3aMaTThIH Kayirci3
aliMaKTapFa 3BaKyalUsUIaHybl OKUFAHBIH KAHIIATBIKTHL KYp-
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Jieqti OosiFaHbIH aitrakTaiapl. byt skarnaii TaOuFy anartapablH
calapbIMEH KYpPEeCy/ie KEIICHIl QJICyMETTIK-9KOHOMHKAIIBIK
MOHHUTOPHHI TI€H JKe/Iei OacKapy IICHIMISPiHIH MaHbI3IbI-
JIBIFBIH KOPCETTI.

MemitekeT TapanblHaH 3apjan IEeKKeH OHIpJIepiiH HH)-
PaKYpBUIBIMBIH KaliTa KaJIblHA KEITIPY OOWBIHIIA ayKbIMIbI
JKYMBICTap aTKapblIabl. ATan alTKaHzaa:

- mypavin yu maceneci: «Kaszaxcman xangvinay xopvl men
Odemeywinep ecebinen OACNAHACHI3 KALAH A3AMAMMAp YUlin
Jlcaya mypevin yiiep caibihobl,

- IKOHOMUKAIBIK KOJOAY. KICINKepIK cyOvekminepine Kei-
mipineen 3usiHObl OMeYOiH APHAUbL KAPICHLILIK Memikmepi
icke Kocblovl,

- UHOPAKYPBIILIMObIK OHAINY: KUPARAH HCONOAP MEH KO-
nipnepoi KainviHa Keimipy apKblibl KOJIIK KAmblHACLL Kauma
HCAHOAH OB

2024 >xbUTFBI Cy 0acCy MPOLIECTEPiHIH HEri3T1 IeTePMUHAHT-
Tapbl PEeTiHIEC aTMOCQEPANIBIK JKaybIH-IIAIIBIHHBIH HOPMaIaH
TBIC KOINTIrl MEH TOIBIPAKTHIH THIM BUIFANIIaHYbl (HEMece
KaTy TePEH/Ir) (DOHBIHIAFbI KAPKBIH/IbI )KbUIBIHY aHBIKTAJI/IBI.
Ocipece Akrebe, ATbipay xoHe barbic Kasakcran oOnbicTa-
PBIHIAFBI CY KOMMasapbl MEH ©3CHAEP/CT CY ACHICHI TapuXu
MaKcuMyMIapaH achin tycti. TemeHie KenTipiireH cyperre
Kasakcran aymarbiagarbl 2024 KbUIFbl KOKTEMI1 KE3CHIETI
TOIBIPAK BUIFAIBLIBIFEI MEH KAybIH-IIANIBIHHBIH HOpMara
KaTBICTBI TIANWBI3/IBIK apaKaThIHACKI Oepinren!.

I'eone3nsbIK HerizneMe xkacay icremeci

Kekremri ke3eHzeri bUTFal XHHAKTATYIBIH KOIDKBUIIBIK
opTalia MOHHEH aybITKY KOPCETKIIITePl TUIPOSIOTHSIBIK O0II-
»KaMziay MEH TOTEHIIIE JKaFAaiap/blH aJIAbIH aly )KyHeciHe-
ri ipresi uHaMKaTOpap ookl Tadbutazbl. ToNbIpakThiH Oac-
TalKbl bUTFAJIABUIBIK KYHI KOKTEMI1 aFbIHHBIH KaJbIITACYbIH-
Jla ey pes arkapasl. Tonbipak npoduiIiHAe bUIFaJIAbIH
LIEKTEH THIC JKUHAIYbl OHBIH WMH(WIBTPALMSUIBIK KaOlleTiH
TOMEHJICTII, TUAPOrpadUsIIBIK KeIUIepaeri Cy KeJIeMiHiH
9KCTCHCHUBTI O©CYIHE YKOHE TACKBIHIBIK KYOBLIBICTApIBIH ©p-
LryiHe TikeyneH ykariai xacaiibl.

bliranply jKOFapbl KOHIEHTPALMSICHI €PIreH Kap KoHe aT-
MocdepabIK KayblH-IIAIIBIH CYJIApbIHBIH TOIBIPAKKA CIHYI-
He Keziepri KenTipir, 0eTKi arblH K03 (GHUINEHTIHIH apTybIlHa
oKenesi.

Byt ynepic cy mMaccaiapblHbIH ©3€H apHaJlapblHAa KbICKa
Mep3iM/e HIOFbIPJIaHy bIH JKEeIeIICTII, CY/bIH apHAChIHAH LIbI-
FBIIL, XKalblJIMa aiiMakTap/ipl 0acy KayIiH Tyabipaibl. COHIbIK-
TaH TONBIPAKTHIH bUIFAIJaHy JCHIEHIH XKyienl TypJae MOHU-
TOPUHITEY — Kayill-KaTep/li ajjIblH aja Oarajiay MEH MPECBEH-
THUBTI MHXXEHEPJIIK KOPFaHbIC IIapajiapblH YHBIMIIACTBIPYIbIH
FBUIBIMH HET131 00JIbI TaObUIa B! [1].

2024 xbuTEbl KOKTEMI1 MaychiMaa Kysicapbl Kajiachl 3KCT-
peMaibpl THUAPOJIOTHSJIBIK axyasJiblH cajJapblHaH eJey.
QJIEYMETTIK-9KOHOMHUKAJIBIK 3apanrapra yibipaabsl. Kiimar-
TBHIK (paKTOpJIapIblH Yiiecyi, atan alTKaHaa, Kap )KaMbUIFbI-
CBIHBIH KapKbIH/1bI a0JISIIUSCHI (€pyi) MEH KaybIH-IIallbIHHbIH
HOPMATHUBTIK KOPCETKIIITEp/IeH aHOMaIIb1 apTybl Kambicke
Cy aliIbIHBIHAAFBI ICHI€H/1iH KPUTHKAIIBIK [IEKKE JKETYiHE Jie-
TEepPMHUHAHT OOJI/IbI.

HaypbI3 xoHe coyip aitapblHAarbl Kypleli THIpOMeTeo-
postorusibIK kargaiaap Kypcait apHachIHBIH ©TKi3y KaOije-
TIHEH achlll TYCETIH Cy aFbIHBIH KaJBIITACTBIPHII, KaJIaHbIH
cenuTe0Ti aliMakTapbl MEH CTPaTEerHsUIbIK HHQPAKYPBUILIM
HBICAHJIAPBIHBIH Cy aCThIHIA KaJlyblHa COKTHIpABL. Temenue
«Kasrunpomer» PMK nepekrepine cyilieHe OTHIPBIN JaiibIH-
nanra, 2024 KbUIFBI Cy JICHICHIHIH KayilTi MEeKeJepre ety
JIMHAMHKAChIH OelHeNelTiH rpaduKajblK MaTepuaiiap ycbl-
HbUIFaH [3].

Kysicapbl KanacklHbIH Cy 0acy aliMakTapblHa KEHICTIKTIK-
YaKbITTBHIK Bepudukanus xyprizy Mmakcarsinia Earth Explorer
re0aKnaparThlK MOPTAJIBIHBIH MOJIIMETTEPI HEri3re aIbIH[IbL.
Aranran 1uiaropmaHblH, (QyHKIMOHAIIBIK OarbIThl — Ka-
MIBIKTBIKTaH 30HJTay MaTepHaigapbl MEH reorpadusuibK ak-
naparTap/ibl MHTEPAaKTHBTI PEXHUMJIEC BU3yallM3alMsiay MEH
IKCIIOPTTAayAbl KaMTaMachl3 eTy. 3epTTey OapbIChIHIA OCHI
pecype apkbUibl Landsat 8 anmapaTbiHBIH MYJIBTHCICKTPAIIIBI
TYCIpUTIMIEPI aJIbIHBII, TUAPOJIOTHSUIBIK HBICAHIAPBIH Kap-
TorpadUsIIBIK MOACIIBACPI O31pICH/II.

NASA-ubiH Jepai KalIbIKTHIKTaH 3€pTTEY MUCCHSIIAPbI-
HBIH aXbIpamac Oeuiri Oosbin TabbuiaTeiH Earth Explorer
JKYHeCi FaaMIbIK SKOJIOTUSIIBIK TPAHC(HOPMALIUSIIAPIbI, KITH-
MarTThIK aybITKYJap/bl KHE TaOUFH PECypCTap/blH JKai-Ky-
Wil y37ikci3 OakpuIayFa apHasiFaH. FapbllIThIK anmmaparrapian
KEJICTIH aKnaparrap Jieri arMocdepajblK NpoLecTepi, My-
XHUTTBIK JMHAMHMKAHBI )KOHE KYPJIBIKTBIK O€IEpIiH aHTpPOIIOo-
TeH/IIK opi TaOWFW e3repicTepiH ipreiii 3epTreyre MyMKIHIIK
Oepeni. MUCCHUSIHBIH 0acThl KOHIICTILIUSCHI — JKep JKYHelepiH-
JIeT1 e3repiCTepii TipKey apKbLUIbI KOFAPbI JOJIIKTET1 FHUTBIMU
JiepeKTep 0a3achlH KaJbIITaCThIPY [4].

[Tnardopma YChIHATBIH IEPEKTEP KUBIHTHIFBIHBIH IIIIHIC
Landsat cepusiibl CIly THUKTEPiHIH OHIM/EP] epeKIlie FhUTbIMUA
KYHJIBUIBIKKA He. Ocipece, Landsat 8 ammaparsl sxep O€TiHIH
MOHHUTOPHHI'IH )YPIri3y MeH JaHAa(TThIK e3repicTepi Taji-
Jlaynia JKorapbl THIMALTIK kepceteni. OHbIH Heri3ri npedepeH-
LUsIapblHa MbIHAJIAP JKaTa/lbl:

- KeHICMIKMIK axcolpamolMObLIbIK: 30 Mempiik nukceniboix
02/10iK Oeneelli e2oiceti-meoiceliii KapmocpaQusivlK maioay
Jrcacayea MymKinoixk bepedi,

- MYILIMUCREKMPANObL MYMKIHOIKMeED: 971eKMPOMASHUMMIK
cnekmpOiy mypii OuanazoHOApsbiHOa depeKxmep JHCUHAY apKbl-
JIbl HBLCAHOAPObl UOEHMUDUKAYUSALAY 02N0I2iH apmmblpaovl,

- nepuoOmuLIblK: ap 15 KyH cativl dicep beminiy Hakmol Oip
HYKmeCiH Kauma mycipy MyMKiHOi2l yaKelmmvik OUHAMUKAHbL
3epmmeyae JHcon auaobl.

Landsat 8 cyperrepi Herizinme Kyiicapbl aliMaFbIHIAFbI
THJIPOJIOTHSUIBIK HBICAH/IAPABIH «Cy aiHachiH» (water surface
extent) aHBIKTAy — CYy PeCypCTapbIH 6acKapy MEH dKOJIOTUSLITBIK
OoinkamaayabIH mopMeH i Kypaisl. Cy aifHaChIHBIH KapTorpa-
(hUSITBIK MOJICITI CY HBICAHIAPBIHBIH HAKTHI YaKbIT ME3€TIHACT1
KEHICTIKTIK KOHQUTIYPAUSCHIH, ay/laHbIH )KOHE JTNHAMHUKAIIBIK
ayBITKYJIapbIH OCHHECHTI.

MyH/aif SKOJIOTUSIIBIK MOHUTOPHUHI HOTIDKENIEPI Cy pe-
CypcTapblH YTHIMJIBI NaljallaHyFa KaKeTTl aKlapaTThlk Oa3a-
Hbl Kypaiapl. Cy JeHreiiHiH BapHalusuiapbl MCH Cy OCTiHIH
ayJlaHbIH/IAFbl ©3TepICTepIl Tajjay apKbUIbl SKOJOTHSUIBIK
KayiICIi3MiKTI KaMTamachl3 €Ty, CY TalllIbUIBIFBIHBIH aJlJbIH

'Kaseuopomem: URL: http://ecodata.kz:3838/app_dg_map_ru/ (scyeineen xkyni 15.10.2024).
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any KOHE dKOKYHETep/IiH pereHepanusIblK dJIEYeTiH cakray
OOWBIHIIIA FRUIBIMU HETI3[CNITCH MIeHIimMaep Kadbuigayra 00-
najnpl. COHBIMEH Karap Cy aifHachl JEpeKTepi IKOIOTHSUIBIK
Kayirci3aiK MeH TYpakThl JaMy CasiCaThlH FhUIBIMH TYPFBIIAH
Heri3eyre MyMKiHIIK Oepeni [5—06].

Keneci cyperrepane Landsat 8 nepexrepi HeriziHze ajblHFaH
Kyiicapsl KanachIHBIH Cy aiiHachl kepceTinreH (1-cyper).

Cypert 1. Kyicapsl KanacbIHbIH 2024 KBLIFBI CIYip
alibIHBIH Cy aiiHACBHI.
Figure 1. Water surface of Kulsary city in april 2024.
Puc. 1. Bonnasi nogepxHoctsb ropoaa KyJicapsi B anpesie
2024 rona.

Cy aifHacBl apKbpUIBI Cy OOBEKTIIepiHIH JAWHAMHKACHIH
OaxpUIay Cy pecypcTapelH 0acKapy >KYHECiHiH THIMIUTITIH
apTTBIpaabl. Byl ToCiI Cy TacKbIHBI HeMece KYpFaKIIBLIBIK
JKaFJalbIHIA Cy KOPIapbIH YTHIMIIBI Naiilanany JKeHiHIe JIep
Ke3iHae OacKapymIbUIBIK MICHIMIep KaObuIaayra MYMKIHIIK
Oepeni.

2-cyperTe Cy aifHaCBIHBIH MayCBIMIBIK ©3TepiCiH CHIaT-
TAWTBIH JIEpEKTep YCBIHBUIFAH: CAyip allbl — KbI3BUI TYCIICH,
MaMBIp — capbl, MayChIM — KYJITiH, IIIIE — KOK, aJl TAMbI3 —
KOTUIIip TycCITieH OeiiHeIeHTeH.

Cypert 2. KyJicapspl KajacbIHbIH 2024 ;K. KOKTEM MeH Ka3
allJIapbIHBIH €y aliHACHI.
Figure 2. Dynamics of the water surface of Kulsary city in
the spring-summer period of 2024.
Puc. 2. lunamuka BogHOii moBepxHocTH ropoaa Kyncapsi
B BeceHHe-JIieTHUI nmepuon 2024 roxa.

T'opuuuit scypnan Kazaxcmana Ne3’ 2026

3eprrey OapbIChIHJIa aIbIHFAH MAJIIMETTEp CY peCypCcTaphl-
HBIH KOJEMIIK KOPCETKIIITEePiHe allKbIH MayChIMJIBIK Bapua-
nusutap 0ap eKkeHiH KepcerTi. Ocipece, KOKTEMI Cy TacKbI-
HBIHBIH [IApbIKTAy LIEri OalKanaTblH Coyip ailbl MEH THIpo-
JIOTHSUIBIK MEKEHb Ke3EHIHE COMKeC KeJETIH TaMbl3 ailbl apa-
CBIHJIAFbI A BIPMAILIBUIBIKTBIH SKCTPEMAIIbI JICHI €ill TIpKeIIi.
By nucnporioprys ailMakThIH - KIMMATTBIK €peKLIeTiKTepi
MEH ©3€H arbIHBIHBIH KaJbINTACy >KarJaiIapbIHbIH TiKeJeH
KepiHici O0JIbIN TaObLIa bl

ArcGIS OGarmapnamainbik KelICHIHICT aTpUOyTTHIK KECTe
(Attribute Table) reoakmnapaTThIK KYHEHIH ipreili KOMIIOHEH-
Ti peTiHAe KEHICTIKTIK HbICAHJapFa KaThICThI CEMAHTUKAJIBIK
aKnaparTbl CakTay MEH OacKapyAblH HEri3ri Kypajbl OOJIbII
TaObuaabl. OJ1 HYKTEINIK, ChI3BIKTBIK JKOHE ITOJIMIOHJIBIK BEK-
TOPJIBIK JIEPEKTEPAIH FEOMETPHUSIIBIK TapaMeTpIIepiH oJIapAbIH
canayblK JKOHE CaHJBIK cHUIarTaMaliapbiMeH (aTpuOyTTapbl-
MeH) Oipikripeai. byn uHTerpanus 3eprrey HblcaHIapbIHa Ke-
MICH/II KEHICTIKTIK-CTATUCTHKAJIBIK TAJIay KYPri3yre )Kafaan
JKacan bl

ATpHOYTTBIK KECTEHIH JIOTMKAJIBIK KYPbUIBIMBI PEJISLIUS-
JIBIK JIEpeKTep 0a3achIHbIH KaFu/1ajlapblHa HEeTi3/1eJIreH:

- arconoap (Records): apbip ocon Oipezeil 2eoepagpusinobix
o0bvexmini betineneioi;

- bazanoap (Fields): apbip 6azan ob6vexminiy nakmol Oip
cunammamacwvii (ayoansl, nepumempi, amaybsl, QyHKYUOHA1-
OblK MaKcamol dicane m. 0.) auksiHoauovt [7-8].

Kaprorpadusuiblk 0ObekTiUIepAiH aTpuOyTTBIK JAEpeKTep-
MeH e3apa 0aiIaHbIChl QyMaKThIK 3aHAbUIBIKTAp/Ibl aHBIKTAY-
Fa, IMHAMUKAIIBIK YIEPiCTEPl MOJCIBICYTE KOHE KEHICTIKTIK
cypaHbIcTapib (Spatial queries) THIM/II OpPbIHAAYFa MYMKIHIIK
oepeni.

ArcGIS opracbeina arpuOyTTHIK aKnaparThl aiaagany Jie-
peKTepl BU3yalu3auusiiay, )KIKTey ®KoHe peayKuusuiay (cys3ri-
Jiey) IpOLECTepiH OHTaliIanabIpaasl. benrini O6ip kpuTepuid-
niep OoiibIHINA HbICAHAAPKI ipikTey (Selection by Attributes)
AQHAJIMTUKAJIBIK JKYMBICTApIbIH JQJAIrIH apTThipabl. COHBI-
MEH Karap, arpuOyTTBIK MayimMerTep 0a3achl HeEri3iHae Ky-
pacThIpbUIATBIH TAKBIPHINTHIK KapTajiap MEH aHAJIUTHKAJIBIK
JUarpaMMmaliap KeHICTIKTIK MepeKTepHiH KYPbUIBIMIBIK SpeK-
LIETIKTEPiH KOPHEKI TYP/E YChIHYFa jKOHE FhUIBIMH HEri3/e-
T'eH KOPBITBIHABLIAP jKacayFa MyMKIHJIK Oepeti.

Hotnxenepi

ATpuOYyTTBIK KecTenep reorpadusuiblK JepeKTepai xKyieni
opi THiMJI Oackapyra MYMKiHIK OepeTiH omOedar Kypai pe-
TiHzne Kapacteipbuiaabel. ArcGIS GarnapnamaceiHga aTpulyT-
TapAbl OHJIeYyTe, KaHAPTYFa JKOHE TajllayFa apHaJIFaH apHaiibl
(byHKIMsIIap MEH Kypanjap >KUBIHTBIFBI Oap. bysr MyMKiHmik-
Tep KEHICTIKTIK J)KOHE CEMaHTHKAJIBIK JepeKTep/i e3apa Oaii-
JIAHBICTBIPA OTBIPBIN KEIICH I 3epTTeyJep XKYpridyre xaraan
JKacalIpl, acipece KapTorpadUsUIbIK KOHE SKOJIOTHUSIIBIK MO-
HUTOPHHI' CaJlajiapblH/ia MaHbI3bl POJI aTKAPaIbl.

3 koHe 4 cyperTepie coyip JKOHE TaMbI3 alllapbIHAAFEI CY
KeJIEMiHIH e3repici aTpuOyTTBIK KecTe JepeKTepi Herizinie
KOpCETIJIreH.
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Tabauua

- - fa iy O @ x

Cayip

FID Shape * OBJECTID | Id | gridcode Shape_Leng Shape_Area

3 0 | Nonurox 100 10 1 2546813642 | 260712238182
1 |Monurox 131 13 1 113.186599 §16.202162
2 |Nonurox 17| 17 1 113.1865989 §16.202162
3 |Nonurox 18| 18 1 113.186599 §16.202162
4 |Nonurod 191 19 1 414636737 7681.334968
5 |Monurox 200 20 1 113.186599 516202162
§ | Nonurox 21 21 1 386.139968 8710.3564596
T [Monurox 2z 22 1 113.186599 516202162
& |Nonurox 24| 24 1 213.012832 2132.2192589
9| Nonurox 27 27 1 113.186599 516202162
10 |Monurox 28| 28 1 170.211552 1214.859858
11 [Monurox 33| 33 1 1085.672582 33286.798822

L 12 |Monurox 34| 34 1 S2TTT5T47 14098.052034

Cyper 3. Cayip alibIHbIH aTPUOYTTHIK KeCTeCiHiH

KepiHici.

Figure 3. Representation of the attribute table for april.
Puc. 3. lIpeacrasiienne aTpudyTHBHOM TAGIHIIBI

3a anpeJib.

ATpHOYTTBIK KecTe/le )KHHAKTaJIFaH JIepeKTep/ll aiaaiany
CY TaCKbIHBIHBIH KOJIEMIH CaHABIK TYPFbIJJAH aHBIKTAyFa MyM-
KiHIiK Oepeni (cyper 4).

TaBnmua

-2 hhh O x

Tames

FID Shape * OBJECTID Id gridcode Shape_Leng Shape_Area

» 0] Monwron 1 1 1 267.200385 2761.628792
1 |Monuron 2 2 1 113.185634 515.19144
2 |[Menurox 3 3 1 316.002855 5224 638254
3 |Nonwron 4 4 1 169.766015 1228 867099
4 [Menurod 5 5 1 227 610663 1857.775753
5 |Monuron [ [:] 1 113.185634 515.19144
6 | Monwron T 7 1 120 500
7 |Menuron 8 8 1 113.185634 515.19144
8 [Menuron 9 9 1 113.186599 516.202162
5 |MNonwron 10| 10 1 T14.343847 15858.506749
10 |Nonurox 11 11 1 113.186599 516.202162
11 |Nonuron 12| 12 1 T11.431527 21622.18674
12 [Monurod 13| 13 1 113.185634 516.19144

Cypet 4. TambI3 aiibIHBIH aTPUOYTTHIK KecTeCiHiH

KepiHici.
Figure 4. Representation of the attribute table for august.
Puc. 4. IIpencrasiienne aTpudyTHBHON TadIMIbI 32
aBrycT.

KeHicTikTiK 00BEKTUIEpiH aTpHOyTTHIK CHUIAaTTaMallapbl
HETI3IH/e KYPri3iireH ecenteyyiep apKbUIbl Cy aifHACHIHBIH
ay/laHbl MEH KOJIEMJIIK KOPCETKIIITepl HAKThUIaHAbI.

ATpHOYTTBIK KeCTeJep/eri Cy KeJeMiHiH e3repyi, 9JeTTe,
epicTepai eHILY, KejieMre jkaHa OaraHmap KOCy, CCernTeyiep
XKYPri3zy Hemece kaHa enemaep/i xkykrey yurin [AX kypan-
JIapbIH HEMece MATiMeTTep 0a3achlH KOJIIaHa OTBIPHII, Cy Op-
TACBIHBIH OOBEKTUICPIHE KATBHICTHI CAHBIK HEMECE MOTIHIIK
JCPEKTEePl JKaHAPTYAbI OLIAIpeni Cy ACHICHiHIH THHAMHKA-
CBIH KOPCETY YIIIH KOJIaHbLUIa/IbI.

ArcGIS GarmapinamaceIHIaFbl CYy KOJIEMIHIH e3repyi Typa-
JIBI ACPEKTEP/Il OHACYMIH ©3CKTLIIr Ka3ipri yaKbITTa pecypc-
TapAbIH JkahaHIBIK TaIIbUIBIFbIHA, KIMMATTBIH ©3repyiHe
JKOHE CY/IbI OacKapyabIiH U(PIIBIK TpaHCHOPMAIHSIChIHA Oaii-
JIAHBICTHI.

Keneci 5 cyperre Microsoft Excel GarmapiamachiH KO-
JIaHy apKbUIbl OpPBIHJIAJIFAH eCeNTeyJIepIiH HOTHKeIepl Kop-

cerinren. Excel opraceiHma xKyprizuires tajnay aepekrepii
KyHerneyre, apu(pMETHKAJIbIK JKOHE CTaTUCTHUKAJBIK Ollepa-
LUsUIapibl  OpbIHJAyFa, COHJAH-aK ajbIHFaH HOTIKeJIep/i
KECTe )KOHE arpamMMa TYpiHJle KOPHEKI YChIHYFa MYMKIHJIIK
oepeni [9-10].

K166 v @ fx
4 A B C
157 616.20 616.20 0.00
158 4320.15 2132.22 2187.93
159 900.00 616.19 283.81
160 65431.72 616.20 64815.52
161 616.21 616.20 0.01
162 293340.08 616.20 292723.88
163 4916.04 616.20 4299.84
164 1800.00 7996.62 (6196.62)
165 1228.85 576.35 652.50

166 | 1857328.93 3600.00 1853728.93
167 35076738.83 7156688.79 27920050.03

Cyper 5. KyJicapbl Kajacsl ayMaFbIHAAFbI CY
JeHreifinin KeTepiay
KOJIeMiHIH CaHJbIK 0arajaHybl.
Figure 5. Quantitative assessment of water level rise
in the territory of Kulsary city.
Puc. 5. KotnuecTBeHHast OlleHKA NMOABbEMa YPOBHSI BOJIBI
Ha TeppuTopun ropoaa Kyncapspl.

JKyprizinren canaplk capantama HoTwkeciHme Kyscapsr
KaJ1achl ayMarblH/IaFbl CY TACKbIHBIHBIH SKCTpeMaJI/Ibl (pa3achl
MEH THUAPOJOTHAIBIK PEKUMHIH TYpaKTaly Ke3eHI apachIH-
JIaFbl Cy MacCaJIapbIHBIH alTapIbIKTall allblpMalllbLIbIFbl Be-
pubukanusnanael. Ecenrteynepre coiikec, TaCKbIH Ke3iHAETI
JKUHAKTAIIFaH Cy KOJIEMiHIH JeNbTachl (aibIpMaIIbIIbIFb)
27 920 050 m® xypansl. by mapametp 2024 KbUTFBI KOKTEMT'1
CYy TaCKbIHBIHBIH >KOWKBIH ayKbIMBI MEH aliMaKTBIH THAPOTpPa-
(DUAITBIK KYHECIHE TYCKEH aHTPOIIOTCH/IIK JKOHE TAOMFH KYK-
TEeMEHIH JACHIeiiH OObEKTHUBTI TYP/E CUTIATTANIbI.

by reutbiMu 3epTTey Kysicapbl KanachbiHiarbl TAOUFH amart-
Tapapl MoHuTopuHTTEYIe JKK3 TeXHOIOTHSITAPBIHBIH JKOFaPhI
AHAJIMTHKAJIBIK QJICyeTiH allKbIH KopceTti. Landsat 8 rappii-
TBHIK aNmapaThlHAH aJBIHFAH MYJIBTHCICKTPAIIbl MOTIMETTEP
HET1i31H/e JKacairaH cy OeTiHIH MOJeNbepi TACKbIHHBIH Tapa-
JIy apealiblH, OHBIH MOP()OIIOTHUSIIBIK ©3TepICTEPiH )KOHE XPO-
HOJIOTHSIIBIK TMHAMHKACKHIH JKOFaphI TOJIIKIICH persusiiayFa
MYMKIHJIK Oep/i.

3eprrey OapbIChIHIA KOJJIAHBUIFAH «Cy alHAChD» KOHIIEI-
LUSIChI JKall FaHa KapTorpadusiblK BU3yallU3allusi Kypasibl
eMeC, COHBIMEH Karap KYpHeli aHAJIUTHUKAIBIK JKOHE Mpe-
JNIUKTUBTI 9/licTeMe PEeTiHJe alpbIKiia MaHbI3ra ue. Landsat
8 nmepektepi Heri3iHjAe ajblHFaH KeHICTIKTiK-YaKbITTBHIK MOJi-
MeTTep OipHEeIIe CTPaTeTUsIIBIK OaFBITTAPAbl KAMTHTBIH ipTei
FBUTBIMH 0a3aHbl KAJIBIMTACTHIPAbI. bipiHimiaeH, Oy Tocia cy
TaCKBIHBI MEH Cy Ie(DUIIUTI CUSKTHI KIMMATTBIK TOYEKEeJIAEPIi
MOJIENb/ICy MEH 0O0JDKay apKbUIbI Kayil-Karepiiepai 6ackapy-
JIBIH THIMIUTITIH apTThIpajsl. EKiHINIACH, TpaHCIIEKapaIbIK
JKOHE JKEPTUTIKTI JKOXKYHENEepiH TYPaKThUIBIFbIHA IKYHeli
AKOJIOTHSUTBIK MOHUTOPHUHT JKYprizyre MyMKiHzik 6epemi. Co-
HBIMEH Karap, aTajifaH JAepeKTep ypOaHWCTHKa cCajachlHIa
KaJaJblK HH(PAKYPBUIBIMIbI )KOCHAPIIAY/IbIH THAPOIOTHSLIBIK
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Kayilci3ik HOpMaJIapblH FBUIBIMU TYPFBIAH HETI3EYTe )KoHe
ayMakTap/ibl TYPaKThl JaMBITY/Ibl KAMTaMachl3 €Tyre Heri3 00-
nmanel [11].

Kopsita aiitkanna, KK3 nepexrepi MeH reoakmnaparThbiK
xyitenepai (FAX) nnrerpanusiiay cy TacKbIHBI 3apanTapblH
MUHHAMH3aLUsIIAy MEH ayMaKThlH TYPaKThl JaMybIH KaMTaMa-
CBI3 €TyZe LEUIyIl Peil aTKapasl.

KopbITbIHABI

DKOJIOTHSUIBIK MOHUTOPHHT JKYHECIHJIe «Cy aiHachl» KOH-
LEMIMSCHI THAPOIOTHSUIIBIK HBICAH/IAP/BIH KEHICTIKTIK-yaKbIT-
TBIK TPaHC(OPMAIMSICHIH JKOFapbl JICHIEIIl penpe3eHTaTrB-
TUTIKIEH Oaranayra MYMKIHIIK Oepeni. bys omicreme TaOuru
nmaHamaTTapAbIH JACTPalalUsAChIH, JKOKYHEIIK TOMEOoCcTas-
JIbIH (Tere-TeHIiKTiH) Oy3bUTYbIH )KOHE aHTPOIIOTeHIIK JieTep-
MHHAHTTap SCEPIHEH TYBIHAAWTBIH JKOJIOTHSUIBIK KaTepiepi
epTe AuarHocTHkanayra »armail skacaijsl. Cy aiiiblHAAapbI
KOJIEMiHIH aHOMaJIb/li ayBITKYJIAPBI, )KaFaiady ChI3bIFBIHBIH MOP-
(OJIOTHSUTBIK ©3repicTepi MEH Cy PEeKHMIHIH TYpPaKChI3IbIFbI
CHSIKTBI KOPCETKIIITEP KAIIBIKTHIKTAH 30H/ITAY MOJIIMETTEpI ap-
KBUIBI Y3IKCI3 KanaranaHaapl. MyHIail IpeBeHTHBTI OaKpLIay
TaOUFH anaTTap/blH ajlJIbIH ajlyFa OarbITTaJFaH ic-1apanapibl
CTpATETMsUTBIK HKOCTAPIIAy/IbIH ipresii Heri3i 00BN Ta0bLTa bl

TerteHe xarnaiiaap clieHapuiIepiH NPeIUKTUBTI MOJIEIIb-
Jiey TYPFbICBIHAH ajiFaHja, Cy aifHachl OOMBIHINA XKHHAKTAI-
FaH PETPOCIEKTHUBTI )KOHE aFbIMJIaFbl aKIapar Cy TaCKbIHbIHA
OeiliM (9KCIO3ULIMSIIAHFAH) ayMaKTapAbl BepU(UKalusiayra
MYMKIHIIK Oepe/i. AJIbIHFaH MOIIIMETTEp KEPriTiKTI aTKapy-
IIbI OMJTIK OpraHapbl MEH a3aMaTThIK KOPFAHBIC KbI3METTEPI-
HE XaJIBIKThl dBaKyallMsuldy, CTPATErHsUIbIK MH(PPaKyphLUIbIM-
JIbl JIOKQJIM3ALMSUIAY JKOHE MH)KEHEPIIK KOPFaHBIC HbICaH/a-

PBIH HBIFaiTy OOMBIHIIA HEeTi3/IelreH 0acKapyIbLIbIK HICIIiM-
nep KaObu1ayFa xou amaasl. COHbIMEH Katap, Oyl JiepeKrep
0asachl amarTaH KeHiHri 3anaijpl Oarajgay MeH ayMakKTap/ibl
PEKYIBTHBALIMSIIAY KE3CHIHACr 0acThl aKMapaTThIK Pecypc
peTiH/IE KapacThIPbLIAJIbI.

AMMaKTBIK YKoHE KaJIJbIK JJaHIA(TTHIK Kocrapiayaa cy
aifHACHIHBIH IMHAMHKACHI TYPFBIH Y MacCHUBTEpi MEH arpap-
JIBIK-MHIyCTPHANIBI  HBICAHJAP/bl OPHAJIACTBIPYABIH 0acThl
nerepMuHaHThL. Kylicapsl Kanackl OOWBIHILA AJIBIHFAH 3€PTTEY
HOTIKEJIEPl CY TACKBIHBI MPOIECTEPIH CAHIBIK MOJCIBACYTS
JKOHE BIKTHMAaJ Kayill JEHICHiH KEeHICTIKTIK TYPFhIIaH HaK-
ThUIAyFa MYMKIHJIK Oepi. ATajraH FbUIBIMH TYXKbIPbIMIAD
TEK ©TKeH OKWFaslap/bl OaranayMeH IeKTeIMei, Oomnariakra-
FBI THUJIPOJIOTHSJIBIK KaTepyiepre CTPaTerusuIblK AaibIHABIKTBI
KaMTaMachl3 eTyre )KoHe KaJlaHbIH Cy KayilcCi3airi KOHIEHs-
CBIH XETUIipyre OarbITTalFaH.

Tyitinnel kenreHzae, cy alHachl TEK TEOPHSUIBIK TaJAdy
KypaJibl €MeC, COHBIMEH KaTrap SKOJOTHSUIBIK TYPaKTBUIBIK-
TBI CaKTay, TAOMFH amarTapra Pe3WJIMeHTTUIIKTI (Te3IMAITIK-
Ti) apTTHIPY JKOHE TaOMFH pecypcTapibl YThIMAbI OacKapy/ibl
KaMTaMachl3 €TeTiH KON(yHKINOHAIAbI HHTETPALUSIIBIK Te-
Tik Oounbin Tabbutansl. Landsat 8 sxkepcepiriHin MaiiMeTTepi
HETI31H/e JKYpri3iiren oy 3eprrey KasakcraHHbIH Cy TacKbl-
HbIHA OeliM OHIpJIepi YIIIH KalIbIKTHIKTaH 30HITay TEXHOJIO-
THSJIAPBIHBIH THIMAUTITIH TaFbl 1a JTQJISNIC].

AJIFBIC

Aemopnap ycolHbLI2AH MAKAIAHBL 0AUbLIHOAY OAPbICHIHOA
Kaciou Kenec oepin, 2vlnblmu-a0icmemenik Kouioay Kopcem-
ken «Aerospacey KIIC yicolmbl MeH MAMAHOAPLIHA Wibl-
Hailvl pu3amblivieblH 0in0ipeoi.
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IKa3axckutl HQyUuOHAIbHbIL UCCACO08AMENbCKUL MEeXHUYECKUTL YHUBEPCUMen

um. K.1. Camnaesa (2. Anmamut, Kazaxcman),

Hncmumym npobiem KOMNIeKCHO20 0C8oeHUsi Heop uM. akademuka H.B. Menvrurosa
Poccuiickou akademuu nayk (2. Mockea, Poccus)

I'EOJIE3BMYECKUHN MOHUTOPUHTI
3A JE@OPMALIMIAMHU MHOT'OOTAKHbIX
3JAHUNU B 3OHE BJIINAHUSA METPOITIOJIUTEHA

AnHOTanus. B crarbe paccMaTpuBaeTCs reoie3NYeCKnii MOHUTOPHHT JIe(hopMaliiii 3[aH1i, PACIIONIOKEHHBIX B 30HE BIIHSHHUS CTPOMTENILCTBA METPO Anmarsl. [TepBast
JIMHUSL TIPOXOJMT B MeXypeube bobiioii n Manoii AlIMaTHHKH Ha CEBEPHOM CKIIOHE 3aHIMHCKOro AJaray, e MPOSBISIFOTCS CII0XKHBIC HHKEHEPHO-TE0JIOrHYECKUE YCII0-
Bust: BeICOKast ceifcmnunoctsb (9—10 6annoB MSK-64), HakinoHHbIiT pesbed), HeoqHOpOAHbIE ciabble IPYHTHI CO 3HAYHTEIbHON [yOnHOit ToHHexeit (11-60 M). B ycnoBusix
CTPOHTENBCTBA BTOPOIT ouepenu Tpedyercs obecreueHne 6e30nacHOCTH Ha3eMHOM 3acTpoiikin. O60CHOBaHAa METOAMKA HHCTPYMEHTAIBHOTO MOHUTOPHUHIA YCTOWUHBOCTH
coopyxeHuit. [Toka3aHo, YTO COBPEMEHHbIE I'€0E3MYECKHUE CPEJICTBA MOBBILIAIOT TOYHOCTb M ONEPATHBHOCTH KOHTPOJIS, a 00paboTKa JaHHBIX O PerepaM, yCTaHOBJICH-
HbIM Ha 3/IaHUSX, O3BOJISET OLIEHUBATH IMHAMUKY JedopMaliuii BO BpeMEHH U IIPOCTPAHCTBE, 00ecneynBas HaIeKHOCTb HAOIIOIEHUH.

Kniouesvie cnosa: mempononumen, depopmayua 30anuii u coopysicenus, GNSS- mexnonoeuu, snexmpontsle maxeomempol, yughposvle HUGENUPbL, 1A3ePHbLE NPUOOPDL,
epacuku depopmayuu.

MeTponoauTeHHIH dcep eTy aliMaFbIHAAFbI KOl Ka0aTThl FUMAPATTAPAbIH Ae(opMalusiCbIHbIH Ie01e3us1JIbIK MOHH-

TOPHUHT

Amnparna. Makasna/a Anmarbl METPOCHI KYPBUIBICHIHBIH bIKITAJ €Ty aiiMaFblH/{a OPHAIACKaH FUMapaTTap/IbiH 1e(hOpMalHsIIapbIHBIH TCO/C3UsIIBIK MOHUTOPUHT] Kapac-
ThIpbUIa bl BipiHmi sxoi e AnaraybsiHbIH conTycTik OeTkeitinaeri yikeH xoue Kimi Anmarsl e3eHIepiHiH apaabIFbIHIa 0Tel, OH/Ia KYPAC HHKCHEePIiK-Te0TOT HSLTBIK
JKaFainap KepiHeni: sxorapsl ceficMukainbik (9—10 6amr MSK-64), kenbey penbed, TOHHEIbAEPAIH exdyip Teperairi 6ap (11-60 M) OipTekTi eMec aJci3 TombIpakTap.
ExiHI Ke3eKTeri KypbUIbIC JKaFIaifbIH/Ia )KePYCTi KYPBUTBICBIHBIH KayilCi3AIriH KaMTaMachl3 eTy Tasar eTiieai. KypbuiblcTapIbIH TYPaKThUIBIFBIH aCHANThIK MOHUTOPHHT -
Tey d9JIiCTeMeci Heri3Ie/reH. 3aMaHayn reoIe3usUIbIK Kypaaap OakblIay/IbIH JOIAIr MEH JKEACIIITIH apTTHIPAThIHBI KOPCETIIIeH, ajl FUMaparTap/ia OpHATBUIFAH perepiep
GolibIHIIA AepeKTepi OHIey OaKbUIayIapablH CeHIMIUIINH KaMTaMachl3 €Te OTHIPBII, YaKbIT IEH KeHICTIKTeri qehopMalius JMHAMHKAChIH OaraliayFa MyMKiHJIK Oeperi.

Tyiiinoi co30ep: memponoiumeHn, umapammap meH Kypolavicmapowviy oegpopmayusicol, GNSS mexnonozusnapbl, 31eKmpoHObIK maxeomempiep, Yugpivly Hugenupiep,
Jazepaik acnanmap, oepopmayus epaghuxmepi.

Geodetic monitoring of deformations of multi-storey buildings buildings in the metro area of influence

Abstract. This article focuses on geodetic monitoring of building deformations in the Almaty Metro construction zone. The first line is located in challenging engi-
neering and geological conditions: high seismicity (magnitude 9—10), sloping terrain, soft soils, and tunnel depths of 11-60 meters. For the second phase of construction,
the safety of surface structures is particularly important. A methodology for instrumental monitoring of structural stability is substantiated. The use of modern geodetic
tools improves the accuracy and efficiency of measurements. Processing data from benchmarks installed on buildings allows for an assessment of the spatial and temporal
dynamics of deformations and ensures reliable observations.

Key words: subway, deformations of buildings and structures, GNSS technologies, electronic total stations, digital levellers, laser devices, deformation graphs.
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BBenenune

B ycioBusix celiCMMYECKH OMACHBIX 30H CTPOUTEIBCTBO U
9KCILTyaTanusi KpYNMHOMAcCIITaOHBIX 3IaHUH W COOpPYXEHHH
TpeOyIOT 0c0o00Tr0 MoAXoMa K METOoJaM Te0le3HMYecKoro Ha-
omronernss. MoruTOpHHT Aedopmanuii OCHOBaHUN M (QyHIa-
MEHTOB CTAHOBHUTCSI KPUTHYECKN BayKHBIM (pakTopoM obecrie-
YeHHsT 0€30IaCHOCTH MOIOOHBIX 0OBEKTOB.

B 0030pe aHamM3UpYIOTCS PE3yNBTaThl Pa3INIHBIX MEKIY-
HapOAHBIX HCCIEAOBAHUH, MOCBALICHHBIX CTPOMTEILCTBY H
9KCILTyaTalliyd METPOIIOIUTEHOB, a TAKXKE BIUSHUIO TTOJ3EM-
HOTO TPAHCIIOpTa Ha ropoicKyro cpeay. Heompenenennocrw,
CBSI3aHHBIC C TIOJ3€MHBIM CTPOUTEIBCTBOM, CIOKHBIMH T'H-
JPOTE€OJIOTMYECKUMH YCIIOBHSMH M BIIMSIHUEM COCEIHHX CO-
OpY’KeHHH, POSBIISIOTCS 0COOCHHO SIPKO B IIPOIIECCE BO3BE-
JICHUS] TOHHEJIEH M aKTHBHO N3Y4alOTCsI B MUPOBOH TPAaKTHKE.
Ot 3 PeKTUBHOCTH METPO 3aBHCUT TPAHCIIOPTHAS, SKOHOMH-
YecKasi, SKOJIOTHYECKasi ¥ COIMaIbHAs yCTOWYNBOCTh FOPOAA.

AHanm3 reo/ie3nuecKuX HaOIOICHUH, BBIOJIHEHHBIX TPH
CTPOUTEIHCTBE HMHIKEHEPHBIX COOPY)KCHHWH Ha TEPPUTOPHU
CHI, noxka3bIBaeT, 4T0 OOBEKTH B FOXHBIX PErHOHAX CyIIe-
CTBEHHO OTJIMYAIOTCS 110 XapaKTepy B3auMOJIEHCTBHSI C OCHO-
BaHMEM OT aHAJIOTUYHBIX 00beKTOB LlenTpansHoi 1 CeBepHOM
yacTe. 10 00yCIOBIEHO TeM, YTO MHOTHE ropoga Cpenneit
Asun u Kazaxcrana, Bkitoyasi AJiMaThl, pacioyioKeHbl B ceiic-
MHYECKH aKTUBHBIX pailOHAX, XapaKTEPHU3YIONIMXCS CIIOMKHbI-
MH THIPOTCOJIOTHUECKUMHU YCIOBHAMH M TEKTOHHYECKUMH
HapyHICHUSMHU.

CTpOUTENHCTBO TOHHEIEH B YCIOBHUSX TUIOTHOW TOPOICKOM
3aCTPOHKN OKAa3bIBACT BIUSHHUE HA 3[aHHSA, COOPYKEHHUS U
WH)KEHEpHBIE KOMMYHHKAIIUH, PACIOIOKCHHBIE Ha TMOBEPX-
HOCTH. B X071 mipoBOIMMO# pabOThl METOJOM JHUCIIEPCHOH-
HOTO aHalW3a BBIABICHBI KIIOYEBBIC (DAKTOPHI, BIHSIOIINE
Ha BEJIMYMHY OCEJAHUN 36MHOM MOBEPXHOCTH U 3[JaHUI IpU
IIpOXoJKe TOHHeNeH. ccaenoBanue BIIOIHSAIOCh HA OCHOBE
JTAHHBIX T€OTEXHUYECKOTO W Te0Je3MYEeCKOT0 MOHHUTOPHHTA,
MOJYYCHHBIX MIPHU CTPOUTENIHCTBE MOA3EMHBIX COOPYKEHUH U
MIPOXO/IKE IBYXITYTHBIX TOHHENCH AMaTHHCKOTO METPOTIONH-
TEHAa B CJIOKHBIX HHKEHEPHO-TEOJIOTHIECKUX ycIoBusX [ 1, 2].

Ocoboe BHIMaHHE yACIEHO METOIMKAM T'€0JIe3HICCKUX U3~
MEpeHUH ¢ IPUMEHEHNEM COBPEMEHHBIX TPUOOPOB, 0OeCIIeur-
BAaIOIIMX KOMITIEKCHBII MOHUTOPHHT BRICOTHBIX 3[IaHUH H OTIpe-
Jienenre (pakTHYeCKHX MmapaMeTpoB IeopMaIuii ¢ OCIeIyro-
LIUM MTOCTPOCHUEM MX TPEXMEpHBIX Mozenel. [eone3nueckuit
MOHHUTOPHHT J1e(hOpMaIii 3MaHIIA U COOPY>KCHUI TIPOBOIMUTCS
Kak B TIEPHOJl CTPOUTENBCTBA, TAK W HA JTalle SKCIUTyaTaIlHH.
Oco0eHHO oCcTpo mpodiieMa HaONIIOAEHUH 3a OCaJKaMHU MPOsSB-
JISIETCS TIPH BO3BEICHUH HOBBIX OOBEKTOB B YCIOBHSX IUIOTHON
TOPOJICKON 3aCTPOMKH, T/e JIF000e HapyIIeHHEe YCTOMYMBOCTU
MOYKET MPEACTABIIATE YTPO3y OKPY>KAIOIIAM COOPYIKECHIISIM.

MarepuaJjbl 1 METObI UCCJIEIOBAHUS

Obvexm uccredosanus

MeTtpononutern B AnMarsl OblT OTKpHIT 1 mexadbps 2011
rozma. DTO eIMHCTBEHHOE METPO Ha Tepputopun Kaszaxcrana,

Topnuuit sicypnan Kazaxcmana Ne3’ 2026
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BTOPOE CpPe/iu CPeHea3naTCKUxX CTpaH rnocie MeTpo TamkeH-
Ta ¥ CaMO€ MOJIOZI0€ CPeIU IIOCTCOBETCKUX CTPaH.

AJIMaTUHCKHUN METPOIOJIUTEH HE TOJIBKO OYEHb MOJOJO0E
METpPO, HO M JOCTAaTOYHO CKPOMHOE IO CBOHUM pa3MepaM.
B ropoze ¢pyHKIMOHUPYET TOJIBKO OJIHA BETKA — JIMHUSA A WK
KpacHas JNHUHUS. AJMaTHUHCKUN METPOIOJIUTEH CTPOMICA C
1988 roma, mepBast ouepenb U3 7 CTAHIUI NPOTSHKEHHOCTHIO
8,6 kM cnana B 2011 roxy, B 2015 romy mobaBmwiuch eie 2
craHuuu u eme ase — B 2022 rogy. OOmiast NpoTsHKEHHOCTh
METpO cocTaBisgeT okoso 13 xkm [3].

C 2023 rona BegeTcs CTPOUTENBCTBO TPETHETO MyCKOBOTO
KOMILJIEKCA BTOPOU O4Yepeay NIEPBOM IMHUU METPOIOJIUTEHA I.
Anmarsl, ot ctaniuu «b. Mombimrynsn 1o cranimuu «Kanka-
MaHy. JlanpHellee pa3BUTUE TPETbEH OUepeIn IEPBOU JINHUU
METPOIOJINTEHA NPEIyCMOTPEHO B 3alaJHOM HaIpPaBICHUU
ot cranuu «Kankaman» 10 cTaHluu B paiioHe pbhiHKa «bap-
neIK». B mepBom kBaprane 2023 r. mosyueHO HOIOKUTEIbHOE
saxmrouenue PITI «Tocakecneprusa» Ha TEXHUKO-IKOHOMMUE-
ckoe obocHoBanue (T20).

O030pHast kapTa pailoHa BeJCHHs METPOIOJIUTEHA MPUBE-
JleHa Ha puc. 1.

m— Cyuocrayiouan nuua weTpo (13,4 )
7. weTpo va nepocauer
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G
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Amus2s o A sorsans a1 (8, )
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(16,4 xu)
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N o
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Ty,
«Bapnux3anazs () ¥ 10 np. Anaray,
Wa nopocouornn ¢ yn. Tone
n

; R

§
S

€100 np. Anaray #u 8 % * *
(uxp. ellyruana)

Puc. 1. Cxema MeTpoOnoJiMTeHa I. AJIMAThI
Cyper 1. AaMmaThbl Kajacbl METPONOJIUTEHIHIH cXeMachl.
Figure 1. The scheme of the Almaty metro.

VYHHUKaIbHOCTh METPOINOJIUTEHA I. AJIMaThl ONpENeseTCs
KOMIIJIEKCOM 0CO00 CIIOKHBIX TEOTEXHUUECKUX (aKTOPOB:

1. Cnoacrnass  pecuonanvruas eeodunamuxa Cesepnoco
Tanv-Llans.

2. Buvicokas ceticmuunocmo meppumopuu 6 9—10 6annos no
wixane MSK.

3. [lpedzopnas 30na ¢ HAKIOHHBIM PelbedOoM, RPeOCmasis-
10U AT MEHC2OPHYTO BNAOUHY.

4. I'pynmol paznoobpasmnvie, ciaboycmouyugsle, 2aieyHu-
Ko8ble C BKII0UeHUAMU 8ATYHO8 00 mpex Mempo8 8 ouamempe.

5. Pazuvie enyOuHbl 3a100CEHU NEPE2OHHbIX U CINAHYUOH-
nwlx mouneneti om 11 m menxozo 0o 60 m enybokoeo.

Paiion crTpouTenbcTBa NEPBOM OdepeaAd METPONOIMTEHA
pPacrosioKEeH Ha CEBEPHOM CKJIOHE 3amnuiickoro Asaray B
npenenax BeIHOCA KoHyca pek bonbinas u Manas AnmaruHka.

Y4acToK CTPOMTENbCTBA CJIOKEH TaJeYHUKOBBIMH TPYH-
TaMH, ¢ BKJIIOYEHHEM BalyHOB pazmepoM oT 200 mo 400 mm,
MPEUMYIIECTBEHHO C MECYaHbIM 3aIIOJHUTEIeM. 3al0IHUTENb
MIPE/ICTABIICH PAa3HO3EPHUCTHIMHU MECKaMU KBapITOJIEBOIIIA-
TOBOTO COCTaBa.

B nepuon nmpoekTHO#H npopaboTKH KOHCTPYKIUU CTAHIHH
«MockBa» BBIIIOJIHEHO HCCIIEAOBAHUE HAINPSHKEHHO-Iehop-

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026

MHPOBAaHHOTO COCTOSIHHSI OO/ICJIKH CTAHIIMOHHBIX TOHHEJIEH, a
TaK)Ke YCTAHOBJICHUS XapaKTepa €€ B3aUMOJAEHCTBHS C IPyH-
TOM Ha Pa3HBIX 3Talax CTPOUTEIHCTBA C HCIIOJIB30BaHUEM
HaunOoJiee anpoOMPOBAHHOTO U YHHUBEPCAIBHOIO MeTona (hu-
3MYECKOT0 MOJEITUPOBAHUSA — NMPUMEHEHHE 3KBUBAJCHTHBIX
MaTepuasoB.

Memoow uccnedosanus

Kazaxckuii HallMOHaNbHBIA TEXHUUYECKHM HCCIIE0BATENb-
ckuii yHuBepcureT uM. K.J. CatmaeBa B pamkax Hay4HOIO
MPOEKTa OCYILECTBIAET KOMIUIEKC padoT, HAampaBIEHHBIX Ha
obecrieyeHne yCTOHYMBOCTH HA3€MHBIX M IIOJ3EMHBIX COO-
pYXeHU «AIMaTBIMETPO» C UCHOJIb30BAaHHEM COBPEMEHHBIX
reoJIe3NYeCKUX TeXHOJIOrnil. B 30He HaOMroneHnit HaXoAnuTCs
MOHOJIMTHO-KapKacHoe 31aHue, Bo3BeneHHoe B 2019 rony,
PacIIOIOKEeHHOE B HEIOCPEACTBEHHOMN OJIM30CTH OT CTAHLIUH
MeTpo «MockBa». Pagom Takxke pacmonaraercs CTPOUTENb-
Hasl IUIOIIAJIKA, [JIe BEAYTCsl paOOThI MO MPOXOJKE HIAXThl Me-
tponoiureHa. COBOKYITHOE BO3/ICHCTBHE (DYHKIIMOHUPYIOIIC-
IO METPO U TEKYLIEro CTPOUTEIHCTBA MOXKET MOTEHIMAIbHO
OKa3bIBaTh HEOJIArONPUSITHOE BIMSHUE Ha YyCTOWYHMBOCTh pac-
CMaTpHUBAEMOTO COOPYKEHUS.

IToneBble reose3ndyeckre U3MEPEHHs BBIMTOTHSUIUCH DJICK-
TpoHHbIM TaxeomeTpoM Leica TS06 5” B 0Oe3zorpaxareinb-
HOM peXHME M0 YCTONUMBBIM XapaKTEPHBIM TOYKAM 3/1aHUS,
YTO MO3BOJISCT MCKIIOUUTH BIUSHHUE CIydalHBIX U3MEHEHUI
u olecrieunBaTh CTaOMIBHOCTh HaOmoneHuid. CIyTHUKOBbIC
HaOJIO/ICHNS], IPOBE/ICHHBIC Ha TEPPUTOPHUH TI. AJIMaThl, 00pa-
OarpiBasMch B mporpaMmMHoM obecrieuenuu Leica SKI, Bxo-
nsieM B koMriekTanuio GNSS -npuemnaukoB. B pesynbsrare
00paboTKHU MOJTyYEHBI TUIAHOBBIE KOOPANHATHI BCEX MYHKTOB
CeTH B JIOKAJbHOM CHUCTEME KOOPJIMHAT, a TAaKXKe yTOYHEHBI
BBICOTHBIE OTMETKH PENepoB CTaHLIUH.

Ha nabmionaemMbIX COOPYKEHHUAX YCTAaHOBJIEHBI KOHTPOJIb-
HbIE€ MapK{, MOHUTOPHUHIOBBIC IIPU3MBI M 0Ca/I0YHbIE MapKH,
o0ecIieurBaloIIne TOJy4YeHUE BBICOKOTOUYHBIX JAHHBIX O JIe-
(dbopManusx 34aHUH U WHKEHEPHBIX COOPY)KEHUH B COOTBET-
CTBHH C JICHCTBYIOIIMMH HOPMAaTUBHBIMU TPEOOBAHUSIMH.

Jl1 CBOEBPEMEHHOIO BBISBIECHUS HEAOMYCTHMBIX OTKIIO-
HEHMH Ha 3/JaHUSX U COOPYKEHHUAX yCTaHOBJIEHb MOHUTOPHH-
TOBBbI€ TOYKH Ha BEPXHUX YACTIX (KpBIMIax) (pHC. 2), ¥ HIK-
HUX YacTsX 31aHMI.

[upokoe mpuMeHEHUE B TONOOHBIX HCCIIEIOBAHHSIX I10-
Jy4WId poOOTU3UPOBAHHBIE TaXEOMETPhI C CEPBOIPHBOIOM,
KOTOpBIE MO3BOJISIIOT aBTOMaTH4e€CKH OPUEHTHPOBATh PUOOP
U BBINOJHATH HENPEPBIBHOE CIECKEHHE 3a OTpa)kaTesIIMU Ha
3HAYNUTENIBHBIX PACCTOSHUAX. Takue MHCTPYMEHTHI OCHAIICHBI
CIeLaIM3UPOBAHHBIM TIPOIPAMMHBIM OOecreueHnem, ooe-
CIEYHMBAIOLIMM aBTOMAaTHYECKOE CUMTBIBAHUE JTAHHBIX H3Me-
PUTEIBHBIX CEaHCOB M BBIYMCICHHE BO3MOMKHBIX IepeMele-
HUW KOHTPOJIbHBIX LI€JIeW 3a 3aJJaHHbI BPEMEHHOW MHTEpBaj
[4, 51.

OCHOBHBIM HalpaBJICHUEM Pa3BUTHUS IJIEKTPOHHBIX Taxe-
OMETpPOB SIBJIACTCS elle OOoJbInas POOOTH3AIMs, CBOMASIIAs
(GyHKIMU T0JIb30BaTelisi K JIUCTAHIIMOHHOMY KOHTPOJIO M
ynpasjieHuro paboroi npubopa. Takike NPHUCYTCTBYET TEH-
JeHIMsT K ocHameHuto npudopos cucremamu GNSS. Tlpu
9TOM TaxeOMETPbl B KOMOMHAIMU C HAaBUTAIIMOHHBIMH TPH-
€MHHUKaMH, [U(QPOBBIMU HUBEJIUPAMH U JIPyTUMHU ITPUOOPAMH,
a TaKkXKe CIeLHaJbHBIM YIPABISIONIUM [TPOrPAMMHBIM 00€-
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yeckux paktopos. TeM He MeHee anbHeilIee pa3BUTHE CTPO-
UTEJBHBIX paboT B HEMOCPECTBEHHON OJIM30CTH OT 00BEKTa,
a TaK)Ke BIIMSHUE MPOXOJKH IIAXThl METPOIOIUTEHA TPEOYIOT
MIPOJOJDKEHUS PErYISPHOrO MOHUTOPHUHIA ISl CBOEBPEMEH-
HOT'O BBISIBJICHUSI BO3MOJKHBIX OTKJIOHEHHMH OT HOPMaJIbLHOI'O
JehOPMAIHOHHOTO MOBEICHHS COOPYIKEHHSL.

Ha ocHoBe JAaHHBIX TPEX MOCICAOBATC/IbHBIX IUKJIOB Ha-
6JIIOZ[€HHﬁ BbIYUCJICHBI I1IJITAaHOBO-BLICOTHBIC CMCIIICHUA MOHU-
a) KoHTponbHbte MapKu, MOHHTOPHHIOBbIE IIPH3MET TOPUHTOBBIX TOYEK U BBITIOJHEHO MOCTPOCHUE TPEXMEPHON

1 0CaI0YHBIE MAapKH YCTAaHOBJICHHBIE HA 31aHUN o o
1 dpoBoii MoJeNn 00beKTa, MO3BOJISIONIEH BU3yalIM3UPOBATh
MPOCTPAHCTBEHHYIO 3BOIIONHUIO e(OPMAIIMOHHBIX TPOIIEC-
coB (Tabmuma 1).

Taonuya 1
Ilnanoeo-¢vicomusle cmeuieHUA MOHUMOPUHZOGHIX MOYEK
o Kecme 1
= Baxvinay nykmenepinin sicocnapnol-ouikmik ayicyst
B) MOHHTOpI/IHFOBBIe TOYKH F) MOHHTOpI/IHTOBHC TOYKH Table I
HA CTEHAX 31aHUS HA CTEHAX 31aHUs Planned altitude shifts of monitoring points
Puc. 2. PacnoJiokeHue KOHTPOJIbHBIX MAPOK HA 00beKTe.
Cyper 2. Bakbliay MapKaJapbIHbIH 00beKTize Oxrs16ps 2025
opHAIACYBL. N% X Y Z
Figure 2. Location of control marks on the object. Ml -0.001 -0.001 -0.006
CHeYeHNEM YacTo 00pasyroT CrielaIbHbIe aBTOMaTH3UPOBAH- M2 0.001 0.001 -0.005
HbIE Te0/Ie3MYECKHE CUCTEMbI MOHUTOPUHTA [6]. M3 -0.000 -0.002 -0.008
dakTopaMy IUPOKOTO MUCIIOIB30BAHMUS ANIAPATYPHI MOJTb- M4 0.005 -0.002 -0.005
30Bareniell NIOOATBHBIX HABUTAIIMOHHBIX CITyTHUKOBBIX CH- M5 -0.001 -0.002 -0.004
CTEM SIBIISIIOTCS: HEIPEPHIBHOCTH OMNPENEJICHHUs KOOPIMHAT,
BCEIOTOAHOCTh, OIIEPATHMBHOCTh ONPENENICHUS KOOPIMHAT, M6 0.004 -0.004 -0.00
BBICOKAsI TOYHOCTD TTOJTy4aeMbIX PE3yJIbTaTOB, Malible rabapu- M7 0.004 -0.004 -0.008
ThI U BEC IPUEMHHKOB, MaJiasi 3HEPrOEMKOCTb, [TPOCTOTA IKC- M8 -0.001 0.000 -0.005
IUTyaTalliyl ¥ CPaBHUTEIHHO HEBBICOKAsi CTOMMOCTh. B 3Toi M9 0.005 0.001 -0.007
cBs13u, GNSS-cucremsl MOryT OBITH 3(()EKTHBHBIM HHCTPY- M10 0.001 20.001 20.007
MEHTOM IIpHU ONpeeNICHNH JMHAMUYECKIX TI0Ka3aTenel Koe-
0aHU BRICOTHBIX 3JJAaHUN OT BETPOBBIX BO3ICHCTBHUIA. Ml1 0.000 -0.001 -0.005
Jns mpoBeneHusT MOHMTOPHUHTA M KOMILJIEKCHOH OLCHKH M12 0.000 -0.001 -0.006
COCTOSIHUSL COOPYXEHHM HaMM HCIIOJIb30BAJIUCh COBPEMEH- M13 0.001 -0.004 -0.008
HBIE BBICOKOTOYHBIC 3JIEKTPOHHBIC NMpHOOpPHI (upmbl Leica M14 0.004 -0.002 -0.008
Geosystems (IlIBefitiapust), Takie Kak: BBICOKOTOYHBIH Taxe- MI5 0.000 20.002 20.007
ometp cepun TS06 5 u 1udpoBoii BEICOKOTOUHBIN HUBEJIND
DNAO03, na3zepHslii ckanep Scanstation. Mi6 0.001 -0.001 -0.007
leonesnuecknii MOHUTOPUHT Ae()OPMAIIOHHBIX IPOLEC- M17 -0.002 -0.004 -0.005
COB SIBIISICTCS OJHOM 13 (POPM M3YUCHUS COCTOSHIS HHKECHEP- MI18 -0.001 -0.004 -0.008
HBIX 00BEKTOB MM YPOaHU3UPOBAHHBIX TEPPUTOPHIA, HA KOTO- M19 0.001 -0.002 -0.004
PBIX PACIIONIOKEHBI 3TH OOBEKTHI. M20 0.003 0.002 20.008
Pe3y/bTaThl CenTts6ps 2025
[poBeneHHBIN aHaIN3 PE3YIBTATOB TEONE3HICCKIX H3Me- N% X Y Z
peHnii mokasaj, YT0 MOHMTOPHUHIOBBIE TOYKH, PACIOJIOXKEH- M1 0.005 0.002 -0.003
HBIE Ha MCCIIElyeMOM 3/1aHHH, UCIIBITHIBAIOT IIPEUMYILECTBEH- M2 0.002 0.001 -0.002
HO paBHOMepHoOe oceanue. [lonoOHas AuHAMUKA CMEIeHUH
CBHUJICTEIBCTBYET O MPOTEKAIOLIMX €CTECTBEHHBIX IpoIieccax M3 0.004 0.002 -0.003
YIUIOTHEHUS TPYHTOB OCHOBAHUS U MTOCTETIEHHOH yCa ki KOH- M4 0.000 0.003 -0.002
CTPYKIIMI CaMoro 3JaHus IOI BO3IACHCTBHEM COOCTBEHHOTO M5 0.005 0.003 -0.003
Beca. OTCyTCTBHE PE3KHX CKAuKOB MJIM HEPABHOMEPHBIX Jie- M6 0.001 0.005 -0.003
(bopmManuii TO3BOJSIET TPEJIIOJIOKNUTD, YTO HAOIIOAAEMbIC H3- M7 0.000 0.005 20.002
MEHEHHsI HaxoJsTCsl B Mpe/iesiaXx eCTeCTBeHHOH aedopmarn
3[1aHUS U HE CBSI3aHBI C BO3/ICHCTBUEM aBapUITHBIX WIIM KPUTH- M8 0.005 0.000 -0.003
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M9 0.000 0.000 -0.003 M13 0.0023 -0.0019 -0.0007
M10 0.004 0.003 -0.002 M14 0.0004 0.0021 -0.0009
M11 0.004 0.003 -0.001 M15 -0.0017 -0.0019 -0.0007
M12 0.003 0.003 -0.001 M16 -0.0017 0.0002 -0.0008
M13 0.002 0.005 -0.001 M17 -0.0007 -0.0019 -0.0004
M14 0.000 0.003 -0.000 M18 0.0024 0.0001 -0.0009
M15 0.003 0.003 -0.003 M19 0.0013 0.0012 -0.0005
M16 0.002 0.003 -0.003 M20 0.0004 -0.002 -0.0008
M17 0.005 0.005 -0.003
M18 0.005 0.005 20,001 JlaHHBIE 2TOTO ATama JIEMOHCTPUPYIOT HadajbHbBIC 3Haue-
HUSI OCEIaHM, CBI3aHHBIC, BEPOSATHO, C TEKYIIUM COCTOSIHH-
M19 0.002 0.004 -0.002 eM rpyHITlOB OCHOBaHHMS U npe)fBapnTenf,Hoﬁy:TlaaHeﬁ ycaaKu
M20 0.001 0.002 -0.000 rocjie Havyajaa MOHUTOPUHTOBBIX H3MEPEHHUH.
Hosi6ps 2025 Mesky IepBbIM M BTOPBIM IIMKJIAMH HaOJIIOICHUIH HaOIIIo-
N% X Y 4 JlaeTcs JaibHelIIee yMEHbIICHHE OTMETOK B IIEJIOM 110 3J1a-
Ml -0.001 -0.001 -0.006 HUIO, OJIHAKO TEMIIBI OCEJAaHUsl OCTAIOTCS CTAaOWIBHBIMH H
M2 0.001 0.001 20,005 PaBHOMEPHBIMH 10 TUIOIIA/H, YTO MMOATBEPKIACT OTCYTCTBHUE
. - 3HAUUTENBHBIX AU(PPEpeHIINATBHBIX Je(QopMalnii.
M3 0.000 -0.002 -0.008 Crnenyromuil BpeMEHHOW UHTEPBaJI, OXBAaThIBAIOLIUH epuU-
M4 0.005 -0.002 -0.005 OZl MEXJy BTOPBIM U TPETbUM LUKIaMH HaOIrofeHui, moxa-
M5 -0.001 -0.002 -0.004 3bIBACT COXPAHEHHE OOIIEH TEHICHIIMN TIOCTEIICHHOTO Oce/ia-
M6 0.004 -0.004 -0.005 HHHC' .
AQBHUTENBHBIM aHAJM3 JAHHBIX MEXIy HYJIEBBIM M Tpe-
M7 0.004 -0.004 -0.008 TBI/II\f LUKJIAMH TI03BOJISIET ninyqpm) I/IHTé[I}‘IpaJ'f;HyIO KapTIny
M3 -0.001 0.000 -0.005 nedopmanmii 3a Bech neproa MoHHTOpUHTA. COIIACHO TOMY-
M9 0.005 0.001 -0.007 YEHHBIM JIAHHBIM, MaKCUMAJIbHbIE CMEIIEHUsS HE BBIXOIAT 3a
M10 0.001 -0.001 -0.007 TIPEAETbl 0XKUJAEMBIX BETUUUH ATl 3AaHUH, SKCILTyaTHPYEMbIX
Mil 0.000 20.001 -0.005 B YCJIOBHSIX CIIO’KHOHM I'€OTEXHUUYECKOH 0OCTaHOBKH METaIloNu-
M12 0.000 20.001 20.006 ca. B To e BpeMsi mpoCcTpaHCTBEHHAs! BU3yanu3anus aedop-
MalMOHHOTO TIporecca (puc. 3) MO3BOISET JETATM3UPOBATH JIO-
M13 0.001 -0.004 -0.008 KaJIbHbIE OCOOCHHOCTH M3MCHEHHMS MOJIOKEHHSI XapaKTePHBIX
M14 0.004 -0.002 -0.008 TOYEK, BBIABUTH BO3MOYKHBIE 30HbI MIOBLIIIEHHON YyBCTBUTE b~
M15 0.000 -0.002 -0.007 HOCTH K BHEIIIHUM BO3/ICHCTBHSIM M OLICHUTDH ITOTCHIHAIBHBIC
MI16 0.001 -0.001 20.007 PHCKH, CBS3aHHBIC CO CTPOHMTEIHCTBOM OOBEKTOB METPOIIOIH-
M17 0.002 20.004 20.005 TEHa B HEMOCPEICTBEHHOM OJIIM30CTH OT 3aHUM.
M18 -0.001 -0.004 -0.008
M19 0.001 -0.002 -0.004
M20 0.003 -0.002 -0.008
Cents0ps — HOSIOpH 2025
N% X Y Z
M1 0.0014 -0.0009 -0.0006
M2 0.0023 0.0002 -0.0005
M3 0.0014 -0.001 -0.0008 Puc. 3. Busyanusanus 1e)opMaMoOHHOro mpouecea.
M4 0.0005 -0.001 -0.0006 Cyper 3. lepopmanusi npouecin BU3yajau3anusiiay.
M5 0.0024 -0.0009 -0.0005 Figure 3. Visualization of the deformation process.
M6 -0.0005 0.0021 -0.0005
[ToctpoeHHast TpexMepHasi MOJIENb 3/[aHusl, BKIIOYAroNiast
M7 0.0004 0.0001 -0.0009 MIPOCTPAHCTBEHHBIE KOOPAWHATHI BCEX MOHHTOPHHTOBBIX TO-
M8 -0.0016 -0.002 -0.0006 YeK W OTpakarolas WX JUHAMHUKY T10 [[MKJIaM HaOIONEeHHH,
M9 -0.0015 0.0021 -0.0007 SIBJISIETCS] B&YKHBIM MHCTPYMEHTOM JUJIS TAJIHEHIIIEro aHaJi3a
M10 0.0025 20.0018 -0.0006 U IIPOTHO3UPOBAHUS 3p];l3BI/ITI/I$I z£e¢opMauMﬁ [7, 8]. Ucnomns-
30BaHue UPpoBEIX 3D-Moneneil B cucrteMe reoie3ndeckoro
Ml 0.0024 -0.0018 -0.0005 MOHI/ITOpEHl(“bap TIO3BOJISIET ]fLIHBJ'IHTL TCHI[CHIII/II/IHI/BMGHGHI/IH
M12 -0.0007 0.0012 -0.0006 (opMBI 00BEKTa, aHATU3UPOBATH BO3MOXKHBIE CIICHAPUH Pa3-
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BUTHA JeopMaluii 1 MPUHUMATh CBOEBPEMEHHbBIE HHKEHEP-
HBIE pelIeHHst JUIs1 o0ecriedeH st 0€3011aCHOCTH COOPY)KEHHUH B
YCIJIOBUSIX IUIOTHOM I'OPOJCKOM 3aCTPOMKU U aKTUBHOIO IIOJ-
36MHOI'O CTPOUTEIILCTBA.

AHanu3 CMeNeHUH B IJIaHE BBIIOJIHEH Ha OCHOBE KOMIIO-
HEHTHBIX U3MEHEHUM koopauHaT X u'Y U1 BCEX MOHUTOPUH-
TOBBIX TOYEK (puc. 4).

CMGLL!,EHME Mo KoOpAUHATamM X, Y MOHUTOPUHTOBbLIX TOYEK
0,016
0,014
0,012
0,010
0,008
0,006
0,004
0,002

0,000
M1 M2 M3 M4 M5 M6 M7 M8 M3 MI10 M1l M12 M13 M14 M15 M16 M17 M18 M19 M20

s CeHTABPL 2025 OkTabpb 2025 Hos6pb 2025

Puc. 4. JlnnamMmuka cMellleHHsI TOYEK B MJIaHe.
Cypert 4. Kocniapaarsl HYKTeJepaiH OPBIH aybIChHI
ANHAMHKACHI.

Figure 4. Dynamics of displacement of points in the plan.

[NonyyeHHass QUHAMHUKA IIEPEMEIICHUN JIEMOHCTPUPYET
BEKTOPHBIN XapakTep OCaJoK, IPH 3TOM HAIpAaBICHUS CMe-
LICHUI OCTAIOTCS COIVIACOBAHHBIMH U HE YKa3bIBAIOT Ha IO-
BOPOTHBIC HJIM KPEHOBBIC JeopMaluy 31aHus. DTO MO3BO-
JSIeT 3aKJIFOYUTh, YTO TOPU3OHTAJIBHBIC MEPEMELICHHS HOCST
PaBHOMEpHBII XapakTep M OTPaXKAKT OOLIYI TEHICHLHIO
VIDIOTHEHUsT OCHOBAHUS MOJ JIEHCTBUEM JKCILTyaTallHOHHBIX
Harpy3oK.

VYCTaHOBJICHO, YTO BEPTUKAJIBHBIE OCAIKU IPOHUCXOIST
MOCTENCHHO U PaBHOMEPHO, WX BEJIMYMHA HEBEJIHMKA U COOT-
BETCTBYET PACUCTHBIM 3HAYCHHSM, XapaKTePHBIM JUIsl 3TaHHI
JAHHOTO THIa W Bo3pacta [9]. OTCyTCTBHE PE3KUX CKAIKOB
B rpadukax CBHIETEIBCTBYET O CTaOWJIBHOCTH I'€OTeXHHYe-
CKOTO COCTOSIHUSI OCHOBaHHMSI, a TAK)KE O TOM, YTO BHCIIHHUE
BO3JICHCTBHS — Takue, KaKk BUOpalMd M M3MCHEHHE Harps-
KEHHO-1e()OPMUPOBAHHOTO COCTOSHHS IPYHTA MPH IIPOXOJIKE
TOHHEJICH — IIOKa He OKA3bIBAIOT CYLIECTBEHHOIO HETaTHBHOIO
BIIMSIHUS HA UCCIICyeMBbIi OOBEKT.

Oobcy:xkaeHne pe3yJibTaTOB

[IpoBeneHHBIE TEOAE3NYECKHE WCCICAOBAHUA W aHAJIN3
PE3YNIBTaTOB TPEX IMOCIEIOBATENFHBIX IIMKIOB MOHUTOPHHTA
MTO3BOJIIIIN YCTAaHOBUTb, YTO Ae(POpMaIOHHBIC TIPOLIECCH Ha
HCCIIEyeMOM 3IaHUU MUMEIOT PAaBHOMEPHBIH U IOCTETIEHHBIN
XapaxTep, 00yCIOBICHHBIN B TIEPBYIO OYepEb €CTECTBEHHBIM
YIUIOTHEHHEM TPYHTOB OCHOBAaHHUS M YCAIKOH KOHCTPYKITHIA
mon JeiictBueM cobctBeHHOro Beca [10, 11]. BrisBieHHBIC

BCPTUKAJIbHBIC U TOPHU3O0HTAJIbHBIC CMCIICHUSA MOHUTOPUHIO-
BbIX TOYCK HAXOAATCA B Npe€AciaxX HOPMAaTUBHO JOIYCTHUMBIX
3HAYEHUM U HE CBUACTCIILCTBYIOT O BOBHMKHOBECHUM OIMACHBIX
WJIN aHOMAJIbHBIX Jie(hOpMalMid, CIIOCOOHBIX HOBJIUSTH Ha IKC-
IUTyaTalHOHHYIO Ha/Ie)KHOCTh COOPYIKEHHSI.

[TocTpoeHHBIE TpEeXMEpPHBIC MOJACIH W BH3yaJIM3alUs Jie-
(hOpMAaIMOHHBIX TMPOILECCOB IMOATBEPAMIA OTCYTCTBHE JIO-
KaJIbHBIX 30H HHTCHCUBHOI'O CMCIICHUS, 4 TUHAMHWKA U3MCHC-
HUSI BBICOTHBIX OTMETOK IOKa3ajia YCTOWYMBYHO TCHJICHIHIO
PaBHOMEPHOI'O OCeaHus 0e3 MPU3HAKOB KpeHa min audde-
PEeHIMATBHBIX Aedopmariuii. [Opu30oHTANIBHBIC TEPEMEIICHHUS
TAKXKe XapaKTePU3YIOTCs COIIACOBAHHOCTBIO HANPABJICHUH U
MaJIbIMH BECIIMYUHAMU, YTO IOATBECPKAACT CTa6l/IJ'l])HOCT]) KOH-
CTPYKTUBHOU CUCTEMBI 31aHUS B YCIIOBUSAX BO3AECHUCTBUSA MO/~
3EMHOT'0 CTPOUTEIIbCTBA.

BriBoabI

ITomy4yeHHbIe pe3ynbTaThl CBUAETENLCTBYIOT O TOM, YTO Ha
TEKYIIEM OTare BIHMSHUS CTPOMTENBHBIX paboT IO MPOXOJ-
K€ METPOIOJINTeHA U OJNM3JIexalled MaxThl Ha UCCIIeayeMoe
31aHue He HaOmiomaercs. OfHAKO CIOXKHAsg TeOTEeXHUUYECKas
oOcTaHOBKa paiioHa, HaIUYUe CeHCMUYecKuX (HaKTOpOB M
MPOJIOJIKAIONIEECS] CTPOMTENBLCTBO METPO  00YyCIIaBIHMBAIOT
HEOOXOIMMOCTh ITPOJOJDKEHHSI PErYJISIPHOTO TI'e0Je3MYeCKO-
ro MoHuTopuHra. JlanbHeile HaOIIOAEHHs TT03BOJIST CBO-
€BPEMEHHO BBIABIIATH BO3MOXKHBIE M3MEHEHHUS B HAIPSIKEH-
HO-/1e()OPMUPOBAHHOM COCTOSIHUHM COOpY)KEHHs M obecrieyar
Ha/IeKHYIO OCHOBY JUISI IPUHATHSA MHKESHEPHBIX PELICHUN 110
ero 0e30MacHO HKCILTyaTaIIH.

Ilo naHHBIM MOHHUTOPUMHTAa MOXHO CMEJO 3asBUTh, YTO
CABIDKCHHUS U TPOCATKU 3[aHUI HMMEIOT HEe3HAuUTeIbHbIE
oTKJIOHEHHs Ha 8—10 MM B miaHe ¥ JI0 8§ MM TI0 BBICOTHBIM
OTMeTKaM. BHOBb MOCTpOEHHbIE 37JaHUs, TAKUE KaK aJMHHU-
cTpatuBHOE 31aHue Ha Abas 90, xxuioi komiuieke «MocKBay»
u TPII «MocKBa» UCKIIIOUEHBI U3 PE3YJIETATOB MOHUTOPUHTA,
TaK KakK 3/1aHUs B TIEpBbIE TOBI TOCTPONKH UMEIOT €CTECTBEH-
HBIE 0Ca/I0YHbIE SBIEHUS U COCTABISIIOT 10 20 MM IO BBICOT-
HBIM OTMeTKaM. B nanpHelnem 3ty 37aHust IpeKpaTuiiv CBOO
€CTECTBEHHYIO OCafKy, HO 32 HEIOCTATOYHOCTHIO NMPOBEACH-
HBIX [IUKJIOB OBUIH UCKIFOYEHBI U3 PE3YJIBTATOB Fe01e3MYECKO-
IO MOHUTOPHHTA.

[TockonbKy MOHUTOPHUHT POIOIDKAETCS, IM(BPOBAst MOJIENb
OyzieT U Janee yTOUHSTHCS ¥ JOTIONHSITHCSI HOBBIMH JIAHHBIMH.
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*A.E. T'oab0epT
(2. Menxenenaobax, gpedepanvrasn semns Cesepusiii Petin — Becmepanus, I'epmanus)

I'OPHASA MEXAHUKA: HOBAAS
MHTEPIIPETAIIUA CTAPOI'O TEPMHUHA

AunHoTaums. B cratbe paccMaTpuBaroTCs 0OBEKTHI U HATIPABICHUS MCCIICOBAHUI B OAHOM U3 Pa3/Ie/IOB TOPHON HayKH, KOTOPbI Ha3biBaeTcs «[OpHAs MEXaHHKa».
ITo Bceit BuAMMOCTH, ycTOHUNBOE clIOBOCOUeTaHNE «[ OpHAsS MeXaHMKa» KaK TEPMUH UMEET OTHOIICHHE CKOPEe K CJI0XKUBIICHCS B COBETCKOM M POCCHIACKOi TOpHOI Hayke
TpajuIHy, 4eM K popManbHOii cemanTtuke. ITo cyTn, ropHas MexaHHKa pacrajach Ha OT/EJIbHBIC OTpAcii. ABTOpP NMpeJIaraeT BbIACIUTEL HOBBIH, CYIIECTBEHHO OTIHYA-
JOLIMHCS OT CyLIECTBYIOIIEro, pa3/iesl TOPHOI HAYKM M Ha3BaTh €ro CTApbIM TEPMUHOM «[OpHas MeXaHHKay... POxJIeHHe TOro pasjiesna Ha MPAKTUKE MOXKHO CBS3aTh C
Ba)KHBIMHU cOOBITHsIMHU B HOBeiinieit ncropun CCCP, a MIMEHHO — ¢ BOCCTAHOBJICHHEM 3aTOINICHHBIX IaxT Jlonbacca BO Bpems U cpasy mocne Benukoit OtedecTBeHHON
BOMHBI 1941-1945 romos.

Kniouesvie cnoga: copnas nayka, 20pHas MeXAHUKa, waxma, CMayuUoOHapHAs YCMAHOSKA, CIMAYUOHAPHAS MAWUHA, IPIUGM, npeomem ucciedo6anus, ooujee mecmo-
noJ0diCeHIe, ONMUMATbHAA KOMNOHOBKA, COBMECIHAS SKCNILYAMAYUS.

Tay sKbIHBICTAPBI MEXaHMKACHI: €CKi TEPMUHHIH KaHA TyciHaipmeci

Anaarna. by Makanaja Tay-KeH FhUTBIMBIHBIH « Tay-KeH MeXaHMKachl» JICM aTalaThlH CAJIACHIHBIH HBICAHAAphl MEH 3epTTey OarbITTaphl KapacThIpbliazsl. lllamackr,
«Tay-KeH MEXaHMKAcChl» JI€reH TYPAKThl CO3 TIPKECi TEPMUH PETIH/IE OHbIH PECMHU CEMAHTHKAChIHA KAPAFaH/1a KEHECTIK KOHE PeCeilliK Tay-KeH FhLIbIMbIH/IAFbl KaJIbITITAC-
KaH 1ocTypre kebipek KarbicThl. Herisinze, Tay-keH MeXxaHuKachl Oeiek caanapra OeJIIeKTeHIeH. ABTOP Tay-KeH FhUIbIMBIHBIH KOJIIAHBICTAFbIIAH aliTapIbIKTall e3remie
JKaHA CaJIaChlH aHBIKTAI, OHbI ecKi «Tay-KeH MEXaHMKACh» TEPMHUHIMEH aTay/bl YChiHaAbL. byl cananblH naiina GomysiH ic xy3inae KCPO-HBIH COHFBI TapHXbIHAAFbI
MaHbI3/Ibl OKHFalapMeH, atan aiTkanaa, 1941-1945 xeinnapaarst ¥asl OTaH COFBICH! Ke3iHze xoHe onaH keifin Jlon6accra cy 6ackaH maxrauapibl KajllbiHa KelITipyMeH
OaillaHbICTBIpyFa Ooapbl.

Tyitinoi co30ep: may-ken bLibIMbl, MAY-KeH MEXAHUKACHL, WAXMA, CINAYUOHAPIbIK OPHANTY, CMAYUOHAPIbIK MAWUHA, dye Koai2l, 3epmmey makblpblObl, JHcalnbl OpHA-
J1ACYbl, OHMAUNLL OPHANACYL, OiprecKel nauoaniamny.

Mining Mechanics: a new interpretation of an old term

Abstract. This article examines the objects and research directions of a branch of mining science called «Mining Mechanics». Apparently, the fixed phrase «Mining
Mechanics» as a term relates more to the established tradition in Soviet and Russian mining science than to its formal semantics. Essentially, mining mechanics has frag-
mented into separate branches. The author proposes identifying a new branch of mining science, significantly different from the existing one, and calling it by the old term
«Mining Mechanics». The emergence of this branch can be linked in practice to important events in the recent history of the USSR, namely, the restoration of flooded mines
in the Donbass during and immediately after the Great Patriotic War of 1941-1945.

Key words: mining science, mining mechanics, mine, stationary installation, stationary machine, airlift, research subject, general location, optimal layout, joint
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lopHast MexaHMKa, KaK M3BECTHO, UCCIEIYeT CTaIOHAp-
HBIE YCTAaHOBKHM TOPHOJOOBIBAIOIINX Npeanpuatiuii. OHa u3-
y4aeT MPUHIMIBI padOThI, Ha3HAYEHUE, YCTPOMCTBO, TEXHU-
YEeCKYI0 AKCIUTyaTaluio (MHOTAAa W PEMOHT) CTallMOHApHBIX
MalllH U COOTBETCTBYIOIIMX yCTaHOBOK B nesioM. K crarm-
OHApHBIM YCTaHOBKAM OTHOCSTCS BEHTHJISITOPHBIE, BOJOOT-
JIMBHBIE, THEBMATHYECKHE U MOABEMHBIC yCTAaHOBKH. MHOTIA
K HAM J00aBIISIOT KaJlopu(epHbIE U BO3/LyX00XJIQAUTEIbHbIE
ycTaHOBKU. CylIeCTBYIOT TEPMHUHBI, OTPAXKAIOIIUE Ppeab-
HOCTh: «CTaI[IOHAPHBIE YCTAHOBKH MIAXT», «CTAI[IOHAPHBIC
YCT@aHOBKH DYIHHKOBY», «CTal[MOHApHBIE YCTAaHOBKH Kapbe-
poB (pa3pe3oB)». Hepenko MX MCHONB3YIOT MO OTAEIHHOCTH,
HarpuMmep, «BOAOOTIMBHAS WIIM MOJbEMHAs (CTallMOHApHAs)
YCTaHOBKaA LIaXThl», cM. Takxke [1, 2, 3]. BMecre ¢ TeM TepMuH
«Topnas mexanuka» (nanee 'M) 10 cux 1op OKOHYATEIBHO HE
BBILIE M3 YIOTPEOJICHUS! M UCTIONIB3yeTCs, HalpuMep, B Ha-
3BaHMM U3BECTHOTO yueOHUKa [4], vHOTAA Aa)Ke HEBEPHO WIIN
HEO/HO3HAYHO, KaK, Harrpumep, B padore [5]. OqHako, kak HaM
TIPE/ICTABIISIETCS], B JIIOOOM ClTydae — HEOOOCHOBAHHO... ABTOP
HACTOSIIEH CTaThby MPEUIOXKHI HCIIOJIB30BATh €T0 TI0-HOBOMY,
TO €CTb IPHUJIATh €My CMBICH, OTJIMYHBIH OT CYIIECTBYIOIIETO.

OcHoBHAsI YaCTh

[To Bcelt BUAMMOCTH, CO BPEMEHH CBOETO OCHOBAHHS TOP-
HO3aBOJICKasl MeXaHUKa, mo3aaee ['M, 3aHuManach N3y4eHueM
MEXaHM3alMK BCEX MPOLECCOB B TOPHOM Ipou3BoacTBe. OHa
omHchIBaja, 0000maNa 1 uccaeoBaia BCE CYIICCTBOBABIINE
Ha TO BpeMs W BHOBB CO3J]aBaeMbIe TOpPHBIC MamnHbL. KoHeu-
HO, camMoe OOJbIIOe BHUMAHHE YICISUIIOCH CTAIllHOHAPHBIM
MallliHAM ¥ yCTaHOBKAaM KakK HamOoJiee BaKHBIM ITPOU3BOJI-
CTBCHHBIM O00BEKTaM, 0e3 KOTOPBIX TOPHBIC MPEATPHUSITHS C
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MIPOMBINIJICHHBIM YPOBHEM TOOBIYM JIaXKe TOTJa HE MOTIHU CY-
IIECTBOBaTh. B TO e BpeMs TOpHBIC MAIIMHBI IPYTUX (QYHK-
[OHUOHAJBHBIX TPYIII, €CIH W CYIIECTBOBAJIH, TO HAXOIWINACH
«B 3a4aTOYHOM COCTOSHHM». [lo3kKe, M0 Mepe peasbHOTO HX
pa3BUTHs, MPOU30NUIA M TUPPEPEHINAUST COOTBETCTBYIO-
mwx quctuiuirH. K I'M oTonnim Te, KoTophie K TOMY BPeMEHU
OBLIM HCCIIEIOBAHbI €€ CHUJIaMHU B 3HAYUTEILHON CTEIEeHH, U
9TO, KaK YK€ YIIOMHHAIOCH, — IIOXBEMHEIC, BEHTHISATOPHBIC,
BOIIOOT/IMBHBIC U ITHEBMATHYECKHE CTAMOHAPHBIC yCTAHOB-
ku. luddepeHnnanus u HHTETpanus — HOpMallbHBIE TIPOIIec-
CBHI B IIOCTYNATEIIFHOM Pa3BUTHH HAYKH, KOTOPBIE HE MOTYT
OBITh aJICKBAaTHO OIICHEHBI MCKITIOYUTEIIFHO «CHIOMUHY THBIMHU
pe3yibTaTaMmy, Kylia BayKHEE — IIEPCIICKTHBA. . .

PasMbllIeHNs] B 9TOM KJIHOU€ MOABEIN HAC K MBICIH O TOM,
YTO B IIEPHUOIBI CBOCTO OCHOBaHUS U cTaHOBIeHUS ['M He Oblia
OpPraHUYHOM LIETbHON HAyYHOM AMCUMIUIMHOM, M YTO JUIs Ha-
Yaja — 3T0 HopMaibHO. Ho HE MpOM30ILI0 3TOr0 U MOCIIe YIIo-
MSHYTOTO paszelieHus, korna I'M ocranack B (popManIbHO Cy-
MIECTBYIOIIEM JI0 HACTOSIIETO BpEMEHH BHE. Takum oOpazoM,
KOHCTaTHPYeM: IIEHTPOOCKHBIC TCHACHIINU y>Ke BO300IIaTaIH.
Kyma MmoxeT OBITh HallpaBIICH BEKTOP TOCIEAYFOIIIX CTPYKTYP-
HBIX TTpeoOpazoBanHuii? OO 3TOM Jasbllle ¥ HOHIET peyb.

Ecnu 3amarecst 1enbo, MOKHO 3aMETHTh, YTO CYIIECTBYIO-
e, naxke (GopMmaibHO, TpaHUIBl uccienoBannii [ M To9HO
HE OTIPE/EeNICHBI, & MECTaMHU, HABEPHOE, H COBCEM Pa3MBITHL.
TakuM MOI0KEHUEM OTIACTH MOKHO OOBSCHUTD MMPAKTHICCKI
HE3aBHCUMOE JIPYT OT Jpyra CyIICCTBOBAaHHE M Pa3BHTHE OT-
JEIbHBIX IUCHMIUIMH B M Kak caMOIOCTAaTOYHBIX. Tak WA
nHaye, Ho ['M Kak emuHOro paszenia TOPHOH HAyKH C Ompee-
JIEHHOU CTPYKTYpOH cerofHsi He cyuiecTByeT. ClioBOM, IoJia-
raeM, 4To HEOOXOJUMO CO3[1aTh WIIM OCHOBATh — €CJIM I103BO-
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JIUTEJIBHO TaK BbIpa3uThes, — ['M 3anoBo. Crasio ObITh, Ipe-
K€ BCEIO CJIELYET MOIBITAThCS ONPEACIUTh IPEAMET UCCIIe-
JIOBaHMsI HOBOW OTPACIU FOPHOU HAYKU CO CTApbIM, IIPUBbIY-
HBIM Ha3BaHueM. U B Ipeu10:keHNU K paCCMOTPEHUI0 UMEHHO
3TOrO MPEAMETa, OIPEAEIISIIOIIEIO 110 CYIIECTBY CTPYKTYpY U
cojiepykaHue IMoka Hew3BecTHOUM ['M, BKIIIOYAOIIECTO B ceOst
TEOPETUYECKUE U IPUKIIAJHBIE HCCIENOBAHUS, 3AKIFOYACTCS
njest HacTosIe paboThI.

Het 0co00ii HyX /bl OOCTOSITEIBHO OCTAHABIMBATHCS Ha
pa3IMYMAX MEXIY MOHATHUSAMH «CTallMOHApPHAs MAIIWHA» U
«CTalOHapHas yCTaHOBKay. OJHAKO MMEHHO 3TH MOHATHS
CuMTaeM HEOOXOJMMBIM Pa3BECTH — €CIIM MOXKHO TaK BbIpa-
3UThCS — Ha JICHCTBEHHOM ypoBHe. Takum oOpa3om, uccieno-
BAaHUE CTALMOHAPHBIX MAIIUH KaK TAKOBBIX — HACKOJIBKO 3TO
BO3MOYKHO C MHHHMAJIBHBIM YIIEPOOM sl MOCIEIYIOINX
pe3y/nbTaToOB — CIIEyeT BBIBECTH 3a Ipeaelibl uHTepecos ['M.
Tak, craniMOHapHBIE KOMIIPECCOPBI, IPUMEHIEMbIE BO MHOTUX
OTpaciisIX IHPOMBIIIICHHOCTH, AABHO SBISIOTCA [PEAMETOM
U3Yy4EHHUs CIELMAIBHON HAy4YHO-TEXHUUYECKOM OTpaciy, B ap-
CeHaJle KOTOPOil UMEIOTCs crielu(uiecKkue TeopeTuIeckKue u
SKCIIEPUMEHTAIIbHBIE MCCIeA0BaHuss. Bo MHOrOM Bce CKa3zaH-
HOE 0 KOMIIpeccopax MOXKeT OBbITh PACIPOCTPAHEHO Ha HACOCHI
U BEHTUJIATOPBL. B TO 7€ BpeMs1, Ha UCCIIEJ0BAHNUS [1I0IbEMHBIX
MAIIIMH CO CIOKHBIMU IPUBOAAMHU M TOPMO3HBIMHU CHCTEMaMHU
3TO IPABUIJIO HE paclpocTpaHsieTcs B MOJHON Mepe. U B aToM
cllydae, 4aule, Kak MUHMMYM, 4Y€M B JIPYIUX, CIIELUAIUCTHI B
obnactu 'M MOTyT COTpyIHHYATH CO CICIUATMCTAME CMEXK-
HBIX HAayYHBIX AUCLUIUINH Ha IIOCTOSHHON OCHOBE.

Mbl mpeanaraiy Ha CyJ MH)XXEHEPHOM OOLIECTBEHHOCTH
IIPOEKT — Hallly TOYKY 3PEHUs HA IPEAMET HCCICIOBaHUS
MPEUIOKCHHOM HaMu 00HOBIIeHHO# ['M [6, 7]. OHa ObL1a o11e-
HEHA HEOJIHO3HAUHO, U €€ CJIELYET YTOUHUTD, KAK IIPEIJI0KEHO
HUKE.

I'M — 5710 pa3znen ropHON HayKu, UM TEXHUUYECKAs OTPaCIlb
Hay4HbIX 3HAHUU, U3ydarollas yCTPOMCTBO U JKCILIyaTallUIo
CTAalMOHAPHBIX YCTAHOBOK T'OPHOJOOBIBAIOLIMX IPEIIIPHS-
tuid. IIpu 3TOM HUCCIIeAOBaHUSMU CTAaLlMOHAPHBIX MAalIUH, 3a
HCKJIIOYCHUEM HUCCIIEI0BAaHUM HA IPEAMET UX PEryIupOBaHUs
U DKCIUIyaTalliu B COCTABE CTAllMOHAPHBIX YCTaHOBOK, M He
3aHuMaercsa. Ecnu cTannoHapHble MalMHbI (BUI, P, MOAU-
(bUKaLys, TUIT U T. JI. MALIKH ) UCCIETYIOTCS C LEIbIO IIPUMEHe-
HUSI UCKJIIOUUTEJIBHO B TOPHOM J€JIe WM TaKOe IIPUMEHEHUE
CYILECTBEHHO BIIHMSET HA X MPUHLIUI PabOThI, KOHCTPYKIIHIO,
CXEMy U T. Il., TO UCCJICJOBAHUS, OTPAKAIOLIUE BIUSIHUE ITOU
crienupUIeckor SKCIUTyaTalluy, BXOIST B KPYr HHTEPECOB
I'M. U B 3T0# yacTH Hay4HBIX padoT crienuaaucTsl I'M nomk-
HBI COTPYAHNYATh CO CIIELUANNCTAMU APYTUX CMEKHBIX Hayd-
HBIX oTpacineil. Pazymeercs, m060e U3 MPUBEACHHBIX YTBEPK-
JICHUI1 He JI0rMa, ¥ MOT'YT ObITh 000CHOBAHHBIC MCKIIIOUEHHS
13 MIPABUJI, HO BAXKHO BCE )K€, YTOOBI 3TH MpaBuiia ObLIH.

Hrak, He 3aHATas TEOPETUYECKUMHU UCCIIEJOBAHUAMHU CTa-
LMOHAPHBIX MamuH, I'M MOXXeT COCpeIoTOYUTHCS Ha APYTHX
3HAYMMBIX KOMIIOHEHTAaX CTAalMOHApHbIX YCTaHOBOK. Ilpu
STOM Hapsily ¢ IapajuleJIbHbIMM MCCIEJIOBAaHUSAMU DPAa3HBIX
YCTAHOBOK, BHUMaHHUE JIOJDKHO OBITh YIIEJIEHO COBMEIIECHHBIM
(!) ux uccrenoBaHUsAM, TIOTOMY YTO Ha CTBHIKE CYIIECTBYIOIIHNX
Hay4yHbIX HarpaBieHud ['M MOKHO OXKUAATh 3HAYUTEIbHBIX
JOCTIIKEHUI, B TOM YHCIIE U TI0 CO3aHHUI0 HOBBIX, OoJiee co-
BEPLICHHBIX CTALlMOHAPHBIX YCTaHOBOK.

PesynbraroM Hammx HaOMIOAEHUH M pa3MBIIUICHUH O TOM,
YTO MOXKET OBITh TEM LIEMEHTOM, KOTOPBIN CKPETIeT BOSIUHO
BCE CTallMOHAPHbIE YCTAHOBKH U JIa€T OCHOBAaHHE MOIU(PHUIIH-
poBaHHON I'M ObITH IIeNBHON HAYYHON TUCHUIUIMHOW, CTajIo
cienyroniee. B ocHoBe Takoro enuHcTBa — HE OOIIHOCTH (H-
3MYECKHX MPOLIECCOB U MPUHIIUIIOB Pa0OThI, HE HIEHTHYHOCTD
KOHCTPYKIMH KOMIIOHEHTOB U YCTaHOBOK B I1eJIoM (y JIomacT-
HBIX MAallMH M yCTaHOBOK KaHATHOTO IOAbEMAa €€ HeT), —
a «(yHKIIMOHAILHOE MOJI00KE» KOMIIOHCHTOB CTAI[HOHAPHBIX
YCTaHOBOK COBEPIIEHHO pa3HbIX BHJIOB M cucteM. Ecnu mo-
CMOTpPETh Ha BEHTWJIATOPHBIE, HACOCHBIE, KOMIIPECCOPHBIE U
MOIbEMHBIE YCTAHOBKH BCEX CHCTEM IIIyOKe, C TOUKH 3PEHHMs
HEIMOCPEICTBEHHO BBIMOIHAEMON (DYHKIIMH 1 OE30THOCHUTEIb-
HO peanun3yeMoii 1eau (Ha3Ha4YeHus1), TO CTAHET SICHO, YTO BCE
OHM SIBJIAIOTCS TPAHCIOPTUPYIOUIMMHU CpeACTBAMU. Takum
00pa3oM, B OJIHHX I10 BBIIOJHIEMOW (YHKIMU CTalHOHAp-
HBIX YCTaHOBKaX MOTYT OBbITh HIPUMEHEHBI KOMIIOHEHTBI JIpy-
I'MX CTalMOHAPHBIX YCTaHOBOK. IIpenenpHblil ciaydyail Takoro
npeoOpa3oBaHus — ITO KOrna MOIU(UIMPOBAHHAS YCTaHOBKA
OJIHOTO BU/Ia Oy/IET BBINOJIHATH (DYHKIIMH YCTAHOBKH JPYroOro
Bua. M mpennochuikoit 3TOro sBngercs olliee MecTONoo-
JKeHHE OT/AENbHBIX 3HAYMMbIX KOMIIOHEHTOB pPa3HBIX yCTaHO-
BOK. IIpexsie Bcero, TakMM MECTOM SBJISIETCS CTBOJI LIAXTHI C
MIPUMBIKAIOIIMH K HEMY KOTIPOM U OKOJIOCTBOJIBHBIM JIBOPOM
(npucTBONBEHBIME Kamepamu). OTHaKO ATO MOTYT OBITh U JIpy-
T'Mie TOPHBIE BBIPAOOTKH, HAIPUMED, BOJOCOOPHUKH.

Temepbs nanuM HEKOTOPBIE PA3bSICHEHUS OTHOCUTEIb-
HO CTallMOHAPHBIX MalinH. Takue MallMHbBI JTOJDKHBI OBbITh
B LICHTPE BHUMAaHMs MHTEIUIEKTyanbHbIX cuil I'M. W 3anaua
I'M cocrout B TOM, 4TOOBI ONTHMAJILHO MX BBIOMPATH, Pery-
JUPOBATh, BapbUPOBaTh UX BO3MOXKHOCTH M UMM CaMHMHU B
pa3HBIX CTAIlMOHAPHBIX ycTaHOBKaxX. CTallmoHapHas MalllHa,
pasymeercsi, — 00s13aTeNIbHbI KOMIIOHEHT YCTaHOBKH, HO HE
00s13aTeIbHBII KOMIIOHEHT YCTaHOBOK TOJBKO OJHOTO BHUJA.
MamuHaMy B yCTaHOBKaX HpU MPOEKTUPOBAHUHM MOYKHO Ba-
PbUPOBaTh, OHU, KAK BAPUAHTBI YCTPOMCTBA KOHKPETHOM ycTa-
HOBKH, MOT'YT «KOHKYPUPOBaTh)» Mex 1y coOoii. B peannzanun
TaKUX MCCIENOBAaHUU — OJHA U3 LEJIed NaHHOM Hayku. Tak,
HalpuMep, MaliHa-Hacoc (YIecoc) MOXKeT HETPAJUIIMOHHO
WCIIOJIb30BaThCs B I'PY30BOM MOABEMHON yCTAaHOBKE Ha Ha-
KJIOHHOM CTBOJI€ JUIsl BBIIaUuU Ha MOBEPXHOCTH BOAOYTOIBHOM
CMeCH; NMOABEMHAs MalllMHAa — B BOJAOOTIMBHOW YCTaHOBKE
(BOIOOTIIMB MOABEMHBIMH COCYAaMH — CKHITAMH WM 0ajIbsi-
MH); TTHEBMOZHEpreTHyecKas MalliHa — KOMIIpeccop B Ipy-
30BOM IMOABEMHOW M BOJOOTIMBHOH ycTaHOBKax (3piaudr).
B ozHOl ycTaHOBKE MOXET OBITH IPUMEHEHO HECKOJIBKO OI-
HOPOAHBIX CTALMOHAPHBIX MAIIMH. DTO MHOTOCTYTEHYaTHII
KaHATHBIH MOEM Ha CBEPXIITyOOKOM BEPTHKAIBLHOM CTBOJIE,
a TaKKe — BOJOOTIIMB Ha ITyOOKOM BEPTHKaJbHOM CTBOJIE C
MOCIIEIOBATENIEHO BKJIIOYEHHBIMU OCHOBHBIMHU WJIH OCHOBHBI-
MU ¥ MOJIIOPHBIMH LIEHTPOOEKHBIMU HIIM JIPyTUMU Hacoca-
MH. MoryT ObITh HCIIOJIb30BaHbI B OJIHOW YCTaHOBKE U Pa3HbIC
CTallMOHAapHbIE MalIuHbI. Hampumep, moxbeMHas MalldHa U
Hacoc. ITO BOJOOTIUB NOABEMHBIMH COCYIaMH, B KOTOPBIE 3a-
Ka4uMBaIOT BOJly HacocaMu. B BOIOOTIIMBHON yCTaHOBKE HACOC
MOXET paboTarh ¥ MOCICIOBATEIILHO C IPIUPTOM, YTO MO3BO-
JIUT NOAHUMATh OTKAYMBAEMYIO BOJTy Ha BBICOTY, 3HAUUTEIHLHO
MPEBBIIAIOIIYI0 TEXHUYECKHE BO3MOXKHOCTH pPabOTaIOIINX
HE3aBHCUMO JIPYyT OT JIpyra Takux Hacoca u spiudra. U Tyt
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TaKk)Ke MPHUCYTCTBYET B3aMMOJECHUCTBHE JIBYX CTAllMOHAPHBIX
MalIMH — HACOCAa U KOMIIPECCOPA B OIHOM YCTaHOBKE.

Panee ObuIO yKa3aHO, YTO CTal[MOHAPHBIE YCTAHOBKH 00-
Hapy)KMBAIOT CBOMCTBa, OOYCIIOBJIEHHBIE COBMEILCHHOW HX
SKCIUTyaTaleil B MpoCcTpaHcTBE. B yucie npounx cBOMCTB —
B3aMMOCBSI3b, @ HHOTTA M «B3aMMO3aBUCHUMOCTH». Bo3MoxHO
CYIIECTBOBaHUE OOLIMX KOMIIOHEHTOB, KOTOpPBIE OIIEPEMEH-
HO WJIM OJJHOBPEMEHHO BBINIOJHSIOT CBOM (DYHKLUH B pPa3HBIX
ycTraHOBKaX. TakMM KOMIIOHEHTOM, B YaCTHOCTH, MOXKET ObITh
cTallMoHapHasi MamuHa. My, HampumMep, TpyoOnpoBos, ciay-
KAl U1 OTKaYKU BOJBI M3 IIAXTHI HA TIOBEPXHOCTh, MPHU
3apaHee CIPOEKTUPOBAHHOM CUCTEME OTBOIOB U 3a/IBUIKEK, B
cilyyae HEOOXOIMMOCTH, MOXKET UIpaTh PoJib BO3LYXOIPOBO-
J1a, MUTAIOLIEr0 MOA3EMHOE MPENIPUITHE ITHEBMOIHEPIUEH.
ITos1blil IPOBOJHUK ITOLEMHON YCTAHOBKU II0CJIE pEaI3aluu
HEKOTOPBIX CIEIHATBHBIX TEXHUYECKUX PEIICHUI MOXKET CIIy-
KHUTh OJIHOBPEMEHHO MPOBOJHUKOM U TPYOOIPOBOIOM, OCY-
IECTBIISIIOIUM BMECTE CO CBOEH IepBOHaYaIbHOMN (yHKIUeH
BbIJIauy M3 IAXTHI BOJBI WM MIOIa4y B HEE CXKATOTr0 BO3LyXa 110
n3o0perenuto aBropa [8]. [Ipu 3TOM IPOBOAHUK-TPYOOIIPOBOT
OyzeT paboTaTh OJIHOBPEMEHHO HAPYKHOM M BHYTPEHHEH CBO-
MU TOBEPXHOCTSMH, HE TOBOPS O APYTHX IMOJOXKUTEIBHBIX
3¢ peKTax TaHHOrO TEXHUYECKOTO PEIICHUS.

B3anmopeiicTBue cralOHApHBIX YCTAaHOBOK MOXET OBITh
HE TOJBKO MPSAMBIM, HO U onocpenoBaHHbIM. [Ipu aToMm ycra-
HOBKHM, KaK U B IIEPBOM Cilydae, CBsI3aHbl (DYHKIMOHAIBHO.
B kauectBe mpumepa — uszoOpereHue aBropa [9]. B coor-
BETCTBHM C JAaHHBIM TEXHUYECKHM pEIIEHHEM pa3rpy30uHas
JIs171a TIPOXOTYECKOro 0aJIeHOro KOMIUIEKCA UCTIONb3YeTCs Ha
BEHTWISAIIMOHHOM CTBOJIE SKCIUTyaTHpyeMoH IaxTel. Takas
JIJa CIIy’)KUT OJHOBPEMEHHO YCTPOWCTBOM ISl PA3rpy3Ku
MOABEMHBIX COCYIOB (0asieit) U Py ITOM SIBJISIETCS] BEHTHIIS-
LIUOHHOW JBEPhIO IILTI03a, NMPEeJOTBpallaoNneii paboTry BeH-
TUISATOpPA TVIABHOTO TNPOBETPUBAHUS IIAXThl HA PEIUPKYIIs-
uuo. Jlpyrumu ciioBamM, OHa OJIHOBPEMEHHO 00ecIeYHnBaeT
nojiiep>KaHle HOPMalbHBIX MapaMeTpOB BO3AYIIHOW CTPYyH,
MIPOBETPUBAIOIIEH IIAXTY, U HOPMAJIBHYIO Pa0OTy MOABEMHOM
YCT@HOBKH, OOCIYXMBAIOLIeH YNIyOKY BEHTHJISILIMOHHOIO
CTBOJIa JICWCTBYIOLIETO TOPHOMOOBIBAIOLIETO IPEATIPUSTHS.
B onucannoMm u3o0pereHnn (YyCTpOWCTBE) MOIUPHUIMPOBAH-
Hasl pas3rpy304Has Jisijia SIBISETCS HEOThEMIIEMBIM 000pY/I0-
BaHUEM IIOABEMHOM yCTaHOBKH. B TO ke Bpems 3Ta ke Jisija
SIBJISIETCS M BEHTUWJISIUMOHHOM JIBEPHIO — YCTPOMCTBOM CHCTE-
MBbl BEHTHJISILIUK IAXThI, JTOMOJHSIOMNM (DYHKIMIO BEHTHIIS-
TOPHOH yCTaHOBKHM. MTak, MOXKHO BHAETH II€Jeco00pa3Hoe
B3aMMOJICHCTBUE JIBYX CTAllMOHAPHBIX YCTAHOBOK, KOTOPOE,
KaK MHHUMYM, T03BOJMJIO 3HAYUTEIBHO YIPOCTHTH padoTy
0aIeiiHOr0 KOMIUIEKCAa B BEHTHJISILIMOHHOM CTBOJIE MJIH BOOO-
L€ CLIENIAJI0 €€ BO3MOYKHOM B 3TUX HEIIPOCTBIX YCIOBUSX.

3aki04eHue

Wrak, Mbl IpUBENIU Jal€KO HE MOJHBIN IEepeyeHb U3BECT-
HBIX BAPMAHTOB HECTAHJAPTHOIO IPUMEHEHHUS CTALlMOHAPHBIX
MalllMH U JIPYTUX KOMIIOHEHTOB CTAllMOHAPHBIX YCTAHOBOK.
Eme Gosbliie OpUrHHANBHBIX TEXHUYECKUX PELICHUH B ATOU
00JIaCTH OCTArOTCS IOKA HEU3BECTHBIMH. JleHCTBUTEIBHO,
ToJIe JUIsl TIOMCKA BeChMa OOLIMPHO, 1aXKe €CIIM HCCIIeIOBaHHE

U CO3/IaHHe COOCTBEHHO CTAllMOHAPHBIX MAIIUH OCTaHyTCs 3a
ero ImpejenamH.

D¢ dexTuBHOE U TTOBCEMECTHOE HCIOIb30BAHUE BO3MOXK-
HOCTEH COBMECTHOM AKCILTyaTallMM CTAallMOHApPHBIX YCTaHO-
BOK IIAXT U MX KOMIIOHCHTOB Ha IMPAKTHUYC€CKOM YPOBHE MbI
HaOroaeM B HoBeite# ucropun Coerckoro Coro3a, BO Bpe-
Ms U cpa3y nocie Benukoit OteuecTBeHHOM BoHHBL. B mepuos
BOCCTAHOBJICHUSA B30OPBAHHBIX U 3aTOIJICHHBIX HIAXT OTKa4Ka
BOJIbl M3 HUX HAUMHAJIACh cpa3y IOcCJe OTCTYIUICHUS HeMell-
KO-(aIIMCTCKUX 3aXBaTYMKOB. DTO MaciTaOHOE COOBITHE B
CCCP, B ocHOBHOM Ha 11axTax Jlonbacca, 1o CymecTBy U siB-
JIIETCS, C HALlleH TOYKU 3PEHUs], OTIIPABHOM TOYKOMU, WM Bpe-
MEHEM U MeCTOM poxaeHUs Toi I'M, KOTOPYIO MBI 10 CUX 110D
HACTONYMBO mpejyiaraeM ocHosars [10], puc. 1'.

PABOTHI NAYPEATOB CTANMHCHOW NPEMHWKU
¥ e Mt

70CE 3ATOMMEHHIM, YHHATOHCHHLIN, OO
uGeRHEM CTHxueR BOMM. Jlereswta STa mod-
-

Xonaa wWeIOBEK ellie He
yMeR GOOTLCH © 1AM IPHROAH, YTIDee~
AATE WM.

Temeps macrann npyrwe Dpesena. Ue-
onext cran xoamoM TPAPOAM. Tlo cucel

KalanH, COREEIFET MODA, OpOaeT Ty-
crumn Ho XBaTHT AR YEN0BEYECKI CIRT
Ha 70, TTO0H BHYEPNZTL MOPE, MOPETOT-
seMuoft BOAM, 3TOM JAy§lIE CTPOOHTH
Boocramosureneil  LowGacea, HarHasmINX
MOpE %O CBOHX JATONACHHBX LIAXT.

Pacnpedeaenue xoausecréa 80dvi no 2o-
pusor cca,

Puc. 1. PacnpeneJieHue Ko1u4ecTBa BOAbI 110 TOPU30HTAM
maxt /londacca.
Cyper 1. lon6acc maxrajapbIHbIH TOPU30HTTAPBI
OoMibIHIIIA Cy MOJILIEPiH §0.Ty.
Figure 1. Distribution of the amount of water along the
horizons of the Donbass mines.

B Ilocranosnennn Cosera Munuctpos CCCP «O mpucyx-
neany CTaTMHCKUX MPEMHH 32 BBIJAIONINECS N300PETEHUsS U
KOPEHHBIE yCOBEPIICHCTBOBAHUS METOAOB ITPOM3BOJICTBEH-
HOM paboTel 3a 1947 ron» (omybmukoBaHo B razere «IIpas-
nma» 3 nroHs 1948 roma) 3HaUMIOCKH: MpHCyAuTh CTaTHHCKYIO
npemuto IlepBoil cTeneHu pyKOBOAMTEISIM MU CHELMAIUCTAM
(B TOM UmnCIEe ITIAaBHBIM MEXaHHKAaM M IIABHBIM KOHCTPYKTO-
pam) 3a pa3paboTKy W BHEIPECHHE TTePEIOBBIX METOIOB OTKAY-
KM 3aTOIICHHBIX maxT JloHOacca M BOCCTaHOBIEHHE TOPHOTO
000pyNOBaHUs, 3HAYUTEIHHO YCKOPUBIIMX TEMIIBI BOCCTa-
nosnenus Jlorbacca. B cmucke HarpaxmeHHBIX — 17 maypea-
TOB. MBICIIEHHO OIVISIBIBASICH B TO HETIPOCTOE BPEMS, MOKHO
MIPETIONOKUTH, YTO TOCTOMHBIX OBLIO HAMHOTO OObIIe. DTH
3aMeyareNbHbIC CTPAHMIBI OTEYCCTBEHHOW HCTOPHH MOTYT
CIly’)XHTbh PETPOCIICKTUBHBIM CBHIETEILCTBOM 0OOCHOBaHHO-
CTH HAIIMX MPUTA3aHUH HA OCHOBAHHME HOBOTO Pa3Jieiia TOPHO-
TO JIeNa, IMEIOILETO MPEATIOKCHHBINH HAMHU IIPEIMET U3y ICHUSL.

BbiBoabI

Ceronns I'M kak paszen TOpHOH HAYKH WM HAydHAs JIHC-
LUIUJIMHA ¢ €AMHOM CTPYKTYpOU IO CYyTH [J€J1a HE CYLIECTBY-
er. OHa pacranach Ha OTICIBbHBIC OTPACIH, 3aHUMAOLIHECs

'Cm. ocypransryio cmamoio [10], komopyio npugooum Hudice 6 6ecbMa COKPAWeHHOM 8ude (cm. puc. 1).
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CTallMOHAPHBIMH MAIIMHAMH, HEPEJKO U COOTBETCTBYIOIIUMHU
ycranoBkamu. W coOctBeHHO, TepMuH ['M B 3Ha4UMTEIBHOM
Mepe Bbllen u3 yrnorpedsnenus. [Tonaraem, 4to moj 3THM Ha-
3BaHMEM JIOJDKEH CYLIECTBOBAThL pa3zeil FOPHOM HAyKH, [Ipell-
MET MCCIIEJOBaHUI KOTOPOTO HEOOXOANMO 0003HAYHUTH, UCXO-
Il U3 peasibHBIX NpeaAnocsbulok. CyTh HE B TOM, YTO HYXKHO
HalTH npeaMer uccienaoBanuii umeHno I'M. TpeOyercs, Ha-
CKOJIBKO 9TO BO3MOYKHO, BEPHO OOHAPYKHUTh U 0003HAUUTh 00-
JIaCTh MOTEHIMAIBHBIX CHHTETHUECKUX HayYHO-TEXHUYECKUX
HcCIeJOBaHN, KOTopasi 00pazoBaiach B cepe MouTH He CBsI-
3aHHBIX MEXIy cOOOW AMCIUIUINH, CYIIECTBYIOUIUX IO BBI-
Beckoit M. A HazBarb 3Ty 00J1aCTh MOKHO KaK yroJgHo. Mbl
nipesiaraeM — ['M. T1o Halemy 3aMbIciy, BHOBb 00pa30BaHHOM
I'M Hy>KHO COCPEAOTOYUTH OCHOBHBIE TBOPUECKUE YCUIIUS HE
Ha W3y4YeHHUHU U TPOU3BOJICTBE CTALMOHAPHBIX MAIlIMH, a HA HC-
CJIeIOBaHUU NPOOJIEM CO3JIaHMs, ONTUMAIIbHOH KOMIIOHOBKH
1 COBMECTHOM IKCIUTyaTalluu CTAI[MOHAPHBIX YCTAHOBOK JJIS
LIUPOKOIO CIEKTPA YCIOBUN FOPHBIX NPpeANpusaThil. bosbiioe
YHCIIO y)KE COCTOSIBIIUXCS Pa0OT MOAIAAALT MO IPEATI0KEeH-
noe omnpezeienne I'M [12]%. Hemano paboTt, CBSI3aHHBIX € UC-
ClIeZIOBaHMEM CTALMOHAPHBIX MAIIMH, He oAnaaaoT. OgHako
paszaenenue, win otaeneHue oT I'M Hay4HBIX TUCIMILINH, 0e3
Hee, [0 CYLIECTBY, YK€ CJIOKHUBIINXCS U «TOBOPSAIINX» MOPOH
Ha TMOHATHOM TOJIBKO MM SI3bIKE, CUMTAEM LEJIECOO0pa3HbIM U
AKTyaJIbHBIM.

IIpusenem crareio [10]. daxTuueckuit marepuan 3Toi
YKYPHAIMCTCKOM paboThl HE NMPEICTABISIETCS] HAM BIIOJIHE J10-
CTOBEPHBIM, OJJHAKO 3TO 3aMEYaHUE HE YMaJISIET B LIEJIOM Mac-
ITaOHOCTH OIMCAHHBIX B HEW COOBITHIA.

JI. /lasvroos

H3enanue noozemmnozo mopsa

BcenapoaubiM npu3HaHHEM [M00E/Ibl COBETCKUX HHKE-
HepoB — BoccTaHoBHTeNel JloHOacca — ABUIOCH MPUCYK-
JIeHHe UM B HbIHemHeM roay CTalMHCKOW MpeMuu NepBOi
crerieHd. CIHCOK JilaypeaToB OTKPBIBAIOT PYKOBOAUTENb pa-
6ot H.H. Urnaros, A.T. Kaprosus, B.A. Xopynxuii, H.M.
UepnaBkun, B.I. T'eilep — KOJIEKTHB MOJOJBIX COBETCKHUX
nmrozei, npumeamux B Jlonbace eiie B JHA BOWHBI, YTOOBI
BO3IVIABUThH 'PaH/IMO3HBIE BOCCTAHOBHTENIbHBIE paboOTHl. B
rpynne BoccraHoBureneit Hukonas Mruarosa, Mos1010ro MH-
JKE€Hepa, OKOHYMBIIETO HE3aJ0JITO Iepel] BOMHOW MHCTUTYT,
ObUIM W CTapble MIAXTEePbl, U OINBITHbIE XO3SWCTBEHHUKHU, U
poBecHuku Hukosas, TOBapuIly 10 CTYIEHUYECKOU ayJuTo-
pun. JlonieHT CTaqMHCKOTO YroJbHOTO HHCTUTYTA, KaHAUIAT
TexHudeckux Hayk B.I' I'efiep nomor cMmeio pemuTb MHOIUE
3a/layd MO0 KOHCTPYHPOBAHUIO HOBBIX, HEBEJOMBIX PaHbIIE
BOJIOOTIIMBHBIX cpelcTB (puc. 2). OH nepBbIM BBEN B OUTBY €
BOJIOW BO3yXOIOJBEMHbIE HACOCHI — Apnu(Thl. HauanbHuk
I'maBmaxroBoccranoBienus: A.T. Kaprosust pykoBonum orme-
paTUBHOM Irpynmoil Mo oTkayke BoJbl U3 maxTt [ opioscko-E-
HaKHEBCKOTro OacceifHa. DTO ObLIM OCOOCHHO CHJIBHO pas-
pYLICHHBIE U 3aTOIUIEHHBIE MIaXThl. VX BO3pOXKAECHHE ame-
pUKaHCKHE CHelHaIuCcThl cuntanu Mupom. Umwxenep H.M.
YepHaBKHH aKTUBHO pa3padaTbIiBajl OCHOBHBIC HAIIPABICHMS
10 TEXHUKE ¥ OPraHU3aI[F BOCCTAHOBUTENILHBIX paboT. Emy
MpUHAJIeKaT MHOTHE OPUTHMHAJIBHBIE CXEMBI CKOPOCTHBIX

CHOCOOOB OTKAa4YKM BOJbl. [JIaBHBIM MeXaHMK KOMOWHara
«Cranunyrons» B.A. XopyHXuii epBeIM NPEATIOKII U 110-
MOT [IPEBPATUTh CKUTIOBBIE MOJIbEMHUKHU Ha IIaXTaX B CBOEO-
Opazubie BoJ0BO3bI. Hkenep B.A. MapTeiHOB BBe B apce-
HaJl BOJIOOTJIMBHBIX CPEACTB TEJECKONNYECKHE CaJbHUKHU U
MHOTO€ Jpyroe. B ricTopun U3BECTEH JIHIIb OJUH MOI00HBII
ciydvait — 6opr0a (hpaHIy3CKHX TOPHSIKOB, OCBOOOKIABIINX
OT BOJBI PYAHHMKH yrojibHbIX OacceiinoB Ila-ne-Kane u Ce-
BepHoro nociie [lepBoit umnepuanucruueckoi BoitHbl. Ho Ha
(hpaHIly3CKUX PYIHUKAX MPHUILIOCH BbIKayarh 110 mMunimo-
HOB KyOOMeTpOB BOfbI, a u3 maxt Jlonbacca ObLIO U3THAHO
nenoe mope, coaepxariiee 600 MUUTMOHOB KyOUYECKUX Me-
TpOB BOJibl. K Hayay BOCCTaHOBUTENBHBIX pa0OT MO3EMHOE
Mope cojepxkalio B cede 250 MUIUIMOHOB KyOOMETPOB BOJIBI.
Ho ono pocno. B kaxapiii yac 100aBisuiocs mo 25 ThICSY
KyOomeTpoB. Bor nouemy ¢armmcTsl 1 MHOTHE 3apyOeKHbIC
«nobpoxenarenu» cuutanu Jlonbacc HaBcerna 3aryOleH-
HBIM, OTEPsIHHBIM 1s1 Poccun. B opHux maxrax Hago pabo-
TaTh B BOAOJIA3HOM cKadaHape, nHaYe TyAa He MPOHUKHYTh.
K npyrum He npoiitu 6e3 mporuBorasa, moToMy 4TO B HUX
BBIJEJISIETCS SIIOBUTBIN ra3 — Merad. HakoHew, HemMailo maxr
0CTaBajoOCh elle 3aMHUHHUPOBaHHbIMH. Kayarh BOAy HeENb3s
6e3 moropoB. Ho Oosnbiiasi BIaKHOCTh BO3IyXa yrpokala
BBIBECTH U3 CTPOs AIEKTpojBurarenu. Kayars Bogy Henb3s
6e3 HacocoB. Ho oOuime KUCIIOT B HMIAXTHOW BOJE CYJIMJIO
Oonpive Oepl — MEXaHW3Mbl HACOCOB MOABEPrajHCh I10-
CTOSIHHO OIacHOCTH pazbenaHus ¥ nopuu. «He Beruepnars
noa3eMHoe Mope u3 maxT Jlondacca», yTBepKJaliu 3a0KeaH-
CKHE CIIeIMATIMCTHI U 9KcnepTsl. Ho moHenkue maxrepsl, Ha-
MEePEeKOp TPYAHOCTSIM, NPUHSUINCH BOCCTAHABIMBATH OBLIYIO
CJIaBy «BCECOIO3HOM KOYEeTapKi», XpaHWINIIA CAMOTO BBICO-
KOCOpPTHOTO yTiisi. He ObI710 MOIITHBIX IBUTaTeNei, 0OTCYyTCTBO-
BaJIM CIIELUAJIbHBIE [TOJJBECHBIE HACOCHI JIJIsl BEPTUKAIBHOTO
noabemMa Bojibl. OHM caMHU MOHTHPOBAIM MEXaHU3MBI, COO-
py’Kajii CBOM OpHUI'MHAJIbHbBIE YCTAHOBKH, IIPUCIIOCAOIMBAIIH
0OBIYHBIE TOPU3OHTAIBHBIE HACOCHI K JIEHCTBHIO Ha OOJIBIINX
IyOuHax. Yke yepes roj rnocie Hadaaa padoT JOHOACCOBIIBI
orkauaiu cBblie 110 MUIIITMOHOB KyOOMETPOB BO/IbI, TO €CTh
CTOJIBKO, CKOJIBKO (PpaHIy3bl CMOIIIM BbIKauyarth 3a 10 ner. 13
MEePBBIX OCBOOOKIEHHBIX OT BOJBI IIAXT ObUI BBIIAH JOHEIl-
kUi yroab. Eiie uepes Tpu rozxa maxrepam yAaajloch 3aBep-
HIUTh TEPONYECKHIA IITYPM M0A3eMHOr0 MOpsi. OHO OTCTYIIH-
0, ynuto u3 maxt Jloudacca. Ha moBepxHocTh BhirHamu 600
MWIIMOHOB KyOomeTpoB Bozbl. lllaxTy MoxkHO cebe mpea-
CTaBHUTb B BUJIE OTPOMHOTO JI0Ma, BPE3aHHOT'O BIIyOb 3€MIIH.
Ha mosepxuHocTH 310 0BT OBI I0M BBICOTOIO B 200 3Taed,
TaK KaK CTBOJIBI yXoaaT B niyouny Ha 700-1000 meTpos, u,
4TOOBI JOCTATh BOJY, 3aCTaBUTh €€ OUTh (POHTAHOM KHUIIOME-
TPOBOM BBICOTHI, HY)KHBI arperarbl CKa304HOI'0 MOTYILECTBA.
CoBeTcKkHe HHXEHEPBI PEIIMIIN EPErOHsATh BOJY MOCTEHEeH-
HO, MO CTYINEHSIM-3TaxkaM. BOT Kak OHM 3TO OCYIIECTBUIIH.
OOBbIUHBIH TOPU3OHTAIBHBIN IEHTPOOEKHBII HAacoC CcTal
COBepILaTh MMyTELUIECTBHUE 110 CTBOJIY IIAXThI B CIIELUAILHON
kietdn. OH MOT ONmyCTUThCS Ha Oonbllylo TyOuHy. B Ha-
KJIOHHBIX CTBOJIaX HACOC MEPEBUrajIcs Ha 0c000i TellexKKe.
U xotst cuit y Hacoca He MpUOaBUIIOCh, U OH HarHeTall BOIY
Ha 40-50 M BBepX, HA ATOH BBICOTE €TI0 JKJa1a MOMOIIb — BTO-

’Knuea [12], ¢ naweti mouku 3penust, A615emcs XpecmomMamutiHoi pabomoi no 00H081eHHOT 20pHOotl Mexanuke, uu no I' M, onpedenenue Komopoi npeoro’ceno Hamu

8blule.
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poii Hacoc. OH, B CBOIO Ouepellb, epedpachiBal BOLy elle
Ha MOJICOTHU METPOB BBEPX, ME€peaBas ee BO BIACTh TPETh-
ero Hacoca. Tak, HOAHMMAasACh OT Hacoca K HACOCY, CJIOBHO
[0 CTYNEHYaTON JIECTHHUIIE BCE BBEPX U BBEPX, BOAA OCBO-
OoxJasia «4epHOe 30JI0TO», KOTOPBIM, Ka3alocCh, HaBCEI/Aa
3aBnazena. Ho ogHMMHM HacocamMu HEBO3MOXKHO OBLIO OBl
BbIUEpHATh MoA3eMHOe Mope. [loaTomMy B oTpsaae MauuH
BOJIOOTJIMBA TOSBUJINCH CIEIHUANBHO CKOHCTPYHPOBAHHBIE
CKUIBI — OOJIbIIME METAUIMYECKUE SIIUKHU C MPOCTCHIINM
KJIanaHoM B AHe. CKUIIBI CIIyCKAJIUCh B CTBOJIBI HA TPOCAX,
3adeprbiBas cpasy 1o 5—7 KyOOMETpOB BOJIbI, M TacKalld ee
Ha MMOBEPXHOCTb. MaIIMHUCT, YIPaBISABIINI JeOeIKOW CKH-
ma, ycreBal cnenarh 3a 4ac a0 60 moabeMoB. A Ha IIaxTe
17-6uc Tpecta «PyTueHKOBYTOJIb)» CKHUIIBI 32 OJJUH YacC BHIBO-
3w 710 1200 ToHH Boasl. Ho U ckuIibl TpeOOBaIN MOMOIIIH.
bbutn maxThl, 3arpoMoXK/JeHHbIE 00JIOMKaMH, CO CTBOJIAMH,
N3ypONOBaHHBIMU IIPU B3PbIBaX HAJIIAXTHBIX COOPYKEHUH.
B Takux cTBONAaX HEPEAKO OCTABAJIUCh TOJBKO OUEHb Y3KHE
MIPOXOJbI: HU CKHII, HU HACOC HE ONyCTUTh. JloHOACCOBIIbI
NPUMEHHIN SpIUPT — BO3AYXOMOJBEMHHUK, KOHCTPYKIIMIO,
n300pEeTEeHHYI0 KOIJ[a-TO PYCcCKUM HHKeHepoM IllyXoBbIM.
PaHbIe BO31yXONOABEMHBIMUA HACOCAMHU MOJIB30BATNUCH JUIS
neperonku Hety, TsHKENbIX Macen u T. A. Ho B JlonGacce
UX HAy4WIM MOAHMMATH BOIY. Dpiu(THBIA HAacOC JEHCTBY-
€T ¢ IIOMOILBIO CKATOI0 BO34yXa. B HeM HeT HU mopuiHel,
HU IITOKOB, HU KJIAIAaHOB, HU OJIHOW JIBUXKYIIEHCSA 4YacTH.
OH COCTOUT M3 JUIMHHOW TPyOBI IIEPEMEHHOI0 CEUYEHUs, Ha
HUKHEM KOHIIE KOTOPOW, MOIPY’KEHHOM B BOIY, HAacaKeH
«0ammak» — cMecuTellb. B «0ammaky» HarHeTaeTcs BO3IYX.
OH cMemuBaeTcs ¢ BOJAOH, U MOTyUYeHHAasl BO3IYX0-BOSHAs
CMECh, MOI00HAs TICHE, UMEsI MEHBIIHH yICIbHBIA BEC, YeM
Y BOJIbI, BBITECHAETCA TUAPOCTATUUECKUM J1aBICHHEM BOIBI.
Teicsuy KyOOMETpPOB BOJBI MOAHMMAN 3PIU(T B 4Yac, pac-
XOIlysl TIPH 3TOM BCEro JHUIIb 6—7 KyOOMETpOB BO3Jyxa Ha
KaxJ(plii KyOnuecknit metp Boxbl. Koe-rue u spiaud el oka-
3anuch ciadpl. Torna ux coeauHsuM ¢ Hacocamu. Dpaudr
MEPEroHsyT BOJly U3 HMIKHEr0 rOpHU30HTa B OacceiiH, a OTTy-
Ja ee 3a0upaiy HAcOChl. TakuM myTem BO3poawiau B 1945
rojy maxty uMeHu Bopommiosa. DpiudT B nape ¢ HacocoM
noguumain B yac 1200 xybomeTpoB. 3a § MecsleB U3 IIax-
Thl UMeHH Bopommiioa Bbikayaiu 2 MMIUIMOHA KyOOMETpPOB
BOJIbl. OZIHAKO HALIUIMCH LIAXTHI, T/I€ OT APIU(TOB NPUIIIOCH
OTKa3aTbCsl. MIX 3aMEHUIIN THAPOIIEBATOPHI — MPUILIENBIBI C
30JI0TBIX PYAHHUKOB. TaM OHHM TPaHCHOPTHUPOBANU MYJbIY —
JKUIKUN MaCIISTHUCTBIA COCTaB, YBJICKABIINI C COOOW YacTH-
sl 300Ta. Ho B [loHOacce rumposnieBarop Oblil BBIHYKACH
kadath Bogy. OH Man mo pa3smepam, HE UMEET JBUKYIIUXCS
yacreil, KOHCTPYKTHUBHO HeclioxkeH. OH paboTaer momoo-
HO TyJIbBEPU3aTOpPy, B KOTOPOM BOJIa BTSTUBAeTCs B TPyOy
He OBICTpO#l cTpyelt BO3IyXa, a CTPyeil BO/bI, HATHETAEMOM
HEOOJIBIIUNM HACOCOM 10 CIieluaibHON TpyOe. ['maposnesa-
TOpPBI HAYYMJIMCh J€JIaTh B IIAXTEPCKUX MacTepckux. OHu
C yCHexoM JI0OMpaIMCh K BOJE CKBO3b CaMble Y3KHE IIEIH.
A ynuBUTeNbHAs HENPUXOTIUBOCTH THAPOAIEBATOPOB, CIO-
COOHBIX BBIMA4MBaTh BOJLY, 3aIPSI3HEHHYIO JIECKOM M KaMell-
KaMU, 3aCTaBUJIa LIaXTEPOB C ellle OOJIBIINM YBaKEHUEM OT-
HOCHUTBCS K 3TUM 3aMedaTeIbHbIM MallliHaM.

YacTo B IaXTHBIX BBIPAOOTKAX KPOBJISI COCTOMT M3 HEYCTOM-
YUBBIX NIMHUCTBIX CJIAHIEB, KOTOPBIE SIBISAIOTCA NPHUYMHON 3a-
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Puc. 2. Cnioco0bI ¥ TeXHUYECKHUE CPEICTBA, C IOMOLILIO
KOTOPBIX ObLJIA Peain30BaHA 0TKAYKA BOJABI M3
3aTronJieHHbIX mwaxrt Jlonbacca.

Cyper 2. JlondaccTbiH cy 0aCKaH IIAXTAJAPbIHAH €Y
aiijiay ’ys3ere acbIpblUIFaH TIC/IIep MeH TeXHUKAJIBIK
Kypasaap.

Figure 2. Methods and technical means by which
pumping of water from the flooded mines of Donbass was
realized.

BasioB. Kax >ke TyT ObITh? Hano u Bosy kauark, 1 3aBail youpars.
A Hacoc yCTaHaBIMBAa€TCs TOJIBKO HAa POBHOI FOPU3OHTAIBHON
onake. Tax yx paccunTana ero paboTa — OH JIMIIEH YIIOPHBIX
nommunHuKoB. Ho pa3Be Hemb3s CKOHCTPYHpPOBaTh HACOC MHA-
4e? «I[ToMo4b €My XOpOIIIO COMPOTHUBIATECSA OCEBOI Harpy3ke u
3aCTaBUTh JCHCTBOBATH U IMMOMEIIATHCS Ha CKIIOHE?» MOXKHO, 3TO
JoKa3zaiu urkeHeps! JJonbacca. Mbl TonkoBasu 0 MariHax. Mx
OBIJI0 MHOTO, OOJIBIIMX ¥ MalbIX. HO caMblii JIErKuii BOJOOTIINB-
HBII MEXaHU3M BECHJI BCE-TAKU HECKOJIbKO TOHH. [lompoOyiite
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€ro OBICTPO MEPEHECTH, MIEPECTABUTD WU IIEPEOPOCUTH C OIHOTO
TOPU30HTA Ha JIPYTOH BCIIE 32 OTCTYHAIOIIEH BOJIOH. A 3TO ObLIO
HYXHO. 1 TOHOACCOBIIBI CKOHCTPYHPOBAJIN IBYXITaXKHbIC KIICTH,
Ha KOTOPBIX Pa3sMEINaloCh HECKONBKO JIEWCTBYIOIIMX HACOCOB
OJIHOBPEMEHHO. B Xoze paboT aBTOMaru3MpoBaIn YIpaBlIcHHE
LIaXTHBIMHU BOJIOOTIIMBHBIMU yCTaHOBKaMH. J100mMCh OOIbIIONM
SKOHOMHH JIEKTPOIHEPIUH, YMEHBIICHHUS YnCiIa JIFOAeH, 3aHs-
TBIX Ha BbIKa4ke Bojbl. HO Bce TeXHMUECKHE HOBUHKU CaMH 110
cebe MorIM Obl HE IPUBECTH K YCIIEXY, €CIIH Obl HAIIIM HHKEHEPbI
HE NpeIycMOTpell 4eTKoi opraHuzanuu pabor. OHM 3acTaBu-
JIM MeXaHM3MbI paboTaTh B CTPOroM B3ammonencTBud. Ha pas-
HBIX IIaXTaxX MPOU3BOAUTENHFHOCTh MEXAHHW3MOB NMOAYMHSIIACH
OJIHOMY CTPOrOMYy OOIIEMY PEXHMY. 3a4yeM JKe HY)KHO ObUIO
MIPUHOPABIMBATh Pa3Hble MAIIMHBI HAa PaBHBIX IAXTaxX K OIHO-
My Temny? K ueMy Hy»HO ObIIO MOAIEPKUBATh ONPEAETICHHBIN
YPOBEHb BOASHOTO 3€pKala Ha Pa3INYHbIX PyIHUKAX? ITO JIETKO
TIOHSATb, €CJIU ITPEJICTABUTH CeOe MOI3EMHOE MOPE HE CyMMOI pa-
300I1E€HHBIX, H30JIMPOBAHHBIX JIPYT OT JAPYTa 3aTOIJICHHbIX IIAXT,
a JISMCTBUTEIFHO HACTOSIIINM CIUIOIIHBIM MopeM. Hanmuue c6o-
€K MEXJ1y IIaXTaMH MOCIY)KHJIO 00pa30BaHHUIO OIPOMHBIX IO~
3eMHbIX OacceitHoB. Tosbko onuH U3 HUX, Ha [oproBcko-Exaku-
€BCKOM TpyIIIe IaxXT, UMel 00beM, paBHbIi 20 MUIITMOHAM Ky0o-
METPOB. JIMIIIb OMMHAKOBBIN CKOPOCTHOU PEKUM, OCBOCHHBIN Ha
IIITH 111AXTaX 3TOM I'PYIIIbL, TOJILKO CIUHbIM CTAXaHOBCKUM TEMIL
BBIKAYKH BOJIBI, KOIJIa HA yueTe Oblia OyKBaJIbHO KaXK/1asi CEKyH-
Ja, IPUBEIHU K TI00ee.

Yepes 6 MecsILIEB peaKLys XKy pHaIa IIyOIMKyeT JOIOIHEHIEe
[11] k crarse [10], B KOTOPOM JOTMONHSIOTCS M YTOUHSFOTCS JaH-
HBIE O COBETCKOM TOpHOM TeXHHKE. ABTOPBI MUCbMa OTMEUAIOT
cnenyromiee. JloHOaccoBamu ObUIM TPUMEHEHBI Pa3InyHbIC

Croco0bl OTKAauKKM BOJbL. [IpUMEHSINCH 3piaudThl — BO3IYyXO-
TMOABEMHUKH, B KOTOPBIX I IMOABEMa BOIbI HCIIOJIB30BAJICA
CKaTblil Bo3AyX. OHAKO OTKa4Ka PyAHHKOB CXKAThIM BO3LyXOM
Ha Ypauie u3BectHa yxe ¢ 1921 roaa, xorna urmxenepom A M. Be-
CEJIOBBIM OBUIO OCYILIEHO HECKOJILKO PYAHUKOB COMMaHOBCKOW
JonrHbL. BecenoBbiM Oblta pa3paboTaHa U TEOpHsl 3TOTO BOIPO-
ca. Teopwst ¥ IpaKkTHKa IPUMEHEHHS! SpIUPTOB ObUTH M3JI0KEHBI
BecenoBbim B 19261928 ronax (kypHa1 « YpallbCKUH TEXHHUK,
1927-1928 rr, «Tpymas! 1-ro TopHOro Hay4HO-TEXHHYECKOTO
coelanus», 1928 r). Ilpn oTkauke IIaXT MPUMEHSIOTCS TaK-
JKC CKMIIbI — BOAOOTIIMBHBIC MallIMHbI, IPCACTABIIAOIINC cooo
60]'1]:].[11/16 MCTAJUIMYCCKHUC AIIUKHU, 3a4CPIbIBAIONINE BOAY U BbI-
TaCKMBAIOIIHE €€ Ha TIOBEPXHOCTh. ABTOPHI IMHUCbMA YTOUHSIOT,
4TO 3TOT CHOCO6 SABJIACTCA BCIIOMOI'aTCJIbHBIM U IIPUMCHACTCA B
COYC€TaHUM C IPYyTruMHu, 0o0J1ee SKOHOMUYHBIMH MCTOAAaMU.

[IpuBenem anHoTanuiO K padore [12].

B knure «Orkayka miaxt mnpu BoccraHoBieHuu [loHOac-
ca» 0000111aeTCsl OMBIT OTKAYKK BOJIBI M3 3aTOIJIEHHBIX IIAXT
Jloneukoro GacceiiHa 3a Bpemst ero BoccraHoBieHus (1943—
1948 rr.). B xHure npuBoAATCA XapaKTEPUCTHKHU 3aTOILIEH-
HOCTH IIAXT, 06’])6M])l BOABI B HUX U €CTCCTBCHHBLIC IPUTOKH,
ornucanue 000pyIOBaHUs U IPUCIOCOOICHUI, TPUMEHSBIINX-
Csl IPU OTKa4Ke ILIAXT, CXeMbl OTKA4YKU U OpraHu3aius pador.
3akJroYMTeNIbHAS TVIaBa TOCBSIEHA UTOraM paboT 1o OTKa4Ke
3aTOIIJICHHBIX IIaxXT I[OH6aCC&. Kuunra npeaHasHa4yceHa Jajis uH-
JKEHEPHO-TEXHUUECKIX PaOOTHHUKOB.

Ora paboTa, ¢ Halllel TOYKH 3peHusl, 10 CUX 0P — IPOLLIO
75 jer nocie ee U3JaHUsA — HE YTPAaTUIa CBOCH aKTyaJlbHO-
CTH, KAK MHHUMYM, B Ka4e€CTBE MPAKTHYECKOIO PYKOBOJICTBA
1 y4eOHOro rnocoousi.

CIIUCOK UCITOJIB3OBAHHBIX HCTOYHHUKOB
1. Cmayuounapnvie ycmanosxu waxm / B.C. [Jyaun, I'A. Babak, B.B. Ilak [u op.]. M.: Heopa, 1977. 438 c.

(Ha pycckom s3viKe)

2. Teuep B.I', Tumowenko I'M. [llaxmnvie genmunsimopHoie u 6000omaugnvle ycmanosxku: M.: Heopa, 1987.

268 c. (na pycckom sA3biKe)

3. Pykosoocmeo no pesusuu, Haiaoke i UCHLIMAHUIO WAXTHBIX HOObEMHBIX yCcmano8ok. Hopmamuenoe
npouzeoocmeenHo-npakmuyeckoe uzdanue / B.P. Beacok, B.J]. Kononaanoii, E.M. Kypuenko [u 0p.].
Honeyx: Honeuuuna, 2009. 672 c. (Ha pycckom sa3vike)

4. Xaoxwcukoe P.H., Bymaxos C.A. lopnas mexanuka: YueOnux 0/ 2OPHbIX MEXHUKYMOB:

407 c. (na pycckom sa3vike)

M.: Heopa, 1982.

5. Kypbamosa O.A., Xapun A.3. Hcmopus pazsumus coproi Mmexanuxu: yueb. nocobue: Braousocmox:

HABI'TY, 2004. 137 c. (ha pycckom sA3viKe)

6. lTonvbepm A.E. Heuseecmnasa copuas mexanuka: npeomem ucciedoganuti // Yeone. 2005. Ne 2. C. 22-24

(Ha pycckom s3viKe)

7. Tonvboepm A.E. ObHO81IeHHAs 2OPHAS MeXAHUKA. Onpedeienue noas ucciedosanutl // F'oprulii socypHan
Kaszaxcmana. 2011. Ne 2. C. 44—47 (na pycckom szvike)

8. Iam. Ne 2106562, Poccuiickas ®@edepayus, MKH 6 FI16L 1/00. Tpy6onpoeoo / I'onvbepm A.E.; 3aaeumens
u namenmoobradamens Iorvbepm A.E. — Ne 93036979/06; 3asen. 20.07.1993; onyoa. 10.03.1998, Boan.

Ne 7 (ha pycckom sizvike)

9. IHam. 2027009, Poccuiickas @edepayusi, MKH 6 E 21D 1/00. Haocmeoavrhoe no0vemuo-mpancnopmuoe

yempouicmeo / Tonvboepm A.E.; 3aseumenv u namenmoooraoamenv orvoepm A.E. —

MNe 5058495/03;

sasen. 11.08.1992; onyon. 20.01.1995, Bioan. Ne 2 (ha pycckom s3vike)
10. Haewioos JI. H3enanue noozemnoz2o mops // Texnuka — monoodesxcu. 1948. Ne 10. C. 19 — 21 (na pycckom

a3viKe)

11. ITucvomo copHblx uHMCEHepo8-2nekmpomexanukos I1.A. @ponosa, B.A. lllasuwykosa, U.D. E¢ppemosa,
IO.M. Benakuna (2. Ceeponoeck) // Texuuxa — monooeaxcu. 1949. Ne 4 (ha pycckom sA3vike)

T'opnwiit scypnan Kazaxcmana Ne3’ 2026



52
[opHble MawIIHbI

12. Henamos H.H., I'etiep B.I'., Yepnaexun H.H. Omkxauxa waxm npu goccmanosienuu Jonbacca: M.:
Yenemexuzoam, 1950. 194 c¢. (na pycckom s3vixe)

HAﬁ)IAJIAHI)I.HFAH OJEBUETTEP TI3IMI

1. Cmayuonapavix waxma Konowvipewvinapsl / B.C. [Jyaun, I'A. Babak, B.B. Ilax [x#cane m. 6.]. M.: Heopa,
1977. 438 6. (opsic mininoe)

2. Teuep B.I', Tumowenko I'"M. Illaxma scerdemxiwui dcone OpeHaxcovik KoHovipewviaap.: M.: Heopa, 1987.
268 0. (opvic mininde)

3. bBeoxcox B.P., Kononnanou B.J[., Kypuenxo E.M. [llaxma kemepeius KOHObIP2bILAPLIH MeKcepy, pemmey
Jlcane cvlnay Oolbinuia HycKaynvlk. Hopmamuemik ondipic scane npakmuxaivik dacolivim: JJoHeyx:
Jouneykuuna, 2009. 672 6. (opvic mininde)

4. Xaoxwcukxoe P.H., Bymaxos C.A. Tay-ken mexanukacwei. may-keH Koaieoxicoepine apHaiean okyivl: M.:
Heopa, 1982. 407 6. (opbvic mininde)

5. Kypb6amoea O.A., Xapun A.3. Tay-xen mexanuxacvluvly oamy mapuxvl. oKyivlk. Braoueocmoxk.: IBI'TY,
2004. 137 6. (opvic mininoe)

6. Tonvbepm A.E. Beneiciz may-xen mexanuxacol: 3epmmey maxwipoloovl // Komip. 2005. Ne 2. b. 22—24 (opwic
mininoe)

7. Tonvbepm A.E. JKanwapmouingan may-Kken MeXaHukacvl: sepmmey caiacvlh anvikmay // Kasaxcman may-rxen
orcypranvt. 2011. Ne 2. 5. 44—47 (opvic mininoe)

8. Ham. Ne 2106562, Pecetni @edepayuscol, MKI 6 FI16L 1/00. Kyouwip ocenici / Tonvoepm A.E.; eminiw
oepywi acone namenm ueci I'onvbepm A.E. — Ne 93036979/06; 20.07.1993 dscvinwt scapuanranobvl;
10.03.1998 orcoinwt acapuanandel, Ne 7 bwoaremens (opvic mininoe)

9. IHam. 2027009, Peceu @edepayuscel, MKI 6 E 21D 1/00. Binix ycminOdeei kemepeiu dcaHe
macovimanoay gypoiievicol / I'onboepm A.E.; eminiw 6epywi sicone namenum ueci Ionvoepm A.E. — Ne
5058495/03; 11.08.1992 xcornwt scapusnandvt;, 20.01.1995 sucvinvl acapusaanowst, No 2 6woaremens (opuvic
mininde)

10. Hasvrooe JI. Kep acmol menizin woieapy // Texnuxa — scacmap. 1948. Ne 10. 5. 19-21 (opwic mininoe)

11. Tay-xen unscenepaepi-snexmpomexanuxmep I1.H. @ponos, B.A. llamwykos, U.®. E¢ppemos, 0. M.
Bensxunniy xamer (Ceeponoeck x.) // Texnuxa — socacmap. 1949. Ne 4 (opvic mininde)

12. Henamoe H.H., I'eiiep B.I', Yepnasxun H.H. JJonbaccmol Kanneina Keamipy Ke3iHoezi MUuHaiapovl auoay:
M.: Venemexuzoam, 1950. 194 6. (opvic mininoe)

REFERENCES

1. Statsionarnye ustanovki shakht [Stationary Mine Installations]. V.S. Dulin, G.A. Babak, V.V. Pak [et al.].
Moscow: Nedra, 1977. 438 p. (in Russian)

2. Geyer V.G., Timoshenko G.M. Shakhtnye ventilyatornye i vodootlivnye ustanovki [Mine Fans and
Dewatering Installations]. Moscow: Nedra, 1987. 268 p. (in Russian)

3. Rukovodstvo po revizii, naladke i ispytaniyu shakhtnykh pod “emnykh ustanovok. Normativnoe
proizvodstvenno-prakticheskoe izdanie [Guide to the Inspection, Adjustment, and Testing of Mine Hoisting
Installations. Regulatory Industrial-Practical Edition]. V.R. Bezok, V.D. Konoplyanoy, E.M. Kurchenko [et
al.]. Donetsk: Donechchina, 2009. 672 p. (in Russian)

4. Khadzhikov R.N., Butakov S.A. Gornaya mekhanika: Uchebnik dlya gornykh tekhnikumov [Mining
Mechanics: Textbook for Mining Technical Schools]. Moscow: Nedra, 1982. 407 p. (in Russian)

5. Kurbatova O.A., Kharin A.Z. Istoriya razvitiya gornoi mekhaniki: ucheb. posobie [History of the
Development of Mining Mechanics: Tutorial]. Vladivostok: DVGTU House, 2004. 137 p. (in Russian)

6. Golbert A.E. Neizvestnaya gornaya mekhanika: predmet issledovanii [Unknown Mining Mechanics:
Subject of Research], Ugol* [Coal]. 2005. No. 2. 22-24 pp. (in Russian)

7. Golbert A.E. Obnovlennaya gornaya mekhanika: opredelenie polya issledovanii [Updated Mining
Mechanics: Defining the Field of Research], Gornyi zhurnal Kazakhstana [Mining Journal of
Kazakhstan]. 2011. No. 2. 44—47 pp. (in Russian)

8. Pat. Ne 2106562, Rossiiskaya Federatsiya, MKI 6 F16L 1/00. Truboprovod / Gol’bert A.E.; zayavitel’

i patentoobladatel’ Gol’bert A.E. — Ne 93036979/06; zayavl. 20.07.1993,; opubl. 10.03.1998, Byull. Ne
7 [Patent No. 2106562, Russian Federation, IPC 6 F16L 1/00. Pipeline / Golbert A.E.; applicant and
patentee Golbert A.E. — No. 93036979/06, filed 20.07.1993, published 10.03.1998, Bulletin No.7] (in
Russian)

9. Pat. 2027009, Rossiiskaya Federatsiya, MKI 6 E 21D 1/00. Nadstvol’'noe pod”emno-transportnoe
ustroistvo / Gol’bert A.E.; zayavitel’ i patentoobladatel’ Gol’bert A.E. — Ne 5058495/03; zayavl.
11.08.1992; opubl. 20.01.1995, Byull. Ne 2 [Patent 2027009, Russian Federation, IPC 6 E 21D

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026



53
[opHble MAILIVHbI

1/00. Overhead lifting and transport device / Golbert A.E.; applicant and patentee Golbert A.E. —
No. 5058495/03; filed 11.08.1992; published 20.01.1995, Bulletin No. 2] (in Russian)

10. Davydov L. Izgnanie podzemnogo morya [Expulsion of Underground Water], Tekhnika — molodezhi
[Technology for young people]. 1948. No. 10. 19-21 pp. (in Russian)

11. Pis’mo gornykh inzhenerov-elektromekhanikov P.Ya. Frolova, V.A. Shavshukova, I.F. Efremova, Yu.M.
Velyakina (g. Sverdlovsk) [Letter from mining electromechanical engineers P. Ya. Frolov, V. A. Shavshukov,
1. F. Efremov, Yu. M. Velyakin (Sverdlovsk)], Tekhnika — molodezhi [Technology for young people]. 1949.
No. 4. (in Russian)

12. Ignatov N.N., Geyer V.G., Chernavkin N.N. Otkachka shakht pri vosstanovlenii Donbassa [Pumping out
mines during the restoration of Donbass]. Moscow: Ugletekhizdat, 1950. 194 p. (in Russian)

Caeenns 00 aBTopax:
Tonvéepm A.E., TOpHBII HIDKeHEp-IeKTpoMexaHuK (I. Menxenmanbax, denepansnas 3emius Cesepublil Peitn — Becrdanus, 'epmanms),
golbert.arthur@gmail.com, https://orcid.org/0009-0003-8870-8141

ABTOpJ1ap TypaJibl MAJIiMeTTEp:
Tonvoepm A.E., Tay-keH umxeHepi-aexrpomexanuk (Menxenriagodax K., Conrtycrik Peitn-Bectdanus dpenepannst xepi, [epmanms)

Information about the authors:
Golbert A.E., mining engineer-electromechanic (Monchengladbach, North Rhine-Westphalia, Germany)

M ‘a‘c h i n e ’ ‘ | . . ¢ OpraHu3arop:
Weuidings - - e

Pecny6nuka KasaxctaH, 050057, r. Anmarbl,

yn. Tumupsisesa, 42

Ten.:+7 (727) 27509 11, Mo6.: +7 701 477 8418
E-mail: venera@atakentexpo.kz
www.machinery-expo.kz

OduumanbHas noaaepxKKa:

al;,ld..Meta| Working S -} L _“ 1 " MBK «ATakeHT-3Kcno»

MWHIUCTEPCTBO UHAYCTPUN U
WHbPacTPyKTypHOro
pasBuTus Pecny6nuku KasaxctaH

MEXXOYHAPOOHAS

i v MALLMHOCTPOEHUE n
BbICTABKA METAJIJTIOOBPABOTKA

2 0 2 6 machinery-expo.kz

Qelamer» 12 - 14 MASA




54
Oboratere Mome3HbIX UCKOMAEMBIX

Kox MPHTH 52.45.17

T. Kumykova, G. Nurshaiykova, *A. Akylbaeva, T. Malgazhdarov
D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk, Kazakhstan)

PRINCIPLES OF QUALITY UNIFORMITY
STABILIZATION OF MULTI-GRADE ORES IN
THEIR OPEN-PIT MINING

Abstract. An analysis of industrial development experience in deposits with complex mineral compositions indicates that improving the efficiency of raw material
resource utilization requires the advancement of mining technologies for complex-structure ores. This paper presents the results of experimental research on the quality
averaging of ore types and grades during the open-pit mining of complex polymetallic deposits. The authors propose a comprehensive efficiency criterion based on the
Hancock and Gaudin-Kelsall approaches, which accounts for the separation process during ore beneficiation. The application of this criterion enables the management of
quality homogeneity for multi-grade ores when extracted separately or as a blend. Furthermore, dependencies have been established for metal recovery into concentrates
during the flotation of refractory and mixed lead-zinc ore blends.

Key words: multi-grade ores, complex-structured polymetallic deposits, controlled selective mining, quality averaging, mixed lead-zinc ores.

AIIBIK TICIIMEH OHIIPY Ke3iH/le KONCOPTTHI KeHIePAiH canajbIK OipTeKTIIIrH TYpaKTaAaHABIPY KAaFUAAaTTaApPbI

Annarna. MuHepanblK Kypambl KYp/eii KeH OpbIHIaPbIH OHEPKICINTIK Urepy TKIpHOeCciH Tajay IHKi3aT KOpJIaphlH MaiaanaHy THIMAUTICIH apTThIPY YIIIH Kypbl-
JIBIMBI KYp/ieTi KeHACPAi OH/ipy TEXHOIOTHSICHIH KETIAIPY KaXeTTiriH kepcereai. KypbulbIMbl Kyp/iei MOIMMETALT KeH OPBIHIAPBIH AllIbIK JAICIICH Urepy Ke3iHae KeH
TYpJIEpi MEH COPTTAPBIHBIH CANAChIH OPTALIAIaHBIPY OOMBIHILIA XKYPTi3iIreH SKCIEePUMEHTTIK 3epTTeYIepIiH HOTIKEIePi KeTipinreH. ABTopiap KeHai 6alibITy Kesinzaeri
Geury mporecin eckeperin, XaHkok reH Iojxen-Kemicann Tocinjaepine Heri3aenren KemeH i THIMIUTK KpUTepUiin YCbIHABL. Byl kpuTepmiini naiijanany Ker COpTTBI
KEHJIeP/Ii )KeKeNeil HeMece apaiacThIPbII OHIIPY Ke3iH/Ie ONap/IblH canaiblk OipTeKTiLTiriH 6ackapyFa MyMKiHAiK Oepeai. bailbIThUTy bl KUBIH KOHE apajiac KOPChIH-MbIPBILI
KeH/ICPiHIH IIMXTAChIH (IOTALHSIIBIK OaiibITy Ke3iHe MeTa1ap/ibIH KOHLIEHTPATTAPFa LIBIFY TOYENIAINIKTep] aHbIKTAIIBI.

Tyitinoi cozoep: kon cypbinmol keHoep, Kypoeii KYpbliblMObl NOIUMEMALT KeH OPbIHOAPbL, OACKAPLLIAMbLH CeNeKMUusmi oHOIpY, Canambl OPmMawaldy, apaidac Kopad-
CbIH-MbIPbIUL KEeHOEPI.

HpuHUMNBI cCTA0MIU3ALNH KAYeCTBEHHOI 0ITHOPOJAHOCTH MHOTOCOPTHBIX PYA NIPH MX OTKPBITOM 100bIYe

AHHOTaHl/lﬂ. AHanu3 omneita TIPOMBIIIIJICHHOTO OCBOCHUS MCCTOpO)KZ[CHHfI CJIOJKHOTO MHUHEPAJIBHOI'O COCTaBa CBUACTCIBCTBYCT, YTO IS ITOBBIIIICHUA BQ)Q)CKTI/IBHOCTI/I
HCIIOJIB30BaHUs 3aI1aCcOB CBIPb Tpe6yCTC$l COBEPIICHCTBOBAHUE TEXHOJIOTHH pa3pa60TKn CIIO)KHOCTPYKTYPHBIX PYI. anBeI[eHL] Ppe3yNIbTaThl SKCIICPUMEHTAJIBHBIX HC-
CJIC/IOBaHUI yCPEIHEHUsI KauecTBa THUIIOB U COPTOB DY/ MPHU OTKPBITOH pa3padOTKe CIOKHOCTPYKTYPHBIX HOJMMETAUIMYECKUX MECTOPOXKACHUH. ABTOpAMHU HPETIOKEH
KOMILJIEKCHBIN Kputepuii addexTuBHOCTH Ha Oase moaxonoB Xankoka u ['ogena-Kescamna, yauThIBalOUMi pa3ienTelbHbIH polecc npu oboramiernu pya. Mcmomnb3o-
BaHUEC JAaHHOTO KPUTECPH MTO3BOJIACT YIIPABIATH KaueCTBEHHOM OOHOPOAHOCTHIO MHOT'OCOPTHBIX PYI IIPHU UX Z[OﬁI)I‘-IC pasfeabHO UK B CMECH. ‘VcTaHOBIEHBI 3aBUCUMOCTH
HU3BJICYCHHUA METAJUIOB B KOHIEHTPATBI ITPU (l)I]OTaI.H/IOHHOM 060FaH_leHPH/l IOUXTHI prI[HOO6OFaTHMbIX ¥ CMEIIAHHBIX CBUHIIOBO-IIMHKOBBIX PYI.

Knrwouesvie cnosa: MHO20COpmMHblIE pyabl, CIIOHCHOCMPYKMYPHble noauMemaiiudecKkue ]HECmOpODIC()@HMﬂ, ynpaeisiemas celeKmueHas ()06bl‘{d, ycpe()HeHue Kadecmed,

CMeuaHHble C6UHY0B0-YUHKOBbIE py()bl.

Introduction

The primary requirements for the quality of ore feed sup-
plied to beneficiation include uniformity in component con-
tent, particle size, moisture, etc., i.e., a set of properties. One
of the key tasks of an open-pit mine is to ensure quality for-
mation and parameter stabilization over accounting periods —
shifts, days, and weeks. Rapid fluctuations and inconsistencies
in quality characteristics hinder adaptation, underscoring the
importance of maintaining a stable ore flow quality [1, 2, 3].

Ore quality encompasses a set of natural and technologi-
cal properties determining enrichability and economic value.
Various methodological approaches are applied to stabilize ore
mass quality, including [4, 5, 6, 7]:

» Controlled selective mining through a combination of
technical solutions and organizational measures.

* Quality averaging of different ore grades through special-
ized measures ensuring uniform composition based on techno-
logically significant parameters, such as chemical and miner-
alogical composition, grain size distribution, and the presence
of valuable or harmful impurities. To establish an effective
averaging scheme, optimal batch ratios in the charge, trans-
port flow optimization, and ore mass stacking sequence must
be investigated through experimental studies on intra-grade
and inter-grade quality averaging.

The outlined tasks were addressed using representative
technological samples of Zhairem ores, employing methodol-
ogies and practical recommendations from experts in the field
[8].The ores, both separately and in mixtures, were enriched
using flotation schemes with and without desliming in the flo-
tation laboratory of VNIItsvetmet.

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026

Materials and methods

Experimental research methods were employed to substan-
tiate the stabilizing quality indicator for ores from complex
Atasuy-type polymetallic deposits. The Gaudin-Kelsall (z;
criterion is a measure for evaluating quality in separation pro-
cesses based on the yield of beneficiation products [9]. The
Hancock (E) criterion allows for a quantitative assessment of
ore mass quality based on three parameters simultaneously:
the metal content in the feed ore («), the concentrate yield (y),
and the content of the useful component (f) [10]. The choice
of a comprehensive efficiency criterion — defined as the prod-
uct of the Hancock index and the Gaudin-Kelsall criterion —
is justified by its ability to simultaneously account for both
the qualitative recovery of the useful component and the mass
yield of the concentrate. This multiplicative approach provides
a more rigorous mathematical sensitivity to fluctuations in the
slime fraction, which is critical for the complex polymetallic
ores of the Zhairem type.

wa = g, metal recovery is considered.

The product of the Hancock and Gaudin-Kelsall criteria:

RN il 7 1
ETk—Eﬂ(l_a) ()

Thus, represents an unambiguous quantitative assessment
of the flotation activity of the valuable component.

The symbol & can replace E-z,, simplifying the notation.
This is a quality criterion, which we have named the compre-
hensive indicator of ore mass beneficiation potential during
the extraction of multi-grade ores.
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The maximum possible values of the Hancock and God-
den-Kelsall criteria are ensured at stoichiometric metal con-
tents in the ore:

0.866 —

For lead : E = 1.55-—a
1-a
-—a

% = 6.463 - —— 2
a

. 0.671 — «

For zinc: E=1.49  ———
1-a
1-a

Taking the f# = const, we can find the maxim possible re-
covery, in this case:

0.866 — apb
For lead: (fpb—)max {7. 463 - 7} “4)
Xpp
) 0.671 — agz,
For zinc: fz —max {3. 038 - —} )
" Azn

The comprehensive quality indicator ¢ enables controlled
ore extraction, as it allows for the evaluation of technological
parameters of ores with various compositions. According to
this criterion, the quality of a technological ore grade is ex-
pressed as relative fractions of the maximum possible theoret-
ical values. Calculations are performed for each metal using
the formula:

Tkl

E"Tk1=E1'ﬁ'Tk2, (6)
where E;- 7,/ represents the criterion values for the actual met-
al content in the technological ore grade a, the expected recov-
ery &, and the concentrate quality #; moreover,

p—«a

1-ao

Ey-al=¢€-B- (7)

where E,t,? is the maximum criterion value, determined from
expression (7) at the metal content, assuming 100% recovery
and an ideal concentrate quality corresponding to the theoret-
ical metal content in the extracted mineral: for galena a,, =
86.6%; for sphalerite a_,= 67.1%.

In practice, for averaging quality based on the mean values
calculated by formula (6), the planned (weighted average) value
is determined for the entire set of grades involved in the mining
and processing process according to the development direction of
mining operations. Then, based on the maximum possible values
of quality fluctuation within the interval found by the formula:

I={+a AE'-5/;—a AE' -1}, o)

the optimal blending ratios of ore grades are calculated. More-
over, the value of the degree of averaging for the concentrate ,°
in the averaged volume, found by the formula, is determined.

p—a
1-ao

Tk3=)"ﬂ' ")

should be greater than the minimum value of the degree of
separation 7, calculated at the minimum allowable metal
content in the concentrate according to the applicable State
Standard standards for concentrates. The analytical expression
of this limitation is as follows:

73 > gMmin, (10)

When calculating the blending ratios using the variation
rang

I={+a AE' - 5/;—a-AE'- 7,

the maximum possible deviation in the quality of the mix-
ture for one metal is taken into account, since, in general, the
averaging indicator values (6) for the extracted metals differ.
A simplified method for calculating the blending ratios Q,/Q,
of the averaged ore grades is to find the values of the ore grade
fractions:

a (& — &)

Q:/Q, = o2 (&3 — &), (1)
where Q/Q, is the fractional ratio of the worst and best qual-
ity ore grades to be blended — expressed as a percentage or
fraction of a unit, with corresponding metal contents oa; and
aa, and extractions &g, u €&,; €&; is the planned extraction, ex-
pressed as a percentage.

If the ratio of volumes of averaged ore grades in blocks is
established, the calculations should be conducted taking into ac-
count the reliability of geological reserves Q,-P(m,)/Q, P(m?)
in accordance with the detail and stage of the site exploration.

Experimental studies of grade averaging based on calcu-
lation formulas (6), (9), and (11) were conducted on small-
scale technological samples, represented by rich lead-zinc
crystalline-granular ores from quarry No. 2, +297 m level, of
the Western Zhayrem deposit, blended with fractions of gale-
na and sphalerite — sample No. 3; difficult-to-beneficiate ores
with a lead extraction of 50.9% into the commercial product
with a metal content of 13.74% — sample No. 2; and «condi-
tionally balanced» lead-zinc ores with a conditional zinc con-
tent below the minimum industrial standard but higher than the
cutoff content.

To establish the limits of possible metal extraction reduc-
tion during the operational management of mining operations,
we investigated the impact of dilution on the quality of lead-
zinc ores. The ore was diluted sequentially in steps of 10%
from a ratio of ore to waste rock of 9:1 to 1:9.

Results and discussion

Experimental results demonstrated that all. Zhairem ore
grades exhibit fine-grained sulfide dissemination, making
beneficiation challenging due to incomplete mineral liber-
ation, even with ultra-fine grinding to 98% passing 74 um.
Additionally, increased slime generation negatively impacted
concentrate quality. Different natural ore types exhibit varying
beneficiation characteristics. Hydrothermal-sedimentary ores,
characterized by unevenly layered textures, abundant globu-
lar sulfide formations, and an overall aleuropelitic structure,
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contain fine-grained pyrite, galena, and sphalerite, resulting in
poor beneficiation performance (Figure 1).

Extraction of metals into concentrates, %

0 10 20 30 40 50
The zinc content in the class is 0.01 mm, %
0 10 20 30 40 50

The lead content in the class 1s 0.06 mm, %

Figure 1. Dependence of lead and zinc extraction into
concentrates on the content of fine-grained sulfide: / —
extraction of lead, n = 96, 2 — extraction of zinc, n = 75.
Cyper 1. KopracblH MeH MBIPBIIITHIH KOHIICHTPATTAPFA
AJIBIHYBIHBIH KYKa TYHipmIikTi cyabduarepain
KYPaMbIHA TdyeJiiri: / — kopzacvin any, N = 96, 2 —
Mulpblud any, n = 735.
Puc. 1. 3aBucHMOCTD NM3BJI€YEeHHUS CBHUHIIA M IIMHKA
B KOHIIEHTPATHI OT CO/IEPKAHUS TOHKO3ePHUCTHIX
cyab®uIoB: ! — uzeneuenue ceunya, n = 96; 2 — uzenevenue
yunka, n = 735.

The primary conclusion derived from analyzing the ampli-
tude of quality fluctuations in Zhairem lead-zinc ores and their
material composition characteristics is that none of the listed
composition parameters can be considered the main criterion
for averaging. The combined influence of these parameters
necessitates grade-based averaging by mixing higher-quality
ores with lower-quality ones.

An analysis of the beneficiation potential based on the
dispersion analysis of Zhairem ore beneficiation products
has shown that the majority of metal losses occur in the fine-
grained fraction (-20 um) (Figure 2).

The distribution curves of lead and zinc in flotation tail-
ings exhibit distinct peaks at the -10 pm or -20 um size frac-
tions, depending on similar peaks in the metal distribution
within the flotation feed, except for a peak at the +74 pm
fraction, from which lead and zinc are recovered at approx-
imately 96%.

Diagrams (Figure 3) confirm a significant difference in met-
al recovery between the «sandy» (+20 pm) and slime (-20 pm)
fractions. This explains the instability of beneficiation perfor-
mance, decreased selectivity, lower concentrate quality, and
increased metal losses in different concentrates as the propor-
tion of metals in the slime fraction increases.

The resulting experimental data (Figure 4) prove the reduc-
tion in lead and zinc extraction following a linear law, which
allows the following conclusion: when calculating the blend-
ing ratios of averaged ore grades, a correction factor for the
degree of dilution should be introduced for each separately
mined grade to stabilize quality.
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Figure 2. Curves of the dispersed analysis of the products
of enrichment of lead-zinc ores: / — mixed lead-zinc ores;
2 — tailings.

Cyper 2. KopracbIH-MBbIpBIII KeHAEPiH 0aiibITy
OHiM/IepiHiH THcHepCeTiK Taaaay KUChIKTapbl: [ — apanac
KOpP2aCbIH-MbIpbli KeHoepi, 2 — Kanovlkmap.

Puc. 2. KpuBble 1MCIepPCHOro aHAIN32 NPOIYKTOB
o0orameHusi CBHHIIOBO-IIMHKOBBIX PYA: [ — cumeuiantvle
CBUHYOBO-YUHKOBBIE PYObL, 2 — XBOCHIbL.

Thus, the primary stabilizing indicator of ore quality for
stratiform polymetallic deposits of the Zhairem type is the
metal content in the slimes fraction, which determines the
overall metal recovery. This leads to a crucial conclusion re-
garding the efficiency of mining complex polymetallic depos-
its. To ensure the quality homogeneity of the ore flow in terms
of metal content when mining multi-grade ores under quality
management protocols, it is necessary to standardize the metal
content in the slimes fractions of the extracted ore grades. This
objective can be achieved through various methods. However,
the most effective approach is the proposed method based on
a comprehensive beneficiation efficiency criterion. We have
designated it as such because this indicator is a product of the
Hancock efficiency index, well-known in the theory of sepa-
ration processes, and the degree of separation by concentrate,
also known as the Goden-Kelsall criterion.

The application of the Hancock criterion has provided
mathematical confirmation that quantitative separation effi-
ciency is directly dependent on the particle size distribution.
High efficiency is achieved in the «sand» fraction (+20 um),
whereas the «slime» portion significantly reduces the overall
value of the criterion.

It has been experimentally established that a dilution in-
crement of 10% significantly affects selectivity. When the
ore-to-waste ratio falls below 7:3, the beneficiation indicators
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sands +20 microns

Extraction of lead and zinc, %

15 3.0 a5 60 Zn
Lead and zinc content,%

Figure. 3. Dependence of the extraction of metals into
concentrates on their content in the sand and slurry
fractions of ore grinding: / — sulfide lead-zinc ores; 2 —
mixed lead-zinc ores.

Cyper 3. MeTaiaapablH KOHUEHTPATTAPFA WIbIFAPy
JdpesKeciHiH oJIapAbIH KeH/1i YHTaKTay Ke3iHaeri
KYM/bI KoHe IJIaM/bl (ppaKkuusijIapAarbl MoJIepiHe
TAYeJAiIiri: [ — cynbpuomi Kopzacwvin-mouipuvliiu kenoepi; 2 —
apanac KopaculH-mulpbiil KeHOepi.

Puc. 3. 3aBucumocTh U3BJICYCHHS METAJLIOB B
KOHIIEHTPATHI OT UX CO/IeP:KAHHUS B MEeCKOBOI 1
IIJIAMOBOI GPaKIHUAX MOMOJIA PYAbL: [ — cyib@uonbie
CBUHYOBO-YUHKOBbLE PYObL, 2 — CMeuldntble CEUHYOB0-
YuHkogwle pyool.

become unstable. To stabilize concentrate quality, operational
management of the blending process (based on formulas 6, 9,
and 11) is required to ensure minimum slime formation during
the averaging process.

Conclusions

Summarizing the theoretical aspects of the issue and the
results of experimental studies conducted on small-scale tech-
nological samples of lead-zinc ores from the Zhairem group of
polymetallic deposits, the following conclusions can be drawn.

The primary stabilizing indicator of ore quality for Ata-
suy-type stratiform deposits is the metal content in the slime
fraction of mineral grains smaller than 20 um.

The quality of the blend of averaged ore grades directly
depends on the quality of the source components and follows
a linear relationship. Furthermore, blending low-grade ores
with high-grade ones predictably deteriorates the overall tech-
nological performance.
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Figure 4. Dependence of lead extraction into concentrates
and the quality of lead concentrates on the charge ratios
of hard- and easy-to-enrich grades of lead-zinc ores in the
charge: [ — extraction; 2 — concentrate quality; 3 — losses in
the tailings of enrichment (in the numerator the volumes of
hard-to-enrich, in the denominator — easily-enriched ores).
Cypert 4. KoprachbIHHBIH KOHICHTPATTAPFA IIBLIFAPbLTYbI
MeH KOPFAChIH KOHIIEHTPATTAPBIHBIH CANACKIHbIH
IIMXTA KYPAMBbIHAAFbl 0albITYFa KUBIH sKOHE JKeHil
0alBITHUIATBIH KOPFACBIH-MbIPBILI KeHAEPiHiH yJjec
KATBIHACBIHA TIYeJAIIri: / — wwieapwiny, 2 — konyenmpam
canacwl; 3 — daublmy KaiOblKmMAapblHOAEbl HCOLANMYIAD
(anvlmbiHOa — batiblmyea KuvlH KeHOepOiH KeJieMi,
b6MIMIHOE — JiCeHin OALIMbLIAMBIH KeHOEPOIH KOeMi).
Puc. 4. 3aBucumMocTh U3BJIeYeHHSI CBUHIA B KOHIIEHTPATHI
U Ka4ecTBa CBUHIIOBBIX KOHIEHTPATOB OT IIMXTOBOYHBIX
COOTHOLIIEHUI TPYAHO- U JIETKOOOOTaTUMBIX COPTOB
CBHHIIOBO-IIMHKOBBIX Py B IIUXTe: [ — usgieuenue, 2 —
Kauecmeo Konyenmpama, 3 — nomepu 8 X6ocmax 00oeaujenus
(8 uucnumene 0b6vembl MPYOHOOOOLAMUMDIX, 8 3HAMEHAMeNe —
N1€2K00002amumblx pyo).

The proposed evaluation method, based on a comprehen-
sive criterion (the product of the Hancock and Gaudin-Kelsall
criteria), provides the most accurate prediction of beneficia-
tion efficiency in conditions of complex deposit structures.
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Oboratmere MOMe3HbIX UCKOMAEMBIX

Kox MPHTH 52.45.19

*I.T. CanabioexoBa, M.b. BapmeHnmunoBa
Kaszaxcruii nHayuonanensiil uccieoosamenvckuil ynusepcumem um. K. Camnaesa (2. Anmamoi, Kazaxcman)

BJINAHUWUE MUHEPAJIOITTYHECKOI'O COCTABA
PYJA BO3ITAKOJJBCKOI'O MECTOPOXJIAEHUA
HA DOOPEKTUBHOCTD ®JIOTAIINUN MEJIAN

Annoranus. VccienoBano BIHsHAE MHHEPAJIOTHYECKOrO COCTaBa M KPYITHOCTH M3MENIBUCHHS Pyl BO3IIaKoIbCKoro MecTopoxkaeHus Ha d3QGEKTHBHOCTD (BroTaiyun
Meju. Mcronb30BaHbl €KeIHEBHbIE JIAHHBIE PEHTIEHOCTPYKTYPHOIO aHAJIN3a, PE3YJIbTAaThl CHTOBOIO aHAJIM3a U OLEHKH PAacKpbITHs/accounanuii Cu-MUHEpPaIoB, a TaKkKe
nansbie Gpadpukn 3a 2022-2025 rr. TTokazaHo, 4TO POCT MUPUTA B TUTAHUH CBSI3aH CO CHIDKeHHEM n3BiedeHus meau (Crimpmen -0,47), Torna Kak anbOUT KOPpeIupyeT no-
noxuTeNbHO (+0,34). YeTaHOBIEHO, 4TO 0KOMO 22% MeIM B IUTAaHUU OCHOBHOM (DIOTALUM HPEICTABICHO IUIOXO BBICBOOOXKICHHBIM XaIbKOIIMPHUTOM, a BO (pakimu +125
MKM cocpenorodeHo 13% Bceil Mmenu. MonenupoBaHue noaTBepskaaet najgenue u3piedennii Cu n Au npu pocre P80; camxerne P80 ¢ 130 no 120 MKM MOXET ITOBBICUTH
n3Bnedenne Cu Ha 1,95%. Ipeanoxkena uaterpanus MuHepaioruu u P80 B yrpaBiieHHe ¢ pa3MepHO-pa3/eibHbIM aHATU30M (+38/-38 MkMm).

Kniwouesnle cnoga: npousso0CcmeeHHas MUHEPANIO2Us, PeHMeeHOCMPYKMYPHbLI AHANU3, (romayus Meou, pAcKpblmue XaibKonupumd, nusHue nupuma, KpynHoCnb
UBMeNbYeHUsl, X80CHIbl KOHMPOLbHOU iomayuu, mecmopodcoenue bosuiakois.

Bo3makes keH OpHbI pylajapbIHbIH MUHEPAJOTHSVIBIK KYPAMBIHBIH MBICTHI (uioTanusiay TuiMaitirine acepi

Anjnarna. Makanaga Bo3iakes KeH OpHBI KSHACPiHIH MHHEPANOTMsUIbIK Kypambl MeH yHTakray ipimiriniy (P80) mbic duotaumscsiHbie THiMALTITIHE dcepi Kapac-
TBHIPBUIBL. 3€pPTTEyIe OHIIPICTIK MUHEPANOrus AepeKTepi (KYHIENMIKTI CaHIbIK PEHTTCHOCTPYKTYPAIIbIK Tajaay, eiey HoTmkenepi, Cu-MHHEpaIIapbIHbIH allbLTybl MECH
acconuaiusuiapeia 6aranay) sxoHe hadpukansin 2022-2025 sok. KepeeTKinrepi naiananbiibl. [IMpuT Meepinin ocyi MbIC HIBIFAPBUIBIMBIH TOMEHIACTETiHI KOpCeTi i
(Cniupmen -0,47), an anbouTTin ocepi ox (+0,34). Herisri duorauust Koperinaeri MbICTBbIH aMaMeH 22%-bl HalIAp allbUIFaH XaJbKOIUPUT TYpiHae Oonajpl, +125 MkM
(pakumsiceinna MbicTbIH 13%-bI orbipaanrad. Monensaey P80 yikeiiren caiibin Cu 5xoHe Au 1bIFapblIbIMAAPBIHBIH TOMEH/EHTIHIH kopcerTi; P80-1i 130-1an 120 Mxm-
re azaiity Cu wbrapsuIbIMbIH 1,95%-Fa apTTeIpysl MyMKiH. +38/-38 MM dpakuusiapsr GoibIHIIA TanAdy KOIJAHY YCHIHBLIAbL.

Tyiiinoi cesoep: ondipicmix Munepanocus, CaHobiK PeHMeeHOCMPYKMYPAIbIK MAiod, MblC Qromayusacsyl, XarbKONUPUmMmiy auibliybl, RUPUMmiy acepi, YHmaxmay
ipiniei, baxpliay romayusiceinbly Kaiobikmapwl, Bosuiaken ken opHui.

Influence of the mineralogical composition of ores from the Bozshakol deposit on the efficiency of copper flotation

Abstract. This paper evaluates how ore mineralogy and grind size (P80) affect copper flotation performance at the Bozshakol concentrator. Daily quantitative XRD
trends, size-by-assay results and liberation/association observations are combined with plant daily data (2022-2025). Pyrite in feed shows a negative relationship with
Cu recovery (Spearman -0.47), while albite correlates positively (+0.34). About 22% of Cu in rougher feed occurs as poorly liberated chalcopyrite and 13% of total Cu is
hosted in the +125 pm fraction. Modeling indicates decreasing Cu and Au bulk recoveries with increasing P80; reducing P80 from 130 to 120 pm may increase Cu bulk
recovery by ~1.95%. Integration of mineralogy and P80 into daily process control via PI Vision and size-split QXRD (+38/-38 um) is proposed.

Key words: operational mineralogy, quantitative X-ray diffraction, copper flotation, chalcopyrite liberation, pyrite, grind size, control flotation tailings, Bozshakol.

BBenenue

[ToBbIeHne W3BIEYEHUSI MEAW Ha OOOTATUTENBHBIX (a-
Opukax MemTHO-TTIOP(GUPOBBIX MECTOPOXKICHUH B 3HAYUTEIb-
HOM CTETEHH OTPAaHHMYCHO MHUHEPATIOTMYECKUMH (haKTOpaMu:
(hopMolf HaXOXKICHUS MEIH, CTETICHBIO PACKPBITHS CYylb(u-
JIOB, KOJMYECTBOM MHPHTA, COAEPNKAHUEM TOHKHX TIIHMHHU-
CTO-CITIONIUCTBIX MHHEPAIOB M WX BIMSHHEM HA PEOJIOTHIO
MYJIBIIBI M CEEKTUBHOCTE (uioTannu. bo3makonbsckoe MecTo-
POXICHUE XapaKTepu3yeTcs BapnaOelbHOCTBIO JIMTOIOTHYE-
CKUX THIIOB M MHHEPAJIOTHH, ITO TpeOyeT mepexosa oT paso-
BBIX MUHEPAJIOINIECKNX UCCIEAOBAHUH K PON3BOJCTBEHHON
MHUHEPAJIOTUH KaK K €KeTHEBHOMY HHCTPYMEHTY YIPABICHHS
MIPOLIECCOM.

[ens paboThI — OIIPEACINTD KIIFOUEBBIC MHHEPAIOTHYECKIE
orpaHudeHus (uIoTanuu Meau U pya bosmiakoiabckoro me-
CTOPOX/ICHUS U KOJIMYECTBEHHO OIIEHUTH BINSHUE KPYIMHOCTH
m3menwsacHus (P80) na nssneuenus Cu, Au u Mo Ha oCHOBE
MIPOM3BOJCTBEHHBIX JAHHBIX, 4 TAKXKE COPMHUPOBATH TPAKTH-
YeCcKHe PEKOMEH/IAINH 110 MHTerpanuu MuHepanorun u P8O B
OTIEPaTHBHOE YIPABICHUE MTPOIIECCOM.

Marepuajbl M1 MeTOAbI

B paborte ncnonb30BaHbl CIEAYIONINE HCTOYHUKH JAHHBIX
1 TIOJXOJIBI:

1) Omuem no ayoumy npouszo00CmMeeHHOU MUHEPATOSUU C
onucanuem MmeKywux npakmux omoopa u noo20mosku npoo,
€JHCEOHeBH020 PEeHMeeHOCMPYKMYPHO20 AHAIU3A U PEKOMEH-
dayutl no unmezpayuu munepanoeuu 8 PI Vision.

2) Pe3ynomamul ucciedo8anus CUmo8oeo aHAIUu3d U Mu-
Hepano2uy No Kiaccam KpynHOCMu (Cymounvle/CmenHble
Komnosumet), exniouas donu Cu-wiunepanog (CuCN, CuAS),
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pacnpedenenue medu no Qpakyusam u OYeHKy packpvlmus/ac-
coyuayuil XarbKonupuma.

3) Ananus eruanus P80 na usenevenus Cu u Au no cymou-
HbIM OanHbiM abpuku 3a 2022 2. — anpens 2025 ee.

4) Pezynbmamvl 1a60pamopHuixX romayuoHHbIX Mecmos
(0sa komnozuma, ouanazor P80 120—180 mxm).

JL71s1 OLleHKH CBA3M MMHEPAJIOTHH U ITOKa3aTesel mpouecca
WCTIIOTH30BaHbl HemapamMeTprueckne Kod(h(HUIEHTH Koppe-
nsmmn (Crimpmen). [ox repmuaoM QXRD monnmaetces komim-
YeCTBEHHAs] PEHTTCHOCTPYKTypHas nudpakums (quantitative
X-ray diffraction).

PesyabTarsl

ITo exxemHEBHBIM JTaHHBIM PEHTTEHOCTPYKTYPHOTO aHAIU-
32 KOMITO3UTHBIX TPOO BBITOJHEH BBICOKOYPOBHEBBIN aHa-
TM3 CBSI3M MHUHEPAJIOTHH NMUTAHHUA W ITOKa3aTeleil mporecca.
YCTaHOBICHO CHIIBHOE OTPHIIATENFHOE BIMSHUE TMHPHUTA HA
m3BIeueHNE Mean: koddduiment xoppensamun CrimpMeHa co-
crasiseT -0,47. [TonoxxnuTenpHas KOPPEISIHS BBISIBICHA MEXK-
Iy W3BIICUCHHEM MEIW W COIEp)KaHWEM ajlbOuTa B MUTAHUU
(+0,34). [lanHblc 3aBUCHIMOCTH MOTYT HCIONB30BaThCs Kak
WHAWKATOPH U3MEHEHUS PACKPBITHS M CENEKTUBHOCTH TPH
M3MEHCHUY MIHEPAJIOTHH MTUTAHMUS.

J17151 TTIOBBITIIEHUS TMAarHOCTUYECKOM 1IEHHOCTH €3KETHEBHON
MUHEpPAJIOTHH PEKOMEHIOBAaHO BBITIONHATE pPa3MEepHO-pas-
JENBHBIA aHAIIN3: pa3/ieleHne KaKI0W KOMITO3HUTHOW MPOOBI
Ha aBe ¢paxmun (+38 u -38 Mxm) ¢ mocaexyromv QXRD.
Takoif TOIX0]] MO3BOJISIET OTJACIUTH BIUSIHUE TPYOBIX KOMIIO-
3UTHBIX 9acTHUI] (HEIOPACKPHITHE) OT BIMSHUS YIIBTPATOHKIX
(paxkmuii (TMTAHBL, TUTAMBI) U IEJICHANPABICHHO YIIPABIATH
TTOTEPSIMA MEITH.
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Tabnuya 1

Juanazonvt nepepabomxu MIICH u uzeneuenus meou (25-75% npouenmuns) u énuanue zeonozuu
(axcnnyamayuonnsle oannsie 3a 2023 200)

Kecme 1

MIICH botivinwa onoey jcane moicmol aiy Kopcemkiuimepiniy ouanazonoapul (25-75% naitvi30u1K, ynec)
Jcone zeonozuanviy acepi (2023 xcvinzel naiidanany oepekmepi)

Table 1

Ranges of MPSI throughput and copper recovery (25th—75th percentile) and the impact of geology
(operational data for 2023)

Jluaus ITepepadorka MIICH, | W3zeneuenue Cu, Bnusiaue reonmoruun Bimsiue reonoruu
(pabpuka) 1/ (25-75%) % (25-75%) (mepepaboTka) (u3BIICUCHUC)
BhIcoKHe CepHUIIUT U Beicokast 1oi1st Opexunu —
KaJUIHHbBIE — HUXKE T1 aboTKa; HIDKE U3BJICUCHUE,
Cynbduanas 3164-3540 82,0-84,4 N ¢ nepepaborka; © M3BIICTCHAC;
BBICOKHE XJIOPHTBI — BBIIIE BBICOKAsI JIOJISI aH/IE3UTA —
nepepaboTka BBIIIIC U3BJICUCHUE

Munepasiornyeckue orpaHunyeHusi GuIoTanuu MeaH

Pe3ynbTaThl CHTOBOIO aHAIN3a X MHHEPAJIOTHH 110 KjlaccaM
KPYIHOCTH HOKa3aJd, YTO 3HAYMMas JOJs MEIU TepseTCs B
rpyObIx Kiaccax. Bo ¢ppaxnuu +125 MkMm cocpenorodeno 13%
BCell Meau B BHIE cl1ab0 BBICBOOOXKIEHHOTO XaJIbKOIHMPUTA.
CymmapHO 0komo 22% Menu B TMTaHUM OCHOBHOM (hioTanyn
HAaxXOIMTCSA B BHJE IUIOXO BBICBOOOXKICHHOTO XaJIbKOIIUPUTA,
KOTOPBIH HE OAXOMUT I dPPEKTUBHON (hIroTarnu.

MuHepaornyeckue HaOIIONCHUS YKA3bIBAIOT Ha Xapak-
TEpHbIE ACCOLUALNH: XaJbKOIHPHUT B KOMITO3UTHBIX YAaCTHIIAX
NPEUMYIIECTBEHHO CBSI3aH C arperaTraMi «CIIofa + IIHHAY,
a BTOPUYHBIE CYIb(UIBI MEIH YaCcTO aCCOLUUPOBAHBI C Xalb-
KOIIMPUTOM M «ciIrozia + IInHa». B XBocTax KOHTpOIBHOH (1o-
TAIMH 3aKPBITHI, HEBBICBOOOKICHHBIN XaJbKOIHPHUT BCTPE-
YaeTcsl NIAaBHBIM 00pa3oM COBMECTHO CO «CJIIOAa + TIIHHA» U
MIUPHUTOM. DTO IMOATBEPIKAAET IBOMHYIO IPUPOIY MOTEPh:

1. Hedopackpuvimue 6 2pybuvix Kiaccax,

2. Vxyowenue promupyemocmu u cenekmusHOCmuy npu 8bl-
COKUX QOAX MOHKUX AUHUCIO-CTIOOUCTNBIX MUHEPATO8.

[lo maHHBIM KOJUIEKTHMBHOH MHHEPAJIOTHH IIMTaHUS OC-
HOBHOH ¢moTtanuu nopsinka 50% maccel TUTAHHUS COCTABIIS-
10T MHHEpalbl TPYIIBl «CIII0ga + INMHA»; HAHOOJNbIIEe MX
KOJINYECTBO HPHUXOIAMUTCS Ha TOHKHE KJIACCHI (B TOM YHCIIe
< —11 mxm). JIONOTHATENHHO B MIEPHUOJ MCCICIOBAHUS OIS
muHepanoB CuCN u CuAS ouennBanach Ha ypoBHe 14-36%
OT O0IIero KOJIMYecTBa MeAW B mHTaHuUW; mpu 3ToM CuCN
n3BIeKancs myuire, yem CuAS, a B 6oiiee KpyMHBIX KJIaccax
(+125 MKM) n3BICYCHHE YXYAIIAIOCH.

XBOCTBI KOHTPOJNBHON (roTanuu (GOpMHUPYIOT TMOpPSIIKa
87,5% Bcex XxBOCTOB (haOpHKH, UTO JETAET JaHHBII IOTOK MpH-
OPUTETHBIM JUISl CHIDKEHHS 1oTepb. [lo pesynsraram MuHepa-
JIOTUH XBOCTOB KOHTPONBbHOH (hrrotanuu 1o 28% o0riero xomiu-
YeCcTBa MEAN MOXKET TEPATHCS C JAHHBIM HMPOAYKTOM, a 7—13%
o0mIeil Mexu TepseTcst B XBOCTHI KOHTPOJBHOH (oTanun B
¢bpakm +125 Mxm. Ot™edeHo, uto 10 20% Meau, moTeHIH-
aIbHO MOJJAIoIeHcs (IIOTalMK, TepAEeTCs MPENMYIEeCTBEHHO
3a CYET 3aKPBITOTO, HEBBICBOOOXKICHHOTO XaIbKOITUPHTA.

Bansinne kpynuoctu usmesbuenus (P80) Ha uzBiieyenus
AHanmn3 CyTOYHBIX MPOU3BOJCTBEHHBIX TaHHBIX (2022 1. —
anpens 2025 TT.) moOKa3ad BBEIPAXKEHHYIO OOpaTHYIO 3aBH-
cumocTh u3BiedeHuit Cu u Au ot P80. s MonubmeHa

M0 TPOM3BOACTBEHHBIM CYTOYHBIM JaHHBIM YCTOHYHUBOU
koppensuu ¢ P80 He BBIABICHO, YTO COTIIACYeTCSA C BapH-
a0eIbHOCTHIO MUHEPAIOTUH Mo W 4yBCTBUTEIBHOCTBIO K
PEKUMY MEPEUUCTKH U JIeNpeccHr. Pe3ynbrarhl MOIEIUpPO-
Banus n3Bineuennii Cu u Au B nuanasone P80 120—180 mxm
MpeICTaBICHEI B TabmIe 2.

Taonuya 2
Mooens uzeneuenuii Cu u Au ¢ 3a6ucumocmu om P80
(cymounwte oannvie paopuru 2022-2025 22.)

Kecme 2

P80 manine éaitnanvicmor Cu scane Au any mooenvoepi

(padpukansiy maynikmik oepexmepi, 2022—2025 coxc.)
Table 2

Model of Cu and Au recoveries as a function of P80 (daily
plant data, 2022-2025)

P80, MxMm Ussneuenue Cu, % | Wssneuenue Au, %
120 85,64 55,41
130 83,69 53,72
140 81,74 52,02
150 79,80 50,33
160 77,85 48,63
170 75,90 46,94
180 73,95 45,24

i " A .
- g f: : O:D°g°'ﬂ€§::ﬂ :f WKS*
° - e

Puc. 1. 3aBucumocts nu3Bjedenuii Cu u Au ot P80
(MoeJIb 10 CYTOYHBIM JaHHbIM 2022-2025 rr.).
Cyper 1. P80 monine 0aiinanbicTbl Cu K9He Au any
KepceTKimTepinin Tayeamimiri (2022-2025 xek. Ty diKTiK
JiepeKTep OOWBIHIIA MO/IEJIb).

Figure 1. Dependence of Cu and Au recoveries on P80
(model based on daily data, 2022-2025).
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JlaGoparopHble ¢roTannoHHble TecThl (anpenb 2025 r.) Ha
JIBYX KOMIIO3UTAX TOJITBEPIMIN 00LMiA Tpena: cHibkenue P80
MIPUBOIUT K pocTy u3BiedeHuit Cu, Au u Mo, a yBenuiueHue
P80- k cHmxkenuro. [y kommo3ura 2 Oosiee HU3KUE U3BJICUC-
Hust Cu OOBSICHSIIOTCS TIOBBIIICHHOM 107 BTOPHUYHON M-
HOMU pyzblL.

Pesynbrarhl (rOTalMOHHBIX UCIBITAHUH JUIsl KoMIo3uTa 1
NIPUBEJICHBI B Ta0HLE 4.

Pesynbrarhl (IOTalMOHHBIX WCTIBITAHUN JUIsi KOMIIO3UTA 2
NIPUBEJICHBI B TAOIHLE 5.

Bonee uuskue nzineueHuss Cu 0OBSICHSIOTCS BBICOKOH J10-
JIel BTOPUYHBIX MEIHBIX MUHEPAJOB.

W3MeHeHrEe U3BICUCHUN OTHOCHTEIBHO 0a30BOM KPYIHO-
ctu P80 = 130 MKM npuBecHO B TaOIHIIC 6.

Tabnuua 3
Komno3zumul pyost, ucnonv3oeannvie 011 uomayuoHHbIX
UCRBIMAHUTL
Kecme 3
Dnomayuanvlk ClHaKmap yuwin naioaianvlizan pyoa
Komnozummepi
Table 3
Ore composites used for flotation tests
% IlepBuu- | % Bropuu-
Kouro-| Cu, | Au, Mo, % |A1203 | Si02 |S/Cu| Fe/Cu | Hbie Cylb- | HbIE CYlb-
3ur | % | g\t
s s
N°1 [03]0.25/0.0125 | 13.81 [42.618.68 | 25.68 86.92 7.58
N°2 |0.4/0.190.0125 | 14.87 {49.9219.85| 19.70 46.87 26.76
Tabnuua 4

Dnomayuonnvie ucnvimanus: uzenevenus Cu, Au u Mo
6 YUKJIe OCHOGHOI — KOHMPOJIbHOU U 8 KOJINIEKMUBHOI
pnomayuu npu paznuunvix 3navenusx P80

Kecme 4

Dnomayuanvlx cetnakmap: apmypii P80 manoepinoe

Hezi32i — 0aKblIay YUKIL HCIHE YHCHIMObIK (promayus

ke3zinoe Cu, Au scone Mo any kopcemkiwumepi
Table 4
Flotation tests: Cu, Au and Mo recoveries in the
rougher — scavenger circuit and in bulk flotation at
various P80 values

Taonuua 5
Dnomayuonnsle ucnvimanus: uzeneuenus Cu, Au u Mo
6 YUK]Ie OCHOBHOU — KOHMPOTLHOU U 8 KOIEKMUGHOT
dnomayuu npu paznuunsix 3nauenuax P80

Kecme 5
Dnomayuanvik colnakmap: apmypii P80 manoepinoe
Hezi32l — 0aKbLIAY YUK HCIHE FHCHIMOBIK promayus

ke3inoe Cu, Au ycone Mo any kepcemxkiuimepi

Table 5

Flotation tests: Cu, Au and Mo recoveries in the rougher —

scavenger circuit and in bulk flotation at various P80 values

M3BieueHne 0CHOBHOMN- M3BiedeHne KOIIEKTHBHON

KOHTPOJILHOU (hrroTarun ¢noranun
P80 Cu Au Mo Cu Au Mo
120 | 71.10 76.41 74.43 70.04 64.95 63.27
130 70.31 75.25 73.33 69.25 63.96 62.33
140 |  69.52 74.09 72.23 68.47 62.97 61.40
150 | 68.72 72.92 71.13 67.69 61.99 60.46
160 | 67.93 71.76 70.03 66.91 61.00 59.53
170 | 67.13 70.60 68.93 66.13 60.01 58.59
180 | 66.34 69.44 67.83 65.34 59.02 57.66

Tabnuua 6

H3menenue uzeneuenuii omuocumensno P80 = 130 mxm

(nabopamopnsle promayuonnsle mecmol, 06a KOMRO3UMA)
Kecme 6

P80 = 130 mxkm manine Kamuvicmol aiy Kopcemkiuimepiniy

032epyi (3epmxananvik promayuanslK colHaKmap, exi
Komno3um)

Table 6

Change in recoveries relative to P80 = 130 um (laboratory

flotation tests, two composites)

P80, ACu, AAu, AMo, ACu, AAu, AMo,
MKM KOMIL.2 | KOMIL2 | KOMIL2 | KOMILI xomrt. 1 xomrI. |
120 0,78 0,99 0,93 0,97 1,80 1,50
130 — — — — — —
140 -0,78 -0,99 -0,94 -1,26 -1,47 -1,98
150 -1,56 -1,98 -1,87 -2,28 -3,75 -2,78
160 -2,35 -2,97 -2,80 -2,63 -6,23 -3,34
170 -3,13 -3,95 -3,74 -4,56 -7,50 -5,56
180 -3,91 -4,94 -4,68 -6,18 -9,11 -7,31

H3Bneuenue 0CHOBHOI- H3Bneuenue KOMIEKTUBHON

KOHTPOJIBHON (hoTaruu torarun
P8O Cu Au Mo Cu Au Mo
120 | 85.85 65.40 66.01 84.13 56.90 57.43
130 | 84.86 63.33 64.29 83.16 55.09 55.93
140 | 83.57 61.64 62.02 81.90 53.63 53.96
150 | 82.53 59.02 61.09 80.88 51.34 53.15
160 | 82.17 56.16 60.45 80.53 48.86 52.59
170 | 80.20 54.70 57.90 78.60 47.59 50.37
180 | 78.55 52.85 55.88 76.98 4598 48.62
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OO0cy:xneHne pe3yJibTaToOB

[osydeHHbIe Pe3ybTaThl MOATBEPKAAIOT, YTO MHHEPAIIO-
rudeckuil (haktop i Bosmiakonst mposBiseTcs yepes Ba
KJTFOYEBBIX MEXaHHU3Ma:

- HE0OCMAMoyHoe packpvimue cyibpuoos meou 6 epyowix
Knaccax, npedxcoe ececo +125 mxm, ede cocpedomouena 3a-
MemHast 00 Meou,

- GIUAHUE MOHKUX 2NUHUCMO-CTIOOUCTIBIX MUHEPALO8 U
nupuma Ha cenekmusHoCcmb omayuu u pazbasienHue Kou-
yenmpama. OmpuyamenvHas cés3b NUPUmMa ¢ U3ejiedeHuem
meou (-0,47) mooicem ompasxcams conymcmsyouull YHoC nu-
puma 6 KOHyeHmpam u/unu yxXyouienue cenekmueHocmu npu
UBMEHEHUU INEeKMPOXUMUYECKUX YCA0BUL, M0o20a KAK NOL0-
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Puc. 2. U3menenne usBaedyenus Cu npu u3sMeHeHUH
P80 orHocuTesbHO 130 MKM (;1a0opaTopHbIE TECTHI —
KoMmo3uT 1).

Cypert 2. P80 mani 130 MKM-re KaTbICTHI 63repreH Kesje
Cu aay kepceTKilmiHiH e3repyi (3epTXaHajbIK CBIHAKTAP,
1-koMmo3uT).

Figure 2. Change in Cu recovery as P80 varies relative to
130 pm (laboratory tests, Composite 1).
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Puc. 3. U3menenne uspiedyenus Cu npu u3MeHeHHH
P80 orHocuTe1bHO 130 MKM (J1aGopaTOpHBIE TECTHI —
KOMIIO3HT 2).

Cyper 3. P80 moni 130 MKkM-Tre KaTbICThI 63repreH Ke3jie
Cu aay kepceTKiliHiH e3repyi (3epTXaHAJBIK CBIHAKTAP,
2-KOMIO3MT).

Figure 3. Change in Cu recovery as P80 varies relative to
130 pm (laboratory tests, Composite 2).

Jrcumenvhas ces3b ¢ arvoumom (+0,34) eeposimuo ceszana ¢
yayuuenuem paspyulenus u packpoimus Cu-munepanos 6 npu-
cymemauu 6onee Xpynkux noieeounamos.

IIpakTuecknii BBIBOA W3 3aBUCHUMOCTH «U3BIICYCHUE —
P80» 3axsodyaeTcss B TOM, UYTO YIpaBiICHHE KPYHMHOCTHIO
JIOJDKHO BBITIOJIHATBCS HE 110 (DUKCHPOBAHHOM yCTaBKe,
a ¢ yueroM MuHepajoruu nuranus. [Ipu pocre ponu Komro-
3UTHBIX YaCTHIl XaJIbKOIIMPUTA B IPyObIX Kilaccax IIENecoo-
OpasHo neneBoe ymeHbienue P80, B mepByto ouepens 3a cyer
CTaOMIIM3aLUH KITacCU(DUKAUK U UPKYISIIMOHHON HATrPy3KH
B KOHTYpe JjousmenbueHust. [Ipu pocte nonm «ciroia + miInHay
Y BTOPHYHBIX MUHEPAJIOB MEIH IMOBBIIIACTCS POJIb yIpaBlie-
HUSI IUTaMaMy (BOAHBIA PEXHMM, pacrpelelieHHe pearcHToB,
ONTUMHU3AIMS THIPOANHAMUKHN) U HEOOXOIUMOCTh KOHTPOJIS
yHOCA MUPHTA.

PexomeHn10BaHHBIN KOHTYpP OIEPAaTUBHOW IPOU3BOJCTBEH-
HOM MMHEpaJIOIH BKJIFOYAET:

1) ediceonesnuiil ananusz KpynHocmu numanust, KOHYeHmpa-
ma u X60cmos;

2) pasmepro-pazoenvibiii ananus (+38/-38 mxm) ons noka-
AU3aYUU NPUYUH NOMepb,

3) euzyanuzayuio coemecmuo ¢ KPI ¢ PI Vision (xauecmeso
KOHYEHmMpama/xeocmos, m/4, usgieuenue) u gopmuposauue
Habopos «mpuzeeposy Oiisi Oetucmeuil (NepeHacmpolra Kidc-

cupurayuy, KOppekmuposKa peazeHmHo20 pexicumd, QoxKyc
Ha KOHMpPOAbHOU grnomayuu). Hamuuue yugposwix uncmpy-
menmos (Smart Tag ons omenescusanus pyowt, Mill Slicer ons
KOHMPOJs 3a2py3Ku Meavhuybl, VisioFroth ons monumopunea
nenvt, TRIT-Al u pewenus na 6aze Power Bl) cozoaem ungpa-
cmpykmypy 011 6HeOPEeHUsL MAKO20 NOOX00d.

Bozshakol Feed Mineralogy and Cu Recovery
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Puc. 4. CBsi3b Me:k1y e:KeJHEeBHBIMU TeHIeHUUSIMHU
MHHEPAJOruM 1 NPOU3BOANTEbHOCTHIO (padpuKu 1is
BBISIBJICHHS] BO3MOKHOCTEH ONTHMU3AINHU IIpoLecca.
Cyper 4. IIpouecTi oHTalIaHABIPY MYMKIHAIKTepPiH
aHBIKTAY YIIiH MUHePAJIOTUsIHbIH KYH/AEJIKTi ypaicrepi
MeH (padpuka eHiMAIIriHIH apackIHaarbl Oail1aHbIC.
Figure 4. Relationship between daily mineralogy trends
and plant performance to identify process optimization
opportunities.

3aki04eHue

1. Ilo skenayamayuonuviv oannvim 2023 200a oasa cyno-
@uonou runuu ouanazon nepepadbomxu MIICH (25-75% npo-
yenmuiaw) cocmasnsem 3164—3540 m/y, a uzeneuenue medu —
82,0-84,4%. ['eonozus énusem na nokasamenu: 6blcoKue 00
cepuyuma u X10puma CeA3aHsl CO CHUMICEHUeM nepepadomxi,
Opexuuss — co CHUMCEHUeM U36IeYeHUs, AHOe3UM — C NOBble-
HUEeM U36J1e4eHUsL.

2. Ilo edcednenblM  OaHHLIM  PEHM2EHOCMPYKIMYPHOZO
aHanu3a 6blAGNEeHbl CIAMUCIMUYECKU 3HAYUMbLE C8A3U MUHE-
panozuu numanus u uzeiedenus Cu: nupum (Cnupmen -0,47)
u anvoum (+0,34).

3. Munepanocuueckue obciredosanusi NOKA3au, 4mo OKo-
a0 22% meou 8 numanuy 0OCHOGHOU romayuu npeocmasie-
HO NJI0XO 8bICB0OOINCOCHHBIM XANLKONUPUMOM, d 80 (Ppakyuu
+125 mrm cocpeoomouerno 13% eceti meou; X60cmvl KOH-
MPONLHOU promayuy AGIAIOMCA OCHOBHbIM HOCUMenNeM No-
mepw (00 28% obweti meou,).

4. Mooenuposanue no cymounvim oannvim 2022—2025 ee.
noomeepocoaem naderue uzgnevenut Cu u Au npu pocme
P80; cruocenue P8O ¢ 130 0o 120 mxm moxcem obecneuums
npupocm useneuenuss Cu nopaoka 1,95%. Jlabopamopueie
mecmul noomeepcoarom mpero ons Cu, Au u Mo.

5. Hna npakxmuueckozo eneopenus npeonodcena unme-
epayus munepanoeuu u P80 6 onepamusnoe ynpasnenue c
ucnonvzosanuem Pl Vision u pasmepno-pasoenvrnoco ananu-
3a (+38/-38 mrm) Onsa OuacHOCMUKU U CHUJICEHUS NOMeEPD
meou.
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Kox MPHTH 52.01.93

H.J. Cnaraes, *I.C. CarrapoBa, C.C. Kyapsasues, H.M. CyJjeiimeHnoB
HAO «Kapazanounckuii mexnuueckuti ynugepcumem um. Aovinikaca Cacunosa» (2. Kapaeanoa, Kaszaxcman)

BJIUNAHMUWUE U30JIsAIUU BBIPABOTAHHOI'O
ITPOCTPAHCTBA JTIABBI HA COCTOSsHMUE
INPOBETPUBAHUWSA BBIEMOYHOI'O YYHACTKA

AuHOTanus. B crarbe Mccie10BaHO BIMSHUE H30JISILHN BBIPAOOTAHHOTO TPOCTPAHCTBA JIABbI HA a9POra30BYI0 CUTYAIMIO BBIEMOYHOTO y4acTKa IPU MPSIMOTOYHON
cxeme nposerpuBanus. Llenb — pa3paboTka adpoJMHAMHYECKOr0 Ciocoba yrpaBieH s BEHTHIISILICH ¢ ONTHMU3ALUEH MapaMeTpoB M30IISLUK [Tl 00eCIIeYEHHUs yCTOM M-
BOTO MPOBETPUBAHMS U OE30MACHOCTH BECHMSI TOPHBIX paboT. Ha OCHOBE YKMCICHHOTO MOJEIMPOBAHMS BBISBICHBI OCOOCHHOCTH PACIPE/IC/ICHUs BO3AyXa U BbIICICHHS
MeTaHa. YCTaHOBJICHO, YTO MOBBILICHHAS! BO3AYXOMPOHUIIAEMOCTh BEIPAOOTAaHHOTO MPOCTPAHCTBA M POCT a3POANHAMHYECKOTO COMPOTHBIICHHS TTOAACPKHBACMBIX BbIpa-
GOTOK BBI3BIBAIOT JIOKAJIBHbIC 30HbI 3arazupoBanus. OG0CHOBAHO, YTO M30JISLMS BHIPAOOTAHHOTO MMPOCTPAHCTBA JIABBI CO CTOPOHBI TTOAAEPKUBAEMON BEHTHUIISILIHOHHON
BBIPaOOTKH siBJIsIeTCsl Hanbosee 3 (EeKTHBHBIM CIIOCOOOM YIIpaBJICHHs a3POra3oBoil CUTyalHeil, 00eCIIeUNBAIOIINM CTA0MITN3ALUIO BO3IYIIHOTO OTOKA, CHIYKEHHE YTEUEK
U YCTPaHEHHE 30H OMACHOTO 3ara3upOBaHHsI.

Kntouesvle cnosa: npamomounas cxema npogempusanusi, O4uUcmHuoll 3a00u, u0aAyus 6blpabomanio2o NPOCMPAHCmMed, 3a2a3upo8anusl, PAcxo0 8030yXd, NOOOEPICU-
saemas BEHMUIAYUOHHAS BbIPAOOMKA, AIPOOUHAMUYECKOE CONPOMUBTEHUE.

JlaBaHbIH OHAIPJIIN AJILIHFAH KEHICTITH OKIIayJaylblH Ka3y aliMarbIH KeJIeTy Kyiine acepi

Amnjparna. By Makananga skenaeTyain Tikesei Ti30eKTi chr3bachl Ke3iHae a’poraszibl JKaraaiira GailIaHbICTBl Ka3blIFaH aiiMaKKa JIAaBAHBIH OKIIAYJIAHbII, OHJICITCH
KEHICTIKKe acepi 3epTresai. Makcar — TYpaKThl KeJIIeTyl )KoHE Kayillci3 Tay-KeH KYMbICTapbIH KaMTaMachl3 €Ty YIIiH OHTalJIaHIbIpbUIFaH OKIIayJay rapaMerpiepi 6ap
a’pOIMHAMUKAJIBIK XKEJACTY/I OacKapy oiciH a3ipiey. CaHAbIK MOZCIbACY HETi31He ayaHbIH Tapasy 3aHAbLIBIKTapbl MCH METaH 0OJIiHY1 aHBIKTAJIbl. OHAIPLIIN aJIbIHFaH
KeHICTIKTiH aya ©TKI3riITiriHiH )OFapblIaybl KOHE TipeK Ka30aaapblHbIH a9POJMHAMUKAIIBIK KSACPTiCiHIH apTybl )KEPriTiKTi ra3aaHy aiiMakTapbiH TYbIPAThIHbI AHBIKTAJI-
1161, JIaBaHBIH Ka3bUIFAH KCHICTITIH TIPEJITeH JKeIAeTy KYHeCiHiH XKaFbIHAH OKIIayJay aya MCH ra3 JKar[aiblH OaKbUIayAbIH €H THIM/I XKOJIBI CKCHI OJICIACHICH, Oy aya
aFBIHBIHBIH 0AFBITBI MCH XKbIIIaM/IbIFbIH TYPaKTaH/IbIPYFa, aya aFrblll KETyiH a3aiiTyra )oHe KayinTi ra30eH jlactaHy aiiMakTapblH ic jKy3iHe KOIFa MyMKIHAIK Oepei.

Tyiiinoi ce3dep: mikeneii azviHObL Jicendemy Cbl30AChl, HCYMbIC bGemi, OHOIPINCeH KeHICMIKMI OKWAyIay, 2a30aHObIpY, aya WblebIHbL, YCMAIblMOazsl dceloenty Kazoachl,
aAIPOOUHAMUKATIBIK KeOepel.

The influence of the isolation of the worked-out lava space on the state of ventilation in the excavation site

Abstract. The article studies the influence of isolation of the worked-out lava space on the air and gas situation in the excavation site with a direct-flow ventilation
scheme. The aim is to develop an aerodynamic method of ventilation control with optimization of isolation parameters to ensure stable ventilation and safety of mining op-
erations. Based on numerical modeling, the features of air distribution and methane emission were identified. It was found that the increased air permeability of the worked-
out space and the increase in aerodynamic resistance of the worked-out areas cause local gas accumulation zones. It has been substantiated that isolating the worked-out
space of the longwall from the supported ventilation output is the most effective way to control the air and gas situation, allowing to stabilize the air flow, reduce air leaks,
and eliminate dangerous gas accumulation zones.

Key words: direct-flow ventilation scheme, working face, isolation of the mined-out space, gas accumulation, air consumption, supported ventilation output,

aerodynamic resistance.

BBenenue

VYronbHass NPOMBILIJIEHHOCTh OCTAETCSl OJHOW M3 KIIIOYe-
BBIX OTpacyieldl 3koHOMUKM Ka3zaxcraHa, oHaKo Moja3emMHas
nmobsrga yrisa, ocobenHo B Kaparanmmackom Oacceiine, co-
MIPOBOKAACTCS BBICOKUMH POU3BOJCTBEHHBIMH PHCKAMH.
HawnbGosnee omacHbIM (akTOpOM SIBISETCS BBIACICHHE METaHA
1 00pa3oBaHUE B3PHIBOOMACHBIX METAHOBO3AYIIHBIX CMECEH,
YTO HEPEJKO MPUBOAUT K TSHKEJIBIM aBapHUsIM C YEIOBEUECKHU-
MU JKEPTBAMH U pa3pylIeHHEM TOPHBIX BBIPAOOTOK W 000py-
moBanus. [loaTomy obecrieueHme Oe30macHOi pa3padoTKu
YTOJBHBIX MECTOPOXKACHUH W COOMIONeHNEe TpeOOBaHUN TIPO-
MBIIIUIEHHOH O€30MacHOCTH OCTAaeTCs aKTyalbHOHM 3amaucit
JUISL SHEPTEeTHKH ¥ SKOHOMUKH CTPAHBI.

B mepuox ¢ 1993 mo 2023 rox B yronpHBIX maxTax Kazax-
CTaHa MMPOU30IIII0O MHOXKECTBO KPYIHBIX aBapHii, CBI3aHHBIX
CO B3PBIBAMHU METaHA, BBIOpPOCAMH YISl U Ta3a U MOXKapaMH,
YHECIINX >KN3HU COTEeH ropHAKoB. K Hanbonee Tparndeckum
otHOcsATcs aBapun 2004 1. Ha maxte «laxtuackass» (23 mo-
rubmmx), 2006 roma Ha maxte uM. JlenuHa (41 moruOmmii)
n 2023 1. Ha maxte uM. KocTeHko, rie mpu B3phIBE MeTa-
HOBO3IYIIHOW cMecu moruomu 46 denosek [1]. OCHOBHBIM
crmoco0oM OOpBOBI ¢ METAaHOM SIBJISETCS TPOBETPHUBAHUE
TOPHBIX BBIPAOOTOK, 0OeCIeuynBalonIiee MoAepKaHnue JT0My-
CTHMBIX KOHIIEHTpanuii raza. OJTHaKO CyIIECTBYIOIINE MEPHI
YaCTO OKA3bIBAIOTCS HEMOCTATOYHO 3(h(hEeKTUBHBIMH, YTO 00-
YCIIaBINBAET HEOOXOAMMOCTH COBEPIICHCTBOBAHHUSI METO/IOB
YIPaBJIEHUS Ta30BbICICHIEM, MOHUTOPHHTA METaHA U pa3-
paboTku Oojee HAAEKHBIX CXEM HMPOBETPHUBAHUS BBIEMOY-
HBIX Y9acCTKOB.
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Bompocam npoBeTpHBaHUS YIOJIBHBIX IIAXT IIOCBSALIECHO
S3HAYUTCIIbHOC KOJINMYECCTBO HAYYHBIX HCCHGHOB&HHﬁ, YTO CBs-
3aHO C HEOOXOAMMOCTBIO TIOBBIIICHHST HA/IE)KHOCTH 1 3P heK-
TABHOCTHU BCHTUWIAIIMHU TOPHBIX BI)Ipa6OTOK u O6eCHe‘IeHI/IH
0e30MacHOCTH TOPHBIX paboT. OCOOEHHO aKTUBHO JaHHAas
npoOneMarrka nu3ydaetrcs B Kurtae. AHamu3 myOmuKariuii mo
BeHTW I axT 3a 2010-2023 rojpl, TpeJCTaBICHHBIA B
pabote [2], moka3bIBaeT STalbl CTAOMIBHOTO Pa3BUTHS, 3a-
MEJUICHHOTO pOCTa M TIOCIEAYIOLIEro OBICTPOro IMoAbeMa
uccnenoBannii. OCHOBHbBIE HAaIpaBIEHUS PAaOOT CBS3aHBI C
MOACIINPOBAHUEM BO3JYIIHBIX ITIOTOKOB, FaSO}IHHaMHKOﬁ " Co-
BEPILECHCTBOBAHUEM CHCTEM YIPaBICHUS BeHTWIALMEH. Taxk,
B HccienoBaHusx [3—5] pa3zpaboTaHbl TpEXMEpHBIE MOJIENIN
BEHTWIALIMOHHBIX CETEeH, METOAbl paclpe/eleHusl pacxoia
BO3ayXa, YCTpaHCHUA YTCYCK, MOBBIMICHUA TOYHOCTU HU3ME-
PEHUIl CKOPOCTH BO3IyXa, a TaKXKe IKCIEPUMEHTAIBHO IOJ-
TBEpKeHA (P PEKTUBHOCTD YBEINYCHHS IOIa4H BO3yXa JUIs
CHM)XCHHS KOHUCHTPpAIIUU ra3a B O4YUCTHBIX 3a6091x.

CoBpeMeHHbIE HCCIIeIOBAaHHS OPUEHTHPOBAHBI Ha BHE/PE-
HHE LU(PPOBBIX W HMHTEIUICKTYallbHBIX DPEHICHHH, BKIIOYas
JUCTAaHIMOHHOC YIIPAaBJICHUE BeHTHJ’IHHHeﬁ, IIPUMEHCHUC J1aT-
YHKOB U METOJIOB MCKYCCTBEHHOTO WHTEIUIEKTA JUIsl aHaIn3a
JIAaHHBIX B peajbHOM BpeMeHH [6—8]. DTo mo3BosseT omnepa-
TUBHO KOPPEKTHPOBATH PACIPENEICHUE BO31yXa, BBIABIATDH
ONacHbIC 30Hbl M CHMKATh PUCK TEXHOTCHHBIX aBapuil. B pa-
Oore [9] mpemIokKEH CUCTEMHBIH PUCK-OPUEHTHPOBAHHBIN
HOJIXOJ K CHM)KEHHIO aBapUMHOCTH Ha OCHOBE MOJEIHNPOBa-
HUS a9POJIOTHYECKON U ra30BOI 0OCTAaHOBKY U aHAJIH3a Mpe/I-
BCCTHUKOB B3PBIBOOIIACHBIX COCTOSIHUH.
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HecMoTpst Ha HanuuKe 11eJI0ro psifia HaydyHBIX HCCIIEN0Ba-
HUI B 00JIaCTH LIAXTHOM BEHTWISALMH, TPUMEHEHHE HHHOBA-
LMOHHBIX TEXHOJIOTHH B MPOBETPUBAHUM NPOOJIEMa CHIKE-
HUSI PUCKOB B3PBIBOB METaHa B YrOJBHBIX IIAXTaX BCE €lIe
He peurena. OneHKa, yIpaBieHne U CHU)KEHHE PHUCKa B3pbIBa
METaHOBO3/lyLIIHOW CMECH Ha BBHIEMOYHBIX Y4acTKax sIBJISET-
Csl COCTaBHOM YacCThIO CHCTEMBI YIIPABJICHHS TPOMBIIIICHHON
0€30I11acCHOCTH IAXT U MPEJICTABISIET COOOW OIHY U3 IIPUOPH-
TETHBIX HAY4HBIX NpoOieM. Bmecte ¢ Tem mpobiiemMbl yCToii-
YHBOTO MPOBETPUBAHMSI BHIEMOYHBIX Y4aCTKOB U MPEIOTBpa-
LIEHUs JIOKAJIbHBIX 3ara3upOBaHUI B OYMCTHBIX 320051X, 0CO-
OEHHO NIPH MPSIMOTOYHON CXEME MMPOBETPUBAHMS U HATUIUU
BbIPa0OTaHHOTO MTPOCTPAHCTBA JIaBbl, OCTAIOTCSl HEJO0CTATOY-
HO M3YYEHHBIMH, YTO ONpEJeIsieT He0OXOAUMOCTh pa3padoT-
ku 3QHEKTUBHBIX a9POANHAMHYCCKUX CIIOCOOOB YIIPABICHUS
METAHOBBIJICJICHUEM M BEHTWISLIHOHHBIMU PEXHMaMHU Bble-
MOYHBIX yYaCTKOB.

Jlis perieHus Hay4HOM MPoOIEeMBl B CTaThe MPEAJIOKEH U
HayyHO OOOCHOBAH a’dpOJMHAMHYECKMH METOJ| YIpaBICHHS
BEHTWJISIIMOHHBIM PEKMMOM BBIEMOYHOT0 y4acTka. Ero npus-
LUIYaIbHass HOBU3HA 3aKJII0YACTCsl B ONTUMMU3AIMU T1apame-
TPOB M30JISILIH BEIPAOOTAaHHOTO IPOCTPAHCTBA JIABBI KAK KIIFO-
4yeBoro (hakTopa peryJupoBaHMs Bo3ayxopacipeieneHus. Pe-
QJIN3aIMsl 3TOTO MOAX0/Ia MO3BOJISIET IIOBBICUTH YCTOWYHBOCTh
[IPOBETPUBAHMUS, CHU3UTh PUCK JIOKAIBHBIX 3ara3upOBaHUN U
obecrieunTh Oe30IacHbIe YCIOBHUS BEACHHSI OYUCTHBIX PadoT.

MeToab! HccIe10BaHUS

HccnenoBanue BBITOTHEHO € NPUMEHEHHEM KOMILIEKca
AQHAJIUTUYECKUX, HAaTypHBIX M PAcueTHHIX METONOB. B xoze
HCCIIEIOBAaHUN TIPOBEJCH aHAJIN3 HAyYHO-TEXHUYECKUX IIy-
OMKalMii 1 HOPMAaTHBHBIX JJOKYMEHTOB [0 BOIIPOCAM ITPOBE-
TPUBAHUS BBIEMOYHBIX YYaCTKOB M YIPABIECHUS METaHOBBIIE-
JICHUEM TPHU NPSMOTOYHON CXeMe MPOBETPUBAHMUS.

HartypHble nccrenoBaHus OCHOBBIBAINCH HA aHAIM3E JIaH-
HBIX O COCTOSIHUM a’pora3oBoil OOCTaHOBKH BBIEMOYHOTO,
MOJTyYeHHBIE B XOA€ HATYPHBIX TI'a30BO3MYIIHBIX M JEMpec-
CHOHHBIX ChEMOK B OYHMCTHBIX 3a00s1x naB 45K, —3 n 43K,—3
mraxtel uM. Koctenko Kaparanaunackoro yroiasHoro 6acceiiHa.
COO0p aHHBIX MPOBOJMJIICS B COOTBETCTBUH C TPEOOBAHUSIMU
MIPOMBILIICHHON 0€30I1aCHOCTH M METOIMKAMU I'a30-BO3LyII-
HBIX M JICIPECCHOHHBIX CheMOK. IIpu mpoBeneHun ra3o-Bo3-
JYUIHBIX ChEMOK B OMOPHBIX TOYKaX MCCIEIYEMbIX 30H (HK-
CHPOBAJINCH 3HAYEHHSI TaKUX rapameTpoB kak C — oObeMHOe
Cofiep)KaHHEe MeTaHa B BO3AyXxe (%), CKOPOCTb JBMKEHHS
BO3yIIHOrO TI0TOKa V (M/c) v pacxon Bosayxa Q (m/c). Tlpu
MIPOBE/ICHUH JETIPECCHOHHBIX ChEMOK B JIOTIOIHEHHE K 3aMe-
PEHHOMY pacxoaiy Bo3ayxa (, 3aMepsuIMch MOTepH Hamopa h
(0alla) mexay Toukamu. [l M3ydeHHsl MEXaHHM3Ma 3ara3u-
pOBaHMsI, yTeYeK BO3yXa uepe3 OOpYyLICHHBIH MacCHB M WX
[IPUTOKOB B MOJJICP)KUBAEMYIO BEHTHIISILIMOHHYIO BBIPAOOTKY
3aMepbl MPOBOAMIIKMCH B HATYPHBIX YCJIOBHSX JEHCTBYIOLINX
1axT. 30Ha 3ara3upoBaHUs PacCMaTPUBAIACh B TPEXMEPHOMH
cucreme koopauHat (X, Y, Z), rae Touka 0 Ha mo4se B paifo-
HE CONPSDKEHMs] JIMHUM OYUCTHOTO 320051 M CTEHKH HOAJEp-
KUBAEMOM BEHTWIALMOHHON BBIPAOOTKH CIyXHJIa HA4aJIoM
koopauHat. Ock Y HampasieHa B10Jib 32005, 0Ch Z — MEPIICH-
JUKYJISPHO IUIOCKOCTH 3aJIeTaHUs IUIacTa. YYHUTHIBAs, 4YTO
HauOoJee ornacHas ra3oBasi CHUTyauust OpMHUpYeTCsi y TPyAu

OYHMCTHOTO 320051 B BEPXHEH €ro 4acTh, U3MEpeHHEe KOHIICH-
Tpauu MeTaHa npoBoAminuch Ha paccrostauu 0,05 m — 0,1 M
OT rpynu 32005t 1 2,2 M — 2,5 M OT IIOYBBI OUYMCTHOI'O 32004
M3mepenus copepkaHusl MEeTaHa 10 yKa3aHHOM JMHHUM TIPO-
BOJIMJIMCH Ha ydacTke paBHOM 50 M — 60 M OT compspKEHHs
OYHCTHOM BBIPAOOTKH C TIOJ/ICPIKMBACMOH BEHTHIISILIMOHHOH C
I1aroM U3MepeHus 3 M — 5 M.

Jna anamusza pacmpereneHus BO3AYLIHBIX ITOTOKOB HC-
MOJIb30BAJIOCh YMCIIEHHOE MOJICNIMPOBAaHME HAa OCHOBE KBa-
3HCETEBOM MOJIENM BBIEMOYHOIO Yy4yacTKa, I03BOJISAIONIEE
OLIGHUTH BIMSHUE H3O0JIIIMM BBIPAOOTAaHHOIO NMPOCTPAHCTBA
Ha adpora3oMHaAMHUYECKYI0 CUTyaluio. JloCTOBEpHOCTh pac-
YEeTOB MOATBEPXKAE€HA POU3BOACTBEHHBIMH SKCIIEPUMEHTAMU
IO M30JISILIMU BBIPAOOTAHHOT'O MPOCTPAHCTRA JIABBI U TIOCIIELY-
IOLIUMH KOHTPOJIBHBIMU U3MEPEHUSMHU.

PesyabTarhl ucciieoBaHusA

B KaparananHckom OacceliHe TeXHOJIOTHH BHIEMKH YTOJIb-
HBIX IUIACTOB C NPSIMOTOYHOM CXEMOH IpPOBETPUBAHUS Ha
MOJIEP’KUBAEMYI0 BEHTUISIIMOHHYIO BBIPA0OTKY MO3BOJISIOT
3HAUUTENIBHO YBEINYMBATh HAPY3Ky Ha OYHMCTHBIE 3a00H, CO-
Kpaiiarb 00beM M 3aTpaThl Ha IOrOTOBUTENIbHBIE BBIPAOOTKH,
MUHHMH3UPOBATh NMOTEPH YIUI B MPUCEUHBIX LIEJINKAX, & TaK-
)K€ Cco3AaBarh Oe30IacHbIC YCJIOBHUS JUIsl JIOKaJIM30BaHHOIO
cOopa W yjnajeHus METaHa [0 MCTOYHHKAM €ro BbLICICHHS.
VYTeukn BO3[yXa U3 OYMUCTHOTO 3a00si CYIIECTBEHHO BIIUSIOT
Ha ra3oBbIii OajiaHC BbIEeMOUYHOro yuactka. C OJHOH cTOpO-
HBI, 4aCTh METaHa Ojarojapsi yreukaM MHHYET JOOBIYHBIN
Y4acTOK U yJalsieTcsl Ha IMOJACP)KUBAEMYIO0 BEHTUISIIMOH-
HYIO BBIPaOOTKY, C JAPYroil — yMEHbIIACTCS 00bEM BO3/yXa,
Y4acTBYIOIIETO B MMPOBETPUBAHHUHU JIABBI, YTO MOBBIIIACT PUCK
3ara3upoBaHus pu3adoiiHoro npocrpancTsa. MccnenoBanus
a’pPOIMHAMUKY BHIPAOOTaHHBIX MPOCTPAHCTB TOKA3aJId, 4TO
IIPU TPSMOTOYHOM CXeMe MHPOBETPUBAHUS C MOJCBEKECHU-
€M CTpyH BO3JlyXa BO3HHUKAIOT OCOOCHHOCTH (POPMHPOBAHMS
yTedeK: onacHasi MO KOHIEHTpAIlMd MeTaHa 30Ha BO3HHUKAET
B MECTaxX BBICOKOH BO3JyXOIPOHHIIAEMOCTH BBIPAOOTAHHOTO
MPOCTPAHCTBA JIaBbl, 0COOCHHO OKOJIO TOYKH B3aUMOJICHCTBHS
OCHOBHOTO ITOTOKA BO3/1yXa I10 JIaBe U MOJCBEKAIONIEH CTPYH,
M0/IaBaeMOM 4epe3 MPHIIeralollylo BbIPAaOOTKYy K OYUCTHOMY
3a0010.

CocTosiHME MOAJIePKUBAEMON BEHTHIISIIMOHHON BBIPAOOT-
KM OKa3bIBAaeT KIIIOUEBOE BIMSHHUE HA a9POra30JMHAMUKY BBI-
eMOYHOro yuacrtka. IlonBepkeHHass A€MCTBUIO TOPHOTO JaB-
JICHUs] ¥ OOpYILIEHHUS TIOPOJl, OHA UCIIBITHIBACT Ae()OpMAIHIO
KpeNnu ¥ YMEHbBIIICHHUE MONEPEYHOro CEUYCHHs B 30HE MEePBUU-
HOM MOCAJKN KPOBJIH, YTO TOTMOJIHUTEIBHO BIUSIET Ha paclpe-
JieJIeHUe MTOTOKOB BO3yXa M METaHa.

UccnenoBanusamu [10], npoBeneHHsiMu Ha maxtax Kapa-
raHJAMHCKOrO OacceliHa, yCTaHOBIICHO, YTO YIEIbHOE adpo/Iu-
HAaMUYECKOEe COINPOTHUBIIEHHE TaKHX BBIPAOOTOK MOXET BO3-
pactarb 10 40 pa3 U MPUBECTH K M3MEHEHUIO HANPaBICHUS
MOTOKa BO3/JyXa B NPH3a00HHOM MPOCTPAHCTBE JIaBbl M 00-
pazoBanuto B 10—30 MeTpax OT CONpsDKEHUS JIaBbl C MOIEP-
JKMBAaEMOI BEHTWISIIHOHHOW BBIPAOOTKOW 3aCTOMHOI 30HBI
C TIOBBIIIEHUEM Ccofep)kaHus MeTaHa. [lognepikaHue BEHTH-
JSIIMOHHOM BBIPAOOTKM B HOPMaJIbHOM COCTOSIHMH C OJHO-
BPEMEHHBIM YBEIIMUCHUEM COIPOTHUBIICHUSI BBIPAOOTAHHOTO
MPOCTPAHCTBA JIABbI SIBJISICTCS BAYKHBIM MOMEHTOM B CTaOMIIH-
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3al[K I'a30BOM 0OCTAHOBKM HA BHIEMOYHOM y4acTke. Bhirosi-
HEHUE ITHX YCJIOBHH B ONpPEJEICHHON CTEIIEHH MOXET ObITh
obecrieueHo NMpu BO3BEICHUHM OXPaHHO-M30JIMPYIOIINX M0JI0C
B/IOJIb BEHTWJISILIUOHHOW BBIPAOOTKH. DTO CBUETEIHCTBYET
0 TOM, Y4TO B CHCTEME «H30JIUPYIOLINE COOPYKEHUsI — BbIpa-
00oTaHHOE MPOCTPAHCTBOY, B MPOLECCe YIPABICHUSI METaHO-
BBIJICJICHUEM ONPEJIEIISOIIasi POJb MPHHAIICKHUT U30IUPYIO-
MM COOPYKEHHSIM.

B xoze mccrienoBaHus CpaBHUBAIUCH adpOra3oBble CUTya-
1MU B JIaBe B 30He 3arazuposanus (ot 0 g0 50-60 M ot comnpsi-
KEHHs C IOJJICP)KUBACMON BEHTHIISILIMOHHON BBIPAOOTKOIN)
IPU Pa3IMYHBIX PEKUMaX PEryJMpOBaHHs IPOBETPUBAHMUS,
TaKuX Kak:

a) 6e3 npoeederust Kakux-aubo MeponpusimuiL;

6) ¢ npumeHenuem NOOPLIEKU NOUEbL NOODEPIAHCUBACMOLL
BEHMUNIAYUOHHOU 8bIPAOOMKIU

8) ¢ npogedeHuem U30IAYUYU BbIPAOOMAHHO20 NPOCMPAH-
CmMea N1agvl cO CMOPOHbL NOOOEPIAHCUBAEMOL GEHMUNAYUOHHOU
svipabomku Ha yoanenue 0o 200 m om conpsiicenus ¢ 1a8ou.

YucieHHOe MOJEIMPOBAHUE €CTECTBEHHOTO pacrpesesie-
HUSI TIOTOKOB BO3/lyXa B Y4acTKOBOHW BEHTHJISILIMOHHOW CETH
OBUIO OCYIISCTBICHO Ha 0Oa3e pa3pabOTaHHON KBa3uceTe-
BOM Mozenu BhleMOYHOTrO ydacTka [11]. OOiee konudecTBo
Y4acTKOB, Ha KOTOPOE JICJHIINCH JIaBbl, U OTpadOTaHHasl YacTh
Tu1acTa ObUTH MPUHSATHI OIMHAKOBBIMU JIJISI JIBYX JIaB U PaBHsI-
quck n = 10.

[To mepe moxBuranusi O4UCTHOTO 320051 HAOIIOIATIOCH 3HA-
yutenbHoe, 10 60%, yMeHbIIIEHUE CeUeHUS TOAIEPKUBAEMO
BEHTUJISIOHHOW BBIPAOOTKH 110 CPABHEHUIO C MPOEKTHBIM
ceueHneM. B cBa3u ¢ atum, no nase 45K,,—3 mpoBoamiachk
MO/IPBIBKA MOYBBI MOJICPKUBAEMON BEHTHIISILIMOHHOM BbIpa-
6otku Ha ynanenue 10 1000 M OT corpsHKEHMsI C OUMCTHBIM 3a-
6oem, 4To, OJTHAKO HE JaJl0 CYIECTBEHHOTO U3MEHEHHUS adpo-
ra30BOM cUTyaluH B o4lcTHOM 3a00e. [1o naHHbIM, MoTyueH-
HbeIM 110 J1aBe 45K —3, mpoBeeHo MOIeNnUpOBaHUEe, KOTOPOe
MOKa3aJjio, 4To Ha paccTossHUU 30 M OT CONPSDKEHUS C TTOAEP-
KMBAaeMOW BBIPAOOTKOI BO3AyX omnpokujabiBaeTcs. dakruye-
CKHE U3MEPEHUsI IOKa3aJu, 4To B rpejaenax 50 M ot conpsike-
HUsI CKOPOCTh BO3/yxa Haxomurcst B npenenax 0,1-0,2 m/c u
BEKTOP JIBMKEHHUSI CKOPOCTH 10 JlaBe 00parHblil. B npenenax
30HbI OT 10 10 30 M M0 J1aBe CKOPOCTH Bo3ayxa menee 0,1 m/c.
BekTop BHKEHHSI CKOPOCTH HE OIPEIesIsIeTCsl.

JanbHelilnee MOAEIUPOBAHUE C NPUMEHEHUEM H30JISLUU
BBIPa0OTAHHOTO IPOCTPAHCTBA JIaBbI CO CTOPOHBI HOJZEP-
KMBAaeMOW BEHTWJISIIHOHHOW BBIPAOOTKH Ha paccTosiHue 32
MeTpa u 54 MeTpa OT JIaBbl [10Ka3ajo, YTo a’porazopasi CH-
TyalMsi B JIaBe MEHsIeTCsl He3HauuTedbHO. Jliisi momydeHus
OOBEKTHBHBIX JaHHBIX O BIMSHHM H30JILMU BBIPAOOTAHHO-
r0 MPOCTPAHCTBA JIaBbl MIEPBOHAYAIILHO TIpeycMaTpUBaliach
M3OJISILUSL  TIO/IJICPI)KUBAEMON  BEHTHWIISILMOHHOM BBIPAOOTKU
yuactkamu JuinHOH 20, 40 u 60 M. OzHako oOcienoBaHue ee
(haKTUYECKOro COCTOSIHMSI Tepe]] MIaXTHBIM JKCIEPHUMEHTOM
BBISIBUWIO 3HAYMTENbHbIE JieopMaliy apOYHON KPENH U BbI-
BaJI TIOPOJBI, YTO 3aTPYJHWUIO IPOBEJCHUE H3OJSLIMOHHBIX
paboT. B CBsI3u ¢ 9THM W30S BEHTUISLIMOHHOTO IITPEeKa
B LIAXTHBIX YCJIOBHSX ObLJa BBINOJHEHA HA y4acTKax JJIMHOU
32 u 54 M, 4T0 00YCIIOBHJIO COOTBETCTBYIOIIUI BBIOOP Mapa-
METPOB MOJICIIMPOBAHUSI a9POra30BOM CUTYallU BHIEMOYHOTO
yuactka. [Ipu nanpHelnem yBelnyeHUy IpOTS)KEHHOCTH U30-
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JISIIIMU BBIPAOOTAHHOTO MPOCTPAHCTBA JIaBBI CO CTOPOHBI MO/~
JIep)KUBAEMON BEHTWIISIIMOHHOW BBIpaOOTKM 10 128 MeTpoB
BEKTOP CKOPOCTH JBHKEHHsI BO3/lyXa B JIaBE CTAOMIIU3UPYETCs
M0 BCeW AJHMHE, OJHAKO CKOPOCTh JBIDKEHMS BO3AyXa HMKE
JIOIYCTHMOTO TPeOOBaHUSIMHU 0€3011aCHOCTH MUHUMAIILHOTO
cocrasiser 0,11-0,12 m/c.

Jnst obecriedeHust CKOPOCTH JIBMIKEHMSI BO3/lyXa I10 JIaBe,
COIVIACHO TPeOOBaHMSIM IPOMBINIICHHOW OE30I1aCHOCTH, Kak
NIOKa3aJIy pacyueThl, IPOTSKEHHOCTh U30JISILIMK BHIPAOOTaHHOTO
MPOCTPAHCTBA JIaBBI CO CTOPOHBI MOIEPKUBAEMOI BEHTHIISLIU-
OHHOI1 BBIPaOOTKH JIOJDKHA COCTaBJIsITH HE MeHee 192 merpa.
CornacHO pa3pabOTaHHBIM MEPOIPHUSITUSIM [0 YIPABICHUIO
NPOBETPUBAHUEM NPOBOAMIIACH H30JISILUS  BBIPAOOTAHHOTO
MPOCTPAHCTBA JIABBI CO CTOPOHBI MOJAEPKUBAEMOI BEHTHIIS-
LUOHHOI BBIPaOOTKU. [IpOBEpOUYHBIN IKCIIEPUMEHT ITPOBOIMII-
cs crenyrommM oopazom. [Ipumbikaromas K BeIpaOOTaHHOMY
MPOCTPAHCTBY JIaBBI YaCTh MOAEPIKUBAEMON BEHTUIALIHOHHOM
BBIPAOOTKH OT TIOYBBI JI0 CEPEANHBI BEPXHSKA apOYHOM Kperu
M30JUpoBaiach Ha npoTshkeHur 200 MeTpoB OT JiaBbl. B kaue-
CTBE M30JIALMH IPUMEHSUICS BO3TyXOHEIPOHUIAEMBIN MaTepu-
a1 (BeHTHJIALMOHHAs TpyOa, nonuaTriieH). [lomockl Marepuaa
KPEIUIUCh K JICMEHTaM CETUYaTOM U KeIe300€TOHHOMN 3aTsKKH
MEXKIy paMaMH KPEMH, CTBIKU YIUIOTHSUTHCE.

ITocne mpoBeneHus U30ISIMU MOAECP)KUBAEMON BEHTHIIA-
IIUOHHOHN BBIPAOOTKH MPOBOJMINCH KOHTPOJIBHBIE H3MEPEHUS
CKOPOCTH JIBIKEHHUS M KOJIMYECTBa BO3/AyXa IO JaBe W IMOJ-
JepkuBaeMol BeipaboTke. Ha puc. 1 npencrasieHsl JaHHbIE O
BJIMSTHUU PA3JIMYHBIX CIIOCOOOB yIPaBJICHUsI IIPOBETPHBAHIEM
naBel 45K,,—3. AHanoru4Hble UCCIIEIOBaHUs, MPOBEICHHbBIE
quia naBsl 43K,-3, mokaszansl Ha puc. 2. AHaJIN3 MOTYYEHHBIX
pe3yJIbTaToOB JJIEMOHCTPUPYET, YTO 30HA 3ara3upoBaHus B 00e-
UX JIaBaX UMeeT MPOTHKEHHOCTh 0Kouto 30 M U pacrionaraeTcst
B uHTEpBase oT 13 10 40 M OT cONpsHKEHUS JIaBbI C MOJIEPIKU-
BaeMOM BEHTWIALIMOHHOM BHIPAOOTKOM. DTH JJaHHbIE TI03BOJISI-
10T C/IeaTh BBIBOJ O CXO)KECTH XapaKTepa 3ara3upoBaHUS B
paccMarpuBaeMbIX BIPAOOTKAX.

c% 3

—— 63 MeponpuATHA
—— NpK NOAPbLIBKE NOYBHI

NPy M30AAUMM

Puc. 1. I'paduxn u3meHeHnii KOHUEHTPALUIl MeTaHa B
04ucTHOI BhIpadoTke 45K10-3.
Cyper 1. 45K10-Z Ta3anay Ka3doacbIHAaFbI METaH
KOHIEHTPALUSICHIHBIH 03repy rpagukrepi.
Figure 1. Graphs of changes in methane concentrations in
the 45K10-W working face.

IIpu mpoBeneHWH TOAPBHIBKU TIOYBHI B IOJICPKUBACMOI
BEHTIIAIIMOHHON BEIPAOOTKE 30HBI 3ara3upoBaHHS B JIaBe
45K,—3 ymenpmmiuch 10 20 M, IpU 3TOM KOHLIEHTpALUs
raza ymenpmmiace ¢ 2,4% no 1,5%. B nase xe 43K,—3 30Ha
3ara3upoBaHUS MMPAKTHICCKU HE U3MCHMIIACH, OTHAKO MaKCH-
MaJibHasl KOHUEHTpaLus MeTaHa nonusuiacs ¢ 2,2% no 1,8%.
OTHOCHTENBFHO CJIa00e BIMSHUE IMOIPHIBKK TIOYBHI IOIICP-
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6e3 MmeponpuaATUid

NPy NoApbIBKe MoYBbI

1 npy U301AUMK

Puc. 2. I'padpuku u3MeHeHUI KOHLIIEHTPaLMii MeTaHa B
04HCTHOI BhIpadoTke 43K,-3.
Cypert 2. 43K,—Z Ta3anay Ka3d0acblHAaFbl MeTaH
KOHIIEHTPALUSICHIHBIH 03repy rpaukTepi.
Figure 2. Graphs of changes in methane concentrations in
the 43K,—W working face.

YKMBAaEMOHM BEHTWISLIMOHHOW BBIPAOOTKM BO BTOPOM Cllydae
MOXHO OOBSICHUTH OoJiee BBICOKOH MPOHHUIIAEMOCTHIO BBIpa-
6oranHOTO TIpOCTpaHcTBa JaBbl 43K,—3.

[Ipn w30 BBIPAOOTaHHOTO IPOCTPAHCTBA JIABBI CO
CTOPOHBI TIOJICP’KMBAEMOI BEHTHIISILIMOHHOM BBIpAaOOTKH Ha
paccrosnue 10 200 M OT CONpsKEHUs C JaBOM 30HA 3arasu-
poBaHMs B 00OMX CIydasiX MPAaKTHUECKH OTCYTCTBOBAJA, YTO
BUJIHO W3 NPUBEJCHHBIX TpadukoB Ha puc. | u 2. Cuenyer
TaK)Xe OTMETHTB, YTO TIOCJIC MTPOBEJACHUS N30SI BBIPaOO-
TAHHOTO MPOCTPAHCTBA JIaBbl CO CTOPOHBI MOAAEPKHUBAEMON
BEHTWISIIMOHHOW BBIPAOOTKM, KaK OIHOTO W3 MEPONPHSITHH
10 YIPAaBJICHUIO IPOBETPUBAHUEM, 30HBI CHIIBHOTO 3ara3upo-
BaHUs, MPOTSKEHHOCTBIO OT 8§ M 10 10 M, MMeBIIME MECTO B
o0enx J1aBax, MPaKTUYECKU OTCYTCTBOBAIIH.

Takum oOpazom, aist obecrieueHnst TpeOOBaHNI MPOMBIIII-
JIeHHOW 0e30MacHOCTH MO COJACP)KAHHIO METaHa HEOOXOIMMO
TIPOBOJIUTH MEPOTIPHUSTHS TI0 U3OJISLIUH BHIPAOOTAHHOTO ITPO-
CTPAHCTBA JIaBbl CO CTOPOHBI MOJAECPKUBAEMBIX BEHTWIISALU-
OHHBIX BbIpaboTOK. Hambosnee ymoOHOH KOHCTpyKumeH uist
H30JIUM BBIEMOYHOTO MPOCTPAHCTBA SIBISIETCS MEPEHOCHAs
M30JIMPYIOIIasl CTEHKa M3 TMOKOTO BO3yXOHEIPOHHUIIAEMOTO
Marepuasa, IMEIOIIEro yCTPOUCTBa (MKCAIMHU ITOH N30IHPY-
IOIIEH CTEHKH Ha IEMEHTaX FTOPHOM KpemnH.

OO0cy:xneHne pe3yJibTaToOB

P€3YJ'ILTaTI>I HUCCJIICAOBAaHUs ITOKA3bIBAKOT, 4YTO 3(1)(1)CKTI/IB—
HOCTBb H3O0JIIIUH BLIpa6OTaHHOl"O MMpOCTpaHCTBa JIaBbl CO
CTOPOHBI HOZ[I[Cp)KI/IBaeMoﬁ BeHTHJ’[HIIPIOHHOﬁ BI)Ipa6OTKI/I 00-
YyCJIOBJICHA BO3)1617ICTBI/I€M Ha OCHOBHOU OyTb YTCUCK BO3AyXa.
IloBEImcHHE A3pPOAUHAMUYCCKOI0 COITPOTUBJICHUSA IEPECTOKAM
obecreunBacT NnepepacnpeaciicHue BO3AYIIHBIX IMOTOKOB B

MOJIb3Y OYUCTHOTO 3a00sl, CTAOMIM3AI[MI0 BEHTHJISIIMOHHON
CTPyH U yCTpaHEHHE 30H OIIaCHOIo 3arasupoBaHusd. B omiu-
YKe OT MOJAPBIBKY TIOYBBI MOAJIEP)KUBAEMON BBIPAOOTKH, U30-
Jsiuust 00ecneYrBaeT yCTONYMBBIA BEHTHISIIMOHHBIN PEXUM
pu npotskeHHocTH He MeHee 190-200 .

[IpenMyiecTBOM HCCIETOBAHUS SBISETCA KOMILIEKCHOE
MIPUMEHEHNUE HATypHBIX a30-BO3AYIIHBIX M JEMPECCHOHHBIX
CBEMOK COBMECTHO C YHCJICHHBIM MOAEIHPOBAHUEM, UTO TO-
3BOJIMJIO KOJIMYECTBEHHO OOOCHOBATH MapameTphbl U3OJISLUH
Juist yciioBuil maxt KaparanamHCKOro yroipHOro OacceiiHa.
OrpaHu4yeHHs CBSI3aHbI C MIPUBA3KOM Pe3yabTaTOB K KOHKPET-
HBIM TOPHO-TEOJOTMYECKHM YCIOBUSAM M HCIIOIb30BAHUEM
KBa3uceTeBOU Mozenu. IlepcnekTuBbl gaJbHENIINX UCCIEN0-
BaHUH 3aKIIOYAlOTCAd B YTOYHEHHWHU MapaMeTPOB H3OJALUH C
YYETOM M3MEHEHHS I'a30HOCHOCTU M IIIyOMHBI pa3padoTKH, a
TakKe MHTETpalliy a3pOAMHAMHUYECKHUX METONOB C CHCTEMa-
MU JIera3aluy U aBTOMaTU3MPOBAHHOTO MOHUTOPHUHTA.

3aki04eHue

HartypHsle uccnenoBaHust U pe3ynbTaThl YUCIEHHOTO MOJIe-
JUPOBAHUSA MOKA3aIM, YTO TAKHE MEPOMPUATHS, KaK MOAPBIB-
Ka [0YBBI MO/JIeP)KNBAEMON BEHTHIISILIMOHHOM BBIPAOOTKH, HE
00eCIICYMBAIOT YCTOHYUBON CTAOMIM3AIIMN BEHTHIISIIHOHHOTO
pexuMa U B psiJie CIydaeB CIIOCOOCTBYIOT YBEIHUCHHIO yTe-
4yeK BO3JyXa uyepe3 BblpaboTaHHOE IpocTpaHcTBo. Hambosee
3 PEKTUBHBIM CIIOCOOOM YIIPABJICHUS a3POra30BOi CUTYyaIlU-
eil sABIsieTCsl N30JSILMST BBIPAOOTAHHOTO TPOCTPAHCTBA JIABBI
CO CTOPOHBI MOAJICPKHUBAEMON BEHTUIIALIMOHHOW BHIPAOOTKH,
MO3BOJISIIOIAsl CHU3MTh YTEUKH BO31yXa, CTaOWIIM3UpPOBAThH
HalfpaBJIeHHE U CKOPOCTb BO3YIIHOTO MOTOKA B JIaBE U MpakK-
TUYECKH YCTPAHUTh 30HBI OMTACHOTO 3ara3upOBaHMUs.

YcraHoBiieHo, uTO Juisi oOecrieueHHs: TPeOOBaHMEH Mpo-
MBIIIUICHHON 0€30IaCHOCTH 110 MUHUMAIbHON CKOPOCTH JIBHU-
JKEeHHS BO3/1yXa M JIOMyCTHUMOMY COJCPKAHUIO METaHa MPOTH-
JKEHHOCTh M30JISIIMHU BBIPAOOTAHHOTO MPOCTPAHCTBA JIOJDKHA
coctaBATh He MeHee 190-200 M OT compspkeHHs JIaBbl C
MOJIICP)KUBACMO BEHTUJISIIIMOHHON BhIpaboTkon. [Ipous-
BOJICTBEHHBIE JKCIIEPHUMEHTH! MOATBEPIMIN JOCTOBEPHOCTh
pacyeTHBIX U MOJAEIbHBIX JaHHBIX. [loyueHHbIE pe3yabTaThl
MOT'YT OBITh MCIIOJIb30BaHBI MPH MPOSKTUPOBAHUU M IKCILTY-
aTalliy BBIEMOYHBIX YYaCTKOB YTOJBHBIX IIAXT C MPSIMOTOY-
HOM CXEMOH IPOBETPUBAHUSA JUJIS IIOBBILIECHUS YCTOMUUBOCTH
BEHTUIISIMH, CHU)KEHHSI PUCKa 00pa30BaHusl B3pPbIBOOIIACHBIX
KOHIIEHTpAIMi MeTaHa 1 o0ecredeHusl OE30MacHbIX YCIOBHN
TpyAa TopHOpabOYHX.
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CHELATION OF HEAVY METALS IN
CONTAMINATED SOILS OF MINING REGIONS
OF KAZAKHSTAN USING VERMICOMPOST

Abstract. This study examines soil contamination by heavy metals in mining regions and evaluates the effect of vermicompost on their immobilisation. The accumu-
lation of Pb, Cd, Cu, and Zn in Kazakhstan is associated with intensive mining and metallurgical activities, leading to soil degradation. Vermicompost produced with the
participation of Eisenia fetida contains humic substances that promote metal chelation. It was found that its application reduces the mobility of heavy metals and increases
the organic matter content in soil. The concentration of mobile Pb decreased from 120 to 40 mg/kg, with similar trends observed for Cd, Cu, and Zn. The effect is attributed
to the formation of stable organometallic complexes. Vermicompost is shown to be an effective and environmentally friendly method for soil remediation.

Key words: heavy metals, soil contamination, vermicompost, chelation, soil remediation, mining regions.

Ka3aKCTaHHbl]—[ Tay-KE€H aﬁMaKTaprHIlaFl:l aybIp MeTaJI/IapMeH JaCTaHraH TONbIPAKTBIH BEPMHUKOMIIOCT KOJIAaHY

APKbLIbI XeJaTTaJybl

Aunorauus. by seprreyue Tay-KeH oHAIpYy alMaKTapbIHIAFbl TONBIPAKTBHIH aybIp METAJIApPMEH JIACTAHYbI KOHE 0JIap/bl HMMOOHIIN3ALMSIIAYIa BEPMUKOMITOCTTHIH
ocepi kapacteipbubl. Kazakcranna Pb, Cd, Cu xoHe Zn )UHAILYbl KAPKBIH/IbI Tay-KeH )KOHE METaJUTy PTHSIBIK KbI3METIICH OaiiilaHbICThI, OYJI TOIBIPAKTBIH JIerPalaliHsChl-
Ha oKenesi. Eisenia fetida KaTbICybIMEH aJlbIHFAH BEPMHUKOMIIOCT KYPaMbIH/Ia METAIIAP/IbI XENATTayFa bIKIAIl eTeTiH TyMYCThIK 3aTTap 0ap. OHBIH KOJIAHBLITYBI aybIp Me-
TaJIAAP/IbIH KBUDKBIMAIBUIBIFBIH TOMEHICTII, TOMBIPAKTAFBI OPTraHUKAJIBIK 3aTTapABIH MOJIIICPIH apTTHIPAThIHbI aHbIKTAIbL. JKbUDKbIMaIEl Pb koHICHTparmscs! 120-1an
40 mr/kr-ra neiiin Temenneni, ykcac esrepicrep Cd, Cu xxoHe Zn yuiiH e 6aifkanasl. by acep TypakThl MeTauT0OpraHuKaibIK KeMeHIePIiH Ty3UTyiMeH TyciHaipiiesni.
BepMHKOMITOCT TOMBIPAKTHI KAJIITbIHA KETIPY/IIH 3KOJIOTHSUIBIK KayIIICi3 )KOHE THIM/I 9/1ici OOJIbI TaObLIaIbL.

Tyitinoi cozdep: ayvip memanidap, monvipak iAdCmanybl, 6epMUKOMIOCH, XeAAMMALY, MONbIPAKMbl KAINbIHA KEIMIPY, May-KeH aiuMakmapol.

XenaTnpOBaHne THKEJIBIX METAJIJIOB B 3arPA3HEHHBIX IMMOYBaX I‘OpHO}JOﬁBIBalO].llI/lX peruoHoB Ka3axcrana ¢ ucmojn-

30BAaHUEM BC€PMHUKOMIIOCTA

AHHOTauus. B 1aHHOM HCCIIeIOBAHUH W3YYEHO 3arpsi3HEHHE TI0YB TSHKEIBIMUA META/UIaMU B TOPHOAOOBIBAIOIIMX PETHOHAX U OLICHCHO BIMSHUE BEPMHKOMITOCTA Ha
nx ummobunusanuio. Hakortenue Pb, Cd, Cu v Zn B Ka3axcrane CBsI3aHO ¢ HHTCGHCHUBHO#T 100BIUEH U METAILTYPrUeii, YTO IPUBOIKT K ACrpaJaliiy M04B. BepMUKOMIIOCT,
nonyueHnslii ¢ yaactuem Eisenia fetida, comepkuT rymMmycoBble BELIEeCTBa, CIIOCOOCTBYIOIINE XEIATHPOBAHUIO METAJUIOB. YCTAHOBIIEHO, YTO €r0 NMPHUMEHEHHE CHIKACT
MO/IBI’KHOCTB TSDKEIIBIX METAJUIOB M MOBBIIIACT COACPKaHUEe OpraHndecKkoro BemiecTsa. Konnentpanus noasmwkHoro Ph cansunack ¢ 120 1o 40 Mr/kr, aHaJOrUYHbIC H3-
meneHus ormeueHsl it Cd, Cu u Zn. DdhekT cBsizaH ¢ 00pa3oBaHHEM YCTOWYUBBIX METAIIOOPTAaHUIECKUX KOMILICKCOB. BepMukoMmoct 3 peKTuBeH Kak IKOJOTUUESCKU

6e30MacHbIi METO/ PEMEIHALNH TT0YB.

Kntouesvie cnosa: mssicenvie memainno, 3azpssHenue nous, 6epMuKomMnocm, xeiamuposanue, paueduauu;z nous, 20pH0006bl@alomM€ pecuonbl.

Introduction

Soil contamination with heavy metals is one of the most se-
rious environmental problems, particularly in regions with de-
veloped mining and metallurgical industries [1, 2]. During the
processes of extraction, processing, and waste storage, signifi-
cant amounts of toxic elements, including lead (Pb), cadmium
(Cd), copper (Cu), zinc (Zn), nickel (NVi), and chromium (Cr),
are released into the environment [3]. These elements are highly
persistent under natural conditions, do not undergo biological
decomposition, and can accumulate in soil ecosystems, nega-
tively affecting microorganisms, plants, and human health [4].

In Kazakhstan, anthropogenic soil contamination is a se-
rious environmental issue, most pronounced in regions with
developed mining industries, such as East Kazakhstan, Kara-
ganda, Pavlodar, and Turkestan [5]. Prolonged exploitation of
mineral deposits, metallurgical-enterprise activities, and ac-
cumulation of industrial waste lead to the formation of zones
with elevated heavy metal concentrations in soils [6]. Under
such conditions, the natural functioning of soil ecosystems is
disrupted, biological activity decreases, and the agrochemical
properties of soils deteriorate.

One of the most promising approaches for the ecological re-
mediation of contaminated soils is the use of organic amendments
[7]. Of particular interest is vermicompost — a product of biolog-
ical processing of organic waste by earthworms, characterised by
a high content of humic substances, enzymes, amino acids, and
biologically active compounds [8]. Due to its rich composition
of organic compounds, vermicompost can significantly alter the
physicochemical and biological properties of soil.

Topnwiir srcyprnan Kazaxcmana Ne3’ 2026

An important mechanism for reducing the toxicity of heavy
metals when using organic amendments is chelation, in which
metal ions are bound by functional groups of organic substances
to form stable complex compounds [9]. Humic and fulvic acids
present in vermicompost contain carboxyl, phenolic, and hydrox-
yl groups capable of forming stable organometallic complexes
[10]. As a result of this process, metal mobility in the soil is re-
duced, along with their solubility and bioavailability to plants.

In addition, the application of vermicompost promotes an
increase in organic matter content, improvement of soil struc-
ture, and enhancement of microbiological activity and enzy-
matic processes [11]. These changes play an important role in
the restoration of degraded soil ecosystems and in reducing the
environmental risks associated with heavy metal contamination.

Despite the considerable number of studies on contaminat-
ed soil remediation, the effectiveness of vermicompost for im-
mobilising heavy metals under arid soil conditions in Kazakh-
stan remains insufficiently studied [12]. The experiment was
conducted on soils affected by anthropogenic impact in one
of the mining regions of Kazakhstan. The limited geographic
coverage of the study should be considered when interpreting
the results. The aim of this work is to investigate the chelation
processes of heavy metals in contaminated soils upon vermi-
compost application and to assess its effect on metal mobility
and soil property restoration.

Materials and Methods
The study was conducted on soils affected by anthropogen-
ic impact in one of the mining districts of the East Kazakhstan
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region, reflecting the local nature of the research. Soil samples
with elevated heavy metal content were used as the study ob-
jects [1].

For the experiment, vermicompost obtained from the pro-
cessing of organic waste by earthworms of the species Eisenia
fetida was used [8]. Vermicompost was applied to the soil at
various doses to assess its effect on soil chemical properties
and metal mobility.

The physicochemical properties of the soils were deter-
mined using standard agrochemical analysis methods. The pH,
organic matter content, and concentrations of heavy metals
in mobile forms were measured [3, 9]. Mechanisms of heavy
metal binding were evaluated based on changes in their solu-
bility and interactions with the organic functional groups of
humic substances.

Results

The application of vermicompost led to significant changes
in the chemical properties of contaminated soils. An increase
in organic matter and humic compounds was observed, along
with the stabilisation of the soil pH.

The humic components of vermicompost actively interact-
ed with heavy metal ions, forming stable complex compounds.
Carboxyl, phenolic, and hydroxyl groups of humic substances
act as ligands capable of binding metal ions through multiple
coordination bonds. As a result, chelate complexes with high
stability and low solubility were formed.

Long-term monitoring showed that these chelate complex-
es persist in the soil for several months after vermicompost
application, ensuring stable immobilisation of heavy metals.
This was accompanied by a reduction in metal mobility and
decreased availability to plants throughout the observation pe-
riod.

The concentration of mobile Pb decreased from 120 mg/kg
in untreated soil to 40 mg/kg at a vermicompost dose of 20 t/ha,
with a similar trend observed for Cd, Cu and Zn (Figures 1-4).
In addition, vermicompost application increased soil organic
matter content from 1.8% to 4.4%, which further contributed to
metal immobilisation (Figure 5).

Effect of Vermicompost on Lead Mobility in Soil
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vermicompost dose (t/ha)

Figure 1. Effect of vermicompost application on Pb
mobility in contaminated soil.
Cyper 1. JIacTanFaH TONbIPaKTaFrbl Pb KbLTKYybIHA
BEPMHKOMIIOCTTHI KOJJIAHYABIH dcepi.
Puc. 1. Binsinne BHeceHNs] BepMHKOMIIOCTA HA
NOABUKHOCTH Pb B 3arpsi3HeHHoii mouBe.

Effect of Vermicompoest on Cadmium Mobility in Soil
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Figure 2. Effect of vermicompost application on Cd
mobility in contaminated soil
Cyper 2. Jlactanran TonbipakTarbl Cd :KbLIKYbIHA
BEPMHUKOMIIOCTTHI KOJIIAHY/ABIH dcepi.
Puc. 2. Biausinue BHeceHHs] BEPMUKOMIIOCTA HA
noaBu:KHOCTH Cd B 3arpsi3HEHHOI MoYBe.

Effect of Vermicompost on Copper Mobility in Sail
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Figure 3. Effect of vermicompost application on Cu
mobility in contaminated soil.
Cyper 3. JlacranraH TonbIpakTarbl Cu KbLIKYbIHA
BEPMHKOMIIOCTTHI KOJIAHYABIH dcepi.
Puc. 3. BinsiHue BHeceHUs] BepMHUKOMIIOCTA HA
noaBM:KHOCTH Cu B 3arpsi3HEHHOI MoYBe.

Effect of Vermicompost on Zinc Mobility in Soil
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Figure 4. Effect of vermicompost application on Zn
mobility in contaminated soil
Cyper 4. JlacTanFaH TONBIPAKTAFbI Zn KbLLKYbIHA
BePMHKOMIIOCTTHI KOJJIAHYABIH dcepi.
Puc. 4. 1usiHue BHeCeHUs] BEpMUKOMIIOCTA HA
NMOABMKHOCTB Zn B 3arpsi3HEHHOI Mmo4Be.
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Increase of Soil Organic Matter After Vermicompost Application
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Figure 5. Increase in soil organic matter content after
vermicompost application
Cyper 5. TonbIpak KYpaMbIHIAFbl OPTaHUKAJIBIK
3aTTap/iblH BEPMHUKOMIIOCT KOCKAH Ke3/Ieri :KoFapbLIay
KepceTKilmTepi.
Puc. 5. YBesmuuenne cogep:kaHusi OPraHu4ecKoro
BelleCTBA B MI0YBeE 10C/I¢ BHECEHUS] BEPMHKOMIIOCTA.

Monitoring of soil biological activity indicated positive
dynamics: microbial activity increased, contributing to the
restoration of biological balance and enhancing the trans-
formation of metals into stable organo-mineral forms. Thus,
vermicompost application not only stabilises the chemical
properties of the soil but also restores its bioactivity, pro-
viding comprehensive improvement of contaminated soil
quality.

Discussion

The results obtained showed that the application of vermi-
compost has a significant effect on reducing the mobility of
heavy metals in contaminated soils. With increasing doses of
vermicompost, a consistent decrease in the concentrations of
mobile forms of Pb, Cd, Cu and Zn was observed. The most
pronounced reduction was noted for lead: its content decreased
from 120 to 40 mg/kg at a vermicompost dose of 20 t/ha (Ta-
ble 1). A similar trend was observed for cadmium, copper, and
zine, confirming the effectiveness of using an organic ame-
liorant for stabilising toxic elements.

The reduction in heavy metal mobility is associated with
chelation processes due to the high content of humic substanc-
es in vermicompost. Humic and fulvic acids contain function-
al groups (-COOH, —OH, —C=0) capable of forming stable
complex compounds with metal ions. The formation of or-
ganometallic complexes decreases the solubility of metals and
limits their migration within the soil profile.

An additional factor in immobilisation is the increase in soil
organic matter content. The experiment showed that vermi-
compost application increased the organic matter content from
1.8 to 4.4%, which contributes to improved soil structure, en-

Table 1
Effect of vermicompost on the mobility of heavy metals in
contaminated soil
Kecme 1

Jlacmanean monvipaKkmazel ayvlp Memanoapovly
K032a12b1UlMbIZbIHA 6EPMUKOMNOCHMbLY, dCepi
Tabnuua 1
Bnuanue sepmuxomnocma Ha nOOBUNCHOCHb MAICETbIX
Mema’inoe 6 3azpA3HEHHOI nouge

\I/)e(ftl 1((1:(());2_ Pb Cd Cu Zn |Soil organic
(thay | (me/ke)|(mg/kg)|(mefkg)|(mg/kg)| matter (%)

0 120 6.5 85 210 1.8

5 95 5.1 72 180 24

10 70 3.8 60 150 3.1

15 52 2.9 49 130 3.8

20 40 2.2 41 110 4.4

hanced cation exchange capacity, and a greater ability to retain
heavy metal ions.

The increase in organic matter also promotes the activa-
tion of microbiological processes. Soil microorganisms par-
ticipate in metal transformation and the formation of stable
organo-mineral complexes, which helps restore the biological
activity of the soil ecosystem.

Thus, the application of vermicompost can be considered
an effective and environmentally safe method for remediating
contaminated soils, with promising potential for use in the
mining regions of Kazakhstan.

Conclusion

The results of the study confirm the effectiveness of vermi-
compost application in reducing the mobility of heavy metals in
contaminated soils. It was found that increasing the dose of ver-
micompost leads to a significant decrease in the concentrations of
mobile forms of Pb, Cd, Cu and Zn. The primary mechanism for
reducing metal mobility is chelation, resulting from the interac-
tion of metal ions with the functional groups of humic substances.

In addition, the application of vermicompost promotes an
increase in soil organic matter, improvement of its physico-
chemical properties, and enhancement of biological activity.
These changes play an important role in restoring the ecologi-
cal condition of degraded soils.

Thus, the use of vermicompost represents a promising and
environmentally safe technology for the remediation of con-
taminated soils in the mining regions of Kazakhstan. This ap-
proach helps reduce the bioavailability of heavy metals, limit
their migration within the soil-plant system, and enhance the
resilience of soil ecosystems.
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TPEBOBAHUS K O®OPMJIEHHUIO U YCJIOBUS IIPEJOCTABJEHUS CTATER
B PelaKIUI0 NePUOANYECKOro neyaTtnoro u3aanus «lopubii xxypHaja Kazaxcrana»

1. «T'opHblii :kypHaa Kazaxcrana» NpMHUMAaeT K NyOJIMKAIMU OPUTHHAJIbHbIE CTAThbU HAYYHOI'0 U HAYYHO-TEXHUYECKOI0
CO/lep:KaHusl, OTPAKAIOLIME Pe3y/abTaThl HCCIeJ0BATENbCKO M HAy4YHOH JesiTeJbHOCTH, HMeEIOLIUE PEeKOMEeHJAUHH K
NPaKTHYeCKOMY NPHMEHEHHMIO pelaeMbIX BOINPOCOB, a TAK:Ke CTATHM 0030PHOI0 XapakTepa, OTBeYalolHe KPHTEPUSM
NepBUYHOI HAYYHO# myOauKkanuu (OJHBIN IepedeHb pyOpUK yKa3aH Ha caiite minmag.kz).

2. OcHOBHBbIE TPeOOBAHUS K CTAThAM, IPEACTABJIECHHBIM /Il MyOJHMKALMH B KypHaJie:

= Ha0Op CTaThU MPOU3BOIUTCS B TEKCTOBOM penakrope Word mpudrom Times New Roman 12 kernem ¢ oy TOpHBIM HHTEPBAIOM;

= 001IHiT 00bEM CTATBhH, BKIIOYAsi PUCYHKH, TAOIMIIbI, METAaJaHHBIC HE TOJDKCH IIPEBBIIIATh 8 EYaTHBIX CTPAHUILL;

* cTaThH (32 UCKIIIOYCHHEM 0030pOB), TOIKHBI COIEPKATh HOBBIC HAyUHBIC PE3y/IbTaThI;

* cTaThs JOJDKHA COOTBETCTBOBATh TeMaTHKE (CM. 1. 1), HAy4YHOMY YPOBHIO )KypHaJa;

* CTaThs JOJDKHA OBITH 0()OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKCHHBIMH B 1. 3

* cTaThs MOXKET OBITh IIPE/ICTABICHA Ha Ka3aXCKOM, PYCCKOM HJIM aHITIMHCKOM SI3BIKE;

* B PEIAKLHUIO MPEACTABISICTCS OKOHYATENIbHBIN, TIIATEJbHO BbIBEPEHHbINI BAPMAHT CTAaTbhH, UCKIIIOYAIONINH HEOOXOIUMOCTh
MOCTOSIHHBIX JOPaOOTOK TEKCTa Ha JTAlax M34aTeIbCKOr0 IIPOLEcca;

* r1epe] OTIPABKOil CTAaTbU B PEIAKLHUIO JKypHaJIa aBTOpaM HEOOXO0IMMO HPOBEPUTH TEKCT Ha MPEIMET OTCYTCTBHSI IUIaruara.

3. CTpyKTypa cTaThH JOJDKHA COICPIKATh CICAYIONINE Pa3aCIIbl:

= xon MPHTU (I'PHTU http.//grnti.ru/?pl=>52) — mieCTU3HAYHBIN;

* Ha3BaHHUE CTAThbU (COKPAIICHUS HE TOIYCKAIOTCS, HE MOIYCKACTCs HCIIONb30BaHHWE a0OpeBHATYp M (OpMYI; MaKCHMalIbHOE
komuecTBo cioB 10-12) nmomkHO OBITH WH(OPMATHBHBIM, COOTBETCTBOBAaTH HAyYHOMY CTHIJIIO TEKCTa, COACP)KATH OCHOBHEIC
KIIIOUCBBIC CJIOBA, XapaKTepH3yloliue TeMy (IpeaMeT) HMCCIICAOBaHUS U COJepKaHue paboThl, NMPEIOCTABISICTCS Ha Ka3aXxCKOM,
PYCCKOM U aHIIMMCKOM SI3bIKaX;

* MHUIMAJIBI 1 (paMUIINK aBTOPOB; CTaThs JI0JDKHA UMETh He Oosiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCsl aBTOP-KOPPECIIOH/ICHT;

* CBEJICHHSI O Ka)KIOM aBTOpe (Y4eHasi CTCIICHb, yUCHOE 3BaHHE, JOJDKHOCTh, MECTO OCHOBHOM pabOThI, FOPOJI, CTPaHa, KOHTAKTHBIC
naHHbIe (aapec 2nekTpoHHOM mouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, pyCCKOM U aHTJIMHCKOM SI3BIKAX;

* IOJTHOE HA3BaHUE OpraHU3aIuu (-if), Tae paboTaroT aBTOPHI (C YKa3aHHEM BEIOMCTBEHHOW NMPUHAJIC)KHOCTH);

* QaHHOTALIMS B COOTBETCTBHUHU C TPEOOBAHUSMH MEKIYHAPOAHbBIX 6a3 TaHHBIX JOJDKHA JOCTATOYHO MOJIHO PACKPBIBATH COJICPIKAHNE
CTaThH, BKIIOYAS XapaKTCPUCTUKY OCHOBHOH TEMbI, NMPOOJeMbl OOBEKTa, LEIHM HCCICJOBAHHS, OCHOBHBIC METOJbI, PE3yJIbTaThl
HCCIICIOBAHUS | IVIaBHBIC BBIBOJbI. B aHHOTAIMKM HEOOXOAMMO yKas3aTh, YTO HOBOI'O HECET B ce0e CTaThsi B CPABHEHHUH C JIPYTUMH,
POACTBEHHBIMHM 10 TEMATHKE M IICJICBOMY HA3HAUCHHIO MarepuasaMi. AHHOTALUS NPEAOCTABISACTCS Ha Ka3aXCKOM, PYCCKOM
M aHIJIMICKOM s13bIKax 00bemoM He MeHee 700 u He 6osee 900 CMMBOIIOB;

* KJIFOUCBBIC CJIOBA B KOJIMYeCTBE 6...10 yCTOMYMBBIX CIIOBOCOYETAHUIL, 110 KOTOPHIM B JajibHEHIIEM Oy/IeT BBIIOJIHATHCS HOUCK
cratbu (COKpamleHUss U aO0peBUATyphl HE IOIYCKAIOTCS): KJIIOUEBBIC CIIOBA OTPAXKAIOT CHEHU(MHUKY TEMBbI, OOBEKT M PE3yIbTaThl
HCCIICIOBAHUS H ITPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMHCKOM SI3bIKaX;

* TEKCT CTaThM, COCPIKAILUI CIeIyIoNe pa3ieibl (BBEACHNUE, METOIbI/MCCIIC0BAHMS, PE3YIbTaThl, 00CYKICHHE PE3YIIBTATOB,
3aKJII0YCHHUE/ BBIBOJIBI);

* CIIMICOK MCTIOJIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocraBisercs: Ha
Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKAX.

PUCYHKM nomxHE UMETh pacmupeHue rpapudeckux penakropo CorelDraw, Photoshop, Illustrator u T. m.). @otorpaduun
JIOJDKHBI OBITH MpeaesibHO YeTKuMHE B TpaduaeckoMm popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBennbie
u uudpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOAMMO IOSCHUTh B OCHOBHOM WJIM HOAPHCYHOYHOM TekcTaxX. Haiamucu u apyrue
0003HaueHHs Ha TpadUKax ¥ PUCYHKAX TOJDKHBI ObITh 4eTKuMU U Jierko yntaeMbpiMu. [IOAMNUCU K PUCYHKAM u 3ATOJTOBKHA
TABJUL OBSI3ATEJIbHBI. OhopMIIstoTcst OTIETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHITTHICKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupats B popmyiasHOM pempaktope MathTypes Equation wnmun MS Equation,
rpedecKue u pycckue OyKBbI B popMyiax HaOUpaTh NPSIMBIM IPUGTOM (OMIIHS TEKCT), JATHHCKNE — KypPCUBOM. Q003HaueHus 6e1udun
u npocmole Popmynvl 6 meKcme u MAdGIUUAX HAOUPAMb KAK neMenmbl mekcma (a2 He KaKk 00beKThl (OPMYIBHOTO PEIaKTopa).
HymepoBars ciiesyeT TONbKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CCHUIKH B MOCIEyoNeM n3noxeHun. Hymeparust popmyn ckBo3Hast.

CIIMCOK UCITOJb30BAHHBIX UCTOYHUKOB cocraBnsercss B MOPSAKE HUTHPOBAHUS U OPOPMISIETCS B CTPOTOM
coorBercTBUH ¢ [[OCT P 7.05-2008. CcpuTKH Ha TUTEPATypy B TEKCTE OTMEYAIOTCS 110 MEPE UX MOSIBICHUS MOPSIKOBEIMA HOMEpaMu
B KBaJpaTHbIX CKOOKax. CHMCOK NPHBOAMTCS Ha Ka3aXCKOM, PyCCKOM M aHIVIMMCKOM sI3bIKaX C yKa3aHHEM B CKOOKaxX OpHUI'MHaja
myonukanuu. O6paser] opopMIICHUS TUTEPATYPHl U TPAHCIUTEPALMH Pa3MEIICH Ha caiite minmag.kz.

4. YcaoBusi npuodpeTeHus JKYPHAI0B ABTOPaAMHU.

C aBrOopoM(aMH) 3aKIIOYaeTCs AOTOBOp O mproOpereHHH 10 (mecsATH) SK3EMIUIIPOB XKypHAlIa COIIACHO YCTaHOBJICHHBIM PAaCLEHKaM
Ha TEKYLIMil TOJI, KOTOpble OH(OHH) UMEIOT MPABO PACIIPOCTPAHSATH CPEAN TOPHOI oOImecTBeHHOCTH. TToce omaThl crarbs MyOIHKyeTcst B
HOMeEpE KypHaja COIIaCHO O4YCPEIHOCTH.
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