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Abstract. As a result of the intensive development of the mining and metallurgical industry, the volume of industrial waste
continues to grow year after year. These wastes contain highly toxic heavy metals, aggressive chemical reagents, and other
environmentally hazardous components threatening the environment and human health. Among the mining sector's most dan-
gerous yet critical infrastructural elements are tailings storage facilities structures designed to accumulate industrial waste
(specifically slurry) and typically built from earthen materials. Such facilities' planning, construction, and operation often lack
sufficient technical and financial resources, rendering them high-risk structures. Foundation settlement, internal erosion, filtra-
tion, breach risk, and seismic instability are all factors that necessitate continuous monitoring to ensure the safety of these
storage facilities. Traditional geodetic and mine surveying techniques provide insufficient monitoring capabilities. In current
conditions, these methods must be supplemented by geoinformation technologies (GIS, remote sensing, UAVS), which offer
spatial coverage, rapid data acquisition, and the capacity for integrated analysis. This paper presents a detailed analysis of the
structure, risk level, and monitoring methods of various waste storage facilities operated by the Navoi Mining and Metallurgi-
cal Combinat (NMMC), utilizing GIS technologies.
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1. Introduction

In recent decades, the rapid expansion of the mining and
metallurgical industry has been accompanied by a sharp
increase in its associated environmental risks. In particular,
the continuous growth in industrial waste volumes and the
presence of highly toxic heavy metals, aggressive chemical
reagents, and radioactive components make this issue one of
the most pressing scientific and practical problems, posing
significant threats to environmental and public health.

Typically, such waste accumulates over large areas near
mining sites, where special hydraulic structures, tailings and
sludge storage facilities are constructed for containment and
management. These facilities are intended for the temporary
or permanent storage of liquid or semi-liquid residues from
ore processing and often suffer from inadequate stability,
seismic resilience, and operational reliability. Their insuffi-
cient investment support and failure to meet modern engi-
neering standards frequently make them some of the mining
infrastructure's most vulnerable and hazardous elements.
Consequently, they are susceptible to internal erosion, set-
tlement, filtration, flooding, and seismic impacts, requiring
continuous monitoring [1, 2].

In recent years, geoinformation technologies (GIS), Earth
remote sensing (ERS), uncrewed aerial vehicles (UAVS),
digital elevation models (DEMs), and global navigation

©2025. A.T. Nizamova, A.Kh. Rasulov, D.R. Maxmadiyev

at.nizamova@gmail.com; abdulladjanrasulov1995@gmail.com; dmaxmadiyev@gmail.ru

satellite systems (GNSS) have emerged as promising sup-
plements to traditional mine surveying methods. GIS capa-
bilities, in particular, enable the analysis of the spatiotem-
poral dynamics of waste distribution, risk zone modeling,
real-time warning system development, and interactive visu-
alization of monitoring results.

2. Materials and methods

Uzbekistan’s mining and industrial sector includes nu-
merous sites that warrant special attention to environmental
safety and waste management systems. These sites are pri-
marily located in the Navoi, Samarkand, Jizzakh, and
Khorezm regions, serving as accumulation points for various
waste generated through industrial activity (Figure 1). These
include slurries (pulp), solid and liquid household waste,
non-toxic and non-radioactive industrial waste, and sludges
containing suspended substances in wastewater. Each site has
distinct parameters, location, surface area, commissioning
date, and waste storage capacity, requiring tailored scientific
and practical analysis for effective environmental monitoring
and regional safety policy development.

This approach enables a comprehensive assessment of
potential environmental risks, forming state and corporate
ecological oversight priorities, and the development of effec-
tive measures to prevent emergencies.
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Specifically, the pulp storage facilities located in the
«Muruntauy» industrial zone of the Navoi region, under the
jurisdiction of the Central Mining Administration (2nd Pro-
cessing Plant), are among the largest tailings repositories in
Uzbekistan. These facilities began operating in 1969 and
1975 and now span over 3,452 hectares. Over 2.5 million
tons of industrial slurry have been accumulated there. In the
nearby «Besapan» industrial zone, a centralized landfill for
solid household and industrial waste is also active, contain-
ing approximately 79,000 tons. Both sites have been desig-
nated 300-meter sanitary protection zones as necessary epi-
demiological and environmental safety buffers.

Additionally, waste storage sites operated by the North-
ern Mining Administration in the Uchkuduk district are of
significant ecological concern. These include pulp accumu-
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lation areas and industrial waste burial sites commissioned
in 1995 and 2000. They hold over 142,000 tons of slurry
and over 400 tons of industrial waste. Sanitary protection
zones of up to 1,000 meters have been established around
these facilities, which is critical in limiting harmful envi-
ronmental impacts.

Furthermore, three waste storage sites operated by the 1st
Mining Administration (Processing Plant) in Navoi city are major
accumulation centers for mining industry waste (Figure 2).
These facilities, active since 1964, store radioactive, toxic,
and non-toxic industrial waste, construction debris, household
garbage, and metal residues recovered from industrial filters.
In certain sections, over 85,000 tons of trash are stored, with
sanitary protection zones reaching up to 800 meters, an essen-
tial safeguard due to their proximity to urban areas.
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Figure 1. Location of the NMMC tailings facility in the Republic of Uzbekistan. 1 — first-stage tailings accumulation site (tailings
storage); 2 - second-stage tailings accumulation site (tailings storage); 3 - centralized landfill for disposal and storage of solid household
and industrial waste located in the Besapan industrial area; 4 — 3-HMP tailings accumulation site (tailings storage); 5 — Industrial waste
burial site; 6 — 1st «(HMP» mining administration industrial waste storage section; 7 — 1st «tHMP» mining administration industrial waste
storage section; 8 — 1st «HMP» mining administration industrial waste storage section; 9 — 4th «HMP» mining administration industrial
waste storage section; 10 — Marjonbulog waste storage section; 11 — Marjonbulog old waste storage section (tailings storage);
12 — central mining administration sludge storage site of the industrial area; HMP — hydrometallurgical plant

The Southern Mining Administration's sites, located in
Samarkand and Jizzakh regions, are relatively new, having
been commissioned between 2017 and 2020. In particular,
the «Marjonbulok» industrial zone facilities meet modern
environmental standards. They store approximately 35,000
tons of waste and have a 100-meter sanitary protection zone,
allowing them to be categorized as relatively safe (Figure 3).

Another ecologically significant site is located in the
Tuproqgala district of the Khorezm region. Managed by the
Central Mining Administration, this site has been used
since 1986 to store sludge from sedimented particles in the
Amu Darya River water. The facility covers 15 hectares
and contains around 15,000 tons of waste. Such sites are
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crucial in preserving water resources and preventing hydro-
sphere contamination.

The state of tailings and sludge storage facilities in these
areas is regularly and reliably monitored under existing regu-
latory guidelines [3], primarily using traditional methods.
The main objective is to detect geodynamic processes that
could compromise dam stability.

Such facilities' planning, construction, and operation of-
ten lack sufficient technical and financial resources, render-
ing them high-risk structures. Foundation settlement, internal
erosion, filtration, breach risk, and seismic instability are all
factors that necessitate continuous monitoring to ensure the
safety of these storage facilities.
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Figure 3. Tailings facility for industrial waste, Mining Administration No. 1 «Processing Plant»

Traditional geodetic and mine surveying techniques pro-
vide insufficient monitoring capabilities. In current condi-
tions, these methods must be supplemented by geoinfor-
mation technologies (GIS, remote sensing, UAVS), which
offer spatial coverage, rapid data acquisition, and the capaci-
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ty for integrated analysis. This paper presents a detailed
analysis of the structure, risk level, and monitoring methods
of various waste storage facilities operated by the Navoi
Mining and Metallurgical Combinat (NMMC), utilizing GIS
technologies [4-6]
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This monitoring includes surveying the vertical and hori-
zontal displacements of dam structures. Effective and target-
ed observation of deformation processes requires thorough
preliminary analysis of project documentation, geotechnical
conditions (engineering geology and hydrogeology), and
structural geometry. These assessments help determine dam
stability levels and identify the most deformation-prone are-
as, guiding the placement of measurement instruments and
observation points.

Control points are established in deformation-free zones,
considering the maximum dimensions of each structure.
Benchmark markers are installed on each moist layer,
aligned with longitudinal and cross-sectional profiles. The
spacing between markers is determined based on geological,
hydrogeological, and technological factors to ensure suffi-
cient data collection on deformation processes.

Field studies indicate that in high-risk areas, this spacing
is approximately 50 meters, while in peripheral areas it rang-
es from 150 to 200 meters.

The geometric leveling method is the most widely used
technique for measuring the settlement of engineering struc-
tures. The accuracy of third-class leveling is defined by clo-
sure discrepancies in leveling loops not exceeding
+10 mm x VL, where L is the length of the run-in kilometers.
High-precision or precision levels in this class typically en-
sure a mean square error of no more than 2.5-3 mm per Kkil-
ometer of leveling.

The trigonometric leveling method is employed when it is
necessary to determine the settlement of points located at
significantly different elevations or in hard-to-reach areas.
When using optical or electronic instruments with an angular
measurement error not worse than 2 seconds, the vertical
elevation accuracy ranges from 0.3 mm to 8 mm for distanc-
es up to 500 meters. However, this accuracy rapidly decreas-
es as distance increases beyond 1 kilometer; only decimeter-
level precision is achievable.

The alignment method (or collimation method) is most
commonly applied in hydro-engineering and irrigation infra-
structure to monitor displacements. It is viable where work-
ing benchmarks can initially be placed in a straight line and
approximately at the same elevation. However, implementing
this for tailings dam monitoring is nearly impossible due to
the deformations inherent in such structures [7, 8].

Angular or linear resection methods are used when it is
possible to place observation benchmarks within line-of-
sight from two baseline points situated on elevations. Hori-
zontal and vertical angles are measured in these linear-
angular networks and resections using high-precision elec-
tronic-optical instruments.

In all observation methods, it is advisable to use electron-
ic distance meters (EDMs), which ensure high accuracy in
distance measurements. For example, modern EDMs and
electronic total stations can provide measurement accuracy
defined as:

—mg =1+ 1-107L, mm (for short baselines);

—my =5+ 1-10"°L, mm (for general applications).

Satellite coordinate determination methods, utilizing
modern GPS equipment, offer extremely high measurement
accuracy:

—my =5+ 1-107°L, mm for single-frequency,

—mg =3+ 1-107°L, mm for dual-frequency systems.
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3. Results and discussion

Measurements of baselines up to 2 km using GPS show
discrepancies of less than 1 mm. However, due to certain limi-
tations (signal obstructions, time requirements), GPS cannot
entirely replace traditional observation methods. Instead, GPS
is more appropriate for tracking reference (baseline) points.

Many countries have implemented large-scale research
and practical systems for monitoring mining and metallurgi-
cal waste alongside traditional methods. Adopting geoinfor-
mation technologies in geotechnical risk analysis, environ-
mental monitoring, and remote waste management has sig-
nificantly changed the industry.

International experience highlights the importance of in-
tegrating geoinformation technologies in the monitoring,
assessment, and risk management of mining waste. Adapting
technologies like UAVs, remote sensing, and digital model-
ing to national contexts can significantly improve waste
storage safety [9, 10]

A detailed comparison of traditional mine surveying
methods and modern GIS-based approaches reveals distinct
strengths and limitations, as outlined in Table 1.

Table 1. Key comparative parameters

Traditional mine surveying

Criterion methods Modern GIS-based approaches
Coordinate Millimeter-level precision, High accuracy via GNSS; lower
accuracy but limited to localized | with satellite data (10-30 m for

points Sentinel-2)

Limited; requires on-site | Broad area coverage (up to
visits for each location | 1,000 km? per satellite image)
Monitoring requires field Sentinel-2: every 5 days; UAVs:

expeditions; frequency is real-time, frequent and
monthly or yearly automated
Multi-layer spatial analysis, 3D
modeling, spatiotemporal trend
detection
Analysis via spectral indices
Environmental Subjective; based on visual (NDW!I, SAVI, MSI) for dust,

Area coverage

Operational
timeliness

Manual or Excel-based;

Data analysis lacks spatial analysis

risk analysis on-site inspection moisture, and vegetation
changes
Subsurface InSAR technology enables the

deformation defcgma)\ltis;r:fizcgeltz\égble detection of profound structural
detection " | shifts (foundation settlement)
Cost and Initially low cost, but time H;ggglntlet;iql g}-fviisitewggt\’/igm
resources and labor-intensive automation and speed

Visualization = 2D graphs and printed Interactive Web-GIS, 3D

visualization, real-time

and reporting maps

dashboards
Human factor = High, prone to error and Low; automation reduces
dependency subjectivity subjectivity
- Periodic (monthly or
Monitoring . . .
frequency quarterly), bureaucratically Weekly, daily, or near real-time

constrained

The methodological analysis conducted as part of this
study highlights that the effectiveness of monitoring tech-
niques for industrial waste depends on the purpose, geophys-
ical conditions, complexity of the sites, and level of anthro-
pogenic risk. The research compared traditional geodetic and
mine surveying approaches with modern G1S-based methods,
evaluating their responsiveness and applicability (Figure 4).

Traditional geodetic techniques offer high-precision
measurements of physical surface changes and are particular-
ly useful for local site-specific monitoring and structural
deformation assessment. However, they are limited in track-
ing spatiotemporal dynamics, real-time monitoring, and
environmental evaluation [11-13].
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Figure 4. Comparison of traditional and GIS-based monitor-
ing in the mining and metallurgical sector

In contrast, modern tools, including GIS, remote sensing
(RS), UAVs, DEMs, and GNSS, elevate monitoring to a new
level. These technologies provide broad temporal and spatial
coverage; enable digital modeling, automated analysis, fore-
casting, and integration with management systems. GIS tools
are especially indispensable for identifying risk zones involv-
ing slurry and toxic waste, modeling geodynamics, and de-
tecting seismic instability. Their implementation demands
advanced technical infrastructure, skilled personnel, and
financial investment.

Traditional mine surveying methods provide accurate lo-
cal data but are reactive and fragmented. They are not effi-
cient for rugged or environmentally sensitive areas. GIS
technologies significantly enhance monitoring by automating
processes, visualizing spatial-temporal dynamics, forecasting
risk factors, and integrating with management systems.

The most effective approach is a hybrid monitoring sys-
tem, combining the precision of traditional methods with the
coverage, efficiency, and analytical depth of GIS technolo-
gies (Table 2).

Table 2. Functional Logic of the Hybrid Model

Component Function
Traditional Localized accuracy and registration of primary
Measurements deformations
UAV + DEM Detection of surface-level changes and subsidence
GNSS High-precision geolocation of dynamic points
GIS + RS Spatiotemporal threat analysis
INSAR + loT Monitoring of subsurface pressures and oscillations

Visualization Tools | Web-GIS, 3D maps, real-time risk dashboards

Such a system is essential for ensuring industrial waste's
safe and efficient monitoring, enabling real-time detection of
subsidence, deformation, and other hazards in mining zones
[14, 15].

The hybrid monitoring model combines both traditional
and modern technologies. Classical methods include surface
displacement monitoring using theodolites, levels, and total
stations and surveying deformation benchmarks. Sequential
measurements within a network of reference points remain
essential, along with regular visual inspections at fixed inter-
vals, which ensure localized accuracy and direct observation
of critical areas.
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At the same time, modern technologies significantly ex-
pand the scope and efficiency of monitoring. GIS systems
allow advanced spatial analysis and the creation of detailed
risk maps, while remote sensing provides valuable data
through spectral indices such as NDWI, SAVI, and MSI
from satellites like Sentinel-2 and Landsat. UAVs enhance
the process by enabling 3D terrain modeling and detection of
surface changes, and GNSS ensures precise geolocation of
shifting points. In addition, INSAR technology makes it pos-
sible to identify deep subsurface deformations by analyzing
radar signals, which adds a crucial predictive dimension to
hazard monitoring.

4, Conclusions

Amid growing global environmental concerns, the issue of
identifying and managing risks associated with industrial
waste in the mining and metallurgical sector has become in-
creasingly urgent. Based on the Navoi Mining and Metallurgi-
cal Combinat (NMMC) example, this study demonstrated that
although traditional mine surveying methods offer high preci-
sion, they lose effectiveness in large-scale spatial monitoring.
This limitation significantly hampers the assessment of safety
conditions and the ability to generate real-time forecasts.

In contrast, modern geoinformation technologies such as
GIS, remote sensing (RS), UAVs, digital elevation models
(DEMs), and GNSS have ushered in a qualitatively new
phase of monitoring for industrial infrastructure. These tech-
nologies enable spatiotemporal analysis of changes, risk zone
detection, interactive visualization, and integration with
environmental management systems.

Based on the conducted analysis, a hybrid monitoring
model was proposed, combining the accuracy of conventional
geodetic methods with the extensive capabilities of GIS. This
model allows for assessing tailings dam stability through field
observations and advanced digital analytical tools in near real-
time. Furthermore, drawing on international experience, inte-
grating Digital Twin platforms and automated Web-GIS sys-
tems can provide high safety and efficiency for environmental
monitoring within Uzbekistan’s mining infrastructure.

Thus, the outcomes of this research offer scientifically
grounded, technologically advanced, and practically signifi-
cant solutions for managing industrial waste in the mining
and metallurgical sector. These findings contribute to devel-
oping long-term strategies for ecologically sustainable indus-
trial growth.
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O30€eKCTaHHBIH Tay-KeH CEKTOPBIHIAFbI OHEPKICINTIK KAJABIKTAPAbI
KdJIere ’Kapary ToxKipuoecin 0arasay

A.T. Huzamona”, A.X. Pacynos, JI.P. Maxmanues

Hcnam Kapumos amvindasvl Tawkenm memnekemmix mexuuxanolx ynuseepcumemi, Tawkenm, O30exicman

*Koppecnonoenyus ywin asmop: at.nizamova@gmail.com

AnpaTrna. Tay-KeH >KOHE MeTajuTyprusi ©HEpPKOCiOiHIH KAapKBIHABI JaMybl HOTIDKECIHJE OHEPKICINTIK KaJIIBIKTAp IbIH
KeJIeMi JKBUIJaH KbUIFa ecyJie. byl KannslkTapabIH KypaMbIH/ia ©Te YIIbl ayblp MeTanap, KaTThl XUMHSJIBIK PeareHTTep KoHe
KOpILIAFaH OpTara >KOHE a/1aM JIeHCayJIbIFbIHA Kayill TOHIIPETiH 0acKa Ja SKOJIOTHSJIBIK KayinTi komnoHeHTrep 6ap. Tay-keH
OHepKaciOi MHPPAKYPBUIHIMBIHBIH aca KAayiNTi jKOHE aca MaHBI3Ibl 3JIEMECHTTECPIHIH KaTapblHA ©HEPKOCINTIK KAJIIBIKTAPIIBI
(aram aifTkaHnma, MIIAMAApIIbl) KMHAKTAyFa apHAJIFaH JKOHE o/IETTE Kep MaTepHajJlapblHaH CalibIHFaH KAJJIBIK KOHMaaphbl
artaael. MyHIail HeICaHAAP Il XKOCTapiay, caly XKoHe MaijanaHy KeOiHece KeTKUTIKTI TEeXHHUKAJIBIK )KOHE KapKbLIBIK pecyp-
CTapAbl KAMTaMachI3 €Ty YIIiH JKeTKITIKCi3, OYJI 0Iapabl )KOFaphl KayinTi KYpbUIbIMIapra aiHaIAbIpasl. Ipretac merinainepi,
1K1 3po3us, CY3y, OY3bITy KayIi KoHe CeHCMMKAIBIK TYPAKCHI3IBIK — OyJ1 KOWManapAblH Kayilci3AiriH KaMTaMachl3 eTy YIIiH
yHeMi Oakputaynsl KakeT eTeTiH (akropriap. JocTypii reoAesmsuIblK JKOHE MapKIIeHIepiIik oficTep JKeTKITKTI Oaxpuiay
MYMKIHIIKTepiH KamTamacel3 erneiini. Kasipri skarmaiina Oy omicTep KeHICTIKTIK KAMTYABI, JepEKTePl KbUIAAM KIHAYIbI
KOHE KENICH[I Taigay MYMKIHJITIH KaMTaMachl3 €TETiH reoakmapaTThlk TexHomorusuiapmer (I'AXK, KambIKThIKTaH 30HATAY,
¥Y¥A) ToneIKTEIpBUTYHI THIC. By Makamaga I'AXK TexHonOTrHsIapbIH KoiaHa OTHIPEIN, HaBou Tay-KeH MeTauTyprus KOMOH-
HatelHbIH (HI'MK) KangpIKTapblH cakTayIblH SpTYPJi OOBEKTIJIEpiHIH KYPHUIBIMBIH, TOYEKell JICHI'€HiH >KOHE MOHHMTOPHHT
O/IICTEpiH erKeN-Ter keIl Tangay YChIHbIIFaH.

Hezizei ce30ep: may-ken memainnypeusi 6HOIpiciniy Kanovikmapol, I'AXK, Kawwvikmolixkman 30H0may, Kaioulk KOUMAIApbl,
JUWKBIUCHI3 YULY annapammapbul, SK0A02UANbIK MIYeKel, KeHICMIKMIK-YaKblmmblK maniody.
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OueHka NPaKTUKH YTHIU3AIUU TPOMBIIIJIEHHBIX OTX0/I0B B
TOPHOA00BIBAKIIEM CEKTOPE Y30€eKHCTAHA

A.T. Huzamona”, A.X. Pacynos, JI.P. Maxmanues
Tawxenmekuti 2ocydapcmeentblii mexuudeckutl yrugepcumem umenu Uciama Kapumosa, Tawkenm, Y30exucman
*Aemop ons koppecnonoenyuu: at.nizamova@gmail.com

AHHoOTauus. B pe3ynpraTe HHTEHCHBHOTO Pa3BUTHSI TOPHOOOBIBAIONICH U METAJUTYPIHIECKON IPOMBIIIUIEHHOCTH 00BEM
MPOMBIIIJICHHBIX OTXOJOB TPOIOJDKACT PAcTH M3 TOJA B TOA. DTH OTXOIBI COACPKAT BRICOKOTOKCHYHBIE TSHKEIBIE METAJLIBL,
arpecCUBHbIC XUMUYECKHE PEareHThl U APYTUe SKOJIOTMYECKU OMACHbIE KOMIIOHEHTHI, MPEACTABISIONIUE YTPO3Y OKPYKAIOIIEH
cpele W 370pOBBI0 dYenmoBeka. K umciny Hambojee OMACHBIX W KPUTHYCCKH BaXKHBIX JJIEMEHTOB WH(PPACTPYKTYPHI
TOPHOAOOBIBAIOIIEH OTPACIH OTHOCATCS XBOCTOXPAHUIIUING, IPEAHA3HAYCHHBIC [T HAKOTUICHHS MPOMBIIUICHHBIX OTXOIOB (B
YaCTHOCTH, IUIAMOB) W, KaK TMPaBWIO, TMOCTPOCHHbIE W3 3eMJISIHBIX MaTepuanoB. [lmaHupoBaHUE, CTPOUTEIHCTBO H
JKCIUTyaTalusl TaKUX OOBEKTOB 3a4acTy) HEIOCTATOYHBI JJIsI OOCCIICUYCHHS IOCTATOUHBIX TEXHHUYCCKHUX W (DMHAHCOBBIX
PECypCOB, YTO JeaeT UX BHICOKOPHUCKOBAHHBIMU coopykeHusMU. Ocazka pyHAaAMEHTOB, BHYTPEHHSS 3p0O3Us, GUIbTPAIHS,
pPHCK TpOpBIBA W CEHUCMIYECKas HECTaOMIBHOCTH — BCE 3TO (haKTOpHI, TPEOYIOIHE MOCTOSHHOTO MOHHTOPHHTA IS
obecmiedeHnsT 0€30ITACHOCTH ATHX XPAHIIHUIL. TpagilnOHHBIC TEOe3NIECKUC U MapKIIEHIePCKIe METOIBI HE 00CCIICYHBAIOT
JIOCTATOYHBIX BO3MOXKHOCTCH MOHHTOPWHTA. B COBpPEMEHHBIX YCIOBHSX OSTH METOABl JOJDKHBI OBITh JOMOJHEHBI
reonHpopmannoHHeiMA  TexHOmorusimu  (I'MIC, mmcranmmonHoe 3oHmupoBanme, bBIIJIA), KkoTopple 00ecreYuBarOT
MIPOCTPAHCTBEHHBII 0XBaT, OBICTPHI cOOp MAaHHBIX M BO3MOKHOCTH KOMIUICKCHOTO aHajiHm3a. B MaHHOW cTaTtbe mpeicTaBieH
MOAPOOHBIA aHANN3 CTPYKTYPHl, YPOBHS pHUCKA M METOJOB MOHHTOPHHTA pa3IHMIHBIX OOBEKTOB XpaHEHHUS OTXOIOB
Hagoutickoro ropao-metamtyprudeckoro kombunara (HI'MK) ¢ ucnons3oBanuem ['IC-texnonoruii.

Knrouesvie cnosa: omxoovl eopno-memannypeuieckozo npouzeoocmsa, I UC, oucmanyuonmoe 30H0Uposanue, X60Cmoxpa-
HuUWa, becnunommubie 1emameibHble ANNAPAMbl, IKOI02UYECKUL PUCK, NPOCMPAHCINEEHHO-8PEMEHHOU AHATU3.
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