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Abstract. This article delves into the development of an advanced database aimed at integrating and analyzing
geophysical and surveying data within the GeoDATA Zones monitoring system, specifically tailored for quarry
applications. Modern mining operations face significant risks such as landslides, collapses, and other geological hazards
due to inadequate data management practices. The GeoDATA Zones system addresses these challenges by
implementing innovative data processing methods using machine learning and artificial intelligence algorithms. This
article's primary goal is to showcase how the development of a structured database can improve the speed, accuracy,
and reliability of geophysical and surveying data analysis, which in turn supports more effective decision-making
processes.

Key factors influencing the stability of rock masses, including geological formations, physical properties of rocks,
fracturing, and the impact of ongoing mining activities, are thoroughly explored. The article also examines environmental
influences, such as water saturation and seismic activities, which can further destabilize rock structures. Furthermore,
the article highlights the critical role that a well-structured database plays in ensuring data integrity, security, and
scalability, while also enabling integration with other systems utilized in the mining sector. The database design
considers logical and physical structures, with Microsoft SQL Server being the primary database management system.
Additionally, visualization tools such as Power Bl are leveraged to enhance data interpretation, analysis, and reporting
capabilities for real-time decision-making.

The development process incorporates robust security measures, including multi-level user authentication, data
encryption, and access control protocols to safeguard against unauthorized access and ensure the system's resilience.
Research findings suggest that GeoDATA Zones can significantly improve the efficiency, safety, and sustainability of
mining operations, thereby contributing to the long-term success of mining enterprises. This solution fosters proactive
decision-making and risk mitigation, aligning with the industry's push toward more sustainable and environmentally
conscious mining practices.

Keywords: geophysical condition, rock mass stability, database management, void detection in rock formations,
machine learning, mining safety, data integration, sustainable mining practices.

1. Introduction

In modern mining, significant attention is paid to effective data management
related to the stability of rock masses. Monitoring systems such as GIS Terra Mining,
MineScape, and RockWare are critical for ensuring the safety of mining operations,
as they enable comprehensive analysis of the condition of rock masses through
geological and surveying data. The importance of these systems is underscored by the
need for timely detection of potential risks such as landslides and collapses, which
could endanger worker safety and affect the efficiency of extraction operations.

The primary goal of this article is to develop an effective database for integrating
and analyzing surveying and geophysical data within the GeoDATA Zones
monitoring system for quarries. This task is becoming increasingly relevant due to the
need to use modern digital technologies for the collection, processing, and analysis of
large and continuously expanding datasets. The development of a structured database
will improve the speed and accuracy of analysis, as well as support informed
decision-making regarding the management of quarry stability.

The article examines the key factors affecting the stability of rock masses,
including geological structure, physical properties of rocks, the seismic impact of
drilling and blasting operations, as well as the influence of mining excavations. An
analysis of data collection methods is conducted, particularly surveying and
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geophysical methods, which provide a comprehensive approach to studying quarry
conditions [1-10].

This article also highlights the significance of utilizing machine learning and
artificial intelligence algorithms to enhance data processing efficiency and predict
potential threats. In addition, it emphasizes the importance of ensuring data security,
scalability, and the ability to integrate with other systems used in the mining industry.

Thus, the development of a database for the GeoDATA Zones system will make a
significant contribution to improving the efficiency and safety of mining operations
and will also lay the groundwork for further research and development in this field.

2. Methods

Development of an effective database for the GeoDATA Zones system is a key
step in ensuring reliable and accurate collection, processing, and analysis of geophysi-
cal and surveying data. This system aims to integrate various data to improve the effi-
ciency of geoengineering research in managing mining processes. This section of the
article discusses the methods and tools that will be used to create the database.

Structural analysis of the database involves determining the optimal architecture
that ensures the integrity, reliability, and scalability of the system. The main
components of the GeoDATA Zones database include:

- Entities and attributes: Defining the main entities, such as geophysical data,
surveying data, monitoring zones, data on mine workings, and others. Each entity has
a set of attributes that describe its characteristics and properties.

- Relationships between entities: Defining the relationships between different
entities to ensure data integration and interaction. This includes establishing one-to-
many and many-to-many relationships, allowing the integration of various data types
into a single system.

- Data hierarchy: Creating a hierarchical data structure that enables efficient
organization and management of information. This includes classifying data by type,
importance level, and other characteristics.

- Data indexing: Developing indexes for quick access to data, ensuring optimal
system performance during queries and analysis.

The process of developing the database for GeoDATA Zones includes several
stages to ensure its reliability and efficiency:
1. Requirements analysis:

- Collecting requirements: Identifying user needs and specifications for the
database, including data types, volume of information, and security requirements.

- Analysis of existing systems: Reviewing similar solutions to determine best
practices and avoid potential issues.

2. Database design:

- Logical design: Creating a conceptual model of the database, which includes
defining entities, attributes, and their relationships.

- Physical design: Developing the physical structure of the database, including
selecting the type of DBMS (database management system), determining the data
storage format, and optimizing the structure.
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3. Database implementation:

- Selecting a DBMS: Choosing the optimal database management system (e.g.,
PostgreSQL, Microsoft SQL Server, Oracle) that meets the needs of the GeoDATA
Zones system.

- Creating tables and relationships: Implementing the database structure in the
selected DBMS, including creating tables, defining relationships, and establishing
constraints to ensure data integrity.

4. Integration and testing:

- Data integration: Selecting methods for user data input into the GeoDATA
Zones system.

- Testing: Conducting database testing to identify and correct possible errors, as
well as to verify its performance, security, and functionality.

5. Ensuring data security:

- Authentication and authorization: Implementing mechanisms for controlling
access to the database, including user authentication and defining access rights.

- Backup: Setting up backup and data recovery procedures to prevent data loss
in case of emergencies.

6. Scalability and optimization:

- Query optimization: Applying optimization techniques to improve query
performance and reduce system response time.

- Scalability: Ensuring the database can be expanded without losing
performance, allowing it to handle increasing volumes of data.

Various tools and technologies will be used for database development and
maintenance:

-SQL (Structured Query Language): Used to manage data in relational
databases, including creating tables, relationships, and executing queries.

-ETL (Extract, Transform, Load): Tools for extracting, transforming, and
loading data from different sources into a single database.

- Visualization tools: Tableau, Power BI for creating interactive visualizations
and reports based on data from the database.

3. Theoretical part

The GeoDATA Zones system represents a comprehensive approach to managing
and analyzing geophysical and surveying data, which are critically important for
ensuring safety and controlling the efficiency of mining operations. The foundation
of this system’s development lies in creating a reliable and scalable database that
allows the integration of various data and provides real-time access to them.

Integration of geophysical and surveying data.

The integration of geophysical and surveying data is one of the key aspects of the
GeoDATA Zones system. This approach ensures a comprehensive assessment of rock
mass stability and the identification of potential risks. Such integration includes:

- Combining data from different sources: This includes seismic survey data,
GNSS measurements, the presence of mine workings within specific zones,
hydrogeological, and geological data.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169 89

- Intelligent analysis of research results to assess the impact on mining safety:
Machine learning and artificial intelligence algorithms are used for data analysis and
predicting potential risks. This allows evaluating the impact of various factors on the
stability of rock masses and developing risk mitigation strategies, which ensures the
safety of mining operations. This approach enables the timely identification of
potential threats and the development of appropriate preventive measures.

The GeoDATA Zones system uses a general data structure approach that includes
normalization to ensure data integrity and reduce redundancy, as well as indexing to
optimize data access speed. The relational model allows for the effective integration
of data from various sources, ensuring logical organization and ease of access to
information.

Data security methods.

Data security is a key aspect in the development of the GeoDATA Zones
database. This includes:

- Access control: Using authentication and authorization to manage user access
to the system.

- Backup: Regular creation of data backups to protect against data loss in the
event of emergencies.

Using Microsoft SOL Server.

Microsoft SQL Server is the primary tool for implementing the GeoDATA Zones
database due to its numerous advantages:

- Support for large volumes of data: SQL Server can handle large volumes of
data, which is critically important for the mining industry.

- Integration with other tools: Easy integration with Power BI, Excel, and other
products for data analysis and visualization.

- Geospatial capabilities: Support for geospatial data, allowing for work with
maps and geographic information.

- High security: Features such as encryption, access control, and other security
functions ensure data protection.

Application of theory in practical implementation.

The development of the GeoDATA Zones system is based on theoretical princi-
ples of geophysical data integration and processing, which allows for:

- Improving monitoring efficiency: Ensuring real-time access to relevant data
and the ability to analyze them in real-time.

- Enhancing the safety of mining operations: By identifying potential risks and
threats, in each studied zone of the quarry field, the GeoDATA Zone system allows
for situation control through the development and implementation of safety measures,
which are designed and implemented by system users and the working staff of the
enterprise and subcontracting organizations.

4. Results

In the GeoDATA Zones system, several key user roles have been defined, each
playing an important part in ensuring the effective monitoring and management of
quarries. The importance of clearly defining roles lies in providing optimal system
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access, allowing users with different tasks to perform their functions with maximum
efficiency. Each role has specific responsibilities that contribute to the collection,
analysis, and processing of data, ensuring safety and improving productivity in the
mining industry. Below are the main user roles and their responsibilities.

GeoDATA Zones System Users and Their Functions.

1. Surveyor/Geologist:

- Data collection: Conducts surveying to detect changes in rock formations and
collects geological data for analysis and assessment of quarry field conditions.

- Geological data analysis: Analyzes collected data to assess the condition and
stability of rock masses, considering factors such as water saturation and geophysical
characteristics.

- Data entry: Submits processed data to the system for further processing and
analysis.

2. System Administrator:

- User management: Creates, edits, and deletes user accounts, providing or
restricting access to the system.

- System monitoring and maintenance: Ensures the system's stability and
security, implements software updates, and resolves technical issues.

- System configuration: Configures system parameters to ensure efficient data
processing and meet security requirements.

3. Inspector:

- Safety monitoring: Receives reports and alerts on potential risks and hazardous
conditions, analyzes this information to ensure workplace safety.

- Safety status assessment: Conducts safety inspections to ensure compliance
with safety standards and develops measures to address identified issues.

- Documenting actions: Records data on incidents and safety violations that
occur during monitoring.

4. Data Analyst:

- Data processing and analysis: Collects data necessary for analysis, applies
statistical and analytical tools to identify trends and anomalies that could affect
mining safety and efficiency.

- Report creation: Prepares reports based on data analysis, including conclusions
and recommendations for management decisions.

- Data visualization: Uses tools to create visualizations that help understand the
results and present them in a user-friendly format for decision-making.

In the GeoDATA Zones system, the structure of the database is a critically im-
portant component, ensuring effective information management and support for vari-
ous functional capabilities. A well-designed structure allows the integration of geo-
physical, surveying, and other data necessary for comprehensive monitoring of min-
ing objects. It includes entities such as geophysicists, zones, safety factors, and oth-
ers, each with its own attributes that reflect specific characteristics such as identifiers,
values, and timestamps. This structure ensures the interconnection of data, optimizes
the speed of access and data processing, and maintains a high level of security and
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data integrity. It allows users to access critical information in real-time, necessary for
decision-making in mining operations.
Database Structure:
1. Geofisic: This entity represents geophysicists responsible for measuring
geophysical parameters in various zones.
- Geofisic ID: integer(10) (Primary Key) — Unique identifier for the
geophysicist.
- Geofisic Full Name: varchar(255) — Full name of the geophysicist.
- Instrument Factory Number: integer(10) — Factory number of the instrument.
2. Impact of the mine: This entity refers to the presence of the influence of
underground mine workings or voids within the zone.
- ID of mine measurement: integer(10) (Primary Key) — Identifier of the mine
impact measurement.
- Geofisic/GeoFosic ID: integer(10) — Identifier of the geophysicist conducting
the measurements.
- ZonesZonelD: integer(10) — Zone identifier where the measurements were taken.
- Measurements Time: time(7) — Time of measurement.
- Value of impact: real(10) — Impact value measured by a gravimeter or
converted to a dimensionless quantity.
3. Fractal dimension: This entity includes data on fractal measurements in the
zones of influence.
- Fractal ID: integer(10) (Primary Key) — Identifier of the fractal dimension
measurement.
- ZonesZonelD: integer(10) — Zone identifier where the measurements were taken.
- Geofisic/GeoFosic ID: integer(10) — Identifier of the geophysicist conducting
the measurements.
- Fractal dimension: real(10) — Fractal dimension measured in the zone.
- Measurements Time: time(7) — Time of measurement.
4. Factor of safety (FoS): This entity includes data on the safety factor in the
zones of influence.
- Factor of safety ID: integer(10) (Primary Key) — Identifier of the safety factor
measurement.
- ZonesZonelD: integer(10) — Zone identifier where the measurements were taken.
- Geofisic/GeoFosic ID: integer(10) — Identifier of the geophysicist conducting
the measurements.
- Value: integer(10) — Value of the safety factor measured in the zone.
- Measurements Time: time(7) — Time of measurement.
5. Zones: This entity represents the geographical or conditional zones that are
studied or monitored as part of the project.
- ZonelD: integer(10) (Primary Key) — Unique identifier of the zone.
- Zone name: varchar(255) — Name of the zone.
- X1Coordinate — Y4Coordinate: real(10) — Coordinates of the zone (4 points for
positioning).



Figure 1 — Entity-relationship diagram
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6. Geologist (Hydrogeologist): This entity represents geologists specializing in
hydrogeology or geology.
- Geologist ID: integer(10) (Primary Key) — Unique identifier of the geologist.
- Geologist Full Name: varchar(255) — Full name of the geologist.
- Position: varchar(255) — Position (geologist, hydrogeologist).
7. Water saturation in the zone: This entity includes data on the water saturation
level of the ground in the study zones.
- Water saturation ID: integer(10) (Primary Key) — Identifier of the water
saturation measurement.
- Geologist ID: integer(10) — Identifier of the geologist conducting the
measurements.
- ZonesZonelD: integer(10) — Zone identifier where the measurements were
taken.
- Influence of water saturation: real(10) — Influence of water saturation on the
zone.
- Time: time(7) — Time of measurement.

5. Conclutions

1. Improving mining safety: During development, the GeoDATA Zones system
has the potential to significantly enhance mining safety by integrating geophysical
and surveying data. The system is expected to enable timely identification of
potential risks such as landslides and collapses, ensuring quick decision-making and
the implementation of appropriate safety measures.

2. Innovative approach to data management: The development of GeoDATA
Zones is based on an innovative approach to managing large volumes of data, which
includes the use of machine learning algorithms and artificial intelligence. This
approach is intended to ensure efficient data analysis, forecasting potential threats,
and developing risk mitigation strategies, ultimately improving mining operations'
efficiency.

3. Scalability and integration with other systems: The GeoDATA Zones database
is designed to ensure future scalability and the ability to integrate with other systems
used in the mining industry. This will allow for the storage and processing of growing
data volumes without loss of performance, as well as integration with tools like
Power BI for data visualization.

4. Ensuring data integrity and security: In the development of GeoDATA Zones,
significant attention 1s given to ensuring data integrity and security. The
implementation of authentication and authorization mechanisms will provide access
control, and regular data backups are intended to protect against data loss in
emergency situations, which is critical for information security.

5. Diversity of users and their roles: GeoDATA Zones supports a variety of users,
including surveyors, geologists, inspectors, system administrators, and analysts. Each
role will have its specific functions, ensuring a comprehensive approach to data
collection, processing, and analysis, as well as supporting safety in the workplace.



94  ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Geo-Technical Mechanics. 2024. Ne 169

REFERENCES

1. Cherniaiev, O., Pavlychenko, A., Romanenko, O. and Vovk, Y. (2021), “Substantiation of resource-saving technology when
mining the deposits for the production of crushed-stone products”, Mining of Mineral Deposits, vol. 15, pp. 99-106.
https://doi.org/10.33271/mining15.04.099.

2. Carvalho, F.P. (2017), “Mining industry and sustainable development: time for change”, Food and Energy Security, vol. 6(2),
pp. 61-77. https://doi.org/10.1002/FES3.109.

3. Gorova, A., Pavlychenko, A., Borysovs'ka, O. and Krups'ka, L. (2013), “The development of methodology for assessment of
environmental risk degree in mining regions”, Mining of Mineral Deposits, pp. 207-209. https://doi.org/10.1201/b16354-38.

4. Kravets, M.A. and Iskov, S.S. (2022), “Directions for reclamation of disturbed lands”, Materials of the Conference of the State
University "Zhytomyr Polytechnic”, p. 57, available at: https://conf.ztu.edu.ua/wp-content/uploads/2022/01/57.pdf (Accessed 5 June
2024).

5. Shamsi, M., Pourrahimian, Y. and Rahmanpour, M. (2022), “Optimisation of open-pit mine production scheduling considering
optimum transportation system between truck haulage and semi-mobile in-pit crushing and conveying”, International Journal of
Mining, Reclamation and Environment, vol. 36(2), pp. 142-158. https://doi.org/10.1080/17480930.2021.1996983.

6. Abbaspour, H., Drebenstedt, C., Paricheh, M. and Ritter, R. (2019), “Optimum location and relocation plan of semi-mobile in-
pit crushing and conveying systems in open-pit mines by transportation problem”, International Journal of Mining, Reclamation and
Environment, vol. 33(5), pp. 297-317. https://doi.org/10.1080/17480930.2018.1435968.

7. Symonenko, V.., Haddad, J.S., Cherniaiev, O.V., Rastsvietaiev, V.O. and Al-Rawashdeh, M.O. (2019), “Substantiating
systems of open-pit mining equipment in the context of specific cost’, Journal of The Institution of Engineers (India): Series D, 100,
pp. 301-305. https://doi.org/10.1007/s40033-019-00185-2.

8. Ishchenko, K., Konoval, V. and Lohvyna, L. (2019), “An effective way to rock mass preparation on metallic and nonmetallic
quarries Ukraine”, E3S Web of Conferences, 109, 00031. https://doi.org/10.1051/e3sconf/201910900031.

9. Braun, T., Hennig, A. and Lottermoser, B.G. (2017), “The need for sustainable technology diffusion in mining: Achieving the
use of belt conveyor systems in the German hard-rock quarrying industry”, Journal of Sustainable Mining, vol. 16(1), pp. 24-30.
https://doi.org/10.1016/J.JSM.2017.06.003.

10. Dryzhenko, A., Moldabayev, S., Shustov, A., Adamchuk, A. and Sarybayev, N. (2017), “Open pit mining technology of
steeply dipping mineral occurrences by steeply inclined sublayers”, International Multidisciplinary Scientific GeoConference
Surveying Geology ~ and  Mining  Ecology = Management, SGEM, vol. 17(13), pp. 599-606.
https://doi.org/10.5593/sgem2017/13/s03.076.

11. Kovrov, O., Babiy, K., Rakishev, M. and Kuttybayev, A. (2016), “Influence of watering filled-up rock massif on
geomechanical stability of the cyclic and progressive technology line”, Mining of Mineral Deposits, vol. 10(2), pp. 55-63.
https://doi.org/10.15407/mining10.02.055.

About the author
Romanenko Andrii, Candidate of Technical Sciences (Ph.D), student of group 122-23-1-M, Technical University "Metinvest
Polytechnic" LLC, Zaporizhzhia, Ukraine, romanenkoa87@gmail.com, ORCID 0000-0002-8381-8873

PO3POBKA E®EKTUBHOI BA3W OAHUX FTEO®I3UYHOIO TA MAPKLEWAEPCLKOrO MOHITOPUHIY
ana CACTEMU GEODATA ZONES
PomaHeHKo A.

AHoTauis. Y cTatTi po3rnsgaeTbes po3pobka BAOCKOHANEHO! 6a3n AaHuX, Npu3HayeHoi 4N iHTerpauii Ta aHanisy
reoisnYHMX i MapKLLIenaepCbkux faHux y cuctemi MoHiTopuHry GeoDATA Zones, sika cneljanbHO aganToBaHa Ans
BMKOPUCTaHHS Ha kap'epax. CyuacHi ripHuyi onepavii CTUKaKTbCS 3i 3HAYHUMM PU3MKaMK, TakuMn sk 3CyBU, obBanm Ta
iHWi reonoriyHi Hebe3nekwn, WO BWHUKAKTL Yepe3 HeedekTuBHE ynpasniHHa gaHumu. Cuctema GeoDATA Zones
BMpiLLYe Li Npobnemu LUNSXoM BrpOBaMKEHHS IHHOBALNHMX MeTOiB 06POOKM AaHMX i3 BUKOPUCTAHHAM anropuTMmiB
MaLUMHHOIO HaBYaHHS Ta WTYy4HOro iHTenekTy. OCHOBHA MeTa CTaTTi — MokasaTu, sk po3pobka CTpyKTypoBaHoi 6asm
JaHUX MOXEe MOKPALLMTW LUBUAKICTb, TOYHICTb Ta HaLiMHICTb aHanisy reodisuyHMX i MapKLWeRLepcbkux LaHux, Lo,
CBOEH YEProto, NiaTpumye Binblu ePEKTUBHIIA NPOLLEC MPUAHSTTS PiLLEHD.

Y cTarTi geTarnbHO po3rnsafatoTbCs KIHYOBI (aKkTopy, LU0 BNAMBAIOTL HA CTIAKICTL TPCbKMX MacuBiB, Taki K
reonoriyHi yTBOPEHHs, (isnyHi BNaCTWBOCTI MOpid, TPiLWMHYBATICTb i BAAWB MOTOYHMX ripHM4mMX pobiT. Kpim Toro,
aHani3ylTbCa W iHWI (DaKTOpW, 30KpEMa HACMYeHHS BOAOK Ta CEMCMIMHA aKTMBHICTb, SKi MOXYTb A04ATKOBO
pectabinisysatu nopogu. CTaTTa MigKpecnioe BaxnuBy ponb Jobpe cnpoektoBaHoi 6asn JaHux, sika 3abesnevye
LinicHicTb, Ge3neky Ta MaclwTabOBaHICTb AaHMX, a TaKOX MOXIMBICTb iHTerpauii 3 iHWMMM CcucTeMamu, Lo
BMKOPUCTOBYKOTLCS Y FipHWYi npomucrioBocTi. lMpoekTyBaHHS 6asn gaHWX BpaxoBye AK MOriYHy, Tak i isnyHy
CTPYKTYpU, NPUYOMY OCHOBHOK CUCTEMOK ynpaBniHHA 6asamu aaHux obpaHo Microsoft SQL Server. Kpim Toro, ans
MOKpaLLEHHs iHTepnpeTauii AaHuX, aHanidy Ta CTBOPEHHS 3BiTiB BMKOPUCTOBYIOTLCS IHCTPYMEHTM Bisyanisalii, Taki siK
Power BI, L0 Aal0Tb MOXIUBICTb NPUAMATH PiLLEHHS B pearibHOMY Yaci.
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Mpouec po3pobkn Gasn gaHMX BKMIOYAE BMPOBAMKEHHS HadiMHMX 3axodiB Oesneku, Takux sk baraTopiBHeBa
aBTEHTUIKAL KOPUCTYBauiB, LUMGPYBAHHA OaHWX i NMPOTOKOMM KOHTPOSK AOCTYNY, SKi 3axullalTb CUCTeMy Big
HeCaHKLiOHOBAHOMO JOCTyNy Ta 3abe3nevyioTh ii CTIMKICTb. Pe3ynbTaTi QocnigkeHb nokasyoTb, Wo cuctema GeoDATA
Zones MOoXe CyTTEBO MigBMLLMTY eDEKTUBHICTb, Ge3neKy Ta CTanicTb ripHumx pobiT, Wo CnpusTMe LOBrOCTPOKOBOMY
ycnixy FipHUYMX nignpuemcTs. Lle pileHHs cnpusie NpoakTUBHOMY MPUAHATTIO PilleHb | 3MEHLUEHHID PU3KKiB, L0
BiANOBIZAE NparHeHHHo ranyai 4o Ginbl CTanux i eKONOriYHO BigNOBIAANBHUX FNPHUYMX NPAKTHK.

KntoyoBi cnoBa: reodisnyHNiA CTaH, CTIlKICTb TPCbKMX MacyBiB, ynpaBIiHHA 6a3amu JaHNX, BUSIBNEHHS NOPOXHMH
y TipCbKUX MOpPOAAX, MalMHHe HaB4aHHS, 6e3neka ripHnymux pobiT, iHTerpawis JaHux, CTani ripHudi MpakTuKK.





