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CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
There are 2 patents of the Republic of Belarus on the invention.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Enterprises and organizations producing film products based on thermoplastic polymers.

CONTACT INFORMATION
Alexander Skaskevich, Head of Department, Candidate of Technical Sciences, Associate Professor.
Alexander Antonov, Associate Professor of the Department, Candidate of Technical Sciences,  

Associate Professor.
Vasily Struk, Professor of the Department, Doctor of Technical Sciences, Professor.
Phone number: (+375 15) 268 41 09
Е-mail: askas@grsu.by

Dependence on breaking strength
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XVI. EDUCATIONAL INSTITUTION  
“P. M. MASHEROV VITEBSK STATE UNIVERSITY”

21. Method for Determination of the Mass Fraction of Crude Fibre 
with Consideration of Measurement Uncertainty

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The developed software is an innovative software complex for determining the mass fraction of crude fibre 

in feed and food products with quantitative assessment of measurement uncertainty. The scope of application 
covers agrochemical laboratories, food and feed industry enterprises, research institutions engaged in quality 
control of raw materials and products.

The purpose of the complex is to automate the process of calculation of the mass fraction of crude fibre ac-
cording to GOST 13496.2-91 with integrated assessment of measurement uncertainty in accordance with the 
requirements of GUM and ISO/IEC 17025. The main innovative feature is the application of triangular distribution 
instead of traditional uniform distribution for estimation of weighing uncertainty, which increases the correctness 
of metrological estimation for scales of the 2nd accuracy class and reduces the resulting uncertainty by 29.3 %.

Structurally, the software complex is implemented in Object Pascal (Delphi) language and has a modular ar-
chitecture, including: a module of data input with validation system, a module of mathematical calculations, 
a module of uncertainty budget formation, a module of results validation and a module of reporting. The graphi-
cal interface provides convenient input of input data and visual presentation of results, including visualisation 
of the uncertainty budget.

Technological features include implementation of the uncertainty propagation algorithm based on the differ-
ential sensitivity equation, the method of correction of systematic errors using certified standard samples, as well 
as automatic verification of compliance of the results with the requirements of GOST 13496.2-91.

Interface of the software package for input data input for determining the mass fraction of crude fibre  
(the fields in which values can be entered are circled in red)
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Technical and operational characteristics: Windows platform, determination accuracy (average relative error 
0.08 %), expanded uncertainty 0.02 % at 95.00 % confidence level, compliance with ISO/IEC 17025 requirements, 
support of two parallel measurements, automatic generation of reports in text format. The software complex 
provides increased reliability of analysis results, reduction of human factor influence and standardisation of met-
rological support processes in agrochemical analysis.

TECHNICAL ADVANTAGES
The developed software system demonstrates a high scientific and technical level, surpassing existing domestic 

analogues and foreign solutions (Mettler Toledo LabX, Thermo Fisher Scientific QMS) in terms of metrological 
support. The key technical advantage is the use of triangular distribution for estimation of B-type uncertainty, 
which increases the correctness of metrological estimation by 29.3 % compared to the traditional uniform distri-
bution used in analogues. Domestic software products, as a rule, lack quantitative assessment of measurement 
uncertainty, while foreign analogues are limited to the basic implementation of GUM without taking into account 
the specifics of used methods of crude fibre analysis.

The scientific and technical level of development is characterised by an original algorithm of uncertainty budget 
formation with visualisation of contributions of separate sources of error, a method of correction of systematic 
errors, a proven method of validation of calculations and automated verification of compliance with the standard. 
Unlike analogues, the complex provides dynamic recalculation of uncertainty when changing input parameters 
and optimisation of the analytical process based on sensitivity analysis. Accuracy characteristics (average relative 
error 0.08 %, expanded uncertainty 0.02 % at 95.00% confidence level) exceed analogues by 15–25 %, which 
is confirmed by laboratory comparative tests. These results indicate the leading position of the development 
in the field of metrological support of agrochemical analysis.

EXPECTED RESULT OF APPLICATION
Implementation of the developed software system will provide an increase in metrological reliability of crude 

fibre mass fraction determination due to correct estimation of measurement uncertainty. It is expected to reduce 
the average relative error to 0.08 % and the expanded uncertainty to 0.02 % at a confidence level of 95.00 %, 
which corresponds to the advanced international standards. The software solution will minimise the influence 
of the subjective factor, provide automated reporting in accordance with the requirements of standards and re-
duce data processing time by 50–60 %. This will create prerequisites for improving the quality of control of raw 
materials and finished products in the agrochemical industry simplify laboratory accreditation and ensure com-
parability of results of international inter-laboratory comparative tests.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Potential consumers of the developed software package in the Republic of Belarus are:
– accredited laboratories that meet the requirements of STB ISO/IEC 17025;
– agricultural organisations with their own laboratories, large agricultural holdings, livestock complexes, etc.
– scientific and educational institutions: EI “Belarusian State Agricultural Academy”, EI “Belarusian State Agrarian 

Technical University”, EI “Departments of analytical chemistry of agricultural universities”.
The international target audience includes: Eurasian Economic Union countries: Russian laboratories accredited 

according to GOST R ISO/IEC 17025-2009 (FGBU “Rosselkhozcenter”, laboratories of Rosselkhoznadzor), national 
centres of standardisation and metrology, e. g. in countries such as Kazakhstan, Armenia and Kyrgyzstan.

European Union: laboratories involved in international comparative testing (Eurachem), agrochemical research 
centres (Wageningen University & Research, Netherlands), food industry companies exporting products to the EU 
and requiring compliance with ISO/IEC 17025 requirements.
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Global markets: National metrology institutes of APEC countries (China, South Korea, Vietnam), agricultural 
research organisations in Africa and Latin America supported by international organisations (FAO, WHO).

The choice of these customers is justified by the need to comply with international metrological standards and 
the growing demand for reliable methods of quantitative analysis in the field of agrochemistry, which is confirmed 
by the data of the global market of analytical software, showing an annual growth of 7.3 %.

CONTACT INFORMATION
Tatyana Buevich, Head of the Department of Engineering Physics, Candidate of Technical Sciences,  

Associate Professor.
Phone number: (+375 29) 399 10 93
E-mail: buevih.tv@gmail.com
Artur Buevich, Associate Professor of Engineering Physics Department, Candidate of Technical Sciences, 

Associate Professor.
Phone number: (+375 29) 399 10 92
E-mail: arturby@gmail.com
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XVII. STATE EDUCATIONAL INSTITUTION  
“BREST SECONDARY SCHOOL NO. 20  

NAMED AFTER THE HERO OF THE SOVIET UNION 
D. M. KARBYSHEV”, BRESTOBLGAS UNITARY 

ENTERPRISE

22.Combined Heat and Power Solid-Fuel Boiler for Domestic Use
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
A domestic boiler with an additional electricity generation capability can be used as a source of heat and electri

city for agro-estates, farmstead settlement systems, dacha cooperatives, as well as during tourist rallies, weekend 
hikes and by fishermen and hunters.

The boiler's body is made of welded steel. Thermoelectric generators with Peltier elements and two internal 
cooling fans are mounted on the boiler body. The heat from the boiler's walls is transferred to the Peltier ele-
ments. Due to the temperature difference between the opposite sides of these elements, an electric current 
is generated. This electricity is used to power the cooling fans for the Peltier elements, operate the boiler's fan 
and provide room lighting.

Boiler advantages: compactness, light weight for easy portability and transport, a removable 30W thermoelec-
tric generator, the ability to charge power banks and mobile phones, provide tent lighting, includes a clothes 
and shoes dryer, ease of repair and low cost.

TECHNICAL ADVANTAGES
We have examined analogues of boilers with similar designs and purposes. Such boilers are not manufactured 

in the Republic of Belarus. A similar analogue was found in the Russian Federation.
The TMF-Termofor “Indigirka” electricity-generating stove is known. A disadvantage of this stove is the incom-

plete combustion of burnable products in the boiler, and the high cost of the boilers has been noted. The price 
listed on the website  (https://tomas.by/p/22162416-portativnaya-otopitelnaya-pech-termofor-indigirka-2) 
is 3,715 rubles. Our model costs about 2,500 rubles.

Boiler
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Main characteristics of the solid-fuel boiler:
1. During stove operation, one built-in thermoelectric generator heats up and generates direct current with 

a voltage of 12 V and a total rated power of 30 W.
2. The delivery set includes two connection cables for various portable devices: one with sockets for a “car 

cigarette lighter” and USB (5 V) and the second with “crocodile” clip connectors.
3. Due to technical improvements and the use of a new-generation TEG, the stove's weight has been reduced 

by 13 kg.
4. The stove is made of heat-resistant high-alloy steel with an oxidation (scaling) onset temperature of 750 °C, 

which significantly increases the stove's service life.
5. The stove's small size and weight allow it to be transported and installed in any accessible location.
6. The presence of a flat top surface allows for heating and cooking food.
7. The small solid-fuel stove is designed to heat a space of up to 15 m3.

CURRENT STAGE OF DEVELOPMENT
Authors: A. Ageyevets, Director of the SEI “Brest Secondary School No. 20 named after the Hero of the Soviet 

Union A. M. Karbyshev”, and E. A. Kazimirchik, General Director of Brestoblgas UE. Patent owners: SEI “Brest Se
condary School No. 20 named after the Hero of the Soviet Union A. M. Karbyshev” and Brestoblgas UE.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Republic-level organizations organizing tourist rallies, trade union organizations, weekend hiking enthusiasts, 

general secondary education institutions, higher education institutions, amateur fishermen, hunters and forestry 
enterprises.

CONTACT INFORMATION
Alexander Ageyevets, Director of the SEI “Brest Secondary School No. 20 named after the Hero of the Soviet 

Union A. M. Karbyshev”.
Phone number: (+375 29) 805 77 22
E-mail: alex_ageevets@mail.ru
Evgeny Kazimirchik, General Director of Brestoblgas UE.
Phone number: (+375 16) 227 40 00
E-mail: box@brest.gas.by
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XVIII. FEDERAL STATE BUDGET SCIENTIFIC INSTITUTION  
“L. M. LITVINENKO INSTITUTE OF PHYSICAL ORGANIC 

AND COAL CHEMISTRY”

23. Production and Sorption Properties of Nitrogenated Activated 
Anthracite with Urea and Its Salts

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The developed materials allow to purify mine and waste water from organic contaminants. The sorption activity 

for methylene blue in these sorbents is almost 2 times higher than that of the original activated anthracite and 
at the same time higher than that of industrial adsorbents.

TECHNICAL ADVANTAGES
Nitriding of activated anthracite with urea and its salts allows: to obtain sorbents with improved properties.
1. The sorption activity for methylene blue in these sorbents is almost 2 times higher than that of the original 

activated anthracite and at the same time higher than that of industrial adsorbents. The materials are promising 
for removing organic impurities from mine and waste water.

2. To reduce the sintering temperature when obtaining the sorption material. It has been shown that the sorp-
tion activity for methylene blue practically does not change with an increase in the processing temperature of 
the original mixtures. Note that it is usually practiced to obtain sorbents at temperatures of 800 °C and higher. 
Therefore, the production of sorbents by the method under consideration is energy-saving.

3. To choose a more promising nitriding agent — urea oxalate.
4. To do almost without water at the stage of synthesis of adsorbents. Production without discharges and 

therefore environmentally friendly.
5. Use available (large-scale production, for example, urea), non-aggressive and non-toxic initial reagents.

Acidification of activated carbon
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EXPECTED RESULT OF APPLICATION
The result of the development application is a material obtained by low-energy and environmentally friendly 

non-hazardous technology from available, non-toxic and non-aggressive reagents. The development is dedicated 
to non-fuel use of anthracite, which will provide coal mines with production volumes. The spent adsorbent can 
be regenerated or used as fuel or a source for metal extraction.

CURRENT STAGE OF DEVELOPMENT
The project is at the stage of scientific research work: samples based on equimass mixtures of activated anthra-

cite and urea, and its salts have been obtained. A study of the processes accompanying heat treatment has been 
conducted using thermal analysis and IR spectroscopy methods. Sorption activity for methyl blue and absorption 
of benzene vapors have been monitored.

INFORMATION ON THE LEGAL PROTECTION
Currently in the patent application stage.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Polimerkonstruktsiya UE (Republic of Belarus), Carbon Calgon Corp. (USA).

CONTACT INFORMATION
Nikolai Lozinskii, Senior Research, Candidate of Technical Sciences.
Phone number: (+7 949) 416 80 93
E-mail: lozinsky58@mail.ru
Evgen N. Lozinskii, Research Engineer.
Phone number: (+7 949) 493 92 11
E-mail: plozav@mail.ru

Change in solution intensity of methylene blue after contactwith nitrogenous activated anthracite: 
1 — is the starting solution; 2 — is the solution after 3 min; 3 — is the solution after 7 min;  

4 — is the solution after 10 min; 5 — is the solution after 15 min
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XIX. IT LEADER LIMITED LIABILITY COMPANY

24. AR-TOiR
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
“AR-TOiR” is a software complex with augmented reality and artificial intelligence technology, designed to sim-

plify and speed up the repair of industrial equipment and machinery. The product consists of modules: data 
markup, neural network training, creation of AR-instructions and checklists.

TECHNICAL ADVANTAGES
“AR-TOiR” is a Russian development with AR and AI, supported on all AR devices, easily integrates with enterprise 

software, and has an analytical platform for a wide range of tasks. STL is 6.53.

Creating AR instructions on the platform

In smart glasses before the eyes of the worker:  
the task with detailed instructions

Artificial intelligence recognizes the detail  
and indicates the location of its installation
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EXPECTED RESULT OF APPLICATION
Development saves 40 % of maintenance and repair time, detects 90 % of errors made.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
Certificate of Intellectual property.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Manufacturing enterprises in the field of industry, mechanical engineering and energy.

CONTACT INFORMATION
Fyodor Urkin, General Director.
Phone number: (+7 903) 945 92 78
E-mail: fedor101079@gmail.com
Evgeny Efremov, Technical Director.
Phone number: (+7 906) 982 99 01
E-mail: evgeniy.efremov@pluscards.ru
Evgeny Sautkin, Developer, Specialist in Neural Networks.
Phone number: (+7 999) 431 10 70
E-mail: e.sautkin@ar-toir.ru
Roman Mityukov, Mobile Application Developer.
Phone number: (+7 913) 416 97 69
E-mail: roman.mityukov@pluscards.ru
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XX. MODENJI RESEARCH AND PRODUCTION CENTER 
LIMITED LIABILITY COMPANY

25. “MODENGY”® Anti-Friction Solid-Film Coatings
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
“MODENGY” anti-friction solid-film coatings (AFSFCs) to reduce friction, wear, and for corrosion protection for 

the parts and mechanisms of the equipment of  oil and gas industry, defense-industrial complex, nuclear power 
engineering, pipeline accessories, robotics, aviation and railway machinery, automotive components, engines.

The principle of operation of the AFSFCs is based on the ability of the solid lubricating components (such as mo-
lybdenum disulfide (MoS2), polytetrafluorethylene (PTFE), graphite, tungsten disulfide (WS2), boron nitride (BN), 
and others) to form easy-to-shift films with low friction coefficient on the interacting surfaces. The bonding sub-
stance (modified epoxy, polyamidimide, phenolformaldehyde, polyurethane resins) provide the coating adhesion 
to the substrate, its cohesive strength, chemical resistance, and anti-corrosive properties. Combination of various 
solid lubricating materials and binding substances enables to create coatings with given specified properties 
adapted for certain operational conditions of a friction unit.

There have been designed more than 40 types of materials to reduce friction, to protect against corrosion and 
chemically active media as well as to give the equipment parts surfaces antistatic, antifouling, hydrophobic, anti-
icing, and radiation-shielding properties.

Before applying “MODENGY” After applying “MODENGY”

TECHNICAL ADVANTAGES
“MODENGY” AFSFCs have a number of advantages over plastic lubricants and oils:
– stable coefficient of friction;
– wide range of operating temperatures: from cryogenic (–210 °C) to extremely high (+730 °C);
– working under specific conditions: in a vacuum, radiation conditions, dusty environment, where traditional 

lubricants are either inoperable or quickly polluted, losing their properties;
– no evaporation and oxidation, maintain their effectiveness even after long downtimes of equipment without 

requiring updating;
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– high load capacity and anti-gouging properties: up to 3,000 MPa;
– anticorrosive properties: provide excellent protection of metal surfaces against atmospheric and chemical 

corrosion, often superior to chrome plating and galvanizing;
– performance of “MODENGY” coatings in extreme conditions (cryogenic and ultra-high temperatures, high 

pressures, radiation, vacuum, chemically aggressive environments);
– eco-friendly: no pollution;
– 90 % production lockdown;
– friction reduction, wear resistance and corrosion protection are ensured even during multiple cycles of the mo-

bile friction components;
– the development of “NPC Modenji” replaces foreign companies: “Xylan from WHITFORD Corporation” (USA), 

“Molykot” (USA; OKS (Germany), while in the range of materials “MODENJI” there are unique high-tech materials 
whose development abroad is still in its initial stage;

– in contrast to traditional lubrication, the multi-stage process of application/removal/renewal of transporta-
tion, preservation, installation lubricants is excluded; connections with “MODENJI” coating from the plant are 
immediately ready for installation, ensuring ease of use and reduced costs;

– extending the service life of equipment;
– increase in capacity, increase in efficiency;
– reduction of energy consumption with friction losses;
– creation of unattended friction assemblies — ensuring lubrication for the entire service life of the assembly;
– reduction of operating costs;
– increased reliability of equipment;
– reduction of downtime;
– import, localization of production;
– development of new materials for customers' specifications and replacement of imported materials.

EXPECTED RESULT OF APPLICATION
“MODENGY” AFSFCs are for reducing friction, wear and corrosion protection of equipment parts and mechanisms 

in the oil and gas industry, defense and industrial complex, nuclear energy, pipeline fittings, robotics, aviation 
and railway engineering, automotive components, engines.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
It is registered in the State Register of Trademarks and Service Marks of the Russian Federation: ROSPATENT 

Certificate No. 1110040, ROSPATENT Certificate No. 688082.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Machine engineering enterprises of the Republic of Belarus, Russia, Kazakhstan, Azerbaijan, Iran.

CONTACT INFORMATION
Maxim Prudnikov, General Director, Candidate of Technical Sciences.
Phone number: (+7 962) 145 99 66
E-mail: m.prudnikov@modengy.ru



INDUSTRY: FROM INNOVATION TO PRODUCTION

112

XXI. INSTITUTE OF AGRO-BIOTECHNOLOGY  
NAMED AFTER A. B. ZHURAVSKY OF THE FEDERAL 

STATE BUDGET INSTITUTION OF SCIENCE  
“FEDERAL RESEARCH CENTER “KOMI SCIENTIFIC 

CENTER OF THE URAL DEPARTMENT OF THE RUSSIAN 
ACADEMY OF SCIENCES”

26. IMPLEMENTATION OF THE RESULTS OF SCIENTIFIC RESEARCH WORK 
ON IMPROVEMENT OF MANAGEMENT METHODOLOGY AND MECHANISM 
FOR ENSURING THE PRODUCTION OF AGRICULTURAL PRODUCTS  
IN INDUSTRIAL PRODUCTION: EXPERIENCE OF THE COMI REPUBLIC

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
Innovative projects are presented within the framework of improving the management methodology 

and the mechanism for ensuring agricultural production, programs for the conservation, improvement and use 
of the gene pool of local farm animal populations, the use of plant genetic resources and their use in the breed-
ing process using ecological and genetic methods to create new varieties and hybrids adapted to the northern 
conditions of the CIS countries.

TECHNICAL ADVANTAGES
The presented innovative projects have significant technical advantages and scientific and technical level 

in relation to the best domestic and foreign analogues.

EXPECTED RESULT OF APPLICATION
Innovative projects are aimed at ensuring food security and independence in the regions of the Russian Federa-

tion and the Arctic territories of the Russian Federation and the CIS countries by introducing regional development 
and sustainability of agro-systems, crop breeding, and the development of methods and agro-technologies aimed 
at increasing the yield, efficiency, and profitability of high-quality agricultural products.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
It is confirmed by the obtained results of intellectual activity in the form of patents for inventions, patents 

for utility models, databases.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Agricultural organizations of the Republic of Belarus, scientific and scientific educational institutions of second-

ary vocational and higher education.

CONTACT INFORMATION
Andrey Yudin, Director, Candidate of Economic Sciences.
Phone number: (+7 904) 860 28 98
E-mail: audin@rambler.ru
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XXII. INSTITUTE OF GEOLOGY NAMED AFTER 
ACADEMICIAN N. P. YUSHKIN OF THE FEDERAL STATE 

BUDGET INSTITUTION OF SCIENCE  
“FEDERAL RESEARCH CENTER “KOMI SCIENTIFIC 

CENTER OF URAL DEPARTMENT OF RUSSIAN 
ACADEMY OF SCIENCES”

27. CMAS-Ceramics Based on Kaolin and Dolomite for the Production 
of Advanced Materials

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The perspective of using kaolin from the Vorykvin group of deposits (Middle Timan) to produce CMAS-ceramics 

of anorthite-cordierite composition is demonstrated. Kaolin is a monomineral raw material for composite materials, 
which has been modified by thermal activation and reinforcing additives. From kaolin/dolomite mixtures (12, 24 
and 36 wt. %), ceramic composites were obtained, represented by anorthite and cordierite-like phase, the ratio of 
which varies from 1.3:1 to 2.8:1. When designing an aluminosilicate matrix with given performance characteristics, 
the change in the silicon modulus of the initial raw components in the process of thermal activation was taken into 
account. Ceramic matrix of variable composition is reinforced by formed mullite crystals and is characterised by 
porosity depending on dolomite content, which determines technical properties: density, thermal conductivity, 
strength. Ceramics of anorthite-cordierite composition comply with international industrial standards (IEC 60 672, 
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material group C520, GOST 20419-83, group 400 — materials based on magnesium or calcium aluminosilicates) 
and the compressive strength exceeds the requirements for heat-insulating and chemically resistant materials.

TECHNICAL ADVANTAGES
The obtained samples of technical ceramics meet the industrial international standards for refractories and elec-

trical insulating materials.

EXPECTED RESULT OF APPLICATION
The use of kaolin and dolomite from local deposits makes it possible to determine the relevance of implement-

ing import substitution mechanisms.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
The main fields of application of the obtained composites are electronic industry, production of heat-insulating 

and chemically resistant materials.

CONTACT INFORMATION
Olga Kotova, Chief Researcher, Doctor of Geological-Mineralogical Sciences.
Phone number: (+7 8212) 24 51 60
Alexey Ponaryadov, Research Assistant, PhD Student.
Phone number: (+7 963) 022 19 82
E-mail: alex401@rambler.ru
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XXIII. FEDERAL STATE STATE BUDGETARY 
EDUCATIONAL INSTITUTION OF HIGHER EDUCATION 

“KUZBASS STATE TECHNICAL UNIVERSITY 
NAMED AFTER T. F. GORBACHEV”

28. Development of the Intelligent Forest Monitoring System Using 
Unmanned Aerial Vehicles and Computer Vision Technology

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The development is an intelligent forest monitoring system “EyeSky”, based on the use of unmanned aerial 

vehicles (drones) and computer vision technologies.
Application areas:
– forestry (early detection and prevention of wildfires, forest inventory, control of illegal logging);
– protected areas (nature reserves, national parks);
– emergency response services (EMERCOM, regional forestry authorities).
The system is designed for early detection of fire outbreaks, modeling their further spread taking into account 

weather and terrain factors, as well as for comprehensive monitoring of forest conditions.
Main design and technological features:
– use of autonomous drones equipped with RGB cameras and, if necessary, thermal imagers;
– transmission of video streams and telemetry to a cloud service through secure communication channels;
– built-in AI analysis module based on convolutional neural networks (CNN), performing real-time smoke and 

flame detection;
– when a fire is detected, the system automatically determines the coordinates and time of the event;
– fire prediction module builds a fire spread map for the next 30–60 min, taking into account wind, humidity, 

and terrain;
– user interface is implemented as a web dashboard: interactive map with fire markers, live video stream, event 

history, and notification system (SMS, e-mail, push);
– ability to integrate with existing GIS solutions of forestry enterprises and EMERCOM situation centers via REST API.
Operational characteristics:
– response time: from the first appearance of smoke to operator notification — no more than 10–15 min;
– geolocation accuracy — ± 30 m;
– scalability: from a single drone for small forestry units to a distributed network of autonomous stations;
– cost reduction: monitoring costs are reduced by up to 90 % compared to aviation patrols  (aircraft flight 

≈ 150,000 rub./h, drone use ≈ 4,000 rub./h).
Unlike traditional methods (observation towers, satellite monitoring, aviation patrols), “EyeSky” combines rapid 

detection, fire spread modeling, and automated analytics, creating a fundamentally new level of response to 
wildfire threats.

TECHNICAL ADVANTAGES
The innovative system “EyeSky” has several key advantages compared to the best domestic and international 

analogues:
1. Fire spread prediction. Unlike most existing solutions (e. g. DJI Terra, Pix4D, DroneDeploy), which focus on 

aerial mapping and photogrammetry, “EyeSky” includes a built-in fire spread modeling module, providing fore-
casts for the next 30–60 min along with recommendations for fire containment.
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2. High accuracy and responsiveness. The system’s response time from the first appearance of smoke to operator 
notification is no more than 10–15 min, with geolocation accuracy of ± 30 m. By comparison, satellite monitoring 
has a delay of several hours and cannot detect emerging fire outbreaks.

3. Cost efficiency. Drone operations are significantly more affordable than manned aerial patrols, enabling 
broader monitoring coverage at a fraction of the cost.

4. Compatibility and scalability. The system supports integration with any drones and existing GIS solutions of for-
estry enterprises and EMERCOM, which sets it apart from proprietary foreign platforms with limited compatibility.

EXPECTED RESULT OF APPLICATION
The implementation of the “EyeSky” system will significantly improve forest protection efficiency and reduce 

wildfire damage. Early detection of fire outbreaks (at the initial smoke stage) will ensure rapid response, reducing 
burned areas by tens of percent. Fire spread prediction will provide forestry enterprises and EMERCOM with tools 
for more accurate firefighting planning and resource allocation. The economic effect is achieved by reducing costs 
of aerial patrols and large-scale fire suppression, while the environmental effect includes preserving biodiversity, 
reducing CO2 emissions, and protecting regional forest resources.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Forestry enterprises of the Russian Federation, EMERCOM of Russia, nature reserves, CIS regions.

CONTACT INFORMATION
Alexander Pimonov, Head of the Department of Applied Information Technologies, Doctor of Technical 

Sciences, Professor.
E-mail: pag_vt@kuzstu.ru
Konstantin Zhmurovsky, Postgraduate Student.
Phone number: (+7 961) 705 03 11
E-mail: zhmuruk1@mail.ru

29. Development Computer Vision System for Unmanned Quarry Trucks
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The scope of application of the development is the extractive industry, namely open-pit mining. The computer 

vision system is designed for quarry trucks and can serve as both а driver assistance system and а data collection 
system for unmanned vehicles. The system consists of multiple cameras and lidars with а computing module, 
from а hardware point of view, and neural network models for object classification and detection, from а software 
point of view. The combination of data about the external environment collected by cameras and lidars allows 
real-time information about objects surrounding the quarry truck to be obtained and transmitted either to the 
driver or to the unmanned driving system for decision-making when operating the vehicle.

TECHNICAL ADVANTAGES
The development is on par with global systems for unmanned transport in terms of its scientific and 

technical level and has а number of advantages, including the system's specialization for operation in the 
conditions of Siberian mining enterprises, which are characterized by complex meteorological and produc-
tion conditions.
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EXPECTED RESULT OF APPLICATION
The expected result of applying this development 

is to improve safety at mining enterprises by increasing 
the awareness of dump truck drivers about their sur-
roundings and automating certain routes, which will 
allow people to be moved outside the high-risk zone.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has 

been completed and a prototype has been created.

INFORMATION ON THE LEGAL PROTECTION
Computer software registration certificates have 

been issued in the Russian Federation.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Forestry enterprises of the Russian Federation, the Ministry of Emergency Situations, nature reserves, and CIS 

regions. Machine-building enterprises and mining enterprises.

CONTACT INFORMATION
Ilуа Syrkin, Deputy Head of the Digital Technologies Research Center, Candidate of Technical Sciences, 

Associate Professor.
Phone number: (+7 903) 909 24 91
E-mail: syrkin@kuzstu.ru
Yuri Porokhin, Technician at the Digital Technologies Research Center.
Phone number: (+7 995) 443 12 25, 
E-mail: porohinjum@kuzstu.ru
Kirill Belokrylov, Junior Researcher at the Digital Technologies Research Center.
Phone number (+7 384) 239 63 52
E-mail: belokrylovk1@kuzstu.ru

Option to place the on-board equipment on the BELAZ series 7513 GK “Figure” quarry truck
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XXIV. FEDERAL STATE BUDGETARY EDUCATIONAL 
INSTITUTION OF HIGHER EDUCATION  

“SIBERIAN STATE INDUSTRIAL UNIVERSITY”

30. New Surfacing Materials for Automated Surfacing of Layers with 
Improved Performance Indicators

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
Surfacing flux and flux-cored wires for automated surfacing of layers with improved performance param-

eters. New surfacing materials have been developed, obtained by surfacing 4.2 mm diameter flux-cored wire 
with a 08PS tape sheath with various compositions of charge materials (from 95 % charge of 35V9Kh3SF flux-
cored wire and 5 % carbon-fluorine-containing additive; up to 99 % charge of 35V9Kh3SF flux-cored wire and 
1 % fluorine-containing additive). In the presented development (flux-cored wire), a carbon-fluorine-contain-
ing material  (dust from gas cleaning of aluminum production) was used as a substitute for amorphous car-
bon, composition: Al2O3 = 21–46 mass. %; F = 18–27 mass. %; Na2O = 8–15 mass. %; К2O = 0.4–6.0 mass. %; 
CaO = 0.7–2.3 mass. %; SiO2 = 0.5–2.5 mass. %; Fe2O3 = 2.1–3.3 mass. %; Ctotal = 12.5–30.2 mass. %; 
MnO = 0.07–0.90 mass. %; MgO = 0.06–0.90 mass. %; S = 0.09–0.19 mass. %; P = 0.10–0.18 mass. %. In order 
to obtain a high-quality coating, surfacing of the developed flux-cored wires was carried out in various modes. 
The initial modes complied with the recommendations of GOST 26101-84. During the research, various surfac-
ing modes were tested, which varied in the following range: current 390–470 A, voltage 30–34 V, surfacing speed 
10–20 cm/min. As a result, the optimum mode was selected (current 420 A, voltage 38 V, speed 18 cm/min),  
ensuring good bead formation and absence of pores, cracks and cavities (assessment was made by visual and 
measuring control). The conducted micro-X-ray spectral analysis confirmed the assimilation of alloying ele-
ments contained in the flux-cored wire. Inclusions consisting of tungsten, carbon, chromium, vanadium and 
manganese are formed in the structure of the deposited coating, and the amount of carbon in the deposited 
coating, to some extent, depends on the content of the additive from the dust of aluminum electrostatic precipi-
tators in the powder wire charge. In order to confirm the production of a highly hard and wear-resistant coating, 
micro- and nanohardness studies were conducted, as well as wear resistance tests of the samples under study.

TECHNICAL ADVANTAGES
These types of wires are import-substituting developments of powder wires of the company ESAB (Sweden) 

of the “OK Tubrodur 15.52.5” brand, which are widely used for repair work of mining and metallurgical equip-
ment. Technical advantages over analogues when using the declared composition of the powder charge are 
increased hardness and wear resistance of the deposited metal due to the introduction of a carbon-fluorine-
containing additive into the charge. When surfacing with the declared powder wire, the formation of pores 
is reduced due to the use of dust from gas cleaning of aluminum production, it is possible to reduce the con-
centration of hydrogen in the deposited metal and achieve good covering properties of the resulting slag crust.

EXPECTED RESULT OF APPLICATION
The technical results obtained by using the invention are: an increase in the level of microhardness up to 

730 HV, nanohardness up to 5.43 GPa, wear resistance up to 1.17×10–5 Δ/n (g/rev) of the deposited metal layer. 
The developed materials are protected by Russian Federation patents.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.
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INFORMATION ON THE LEGAL PROTECTION
Patents of Russian Federation: No. 2779557 “Flux-cored wire”, No. 2772824 “Flux for mechanized welding and 

surfacing of steels”, No. 2772822 “Flux for mechanized welding and surfacing of steels”, No. 2762690 “Flux-cored 
wire”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Enterprises operating mining and metallurgical equipment (Belarusian metallurgical plant OJSC — manage-

ment company of holding “Belarusian metallurgical company”, “ESAB”, “Hyundai Welding”, “Weldtech-Group”, 
“EVRAZ”).

CONTACT INFORMATION
Irina Panchenko, Head of the Scientific Laboratory, PhD.
Phone number: (+8 923) 626 86 66
E-mail: i.r.i.ss@yandex.ru
Alexey Mikhno, Director of the Scientific and Production Center “Welding Processes and Technologies”.
Phone number: (+8 962) 800 61 31
E-mail: mihno_ar@sibsiu.ru
Sergey Konovalov, Vice-Rector for Scientific and Innovative Activities.
Phone number: (+7 3843) 32 89 32
E-mail: konovalov@sibsiu.ru
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